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Part (i) - The Minor Alkaloids 

Annotoxi ne, c32H4tPSN2, has now been isolated from a Canadian 

source . It has been separated into the alkaloids act-ifoline , c16H23o~, 

and annotine (alkaloid L 11) , c16H21o3N. Both alkaloids have been shown 

to posseea one hydroxyl group, one carbonyl group and one centre of un

saturation . The l ack of reactivity of the third oxygen function of annotine 

suggests that it is present in an ether linkage. The identity of 0-acetyl 

acrifoline with alkaloid L 12 has a lso been proved. 

Part (ii) - Diphenylannotinine 

Diphenylannotinine has been shown to be c2gH3303N. It possesses 

two hydroxyl groups, the third oxygen is present in an ether linkage . The 

exact nature of the ether linkage could not be ascertained on the basis 

of the experimental evidence . 
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G~~ERAL INTRODUCTION 

Amongst the members of the plant kingdom which have been studied 

with regard to their alkaloid content, the members of the Lyeopodiacae 

have received little attention . The presence of alkaloids in the Lyco

podiacae was first reported in 1881 by Boedeker (1), but it was not until 

1943 that the results of the first thorough investigation were published (2) . 

To dat , about thirty different alkaloids have been isolated, although a 

few of these have been shown to be derivatives of each other (3) . Most of 

the alkaloids contain sixteen carbon atoms and an examination of their mo

lecular formulae reveals that they probably possess a tetracyclic ring 

structure. 

Lycopodium annotinum L. has been the most thoroughly investigated 

species; it is found in most parts of the northern hemisphere and occurs 

in Canada, the northern United States and Europe . The lack of functional 

groups in mont of the Lycopodium alkaloids renders their degradation to 

simpler compounds p culiarly difficult . Annotinine, the major alkaloid of 

L. annotinum, is well suited for study because of the presence of a lactone 

ring and a reactive ether linkage~ 

At the time the investig tiona reported in Part (ii) were commenced 

no plausible structure for annotinine had been suggested . Much work had 
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already been carried out in the region of the nitrogen atom and oxide ring 

and it was considered that an attack through the lactone ring might lead 
'·' 

to .further evidence for the structure . Annotinine reacts with phenyl 
/

lithium to form a diphenyl derivative but there are conflicting reports in 

the literature concerning the molecular formula of diphenylannotinine and 

its mode of formation . A reinvestigation of t his reaction was carried out 

in order to clarify this situation and a number of attempts were made to 

degrade diphenylannotinine and its oxidation products . It was during the 

course of these studies that Wiesner (4) presented substantial evidence for 

the presently accepted structure of annotinine . With this announcem nt the 

investigations on diphenylannotinine were discontinued . 

Together with annotinine there have been isolated a. umb r of inor 

alkaloids; amongst th se are Acrifoline, Annotine (Alkaloid L 11), nd 

Alkaloid L 12 . A numb r of derivatives were preP<~red in order to determine 

the exact nature of the functional groups present in these alkaloids . ple 

u e of the Infrared Sp ctrophotometer was ade in interpreting structures. 

Efforts w re also made to correlate some of the derivatives of these alka

loids with other alk loids occurring in L. annotinum. This work is pre

sented in Part (i) of this thesis . 



HISTORICAL INTRODUCTION 

Isolation of the Alkaloids 

The presence of alkaloids in the Lycopodiaeae was first reported 

by Boedeker in 1881 (1) and confirmed in 1934 by Orechov (5) and by 

Muszynski (6) . Neither investigator carried out a detailed study and it 

was not until 1943 that a t horough chemical analysis of the alkaloids ob

t a ined from Lycopodium annotinum L. was carried out by Manske and Marion 

(2) . From an extract they isolated the nine alkaloids . 

Annotinine 016H21°3N 

Obscurine C18H2gON2 

Lycopodine C16H250N 

Alkaloid L 8 C16H2502N 

Alkaloid L 9a C2QHJ104N 

Alkaloid L 9b C16H230N 

Alkaloid L 10 016H27°2N 

Alkaloid L ll 016H21°3N 

Alkaloid L 12 C18H25'>3N 

A subsequent examination of obscurine by Moore and Marion (7) 

showed i t to be a mixture of two alkaloids , c£ -obscurine, c17H26oN2, and 

, - obscurine , C17H240N2., 

During l ater work on L. annotinum var . acrifoli.um, Fern . , Manske 

and Marion (8) isolated: " 

.3 
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Annotinine 016H21°3N 

kaloid L 27 Cl 6H2302N 

Alkaloid L 2S 017H2~il 

Alkaloid L 29 Cl6H2502N 

Alkaloid L .30 cl6H25o1l 

Alkaloid L 31 C20H2904N 

while the alkaloids obscurine, L S, L 9, L 11, and L 12 were missing . 

Because of the great diff renee in alkaloid content of the two plants, th y 

suggested that the latter should be raised to the rank of a new species, 

Lycopodium acrifolium (Fern. ) N. comb. Alkaloid L 27 was given the common 

name Acr ifoline . It was later shown by Douglas, Lewis and Marion (3 ) that 

alkaloid L S was identical to alkaloid L 30 . 

In 1952, Bertho and Stoll (9) published the results of their in

vestigations of three samples of Lycopodium annotinum of Gennan origin. 

Besi des annotinine and lycopodine they isol ated from one extract: 

Annotine Cl6H2304N 

Acrifoline cl6H23o~ 

Annotoxin 031842°5N2 

A base Cl 6H250N 

A base c10H1~N or c10,H21oN 

Fr om the other two samples they were able to isol ate annoti nine and anno~ 

tine but no annotoxine . 

The most recent invest i gation on the alkaloid content of L. anno

t inum i s described by the Polish chemists Achmatowicz and Rodewald (10). 

From L. annotinum of Polish origin nine alkaloids were reported: 
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Annotinine Cl6H2103N 

Acrifoline cl6H230:zN 

Alkaloid L 11 cl6H;u03N 

Lycopodine C16H250N 

c(. -Obscurine 017H260N2 

~ -Obs curine 01~24002 
lso-lycopodine Cl6H250N 

Annotoxine 032H4405N2 

Alkaloid L 8 Cl6H2502N 

These workers proved that annotaxine was an equimolecular compound 

of acrifoline and alkaloid L ll. They were able to fractionally crystal

lize the methiodide and hydriodide into two components which proved identi

cal to the methiodides and hydriodides of acrifoline and alkaloid L 11 re

spectively. As a further proof they were able to prepare annotoxine by mix

ing equimoleeular amounts of acrifoline and alkaloid L 11. The formula, 

c31H42o5N~p proposed by Bertho and Stoll (9) for annotox.ine was, therefore, 

incorrect . The Polish workers also suggested that annotine is not a new 

alkaloid at all but is alkaloid L ll . They compared the ultraviolet spectra, 

melting points and optical rotations, which were identical, c . f . annotine, 

21 24m. p. 176°C, [cX..1 = -114°, alkaloid L 11, m. p. 176°C,\_eJ..] = - ll0 .3°. In. 
Dl n 

a r cent communication (11) Prof . Bertho states that his group discovered 

in 1953 that annotoxine was a molecular compound of acrifoline and L 11 

and that annotine was actually identical to Alkaloid L 11 (mixed m.p. with 

a sample from Dr. Manske) . Ue therefore a sumed that the sample which they 

originally described as a new alkaloid was simply a nydrate of L 11. 
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The absence of annotoxine in L. annotinum of Canadian origin, and 

in two of the extracts of German origin is probably due to the method of 

isolation . chmatowicz and Rodewald suggest that any separation procedure 

based on the crystallization of the salts must lead to fractionation of 

acrifoline and alkaloid L 115 They have also suggested that the alkaloid 

fractions L 9a and L 9b of Manske and Marion (2) are probably impure acri

foline . 

The Minor Alkaloids 

Acrifoline, Alkaloid L 11, and Alkaloid L 12 

The chemistry of acrifoline and alkaloid L 11 has not been studied 

in any detail but Bertho and Stoll (9) report the following results for 

acrifoline . The alkaloid is a tertiary base, contains no N- CH3, O- CH3 or 

OH groups but apparently contains a carbonyl group on the basis of the 

ultraviolet spectrum and its reaction with phenyl lithium. Lack of reactivity 

toward peracetic acid and selenium dioxide led them to propose a fully satu

rated ring system. The coupling reaction of acrifoline with diazotized 

aniline (Pauly reaction) suggested that perhaps a benzenoid ring might be 

present. Acrifolin did not undergo Hofmann degradation but there was 

evidence that phenylacrifoline did react . Likewise they state that acri

foline could not be hydrogenated, but give no experimental details . They 

also state that 2,4-dinitro~lenylhydrazine gives no reaction nor does treat

ment of the base with benzaldehyde and sodium ethylate . 

In the case or their ' annotine ' the alkaloid contained no N- CH3, 

O-CH3 or OH groups but reacted with phenyl lithium to give a product, the 
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composition of which at the time seemed somewhat anomalous . On the basis 

of the revised formula, C16H2103N, the analysis of phenylannotine corresponds 

fair~ well with c22H2703N. The alkaloid was also treated with lithium 

aluminium hydride to yield a base, c16n23o3N, m.p. 162 - 163°C. They also 

report, with lack of experimental detail, that *annotine' tails to react 

with benzaldehyde and sodium methylate, with hydrogen, or with selenium 

dioxide, or to undergo a Hofmann degradation of its methiodide. It also 

gave inconclusive results on treatment with cyanogen bromide, boiling hydro

chloric acid and hydrazine . 

No information on the nature of the functional groups or alkaloid 

L 12, C1gH2503N, was available in the literature. 

Lycopodine 

Lycopodine, c16H25oN, although on~ a minor alkaloid in L. anno

tinum, is the most widely distributed of the Lycopodium alkaloids . It has 

been shown to be a tertiary base, and to contain no N-CH3, O-CH3 or OH 

groups . The presence of a ketone carbonyl group was demonstrated by the 

formation of phenyl-lycopodine (12), a hydrazone (12), and a monoxime (3) . 

The presence of the quinoline nucleus has been suggested on the basis or 

selenium dehydrogenation experiments (13) . 

Annotinine 

.!he Oxide Ring 

Annotinine was eelected for structural studies because it is the 

most abundant of the alkaloids of Lycopodium annotinum. It is also well 

suited for investigation because it possesses two reactive functional 
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groups through which to attack the molecule . The molecular formula is 

C16H2103N, it is a tertia~ base, contains no N-CH3, OH or O- CH3 groups . 

Two of the oxygen ato are contained in a lactone ring whilst the third 

was assumed to be present as an oxide ring. 

The first experiments were carried out by Manske nd Marion (8) . 

They found that annotinine was soluble in hot aqueous alkali which sug

gested the presence of a lactone ring. The infrared spectrum confirms 

that it is a ~ -lactone . Treatment of annotinine with alcoholic potassium 

hydroxide converted it into a compound c16H23o4N, II, still containing a 

~ -lactone ring, called annotinine hydrate because it was fonned by the 

addition or a mole of water. ork by Wiesner and co-workers (14) showed 

that treatment of annotinine with dilute sulfuric acid gave n isomeric 

compound, C16H2304N . 

Oxidation of annotinine with aqueous potassium permanganate led 

to a new compound, C18f1<j)4N, IV, which still retained the lactone ring . 

Manske and Marion (8) incorrectly described it as a diketone because 

Clemmeneen reduction of it yield d the saturated base dihydrolactone , f 

C16H23oz~, V. A Cl mmensen reduction of annotinine led to an unexpected 

result in that only hydrochloric • cid was added with the formation of 

annotinine chlorohydrin, C16H2;P3NCl, VI . Treatment of VI with alcoholic 

lkali gave annotinine hydrate II, and chromous chloride reduction gave 

the unsaturated base, unsaturated lactone A, c16H21o~, VII, which i easily 

catalYtically reduced to the saturated base V. 

It remained for MacLean and Prime (15) to demonstrate that the 

oxidation product of annotinine, C16H19D4N, IV, was a neutral lactam, which 

retained the oxide ring iritact . They were able to convert annotinine 
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lactam into the corresponding chlorohydrin, c16H20o tJCl, VIII, by reflux4
ing it ....nth hydrochloric acid . The la.ctam chlorohydrin, VIII, could be 

reconverted into IV by heating with sodium bicarbonate in acetone. Pro

longed heating of IV with hydrochloric acid or under reflux conditions 

with phosphorous oxychloride led to the unsaturated compound, anhydro lactam 

chlorohydrin, c16H18o3NC1, IX, in which a molecule of water has been elimi

nated .•. 

Hydrogenation of VIII over Adams ' catalyst yielded two products, 

C16H21o4N, X, in which the halogen had been replaced by hydrogen, and the 

desoxy lactam, c16H21o3N, XI, in which both the hydroxyl and chlorine groups 

had been replaced . Cata~tic reduction of IX led onlY to XI . The corre

ponding annotinin chlorohydrin, VI, could not be reconverted into annotinine, 

de·hydra.ted or catalytically reduced . 

The difference in the reactivities of the two chlorohydrin was 

ascribed by MacLean and Prime to be due to the close proximity of the oxide 

ring to the lactam carbonyl. In the case of the lactam chlorohydrin the 

oxid ring was considered to be b ta to the nitrogen atom. On th basis 

of the formation of X, and the regeneration of the lactam from the lactam 

chlorohydrin they proposed that the oxide ring was three-membered . The 

addition of HCl to annotinine and annotinine lactam would proceed by trans 

addition and with inversion at the carbon bearing the chloro group, accord

ing to the oheme:
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\; \I 
c C- OH 
l'o 

/H C 
[ 

HCl ) 
I 

Cl- C- H 
I 

CH2 
I 

CH2
I 

N 
I\ 

N 
I\ 

Cl6H2103N, I c16a22o3NC1, VI 

\I \I 

c C- OH 
I" o I

H- 0 / Cl- CHCl> H 
I I 
C= O c= o 
I I 
N N 
/\ I \ 

C16Hl904N' IV c16a20o4NC1, VIII 

The trans dehydration of annotinine ehlorohydrin should, according 

to theor,y, proceed with difficulty, but the corresponding dehydration of 

annotinine lactam chlorohydrin would be facilitated by epimerization of 

the carbon atom bearing the chloro group . Replacement of the ehloro group 

by hydrogen should also permit trans dehydration . 

\I \I \; 

C- OH C- OH c 
I I II 

Cl- C- H H- C- H C- H 
I I I 

CHzCH
I 2 CH 

I 2I 
N N N

I \ I\ 1\ 
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This was found to be the case. Manske and {arion (8) obtained 

th unsaturated base VII b t atment of annotinine chlorohydrin, VI, with . .. 
chromous chloride .. The reaction apparently proceeded through replacement 

of the chloro group by hydrogen, followed by trans dehydration . 

When MacLean and Prime treated annotinine lactam, IV, under the 

conditions of the Clemmens n reduction they obtained not only the saturated 

base V but also a good yield of compound X, with a smaller amount of XI . 

Further treatment of X and XI yielded only small amounts ot the saturated 

base V. Similar treatment of annotinine lactam ohlorohydrin, VIII, and 

anhydro lactam chlorohydrin, IX yielded X and XI respectively, and both 

gave some unsatura.t d base VII. Both the reduction of the amide carbonyl 

and the replacement of the hydroxyl and chloro groups is unusual but it 

finds a parallel in th reduction of o( - chloro acids and ~ -hydroxy ami.des . 

The reduction of the double bond in anhydro lactam chlorohydrin, VIII, under 

the conditions of the Clemm nsen reduction tinde an analogy in the saturation 

of the double bond in oJ. , ~ -un atura.ted acids . This reduction sequence was 

given as further proof for an epoxide ring and its attachment beta to the 

nitrogen ato • The Clemmensen r duction is represented thue: 

\I \I \I 
C C

l'o I Ic/ Clemmenaen ~ H- - H + H- C- H H-~-H
I Reduction I [ 

+ 
C= O C= O C= O CH2 

c - OH - H '!-a 

I I ~ 
I I\ I\ I\ 

C16H1ifJ4N, IV Cl6H2104N' X c16H21o3t~, XI cl6H230tf, v 
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Meier, Meister and Marion (16) have repeated the chrornous chloride 

r duction of annotinine ohlorohydrin, VI, and found that the reduction 

was more complicated than at first supposed . Besides unsaturated lactone 

A, VII, they obtained two unsaturated seconda~ bases . The formation of 

the secondary bases is put forward as further evidence for the ~ , '6 position 

of the oxide ring~ The cyclic allylamine structure for unsaturated lactone 

A, VII I,received further support from the comparison of the pKa values of 

the unsaturated base and its drhydro derivative ( c . f . ref. 17) . The pKa 

of unsaturated lactone A was 7 .06, whereas its d:ihydro derivative was 8. 48 .• 

The Lactone Ri ng 

The relationship of the lactone ring to the epoxide ring has been 

extensively studied by Wiesner and co- workers {14, 18). As stated earlier 

Manske and Marion (8) had prepared annotinine hydrate, II, C16H2304N, b.Y 

treatment of annotinine with alcoholic potassium hydroxide, followed by 

relactonization with dilute sulfuric acid . Wiesner et al. were able to 

isolate an isomeric form, annotinine hydrate, III, by treatment of annotinine 

with dilute sulfuric acid al one . Both hydrates possess a ~ - l actone ring. 

The hydrate II , it is suggested by Wiesner, possesses a different lactone 

ring . In the formation of annotinine hydrate II the lactone and oxide rings 

are opened simultaneously and on subsequent treatment with dilute sulfuric 

aci d relactonization to a new 1 - lactone occurs . But in the formation of 

annotinine hydrate III only the oxide ring is opened so that III contains 

the lactone ring originally present in annotinine . Neither of the hydrates 

undergoes periodate oxidation although III is undoubtedly a 1,2- diol . The 

formation of annotinine hydrate II requires that the cArbor~l group must be 

in close pr oximity to the oxide ring . 
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Hydrolysis of anhydrolacta.m chlorohydrin, IX, with alcoholic alkali 

does not liberate chlorine, but instead the corresponding hydroxy acid, 

C16H2004NCl, XII , i s formed. Refluxing this acid in benzene with a cata

lytic amount of paratoluenesulfonic acid gave a new ~ -lactone, c16H20o4NC1, 

XIII, isomeric with XII . A possible interpretation of this reaction is that 

the carbonyl group interacts with the double bond. A re-opening of the 

lactone r ing with alkali led to a hydroxy acid, XIV, isomer ic with XII, and 

also possessing a double bond • This new hydroxy acid, XIV, is considered 

to be a stereoisomer of XII, probably due to epimeriza.tion about c5. The 

series of reactions may be represented thus:

H Ho-C.=C H 

C.\ C.\ 

"'";-.o..~) 

\-\0~ 

~ 

'N 0 .......... ~ 0 

Il 

c16a18o3NC1, IX NC1, XIIc16H20o4

0 
IIc.--0 ~0-C=O H 

C\ 

\-10-C.-'E:_ 'N 0 
I 
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The formation of XIII and its hydrolYsis to the isomeric ~roxy acid, 

XIV, can only be accounted tor if the relative position of the carbonyl 

group and the double bond are as shown in the partial structures above . 

In his paper, Wiesner (lS) reported the oxidati.on of anhydrola.ctam 

chlorohydrin, IX, to an amino acid, C14H19D4N, XV. The sam amino acid ob

tained by the oxidation or unsaturated lactone A was reported by Anet and 

Marion (19) . The loss of two carbon atoms and the formation of a carboxyl 

group are proof that the nitrogen atom and the oxide ring are contained in 

a cyclic system, and that the hydroxyl group of annotinine lactam chloro

hydrin, VII, is secondar.y. Thus a partial structure for annotinine, and 

the reaction sequence to the amino acid isz

0 

I VIII 

IX 

......... c.=c 


FA~Coo~ 

NH 
I 

XV 

That the lactam ring is six-membered is supported by the infrared 

absorption spectra or various derivatives containing the lactam group (e.g. 

http:oxidati.on
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annotinine 1actam 1645 cm. -1) . 

In 1955 Wiesner (4) presented proof that the hydroxyl group of the 

lactone rtng was secondary . Annotinine desoxy lactam, c16u21o3N, XI, which 

contains the original lacton ring was converted into the corresponding 

m thyl ester, c17H2504N, XVI . Oxidation of XVI with chromium trioxide

pyridine complex (20) gave the keto- ester, cl7H2.304 T' XVII . Therefore the 

hydroxyl group of XVI must be secondary. 

DehYdrogenation Studies 

It remained for a study of the dehydrogenation of annotinine and 

the amino acid, XV, to give tho final clue to the structure of annotinine . 

When Anet and Marion (19) carried out a drastic dehydrogenation of annotinine 

at J00°C over palladium they obtained small amounts of 7-methyl quinoline . 

Dehydrogenation of the amino acid, c14H19D4N, XV, in the presence of pal

ladium on bariUin sulfate gave an acid C14H1503N, XVIII . This acid no longer 

contained a l -laetone ring but contained in its infrared spectrum bands 

attributable to a carboxyl group, an a ide and a carbonyl group respectively . 

They were able to decarboxylate this acid to a neutral compound, c13a15oN, 

XIX . A comparison or the ultraviolet spectra of XVIII and XIX indicated 

that the carboxyl group was directly attached to the chromophoric system. 

Lithium aluminium hydride reduction of XIX gave the weak base c13H17N, XX. 

Wiesner and eo-workers (21) were able to obtain 8-n- propyl quinoline, 

as well as another base, and a number of neutral nitrogen containing sub 

stances by the selenium dehydrogenation of annotinine . The dehydrogenation 

of the amino aeid, XV, over palladium- charcoal catalYst (Henderson (22)) 

yielded not only the acid XVIII but also the decarboxylation product, XIX. 

Further dehydrogenation of XIX gave a neutral lactam, C1JH130N, XXI, identi



16 

fied with an authentic sample as 2-oxo-4-methyl- juloline (23). The ultra

violet spectrum or XVIII indicated that the carboxyl group was in a position 

ta to the amino group, and because the ultraviolet spectrum of XXI indi

cated a benzene ring then XIX is probably 

This was proved by the synthesis of its racemic form and by the comparison 

or the ultraviolet and infrared spectra . Then the acid XVIII, is 
R~ 

R, 
R1 = COOH, R2 = H 

or = H, = COOHR1 R2 

Dehydrogenation of the methyl ester of the amino acid (Bankiewicz 

(24)), yielded both the acid and neutral lactam already described, together 

with 2-oxo-4-methyl- juloline . 

That a number of rearrangements occur is certain because a structure 

f or annotinine cannot be formulated using the juloline ring system. Wiesner 
• # 

(4) has proposed the following sequence (see page 17) to account for the 

formation of 2- oxo-4-metbyl- Juloline . 
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CCCI-\ 

I XV 

l 
COO\-\COO\-\ 

~cH ~C. 
~ 

- \{~ ""'F (~ 

1 
C.OO\o\ 

/ XVIII XXI 
~-C.Oa. 

xu XX 
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The structure proposed for annotinine is in eeord with all the 

known reactions of the al. nloid. Th forw.~.tion of 7-f'J. thyl- quinollne, 

8-n-propylquinoline and the other dehydro~en tion products can 11 be 

accounted for on the basis of rearrangements of the type outlined in th 

sequ nee above. 

Piphen;rlannotinine 

In the publication of B.rtho nd Stoll (9) it was reported that 

nnotinine did not r eact with phenyl lithium, althou.rth the presence of a 

carbonyl group had been estt bl1shed. Thy attributed t !lure to react to 

be due to sterio effects. During the course of some work on the reaction 

of phenyl lithium with annotinine MaoLe n (25) was able to obtain a com

pound which analysed quite well for c28a N, although its hydrochloride33o3
salt analys d for C2sHJ604NCl· R petition of this work by Meier and Marion 

(26) produced different results and they report . co ound c28~5o4N. This 

compound in its tnfrar d spectrwu, contained several bands in the hydrox.yl 

region, though they do not st te bow n:y. Because the expected deriva

tive, C2aH3J03N, had not been obtained they xplain the formation of their 

COfllPound as f .ollowe. The reaction mixture had been poured onto ice and it 

is probable that the lithium hydroxide ele ved the ether with resulting 

for t.ion of a glycol. Oxidation of their diphenylannotinine, c28a o4N,35
with chromic acid in glaei 1 ae tic cid c used the loss or two hy'drogens 

with no incren e i n oxygen cont nt. The oxidation product, C2gH33o4 ~, nic, 

which had also been obtained by a.eLenn, w s still basic nd its infrared 

sp ctrum still contained veral absorption bands in the hydroxyl region 

together with a strong peak at 1720 cm.-1, indicating the pres nee of a 

http:hydrox.yl
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keto group. Hence the oxidation must have converted a secondary hydroxyl 

group into a keto group. In the similar oxidation of annotinine hydrate, 

II, (16), in which it had been presumed that the lactone ring wae the 

original one present in annotinine, they state that it must have been one 

of tho glycol hydroxyl groups which is oxidized. It was therefore assumed 

that in the oxidation of diphenylannotinine, c28H o N, it was the same
35 4

hydroxyl group which had been ax:idbed to a ketone. Meier And t.arion state 

that it appeared probable, therefore, that the free hydroxyl that was 

originally esterified in the lactone r ing w s tertiary. This has now, or 
course, been proven incorrect (4, 27) . 

The above discussion describes most of the work on the alkaloids 

of l.ycopodium annotinum which has been ca.rried out by other workers ~ 



DISCUSS IoN OF R~SUL'l'S 

Part ( t) The ~Jinor Alkalolda 

The only studies which have been carried out on any oft he minor 

alkaloids are those reported by B~rtho and Stoll (9). Their work indi

cated the •bscnee of hydroxyl groups and unsr.)turatlon in both aerifoline 

and annotine. They ware able, however, to establish the presence or car

bonyl groups through the reaction of the Alkaloids with phenyl lithtum to 

form phenyl derivatives· According to Wittig (28), phenyl llthi.um is the 

most sensltive reagent for the carbonyl group. Host of the other tests 

ware of a qualitative nature and did not serve to identify reactive 

functional groups. Unfortunately there is a lack of experi .ental detail 

concerning some of the more important rea.ettons, e.g. catalytic hydroge

nations, which in this laboratory were successfully carried out. Another 

anomalous reaction is th.~t of the lithium aluminium hydride reduction of 

annotine where Bertho and Stoll report a compound, C16H230,N, m.p. 162 

l63°C. In this laboratory it was not found possible to roduco annottne 

with lithium alumintum hydr ide in either ether or tetrahydrofuran solution. 

The reduction was satisfa.ctorlly carried out with sodium. borohydride in 

ethanol to yield a co~ound, c16H23o
3

N, IIb, m.p. 131·5 - 132. 5°C. It con

tained no carbonyl absorption bands when examined in the infrared. In a 

recent communication (11), Bcrtho has stated that their 1 nnotine ' was most 

20 
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probably a hydr ate, and i t seems t herefore very probabl e that t hei r re... 

duct ion product was simply impure alkaloid L 11 ; their analytical results 

can be accommodated by c16H21o3N or c16H23o3N. 

The evi dence presented herein proves that in both a.crifoline and 

annotine there is present one hydroxyl group, probabl y not tertiary, one 

ketone carbonyl group and one centre of unsaturation. The l aek of re

activity of the third oxygen atom in annotine leads t o the concl usion that 

it must be present in an ether l inkage. The nature of this ether linkage 

has not been established except t hat it is probably not an epoxide. It 

has also been proposed that in both of these alkaloids the double bond is 

in an allyl position to the nitrogen atom.. 

The investigations have further revealed that annotoxine can be 

isolated from L. annotinum of Canadian origin. Acrifoline although ob

t ainable from annotoxine was readily isolated from the mother liquors* of 

L. annotinum by treatment of an acetone solution with hydrobromic acid. 

The salt which precipitated gave sufficiently pure acrifoline for experi

mental work. It was found possible to isolate acrifoline from seven or 

eight batches of L. annotinum collected in various regions of Nova Scotia 

and from one col lected in Ontar i o. Thus it would seem that this alkaloid 

is present in al l varieties of L. annotinum and there is perhaps little 

j ustification for r aising the variety acrifolium to the r ank of a separate 

species as suggested by Manske and Marion (8). 

Annotoxine has been separated into acrifoline and annotine by 

chromatogr aphy, a lthough the separation was incomplete . A complete 

separation was effected by precipitation of the insoluble aerifoline 

* Crude alkaloi ds remaining after t he separ tion of annotinine 
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hydrobromide from an e.cetom solution of ttl"lnot.oxine. A eomp rison of the 

specific rotations o! annotoxine, acrifoline, and annotine lends further 

proof for the complex nature of nnotoxine; e. r. acrif'oline = 

- 266.2°; annotine \:_oe.1:" = -114. 5° ; annotoxina, found l_c(1~ = -190.7°; 

ealcul ted for an equimolecula.r contPound (.c£:1: = -190.3°. 

Annotin1ne 1 c16H21o3n, has a.lrea.dy been shown to contain a satu

rated tetracyclic ring system (4, 22, 24)• Both eerifoline and annotine 

are Ci6 alkaloids, and with the establishment of their functional groups, 

can also be accommodated in a tetracyelic ring system containing on centre 

of unaaturation. Alkaloid L S, ~5o2N, which has one hydroxyl groupc16
and one carbonyl group (25), and lycopodine, C16H250N, whieh contains a 

ketone function (3,12) also conform to a saturated tetracyclic ring system. 

It seema very fortuitous that ·.the alkalo.ids mentioned above can all be 

accommodated in a tetracyelie ring system. It might not be too presumptu

ous to suggest that all the C16 alkaloids contain a common nucleus nd 

th re.fore bear a simple relAtionship to one another . One such simple 

rel tionship was demonstra.ted duri~ the studies on acri.foline, C16H2302Nt 

where alkaloid t 12, c18a25o3N, was shown to be o- oetylacri.foline. 

Douglas, Lewis and Harion (3) have est blished the simple relationship 

between lycopodine, c16H250N, and a.l.kalold L 14, C16H2~' (anhydrodihydro

lyco od.l.ne, ~C = 0 ~ )(: ~ ') ) , nd between lycopodine and 

{'"' 1' l d' 'c= O ----'~ ' C/ OH ___,'C/ OCOCH3 )L 2, c18H29oi~ .v-accty d:thydro .ycopo me, ./ _... '-.......... H , """H 


Annotoxine 

Annotoxine separ ted as e. crystalline deposit in L. nnnotinum. mother 

liquors which had been st~ed in the refrigerator for several months . Also 

http:a.lrea.dy
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more recently it bas been .found that by se •ding the mother liquors with 

annotoxlne, this base will crystallize. After recrystallization it melted 

at 196.J - 197·3°0. In its infrared absorption spectrum it contained one 

band in the hydroxyl region, two bands in the carbonyl region, and bands 

a tributable to unsaturation. 

Acx·ifoline 

Aerifoltne, C16H230i'f, in its infrared spectrum contained only a. 

single band in the hydroxyl region with weak absorptions in the carbonyl 

region . However when examined in chloroform solution, the base showed 

very strong carbonyl absorption together with band attributable to -:un

saturation. The presence of unsatur -tion in acrifoline was also indi

cated by its facile oxidation with potassium pe:rmanganate . 

Acrifoline~ Ia, was catalytically reduced to dihydroacrifoline, 

C16R2502N, Ita, m.p. 162.5- 169.50C. Although obtainable as a crystalline 

solid it could not be recrystallized in a form suitable for an lysis but 

was instead converted to the hydrochloride and hydrobromide salts. It was 

not found possible to determine the degree of unsaturation by micro

hydrogenation, probably bee uee a sufficiently high pressure could not 

be obtained. Tho infrared spectrum of the free base contained only hydroxyl 

and carbonyl bands. The uptake or one mole or hydrogen is indicative of 

only one centre of unsaturation. Lithium aluminium hydride reduction of 

IIa proceeded readily in ether solution to yield a base, dihydroacri!olinol, 

Ilia, C16H2702N1 m.p. 195.20C. In its infrared absorption spectrum it con

tained hydroxyl absorption but no bands in the carbonyl region. The 

addition of two more hydrogens and the lack of c rbonyl absorption in the 



infrared is indicative of the presence of a ingle carbonyl group in 

acrifoline. 

The reduction of acrifoline, Ia, 'With li thiwn alundnlum hydride 

in ether could not be effected, even after twelve hours at reflux temper

ature. However when the higher boiling solvent tetr hydrofuran wa~ used, 

the r duction proceeded smoothly to give a.orifol~no1, IV , m.p.c16~5o2 , 

191.1 - l92.6°C . In its infrared absor ption spectrum it contained a 

strong hydroxyl band and a 'NE>ak band attributable to unenturation. Th 

catalytic reduction ot IVa did not give the expected compound Ilia, but 

in tead an isomeric base, c16R27o2N, Va, m.p. 165. 5 - 16?.5°C, was obtained. 

Its infrared spectrum was 1most identical to that of III& indicating a 

d finite imilarity of the two. They are, in all probability, stereo

isomers; the isomerism could either be about. the newly formed hydroxyl group 

or t the site o£ the ori inal unsaturation. 

Treatment of acrifoline 1 Ia, with boiling hydrochloric acid end 

phosphorous oxychloride failed to effect a change in the structure. When 

aerifoline, Ia, was treated with boiling aeetLc anh dride, a mono-acetate, 

~8H25o3N, VIa, m.p. 119. 2 - 120. 2°CJ was obtained. On admixture with an 

authentic sa~ple of alkaloid L 12, toore w s no depression of th rQ.'I>lti.ng 

point and their infrar d spectra were superimpoeable. Alkaloid L 12 is 

therefore only the 0-acetyl d rivative of aerifoline. The formation of a 

mono cetyl derivative is proot for the pr senee of only one hydroxyl group 

in aeritoline . The alkaline hydrolysis of lkaloid L 12 gave crifoline, 

thus demonetr tir:g that no changes in structure had occurred durin the 

acetylo,tion. 

http:rQ.'I>lti.ng
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The basicity constant, pKa, of aerifoline was found to be 8.34, 

whereas that of dihydroacrifollne IIa, was 9·1.3· The increase in basic 

strength is indicative of unsaturation in acrifolin in the allyl position 

to the nitrogen atom (17). 

Annot ine (Alkaloid L 11) 

The alkaloid annotine, c16H o N, has so far only been obt ined21 3
in these laboratories by the breakdown of annotoxine. In its infrared 

absorption spectrum it contained a weak b~d in the hydroxyl region, a 

double peAk in the carbonyl re ion and we.k bsorptions attributable to 

una turatton. The activ hydro en determination g ve value of just under 

one and one- half active H. The presence or un turation w s also indio ted 

by the oxidation of annotine by potassium parmanganate. 

Contrary to the work of Bertho and Stoll (9), it wa.s not found 

pos iblo to red\Ee annotine with lithium aluminium hydride in either ether 

or tetrahydrofuran solut on. Annotine was reduced with sodiu borohydride 

in ethanol to yield the base 1 IIb, m.p. 113 - 12~C fter recrystallization 

from ethanol. The compound melt.d sharply at l31. )°C after drying ' in 

V'ocuo• when there was loss in weight corresponding to two moles of ethyl 

alcohol. The base th n analysed for c16H23o3N. In its infr red spectrum 

it contained a double band in th hydroxyl region and weak absorption bands 

attributable to unsaturation . The catalytic reduction of lib yielded the 

saturated base, o 6a25o3N, IIIb, m. p. 1S5.9°C. The uptake of one mole of1

hydro en is supporting ev:irlence .for the presence of a. si~le centre of un

satur tion. Catalytic hydro enation of annotim over Adams ' cat lyst 

yielded dihydroannotine, c16H23o3N, IVb, m~p . 202.0- 202.500. In it 
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infrared spectrum it contained a single band in the bydro.xyl region, a 

single band in the carbonyl region, but no absorption bands due to un

a.turation. 

The action of hydrochloric acid on a.nnotine led to an unexpected 

r sult. The compound which was isolated as the hydrochloride salt analysed 

for c16H21o3NHC1, Vb, m.p. grea.ter than JOOOC. It was not t he eydrochloride 

of annotine as was shown ~ a comparison of their infr red spectra where 

shifts of 10 em. -l were found in the carbonyl region as well s distinct 

differences in the t'ingerprint region. 'rhe crude base gave a negat1'17e test 

for halogen (Beilstein test). Therefore, either a rearrangement or isomer

ization has taken place and the present state o! knowledge does not allow 

an interpretation ot this reaction. 

An ttempt was Wide to prepare the oxime of annotine in order to 

determine the number of carbonyl roups present but armotine failed to form 

an oxime under the conditions employed. 

Treatment of annotine, Ib, with e.cetic anhydride gave, but in poor 

yield, a mono-acetyl derivative, C1gH23o4N, VIb, m.p. 182.~C. The formation 

of a mono- cet.ate is strong evidence for the presence of a single hydroxyl 

group, probably not tertiar.y, in annotine. In it infrared spectrum it 

cont&ined absorption bands attributable to an eetox;y group, carbonyl 

group and unsaturation. The alkaline hydrolysis ot Vlb regenerat ed annotine; 

therefore no side reactions had occurred dur in the cetyl tion. Annotine 

would thus appear to be unaffected by alkali. 

Tre tment ot annotine, Ib, with phenyl lithium gav phenylannotine, 

.N, VIIb, m.p. 214.0°C, (Bertho and Stoll (9) report 21,5 - 21600).c22a27o3

The 1¢'rar d sp ctrum cont ined no bands ttrlbutable to a carbonyl group. 
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The formation of a mono-phenyl carbinol is further proof for the 

presence of a single carbonyl group in annotine. It w s noted that 

phenylannotine was highly solva.ted hen recrystallized fro acetone or 

IM)thanol. 

A deterttdnation of the basicity conat.1.nt {pKa) of 8DI1otine re

vealed that it was a we ker base than dihydroannotine. The values were 

7. 5 and 8.61, respectively. This increase in basic strength 1 gain 

strong evidence for the presence of the allylamine structure in annotine. 

The lack of reactivity of the third oxygen function means that 1t 

is probably present as n et her linkage. The failure to add the elements 

of hydrochloric acid, to react with alk lt, to reduce vUh either lithium 

aluminium hydride or sodium borohydrid , are indication th t it is not an 

epoxide. If the third oxygen tom. is in an ther link ce then nnotine 

conforms to tetracyclic ring system containing one centre of uns turation. 

http:conat.1.nt


Part (U) - D1phenylannot.inine 

1~e reaction between annotinine, c16H21o3N, and phenyl lithium 

h d not been previously studied 1n any detail. The e rly work of M cLean 

(25) indicated that the reaction product, diphenylannotin ne, had the 

molecular formula, C2gH~33o3N, and was formed by normal reaction of phenyl 

lithi at the lactone carbonyl. The recent work of Meier and Marion (26) 

contradicted this result and they reported a compound, c28H o N.35 4

The first object of this investigation was to establi h, unequivo

cally, the xact nature of the r action and then to attempt ~ degr ~dation 

of diphenylannotlnine in an effort to gain more inf'or tion about the 

structure of annotinine. The 1 tter objective was not pursu d aft r the 

proposal of a structure for annotinine wa made by Wiesner ( 4 ) • 

Diph nylannotinine was pr pared according to the thod of ~eier 

and ~ rion (26). For the first tim diphenylannotinlne was obtained in 

a crystalline form. It was crystallized from benzen , although it w s 

obviously highly eolv ted because it lo t about 20 per cent of its 

weight after drying 'in vacuo • . The undried compound exhibited a double 

m lting point at 128 nd 23600, neither of which was particulnrly sh rp. 

After drying it exhibited only the sin~le melting point at about 236°C . 

Dipheeylannotinin e an lysed closely for c2gH33o3N, although it was 0.~ 9 

per cent high on earbon. A number of analyses were carried out by two 

different analytical 1 boratories and good agreement was obtained. 

28 
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However, th analytical data can be reconciled with solvated co. ound, 

its infrared absorption spectrum it contained two bands in th hydroxyl 

region but no bands in the carbonyl r gi on. 

Diphenylannotinine formed a crystalline hydrochloride which eave 

an lytical results in excellent ar,reemant with c28a o · HCl. This salt
35 4 

is prob bly a monohydrate, c2gH33o3N·HCl·H2o. 

The Chromic Acid Oxidation Product 

The chromic acid oxidation of diphenylannot1.nine apparently 

offered further evidence against an o3 formulation because a ketonic 

compound (infr r d spectrum}, c28H33o4N, IIIc, m. p. 242.1°0, was formed. 

This at first seemed to indicate that diphenylannotinine must certainly 

be an o4 compound. How ver,
• 

in two other annotinine derivatives the 

opening o the ether linkage by chromic acid has been reported. The 

first case i a that reported by Stonner (27) who found that the methyl 

ester derived from annotinine, c17~5o4N, was converted on tre tment with 

chromic acid anhydride in glacial ac~tie acid into annotinine hyd.rs.te II, 

N. This re ction prob bly proceeds by a sequence o£ thec16H23o4

following type: 

http:hyd.rs.te
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0=-C.-OC:..~~ 0 =C.- 0\-\ 0\-\ o=<:--o 
CH 0\-\ 

- 14:..0 ~ ~ 

\-\0 HO '"0 N 

I 
C17H25°4N c16H23o4N, II 

'Y 
0 :C.--0 

C\-\ 

0 

The further oxid tion of annotinin hydr te II to the ketone~ 

C16H2104 , had lready ben reported by eier, Meister nd arion (16) . 

The hydroxyl group oxidized is probably the one originally esterified 

in the lactone ring. The second case was reported by Ha.cLean (25). He 

found that when a.nnotinine lactam, c16R19o4N, IV, w s treated with 

chromic cid anhydride in glacial cetic acid, it was eonv rted into a 

compound, c16H2lo N. This ne colllpound contained in its infrared spectrum5

the usUAl banda t 1615 em. -l ·nd 1762 em. -1 in the amide and lactone 

carbonyl regions. There wet·e two new bands in the hydroxyl region at 

3250 cm..-1 and 3518 c •-1 indic ting the presence of two hfdroxyl gro ps. 
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This reaction proceeds by hydration of the oxi de ring, thus:

0 


By anology with the above, the chromic aeld oxidation may be 

formulated:

w::) a 

The presence of three hydr xyl roups in IIIe is supported by 

the infrared analysis, although an active hydrogen determin tion indi 

cated only two hydroxyl roups . Treatment of IIIc with hydrochlor c acid, 

or alcoholic alkali, yielded only unchanged starting t erial. An 

attempt was made to dehydrate it with eetie anhydri de but the product 

obtained was an acetate (identified by the presence of characteristic 
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absorption bands in the infrared). That dehydration had not occurred 

during the acetylation was confirmed by the hydrolysis of the acetate 

when IIIc was obtained. Lithium aluminium hydride reduction of IIIc 

gave th weak base, C2aH.3504N, IVc, m. p. 260.9oc, which was probably 

solvated. 

Th Opoenauer Oxidation Product 

During attempts to obtain larger amounts of IIIc, the Sarett 

oxidation procedure (20), which utilizes the pyridine-chromic acid 

anhydride complex, was tried. Yields were very poor, generally in the 

order of 5 to 10 per cent. The penauer method of ltloodward et a.l. (29) 

wns then attempted. Using benzophenone and potassium tert.-butoxide 

in benzene gave yields in the order of .30 per cent of new ketonic 

substance, c2gR31o3N, Vc, m.p. 244.2 - 245 . 20C. Yields of 50 to 60 per 

cent were obtained when oyclohexenone in toluene was substituted for 

benzoph non and benzene. In its infrared spectrum it contained a 

single band 1n the hydroxyl region to~Jether with strong absorption 

in the carbonyl region. The presence of " single hydroxyl group was 

supported by the active hydrogen determination. The ketonic base, Vc, 

was preeumabl formed by oxidation or the secondary hydroxyl group 

which was originally esterified in the lactone ring, the ether linkage 

rema.ining unaffected. The formation of this o3 oxidation product is 

added support for the o3 formul tion for diphenyJ.annotinine. Treat

ment of Vc with concentrated hydrochloric acid or with hydrogen over 

Adams' cata~st g ve only unchan ed st rting material. Th failure 

to take up hycrogen is proof for the absence of olefinic unsatur tion 
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in the Opp nauer oxidation product. It had been considered that dehydration 

might have occurred. Lithium alwninium hydride reduction was dtfficult 

to effect, requiring forty-eight hours for complete reduction. The re

sulting product posse sed an infrared spectrum identical to that of di

phenylannotinine and gave a hydrochloride identical to that of diphenyl

annotinine hydrochloride, C2gH35o4N•HCl, although there wer indi.cations 

of the presence of another product. Reduction with sodium borohydride pro

ceeded more readily. The product obtained had n infrared spectrum super

imposable on that of diphenylannotinine. The hydrochlorid salt, however, 

depressed the melting point of diphenylannotintne hydrochloride. Its 

analysis can be best accownodated with C2sH3504N•HCl and it is probably 

an isomer of diphenylannotin1ne hydrochloride. The reduction back to n 

isomer of diphenyl nnotinine is even further evidence for n 03 formulation 

for the product of the reaction between annotinine and phenyl lithium. 

Added evidence for the unusual. action o! chromic acid in glacial 

acetic cid in openin the oxide ring was obtained when it s found that. 

chromic acid treatment of Vc resulted in the formation of IIIc, in good 

yield. 

In another attempt to prove that diphenylannotinin was not n 

0;_. compound, annotinine hydrate U, c16H23o4 , was treated with phenyl 

lithi:u.m. In no experi ent w s a compound corresponding to G2aH3504N 

isolated; although in one experiment there wns obtained a deriv tive 

which gave analytical results conforming to a C22 co ound. 

Interpretation of Basicity Data 

The specific rotation and basicity constants of dipheeyl



a.nnotlnlne and its derivatives w re determ:lned (see below). It has been 

possible to partially correlate the basic ty data with the proposed re

action sequences, but the interpretation of the optical data must be 

deferred until specific rotation data. is available for other annotinine 

derivatives. 

Compound }ll•P• oc, [oe] tl eKa 

Annotinine 

Cl6H2103N, I 

C28H3303 , IIe 

c2aH:rP4N, IIIc 

C28H3504N, IVc 

c28H31o3N, Vo 

232° 

236° 

242° 

260.9° 

245-2° 

-276.6°(10) 

+ 7·8° 

+ 55· 80 

+ 13· 5° 

+ 90. 8° 

5·8 (27) 

5·9 

4·2 

5· 4 

3·3 

The similarity of tpe b ~deity const nts of annotinine and di

phenylannotinine, lie, seemed to indicate that no drastic changes had 

occurred in the region of the nitrogen atom. If the oxide ring h d 

under one fission, rise in pKa would be expected ollowi.ng the removal 

or modification of the electron attracting oxide ring . A rise from 5.8 

to 8. 4 in pKa was observed when annotinine was completely reduced with 

lithium luminium hydride (27). The introduction of n electron attract

ing carbonyl group into diphenylannotinine, as in Vc, where the carbonyl 

group wa.s assumed to be beta to the nitrogen atom, would be expected to 

result in a slight decrease in basicity. Such a decrease (2.6) w s 

found. In Illc it is seumed that the oxide rin, is no longer present 

and an increase in basicity should result, although this would be offset 

by the beta carbonyl group. A slight d crease (1 .7) was actually found. 

http:ollowi.ng


35 

The reduction product, IVc, which no longer possesses the carbonyl group 

should be stronger base than diphetVlannotinine. An increase in basicity 

was not found, in fact, a slight decrease (0. 5} was actually observed. 

This decrease cannot be explained. 

It should be borne in mind that aterie factors might play an 

important role in determining the basic strangths of these compounds and 

not too uch reliance hould be placed on n interpretation of them • 

•~des of Formation of an 9J Compound 

Because the experimental evidence seemed to ndicate that An 

epoxide ring was no longer present in diphenyla.nnotinine, it was necessary 

to examine possible o3 formulations. The infrared data indieat d two 

hydroxyl groups; the third oxygen atom was presumed to be bound in an 

ether linkage. The following sequences were consider d:

(a) 	Normal attack of phenyl lithium on the lactone carbonyl group, with 

retention of the epoxide ring 

~ = o 



(b) 	Attack of phenyl lithlum on the oxide ring and the lactone carbonyl 

group to give a hemiketal 

i 
\o\0-(-- 0 

(c) 	Attack of phenyl lithium on. the lactone carbonyl group, followed 

by internal attack by the intermediate anion on the oxide ring 

~' 	/"c.--o 

(d) 	Attack of phenyl lithium on the lactone ring, followed by attack 

of hydroxyl ion on the epoxide ring as uggested by ' eier e.nd 

Marion (26) and then dehydrat ion 
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On the basis of the presently accepted structure of annotinine 

(4, 22, 24), the intermediat e A would be the diphenyl nnotinine of ~eier 

and arion. Each formulation will now be discussed in the light of the 

experiment1 evidence at hand. 

Sequence (b) i s unt enabl e since diphenylannotinine f il~d to give 

any ketonic t sts with hydra.zine or phenylhy'dradne whioh would be ex

pected of a compounc of this type . This S(;)quence may also be dismissed 

because drastic oxidation of diphenylannotinine yielded benzophenone and 

benzoic acid . Benzophenone can only arise if the two phenyl residues 

are attached to the same carbon atom as in (a), (c) and (d). The benzoic 

acid is not considered to be of primary origin. Slack and Waters (30) 



have reported benzoic acid, as well as the major product, benzophenone, 

as products of the mild chromic cid oxidation of diphenylmetho.ne. 

A sequence such as (d) is also unlikely for the following reasons. 

This formulation involves three steps, the latter two requiring hydration 

and dehydration. For two sueh reactions to be carried out sitnultaneous.cy 

is somewhat unusual, in fact probably impossible. If a dehydration step 

were involved it would be ore likely to proceed in the opposite direction 

as was found during the relactonization of annotinine hydrate II (8, 18, 

2?). 

~ .................~ 

c.--c 

The resulting product would then be that proposed by sequence (c). 

The suggestion of eier and Marion (26) that there is attack by 

hydroxyl ion on the epoxide ring during the isolatton of diphenylannotinine 

~Y be discounted for the following re sons. If the oxide ring were 

opened by hydroxyl ion then hen the re ction mixture is decomposed by 

hydrochloric acid, a chlorohydrin should be formed, since chloride ion 

would n~1 b the predominant ionic species. However it was found that 

the same product was isolated when the reaction mixture s decomposeq 

by ither hydrochloric cid or w ter. 

http:sitnultaneous.cy
http:diphenylmetho.ne
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Diphenylannotinine does not react with concentrated hydrochloric 

acid, lithium aluminium hydride, or with more phenyl lithium; neither does 

the Oppenauer oxidation product, Vc, react with hydrochloric acid. Treat

ment of diphenylannotinine with phosphorous oxychloride in pyridine gave 

a product containing chlorine, but because the desired dehydration h d not 

occurred (there were no bands due to olefinic uns turation when the com

pound was examined in the infrared), it was not examined further. Thus 

it would appear that diphenylannotinine possesses neither .n epoxide rin 

nor does the tertiary hydroxyl group appe r to react and thus sequenc (a) 

would appear to be untenable. However, steric factors might play n 

important role and thus account for the non-reactivity or the ether linkage. 

A sequence such as (c) would account for the non-reactivity o£ the 

ther linkage towards lithium aluminium hydride nd phenyl lithium. But 

if diphenylannotinine is a substituted tetrahydrofuran then it might b 

expected to react with hydrochloric acid to form a chlorohydrin. A 

structure such as this would also account for the difficulty in dehydrat

ing diphenylannotinine and the Oppenauer oxidation product . 

Conclusions 

Diphenylannotinine is an 03 compound in which the two phenyl 

roups are attached to the s me carbon atom. The unreactive n ture of 

the ether linkage leads to the conclusion that it r!d.ght be present as 

a five membered ring or that the original epoxide ring is still present 

but due to sterio hindrance is unable to re ct further. 



EXPERIMENTAL 

Apparatus, t-tethoda .• and Materials 

Infrared spectra were determined using a Perkin-Elmer model 21B 

double beam Infrared recording spectrophotometer. Samples were mounted 

in nujol* except where otherwise stated. Basicity constants {pKa values) 

were determined by potentiometric titration or the bases or their salts; 

the solvent used in each case is stated in parenthesis . 'Values are those 

at the half-neutralization point. Molecular rotations were measured in 

a 10 em. micro-tube using a Hilger polarimeter. 

Samples for analysis were dried at 7S°C in high vacuum. Micro

analyses were carried. out in the Microanalytical Laboratories of Drs . G. 

W"eiler and F. B. Strauss of' Oxford , England, and by Mr. A. E. Ledingham 

of the Dominion Rubber Company, Guelph, Ontario. All melting points are 

corrected. 

Fisher ohromatographic grade alumina, and Woelm Grade 1 alumina 

were used for chromatography . 

* Otherwise known as heavy mineral oil 
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Part (i) - Minor Alkaloids 

Isolation of Annotoxine 

From the mother liquors from the separation of annotinine there 

was deposited, after several months standing in t.he refrigerator, a 

crystalline precipitate. Tbe crude alkaloid obtained by filtration 

melted at 190 - 191oc. Following rec~st llization from acetone or 

methanol it melted at 196.3 - 197.3°C. A mixed melting point with 

sample or annotoxin kindly supplied by Dr. Bertho showed no depr ssion 

nd their infrared spectra were identical . 


Anal. Calc. tor C3~4405N2: C, 71 .61; H, S.27; N, 5. 22 . 


Found: C, 72 .13, 72.12; H, 8.53, 8. 28; N, 4.8'6, 4.80. 


\.at) 19 = - 187.1° (c, 1% chloroform)

D 

Bertho and Stoll (9) '\_ce) ~0 :::::r · 179° (e, 1% chloroform) 

Aehmstowicz and Rodewald (10) (o() ~9 = - 185. 60 (c 1$ chloroform) 

The i nfrared spectrum contained absorption bands in the hydroxyl 

1 1region at 3400 cm.- , in the carbonyl :region at 1730 cm.- , and 1695 em.·l, 

and a weak band at 1665 cm. -1 attributable to unsaturat ion. 

S paration of Annotoxine 

(a) By Chrontatograpl);r. Annotoxine, 300 mg . , was dissolved in 

chloroform and absorbed on a column of alumin (Woelm) . The column was 

eluted with benzene and 10 ml. tractions collected. Annotine (alkaloid 

L ll) passed through the column with benzen and trom. the combined traction 

41 
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130 mg. of pure annotine was obtained. The coluwn w s then elut~d with 

2 vol. per cent methanol in benzene to yield a. first s ample, rn. p. 164. 5 

170.5°C, of irnpure annotoxin (70 mg.). This w s followed by 100 mg. of 

acrifoline. Even after several attempts it was not possible to effect a 

complete separation by this method. 

(b) 'l'hrotmh the Hydrobromide Salts. To a solution of 3.0 gm. of 

annotoxine in 100 ml . of hot acetone was added a solution of hydrobromic 

acid (48 per cent) until just ·eid. There was immedia:te precipitation 

of a cr,ystalline salt. After filtering and drying, i t weighed 1.66 gm. 

Concentration of the mother liquors yielded a further o. 3 gm. The com

bined hydrobromide a lts were dissolved in 100 ml. of water, sified 

with ammonia and extracted sever 1 times with chlorofor • The combined 

chloroform extracts were dried over anhydrous sodium sulfate, and con

centrated 'in ~euo ' to yield 1.48 gm. (100 per cent) of acrifoline, 

identified b,- mixed melting point and infrared spectrum 111ith n authentic 

sample. 

Evaporation of the mother liquors from the separa.tion of acri

foltne bydrobromide yielded crystalline residue which was then dis

solved in 100 ml. water. The solution was basified with a ~ni. and 

extracted with chloroform.several times. The combined extracts were 

dried over anhydrous eodiu111 sulf te and evaporated to dryness to give 

1.60 gm. (100 per cent) of lkaloid L 11, identified by mixed melting 

point and infrared spectrum with an authentic sample. 

Ac:ritoline 

Acrifoline was available from annotoxine in the manner described 
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above . The main source,however, wa the mother liquors of annotinine. 

These reconcentrated 'in vacuo ', dissolved in acetone and treated with 

hydrobromic cid when the insoluble acrifoline hydrobromide precipitated. 

Acrifoline wa obt ined as a white olid which rapidly assum a 

pink olour on exposure to air . It melt d over a wide range, 99 .. 104°0 

even after sev ral recr.ystallization fr ether. 

Anal§ Caloe for C16H2302N: C, 73 .56; H, 8.81; N, 5. 36. 

Found: C, 73 .20, 73 .20; H, 9.06, 8. 92; N, 4.75~ 5.00. 

pKa = 8. 34 (50% methanol-water) 

loC) ~9 = -266,20 (c, 1% chloroform) 

B rtho and Stoll (9) \_olj a> = -250° (c, 1% ethyl acetate)
D 

Aehmatowicz and Rod ld (10) \_ot1 ~1 = -264. 0 (o, :1$ acetone) 

The infra d ab orption s ct~~ contain trong band 1n the 

hydroxyl region at 3310 cm. · l, but on ve ak ban s in the carbonyl 

region . In chlorofo solution ther ~re very trong banda at 1700 em.... 1 

and 1675 em. · 1 . These two bands re a sign d to carbonyl (keton ) and un• 

saturation respectively. 

Attempts to d termine th degree of unsaturation b~ microhydro

s 1genation 	ov r palladium cat ly t in glacial ac io acid, and over Ad 

cata~st 	in meth nol re unsucce tul. 

Acritoline wae re dily oxidised by pota sium per:nangan t • It 

v s recovered unchanged after refluxing for an hour with it er concen

trated hydrochloric acid or phosphcrou ~chloride . 

An,not lne 	(Alk loid L 11) 

his lkaloid h s, , so far, on~ been obtained by the breakdown 
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of annotoxine . After recr.ystalliz tion from methanol it melted at 173.6 

175.6°0 . It was identiti d br ix d melting point and infr red spectrum 

with an authentic mpl • Like acrifoline, it was oxidized by potassium 

permanga.nate . 

Found: Activ H,0 . 48, 0 . 51. 


pK .,. 7 . ; (5~ methanol- w tor) 


\.<X ) ~9 = -114. ;o (c, l% chloroform) 


Bertho and Stoll (9) \._o{j ~l = ~114° {c, 1% chloroform)

D 

Aohmatowioz nd Rodewald (10) ~o(j 24 = -1 .3° (c, l% acetone) 
D 

The infrared absorption spectrum contained a.wea.k b nd in th 

hydroxyl region at 3300 em. -1 and a strong double p a.k t 1725 om. -1 a.nd 

1712 am. -1 in the carbonyl gion. In carbon di ulfid solu~ion there was 

absorption at 3540 cm.-1 and 3020 cm.• -1 attributabl to a ingle hydroxyl 

group and one centre of unsaturation re p&otively. There was also strong 

absorption at 1741 em. -1 due to a ketone carbonyl group, and bands at 

1695 cm.-1 and 1656 cm.·l attributable to unsatur tion . In chloroform 

solution there wae a broad band in the carbonyl region at 1720 - 1730 om. -1, 

and a band at 1644 o .-1 which is assign d to unsatur tion. 

Attempts to determine the degree or unsaturation by miero~dro-

genation were unsuccessful . 

Reduction of Aoritoline, Ia* with Hydrogen 

Acrifoline, 300 mg . , w a di solv d in 50 ml . of redistilled 

methanol, treated with O ~ lO gm. Adams ' catalyst and subjected to a hydro

* Acrifoline deriv tives will bed signated 'a ' . 
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gen pressure of 50 p.s.i . g. for three hour • After filtering free of 

catalyst, followed by concentration 'in vacuo' there remained a yellow 

oil. Thi was dissolved in ether and filtered to free it fr'om a little 

insoluble material . The concentrated ether solution deposited altoost 

colourless crystals of !Ia after sever 1 hours standing in the refrigerator. 

Several reO~Jstallieations from ether gave a or,ystalline olid melting at 

162.5 - 169. 500 . The free base (IIa), in pure form, was difficult to ob

tain in good yield. Cons quently the combined mother liquors were evapo
. ' 

rated to dryness, dissolved in cetone and converted into the hydrochloride 

and hydrobromide salts for analysis . Both salts had melting points greater 

than 3oooc. 

Anal. Calc. for C16H2~2N•HCl: C, 64 .09; H, 8.74; N, 4.67. 

Found: C, 6,3 .51, 63 . 48; H, 8.70, 8.71; N, 4.80, 4.85, 

Calc . for C16H2;02N •HBr: C, 55 .81; H, 7.61. 

Found: C, 55 . 50, 55 . 43; H, 7.46, 7.42 . 

The infrared spectrum of the hydrochloride contained a strong band 

at 3240 cm.-1 in the hydroxyl region, and at 1704 em.-1 in the carbonyl 

region. The hydrobromide eon,ta1ned bands at 3300 em. -1 and 1702 em. -1. 

pKa = 9.13 (hydrochloride s 1t and water) 

The infrar d spectrum of the free base contained strong absorptions 

at 3500 cm.-1 in the hydroxyl region, and 1679 cm.-1 in the carbonyl region. 

Reduction of C16H2;02N, lla, with Lithium Aluminium Hydride 

To a solution. of 100 ml . of anhydrous ether containing 10 ml . or 

2 . 76 MLU1H4 .in ether there was slowly added a solution or 500 mg . ot Ila 

in 50 ml . of dry ether. :rhe mixture was stirred under re!1ux for eight 
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hours. Excess LiAlH4 was destroyed by careful addition or aqueous ether, 

the ether layer was decant d, dried over anhydrous sodium sulfate and 

concentrated 'in vacuo'. The yellow oily residue, l~OO mg. (80 per cent 

theory) of Ilia, after recrystallization from methanol- acetone melted at 

Anal~ Calc. for o16H2702N: C, 72 .40; H, 10.26; N, 5. 28 . 

Found: C, 71.801 72.01; H, 10.12, 10.46; N, 4.79, 4.SO. 

Its infrared absorption spectrum contained a strong band at 3300 

em. -l in the hydroxyl regi on, but no bands attributabl to carbonyl or 

unsaturation. 

Reduction of Aorifol:IDe, Ia, with Lithium Aluminium Hydride 
. . 

Acri foline, 1. 50 gm. , was dissolved in 100 ml. of dry tetra

hydrofuran (dried over sodium) J to this solution was added 5 ml. of a 

2.76 Msolution of LiAlH4 in ether, and the reaction mixture refluxed, 

with tir ring, for seven hours . Excess LiAlH4 was destroyed by the 

careful addition of aqueous tetrahydrofuran and the reaction mixture 

filtered . On eontaot with air it became very dark brown in colour. After 

concentrating 'in vacuo•, the dark brown residue was dissolved in 50 ml . 

di~ute acetic acid, basi.t'ied. with a monia and extracted several times 

with chloroform. The combined chloroform extracts were dried over sodium 

sulfate . Concentration ' in vacuo ' gave 1.2 gm. of a light green fo ' 
which after recrystallization f rom methanol yielded colourles crystals 

or IVa, m.p. 191.1 - 192.6°C . 

Anal. Calc . for C16H2;0~t C, 73 .10; H, 9. 57; N, 5. 32. 

Found: C, 72.1;..0, 72.62; H, 9. 57, 9.75; N, 4.84, 4. 93 . 
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- 1In its infrared spectrum it contained a strong band at 3266 em. 

in the hydro~l region, and a weak peak at 1425 cm. -1, attributable to 

unsaturation. 

Treatment of C1(,H2~~2N, IVa, with Hydrogen 

A solution of 300 mg . of IVa in 50 ml. of redistilled methanol 

containing 0.10 gm.. of Adams' catalyst was treated with hydrogen at a 

pressure of 50 p. s . i.g . for three hours . The solution was then filtered 

free of catalyst and concentrated 'in vacuo ' to yield 300 mg . of Va which 

was recrystallized from acetone-methanol. The compound melted at 165 . 5 

167 . 5°0 . 	 A mixed melting point with Ilia. was depressed forty degrees . 

Anal. Cal.c . f or C16H2702N: C, 72 . 40; H, 10., 26; N, 5. 28. 

Found: C, 72 .17, 72 . 25; H, 10 .03; N, 4.70, 4. SO. 

The infrared spectrum contained a strong absorption band at 3290 

om. - 1 in the hydro.xyl region . The spectrum was almost identical to that 

of II!e.• 

Treatment of Acri{oline , Ia • with Acetic Anhydride 

A mixture of 500 :mg . of aerifoline, Ia, was refluxed with 20 ml . 

of acetic anhydride for two hours . After allowing to cool, it was shaken 

with ice water to hydrol yse excess acetic anhydride, basi!ied with ammonia 

and extracted several times with chlorofo:rm. The combined extracts were 

dried over sodium sulfate and concentrated ' i n vacuo• . The residue was 

ehromatographed on alumina (Fisher) eluting with chloroform. A colour

less band passed through the column and concentration yielded 250 mg. 

(4.3 per cent theory) of a white solid . It was dissolved in 20 ml. hot 



petrolewn ether (60-80) and filtered to free it from a. little insoluble 

material. The filtrate was concentrated to ~bout 3 ml. ru1d set aside to 

crystallize. Small clusters of pale yellow er.ystels formed, m.p. 114 

ll7°C. After a further recrystallization, the malting point wns r~ised 

to 118 - l20°C. In admixture with an authentic sample of alkaloid L 12 

C1sH25~N, th~re was no depression of the melting point. '!'heir infrared 

baorption spectra were superimposable. There were no ba.nds due to hydro.xyl , 

1but instead two n' bands at 1740 cm. -1 and 123 em.- were pres nt whieh 

are attributable to the cetoxy group. 

Alkaline Hydrolysis of Alkaloid L 12, C1sH2503N 

Alkaloid L 12, 150 mg., was refluxed for two hour with 15 ml . of 

alcoholic odium hydroxide. Most of the alcohol was then removed by distil

lation, the residue dissolved in 25 ml· w ter and then extracted several 

times with chloroform. Evaporation of the dried extracts yielded 132 mg . 

(98 per cont theory) of pale yellowish oil which crystallized irunediat ly 

on cont ct with ether. After recrystallization from ether it melted at 

98 - 99°C and geve no depression or the melting point in admixture with a 

sample of aerifoline. 

Reduction o£ Annotln, Ib~ with SodiumBorohydride 

'l'o a solution of 0.10 gm.. of sodium borohydride in 20 ml. of 

ethanol w s added a. solution of 500 mg. Ib 1n 15 ml. ethanol, and the re

action mixture refluxed for one hour . Aft r allowing to cool, a few drops 

of glaci 1 ac tic cid were added to destroy excess borohydride. ost of 

the alcohol w s distilled off, 50 ml. of water dded, nd the solution then 

'* Annotine derivatives will be design ted 'b' . 
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basified with ammonia. Chloroform extraction yielded 450 m~. of a vis

cous oil which crystallized after lS hours standing. Several crystalli 

zations from ethanol yielded a crystalline compound which softened at 113 

114·5°0 but was not completely molten until 129°C. It was dried at 78°C 

and 0.01 mm. Hg. pressure. The compound, Ilb, lost 27 per cent of its 

weight and then melted sharply at 131. 5 - 132.5°0. 

Anal. Calc. for C16H230, : C, 69 .28; H, 8.36; N, 5.06. 

Found; C, 69._34, 69.25; H, 8.17, 8.20; N, 5·45· 

The compound, C16H2303N•2c2H50B would show A 25 per cent lose in 

weight. 

In its infrared absorption spectrum the base contained a broad 

band in the hydroxyl region at 3550 em.-1, end we k bands t 16$0 cm.-1 

and 140) cm.-1 attributable to unsaturation. Inc rbon disulfide solution 

there were two bands in the hydro~l region at 3510 em.-1 (strong) and 

3380 em. - l (broad). 'fhere was also a b(ind at 3022 em. -1 attrlbutable to 

unsaturation. 

Treatment of C16H2JOJN, !Ib, with Hydrogen 

A solution of 300 mg . of I!b in 50 m1. of redistilled methanol 

containing 20 mg . or Adams• catalyst w s treated with hydrogen at 50 

p.s.i.g. for three hours . The solution was filtered free ot co.tal;rst 

and on ev poration to drrness there remained 300 mg. of a brown viscous 

oil which crystallized immediately on cont~ct with ether. After several 

recr,yst llizations from methanol the compound, Illb, mGlted at 185. 8°C . 

Anal. 	Calc. for c16H25o3N: C, 68.78; H, 9.02; N, 5.01. 


Found: · C;, 68.3_5, 68.)5; H, 9. 07, 8.951 N, 4·82, 5.08. 
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The inf rared absorption spectrum in carbon disulfide solution 

contai ned bands in the hydro~l regi on at 3500 em.-1 (str ong), and a 

broad band at 3290 em. -1, but no bP1nds in tho ) 000 em.. -1 r egi on (e .r. 
lib). 

Treatment of Annotj.ne, Ib*a with Hydrogen 

A solution of 100 mg. Ib in 50 ml. . of redistilled methanol con

taining 50 mg. of Adams ' catalyst was subjected to a hydrogen pressure 

ot 50 P•s·i•e• for three hours. The t~~olution was filtered tree of 

catalyst and concentrated 'in vacuo 1 • The residue, 100 mg. , e:ry·stollized 

iiilnlediately on contact t~i.th ether . Several recrystallizat1ons from. 

methanol yielded srrmll white cryata.ls of IVp,m.p. 201.5 - 202. soc. 
Ana.l. Calc. for C16H230.3N': C1 69·28; M, 8.36; :N, 5.06. 

Found; c, 69.48, 69.33; H, 8. 12, 8.20J N, 4·95· 

pKa = $.61 (methanol) 

The infrared absorption spectrum. contained a strong band at 

3200 em.-1 in the hydroJC;'{l region, and at 1'728 em. -l in the carbonyl 

region. 

Treatment of .Annotine, Ib, with 
. 
Hydrochloric

.. . 
Aeig- . . 

Annotine, 250 mg., was refluxed for two hours with 20 nU.. of 6 M 

hydrochloric a.eid· The acid solution was allowed to cool to room temper

ature, basified with ammonia, and then extracted several times with 

chloroform. The combined chloroform extracts were dried over sodium 

sulfate, and concentrated 'in vacuo' to yield 200 mg. of a v-iscous brown 

residue. It could not be indl.leed to crystallize. The residue also gave 

* Annotine derivatives will be designated 'b ' . 

http:C16H230.3N
http:cryata.ls
http:Annotj.ne
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a negative test for halogen (Beilstein test}. Its infrared absorption 

spectrum 	contained bands at .3400 em.-l, 1735 em.. -1, and 1662 em. -1; 

tentatively assigned to ~droxyl, carbonyl, and unsaturation respectively. 

The residue yielded a crystalline hydrochloride, Vb, which melted at a 

temperature greater than 300°C . 

Anal. Calc. for c16H21o3N· HCl: C, 61. 64; H, 7. 07; N, 4· 50. 

Found: C, 61.62, 61..36 ; H, 6.91, 6.98; N, 4.24. 

The infrared absorption spectrum of the hydrochloride contained 

a strong 	band at 3220 em. -l .in the hydroxyl region, a strong band at 

1740 em.-1 with a shoulder at 1695 em.-1 in tbe carbonyl region, and 

weak absorption at 1420 em.-1 which is probably unsaturation. 

Preparation of Annotine Hydrochloride 

Annotine hYdrochloride was obtained from the aqueous methanolic 

solution following the determination of the pKa value of tbe alkaloid. 

The solution was evaporated to dryness and the crystalline residue dis

solved in 0. 5 ml. of m.eths,nol . Followi.ng the ddition of 3 ml.. acetone, 

the hydrochloride crystallized as very small needles, 1 ·P· greater than 

300°C. Its infrared spectrum eontl'!.ined a. stron~ bza.nd at .3220 em. -1 in 

the hydroxyl region, strong carbonyl absorption at 1731 cm.-1 with a 

shoulder at 1703 em. -1. There was no band in the 1400 em. -1 region. A 

comparison of the spectrum with that of Vb revealed that the major ab

sorption bands were almost identical, but differences of 9 em. -l were 

found in the carbonyl region. There was; however, unmistakable non

identity in the finger-print region. 

!ttempt 	to preAAre an Oxime of Annotine 

The method used ~as that of Douglas, Lewia, and Marion (3) . 
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Annotine, 500 mg., was dissolved in 20 ml.. of ethyl alcohol, and 

2. 5 ml. of l M hydroxyla nine and 3.o 1 1. of 1 M sodium acetate solutions 

added. The resulting solution was then heated on the steambath for three 

hours. Aft r allowing to cool to room temperature, one drop of 10 

sodium hydroxide was add d, but ven after standing for twenty-four hours 

in the refrigerntor, no crystallization had t ken place. The solution 

was evaporated to bout one-half of its original volume and g in set 

aside in the refrigerator. A cryst alline deposit formed which showed no 

depression or the melting point on admixture with the ~tarting material. 

Trea.t~nt of Annotine with Acetic Anhydride 

To 15 ml . of acetic anhydride was dded 450 mg. of annotine,Ibf 

and the solution heated under reflux• After about fift .en minutes the 

reaction mixture had become very d rk and the reaction was stopped after 

a further fifteen minutes . Excess acetic anhydride was decomposed by 

shaking with ice water, tbe aolut.ton be.sified with 20 per cent sociium 

hydroxide solution nd then extr cted with chloroform until the extracts 

were colourless. The e ombined extracts were dried over anhydrous sodium 

sulfate and cone ntrated 'in v cuo 1 • It was then ebsorbed on a colu..m 

of alumina (Fisher) and eluted with chloroform. A colourless band rapidly 

passed through the column> evaporation of the solution gave about 120 mg. 

or a crystalline compound , VTh, which after recrystallization .from methanol 

malted at 180. 7 - 182. 2°C . 

Anal . Calc. for Cu~H23o4N: %CH3CO, 13 · 56. 

Found: %CHJCO, 12. 00, 12. 65. 

In its infrared bsorption spectrum it cont ined strong bands at 
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1732 cm.-1 and 1250 om.-l ttributable to the cetoxy ~roup; and a band 

at 1715 cm.-1 due to the carbonyl ~roup. 

Alkaline H,ydrol,ysis of Acetylannot1nel, V~ 

A solution o! 50 mg. of VIb in 10 wl. of alcoholic sodi~ hydroxide,. 
was reflu.xed for on hour on the steam bR.tl'h The solution '~as evaporated 

almost to dryness, diluted ~ith w ter (25 ml.) nd extracted several ti 

with chloroform. The dried chloroform extracts ·were concentrated 'in vacuo' 

to yield 25 mg. of n viscous residue, hich eould not be induced to crystal

lize. Its infrared spectrum w s identic 1 to that of annotine. The residue 

was dissolved in 2 ml.. of acetone and acidified with one-half drop of concen

trated hydrochloric acid, and seeded with a crystal of annotine hydrochloride 

(see page 51). The flask immediately became a mass of crystals. The infra

red absorption spectrum was superi pos ble on th t of nnotina hydrochloride, 

and there was no depression of the mixod melting point . 

Treatment of Annotine, Ib, with Phentl Lithium 

Phen,yl lithium was prepared from 0.3.5 nt. lithium. nnd 3· 7 gm. of 

bromobenzen in 30 ml. of anh droue ether. To the phenyl lithium was 

slowly added a solution of 900 ~· of annotine in 100 ml. ther-benzene. 

During the addition a whit oomplsx sep rated out. The reaction mixture 

was refluxcd for one hour following the addition of the annotine. Ths 

cooled reaction mi.xt.ure w s oom.posed by pouring it onto ice conttdning 

glnoial acetic acid. The organic layer w e separated, and the eid 

aqueous solution washed once with 50 ml· ether. The queous solution was 

then baslfied with 20 per cent sodium hydroxid solution whereupon a white 

precipitate formed; this was extr cted with chloroform. The combined 
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chloroform extracts were dried over sodium sulfate; concentration 'in 

vacuo' yielded 1 • .30 gm. ( 9.3 per cent theory) of a white crystallin 

product. The compound was refluxed with 250 ml. of acetone until dis

solved, then concentrated to about 50 ml., a nd set aside to crystallize. 

The crystallin.e compound obtained softened at 1.30°C but it was not com

pletely molten until 21.3 - 2l4°C. It was recrystallized again from 

acetone but without change in the melting point. Upon drying the com

pound, 1t lost 24 per cent of its weight . c22H27o3H•2CH3coCH3 would 

.require a 24. 7 per cent loss in weight . The infra:red spectrum of the 

undried compound contained very strong absorption in the carbonyl r gion 

at 1710 em. -l. A sample was recrystallized from methanol to yield a 

product, m.p . 214°0 . In the infrared, it co.nt ined no bands in the 

carbonyl region. It, too, was solvated because on drying ' in vacuo ' it 

lost 27 . 6 per cent of its weight corresponding to c22H270.3N ·4CH30H. 

In its infrared spectrwn the dry material contained no bands in 

the carbonyl region. There was a strong band in the hydroxyl region at 

3470 cm.-1, and a weak band at 1640 cm. - 1 attributable to non-benzenoid 

uneaturation . There were strong bands in the finger-print region 

attributable to a benzene ring . 

Anal . Calc . for c22H27D.3N: C, 74.75; H, 7 . 70 . 

Found: C, 74.30, 74. 32; H, ? .69, 7.70 . 
/ 
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Part (ii) - D1phenylannotinine 

Isolation ot Annotinin2 

Several batches of Lycopodituu annotinum collected in Nova Scotia. 

and one collected in Algonquin Park, Ontario, were extracted by the method 

of nske and .Marion (2). It waa found that tho yield of annotinine from 

collections of plant material made during the latter part of the summ.er 

of 195.5 wn5 in the order 0.12 - 0.17 per cent. The .IJ!Il.terial collected in 

the spring gave a. yield of 0.10 per cent together with a high yield of 

sugars, not yet identified. 

Treatment of Annotinine with Phenyl Lithium 

To a solution of phenyl lithium, prepared from 1.2 gm. lithium. 

and 14. 5 gm. bromobenzene in 100· mL of nhydrous ether, there was added 

a solution of 3 . 0 gm. a.nnotinine in 70 ml . of ether-benzene. There was 

imn»diate precipitation of a white complex which soon dissolved. After 

the addition of the a.nnotinine (.fifteen mtnutes) , the reaction udxture 

was refluxed for one and one-half hours, allowed to cool to rOQm temper

ature, poured onto ice-water and the organic layer septlrated. The aqueous 

layer was extracted several times with fresh portions of ether. The c~ 

bined extracts were dried over sodium sulf's.te and then concentrated 'in 

vacuo• . The residue was dissolved in benzene, absorbed on a. column of' 

alumina (Fisher), and eluted with benzene until no more dipbe~l, a by

product, was obtained. Diphenylannotinine, Ilc*, was then eluted from. 

* Diphenylannotinine deriv tiv s will be designated 'c ' • 
' 
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the colwnn with 2 vol. per eent methanol 1n chloroform.. emoval of the 

solvent yielded a pale yellow residue (;.o .) which was dts$olved in 

70 ml.. of hot benz ne and set aei e for tw lve hour , aft r which time 

cluster of stna.ll pale yellow ple.te-lik crystals had formed. They 

possessed a double l1ll lting po nt t 128 and 236°C, neither of'', which was 

particularly sharp. For analysis a s :ple wa.s dried ~t ll8°C at O. 5 mm. 

Hg pre sure for tw lve hours, when it h d lost 21 per cent f its ight 

indicating th t th compound, !Ic, ~as highly solvated. It then xhibited 

a sin le lting point at bout 236°C. 

An 1. 	C lc. for c28H35o4N: c, 74.83; H, 7·85; N, 3·12. 


C lc. for C2gH33o,N: c, 77-93; H, 7.71• N, ,3.2;. 


Calc. for C2sH3303N'l/3C6H6:C, 78.74; F, 7.71; N, J.06. 


Calc. for C28H.330.3N•l/2C6H6:C, 79.11; H1 7•71; , 2.98. 

1Found: 	C, 78•9 ; H, 8.07; N, 3.,30. 

ound: C, 78.85, 78.83, 78.8)J 78.87; H, 7·65: 7.69, 7.32, 7·49· 2 

pKa = 5·9 (50% methanol-water) 

LoL] 19 = + 7-8° (c, 5 ohlorofortn)
D 

The infrared spectrum cont ained n strong band 1n the hydroxyl region 

at 3400 cm.-1, but only weak aro tie absorption at 1600 em.-1. In carbon 

disulfide solution tber were two absorption bands in the hydroxyl region 

at 3603 em. -1 and 3460 em. -1. Th three typical banda for a mono-substituted 

-1 -1 0 -1benzene compound were found at 3080 e • , 3052 em. , and 3 2l em. • 

The hydrochloride s lt was prep red by dissolving 500 ~· or di

phenyl nnotinine, !Ic, in 10 • of acetone and dding a .few drops of 

1. Drs. iler and F. B. otr uss, Oxford, En l.a.nd· 

2. Mr. A. E. Ledin ba , Gue lph, Ontario• 
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concentrated hydrochloric acid until the solution was just acid. There 

was immediate precipitation o£ the salt which was recrystallized several 

times from methanol-acetone for analysis, m.p. 292.2 - 293.2°0. 

Anal. 	C lc. for C2gH;;03N•HCl·H20: C, 69.19; H, 7o.47 ; N, 2.Be 

Found: C, 69.15, 68.95; H, 7·45, 7.40; , 2.80, 2.70. 

Treatment of diphenylannotinine, IIc, with concentr ted hydro

oblori.c acid, phenyl lithium, nnd litM.um aluminium hydride led to no new 

products. 

Treat 	ant of Diphenylannotinine 1 IIc, with fhosphorous 9!Yohloride 

In 25 ml. of dry pyridin was dissolved 500 mg. of lie, to the 

r sulting solution wae added 5 m1. phosphorous oxychloride whi ch was 

allowed to stand f or thirty-six hours. To the solution was added little 

water to hydrolyse excess phosphorous oxychloride. It wa then concen

trat d ' in v cuo1 
1 sodium hydroxide solution added till the solution was 

alkaline, and finally extracted with benzene. The combined benzene ex-

tr 'icts were dri d over nhydroue sodium sulf. te, and concentr ted to dry

ness 'in vacuo'• The dnrk brown residue was warmed with 25 per cent sul

furic oid, ln which it was insoluble. It w s extr ct d from the eid 

solution with chloroform; evaporation of the solvent yielded an oily 

residue which was crystallized from methanol. After several recrystalli 

zations it melted at 276°C, with darkening at 22oPc. The compound g ve 

a positive test !or halo en (Betlstein test). In its infrared spectrum 

it contained hydroxyl absorption at 3385 cm.-1 and n unas i ned band t 

-1 Since the de ired unsatur ted compound h d not been obtained2350 c • • 


the compound was not submitt d for elementa.:ry analysis· 
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Chromic Acid Oxidation of Diphonylannotinine, IIc 

To a solution of 7C1) mg. of IIo in 3 m.l. of glaci.al acetic cid 

was rapidly added a mixture of 400 mg. chromic cid anhydride in 5 ml. 

glacial acetic acid containing just suffici nt w.ter to dissolve the Cro3• 

Tb re was immediate ssp ration of a rk brown sludge which soon dissolved. 

The reaction mixture was immediately poured onto excess a monium hydroxide 

in 100 gm. ice and exhaustively extracted with chloroform. The combined 

chloroform extracts were dried over anhydrous sodium sulfate and then 

finally filtered through alumina. Concentration of the filtrate yielded 

380 mg. {54 per cent t heory) of a viscous yellow oil which crystalliz d 

immedi t ly on contact with methanol. After several recrystallizationa 

the compound, IIIc1 was obtained as small white needles, m. p. 242-l°C. 

( eier and Y~rion (26) reported 250°C . ) 

Anal. Cal c. for C2gH33o~: C, 75·15; H, 7·43; N, 3·13; Active H (2} 0.44

Found : C, 75.60, 75 · 36; H, 7. 05, 6.81; N, 3·49 .i Active H,0-42 ,0.48. 

pia = 4.16 (acetone) 

~ol.] 20 = t 55. 8° (c, 5% chloroform) 
D 

The infrared absorption spectrum contained a ba.nd in the carbonyl 

region t 1?22 cm. -1 and in the ~droxyl region t 3300 cm.-1. In carbon 

disulfide solution it cont ined three bands in the hydroxyl region t 

1 13595 cm. -1, 3462 cm. - , and 3320 cm. - . 

Treatment with coneentr ted hydrochloric eid or alcoholic lk li 

yielded only unchanged starting ~terial . 

Reduction o! c2gH o4N, IIIc, with Lithium Aluminimn Hydride 33

To a eolution of · 250 of IIIc in 30 ml. of dry ethor was dded(!# . 

http:glaci.al
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a solution of 0.10 gm. of LiAlH4 i n 50 ml . dry ether and the mixture re

fluxed for one and one-bali hours . The excess LiAlH4 was destroyed by 

careful addition of queous ether, the reaction mixture was poured onto 

100 gm. ice containing 5 m.l . of concentrated hydrochloric acid . The 

solution was basified with ammonia and xtracted several times with ether. 

The combined ether extracts were dried over sodium sulfate and ooncen

trated ' in vacuo ' to yiel d 200 mg . of a white crystalline compound, !Vc. 

After r crystallizati on from methanol it melted t 260. 9°C . Upon dr.y

ing the compound, it lost 11 per cent of its weight, C28H3504N•2CH30H, 

would require a 12 . 4 per cent loss in weight . 

Anal . Calc. for C2gH35o4N· l/2CH 0H: C, 73 . 68; H, 7.81; N, 3.02. 
3

Found: C, 73 -96, 73. 87; H, 7. 77, 7· 73; N, 3·23, 3.04. 

pKa = 5· 4 ( 50% methanol -water) 

[ce.j ~9 = +13 . 5° (c, 5% chloroform) 

The infrared spectrum contained weak absorption in the hydroxyl 

region at 3350 cm. - 1• 

Treatment with concentrated hydrochloric acid ielded only un

changed starting materi al. 

Oxidation of Dinnenylannotinine wi th Chromic Acid Anhydride in Pyri dine 

Several samples of diphenylannotinine were treated with the 

chromic acid-pyridin r eagent of Sarett (20) . The same oxid tion 

product, I!Ic , was obt ined but the yields were low (5 - 10 per cent) 

over the range of the experi mental condition employed. 

Qppenauer Oxidation of Diphenylannotinine 1 IIe 

Diphenylannotinine, 1 . 0 gm., was added to a suspension of 0. 6 gm. 
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of potassium tert.-butoxide in e. ndxture of J.O gm. dry cyclohexanone 

and 35 tnl. of nhydrous toluene. The mixture, which becane bright yello,.,, 

was refluxed for one-half hour. After llO'·dng to cool to room tett~Per-

a.ture, the mixture was poured on ice, the organic layer separated, and 

the aqueous layer extracted with fresh toluene. The combined toluene 

extracts were ashed three ti s with 25 ml.. portions of 10 per cent 

hydrochloric acid. The c om:bined acid extracts were washed once with 

ether, then basified with ao~onia and exhaustively extracted with ehloro

form. The dried chloroform extract was concentrated on the steam bath 

prior to absorption on a column of alumin (Fisher). Elution with 2 vol . 

per cent IOOthan.ol in chloroforr.a yielded, after evaporation of the solvent, 

610 mg. {61 per cent theory) of crystalline product, Vc. Following re

crystallization from methanol, it melted at 244·2- 245·2°C. A mixed 

melting point with IIIc was completely liquid at 213°C. 

Anal. Calc. for c28H31o3N: C, 78.29; H, 7. 28; N, 3.26J Active R (1) 0. 27 

Found: c, 77·84, 77.Sl; H, 7•42, 7·45; N, 3.04, 3.02; Active H, 

0.23· 

pKs. = 3·35 (aoeton ) 

(o(] 19 = +90. 8° (e, 5% chloroform)
D 

The infrared absorption spectrum contained strong carbonyl ab

sorption at 1706 em. -l and we k hydroxyl absorption at 3300 em.-l. In 

e rbon disulfide there was a single hydroxyl band at 3595 em.-l. 

Treatment of Ve with eonaentrat d hydrochloric eid and hydrogen 

yielded only unchang d st rtin material. 
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~eduction of c2aH:3lO.il, Vc, .1 th Lithium Alund.niu Hydride 

The Oppenauer oxidation product, 200 "·' in 50 m.l. of anhydrous 

ether as treated with 2.0 ml. of a 2.5 solution of LiAlH4 1n ether 

and refluxed tor forty-eight hour ; shorter periods of reflux gave in

complete reduction. The excess LiAlH4 ~as deBtroyed with moist ether, 

the ether layers parated, dried, nd concentrated 'in vacuo•. The 

residue, 150 mg., was dissolved in chloroform and bsorbed on a colu 

of nlumina. (Fisher) 1 eluting with chlorofor • several fractions wer 

coll cted and the major fr etion, 80 ., sep rated and examin d. It 

was alliOrphous and had an i.n.frared. speetru identical to that of di henyl

e.nnoti.nlne. Treatment of nn c tone soluti-on of thi.e fraction with 

conoentr ted hydrochloric acid gave an inmediate pr(Jcipitate of a crystal

line hydrochloride . Two types of crystals appeared to be present, one 

dense and ranular 1 and the other feather-like. The former, which com

pri ed the ma.jor fraction, did not depress the melting point of diphenyl

a.nnotinine hydrochloride. Th re was not enou h of the second. fr otion to 

determine its properties. 

To a solution of 0.10 • of NaBH4 in 25 • of ethanol wa add d 

500 • of Vc. After allowin~T to stand ov rn ht, fQW drops of glacial 

acetic & oid were dded to destroy excess hydride • ost of the lcohol s 

distilled off and th• residue dissolved in water, ba ified with ammonia, 

then chloroform extracted. The dried extr cts yielded 450 mg. of 

glassy product whose infrared spectrum w s superiroposable on that ot 

diphenylannotinine. The .Wdrochloride w s prep red in the usual nner. 
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(acetone and HCl) nd recrystallized from methanol-acetone. It elted 

at 289°C, but depressed the melting point of diphenylannotinine h,yd:ro

chloride twenty-five degrees. 

Anal. Calc. for c28H33o3N·HCl ·H20: C, 69.19 ; H, 7·47• 

Found: C, 68.20, 68.55; H, 7·27, 7.50. 

Chromic Acid Oxidation of c28H31o2N, Vo 

To a solution of 800 mg. of Vo in 5 ml . of glacial acetic acid 

was added solution of 700 mg. chromic acid anhydride in 8 ml . of glacial 

acetic cid containing just st~fieient water to dissolve the Cr03. After 

five minutes , the reaction product was poured onto excess rrunonia in ice, 

.nd exhaustively extracted with ehlorofor • The dried extracts were com

bined nd filtered through alumina. Concentration of the filtrate yielded 

600 mg. of a brown viscous oil which crystallized immediately on contact 

with methanol. .After recrystallization from methanol it melted at 241·1 

242 -1°C; a mixed melting point with the starting terial was liquid t 

219°C, whil t a mixed melting point with a sample of IIIc was undepressed. 

Their infrared spectr were identical . 

Oxidation of Diphenylannotinine, IIc, 'With Pot ssium Dichromate in Sulfuric 

Acid-
Diphenylannotinine, 1.5 gm., was treated with 5.0 gm. of potassium 

dichromate in 20 m1. of 50 per cent sulfuric acid. The mixture was 

directly distilled until oily droplets were no longer present in the dis

tillate. Water was added to keep the level in the reaction flaak pproxi

mately constant. The distillate was ether extracted, the xtracts dried 

over sodium ulfate, and concentrated to yield 30 • of residue. The 
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residue was p rtitloned between ther nd odium b c rbonate solution. 

'!'he ether oluble portion yielded about 10 · • of a yellowish oil which 

had a.n infrnred spectrum id nticttl to t.hat of bonzoph none. When thi 

oil was treated with a hot solution ot 2,4- dinitrophenylhydrazine in 

alcohol yellow precirita.te formed, •P• 230.7 - 235·7°C. The mixed 

lting point with an authentic mple of bcnzophenone-2,4-dinitro

phenylhydrazone was 238 - 2400C. The recorded lting point of th 

hydrazone is 2)S0C. The infrared bsorption spectra ot the two hydra

zones were identical. 

The bicarbonate phase was eidified nd ether extr eted. Evapo

ration of the ether yielded a yellowish solid which, after recr,yst 111· 

zation from. water, melted at 120.2 - 121.20C and did not deprees tb 

meltin point of benzoic cid.· 

Tho acidic olution fro the reaction flask was basified wit.h 

ammonia and extracted sever 1 imes with chloroform. The c ombinsd chloro

for extracts ware dried over sodium sulf te, nd concentrated 'in cuo• 

to yield 20 mg. of an oily r·esi.due which erystal11zed on oont ct with 

~Jathanol. After recryst lliza.tion from methanol i.t proved to be identical 

(infrared spectrum and mixed melting point.) with IIIc . 

Treatment of Annottnine flydr te, n , with enyl Lithiu 

Phenyl llthiwn prepared. in th manner described above fro.n 0.13 

gm~ or lithium w'i!S treated wlth 0 . 36 gm. of atmotinine hydrate prep red 

in the manner deseriood b1 , anske hrtd t-1arlon (S). The hydrat.e was intro

duced into the s;r•tem by continuous extractl· n !'rom a saxhlet with r flux... 

ing ether. About twelve .houro was required for the addition boco.use of 

http:precirita.te
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the low olubility of annotinine hydrate in ether. The mixture was de

eo. osed on i ce-hydrochloric aci ·, the aqueous layer s par ted, ba.sified 

-with limmoni 1 and extracted with chloroform. Ev poration of the chloro

form yielded a viscous residue 1r1hich deposited a fclw crystals on tre t

m.ent with methanoL Some 30 mg. of material was separated which melted 

at 190- 192.1°C, showed hydroxyl absorption in the infrared at 3530 em.-1, 

and w ak un ssignabl e bands at 3200 cm. -1 , 1720 cm.-1, and 1750 cm.-1. 

The co ound was probably contaminated with starting material. 

The mother liquors from the separation of this colJIPound deposited 

a second crop of crystals on treatment with ether. About 100 mg. of this 

compound which melted t 214 - 216°C was obtained. On admixture with the 

starting ooterial and diphenylannotinine, amples were liquid at 19g.4 and 

181 . ?OC respectively. The ru.i:xed melting potnt with the previously isol ted 

compound was 207. ; 0c; and the infrared spectra were almost identical indi

cating a similarity of the two. 

The compound formed hydrochloride which after r cryst llizat.ion 

from methanol-acetone ~elted t 238°C . 

Anal . Found: C, 67.58, 67.47J H, 7. 62, 7·65; N, 3 ·78, ).69. 

Inspection or these figures does not allow c lculn.tion of a 

reatso:nable form.ul for the compound. 

Treat ent of C2sH;304N, IIIo, with Acetic Anhydride 

A mixture of 500 mg. of IIIc in 30 ml . acetic anhydride was re

fluxed for four hours. It was allowed to cool to room temperature, the 

excess neetlc anhydride was hydrolysed with water, basified with aT ni , 

and exhaustively extracted with chloroform.. The combined chlorofo 
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extracts were dried over sodium sulfate end concentrated 1i n vacuo•. The 

concentrated solution w s s.bsorbed on a coluoo of alumina (Fisher) e.nd 

eluted with chloroform. A pele yellow band passed rapidly through th 

column end wa.s collected; evaporat.lon of the solvent yielded 350 mg. of a 

pale yellow solid, VIe, which crystallized on contact with ether. Its 

infrared spectrum contained no bands in the hydroxyl region; there was a 

brood peak t 1732 cm.-1, with a shoulder at 1770 cm.-1 • A strong band 

at 1240 om. -1 was ttributed to nn acetoxy group. In chloroform olution 

1there was a broad absorption band at 3500 cm.- , a double peak at 1735 and 

1720 cm.-1, and weak ~~nds at 1680 cm.-1, 1655 em.-1, and 1600 c~.-1. The 

compound vas not purified further but was used directly in the followi~ 

experiment . 

Alkalin#J Hydrolysis of VIc 

The compound, 300 rug., was refluxed for two hours with 10 ml. ot 

alcoholic sodium hydroxide. The lcohol was dist.illed off, water added, 

and the yellow suspension extracted with chloroform. The combined chloro

form extracts were dri d over anhydrous sodium sulf te and concentrated 

'in vacuo • to yield 250 mg. of yellow oil which crystallized immedi tely 

on contact ith methanol, melting point, 240- 242.1°C; it did not depress 

the malting point of IIIc. 



SUMMARY 

Part (i) - The Minor Alk loids 

Annotoxine, 
44

o5~, has for the first ti.me been isolatedc32H

from Lycopodium annotinum of Canadi n origin. It was sep r ted into 

aori.f'oline, C16~302N, and annotine, c16H2103N, (alkaloid L 11) by 

chromatogr phy and also through the hydrobromide salts. 

Acrifoline was shown to possess one hydroxyl ~roup , one ketone 

carbonyl group, and one centre of uneaturation. A determination of the 

basicity constants of acrifoline and dit~roacrifollne suggested that 

acri.f'oline is probably n allylamine . Acrifoline wa:, aeetylated wtth 

acetic anhydride to form the mono cetate, c18H25o N, which was identi 
3

cal to alkaloid L 12 previously isolated by Man ke and • arion from 

Lycopodium annotinum L· (2). Acri.f'oline could not be dehydrated with 

concentr ted hydrochloric a.cld or phosphorous oxychloride. 

Annotine (alkaloid L ll) was also sh01'1n to contain a single 

hydroxyl group, one ketone carbonyl group, and one centre of unsatu

ration. A comparison of the basicity constant of annotine nd dihydro

annotine revealed that a.nnoti.ne m y also be an llyl mine. The non- re

activity of the third oxygen function suggests that it is present as n 

ether linkage wM.ch is prob bly not an epoxl.de ring. 
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Part (ii) - Diphenylannotinine 

Annotinine, C16H21o3N, wa.s treated with phenyl lithium to yield 

diphenylannotinine which was crystallized fro benzene. The compound 

was solvat d, even after drying ' in vacuo•. It analysed very closely 

for c2gH33o3N, IIc, and the analytic 1 data cannot be reconciled with 

the o4 compound c28a N reported by Meier and srion (26). The35o4
Oppenauer oxidation of diphenylannotine yielded the we k ketonic bas , 

C28H310JN, Ve, which contained one hydroxyl group. Its reduction b ck 

to C2afi3303N confirms the 03 formulation for diphenylannotinine. Chromic 

acid oxidation of Vc yielded the eak ketonic base c28H N, IIIe, which33o4
could be obtained directly by the oxidation of diphenylannot'nine. 

Hydride reduction of IIIc yielded c28H N, !Vc . Neither lie, IIIe,
35

o4

IVc, or Vc could be dehydrated under the conditions employed. 

The intrar d spectrum of diphenylannotinine indicated the 

presence of two hydroxyl groups and that of the Oppen uer oxidation 

product indicat d one hydroxyl group which wae supported by the active 

hydrogen determination. The third oxygen is probably present in an ether 

linkage, which may be the ori inal epoxide ring of annot inine. 
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