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ABSTRACY

An outline of reported synthetic routes to the Lupine
alkaloids, epilamprolobine [2] and iwmprelobine [3] and a
review of the use of vinylogous amid=s and urethanes as
precursors for the synthesis of alkalnilds are presented in
Chapter 1. This is followed by a presentation of our
strategy for synthesis of the two Lupine  alkaloids.
Vinylogous cyanamide intermediate I1-(3-hydroxypropyl)-2-
cyanomethylenepiperidine [68] plays a key role in this
strategy, since exploitation of its ambident nucleo-
philicity forms the central theme of this project. '

The successful route to the intermediate [68] involved the -

preliminary preparation of the tertiary thiolactam, 1~(2-
ethoxycarbonylethyl )piperidine-2-thione [833, by thiation
of the secondary lactam 2-piperidinone [72] and conijugate
addition at nitroger’ with ethyl acrylate in a Michael
reaction. Sulphur extrusion of the salt made from [83] and
bromoacetonitri_le and subsequent reduction of the ester
group provided the pivotal wvinylogous cyanainide inter-
nediate. 2 number of alternative routes based on &-
bromopentanoic acid [80], i-allyl-2-~piperidinone [73] and
thiclactams [84] and [105] were unsuccessful.

Cyclisation of the intermediate [68] was achieved by an
intramolecular a=-alkylative »ring <closure via the
corresponding tosylate [116] to form an unsaturated
functionalised guinoclizidine [69]. Stereoselective carbon~
carbon double bond reduction and nitrile reduction resulted
in the synthesis of two quinolizidines, lupinamine [11] and
epilupinamine f[112]. Further transformations led to the
formation of the derivatives, N-acetyllupinamine [113] and
N-acetylepilupinamine [114], and also to the target
alkaloids, epilamprolcbine [2] and lamprolobine [3].
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Over 450 alkaloids occur in the plants of the Leguminosae
family. Quinolizidine>—*° (Lupine) alkaloids form the
largest single group of legume alkaloids. They are
especially prominent in the Papilionaceae™* subfamily.. The
quinolizidine backbone [1] is shown below with the
azabicyclic numbering system which will be used throughout
this project.

7 5
&
8 4
9 N 3
0 1 2

[1]

Some gquinolizidine compounds are constituents of poisonous
plants and are therefore toxic for humans and livestock,
whereas others exhibit potentially useful pharmacolocgical
activities. Legume guinclizidine alkaloids are synthesized
by plants from the basic aminc acié lysine via cadaverine,
its decarboxylation product, as toxic defence compounds.

They act as natural insecticides and are general feeding -
deterrents for herbivorous mammals, by rendering the plant

unpalatable and toxic. Sheep in particular are susceptible
to poisoning, but the effects are fortunately not
cumulative. The highest incidence of gquinolizidine

alkaloid poisoning occurs during autumn. This is the time

of year when plants have their seeding stage, and seeds are
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all plant parts.

our target is to synthesise two alkaloids, epilamprolobine
[2] and lamprolcbine [3], both of which contain the
gquinolizidine skeleton, for reasons to be made clear later.

HE H
O |
(2] (3]

In the next section, the occurrence of these two Lupine
alkaloids will be discussed, together with other reworted
synthetic approaches. The project will then be put into
perspective by a general discussion of the "Wits alkaloids"
project. The stereochemistry and conformation of
quinolizidine ring systems will be dealt with, followed by
an account of the specific ains and strategies of this
project, which will conclude the Chapter 1.

1.2 Reported isolation and syntbaisis of epilamprolobine

and lamprolobine

Epilamprolobine has been isolated from the fresh leaves,
stems and immature seeds of leguminous plants of Sophora
tomentosa,™® which grow in Japan. Lamprolobine has been
found to be the major component of the alkaloid fraction
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extracted and processed from Lupinus holosericeus.*® The
apparent close relationship of the 1latter to ILupirus
caudatus which is toxic te grazing animals in the Rocky
Mountain region of the United sStates, warranted the
investigation of the above-ground parts of the holosericeus
species. Lamprolobine has also been isolated from the
Australian legume ILamproloblum fruticosum Benth.,**->® a
nember of the alkaloid-poor Galegeae tribe. Finally, both
epilamprolobine and lamprolobine have been isolated from
the leaves, stems, seeds and seedlings of Sophora
chrysophylla,** the sole Sophora plant native to Hawaii.

Goldberg and TLipkin®*” reported the synthesis of
lamprolobine as illustrated in Scheme 1. A pyridine systen
functionalised at the a position [4] was the starting
material of choice. Condensation with  diethyl
athoxymethylenemalonate provided the unsaturated bicyclic
backbone with the nitrogen at the bridgehead position [5].
Further manipulation of vhe ester groups and carbon-carbon
deuble bonds, and later of the amide group, produced
quinolizidine [6]. Treatment of the latter with mercuric
acetate followed by ethyl chloreoformate gave the
functionalised unsaturated 'quinolizidiné compound [7],
which is a vinylogous urethane (see Section 1.3).
Sterecspecific reduction of tha erdocyclic double bond was
controlled by using sodium borohydride in the synthesis of
the corresponding saturated guinolizidine derivative [8].
The stereochemistry at ¢~5 and C-6 is opposite to that
desired for lamprolobine, and S0 base~catalysed
epinerisation cf [8] to [9]: Was necessary. Ester
reduction, functional group conversion and the addition of

the glutarimide unit completed the synthesis of
lamprolobine.
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Murakoshi et al.*® gynthesised epilawnrolobine [2] from
naturally occurring Jlupinine [10] acecording to the
synthetic route outlined in Scheme 2.

CH..OH CH..0Ts
CHy C
HE recl H £ 2 NH in EtOH
5 -
[10]

b
i

Scheme 2

Unlike the previous synthesis, Murakoshi’s synthesis has
the quinolizidine skeleton established in the starting
naterial. Functional group conversion of the hydroxy group
in lupinine to an amine group afforded the precursor [11],

needed for the final step in which the giutarimido unit was
added. |
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Wenkert and Jeffcoat®® reported = the synthesis of

epilamprolobine and lamprolobine as illustrated in Schene
3. A pyridine system functionalised at the 8 positicn [12}]
was the starting material of choice, Alkylation with 4-
bromo—-2-butanone ethylene ketal yielded the salt [13]
which, after undergoing partial hydrogenation, produced an
endocyclic vinylogous cyanamide precursor [14] (see Section
1.3). Subsequant acig-catalysed cyclisation produced the
isomeric pair [15] and {16]. These two compounds contain
the guinolizidine backbone with functionality at C-4 and

¢-7. Reduction of the nitrile groups to amines provided

the correct functionality necessary for later addition of
the glutarimido unit. Hydrolysis of the ketals and Wolff-~
Kishner redti¢tion of the resultant ketones removed the
undesired functionality at c-4. .




{14]

Br-
[13]
CHCH, S0 3 j "+ AT ]
[15] fis}
l MH4. Eta'J ]
H 0. iy
SSENe "
H. HzN.\-
2N :

Scheme 3
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Yamada et al.™® reported the synthesie of epilamprolobine

and lamprolobine which is illustrated in Scheme 4. 2~
Piperidinone was used as the startirg material. After a
serles of reactions, the exocyclic vinylogous cyanamide
[17], which has a secondary ring nitrogen, was afforded.
A Michael reaction followed by a cyclisation yielded the
functionalised guinclizidine system [18] which itself is a
vinylogous cyanamide (see Section 1.3). Reduction of the
endocyclic double bond and the amide moiety afforded two
isomers [12] and [20] bearing nitrile groups at the c-5
position. Reduction to form the corresponding amines and
addition of the glutarimido unit completed the synthesis of
epilamprolobine and lamprolobine. This synthesis is of
particular significance to us, because the route we have
devised (see Chapter.3, Scheme 39) converges with it from

compounds [19] and [20] onwards.
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1.3 "Wit " lkaloid

A long-term project at Wits*°—2¢ has been exploiting the
properties of extended enamines®®~®7 conjugated to
electron-withdrawing groups. These systems [21] are
illustrated in Figure 1l. |

[21]

where n = 1 or 2
Z = CO,R' (vinylogous urethane)
or Z = COR' (vinylogous amide}
or Z = CN  ({vinylogous cyanamide)
R = atkyl

Figure 1

The versatility of exocyclic extended enamines warrants
their use as synthetic intermediates. They exhibit
anbident nucleophilicity at nitrogen, the a-carbon and the
carbonyl oxygen {(in the cases of vinvlogous urethanes and
amides). An anion formed at the y-carbon position
represents another  nucleophilic site. Ambident

electrophilicity is exhibited at the B-carbon and at the
carbonyl carbon.

Despite the existence of other methods,?® %2 the sulphide
contraction seguence®*®~*® developed by Eschenmoser still
remains an excellent synthetic route teo exocyclic exteaded .
enamines. Although this reaction was initially used as
part of his witamin B,., work,*® its potential has been

‘ir
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recognified by us®° 2% and other workers<?—%2 in the
preparation of valuable intermediates for alkaloid
syntheses and wmedically useful compounds. Two reactions
representative of Eschenmoserfs original work*? are
illustrated in Schemes 5 and 6. Condensation of the o-
halocarbonyl compounds [23] or [29] with the thiclactam
[22] (in which the nitrogen is secondary) generated the
thiociminoethers [25] or [31], respectively, via the o-
thioiminium salts [24] or [20], respectively. Extrusion of
sulphur was achieved by using a strong base [27], a sulphur

scavenger [26], and heating under refliux in a suitable .

solvent.

0 -
rnj\\ - . Br \/u\o RE23] [4'252 /\QIOR
CH,Cl,, RT:
[22] ' : [24] i00%

:  P(CeHa) [26]
KHCO 6643
— :; ‘*s./YOR_ K0'Bu [27]

o)

xylene, refiux
{25] 100%

R-tBu

Schems 5
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o '+‘_/ Br
:;;;: g _ Brvll\ [29] N ?
i . o —
T 3
. CHZCIZ' RT |

P(CeHs)5 [26) ’ L
KHCO E:NJ\S/\Q/ . KC? t:u ?27] l\h!' P
- R

benzene, reflux TN
[31] es% '

[32] ss%

Scherme 6

The proposed mechanism (Scheme 7)) of the sulphide
contraction reaction assumes +the production of an
episulphide intermediate [35] formed by an intramolecular
attack at the inine carbon of the base-catalysed enol fornm
[34] of the thioiminoether [33]. In beth the wvinylogous
urethane [28] and the vinylogous amide [32] the geometry
around the carbon-carbon double bond is Z. The formation
of the cis-s-cis structures is favoured by the 6-membered
hydrogen-bonded ring.

e R S T Sy )
e
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,Tx ﬂt.'_.. (H S "

+  S=P(CgHg)s
[35]

. A= CH:5 or OtBu
l\-) Scheme 7

e ¢ i i e e e bt L

Eschenmoser’s procedure has been adapted to the contraction

of N,N-dialkyl ec-thioiminium salts®® [37] to produce an

exocyclic extended enamine [38] in which the nitrogen is
tertiary (Scheme 8).
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thiophile [ ,L
base N \CHCOR
b,

[38]

Schsmie 8

It has been reported®*® that in some cases (e.g. where R =
CH. 1in [38]), sulphur extrusion 1is accomplished in the
presence of either a thiophile or a base, but a dramatic
increase in yields is achieved by utilisation of both
entities. A noteworthy observation is that the sulphide
contraction to produce exocyclic extended enamines in which
the nitrogen is tertiary, proceeds more rapidly and under
nilder conditions {(weaker base such as triethylamine,'room
temperature) than its secondary nitrogen analogue.2° The
gepmetry of a sulphide contracted product bearing a
tertiary nitrogen has been found to be E, e.g. [39]. This
feature prevails in such systems to avoid intramolecular
congestion.
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ys ar A ,;,AS/\L -
H3 - CHS

(371

thiophile I\ I
';’ CHCOR

baze
Ch;_r,

[58]

Schene 8

It has been reported®® that in some cases (e.g. where R =
CH, in ([38]), sulphur extrusion is accomplished in ths
presence of either a thiophile or a base, but a dramatic
increase in yields is achieved by utilisation of both
entities. A noteworthy observation is that the sulphige
contraction to produce exocyclic extended enamines in which
the nitrogen is tertiary, proceeds more rapidly and under
nilder conditiors (weaker base such as triethylamine, room
temperature) than its secondary nitrogen analogue.2° The
geometry of a sulphide contracted product bearing a
tertiary nitrogen has besen found to be E, e.g. [39]. This

feature prevails in such systems to avoid intramolecular
congestion,
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CHs
[39]

In a continuation of the Wits approach", a
bifunctionalised electrophile may be employed to bridge
between any two of the nucleophilic sites present in the
exocyclic extended enamine intermediate. In this manner
functionalised gquinolizidine and indolizidine syst_éms,
which comprise the backbone of many cormplex alkaloids, cah

be synthesised. This concept, in which the nuclecophilic

properties of the nitrogen atom and the a-carbon ure
exploited by the bifunctional electropbile, is pictorially
represented in Figure 2. ( Syntheses cf functiocnalised
quinolizidine,*?® indolizidine®< and pyrrolizidine®*® systems
have been reported using other methods.)

' ~ exocyclic extended
{)\_/L-" 7 engmine
N7 Sy

A bifunctionalised
electrophiie

1 (for future indolizidine system)
= 2 (for future quinclizidine system)
CO5R, COR, CN

= alkyl

TN
T

Figure 2

e
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Scheme 9 shows how alkylative and acylative cyclisations

may bs achieved, depending on the oxidation level of the
electrophilic carbon (*}.

"
XJJ\/\)( f\n 7
— N
[40]
§
)
H o Z P
. XNy b 7
ne=1or2 — N
Z = CO5R, COR, CN
R = alkyl
X = good leaving group [41]

Scheme 9

Bicyclic system {41] is the product of intramclecular
alkylative ring closure while [40] and [42] represent
intramolecular acylative ring closures. In all cases, one

has the choice of forming the bond to nitrogen before that
to the g~carbon, or vice versa.

R R P M e
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Figure 3 shows how the "Wits approach" can be involved in
the construction of fused blcyclic systems in which the
nitrogen is «a to the bridgehead position. The

nucleophilicity of the anion formed at the y-carbon
position and the a-carbon is used.

bifunctionalised
electrophile
Ln
exocyclic N
extgn?ed é 5
engamine
n=1or2
zZ= COzR.' COR, CN
"R = alkyl
Figure 3

We will now illustrate compounds of the types [40], [41]
and [42] that have been synthesised in these laboratories
using the "Wits approach”.

CO,Et and CN, respectively, have been prepared by
Meerholz®= ([441) and Yamada et al.™® ([18]), respectively.
Initial oa-carbon alkylation of a secondary vinylogous
urethane [43] and a secondary vinylogous cyanamide [17],
using Michagl reagents (ethyl acrylate and methyl acrylate,
respectively), followed by intramolecular acylative ring

closure afforded [44] and [18], respectively (Schemes 10
and 11).

Two examples of compound [40] where n = 1 and 2 and Z =
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| ] NoH N CO,EE
N HCO,Et + —
! 0” OEt

Ho 0
[43] [44]

Scheme 10

Q + j\ NoH, Et,0
N"NCHCHN 07 ™ 0OMe —_—

I
H

[17] [18]

Scheme 11

Compounds of type [41], where n = 1 and 2 and Z = CO,Et
have been made by Meerholz®= [48] and Gerrans et al.=*®
[49], respectively (Scheme 12}. The precursor needed for
the formation of [48] and [49] was a tertiary vinvliogous
urethane [45] with the nitrogen bearing a 3-carbon unit
with a terminal functional group. Meerholz®# and Orlek=+*
showed that the vinylogous urethane system does not react
intramolecularly with an ester group. In this present
case, the ester carbonyl group was chemoselectively reduced
to form a primary alcohol [4€], leaving the ester of the
vinylogous urethane system unperturbed. Conversion of the
alcohol to a better leaving group and subseguent
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cyclisation was achieved by addition of sodium hydride and
p~toluenesulphonyl chloride and heating unaer reflux in

“acetonitrile. The unsaturated functionalised gquinolizidine

intermediate [49] served as a precursor to {i)-~lupinine
[50] which is a representative of the Lupine alkaloids.

n
n
EP&/CO zEt LIAIH 30Et ENK/COZ Et NOH, P—TSCI
. _CO-Et or L'iAIH4
l\/ Z k-/\OH _

[45] | [48]

o
: €

m,cozst CHieN Sy 0™
i\/\OTs reflux

(7] [48] whers n=1

[48] where n=2 — ., N CH,OH

501

Schemes 12

Two examples of the compound type [42] have been prepared
by Howard et al., [51]13° and [53]2°. The problem of
failure of the vinylogous urethane system +to react
intramclecularly with the ester group, presents itself
again. However, activation of the ester was achieved by
converting it into an anhydride. Contrary to the previous
example, the carbonyl group of the ester is retained. This
leads to additional functionality being present at the 4-

T Ml e e

§
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position of the final product (see Schemes 13 and 14). The
unsaturated functionalised indelizidine intermediate [81]
served as a precursor to elaeckanine A [52] which is an
Elaescarpus alkaloid. The intermediate [53] was also taken
through a series of reactions to afford ipalbidine [54], an
alkaloid which has been isolated from Ipomoea alba L.

} ;‘J _ __ Ny -G08 w %cozzt Ac50.CH3CN

P (_co,et reflux - Lo et

E‘J %CQZE N CUzEt —
b ' : 0~ TOEt

T - [51] [521
/ ’ﬂ‘ Scheme 13
é
i
-
f
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NaOH, H,0 N
‘\/cozm —— | 'H,coz"m‘*'

Bu,Ni {cat') N COyMe
CICO Me, THF

Ar

[s3]

e = —~(O)—ome

Scheme 14

All the aforegoing examples have been of acylative or
alkylative cyclisations te form fused bicyclic systems
containing nitrogen at the bridgehead position.

Two examples will now be given of alkylative cyclisations
to produce fused bicyclic systems in which the nitrogen is
o to the bridgehead position. Howard et al.®** successfully
completed the synthesis of A7-mesembrenone [592] (Scheme

15). S-alkylation of the arvlated thi-olactam [652] with.

chlorcmethyl wvinyl ketone [56]1, £ollowed by sulphur

~extrusion, afforded a vinylogous enamide intermediate [57].
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Spontaneous intramolecular Michael reaction, via an

~#ndocyclic enamine tautomer [58], produced the Sceletium
alkaloid [59].

_ a |
; | I 1- MeNO,,, reflux
b N * Z< i-ProNEL

!
Me I

[55] [56]
- Ar -
A N : _ '
E_d\ }0 | sulphide ()
( S contraction p,lge
f I, bhe <~ - [571
Ar Ar
Wt L
L :i,r (o) - til = 0
L Me _ Me
o - [s8] - [59]

OMe
Ar = -—@-OM&
4._-;.".‘*31

C ! Scheme 13
: G _

: Katz*® synthesised {60] using the same approach (Scheme
€ 16). This served as a precursor to (#)-dihydromaritidine
k\_‘ [61] which is an alkaloid cof the family Amaryllidaceae.
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Olkie
OMe

Ph

[60]

Scheme 16

More recent successes utilising the "Wits approach™ have
been achieved by Chang,®® Hosken,®* Parsons®” and Zwane.*®
Since their work is not as relevant to the contents of this
project as is earlier work by Katz,®® Meerholz,®* Orlek,>*
etc., specific examples have not been presented.

1.4 Stereochemistry and conformation of quinolizidine
systens

Spectroscopic technigues®®~®7 have proved to be of great
value in +the determination of conformation and the
elucidation of stereochemistry of quineclizidine ring
systems. Infrared spectroscopy and proton and carbon
nuclear maghetic resonance have been used to establish the
cls or trans nature of the fusion between tie two rings and
have allowed the determination of the e¢is or trans
relationship of a substituent with respect to the
bridgehead hydrogen. The quinolizidine ring system can
exist in two possible conformations®® as shown in Scheme
17.
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Scheme 17

The potential to interconvert from one conformer to the
other is due to the presence of the conformationally mobile
nitrogen atom at the bridgehead position. The
thermodynamically more stable is the trans-fused rinyg
conformation and this predominates in many alkaloids
bearing the guinolizidine skeleton.

1.4.1 lafrared spectroscopy

Bohlmann®® found that when at least two axial protons on
the carbons i to the bridgehead nitrogen were trans to the
nikrogen lone pair, the resultant trans-fused quinolizidine
skeleton [62a] exhibited a characteristic series of bands
in the infrared spectrum between 2809 and 2700cm™*. These
bands were appropriately called "trans® or YBohlmann

bands". In contrast, cis-fused quinolizidines [62b]
contain only one axial proton in a trans relatioui toc the
nitrogen lone pair and therefore exhibit no trans bands
{see Figure 4).




[624] [62b]
trans—fused o cis—fused
quinolizidine quinolizidine

Figure 4

Wiewiorowski and Skolik®® modified the requirements for the
occurrence of "trans bands". According to their study of
Lupine alkaloids, both trans- and cis-fused guinolizidine
skeletons give rise to "trans bands". The distinguishing
difference lies in the fact that the "trans bands" of the
latter are present as a stepwise descending set of maxima
belecw 2860cm™* and are lower in intensity whereas the
"trans bands" of the former are _resent as well-defined
maxima at approximately 2800 -~ 2750cm™ and are higher in
intensity. A less ambiguous descr!stion of the occurrence
of "“trans bands" is presented in a later paper by
Wiewiorowski et al..®* They found that the prerequisite
for “trans bands" was an axial proton on a carbon a to the
nitrogen atom and in a trans relation to the nitrogen lone
pair. 'The intensity and complexity of the Y“trans bands"
in.ceased proportionately as the number of protons so

situated increased.

As mentioned previcusly, infrared spectroscopy is also a
powerful +tool for determining the stereochemistry of
attached substituents. Assignment of configurations of 1-
azabicoyaiol4.4.0]decan~5-0l1"%-2% provides a good example of
this method’s potential. 1-Azabicyclof4.4.0]decan-5-0l, in
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which the hydroxy group is axial [63a] (Figure 5) has the
correct spatial orientation to undergo intramolecular
hYdfaééﬁnbonding with the bridgehead nitrogen. an ir-
absorption at 3526cm™ is thus present. When the hydroxy
group is equatorial [£3b]l nc intramolecular hydrogen
bonding opportunity lends itself and thus an absorption at
3618cm™, indicative of a free OH, is obsarved. Prominent
"Bohimann bands" in both cases. predict the existence of
only trans-fused ring conformations.

7 ; OH
[63a] | [63b]

Figure 5

1.4.2 Nuclear magnetic resonance spectroscopy

A study of the proton nmr of gquinolizidine revealed that
the signals due to the C~2 and C-10 equatoriai protons were
downfield from those due +to the corresponding axial
protong.®®-77-84.85 The difference in chemical shift of
0.93ppm between the axial and eguatorial methylene protons
adjacent to the bridgehead nitrogen can be explained. It
is believed that the nitrogen lone pair shields the axial
protons by increasing the electron density in their
vicinity. This is brought about by the partial
participation of the nitrogen lone pair in the o™ C-H,..
orbital on the adjacent methylene carbons. It follows that
if the nitrogen lone pair and a methylene proton are both
axial and trans to each other, the chemical shift
difference is the greatest.
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Predictions about the conformation and stereochemistry of
a gquinolizidine~based compound, the ethylene ketal of 1-
azabicyclo{4,4.0}decane—S—acetyl-7—carbonitrileﬁ"7° [64]
are discussed hereafter (Figure 6).

)

=z
m—afin TG

[T

[64b]

Figure &

The configuration and c¢onformation of +the three
stereoisomers of 1-azabicyclo[4.4.0]decane-~5~acetyl-7-
carbonitrile were deduced using proton nmr. The
characteristic downfield shift of the ©-2 and cC-10
equatorial protons of [64a] and [64c] to 2.85 and 2.88 ppm,
respectively indicated +that these two stereoisomers
possessed the trans-fused guinolizidine systen. The
bridgehead hydrogen of C-6 is equatorial (with respect to .
the left hand side ring) in [64b], and thus its nmr signal

is shifted downfield to 3.10ppm. The result is therefore
a cis~fused conformation.

The chemical shift of the methine hydrogen of C~7 provides
information about the stereochemistry of the three
stereoisomers. In [64a] the upfield shift to 3.02ppm
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provides evidence for an axially oriented hydrogen and in
[64b] and [64c] the relative downfield shift “o 3.48 and
3.57ppm, respectively, indicates an equatorigl
conformation. Coupling constants alseo aid in the
assignment of stereochemistry. Chemical shifts of the
methyl group of the Xketal unit (R) provide information
about ‘the stereochemistry of the Ilatter. An axial
orientation of the ketal side chain would result in the
methyl protons being deshielded by the bridgehead nitrogen
or the nitrile unit to a downfield position. This is
indeed found in [64a], where the methyl protons resonate at
1.57ppm. The ketal side chain is eguatorial in [64b] and
[64c] as the respective chemical shifts of the methyl
protons are at normal chemical shifts ~r 1.7% and 1.25ppm,
respectively. Figure 7 illustrates the cont.iusions drawn
from the foregoirigf discussion.

ax
2| Rax
Y CN
H ax
[650] [65b] [65¢c]
traris—fused cig—fused trans—fused
Figure 7

A *3C nmr study of l-azabicyclo[4.4.0]decane~5-acetyl-7-
carbonitrile has provided additional confirmation of the
conformation of the three stereocisomers of this compound.
Figure 8 shows the important chemical shifts.
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The occurrence of a trans-fused quinolizidine skeleton
would render the chemical shifts of C-2 and C-10 identical
{or almeost identical). Reference to Figure 7 makes this

point clearer. This indicates that [65a] and [65c] are

trans—-fused. Stereoisomer [66b] shows a remarkable upfield
shift of one aminomethylene carbon, consistent with a cis-
fused bicyclic system and due to two y effects exerted by
neighbouring ring carbons. The bridgehead carbon provides
further evidence of ring fusion, being about 6ppm upfield
in [66b] relative to [66a] and [66c].

1.5 The aims and strategies of this project

our objective is to develop geheral methods for alkaloid
synthesis by exploring the potential of exocyclic extended
enanines conjugated to an electron-withdrawing group. The
preparation »f specific alkaloids is a long-term aim. The
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current project raspresents a direct attempt to achieve one
of these long—term aims, the synthesiz of the ILupine
alkaloids, epilamprolobine [2] and lamprolobine [3]. Qur

intended approach 1is 1represented as a retrosynthetic
analysis in Scheme 18.

ai:ﬁ:Lk' "2 o
07 N0

o | 1l [70]
R [2] or {3]

. CN
| W . e N" . : = = =D N S
L_J | I\/\OH H

{' 69 | [68] is7]

Scheme 13

-

i
; ! Our philosophy is to broaden the scope from vinvlecgous
! f urethane and vinylogous ami@g precursors (successfully used
F % for the synthesis of alkaloids by workers in these
L laboratories2®—2<) to vinylogous cyanamide precursors. The
: availability and diversity of ©procedures for the
1 J\\“ preparation of vinylogous cyanamides also make this type of

compound an obvious precursor for the proposed synthetic
route to epilamprolobine and lamprolobine. Our initial
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synthetic objective ig, therefore, the preparation of 1~(3-
hydroxypropyl )-2-cyanomethylenepiperidine [68]. Conversion
of the hydroxy group to a suitable leaving group is
expected to allow for facile alkylative ring closure
(according to the "Wits approach"), producing a
functionalised quinclizidine system [69], which itself is
a vinylogous cyanamide. This is a potentially useful
intermediate for further synthetic work. In the reduction
of the endocyclic double bond, utilisation of a
stereoselective reducing agent can control the relative
stereochemistry at ¢-5 and C-6. This is necessary in order
to establish, at an early stage, the appropriate
stereochemical configuration required im the *target
alkaloids. If necessary, epimerisation of one of the
reduced products [70] should allow access to the other.
Manipulation of the functional group of each isomeric
saturated quinolizidine system [70] should lead to the
desired alkaloids.

The synthesis of the Lupine alkaloids from [69] should
entail a single straightforward route. Scope for variation
will, thereforé, not be found in Jdifferent possible
synthetic routes, but rather in the use of different
reaction parameters. By contrast, there .are mora options
available for preparing the pivotal intermediate [68]. The
thiation reaction, the Michael reaction and the sulphide
contraction seguence appear to be the three key methods
most suited to the construction of [68]. The source of the
CH-CH-CH.OH group attached to the ring nitrogen could
originate from a) CH,CH=CH. or from b) CH,CH.COR (where R
= OEt, O®Bu, H). Subsgeguent hydroboration of the former
and reduction of the latter is expected to afford tha 3-
carbon unit bearing the terminal hydroxy group. This is
illustrated in Schemes 19 and 20, respectively.
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a) Source: CH,CH=CH,

(l allylation (l
N v N 0

[72] [73]
hyﬁl‘obomtion ‘/ . thiation
l\/\OH';- l\/
[74] : [z5]
thigtio.. K ' _ hydreboration
N

[78]
sulphide | contraction

N
[;::l*afc

OH
[s8]

Scheme 19
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b) Source: CH,CH,COR

- (L} thiation (ls Michaal @
. I “reaction

m] [67] R

- 71 . |
) _ sulphide lﬁchon : \mductfon

) (1\/““ - (le
o - | 0
: | ' L/lLR _ - k/-\oﬂ
| {78]

(761
u - reduction
l ﬁ _

_ sulphide confraction

Vi k/\c’”

(s8]

z

r—y

where R = OFt, 0'gu, H

ki A S+ an e i

Scheme 20
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As illustrated above, there is scope for variation within
both synthetic routes. "In Scheme 20 the formation of the
thiolactam [67] precedes the Michael reaction which is
responsible for transforming the secondary nitrogen to a
tertiary one. In Scheme 19, the reverse order is enployed
i.e. allylation before thiation. .

A slightly different apprcach to the synthesis of the key
intermediate [68] is shown in Scheme 21.

(L j i
et il v B _H.B_.'.'. Br /\/\/‘U\QH Fol Br /\/\)Lc; :

rir—

[79] - _ - [B] [81]

i (A
HoN(CH, ) z0H Br /\/\)Lt;l/\/\OH cyclisation N7 0

e e —Pe—
H

(e2] | . [74)

thigtion (ls sulphide CN\/‘&/CN
contraction - :
' l\/\QH K/\OH

{761 Teg]

OH

Scherne 21

Here the é6-membered ring indorporating the nitrogen atom is
first synthesised, whereas in Scheme 19 and 20 this ring
system is already present in the starting material.
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The similarities and differences between our synthetic

approach +to epilamprolobine and lamprolobine and those
reported in the literature will now be discussed.

The endocyclic vinylogous cyanamide intermedia-.te {69]-,

which we intend employing in our synthetic route, is very

similar to the wvinylogous urethane precursor [7] used by
Goldberg and Lipkin®” in their synthesis of lamprolobine
(Scheme 1). Both intermediates are extended enamines
conjugated to an electron-withdrawing group and are thus
expected to exhibit the s=ame properties and chemical
reactivity. The preparation of our endocyclic vinylogous
cyvanamide intermediate will differ dramatically from that
described for the eimilar intermediate by Goldberg and
Lipkin. Their synthetic pathway £from the wvinylogous
urethane intermediate to the final target lamprolobine will
be sinilar to our approach except that a functional group
conversion will not be necegsary in our case.

In our synthesis of evilamprolobine {and lamprolobine) a
functionalised guinolizidine system {70] will be prepared
from commercially available starting materials. In
contrast Murakoshi et al.**® converted the alkaloid luypinine
[10] already containing the guinolizidine backbone, in
various steps to the alkaloid epi.amprolobine.

As described eazrlier, our synthesis of the saturated
functionalised guinolizidine [70] will involve alkylative
cyclisation of +the exocyslic vinylogous cyanamide
intermediate {68], followed by a stereoselective carbon-
carbon double bond reduction and epimerisation to afford
both isomers of [70]. In comparison, Wenkert and
Jeffcoat™® carried out an acid-catalysed cyclisation of an
endocyclic vinylogous cyanamide intermediate [14] to afford
a saturated bifunction:t sed quinolizidine isomeric paivx
[1B] and [16] (Scheme 3). They needed to reduce the
nitrile group, Jjust as we will, but the two additional
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steps needed to remove the Ketal moisty, will not be

necessary in our case.

our synthetic approach to epilamprolobine and lamprolcbine

is most comparable with that weported by Yamada et al.*®

(Scheme ‘4). Firstly, 2~piper¢ ‘none will also be used as
the initial starting material and secondly, the nitrile
reduction and addition of the glutarimido unit will also
comprise the final steps of our syntheses. We intend to
cyclise an exocyclic vinylogous cyanamide irtermediate
([68]) in which the ring nitrogen is tertiary, whereas
Yamada "t al. utilised an exocyclic vinylogous cyanamide
intermediate [17] in which the ring nitrogen was secondQLy.

Our proposed alkylative ring closure entalls exploitation

of the nucleophilicity of the o-carbon of the vinylogous

‘cyanamide system. In contrast, Yamada et al. cucsried out

a Michael reaction at the a-carbon position of the
vinylogous cyanamide intermediate (17}, followed by an
acylative ring closure, which exploited the nucleophilic
nature of the ring nitrogen. This synthesis is cspecially
important to us, becaus¢ the rornte we have devised (see
Chapter 3, Scheme 39) donverges wret it from compounds [19]
and {20] onwards.

Chapter 2 will deal with the attempted and successful
syntheses of 1-({3~hydroxypropyl }-2-cyanomethylene-
piperidine [68)]. The retrosynthesis shown in Scheme 22

serves as a guideline to the organisation of the material
in the next chapter,
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This will be followed by Chapter 3, which will deal sith |

“ 1\_. the synthesis of epilamprolobine and lamprolobine from the | '
' vinylegous cyanamide intermediate [68]. '
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This chapter will deal with the synthesis of 1-{3-

hydroxypropyl )piperidine derivatives, which are the central
intermediates in our approach en route to quinolizidine
systems and, ultimately, to the target alkaloids. We will
begin with a description of the successful approach to the
synthesis of 1-(3-hydroxypropyl )~2-cyanomethylenepiperidine
[68] (Section 2.1). This will be followed by a brief
discussion of some alternative routes to- 1~(3-
hydrozypropyl)piperidine~2-thione [76] (Sections 2.2, 2.3
and 2.4) that either failed or were abandoned in light of
the success obtained in Section 2.1.

piperidine

The synthetic route undertaken for the preparation of the
title compound [68] is illustrated in Scheme 23.
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Thioclactams are the precursors needed for the sulphide
contraction reaction.®>7%"% The process entails 3-
alkylation of the thiolactam to form a salt, from which
sulphur is extruded, to produce an extended enamine systen.
In our case the desired extended enamine is the exocyclic
vinylogous cyanamide, 1-(3-hydroxypropyl)-2-cyano-
methylenepiperidine [68]. The thiolactam, piperidine-2-
thione [67] can be prepared by thiation of the lactam 2-
piperidinone [72]. The former, being &a secondary
thiolactam would undergo the sulphide contraction.reaction
under much harsher conditions and in poorer yields than if
it were a tertiary thiolactam.®*? Therefore, it would be
advantageous to prepare the N-substituted thiolactams 1~(2-
ethoxycarbonylethyl)piperidinewz—thione [83] and 1=~(2-t-
butoxycarbonylethyl)piperidine-2-thione [84] by means of
the Michael reaction. Sulphide contraction of these two
tertiary thiolactams, followed by chemoselective reduction
of the terminal ester group of the contracted products [85]
and [86] was expected to produce the pivotal exccyclic
vinylogous cyananmnide precursor [68] bearing a 3~carbon unit
with terminal functionality.

In the sections that follow (2.1.1 — 2.1.4), eack of the
four reactions, thiation, Michael reaction, sulphide
contraction and reduction, will be described.

2.1.1 Synthesis of piperidine-2-thione

A standard method for preparing lactam-2-~thiones is by
heating the lactam precursor with phosphorus pentasulphide
in an inert solvent such as benzene or toluene. In the
present  work, 2-piperidinone [721 andéd phosphorus
pentasulphide were heated under reflux in benzene to afford
the thiated product [67] in 30% vyield after column
chromatography. The *H nmr showed the expected dcwnfield
shift (to 2.89ppm) of the triplet due to the protons ¢ tc
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the thiocarbonyl group. The protons a to the carbonyl
group in the starting material would have resonated at
2.39ppm. The broad singlet due to the N-H proton appeared
at 9.20 - 9.40ppn. The ir spectrum provided £further
evidence in support of the preoduct structure i.e. the C=0
stretch at 1650cm™*, the "in plane® N-H deformation at
1465cm~t and the C~N stretch at 1330cm™, indicative of the
lactam were absent. Instead, absorption bands
corresponding to a C=S stretch at 11ii0cm™*, a C-N stretch
at 1537cm™* and a N-H deformation at 1350cm™% and 1317cm™>
of the thiolactam species were observed. Also, the N-H
stretch of [67] was observed at 3360cm™*.

¥n the search for a better method for the synthesis of
piperidine-2-thione [67], Brillon®® has suggested the
preparation of an in situ thiating reagent [87], formed by
the reaction between phosphorus pentasulphide and sodium
carbonate in tetrahydrofuran at 25°C (Scheme 24).

THF TN
P4S10 + N02003 ety (P4S1_00) N02
[87]
Scheme 24

The merits of this novel approach include the homogeneous
solution of [87], the solubility of this ionic species in-
both tetrahydrofuran and in water, thus permitting an easy
workup procedure, and finally the mild conditions (ambient
temperature) under which the reaction is performed., Using
either a 1:1 or a 5:3 ratio of phesphorus penta-
sulphide:sodium carbonate, piperidine-2-thione was obtairied
by Brillon in yields of 85% and 81% respectively.
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In this project, piperidine-2-thione was obtained in 88%
vield {after column chromatography)} when the molar ratio of
phosphorus pentasulphide:sodium carbonate :lactanm was 1:1:1.
In contrast, a very low yield of 12% was afforded when the-
respective ratio was 3:1.5:1. In the latter case, a white,
rubbery solid was formed after the conventional one day
reaction period, which was insoluble in all organic
solvents at our disposal. Agitation by means of ultrasound
did not circumvent this problem.

2.1.2 Conijugate additions with acrylates

Oriek®** selectively alkylated piperidine-2-thione at
nitrogen by using an activated olefin in a Michael
reaction. More specifically, he treated piperidine-2-
thione [67] with ethyl acrylate in tetrahydrofuran in the
presence of a catalytic amount of sodium hydride to afford
an excellent yield (94%) of 1-{2-ethoxycarbonylethyl)-
piperidine-2-thione [83]. '

In this project, the same procedure as described by Orlek
for the conjugate addition of ethyl acrylate to piperidine-
2-thione [67], was followed. 2An improved yield of 99% of
product [83] (purified by distillation and column
chromatography) was obLtained. The guartet at 4.15pm and
the triplet at 1.27ppm in the *H nmr spectrum indicated the
presence of the ethoxy group. An ester carbonyl signal at
171.6ppm was observed in the **C nmr spectrum. Further
evidence of the Michael product was provided by the ir
spectrum, which showed a =0 stretch at 1730cm™*, an
asymmetrical C-0 stretch at 1185¢m~* and a symmetrical C-0
stretch at 1160cm™® of the ester group. The high
resolution mass spectrum showed a molecular ion at n/z =
215.0980 corresponding to C, H,.N0O,S.

Possible S—~alkylation of piperidine-2-thione by the Michael

acaeptor to form a thiocimincester was dismissed when a
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thiocarbonfi carbon peak at 199.8ppm was observed in the
130 nmr spectrum and the ir-absorption bands characteristic
of a thiolactam (i.e. C=8 stretch at 1095cm™*, a C-N
stretch at 1515cm™* and a N~H deformation at 1350cm™ and
1330cm™t) were present.

The synthetic strategy envisaged in Scheme 23 (Section 2.1)
requires the eventual removal of the ester group from the
3-carbon chain on nitrogen, either by hydrolysis or by
reduction. For the former process it was thought that a t-
butyl ester might he more readily cleaved than an ethyl
ester. Consequently, a guantity of 1-(2-t-bhutoxycarbonyl-

ethyl)piperidine-2-thione [84], &a t-butyl ester, was

prepared Iin 62% vyield (chromatographically pure) by

- treating piperidine-2~thione [67] with t-butyl acrylate in

tetrahydrofuran in the presence of a catalytic amount of
sodium hydride. The *H nmr spectrum showed « distinetive
singlet at 1.45ppm due to the t-butyl protons. The **C nmr
spectrum contained an ester ecarbonyl carbon signal at
170.8ppn and a thiocarbonyl carbon signal at 1992.6ppm.  The
expected ir-aksorption bands of the esterlfunctionality and
the thiolactam were present i.e. a C=0 stretch at 1710em™*,
an asymmetrical and symmetrical C-0 stretch between
1225cm™ and 120Ccm™* of the former and a C=S stretch at
1150em™*, a =N stretch at 1510ca™™ and a N-H deformation
at 1345cm™ and 1325cm™ of the latter. Micreoanalysis
confirmed the formula C,.H.,NO,S. '

2.1.3 ulphij ») act

In a preliminary model study, 1-Methyl-2-cyanomethylene-
pyrrolidine [90] was prepared according to the sequence
illustrated in Scheme 25.
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[ | [ | Br- - P{CgHs) | I -
8rCH.,CN o+ e 93 .

NEt

be OO e he

[88] {3s] 3 [90}
Scheme 25

There were several reasons for the synthesis of this

compound. Firstly, the optinisation of the sulphur

extrusion technigque was desired; secondly, the quality of
the bromoacetonitrile reagent in the formation of the salt
[89] was tested; and finally, - ranted to use a thione (1~
methylpyrrolidine-2-thione [&. _. that would provide a known
product [90].%°.23 ' |

Formation of the salt [89] was accomplished by the addition
of bromoacetonitrile to a solution of l-methylpyrrolidine-

~2-thione ([88] in dichloromethane. Subsequent sulphur

extrusion was effected by the seguential addition of
triphenylphosphine and triethylamine in acetonitrile. The
product was obtained in good yield (71%, chromato-
graphically pure). The *H nmr spectrum showed a singlet at
3.58ppm, indicative of the vinyl proton, while the *2C nnr
spectrum showed the product’s distinguishing nitrile carbon
signal at 122.6ppm and vinyl carbon signal at 52.2ppm.
There was no doubling up of signals in the *°C nmr
spectrum, indicating that only one geometrical isomer had
been obtained, which was in contrast to Ratr’/s2®® findings.
The ir spectrum of our rroduct contained two absorption
bands, indicative ¢f & C=C~C=N system i.e. a C=N stretch at
2230cm™" and a C=C stretch at 1630 ~ 1570cm™,
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Once we had shown that the sulphide contraction worked with
a simple model system, 1-~(2-ethoxycarbonylethyl)-2~
cyanomethylenepiperidine [85] was synthesised by the
addition of bromoacetonitrile +to neat 1-(2-ethoxy-
carbbnylethyl)piperidine-z—thione [83], followed by sulphur
extrusion of the resultant salt with triphenylphosphine and
triethylamine. an impressive yield of 85% of the sulphide
contracted product was obtained after chromatography. Its

 structure was substantiated by the *H nmx spectrum, in

which the wvinyl proton produced a singlet at .76ppm and
the quartet at 4.16ppm and triplet at 1.28ppm of the ethoxy
ester group were present too. The **C nmr spectrum showed
the distinctive nitrile carbon'peak at 122.0ppm, the vinyl
carbon peak at 59.9ppm, and the ester carbonyl carbon
signal at 171.4ppm. Only one gecmetrical isomer of 1-(2-
ethoxy~carbonylethyl }-2-cyanomethylenepiperidine [85] was
obtained. If one considers the strong possibility of
intramolacular congestion within the product, one could
predict the geometry around the carbon-carbon double bond
to be E. Confirmation of the existence of a C=C-C=N system
was given by the C=N stretch and C=C stretch ir-absorption
bands at 2175cm™™ and 1570cm™%, respectively. Absorption
bands due to the ester group were present i.e. the C=0
stretch at 1720em™", the asymmetricsl C-0 stretch at
1170cm~* and the symmetrical €-0 stretch at 1150cm~*. The
high resolution mass spectrum showed a molecular ion peak
at m/z = 222.1374, corresponding to C,.H, N.0..

In a poorer-yielding sulphide contraction reaction, 1-(2-
ethoxycarbonylethyl)-2~cyanomethylenepiperidine [85] was
prepared in 26% yield (¢hromatographically pure). It is
believed that two contributing factors are responsible for
this. Acetone was used as a solvent in the salt formation
step and this dilution factor could account for decreased
reactivity. A different workup, involving acid-base
extraction, was used to try to separate the slightly basic
product from the neutral organic material also present.
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Product loss to the ether layer during this workup
procedure is probable if the assumption of the sulphide
contraction product being basic is incorrect.

A repetition of the above-mentioned pecor-yielding sulphide
contraction reaction did not produce the expected sulphide
contracted species. Instead, hydrolysis occurred,
producing the oxygen analogue of the starting material, 1-
(2~ethoxycarbonylethyl)-2-piperidinone [21], in 57% yield
{after distillation).

The vinyl proton peak, which would have been present in 1-
(2~ethoxycarbonylethyl}-2-cyanomethylenepiperidine [85],
was absent in the *H nmr spectrum. Evidence of the ethyl
protons of the ethoxy ester group was given by the quartet
at 4.14ppm and the triplet at 1.26ppm. The **C nmr
spectrum contained two carbonyl carbon peaks i.e. the
lactam carbcnyl carbon at 171.8ppm and the ester carbonyl
carbon at 169.7ppm. Two ir-absorption bands, an ester C=0
stretch at 1725cm™™ and a C=0 stretch of a é~ring lactam
system at 1625cm™* were present while a C=N stretch between
2210cm™" and 2185cm™* was absent. Conclusive evidence of
the lactam product was provided by the high resoclution mass
spectrum which showed a molecular ion peak at m/z =
199.1127, corresponding to C,,H, ,NO,.
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1-(2-t—Butoxycarbony1ethyl)-2~cyanomethylanepiperidine
;=f [86] was synthesised by the addition of bromuacétonitrile_
- to a solution of 1-(2~t-butoxycarbonylethyl )piperidine-2-
thione [84] in dichloromethane, followed hy sulphur
extrusion of the resultant salt with triphenylphosphins and
triethylamine. The product {86] was obtained in 10% yield
after column chronatography: part of the vyvield was
: | ' forfeited by what was believed to be the formation of the
' carboxylic acid, 1-(2=~carboxyethyl j-2-cyanomethylene~
piperidine [92], in 26% yield. The ease of hydrolysis of
% “ the t-butyl group will receive further comment later,

\J | - - [e2]

The structure of . 1—(2—t-bdtoxjcarbonylethyl)-2-
Cyanomethylenepiperidine {861 was substantiated by *H nnr
data i.e. the vinyl proton resonatesd at 3.67ppum and the -

) Lutoxy protons produced a singlet at 1.44ppm. Using the
H game argument as for [85], it is believed that the geometry
E'G' around the carbon-carbon double bond in [86] is E. The ir
L spectrum showed a C=N stretch and a C=C stretch of the
i vinylogous cyanamide system at 2260cm—= and 1612cm—*,
; respectively and an ester C=0 stretch at 1705cm™*.

?

(:
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The *H nmr spectrum of the other reaction preduct [92] did
not contain a singlet integrating to nine protons at
1.44ppm, and therefore it was deduced that no t-butoxy
group was present. Surprisingly, no OF peak was detected
and the product was accidentally discarded before an ir
spectrum could be cbtained to look for absorption bands due

to €=0 and O-H. Nevertheless, & tentative hypothesis was

that the esgter functionality of the product [86] was
converted to a carboxylic acid group. Despite the low
yields, this result is positive from one point of view. 1~
{ 2-t-Butoxy-carbonylethyl }-2~cyvanomethylenepiperidine [86]
was prepared as a precursor to the synthesis of 1~(3-
hydroxypropyl)-l-cyanomethylenepiperid.ne [$8] (see Scheme
23) because of the expected ease of hydrolysis of the t-
butoxy group. In fact the sulphide contracted product [86]
was sufficiently unstable that it hydrolysed to a large
extent to the carboxylic avid [92] on workup. Howaver,
because excellent yields wnre obtained with the ethyl
ester, all further work was carried out with this compound,
and work on the t-butyl ester was abandoned at this stage.

A point worth mentioning is that it is essential not to
delay purification of the sulphide contracted product

~ because oxidation of the phosphorus-containing by-products

produced mixtures containing triphenylphosphine oxide that
were very difficult to separate.

2.1.4 Ester reduction

Conversion of the ester group of 1-—(2-ethoxycarbonylethyl)-
2~cyanomethylenepiperidine {851 into a better leaving group
was desired with the removal of the carbonyl moiety. The

latter was a prerequisite for an alkylative cyclisation
further on in the synthetic route. In this way, unwanted
functionality at the ¢-4 position of the quinolizidine
system [68] would be avoided. It was important that a
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chemoselective process was emplbyed that would reduce the
ester, but leave the nitrile and carbon-carbon double bond
unchanged. Orlek®*-*2 reduced the saturated ester of [93],
leaving the ester and carbon-carben double bond of the
vinylogous urethane system unperturbed, by using lithium
aluminum hydride as the chemoselective reducing agent.

In the light of Orlek’s success there was hope for an ester
reduction of our similar vinylogous cyanamide system.

1-(3—Hydroxypropy1)—2-cyanomethylenepiperiding [68] was
prepared in good vield (74%, chromatographically pure) by
heating 1-(2~ethoxycarbonylethyl }-2-cyanomethylene-
piperidine [851 and lithium =zluminum  hydride in
ftetrahydrofiuiran. The absence of both & guartet at 4 16ppm
and a triplet at 1.28ppm in the *H nmr spectrum showed 4 57t
no mnore starting material was present, while a broad
singlet at 3.42 - 3.30ppm of the alcohel product was
clearly vivible. The vinyvl proton singlet at 3.82ppm,
together with the nitrile carbon signal at 123.0ppm and the
vinyl carbon sighal at 57.6ppm provided evidence of the
vinylogous cyanamide system present in [&8]. No ir-
absorption band due to an eater C=0 stretch was observed.
A broad O-H stretch at 3425cm™, and a doublet at 1070cm™*
and 1050cm™* due t0 a C-0 stretch of the -CH.-OH group
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indicated that the ester group had indeed been reduced.
The presenhce of the untouched vinylogous cyanamide system
was seen by the strong C=N stretch at 2180tm~* and the
equally strong C=C stretch at ﬁE?Ocmfl. Microanalysis
confirmed the formula €, H,N.O.

Further transformations of 1-(3-hydroiypropyl)-2-cyano—
methylenepiperidine [68] and its conversion to the target
alkaloids epilamprolobine [2] and lamprolobine 37 will be
described in Chapter 3. For the remainder of Chapter 2,
alternative approaches to 1-(3—hydroxypropyl)piperidine
derivatives that either fa! ed nr were abandoned, will be
discussed.

2.2 Approach based on S~bromopentanoic acid

The synthetic route envisaged for the preparation of 1-(3-
hydroxypropyl)piperidine~2~thicne [76] is illustrated in
Schenme 26. '
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O
HzN/v\OH Br /\/\)L;?/\/\OH ——
L]
[82]

Scheme 26

In this approach we intended io synthesise the 6-membered
ring incorporating the nitrogen atom first, unlike the
approaches discussed in Sections 2.1, 2.3 and 2.4, where
this ring system was already established in the starting
material. We were hoping for the thiation of 1~{3-hydroxy-
propyl)~2-piperidinone [74] to lead to the product [76].

Parsons®”? reported the synthesis of N=-(3-hydroxypropyl }-4-

chlorobutanamide [94] according to the route outlined in
Scheme 27.
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of /\/\g/ SO + ol /\/1/ WOT-\/\CI

24%  [94] | o

Scheme 27

The cyclisation ot [94] to form 1-(3-hydroxypropyl)-2-
pyrrolidinone [95] (the S-membered ring analogue of [74] in
Scheme 26) was not executed in light of the improved
synthesis shown in Scheme 28. Unfortunately, this latter

synthetic route is known to fail with é-valerolactone
[79]_132

[ ! + H2NMOH sealed tube :N:ko
0 (8]

250°C, 18n
OH

81% [95]

Scheme 28
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Believing that our 6-membered system might give better
regults, we attempted nonethaless *to synthesise 1-(3~
hydroxypropyl)-2-piperidinone [74] according to Scheme 26.

Olah et al.®® prepared 5—brdﬁopentanoic acid [80] in 88%
yield by reaction of boron tribromide with §-valerclactone
[79] in dichloromethane at ambient temperature. Bagnall et
al.®° also converted [7%] to [80] by heating the starting
material in hydrobromic acid containing sulphuric acid.

In the present work, the latter procedure was followed to -

afford 5-bromopentancic acid [80] in 84% yield without
purification. ‘This was not necessary owing to the
product’s fairly sharp melting point of 36 - 38.5°C
(literature 39 -~ 40°C). Confirmation of the product
structure was provided by *H and *®C nmr and ir data. A
broad singlet at 11.34 - 11.04ppm indicated the presence of
the OH proton of the carboxylic acid. The carbonyl carbon
chemical shift of 179.7ppm was assigned to that of the
carboxylic acid and not to the ester of the starting
material, as the latter would have been upfield by about
10ppm.®* The C=0 stretch of the lactone starting material
at approximately 1735cm™ was not visible, but instead a
CO0~H stretch at 3500cm™ and a carboxylic acid C=0 stretch
at 1705cm™ representative of 5-bromopentancic acld was
cbserved.

In order to prepare the corresponding acid chloride, 5-
bromopentancic acid and thionyl chloride were heated in
chloroform with a trace of dimethylformamide as catalyst.
The acid halide, 5-bromopentanoyl chloride [81], was
obtained in 81% yield after distillation. Confirmation of
its structure was provided by the acid chloride carbonyl
carbon signal at 172.8ppm in the *2C nnr spectrum and the
strong ir-absorption band at 1790cm™ due to the acid
chloride C=0 stretch. The *H mmr spectrum did not show an
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CH proton peak and thus prbvided evidence that the starting
material was no longer present.

The next synthetic step entailed the synthesis of N-(3-
hydroxypropyl)-5-bromopentananide [82]. Addition of &
solution of 5-bromopentanoyl chloride [{81] to a mixture of
disodaium hydrogen phosphate and 3~amino-~l-propanol in
chloroform afforded the product in 30% 'yield
(chromatographically pure). The low yield was attributed
to the possible water solubility of [82}, which would have
led to loss of material during the extractiui procedure.
The *H and **C nmr data substantiated the product structure
and indicated that two geometrical isomers of N~{3-
hydroxypropyl)=5-bromopentanamide [82a] and [82b] were
present in a ratio of approximately 23:7.

O Q
Br/“\v/“\v/ﬂ\T/”\M/’\OH Brf‘\uf’\uﬂu\NfH
H

Two triplets, one for each iscmeric NH, were present at
7.59ppm and 4.67ppm in the *H nmr spectrum. The difference
in chemical shifts of the peaks due to the two protons on
the «~-C to the nitrogen (at 3.37ppm and 3.25ppm) gave
further evidence of the two isomers. Verification of the
assignment of the brosd OH peak at 5.70 - 5.00ppm was given
by its disappearance on addition of D,O0. The **C nmr
spectrum contained two upfield signals at 58.2ppm and
44.0ppm due to the carbons ¢ to the alcohol group and ¢ to
the nitrogen of the amide group, respectively. Two anmide
carbonyl peaks at 173.2ppm and 173.1ppm appeared as a
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consequence of what is believed to be cis/trans isomerism
about the_. partial double C-N. kand in [82a] and {[82b],
respectively (shown in Scheme 29). Two signals due to the
a carbon to the carbonyl group were also observed {any two
values out of 31.2, 31.1 and 31.0ppm -~ assignment was
uncertain).

o~ o
Br N\ANNAOH Br ;l-’H
a &
| HO

Scheme 29

The ir spectrum of the product [82] showed the following
identifying absorption bands: an O0-H stretch {3550 -
3250cmn™*) and a C-0 stretch (1075cm™*} of the -CH_.-CH
system, and, a N-H stretch (3550 ~ 3250cm™ "), a C=0 stretch
(1652cm~*)}, a N~H deformation and symmetrical N~C=0 stretch
(1520cm™t) and a C-N stretch (1240cm™) of the =HNCO-
systen,

The sequence of addition of reagents is of crucial
importance in the synthesis of N-(3-hydroxypropyl}-5-
bromopentanamide [82]. Addition of 3-amino-l-propanol to
the acid chloride in chloroform containing a suspension of
disodium hydrogen phosphate gave the diacylated compound

N,0-bis(4-bromcbutanoyl)-3-amino-l-propancl [96] in 36%

yvield (from [80]) after colwmn chromatography.
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[96]

The *H and *°C mmr spectra brought certain features to

light which led to the conclusion that the diacylated

species had been obtained. Firstly, there was no broad OH
singlet visible. A triplet at 4.12ppm was due to the
protons warked as "x*. In the desired product [82], these
protoﬁs, o to the alcohol oxygen, were more shielded (3.70
-~ 3.44ppm). A triplet at 3.44ppm due to the protons o to
the halogens (marked as "y") integrated to four protons and
not two, as would have been expacted had ({82] bean
obtained. The appearance of a triplet at 2.36ppm was
assigned to the protons marked as YzY, which would be
absent in the desired product. The 23¢ nmr spectrum showed
thirteen carbon signals, of which one was the anide
carbonyl carbon at 172.6ppm and another was the ester
carbonyl carbon at 172.5ppm. A noteworthy observation is
that the diacylated product was not present as two
geometrical isomers.

Although the yield of N-(3-hydroxypropyl}-5-bromopentan-
amide [82)] was poor, we attempted to cyclise it to 1-(3-
hydroxypropyl )-2~-piperidinone [74] by treatment with sodium
ethoxide solution, prepared from sodium metal and absolute
ethanol. The *H and *°C nmr and ir spectra did not give
conclusive evidence that the product had been obtained, but

starting material was no longer present. This latter
statement is substantiated by the absence of the quartet at
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3.25ppm due to the hydrogens o« to the nitrogen in the
starting material. The free OH of N-{3-hydroxypropyl)-5-
bromocpentanamide was considered =2 ypossible problem
contributing to the failure of the cyclisation, in that it

could be deprotonated Iinstead of the amide NH proton.

Protection of the alcohol would thus be necessary. A
second possibility was that cyclisation of the amide anion
[97] {being ambident) had occurred through oxygen instead
of nitrogen. This would lead to é-valerolactone being

fermed after hydrolysis. This idea is illustrated in
Scheme 30. -
o o _
Br /\/\)L?/\/\OH NoOEt, ELOH
H
{82]

cyclisation (l | - hydrolysi [l
ysis
- P ™0 NMOH _— 0 0

-Br
' {7¢]

Scheme 30
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Spectroscopic data®* confirmed that §~valerolactone was one
of the products that had been obtained. The triplet at
4.12ppm in the *H mmr spectrhm was due to the protons a to
the oxydgen atom of the este . The methylene protons o« to
the carbonyl group resonated at 3.3ippm. The ester
carbonyl carbon signal at 172.5ppm appeared slightly
upfield from that expected (175.2ppm)}. The ir spectrum
showed absorption bands due to the lactone C=0 stretch (at
1720cm—*) and the C-0 stretck (at 1195cm~*).

We felt it was worthwhile to check that the acid chloride.
- did in fact react with primary 2amines, and chose to verify
i : ’ our procedure by using benzylamine, a compound which would
| not give the possible complications that arose because of
tf the 0H group oif the 3-amino~l=-propancl used previously; 3
Scheme 31 shows the appropriate synthetic route.

g 0
| - HN" e H o~~~
-

NaOEt, EtQH (lg
o —_— N

1N

h CgHg

i a [99]
Scheme 31
: (,1

Addition of a soclution of 5~bromopentanoyl chloride [81] to
x\u a mixture of disodium hydrogen phosphate and benzylamine in
chloroform afforded a mixture of N-~benzyl-5-bromopentan-
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amide [928} =nd ethyl 5—bromopehtanoate [100] in a”ratio of

5:13, res,y  ively.

0

Br /\/\)LOEt

[100]

The two products [98] and [100] were obtained in yields of
25% and 66%? respectively. The phenyl protons resonating
at 7.40 — 7.06ppm and tlk. doublet at 4.38ppm due to the twr

. protons ¢ to nitrogen in the *H nmr spectrum provided

evidence of the N-benzyl~-5~bromopentanamide product. The
quartet positioned at 4.10ppm and the triplet at 1.23ppm
are indicative of the ethyl S-bromopentanoate product. The
ir spectrum gave further evidence of the mnixture.
Absorption bands indicative of N-bengzyl-5-bromopentaramide
included a N-H stretch at 3435em™, an amide C=0 stretch at
igeocm™™, and a N-H deformation and symmetrical X¥~C=0
stretch at 1505cm™*. The ester C=0 stretch at 1720cm~* and
the ester C-0 stretch at 1250cm™™ and 1230cm™* were
representative of ethyl 5-bromopentanoate.

The ethoxy group needed for the formation of ethyl 5=

bromopentanoate is believed to have originated partly from

the ethanol stabiliser in the chloroform solvent, despite
prior drying of the solvent using basic alumina. Owing to
the large yield of [100] obtained, there must have been an
additional source of the ethoxy group besides that from the
ethanol stabiliser. Ethyl acetate, a possible provider of

OCH.CH. was not used in the workup procedure and. s¢ the
"supplier® of this group is obscure. '
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In conclusion, 5-bromopentanoyl chloride [81] did feact_
with benzylamine to produce HN-benzyl-S-bromopentanamide
{981, however, this product was obtained in unsatisfactory
yvield together with a large amount of an undesired product,
ethyl 5-bromopentancate [100]. This result did not warrant
further cyclisation to produce [9%2]. The complications
encountered in ‘the attempted cyclisation of N-{3-hydroxy-
propyl)-5-bromopentanamide [82] to 1-{3-hydroxypropyl)}-2-
piperidinone {741 did not warrant further investigation of
this approach.

2.3 Approach based on_ l-allyl—2-piperidinones

The synthetic route envisaged for the prepsration of 1~(3-
hydroxypropyl jpiperidine-~2-thione [76] is jllustrated in
Scheme 32.° '
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[76]

Scheme 32
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In this approach we intended to convert the sec~.fary
lactam, 2-piperidinone [72] into a tertiary lactam, 1-
allyl—-2-piperidinone [73] by means of an allylation
reaction, prior to thiation. This proposed sequence of
reaction execution is opposite to that described in Section
2.1, where the thiation of 2-piperidinone [72] was carried
out before the addition of the 3~carbon chain to the »ing
nitrogen by means of a Michael reaction. In this present
approach, hydroboration of the carbon-carbon double bond cf
the allyl group was expected to provide a 3-carbon unit

- bearing terminal functionality.

2.3.1 Synthegir~ ~f 1-allyl-2-piperjdinone and ~thicne

Orlek®* prepared l-aliyl-2-piperidincne [73] in 87% yield
by the addition of 3-bromopropene to =& heterogeneous
solution of 2-piperidinone [72] and potassium metal in
toluene. This was followed by a thiation reaction in which
1-allyl-2-piperidinone and phosphorus pentasulphide were
heated in benzene to afford i-allylpiperidine-2-thione [75]
in 77% yield. Tomlinson®®* prepared l-allyl-2-pyrrolidinone
f101] (the 5-membered ring analogue of [73]) by the
addition of 3-bromopropene to a heterogeneoﬁs solution of
2-ryrrolidinone and sodium hydride in tetrahydrofuran.

In the present work, l-allyl-2-piperidinone was synthesisad
in 39% yield (after distiliation) by £ollowing Orlek’s
procedure and in a meagre 5% yield (purified) by following
Tomlinson’s method. The latter low vield was attributable
to two factors. Pirstly the reaction mixture containing 2-
piperidinone and sodium hydride in tetrahydrofuran formed
a solid slush which was difficult to stir before and after

addition of 3-bromopropene, resulting in a less efficient
reaction. Secohdly, extensive purification resulted in
product loss. The two multiplets at 6.02 - 5.70ppm and
5.43 - 5.02ppm in the H nmr spectrum substantiated the
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existence of the allyl protons. A multiplet at 4.22 -

3.88ppm was due tu the protons ¢ to the ring nitrogen crnd
part of the allyl unit. The *3C nmr spectrum contained two
carbon signals at 132.0ppm and 116.0ppm due to the
internal and terminal carbons of the allyl double bkond,
respectively. The lactam carbonyl carbon resonated at
168.3ppn, as expected. The ir-absorption bands indicative
of the lactam moiety and the allyl group were present.
Bands of the former appeared at 1625cm™, dve to the C=0
stretch and at 1330cm™*, due to the C-N stretch. Bands of
the latter were seen at 3075cm™", due to the =CH, stretch
and at 995, 985 and 925cm™*, due to the "out of plane” =CH
derormation. A 2=C stretch absc.ption band of the allyl

group should have been visible between 1650cm™ and

1635cm™*, but pertaps the very _strong band due to the

lactam C=0 stretch overlapped this band.

1-allylpiperidine-2-thione [75] was prepared in 6% yieid
(chromatographically pure} by following the thiation
procedure of Orlak®* as mentioned previously. The *H nmr
spectrum showed two multiplets (at 5.96 - 5.70ppm and 5.28
- 5.08ppm) due to the allyl protons. The downfield shift
ot the protons marked "y" and "z" to 4.5%ppm and 2.96ppm,
respectively, clearly showed that the oxyqen'atom had bean
substituted by the less electronegative sulphur atom.

Y
o
7

In the guest to achieve a higher yield of 1-allyl-
piperidine-2-thione, a solution of 1-allyl-2-piperidinone
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'in tetrahydrofuran was treated.with Lawesson’s reagent.®®
Despite repeated purification using column chromatography,
a more poiar impurity remained inseparabie from the thiated
product. Thin layer chromatography indicated that the
product was present in minute quantities.

A plentiful supply of 1l-allyl-2-pyrrolidincne §{101] was

: _ available in the Ilaboratory for another projzct,®® so
T : rather than use our precious 1-allyl-2-piperidinone [73],
we chose to model the hydroboraticn reaction with the more

_ _ abundant compound.
f : Scheme 33 lllustrates the hydroboration reaction.

o | [ L 1-Hydroborating agent/THF | [ L
N™ ™0 . N Q
: v 2:NaBO 5 -4H,0 or Hzoz/oa-l k/\

[101] [95]

Scheme 33
"

T

e The results obtained are summarised in Table 1.
"
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Table 1: Results of attempted hydroboration of {1011
Hfdroboratinq agent | ' outcome
0.5M 9-BBN in CcHi. (1.229) (101}, [102]
0.5M 9~BBN in C.H,. {1.5eq) | [161], [102]
0.4M 9-BBN in THF (1.5eq) [101], [102]
0.6M 9-BBN in THF.(Z;Oeq) [101], [102]
1M BH,.THF (0.5eq) | [iOl],'impurities
iM BHE.THF.(l.Oeq) [101]}, impurities
iM BH..SMe. (1.0eq) [103] (13%), {1o4j (1%)
1M BH,.SMe, (1.0eq)™ {1011 (21%)

*This reaction was carried out at -27.5°C, whereas all

 other reactions were carried out at 0°C, and after some

time were left to warm up to room temperature.

The bulky 9-borabicyclo[3.3.1lnonane hydroborating agent
was unsuccessful in producing 1-(3~-hydroxypropyl)-2-
pyrrolidinone [95]. 8 nmr data showed the presence of
unreacted starting material and the by-product, cié-l,s-
cyclooctanadiol [102] (first 4 entries in Table 1),

From the pentultimate borane~methyl sulphide complex
reaction, two unexpected products, = 1~(3-hydroxy-~
propyl)pyrrolidine[1D3].and1r(2—hydroxypropy1)pyrrol}dine
[104] were isolated in yields cf 13% and 1%, respectively,
after column chromatography. The reduction of the lactam

" carbenyl was indeed a surprizing result.
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. I
' [103] [104]

The methylene protons a to the alcohol group in [103]
produced a tripiet at 3.68ppm. The peak of the terminal
alcoholic proton was found as part of a multiplet at 3.40 -
3.07ppm. The two sets of ring methylene protons o to the
nitrogen were found to ke equivalent and appeared as =a
multiplet at 2.87 ~ 2.64ppm. Confirmation of the absence
of the amide group was given by the **C nmr spectrum of
[103], which showed no amide carbonyl carbon signal.
\J Instead, two sighals, each of double the intensity of the
other signals in the spectrum, appeared at 61.3ppm and
22.6ppm. These were assigned to the two equivalent ring
carbons o to the nitrogen and to the remaining two
equivalent ring carbons, respectively. Reduction of the
lactam carbonyl in [104] was proven by the *H nmr spectrunm
in which both sets of ring methylene protons &« to the
Y nitrogen resonated at 2.97 - 2.60ppm. The OH proton
appeared as part of a multiplet at 2.32 - 1.77ppm and the
C Markovnikov hydration process was substantiated by the
doublet at 1.20ppm due teo the methyl group.
The ir spectrum of [103] showed absorption Dbands at
36l0cn™* and 1040cm™* of an O-d stretch and a C-0 stretch
_j ¢ of the ~CH,O0H systemn, respectively. The appearance of an
: O-H stretch (3575cm™* - 3375cm™*), a C-0 stretch of the
\“ >CH-OH system (1020cm™"}, an asymmetrical CH, deformation
{(1440cm™) and a symmetrical CH, deformation (1392cm™*) of
[104] verified the Markovnikov hydration.

S S
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In conclusion, we found the hydroboration reaction not to
be regioselective and the competing reduction of the lactam
carbonyl posed an additional problem. As a result of these
findings, there was no point in applying the hydroboration
process to 1-allyl=-2-piperidinone [73] or 1-allyl-
piperidine-2-thione {751, and we thus abandoned the route
in Section 2.3.

2.4 atq . are 1-(3-hydroxypropyl)-
| ] - :‘I . : riv tt .. .

another synthetic route envisaged for the preparation of 1-
(3-hydroxypropyl)piperidine-2~thioneg {761 is illustrated in
Scheme 34.

In this approach, e intended to prepare 3-(2~thioxo-1-
piperidinyl)propanal [105] by means of a Michael reaction.
We hoped that subsequent reduction of this precursor would
afford 1~(3-hydroxypropyl)piperidine-2-thione {[76]. We
chose to investigate this route by virtue of the fact that
conjugate additions on the nitrogen of thiolactams are
usually ready and reduction of the aldehyde to a primary
alcohol should proceed very mildly, without affecting other
functional groups. '
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A solution of piperidine-2-thione [67] in tetrahydrofuran
was treated with propenal at room temperature, but only
starting thiolactam was recovered in quantitative yield.
When the reaction was conducted at an elevated tenperature
a mnixture of unreacted piperidine-z—thione and four other
unknown compounds were ocbtained (as shown by thin layer
chromatography). Parsons=” attempted the conjugate
addition of propenal to pyrrolidine-2-thione [22], the 5~
menbaered ring analogue of [6]. It was found that the
Michael acceptor dimerised, allowing the chain of events
illustrated in Scheme 35 to occur. "

H —

HO™

.

2 diostereomers
(6% and 8%)

Scheme 35
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In the light of these findings it is possible that two of
our unknown compounds were diasterec lers of [106]. '

HO

[108]

Another synthetic route for the prepération of 1-(3-
droxypropyl)piperidine~2-thione [76] is illustrated in

R pon [76]

Scheme 35

A facile hydrolysis of the t-butyl ester of 1-(2~t~
butoxycarbonylethyl)piperidine~-2-thione [84] was expected
to achieve a high yield of 3-(2-thioxo-l-piperidinyl)-
propanoic acid {[107]. This assumption was based on the
ready cleavage of the t-butyl ester of 1-(2-t-butoxy-
carbonylethyl)=-2-cyanomethylenepiperidine {86] in Section
2.1.3. The reduction of the carb.xylic acid toc a primary
alcohol was expected not to present any problems as it is
a well-precedented reaction.
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A solution of 1-{2-t-butoxycarbonylethyl)piperidine-2-
thione [84] in dichloromethane was treated with
trifluorocacetic acid to afford the carboxylic acid product
{107] in 23% yield. Unreacted starting material was
recovered in 6% yield. The singlet at 10.39ppm in the *H
nmr spectrum was clearly indicative of the acidic proton of
the product. _ |

The yield was not optimised and further reduction of the
acid was not attempted because at this stage the successful
alternative discussed in Section 2.1 had been perfected.

The final synthetic route envisaged for the preparation of
1-(3~hydroxypropyl)piperidine  derivatives [109] is
illustrated in Scheme 37. : :

a2
|
5

OR
[108] [109]

where X = Q or S
R = Et or Bu

Scheme 37

Knowing that we could prepare the thiolactams bearing a 3-
carbon chain with a terminal ester group on nitrogen (i.e.
[108] where X = S and R = Et or ®*Bu), we wondered about the
possibility of reducing the ester to an alcohol at this
early stage - before sulphide contraction rather than
after. We also had a small supply of the lactam from the
failed sulphide contraction attempt described in Section
2.1.3 {i.e. [108] where X = 0 and R = Et), which we wanted
to reduce. We needed 40 find reagents that would
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selectively reduce CO.R while leaving the C=5 or the lactam
C=0 untouched. '

Yoo et al.®* reported the selective reduction of the ester
group in [110] by the addition of sodium borohydride to a
mixture containing aquecus cupric sulphate and starting
naterial [110] in ethanol. ‘The product [111] was obtained
in 82% yield {Scheme 38).

o 0
T
N™ “COOEt NaBH,—~CuS0,, EtOH _ ri'/\|
: _ H OH
[110} trsl
Schermne 38

This unusual reduction procedure utilising a sodium
borohydride =~ cupric sulphate system was carried out

unguccessfully on three compounds, 1={2-ethoxy~-
carbonylethyl)piperidine-2-thione [83] (i.e. [108] where X
= 8, R = Et), 1-(2~t-butoxycarbonylethyl)piperidine-2-

thione {84] (i.e. [108] where X = §, R = *Bu) and 1-{2-
ethoxy-carbonylethyl)-2-piperidinone [91] (i.e. [108] where
X = 0, R = Et). In each case starting mnaterial was
recovered in yvields of 14%, 76% and 25%, respectively. Our
systems (with the chain containing the ester group on the

nitrogen of a lactam or thiolactam) were unexpectedly not

reactive towards the reducing agent as compound [110] of
similar nature, where the chain with the ester group was
attached to an open—chain amide. Derhaps the ester groups
of our compounds were sterically inaccessible due to the
more bulky lactam ring system or perhaps it was due to lack

of N-H participation.
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The reduction of 1—(2—ethoxycarbony1ethy1)-z—piperidinone
[91] was attempted using the well-established reducing
agents, lithium aluminum hydride and lithium borohydride.
These two reagents, known for their more powerful reduacing
ability (as compared with NaBH,), were expected to hring
about ester reduction. Table 2 summarises the methods used
and the outcome.

Table 2: A;tgmpggg ester reductjions gﬁ.[glj
.Réducing agent | Solvent | Temperature/ C Result
LiAlH, - THF | o} [91] (89%)
TiA1H, THF reflux,25 | [91] (81%)
LiBH, Et_0 25, reflux [911
. -  (by TLC)

It is believed that the fajlure of the lithium aluminum
hydride reductions may be attributed to the fact that the
reducing agent was aged, but in view of the successful
reduction reported in Section 2.1.4, the reactions were not

. repeated with fresh reagents.

It is clear that the strategy described in Section 2.1 has
worked best. The following chapter will now pick up the
threads at the point where we left off after Section 2.1.4.
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The synthetic route undertaken_for the synthesis of the
title compounds [2] and [3] (and the derivatives [113] and

f1141}) is illustrated in Scheme 39.

(e8]
|
l CN
o0
- (o ~
) i1
N o0
[20] [}
| }
Aty NHz
H £ H
N N
[11] [112]
< N

H
N N
[113] 53

Scheme 3%
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Conversion of the alcohol group of 1-(3-hydroxypropyl)-2-
cyanomethylenepiperidine [68] to a better leaving group has
to precede the alkylative cyclisatior, which exploits the
nucleophilic nature of the o~C of the exocyclic vinylogous
cyanamide systen. The unsaturated functionalised
quinolizidine . compound 1«azabicyclo;[4.4.0}dec—5—ene—5—
carbonitrile [697 thus produced must then be hydrogenated
to form the two isonmers, rel-SR,6Rﬁ1-azabicyclo[4.4.oj~
decane~5~carbonitrile {[20] and rel-5R,6S-l-azabicyclo-
[4.4.0]decane~5-carbonitrile [19]. Nitrile reduction of
each isomer and subsequent addition of a glutarimido unit
should produce the target Lupine alkaloids [2] and [3]. We
also decided to make the acetyl derivatives of lupinamine
[113] and epilupinamine [114] £~r reasons to be explained
later on.

In this chapter each of the synthetic steps outlined in

Scheme 39 will be discussed in sequence i.e. cyclisation,
hydrogenation, reduction, derivative preparation and final
alkaloid synthesis.

3.1 Sypthesis of l-azabigvclof4.4.0]dec~5—ene—5~
carbonitrjle

Scheme 490 illustrates the synthetic route by which the
title compound [69] was prepared.

&/ (k I
MeCN
1.Base, soivent CN —_—
N CN t\/A\ reflux [::jfij
N

K/\ Z2-Reagent
OH X

(Step 1) (Step 2) [69]
[68] {115]

where X = good leaving group

Scheme 40
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Firstly, it was essential to activate the alcohol group of

~ [68] to improve its leaving group ability (Step 1). &

facile nucleophilic alkylative cyclisation of the
appropriate intermediate [115] would then be carried out to
produce the product [69] {(Step 2}.

3.1.1 Tosylate as leaving group

An initial attempt was made to isolate the tosylated
intermediate, i~(3~(4-tolusnesulphonyloxy)propyl)-2—
cvanomethylenepiperidine [116].

The sequential addition of sodium hydride (2.2eq) and p-
toluenesulphonyl chloride (2.22q) to 1-(3-hydroxypropyl)-2-
cyanomethylenepiperidine [68] in refluxing tetrahydrofuran
afforded after column chromatography l-azabicyclof4.4.0]-
dec-5~ene-5—-carbonitrile [69] in 3% yield and the
intermediate,l~(3~chloropropyl)-2~cyanomethylenepiperidine
[117] in 4% yield. (Characterisation of these two compounds
will be dealt with at a later stage in this section.)
Surprisingly, the desired tosylated intermediate was not
obtained.

A more comprehensive series of reactions 'was then
undertaken. Table 3 summarises the results obtained for
the cyclisation process (Scheme 40) by altering certain
reaction parameters and conditions. The trends observed

will be discussed thereafter.




Table 3: Particularxs and results of the cyclisation reaction of [68], 1

Step 1 " : Step 2 ? _
. - ‘-'«;;:
Reaction Addition -
Exp. no. Base TsCl/eq | Solvent R Result _ f
temp./ € of NaX o
1 n-BuLi (1.0eq) 1.4 THF 25, reflux I' No : [68], [11l6] ; :
2 NaH (4.0ed) 4.0 dioxane 25, reflux Yes [69], imps ity -
3 NaH (4.0eq) 4.0 wriF 25, reflux Yes _ [62], impurity
4 NaH (4.0eq) 4.0 glyme 25 “ No [69], impurity
5 NaH (1.8edq) 1.8 glyme 25, reflux No [69] (52%) : 5“;
& NaH (1.8eq) 1.8 dioxane | 25, reflux No [69] (53%), [68] (26%)
7 NaH (1.8eq) 1.8 THF 25 Yes © [118] (58%)
8 NaH (2.0eq) 2.0 THE 25 No [69] (52%), [117] (7%)
9 NaH (2.2eq) 2.2 THF reflux u No [69] (41%)
10 NaH (2.0eq) 2.0 THF 25, reflux H No [69] {70%)

Key: TsCl = CH,CoH,80,Cl

9L
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Effect of using different bases

The potential of the two bases, sodium hydride and n-
butyllithium, in abstracting the alcoholic proton of 1-(3~
hydroxypropyl )=~2~-cyanomethylenepiperidine [68] was
investigated. As Table 3 indicates, sodium hydride is the
~base of choice. The results of experiment 1 in Table 3
(and experiment 2 in Table 4, for which ses Section 3.1.2)
highlight the unsuitability of n-butyllithium as a base.

In experiments 2 - 4 (Table 3) too large an excess of
sodium hydride and p~toluenesulphonyl chloride was used,
with the consequence of a less polar (with respect to [69])
solid impurity being formed, which was inseparable from the
cyclised product. The impurity was not p-toluenesulphonyl
_ ) chloride, but its identity is obscure. The problem of
L_,,/’) forming this unknown solid was circumvented by employing a

lower percentage excess of reagents e.g. as in experiments
5,6,8 = 10 (Table 3). A 100% excess of both sodium hydride
and p-toluenesulphonyl chloride proved to be the optimun
excess (experiment 10).

7 Effect of using different solvents

G The promotion of formation of the tosylated intermediate
[116] (8tep 1) in differsent solvents was studied.
Acetonitrile was the appropriate solvent used to er! ance
nucleophilic cyclisation (Step 2) and this parameter was
: kept constant. In this discussion we will compare the
: results obtained from experiments 5,6 and 7 (Table 3) in
\ which glyme, dioxane and tetrahydrofuran were the

respective solvents employed.
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In experiment 5, in which glyme acted as the solvent, 1-
azabicyclo[4.4.D}dec-:'-»ene—s—carboriitrile [69] was obtained
in 52% yield after column chromatography. The protons on
the electrophilic carbon involved in the cyclisation
process produced a triplet at 2.20ppm in the *H nmr
spectrum of the cyclised produrt [69]. Further
confirmation of the prouduct structure was provided by *°C
nnr data which contained signals at 153.9, 122.4 and
69.8ppm due +to the quaternary carbon o to the ring
nitrogen, the nitrile carbon and the quaternary carbon a to
the nitrile group respectively. Important ir-absorption
bands included the Bohlmann bands (at 2975, 2930 and

2845c¢m~*), indicating a trans-fused bicyclic structure, a

C=N stretch (at 2155cm*1)'and a C=C stretch of a C=C-C=N
system (at 1580cm~*). The high resolution mass spectrum
showed a molecular ion peak at m/2 = 162.1044 corresponding
0 C.oH,oNa- |

In experiment 6, in which dioxane acted as the solvent, 1-
azablicyclo[4.4.0]dec-5-ene~5~carbonitrile [69] was vbtained
in 53% vyield and 1-(3-hydroxypropyl)-2-cyanomethylene-
piperidine [68] was recovered in 26% yield after column
chromatography. This reaction c¢ould show more promise if
a longer reaction time was allowed. The difference in
yields of cyclised product obtained in experiments 5 and 6
is marginal and not worthy of mention.

In experiment 7, in which tetrahvdrofuran acted as the

solvent, an unexpected cyclised compound, believed to be 1-

azabicyclo[4.4,.0]dec~5-ene~5-carbonitrilie [118] (Figure 9},
was obtained in 58% yield after column chromatography. The
carbon-carbon double bond in the latter compound is less
substituted than in the desired product [69] and therefore
the result is somewhat surprising.
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[118]
Figure 9

A triplet of doublets integrating to one proton appeared at

5.13ppm, a relatively downfield shift as compared with the

proton chemical shifts of [69]. 'This splitting pattern can
be explained by the proton marked "x" in Figure 9 coupling
with the adjacent methylene proctons ("y") and allylic
coupling with the vinylic proton {4=z"). If the desired
cyclised product [69] had been obtained, two distinct
triplets at 2.52ppm and 2.20ppm due to the methylene
protons marked "x" and "y" in Figure 10 would have been

praesent.

CN
NY
N
[69]
Figure 10

These triplets were indeed absent, and careful inspection
of the structure of [118] indicated no opportunity for
triplets to arise from a proton or protons coupling with
two equivalent methylene protons. (Methylene protons of C-
2 and C~10 rezonate as multiplets in both {69] and [118].)
The DEPT spectrum of [118] indicated the presence of two
methine carbons. These would not be present in [69], which

|
¥
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contains only gquaternary and secondayry carbons, With the
aid of a C-H correlated gpectrum, the tertiary carbhons at
76.6ppm and 53.4ppm were assigned to C-7 and C-5 in Figure
3, respectively. By contrast, ¢-7 and C-5 of [63] have
very different chemical shifts (27.3ppm and 69.8ppm,
respectively) from those just guoted for [118)]. The ir
spectrun of [118]'showéd two significant peaks at 2170cm™>
and 1595cm™* due to a C=N stretch and a C=C stretch of a
C=C-C~C=N group, respectively. Bohlmann bands, indicative
of a trans-fused bicyclic structure appeared at 2950, 2930
and 2835cm—*.

I must be mentioned that the anomaly_seen'in experiment 7
was not representative of the Xind of result obtained when
tetrahydrofuran was used ag the solvent to hosgt
intermediate formation. Experiments 8 - 10 support - this

argument in that  1l=-azabicyclo[4.4.0]dec-5-ena~-5~

varbonitrile [69] was obitained in yields ranging from 41%
to 70% (chromatographically pure). 1-Azabicyclo[4.4.0]dec-
6~ene~5~-carbonitrile [118] was never formed again and no
adequate reasoning can be found for its formation in
experiment 7. |

In experiment 8, the desired cyclised product [59] was
obtained in 52% yield and an intermediate, 1-(3-
chloropropyl)-2-cyancmethylenepiperidine [117] in 7% yield
after column chromatography.
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Because of the singlet at 3.79ppm from the vinyl proton of
[117], it was believed at first that this compound was the
starting material ([68]. This possibility was soon

‘dismissed when it was noted that the broad singlet at 3.42

- 3.30ppm due to the alcoholic proton was missing. The
triplet at 3.64ppm from the protons a to the alcohol
functionality was not present, but instead an upflield shift

__to' 3.57ppm emphasised the presence of another terminal

functionality of the 3-~carbon unit attached tc the ring
nitrogen. The **C nmr spectrum contained carbon signals at
122.3, 59.3 and 42.3ppm due to the nitrile carbon, the

vinylic carbon and the o carbon to the chloride atom,

respectively. Verification of the intermediate [117] was
given by its high resolution mass spectrum which showed a
molecular ion at m/z = 198.0928, corresponding to
C1oHai=NoCl.

Experiment 10 presents the optimum parameters and
conditions for +the c¢yclisation reaction. Here 1-
azabicyclo[4.4.0]dec-5-ene~5~carbonitrile [69] was ok *ined
in a good chromatographically pure yield of 70%.

3.1.2 other leaving groups

Two other reagents capable of converting the alcohol
functionality to a better leaving group to facilitate
alkylative cyclisation were studied. Table 4 shows the
results obtained for the reagents methanesulphonyl
chloride and trifluecroacetic anhydride.




Table 4: Particulars d results of the cyclisation reacti £
Step 1 : Step 2
: Reaction |} Addition
ExXp.no. Base Reagent Solvent } o Result
temp./ C Of Nal
la NaH {1.4eq) MsCl (1.4eq) THF _ 25 No [69] (26%), [117] (13%)
1b NaH (1.4eq) MsCl (1.4eq) THF 25 Yes [69]1 (29%), [117] (6%}
2 g—BuLi_(l.oeq) TFAA (1.leq) THF . 0,25 ¥o -

Key: MsCl = CH,S0,C1
TFAA = CF,CO,COCF,

z8
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Methanesulphonyl chloride was used in experiment, la and 1b
to produce the intermediate 1-(3-methanesulphonyloxy-~
propyl)-2-cyanomethylenepiperidine [119]. The cyclisation
reaction (experiment la) produced 1—azabicyclo[4.4.0]dec-5—
ene-5-carbonitrile [69] in 26% yield, together with the
chloro intermediate [117] in 13% vield after column
chromatography. The yield of cyclised product was improved
{in experiment 1b) to 29% by the addition of sodium iodide.
Nucleophilic substitution of €1~ by I~ afforded a species
bearing a better leaving group and cyclisation of this
intermediate improved the vield slightly. 'The structures
of [69] and [117] were confirmed by *E and **C nnr data.

j
E
i
i
i
;

Trifluorcacetic anhydride was used in experiment 2 to

produce the intermediate 1-(3-trifluorcacetoxypropyl)-2-

cyanomethylenepiperidine [120]. After steps 1 and 2 of the

cyclisation reaction had been executed, thin layer

chromatography revealed what was predicted to be the

, intermediate [120] and the cyclised product [69].

’//) . Unfortunately, these compounds were lost during the
purification procedure. '

Of all three activators discussed, p-toluenesulphonyl
chloride is clearly the superior one. As demonstrated in
experiments 2 - 6 and 8 - 10 in Table 3, the role of
converting the terminal alcohol group'to a better leaving
AT group was successfully undertaken by this reagent, which

-,

was followed Ly an alkylative cyclisation.

i
{
LG
| 3.2 Reduction of l-azabicyclof[4.4.0]dec—5-ene-5—
carbonitrile
C1

Scheme 41 illustrates the type of process which the two
isomers ,rel-5R,6R-1-azabicyclo[4.4.0]decane~5~carbonitrile
[20] and rel-5R,68~1-azabicyclo[4.4.0]decana~5~carbonitrile
[18], were expected to be formed.
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CN N
| y ¥ g
- reducing cgent
N solvent . N +
[6s] | [20] (18]
Scheme 41

The stereoselecﬁ:ive reduction of the carbon-carbon double
bond of {69] was of utmost importance =ince access to the
two target alkaloids, epilamprolobine and lamprolobine,

~required that we be able to control the relative

stereochemiutry at C-~5 and C-6. The two isomers [20] and
[19] are known compounds for which we have literature
precedents (Yamada et al.*®}. By preparing these isomers,

‘we reach a point at which we converrz with a reported

synthesis (see Scheme 4, Section 1.2). Correlation of the
data for our products with those in the literature is then
possible.

3.2.1 Catalvtic hvdrogenation

Table 5 summarises wvarious methods that were investigated
for the hydrogenation of 1-azabicyclo[4.4.0]}dec-5-ene~5-

~carbonitrile [69] in the presence of a particular catalyst.

L




iy

L

O

85
Table 5: Catalvtic hyvdrogepnations of [69]
Reducing agent Solvent . outcome
[ (CeHs)aP]=RNC1, H, 1:1 C_H,:EtOH [69] (100%)
Ni/Al, NaOH EtOH [69] (80%)
5% P4/C, Ha . EtOH [69] (95%)
| PtO,, H, EtOH [69] (100%)
- . 20 82%
PtO., H. CH, CO.H £20] (82%),
[18] (6%)
Tris(triphenylphosphine)}chlororhodium(I) (Wilkinson’s

catalyst) has been used as a catalyst for the selective
homogeneous hydrogenation of highly substituted internal
olefins containing reducible functiconal groups, amongst
which are nitriles. Harmon et al.®® readily reduced
relatively unhindered disubstituted olefins like
cinnamonitrile [121] to dihydrocinnamonitrile [122] in 86%
yield {see Scheme 42).

CN CN
©/\\~’ Hyr [(CgH5)3PIsRACH g\/
- N GgHg, EtOH ]
[121] | [122]

Scheme 42

Our application of this method (at 500kPa and 60°C) to the

reduction of the tetrasubstituted carbon-carbon double bond
in [69] was not successful. The vinyl nitrile system [*21]
is obviously suscepitible to reduction, whereas our

s
;
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electronically different vinyiogous cyanamide system [6%]
is not. Steric effects could also have played a role.

The hydrogenation of a wide variety of functional groups by
the addition of nickel-aluminum alloy to a reducible
material dissolved in a suitable hydroxylic solvent was
reviewed by Keefer et al.®c An example of a reduction of
a carbon-carbon double bond conjugated to an electron-
withdrawing group is illustrated in Scheme 43.

Qf‘\coou Ni/AL NaGH, EYOH O/\COOH

30%
Scheme 43

Application of this method to l-azabicyclo[4.4.0]dec-5-ene-
5-carbonitrile in which the carbon-carbon double bond is
conjugated to a nitrile group (also an electron-withdrawing
group) was unsuccessful.

MeIntosh et al1.°7 reported the hydrogenation 3f 4-
cyclopentene~1,3-dione in ethanol using a catalytic amount
of 5% palladium on charcoal at room temperature and
pressure. Unfortunately only a gquantitative recovery of
starting material was found when we attempted to
hydrogenate [69] under similar conditions.

Michael®® used platinum dioxide (Adams catalyst) for the
hydrogenation of 1~-methyl-2-benzoylmethylenepyrrolidine
[123] in glacial acetic acid (Scheme 44).

]
4
r
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| o
Hp. PO, CHZCOOH - Wca“s
: ;

Scheme 44

The reduction is chemoselective, leaving the carbonyl group
of the vinylogous amide system unperturbed. This was also
a recquirement for our compound, l-azabicyclo[4.4.0]dec-5~
ene~5-carbonitrile in which competing reduction of the
nitrile group was. undesired. in the present work,
Michael’s method of catalytic hydrogenation was employed
using gifferent solvents. Conparison of entries 4 and 5 in
Table 5 highlights the need for an acidic medium for the
successful carbon—-carbon double bond reduction. The acidic
weditm®® plays a vital role as it is responsible for
protonation, so that the functional group to be reduced is
probably an iminium system (see Scheme 45). This enables
selective reduction by leaving the nitrile functional group
untouched. Vinyvlogous cyanamides are themselves resistant
to reduction, as shown by numerous examples in Table 5, 6
and 7 in Sections 3.2.1, 3.2.2 and 3.2.3, respectively.
Protonation on carbon, however, generates a salt [124]
wiich is readily reducible. It is of importance to
maintain acidic conditions (pH about 4) throughout the
reaction in order to promote protonation of the weakly
basic conjugated enamine i.e. the vinylogous cyanamide.

The envisaged initial protonation step and subsequent
reduction step are illustrated in Scheme 45,
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By énploying dglacial acetic acid as the solvent, rel-5R,6R-
i-azabicyclof4.4.0]}decane-5~carbonitrile [20] and rel-
5R,6S-1-azabicyclo[4.4.0]decane-5-carbonitrile [19] were
obtained in respective yields of 82% and 6% after column
chromatography. The overall yiéld of 88% was pleasing,
although, a more stereoselective reduction than 14:1 of
[20]:{19] would have been welcone. On repeating the
reaction, the reaction time was halved and a 65% yield of
[20] and 1% vield of [19] were cobtained. The lower overall
yvield was compensated by a higher stereoselectivity of 65:1
of [207:{19]. The formation of [20] is kinetically
controlled, a shorter reaction time favouring its
production with respect to [19]. A gas chromatogrﬁm of the
latter reaction mixture was taken prior to separation of
the two isomers by column chromatography to ascertain their
respective ratios. A £7.25:1 ratio of [20]:[19] was
obtained. It is possible that more of [19] was lost dﬁring
the purification procedure than [20}].

Methods of identification and chiracterisation of the two
isomers included observation of physical state and *H and
1*¢ mmr, ir, mnicroanalysis and high resolution mass
spectroscopy. We will be making a direct comparison of
physical properties and spectroscopic data with those
reported in the literature by Yamada et al.,>® since we are
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relying heavily on such comparisons to Justify the
stereochemistry of our produdts. Rel~5R,6R-1-azabicyclo~
[4.4.0]decane-5-carbonitrile {201 was isolated as a white
soiid with a melting point of 61°C. Yanada et al.
described this isomer as being crystaliine and melting at
62 ~ 63°C, The other isomer, rel-5R,6S-l—-azabicyclo-

{4.4.0]decane-5-carbunitrile {19}, was isolated as a pale

vyellow liguid; Yamada et al. reported an oil.

Information drawn from Section 1.4 was used to support the

interpretation of *H and *°C nmr and ir data of the two

isomers. The appearance of low-field multiplets at 2.97 -

2.81ppm and 2.91 - 2.71ppm of [201 and fisgﬁ wespectively

is characteristic of the egquatorial aminomelli,ylene protons
of a trans-fused quinolizidine system. Yamada et al. found
that these equatorial C-2 and C-~10 protons resonated at
2.95 — 2.65ppn in [20] and at 2.95 ~ 2.70ppm in [19]. The
triplet of doublets at 2.73ppm of [20] was distinctly
downfield with respect to the multiplet at 2.48 -2.28ppm of
[19]. Both signals were assigned to the ¢€-5 metline
hydrogen by means of C-H correlated spectra and fundamental
chemical shift knowledge. The difference in their chemical

shifts was attributed to differences in stereochemistry

i.e. the C-5 methine hydrogen of [28] possesses ar
ejquatorial orientation and is therefore deshielded whereas
the same hydrogen of [19] is in a shielded axial position.
The C-H correlated spectra »f both [20] and [19] identified
the bridgehead C—-6 proton (in the vicinity of 1.92ppm) to
be part of an upfield cluster of signals. It was deduced
that these methine x> tons are bota axially orientated and
encourage the trans-fused bicyclic systemn. Equatorial
methine protons would have resonated at approximately
3.10ppm. Values of 56.3 and 55.9ppm for the C-2 and C-10
methylene carbons of [20] and values of 56.2 and 55.5ppm
for the same methylene carbons of [19] were sufficiently
low-field and similar in magnitude to deduce a ans~fused
bicyclic bridge. The chemical shifts of the C- sridgehead
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carbons (62.0ppm for [20] and 63.4ppm for [19]) were as

- expected from a trans-fused conformation. An upfield shift

of about 6ppm would have bheen indicative of a cis-~fused
bicycle. No **C nmr data were available in the literature
and so no comparisons were possible. Complete elucidation
of the *H and *2C nmr of both isomers was not achieved
owing to the nonequivalent nature of equatorial and axial
protone situated on the same carbon. The differences in
chemical environment of the axial and equatorial prétons
afforded an unresolved upfield multiplet in both *H nmr
spectra. The C-H correlated spectra showed further signs
of different resonating abilities of axial and eguatorial
protons. Definite assignments of the ring methylene
carbons, except for C-2 and C-10, were not possible.

Bohlmann bands were present as well-defined wmaxima
{indicating a ¢trans conformation) in the 2950cm™* -~
2750cm™™ region of the ir spectra of both isomers. An ir-
absorption band at 2230em™* for [20] and 2225cm™™ for [192]
was due to the C=N stretch. These findings correlated well
with Yamada et al., who reported Bohlmann bands at 2200cm™*
- 2600cm™™ and a C=N stretch at 2250cn™* for both isomers.

Microanalysis of [20] confirmed the formula C, H,sN=. The
presence of a molecular ion peak at m/2z = 164.1303 in the
high resclution mass spectrum of [20] also confirmed the
formula. The following mutual peaks (in m/z values) were
found in both our mass spectrum and that reported by Yamada
et al.: 164 (M%), 111, 110, 97, 83, 55 and 41. The high
resolution mass spectrum of [19] showed a molecular ion
peak at m/z = 164.1311, corresponding to C, H, N..
Comparison of our mass spectrum with that reported. in the
literature showed the same mutual peaks as described for
[20j}.
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3.2.2 Hydride reducing agents

Table 6 summarises our attémpts to reduce 1l-azabicyclo-
{4.4.0]dec-5-ene~5~-carbonitrile {69] with various hvdrides.

Table &6: Hydride reductions of [69]
Reducing Agent Solvent | Ooutcome
NaBH, EtCH [69) (91%)*
| €9], 1:1 [20]:[19
NaBH, ELOH [€9], .{ . J:{19],
impurities®
LiAlH, THF [69] (93%)
NaBH,CN, B~ EtOH [20] (43%), [19] (54%)

1

Key: 1 = TLC showed a faint spot indicative of the reduced
product

2 = according to TLC and gc analysis

The ethylenic linkage of a variety of compounds exhibiting
a,B-unsaturation has been selectively reduced by Kadin®*®
using sodium borohydride. An example is illustrated in
Scheme 46. '

c CONH.
c CONH Hg 5>l._.l< 2
"5 pom=l 2 NaBH,, EtOH.
28] - 81% [126]
Scheme 46
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This method, which promotes preferential reduction of the
ethylenic moiety over the nitrile group in a facile manner
and within a short time period, seemed well suited to our
system [69]. In the first reaction described in Table 6,
sodium borochydride was added to 1l=-azabicyclof4.4.0]dec~5-
ene-5-carbonitrile [62] in ethanol at room temperature
while in the second reaction described in Table 6, a coocled
slurry of sodium borchydride in ethanol was treated with a
solution of ([69]. The presence of large amounts of
unreacted starting material persisted in both reactions,
meaning that the enployment of sodium borohydride for
carbon-carbon double bond reduction in this case was not

profitable.

Lithivm aluminum hydride is a well-established common
reducing agent, but as Table 6 shows, was not suited to our

purposes.

Sodium cyanoborohydride was used by Hutchins et al.»>®® in
the favile and selective reduction of systems with
conjugated double bonds to their saturated analogues i.e.
[125] was converted to [126] in 72% yield.

In the present work, a reduction of 1—azahicyclb[4.4.0]dec-
5-ene~5-carbonitrile [69] using sodium cyanoborchydride in
acidic ethanol at ambient temperature afforded an overall
97% vield of saturated ©products after column
chromatography, of which 43% was [20] and 54% was [19]. A
gas chromatogram of the reaction mixture indicated a 1:1.89
ratio of [20]1:[19]. Although this reduction method was

higher vielding than the reduction using Adams catalyst

under acidic conditions, it was less stereoselective.
However, easy separation of [19]1 and [20] by colunn
chromatography'meant that both products could be obtained
cleanly &and taken through the rest of the synthetic
sequence separately.
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3.2.3 Transfer hydrogenation attempts

Table 7 summarises various attempted transfer hydirogenation
methods of 1l-azabicyclo[4.4.0])dec~5-ene-5~carbonitrile
[69].

Tahle 7: Attempied transfer hydrogenations of [€9]
Reducing agent/s Solvent Outcome
X.C0,, 5% PAa/C, THE [69], 6.4:1 [20]:[19],
NaH. PO, in H,0O impurities®
10% Pd/C, CH,CO.Na, CH. COLH ;69], [2?], [iej,
NaH.. PO, impurities®
691, 9.2:1 [20]:[19
HCOONa, 10% P4/C | EtOH, H,0 [ ]" ) F 121181,
lmpurities®
HCOOH HCOOH inpurities®
Key: 1 = according to TLC and gc analysis
2 = according to TLC only

Boyer et al.*°* found sodium hypophosphite to be an
effective reagent for the transfer hydrogenation of certain
functional groups in the presence of an appropriate
catalyst. The reduction of cinnamonitrile [121} +to
dihydrocinnamonitrile [122] in 87% vield is an exanple of
this method’s potential to accomplish the hydrogen transfer
reduction of an a,B-unsaturated nitrile to its saturated
analogue under mild and 1inexpensive conditions. It
therefore, seemed a convenient alternative to conventional
hydrogenation methods. The first two entries in Table 7
show the outcome of the application of this method to our
compound, [69]. The results were not satisfactory as a
large percentage of starting naterial was recovered.
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A similar, but equally unsuccessful hydrogen transfer
method using the method of Wiener et al.>®® was carried out
using an alkali metal formate salt (sodium forwate) as the
hydrogen donor and palladium on carbon as the catalyst
(third entry in Table 7}.

Madsen et al.*®® reported ‘a highly stereoselective
reduction method of enamines by heating in formic acid. In
our present work, after a 20 hour reaction period, thin
layer chromatography showed the meagre presence of [20] and
{19] and the abundance of unreacted starting material.
After 5 days of continued heating, only two polar
compounds, possibly lupinamine [11] and epilupinamine
[112], were revealed by thin layer chromatcgraphy. Formic
acid might, therefore, have brought about the reduction of
both the carbon-carbon double bond and the nitrile group.

3.2.4 Epimerisation of the products

The conversion of rel-~5R,6R-l-azabicyclof4.4.0]decane-5-
carbonitrile [20] to rel-5R,65~1-azabicyclo[4.4.0]decane-5-
carbonitrile [192] was desired since a 65:1 stereo-
selectivity had been achieved in a catalytic hydrogenation
fusing platinum dioxide wunder acidic conditions) of 1-
azabicyclo[4.4.0]dec~5-ene-S~carbonitrile [69] ({Section
3.2.1). The abundant isomer [20] possessed the appropriate
stereochemistry at C-5 and £-6 to act as the precursor for
the epilamprolobine (2] target. A sufficient gquantity of
the other isomer {19], the precursor for the lamprolobine
[3] tardet, was needed. This was supplied by the
epimerisation of {201 to [19].

Yamada et al.™® partially epimerised [20] to [19] by
heating rel-5R,6R-1~azabicyclo[4.4.0]decane-5~carbonitrile
[20] with a catalytic amount of sodium hydride in benzene.
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A 1:4.5 ratio of [20]:{19] was obtained. The epimerisation
was expected to proceed in the direction found since the
axial nitrile group is ending up in the thermodynamically
more favoured equatorial position. '

In the present work, this base-catalysed epimerisation was
carried out to afford a 1:1.89 ratio of {20]1:[19]1, as
determined by gc analysis, prior t~ separation of the two
isomers by column chromatography. Purification yielded 29%
of [20] and 55% of [19] i.e. a ratio of 1:1i.9,

respectively.

The epinerisation of a very similar compound to ours, [8]
(see Scheme 2, Section 1.2), was achisved by Célérier et
al.*® by the application of heat (200°C).

In thie project, rel-5R,6R-l-azabicyclo[4.4.0]decane-5-
carbonitrile [20] was heated at 149°C and then at 164°C in
a Kugelrohr oven. Purification by column chromatography
recovered 52% of [20] and afforded a very unexpected 5% of
i-azabicyclol[4.4.0]dec-5-ene-5~-carbonitrile [69]. No [19]

was obtained.

3.3 Synthesis of lupinamine and epilupinamine

Both lupinamine [11] and epilupinamine [112] are known

compounds , * 24—+ Lupinamine has been -utilised as a
precursor for the synthesis of +the Lupine alkaloid
natrine,**= while both lupinamine*2-+®-*= and

epilupinamine®*?—x* have acted as Precursors to
epilamprolobine and lamprolobine. Epilupinamine has been
formed, together with glutaric acid, on acid hydrolysis of
lamprolobine.®

Yamada et al.*® achieved the nitrile reduction of rel-
5R,6R~1—azabicyclo[4.4.0]decane-5-carbonitrile [20] and
rel-5R,65-1-azabicyclof4.4.0]decane-5~carbonitrile [19] to
form lupinamine [11] and epilupinamine [112}, respectively,
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with lithium aluminum hydride. Only the yield for
epilupinamine [112] was quoted, which was 99%. However, we :
were interested in improving the process by using other f
methods, especially since we found (see later) that lithium i
aluminum hydride did not give a clean reaction. It was our 1
intention also to supply spectroscopic data for lupinamine

and epilupinamine because these are not available in the
literature. '

3.3.1 Reduction with nickel-aluminum/base

- Nickel-aluminum alloy in the presence of base in an

alcoholic solvent has provided a means of reducing a

, nitrile to a primary amine for Michael et al.** (Scheme
: 47).

J 0  OMe
{i‘ . Ni—Al, NaOH - N
: EtOH '\/\
NHZ
824
Scheme 47 .
.
E G Under similar reaction conditions, 2lupinamine and
: ' epilupinamine were obtained in excellent yields of 89% and
: 84% from {20} and [19] respectively. Both amine products
. were characterised by *H and **C nmr and ir spectroscopy.
{ Lo The *H nmr spectrum of lupinamine showed a multiplet at
! %\“ 3.01 - 2.62ppm integrating to four protons i.e. C~2 and
Do C-10 eguatorial protons and the aminomethylene protons

belonging +to the =side chain at €-5. The triplet of
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doublets at 2.73ppm corresponding to the C-5 methine proton
in the starting material [20] was absent. The *°C nmr
spectrum of lupinamine possessed no nitrile carbon peak at
120.5ppm, but instead a signal at 39.4ppm appeared due to
the carbon @ to the amine group. The ten regquired carbon
signals of the product were upfield from 65ppm.

The *H nmr spectrum of epilupinamine also contained no C-5
methine proton peak (at 2.48 - 2.28ppm) indicative of the
starting material [19]. A multiplet at 3.01 ~ 2.44ppm was
present due to the C-2 and C-10 eguatorial protons and the
aminomethylene protons of the side chain. The 3¢ nmr
spectrum, which included the signal of the carbon a to the

~amine group at 43.6ppm, fulfilled our expectations.

A study of the chemical shift assignments®” for
gquinoiizidine itself and for the alkaloids lupinine and
" gether with DEPT spectra and C-H correlated
spectra was waaparative to the elucidation of the *3C nmr
spectra of lupinamine and epilupinamine. Figure 11 shows
the chemical shifts of our chosen standards and our deduced
values for our amine products.

PR A e Y n
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NH,
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24.7
upinamine epilupinamine
Figure 11

The aminomethine, C-6, was expected to be downfield of the
other methine, ¢-5, in both of the amine products. The
three aminomethylenes (C-2, C-10 and C-11) were distinct
from the other ring methylenes} The aminomethylene of the
side chain, C¢-11, in lupinamine was more shielded than the
C~5 methine, whereas in epilupinamine the opposite was
true. This was verified by the appropriate DEPT spectra.
The assignment of chemical shifts for C€-2 and €~10 of
epilupinamine were made by comparison with epilupinine.
The *°C nmr spectrum of lupinanine showed a remarkable
difference in intensity between the C-2 and C-10 peaks.
This trait was observed in N-acetyllupinamine [113] and in
epilamprolobine [2], both possessing the same conformation
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{trans~fused bridge) and stereochemistry (axial bridgehead
methine hydrogen and axial C-5 side chain) as lupinamine.

In epilanprolobine (see later in Section 3.5), C-2 and C~10

were distinguished from one another (with the aid of
literature data*®), with C©-10 possessing the higher
chemical shift. On grounds of chemical shift and intensity
of signals, C-2 and C-10 assignments of lupinamine were

made. The chemical shifts of C~8 and C-9 of lupinamine and

epilupinamine were expected to approach those values of
their equivalent sites in quinolizidine. The difference in

the C-3 chemical shift between lupinamine and epilupinamine

was attributed to the different orientation of the C~5 side

chain in space. The axial orientation of the aminomethyl

group in lupinamine exerts the ¥ effect, resulting in an

upfield shift of the C-3 signal to 20.9ppm. This effect

was absent in epilupinamine because the aminomethyl group

is equatorial. This is illustrated in Figure 12,

H
1 CHoNH,

W‘W

b

epilupingmine

fupinamine

Figure 12

The ir spectrum of lupinamine confirmed the trans-fused
conformation of the guinolizidine skeleton by the presence
of Bohlmann bands (well-defined maxima) in the 2930cm™* —
2760cm™* region. A broad band at 3520cm™ - 3170cm™>*
indicated the NH, stretch of the amine and evidence of a
NH, deformation was given by absorption bands at 1595cm™2
and 725cm™*. Similarly, the Iir-absorption bands of
epilupinanine included the Bohimann bands (2930cm™* =

o ,‘-3:':'\"???!-" i g B e et
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2760cm—*}, the NH. stretch (1600cm~*, 1580cm~*} and the NH,
deformation {770cm ™). A nominal mass spectrunr of bhoth
lypinanmine and epilupinamine showed no molecular lon peak,
but instead a peak due to M* - NH, appeared. Therefore it
was not feasible to obtain high resclution mass spectra of
the two amine products.

3.3.2 Reguction with hydride resagents

Talrle 8 summarises successful and unsuccessful reduction
attempts of the more abundant isomer, rel-5R,6R-1-
azabicyclo[4.4.0]decane-5-carbonitrile [20], by using
hydride reagents.

Table 8: Attempited hvdride reductions of [20]

Reducing agent . Solvent Outcone
LiAlH, Et,0 © [11], impurities®
LialH,, AlCl. THF, Bt.0 | [201, [11], impurities™
NaBH,, CoCl..6H.O | THF, H,O | [20], (93%)

Key: = ™ by TLC

Lithium aluminum hydride, a pre-eminent reducing agent of
modern organic chemistry, seemed an appropriate choice,
especially in the light of Yamada et al.’s?® achievement of
nitrile reduction of 1rel-5kK,6R~ and rel-5R,68~1-
azabicyclo[4.4,0}decane—5~carbonitrile. Alsd, Cimino et

al.>™® reported a selective reduction of an ¢,B~-unsaturated
nitrile system (Scheme 48).
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In the present work, rel-5R,6R-l-azabicyclo[4.4.0]jdecane-5~
carbonitrile [20] in ether was added to a suspehaion of
lithium aluminum hydride. This reduction preosedure locked
promising but was discontinued due to the excellent results

obtained in Section 3.3.1.

it is known that the reducing properties of lithium

aluminum hydride can be modified by the addition of the

Lewis acid, aluminuu chloride. Nystrom™**“ reported on the

improvements of the latter idic reagent, with respect to
Iithiunm alusinum hydride, on the conversion of nitriles to

amines. This is illustrated in Scheme 49.

HXCN LiAIH, (46% yield) H NH,
HsCg™ “Cgg HsCs” "CgHs

LiAl .—AICl 5 (1% yield)

Scheme 49
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Tn this project, rel-5R,6R-1-azabicyclo[4.4.0]decane-5-
carbonitril~ in tetrahydrofuran was added to a suspension
of lith tluminun hydride and aluminum chloride in ether
to affo.u starting material, impurities ana possibly the
lupinamine product. Too little materinl was obtained to
warrant further purification and separation.

The use of transition metal catalets or coreagents has
added new dimensicns to the versatility of sodium
borohydride reductions. Osby et al.**® have successfully

-used this transition-metal-~assisted hydride reduction

nethod in the transformation of benzonitrile +to its
corresponding primary amine in an alcoholic solvent &b room
temperature in 91% yield.

Adaptation of this method to our purposes proved fruitless
as the results in Table 2 indicate.

3.4 Sypthesis of W-acetvllupinamipe and N-acetyl-—

epilupinamipe

The y..paration of these +two derivatives, N-acetyl-
Iupinamine [113] and N-acetylepilupinamine [114] was
necessary to establish the stereochemical configuration®*<
of lupinamine [11] and epilupinamine [112], respectively.
Both derivatives are known, and in a paper by Wanner et
al.**7. the most recent account of some physical properties
and spectroscopic data is given. Both proton and carbon
assignnents were reported for N—-acetyllupinamine, but only
proton assignments were given for N-~acetylepilupinamine.
A direct spectroscopic comparison of our findings with that
reported in the l.terature would thus enable us to confirm
the stercochemistry of lupinamine and epilupinamine while
at the same time we could supply the missing data for N-
acetylexilupinamine.

e
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Wanner et al.**” obtainred N-acetyllupinamine as colourless
needles (m.p. 144 ~ 146°C) in 52% vyield by heating
lupinamine in acetic anhydride. Following the same
procedure, we obtained N-acetyllupinamine [113] as a white
golid (m.p. 122.5 - 125°C) in 60% yield and N,N-
bis(acetyl)lupinamine [127] in 39% yield after column
chromatography. '

OYCH:S

N._.CHz

i \

¢

[127]

3 direct comparison of our spectroscopic data with those
reported by Wanner et al. is made below. In the
representation of *H nmr and ir data, the literature values
will be given at the appropriate places in parentheses.

In the *H nmr spectrum of N-acetyllupinamine, the NH peak
appeared as a broad singlet at 7.87 -« 7.60ppm (7.47ppn).
The multiplet at 3.10 - 2.62ppm of the lupinamine starting
material, due to C-2 and C-10 equatorial protons and C-11
aminomethylene protons, separated out into two multiplets,
at 3.60 - 3,24ppnm {3.44ppm) due to C~11 protons and at 3.00
- 2.77ppm (2.84ppm) due to C-2 and C-10 eguatorial protons
in the derivative product. A distinctive singlet due to
the methyl group was seen at 1.97ppm {(1.96ppm). The
remaining 14 protons appeared as a multiplet at 2.29 -

" l.06ppm (2.2 - 1.1lppm).

The *?C nmr spectrum provided the correct number of carbon:
signals. The carbonyl carbon peak at 169.8ppm and the

o &E \":;“""““j'l'_‘."‘ > .
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methyl peak at 22, 9ppm confirmed the presence of M-
acetyllupinamine. No assignments of the ring carbon
signals (except for C-2 and C-10) were provided in the
literature In this project, § values were assigned to C-
3, -8 and C~9 of N-acetyllupinanine by comparison with the
chemical shifts of the same carbons in lupinamine and

“epilamprolobine. In the case of the ¢C-4 and C-7

assignments, a simple comparison was not sufficient owing
to the fact that in lupinamine C-¢ was downfield from c-7,
while in epilamprolobine the opposite was true. A definite
assignment of C-4 and ¢-7 in N-acetyllupinamine was
posaible when we . observed +the noticeably decresased

intensity of the C-7 signal (with respect to all other

signais) in both epilamprolobine and N-acetyllupinamine.
The presence of a trans-fused guinclizidine moiety was

. apparent from the closeness of the two aminomethylene

carbons at the C-2 and C-10 positions.

Table 9 compares carbon chemical shifts given by Wanner et
al. with our own, together with our assignments (which
refer to [113] in Figure 13).




Literature our § .Qur_ assignments
& valu=s/ppm values/ppm
- 169.84 c-a

64.52 64.09 c-b
57,07 56.68 C-c
56.69 55,77 c-d-
41.13 39.73 C-e
35.80 36.28 c-f
29.76 29.27_ c-g
26.48 28.11 c-h
25.48 24;71 c-i
24.56 24.26 c-5
23.24 22.90 c-k ..
21,78 21.2i c?l
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The ir spectrum of N-acetyllupinamine showed characteristic
bands of an amide at 34852cim™" (3460cm™*) due to a N=-H
stretch, at 1659cm~* (1650cm—*) due to an amide C=0 stretch
and at 1526cm™™ (1520cm™™) due to a N-H deformation and a
symmetrical N-C=0 stretch. The Bohlmann bands at 2944,
2864, 2812 and 2770cm™* (2800, 276Qcm ) attract attention
to the trans-fused guinolizidine conformation.

A'high resolution mass spectrum showed a molecular ion peak
at m/z = 210.1733, confirming the formula C,.HaaNzO.

Our spectroscopic data compared very favourably with those
reported in the literature, thereby confirming the
stereochemistry at C-5 and C-6 of N~acetyllupinamine and
also lupinamine.

N,N~-Bis(acetyl)lupinamine {127] was a low-melting (m.p. 39
- 41°C) brown solid. The *H nmr spectrur showed a singlet
at 2.41ppm, which integrated to 6 protons. It was clear
that twe methyl groups were present. 2 compound consistent
with this finding was indeed the doubly acetylated product.
The downfield shift of the C-2 and C~10 eqﬁatorial protons

%o 3.00 - 2.,76ppm indicated a trans-fused bicyclic system.

The two C-11 aminomethylene protons produced two sets of
doublet of doublets at 4.l4ppm and 3.73ppm. The doublet of
doublets at 4.i4ppm (J 10.8Hz and 14.5Hz) was due to the
proton marked Ha in Figure 14. The doublet of doublets at
an upfield position of 3.73ppm (J 3.3Hz and 14.5Hz) was due
to the Hb proton, which is trans to the C-5 methine proton
and close to the ring nitrogen lone pair.
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[127]
Figure 14

The *3C nmr spectra of both [127] and [113] possessed the
same number of carbon signals because the two imide
carhonyl peaks and the two methyl peaks in the former are
each in the same chemical enviromment and are thus
equivalent. ‘There were marginal differences in chemical
shifts between the two products and therefore no
distinction could be made hetween the two by virtue of
their **C smr spectra.

The ir spectrum of [127] did not show absorption bards due
to a N~H stretch or a N-H deformation, indicative <4 the
desired product [113]. An imide C=0 stretch appeared at
1700cm™* and Bohlmann bands a% 2970, 2885, 2835 and
2790cm™* were present too.

Confirmation of the formula €, H,.N.0., was proyided by the
high resolution mass spectrum of [127;, which showed a
molecular ion peak at m/z = 252.1829.

Acetylation of epilupinamine [112] by the procedure
described above yielded N-acetylepilupinamine [114} as a
white solid (m.p. 128.5 = 131°C)} in 75% yield and N,N-
bis{acetyl)epilupinamine {128] in 25% yield after column
chromatography. Wanner et al. isolated N-acetyl-
epilupinamine as an oil in 53% yield. A& direct comparison
of our *H nmr and ir data with those reported by Wamner et
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al. is made below. These literature values will be given
at the appropriate places in parentheses.

OYCH:D-

N CH
H \g’ 3
N
[128]

The NH proton of N-acetylepilupinamine produced a triplet
at 7.24ppm {5.56ppm). The C-11 aminomethylene protons
appeared as two multiplets at 3.50 -~ 3.23ppm and 3.21 -
3.00ppm, in contrast to the findings »f Wann=y et al.,
where better resolution showed two sets of doublet of
doublets of doublets at 3.33 and 3.13ppm, respectively.
The C-2 and C-10 equatorial protons produced a tiiplet at
2.83ppm (a wultiplet at 2.79ppm), their position being
characteristic of a trans-fused guinolizidine skeleton.
The methyl singlet appeared at 1.99ppm (1.97ppm}. The
remaining 14 protons produced a series of multipiets at
2,26 =+ 0.95ppm (2.2 - 1.0ppm).

The amide carbonyl carbon and methyl carbon signals at
170.2ppm and 22.4ppm, respectively, appeared as expected in
the *°C nmr spectrum of N-acetylepilupinamine. Assignments
for the ring carbons, ¢-3, C-4, C-7, C-8 and C-95 were made
by drawing comparisons with those values of their
equivalent sites in epilupinanine. The closeness in value
of the ¢-2 and ¢C-10 signals again confirred the
conformation of the compound. The DEPT specttum
distinguished the ¢-5 and C-11 signals. Figure 15 shows
the carbon assignments of N-acetylepilupinamine.

V“ = «"'"':-TET"";.- o - eI s
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f114]
Fiqure 15 '

The ir spectrum revealr® the appropriate absorption bands:
a N-H stretch at 3460c..”’ (3450cm™*), an amide C=0 stretch
at 1660om™ (1660cm ™), a symmetrical N-C=0 stretch at
1510cm™* (1510cem™ ) and Bohlmann bands at 2945, 2870, 2817,

' 2775cm™* (2800, 2760cm™*).

confirmation of the formula C,.H..N-0 was provided by the
high rasolution mass - .- irum of [114], which showed a

- molecular ion peak at : - = 210.1728.

Our spectroscopic data compared very favourably with those
reported in +the literature,™” thereby confirming the
stersochenistry at C-5 and C-6 of N-acetylepilupinamine and
epilupinamine. We have also filled a gap in the literature
by recording the **C nmr spectrum of N-acetylepilupinamine.

N,N-Bis{acetyl)epilupinamine [128] was obtained as a yellow
llguid. Its *H nmr spectrum exhibited wvery similar
features as that for [127]. The two sets of doublet of
ddublets were closer together in terms of § values (3.82ppm
and 3.63ppm) than the corresponding values in the *H nmr
spectrum of [127].

The *2C nmr spectrum of [128] indicated the presence of the

imide carbonyl cavrbon (at 173.4ppm)} and methyl carbon (at

26.2ppm) s:ignals. There were marginal differences in
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chenical shifts between [114] and [128], except for the C-
11 signal in [128] which was more deshielded than the C-11
signal in [114} (45.9ppm versus 40.9ppm).

The ir-absorption bands of [128] included an imide C=0
stretch at 1698cm™ and Bohlmann bands at 2944, 2864, 2812
and 2768cm~*, but excluded the N«H stretch and N-H

deformation of the desired product [114].

A high resolution mass spectrum showed a molecular ion peak
at m/z = 252.1841, corresponding to C,  H, . N.0..

3.5 Synthesis of epilgmprolobipe and lamprolobine

The conversion of lupinamine [11] and epilupinamine [112]
to the target alkaloids epilamprolobine ([2] and
lamprolubine (33, respectively have been reported
béfore’-z'“'19 and so they are actually unhnecessary, since

B we have completed formal syntheses of both targets.
kﬁﬂ;,)} However, in order to compare repcrted data and supply
missing data for the compounds and also for personal
satisfaction, we decided to carry the amines through to the
alkaleids. '

_ Scheme 50 illustrates the synthetic pathway by which the
PN glutarimido unit is added to both amine precursors to
o produce the target alkaloids.
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[11], (112 [129], {130] g
Scheme S0

Yamada et al.™® treated a solution of glutaric anhydride
with lupinamine [11] in ether to afford an amide as white
crystals. A solution of this amide in acetic anhydride
containing sodium acetate was heated to produce
epilamprolocbine [2] as a solid (m.p. 68 - 68.5°C) in 46%
yield (from rel-5R,6R~1~azabicyclo[4.4.0]decane-5~
carbonitrile [20]). Following the same procedure, we
obtained epilamprolobine as a white solid (m.p. 66.5 -
67.5°C) in 54% yield after column chromatography (from
{11]}. N~Acetyllupinamine [113] was also obtained as a
side product in 7% yield.

A direct comparison of our *H, 3C nmr and ir data with
those reported by Murakoshi et al.*® was mnade. The
correlation was excellent and therefore we will present one
set of data (ours) when discussing the characterisation of
epilamprolobine.

The *H nmr spectrim showed a doublet of doublets (J 10.9Hz
and 13.0Hz) at 4.28ppm due to Ha and another doublet of
doublets (J 3.5Hz and 13.0Hz) at 3.77ppm due to Hb, in
Figure 16. on the basis of these chemival shifts and
coupling constants, we deduced the conformation shown in
Figure 16. As discussed before for [127] (in Section 3.4),
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the Ha proton was believed tc be in a trans relationship
with the C-5 proton and was close to the ring nitrogen lene
pair. Consequently Ha was deshielded with respect to Hb.

14
13
0 15
12

[2]
Figure 16

The ring junction of the quinolizidine moiety was trans, as
deduced from the characteristic downfield shift of the C-2
and C-10 equatorial protons to 2.94 - 2.78ppm. The triplet
at 2.65ppm, integrating +to 4 protons, indicated the
presence of two sets of equivalent methylene protons at C-
14 and C-16. The presence of a symmetric glutarimide
moiety in the alkaloid, epilamprolobine, was suggested by
three signals at 172.8, 33.1 and 17.2ppn corresponding to
two eguivalent imide carbonyl carbons {(C-13 and C~17), two
equivalent methylene carbons a« to the carbonyls (C-14 and
C-16) and one methylene carbon (C-15), respectively.
Signals due to C~2 (57.1ppm) and C-10 (57.6ppm) were very
close, indicative of the ftrans~fused bridge. Assignments
of peaks in the *H and *2C nmr spectra were aided by
information drawn from DEPT and C-H correlated spectra.

The ir spectrum of epilamprolobine showed the presence of
the trans quinolizidine conformation by means of the
Bohlmann bands at 2925, 2850, 2800 and 2750em™*. The C=0
stretoch of the imide group wag represented by a medium
absorption at 1712cem™™ and a strong abscrption at 1660cm™*,
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Microanalysis confirmed the formula C, H.,N.0..
Lamprolobine [3] was prepared from epilupinamine [112]
according to the same procedure as described for the

synthesis of epilamprolobine [2]. Lamprolobine was
obtained as a hard, yvellow oll in 61% yield after column
chromatograyhy {from epilupinamine [1123). N-

Acetylepilupinamine [114] was also isoclated as a side
product in 7% yield., Yamada et al.>® reported a 42% yield
{from 7T19]) of lamprolobine and characterised it by means
of *H nmr, ir and mass spectroscopy. For purposes of
comparison, these literature values will be given at the
appropriate places in parentheses. No literature *2C nmr
assignments were available.

The multiplet at 3.94 ~ 3.60ppm (3.80 -~ 3.65ppn) in the *H
nmr spectrum of lamprolobine was positively ascribed to the
¢-11 aminomethylene protons resonating. This assignment
was ailded by the C~H culrelated spectrum and indirectly by
the DEPT spectrum. The trans—-fused quinolizidine system’s
C~2 and C~10 aquatorial protons appeared as a multiplet at
3.25 - 2.92ppm. The triplet due to the two sets of
egquivalent methylene protons of the glutarimide moiety
appeared at 2.70ppm.

As for eplilamprolobine, signals were present in the *2C nmr
spectrum of lamprolobine which suggeéted the presence of
the symmetric glutarimide moiety i.e. at 172.2ppm (due to
C-13 and C-17)}, at 32.1ppm (due to C=1l4 and C-16) and at
16.3ppm (due to C=-15). Closeness of peaks due to C~2 and
C-10 indicated the trans~fused conformation. The C-5 and
C-11 signals were distinguished with the help of the DEPT
spectrum. . All ring carbon assignments were made by
comparison with the respective values in epilupinamine, N~
acetylepilupinamine and N,N~bis(acetyl)epilupinanine [1287].
Figure 17 shows the carbon assignments of lamprolobine.
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The relevant ir—absorption bands of lamprolobine included
bands at 1727cw* (1730cx*} and 1676cm—* (1680cm >} due to
the C=0 stretch of ulie imide jrou - and the usual Bohlmann
bands at 2946, 2866, 28i2 and 2768cm™ (2900 - 2600cnk™*).

The presence of a molecular ion peak at m/z = 264.1875 in

the high resolution mass spectrum confirmed the formula
CauHo o NaOo. ":I‘he foliowing mutual peaks {in m/2 values)
were found in our mass spectrum and that reported by Hart
et al,** with the relative intensities given as percentages
in parentheses. {Our relative int¢asities are gquoted
first.) 264 (M*, 21, 50), 222 (9, 17}, 152 (60, 60), 150
{19, 22), 138 (100, 100}, 136 {21, 20), 124 (17, 17), 11l
(41, 37), 110 (50, 45), 98 {28, 24), 97 (53, 44), 96 (27,
22), 84 (19, 13), 83 (80, 54), 32 (20, 14), 56 (14, 1"}, 55
(45, 35), 42 (18, 15) and 41 (33, 22}.

The ultimate aim of synthesising the Lupine alkaloids
epilamprolobine and lamprolobine was thus brought +to

fruition.
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CONCTUSTON

The Lupine alkuloids epilamprolobine {2] and lamprolobine
[3] were synthesised in a novel eight-step synthesis from
2-piperidinone [72] in impressive overall yields of 17% and
11% respectively. - In addition two guinolizidine

derivatives, N—acetyllupihamine FL13] and N—acetyl-—'

epilupinamine [114], were also prepared in overall yields
of 19% and 13% respectively. The vinylogous cyanamide, 1-
(3-hydroxypropyl)-2-cyanomethylenepiperidine [68], proved
its worth as a suitable precursor in gaining access t -
gquinolizidine alkaloid systems by virtue of its potential
to act as an ambident nucleophile. The successful route to
this pivotal vinylogous cyanamnide - precursor inwvclved a
four-step reaction seguence. Thiation of the secondary
lactam, 2-piperidirione [72] was followed by a Michael
reaction in which conjugate addition of a three-carbon unit
bearing a terminal ethoxy ester group produced *he tertiary
thiolactam, 1-(2-ethoxycarionylethyl)piveridine-z-~thione
[83]. Sulphide contraction of the salt made from [83] and
bromoacetonitrile provided the exocyclic vinvlogous
cyananmide, 1-{2-ethoxycarbonylethyl })-2-cyanomethylene-
piperidine [85]. Chemoselective reduction of the ester
functionality to a primary alcohol removed the carbonyl
moiety in preparation for the intramolecular a-alkylative
ring clesure of [68] wvia the tosylate {116]. This
cycloalkylation is only the second of its iiind achieved by
our group.®® Other methods of preparing [68] using 5-
bromopentanoic acid [80], l1l-allyl-2-piperidinone [73] and
thioclactams {84] and ([105] as starting waterials were

unsuccessful.

We envisage extending this work by collecting further
examples of cycloalkylation in the future. Figure 18 shows
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possible indolizidine and quinolizidine alkaloid targets<

in which the second ring wmight be formed by

‘cycloalkylation. It would he necessary to find even shorter

routes to the hydroxypropyl compound, and we need to
continue the search for alternative preparations. More
importantly, we need a quicker, more reliable method for
achieving ring closure. our conversion of the alcohol
group to a reactive sulphonic ester (e.g. tosylate) was
slow. Other improved methods for activating the OH might
be found in the use of oxonium ions, alkyl perchlorates,
tresylates (2,2,2-trifluoro~ethanesulphonates) or

triflates.*=2°

M
°H
N
alkoloid isolated from dendroprimine monomorine 1

dendrobates specicsus

Me " OH
HO. "
N' g,
H Me N N 0
: v:rﬁ
\
deoxynuphgridine cad icmine.

Figure 18

The success of this project should encourage further
syntheses of alkaloids using vinylogous cyananide
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precursors. a challenging prospect is the utilisation of
1-{3~-hydroxypropyl) -2—cyanomethy1 enepiperidine [68], or
very similar compounds, in the synthesis of matrine
[137],%-**2-222 3 Lupine alkaloid believed to possess
pharmacclogical potential 2% =n antiulcer agent. The
proposed synthetic route is showr in Scheme 51.

[68]

chN . X

[132] [133]

J SN °
O N _

-

Q
&;‘%BHE)S

[135]

X = potentlal leaving group

Scheme 51

Activation of the alcohol group of 1-{3~-hydroxypropyl)-2-
cyancmethylenepiperidine [68] to enhsnce its leaving group
ability will enable an intramoclecular alkylative
cyclisation +to afford 1-azabicyclo[4.4.0]dec~5~ene-5-
carbonitrile [69]1. This endocyclic vinylogous cyanamide
system displays reactivity at the vy-carbon, which is
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nucleophilic. However, one could also take advantage of
its allylic nature to introduce functionality by free-
radical substitution, for example bromination with N-bromo-
succinimide or allylic oxidation with a range of oxidants.
Subsequent stersoselective carbon-carbon double bond
reduction of the resulting compound [131] is expected to
lead to an intermediate [132] possessing three adiacent
stereogenic centres. Stereccontrol at C-5 and C-6 is
important in order to establish, at an early stage, the
correct stereochemistry needed in +the final matrine
molecule. The sterecchemistry of X is less significant
owing to the fact that the later Wittig reaction will
produce an sp® centre here. The synthetic steps froi [132]
to [134] will be analogous with those in our syntheses of
epilamprolobina [2] and lamprolcbine [3], +the only
difference being that here we will have additional
functionality at C-7. A functionality that survives the
intermediate steps will therefore need to be chosen. The
formation of the phosphorus ylide [135] will be needed for
the subseguent intramolecular Wittig reaction to produce
[136], an alkaloid called leontalbinine. The final step
involves a second stereoszelective carbon-carbon double bond
reduction. Even in the event of producing the incorrect
stereochemistry for mnatrine, we will inevitably produce
diastereomers that in fact are known alkaloids. Examples=
of these are given in Figure 18.
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allomatrine isomatrine darvasamine
(5$.6R,7R,11R} (55,6R,7S,11R) (55.6R,7S,11R)
sopheridine isosopheridine
(55,6R,75,118) (85,68,75,115)
Figure 19

Besides the fact that alkaloids presexit challenging and
exciting synthetic targets, their preparation is often of
great use in the medical field, in which they show great
pharmacological activity.
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CHAPTER 5
EXPERTMENTAL
5.1 General
5.1.1 Splvents, reggents and general procedyies

All solvents and most reagents (liquids) were purified
before use.,  All ethers (diethyl ether, THPF, glyne,
dioxane) were pre-dried over calcium chloride and distilled
under nitrogen from sodium-benzophenone. Dichloromethane
was distilled from phosphorus pentoxide, toluene from
sodium metal and acetonitrile from calcium hydride. Water
used as the aqueous phase in extraction procedures was also
distilled.

When agueous solutions were extracted with an organic
solvent, the organic phase after separation was dried over
anhydrous magnesium sulphate (unless otherwise stated)
before removal of the solvent. Evaporation of solvent in
vacuo refers to the removal of solvent under reduced
pressure (ca. 25mm Hg) on a rotary evaporator, followed by
further drying on an oil pump at below 1mm Hg.

In general, reactions were performed under an atmosphere of
nitrogen gas.

For reactions involving moisture-sensitive reagents, all
glassware was dried in an oven at 120°C. .
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5.1.2 Purification cf riompounds

Products were purified using either distillation or column
chromatography. Merck Kieselgel 60 (particle size 0.063 -
0.200mm) was used as the absorbent for conventional
preparative colum:: chromatography while Merck Kieselgel 60
(particle size 0.04C - 0.063mm) was used for preparative
flash chromatography. ©On rare occasions, neutral alumina
(Hopkin and Williams Ltd., abcut 100 - 240 mesh, Y"CAMAG"
M.¥F.C.) was used. All solvents used as eluents were
purified by distillation, except for AR methanol. The
gradient elution method was used and the eluents quoted in
the experimental section refer to those with which the
relevant product eluted. The progress of the column
chromatography separation, as well as that of the
reactions, was monitored using thin layer chromatography
(Metck DC-Fertigplatten Kieselgel F-254).

\wf’//} 5.1.3 Characterisation of compounds

L Most compounds were characterised using *H nmr, **C nmr and
' infrared spectroscopy. 1In addition, most liquid compounds
were characterised by high resolution mass spectrometry and
most solid compounds by microanalysis. Isomeric ratios

were ascertained by gas chromatographic (ge) techniques.

*H and **C nnr spectra were recorded on a Bruker AC-200
O spectrometer in deuteriochlorcform at 200.13 and $0.32MHz,
i respectively. A few *H nmr spectra were recorded on a
1 Varian EM=-360A spectrometer (60MHz). The peaks in the nmr
_ spectra were assigned with the aid of correlation tables
. and an additivity rule formula (*>C only).®* The chemical
€ shifts are reported on a § scale (ppm) relative +to
tetramethylsilane (TMS).
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Infrared spectra cf compounds were recorded on a PYE UNICAM
9512 infrared spectrophotometer and on a Jasco FT / IR-5000
infrared spectrophotometer as 10% solutions in chloroform
using a cell with a path length of 0.lmm and sodium
chloride windows. In some cases, infrared spectra were
recorded of neat compounds between sodium chloride plates.

Accurat asass measurements (HRMS) of tie molecular ion were

‘obtained using a Varian MAT 212 (CSIR, Pretoria) or a VG

7070E (Potchefstroom University) mass spectrometer.
Microanalyses were obtained from Energy Technology, CSIR.

Gas chromatograms were recorded on a Varian 3300 gas
chromatograph fitted with a bonded-phase fused silica
column supplied by S.G.E. Australia. Column details:
length 25m, internal aiameter 0.22mm, external diameter
0.33nm, stationary phase BP10, coating of thickness 0.25
microns, +temperature tolerance 270°C. Nitrogen (high
parity) was used as carrier gas. '

5.2 Ww_ommm

Synthesis of piperidine-~2-thione [67]

Piperidine-2-thione was prepared using a slightly modified
version of Brillon’s thiation procedure.®®

Phosphorus pentasulphide (4.75g, 2.14 X 10~2mol) was added
to dry THF (100ml) followed by anhydrous sodium carbonate
(2.26g, 2.13 X 10-*mol). The mixture was stirred
vigorously at room temperature for 20min. The resulting
slightly opague yellow solution was treated (dropwise
addition) with a solution of 2~piperidinone [72] (2.108g,
2.126 ¥ 107"mol) in dry THF (20ml). The resulting solution
was stirred overnight at room temperature. |
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An aguecus sodium phosphate solution (10%, 96ml) was added,
followed sequentially by ethyl acetate (69ml1) and hexane
{eoml). After separation, the agqueous phase was extracted
with ethyl acetate (55-1 X 3). The combined organic
extracts were dried, filtered and the solvent was removed
in vacuo. Purification by column chromatography, eluent:
7:3 hexane:sthyl acetate, afforded piperidine-2-thione
[67] (2.163g, 88%) as a white solid, m.p. 94 -~ 95°C. [Ka=
(2:1 C.H,,:CH,COCH,) 0.24]

[67]

§.. (200MHz) 9.90 - 9.40 (1H, br s, H-1), 3.50 - 3.20 (2H,
m, H-2), 2.8% (2H, £, J 6.0Hz, H-3), 2.03 - 1.56 (4H, m, H-
4 and H-5};

§~ (50.32MHZ) 201.7 (C-a), 44.3 (C-b), 38.8 (C-c), 20.4 (C-
d), 19.8 (C-e), last two assigrments are tenuous;

Vmmae. (CHCL:) 3360, 2944, 2850, 1870, 1537, 1510, 1450,
1417, 1350, 1317, 1110, 1025, 950cm™*.

nthesis of 1-{2- e eridine~2-thione

183}

1-72-Ethoxycarbonylethyl)piperidine-2-thione was prepared
using the procedure reported by Orlek,** which was slightly
modified during the workup and purification stage.

A solution of piperidine-2-thione [67] (14.919g, 1.295 X
10—*mol) in dry THF (625ml) was treated with a catalytic
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amount ~f sodium hydride (50% suspension in oil, 358mg, .
7 « 4£7mme followed by dropwise addition of ethyl acrylate
{z3.15m1, 21.4q, 2.14 X 107 *mol). 'The resulting reaction
nixture was stirred at 50 - 54°C for 44.5h.

After evaporation of the selvent, the yellow-orange oil was
dissolved in dichloromethane (300ml) and washed with water
and saturated sodium c¢hloride solution [(100ml + 15ml,
respectively) X 3]. The combined agqueous washings were
extracted with dichioromethane ({(50ml}. The combined
organic extracts were dried, filtered and evaporated in
vacuo, Two purification technigues were used. Vacusim
distillation of half the material afforded 1-(2-
ethoxycarbonylethyl)piperidine-2-thione [83] as a yellow
liguid, b.p. 160 - 197°C / 2imm Hg. Column chromatcgraphy
of the remaining material, eluent: 4:1 hexane:et.yl
acetate, afforded more product (27.738g in total, 99%
overall). [Re (2:1 CcH,  3CH,COCH.) 0.61] '

7

(X
' a
NN
3
b 8]
500 j

[83]

8z (200MHz) 4.19 (28, t, J 7.0Hz, H~1), 4.15 (2H, g, J
7.1Hz, H-2)}, 3.54 (2H, t, J 6.1Hz, H-3), 2.97 (2H, t, J
6.5Hz, H~4), 2.85 (2H, t, J 7.0Hz, H~5), 1.98 - 1.81 (2H,
m, H-6), 1.81 - 1.65 (2H, n, H-7), 1.27 (3H, £, J 7.1Hz, H-
8);

6~ (50.32Hz) 189.8 (C-a), 171.6 (C-b), 60.6 (C-c), 51.8 (C~
(c~i), 14.0 (C-3):
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Vmase. (CHCL.) 2000, 2975, 2885, 1730, 1515, 1450, 1415,
1375, 1350, 1338, 1290, 1260, 1185, 1160, 1095, 1050, 1030,
955, 858cm™*;

m/z 215 (M*, 57%), 186 {M*-29, 95%), 170 (M*-45, 19%), 142
(M"-73, 57%), 128 (M*-87, 15%), 114 (M*-101, 17%), 91
(100%), 82 (68%), 55 (61%), 44 (74%), 41 (34%), 28 (100%),
27 (38%); - '

HRMS (Found: M" 215.0980. C.,H.-N0.S5 requires MN",
215.0980). '

Synthesis of 1~(2-t-butoxycarbonylethyllpiperidine-2-thisne
[ga7]

A solution of.piperidin&~2—thione [67] (1.189g, 1.032 X
107%mol) in dry THF (15ml) was treated with a catalytic
amount of sodium hydride (60% suspension in oil, 25mg,
0.529mmel), followed by dropwise addition of t-butyl
acryiate (1.80ml, 1.57g, 1.23 X 10™™mol). The resulting
reaction mixture ;48 stirred at room temperature for 4.5h,
then at 30°C for 16.5h and finally at 55°C for 2.5h.

The solvenk was removed in vacuo. The remaining red-brown
suspension was dissoclved in diethyl ether (70ml) and washed
with water and saturated sedium chloride solution [(25ml1 +
10ml, respectively) X 4]. The ethereal extract was dried,
filtered and evaporated in vacuno +to afford 1-(2-t-
butoxycarbonylethyl }piperidine-2~thione [84] (1.563g, 62%)
after column chromatography, eluent: 19:1 hexane:ethyl
acetate. [Ry (2:1 CgH,,:CH,COCH,) 0.66] The white solid
was recrystallised, m.p. 56 — 56.5°C (from hexane).
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[84]

6= (200MHz) 4.16 (28, £, J 7.0Hz, B-1), 3.53 (2H, t, J
&.1Hz, H-2), 2.97 (28, %, J 6.5Hz, H-3), 2.76 (2H, t, J
'7.0Hz, H-4), 2.03 - 1.82 (2H, m, H~5), 1.82 - 1.64 (2H, m,
B-6), 1.45 (9H, s, 3 X H-7);

5. (50.32MHz) 199.6 (C-a), 170.8 (c-k), 80.7 (C-¢), 51.7
(c-d4), 50.7 (C~e), 41.6 (C-f}, 31.7 (C-g), 27.8 (3 X C-h),
22.7 (C-i), 20.2 (C-Jj});

Vpun. (CHCl,) 2965, 2930, 2855, 1710, 1510, 1440, 1405,
1385, 1365, 1345, 1325, 1285, 1250, 1225 - 1200, 1150,
1090, 1040, 1015, 955, 880, 835cm™*;

Found: C, 59.51; H, 8.84; N, 5.75. C,.H.,NO0.S requires C,
59.23; H, B.70; N, 5.76%.

Synthesis of l=-msthvil-2-cvanomethylenepyrrolidine [280]

i-Methyl~2~cyanomethylenepyrrolidine was prepared
previously by Katz®*® and Michael.=°

In this project, [90] was prepared in 71% yi.. ' by treating
the o~thiociminium salt of l-methylpyrrolidine-2-thione
[88] (formed by treatment of the thiolactam with bromo-
acetonitrile in dichloromethane) with triphenylphosphine
and triethylamine.
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[90]

5. (200MHZz) 3.58 (1H, s, H-1), 3.47 (2H, &, J 7.0Hz, H-2),
2.84 (2H, t, J 7.8Hz, H-3), 2.79 (3H, s, H-4), 2.00 (2H, :
quintet, J 7.3Hz, H-5); : g

5c (50.32MHz) 165.8 (C-a), 122.6 (C-b), 55.0 (C-c), 52.2
{c~d), 32.4 ‘C-e), 32.0 (C~f}, 20.2 (C-g):

Duese. (CHSls, 3247, 3055, 2980 - 2875, 2855, 2785, 2700,
2370, 2230, 2175, 1630 - 1570, 1452, 1422, 1405, 1337,
1290, 1235, 1160, 1100, 1067, 1030, 1010, 940, 920, 872,
885, 742, 685, 630cm—*.

Synthesis of s-(2-ethoxycarbonylethyl)—-2-cvanc-
nethylenepiperidine [851

A sample of 1-(2-ethoxycarbonylethyl)piperidine-2-thione
[23}1 (1.091g, 5.066 X 10~ °mol) was cooled to £°C and

T treated with bromoacetonitrile (0.39ml, 670mg, 5.6mmol)} by
_ ' dropwise additicn. The reaction was left standing at room
o temperature for 4h, after which a white glue formed.

Addition of a solution of triphenylphosphine (1.330g, 5.071
| X 107*mol) in dry dichloromethane (10ml) was followed by
triethylamine (0.85ml, 620mg, 6.lmmol). The resulting
reaction mixture was stirred at room temperature for

¢ 165min.
_ The solvent and excess bromcacetonitrile was removed in
\'\.J vacuo. Diethyl ether was added to the remaining orange

solid. This was filtered and the solid (NEt,H'Br~) was ;
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thoroughly washed with diethyl ether. The conbined
ethereal washings were evaporated in vacuo to afford 1i-(2-
ethozycarbonylethyl)~2-cyanomethylenepiperidine 1857
(959mg, 85%) as a vyellow 1liguid after column
chromatography, eluenit: 17:3 to 4:1 hexane:ethyl acestate.
[Rp (121 CuHase:CH3CO-C2Hs) 0.53]

% (200MHz) 4.16 (2H, ¢, J 7.1Hz, H-1), 3.76 (1H, s, H~-2),
3.42 (2H, %, J 7.1Hz, H-3), 3.23 (2H, t, J 6.1Hz, H=-4),
2.67 (2#, t©, J 6.4Hz, H-5), 2.57 (2H, t, J 7.1Hz, H-6),
1.87 - 1.7% {2H, m, H-7), 1.75 - 1.59 (2H, m, H-8), 1.28
(3H, t, J 7.idz, H~9); - |

§c (50.32MHz} 171.4 (C-a), 161.1 (C-b), 122.0 (C-c), 60.9
{c-d), 59.9 (C-e), 50.0 (C-f), 47.4 (C-g), 30.3 (C-h), 28.2
(c-i), 23.5 (C-4)}, 19.8 (C-k), 14.1 (C-1};

Vpese. {(CHCl,) 2940, 2860, 2325, 2175, 1720, 1570, 1440,
1420, 1370, 1345, 1327, 1275, 1260, 1170, 1150, 1095, 1040,
1017, 972, 850, 693cm—3;

m/z 222 (M, 40%), 177 (M*~45, 12%), 149 (M*-73, 94%), 135
(M™-87, 100%), 122 (64%), 121 (M*-101, 20%), 97 (84%), 82
(37%), 55 (78%), 41 (36%), 28 (100%), 27 (45%);:

HRMS (Found: M* 222.1374. CyoH, g N20, requires M,
222.1368).

.
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Bromoagetonitrile (0.89ml, 1.5gy, 1.3 X 10~*mol) was added
to a solution of 1-(2-ethoxycarbonylethyl)piperidine-2-
thione [83] (2.198g, 1.020 X 1072mol) in acetons {(20ml).
. The resulting solution was stirred at room temperature for
gtmin and then at 55°C for 17h. A second addition of

bromoacetonltrile (0.36ml, 620mg, 5.2mmol) was made and
stirring at 55°C was continued for a further 5.5h. After
cdoling to room temperature, a solution of
triphenyiphosphine (2.680g, 1.022 X 10"2mol) in drvy
dichloromethane (25ml) was added, followed by dry
triethylamine (1.7iml, 1.24g, 1.23 X 107=mol). The
reaction mixture was stirred at room temperature for 19h.
The solvents and excess bromoacetonitrile were removed in
vacuo, Diethyl ether (200ml) was added toc the remaining
orange solid and filtered. The ether filtrate was washed
with hydrochloric acid (2M, 45ml X 4). The combined acidic
washings were basified with ammonia liguor and extracted
with dichloromethan (40ml X 4). The combined organic
extracts were dried, filtered and evaporated in vacuo to
afford 1-(2-ethoxycarbonylethyl)-2~piperidinone [o1]
(1.151g, 57%) after distillation, b.p. 105 - 140°C / 21mm
Hg. [Rp (11:9 CgH,.:CH.COCH,) 0.57]

7i

" a
3 N 0

0
59 j

[91]
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5. (200MHz)} 4.14 (2H, g, J 7.1Hz, H-1), 3.6% (2H, t, J
7.2Hz, H-2), 3,35 (2H, br t, J 5.4Hz, H-3)}, 2.60 (2H, £, J
7.0Hz, H-4), 2.36 (2H, br t, J 7.2Hz, H-5), 1.88 - 1.70
(44, m, H-6 and H~7)}, 1.26 (3H, t, J 7.1Hz, H-8);

§~ (50,32MHz) 171.8 (C-a), 169.7 (C-b), 60.3 (C-c), 48.5
(c-d), 43.5 (C-e), 22.2 (C-£), 32.1 (C~g), 23.1 (C~h), 21.0
(C-1), 13.9 (C-3):

Umaxe. (CHClg) 2965, 2935, 2890, 2855, 1725, 1625, 1495,
1465, 1445, 1415, 1375, 1352, 1330, 1215, 1295, 1185, 1172,
1095, 1042, 1020, 967, 855, B25cm™*; '

m/z 199 (M, 33%), 154 (M*-45, 37%), 143 (36%), 126 (M*-73,
37%), 125 (31%), 112 (M*-87, 72%), 98 (M*-101, 33%), 84
(100%), 55 (48%), 42 {46%), 29 (31%);

HRMS (Found: M* 199,1127. 2. 0H.-NOs reguires M™,
199.1208).

Svnthesis of 1-{2-~t-butoxycarbonylethvl}-2~cyano~
methvle i idine A

A solution of 1-(2-t-butoxycarbonylethyl)piperidine-2-
thione [84] (181lmg, 0.743mmol) in dry dichloromethane (a

- few drops) was treated with bromoacetonitrile (0.057ml,
' r/ﬁ .
s 98mg, 0.82mmol) at room temperature. The resulting
? o solution was stirred at room temperature for Z5min and then

f heated to 55 - 65°C for 25min. After cooling down. to room
} temperature another addition of bromoacetonitrile (0.057mi,
{ 98mg, 0.82mmol) was made. The reaction contents were again
: heated to 55 - 65°C for 4.5h. Sequential addition of a

< O solution of triphenylphosphine (196mg, 0.747mmol) in d4ry
: dichloromethane (10ml) and dry triethylamine {0.12ml, 87mg,
\g_a 0.86mmol) followed and the resulting reaction mixture was

stirred at room temperature for a further 30min.
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The solvent and excess bromoadetonitrile was removed in
vacuo., Diethyl ether (10ml) was added to the remaining
light orange solid. After filtration, the ether filtrate
was evaporated iIn vacuo to afford 1«(2-t-butoxy-
carbonylethyl }-2-cyanomethylenepiperidine [86] (18mg, 10%)

as a pale yellow liguid after column chromatography,

eluent: 7:3 hexane:ethyl acetate. [Ry (2:1 CgH;,:CH,COCH,)
0.38] 1-(2-Carboxyethyl)-2~cyanomethylenepiperidine [92]
(24mg, 26%) was also obtained as a colourless liguid after
column chromatography, eluent: ethyl acetate. [Re (2:1.
C4H, . :CH,COCH.) 0.11] - -

[86]

G (200MHz) 3.67 (1H, s, H-1), 3.58 (2H, t, J 7.1Hz, H-2),
3.33 (2H, br £, J 5.3Hz, H~3), 2.52 (2H, t, J 7.1Hz, H-4},
2,44 - 1.62 (6H, m, H-5, H~6 and k~7), 1.44 (9H, 5, 3 X H-
8);: '

Unase. (CHCl.) 2985, 2945, 2870, 2260, 1705, 16312, 1480,
1455, 1440, 1385, 1360, 1342, 1315, 1285, 1140, 1022, 990,
835, 680, 635, 535cm—2,
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6. (200MHz) 3.69 (1H, s, H-1), 3.65 (2H, t, J 7.1Hz, H-2),
3.32 (2H, br £, J 6.0Hz, H~3), 2.98 (2H, t, J 6.6Hz, H-4),
2.37 (2H, br t, J 5.2Hz, H~5), 1.94 -~ 1.70 (4H, m, H~6 and
H-7).

A gtirred solution of 1-{2-ethoxycarbonylethyl}~-2-
cyanomethylenepiperidine 85} (1.731lg, 7.785 X 10~ °mol)} in
dry THF (125ml) was cooled to 0°C. Lithium aluminum
hydride (2%6mg, 7.81mmol) was added slowly. The reaction
mixture was stirred at 0°C for 3h and then at room

temperature for a further 62h. The reaction was quenched
by the sequential addition of water (0.30ml), sodium-
hydroxide (15% (w/w), 0.30ml) and water (0.89ml). |

The THF solvent was removed in vacto. The remaining vellow
solid was dissplved in dichloromethans (250ml) and was

washed with saturated sodium chloride solution (50ml X 3)

to break the emulsion formed. The organic laver was dried,

filtered and the solvent was removed in vacuo to afford 1-

(3~hydroxypropyl)-2-cyanomethylenepiperidine {68] (1.038qg,

74%) as a light pink solid after column chromatography,

eluent: 2:3 hexane:ethyl acetate. [Re (1:1 CgH,,:

CH,CO.C_Hs) 0.11] Three recrystallisations (from 1:1

hexane:ethy) acetate) afforded a white solid, m.p. 58 -

6o’ C.

9)
8i 6g
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5, (200MHz) 3.82 (1M, s, H-1), 3.64 (2H, t, J 5.9Hz, H-2),
3.42 -3.30 (1H, br s, H-3), 3.30 - 3.16 (4H, m, H-4 and H-
5), %.65 (2H, t, J 6.4Hz, H~6), 1.89 - 1.60 (6H, m, H-7, H~-
8 and H-9):

S (50.32MH§) 161.6 (C~a), 123.0 (C-b), 59.3 (C-c), 57.6
(c-d), 49.4 (C~e)}, 48.6 (C~f), 28.0 (C-g), 27.8 (C~h), 23.2
(Cc-1), 19.4 (C-3):

Umasx. (CHCla) 2612, 3425, 3000, 2950, 2875, 2180, 1720,
1570, 1475, 1445, 1420, 1370, 1345, 1330, 1275, 1260, 1230,
1170, 1150, 1100, 1070, 1050, 975, 945, 915, 690, 645cm™*;

Found: C, 66.42; H, 9.20; N, 15.48. C,oE.cN.0 requires C,
66.64; H, 8.95; N, 15.54%;

m/z 180 (M*, 20%), 149 (M*-31, 43%), 140 (88%), 136 (96%),
135 (M*-45, 100%), 122 (67%), 121 (M*-58, 26%), 94 (48%),
82 (39%), 54 (43%), 41 (57%), 31 (47%): '

HRMS (Found: ™M™ 180.1271. CsoH, N0 requires N,
180.1263).

Synthesis of S5-bromopentanoic acig. [80]1°°

s-Valerclactone [79] (10.343g, 1.033 X 1l07*mol} was heated
under reflux in hydrobromic acid solution (48%, 60ml)
containing concertrated sulphuric acid (3ml) for 130min,
after which it was stirred at room temperature for 41ih.

Chilled water (¢a. 20ml) and saturated sodium chloride
solution {ca. 10ml) were added and extraction with diethyl
ether (60 = 80ml X 4) followed. The combined ethereal
extracts were dried, filtered and the solvent was removed
in vacno to afford 5-bromopentanoic acid [80] (15.641g,
84%) as a white solid, m.p. 36 - 38.5°C. [Rs (CHSCOCH.)

Lo e B o e i g
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0.85, yellow when treated with bromocresol green (0.5%
solution in ethanol)]

0
2d  Se

Br™ % % ° C¥4

[80]

& (200MHz) 11.34 «~ 11.04 (1H, br s, H-1), 3.43 (24, t, J
6.4Hz, H-2), 2.41 (2H, t, J 7.1Hz, H-3), 2.10 - 1.60 (4H,
m, H=4 and H-5)}; '

S (50.32MHz) 179.7 (C-a), 33.0 (c—b), 32.8 (C-c), 31.7 (C-
d), 23.1 (C-e);

Vmese. (CHCLl.) 3500, 2945, 1705, 1430, 1410, 1280, 1200cm—=.

Svnthegis of 5-bromopentanovl chloride [81]

To a solvtion of S5-bromopentancic acid [80] (4.846g, 2.677
X 107™mol) in dry chloroform (30ml) was introduced dry
dimethylformamide (7 drops)} followed by thionyl chloride
{2.15m1, 3.51g, 2.95 X 1073*mol). The resulting solution
was heated under reflux for 132nin.

The scolvent was distilled off under dry conditions and the
remaining solution was purified by distillation to afford
5-~bromopentanoyl chloride [81] (4.340g, 81%) as a
colourless liguid, b.p. 100 - 120°C / 2imm Hg.

C
1d 4a

Br 3% o a~Cli

[81]
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8. (200MHz) 3.44 (2H, t, J 6.2Hz, H-1), 2.992 (2H, t, J
6.8Hz, H~2), 2.04 - 1.70 (4H, m, H-3 and H-4):

5o {50.32MHz) 172.8 (C-a), 45.5 (C~b}, 32.5 (C-c), 30.6 (C-
a), 23.1 (C-e);

b_... (neat) 2965, 2915, 2870, 2850, 1790, 1727, 1697,
1645, 1437, 1390, 1360, 1332, 1272, 1240, 1162, 1130, 1040,
940, 912, 797, 700, 667, 635cm~*,

3-2amino-l+propanol (0.84ml, 820mg, 1lmmol} was added to a
suspension of anhydrous disodium hydrogen orthophosphate
(2.25g, 2.9% X 107=mol) in dry chloroform (55ml). Via a
dropping funnel equipped with a calcium chloride drying
tube, a solution of 5-bromopentanoyl chloride [81] (1.990q,
9.978 X 107 >mol) in chloroform (10ml) was added dropwise at
0°C. The resulting mixture was stirred at room temperature
for 45h. .

The reaction mixture was washed with hydrochloric acid (2M,
3ml) and water (20ml X 4). After separation of the
chloroform layer, the agqueous layer was extracted with
ethyl acetate (30ml X .5) . The combined organic extracts
were dried, filtered and evaporated in vacuo to afford N-
(3~-hydroxypropyl)~5-bromopentananide [82] (723mg, 30%)
after column chromatography, eluent: ethyl acetate. [Re
(1:1 CH.COLC.H-:CH.COCH,) 0.57]
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{82]

8« (200MHZ) 7.59 (1H, t, J 5.5Hz, H-1), 5.70 - 5.00 (2H, br

s, 2 X H-2), 4.67 (1H, t, J 5.2Hz, H-1*), 3.70 -~ 3.44 (8H,

m, 2 X H~3 and 2 X H~4), 3.37 (2H, t, J 6.3Hz, H-5), 3.25
(2H, g, J 6.0Hz, H=-57), 2.21 (4H, t, J 6.8Hz, 2 X H-86),
1.95 - 1,40 (12H, m, 2 X H-7, 2 X H~8 and 2 X H-9);

§o (50.32MHzZ) 173.2, 173.1 (2 X C-a, 2 X Cc-a’), 58.2 (2 X
C-b), 43.9 (2 X C-c), 35.4 (2 X C~d), 34.5 (2 X C-e), 31.2,
31.1, 31.0 (2 X C-f, 2 X C-£7, 2 X C~g), 22.3 (2 X C-h);

Ve, (CHCl,) 3550 - 3250, 3000, 2960, 2880, 1720, 1652,
1520, 1430, 1275, 1240, 1075cm™*.

Synthesis of N.Q—bis(4-bromobutanogl]—B-amindwl-p;opggal
[96] |

To a solution of 5~bromopentanoic acid [80] (2.037g, 1.125
X 107>mol) in dry chloroform (25ml) was introduced dry
dimethylformamide (7 drops) followed by thionyl chloride

CE i % b’ ) ey i} KM T s sy
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(c.90ml, 1.5g, 1.2 X 107*mol). The resulting solution was
heated under reflux for 147min. '

Chloroform {10ml} was added to the reaction vessel foliowed
by anhydrous disodium hydrogen orthophosphate (4.79g, 2.37
X 10"%mol). At 0°Cc, a seclution of 3-amino-l-propanol
(0.95m1, 930mg, 12mmol) in dry chloroform (10ml) was

dispensed dropwise via a dropping funnel. The mixture was

stirred at room temperature for 64h.

The reaction mixture was washed with hydrochioric acid (2M,
30ml) and water {(20ml X 4). The chloroform phase was
dried, filtered and evaporated in vacuo to afford N,0-
bis(4-bromobutanoyl)~3-amino~l-propanol [96] (803mg, 18%
from [80]) as a yellow liquid after column chromatography,
eluent: 2:3 hexane:ethyl acetate. [Ry (CH,CO,C.Hs)} 0.65
and R {1:1 CH.CO,C_H.:CH,COCH,} 0.76]

0 0
LI £ 1 M t28 3
Br™ 5 w oW e UMY e B
H
1
[g6?

5, (200MHz) 7.02 (1H, br t, J 6.3Hz, H-1), 4.12 (2H, t, J
6.3Hz, H-2), 3.44 (4H, t, 7 6.3Hz, H-3 and H-4), 3.30 (2H,
g, J 6.3Hz, H~5), 2.36 (2H, t, J 7.0Hz, H-6), 2.26 (2H, t,
J 7.1Hz, H~7), 2.19 - 1.62 (10H, m, H-8, H~-9, H-10, H-11
and H-12); '

§c (50.32MHz) 172.6 (C-a), 172.5 (C-b), 61.5 (C-c), 35.7
(c-d), 34.7 (C-e), 33.0, 32.8, 32,6, 31.5 and 31.3 (5 X C=-




A solution of sodium ethoxide was prepared by adding sodium
metal (42mg, 1.8mmol) to absolute ethanocl (7ml). This was
added to a solution of N-{3-hydroxypropyl)-5-bromo-
pentanamide {82] (335mg, 1.41mmol) in absolute ethanol
{9ml} and stirred at room temperature for 76h.

The ethanol solvent "as removed in vacuo and replaced by
ethyl acetate {(40ml}. This organic layer was washed with
water '(40ml X 3) and then dried, filtered and the solvent
was removed in vacuo to afford a mixture (137mg) which
contained 4#-~valerolactone {79], buc no desired product
[741. .

An identical procedure as for thse : synthesis of N-(3-
hydroxypropyl)=-5-bromopentanamide [82] was followed, but
using benzylamine instead of 3-amino-l-propanol. The
workup procedure did not involve extraction of the

separated agueous layer with ethyl acetate. The reaction

time was shortened from 45h to 2h. N-Benzyl~5-bromo-
pentanamide [98]1 (25%) and ethyl S5-bromopentancate [100]
(66%) were obtained as vyellow liguids. [Re (1:1
CeH; 4 :CHCO,CHs) 0.76 and 0.49, respectively] The
calculated ratio of N—be112y1-5—bromopentanamide:ethyl 5-
bromo~pentancate from nmr data was 5:13, respectively.
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8 (60MBEZz} 7.40 - 7.06 (5H, m, 5 X H-1), 4.38 (2H, d, J
5.1kz, H~2), 4.10 (2H, g, J 7.3Hz, H-1'), 3.68 — 3.22 (4H,
m, H-2’ and H-3), 2.50 - 2.04 (4H, m, H-3’ and H-4}, 2.04 -
1.57 {8, m, H-4’, H-5!, H~5 and H-6), 1.23 (3H, t, J
7.3Hz, H~6');

Vmas. (CHCL,) 3435, 3010 - 2860, 1720, 1660, 1505, 1450,
1367, 1250, 1230, 1020cm™*.

S agi - —2-~piperidi e [7

1. Using potassium

1-Allyl-2-piperidinone [73] was prepared in 44% yield by
treating the potassium salt of 2-piperidinone [72] (formed
from the lactam and potassium metal in refluxing toluene)
with allyl bromide according to the procedure used by
orlek.®** A slight modification of the workup procedure
entailed the addition of water (100ml) to the suspension to
dissolve the potassium bromide salt. The two phases were
separated and the aqueous phase was extracted with diethyl
ethyl (50ml X 4). The combined organic extracts were
dried, filtered and evaporated in vacuo.

2. Using sodjum hvdride®=

Sodium hydride (60% suspension in oil, 5.6g, 0.14mol) was
introduced to a 250mi two-necked round~bottomed flask
equipped with a pressure-equalising dropping funnel with a
nitrogen inlet and a calcium chloride drying tube. Dry THF
(125ml) was added to the reaction vessel and the calcium
chloride dryving tube was replaced by a rukber septum. 2~
Piperidinone [72] (8.537g, 8.611 X 107 %mel} in THF (5ml)
was added to the reaction mixture at 0°C using a syringe.
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The mixture was allowed to reach room temperature. A solid
slush formed which was difficult to stir. Stirring was,
however, continued for 3h after which 3-bromopropene
(10.37ml, 14.50g, 1.198 X 10~*mol) was added dropwise at
0°C via the pressure-equalising dropping funnel. The
reaction mixture was allowed to attain room temperature.
The dropping funnel was svbstituted for a water—cooled
double-surface condenser equipped with a nitrogen inlet.
The reaction mixture was heated under reflux for 16.5h.

A mixture of water (25ml), ice, ammonium chloride (9.55g)
and hydrochloric acid (enough to make the mixture acidic)
was added to the reaction mixture. Extraction with ethyl
acetate (75m1 X 3) followed. The combined organic layers
were dried, filtered and the solvent was removed in vacuo.
Purification by +two successive vacuum drstillations
provived two fractions collected at 130 -~ 140°C and 136 -
160°C (at 1mm Hg). TLC of these “wo fractions revealed the
presence of impurities and therefore further purification
by means of column chromatography was executed, eluent: 2:1
ethyl acetate:hexane, to afford l-allyl-2-piperidinone [73]
{(642mg, 5%) as a pale yellow liquid. [Re {2:1 CH,CO,C.H.:
CeHas) 0.27]

79
6g 8¢
4d a
N O
Sev 2c
1B
[73]

5 (200MHz) 6.02 - 5.70 (1H, m, H-1), 5.43 = 5.02 (2H, m,
H-2), 4.22 - 3.88 (2H, m, H~3), 3.40 - 3.24 (2H, m, H-4),
2.53 — 2.30 (2H, m, H~5), 1.93 ~ 1.70 (4H, m, H~6 and H-7);:

Gl e e TR TR
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5. (50.32MHz) 168.3 (C-a), 332.0 (C-b), 116.0 (C-c), 48.3 :
(C-d), 46.3 (C-e), 31.4 (C-f}, 22.2 and 20.5 (2 X C-g);

Umase. (CHCl,% 3075, 2975, 2945, 2865, 1625, 1495, 1465,
1447, 1415, 1357, 1330, 1285, 1267, 1175, 1165, 995, 985,
950, 925cm™*.

8y .esis of 1-sllvlpiperidine~2-thiope [75]

1. it 1osphorus pentasulphi

1-allylpiperidine—2~thione was prepared by mnodifying the
procedure of Orlek.21 Phosphorus pentasulphide (290mg,
1.3mmol} was added over a 5min period to i-allyl-2-
piperidinone t?3] (463mg, 3.32mmol) in refluxing bengens
(10m1).. The reaction mixture was heated under refiux for
a further 7h, during which time two more additions of
phosphorus pentasniphide [(300mg, 1.4mmol) X 2] were made.

The solvent was removed in vacuo. Water (20ml) was added

to the remair g residue and basified with potassium

carbonate (pH ca. 8). The suspension was agitated in an
ultrasound bath, and the pH level was maintained by further

additions of ©potassium carbonate, until complete
dissglution resulted. The solution was extracted with
chloroform (20ml X 3). The combined organic extracts were : =
dried (Na.SC,), filtzred and the solvent removed in vacue S
to afford l-allylpiperidine-2-thione [75] (27mg, 6%) as a

yellow 1ligquid after column chromatography, eluent: 9:1
hexane:ethyl acetate. [Rp (9:L CgH, 4 :1CHaC0CHs) 0.22)

[T
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[75]

5 (200MHz) 5.96 - 5.70 (1H, m, H~1), 5.28 - 5.08 (2H, m,
H-2), 4.59 (2H, dt, J 6.0Hz and 1.3Hz, H-3), 3.34 (2H, t,
J 6.1Hz, H-4), 2.96 (2H, t, J 6.4Hz, H-5), 1.95 - 1.57 (4H,
m, H-6 and H~7)}. '

2. With Tawesson’ agept®?

A solution of 1-allyl-2~piperidinone [73] (721mg, 5.18mmol)
in dry THF (2.5ml) was treated with Lawesson’s reagent
(1L.05g, 2.60 X 107°*mol). The reaction mixture was agitated
in an ultrasound bath for 25.5h.

The solvent was removed in vacuo to afford a crude product
{1.904qg). Two successive purification attempts using
column chromatography, eluent: 19:1 to 17:3 hexane:ethyl
avetate, afforded 1-311ylpiperidine-2—thidne [75]1 [Re (2:1
CH,CO02C-Hs:1CsHa ) 0.93] together with a more polar impurity
[Re (2:1) CH,CO.C,H5:C.H,.} 0.85].

A general reaction procedure is given and the table which

follows provides specific reaction details (Table 10).

A sample of 1l-allyl-2-pyrrolidinone {[101] was kindly
donated by Tomlinson.®? A solution of 1-allyl-z-
pyrrolidinone in dry THF (3 - 4wml) was treated with a

A
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hydroborating agent (dropwise addition) at o0°cC. The .

resulting solution was stirred at 0°C and then at room
tenperature.

One of two workup procedures was used:

a. Using sodium perborate*s-*1*

Water (3 - 4ml) was added, followed by sodium perborate at
0°c. - |

b. Usi i ide

A solution of hydrogen peroxide, potassium hydroxide
pellets, methanol and water was added at 0°C.

The resulting solution was stirred at room temperature.
Water (10ml) was added, followed by diethyl ether (15ml).
The two layers were separated and the aqueous layer was
extracted with diethyl ether (15ml X 3). The combined
organic extracts were washed with saturated sodium chloride
solution (20ml), dried, filtered and evaporated in vacuo.
In case of experiments 7 and 8, extractions were carried
out using' ethyl acetat.e as the organic phase while
experiment 9 utilised dichloromethane.
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! Table 10: Reaction details for the attempted roboration of [1017]
R.T./min Workup conditions
' Exp. 101 hydroborating agent . . 8.F.
! P L ] Y g_ g at ¢°C at 25°C H.T. /min
g no. (mg, mmol) {ml, mol) | (mg, mmcl)
== 2 — S = == e, == = =
Y
0.5M 9~BBN in C.H,. -
1 (177, 1.41) 140 70 (776, 5,04) 120
(3.36, 1.68 X 102}
0.5M 9-BBN in C.H,, '
2 (139, 1.11) , 480 855 (770, 5.0) 120
- (3.32, 1.66 X 10~2)
0.4M 9-BBN in THF
3 (135, 1.08) : 120 900 (770, 5.0) 120
(4.5, 1.6 X 10™%)
0.6M 9-BBN in THF ]
4 (125, 0.998) 135 930 (920, 6.0) 120
(3.6, 2.0 X 10~2)
1M BH, in THF
5 (125, 0.998) 120 960 (230, 1.5) 220
(0.5, 0.5 X 10™=)
b
i
[ -8
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Table 10 cont.: Reaction details for the attempted hydroboration of [1011

g

R.T./min Workup conditions
Exp. ‘H,0, {ml},
no. 101 hydroborating agent : o S5.P. KOH (m H.T.
(101 o g a9 at 0°c | at 25°C | (mg), ]
(mg, mmol) (ml, mol) {ng, mmol) MeOH (ml), /min N
_ IM BH, in THF , ) ' s
6 {131, 1.05) 30 14490 discontinued on account of TLC N
(2, 1 X 10~%) T
BH, .SMe - 0.31),(60
7 (128, 1.02) = = 120 1140 - ( )r(60), 210 iy
(0.1, 1 X 10~3) (3), (5)
&
BH,.SMe. | | %
8 (253, 2.02) _ 180 1170 (930, 6.0) - 1265 &
(0.19, 2.0 X 10—3) b
(0.099), '=
BH, .SMe,
9 (40, 0.32) * * - {20), 120
(0.03, 3 X 107%) :
(1), (1)

Key: R.T. = Reaction time
% Experiment 9 was conducted at -27.5°C, stirred for 320min

S.P. = Scodium perborate

H.T. = Hydrolysis time

and qﬁenched at this temperature.

ev1
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Purification o©f <zreaction f'products" obtained from
experiments 1 -+ 6 was not feasible since *H nmr data and
thin layer chromatography revealed that the alcohol product
had not been obtained.

The material obtained from axperiments 7 and 8 was combined
and purification by column chromatography, eluent: 3:1
hexane:ethyl acetate and 3:2 hexane:ethyl acetate, afforded
1=~(2-hydroxypropyl)pyrrolidine [104] (5mg, 1%) and 1-(3-
hydroxypropyl}pyrrolidine [103] (50mg, 13%) as colourless

liguids, respectively. [Former Ry {CH.CO02C.Hs) 0.80 and

latter Ry (CH,CO.C.Hg) C.60]

4
3

a4 .

N

2L\fg/5

OH
5

[104]

8x (200MHZ) 4.51 — 4.32 (1H, m, H~1), 3.38 - 3.22 (2H, m,
H~2), 2.97 - 2.60 (4H, m, 2 X H-3), 2.32 - 1,77 (SH, n, 2
X H-4 and H-5), 1.20 (3H, d, J 6.5Hz, H-6);

Umase. (CHCl,) 3575 - 3375, 2975, 2925, 2375 - 2325, 2275,
1620, 1440, 1392, 1316, 1145, 1020, 940, 855cm™*.

Ba Be

4a N 4a
3 bore
bcn'J\\v,/?\c”+
5d 2
[103]
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6 (200MHZ) 3.68 (2H, ¢, J 6.0Hz, H-1), 3.40 = 3.07 (3H, m,
H-2 and B=37, 2.97 ~ 2.64 (4H, m, 2 X H~4), 2.30 - 1.80
(6H, m, H-5 and 2 X H-6);

§o (50.32MHZz) 61.3 (2 X C-a), 60.9 (C-b), 60.3 (C-c), 28.2
(C~d), 22.6 (2 X C~e);

Vmase. (CHCl,) 3610, 2990, 2955, 2880, 2380, 2260, 1445,
1385, 1315, 1295, 1155, 1040, 860cm™™*.

Purification of the mixture produced in experime:t 9 by
column chromatography, eluent: 4:1 hexane:ethyl acetate,
afforded starting material (8mg, 21%). [Ry (CH.CO,C.H.)
0.40] |

a) A stirred solution of piperidine-2-thione [67] (20lng,
1.74mmol’ in dry THF (7ml) was treated with propenal
{0.13ml, 110mg, 1.9mmol}. The resulting solution was
stirred at room temperature for 4h. A minute sodium
hydroxide pellei was added and stirring was continued
for e6h.

Removal of propenal and solvent in vacuo afforded
starting materizl in guantitative yield. [Ry (2:1
CeHa o tCH,COCH,} 0.53]

b) A stirred solution of piperidine-2~thione [67] (163mg,
1.42mmol) in dry THF (7ml) was treated with propenal
{0.38ml, 320mg, S.7mmol). The resulting solution was
heated under reflux for 6.5h. TLC showed that
unconverted starting material and a mixture of four
side products had been obtained.
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These reductions were attempted according to the method of
Yoo et al.®* A general reaction procedure is given and the
table which follows provides specific reaction details
(Table 11}. .

An agqueous cupric sulphate solution (2M) was added at room
temperature to a solution of the thiolactam ([83] or [84])
or lactam ([91]) in ethanol (96%, 5ml). Some cupric
sulphate precipitated. The mixture was cooled to 0°C after
which sodium borohydride was added portionwise. The
reaction nixture was stirred at room temperature and then
diluted with ethyl acetate (ca. 25ml). The ethyl acetate

layver was washed wiph,water (10ml X 4), dried, filtered and

concentrated.
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4 Table 11: Reacti etail or the att ted reduction 83 8 and 1
? _
1
I.
; Reaction :
] CuS0C, ¢ aa> : , . \ Outcone: §,M. (mg,%)
. Exp.no. (m1) Reactant {mg, mmol) | NaBH, {mg,mmol) | time/min
: m

1 (0.069) [83] (248, 1.15) (218, 5.77) 20 [83] (35, 14)*

2 (0.0051) [84] (209, 0.857) (163, 4.31) 180 [84] (158, 76)

3 (0.026) [91] (85, 0.48) (81, 2.1) 20 [91] (24, 25)*

Key: S.M. = starting material
~ = starting material was recovered after column chromatography

6b1
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ttempted sypthesis o —{3- r ooyl )=2-pi !
[74]
1. Using lithivom aluminum nggxide
&) Lithium aluminun hydride (l18mg, 0.47mmcl) was added to

b)

2.

a solution of 1-(2-ethoxycarbonylethyl)-2-piperidinone
[91] (203mg, 1.02mmol) in dry THF (ioml) at 0°C. The
reaction mixture was stirred at this temperature for
3.5h, after which it was quenched by the sequential
addition of water {(0.020ml), sodium hydroxide (15%
(w/w), 0.020ml) and water (0.053ml).

The reaction mixture was filtered with suction through
celite using dichloromethane. The two phases were
separated and the aqueocus layer was extracted with
dichloromethane (2ml ¥ 3). The combined organic
extracts were driéd, filtered and evaporated in vacuo
to afford starting material (181mg, 89%).

When the reaction was repeated under reflux, starting
material (81%) was recovered.

Using ljithium borohvdride

A suspension of lithium borohydride (13mg, 0.61lmmol) in dry
diethyl ether (8ml) was added to a stirred solution of 1-
(2—ethoxycarbonylethyl)-2-piperidinone [911 (253mg,
1.27mmol) in dry diethyl ether (7ml)} at room temperature.

The reaction mixture was stirred at room ltemperature for
71.5h and then heated under reflux for 26h.

The reaction was discontinued because only unreacted

starting material was present (TLC).
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5.3 Experimental work r¢lating to Chapter 3
Synthesis of l-azasbicvclol4.4,0]dec—6-ene~S~carbopitrile
118

A solution of 1-(3~hydroxypropyl)-2~-cyanomethylene-
piperidire [68] (116mg, 0.646mmol} in dry THF (15ml) was
treated with sodium hydride (50% suspension in oil, 39ng,
0.81mmol} and stirred at rcom temperature for 3h. The
reaction mixture was cooled to 0°C and p~toluenesulphonyl
chloride (149mg, ©0.780mmol)} was added. The reaction
mixture was allowed to warm up to room temperature and was
stirred for 6h. A further three additions of 20% excess
sodium hydride and 20% excess p-toluenesulphonyl chioride
were made at regqular intervals during the next 84d. THF was
removed in vacuc and was replaced by dry acetonitrile
(25ml1). The reaction mixture was alternately heated under
reflux (5d) and stirred at room temperature (2d) during
which time sodiun iodide (50mg, 0.33mmol) was added.

The solvent was removed in vacuo. The remaining orange-
brown solid was dissolved in dichloromethans (50ml) and
washed with water {(20ml). The two phases were separated
and the agqueous layer was extracted with dichloromethane
{(30ml X 35. The combined organic extracts were dried,
filtered and the solvent removed in vacue to afford a
product téntatively identified as 1i-azabicyclofa.4.0]ldec~
6—ene~5-carbonitrile [118] (61mg, 53%) as a brown oil after
column chromatography, eluent: 9:1 hexane:ethyl acetate.
[Re (1:1 CgH,o:CH.CO,C.Hg) 0.61]

Tl . L o
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4c o 1d
5h 6g
7i or j N 8j or i
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[118]

2.90 (4H, m, H-2 and B-3), 2.51 - 2.08 (5H, m, H~4, H-5 and
H-G); 2.08 - 1-67 (4Hf m’ H-7 and HHB);

8o (50.32MHZ) 153.7 (C-a), 121.2 (C-b), 76.6 (C~c), 53.4
(c~4), 50.2 (C~e), 49.9 {Cc-f), 29.5 (C-g), 23.7 (C-h}, 20.0
(C-1), 17.7 {C-3):

Vmasc. (CHCLl,) 2950, 2930, 2835, 2170, 1595, 1485, 1440,
1370, 1357, 1320, 1180, 1155, 1130, 1070, 980, 885,
640cn—=.

Attempted synthesis of J1-~azapicvclof4.4.0]dec-5-ene=5—
carbonitrile [69]

n~Butyllithium in hexane (0.054nl, 38mg, 0.5%9mmol) was
introduced +to a solution of i~(3-hydroxypropyl)-2-
cyanomethylenepiperidine {6{)] (107mg, 0.591mmol) in dry THF
{10ml) at 0°C. After 30min, the reaction was cooled to
-46°C after which +trifluorcacetic anhydride (0.0%0ml,
l40ng, 0.65mmol) was added. The reaction contents were
allowed to warm up to room temperature, after which they
were stirred for 36h. THF was removed in vacuc and was
replaced by dry acetonitrile (20ml). The reaction mixture
was heated under reflux for 6h and then stirred at room
temperature overnight.

,_.B,_,,_,.,..._.,._. ,_i..._q..,-—-—-. B e e e T e v r anop - " T g o
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The solwvent was removed in vacuo. The remaining yellow-
crange oill was dissolved in dichloromethane (40ml) and
washed with water (20mi1)}. The two layers were separated
and the aquedus phase was extracted with dichloromethane
{z5ml X 3). The combined organic extracts were dried,
filtered and the solvent was removed in vacuo to yield a

yellow liguid (113mg). No product at all was recovered
- after column chromatography with hexane-ethyl acetate

nixtures.

1. With p-toluenesulphonyl chloride=*

The cyclisation procedure utilising the optimum parameters
(experimenit 10, Table 5) is represented:

a solution of 1+ (3-hydroxypropyl)-2-cyanomethylene-
piperidine [68] (1.793g, 9.943 X 10~ ®mol) in dry THF
(150ml) was treated with sodium hydride (50% suspension in
oil, 956mg, 19.9mmol). The resulting reaction mixture was
stirred at room temperature for 72min after which it was
cooled to 0°C. An addition of p-toluenesulphonyl chloride
(3.797g, 1.991 X 10 *mol) followed. The reaction mixture
was alternately heated under reflux and stirred at room
temperature for a total of 40h and 11d, respectively. THF
was removed in vacuc and was replaced by dry acetonitrile
(150ml). The mixture was heated under reflux for 14h and
then stirred at room temperature overnight.

The solvent was removed in wvacuo. The remaining orange-
brown residue was dissolved in dichloromethane (70ml) and
washed with water (40ml). The two phases were separated
and the aqueous layer was extracted with dichloromethane
{(40m1 X 4). The combined organic extracts were dried,
filtered and the solvent was removed in vacuo to afford 1-

(1
.
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azabicyclo{4.4.0]dec~5-ene-5~carbonitrile {69} (1.135qg,
70%) as a vyellow liquid after column chromatogrsphy.

‘eluent: 47:3 to 23:2 hexane:ethyl acetate. [Re (1:1

Cely 4 :CHaACOLC2Ha) 0.67]

3¢ CN
g AS
Jiorj 4h
6j ori N 5g
2 1
eord dore

[69]

55 (200MH2) 3.14 - 3.00 (4H, m, H-1 and H~-2), 2.52 (2H, t,
J 6.3HZ’ H_a)’ 2!20 (ZH' t, J 6.2HZ, 3-4)' 1.89 - 1!71 (4H’
m, H-5 and H-6}, 1.71 - 1.55 (2H, m, H-7); :

§c (50.32MHz) 153.9 (C-a), 122.4 (C-b), 69.3 (C-c), 49.6
(c-d), 48.8 (C-e)}, 27.3 (C-£), 22.73 (C-g), 22.67 (C-h),
19.80 (C-1i), 19.76 (C=j); ' o

Upmas. (CHCl,) 2975, 2930, 2845, 2155, 1580, 1485, 144%,
1422, 1360, 1350, 1315, 1255, 1170, 1140, 1110, 1025, 1012,
965, 880, 600cm™*; '

m/z 16Z (M*, 70%), 161 (M*~1, 100%), 133 (22%), 12z (24%),
106 (10%), 79 (10%), 55 (13%), 41 (16%), 39 (11%), 28
(16%), 27 (11%); '

HRMS (Found: M* 162.1044. C, H,.N. requires M", 162.1157)}.

R
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2. Alternative reaction with p-toluenesulphonyl chloride
A _forma - 3= OV I-Z2-tva -

{ peridi [117]

A solution of 1~{3-hydroxyprowpyl)~2-cyanoncthylene-
piperidine [68] (118mg, 0.656mmol) in dry THF (ioml) was
treated with sodium hydride (50% suspension in oil, 48ﬁg,
1.0mmol) and was stirred at room temperature for 4h. The
. reaction mixture was coeled tc 0°C and p-toluenesulphonyl
? chloride {176mg, 0.923mmol) was added. The reaction
: - mixture was alternately heated under reflux (33.5h) and
stirred at room temperature (108h), during which tine a
further two additions of 40% excess sodium hydride and 40%

_ excess p-toluenesulphonyl chloride were made.
yo The solvent was removed in vacuo. The remaining orange-
brown solid was dissolved in chilled dichloromethane (60ml)
| and was washed with a chilled hydrochloric acid solution
L (5%, 45ml). The two phases were separated and the agueous
i .ﬁ - ~ phase was extracted with dichloromethane (40ml X 3). The
;/) combined organic extracts were dried, filtered and the

CSLf

_ solvent was removed in vacuo to afford i-(3-chloropropyl)-

T 2-cyanomethylenepiperidine [117] (S5mg, 4%) as a colourless
liquid and 1—azabicyclb[4.4 0 ]dec~5-ane~5~carbonitrile [69] s

(3mg, 3%) as a yellow liquid after column chromatography, .

eluent: 91:1 hexane:ethy’ acetate. [Former R, (1:1 N

CeHa o tCH,CO2CoHy) 0.58 and latter Ry (1:1 CoHa . :CH,CO,CaHs) A

P ' 0.6?]
)

a
o 8]
i i 7i 59 b S
i 3or4 d a 1c CN SN P
! N s
|
! sor3e % , s

’ ER GO . 6&h ¢ 3 =

. . '. _‘_.. - i
U [117] . 3 :"
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6:.1 (ZGDHHZ) 3.79 (13, s’ H"'l)' 3.57 (ZH' t»; J GOOHZ, H_Q)’
3.28 (2H, t, J 7.2Hz, H-3), 3.22 (2H, t, J 6.0Hz, H~4),

2.68 (2H, t, J 6.5Hz, H~5), 2.12 - 1.94 (2H, m, H-6), 1.89

- 1.55 (4H, m, H-7 and H-8);

(c-d), 48.9 (C-e), 42.3 (C-f), 28.1 (C~g), 27.7 (C-h), 23.4
(c-i), 19.5 (C-9):

m/z 198 (M*, 11%), 163 (M*-35, 190%), 149 (M*-49, 10%), 136

(20%), 135 (M*-63, 28%), 122 (28%), 121 {M*-77, 11%), 94 .

(9%), 67 (11%), 54 (15%), 41 (46%), 32 (51%);

HRMS (Found: M™ 198.0028. CooBasNaCl requires M™,

198.0924).

3. With methanesulphonyi chloride

Whan the syntheéis of 1l-azabicyclo[4.4.0]dec~5-ene=-5-
carbonitrile [69] was repeated under the conditions
described in "1. With toluenesulphonyl chloride®™ but with
methanesulphonyl c¢hloride instead of +toluenesulphonyl
chloride, a mnmixture of 1-azabicyclol4.4.0]jdec-5-ene~5—
carbonitrile [69] and 1-(3—-chloropropyl)}~2-cyano—
methylenepiperidine [117]1 (2:1, by *H nmr) was obtained in
a yield of about 39%. '

The mixture was heated under reflux in acetonitrile with a
catalytic amount of sodium iodide in an attempt to cyclise
{117] to [69]. Again a mixture of [69] and [117] (ca. 5:1,
by *H nmr) was obtained in a yield of about 35%,

(L




1. Catalytic h io

a) Aitempted hvdrogenation over Wilkinson’s catalyst®”

Tris(triphenylphosphine)chlororhodium(I) (39mg) was added
to a solution of 1-azabicyclol4.4.0]dec-5-ene-5-carbo-
nitrile [69] (192mg, 1.18mmol) in a benzene-ethanol mixture
(1l:1, 20m1); The reaction was carried out in an autoclave
at a hydrogen pressure of 500kPa and a temperature of 60°C
for 8h. o .
The reaction mixture was filtered with suction through a 'ﬁf'i
rad of celite using dichloromethane. The solvent was E
removed in vacuo to afford starting wmaterial in
quantitative yield. '

A stirred sgolution of l-azabicycle[4.4,0}dec-5-ene-5~ ;jS
carbonitrile [69] (85mg, 0.53mmol) in ethanol (96%, 2.13ml) j}fﬂ
was treated in sequence with nickel-aluminum alloy (130mg) '
and a scodium hydroxide solution (3M, 2.13ml). The
heterogeneous solution was stirred at room temperature for
13.5h. ' '

The reaction mixture was filtered with suction through a

pad of celite using $6% ethanol. The solvent was remowved
in vacuo. The remaining yellow liquid was diluted with
water (20ml), basified with 25% ammonia solution and
extracted with dichloromethane (15ml X 4). The combined
organic extracts were dried, filtered and the solvent
removed in vacuo to afford starting material (68mg, 80%).
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3 suspension of platinum dioxide (42mg) in glacial acetic
acid (15ml) was prehydrogenated. A time period of 9%min
elapsed until the hydrogen consumption of the catalyst had
ceased. A solution of 1-azabicyclo[4.4.0]dec-5~ene~5—
carbonitrile [63] (393mg, 2.42mmol} in glacial acetic acild
(15ml) was added and the resulting heterogeneocus solution
was stirred at room temperature under a hydrogen atmosphere
for 92h.

The reaction mixture was filtered with suction through a

pad of celite using dichloromethane. The solvents were
removed in vacuo. The remaining residue was diluted with
water (30ml) and was basified with a sodium hydroxide
solution (3M). The basic aguecuds p*¥ “e¢ was extracted with
dichloromethane (20ml X 4). The combined organic extracts
were dried, filtered and the solvent vamoved in vacuo.

A'gc analysis of the mixture showed a ratio of 47.25:1 of

[20]:[{19] (retention time: 6.4%min and 5.41lmin,

respectively). Column chromatography afforded rel-5R,6R-1-
azabicyclo[4.4.0]decane-5-carbonitrile [20]'(327mg¢-82%) as
a white solid and rel-5R,65-~l-azabicyclol4.4.0]decane~5~
carbonitrile [19] (25mg, 6%) as a pale yellow_ﬁliquid,
eluent: 93:7 hexane:acetone. {Former Ry (2:1
CH,COCH, :CcH,,) 0.89 and latter Re (2:1 CH,COCH,:C.H,.)
G.55] Four recrystallisations (from 1:1 hexane:ethyl
acetate) of rel-5R,6R-1-azabicyclo{4.4.0}decang~5
carbonitrile [20] afforded a white solid, m.p. 61°C. an
overall yield of 82% was obtained.
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8 (200MHz) 2.97 - 2.81 (2H, m, equatorial H-1 and
equatorial H-2), 2.73 (iH, td, J 4.2Hz and 2.5Hz,;~8#3 .
2.20 - 1.14 (13H, m, remaining H):;

6o (50.32MHZ) 120.5 (C-a} 62.0 {(C-b), 56.3 (C-c), 55.9 (C-
d), 34.3 (C-e), 31.4, 27.6, 25.2, 24.0 and 22.1 (remaining

- ring methylene C):

Vio.. (CHCL,) 2945, 2860, 2810, 2760, 2680, 2230, 1585,
1462, 1440, 1395, 1370, 1360, 1347, 1330, 1320, 1305, 1280,
1265, 1180, 1140, 1120, 1110, 1080, 1060, 1020, 997, 985,
955, 890, 867, B50cm>; | |

Found: C, 73.31; H, 10.07; N, 17.14. C,.H,cNz requires C,

m/z 164 (M*, 17%), 111 (23%), 110 (16%), 97 (21%), 83
(100%), 55 (29%), 54 (9%), 41 (14%), 32 (16%), 28 (74%);

HRMS (Found: M" 164.1303. C,oHacNz requires M™, 164.1314).

cord dorc
[19] |

S (200MHZ) 2.91 -~ 2.71 (284, m, equatorial H-1 and
equatorial H-2}, 2.48 - 2.28 (1B, m, H-3), 2.25 - 1.i3
(13H, m, remaining H);

§- (B0.32MHz) 120.8 (C-a), 63.4 (C~b), 56.2 (C~c), 55.5 (C-
d), 34.9 (C-e), 31.3, 28.8, 25.4, 24.2 and 24.0 (remaining
ring methylene ¢):

e T e e o
. 8 IR & A
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Vmese. (CHCl,) 2930, 2850, 2800, 2755, 2225, 1600, 1455,
1432, 1385, 1360, 1347, 1320, 1290, 1257, 1165, 1120, 1100,
1070, 1055, 1045, 1010, 940, 860, 835cm™%;

m/z 164 (M+, 72%), 163 (M*-1, 17%), 11l (41%), 110 (16%),
97 (22%), 383 (100%), 55 (32%), 54 (10%), 41 (16%), 28

(12%):

HRMS (Found: M™* 164.1311. C,.H, N, reguires M*, 164.1314).

d) Attempted hydrogenations with Adams catalyvst or 5%
paliad :‘!!m on _carbon_ in_ethanol®” .

In both cases starting material was recovered in
quantitative yield.

2. Hydride duction

a) Attempted reduction with sodium borohydride®*

A solution of l-azabicyclof4.4.0]dec-5-ene-5-carbonitrile

[69] (130mg, O0.801mmol) in absolute ethancl (16ml) was

treated with sodium borohydride (11i2mg, 2.96mmol). The

. resulting heterogeneous solution was stirred at room
5&3\ temperature for 51h.

E : Water (20ml) was added and the resulting mixture was

k o : neutralised by dropwise addition of a hydrochloric acid
[ % solution (20%). After stirring at room temperature for
f E 30min, the reaction mixture was saturated with potassium
: i carbonate and extracted with chloroform (25ml X 3). The
f (32 combined organic extracts were dried, filtered and the .

solvent was removed in vacuo te afford starting material e
(1iomg, 91%). g_?
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A solution of 1-azabicyclof4.4.0]dec-5-ene~5~carbonitrile
[69] (8lmg, O.50mmol) in ethanol (2ml) was added in
portions over an 1lmin period to a cold (0°C) stirred
sivrry of socdium borohydride (19mg, 0.51lmmol) in ethanol
(1ml). The resulting reaction mixture was stirred at 0°C
for 13imin and then at room temperature for a further 21h.
The reaction mixture was diluted with water (50ml) and the
resulting cloudy solution was made basic by adding a sodium
hyéroxide solution {3M). Extraction of the agqueous phase
with dichloromethane (15ml X 4) followed. The combined
organic eytracts were dried, filtered and the solvent
removed in vacuo.

A gc analysisi of +the material obtained showed 1-
azabioyclof[4.4.0]}dec-5-ene~5-carbonitrile [69] to be the
ma'jor component and the two reduced (saturated) isomers
[20] and [19] (in a ratio of 1:1, respectively) to be minor
components. Traces of impurities were also observed.
Column  chromatography afforded a mixture of 1-
azabicyclo{4.4.0]dec—-5~ene—~5~carhonitrile [69] and rel-
5R,6R-1-azabhicyclo[4.4.0]decane-5-carbonitrile [20] {70mg),
eluent: 47:3 hexane:acetone and ral-5R,68-1—-
azabicyclo[4.4.C]decane~5-carbonitrile [19] (img, 1%),
eluent: 91:9 hexane:acetone.

b) Attempted reduction with lithium alwminum hydride

Lithium aluminum hydride (21mg, 0.56mmol} was introduced
portionwise to a stirred solution of 1~
azabicyclo[4.4.0]dec~5-ene-5-carbonitrile [69] (77mg,
0.48mmol) in dry THF (50ml) at 0°C. The heterogeneous
solution was stirred at 0°C for 1h after which it was
allowed to attain room temperature and was then stirred for
a further 3s6h. |

A few drops of water were added to destroy any excess
lithium aluminum hydride. The reaction mixture was dried,
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filtered with suction and the solvent was removed in vacuo
to afford starting material (72mg, 93%).

ek i Lk

c) ion with sodi cyanoborof ide™°”

-1—Azabicyclé[4.4.D]dec-sfene-s—carbonitrile [69] (415my, 3 o
2.56mmol) was dissclved in absolute ethanol (6.40ml) to ' '
make up a 0.4M solution. Sodium cyanoborohydride (178mg,
2.83mmol) was added, followed by bromocresol green (0.5%
solution in ethanol, 1 drop). Concentrated hydrochleric
acid was dispensed when necessary during the course of the -
reaction to ensure a permanent cclour change to yellow (pH
ca. 4). The reaction mnmixture was stirred at room
temperature for 80min.

Water (36ml} was added to the reaction vessel and the
contents were basified with a 25% ammonia solution. The
basic aqueous phase was extracted with diethyl ether (45ml o
4 6). T . n+mbined ethereal extracts were dried, filtered '?  =
and evapokru.ed in vacuo. B

A gco analysis of the mixture showed a ratio of 1.14:1 of

[19]:{2061]. Column chromatography afforded rel~5R,6R-1-
azabicyclq{4.4.0]decane—5-carbonitrile {20} (17°9mg, 43%)
andrel-5R,68~1-azabloyclo[4.4.0]decane-5-carbonitrile [12]

(227mg, 54%), eluent: 93:7 hexane:acetone. An overzll

yield of 97% was obtained. Characterisation was as

previously described.

3. Attempted reduction by hydrogen transfer

al With sodjum hypophosphite®o?

A ,tirred solution of 1-azabicyclo[4.4.0]dec-5-ene~5-
carbonitrile [69] (79mg, 0.49%mmol)} in dry 'THF (5ml) was
treated with potassium carbonate (96mg, 0.65mmol) followed
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by the addition of 5% palladium on carbon (lémg). The

resulting reaction mixture was heated teo reflux temperature

at which point a solution of sodium hypophosphite (77mg,
0.88mmol) in water (1ml)} was added dropwise over a Spin
period. Heating under reflux was continned for a further
45.5h. A second addition of potassium carbonate (Qsmg,
0.69mmol) followed by sodium hypophosphite (78mg, 0.8%mmol)
was made. The reaction mixture was heated under refliux for
48h and then allowed to coeol down to room temperature.

The solvent was removed in vacuo. 'The remaining residue
was filtered with suction through a pad of celite using
dichloromethane.
satur: :ed sodium chloride solution

The organic filtrate was washed with
(20ml}. After
separation of the two phases, the agueous phase was
extracted with dichloromethane (10ml X 4). The combined
organic extracts were dried, filtered and the solvent was
removed in vacuo to yvield a mixture (70my). A gc analysis

indicated that a large percentage of starting material had

been recovered, besides minor traces of rel-5R,6R-1-
azabicyclof[4.4.0]decane~-5-carbonitrile [20] and rel-5R,65~

l-azabicyclo[4.4.0]decane-5—carbonitrile [19] (in a ratio.

of 6.4:1, respectively) and impurities.

b} Alternstive reaction with sodium hypophosphite>®2

4 stirred solution of 1l-azabicyclo[4.4.0]dec~5-ene-5-
carbonitrile {69} (1limg, 0.684mmol) in glacial acetic aciad
(2ml) was +treated with 10% palladium on carbon (9mg)
followed seguentially by sodium acetate (156mg, 1.%0mmol)
and sodium hypophosphite (169mg, 1.92mmol}. The reéulting
reaction mixture was heated to 56°C and stirred at this
tenperature for 4h and then stirred at 65°C for ca. 4d
during which time a second addition of sodium acetate
(155mg, 1.89mmol) and sodium hypophosphite (170ng,
1.95mnol) was made. The reaction mixture was allowed to
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cool down to room temperature and the solvent was removed
in vacuo.

The remaining residue was filtered with suction through a
pad of celite using dichioromethane. The organic filtrate
was washed with water (20ml), the latter having been
pasified with a sodium hydroxide solution (3M). The two
phases were separated and the basic agueous layer was
extracted with dichloromethane (10ml X 3). The combined
organic extracts were dried, filtered and the solvent
removed in vacuo to yield a mixture (65mg)}. A gc analysis
indicated that a large percentage of starting material had
been recovered besides mninor traces of rel-5R,6R-1-
azabicyclo[4.4.0]decane-5~carbonitrile [20] and rel-5R,65— -
l~azabicyclo{4.4.0]decane~5-carbonitrile [19] ‘and
impurities.

c) ith sod formate™°=

Sodium Fformate was dried at 80°C under vacuum {lmm Hg) for
24h. To a 50ml two-necked round-bottomed flask, eguipped
with a water~cooled Liebig condenser and a quick-fit
thermometer was introduced the following (sequentially): 1-
azabicyclo[4.4.0}jdec-5-ene-5-carbonitrile [69] (134ng,
0.823mmcl), ethanol (7ml}, water (2ml) and sodium formate
(168mg, 2.48mmol). The reaction contents were stirred and
heated to 70°C, after which 10% palladium on carbon (4mg)

was added in one portion. The resulting héterogeneous
solution was stirred at 70°C for 20h and then at 60°C for
a8h.

The reaction mixture was allowed to cool down to room
temperature ana the solvent was removed in vacuo. The
remaining residue was filtered with suction through a pad
of celite using dichloromethane. The organic filtrate was
washed with water (20ml) which had been basified with a
sodiun hydroxide solution (3M). The two phases were
separated and the basic agqueous layer was extracted with
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dichloromethane (10ml X 3). The combined organic extracts
were dried, filtered and the solvent removed in vacuo to
yield a mixture (1l13mg). A gc analysis indicated that a
large percentage of starting material had been recovered,
besides minor traces of rel-SR,stl—azabicyclo—
[4.4.0}decane-5~carbonitrile [20] and re145R,GS—1—
azabicyclo[4.4.0]ldecane~5-carbonitrile [19] (in a ratio of
9.2:1, respectively) and impurities.

4) WwWith formic scid><"

l-Azabicyclo{4.4.%1dec-5-ene-5-carbonitrile [69] (82nmg,
0.51mmol) was heated under reflux in 98 -~ 100% formic acid
(z.0ml, 1.2g, 2.6 X 1072mol) for 19.5h. The sgolution was
allowed to cool to room temperature after which it was
made strongly basic by addition of sodium.hydrbxide (10.5M,
5ml). Extraction using dichloromethane (loml X 4)
followed. ~ The combined organic extracts were dried,
filtered and the solvent removed in vacuc to afford a
mixture (73mg). TLC showed the presence of starting
material and traces of the reduced isomers, [20] and [19].
The mixture (73mg) was heated under reflux in 98 - 100%
formic acid (2.0ml, 2.4g; 5.3 X 10 ®mol) for 120h. The
same workup procedure as previously was followed to afford
an unidentifiable mixture

Conversion of rel=-SR,6R-1-gzabicyvclof4.4,0ldecane-5~carbo—
nitrile f201 - 658-~1~gzabicye

ca nitri .

1. BSuccessful epimerigation

Partial epimerisation of [20] to [19] was accomplished by
following the nwncedure of Yamada et al.>® with a few
modifications,
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Rel—SR,GR-l—azabicyclo{4.4.0]dedane—s—carbonitrile [20]
(86mg, 0.53mmol) and sodium hydride (50% suspension in oil,
17ng, 0.35mmol) were heated under reflux in benzene (2ml)
for 64. A second addition of sodium hydride (50%
suspension in oil, 17my, 0.35mmol) was made, after which
heating under reflux was continued for a further 6h.

Water (10ml) was atdec o the cooled reactior mixture and
after separation of the .wo layers, the aqueous phase was
extracted with dichloromethane (10ml X 3)}. The ccmbined
organic phases were dried, filtered and the solvent removed
in vacuo.

4 gc analysis of the mixture showsd a ratio of 1.59:1 af
{i9]:L201. Column chromatography afforded rel-5R,o8~i-
azabicyclo[4.4.0]decane-5-carbonitrile [19] (47ng, 55%) and
recovered rel-5R,6R-1-azabicyclol4.4.0]decane-5~carbo-
nitrils [{20] (25mg, 29%). '

2. Attempted thermsl epimerisation==

A sample of rel-5R,6R-l-azabicyclof4.4.0]decane-5-carbo-
nitrile [20] (SOmg, 0.55mmol)} was heated in a Kugelrohr
oven at 149°C for 36min 7-.% then at 164°Cc for. 160min.
Column chromatography afforded l-—-azablicyclo[4.4.0]deg-5~
ene-3-carbonitrile [69] (5myg, 5%) and recovered rel-5R,6R-
1-azabicyclo[4.4.0]decane-5-carbonitrile [20] (46mg, 52%),
eluent: 93:7 hexane:acetone, No rel-5R,6S~1l-arzabicyclo-
[4.4,0)decane-5~carbonitrile [19] was cbtained.

Synthesis of lupinamine [117]

1. an el- inun_alloy®®

A solution of rel-5R,6R-l-azabicyclo[4.4.0]decane-5~carbo-
nitrile [20] (327mg, 1.99mmol) in ethanol (96%, 8.2ml) was

twoama F
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treated in seguence with a nickel-aluminum alloy (492mg}
and a sodium hydroxide solution (3M, 8.2ml). Hydrogen gas
was esr «lled on addition of the basic solution. The
hete neous solution was stirred at rdom'temperature for
94h. _

The reaction mixture was filtered with suction through =
pad of celite using dichloromethane. The sclvents, ethanol
and dichloromethane, were removed in vacuo. The remaining
residue was diluted with water (20ml) and basifisd with a
25% ammonia solution. Extraction using dichloromethane
(20ml X 4) followed. The combined organic extracts were
dried, filtered and evaporated in vacwo to afford

lupinamine [11] (333mg, %$9%) as a pale vellow liguid. I[R.
. (9:1 CH,OH:25% NH, solution) 0.50] The product was clean

(by TLC and nmr) and so purification was unnecessary.

52:,$ﬂ42
g H £
fr d™ f
]

ib Zc

[11]

6 (200MHZz) 3.0l - 2,62 (4H, m, equatorial H-1, equatorial
H-2 and H-3), 2.13 - 1.06 (i6H, m, remaining H);

§- (50.32MHz) 64.8 (C-a), 57.2 (C-b), 56.4 {(C~r), 41.5 (C~
A, 39.4 (Cme), 28.0 (C-f1, 26.4 (C-g), 25.1 (C-R), 24.8
(c~i), 20.9 (C~1):

Upnese. (CHCl,} C520 ~ 3170, 2930, 2860, 2800, 2760, 2670,
2495, 1647, 1595, 1455, 143K, 1385, 1365, 1352, 1345, 1327,
1297, 1280, 1265, 1170, 111z, 1092, 1080, 1055, 1047, 867,
725, &82, $45ca™*,
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2. With lithium alurinun hydride

This reduction was carried out according to the procedure
described by Yamada et 21.*® A solution of rel~5R,6R-1-
azabicyelo[4.4.0]decane~5~carbonitrile [201 {95mg,
0.58mmol) in dry diethyl ether (ca. 4ml) was added dropwise
over a 10min period to a stirred suspension of lithium
aluminum hydride (34mg, 0.89mmol) in dry diethyl ether {c¢a.
2ml) at 0°C. The resulting mixture was stirred at 0°C for
37min and then at room temperature for a further %imin.
Water (llml) was added to destroy excess lithium aluminum
hydride. After separation of the two layers, the aqueous
layer was extracted with diethyl ether (10ml X 4). %he
combined ethereal extracts were dried, filtered and the
sclvent was removed ih wvacuo. TLC (2:1 CH,COCH,:C H,.)}
showed the presence of a baseline spot indicative of
lupinamine [11] and traces of minor impurities.

u 3. 8 att 1031

Employment of lithium aluminum hydride with aluminum
chloride®** for ‘the reduction of rel-5R,6R-l-aza~-
bicyclo[4.4.0ldecane-5~carbonitrile [20] provided unreacted
starting material and possibly a trace of lupinamine [11].
An attempted reduction utilising sodium borohydride with a
copalt coreagent®**® afforded starting material (93%).

Synthesis of epilupinamine [112]

A solution of rel-5R,68-1-azabicyclo[4.4.0]decane~5=~
carbonitrile [19] (228my, 1.39mmol) in ethanol (26%, 5.7ml)
was treated in sequence with a nickel-aluminum alloy
{344mg) and a sodium hydrcoxide solution (3M, 5.7ml) as
described for the reduction of rel-5R,6R-l-azabicyclo-
{[4.4.0]decane~5-carbonitrile [20]. Epilupinamine [112]
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{igémyg, 84%) was obtaihed as a pale yellow liquid. [Rer

{9:1 CH,OH:25% NH, solution) 0.66] The product_was clean

(by TLC and nmr) and sc¢ purification was unnecessary.

2
[112]

6z (200MHZ) 3.01 - 2.44 (4H, m, equatorial H-1, equatorial
H~2 and H-3), 2.20 - 0.75 (16H, m, remaining H);

5o (50.3ZMHzZ) 64.9 (C-a), 56.6 (C-b), 56.4 (C-c), 43.6 (C-
d), 43.4 (c~e), 29.3 (C-f), 28.2 (C-g), 25.2 (C-h), 24.7
(C-1), 24.3 (C-jj:

Damse. (CHCl,) 3500 - 3200, 2930, 2860, 2805, 2760, 2680,
2495, 1655, 1600, 1580, 1460, 1437, 1390, 1352, 1340, 1310,
1290, 1270, 1250, 2180, 1120, 1110, 1075, 1050, 1015, 965,
855, 815, 770, 650, 605cm™*.

thesi N-zce inamine (113

This derivative was prepared by following the procedure

DRI AT

] described by Wanner et al.**” with a few modifications.

f Lupinamine [11] (203mg, ..2lmmol} was heated under reflux

{ in acetic anhydride (10ml) for S5h. g

i The solvent was removed in vacuo and the remaining residue :
c’; dissolved in an ammonia solution (1M, 30ml) and thereafter

extracted with dichloromethane (30ml X 4). The combined

.1_'; 3

organic extracts were dried, filtered and the solvent was 7 4
removed in vacuo. Purification by flash column .
. T - 4 o [ o Wc _____ ik
(‘_ n bt 52 L R '
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chromatography using an eluting system of 15% methanol in
dichloromethane saturated with concentrated ammonia as
suggested by Wanner et al., did not provide optinmal
separation of the two compounds shown to be present by TLC.
The reaction mixture was purified again by flash
chromatography, eluent: 19:180:1 methanol:dichloromethane: HE
| | 25% ammonia solution, to afford N-acetyllupinamine [113] 3 3 |
; (151lmg, 60%) as a white solid and N,N-bis(acetyl}lupinamine L
f [127] (i20mg, 39%) as a brown solid, m.p. 39 - 4ai°c.
[Former Ry {9:1 CH,OH:25% NH; solution) €¢.57 and latter R,
(9:1 CH,OH:25% NH, solution) 0.71] Four recrystallisations
L {from methanol) of N-acetyllupinamine afforded a white
- solid, m.p. 122.5 - 125°C. '

e e e etk s 1 e b i 14 o o =R

o&/
8
-

[113]

6 (200MHz) 7.87 ~ 7.60 (1H, br s, H-1), 3.60 - 3.24 (2H,
m, H-2), 3.00 - 2,77 (2H, m, equatorial H-3 and eguatorial
H-4), 1.97 (3H, s, H-5), 2.29 -~ 1.06 (14H, m, remajining H);

55 (50.32MHz) 169.8 (C-a)}, 64.1 (C~b), 56.7 (C~c), 55.8 (C—
d), 39.7 (C-e), 36.3 (C-f), 29.3 (C-g), 28.1 (C-h), 24.7
(C-1), 24.3 (c-3), 22.9 (c-k), 21.2 (C~1); '

Vrase. (CHCl.) 3452, 3224, 3004, 2944, 2864, 2812, 2770, -
2684, 2474, 1659, 1526, 1448, 1373, 1352, 1290, 1276, 1214, N
1183, 1158, 1129, 1110, 1071, 1058, 870cm~>;. N

|
|
|
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m/z 210 (M*, 8%), 152 (M*-58, 35%), 138 (M*~72, 100%), 111
(37%), 110 (39%}, 97 (27%), 96 (26%), 83 (95%), 55 (32%),
41 (27%), 32 (27%;, 28 (100%);

HRMS (Found: M* 210.1733. C.oH..N.O requires M*,
2108.1732). '

Og-CH3
a H=C 0
3
te N2 CH3 o \f CH
g H E \g/ 1¢t H 3
k™ B MY N \g/
i N ] H :

[127]

Sy (200MHz) 4.14 (1H, dd, J 14.5Hz and 10.8Hz, H~la‘’), 3.73
. (18, d&d, J 14.5Hz and 3.3Hz, H-1b’), 3.00 - 2.76 {2H, m,
o egquatorial H-2 and equatorial B~3), 2.41 (6H, =, 2 X H-4),
\;,«’/} 2.20 =~ 1.70 (14H, m, remaining H);

§c (50.32MHz) 173.5 (2 X C~a), 64.5 (C=b), 57.1 (C-c), 56.3
(c-d), 42.5 (C-e), 38.2 (C-f), 28.7 (C-g), 26.2 (2 X C-h),
25.8 (C-i}, 24.9 (C-j), 24.6 (C-k), 20.9 (C-1);:

Umes. (CHCLz} 2970, 2885, 2835, 2790, 1700, 1452, 1425,
1375, 1360, 1340, 1330, 1300, 1267, 1210, 1195, 1185, 1157,
1125, 1107, 1060, 1040, 1010, 975, 955, 895, 860, 845, 690,
6l2cm™3;

(17%), 138 (M*-114, 44%), 111 (21%), 110 (19%), 53 (46%),

[

!

1 m/z 252 (M*, 8%), 209 (M*-43, 14%), 152 (M*-100, 100%), 150
}

’ 55 (23%), 43 (M*-209, 38%), 41 (29%), 28 (73%):

252,1838).
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This derivative was also prepared by following the
precedure described by Wanner et al.™™” with a few _
modifications. : 2. -
N-aAcetylepilupinamine was prepared by heating epilupinamine |
[112] (196mg, l.17mmcl) under seflux in acetic anhydride
) (10nl) as described for the preparation of N-acetyl-
lupinamine [113].
Flash chromatography afforded HiacetY1epilupinamine [114]
{184ng, 75%) as a white solid and N,N-bis(acetyl)epi-
lupinamine 1128] (74mg, 25%) as a yellow liquid, eluent:
19:180:1 methanol:dichloromethane:25% ammonia solution,
[FPormer Ry (9:1 CH.OH:25% NH, solutior) 0.66 and latter R? S _
(9:1 CH,OH:25% NH; solution) 0.78] PFour recrystallisations ? ' \5_
(from methanol) of N-acetylepilupinamine afforded a white -
solid, m.p. 128.5 - 131°C.

<A

[114]

/T

..\‘
,\ L
-

1

i

|

6 (200MHZz) 7.24 (1H, t, J 5.6Hz, H-1), 3.50 - 3.23 (1H, m,

| i

| 9 | H=2), 3.21 ~ 3.00 (1H, m, H-2), 2.83 (2H, t, J 10.0Hz,
| E 7 equatorial H-3 and equatorial id-4), 1.99 (3H, s, H~5), 2.26 T

g | - 0,95 (14H, m, remaining H); _ ]

T | - | 2

o S (50.32MHz) 170.3 (C-a), 64.9 (G-b), 56.1 (C-c), 55.8 (C- .
o d), 40.9 (C~e), 40.7 (C-f), 28.8 (C-g), 28.3 (C=h), 24.6
|

: j& y (c-i}, 24.0 (C~3), 23.8 (C-k), 22.4 (C-1);




(IH, dd, J 14.4Hz and 4.4Hz, H-1), 2.97
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Ymas:. (CHCl:) 3460, 3000, 2945, 2870, 2817, 2775,

2680,
1660, 1510,

1460, 1440, 1365, 1295, 1275, 1189, 1152, 1130,
1110, 1035, 1017, 985, 912, ass, 865, 680, 610cm—;

m/z 210 (M*, 9%), 209 (M*-1, 5%), 152 (M*-53,
(M*~72, 100%), 111 (36%), 110 (40%),
(21%), 55 (27%), 41 (21%),

29%), 138
97 (28%), 96 (23%), 83
32 {100%), 28 (i00%);

HRMS (Found: M* 210.172%,

C:2Ha2N.0 requires M,
210.1732).

Os_CH
o 3
te N @ C:HS
b H T‘h
i N k
2c 3d
[128]

b (200MHz) 3.82 (1H, dd, & 14.3Hz and 10.4Hz, H-1), 3.63

= 2.74 (2H, m,

equatorial H-2 and equatorial H-3), 2.41 (6H, s, 2 X H-4)

2.23 -~ 0.80 (14H, m, remaining H);

Se (50.32MHz) 173.4 (2 X C-a), 65.9 (c-b), 56.4 (C~c), 56.1
(C-d), 45.9 (C-e), 41.0 (C-f), 29.2 (C-g), 27.6 (¢-h), 26.2
(C-1), 25.0 (c-3), 24.4 (c~k), 24.1 (C=1); '

Umas. (CHCls) 3028, 3018, 2944, 2864, 2812, 2768,
2498, 2364, 1698, 1580, 1446, 1423, 1

1263, 1247, 1214, 1205, 1181, 1154,

2684,
373, 1332, 1315, 1290,
1133, 1116, 1071, 1023,

1009, 978, 919, 890, 866, 845, 8l4cm™;
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n/z 252 (M*, 9%), 209 (M*-43, 15%), 152 (M*-100, 100%), 150
(18%), 138 (M*~114, 48%), 11l (21%), 110 (19%), 83 (42%),
55 (19%), 43 (M*=209, 27%), 41 (19%), 28 (38%):

HRMS (Found: M* 252.1841. C,aHo. N0, Tregquires M*,
252.,1838). -

Synthesi ¢ epil Lobi (2]

This alkaloid was prepared by following the reaction
procedure describr hy Yamada et al.,*® with a few
nodifications.

A solution of lupinamine [211] (165mg, 0.282mmol) in dry
diethyl ether {ca. 12ml) was added dropwise to a stirred
solution of glutaric anhydride (117mg, 1.02mmol) in dry
Giethyl ether (ca. 15ml). White crystals (of the amide
[129]) formed immediataly. After a reaction time of 45nin,
the solvent was rem¢: " in vacuo. The amide was dissolved
in acetic anhydride ,[:.iml, 4.4g, 4.3 X 1073mol) with
sodium acetate (410mg, 5.00mmol) and the resulting soluticon
was stirred at 80 — 115°C for 70min.

Water (20ml) was added to the cooled reaction and excess
acetic anhydride was decomposed and neutralised with sodium
carbonate solution. Extraction with chloroform (20ml X 5)
followe]. The combined organic extracts were dried,
filtered and the solvent was removed in vacuo.
Purification by column chromatography using neutral alumina
and benzene as the eluting system, as suggested by Yamada
et al. proved unsuccessful. Purification by flash
chromatography using silica gel, eluent: 40:59:1
methanol:dichloromethane:25% ammonia solution, afforded
epilanprolobine [2] (1l4lmg, 54%) and N-acetyllupinamine
f113] (il4mg, 7%) both as white solids. [Former R, (9:1
CH,OH:25% NH, solution) 0.82] Four recrystallisations
{(from 1:1 hexans:ethyl acetate) of epilamprolobine afforded
a white solid, wm.y. 86.5 - 67.5°C.
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2c 3d

f2]

5. (200MHz) 4.28 (1H, dd, J 13.0Hz and 10.9Hz, H~la’}, 3.77
(1H, dd, J 13.0Hz and 3.5Hz, H-1b’), 2.%4 - 2.78 (2H, m,
equatorial H~2 and equatorial H-3), 2.65 (4H, t, J 6.5Hz,
2 X H~4), 2.17 -1.10 (16H, m, remaining H);

8o (50.32MHz) 172.8 (2 X Cc-a)}, 65.2 (C-b), 57.6 (C~c), 57.1
(c-d), 37.7 (Cc-e), 37.0 (C-f), 33.1 (2 X C-g}, 29.4 (C-h),
26.5 (C~i), 25.5 (Cc~j), 25.0 (Cc-k), 21.0 (C-1}), 17.2 (C-m);

Vawe. (CHC1.) 2925, 2850, 2800, 2750, 2675, 1712, 1660,
1515, 1455, 1440, 1347, 1280, 1160, 1125, 1115, 1065, 1050,
1032, 1012, 980, 960, 945, 870, 640cm—*;

Found: C, 68.54; H, 2.41; N, 10.71., C, H.,N.O. requires C,
68.15; H, 9.15; N, 10.60%. '

5] esi : bi

This alkaloid was also prepared by following the reaction
procedure described by Yamada et al.,>™ with a few
modifications.

A solution of epilupinamine [112} (270mg, l.6lmmol) in dry
diethyl ether {ca. 13ml) was added dropwise t  a stirred
solution of glutaric anhydride (i94mg, 1.70mmol) in dry
diethyl ether {(ca, 20ml). White crystals (of the amide
[130]) formed immediately. After a reaction time ¢f 32min,
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the solvent was removed in vacuo. The amide was dissolved
in acetic anhydride {6.70ml, 7.25¢, 7.10 X 10™™mol) with
sodium acetate (671lmg, 8.18mmol)} and the resulting solution
was stirred at 120°C for 40min.

Water (20ml} was added to the cooled reaction and excess
acetic anhydride was decomposed and neutralised with sodium
carbonate solution. Extraction with chloroform (50ml X 5)
followed. The combined organic extracts were dried,
filtered and the 501vent was removed din vacuo.
Purification by column chromatography using neutral alumina
and an eluting system of 14:5:1 methanol:dichloromethane:
25% ammonia soiution proved unsuccessful. Purification by
flash chromatography using silica gel, eluent: 40:59:1
methanol:dichloromethane:25% ammonia solution, afforded
lamprolobine [3] (261mg, 61%) as a hard vellow oil and N-
acetylepilupinamine [114] (24mg, 7%) as a white solid.
{Former Ry (9:1 CH,OH:25% NH, solution) 0.79]

[3]

6 (200MHz) 3.%4 ~ 3,60 (2H, m, H-1), 3.25 -~ 2.92 (2H, m,
equatorial H~2 and equatorial H-3), 2.70 (4H, t, J 6.5Hz,
2 X H-4), 2.62 - 1.00 (16H, m, remaining H);
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§c (50.32MHz) 172.2 (2 X C-a), 65.7 (C-b), 55.5 (C~c}, 54.9 N
(C-d), 40.0 {C-e), 38.0 (C-f), 32.1 (2 X C-g), 27.5 (C-h}, - 3
26.3 (C-i), 23.3 {C-3j), 22.7 (C-k), 22.5 (C~1}, 16.3 (C-m);

Vmmse. (CHClz) 3028, 3018, 2946, 2866, 2812, 2768, 2436,

1727, 1676, 1464, 1433, 1396, 1354, 1325, 1288, 1247, 1230,

1212, 1172, 1135, 1058, 1019, 994, 940, 909, 690, 671, 665,
i 611, b565cm™*;

|

J
m/z 264 (M, 21%), 222 (9%), 152 (M*-112, 60%), 150 (19%), ;_;‘_ ]
138 (M™-126, 100%), 136 (21%), 124 (17%), 111 (41%), 110 o
(50%), 98 (28%), 97 (53%), 96 (27%), 84 (19%), 83 (80%), 82 3 '
(20%), 56 (14%), 55 (45%), 42 (18%), 41 (33%), 32 (42%), 28 o
(100%); .

_ _ HRMS (Found: M*" 264.1875. CisH..N20, regquires M©, 1
l _ 264.1838). .

—
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CHAPTER 7
APPENDIX

The proton, carbon-13 and *3C=-*H correlation spectra of
important compounds prepared, are shown in Table 12.
Chemical shifts are reported on the § scale.

Tz sle 12: Spectra of important compounds

g - Spectrum Compound name and number | Page
H 1-{ ~eth arb lethyl)pi idi 2 i1
.~ { “~ethoxycarbonyle iperidine=-2-
13 . Xy i Y [;; L | 101
ione
1201y ] 192
H 1-(2 ﬁ but b lethyl)pi idi 193
_ - (2-t-butoxycarbonyle iperidine~
a2g ( XY2 ! ¥ [3,:; Pip 193
~thione
:I.Bc_-;LH . . 194
N H i-(2~eth Jo! lethyl)-2 195
-({2~ethoxycarbonyle -2=-cyano-

N coyenspiperiding (651

me enepiper ne
13¢c-*H Y pip 197
*H : ' 198
. 1-(3-kydroxypropyl)-2-cyanomnethylene- 158

iperidine [68

1sg_apg Pip [68] 199
ig _ . 200
_ 13g 1-azabicyclo[4.4.0]dec~5~ene—-5- 200

b : carbonitrile [69
T3 2 [69] 201
*H ) | 202
23 l-gzabicyclof4.4.0ldec~6—ene=5- 202

carbonitrile [118
13o-*H L 1 203
iy '~ 1=~{3-chloropropyl)-2-cyanomethylene— 204

piperidine [117]
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Table 12: Spectra of important compounds (continued)
Spectrum Compound name and number Page
H 1~5R,6R-1 abhi lof2.4.0]4 205
el -1l-azabicyclo{4.4.0]decane—
e i ' 5 ol g il { [20] : 205
~garbonitrile
T30LTH T 206
1y _ i : 207
a3 rel-5R,65-1—-azakticyclof4.4.0]decane~ 207
' 5-carbonitrile [19
13C.tH (191 208
H lupinamine [11 209
uplinamine
1ag plnan. 1 209
*H | lupinamine [112] 210
‘aplliuplnamine
13 pilap 210
*2c-H 211
H N-acetyllupinamine [113] 212
- ~ace: luplinamine
a3 yLUup 213
H N tylepilupinami [1141' 214
—ace epi in ne
130 . ylepilup 215
*H . : ) 216
2 N,N-bis(acetyl)lupinanine [127]
L 216
*H . o . 217
asg N N-bis(acetyl)epilupinamine [128] 217
H 218
30 epilamprolobine [2] 218
2302y 219
*H 220
13g lamprelcbine [3] 220
*3c-*H 221
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