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iv
. ABSTRACT

Because of their appetities for aphids and mites,
t
ladybugs are now the subject of much rescarch. The defen-

Live secrction of the ladybug Coccinella septempunctata

has been found to contain the alkaloid coccinellin, to
‘which has been assigned structure 5. This compound 1is

responsible for the exceedingly bitter taste of the ladybug.

There are certain similarities in stercochemistry
. tween coccinellin and compound 15. The latter compound
has been Synthésized previously in these laboratories and
certain aspects of that synthesis were employed 1n an
attempted total synthesis of coccinellin. This work 1s

"described in the first part of the thesis.

2,4,6-Collidine may be lithiated at the 2-methyl
group and then alkylated with B-chloropropionaldehyde

diethylacetal to give 47. After acetal exchangc to the



.dimethylacctal this compound was treated with phcnle
lithium and lhe anion alkylated with acetonitrile to give
61. Protection of the ketone (with Concomitant»atetal
exchangc}_@s.thc ethylene ketal gave 53 which was reduced
to thé,all cis pipéfidiﬁc derivative 38 using sodium in
iso-amyl alcohol. |

l Hydrolysis of thé'protecting groups produced
hemiketal 76 which was treated with pyrrolidine and acetic
acid ig tetrahydrofuran to produce keto-amine 81. The ‘
oiygen functionality was removed by thioketalization

followed by desulphurization with Raney-Nickel to produce

88b and the compound epimeric at C-6a. Amine 88L was

oxidised with m-chloroperbenzoic acid to give the N-oxide
to which has been given structure 92. It has not been
possible to establish identity between 92 and natural

14

coccinellin.

The second part of the thesis describes work
directed toward. the synthesis of bicyclic keto-lactam lz
thich 1s a’pqtcnria] precursor of luciduline 9. Concep-
~tually, 17 1is available via internal Michael ;yclization
of 22. - Several possible methéds ?f synthesizing 22

have been examined.
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I: TOWARDS THE SYNTHESIS OF COCCINELLIN
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INTROD U’..Q T I 0N "

,\\;\

-~
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-"Ladybug, ladybdg, flycaway home.
Your house is on fire and your children alone"

¢

x

The Coccinellidae (or ladybugs) have long been

known'for theif appetites for plant pests such és aphids
and mites.1 However the use of insecticides to control
these plant pests resulted in little interest being shown
in the coccinellids. The realization that insecticides

are harmful to the anironmént in general has led, in the.
last decade or so, to tremendous developments in biologicél
control. Thus the ladybugs are now the subject of much
'scientific research and a monbgraph by Hodek2 describes

the recent adﬁances in the knowiedge of this group of

insects .

All organisms are chemosensitive and all of them
produce substances to which others can potentially responds.
‘When the organisms belong'to the same species the compounds
responsible for the signals are the pheromones. These
compounds which are very important for courtshiﬁ and mating
and other social activities among animals have been the

subject of much intensive research and of excellent reviews
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Qf equal importance to the lives of certain
organisms are those substances which carry information
between organisms of diffcrent species. If two spccieé
coexist in harmony or they coexist in conflict their
intoréctions scem to depend to a large extent on the
chemical compounds which they produce.' When two organ-
,1sms exisf in conflict the weaker of the species often
uses defensive secrec.ions.to dissuade the stronger from

attacking.

Arthropods have most diverse and probably the
best evolved chemical defencesda.. The chemical compounds
used by these animals may be ejected' in gaseous form or
as a fine spray, simply ooze‘out as a liquid or they may
be foams. Ho wve it is of no consequence Bow the com-
pounds are dis 1avged, the predators have ﬁo doubt as to
their meéning. "The defensive compounds are not usually

fatal, but they cause the predatnrs sufficient discomfort

to allow the attacked animal to escape.
Unlike pheromones which are often produced in

microgram quantities thus making isolation and character-
“ization difficult, the defensive secretions may be detected
with relative ease since they are often strongly smelling

and ejected in substantial amounts. Compounds which have



been isolated from arthropods and are claimed to be
?efensive substances vary in complexity (rom hydrogen
cyanide or formic acid to terpecnes, quinones and miscel-

lanecous polycyclic molecules. For example, the secretion

of the whipscorbion Mastifoproctus gjganteoué consists of

- 84% acetic acids. Work by Schildknecht, Wenneis, Weissv
and Maschwitz6 and by Meinwald, Meinwald and Eisner7 has
demonstrated that the secretion from the millipede Glomeris

marginata contains the two dialkyl-quinazolinones 1 and 2.

1
1

N 1 R= CHj
| - .
CHj, '

In 1971 Tursch and co-workersg’9 publishediwbrk
on the chemical defenses of the common Eufopean ladybug

Coccinella septempunctata L. When this insect is molested

it releases droplets of orange haemolymph at its articula-
tions. The ejection of this liquid by the insect provides

it with immunity from predators, notably ants and birds.

From a blend of 1600 insects, 135 mg of a colour-

less crystalline compound, empirical formula C13H23N0, was



isolated. These workers coined the name  coccinellin for
this compound. From spdctroscopic data they were able to

suggest either structure 3 or 4 {or coccinellin. y

j

: | | o
A single-crystal X-ray diffraction study of the
hemihydrochloride of coccinellin showed that t..c compound

“ 0 o .
possesses the structure El . “

2
/

CHj3

In addition to this compound, 10 mg of éompound
C13”23N was isolated from the haemolymph. This latter
compound was shown to possess structure 6, and. the

relationship between it and coccinellin was demonstrated



by reduction of coccinellin to this second. compound,
precoccinellin, by treatment with ferrous sulphate. The
reversc reaction was accomplished using monoeperphthalic

acid.

Tursch and Co-workerSB'were able to demonstrate
that coccinellin is responsible for the bitter taste of
the inscct but not for its smell. The defensive utility

of coccinellin was shown by the complete refusal of water

containing 0.5% of the N-oxide by the ant Myrmica rubra.
This concentration is much smaller than that of the com-

pound in the haemolymph. It was shown that the ant can

be dissuad ‘rom attack without direct contact between
the secre-ion z d the mouth of the ant: . ? mg quantity
of coccinc’ in .round their food preventer . ungry ants

from reachin, .c.

Other work by Tursch and co-workers has shown
that the haemolymphs of several related Coccinellidae
‘contain alkaloids of similar skeleta. These are listed

in Table 1. : - s



Species

Propylaea
quatuordecim~
punctata

Adalia
bipunctata L.

Hippodamia

Convergens

H

TABLE

Alkaloid

H\
N

A

0
rd

CHj -

H

n-CgHyy

s, H

1

Name

Propylein
-7

Adaline
8

Hippodamine
9

Convergine

10

Reference

11

12

13.14

13,14



In 1967 Ayer and Piers published the synthesis

of dihydrodeoxyepiallocernuine, llls.

. This tetracyclic compound was synthesized by
oxidation of alcohol 12 to the corresponding aldehyde
which cyclized spontaneously under the reaction conditions
to the desired tetracyciic compound. Compéund 12 had been

synthesized in such a way that the compound epimeric at

C-5, 13,was produced as well.




Treatment of 13 under conditions identical to

those used for the oxidation of compound 12 produced a

mixture of compounds which were epimeric at C-9, 14 and

15.

t

"
rd

The stereochemistry at all positions in the B,
C and D rings of 15 is identical with that reported for

coccinellin, S, and precoccinellin, 6.

Therefore it was decided to investigate the
synthesis of precoccinellin and coccinellin along lines .
similar to those used for the syﬁtheSis~of 11, 14 andxli;t
It was expected that certainiaspe¢xs of the previous

synthesis could be utilized most profitably. The synthesis

-of 11 started with 2,4,6-collidine, 16.

It was shown that treatment q£/£§ with one molar

equivalent of phenyllithium produced the carbanion at the



10

CH3 CHj

CH; 16

2-methyl and that this.could be alkylated with a suitable
alkylating agent to produce a compound such as 17. 'Tfeat-
ment of this with a further equivalent of phenyllithium
resulted in metalation at the 6-methyl, 18, and this could

be alkylated with a suitable reagent.

Thus it was expected . that the collidine ring
would serve as the A-ring .in precoccinellin. As in
dihydrodeoiyepiallocernuine all the asymmetric centres 1in
the methyl-gubstituted ring are in ;ﬁe cis configuration
and, as was observed in that synthesis, reduction via
catalytic hydrogenation or dissolviﬁg metal should lead
to this configuration. The desired skeléton, lg, has all
the ring-substituents in theyequatorial configuration and”

thus this should be the_thcrmodynamically most stable pro-

duct. Catalytic hydrogenation of aromatic systems usually



~/

11

produces the compound feéulting from al? éii addition of
hydrogeﬁlﬁ. Even though catalytic dehydrogenation- |
hydrogenation hés been'observed to cause isomerization at
the carbon o to nitrogen in nitrogen heterocycles this
generally results in the thermodynamicaily most stable

17’18. ‘Dissolving metal reduction usually leads

product
to formation of the most stable product19 and thus either
of the reduction techniques mentioned could be used to

produce the required product.

After laboration of the side-chains, ketoaldehyde
20, should be available (although probably only transiently).
This compound wpuld be expected to cyclize readily to 21 in

a manner simil’f'to that observed for the cyclization of 13

to 14 and 15./ It was expected that this product would be a

mixture of isomers about the new asymmetric centre 2la, 21b.

/
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Th+ intermediate in the cyclization of 20 to 21~

would .= ‘et to be 22 = 22a.

(9]

—0Y \i\/ | Cila ﬁ\,‘§>

~,

Zy 7

| —~
AP 0 =

5
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Cyclization from the bottom-side would result in
compound 2la, the more stable product, whereas attack by
the enolate from the top would produce the desired com- -
pound, 21b.. Removal of the keto—functionality would then
produce'prééoccinellin, 6, which could be oxidized with

facility to the N-oxide, coccinellin.
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. DISCUSSION

\ In the synthesis of dihydrodeoxyepiallocernuine

y

compéunds 14 and léihaa\been formed by oxidatiop'of

4 \ :
diamihoalcohol 13 with chromium trioxide in pyr%ijne.

\

The initial experiments described in this part.

A
\

of the thelsis were directed towards the synthesis of a
\ :
compound which could possibly be oxidised ih a’'similar

manner. .Thus the first synthetic goal was Qhe aminodiol,
3 .

23. Oxidation could possibly form the ketoaldehyde 20

which should cyclize to the tricyclic ketone \Zl under
- : - |
the basic reaction conditions. There are several recent

examples of the condensation of aminoketones w%thvaldehydes

under basic condition520’21’22. For example, Hanaoka and

L2 . _— .
co-workers 0 report the condensation of pelletierine, 24,

*

with 6-bromoisovanillin 5 1in aqueaus sedium hydroxide

in 76% yield.
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| H

CHO Qy j
0 - Br H N
7
e + ——
H Br
OH

-~ OCH ,

?} ' 3 OH

‘ 25  OCHj,

The synthesis of 13 proceeded from 2,4,6-collidine
to the protected hydroxypyridine, 26. Transmetalation of
this compound with phenyllithium in ether prdduced the com-

- pound of metalation ag the 6-methyl group. This was shown

by quenching the product with DZO and observing the nuclear

magnetic resonance (nmr) spectrum of the resulting compound.

CH, D

V]
o]
n

The nmr spectrum of 26 shows a 3-proton singlet at & 2.25

for the 4-methyl and a further 3-proton singlet at § 2.48
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/

éttributed to the 6-methyl group. The material quenched

in DZO‘now shows a singlet at § 2.48 integrating for just
over 2 protons. Thus condensation of the lithio compouﬁd
from 26 with acetaldehyde should lead té thé alcohol, 28.
Reduction of this to the substituted piperidine followed
by hydrolysis of the tetrahydropyranyl ether would lead to
23. As mentioned in the introduction it was cxpected'that,
either catalytic hydrogenétion or dissolving metal re@uc~
tion would lead to the desired stereochemistry in whiéh

all the substituents are in the equatorial configuration.

Compound 26 was prepared according tq/the condi-
tions worked out previoﬁslyls. 2,4,6-C011idiné1was
treated with phenyllithiuﬁ in ether to form collidyllithium
which is a deep blood—red colour. This anion was alkylated

with allyl bromide to produce compound 29.

Treatment of 29 with diborane in tetrahydrofuran
(THF) followed by oxidation of .the intermediate organoborane

[
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with alkaline hyarogen pcroxide gave the alcohol 30.
Protection of the hydroxyl function was accomplished using
dihydropyran in dimethoxyethane into which was bubbled an

excess of dry gaseous hydrogen chloride. Thus 26 was

formed in 50% overall yield from 2,4,6-collidine.

Wibaut and Beetsz3 have described the synthesis
of 31 via addition of bromoacetaldehyde.diethylacetal-éé

to picolyllithium 32.

~ R. ' CHO
~ ' + BrCH,CH(OCH,CHy), = - >
N CHaLi N
32 33 H .

[

‘This successful acdition of a relatively unacti-

vated bromocomfduﬂgk(compared to allyl bromide) to the

lithiated pyridine defﬁVagive led to a shortened .nd A
R : t
equally efficient synthesis of\gg;\NS;Bromopropan—l-of\i,w 3

was protected as the tetrahydropyranyl ether by i

a benzene solution of the alcohol with excess dihydropyran

24 A 95% yield of

and a few drops of phosphoryl chloride
acetal was thus obtained and this was used to alkylate the

collidyllithium. After distillation a 52% yield of 26 was



18

obtained.

Transmetalation of 26 with phenyllithium gave the
blood-red solution containing the collidx; anion and this .-
was cooled to -78°. A ten-fold excess of acetaldehyde,
dissolved in an equal volume of dry ether, was added drop-
wise and,after stirring for 15 minutes,the reaction was
quenched with water and worked up. The oil which resulted
showed two spots on'tlc (alumina, chloroform). The two
compounds were separated by chromatography over alumina,.
Elution with benzene gave the less pélaf'compound which
was idgntical with starting material (flc, ir,.nmr).
Elution.with ether affbrded th- desired alcohol; 28 in
44% yield as a colourless oil, b.p. 165 - l68°; 0.2 mm.
The _r spectfum (chloroform) shows absorption at’ 3360 cm-1
which is unchénged by dilution and 1is consisfent with the
intramolecular hydrogéh bonding expected for this compound.
The nmr spectrum shoWs a 3-proton doublet, J=6Hz, at
$ 1.25. Many attempts were made to imprbve the yield of
this reactioﬁ, but the conditions quoted above led to the
best yield of 28. The poor yield of this aldol—type

, ' v i
condensation is most probably due to- the equilibrium shown.
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Generally the equilibrium in a recaction of this
type‘would be expected to be well over to the side of the
more stable alkoxide ion. However the aromatic ring must
impart sufficient stability to carbanion 34 éych that 34
and 35 are of almost equal stability. Evidenc; for such
an equilibrium was provided by treatment of pure alcohol
'Eg with phenyllithium followed by quenching with water,
which produced an approximateiy 1:1 mixture of the alcohol
and the dealkylated product, 26. Sbb§equent to abandonment

25,26 descrioe. the use of ethereal

of this approach House
solutions of anhydrous zinc chloride to favour product for-
mation in aldol condensations. By analogy this method‘may

be useful here to trap the product as the chelate, 36, and

thus jncrease the yield of the glcohol.

' The alcohol, 28, was reduced using sodium in

absolute ethanol to the substituted piperidine, 37. The
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K

ir spectrum of this material in methylene chloride shows

1

absorption at 3610 cm _ (-OH) ‘and 3250 cm™ 1 (-NH) and is

devoid.of absorption‘at%3610 and 15?0 cm_1 (pyridine ring).

{

Although various attempts were made, it was never possible
to re uce the pyridine ring by catalytic hydrogenation.
THE/ rotecting group in 37 was removed by stirring a chlo- -

roform solution with dilute aqueous hydrochloric acid

fbr oné hour. Thus diol 23 was formed as an oil. .

The ir spectrum of 23 in methyfene chloride shows
hydroxyi absorption at 3610 cm-1 which 1s more intense than
that of 37. Again the NH absorption appears at 3250'cm-1.
The tlc of 23 (alumina, 95:5 chloroform-methanol) éhows‘one
spot. The mass spectrum has a very weak parent peak at m/e

229, the base peak appears at m/e 156 and there is an

intense peak at m/e 170.

$.
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The structures below are assigned to these peaks.

Hon: - “/\/

. HN ‘
HT\_ , +
. m 15 HO m
Je 156 e 170

. The triacetate of 23 was prepared using acetic
anhydrlde in pyrldlne This material is a viscous oil, but
since there are chlral centres at n1trogen and carbon-Z2 of
the propyl side-chain, this is perhaps not surprising. The
ir spectrum of this material shows amide carbonyl at 163%
cm ! and ester carbonyl at 1735 cn"l. The mass spectrum
shows a parent pedk at m/e 355 (exact mass for C19H35NO5
calcd. 355.2359; meas. 355.2369). The nmf spo trum dis-
plays a well- defined doublet at & 0.91 (J=6Hz, and an ill-
defined doublet at § 1.24 (J= 6Hz) This latter sicnal
is attributed to the side-chain methyl group and 1is pre-
sumably untidy because of the adjacent chiral centre. The
signal attributed to the methine proton of this chiral
centre occurs as a multiplet'centred at & 4.84 and irra-

diation’atvthis point resulted in appreciable decoupling

of the doublet at'G 1.24.
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A3

There is no direct evidence for the assignment of

stereochemistry at the tertiary centres of the piperidine

ring, but it. was felt that the «\‘dénce from the previous
synthesis15 was sufficient to expectvthat the required
stereochemistry had been obtained. It was expected that
the assigned stereochemistry could be pfoven at a later

stage.

\ - ~
With the desired piperidinediol at hand, many
attempts were made to oxidise this to -the desired keto-
aldehyde. The techniques which were employed are

summarized in the following chart.

Attempted Oxidations of 23

Oxidant , Reference
1. Chromium trioxide-pyridine-acetic acid 27
2. Chromium trioxide-pyridine(complex)-
methylene chloride {€ollins) 28
3. Chromium trioxide-pyridine (Sarett) 15
4. Chromium trioxide-pyridine-methylene ‘

chloride (in situ preparation of Collins'

feagent) : 29
5. Silver carbonate-celite (Fétizon) 30
6. Chromium trioxide-sulphuric acid-acetone

(Jones) 7 ' © 31
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In all cases a compléx mixture of products was
formed (tlc). The basic material isolated from these oxi-
dations showed little, if any, absorption in the carbonyl

region of the ir spectrum. Thus it appcared that none of

the desired compound had been formcd.

The failure of this oxidation-cyclization can,

perhaps, be explained by considering the various routes

1

which the reaction could have taken. Several possibilities

are outlined below.
m . | he ol s o
~ HO : HO
OH
23
* OH

O L~ N

HN

!

O
|
Ho. N ’
: 5 ‘ \?N
O_ N QT:&
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¢ Since two sites were to be oxidised, the amount
of oxidant used was twice that recommended for the oxida-
tion of a primary alcohdl to the aldehyde. This amount
of oxidant must have resulted in overoxidation in some
parts of the molecule - most likely aldehyde to acid,.which
may then condense with the amine to formramide. Since the
desired ketone was subsequently shown to be a very unstable
substance it is also possible that it was formed and

subsequently further oxidised.

~ “he iﬂébility to form recognizable oxidation pro-
ducts from the diol resulted in a different route being
employed to reach the ketoaldehyde, 20. It was felt that

a better route would involve an intermediate in which the
required oxidation lévél of each.functionality was already

incorporated. Thus the immediate synthetic goal became the

protected ketoaldehyde, 38.
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2,4,6-Collidine was agailn the starting material
but it was decided that the side-chain containing the keto-
function should be introduced first. Wibaut and co-workers
have done substantial work directed towards transférming an
a-methyl group in a pyridine ring into just the side-chain
that was desired here (compound 39). In all of their work

the starting material was a-picoline, 40. Transmetalation

of this compound with phenyllithium readily forms picolyl-
lithium and this was reacted with a variety of compounds
with the view of synthesizing 41. The results of these

studies are summarized in the chart on the next page.

Treatment of the anion with slightly more than
one molar equivalent of acetyl chloride produced thé com-
pound of double-addition, 42, in quite respectable yield.
This was avoided by adding a large excess of acetyl chloride

to the picolyllithium in one portion %nd a 24% yield of
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~Alkylation of a-Picolyllithium

Alkylaming Agent | Product Yield (%) Reference
(CH;C0),0 | 41 16 32
CH;COOCH,CH | 41 not quoted 33
CH3C0C1 (large excess) 41 | 24 o 34
CH3C0C1 (slight excess) 42 - 34 34
CHCN 41 35 35

desired compound was formed. The best conditions these
workers found were those of the last entry in the éhart.
Alkylation with acetonitrile followed by acid hydrolysis
of<%he resulting imine gave a 35% yield of desired ketone.
These were the conditions used in the present synthesis.
The low yield, thus expected in this step, predicated its

use at the beginning of the sequence.

Collidyllithium was formed in the normal way and
was alkylated with'a ten-fold excess of freshly distilled
acetonitrile. After stirring at room temperaturé for one
and a half hours the reaction mixture was treated with
excess dilute sulphuric acid. Work up followed by distil-
lation at 105 - 109°, 4.5 mm gave a 34% yield of the desired
ketone as a yellow oil. The ir spectrum of this oil as a
1

thin film shows a carbonyl peak at 1720 cm However it



27

o

also shows absorption at 1653 (:m-1 and weak absorption

at 3400 cm 1. These peaks can be explained by an equi- -
librium between the keto and the enol forms of this com-
pound. The enql'form is stabilized somcwhat by intra-
moleéular,hydrogen_bdnding between the lone pair of-
electrons on the“nitrogen atom and the hydroxyl hydrogen,

43. The nm spectrum in deuteriochloroform shows 3-proton

singlets at § 2.20, 2.27 and 2.48. In addition there are
2-proton singlets at & 3.83 and 6.87. fhere are very minor
peaks possibly attributable togfhe enolic form and these
peaks were intensified when a chtrum_was determined on
the neat compound. These peaks‘occur at § 2.00, 2.22,

2.40, 5.22, 6.48 and 6.77.

When the ketone was converted into the ketal 44

by treatment with -ethylene glycol and p-toluenesulphonic

acid in refluxing benzene under a Dean-Stark trap the nmr
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spectrum lost all the minor signals attributed to the enol
form. Thélspectrum,is now clean and consists only of
3-proton singlets at & 1.36, 2.26 and 2.48 with a 2-proton
singlet at § 3.06, a 4-proton singlet at § 3.89 4l
I-proton singlets at § 6.83 and 6.96. The ir sp
(neat f%lm) is devoid of signals at 3400, 1720 anc oo
cm-{, and there is a new intense peak at 1045 cm (9

stretch).

In an attempt to infroduce the other side-chain,
ketal 44 was treated with phenyllithium and to this mix-
ture was added allyl bromide. The resultant oil displays
an nmr spectrum in which the peaks due to the ketal and
the adjacent methyl gfoup at § 3.89 and.1.36 respectively
are not present. Thus, it appears that the phenyllithium -

attacked the ketal.

Heathcock, Ellis and Badger have reported36 that
theoethylene ketals of cyclopentanone and cyclohexanone
are attacked by isopropyllithium or t-butyllithium. The
products of the reactions are the result of attack of
alkyllithium on the ketone, generated by E, elimination
of the enolate of acetaldehyde from the ketal. Therefore .

the result observed in the reaction of ii with phenyllithium

is not surprising.
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In order to prevcﬁilthis reaction the ketone was
1-

protected using 2,2-dimethy ,3-propanediol to form ketal

45 which shows a 6-proton singlet at ¢ 0.95, a 4-proton
BN

rsinglet at § 3.60, a 3-proton singlet at § 1.40 and a

2-proton singlet at § 3.18 in the nmr spectrum.

|5 1&
QA4
won
o I

This ketal was treated with 1 molar equivalent of
phenyllithium ;nd a portion of the lithiated compound was
quenched with DZO’ The nmr spectrum of this material shows
decrease of the signal due tp the methylene attached to
pyridine. The singlet at § 3.18 attributed to this group
now integrates for approximately 1.1 protons. The increased
acidity of the protons at this methylene, as compared to
other molecules in this series, may be attributed to the
presence of the two electron-withdrawing oxygen atoms 1in

the ketal.

This disappointing result made it necessary to
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‘introduce the other functionality first. As it was felt
desirable to include the réquircd oxidation level of eéch
chain at an early stage, the commercially available
B-chloropropionaldehyde diethylacetal was chosen as the
starting material for the four-carbon chain. A preliminary
reaction of this alkylating agent with collidyllithium

gave approximately 45% yield of the alkylated collidine 47,

It was felt that this could be improved by

employing a better leaving group than chloride ion. For

this purpose iodide ion was chosen. Afte ification,

this alkylated product would be treat 1 heny}lithium
to generate the anion at the 6-methy
acetal may undergo B-elimination simjlar to that already
observed for the ethylene acetal it w&s decided that the
acetal should be exchangec o one which would definitely

be stable -under the reaction conditions. Thus the first
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alkylating agent chosen was 48.

Thié was prepared from B-chloropropionaldehyde
diethylé&etal by first exchanging the acetal using
2,Z—dimethy1—1,3ipadpanqdioi.‘ The chloroacetal was thep
dissolved in acetone and treated with a large excess of
a solution of sodium iodide in acetoneS7 to give the
desired compound in 75% yleld. Reaction of this iodo-- :
acectal with collidyllithium gave an almost quantitative
yield of theldesired alkylation product, 49. Before
further elaboration of the molécple it was decided to
prove that the aldehyde could be generated from fhis
acetal when'désirable. The methods attempted were treat-
ment of a chloroform solution with 10% aqueous hydrochloric
acid; treatment of an acetone solution wifh 20% aqueous
hydrochloric acid; treatment with chloral (to exchange the
acetal to chloral acetal); treatment with 1003% sulphuric
acid and ethersg; and tfeatment with 40% hydrobromic . id
in acetic acid. In the first three methods no reaction

was observed and the latter two gave rise to dark polymeric

products.

Despite the lack of success with the hydrolysis
of the acetal, it was decided to continue the proposed

route with 49 to verify that the route would be viable
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when a less stubborn acetal was used. Thus 49 was treated
with phenyllithium and the anion so producea wés treated
with acetdnitrilevemploying the same reaction conditions
as were used for the Synthesis_of,ég. Thé crude product
was a mixture of starting“materiél and desired product in

approximately equal amounts (by nhf).

Both these compounds are high boiling oils and
it was impossible to separate them by disﬁiliation. It
was also impossible to separate them by chromatography
since they have polarities on alumina only slighfly dif—
ferent from one another. Thus it became necessary to
convert. one component of the mixture into a compound of
a substantially different polaritynthus facilitating .
chromatographic purification. Also, the original com—A
pound must be.readily regenerated from the new compound.
Conversion of the ketonic component to its oxime was the
method chosen. The mixture was treated with hydroxylamine.
hydrochloride in 95% ethanol containing pyridine and the
resulting oil was chromatographed on alumina. Elution
with ether.gave starting material (ir, nmr) and elution

with chloroform-methanol (94:6) produced the acetal-oxime

51 as a colourless oil.



The ir spectrum of the oxime (chloroform) displays
absorption at 3580 and.3290 cm*l‘ (NOH), 1665 c:m"1 (C=N)
and at 1610, 1570 cn ! (pyridine), and is devoid of signals
in the carbonyl region. The nmr spectrum (CDCl;) in addi-
tion to the signals for the remainder of the molecule dis-
plays a singlet integrating for 1.5 protons at § 3.67 and
one at § 3.08 for 0.5 protons. These peaks are assigned
to the methylene group adjacent to the oximino carbon, with
the two peaks originating from the E and 7 isomers of the

OoXime.

The ketone, 50 was regenerated from the crude oxime

by dissolution in acetone-water (2:1) and trgatmeﬁt with 20%

i/ :
aqueous titanium trichloridesg. Thus a 37% yield of ketone

(57% based on recovered starting material) was obtained.
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The ketone was protectéd using cthylenc glycol
(1 ml per g. of ketone) in benzene with p-toluenesulphonic
acid as catalyst under a Dean-Stark trap. The ir spec£rum
of the ketal 52 is devoid of absorption at 1715 em L.
The nmr spectrum displays methyl singlets at § 0.72 and
1.19 (dioxzn) and a singlet at § 3.93 integrating for

4 protons attributed to the eth)lene ketal.

On one occasion, a larger excess of ethylene
glycol was used (3 ml per g. of ketone) and the tlé (alumina,
chloroform) of the product shdwed a spot for the desired
product, 52, accompanied by a Iéés intensé spot due to a
slightly more polar compound. The mixture was separated
by chrométography over alumina. Elution with benzene gave
fhe product identical by nmr, tlc, ir with 52. Elution with
ethe£rgéve the more polar fraction. The ir spectrum of this
i1 shows no peaks at 1130 .and 1090 cm ! (charagteristic of
. the 1,3-dioxan*moiety) but doés show intense absorption at
1045 cm—l‘(C-O). The nmr spectrum displays no absorption
Ifb; the metth gzgups of the dioxan ring, but shows a mul-
tipiet at § 3.90 iﬁfegrating for 8 protons for the ethylene
ketal. The mass §pectrum_shows a parent peak at m/e 307
with strong’peéks at m/e 221, and m/e 207. The base peak

is at m/e 87.

-
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These spectra-are consistent with 53 for the
stchtﬁre of this compound. This;compognd must have arisen
by exchange of the acetal fUﬁction.with tﬁe large excess of
ethylene glycol empioyed in the reaction. It is thought
that after a little more work, to optimize conditions for
exchange, this method codld be employed as a general method;
for the hydrolysis of acetals apparently too stable for
direct conversion to the aldehyde. At this time the work
with an alternate. acetal was well under way, so this

possibility was not investigated.

The other acetal chosen as precursor for the
aldehyde side-chain was.B-iodopropionaldehyde dimethyl-
acetal, 54. This was synthesized from the chlorodiethyl-
acetal in two steps. First Finkelstein reaction ex;hangéd
the halogen to iodine. In this reactiqn it was found

necessary téb--add a small amount of solid sodium carbonate
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to ensure that basic conditions prevailed. On the first

two occasions on which this reaction was attempted an
excellent yield of acetone_diethylketal was obtained. The
crude product of this reaction was dissolved.in dry methanol
and p-toluenesulphonic acid was added as catalyst. Work up
afforded the desired compound as a colourless oil in only
50% overail yield. The poor "c¢ld of these reactions 1is
attributed to the volatility of the products resulting in
loss~of material during reuwoval of solvents. The iodoacetal
was used to alkylate collidyllithium in the usual manner and
an overall yield of 40% of desired compound, 55, (from'
chlorodiethylacetal) was observed for these transformations.
This yield is comparable to that previously observed

for the direct' aTkylation of collidyllithium with the
chlorodiethylacetal. It was expected that the acetal func-
tién of the product from that reaction, 47 could ge
exchanged in high yield. Therefore it did not appear to be
adVan%ageoué to proceed with the route via 54. Thus the .
alkylation of collidyllithium with&B—chloropropionaldehyde

diethylacetal was investigated thoroughly.

The alkylation was performed in the usual manner,
but the mixture was allowed to stir for 10 hours in order

that the reaction might reach completion. This alkylation
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is very much slower than that for the corresponding iodo-
acetals. In the latter case it was neccssary to add the
acetal solutions very slowly because of the highly exo-
thermic reaction with the collidyllithium, the blood-red
colour of the solution disappearing within half an.hour.
The alkylation with the chloroacetal was very mildly exo-
thermic and even after 10 hours the solution was still
blood-red. After work up, the crude material was distilled
and the desired compound, 47, was obtained as an oil
boiling at 120 - 124°, 1.2 mm. A higher boiling fraction
was obtained with boiling point 170 - 174°, 1.2 mm. The
nmr spectrum of this material (CDC13) displays triplets

at § 4.42 (J=5Hz) and 4.50 (J=5Hz] integrating for a total
of 2 protons. There is a singlet for slightly less than

3 protons at § 2.45 and another for s&ightly more than

3 prodpns at § 2.25. Each signal of the tfiplet due to the
methyl groups of the ethylacetal is split into a doublet.
These characteristics are consistent with a mixture of
dialkylafed products 56 and 5;. From the intensities of
the ring methyl groups this is approximately a 3:2 mixture
56:57. The mass spectrum shows no peak- for the molecular
ion (381), but has a large peak corresponding to loss of
-OCHZCH3 from this at m/e 336. A small peak at m/e 352

resulting from loss of ~CH2CH3 is also observed.
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The dialkylated products must arise because the
slow alkylation allows sufficient time for equilibration
of the collidyl ions with alkylated material. It is
interesting to speculate on whether compound 56 could be
synthesized exclusively, because this compound can poten-
tially lead to the goal of the synthesis, cooéinelliu&u
In 1960 van Tamelen reported the reaction of 58 with
periodic acid at pH 5 to give the quinolizidine

‘derivative 2240.

oH | CHO CHO
HO
~ - HO S _
N N~ N
| -
H 58 H 60

——

59
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This reaction presumably proceeds via oxidation
of the vicinal diol to thé'dialdehyde 59, which cyclizes
under the reaction conditions. Reduction of the pyridine
ring of gg and hydrolysis of the acetal functions should
lead to a dialdehyd% very similar to 59, which should 1lead,
a priori, to a tricyclic compound, deformylation of~&hich
would give the required tricyclic amine. However this

possible route has not been investigated.

The diethyl acetal 47 was traﬁsformed into the
dimethylacetal using dry mefhanol and d-10-camphorsulphonic
acid. After distillation a 78% yield of 55 was obtained.
This dimethylacetal was—treated with phenyllithiumvand the
anion alkylated with acetonitrile. The reaction was
‘#quench;d‘with methanolic hydrogen chloride with the expec-
tation that the dimethyl ketal would be formed directly;

However in every case the ketone, 61 was obtained. The
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reaction was worked up by basification with triethylamine

followed by washing with sodium bicarbonaée, etc. so it

is difficult to imagine that the ketone was formed by acid
catalysed hydrolysis of the ketal. It appears, therefore,
that the ketone must be formed by hydrolysis of a possible

carbinolamine-ether type intermediate, 62 for_example.

The crude product was distilled and, after re-

covered starting material (b.p. 92 - 100°, 0.1 mm), a
fraction boiling at 150 - 157°, 0.1 mm was obtained{f This
fraction was shown to be an approximately 9:1 mixture of
product and starting material and it was used without
further‘purification in the next step. The total isolated
yield of ketone was approximately 35% and recovered starting
material was approximately 20%. There,is a substantial
residue from the distillation and the ir spectrum of this

displays a strong peak at 2160 cm }. The mass spectrum
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among the multitude of peaks present. This material was

not investigated further.

Despite the fact that this yield is comparable
to those observed and reported p5§ydously in this discus-
sion for alkylation of collidyllifhium and derivatives
with acetonitrile, it was felt that some effort should be
made to impro&e on it. 'In addition to those already men-
tioned, several other methods of alkylating collidyl-
lithium to produce the desired metpyl ketone were attempted.
In an attempt to form the ketal d;;ectly collidyllithium
was treated with triethyl orthoacetate in ether. The
blood-red mixture was stirred at room temperature for two
days then worked up. The crude product appeared to be a

mixture of collidine and triethyl orthoacetate (tlc, nmr),

i.e., no reaction had occurred.

It is reported that N,N—dimethylamides can be
used to form ketones in.good yield én reaction with aryl-
lithiums at low temperatures4l. Thus acetal 49 was treated
with phenyllithium and to fhe blood-red solution at -30°
was added a solution of N,N-dimethylacetamide in ether,
stk up producéd_an 0il which contained approximately 15%

desired ketone (nmr).



RN

42

Ketones can be prepared from organolithium

reagents by addition to the lithium salt of the appro-

priate acid42. Collidyllithium was prepared in the usual

way and anhydrous lithium acetate was added but no detect-
able reaction was observed. As it appeared that no other
alkylatién procedure was more efficient than that using
acetonitrile, House's method of trapping aldol products

was investigated25’26. As already mentioned, the product

is trapped as the zinc chelate,>g§ for example. Fc . g

R\C/,R
AN R
N

©0 0

A .- 63
72t

-addition of phényllithium,to dimethylacetal 55, a solution
of anhydrous zinc chloride 'in ether26 was added. This was
followed by acetonitrile. The product from this reéction
shows no absorption-at 2160 ém_l in the irVSpectrum.
-Distillation gave starting material (about 40%) followed

5y the desired product Yabout 40%), which \\
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still contained a little starting material. The residue
from this distillation is very small when compared to that
from the reaction in which zinc chloride was not added.

By analogy with llouse's chelate, the one involved here 1is

probably 64.

The methyl ketone (containing a small amount of
55) was treated with ethylenc glycol and p-toluenesulphonic
acid in benzene under a Dean-Stavk trap. The ketone was
protected and, as expected, the acetal was exchanged,

compound 53 being produced.

This compound was purified by chfomatography over
alumina, elution with benzene-ether (1:1) aflording the
ketal-acetal as a pale yellow 0il. The nmr spectrum of
this compound in deuteriochloroform shows 3-proton singlets

at § 1.36 and 2.28, an 8-protonJmulLi; ‘'t at o 3.90 and a

l-proton triplet at & 4.87 (J=4Hz). e ir spectrum
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(methylenc chloride) shows peaks at 1610 and 1570 cm-1

1 (C-0). The mass spectrum has

(pyridine) and 1045 cm
a very weak parent ion at m/e 307 with large peaks at m/e
221 and m/e 207 and basec peak at m/e 87. This material

1s identical with that obtained by acetal exchange of 52

observed carlier.

Reduction of 53 with sodium in iso-amyl alcohol

gave an oil, the ir spectrum of which shows no absorption

L (NH) .

duc to the pyridine ring but has a peak at 3340 cm
Tlc (aiumina, chloroform) shows two spots, the more intense
one being the less polar. Chromatography over alumina and
elution with ether afforded the less polar material, while
elution witﬁ chloroform gave the more polar. These com-
pounds were obtained in a total yield of arpr ximately 70%

after chromatography in a ratio of about 7:2 (less polar:more

polar).

The less polar compound displays absorption in
the nmr spectrum for a methyl group as.a doublet at § 0.90
(J=5.5Hz). There is a methyl singlet at & 1-.35, an 8-proton
multiplet at § 3.95 (ethylene ketal and z..tal) and a
l-proton triplet at § 4.87 (J=4Hz) fbr the acetal proton.
The mass spectrum has a weak parent peak at m/e 313. The

base peak occurs at m/e 198 and there is a strong peak at
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212. To these peaks arc assigned structures 65 and

T

n/e
6

6 respectively. These spectral characteristics are

s

+

A

65

consistent with the assignment of the skeleton shown in 38.
As discussed in the introduction it was felt that chemicél
reductiqn of 53 would produce mainly the compound of
greatest thermodynamic stability, i.e., the one with all

the ring substituents equatorial (and therefore cis). The
less polaf material was formed in the largest amount and
thus it was felt that this was the compound with the stereo-
chemistry depicted in 38. As proof of this assignment a
‘13C nuclear magnetic resonance (cmr) spectrum of this com-
pound was run. This spectrum shows lines for 17 carbon
atoms in the completely decoupled Spectrum43’44. By making -
use of the off—resonance'proton—decOupled spectrum 1t 1is
possible to assign the lines to methyl, methylene, methine

and quarternary carbons. The signals and their assignments

are shown in the following chart.
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13C signals of compound 38

§ 20.6 (CH,) § 34.0 (CH,) & 45.3 (CH,) & 64.7 (CH,))

22.3 (CHy) 36.9 (CH,) 53.2 (CH) C64.8 (2 x CH,)
24.3 (CHy) 41.1 (Cny) 56.4 (CH) 104.6 (CH):
31.5 (CH) 42.3 (CH,) 64.4 (CH,) 110.2 (C)

These signals are assigned to the Specific carbons
as shown in the following structure, by correlation of the

values quoted by Stothers4€, Levy and Nelson44,.and m

36.9 34.0 ' o/
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Wenkert45. The shifts of the side-chain carbons were
assigned by direct comparison -with compound 68 reported

by Wénkertds The shifts of the carbons of the piperidine

ring and the 4-methyl group were assigned by comparison of
the structural features with those in compounds 69 to 75,
thé shifts for which are well documented?3» 44, The pre-
cision with which additivity relationships- can correlate

13C shieldings of similar compounds is well known43’44,

the
thus it is felt that the following analysis is rigorous
proof of the assigned carbon-shifts and therefore the

steréochemistry depicted in gz.
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Since the effect of atoms “urther than four bonds

T 43,44,
removed from the atom under consideration is very small

the acetal side-chain can be considered as an n-butyl sub-
stituenp on C-2. The difference in shift of C-1 in
ﬂ—butylcyclohcxane, 75, and methylcyclohexane, 71, is

4.3 ppn. The‘shift of C-1 in 73 (invwhiéh all the substit-
uents are equatorial) is only 0.4 ppm removed from the C-1
shift of methylcyclohexane, 71. Thus equatorial substit-
uents at carbons 8 to C-1 have little effect on its shift.
That‘this 1s also the case 1n substituted piperidines can .

be readily seen by comparing the shifts of C-4 and C-6 in
.piperidine 69 and 2-methylpiperidine, 72. Thus the signal
-at C-2 in 67 should occur af,é 56.7-(52.4, from 72, plus 4.3)
providing that the éUbstituents at C-4 and C-6 are equatorial.
Iﬁitially, therefore; ‘it is assumed that the substituents
are equatorial and the signal at § 56.4.is,assigned to C-2
in 67. The methiﬁe at § 53.2 1is assigned to C-6 by exciusion.
It is felt that the oxygen atoms § to this carbon cause it
to be shlfted upfield, as is the case forIC-Z of the butyl
.side—cha%n which is § to.tﬁo oxygen.afdms'and one nitrogen
atom. The methyl group at § 22.3 is assigned to the C-4
methyl group, and the methine af § 31.5 to C-4 of the

piperidine ring in the fbllowinglwayf
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H \ 23.1
,\'1 52.4 CHj
47.2
26.3 34.9
25.0
72
19.5
CH;
29.2 27.0 236
CH;
415
CHj 45.6
74
27.0
27.0
34.1
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As already pointed out the shift of a darbon in
a six-membered ring is only slightly affected by equatorial
substituents at the B-carbon atoms. This should be com-
pared with the value observed in 74 (in which the substit-
uent at one B-carhon is axial). Thus one axial substituent
at the B-carbon causes an upfield shift of 6.3 ppm for C-1
(this is the so-called vy effeet43’44). The shift for C-4
in 4—methy1piperidine 70, is § 31.3. Equatorlal substit-
uents at C-2 and C-6 should have little effect on this
shift, but if one of these substituen-s was axial there
should be an upfield shlft of ‘approximately 6 ppm for C-4
resultlng 1 a methine signal at approximately &8 25. Since
the shift observed in 67 is 6'31 5 (the only.other methine
51gnals occur at § 53.2 and 56.4 agp are attrlbutcd to the
Carbons @ to nitrogen) the substituents at C-2 and C-6 musk.

- be equatoriail.

The axial met@yl group 1n 74 occurs at § 19, 5,
an upfleld shift of 3.9 ppm compared to an equatorlal methyl
group. Also tﬁe signal for the carbon bearlng this methyl
group has been shifted upfield 4.1 ppm. Thus an axial methyl
group at -4 in 4- methylpiperidine would be expected tQ result

in a signal at approximately 8§ 18.5 for the methyl‘group

and § 27 for C-4 carbon. Since these two signals occur at
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6 22.3 and 31.5 respectively in 67 (very close to the values
obscrved for 4-mcthylpiperidine) the methyl group must also
be equatorial. An axial methyl group at C-4 would also be
expected to result in upfield shifts of the signals for C-Z
and C-6 of the piperidine ring. As has already been noted
the signals for these carbons are consistent with an

equatorial substituent at C-4.

Thus .the signals of all these carbons are mutually
consistent‘and caﬁ.onl} result from a molecule in which all
the substifuents are equatorial. (The signals due to C-3
and C-5 cannot be distinguished and thus they bear a star in
67 to indicate tﬁat they may bé interchanged.) Therefore it
was felt that sufficient proof for the required stereo-
chemistry of intermediate 38 was available and that the

synthetic scheme could be continued wit' nfidence.

In addition to 38 a minor "wounc -7 more polar
material was produced from the chcmiéai Leductibn of S53.
This:  shows one spot on tlc (alumina, chloroform). The mass
spectra of this material and compound 38 differ only in
the intensities of several peaks. Thus it is felt that this
material is isomeric with 38. The nmr spectrum shéW§~a
methyl doublet at § 0.87 (J=6Hz), a methyl*€inglet at 6 1.33,

an 8-proton multiplet at &8 3.97 and a poorly resolved
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l-proton triplet at & 4.88 (J=4Hz). The.mcthyl doublet is
further split to a very small extent. The completely
decoupled cmr spectrum of this material shows lines for at
least 28 carbon atoms. Thus this material appears to be a
mixture of at least two componenté and‘is probably epimeric
with 38 at one or moré of the chiral cenfres. This mate-
rial was not investigated further. A1l attempts to reduce
53 by catalytic hydrogenation were unsuccessful, starting

compound being the only isolatable material.

With the desired compound, §§?hat hand, the syn-
thetic scheme was continued by removal of the two protecting
groups. This was accomplished using 5% aqueous hydrochloric
acid and a colourless crystalline compound resulted. This
.compound is quite sensitive to héat, so it was necessary to
evaporate the solvent at room témperature. The ir spectrum
(methylene chioride) displays strong abso%}tion at 3570 cm_1
th) and a characteristic intense doublet at 1060 and
1040 cm-l. The nmr spectrum (deuteriochloroform) shows a
methyl doublet at & 0.90 (J=6.5Hz), a methyl singlet at
6 1.43 and a l-proton multiplet af § 4.02. The mass spec-
trum has a parent peak at m/e 225 with the base peak at
m/e 150 ahd large peaks at ngA224 and m/e 207. These

spectral characteristics are consistent with structure 76.
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The peak at m/e 224 in the mass spectrum presumably arises
by loss of the proton from the carbon o to both oxygen and
nitrogen, resulting in an ion stabilized by both heteroatoms.
The peak at m/e 207 must result from loss of water to pro-
duce 77 which then undergoes further fragmentation to the
base peak at ELE 150, 78. There is a metastable peak at
m*/e 109 resulting from the fragmentation 207 — 150. There

are two possible conformations for the hemiketal, 79 and 80.
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These conformations may be distinguished by making use of
the observation noted by Bohlmann in 195846. So-called
Bohlmann bands are exhibited by a conformationally rigid
amine in which the:e are at least two hydrdgcn atoms on
the carbons a to nitrogen which are trans-diaxial to the
lone pair of electrons on nitrogen. These bands occur

as moderate absorptions in the region 2600 - 2800 cm !

in the ir spectrum. 80 has only one hydrogen atom o to
the nitrogen atom which is trans-diaxial to the lone pair
on nitrogen and thus this would not be expected fo show
Bohlmann bands in the ir spectrum. On the other'hand, 79
has three such hydrogen atoms and would b: pected to show

thesc bands. Further inspection of the ir spectrum of 76

reveals that it does indeed show peaks at 2760, 2730 and

1

2610 cm = and thus configuration 79 is assigned to this

compound.

When this compound was first isolated it appeared
to sublime a little in the flask. 1In an attempt to accel-
erate the process the material was warmed to 70°. After
six hours only a very small amount of sublimate had col-
lected. The ir spectrum of this material shows a small
amount of hemiketal (3570, 1060, 1040 cm-l) but there is

a large peak at 1715 cm_l. The substantial residue from
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this attempted sublimation possesses an ir spectrum which

is devoid of the signals characteristic of the hemiketal.
There is, however, a strong peak at 1715 cm_1 (C=0) and

a moderate pecak at 1655 c:m—1 (C=C). The mass*épcctrum of
this material shows a parent peak at m/e 414’with a strong
peak at m/e 357. Thus it appears‘that the hemiketal readily
dehydrates on heating to form the keto—enamine (MW = 207)

which then dimerizes. Loss of 57 to m/e 357 is consistent

with loss of the fragment —CHZCOCHS.

Leonard and'Hauck47 have studied the formation of
derivatives of 2-piperideine and report that N-substituted
piperideines tend to "dimerize" readily. For example,
attempts to form 1-methyl-2-piperideine by mercuric acetate
oxidation of N-methylpiperidine or by reduction of l-methyl-
2-piperidone (using 1lithi = aluminium h&dride or dissolving
metal) all result in the 1solation of the dimeric product

shown.
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Because of this apparent instability, the ketal
was preparcd when required and then used immediatecly in a

subsequent step.

Conceptually there are two possible ways which
could lead from the hemiketal to the desired tricyclic-ketone,
81. Treatment of 76 with base could form the alkoxide which

could fragment to produce the ketocarbinolamine, 82.

Scheme 1
0
H ~d -
0 Ho-_-N
H 82
l N




57

EN

Elimination of hydroxide to form the immonium salt may
follow, and, if this is the case, this salt could be
trapped by. the enolate ion to form the desired ketone,

81, as shown in Scheme I.

Alternatively, conversion of the hydroxyl function
to a good lecaving group may give rise to a Grob type frag-
mentqtion48 leading to the keto-immonium salt as shown 1n
Scheme II. Cyclization of the enol form of the kepone with

the immonium salt would then produce ketone 81.

Scheme I1
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f
Initially the hemiketal was treated with sodium

hydroxide in aqeuous THF at room temperature then at reflux

but on both occa

4N .

<2 RO, +

sions the only matﬂiial isolated was iden-
}he starting material. Treatment of
‘Dniq;acid in refluxing benzene under
Jj ’:}“ea foﬁan‘oil which consists of at least
phréefcomégdndégky tlc (saumina, chloroform). Chromato-
graphy over nlumina gave mainly material which appears to

be dimeric by mass spectrum (p s at m/e 414 and m/e 357).

Spencer and co—workers49 have described the ugé:
of pyrrolidine and acetic acid in ether as a mild method
for-aldol cyclizations. It was felt that these conditiohs
offered advantages for the case at hand. Examination of
Schemes I and II reveals that both require base and acid
catalysis at different stages. Thus these conditions should
facilitate both processes. Treatment of 76 with one molar
equivalent of pyrrolidine and two mqlar equivalents of
acetic acid in ether at room temperature for 36 hou}s ga§e
an 0il which contained starting material (ir, tlc). In
addition .tlc showed the presence of a less polar material.
The ir spectrum of this o0il shows absorption at 1725 cm_-1

in addition to the peaks for starting material. A crude

separation by preparative tlc (ptlc) removed the starting
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material. The resultant material has in the mass spectrum
an intense peak at m/e 207 accompanied by impurifies with
highgr molecular weight., Furthefuattempts were made to
%prlfy this materlal by ptlc but the mass spectra of all
the fractions d1splayed only very small peaks at mig 207.
Suspecting that this material was desired B-aminoketone
81 (MW = 207), but that it is unstable, it was decided to
reduce the reaction mixture with sodium borohydride imme-
diately follbwing‘work up. In order to accel:rate the
cyclization the reaction with pyrrolidine'and acétic acid
was performed in refluxing THF for 24 hours. The crude

material, which shows strong absorption at 1725 cm_1 to-

gether with moderate absorptions at 2780, 2740 and 2600 cm_.1
(Bohlmann bands46), was dissolved in 95% etﬁanol and

treatea with excess sodium torohydride.  The colourless -

0il so produced in 75% yield displays absorption at 3590

-1

(OH), 2780, 2740 and 2600 cm ! (BohImann bands) in the ir

spectrum. Tlc (alumina, chloroform—methanol, 20:1) showed

f
plays a doublet at & 0.88 (J=5Hz), with a poorly resolved

&vWo spots of very similar R, value. The nmr spectrum dis-

‘doublet at § 1.03 (J=7.5Hz).

The mass spectrum shows a parent peak at m/e 209 .

C13H23NO calcd. 209.1780, meas. 209.1792. These spectral
; ,
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characteristics are consistent with alcohols 83. Since this
material is probably a mixture of as many as four stereo-

isomers no attempt was made to obtain one or more of them

pure.

MsO- TsO

When hemiketal 76-was treated with sodium hydroxide

in ethylene glycol at 150° a 45% yield of material identical -

v

~ with 83 by ir, tlc and mass spectrometry was obtained. This
product could ‘arise by Meerwein-Pondorf reduction of the
ketoneso although no precedent could be found in the liter-

ature for such a reduction in ethylene glycol. Alterna-

51

tively, a crossed-Cannizzaro reaction of ‘ketone 81 with

uncyclized aldehyde could result in reduction to 83.

Johnson and co—workers52 have reported a similar reaction
. .
in which the decalone 86a was transformed into the decalol

86b by reacticm with sodium hydroxide in ethylene glycol

~at 150°. It was presumed that 86b was formed by a crosscd-

Cannizzaro reaction of the primary hydrolytic prqducts,
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trans-9-methyl-1-decalone and furfuraldehyde.

;'.."-‘i“

éﬁfﬁumber of experimehts were perfornied in an
;ttem;£ﬁ;o¥remove the hydroxyl group from this mixture of
alcohols. Treatment with phosphoryl ‘chlo-ide and pyridine
'in ether (éttempted'dehydration) led to a dark brown gum

the: mass spectrum of which possessed no encouraging

ok -
charactéristic peaks.

The mixture of alcohols was treated.with p toluene-
sulphonyrfchloride in pyridine and the E—tolmenesuiphonate
esters, 85, isolatedss. _The ir %pectrum (methylehe chloride)
is devoid of a hydpbxyl absorpﬁion, but shows weak absorp-
tion at 1600 c:m_1 (aromati) and strong absorptions at 135¢%
and 1170 cm™ ! attributed toztheﬁﬁulphonateAester. Tlc .
‘showed only a diffuse spot less polar than starting mate-
rial. The mass spectrum displaysba strong pafent peak at

_ . i
m/e 363, with the base peak at m/e 192 resukting from loss. -
- - &

- >
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of the sulphonate group from the trlcyclue m01ety It

oy

is reported that alkanes can be formed from reactldn of
sulphonates with lith.um aluminium hydride (LAH)\ . Treat-
ment of this material with a solution of LAH in ether at

room temperarurekfor 24 hours did not lead to reaction.

The same reactlon in refluxing THF gave the alcohol 3
(ir, tlc, mass spectrum). Since methanesulphonatés are
equally useful as leavi: .. s, the redgction procedure

was attempted on this fuuctionvlity The methanesulphonate ;T'

csters, 84, were preparec hv ‘reatmenrt of lhe alcohols w1th
methanesulphonyl ch;oride in methylene chloride with trl—

ethylamine as catalyst55 The ir spectrum of thlswmaterlal

(neat fllm) shows Bohlmann bands at 2780, 2740 and 2600 cm -1
together w1th sulphonate dbSOTpthﬂ at 1355 and 1170 cm 1.

The mass. spectrum shows the parent peak at m/e 287 w1th ‘the

o

base peak at m/e 192. This material was‘treated w1th a

solutlon of LAH in.ether-THF (1:1) at rQom temperature and

“che product dppeared to be alcohols 83 (1r tlc, mass spec-

trum). The attack of hydride at_ﬁhe sulphur atom rather

g : : : U : 56
than carbon is a reaction which has becn noted previously”™ ",

g

Recently,Masamune57 has describea the use of a

“Cu(I) complex for the 71gh yield reductlon of methanesulpho—

nate esters to alkanes The reagent is prepared by addition



:Thloketal 87 was thus formed in 50% overall yield from

- ketal-acetyl 38. ] S
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of two equivalents of a freshly preharce  solution of
. )

N
11th1um trlmethoryalumlnlum hydride in IHF to one equiv-
alent of cuprous 1od1de The methanesulp&gnate is the

a4 - ‘f\
addod to Jhe dark brown reduciig agent. Utilization of

thepg LOHdlthDS led only to recovered Starting material.

RN ;Those results led to a somewhat different approach

fo remov1ng the oxygen functionality from the tricyclic
hwcompound. Ketone 81 was formed as'before and the crude

“material was dissochd in 1,2-ethanedithiol with 1.2 equiv-

Q}Ients boron trifluoride—ethorate58, Work up of (the reac-
tion after four hours gave a thick oil with a sulphurous

odour. " Th: ir spectrum of the compound shows no carbonyl

- peak and i . cherwise devoid of peaks characteristic of

funotionality other thaﬁ”C—H The mass spectrum shows a

parent peak at m/e 283 with a measured mass for CISHZSNSZSZ’

This material is a dlffuse Spot on tlc (alumlna chloroform)

probably accounted for by the presence of two compounds.

3
Desulphurlzatlon of the thioketal was accomplished

u51ng W2 Raney- nlckel 1n refluxing ethanol. The tlc of the

crude mlxture (alumlna chloroform) shows predomlnanily two
sp%ts W1th¢d15t1nct1y different polarltles.l These compounds

w

e
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should be»88a and 88b and they were separated by ptlc on ‘

g

alumina w1th chloroform as eluent. v !
The less polar material shows intense Bohlmann

bands at 2770, 2710 and 2600 cm_l’in‘the ir spectrum. The
mass spectrum- dlsplays a parent- péak at m/e 193 with a

very strong peak at m/e 192 (the base peak.is at m/e 41).

" The nmr spectrum dlsplays a Wthyl doublet 8 0.87 (J=5Hz).
The intense Bohlmann bands are indicative of the conforma-
tion Shown in 89 for this compound. The fact fhar there are
3 protons 33323 diaxial to the lone palr on nitrogen is no

doubt lespon51b1e for the strength of these bands.

This amine was convertec into the N-oxide 90
by reaction with one molar equivalent m-chloroperbenzoic
acid in Chloroformsg. Work up by elution through a column
of basic alumlna with chloroform -methanol (3:1) provided

o

e
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—Z+

90

O-

the N-oxide as pale yellow crystals, which were,recryStal—
lized from hexane-acetone. The mass spectrum of this mate-
rial shows a parent ion at m/e 209 (CISHZSNO calcd. 209.1780
meas. 209.1777) with an infense peak at'@lg_l92 (the base
-peak occurs at m/e 41). The nmr Spectruﬂsﬂisplays a methyl
doublet at § 0.91 (J=6Hz) and.-a 3-proton multiplet centred
at § 2.84 resulting from the.methine hydrogen atoms on the
carbons o to nit;Bgen.

The completely decoupled ;mr spectrum of this
N-oxide (35 mg) displays only.eightrlines. fhe approximate
intensities of the'signals are given 1in parentheses and are ~
as’ follows: - § 73.6 (1), 73.3 (2),, 35.8 (2), 35.6(2),

-

30.1 (1), 27.4 (2), 23.4 (2), 21.4 (1). Several of the
signals are assiggeduas shown in the following diagram._
.Since the molecule is symmetrical there are five pairs

of identical carbon atoms resulting in only the eight lines
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: f 300 94
) CHj

observed. Wenkert rcports60 that carbons o to an N-oxide
are shifted downfield to a great extent compared to the
am%ne and mentions one such compound in which the a carbon’
resonates at & 69.6. The signals observed here are

.

therefore expected.

Structure 91 has been assigned to the more polar

fraction from the desulphurization. The ir spectrum of

material (neat film) shows no Bohlmann bands indicating less

&
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than 2 protons trans-diaxial to the lonc pair on nitrogen.
The nmr spectrum shows a methyl doublet at & 0.85 (J=0Hz)

and a 3-proton multiplet at 6§ 2.7 - 3.1. The mass spectrum
displays a parent peak at m/c 193 (C13H23N: calcd. 193.1831;
meas . 193.1825), an intense peak at m/e 192 and a base peak
at mig 41. These spectral data are consistent with structure

91 for this compound.

The N-oxide 92 was formed from this amine g§ing

the same conditions employed for the isomeric compound. The
1r spectrum of this material in chloroform displays absorp-

tion at 3550 and 2490 cm—l. é}hese can be explained by the X
N—oxide‘forming a hydrate, aéé?s the case for natural coc-
Cinellin. The nmr spectrum (deuteriochloroform) shows é
methyl doublef at 6 0.89 (J=6Hz). The mass spectrum shows

- a parent peak at m/e 209 (C13H23NO: calcd. 209.1780; meas.

209.1788) with base peak at m/e 192.

Ll
LT

The cyclization and following steps resulted in
the formation of 89 and 91 in the ratio of approximately 2:1.
When the cyclization of Zg‘was performed usihg azacyclo-
heptane (rathgr than pyrrolidine) and acetic acid and the
remaining stepS'pgfformed as already described a ratio of

approximately 1:1 was obtained,

The amine 91 should be precoccinellin and the
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N-oxide 92 coccinellin®. The publication d?scribing the
isolation of these compounds contains very;iittle experi-
mental detail or spectroscopic data. Howevcf, the chemical
shifts of the methyl group in each compound are given. The
.quoted values are § 0.96 and & 1.00 respectively. The

values obtained for compounds 91 and 92 in the synthesis

are § 0.85 and § 0.89 respectively.

. > :
At this time a sample of natural coccinellin and

V:SéVeral ir sbe;tr?idé?e reéeived from P?gfessof-Tursch. The
spectra sent were“those of‘pfeégccinellin (film), coccineilin
(KBr disc) and coccinellin hydrochloride (KBr disc). . The
first spectrum 1s not very well defined, but could be used
for comparison. The ir spectrum (neat film) of 91 is

iargely the samé as that forwarded, but thgre are differences.
Tursch's spectrum of coccinellin is poorly defined so an ir
spectrum was run of the samplé which he sent. Again the
spectra of coccinellin and 92 bear strikipg similarities but
they are definitely different. The hydrdcﬁloride salt of 92
was prepared by dissolving a small amount of the compound in
acétéhe and treating with two drops of 1N aqueous hydro-
chloric acid. Evaporation of the solution gave the crude
salt which was recrystallized from acgtbﬁe. Again the

spectrum of the synthetic material had slight dissimilarities
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from Tursch's spectrum. The hydrochloride salt of the
natural material was prepared in exactly the same fashion
as for 92, but identity between this and synthetic mate-
rial still' could not be established. The N-oxide yaé

recovered from both of these salts by elution through a

hydroxide loaded strongly basic ion exchange column, fol-

lowed by cvaporation. The N-oxides show spectra which bear

great similarities but are still not 1identical.

The mass spectra of the natural material and 92
were run sequentially and have identical peaks with iden-
tical intensities except for the peaks at m/e 194 and ’e

140 which are very slightly more intense in the spectrum

of 92. _ . .

Throughout the compa "isons, tlc's of 92 and the
natural material were run. The compounds show the same
polarityfbﬁ alumina when eluted with 95:5 chloroform-

methanol, 80:20 ethyl acetate:methanol or 3:2:1

acetone:benzene:methanol.

An nmr spectrum was run on the remaining portion
of natural material sent by Tursch. The spectrum displays
a methyl doublet at 6§ 1.02 (J=6Hz) and a further doublet

at § 1.21 (J=6Hz). It is possible, therefore, that this
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material is a mixture. However, even if that is the case,
the difference in the signals of the methyl groups in the
nmr spectra appear to point to the fact that 92 is not

identical with either onc of the components of the mixture.

At this stage an 11 mg sample of 92 was remaining
and a cmr spectrum was attempted on this material. The com-
pletely decoupled spectrum, although very weak, displays

lines at & 74.0, 58.7, 35.9, 34.0, 28.1, 27.4, 25.6, 24.6,
8

23.7, 21:5, 18.1. The signals quoted for cocci lin

occur at § 73.4, 58.4, 35.3, 30.0, 26.9, 25.1, 20.7, 17.7.

v

'The lines in 92, which are underlined, are consis-
tent with the signais in coccinellin, but there appears to
be no signal corresponding to the onme at & 30.0 in natural
coccincllin. Atrpresent the instrumentation employeq%here
is not sufficiently sophisticated to be used with con;i—
dence to obtain a cmr spectrum on a sample size much less
than approximately 0.5 mmole. Since the results quoted
above for compound 92 were obtained on 0.05 mmole, not too
much emphasis can be placed upon them. However, they are

quoted to point out that there are certain similarities

between the cmr spectra of 92 and natural coccinellin.

The fact that it has proven impossible to establish

identity between compound 82 and natural coccinellin has
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necessitated a review of the spectral data obtained for
several compounds. The final amine and N-oxide, 91 and 92,
clearly have the correct constitution (exact masses correct

for C N and C,.H, NO respectively).

1323 '13H)3

The isomeric N-oxide, 90, has spectral data com-
pletely in accord with the proposed structure. Of great
importance is the cmr spectrum of this compound. The ele-
ment of symmetry present is proven by only eight lines (from
13 carbon atoms) observed in the spectrum. The highest
field signal in this spectrum occurs at § 21.4, therefore
the methyl group must be in_tﬂe'eéﬂatorial conformation.

(An axial methyl group should result in a signal between

§ 16 - 1943’44.)

Amine 8% {the precursor of 90) and amine 91 are
. — ' - ' o
both formed from thc -ame intermediate, 76, which is 1in
turn formed from acec:.l-ketal, 38. The analysis of the
cmr épectrum of this compound confirms the equatorial con-
formation of each ring substituent. The stereochemistry
at these three positicw#s is thus proven. Since there 1is
no opportunity in later reactions for these centres to be

isomerized this stereochemistry must be present in the final

compoul . Thus diffcrent compounds can only result from™
different modes of cyclization of the intermediate enol
&

Ay
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or cnolate 93. As there are potentially two chiral centres,

four compounds can initially arise.

& !

1Cyc]ization from the top-side produces the skeleton
of 89 and the isomeric compound formed by possible inversion
at nimfogen. This inversion would result &h one ring being
a chéir,w%th the othéf tw04twist‘boats: This conformer
would husve a very much greater free energy, therefore this

molecule should exist solely as 89.

Cyclization from the bottom-side résultg in 91
and the isomeric compound formed by inversion, at nitrogen.
The inversion would result in two rings in the chair con-
formation and one iﬁ a twist-boat. Again this should have
much greater energy thanlgl and thus the latter would be
expected to be the only form of this compound observed.

The complete lack of Bohlmann bands in the ir spectrum of

91 is further confirmation of..the assigned skeleton.

.
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$ 5 X / -
N C—
4
The possibility that a compound «outaining a

4-membered ring could be formed sinould be considered.
Howe-or; this would result in a compound containing an
ethyl group and no such functionality can be recognized‘

'in any of the nmr spectra of the products. .,

The,cmr of ketal-acetal 38 contains no spurious
peaks, thus the possibility of impurities in this compound
can be discounted. As 89 and 91 are formed in approxi-
mately equal proportiovons via the route involvingiazaéyclo—
heptane, an impurity (if it did indeed lead- to 91) woula

have to be present in 38 to a very considerable extent and

would certainly give'rise to prominent peaks in the cmr.

These arguments all lead to the more polar amine

having the structure depicted in 91.
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Obviously there is some discrep.ncy tetween the

results quoted here and those reported "y Tursch. . One pos-

sible explanation is that the N-oxide Lormed from amine 91

has an inverted nitrogen atom. This would lead to at least

one ring being ‘a‘twist boat, 94. However, the greater free

+
N ___
/
/
0 CH3

energy that would be associated with this molecule makes

this seem unlikely.

In conclusion, it is felt that the structure of
91 and/or 92 will only be verified unambiguously when an.
X-ray study is completed on a suitable derivative of one

or both of them. As mentioned, the sample of natural

coccinellin obtained from Prof. Tursch may have been impure.

The results described here ﬁEVe been communié?ted te "rof.
Tursch and it is hoped that further referenée samples will
be obtained 'shortly. It now becomes importégt to compare
natural and synthetic material at the precbccinellin stage.

Since the assignment of structure to 91 appears to be well

~



founded, failure to establish identity at this stage would

suggest that the structural assiynment of Tursch et al

should be rsexamined.
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EXPERIMENTAL

SolutLons were drled over anhydrous magn051um

sulphame unless othorw1se 5pec1f1ed e

. R, value = dist.nce moved by compound/distancg/ﬁ—

f .
moved by solvent.

WY

Melting pornts were dete- 1 on a Fischer-
. S “
Johns" or Leitz- Wetz]ar hot stage m pdint apparatus
and are uncorrected: - J b . :
\3, . o Mlcroanalyses were perfoi‘med by g‘z Microana- .. .t
N ot S - .‘ﬂg‘ ,‘

lytlcal Laboratory of thls department ’A‘, ) R a

Wégectra were recorded on a Perkin-Elmer

Mode1‘337,grati@§ 1nfrared spectsophotometer,'a Unlcam

%

SP1000 gratlng 1nfrared spectrophotOheter or a Perkin- ..

Elmer Model 121 dual gratlng 1nfrarod spectrophotometer

-

- L] . . - B
> ) : v T . .
* Nuclear magnetic rcsonance spectra were measured
using a Varﬂan'Associates Model A-60 spectrometer or a

v

“Varian Model HR lOO spectrometer w1th tetramethy151lane as

1nternal >tandard

3C nmr spectra were determlned at 22. 63 MHz in

the Iourrer mode uelng a Bruker HFX 90 spectrometer in



I

S8 717
N
, &

Jyow with g Nicolet-1085, 20 K mercury computer

25.1 MHz Varian HA-100-"15 system interfaced to

the lellab FTS/NMR-3 Data System and assoc1ated pulse .

‘ﬁg; proton decoupling unlts

Mass specrra were recorded “on an A E.I. Model

Mb 9 mass spectrometer or. aﬁwh%E I. odel GCYMS mass
b ‘ f

spettrometer with a WB separato¥&

«.‘ ¥

- L w. ‘. T % ’ : . R 'f}{“‘,',"v
Z—(3-buteny}):4,6*d1metb¥kbyr1d1neu29,
2 - . —_— ’ .
T TRVARR
To a stlrred solutlon of phenylllthlum (40.3 g,
At
0.48 m) 1n anhydrous ether (300 ml) under an atmosphene of .

- . 0 u~t : . 1‘”\
& K -

nltrogen at room temperaqyﬁe“was added dropW1 e 2,4,6->

I

collldlne (62 5 ml, O 48nﬁ”§ The dark solutlon was stirred
‘- ...W\ﬂ./ )

for four hours then cooled to O° in an 1q§ b%;h

W '
B Allyl bromlde (60.25 g, O 5 m) was diSsolved in
ether (75 ml) and added dropw1se to tge ﬁollldylllthlum
solutlon Follbw1ng addltlon the solutlon‘Was allowed to

warm to room temperature andostlrred for 12 hours. 'Water*
. - - « % . . .
(150 ml1) was-added dropwise to the mixture, then the aqueous

phase was ‘separated and extractedfwi%h ether (3 x 75 ml).

'The comblned organic phase was extracted everal times with .

dilute hydrochloric acid, and the ac1d1c solution was
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u’/ :
basified with cold aqucous aimonia and extracted scveral
: U &
tJmes with thoroform The chloroform was removed and the

residuc distill®d to give 2 (3- butonyl) 4,6~ d1methylpyr1d1ne
W8

29 (53.4°g,.70%), b.p. 58%- 60°, 1 mm, 0 %0 105045 (1ic. 18
54 - 56°,!0?S mm, nr21 l"?042) o l N
. : T e N ‘
- 2- (4 hydro&ybutyl) 4,6- d1m 't yugnndlne 30 w
A&? , 2-%3-Buteﬂll) 4,6 dlmethylpyrldlne (16 1 g, 0.1 m)
; LT : R R
‘imHéyas‘dissolved in'fre<hly dlstlllcd ﬂctrahydrofuran (25 ml)
A : R £ e
’ ;under a nitrogen atmosphere at roomn tsmperature and a s%lu— S
- *XI, i ey P L )
.. tion of dgborane in tetrahydrofuran (150 m1, 1M,‘O 15 m) Was
w{ "! A , o "
- added dropw1se to 1t °The sllghtly cloudy solutlon“Wﬁs AN
(‘ -% w ‘w \J ; R
,st1rred;at TOoOMm temperature fQ@ two hours then excess Coa

4

',‘} o
\Q:*TES&%T&Qg solutlon cooled to - 0°. 30% hydrogen perox1de

(60 ml) was’ added dropwise. The solutlon kas - Stlrred at
3

rbom temperature for tﬁe ugurs then was poured info water

and ecxtracted with ether5(4 x 100 ml). The combined. organic

'iphdse was extracted with dilute hydrochloric acid and the

!

bases- 1>olated as usual ' Distillation gave 2-(4- hydroxy-
butyl)-4,6- dlmethylpyrldlne 30 (16.5 g, 93%) b p. 125 - 127°
at 0.6 mm (lit.l5 110 - 112° at 0.2 mm) which solidified to

© ~a low-melting solid on cooling.
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1 Z—tetrahydrgsyraﬁyl ether 20

) 2—(4—hydroxybutyl):4,6~&imethylpyridine 30 (16.5-g,
0.09 m) was dissolved in freshly disfiiled dimethoxycthane
(ZSle) and freshly distilled dihydropyrdn_(13.7 ml;‘0.14 m)
was aaded. zﬂydrogcn chloridc_was bubbled:infthhe Solution;v
% which=became warh and deep orange; until 5.5 g (excess) had
been absorbed. The reaction mlxture ‘Was stored at room ;ﬁ%ﬁ
tempcrature for.slx hOUTS;JPOUFJB( arcfully into ILSACOld Ky
dqueous ammonia and extracted with mcthylene chlorlge The .
methylene thorlde was removcd and the residue dlstl;led eo
give_thec}etrahydropyrenyl ether 26 (20.5 g, 85%) b.p. 143 -

R
~147°, 1.2 mm, n %% 105027 (1ie.?® 130 - 132° at 0.5 wm,

l D - ‘ \
21 , ¢ . e -
np°t 1.5024). | - .
<

. . ., : %
<. . 3-Bromopropan-1-ol (25 g) was dissolved in freshly

§—bromf3fopy1,Z—tetrahydropyranyl ether
. ,

W

NN - L Y . .
;distiIled\benzeﬁe (250 ml}) and* dihydropyran (17 ml) was

_added.( Phosphoryl chlorlde (16 drops) was added\@ﬁ cataly@t )

and the -colourless solution was stlrred at room temperature
: $

T~ : o - %
for, 1% hours. Triethylamine. (1 ml) was added, then"the. ¢
; R ' ’ ' ’ ;-__““/' :t
solvtion was washed with dilute sodium blcarbonate (50 ml), g

&ater (56 ml), brine (50 ml), dried and evaporated. The oil

was distilled-at 88 - 91°, 10 mm, and brdmoacetél (38 g, 95%) .
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was ohtained. nD23 1.4780. | "
1r&noat): no -OH; 1030 (C-0) em L.
nmr(CUCl ) 8 2.13:(quintetx_2, J=6.5Hz, CHZCEZCH2)’

. 4763 (m, 1, OCHO) . . -
ﬁ%gs spectrum: m/e 224(1), 223(6), 222(M+L C8H1579 rOZ, 1),
221 (M-1, C8H1479Br02, catcd. 221.0177, meas. 221.0178, 6)

Ny

125(9), 121(9), 120(9), 87(7), 86(6), 85(100), 84(17),

83(10), 67(5),ﬂ59(5), 57(10), 56(26), 55(20), 54(8), 43(12),

41(43), 39(11). ”? o

u" -

o 4_—3(3_£;1\methyl% (2- h‘fﬁroi’&prop?xk)—pyr‘.'lldyﬂl]).bu.tyl { \%w

‘ 7
}jtetrahxdropyranyl ether, Eﬁ‘ S

{

rd

Pyrldlne acetal 26 (17 85, 0 065 m) was dlssolved

in 100 ml anh)d10u< ether under a nltrogen atmosphere and a

sdlution of n-bu 1ithiQm in hexanc (47 ml). (1.4M, 0.066 m)

'THe solution was stirred atxroom tem-
\/,

s then' cooled to ;786 Acetaldohyde

was added dropwise;

_perature fior two,ho
A
(25 ml) in ether (25 ml) was added dropw1se to the solution.

A}

The mlxture was stlrred at -78° for 45 minutes then quenched

» s o N

at -78° by dropw1se addltlon of water (10 ml). . The mixture

® N tf,
“Mwagnyarmed‘tu,room temperature and .the layers separated.
PR BRCA : S . ke e . ) . -
i‘The aqueous solution was extracted with ether (2 x 25 ml) and

the combined organic solution dried and evaporated to give an

o1l which by tlc (alumina, chloroform) consisted mainty of
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o
0

two fractions: iﬁarting material at Rf 0.7 and a more polar
Wy .
. : ' i &v
“fraction at Rf 0.4. The oil was chromatographed oVer alu-
mina (800 g). [Elution with benzene gave an oil identical o

~with starting material. Elution with ethtr gave hydroxy-

acetal 28 as a LOlOUflebS o1l (8 7 g, 44%) b.p. 165 —'163§w
at 0.2 mm, n 23 1. 5072. e | '
D o .‘ . :
(CHCl )&w 3360 . (unghangcd by d]butlon 1ntramql¢cu1ar

’

H- bonded -on), 1610 4570 (pyridine) cm L

(CDCl )¢ 6.‘1 25 (d, 3, J=6Hz, -CH(OH)CH.), 2.29 (s, 3,

-CHy), 4. 56 (bni

o N

(s, 1, ArH)

e Y ‘
mass spectrum: C, H NO:, m/e calcd. 307.2147, meas,

1829 A

307.2147(4), 263(10), 222,56), 207(13), 206(85), 179(23),

(T:y‘ . .
178(41), 165(100), 163(13), 162(40), 148(12), 147(14),
146(10), 135(13), 134(57), 121(82), ¥20(13), 85(70),
77(12), 57(10), 45(10), 43(13), 41(21). - ’

1y :

2—(4—hydroxybﬁty1)-6—(2¥hyd§oxyprop}l)—4-m@thyipiperidine, 23

- |

- * : .
: f

Compoundwzg'(l'g)‘was dissolved, in absolute .

-

“éthanolv(40'ml).and sodium metal (4 g) was added.in large

p1eue< The mixture was, stlrred and heated to reflux for
&

iy
Y iy

tWo hours then qooled. Water (20 ml) was, added dropwise
and ﬂbe cooled solution was extracted with chloroform

(3 x.50 ml). The combined extracts were washed with water

T2

1, -OCHO-), 6.77 .(s, 1, -ArH), 6.83 &

%
287 Ty

1ok

@

e

e
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v

3

$ et s

4.02 (t, 2, J=6Hz, -CH,0Ac), 4.84.(m,)1,
<, y o, e —2

82 .

ks ’
untll ‘the WLghlngs were ncutral and the chloroform solution

b
was dried and cvdporatcd to leave a pale yellow oil (780 mg,

77%) . I ,
. .' V ‘ # LB
ir(C“2C12):;.3610ﬁ(QH), 3250 (NH), 1130, 1120, 1070,

1030 (C-0) gm'l

]heaurude m1Lcr1a1 was dlisolvcd 1n chloroform

(10 ml) and \tlIer V]ﬂblOUbly w1th 10 aqueous“HCl (20 ml)

iy

Ior one: hour The AqucoUs layer ‘was basified with aqueous

sodlum carbonato then Cxtraoted with chloroform (3 x 25(m1).

The comblned extracts werce drlcd and cvaporated to yleld 23

as a pale yellow-011 (558 mg, 75% from 28) . c
X . S e -1
lr(CH2C12)“ f?Q%O (0t), 3250 (NH), IQ7Q, 103Q (C-0) em .
The ttiacctate of tpi%cxmmooﬁo was foémed by

: .. . { . o
treatment with acetic anhydride in pyridine.

1 : &, -1
(o, CL,) 17{5 (C=0) ¥ 1635 (C=0) cm ", (
MY (eDe1) T s T0.91 (d, 3, JeeHz, -CHp), 1.24 (d, 3,

J=6Hz, -CH;), 2.03 (s, 6., chCO), ~ 06 {s?f3,<c53C0),

CHOAc) .-

“mass .spectrum: ~ C. H;NO m/é cg;td +355.2359 meas.

19t35N0s
355.2369(2), 280(4), 254(7), 252(4), 240(8), 212(20),

198 (24), 182(5), 181(4), 180(8), 154(11), 152(8);, 139(8),
137(15), 112(13), 110(9), 97(5), 96tl55, 95(7), 94(7), .
82(8), 81(9), %0(;0), 69(13), 68(7), 67(10), 56(7),

L T v .
= ’ « ‘-:“
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83
55(15), 44(6), 43(100), 42(7), 11(17)
* el
Anal. Calcd. for LlQHBSNOS: C, 60.50; H, 9;82; Ny 3.53.

Found: C, 66.23; H, 9.95; N, 3.87.

Attempted oxidations of 23

[

.

a) Chromium trioxide-pyridine-acctic acid

Piperidine diel 23 (321 mg) was stirred at room

temperature with chromium trioxide- pyrldlne acetic acid

e

Qqu1valcnts) for one hour. The brownim
er

(0.8M, 10.5 mLi
mixture was pon}f *l refully into cold aqueous ammonld

(20 ml1) and then the mixturé diluted to 200 ml with water.

W
N

. The resnlting solution was extracted with ether (3 x 20 ml)
and the combined extracts washed with water (30 ml) dried
andmevaperated to ﬁive a datk oil (69 mg). This was a

mixture of at least three cpmpounds (tic, alumina chloro-
pese ’

. *
form) and the 1ir showed a medium -intensity band at 1680 cm .

—

an Pl P

'ith a shoulder at 1720 cm l;f &

b) Collins/ reagent -, . '
, (\ : ‘ ' 4. , : '

DlOl 23 (243 mg) d1ssolved in methylene chlorlde
(5 ml) ‘Was added@£9 a solutlon ‘af CrO Py, complex (Collins'

reagent) -in methylene chlorlde (Sb;v60 ml, 12 equlvalents)

" and the mixture was. stirred at rdom temperature for two

. .
N E)
s
-
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hours. The dark mixture was filtered and the filtrate

cvaporated to gilve a dark:hr§wn semi-solid. This was
L N
partitioned betwecen chloroform and 5% aqueous HC1. The

aqucous solution was basified with dilute sodium bicaggfn-
ate solution and then extracted with chloroform. uThe-dried

extracts were evaporated to give a small amount of dark oil

(3 mg). ,
&

I
’

c) Chromium trioxide-pyridine

Diol 23 (200 mgj dissolved inkbyridine (5 ml) was
added to a slurry of chromium trioxideJ¥400 mg, 4 equi&alents)
" in pyridine (10 ml) at 0°. The ﬁixture was stirred fdr two
“hours at uv°, then poured in;dxice—cold aqueous.ammonia
(25 ml1). The solution was extracted with chloroform (3 X
50 ml) and the combined extracts washed with wa“er (20 ml),
dried and evaporéted'to give a dark brown semi-s 1d (ngﬁg)

which was a mixture of foyr compounds (tlc, alumina,

e N :‘,. - . -
_ghloroform). ¢ P
N . - . “

A

) N R ~ - . "
) Chromium trioxide-pyridine (complex) in methylene
. N

c..lJoride &in situ preparation and use of Collin's

“eagent) | L«

To dry methylene chloride (30 ml) under a nitrogen

atmosphere was added dry pyridine7(0§§6 ml, 0.012 m) followed
: r



o
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by chromium trioxide (600 mg, 0.006 m). The mixturc was
stirred for 15 minutes at room tcmperature and then diol
23 (317 mg, 0.001 m) in‘mothylcne chloride (4 ml) was

added in one portion. The mixturc was stirred for 15

' ) £
minutes then poured into water (50 ml). The mixture was
extracted with ether (3 x 50 ml) and the combined extracts

washed with water (50 ml), dried and evaporated to give a

dark oi} (106 mg) which was a mixture of at least five
. ) ‘ J
compounds (tlc, alumina, chloroform).
. s T
S
e I o ‘ .
e) Silver carbonat%ﬁ&eﬁite, bémzene
e, 25 ) )
- - : v

Silver éafBonate~celite (6.b'g) w35\€z&otropica11y
distilled witﬁbenzen%f(QO'ml) to remove résid@al water
from the solid and to this mixture was added diol 23
(267 mgj in benzene (10 mL) . After one hour the mixture
was cooled, filtered énd theg{ﬁltr%tg,evaéorated to gife é?g
dark oil (206, mg) wh¥ch was a mixture of :1 lgast. four

compogf?s (tlc, alumina, chloroform).

2-(2—9§oproéy])~4,6;dimethy1pyridiné 39 \ ' o

et

%,4,6-Collidine (24.2 g, 0.2 m) dissolved in

banhydrous ether (120 ml) was added dfcpwise to a solution

of n-butyllithium in hexane (135 ml, 0.22 m) under a

nitrogen atmosphere. Thé solution was stirred for 1%-

J ) Y
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hours at room temperature.

Acetonitrile (12 ml, 9.35 g, 0.23 m) in ether
(13 ml) was added dropWise over % hour. The mixture was
stirred at room tempefature for 1% hours. 6N Sulphuric
acid (100 ml) was added dropwise and the.iesulting mix-
ture stirred ovcrnighg. " The layers wer® separated and the
aqucqus.solution basified with aqugoﬁ& ammonia, then
cxtracted with ether (4 x 100 mlR.' Tﬁ% combined ethereal

solution was dried'and,,;;‘_vaporated to g;];Ve a yelﬂw oil.

Distillation at 4. 5 mm gave a fractloa\ﬁbmilngWQ} 35 - 45°

RL

(10.2 g) which was 1dent1cal to startlng materlal Pyrldlne-

'ketone 39 (11.0 g, 58%) was obtained as a yellow oily

™
@

b.p. 105 - 109°, 4. 5 mm, nD24 1.5264.

3400 (-OH 1ntramolecular %jbonded), 1720 (C=0),"
l -

r(neat):
1655 (C=C), 1612 1570 (pyridine) cm

nmr(CDCls): 6 2. 26 (s 3, -cocgag, 2527 (s, 3, -Cﬂs), ?

.48 (s, 3, —CH ) 3,83 6s, 2, -CH,), 6.87 (s, 2, -ArH).
§ (N —_— - —

N

mass spéctrum: C10H13NO m/e calcd. 163h09074 meas.
163.1004(24)3(}48(10), 122(9), 121(100), 120(17), 77(8),

™
N

43(10).

m*/e 90 cofresponds to 163 — 121. ' . g
’ : ’ toe

. g
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2—(2~[2~(5,S—dimethyl—l,S—dj0xany1)]propyl)“4,6‘dim0thY1"

pyridine, 45 : *
Pyridine-ketone 39 (4.0 g, 0.025 m) was dissolved ]

in benzene (50 ml). 2;Z-Dimcthyl—l,S-propanediol (2.0 g, PN

0.025 m) and p-toluencsulphonic®acid (4.65, 0.026 m) wefe

added and the 10su1t1ng golutlon was stlrred and heated to

reflux under a Dean-Stark trap for‘nlne ‘hours. | Tr1¢thy1~

amine ‘(3 ml) was added and the sof&%ion washed with aqueous

sodium carbonate (2 x 25 ml) and*Water (- 5 ml\ "~ The “solu-

tidn was drled and cvaporated to.give a pale yellow oil

(5.60 g, 92%), np** 1.4b80. o~

&

, 1
'(neat)' ‘1612 1570 (pyrldlnc) 1120, 1080 cm K ~

nmr(CDCls)' § 0.93 (s, b g__dlmcthle; 1.37 (s, 3, CH,
ketal), 2.26 (s, 3, CHg), 2.47 (s,;s,_cgs),'3.1§ (s, 2,5 CH,),
3.58 (s, 4, ~c§20-), 6.81 (s, 1, ArH), 6.95 (s, 1, ArH).

-

mass spectrums Clrh NOZ’ n/e calcd. 249.1720, meas.

: - L= , .

249.1730(1), 234(5), 16%(7), 130(7),-129(108), 122(5), y
121(23), 120(8), 77(6), 69(67), 43(90), 41(10).

-

Ketal 45 (2. 5 g, 0. 01 m) in anhydroug ether
(10 m1) was addea dropwise to a solution of pf;nylllthlum
in ether (5.ml, 0.01 m) a4t room temperature under a nitrogen
atmOSpHeﬁﬁg An‘aliquot was removed by syringe and plunged'v

’

into DZO.' The cthereal layer was dried and evaporated.



: _ nmr

LY T

nmr(CDC13) :

88

6§ 2.47 (s, 3, CHg), 3.18 (s, 1.1, -CHD).

"2-(3-iodopropyl)-5,5-dimethyl-1,3-dioxane 48

B- chloropropionaldehydeTﬂiethylaectal (16.65 g,

0.1 m) was dissolved t benzene (150 ml) with 2,2-

'dlmethyﬁ 1 3 propaned101 (Jo.4 g, 0.1 m) and R toluene-

bUlphOﬂlC acid (500 mg)

'\ “ - - y T . -
Y . . e R . .
The solution was stirred and diatilled. .During

the dlstlllatlon .benzene was added at a rate suffgtlent to

Zﬂﬁhtaiﬁ constant volume. After 200 ml of dlstlllate was
ectcd the >olut10n was cooled, washed th dllute

sodi1 mgblcarbOnate (2 xf&S ml), ered and evnporated to
\/ "ﬂ ek X

hglve a colourless oil (18.0 g).

# *)

(CDC13) .8 0.73 (s, 3, ‘Cﬂg)f 118 (s, 3, -CHg), = -
, TS .
3.65 (t, 2, J=6.5Hz, -c52c1), 4.62 (t, 1, J=5Hz, -OCHO-).

The 811 (18 0 g) was dissolved in dry acetong
"F
(100 ml) dnd sodlum 1od1de (30 g) dlssolved in acetone

I

.(200 ml) waslddded “The stlrred SOlUthH ‘was heated to.“

reflux in a dry atmosphere for ten hours. The cooled mix®

ture was filtered and the filtrate evaporated. The residue

-.was partitiongd between ether and 1% aquedus sodium bicar-

-

bonate. The ether layer was dricd and evaporated. The

residual o0il was disti;led to give Qhe,iodo-acetal Eg,

W ? . ’ ‘ .

L0
.
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b.p. 78 - 81°, 1.5 mm (20.2 g, 75%).

amr 6 0.75 (s, 3, -Cli), 1.18 (s, 3, -CHg), 3.25

(CDClSJ:
(t, 2, J=7Hz, CH,1), 4.53 (r, 1, J=Siiz, -OCHO-).
4 .
mass spectrum: C8”15021 m/c calcd. 270.0117, meas.
270.0110(3), 269(10), 184(6), 183(5), 155(6), 142(4),
128(4), 116473, 115(100), 87(4), 69(42), 57(8), 56(53), -
. § 4

45(10), 43(1), 41(30Y. o ™
L;f? .‘; K ')J. - .
2= (4-[2- (5, 5. dimethyl-1,3-dioxanyl)]butyl)-4,6-

1
v

dimethylpyridine, 49 S A o N

<}

¢,

i To a solutlon of n- butylllthlum in hexane (1. 4M

'187m1 0.025 m) in anhydrous cther (25 ml) was added drop-
wise a Solutlon of 2,4,6- Collldlnc (3 775 g, 0. ozswm) in
‘wether_(ZS ml). The solutlon was stirred at room tempera—
ture for 1% hours then cooled to Ogy A solutlon}of lodo-
-acetal. 48 (6 /5 g) -in ether (50 ml) was added dropW1se and

the mlxture was stlgred for ¢ hour at room temperature

Water (50 ml) was added and the mlxture worked up. is usual.
Ny / ,

[

;; Dlstlllatlon of. the re51due gave a qelourless 011

b.p. 127 : 128°, 0.4 mm (8.0 g 97%1. B

1,
1r(neat)k*g1610 1570 (pyridine), 1130 1090 (FO) em F,
ST e ) §0.70 (s, 3, CHy), 1. 18" (s 3, CH), 2.23
(s, 3, CHy), 2.47 (s, 3, CHg), 4.43 (t, f CH acetal),

4

£ 6.77 (s, 2, ArH).
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mass spectrum: m/e 263(7), 178(5), 177(5), 176(4), 148(9),
134 (7), 122(11), 121(100), 115(6), 69(9), 41(5). ‘

Anal. calcd. for C. H._.NO C, 73.00; H. 9.51; N,-s.sé.

16257 2°
Found: C, 73.11; H, 9:26; N, 5.56.

Attempted hydrolyses ofigg

a) Chloroform-aquéoué HC1 ' ;

v Acetal 49 (550 mg) was dissolved in chloroform
(10 ml) and 10% aqueous HC1 (10 ml) addes. The two-phase
system was stlrred and heated to reflux: for 60 hours., The
aqueous layer was ba51f1ed with aqueous ammonia and ex-

" tracted with chloroform. The extracts were dried and eva-
porated to give a pale yellow oil (510 mo) which was iden-

tical with starting material (tlg, mass spectrometry and ir).

/

b) Chloral-chloroform-aqueous HC1

Acctal ig (510 mg) was disso}véd in chlorofofq
(10 ml) and 1oa aqueous HC1 (10 ml) added. To this mixture
was added chloral (15 drops) and the mixture was stirred
and heatod to reflux overnighg. The mixtufe was worked
up as above to give an oil?(370 mg) which was a mixture

of three compounds (tlc). No absorr® "on between 1650 -

1800 cmt} was present in its ir.

-
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c) 100% Sulphuric acid-cther

To d solution of acetal 49 (300 mg) in ether
(10 m1) was added iOO% sdlphuric acid (8.5 ml, from concen-
trated sulphuric acid and oleuh) with coolihg. After
standing for 1% hours at 0° the mixture was poured inro
cold aqueous ammonie containing ice. The mixture was worked

/
up as above to give a dark gum (103 mg).

d) 40% HYdrobromic acid in acetic acid

Acetal 49 (1 g) and 40% hydrobromic acid in acetic
acid (10 ml) was heated on a steam bath for 18 hOurs; The
solution was poured into water (10 m1), besified with aqueous
ammonia and worked up as before to give a ddrk soiid (400 mg)
which was a mixture of four compounds. (tlc aluminé,

chloroform)

2-(4-[2%(5,5-dimethyl-1 y 3~ dloxanyl)]butyi) 6-(2- oxopropyl)-

4- methylpyrldlne 50

To a solution of phenylllthlum (8 2 g, 0. 11 m)
in qnhydrpus ether (300 ml) was added at room temperature
under a nltrogen atmosphere pyridine- acetal (26.3 g,-0.1 m)
in ether (25 ml).._The mixture was stirred for three hours.

‘Acetonitrile (25 g, 0.6 'm) in ether (150 ml) was added
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dropwise and the mixéérc was stirred for 1% hours.

ON Sulphuric acid (50 ml) was added dropwise and affer
.stirring for 12 hours the mixture was worked up as usual

to give 3 yellow oil (25;1 g) which was a mixture of starting.

" material and prbduct (1:1, nmr).

The crude mixtu;e (5 g), hydroxylamlne hyk 0-
chloride (2.7 g), and pyridine (5 ml) in 95% ethanol (70 ml)
was heated under reflux with stirring for 1% hours. The
ethanol was removed and dilute, sodium blcarbonatc (100 ml)
added. The mixture was extracted with methylene c?lorlde
(3 x 100 ml1). The combined ofganic solution was dashed
with water (100 ml), brine (100 ml), dried and evaporated.
The o0il so producpd was chromatographed over alumina (200‘g).
Elution witH ether gave an oil which was ideﬁtical in all
respects with starting material (l.g_g). ~Elution with
chlqroform—methandl (94:6) produced the acetal-oxime 51
as a colourless oil (3.0 g). ﬂ

3580, 3290 (NOH), 1665 (C=N), 1610, 1570

T(CHC1 )
-1

(pyridine), 1130, 1090 (C-0) cm

nmr /8 3.67 (s, 1.5, Ar-CH,), 3.92 (s, 0.5, Arcgz).

(CDC1 )

The crude oxime 51 was dissolved in acéfone-water
(2:1, 105 ml) and treated with 20% aqueous titanium

trichloride (15 ml, approx. 1.5 equiv.). The solution was

R
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stirred at room tempcerature for three hours then water

(50 ml) wasluddcd. The ﬁiXturc wias basified with saturated
aqueonus sodium Bicarbonate and extracted with hcthylene
chloride (3 x 50 ml). The extracts were washed with water
(50 ml), brine (50 ml) and dried. Distillation of the
residue aftcr evaporation of the methylene chioride gave
a yellow oil{gg, b.p. 150 - 152°; 0.3 mm, (2.26 g, 37%, S7%
based on rvc$¥éred starting material) nD22 1.5084.

1715 (C=0), 1610, 1570 (pyridine), 1130,

?r(CHc13)‘
. 1 N

1090 (C-0) cm~
jnr(CDcls): § 2.22 (s, 3, CHg), 2.30 (s, 3, CH,),
3.83 (s, 2, CH,). |

mass spectrum: C18H27N03, m/e calcd. 305.1991, meas.

305.2008(41), 304(8), 290(10), 262(6), 220(18), 219(12),
218(57),5190(431, 177(12), 176(23), 164(25), 163(100),

0 148(9), 147(8), 146(10), 134(8), 121(43), 120(i1),
115(27), 69(23), 45(9), 43(12), 41(14). |

\

{27N03: C, 70.79; H, 8.91; N, 4.59.

Fouud: C, 70.97; H, 9.19; N, 4.71.

Anal. calcd. for CIQ

'-Z—(4f[2—(S,S—dimethyl-l,3—dioxdnylj]butyl)-6-

(2-[2-(1,3-dioxolanyl)]propyl)-4-methylpyridine, 52

Keto-acetal 50 (2.0 gi, ethyleneglycol (2 ml)
and p-toluenesulphonic acid (2.0 g) dissolved in benzene

(50 ml) were heated to reflux under a Dean-Stark trap for
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six hours. Tricthylamine (3 ml) was added to the cooled

solution which was then washed with sodium bicarbonate

< -

(25 ml) and water (25 ml). The dried solution:was
. ‘,v’ . .

evaporated to~give a colourless oil (2.1Z g, 93%).

: _ N ) -1

1r(neat)' 1610, 1570 (pyridine), 1130, 1Q90,_1045 (L-0) cm ™,

nmr § 0.72 s, 3, CHy), 1.19 (s, 3, CH;), 1.37

(CDC14)°
(s, 3, CH), 2.28 (s, 3, CH;), 3.08 (s, 2, CH,), 3.93 .

(s, 4, OCH

20

1

In another experiment keto-acetal 50 (300 mg)
was treated with ethyleneglycol (1 ml) and p-toluene-

sulphonic-acid (230 mg) in benzene (30:ml).

The resultiﬁg product (182 mg) was chramatographed
over alumina.(6 g). Elution with benzene gave a product iden-
tical (nmr, tlc, if) with the product from the"previgus reac -
tion (94 mg).  Elution Qith ether gave another frééfign,
2—64-[2-(1,S—dioxolanyl)]butyl)—é—(2—[2—(1;3:dioxoalnyl)]

propyl)-4-methylpyridine, 53 (39 mg) as an oil.

IT feat)’ 1724, 1570 (pyridine), 1045 (C-0) ci'l.
nmr(CDCis); ¢ 1.37 (s, 3, CEZ)’ 2.28 (s, 3, CES), 3.07

(s, 2, CH,), 3.90 (m, 8, -OCH, CH,0-) .

. — - - f .
mass spectrum: m/e 307(1), 222(4), 221(28), 207(9),
' 178(7), 121(5), 88(9), 87(100), 73(9), 55(%), 45(7),
43(28).

L

™~

-
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S,S]Qimcthoxypropyl iodide 54

B chloroproplonaldehyde diethylacetal (10 g)
and sodium 1od1dc (30 g) 1in dry acetone’ (250 ml), (approxi-

mately 0.5 g sodium carbonate was suspended in the solution)

~

was>heat;} under'reflux for three houré. The precipitated

sodium chloride was removed by filtratibn and the filtrate

evaporated. IThe restdue was partitioned between ether
(50 ml) and 5% aqueous sodium bicarbonate (50 m1) and the
layers separated. The aqueous solution was extracted with

, ether (50 ml) and the combinecd ethereal solution.waé dried

‘

and evaporatéd.
nmr(CDC13): §1.22 (t, 6, J=7Hz, jCHZCES), 3;20 {t, 2,
J=7Hz,vICﬂ2—), 4.59 (t, 1, J=5.5Hz, —CE(OCHZCHS)Z),

3.6 (m, 4, -OCH,CH;), 2.1 (m, 2, -CH,CH,CH-).

L4

Thé ;fude product was dissolved in dry~me£hanolﬁ
(ZOOAml)'and p-toluenesulphonic acid‘(250‘mg)jadded. The
mixture was stirred at room temperature fér two days.
.10 g solid sodium carbonate was added and the mixturef;
’stlrred vigorously for % hour. The solld was. flltered
and the solvent removed from the flltrate by dlStlllatIOH

The residue was worked up as above and the product was

distilled, b.p. 83 - 84°, 50 mm.
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nmr(CDC13): - 6 2'1.(m" 2'1 -CHZCEZCHZ): 3'17 (‘t’ 2’ J=7‘H_Zo |

[CHy-), 3.37 .(s, 6,'<ch3); 4.45 (t, 1, J=5.5Hz,
-CH(OCH5) ,) - i

mass spectrum: CcHyp0,1, m/e caled. 229.9804, meas.

229.9801(1), 199(6), 75(100), 71(22), 57(6), 47(13), -

45(15), 41(11).

2-(4,4-dicthoxybutyl)-4,6-dimethylpyridine, 47

To a stlrred solution of phenylllthlum (6.72 g,

- 0.08 m) in aphydrous ether (250 ml) under a nitrogen
atmosphere at room temperature was added ‘drogwise a solution
of 2,4,6-collidine (9.7 g, 0.08.m) in ether (30 ml). ryé
mixture was stirredpfor twq\hours~at'room‘temperature ;ﬁq

to the resultfngvblood—red selution was ‘added dropwise a
solution of B-chloropropionakaehyde diethy}acetal (ljis g,
0.08 m) in ether (30 m1). "'The mixture was stirred at room
temperature overnight and.quenched by the\?ropwise addition

of water (100 mij. The layers were separated and the

aqueous eolution e;trEEfed\with ether (75 ml).  The combined /
 etherea1 solution was dried and.evaporated. The mixture was
distilled to give compound 47 (9.1 g, 45%), b.p. 120 - 124°,

1.2 mm,;nDZS 1.4884,

T(neat): 1610, 1570 (pyridine), 1125, 1060 (C-0) cm L.
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n‘“r(cnc1 ) 5 1.20 (t, 6, J=6.5Hz, -CH,CHg), 2.26 (s, 3,

'-ch), 2. 47 (s 3, ~ct_xs), 4.50 (t, 1, J=SHz, -OCHO-), 6.77
(s, 2, Arﬂ)._ A |
mass speét§gm- m/e- 251(2), 222(17), 207(17), 206(100),
205(28), 178(13), 176(61), 148(32), 121(69), 103(52),
75(25), 47(10) , | " o -
J\Angl. caled. for CjcHyoNO,: C, 71.71, H, 9.965 N, 5.58.

Found: C, 71.59; H, 9.99; N, 5.65.

;

Z- A further fraction (3.2 g)i b.p. 170 - 174°,

" 1:2 mm was obtained. '

e ; o ‘ .
1r(heat)' 1610, 1570 (pyridine), 1125, 1060 (C-0) cm .

,“mr(CDc13)‘ 8 }.17 (t, appfbx: 3, J=THz, -CH,CH;), 1.19
(t, approx. 3, J=7Hz, JCHZCES), 2.25 (s, 3.2, —CES), 2.45
(s, 278, -CH;), 4.42 (t, 1, J=SHz, -OCHO), 4.50° (t, T,
J=5Hz, -OCHO-). '
masé/spectrUm: C22H39N04, m/e calcd. 381;2879, meas.
'381.2884(3), 352(15), 337{(15), 336(95), 335(21), 307(7),
306(81), 291(12), 290(48), 262(14), 260(13), 251(12),
232(14), 204(14), 178(12), 176(22), 161(16), 160(10),

_158(9), 148(12), 147(15), 146(18), 134(31),_121/N3),
103(100), 75(55), 57(28), 47(93). '

. Anai. caled. for Cp,H3gNO,: C, 69.25; H, 10.30; N, 3.67.

Found: C, 69.39; H, 10.55; N, 4.14.

Y
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2-(4,4-dimethoxybutyl)-4,6-dimethylpyridine, 55

Diethylacepal 47 (10.28 g) was dissolved in
freshly distilled methanol (250 ml) and Q-lO—camphorbflphonic
acid (10.2 g, 10% molar excess) was added. The solution was
distilled during which dry methancl was added dropwise to
maintain the volume in the-flask. This was continued until
100 ml distillate was collected. The soiution was cooled,
solid sodium Earbonate (10 g) was added and the mixture
stirred vigorously for 15 minutes. The mixture was filtered
and the filtrate evaporated. The residue was partitioned
betweén ether (lOO ml) and wéter (100 ml). The aqueous
fraction was extracted with ether (75 ml) and the.combined
ethereal solution was dried and eﬁaporated. Distillation
afforded dimethylacetal 55 (8.3 g, 92%) as a colourless o}l,

b.p. 94 - 97°, 1 mm, nD22'1.4904. -
. ' , .- : -1
lr(neat): 1610, 1570 (pyrldlne), 1120, 1065 (C-0) cm ~.

nmr 5§ 1.78 (m, .4, -CHCH,CH,CH-), 2.28 (s, 3, -CH;),

(CDC15) " 2“8,
2.51 (s, 3, -CHg), 2.77 (m, 2, ArCH,), 3.35 (s, 6, -OCHg).
4.43 (t, 1, J=5Hz, -OCHO-), 6.87 (s, 2, ArH).

mass spectrum: C13H21NOZ’ m/e calcd. 223.1572, meas .

223.1566(1), 208(11), 193(15), 192(92), 191(28), 176(35),
148(49), 122(11), 121(100), 75(84), 40(29).

Anal. calcd. for C13H21N02: C? 69.96; H, 9.42; N. 6.28.

Found: €, 70.16; H, ¢.54; N, 6.26.
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2-(4,4- dlmethovautyl) 6“%2 oxopropyl) 4 methyllyridlnc 61

TR

]{

To a stirred solution of phenyllithium (4.2 g,

0.05 m) in anhydrous ether (150 ml) undct a nitrogen atmos -
phere was .added dropwise a solution of dimethyl acetal 55
(10.98 g, .0.05 m) in ether (50 m1). The mixture wasdstirred
for 1% hours at rodm temperature and to the resulting blood- '
red solution was added'dropwise’a solution of acetonitrile
(10.2 g,fg.ZS m) in ether (30 ml). The mixture was stirred
for three hours, then 2. 5N methanolic HC1 (100 ‘ml) was added
dropw1se and the mixture stirred at room temperature over-
night. Triethylamine (20 ml) was addedddropw1se, the mix-

¥

ture stirred for 15 minutes then poured into saturated
aqueous_sddium bicarbonate (100 ml). The layers were sepa-
rated and the aqueous solutlon extracted with ether (2 X
100 ml). The combined ether solution was washed with water

(50 m1), brine (50 m1), dried and evaporated. The residue

()

- was distilled and starting material (1.2 g) B.p. 92 - L\2°,
0.1 mm was obtaiﬁed. Crude keto—acetal (4.1 g) was bbtaiq d
as-a yellow oil, b.p. 150 - 157° (0.1 mm). (There was a
considiﬁable residue, but, this could be greatly reduced bx’
adding a saturated solution of zinc chloride in ether (0.5 -

molar equivalents) prior to the alkylation with acetonitrile.)

T(neat) . 1720 (C=0), 1655 (C=C(OH)), 1610, 1570 (pyridine),



o ' 100

‘1120 (C-0) cm L.

. I . ) ,-‘_“""
nmr(CDCls)' § ziuo (s, 3, COCQS),_Z.ZB (s, ;,I Cus), 3.83
(s, 2, CH,CO).

THis spectrhm showed that the distillate codtained.approxi—
mately 10% starting material.

mdss spectrum: C15H23N03, m/e calcd. 265.1678, meas.

265.1674.

v

2-(4-[2-(k,3-dioxolanyl)]butyl)-6-(2-[2-(1,3-dioxolanyl)]

2

propyl)-4-methylpyridine, 53

Crude ketq-acetal 61 (3.Z g),rethylene glycol. (7 ml -
- (7 ml) and R—toluenésulphonic acid (2.5 g, 10% excess) were

dissolved in benzene (150 ml).. The mixture was stirred and

-

heated tc ref.:x under a Dean-Stark trap for 18 houfs,
.Triethylamin¢ (5 ml) was ‘added to the cooled mixture 'which was
then stirredAfof ten'minutes at room temperature.’ Thq mix-
ture was washed with 5% aquc.us sodium bicarbonate (75 ml),
_wéter (50 ml) and brine (50 ml), dried and evaporated to

give an oil (3.5 g) which was chromatographe. over alumina

(200 g). Elution with benzene-ether (l:i) gave acetal-ketal

53 (2.5 g, 17% from-55) as a pale yellow oii, b.p. 146 - 149°,:

-0.08 mm, nD23 1.5132.
" : . A L e gl . . ; -1
1r(CH2c12)' 1610, 1570 (pyridine), 1045 (C 0) cm *.
| by

= <
w
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. i . ‘ (\\
nmr(CDClj): 5. 1.36 (s, 3, -Clz), '.82 (m, 4,

-CHCH,CH,CH-), 2.28 (s, 3, -Cil), 2.77 (3, 2, ArCH,)

3.05°(s, 2, ArCi,), 3.90 (m, 8, -OCH,CH,0-), 4.87 ‘
(t, 1, J=4Hz, -0CHO-), 6:85 (s, 1, Arll), .6.95 (s, 1, Arl).
1 . ] i) -

mass spectrum: Cl7l25NO4, m/e calcd. 307.1784, meas.

. L \ o
307.1769(1), 222(8), 221(55), 207(16), 204(5), 178(1S),

-t -

176(4), 148(4), 147(4), 146(5), 134(4), 121(13), 99(5),

88(11), 87(100), 73(L2),,4S(6), 43(31).

Anal. calcd. for C17 25NO4 C, 06.45; H, 8.14; N, 4.?6w
Found: C, 66.58; H, 8.27; N, 4.53.

2-(4-[2-(1,3-dioxolanyl) Jbutyl)-cis-4-methyl-cis-

6-(2-[2-(1,3-dioxoalnyl)]propyl)-piperidine, 38

‘ _ KetalFacetal 53 (2.27 g) was diesolVed in freshly
'distilled iso-amyl alcohol (50 ﬁl). The -solution was
stirred and heated to reflu¥ under a.nitrogen'atmOSphere‘
and sodium metal (4 g in.1 g p1eces] was added. The mix-
ture was allowed to reflux untll all the sod1um had dis-
(appeared (2 hours).. The solutlon was coolcd and water

(50 ml) was added dropwise. The mixture was separated and
the aquéous solution extracted with ether (3 x 50 ml), then
with brine (50 ml), driea and the ether evaporated. The
iso-amyl alcohol was removed by simﬁle distillation followed:

by evacuation at 2 mm overnight. The crude product'(Z.OO g)
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THES chramntogruphca over alumina (150 g) and clution with

. o , ' R4

cther gave 38, (1.22 g, 52%) nn“0'1.4784.

: 1
: : 112 35,(C-0) ¢

1r(ncat)i .5319 (NH),- 1120, 1035, (C-0) cm

. - ¢ T. = 1Y - ’ . f‘ ._‘ .,
nmr(CDClS)' ”6 0.90 (d, 3, J=5.5Hz, (ES), 113> (s, 3,

-CHZ), 3.95 (m, 8, OCH,CH,0), 4.87 (t, 1, J=4llz, -CH

acetal).

3 ' N o s L
- 2 . 272 . 2/ ° 5
emr(enei ) §20.6 (CHy), 22.5 (Cl5), 24.5 (CHg), 31.5

(cHy, 34. 0 (Ci,), 36.9 (CH, ), 11'1’(cu ), 42.3 (CH, ),
45.3 (cH, ), 53.2 (Cly, 56.4 (cn), 64.4 (CH,), 64.7 ((u ),
64.8 (2 x cuz), 144.% (cn), 110.2 (Cc).

mass sSpectrum: C17H31No4g_m/e'calcd. 313 2253, meas.

'313,2246(;), 212(12), 199(8), 198(100), 155(4), 154(3),ﬂ
132(4), 140(4), 112(4), -96(7), 87(20), 73{7), 69(6), 57(4),

55(4), 45(5), 43(11),}41(5).

Pl

Anal.scalcd for CI7H31NO C, 65.18; H, 9.90; N, 4.47.

Found: C, 65.39; H,10.08; N, 4.64.

~Elution with pure chloroform gave a pale yellow

0il (0. 34 g, 15%) which was 1somer1c with ‘the abovc materlal

(mass spectrum),_' .
it (neat) 3340 (NH), 1120, 1035 (C-0) S
T cpiy,y 6 0487 (dy 3, ez, Oy, 133 (s, 3, cHy),

3.97 (m, §, OCH,CH,0), 4.88 (t, 1, J=4Hz, CH acetal).

=2 |
mass spectruﬂ\ /e 212(17), 199(11), 198(100), 155(6),
. — .

AN
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154(4), 152(7), 150(4), 140(%), 112(5), 110(4), 96(20),

87(25), 69(10), 57(4), 55(5), 45(8), 43(19), 41(8).

2,8-dimethyl 8—hydroxy—Sacis-Qacis—perhydro-7—oxa—9b—

azaphenalene 76

Piperidine ketal-acetal ég (242 mg) was stirred -
with 5% aqueous HC1l (7 ml) at room temperature overnight. S
The solutiqn was basifiedAwith_dilute sodium bicarbonate
and extracted with ether (3 X 10 m1). The combiﬁed ethe- 0/
real solution was washed with water (10 ml), brine (10 ml)
and‘dried. 'Evaporation at room temperature gave a

colourless solid (173 mg, 100%).

3570 (=OH), 2760, 2730, 2610 (Bohlmann bands),

11'((:}./ulz
-1

1060 104G ‘C-0) cm

nmr(Cb_ B § 0.90,(d{“3, J=6.5Hz,_-C§3), 1.43 (s, 3,
-CH;), 4.02 (m, 1, -0-CH-N-).

mass spectrum: m/e 225(8), 224(17), 210(11), 207 (20),
168 (11), 166(12), 165(8), 164(7), 151(11), 150(100),

108(10), 96(6), 82(6), 55(5), 54(4), 43(11), 41(8).

2-Methyl-8—oxo-3acis—9aci§-perhydro—9b—azaphenalene, 81

. Hemiketal 76 (45 mg) was dissolved in dry THF

(5 m1) and freshly distilled pyrrolidine (17 ul, 1 molar
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equivalenty) and acetic acid (23 ul, 2 equivalents) were
‘added. T solution was stirred and allowed to reflux
under a nitrogen atmosphere for 24 hours. The cooled
solution was washed with 5% sodium bicarbonate (2 x 5 ml)-
and the adueous washingS’extracted‘with ether (2 ﬁ 5 ml).
The combined\organic solution was washed with brine (SAml),

dried and evaporated to give ketone gl as a pale yellow 7

~
K

0il (34.5 mg). | o _ | ,

ir : 2780, 2740, 2600 (Bohlmann bands), 1725 (C=0)
- TT(CH,CL,) .
-4 _

A

cm : :
This material was used immediately in the next

. and
N

step.

Z—Methyl—8—hYdrqu-3acis—9acis—perhydro—9b-azaphena1ene, 83

—

The oily ketone 81 (34.5 mg) was dissolved in 95%
ethanol (3 ml) and sodium borohydride (45 mg) was added.
~Tl/lé mixture was stirred at room temperature for % hdur.
<jEther~(6 ml) ahd‘water (6 ml) were added, and after stirring
foflfive minutes the layers were separated. Th: aqueous >
solution was extracted with ether .(5 ml) and t.~ combined

ethereal solution washed with brine (5 ml), dried and

evaporated to give a colourless oil. (28.8 mg).

lr(neat):

cm . * ’ ’

.3590_(-OH), 2780, 2740, ZfOO (Bohlmann bands)
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nmr 5 0.88 (d, J=5Hz, CH;), 2.90 (n, -NCH-),

(cnc13)‘
3.61 (m, CHOH).

13
209.1792(38), 208(77), 194(11), 192(18), 167(16), 166(18),

mass’ spectrum: C,.H,.NO, m/e calcd. 209.1780, mecas.

164 (30), 153(14), 152(12), 151(15); '150(24), 136(12),
122(13), 96(12), 94(10), 82(16), 81(12), 80(10), 79(10),
70(16), 69(21), 68(18), 67(22), 57(11), 56(15), 55(52),
54t31), 53(18), 45(41), 44(13), 43(46), 42(37), 41(100),

39(46).

Synthesis of 83 directly from 76

. Hemiketal 76 (107 mg) was dissolved in ethylene
glycol (20 ml) and sodium hydroxide (2 g) added. The
stirred solution was heated to 150° under a nitrogen
atmosphere for 18 hours. The cooled solption was diluted
with‘water (25 ml) and extracted with benzene (3 x 15 ml).
The combined benzene solution was washed with water (Z“X

15 m1), dried and evaporated to give a pale yellow o0il

(45 g).

This o0il was shown to be identical with alcohol

83 by tlc, ir and mass spectrometry.
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2-Mcthyl-8-methanesulphonoxy-3acis-9acis-perhydro-9b-
d

azaphenalene, 84

The mixture of alcohols 83 (24.0 mg).was dis-
solved in methylene chloride (0.5 ml) and was treated4ﬁith
triethylamine (40 ul, 1.5 equivalents). The solution was
cooled to 0° and treated with methanesulphonyl chloride
(15 pl1, 1.3 eduivalents). A precipitate formed almost
immediately and the mix£ure was stirred for 15 minutes
at 0°. 1% aqueous sodiumhbicarbonate (1 ml) was added,’
then methylene chloride CZ ml).. The layers were separ;ted
and the aqueous fraction extracted with methyle%e chloride\
(3 x S ml). The combined organic solution was dried and
evaporated to give an oil (23.0 'mg) showing one spot,

Rf 0.7 on tlc (alumina, chloroform).

lr(neat):

2780, 2740, 2600 (Bohlmann bands), 1355, 1170
(sulphonate ester) em” L |

nmr 6§ 0.87 (d, 3, Je6Hz, -CH;), 2:96 (s, 3,

(CDC15)°
50,-), 4.78 (m, 1, -CHOS) .

3
mass spectrum: .C14H25N02328, m/e calcd. 287.1555, meas.

_CE

287.1567(15), 286(15), 208(10), 192(100), 191(7), 190(20),
176(5), 164(10), 151(12), 150(23), 148(8), 136(5), 134(4),
122(5), 108(8), 106(4), 96(6), 95(5), 94(5), 93(4), 91(4),
82(8), 81(7), 80(7), 79(14), 77(4), 69(10), 68(7), 67(10),
56(5), 55(14), 54(9), 53(7), 43(6), 42(6), 41(26). |

3]



107

2—Mcthy1—S-R—tolucnesulphonoxy—Sacis—Qacis—perhydré—Qb—

azaphenalene, 85
\

\

The mixture of alcohols 83 (10.5 mg) was'dis—
solved in dry pyridine (O.S'ml) and R-toluenesulphonyl
chloridé (30 mg, 3 equivalents) was added. The solution
was stored at 0° for 24 hours. Water (1 ml) was added
and the solution was extracted with ether (3 x 5 ml).
The combined extracts were dried and e&aporated at room
temperature to give an oll (10.7prmg), which was shown to
be one compound (tlc, alumina, chloroform, Rf 0.7)1
ir(CDZClz): 2780, 2740, 2600 (Bohlmann bands), 1600
(aromatic), 1355, 1170 (SO,) cm” L. ;

By

nmr 5 0.85 (d, J=6Hz, -CH;), 2.44 (s, ArCHj),

T epcL )
4.24 (m, CHOTs), 7.31 (d, J=8Hz, ArH), 7.77 (d, J=8Hz,
ArH). '

maséispectrum: C20H29N03328, m/e calcd. 363.1868, ﬁeas./\
363.1868(14), 363(14), 362(7), 208(7), 194(7), 193(12),

192¢108), 190(13), 91(13), 55(9), 41(10).

2-Methyl-8[2—(1,3—dithi61qnyl)]—3acis—9acis—perhydro—9b—

azaphenalene, 87

Hemiketal 76 (146 mg) was dissolved in dry THF

(10 m1) and treated with pyrrolidine (54 wui, 1 equivalent)

[
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’and acetic acid (73 ul, 2 equivalents).u The solution was
"heated to reflux under a nitrogen %impsphere for 24 hours.
The reaction mixture wa§ worked up as before andﬂkefone 81
was'isolated as a pale yellow oil (116 mg, 87%). Ir of
th}f material showed no absorption for starting material
'and was consistent with the tricyclic ketones isolated

previously.

‘The oil was dissolved ir ethanedithiol (1 ml)
and freshly distilled borontrifluoride-etherate (140 ul,
2 equivalents) was added. The solution was stirréd at
room temperature for 1Z &ours. Water (5 ml) and mefhylene
chloride (5 ml) were added. The aqueous léyer was extracted
\//;ith @ethylene chloride (5 ml) and the combined extracts
were washed with 4N ?queous sodium hydroxide (3 x 5 mlj;
.then water (5 ml), b%ine (Slml), dried and evaporated to
give a pale yellow 7&1 (125.5 mg), which was one diffuse
' spot, Rf 0.6, on tl¢ (alumina, chloroform) and was used

{

1r(CD cl ): bonyl peak.
2772 32

mass spectrum: C/SHZSN S, m/e calcd. 283.1429, meas.

in the next step. Z

no ca

283.1439. 284(M/+ 1, 6), 283(27), 282(7), 222(10),
190(16), 164(4)/ 152(16), 15&(100), 150(28), 126(9),
109(5), 108(4)//82(4), 55(7), 54(4).

!
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Z—Methyl—cis,cis,cis—pcrhydro—9b—azaphenalene 88a and

2-methyl-cis,trans,cis-perhydro-9b-azaphenalene, 88b

v

Crude thioketal §zﬂ(230 mg) was dissolved in 95%
ethanol (5 ml) and. added to a slurry of W-2 Raney Nickel
(approx. 2.8 g) in ethanol (30 ml). The mixture was
heated to reflux for one hour, the cooled mixture filtered
~and the filtrate evaporated to éive‘? palé yellow éil
(129.4 mg). A further 8;2.mg was oﬁfained by Soxhlet
extraction of the nickel with® 95% ethanol (40 ml) for 24

hours.

The reduced material consisted mainly of two
compounds (tlc, alhmina, chloroform of Rf 0.5 aﬁd 0.2).
These were separated by preparative tlc on alumina with

chloroform as eluent.

The less polar fraction (44.3 mg), 88a.

ir 7770, 2710, 2600 (Bohimann bands).

nmr & 0.87 (d, 3, J-SHz, CHy) -

ma.- sp ©m/  193(.9), 192(76), 178(14), 176(10),
132031 . ' 50(22), 137(13), 109(13), 96(14),
95(53), §z°7 . 8 6., 7 7), 77(13), 69(20), 68(28),
67(90), 5.71lz, . 7133, 55(31), 54(89), 53(30), 52(12),

51(10), 44(1z23,

B

'28),  7(1z), 41(100).
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The more polaf fraction (20.2 mg), 88b
r(neat): no Bohlmann bands.

nmr 5§ 0.85 (d, 3, J=6Hz, -CH;), 2.7 - 3.1.

(CDC14)
(m, 3, N-CH).
mass spectrum: C13H23N, m/e calcd. 193:1831, meas .
193.1825(41), 192(87), 178(28), 164(43), 152(45), 151(79),
150(67), 137(35), 136(33), 122(23), 110(17), 108(Llo),
97(16), 96(23), 94(15), 85(37), 84(15), 83(50), 82(24),
81(23), 80(15), 79(16), 70(15), 69(27), 68(23), 67(31), “
60(17), 57(20), 56(20), 55(61), 54(32), 53(24), 47(24),

44(49), 43(33), 42(27), 41(100).

2—Methy1—cis,trans,cis-perhydro—9b—azaphenalene N-oxide, 92

Amine (11 mg) was dlssolved in chloroform (2 ml)
and treated with a solution of 100% m-chloroperben2oic
acid\(ls mg, 1.5 équivalents) in chloroform (1 ml). The
solufion was stirred at room temperature for four hours,
thqg eluted thgodgh basic alumina with further chl~roform
(25 ml). Evaporation gave a pale yeliow solid (10.5 mg).
3550, 2490 (hydrated form) cm !

r(CDc13)’ |
AT cpery 8 0-89 (4, J=6Hz, CHy), 3.31 (m, “-NCH).
mass spectrum: C;sH, NO, m/e calcd. 209.1780, meas.

209.1788(16), 194(9), 193(17), 192(100), 176(8), 164(12),
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*__150(14), 96(131,'82(17), 81(16), 79(11), 69(13), 68(15),
67(26), 56(10), 55(47), 54(20), 53(21), 43(10); 42(10),

41(95), 39(38).

NI

Z-Methyi—tis,cis,cis—perhydrqf9b—azaphena1¢ne N-dxide,'gg

Amine 89 was 6xidised to the N-oxide in -.exactly

the same manner as described above .

nmr(CDCLS): .6 0.91 (d, 3,_Jf6Hz, CES)’ 2.84 (m, 3, N-Cg).

13 S = . .
N (e ) 6 73.6(1 carbon), 73.3(2), 35.8(2), 35.6(2),

30.1(1), 27-.4(2), 23.4(2), 21.4(1).

mass specfrﬁm: ClstsNO,'m/e calcd. 209.1780, meas.

209.1777(14), 208(7), 194(21), 193(13), 192(75), 176(8),
164(6), 152(9), 150(11), 140(9), 100(29), 96(6), 95(6),
84(14); 82(9), 81(12), 80(6), 79(8), 69(13), 68(11),
67(22), 56(20), 55(56), 54(15), 53(17), 43(13), 42(20),

01

41(100), 39(38). /i
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I1: TOWARDS THE SYNTHESIS OF LUCIDULINE
3
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I NTRODUCTTON

The presence of alkaloids in the génus Lycopo-

dium (family Lycopodiceae) was first observed in 1881 when

Bodeker reported the isolatic. »f a base from Lycopodium

complanatum L. After five decades of inactivity, research

in this area was rcported by Achmatowicz and Uzieblo when
they isolated and characterized three alkaloids from

L. clavatum L. This was followed by a series of publica-

tions by Manske and Marion, and then the publication by
.Weisner and co-workers of the structure of annotinine.
Since that.time the number of LYcopodium alkaloids isolated
and characterized has increased greatly.and now at 1eaét

nine different skeleta are known.

Comprehensive reviews by MacLean1 and by Ayer2
give brief descriptions of the work which was carried out

on these alkaloids up to 1973.

The alkaloids have been divided into nine groups2
. p -

and a representative of each of these is shown in the

following chart.
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CHART 1
Lycopodine 1 Annotinine . 2
H3C/,, H3C
H
N N
H )
N
Lycodine 3 Annotine 4
H,C OH

Cernuine 5

QOOCH;

Annopodine 7 ’ OH
chs
N

Debenzoylalopecurine

CH3

Luciduline 9

|0
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i

At the outset of the work described in this part
of the thesis only lycopodine, 1, and annotinine, ‘2, had
been prepared by total synthesis. Since lycodine, 3, has
been prepared by transformation of 1ycopodiﬁe, the syn-
thesis of. the latter compound represents its (lycodine's)
formal synthesis. Dihydrodeoxyepiallocernuine, a degra-
détion product of cernuine has also been synthesised.

These.syntheses have been reviewed by Ayer2

Luciduline, a weakly basic alkaloid isolated

and i.= structure elucidated in the 1960'53. The jalka-

from lycopodium iucidulum, was purified, characté‘ized ////f
loid is a colourless oil which solidifies below room
femperature and has empirical formula, C13H21NO.‘ Its
infrared (ir) spectrum shows absérption bands at 2780
(N-CHS), 1690 (C=0) and 1400 (methylene adjacent to
carbonyl) cm_l. Deuteration (DCl-CH3COOD, room tempe;a-
ture) leads to luciduline-dz, which does not show a band

1

at 1400 cm - in the ir spectrum. Reduction of luciduline

with sodium borohydride in methanol gives dihydroluciduline.

A thorough analysis of the nuclear magnetic
resonance (nmr) spectra of luciduline, dihydroluciduline,
O-acetyldihydroluciduline (prepared by treatment of

dihydroluciduline with acetic anhydride-pyridine),
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lucidulinc—d2 and its similar derivatives, enabled the

authors to propose part-structure 10 for lugciduline

J
‘?axﬂ " l? CH3| CH3 X
-C—-C—C-C—C—-N-C—
I b |
HaxHa{ H H H CH;
10 LI '
The hydrogen at the asterisked carbon is non-
enolizable. Further information on the structure of the

alkaloid was made available by selenium dehydrogenation
of luciduline and dihydroluciduline which both gave, in

greater than 30% yield, 2,6-dimethylnaphthalene, 11.

~

These data coupled with the bilogenetic pathway
4,5,6

which was then favoured for Lycopodium alkaloids
led to part-structure, 12.

14 ) , .
The final bond from the nitrogen must be attached

to one of the starred carbons‘tq\satisfy the spectral data.
Of the starred carbons, only carbon a can be attached to
the nitrogen and lead to an essentially strain-free

molecule, 13.
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Several attempts were made to cleave the ketone -
containing ring but all of these were unsuccessful. During

this search dehydroluciduline, 14, and bromodehydrolucidu-

line, 15, were prepared.

cH:

N
CHj 14 = H
E X= Br
_]_ X = OH

The former was obtained when luciduline was .

oxidized with selenium dioxide in an attempt to prepare
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the diosphenol 16. Compound 15 resulted when luciduline

was treated with two equivalents of bromine in chloroform.

The mass spectra of 14 and 15, along with those
of luciduline and dihydroluciduline, were very informative
and were completely explainable by fragmentations of

structuge 13 and its derivatives.
! .

In order to coﬁfirm this structure, and to assign
‘the stereochemistry at C:8, R-bromobenzbyldihydroluciduline
was prepafed, crystallized and subjected to X-pay diffrac-
K
tion. TheAresults of this study verified the ;rOposals and

showed that luciduline has the structure and stereochemistry

depicted in 9.

As a final chapter to the dhemistry of this alka-
loid, it was decided to synthesize luciduline in the labora-
tory. An‘analysis of the structure shows that there are
three types of bicyclitvmolecules which_could act as

reasonable synthomns.

A N
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Synthesis of a suitably functioned cis-decalone
corresponding to the A,B rings in 9 and closure of the
C-ring is an approach which was originally tested in these
1ab0ratories7;8. This route was unsuccessful and it was
felt that this was due to the conformation. . hility of
the intermediate Eig-decalone;()An approach "e B,C
rings with subsequent closﬁre of the A ring a. » p »ceeds
through a conforhationélly mobile cis-perhydroqu. 1. ne

derivative.

The remaining approach is via a bicyclic com-
pound containing rings A and C. This intermediate would
be a functipnalized bicyclo[3.3.1]nonane system. Because
of its conformational rigidity, and automatic inclusion of

the required stereochemistry at the ring junctions, 1t was

decided that this would make an ideal intermediate.

Thus, this part of the thesis describes attempts

. to synthesize compound 17. .

ch ’
C |

It was anticipated that subsequent addition of

’

ring B to this intermediate would lead to luciduline.
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DISCUSSTION

AN

The starting material for the.-synthesis of the

bicyclic compound 17, was nicotinic acid, 18.

N (Ha CH3
= N | 9
_N® CH3S04
o |
COOH EOOH L oon

There areAtwo previous reports describing the
methylation}of this compound to the N-methyl salt and sub-
sequent oxidation to 1—methy1:2(1H)—pyridone-S—carboxylic‘
acid, lgg. In both of these methods, acid 18 is tféated
with dimethyl sulphate to producé the salt 20. The first
method of oxidation9 used‘30% aqueous hydrogen peroxide 1in
a solution which was basifitd by the additiq f excess
sodium hydroxide. Repetitidn of the condifions described
produced material which from its infrared (ir) spectrum

appeared to be inorganic.

The second method| described by Bradlow and
Vanderwerfg_uses potassium ferricyanide in basic solution
as oxidizing agent. Dupligation of these conditions fol-
| o pH 3.5, using 10% sulphuric acid,

lowed by acidification

precipitated the pyridone-acid, which was isolated by



127

filtration. At this stage the acid was found to be a green-

blué colour. This colour, which is presumably due to the

\
presence of ferrous salts formed in the reaction, could not
' <

be removed by recrystallization from water. It Qas found
that the best method of purification of the acid was by

Soxhlet extraction with diethyl ether. In this way‘a 59%
yiéld of crystalline acid (m.p.. 238 - 239°, Lit.9 239.5 -

240.5°) was obtained.

The intermediate required for further elaboration,

l1-methyl-2-piperidinon®:5-carboxylic acid, 21, is available
by catalytic hydrogenati¢n of the pyridone-acid. In his

book on catalytic hydrog nationlo, Augustiné refers to hydro-
genation of pyridones afd pyridone-acids to the piperidi-
nones making use of pYatinum oxide in écetic,apid at 50

10

psi® . These condi¥tions gave only recovered starting

material (ir).” Augustine also describes the use of sup-
ported rhodium to effect hydrégeﬁation of héteroaromatic
,moleculesll. The use of 5% thodium on charcoal in acetic
acid was no more successful than with the platinum catalyst.
However, thg use of 5% rhodidm~on alumina (20% by weight of
pyridbn?—acid) in acetic acid at 40 - 50 psi succeeded in
the quantitative reduct’ iy of 19 to\gl. Recrystallization

from ethyl acetate-chloroform produced colourless crystals

(m.p. 186 - 188°, Lit\lz 192°).
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('ZHa (.3H3 B C'H3
N N N OLi
o ‘ ' R¥é~ou
H — CH
21 22 23 24

Iﬁ theory, treatment of compound 22 with a strong
base such as sodamide may give the anion at the carbon.a
to the lactam cérbonylls. If this 1is the'case internal
Michael-tyﬁe addition to the v}nyl ketone would then produce

the bicyclic compound, 23.

Carboxylic acids can be €9nverted into ketones
by using organollth}um redgentsl4. Thus a synthesis of“com-
pound 22 could possibly be performed by reaction of vinyl-
lithium with acid 21. The reagtlon requires two equivalents
of lithium reagent. -The first neutralizes the ac ! to form
the lithium salt and the second adds to the carbonyl carbon
to produce a d111th1ated intermediate such as 24 (if methyl-
lithium is used). It was felt that the second mole of
organolithium reagent would not attack the carbonyl carbon
of the lactam. This carbon should be a relatively poor

electrophiie as is generally the case for the carbonyl

carbon of amide moieties.



129

An alternative4to the use of two equivalents of
organolithium is to preform the lithium carboxylate By addi-
tion of an equimolar quantity of iithium'hydride to the
carhoxylic acidlnb. This is the method which was used here.
Following addition of a solution éf acid, 21, insanhydrous
dioxan to an equivalent of lithium hydride suspended in
dioxan and 2% hours reflux the mixture was cooled to iOd
An equimolar amount of ‘a solution of. V1ny111th1Rm in tetra-
hydrofhran (THF) ‘was added and the mlxture stlrfed for
two hours. The reaction was quenthed with dllute-aqueous
hydrochloric acid andeofkcé up'to gi%e a mixture of aﬁ
0il and a solid. The sdlia was éhown to bé identical with
starting acid (ir and mass spéctrum) The 0il was shown

to be mineral oil, orlglnally present in the solution of

vinyllithium in THF.

The reaction wds'repeated, but-this time the

.«

k{éhium salt was isolated. The ir spectrum of this solid
shows a band due to the lactam carbonyl at 1630 cm™ 1 and
a band at 1580 cm_1 due ‘to the carboxylate anion. The
reaction with vinyllithium was repeated as before to
afford two immisciblc oils. Mineral oii was isolated

by column chromatography over alumina. ~ Elution.with

chloroform gave a yellow-0il, the nuclear magnetic



130

resonance (nmr) spectrum of whicﬁ shows very little ¢
absorption around § 2.80 for. the N-methyl. There are
signals attributablé to olefinic hydrogens in tﬁc region
§ 5 - 6. Therefore, it seems that attack by the vinyl-

I'd

lithium has occurred at the lactam carbonyl.

The failure of this approach led to an inkes-
tigation of the possibility of synthesizing 22 from the

acid chloride, 25. It is possible to prepare ketones
M
N

Ci

from carboxylic acid halides using organocadmium reagents1
or organocopperlithium reagentsl6. Unfortunately, 1t was
not possible to find a reliable method to efééct the syn-
thesis of the acid chloride. Treatment of a suspension of"
the acid in dry benzene at 5° with two equivalents of oxalyl
chloride17 gave no reaction, a 90% recovery of starting
material being observed. Repetition d% the reaction but
under reflux conditions gave a 35% recover} of starting
morerial, isolated by filtration of the reaction mixture,

together with a dark gum isolated after evaporation of the

solvent. The nmr spectrum of this gum in deuteriochloroform
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had no signal around 8§ 2.8 for the N-methyl group.

A slight excess of thionyl chloride was added
to the acid at room tecmperature. There was an immediate
reaction with cvolution of gas and dissolution of the solid.
After haif an hour the material had solidified and after
‘removal of the¢ remaining thionyl chloride a dark gummy
" solid was formed. This showed spectral characteristics
similar to those observed for the product _ the previous
reaction. The reaction with thionyl chloride was repeated
using methylene chloride as solvent. The gummy solid ob-
taﬁned after work up seemed to contain some acid chloride
(ir), but several attempts to form an anilide from this

material were unsuccessful.

Perhaps the mildest method for the formation of
“acid halides is thé treatment of theisodium sélt of the acid
with oxalyl chlorideifﬁ, This method has the advantage that
the only by-products aré sodium chloride,.carbon monoxide

and carbon dioxide. The‘sodium salt was formed by dissolving
theﬁécih in water containing an equivalent amount of sodium
hydroxide and freeze-dfying the solution. Alternatively, the
sodium salt could be prepared by treating a solution of the
acid in dry digiyme with an equimolar amount of sodium

hydride and filtering the précipitated sodium salt. The

sodium salt was suspended in dry benzene and treated with
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a slight excess of oxalyl chloride with a few drops of ,
pyridine added as catalyst. .Following work up a dark brown
gum was observed. Repeating tﬁe reaction with methylene
chloride as solvent a yellow solid was obtained and this was
shown to be predominantly the acid, 21, (ir, nmr). This
result can be explained by formation of the acid chloride
and subsequent hydrolysis of this to the acid. Again it
pfoved impossibie to form an anilide after repetition of
this reaction even when ensuring that anﬁydrous conditions

prevailed until the work up.

\

. These results were very disappointing and frus-
trating and can possibly be explained by assuming a ﬁore
basic character for the lactam than was originally sus-
pected. 'Reaétién of the amide nitrogen with acid chloride
could then lead to polymeric proéucts which were indeed

observed in the majority of cases.

The inability to form the acid chloride resQited
inoah attempt to functionalize the acid group of the pyri-
dene -acid, 19, prior to’reduction ofbthe ring. The first
such approach was via ketone 27, which could then be
hy&rogenated and the resulting methyl kétone transformed

into the vinyl ketone.
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CH3 | H3
! X
e
27 | 28
CHj CHj

A;id chloride, 20, was prepared in quantitative
yield by treatment of acid, 19, with thionyl chloride under
reflux. The acid chloride.displays absorptions at 1760 cm'1
for the acid chloride carbonyl and 1680 cm ! for the lactam
carbonyl in the ir spectrum. This compound was further
characterized by conversion to the.anilide. It may be noted

that in this case, with the presumably much less basic amide

nitrogen, acid chloride formation offers no problem.

As mentioned previously it is possible to convert
acid halides to ketones using organometallic reagentsls’lé.
'An 80% yield of mefhyl ketone, 27, was obtained when the
acid chloride was treated with dimethyicopperlithium in
ether at -78°. The nmr spectrum of this ketone displays

a 3-proton singlet at & 2.47 attributed to the methyl ketone

and a further singlet at & 3.65 for the N-methyl group.

Hydrogenation of this methyl ketone over 5%
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rhodium on alumina (25% by weight of ketone) in absolute
ethanol at 35 psi for four ‘days gave a colourless oil which
appeared to be a mixture of two compounds, the alcohol, 30,

and ketone, 28, in a ratio of 7:2 (by nmr).

The ir spectrum of this mixture displays peaks

1 1 1

(C=0), and 1640 cm - (lactam

1

at 3630 cm ~ (OH), 1725 cm’
carbonyl). The spectrum is devoid of peaks at 1700 cm_
and 1675 cm_1 attributed to the pyridone-ketone. The nmr
spectrum shows a singlet integrating for 3 protons at

§ 2.95 (N'CE3)’ a singlet for 2/3 protons at § 2;22 |
(CO'CE3) and a doublet (J=6Hz) forv2 1/3 protons at & 1.20.
The latter signal appears as two doublets,  which can be
explained by the formation of the new asymmetric centre at
the carbon now beari;g hydroxyl tﬁus resulting in two epl-
mers. A shorter period of hydrogenation was found to give

a mixture of ketones 27 and 28 accompanied by the alcohols

29 and 30.
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The original mixture (i.e.,_g§.and 30) was
treated according to Brown's two-phase oxidation proce-
19 : ~ e ‘
dure (NaZCrZO7 in HZSO4—CH2C12) and a 25% recovery of
. a dark oil was obtained. Tlc-of this o0il (alumina, chloro-
form) showed a streak along the length of the plate and the

~0il was not further investigated.

On the.assumption that ketone 28 could be prepared
satisfactorily it would be necessary to con&ert this into
the vinyl ketone, 22. A short model study was fnitiated in
which attempts were made to synthesize vinyl ketoﬁe, 31,

from methyl ketone, 289.

CH3

|
N

, CH; ® <
~

In 1971 Eschenmoser described the synthesis of

dimethyl (methylene)ammonium .iodide, EEZO

and suggested that
this reagent could be used in reactions of the Mannich type.
Ketone 27 was reacted with 32 using the conditions de-

scribed20 and the only compound obtained was found to be

identical with starting material (ir and nmr spectra).
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Similarly treatment of ketone 29 under Mannich reaction
conditions_21 (dimethylamine hydrochloride, paraformaldehyde,
ethanolic hydrogen chloride) gave material ‘identical with

starting material.

The difficulties which were being observed with
~this scheme led to consideration of an approach via the

aldehyde, 33.

GHa CHs
N N
Ho 33 "35

" Treatment of this aldehyde with vinyllithium
shou1d~g£ve the—allylic alqoﬁol, 34. Convérsion of the
alcohol to a good leaving group .(p-toluenesulphonate for
example) followed by treatment with strong base should lead
to the bicyclic compound, 35. Alternatively, the alcohol
34, could be oxidized to the vinyl ketone using‘manganese

dioxide and this could be cyclizrd as suggested previdusly.

- There are two possible routes to 33. Ester deriv-

ativc. of the piperidinone acid, 21, could be reduced, or

the aldehyde grouping could be formed and protected prior
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to reduction of the pyridone ring. Initially cxperiments

were directed to the first of these possibilities. The

piperidinone acid was esterified in 75% yield using absolute

-

~ethanol and'conccnfraﬁed ;ulphuric acid as catalyst. The
ethyl e;ter so produced shows carbonyl absorption in the ir
spectrum at 1740 and 1650 cm_l. The nmr spectrum Qhows a |
triplet’(J=7Hz), integréting for 3 protons at § 1.28 and a
quartet (J=7Hz), 2 protons at S 4.20 in addition to the
singlet for the N-methyl group at § 2.97. It has been re-

22

pofted that esters can be reduced to aldehydes using

diisobutylaluminium hydride in benzene at 5°. Treatment

of the ethyl ester with diisobutylaluminium hydride in dry
benzene at 5° produced a 40% recovery of a dark brown oil
which shows at least four compounds by tlc (alumina, chlo-
roform) and which has an nmr spectrum displaying very little

N-methyl at 6 2.95. It appeafS'that the reducing agent has

attacked the lactam carbohyl in addition to the ester.

Brown has reported23 that phenyl esters can be
redﬁced to aldehydes using lithium tri-t-butoxyaluminium
hydride (LTBA) in tetrahydrofuran at 0°. Especially he
‘has noted that éyc1ohexanecarboxa1dehyde can be prepared
from the corresponding phenyl estef, 37, in 58% yield;
Normally phenyl esters can be prepared by proceediﬁg
-through the acid chloride. Héwever, in the case af hand

the acid chloride had been impossible to isolate. Thus
>
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a method to form the phényl ester directly from the acid

was required.

A synthesis of the phenyl ester, 36, was realized
by heating the acid, gl, phenol and phosphoryl chloride in
the ratio 2:2:1 respectively,,&; 120° for one hour. The
phenyl ester was extracted from the residual ‘gum by ré—
rfluxing with benzene and decanting the resuiting solution
from the gum containing phosphorus salts. In this manner
a 74% yield of phenyl ester was obtained. The ir spectrum
of this oil shows carbonyl absorption at 1760 and 1650 cm-l.
. The phenyl ester was treated with one equivalent of a
freshly prepared solution of LTBA in THF at 0° fo£
one hour. fﬁs/only mat;rial oBbtained from this reaction
was an 85% recovery of starting material (ir apd tlc).

Repetition of the reaction for 24 hours at roonm temperature

was no more successful.

Attempts were -then directed to the alternative

route, via a protected aldehyde such as 38.
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The aldehyde, 39, was prepared by Rosenmund
reduction of acid chloride,'g924. Hydrogen gas ssed
through a refluxing solution of the acid chloride .. ben-
zene, 5% palladium on barium sulphate being used as cata-
lyst (20% by weight of acid chloride). After four hours
there was an approximately 1:1 micture of acid chloride
and desired aldehyde (by nmr). When the reaction was per-
formed in refluxing toluene for f ir hours it was possible
to isolate a 90% yield of'thc aldehyde, after recrystalli-
zation from Skellysolve B-benzene. The nmr spectrum of
this aldehyde shows a singlet integrating for one proton
at § 9.63, and the ir spectrum displays a carbonyl peak at
1700 c:m_l in addition to that for the lactam carbonyl ér
1675 cm_l. Simple acetals of this aldehyde,_};g;, ethylene,
‘dimethyl, diethyl, were found to be unstable So 1t was
necessary to use a more stable one, such as t af formed

from 2,2-dimet’ 1-1,3-propanediol. This acetal was formed
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by treatment éf equimolar amounts pf the aldechyde and the
digl with a catalytic amount of p-toluenesulphonic acid in
reluxing benzene under a Dean-Stark trap. In a similar
‘fashion 4—mcthy1—2,4-pentanediol was used and the corres-

ponding acetal isolated.

Hydrogenation of either of these acetals over

5% rhodium on charcoal in ethanol produced the required
e .

reduced acetal, 40, for example, but always accompanied

by 25 - 50% product of hydrogenolysis.

CHy CH4
N0 N <0

0 , ' .v '

_g/ - 40 o X _oH A

The required acetal was purified by chromatogra-
phy over alumina and elution with benzene. All attempts
to isolate the hydrogenolysis product from the éolumn were
unsuccessful. The mass specfrum of the crude reaction
product, prior to chromatographyﬂ,displays a pcak at m/e
227 for the required product. Iﬁiggdition, there is a peak
at m/e 229. The ir spectrum (ncout “ilm) of the crude |

product shows strong absorption a. 3420 cm-l attributable
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to hydroxyl. The nmr spectrum of the purified acetal
displays 3-proton s}nglets at § 0.73, 1.18 and 2.93.and a
one-proton ddublet at 6 4,33, J=4.5Hz. ‘The crude productw
in addition to these peaks has’; strong singlet at § 0.88
and a singlet at & 3.43 not attributed to the acetal.

. . Jdo. -
These spectral characteristics are comsistent with structure

41 for thewhydrogenolysis product.

Dart and Henbest25 have reported that hydrogen-
olysis can be ecliminated in the platinum metal hydrogena-
tions by using sodium nitrite as a partial inhibitor.
Although no report could be found for the use of this
inorganic salt in rhodium metal hydrogenations, it was
decided that its effect should be investigated. _deium
nitrite (25% by weight of catalyst) was dissolved in water
and .idded to the hydro@enq}ion mixture. The reaction was
much slower (about twice as long was needed before starting
material had all disappeared) but the nmr spectrum showed
that very little product of hydrogenolysis (less than 23%) -
was present in the crude reaction mixture. Compound. 41

was purified by chromatography.

With the required acetal in hand, conditions for
its hydrolysis to the aldehyde were sought. Unfortunately,
it appears that both the‘diols described are far too effi-

cient at protecting aldehydes since under no conditions
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could hydrolysis of the acetals be achieved: The following
metﬁods all led to recovered starting a:ctal (tlc, ir, nmr):
dilute hydrochloric acid in’aqucous acctone; aqufg;; tri-
fluoroacetic acid; 20% aqueous methanolic sulphuric acid;
aqueous THF, chloral. Other laboratories report that they
‘have been unable to hydrolyze acetals of 2,2-dimethyl-1,3-

pfopanedi0126.

P
‘Staab27 has reported that imidazolides formed from
acids are excellent intermediates for further modification
to aldehydes, ketones, etc. They are especially useful when
the acid halides are difficult or impossible to prepare.
Aldehydes can be formed by reduction of the imidazolide with
0.25 molar equivalents of,lithium aluminium hydride.‘

-

CH,4

Because of the difficulties encountered previously
with reduction of the lactam carbonyl, it was expected that
lithium aluminium hydride would be too reactive. However,

a less reactive hydride such as LTBA should not attack the~

lactam. In the review, Staab reports that the imidazolides
N
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can be prcpared from either N,N'-carbonyldiimidazole or
&,N'-thion}ldiimidaque. The latter rcagent is easily
prepéied in situ from thionyl chloride and imidazole SO
this was the reagent used in this investigation._ It is not
neces{ary to 1isolate thé imidazolides; their solutions can
"~ be used directly in the following step.‘

In alllcases the iﬁidazblide, 42, was prepared in
the followigé way. Imidazole in dry THF was added to 0.25
molar equivalents of thionyl chloride under nitrgéén. To
the mixture, now contaiﬁing N,N'-thionyldiimidazole, was
added the acid gl (équimolar quantity); This mixture was
stirred for half an hour then filtéred undef\nitrogen. The
solutior w containing imidazolide 42 was used in subse-
quent reactions directly. Treatment with two equivalents

of' LTBA in THF followed by acid work up gave a yellow solid

~which was identical with starting acid (ir, nmr).

Treétment of thé imidazolide solut‘on with two
equivalents of vinyllithium in THF at -78°, followed by acid
work up gave a poof yield (approx. 25%) of material showing
at least fours.compounds on tlc (alumina, chioroform). This

LY

material was not investigated further.

It has becn reported by Spero, McIntosh and Le—vin28

that thiolesters can be reduced to aldehydés using partially
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deactivatéd Raney Nickel. Although Staab makes no comment
on it, it was cxpected that thiolesters could be synthesized
by addition of the sodium salt of the thiol .to the imidaz-
olide. Indeed thiolester 43 was preparcd in 50% yield by
the addition of the sodium salt of cthanecthiol to the imidaz-

olide solution. The thiolester has carbonyl absorptions

at 1645 cm_1 (lactam) and 1680 cm_1 (ester) in the ir
spectrum.
?Ha ?Ha
N 0 N
0= .
SCH,CH, 43 CHO 33

29

Fresh Raney Nickel-W2 was deactivated by washing

with acetone and then heating to reflux in acetone for two .

hours. To this mixture was added the thiolester in acetone-
water (1:1) and the mixture was refluxed for one hour. Work
up of the reaction gave a mixture which showed two spots on

tlc (alumina, chloroform). The mixture was separafed by

‘chromatography over alumina. Elution with benzene gave the

less polar compound which was identical (ir, tlc, nmr) with

starting thiolester. The more polar compound was isolated
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by elution with benzenec-cther (1:1). The ir spectrum 1in
chloroform shows a peak at 1640 (:m—1 for lactam carbonyl
and one 2t 1735 cm—l possibly attributable to aldehyde
carbonyl. Thé mass spectrum has parent at m/e 141, (exact
mass C7HIL~OZ calculated 141.0790,,observed 141.0788). The
nmr.spectrum shows a 3-proton singlet at s 2.97 for the
N-methyl and a'one—proton singlet at § 9.70, attributable
to an aldchyde proton. Examination of structure 33 pre-

dicts that this resonance should be a doublet, but vicinal

couplings to aldehydes are small.

At_this time it Became intriguing to consider
whether this aldehyde could be synthesized from_the acid
via the acyl nitrile. In principle, the reduction of acyl
nitriles should produce c;anohydrins, which on base hydrol-
ysis would yield aldehydes. Application to the sfnthesis
of aldehyde, 33, would necessitate’ a syntheSis.of acyl

nitriles from acids which did not proceed via the acid

halide, since this had been impossible to synthesize.

A literature search produced only one method for
the synthesis of acyl nitriles - the reaction of acyl halides
‘with inorganic cyanidesSI. The conditions of synthesls are
quité drastic since they involve heating the acid halide to
its'meiting point in the presence of cuprous cyanide in the

absence of solvent. The acyl cyanide is then dis@illed from
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the flask. Apart from the high temperatures ecmployed,
of major concern is that acyl chlorides and ag¢gyl cyanides
have very similar boiling points (for benonl chloride

and benzoyl cyanide, 195° and 205° rcspectivelySI).

Ideally, then, a new method for synthesizing acyl
cyanzagé should beﬁmuch milder than the one already men-
tioned. Of the coﬁmon organié solvents, only alcohols\%reu7
polar cnough to dissolve the inorganic cyanides. Howevér,“
alcohols react with acyl cyanides to form esters and hydro-
gen cyanide32. To enable the use of less polarisolvents, to
which the acyl cyanides are unreactive, an organic>solub1e
source of cyanide ion is required. Tetraalkylammonium i
halidos(a%e excellent sources of organic soluble halide
/idhss, so the ammonium cyanides should have similar pro-
peities. This soluble cyanide ion source could then be

used to effect nucleophilic substitution on‘'a suitably

activated carbonyl group.

" A Dowex-1X8 anion exchange column was converted

to cyanide ion form by washing the column with aqueous

so’  » cyanide. Repeated rinsing to remove excess cyanide®
'u ' a column suitable for the required transformation.
Tet w vlammonium lodide was dissolved ir water and ecluted

throug the column. Evaporztion and drying followed by

recrystallization from ethyl acetate produced tetrabutyl-
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ammonium cyanide (BQ4NCN) as colourless ncedles. The ir
spectrum in chloroform shows absorption at 2080 Cm-1
attributed to cyanide. In a éimilar way the tetramethyl
and tctracthyl salts were also prepared. The tetramethyl
salt does not possess solubility advantages since it 1is
insoluble in such solvents as THF, ether and benzene. - The
tetrabutyl salt, in contrast, is readily soluble in all of
these solvents. However, it is extremely hygroscopic

nccessitating use of the dry box to facilitate weighing

and transfer.

Throughout the work benzoic acid was used as sub-
strate. the desired cyanide then being benzoyl cyanide.
There is a literature preparation of benzoyl cyanide ffom
benzoyl chloride31 and this\was repeated to enable com-
parison of >crude mixtures wizﬁ’an authentic sample of the
required product. Benzoyl cyanide hés a very distingtive
peak at 1680 cm_1 in the ir spectrum and this peak was uged

as criterion for the prescnce or absence of benzoyl cyanide

in the crude reaction mixtures.

Several mecthods for activation of carboxylic acids
to nucleophilic attack were used and the resulting inter-
mediates treated with one or othcer of the tetraalkylammonium

salts. Barstow and Hruby have published a syfhthesis of
34

amides from acids via the triphenylphosphonium salt, 44
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@ &S]
Q3P + CCly,  ~——> QP —CCl; Ci RCOOH
CEE;
RCOOP®Q,;CI 4+ CHCl,
4_4

® o | , ,® O
RCOO0P®,CI + R;NH —— RCONR;, +8,3P0 4 R,NH,Cl

The intermediate acyloxyphosphonium salt 45, was
formed by treatment of triphenylphosphine with carbon tetra-
chloride in refluxing THF fdllowed by cooling to 0° and

addition of an equimolar quantity of benzoic acid.

0 @ e | 7
s BugNCN '
—0p 4

O.C—~0POCl =

45

>
b

After stirring for half 2n Lou~ an equimolar
amount of Bu4NCN in THF was added. Thce precipitated salt
45 dissolved and a red solution was formed. One hour's
| reflux followed by cvaéoration of the solvent gave an olive-
green syrup. The ir spectrum (in chloroform) of this mate-

rial 1s devoid of absorption around 1680 cmnl. " The maﬁerihl

was not investigated further.



149

The remainder of the work towards the synthesis
of benzoyl cyanide Qas directed to methods via anhydrides.
‘In the first such method benzoic acid wa{\?faated with
p-toluencsulphonyl chlbridc in acetonitrile containing
pyridine. This mixture was refluxed for half an hour then
a slurry of two equivalents. of tetramcthYlamménium cyanide
(Mé4NCN) In acetonitrile was added. After a further period
of reflux the mixture was wbrked up to produce an oil which
shows peaks at 1790 and 1730 cm_l, attributable to benzoic
- anhydride, in tﬁe ir spectrum. In addition fhere is strong
absorption at 1680 cm—1 and all the peaks charaéteristic of
the fingerprint region of the spectrum of benzoyl cyanide
are present. This;réaction presumably takes place via
- benzoic anhydride35 so the yield could never be better than
50%. However the promising result suggests that some form

of mixed anhydride may serve to activate the acid.

Mixed anhydride, 46, can be'synthes;zed by treat-
ment of benzoic acid with equimolar amounts of ethyl

chloroacetate and triethylamine in acetonitrile36.

R Q9 0
C-0—C-0Et —%—> 0-C—-CN

46

- B~
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Micucci and co-workers have shown that mixed\anhy-
drides formed from cthyl Chloroacetaté and the acid can be
used for a high yield synthesis of amidessé, Treatment of
~ the mixed anhydride in acetonitrile with a solution of tetra-
cthylammonium cyanide (Et4NCN) in acetonitrile gave a product

which showed no absorption a'c"1680'cm-1 in the ir spectrum.

The benzoyl cyanide which had been synthesized
carlier allowed experiments to be directed towards the reduc-
tion to the cyanohydrin.  Addition of a solution of benzoyl
cyanide 1in dimcthoxyethbne (DME) to a slurry of sodiuﬁ boro-
hydride in the same sof&ent rgsulted in an immediate exo-
thermic reaction. Wori\Pp gaye a liqu&d (b.p.?i§4v— 166°,

1 mm) which cnystallized\gﬁ’standing at room temperature.

The nmrvspecgfum of this material displays absofption for

ten aromatic ﬁ?btons in addition to a onec-proton singlet

at 6§ 6.70. ‘The ir spectrum in éhlofoform shows a carbényl
peak at 1735 cmnl, but ne absorptlon for cyanide in the 2100—
2250 cm—1 region. The mass spectrum shows a parent peak at

m/e 237 with a strong peak at m/c 116 and the base peak at

m/e 105.

These spectra are consistent with structure 47.
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o H OCH3
il ) Ci
\Q*C—0~$~\& N
4
cN ¥ 48

This compound contains two electron-withdrawing
substituents on the carbon bearing the cyano-group and this
~could explain the absénce of absorption for this function-
ality in the ir spectrum. Compound 48 prernred in these
1aboratorié$37 1s also devoid of absorption in the 2100 -
2250 cm—l‘region in the ir spectrum and this compound also

bears an electron-withdrawing substituent on the a-carbon.

Compound 47 was also obtained when benzoyl cYanide
was treated with sodium bis(2-methoxyethoxy)-aluminium
hydride (Red-Al) in ether at -78° or with lithium borohydride
in THF. Increasing the dilution of the reactants in these
reductidns4 and changes in the rate of addition had no effect

on the production of this cyanoester.

When 47 was dissolved in THF and treated with 2%
aqueous potassium hydroxide for one hour an organic soluble

portion and a base soluble portion were isolated. The
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organic soluble portion shows ﬁ carbonyl band at 1705 cm—l
and two weak bands at 2820 and 2730 cm_l. These peaks

are identical with those observed in the spectrum of benzf
aldehyde. The base soluble portion, isolated by/déidifica-
tion followed by extraction with ether, gave a colourless
solid, the ir spectrum of whigh was identical with“that of
benzoic acid. Thus the ester has been hydrolysed to pro-
duce the desired aldehyde. However this route can only give,

at best, a 50% yield of aldchyde.

Treatment of 47 with a solution of 0.25 cquivalents
of lithium aluminium hydride in ether af room temperature
gave an o1l which seems to be a mixture of 47 and benzyl
alé?hol (ir, nmr). Thus benzaldehyde, formed from 47 must
be H;re reédily attacked by the hydride than is 47.

When benzoy. cyanide was treated with Red-Al (0.5
equivalents) in ether at -78° oﬁly compound 47 was isolated
and this was isolated unchanged when treated with more
Red-Al at -78°. When benzoyl cyanide was,reacteq under the
same conditions but at -4p° the reduction product showéd
peaks attributable to benzaldehyde at 2820, 2730 aﬂd 1705
cm © in the ir spectrum (neat film). In addition there is

strong absorption at 3400 cm_1 possibly due to benzyl

alcohol. There are no peaks in the spectrum arising from
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benzoyl cyanide or 47. Thus it secems 47 is the first
reduction product and that this'is then further reduced
to aldchyde. The complete lack of 47 from the product
of' the reaction at -40° suggests that this compound 1s
reduced to the aldehydc in preference to reduction of
the aldchyde to alcohol. A slight excess of reducing
.agent must have been prescﬁt in this rcaction and if
exactly equivalent amounts of hydride and acyl cyanide

arc prescent, then the aldehyde should result as the only

product.
~

Thercfore the possibility of both parts of the

reduction scheme have been demonstrated, i.e.,

\

R-COOH —> rRcocN —=F RrcHo

-

However, further work is necessary before the

method could be used for the attempted synthesis of 23.

At this time the total synthesis of (*)-luciduline
was reported by Scott and Evansso. Their synthesis was
completed by forming rings A and B first (structure 9)

with final closure of ring C.
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CH;

CHj

Thus intermediate 49 was’ refluxed with para-
formaldehyde in 3-methylbutan-1-o01 for 20 hours to give

(£)-luciduline. The key step in this synthesis was the

oxy-Cope rearrangement of 50 to S1.

HO

250

OCH; 30

Thus the cis-decalin system with required func-

tionality was formed. The desired a-methyl cpimer of 51
Predominated and could be isolated by recrystallization

of the mixture from hexane. More of the.desircd epimer

N
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was obtained by re cquilibration-crystallization of the

mother liquors. 51 was transformed into 52 in a series

of uncxcepti

e R

52 was treated with cxcess methylamine in benzene

A

in a sealed tube at 75° for 24 hours. It was postulated‘
that this substitution recaction occurred through aminal
intermediate 53, thus giving compound 49 with the correct

stereochemistry at C-7 (luciduline numbering).

\

At this point the similarity in structure between

cernuine and coccinellin was a-great attraction. Since

c

the synthesis of lucidulinc¢ had been accomplished by Evans.
the work lost some of its urgency, and work on this project
was suspended until the planned synthetic approach to

coccinellin had been investigated. This latter work has
recquired more time than was anticipated and the work on

the luciduline synthk¢sis has not been resumed.



EXPERIMENTAL

Solutions were dried over anhydrous magnesium

sulphate unless otherwise specified.

Rf value = distance moved by compound/distance

moved by solvent.

Mclting points were determined on a Fischer-
Johns or Leitz-Wetzlar hot-stage melting point apparatus

and are uncorrected.

Microanalyses were performed by the Microana-

lytical Laboratory of this department.

Infrared spectra were rccorded on a Perkin-Elmer
Model 337 grating infrared spectrophotometer, a Unicam
SP1000 grating infrared spectrophotometer, or a Perkin-

Elmer Model 421 dual grating infrared spectrophotometer.

Nuclear magnetic resonance spectra vere measured
using a Varian Associates Model A-60 spectrometer or a
Varian Model HR-100 spectromecter with tetramethylsilane

as internal standard.

Mass spectra were recorded on an A.E.I. Model
MS-9 mass spectrometer or an A.E.I. Model GC/MS mass

spectrometer with a WB separator.
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I-Methyl-2(1H) -pyridone-5-carboxylic acid, 19

Nicotinic acid (50 g) and dimethyl sulphate (80 ml)
were hcatcd‘togcthcf at 110° for one hour. The solution was
cooled, diluted with water (100 ml) and washed threce times
with chloroform (2Q ml1). To the resulting aqucous solution
was added 2.5N aqueous sodium hydroxide (1150 m) and, drop-
wise, 32% aqucous potassium ferricyanide* (870 ml). The solu-
:ion was stirred for 2 hours fc]ioWing addition, then
adjusted to pH 3.5 with dilute sulphuric acid. The preci-
pitated acid was filtered and dried, then extracted with
ether using a Soxhlét extractor to give a cream crystalline.

9

solid (36.4 g, 59%) m.p. 238 - 239° [lit.° 239.5 - 240.5°].

nmr pyso-de)’ & 3-53 (s, 3, -CH;), 6.42 (d, 1, J=9.5Hg,

-N-CO-CH), 7.78 (dd, 1, J=9.5 Hz, J'=2.5Hz, -N-COCH=CH-),
8§.44 (d, 1, J=2.5Hz, -N-CH=), 12.65 (br. s, 1, COOH).
mass Spectrum:“ C7H7N03,‘gig calcd. 153.0426, meég.
153.0426(100), 125(15), 108(32), 95(10); 44(21), 42(20);

39(17). . . .-

20

1-Methy132;ﬁ%peridinonc-5-carboxylic‘acid, 21

Pyridone écid'lg (10 g) was dissolved in acetic

acid (250 mi) and hydrogenated at 50 psi over rhodium on
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aluﬁina (2 g) at room temperaturc for three days. The bulk
of the catalyst was filtered (a small amount dissolved 1in
the acetic acid) and the solution cvaporated. The residue
was digested with methanol, the solution filtered and

cvaporated to give a colourless solid which was recrystal-

llzcd from cthqugetdtc chloroform to give 21 (9.4 g, 91%)

m.p. 186 - 188° [lit. 2 193°]. v

cad _ PSS |
r(ndjol)' 1730 (C=0), 1620 (C=0) cm

-nmr(pyr dS) § 2.95 (s, 5, N—Cﬂs), 13.22 (s, 1, -COOH).
mass spectrum: 7I“NO,, m/e LdlLd 157.0739, mecas.
157.0735(45), 101(39), 86(14), 76(1.,, 57(20),55(25),

44(100), 42(22).

vong - . s
. Reaction of lithium 1-methyl-2-piperidinone-5-carboxylate

with vinyllithium

a) Lithium hydride (100 mg, 0.0125 m) was suspended
in anhydrous dioxan (10 ml). To this suspension under
nitrogen was added lactam-acid 21 (1.57 g, 0.01 m). The
mixture was heated under reflux for 2% hcurs, cooled to 10°

and a solution of vinyllithium in THF (4.5 ml, 0.012 r was

iy .
added. The mixture wzs stirred at room temperature for &wo
hours then poured slowly into 5% aqucous HC1 (35 ml). “The

aqueous solution was saturated with Sodi@m chloride and the

[

organic phase sceparated. The aquecous laxer was extracted
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with cther (3 x 25 ml) and the combined organic laycr§-wcrc

dried and evaporated to give a colourless semi-$olid

- PrY

(0.94 g). This war digested with cther. The solid which

remained was filtered, washed and dried and shown to be

o

identical with stdrting material (0.23 g). The ether-

soluble portioﬁ (0.63 ¢) was shown to be mineral 1 {from
the vinyllithium solution). o
b) Lactam-acia <21 « g) and lithium hydride (65 mg,

one equivalent) wére catoed. o reflux in diglyme (40 ml]{f“m}~

under nitrogen for 17 i .. The voblcaﬂnixture‘was
1

filtered and the solid washed with ether and dried fb_give

the lithium salt (0.98 g, 97%). o E 'Wyf;? .
. : Lo _ . _ e, -1 )
T (qujor)d 1630 (€=0), 1580 (-C00%) cn’ .

The lithium salt (0.98 g) was sqsﬁénded in THF
(Zb'mlﬁ under an atmosphere of nitroggn.' A“solution of
'vinzllithium in THF (3.0 mi, one equivalent) was add d and
S after the .exothermic reaégion haa sﬁ%sided the mixture was
_stirred -at room tcmperafure forwfhrée hours. Ihe“mixture

was poured intév5§.aqueousAHCiig;d'worked up aé in a) to
give two immiscible oils gd:ngg). Thé,oils wére scparated
by chromatography on alhmina (30 g). Elution Qith Skelly-
solve B produced mi.cral di} (0;59 g). ‘Eiufion'with

. chloroform producéd & pale yellow oil (0;25 g)‘whicﬁ shows

4
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two spots on tlc (alumina,‘chloroTorm . 5 '
3630, 3440 (OI), 1735 (C=0), 1640 (C=0) cm I.
b

1r(cnc13)’ ‘
: very weak absotfation at § 2.81 for the I .ethyl

3 ) -
!er(uuq;3):
!group."Qlefinic protons between § 5 - 6 arc present.

’ngtémptcd syntheses of 1l-methyl-2-piperidinone-5-carboxylic

‘dcid .chloride, 25

a) Oxalyl chloride”in beh;ene, 5°

Lactam-acid, 21 (628 mg, 0.004 m) was suspended in
dry benzene (10 ml) at 5°. Oxalyl chloride (07 ml, 0.008 m)

dissolved :in benzene (S ml) was added and the solution

stirred ' r one hour at 5°, then five hours at room tempera-

ture. The mixture was filtered and the solid obtazined
washed with bénzcne and dried (562 mg). This was.shown~to

be identical with acid glv(ir, mass spectrum).

b) Oxalyl chloride fn'refluxing ‘Denzene

A mixture prepared as above was heated under reflux

for faur hours, after which time the mixture was deep red.
e

The cooled mixture was filtered ¥nd the filtrate evaporated
to give a dark gum (743 mg).

iT (heat) 1790, 1745 ((COC1),), 1670, 1635, 1170, 1000,

865 cmil. v | CRE

.) no singlet around § 2.8 for the N—méthyl group.
3 | . o :
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. . ( Voo
The from the fliltration was w;is}us;awuth
benzene and dried to give a colourless solid™¥antical

with starting material (188 mg, 35%{Mir, mass spectrum).

B )
c) Thionyl chloride . T
")

ey

Thionyl chloride (0.4 ml, 0.0055 m) was added to
acid 21 (628 mg, 0.004 m). There was an immediate reaction
and after % hour a dark gummy solid had fofmedf- This

mater@ul had similar spectral characteristics to the gum¢

isolated in b). 3 . R

d) Thionyi chloride in methylene chloride

Lactam-acid 21 (500 mg) was suspended in methylene ’

-
chloride (20 ml) and thionyf\éhloride (0.9 ml, 1.5 equiva-

lents) was added. The Thixture was heaté@ under reflux

under a nitrogen atmosphcre for three hours, then evaporated

~to give a yellowish solid (511 mg).

. , ] C-1
1r(CHiClZ). 1795, }660 cmo .

This was taken up in cther (10 ml). The solid which

wolild not dissolve was removed by filtration and the filtrate

treated with aniline (1 m1) ia ether (5 ml). The solution

.was heated under reflux for % hour then washed with water

(10 m1), 5% aqueous HC1l (10 ml) ihen water (10 ml), dried

and evaporated to give a dark oil (3 mg) which was not
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investigated lurther.

¢) Trecatment of the. sodium salt of lactam-acid 21 with

oxalyl chloride in benzene

i I

Lactam-acid 21 (471 mg, 0.003 m) was stirred with
2% aqueous sodium hydroxide (0.003 m). for tive minutes. The
water was cvaporated and the residuc dried by evﬁporation
at 1 mm. overnight. (Alternatively the sodiﬁm.salt could be
prepared by trecating a solution of 4he acid,in dry diglyme

with one molar equivalent of sodium hydride.)

. The sodium s&lt‘waé treateﬂvwith oxalyl chloride
(1 m1) dissolved in dry benzene (15 %&&$ Pyridine (4 drops)
was ndded and the mixture was stirred at room temperature
for 18 hours and the dark solid was removed by filtration.

The solution was evaporated to give a gum similar to that

observed in b) and c).

Ln
)

1-Methy1-2 (1) -pyridone-5-carboxylic acid chloride, 26 ¢%?

Acid. 19 (2 g) was refluxed for three hours witﬁ

thionyl chloride (5 ml). The excess thionyl chloride was

evéporated to 1cavé a colourless solid (2.2 g, 100%).

- A iy - . - ; =1
I (enycr )t 1760 (CZ0), 180 (C=0) em™t.
250 mg acid chloride 26 was converted into the
A o

anilide; which was recrystallized from chlor.. -m,

s

WAy &
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m.p. 174 - 175.5°. -
ir(C”CIS): 1695 (C=0), 1680 (C=0) cm !

nmr(DMSO—dG): § 3.57 (s, 3, N—CQS), 6.37‘(d, 1, J=9.5Hz,
N-CO-CH=), 7.0 - 8.0 (m, 5, ArH), 8.08 (dd, 1, J=9.5Hz,
J'=2.5Hz), 8.53 (d¥5T,V9=2 .Sz, N-ClI=).

massvspectruh: m/e 228(38), 137(13), 136(100), 108(8),
95(27), 93(12), 80(7), 79(6), 27(5), 68(6), 66(9), 65(9),
51(8), 42(27), 39(17). |

Anal. Caled. Tor C M N,0,: C, 68.42; H, 5.26; N, 12.28.

137127272
Found: C, 68.54; H, 5.38; N, 12.01.

S—Acetyl—l—methyl—Z(lH)-pyridone, 27

Cuprous iodide (1.15 g, 0.006 m) was ,suspended
in dry THF (1§ mi) at 0° under a nitrogen atmésphere and
a-solution of methyllithium in ecther (2.2M, 5 ml, 0.011 m)
wa; added. THe dark solution was stirred for 10 minutes
and then cooled to -78°. Acid chloride (347 mg, 0.002 m)
was dissolved in'dry THF (10 inl) and added dropwise to
the solution. The mixture was stirréd for 30 minutes at .

-78° wnd quenched with methanol (5 ml). The mixture was

*7alloWed to.warm to room temperature and then partitioned

betwecen wat: ZO;ml) and chloroform (30 ml). ‘The aqueous

layer wgé extr¥eted with CHC1; (2 x 15 ml1) and the combined

organic solution was washed with water (15 ml), dilute
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sodium bicarbonate (15 ml), water (15 ml), brine (Z‘X 15 ml)

dricd and evaporated to give crade solid (240 mg, 80%).

This was recrystallized from benzene, mip. 163.5 - 165°.
) ) ‘ - . - -1

1r(CHC13)' 1700 (C=0), 1675 (C=0) cm —.

nmr(CDC13): § 2.47 (s, 3, "Cﬂ3)’ 3.65 (s, 3, N'CH3)’

6.55 (d, 1, J=9.5Hz), 7.88 (dd, 1, J=9.5Hz, J'=2.5Hz),
8.20 (d, 1, J=2.5Hz).

mass spectrum: m/e 151(71), 137(8), 136(100), 108(14),
95(20), 80(7), 43(12), 42(18). . ‘ o

8''9
Found: C, 63.59; H, 6.04; N, 9.17.

o

! \ .
| £ |
Reduction of S-acctyl-l—meggyl—2(1H)—pyr1done, 27

Anal. Calcd. for CgHgNO,: C, 63.58; H, 5.96; N, 9.27.

Keto-lactam 27 (115 mg) was disséchd in absolute
ethanol (ZO(ml) and hydrogenated at 35 psi over RQ-AIZO3
(30 mg) for four days. The catalyst was removed by
fil?ration and the ethaﬁol eVaporatedvto give a Coléurless
01l (116 mg).

3630 (-OH), 1725 (C=0), 1640 (C=0) cm™ L,

ir(cnc13):

nmr(CDCls) of 28: § 2.22 (s, 33 —COCﬁS), 2.95 (s, 3,
-NCH,) ..

nmr(CDCls) .of.gg: 8 1.29 (d? Sf J=6Hz, CHCE3)’ 2.95

(s, 3, 'NCE3)'
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This oil is apparently a 2:7 mixture of 28:30

(by nmr).

Attempted oxidation of 28 and 30

Hydrogenation mixture, 28 and 30, (116 mg) was
dissolved in.methyiene chlﬁridc (5 ml) and water (5 ml)-
added. To this was addcd d standard solution of sodium
dichromate in sulphuric acid (0.3Y ml). The two-phase
{?ystcm was'stijdggﬁét‘room.temporaturgvfor two hours.
After this timébéﬂere was%ﬁoxghange in colour'of the
sodium dichromate. The layers~were separated, the aqueous
phase washed with methylene chloride and the combined
organic solution washed with dilute sodium bicarbonate
(5 ml), dried and evaporated  to give a dark 611 (30 mg).
Tlc (alumina, chloroform) of this oil shows a streak along

T

the length of plate.

Attempted reaction of zluwith dimethyl(methylene)ammonium
20 ‘

iodide

Keto-lactam 27 (100 mg) was dissolved in dry THF
(10 ml1) and was treated with dimethyl(methylene)ammonium
iodide (137 mg) and triethylamine (10 drops). The mixture
was stirred at room tehperature for 24 hours. The mixture

was filtered and the filtrate evaporated to give a solid

' ~ 1\. .
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material (99 mg) identical with 27 (ir, tlc).

\

Ethyl 1-methyl-2-piperidinone-5S-carboxylate

Acid 21 (3.1 g) was dissolvcd’in absolute ethanol
(25 ml1) and concontratéd sulphuric acid (1.5 ml) added.
The solution was hcated under reflux for ten hours. The
cooled solution was partitioned between water (25 ml) gnd
ghioroform (25 m1). The aqueous solution was extracted
with chloroform (2 x 25 ml) and the combined organic solu-
tion wash%d with dilute sodium:bicarbonate solution (25 ml),
brine (25 ml) and dried. Evapofation of the solvent gave a
colourless oil (2.69 g, 77%) b.p. 193 - 195°, 1 mm.

. _ i ) .
1T earyt 1740 (C=0), 1650 (C=0) cm o

nmr § 1.28 (t, 3, J=THz, OCH,CH,), 2.97 (s, 3,

(CDClS):
N-CH;), 4.20 (q, 2, J=7Hz, «CH,CH,).

mass spectrum: C9“1SN03’ m/e calcd. 185.1052, meas.
185.1652(51), 140(23), 130(6), 129(76), 128(8), 114(28),
113(8), 112(75), 111(11), 101(10), 86(16), 85(165, 84(58),
83(10), 82(7), 70(12), 68(17), 58(8), 57(70), 56(10),
S5(75), 54(9), 53(7), 45(12), 44(100), 43(11), 42(52),
41(18), 39(19). -

0

Anal. Calcd. for C9H C, 58.36; H, 8.16; N, 7.56.

15N03¢
Found: C, 58.30; H, 8.42; N, 7.60.
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Reduction of ethyl l-methyl-2-piperidinone-5-carboxylate

+ with diisobutylaluminium hydride (DIBAL)

The ester (190 mg). was dissolved in dry benzene
(10 ml) unﬁcr a nitrogen atmosﬁherc and the solution cooled
to 5°. To this was added 25% DIBAL in benzene (1 m', one
cduivalent) and the solution-stirred for one hoLr. The
solution was quenched with saturated aquecous ammonium
chloride and the aqueous layer extracted with chlorofofm
(2 x 15 mi).' Thc combined organic solution : dried and
evaporated to give an orangé—brown o1l (70 mg) showing at
least four compounds by tlc (alumina, chloroform).

nmr : very weak singlet at & 2.95 (the N-methyl
(CDClS)

group) .

Phenyl 1-methyl-2-piperidinone-5-carboxylate, 36 ..

hatvd

Lactam acid 21 (1.57 g, 0.01 m), phcnél (0.94 g,
0.01 m) 2nd phosphoryl chloride (0.46 ml; 0.005 m) were
lecated on an oil-bath to 120° for one hour38\ Benzéne
(20 ml) was added and the mixture stirred and heated under
reflux for one hour. The b;nzene solution was decanted
from the dull yellow gum, the gum was washed with more

benzene and the combined fractions evaporated to give a

colourless oil (1.12 g).



168

The residual gum was digested with methylene
chloride in a similar manner and a further 610 mg oil was
obtained, which by tlc (alumina, chloroform) was a single
spot identical with the former product. Total yield: |

1.72 g, 74%.
o N ‘ ., a _ ~ 1
'Tincat) " 1760 (€C=0), 1650 (C=0) cm ~.

nmr(CDCls): 3.03/!,, 3, —NCHS), 7.0 - 7.5 (m, 5, ArH).
mass spectrum: > H, _NO , m/e calcd. 233.1052, meas.
Fastshog, m/ie

233.1061(22), 189(15), 177(6), 149(55), 112(90),
/ : .
95(7), 94(100), 84(22), 66(10), 65(12), 55(71), 44(95),

42(13), 39(13).

Attempted reduction of 36 with lithium tri-t-butoxy-

aluminium hydride (LTBA)

Pheﬁyi:ester 36 (1.11 g) was dissolved in dry
THF (8 ml) under 1itrogen atmosphere. The solution was
gooled to 0° and a solution of: LTBA in THF’(O.8M, 6.3 ml,
one molar equivalent) was added dropwise. The solution
was stirred for one hour then worked up as previously

23 g

described™". The 511 so produced (916 mg) was identical

with starting material (ir, tlc).

3.

’
/

«

& A @

< ]
o
i
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I-Methyl-Z(1H)-pyridonc-5-carbaldehyde, 39

Acid chloride 26 (10 ¢) was dissolved in freshly
distilled tolucne (500 ml) and &4 pa]]ﬁdium on barium
sulphate (1.2 g) added. The stirred mixture was heated
under reflux, while hydrogen gas was passed through it,
for 20 hours. The mixture was filtered and the golden
solution was cvaporated to give a pale yellow solid (7.2 g,

90%) which was recyrstallized a Skclllysolenzene

m.p. &23 - }&4
it, .~ y: 1700 (shoulder €=0), 1675 (C=0), 1630 (C=C) cm L.
(CH,CL,)

. .. 3 \-" =
nwr(CDCIS)' § 3.67 (s, 3, N LQS), 6.58a(d, 1, J=9.5Hz,
N-CO-Ci), 7.80 (dd, 1, J=9.5Hz, J'=2.5Hz, CO-CH=CH-)-

) IR B
8.03 (4, 1, J=2.5Hz, N-CH=), 9.63 (s, 1, CHOJ.

mass -spectrum:  C,H,NO,, m/e calcd. 137.0477, meas.

137.0478(100), 136(18), 108(37), 95(8), 81(15), 80(21),

42(13), 39(10). |

Ahal. Caled. for C,H,NO,: C, 61.31; H, 5.11; N, 10.22.
Found: C, 61.43; H, 4.96; N, 10.11.

5—[2—(S,S-diméthyl-l,S—dioxanyl)]—l-mothyl—Z(lH)—pyridone'

Aldehyde 39 (137 mg), 2,2-dimethyl-1,3-propane-
diol (104 mg) and p-toluencsulphonic acid (20 mg) were
dissolved in benzene (20 ml) and allowed to reflux under

a Dean-Stark trap for six hours. Solid sodium carbonate
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was added to the cooled solution and after stirring for
\

;5’ 1"} N ’ .
five minutes the mixture was filtered and the filtrate
evaporated to give a colourless solid (208 mg, 93%) which

was recrystallized from Skellysolve B-benzene, m.p. 122 -

123.5 .

' . ) .
PTacig) s 1680 (C=0), 1620, 1610 =C), '1u0  -0) em”l.
nmr(CDCls): § 0.78 (s, 3, —CEB), 5 (s , LES), 3.51
(s, 3, -NCHg), 5.65 (s, 4, -CH,0). 5.17 (s, 1, ClI acetal),

6.50 (d, 1, J=10.5Hz, Arl), 7.2: (m, 2, -ArH). -

mass spectrum: m/e 223(17),: 222(11), 138(13), 137(100),
156(23), 109(10), 108(7), 42(10), 41(11).
JAnal. Caled. for C,,H,_NO_: C, 64.57; H, 7.62; N, 6.28.

12717773
Found: C, 64.38; H, 7.81; N, 6.46.

5—[2~(S,S-dimethyl—l,S—dioxanyl)]-l—methyl—Z—piperidinone 40

. The pyridone-acetal (500 mg) was dissolved in 982
ethanol (25 ml) and sodium nitrite (25 mg) dissolved in
water (0.5 ml) was added. The splution was hydrogenated

;ovcr 5% rhodium on charcoal (100 mg) at 40 psi for 36 hours.

The catalyst was removed by filtration and the ethanol

ovaporatcd to give a viscous oil (482 mg).
. . _ -1
lr(neat)' 1650 (C=0) cm -

nmr(CDCls): § 0.73 (s, 3;*C53), 1.18 (s, 3, C§3), 2.93

(s, 3, -NCH;), 4.33 (d, 1, J=4.5Hz, CH acetal).
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y -

Mass spectrum:  C oIl NO,, m/c calcd. < '°21, meas.

21
227.1532(48), 199(9), 171(14), 156¢(  141(8), 140(11),
127(60), 126(8)- 124(14), 123(17), 115(20), 86(9), 85(15),
84(9), 69(55), 57(23), 56(20), 55(16), 45(18), 44(100),

43(27), 42(29), 41(32), 39(10).

Attempted reaction of the N-imidazolide of 1-methyl-2-

Piperidinone-5-carboxylic acid with LTBA

Imidazole (816 mg, 0.012 m) was dissolved in dry
‘THF (10 ml) under nitrogen and thionyl chloride (0.22 ml,
0.003 m) Qas added. To this mixture was added acid 21 |
(471 mg, 0.003 m) and the mixture was stirred for % hour

at room temperature,.

The mixture was filtered in a nitrogen atmosphere
and aisolution of LTBA in THF (0.8M, 7 ml{ 0.006 m) was
added. The solution was stirred for one hour and 40%
aqueous HCl (2 ml) was added. The mixture was separated
and’ the aqueous solution extracted with chloroform (va 10 pl);
Tﬁe'combined organic soiution was washed with water (lO.ml),
dried and evaporated to give a yellow solid (310 mg) which

was identical (ir, nmr) with starting acid.
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Ethylthio limothyl—z—pipcrjdinonc—S-CHTboxylate 43

The imidazolide was prepared from acid 21 (942 mg)
as above. Thé mixturc was trecated with the Sodium‘salt of
cthancthiol (504 mg, 1 cquivalent) and the mixture was
stirred for one hour then filterod. The filtrate was evap-
orated to give an oil (1.14 g) which was chromatographed on
alumina, Elutidn-with benzene produced a mobile oil (&80 mg,
40%), b.p. 248 - 250°,~6 mm.
iT(heat) 1680 (C-0), 1645 (C=0) em L. | .
nmr(CnC13): 6 1.27 (t, 3, J=7lz, —SCHZCES); ;.96 (q, 2, ~
J=7Hz, -SCH,CH;), 2.8 (s, 3, -NCH,) .
mass spectrum: CgHISNOZSZS, m/e calcd. 201.0824, meas.
201.0831(10),172(12), 140(7), 113(9)  '2(100j, 111(62),
88(8), 85(35), 70(13), 69(7)., 68(12), 00(7), S8(8), 57(10).
56(7), 55(72), 54(8), 53(7), 44(99),.45(3),'43(20), 41(15),

40(83), 39(13).

l-Méthyl—Zﬁpiperidinone—5-carha1déhyde, 33 g

Raney Nickel W2 (approx. 5 g) was washed five-times
with acetone (10 ml) and then heated under reflux in acetonc

(20 m1) for two hours.

Thiolester 43 (500 mg) was dissolved in acctone

water (20 ml I:l) and added to the catalyst. The mixture g

E
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l

N T,
S _ N
was heatled under reflux for one hour, coolcd, and th@

-

4

dﬁtilyst fcmovcd by filtration. Ihc flltldte wabh@vap—
Oldth to approxlmatcly 20 ml and th15 was cxtragtcd w1th
Lh}orOFOIm (3 x 15 ml) The coﬁbxﬂéd extracts were dried
and cvaporuted to give an oil (245 mg) which was chroma-
towraphcd over alumina (20 gj. LElution wlth bonzene gave
a mobile oil (165 mg) which was identical wilth btartlng
material (tlc, 1r). Elution wi ﬂnzcne—ether (1:3)

o
v

gave a more. polar oil (54“ﬁé)«

1735 (C=0), 1640 (Giuy cm L,

freenet ) s : | |
\, nmr(cml )i 8 2,97 (s, 3, -NEHY), gg;(s, 1“, —CHO) 5
"'gjmass.bpectrum% C7H11N02; m/c calcd 14759790, méas. : "

v

141. 0788(10), 140(7), 113(20), 112(100), 111(65), 98(7),
ety '

88C7), 85(&5);‘

(12), 70(23), 68(15], 59(8), 58(10),

4256(10), 5507589 44(9@) 43(173, 47(40), 41(1&3, 39(16).

3

Tctrabutylammonium.cyanide.(Bu4NCN)

e A Dowex-1X8 anion exchange column was washed with

15% aquecous sodium éyauide (3 x 200 ml) and then the
column was rinsed repeatedly with water until the washings
contained nd  cyanide ion. .- ' : -

4
'

Tetlabutylammonlum 1odide (20 g) was dlssolvé

water (400.ml1) and %as eluted through- the column whith was

«then furthcr clutéd with water (300 ml). The comblncd'wate
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‘tion , (700 m&) w1x cvap01atcd to give a semi-solid mass.

"vus dlssolvod in acctonitrile and the solution dried

" and gbaporatcd. The resulting syrup .was digested with ben-

.g‘;énc (lOO ml) and thcn the sorvent cvqporatcd ‘The syrup
Wt % \

was evaporated at 1 mm. fot 24 hourq and a brownish solid

: \

was obgalhod Thc ‘solid’ %%g xecrystdlllzcﬂ from cthyl

ILCtﬂtC to ploduce Bu4NCN.(6:3 g)sds hecdles o - b
l‘{‘ . &5 v Lo 1:»' . - .
(CHClS)' 2080 .(C=N) cm’ S
. e N A ‘
Benzoyl Cyaﬁidc ' ﬂn “:;‘“;5!. | 8
- i u"' : ," K . k}l, 'ﬁ-r-} \j" o
Benzoyl thor dc (24 ml, A&Jm) and cuprous Cyanlde
2%

r

(22 g, 0 24 m) were hed}cd)on an 011 bath at Zlc° for 1%

- hours. At 15 mlnuucs:“
. ' P
Towas swarbed v1gorouslyi_y¢he reaction mlxture was distilled +

o S 7
Aat 188 - 195 to glvc a colourless ot ’

’

r(ﬁéat): 2205 (C:N)’ 1780 (C=O):.1680 (C=O)ZcmflL

<~ o " |

The dlstlllaTL was dlss ﬁbéd in- “benzene (100 ml)
4 4

and st1r1ed w1th lo ﬂqueous HCl (50 ml) for .24 hours . The_ -

.benbone solution was drlod ‘and cvquIated . The re51due was

dlbtllled at 64 - 727, 2 mm. to glva benzoyl cyanide (11 6 g,

.. L

:

o\

45

nearyt 2205 (C=N), 1680 (C=0) cm’
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Attempted syntheses of benzoyl cyanide directly Ffrom

.bon201c acid @ .

: . . .’\
a) via an ggyloxyphosppdhiqm salt and BuaNCN

R —; ' T ’

FrlphcnylphosphlnL (1.31 g, 0'005 m) was dissolved

.

in dry.FHI (1S5 m:) ah¢’ drbop ietrlghlorlde (5 ml) and the

5olut10n heatcd undﬂ%

hf

1,' L
> .

I

- was LOOlCd to 0° and bcnquc dle (0 56 g,:@ 005 mﬂ was

3

&t

L\,J

gﬁﬁded. Thc solutbgp w4>‘allowcd to stdnd for 30 mlnutec

L3 & §

1rrcd and hcatcd undcr reflux Eygawdry atmosphere for
Yf . > M N . - Y.

one h@ur - Thq‘rgsulting_soiuti0n<wa$ evaporq%edqxougive

‘n% for >O°m1nutcs The solutlon

Q;-: ﬁt 0° Bu NCN (1 4 g, 0.00ﬁﬁm) Was added and the mlxture

: / IR . D i . R . »
an ollvemggfen syrup which was digested for % hofrwith” ..
. , ] Up- ‘ :

‘ether. The mixture wa

to give a green solid

NP

. ( -

-

Tl1 g). The ir spectrum ofvthis

rlal (chloroform) shows no abborptlon ‘at 2205 or

-1 R ‘ »
80 cm . \ . : A
. B nr

. Lo

via an anhydride and tet}amefhylammonium cyanide- .(Me

bl

4

'f'§§ered and_the'filfrate eyapqréted

NCN)

— - ; x
-

Bcn201c acid GQ¥S6 g, 0. 005 m) was d;ssolved in dry

acetonltrllo (lO ml) and~pyr1d1ne (O 4 ml, O. OOS m) was

added. The solutlon wa;"treated with p- toluehcsulphonyl

thlbri%;/j6/96 g, 0.005 m) and heated under reflux in a

nitroge

atmosphere for % hour: A slurry of Me,NCN"

-

.‘\ﬂ;ﬁ:'. |
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‘01l displays absorption at 2

‘c) via reaction of a ml\ed

Gy
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”3&&
.0 g, 0.01 m} in« ‘acltong.

rile (25 ml) was added and the

. Ty I y - - S
aixture was hecated under reflux for 3% hours. The cooled

mixcure was poured into water (25 ml) then extracted with

s ) . o o

cether (2 x 50 ml). The combined organic solution was washed

consecutively with water, 10% aquecous HC1, water, dilute
sodium bicarbonate, water (25 ml each), dried and evaporated
to give a dark oil (412 mg). The ir spdbtrum’(ncat) of‘this

05 and 1680 cm 1 g

‘"

[\) .

. - i
N "tv ) . ‘ e ' )
nhydrldg with tetf&%&hylammonlum

',‘J

L

cyanlde (Et4NCN) G . , 2

“ Benzoic acid (0. 56 g, 0.005 m) was dlssolved in

dry aceuonltrlle (15 ml) and tllethylamlne (0.7 ml 0.005 ﬁ)

1
( U-JJ

was addéd This solution wa§“cooled to-TSf under‘nitrogen
and ethyl chloroacetate (0.4 ml, 0.00S‘m))(ﬁ acetonitrile

(5 ml) was‘édded The %ixture was stirred for 15 minutes
*

&@=-‘f then Et ,NCN (O 78 g, 0. 005 m) in acectonitrile (20 ml)

4
was added dropw1se over ten mlnutes The- solution was
g ~ N r
allowcd to warm to.room ‘temperature and was stirred for .
. . ' -8 -~ .
18 hours. . ' : . :
N ’ . )

Thé;soiution was diluted with 5% aqueous'Htlﬁ

(10 m1) énd ether (50 ml). The aqueous fraction was

rextracted with ether (10 ml) and the combined ethereal

< 7 } §




s

~

Y
R

-~ A05(100) ;. 91.(8),-89(7), 79(10), 77(25), 51(11).
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»
solntion was washed with dilute sodium bicarbonate (10 ml)

and water (10 ml), dried and cvaporated to give an oil

~which displays.no absorption at 1680 Cm-L in the 1ir
Y

LN . ‘ .
spectrum (chloroform). , e

aQCyanchnzyl bcnioate, 47

To sodium borahydride (0.095 g, 0.0025m) in dry
. . . e

dimethoxyethane (IO‘ml) was added a solution of benzoyl
."p- . - i } '
cyanide (0.60 g, OyHbS m) in“dimethoxyethane (10 ml). The
RS

s 7 . e - i‘ &7
then poured into 10% gquecous HC1 (30 ml). The a¥
‘layer was extracted with ether (30 ml) and the combined
N\,
20 . . . “ s
organic solution was dried and evaporated to give a colour-

mixture wa;;ﬁ.s‘tirregl a.ty,room temperature for 15 minute%rw_ E
- % . * ﬁ ¥ a - . 0! g 0

\,

less o1l (0.71_g) which was.distillcd, b.p. 164 - 166°,

(

)
1 mm. The. distillaté crystallized on %tanding at. room

témpcraturéf |
S U S P ,
Trencty) (C=0) em ~. - e
. : N . . o
T eperg) ¢ 8 070 (s, 1, CIDL 70205 8.2 (m, 10, AriD. ’
mass spectrum: ClSHllNOZ’ m/e calcd..237.0790, meas. 4“€}i’

237.0792(24), 116(26), 115(9), 108(8), 107(7), 106(9),~

¥

- . _ s

i
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Reaction of cyanoester 47 with 2% aqueous potassium - ’.?gﬁ o
hydroxide - Sk : ‘

. . ' S

~ Cyanoester 47 (307 mg) was dissolved in THF (k0éml) -

{.

‘and hcated under reflux with 29 aqucodE potassium hydroxides

for 1% hours. The Aquoous fraction:was Cxtractcd w1th°eth§

4

(10 ml) and. the Lomblncd‘organlc solution was washed w1th

‘<water Lé ml) and brlne (10 ml),-dxlcd and ovapoxatod to glve .
W e . ¢

an oil (108 mg)

2820, 2730 (CHO), 1705 (C=0) cm }.

(ncat)ﬂ
v - -, &IV

qucous solu}kpn was alelflCd and extracted

as dbOVO tor glvo a colouffesﬁ solid (136 mg)

-1
(CHCl yi- 1700 (C=C' m7h,

=%
Recaction of benzoyl cyanide with sodium bls(Z mcthoxyethoxy)—

Wl

w“

alumlnlum hydride (Red- Al) - .

Benzoyl cy8nide (330 mg, 0.0025 m) was dissolv.d

in ether (20 ml) and cooled to approxlnrtdiy -40°. A solu-

tion of Red-Al (approx 7% 1in benzenc»other, 3 ml, 0}0012&'m)'

, . .o
was added After >t1rr1ng for one hour at -40%5 1% aqueous

HC1. (10 ml) was addcd and the mixturc allowed to warm to

-

‘foom temperature Thcﬁgqﬁuous fractlon was cxtracted W1th

@

-ether (2 x 10 ml) and the comblned ethereal solutlon was

?

.washeq with water (10 ml), dried and evaporated to givg a
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colourlgss‘Oil (270 mg). _
. ‘ ’ i . . . . . ~ _ 1
lr(ncut)'} JlOQ.(OH)? 282, 2730;(CHO)’ 1705 (C=0) cm ~.

.
B

&

193 ., =
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