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SUMMARY

The methods of synthesis and known properties of indolizines
are reviewed,

A number of indolizine compounds substituted in both the
5 membered and 6 membered rings have been prepared by known synthetic
routes, The use of an ion exchange resin to bring about ring closure
of an intermediate quaternary compound is described,

Reduction with lithium aluminium hydride will usually convert
indolizine esters to hydroxymethyl derivatives except in the case of
the 1 position where reduction proceeds to the alkyl derivative,

Reduction of 2-methyl=7-cyanoindolizine with lithium aluminium
hydride gives the expected aminomethyl compound while 2-methyl-6-cyano-
indolizine does not, Reduction of the ring system may be occurring,

Reduction of indolizine with sodium and ethanol gives a
mixture of a dihydro and tetrahydro product; further treatment yields
only the tetrahydro product, 5,6,7,8-tetrahydroindolizine,

The mass spectra of indolizine and some of its derivatives
are presented and the cfacking patterns discussed, A marked similarity
between the spectra of monomethylindolizines and monomethylindoles is

noted and a possible explanation is put forward,
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INTRODUCTION

Nomenclature

In 1890 Angel122?3 reported the preparation of the imine-anhydride
of pyrrcylpyruvic acid (1). He suggested that the parent base should be
named pyrindole. The names pyrrodine, 8-pyrrolopyridine, pyrrolol 1,2-a]-
pyridine, pyrrocoline and indolizine have also been employed., It is the .
latter name, first suggested by Tschitschibabin, which is now the

accepted one., Three systems of numbering (2, 3 and 4) have been

employed.
o 4
3 4 8 |
5 3 7 5 2 , 2
2 3 2
Z 6 8 | 6
] 7 ! 5 2 s 3
(1) (2) (3) (&)

Throughout this thesis the name indolizine and the system of numbering

(4) will be employed.



Survey of Previous Work

(a) Synthesis of Indolizine Compounds

The parent base, indolizine, was first synthesised by Scholtz.L

The reaction of 2-picoline with acetic anhydride at 220° afforded a

product which he called "picolide" and assigned structure (5). The
nechanism of formation which he suggested is shown in Scheme I, Hydrolysis
of "picolide" with 25% hydrochloric acid yielded a new base, indolizine

(12) with the loss of two acetyl groups.

SCHEME I

_ _ COCH,
}13 I4CZDC}13 CHa
— —

2(cH,c90 »
) 2 COCH; |
- ) o)
(5)

With this structure for "picolide" it was necessary to propose a mechanism
of cleavage followed by ring closure in order to explain the formation

of indolizine upon hydrolysis. Further, the mechanism could not explain

5

the reaction’ of 2-picoline with rrorionic anhydride for, in this case,



only one mole of anhydride was involved, A different mechanism was

proposed and the product formulated as (6) in Scheme II.

SCEEME 11

a—(coczr-ss)2 |

(c, co)2

(6)

These mechanisms and structures were unacceptable to Tschitschibabin
and Stepanov who sai66 that the indolizine nucleus was present in both
"picolide™ and the product from the reaction of 2-picoline with propioniec
anhydride, According to their mechanism, outlined in Scheme III, the
first product in the reaction of 2-picoline with acetic anhydride is the
w-diacetylpicoline (7) which reacts in a tautomeric form (8) to undergo
ring closure to a dihydroindolizine (9). Dehydration yields l-acetyl-
indolizine (10) which is then further acetylated to produce "picolide"

or 1,3-diacetylindolizine (11), Hydrolysis of the diacetyl compound (11)
yields indolizine (12).



SCHEME I1I

CH(coCH;),

—_—
—

—~
~J
S~

3

(12)

Similarly, the reaction of 2-picoline with propionic anhydride ylelds’

1-propionyl-3-methylindolizine (13) which fails to undergo further

acylation under these conditions due to the methyl group in the 3 positicn.

CO C,Hs
H +
—_
H.O
2
CH, CHy

(13) (14)



Acid hydrolysis of the propionyl derivative (13) gave 3methylindolizine
(14) the structure of which was confirmed by Ochiai and Tsuda.8

The presence of the indolizine nucleus in "picolide" was finally
established by the monoacetylation of indolizine as described by Scholtz,9
followed by further acetylation6 at 220° to yield "picolide".

The scope of this synthetic route has been extended to various
lutidines and eryl-2-picolines in order to produce indolizines with

10,11 and aryl groups10 in the six-membered ring. Efforts to

5

aliy1l4?
use the anhydrides of acids other than acetic and propionic,” or to
condense quinaldine with acetic anhgrdride,12 were not successful.

1
Leonard and Condrow30btained a 3-ethoxyindolizine derivative (16) by

treating ethoxymethyl 2-picolyl ketone (15) with acetic anhydride.

COCH
AN CH2C OCH2OEt

|

N

(cHyCO)0

OEt
(15) (16)

A widely employed synthesig of substituted indolizines was
first Suggestedu' by Tschitschibabin: the condensation of 2-picolines
with a-halogenoketones (17) to form quaternary compounds (18), followed

by ring closure to the appropriate indolizine (19). This is shown in
Scheme IV,



SCHEME IV
CHy  Ogc R ) —H,0
R + /): — C
xR e SR [T
7
(17) . R i
(15)

298
RI

(19)

When bromoacetaldehyde was used the synthesis afforded the parent base,
indolizine, in only 1% yield.12 The yilelds of 2-alkyl- and 2-arylindolizines
were very much better and in some cases exceeded 90%. The reaction between
the o-halogencketone and the picoline usually proceeds more smoothly in

the presence of a solvent. Absolute ethanol, 95% ethanol and acetone

have been used. There is evidence to suggest that a-bromoketones are

superior to a-chloroketones in the quaternisation reaction.16 Steric



factors are also important. The use of halogencketones in which either

the halogenl2 or the carbonyl group19

18,20

is hindered, or the use of

6-substituted-2-picolines®’ reduces the yield of the indolizine.
Cyclisation of the quaternary salt is usually accomplished by

treatment with 2 base in aqueous or alcoholic solution. Aqueous sodium

15

bicarbonate™ is particularly useful.

The method has been applied satisfactorily to prepare 2,3—dimethyl—,17
2,5—dimethy1—,14 2-methy1—3—ethy1-,16 1—pheny1--2-methy1-,14 2-methyl—,L4

14 6,7,14"27

2-phenylindolizine™ and many other compounds of this type.

(See Reference 28 for further details).

Borrows, Holland and Kenyonls’21

attempted to extend the scope

of the reaction by use of a-halogeno-f-diketones, a-halogeno-p keto esters
and p-halogeno-a-keto esters, namely a-chloroacetylacetone, a-bromotenzoyl-
acetone, ethyl a-chloroacetoacetate, ethyl a-bromobenzoylacetate and
bromopyruvic acid or ester. With all but the last it was difficult to form
the quaternsry salt (18; R! = COCH,, COCH, COC,H, etc.) and upon '
cyclisation the acyl, or ester, function was lost. Ethyl bromopyruvate

however, readily gave indolizine-2-carboxylic acid*l (20) as shown in

Scheme V. The acid (20) can be decarboxylated to give29’30 indolizine,



SCHIME V

CHB BrCH,COCO,E¢t . M OH "~
I COCO.ft ’

+ CH
Br— 2

(D — OO

(20)

1-Ethoxyacetylindolizine-2-carboxylic acid has been produced13 using
bromopyruvic acid. An extension of the synthesis is shown in the
preparation22 of 3-nitroso-2-rhenylindolizine (22) from 2-picoline and
w-chloroisonitrosoacetophenone via w-isonitrosophenacyl-2-picolinium

chloride (21).

cl—
NOH
(21) (22)

L s —
Tl
[ — (D
I



In contrast, the corresponding quaternary nitro compound from w-nitro-
bromoacetophenone could not be made.31

Some pyridines, for reasons other than steric hindrance of the
nitrogen atom, will not form quaternary compounds with halogenoketones,
Thus 2-pyridylacetone failedl2 to react with w ~bromoacetophenone to
produce the desired quaternary product,

Althoush 1 substituted indolizines may be prepared by the
Tschitschibabin synthesis, €.g. using 2-ethylpyridine with halogenoketones,t"
an attempt32 to prepare 1-hydroxyethyl-2-phenylindolizine from the reaction
of 1-(2-pyridyl)-2-propanol with «-bromoacetophenone failed, The
quaternary compound (23) was prepared without difficulty but on attempted

ring closure loss of the hydroxyethyl group resulted, The product was

2-phenylindolizine (24).

SCHEME VI
OH OH
CH "
CH2CH 3 BrCHQCO Ph , H2CHCI-~I3 OH
CcoO
+ TN
Br— CHZ Ph
(23)
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By this method of synthesis, using bromoacetone, Stepanov and
Turchinovich ® have produced 2-methyl-6-vinylindolizine (25) which can
be reduced to the é6-ethyl derivative (26).

S 3 H3
H2C =HC HSC

(25) (26)

Using 2-benzylpyridines and w-bromoacetophenones Venturella has

prepared35 a number of 1,2-diphenylindolizines of general formula (27).

R”

O

(27)
Where R- = H H Ph H H Ph
] -
R = Br NO2 H Br NO2 H

R" = H H H Cl C1 Cl
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Bragg and Wibberley36 found that when ethyl 2-pyridylacetate (28)
was boiled under reflux with phenacyl bromide in ether, ethyl 2-ryridyl-
acetate hydrobromide (29) separated instead of the quaternary salt. After
filtration and concentration of the filtrate ethyl 2-phenylindolizine-1-
carboxylate (30) crystallised. Evidently part of the ester behaves as
a base removing hydrogen bromide and causing ring closure as shown in

Scheme VII,

SCHIME VII
CO2Et
CH2C02Et _C H2C02Et
> + \ Ph
BrCH2COPh 4+ H
Br
(28) (29) (20)

The yield was improved by using two moles of ester and still further
by using acetone as solvent. The method is of general application and
in this way they have been able to prepare directly indolizines with the
nitro group in position 1 and ester, acyl or cyano groups in position
1 or 3.

The reaction of a-bromoesters with ethyl 2-pyridylacetate
yielded a series of 2-hydroxyindolizines. Thus ethyl 2-pyridylacetate

and ethyl a-bromopropionate afforded ethyl 2-hydroxy-3-methylindolizine-
l-carboxylate (31).



CO,Et
CHCOEt ¢ HyCHBrCO,Et )
c
(31) "3
66

Kappe has recently shown = that the reaction between 2-pyridylacetates
and ethyl bromopyruvate yields indolizines and not quinolizines as

. 67
previously believed.

12,28

Previous authors imply that the mechanism of the Tschitschibabin

synthesis involves an "enol-betaine" (32) as shown in Scheme VIII. Such
"enol-betaines™ on treatment with strong alkali can undergo so called

039

"acid-cleavag with loss of an acyl group and this explains the

advantage of using weak bases for the ring closure in the indolizine

synthesis.,
SCHEME VIIJ
R O~ R O R oO-
[ | % |
y c‘:-/ R Bf ClH/ L o C\R'
‘ r
COCH3 COCH3
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Bragg and Wibberley37 suggest that such compounds are not in
g form capable of cyclisation and that the formation of indolizines from
2-picoline and its derivatives (33; R = K, CO,Et, CN or COPh) involves an

aldol-type condensation as outlined in Scheme IX.

SCHEME IX

_CHR ~CHR_ Ph, ¥ CHR _~CHR
+ CHRGDR ¥ CHRCOR’ HRCOR

* f.m , (3) (35) (36)
RrCHRCOR X\/
R R
R
R »
+.
R" H/
(39) (38)

Quaternary salts were not isolated in their synthesis from ethyl

2-pyridylacetate but since the latter is readily quaternised with methyl
jodide this roints to the fact that the quaternary salt (34) is probably

an interrediate in the synthesis. Proton loss from the quaternsry salt (34)
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to form the carbanion-betaine (35) will be facilitated when the group R
is electron withdrawing, and so a second molecule of the picolyl base is
adequate to tring about the reaction when R = COzﬁt, CN or Bz, but
sodium bicarbonate is required when R = H, After cyclisation of the
carbanion-betaine (35) by an intramolecular aldol-type reaction, removal
of water from the product (37) would yield the indolizinium cation (38).
(There is clear evidencel??40 that in its salts indolizine is protonated
in the 3-position). An excess of base would then liberate the
indolizine (39).

Hurst, Melton and Wibberley o

investigated an alternative type
of indolizine synthesis. 2-~Bromomethylpyridine was treated with the
sodio~derivatives of methyl and ethyl acetoacetate, diethyl malonate
and acetyl acetone. The resulting 2-(2-oxoethyl)pyridines (40) were
cyclised by boiling under reflux in acetic anhydride solution to give
the indolizines (41; R = CO,CH,, R" = CHy: R = 00202}15, R" = CH,:

R = 00202H5, R" = OAec: R = Ac, R" = Me), respectively.

SCHEME X
Hz/\CHR Ac,O R
c
\ [ ”n
R
o// R
(11)

(40)
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The reaction cen be regarded as an intramolecular nucleophilic attack
of the ring nitrogen atom on the side-chain carbonyl group together with

dehydration. Another example of this type of synthesis is presented

by the same authors. 3-Diacetylamino-2-phenylindolizine (43) results

from the action of acetic anhydride on 2-p-cyanophenethylpyridine (42).

Ph -——5252__¢ Ph

Il
Zz

NAc2
(42) (43)

The same type of cyclisation has been reported by Boekelheide
and Windgassen41 in their preparation of the parent compound indolizine.
The synthesis depends on the known instability of 3-(2'-pyridyl)propion-
aldehyd942 (45) coupled with the fact that this compound is able to
form indolizine by loss of the elements of water. When 3-(2'-pyridyl)-1-
propanol (44) was heated in the presence of a dehydrogenation catalyst,
water and hydrogen were eliminated to give indolizine directly in 50% yield.

To date, this represents the most convenient synthesis of indolizine.
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SCHEME XI

CH Pd/C CH
\2 2 _—
CH-OH CHO

2

(44) (45)

The intermediate aldehyde was not isolated.
Previously, Boekelheide and Feely62 had obtained indoligzine in
35% yield from 3-(2'-pyridyl)-l-propanol-N-oxide (46) in a two step
rrocess. The first step was the formation of the diacetate (47) by treatment
with acetic anhydride. Pyrolysis of the diacetate in a nitrogen atmosphere

at 480° then gave indolizine directly.

SCHIME XII
OAc
H A
C\g A0, A
= (D
CH,OH
O . Ac

(46) (47)
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Another synthesis of indolizines is one due to Barrett.43_46
1-Alkyl- or l-arylindolizines can be prerared by the action of acetic
anhydride on 3-alkyl (or aryl)-3-(2'-pyridyl)alkenylamines (48) or
3-alkyl(or aryl)-3-hydroxy-3-(2'~-pyridyl)prorylamines (49).

SCHEME XIII
R R R
ho Ry S
Ry — HO . Xy "3
R
V2 N /N\R Rq
(49) % 6

When R4 is hydrogen in the starting material (48 or 49) then R4 in the

product is COCH3 due to acetylation. The yield of indolizines from

alkenylamines (48) is much higher when the pyridyl and aminocalkyl groups
are cis with respect to the double bond.
47-53

Diels and his co-workers studied the reactions of pyridines

with acetylenedicarboxylic ester. In ethereal solution pyridine reacts
with dimethyl acetylenedicartoxylate (51) to y1e1547’48’49 at least three
products; structures were assigned as follows; a red labile adduct (52);

a yellow stable adduct (53) and the so-called "Kashimoto compound" (54).



- 18 -

The labile adduct could be readily converted into the statle adduct by

recrystallisation from 50% scetic acid or by heating.

COCH,
B ~ X\~ CO,CH,
HCO,C C=CCO,CHy P
CO,CH
(51) ¥ 2773
CO,CH,
(52)
., COCHy CO,CH,
S~ COsCH3 CO,CHy
7 \CO,CH, +Y Nco,CHy
COCH3 coy
(53) (54)
5455

Subsequent workers have revised these structures in the

light of further evidence. The red labile adduct given the structure

(52) by Diels is now thought to be a bicyclic system, tetramethyl 9a-H-
quinolizine-1,2,3,4-tetracarboxylate (53). The yellow stable adduct is
not the 9a-H compound (53) but thought to be tetramethyl 4H-quinolizine-
1,2, 3,4-tetracarboxylate (55), however, the 1(2'-pyridyl)-1,3 butadiene

117 33

(56) cannot be ruled out., "Kashimoto's compoind" has been shown

to be a triester of structure (57).
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CO,CHy CO,CH, CO,CH,

O ‘ COLCH, S CO,CHs COCH,
| O,CH, & COCH, g‘ COCOLCH,
H™ co,Chy H™ COLCH, |
(55) (56) (57)

Wiley and KnabaschuhS'7 using somewhat different conditions
obtained trimethyl indolizine-1,2,3-tricarboxylate (59) from the above
reaction. The course of the reaction was very susceptible to impurities.
Diels and Alder studied the reactions of the stable adduct, thought by
them to be the 9a-H compound (53) but now thought to be the 4~H compound
(55), with formic acid58 and phenol.48 The work was repeated by Acheson

56

and Taylor”  who showed that the products were indolizines of general

structure (58).

\
R = R' = R" = CO,CHy
' "
> R RR R = R' = CO,Me; R" = CO,H
R = COCHg3 R' = R" = COH
C H2— ) ete,

(58)
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The statle adduct (55) could be converted*® into trimethyl
indolizine-1,2,3-tricarboxylate (59) by oxidation with nitric acid or
chromic acid, or treatment with bromine followed by hydrolysis. This work
54

has been confirmed by Acheson and Taylor. Substituted homologues

of the foregoing series have also been prepared.Sl’SB’SL’ss

Dicls and Meyer™ studied the reaction of pyridine with

acetylenedicarboxylic ester in methanol. They reported the formation of

trimethyl indolizine-1,2,3-tricarboxylate (59) when the reaction was
allowed to proceed unchecked. When the reaction mixture was kept at 0°
then a different product was obtained, a white adduct which was given

59 to be dimethyl 3-methoxycarbomethoxymethyl-

the structure (60) but now known
indolizine-1,2-dicarboxylate (61). By treatment with bromine in methanol or
acetic acid the white adduct could be converted into the trimethyl

indolizine-1,2,3-tricarboxylate (59).

CO2CH3 H3COCHCO,2C H3 COCH3
Cromen Clpoes (e
COCH, COxCHy H,COCHCO,CH;

(59) (60) (61)
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Borrows and Holland31 attempted to repeat the direct preparation
of the triester (59) by the method outlined above but obtained only a low
yield of the white adduct (61).

A further examp1e61 of this type of condensation is the reaction of
1,2-dimethylimidazole with acetylene dicarboxylic ester to yleld an
imidazo[1,2-a Jpyridine derivative (62) which on treatment with acetic
acid loses methylamine to produce tetramethyl indolizine-5,6,7,8-tetra-

carboxylate (63).

SCHEME XIV
(|:H3 C\H3 HBCOQCH3 COCH,
Q/CHa COCH, O O,CH,4
- = G
+ OLH; COCH,
y%§:(%2C:(:EE(:C:C%§:Pﬁ3 (:(%ZCHﬂs (:C%f:kﬁ3
(62) (63)

Boekelheide and Fahrenholtz68 found that treatment of the zwitterion
(65) derived from l-phenacylpyridiniuwmbromide (64) with dimethyl acetylene-

dicarboxylate in the presence of a palladium on charcoal catalyst (5%)

gave an indolizine (66) in 20% yield.
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SCHEME XV
COCH,
(ac:cozcr-l3)0 \
+™CH,COPh CHCOPH
COPh
(64) (65) (66)

Henrick, Ritchie and Taylor70 have examined this type of synthesis in

more detail. They found that use of the dehydrogenation catalyst was
unnecessary; better yields were obtained without it and under milder
conditions. The highest yields (32%) were obtained by generating the

ylid from the salt in dimethylformamide by addition of sodium hydride and
then adding the ester, when an exothermic reaction ensued. They also found
that pyridiniam phenacylid (65) reacted with iodine in dimethylacetamide
to give 1,2,3—tribenzoylindolizine (68). Dibenzoylacetylene (67) may

be an intermediate, formed "in situ", but it could not be detected.

COPh

PhOCC=CCOPh
COPh
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Treatment of pyridine with tetracyanoethylene oxide69 gave a
bright yellow compound, pyridinium dicyanomethylid (69), condensation of
which with dimethyl acetylenedicarboxylate yielded dimethyl 3-cyano-

indolizine-1,2-dicarboxylate (70).

SCHEME XVI

- Q
@ (N céc/—\ch)gj\ HyC QL C=CCQQH, |
-+ 4

é'(CN)2
(69) (70) CN

Acetylenedicarboxylic ester reactions have been reviewed by
Acheson.60
| ‘ethyl propiolate reacts with pyridines to give indolizines and
cyc1[3,2,2]azines.116
Indolizines have recently been prepared by a method of ring
63

closure at the -3 positions ™~ of the 5-membered ring. The cyclisation
involves an intramolecular aldol-type condensation of a suitable acyl-

or ethoxycarbonylmethine (75) and is accomplished by boiling under reflux
with acetic snhydride. The route is useful for the synthesis of
2,3-diaryl-, 2-alkyl-3-aryl-, and 2-acetoxy-3-arylindolizines. In some
cases the required methine can be prepared by simultaneous acylation and

dehydrohalogenation of a suitatle 2-methylpyridinium bromide (74),

prepared from the picoline (72).

CC25313

2
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Usually however, the methine is produced from the quaternary salt (73)

of the required substituted picoline (71).

SCHEME XVIX
CH,COR _CH,
(71) (72)
R'CHX R'CH X
[:;jicﬁfOR [:;I:CH3
P CHR s CHaR
X7 (73) (74)
NaOH
COCH,
~CHCOR  (CHycO.0 "
CHR' |
" R

(75) (76)

2-Benzoylmethylene-1-benzyl-1,2-dihydropyridine (75; R = R! = Ph)
gave l-acetyl-2,3-diphenylindolizine (76; R = R' = Ph) in 90% yield. With
those methines in which either the N-methylene or the side chain carbonyl
grours were not appreciably activated, the expected indolizines were

not obtained. Thus the l-ethylmethine (75; R = Ph, R' = Me) ylelded
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l-acetyl-2, 3-dimethylindolizine (76; R = R' = Me). The starting
materials are keto-enamines and can undergo C-acetylation. The product
of such & C-acetylation, the diacylmethine (77) could form an indolizine

by one of two alternative routes A or B,

SCHEME XVIIT

COR _COR /COCH,
A ~C B ~C
e (X o (O oo
| CHR' CHR'
Rl
(77)
(78) /
\ COCH4
CH4
[
R

Cyclisation can occur through the acetyl group (route 4) followed by

transacylation of the indolizine (78), or the transacylation stage could
occur initially (route B) followed by cyclisation.
2-Benzoylmethylene-1-phenacyl-1,2-dihydropyridine (79) is

theoretically capable of cyclisation by closure at the 2-3 positions

under the above conditions or at the 1-2 positions via a carbanion-betaine

(80; see (35) page 13). Both possible products are obtained,

37
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SCHEME XIX

_-CHCOPh HCOPh
Ph — —_—
Ckkfl()Ph

+\CH,COPh

(79) l// (80)

COPh

COPh

Ph 15%

Kroehnke and weis64 have prepared & series of 1,2-disubstituted
indolizines from N-acylmethyl-2-acylpyridinium bromides (€1l) by treatment
with hydrazine bydrate (25%). They rropose the formation of a ketazine

(82) which on elimination of the elements of hydrogen bromide yields a

eyclic azocompound (83) which in turn can lose nitrogen to give a

diradical (84) which can then yield the 1,2-disubstituted indolizine (85).
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SCHEME XX

R
COR .
Nt =",
Rl
+>CH.COR'
Br— 2
(81) _ (8L)

Yields in the region of 80-90% were recorded in several cases.

B, S. Thyagarajan and P. V. Gopalakrishnan studied the effect
of structural factors influencing indolizine versus quinolizine formation.
They found65 that reaction of 6-methyl-2-pyridylacetone, butanone or
6-pethyl-2-phenacylpyridine (86; R = CH3, 02H5, Ph respectively) with

ethyl ethoxymethylenenitroacetate (87) yielded indolizines.
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SCHEME XXI

COR
| COR
C=C ——
'+' H/ \\<ZC%2Et 4
t
CH, CH, CQE
(86) (87)

The presence of the 6-methyl group and the displaceable nitrite ion
promote the formation of the indolizine system in preference to ths
quinolizine system.

The céndensation of 2,4-dimethylpyrrole with acetonylacetone, and

its equivalent self condensation under the influence of zinc acetate in

écetic acid were studied by Plancher71’72 wh

73
base of formula 012H15N. Saxton

the products were 1,3,5,8- (88) and 1,3,5,7-tetramethylindolizine (89)

o obtained in each case a

re-examined this work and found that

respectively.
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SCHEME XXII

| s cng
C
Hy  (cHiCocHy), \ O
[ K4
H CZHSOH/HC}/O O
CHq CHy CHy
AcOH
Zn(0AQ), (38)
H
o
cHy “3
(89)

A superior method of producing the 1,3,5,8-compound (88) consisted of
treating an ethanolic solution of the reactants at 0° with hydrogen
chloride. The self condensation is thought to proceed by a 2,2'—bipyrrély1
gdduct. 1,2,3,5,6,7-hexamethylindolizine (90) has been cbtained % by the
action of hydrogen chloride on 2,3,/-trimethylpyrrole. Bonnett, Gale
and Stephenson75 showed that self condensation of 3,/-dimethylpyrrole
and 3,4-diethylpyrrole led to 1,2,6,7-tetraalkylindolizines (91; R = CHB’

02H5 respectively).
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CH

H3C R

CH

FSCZ R
CHy CH3

(91)
(90)

Neber and WBrner76 achieved a synthesis of the indolizine nucleus

by heating collidine with the chloro compound (92) and isolated a red-

28

brown substance whose spectra indicated that it was an azoindolizine (93).

SCHEME XXIIT

HaC CH3 O~ CH3 o HyC
C1” NNH
CH, Cl H, N=N—CGHCl,

3
(92) (93)

Brand and Reuter77 reduced 2-(y,y,v,~-trichloro-p-hydroxypropyl)-
pyridine hydrochloride (94), obtained by the action of 2-picoline with
chloral, in squeous sulphuric acid with zinc dust., The product was
2-Qy-chlor019-hydroxypropyl)pyridine (95) which on treatment with strong

alkali afforded indolizine., The overall yield was quite small.
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SCHEME XXIV

NoO H

CCI CH2CI

(94) (95)

When furan and ammonia were passed over alumina at 400° indolizine

78

was one of sevefal products. It was also found among the products of

pyrolytic decomposition of pyridines by Krumholtz79 and by Erner.80
Wheh 2-picoline was heated with sulphur a compound of structure

(96) was obtained.lzz’123 Some of the bipyridyl compound (97) was also

obtained and it could be generated by reduction of the sulphur containing

compound (96).

o O

(96) ' (97)
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(b) Physical and Chemical Properties

Indolizine is a colourless, crystalline solid of m.p. 740,
distilling without decomposition at 205o and volatile in steam. It

ylelds adducts with chloral,4 isatin,9 quinone,5 maleic anhydridelo4

and diethylazodicarboxylate.109 Other adducts have also been reported}og’llo
There are ten m-electrons delocalised over the o -bonded framework

and indolizines exhibit aromatic properties. Longuet-Higgins and Coulson81

calculated the m -slectron densities at the various positions of the

ring system and concluded that electrophilic substitution would occur

first in position 3, or should this be blocked, in the 1 position. The

calculations of Fukui and co-workers82 confirmed this finding qualitatively.

The ultravioletl 228,119 40,118,120

and nuclear magnetic resonance
spectra of various indolizines have been reported. They indicate that
protonation follows the course predicted above. It occurs preferentially
in the 3 position and if this is blocked, then in the 1 position.

Many studies over the years on the substitution reactions in
the indolizine series have provided evidence of the greater reactivity

of the 3 and 1 positions.5’12

Except in the case of nitration the
3 position is the first attacked. 2-lethylindolizine has been the
compound of choice for much of the work in this field due to its ease of
preparation.

Alkylindolizines can be obtained by direct synthesis or by reduction
of acylindolizines using lithium aluminium hydride.zl”83 The Wolff-Kishner

reduction hss also been employed.lé’24 Direct nuclear alkylation was
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fivat veported

by Scholtz. The first product from 2-methylindolizine
has been shown to be 2,3—dimethylindolizine24 (98). On raising the
temperature, further methylation occurred to give 1,2,3-trimethylindolizine

(99) and eventually a mixture of 1,1,2,3-tetramethyl- (100) and 1,2,3,3-

tetramethylindolizinium iodides (101).

SCHEME XXV
CHS
R C — H
(98) CHs (99) M3
CH
e @CH3 R @”CHB
t S
F'CHSCHS I CH3
(101) (100)

Indolizines react with aldehydes and ketones to give24’44’83

di-indolizinylmethanes. A Mannich reaction has been nerformed on

: 2 :
2,3-dimethylindolizine % to give a dimethylaminomethyl derivative (102)

from which can be prepared the cyanomethyl derivative (103) and the

methoxymethyl derivative (104). Mannich derivatives of 3-methyl-2-phenyl-,
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3-ethyl-2-phenyl- and 1,2-diphenylindolizines have also been prepared.gl”85

CHOCH, CHNCH,), CH,CN
OCH a3
CHy 2 OQ cH, —5 OQ CH
\ \" 3
C CH
H3 3 CH3
(104) (102) (103)

Various other alkylations to form indolizinium compounds have
18,24,28,86.

been reported.
Acetyl- or tenzoylindolizines are readily obtained from
indolizines with unsubstituted 1 or 3 positions by treatment with acid
anhydrides and the sodium salt of the acid.”? 531928 porov14ndolizines
(105) may also be obtsined by treatment of the indolizine with benzoyl

chloride.83 More vigorous conditions can lead to a diacyl compOund15 (1c6).,

15,87

Aluminium chloride has been used to promote acylation. Other acyl

products have also been prepared.88 Removal of the acyl group is readily
4y15

effected by mineral acids.
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SCHIME XXVI

PhCOCI
C —_—>
Hy CH_
Ac2O
NaQAc
COCH
(D —— @i}
COCH

Indolizines with unsubstituted 1 or 3 positions csn be formylated

by means of the Vilsmaler-Haack tecbniqu924’83’89’90’92

using phosphorus
oxychloride and methylformanilide or dimethylformemide., The Reimer-Tiemann
reaction®® on 2-methylindolizine gave some 1,3-diformyl derivative.
3-Formyl-2-methylindolizine has been prerered in high Yield83 by the
VcFadyen-Stevens reaction on 2-methylindolizine-3-carbonyl chloride,
Thioformylindolizines have been prepared.95

\ The carbonyl grours of the l- and 3-acetyl- and formylindolizines

show reduced reactivity towards carbonyl reagents such as hydroxylsmine

and phenyl hydrazine.15 This effect 1s particulsrly strong in the

3-acetyl- or 3-formylindolizines.
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Acyl substituents in the 1 and 3 positions show unusual reactivity
towards electrophiles. They are, however, less readily replaced if an

electron withdrawing group, such as the nitro group, is also attached

. . 9,31
to the five-membered rirg.

9,91

Acetyl groups can usually be replaced by
nitro groups. Treatment of 3-acetyl-2~phenylindolizine (107) with
jodine in ethanol gave 1,3 di-iodo-2-phenylindclizine (108) but if sodium
acetate was present to neutralise the hydrogen iodide formed then

3-acetyl-1-iodo-2-phenylindolizine (109) was formed.32

SCHEEME XXVII

I I
-~ O~ O
1 COCH3 COCH3
(108) (107) (109)

Reaction of acylindolizines with Grignard reagents usually removes
the acyl group from the ring system.>??93  Thys 3-acetyl-2-phenylindolizine
on reaction with a Grignard reagent yielded a complex which on hydrolysis

fforded 2-phenylindolizine.>”

Other products, however, have been
reported94 by Kondo end Kokeguchl; using an excess of Grignard reasgent

on 3—acety1—2-mefhylindOlizine, some 3(2-but-2-enyl)-2-methylindolizine
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(110) and 3-(2-ethyl-2-butyl)-2-methylindolizine (111) were isolated.

—
0 H3 /) CHs

HC—C=CHCH3 HC— C —CHg

(110) (111)

In contrast, Scholtz and Fraude claimeds to have obtained normal fertiary
carbinols when'@icolide"(ll) reacted with one mole of Grignard reagent.
Aromatic aldehydes will react with the methyl group(s) of acetyl-
or diacetylindolizines to yieldz"15 mono- or dicinnamoyl derivatives (112).
Certain acids and esters of the indolizine series can be synthesised
directly by the Diels-Alder synthesis or the Tschitschibabin synthesis.

Scholtz and Fraude5

obtained a monocarboxylic acid by treating indolizine
with phosgene end hydrolysing the acid chloride so formed. Heclland and
Nayler obtsined83 the 2-methyl-3-carboxylic ecid in a similar manner from
2-methylindolizine. Treatment of the acid chloride with dimethyl cadmium
gave 3-acetyl-2-methylindolizine. Oxalyl chloride will also condense
with indolizines, %!

3-Indolizinecarboxanilides (113) have been prepared97 by

treatment of indolizines with acyl azides. The corresponding sulphur

analogues(114) have also been prepared98 using isothiocyanates.
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COCH=CHR‘ '
R R
gy, s D
OCH=CHR CONHR CSNHR
(112) (113) (114)
R'y R" = CH3 or H

Direct nitrosaticn has been performedl9’22’99tog'lve 1~ or 3-nitroso-
jndolizines (115) using sodium nitrite in dilute acid. N-nitrosodiphenyl-
amine has also been uSed.lOO Nitrosoindolizines have been conver’te<322’31
into nitroindolizines by careful oxidation. Nitration of 2-methylindolizine
yields a mixture of the 3-and l-nitro compounds together with some
dinitroindolizine; L the 3-isomer (116) predominates. Both of the

mononitro compounds cen be converted into the 1,3-dinitroindolizire (117).
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SCHEME XXVIII

NO2 (116)
(115) Nno t
E l (117)
PJC)2
(% (e — “-w
(118) COCH, (119) COCH, (120)

Treatment of "picolide", 1,3-diacetylindolizine (11), with a mixture of nit-

ric andacetic acids ylelds l-nitro-3-acetylindolizine or 1,3-dinitroindoli-

9,101

zine depending on conditions. Nitrstion of 3-acetyl-2-methylindolizine

(118) gave the l-nitro compound31 (119). Acetylation of l-nitro-2-
metkylindolizine (120) afforded the same compound.

Diazonium coupling occurs without difficulty in the 3-position
of indolizines. Benzenediazonium chloride couples with indolizine to give5

an indolizinyl-azobenzene. 2-Methylindolizine couples with diazotized
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p-aminobenzoic acid to give a 3-substituted derivative (121). Blocking

the 3 position directs diazonium coupling to the 1 position;’°? a

3-acetyl-2-methyl-l-phenylazoindolizine has thus been obtained, catalytic
reduction of which efforded the l-amino comround (122). The Schmidt
reaction (bydrazoic acid in concentrated sulphuric acid) upon 3-acetyl-2-

83

methylindolizine was shown to yleld ™ the 3-acetylamino derivative (123).

NH,,
CO CH, CH, CQ CH,
N =NCgH,C O,Hp) COCHj NHCOCH,
(121) (122) (123)

Stable diazonium salts (124) have recently been preparedlo3 from l-nitroso-

indolizines by treatment with nitric oxide.

SCHEVE XXIX

NO *JEEPQ
NO
Ph - 0 Ph
& _
R NOg

R = Me, Ac (124)
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The reaction of halogens with indolizines hss received little
attention. Unstable, indefinite products are reported5 to srise on
treatment of indolizine with bromine or iodine.

When indolizine is heated with dimethyl acetylenedicarboxylate
and palladium on charcoal an addition takes place to yield the dimethyl
ester of 1,2-dicarboxyleycl(3,2,2)azine (125). Hydrolysis followed by

decarboxylation yields the parent cycll 3,2,2}azine (126).68’106,108

X — @

H
HyCOL” (155) €O2%"'3 (126)

When 5-methylindolizine was treated with n-butyllithium followed by dimethyl

formemide an aldehyde (127) was produced. This aldehyde could be cyclised

to the cyclazine.%’107
SCHEIME XXX
(1 Yn-outyllithium AcOH F ___
(2)dimethylforma-
mide \
CHy . CH,CHO

(127)



The reaction between dimethyl acetylenedicarboxylate and the

enanine (128; R = Me, Ph, COZCHB) was investigated by Gibson and Leavers 4211

The product was a cyclopenta[c]quinolizine (129).

7
7 N(CH,), cochs

(128) (129)

Simple alkylindolizines are readily degrsded by oxidising agenis.A
A useful oxidation procedure which has been used in structure elucidation
is the use of perhydrol and acetic acid, when an indolizine unsubstituted
in the six-membered ring is degraded to picolinic acid N-oxide, 2?15216

Treatment of indolizine with sodium and alcohol gave an oily

base which ScholtzL considered to be 2-(l-butadienyl)pyrrole (130).

Mosby suggested<® that it may be 5,8-dihydroindolizine (131).

(130) (131)
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Careful hydrogenation of indolizine, alkyl- or arylindolizineslé’nl’112’108
using catalytic methods yielded 5,6,7,8-tetrahydro derivatives, Catalytic
reduction of 3-acetyl-2-phenylindolizine (132) or of 3-ethyl-2-phenyl-
indolizine (134) could be made to give16 3-ethyl-2-phenyl-5,6,7,8-tetra-
hydroindolizine (133) in each case.

SCHEME XXXT

COCH CHLH CH.CH
3 3
(132) (133) (134) 273

Meny ceses of the complete reduction of the system to octehydroindolizines

"
(indolizidines) have been reported.16’17’23’30"8 Hydrogenation of

indolizine in the -resence of strong mineral acids afford3113 1,2 dihydro-
38-indolizinium salts (135).
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DISCUSSION

Introduction

The survey of rrevious work indicates the general routes by
which indolizines can be prepared. It is apparent thet many simple
compounds, especially those substituted in the six-membered ring, have
not teen prepared, Certain indolizines might on further reaction proceed
via carbonium ion intermediates; given the correct conditions it may be
possible for rearrangement to occur into (a) the azonia-azulenium ion
(136) or (b) into the quinolizinium cation (137) dependent upon the

position of the substituent.

£ — 9

+ (136)
+ \
e —
A ' + 0 (137)

It was also thought that partially reduced indolizines such as
dihydro derivatives might be suitable compounds on which to attempt ring
expansion reactions in order to arrive at a 7,5-bicyclic system with
a nitrogen atom at a bridgehead position.

It was decided to prepare simple indolizines with the above aims
in mind and to concentrate on hydroxymethyl and aminomethyl derivatives,
Further, a study of the mass spectra of indolizine and its derivatives might

provide evidence for the above mentioned ions in the breskdown paths of
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substituted indolizines.,

1 Substituted Indolizines

Melton and Wibberley63 have recently reduced l-cyanoindolizine
to the aminomethyl derivative which they characterised as the 3-acetyl-l-

diacetylaminomethylindolizine and so this compound was available.

Attem~ted synthesis of 1-bydroxymethyl-2-methylindolizine (142).

Ethyl 2-methylindolizine-l-carboxylate (138) was prepared from
ethyl 2-pyridylacetate and bromoacetone by the method deseribed by Bragg
and Wibberley (see page 11).36 An attempt was made to reduce the ester
using lithium alunminium hydride, with tetrahydrofuran as the solvent,
but the product of the reaction was clearly shown to be 1,2-dimethylindolizine

(129) from its melting point, nucleer megnetic resonance and infrared spectra.

SCHEME XXXTI

CIC) Et

CH2C02Et LiAlH 4
grCH COCH 3

(138) (139)

The nuclear megnetic resonance spectrum of the ester (138)
(Figure 1) showed the expected pattern except for the fact that the proton

in the 8 position (1.75 T ) was further downfield than the proton in the
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5 position (2.1 T ) which is opposite to that normally found in indolizine
or its methyl derivatives. This was no doubt due to the effect of the
ester group in the 1 position and 2 major contribution to the shift must
be due to anisotropic deshielding of the 8 position proton by the carbonyl
of the ester group. The doublets due to the 5 and 8 position protons |
could be distinguished by means of the major splitting (J = 6.5 c/s

)1 Gue to the effect of their nearest neighbours

and 9 ¢/s respectively
in the ring (6 and 7 position prectons respectively).

In the case of the product of the reduction, 1,2-dimethylindolizine
(139) (Figure 2), the order was Teversed and the 5 position proton (2.3 )

was further downfield than the & position proton (2.8 t). The major
factor which indicated the nature of the product was loss of the ethoxy
peeks from the spectrum and the arpearance of a broad singlet at 7.8 T
which integrated for six protons and was obviously due to two methyl groups.

Attempts were made to reduce the severity of the conditions by
employing ether as the solvent but again the product was the dimethyl
compound together with unchanged starting material. The use of potassium
borohydride or sodium borohydride was not successful and only starting
material was recovered in each case,

An alternstive approach to the l-hydroxymethyl compound (142) was
attempted. 2-Pyridyl ethsnol (140) reacted with bromoacetone in sulpholane
when the mixture was kept at 35° for several days, to produce the expected

1-acetonyl-2-hydroxyethylpyridinium bromide (141) in high yield.
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SCHIME XXXIII

CFE;)}i
OH BrCH2COCH3 H
i 4o
sulpholane +NCH_.COCH
o BF 2 3
35
(1%0) (1%1) (1k2)

The nuclear magnetic resonance spectrum of the quaternary
compound (141) in trifluorcacetic =cid (T.F.A,) was initially very
confused but on standing it resolved into the expected pattern, ester
formation probably occurring in the acid. In deuterium oxide the methyl
group of the acetonyl function showed up as two separate peaks (7.5 T
and 8.4 T).

Attempts to cyclise the quaternary compound to the hydroxymethyl-
indolizine (142) were not successful, Agueous sodium bicsrbonate
and diethylamine in ethanol were both employed and in each case a yellow
so0lid separated from the solution. This was filtered off but could not
be characterised., It gave no definite peaks in its spectra and did not

3 have found that in an

have a definite melting point. Frevious workers
attempt to prepare 1l(a-hydroxyethyl)-2-phenylindolizine (143) the hydroxy-
ethyl group is lost at the cyclisation stage to yield only 2-phenylindolizine
(see page 9, Scheme VI). In our case no 2-methylindolizine was obtained.

The effects observed in the nuclear magnetic resonance spectrum

of the quaternary compound (141) in deuterium oxide were not observed
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in any other compounds of this type prepared in te course of this work.
It seems as if the effect must be due in some way to the bydroxyethyl
group in the 2 position of the ryridirium system. Since the spectrum
in trifluoroacetic scid showed the expected pattern of pesks, once ester
formation had occurred, it seemed rossible that a derivative of the
alcohol might cyclise rormally. A tosylate (144) was prepared in 60%
yield by adding an acetone solution of p-toluenesulphonyl chloride to

the alcohol (14C) in sodiunm hydroxide solution.

OH
CH2-C H3 /
N\
9ot osor{ s
(143) (1Lk)

When the tosylate (144) was recrystallised from ethanol/petroleum a
new compound resulted. The nuclear magnetic resonance spectrum indicated

that it was probably of structure (145).

—osoz—©—.; H,

¥oq-
“H SO5

(145)

CHy



To test this hypothesis an ethereal solution of the tosylate (144) was
treated with an ethereal solution of p-toluenesulphonic acid. A white
s0lid precipitated which was identical to that obtained by recrystallisation
of the tosylate (144) from ethanol. Treatment of the new compound with
sodium hydroxide solution generated the original tosylate (144).

Attempts to quaternise the tosylate (144) using bromoacetone in
boiling acetone and in sulrholsne falled to give any of the desired
product, An attempt was also mede to prepare a tosylate of l-acetonyl-
2-hydroxyethylpyridinium bromide (141) but the product was the tosylate

of the unquaternised pyridine (144).

1 (p Erdroxyethyl)-2-pethylindolizine (147).

Guaternisation of 3(R-pyridyl)-l-propanol (44) with bromoacetone
in refluxing acetone proceeded smoothly to yield the quaternary compound
(146) as a thick gum; it could not be solidified in spite of intensive
efforts; this phenomenon was observed in several of the quaternary
compounds rrepared. It cyclised without difficulty under the usual
conditions to 1(B hydroxyethyl)-2-methylindolizine (147). The compound
was unstable and decayed within a short time; its nuclear magnetic

resonance spectrum is shown in Figure 3.
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SCHEME XXTIV

CH_CH,OH
(cH,),0H CH_) ,OH
-— ) -_— ’O CH3
t7cH,coc Hy
Br
(bk) (146) (147)

The proton in the 3 position exchanged with deuterium oxide as well as
the expected alcoholic proton. In trifluorocacetic acid solution an
ester formed with time, the triplet centred at 5.85 T being slowly
replaced by one at 5.35 T . The trifluorcacetic s=cid solution was
shaken with excess sodium bicarbonate solution and the aqueous solution
extracted with ether. The brown liquid which remained after removal of
the ether had a strong absorption bend at 1780 cm.”™) in the infrared.
An attempt to form a tosylate of the hydroxyethylindolizine (147) was

rot successful.

2 Substituted Indolizines

2-Hrroyxymethylindolizine (149).

Indolizine-2-carboxylic acid (20) was prepared from 2-picoline
and ethyl bromopyruvate by the method of Borrows and Holland21 (see
page 8, Scheme V). The methyl ester (148) was prepared by treating a

dioxan solution of the acid (20) with an ethereal solution of diazom:thane.
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Reduction of the ester in ethereal solution with lithium aluminium

hydride afforded 2-hydroxymethylindolizine (149) in 79% yield.

SCERME XXXV

OQ COH  — co2c HaLiA—l—I:h CH2OH

(20) (148) (1k9)

The 3 position proton again exchanged when a solution was shaken with
deuterium oxide. An attempt to prepare 2-chloromethylindolizine by
treating an ethereal solution of the hydroxymethylindolizine (149)
with thionyl chloride gave an orange precipitate which rapidly decayed
and could not te characterised.

The 2-hydroxydideuteromsthylindolizine (150) which was required
for mass spectrometry work was prepared from the methyl ester (148) in
a similar manner to the hydroxymethyl compound (149), lithium aluminium

deuteride being used for the reduction.
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SCHEIME XXXVI

LiAth
O 22 Cleo

(1k8) (150)

2-Carbamoylindolizine (151).

Several methods were tried in an attempt to synthesise

2-carbamcytindolizine. These included heating the acid (20) with urea
to melting; treating the acid with ammonia, and asmmonium carbonate, in
an attempt to form an ammonium salt followed by heating of the residue
fromvsuch reactions to 2000; treating the acid (20) with thionyl chloride
in an attemct to prepare the acld chloride followed by treatment with
concentrated ammonia solution; action of concentrated ammonia on the
ester (148). All these attempts met with 1little success. Eventually,
a solution of methyl indolizine-2-carboxylate (148) in methanol was
saturated with ammonia gas at -5° and the resulting solution heated in an
sutoclave for 65 hr. at 155° where the pressure generated was 22 atmospheres.

By this method the amide was obtained in 44% yield,
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SCHEME XXXVIT

' NH3 LiAlH ),
O OCH, — O CONH, — O CFENHz

(148) (151) (152)

o=Aminomethylindolizine (152).

Reduction of the amide (151) in tetrahydrofuran solution
with lithium aluminium hydride yielded a solid of m,p, 77,5o whose
infrared spectrum showed no carbonyl band and weak bands which may
be due to the amine function, In the nuclear magnetic resonance
spectrun (Figure 4) the singlet at 6,05 T is assigned to the methylene
group while the broader singlet at 8,05 ¢, which varies with concentra-
tion, moving to higher field on dilution, and which exchanges with
deuterium oxide, is assigned to the amine protons, In trifluorocacetic
acid the methylene protons appear as a broad doublet which may in fact
be an unresolved quartet at 5.3 ¥, There is also a singlet at 4,1 7T
jntegrating for two protons which indicates protonation of the
indolizine ring system,

The aminomethyl compound was unstable and consistent analysis

figures could not be obtained,
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3 Substityuted Indolizines
5

Scholtz and Fraude” obtained a monocarboxylic acid by treating
a solution of indolizine in toluene with phosgene and hydrolysing the
acid chloride so formed. This was undoubtedly the 3-carboxylic acid
since Holland and Nayler83 had obtained the 3-carbtoxylic acid from a
similar treatment of 2-methylindolizine (see page 37). It was decided
that this would be a useful entry to the 3 position of the indolizine

nucleus.

Synthesis of Indolizine.

The most convenient synthesis of indolizine is that due to
Boekelheide and Windgassen41 (see page 16 Scheme XI). 3-(2'-Pyridyl)-1-
propanol (44) when heated with a 10% palladium on charcoal catalyst to
2800 for 12 hr. gave indolizine in 33% yield. On one occasion a freshly

prepared sample of catalyst was added during the heating period and in

this instance the indolizine produced was found to be conteminated

with 5,6,7,8-tetrahydroindolizine (212) Fresumably the conditions in
this case must have been correct for reduction of the indolizine to
occur, remembering that hydrogen is released from the 3-(2'-pyridyl)-
1-propanol in forming indolizine, or possibly adsorbed hydrogen on the
freshly prepared catalyst may have been the cause. The indolizine could
be purified by recrystallisation from methanol. Borrows,Holland and
Kenyon16 reported 5,6,7,8-tetrahydro derivatives when Raney nickel or
Adams catalyst wes used in attempts to reduce indolizine and also
reported12 that "hydrogenation using palladized charcoal as catalyst

proceeds slowly." Boekelhelde and his co-workers108 have reported the
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reduction of indolizine to 5,6,7,8-tetrahydroindolizine (212) using a
palladium on charccal catalyst. later in this thesis reference is made
to the reduction of indolizine to 5,6,7,8-tetrahydroindolizine (212)

using sodium in ethanol.

Indolizine-3-carbonvl chloride (153).

A solution of indolizine in toluene was added to a 12.5%
solution of phosgene in toluene and the solution stood overnight. Black
indolizine hydrochloride precipitated and was filtered off; indolizine
could be recovered bty tresting the hydrochloride with bese. Tre remaining
solution was evaporated to drypess to yield indolizine-3-carbonyl
chloride (153) which was recrystallised from light petroleum (b.p. 60-£0°).
The nuclear magretic resonance spectrum of the acid chloride (153)
in carbon tetrachloride (Figure 5) showed a doublet from the proton in
the 5 position gt 0.77T which was quite a way downfield from the next
signal, a doublet at 2.28 T due to the proton in the 2 position.
Originally the method employed in the synthesis of the acid chloride
(153) was thst due to Scholtz and Fraude.” When the crude acid chloride
(153) was treated with dilute sodium hydroxide solution (1%) however, a
reaction commenced. The solution was quickly roured into an excess of
water and filtered. The filtrate was acidified with hydrochloric acid but
no precipitate was observed. Cn addition of excess 20% sodium hydroxide
solution, however, a solid preciritated which was shown to be indolizine.
Infrared analysis of the crude residue from the 14 sodium hydroxide

treatment showed two carbonyl peaks: one at 1710 cm.—1 which was due to
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the acid chloride (153) and the other at 1640 cm.-l. After crystallisation
from light petroleum (b.p. 60-80°) the peak at 1640 en.”! was no longer
present end the nuclear magnetic resonance spectrum showed the sample

to be a mixture of the acid chleride (153) and indolizine. The residual
0il, recovered from the light petroleum by boiling the solvent away

under reduced pressure, reacted in aqueous sodium bicarbonate with
evolution of gas to give a precipitate which after drying was shown to be
indolizine.,

Since Holland and Nayler>> have prepared 2-methylindolizine-3-
carboxylic acid by hydrolysis of the acid chlorlde and shown that it
spontaneously decarboxylates to yield 2-methylindolizine it seems clear
that treatment of the acid chloride (153) with dilute sodium hydroxide
solution gives the unstable 3-carboxylic acid which decartoxylates to
yield indolizine. Scholtz and Fraude5 managed to separate the acid and
characterise it but since the derivatlves required could be obtained

without recourse to the acid this line of work was not pursued.

fethyl indolizine-3-carboxylate (154).

When the acid chloride (153) was boiled under reflux in methanol
the yellow g0lid yielded a deep red solution. After removal of excess
solvent the residue was treated with aqueous sodium bicarbonate; ether
extraction of the solution then afforded methyl indolizine-~3-carboxylate
(154) in 86% yield. The ester vas a brown liquid which boiled at 144-146°
(14 mm. of Hg rressure).

The proton in the 5 position was well downfield (0.5 T ) from

the other sromatic protons in the nuclear magnetic resonance spectrum and
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it is clear that the effect of carbonyl groups on the 5 position proton

can be useful diagnostically.

SCHIME XXXVITI

cocl
Cozc H3
(153) (154)
I~III3 LiAlHu
CONH,, CH,OH
(156) (155)

3-Hvdroxymethylihdolizine (155) .

3-Hydroxymethylindolizine (155) was obtained in 68% yield by
reducing methyl'indolizine-B—carboxylate (154) with lithium aluminium
hydride in an ether solution, adding ethyl acetate to destroy any excess
1ithium aluminium hydride end then adding a small gquantity of water to
precipitate the inorganic material., The required product was recovered
from the ether. Attempts to work up the reaction solution in the same way

as that for the successful synthesis of 2-hydroxymethylindolizine, that is
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adding a large quantity of water followed by 5N hydrochloric acid and

adjusting the pH to 5 - 6 with ammonium hydroxide followed by extraction

with ether, met with fallure, a deep blue colouration being observed.
This successful preparation of 3-hydroxymethylindolizine (155)

stands in contrast to the behaviour of the ethyl ester of the 1 position

where reduction went through to the l-methyl derivative.
3-Hydroxymethylindolizine (155) crystallised from light petroleum

as white needles but decayed with time giving a blue colouration. A

2% solution in carbon tetrachloride showed a sharp peak at 3610 cm._1

and a broad one centred at 3460 cm.-l. The latter peak disappeared on

dilution showing the effect of intermolecular hydrogen bonding being

broken down on dilution.

3-Carbamoylindolizine (156)
Eollend and Kayler'” have prepsred 2-methyl-3-carbamoylindolizine

by shaking 2-methylindolizine-3-carbonyl chloride with concentrated
emmonium hydroxide, Applying the same reaction to indolizine-3-carbonyl
chloride (153) afforded 3-carbamoylindolizine (156) but only in poor
yield (28%). The amlde proved to be insoluble in most solvents but vas
recrystallised from ethyl acetate as a faintly yellow solid of mep. 146°,
The effect of the carbonyl group on the 5 position rroten is again

noticeable in the nuclesr magnetic resonance spectrum.

3-Acetylindolizine (157).

Another mode of entry to the 3 position of indolizine is
acetylation.9 It was decided to explore thre possible use of

3-acetylindolizine (157) to derive other 3 substituted compounds.
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3-Acetylindolizine (157) was prepesred by boiling indolizine, together
with freshly fused sodium acetate, in acetic anhydride for 6 hr. and

distilling the resulting oil.

SCHEME XXXTX

N

(CH3CO)20
IO llaOAc P’ ii

47C:\
(157)

)
CH3

Eolland and NaylerSB reportea that reduction of 3-acetyl-2-
methylindolizine with lithium 2luminium hydride gave 3-ethyl-2-methyl-
indolizine in 76% yield. Attempts to reduce 3-acetylindolizine with 1ithium
aluminium hydride and potassium borohydride led to products which could
not be satisfactorily identified. The lithium aluminium hydride reducticn
gave an oil whose infrared spectrum indicated that s carbonyl group
was present, After repeated column chromatography a sample of the
starting materisl was isolated together with a solid whose infrared
spectrum showed no carbonyl absorption. The nuclesr magnetlc resonance
spectrum of this solid had very poor definition and only i1l defined
peaks could be observed which could not be interpreted. A very similar
nuclear msgnetic resonance srectrum was obtasined for the produet of
the potassium borohy-ride reduction.

An attempt was made to perform an iodoform reaction with
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3-acetylindolizine by treating a dioxan solution with potassium hydroxide

solution followed by a potassium iodide solution saturated with iodine.

The product was a green tar which contained some starting material,

3-Acetyl-5-methylindolizire.

A small quantity of 5-methylindolizine (16C) was available (see

Scheme XL) and an acetyl derivative was prepared in a similar msnner to

the preparation of 3-acetylindolizire (157) to yield a yellow solid m.p.

55—560. An attempt to cyclise 3-acetyl-5-methylindolizine to a cycla-

[ 3,2,2]zine by heating it in ethanol to which a few drops of piperidine

had been added, in a sealed tube to 140° for 24 br. was not successful.

Only starting meterial was recovered.

3 position 5 position carbonyl 5 proton
et T

cocl H 1710 (Nujol) 0.7 (cc1,)
1720 (cc14)

CONH, H 1640 (NMujol) 0.2 (GHBCOCHB)

COOCH, H 1690 (Film) 0.5 (0014)
1695 (0014)

COCH, H 1620 (Film) 0.15 (cc14)

COCH, CHy 1625 (Mujol) -
1640 (c014)

H H -

2.2 (CClA)
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The table draws together some of the features of the spectra of
compounds described in this section. The "earbonyl" band for 3-acetyl-
indolizire is at 1620 cm._l and Hurst, Melton and Wibber]ey38 explain
that this band is in fact due to C=C-C”. The same authors state that
3-acetyl-2-methylindolizine has this band at 1605 em.” 1

The effect of carbonyl substituents in the 3 prosition on the
5 position proton can be clearly seen when compered with the value for
indolizine itself,

3-Metkylindolizine (14) required for mass spectrometry was

prepared from 2-picoline end propionic anhydride by the Scholtz synthesis

(see page 4) as deseribed by Armarego.ll

5 Substituted Indolizines

Preparation of indolizines with substituents in the 5 yosition
is less easy due to the fact thst quaternisation is rore diffiecult when

a 2,6-disubstituted pyridine is used in the Tschitschibabin synthesis,

5-Methylindolizine (160).

Boekelheide and hindgassen,Aj Galbraith, Small et a1.108 have
shown an improved method for the synthesis of 5-methylindolizine (160)

and this method was adopted.
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SCHEME XL

) / \
H H.L .
CH, —_— C H-1 CH=CH,

OH
H
CH, CHy CH3  (159)

(158) l rd/c

CH3 (160)
Phenyl lithium exchanges with 2,6 lutidine to give a monolithium

derivative (158) if the correct molar qusntities are employed; action
of etbylene oxide on the latter ylelds 2- (¥ ~hydroxypropyl)~b-methyl-
pyridine (159). The alcohol (159) can be converted directly into
5-methylindolizine (160) by hesting it for 40 hr. at 240° with a 30%
palladium on charcoal cataslyst,

It is possitle to prepsre a lithium derivative of 5-methylindolizini?7
An attemt was made to prepare 5-indolizinylacetic ecid by pourirg the
resction mixture of 5-methylindolizine (160) and phenyl lithium on to
a slurry of solid carben dioxide in ether, None of the required acid

was isolated. ZAn attempt to brominate 5-methylindolizine by boiling it

with N-tromosuccinimide in carbon tetrachloride was not successful either.
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Attemrted rrevaretion of 2-methyl-5-ethoxyindolizine.

Alkoxyindolizines have received little attention. The only
reference to them in the literature is for substituted 3-ethoxyindoli-
zines.13’124 Since they are potentially interesting compounds attempts
were made to prepare 2-methyl-5-ethoxy- and 2-methyl-7-methoxyindolizines.
In the case of 2-methyl-5-ethoxyindolizine the starting material 2-methyl-

d125,126

6-ethoxypyridine (163) vas prepare in a two stage process from

2-methyl-b-aninopyridine (161) via 2-methyl-6-bromopyridine (162).

SCHEME XLI

H

NH5 I‘Ia.Noz/HBr Br _— OEt
__.____———’ __—_‘)
Br2

CH3 H3 CH3

Treatment of the ethoxypyridine (163) with bromoacetone
in refluxing absolute ethanol gave a small yield of a compound which
was not the expected quaternary salt but thought to be a pyridone

of structure (164).
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SCEEME XITT

OEt BrCIIZCOCH3 \ /O
OE Refl
CollgOtt Reflux NCH_COCH,
CH, CH,
(164)

The nuclear megnetic resonance spectrum showed loss of the ethexy
protons and the infrared spectrum had a strong band at 1652 em.”L
characteristic of the 2-pyridone carbonyl group. The mass spectrum
had the molecular ion at 165 m/e and the expected pattern of peaks.

This type of reaction has been used to prepare127

pyridones which are
intermediates in the synthesis of oxazalo [ 3,2-a]pyridinium salts. The
same product was obtained from an attempt to quaternise the ethoxypyridine
(163) in sulpholane at 40°. The queternary compound was obtained however
in 39% yield by sllowing the two reactants to stand together for a month
in an ethanol solution et room temperature. No sttempt was made to purify
the 1—acetony1—2-methyl—é-ethoxypyridinium bromide (165),which wasg
obtained as deliquescent buff crystals,because of its instability;

boiling it in ethanol converted it to the pyridone (164). An attempt

to cyclise the quaternary salt (165) to the indolizine using 1C% sodium
bicarbonate solution again gave the pyridone (164)., When the reaction
was carried out in ethanol using di-n-butylamine or diethylamine as

the base a new compound resulted. There is not sufficient evidence

to establish its identity but it seems possible, based on its nuclear
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magnetic resonance spectrum, that it is a ketal of structure (166)

although base catalysis is not the normal mrthod of preparation of ketals.

SCHIME XIJTII

EL BrCH,COCH,, ~°
OEt
C.HK_OH 20 ]
o''s +\CH COC NeH —
H3 CH~C—CH,
CH3

C
}13 (gEt

(163) (165) (166)

When the reaction was conducted in methanol an equivalent dimethoxy
compound resulted. The use of a base resin as described in the preparation
of 2-methyl-7-cyanoindolizine (193) (see Scheme LIII) was not successful
in bringing about cyclisation to an ethoxyindolizine.

Since 2-methyl-é-aminopyridine (161) was on hand from the
preparation of the ethoxypyridine (163) its monoacetyl derivative (167)
was prepsred by boiling it in a 1:1 mixture of acetlc acid end scetic
anhydride for 30 minutes. Attempts to form a quaternary salt by boiling
the acetyl derivative in acetone with bromoacetone or keeping the

reactants in sulpholane at 35° for seversl days were not successful.
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O NHCOCH3

CH,
(167)

6 Substituted Indolizines

Plattner, Keller and Boller 2o

have rrepared ethyl 2-methyl-
pyridine-5-carboxylate (169) from 2-methyl-5-ethylpyridine (168) by
oxidation with rotassium permanganate followed by esterification of

the acid, From the ester (169) they also prepsred the amide (170) by
shaking with ammonia solution. 3-Cyano-6-methylpyridine (171) was
prepared from the amide by treatment with phosphorus oxychloride. These

compounds were suitable as starting materials and were prepared by this

method,
SCHEME XLIV
CHs CO,Et CONH

2
1. [o] POCL,
___‘__; —_
2. Esterlfy

(168) (169) (170) (171)

CH
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2-Methyl-6-ethylindolizine (173).

2-Methyl-5-ethylpyridine (168) reacted with bromoacetone in
boiling absolute ethanol to yield the quaternsry compound (172) as
a thick green gum. The quaternary compound was cyclised to the
indolizine in 957 ethanol using di-n-butylamine as the base end was

obtained in 37% yield.

SCHEEME XIV
Et Et
| -
Br . CH
+\CH2COCH3 Et 3
CH, CH,
(168) (172) (173)

Ethyl 2-methylindolizine-6-carboxylate (175).

The pyridine ester (169) quaternised with bromoacetone in
boiling absolute ethanol; again the quaternary compound (174) was a
gum. Cyclisation was effected in two ways, one using aqueous sodium
bicarbonate when the overall yield of indolizine from pyridine was 35%
and the other using di-n-butylamine in sbsolute ethanol when the yield

overall was 34%.
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SCHEME XIVI
CO,Et CO2Et
- @ o H3
N O ;
T CH,COCH, E1 O (175)
CH3 CHB lLiAmh
(169) (174)
)k
HOH2C ‘
(176)

2-Methyl-6-hydroxymethylindolizine (176).

There were two methods of approaching this compound from the
starting materials avallable. One was to reduce the indolizine ester
(175) as indicsted in Scheme XIVI. The alternative was to reduce the
ryridine ester (169) to the hydroxymethylpyridine (177) and then to
queternise this with the a-halogenoketone followed by cyclisation

to the indolizine as shown in Scheme XLVII.

SCHIME XLVIT

CO,Et CH2O H

LiAlH) (1) BrCHchCH3
SN >
(2) Base OQ CH3
C

HOH2

CH CHq



A trial experiment on the reduction of the ethyl 2-methylpyridine-5-
carboxylate (169) with lithium aluminium hydride showed that the latter
approach wes rossible since reductlon did occur although the conditions
used, boiling for 2 hr. in ether, were not sufficient to take the
reaction to completion. The former approach, that of reducing
ethyl 2-methylindolizine-6-carboxylate (175) in boiling ether solution
with 1lithium alurinium hydride afforded the hydroxymethylindolizine (176)
in 8% yield. /n attempt to form a tosylate of the hydroxymethylindolizine
(176) was not successful.

2-Methyl-6=hydroxydideuteromethylindolizine was prepared in a

similar fashion, lithium aluminium deuteride belng used for the reduction.

2-Methyl-6-garbamoylindolizine (179).

Boiling 2-methyl-5-carbamoylpyridine (170) with bromoacetone in
absolute ethanol yielded the quaternsry compound (178) which wss insoluble
in ethanol and crystallised out of solution in 7/% yield. Cyclisation

proceeded in 80% yield in 95% ethanol using di-n-butylamine,



- 70 -

SCHIME XIVIII

CONH2 CONH2
— go
N CH,COCH, HNOC
CH (179)
CF43 3
POC1
(170) (178) Lialm, 3
HC |i " NC Ii 3
H‘2N 2 .
(180) (181)

An attempt to reduce the amide (179) to the aminomethylindolizine
(180) was not successful. When the amide was treated with lithium
aluminium hydride in boiling tetrahydrofuran the nuclear magnetic
resonance spectrum of the product indicated (based on evidence discussed

later) that ring reduction may have occurred.

2-Methyl-6-cyanoindolizine (181).
Heating 2-methyl-6-carbamoylindolizine (179) with phosphorus

oxychloride for 4 hr. at 130° converted the amide to the nitrile (181)
but not completely. The product of the reaction was contaminated with

starting material. An alternative approach was also pursued, that of



forming thke quaternary salt (182) of the pyridine nitrile (171) and

then cyclising to the indolizine (181)., (uaternisation was achieved in

a variety of ways. Boiling 2-methyl-5-cyanopyridine (171) and
bromoacetone in acetone for 2} hr. yielded l-acetonyl-2-methyl-5-cyano-
pyridinium bromide (182) in only 18% yield. Boiling for 7 hr. in absolute
ethanol put the yield up to 35%, when this period was extended to 16 hr,
the yield was 46%. A superior method consisted of keeping the reactants
in sulpholane at 350 for 3 days; at 420 the yield was further increased.
However, difficulty was experienced in purifying the quaternary compound
from sulpholane. In this case use of the crude product to procecd to

the cyclisation stage was found to be satisfactory,

SCHEME XIIX

CN CN
— Qe — O
2 3
tScHgcocw,  NC
CH3 CH3 (181)
(171) (182)

Cyclisation of the quaternary compound (1€2) was simply
achieved in the usual manner using 1C% aqueous sodium bicarbonate to
give 2-methyl-6-cysnoindolizine (181) in 787 yield. If the treatment
with aqueous blcsrbonate was prolonged then hydrolysis occurred giving

some of the amide (179) as an impurity.



An attempt to reduce the nitrile (1€1) catalytically with a 10%
palladium on charcoal catalyst using 1 atmosphere pressure of hydrogen
wes not successful. When the nitrile was boiled in ether with lithiunm
aluminium hydride the product gave peaks in the infrared spectrum at
3490 em.”t and 3400 en.”t indicating that an amine was present, together
with an sbsence of any band due to the nitrile. The nuclear magnetic
resonance spectrum (Figure 6) is rather complex. One can assign peaks
for the expected proéuct but the others present indicate that perhaps
ring reduction hss occurred. An ldentical Spectrﬁm was obtained when
the reaction was conducted at room temperature. OSubjecting
2,6-dimethylindolizine to the same conditions did not lead to any
reduction.

Since a route to the aminomethyl derivative (180) was required

a small scale experiment was attempted on the lines of Scheme L.

SCHEME L

Cf&ﬂkiAc

kE;dFi
L1A1Hh BrCl_COCH
27773 .
Theon g

CHy (111) Ha (183) 3 (18%)
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The reduction of the nitrile (171) proceeded smoothly in ether
using lithium aluminium hydride to yield a red liquid; however, when
this was distilled only a low yleld of the aminomethyl compound (183)
was obtained (19% yield). An acetyl derivative (184) was prepared which
quaternised in refluxing acetone to yleld the expected quaternary
compound (185). Cyclisation in 10% aqueous sodium bicarbonate then
afforded the acetyl derivative (186) of the required aminomethylindolizine,
Its nuclear magnetic spectrum is shown in Figure 8. Hydrolysis of the
acetyl derivative with concentrated hydrochloric acid yielded a compound

whose nuclear magnetic spectrum is that expected for 2-methyl-6-

aminomethylindolizine (180).

6-Methvlindolizine (188).

é-lethylindolizine (188) required for mass spectrometry was
prepared from 2,5 lutidine and acetle anhydride by the Scholtz synthesis.
The intermediate diacetyl compound (187) showed the effects of anisotropiec
deshielding on both the 5 position proton (0.15 T ) and the & position
proton (1.4 T ). Meta coupling J = ~ 2 c¢/s between the 5 and 7 position
rrotons enabled the doublets (J = 9 ¢/s) due to the 7 and 8 position
protons to be assigned. In trifluoroacetic acid the com-ound did not
appear to be rrotonated on the ring. Eydrolysis was brought about using

concentrated hydrochloric acid.
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SCHEME LI

CH 3
3. Acy0 CO HC1 C
= 0 == 00
H.C . HC g
3 COCH, 3
(187) (188)

7 Substituted Indolizines

2-Methyl-7-cvancindolizine (193).

Feely and Beaver3129 have prepared 2-methyl-/-cyanopyridine
(191) and their method was followed. The N-oxide of 2-picoline when
treated with dimethyl sulphate gave the salt l-methoxy-2-methylpyridinium
methyl sulphate (189) which on treatment with an aqueous solution of
sodium cyanide affords a mixture of 2-methyl-6-cyznopyridine (190) and
2-methyl-4-cyanopyridine (191). The mixture can be separated by

careful distillation,
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SCHIME IIT

CH3 CH3 CH3
_— -—_—> —_—>
N
O *'\\CDhAe
CH3 NC CH3
.t_
CN

MC 504 -
(189)
(190) (191)

It was found that the 4-cysno compound (191) would readily react
with bromoscetone in either sulpholane (yield £8%) or acetone (1 hr.
reflux yield = 48%) to give the required quaternary compound (192).

This was not the cese for 2-methyl-6-cyanopyridine (190). An experiment
conducted in sulpholane under the same conditions as for the 4-cyano
compound (191) yielded no quaternsry compound. A sample of the mixed
products from aqueous sodium cyanide treatment when treated with
bromoacetone in boiling acetons yielded only one quaternary product the
l-acetonyl-2-methyl-4~cyanopyridinium bromide (192). This gave a

convenient method of removing traces of the 6-cyano compound (190).
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SCHIME IIII

H, NG CH, NC~
_a . (D

+ > CH.coC
Br— H2 H3 (193)
(192) LiAlH)
H2NH2C O
iil> CH.
bl 3
(194)

Attempts to cyclise the quaternary compound (192) using 107 sodium
bic-rborate solation gave a product contaminated with the amide
presumably due to hydrolysis of the cyano group under the conditions
of the reaction. when di-n-butylamine was used in 95% ethanol the
required indolizine was obtained, but contaminated with di-n-butylamine
which was difficult to remove. An alternative approach was adopted,

The quaternar& compound in 95% ethanol solution was boiled under reflux
with a quantity of a basic ion exchange resin. The resin was stable
under these conditions and at the end of the period of boiling the resin
was filtered off and the solvent removed under reduced pressure to yield
a residue which when extracted with light petroleum afforded 2-methyl-

7-cyanoindolizine (193) in 24% yield.



- 77 -

Reduction of this nitrile with lithium aluminium hydride, unlike
the 6-nitrile (121), proceeded normally. The nuclear mognetic resonance
and infrared srtectra of the product indicated that it was R-methyl-7-
aminomethylindolizine (194). Figure 7 shows the nuclear magnetic resonance
spectrun.In a similar fashion to that described for the 6 position of the
ring a small scale experiment was conducted to examine the possibility
of arriving at the amine by an alternative rcute, that is by making
the aminomethylpyridine, protecting the group and then quaternising
and cyclising in the usual manner. The course of the experiment was

followed by spectral examination of the products.

SCHEME LIV

P — > —

(191) (195) (196)
AcHNFbC H3 AcHNﬁf
- 0 CH,
~
Br—+ CHQCOCH:3

(297) (198)
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The reductlion of 2-methyl-4-cyanopyridine (191) proceeded
without difficulty to the aminomethylpyridine (195) from which an
acetyl derivative (196) was prepared. (uaternisation presented no
difficulty and the quaternary compound (197) was obtained in high
yield by boiling the reactants In acetone. Further experiments
indicated that the quaternary compound (197) could be converted into the
indolizine (198) by using aqueous sodium bicarbonate or di-n-butylamine
in 95% ethanol. This method of preparation was not followed up once
it was found that the nitrile (193) was a suitable intermediate in the

preparation of the amine.

2-Methyl-7-methoxyindolizine (202).

Attempts to prepare a 5-ethoxyindolizine were not successful but
a 7-methoxyindolizine has been prepared. Nitration of 2-picoline-1—oxid3130
gave the 4-nitro derivative (199) which was then converted to the
J-methoxypyridine (200) by nucleophilic replacement of the nitro group
by methoxide followed by removal of the N-oxide function using phosphorus

trichloride following the method of Endo and Nakashima.131
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SCHEME 1V

O CH
\\[::::;E,C:F{ Me 3IPE4§f) (;}%3
¢ NaOle 0 _— —_—

(199) (200)
L -0
*\CHCOCH
Br— (202) _ (203)

(201)
Quaternisation to l-acetonyl-2-methyl-/-methoxypyridinium

bromide (201) proceeded quickly snd in high yield when the methoxypyridine
(200) was warmed with bromoacetone in an acetone solution. Cyclisation
proved to be more difficult and btoiling for 4 hr, in 10% sodium bicarbonate

gave only a 7% yleld of 2-methyl-7-methoxyindolizine (202),

7-Vethvlindolizine (203).

The Scholtz synthesis as described by Armarego11 was used to

prepare 7-methylindolizine.

& Substituted Indolizines

Sato and Mishina'® have described a mothod of cbtaining ethyl
2-methylpyridine-3-carboxylate (207) together with the 3,4=dihydro ester
(206) by the reaction ofethyl Zaminocrotonate (204) with acrolein (205)

in ethanolic solution in the presence of piperidine,
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SCHEME IVI

CHO HC—CO2E1.

I CQ.Et o
(l:H -+ T:-—c Hy —s 2 N SEt
|
CH, NH, CHy CH,
(205) (204) (206) (207)

Oxidation of the dihydroester (206) to the pyridine (207) is possible
using sodium nitrate and sulphuric acid. When the reaction was attempted
only a very little of the dihydrocompound (206) was produced, The
majority of the product was the pyridine ester (207) which was purified
by recrystallisstion from light petroleum (bep. 40-600). The quaternary

compound (202) was prepared by boiling with tromoacetone in absolute

ethanol snd was obtained as a brown gum which could not be solidified.
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SCHEME IVII

COzH
co Et CO,Et
(D
(210)
+\<:H COCH + COE
08
e
 (209)

An attempt to cyclise the quaternary compound (208) in 10%
sodium bicarbonate led to a mixture of the indolizine ester (209) and the
acid (210) which was obtained by acidification of the aqueous solution

after removal of the ester. The compounds were identified by their

spectra.

8-Methylindolizine.

8-Methylindolizine-2-carboxylic acid was prepared in the same way
as indolizine-2-carboxylic acid, 2,3-lutidine being used instead of
2-picoline (see page 8, Scheme V). The acid was decarboxylated by
heating it with caleium oxide and distilling the product out of the
reaction flask. Il-Methylindolizine was prepared in a similar fashion

from 2-ethylpyridine.
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Dimethylindolizines

A number of dimethylindeolizines were prepared for mass spectral
investigation. The general procedure was to quaternise the lutidine
with bromoacetone and cyclise using aqueous sodium bicarbonate. 1In this
way 2,5~, 2,6~, 2,7-, and 2,8-dimethylindolizine were prepsred, A
careful study of the nuclear magnetic resonance spectra of tbesa
compounds enabled the assignment of each peak to be established., The

118,118,120,40 The usual

results are in agreement with published results
pattern is for the 5 position proton to be furthest downfield followed
by the € position proton. When the spectrum was recorded in trifigoro-
acetic acid then protonation occurred. This has been established to
occur at the 3 position. This brings about a change in the nuclear

magnetic resonance spectrum and the 7 position proton is usually more

affected than the other protons of the 6~membered ring.



Position

2,5-Dimethylindolizine

2,6-Dimethylindolizine

2,8-Dimethylindolizine

T

CCl4

3.72

3.C05

3.78

3:40

2.80

T
T.F.A.

2:95

470

Difference

0,77

1.65

1.53

1.90

0.75

(4

CCl4

3.90

3.C06

245

3.60

2.86

T
T.F.A.

3.2

4.60

1.25

1.65

2.15

Difference

0.78

1.54

1.20

1.95

0.71

T

CCl4

3.82

3.05

2.44,

3.75

3.75

(]
T.F.A,

3.00

4e52

1.20

2.3

1.70

Difference

0.82

1.47

1.24

1.52

2.05
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1,2-Dimethylindolizine was prepsred’t from 2-ethylpyridine
and bromoacetone while 2,3-dimethylindolizine was pre;ere&gfrom 2-picoline
and l-bromoethyl mrthyl ketone. 3,5-Dimethylindolizine was prepared
using the Schlotz synthesis of 3-methylindolzine except that 2,6-lutidine

was used.11

Reduction Reactions

Scholtz4 reported that the reduction of indolizine with sodium
and ethanol gave a dihydro product and that ro further reduction could
be effected under these conditions (see rage 42). In an attempt to verify
this statement it was found that reduction led to a mixture of a
dihydroindolizine and 5,6,7,8-tetrahydroindolizine (212). when the
experiment was repeated on the mixture a single product was errived at,
the tetrahydroindolizine (212). Redaction of the mixture could also be

effected using a palladium on charcoal catalyst and an atnosphere of

hydrogen.

SCHIME IVITI

ne/ptog  (211)
) —

(212)
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A pure sample of the dihydroindolizine wes not isolated but based
on nuclear mzgnetic resonsnce evidence it would seem to be
5,6-dihydroindolizine (211).

The nuclear megnetic resonance spectrur of 5,6,7,8-tetrahydro-
indolizire is shown in Figure 10. The peaks centred at 3.65 T, 4.05 T
and 4.3 7 are assigned to the pyrrole nucleus and, based on the spectra
of 2-alkylpyrroles, are positions 3,2,1 res-ectively of the indolizire
ring. The peak centred at 6.15 T , which integrates for two protons
is considered to te the methylene at the 5 positiocn (l-n-butylpyrrole has |
N-CH,- at ~ 6.3 T ). The peek centred at 7,25 T which again
integrates for 2 protons must then be the methylene in the & position
(2-ethylpyrrole has -CH,- Fyrrole at 7.37 T ). The multiplet centred
at .15 T and which integrates for four protons must then be due to the
6 and 7 positions combined.

When the nuclear magnetic resonence spectrum for the mixture 1is
inspected (Figure 9) the triplet st 6.1 T J =7 ¢/s must be due mainly
to the dihydro product although it lies in the same positicn as the
methylene from the tetrehydro product. Assignirg this peak to the 5
position means that the dihydro product must be 5,6-dihydroindolizine,
The signsl from the methylene in the 6 positicn is centred at 7.6 T .
The protons in the 7 and 8 positions rust then be found together with
the pyrrole protons below 5 T . The infrared spectrum of the mixture
has bands et 3042 cn.”t, 1650 cn.” and 1625 et which are not present

in the tetrahydroindolizine,
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Treating 2,6-dimethylindolizine with sodium snd ethsnol did not
lead to a tetrahydro product. The nuclesr mognetic resonance gpectrunm
of the product (Figure 12) indicated a dihydroindolizine snd of the
possible products a 5,8-dihydro compound seems most likely, The infrared

1 and 1682 cm._l.

spectrum of the product had bands at 3040 cm.”
In the case of 2,7-dimrthylindolizine s mixture of dihydro
products seems to result (Figure 11). The triplet st 6.2 ¥, J =7 ¢/s

and the one 8t 7.7 T, J =7 ¢/s bty analogy with the reduction of indolizine
are considered to be due to the 5 and 6 positions of a 5,6-dihydro

compound. Peaks centred at 5.65 T snd 6.8 T by analogy with the

reduction of 2,6-direthylindolizine where they occur at 5,8 v ang

6.7 T are considered to be due to the 5,8-dihydro compound. The infrared

1 and 1645 cm.-l.

spectrum hed bands at 3040 cm.'l, 1695 cm.”
Attempts to reduce both 2-methyl-6-hydroxymethylindolizine (176)

and ethyl 2-methylindolizine-6-carboxylate (175) did not yield single

products. The nuclear msgnetlc resonance spectra of the products indicates

that ring reduction is proceeding, since the peaks furthest downfield

are those due to the pyrrole protons of a partially reduced indolizine,

The same effect was found when reduction of 2-methyl-7-methoxyindolizine

(202) was attempted,
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Mass Srnectrs

The mass spectrum of indolizine (12) is shown in Figure 13.
The moleculsr ion (m/e 117, base peak) loses ECN and H,CN to give
strong peaks at m/e 90 (relative abundance 38%) and 89 (28%). There
is a metsstable peak at m/e 69.2 corresponding to the transition M to
VF=HCN. FPresumably rearrangement must occur before elimination of HCN
is possible.

Indole shows a similar pattern,136

the relative abundances beirg
m/e 90 (40%) and m/e 89 (24%).
The next fragmentation in the indolizine spectrum gives rise to

a preak st m/e 64 a loss of 26 from the peak at m/e 90.

136

In indole the next major peak is at m/e 63 suggesting a

different breskdown path.

Spectra of the methylindolizines are shown in Figures 14 to 20.
The major peaks in every case are the molecular ion M (m/e 131) and sn
M-1 ion (m/e 130). Based on the analogous case of methylindoleslB6’138
one can rostulate (s) for 5-, 6-, 7- and 8-methylindolizire an azonia-

-azulenium ion (136) and (b) for 1-, 2- and 3-methylindolizine a

quinolizinium ion (137) for the M-1 peak.
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(218)
SSZGEN
s N4
8 J
(137) (21k)

The next step in every case 1s loss of HCN from the M-1 ion.
This is confirmed by metastable peaks at m/e 81.6. Loss of HCN presumably
requires some prior rearrangement of the postulated ions at m/e 130 and
since the similarity of the spectra is good evidence for the formation
of a cormon intermediate, a transition involving ions of the type (213)
and (214) must presumably occur. .Reafrangement and reclosure could then

give (amongst other rpossibilities) ions of the type (215), (216) and (217).
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| | |
H H H

(215) | (216) (217)

This wonld then explain the marked similarity of the spectra of
methylindoles and methylindolizines since ions (215) and (216) are

rostulated for the M-1 peaks of methylindoles.l36

It could well be
that structure (218) represents the l~1 ion better than (215), (216)
and (217). Power3136 has stated that there is no evidence bearing on
the point of a common intermediate NM-1 ion for all methylindoles., He
considers it remote due to the extensive molecular rearrangements which
would have to be invoked., Uince rearrangements need to be invoked to
explain (a) loss of HCN from methylindolizines and (b) the similarity
of methylindolizine spectra to those of methylindoles, and since all the
methylindolizine spectra are essentially similar, 2 common intermediate
may well explain the results.

The next transition is m/e 103 to m/e 77 corresponding to the
loss of C,H,. There are metastable peaks in the spectra at m/e 57.5
confirming this trsnsition. A further loss of 02H2 then occurs. The
peaks at m/e 65 are considered to be doubly charged icns of mass 130.

The dimethylindolizines (Figures 21 to 27) again show large M
(m/e 145) and ¥-1 (m/e 144) peaks. For the dimethyl comﬁounds
substituted in each ring the }M-1 ion can be one of two structures (219)

or (220), while in the case of 1,2- and 2,3-dimethylindolizine it must



be of structure (220) (assuming the positive charge is localised at

the nitrogen),

CH
3 HC
[ 299

+ +
(219) (220)

Loss of HCN from V-1 gives a peak at m/e 117 and so
rearrangement must occur.

The peaks at m/e 13C and m/e 115 may indicate successive losses
cf methyl groups from the parent ion. However, peaks at n/e 115 with a
height of about 10% of the base peak have been noted138 in the spectrs
of all alkylindoles other than those containing a single methyl substituent.
This ion is associated with ions at m/e 116 and m/e 117 having about one
third the abundance of the m/e 115 sprecies. The mechanistic origin
of this triplet is said to be unclear. The same effect is also found
in the alkylindolizines. The transition from m/e 130 to m/e 1C3
also occurs and is evidenced by metasfable peaks at m/e 81.6. This
is then followed by loss of 02H2 end would seem to indicate that at least
part of the peak at m/e 130 is due to a ring expanded ion of the
type found in monomethylindolizines which erises by loss of 15 (.CHB)
from the parent ion or 1 (:CHQ) from the ¥-1 ion. |

The lsrge values for the m/e 130 peaks in 1,2- and
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2y 3-dimethylindolizines may be a reflection of the higher electron
densities at positions 1 and 3 in indolizine, leading to a loss of a methyl
radical from these positions or it may be due to a vicinal effect.138
Loss of acetonitrile does not seem to be particularly favoured
from the B~1 ion of 3,5-dimethylindolizine since the peak at m/e 103
(M-42) is approximately the same as in the other dimethylindolizines.
Doubly charged peaks at m/e 65 are again in evidence,
2-Methyl-6-ethylindolizine (Figure 28) has a similar pattern
to 2,6=dimethylindolizine once the pesrent ion hss lost 15. Presumably
the ion at m/e 144 (M-15) is of structure (219) and arises by
p-cleavage.
2-Methyl-6-hydroxymethylindolizine (Figure 30) has a M-17 pesk
st m/e 144 corresponding to loss of «CH from the hydroxymethyl group.
The pattern then follows as before, loss of HCN occurring. The peak at
m/e 132 arises by loss of 29 (CHO) from the parent ion and that at m/e 130
by loss of 31 6CH20H). (Part of the peak at m/e 130 may slso be produced
by loss of 14 from the m/e 14/ ion as mentioned previously). On
deuteration (Figure 32) the picture is not immediately clesr. Losses
of 29, 30 and 31 in the non-deuterated sample become losses of
29, 30, 31, 32 and 33 in the deuterated sample due to the greater
number of possibilities of mess losses. Loss of HCN and DCN occur from
the ion m/e 146.
2-Hydroxymethylindolizine and 3-hydroxymethylindolizine are
shown in Figures 29 and 33. Lloss of 17 from the parent ion gives a

peak at m/e 130 which presumably is of structure (137). The usual
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pattern then follows.

—-CH —HCN —CoHs

1.7 > 120 —_— 103 —_— 77
losses of 29, 30 and 31 occur from the molecular ion., In the case of
the 2-hydroxymethyl compound loss of 32 and 33 also occur when the compound
is deuterated (Figure 31). The major peaks in this region are M-29,
M~30 and M-31 in both the non~deuterated and the deuterated samrles. This
may indicate some randomisation of the deuterium in the molecular ion.

The peaks at M-2 and }-3 in 2-hydroxymethylindolizine indicate a

138 as loss of

type of behaviour found in benzyl alcohol and is exyplained
a hydrogen molecule to yield an aldehyde (221). Further loss of a hydrogen

atem leads to an ion of type (222).

H H H
| / | ~Hs | ~He

. * 5 1gc=z=o

Ind-CE-0., ——sp IndC=0

n/e 147 m/e 145 (221)

(222) m/e UL
- |

n/e 116

A nretastable peak =t m/e 93.4 confirms the last transition (m/e 144,
to m/e 116).

On deuteration this process seems to be largely suppressed
althcugh peaks at m/e 146 and m/e 144 (Figure 31) belonging to the

corresponding lons are present to a small extent.
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The ethyl esters (Figures 34, 35 end 36) show loss of CZH4
from the parent ion presumably by a Mclafferty rearrangement. DMetastable
reaks confirm this transition, In the case of the 6 position ester
there 1s then loss of «CH to n/e 158 followed by CO loss; alternatively
cleavage of the a bond to give a peak at m/e 130 occurs. The 1 and &
position esters each show a peak at m/e 131 absent in the 6 position
ester., Presumably it arises due to the transfer of *H from the ester to
the peri position with loss of 00202H4 from the molecular ion.
(Metastable ions m/e €4.5 confirm that this occurs). The peak may also
arise from decarboxylstion of the ionised acid m/e 175).

The peak at m/e 158 can also arise by B cleavage with loss of an
ethoxy radical from the parent ion. This is followed by loss of CO to
give a peak at m/e 130, (A metastable ion confirms this latter
transition).

The methyl esters (Figures 39 and 40) show the expected pattern.

B cleavage and loss of CHBO' gives a pesk at m/e 14/ which then loses

CO to m/e 116,

0
I

+ - -ccH, . -CO ¥
[Ind—C-OCHB] * 3 |IdC=0| — Ind

m 93.4

The peak at 117 must arise from loss of CH2002 from the parent

ion; in the 2-methylester spectrum a metastable peak at m/e 78.3

verifies this process.
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3-Acetylindolizine (Figure 37) shows loss of a methyl radical

followed by elimination of CO.,

- -CHB -CO
1599 @ — Vb 5 114
m 10.4 m 93.4

The breakdown then follows the ususl course.

3-Acetyl-5-methylindolizine (Fipure 38) shows loss of a methyl
radical followed by loss of CO in & similar fashion to 3-acetylindolizine,
There is also a peak at m/e 156 corresponding to s M-17 ion. This is
followed by loss of 15 to give & peak at m/e 141 which could be

interpreted 2s a cyclisation to the [3,2,2]cyclazine as shown.

. . .
-'CH3 n 12705




The amides (Figure 41 and 42) show loss of -HHZ followed by
loss of CO. The usual pattern then follows of'loss of HCN followed by

loss of C fnother pathway is loss of HZO from the pesrent ion,

21{2.
from then onwards the spectra are similar to those of nitriles, This is
clearly shown in the case of Z-methyl-6-carbamoyl indolizine (Figure 42)
where the loss of HéO gives a pesgk at m/e 156 whose subsequent breakdown
can be compared with the nitrile (Figure 44).

The nitriles (Figure 43 and /4) show two successive losses of
HCN from the k-1 lon.

Finally Figures 45 and 46 show two carboxylic acids.
Indolizine-2-carboxylic acid (Figure 45) shows loss of CH® followed by
loss of CO. The peak at m/e 117 must indicate decartoxylstion of the
parent ion. The lower mass end of the spectrum must be treated with
caution since it appears that the sample was conteminated (2-picoline).

2-Yethylindslizine-8-cartoxylic acid (Figure 46) has an
unusual feature. Loss of 14 from the parent ion occurs to give an ion
m/e 161. The breakdown after this point is then similar to the

2-carboxylic acid (Figure 45).

— iCH, - ou* = CO — HCH
175 —=3 161 — 14 — 5 116 —_— 89
nt 93,4 n 68.2

117 —m——— 90
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IYPERTMCNTAL

Felting points were determined on a Kofler block and are
uncorrected,

Infrared absorption spectra were measured with Ferkin Elmsr
257 and 221 spectrophotometers. The spectra of solids were determined
as Nujol mulls, indicated as (Mujol). The spectra of liquids were
determined as films (Film). OSolutions denoted e.g. (CClA) were also
used.

Nuclear magnetic resonance spectra were recorded on a Perkin Elmer
R10 60 megacycle instrument and are quoted in units of "tau" (T) using
a tetramethyl silane (T.M.S.) stsndard. When spectra were recorded in
deuterium oxide the T.M.S., standard was recorded externally in a solution

of carbon tetrachloride, The followlng abbreviations are used:

i

s = singlet, d = doublet, t = triplet, q = quadruplet, m = multiplet,

p = proton.

Ultraviolet spectra were recorded on a Unicam S.F. €00 instrument.

Microanalyses were carried out by Drs, Weiler and Strauss of Cxford
and by Mr. J. Boulton of Keele University.

Mass spectra were determined by Drs., H, M. Fales and J, D. Baty,
National Instutute of Health, Washington, U.5.,A, and I.C.I. Fharmaceutical

Division, Alderley Park, Cheshire.



Lthyl 2-pethylindolizine-l-carboxylate (138).

Frepsred from ethyl 2-pyridylacetate by the method of Bragg
and Aibberley.36
. ‘1
i%ﬂx(hujol) cm. ~ 1700 (ester CO).

The nuclear mognetic resonance spectrum is shown in Figure 1.

Attem-ted synthesis of l-hvdroxymethyl-2-methylindolizine (142).

(1) TFrom ethyl 2-methylindolizine-l-carboxylate (132).

(a) A solution of ethyl 2-methylindolizine~l-carboxylate (132)
(1.02 g.) in tetrahydrofuran (15 ml.) was added to a stirred suspension of
lithium aluminium bydride (1.0 g.) in tetrahydrofuren (20 ml.). The
resulting solution was boiled under reflux for 1 hr. water (2 ml.) was
added dropwise with stirring and the solution filtered, dried over sodium
sulphate and the tetrahydrofuran removed under reduced pressure. The pale
yellou residue was recrystallised from light petroleum (b.p. 40-60°) end
sublimed under vacuum. The nuclear magnetic resonance spectrum of the
product (Figure 2) was identical to that of an authentic sample of
1,2-dimethylindolizine (139). Yield 0.45 z. (627) m.p. 61° (11t.18 63°),

(b) A solution of ethyl 2-methylindolizine-l-carboxylate (138)
(1.7C g.) in ether (150 ml.) was added dropwise to a suspension of
lithium aluminiam hydride (0,32 g.) in ether (25 ml.) with constant
stirring., The solution was ctirred for % hr. at room temperature and
then boiled under reflux for 1 hr. The mixture was cooled in an ice bath

and excess lithium aluminiim hydride was decomposed using ethyl acetate.
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Cold water (40 nl.) was cautiously added followed by 5N hydrochloric
acid (20 ml.). The pH of the solution wes adjusted to between 5 - 6
with dilute ammonia solution. The ether layer was removed and the
aqueous layer was further extracted with ether., The combined ether
layers were dried over sodium sulphate and the solvent removed on a
steam bath. The tar-like residue could not be solidified; its nuclear
megnetic resonsnce spectrum indicated it to be a mixture of starting

material and 1,2-dimethylindolizine (139).

(¢) Potassium borohydride (1.0 g.) was added to a solution of
ethyl 2-methylindolizine-l-carboxylate (138) (1.0 g.) in absolute
ethanol (15 ml.). The solution was boiled under reflux overnigcht. A
sample was removed and treated with water. The agueous solution was
extracted seversl times with benzene snd the benzene extracts dried over
sodium sulphste. Vapour phase chromatograrhic analysis indicated sterting

materisl only.

(d) A solution of sodium borohydride (1.08 g.) and ethyl
2-methylindolizine~l-carboxylate (138) (1.14 g.) in methanol (30 ml.)
was boiled under reflux for 6 hr. wéter (50 ml.) was added to the
solution which was then extracted with ether., The ether extracts were
dried over sodium sulpheste and the ether removed on a steam btath. Only

starting material was recovered,
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(1ii) From 2-pvridylethannl (140).

(a) 2-Pyridylethsnol (140) (6.2 g.) and bromocacetone (6.8 g.)
were dissolved in sulpholeone (30 ml.) and kept at 3501 for 3 days. The
resulting solution was added dropwise to a large excess of acetone with
trituraetion. The scetone was poured off from the dense oil which
deposited. The 0il was dissolved in water znd the aqueous solution
extracted with ether and chloroform. The water was removed from the
aqueous layer under reduced pressure and & solid remsined. On reduction
of the acetone to a small volume a further amount of solid crystallised out.
The combined solids were recrystallised from acetone to yield

1-acetonyl-R-hydroxyethylpyridinium tromide (141) 11.9 g (92%) m.p. 14°.

Found: G, 46.1; H, 5.4 3 N, 5.4%

CIOHLLBr requires: C, 46.2; H, 5.45; X, 5.3%

‘ﬁhax(NujOI) 1725 crn.—1 (acetonyl CO).

’Z(DZO) 1.2 - 2.2, 4p; 4.18, 2p (exchenges); 5.95 m, 2p; 6.75 m, 2p;
7.5 S; 8.4 S.
T(T.F.A.) after standing overnight. 0.9 - 1.4 m, 2p; 1.5 - 1.9 m 2p;

3.88, 2p; 5.0t I =6¢c/s, 2p; 6.3t I =6¢c/s 2p; 7.3 8, 3p.

1-Acetonyl-2-hydroxyethylpyridinium bromide (141) (4.0 g.) was
added to 8 near saturated solution of sodium bicarbonate (200 ml.). The
resulting solution was heated on a steam bathk for 2 hr. A yellow solid
preciritated after 15 - 2C min. The so0lid was filtered off and dried in

desiccator, 2.0 g. were collected, It could not be characterised and
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spectra could not be obtained. khen heated it turned black above 300°
but did not melt. Ether extraction of the aqueous solution did not yield
any material,

1-Acetonyl-2-hydroxyethylpyridinium bromide (141) (0.3 g.) was
dissolved in absolute ethanol (20 ml.). Diethylamine (1 ml.) was added
and the solution was boiled under reflux for 4 hr. A yellow solid came
out of solution. The product was similer to that obtained previously

and could not be characterised.

(b) 2-Pyridylethanol (14C) (10.0 g.) was dissolved in sodium
hydroxide solution (100 ml., 10%). A solution of p~toluenesulphonyl
chloride (20.0 g.) in acetone (150 ml.) was slowly added with shaking.
The solution was sheken for 20 min., and then poured into water (500 ml.).
The resulting solution was extracted several times with ether., The ether
extracts were dried over sodium sulphete, filtered, and the ether
evarorated on a steam bath. The remsinder was a brown liquid which on
standing solidified to & yellow solid. It was recrystallised from light
petroleur (b.p. 60-£0°) to give the tosylate of 2-pyridylethanol (144)
14.3 g. (60%). white so0lid m.p. 44°.

Found: C, 57.1; H, 5.3; N, 4.8%
14H15h0 SHLO requires: C, 56.9; H, 5.7; K, 4.7

Y (ajol) em.”" 1590, 1350, 1170, 910, 765.

T(ce1,) 1.5 my 1p; 2.0 = 3.0m, 7p; 5.55 t T =7 c/sy 2p; 6.9t J =7c/s, 2;

7.6 8, 3p.
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when the tosylate (144) (2.0 g.) was recrystallised from
a mixture of light petroleum (b.p. 60—800) and ethanol a white solid

(145) resulted which was recrystallised from scetone, m.p. 1340.

Found: C, 5C.3; H, 5.1; N, 2.9%
p__(tujol) em.”" 1640, 1590, 1360, 1230, 1170, 990, 720.
‘t(CDCl3) 1.0 m, 1p; 1.5 m, 1p; 1.9 -~ 2.8 m, 10p; 5.5t J = 6 ¢/s, 2p;

6., t 3 =6c/s, 2p (or 3p); 7.6 d, 6bp.

Shaking this latter compound (1.0 g.) with agueous sodium
hydroxide (50 ml., 10%¢) gave an insoluble liquid which solidified. The
solution was extracted with ether snd the ether extracts dried over
sodium sulphste. The ether was removed to yield a white solid which had
identical infrared and nuclear m=gnetic resonance spectra to those of the
original tosylate (144).

Treatment of the tosylate of 2 pyridylethanol (144) in ethereal

solution (1 g., 50 cc) with an ethereal solution of p-toluenesulphonic
acid ("1 g., 50 cc) yielded a white preciritate (145). The solid was
identical to that obtained when the tosylate (144) was recrystallised

from a petroleum/ethanol solution,

Attemnted quaternisation of the tosylate (144) using kromoacetone.

(a) The tosylate (144) (1.14 g.) was dissolved in sulpholane
(10 ml.) and bromoacetone (C.80 g.) was added. The solution was kept
at 400 for 3 days. The solution was added dropwise to ethyl acetate

(100 ml.). A brown gum precipitated which could not be characterised.
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(b) The tosylate (144) (1.14 g.) was boiled under reflux in
acetone (20 ml.) with bromoacetone (1.0 g.) for 3 hr. The acetone was
removed under reduced pressure on a stear bath to yield a gum whose nuclear

megncetic resonance spectrum was too comrlex to analyse,

Attemrted nrerarstion of 2 tosylate of l-acetonyl-2-hvdrevvethvlrnyridinium

bromide.

1-Acetonyl-2-hydroxyethylpyridinium btromide (141) (1.C g.) was
dissolved in sodium hydroxide solution (100 ml., 10%). A solution of
p-toluenesulphonyl chloride (2.0 g.) in acetone (15 ml.) was slowly
added with shaking. The shaking was continued for 20 min. The solution
was then poured into water (50 ml.). The resulting solution was
extracted with ether and the ether extracts dried over sodium sulphate,
filtered, and the ether removed on a steam bath, The product was

the tosylate of 2-pyridylethanol (144).

1(s-Hydroxyethyl)~2-methylindolizine (147).

3-(21-pyridyl)-l-propanol (44) (7.0 g.) and bromoacetone (7.0 g.)
were boiled under reflux for 1 hr. in acetone (20 ml.). The quaternary
compound (146) came out of solution &8s a gum. The solution was cooled and
the ezcetone decanted off. Any further solvent was removed under reduced
pressure.

Yield 12.1 g. of crude l-acetonyl-2-(3-propan~l-ol) pyridinium bromide
(146) .

t&aX(Film) 1730 cm.'1 (acetonyl CO)

Chloroplatinate m.p. 168°,
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The gum (146) was dissolved in aqueous sodium ticarbonate
solution (50 ml., 107) and heated on a steam bath for 40 min. The
resulting solution was cooled and a solid formed which was extracted
with ether, The ether extracts were dried over sodium sulphate,
filtered, and the ether removed on = steam bath to yield an oil
(6.63 g.) which was extracted with light petroleum (b.p. 60-£0°) to
yield a white solid 1(3-hydroxyethyl)-2-methylindolizine (147) 4.8 g.
(54%) m.p. 53-55°.

Found: C, 75.7; H, 7.3; X, 8,0%
CllHIBNO requires: C, 75.4; H, 7.5; N, 8.0%
j%mx(Nujol) em.~ L 3330 broad (OH), 1630, 1300, 1040, 735.
‘Z(CD013) 2.3.m, 1p; 2.75 m, lp; 2,95 s, 1p; 3.55 m, 2p; 6.25 t J = 6 ¢/s, 2p;
7.05 t, J =5¢/s 2p; 7.75 s, 3p; 8.2 8, 1p,

on shaking with DZO the singlets at 2.95 and 8.2 exchange.

Attemoted ~rersr=tion of 8 tosgylate of 1(phvdroxvpthy1)-2-methylindolizine.

The indolizine (147) (1.0 g.) was dissolved in aqueous sodium
hydroxide (10 ml., 10%) together with enough scetone to give a solution.
p-Toluenesulphonyl chloride (2.0 g.) in acetone (150 ml.) was added
with shaking and the shaking continued for 25 min., The soluticn was
extracted with ether to give an orange scluticn. After drying over
sodium sulphate the ether was evaporated to leave & brown oil. Nuclear

magnetic resonance showed that none of the expected product was present.
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1-Methylindeclizine-2-carbexvlic acid.

Prepzred by the mcthed of Borrows and Holland21 using
2-ethylpyridine.
Green rods, m.p. 231° (decomp.).
Found: G, €8.7; Hy, 5.1; N, 7.9%

C1oFgl0, Tequires: C, 68.6; H, 5.2; N, 8.0%

Y (Fujol) em.”t 1680 (scid CO)

max

T(7.F.A,) 0.8 m, 1p; 1.3 - 2,0 m, 3p; 4.0 s, 2p; 7.15 s, 3p.

The scid was decarboxylated by heating with caleium oxide according

29,3
to the method of Diels and Alder. 9,30

Ethyl pyvruvate.
Ethyl pyruvete was prepared from pyruvic acid by the method
of Goldberg and Kelley.134

9, (Filn) en.” 1730 (ester CO).

Fthvl bromopyruvate,

Prepared from ethyl pyruvate.le

2 (Film) cm._1 1735 (ester CO).

max

Irdolizine-2-carboxvlic acid (2C).

Prepared by the method of Eorrcus and Hollandfl

. -1
3%mx(hujol) cm.” ~ 1675 (acid CO),
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Methyl indolizine-2-carboxylate (148).

The method of Borrows and Hollandzl‘was emplcyed.
Indolizine~2-carboxylic acid (20) (6.0 g.) was dissolved in dry dioxan
(240 ml.) and then mixed with en ethereal solution of diazomethane
until excess diaszomethane was present. An aliquot of the solution
was tested for excess diazomethane by adding acetic acid when nitrogen
was evolved. The solution was stood overnight and then the sclvent
recmoved under reduced pressure. The buff residue crystallised from
aqueous &lcohol 5.4 g. (83%).
mepe 101° (11t.%% 97-999).

1

1%3X(Nujol) em.” — 1720 (ester CC).

I(T.F.A.) 0.85 m, lp; 1.1 - 2!1, AP; 4;1 S, 2p; 5.87 S, 3p.

2—Bydroxymethylindolizine (149).

A solution of methyl indolizine-2-carboxylate (148) (5.C g.) in
dry ether (400 ml.) was added dropwise with constant stirring to a
suspension of lithium aluminium hydride (1.1 g.) in dry ether (75 ml.)
After stirring for 3 hr, the solution was boiled under reflux for 4 hr.
Ethyl acetate was added to decompose arny excess lithium aluminium hydride.
Water (100 ml.) was added, followed by hydrochloric acid (5N, 50 ml.).
The pH was adjusted to 5 - 6 using ammonium hydroxide and tke ether lsyer
was separated. The aqueous soluticn wes extracted several times with
ether., The combined ether extracts were dried over sodium sulphate and
the ether evaporated. The buff residue was crystallised from light

petroleum (b.p. 40-600) to yield white plates of 2-hydroxymethylindolizine
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(149) 3.3 g. (79%) m.p, 105°.

Found: C, 73.7; H, 6.2; N, 9.3%

C9H9NO requires: C, 73.5; H, 6.2; N, 9.5%

Y, (Fadol) em.”t 3310 (oH)

(0014) em.~L 3590 (OH)
1:«XXH9 2.15d J =6 ¢/s, 1p; 2.7 my 2p; 3.2 = 3.7 m, 3p; 5.22 8, 2p;
8.15 s, 1Ip.

On shakirg with deuterium oxide the singlet at €.15 ¥ exchanges as

does part of the multiplet at 2.7 T.

2-Frdroxydideuteromethylindolizine (150).

Methyl indolizine-2-carboxylate (1£8) (0.7 g.) was dissolved
in dry ether (85 ml.) and added to 2 suspensicn of lithium aluminium
deuteride (0.3 g.) in ether (15 ml.). The resulting soluticn was
stirred for 1 hr. and then boiled under reflux for 40 min. After

coolirg, water (C.6 ml.) was added dropwise with constant stirring and

the ether soluticn was filtered. The residue was extracted several
times with beiling ether.and the collected extracts were dried over
sodium sulphste. After removal of the ether, 0.5 g. cof compound
remalned. Nuclear magnetic resonance showed that the Singlet at 5.22 ¢

ves no longer present, indicating that the methylene group was deuterated.
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2-Carbamoylindolizine (151).

(a) Indclizine-2-carboxylic acid (20) (1.0 g.) was heated to
melting with urea (1.0 g.). The molten mixture was held at 140° for
1 hr. After cooling, the residue was extracted with benzene; after
the benzene had teen remcved the infrared spectrum of the remainder
indicated that it was unchanged acid (20). The residue from benzene
extraction was dissolved in ethanol and re-precipitated by the addition
of water. After drying, this solid also was found to contzin none of

the desired smide.

(b) The acid (20) (1.0 g.) was treated with ammonia solution
(0.88) snd evarorated to dryness on a stesm bath. The residue was
then heated to 200° and raintained at this temperature for % hr.

Infrared analysis of the residue indicated thet it was unchanged acid.

(¢) The acid (20) (0.8 g.) was dissolved in carbon tetrachloride
(20 ml.) and thionyl chloride (0.6 g.) was added. The solution was
boiled under reflux for 2% hr. The'solvent was theh removed under reduced
pressure and armonia solution (0.88-) (20 ml. ) was added to tke solid.
The solution was evarorated to dryness. The infrared spectrum of the
product did rot compare with that of an authentic sample of the amide

as prepared in (e).

(d) Shbeking the ester (148) (1.0 g.) with concentrated
ammonia solution for 2 hr. snd then standing overnight did not yield

the amide.
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(e) The ester (148) (15.0 g.) was dissolved in absolute
methanol (50C ml.). The solution was satursted with armonia st =5°
and then heated in an autoclave with constant stirring at 155o for 65 hr.
The pressure genereted was 22 atmospheres, The methapl and any excess
apmonia were removed under reduced pressure cn a steam bath and the remainder
was crystallised from water,
Yield 6.C go /LY of 2-carbamoylindolizine, a btrown solid m.p. 1330

which then solidified and remelted at 158°,

Found: C, 67.1; H, 4.2; N, 17.2%

09H8N20 requires: C, 67.5; H, 5.0; N, 17.5%

V. (Fajol) em.”t 3340, 3170 (MH) 1665 (amide CO)
(0H013) en. L 3660, 3520, 3415, 1665.

T (T.F.A.) 0.2 d (broadened) J =6 ¢/s 1p; 1.1 = 2.6, 6p; 4.0 8, 2p.

2-Aminomethylindolizine (152).

The emide (151) (0.5 g.) was dissolved in dry tetrahydrofuraen
(25 ml.) and added to a suspension of lithium aluminium hydride (0.3 g.)
in tetrshydrofuran (20 ml.). The Soiution was stirred for 30 min. at
room temperature and then boiled under reflux for 70 min. Water (0.6 g,)
was added dropwise with constant stirring and the solution was filtered.
The solid residue was extrscted several times with boiling solvent., All
the extrscts were collected and dried over sodium sulrhate, filtered

and the solution evarorated to dryness under reduced pressure.
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0.28 g. of a buff solid was collccted, this was crystallised from light
petroleum (b.p. 60-¢0°) m.p. 77.5°. It was rot stable and

inconsistent analysis figures were obtsined.

V., (CHCL,) em.™" 3470, 3380 (emine H)

Njax (95% EtOH) my 238, 277, 285, 296, 340.

The nucleer magnetic rescnance spectrum is shown in Figure 4.

2=Methylindolizine

2-Picoline (9.4 g.) and bromoacetone (13,7 g.) were boiled
under reflux in absolute ethanol (50 ml.) for 4 hr. The solvent was
removed under reduced pressure to yield a crude product (20.1 g.) which was

recrystallised from acetone to yield l-acetonyl-2-methylpyridiniump bromide

16.1 g (702) m.p. 194-6° (11t.23 196°).

Found: C, 46.9; H, 4.95; H, 6.0%
Calculated for CyH,.Bri0: C, 47.0; H, 5.2; N, 6,1%
2 (Tujol) 1725 (acetonyl CO)

T(T.Fod,) 0.9 - 2.0, 4p; 3.9 s, 2p; 7.1s, 3p; 7.3 s, 3p.
To a solution of the quaternary compound (7.7 g.) in water (300 ml.)

was added sodium bicarbonate (20,0 g.). The solution was heated on a

steam-bsth for 4 hr, and the product was steam distilled from the flask.
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The white solid was recrystallised from light petroleum (b.p. 40-60°)

to yield 3.3 g. (55%) of 2-methylindolizine.
‘C(CCIA) 2.15 m, lp; 2.65 m, 1lp; 2.9 8, 1lp; 3.45 m, 2p; 3.72 s, 1lp.

Attor~ted prersration of 2-chloromethvlindolizine.

A solution of 2-hydroxymethylindolizine (149) (C.2 g.) in ether
(15 ml.) wes treated with a solution of an equimolsr amount of thionyl
ckloride in ether (10 ml.). An orange solid formed immediately and on
stirring it darkened in colour. On attempting to filter off the solid it

went black immediately and decayed.

Palledium on charcoal catslyst.

The catalyst was prepared by the hydrogen reduction procedure
as described in Orgarnic JSyntheses Collected Volume III, Horning P. 687,

B

section D,
Indolizine

A modified version of the synthesis due to Boekelheide and

Windgassen41 wes employed. The indolizine collected in & vertical
air condenser attached to the reaction flask and was periodically
removed.

3-(2-Pyridyl)-l-rropanol (44) (70.0 g.) gave iﬁdolizine 19.5 g.

(33%) mep. 73° (Lit AL 73-49).
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During one preparstion freshly prepared catalyst was added
during the course of the reaction. In this case it was found thst the
indclizine was contaminsted with 5,6,7,8-tetrahydroindolizine which

was removed by successive recrystallisations from methanol.

Indolizine~3-carbenyl chloride (153).

A solution of indolizine (12) (8.C g.) in dry toluene was
added dropwise to a stirred solution of phosgene in toluene (50 ml.,
12.5% W/V) with cooling., The solution was allowed to stend overnight
and the black indolizine hydrochloride was filtered off. The solution
was evaporated to dryness under reduced pressure and the green solid
which remained was crystallised from light petroleum (b.p. 60-£C°) to

yield 7.5 g. (61%) of indolizine-3-carbonyl chloride m.p. £2° (1it.” £1°).

Found: C, 6C.7; H, 3.3; N, 8,C%

Calculated for C,H NOC1:C, 60.3; H, 3.3; N, 7.8%

9

\a -1 a
)%ax(hujol) em.”~ 1710 (carbonyl)

-1

(CC%& em.”~ 1720 (carbonyl).

The nuclesr msgnetic resonance spectrum is shown in Figure 5.

Treatrent of indolizrine=3-cartonyl chloride with 1% acueous sodium

hydrovide,
Treatment of the crude product from the reaction of indolizine
(15.C g.) snd phosgene in benzene with 1% sodium hydroxide czused an

immediate reaction. The solution wes diluted with weter and filtered
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" as quickly as nossible. Treatment of the filtrate with excess
hydrochloric acid caused no preci-itetion but treatment with 20%
sodium hydroxide solution gave a cresm precipitste which, affer drying
under vacuum, was shown to be indolizine (3.7 g.).

The remaining solid from the treatment with agueous base (7.3 g.)
was recrystallised from light petroleum (b.p. 60-£0°) and was found to
be a mixture of indolizine (12) and indolizine-3-carbonyl chloride (153)
by infrared and nuclesr magnetic resonance spectra). The lipht
petroleum vas evarorated and the residue trested with sodium bicarbonate
goluticn. A gas was evolved and a precipitate formed which was filtered
off and dried under vscuum, Its spectra showed that it was indolizine

(12).

Methyl indolizine=3-cartoxylate (154).

Indolizine-3-carbonyl chloride (153) (3.0 g.) was boiled under
reflux in methenol (30 ml.) for 20 min, The yellow solid yielded a deep
red solution. The excess solvent was removed by evaporation under reduced
pressure end the residue was trested with an excess of s satursted solution
of sodium bicarbonate. The slkalire solution was extracted several times
with ether. The ether extracts were dried over sodium sulphate and
the ether evaporated to yield a brown liquid which distilled at 144—1460
at 14 mm of Hg. pressure to yield 2.5 g. (862) of methylindolizine-3-
carboxylate (154).
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Found: C, 68.3; H, 5.C; N, 7.9%
Calculated for ClOH9 N0,: C, 68.6; H, 5.2; N, 8.0%
Y (Filn) em.” 1690 (ester CO)
(ecy,) em.”t 1695 (ester CO)
X (cc14) 0.52 d (broad) J = 6 ¢/s 1p; 2.55 m, 2p; 3.1 m,2p;
3.6d J =5 c/s, 1p; 6.15 8, 3p.

3-Carbamoylindolizine (156).

Indolizine-3-carbonyl chloride (153) (2.C g.) wes shaken for
2/, hr. with concentrated ammonia solution (30 ml. 0.£8) and then stood
for a further 24 hr. The yellow so0lid wvhich formed was filtered off
snd recrystallised from ethyl acetate to yield 0.5 g. (28%) of

3-carbsmoylindolizine (156), m.p. 146-70.

Found: C, 67.2; H, 5.0; N, 17.17
Cqfigh,0 Tequires: C, 67.5; E, 5.05 U, 17.57
2 (Fagol) em.™ 3370, 3190 (31), 1640.

T (Ac:tone) 0.2 m, 1lp; 2.4 m, 2p§ 2.8 = 3.6 m, 5p.

3-Hydrovymethylindolizine (155).

A solution of methyl indolizine-3-carboxylzte (154) (3.0 g.)
in dry ether (100 ml.) was zdded dropwise with stirring'to a suspension
of lithium aluminium hydride (0.7 g.) in dry ether (100 ml.). The

solution was stirred for 1 hr. at room temperature and then boiled
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under reflux for 15 min. The light brown soluticn turned pale green.
Ethyl acetate (3.0 g.) was added dropwise followed bty water (0.7 g.)
and the solution was filtered. The so0lid residue was extrscted several
times with ether and the combined extracts were dried over sodium
sulphate., The colvent was evaporated tec yleld a trown solid which

yvas crystallised from 1light petroleum (b.p. 40-600) to yield 1.7 g.

(68%) of white needles of 3-hydroxymethylindolizine (155) m.p. 101°C.
Found: C, 73.8; H, 6.2; ¥, 9.5%
09H9NO requires: C, 73.45; H, 6.2; N, 9.5%

2., (001, 12) em.”t 3610 (0H), 1455, 1360, 1310, 103C, 935.

Z(CCl4) 0.95 m, lp; 2.5 m, 1p; 3.1 - 3.7, 45; 5.15 8, 2p;

8.20 s, 1p (exchanges with deuterium cxide).

3-bcetylindolizire (157).

Prepzred by the method of Schol’tz9 12.5 g. of indolizine (12)
gave 9.3 g. (557) of 3-acetylindolizine (157). Yellow liguid b.p.

0
104-6" at 2 mm of Hg rressure. (1it.9 b.p. 1950 at 18 mn of Hg pressure).

D, (Filn) em.™} 1620, 1510, 1470, 1385, 1340, 12130.
A (0014) C.15 m, 1p; 2.4 - 3.4 4p; 3.6 4 J =5 ¢/s,1lp; 7.53 8, 3.

In T.T.A, tte compound was not protonsted.
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Attempted reduction of 3-acetylindolizine (157).

(a) MWith lithium aluminiuym hydride.
3-Acetylindolizine (157) (3.0 g.) was dissolved in dry ether

(100 ml.) and the solution added dropwise with constant stirringto a
suspension of lithium aluminium hydride (0.4 g.) in dry ether (50 ml.).
The solution was stirred for 3 hr. end then boiled under reflux for # hr.
Ethyl acetate (2.0 g.) was added to destroy excess lithium aluminium
hydride and then water (0.4 ml.) was added. The solution was filtered
and the residue was extracted with ether, The ether extracts were
combined &nd dried over sodium sulphate. The solvent was removed under
reduced pressure on a8 steam bath to yield a green tar., It was dissolved |
in benzene and chromatographed on 100 g, of Grade III alumina. The
first fraction was a light green solid (1.0 g.) and the second a green
1liquid which had an identical infrared spectrum to that of the sterting
material.

The solid was rechromstographed using a 5:1 mixture of benzene
and light petroleum (b.p. 40-600) on grade II alumina. The process was
again repeated on grade I alumina.

The infrared spectrum of the product indicated that there was no
carbonyl absorption but the nuclear magnetic resonance spectrum was ill

defined and little could be gained from it.

(b) With potsssium borohydride.

3-Acetylindolizine (157) (.0 g.) end potassium borohydride

(1.4 g.) were added to isopropyl alcohol (50 ml.) and boiled under
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reflux for 6 hr, Water (1 ml.) was added and the solution boiled for a
further 2 hr. After cooling, the solution was filtered and the solvent
removed under reduced pressure on a steam bath to leave a dark brown
1iquid which solidified. It was extracted with light petroleum

(b.p. 60-80°) from which it crystallised es a buff solid m.p. 78-82°.
Its infrared and nuclear magnetic resonance spectra were identical

to the product obtained using lithium aluminium hydride but egain

were 111 defined.

Found: C, 82.3; H, 6.8; N, 9.1%

y%ax@hﬂdDémT1151L123O, 1155, 1020, 750, 720.

Attempted iodoform reaction with 3-acetylindolizirne.
3-Acetylindolizine (157) (3.6 g.) was dissolved in dioxan (100 ml.),
A solution of potassium hydroxide (20 ml., 10%) was added and the
resulting solution warmed to 70° on a steam bath. An aqueous solution
of potassium iodide saturated with iodine was added dropwise until the
iodine colour persisted. The solution was diluted with water and gave
a yellow turbid solution; it was exfracted with ether and the aqueous
phase wes then scidified with hydrochloric acid (5%). The colour
changed from orange-~brown to dark green., It was extracted with ether
and the ether extracts dried over sodium sulphate and the ether
egvaporated to leave a small amount of green tar which_wés mainly
insoluble in deuterochloroform, the part that was soluble was starting

material, the remeinder proved to be intractable.
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3-Methylindolizine (14).
Prepsred from 2-picoline and propionic anhydride as described

by Armarego.11

Z(0014) 2,1 - 2,7 my 2p; 3.2 = 3.7 m 4p; 7.52 s, 3p.

3-Acetyl-5-methylindolizine.

Prepared by the method of Scholtz,?
1.6 g. of 5-methylindolizine (160) gave 0.76 g. (35%) of 3-acetyl-5-
methylindolizine, m.p. 55-56° (1it.*1s56,5 - 57°),

Found: C, 76.6; H, 6.4; N, 8.0%

Calculated for C, H,,N0: C, 76.3; H, 6.4; N, 8.1%

)?W(Nujol) em,”t 1625
(CCIA) em.”t 1640

‘Z(0014) 2.5 — 3.6, 5p; 7.45 m, 6p.

Attempted cyclisation of 3-acetyl-5-methylindolizine.
3«Acety1-5-methylindolizine-(O.l g.) was dissolved in absolute
ethanol (15 ml.) and a few drops of piperidine were added. The
solution was sealed in a glass tube and heated at 140° for 12 hr.
Spectral analysis of the product after removel of the solvent indicated

that no reaction hed occurred.
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5-Methylindolizine (160).41s108

Phenyl lithium.

Into a three necked flask fitted with a condenser, stirrer and
dropping funnel was placed 200 ml, of dry ether. Freshly cut
lithium ribbon (7.9 g., l.l4 moles) was added. The experiment was
conducted under an atmosphere of nitrogen. Bromobenzene (£9.0 g., 0.57 moles)
was added dropwise with constant stirring over a period of an hour and

the mixture was then stirred for a further hour.

3F(2-(6'-Picolxl) )-l-propanocl (159).

To the phenyl lithium solution was esdded 2,6 lutidine
(60.9 gy 0,57 moles). The mixture was stirred during the addition and
for a further 1 hr. After cooling the solution in an ice bath, ethylene
oxide (25.0 g., 0,57 moles) was added dropwise with stirring and the
solution stood overnight. Methyl alcohol was added to remove any excess
lithium; the solution was then scidified with dilute hydfochloric
acid, The aqueous layer was removed, besified and extracted with ether.
The ether extracts were dried over calcium sulphate and the ether
evaporated. The residue was distilied. b.t. 100°. 0.1 mm of Hg

pressure, 23,8 g. of product (28%).
2;aX(Film) 3300 (broad).

30%_Palladium on charcoal catalyst.
Prepared by the formaldehyde reductive procedure.

Crganic yntheses Collected Volume III, p. 686. C.
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Cyclisstion.

3—(2-(6LPicoly1) )=lepropanol (159) (21.64 g.) together with
the catalyst (0.5 g.) was heated under reflux with stirring for 40 hr.
at 240°. A constant stream of nitrogen was passed through the reaction
vessel for the removal of water as it formed. The contents of the
flask were steam distilled end the distillate extracted with ether.
The ether extracts were dried over calcium sulphate and the ether
evaporated. The licuid was distilled. 10.5 g. (56%) b.p. 88-95° 10 mm.

of Hg pressure. A yellow oil which darkened on standing.

Mooy (95% ELOH) mu (logio€) 334 (3.42), 295 (3.75), 288 (3.62),
283 (3.64), 232 (4.56).
TEW) 2.6 - 3.8, 6p; .46 8, 3p.

Attempted bromination of 5-methylindolizine.

5-Methylindolizine (160) (1.97 g.) and N-bromosuccinimide
(2.67 g.) were boiled under reflux for 24 hr. in carbon tetrachloride
(50 ml.). The solution was filtered and an infrared spectrum taken.
It showed mainly starting material. On removal of the solvent a black tar
resulted; it was extracted with ether and the ether removed to yield

starting material.
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Attempted rrepsration of 5-indolizinylacetic acid.

Prenyl lithium was prepared &s described above, It was added
dropwise to & solution of 5-methylindolizine (160) (6.3 g., 0.05 moles) in
ether (10 ml.). An equimolar amount being used. The solution was

stirred for 2 hr., et room tempersture under an atmosphere of nitrogen.

The solution was then transferred to a Dewar flask which contained a
mixture of solid carbon dioxide and ether. The flask was allowed to stand
overnight.

The product was treated with water (60 ml.) and then ether (50 ml.)
added. An emulsion resulted. Dilute sulphuric acid was added until the

two layers separated and the ether layer was removed and shaken with a

saturated sodium carbonate solution. The aqueous layer was treated with
dilute sulphuric acid to the change point of congo red and a lime-green
froth developed., The solution was extracted with ether snd the ether layer
dried over sodium sulphate. The ether was evaporated leaving a faintly
yellow solid (C.82 g.) the infrared spectrum of which was identical with
that of benzoic acid.

The ether solution from which acid constituents had been extracted
with sodium carbonate solution was dried over sodium sulphete and the

ether removed to leave a liquid (7.3 g.).

))wcm.‘l (Film) 1660, 1640, 1600,

The sample was distilled and yielded two fractions (a) b.p. 89-92°

10 mm Hg pressure, 1l.85 g. shown to be 5-methylindolizine.
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(b) 98-99° 0.3 mm Hg pressure brown liquid (0.38 g.). The nuclear

magnetic resonance spectrum indiceted that it was a mixture of sterting
material end benzorhenone.

A dinitrophenylhydrazine was prepared and its infrared spectrum
was ldentical to that of an authentic dinitrophenylhydrazine derivative

of benzophenone.

2-Methyl-6-ethoxypyridine (163).

Prepared from 2-methyl-6-aminoindolizine (161) in a two stage
1256

process.

(uaternisstion of 2-methyl-6-ethoxypyridine (163) with bromoacetons.

(a) 2-Methyl-6-ethoxypyridine (163) (5.0 g.) was boiled under
reflux in absolute ethanol with bromoacetone (5.0 g.) for 3} hr. The
initially colourless solution went brown. The solvent was removed under
reduced pressure and the remainder treasted with ethyl acetate to yield

a grey solid (164) 0.6 g., m.p. ~ 205°,

. -1
z%ax(NuJol) cm. — 1650
T (T.F.A.) 1.6 m, lp; 2.55 m, 2p; 5.05, 2p; 7.2 s, 3p; 7.85 s, 3p.

Z’(Dzo) 2.1 m, lp; 3.1 m, 2p; 4095 8, 2p; 706 S, 3}3; 708 8, 3p0

Mess spectrum m/e 165 (M'), 150, 123, 122, 109, 94.

(b) 2-Methyl-6-ethoxypyridine (5.C g.) end bromoacetone (5.0 g.) were

added to sulpholsne (12 ml.) and kept for 7 days at 40° ., The solution
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went brown with time. On adding it to ethyl acetate no precipitate was
observed but after warming gently a white solid precipitated 0.18 g.

The compound was identicsl to that found in (a).

(¢) 2-Methyl-6-ethoxypyridine (5.0 g.) and bromoacetone
(5.0 g.) were kept in absolute ethanol (20 ml.) at room temperature for
7 days. After this time it was poured into excess ether (100 ml.) and
a white deliquescent solid precipitated 0.9 g. (9%) of l-acetonyl-2-
methyl-6-ethoxypyridinium bromide (165).

=1 3725

z%ax(Nujol) cm.
1f(D20) 1.45 m, lp; 2.4 m, 2p; 4.3 8, 2p; 5.3 q (under HDO peak);

7.3 s, 3p; 7.5 8, 3p; 8.5, 3pJ =7.5c/s.

Lhen the ethanolic solution was kept for 1 month then 3.93 g. (39%) of
guaternary compound (165) were obtsined. |

No attempt was made to purify the quaternaery compound due to
its instability. |

Attemrted cyclisation of l-acetonyl-R-methyl-6-ethoxypyridinium bromide
(165).

(a) 1-Acetonyl-2-methyl-6-ethoxypyridinium bromide (165) (0.2 g.)
was heated on a steam bath for 1 hr. in 10% sodium bicarbonete solution
(10 ml.). The cooled solution was extracted with ether snd the ether
extracts dried over sodium sulphzte. The ether was evaporated. Ruclear

magnetié resonance showed that the product was the pyridone (164).
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(b) 1-Acetonyl-2-methyl-6-ethoxypyridinium bromide (165)
(0.5 g.) was boiled under reflux for 15 min. in absolute ethanol (20 ml.),
with di-n-butylemine (2 ml.). The solution went yellow immediately. The
solution was poured into water and the aqueous solution extracted with
cther. The ether extracts were dried over sodium sulphate and the ether
evaporated. The solid residue (166) was examined by nuclear magnetic

resonancee.

‘t(CClA) 2.8 my 1lp; 3.7 4, 1p; 4.1 d, 1lp; 5.7 s (broad) 1lip?; 6.45 q, 4p;

7.5 s, 3p; 8.8 m, 9p.

(¢) 1-Acetonyl-2-methyl-5-ethoxypyridinium bromide (165) (0.5 g.)
was boiled under reflux for 15 min. in absolute ethanol (20 ml.) with di-
n-butylemine (2 ml.). The solvent and excess base were removed under reduced
presswre by heating on a steam bath. The solid product was extracted with
light petroleum (b.p. 60-80°) from which a yellow solid crystallised

MePoe 7200
i%ﬂx(Nujol) em. "t 1730, 1660, 1580, 1550, 1125, 1040.

The nuclear megnetic resonance spectrum was the same as the product

of (b). A small amount of comnound (264) was also present.

(d) The experiment was repeated using methanol as solvent and
the boiling continued for 4 hr. The product was examined by nuclear

magnetic resonence.
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T(CC]-A) 2.8 T, lp; 3.6 d, lp; 4.1 d’ lp; 5.7 S (broad’ lép?;
6.7 S, 6p; 7.5 Sy 3p; 8.8 S, 3po

Again, a small amount of the pyridone (164) was present.

(e) 1-Acetonyl-2-methyl-6-ethoxypyridinium bromide (165)
(0.5 g.) was dissolved in 95% ethanol (30 ml.) and 10 g. of IR-4B (OH)
ion exchange resin sdded. The solution was boiled under reflux for 10 min.
and then filtered. The solvent was removed under reduced pressure on a
steam bath and the residue examined by nuclesr magnetic resonance. A
mixture of products was observed, the main constituent being the
pyridone (164).

Boiling the compound (165) in ethanol converted it to the pyridone (164),

Acetylstion of 2-methyl-6-aminopyridine.
2-Methyl-6-aminopyridine (161; (5.C g.) was boiled under reflux

in a 1:1 mixture of acetic anhydride and acetic acid (50 ml.) for % hr,

The solution was poured into water (100 ml.) end excess sodium carbonate

solutlon was added. The aqueous solution was extracted with ether and
the ether extracts dried over sodium sulphate. The ether was evaporated

to yield the acetyl derivative (167) 5.37 g. (77%) m.p. gg°,
))max(Nujol) 3240, 1660 (Acetyl CO),

T’(CCIA) 0.6 s (broad) 1lp; 1.8 m, 1p; 2.45 m, 1p; 3.1 m, 1p;
7.6 8, 3p; 7.85 s, 3p.
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Attemnted quaternisation of the acetyl derivative (167).

(a) The acetyl derivative (167) (2.52 g.) was dissolved in
acetone (20 ml,) and an equimolsr amount of bromoacetone added (2.3 g.).
The solution was boiled under reflux for 7 hr, The solvent was removed
under reduced pressure and the residue treated with water; it did not
dissolve, Chloroform was added and the layers were separated. Only

starting material was recovered.

(b) The acetyl derivative (167) (2.85 g.) was added to sulpholane
(15 ml.) together with an eguimolar amount of bromoacetone (2.5 g.). The
solution was kept at 35o for 3 days and then poured into ether. No

quaternary compound could be isolated.

Ethyl 2-methyloyridine-5-carboxylate (169).

The ester (169) was prepared from 2-methyl-5-ethylpyridine (168)
128

by the method of Plattner, Keller and Boller,

D (Film) 1715 (C=0 ester).

2-Methyl-5-carbamoylnyridine (170).
The amide (170) was preparedl‘g8 from the ester (169) by treatment

with concentrsted ammonia solution.

Y (ujo1) em.™t 3300, 3140, (1), 1675 (amide CO).
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2-Methyl-5-cyanopyridine (171).

The cyanopyridine (171) was prepared from the amide (170)

by treatment with phosphorus oxychloride.128

2., (Najol) 2220 em.” L (CN).

Attempted reduction of ethyl 2-methylpyridine-5-carboxylate §169) with

1ithinm alumininm hydride.

The ester (169) (4.12 g.) in dry ether (50 ml.) was reduced with
lithium aluminium hydride (1.0 g.) in ether (40 ml.) in the usual way.
The solution was boiled under reflux for 2 hr, After working up in the
usual way135 1.74 g. of product were collected, m.p. 38°,  The spectra
of the product indicated that it was a mixture of starting material and
2-methyl-5-hydroxymethylpyridine (177). A partial separation could be

achieved by extracting the hydroxymcthyl comnound (177) with water.

Attempted reduction of 2-methyl-5-carbamoylpyridine (170) with lithium
gluminium hydride.

The amide (34 g.) was added directly to the stirred suspension
of lithium aluminium hydride (1.7 g.) in ether (80 ml.) and the solution
boiled under reflux for several hours. After working up in the usual

135

way only starting materisl was recovered.
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Reduction of 2-mcthyl-5-cyanopyridine (171) with 1ithium sluminium hydride.

2-Methyl-5-cyanopyridine (171) (11.8 g.) was reduced in the
135

usual way with 1lithinam alumininm hydride by boiling under reflux
for ¥ hr. The product was a red liquid 7.9 g. and was distilled
b.pe 100° 20 mm of Hg pressure to yield 2.32 g. (19%) of 2-methyl-5-

eminomethylpyridine (183). A pale yellow solid m.p. 62° (11t237 61-62°).

D01, em.™ 3390, 3190 (faint) (NH ).

Acetyl derivative of 2-mcthyl-5-aminomethylpyridine.

2-Methyl-5-aminomethylpyridine (183) (2.4 g.) was boiled under
reflux for } hr. with a mixture of acetic acid and acetic anhydride
(5 ml. 1:1). The resulting solution was poured into water (10 ml;)
and 10% sodium hydroxide solution added until the solution was basic.
The solution was then extracted with ether and the ether extracts dried
over sodium sulphate. The ether was evaporated to leave 2,1 g. of product.

Spectra showed thet it was the acetyl derivative (184).

T(CDC1;) 1.3 = 2,8 4p; 5.5 d, 2p; 74 8, 3p; 7.9 8, 3p.

On shaking with D20 one of the protons at 1.3 - 2,8 T disappeared

and the doublet at 5.5 T collapsed to a singlet.
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Quaternisation of the acetyl derivative (184).

The acetyl derivative (184) (2.1 g.) was boiled under reflux
in acetone (100 ml.) with bromoacetone (2.0 g.) for 4 hr. The solvent
was removed under reduced pressure, the residue taken up in water and
the aqueous solution extracted with chloroform. The agueous layer was
boiled to dryness under reduced pressure to yield the quaternary salt
(185) (2.6 g.), a brown solid,

9, (Najol) 1725 (acetonyl CO), 1665 (acetyl CO), em.™

Picrate m.p. 116-120°.

t(DZO) 1.0 - 2.0 3p; 4.1ls, 2p; (slowly exchanges with D20);

5./ singlet (under HDO); 7.3 s, 3p; 7.5 s, 3p; 7.9 s, 3p.

Cyclisatioq of the Guaternary Compound (185)

The quaternary comround (185) (0.5 g.) was heated on a steam
bath in 10%¢ aqueous sodium bicarbonate (50 ml.) for 3 hr. The cooled
solution was extracted with chloroform and the chloroform extracts
dried over sodium sulphate. The solvent was removed under reduced
pressure to yield a solid whose nuclear magnetic resonance spectrum
confirmed th-t it was an indolizine, 2-methyl-6-acetylaminomethyl-

indolizine (186).
-1
;%mx(0014) cm. 3430 (NH), 1670 (acetyl CO).

T (T.F.A) 1.0 - 3.0, 4p; 3.4 s, 1p; 4.9 s, 2p; 5.6 d, 2p;
709 S’ 3p; 8.0 s, 3p0
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Hydrolysis of 2-methyl-6-acetylaminomethylindolizine (186).

The acetyl derivative (1826) (0.1 g.) was boiled in concentrated
hydrochloric 2cid (10 ml.) for 1 hr. The scid was removed under
reduced pressure and sodium hydroxide solution (10%) was added dropwise
to an aqueous solution of the residue. When basic, the agqueous solution
was extracted with chloroform. The chloroform extracts were dried over
sodium sulphsete and the chloroform evaporated under reduced pressure to
leave a solid (0.025 g.) which was taken up in deuterochloroform and a

nuclear magnetic resonance spectrum obtained,

T (CDC13) 2.0 - 4.0, 5p; 6.2 s, 2p; 7.6 s (broad) 3p; 7.3 - 8.0 broad

bulge 2p. exchanges with D20.

2-Mgthyl-6-ethylindolizine (173).

2-Methyl-5-ethylpyridine (168) (12.1 g.) was boiled urder
reflux in absolute ethanol (100 ml.) with bromoacetone (13.7 g.) for 7 hr.

The solvent was removed under reduced pressure to yield & thick gum which

was taken up in water £nd the solution extracted with ether. The water
was removed undeér reduced pressure to yleld 20,8 g. of l-acetonyl-2-

methyl-5-ethylpyridinium bromide (172).

»_ (Film) em.™t 1725 (scetonyl CO).

Picrate (ethanol) m.p. 149°.

The gum (20.C g.) was taken up in absolute ethanol (100 ml.)

end di-n-butylamine (25 ml.) was added. The solution was boiled under
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reflux for 2 hr. and the solvent was then removed under reduced pressure.
Wwater (200 ml,) was added and the resulting solution was extracted with
ether. The ethcr extracts were dried over sodium sulphate and the

ether evaporated to leave a black liquid which was distilled under

reduced pressure. There were two main fractions.

(1) bup. 54 - 60° at 19 mn of Hg pressure, di-n-butylamine.

(2) b.p. 80° at 0.3 mm of Hg pressure. It solidified in
the receiver flask, faintly yellow solid 5.9 g. (37%) which was
crystallised from light petroleum (b.p. 40-60°) to yield white

flekes of 2-methyl-6-ethylindolizine (173) m.p. 28°.

Found: C, 82.6; H, 8,0; N, 8.5%

Calculated for 011H13N: C, 83.0; H, 8.2; N, 8.8%

Picrate m.p. 106°

2 (Najol) em.~1 1640, 1555, 1520, 1295, 1250, 1205, 1135.

1(0014) 2.4 s (broad) 1p; 2.8d J =9 ¢/s, 1p; 3.0 s, 1Ip;
3.52 d (also J =2 ¢/s split) J =9 ¢/s 1p; 3.82 s, 1p;

7.5 q, J = 7.5 ¢c/s, 2p; 7.7 s, 3p; 8.8 t, J = 7.5 ¢/s, 3p.

Ethyl 2-methylindolizine-6-carboxylate (175).

Ethyl 2-methylpyridine-5-carboxylate (169) (8.25 g.) and bromo-
acetone (8,0 g.) were boiled under reflux in sbsolute ethanol (30 ml.)
for 6 hr. The solvent was removed under reduced pressure to yield a
green gum. An aqueous solution of the gum was extracted with chloroform

to remove any non qusternary material., After removal of the water by
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boiling under reduced pressure 13.7 g. of ethyl l-acetonyl-2-methyl-
pyridinium bromide-5-carboxylate (174) remsined.

Cyclisation could be effected in one of two ways:

(1) The quaternagy compound (174) (13.7 g.) was heated on a
steam bath for 2 hr. in 10% sodium bicarbonate solution (180 ml.).
The green solution went brown. The cooled solution was extracted with
ether and the ether extracts dried over sodium sulphate. The ether
was evaporated to leave a yellow solid (4.2 g.) which was crystallised
from light petroleum (b.p. 40-60°) to yield 3.5 g. (35%) of a yellow solid
ethyl-2-methylindolizine-6-carboxylate (175) m.p. 73.5°.

Found: C, 71.1; H, 6,1; N, 6.7%

c NO,, requires: C, 70.9; H, 6.5; N, 6.9%

12"13
7 ¢ (Mujol) 1705 (ester CO).

z:(0014) 1.4 s (broad) lp; 2.8 s (broad) 3p; 3.8 s (btroad), 1p;

5.7aJ =7.5¢/8, 2p; 7.7 s, 3p; 8.6t T =7.5c¢/s, 3p.

T(T.F.A.) 0.3 s, 1p; 0.9d, 1p; 1.8 d, 1p; 2.9 8, 1p; 4.4 s, 2p;

5.3qJ =7.5¢/s, 2p; 7.5 8, 3p; 8.4t J =7 c/s, 3p.

(2) The quaternary compound (174) (7.6 g.) was boiled
under reflux in absolute ethenol (100 ml,) with di-n-butylemine (2.5 ml.)
for 2% br. The solvent was removed under reduced pressure snd the
residue treated with water. The agueous mixture was extracted with

ether and the ether extracts dried over sodium sulphete. The ether was
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evaporated and the residue was crystallised from light petroleum
(b.p. 40-60°) to yield 1.9 g. (34%) of ethyl 2-methylindolizine-6-

carboxylate (175).

Treatment of ethyl 2-methylindolizine-6-carboxylate (175) with sodium

and _ethanol.
Ethyl 2-methylindolizine-6-c=rboxylate (175) (1.0 g.) was

boiled under reflux in sbsolute ethanol (25 ml.). Sodium (0.7 g.)

was added in small pellets down the condenser over a period of % hr.

The solution wos boiled for a further 10 min. and then the excess ethanol
removed under reduced rressure. hater (50 ml.) was added and the
solution was extracted with ether., After drying the ethereal

solution over sodium sulphate the ether was eveporated. The residue was
examined by nuclear magnetic resonmance. A confused spectrum resulted

but the peaks furthest downfield were at 3.75 T and 4.4 7 indicating
reduction had occurred. There was no longer any signal due to the

ethoxy group protons.

1-Acetonvl-2-methyl-5-carbamoylnyridinium bromide (178).

2-Methyl-5~carbamoylpyridine (17C) (5.0 g.) and bromoacetone
(6.0 g.) were boiled under reflux in absolute ethanol (50 ml.) for 7 hr.
The guaternary product crystallised from the alcohol solution. The
solid was filtered off and the solution reduced in volume by removal
of solvent under reduced pressure. Further solid crystallised and was

collected, The total yield was 7.4 g. (74%) of quaternary compound (178);
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it was recrystallised from aqueous alcohol to give white flakes

mopo 25300

Found: C, 44.4; H, 4.6; N, 10.1%
CIOHIBBrN202 requires: C, 44.0; H, 4.8; N, 10,3%

2, (Fugol) em.”L 3270, 3120 (NMH) 1735 (acetonyl CO) 1690 (amide CO).

Chloroplatinate m.p. 212°,

(T.F.4.) 0.3 s, 1lp; 0.7 d, 1p; 1.6 d + bulge, 3p; 3.8 s, 2p;

7.0 g, BP; 7-3 S, 3pl

2-Methyl-6-carbamoylindolizine (179).

The quaternary salt (178) (3.3 g.) was boiled in 95% ethanol
with di-n-butylamine (5 ml.) for 2% hr. On cooling a yellow solid
crystallised and was filtered off. TFurther solid was obtained by
reducing the volume of the solution. The faintly yellow solid was
recrystallised from 95% ethanol to yield 1.7 g. (81%) of 2-methyl-6-
carbamoylindolizine (179) m.p. 205° (decomp.).

Found : C’ 68.8; H, 5.7; N, 15090

c N,O requires: C, 69.0; H, 5.8; N, 16.1%

10t10M2
2éax(Nujol) 3370, 3190 (NH) 1655 (smide CO), 1630, 1600, 1427,
1120, 740.

T (T.F.A,) O.h s (broadl lp; 1.0 d, 1p; 1.9 4 + bulge, 3p;
2.9 s (broad), 1lp; 4.4 8, 2p; 7.5 8, 3p.
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Attemrted dehydration of 2-methyl-6-carbsmoylindolizine (179) to

2-methyl-b-cvenoindolizine (1€1).

The smide (179) and phosphorus oxychloride (5 ml.) were heated
at 130o for 4 hr. The excess phosphorus oxychloride was removed by

distillstion under reduced pressure. The residue was covered with

chloroform (30 ml.) and a concentrated solution of sodium carbonate
added until reaction ceased. The aqueous solution was extracted with
chloroform end the chloroform extracts washed with water. After drying
over sodium sulphate the chloroform was removed under reduced pressure
to leave a brown solid (0.59 g.). The infrared spectrum indicated both

the required product and starting material were present.

. -1
i;ax(Chc13) em,” " 2230 (CN) 1670 (amide CO).

Attemrted rednction of 2-methyl-b6-carbamoylindolizine (179) with

lithium zluminium hydride.

(a) The amide (179) (0.3 g.) was subjected to reducing

conditions in the ususl way135

using lithium aluminium hydride (0.5 g.)
in tetrahydrofuran (70 mls. total). The solution was stirred for ¥ hr.
end then boiled under reflux for 5 min. After working up in the usual

way only starting materizl was recovered,

(b) The ex-eriment was repeated and the solution was boiled

under reflux for 4% hr. The solution went green. After working up
in the usual way material was obtained which could not be characterised

but nuclear magnetic resonznce indicated that ring reduction may have
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occurred. The rroduct was soluble in carbon tetrachloride and there

were no peaks below 3,757 .

9, (Filn) em.”1 3460, 3370, 1645, 1430, 1280, 1130, 1060, 785,

1-Acetonyl-2-methyl-5-cyanopyridinium bromide (182).

(a) 2-Methyl-5-cyanopyridine (171) (7.1 g.) and bromoacetone
(9.0 g.) were boiled under reflux in absolute ethanol for 7 hr. The
solvent was removed under reduced pressure and the residue teken up
in water and extracted with chloroform. Starting materiasl (1.2 g.)
was subsequently recovered from the chloroform layer. The aqueous layer
was boiled to dryness under reduced pressure to yield a buff solid which

crystallised from acetone 5.4 g. (35%) m.p. 156°.

Found: C, 47.1; H, 4.1; N, 10.6%

CloﬂllBrN20 requires: C, 47.1; H, 4.3; N, 11.C%

2 (Nujol) em.” L 2250 (CN) 1735 (acetonyl CO).

‘Z(Dzo) 0.5 s, 1p; 0.9 d, 1p; 1.6 d, 1p; 3.9 s, 2p (exchanges slowly);

7.1 8, 3p; 7.4 8, 3p.

(b) 2-Methyl-5-cyanopyridine (171) (2.0 g.) end bromoacetone
(4.7 g.) were boiled under reflux in acetone (25 ml,) for 2% hr. and
worked up in the ususl way. The product crystallised from acetone

0.46 g« (17.5%).
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(¢) The experiment was repested in absolute ethanol and the
solution boiled under reflux for 16 hr. 1.0 g. of 2-methyl-5-cyano-

pyridine (171) afforded 1.0 g. (46%) of the quaternary compound (182).

() The nitrile (171) (2.0 g.) and bromoacetone (4.7 g.) were
xept in sulpholane (10 ml.) for 3 days at 35°. The solution was poured
into excess ethyl scetete and the quaternary compound (182) filtered off.

2.3 g. (53%) were collected.

(e) The nitrile (171) (10.1 g.) end bromoacetone (20.0 g.)
were kept in sulrholane (50 ml.) at 42° for 3 days. The solution was
poured into excess ethyl acetate and the solid was filtered off; it
appeared to be still conteminated with sulpholane. The compound was
dissolved in water and the aqueous solution was extracted with chloroform
end ether. The aqueous solution was boiled to dryness under reduced
pressure to yield 2 dark green solid (23.3 g.). This crude quaternary

compound was used for cyclisaticn without further purification.

2-Mcthyl-6-cyanoindolizine (181).-

1-Acetonyl-2-methyl-5-cyanopyridinium bromide (182) (5.46 g.) was
heated on a steam bsth in 10% sodium bicarbonate (1CO ml,) for 1} hr.
The cooled solution was extracted with chloroform and the chloroform
extrects dried over sodium sulphste.,

The solvent was removed under reduced rressure and the dark

residue was extrscted with light petroleum (b.p. 60-80°). A yellow
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solid crystallised from the solvent. 2.44 g. (78%) m.p. 99°.

Found: C, 76.6; H, 4.8; N, 17.6%

C10H8N2 requires: C, 76.9; H, 5.2; N, 17.9%

»__ (Najol) 2225 em.”™  (ON)
M oy (95% Etbanol) my (log £ ) 207 (4.24), 253 (4.71), 259 (4.71),

m
291 (3.57), 310 (3.50).

7 (CDC1,) 1.7 s, 1p; 2,7 m, 2p; 3.3 mJ =9 ¢/s also further split

J =2c¢/s, 1p; 3.6 s, 1p; 7.9 s, 3p.

If the treatment with aqueous sodium bicsrbonate solution was

prolonged emide formstion occurred.

fttempted reduction of 2-methyl-6-cyanoindolizine (181).

(a) The cyanoindolizine (181) (1.0 g.) was dissolved in absolute
ethenol (20 ml.) and a 10% Pd/C catalyst added, Subjecting the solution
to one atmosphere pressure of hydrogen for 2 days had no effect and only

starting material was recovered,

(b) The cyanoindolizile (181) was subjected to lithium
aluminium hydride reduction in ether at room temperature. After working

up in the usual way the product was examined end found to be identical to
that found in (e).
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(¢) The cyanoindolizine (181) (0,5 ¢.) in dry ether (70 ml,)
was added to a suspension of lithium aluminium hydride (0.5 g.) in
ether (50 ml,) under an atmosphere of dry nitrogen, The solution was
boiled under reflux for 2% hr, and then worked up in the usual way.135

The product was a pale brown liquid (0.4 g.).

))max(Film) S 3460, 3370, 3200, 1645
P, (benzene) em,~t 3490, 3400, 1645

A ox (95% ethanol) mu 210, 242, 303, 339,
The nuclear magnetic spectrum is shown in Figure 6,

Treatment of 2,6-dimethylindolizine with 1ithium aluminium hydrigde,

When 2,6-dimethylindolizine was boiled in ether with an excess
of lithium aluminium hydride for 4% hr, only starting material was

recovered and no reaction occurred,

2-Methyl-6-hydroxymethylindolizine (176).

Ethyl 2-methylindolizine-6-carboxylate (175) (1.83 g.) was
reduced with lithium aluminium hydride (1,0 g.) inether (45 ml,), The
solution was stirred for 15 min, and then boiled under reflux for 1 hr,
The reaction was worked up in the usual way to yield a cream solid
1,28 g. (88%) which crystallised from 1light petroleum (b.p. 60—800)
m.p. 96°.
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Found: C, 74,23 H, 6,63 N, 8,3%

Cy oy N0 requires: C, 74,53 H, 6,95 N, 8,7%

%&ax(Nujol) cm.’l 3240 (broad) (OH) 1300, 1020, 810, 735.

7(CDC15, 15%) 2,35 s, 1p; 2.75 &, 1p; 3.0 s, lpj 3.45 4, 1p;

3.7 8, 1p; 5.6 8, 2p; 7.15 8, 1p; 7.7 8, 3p.

The proton in the 3 position exchanges when the solution is shaken
with DZO as well as the singlet at 7,157 . After standing overnight

both the 3 and 1 position protons exchange,

Attempted premration of a tosylate of 2-methyl-6~hydroxymethylindolizine
(176).

The hydroxymethylindolizine (176) (0,1 g,) was dissolved in
pyridine (0,3 ml,) and p-toluenesulphonyl chloride (0,2 g,) was added,
The solution was heated on a steam bath for 1 hr,, cooled and added to
5% hydrochloric acid (3 ml.). A dark green solid precipitated which

could not be characterised,

Tfeatment of 2-methyl-6~hydroxymethylindolizine (176) with sodium

and ethanél.
To a boiling solution of the hydroxymethylindolizine (176)
(0.5 g.) in absolute ethanol was added sodium (7.0 g.,) in small

pellets down the condenser over a period of 7 hr, The resulting solution
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was3 boiled under reflux for a further 1 hr, The excess ethanol was
removed under reduced pressure and water (100 ml,) was added to the
residue, The aqueous solution was extracted several times with ether
and the ether extracts dried over sodium sulphate, The ether was
evaporated leaving a dark brown oil, An attempt to purify the
product using thick layer chromatography was not successful, Several
constituents were observed but the material decayed on the plates,
Nuclear magnetic resonance indicated that reduction had taken place,

The peaks furthest downfield were at 3,6 T and 4,2 T .

2-Methyl=-6-hydroxydideuteromethylindolizine,

Ethyl 2-methylindolizine-6-carboxylate (175) (0.38 g.) was
treated in ether (50 ml,) with lithium aluminium deuteride in the
usual way, The solution was stirred for 1 hr, and then boiled under
reflux for 13 hr, After working up 0,33 g. of product was collected,
The nuclear magnetic resonance spectrum had no signal at 5.6 ¥ which

is the position of the methylene group protons in the non deuterated

compound ,

g-Methylindolizine (188),

6-Methylindolizine (188) was prepared by the method of Scholtz

as described by Armarego.l1



1,3-Diacetyl=6-methylindolizine (187).

TZ(CDCIB) 0.15 s (broad), 1p; 1.k d, T = 9 ¢/s, 1p; 2,05 s, 1p;

2.6myJ =9 ¢/8,J =2 c/s, 1p; 7.4 4, 6p3 7.6 38, 3p.

6-Methylindolizine (188).

't(CClL‘:) 2.25 s (broad, 1p; 2.5 - 2.8 m, 2p; 3,2 = 3.7 m, 3p;

708 S’ 3P.

2-Picoline-l-oxide,

Prepared from 2-picoline by the method of Feely and Beavers.129’133

1-Methoxy-2-methylpyridinium methyl sulphate (189),

Prepared f rom 2-picoline-N-oxide and dimethyl sulphate.129’133

o-Methyl-h=-cyanopyridine (191),

Prepared from l-methoxy-2-methylpyridinium methyl sulphate (189)
by treatment with aqueous sodium cyanide.129’133
L06 g. of l-methoxy-2-methylpyridinium methyl sulphate gave 138 g,
of a dark red liquid as the crude product., It was distilled, b,p.
200-230°. Yield 82.5 g. On standing, part of it crystallised, It was
filtered, The solid was mainly 2-methyl-6-cyanopyridine (190) (5.0 g.).
Distillation of the liquid at reduced presswe gave a fraction
b.pe. 90-104o 15 mm of Hg pressure which was predominately the required

compound (191) (47.8 g.).
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A total of 29,0 g. of 2-methyl-6-cyanopyridine (190) was
also collected, b.pe. 104-120° at 15 mm of Hg pressure, and was

recrystallised from light petroleum (b,p. 40-60°),

2-Methyl=6~-cyanopyridine (190) .

Do (Nujol) 2240 (CN) |

7;(cc1h) 2,0 - 2,7 3p3 7.4 s, 3p.

2-Methyl=l-cyanopyridine (191).

D (Film) 2245 (CN)

T (ccL,) 1.25 4, 1p; 2,6 my 2p; 7.37 8, 3p.

1-Acetonyl-2-methyl=ij~cyanopyridinium bromide (192).

(a) 2-Methyl-k-cyanopyridine (191) (7.0 g.) and bromoacetone
(4.0 g.) were kept in sulpholane (30 ml,) for 3 days at 25°, The
solution was added dropwise with trituration to ethyl acetate (150 ml,),
A thick o0il separated which eventually solidified. The s0lid was filtered
offy taken up in water and the solution washed with ethexr., The aqueous
solution was then bciled to dryness under reduced pressure to yield a
pink solid” (192) 13.3 g. (88%). It crystallised from acetone m.p, 152-5°

Chloroplatinate (water) 186° (decomp.) .

(v) 2-Methyl-lt-cyanopyridine (191) (14.2 g.) was boiled under

reflux in acetone (80 ml,) with bromoacetone (20.0 g.) for 1 hr,
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The quaternary compound (192) came out of solution as a thick gum and

with trituration it solidified and was filtered off, 14,8 g. (L48%).

i%ax(Nujol) (CN absent) 1735 (acetonyl CO).

7(D,0) 0.95 &, 1p; 1.k s, 1p; 1.55 4, 1py 4.0 sy 2p3 7.15 8, 3p;

70“‘5 5, 3P0

2-Methyl=7-cyanoindolizine (193),

(a) When the quaternary compound (192) was heated on a steam
bath in 10% sodium bicarbonate the product of the reaction was a mixture

of the required product (193) and the corresponding amide,

j?max(Nu,jol) cm.'l 3380, 3200 (NH), 2225 (CN), 1655 (amide CO),

The process was repeated using only 5 min, warming, In this

case a negligible amount of product was collected.

(b) The quaternary compound (192) (7.0 g,) was boiled under
reflux in 95% ethanol for 2 hr, with di-n-butylamine (10 ml.). The
initially yellow solution went deep red, The solution was stood over-
night and then the solvent removed under reduced pressure, The residue
was treated with water and chloroform and the chloroform layer removed
and dried over sodium sulphate, When the chloroform was evaporated a
black tar remained. The tar was treated with hydrochloric acid (50 ml, 10%)

and the solution extracted with chloroform, After removal of the solvent
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under reduced presswe itwas found that the product was still
contaminated with di-n~butylamine, Nuclear magnetic resonance indicated

the correct product was also present,

(¢) The quaternary compound (192) (4.8 g.) was boiled under
reflux in 95% ethanol for % hr, with IR-4B (OH) ion exchange resin (30 g
The resin was filtered off and the ethanol evaporated under r educed
pressure, fhe residue was extracted with light petroleum (b,p. 60-800)
and a yellow solid crystallised from it. 0.75 g. (247) 2-methyl-7-

cyancindoliziné193) m,p. 75.5°%.

Found: C, 76.5; H, 5.1; N, 18,0%

C1oHgN, requires : C, 76.9; Hy 5.25 N, 17.9%
Y (Fujol) 2235 (CN)

z(ccy) 2.1 m, 2p; 2.6 8, 1p; 3.4 m, 2p; 7.65 s, 3p.

Reduction of 2-methyl-7-cyanoindolizine (193) with 1ithium aluminium

hydride,

2-Methyl-7-cyanoindolizine (193) (0,14 g.) was reduced with
1ithium aluminium hydride by boiling an ether solution (40 ml,) for
15 min, The reaction was worked up in the usual wayl35 to yield a
crean solid (194) 0.1 g. (72%). It crystallised from light petroleunm

(bv.p. 60-800) 2-nethyl-7-aminomethylindolizine, m,p., 94°,
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Found: N, 17.3%
CloleN2 requires: N, 17,3%

. -l 7
j&ax(NuJol) cm, — 3360, 3280 (NH)
The nuclear magnetic resonance 1is shown in Figure 7,

Attempted quatemisation of 2-methyl-6-cyanopyridine (190),

2-Methyl-6-cyanopyridine (190) (7.0 g.) was kept in sulpholane
(20 ml,) for 3 days at 35° with bromoacetone (14,0 g.). On adding
the solution to ethyl acetate no precipitate was observed, The same
procedure was employed using ether but again no precipitate was obtained,
It was concluded that 2-methyl-6-cyanopyridine would not react with

bromoacetone under these conditions,

Reduction of 2-methyl-L-cyanopyridine (191) with lithium aluminium hydride,

2-Methyl-4=cyanopyridine (191) (5,0 g.) in dry ether was added
dropwise with stirring to a suspension of lithium aluminium hydride (3.2 g.)
in dry ether (40 ml,), The solution was boiled under reflux for 3% hr,
Water (6 ml,) was added dropwise with stirring and the solution filtered,
The residue was extracted with boiling ether, The ether extracts were
dried over sodium sulphate and the ether eraporated to leave 4,12 g, of
a red liquid, The product was distilled and the fraction boiling at 112-116°

at 15 mm Hg pressure collected, 2-Methyl-4-aminomethylpyridine (195).
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»_ (Filn) em, Y 3370, 3290 (NH)

'E(CDCl}) 1.k d, 1P; 2,8 m, 2p;j 601 3, 2p3 7.4 Sy BP;

8,35 s, 2p. (exchanges with D20).

Acetyl derivative (196),

The amine (195) (1.0 g.) was added to a mixture of acetic acid
(6 ml.) and acetic anhydride (2 ml,) and the solution heated at 100°
for % hr, A deep blue solution resulted, The majority of the solvent was
removed at reduced pressure and to the residue was added a saturated
solution of sodium carbonate until the solution remained basic, The
aqueous solution was then extracted with chloroform, The chloraform layer
was dried over sodium sulphate and the chloroform evaporated under

reduced presswe, 1,12 g. of a magenta coloured liquid were obtained,

i&ax(Film) cm._l 3280 (broad) (NH) 1660 (acetyl CO),
‘Z(CDCIB) 1,5 4, 1lpy 2,5 wide bulge, 1lp; 2.9 m, 2p3 5.6 4, 2p;

7.5 8y 3p; 7.95 8, BPQ

Quaternisation of 2-methyl-h—aceﬁyiaminbmethylpyfidine (196),

The acetyl derivative (196) (1,1 g.) was boiled under reflux
in acetone (25 ml,) for 33 hr, with bromoacetone (2,0 g.). The solution
was stood overnight and a buff solid crystallised from the solution, It
was filtered off and recrystallised from an acetonq/ethénol mixture to
yield a white solid, l-acetonyl-2-methyl-h-acetylaminomethylpyridinium

bromide (197) 1.76 g. (87%) m.p. 197°,
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Found: C, 47.4; H, 5.63 N, 8.9%

Cl7H17Bﬁﬂ202 requires: C, 47.8; H, 5.7 N, 9.3%
{;ax(Nujol) cm.-l 3280 (NH), 1730 (acetonyl €O), 1665 (acetyl CO),
‘U(DZO) 1.35 4, 1p; 2.1 m, 2p; 415 s, 2p (exchanges slowly);
703 S’ BP; 705 S, 3p; 7.85 3, 3po

z(T.F.A.) 1.2 m, 2p3 1.9 m, 2p3 4.1 s, 2p; 4,95 4 J = 6 ¢/s, 2p;

7.2 5, 3Pi 7035 S’ 3P3 7045 S, BP-

Cyclisation of l-acetonyl-2-methyl-k-acetylaminomethylpyridinium bromide (197),

The quatemary compound (197) (0.5 g.) was heated on a steam bath
with an aqueous sodium bicarbonate solution (40 ml,, 10%) for % hr, The
initially yellow solution turned orange., The solution was extracted with
ether and the ether layer dried over sodium sulphate, filtered, and the
ether evaporated to leave 0,17 g, (51%) of 2-methyl-7-acetylaminomethyl-
indolizine which crystallised from light petroleum (b.p. 60-80°) m,p. 158°,

;)maX(Nujol) em, L 3300 (NH), 1650 (acetyl C0).

L-Nitro-2-methylpyridine-l-oxide (199).

2-Methylpyridine-l-oxidel29 was nitrated according to the method

130

of Ochiai,

L-Methoxy-2-methylpyridine (200),

L-Methoxy-2-methylpyridine (200) was prepared from 4-nitro-2-

methylpyridine-l-oxide (199) by treatment with sodium methoxide to give
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L-methoxy-2-methylpyridine-l-oxide which was converted to L4-methoxy-2-~

methylpyridine (200) by treatment with phosphorus trichloride >t

2-Methyl-7-methoxyindolizine (202),

L-Methoxy=2-me thylpyridine (200) (6,81 g,) was added to acetone
(20 ml,) together with bromoacetone (9,0 g.). After ﬁarming slightly a
reaction commenced and it was allowed to go to completion, The solution
was then warmed for a further 15 min, on a steam bath, cooled and filtered,
The buff solid was washed with acetone, Yield 11,9 g, (83%) of l-acetonyl-

2-methyl-h-methoxypyridinium bromide (201) a deliquescent solid m.p. 146°.

. =1
i%ax(NuJol) em, — 1725 (acetonyl CO)

r(T,F.A,) 1.4 4, 1p; 2.5 m, 2p} 4.2 s, 2p; 5.75 8, 3p3 7.3 8, 3p;
701{' B, 3Po

The quaternary compound (201) (5,0 g,) was heated on a steam
bath for 4 hr, with 10% sodium bicarbonate solution (50 ml,)., After
cooling, the solution was extractéd.with ether and the ether layer dried
over sodium sulphate, The ether was evaporated on a steam bath and
the residue crystallised from light petroleum (b.p. 40-60°) to yield

0.20 g. (7%) of 2-methyl-7-methoxyindolizine (202) m.,p. 88-91°,

Found: C, 74,2; H, 6.65; N, 8,7%

ClOHllNO requires: C, 74.,5; H, 6.9; N, 8,7%
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D, (NujoL) om.”} 1650, 1525, 1250, 1220, 1025, 820, 780, 760, 710.

’Z(CCIA) 2,254J =7 ¢/s, 1p3 3,05 s, 1p; 3454 T = 3 ¢/s, 1ps

3.8 my 1p; 4,0 s, 1lp; 6.2 8, 3p; 7.7 s, 3p.

Treatment of 2-methyl-7-methoxyindolizine (202) with sodium in ethanol,

2-Methyl-7-methoxyindolizine (0,1 g,) was boiled under reflux in
absolute ethanol (20 ml,) and sodium (1,0 g.) was added pellet-wise down
the condenser over a period of 7 hr, After boiling for a further 1 hr,
the solution was poured into water (250 ml,) and the aqueous solution
extracted with ether, After drying over sodium sulphate the ether was
evaporated and the residue taken up in deuterochloroform, A nuclear

magnetic resonance spectrum was obtained,

’L’(CDC13) 3.6 83 4.5 83 L. sy 6.3 my 7.4 my 7.9 83 8.7 s (v broad);
9.05 s,

The spectrum indicates that reduction has occurred.

7-Methylindolizine (203),

7-Methylindolizine was prepared by the method of ;'u'marego.l1

(cCl, 2%) 2,133 =7c¢/s, 1p; 2.8 my 2p; 3.3 my, lp; 3.7 m, 2p;
707 S, 3po
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Ethyl 2-methylpyridine=3-carboxylate (207).

The esterwas prepared by the method of Sato and Mishma.132

Ethyl aminocrotonate (204) 64,5 g, was dissolved in absolute
ethanol (250 ml,) and piperidine (1,5 g,) was added, Acrolein (205)
(33,5 g.) was added dropwise over 3 hr, with stirring, the temperature
being maintained at 40—500 on a water bath, The mixture was then boiled
under reflux for 3 hr, and then the ethanol and piperidine distilled
off under reduced pressure to give a product which was distilled under
reduced pressure b,p, 1320 0.6 mm of Hg pressure, 33,5 g, collected,
The nuclear magnetic resonance spectrum of the product indicated that it
was essentially the required product and that only a small amount of
dihydro compound was present, It was crystallised from light petroleum

(b.p. 40-60°).

Y, (CC,) em.,™ 1725 (ester €0)

’t(CClk) 1,5 my 1p; 1.9 m, 1p3 2.9 m, 1p; 5,7 ¢ J = 7 ¢/s, 2p;
7.34 s, 3p; 8,65 t, J = 7 ¢/s, 3p.

Quaternisation

The e ster (207) (6,0 g,) was boiled under reflux in absclute
ethanol (50 ml,) with bromoacetone (5,0 g,) for 5 hr, The solvent was
removed under reduced pressure and ethyl acetate was added, A thick gum
resulted which would not solidify. The ethyl acetate was decanted from
the product and the last traces removed under reduced pressure, The

product was taken up in water and the solution washed with ether,
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After removal of the water under reduced pressure the quaternary compound

(208) was still a gum,

. -1
j;ax(Fllm) cm. ~ 1720 (broad peak)

Cyclisation
The quaternary compound (208) was heated for 4 hr, on a steam

bath in a saturated solution of sodium bicarbonate, The aqueous solution
was extracted with chloroform and the chloraform extracts dried over
sodium sulphate, After the solvent had been evaporated under reduced
pressure 0,64 g, of a brown liquid remained, Nuclear magnetic resonance,
infrared and mass spectra indicated that it was ethyl-2-methylindolizine-

8-carboxylate (209).

)%max(Film) cm.-l 1705 (ester CO)

'5(0014) 2,15 d, 1p; 2,6 m, 1p; 2.95 s (broad) 1p; 3.2 s (broad, 1p;

2,7 m, 1p; 5,65 qJ = 7 ¢/s 2py 7.7 8y 3p3 8.6 t T =7 /s, 3p.

The aqueous solution after chloroform extraction was acidified
with hydrochloric acid (20%) and again extracted with chloroform, After
the solvent had been evaporated under reduced presswre there remained a
yellow solid 0,9 g. m.,p. D 300o (decomp,). Nuclear magnetic resonance,
infrared and mass spectra indicated that it was 2-methylindolizine-8-

carboxylic acid (210),
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ﬁmax(Nu,jol) cm."l 1665 (broad) (acid €0),

T (T4 0.9 my 2p3 2.1 m, 2p; 445 8, 2D5 TJ45 s, 3p.

8-Methylindolizine,

The method employed was as described for the preparation o

32

indolizine-2-carboxylic acid by Borrows and Holland”™ but 2,3 lutidine

was used, The acidwas decarboxylated as described by Diels and Alder.29’30

Dimethylindolizines,

The method employed to prepare 2,5-, 2,6-, 2,7- and 2,8-dimethyl-
indolizine is described fully for 2,5-dimethylindolizine, The others were

prepared in a similar fashion,

2,5-Dimethylindolizine,

2,6 Lutidine (10,7 g.) and bromoacetone (14,0 g.) were boiled
under reflux in absolute ethanol (100 ml,) for 6 hr, The ethanol was
evaporated under reduced presswre to leave a crude product which was
crystallised from acetone to whichVB% ethanol had been added. Yield 6.7 g.
of l-acetonyl-2,6-dimethylpyridinium bromide a white crystalline solid,

m.p. 194°,

Found: C, 49.43 H, 5.8; N, 5.8%
Calculated for ClOthBINO: Cy 49.23 Hy 5,73 N, 5,7%

j%nax(Nujol) cm.-l 1720 (acetonyl €0)

’E(T.F.A-) 1,55 m, IP; 2,05 m, 2p; 4,05 s, 2p; 7.2 8, 6p" 7.3 S, 2p.
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1l-Acetonyl=-2,6-dimethylpyridinium bromide (2.0 g.) was heated on
a steam bath for 3 hr with 10% sodium bicarbonate solution (50 ml,),
The solution was extracted with ether and the ether solution dried over
sodium sulphate, The ether was evaporated to leave a dark liquid (0.32 g,),
The product was distilled and two fractions were collected,

(1) v.p. 40° at 15 mm Hg pressure shown to be 2,6 lutidine,

0
(2) b.p., 116 at 15 mm pale yellow liquid 2,5-dimethylindolizine,

T (CC1,) 2.8 47 = 9 ¢fs, 1p; 3.05 s (broad), 1p; 3.1 - 3.9, 3p;

7.6 8, 3p; 7.65 s, 3p.

7 (T.F.A) 1.5 m, 1p; 2.0 - 2.4 m, 2p; 2,96 s (broad) 1lp; 4.7 s, 2p;
7.1 85 3p5 7.5 s, 3p.
A ax(957% EtOH) mu (log £) 215 (4.08), 238 (4.34), 267 (3.60),
274 (3.56), 287 (3.47), 299 (3.56), 335 (3.28),

2,6-Dimethylindolizine,

1-Acetonyl 2,5 dimethylpyridinium bromide

2%mx(Nujol) cm."1 1722 (acetonyl qo)
2 (T.F.A.) Lk = 2.2, 3p; bl s, 2p3 7.25 s, 3o; 7.37 s, 6p.

2,6-Dimethylindolizine

'r(0014) 2.45 s (broad), 1p; 2.86 4 J = 9 ¢/s, 1p; 3.05 s, 1p;

3.6 m’ lP; 3-9 S, lp.’ 7-71“ S, BP.’ 7.83 S’ 3p‘
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~(T.F.A,) 1,25 s (broad), 1lpy 1.65daJ = 8 ¢/s, 1py 2,154 J = 8 ¢/s, 1p;

3,12 s (broad), lp; 4.6 8, 2ps T s, 3})5 7.6 Sy 3p.

A, (95% Et0H) mu (log & ) 218 (4.06), 243 (4.40), 285 (3.22),

292 (3.32), 303 (3.29), 345 (3.29).

2,7-Dimethylindolizine,

l-Acetonyl=2,4~dimethylpyridinium bromide
Z;ax(Nujol) cm.—l 1725 (acetonyl CO)

’K(ToFvo) 1.3 d—’ lp; 2005 m’ 2P; 24'007 S, 2P; 703 m’ 9p°

2,7-Dimethylindolizine

T(CC1,) 2,38 43 = 7 ¢/s, 1ps 3.05 s (broad), 2p; 3.9 m, 2p; 7.72 s, 3p;
7078 S’ 3Po

Amax(95% Et0H) mu (log € ) 217 (L4.14), 242 (4,52), 280 (3.46), 287 (3.54),
300 (3.59), 345 (3.31).

2,8-Dimethylindolizine,

l-Acetonyl-Z,3-dimethylpyridinium bromide
‘ . 4
2%max(NuJol) em, — 1735 (acetonyl €O),

T(T.F.AL) 1.4 my 2p3 2,0 m, 1p; 3.95 s, 2p3 7.3 my 9p.

2,8-Dimethylindolizine distilled at 120° at 20 mm Hg pressure,

1:(0014) 2,45 a7 = 6 ¢/s, 1p; 3.05 s (broad), 1p; 3.75 my 3p; 7.7 S, 6p.
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T(T,F.A,) 1,237 =6 ¢/s, 1p; 1,74 T = 8 ¢/s, 1p; 2.3 m, 1p;

3.0 s (broad), 1p; 4.5 8, 2p; 7.35 8, 3p3 7.56 S, 3p.

A, (95% EtoH) mu (log £) 239 (4.56), 278 (3.38), 286 (3.50),
298 (3.58)’ 337 (30&2)0

1,2-Dimethylindolizine,

Prepared by the method of Holland and Naylerl8.
l-Acetonyl-2-ethylpyridinium bromide

Z%ax(Nujol) cm,-l 1725 (acetonyl CO)

T(T.F.A,) 1,0 - 2,0, Lp; 3.95 8, 2p; 6.9 aJ = 7 ¢/s, 2p;

7.32 s, 3p3 8.5 tJ = 7 ¢/s, 3p.

1,2-Dimethylindolizine

»g(cc1h) 2,33y, J =7 ¢/s, 1p; 2,758 3T = 9 ¢/s, 1p; 2,97 s, 1p;

3.6 - 509 My 2P; 7-75 8y 6P.

T (T.F.A.) 1,047 = 7 ¢/s, 1p; 1.36 m, 1p; 2.0 m, 2p; 4.6 s, 2p; 7.65 m, 6p,

2,3-Dimethylindolizine,

Prepared by the method of Holland and Nayler.18

2-Methyl-1~1-methyl-2-oxopropyl) pyridiniun bromide,

t(T.F.A.) 1.0 - 200’ Ll-P', 3.75 q J = 8 C/S, lp; 7.05 S’ BP; 7.35 S’ jp',
7‘75 dJ = 8 q/s’ BP.
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2,3=Dimethylindolizine.

v (ccy,) 2.1 - 3.8, 5p3 7.7 s (broad), 6p.

345~-Dimethylindolizine,

Prepared by the Scholtz synthesis as described by Armarego.l1

Reductions usihg sodium and ethanol

Indolizine (12),

Indolizine (12) (3.0 g.) was boiled under reflux in absolute
ethanol and sodium (5.0 g.) was added pellet-wise down the condenser over
a period of % hr, The solution was boiled under reflux for a further 1 hr,
and then poured into an excess of water, The aqueous solution was extracted
with ether and the ether layer dried over sodium sulphate, The solvent was
evaporated leaving a liquid (1.61 g.). It was distilled under an atmosphere
of nitrogen b.p. 940 at 15 mm of Hg pressure, The nuclear magnetic
resonance spectrum was not altered by distilling the liquid, Vapour phase
chromatography indicated that it was a mixture, The nuclear magnetic

resonance spectrum is shown in Figure 9,

»_ (Filn) em.”t 3100, 3045, 1650, 1625

Apay (95% EtOH) mu 206, 236, 282,
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(a) The mixture was dissolved in 95/% ethanol (50 ml,) and
hydrogenated under 1 atmosphere of hydrogen using a 10% palladium on
charcoal catalyst until no more hydrogen was taken up, The product

was 5,6,7,8-tetrahydroindolizine (212),

(b) The reduction in ethanol using sodium was repeated oné g,
of indolizine to yieid, after distillation, 1,7 g. of a mixture, The
mixture was again subjected to reducing conditions in ethanol (50 ml,)
and 7.8 g. of sodium were added, The product was 1,0 g, (16%) of

546 47s8-tetrahydroindolizine (212) b,p. 84° at 15 mn Hg pressure,

Found: C’ 7903; H’ 9-2') ‘N’ 1101“7:’

Calculated for CglyN: Gy 79.35 Hy 9.2; N, 11.6%
The nuclear magnetic resonance spectrum is shown in Figure 10,

2. (Filn) em, "t 3100, 1330, 1250, 1160, 1120,

Amax mu (log £) 207 (3,71), 221 (3.76). (95% EtOH)

2,6-Dimethylindolizine,

Reduction of 2,6-dimethylindolizine (0,79 g.) in ethanol (25 ml,)
with sodium (1.3 g.) by the method outlired above gave 0,51 g, of a yellow
liquid, Vapour phase chromatography showed it was a mixture, The mixture
was again treated with sodium and ethanol until the nuclear magnetic

rescnance spectrum indicated that no starting material remained.
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’U(CClk) 3.6 8y 1ps 4435 my 2p; 5.7 s (broad), 2p; 6.7 s (broad), 2p3
8.0 s, 3p; 8.2 s (broad), 3p.

gymax(Film) om, L 3090, 3040, 1685,

Aoy (95% Ethanol) mu (log £ ) 208 (3.81), ~ 230 (3.69).

2,7-Dimethylindolizine,

2,7-Dimethylindolizine (0.7 g.) was reduced in ethanol (25 ml,)
using sodium (1,5 g.)., The product was an olive green liquid which
contained starting material, The process of reduction was repeated until

no starting materisl remained,

1(001@ 3,3 d; 4o 53 5.6 8 (broad)y 6,2 tJ = 7 ¢/s; 6.8 m; 7.7 m;
8.0 s; 8,15 s (broad).

: j?max(Film) 3090, 3040, 1695, 1645,

A, (95% Ethanol) mu 207, 237, 289, 300,
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