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Ine amino acid Clhﬂlggam’ obtained from annotinine
by oxidative fission of ring A, has been converted to the

O,N-didcetyl acyclic anhydride CIBH N, and the anhydride

22%
ring has been shown to be five-membered. Oxidation studies
have been carried out on the N-methyl lactone 01732702H,
obteived hy fission of ring A, and the oxidation products
'isalated and characterized. Hofmann degradation studies on
the N-methyl lactone have been carried out and the products
isolated from this reaction are discussed in relation to the

known structure of the alkaloid.
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GENERAL INTROLUCTION

The investigations reported in this thesis were
commenced at a time when the complete structure of annotinine,

the major alkaloid of Lycopodium annotinum L., was yet unknown.

The study wes initially designed to gain more information about
the relationship of the funectional groups of annotinine, and to
obtain chemical evidence for the detailed nature of rings C and
D. During the course of this work Wiesner (2) proposed a total
structure, I, for this alkaloid, and not long afterwards
Przybylska and Marion (3) confirmed this structure by carrying

out an X-ray diffraction study on annotinine bromohydrin.

At the time of this disclosure & study of the elimination
of nitrogen by Hofmann degradation was being carried out. Luring
this study reactions were encountered which were interesting in
their own right and the investigation was continued on this basis.

The nature of rings C and D was established mainly by inference,



and the degradation scheme being studied at the time promised to
supply more direct, chemicel evidence for the propused structure.
In addition, the degrsdation scheme being used might have proved
useful in the elucidation of the structures of the other

Lycopodium alkaloids of yet unknown structure. Annotinine is the

only member of this group whose structure is now firmly established.



ALSTURICAL INTRODUCTION

Aonovinine, CjgHpiU3N, I, the major alkaloid of

Lycopudium annotinum L., was first isclated in 1943 by Manske

and Marion (1l). Annotinine, because of its availability and
greater reactivity, has been more intensively studied than

the other Lycopodium alkaloids. In the years following its
first isclstion several groups have studied the reactions of
annotinine and its derivatives. 4 large amount of chemical
evidence was obtained and on the basis of this chemical
evidence Wiesner was able to deduce tne structure of annotinine,

which is shown below.

This structure was confirmed by Prezybylskae and MHarion (3] who
carried out an A-ray diffraction study on annotinine bromehydrin.

The chemistry of annotinine will be discussed in the
following pages with special attentiun being given to those
reactions whiech demonstrate the structural features of this
alkaloid.

The functionasl groups of this alkelold were established
by Manske and Marion (4), who were able to show that annotinine
contained a tertiary nitrogen, an oxide ring, a lactone ring,

and a combination of four carboeyclic and heterocyclic rings.
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A Kuhn-Hoth oxidation (5) indlcated that annotinine contained one,

or less likely, two C-methyl groups.

' The Oxide Ring and Ring &
The presence of a cyclic ether structure was demeonstrated

by the reacticn of snnotinine with hydrochloric acid to form the
chlorohydrin CjgHop03kC1l, il, and also by the action of alcoholic
potassium hydroxide to give annotinine hydrate Cléﬂéjﬂkﬂ, I11. (&)
The nature of the ether ring was established by Maclean and

Frime (6) and they were able to relate its prosition to the nitrogen
atom. Annotinine was shown to react with potassium permanganate to
form & neutrsl compound Cléﬂlgﬁkﬁ, IV. Compound IV was originally
reported as a base, (4), and because of its conversion by
Clemmensen reduction to the saturated base cléﬁzjazﬁr V, wae in-
correctly described as a diketone. Maclean and Prime (0]

pointed out that the product of oxidation of annotinine with
potassium permanganate was not a base, but & neutral lactam which
retained the ether ring intact. This fact indiceted that annotinine
contained & methylene group adjacent to the nitrogen. Annotinine
lactam, IV, was converted to the cerresponding chlorohydrin
cléﬁzggaﬁal’ VI, by treatment with concentrated hydrochloriec acid
(6)e When VI was treated with sodium bicarbonate, hydrochloric
acid was eliminated and annotinine lactam, IV, was formed.
Maclean and Prime (6) pointed out that this reaction suggested

that the chloro and hydroxyl groups were adjacent, and therefore

that the ether ring was an epoxidé ring. Annotinine lactam



chlorohydrin VI, underwent dehydration on treatment with phosphor
oxychloride or on prolonged treatment with concentrated
hydrochloric acid and yielded the anhydrochlore compound
31631363301, ViI. Treatment of VI with hydrogén over Adams'
catalyst gave & mixture of two compounds, Gléﬁalagﬁ, VIII, and
Cletip1Uy8, IX. In the formetion of VIII, both the chloro and

" hydroxyl groups were eliminated and in the formation of IX, only
the chloro group had been eliminsted by hydrogenolysis. A& similar
treatment of VII yielded VIII as the sole product, formed by
saturation of the double bond and hydrogenoOlysis of the chloro
group. Annotinine chlorohydrin, II, failed to react with scdium
bicarbonate, concentrated hydrochioric acid, phosphorus.
oxychloride and hydrogen over Adams' catalyst. The only structural
difference between L]l and VI is the presence of the lactam

carbonyl in VI. ﬁnchaéa and Frime interpreted this difference in
reactivity to the influence of the lactam carbonyl snd suggested
that the lactam carbonyl and the oxi&e ring were adjacent in
annotinine lactem. Wiesner gt al (10) pointed out thac‘bhe infrared
and ultraviclet spectra of VII are in agreement with the postulated
conjugated lactam. This provided further evidence that the oxide
ring and the lactam carbonyl groups were adjacent in annotinine
lactam and that the oxide ring and the nitrogen in annotinine were

separated by a single methylene groupe.


http:05tulut.ed
http:lC1ct.em

o 0
of
/ ] "_/ ° o
KMng, <o Znh
alcobolic N M e
KoH § Hel Z
HC! Na“‘%1 LHC‘
o 9 ’
I, . Vv cf? ok
/ / o/ ]
)
<CrC‘1 N \\o

,,\
i
=
<
v




7

Adéitional evidence for the relationship of the oxide
ring and the nitrogen atom was obtained from a study of the
products from the resction of annotinine éhlaranydrin with chromous
ehloride (4). Meier, Moister and Marion (7) found that, by
adjusting the reaction conditions, varicus proportions of three
products could be isclated. The major product was an unsaturated
base, Gléﬁalaag- 4, which is ususlly referred to as "unsaturated
lactone a”,.but is more ae&urgnely named desoxoannotinine. Anet
and Marion {8) observed that the pka of X was 7.06, while that of
its dihydro derivative was 2.48. This was in accordance with the
proposed allylamine structure for i, The other products isolated
from the chromous chloride reaction were two unseturated
secondary bases, CyclipyUal, I (a), referred to as "unsaturated
lactone B", and 01ﬁ323ﬁ3ﬁ, X1I, referred to as the "hydroxylactone™,
Compound XII could bte converted to XI{(a) by treatment with
chromous chloride in concentrated hydrochloric acid., Treatment
of illa) with hydrogen over Adams' catalyst yielded the dihydro
derivative G, Hos0pl, XI (b). Anet and Marion (8) pointed out the
analogy of the chromous clioride reaction of annotinine chlorohydrin
with the reaction of chromous chlorige wiin certain steroid vic-
dihalides, to yield the corresponding unssturated compounds.
Zinc in acetic acid has been shown to convert certain steroid vice
chlorohydrins to the olefins and therefure it was proposed that
chromous chloride could bring about the same reaction. The
formation of the "hydroxylactone", XiI, is a simple extension of
this reaction w‘g ~chloroamines, which could react as shown

below.
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Since the "hydroxy lectone”, X1I, is an allyl éleohal, it would

be expected to undergo reduction to "unsatursted lactone B", thua:

i
| C,.C1
—(— CH==CH, ——=%» —Cli,— GU==CHy + lis0
c s |
OH

Avidence for the size and nature of ring A was obtained by infrared
spectroscopy and by degradation experiments. The infrared spectrum
of annotinine lactam, IV, sugpested that the nitrogen-containing
ring carrying the epoxide function wee six-membered or larger (7).
The six-membered charscter of ring A was established by Betts and .
Baclean (9} who. carried out oxidetion etudiés on annotinine
lactamdiol, KIII; obtained by treatment of IV with dilute sulphuric
écid. Compound X1lI reascted with threc moles of lead tetra-
acetate &nd thie wasg vakgn as evidence for @hé arrangement of
functional groups, NG ﬁ T? 7% 't o Uxidation of XII

/5@— b= Ol G =
rotasslum permeéncanate or chromic oxide yielded a mixture of two
products, an acidic compouna 015H19®5&, XVI, and a neutral come
pound C3sHyoU.Ll, XIV. The neutral produet AIV had an infrared
ébaorption gpectrum with peaks characteristic of a ¥-lactem, a

five-membered cyclic ketone and a ¥-lactone. Treatment of XIV

with sodium borohydride in ethanol converted it to a neutral
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compound Clgﬁlgﬁhﬁ, IV, which showed infrared absorption bands
characteristic of a ¥ -lactam, & ¥-lactone and & hydroxyl
group. OSince & five-wembered ring hed formed with the loss of
one carbon atom, Maclean and Detts interyreted this as evidence
for the six-membered nature of ring A. The acldic compound
Glﬁﬁiguﬁﬂ, iVI had three peaks in the eafboayl region of the
infrared, attributed to smide, carboxylic scid and ¥ -lactone
functions. Hydrolysis of VI with dilute sulphuric acid
yielded [ormic acid and the auino acid Claﬁl99k§' Xvil, in

- gquimolar smounts. The amino &cic had been previously re-
ported by Anet and Merion (8) and by wWiesner (5). This

series of reactions can be written as followsa:

7

\__Jﬁﬁﬁ&_e’ =0 + "
'i‘ % o, N ,

XI1l LIV AVIL

The Relationship of the Lactone and Oxide Rings
Wiesner et al. (10) subjected VII to permanganate

oxidation and isolated the amino acid Cj,HjqO)N, XVII. The pKa
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values of the amino acid (4.03, 9.3) and of the methyl ester
(6.8) were in agreement with the values eXpected for a(g-amino
acid derivative. Wiesner also noted that the carbomethoxy group
of the amino acid ester was resistant to aaponifiuaﬁion. This
was taken as evidence for the quarternary nature of the carbon
atom bearing the carboxyl group.

The relationship of the ¥-lactone ring to the conjugated
lactam group in the anhydro chloro compound VII was demonstrated
by Wiesner et al. (10) by the following series of reactions. The
lactone ring of VII was opened by mild reflux with alcoholie
alkali to give the hydroxy acid 016H2004H31! XVIII. When XVIiII
was gently heated under reflux with & trace of p-toluene-
sulphoniec acid in benzene; a new hydroxy lgcton@ C1eHpn0,NC1, XIXK
was obtained. Treatment of AIX with alkali converted it to a
hydroxy acid CléﬂzoOaH31' XX, which differed from XVIII only in
the configuration of the lactone carboxyl group. In order to
form léctone XIX, the lactone carboxyl group must have
epimerized and then added across the double bond. Bvidence that
a new lactone ring had béen formed in XIX was obtained by cone
verting XVIiIiI to its U-acetyl derivetive and relactonizing with
p-toluenesulphonic acid. The infrared spectrum of this O-acetyl

1

lactone showed absorption peaks at 1780 cm™* characteristic of

a Y-lactone group, at 1670 em~1 4n the lactam region and at

17L0 em~t attributable to an acetoxyl group. This series of

reactions may be represented thus:
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o
]
EtOH Xy o
>
KoH H f ‘
VII XVIII
P-ChgG M, 050, M
\V4
o
Ho_ ,9 i
H ° ¥ S B
N cl -
OH
= cl
HO ;i Ho N"So
I |
XX XIX

The fact that the original configuration of the
carbonyl group in annotinine is less stable than the epimeric
one, and that the lactone carboxyl is attached to a
secondary carbon atom was established by Wiesner and co=-

workers (10) by the sequence of reaction outlined Lelow:



XXIIT VITI

e

b & i

Mild reflux of compound VII1 with potassium hydroxide
in methanol gave a hydroxy methyl ester XXI. Saponification of
this compound with an excess of ethgnolic potassium hydroxide
gave the corresponding hydroxy acid XXII, which was converted
into the ester IiXI by the action of ethereal diazomethane.
Saponification of the lactone VIII with potassium hydroxide in
ethanoel gave & pydroxy acid XXI1I, which was converted to its
methyl ester XXIV with diagomethane. Treatment of the methyl ester Xi
with methanolic potassium hydroxide gave & quantitative yield of
XXI. The ester Xil was the more stable of the two since it could
noﬁ be epimeri?ed back to ester XXIV,

An explanation of the difference in behaviour of VIII with

eth@mplic and methonaglic alkali was given by Wiesner (10), who
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pointed out that in methgnolic potassium hydroxide the concen-
tration of methoxide ion is greater than that of hydroxide ion.
Therefore methoxide rather than hydroxide ion was the attacking
species in this medium and the lactone ring wes opened to give the
ester directly, which was then immediately isomerized to XXI.

In ethanolic potassium hydroxide the concentration of hydroxide
ion is greater than that of ethoxide ion, hence the lactone was
attacked by hydroxide ion to form the hydroxy acid XIIl. This
acid was resistant to epimerizetion, since it was in the form of

the carboxylate ion and could not enolize.

Ring B
Uxidation of the two hydroxy-esters, XAI and XIIV, yielded

information concerning the nature of ring B, Wiesner et al. (10)
oxidized Xi1 and XX1V with chromium trioxide in pyridine and
iscolated the corresponding keto-esters, 817323OLN, XV, and
Cl7H23Gg§’ X)¥I. Since a ketone was obtained by oxidation, the
lactone hydroxyl ‘was demonstrated to be secondary. Lxemination
of the infrared absorption spectrum of the keto-esters indicated

that the carbonyl group wés in a six-membered or larger ring.

o
n o
H ,O‘oc“.! )
o C“\,OJ‘. H
o 0
o N“ "o

C17H30, N, XXVI C7H230, N, XXV
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lLater, Wiesner and coworkers (2) were able to establish
the detailed structure of ring B. The presence of a methylene group
adjacent to the carbonyl group of XXVlI was demonstrated by the
quantitative formation of a benzylidine derivative. The other
structural features of ring B were established from a study of

the selenium dioxide oxidation products of the keto-cster XXVI

(2)+ These compounds are illustrated in the figure below:
2 o
U Coch we  _C-och
Phc
PhcHo
<«
Q Q9 N~ "o
XXVI
(0] |Sea,
COOC“' @ 0o C”3 [<-1-14 “’
ROHE XXVIII XXIX
The formation of these oxidation products can e exe

plained in the following manner. Conmpound XXVII was obtained
by oxidation of the d-hydrogen on the methylene group of

XXVI, followed by deh ydration. Compounds XAVIII and XilX arose
in the same manner, and in addition the other W-hydrogen was
oxidigzed to a hydroxyl group. Compounds XXVIII and XXIX are
isomeric, differing only in the configuration of the hydroxyl
group. This indicated that the carbon atom to which th

hydroxyl group was attached was tertiary. Compound XXX was
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formed by dehydration of XXVIII or XXIX. Wiesner (1l) pointed
out that, since compound XXX was obtained instead of the more
stable chromophore XiXI, it could be inferred thet the nitrogen

was attached to a quarterary carbon atom.

o z - '
XXX |
These conclusions were supported by the work of Betts
and Maclean (12). ﬁnnaﬁinine was converted to desoxodihydro-
annotinine, XXXII, by the method of Manske and Marion (4).
Compound XXXII reacted with two molesg Qf.phﬁmyl lithium to
yield diphenyldesoxodihydroannotinine, C,4li3505%, XAXilI. The

reactions of AXXII]l are summarized in the following figure:
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Ph
Pt ~¢-0H
Ho
XXXTII
t-Buo"” \ t-Buo”
Benzene a=P0” Toluehe
Cyclohexxnane Toluene Cyclohexanone
Cyclohexanone
P h V
ph-C-oH rh-é—ou
NaOELt ::_BLO’
() N Tol o
H" M oluthe
REALY XXXV XXXVI
Ph
Ph lcm, + Ph-én ~on
(]
PheC-oH
Croy
CHITT ety 2
Q
(71
XXXVil

Oxidaetion of XXXIII by the Uppenauer procedure re-
sulted in one of three different products, depending on the

2 s 1

conditions used. When XiIXIIl was treated with potassium

B

teriary butoxide in refluxing benzene, in the presence of
¢yclohexanone, the secondary hydroxyl was oxidized to a

carbonyl group and a ketone, Cpgl33U2N, XXXIV, was obtained.



Oxidation of XXXIII with aluminum isopropoxide in refluxing
toluene, in the presence of cyclohexanone, yielded a lower
melting epimer of iXXIV, 828H3362N, XXXV, Compound XXXV
was converted to AXXIV by refluxing with sodium ethoxide in
etianol. Treatment of AXXIII with potassium tertiary butoxide
in refluxing toluene, in the presence of cvclohexanone, yielded
an unsaturated ketone C15Hz3UN, XXXVI. The infrared and ultra-
violet absorption spectra of XXIXVI indicated that the compound
was an dwp-unsaturat@d ketone with a single fg-alkyl substituent.
Compounds XXXIV and XXXV could be converted to ZiAVI by treatment
with potassium tertiary butoxide in refluxing toluene.

Betts and Maclean (12) showed that the diphenyl carbinol
group was eliminsted as benghydrol and proposed that the

mechanism was that of a reverse Michsel reaction. The reaction

can be deplcted &CCU*Nth to the scheme below:
Ph
Ph-C OH -oou |
YRS A .
i I (R
—> o l“’
XXV XXXVI (Ph)lc"o"

Chromic acid oxidation of the diphenyl hydrexy ketone
XXXV yielded & dihydroxy ketone, ngﬂzjojﬁ, XiXVIil. This
compound was also obtainable directly from XiXIII by chromic
acid oxidation. The new hydroxyl was considered to be tertiary,
since it was resistant to chromic acid oxidation. From the

fact that the new hydroxyl in XXXVII was likely tertiary,
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duction product gave a keto-dicarboxylic acid, XL. Treatment

of XL with acetic anhydride yielded a c¢yclic anhydride iL1.

ho. P - g

Ho
C
). '
(1) OH
XXXIX S © ° A0
(2) Oxidation —
XL LL1

The infrared spectrum of the keto-dicarboxylic acid XL,
indicated that the carbohyl group was part of a six-membered or
larger ring. The infrared absorpticn spectrum of the anhydride
XLl, showed bands characteristic of a five-membered or strained
anhydride. It was concluded therefore, that ring C was six-
membered and that the two carboxyl groups were on adjacent
carbon atoms. Lvidence that ring C contained three methylene
groups was obtained by Wiesner et al. (10). Oxidation of the
selenium dioxide oxidation product XXVIII, by the Lemieux method
with permanganate-periodate, yielded a mixture of succinic and
formic acids. The succinic acid was thought to originate from
ring C and therefore it must have three methylene groups.
Degfdroganation experiments (21) carried out on the anhydro ester
XXXVIII yielded a quinolone acid which , on decarboxylation, gave

a quinclone identified by comparison with an authentic specimen.

Qo
_&QUhy COOH

46 :
0 — : .

O — o

XXXVIII



it was concluded that annotinine contained the hexa-

hydrojulolidine skeleton and therefore ring C was six-membered.

Dehydrogenation Studies

The extensive dehydrogenation studies which have been
carried out on annotinine and its derivaetives have supported the
evidence already established by stepwise degradation of the
molecule.

Bankiewicz, lienderson, Stonner, Valenta and Wiesner (13)
dehydrogenated annotinine over selenium at 330° C and isolated
B8enepropyl quinoline. The formation of 8-nepropyl quinoline can
be explained a&s arising from ring A and ring U, with the 8S-n-
propyl group coming from ring C, or from ring B and ring C with
the Ben-propyl group coming from ring A.

Anet and Marion (%) reported that a small yield of 7=
methyl quinoline was isolated from the reaction mixture after
dehydrogenation of annotinine over palladium at 300° C. The
formation of this compound f{rom annotinine is not easily explainable.

Anet and Marion (£) subjected the amino acid AVII to
mild dehydrogenation with palladium catalyst, 7They isolated a
lactem acid ClaH1§03N, 4L11l, wnich was decarboxylated to the
lactam Cy3HygUN, XL111l. Wiesner (10) waes able to show by
synthesis that the structures of XLl1l and XL1lll were as shown
below:

CoOH CHjy cHs

XLIT XLIII
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The formation of these two compounds cannot be explained

simply on the basis of the known structure of annotinine. A

more deep~seated rearrangement 15 undoubtedly involved.
Dehydrogenation (21) of the anhydroester XXXVIII yielded

@ quinclone acid which was identified with certainty. This was

taken as evidence for the haxahydrojulolidine skeleton for the

annotinine molecule.

fing D
The chemical degradation of ring D has not been reported

but the size of this ring and its location has been inferred from
the remaining structure of the molecule. It was known that there
were three carbon atoms and six hydrogen atoms to be placed into
the structure, and that one carbon atom and three hydrogens were
a methyl group. There therefore remained a methyl substituted
two-carbon chain to be assigned points of attachment. The
locating of this two-carbon chain was inferred from the following

evidence:

Carbon 13 appeared to be guarternary, since the ester of the
Anet-Marion amino acid XVII was resistant to hydrolysis. The
possible points of attachment for the other end of the two-

carbon chain were carbons 1, 2, 3, 11 or 12, OSince it was shown
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(2, 12) that carbon 1l was tertiary, and it seemed likely that
ring C contained three methylene groups (10, 13}, the second
point of attachment was limited t¢ carbonm l2. Wiesner (ll) cone-
cluded that carbon 12 was quarternary on the basis of the pro=-
duct obteined on dehydration of the selenium dioxide oxidation
product AAVIII. Therefore, ring U was considered to be four-
menmbered. The C-methyl group was considered to be attached to
carbon 14 from a coneiderstion of the dehydrogenation product
XL1l. )

The nature of rings 4 and I was firmly astabliahad,4aa
was the relaticnship of the functional groups. The chemical
evidence for the detailed nature of rings C and D was somewhat
less convincing but the proposed structure was borne out by X-

ray diffraction studies (3).
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RESULTS AND DISCUSSION

Preparation of the Five-membered Anhydride

This investigation was undertaken at a time when many
features of the structure of annotinine were not established.
Several structures had been proposed for the molecule but none
of them accounted adequately for all the experimental facts.

The dehydrogenation of the amino acid XVII to the lactam acid
XL1I, in relatively good yield, is a case in point. It seemed
possible that the arrangement of the funectional groups in the
amino acid XVII might be different than previously proposed,

and that & relationship might exist which would require a less
complex rearrangement in going from XVII <Co XLII. The following
study was undertaken in order to establish, by some independent
method, the relationship of the lactone carboxyl and the amino
acid carboxyl, in the amino acid XVII. It was reasoned that, if
the cyelic anhydride between the carboxyl and the lactone
carboxyl of the Anet-Marion amino acid XVII could be formed, the
size of the anhydride ring(would indicate the relative positions
of the two groups.

The amino acid Cy,H1q0, N, XVIIl, was prepared by oxidation
of "unsaturated lactone A" with barium permanganate. An alter=
native method of preparation was by permangenate oxidation of
anhydroannotinine lactam ¢hlorohydrin V1. The lactone ring of

XVII was opened by treatment with gqueous barium hydroxide, and

23
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the hydroxy dicarboxylic acid was isolated as its barium salt.
When this salt was heated under reflux with acetic anhydride, a
compound Clsﬁzzﬁéﬁ; ILIV, was isolated which, after re-
crystallization from acetone-ether, melted at 250—2A1°C. The

1 and

infrared spectrum of XLIV showed bands at 1855 cm™
1756 e~} attributable to & five-membered or strained cyelie
anhydride, at 1740 em™) attributable to an acetoxy group and
at 1665 cm“l in the amide region., The bands attributed to the
five-membered cyelic anhydride compared closely with those of
succinie anhydride and with the values listed in the liter~
ature (14). The analytical data and the infrared spectrum in-
dicated that the O, N-diacetylanhydride had formed. The
formation of a five-membered anhydride indicated that the two
carboxyl groups were on adjacent carbon atoms, and there-.

‘fore the structure of the amino acid XVII could be written

as shown below.

Q
"
c ‘g
/’ C-oH
(4]
H
XVII

Oxidation Studies on the N-Methyl lLactone

The detailed nature of ring C and ring U was unknown

at the time this work was in progress. The N-methyl lactone XLVI
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reported Ly Anet and Marion (V) was chosen as a suitable com-

pound for degradation studies designed to yield information about
these two rings. Compound XLVI, obtained by reduction of "Unsatur-
ated lactone A" methosulphate, ALV, with hydrogen over Adams'
catalyst, is a tricyclic compound in which, according to the authors
(#), ring A has been opened, and the nitrogen atom is contained only
in ring C. Oxidation studies on XLVI would yield information about
the nature of ring C and Hofmann degradation would yield information
about both rings C and D. Oxidation of XLVI with potassium perman-
ganate might be expected to yield a lactam if there were a methy-
lene group adjacent to the nitrogen étom. The position of the
lactam absorption in the infrared would indicate the size of ring

C. The presence of a carbonyl group in ring C would also offer
opportunity for further degradation. The N-methyl lactone XLVI

was treated with potassium permanganate to yield a mixture of two
products, a nautral compound, C)7Ha403N, XLVII, and an acid
Cl7ﬂ2505N, XLVIII. The neutral compound XLVII showed absorption
bands in the infrared at 1768 cm™l and at 1660 cm‘l, attribut-

able to a Y-lactone group and an amide group respectively. The
position ¢ the amide absorption did not permit one to differ-
entiate between the lactam and the N-formyl derivative of XLVI,

whic ws a possible oxidation product. Compound ALVII was
thereivre treated with dilute sulphuric acid and the distillate

was tested for volatile aeida.‘ The method described by

Woodward and Brehm (15) for the determination of formic acid from
N-formyl compounds was followed. The distillate was titrated with

0.IN sodium hydroxide and the volatile acid collected corresponded‘l
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to one mole per mole of compound XLVII, The distillate gave
positive tests for formic acid. These results indicated that

the HN-methyl group had been oxidized to yield the N-formyl
derivative., The basic compound C16H2502N, ALIX, isolated from
the hydrolysate had absorption bands in the infrared at 3320 c:m"1
and at 1760 cm“l attributed to an H-H group and a ¥ -lactone
group respectively. The melting point and the infrared spectrum
of XLIX were identical with those reported by lMeier, Meister and
Marion (7) for "dihydro lactone B", XI(b).

The acidic product from the pefmangan&te oxidation,
CI7H2505N, XLVIII, was hydrolysed in the same menner as XLVI1I,
The volatile acid collected corresponded to one mole per mole
of compound XLVIII, and the distillate gave positive tests for
formic acid. Attempts to isclate the amino acid or the lactamized

derivative of the amino acid proved unsuccessful. This series of

reactions can be formulated in the following manner:

#° 2 0
4 /S 4
d é /
- CHy
NHCHO
COQH
XLVI
XLVIII
Jr@,ﬂ*
HWCGAOH -+
HCOOH

ALIX
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Although the oxidation did not proceed in the expected manner,
some information was obtained., The isolation of the N-formyl
acid XLVIII indicated that the carbon atom in ring C adjascent to
the nitrogen was & methylene group. It was also established that
it was ring A which had opened in the reductive decompesitien‘ef
"Unsaturated lactone A"™ methosulphate, XLV, because the hydroly-
sis product XLIX proved to be identical with "dihydro lactone B*,
XI(bv).

Hofmann Degradation Studies on the N-lMethyl Uihvdroxy Compound

The other approach to the problem of obtaining chemical
evidence for the detailed structure of rings C and U was that of
Hofmann degradation of the tricyclic compound ALVI. Compound
XLVI contains a ¥ -lactone function, which would undoubtedly be
opened during the course of Hofmann degradation. This would com-
plicate the isolation of the reaction products and it was there-
fore considered wise to work with the reduced compound., Com=-
pound XLVI was accordingly reduced with lithium aluminum hydridel
to yield the dihydroxy compound, cl7ﬁ3102w, L, which was con-
verted quantitatively to the cryatalliqe méthiodide, 018H3“02NI,
LI. A& Hofmann elimination on LI would be expected to open ring
C by carbon-nitrogen bond cleavage and introduce a double bond,

in either of two ways: (&) to yield a compound with an ¢ _
exocyclic

terminal double tond, or (b) to yield & compound with sn endo-
cyclic double tond. Fission (b) would appear to be less likely
because of the strained nature of the transition state leading

to this olefin and also because of the strained nature of the

olefinie product.
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ClhyoH— Cliz OH
H
*Ké”: e H
N(;?
LIV(a) LIV(b) 3

Treatment of LI with potassium methoxide in absolute
methanol yielded an amorphous base LIV, which ecould not be in-
duced to crystallize. The methiodide of this compound was prepared

with difficulty and analysed for C O,NI, LVI. Ko other

1936
crystalline derivatives of L1V could be successfully prepared,

The infrared spectrum of LIV showed hydrexylvabsorptian but no
absorption which indicated the presence of the anticipated
terminal double boad, or unsaturation of any kind. Compound

LIV absorbed one mole of hydrogen when treated with hydrogen at
one atmosphere over Adams catalyst. This indicates the presence
of a center of unsaturation. Active hydrogen determinations
(Zerewit inoff) indicated the presence of a single hydroxyl group.
Potentiometric titration of LIV in 50% methanol solution gave a
pKa value of 9.6, which is in the range characteristic of an
aliphatic trialkyl amine. Ozonolysis of LIV yielded a non=-
crystalline product, the infrared spectrum of which showed ab-
sorption peaks in the hyﬁroxyl region and at 1780 em~! in the
carbonyl region. The latter absorption peak would be expected if
compound LIV had structure LIV (b), and would be the absorption
characteristic of a four-membered cyclic ketone. However, an

1

absorption band at 1700 em ~ due to & non-cyeclic ketone, would

also be expected; such was not the case. To exclude the
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possibility that the 1780 cm°1 band was due to a ¥ -lactone
function, the ozonpolysis product was treated with alcoholic
sodium hydroxide. The 1780 em™l band was still present in the
spectrum of the compound after this treatment, thus excluding
the possibility of a ¥ -lactone function in the molecule. The
ozonolysis results did not make it possible to say witn con-
fidence which was the correct structure for LIV.

If the anrucﬁuré LIV (b} ﬁe}éune correct one, oxidation
of the secondary hydroxyl group of LIV by the Uppenauer procedure
should yield a compound with a8 conjugeted carbonyl group, which
would be easily identified by infrared and ultraviolet spectro-
scopy. In the course of attempts to oxidize the secondary hydroxyl
group of LIV with aluminum isopropoxide and cyclohexanone in re-
fluxing toluene, an unusual result was obtained. An oily base,
LV, was isolated, which showed a mtrong'abaorption band at
1780 em™L in addition to the hydroxyl band at 3400 cm'l. The
poseibility of a ¥ -lactone absorption was eliminated because of
the strongly basic nature of the reaction mixture. The 1780 cmul
band might be attributed to a fourumembered cyclic ketone. Com-
pound LV cwas! be obtained in the absence of the proton acceptor
cyclohexanone, that is, simply by treatment of LIV with
aiuminum isopropoxide in refluxing toluene. Similarly LV could
be obtained diréctly from the methiodide LI, by treatment with
potassium tertiary butoxide in tertiéry butanol. Compound LV
was converted to its methiocdide with some difficulty and analysed
for 019H3602NI. The conversion af'LIV to LV appesrs to be an

isomerigzation reaction which takes place in the presence of a base
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stronger than potassium methoxide. Compound LV absorbed one
mole of hydrogen when treated with hydrogen at one atmosphere
over Adams' catalyst. Heduction of LV with lithium aluminium
hydride yielded an amorphous base which no longer showed the
1780 cm”l absorption band in the infrared. This is indicative
of the initial presence of & carbonyl group in LV. Fotentio-
metric titration of LV in 50% méthanol gave results which
indicated that LV was not a pure compound but & mixture.

The isomerization of compound LIV to compound LV is
not easily explainable on the basis of the possible structures
of LIV, It was thourht worthwhile to carry out the Hofmann
elimination and the Oppenauer oxidation in the inverse order,
in order to determine whether or not the same type of isomere
ization would ocecur. The N-methyl dihydroxy compound L was
oxidized by the Uppenauver procedure, with aluminum isqprcpoxid«
in refluxing benzene, in the presence of acetone., A compound
LII, which showed infrared absorption bands in the hydroxyl

1 and at 1710 cm’l characteristic of a six~

region at 3410 cm”
membered ketone, was obtained. The free base could not be in-
duced to crystallize but a crysﬁalline methiodide, 61783202NI,
LII1I, was obtained. The secondary hydroxyl of L had been
axidizéd to @ carbonyl group and the primary hydroxyl was un-
affected under the conditions of the oxidation. Treatment of
the methiodide LIII, with potassium methoxide in absolute
methanol, yielded an amorphous base which showed absorption

bands in the infrared at 3450 cm'l, 1660 em™t, 1635 em™1 and



31

weaker bands at 3040 clrrfl and at 1580 cm‘l, characteristic of
& hydroxyl group, an =0 ~unsaturated ketone and a center of
unsaturation, respectively. This is gqualitative evidence that
the Hofmann elimination reaction introduced & double bond in
conjugatiun with the carbonyl groups. It appeared that ring C
had been opened and the double bond was in ring B, as illus-

trated below:

CH,0H CHa0H

), “QMe

" (2:; )
~CH

LIII “‘m;
This indicates that the olefin LIV could have the double bond
in the same relative position. ”

To ensure that carbon-nitrogen b nd fission had taken
place in the first Hofmann reaction, in which LIV had formed,
& second Hofmann elimination was carried out on the methiodide
of LIV, The formation of trimethylamine in this reaction would
indicate that C«N bond fission had taken place. Treatment of
LVI, the methiodide of the presumed hydroxy-olefin LIV, with
pctaaSiug tertiary butoxide, yielded trimethylamine, isolated
a8 its pierate, and & neutral oil LVII. If LIV, the product
of the first Hofmann elimination gave a compound with an
endocyclic double bond, a second Heofmann elimination on the

methiodide of LIV should yield a neutral compound with a

terminal exocyclic double bond. UzZonoelysis of the neutral
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compound LVII would thérefsre be expected to yield formaldehyde.
Compound LVII was ozonized and the reaction mixture was examined
for the presence of volatile aldehydes. Acetaldehyde, identi-
fied as ivs dimedone derivative, was obtained as one of the
products. The formation of acetalcehyde on ozonolysis
necessitates the presence of the grouping CH3~CM==é- in compound
IViI. This grouping could only arise by isomerigzation of the
"double band resﬁlting from elimination of nitrogen from the
methiodide of LIV. The ultraviolet spectrum of &an impure sample
of LV1I, the neutral product of this reaction, suggested it
contained a conjugated system of double bonds. The activation
provided by the increased stability of the conjugated system wes
apparently sufficient to cause this isomerigzation.

In the light of &ll the information available about

compounds LIV and LV, several structures could be written for

LIV,
CHyOH CHy0H ' CHa OM
HoO IC“;
”‘cn,
2
NS N CHs
cn, \c“
LIV(a) 3
LIV(b) LIV(e)

The possibility LIV(a) was excluded since no formaldehyde
was isolated on ozonolysis of LIV. Structure LIV(b) is
supported by the fact that the ozonolysis product showed

absorption at 1780 en~t in the infrared, but seems unlikely

because of the strained nature of the trensition state leading
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to this olefin and the strained nature of the olefinic product
itself. The ozomolysis of LVII, which yielded acetaldehyde as
one of the products, adds support for structure LIV(Db).
Strucuture LIV(e) was suggested by the fact that LIV analysed
for a single active hydrogen, and by an &ﬁalogous reaction of
certain 1,3-oxides which yield an olefin and & ketone on treate
ment with a strong base like aluminum isopropoxide (22). The
transition state for its formation would also be strained and
the fact that LIV absorbed one mole of hydrogen readily at one
atmosphere pressure, makes this structure seem unlikely. The
ozonolysis of LIV to yiéld & product with & carbonyl absorption
is also difficult to explain on the basis 6f structure LIV(e).
The structures of compounds LIV &nd LV have not been
established in this investigation, although certain features of
these reactions have been elucidated. It seems fairly certain
that the first Hofmann involves & type (a) fission (ef pe7)
@nd not a type (b) fission &s one might predict. In any
future study of this reaction it is sugzested that more
elaborate techniques be employed for the purification of the
intermediates. In this investigation, chromatography on an
alumina column and distillation were used but were apparently
not sufficiently refined to achieve any separation. Paper
chromatography could be used to determine whether or not these
products were composed of more than one component and counier
current extraction might be profitably employed for their

purification.



EXPERIMENTAL

Apparatus, lMethods and Materials

Infrared absorption spactra'ware determined using &
Perkin-klmer model 21 double-~beam recording infrared spectro=
photometer. Samples were mounted in nujol except where
otherwise stated. Sodium chloride optics were used through-
out.

{ Quantitative micreo-hydrogenations were cabri&d out
according to the procedure described by Ugg and Cooper (17).
The apparatus was supplied by A.H. Thomas Company. Active
hydrogen determinations were carried out in the apparatus
described by Niederl and HNiederl (18). The apparatus was
supplied by A.H. Thomas Company.

Basicity constants (pKa values) were determined by
potentiometric titration of the bases; the solvent used in
each case is stated in parenthesis. Vealues are those at the
half-neutralization point.

The plant material was collected in the Wentworth
| valley of Nova Scotia and waa‘extraeted according to the
procedure of Manske and Marion (1). Annotinine was obtained
from the crude extract by crystallization from methanol and

after recrystallization from methanol melted at 232°C.

Microanalyges were carried out in the Microanalytical
leboratories of Drs. G, Weiler and F.D. Strauss, Uxford,

England, 411 melting points are corrected.

34
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Unsaturated lactone A, 1X, was prepared {rom annotinine
ehlorohydrin according to the procedure described by Manske and
Marion (4). The chromous chloride was prepared from chromiec

chloride hexahydrate by reduction with zine amalgem and concen~

trated hydrochloric acid,

by CygHanOgl, IX, with

Unsaturated lactone A was treated with barlum permane
ganate in acetune according to the procedure described by Detts
and Maclean (9). The amino “cid‘clkﬁlgﬁagﬁ LIV, was isolated
as its sulphate from the wixture of oxidastion products and
after reerystallization from methanol-ether, melted at 232°C
with decomposition. This acid was also obtained, but in some-
what poorer yleld, by oxidation of ﬁnhydro&nnotinina lactan
chlorohydrin, VI, according taﬂthé procedure described by
Wiesner et _al. {5).

ing d CyyHyo0, N, XIV
An agueous solution of 0.43 g of barium hydroxide octa=-

hydrate was added to 150 mg of the amino aeld sulphate. The
mixture was heated under reflux for 17 hours. xcess barium
ion was precipitated as barium carbonate by the sdaivion of dry
ice to the aqueous solution. The solution waes Iiltered and
evaporated to dryness under reduced pressuré. The residue

(310 mg), was @ pale yellow water soluble solid. The addition
of a drop of cilute sulphuric acid to an aqueous solution of the

product yielded barium sulphate. The product was therefore
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the barium sslt of the hydroxy dicarboxylic acid corresgponding

to XIV. The infrared absorption spectrum showed bands at

1680 cm™} attributed to ionized carboxyl and at 3400 em™t in the
hydroxyl region. The ¥ -lactone absorption band at 1780 en™l was

no longer present.

Treatment of the Barium Salt with Acetic Anhydride

A mixture of O.4 g.of the barium salt of the hydroxy
dicarboxylic eacid, 0.1 g.of ammonium chleridé and 5 mls. of
acetic anhydride was heated under reflux for 2 hours. At
the end of the reflux period, the excess acetic anhydride was
removed under reduced pressure and the residue was triturated
with chloreform. The chloroform solution was filtered and
dried over anhydrous sodium sulphate. Evaporation of the
golvent yielded a brown oil (0.2 g) which erystallized from
acetone~-ether., After recrystallization from acetone-ether, it
melted at 240-241°C, XLIV.

Calculated for CygH,,0gN: €, 61.90; H, 6.61; N, 4.01 %
Found: €, 61.20, 61.31; H, 6.44, 6.28; N, 3.83, 3.95 %

i and

The infrared spectrum showed absorption bands at 1855 ocm”
1756 cm‘l, 1740 cm”l and 1665 em~l characteristic of a five=
membered (or strained) anhydride ring (1855 and 1756), an

acetoxyl group and an amide group respectively.

Unsaturated lactone A Methosulphate, XLV

The procedure employed was essentially that of Anet and
Marion (8). Freshly distilled methyl sulphate (2.3 g.) was

added to a solution of 2,33 g. of unsaturated lactone 4, X,
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dissolved in 58 mls. of anhydrous benzene. The reaction mixture
was allowed to stand at room temperature for L& hours at which
time the benzene solution was decanted from the crystalline
methosulphate. The erystals were washed with several small
portions of dry benzene. The crystalline methosulphate, XLIII,
was not further purified but was reduced directly ss described
below, Further crops of the methosulphate were obtained from
the benzene solution after longer periods of time.

Reduction of Unaatufatad Lactone A Methosulphate

The erystalline methosulphate (1.2 g.) was dissolved in
water and treated with hydrogen over Adams' catalyst at 50 p.s.i.ge
for 10 hours, The resulting solution was acidified with dilute
hydrochloric acid to dissolve the basic material which had
precipitated, and filtered to remove the catalyst. The filcered
golution was made alkaline with ammonia and exhaustively ex-
tracted with ether. The combined ether extract was dried over
anhydrous sodium sulphate and concentrated on the steam cone.
Colourless needles of the N-methyl compound (0.85 g.)
017%2702N, ILVI, separated after standing in the refrigerator.
The compound melted at 91-92°C. The infrared spectrum showed

1

an absorption band at 1780 em ~ attributable to a ¥ ~lactone

Zroupe.

Potassium Permanganate Uxidavtion of Cy.HprpUaN, ALVI
A solution of 347 mg of the Nemethyl lactone XLVI,
in 20 mls. of aqueous acetone, was treated with agueous perman-

ganate, added dropwise with frequent swirling, over a Z hour
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period, until the purple colour persisted. A little methanol
was added to destroy the excess permanganate, Sulphur dioxide
was bubbled through the solution to reduce the precipitated
manganese dioxide. The aqueous solution was extracted four
times with ether and the combined extract was washed with dilute
aqueous ammonia, This agueous ammonia solution was worked up
separately as described below. The ether layer was dried over
anhydruﬁa sodium sulphsate., Evaporation of the ether yielded &
residue (47 mg.) which crystallized from acetone and melted at
180-181°.
Calculated for Cy7H,-0sN: C, 70.03; H, 8.70; N, 4.81 %

~ Found: ¢, 69.26, 69.15; H, 8.62, 8.87; N, 4.0k, 4.78 %
The infrared spectrum of this neutral compound, XLVII, showed
bands at 1768 em™l and 1660 em™} attributed to & ¥ -lactone and
an amide group respectively.

The combined ammonium hydroxide extract, noted above,
was acidified with hydrochloric acid and extracted four times
with ether. The ether extract was dried over sodium sulphate,
and evaporated to dryness to yield 80 mg. of s residue, XLVIII,
which was crystallized from acetone and meited st 211°C with de-
composition.

Caleulated for Cyph,0.N: C, 63;13; i, 7.79; N, 4.33 %
Foundt C, 62.53, 62,67; H, 7.35, T.45; N, L.63, &L.74 %
The infrared spectrum of XLVIII, the acidic material, showed

absorption bands at 3350 em™t in the hydroxyl region, 1760 em™1

1

in the ¥-lactone region, 1724 cm ~ in the carboxyl region and

at 1640 en~! in the amide region.
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Ireatment of Cj7Hps04N, XLVII with Dilute Sulphuric Acid

The procedure followed was that described by Woodward
and Brehm (15) for the determination of formic acid from Ne
formyl derivatives. Compound XLVII, (59.5 mg.) was heated under
reflux for two hours with 10 ml., of 2N sulphuric acid. The
solution was then distilleﬁ, adding water throughout the dis-
tillation to maintain a constant volume. The distillate was
collected in fracgions and titrated with 0.1 N sodium hydroxide.
The amount of volatile acid collected corresponded to 1.02 mole
per mole of compound XLVII. The distillate gave a positive test
for formic acid with mercuric chloride as described by Feigl (16).
The distillate alSo’reduced permanganate and bromine. The
'aqueaus residue after distillation of the formic acid was made
basic with ammonium hydroxide and extracted several times with
ether. The combined extract was dried over anhydrous sodium
sulphate_and evaporated to dryness to yield 40 mg. of residue
XLIX, which, after recrystallization from petroleum ether, melted
at 133-134°C.

Calculated Hir cléﬂzsozm: C, 72.96; H, 9.57%
Found: C, 72.65, 72.90; H, 9.47, 9.52% |

The infrared spectrum’of XLIX showed absorption bands at 3320 cm’l
in the secondary amino regien and ét 1760 cm'l in the Y«lactone
region. The melting point and infrared spectrum of XLIX were
similar to those of éihydrc.lactene B, XI(b), described by Meier,

Meister and Marion (7).

Treatment of Acid XLVIII with Dilute Sulphuric Acid

The aeid XLVIII (72.1 mg.) was hydrolysed under the con-
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ditions described above for compound XALVII. The amount of
volatile acid collected corresponded to 1.05 mole per mole of
XLvIiiIi. The distillate gave positive tests for formic acid.
An attempt was made to isolate a crystalline product from the

hydrolysate but it proved to be unsuccessful.

Keduction of N-Methyl lactone Cl7H2 Opf, ALVI, with Lithium
Aluminum Lydride = 7

" A solution of the H-methyl lactone, XLVI, (1.60 g.) in

100 mls. of anhydrous ether was added slowly with stirring to a
refluxing solutiorn of lithium aluminum hydride (2.4 g.) in
200 mls. of‘anhydrous ether. The mixture was heated under reflux
with stirring for 2 hours. The exﬁess lithium aluminum hy-
dride was decomposed by the careful addition of wet ether
followed by water. The ether was decanted and the precipitated
hydroxides were further washed with two 25 ml. portions of ether,
The combined ether sclution was dried over anhydrous sodium
sulphate. Lvaporation of the solvent yielded & colourless oil
which crystallized on the addition of acetone. idecrystalliza-
tion from acetone yielded white crystals , L, (1.37 g.) which
melted at 148-149°¢C., 4

Calculated for C17H330,005 €, 72,563 H, 11.11; N, 5.00 %

Found: C, 72.31, 72.49; H, 11.07, 10.91; N, 5.42, 5.22 %
The infrared spectrum of compound L showed bands in the hydroxyl
region at 3400 em™} and 3100 cm’l, The lactone absorption at
Al?EO‘cm*llwaﬁ no longer present.

Preparation of the methiodide, LI, of compound L, is
described on p. 46
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ireatment of Methiodide ClBH 02NI, LI, with Potassium
Methoxide 3

4 solution of 1.0 g. of potassium metal in 25 mls. of
absolute methanol was added to a solution of 1.10 g. of
methiodide, LI, in 25 mls. of absolute methanol. The mixture
was heated under reflux for 3 hours. The excess methanol was
removed by distillation under reduced pressure and the residue
was taken up in water. The aqueous phase was extracted four
times with ether and the combined extract was dried over an-
hydrous sodium sulphate., Evaporation of the ether yielded 0.90 g.
of a nearly colourless oil, XLVIiI. This o0il resisted all attempts
at crystallizetion. Attempts Lo prepare crystalline salts were
also unsuccessful, The infrared absorption spectrum showed a

hydroxyl band at 3400 em™d but no double bond absorption,

Methiodide of LIV
Methyl iodide (3 mls) was added to a solution of 179 mg.

of LIV in acetone. The mixture was heated under reflux for
15 minutes. Excess resgent and solvent were removed by distill-
ation under reduced pressure., The residue wes dissolved in
absolute ethanol and after standing in the refrigerator for
several days, a solid which melted at 167-168°C wes obtained, LVI.
Calculated for Cygliyc0,NI: C, 52,18; H, 8.24; N, 3.20 %
Found: C, 51.86, 52.48; H, 8.03, 7.78; N, 3.34, 3.08 %

Attempted Uppenauer Uxidation of LIV

A solution of 265 mg. of LIV in dry toluene was treated
with 1,0 g« of aluminum isopropoxide and 1.5 mls. of cyclohex-

anone. The reaction mixture was heated under reflux forone
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hour, cooled and poured on ice. The toluene layer was separ-
ated and the aqueous layer was further extracted three times
with ether. The toluene and ether extracts were combined and
washed four times with 10% hydrochloriec acid. The acid washings
were made alkaline with ammonium hydroxide and extracted with
apher. The ether extract was dried over anhydrous sodium
sulphate and taken to dryness. The residue (250 mg.) LV, was

a nearly colourless oil which could not be induced to crystall-
ize. The infrared absorption bands at 3400 em™) in the hydroxyl

1 attributable to & four-membered cyclic

1

region and at 1780 cm™
ketone. A weak absorption at 1640 em -~ can be attributed to a
double bond. Attempts to prepare a crystalline salt of the base

also proved unsuccessful.

Potentiometric Titration of Compound LIV

Compound LIV (25 mg.) was dissolved in 10 ml. of 1:l
methanol/water and was titreted with 0.1 N hydrochloric acid.
A stream of nitrogen bubbles was passed through the solution
to provide agitation. pH readings were recorded after the
addition of successive 0.02 ml, volumes of acid. The pKa (pH
at half-neutralization) was 9.6. This value is characteristic
of a tertiary base. The molecular weight of LIV as calculated
from the titration data is 292, The calculated molecular

weight for 018H3302N is 295.

Quantitative Micro-hydrogenations
The procedure used for the guantitative determination

of unsaturation was that described by Oggz and Cooper (17).
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The reductions were carried out in freshly distilled glacial
acetic acid using a platinum oxide (Aééma’) catalyst. The
weight ofvsample used was such that approximately 4 ml. of
hydrogen was absorbed. The technique was checked by hydrogen-
ation of a compound known to contain one double band, namely
maleic acid, It was found that maleic acid absorbed 1 mole

of hydrogen per mole of acid in 45 minutes.

Microhydrogenation of Compound LIV

Compound LIV was hydrogenated in glacial acetic acid
over Adams' catalyslL, al one atmosphere hydrogen pressure. Une
mole of hydrogen per mole of compound was absorbed in 50

minutes.

Microhydrogenation of Compound LV

Compound LV was hydrogenated under the same conditions
as described above and absorbed one mole of hydrogen per mole

of compound LV in 20 minutes.

Active Hydrogen lDeterminstions

Active hydrogen analyses were carried out on a micro
-scale using a modification of the Zerewitinaff method, as des-
cribed by Niederl and Niederl (18). The Grignard reagent,
methyl magnesium iodide, was prepared in isoamyl ether according
to the procedure described by Smith and Shriner (19). Anisole
was used as the solvent and was purified by the procedure out-
lined below. The commercial ether was distilled and a mide-

fraction (151-153°C) was collected. This material was heated
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under reflux with metallic sodium for 5 hours and then distilled
through & 30 cm, Vigreux column, collecting the fraction which
boiled at 152-153°C. This fraction was stored in a glass
stoppered flask over phosphorus: pentoxide., A sample of a 0.5 ml,
of anisole dried in this manner gave a blank volume of methane

of about 0,04 mls. &t room temperature and 0.14 ml, after heating
to 100°C and cooling to room temperature.

Known runs were carried out using p-phenylphencl as the
reactive compound. A'solution of p-phenylphenol (9.043 mg.)
dissolved in 0.5 ml, anisole, produced 1.32 ml., of methane
(corrected for blank volume) when treated with 0.5 ml. (excess)
methyl magnesium iodide solution at room temperature. There
was no increase in the volume of methane when the reaction was
carried out at 100%c. The theoretical volume of methane from
9,043 mg. of p-phenylphenol at 24°C and 757 mm, is 1.31 ml. The

average error on three runs waes +l%.

Active Hydroren Analysis on Compound LIV

Compound LIV was treated with methyl magnesium iodide in
anisole as described above. The methane liberated at room
temperature corresponded to u’l- 1.05 active hydrogens. When
the reaction was carried out at the temperature of boiling water

the compound analysed for :. ... l.l active hydrogzens. Error * 5%.

Treatment of LIV with Aluminum Isopropoxide in Boiling Toluene

A solution of 800 mg. of @luminum isopropoxide in anhy=-
drous toluene was added to a solution of XLVIII (610 mg) in an-
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hydrous toluene. Th@ mixture was heated under reflux for two
hours. The reaction mixture-was poured on ice and the organic
layer was separated. The agqueous layer was further extracted
three times with ether. The combined-toluene-ether extract was
dried over anhydrous sodium sulphate an& the solvent was removed
under fedueed pressure to yield 595 mg. of a nearly colourless
0il. This oil could not be induced to erystallize. The infrared

-1

absorption spectrum of the base showed bands at 3400 cm ™ and at

1780 em 1, with a weak absorption at 1640 cm -1, The gpectrum
proved to be 1dentical with that of the product previously iso-
lated from the attempted Uppenauer oxidation of LIV, i.e. compound LV,

Traatmcnt of LI with Potassium Tertiary Butoxide in
Tertiary Putanol

| A solution of 143 mg. of the methiodide LI in 15 ml, of
dfy tertiary butanol was treated with 200 mg. of potassium
tertiary butoxide at reflux t@mp@rahura, for wwo hours. The excess
alcohol was removed by distillation under reduced pressure and
the residue was taken up in water. The aqueous solution was ex-
tracted several times with ether and the combined extract was dried
over anhydrous sodium sulphate. Evaporation of the solvént yielded
@ residue (100 mg.) which had an infrared absorption spectra
identical with that of the product obtained in the préceding eX=

periment, i.e. compound LV.

Methiodide of Compound LV
Methyl iodide (2 ml.) was added to a solution of compound

LV (200 mg.) in 3 ml., acetone. The mixture was heated under re-

flux for 5 minutes. On cooling & gelatinous white precipitate
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gseparated. The precipitate was dissolved in 2 ml. absolute
methancl and the solution was concentrated on the éteam cone.
The solution was cooled and the white precipitate (200 mg.)
was removed by filtration. This poorly crystalline material
aslted over a rengs of 179-182%.
Caleculated for CygH3gU,NI: €, 52.17; H, 8.22; N, 3.2; I, 29.060
Found: C, 52.19, B2.40; H, 7.85, 7.87; N, 3.19, 3.15; I, 29.1%

Reduction of LV with Lithium Aluminum Hydride

A solution of compound LV (233 mg.), dissolved in dry
ether, was added dropwise over a 30 minute period to & vigorously
stirred suspension of 120 mg. of lithium aluminum hydride in 50 ml.
of anhydrous ether. The mixture was heated under reflux, with
stirring, for two hours. The excess hydride was decomposed by
the careful addition of water. The ether layer was decanted and
the preeipitated hydroxides were washed with ether. The come
bined ether extract was dried over anhydrous sodium sulphate.
Evaporation of the solvent yielded a residue (210 mg.) which
failed to crystallize. Attempts to prepare a crystalline salt
also proved unsuccessful. The ihfrared absorption spectrum of
this oil LVII showed absorption bands at 3400 cm-l in the hy-
droxyl region but the 1780 cmﬁl attributable to the four-membered

cyclic ketone was no longer present.

Methiodide of N-Methyl Dihydroxy Compound C. H 0,8, L.

17 31

Methyl iodide (5 mls) was added to a solution of 1.24 g.
of compound L in acetone., After standing at room temperature
for 3 hours, a white crystalline precipitate separated, LI,

(1.50 g.) which, after recrystallization from absolute ethanol,
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melted at 181,0-181,59C,
Caleulated for CygH; 0,NI: C, 51.07; H, 8.28; N, 3.31%
Found: €, 51.56, 51.36; H, 8.23, 8.14; N, 3,03, 3.03%

Oppenauer =~ Oxidation of 017H3102ﬁ, L

A solution of compound XLV, (0.60 g), 3 mls. of acetone
and aluminum isopropoxide (0.90 g) in anhydrous benzene was
heated under reflux for 7 hours, cooled and poured on ice. The
benzene layer was separated and the aqueous layer was further
extracted three times with ether. The combined benzene-ether
extract was dried over anhydrous sodium sulphate. Kvaporation
of the solvent yielded an oil, LII, (0.54 g) which could not
be induced to crystallize. The infrared spectrum had peaks at

} |

3400 em ™ in the hydroxyl region and at 1700 cm“I in the

carbonyl region,.

Methiodide of Keto-Alcoheol, LI

Methyl iodide (5 mls) was added to & solution of the keto-
alcohol, XLIX, (V.84 g) discolved in 5 mls. of acetene. The
mixture was heated under reflux for 10 minutes, cooled and
allowed to stand at room temperature for 3 hours. The excess
methyl iodide and acetone were removed by distillation under re-
duced pressure to yield 0.71 g. of a residue, LIII, which, on
reerystallization from absolute ethaneol, melted at 172-173%C.

Caleulated for CygHyp0 NIt C, 51.30; H, 7.60; N, 3.32%
Found: C, 50.93, 51.35; H, 7.22, 7.35; N, 3.32, 2.97%

Treatment of Methiodide, LIII, with Sodium Methoxide

A solution of 0.6l g. of potassium metal in 20 ml. of
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absolute methanol was added to a methanolic solution of the
methiodide, L.' The selution was heated under reflux for two hours
and the wethanol removed under reduaed pregauré. The residue

was taken up in w&tar end extracted four times with ether. The
combined ether extract was dried over anhydrous sodium sulphate,
Evaporation of the solvent yielded an odily residue, LIV. The base
could not be induced to crystallise. The infrared spectrum showed
peaks at 3450 em™t in the hydroxyl region, 1660 cm‘l corresponding
to & conjugated carbonyl group and at 1635 cm-l corresponding to

a double bond. Weaker bands &t 3040 cm’l, and 1580 em'l could

also be interpreted as double bond absorption.

Ogzonolysis of Compound LIV in Anhydrous Methanol

Compound LIV (500 mg) was dissolved in 10 ml. anhydrous
methanol. The solution was cooled in an acetone-dry ice bath and
& stream of ozon; enriched oxygen (5% ozone) was bubbled through
it for 30 minutes. The ozonide wag decomposed by hydrogenation
over Adems' catalyst at 1l p.s.i.g. for 2 hours. The catalyst
was removed by filtration and the methanol was removed by dise
tillation under reduced pressure to yield 490 mg. of & colourless
0il. The residue was dissolved in ether and extracted with 10%
hydrochloric acid. The acid extract was basified with ammonium
hydroxide and extracted several times with ether. The ether exe
tracts were dried over anhydrous sodium sulphate and evaporated
to dryness. A crystalline product could not be obtained. The
infrared spectrum of the residue showed absorption peaks at 3400 em’l

1

in the hydroxyl region and &t 1780 cm™~ attributable to a cyeclic

four-membered ketone.
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Ozopolysis of Compound LIV in Glacial Acetic Acid

Compound XLVIII (150 mg) was ozonized in glacial acetic
acid at 20°C for 30 minutes as described above. Zinc dust
(200 mg) was added to the solution of the ozonide and the mixture
was steam distilled. The steam distillate (40 ml) was divided
into two portions. To one portion was added 5 ml. of 2, 4=
dinitrophenylhydrazine solution. (lg. 2, 4-DNPH., 10 ml. con-
centrated sulphuric acid, 25 ml. ethanol, 5 ml. water). The
‘secnnd portion was neutralized with sodium hydroxide and made
slightly acidic with dilute acetic acid., Dimedone solution
(15 g. dimedone in 25 ml, 1:3 water/ethanocl) (5 ml) was added.
The two solutions were allowed to stand overnight. No precipi-
tate was obtained in either case, therefore no formaldehyde or

other volatile aldehydee had been produced.

Treatment of Methiodide LVI with Potassium Tertiary Butoxide

A solution of 183 mg. of methiodide LVI in 5 ml. of dry
tertiary butanol was treated with 400 mg. of potassium tertiary
butoxide. The solution was heated under reflux for 4 hours under
a stream of nitrogen. The nitrogen stream was bubbled into a
dilute solution of hydrochloric acid to trap any volatile bases.

At the end of the reflux period the alcohol was removed by dis-
tillation under reduced pressure and the residue was taken up in
water. The aqueous solution was extracted several times with
ether. The combined ether extract was washed with 10% hydrochloric
acid and then dried over anhydrous sodium sulphate. Evaporation

of the ether yielded 48 mg., of an oil, LVIII, which could not be
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induced to crystallize. The infrared spectrum of this neutral
compound showed absorption bands at 3400 em™) in the hydroxyl
region and a very weak band at 1640 in the double band regions.
The ultraviolet spectrum of LVIII had an absorption maximum at
242 m , which is characteristic of two double bands in con-
jupation. The extinction coefficient ( 3,500) is much lower
than that expected for such a $yétam. This, however, could be
due to the impure nature of the sample. The acid solution
containing the volatile bases liberated in the reaction was
evaporated to dryness under reduced pressure and the residue was
treated with a concentrated sodium hydroxide solution. The gas
evolved was swept over in & stream of nitrogen and was trapped
in an ethereal solution of picric acid. The yellow precipitate
formed was collected by suction filtration and melted at 225=-
226°C. The melting point showed no depression on admixture with

authentic trymethylamine picrate.

Czonolysis of Hofmann Product LVIIT
Compound LVIII, (102 mg) was dissolved in 5 ml. glacial

acetic acid. A stream of ozone enriched oxygen (5% ozone) was
bubbled through the solution at room temperature for 25 minutes.
The acetic acid solution was treated with zinc dust and steam
distilled. The steam distillate was neutralized with sodium

hydroxide and was made slightly acidic with acetic acid.
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Dimedone solution (5 mls) was added. The crystalline dimedone
derivative obtained was filtered with suction and after re-
crystallization from aqueous ethanol melted at 138-139°C. The -
melting point was not depressed on admixture with authentic

acetaldenyde dimedone.



SUMMARY

0,N-diacetyl cyclic anhydride C1gH,,0gN, XLIV, and the anhydride ring
has been shown to be five-membered, thus proving that the lactone:
carboxyl and the originally present amino acid carboxyl were on
adjacent carbon atoms.

Uxidation studies on the Nemethyl lactone CyyHy50,k,

XLVI, have been carried out and two products were isolated. The
neutral compound 017H2503N, ALVI1, was shown to be the N-formyl
derivative of "dihydrolactone B" XI(b). The acidic product
017H2505ﬁ, ALVII1, was ahéwn to be the campound in which ring C
had been opened, the N-methyl group oxidized to an N-formyl
group and the carbon atom adjacent to the nitrogen atom oxidiged
to a carboxyl group. These studies established that it was ring
4 which was opened in the preparation of the N-methyl lactone,
and that the carbon atom adjacent to the nitrogen atom in ring C
was a methylene group.

A study of the liofmann elimination reaction on the Ne
methyl dihydroxy compound, 017H3102N, L, was carried out, The
exact nature of the olefinic product was not established but the
properties of the compound were eitenaively studied. An isomer=-
ization reasction of the olefin LIV, to & keto-olefin LV, was

encountered, This reaction is considered to be worthy of future

investigation.
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