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SUMMARY
This worlk on pyrrolizidine a2lkaloids is divided into thres
parts: (a) Synthesis of pyrrolizidine bases, (b) Synthesis of =

macrocyclic diester alkaloid, and (c¢) Structural studies.

(a) Synthesis of Pyrrolizidine Bases

A novel method for the svathe

[0}

is of 1,2-didehydro-
pyrrolizidine bases from saturated opyrrolizidine esters has

been achieved. The saturated pyrrolizidine esiter, eilyl (i)—
pyrrolizidine~l-cando-carboxylate was readily prepared by rzzio-
stecific 1,3-dipolar cyclozddition of =thyl oropiolate to N-formyl-

L-oroline followed by stereospescific catalytic hydrozsnation. The
1,2—uns;turation was introduced by phenylselensnylation « to the
ester function, followed oy syn~-eliminzation of the derived
phenylselenoxide, Using this technique, (t)—supinidine vas
synthesised.

The use of natural (-)-4-hydroxy-L-proline
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in the 1l,3-dipolar cyclozddition reaction +ith ethrl nroniolate
followed by casalytic hydrogzsnation led to the formaiion of the
optically active ethyl (+)-bet=hydroxy-8f-nyrrolizidine—le—
carboxylats, Counvesrsion of this saiturated sster into its 1,2-
unsaturated znalogue was zlso achievesd Ty the same ste—s of
ohenylsclonznrlation &« to T

e ester functlon, followed %o
b o

phenylszlernocxide frasmeniation to give the ncw oxticzll: =

Q
o
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necine base, (-)-6k-hydroxy-l-hydroxymethyl-5,6,7,8p-tetra-
hydro-3H-pyrrolizine isolated as its diacetate. Reduction of
ethyl (+)-6a-hydroxy-8¢-pyrrolizidine-lk—carboxylate yiclded 2
new optically active necine base (+)-6d-hydroxy-ld-hydroxzymethyi-
8@—pyrrolizidine. Proof of the absolute stercochemistry of
these two novel bases wes achieved by removal of one chiral
centre, the 6d-hydroxy szroup of the saiurated ester, ethyl
(+)—6dphydroxy—Sp—pyrrolizidine«l«—oarboxylate, followed by
conversion to the known naiturally occurring BF—pyrrolizidine
bases, (+)-lindelofidine, (+)-laburnine and (+)-supinidine.

A procedure has been described for the preparation of the
corresponding 8d-pyrrolizidines, (-)-trachelanthamidine, (-)-
isorstronecanol, and (-)-supinidine,

A synthesis of (f)-retronccine was attemnted. The 1,3—
dipolar cycloaddition of sthyl propiolate to 1,0-diformyl
derivatives of cis-and irans->-hrdroxyproline feiled, nossibly
due to elimination of tne formyloxy groun. An zlternsitive
asproach to (L)-retronecine, attzm-ting to introduce o:zen

substituents at the l-position of etirl 2,3-dirrdro-1H-

Py

pyrrolizidine-T-carvorrlate, as also uasuccessful.

(b) Synihesis of & liacrocrclic Disster Alizaloid

A mixture of the 7- and 9-monoesters of (+)-retronscine
icrotalic rnodride,

)

Attempts to cycliss this mixture b the Corsy-ilicolaoun retiod
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to give the macrocyclic alkaloid dicrotaline resulted in
dehydration and decarboxylation leading to a mixture of 7- =znd
9-senecioylretronecine. The use of 3,3-dimethvlglutaric anhvdrid:
in this oprocedure led to the formation of an a2malogue of
dicrotaline, 13,13-dimethyl-l,2-didehydrocrotalanine.,This is

the first synthesis of an ll-membered macrocyclic oyrrolizidine

diester.

(c) Structural Studies

The succulent plant, Senecio odorus was shown to contain

three pyrrolizidine =llkszloids. Sevzration oy »rapzrative

layer chromatography gave two bands. G.l.c. analysis snd
speclirOscopic studies showad that the less polar band wzs =
mixture of integerrimine znd senecionine in the ratio 4:1.

The more vpolar band

L]
-

7as proved to be senkirkins by s»ecirosconic

studies and comvarison with azn autheniic sample.

PUBLICATION

Some of the work described in Chanter 3 has been published:
. R s + ‘nidine. D.J.Robins
"Synthesis of the Pyrrolizidine Base, (=)-Suninidine, D.J.Robin

and S.Sakdarat, J.C.3. Perikin I, 1979, 1734.
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NOTZ ON NOIENCLATURE

Pyrrolizidine compounds with one or two double-bonds are
named as derivatives of 1lH- or 3H-pyrrolizine in accordcnce

with Chemical Abstracts nomenclature,

CO,Et

—

N
4 5

~3

6
3

Zthyl 2,3-dihydro~1H-pyrrolizine-T7-carboxylzte

CO,Et

7
g |

6 \ 2

Zthyl 5,6,7,8=tetrahydro~-3E~pyrrolizine-l-carboxylate

fully saturated compounds ars named 2s pyrrolizidinc
derivatives., Stercochemistry of substituents is indicaitod %y
the L and G nomenclature to conform with usual ovroctice in

this field. To avoid confusion, (+)-, (=)=, znd (I)-%:

‘eSS




are drawn senarately and given individuszl numbers in the text.

ld~hydroxymethyl-88-pyrrolizidine [ (+)-isoreironscanol ]

For macrocyclic dicsier allaloids the numbering scheme
proposed by Culvenor et al., is used (C.C.J.Culvenor, D,E.G.Crout,

W.Klyne, W.P.llose, J.D.Renwick, and P.H.Scoves, J.Chem.Soc. (C),

1971, 3653).
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CHAPTER 1 INTRODUCTION

l.1 Pyrrolizidine Alkaloids

Heavy losses of livestock in several countries over many
years, and the recognition that these losses were caused by
the consumption of certain species of plants, eventually 1led
1o the isolation of a previously unknown group of alkaloids

from Senecio latifolius by Watt in 1909.1 Chemical examination

of these toxic alkaloids over a period of several decades
revealed the presence of a pyrrolizidine (l-azabicyclo[3.3.0]
octane) nucleus. Since then, more than one hundred and fifty
naturally occurring pyrrolizidine alkzaloids have Deen isolated
and characterised.2_5 These alkaloids occur in taxonomically
widely separated plant families, chiefly the Boraginace:ze

(Cynoglossum and Heliotropium species), the Compositae (Senecio

species), and the Leguminosae (Crotalariz svecies).

The pyrrolizidine slkzloids contzin a base portion, called
'necine!, and hydroxyl groups are common substituents of the
necine. A double bond is frequently observed in the 1,2-

position as in supinidine (1) and retronecine (2). The hydroxyl

N
—
~
=¥

it

H Supinidine

(2) = 0 Z2Retronzcin:



groups of the necine are gsually esterified with carboxylic

acids termed 'necic acids'., Most of these acids are unusual,
highly-branched, oxygenated compounds containing five to ten
carbon atoms. In many alkaloids, both hydroxyl groups on

the necine are esterified with a dicarboxylic acid to give either
an eleven-membered ring, as in dicrotaline (3) or a twelve-
membered ring as in retrorsine (4) and senecionine (5).
Pyrrolizidine alkaloids have frequently been found to occur

as N-oxides.,

HO CHy

(3) Dicrotaline (4) R

OH Retrorsine

(5) R H Senecionine

]

¥uch of the current interest in the study of pyrrolizidine
alkaloids is based on the long established fact thet many of
these compounds exhibit specific and irreversible hepztotoxicity

2,3 Some of

towards animals and probably also towards humans.
the alkaloids are also carcinogenic, The oulstanding
histological change in the liver is the graduzl enlargement of

the hepafocytes and their nuclei in a process that is termed

megalocytosis, The structural features in the alksloid which



appear to be necessary for toxicity to be observed are (a) a
primary allylic ester grouping, and (b) a high degree of chain
branching in the necic acid attached to C-9., It is believed
that pyrrole derivatives [such as (6)}, produced by the
hepatic microsomal enzymes, are the aciual toxic agen‘ts.3
These metabolites are thought to become covalently bound to
cell nuclei (possibly by alkylation of coenzyme sulphydryl

groups6) by a mechanism involving alkyl-oxygen fission

(Scheme 1).
CH,~0—C—R CH,SR

-

N = ) “FRCOH
(6)

Scheme 1

1,2 Synthetic Studies on Pyrrolizidine Alkaloids

One of the outstanding developments in nyrrolizidine
chemistry over the past few years has been in the increased
array of synthetic methods available for the construction of

357

the pyrrolizidine ring system. In particular, the 1,3-divoliar
cycloaddition of unsafturated esters to H-formyl-L-proline,

to produce dehydropyrrolizidine esters [such as (7)), is an
extremely facile and efficient one-pot method for producing the

pyrrolizidine ring system. This method is discussed in detail

in Chapter 2, as it forms the basis for most of the synthetic



(1) R=H

OH

—
(o8]

~
=v}
n

work described in this thesis.

Most of the published syntheses have been directed towards
fully saturated 1—hydroxymethylpyrrolizidines.7 It is
considerably more difficult to construct the 1,2-didehydro-
pyrrolizidine system present in supinidine (1) and retronecine (2).
This area is reviewed in Chapter 2. Because of this lack of
good synthetic routes to these 1,2-unsaturated necines (which
are the bases present in the toxic alkaloids), it was decided
in this work to concentrate on synthetic routes to these
compounas. The initial target was ()-supinidine (1).

Various approaches 1io this compound, and the eventual
successful synthesis, are described in Chapter 3.

The next target for synthesis was (%)-retronecine (2),
which is the necine most commonly found in macrocyclic diester
alkaloids, In order to extend the above strategy to the
synthesis of (f)-retronecine, it was necesszry to use N-formyl-
3-hydroxyproline in the cycloaddition reaction, Initial work
with readily available natural 4-hydroxy-L-v»roline led to
the formation of several novel chiral necines. Furthermore,
removal of the hydroxyl group after catalytic hydrogenaiion

of the dihydropyrrolizine (8), provided a means of synihesizing



optically active naturally occurring necine bases, This work
is discussed in Chapter 4.

'Since the use of 4-hydroxy-L-proline had shown that the
hydroxyl group in that position did not affect the cycloaddition
reaction, it was decided to prepare and use 3-hydroxyproline
in an attempt to synthesize retronecine (2). This approach is
descibed in Chapter 5.

Synthesis of the monoester and diester »yrrolizidine
alkaloids has received limited attention. This area is reviewed
in Chapter 23. However, no macrocyclic diester alkaloids have yet
been synthesized. The simplest example known is dicrotaline (3),
and attempts to synthesize this alkaloid are described in Chavter
6. The first successful synthesis of an ll-membered mecrocyclic
pyrrolizidine dicster is zlso dsscribed,

1.3 Structural Studies on Pyrrolizidine Alkaloids

There is much interest in the occurwnce of pyrrolizidine
alkaloids from several points of view., Their vharmecology, =znd
the relationship of pharmacological activity to structure is
important. Greater understanding of the occurrence znd
distribution of alkaloids is useful from the chemotaxonomic
standpoint., Knowledge of the chemiczl constituents of plants
is being increasingly used to 2id in the classification of
plant species. Finally, the structurzl relationships hetween

alkaloids occurring together in the same species may helo



in determining the biogenesis of these compounds,

It was noticed that very few of the succulent species
from the very extensive Senecio genus had been studied for their
content of pyrrolizidine alkaloids. Therefore, the alkaloid

constituents of Senecio odorus were investigated, This

work is described in Chapter 7.



CHAPTER 2 SYNTHESIS OF PYRROLIZIDINE ALKALOIDS

2.1 Synthesis of Pyrrolizidine Bases

(2) Introduction

Hany synthetic methods leading to the pyrrolizidine nucleus
have been reported in the past few decades., Comprehensive

7

reviews of this large and expanding area are available,’ and
current developmentis are reviewed annually.3 Host of the
published syntheses are of the fully saturated necine bases,

particularly the l—hydroxymethylpyrrolizidinés, (i)—isoretro~

necanol (9) and (¥)-trachelanthamidine (10).

h{ C:F%Z()F* }ﬂ §3F42()F4

(9) (10)

Since these synthetic methods have been well-covered in the
reviews, it was decided to concentrate in this section on
syntheses relevant to this work, namely attempts to produce
the 1l,2-unsaturated necine bases, and ithe successful syntheses

of (f)-retronecine (2) and (¥)-supinidine (1).
R H CH,0H
| \12 (1) ”r =EH

OE -

N
n
~—
[=o]

1

N



(b) Attempted Syntheses of 1,2-Didehydropyrrolizidines

Three groups of workers have attempted to synthesise
the simplest 1,2-unsaturated necine, supinidine (1), by
introduction of the double bond in this nosition in eliminsation
processes from suitably substituted pyrrolizidine derivatives.
The first attempt to synthesise (¥)-supinidine (1) by

Kochetkov'gi'gg.s is outlined in Scheme 2, These authors

Scheme 2
COH O/COZH COEt
COMe
aq. "* NH 1) socl, C'/ 2
utOH
2) CH=CHCO 1le
0 o ' HQ CO.Et
1) NaOEt 1)(CH3)§C/\OH
2) H30+ N 2) 1{30" N
: 3)Zt0r/H"
(11)
CO.Et CH,OH
POCL, 8=\ , b _—
Pyridine N N



hoped that in the key step, dehydration of the hydrory-
pyrrolizine ester (11) would afford the 1,2-unsaturated ester.
In fact, only the 1,8-unsaturated ester (12) was produced.
This was proved by reduction of (12) to the alcohol (13).
This unsaturated alcohol behaved like an enamine, and
exhibited properties quite different from those of the naturally
occurring 1,2-unsaturated alcohol, supinidine (1).9

In their attempt to synthesise (L)-supinidine, Adems and
co—workerslo chose what appeared to be a better intermediaie,
ethyl 2-hydroxy-3-oxopyrrolizidine-l—carboxylate (14). This
was prepared as shown in Scheme 3, It was reasonable to assume
that dehydration of (14) as its tosylate derivative would yield
the desired 1,2-unsaturation, and this was erroneously claimed

by the authors.

Scheme 3
0,Et CO,Et
H_ , Rh/
27 (co.=t)
-—_9. ___Lé. 0
41504 N <4 ne0Et/ N
AcOH, 2 torr Et0H 0
O,Et
H_, Rh/A1,.0 TsCl
27 = OH — ==
AcOH N Pyridins

(14)
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Goldschmidtll demonstrated later that the zctuzl product was
the 1,8-unsaturated ester (15). This explains the fzilure
of Adams and his co-workers to reduce this uncaturated ester
to supinidine (1), either with lithium aluminium hydride or
by stepwise reduction under a variety of conditions.

The third attempt to synthesise (LZ)-supinidine by
Goldschmidt'l also utilised the key intermediate (14),
produced by an improved two step procedure from l-pyrroline
and ethyl oxaloacetate (SChemé 4). Treatment of this intermedizte
(14) with phosphorus oxychloride in pyridine gave an oil, vhich
was probably the 2-chloro-derivative. Attepts to carry out
pyrolytic or acid or iodine catzalysed dehydration on (14)

all yielded starting material. Conversion of (14) to its

Scheme 4
CO,E¢
CO2Et
a+C :
COzEt N
0

,CozEt 1) TsCl, Pyr.

H,, Re-lii

—_— OH ——m—=>
t0E N )y ‘o
0 “3u0H

(14)
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tosylate derivative, followed by dehydration under bzsic
conditions gave the 1,8-unsaturated ester (15) as observed

. 10
earlier by Adams and co-workers,

(¢c) Synthesis of (¥)—Retronecine

The total synthesis of (%)-retronecine by Geissman znd
Waissl2 is probably the most outstanding achievement of
synthetic pyrrolizidine chemistry, although only a very low
yield (< 14) was obtained by the lengthy procedure outlined
in Scheme 5, One of the key intermediates in this segqguence is
the dihydroxypyrrolizidine ester (16). Treatment of this ester
with barium h&droxide resulted in hydrolysis of the ester
function, together with dehydration to yield the 1,2-unsaturated
acid (17). Apparently, none of the isomeric 1,8-unsatureted
acid was formed. This was in direct contrast to the results
of Adams and co—workers,lo and Goldschmid‘t11 who observed
only 1,8-unsaturation on dehydration of their 2-hydroxy-
pyrrolizidine esters, although it should be noted that their

compounds zlso contained a 3-oxo group.

(d) Synthesis of (¥)—Supinidine (1)

The total synthesis of (%)-supinidine was accomplished
1
by Tufariello and Tette, 3 Initially, these workers »repared
the previously used intermediate (14) (but as a methyl ester)

by a different route involving the 1,3-dipolar cycloaddition



12

Scheme 5
O5Et
(:OzEf CCEEt
</NH + | — Et0,C !
CO2Et Et0,C Na ~CO.Et
O;Et
1) HC1/H 0 OH)
2) EtOH/HC1 N —
CO okt N ~c0o.Et
2
CO,H
<§§::fr’/l BrCH Ot
0-Et
1)KOEt
2)H2/Pt
AcCOH

1) E+OH,HC1

2) LiAlH
) LiA 4
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Scheme 6

(szAG

H,/10% Pa~C _-COMe
—_——— _—

==
o
I
T

OZM@ (14) lle ester

of l-pyrroline-l-oxide to dimethyl fumarate or dimethyl

maleate followed by catalytic hydrogenation (Scheme 6).
Dehydration of this ester intermediate via the tosylate
derivative gave only l,8-unsaturated ester as previously

noted by Adams and co-workerslo and Goldschmid‘t}1 Lgain,

the presence of the 3-oxo function anpears to play = crucial
role leading to the formation of the undesired 1,8-unsaturation.
Accordingly, Tufariello and Tette decided to synthesise an
intermediate (18) without this 3-ozo group, as shown in

Scheme 7. Dehydration of this hydroxypyrrolizidine ester (18)

vproceeded smoothly with phosphorus oxychloride at O °¢ to give

the 1,2-unsaturated ester (19). Reduction of this ester (19)

with a2 mixed hydride reagent prepared from lithium zaluminium
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Scheme 7
CO,Me OMe
CH20H —0
CO,Me Hy COMe
104 Pd-C
I CH,0Mg ——= CH,0OMs
N N OH
H
O-Me COMe
— > OH —= O/\l>
(18} (19)
CH,OH H '(}HzOH
LiAlH Cr{> :
a1cl,
(10)

hydride and aluminium chloride gave a mixture of (—-)-
supinidine (1), (L)-trachelanthamidine (10), and (%)-
isoretronecanol (9), in a ratio of 6:3:2, Sevaration of this
mixture was effected by prevarative g.l.c. The overall yield

of (%)-supinidine was ca. 3% from l-pyrroline-l-oxide.
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Conclusion
Attempts to dehydrate l-hydroxypyrrolizidine esters
or 2-hydroxy-3-oxopyrrolizidine esters led to the formation
of 1,8-unsaturated ester. The only two successful syntheses
of 1,2-unsaturated necines utilized the dehydration of 2-hydroxy-

pyrrolizidine esters.

2.2 The 1,3-Dipolar Cycloaddition Reaction and its Avplication

to the Synthesis of the Pyrrolizidine Nucleus

(a) General Description

The 1,3-dipolar cycloaddition reaction is an extremely
versatile and immortant method for the synthesis of many tynes
of heterocrclic commounds. EHuisgen and his collabvorators
' began research in this area in 196114 by introducing 1,3-
dipolar cycloaddition as a general method for the synthesis
of five-membered heterocyclic compounds. Since then, it has
turned out to be an extremely valuable synthetic method, =as
the increasing number of avplications in heterocyclic chemistry
will testify.

The 1,3-dipole is defined as a species which undersgsoes
1l,3-cycloadditions to a multiple bond system, known as the
dipolargphile as shown in Schome 8.15 The 'heteroallyl

anion' system of 1,3~dipoles can be represented by zwitterionic
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Scheme 8

resonance structures. 1,3-Dipoles can be both nucleophilic
and electrophilic as the resonance structures with a terminal
sextet suggest (Scheme 9). Note that the spin-paired
diradical (20) may also contribute towards the ground state

of the 1,3-dipole, The three atoms a, b, and ¢ can be a wide
variety of combinations of C, 0, and N, The dipolarophile can

be virtually any double or triple bond.

Scheme 9
® ® Octet Structures
b
Cl/ \?: - '%/b\c Octet Structures

@& ©
G./"\C' - :2/9\% Sextet Structues

. b
a” N

(20)
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(b) Synthesis of the Pyrrolizidine Nucleus

Huisgen and co-workers discovered that N-acyl-eecamino
acids gave mesoionic oxazolones (called 'HMunchnones') on
treatment with acetic anhydride (Scheme 10).16 These aromatic
zwitterions were found to combine with alkynes in a 1,3-dipolar
cycloaddition reaction to give adducts, which then eliminated
carbon dioxide to produce good yields of substituted vyrrole

17

derivatives.

Scheme 10

CO,H 0 0
R JH 2 ACQO} _Z—-S_ - - < etc
AN RTN7 R RN ™

‘N—C-R
2 ! I
"? &') — R R -

- Q

R R
R.-C=C-R —CO 3 4
3 >4R1\/'}10\\/‘?2“"2—> n

R
R3 F&

When L-proline was heated for 1 hour with acetic anhydride

at 130 °c in the presence of dimethyl acetylene dicarboxylate,
the dihydropyrrolizine diester (21) was formed by the

sequence of N-acetylation, formation of the mixed anhydride,
cyclisation to the mesoionic oxazolone, cycloaddition with

the dipolarophile and evolution of carbon dioxide (Scheme 11).
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Scheme 11

— ~
— - <« etc
N ~H ACZO N sf N Qf)
=+ +
- Me Me

()2h4€
O,Me
11e0,.C~=C=C~CO e 2
i e COzMG =
= E—— / CO.Me
N - co,, N
Me (21) Me

This extremely facile, one-pot reaction proceeded in good yield
.(76%), without any other noteworthy reactions occurring. An
analogous reaction sequence with dimethyl fumarate oroduced =
mixture of tetrahydropyrrolizine diesters, which were not
separated and identified.18

The potential of this method for the synthesis of natural
necine bases was first exploited by Pizzorno and Albonioo.l9
Regiospecific 1,3-dipolar cycloaddition of ethyl proviolate
to the oxazolium oxide formed from N-formyl-L-proline gave a
dihydropyrrolizine ester (7) in 90% yield. Stereospecific
catalytic hydrogenation of this ester yielded the saturated
pyrrolizidine ester (22) (Scheme 12) in 93% vield. This ester
can be converted into the diastereomeric l-hydroxymethyl-
pyrrolizidines (L)-isoretronecanol (9) (reduction) and

(£)-trachelanthamidine (10) (epimerisstion plus reduction)-"
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Scheme 12

——y

OzEf H CO.Et
HO=0C0 2% Pd/C ;
N /

(7) )-(22)

Recently, the synthesis of the butterfly pheromone (23)
was achieved in a one-pot reaction by Pizzorno and Albonico,
N-Formyl-L-proline was heated in acetic anhydride with
propargylic aldehyde together with 2,6-di—§g£i—butyl-4-
methylphenol as antioxidant. A 40% yield of the dihydropyrrolizine

(23) was obtained (Scheme 13).

Scheme 13

H
Ci/COZH ho,0 _
2 =
N\CHO HC=C. CHO N %
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Benages and Albonic022 have also carried out 1,3-dipolar
cycloadditions to L-proline derivatives with an olefinic
dipolarophile, 2-chloroacrylonitrile (Scheme 14). The
intermediates (24) readily lost HC1 to generate the cyano-—
dihydropyrrolizines (25) in 65-70% yield. The same regiospecificity
was observed with the olefinic dipolarophile: as ‘with ethyl

propiolate and propargylic aldehyde.

Scheme 14
B L CN N
N _coH
ACZO -
NoR =or | N~ N~/
=CHOor H R
S = (24) ~ (25) N
R = H or lie
R = H or He

(c) Hechanism of the 1,3-Divolar Cyclosddition Reaction

A concerted mechanism for 1,3-dipolar cycloadditions was
first proposed by the leading worker in the field, Huisgen.23
An alternative diradical process has been put forward by
Firestone24 (Scheme 15). This has led to considerable

. , . S 25 - 26
arguments in the literature between Huisgen and Firestone .
The Huisgen mechanism is a concerted single step, four-

centre, '"no-mechanism", cycloaddition, in which the itwo new

bonds are both partizlly formed in the transition state (26),
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Scheme 15
®
a/b\g_ concerted /b\
' —= 1 f
d—ce (Huisgen) d—e

Stepwise Diradical

//,b\\ (Pirestone)

(26)

although not necessarily to the same extent.23 The reaction
co-ordinates are shown in Figure 1. The symmetry-energy

correlation diagram for this [y4s + «2s] process reveals that

Pigure 1

* (26)

Energy

Reactants

Products

S
Lxtent of rcaction
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Scheme 16

N—-C—R
R O | R .
— R2 - R2
R,-C=C-R, O—<\ R4 R,,
|0 E= ?/( —= A% (
LR s | R, Ry
R R (Hhen R,R., = (CH,)
4 ’
- 002 / \ 1 )3
' :Ea.RI w {?2 dihydropyrrolizinss are

R formed]

such a cycloaddition reaction is a thermzlly allowed process.gj’z7

This concerted mechanismapplied to the synthesis of substituted
pyrroles ig shown in Scheme 16, Note that in the final step

of this sequence, elimination of carhon dioxide is usually
considered to be a concerted process, but diradical intermediztes
could be invoked (Scheme 18),

A different mechanism has been pronosed by Firestone.24’26
He envisages a two-step vrocess involving a spin-paired
diradical intermediate (27) (Scheme 17). The reaction co-ordinates

for this mechanism are shown in Figure 2. Formation of the

transition state (28) is the rete—determining stev in this



23

Scheme 17
+
- A b
NG N N
-_— Voeen - \ .
d=e — d—e
(28) (27)
AN PN
—_— C\ C — C
- ; /
d———e d-—-e
(29)
Figure 2
+ (28)
(29)
Energy

Reactants

Products

=

Extent of reaction

pathway. The diradical mechanism applied to the synthesis of

substituted pyrroles, including the carbon dioxide elimination

step, is shown in Scheme 18,
Both Huisgen and Firestone argue strongly for their

concept of tThe mechanism of the cycloaddition reaction, and
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Scheme 18

etc

@,

reoently,_Harcourt has suggested that the two opnosing camps
might be drawn closer together in a "concerted-diradical
mechanism.2 His avpproach uses valence-bond theory =and
stresses the impottance of spin-paired diradical'stfuctures (20)
in describing the electronic structures of 1,3-dipolar

molecules.

Cycloadditions of 1,3-dipoles to alkenes are stereo-—
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specifically suprafacial, and solvent polarity has 1little effect
on reaction rates. Also small activation enthalpies and large
negative activation entropies are generally observed. These
25,27 to be

facts are considered by most workers in this field

compatible only with the concerted mechanism,

(d) Regioselectivity of 1,3-Dipolar Cycloaddition Reactions

The experimentally observed regioselectivity of most
1,3~dipolar cycloadditions has been the most difficult ohenomenon
to explain in this field. It'is one of the reasons for Firestone's
insistence on the stepwise mechanism involving radical intermediates.
Recently developed Perturbation lolecular Orbital (P¥0) theory
has proyided a method for understanding the regioselectivity
and reactivity of 1,3-dipolar cycloaddition 1_"e\=_'.o1‘,ions.29_31
The interaction of two orbitals with energies El and E2
results in a new set of orbitals (Figure 3), where the energy
of the new lower orbital is lowered, and the energy of the
higher orbital is raised. Zxpressions for the difference in

energy (AE) produced by this interaction have been develoned by

PO theory. These show that the closer the energies El and E2

Figure 3

Energy
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are in the orbitals, then the more they will interact, and that

if the orbitals are of the same symmetry and overlap effectively,
then the interaction will be large. In considering the interactions
only the key frontier orbitals (highest occupied molecular

orbital - HOMO and lowest unoccupied molecular orbital - LUMO)

32

of both reactants are considered. The relative energies

of these frontier orbitals can be approximated from first order
P¥0 theory. For 1l,3-dipolar cycloadditions, this allows
classification into three types depending on the relative energies
of the 1,3-dipole and dipolarophile frontier orbital energies
(Figure 4).33 The energy of both HOMO's are increased by the

presence of electron—donating substituents, and the energy of

both LUKO's are decreased by electron-withdrawing substituents.

Figure 4
Dipole Dipolaro- Dipole Dipolaro-
A phile vhile
E W — LU0
Lwnergy N —_—

—H ™ —A —44—  HOuC

Type I Type II
Dipole-HOMO controlled . HOHMO, LUXO controlled
Dipole Divolarophile
/ - 7 LUZ0
L e
Energy <
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A1l 1,3-dipoles have in common a three atomic orbital I7
system containing four electrons analogous ito an allyl anion.
The 1,3-dipole produced from an N-acylproline is an example of
an azomethine ylide (R2C=§RERZ). Ylides are all electron-rich
species, characterised by high energy HONO's and LUNO's, These
species react preferentially with electron deficient svecies
(low energy HOMO's and LUNO's), because 6f the narrow dinole HONO-
dipolarophile LUKO energy gap (Type I in Figure 4). Pii0 theory
indicates that any factors, such as substituents, which decrease
this energy gap, either by increasing the dipole HOMO energy or
decreasing‘the dipolarophile LU0 energy will increase reactivity.
To understand regioselectivity in these cycloaddition reactions,
the magnitude of the coefficents (a measure of the contribution
of the atomic orbital to the molecular orbital) on the atomic
orbitals must be calculated. Subgtituentis on the dipole will
cause unequal terminal coefficients on the HOMO and LU0, The
preferred regioisomeric transition state will be the one in
which the larger terminal coefficients of the interacting
nuclei are united. The degree to which one adduct is preferred
will depend on the difference in the sqguares of the terminzal
coefficien‘ts.32
Now, the reaction of N-formylproline with ethyl acrylate

or ethyl propiolate will be considered.

(a) Dnergies of the frontier orbitals of ithe reactants.

Very little experimental data is available for azomethine
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Figure 5
A+1.4_.___
. \\
\\
AN 0 —— Alkene, LUMO
_006 \—"—
Znergy (eV) Alkyne

‘_609 -\

—7 0\9\__

1\
unsubstituted 4 -10,8— Alkene

i - S HOMO
dipole substituted 11.2 Alkyne i

ﬁlides. The approximate energies of the frontier orbitals of

the unsubstituted dipole H20=§H522 are shown in Figure 5.

These are average values obtained from several estimates.Bo

The effect of the carbonyloxy substituent across the dipole

(as in (31)) is to lower the energies of both the frontier orbitals
by ~1 eV in the HONO and ~2 eV in the LUXO 20 (Figure 5).

For the dipolarophile, a single electiron-withdrawing substituent

on an alkene which is also conjugated lowers the HOHNO energy
relative to ethylene, but has 2 much larger lowering effect on

the LUMHO energy giving avvroximate energy levels for the

frontier orbitals shown in Pigure 5.30 The LU0 of an alkyne is
roughly the same energy as the corresponding alkene, while

the HO:O energy of the alkyne is lower than the corresvonding
alkene, This results from a decrease in the C-C bond length

and larger overlap of the p orbitals in the alkyne, leading

to more bonding in the HO0:I0, Thus it can be seen from Figure 5
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that this particular cycloaddition is dipole-HOHO controllied
(Type I), because of the smaller energy gap of ~7.7 eV. It can
also be predicted that corresponding electron deficient alkenes
and alkynes will show roughly the same reactivity in the cyclo-
addition reaction,

(b) Regioselectivity

It is known that it is the coefficients of the atomic orbitals
that influence regioselectivity, and that these coefficients
can be estimated from PHO theory. However, very little data is
available on this issue, and this leads to some uncertazinty in
the reasoning. For alkenes and alkynes it has been calculated
that the frontier orvitals have larzser coefficients on the
unsubstituted end of the molecule in voth EONO and LU0

(Figure 6).32 Calculations have also shown that the HCIO in a
1,3-dipole has the largest coefficient on the anionic carbvon
(a in figure 7), but when the dinole contains a central N atom,
both ends of the divole bear substantial negative charges
(=0.14 to -~ 0.21 for ¢, - 0.2 to - 0.40 for a, and + 0.23 to

+ 0,47 eV for b).BO Thus, normal exnectation. from interaction
of a 1,3-dipole with an electron deficient alkene or =liyne

in a dipole-HOil0 controlled reaction would be for the 'anionic!
end of the dipole (a) to have the larger coefficient and thus
overlap better and become zattached to the unsubstituted end

of the allkene or allzyne. This would produce the o»-nosite

regioselectivity 1o that observed in these cvcloaddition rezctions.
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Figure 6
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Therefore it must be argued that the effect of the carbonyloxy
substituent is crucially important in determining the regio-
selectivity. The presence of the carbonyl must lower the
coefficient at the anionic end (a) of the dipole, whereas the
influence of the oxygen atom attached to ¢ must increase the
coefficient at that site in the HONO (Figure 6). Then overlan
occurs at the unsubstituted end of the alkene or alkyne with ¢
to give the regioselectivity observed.

In summary, the reactivity and regioselectivity are the
same for alkenes and alkynes in this 1,3-di-olar cycloaddition

reaction, The reactivity can be readily understood by
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considergtion of the relative energies of the frontier orbitals

of the reactants., The regioselectivity is not so easy to under-
stand, because not enough calculations have been performed on these
systems yet, but it is due to the asymmetry of the divole frontier

orbitals produced by the substituents,

2.3 Synthesis of Pyrrolizidine Ester Alkaloids

licre than one hundred and fifty pyrrolizidine alkaloids
of the monoester or diester type have been isolated =nd
characterized. A number of synthetic aporoaches to these
ester alkaloids have been developed, leading to syntheses of
some monoester alkaloids and semi-synthetic diesters of retro-
necine (2). No total syntheses of naturally occurring
unsymmetrical diester and macrocyclic diester alkaloids have

yet been accomplished.

a onoesters i Acylation
( ) ar % ) l_t.

The first synthesis of a simple monoester zlkzloid wes

34

achieved by CGurevich and lien'shikov, They prepared the
hydrochloride salt of (L)-trachelanthamidine benzoate as
shown in Scheme 19,

Two simole ester derivatives of (+)-~lzburnine (32) zre

naturally occurring, Hart and Lamberton synthesised (+)-
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Scheme 19

(H0H 0
2 cocl H,0COPh

dry CI—ICl3
+ =
heat, 2 h

laburnine benzoate using benzoyl chloride,35 while Lindstrom

36

--T
0

Cl

T~

and Luning used ketene to prepare (+)-laburnine acetate.

The tetraacetyl derivative (33) of the Orchidaceae alkaleid

malaxine was synthesised by Tanino et al. 37 by treatment of

(+)-laburnine with the acyl chloride (34) (Scheme 20).

Scheme 20
COCl
CH,OH
AcOHzc il
Ac
(32) ACO OAc
ary (34)
pyridine
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(ii) HNucleophilic Substitution

A number of naturally occurring pyrrolizidine esters have
been synthesised by Culvenor and his co-workers, by converting
1,2-unsaturated necine bases into their chloromethyl derivetives
followed by nucleophilic substitution with the appronriate

38

carboxylate anion. In this way, supinine (35) was

prepared from (-)-supinidine (36), heliotrine (37) from
heliotridine (38), and the diastereoisomers intermedine and
lycopsamine (39) from (+)-retronecine (40). The angelate
esters (41) and (42) were obtained in 2 similar fashion (Scheme
21). This method depends upon the high reactivity of the
allylic helides towards nucleophilic substitution., Vith the
chlorométhyl derivatives of the saturated necine bases, nucleo-

philic substitufion competes with guaternisation and & mixture

of products is obfained.

Scheme 21
1
RyRay CHy0-C-Ry

LY
N

-

~ [e]
1.;0912/0 ¢ _ N\
2.RCO, Ha' N
(36) Ry=R=E (35) Ry=R =%, R,=C(Cite,, ) (OH)CH(0H) e
(38) R,=OH, R =E (37) Ry=0E, R =H, R3=C( Tie,) (OH)CH(Clle) e
(40) Rr,=E, R,=CE (39) R,=H, R,=0H, R3=C(Cﬁﬁe2)( E)CE(CE e
(41) Ry=H, R,=CH, R,=Clle=Cilie
(42) R =0H, 2,=H, R3;C:e=Cer
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(¢) Transesterification

The first total syntheses of the pyrrolizidine monoester
alkaloids trachelanthamine (43), viridiflorine (44), and

39

lindelofine (45), were achieved by Russian workers.,

H FH0-C=0 ,9H20—C=O

"\ HO—7—CHMe, HO——CHMe,
N R1——_—R2 N H—r—0OH
Me Me
(43) R, =H, R,=0H (45)

This total synthesis reguires separate synthesés of optically
active necines and optically active acids, followed by their
. . - N 40 . R .

combination., Likhosherstov et al. synthesised a2 diastereomeric
mixture of l-hydroxymethyloyrrolizidines., Senaration of this

. + " - Yy . .
mixture gave (Z)-trachelanthamidine and (Z)-isoretronecanol,
from which (-)-trachelanthamidine and (-)-isoretronscanol
were obtained by resolution via the acid dibenzoyltartrzte
salts. To produce the acid components of these alkszloids,

+ , . . - . . .
(=)-trachelanthic acid was syanthesised by cis-hydroxylation
of trans-2-isoprovylcrotonic acid (48) (Scheme 22).

After resolution, (+)— threo—2-isonroovl-2,3-dihvdroxybutyric
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Me
MezHC
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OH

OH
CO,H

35

CO,H
HO““—CHMGZ
H——0H
Me

Me . H ~Bydroxylation (47)
‘ resolution
trans hydroxylation C:OZ¥+
Me
Me,HC CO2H HO——CHMe,
H OH HO——H

OH Me

(48)

acid ((+)-trachelanthic acid (47)) was obtained. The

corresponding erythro-isomer formed by itrans-hydroxylztion of

(46), followed by resolution was (+)-viridifloric acid (48).

The optically active acids were converted into their methyl

ester di-O-benzyl ether derivatives,

Base-catalysed trans-

esterification of these derivatives with the apyropriate

optically active necine, followed by hydrogenolvsis of the

benzyl ethers gave trachelanthamine (43), viridiflorine (44),

and lindelofine (45), in low yield.
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(b) Diesters (i) Use of 4cyl Chlorides

A number of diesters of (+)-retronecine were prevared
by Hattocks 41 by heating retronecine hydrochloride with

various acid chlorides as shown in Scheme 23, Culvenor

Scheme 23

H,0H

42

and co-workers also prepared 2 range of semi~synthetic
pyrrolizidine esters in connection with their studies on
pyrrolizidine alkzloid toxicity. Diesters (49) vere produced

Yy treatment of heliotridine with various acid chlorides,

When the acylation was carried out with an equimolar amount

of pivalyl chloride, a mixture of the 7-monoester, 9-monoester
and 7,9-diester (49, R = He3C) was -roduced., Selective formztion

of 9-monoesters was achieved %y conversion of the zllrlic
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alcohol to the l-chloromethyl derivative followed by nucleo-
philic substitution with a carboxylate anion as described

previously (Section (a)(ii)).

(ii) Use of N,N'-Dicyclohexylcarbodiimide (DCC) and i,1'-

Carbonyldi-imidazole (CDI)

Selective esterification at C-9 of (+)-retronecine (40)
has also been achieved by Hoskins and Crout 43 with simnle

acids using DCC as coupling reagent (Scheme 24)., The yields

Scheme 24

(40)

were moderate, and some T-monoester was also usually formed.
The selectivity for esterificetion a2t -9 increased with the
steric size of the acid, presumably since esterification =%
the remaining 7-hydroxy group is then hindered. CGCreater
selectivity for formation of 9-monoesters was obtzined by the
use of CDI. It was necessery to »nrenare the acylimidazole

first (Scheme 2 then addition of (+)-retronecine g=ve
b

=
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Scheme 25

N 0 " 0
rcose Y-} —= b

reasonable yields of the 9-monoester. This technique worked
well forwxﬁ;unsaturated acids and bulky £-trisubstituted
acids (those commonly found in natural pyrrolizidine ester
alkaloids). An unsymmetrical diester of retronecine was then
prepared by esterification at the 7-position with z suitable

acid chloride (Scheme 25).
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CHAPTZR 3 SYNTHESIS OF (%)-SUPINIDING

3.1 Synthetic Strategies

Supinidine (1) is the simplest example of a 1,2-unsaturated
necine, Ester alkaloids must contain this unsaturation in
order to ezhibit physiological activity (Chapter 1.1). it
the start of this work, the only synthesis of (%)-supinidine
had been carrisd out by Tufariello and Tet‘te,l3 in a very low
overall yield (23. 3%). The final step of their synthesis
required separation of a mixture of vroducts by »nrenarative
g.l.c. (Chanter 2.1). An iﬁproved synthetic route to this necine

base was obviously desirable.

(1) Supinidine

The synthetic method gelected for construction of the

pyrrolizidine ring sysiem was the 1,3-dipoliar cycloaddition

Y T

of unsaturated esters to I-formyl-L-oroline (50) (Ch-»nter 2.2).

The initial avpproach iras to carry out the crcloaddition reaction

n olefinic esters attzmmting to consgtruect ths desirod

i
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Scheme 26

H O,Et
i _~COyH

RCH=CHCO,Et ~——-> N R
N~cHo N

(50) R = H or CO,%
1,2-unsaturation directly (Scheme 26).
Because mixtures of double-bond isomers were obtained
by this procedure (Chapter 3.2), it was decided to use acetylenic
esters in the cycloaddition reaction (Scheme 27) to oroduce
dihydropyrrolizines as this is Xxnown to be an efficient

procedure {Chapter 2.2). Two of these esters were nrepared

Scheme 27

COR’

H
</\i'/COzH
RC=CCO5R ~ MR
N~cHo N 2

(50) (2
(

R = 1leCO,., R' = lle
2

.LL—H’R':Et

.

(Chapter 3.3), and then various 1l,4-reduction aitemnis were

nzde on ong of them to Iry to wroducs tihs desirsd 1,2-dzbrdro-
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Finally, it was knownl9 that the dihydroonyrrolizine
ester (7) -can be hydrogenated to the fully saturated ester
(22) (Scheme 28). It was then intended to introduce a good
leaving group & to the ester carbonyl group which could
subsequently be eliminated to generate the required unsaturation
at the 1,2-position (Chapter 3.5).

Scheme 28

CO-Et CO,.E*

H
— = H
N % '/ N
(1) /,’/ (22)
yd
s
g

yZ

’ CO§E’t CHZOH

-—-IT

N N
(1)

3.2 3Synthesis of Tetrah-dronyrrolizine Zsgters

18

Gotthardt and Huisgen revnorted that the 1,3-dipolar
cycloaddition of N-formyl-L-oroline (50) with dimethrl
fumzrate produced a2 mixture of tetrahrdronvyrrolizine esters,
which were not separaited and identified (Charter 2.2).

Crystalline J-formyl-L-oroline wes isolat=d in 96% vield
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Figure 8
4,60,m

H
2.2,m}f ! aCOoH 11.53,s

NN~CHO

m 8.43,s

N.m.r. spectrum of N-formyl-L-vroline (50)

in CDCl3 (& vealues)

after trestment of natural L-proline with a solution of formic
acid and acetic anhydride 2t room temperature, The n.m.r.
spectrum of the N-formyl-L-proline taien in deuteriochloroform
was assigned as shown in Figure 8. ‘The cycloaddition reaction
was carried out as bcfofel8 with dimethyl fumerate. Diethyl
fumarate and diethyl maleate were also used as dinolero-ohilses.
All these reactions produced similar mixtures of productis as
judged by t.l.c. analysis. The mixture of »nroducts od»tain-d
from the reaction with diethyl fumsrate (Scheme 29) was
separated by preparative t.l.c., using ths technique of doulble
development for improved separztion of bands with similar Rf

values. Thres tetrahydropyrrolizine esters were isolated and

structurss were postulated on thz basgis of the following

N

snectral characteristics. 411 three nroducis disnlared similar

w
ot

mags spectra with molescular ions at mie 253, aand tage »Heals

m/e 130 (loss of COQBt). “he n.m.r soectra vwere too commlex
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Scheme 29
: COzH COzEt

! —
\CHO é
(50) 0,Et

CO,Et V' cogt CO4Et

N

/‘
)—COEt+ \ CO,Et + 0,Et

(51) (52) (53)

to inte?pret fuliﬁ, but 2 one proton olefinic singlet atd 7.1 POm
present in only one of the three svectra is considerecd to be

good evidence for structure (51). In %heir i.,r. soectra,
compounds (51) and (52) showed both saturated and unsaturated
ester carbonyl absorptions, whereas (53) displared onlry ons

band at 1,700 c:m"1 corresvonding to the two unsaturatesd ester
carbonyl groups. Confirmation of the extendsd conjuzztion in

all these compounds was obtained from the u,v. snectra.

Compounds (51) and (52) showed Moax, 291 ( € 14,800) =nd 290

( € 15,000) nm raspectively. This may be compared with the

TMe CIIC0, H, vhich disnlavs 2 A of

model compound, CH 2): 4, vhich d s .
2 naT.

44

30(

235 nm noting that zcids znd their simnle ester derivotives
b &
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usually show closely similar uw.v. characteristics. The nitroren
substituent exerts a large auxochromic shift on the A

normally associated with an { B —unsziurated ester (cz. 215-

225 nm). The somewhat different chromoohore of (53) gavs A

297 nm (& 19,500).

Resction of N-formyl-L-proline with diethrl mal=ate
appearsd to give the same mixture of oroducts (t.l.c. data),
which was not separated, Similar cycloaddition with dimeth 1l
fumarate (used partly to simplify the n.m.r. spectra obtained)
gave three anzlogous producits after separation by prenzrative
t.lec. It should ve emphasized that, since these mixtures
did not avnpcar to be promising for develonment of & synthesis
of (f¥)-supinidine, none of ths isolszted estiers was fullw
characterised and these stiructural assignments are only t:ntsitive.
Nevertheless; it seems clecar that tetrahydronyrrolizine estars
are being formed, although the mechanism for formation of
these isomeric compounds by brealidovm of the intermzdinie

tricyclic compound is not fully undsrstood (Chanter 2.2).
& 7/

:\
0]
o
fan]
m
o]

The usc of ethyl acrylate zs the dizolarophile
investigated. It was hoped that this would produce the key
unsaturated ester (19) (plus isomers) on cycloesddition with I-
formyl-L-proline, Various reacticn conditions were 2xnlorad,
but all reactions »nroduc:zd comnlex mixturzss cof bssic »roducts

and polymers of eithyl acrrlats, Even from reactions carriad
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CO,Et

\
N

(19)

out in the presence of a hydroguinone stabiliser, no

identifiable products were obttained,

3.3 Synthesis of Dihydrovnyrrolizine Isters

(2) Dimethyl 2,3-Dihydro—1lH-oyrrolizine-6,7-dicarboxylate (55)

Hariano et 21.45 have recently reported & new method for
construction of the pyrrolizidine nucleus involving =zzocine

derivatives (Scheme 30). These authors managed to synthesige

‘ Scheme 30
COoMe COsMe
— ' cone 1) Hz/Pd—C COzMe

2) m-CPEBA 1
) N
CHO CHO

COoMe COZMe
NaOlle N~ CO;Me =
— = |0 —= (I )-come
H

(55)
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only one example (55) of this system as an o0il by their rcther
lengthy oprocedure in low overall yield (<3%). This same
diester (55) was readily synthesised in = one-pot reaction by
1,3—dipoiar cycloaddition of N~-formyl-L-proline with dimethyl
acetylenedicarboxylate in acetic anhydride (Scheme 31). The
product was obtained crystalline in 90% yield and u.v., i.r.,
n.m.r.,, and mass spectra were in accord with those published

for this diester (55)45

Scheme 31

H CX32h4e
' _#CO5H _
‘ + Me Ozc—CEC"COzMe —_—> / Cone
N~cHo N
(55)

(b) Ethvl 2,3-Dihvdro-lH-nyrrolizine-7~carborvlzte (7)

In order to proceed with atiempis to synihesise
_supinidine (1 the dihydropyrrolizi ester wWes
—)=supinidine y, the dihydropyrrolizine ester (7) weos

required., This was prepared by the regiosnecific 1,3-dinolzr

2T

cycloaddition of ethyl nroniolate to N-formyl-L-oroline as
L . __19 a 2 s o 0 ~c ) 1
reported praviously (Scheme 32). TYields of 382-90% of the

ester (7) were obtazined by vacuum distillation instead of

19

the chromztogravhic method used by Pizzorno and Albonice 7.

L

The mass spectrum of (7) showed a2 mo ar ion ai m'e 179
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Scheme 32

CO4Et

H

; COZH . —
N + H-C=C-CO,Et —= N /
—CHO

(7)

and main fragment ions at m/e 134 (31-02t), and 106 (n-cognt).

The presence of the unsaturated ester system was indicated by

the u.v. spectrum (Amax. 233 ( € 15,600) and 255 (€ 12,700) nm )
and by a band at 1,700 cm-l in the i,r, spectrum., The assignments

for the n.m.r., spectrum are shown in Figure 9,

Pi e 9
4,30 g
COLHCHy .40 ¢
3,10 %
2,60 m -
N /} 6.55, 6.65 4B q
4,00 %

Wem.r specirum of (7) in CDCl3 (S values)
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3.4 Attempted 1,4-Reduction of Dihydrovvrrolizine Ester (7)

46 that the partial reduction of -

Evans has reported
substituted pyrroles can be accomplished by zinc in acetic
acid or dilute hydrochloric acid. Tor example, with 2,5~
dimethylpyrrole, 1l,4-addition of hydrogen takes place to give
the 3-pyrroline (56) as the major product (Scheme 33), The

mechanism presumably involves reduction of an intermediate

pyrrolenine salt (57)%7

3 +  Zn/HCL e
H —— =
N Me

, Zn/ AcOH N
H H
(57)
M e+ M ~—Me
8% H 209
(56)

ihyl 2,3-dihydco-1H-pyrrolizine-T—cortor-late (7) i- =2

Td =

nd therefore its recductiion

o

substituted nyrrole derivativs,
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with zinc under acidic conditions was investigated.

Treatment of the ester (7) with zinc and hydrochloric acid at or
below room temperature for various lengths of time produced
similar mixtures of vroducts together ususlly with some
unreacted starting material. The best yields of the two major
products were obtained by use of hydrochloric zcid for 24 hours,
These two compounds were separated by preparative t.l.c. The
less polar minor component obtained in 18% yield had & molecular
ion at m/e 181 corresponding to addition of two hydrogen atoms,
The presence of am.dﬁ-unsaturated ester was indicated by the
bands at 1,680 and 1,620 cm—l in the i.r. snectrum. Eowever,
the chrémophore in the u,v. spectrum at Amax. 302 nm, € 11,800,
suggested that the Af-unsaturated ester has a N at the)s -o0sition,
to account for the large auxochromic shift observed. This u.v.
spectrum may be compared with that for the vpostulated comnound
(52) which had Apax. 2915 € 14,800. Thus the structurc (12) is
proposed for this compound. The n.m.r spectrum of (12) vas
complex, yet consistent with this siructure. In particulsasr, no

olefinic signals were present.

COzEt

N
(12)
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The major component of this reduction mixture, obtained
in 29% yield, was shown to be a dimer from its mass spectrum
with a molecular ion at m/e 308. This mass corresponds %o
reduction of one double bond and formation of a new C~C bond.
One interesting feature of the n.m.r. spectrum of this dimer
is the presence of only one olefinic proton. Pyrrole is known
to form a mixture of polymers with mineral acid, and & trimer
can be produced under controlled conditions.48 However,

dimers are readily obtained fromd-mono ordB8 -dialkyloyrrol:s,

(e}

. , c - 4
probably by the tyve of mechanism shown in Scheme 34.° A

similar mechanism may be overating in this case to wroduce
Scheme 34

5 _
@\@_9% e
H H H H

H l
H

the dimeric pyrrolizidine obtained, 4 voszible structure
which fits the spectral data, and can be accounted for by this

type of mechanism is (58),

CO,Et

(58)
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Although these results are interesting, this line of
research was abandoned because no evidence was obtained for the
presence of the desired 1,2-unsaturation in the pyrrolizidine

ester products.

3,5 Synthesis of (£)-Supinidine (1)

In view of the failure.to achieve partial reduction of the
dihydropyrrolizine ester (7) in the desired manner, it was
decided to hydrogenate this ester stereospecifically to the
fully saturated pyrrolizidine esier (22) as demonstrated

earlier by Pizzorno and Albonico19 (Scheme 28). Accordingly,
Scheme 28

CO2Et H COzEt
— ]
/ — 2
N N

(7) (22)




the thermodynamically less stable racemate (22) vas p;;Sared
in 80% yield by catalytic hydrogenation of (7) over palladised
charcoal., Compnletion of the rezction was indicated by loss of
the u.v., chromophore, by the appsarance of the saturated ester
carbonyl band at 1,735 cm—l in the i.r. spectrum, and by the
loss of the olefinic proton in the n.m.r. specirum. T.l.c.

s o . 1g
indicated the presence of only one racemate as observed »reviously. ~

This was characterised as its picrate.
In order to initroduce unsaturation at the 1,2-nosition

of (22), it was first necessary to introduce a good leaving

group at the l-vosition,d to the ester function. Subsscuent

elimination of EX would fthen result in generation of unsaturaition

at either 1,2 or 1,8-positions. Various possibilities were

considered for the group X (Scheme 28). Uith Z = halogen or

hydroxzyl, it was expected that the elimination would tzke olace

to give entirely 1,8-unsaturation as was observed czarlier by

Kochetkov'gi_gl.8 for the hydroxy group (Chapier 2.1). The

use of X = vphenylsulphenyl or phenylselenenyl vas then

considered, These grouons should voth be readily introduced

under basic conditions. Elimination would thsn be achieved affer

oxidation to the phenylsulnhoxide znd phenylselenoxids

“resnectively., The use of selonium in organic synthesis hss

- 49,50

develoned ra»nidly over the »nast favw vears ’ znd in tiais
= = 4 b

I8
™

cass 1t was przforred ovar sulnhur for several rszsons. irst.
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selenium (II) is oxidised somewhat more easily to Se (IV), but
with more difficulty to Se (VI) then the corresmonding sulvphur
oxidations. The oxidation of selenides to szlenoxides is carried
out with common oxzidising agents (e.gz. hydrogen peroxide,
peracetic acid), whereas the oxidation.of sulphides cleanly

to sulphoxides recuires selective reagents (typiczlly sodium
periodate) to avoid oxidation to sulohones, Secondly, selenium
forms wealer 6 bonds than sulphur, and so cleavage of the

C~3e is more rapid than with the analogous C-3 bond. Thus,

alicyl selenoxides are xnown to undergo elimination about

51,52

1000 times faster than sulohoxides. Sslenozxide
fragmenjations usually occur at avproximately 100 OC lowver
temperature than the corresponding sulphoxide eliminations.
Purthermore, sclenoxide fragmentations unlike fthose of

52,53

sulphoxides, do not scem to be reversible. Elimination
of the phenylseclenoxide group is known %o droceed in &
stereospaecific gzg—fashion.49’54 It should be noted that

two diastercomeric ohenylselenides (59z2) and (59b) could be
produced on introduction of the nhenylselenenyl groun into

the ester (22). syn-Elimination of ths selenoxide darived from
(592) would oroduce only 1,2-unsaturated ester (19). WHith

the diastereomeric sclenoxide derived from (59%), sin-
elimination might De SVpectcd.to produce bvoth 1,2- and 1,8~

. DN T Totnr 2 1t i
didehydronyrrolizidine esters (Scheme 35). Fowever, it is
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known that elimination of a phenylselenoxide group towards an
electron-withdrawing group, such as nitrogen, is moderately
disfavoured.49 Therefore, there is a strong possibility that
fragmentation of the selenoxides derived from (59z) or (59D)
or a nixture of both will result predominantly in formation

of the desired 1,2-unsaturation.
Scheme 35

CO,Et CO-Et
H / s5ePh 2

COEt CO,E

N
(59%) (12)

Introduction of the chosen Hhenylssleno-groun was readily

accomplished by traating the lithium enolate derived from the
ester (22) with ohenylselenenyl chloride at - 78 °¢ (Scheme 36).
Oxidation of this phenylselenenyl éster'(SQ) to thes szlenoxide
(60) was achicved with 27% hydrogen neroxide. The intermediates
contzining selenium (59) and (60) were not igolated in %his

sequcnce,

svn—-Elinination of the selenoxide (60) toolk place
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Scheme 36

H SOkt 0,Et
' SePh

T

N N

(22) (59)
0,Et C |
H f‘Se'Ph ! O2Et
] \\ [}
— ’\‘1It£1—ésn- \
N N
(60) (19) + PhSeQOH

at room temperature to oroduce a single compound (shown by
g.l.c.), the anticipated 1,2-unsaturated pyrrolizidine ester (19),
which was characterised as its vpicrate., The overall yield for
the sequence in Scheme 36 was 60%. The free base had the
expected bands in the t.r. sdectrum at 1,720 and 1,640 cm-l
due to thed B -~unsaturated ester, The key feature in the n.m.r.
spectrum was the presence of an olefinic »roton multinlet at

S 6.53. Fowever, there was no chromoohore in the u.v,
spectrum above 220 nm which would be cznected for the isomeric
1,8-unsaturation. Indeed, no evidencs (u.v. or n.m.r.) for the

formation of any 1,3-unsaturated comnounds in the rraction

mixture could be obtain-d.
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Finally, the 1,2-unsaturated ester (19) was converted
. + ks .
into (=)-supinidine (1) using lithium 2luminium hydride
(Scheme 37). Some reduction of the double bond was also

observed as noted previously by Tufariello and Tette.l3

Scheme 37

N COEL H)OH y  $H20H
' 1 1

N \
N v~ T

(19) (1) (9)

These workers separated their mixture of alcohols by
preparative g.l.c. A better procedure was found to be senaration
by preparative t.l.c. Development of thz chromatogram in
chloroform — methanol - ammoniz (5:4:1) gave two components.

The less poler major component, R. 0.55 (45% yield) was
(t)-supinidine (1), characterised as its picrate. The i.r.,
n,m,r., and mass spectra of (i)—supinidine were in accord with
published data.13’55 Purthermore, the i.r. and n.m,r. spectra
of (i)-supinidine picrate were identicel with those of a

sample of (-)-supinidine »icrate, sunnlied by Dr C.C.J. Culvsnor
(Figures (10) and (11)). Ths second component, R, 0.30 (31%

+

visld) was found to b2 (I)-isorstronzcanol (9 ), 2lso
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L.r. Spectra of Supinidine Picrates (KBr digc)
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characterised as its picrate, I.r.y, n.m.r., and mass svectra

of the free base were in accord with reported values for

. 1
(£)-isoretronecanol. 9,56 It should be noted that higher

yields of (¥)-isoretronecanol (9) (ca. 70% overall from
N-formyl-L-proline) can be obtainasd by lithium aluminium
hydride reduction of the saturated ester (22).19

The partial reduction of the double—ﬁond in the ester (19)
on ireatment with lithium aluminium hydride is a2 serious
disadvantage to this procedure, A means of solving this
problem was sugzested by the work of Leonard-Conpens and Krief,57
who showed that phenylseleno-—compounds containing and -carbonyl
group can be reduced 1o B8 -hydroxyselenides by sodium borokrdride
or lithium aluminium hydricde under mild conditions. Accordingly,
phenylselenenylation of the lithium enolate derived from the
ester (22) was again carried out, but this time the intermediate
phenylseleno—ester (59) was isolated as an o0il by prepnarative
t.l.c. in 57% yield, and characterised as its vicrate. The
free base showed a saturated ester carbonyl vand in the i.r.
spectrum at 1,720 cm—l. Reduction of the vohenylseleno-ester
(59) with lithium aluminium hydride tooi place smoothly to give
the phenylseleno—alcohol (61) (Scheme 38), which vas purified
by preparative t.l.c. (62% yield) and orystallisation. The
i.r. spectrum showed O stretching of the alcohol at 3,400 cm
and no carbonyl band was observed. Fragmentztion of the

+ s aa '
selenoxide derived from (61) gave (=)-supinidine (1),
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Scheme 38

g pO2Et . COEt

' | : SePh
—

N~ N

(22) (59)

CH20H H-OH
SePh W 2

—= —_—_— A\
N N

(61) (1)

-<T

purified by preparative t.l.c. (59% yield). The i.r., n.m.r.,
and mass specira were again in accord with opublighed values.13’55
The stereochemistry of the intermediate selenide (59) is

uncertain, It is possible that addition of the phenylselenenyl
group takes place on the less hindered zxo~face of the intermzdiate
lithium enolate of the ester (22) to produce the seleno-ester
(59b). As discussed earlier, both seleno-esters (592) and (59b)

should yield predominantly 1,2-unsaturated compounds as was

in fact observed.
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3.6 Synthesis of (%)-Trachelanthamidine (10)

Finally, to complete this Chanter, the diastereomeric
alcohol of (%)-isoretronecancl (9) was prepared by estazblished
methods., The thermodynamically less stable racemic ester (22)
was epimerised58 with sodium ethoxide in ethancl to give the
exo-isomer (62) (Scheme 39). Lithium aluminium hrdride reduction
of the ester (62) yislded (¥)-trachelanthemidine (10), in 2n
overall yield from N-formyl-L-proline of 51%. PThe i.r., n.m.r.,
and mass specira of the free base were consistent with revorted
56559 ana (%)

values, ~trachelanthamidine was charzcierised as

its picrate,
Scheme 39

Y §OoE n o SOEt CHy0H

' [

---T

—_— _—
N N

(22) (62)

Vo
[
o

j —

3,7 Conclusion

<+ . > 3
The satursted pyrrolizidine ester eihrl (=)-nyrrolizidine-

l-endo—carboxylate (22) was rsadily prearsd by resiosnecific

. . T_formrlal—
1,3-dipolar crcloaddition of athyl »roniclate to H=formrl-L
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proline followed by stercospecific catalytic hydrogenztion.

A novel method for the conversion of this szturated ester into
its 1,2-didehydro-derivatives has been estsblished, The
unsaturation is introduced by phenylselenenylation d to the ester
function, followed by syn-elimination of the derived selenoxide.
Using this procedure, (i)-supinidine has becen synthesised in

ca., 20% overall yield.



64

CHAPT=R 4 SYNTHSSIS OF OPTICALLY ACTIVE

PYRROLIZIDINZ BASEH

4,1 Introduction

In view of the successful swnthesis of (¥)-suninidine (1)
described in Chapfer 3, it was decided to try to extend this
strategy to the synthesis of a more complex necine base, such
as retronecine (2). This would require the use of 3-hydrozy-
proline in the cycloaddition rezction. As this comnound was
not readily availeable in any of its isomeric forme, attention
was first focused on (~)-4-hydroxy-L-proline (63), which is a
constituent of collagen, and is commercially available in 6ne
optically active form. With this material the effect of the
hydroxy substituent on the cycloaddition reaction vas investiza
The possibilty that eliminetion of the hydroxy or =zcylozy group
would occur during the cycloaddition rsaction had to be

considered.
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4,2 Synthesis of Dimethyl (+)-2d-Hydroxy-2,3-dihvdro-1H—

pyrrolizidine-6,7-dicarboxylate (66)

In order to see if the 1,3-dipolar cycloaddition still
takes place with an hydroxy substituent on the proline ring,
the W,0-diformyl derivetive (65) of 4-hydroxy-L-proline was
heated with dimethyl acetylenedicarbozylate in acetic anhydride
(Scheme 40). One mezjor optically active product was obtainad
in 87% yield. The expected structure (64) was confirmed on the
basis of the spectrzl data. The u.v. chromothore at 260 nm
( € 12,800) is similar to thet observed for the pyrrole diester
(55). The n.m.r. spectrum of (64) was zssigned as shown in

Pigure 12. There was no indication of any elimination nrocess

Scheme 40

N
; COZH CO Hleo CC=CCO e
HO-- e oy @/ ooy
N ~H ~CHO

(65)

(63)
1 7 COzMe COZMG
HCOs5- \ / COZ% R-- ) —C0OMe
3 4 5 23 5 _ o
(60) 11c0H (55) R = E
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Rigure 12
AB part of ABX

3.35 - COxMe
% H

8.00 s HC 05 \—N
2 4.30 T.19 s
AB part of ABX

Nom.r, spectrum of (64) id CDCl, (§ vzlues)

3

occurring during the cycloaddition leading to pyrrolizine
derivatives. Removal of the O-formyl groun under bazsic

conditions (Scheme 40), gave a 94% yield of the ontically

txl

active 2d-hydroxy compound (66). Ths u.v. svectrum of (66)
was very similar to that of (64), and the assignments of

the n.m,r. spectrum are shown in Figure 13,

Pigure 13

5.00 m:,B prOOf -~ COZMG \(3.80 s
P
HO” \N

4,10 7.10 s
AB part of ABX

N.m.r. spectrum of (66) in CDCl, (& values)
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4.3 Synthesis and Hydrogenation of Ethyl (+)-2d~hyvdroxy—2,3—

dihydro-1H-pyrrolizine-7-carboxslate (8)

In the previous. section, the azddition of a2 symmetrical
dipolarophile to the 4-hydroxyproline derivative wes discussed.
It was anticipated that regiosvecific cyclosddition of the
unsymmetrical dipolarophile, ethyl proniolate, would be
achieved in the same sense as described esrlier (Chapters 2.2
and 3), Accordingly, the N,0-diformyl derivative (65) of
4-hydroxy-L-oroline was treated with ethyl propiolate in
acetic anhydride to produce one optically active major p»roduct
25 needles in 80% yield (Scheme 41). This was formulated as
the T-ester (67) because of %the AB quartet in the n.m,r.
spectrum (§ 6.60, 6.70, J 3 Hz) due to the adjacent pyrrolic
protons. The rest of the snectral data were consistent witg

this structure (67).

Scheme 41

’ 0,Et
+_»C0OoH _—

HCOs- ——=— HCO;- N /7
N~cHo HO=CC0,3 |

(67)
6
(65) C0,Et
TtOH, WH, —
—== HO-- /
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Removal of the O-formyl group of (67) under basic
conditions gave a quantitative yield of the optically active
alcohol (8). This compound showed the presence of ths hydroxyl
group (3,350 cm-l) and unsaturated ester (1,680 om—l) in its
i.r. spectrum, The n.m.r. spectrum was assigned as shown in

Figure 14. Thus, regiospecific 1,3-divolar =zddition had been

Figure 14
4.20 m
AB pifzoof ABX (:()2(:}42(:}{3 1.30 t

5.00 UIP1

F{()’ Pq //J/%.55, 6.65 AD system

4,20 J 3 Hz
m

N.m.r. spectrum of (8) in CDCl3 (S velues)

achieved and the optically active ester (8) was oroduced.
Further utility of this compound depended uvon its behaviour

on catalytic hydrogsnation., The completion of the hydrogenation
reaction was monitored by loss of u.v. chromonhore and the
disappearance of the pyrrolic proton signals in the n.m.r,
spectrum, A single optically active crystalline ester was
formed in 80% vield. This was formulated as (68) (Scheme 42).
The relative stereochemistry at C-1 and C-8 is determined by

the stereosvnecific gig-addition of hrdrogen and the zbsolute

i i to be a hovn becausc of
configuration was presumed to be as shov s
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Scheme 42

C0aE¢ H  CO,Et

HO--- — H, Pa/c
N / AcOH HO--S N 2
(8) 5 4 3
(68)

stereospecific addition of hydrozen from the sterically less
hindered B8 face of the unsaturated ester (8). Proof of this
stereochemical assignment was obtained by conversion of (68)
into a number of known, naturally occurring, optically
actiﬁe necine bases (Chapter 4.5).

4,4 Synthesgis of Hovel Ovtically Active Necine Bases

The production of a single stereoisomer (68) in ths
preceding scction was a2 most important resuli. Conversion
of this compound into a number of novel nescine basecs vwes
immediately feasible by established technigues.

Reduction of the saturated pyrrolizidine ester (63) with
lithium 2luminium hydride geave a2 new, ontically active necins
base in 89% yield, (+)-6d-hydroxy-ld-hrdroxymethyl-3p-

.

. . -
oyrrolizidins (69) (Scheme 43), characterised as its nicrate,

The free base showed the presenc: of an hrdroxrl groun in iis
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Scheme 43

9
H Okt 4 GH20H
LiAlH4 !
HO-- —= HO--
N N

(68) (69)

i.r. spectrum (3,350 cm—l). The n.m.r spectrum of (69) was
complex, but a two proton doublet at & 3.62 was attributable
to the C=9 protons.

Conversion of the saturated ester (68) into its 1,2-
unsaturated anslogue was also feasible by the route discussed
in Chapter 3. Phenylselenenylation of the lithium enolate
derived from (68) was readily accomplished (Scheme 44).

A single product (70) (%.l.c.) was formed in 60% vi-=1d.
Reduction of this sster with lithium aluminium hydrids gave
the corresponding alcohol (71) as a crystalline solid in 57%
yield, after prepzrative t.l.c. The i.r. spectrum sihowed the
presence of the hydrozyl group (3,4@0 cm—l) and abscnce of any
carbonyl absorption., Oxidation of (71) to the sslenoxide
followed by sslenoxide elimination would be exdacted to
nroduce the allylic alcohol (72). Unfortunately this basic
diol was extremely polar and it was not possible to isolete

s 2 s 3 = The £ the nhenrlsels -
it from the reaction mixiure. Therefore the -henrlseleno
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Scheme 44

H CO,Et CO,Et

1) LiNiPrQ/nIF SePh
HO-~- —=> HQO--
N -78 % N
(68) 2) PhSeCl (70)

H CHon H CHzoAC

. SePh SePh

LiAlH

—== Ho-- —= AcO--
N Ae,0 N
() FIT (73)

| H CHOR
27% B0, N (12) R = E
——= RO-- (74) ® = fo
AcOH N

alconol (71) was acetylated with acetic anhydride o yield the
diacetate (73) as an oil, which was not cheracterised. Oxidation
of this acestate (73); followed by selenoxide eliminztion gave
a2 single optically active oily product (74), which was
characterised as its picrate. The free base showed an ester

- s . " -1 4 .
pealk in the i.r. spectrum at 1,750 cm ~. The main feature of
the n.m.r. soectrum was the presence of an olefinic »roton

multinlet at§ 5.75 (E-2).
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As with the synthesis of (I)-supinidine, the stereo-
chemistry of the intermediate. selenides (70) and (71) is not
known (sce discussion in Chapter 3.5). Again, no evidence was
obtained for any 1,8-unsaturatéed compound in the selenoxide

elimination process.

4.5 Synthesis of Natural Optically Active 8f-Pyrrolizidine

Bases

H COxEt-

HO---
N

(68)

In Section 4.3, the synthesis of the saturated
pyrrolizidine ester (68) was described, znd a provisional
stersochemical assignment for this compound was made. It
was known that in & »revious stereochemical correlation,

Yosmarinecine (75) was converted into annydroplztynecine (T76).

,

Schome 45.OOIt was considered that analogous removzl of the

6-hrdroxy group in (68) would lead %o an opiically activs

ester, which would then be converted into one of the ontically
Sl L e v -

active l-lhydrommeihyloyrrolizidinszs. All four nossible
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Scheme 45

stereoisomers are mown comnounds, and their absolute

tions ars shown in

™

configurations7 and reporied ovtical rot
Figure 15, It should be noted that there is some uncertainty
in thes absolute valuss for the rotations listed in Figure 15,
due in part to the fact that these bases are oily substances
and accurate mza surement of the weight of base used in
obtaining the cotical roiation is difficult. Nevertheless the
absolute configuration at C-1 and C-3 of (68) could be
established by comparison with ths Xnovn values of {the optical
rotations for these stereoisomers.

Accordingly, the hrdroxypyrrolizidine ester (68) was

convertsd into the 6-chloro commound (79) with thionryl chloride
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Figure 15

N FH20H H  SH0H

N | N

(32) Laburnine (77) Trazchelanthemidine
o 35 o 61
(), +15.4 (o], -13.8
~12.94 o 62

g CHaOH y GHa0H

N N

(76) Lindelofidine (78) Isoretronccanol
or (+)-isoretronscanol o 65
[d]D + 79.1 >
+ 1.7 ° %4

Stereoisomaeric Forms of l-hydroxymethylovrrolizidine

in 90% yield (Scheme 46). Tho chlorine atom vas removzd by
catalytic hydrogsnation in 90% yield, and reduction of +the
ester (80) with lithium eluminium hydride zavs a 93% yield

7 0

of lindelofidine (or (+)-isoretronecanol) (70)[0L]D + 70.2 °,

cterised as its »icrate,

o
I
0
[0
®
0
Q
=2
o
H
0

(c.f. Figure 15), The
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Scheme 46

I

H CO,Et

HO-- —= (|
N N

(68) (79)

Raney Ni N N

which had an identical i.r. spectrum (Figure 16) and undsoressed
mixed melting point with an authentic samnhle of lindelofidine
supplied by Dr C.C.J. Culvenor, Thus, the absolute coafiguration
of the novel necines (69) and (74) and the hydroxypyrrolizidine
ester (68) is confirmed, and & total synthesis of an opticzlly
active necine base has been achizved in an overall yield of
45% from readily zvailable stariing materials,

The ester (80) is thz thermodynamically less stable comround.

58 -

Therefores, cpimerisation”  of this esier was carried out with

ne diastereomoric cster

-,

sodium =sthoxide in =thanol to give %




Figure 16 I.r. Spectra of Lindelofidine Picrates (KBr)
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Scheme 47

H o SOaEt y  CO,Et y  CH,OH
—_—— —_—
N N N
(80) (81) (32)

(81) in 68% yield (Scheme 47). Lithium aluminium hydride
reduction of this ester (81) gave a 92% yield of laburnine (32),
[dng + 14.6 © (c.f. Figure 15). The oily base was again
characteriszd as its picrate.

A final confirmation of the absolute configuration at
C-8 of the cster (80) was possibls by conversion of this esier
into an optically active form of supinidine by the route
dicussed in Chapter 3.5. 2oth enantiomers of suninidine are

Xnowm compounds (Figure 17).

Figure 17

4 CH,OH H  GH,OH

A\ | \
N N

(82) (36)
[415° +9.2° 64 (&l -9.45° 56
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Scheme 48

4 POEt CO,Et
SePh

—_—

N N
(80) (83)

H CH,0H H CH,OH
SePh

N 5,0 N
22
(84) (82)

Phenylselenenylation of the lithium enolatzs derivad from
optically active aster (80) gave the phenylszlenids (83) in
67% yieid (Scheme 48). Reduction of this ester (83) with
lithium aluminiup hydride gave the crystalline alcohol (84)
in 61 % yield. Oxidation to the selenoxzide with hydrogen
peroxide followed by selenoxide fragmentation gave a 55% yield
of supinidine (82)[iJD + 7.6 ° (¢ f. Figure 17). (+)-
Supinidine was characterised as its picrats, which had an
idsntical i.r. spectrum (FPizure 13) and mized m.». with an
authentic sample of (+)-supinidine »icrate suoplied by Dr
¢.C.J. Culvenor. 7The spsctrel data for the intermediatcs
in this ssquence were in accord with those obtained for the

-

racemic material, discussed in Chanter 3.5,



Figure 18 TI.r. Spectra of (+)-Supinidine Picrates (KBr)
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(84)

Thus the absolute configuration at C-8 throughout the
sequences shown in Schemes 46-8 is confirmed 2s 88. (+)-
s xoas . . .., 6&
Supinidine was isolated by Culvenor and Smith from
cynaustine (84). This is the first occurrence of zn allvlic
alcohol derivzd from 88-pyrrolizidine,
Despitz ths difficuliy in obteining accurate valuss

' LN
Y

for the rovations of thess oily basz2s, it is evident from a
comparison of the valuss for thz synthetic bases with those
reported (Pigures 15 and 17) that all the synthetic onticzlly

active bases were obtained with a high degree of ovnticzl

purity (85-100%).

4.6 Synthesis of Hatural Optically Active &l-Pvrrolizidine

Bases

Since natural 4-hrdroxy-L-proline (63) cen be converted
67
into its ensntiomer by epimerisation of both chiral centres,
ths routes described above could in princinle ke used to

nthesiss the Sd—nyrrolizidine basts, (~)-trechelanthamidine

(=)-isorstronzcanol (78), and (-)-suninidine (36). THowever,
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Scheme 49

O,Et CO,E4

—
N
(8)

—
HCOZ-' N / —= HO--
(67)
]y + 35.3 °

CO,Et CO,Et
= —
——= Ts0 NS —=HCO3 N/

(85) (86)
(41 - 34.2°

inversion of two chiral centres is a2 lengthy wrocedure, and

‘a better apvroach to the synthesis of these 8d-pyrrolizidines
was sought, At one staze in the synthesis of 8B-nyrrolizidinses
an intermediate (8) with only one chiral centrs is produced.
Therefore, epimerisation of the 2d-hydroxzy substituent of this
ester (8) was carried out. Treaiment of the (+)-z2ster (8)

ave ths (+)-

g

with p-tolusnesulphonyl chloride in pyridine

ssignments for

)

tosylate (85)(Scheme 49), in 91% yield. The
the n.m.r. spectrum of (85) are shown in Figure 19, Displacement

of the tosylate anion by formate anion in an SN 2 reaction with

inversion of stereochemistry was achisved in 84% rield with

iy

tetraethylammonium formate in dry acetone. The formate ester

o}

-

2 . 1
(86) had[o(,] %5 - 34.2 © comnarad to the roiation of (] DS + 35.3

obtained from the »nroduct of 1,3-dinolar cycloaddition of
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Figure 19

4.20 m

AB of AR COZCH2CH31£5t

5. 55 m 3.25

2,45 s
4.20 6.50, 6.60 ABn
7. 36 7.77 A3 of ADX J 3 He
2 2
J 9 Hsz

Nem.r. spectrum of (85) (& values)

ethyl propiolate with the N,0-diformyl derivative of 4-hydroxy-
L-proliﬁe. Thus complete inversion of stereochemistry has bsen
obtained in 76% overall yield by this simple vprocedure.

Purther treaiment of the ester (86) as described in Chasier 4.3
and 4.5 will yield the 8d-~pyrrolizidines, (-)-trachelanthamidine

(77), (-)-isoretronecanol (73), and (-)-supinidine (36).

4,7 Conclusion

The use of natural 4-hydroxy-L-prolin=s as a model
compound in the 1,3-dipolar cycloaddition reaction with ethyl
nroniolate has led to the formation of %wo nsw ontically
active necine baszs. Confirmation of the absolute coanfisuration

of thesz two bases was achieved by removal of on» chirzl c:nitre,

and conversion to imovn naturally occurring SB-nyrroliridin-
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bases, (+)-lindelofidine(76), (+)-laburnine (32) and (+)-
supinidine (82). Turthermore, a procedure has been described
for the preparation of the corresvonding Gd-»nyrrolizidines,
(-)-trachelahthamdine (77), (-)-isoretronecenol (78), =2nd

(-)-supinidine (36).
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CHAPTER 5 ATTTYPTED SYNTESSIS OF (i)-RETRONECIHE

5.1 Introduction

¥ost of the naturally occurring pyrrolizidine macrocyclic
disster alkaloids contain retronecine (2) as the base »ortion.
Hone of these macrocyclic alkaloids has yet been synthesised,
Part of this work involved attempis to synthesise one of these
macrocyclic diesters (Chanter 6), and therefore a sunnly of
retronecine (2) was required. Since the amount of natural
retronecine which czn be obtained from »nlants is limited, and
the existing synthesis of reironecine involves a lensgtihy
procedure with low overall yield (Chanter 2.1), it was decided
to investigate new synthetic routes to retronccins,

The successful utilisation of 4-hydroxy-L-proline in

the synthesis of the diacetate

unsaturated pyrrolizidine base
the use of 3-hydroxyprolins (87) in an analogous manner should

be investigated (Schems 50). It was realised that fthe pressnce
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Scheme 50

CO,Et
e ©§
-——— =
N

(87) (88) R =

(89) R = HCO

0'—‘3’ HQ |, CH,OH

H
N

(F)-(2)

of hydroxy (83) or formylozy (89) substituents at the l-position
of the.desired dihydropyrrolizine ester might lead to unwanted
elimination processes from this activated 'benzylic' nosgition.,
In thzt svent, introduction of a suitable protecting groun
for the hydroxy function in 3-hydroxyproline could bz investigsted
(Chapter 5.2 and 5.3).

in z2lternativs asproach to the desired intermodiate (38)
involved +the kmown ester (7). It was anticinated that use could
be made of the activated l-position to attemdt to introducs an
oxygen funciion in this position (Scheme 51) (Chenter 5.4).

Schzme 51

( ON) CO,Et HO CO,Et
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5¢2 Synthesis of 3-Hydroxypnrolines

A mixture of the racemic cis~ and trans-3-hydroxyprolines

(87) were prepared by a modification of the route used by Blake

68 .
et al.”” in low overall yield (10%) (Scheme 52).

Schems 52

COyH 1)S001,/2408 Et0,C CN
</ 2)01CHZCN/zt3N>',

NH» .
3)C1C0_Et/Na, CO I
e e CO,Et
OH
-bBuOK/ -~ 0 1) WaZH 4
toluene N CN 2) Ba(OH)2 N COZH

H (a7)

Co,Et (%)

The pyrrolidone (90) was obtained as an exiremely viscous oil

and was difficult to purify by distillation as rasvortsd by

Blalke et al.68 Therefore the cruds »roduct was reduced with
sodium borohydride to the corresponding alcohol, -~

Purification by distillation achieved by Blalke gt 2l. was
again difficult due to the high boiling voint and decomnosition

of the product, and so the crude product was hrrérolvsed with

barium hydroxide to give a mixture of cis-and itrang-3-hydroxy—

oroline (87). This mixture was ourifisd b7 lon exchanze ~esins

and crystzllisciion from aqueous ethrnol.
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The n.m.r. spectrum of the mixture of geometric isomers was in
accord with the values reported for the sevarate isomers.69

It was not considered necessary to separate this mizxture because
nreparation of the hrdroxy ester (88) from this mixture would

produce only one racemic compound,

5.3 Atvtempted Synthosis of Ethyl 1-Hydrozy-2,3-dihvdro-1H-

pyrrolizine-T-carboxylate (83)

The mixture of cis-and trans-3-hydroxzyproline (87) vas
converted into its II,0-diformyl derivatives (91) with formic
acid and acetic anhydride at room temperaiure. The formylated
producﬁé did not crystallise. The assignments for the n.m.r.

spectrum of this mixturs are shown in Figure 20,

Figure 20
QP 5.8 m .
8.40 (- H4' g
40 H-C-0 CO,H
2.2
m

—N~cHo

8,10 s

N.m.r. spnsctrum of cig and irsns N-formyl- 3-

3.

formylo_‘g_:,rpl‘Oline (;l) in CDCIB (é v;.lueﬂ

T oAt

. - aASASES £ + - “yi0laets + e
The 1,3-dipolar crcloaddition of atiz"l »roniolats to the

»T - Kal e —rer ek e i
mivture of cis-and trang-i=formrl=3-formrloxyorolins (,1) in
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acetic anhydride was investigated. The reaction mixture was
heated at various temperatures for different lengths of time
(See Experimental Section). Mixiures of products were obtained,
Examination of the n.m.r. specira of the crude oroducts

indicated that no dihydrovyrrolizine (89) had bz:en formad,

HCOZ COzE’t

I~ A7
2
N
3 4 5
(39)

since the easily recognisable AB quartet due to the pyrrole
hydrogens at C-5 and C-6 was always absent; Furthermore, no
formyloxy profén was ever observed, suggesting that eliminstion
oft formic acid - has occurred. Two possibilitieé for elimination
of this formyloxy group can be considered, First v, intrsmolscular
élimination of formic acid from trans-il-formrl-3-formyloxynroline
(Scheﬁe 53), or secondly, elimination of formete anion from the
intermediate azomefhine ylide gensrated b aoetic'anhfdride\
(Scheme 54) could hove occurred., The second possitility is
condidered more likely in this case, The next légical step was to
prepare a range of 3-hydroxyprolines with »rotecting grouss on

the hydroxy function and investigate their behaviour in the

. - PR, r A 4 Atroandt ald
cvcloaddition reaction, Unfortunately, lack of Time nrevented

any »rogress in this direction.
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COzH @/GOZH
N =
~CHO N~cHo

Scheme 54

5¢4 ALttempts to introduce Oxygen Substitu:nts at the 1-Position

of 2,3-Dihydro-lH-pyrrolizine Dorivatives

Phe dihydrooyrrolizins ester (7) is readily available
from the 1,3-dipolar cycloaddition of ethyl »ropiolave with

e az nine vlide derived from N-formyl-L--oroline (Chz»tcsr 3.3).
azome ne y

CO,Et

—

N~
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It was hoped that the l-position of the ester (7) would show
the reactivity of a benzylic methylene group. Several methods

for introduction of the l-hydroxy group were attempted.

(a) Via Halogenation

Ellis et 23.70 reported that bromination of the substituted
pyrrole (92) could be achieved at one of the 'benzylic' vositions

with bromins in dry cther (Scheme 55). They also found tirat the

Scheme 55

Me £t - Me Et

o N Me Thz0.0-L Nch,Br
BZOZ N yASY, Ir_\l-l 2

| H

(92) (93)

related pyrrole (94) could not be brominated under the seme
conditions, but trsatment of (94) with sulphuryl chloride in
acetic zcid did produce the 5-chloromethyl comsound (395)

(Schem= 56).

Scheme 56

Me CO,Et M COzEt

Bz0,C Me Bz0,C [ CH,Cl

i
I
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Preliminary expsriments on the bromination of the ester
(7) were carried out with N-bromosuccinirmide (NBS) in the
presence of benzoyl peroxide. It was found that brominsiion
occurred readily in the aromatic portion of ths molecule, and
that the amount of NBS used was critical. With one equivelent
of NBS, a monobromoester was formed, vhile with two equivalents

of NBS the 5,6-dibromoester (96) resulted (Schems 57).

Scheme 57

CO,Et CO,Et

- =
Br
N2 = N~

(7) Br
(96)

The use of three scuivalenis of NBS »roduced a mixiure of products

which could not be identified, The dibdromoester (36) was
crystallised and its structure estzblished by analysis and
svectral data. The n.m,r. sdscirum showad no nyrrole proions
present. The usual triplets for thz C-1 and C-3 »rotons were
observed at § 3.20 and 4.00, respectively, together with =
multiplet 2t § 2.50 due to the C~2 n~rotons., Ths facile bromin:
of the pyrrole ring aroducsd & fully substituted Hyrrole

derivative whicn was then used for further studies, sinc: 1t

ot

] 0 tromine abor B readily
was anticipated that the two bromine avoms could ©r resadils

)

of theo

=

OF

, . e =~ nztion c~ftar introduact
removed by catelyiic hrdrozmation =ftor introdacy

l-substituzat.
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ttempted oromination or chlorination of the dibromoester
(96) with NBS or sulphuryl chloride, respectively, produced a
complex mixture of products. This may be due to the instability
of the expected halogenated products, since it has been resorted

that the halogenated pyrroles (93) and (95) sre unstzble, (0

(b) Oxidation

The alternativs approach to produce l-hydroxy substitucents
is to try to introduce oxygen directly into the ester (7) or
the dibromozster (96). Treatment of {the dibromoester (56)
with lead tetra-acetate gave a mixture with two main components,
which were scparated by praparative t.l.c. Both oroducts were
unstable and could not be characterised.

Finally, attempted oxidation of the ester (7) with sslenium
dioxide and chromium dioxide-pyridine complex7l gave mainly
unchanged starting meterial. Lack of time prevented further

development of this anproach.

5.5 Gonclusion

The NW,0-diformyl derivatives (91) of cis-and irans-

he

3=hydroxyproline were prepared. Attempts to carry out the

crclozddition reaction with these compounds failed, presumzonly

1 ~~r

due o 2limination of the formyloxy group., Iuriler Drograss

with *his synthesic route depends on the finding of & suitsble

LI I - —— Ly o -
arotecting groud for th. hydroxr 1unction.
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Bromination of the dihydropyrrolizine ester (7) occurrsd
preferentially on the pyrrole ring. Attempts to introduce
halogen or oxygen functions into the dibromoester (96) did
not produce stable, identifiable »roducts. Further work in
this direction would be desirable,

Finally, the lactone (97) required in this synthetic
scheme to retronecine (Scheme 50) has bsen synthesised by
Viscontini and co-workers72. This could be »revared and then
conversion to retroneccins could be attempted by ﬁhe stevs

established for the synthesis of (L)-suninidine (Chapter 3.5)

0

O
O
N\
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CHAPTER 6 SYNTHESIS OF A MACROCYCLIC PYRROLIZIDINE DIESTER

6.1 Introduction

Approximately one hundred macrocyclic pyrrolizidine diesters

have been isolated and characterised.z’3

Most of these
macrocyclic alkaloids contain (+)-retronecine (40) as the base
portion, and théy can be divided into two main structural groups;
those with an ll-membered macro-ring as in dicrotzline (3), and
those with a l2-membered macro-ring as in retrorsine (4).

MNone of these macrocyclic diester slkaloids has yet been
reconstructed from the constituent necine and dicarboxylic acid.

A number of problems are apparent, IHany of the dicarboxylic acids

are highly substituted and contain a number of chiral centres.

_-CH,0H

N
(W)
"
—
AN
S
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Thus stereospecific synthesis of these acids, followed by
resolution is required before consiruction of the macro-ring
cen be attempted. Furithermore, in forming the macro-ring
from the necine and the necic acid, there are two nossible
modes of attackment of the dicarvoxylic acid to the dihydroxy-
necine, and so mixtures of diastereoisomers arc likely to be
produced on formation of the macrocyclic ring.

It was therefore decided to attempt the synthesis of
dicrotaline (3), which is the simplest ll-membered macrocyclic
pyrrolizidine diester alkalecid. Dicrotaline was isolated by

73

larais in 1944, '~ and tihe structure of dicrotalic acid (98)

.74

was proved by the synthesis of idams and van Duuren (Scheme 58

Scheme 58

n QH
A 1 5 H.,—-C~(CH )
CH3COCH20029t + BrChchZUt —— C13 C (UL2CO2 t)z

HO

H

-C-(cH H
CHBC ( .00, )2

(98)

. . -+ . : .
Reconstruction of dicrotaline from naturzl (+)-retronecine (40)
and svnthetic dicrotalic acid (98) would constituie a total

synihesis since (+)-retronecine has poen synitiesised by Ceizsmen
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and Waiss (Chapter 2.1). Dicrotalic acid has no chiral centres,
and is simple to prepare, However, formation of the macro-ring
would presumably lead to a mixture of C~13 epimers; one of which
would be dicrotaline., The absolute configuration at C-13 of
dicrotaline is not known., Aftempts to synthesise dicrotaline

are discussed in Chapier 6.2.

He

i
HOQC—CHQ—?—CHQ—COQH

e

(99)

The production of diastereomers on formation of the macro-ring
is avoided if a symmetrical dicarboxylic acid such as 3,3-dimethyl-
glutaric acid (99) is employed. The successful reconstruction
of an ll-membered macrocyclic diestsr from (+)-retronecine and

(99) is describsd in Ckapiter 6.3.

6.2 Attempted Synthesis of Dicrotaline

A supply of (+)-rstronscine (40) was available from

hydrolysis of %he »yrrolizidine allzaloid retrorsine (4), ovtainzd

-

by exiraction of Senecio isstideus plants. Dicrotalic acid (98)

was synthesiscd as shown in Scheme 59 by 2 modificetion of Tie
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Scheme 59

Hg/dry ether
HeCOzﬁ‘b =

2 CH,=CH-CH,Br NN

2

(100)

Me OH

—
. ‘/:"_7‘ HO ) O

1. OB/dry HeCO, 2+

2. Hy0,/HCOH
OH

(98)

75

route outlined by Klosterman and Smith. Grignerd reaction of
ethyl acetate with two equivalents of allyl masnesium bromide
gave the alcohol (100) in 70% yield. Oxzonolysis and oxidation
of the dialdehyde produced yielded dicrotalic acié (98) in
guantitative yield.

Tor esterificaiion of dicrotalic acid (58) 1o (+)-reironscine
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(101)

(40) it was decided to use the anhydride of dicrotalic acid,
because of difficulties encountered with established methods
(see later). However, treatment of dicrotalic acid with acetic
anhydride produced the O-acetyl derivative (101) of dicrotalic
anhydride. The i.r. spectrum of (101) showed two carbonyl
absorptions at 1,810 and 1,760 cm—l due to the anhydride.

The ester carbonyl band also occurs at 1780 cm_l. In the n.m.r.
spectrum of (101), the methylane proions are non-equivalent
giving rise to an AR cuartet 2t & 3.50 and 2.80 »pm (J 18 Hz),
The lowfield proton is deshielded by the =zdjacent carbonyl

of the ester group. The O-acetyl derivaiive (101) was not
congidered suitable for uss in the synthesis of dicrotaline,
because of the possible difficulty in removing the acetyl group
after formation of the alkaloid., ZFurthermores, Adams and van
shown 4 that the acetate (101) readily

Duuren had

. o
lost a molecule of acetic acid on heating at 100 C for 12

hours. (Scheme 60).
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Scheme 60

(101)

To avoid these problems of removal of the acetyl grou»n
and possible elimination of acetic acid, a2 new method for the
synthesis of dicrotalic snhydride was devised, Treatment of
dicrotalic acid (98) with excess thionyl chloride in dry ether
at room temperature overnight gave the crystalline anhydride

(102) in 89% yield. The i.r. spectrum of (102) showed hydroxyl

(102)

absorption at 3,550 cm.—1 end the two carbonyl bands at 1,810

and 1,750 cm—l. In the n.m.r. spsctrum, the methylene »rotons

apueared as a singlet at & 2.97 oom.
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The first procedure investigated for the formation of a
monoester between (+)-retronecine and dicrotalic acid was th
acylimidazole method discussed in Chanter 2.3. The acylimidazole
derived from dicrotalic acid and N,N'-carbonyldi-imidazole was
reacted with (+)—retronecine, and small scale rsactions were
followed by t.l.c. Under various conditions, (See Experimental
Section) mixtures of products were obtained, and these could
not be separated by t.l.c. Because of this disappointing
result, the reaction of (+)-retronecine with an equimolar zmount
of dicrotalic anhydride was studied. The course of the rezction
was monitored by n.m.r., speciroscopy using Dé—aoetone 2s solwvent.
In fact,after one hour, most of the n.m.r. siznels hed disanpeared
and a white pracipitate had formed. This insoluble product
was washed with acetone to remove unreacted reagents and vas
formilated as 2 mixture’> of the 7-monoester (103) and the 9-
monosster (104) of retronscine presani as zwitterions (Scheme 61),
from the n,m.r. spectrum ftaken in Dd—methanol. The C-7 monoester
(103) showed multiplets at & 4.60 (H-7) and 5.72 (H~2) oom,
while the C-9 monoester (104) displeayed = singlet at S 4.80 (8-9),
and a multivplet at 5.85 (E-2) ppm. TFrom the integrations of
these signals, the ratio of C-7 to C-9 monoester is 1l:2.

Yethods for the intramolecular acylation of $tnis mixiure were
then investigatsd. Treatment of the mixture (103) and (104)
o

. Iy N4 AT h rid ot rANE s
with three molar scuivalents of tihionyl chloricde at 5 C zave g

- ¥
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Scheme 61

(104) 0 (103)

low yield of a mixture of six components which could be extracted
with chloroform from the basifisd reaction mixture., None of
these products could be identified.

A highly efficient method for internal esterification of
nydroxyacids has been developed by Corey znd Jicol.—zou.76
This method utilises a dipyridyl disulphidg and trinhenylphosnhine
in a non-polar solvent, under high dilution conditions.
Unfortunately, the mixture of C-7 and C-9 monoesters (103) and
(104) would not dissolve in any non-polar solvent such as benzens,
chlorobenzene, toluene, xylene, carbvon tetracinloride, nor in the

more polar methrylens chloride, chloroform, acetone or acsitonitrile,
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Finally, it was found that dimethylformamide is 2 suitable solvent.
The mixture of C-7 and C-9 monoesters (103) and {104) were
converted to their 2-pyridinethiol esters in concentrated

dimethylformamide solution (Scheme 62). Lactonisation was then

Scheme 62

! 2
RO H CHZOR @_ @
H N/ S—S§ Z
\ N —
N PPh,, DIF, RI.
(103) R'= 0CCH,C(O0H)NeCH,COH, R°= E
(104) R'= E, R%= 0CCH, C(OH)heC}.—I G0 H
0 Me HOO
HO H CHZ
' \) High dilution
N >< = (3
+ C-7 ester 1 2
RO H CH,0OR
1
\
N
(105) ats COCE=CHe,,, %= H

(106) &%= ®, R®= COCH=Clie,
attempted by refluxing this mixture in dry dimethylformamide
under high dilution conditions. ZIxtraction of the reaction
mizture with chloroform from bezic solution gave one major

comnonent which was purified Ty preparative 1.l.c. This was
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shown %o be a mixture of the C-7 monoester (105) znd C-9 mono-
ester (106) on the basis of spectral data. A molecular ion at
m/e 237 was observed in the mass spectrum, corresponding to loss
of carbon dioxide and water from the starting monoesters. The
i.r, spectrum indicated andB-unsaturated ester with absorstion
at 1,700 and 1,650 cm—l. The u.v. spectrum confirmed this
assignment with A~ 220 nm (€ 10,900). The n.m.r. svectrum
showed two methyl siggleﬁs at & 1.90 and 2.18 ppm. The C-7 mono-
ester (105) save rise to multiniets atd 5.70 (H-2) and 5.35 (E-~7),
and the C~9 monoester (106) showed multiplets a2t & 5.82 (H-2) and
4.70 (H-9) pom, From the integration of these signals, the ratio
of C~7 to C-9 noncester is again 1:2.

The formation of the senscioyl esters (105) =nd (106) is
readily explained by dehydration and decarborrlation of the mono-
esters., A possidlz mechanism (on the C-9 monoester) is shown in

Scheme 63,

Scheme 63

0 Me(DHO |

HO CHZ\O/%/[\S N7
! H™H

-

0 Me (T) i
HO CHZ\O/U\%\/jLK/S} =
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| Scheme 63 (Continued)
0) Me o0  Hs
H CHa o\ 1A" M\
0 l/ O-H Nz
\\ H w

(106)

6.3 Synthesis of 13,13-Dimethyl-1l,2-didehydrocrotalanine

0

The use of dicrotalic anhydride was expected to lead to =
mixture of C-13 epimers in the formation of the macrocyclic ring.
Instead the presence of the hydroxy group in the zcid nortion
was crucizl and under the reaction conditions employed, denydration
and descarboxylation were observed. In order to avoid both vhese
probvlens of formation of diasteromers and dehydration, a‘different
annydride, 3,3-dimethylglutaric anhydride (107) was used in order
to prepare an anzlogue of dicrotzline.

“sterification of (+)-retronecine with commwreiszlly
available 3,3-dimsthylglutaric anhvdride nroduced a mizture of
0~7 and C-9 monocsters (Scheme 64) in = rotio 1:2 in an oxacily

analogous fashion to the reaction of (+)-retronecine wit.:
o
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Scheme 64

!

+ C-7 monoester + 0=~7 monoester

(108)

dicrotalic annhydride. Internal esterification of +this mixture
of monoesters was carried out using the Corey-Nicolaou method
with 2,2'~dipyridyl disulphide and triphenylphosshine in
dimethylformamide. ZExtraction of the bazified reaction
mixturs with chloroform zsave two main ogmponents wnich were
separated by prevarative t.l.c. The »olar minor component was
not identified. The major component, obtaincd in 47% vield =s

oY

an 0il, was charscierised as its picrate, =nl identifiedl =s
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13,13-dimethyl-1,2-didehydrocrotalanine (108) from its spectrsl
characteristics., The u.v. spectrum indicated that there was no
aL,B -unsaturated ester present. The i.r. specirum showed the
saturated ester carbonyl absorption at 1,738 cm—l. A molecular
ion was observed in the mass specirum 2t m/e 279, and a typical
fragmentation pattern for a macrocyclic pyrrolizidine diecster
was present with peaks at m/e 138, 137, 136, 120, 119, 117, 94,

93, 83, and 80. The crucial feature in the n.m.r. spectrum is

an AB quartex at & 4.08 and 5.32 pom (J 12 Hz) due to the protons

at C-9., The chemical shift differencs of 1.24 pom is rather

large for an ll-membered macrocyclic diester zlkaloid (values of

0.0 to 0,92 ppm have been observedz), but comparison with dicrotalinej
is not possible since no n.m.r. speciral data have been reported

for dicrotaline. The characteristic mass spectrum and non-
equivalence of the protons at -9 ars taken as good svidence

that an ll-membered macrocyclic diester of retronecine has been

formed,

6.4 Conclusion

lonoesterification of retronecine with dicrotalic anhydride
sroduced a mixture of C-7 and C-9 monoesters. ALitempis to close

the macrocyclic diester ring of this nonocstcer nixziure to Torm
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dicrotaline resulted in the dehydration and decarboxylation
to give a mixture of C-7 and C-9 senecioylretronecine. An
analogue of dicrotaline was prepared by using 3,3-dimethyl-
glutaric anhydride under the same esterification conditions.
This represents the first synthesis of an ll-membered

macrocyclic pyrrolizidine diester,
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CHAPTER 7 PYRROLIZIDINE ALKALOIDS FROII SENZECIO ODORUS SCH. BIF,

T.1 Introduction

Pyrrolizidine alkaloids have been identified from about 150
species of the very large Senecio genus. Very few of the succulent
species from this genus have been investigated. Therefore as
part of a plan to determine the nature of the alkaloids in =
number of succulent Senecio species, the South African succulent

plant Senecio odorus was chosen for study. This species was

investigated to see if pyrrolizidine alkaloids are present and if

so to determine whether they exhibit those structural features
considered necessary for hepatotoxic action (Chanter 1.3). As in
many studies on the pyrrolizidine zlkaloids vpresent in plants, it
was expected that chemotaxonomic relationships would be extremely
useful in arriving at structures for the zalkaloids, It is known
that the majority of Senecio species contain »yrrolizidine alkaloids
which afe macrocyclic (12 membered ring) diesters of retronecine
(40). The esterifying acids usually contain ten carbon atoms with
the carbon skeleton shown in (109). A typical representative is

senecionine (5 ).

(110) R™ = ley, R =1
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7.2 Extraction and Separation of the Alkaloids

Senecio odorus plants were obtained from Mr G.Rowley,

Department of Botany, University of Reading and they were grown
at the Department of Botany, University of Glasgow to provide
sufficient material for extraction. The fresh plant material
was extracted continuously with methanol in a Soxhlet anparatus.
The concentrated extract was taken up in dilute sulphuric acid
and extracted with chloroform., The acid solution was treated
with zinc dust to reduce any N-oxides, filtered, basified and
extracted with chloroform to give the crude alkaloid mixture in
0.038% yield. Examination of the mixture by tlc showed two
bands with the leading comvonent present in greater amount than
the second. Separation was readily effected by preparative thin

1ayer'chromatography.

7.3 Identification of Integerrimine (10) and Senecionine (5 )

G.l.c. analysis of the leading band (Rf 0.41) indicated the
presence of two compounds in the ratio of 4:1 with RS values*of
1,27 and 1,00 respectively. Comparison with an authentic
sample of senecionine showed that the minor constituent was
senecionine. From the Rf and RS values observed the most likely
structure for the major component of the mixture was integerrimine
which is a geometrical isomer of senecionine. Support for this
assignment was obtained by careful consideration of the n.m.r.
spectrum of the mixture taken in deuteriochloroform (Figureoy ),

in comparison with the n.m.r. spectirum of authentic sen:scionine

(Figure 22).

1=
)
[O¥]
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Figure 21

\

N.m.r. Spectrum of the Mixture of Integerrimine (110)
and Senecionine (5) (CDClB)
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The olefiﬂic,proton of integerrimine showed a quartet centred at
$6.50 (J 7 Hz), which is indicative of a cis-arrangement about
the double bond. This is observed at a lower field than a trans-
arrangement as in senecionine which has = guartet centred aty 5.70.
(J 7 Hz). The chemical shifts of the protons of the methyl grouns
on the double bond were also different in the two isomers.
Integerrimine had a doublet centred at O 1.75 (J 7 Bz) whereas
senecionine showed a doublet at § 1.85 (J 7 Hz). The three brozd
singlets at § 6.20, 4.98 and 4.25 correspond %o the olefinic
proton at C-2 and two methine protons at C-7 and C-8 respectively.
The signals of the methylene protons at C-9 appeared as an AB system
at § 5.90 and 4.10 (J 11.5 Hz). This chemical shift difference of
1.30 ppm is typical of a twelve-membered macrocyclic diester of
retronecine (40),

Thus the n.m.r. spectrum corresponds fully with that ex»ected
for a 4:1 mixture of integerrimine and senecionine,

The mass spectrum of the mixture of integerrimine and senecionine
showed molecular ions at m/e 335 and a fragmentation pettern typical
of retronecine macrocyclic diesters. The major fragmentation
pathway for macrocyclic pyrrolizidine alkaloids containing an allylic
ester involves fission of the allylic ester followed by breakdown
of the acid portion until only the base pzrt is lefft,. The
identity of the necine base can then usually be determined by its
characteristic fragmentation pattern. The probable fragmentation
pathway for the mixture of geometric isomers integerrimine and

senecionine is shown in Scheme 65.

Because of the small quantity of the mixture of intcgerrimine

and senecionine obiained it was not possible to separate these two
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Scheme 65

Probable fragmentation patterns for integerrimine (110)

and senecionine (5)

R
R2C
0
(110) RY- e, R°- H
(5) R'=E, R%= ie
—R— CO.Z
?O
+
0 CH»
m/e 335
\

0 H,
-t .
LD DD

N H,C~ N N
+

m/e 137 \1/ m/e 120

| CHs
l

N/
Q-F

n/e 94
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Scheme 65 (Continued) 4

(110) R'= Me, R%= H

(5) - H, R%= He

m 121
Q CH, Q CH, /e H,
w L
.—____9
N .
4o N H2 &J.

-
m/e 335 m/e 291 0 .
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alkaloids to definitely prove their structures.

Senecionine was first isolated long ago from Senecio vulgaris,

7

the common groundsel by Grandval and Lajoux

18

was elucidated by Kropman and Warreén. Integerrimine

and its structure

(squalidine) was first isolated by Barger and Blackie79 and its

78 The

structure was also elucidated by Kropman and Warren.
identity of integerrimine with sqgualidine was established by

Santavy gilgl.ao The two geometrical isomers senecionine and

integerrimine have commonly been found to occur together.

7.4 Identification of Senkirkine (111).

G.l.c. analysis of the second band (Rf 0.23) obtained by thim
layer cbromatégraphic separation of the 2lkzaloid mixture showed
the presence of one alkaloid (Rs 1.90). The i.r. spectrum
(Pigure 23, pagelld) indicated anc&ﬁ—unsaturated ester system znd
a saturafed hydrogen-bonded ester carbonyl both at 1,722 cm—l.

The absorption due to the carbon-carbon double bond of the
«f-unsaturated ester function was 2% 1,860 cm—l end a2 band at

1,640 cm-l is attributed to the carbonyl absorption of an otonecine
ester alkaloid. This occurs at an unusually low wavelength

because of the transannular interaction between the nitrogen atom
and the carbonyl group(}g ..... C:-'g.)

The presence of fragment ions in the mass snecirum of the
alkaloid at m/e 168, 151, 123, 122, 110 and 94 is characteristic
of the diesters of the seco-pyrrolizidine base otonecine (112)6.3l
The molecular ion and fragmentation pattern shown in Schemq 66

are consistent with the known alkaloid senkirkine ﬁlﬁ,

HO, o CHoOH
\ (112)
N

l
CHa
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Figure 23 I.r. Spectra of Senkirkine (111) (0014)
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Scheme 66

Probable fragmentation patterns for senkirkine (111)

[_ R —CO5H l__ R —CO,
(010 (fO
+
o GH Q o GHz
n/e m/e
A\
165 N 365 N
!
CHy CHy
v, ¢
CHz CH, ?o
0 +
l Hj C/
CH3 m/e 123 N N
; |
my e 149 \l/ CH3
m/e 321

,‘ 7\
m/e 122 +
N0

CHs



Scheme 66 (Continued)
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The n.m.r, spectrum of this alkaloid in deuteriochloroform
(Figure 24, pagel20) is similar to that published for senkirkine.82
Thus an easily recognisable AB pattern at § 5.46 and 4.39 (J 12Hz)
is indicative of a twelve-membered macrocyclic diester ring. The
one proton triplet centred at § 6.15 is assigned to the vinyl
proton at C-2. A quartet centred at§ 5.90 (J 8 Hz) =arising
from the single proton at C-20 is due to coupling to the adjacent
methyl group. It shows further allylic counling (J 1 Hz) to one
of the protons of the methylene group at C-14. A one proton
triplet at § 5.00, associated with the proton 2zt C-7, arises
from coupling with the adjacent methylene group at C-6. A three
proton singlet at$2.10 is assigned to the N-methyl group. A
doublet 2t31.90 (J 8 Hz) assigned to the methyl group at C-21,
showed further splitting by homoallylic coupling to one of the
protons of the methylene group at C-14. The protons on the C-19
methyl group gave a doublet at 0.90 from coupnling (3 7 Hz) with
the adjacent proton. A three proton singlet at}l.35 is eassigned
to the tertiary C-18 methyl group. A broad one proion singlet 2t$
1.25 is due to the hydroxyl groun. The comnlicated peaks =1 §
2,20-3,60 are due to methylene protoms at C-3, C-5, C-6, and C-14.

The structure of the alkaloid was confirmed by comnarison
of the g.l.c., i.r. (Figure 23 , pagellé ), n.m.r. (Figure 24 ,
pp.120-1), and mass spectrum with an authentic sample of senkirkine
supplied by Dr D.H.G.Crout.

Senkirkine was first isolated from the bark and leaves of

Senecio kirki Hook,f. by Briggs Ei.él-§2 and its structure was

elucidated by the same group of worXers.
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Figure 24(a)

¥.m.r. Spectrum of Isolated Senkirkine (111) (033013)
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Figure 24(b)
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T.5 Conclusion

Senecio odorus was shown to contain three pyrrolizidine

alkaloids, integerrimine (110, senecionine ( 5) and senkirkine
(1), The mixture of integerrimine and senecionine was not
separated. All these three alkaloids were found to have the
structural features considered necessary for the alkaloids to

exhibit hepatotoxicity (Chapter 1.3).
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CHAPTER 8 EXPERIMENTAL

8.1 General Notes

All melting points are uncorrected and were taken with a
Kofler hot-stage apparatus. Optical rotations were measured
with a Perkin-Elmer 141 Polarimeter. Infra red spectra were
determined with Perkin-Elmer 197, 257 or 580 Infra red Snectro-
photometers or a Perkin-Elmer 225 Grating Infra red Spectrophotometer.
Huclear magnetic resonance spectrz were determined with  Varian
T-60, Perkin-Elmer R32, or Varian XL-100 spectrometers. All n.m.T,
spectra were determined for solutions in the solvent indicated
with tetramethylsilane 2s internal standard., !ass specira were
obtainea with an ARI S 12 spectrometer,
Thin layer chromatozraphy (tlec) of alkaloids was carried
out on Kieselgel G (Merck). The alkaloids were loczted with
the modified Dragendorff reagen’c.g3
Gas liguid chromatography (glc) was carried out on a
Perkin-Elmer F1l Flame Ionization Chromatograph using a 1% SE-30
column at a temperature of 180 °C. Because of the difficulty
in reproducing retention times, senecionine was used as
standafd, and Rs values are quoted, where

R = Retention time of alkaloid
S Retention time of senecionine

Diethyl ether and tetrahydrofuran were dried over lithium

aluminium hydride and distilled orior to use.
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8.2 ZXPERIMENTAL T0 CHAPTER 3

N-Formyl-L-proline (50) - Formic acid (92 g; 2.0 mol) and

acetic anhydride (102 g; 1.0 mol) were heated at 40-50 °C with
stirring for 2 h, then L-proline (11.5 g; 0.1 mol) in formic acid
(50 ml) was added at room temperature., The reaction mixture was
stirred at room temperature for 16 h then ice-cold water (200 m1)
was added. The mixture was evaporated in vacuo to give N-formyl-
L-proline (50) as an oil that was crystallised from ethyl acetate
(13.75 &; 95.8%), m.p. 89-91 °C (1it.,*9 88-91 °¢); Vnax, (CHOL,)
3 000b, 1 730, and 1 675 cm‘l; $ (CD013) 11.53 (1H, s, COZH),
8.43 (1H, s, CHO), 4.60 (1H, m, CH-CO,H), 3.80 (2H, m, HCH,),

and 2,20 (4H, m); m/e 143 (M', 8%), 99 (52), 98 (58), 71 (42),

70 (100), 68 (33), 43 (52), 42 (33), and 41 (72). |

ttempted Cycloaddition Reaction of H-Formyl-L-wroline

with Ethyl Acrylate — N-Formyl-L-proline (286 mg; 2 mmol) was

dissolved in acetic anhydride (4 ml) and ethyl acrylate (505 mgs
5 mmol) was added. The reaction mixture was stirred and heated
at 130 oC for 4 h under nitrogen. The solvents were removed in
vacuo to give a black tarry residue which was separated by
preparative tlc (CHClB/EtZO 1:1 v/v, plate developed twice)
and gave a number of components, none of which could be identified.
A variety of reaction conditions were investigated using the
above reactants.

(a) Reactants were left at room temperature for 20 h.

(b) Reactants were heated at 110-115 °C for 10 h.

(¢) Reactants were heated at 80 °C for 20 h.

(d) A catalytic amount of BF,.3t,0 (10%) was used and the reaction

= 3
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was heated at 100 °C for 4 n.

(e) Hydroquinone (10%) was added and the reactants heated at
135 °C under nitrogen for 6 h,

(f) Ethyl acrylate was slowly added to a solution of N-formyl-
L-proline in acetic anhydride with hydrogquinone (10%) and
heated at 135 °C for 6 b,

All these reactions gave complex mixtures of products which could

not be identified.

Reaction of H-Formyl-L-proline with Diethyl Fumarate -

N-Formyl-L-proline (143 mg; 1 mmol) was dissolved in acetic
anhydride (3 ml) and diethyl fumarate (344 mg: 2 mmol) was added.
The reaction mixture was stirred and heated at 135 0C under
nitrogen for 4 h. The solvent was removed in vacuo to zive a
mixture of tetrahydropyrrolizine esters as a red-brown oil which
was separated by preparative tlc (EteO/ petrol 3:1 v/v). Thg
plate was developed twice to give three components.
The first component (Rf 0.47) as an oil (46 mg; 18%) -
was tentatively assigned as diethyl 5,6,7,8-tetrahydro-1H-
pyrrolizine-1,2-dicarboxylate (51), vmax.<C014) 1 740, 1 700,
1 600, and 1.180 cm—l; ) (c014) 7.10 (1H, s, olefinic E), 4.20
(4H, m, cozc§2CH3), 3,00 (2H, t, J THz, HCHE), 2.50 (64, m), and
1.25 (6H, m, CH,); m/e 253 (12%), 222 (8), 194 (15), 180 (100);
152 (40), 134 (40), 106 (100), and 104 (80);AmaXSEtOH) 291 nm, € 14,800.
The second component (Rf 0.36) as an oil (35 mg; 14%) was
tentatively assigned as diethyl 2,5,6,7-tetrahydro-38-oyrrolizine-
1,2-dicarboxylate (52); Voox (0014) 1 730, 1 710, 1 680, 1 600,

and 1 240 om 75 § (cc1,) 4.10 (4E, m, CO,CE,CH,), 3.50-2.00

(9H, m), 1.15 (6H, m, CHB); m/e 253 (80%), 222 (12), 206 (30),

180 (100), 152 (76), 134 (82), 108 (100), and 106 (76); Ao

(Zt0x) 200 nn, & 15,990,
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The third component (Rf 0.23) as an oil (80 mg; 32%) was

tentatively assigned as diethyl 5,6,7,8-tetrahydro-3H-
pyrrolizine~l,2-dicarboxylate (53); Viax (0014) 1 700, 1 620, and

-1
1 240 em "3 § (0014) 4.10 (4H, m, 002Q§20H3), 4.00-2.25 (9H, m),

1.20 (6H, m, CHB); m/e 253 (15%), 206 (8), 180 (100), 108 (86),

and 106 (72);Amax.(EtOH) 297 nm, € 19,500,

Reaction of N-Formyl-L-proline with Diethyl Maleate —

H-Formyl-L-proline (143 mg, 1 mmol) was dissolved in acetic
anhydride (3 ml) and diethyl maleate (344 mg, 2 mmol) was added.
The reaction mixture was stirred and heated a2t 135 °C for 4 h.
The acetic anhydride and diethyl maleate were removed in vacuo
to give a mixture of tetrahydropyrrolizine diesters which were

the same (tlc) as in the case of diethyl fumarate reaction.

Reaction of N-Formyl-L-proline with Dimethyl Pumarate -

N-Formyl-L-proline (286 mg, 2 mmol) was dissolved in acetic
anydride (5 ml) and dimethyl fumarate (576 mg, 4 mmol) was added.
The reaction mixture was stirred and heated at 135 oC under
nitrogen for 4 h, The acetic anhydride and dimethyl fumarate
were removed in vacuo to give a mixture of tetrahydronyrrolizine
diesters as a red-brown oil which was separated by preparative
tlc (EtZO/petrol 3:1 v/v). The plate was developed twice to
give three components.

The first component (Rf 0.50) as an oil (81 mg; 18%) was
tentatively assigned as dimethyl 5,6,7,8=tetrahydro-1i-
pyrrolizine-1,2-dicarboxylate; vmax.(CC14) 1 740, 1 700,

1 660, 1 600, and 1 200 cm‘l; S (0014) 6.80 (1H, s, olefinic ),

4.30 (1E, m, uCH), 3.80 (2§, m, HCH,), 3.65 (3H, s, CHy), 3.€0
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(3, s, CHB), and 3.20-1.80 (SH, m); m/e 225 (M', 30%), 194 (22),
166 (100), 134 (100), and 106 (30).

The second component (Rf 0.37) an oil (68 mg; 15%) was
tentatively assigned as dimethyl 2,5,6,7-tetrahydo~3H-pyrrol-
izine-1l,2-dicarboxylate; Vmax (0014) 1 740, 1 715, 1 680,

1 600, and 1 250 om™t

3 & (ccl,) 4.15 (18, 4, J 9 Ha), 3.70 (3H, s,
CHB), 3.60 (3H, s, CHB), 3.38 (1H, 4, J 9Hz), 3.20-2.20 (TH,m);
m/e 225 (M', 45%), 194 (30), 166 (100), 134 (100), and 106 (30).

The third component (Rf 0.23) isolated as an o0il (90 mg, 20%)
was tentatively assigned as dimethyl 5,6,7,8-tetrahydro-3H-

pyrrolizine-l,2-dicarboxylate; (001 ) 1 740, 1 690,

max
1 625, and 1 200 cm’l; S (0014) 4.20-3.90 (4H, m, ncnz), 3.65
(3H, s, CHB), 3.55 (3E, s, CH3), and 3,20-2.12 (5H, m); m/e 225

(u¥, 35%), 194 (12), 166 (100), 134 (100), and 106 (100).

Reaction of N-Formyl-L-oproline with Dimethyl Acetylene

Dicarboxylate — N-Formyl-L-proline (143 mg; 1 mmol) was dissolved

in acetic anhydride (5 ml) and dimethyl acetylene dicarboxylate
(284 mg, 2 mmol) was added, The reaction mixture was heated at

135 °C under nitrogen for 2 h., Acetic anhydride and dimethyl
acetylene dicarboxylate were evavorated in vacuo to give dimethyl
2,3-dihydro-iH-pyrrolizine-6,7-dicarboxylate (55) (203.8 mg; 91.4%)
as large prisms,m.p. 88-89 °¢ (from ethyl acetate) (Lit.d,'5 0il),

(Found: C, 59.4; H, 5.6; N, 6.15. Cy H,,N0, recuires C, 59.19;

(cc1.) 2 980, 1 730, 1 700, 1 445, 1 065 om s

H, 5.83; N, 6.28%) v 27

max.
§ (cze1,) 7.12 (1H, s, -5), 3.96 (2%, t, J 7 Hz, H-3), 3.80 (6,

236), 3.04 (24, t, J 7 Ez, E-1), ond 2,50 (2%, m, H-2); m/e

203 (i*, 50%), 192 (100), 191 (79), 164 (10), 162 (40), 134 (15),

s, GO

~~Ad 7 =\ R ~~n 3 .
133 (32), 105 (22), and 77 (15). T.r.,u.v., cnd n.m.r., 2nd mecs snecips
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were in accord with the reported values4d for this compound

(obtained as an oil),

Synthesis of (Z)-Supinidine

Reaction of N-Formyl-L-proline with Ethyl Proniola’tel2

N-Formyl-L-proline (1.43 g, 10 mmol) was dissolved in acetic
anhydride (10 ml) and ethyl propiolate (4.9 g, 50 mmol) was added.
The reaction was heated at 135 °C under nitrogen for 4 h. Excess
acetic anhydride and ethyl propiolate were removed in vacuo to
give a red-brown o0il which was distilled through a short-nath
distillation apparatus to give ethyl 2,3-dihydro-1H-nyrrolizine-
T-carboxylate (7 ) as an oil (b.p. 100 °C/0.5 mm Hg) (1.485 g; 83%)
Vnax. (0014) 1 700 cm’l; ) (CDClB) 6.55, 6.65 (2H, AB q,~J 3 Hz, E-5,6)
4.30 (2H, q, J THz, cgzcn3), 4,00 (2H, t, J THz, HCHQ), 3.10 (2H,
t, J 7Hz, allylic H's), 2.60 (2E, m, CHZ), and 1.40 (3H, %, J THz,
CHB); m/e 179 (#", 20%), 150 (60), 134 (100), 106 (98), 105 (30),
80 (15), 79 (44), 78 (51), and 77 (60); A, (5%0H) 233 ( & 15,600)
and 255 ( € 12.700) nm,

Attempted Partial Reduction of Zthyl 2,3-Dihydro-lH-oyrrolizine-

T-carboxylate (7 ) - Hydrochloric acid (20%, 15 ml) was cooled to

6] oC and zinc dust (3g) was added with vigorous stirring. Ethyl
2,3-dihydro-1H-pyrrolizine-7-carboxylate (358 mg; 2 mmol) was added
slowly., After all the dihydropyrrolizine ester had been added
concentrated hydrochloric acid (6 ml) was added and the stirring
continued at OOC for 6 h and at room temperature for 18 h.

The remaining zinc was filtered through celite and washed with

a little water. The filtrate was basified with concentrated

sodium hydroxzide solution to pH 10-12 and then extracted with
chloroform (4 x 250 ml). The chloroform extracts were dried over
anhydrous sodium sulphate and evavorated to give a yellow oil

which was separated by preparative tlc (EtZO/DetPOI 4:1 v/v).



The plate was develovned twice and gave three components., 129
The first component (Rf 0.55) was starting material (42 mg).
The second component (Rf O.35l a pale yellow oil, is probably
ethyl 2,5,6,7-tetrahydro-3H-pyrrolizine-l-carboxylate (12)

(66,2 mg; 18.3%) Vmax.(CC14) 1 680, 1 620, and 1 250 cm‘l;

S (0014) 4.10 (2H, q, J 7Hz, Q§2CH3), 3.40-2.20 (10H, m), and
1.30 (3H, %, J 74z, CH,); m/e 181 (u*, 324), 136 (75), 108 (100),
and 80 (55); hmax'(EtOH) 302 nm, € 11,800,

The third component (Rf 0.26) a pale yellow oil was a dimeric
pyrrolizidine ester (58)(104.6 mg; 29.2%) vmax‘(CCI4) 1 710,
1 690, 1 675, 1 620, and 1 200 cm’l;g (0014) 6.18 (1H, s,
olefinic H), 4.10 (4H, m, cg20H3), 3.90-2.20 (15H, m), and 1.20
(6, m, CHy); m/e 358 (1%, 32%), 313 (12), 285 (55), 239 (30),
212 (35), 179 (12), 181 (25), and 106 (100); A___ (ZtOH) 300 nm
( € 3,140)

Ethyl endo-pyrrolizidine-l-carboxylate (22) — Ethyl 2,3~

dihydro-1H-pyrrolizine-7-carboxylate ( 7) (1.074 g; 6 mmol) in
acetic acid (20 ml) was hydrozeisted at 21 torr using 10% Pd/C (1 &)
for two days at room temperature., The catalyst was removed by
filtration through Celite and evaporation of the solvent gave

ethyl endo-pyrrolizidine-l-carboxylate (22) (1.05 g3 96%) as an oilj
Vmax.(CCl4) 2 950, 1 735, and 1 250 cm‘l; S (CD013) 4.20 (28, q, J
THz, Q§20H3), 3.70-1.80 (12H,m), and 1.30 (3H, 1%, CH3); m/e 183

(r*, 204), 182 (12), 179 (15), 164 (27), 154 (20), 150 (17), 148
(15), 138 (25), 134 (20), 110 (15), 108 (15), 98 (50), 83 (100),

80 (10), and 70 (70).

. ) 8 )
The picrate had m.p 119-121 °c <1lt-}9 119-121 "C and 4 119.5-120 C)

(Found: C, 46.42; H, 4.55; X, 13.45. 01632011409 requires C, 46.60;

H, 4.85; N, 13.55%).
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Ethyl 5y6,7,8-Tetrahydr0—3H-pyrrolizine-l—carboxylate (19) -

To a solution of lithium di-isoprovylamide [prevared from
di-isopropylamine (0.62 ml, 5.67 mmol) and 1.TM n-butyl lithium

in hexane (3.44 ml; 5.76 mmol)] in dry tetrahydrofuran (10 ml)

at =78 °C was added dropwise during 1 h a solution of the ester

(22 (732 mg; 4 mmol) in dry tetrahydrofuran (4 ml) under nitrogen.
The solution was stirred at -78°C for 1 h then phenyl selenenyl
chloride (864 mg; 4.5 mmol) in dry tetrahydrofuran (4 ml) vas

added rapidly and the solution was stirred for a further 2 h at

-78 OC. The reaction mixture was warmed to O oC, glacial acetic
acid (15 ml) and 27% hydrogen peroxide (4 ml) were added and stirred
for 1 h, then at room temperature for 20 h. After basification

(pH 10), the mixture was extracted with chloroform (4 x 50 ml),

and the chloroform extracts were dried (K2003), filtered, and
concentrated to give a yellow oil., Prenarative tlc (CHClB/CH3OH/I§H3

85:14:1) gave the major component ethyl 5,6,7,8-tetrahydro—3H-

pyrrolizine-l-carboxylate (R, 0.57) as an oil (435 mg: 6 )

”max.(CC1A) 1 720, 1 640, and 1 250 cm‘l; S (0014) 6.58 (1H, m,
olefinic H), 4.15 (24, q, J THz, CEZCHB), 3.90-1.70 (9H,m), and

1.25 (384, t, J THz, CHy); m/e 181 (1", 26%), 179 (14), 153 (19),

150 (19), 136 (50), 134 (24), 108 (25), 106 (13), =nd 80 (38).
The picrate had m.p. 156-158 °¢ (from ethanol) (Found: C, 46.50;:

H, 4.29; ¥, 13.66. 016H18N409 requires C, 46.803 H, 4.39: ¥, 13.67%).
G.l.c. on 5% Carbowax, 1% KOH, 20 mesh =t 120°¢C gave 1 peak.

(1)—Supinidine (1) and (£)-Isoretronecanol (9) - A solution

of ethyl 5,6,7,8-tetrahydro-3H-pyrrolizine-1- carboxylate (19)
(90.5 mg; 0.5 mmol) in anhydrous ether (4 ml) wes slowly added to
a precooled (-15 °¢) suspension of lithium aluminium hydride

(38 mgy 1.0 mmol) in ether (4 ml) under nitrogen. The mixture

)
wes stirred for 2 h at =15 C and 1 h at room temderature.
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Excess lithium aluminium hydride was destroyed by the slow addition
of wet ether followed by 20% sodium hydroxide solution (0.3 ml).
The resuliing suspension was filtered through Célite, dried
(sodiﬁm sulphate), filtered, and concentrated to give a yellow oil.
Preparative tlc (CHCl3/CH3OH/HH3 5:4:1) gave two major products.
(£)-Supinidine (1) was isolated at Re 0.55 as an oil, (31 mg;
45%) vy (CHCL.) 3 320 and 1 600 o™ '3 d (coe1,) 5.49 (18, m,
E-2), 5.12 (1H, br s, OH), 4.13 (24, s, H-9), 4.00 (1H, m, H-8),
3.80-3.35 (2H, m, H-3), 3.1 and 2.5 (2H, m, H-5), 2.2-1.5 (4H, m,
B-6 and H-T); m/e 139 (', 55%), 138 (15), 122 (50), 121 (35),
120 (73), 111 (20), 108 (42), 106 (40), 94 (18), and 80 (100).
I.r.y, n.m.r, and mass spectra were in accord with renorted values
for supinidine.13 The picrate had m.n., 125-126 °C (from ethanol)
(1it.,13 124-126 °c) (Pound: C, 45.5; H, 4.4; ¥, 15.0. €1 4F16%,0
requires C, 45.63 H, 4.4; ¥, 15.2%).

The second component, R, 0.30(22 mg; 21%) was endo-(I)-1-

f
hydroxymethylpyrrolizidine (isoretronecanol)( 9) vmax.(CH013)

3 300 cm‘lg S (03013) 5.25 (1H, br s, OH), and 3.70-1.80 (14H,
complex ); m/e 141 (¥*, 42%), 140 (29), 124 (29), 110 (27),

108 (27), 97 (76), 84 (29), 83 (100), ard 82 (78). I.r., n.m.r.,
and mass spectira were in accord with reported values for (X)-
isoretronecanol56 . The picrate had m.p. 187-189 °c (from

ethanol) (1it., +7 187-189 °C and C 188-190 °C)(Found: C, 45.3:

T 3 5 . I Py C:é
H, 5.2; N, 15.1. 014318N4O8 requires C, 45.43 H, 4.95 N, 15.1%).

Phenylselenation of the Zster (22) - To a solution of lithium

di-isopropylamide [prepared from di-isoprovylamine (1.24 ml:
11.52 mmol) and 1.7H n-butyl lithium in hexane (6.8 ml, 11.52 mmol)]
in dry tetrzhydrofuran (10 ml) at -78°C, 2 solution of the ester

(22) (1.464 g, 8 mmol) in dry tetrahydrofuran (4 ml) was added
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dropwise during 1 h under nitrogen., The solution was stirred

at -78 °¢c for a further 1 h then phenylselerenyl chloride (1.728 g,

9 mmol) in dry tetrahydrofuran (4 ml) was added rapidly and the
gsolution stirred at =78 °¢ for 3 h and then poured into water

(50 ml). The mixture was extracted with ether (80 ml) and
chloroform (3 x 80 ml), After drying (sodium sulphate), filtering
and concentrating, the organic layers yielded = browm oil containing
one major component, R, 0.55 (CHC13/CH30H/HH3 85:14:1).

Preparative tlc afforded ethyl l-phenylselenenylpyrrolizidine—

l-carboxylate (59) as a pale yellow oil (1.55 g, 57%) “max.(0014)
1 720 and 1 580 om 13 § (€DC1,) 7.50 (5H, m), 4.20 (2H, @, J THz),
3,8-2.0 (11H, complex,m), and 7.20 (3H, %, J THz); m/e 339 (43),
337 (20), 182 (100), 181 (50), 158 (23), 154 (26), 136 (29), 110
(20), 108 (26), 83 (50). The picrate had m.p. 155-157 °C (from
ethanol) (Found: C, 46.3; H, 4.1; H, 9.8. 022H24N4O9Se requires

C, 46.65 H, 4.2; ¥, 9.9%).

57
Reduction of the phenylselenenyl ester (c0) = A solwtion of

the ester (59) (339 mg, 1 mmol) in dry ether (4 ml) was added to

a cooled (-15 oC) suspension of lithium aluminium hydride (76 mg,

2 mmol) in dry ether (4 ml) under nitrogen. The mixture was stirred
for 2 h at —1500 and 1 h at room temperature., Excess lithium
aluminium hydride was destroyed by the slow addition of wet

ether followed by 20% sodium hydroxide solution (0.5 m1). The
resulting suspension was filtered through Celite, dried (sodium
sulphate), filtered, and concentrated to vield a yellow oil,

Preparative tlc (CHCl3/CH3OH/NH3 85:14:1) zave the major comnonent

l—hydroxymethyl—l—phenylselenenylpyrrolizidine (61) at Rf 0.25 as

a pale vellow oil (183.4 mg, 62) which afforded crystals from

o
ethyl acetate, m.p. 125-127 "G5 v

L

(kBr) 3 400 and 1 580 om™
a:J:. )
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o (€De1,) 7.40 (5H, m), 3.50 (1K, s, OH), 3.60-2.00 (13H, complex):
m/e 297 (1",8%), 158 (40), 139 (60), 130 (40), 122 (45), 120 (60),
108 (30), 83 (100), and 78 (100). (Found: C, 56.63 H, 6.435 N, 4.5.

014H19H08e requires C, 56.7; H, 6.4; N, 4.7%4).

(£)-supinidine (1 ) - The phenylselenenyl alcohol (61)

(183.4 mg; 0.61 mmol) in acetic acid (5 ml) was mixed with 27%
hydrogen peroxide (1 ml) and stirred at O ° for 1 n and at room
temperature for 12 h, After basification (pH 10), the mixture was
extracted with chloroform (4 x 25 ml) and the extracts were dried
(potassium carbonate), filtered, and concentrated to give a vpale
yellow oil., Preparative tlc (03013/CH30H/HH3 5:4:1) gave the major

component as an oil (Rf 0.55), (50 mgs; 59%) v (05013) 3 320 and

aX
1 600 cm‘l; ) (CD013) 5.49 (1H, m, H-2), 5.12 (1H, br s, OH),
4,13 (2H, s, H-9), 4.0 (1H, m, H-8), 3.80-3.35 (2H, m, H-3), 2.50
and 3.10 (2H, m, H-5), 2.20-1.50 (4H, comolex, H-6 and H-7); m/e
139 (¥, 55%), 138 (15), 122 (50), 121 (35), 120 (73), 108 (42),

106 (40), 94 (18), 80 (100).

13 104126 0)

The picrate had m.p. 125-126 °C¢ (from ethanol) (lit.,
(Pound: C, 45.55 H 4.4; ¥, 15.0. Cy,H N Og requires C, 45.6: E, 4.4:

N, 15.2%).

Ethyl (L)-Pyrrolizidine-l-exo —carboxylate (62) - Ethyl

(i)— pyrrolizidine-l-endo-carboxylate (22) (91.5 mg: 0.5 mmol) was
added to the reaction mixture of sodium (12 mg; 0.5 mmol) and
absolute ethanol (5 ml). After 12 h at 60 °C, the mixture was
cooled and poured into cold dilute hydrochloric zcid, the pH zjusted
to 3-4, and washed with chloroform. The epimerisation nroduct was

72l v vith ch Torn,
then extracted from the allkaline agueous layer with chloro 7
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The combined extracts were dried over anhydrous sodium sulphate,

filtered, and concentrated in vacuo to give ethyl (i)-pyrrolizidine—

1-exo-carboxylate (62) as a pale yellow oil (64 mg; 70%) v

max,
-1
(cc14) 1 735 and 1 180 em 3§ (CDCl3) 4.15 (2H, q, J THz, Q§20H3),

3.65 (1H, m, B-8) 3.20-1.70 (11H, complex), and 1.25 (3H, t, J

THz, CH,); m/e 183 (1", 10%), 138 (16), 136 (12), 110 (24), 108

(48), 83 (100), 82 (80), 2nd 80 (48).£Zf?§iﬂlﬁ'6*Q R;Lﬁi;%;%ﬁifg;i:j?
The picrate had m.p. 141-143 °C (from ethanol) (Found: C, 46.47T;

H, 4.88; N, 13,66, C requires C, 46.60; H, 4.85; N, 13.59).

16H20H4O9

(£)-Trachelanthamidine (35) - A solution of ethyl ()=pyrrol-

izidine-l-exo-carboxylate (62) (40 mg; 0.4 mmol) in dry ether (5 ml)
was added to a suspension of lithium aluminium hydride (30 mgs

0.8 mmol) in dry ether (4 ml) under nitrogen. The mixzture was
stirred for 2 h at room temperature., Zxcess hydride was destroyed
by slow addition of wet ether followed by 1l sodium hydroxide
solutién (0.1 ml). The resulting susoension was filtered through
Celite, washed with chloroform and the combined solvents dried
(sodium sulphate), filtered and evaporated in vacuo to yield
(¥)—trachelanthamidine (10) as an oil (28 mg, 97%) & (CD013)

3.62 (28, d4, J THz, B-9), 2.55 (1H, br s, OH), 3.30-1.20 (12 E,
complex). m/e 141 (u%,35%), 140 (30), 124 (25), 113 (10), 110
(25), 108 (10), 97 (20), 83 (100), 82 (100), =and 80 (20).

8
The picrate had m.p. 173-175 °c (1it., 4 174-175°¢C) Vmax.(KBr)

3 560, 3 050, 1 640, 1 565 cm—l; The n.m.r. and mass spectra

56,59

of trachelanthamidine were consistent with reported values,
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8.3 EXPLRIMENTAL TO CHAPTZR 4

(28, 4R)-N-Formyl-4-formyloxyproline (65) - Formic acid

(69 g3 1.5 mol) and acetic anhydride (76 g; 0.75 mol) were
stirred at room temperature for 1 h, (25, 4R)-4-hydroxyproline

[ naturally occurring 4-hydroxyproline[d3§5 -75.3 ° (¢ 20, water)]
(10 g; 0.076 mol) in formic acid (20 ml) was added. The reaction
mixture was stirred at rocm temperature for 12 h. The solvent

was removed in vacuo to give (2S5,4R)-N-formyl-4-formyloxyproline

(éé) as crystals (12,93 g; 91%) m.p. 171-173 °C (from methanol)
(Found: C, 44.763 H, 4.71; H, 7.27. C7H9N05 requires C, 44.92:

H, 4.87; N, 7.48%)[ci]%8‘4 ~74.04 ° (¢ 5, methanol); v (KBr)

max,
3 000, 1 765, 1 718, and 1 620 cm'l; ) (CD3OD) 8.35 (1H, s, CHO),
8.15 (14, s, CHO), 5.50 (1H, m, H-4), 4.60 (1H, m, H-1), 3.70
(°H, m, B-3), and 2.50 (2E, m, H-5); m/e 187 (u", 5%), 169 (9),
143 (22), 142 (9), 141 (12), 113 (9), 97 (25), 96 (75), 71 (18),

69 (9), and 68 (100).

Dimethyl (+)-2d-formyloxy—2,3-dihydro-1H-pyrrolizine-6,7—

dicarboxylate (64) - A solution of (28,4R)-N-formyl-4-formyloxy-—

proline (374 mg; 2 mmol) and dimethyl acetylene dicarboxylate

o
(568 mg3 4 mmol) in acetic anhydride (6 ml) was heated at 140 ~C
for 4 h under nitrogen. Ixcess reagenits vere evaporated in vacuo

to give dimethyl (+)-2{-formyloxy-2,3-dihydro-1H-pyrrolizine-

6,7-dicarboxylate (64) (465 mg; 87.1%) as large vrisms m.D.

2 o .
85-86 °C (from ethyl acetate)[dJD5 +31.4 (c 5, CHCIB) (Found:
C, 53.86; H, 5.07; ¥, 5.14. Cj,H N0, requires C, 53.93; H, 4.87;
-1
2 an : CDC1
N, 5.24%) vmax’(KBr) 1 720, 1 620, 1 280, and 1 190 cm S ( 3)
8,00 (1, s, CH0), 7.19 (1H, s, H-5), 5.85 (1, m, H-2), 4.30

(2H, m, H-3), 3.81 (6H, s, CH;), and 3.35 (2, my B=1)5 A

(utorr) 280 am, € 12,500,
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m/e 267 (4", 18%), 236 (20), 220 (70), 189 (100), 188 (80),

161 (50), 159 (28), 132 (20), 131 (18), 117 (16), and 110 (28).

Dimethyl (+)—2drhydr01y—2,B-dihydro—lH-nyrrolizine—6,7—

dicarboxylate (66) - Dimethyl (+)-24-formyloxy-2,3-dihydro-1H-

pyrrolizine-6,7-dicarboxylate (64) (267 mg, 1 mmol) was dissolved
in methanol (10 ml) and 50% sodium hydroxide solution (10 wl) was
added. The reaction mixture was stirred at room temperature

for 10 h, then extracted with chloroform (3 x 30 ml). The
chloroform extracts were dried (sodium sulphate), filtered, and

evaporated to give dimethyl (+)-2d-hydroxy-2,3-dihydro—1H-

pyrrolizine—6,7-dicarvoxylate (66) (225 mg; 94%) as crystals

m.p. 89-90 °C (from ethyl acetate)[ng5 +32.627 (¢ 5,03013)

(Found: Cy 55.235 Hy 5,545 H, 5.63. CllHl3N05 requires C, 55,23
1

H, 5.443N, 5.86%) v nax (xBr) 3 480, 3 300, and 1 720 cm
S (CD013) 7.10 (18, s, H#-5), 5.00 (1¥, m, H-2), 4.10 (2H, m,

H-3), 3.80 (68, s, CH.,), and 3.20 (2H, m, E-1)3 m/e 239 (i1, 60%),

3
208 (100), 207 (57), 190 (90), 178 (37), 164 (27), 160 (15),

134 (17), Moo, T40H) 260 nm, & 11,300.

Bthyl (4+)— 2d-formyloxy—2,3—dihydro-1H-pyrrolizine—7-

carboxylate (67) — A solution of (28,4R)-N-formyl-4-formyloxy-

L-proline (65) (1.87 g; 10 rnmol) and ethyl propiolate (4.9 g, 50
o 3
mmol) in acetic anhydride (10 ml) was heated at 140 "C for 10 h

under nitrogen. Excess reagents were evavorated in vacuo leaving

a red-brown o0il which was distilled through a short path
distillation apvaratus b.p. 136-140 °c (0.8 mn Hgz) to give an oil
which crystollised from ctisr os needlas((l.792 3z, 50.4 <€) m.o,
62.5-63,5 ¢ (Tound: C, 59.27: ¥, 5.703%, 5.98. Cp;¥, .10, requires

ar

- O 18-4 S e . \
¢, 59.19: H, 5.83; 1, 6.267) [X]7"" 35,37 (e 4, €201,)5 v . (001,)

1 )
» 2T A foaery 24T am 1A mEn, Aot
17301 1 715, 1 220 ant L 170 e Ty iwiCn) ol onm, g L. D 6‘\4—“’—-7,/

JES MNP )
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8.10 (1H, s, CHO),6.60,6,65 (28, ABq, J 3H2,H-5,6)5.90 (1H, m,
H-2), 4.30 (4H, m, H-3 and CEZCHB), 3.40 (2H, m, H-1), and 1.35

(34, t, J THz, CH,); (Found: N*, 223.08483, C11%, 480, Tequires
M, 223.08444); m/e 223 (K', 9%), 179 (6), 178 (1), 177 (16),

123 (84), 92 (16), 93 (100), 85 (19), and 83 (28).

Bthyl (+)—2&rhydroxy—2,3-dihydro—lepyrrolizine-?-carboxylate

(8) - A solution of ethyl (+)-2d-formyloxy-2,3-dihydro-1H-
pyrrolizine-7-carboxylate (67) (1.784 g; & mmol) in ethanol

(100 ml) with concentrated ammonia solution (10 ml) was stirred
at room temperature for 16 h. The solvent was removed in vacuo
and the residue dissolved in chloroform (50 ml) which was washed
with water (2 x 30 ml) and dried ( sodium sulphate) then filtered

and evavorated to give ethyl (+)-2d-hydroxy-2,3-dihydro-1H~

pyrrolizine-7-carboxylate ( 8) as a pzle yellow oil in

gquantitative yield.[d]%8’4 +34.6° (c 4, CHCIB) vmax.(Film) 3 350,

1 680, and 1 560 cm_l;é (CDCl3) 6.60 6.50 (2H, ABq, J 3 Ez, H~5,5),
5.00 (1B, m, H-2), 4.20 (4H, m, H-3 and qgQCHB), 3.20 (2H, m, H-1),
and 1,30 (3H, %, J THz, qu); (Found: 1%, 195.08968. 010H13Ho3
requires M, 195.08953) m/e 195 (1", 95%), 177 (15), 150 (100),

132 (50), 122 (40), and 94 (40). xmay_.(ztOH) 252 nm, &€ 11,370,

Ethyl (+)-&l-hydroxy-8B8—nyrrolizidine-ld—carboxylate (63) -

A solution of ethyl (+)-2-hydroxy-2,3-dihydro-lH-pyrrolizine—
T-carboxylate (8 ) (1.95 g310 mmol) in acetic acid (30 ml) was
hydrogenated at 21 torr using 10% Pd/C (2 g) as catalyst., The
reaction was shaken at room temperzture for 2 days. The catalyss
was removed by filtration through Celite and the filirate was

. . s ) . red i
concentrated in wvacuo to give a residue which was dissolved in
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chloroform (100 ml). This solution was dried (potassium carbonate),
filtered, and concentrated in vacuo to yield ethyl (+)=-6d—nydroxy—
8B-pyrrolizidine~ld-carboxylate (58 ) as needles (1.602 g3 20.5%)
m.p. 109-110 °C (from ethyl acetate)[dJ%8'4 +73.4%(c 4, CHOL,)
vmax.(KBr)”br3 100, and 1 720 cm—l;6 (CDCl3) 4.38 (1H, m,>H—6),
4.15 (2H, q, J THz, quCH3), 3.75 (1H, q, J 7Hz, H-8), 3.25-2,00
(10H, complex), and 1.25 (3H, J THz, CH3); m/e199 (¥, 12%),

155 (16), 154 (19), 126 (6), 106 (28), 99 (47), and 82 (100);

(Found: C, 60.40; H, 8.38; ¥, 7.10. C,.E _X

10817 O3 reguires C, 60.30;

H, 8.545 ¥, 7.03%).

Bthyl (+)-6d-hydroxy—l-phenylseleno-8B8-pyrrolizidine—1l—

carboxylate (70) - A solution of ethyl (+)-6d-hydroxy-88-

pyrrolizidine-ld—-carboxylate (68) (597 mg: 3 mmol) in tetra-
hydrofuran (10 ml) wes added dropwise during 30 min at -78 °c

to a solution of di-isoprovylamine (0.7l ml: 6.48 mmol) and

1.7 H n;butyl lithium in hexane (3.87 ml; 6.43 mmol) in dry
tetrahydrofuran (10 ml). After stirring at -7800 for 1 h,
phenylselenenyl chloride (1.243 g; 6.48 mmol) in dry tetrahydro-
furan (3 ml) was added rapidly at -78 °c. The reaction mixture
was stirred at this temperature for 3 h then poured into water
(50 ml) and extracted with ether (50 ml), followed by chloroform
(3 x 50 ml). The solution was dried (sodium sulphate), filtered,
and concentrated in vacuo to give a yellow oil. Prevarative tlc

(CHCl3/CH30H/NH3 85:14:1) gave ethyl (+)-6d-hydrozy-l-vhenyl-

seleno—8B-pyrrolizidine-l-carboxylate (70) (Rf 0.45) as 2 nale

18.4 ° - -
yellow oil (639 mg; 60,15 [et] 7 +36.9 (c 4, 03013): vmax.(C“ClB)
3 400, 1 720, and 1 580 om '3 § (cpe1,) 7.50 (5H. m, Ph), 4.40

(lH, m, H=6), 4.10 (21, m, C*ET,_ZCHB), 3,80-1.80 (10H, com»lex),
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and 1.20 (3H, m, CHi)5 w/e 355 (K', 24%), 353 (12), 198 (40),

197 (24), 158 (28), 154 (33), 152 (30), 125 (15), 126 (17), 106
(40), 99 (100), and 78 (52).

Ethyl (1}—6dphydroxy-l-hydroxymethyl—l—phenylseleno—SB-

pyrrolizidine (71) - 4 solution of ethyl (+)-6d~hydroxy-1-

phenylseleno-8B-pyrrolizidine~l-carboxylate (70) (500 mg; 1.412
mmol) in dry ether (10 ml) was added slowly to a cold (-15 °c)
suspension of lithium aluminium hydride (69.2 mg; 2.82 mmol) in

dry ether (10 ml) under nitrogen. The reaction mixture was stirred
at =15 OC for 2 h then at room ftemperature for 1 h., Yet ether

(10 ml) followed by 1M sodium hydroxide solution (0.5 ml) were
slowly added. The resulting suspension was filtered fthrough

celite which was then washed with chloroform. The combined
solutions were dried (sodium sulphate), filtered, and evaporated

in vacuo to give a yellow oil. Prevarative tlc (CH‘Cl3/CH30H/NH3

85:14:1) afforded ethyl (-)-6d-hydroxy-l-hydroxmethyl-l-vhenyl-

seleno—8B—pyrrolizidine (71) (253 mg; 57.5¢) as crystals m.p.

148-150 °C (from chloroform)[aL]%8'4 -32.14° (c 5, CHCl3) Vmax.

(CHCl3) 3 400 and 1 580 cm’l; b (03013) 7.50 (54, m, Ph), 4.50

(1H, m, H-6), 4.15 (2H, s, B-9), 3.75-1.20 (11H, comolex) m/e

313 (i%, 10%), 311 (6), 156 (18), 155 (50), 139 (20), 112 (30),

99 (100), 78 (30), and 77 (16); (found: C, 53.69; H, 6.14: N, 4.20.
G141 g0 Se requires C, 53.85; H, 6.09; i, 4.49%).

Lr)—éd—Acetoxy—l-acetoxymethy1—5,5y7q8 —tetrahydro—3H~

pyrrolizine (74) - A solution of ethyl (-)—bd-hydroxy-1-

hydroxymethyl—l—phenylseleno—Bﬁ—pyrrolizidine (71) (172 mg;s

0.55 mmol) in ace%ic anhydride (6 ml) and oyridine (2 ml)



140
was stirred at room temperature for 16 h. The solvent was
removed in vacuo to give the diacetate which without purification
was treated with 27% hydrogen peroxide solution (2 ml) in acetic
acid (5 ml). The reaction mixture was stirred at room temperature
for 16 h thenbasified with saturated sodium carbonate solution
to pH 10 and thenextracted with chloroform (4 x 30 ml). The
extracts were dried (sodium sulphate), filtered, and concentrated
in vacuo to give a pale yellow oil. Preparative tlec (CHClB/CHBOH/

HH3 85:14:1) afforded (-)-6&—acetoxy—l-acetoxymethyl—5,6,7,8—_

tetrahydro-3H-pyrrolizine (74)_(Rf 0.28) as an oil (82.4 mg;

62.5%)[oél%8'4 -45.o°(c 5, CHCl3); Vmax.(CCl4) 1 750 and 1 230 cm’l;

& (CDCl3) 5.75 (1, m, H-2), 5.50 (1#, m, H-6), 4.65 (2H, s, H-9),
4.60-4.20 (5H, complex), 3.90-2.90 (2H, m, H-7), 2.08 (3H, s, CH3),
and 2.00 (3E, s, CH,); n/e 239 (M%7, 3%), 155 (25), 112 (25), 111
(75), 94 (30), 93 (25), and 80 (100).

The picrate had m.p. 115-117 °C (from ethanol) (Found: C, 46.06;

H, 4.20; N, 11.99, 018H20N4011 requires C, 46.15; H, 4.27; N, 11.96%).

(+)—6d~hydroxy-ld-hydroxymethyl-8B-vyrrolizidine (69) -~ Ethyl

(+)=6d~hydroxy-8f-pyrrolizidine-ld-carboxylate (68) (119.4 mgs

0.6 mmol) in dry ether (10 ml) was added to a susvension of

lithium aluminiuwm hydride (45.6 mg; 1.2 ﬁmol) in dry ether (10 ml)
under nitrogen at room temperature. The reaction mixture was stirred
at room temperature for 2 h, then wet ether (10 ml) was slowly

added followed by 1if sodium hydroxide solution (0.5 ml). The ether
was removed and the residue was extracted with hot chloroform

(5 x 20 ml). The combined solutions were dried (sodium su'»hate),
filtered and evaporated in vacuo to give (+)-éd—hydroxy—hi—hydroxy_

R , . 18.4
methyl-8B-pyrrolizidine (69) (83.7 me; 28.85%) as an 011[(’{']D
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+68.2 ° (¢ 4, methanol) Vinax, (FiIm) 3 350 om™1; § (¢D40D) 4.80
(28, broad s, OH), 4.30 (1H, m, H-6), 3.62 (2H, 4, J THz, H-9),
3.50-1.20 (10H, complex); m/e 157 (1%, 304), 156 (25), 140 (20),
113 (40), 106 (40), 99 (55), 85 (30), 93 (40), 82 (100), end

80 (25).

The picrate had m.p. 151-152 °C (Zthanol) (Found: C, 43.20; H,

4.62;8, 14.27. 014H18N409 requires C, 43,50; H, 4.86; N, 14.50%).

Ethyl 6-chloro-8f-pyrrolizidine-ld-carboxylate (79) -

Bthyl (+)-6d-hydroxy-8B-pyrrolizidine-ld—carborylate (68) (995 mg;
5 mmol) was treated with thionyl chloride (40 ml) at 5 °C and then
heated at reflux for 5 h, HExcess of the reagent was evaporated

in vacuo to give ethyl 6-chloro-8B-oyrrolizidine-ld-carboxylate HCL

(1.144 g5 90.1%) as crystals m.p. 172-174 °C (from acetone) Ve
(KBr) 2 515, 2 300, and 1 740 cm‘l;é (03013) 4,90 (1H, m, H-6),
4.20 (2H, q, J THz, 0520H3), 4.00-3.40 (6H, compnlex), 2.40 {4H,
complex), and 1.22 (3H, %, J THz, CHB): (Found M-Cl, 217.08693.
C10H17H0201 reguires N-Cl, 217.08693) m/e 254 (M), 219 (3), 217
(9), 182 (65), 174 (8), 172 (24), 136 (24), 115 (29), 117 (88),

108 (33), 106 (33), 82 (100), and 80 (40).

Ethyl (4+)-8B-pyrrolizidine-ldcarboxylate (80) - The

hydrochloride salt of ethyl 6-chloro-8B-pyrrolizidine-ld-carboxylate
(79) (635 mg; 2.5 mmol) was hydrogenated at 1l5torr in ethanol
using Raney-nickel as catalyst at room temperature. When hydrogen
uptake ceased, the solution wes filtered through Celite and the
filtrate was concentrated in vacuo to give an oil which was

basified with saturated sodium carbonate solution (20 ml) and
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extracted with chloroform (3 x 50 ml). The chloroform extracts were
dried (sodium sulphate), filtered and evaporated in vacuo to give

othyl (+)-8B-pyrrolizine-ld-carboxylate (80) (413 mg; 90.3%) as an

b

oil[cL]%8'4 +61.24 ° (¢ 5, ethanol) Vmax.(CCl4) 1 735 and 1 250 om Y
S (CDCl3) 4.15 (2H, q, J 7 Hz, Q§20H3), 3.75 (18, q, J THz, H-8),
3.30-1.80 (11H, complex), and 1.25 (3H, t, J 7 Hz, cng); m/e 183

(8", 25%), 138 (30), 136 (22), 134 (15), 110 (16), 109 (18), 108
(30), 106 (18), 83 (100), 82 (60), and 80 (15).

The picrate had m.p. 111-112 °C (ethanol) (Found: C, 46.43 H, 4.74;
N, 13.3. Oy gHpol0g Teaquires C, 46,605 H, 4.85; 1, 13.59%)

(+)-Isoretronecanol (76) - A solution of ethyl (+)-8B-

pyrrolizidine-ld—-carboxylate (S0) (183 mg; 1 mmol) in dry ether
(10 ml) was added to a suspension of lithium 2luminium hydride
(76 mgy 2 mmol) in dry ether (10 ml) under nitrogen. The
reaotiqn mixture was stirred at room temverature for 2 h, then
wet ether (10 ml) and 1¥ sodium hydroxide solution (0.3 ml) were
added slowly. The resulting susoension was filtered throusgh
Celite, dried (sodium sulvhate), filtered, and evavorated in

vacuo to give (+)-isoretronecanol (76) (132 mgs 93.6%) 2s an oil

(£12° +70.24 ° (c 5, Eihanol) (13453 []  +79.1°(ethenol) ana®4

: -1
[OL]SO +71.7 © (¢ 1.04 in ethanol)) vmax.(ChCl3) 3 350 cm

$ (cpcl.) 4.32 (1H, br s, OH), 3.62 (2H, 4, J THz, H-9), 3.20-

)
3
1,50 (12H, complex); m/e 141 (1", 35%), 140 (20), 124 (30), 113

(1), 110 (30), 108 (22), 107 (7), 98 (8), 97 (10), 95 (10), 83

0

(35), 83 (100), 82 (76), and &0 (30). The vnicrate hed m.2.193-194°C

7 3 Nt
(li't.(,)3 193—19400) tixed m.n. with authentic sample (supplied by

Dy C.C.J.Culvenor) was undeoressed., I.T. spectrz of both samples

H, 571,04

were. almost identical (Found: C, 45.30% H, 4.77: N, 14.35. 014 18:4 3

r
. - = 4 he] A28 1T, 1 2 ).
requlres o, 45,405 Hy 4e00% 2 L5-1J/>
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Bthyl (+)-l—phenylseleno—88—pyrrolizidine—l—carboxylate (83)

- A solution of ethyl (+)-8ﬂ~pyrrolizidine—Lx-carboxylate (80)
(549 mg; 3 mmol) in dry tetrahydrofuran (3 ml) was added dropwise
during 1 h at =78 °C to a solution of lithium di-isopropylamide
[prepared from di-isopropylamine (0.46 mly 4,32 mmol) and 1.7M
n-butyl lithium in hexane (2.58 ml; 4,32 mmolﬁ in dry tetrahydro-
furan (15 ml) under nitrogen. The solution was stirred at -78 °C
for 1 h, then phenylselenenyl chloride (720 mg; 3.75 mmol) in ary
tetrahydrofuran (5 ml) was added rapidly and the mixture was
gtirred for a further 3 h at -78 oC. The reaction mixture was
poured into water (25 ml) then extracted with ether (60 ml) and
chloroform (3 x 60 ml)., The organic extracts were dried (sodium
sulphate) filtered, and the solvent removed in vacuo %o yield a
yellow o0il containing one mazjor product (Rf 0.55) (CHC13/CHBOH/NH3

85:14:1)., Preparative tlc afforded ethyl (+)-l-vhenylseleno-

8B-pyrrolizidine-l-carboxylate (83) (628 mg; 61.9%) as a pale

yellow oil[GL]%8‘4 +42.1 ° (o 5, GHC1,) v . (0C1,) 1 720 and
1560 o '5 & (0DO1,) 7.40 (5E, m, Ph), 4.10 (2H, m, OH,CHy) 3.80-
1.90 (11H, complex), and 1,15 (3H, m, CHB) (Found: M"Y, 339.07322.
O, (Ho O Se requires ¥, 339.07371); m/e 339 (x*, 30%), 337 (15),
182 (70), 180 (35), 157 (45), 154 (70), 136 (38), 109 (45), 108
(75), 84 (38), 83 (100), and 80 (45).

ﬁf)-1-Hydroxymethyl-l—vhenylseleno—8ﬁ—nyrrolizidine (84) -

A solution of ethyl (+)-l-phenylseleno-8B-pyrrolizidine-1-
carboxylate (53) (508.5 mg: 1.5 mmol) in dry ether (10 ml) was
slowly added to 2 cooled (-15 °¢) susvpension of lithium aluminium
hydride (114 mg; 3 mmol) in dry etker (10 ml) under nitrogen.

¢ )
The reaction mixture was stirred for 2 hat =15 C and 1 h at
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room temperature. Excess lithium aluminium hydride was destroyed
by the slow addition of wet ether (15 ml) and 1 sodium hydroxide
solution (0.5 ml). The resulting suspension was filtered through
(elite, which was washed with chloroform. The combined organic
extracts were dried (sodium sulphate), filtered and concentrated
in vacuo to give a pale yellow oil containg one major component
Rf 0.25 (CHClB/CH3OH/HH3 85:14:1). Prevarative tlc afforded

(-)-hydroxymethyl-l-phenylseleno—-8B-pyrrolizidine (84) (271 mg:

18.4
D

(o 3, CHOL) v (KBr) 3 420 and 1 440 cm 136 (cpe1,) 7.55-7.30

60.8%) as crystals m.p. 142-144 °C (from chloroform) (4] -22,87°
(5H, m, Ph), 3.70-2.80 (8H, complez), and 1.90 (6H, m); m/e 297

(1", 10%), 141 (25), 140 (65), 139 (10), 122 (45), 122 (45), 120
(25), 108 (40), 83 (100), 80 (30), 78 (40), and 77 (40); (Found:

C, 56.77; H, 6.54; N, 5.13. C, JH) NOSe requires C, 56.75; H, 6.423
N, 4.73%).

£+)—Supinidine - (—)-l—Hydroxymethyl—l—phenylseleno—Sﬁ—

pyrrolizidine (84) (200 mg, 0.67 mmol) in acetic acid (5 ml) was
mixed with 27¢ hydrogen peroxide (2 ml) and stirred at 0°C for 1 h,
then at room temperature for 12 h. After basification (pH 10),

the mixture was extracted with chloroform. (4 x 30 ml). The extracts
were dried (potassium carbonate), filtered, and evaporated in vacuo
to give a pale yellow cil contzining one major component Rf 0.55

(CHC1,:CH OH:NHS 5:4:1). Preparative tlc aiforded (+)-supinidine

3773
64 20
(82) (51 mg, 54.7%) as an oil[dgés +7.60 ° (¢ 3, E%0H) [11t.,&£]D
-1
+ 9.2 ° (¢ 2,07, Bt0H) | Voax. (CHCIB) 3 320, 1 600, z2nd 1 450 cm
S (CDCl3) 5.50 (1H, m, B-2), 5.20 (1, s, OH), 4.18 (2H, s, H-9),
4.35 (1H, m, H-8), 3.90-3.45 (2H, m, H-3), 3.30-2.60 (2, m, E-5).

2.10-1.50 (4H, complex, H-6 and H-7); m/e 139 (1", 48%), 138 (16),
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122 (44), 120 (24), 111 (20), 110 (16), 108 (42), 94 (16), 93

(16), 91 (8), and 80 (100). The i.r.,n.m.r., and mass spectra
were in accord with the reported values63 for (+)-supinidine,

The picrate had m.p. 144-145 °C (Z+tOH) (1it.§4 144-145 °c)

(Found: C, 45.83; H, 4.35; N, 15.22. Cl4H16H408 requires C, 45.65;
H, 4.35; H, 15.22%). The mixed m.p. was undepressed with an
authentic sample supplied by Dr C.C.J.Culvenor. The i.r.

spectra of both samples were identical (v 79 ).

Ethyl (+)-8B-pyrrolizidine-1B—carboxylate (81) - A solution

of ethyl (+)-8B-pyrrolizidine-ld-carboxylate (80) (183 mg, 1 mmol)
in absolute ethanol (2 ml) was added to0 2 solution of sodium (35 mg,
1.5 mmol) in absolute ethanol (5 ml). After 12 h at 60 °C the
mixture was cooled and poured into cold 1M hydrochoric acid (5 ml).
The pH of the sclution was adjusted to 2 and it was then washed
with chioroform (4 ml). The aqueous layer was basified and the
epimerisétion product was extracted with chloroform (4 x 15 ml).

The combined chloroform extracts were dried (sodium sulphate),

filtered and evaporated in vacuo to give ethyl (+)=-8B8-ovrrolizidine-

. 2
1B-carboxylate (81) (125 mg, 68.3%) as an 011'[0LlD3 + 39.1°

-1
(¢ 3, chloroform) Vmax.l 735 and 1 180 cm 3 & (CDClB) 4.20 (2H,
qQy, J 7 Hz, CHZ), 3,70 (14, m, H-8), 3.20-1.80 (11H, complex),
1,25 (3H, t, J 7 Hz, CHy); w/e 183 (7, 22%), 154 (20), 138 (20),
136 (20), 134 (14), 117 (18), 108 (26), 106 (46), 83 (100), and

82 (60).

The picrate had m.p. 179-181 °c (mtoH) (Found: G, 46.52; H, 4.87;

Ny 13.49. Gy g 0,00 requires C, 46.60; H, 4.85: N, 13.59%)
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Laburnine (32) - A solution of ethyl (+)-8B-pyrrolizidine-

1p-carboxylate (81) (91.5 mg, 0.5 mmol) in dry ether (7 ml) was
added to a suspension of lithium aluminium hydride (38 mg, 1 mmol)
in dry ether (7 ml) under nitrogen. The reaction mixture vas
stirred at room temperature for 2 h, then wet ether (6 ml) and

1M sodium hydroxide solution (0.1 ml) were slowly added. The
resulting suspension was filtered through celite, dried (sodium
sulphate), filtered and evaporated in vacuo to give lzburnine (32)
(65 mg, 92.2%) as an oil.[d(]lz)Z + 14.6° (¢ 3.25, EtOH) (Lit..?
(4], + 15.4° (c 1.44, 5t0mH)) Vmaz, (CHCL3) 3 350 om 15 § (cpe1,)
3.90 (1H, br s, OH), 3.65 (2H, 4, J 7 Hz, H-9), 3.20-1.60 (12H,
complex); m/e 141 (M*, 284), 140 (28), 124 (40), 110 (28), 97
(18), 96 (20), 83 (100), and 82 (80).

The picrate had m.p. 174-175 °C (1it.? m.p. 174-175 °C) (Found:
Cy 45.68; 4, 4,653 11, 14.82. C H18H408 requires C, 45.40; H,4.86;

14
¥, 15.13%).

Zthyl (+)-2d-0-tosyl-2,3-dihvdro-1H-oyrrolizine-T—carboxvlate

(852 - Bthyl 2d-hydroxy-2,3-dihydro-1H-pyrrolixine-7-carboxylate
(8) (195 mg, 1 mmol) in dry pyridine (5 ml) was trzated with a
solution of p—toluenesulphonyl chloride (572 mg, 3 mmol) in

pyridine (2 ml). The reaction mixture was stirred a2t room

temperature for 18 h, then sufficient 1M hydrochloric acid vas added

t0 make the rezction mixture slightly acidic. The mixture =es

extracted with chloroform (3 x 50 ml). The chloroform extracts

L. L . s P
were washed with 1M hydrochloric acid and brine and dried (sodium
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sulphate), filtered and concentrated in vacuo to give ethyl

(+)- 2d—0—tosy1—2,3—dihydro—lH-pyrrolizine—?—carboxylate (85)

(318mg, 91%) as crystals m.p. 123-125 °C (from ether-petrol)
[a(]§5 + 28.82°(¢ 5, CHC1,) (Found: C, 58.63; H, 5.25; N, 4.00;

S, 9.40. 017Hi9N°53 requires C, 58.45: H, 5.445 W, 4.01; S, 9.17%)
vmax.(KBr) 1 705, 1695, 1 600, 1 570, and 1 255 cm"l;é (CDCl3)
7.77,7.36 (4H, AB q, J 9 Hz, Ar H's), 6,60,6.50 (24, ABqy H-5,6),
5.55 (1H, m, H-2), 4.20 (45, m, B-3 and CO,CH,CH,), 3.25 (2H, m,
H-1), 2.45 (3H, s, Ar-CH,), and 1.25 (3, %, J 7 Hz, CH,); m/e
349 (", 8%), 304 (10), 191 (12), 177 (100), 149 (30), 148 (18),

132 (32), 118 (12), 105 (22), 104 (70), and 91 (35).Am (E+0H)

-
2o

252 nm, £ 15, 350,
Bthyl (=)-28-0-formyl-2,3-dihydro-1H-pyrrolizine-J-carboxylate

{86) - _Tetraethylammonium formate (523 mg, 3.0 mmol) was zdded

to ethyl (+)-24-0-tosyl-2,3-dihydro-1H-oyrrolizine-7-carboxylate
(85) (174.5 mg, 0.5 mmol) in dry acetone (10 ml). The reaction
mixture was stirred at room temperature for 24 h, The solvent wzs
evaporated in vacuo. Water (10 ml) was added to the residue and
this was then extracied with chloroform (2 x 20 ml). The chloroform
extracts were washel with water (2 x 20 ml) and saturasted sodium
bicarbonate solution (20 ml), dried (sodium sulphztie ), filtered

and evaporated in wvacuo to give a brown oil containing one major
component, R, 0.33 (CHClB/EtZO 1:1). Preparative tlc afforded

ethyl (—)—%B—O-formyl—z,3—dihydro—lH—pyrrolizine—?-carhoxylate (86)

23 -0
(94 ng, 84.3%) as needles, m.p. 62-63 °¢ (from ether)[djz) - 34.2
-1
(c 4, CHC13) Voo (c014) 1 735, 1 715, 1 620, and 1 580 cm "
) (CD013) 8.00 (1H, s, CHO), 6.50, 6.50 (2%, ABa, J 3Hz, E-5,6),

5.85 (1€, m, H-2), 4,20 (4H, m, H-3 and 002032033), 3.30 (2H, m, H-1),
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and 1.28 (3H, t, J 7 Hz, CHy): m/e 223 (W%, 168), 179 (24). 178 (60),
148 (30), 149 (22), 131 (65), 102 (30), and 103 (100). (Founds
C, 59.265 H, 6.1; N, 6,22, CllH13NO4 requires C, 59,195 H, 5.8;

H, 6.28%).
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8.4 EXPIRLIINTAL TO CEAPTZER 5

8,4.1 Attempts to introduce 0 substituents at the l-vosition of

2,3-dihydro-1H-pyrrolizine derivatives,

BEthyl 5,6-dibromo—2,3—dihydro—lH—nyrrolizine—7—carboxy1ate

(96) - Benzoyl perozide (100 mg) was added to a vigorously
stirred solution of ethyl 2,3-dihydro—lH—pyrro1izine—7—carboxylate
(7) (3.222 g3 18 mmol) and N-bromosuccinimide (6,408 g3 36 mmol)
in carbon tetrachloride (120 ml). The reaction mixture was stirred
at room temperature for 3 h, then animal charcozl was added to

the mixture which was then filtered through Gelite. The solvent

was removed in vacuo to give ethyl 5,6-dibromo-2,3-dihydro-1H-

pyrrolizine-7—-carboxylate (96) (4.587 g3 75.6%) as needles, m.p.

117-118 °¢ (from hexane) (Found: C, 35.42: H, 3.52; H, 4.40; Br,
©o i c 5.61: .26: ¥,4.15: Br, .
47.1. C  H  NOBr, requires C, 35.6l; H, 3.26; M,4.15; Br, 47.4%)

vmax‘(KBr) 1 710, 1 660, 1540, and 1 210 cm_l; ) (03013) 4.35
QH,q,J'mz,Q%&%),4QO(ZLt,J’mz,Hﬁ),3£O(ZLt,
J 7 ¥z, H-1), 2.50 (2H, m, B-2), and 1.35 (3H, %, J THz, CH3);
m/e 337 (1", 10%), 335 (5), 292 (20), 122 (45), 105 (72), 99 (100),

80 (88), and 70 (88).

AttemntedeBenzylic,Bromination of Ethyl 5,6-3dibromo-2,3—

dihydro—1H-pyrrolizine—7-carboxylate (96) - Benzoyl peroxide

(10 mg) was added to a vigorously stirred solution of ethyl
5,6-dibromo—2, 3-dihydro-1H-pyrrolizine-7-carboxylate (96)

(50 mgy 0,15 mmol) and H-bromosuccinimide (26.7 mg: 0.15 mmol)

in dry carbon tetrachloride (10 ml). The reaction mixture was

i ; ‘ i1t hrough Celite, and
stirred at room temperature for 6 h, filtered t g .

the solvent was removed in vacuo to glve a mixture of products

vhich could not be identified.
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Attempted Benzvlic Chlorination of Sthyl 5,6—-dibromo-~

2,3-dihydro-1H-pyrrolizine-7-carboxylate (96) - =thyl 5,6-

dibromo-2,3—dihydro-1H-pyrrolizine-T-carboxylate (96) (168.5 mg;
0.5 mmol) in glacial acetic acid (10 ml) was heated to 50-60 °C
during the addition of sulphuryl chloride (67.5 mg; 0.5 mmol) in
glacial acetic acid (1 ml) with stirring. The reaction mixture
was heated at 70 °C for = furtker 30 min under nitrogen, The
solvent was removed in vacuo to give a residue which was dissolved
in chloroform (20 ml), washed with saturated sodium bicarbonate
solution (3 x 20 ml), dried (sodium sulphate), filtered, and

evaporated in vacuo to give a mixture of products that could

not be identified.

e 3 .
Attempted Benzylic Oxidation of Zthyl 5,6-dibromo-2,3-

dihydro-lH-pyrrolizine-7-carvoxylate (96) - Ethyl 5,6-dibromo-—

2,3-dihydro-1H-pyrrolizine-T-carboxylate (96) (197.5 mg; 0.5 mmol)
in acetic acid (5 ml) was added dropwise to a stirred solution of
lead tetrazcetate (445 mg, 1 mmol) in acetic acid (10 ml) under
nitrogen. The reaction mixture was heated at 380 °¢ for 1 h.

The solvent was removed in vacuo to give =2 residue which was

dissolved in chloroform (30 ml) and washed with saturated sodium

bicarbonate solution (3 x 20 ml). The chloroform extract was dried

(sodium sulphate), filtered, and concentrated in vacuo to give a

i 3 i i h form/ether 1l:1
brovn oil, Separation by preparative tlc (chloro x/ c )

gave two unstable components which could not be identified.

sttempted Benzylic Oxidetion of Zthvl 2,3-dihydro-1H-

; vridi omplex -—
pyrrolizine—7—carboxylate (7 ) with Cro3/pfr1€1ne e

71 i + v
A slurry of Cr03/pyridine complex ~ (3.5g: 13.5 mmol) in methylene

choride (10 ml) was added to a solution of etzrl 2.3-dihydro-1H-
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pyrrolizine-7-carboxylate (7) (179 mg; 1 mmol) in methylene

choride (30 ml). The reaction mixture was stirred at room
temperature for 24 h. Ether (50 ml) was added and the resulting
solution was washed with saturated sodium bicarbonate solution

(6 = 50 ml), 5% hydrochoric acid (3 x 40 ml), 5% sodium bicarbonate
solution (40 ml), and saturated sodium chloride solution (40 ml),A
dried (sodium sulphate), filtered, and evaporated in vacuo to

give mainly starting material.

4 L]
Attemnted Benzylic Cxidation of ZFthyl 2,3-dihvdro-1H-oyrrolizine-

7-carboxylate ( 7) with selenium dioxide — Powdered sublimed

selenium dioxide (333 mg; 3 mmol) was added to a solution of ethyl
2 3-dihydro-1H-pyrrolizine-T-carbozylate (7 ) (179 mg; 1 mmol)

in acetic acid (10 ml) and acetic anhydride (2 ml). The reaction
mixture was heated under reflux for 2 h, cooled and filtered.

The solvent was removed in vacuo to give an 0il which was dissolved
in chloioform (20 ml)., The resulting solution was washed with
saturated sodium bicarbonate solution (3 x 15 ml), dried (sodium

sUlphate), filtered and concentrated in vacuo to give mainly

starting material,

X 68
8.4.2 Synthesis of cis— and trans-3-hydroxyproline (87)

Ethyl 3-aminopropionate hydrochloride - B —Alanine

(89.1 g, 1 mol) was dissolved in absolute alcohol (900 ml) and
cooled to -5 °C. Thionyl chloride (238 g: 2 mol) was added

slowly over a period of 1 h, and the reaction mixture was

, Noprr ] - aéded to the reaction
heated under reflux for 4 h. Dry ether was &

0
mixture until turbidity appeared. The mixture was kepnt at 0 C
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for a few h, during which time ethyl 3-aminopropionate hydrochloride

erystallized (145 g, 94.5%) m.p. 68-70 % (11354 g9_70 °)

b

Vax, (KBT) 3 350, 3 000, 1 730, 1580, 1 500, and 1 210 ox-:

’

$ (CDBOD) 4.10 (24, q, J THz, QE2CH3), 3.20 (2H, m, NCHZ),

2,80 (2H, t, J THz, CH,C0,Et), and 1.20 (3H, t, J 7THsz, CE)

m/e 117 (M-HC1, 92%), 88 (42), 72 (100), 70 (94), and 60 (46).

N-Cyanomethyl-B-alanine ethyl ester - A solution of

ethyl 3-aminopropionate hydrochloride (122.8 g; 0.8 mol),
triethylamine (161.6 g; 1.6 mol) and chloroacetonitrile (60.4 g3
0.8 mol) in absolute ethanol (900 ml) was stirred at room
temperature for 48 h. The solvent was removed in vacuo and dry
ether (500 ml) was added to the residue. The trithylamine
hydrochloride was removed by filtration and the ether solution
was washed with water (2 x 400 ml), dried (sodium sulphate), and
concentrated in vacuo to give an oil. Distillation at 98-99 °c/
0.5 mm ﬁg (li‘t.,85 b.p. 98-99 oC/O.5 mm Hg) yielded N-cyano-
methyl—B~ananine ethyl ester (89 g, 71.3%) as an oilj

v (cci,) 3 340, 2 230, and 1 730 cm—1;8 (CDC13) 4.20 (2H, q,

max, 4)
J 7 Hz, QEZCH3), 3,60 (2H, s, CHQCH), 3.00 (2H, m, NCHZ), 2,50
(2H, t, J 7 Hz, CH,CO.Et), and 1.20 (3%, %, J TEz, CH,)+ m/e
156 (u*, 12%), 129 (12), 116 (30), 111 (12), 109 (9), 102 (5),

100 (9), 99 (5), 88 (5), 84 (14), 82 (9), and 69 (100).

N—Cyanomethyl-ﬂ—ethoxycarbonyl—ﬂ—alanine ethyl ester

Dthylchloroformate (52.1 g5 0.48 mol) was added dropwise to
a mixture of l-cyanomethyl-B-alanine ethyl esver (75 g3 0.48 mol)

and sodium carbonate (50.1 g 0.48 mol) in water (300 ml) with

i i ! i s i rigorously at
cooling in an ice bath. The mizture was stirred vig N

" ; é.d and the mixture
room temperature for 3 h. dater (200 ml) was added an
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was exiracted with chloroform (3 x 600 ml), The chloroform extracts

were dried (sodium sulphate), filtered and concentrated in vacuo

to give a residue which was distilled to give N-cyanomethyl-il-
ethoxycarbonyl-B-alanine ethyl ester . (96.6 g5 91.4%) b.p.

120 °¢/0.5 mm Hg (lit.é8 b.p. 128-130 °¢/0.8 mm Hg) as an oil;
Vnaz. (cc14) 2 230 and 1 720 om‘l;é (CDCl3) 4.32 (2H, s, CHZCH),
4.18 (4H, m, QEQCHB), 3.60 (28, %, J THz, NCHZ), 2.65 (2H, t, J
THz, CH,CO,Et), and 1.20 (6H, m, CH,); m/e 228 (6", 30%), 183 (80),
182 (100), 155 (50), 154 (50), 141 (70), 140 (30), 128 (18), 116

(18), 109 (50), 100 (25), 82 (35), and 69 (90).

2=Cyano~l-ethoxycarbonyl-3—pyrrolidone (90) - H-Cyanomethyl—

H-ethoxycarbonyl-B-alanine ethyl ester (60.2 g5 0.264 mol) in
toluene (400 ml) was added over a period of 1 h to a mixture of
potassium t-butoxide (29.6 gz, 0.264 mol) in toluene (1000 ml) at

o °¢ under nitrogen., The mixture was siirred for 2 h and then
extracted with ice-cold phosphate buffer (pH 7.1) (1 x 800 ml,

1 x 400 ml, 2 x 100 ml). The combined aqueous extracts were
acidified so pH 3.8 and extracted with chloroform (1 x 800 ml,

5 x 100 ml1). The combined chloroform extracts were dried (sodium
sulphate), filtered and concentrated in vacuo to give 2-Ccyano—
l-ethoxycarbonyl-3-pyrrolidinone (90) (32.65 g: 68%) which was

ax.(05013)

2 300 and 1 715 on 3§ (CDC1,) 4.90 (1H, s, E-2), 4.30 (2, g,

used in the next step without furiher vpurification;s vm

J 7 Hz, Q§20H3), 4.00 (24, t, J 7 Hz, H-5), 2.90 (2H, %, J 7 Hz,
H-4), and 1.30 (3H, t, J 7 Hz, CHj); m/e 182 (¥, 100%), 154 (100),
140 (60), 137 (60), 110 (22), 100 (22), &3 (45), and 81 (70).

2—Cyano—1—ethoxﬁcarbonyl_}—nyrro1idin01 - 2-Cyano-

l-ethoxycarbonyl-3—pyrrolidinone (99) (22.2 g) in ethanol (200 m1)
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was rapidly added to a solution of sodium borohydride (37 g) and
dipotassium hydrogen phosphate (24 g) in water (400 m1) at 5 °c,
The mixture was stirred at 5-10 °C for 10 min, then 1M dilute
sulphuric acid was added to pH 2.5, The solution was stirred for
5 min then neutralised to pH 6 and concentrated in yacuo to 400 ml.
The solution was extracted with chloroform (3 x 400 ml) and the
extracts dried (sodium sulphate), filtered and concentrated in
vacuo to give 2—-cyano-l-ethoxycarbonyl-3-pyrrolidinol

(20.82 £3 92.7%) as a pale yellow o0il which was used in the next
step without further purification; vmax.(0014) 3 460, 2 220, and
1 715 cm’l; ) (03013) 4,80 (1H, m, H-3), 4.30 (1H, m, H-2), 4.20
(2Hy q, J 7 Hz, qg2033), 3.65 (24, t, J 7 Hz, B-5), 2.20 (2H, m,
H-4), and 1.30 (3H, %, J 7 Hz, CHB); m/e 184 (', 23%), 166 (58),

140 (26), 121 (15), 107 (25), 94 (100), 93 (78), and 83 (45).

Cis— and trans-3-hydrozyproline - A miziure of 2-cyano-

l-ethoxyéarbonyl—B—pyrrolidinol (10.5 g, 57 mmol) and barium
hydroxide (55.8 g, 295 mmol) in water (700 ml) was boiled under
nitrogen for 46 h. The mixture was cooled, filtered and the
filtrate neutralised with sulphuric acid then filtered through
celite. The filtrate was concentrated in vacuo to about 20 ml
and then applied to a column of Dowex 501-X8 (¥ form) (50 g).
The column was washed thoroughly with water until the eluate was
neutral and the the amino acid was eluted with 2M ammonium
hydroxide solution. Removal of the solvent in vacuo gave cis-
and trans-3-hydroxyproline (87) as 2 brown 0oil. Recrystallisation
of this mixture of isomers from ethanol/water gave off-white

°c

b}

crystals (2.2 g, 29%), m.D.230-233

v

-1
may. (EBr) 3 310, 3 025, 2 710, 1 620, and 1 580 cm 3 ® (D,0)
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5.00 (1H, m, H-3), 4.45 (1H, t, J 5 Hz, H-2), 3.85 (2H, m, B-5),
2nd 2.45 (2H, m, B-4); n/e 131 (", 5%), 87 (45), 86 (100), 74
(25), 69 (55), 68 (20), 59 (20), 58 (22), 57 (25), and 41 (65);
(Found: C, 45.69; H, 6.91; N, 10.56. ¢_H N03 recuires C, 45,80:

579
H, 6.87; W, 10.69%).

Cis-and trans-N-Formyl-3-formyloxyproline (91) - Formic

acid (6.9 g, 0.15 mol) and acetic anhydride (7.6 g, 0.075

mol)were stirred at room temperature for 1 h, (Cis and trans

3-hydroxyproline (1 g, 0.0075 mol)were added at Toom temyerature,
and stirred for 12 h. The rezgents were removed by evaroration

in vacuo to give cis-and irans-¥-formyl-3-formyloxyoroline (91)

in ouantitative yield as a colourless viscous oil vmax.(nujol)
br. ¢z. 3 000, 1 735, end 1 650 cm . § (cD,0D) 8.40 (1K, s,
0cx0), 8.10 (1E, s, NCHO), 5.80 (1H, m, E-3), 4.80 (1H, m, H-2),
3.80 (2H, m, H-5), and 2.20 (2%, m, H-4): (Found: i’ 187.04?03.
C7H9N05 reguires 1, 187.048066) m/e 187 (3", 7%), 159 (8), 156
(8), 142 (40), 141 (22), 115 (50), 114 (90), 113 (50), 93 (90),
98 (60), 86 (60), and 63 (100).

Attemoted 1,3-dinolar cycloaddition of cis-snd irans-

H-formyl-3—formyloxrproline (91) %o ethyl »ropiolate — A

solution of cis and trans li-formyl-3-formyloxyproline (91)

(748 mg, 4 mmol) and etkvl propiolate (1.96 g, 20 mmol) in
acetic anhrdride (8 ml) tas heated at 135 °C for 6 h under
nitrogen, Sxcess reagonts were removed by evzporation in

vacuo +to give a rosidue which was separated Dby preparative t.l.c.
(CHCIS:EtQO, 60:40) to give three components, none of which

could be identifi=d.

o et S rrap s mk
\ varioety of recaction conditions was. investigated
riaty .
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using the above reactants,

(a) Reactanis were left at room temperature overnight to
give mainly starting materizls.

(b) Reactants were heatzd 2t 80 °C for 24 h to give a
mixture of unidentifiable »roducts and stérting
materials,

(¢c) Reactants were heated 2t 135 °C for 3 h to give &

similar mixture as in (b).
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8.5 EXPSRIMBNTAL TO CHAPTER 6

4-Hydroxy—4-methylhepta-1,6-diene (100 - Allyl bromide
(30.25 g; 0.25 mol) in ether (10 ml) was. added in portions over a
period of 30 min %o magnesium (6.0 g; 0.25 mol) and iodine (0.1 g)
in ether (80 ml). The reaction mixture wes heated at reflux for
30 min, Dry ethyl acetate (8.8 g, 0,1 mol) was added during 30
min and the mixture was allowed to stand at room temperature for
30 min, The reaction mixture was poured into ice-cold water (100 ml)
and the precipitate dissolved by adding 20% sulphuric acid (20 ml).
The aqueous layer was exiracted with ether (3 x 100 ml) and the
combined organic layers were dried (sodium sulphate), filtered
and concentrated in vacuo to give an oil that was distidled at
60 °¢/15 mm (1it.,” b.p. 56-57 °C/14 mm Hg) to give 4—hydroxy—
4-methylhepta~1,6-diene (100 (7.68 g5 61.74%) v (film) 3 410

and 1 640 cmfl; S (¢pci,) 6.00-5.00 (6H, complex, olefinic H's),

3)
2.30 (2H, s, CHZ), 2.10 (2H, s, CHZ), and 1.10 (3H, s, CH3).

3-Hydroxy—3—methylglutaric acid (dicrotalic acid) (98) -

A solution of 4-hydroxy-4-methylhepta~l,6-diene (100) (6.30 g3

50 mmol) in dry ethyl acetate (120 ml) was treated with ozone

at -78 oC until a blue colour persisted in the reaction mixture.
When the reaction mixture had reached room temperature excess
ozone was removed by passage of nitrogen until a negative

peroxide test was obtained with starch-potzssium iodide paper.

i i iscous o0il which was
Evaporation of the solvent in vacuo gave a Vis

. % hyr en T xide
dissolved in 98% formic acid (100 ml) and 27% hydrosen pero

carming, After
(40 ml). A vigorous reaction occurred on gentle warming. Af
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the spontaneous reaction had ceased (30-40 min), the reaction

mixture was heated under reflux for 30 min, The solvent was
removed in vacuo %o give 3-hydroxy-3-methylglutaric acid (98)

in quantitative yield as crystals m.p. 108-109 °C (ether/petrol
b.p. 40-60 °C) (Lit.74>Tom.p. 108-109 °c) Voay, (nuj01) 3 250

and 1 700 cm‘l; ) [(CD3)200] 8.20 (2H, br s, COH), 2.70 (4H, s,
CH,), and 1.40 (3H, s, CHj); m/e 162 (¥', 5§), 144 (20), 126 (75),
100 (100), 84 (55), and 82 (100).

3-Acetoxy-3-methylglutaric anhydride (301 - A solution of

3-hydroxy-3-methylglutaric acid (98) (510 mg; 5 mmol) in acetic
anhydride (10 ml) was heated under reflux for 1 h. The solvent
was removed in vacuo to give 3-acetoxy-3-methylglutaric anhydride
@01 (565.2 mg, 60.3%) as prisms, m.p. 84-85 °C (from ether)

1

(1it.!4 m.p. 85 °C)s v___ (nujol) 1.810, 1 760, and 1 280 cm j

-
-e

S (CDCl3) 3.50-2.80 (4H, 4B o, J 18 Hz, CHQ), 2.10 (3H, s, CH3CO),
and 1.70 (3H, s, CH3); m/e 186 (K, 5%), 144 (10), 142 (18),

100 (40), 82 (100), 72 (50), 58 (50), and 55 (80).

3-Hydroxy—3—methylslutaric ankydride (103 - 3-Hydroxy-3-

methyl glutaric acid (98) (810 mg; 5 mmol) was dissolved in dry

ether (50 ml) and thionyl chloride (2.38 g3 20 mmol) was added.

The reaction mixture was stirred at room temperature for 16 h.

The solvent was removed in vacuo to give 3-hydroxy-3-methylglutaric

.o
anhydride (109 (640 mg; 89%) as needles, m.p. 97-9¢ C (from dry

- - T 1 C - 0
acetone/ether) (Found: C, 50.25; H, 5.73. Cgig0, requires &, 50.00,

-1
H, 5.60%) v___ (nujol) 3 550, 1 810, and 1 750 cm 1 & [(CDB)ZCO]
5.10 (1H, s, OH), 2.97 (4%, s, CH,), and 1.50 (3K, s, CHy)s m/e
144 (1%, 5%), 129 (20), 100 (30), 85 (50), 72 (100), 57 (100),

and 55 (£0).
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@q-Retronecine (40) — Retronecine was Prevared ' by hydrolysis

. *
of the naturally occurring retrorsine (4 ) with barium hydroxide

as reported by Crout and Hoskins4 and purified by sublimation at
90 °6/0.05 mm Hg to give crystals m.p. 118-120 °C (11t.f3 120-121
°C from acetone) vmax.(KBr) 3 320 and 1 660 cu™ 'y § (CD3OH) 5.72
(18, m, B-2), 4.30 (3%, m, E-7, H-9), 3.90-3.50 (3E, complex, E-3,
H-8), 3.30-2.80 (2H, complex, H-5), 2,10-1.80 (2H, complex, H-6);
/e 155 (', 25%), 111 (60), 94 (20), 93 (18), 82 (18), 81 (20),

and 80 (100).

Attempted esterification of retronecine (40) with 3-hydroxy-

3-methyleglutaric .Acid (98) - A mixture of 3-hydroxy-3-methyl-

glutaric acia  (98) (16.2 mg; O.1 mmol) and H,Nicarbonyl—
diimidazole (32.4 mg; 0.2 mmol) in dry chloroform (10 ml) was ~
stirred for 1 h (002 off)then a solution of retronecine (15.5 mgs
0.1 mmol) in dry chloroform (2 ml) was added. The reaction mixture
was stirred at R.T. and the reactionwas followed by tlc (CHClB/
CHBOH/HH3 85:14:1); aliquots were withdrawn at 2 h, 4 h, 8 h, 16 h,
32 h and 48 h. The results were inconclusive,
A variety of reaction conditions was investigated using the
above reactants:
(a) Reactants were heated at 60 °C for 24 h.
(b) A catalytic amount of sodium ethoxide was added and the reaction
stirred at room temperature for 24 h.
(¢) As for (b) but the reaction was heated at 60 °C for 24 h.
All these reactions gave complex mixtures of products that could

not be separated by silica gel or cellulose layer chromatogranhy
using a range of solvent systems.
*¥ e thank Dr D.H.G.Crout, Dept of Chemistry, University of Exeter

.

-4 rai
for a wenerous samvle of rcirorsin
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Esterification of (+)-retronecine with Dicrotalic anhvdride

(102) - Retronecine (40) (50.375 mg, 0.325 mmol) weas dissolved
in dry acetone (10 ml) and then dicrotalic anhydride (102)
(46.8 mg, 0.325 mmol) was added, and the solution was stirred
at room temperature for 24 h., The acetone solvent was removed
to leave a viscous 0il which was washed by extraction with
acetone 3 times, The residual solvent was removed in vacuo

to leave an o0il which was shown to be a mixture of C-7 monoester

(103) and C=9 monoester (104) in ratio 1:2 in cuantitative yield.

Voo (neat) br 3 400, br 3 000, and 1 735 cm-1;5 (CD3OD) 4.60
(my H-T of (103)), 4.80 (s, E-9 of (104)), 5.72 (m, E-2 of (103)),
5.85 (m, #-2 of (104)); (Found: LE¥ 299.13683. c14521N06 reguires
M’ 299-13687); m/e 299 (I’;+’ 6%)’ 155 (22), 139 (30)7 138 (35)1

137 (22), 120 (22), 113 (36), 95 (50), 94 (100), and 80 (82).

Intramolecular Zsterification of C=7 and C-9 monoesters

using Thionyl Chloride — The crude product mixture of C-7 and

(-9 monoesters (103) and (104) (97 mg, 0.325 mmol) was
0 . :
dissolved in dry chloroform (10 ml) at 5 C and thionyl chloride

. S bqra T . d
(128.5 mgz, 1.075 mmol) and the reaction mixyurc was stirre

© o J Drv cl fornm
at 5 °C for 6 h and a2t room temperaiure for 2 h. Iry chloro

(lO ml) was added and the reaction mirture was stirred ai

, w renorated in vacuo
room temperature for 24 h. The solvent was evaporated in vacuo

sl : nweontrased amr iz
to leave an oil which was basified with concontrated ammonil
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solution (10 ml). The basic solution was then extracted with
chloroform (4 x 15 ml). The combined chloroform extracts were
dried (sodium sulphate), and evaporated in vacuo to give a
mixture of products (23 mg). Preparative %.l.c. (CH301/MeOH/
NH3 = 85:14:1) gave six components, none of whicih could be
identified., ¥ost of the starting materials were retzined in

the basic solution.

Intramolecular Zsterificztion of the crude C-7 monoester

an -9 monoester 07 e Corey-ilicolaou metho -
(103) and C-9 i (104) Py the Corey-Micol t d76

The crude mixture of C-7 (1C3) and C-9 monoesters (104) (97 mg,
0.325 mmol) was dissolved in dry dimethylformamide (15 ml) at 20 °¢
under argon and 2,2'-dipyridyl disulphide (88 mg, 0.4 mmol) and
triphenyl. phosphine (104.8 mg,0.4 mmol) were added and stirred

for 24 h. This reaction nmixture was diluted with dry oxygen-free
dimethylformamide (10 ml) and added during 6 h to dimethylformamide
which wes heated under reflux under zrgon. Heating was continued
for an additional 20 h. The solvent was removed in vacuo to

give an 0il which was acidified with 1 il sulpbhuric =zcid (10 ml1),
which was then washed - with chloroform (2 x 10 ml), basified
with cold concentrated sodium hydroxide solubtion (10 ml) to pX
10=12. The Dbasic solution was extracted with crhloroform (4 X

20 ml), and the combined chloroform extracts were dried (sodium
sulphate), filtered and evaporated in vacuo %o give an oil

vhich was purified by vreperative t.l.c. (CEClzerOHJHHB = 85:14:1)
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to give one major component (23 mg) as a pale yellow oil

(Rf 0.33) which was a mixture of C-7 (105) and C-9 senecioyl—

retronecine (106); Amax.(zt ) 220 nm ( € 10,900); vmax.(CHCIB)

3 450, 1 720, 1 700, and 1 650 cm’l; S (CDCl3) 5.82 (m, H-2 of
(106)), 5.70 (m, HE-2 of (105)), 5.35 (m, H~7 of (105)), 4.70

(s, H-9 of (106)), from integrations of these signals, the

ratio of the C-7 monocster (105)‘to C-9 monoester (106) was

1:2, other signals, 4.40-4.10 (m), 3.90 (m, H-8), 3.50-1.85
(complex), 2.18 (s, E-14), 1.90 (s, E-15), and 1.22 (s, impurity);
m/e 237 (i, %), 155 (20), 154 (27), 138 (37), 137 (65), 136 (30),
117 (33), 111 (22), 106 (25), 94 (60), 93 (100), 83 (55), =nd

80 (62).

Dsterification of (+)-Refronecine (40) with 3,3-Dimethvl-—

glutaric Anhydride (107) - (+)-Retronecine (40) (50.375 mg, 0.325

mmol) was dissolved in dry chloroform (10 ml)s . 3,3-dimethyl—
glutaric anhydride (107) (46.15 mg, 0.325 mmol) was added, and the
reaction mixture was stirred at room tempsrature for 24 k., The
chloroform solvent was evaporated in vacuo to give a mixture

of the C-7 and C~9 moncesters in cuantitative yield as an oil

which could not be crystallised, v (CHCIB) 3 300, 3 000, and

maz.
1725 o b5 § (cDc1,) 4.52 (m, ©=7 of C=7 estsr), 4.71 (s, I-9
of C-9 estzr), 5.68 (m, -2 of C-7 esier), 5.76 (m, HE~2 of C-9
ester), from the intcgzrations of these-sicnals ths ratio of the
G-7 monoester to C-9 monoester was 1:2; mie 297 (i, 5%), 155

(28), 14> (80), 137 (8), 138 (8), 139 (12), 111 (75), 101 (29),

94 (24), 93 (100), =ad 50 (80).
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Intramolecular Esterification of the crude C-7 and C=9

76

Monoesters by Corey-Nicolaou lethod = - The crude mixture of

C-7 and C-9 monoesters (96 mg, 0.325 mmol) was dissolved in

dry dimethylformamide (15 ml) under argon and 2,2'-dipyridyl
disulphide (88 mg, 0.4 mmol) and triphenyl vhosphine (104.8 mg,
0.4 mmol) was added. The reaction mixture was stirred =t room
temperature for 24 h under argon, This reaciion mixture was
then dituted with dry oxygen-free dimethylformamide (10 ml)

and added slowly over 6 h to dry dimethylformemide (20 ml)

which was heated under reflux under arzon. Heating was continued
for an additiond20 h. The solveni :-as removed in vacuo to give
an 0il which was acidified with 1 M sulphuric acid (10 ml),
-washed. . yith chloroform (2 x 10 ml), basifisd with cold
concentrated sodium hydroxids sclution (10 ml) to »H 10-12. The
basic solution was extracted with chloroform (4 x 20 ml), and the
combined extracts were dried (sodium sulphate), filtered and
evaporated in vacuo to give an 0il which wes purified by
preparative t.l.c. (CHc13/ueoa/Nﬁ3 = 85:14:1) to give 13,13-

dimethyl-1l,2-didehyirocrotalanine (108) (Rf 0.58) (42.6 mg, 47%)

&ngz + 42.4°(c 4.26, CHC1.); v

o (0014) 1 738 and 1 655 cm’l;
D dichsn o

) (CD013) 5,83 (1#, m, E-2), 5.32 and 4.08 (24, A3 g, J 12 Hz,
B-9), 5.14 (1E, m, H-7), 4.35 (1%, m, 2-8), 3.89-3.30 (2H, com-la:,
H-3), 3.10-2.50 (2%, comnlex, H-5), 2.10-2.40 (2F, comslex, E-6),
2.22 and 2.03 (4H, A3 ¢, J 12.5 Uz, 3-12, and H-14), l.22 (3,

Sy CHS), end 1.18 (3%, s, CE.). mie 279 (17, 28&5), 133 (10), 137

-
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(27), 136 (88), 120 (40), 119 (100), 117 (38), 94 (42), 93 (69),
83 (22), and 80 (32). The picrate had m.p. 191-192 °C (Ex E+OH)
(Found: C, 9.4 3 H, ¥¥7 35 N, 3 %, 021H24N4011 requires

C, 49.61; H, 4.723 N, 11.02%)

The second component was not identified (Rs 0'35)-
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8.6 EXPERIMENTAL TO CHAPTER 7

Integerrimine (11Q and Senecionine (5 ) — Fresh plant materizal

from Senecio odorus (450 g) was extracted continuously with methanol

in a Soxhlet apparatus for 48 h, The methanol extract was concentrated
in vacuo and the residue dissolved in chloroform (500 ml), The
chloroform solution was extracted with IM sulphuric acid (2 x 150
ml) and the acid solution was washed with chloroform until the
washings were colourless (8 x 500 ml), then filtered througﬁ
Kieselguhr, The acid extract was stirred with zinc dust for 2 h,
filtered, washed with chloroform (2 x 300 ml), basified with
concentrated sodium hydroxide solution (pH 10) and extracted with
chloroform (4 x 600 ml). The chloroform extracts were dried and
concentrated to give the crude alkaloid mixture, (152 mg; 0.038%)
Zxamination of the crude mixture by tlc (CH013/CH30H/ﬂH3 85:14:1)
showed two components at R, 0.41 (major) and 0.23 (minor). The
mixture was separated by preparative tlc, the first band (Rf 0.41)
was shown to contain two alkaloids (4:1) by glc.(38 mg) vmax.(0014)
3 520, 1 720, 1 660, 1 450, and 1 270 om 13§ (eDe1,) 6.50 (1E, o,
J 8 Hz, H-20 of f10)), 6.18 (1H, br , E-2), 5.70 (1H, g, J 8 Ez,
H-20 of (5)), 5.40 2nd 4,10 (2H, 4B, J 11.5 Hz, H-9), 4.98 (1H, m,
B-7), 4.30 (1€, br , H-8), 3.82 (1H, br , H-3), 3.45 (1, br ,
H-3), 3.20-2.00 (TH, complex, E-5, H-14, H-13, and H-6), 1.80 (1H,
d, J 8 Hz, H-21 of (5)), .75 (1H, &, J 8 Hz, B-21 of (110)), 1.25
(3#, 4," J 8 Hz, H-18), and 0.90 (3H, d, J 8 Hz, B-19); m/e 335
(u*, 12%), 291 (19), 248 (12), 220 (26), 138 (52), 137 (26),
136 (96), 121 (75), 120 (100), 119 (100), 95 (60), 94 (71),
93 (87), and 80 (42).

The n.m.r. specirum of the mixiure is shorn in Fizure 21, » 110,
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Senkirkine (11) - The alkaloid from the second band (R, 0.23)

f
obtained from thin“ layer chromatography as crystals (26 mg) had

m.p. 197-199 °¢ (1it.?2 m.p. 198 °¢) Vmax.(CCl4) 3 520, 1 722,

1 660, 1 640, and 1 450 cmfl; ) (03013)'6.15 (1H, m, H-2), 5.90
(1, q, J 8 Hz, H-20), 5.46 and 4.39 (2H, AB system, J 12 Hz,
H-9), 5,00 (1H, m, H~7), 3.60-2.20 (9H, complex, H-3, H-5, H-6,
H-14, and H-13), 2.10 (3H, s, HCHs), 1.90 (3H, q, J 8 and 1.5 Hz,
H-21), 1.70 (1H, m, H-13), 1.35 (3H, s, H-18), 1.25 (1H, br s,
OH), and 0.90 (3H, d, J 7 Hz, H-19); m/e 365 (1", 22%), 337 (30),
321 (42), 294 (40), 266 (55), 250 (42), 222 (32), 211 (270), 168
(80), 151 (80), 153 (80), 122 (90), 123 (80), 110 (90), 96 (80),
94 (90), 82 (90), and 81 (100).

This alkaloid had identical i.r., n.m.r. (Figs. 23,24; pp 116, 120-1),
mass specirum and mixed melting point with an zuthentic sample

of senkirkine.
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