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ABSTRAG'l'

l..n outline of reported syrrche+Lc routes to the Lupine
alkaloids, epilamprolobine [2] and 1 'lmri:?Ct1 obine [3] and a
revie\v of the use of vinylogous amid::::sand urethanes as
precursors for the synthesis of alka1.·''J:'C!.sare presented in
Chapter a . This Ls followed by a presentation of our
strategy for syrrtriesLs of the two Lupine alkaloids.
vinylogous cyanamide intermediate l- (3-hydroxypropyl) -2-
cyanomethylenepiperidine [68] plays a key role in this
st:r:ategy, since exploitation of its ambident nucleo-
philici ty forms the central theme of this projec't,

~

I

The successful route to tr;,e intermediate [68] involved the
preliminary preparation of the tertiary thiolactam, 1-(2-
ethoxycarbonylethyl)piperidine-2-thione [83][ by thiation
of the secondary lactam 2-piperidinone [72] and conjugate
addition at nitrogel v1ith ethyl acrylate in a Michael
reaction. Sulphur extrusion of the salt. made from [83] and
bronoacet.onf trile and subsequent reduction of the ester
group provided the pivotal vinylogous cyanamide inter-
mediate. A number; of alternative routes based on 5-
broroopentanoic acid [80], 1-allyl-2-piperidinone [73] and
thiolactams [84J and [105] were unsuccessful.

o

Cycl.isation of the intermeu.iate [68] was achdeved by an
intramolecular a-alkylative ring closure via the
corrE';spondi11g tosylate [l16] to forln an unsatura1:ed
funct:ionalised quinolizidine [69]. Stereoselective carbon-
carbon double bond reduction and nitrile reduction resulted
in the synthesis of two quinoli :ddines.r lupinamine [11] and
epilupinamine [ll:~ I. Further trans:Eormations led to the
forma'tion of the derivatives, N-acetyllupinamine [113] and
N-acetylepilupinamine [ll4j, and also to the target
alkaloids, epilamprolcbine [2J and lamprolobine [3].
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CHAPTER 1

BACKGROUND AND AIMS

1.1 Introduction

Over 450 alkaloids occur in the plants of the Leguminosae
family. Quinolizidine:J..-:J..0(Lupine) alkaloids form the
largest single group of legume alkaloids. They are
especially prominent in the Papilionaceae:J..:J..subfamily. The
quinolizidine backbone [1] is shown below with the
azabicyclic numbering system which will be used throughout
this project.

7 5

:(():
10 1 2

[1 ]

Some quinolizidine compounds are constituents of poisonous
plants and are therefore toxic for human3 and livestock,
whereas others exhibit potentially useful pharmacological
activities. Legume quinvlizidine alkaloids are synthesised
by plants from the basic amino acid lysine via cadaverine,
its decarboxylation product, as toxic defence compounds.
They act as naturdl insecticides and are general feeding
deterrents for herbi vorous mammals, by rendering the plant
unpalatable and toxic. Sheep in particular are su£ceptible
to poisoning, but the effects are fortunately not
cumulative. The highest incidence of quinolizidine
alkaloid poisoning occurs du.ring autumn. This is the time
of year when plants have their seeding stage, and seeds are

..¥4,ji._,!.i:.' i!!!!!!III-----------.------.--
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known to accumul at.ethe higheEit quanti ties of alkaloids of
all plant parts.

Our target is to syrrchesLse two alkaloids, epilamprolobine
[2] and lamprolobine [3J, both of which contain the
qu.inolizidine skeleton, for reasons to be made clear later.

[2 ] [3 ]

In the next; section, the OGcurrence of these two Lupine
alkaloids will be discussed, together vlith other re't')orted
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 aims and strategies of this
project, which will conclude the Chapter 1.

o

1.2 Reported isolation and syntp~sis of epilamprolobine
and lamprolobine

Epilamprolobine has been isolated from the fresh leaves,
stems and immature seeds of leguminous plants of Sophora
tomentosa,:L.2 which grow in Japan. Lamprolobine has been
found to be the major component of the alkaloid fraction

Hilt 2 iZZ,
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extracted and processed from Lupinus holosericeus.~3 The
apparent close relationship of the latter to Lupir.us
oeuaetiue which is toxic to gra.zinganimals in the Rocky
Mountain region of the united states, warranted the
investigation of the above-ground parts of the holosericeus
species. Lamprolobine has also been isolated from the
Australian legume Lamprolobium fruticosum Benth.,:1.4,:1.5a
member of the alkaloid-poor Galegeae tribe. FinallYI both
epilamprolobine and lamprolobine have been isolated from
the leaves, stems, seeds and seedlings of Sophora
cbrysophylla,:1.6 the sole Sophora plant native to Hawaii.

Goldberg and Lipkin~7 reported the synthesis of
lamprolobine as illustrated in Scheme 1. A pyridine sys+em
functionalised at the a position [4] was the starting
material of choice. Condensation with diethyl
ethoxymethylenemalonate provided the unsaturated bicyclic
backbone with the nitrogen at the bridgehead position [5J.

Further manipulation of ~he ester groups and Garbon-carbon
double bonds, and later of the amide group, produced
quinol:i.zidine[6J. Treatment of the latter with mercuric
acetate followed by ethyl chloroformate gave the
functionalised unsaturated guinolizidine compound [7]1

which is a vinylogous urethane (see s~ction 1.3).
stereospecific reduction of th:aerdocyclic double bond was
controlled by using sodium borohydride in the synthesis of
the corresponding saturated quinolizidine derivative [8].
'rhestereochemistry at C-5 and C-6 is opposite to that
desired for lamprolobine, and so base-catalysed
epimerisation of [8] to [9] was necessary. Ester
reductionr functional group conversion and the addition of
tbe glutarimido unit completed the synthesis of
lamprolobine.

\ ...

I
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cuN .....OMe

MM.
~NrC02E~

[5]

[4 ]

HCI, reflux (Yn~Ny
°

EtOH CQ
°

----

UAlH4• Et20

reflux co[6]

08£' H

CICOzEt NoBH4
t*CO;2Et

~J MeOH CN~J
[7] [8]

C02Et CH20H

NaOEt. EtOH ~H LiAIH4• Et20 rtk;"CN~ ~N~
"eflux

reflux

[9 J

0 d~ro£~; oMoPBr,:s' C61iS cX5reflux

DMF, reflux

[3]
(;

'\_ Scheme 1
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Murakoshi at el , :1.,2 synthesised epilallll1rolobine [2 J from
naturally occurring lupinine [10J according to the
synthetic route outlined in Scheme 2.

NH3 in EtOH

at 140°C
TsCI

[10]

1. ("f
O~()'~O

-------_
[11 ]

[2 ]

Scheme 2

o

Unlike the pr evf.ous synthesis I Murakoshi I s synthesis has
the quinolizidine skeleton established in the starting
material. Functionc:l.l group conversion of the hydroxy group
in lupinine to an a::ninegroup afforded the precursor [11] I

needed for the final step in which the glutarimido unit was
added.
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Wenkert and Jeffcoat:LEl reported the synthesis Of
epilamprolobine and lamprolobine as illustrated in Scheme
3. A pyrid.ine system functionalised at the B position [12J
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 [14I (see section
1.3). Subsequent acid-catalysed cyclisation produced the
isomeric pair [15] and [16]. These two compounds contain
the quinolizidine backbone with functionality at C-4 and
C-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 redUction of the resultant ketones removed the
undesired functionality at C-4.

.: )
l\../

(I

c

~\.,......
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CN ;<J eN6 6Y:J Pd/C. NEt3
Br loieOH-

[12] Br-
[13J

CN eN ~NH6,Y:J CH§SH4S03H Ct~J : i OJ
+ roCI)H.,.rQ!fux

[f4J [15] [16]

H2N·11~~~:............................cc0 H2N,
CIJ roo

HOCH2CHZOH. KOH 1
H2N-NH2• reflu>c

o

H2N, Ij

Ct)

1

yin
~ ,CHef3o l..oAo

(1
[2] (3)

Scheme .';I
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Yamada et al.:l..9 repo:rted the synthesis of epilamprolobine
and lamprolobine which is illustrated in Scheme 4. 2-
Piperidinone was used as the starting material. After a
series of reactions I the exocyclic vinylogous cyanamide
[17], which has a secondary ring nitrogen, was afforded.
A Michael reaction followed by a cyclisation yielded the
functionalised quinolizidine 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 [19] and [20] bearing nitr:Lle 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 Q 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.

I



Meerwein reagent

o
CN-._)locH C Ii

265

Y,yCN
HO~OH

HCf(aq)

[17J

• c~
o

[18]
[19]

'·NoBH 4 ,(C2HS)20·SF 3

H§OCH2CH2OCH3

I -, ..•

~J~
I

9

NoH, Et20

o

~OMe

+

CN

cO
[20J

J
H2N,

cO
J

1· (") ,Et20oAoAo
2· Al:;20. CH3C02~a

o

[3J

1(1

Scheme 4

(2)
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1..3 The :tWits approachlJ to alkaloids

A long-term project at wits20-34 has been exploiting the
properties of extended enamines3.5-37 conjugated to
electron-withdrawing groups. These systems [21] are
illustrated in Figure 1.

t:7Y

Z.....N~'-,/
I a
R

[21]

where n = 1 or 2
Z = C02R I (vinylogous urethane)

or Z - COR' (vinylogous amide)

or Z = CN (vinylogous cyanamide)

R= alkyl

Figure 1

The versatility of exocyclic extended enamines warrants
their use as synthetic intermediates. They exhibit
ambident nucleophilicity at nitrogen, the a-carbon and the
carbonyl oxygen (in the cases of vinylogous urethanes and
amides). An anion formed at the y-carbon position
represem::s another nucleophilic site. .AInbident
electrophilicity is exhibited at the B-carbon and at the
carbonyl carbon.

Despite the existence of other methods,3s-42 the sulphide
contraction sequence43-45 developed by Eschenmoser still
remains an excellent synthetic route to exocyclic extelided
enamines. Although this reaction was initially used as
part of his vitamin B~2 work,46 its potential has been

"'WM
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recogni~~ed by US20-34 and other workers47-62 in the

preparation of valuable intermediates for alkaloid
syntheses and medically useful compounds. Tworeactions
representative of Eschenmoser~s original work43 are
illustrated in Schemes 5 and 6. Condensation of the (,t-

halocarbonyl compounds [23] or [29] with the thiolactam
[22] (in which the nitrogen is secondary) generated the
thioimin.oethers [25] or [31] 1 respecti vely I via the (,t-

thioiminiunlsalts [24] or [30], respectively. Extrusionof
sulphur was achieved by using a strong base (27], a sulphur
scavenger [26], and heating under reflux in a sui table
solvent.

o
Br 1( [23]

......_". OR

[22] (24J 100%

KHC03
P(C6H5>,s [26]

KOBu [27]

~ORxylene. reflux

[25] 100%
[28] 55%

R = tau

Scheme 5
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~sr
H

o
8r~[29J

[30] 100%

benzene. reflux

P(C6HS)3 [26)

KOlsu [27]

[.31] 99%
(.32] 69%

Scheme 6

The proposed mechanism (Scheme 7)
contraction reactiorl assumes the

of the sulphide
production of an

o
episulphide intermediate [35] formed by an intramolecular
attack at the imine carbon of the base-catalysed enol form
[34] of the thioiminoether [33]. In both the vinylogous
urethane [28] and the vinylogous amide [32] the geometry
around ~he carbon-carbon double bond is Z. The formation
of the cis-s-cis structures is favoured by the 6-Ine:mbered
hydrogen-bonded ring.

_II!.__ I!£& .. - .. ---------_, ..~--...-.....-~. ~.~."

!I~
:1
i

i
!



'- \

a~x
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o
KOtau

[33J

[35]

13

-~-.-

[34]

[36]

Scheme 7

Eschenmoser's procedure has been adapted to the contraction
of N,N-dialkyl a-thioiminium salts32 [37] to produce an
exocyclic extended enaraine [38] in which the nitrogen is
tertiary (Scheme 8).



(I

1.4

(+,,) 8r- R
~~ST(
CH,3 0

[371

thiophile

bose CNJ.'cr:COR
f
CH,3

[38]

Scheme 8

(1

It has been reported32 that in some cases (e.g. where R =
CH!3 in [38]), su.Iphur-extrusion is 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
milder conditions (weaker base such as triethylamine, room
temperature) than its secondary nitrogen analogue.2o The
geometry of a sulphide contracted product beari.ng a
tertiary nitrogen has been found to be E, e.g. [39J. This
fej~ture prevails in such systems to avoid intramolecular
conqes+Lon ,

-
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o
BrJ__R l+•..) Br- R

N~Sr(CH3 0

[37]

thiophile

base

[38]

schc-ne 8

o

It has been reported32 that in some cases (e.g. where R =
CH:;:in [38]) I sulphur extrusion is accomplished in ths
presence of either a thiophile or a base, but a dramatic
increase in yieJ.ds is achieved by utilisation of both
enti tiE~s. A noteworthy observation is that the euLphide
contraction to produce exocyclic extended enamines in which
the ni i:rogei1 is tertiary, proceeds more rapidly and under
milder condi tior..s (weaker base such as triethylamine, room
tiemper-at.ure) them its secondary nitrogen analogue. 20 The
geometry 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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~C02Et

CH3
[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 quinollzidine and. indollzidine systems,
which comprise the backbone of many complex alkaloids[ can
be synthesised. This concept, in which the nucleophilic
properties of the Ili trogen at.om and the a-carbon u:r;'e
exploited by the bifunctional electr0pb.ile, is pictorially
represented in Figure 2. (Syntheses of functionalised
quinolizidine, f5~ indolizidinef54 and pyrrolizidinelSs systems
have been reported using other methods.)

Pnl exo.cy~IiC extended

~w,~~.~.rZ encrrunet:J~:"-'-'-'--0"-'--- bifunctionolised

electrophue

o n = 1 (for future indofizidine system)

n = 2 (for future quincllzldine system)

Z = CO"R: COR; eN
'"R' = alkyl

Figure 2
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Scheme 9 shows how alkylative and dcylative cyclisations
may be achieved, depending on the oxidation level of the
electrophilic carbon (*).

/ [40]

* *
X~X

n = 1 or 2
Z = C02R. COR, eN
R = alkyl
X = good leaving group [41]

o
X~X

[421

Scheme 9

o

c:

Bicyclic system [41] is the product of intramolecular
alkylati ve ring closure while [40] and r 42] represent
intramolecular acylative ring closures. In all cases, one
has the choice of forming the bond to nitrogen before that
to the q-carbon, or vice versa.
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Figure 3 shows how t:he "wits approach" can be involved in
the construction of fused bicyclic systems in which the
ni trogen is 0: to the bridgehead posi tion. The
nucleophilicity of the anion formed at the y-carbon
posi tion and the a--carbon is used.

exocyclic

extended
enamine

bifunctionalised
electropblle

n = 1 or 2

Z = C02R; COR: CN
R = alkyl

Figure 3

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

o
Two examples of compound [40 J where n = 1 and 2 and Z =
C02Et and eN, respectively, have been prepared by
Meerholz22 ([44]) and Yamadaet eI ;":" ([18]), respectively.
Initial a-carbon e.Lky Latiion of a secondary vinylogous
urethane [43] and a secondary vinylogous cyanamide [17],
using Michael reagents (ethyl acrylate and methyl acrylate,
respectively), followed by intramolecular acylative ring
closure afforded [44] and [18], resp~ctively (Schemes 10
and 11).

o
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aN CHCO,..Et
I L.
H

NoH+

[43] [44]

Scheme 10

c:\CHCN
8

+

[17J [18]

Scheme 11

o

Compounds ~f type [41], where n = 1 and 2 and Z = C02Et
have been made by Meerholz22 [48] and Gerrans et al.28

[49], r:espectively (Scheme 12). The precursor needed for
the formation of [48] and [49] was a tertiary vinYlogous
urethane [45 J with the nitrogen bearing a. 3-carbon unit
with a terminal functional group. Meerholz22 and Orlek21
showed that the vinylogous urethane system does not react
intramolecularly with an ester group. In this present
case, the ester carbonyl group was chemos electively reduced
to form a primary alcohol [46J, leaving the ester of the
vinylogous urethane system unperturbed. conversion of the
alcohol to a better leaving group and subsequent



19

cyclisation was achieved by addition of sodium hydride and
p-toluenesulphonyl chloride and heating unaer reflux in
acetonitrile # The unsaturated functionalised quinolizidine
intermediate (49] served. as a precursor to (±)-lupinine
[50J which is a representative of the Lupine alkaloids.

[45]

~C02Et

~OH

[46]

UAIH30Et

or LiAlH4
NaH.p-TsCI

~C02Et
I

~OTs

[47]

reflux

[48] where n= 1
[49] where n=2 --

~50]

Scheme 12

o

Two examples of the compound type [42J have been prepared
by Howard et al., [51PO and [53]29.

failure of the vinylogous urethane
The problem of

system to react
intramolecularly 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-

an -
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position of the final product (see Schemes 13 and 14). The
unsaturated functionalised indolizidine intermediate [51]
served as a precursor to elaeokanine A [52] which is an
Elaeocarpus alkaloid. The intermediate [53] was also taken
through a series of reactions to afford 7_palbidine [54], an
alkaloid which has been isolated from Ipomoea alba L.

NOOH(oq)

reflux
Ac20.CH3CN----.

-- --
[52J

Scheme 13

o

(1
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Su4NI (cot·)

CIC02Me, THF - -
[53]

[54]

Ar = -<Q>-OMe

Scheme 14

All the aforegoing examples have been of acylati ve or
alkylati ve eycl isations to form fused bicyclic systems
containing nitrogen at the bridgehead position.

(I

('

Twoexamples will now be given of alkylative cyclisatiol1s
to produce fused bicyclic systems in which the nitrogen is
a to the bridgehead position. Howardet al,,3:l.. successfully
completed the synthesis of A7 -mesembrenone [59 J (Scheme
15) . S-.t'I.lkylation of the arylated thiolactam [55] ~lI7ith
chloromcthyl vinyl ketone [56J, followed by sulphur
extrrusLonr afforded a vinylogous enamide intermediate [57 J •
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spontaneous intramolecular Michael reaction, via an
. endocyclic enamine tautomer [58], produced the Sceletium
alkaloid [59].

Ar

ds
I
Me

+ ~o
CI

[56][55]

sulphide

controdion

r Ac

l~o

[58]

OMe
Ar=~oMe

Scheme 15
(I

1- MeN02• reflux

2 -l-Pr2NEt

r~o]
L [57J

[59]

Katz23 synthesised [60] using the same approach (Scheme
16). This served as a precursor to (±)-dihydromaritidine
[61J which is an alkaloid of the family Amaryllidaceae.

a_&ll
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OMe

MeO

- MeO
[61]

[60]

Scheme 16

More recent successes utilising the "wits approach" have
been achieved by Chang,25 Hosken,24 Parsons27 and Zwane.26
Since their work is not as relevant to the contents of this
project as is earlier work by Katz,23 Meerholz,22 orlek,21
etc., specific examples have not been presented.

1~4 stereochemistry and conformation of gyinolizidine
systems

()

Spectroscopic techniques66-s7 have proved to be of great
value in the determination of conformation and the
elucidation of stereochemistry of quinclizidine ring
systems. Infrared spectroscopy and proton and carbon
nuclear magnetic resonance have been used to establish the
cis or trans nature of the fusion between t~1e t'v.iO rings and
have allowed the determination of the cis or trans
relationship of a sUbstituent with respect to the
bridgehead hydrogen. The quinolizidine ring system can
exist in two possible conformationsGG as shown in Scheme
17.

('

~!~:II!lII _
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trans cis

Scheme 17

The potential to interconvert trom 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 ring'
conformation and this predominates in many alkaloids
bearing the quinolizidine skeleton.

1.11. l l.ti,frared spectroscopy

o

BohlmannB4 found that when at least two axial protons on
the carbons (,1: to the bridgehead nitrogen were "trans to the
nitrogen lone pair, the resultant "trans-fused quinolizidine
ske.:'eton [62a] exhibited a characteristic series of bands
in the infrared spectrum between 2).'C,~ and 2700cm-:L. These
bands were appropriately called "traIls" or "Bohlmann
bands v , In contrast, cis-,fl..lsed quinolizidines [62b]
contain only one axial proton in a trans relatio~. to the
ni trogerl lone pair and therefore ezhibi t no trans bands
(see Figure 4).

~.~I· .1•.••••·.~':MI~IJI.. ll•• _!I!·]I!!._!la_I!!!!!!-!!IIIiiiiill!i.;;;;· .......:!'Ia .
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H

=t=
[620] [62b]

trans-fused
quinolizidine

cis-fused
quinolizidine

Figure 4

Wiewiorowski an~ Skolik80 modified the requirements for the
occurrence of "trans bands". According to their study of
Lupine alkaloids, both trans- and cis-fused quinolizidine
skeletons gi'\i'erise to "trans bands". The distinguishing
difference lios in the fact that the "trans bands" of the
latter are present as a stepwise descending set of maxima
below 2860cm-:L.and are lower in intensity whereas the
"trans bands" of the former are _..resent as 'Vlell-defined
maxima at approximately 2800 - 2750cm-:L.and are higher in
intensity. A less ambiguous descr:_;.Jtionof the occurrence
of "trans bands" is presented in a later paper by
Wiewiorowski et al •• 82 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 "trans bands I~

inl..C"easedproportionately as the number of protons so
situated increased.

As mentioned previously, infrared spectroscopy is also a
powerful tool for determining the stereochemistry of
atrcaohed substituents. Assignment of configurations of 1-
azabic:*l():"l4.4.0]decan-5-ol66,83 provides a good example of
this metnod's potential. l-Azabicyclo[4.4.0]decan-5-ol, in

~ ...." ':;awaae. 2 1M ----

o
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It

which the hydroxy group is axial [63a] (Figure 5) has the
correct spatial orientation to undergo intramolecular
hydrogen bonding with the bridgehead nitrogen. An ir-
absorption at 3526cm-1 is thus present. When the hydroxy
group is equatorial [53b] no intramolecular hydrogen
bonding opportunity lends itself and thus an absorption at
3618cm-1, indicative of a free OH, is observed. prominent
"Bohlmann bands." in both cases predict the existence of
only trans-fused ring conformations.

[630] (63b]

<.-:»:
t.---......t4--::._j

Figure 5

1.4.2 Nuclear magnetic resonance spectroscopy

o

A study of the proton nmr of guinolizidine revealed that
the signals due to the C-2 and C-10 equatorial protons were
downfield from those due to the correspondi.ng axial
protons.66,77,S4.SS The difference in chemical shift of
O.93ppm between the axial and equatorial methylene protons
adjacent to the bridgehead nitrogen can be explained. It
is believed that the nitrogen lone pair shields the axial
pro1:ons by increasing the electron density in their
vicinity. This is brought about by the partial
participation of the nitrogen lone pair in the (J* C-Hax
orbital on the adjacent netihyLene carbons. It follows that
if the nitrogen lone pair and a methylene proton are both
axial and trans to each other I the cbemi.ca.l shift
difference is the greatest.
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Predictions about the conformation and stereochemistry of
a quinolizidine-based compound, the ethylene ketal of 1-
azabicyclo[4.4.0]decane-5-acetyl-7-carboni~rile67,70 [64]
are discussed hereafter (Figure 6).

CO
CNHR

8 4

9 ~
10 1 2

CN Rco
[640] [64b] [64c]

Figure 6

o

The configuration and conformation of the three
stereoisomers of l-azabicyclo[4.4.0]decane-5-acetyl-7-
carbonitrile were deduced using proton nmr. The
characteristic downfield shift of the C-2 and C-10
equatorial protons of [64a] and [64cJ to 2.85 and 2.88 ppm,
respectively indicated that these two stereoisomers
possessed the trans-fused guinolizidine system. The
bridg'ehead hydrogen of C-6 is equatorial (with respect to
the lef·thand 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 s!lift of the
information about; the
stereoisomers. In [64a]

metl1ine hydrogen of C-7 pr0vides
stereochemistry of the three
the upfield shift to 3.03ppm
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provides evidence for an axiallY oriented hydrogen and in
[64b] and [64c] the relative dowl1field shift ~o 3.48 and
3.57ppm, respectively, indicates an equatorial
conformation. Coupling constants also aid in the
assignment of stereochemistry. Chemical shifts of the
?1lethyl group of the ketal unit (H) provide information
about the stereochemis'try of the latter. An axial
orientation of the ketal side chain would resml t in the
methyl protons being deshielded by the bridgehead nitrogen
or the nitrile unit to a downfield position. This is
indeed found in [64a] I where the methyl protons resonate at
1.57ppm. The ketal side chain is equatorial in [64b] and
[64c] as the respective chemical shifts of the methyl
protons are at normal chemical shifts r;;: 1,")~ and 1.25ppm,
respecti vely. Figure 7 illustrates the conc.Lus.i.ons drawn
:fromthe foregoing discussion.

~x 4f
eN

L_/
~

CN
C~ Heq

~eq
H H eq

I:lox ax

[650] [6Sb]
[6Se}

trans-fused cis-fused trans-fused

""I

(1 Figure 7

fIi\_.

A l.3C nmr study of l-azabicyclo[4.4.0]decane-5-acetyl-7-
carboni trile has provided additional confirmation of the
conformation of the three stereoisomers of this compound,
Figure 8 shows the important chemical shifts.
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59·3 64·':;
65·6

¥N~~
CN~Rco co-

CON
N

57·6
47·1 53·0 56·8 56·8

56·8

[660] [66b] [66e]

Figure 8

The occurrence of a trans-fused guinoli zidine skeleton
would render the chemical shifts of C-2 and C-10 identical
(or almost identical). Reference to Figure 7 makes this
point clearer. This Lndf.cat.es that [65a] and [65c] are
trans-fused. S·tereoisomer [66b] shows a remarkable upfield
shift of one aminomethylene carbon, consistent with a cis-
fused bicyclic system and due to two r effects exerted by
neighbouring ring carbons. The bridgehead carbon provides
further evidence of ring fusion, being about 6ppm upfield
in [66b] ralative to [66a] and [66c].

1.5 The aims and stxategies of this project

Our objective is to develop general met.hods for alkaloid
synthesis by exploring the pot8ntial of exocyclic extended
enamines conjugated to an eler.tron-withdrawing group. The
preparation i')f specific alkaloids is a long-term aim. The
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current project represents a direct attempt to achieve one
of these long=t.erm aims, the synthesis of the Lupine
alkaloids, epilamprolobine [2] and lamprolobine [3]. Our
intended approach is represented as a retrosynthetic
analysis in Scheme 18.

.c. C6 CN

cO00
[71J [70]

[2] or [3J

CN QCN C),s
l ) cO ~ =:::> =:::> ~ ~

~OH ~
l'---

[69] [68] [u7}

Scheme 18

o

Our philosophy is to broaden the scope from vinylogous
urethane and vinylogous ami~e precursors (successfully used
for the synthesis of alkaloids by workers in these
laboratories2B-34) to vinylogous cyanamide precursors. The
availabili ty and diversi ty of procedures for the
preparation of vinylogous cyanamides also make this type of
compound an obvious precursor for the proposed synthetic
route ·to epilarnprolobine and lamprolobine. our initial

~ JI . 11,,-_&123£62&. :iNiI!!! U ill. Lim 1 -
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synthetic objective is, 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 approachU ) ! producing a
functionalised quinclizidine system [69], which itself is
a vinylogous cyanamide. This is a potentially useful
intermediate for further synthetic work. In th~ reduction
of the endocyclic double bond, utilisation of a
stereoselective reducing agent can control the relative
stereochemistry at C-5 and C-6. This is necessary in order
to establish, at an early stage, the appropriate
stereochemical configuration required in the target
alkaloids. If necessary1 epimerisation of one of the
reduced products [70] should allow access to the other.
Manipulation of the functional group of each isomeric
saturated guinolizidine system [70] should lead. to the
desired alkaloids.
The synthesis of the Lupine alkaloids from [69] should
entail a single straightforward route.
will, therefore, not be found in

Scope for variation
different possible

synthetic routes, but rather in the use of different
reaction parameters. By contrast, there are more options
available for preparing the pivotal intermediate [68]. The
thiation reaction I the :Michaelreaction a.ndtliesulphide
contraction sequence appear to be the three key methods
most suited to the construction of [68]. The source of the
CHzCH2CH,20H group attached to the ring nitrogen could
originate from a) CH2CH=CH2 or from b) CH,2CH2COR(where R
= ~Et, otBu, H). Subsequent hydroboration of the former
and reduction of the la.tteris expected to afford the 3-
carbon unit bearing the terminal hydroxy group. This is
illustrated in Schemes 19 and 20, respectively.

o

8. ..2£ ...1]] a L2



[72J

(1

allylation

hydroboroUon (

Clo
~OH·

[74]

thiatlo .•

Scheme 19
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Clo
V
[7.3]

Cls
l~
[75]

c.
~OH

[76]

) hydrcbcrctlon

/'

sulphide Icontroctton

m
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!
H

[72}

o
where R = ~Et, 0 tsu. H

(,
,

thiation Michael
recctlon

[771

QCN
~OH

[68]

c:;\s
~'OH

[76]

su::J contraction

[67]

sulphide r::;:CHC'

[78}

reduction I-.

Scheme 20

T A-
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As illustrated above, there is scope for variation within
both synthetic routes. In-~~fcheme20 the fp~mation of the
thiolactam [67] precedes the Michael reaction which is
responsible for transforming the secondary nitrogen to a
tertiary one. Irl Scheme 19, the reverse order is employed
i.e. allylation before thiation.
A slightly different approach to the synthesis of the key
intermediate [68] is shown in Scheme 21.

(0\0 o
8r~OH

(80]

H8r
FGI

o
8r~CI

[81]
- -[79]

Clo
~"'-"'OH

(74]

cycllsction -
(82J

thiation Cls
~OH

[76]

QCN
~OH

f68}

sulphide

contraction

Scheme 21

Here the 6-membered ring incorporating 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 similari ties and differences between our synthetic
approach to epilamprolobine and lamprolobine and those
reported in the literature will now be discussed.

1'he endocyclic vinylogous cyanamide intermediate [69]I
which we intend employing in our synthetic route, is very
similar to the vinylogous urethane precursor [7] used by
Goldberg and Lipkin~7 in their synthesis of lamprolobine
(Scheme 1). Both intermediates are extended enamines
conjugated to an electron-v;rithdrawing group and are thus
expected to exhibit the same properties a~d chemical
reactivity. The preparation of our endocyclic vinylogous
cyanamide intermediate will differ dramatically from that
described for the similar intermediate by Goldberg and
Lipkin. Their synthetic pathway from the vinylogous
urethane internediate to the final target lamprolobine will
be similar to our approach except that a functional group
conversion will not be necessary in our case.

In our synthesis of e~ilamprolobine (and lamprolobine) a
functionalised quinolizidine system [70] will be prepared
from commercially available starting materials. In
contrast Murako:shi et e.l , ~~ converted the alkaloid lupinine
[10] already contia.in.i.nqthe quinolizidine backbone, in

various steps to the alkaloid epi.Ldmprolobine.

o

As described earlier, our synthesis of the saturated
functionalised q[uinolizidine [70] will involve alkylative
cycljsation of the exocyclic vinylogous cyanamide
intermediate [68], followed by a stereos elective carbon-
carbon double bond reduction and epimerif5ation to afford
both isomers 0:1: [70] • In comparison, Wenkert and
JeffcoatLB carr-Led out an acid-catalysed cyclisation of an
endocyclic vinylogous cyanamide intermediate [14] to afford
a saturated bifun:::tiom: Jed quf.noLizi.d.Lne isomeric pair:
[15] and [16] (Scheme J). They needed to reduce the
nitrile group, just as we will f but the two additional

(
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s'teps needed to remove the ketal moi.etiy I will not be
necessary in our case.

Our synthetic approach to epilamprolobine and lamprolobine
is most comparable with that ~eported by Yamada et al.19

(Scheme 4,). Firstly r 2-piper.l. 'none ~lill also be used as
the initial starting Inaterial and secondly I the nitrile
reduction and addition of the glutarimido unit will also
comprise the finRl steps of our syntheses. We intend to
cyclise an exocyclic :.rir.ylogous cyanamide intermediate
( [68] ) in which the ring nitrogen is tertiary I whel:eas
Yamada =t: el , utilised an exocyc H.c vinylogous cyanamide
intermedi.ate [17] in which the ring nitrogen was aeciondet.y ,

Our proposed alkylative ring closure entails exploitation
of the nucleophilici ty of the a-carbon of the vinylogous
cyanamide system. In contrast, Yamadaet al. c~£ried out
a Michael reaction at the a-carbon position of the
vinylogous cyanamide intermediate [17] 1 followed by an
acylative ring closure, which exploited the nucleophilic
nature of -che ring nitrogen. This synthesis is c~pecially
important to us 1 beccusc the ronte we have devised (see
Chapter 3, Scheme 39) .:::onvergesw:r.;;11 it from compounds [19]
and (20] onwards.

Chapter 2 will deal with the attempted and successful
syntheses of 1-(3-hydroxypropyl)-2-cyanoroethylene-

The retrosynthesis shown in Scheme 22piperidine L 68] .
serves as a guidelino to the organisation of the material
in the next chapter.

-~"

'i!'
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where R = OE'., otau. H

Section 2'4

Section 2·3
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Section 2·1

C1s
UR

[77J

Section 2·1

[78J

[i'3]

Scheme 22

This will be f,:)llowedby Chapter 3 I which will deal .1i+h
the synthesis of epilamprolobine and lamprolobine from tIle
vinylogous cyanamide intermediate [68J.

__ I
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CHAPTER 2

THE SYNTHESIS OF 1-(3-HYDROXYPROPYL) PIPERIDINE: DERIVATIVES

This chapter will deal with the synthesis of 1-(3-
hydroxypropyl) piperidine deri vatives f 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
synthesisofl-(3-hydroxypropyl)-2-cyanomethylenepiperidine
[6d J (Section 2.1). This will be followed by a brief
discussion of some alternative routes to 1-(3-
hydroxypropyl)piperidine-2-thione (76J (Sections 2.2, 2.3
and 2~4) that either failed or were abandoned in light of
the success obtained in section 2.1.

2.l Synthesis of 1-(3-hydroxypropyl) -2 -(.::yanom~thylene':
piperidine

The synthetic route undertaken for the preparation of the
title compound [68] is illustrated in Scheme 23s

c

11 ...... ••• 'S·
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j

QCN
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[85]

[67]

j

»:-:

[68]

Scheme 23
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Thiolactams are the precursors needed for the sulphide
contra.ction reaction.43-45 The process entails S-
alkylation of the thiolactam to form a salt, from which
sulphur is extruded, to p~oduce an extended enamine system.
In our case the desired extended enamine is the exocyclic
vinylogous cyanamide, 1-(3-hydroxypropyl)-2-cyano-
methylenepiperidine [68]. The thiolactam, piperidi~e-2-
thione (67] can be prepared by thiation of the lactam 2-
piperidinone [72]. The former, being a secondary
thiolactam would undergo the auLphi.decontraction reaction
under much harsher conditions and in poorer yields than if
it were a tertiary thiolactam. 2n 'J:herefore,it would be
advantageous to prepare the N-substii:uted thiolactams 1~ (2-
ethoxycarbonylethyl) piperidine~2-thione [83] and 1- (2-t-
btrtoxycarbonyr.echyr )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 Gontracted products [85]
and [86] was expected to produce. the pivotal exocyclic
vd.ny.Loqous cyanamide precursor [68:1bearing a 3-carbon unit
with terminal functionality.

In the sections that follow (2.1.1 - 2.1.4), eac~ of the
four reactions, thiation, Mic·hael reaction, sulphide
contraction and reduction, will 'Dedescribed.

2.1.1 Synthesis of piperidine-2-thione
(I

A standard method for preparing lactam-2-thiones is by
heating the lactam precursor ~vithphosphorus pentasulphide
in an inert solvent such as benzene or toluene. In the
present 2-piperidinone phosphoruswork. [72J and
pentasulphide were heated under reflux in benzene to afford
the thiated product [67] in 30% yield after column
chromatography. The::J.Hnmr showed the expected dcwnfield
shift (to 2.89ppm) of the triplet due to the protons exto
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the thiocarbonyl group. The protons ex to the carbonyl
group in the starting material would have r'escnat.edat
2.39ppm. The broad single'c due to the N-H proton appeared
at 9.90 - 9.40ppm. '1'heir spectrum provided further
evidence in support of the product structure i.e. the c=o
stretch at 1650cm-:LI the "in plane" N-H deformation at
1465cm-:t.and the C-N strret.ch at 1330cm-:t.,indicative of the
lactam were absent. Instead, absorption bands
corresponding to a C=S stlretch at 1110cm-::t.I a C-N stretch
at 1537cm-:L and a N-H deformation at 1350cm-::t.and 1317cm-::t.
of the thiolactam species were observed. Also, the N-H
stretch of [67] was observed at 3360cm-::t..

In the search for a bett:er method for the synthesis of
piperidine-2-thione [67], Brillonss has suggested the
preparation of an in situ thiating reagent [87], formed by
the reaction between pho:sphorus pentasulphide and sodium
carbonate in tetrahydrofuran at 25·C (Scheme 24).

THF

-C02
[87]

+

Scheme 24

c 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 phosphorus penta-
sulphide: sodium carbonate I piperidine-2-thione was obtained
by Brillon in yields of 85% and 81% respectively .

(,
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In this project, piperidine-2-thione was obtained in 88%
yield (after column chromatography) when the molar ratio of
phosphorus pentasulphide:sodiumcarbonate:lactamwas 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 conjugate addi~ions with ac~lates

O!."lek2~ selectively alkylated piperidine-2-thione at
nitrogen by using an activated olefin in a Michael
reaction. More specifically, he treated piperidine-2-
t.hione [67] with ethyl acrylate in tetrahydrofuran in the
presence of a c~talytic amount of sodiUm hydride to afford
an excellent yield (94%) of 1-(2-ethoxycarbonylethyl)-
piperidine-2-thione [83J.

In this project, the same procedure as described by Orlek
for the conjugate addition of ethyl acrylate to piperidine-
2-thione [67J, was followed.
product [83J (purified by

An improved yield of 99% of
distillation and column

(I

chromatography) was or.z.ained . The q'lartet at 4.15Pi:--1nand
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 ~:3C nmr spectrum. Further
evidence of the Michael produc'c was provided by the ir
spectrum, which showed a c=o stretch at 1730cm-~, an
asymmetrical c-o stretch at 1185cm-~ and a symmetrical c-o
stretch at 1160cm-~ of the ester group. The high
resolution mass spectrum shewed a molecular ion at m/z =
215.0980 corresponding to C~OH~7N02S,
Possible S-alkylation of piperidine-2-thione by the Michael
accept.or to form a thioiminoester was dismissed when a

()
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thiocarbonyl carbon peak at 199.8ppm was observed in the
~3C nmr spectrum and the ir-absorption bands charact~ristic
of a thiolactam (i. e. C=S stretch at 1095cm-~, a C-N
stretch at 1515cm-~ and a N-H deformation at 1350cm-~ and
1330cm-~) 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, e1ther by hydrolysis or by
reduction. For the former process it was thought that a t-
butyl ester might be more rea.dily cleaved than an ethyl
ester. Consequently, a quantity of 1-(2-t-butoxycarbonyl-
ethyl)piperidine-2-thione [84], a t-butyl ester, was
prepared in 62% yield (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 c:t distin,::tive
singlet at 1.45ppm due to the t-butyl protons. The ~3C nmr
spectrum contained an ester carbonyl carbon signal at
170.8ppm and a thiocarbonyl carbon signal at 199. 6ppm. The
expected ir-absorption bands of the ester functionality and
the thiolactam were present i.e. a c=o stretch at 1710cm~~,
an asymmetrical and symmetrical c-o stretch between
1225cm-~ and 120Ccm-~ of the former and a C=S stretch at
1150cm-~, a ~-N stretch at 1510cm-~ and a N-H deformation
at 1345cm-~ and 1325cm-~ of the latter. Microanalysis
confirmed the formula C~2H2~N02S,

o
2.1.3 Sulohide contractions

In a preliminary model study, 1-l-lethyl-2-cyanomethylene-
pyrrolidine [90] was prepaxed according to the sequence
illustrated in Scheme 25.
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~s
I
Me

[88]

1.1 Br-

'~AS·/"'-..CN
I
Me

[89]

P{G6H5)3

NEt,3
CH,3CN

C~CH~';~~
IMe
[90]

BrCH2CN----
CH2Cl2

Scheme 25

There were several reasons for the synthesis of this
compound. Firstly, the optimisation of the sulphur
extrusion technique was desired; secondly, the quality of
the bromoacetonitrile reagent in the formation of the salt
(89] was tested; and finally, 1anted to use a thione (1-
methylpyrr(.)lidine-2-thiona [8 that would provide a known
product [90].20,23

Formation of the salt [89] was accomplished by the addition
of bromoacetonitrile to a solution of 1-methylpyrrolidine-
2-thione [88] in dichlorom8thane. Subsequent sulphur
extrusion was effected by the sequential addition of
triphenylphosphine and triethylamine in acetonitrile. The
product was obtained in good yield (71%, chromato~
graphically pure). 'rheJ..Hnmr spectrum showed a singlet at
3.58ppm, indicative of the vinyl proton, while the J..3Cnmr
spectrum showed the product I s distinguishing nitrile carbon
signal at 122.6ppm and vinyl carbon signal at 52.2ppm.
There was no doubling up of signals in the J..3cnmr
spectrum, indicating that only one geometrical isomer had
been obtained, which was in contrast to Kat~'s23 findings.
The ir spectrum of our l"'r.od;lctconta.ined two absorption
bands, indicati ve c,f:. a C=\.:>-c..=Nsystem i.e. a C=N stretch at
2230cm-J..and a C=C stretch at 1630 - 1570cm-J...
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Once we had shown that the sulphi.de contraction worked with
a simple mode I system r 1- (2-ethoxycarbonylethyl) -2-
cyanomethylenepiperidine [85] was synthesised by the
add.ltion of br-omoeoet.onitrile to neat 1- (2-ethoxy-
carbonyl ethyl )piperidine-2-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 ::t.Hnmr spectrum, in
which the vinyl proton produced a singlet at ,1.76ppm and
the quartet at 4.16ppm and triplet at 1.28ppm of the ethoxy
ester group were present too. The ::t.3Cnmr 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 geometrical isomer of 1-(2-
ethoxy-carbonylethyl)-2-cyanomethylenepiperidine [85] was
obtained. If one considers the strong possibility of
intramo~.acular congestion within the product lone could
predict the geometry around the carbon-carbon double bond
t.obe E. C:onfirmation of the existence of a C=C-C=.N system
was given by the C='Nstretch and C=C stretch ir-absorption
bands at 2175cm-::t.and 1570cm-:L, respectively. Absorption
bands due to the ester group were present i.e . the c=o
stretch at 1720cm-::t., the asynnnetrica.l c-o stretch at
1170cm-~ and the symmetrical c-o stretch at 1150cm-::t..The
high resolution mass spectrum showed a molecular ion peak
at m/z = 222.1374, corresponding to C::t.2H::t.SN202'

o In a poorer-yielding sulphide contraction reaction, 1-(2-
ethoxycarbonylethyl) -2-cye.nomethylenepiperidine [85] was
prepared in 26% yield (chromatographically pure). It is
beli.evedthat two contributing factors are responsible for
this. Acetone was used as a solvent in the salt format jon
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.

21!=1II1l=__ -rlUZ__ .l..!!!Ii .. _fJB _.'"......'·"'·~',~~-
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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 poor-yielding sulphide
contraction reaction did not produce the expected sulphide
contracted species. Instead I hydrolysis occurred 1

producing the oxygen analogue of the starting materiall 1-
(2-ethoxycarbonylethyl)-2-piperidinone [91]1 in 57% yield
(after distillation).

(91 ]

The vinyl proton peak, which would have been present in 1-
(2-ethoxycarbonylethyl)-2-cyanomethylenepiperidine [85JI

was absent in the ~H nmr spectrum. Evidence of the ethyl
protons of the ethoxy ester group was giv~n by the quartet
at 4.14ppm and the triplet at 1.26ppm. The .:1..3Cnmr
spectrum contained two carbonyl carbon peaks L,e. the
lactam carbonyl carbon at 171.8ppm and the ester carbonyl
carbon at 169.7ppm. Two ir-absorption bands, an ester c=o
stretch at 1725cm-.:1..and a c=o stretch of a 6-ring lactarn
system at 1625cm-~ were present while a C=N st.retch between
2210cm-~ and 2185cm-.:1..was absent. Conclusive evidence of
the lactam product was provided by the high resolution mass
spectrum which showed a molecular ion peak at lU/Z =

199.1127, corresponding to C~OH..L'7N03'

o

.zaU.HUtR.· ±
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1- (2-t-Butoxycarbonylethyl) -2-cyanomethylE.;'nepiperidine
[86J was synthe:-ised by the addition of bromoacetonitrile
to a solution of 1-(2-t-butoxycarbonylethyl)piperidine-2-
thione [84] in dichloromethane, followed by sulphur
extrusion of the resultant salt with triphenylphosphine and
triethylamine. The product [86] was obtained in 10% yield
after column chromatography; part of the yield wcs
forfeited by what was believed to be the formation of the
carboxylic acid, 1-(2-carboxyethyl)-2-cyanomethylene-
piperidine [92], in 26% yield. The ease of hydrolysis of
the t-butyl group will receive further comment later.

l

i· .,
lJ [92]

The structure of 1-(2-t-butoxycarbonylethyl)-2-

o

cyanomethylenepiperidine [86] was substant.iated by .1..Hnmr
data i.e. the vinyl proton resonated at 3.67ppm and the t-

tutoxy protons produced a singlet at 1.44ppm. Using the
same argument as for [85], it is believed that the geometry
around the carbon-carbon double bond in [86] is E. The ir
spectrum showed a C=N stretch and a C=C stretch of the
vinylogous cyanamide system at 2260cm-.1..and 1612cm-.1..,
respectively and an ester c=o stretch at 1705cm-.1...

(I
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The ~H nmr spectrum of the other reaction product [92] did
not contain a singlet integrating to nine protons at
1.44ppm, and therefore it was deduced that no t--butioxy
group was present. surprisingly, no Op, peak was detected
and the product was accidentally discarded before an ir
spectrum could be obtained to look for absorption bands due
to c=o and O-H. Nevertheless, a tentative hypothesis was
that the e~ter functionality of the product [86] was
converted to a carboxylic acid group. Despi te the low
yields, this result is positive from one point of view. 1-

(2-1;-Butoxy-carbonylethyl)-2-cyanomethylenepiperidine [86]

was prepared as a precursor to the synthesis of 1-(3-

hydr-oxyp.ropy.l ) -, l-cyanomethylenepiperi<i...ne [? 8] (see Scheme
23) because of t.he expected eas.e of hydrolysis of the 1;-
butoxy group. In fact the sulphide contracted product [86]
was sufficiently unstable that it hydrolysed t.o a large
extent to the carboxylic ar Ld [92] on workup. However,
because excellent yields wr ~"e 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.

o 2.1.4 Ester reduction

convexs.i.onof the ester group of 1- (2-ethoxycarbonylethyl) -
2-cyanomethylenepiper Ldi.ne(8B1 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 C-4 position of the quinolizidine
system [69] would be avoided. It was important that a
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chemoselective process was employed that would reduce th~
ester, but leave the nitrile and carbon-carbon double bond
unchanged. Orlek.2:L,28reduced the saturated ester of [93],
Leavi.nq the ester and carbon-carbon 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-Hydroxypropyl)-2-cyanomethylenepiperidine [63J v~as
prepared in good yield (74%, chromatographically pure) by
he at.Lnq

p Lper-Ld i.ne

1-(2-ethoxycarbonylethyl)-2-cyanomethylene-
aluminum hydridelithium in[85] &nd

o

tetrahydrofl.lran. 'rheabsence of both a quartet at 4 16ppm
and a triplet at 1.28ppm in the =n nmr spectrum showed '.:~t
no more starting material was present, while a broad
sLnqLet; at 3.42 3.3oppm of the alcohol product was
clearly vi::.:ible..'r'Ilevinyl proton singlet at 3.82ppm ..
together with the nitrile carbon signal at 123.0ppm and the
vinyl carbon signal at 57.6ppm provided evidence of the

(I vf.ny Loqous cyanamide system present in [68]. No ir-
absorption band due to an eS'~er O=O stretch was observed.
A broad O-H stretch at 3~25cm-:L, and a doublet at 1070cm-:L
and 1050cm-".:l.due to a c-o stretch of the -CH2-OH group
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indicated that the ester group had indeed been reduced.
The pceaence of the untouched vinylogous cyanamide system
was s~~en by the strong C=N stretch at 21S0cm-:.L.and the
equally stl'ong C=C stretch at ~570cm-:.L..
confirmed the formula C:.L.oH:.L.SN20.

Micl'oanalysis

Further transformations of I-t3-hydroliypropyl)-2-cyano-
methylenepiperidine [68] and its conversion to the target
alkaloids epilamplolobine [2] and lamprolobine [3~ will be
described in Chapter 3.
alternative approaches
derivatives that either
discussed.

For the remainder of Chapter 2,
to 1-(3-hydroxypropyl)piperidine
fa~ ed 1')rwere abandoned, will be

2.2 App~oach based on 5-bromopentanoic acid

The synthetic zout;e envisaged f-ortht';preparation of 1- (3-
hydrox.ypropyl)piperidine-2-thione [76] is illustrated in
Scheme 26.

e

(!
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o
8r~OH

[79] [8°1

(..:' o
8r~N/~OH

A
[82]

Clo
l_~OH

[74}

Scheme 26

o

In this approach we intended to 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].

(\ Parsons27 reported the synthesis of N-(3-hydroxypropyl)-4-
chlorobutanamide [94] according to the route outlined in
Scheme 27.

UIII! In!'i!!I!'J = -
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~CIC! II
o

H
I

cr~N~OH

o
24% [94]

+

H

CI~~~O~CI

o 0

f;%

Scheme 27 I
I
I

Ir.
f

I

The cyclisation of [94] to form 1-(3-hydroxypropyl)-2-
pyrrolidinone [95] (the 5-membered ring analogue of [74] in

(1 c:=lo + sealed tube

250°C. i8h
~o

~OH

81% [95]

Scheme 26) was not executed
synthesis shown in Scheme 28.
synthetic route is known to
~79) • .::l.22

in light of the improved
Unfortunately, this latter
fail with o-valerolactone

Scheme 28

~
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Believing that our 6-membered system might give bet.ter
results, we attempted nonetheless to synthesise 1- (3-
hydroxypropyl)-2-piperidinone [74] according to Scheme 26.

Olah et; al. B9 prepar-ed 5-brol;lopentanoicacid [80] in 88%
yield by reaction of boron tribromide with o-valerolactone
[79] in dichloromethane at ambient temperature. Bagnall et;

al.90 also converted [79] to [80J by heating the starting
material in hydrobromic acid containing sulphuric acid.

In the present work, the latter procedure was followed to
afford 5-bromopentanoic acid [80 J in 84% yield \'1ithout
purification. This was not necessary owi.nq 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 ~3C 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.9~ The c=o stretch of the lactone starting material
at approximately ]_735cm-~ was not visible, but instead a
COO-H stretch at 3500cm-~ and a carboxylic acid c=o stretch
at 1705cm-~ representative of 5-bromopentanoic acid was
observed.

;~

o In order to prepare the corresponding acid chloride, 5-
bromopentanoic acid and thionyl chloride were heated in
chloroform with a t:::-aceof dimethylformamide as catalyst.
The acid halide, 5-bromopentanoyl chloride [81J, 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 ~3C nmr spectrum and the
strong ir-absorption band at 1790cm-~ due to the acid
chloride c=o stretch. The ~H nmr spectrum did not show ~n

.8ill••• ' " & TBA!!yg;
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OH proton peak and thus provided evidence that the starting
material was no longer present.

The next synthetic step entailed the synthesis of N- (3-
hydroxypropyl)-5-bromopentanamide [82]. Addition of a
solution of 5-bromopentanoyl chloride [81] to a mixture of
disoaium 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 [82J, which would have
led to loss of material during the ext.cact.Lo., procedure.
The :1.H and :1.3C 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
Br~N~oH

A
[820J

o
8r~N/H

[82b] HOS

o

Two triplets, one for each isomeric NH{ were present at
7.59ppm and 4.67ppm in the :1.H nmr spectrum. The difference
in chemical shifts of the peaks due to the two protons on
the a-C to the nitrogen (at 3.37ppm and 3.25ppm) gave
further evidence of the two isomers. Verification of the
assignment of the broC'.dOH peak at 5.70 - 5.o oppm was given
by its disappearance on addition of D~O. The :1.3C nmr
spectrum contained two upfield signals at 58.2ppm and
44.0ppm due to the carbons a to the alcohol group and a to
the nitrogen of the amide group, respectively. Two amide
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-Nnond in [82a] and [82bJ,
respectively (shown in Scheme 29). Two signals due to the
a carbon to the carbonyl group were also observed {any two
values out of 3J.•2, 31.1 and 31.0ppm - assignment was
uncertain) •

[820] [82b)

Scheme 29

The ir spectrum of the product [82] showed the following
identifying absorption bands: an O-H stretch (3550-
3250cm-.:L)and a c-o stretch (1075cm-.:L)of the -CH2-OH
system, and, a N-H stretch (3550 - 3250cm-.:L),a c=o stretch
(1652cm-.:L),a N-H deformation and symmetrical N-C=O stretch
(1520cm-.:L)and a C-N stretch (1240cm-.:L)of the -HNCO-
system.

o

{I

The sequence of addition of reagents is of crucial
importance in the synthesis of N-(3~hydroxypropyl)-5-
bromopentanamide [82J. Addition of 3-amino-1-propanol to
the acid chloride in chloroform containing a suspension of
disodium hydrogen phosphate gave the diacylated compound
N,O-bis(4-bromobutanoyl)-3-amino-1-propanol [96J
yield (from [80]) after column chromatography.

in 36%

ii'!l'. "'111& 1ILL
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o 0
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8r~N/"~O~Br
I Z
H

[96]

iJ
t

The .:J..Hand .:J..3Cnmr 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 narked as "XII. In the desired product [82], these
protons, a to the alcohol oxygen, were more shielded (3.70
- 3.44ppm). A triplet at 3.44ppm due to the protons a to
the halogens (marked as "y") integrated to four protons and
not two, as would have been expected had [82] been
obtained. The appearance of a triplet at 2.36ppm was
assigned t.o the protons marked as "z II, which would be
absent in the desired product. The .:J..3Cnmr spectrum showed
thirteen carbon signals I of which one was the amide
carbonyl carbon at 172. 6ppm and another was the ester
carbonyl car.bon 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-
a.mide [82] was poorl 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.:J..Hand .:J..~Cnmr 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 aubst.arrtLat.edby the absence of the quartet at

o
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3.25ppm due to the hydrogens a to the nitrogen in the
starting material. 'l'he free OHof N-(3-hydroxypropyl )-5-
bromoperrcanami.de was considered a possible problem
contributing to the failure of the cyclisation, in that it
could be deprotonated instead of the a.mide NH proton.
Protection of the alcohol vlould thus be necessary. A
second possibility was that cyclisation of the amide anion
[97] (bein~ .amhident) had occurred through oxygen instead
of nitrogen. This would lead to o-valerolactone being
formed after hydrolysis.
Scheme30.

This idea is illustrated in

o
Br~N~oH

A
[82]

NoOEt, EtCH

/9- l
B~~~N~OH

[97] J
-

o C:lo
[79J

cyclisotion

-s-
hydrolysis

Scheme 30

2 _ -
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Spectroscopic data9~ confirmed that o-valerolactone was one
of the products that had been obtained. The triplet at
4.12ppm in the ~H nmr spectrum was due to the protons a to
the oxygen atom of the este. The methylene protons a to
the carbonyl group resonated at 3.31ppm. The ester
carbonyl carbon signal at 172.5ppm appeared slightly
upfield from that expected (175.2ppm). The i.e spectrum
showed absorption bands due to tbA lactone c=o st~etch (at
1720cm-~) and the c-o stretch (at 1195cm-~).

We felt it was worthwhile to check that the acid chloride
did in fact react with primary ~mines, and chose to verify
our procedure by using benzylamine, a compound which would
not give the possible complications that arose because of
the OH group of the 3-amino'-1-propanol used previously.
Scheme 31 shows the appropriate synthetic route.

[81]

H2N......"C6HS

Nc2HP04• CHCI,3

o
Br~CI

NaOEt. EtOH-

.17 1& •

Scheme 31

(1

Addition of a solution of 5-bromopentanoyl chloride [81] to
a mixture of di.aodi.umhydrogen phosphate. and benzylamine in
chloroform afforded a mixture of N-benzyl-5-bromopentan-
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amide [9St "'lndethyl 5-bromopentanoate [100] in a ratio of
5:13, res!: Lve l.y,

o
Br~OEt

[100]

The two products [98] and [lOOJ were obtained in yields of
25% and 66%, respectively. The phenyl protons resonating
at 7.40 - 7.06ppm and tlH"doublet at 4.38ppm due to the tW(
protons ex to nitrogen in the ll.Hnmr 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 5-bromopentanoate product. The
ir spectrum gave further evidence of the mi.xtnrre ,

Absorption bands indicative of N-benzyl-5-bromopentaHrurdde
included a N-H stretch at 3435cm-:L,an amide c=o stretch at
1660cm-:L, and a N-H deformation and symmetrical N-,C=O

stretch at l505cm-:L. The ester c=o stretch at l720cm-:Land
the ester c-o stretch at 1250cm-ll.and 1230cm-:L were
representative of ethyl 5-bromopentanoate.

c'

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:3was not used in the workup procedure and so 't:he
"supplier" of this group is obscure.

o
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In conclusion, 5-brontopentanoyl chloride [81 J did react
with benzylamine to produce N-benzyl-e,)-bromopel'ltanamide
[98], however, this product was obtained in unsatisfactory
yield together with a large amount of tinundesired product,
ethyl 5-bromopentanoate (100]. This result did not warrant
further cyclisation to produce [99]. The complications
encountered in the attempted cyclisation of N-(3-hydroxy-
propyl)-5-bromopentanamide [82] to 1-(3-hydroxypropyl)-2-
piperidinone [74] did not warrant further investigation of
this approach.

2.3 Anproach based on 1-allyl-2-piperidinones

The synthetic route, envisaged for the preparation of 1-(3-
hydroxypropyl )piperidine-2-thione [76] is illustrated in
Schem.e 32.

\\

o
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c,
I
H

[721

I
(lo

~
[73]

(ls o.
~

~OH

[75] [74]

//

CAs
~OH

[76]

Scheme 32
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In this approach we intended to convert the sec:".idary
lactam I 2-piperidinone [72]
allyl~2-piperidinone [73]

into a tertiary lactam t 1-

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 t.he l: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 functi~nality.

2.3.1 Svnth9s:i_"":",f 1-allyl-2-niperidinone and -thione

I

f~
I
I
f
[

Orlek2~ prepared 1-allyl-2-piperidinone [73] in 87% yield
by the addition of 3-bromopropene to a heterogeneous
solut:ion of 2-piperidinol'l,e[72] and potassium metal in
tio.l.uene, This was followed by a thiation reaction in which
1-allyl-2-piperidinone and phosphoru.s pentasulphide were
heated in benzene to afford 1-allylpiperidine-2-thione [75j
in 77% yield. Tomlinson92 prepared 1-2.11yl~2-pyrrolidinone
[101J (the 5-membered ring analogue of [73]) by the
addition of 3-bromopropene to a heterogeneous solution of
2-~yrrolidinone and sodium hydride in tetrahydrofuran.

In the present::work, 1-allyl-2-piperidinone was synthesised
in 39% yield. (after distillation) by following ozLekv s
procedure and in a meagre 5% yield (purified) by following
Tomlinson's method. The latter low yield was attributable
to two factors. Firstly 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. Secondly, 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

1'11_ ..". _ ."J.EJkna
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existence of the allyl protons. A multiplet at 4.2:2 -
3.88ppmwas due to the protons a to the ring nitrogen r-!1..t!

part of the allyl unit. The :1.:3Cnmr spectrum contained two
oarbon signals at l32.0ppm and 116eOppm due to the
internal and terminal carbons of the allyl double bone' I
respecti vely • The lactam carbonyl carbon resonated at
168.3ppm, as expected. The ir-absorption bands indicative
of the lactam 'moiety and the allyl group were present.
Bands of the fm:-mer appeared at 1625cm-:1.I due -co the c=o
stretch and at 1330cm-:1.,due to the C-N stretch. Bands of
the latter were seen at 3075cm-:1.1due to the =CH2 stretch
and at 995, 985 and 925cm-:!.,due to the Uout of plane" =CH
de:cormation. A ...._,-.

'",-" stretch absc...:ption band of the allyl
group should have been visible between 1650cm-:1. and
1635cm-:1.f but pernape the very strong band due to the
lactam c=o stretch overlapped this band.

I
I

~
f

l-Allylpiperidine-2-thione [75J was prepared in 6% yield
(chromatographically pure) by following the tl'liat.ion
procedure of Orl,:?k2:1.as mentioned previously. The:1.Hnmr
spectrum showed two multiplets (at 5.96 - 5.70ppm and 5.28
- 5.08ppm) due to the allyl protons. The downfield shift
01:" 'che protons marked lIyll and IIz" to 4. 59ppmand 2. 96ppm1

respectively, clearly showed that the oxygen atom had been
substituted by the less electronegative sUlphur atom.

(I

[75]

In the quest to achieve a higher yield of l-allyl-
piperidine-2-thione, a solution of l-allyl-2-piperidinone

~
I

...~
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in tetrahydrofuran was treated with Lawe~son/s reagent.93
Despite repeated purificat:ion using column chromatography,
a more polar impurity remained inseparable from the thiated
product;, Thin layer chromatography indicated that the
product was present in minute quantities.

2.3.2 Hydroboration of a model 1-al~yllactam

A plentiful supply of 1-allyl-2-pyrrolidinone [101] was
available in the laboratory for another proj,rc;t,92 so
rather than use our precious 1-allyl-2-piperidinone [73],
we chose to model the hydroboration reaction with the more
abundant compound.
Scheme 33 illustrates the hydroboration reaction.

1·Hydroborating agent/THF
2·NaB03·4HZO or H202/OH- Clo

~OH

[95][10t]

Scheme 33

The results obtained are summarised in Table 1.

o

.~,-.-~------------------------------~.

1

,
!
j
'j

I
J
.,

I
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Table 1: Results of attempted hydroboration of [101J

Hydroborating agent outcome

0.5M 9-BBN in C<sH.:I..4(1.2eq) [101], [102]

0.5H 9-BBN in C<sH:J..4(1.5eq) [101] r [102]

O.4M 9-BBN in THF (1. 5eq) (101], [102]

O.6M 9-BBN in THF (2.0eq) [101], [102]

I 1M BH3.THF (0.5eq) [101], impurities

1M BH3·THF (1. Oeq) [101], impuriti€'s

1M BH~.SMe.2 (1. Oeq) [103] (13%), [104] (1%)

1M BH3.SMe.2 (1. Oeq)"" [lQ1] (21%)

....This reaction was carried out at -27.50 C, whereas all
other reactions were carried out at I) 0 C, and after. some
time were left 'CO warm up to room temperature.

The bulky 9-borabicyclo [3.3.1]nonane hydroborating agent
was unsuccessful in producing 1-(3-hydroxypropy1)-2-
pyrrolidinone [95]. :J..Hnmr data showed the presence of
unreacted starting material and the by-product, ciS-1,5-

cyc1ooctanediol [102J (first 4 entries in Table 1).
From the pentultimate borane-methyl sulphide complex
reaction., two unexpected products, 1-(3-hydroxy-
propyl)pyrrolidine [~.03] and 1- (2·-hydroxypropy1)pyrrolidine

f.:'

[104] were isola-ted in yields cf 13% and 1% I resr.~ctive1yI
after column chromatography. The reduction of the lactam
carbcny1 was indeed a surprising result.
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Q
~H

[103]
[104]

o

The methylene protons a: to the alcohol group in [103]
produced a triplet 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 a to the
nitrogen were found to be equivalent and appeared as a
multiplet at 2.97 - 2.64ppm. Confirmation of the absence
of the amide group was given by the ~~C nmr spectrum of
[103] I which showed no amide carbonyl carbon signal.
Instead, two signalsy 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 a to the nitrogen and to the rema.ining two
equivalent ring carbons 1 respectively. Reductn.on of the
lactam carbonyl in [104] was proven by the ~H nmr spectrum
in which both sets of ring methylene protons a to the
nitrogen resonated at 2.97 - 2.60ppm. '1.'heOH proton
appeared as part of a multiplet at 2.32 - 1.77ppm and the
Markovnikov hydration process was SUbstantiated by the
doublet at 1.20ppm due to the methyl group.
The ir spectrum of [103] showed absorption bands at

: C'

3610cm-~ and 1040cm-~ of an O~rl stretch and a c-o stretch
of the -CH;20H system, respectively" The appearance of an
O-H stretch (3575cm-~ - 3375cm-~), a c-o stretch of the
>CH-OH system (1020cm-~), allasymmetrical CH:3 deformation
(1440cm-~) and a symmetrical CH:3deformation (1392cm-~) of
[104] verified the Markovni:k:ovhydration. I
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In conclusion, we found the l1ydroboration reaction not to
be regios(~lective 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 [75], and we thus abandoned the route
in Section 2.3.

2.4 Alt€rnative attempts to prepare 1-(3-h~roxypropyll=
piperidine derivatives

Another synthetic route envisaged for the preparation of 1-
e 3-hydroxypropyl) piperidine-2-thione [76] is illustrated in
Scheme 34.

l )
l'__.-/'

(\
A
[67]

[105] [76]

Scheme 34

o

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 [76J. We
chose to investigate this route by virtue of the f.actthat
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.

,
it

(!
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A solution of piperidine-2-thione [67] in tetrahydrofuran
was treated with propenal at room temperaturer but only
starting thiolactam was recovered in quantitative yield.
When the reaction was conducted at an elevated temperature
a r,tixtlJ,reof unreacted piperidine~2-thione and four other
unknown compounds were obtained (as shown by thin layer
chromatography). Parsons2? attempted the conjugate
addition of propenal to pyrrolidine-2-thione [22], the 5-
memberen ring analogue of [6]. It was found that the
Michael acceptor dimerised, allowing the chain of events
illustrated in Scheme 35 to occur ..

no base +
~S

A
(22]

I

o 2 diastereomers

(6% and 8%)

~s
HO~

6..~

Scheme 35

(
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In the light of these findings it is possible that two of
our unknown compounds were diasterer,ier-s of [106].

[106]

Another synthetic route for the preparation of 1-(3-
'dr'oxypr-opyL)piperidine-2-thione [76] is illustrated in

..:lcheme36.

vJ Cls Cls Cls
Uo ~

- UOH ~OH .~

j<.
[107J [76][84]

Scheme 36

(1

A facile hydrolys~s 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-1-piperidinyl)-
propanoic acid [107J. 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 carbo.xyl.d c acid to a primary
alcohol was expected not to present any problems as it is
a well-precedented reaction.

o
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A solution of 1- (2-t-butoxycarbonylethyl) piperidine-2-
thione [84] in dichloromethane was treated with
trifluoroacE'tic acid to afford the carboxylic acid product
(107] ari 23% yield. Unreacted starting material was
recovered in 6% yield. The singlet at 10.39ppm in the 1H
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 stag~ 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.

[108] [109]

Ctx
UI

'OR

~

~OH

where X = 0 or S
R = Et or tau

Scheme 37

o Knowing that we could prepare the thiolactams bearing a 3-
carbon chain with a terminal ester group on nitrogen (i.e.
[108] where X = Sand R = Et or tBu) , we wondered about the
possibili ty 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 ':0 find reagents that would

(\

'up,;;:;_ ¥



71

selectively reduce C02R while leaving the C=S or the lactam
c=o untouched.

Yoo at al.94 reported the selective reduction of the ester
group in [110] by the addition of sodium borohydride t.o a
mixture containing aqueous cupric sulphate and starting
material [110] in ethanol. The product [111] was obtained
in 82% yield (Scheme 38).

o

rAY"1l~1
~ H OH

[110] [111 ]

Scheme 38

o

This unusual reduction procedure utilising a sodium
borohydride cupric sulphate system was carried out
unsuccessfully on three compounds I ] - (2-ethoxy-
carbonylethyl)piperidine-2-thione [83] (i.e. [108] where X
= S, R = Et), 1-(2-t-butoxycarbonylethyl)piperidine-2-
thione [84] (i.e. [108] where X = S, R = tBU) and 1-(2-
ethoxy-carbonylethyl)-2-piperidinone [91] (i.e. [108] where
X = 0, R = Et). In each case starting material was
recovered in yields 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. Perhaps 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-ethoxycarbonylethyl)-2-piperidinone
[91] was at~.:emptedusing the well-established reducing
agents, lithium aluminum hydride and lithium borohydride.
These two reagents, known for their more powerful reducing
ability (as compared with NaBH4), were expected to pring
about ester reduction. Table 2 summarises the methods used
and the outcome.

c

Table 2: Attempted ester reductions of [91]

I Reducing agent Solvent TemperaturejCc Result

LiA1H4 THF 0 [91] (89%)

LiA1H4, THF reflux, 25 [91] (81%)
1 [91]LiBH... Et20 25,reflux (by TLC) J

It is believed that the failure of the lithium aluminum
hydride reductions; may be attributed to the fact that -the
reducing agent was aged I 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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CHAPTER 3

THE SYNTHESIS OF EPILAMPROLOBINE AND LAMPROLOBINE

The synthetic route undertaken for the synthesis of the
title compounds[2] and [3] (and the derivatives [.113]and
[1.14]) is illustrated in Scheme39.

[68]

!
i eN

06

[2] [113] [3] [114]

(69]
eN

cO
[20]

[19]

,........NH2

d)
[l1j [112]

H&y
Scheme 39

"'~.""'~"''''.''.u _
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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 cyclisation, which exploits the
nucleophilic nature of the a-C of the exocyclic vinylogous
cyanamide system. The unsaturated functionalised
quinolizidine compound 1-azabicyclo-[4.4.0]dec-5-ene-5-
carbonitrile [69] thus produced must then be hydrogenated
to form the two isomers 1 rel-5R, 6R-.l-azabicyclo[4.4.0]-
decane-5-carnonitrile [20] and rel-5R,6S-1-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 epilupina:mine [114] f'-',rreasons to be explained
later on.

(

(~CN

CN

tBose, solvent QCN
MeCN, cON reflux

~OH

2·R~ogent
~x

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

where X = good leaving group

Scheme 40

l .)
l..__/

In this chapter each of the synthetic steps outlined in
Scheme 39 will be discussed in sequence i.e. cyclisationl
hydrogenation, reduction I derivative preparation and final
alkaloid synthesis.

3.1 ~thesis of 1-azabicyclo [4.4.0]dec-5-ene-5-'
carbonitrile

Scheme 40 illustrates the synthetic route by which the
title compound [69] was prepared.
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Firstly, it was essential to activate the alcohol group of
[68] to improve its leaving group ability (step 1). A
facile nucleophilic alkylative cyclisation of the
appropriate intermediate [1151 would then be carried out to
produce the product [69] (step 2).

3.1.1 Tosylate as leaving group

An ini't;ialattempt was made to isolate the tosylated
intermediate, 1~(3-(4-toluenesulphonyloxy)propyl)-2-
cyanomethylenepiperidine [116J.

reaction parameters and conditions.
will be discussed thereafter.

The trends ouserved

[116]

o

The sequential addition of sodium hydride (2.2eq) and p-
toluenesulphonyl chloride (2.29q) to 1.-(3-hydroxypropyl) -2-
cyanomethylenepiperidine [681 in refluxing tetrahydrofuran
afforded after column chromatography 1.-azabieyclo[4.4.0]-
dec-5-ene-5-carboni tTile [69] in 3% yield and the
intermediate,1.-(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 summar'Lses the results obtained for

the cyclisation process (Scheme 40) by altering certain
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Table 3: Particulars and results of the cyclisation reaction of [68.L____I

t. step 1 step 2 r.
Reaction AdditionExp. no. Base TsCljeq Solvent temp.j·e Result

Iof NaI I

I- -""''''''' - -
1 n-BuLi (1.Oeq) 1.4 THF 25, refl'lx No [68], [116] -.
2 NaH (4.0eq) 4.0 dioxane '25,reflux Yes [69 J, Lmpr; ity

3 NaH (4.0eq) 4.0 ·...LiF 25, reflux Yes [69], impurity
I-

4 NaH (4.0eq) 4.0 glyme 25 No [69], impurity
5 NaH (1.8eq) 1.8 glyme 25, reflux No [69] (52%)
6 NaH (1. Beq) 1.8 dioxane 25, reflux No [69] (53%) , [68] (26%)

-
7 nan (1. 8eq) 1.8 THF 25 Yes [118J (58%)

...... .-
8 NaIl (2.0eq) 2.0 TIn' 25 No [69] (52%) , [117] (7%)

-
9 NaIl (2.2eq) 2.2 THF reflux No (69] (41%)

10 NaH (2.0eq) 2.0 THF 25, reflux No [69] (70%)

:~
';

I,
!

~y: TsCl = CH~CGH4S0~Cl

;I _ "
--- - _.'-_ ------ E .If ~ -.", J! TErra.? 7 7 mr In m _mftiim~~"""';"'.""""'""''''J"..,,",,,,~ ._'rr'.'~" .•~2 ; m= ... ~..

-..]
m

\'
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Effect of using different bases

The potential of the two bases I 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 i11Table 4, for which se8 section 3.1.2)
highlight the unsuitability of n-butyllithium as a base.

Effect of excess reagent

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-toluellesulphonyl
chloride, but its identity is obscure. The problem of
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 optimu~
excess (experiment 10).

Effect of using different solvents

o The promotion of formation of the tosylated intermediate
[116J (step 1) in different 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 glyrne, dioxane and tetrahydrofuran were the
respective solvents employed. I

'':
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In experiment 5, in which glyme acted as the solvent, 1-
azabicyclo[ 4.4.0 [dec-: ·-ene-5-carbonitrile [69] was obtained
in 52% yield after column chromatography. The protons on
the electrophilic carbon involved in the c:yclisation
process produced a triplet at 2.20ppm in the 1H nmr
spe.ctrum of the cyclised product [69] . Further
confirmation of the pruduct structure was provided by :r·:lc
mar data which contained signals at 153.9 r 122.4 and
69.8ppm due to the quaternary carbon a 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
2845cm-1), 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-1). The high r.esolution mass spectrum
showed a molecular ion peak at m/z ~ 162.1044 corresponding
to C1oH14N20

In experiment 6, in which dioxane acted as tIlesolvent, 1-
azabicyclo [4.4.0 ldec-5-ene-5-carboni trile [69] was obtained
in 53% yield and 1-(3-hydroxypropyl)-2-cyanomethylene-
piperidine [68] was recovered in 26% yield after column
chromatography. This reaction could 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 merrt.Lon ,

~)

In experiment 7 r in which tetrahydrofuran acted as the
solvent, an unexpected cyclised compound, believed to be 1-
azabicyclo [4.4.0 ]dec-6-ene-5-carboni trilE~[118] (Figure 9) ,
was obtained in 5:B%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. I

'~........ '\~Ylill?"._lIIIm. £ L&1...,...,tIL .... .. ~
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[118]

Figure 9

A triplet of doublets integrating to one proton appeared at
5.13ppm, a relatively downf LeLd shift as compared with the
proton chemical shifts of [69]. This splitting pattern can
be explained by the proton marked Ux" in Figure 9 coupling
with the adjacent methylene protons ("yn) and allylic
coupling with the vinylic proton ("~II). If the desired
cyclised product [69] had been obtained, two distinct
triplets at 2.52ppm and 2.20ppm due to the methylene
protons mar-ked "x" and "Y" .in Figure 10 would have been
present.

[69]

o 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 resonate as multiplets in both [69] and [118].)
The DEPT spectrum of [118] indi.cated the presence of two
methine carbons. These would not be present in [69] I which
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contains only quaternary and seconda~y carbons. with the
aid of a C-H correlat~~ spectrum, the tertiary carbons at
76.6ppm and 53.4ppm were assigned to C-7 and C-5 in Figure
9, respectively. By contrast, C-7 and C-5 of [69] have
very different chemical shifts (27.3ppm and 69.8ppm,
respectively) from those just quoted for [118]. The ir
spectrum of [118] showed 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-~.

It must be mentioned that the anomaly seen in experi.ment 7
was not representative of the kind of result obtained when
tetrahydrofuran was used as the solvent to horst;

argument in t:hat
Experiments 8 - 10 support this
l-azabicyclo[4.4.0]d~c-5-ene-5-

intermediate formation.

....arbonitrile [69] was obtained 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 [69] was
obtained in 52% yield and an intermediate I 1-(3-
chloropropyl)-2-cyanomethylenepiperidine [117] in 7% yield
after column chromatography.

c

[117]
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Because of the singlet at 3.79ppm from the vinyl proton of
[117], it was believed at first that this compoundwas the
starting material [68]. This possibility was soon
dismissed when it was noted that the broad singlet at 3.42
- 3.3 oppm 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 upfleld shift
to 3. 57ppm emphasised the presence of another terminal
functionali ty of the 3-carbon uni t attached to the ring
nitrogen. The :l.3Cnmr spectrum contained carbon signals at
122.3, 59.3 and 42.3ppm due to the nitrile carbon, the
vinylic carbon and the Q! carbon to the chloride atom,
respectively. Verification of the intermediate [117] was
given by its high resolut,iol1 mass spectrum which showed a
molecular ion at mjz = 198.0928, corresponding to

C:l.oH:l.sN2CI.

Experiment 10 presents the optimum parameters and
conditions for the cyclisation reaction. Here 1-
azabicyclO[4.4.0]dec-5-ene-5-carbonitrile [69J was opJ=Lned
in a good chromatographically pure yield of 70%.

3.1.2 Other leaving groups

o

Two other reagents capable of converting the alcohol
functionality to a better leaving group to facilitate
alkylati ve cyclisation were studied. Table 4 shows tbe
resul ts obtained for the reagents methanesulphonyl
chlori5e and trifluoroacetic anhydride.

r~
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Table 4: Particulars and results of the cyclisation reaction of [681. II

step 1 step 2

I Solvent Reaction AdditionExp.no. Base Reagent temp./DC ResultOf NaI
.

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] (29%), [117] (6%)
._

2 n-BuLi (1.0eq) TFAA (1. 1eq) __~~~l___ 0,25 No -
----------~ ----- -- ------~--------~ ------ --- ---~.---.------~

Key: MsCl = CH3S02Cl
TFI~~= CF3C02COCF3

co
tv

It. wzw ww=mSI 7.' 7' zrDMc'i:ii;iVrrnTllf"1,1 [ Ire ' "P' g.:mHlIil.Q4I~UlMfIW;~.> __ .t.
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Methanesulphonyl chloride was used in experiment, 1a and 1b
to produce the in·termediate 1- (3-methanesulphonyloxy-
propyl)-2-cyanomethylenepiperidine [119], The cyclisation
reaction (experiment la) produced 1-azabicyclo[ 4.4.0 ]dec-5-
ene-5-carboni trile [69] in 26% yield, together with the
chloro intermediate [117] in 13% yield after column
chromatography. The yield of cyclised product was improved
(in experiment Lb) to 29% by the addition of sodium iodide.
Nucleophilic sUbstitution of CI- by r- afforded a species
bearing a better leaving group and cyclisation of this
intermediate improved the yield slightly. The st.ructures
of [69] and [117] were confirmed by 1H and 13C nmr data.

3.2 ~eduction of 1-azabicyclo[4.4.0]dec-5-ene-5-
carbonitrile

Trifluoroacetic anhydride was used in experiment 2 to
produce the intermediate 1-(3-trifluoroacetoxypropyl) -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 j 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 aemonstrated in
experiments 2 - 6 and 8 - 10 in Table 3, the role of
converting the terminal alcohol group to a better leaving
group was successfully undertaken by this reagent, which
was followed by an alkylative cyclisation.

o

Scheme 41 illustrates the type of process which the two
isomers7el-5R,6R-l-azabicyclo[4.4.0]decane-5-carbonitrile
[20]andrel-5R,6S-1-azabicyclo[ 4.4.0 ]decane-5··carbonitrile
[19], were expected to be formed.
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reducing agent
solvent

eNH ::('t~~N.._)
[20]

+

[69] (19]

Scheme 41

The stereoselective reduction of ·the carbon-carbon double
bond of [69] was of utmost importance since access to the
two target alkaloids, epilamprolobine and lamprolobine,
required that we be able to control the relat:ive
stereochemistry at C-5 and C-6. The two isomers [20] and
[19] are known compounds for which we have literature
precedents (Yamada et'al.:J..9). By preparing these isomers,
we reach a point at which we convezr;e 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.

o 3.2.1 Ca~alytic hYdrogenation

Table 5 summarises various 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.

Jeemr'Wi
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Table 5: catalytic hydrogenations of [691

Reducing agent Solvent outcome

[(C.sHs)3P]3RhCl, H2 1:1 C.sH6:EtOH [69] (1.00%)

NijAl; NaOH EtOH [69J (80%)

5% PdjC, H2 EtOH [69J (95%)
r--

Pto2, H2 EtOH [69] (100%)

Pto;z,H2 CH3CO;zH
[20] (82%),
[19] (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 functional groups I amongst
which are nitriles. Harmon et al.9s readily reduced
relatively unhindered disubstituted olefins like
cinnamonitrile [121] to dihydrocinnamonitrile [122] in 86%
yield (see Scheme 42).

(I
[121 ] [122]

H2, (CSH5)3P]3RhCI

C6H6• EtOH

~CN

V

Scheme 42

Our application of this method (at 500kPa and 60°C) to the
reduction of the tetrasubstituted carbon-carbon double bond
in [69J was not successful.. The vinyl nitrile system ('21J
is obviously susceptible to reduction, whereas our

'gau ezMM-JZaZAli=,·i&C,&l.L .._.~__
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electronically different vin}logous cyanamide system [69]
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.Sl6 An example of a reduction of
a carbon-carbon double bond conjugated to an electron-
withdrawing group is illustrated in Scheme 43.

80%

vGOOH Ni/ AI, NoOH, EtOH

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.

o
McIntosh et: e.l.:"? reported the hydrogenation :)f 4-
cyclopentene-l,3-dione in ethanol using a catalytic amount
of 5% palladium on charcoal at room temperature and
pressure. Unfortunately only a quantitative recovery of
starting material was found when we attempted to
hydrogenate [69J under similar conditions.

Michae120 used platinum dioxide (Adams catalyst) for the
hydrogenation of I-methyl-2-benzoylmethylenepyrrolidine
[123] in glacial acetic acid (Scheme 44).
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yJCSH5
Me

H2, Pt02, CH3COOH-----------------
[123] 90%

Scheme 44

The reduction is chemoselective, leaving the carbonyl group
of the vinylogous a~ide system unperturbed. This was also
a requirement for our compound, 1-azabicyclo[4.4.0]dec-5-
ene-5-carboni trile in which competing redL~tion of the
nitrile group was undesired. In the present work,
Michael's method of catalytic hydrogenation was employed
using different solvents. comparison 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
medium98 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. Vinylogous cyanamides are themselves resistant
to reduction, as sho~m by numerous examples in Table 5, 6
and 7 in sections 3.2.1, 3.2.2 and 3.2.3 I respectively.
Protonation on carbon, however, generates a salt [124]
which 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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as
[69]

dS+.
[124]

Scheme 45

By Gmploying glacial acetic acid as the solvent, rel-5R,6R-

l-azabicyclo[4.4.0]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 colillfui
chromatography. The overall yield of 88% was pleasing,
although,
[20J:[19]

a more stereosHlecti ve reduction than 14:1 of
would have been welcome. On repeating the

reaction, the reaction time was halved and a 65% yield of
[20] and 1% yield of [19J were obtained. The lower overall
yield was compensated by a higher stereoselectivity of 65:l
of [20] ! [19]. The forma.Jcionof [20] is kinetically
controlled/ a shorter reaction time favouring its
production with respect to [19]. A gas chromatogram of the
latter reaction mixture was taken prior to separation of
the two isomers by column chromatography to ascertain their
respective ratios. A 47.25:1 ratio of [20]:[19J was
obtained. It is possible that more of [19J was lost during
the purification procedure than [20).

o

{:

Methods of identification and ch<.racterisation of the two
isomers included observation of physical state and ~H and
~3C nmr, ir, microanalysis 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 ala r :1..9 since we are
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relying heavily on such comparisons to justify the
stereochemistry of our products. Rel-5R,6R-1-azabicyclo-
[4.4.0]decane-5-carbonitrile [201 was isolated as a white
solid with a melting point of 61°e. Yamada ei: al.
described this isomer as being crystalline and melting at
62 63°C. The other isomer, rel-5R,6S'-1-azabicyclo-
[4.4.0]decane-5-carbonitrile [19], was isolated as a pale
yellow liquid; Yamada et al. reported an oil.

Information drawn fron section 1.4 was used ,tosupport the
interpretation of :1.Hand :l..3enmr and ir data of the two
isomers. The appearance of low-field multiplets at 2.97 -
2.81ppm and 2.91 - 3.71ppm of [20] and [1~:~ "sspectively
is characteristic of the equatorial amf nomet.ajLene protons
of a trans-fused quinolizidine system. Yamada et al. found
that these equatorial C-2 and C-10 protons resonated at
2.95 - 2.65ppm 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

(I

hydrogen by means of C-H correlated spectl."3,and fundamental
chemical shift knowledge. The difference in ti~e:"rchemical
shifts was attributed to differences in atereochemistry
i.e. the C-5 methine hydrogen of [20] possesses ap-
equatorial orientation and is therefore deehielded whereas
the same hydrogen of [19] is in a shielded axial position.
The C-H correlated spectra 0f 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 ~"K ')tonsare bot.a axially orientat<:'::land
encourage the trans-fused bicyclic system. Equatorial
methine protons would have resonated at approximately
3.10ppm. Values of 56.3 and 55.9ppm for the e-.,~and C-10
methylene carbons of [20] and values of 56.2 and 55.5ppm
for the same methyle~e carbons of [19] were sufficiently
low-field and similar in magnitude to deduce a ans-fused
bicyclic bridge. The chemical shifts of the e- , ,Jridgehead

[19]. Both signals were assigned to the C-5 metLine

c
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carbons (62.0ppm for [20] and 63.4ppm for [19]) were as
expected from a trans-fu:sed conformation. An upfield shift
of about 6ppro.would have been indicative of a cis-fused
bicycle. No :l.:3Cnmr data.were available in the literature
and so no comparisons to1e:r-epossible. Complete eLucLdatid.on
of the :l.Hand :l.3Cnmr of both isomers was not achieved
owing to the nonequivalent nature of equatorial and axial
protons situated on the same cazbon , The differences in
chemical enviro:nment of the axial and equatorial pretions
afforded an unr-eso Lved upfield multiplet in both =a nmr
spectra. The C-H correlated spect.ra showed further signs
of ~ifferent resonating abilities of axial and equatorial
protons. DefInite assignments of the ring methylene
carbons I except; for C-2 and C-l0 r were not possible.

Bohlmann bands were preuent, as well-defined maxima
(indicating a trans conformation) in the 2950cm~:l.
2750cm~:l.region of the ir spectra of both isomers. An ir-
absorption band at 2230cm~:l.for [20J and 2225cm~:l.for [191
was due to the CaN stretch. These findings correlated well
with Yamada et al., who reported Bohlmann bands at 2900cm-:l.
- :600cm-:l.and a C=N stretch at 2250cm-:l.for both isomers.

Microanalysis of [20J confirmed the formula C:l.OH:l.6N2oThe
presence of a molecular ion ~~ak at m/z = 164.1303 in the
high resolution mass speGtrum of [20] also confirmed the
for~ula. 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:l.OH:l.6N2•
Comparison of our mass spectrum with that reported in the
literature showed the same mutual peaks as described for
[20].

(I

l.
'-..



91
3.2.2 Hydride reducing agents

Table 6 summarises our attempts to reduce 1-azabicyclo-
[4.4,0]dec-5-ene-5-carbonitrile [69] with various hydrides ..

Table 6: Hydride reductions of [69]

Reducing Agent Solvent Outcome

NaBH4 EtOH [69] (91%):l.

I NaBH4 EtOH [69),1:1 (20):[19)~
impurities2

LiAlH4 TRF [69) (93%) -l
NaBH:3CN, H-- EtOH [20] (43%) I [19J (54%) i

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 Kadin99
using sodium borohydri.de. An example is illustrated in
Scheme 46.

[125] 81% [126]

o
NoBH4• EtOH-
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 borohydride was added to 1-azabicyclo[4.4.0]dec-5-
ene-5-carboni trile [69] in ethanol at room temperature
while in the second reaction described in Table 6, a cooled
slurry of sodium borohydride 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 employment of sodium borohydride for
carbon-carbon double bond reduction in +his case was not
profitable.

Lithium 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.:l.OO in
the fac;ile and selective reduction of systems vlith
conjugated double bonds to their saturated analogues i.e.
[125] was converted to [126J in 72% yield.
In the present workr a reduction of 1-a~abicyclo[4.4.0]dec-
5-ene-5-carbonitrile [69] using sodium cyanoborohydride in
acidic ethanol at ambient temperature afforded an overall
97% yield 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]: [19]. Although this reduction method was
higher yielding' than the reduction using Adams catalyst
under acidic conditions; it was less stereoselective.
However, easy separation of [19] and [20] by C01UItln

chromatography meant; that both products could be obtained
cleanly and t.aken through the rest of the synthetic
sequence separately.

(1

ttm
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3.2.3 Transfer hydrogenation attempts

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

Table 7: Attempted transfer hydrogenations of [6jU,

Reducing agentjs Solvent ouccome

K2C03, 5% PdjC, [69], 6.4:1. [20J:[19J,
in THF impurities:!.NaH2P02 H:.;O

10% PdjC, CH3C02Na, [69], [2(1J , (19],
NaH2P02

CH3C02H impurltles2
--r~-~--__ 0,

[69], 9.2:1 [20]:[19],HCOONa, 10% PdjC EtOH, H2O li11pu.rities:!.
1---- - -_.

HCOOH HCOOH ~mpurities2~.-
l/' Key: 1 = according to TLC and gc anaLys i.s,

2 = according to TLC only

(

Boyer et al.:!.o:!.found sodium hypophosphite to be an
effective reagen·t for the transfer hydrogenation of certain
functional groups in the presence of an appropriate
catalyst. The reduction of cinnamonitrile [1.21] to
dihydrocinnamonitrile [122] in 87% yield is an example of
this method I s potential to accomplish the hydrogen transfer
reduction of an a,B-unsaturated nitrile to its saturated
analogue under mild and inexpensive conditions. It
therefore, seemed a convenient alternative to conventional
hydrogenation methods. The first two entries in Table 7
show the ovtcome of the application of this method to our
compound, [69]. The res~lts were not satisfactory as a
large percentage of starting material was recovered.



94
A similar, but equally unsuccessful hydrogen transfer
method using the method of Wierleret ale :LO;;owas carried out
using an a.lkalimetal formate salt (sodium formate) as the
hydrogen donor and palladium on carbon as the catalyst
(third entry in Table 7).

Madsen et" el :a.o e reported a highly stereoselecti ve
reduction method of enamines by heating in formic acid. In
our present work, after e, 20 hour reaction period, thin
layer ohromacoqz-aphy shewed the meagre presence of [20 J and
[19] and the abundance of urrreact.edstarting material.
After 5 days of continued heating, only two polar
compounds" possibly Lup.Lnami.ne [11] and epilupinamine
[112], wE~rerevealed by thin layer orrromatx-qr aphy , 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 th~roducts

The conversion of rel-5R,6R-1-azabicyclo[4.4.0]decane-5-
carbonitrile [20 J to rel-5R, 6S-1-azabicyclo[ 4.4.0 ]decane-5-
carbonitrile [19J was desired since a 65:1 stereo-
selectivity had been achieved in a catalytic hydrogenation
(using platinum dioxide under acidic conditions) of 1-
azabicyclo[ 4.4.0 ]dec-5-ene-5-carboni trile [69] (Section
3.2.1)0 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 quantity of
the other isomer [19], the precursor for the lamprolobine
[3J target, was needed. This was supplied by the
epimerisation of [20] to [19].

o

Yamada et al.:L9 partially epimerised [20] to [19] by
heating rel-5R,6R-1-azabicyclo[4. 4.o Jdecane-5-carbonitr ile
[20] with a catieLy'tLc amount, of sodium hydride in benzene.
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A 1.:4.5ratio of [20J:[1.9]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]: [1.9]I as
determined by gc analysis, prior to separation of the two
isomers by column chromatography. Purification yielded 29%
of [20] and 55% of [19] i.e. a ratio of 1:1.9,
respectively.

The epimerisation of a very similar compound to ours, [8]
(see Scheme 1, section 1.2), was achieved by Celerier et
al.3s by the application of heat (200°C).
In this project, rel-5R, 6R-1-azabicyclo[4. 4.o Jdecane-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
1-azabicyclo[4.4.0]dec-5-ene-5-carbonitrile [69]. No [19J
was obtained.

3.3 Synthesis of lupinamine and~ilupinamine

Both lupinamine [11] and epd.Lup Lnamf.ne [112] are known

matrine,~~2 while

has been -utilised as a
of the Lupine alkaloid
lupinamine~2,~a,~9 and

o epilupinamine~7-~9 have acted as precursors to
epilamprolobine and lamprolobine. Epilupinamine has been
formed, together with glutaric acid, on acid hydrolysis of
lamprolobine.2

(1

Yamada et e.l.,~9 achieved the nitrile reduct.ion of rel-
5R,6R-l-azabicyclo[4.4.0]decane-5-carbonitrile [20] and
rel-5R,6S-1-azabicyclo[4.4.0]decane-5-carbonitrile [19] to
form lupinamine [11] and epilupinamine [112J, respectively,

=
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with lithium aluminu.m hydride. Only the yield for
epilupinamine [1.12]was quoted, which was 99%. However, we
were interested in improving the process by using other
methods, especially since we found (see later) that lithium
aluminum hydride did not give a clean reaction. It was our
intention also to supply spectroscopic data for lupinamine
and epilupinarnine 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.34 (Scheme
47) •

---:=-:-:---EtOH

Ni-AI, NoOH

92%
Scheme 47

o similarUnder reaction conditions, lupinamine and
epilupinamine were obtained in excellent yields of 99% and
84% from [20} and [19] respectively. Both amine products
were characterised by ~H and ~3C nmr and ir spectroscopy.

The ~H nmr spectrum of lupinamine showed a multiplet at
3.01 - 2.62ppm integrating to four protons i.e. C-2 and
C-I0 equatorial protons and the amino:zrtethyleneprotons
belonging to the side chain at C-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 .l.3C nmr
spectrum of lupinamine possessed no nitrile carbon peak at
120.5ppm, but instead a signal at 39.4ppm appeared due to
the carbon C! to the amine group. The ten required carbon
signals of the product were upfield from 65ppm.

The .l.H nmr spectrum of epilupinamine also contained no C-5

methine proton peak (at 2.48 - 2.28ppm) indicative of the
starting material [19J. A multiplet at 3.01 - 2.44ppm was
present due to the C-2 and C-I0 equatorial protons and the
aminomethylene protons of the side chain. The .l.:3C nmr
spectrum, which included the signal of the carbon C! to the
amine group at 43.6ppm, fulfilled our expectations.

I )L---

A study of the chemical shift aasi.qnmentrs"? for
quinolizidine itself and for the alkaloids lupinine and
eF,U.upinir gether with DEPT spectra and C-H correlated
spectra was .L~,(perativeto the elucidation of the .l.: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.

,
II

o

o



o

98

62·9
65·0

65.0 ~OH
29·5 H) :38.5

24.6~30.8

25.5 ~~~ 22·7
5&9 56-9

6404-

OH

2 ·8
24·6 29·5

25.5 24·9
57·0 56·6

co24·4

25-6
56·4

quino!izidine
luplnlne epilupinine

lupinomine epilupinamine

Figure 11

,
It

The aminomethine, C-6, was expected to be downfield of the
other methine , C-5, in both of the amine products. The
three aminomethylenes (C-2, C-IO and C-11) were distinct
from the other ring methylenes. The aminOl11ethyleneof 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 C-10 of
epilupinamine were made by comparison with epilupinine.
The :L3C nmr spectrum of lupinamine 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 epilamprolobine (see later in Section 3.5), C-2 and C-IO
were distinguished from one another (with the aid of
literature data12), with C-IO possessing the higher
chemical shift. On grounds of chemical shift and intensity
of signals I C-2 and C-IO assignments of lupinamine were
made. The chemical shifts of C···8 and C-9 of LupLnami.neand
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 amillomethyl
group in lupinamine exerts the y 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.

epilupinamine

lupinomine

Figure 12

The ir spectrum :,)flupinamine confirmed the trans-fused

conformation of the quinolizidine skeleton by the presence
of Bohlmann bands (well-defined maxima) in the 2930cm-1 -

2760cm-1 region. A broad band at 3520cm-1 - 3170cm-1
indicated the NH2 stretch of the amine and evidence of a
NH2 deformation was given by absorption bands at 1595cm-1
and 725cm-1• Similarly, the ir-absorption bands of
epilupinamine included the Bohlmann bands (2930cm-:.L-
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2760cm-~), the NH:astretch (1600cm-~, 1580cm-~) and the NH:a
deformation (770cm-~) ~ A nominal mass spectrum of botih
lupinamine and epilupinamine showed no molecular ion peak,
but instead a peak due to ~ - NH3 appeared. Therefore it
was not feasible to obtain high resolution mass spectra of
the two amine products.

3.3.2 Reduction with hydride rea.gents

Table 8 suIfunarisessucce~sful 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: Attempted hydride reductions of [20]

Reducing agent Solvent outcome

LiAIH4 Et:aO [11], impurities'"

LiAIH4, AIC13 THF, Et20 [20], [11], impurities *

NaBH41 CoC12 ..6H2O THF, H2O [20], (93%)

Key: = ...by 'rLC

o

Lithium aLuai.numhydride, a pre-eminent reducing a.gent of
modern organic chemistry I seemed an appropriate choice I

especially in the light of Yamada et al.'s~9achievement of
nitrile reduction of rel-5R,6R- and rel-5R,6S-1-
azabicyclo[4.4.0]decane-5-carbonitrile. Also, cimino at
al.~~3reported a selective reduction of an a,B-unsaturated
nitrile system (Scheme 48).

()
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~CN

Meo)l~
70%

Scheme 48

In the present work, rel- 5R, 6R-1-azabicyclo [4.4.0 J diecane-5-
carbonitrile [20] in ether was added to a auspens i.on of
lithium aluminum hydride. This reduction prc:::edurelooked
promising but was discontinued due to the excellent results
obtained in section 3.3.1.

It is known tha'c thE reducing properties of Iithium
aluminum hydride can be modified by the addition of the
Lewis acid, alur.inkm chloride. Nystrom~14 r~ported on the
improvements of the latter idic reagent, with respect to
lithiul'laluminum hydride, on the conversion of nitriles to
amines. This is illustrated in Scheme 49.

LiAlH 4 (46'70 yield)

UAlh4-AICI,3 (91% yield)

Scheme 49

(,
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Tn this project, rel-5R,6R-1-azabicyclo[4.4.0]decane-5-
carboni·tri}'1 in tetrahydrofuran was added to a suspension
of lith tluminum hydride and aluminum chloride in ether
to affoLU starting material, impurities ana possibly the
lupinamine product. Too little materi~l was obtained to
warrant further purification and separation.

The use of transition metal catalysts ox: coreagents has
added new dimensions to the versatility of sodium
borohydride reductions. Osby et al.115 have successfully
used this transition-metal-assisted hydride reduction
method in the transformation of benzonitrile to its
corresponding primary amine in an alcoholic solvent :;,f.. room
temperature in 91% yield.
Adaptation of this method to our purposes proved fruitless
as the results in Table e indicate.

3.4 Synthesis of N-acetyllupinamine and N-acetyl-
epilupinamine

The F _~aration of these two derivatives,
lupinamine [113] and N-acetylepilupinamine

N-acetyl-
[114] was

necessary to establish the stereochemic~l configuration116
of lupinamine [11] and epilupinamine [112], respectively.
Both derivative.::.are known , and in a paper by Wanner et
al.1J..7. the most recent account of some physical properties
and spectroscopic data is given~ Both proton and carbon
assignments 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 stereochemistry of lupinamine and epilupinamine while
at the same time we could supply the missing data for N-
acetylel:iilupinamine.

102



o

103
~var.nerei: ale :L:L7obtained N-acetyllupinamine as colourless
needles (m.p. 144 146°C) in 52% yield by heating
lupinamine in acetic anhydride. Following the same
procedure, we obtained N-acetyllupinamine [113] as a white
solid (m.p. 122.5 125°C) in 60% yield and N,N-
bis(acetyl)lupinamine [127] in 39% yield after column
chromatography.

[1271

I

I '',

L)
f
>

A direct comparison of our spectroscopic data with those
reported by Wanner et a.l. is made below. In the
representation of :LHnmr and ir data, the literature value!=;
will be given at the appropriate places in parentheses.

(1

In the :LHnmr spectrum of N-acetyllupinamine, the NH peak
appeared as a broad singlet at 7.87 - 7.60ppm (7.4.7ppm) "
The multiplet at 3.10 - 2.62ppm of the lupinamine start.ing
material, due to C-2 and C-10 equatorial protons and C-11
aminomethylene protons, separated out into two multiplets,
at 3.60 - 3.24ppm (3.44ppm) due to C-11 protons and at 3.00
- 2.77ppm (2.84ppm) due to C-2 and C-10 equatorial 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 -
1.06ppm (2.2 - 1.lppm).

The :L3Cnmr spectrum provided the correct number of carbon
signals. The carbonyl carbon peak at 169.8ppm and the
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methyl peak at 22. 9ppm confirmed the presence of N-
acetyllupinamine. No assignments of the ring carbon
signals (except for C-2 and C-IO) were provi.ded in the
literature In this project, 0 values were assigned to C-
3 r C-8 and C-9 of N-acetyllupinamine 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-4 was downfield from C-7,
while in epilamprolobine the opposite was true. A definite
assignment of C-4 and C-7 in N-acetyllupinamine was
possible when we observed the noticeably decreased
intensity of the C-7 signal (vlith respect to all other
signals) in both epilamprolobine and N-acetyllupinamine.
The presence of a trans-fused quinolizidine moiety was
apparent from the closeness of the two aminomethylene
carbons at the C~2 and C-10 positions.
'l'able 9 compares carbon chemical shifts given by Wanner et
el., with our own1 together with our assignments (which
refer to [113] in Figure 13).
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Table 9: comparison of 0 values for [1.131with literatur~

values

Literature Our 0 Our assignments
0 valut:;!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-j

23.24 22.90 C-k

21.78 21.21 C-l--

[113 ]

Figure 13
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The ir spectrum of N-acetyllupinamine showed characteristic
bands of an amide at 3452c:m-:L(3460C:m-:L)due to a N-H
stretch, at 1659cm-:L (1650cm-:L)due to an amide c=o stretch
and at 1526cm-:L (1520cm-:L) due to a N-H deformation and a
symmetrical N-C=O stretch. The Bohlmann bands at 2944,
2864, 2812 and 2770cm-:L (2800, 2760cm-:L) attract attention
to the trans-fused quinolizidine conformation.

A high resolution mass spectrum showed a molecular ion peak
at m/z = 210.1733, confirming the formula C:L2H22N20.

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.

o

N,N-Bis(acetyl)lupinamine [127] was a Low-me.l.t.Lnq(mvp , 39
- 41°C) brown solid. The:LH nmr spectrum showed a singlet
at. 2.41ppm, which integrated to 6 protons. It was clear
that two methyl groups were present. A compound consistent
with this finding was indeed the doubly acetylated product.
The downfield shift of the C-2 and C-10 equatorial protons
to 3.00 - 2.76ppm indicated a trans-fused bicyclic system.
The two C-11 aminomethylene protons produced two sets of
doublet of doublets at 4.14ppm and 3.73ppm. The doublet of
doublets at 4.14ppm (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
ca~bonyl peaks and the two methyl penks i.nthe former are
each in the same chemical environment and are 'thus
equivalent. There were marginal differences in chemical
shifts between the two products and therefore no
distinction could be made between the two by virtue of
their ~3C nmr spectra.

The ir spectrum of [127] did not show absorption bapr1.sdue
to a N-H stretch or a N·H deformation I indicati ve <;1 the
desi.red product [113]. An imide c=o stretch appeared at
1700cm-:L and Bohlmann bands at 2970, 2885, 2835 and
2790cm-~ were present too.

Confirmation of the formula (;:J.4H24N202 was pro'!',.ldedby ·the
high resolution mass spectrum of [127.Jr 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 el , isolated N·-acetyl-
epilupinamine as an oil in 53% yield. A direct comparison
of our ~H nmr and ir data with those reported by Wanner et
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al. is made below. These literature values will be given
at the appropriate places in parentheses.

[i28]

The NHproton of N-acetylepilupinamine produced a triplet
at 7. 24ppm (5. 56ppm). The C-l1 aminomethylene protons
appeared as two multiplets at 3.50 - 3.23ppm and 3.21 -
3.00ppm, in contrast to the findinc;s :::>fWann~r ei: al.,
where better resolution showed two sets of doublet of
doublets of doublets at 3.33 and 3. 13ppmI respectively.
The C-2 and C-I0 equatorial protons produced a triplet at
2.83ppm (a multiplet at 2.79ppm), their position being
characteristic of a t:raIls-fused quinolizidine skeleton.
The methyl singlet appeared at 1.99ppm (1. 97ppm). r.rhe
remaining 14 protons produced a series of multiplets at
2.26 .. O.95ppm (2.2 - 1.Oppm).

, (J

'l'he amide carbonyl carbon and. methyl carbon signals at
170.3ppm and 22.4ppm, respectively, appeared as expected in
the :l.3Cnmr spectrum of N-acetylepilupinamine. Assignments
for the ring carbons, C-3, C-4, C-7, C-8 and C-9 were made
by drawing comparisons with those values of their
equivalent sites in epilupinamine. The closeness in yalue
of the C-2 and C-I0 signals again confirmed the
conformation of the compound. The DEPT spectrum
distinguished the C-5 and C-ll signals. Figure 15 shows
the carbon assignments of N-acetylepilupinamine.

"~
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[114 ]

Fiqure 15

Trieir spectrum reveall'"l the appropriate absorption bands:
a N-H stretch at 3460c._· (3450cm-~), an amide c=o stretch
at 1660cm-~ (1660cm-~) i a symmetrical N-C=O stretch at
1510cm-~ (1510cm-~) and Bohlmann bands at 2945, 2870, 2817,
2775cm-~ (2800, 2760cm-~).

Confirmation of the formula C~2H22N20 was provided by the
high rasolution mass' 'crum of [114], which showed a
molecular ion peak at ~, ."210.1728.

Our spectroscopic data compared very favourably with those
reported in the literature,~~7 thereby confirming the
stereochemistry at C-5 and C-6 of N-acetylepilupinamine and
epilupinamine. We have also filled a gap in the literature
by recording the ~.3Cnmr spectirumof N-acetylepilupinamine.

i

f N,N-Bistacetyl)epilupinamine [128] was obtained as a yellow
liquid. Its ~H nmr spectrum exhibited very similar
features as that for [127]. The two sets of doublet of
doublets were closer together in terms of S values (3.82ppm
and 3.63ppm) than the corresponding values in the ~H nmr
spectrum of [127].

The ~.3Cnmr spectrum of [128] indicated the presence of the
imide carbonyl carbon (at 173.4ppm) and methyl carbon (at
26.2ppm) s.'(J119.1s. Tl~Bre wen: marginal differences in



chemical shifts between [114] and [128], except for the C-
11 signal in [128] which was more deshielded than the C-l1
signal in [114] (45.9ppm versus 40.9ppm).

110

The ir-absorption bands of [128J included an imide c=o
stretch at 1698cm-.:L.and Bohlmann bands at 2944, 2864, 2812
and 2768cm-.:L.,but excluded the N-H stretch and N-H
defor.mation of the desired product [114].

A high resolution mass spectrum showed a molecular ion peak
at m/z = 252.1841, corresponding to C.:L.4H24N202'

3.5 synthesis of epilamprolobine and lamprolobine

The conversion of lupinamine [11] and epilupinamine [112]
to the target alkaloids epilamprolobine [2. J and
lamprolobine [3 ], respectively have been reported
before.:L.2,.:L.B,.:L.9and so they are actually unnecessary, since
we :have completed formal syntheses of both targets.
However, in order to compare reported data and supply
missing data for the compounds and also for personal
satisfaction, we decided to carry the amines through to the
alkaloids.

l «"'l
I

Scheme 50 illustrates the synthetic' pathway by which the
glutarimido unit is added to both amine precursors to
produce the t.arget alkaloids.

··kv

, (
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[11]. [112]
[2]. [3]

Scheme 50

I
I +

L__)
l

Yamadaet al.~9 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
epilamprolobine [2] as a solid (mi p , 68 - 68.5°C) in 46%
yield (from rel-5R,6R-1-azabicyclo[4.4.0Jdecane-5-
carboni trile [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.

i

f
I

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

(1

The ~Hnmr spectrum showed a doublet of doublets (J 10.9Hz
and 13.0Hz) at 4.28ppm due to Ha and anothe.r doublet of
doublets (J 3. 5Hz and 13. OHz) at 3. 77ppm due to Hb, in

..'0 Figure 16. On the basis of these chemi.oeL shifts and
coupling constants, t>1ededuced the conformation shown in
Figure 16. As discussed before for [127J (in section 3.4),
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the Ha proton was believed to be in a ~rans relationship
with the C-5 proton and was close to the ring nitrogen lone
pair. Consequently Ha was deshielded with respect to Hb.

[2]

Figure 16

I .

~J
l
i

I

I
!

t

l

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
mo i.etiy in the alkaloid, epilamprolobine, was suggested by
three signals at 172.8, 33.1 and 17.2ppm corresponding to
two equivalent 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 trans-fused bridge. Assignments
of peaxs in the ~H and ~:3c 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 275ucm-~. The c=o
stretch of the imide group was represented by a medium
absorption at 1'712cm-~ and a strong abscrption at 1660cnC~.
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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, yellow oil in 61% yield after column
chromatography (from epilupinamine [112])" N-
Acetyl€pilupinamine [114] was also isolated as a side
product in 7% yield. Yamada er al.19 reported a 42% yield
(from ~19]) of lamprolobine and characterised it by means
of ~H nmr, ir and mass spectroscopy. For purposes of
comparisonr these literature values will be given at the
appropri0te places in parentheses. No literature 13C nmr
assigrnnsn'tswere available.

l 1U

The multiplet at 3.94 _.3.60ppm (3.80 - 3.65ppm) in the 1H

nmr spectrum of lamprolobine was positively ascribed to the
C-11 aminomethylene protons resonating. This assignment
was aided by the C-H u,,-' .~·j,:elatedspectrum and indirectly by
the DEPT spectrum. The trans-fused quinolizidine system's
C-2 and C-l0 equatorial protons appeared as a multiplet at
3.25 2.92ppm. The tl:-ipletdue to the ttvO sets of
equivalent methylene prot.ons of the glutarirnide moiety
appea.redat 2.70ppm.

(J

As for epilamprolobine, signals were present in the :l.3C nmr
spectrum of lamprolobine which suggested 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-14 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 IN-bis(acetyl)epilupinamine [128].
Figure 17 shows the carbon assignments of lamprolobine.
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16·.3

32, 'U32'1
172·2 112·2
o N::::-"'()

40·0
38·0

22·5 65.7 27·5

23.3 .N 22·7

55·5 54-9

[3]

Figure 17

...
The relevant ir-absorp~cion bands of lamprolobine included
bands at 1727cm-:L.(1730c.1C") and 1676cm-:J.(1680cm-:L.)due to
the c=o stretch of 'l:~lE? imide -:-'t:rou... and the usual Bohlmann
bands at 2946, 2866, 28.i2 and 2768cm-:L.(2900 - 2600cn:,-:L.).

o

'rhe presence of a molecular. ion peak at mjz == 264.1875 in
the high resolution mass spectrum confirmed the formula
C:L.SH24N202,''l'he following mutual peaks (in mjz values)
V.'erefound in our mass spectrum and that reported by Hart
e~ 31~:L.~ with th~~~elative intensities given as percentages
in parenthese$. (Our relative Lnce.ns Lties are quoted
first.) 264 (M-+-, 21, SO), 222 (9, 17), 152 (60,60),150
(19,22),138 (100, 100),136 (21, 20), 124 (17,17),111
(41, 37), 110 (50, 45), 98 (28, 24), 97 (53, 44), 96 (27,
22),84 (19! 13), 8~ (80, 54), 32 (20, 14), 56 (14, l"", 55
(45, 35), 42 (18, 15) and 41 (33, 22).

l i'o~

I

(;

The ul timate aim of
epilamprolobine and
fruition.

synthesising
lamprolobine

the Lupine alkaloids
thus brought towas
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CHAPTER ~

CONCLUSION

o

The Lupine alke.loids epilanprolobine [2] and lalnprolobine
[3] were synthesised in a novel eight-step synthesis from
2-piperidinone [72] in impressive overall yields of 17%and
11% respecti vely. In addi tion two quinolizidine
deri vati ves f N-acetyllupinamine [2.13] and N-acetyl-
epilupi:namine [114], were also prepared in overall yields
of 19%and 13%respecrively. The vinylogous cyanamide, 1-
(3-hydroxypropyl)-2-cyanomethylenepiperidine [68], proved
its worth as a sui table precursor in gaining acceas t

quinolizidine alk~loid systems by virtue of its potential
to act as an ambident nucleophiJ.e. The successful route to
this pivot.al vinylogous cyanamide precursor LnvcLved a
four-step reaction aeque-ice • Thiation of the seoondaxy
lactam, 2-·piperidinone [72) was followed by a Michael
reaction in which conjugate addition ~f a three-carbon unit
bearing a terminal ethoxy ester gro:J.pproduced t;he tertiary
thiolactam, 1- (2-ethoxyca~iJonylethyl )piperidine-2-thione
[83]. Sulphide contraction of the salt made from [83J and
bromoacetonitrile provided the exocyclic vinylogous
cyanamide! 1- (2-ethoxycarbonylethyl) -2-cyanomethylene-
piperidine [85 ] • Che:moselective reduction of the ester
functionali ty to a primary alcohol removed the carbonyl
moiety in preparation for the intramolecular a-alkylative
ring closure of [68] via the tosylate (116]. This
cycloalkylation is only the second of its l~lnd achieved by
our group.:<!s O'l.:hermethods of preparing [68] using 5-

bromopentanoic acid [80], 1-allyl-2-piperidinone [73] and
thiolactams [84] and [105] as starting \~aterial8 wer~
unsuccessful.

..
I

We envisage extending this work by collecting further
examples of cycloalkylat ..ion in the fut';'lre. Figure 18 shows
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possible indolizidine and quinolizidine alkaloid targets4
in which the second ring might be formed. by
cycloalkylation. It would be necessary to find even shorter
routes to the hydroxypropyl compound I 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 perchloratts,
tresylates (2,2,2-trifluoro-ethanesulphonates) or
triflates.:L20

Me~b
Me

alkaloid isoloted from
dendrobates speciosus

dendroprimine rnonomorine I

deoxynuphoridine cadiamine

Figure 18

The success of this project should encourage further
syntheses of alkaloids using vinylogous cyanamide

.-._-----_ .._._----------_._-._--- .
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precursors. A challenging prospect is the utilisation of
1-(3-hydroxypropyl)-2-cyanomethylenepiperidine [68], or
very similar compounds,
[137],2,~12,121 a Lupine
pharmacological potierrt LaI

in the synthesis of ruatrine
alkaloid believed to possess
l!'~ 'Ul antiulcer agent. The

proposed synthetic route .is sh()wl'"in Scheme 51.

NCJ) eN eN x

- - Co 00
HO~

[68]
[(,9] [131]

~

H2~
.c,

C~ CO
[132] [133)

[134-] ..'!I

[136J [137]

x = potentiol leoving group

Scheme 51

Activation of the alcohol group of 1-(3-hydroxypropyl)-2-
cyanomethylenepiperidine [68J to enhance its leaving group
ability will enable an intramolecular alkylative
cyclisation l-azabicyclo[4.4. °Jdec-5-ene-5-to afford
carbonitrile [69]. This cndocyclic vinylogous cyanamide
system displays reacti vity at the y-carbon, which is

I,
~

J-'~""'-"""',"!~~~,..-·'>;:~;I"'d·~,,*, .;,. ¥: .. SII(....".~-~~_?',.,..... ,_ t_ C,' "'J'I:'Y~~~)~ ..",". •• _ ••~.J
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nucleophilic. However, one could also take advantage of
its allylic nature to intx-oduce functionality by free-
radical substitution, for example bromination with N-bromo-
succinimide or allylic oxidation with a range of oxidants.
Subsequent stereoselecti ve carbon-carbon double bond
reduction of the resulting compound [131] is expected to
lead to an inteJ:mediate (132] possessing three adjacent
ste~eogenic centres. stereocontrol at C-5 and C-6 is

"\

Lnpor-cant;in order to establish, at an early stage, the
correct stereochemistry needed in the final matrine
molecule. The st.ez'eochemi.s'trryof X is less signif Lcarrc
owing to the fact that the later Wittig rer.lctionwill
produce an sp.2centre here. The synthetic steps frou [132]
to [134] will be analogous ~lith those in our synt.neaee of
epilamprolobine [2] and lamprolobine [3], the only
difference being that here we will have additional
functionali ty at C-7. A funct5.onality that survives the
intermediate steps will therefore need to be chosen. The
formation of the phosphorus ylide [135] will be needed for
the subsequent intramolecular Wittig reaction to produce
[136], an alkaloid called leontalbinine. The final step
involves a second stereoselecti ve carbon-carbon double bond
reduction. Even in the event of producing the incorrect
stereochemistry for mat.rLne , we 'Nill inevitably produce
diastereomers that in fact are known alkaloids. Examples2
of these are given in Figure 19.
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sophoridine

isomatrine

Figure 19
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dorvasomine

Besides the fact that alkaloids present challenging and
exciting synthetic targets, their preparation is often of
great use in the medical field, in which they show great
pharmacological activity.

)'. ",,":__....,...;;;...& ......._; ..........t • .~_....,_ ~ __~_~~. _
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CHAPTER 5

EXPERIMENTAL

5.1 General

,,
5.1•J. So1vent.s, reagents and general 1£!l'"oced?'J:res

[

r

All solvents and most reagents (liquids) were purified
before use. All ethers (diethyl ether T THF 1 glym.er
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 aqueous solutions were extracted 1idth an organic
solvent, the organic phase after separation was dried over
anhydrous maqriesLum 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 Eg.

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

For reactions involving moisture-sensi tive reagents, all
qLaasware was dried in an oven at 120°C.

-
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5.1.2 Purification of ~ompounds

Products were purified using either distillation or column
chromatography. Merck Kieselgel 60 (particle size 0.063 -
0.200nnn) was used as the absorbent for conventional
preparative colunu, chromatography while Merck Kieselgel 60
(particle size 0.040 - 0.063mm) was used for preparative
flash chromatography. On rare occasions, neutral alumina
(Hopkin and Williams Ltd. I about 100 - 240 mesh, "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 separa.tion, as well as that of the
reactions, was monitored using thin layer chromatography
(Merck DC-Fertigplatten Kieselgel F-254).

5.1.3 Characterisation of compounds

Most compounds were characterised using ~H nmr, ~3C nmr and
infrared spectroscopy. In addition, most liquid compounds
were characterised by high resolution mass spectrometry and
most solid compounds by microanalysis. Isomeric ratios
were ascertained by gas chromatographic (gc) techniques.

~H and ~3C nmr spectra were recorded on a Bruker AC-200
spectrometer in deuteriochloroform at 200.13 and 50.32MHz,
respectively. A few ~H nmr spectra were recorded on a
Varian EM-360A spectrometer (60MHz). The peaks in the nmr
spectra were assigned with the aid of correlation tables
and an additivity rule formula (~3C only).9~ The chemical
shifts are reported on a 0' scale (ppm) relative 'co
tetramethylsilane (TMS).
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Infrared spectra of compoundswere recorded on a PYEUNICAJf
9512 infrared spec'i:rophotometer and on a Jasco FT I IR-5000
infrared spectrophotometer as 10%solutions in chloroform
using a cell with a path Leriqtih of O.lmm and sodium
chloride windows. In some cases, infrared spectra were
recorded of neat compoundsbetween sodium chloride plates.

ll.ccurat mass measurements (HRMS)of the molecular Lon were
obtained using a Varian MAT212 (CSIR, Pretoria) or a VG
7070E (Potchefstroom University) mass spectrometer.
Microanalyses were obtain8d from Energy Technology, CSIR.

Gas chromatograms were recorded on a var Lan 3300 gas
chromatograph fitted with a bonded-phase fused silica
column supplied by S.G.E. Australia. Column details:
length 25m, internal ..tiameter O.22mmy external diameter
0.33mm, stationary phase BP10, coating of thickness 0.25
microns, temperature tolerance 270°C.
p~rity) was used as carrier gas.

Nitrogen (high

5.2 Experimental work relating to Chapter 2

Synthesis of piperidine-2-thione [67.1

o

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

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 10-2mol). The mixture was stirred
vigorously at room temperature for 20min. The resulting
slightly opaque yellow solution was treated (dropwise
addition) with a solution of 2-piperidinone [72] (2.108g,
2.126 X 10-2mol) in dry THF(20ml). The resulting solution
was sti:t"red overnight at room temperature.

I

I
I

CLL.l!!P.!ill! ;:Li4ii1I ../._.~j
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An aqueous sodium phosphate solution (10%, 96ml) was added,
followed sequentially by ethyl acetate (69ml) and hexane
(69ml). After separation, the aqueous phase was extra0ted
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: ethyl acetate, afforded piperidine-2-thione
[67] (2.163g, 88%) as a white solid, m.p. 94 - 9SoC. [KF

(2:1 C6H14:CH3COCH3) 0.241

5e
4d(')3c

2b~N~S

A

[67]

Oe (50.32MHz) 201.7 (C-a), 44.3 (C-b), 38.8 (C-c), 20.4 (C-
d), 19.8 (C-e), last two assignments are tenuous;

OR (200MHz) 9.90 - 9.40 (lH, br s, H-1), 3.50 - 3.20 (2HF

mt H-2), 2.89 (2H, t[ J 6.0Hz, B-3), 2.03 - 1.56 (4H, m, H-
4 and H-5);

Umax_ (CHC13) 3360, 294U, 2850, 1570, 1537, 1510, 1450,
1417, 1350, 1317, 11.10, 1025, 95Dcm-1.

(,

1-·':2-Ethoxycarbonylethyl )piperidine-2-thione was prepared
using the procedure reported by Or1ek,2:1.which was slightly
modified during the workup and purification stage.
A solution of piperidine-2-thione [67] (14.919g, 1.295 X
lO-:1.mol)in dry THF (625m1) was treated with a catalytic

o
Synthes is of 1-(2-ethoxycarbonylethyl )piperidine- 2-thione
il.ll
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amount nf sodium hydride (50% suspension in oil, 358mg,
7. 47mm( followed by dropwise addition of ethyl acrylate
(~3.15ml, 21.4g, 2.14 X 10-1mol). The resulting reaction
mixture was stirred at 50 - 54°C for 44.5h.
After evaporation of the solvent, the yellow-orange oil was
dissolved in dichloromethane (300ml) and washed with water
and saturated sodium chloride solution [(100ml + 15ml,
respectively) X 3J. The combined aqueous washings were
extracted with dichloromethane (50ml). The combined
organic extracts were dried, fil tered and evaporated in
vacuo. Two purification techniques were used. vacunn
distillation of half the material afforded 1-(2-
ethoxycarbonylethyl) piperidine-2-thione [83] as a yellow
liquid, b.p. 160 - 10""C / 21mmHg. Columnchro::matography
of the remaining material, eluent: 4: 1 hexane: et ...lyl
acetate, afforded more product (27. 738g in total, 99%
overall) • [RE' (2: 1 Co:sH:l..4 :CH:3COCH:3)0.61]

[83]

, . 7i
6h~4f

3dl.....~NUS
2c

1e b O~8j
59

OR (200MHz)4.19 (2H, t, J 7.0Hz, H-1L 4.15 (2H, q, 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, m, H-7), 1.27 (3H, t, J 7.1Hz, H-
8);

--'G
00 (50.32£z) 199.8 (C-a) , 171.6 (C-b), 60.6 (C-c), 51.8 (C-
d), 50.7 (C-e), 41.6 (C-f), 30.6 (C-g), 22.8 (C-h) , 20.2
(C-i), 14.0 (C-j)j
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u:m.....x_ (CHCl:;3)3000, 2975, 2885, 1730, 1515, 1450, 1415,
1375, 1350, 1330, 1290, 1260, 1185, 1160, 1095, 1050, 1030,
955, 858Cm-J..i

,

m/z 215 (M~, 57%), 186 (~-29T 95%), 170 (M~-45t 19%), 142
(W-73, 57%), 128 (W-87, 15%), 114 (M~-101, 17%), 91
(100%),82 (68%), 55 ~61%), 44 (74%), 41 (34%), 28 (100%),
27 (38%)i

HRMS (Found: w- 215.0980.
215.0980).

C;J-".HJ..7N02S requires W,

I
f
I

SynthesisOfl-(2-t-b~toxycarbonylethyl)piperidine-2-thinne
f84]

I
I

~

o

A solution of piperidin(.-2-thione [67] (1.189g, 1.032 X
10-2mol) in dry THF (15ml) was ti:"eatedwith a catalytic
amount of sodium hydride (60% suspension in oil, 25mg f

0.529mmol), followed by dropwise addition of "t-butyl
acrylate (l.BOml, 1.57g, 1.23 X 10-2mol). The resulting
reaction mixture ·;."..~S stirred at room temperature for 4.5h,
then at 30°C for 16.5h and finally at 55°C for 2.5h.
The solvent was removed in vacuo. The remaining red-brown
suspension was dissolved in diethyl ether (70ml) and washed
with water and saturated sodium chloride solution [(25ml +
10ml, respectively) X 4]. The ethereal extract was dried,
filtered and evaporated in vacuo to afford 1-(2-t-
butoxycarbonylethyl)piperidine-2-thione [84] (1_563g, 62%)
after column chroma tography , eluent: 19 ::1. hexane: ethyl
acetate. [RF (2:1 C6HJ..4:CH:;3COCH:;3)0.66] The white solid
was recrystallised, m.p. 56 - 56.50C (from hexane).
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6j

sr()3f
2dl...N~S

I 0
tei II

~Oc: 711
49 ~ I '7h

7h

[84]

OH (200MHz) 4.16 (2H, t, J 7.0Hz, H-1), 3.53 (2H, t, J

6.1Hz, H--Z) r 2.97 (2H, t, J 6.5Hzr H-3), 2.76 (2H, t, J

7.0Hz, H-4), 2.03 - 1.82 (2H, ro, H-5) , 1.82 - 1.64 (2H, m,

H-6), 1.45 (9H, s, 3 X H-7)i
I

r
r

Oe (50.32MHz) 199.6 (C-a), 170.8 (C-b), 80.7 (C-c), 51..7

(C-d), 50.7 (C-e), 41.6 (C-f), 31.7 (C-g), 27.8 (3 XC-h),

22.7 (C-i), 20.2 (C-j)j

1-Methyl-2-cyanomethylenepyrrolidine was prepared

l

l '

~

Ul'nax_ (CHC13) 2965,2930,2855,171.0,1510,1440,1405,

1385, 1365, 1345, 1325, 1285, 1250, 1225 - 1200, 1150 I

1090, 1040, 1015, 955, 880, 835cm-1j

Found: C, 59.51; H, 8.84; N, 5. ':'5. C:L2H:;UN02Srequires C,

59.23; H, 8.70; N, 5.76%.

Synthesis of 1~methyl-2-cyanomethylenepyrrolidine f901

(;

previously by Katz23 and Michael.20

In this project, [90] was prepared in 71%yh ~by treating

the a-thioiminium salt of I-methylpyrrolidine-2-thione

[88] (formed by treatment of the thiolactam with bromo-

acetoni trile in dichloromethane) with triphenylphosphine

and triethylamine.
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59 3f

2Cn ~N'N~CH 1d
3

4e

[90]

OH (200MHz) 3.58 (lH, s, H-1), 3.47 (2H, t, J 7.0Hz, B-2),
2.84 (2H, t, J 7.8Hz, H-3), 2.79 (3H, 5, H-4), 2.00 (2H,
quintet, J 7.3Hz, H-5)i

Sc (.'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);

U:m",::>.:_ (CH(;l:3j 3247, 3055, 2980 - 2875, 2855, 2785 r 2700 J

2370, 2230, 2175, 1630 - 1570, 1452, 1422, 1405, 13:37,
1290 f 1235, 1160, 1100, 1.067, 1030 I 1010 r 940, 920 r 872,

885, 742, 685, 630cm-~.

Synthesis of ~-(2-ethoxy'carbonylethyl)-2-cyano-
methylenepiperidine [851

(

A sample of 1-(2-ethoxycarbonylethyl)piperidine-2-thione
[8'3} (1.091g, 5.066 X 10-:3mol) was cooled to GO C and
treatec with bromo acetonitrile (0.39ml, 670mg, 5.6mmol) by
dropwise additio'1. The reaction was left standing at room
temperature for 4h, after which a white glue formed.
Addition of a solution of triphenylphosphine (1.330g, 5.071
X 10-:3mol) in dry dichloromethane (10ml) was followed by
triethylamine (O.85ml, 620mg, 6.1mmol). The resulting
reaction mixture was stirred at room temperature for
165min.
The solvent and excess bromoacetoni trile was removed in

c

vacuo.
solid.

Diethyl ether was added to the remaining orange
This was filtered and the solid (NEt:3H"'-Br-)was
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thoroughly washed with diethyl ether. The combined
ethereal washings were evaporated in vacuo to afford 1-(2-
ethoxycarbonylethyl)-2-cyanomethylenepiperidine [85]
(959mg, 85%,1 as a yellow liquid after column
chromatography, eluent: 17:3 to 4:1 hexane:ethyl aCdtate.
[RF (1:1 CGH:L.4:CH3CO;zC,2Hs)0.53}

8k7'(kiJ c
4f N b 2e eN

U 1d
3g a O~Sl

6h

[85;

I;H (200Iiliz)4'.16 (2H, 'II J 7.1Hz, H-1), 3.76 (lH, s, H-2),
3.42 (2H, t, J" 7.1Hz, H-3), 3.23 (2H, t, J 6.1Hz, H-4) ,
2.67 (2H, t, J 6.4Hz, H-5), 2.57 (2H, t, J 7.1Hz, H-6L
1.87 - 1.75 {2H, In, H-7), 1.75 - 1.59 (2H, In, H-8), 1.28
(3H, t, J 7.tHz, H-9);

So (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-I), 47.4 (C-g), 30.3 (C-h), 28.2
(C-i), 23.5 (C-j)f 19.6 (C-k), 14.1 (C-l);

U:m",:x:. (CHC13) 2940, 2860, 2325, 2175, 1720, 1570, 1440,
1420, 1370, 1345, 1327, 1275, 1260, 1170, 1150, 1095,1040,
1017, 972, 850, 693cm-:L.i

mjz 222 eM......, 40%), 177 (M......-45, 12%) I 149 (M......-73, 94%), 135
(N+-87, 100%), 122 (64%), 121 (M......-101, 20%), 97 (84%), 82
(37%), 55 (78%), 41 (36%), 28 (100%), 27 (45%);

HRMS (Found:
222.1368).

requires222.1374.

.-"'-----------,.-,~-.~
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Attr~mp'tedsynthesis of 1-(2-ethoxyC'arbonylethyJ.)-2-cyano-
methylenepiperidine (851 and actual synthesis of 1-(2-
ethoxycarbonylethyl) "-2-piperidinone [91 J

/i

Bromoacetonitrile (0.89ml, 1.59', 1.3 X 10-2mol) was added
to a sojut.Lon of 1-(2-ethoxycarbonylethyl) piperidine-2-
thione [83] (2.198g, 1.020 X 10-2mol) in acetone (20ml).
The resulting solution was stirred at room temperature fo~
80min and then at 55°C for 17h. A second addition of
bromoacetonitrile (0.36ml, 620mg, 5.2mmol) was made and
stirring at 55 e C was continued for a further 5.5h. After
cooling to ro(.)m tempera.tureI a solution of
triphenylphosphine (2.680g, 1.022 X 10-2mol) in dry
dichloromethane (25ml) was added, followed by dry
triethylamine (1.71ml, 1.24g, 1.23 X 10-2mol). The
reaction mixture was stirred at room temperature for 19h.
The solvents and excess bromoacetonitrile were removed in
vacuo. Diethyl ether (200ml) was added to 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 liquor and extracted
with dichloromethanc: (40ml X 4). The combined organic
extracts were dried, filtered and evaporated in vacuo to
afford 1-(2-ethoxycarbonylethyl)-2-piperidinone [91J
(1.151g, 57%) after distillation, b.p. 105 - 140°C / 21mm
Eg. [RF (11:9 CSH14:CH3COCH3) 0.57]

•,

(;
[91 ]

o
7i

6h(~4f

3d"u~N . 0

U 1c
20 b O~8j

59
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SB: (200MHz) 4.14 (2H, q, J 7.1Hz1 H-1), 3.61 (2H, t, J

7.2Hz, H-2), 3.35 (2H, br t, J 5.4Hz, H-3), 2.60 (2R, t, J

7.0HZ, H-4), 2.36 (2H, br t, J 7.2Hz, H-3) , 1.88 - 1.70
(4H, ru, H-6 and H-7), 1.26 (3H, t, J 7.1Hz, H-8);

s.; (50.32MHz) 171.8 (C-a), 169.7 (C-b) r 60.3 (C-c), 48.5
(C-d), 43.5 (c-e), 32.2 (C-f), 32.1 (C-g), 23.1 (C-hL 21.0
(C-i), 13.9 (C-j);

U:ma:><:. (CHCl;3) 2965, 2935, 2890, 2855, 1725, 1625, 1495,
1465, 1445, 1415, 1375, 1352, 1330, 1315, 1295, 1185, 1172,
1095, 1042, 1020, 967, 855, 825cm-~;

•,
myz 199 (W, 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%);

HHMS (Found:
199.1208) •

199.1127. requires

.synthesis of 1-(2-t-butoxycarbonylethyl)-2-cyano-
methylenepiperidine [86]

o

A solution of 1-(2-t-butoxycarbonylethyl)piperidine-2-
thione [84] (181mg, 0.743mmol) i~ dry dichloromethane (a
few drops) was treated with brcmoacetonitrile (O.057ml,
98mg, 0.82mmol) at room temperature. The resulting
solution was stirred at room temperature for :~min and then
heated to 55 - G5°C for 25min. After cooling down to room
temperature another addition of bromoacetonitrile (0.057ml,
98mg, 0.82mmol) was'made. The reaction contents were again
heated to 55 - 65°C for 4.5h. Sequential addition of a
solution of triph8nylphosphine (196mg, 0.747mmol) in dry
dichlorome'i:.hane(10ml) and dry triethylamine (0.12ml, 87mg,
0.86nunol) followed and the resulting reaction mixture was
stirred at room temperature for a further 30min.

(I
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The solvent and excess bromoacetonitrile was removed in
vacuo. Diethyl ether (10ml) was added to the remaining
light orange solid. After filtration, the ether filtrate
was evaporated in vacuo to afford 1-(2-t-butoxy-
carbonylethyl)-2-cyanomethylenepiperidine [86J (18mg1 10%)
as a pale yellow liquid after column chromatography,
eluent: 7:3 hexane:ethyl acetate. [RF (2:1 C6H~4:CH3COCH3)
0.38] 1-(2-Carboxyethyl)-2-cyanomethylenepiperidine [92]
(24rng,26%) was also obtained as a colourless liquid after
column chromatography 1 eluent: ethyl acetate. [RF (2:1
C6H~4:CH3COCH3) 0.11]

",

7

~~CN

2UO 8

5 ~8

8
[86]

OH (20CMHz) 3.67 (IH, SI H-1), 3.58 (2H, t, J 7.1Hz, H-2),
3.33 (2H, br t, J 5.)Hz, H-3), 2.52 (2H, t, J 7.1Hz, H-4),
2.44 - 1.62 (6H, m, H-5, H-6 and h-7), 1.44 (9H, s, 3 X H-
8) ;

o

u:m ....x_ (CHC13) 2985,2945,2870,2260,1705,1612,1480,
1455, 1440, 1385, 1360, 1342, 1315, 1285, 1140, 1022, S90,
835, 680, 635; 535cm-~.

7

6(',43"'r~CN
2~OH

5

[92]

-------- -------- ----- ..-~
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OR (200MHz) 3.69 (lH, s, H-1), 3.65 (2H, t, J 7.1Hz, B-2),
3.32 (2H, br tl J 6.0Hz, H-3), 2.98 (2H, t, J 6.6Hz, H-4),
2.37 (2B, br t, J 5.2Hz, 8-5), 1.94 - 1.70 (4H, m, H-6 and
H-7) .

Synthesis of 1-(3-hydrox;x::propyl)-2-cyanomethylenepiperid~J;:
till

A Etirred solution of 1-(2-ethoxycarbonylethylj-2- Ii_1

()

cyanomethylenepiperidine (85] (1.731g, 7.785 X 10-:3mol) in
dry THF (125ml ) was cooled ·to 0 0 C • Lithium aluminum
hydride (296mg, 7.81mmol) was added slowly. The reaction
mixture was stirred at 00 C for 3h and then at room
temperature for a further 62h. The reaction was quenched
by the sequential addition of vlater (0.30ml) , sodium
hydroxide (15% {w/w) / O.30ml) and vlater (0.89ml) •
The THF solvent was removed in vacuo. The remaining yellow
solid was dissolved in dichloromethane (250ml) and was
washed with satur.ated sodium chloride solution (50ml X 3)
to break the emulsion formed. The organic layer was dried,
filtered and the solvent was removed in vacuo to afford 1-
(3~hydroxypropyl)-2-cyanomethylenepiperidine [68] (1.038g,
74%) as a light pink solid after column chromatography I

eluent~ 2:3 hexane: ethyl acetate. [RJ;' (1:1 CSH;L4:
CH3C02C2HsJ 0.11] Three recrystallisations (from 1:1
hexane:ethyl acetate) afforded a white solid, m.p. 58 -
GO·C.

[68]

9j
8ir'!69

5e~I~~N
4f~OH

7h 3
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OM (200MHz) 3.82 (lH, Sf H-1), 3.64 (2H, tJ J 5.9HZ, H-2),
3.42 -3.30 (lH, br Sl H-3), 3.30 - 3.16 (4H, m, H-4 and H-
5),2.65 (2H, ti , J 6.4Hz, H-6), 1.89 - 1,60 (6H, m , H-7, H-
8 and rl-9);

Or::; (50.32MHz) 16:'.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
(C-i), 19.4 (C-j);

Um.ax:. (CHCI;3) 3612, 3425, 3000,2950,2875,2180,1720,
1570, 1475, 1445, 1420, 1370, 1345, 1330, 12751 1260, 1230,
1170, 1150, 1100: 1070, 1050, 975, 945, 915, 690, 645cm-~;

Ii
I

Found: C, 66.42; H, 9.20; N, 15.48. C10H1SN20 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+-59, 26%), 94 (48%),
82 (39%), 54 (43%), 41 (57%), 31 (47%);

HR.J."\iS (Found: M+ 180.1271.
180.1263).

ii

I
I

synthesis of 5-bromopentanoic aciq_j~90

o

o-Ya.lerolactone [79] (10.343g, 1.033 X 10-1mol) was heai.:ed
under reflux in hydrobromic acid ao.Luci.on (48%, 60ml)
containing conoer-t.z-at.edsulphuric acid (3ml) for 13Omin,
after which it was stirred at room temperature for 41h.
Chilled water (ca. 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
ill vaCHO to afford 5-bromopentanoic acid [80] (15.641g,
84%) as a white solid, m.p. 36 - 38.5°C. [RF (CH;3COCH;3)

{J
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0.85, yellow when treated with bromocresol green (0.5%'
solution in ethanol)]

o
~Br 4b 3c 0 ~H

[80]

OR (200MHz) 11.34 ._11.04 (lH, br s, H-l) , 3.43 (2H, 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)i

00 (50.32MHz) 179.7 (c-a), 33.0 (C-b), 32.8 (C-c), 31.7 (C-
d), 23.1 (C-e);

U:ma:><:. (CHCl3) 3500£ 2945, 17051 1430, 1410, 1.280,1200cm-:l...

Svnthesis of 5~bromopentanoyl chloride [811

To a solution of 5-bromopentanoic acid [80] (4.846g, 2.677
X 10-2mol) in dry chloroform (30ml) was introduced dry
dimethylformamide (7 drops) followed by thionyl chloride
(2.15ml, 3.51g, 2.95 X 10-2mol). The resulting solution
was heated under reflux for 132min.
The solvent wa.sdistilled off under dry conditions and the
remaining solution was purified by distillation to afford
5-bromopentanoyl chloride [81] (4.340g, 81%) as a
colourless liquid, b.p. 100 - 120°C / 21mm Hg.

o
~Br 3c 2b 0 CI

[8: ]

I
I
I

~
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OH (200M..'I1Z)3.44 (2H, t, J 6.2Hz, H-1) , 2.99 (2H, t, J

6.8Hz, H-2), 2.04 - 1.70 (4H, m, H-3 and H-4);

Dc (50.32MHz) 172.8 (C-a), 45.5 (C-b), 32.5 (C-c) , 30.6 (C-
d), 23.1 (C-e);

Um.ax. (neat) 2965, 2915, 2870, 2850, 1790, 1727, 1697,
1645, 1437, 2390, 1360, 1332, 1272, 1240, 1162, 1130, 1040,
9401 912, 797, 700, 667, 635cm-1•

Synthesis of N-(3-hydroxypropyl) -5-bromopen'tanamide [82]

'I

3-Amino-1."'·propanol (0. 84ml, 820mg, 11mmol) was added to a
suspension of anhydrous disodium hydrogen orthophosphate
(4.25g, 2.99 X 10-2mol) in dry chloroform (55ml). Via a
dropping funnel equipped with a calcium chloride drying
tube, a solution of 5-bromopentanoyl chloride [81] (1.990g,
9.978 X 10-3mol) in chloroform (10ml) was added dropwise at
00 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 aqueous layer was extracted with
ethyl acetate (30ml X 5). The combined organic extrractis

were dried, filtered and evaporated in vacuo to afford N-
(3-hydroxypropyl)-5-bromopentanamide [82J (723mg, 30%)

,0

after column chromatography, eluent: ethyl acetate.
(1:1 CH3C02C2Hs:CH3COCH3)0.57]

{I
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for 9 9h ~ II 5 or 5' 3b

Br~N~'OH
8e for 9 I 7d 2

H
1 or l'

o
fO~9 9h 1'ort6 HBr ......4 0 N.....

8e f or 9 SS'c or 5c
7d

3b
HO
2

0-
I~+

Br~N~OH
r I

H

[82] j

I

I
i~)

OH (200MHz) 7.59 (lH, t, J 5.5Hz, H-1) , 5.70 - 5.00 (2H, br
s, 2 X H-2), 4.67 (lH, t, J 5.2Hz, H-1f), 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, q, J 6..0Hz, H-5'), 2.21 (4H, t, J 6.8Hz, 2 X H-6),
1.95 - 1.40 (12H, ID, 2 X H-7, 2 X H-8 and 2 X H-g)i

Oc (50.32~lliz)173.2, 173.1 (2 XC-a, 2 X C-a/), 58.2 (2 X
C-b), 43.9 (2 XC-c), 35.4 (2 XC-d), 34.5 (2 X C-e)~ 31.2,
31.1,31.0 (2 X C-f, 2 X C-f', 2 XC-g), 22.3 (2 XC-h);

U:max_ (CHC13) 3550 - 3250, 3000, 2960, 2880, 1720, 1652,
1520, 1430, 1275, 1240, 1075cm-~.

o

$ynthesis of N,O-bis(4-bromobutanoyl)-3-amino-1-propanol
L2ll

(I
To a solution of 5-bromopentanoic acid [80) (2.037g, 1.125
X 10-2mol) in dry chloroform (15ml) was introduced dry
dimethylformamide (7 drops) followed by thionyl chloride
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•,

(0.90mlf 1.5g, 1.2 X 10-~mol). The resulting solution was
heated under reflux for 147min.
Chloroform ~10ml) was added to the reaction vessel followed
by anhydrous disodium hydrogen orthophosphate (4.79g, 3.37
X 10-2mol). At O°C, a solution of 3-amino-l-propanol
(0.95ml, 930mg, 12mmol) in dry chloroform (10ml) was
dispensed dropwise via a dropping funnel. The mixture was
s~irred at room temperature for 64h.
The reaction mixture was washed with hydrochloric acid (2M,
30ml) and water (20ml X 4). The chloroform phase was
dried, filtered and evaporated in vacuo to afford N ,O-
bis (4~'bromobutanoyl)-3-amino-1-propanol [96] (803mg, 18%
from [80]) as a yellow liquid after column chromatographYr
eluent: 2:3 hexane:ethyl acetate. [RF (CH3C02C2Hs) 0.65
and RF (1:1 CH3C02C2Hs:CH3COCH3) 0.76]

o 0
~5d2C~

8r 9' n a ~~O b 6f tOe 'Br
H

(96~

Oa (200MHz) 7.02 (lH" br t, J 6.3Hz, H-1)r 4.12 (2H, t, J
6.3Hz, H-2), 3.44 (4H, t, J 6.3Hz, H-3 and H-4)1 3.30 (2H,
ql 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-81 H-9, H-'10, H-11
and H-12)i

o s ; (50.32MHz) 172.6 (C-a), 172.5 (C-b), 61.5 (C-c)r 35.7

(C-d) I 34.7 (C-e), 33.0, 32.8r 32.6, 31.5 and 31.3 (5 X C-
f), 28.1 (C-g), 23.7 (C-h), 22.9 (C-i).
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Attempted synthesis of 1-(3-hydroxypropyl)-2-~iperidinone
[74J

A solution of sodium ethoxide was prepared by adding sodium
metal (42mg, 1$8mmol) to absolute ethanol (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
~)thylacetate (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 o-vulerolactone [79]I btrc no desired product
[74]•

•,
Synthesis of N~benzyl-5-bromopentanamide [98J

An identical procedure as for ths synthesis of N- (3-
hydroxypropyl) -5-bromopentanamide [82] was followed, but
using benzylamin~
workup procedure

instead of 3-amino-1-propanol.
did not involve extraction of

The
the

separated aqueous layer with ethyl acetate. The reaction
time was shortened from 45h to 2h. N-Benzyl-5-bromo-
pentanamide [98] (25%) and ethyl 5-bromopentanoate [100]
(66%) were obtained as yellow liquids. [Rp (1:1
C6H~4:CH3C02C2Hs) 0.76 and 0.49, respectively] The
calculated ratio of N~benzyl-5-bromopentanamide: ethyl 5-
bromo-pentanoate from nmr data was 5:13, respectively.

o
o

J 6 II 2 1

8r~N~1
5 4 I I

H 1 ~ 1
1

o
2' 5' II. l'

/'~ "'....
Br 4' 3' 0" '0'

[98]
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OE (60MHz) 7.40 - 7.06 (5H, mT 5 X H-1), 4.38 (2H, d, J

5.1Hz, H-2), 4.10 (2H, q, 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 (8H, m , H-4' / H-5', H-5 and H-6), 1.23 (3H, t/ J

7.3Hz" H-6');

U=ax_ (CHC13) 3435, 3010 - 2860, 1720, 1660, 1505, 1450,
1367, 1250, 1230, 1020cm-~.

Synthesis of l-allyl-2-piperidinone [731

..

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. 2~ 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 extrac·ted with diethyl
ethyl (50ml X 4). The combined organic extracts were
dried, filtered and evaporated in vacuo.

2. Using sodium hydride92

I
I
I
I
Io

(

Sodium hydride (60% suspension in oil, 5.6g, 0.14mol) was
introduced to a 250ml 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 drying tube was replaced by a rubber septum. 2-
Piperidinone [72] (8.537g, 8.611 X 10-2mol) in THF (5ml)
was added to the reaction mixture at ogc 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--.:I..mol)was added dropwise at
0°C via the pressure-equalising dropping funnel. The
reaction mixture was allowed to attain room temperature.
The dropping fun:1el was substituted 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, aa~onium chloride (O.55g)
and hydrochloric acid (enough to make the mixture acidic)
was added to the reaction mixture. Extraction with ethyl
acetate (75ml X 3) followed. The combined organic layers
were dried, filtered and the solvent was removed in vacuo.
Purification by two successive vacuum 6.l.stillations
proviued two fractions collected at 130 - 140~C and 136 -
160°C (at 1nunHg). TLC of <t.hese"wo fractions revealed the
presence of impurities and therefore further purification
by means of column chromatography was executed, eluen·t:2:1
ethyl acetate:hexane, to afford l-allyl-2-piperidinone [73]
(642mg, 5%) as a pale yellow liquid. [RF (2:1 CH3C02C2Hs:
CGR:t.4) 0.27}

o

79
69('J5f

4dl..~,~N 0.3eV2C
1b

[73J

t ...'~

OR (200MHz) 6.02 - 5.70 (lHr m, H-l)t 5.43 - 5.02 (2H, mt
H-2), 4.22 - 3.88 (2H, ro,H-3), 3.40 - 3.24 (2H, mt H-4),
2.53 - 2.30 (2Ht m, H-5)t 1.93 - 1.70 (4H, m, H-G and H-7)i
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Oc (50.32~ffiz)168.3 (C-a), 132.0 (C-b) , 116.0 (e-c), 48.3
(C-d), 46.3 (C-e), 31.4 (C-f), 22.2 and 20.5 (2 X C-g)i

U:rnax. (CHCl; 'j 3075, 2975, 2945, 2865, 1625, 1495, 1465,
14471 1415, 1357, 1330, 1285, 1267, 1175, 1165, 995, 985,
950/ 925cm-:1..

~ .~esisof 1-allylpiperidine-2-thione [75]

10 With phosphorus pentasulphide

l./
l~

1-AllyltJ.iperidi.nb-2-thionewas prepared by modifying the
pr'oceduxe of Orlek.2:1. Phosphorus pentasulphide (290mg,
1.3mmol) was added over a 5min period to :L-allyl-2-
piperidinone [73] (463mg, 3.32mmol) in refl1.L...·!'ingbenzene
(10ml). The reaction mixture ':lIaSheated under reflux for
a further 7h F during which time t\olO more additions of
phosphorus pentasulphide [(300mg, 1.4~~ol) X 2] were made.

..
\

o

The solvent was removed in vacuo. Water (20ml) was added
to the remai~ '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
dissolution re."?ulted. The solution was extracted with
chloroforlu (20ml X 3). The combined organic extracts w'ere
dried (Na2SO ...), filtered and the solvent removed in vaCUG~

to afford 1-allylpiperidine-2-thione [75] (27mgl 6%) as a
yellow liquid after column chromatography, eluent: 9:1
hexane:ethyl acet::.'l.te.[RF (9:1 Ce;H:1.4:CH;3C0,2C2Hs)0.22]

,
ill

o

\.JI
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[75]

OH (200MHz) 5.96 - 5.70 (lH, m, H-I), 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 Lawesson's reagent93

I

U
r

A solution of 1-allyl-2-piperidinone [73] (721mg, 5.18mmol)
in dry THF (2.5ml) was treated with La.wessonI s reagent:
(1.05g, 2.60 X 10-3mol). The reaction mixture was agitated
in an ultrasound bath for 25.5h.
The solvent was removed in vacuo to afford a crude product.
(1.904g). Two successive purification attempts usi.nq
column chromatography, eluent: 19:1 to 17:3 hexane i ethyl
acetate, afforded 1-allylpiperidine-2-thione [75J [RF (2:1
CH3C02C2Hs:C6H:l..4)0.93J together with a more pola.rimpurity
[RF (2:1) CH3C02C2Hs:C6H:l..4)0.85J.

o A~tempted synthesis of 1-(3-hydroxypropyl)-2-pyrrolidinone
ll.2.l

(I

A general reaction procedure is given and the table which
follows provides specific reaction details (Table 10).
A sample of 1-allyl-2-pyrrolidinone [101] was kindly
donated by Tomlinson. 92 A solution of 1-allyl-2-
pyrrolidinone in dry Tl:IF(3 - 4r,ll)was treated with a
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hydroborating aqent; (dropwise addition) at ODC. The
resulting solution was stirred at o°c and then at room
temperature.
One of two workup procedures was used:
a. Using sodium perborate~~e,~19

Water (3 - 4ml) was added, followed by sodium perborate at
a·c.
b. Usinq basic peroxide
A solution of hydrogen peroxide, potassium hydroxide
pellets, metihanol, and water was added at O· C.
The resul ting 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 (15m3.X 3). The combined
organic extracts were washed with saturated sodium chloride
solution (20ml), dried, filtered and evaporated in vacuo.
In case of expezLmentis 7 and 8, extractions were carried
out using ethyl acetate as the organic phase while
experiment 9 utilised aichloromethane.

I
~

!
III
I,

I

I
1

1
.di
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Table 10: Reaction details for the atte~ted hydroboration of [101]

~
R.T./min Workup conditions

Exp. [101] hydroborating agent at O°C at 25QC S.P. l-I.T./roinno. (mg, mmol) (ml, mol) (mg, mmel)
-

I 1 (177, 1.41) 0.5M 9-BBN in CeH~4 140 70 (776, 5,04) 120(3.36, 1.68 X 10-3)
~

2 (139, 1.11) 0.5M 9-BBN in CGH~4 480 855 (770, 5.0) 120(3.32, 1.66 X 10-3)

O.4M 9-BBN in THF3 (135, 1.08) 120 900 (770, 5.0) 120(4.5, 1.6 X 10-3)

0.6M 9-BBN in THF4 (125,0.998) 135 930 (920, 6.0) 120(3.6, 2,0 X 10-3)
.

5 (125, O.998} 1M BH3 in THF (230, 1.5)120 960 220(0.5, 0.5 X 10-3)
--------- .... --- - --- L___ __ ~~ ___ L........._ __ .~ ___ ~_ .. ~_. __ ._~_ .. .-----.-------.------~
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Table 10 cont.: Reaction details for the attempted hydroboration of [101]
,
I
I~
1

j
,~

.i
i
1
J
1

t
i
I
j

I
I

R.T./min Workup conditions
t-.

EXp. H202 (m1),
no, [101] hydroborating agent at ODC at 25°C S.P. KOH (mg), H.T.

(mg, mmol) (ml,!"mol) (mg, mmol) MeOH (ml), /min
H20 (ml)

. .
(131, 1.05) 1M BH3 in THF 30 .1.440 discontinued on account of TLC6 i(1, 1 X 10-3) ---t I

(0.31),(60),(128, 1.02) BH3·SMe2 I 120 1140 2107 I -(0.1, 1 X 10-3) (3), (5)

(253, 2.02) BH3·SMe2 180 1170 (930, 6.0) 1::'65I8 -(0.19, 2.0 X 10-3) .
BH3·SMe2

(0.099),
9 (40, 0.32) * * - (20), 120(0.03, 3 X 10-4) (1), (1)

__. i___ ------- _._---- ~---. - -----

Key: R.T. = Reaction time S.P. = Sodium perborate H.T. = Hydrolysis time
* Experiment 9 was conducted at -27.5°C, stirred for 320min and quenched at this temperature.

I-'
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Purification of reaction "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 experiments 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 [1.04] (5mg, 1.%) and 1-(3-
hydroxypropyl)pyrrolidine [1.03] (50mg, 13%) as colourless
liquids, respe~tively. [Former RF (CH3C02C2Hs) 0.80 and
latter R;F (C!l[3C02C2HS)0.60]

•,

40<4-
3 3

N

2~/6

OH
5

[104 ]

OR (200MHz) 4.51 - 4.32 (lH, m, H-1), 3.38 - 3.22 (2H, m,
H-2), 2.97 - 2.60 (4H, ID, 2 X H-3), :.32 - 1.77 (5H, m, 2
X H-4 and H-5), 1.20 {3H, d, J 6.5Hz, H-6)i

Umax• (CHC13) 3575 - 3375, 2975, 2925, 2375 - 2325, 2275,
1620, 1440, 1392, 1310, 1145, 1020, 940, 855cm-~.

6S06e
4cJ 4a

N
13 b or c

borc~OH
5d 2

~\ 'J.'v
[10~]
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OR (200MHz) 3.68 (2H, t, J 6.0Hz, H-1) , 3.40 - 3.07 (3H, m,
H-2 and Ff--JJ, 2.97 - 2.64 (4H, m , 2 X H-4) I 2.30 - 1.80
(6H, ro, H-5 and 2 X H-6)i

00 (50.32MHZ) 61.3 (2 XC-a), 60.9 (C-b), 60.3 (C-c), 28.2
(C-d), 22.6 (2 XC-e);

u:m....se ; (CHC13) 3610 p 2990, 2955, 2880, 2380, 2260 I 1445,
1385, 1315, 1295, 1155, 1040, 860cm-~.

Purification of the mixture produced in experimf..~t 9 by
column chromatography, eluent: 4:1 hexane:ethyl acetate,
afforded starting material (8mg, 21%). [Rp (CH3C02C2Hs)
0.40]

Attempted synthesis of 3-(2-thioxo-1-piperidinyl)propanal
[105J

a) A stirred solution of piperidine-2-thione [67] (201mg,
1.74mmol' in dry THF (7ml) was treated with propenal
(0.13rnl,110mg[ 1.9mmol). The resulting solution was
stirred at room temperature for 4h. A minut~ sodium
hydroxide pellp.t was added and stirring \l7aS continued
for 66h.
Removal of propenal and solvent in vacuo afforded
starting material in quantitative yield. [Rp (2:1
C6H~4:CH3COCH3) 0.53J

o b) A stirred solution of piperidine-2-thione [67J (163mg,
1.42mmol) in dry THF (7ml) was treated with propenal
(0.38ml, 320mg, 5.7mmol). 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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Attempted synthesis of 1-(3-hydroxypropyl)piperidine-2-
thiolliLL761 and 1-(3-hydroxypropyl)-2-piperidinone [74)

These reductions were attempted according to the method of
Yoo et al.94 A general reaction procedure is given and the
table which follows provides specific reaction details
(Table 11).
An aqueous cupric su Lphat.e solution (2M) was added at room
temperature to a solution of the thiolactam ([83] or [84])
or lactam ([91 ]) in ethanol (96%, 5:ml). Some cupric
sulphate precipitated. The mixture tvascooled to O°C after
whLoh sodium borohydride was added portionwise. The
reaction mixture was stirred at room temperature and then
diluted with ethyl acetate (ca. 25ml). The ethyl acetate
layer was washed with water (10ml X 4), dried, filtered and
concentrated.
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Table 11: Reaction details for the attempted reduction of [83), [84] and [91]

Reaction
Exp.n0. CuS04(aQ) Reactant (mg, mmol) NaBH4 (mg,mmol) time/min outcome: S.M.(mg,%)

(ml)

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

2 (0.0051) [84] (209, 0.857) (163, 4.31) 180 [84J (153, 76)

3 (0.026) [91] (95, 0.48) (81, 2.1) 20 [91] (24, 25)""
~--.--~- -------- L______ _____

t->
,f.>o
..0

...
= starting material
= starting material was recovered after column chromatography

Key: S.M.

,. 2~7'. '..' .. ' ., .. '. ...., ' . _ ," ." . '···j.-mriP 77mwl''f.t.t'~~''ifffl'tefWf(\'ft't''w.U -,,'75 ..
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Attempted synthesis of 1-(3-hydroxypropyl)-2-piperidinone
l..Zll

1. Using lithium aluminum hydride

a) Lithium aluminull hydride (IBmg, 0.47mmol) was added to
a solution of 1-'(2-ethoxycarbonylethyl)-2-piperidinone
[91] (203mg, 1.02mmol) in dry THF (10ml) at O°C. The
reaction mixture was stirred at this temperat.ure for
3.5h, after which it was quenched by the sequential
addition of water (O.020ml), sodium hydroxide (15%
(w/w), O.020ml) and water (o.053ml).
The reaction mixture was filtered with suction through
celite using dichloromethane. The two phases were
separated and the aqueous layer was extracted with
dichloromethane (2ml X 3). The combined organic
extracts were dried, filtered and evaporated in vacuo
to afford starting material (181mg, 89%).

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

2. Using lithium borohydride

A suspension of lithium borohydride (13mg, O.61mmol) in dry
diethyl ether (Bml) was added to a stirred solution of 1-

(2-ethoxycarbonylethyl) -2-piperidinone [91] (253mg,
1.27mmol) in dry diethyl ether (7ml) at room temperature.
The reaction mixture was stirred at room temperature 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(1.atingto Chapter ~

Synthesis of l-azabicyclo[4.4.01dec-6-ene-::-carbonitrile
[1181

A solution of 1-(3-hydroxypropyl)-2-cyanomethylene-
piperidine [68] (116mg, 0.646mmol) in dry THF (15ml) was
treated with sodium hydride (50% suspension in oil, 39mg,
o • 81mmol) and otirred at room temperature for 3h. The
reaction mixture was cooled to O°C and p-toluenesulphonyl
chloride (149mg I o. 780rnmol) 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 chloride
were made at regular intervals during the next 8d. THF was
removed in vacuo and was replaced by dry acetoni t:rile
(25ml). The reaction mixture was alternately heated under
reflux (5d) and stirred at room temperature (2d) during
which time sodium iodide (50mg, 0.33mmol) was added.
The solvent was removed in vacuo. The remaining orange-
brown solid was dissolved in dichloromethane (50ml) and
washed with water (20ml). The two phases were separated
and the aqueous layer was extracted with dichloromethane
(30ml X 3). The combined organic extracts were dried,
filtered and the solvent removed in vacuo tCJ afford a
product tentatively identified as l-azabicycloL~.4.0]dec-
6-ene-5-carbonitrile [118] (61mg, 58%) as a brown oil after
column chromatography, eluent: 9:1 hexane:ethyl acetate.
[Rp (1:1 C6H14:CH3C02C2Hs) 0.61]
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5h~69
7ior jl_,~J8j or i

2 .3
e or f f C" J

[ 118J

OH (200MHz) 5.13 (lH, td, J 2.9Hz and 1.;·iz, H-1) , 3.29 -
2.90 (4H, m, H-2 and H-3), 2.51 - 2.08 (5H, nt,H-4jtH-5 and
H-6), 2.08 - 1.67 (4H, m, H-7 and H-8)i

So (50.32MHz) 153.7 (C-a), 121.2 (C-b), 76.6 (C-c), 53.4
(C-d), 50.2 (C-e), 49.9 (C-f), 29.5 (C-g), 23.7 (C-h), 20.0
(C-i), 17.7 (C-j)i

Umax_ (CHC1::3)2950, 2930, 2835, 2170, 1595, 1485, 1440,
1370, 1357, 1320, 1180, 1155, 1130 I 1070,
640cm-:t..

980, 885,

Attempted synthesis of 1-azabicyclo [4.4.0 J dec-'5--ene-5-
carbonitrile [691

n-Butyllithium in hexane (0.054ntl, 38mg, O.59mrnol) was
introduced to a solution of 1-(3-hydroxypropyl)-2-
cyanomethylenepiperidine [6::'](107mg, 0.591mmol) in dry THF
(l0ml) at O°C. After 30min, the reaction was cooled to
-46°C after which trifluoroacetic anhydride (0.090ml,
140mg, 0.65mmol) was added. The reaction conte:nts were
allowed to warm up to room temperature, after which they
were stirred for 36h. THF was removed in vacuo and was
replaced by dry acetonitrile (20ml). The reaction mixture
was heated under reflux for 6h and then stirred at room
temperature overnight.
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The solvent was removed in vacuo. The remaining yellow-
orange oil was dissolved in dichloromethane (40ml) an~
washed ~.;rith water (20ml). The two layers were separated
and the aqueous phase was extracted with dichloromethane
(25ml X 3). The combined organic extracts were dried,
filtered and the solvent was removed in vacuo to yield a
yellow liquid (113mg). No product at all was recovered
after column chromatography with hexane-ethyl acetate
mixtures.

Synthesis of 1-azabicyclo[4.4.01dec-5-ene-5-carbonitrile
LQ..2..l

1. with p-toluenesl.1.1phonylchloride2.1.

The cyclisation procedure utilising the optimum parameters
(experiment 10, Table 5) is represented:
A solution of 1~(3-hydroxypropyl)-2-cyanomethylene~
piperidine [68] (1.793g, 9.943 X 10-3mol) 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 o°C. An addition of p-toluenesulphonyl chloride
(3.797g, 1.991 X 10~2mol) followed. The reaction mixture
was alternately heated under reflux and stirred at room
t.emper-atarrefor a total of 40h and lId, respec·!:ively. THF
was removed in 1raCUO and was replaced by dry aceton itrile
(150~1). The mixture was heated under reflux fer I4h and
then stirred at room tempernture overnight.
The solvent was removed in vacuo , 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
(40ml X 4). The combined organic extracts were dried I

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

i

",_~J
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azabicyclo[4.4.0]dec-5-ene-5-carbonitrile (69) (1.135g,
70%) as a yellow liquid after colu~n Chromatogr~phy~
eluent: 47:3 to 23:2 hexane:ethyl acet.atie, [RF (1:1
COSH:l:.4:CH:3C02C2Hs)0.67]

b

7iOrj~4h

6j or i l__,~~ 59
2 1

e or d d or e

[69]

OM (200MHz) 3.14 - 3.00 (4H, mT H-1 ~nd H-2), 2.52 {2H, t,
J 6,3HZ, H-3), 2.20 (2H, t, J 6.2Hz, H-4), 1.89 - 1.71 (4H,
ID, H-5 and H-6), 1.71 - 1.55 (2H, m, H-7);

0"

Oc (50.32MHz) 153.9 (C-a), 122.4 (C-b),. 69.G (C-c)/ 49.6
(C-d), 48.8 (C-e), 27.3 (C-f), 22.73 (C-gj, 22.67 (C-hL
19.80 (C-i), 19.76 (C-j);

u:m ....x. (CHC13) 2975 r 2930, 2845, 2155, 1580, 14-85~ 1445-J
1422, 1360, 1350, 1315, 1255, 1170, 1140, 1110, ID25, 1012,
965, 880, 600cm-1j

\\
\0.\
\\

\

mjz 162 (M+, 70%), 161 (M~-l, 100%), 133 (22%), 122 (24%),
106 (10%), 79 (10%) I 55 (13%), 41 (16%), 39 (11%) I 28
(16%), 27 (11%);

{\

J

U



2. Alternative reaption with p-toluenesulphonyl chloride
and ,formation of 1-(3-chloroprojgy,.-n";'2-cyanomethylene-
~~eridine [117]

I II

l)
f'-.--"

A solution of 1-(3-hydroxypropyl) -2-cyanomethylene-
piperidine [68] (118mg, 0.656mmol) in dry THF (10ml) was
treated with sodium hydride (50% suspension in oil, 48mg,
1.0mmol) and was stirred at room temperature for 4h. The
reaction mixture was cooled to o°C and p-toluenesulphonyl
chloride (176rng, O.923mmol) was added. The reaction
mixture was alternately heated undez reflux (33.5h) and
stirred at room temperature (108h) I duz i.nq which tin.B a
further two additions of 40% excess Isodiumhydride and 40%
excess p-toluenesulphonyl chloride were made.
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
(5%, 45ml). The two phases were separated and the aqueous
phase was extracted with dichloromethane (40ml X 3). The
comhi.ued organic extracts were dried, filter.ed and the
solvent was removed in vacuo to afford 1-(3-chloropropyl)-
2-cyanomethylenepiperidine [117] (5mg, 4%) as a. colourless
liquid and 1-azabicyclo [4.4 0]dec-5-ene-5-carbonitrile [69]
(3mg, 3%) as a yellow liquid after column chromatography,
eLuerrti 91:1 hexane:ethy' acetate. [Former RF (1:1
CesH:l.4:CH:3C02C2Hs) 0.58 and latter RF (1:1 CesH:l..4:CH:3C02C2Hs)
0.67]

8'
7i A59 b

3 or 4~W~.CN
1

40r3U
6h CI

(117 ]

('I

I

U

j
(j
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Oc (50.32MHz) 161.4 (C-a) f 122.3 (C-b) f 159.3 (C-c) f 50.0

(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-j)r

156

eM (200MHz) 3.79 r ia, SI HOMl),3.57 (2H, t'r J 6.0Hz, H'-~)'

3.28 (2H, t, J 7.2Hz, H-3), 3.22 (2H, tl J 6.0HZ, H-4),
2.68 (2H, tf J 6.5Hz, H-5) { 2.12 - 1.94 (2H, m , H-6), 1.89
- 1.55 (4H, ro,H-7 and H-B);

ro/z198 ew r 11%) I 163 (M+-35, 1')0%),149 (W-49 r 10%); 136
(20%), 135 (M+-63, 28%) I 122 (28%), 121 (M+-77 r 11%), 94
(9%), 67 (11%), 54 (15%), 41 (46%), 32 (51%);

HRMS (Found: :l>l.... :\.98.0928.
198.0924).

3. with roethanesulphonyl chloride

When the synthesis of
carbonitrile [69] was

1-azabicyclo[4.4.0]dec-5-ene-5-
repeated under the conditions

o

described in "1. with toluenesulphonyl chloride II but with
methanesulphonyl chloride instead of toluenesulphonyl
chloride, a mixture of 1-azabicyclo[4.4.0]dec-5-ene-5-
carbonitrile [69J and J.-(3-chloropropyl)-2-cyano-
methylenepiperidine [117J (2:1, by ~H nmr) was obtained in
a yield of about 39%.
The mixture was heated under reflux in acetonitrile w:~th a
catalytic amount of sodium iodide i11.an attempt to cyclise
[117] to [69]. Again a mixture of [69] and [117J (ca. 5:1,
by ~H nmr) was obtained in a yield of about 35%.

(1i
Io
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Syntheses of rel-5R, 6R-l-al~abicyclo[4.4.0 Jdecane-5-carbo-
nitrile [20] and rel-5R,6S-1-azabicyclof4.4.01decane-5-
carbonitrile [19J

1. catalytic hydrogenation~;

a) Attempted hydrogenation over wilkinsonl'.scatalystS.s

Tris (triphenylphosphine) chlQrorhodium(I) (39mg) was added
to a solution of l-azabicyclo[4.4.0Jdec-5-ene-5-carbo-
nitrile [69] (192mg, 1.18mmol) in a benzene-ethanol mixture
(1:1, 20ml). The reaction was carried out in .anautoclave
at a hydrogen pressure of 5ClOkPaand a temperature of 60°C
for 8h.
The reaction mixtu.re was filtered with suction through a
pad of celite using dichloromethane. The solvent was
removed in vacuo to afford starting material in
quantita.tive yield.

b) Attempted reduction with a nickel-alu.minum alloy9~;

A stirred solution of 1-azabicyclo[4.4. o Jdec-5-ene-5-
carbonitrile [69] (85mg, O.53mmol) in ethanol (96%, 2.13ml)
was treated in sequence with nickel-aluminum alloy (130mg)
and a sodium 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 removed
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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c) With Adams catalyst in acidic medium20

A suspension of platinum dioxide (42mg) in glacia.l acetic
acid (15ml) was prehydrogenated. A time period of 99min
elapsed until the hydrogen consumption of the catalyst had
ceased. A solution of l-azabicyclo I4.4.0] dec-5-ene-5-
carboni trile [69] (393mg, 2. 421nInol)in glacial acetic acid
(15ml) was added and the resulting heterogeneous solution
was stirrlad at room temperature under a hydrogen atmosphere
for 92h.
The reaction nli~:ture was fil tered with suction through a
pad of c~~lite using dichloromethane. The sol vents were

o

removed in vacuo. The .l:'e:ma:irdng res~.du&.was diluted with
water (30ml) and was basified with a' sodium hydroxide
solution (3M). Irhe basic aquec us pl "e wa,s extracted with
dichloromethane (20ml X 4). The comb.xned organic extracts
were dried, filtered and the so lverrt; ~mnoved in vacuo.
A gc analysis of the mixture sh~wed a ratio of 47.25:1 of
[20J:[19] (retention time: 6.~5min and 5.41min,
respectively). Column chromatography afforded rel-5R,~.R-l-
azabicyclo[4.4.0]decane-5-carbonitrile [20) (327mg, 82%) as
a white soli.d and rel-5R,6S-1-azabjcyclo[4.4.0]d~cane-5-
carbonitrile [19] (25mg, 6%) as a pale yellow liquid,
eluent: 93:7 hexane: acetone. [Former Rp (2:1
CH;3COCH;3:Ce;H:J..4)0.89 and latter RF (2:1 CH;3COCH;3:C.sH:J..4)
o . 55] Four recrystallisations (from 1: 1 hexane: ethyl
acetate) of rel-5R,6R-l-azabicyclo[4.4.0]decane-5-
carbonitrile [20] afforded a white solid, m.p. 61°C. An
overall yield of 83%was obtained.

I
I

i
(I i

,. I:.~J

a

ctS
H~NH3

e

N
1 2

cor d d or c

[20 ]
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Sa (200MHz) 2.97 2.81 (2H, ro, equatorial H-l and
equatorial H-2), 2.73 (lH, td, J 4.2Hz and 2.5Hz, ~~3),
2.20 - 1.14 (13H, m, remaining H);

Se (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);

Um ..."c. (CHC13) 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, 850cm-1i

Found: C! 73.:31;H, 10.07; N, 17.14. C:L.-!)H16N2requires C,
73.13; H, 9.82; N, 17.06%;

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: ~ 164.1303. C10H16N2 requires M:, 164.1314).

1 2
c or d d or c

[19 J

Oa (200MHZ) 2.91 2.71 (2H, m, equatorial H-1 and
equatorial H-2), 2.48 - 2.28 (Ur, m , H-3), 2.25 - 1.13
(13H, m, remaining H)i

Se (50.32MHz) 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 C)i
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Uxnax• (CHC13) 2930, 2850, 2800, 2755, 2225, 1600, 1455,
1432, 1385,1360, 1347, 1320, 1290, 1257, 1165,1120, 1100,
1070, 1055, 1045, 1010, 940, 860, 835cm-1i

m/z 164 (M+, 72%), 163 (M+-1, 17%), 111 (41%), 110 (16%),
97 (22%), 83 (100%) f 55 (32%), 54 (10%), 41 (16%), 28
(12%);

d) Attempted hydrogenations with Adams catalyst or 5%
nalladium on carbon in ethano197

In both cases starting material was recovered in
quantitative yield.

2. H~dride reductions

)
/

\._-/ a) Attempted reduction with sodium_borohydride99

o

A solution of l-azabicyclo[4.4.0Jdec-5-ene-5-carbonitrile
[69] (130:mgI O.soLrnmol ) in absolute ethanol (16ml) was
treated with sodium borohydride (112mg, 2.96:mmol)• The
resulting heterogeneous solution was stirred at room
temperature for 51h.
Water (20ml) was added and the resulting mixture was
neutralised by dropwise addition of a hydrochloric acid
solution (20%). After stirring at room temperature for

J
30min, the reaction mixture was saturated with potassium
carbonate and extracted with chloroform (25ml X 3). The
combined organic extracts were dried, filtered and the
solvent was removed in vacuo to afford starting material
(119mg, 91%).
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components. Traces of
Column chromatography
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A solution of 1-azabicyclo[4.4.0Jdec-5-ene-5-carbonitrile
[69] (81mg, 0.50mmol) in ethanol (2ml) was added in
portions over an 11min period to a cold (0·C) stirred
slurry of sodium borohydride (19mg, O.51mmol) in ethanol
(lml). The resulting reaction :mixture was stirred at O°C
for 131:minand then at room temperature for a furthf.;!r21h.
The reaction mixture was diluted with water (SOml) and the
resulting cloudy solution was made basic by adding a sodium
hydroxide solution (3M). Extraction of the aqueous phase
with dichloromethane (15ml X 4) followed. The combined
organic extracts were dried, filtered and the solvent
removed in vacuo.
A gc analysis of the material obtained showed 1-
azabicyclo[4.4.0]dec-5-ene-5-carbonitrile [69] to be the
major component and the two reduced (saturated) isomers
[20] and [19] (in a ratio of 1:1, respectively) to be minor

impurities were also
afforded a mixture

observed~
of 1-

azabicyclo[4.4.0]dec-5-ene-5-carbonitrile [69] and rel-

5R,6R-1-azabicyclo[4. 4.O]decane-5-carbonitrile [20] (70mg),
eluent: 47:3 hexane: acetone and re.1-5R,6S-1-
azabicyclo[4.4.C]deca.ne-5-carbonitrile [19] (lmg, 1%),
eluent: 91:9 hexane: acetone.

b) Attempted reduction with lithium al~minurn hydrid~

Lithium aluminum hydride (21mg, 0.56mmol) was introduced
po~tionwise to a stirred solution of 1-
azabicyclo[4.4.0]dec-5-ene-5-carbonitrile [69] (77mg,
O.48mmol) in dry THF (50ml) at 00 C. The heterogeneous
solution was stirred at O·C for 1h after which it was
allowed to attain room temperature and was then stirred for
a further 36h.
A few drops of water were added to destroy any exoess
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%).

c) Reduction with sodium cyanoborohydride~oo

1-Azabicyclo(4.4.0]dec-5-ene-S-carbonitrile [69] (415mg,
2.56mmol) was dissolved 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 I 1 drop). Concentrated hydrochloric
acid was dispensed when necessary during the course of the
reaction to ensure a permanent colour change to yellow (pH
ca. 4). The reaction mixture 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
.it 6). T~- ?mbined ethereal extracts were dried, filtered
and ev~:pori..t...ed in vacuo.
A gc analysis of the mixture showed a ratio of 1.14:1 of
[19]:[20]. Column chromatography afforded re.I-5R,6R-l-

azabicyclo[4.4.0]decane-5-carbonitrile [20J (179mg, 43%)
andrel-5R, 6S-·1-azabicyclo[4.4.0 Jdecane-5-carbonitrile [19]
(227mg, 54%), eluent: 93:7 hexane: acetone. An overall
yield of 97% was obtained. Characterisation was as
previously described.

3. Attempted reduction by hydrogen transfer

a) Fith sodium hypophosphite:l..O.:l.

A ~tirred solution of 1-azabicyclo[4.4.0]dec-5-ene-5-
carbonitrile (69] (79mg, 0.49~~ol) in dry THF (5ml) was
treated with potassium carbonate (96mg, 0.69mmol) followed

_.,""" -- ,'. "'_ '-~~"_ '''- ," """~"'"'_.,.-_',,- _-'_"'c-rM
" """,
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by the addition of 5% palladium on carbon (16mg). The
resulting reaction mixture was heated to reflux temperature
at which point a solution of sodium hypophosphite (77mg,
0.88mmol) in water (lml) was added dropwise over a 5min
period. Heating under reflux was continued for a further
45.5h. A second addition of potassium carbonate (95mg,
O.69mmol) followed by sodium hypophosphite (78mg, 0.89mmol)
was made. The reaction mixture was heated under reflux for
48h and then allowed to cool down to room temperature.
The solvent was removed in vacuo. The remaining residue
was filtered with suction through a pad of oeLi.te using
dichloromethane. The organic filtrate was washed with
satura :.ed sodium chloride solution (20ml). After
separation of the two phases, the aqueous phase was
extracted with dichloromethane (10ml X 4). The combined
organic extracts were dried, filtered and the solvent was
removed in vacuo to yield a maxtiur-e (70mg). A gc analysis
indicated that a large percentage of starting material had
been recovered, besides minor traces of rel-5.R,6R-1-

azabicyclo[4.4.0}decane-5-carbonitrile [20] and rel-5R,6S-

1-azabicyclo(4.4.0]decane-5-carbonitrile [19] (in a ratio
of 6.4:1, respectively) and impurities.

b) Alternative reaction with sodium hypophosphite101

c

A stirred solu·tion of l-azabicyclo[ 4.4.0 ]dec-5-ene-5-
carbonitrile [69] (lllmg, O.684mmol) in glacial acetic acid
(2ml) was treated with 10% palladium on carbon (9mg)
followed sequentially by sodium acetate (156mg, 1.90mmol)
and sodium hypophosphite (169mg, 1.92mmol). The resulting
reaction mixture was heated ·to 56°C and stirred at this
temperature for 4h and then sti.rred at 65DC for ca. 4d
during which time a second addit.Lon of sodium acetate
(155mg, L89mmol) and sodium hypophosphite (170mg,
1.95mmol) 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 dichloromethane. The organic filtrate
was washed with water (20ml) , the latter having been
basified with a sodium hydroxide solution (3M). The two
phases were separated and the basic aqueous 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 minor traces of rel~5R,6R-l-
azabicyclo[4.4.0]decane-5-carbonitrile [20] and rel-5R,6S-

l-azabicyclo[4.4.0]decane-5-carbonitrile
impurities.

[19] and

c) with sodium formate~02

o i

U

sodium formate was dried at BOGC under vacuum (lmm Hg) for
24h. To a 50ml two-necked round-bottomed flask, equipped
with a water-cooled Liebig condenser and a quick-fit
thermolTleterwas introduced the following (sequentially): 1-
azabicyclo[4.4.0]dec-5-ene-5-carbonitrile [69J (134mg,
0.823mmol), 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 heterogenevus
solution was stirred at 70°C for 20h and then at 60°C for
48h.
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
sodium hydroxide solution (3M). The two phases \l7ere
separated and the basic aqueous 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 (113mg). A gc analysis in~.icated that a
large percentage of starting material had been recovered,
besides minor traces of rel-5R,6R-1-azabicyclo-
[4~4.0]decane-5-carbonitrile [20] and rel-5R,6S-1-
azabicyclo[4.4.0]decane-5-carbonitrile [19] (in a ratio of
9.2:1, respectively) and impurities.

d) with formic acid~o3

[69] (82.mg,
0.51mmol) was heated under reflux in 98 - 100% formic acid
(1. Oml, 1.2g, 2.6 X 10-2mol) for 19.5h. The solution was
allowed to cool to room temperature after which it was
made strongly basic by addition of sodium hydroxide (10.5N,
5ml). Extraction using dichloromethane (10ml X 4)
followed. The combined organic extracts were dried,
filtered and the solvent removed in vacuo to afford a
mixture (73mg). TLC showed the presence of st.arting
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 10-2mol) for 12Gh. The
same 1;1orkupprocedure as previously was followed 1:0 afford
an unidentifiable mixtur~

Conve.rsionof rel-5R,6R-1-azabicyclo[4.4.0Jdecane-·5-carbo-
nitrile [20J to rel-5R,6S-1-azabicyclo[4.4.01decane-5-
carbonitrile [12}.

1. Successful epimerisation
{II

., Partial epimerisation of [20] to (19] was accompl.ished by
following the n":"0cedureof Yamada et el.; ~9 wit:h a few
modifications.



2. Attempted thermal epimerisation:3B
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Rel-5R,6R-l-azabicyclo[4.4.0)decane-5-carbonitrile [20]
(86mg, 0.53mmol) and sodium hydride (50% suspension in oil,
17mg, 0.35mmol) were heated under reflux in benzene (2ml)
for 6d. A second addition of sodium hydride (50%
suspension in oil, 17mg, 0.35mmol) was made, after which
heating under reflux was continued for a further 6h.
water (10ml) was a\';.de(,0 the cooled reac't:ior.mixture and
after separat.Lon of the '!,wolayers, the aqueous phase was
extracted with d:Lchloromethane (10ml X 3). The ccmbdned
organic phases were dried I' filtered and the solvent removed
in vacuo.
A gc analysis of the mixture showed a ratio of 1.89;.1 of
[i9]: [20]. Colwnn chromatography afforded r1el-5RroS-'1-
azabicyclo[4.4.0]decane-5-carbonitrile [19] (47Tlf.:rr55%) and
recovered rel-5R,6R-l-azabicyclo[4.4. 0]decane-5-carbo-
nitrile [20] (25mg, 29%).

A sample of rel-5R,6R-1-azabicyclo[ 4.4.0 ]decane-5-carbo-
nitrile [20] (90mg, O.55mmol) was heatea. in a Kugelrohr
oven at 149°C fo~~ 36min r ~ then at 164°C for 160min.
Column chromatography afforded 1-azabicyclo[4.4.0]dec-5-
ene-5-carbonitrile [69] (5mg, 5%) and recovered rel-5R,6R-

1-azabicyclo[4.4.0]decane-5-carbonitrile [20] (46~g, 52%),
eluent: 93=7 hexane: acetone. No rE:ll-5R,6S-1-azabicyclo-

[4.4.0]decane-5-carbonitrile [19] was obtained.

Synthesis of lupinamine [11]

i

(, i

J
1. with a nickel-aluminum alloy96

A solution of L·el-5Rt6R-1-azabicyclo[4.4.0]decane-5-carbo-
nitrile [20] (327mg, 1.99mmol) in ethanol (96%, 8.2ml) was

t
\.:~. ~_"~_ ......... ~... '._,"",,"_'_"_'~:"'_~_'''''~''';'''''' c ...... .,.:,~.,~ __\ ..._r__,.~_
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treated in se~aence with a nickel-aluminum alloy (492mg)
and a sodium hydroxide solution (3M, 8.2ml). Hydrogen gas
was e~.':..lledon addition of the basic solution. The

neous solution was stirred at room temperature forhet(
9.....h.

The reaction mixture was filtered with suction through ~
pad of celite using dichloromethane. The solvents, ethanol
and dichloromethane, were removed in vecuo. The remaining
residUe was diluted with water (20ml) and basified with a
25% ammonia solution. Extraction using dichloromethane
(20ml X 4) followed. The combined organic extracts were
dried, filtered and evaporated in vacuo to afford
lupinamine [11] (333mg, 99%) as a pale yellow liquid. t.Rr-

(9:1 CH30H: 25% NH3 solution) 0.50] The product VilascLean
(by TLC and nmr) and so purification was unnecessary_

3e/NH2
9 H ~

i~f

h~~..Jl
1b 20

[11 ]

OR (200MHz) 3.01 - 2.02 (4H, m, equatorial H-l, equatorial
H-2 and H~3), 2.13 - 1.06 (16H, ro,remaining H);

s.; (50.32MHz) 64.8 (C-a), 57.2 (C-b), 56.4 (C-("'),41.5 (C-
d), 39.4 (C-eL 29.0 (C-f), 26.4 (C-g), 25.1 (C-hL 24.8
(C-i), 20.9 (C-j);

U:meo.x. (CHCI3) :::520 - 3170, 2930, 2860, 2800, 2760, 2670,
2495, 1647,1595, 1455, 143~, 1385,1365, 1352, 1345, 1327,
1297, 1280, 1265, 1170, 1112, 1092, 1080, 1055, 1047, 867,
725, 682, 645cm-:t..

C)·'

~I!i. "- hI" .. Y Jt;. ;_' 9)1 2
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2. With lithium alulr.i.nullLhY.dride

This reduction was carried out according to the procedure
described by Yamada et al.:1.9 A solution of rel-5R,6R-1-

azabicyclo[4.4.0]decane-5-carbonitrile [20] (95mg,
o . 58mmol) in dry diethyl ether (ca. 4ml) was added dropwise
over a Lomi.n period to a stirr-ed suspension of lithium
aluminum hydride (34mg, 0.89mmol) in dry diethyl ether (ca.
2ml) at O· C. '.rheresulting mixture was stirred at O· C for
37min and then at room temperature for a further 91min.
water (11ml) was added to destroy excess lithium aluminum
hydride. After separation of the two layers, the aqueous
layer was extracted ~vith diethyl ether (10ml X 4). 'l'he
combined ethereal extracts were dried, filtered and the
solvent was removed i.n vacuo. TLC (2: 1 CH~COCH3 : Ce;H:1.4)
showed the presence of a baseline spot indicative of
lupinamine [11] and traces of minor impurities.

3. Unsuccessful attemptsl

I (~

Employment of lithium aluminum hydride with aluminum
chlo~ide:L:L4 for the reduction of rel-5R,6R-1-aza-

bicyclo [4.4.0]decane-5-carboni trile [20] provided unreacted
stat'tingmaterial and possibly a trace of lupinamine [11].
An attempted reduction u'tilising sodium borohydride with a
cobalt coreagent:L:L5afforded starting material (93%),

c Synthesis of epilupinamine [112]

carbonitrile [19] (228mg, 1.39mmol) in ethanol (96%, 5.7ml)
was treated in ~equence with a nickel-~luminum alloy
(344mg) and a sodium hydroxide solution (3M, 5.7ml) as
described for the reduction of rel-~R,6R-1-a4abicyclo-
[4.4.0]decane-5-carbonitrile [20]. Epilupinamine [112]

i\(/

o
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(196mg, 84%) was obtained as a pale yellow liquid. [RF

(9:1 CH;30H:25% NH~ solution) 0.66) The product was clean
(by TLC and nmr) and so purification was unnecessary.

j

h

[112]

OR (200MHz) 3.01 - 2.44 (4H, mt equatorial H-1, equatorial
H-2 and H-3), 2.20 - 0.75 (16H, m, remaining H);

Oe (50.3~MHz) 64.9 (C-a), 56.6 (C-b), 56.4 (C-c), 43.6 (C-
d), 43.4 (C-eL 29.3 (C-f), 28.2 (C-g), 25.2 (C-h), 24.7
(C-i), ~4.3 (C-j);

u:m ...."". (CHCl;3) 3500 - 3200,2930,2860,2805,2760,2680,
2495, 1655, 1600, 1580,1460, 1437, 1390, 1352, 1340, 13101

1290, 1270, 1250, 1180, 1120, 1110, 1075, 1050, 1015, 965,
855, 815, 770, 650, 605cm-~.

"')-., ...__ -

\
'I

synthesis of N-acetyllup'inamine [1131

(I
This derivative was prepared by following the procedure
described by Wanner et al.~~7with a few modifications.
Lupinamine [11] (203mg, _.21:mmol)v7asheated under reflux
in acetic anhydride (10ml) for 5h.
The solvent was removed in vacuo and the remaining residue
dissolved in an ammonia solution (1M, 30ml) and thereafter
extracted with dichloromethane (30ml X 4). The combd ned
organic extra.cts were dried, filtered and the solvent was

(i

U
removed in vacuo. Purification by flash column
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chromatography using an eluting system of 15% methanol in
dichloromethane saturated with concentrated ammonia as
suggested by Wanner at al., did not provide optimal
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:
25% ammonia solution, to afford N-acetyllupinamine [113]
(151mg, 60%) as a white solid and N,N-bis(acetyl)lupinamine
[127] (120mg, 39%) as a brown solid, mvp , 39 - 41°C.
[Former RF (9:1 CH30H:25% NH3 solution) 0.57 and latter RF
(9:1 CH30H:25% NH3 solution) 0.71] Four recrystallisations
(from methanol) of N-acetyllupinamine afforded a white
solid, m.p. 122.5 - 125~C.

OH (200MHz) 7.87 - 7.60 (IH1 br 8, H-l)f 3.60 - 3.24 (2H,
m, H-2); 3.00 - 2.77 (2H, m, equatorial H-3 and equatorial
H-4), 1.97 (3H, Sf H-5), 2.29 - 1.06 (14H, ru, rema~ning H);

15,:1 (uO.321'1Hz)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-i), 24.3 (C-j), 22.9 (C-k), 21.2 (C-l);

U:max. (CHC13) 3452,3224,3004,2944,2864, 2812{ 2770,
2684, 2474, 1659, 1526, 1448, 1373, 1352, 1290, 1276, 1214,
1183, 1158, 1129, 1110, 1071, 1058, 870cm-1;
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mjz 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.
210.1732).

OH (200MHz) 4.14 (lH, dd, J 14.5Hz and 10.8Hz, H-la'), 3.73
(lH, dd, J 14.5Hz and 3.3Hz, H-lb'), 3.00 - 2.76 (2H, m,
equatorial H-2 and equatorial H-3), 2.41 (6H, s, 2 X H-4),
2.20 - 1.70 (14H, m, remaining H)i

Oc (50.32MHz) 173.5 (2 XC-a), 04.5 (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 XC-h),
25.8 (C-i), 24.9 (C-j), 24.6 (C-k), 20.9 (C'-I);

o

Urn ...:..:. (CHCI;3) 29'70, 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,
612cm-:l.i

mjz 252 (M+, 8%), 209 (M+-43, 14%)1 152 (M+-I00, 100%), 150
(17%) I 138 (M+-114, 44%), 111 (21%), 110 (19%) f 83 (46%) f

55 (23%), 43 (M+-209, 38%), 41 (29%), 28 (73%)i

HRHS (Found:
252.1838).

252.1829. requires
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This derivative was
procedure described
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Synthesis of N-acetyle~ilupinamine [1141

by following
al.~:L'7 with a

also prepared
by Wanner et

the
few

modifications.
N-Acetylepilupinamine W&sprepared by heating epilupinamine
[112] (196mg, 1.17mmol) under reflux in acetic anhydride
(10ml) as described for the preparation of N-acetyl-
lupinamine [113J.
Flash chromatography afforded N-acetylepilupinamine [114]
(184mg, 75%) as a white solid and N,:t-;r-bis(acetyl)epi-
lupinamine r 128] (74mg, 25%) as a yellow liquid, eluent:
19:180:1 :methanol:dichlorometha.ne:25% ammonia solution.
(Former RF (9:1 CH30H:2.5%NH3solutio~) 0.66 and latter RF
(9: 1 CH30H:25%NH3solution) 0.78] Four recrystallisations
(from methanol) of N-acetylepilupinamine afforded a white
solid, m.p. 128.5 - 131°C.

I
;1

I

[114 ]

OR (200MHz)'1.24 (lH, t, J 5.6Hz, H'-I), 3.50 - 3.23 r in, m,
H-2)" 3.21 - 3.00 (IH, m, H-2), 2.83 (2H, t, J 10.0Hz,
equatorial H-3 and equatorial il-4) , 1.99 (3H, s, H'-5), 2.26
- 0.95 (14H, m, remaining H);

Oc;(50.32MHZ)170.3 (C-a) s 64.9 (C-b), 56.1 (C-c), 55.8 (C-

d), 40.9 (C-e) , 40.7 (C-f), 28.8 (C-g) , 28.3 (C-h) , 24.6
(C-i), 24.0 (C-j), 23.8 (C-k) , 22.4 (C-l);
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o

Urn",-:>.:_ (CHCl:3) 3460, 3000, 2945, 2870, 2817, 2775
t

2680,

1660, 1510, 1460, 1440, 1365, 1295, 1275, 1180, 1152, 1130,
1110, 1035, 1017, 985, 912, 885, 865, 680, 61.0cm-~;

m/z 210 (M+, 9%), 209 (M+-l, 5%), 152 (M+-S8, 29%), 138
(M+-72, 100%), III (36%), 110 (40%), 97 (28%), 96 (23%),83
(91%), 55 (27%), 41 (21%), 32 (100%), 28 (100%);

,,
HRMS (Found: M+ 210.172B~
210.1732).

)
.;"

\. _ _.. 1

[128}

4i

0YoCH3
1e N"Vo~H3

II 41
o

I 9

j k

2c 3d

OR (200MHz) 3.82 (lH, dd, J 14.3Hz and 10.4Hz, H-l), 3,63
(lH, dd, J 14~4Hz and 4.4Hz, H-l), 2.97 - 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);

Oa (50.32MHz) 173.4 (2 XC-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 (C-h), 26.2
(C-i), 25.0 (C-j), 24.4 (C-k), 24.1 (C-l);

i:(I

J
U:m ... ec ; (CHC1:3) 3028, 3018, 2944, 2864, 2812, 2768, 2684,
2498, 2364, 1698, 1580, 1446, 1423, 1373, 1332, 1315, 1290,
1263, 1247, 1214, 12Q5, 1181, 1154, 1133, 1116, 1071, 1023,
1009, 978, 919, 890, 866, 845, 814cm-~;
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m/z 252 (M+/ 9%)/ 209 (M+-43/ 15%)/152 (M+-100, 100%), 150
(12%),138 (M.....-114, 48%),111 (21%),110 (19%), 83 (42%),
55 (19%), 43 (M.....-209, 27%), 41 (19%), 28 (38%);

HRMS (Found: 1-1+ 252.1841.
252.1838).

Synthesis of epilamprolobine [21

o

This alkaloid was prepared by following the reaction
procedure describ:- 1-)y Yamada et al.,::L.9 with a few
modifications.
A solution of lupinantine [11] (165mg, 0.982mmol) in dry
diethyl ether (ca. 12ml) was added dropwise to a stirred
solution of glutaric anhydride (117mg, 1.02mmol) in dry
diethyl ether (ca. 15ml). White crystals (of the amide
[129]) formed immediat~] y. After a reaction time of 45min,
the solvent was rem", . ,i.n vacuo. The amide was dissolved
in acetic anhydr-Lda ,;..Iml f 4.4g, 4.3 X 10-2mol) with
sodium acetate (410mg, 5.00mmol) and the resulting solution
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 svdium
carbonate solution. Extraction with chloroform (20ml X 5)
followed. 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
epd.LemproLobi.ne [2] (141mg! 54%) and N-acetyllupinamine
[113J (14mg, 7%) both as white solids. [Former RF (9;1
CH30H: 25% NH:3 solution) 0.82 J Four recrystallisations
(from 1:1 hexane: etbyl acetate) of epilamprolobine afforded
a whh:e C()1.:td, :n.l,. 66.5 - 67.5°C.

..
HI

I

I
Q
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[2]

Ou (200MHz) 4.28 (lH, dd, J 13.0Hz and 10.9Hzl H-1a'), 3.77
(lH, ddt J 13.0Hz and 3.5Hz, H-1b/), 2.94 - 2.78 (2H, m,
equatorial H-2 and e~Jatorial H-3), 2.65 (4H, t, J 6.5Hzl
2 X H-4), 2.17 -1.10 (16H, mt remaining H)i

00 (50.32MHz) 172 ..8 (2 XC-a), 65.2 (C-b), 57.6 (C-c), 57.1
(C-d), 37.7 (C-e) , 37.0 (C-f), 33.1 (2 XC-g), 29.4 (C-h),
26.5 (C-i), 25.5 (C-j), 25.0 (C-k)f 21.0 (C-l) , 17.2 (C-m):

1).",21.""'. (CHC13) 2925, 2850, 2800, 2750, 2675,1712,1660,
1515,1455, 1440, 1347, 1280, 11606 1125, 1115, 1065, 1050,
1032, 1012, 980, 960, 9451 8701 640cm-:l.;

Found: C, 68.54; HI 9.41; N, 10.71. C:l.sH24N202requires C,
68.15; H, 9.15; N, 10.60%.

Synthesis of lamprolobine [3]

This alkaloid was also prepared by following the reaction
procedure described by Yamada et al.,:l.9 with a few
llI?difications.
A solution of epilupinamine [112} (270mg, 1.61mmol) in dry
diethyl ether (ca. 13ml) was added dropwise t a stirred
solution of glutaric anhydride (194mg, 1.70mmol) in dry
diethyl ether (ca..20ml). White crystals (of the amide
[130]) formed immediately. After a reaction time of 32min,
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the solvent was removed in vacuo , The amide was dissolved
in acetic anhydride T6~70ml, 7.25g, 7.10 X 10-2mol) with
sodium acetate (671mg, 8.18mmol) and the resulting solution
was stirred at 120GC 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 solvent was removed in vacuo.
Purification by column chromatography using neutral alumina
and an eluting system of 14:5:1 methanol:dichloromethane:
25% ammonia solution proved unsuccessful.
flash chromatography using silica gel,

Purification by
eluent: 40:59:1

methanol:dichloromethane:25% ammonia solution, afforded
lamprolobine [3] (261mg, 61%) as a hard yellow oil and N-
acetylepilupinamine [114] (24mg, 7%) as a white solid.
[Former RF (9:1 CH30H:25% NHs solution) 0.79]

[~
r

m

n49a a
a N 0

20

i H 1e

j

[3]

v···· \. .. "-"'"-~.."--~.-";;--.-".---.----.~v---
. .

OR (200MHz) 3.94 - 3.60 (2H, m , II-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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Oc (50.32MHz) 172.2 (2 XC-a), 65.7 (C-b), 55.5 (C-cJ, 54.9
(C-d), 40.0 (C-e), 38.0 (C-f), 32.1 (2 XC-g), 27.5 (C-h),
26.3 (C-i), 23.3 (C-j), 22.7 (C-k), 22.5 (C-l), 16.3 (C-m);

Um...=_ (CHC1:;3)3028, 3018! 2946, 2866, 2812, 2768, 2436,
1727, 1676, 1464, 14~9, 1396, 1354, 1325, 1288, 1247, 1230,
1212, 1172, 1135, 1058~ 1019, 994, 940, 909, 690, 671, 6651

611, 565cm-:L;

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

HRMS (Found: ~ 264.1875.
264.1838).



r,

i

U

CHAPTER 6

REFERENCF,i~

1. A. D. Kinghorn and M. ? Balandrin, in "Alkaloids:
Chemical and Biological Perspectives" (S. W.
PellE.t"-ier,ed.), Vol. 2, pp. 105ff. Wiley
(Interscience), New York, 1984.

2. K. A. Aslanov, Y. K. Kushmuradov, and A. S. Sadykov,
in "The Alkaloids: Chemistry and Pharmacology" CA.
Brossi, ad.), Vol. 31, pp. 117ff. Ac~demic Press,
London, 1987.

3. M. F. Grundon, Natr,.;ral Product Reports (London) 6, 523
(1989).

4. A. S. Howard arId J. P. Michael, in "The Alkaloids" CA.
Brossi, ed.), v.a . 28, pp. 183ff. Academic Press,
London, 1986.

5. F. Bohlmann and D. Schumann, in "The l...lkaloids" (R. H.
F. Manske, ed.), Vol. 9, pp. 176ff. Academic Press,
New York, 1967.

6. N. J. Leonard, in "The Alkaloids" CR. H. F. Manske and
H. L. Holmes, eds.), Vol. 3, pp. 120ff. Academic
Press, New York, 1953.

Q 7. N. J. Leonard, in "The Alkaloids" (R. H. F. Manske,
ed')f Vol. 7, pp. 254ff. Academic Press, New York,
1960.

8. J. A. Lamberton, Natural Product Reports (London) 1,

245 (1984).

. '

178



o

1\
\)

9. M. P. Grundon, Natural Product; Reports (London) 1, 349

(1984).

10. S. Okuda, I. Murakoshi, H. Kamatia, Y. Kashid~" J.
Haginiwa, and K. Tsuda, Chem. Pharm. Bull. 13, 482
(1965); Chem. Abstr. 63, 7060h (1965).

11. M. F. Balandrin, E. F. Robbins, and A. D. Kinghorn,
Bi.oaiiem; Syst. Ecol. 10, 307 (1982); ciiem, nbet:r , 98,

86327'1 (1983).

12. I. Murakoshi, E. Kidoguchi, M. rlakamura, J. Haginiwa,
S. Ohmiya 1 K. Higashiyalna, and Ii. Otomasu,
Phytochemistry 20 1725 (1981).

13. W. J. Kellel-,6PhytochbilList....y 19, 2233 (1980).

14. N. K. Hart, S. R. Johns, and J. A. Lamberton! Chem.
Commu.n., 302 (1968).

15. N. K. Hart, S. R. Johns, and J. A. Lamberton, Aust. J.

Chem. 21, 1619 (1968).

16. I. Murakoshi, M. Ito / J. Hagin:~waJ S. ohmiya, H.
otomasu, and R. T. Hirano, Phytochemistry 23, 887
(1984).

17. S> I. GoldbE',>;gand A. H. Lipkin, J. Or~ ciiem "5, 242
(1970).

18. E. W~nkert and A. R. Jeffcoat, J. Org. Chem. 35, 515
(1970).

19. Y. Yamada, K. Hatana, and M. Matsui, Agr. BioI. Chem.
34, 1536 (1970).

"

179

i
I
i

(( !
. \ ,



I
I
I

W
t

I

i Cl

180

31.

20. J. P. Michael, Ph.D. Thesis, University of the
witwatersrand (1975).

21. B. S. Orlek, Ph,D. ~hesis, University of the
Witwatersrand (1976).

22. C. A. Meerholz, Ph D. Thes.i.s,University cf the
Witwatersrand {1977}.

23. R. B. Katz, Ph.D. Thesis, University of the
witwatersrand (1983).

24. G. D. Hosken, M.Sc. Dissertation, University of the
witwaters~and (1988).

25. S-F. Chang, Ph.D. Thesis, University of the
Witwatersrand (1991).

26. M. I. Zwane, Ph.D. Thesis, Universi~y of the
Witwatersrand (1991).

27. A. S. Parsons, Ph.D. Thesis, University of the
Witwatersrand (J.992).

28. G. C. Gerransl A. S. HClwkrd, Rnd B. S. Orlek,
Tetrahedron Lett., 4171 (1975).

29. A. S. Howard, G. C. Gerrans, and J. P. Michael, J.
argo Chem. 45, 1713 (1980).

30. A. S. Howard, G. C. Gerrans, and C. A. Meerholz,
Tetrahedron Lett. 21, 1373 (1980).

A. S. Howard, R. B. katz, and J. P. Michael,
Tetralledron Lett. 24, 829 (1983).

'i!!



o

(il

J

l!7 :.... .. .,

181.
32. R. Ghirlando, A. S. Howard, R. B. Katz, and J. P.

Michael, Tetrahedron 40, 2879 (1984).

33. J. P. Michael, G. D. Hosken, and A. S. Howard,
Tetrahedron 44, 3025 (1988).

34. J. 1?'. Michael, A. S. Parsons, and R. Hunte!:,
Tetrahedron Lett. 30, 4879 (1989).

35. J. V. Greenhill I cbesi, Soc. Rev. 6, 277 (J.977).

36. P. W. Hickmott, Tetralledron 38, 1975 (1982).

37. M. Yoshimoto, N. Ishida, and T. Hiraoka, Tetrahedron
Lett., 39 (1973).

38. J'. P. Celerier, M. Haddad, C. Saliou, G. Lhommet, H.
Dhimane, J. C. Po:nnnelet,and J. Chuche, Tetrahedro:n
45, 6161 (1989).

39. J. P. Celerier, M. G. Richau~, and G. Lho~~t,
Synthesis, 195 (1983).

40. S..I. Goldberg and I. Ragade, J. Org. chon, 32, 1C46
(1967).

41. H. W. pinnick and Y-H. Chang, Tetrahedron Lett., 837
(1979).

42. P. Lorencak, J. C. Pommelet, J. Chucher and C.
Wentrup, J. Chem. Soc., Chem. Commun., 369 (1986).

43. M. Roth, P. Dubs, E. Goetschi, and A. Eschenmoser,
Helv. Chim. Acta 54, 710 (1971).

44. P. Dubs, E. Goetschi, M. Roth, and A. Eschenmoser,
Chimia 24,34 (1970).



I
01

U

182
45. P. D~s, Ph.D. Thesis, Eidgenoessischen Technischen

Hochschule, Zuerich (1969).

46. A. Eschenmosery r.,'I'rari:;., Rev. 24, 366 (1970).

47. H. W. Pinnick and Y-H. Chang, J. Org. Chem. 43, 4662
(1978).

48. H. Takahata 1 T. Suzuki, and Ir. Yamazaki, Heterocycles
24, 1247 (1986).

49. W. Fuhrer, R. Hob.i, A. Pfaltz, and P. Schneider, Helv.
Chim. Acta 57, 1498 (1974).

50. T. Nik~forov, S. Stanchev, B. Milenkov, and V.
Dimitrov, Synth. Commun. 20, 1977 (1990).

51. H. Bahaji, P. Bastide, J. Bastide, C. Rubat, and P.
Tr('."lche,Eur. J. Med. Chem. 23, 193 (1988).

52. I. FeIner and K. Schenker, Helv. ciiim, Acta 53, 754
(1970).

53. D. J. Hart, W-P. Hong, and L-Y. Hsu, J. Org. Chem. 52,
4665 (198'?).

54. R. Fujimoto and Y. Kishi, Tetrahedron Lett. 22, 4197
(1981).

55. J. S. Petersen I G. Fels t and H. Rapoport f J. Am. Chem.
Soc. 106, 4539 (1984).

56. T. Ibuka, G-N. Chu, and F. Yoneda, J .. Chem. Soc.,
Chem. Co~~un., 597 (1984).

57. D. J. Hart ana K. Kanai, J. Am. Chem. Soc. 105, 1255
(1983).

~

~-"" -"-'"--.U""7"; _""'''"""",''_\''M"''==''''-7""".~j



...~

(I

(:i
i

U

183

58. R. E. Ireland and F. R. Brown Jr. I J. Org. Cham. 45,

1868 (1980).

59. K. Shiosaki, G. Fels, and H. Rapoport, J~ argo chem.
46, 3230 (1981).

60. A. M. P. Koeskinen and H. Rapoport, J. Med. Chem. 28,
1301 (1985).

61. D. J u Hart and W-P. Hong, J. Org. Chem. 501 3670

(198':».

62. R. D. Brunt, F. J. Leeper, 1. Grgurirta, and A. R.
Batrt.ez aby , J. Chem. soc ; , ciiem, Commun., 428 (1989).

63. M. L. Bremmer, N. A. Khatri, and S. M. Weinreb, J.
argo Chemo 48 .. 3661 (1983).

64. R. V. stevens, L. E. DuPree Jr., and P. L.
Loewtmstein, J. Org. ctiem, 37, 977 (1972).

65. J-C. orameu.n, R. Remuson, and D. Vallee, J. Org. Chem.
50, 710 (1985).

66. T. A ..Crabb, R. F. Newtonr and D. Jackson, Chem. Rev.
71, 109 (1971) •

67. E. WEiTIkerr./B. Chauncy, K. G. Dave, A. R. Jeffcoat, F.
M. Schell, and H. P. Schenk, J. Am. Chem. Soc. 95,
8427 (1973).

68. E. Wenkert, J. S. Bindra, C-·J. Chang J D. W. Cochran,
and F. M. Schell, Accts. Chem. Res. 7, 46 (1974).

69. E. Wenkert, C-J. Chang, H. P. S. Chawla, D. W.
Cochran, E. W. Hagaman, J. C. King, and K. Orito, J.
Am. Chem. Soc. 98, 3645 (1976).



184
70. I. M. Skvortsov, Russ_ Chem. Rev_ 48, 262 (1979).

71. T. A. Crabb r ill IIAnnual Reports in NMR spectn-oeoopy"

(E. F. Mooney, ed.), Vol. GA, pp. 249. Academic Press,
Londonp 1975.

72. J. S1{olik, H. Podkowinska, P. Pietrzak, and U.
Majchrzak-Kuczynska, Ser. Chem., 171 (1989); Chem.
Abstr. 114, 24256m (1991).

73. H. Podkowinska and J. Skolik, org. Magn. Reson. 22,

379 (1984); Chem. Abstr. 101, 171579d (1984).

74. M. sugiura and Y. Sasaki, Chem. Pharm. Bull. 24, 2988
(1976); Chem. Abstr. 86, 105310e (1977).

75. H. Beierbeck and J. K. Saunders, Can. J. cbeta, 54, 632
(1976); Chem. Abstr. 86, 71067p (1977).

76. F. Boh.lmann and R. Zeisberg, cham. Ber. 108, 1.043
(1.975).

77. S. Ohmiya, H. otomasu, J. Haginiwa and I. Murakoshi,
Chem. Pharm. Bull. 28, 546 (1980); Chem. Abstr. 93,
1.1.0532c(1.980).

78. D. Tourwe and G. Van Binst, Heterocycles 9, 507
(1978); Chem. Abstr. 88, 191172g (1978).

o
79. F. Bohlmann, Chem. Ber. 91, 2157 (1958).

80. U. Wiewiorowski and J. Skolik, Bull Acad. Pol. sci~,
Ser. Sci. Chim. 10, 1 (1962); Chem. Abstr. 57, 13313a
(1962).iJ

II f'



I

l__)

o

01
Io

185
81. J~ Skolik, P. J. Krueger, and M. Wiewiorowski,

Tetrahedron 24, 5439 (1968); Chem. Abstr. 69, 59468m
(1968).

82. M. Wiewiorowski, O. E. Edwards, and M. D. Bratek-
Wiewiorowski, Can. J. Chem~ 45, 1447 (1967)<

83• H. S. Aaron, G. E. Wicks Jr. 1 Lihd C v: P. Rader, J. Org.

Chem. 29, 2248 (1964).

84. F. Bohlmann, D. Schumann! and M. Schulz, Tetrahedron
Lett. I 173 (1965); ctiem, Al:str. 62, 9956f (1965).

85. H. P. Ramlow, S. Okuda, and N. Nakagawa, Tetrahedron
Lett., 2553 (1964); Chem. Abstr. 62, 1223a (1965).

86. G. C. Levy and G. L. Nelson, "Carbon-13 Nuclear
Magnetic Resonance for organic Chemists" I Topics I and
II. Wiley (Interscience) t Ne'wYork, 1972.

87. M. Shamma and D. M. Hindenlang, "Carbon-13 NMR Shift
Assignments of Amines and Alkaloids", Plenum Press,
New York, 1979.

88. D. Brillon, Synth. Commun. 20, 3085 (1990).

89. G. A. Olah, R. Karpeles, and S. C. Narang, Synthesi~,
963 (1982).

90. W. H. Bagnall, E. P. Goodings, and C. L. Wilson, J.
Am. Soc. 73, 4794 (1951).

91. E. Pretsch, J. Seibl, W. Simon, and T. Cierc, "Tables
of Spectral Data for structure Determination of
organic Compounds", Springer-Verlag (1983).



186
92. Go D. Tomlinson, Ph.D. Thesis, University of the

Witwatersr.and (1991).

94. S-E. Yoo and S-H. Lee, Synle"t't,419 (1990)~

93. S. scheibye, B. S. Pedersen, and S. O. Lawesson,
Bull~ Soc. Chima Belg. 87, 229 (1978); Chem. Abstr.
89, 108050t (1978).

I,
I 95. R. E. Harmon, J. L. Parsons, D. W. Cooke, S. K.

Gupta, and J. Schoolenberg! J. Org. chem. 34, 3684
(1969).

96. L. K. Keefer and G. Lunn, Chem. Rev. 89, 459 (1989).

97. J. M. McIntosh and P. Beaumier, J. Org. Cham. 37,
2905 (1.972).

98. R. F. Borch, M. D. Bernstein, and H. D. Durst, J. Am.

Cham. Soc. 93, 2897 (1971).

99. S. B. Kadin, Jc org. Chem. 31, 620 (1966).

100. R. o. Hutchins, D. Rotstein, N. Natale, J. Fanelli,
and D. Dimmel, J. Org. Chem. 41, 3328 (1976).

101. S. K. Boyer, J. Bach, J. McKenna, and E. Jagdmann
Jr., J. argo Chem. 50, 3408 (1985).

o
102. H. Wiener, J. Blum, and Y. Sasson, J. Org. Chem. 56,

4481 (1991).

103. J. o. Madsen and P. E. Iversen, Te"trahedron 30, 3493
o I (1974).

\J



187
104. V. A. Mnatsakanyan, L. S. Arutyunyan, and E. Y.

Agababyan, Arm. Kbim. Zh. 26, 325 (1973); Chem.
Abstr. 7S, 92448j \1973).

lGS. V. Boido, C. Boido-Canu, and F. Sparatore, studi
Sascar., Sez. 2 57, all (1979); Cnem. Abstr. 93,
220552s (1980).

106. V. Boido, A. Boido, C. Boido-Canu, and F. Sparatore,
Farmdco, Ed. sci. 34, 673 (1979); Chem. Abstr. 91,
151090j (1979).

107. S. M. Gafurova, A. M. saiitkulov, A. M. Aslano\T, A.

A. Abduvakhabov, A. I. Ishbaev, and A. M. Maksudov,
Uzb. Khim. Zh., 36 (1978); ehem. Abstr. 90, 23351n
(1979).

I

I
~

I
108. F. Sparatore, B. Cappello, and V. Boido, Boll. Soc.

Ital. BioI. Spero 53, 803 (1977); ebem. Abstr. 88,
120960b (1978).

109. V. Boido and F. Sparatore, Farmaco, Ed. Sci. 29, 517
(1974); Chem. Abstr. 82, 25966a (1975).

110. F. Sparatora, V. Boido, P. Preziosi, E. Mh~le, and G.
De Natale, Farmaco, Ed. Sci. 24J 587 (1969); ehemv
Abstr. 71, 50294k (1969).

i

I
i
i
I
I
I

o 111. S. okuda , K. Tsuda, and H. Kataoka, Chern. Ind., 1115
(1961); ehem. Abstr. 62, 14750b (1965).

112. F. Bohlmann, D. Schum~nn, U. Friese, and E. Poetsch,
el1em. Ber. 99, 3358 (1966).

(I ,
j

U 113. G. Cimino! M. Gavagnin, G. Sodano, A. spinella, G.
strazzullo, F. J. Schmitz, and G. Yalamanchili,
J. argo Chem. 52, 2301 (1987).

il



188
114. R. F. Nystrom, J. Am. Chem. Soc. 7'7,2544 (1955).

115. J. O. OSbYl B. W. Heinzman: and B. Ganem, J. Am.
Chem. Soc. 108, 67 (1986).

116. s. Okuda, H. Kataoka, and K. Tsuda, Chem. Pharlll.
Bull. 13, 491 (1965); Chem. Abstr. 63, 7059h (1~l65).

117. M. J. Wanner and G-J. Koomen, Tetrahedron 47, :g4~1

(1991).

118. G. W. Kabalka, '1'. M. Shoup, and N. M. Goudgaon, J.
Or-g. Chem. 54, 5930 (1989).

~

I
I
I

l~

119. G. W. Kabalka, T. M. Shoup, and N. M. Goudgaon,
Tetrahedron Lett. 30,1483 (1989).

120. J. March, in "Advanced Organic Chemistry: Reac·tions,
Mechanism..;and structure", third edition, J. Wiley
and Sons, Ch. 10, pp. 312 (1985).

121. B. A. Abdusalamov, Khim. Prir. Soedin., 3 (1984);
English translation in Chem. Nat. compounds , 1
(1984); chem. Abstr. 100, 188864v (1984).

t
122. J. P. Michael, private communications.

I

°1:0



189
CHAPTER 7

APPENDIX

The proton I carbon-1.3 and ::L3C_.:i..Hcorrelation spectra of
important compounds prepared, are shown in Table 1.2.
Chemical shifts are reported on the 0 scale.

TZ_ .lIe12: Spectra of important compounds

o

r spectrum I Compound name and number = Page
.

::LH 1.91.
.:L3C 1- f ',-ethoxycarbonylethyl) pipel.'idine-2- 191

::L3C_::LH thione [83] 192
::LH 193
::L3C 1-(2-t-butoxycarbonylethyl)piperidine- 193

::L3C_::LH 2-thione [84], 194
::LH 195
::L3C 1-(2-ethoxycarbonylethyl)-2-cyano- 196

::L3C_:LH methylenepiperidine [85] 197

C 198
C 1-(3-hydroxypropyl)-2-cyanomethylene- 198

C :LH piperidine [68J 199r- ::LH
0,

20011-azabicyclo[4.4.0]dec-5-ene-5-

l ::L3C 200
::L3C_::LH carbonitrile [69] 201

, ::LH 202
::L3C 1-azabicyclo[4.4. O]dec-6-ene-5- 202

::L3C_::LH carbonitrile [118] 203

L::LH
1-(3-chloropropyl)-2-cyanomethylene-

piperidine 204[117]

..:

o
I

U

f. ~ It.f '- "
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Table 12: Spectra of important co:mpounds. (conil:inued)

o

.~
spectrum Compound name and number Page

:1.H 205
:1.3C rel-5R,6R-1-azabicyclo[4.4.0]decane- 205

:1.:3C_:1.H 5-carbonitrile [20] 206
:1.H 207

:1.3C rel-5R,6S-1-azaticyclo[4.4.0]decane- 207
:1.3C_:1.H 5-·carbonitri Le [19] 208

:1.H 209
:L.3C lupinamine (11J 209
:l.H 210

:1.3C epilupinamine [112] 210
:1.3 C-:1.H 211

:1.H 212
:l.3C N-acetyllupinamine [113] 213
:l.H 214

.J..:3C N-acetylepilupinamine. [114] 215
:1.H 216

:1.~C N,N-bis(acetyl)lupinamine [127] 216
:1.H 217

:l.3C N,N-bis (acetyl) epilupinamine [128] 217
:1.H 218

:L.:3C epilamprolobine [2] 218
:!·:3C-:1.H 219

:1.H 220 .
:1.3C lamprolobine [3] 220

:1.3C_:l.:a: 221
,

\... .
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