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NCOMENCLATURE

The currently accepted Chemical Abstracts' names for
the seven possible mono-aza derivatives of indolizine (1)

are given below.

77" =\,
6\2:/>

g 3

(1)

Azaindolizine Chemical Abstracts' Name
l-Azaindolizine * 5 o o o Imidazo[1l,2-a]pyridine
2~ " = e Imidazo[1,5-alpyridine
3- A s = w Pyrazolo[l,5-a]pyridine
5= i ot e w Pyrrolol[1l,2-b)pyridazine
6~ " A Pyrrolo[1l,2~-c]pyrimidine
7= " PR Pyrrolo[l,2-alpyrazine
8- " W N Pyrrolo[1l,2-alpyrimidine

For simplicity, in this thesis these compounds will be named

exclusively as azaindolizines and numbered as for indolizine(1).



SUMMARY

Synthetic routes leading to indolizine and its mono-aza derivatives
and the reactivity of these systems have been briefly reviewed.

A number of simple alkyl, aryl, methoxy and chloro substituted 6- and
8- azaindolizines have been synthesised via the Chichibabin reaction
between suitably substituted 2- or 4- methylpyrimidines and a-bromo
ketones. The structures of the products obtained have been confirmed
spectroscopically, principally by 'H NMR spectroscopy, and by formylation
procedures. The reaction between 2,4,6-trimethylpyrimidine and phenacyl
bromide has been shown to yield a 6-azaindolizine structure rather than
an 8-azaindolizine structure as previously reported. The reaction
between 2-methylpyrimidine and ethyl bromopyruvate gave 2-carbethoxy-8-
azaindolizine which on hydrolysis and decarboxylation gave the parent
8~-azaindolizine system.

Formylation of 6-azaindolizines bearing a C-5 methyl group gave along
with their formyl derivatives, 5-azacycl(3,2,2]azine structures which
were also synthesised by 1l,3-dipolar addition reactions between dimethyl
acetylenedicarboxylate and 6- or 8- azaindolizines. .

An examination of the 'H NMR spectra of 6- and 8- azaindolizines in
trifluoroacetic acid showed both systems to have a preference for proton-
ation at their non-bridgehead nitrogen atoms, although partial carbon
protonation at C-3 was observed in a number of alkyl derivatives. The
protonation of 6- and 8- azaindolizinones and 5-azacycl[3,2,2]azines was
also investigated. Formylation of 6- and 8- azaindolizines occurred
preferentially at C-3 and then at C-1. A number of other electrophilic
substitution reactions on 2,7-dimethyl-8-azaindolizine also occurred at
C-3. Nucleophilic replacement of chlorine by methoxide from a 5-chloro-
6-azaindolizine and a 7-chloro-8-azaindnlizine occurred readily. ‘fmmono-

lysi= 2rd hydrolysis were however only successful in the cace of the for-



mer compound. These experimentally determined sites of reactivity in
6- and 8- azsindolizines are in zccord with those predicted from reported
m-electron density calculations.

Formylation of 5-amino-7-methyl-2-phenyl-6-azaindolizine gave a 4,5-
diazacycl[3,2,2]azine structure and refluxing a solution of 7-methyl-2-
phenyl-6é-azaindolizin-5(6H)-cne in phosphoryl chloride gave a peri-

condensed di(6-azaindolizino)pyrazine.



CHAPTER I

Introduction

This Chapter is a summary of the reported methods of syntheses and
reactions of indolizine and its seven mono-aza derivatives. The reactions
discussed include protonation, electrophilic and nucleophilic substitution,

and addition type reactions.



Synthesis of indolizines

The chemistry of indolizine has been reviewed by Borrows and
Holland' (1948), by Mosby2 (1961), and recently by Prostakov and
Baktibaev® (1975).

The synthetic methods employed in the synthesis of the

indolizine nucleus may be classified under four general headingse.

1. By cyclisation of pyridinium salts

(a) The majority of the simple alkyl and aryl derivatives of
indolizine have been synthesised by the Chichibabin methodh, in
which an a-methyl or a-methylene pyridine is quaternised with an

a-halocarbonyl compound and the resulting quaternary salt cyclised

with base. An example5 is shown below.

Br



High yields of 2-alkyl and particularly 2-aryl derivatives have been
obtained. a-Picoline and bromoacetaldehyde gives only 1% of indoli-
zine itself but the parent base may be conveniently obtained from indol-
izine-2-carboxylic acid ester, itself prepared in 50% yield from the
Chichibabin reaction between a-picoline and ethyl bromopyruvate6. The
initial quaternisation in such Chichibabin reactions can bte carried out
in a variety of solvents7. Cyclisation is best achieved with aqueous
bicerbonate and optimum yields are obtained with bromo rather than
chlorc carbonyl compounds8 and when the halogen and carbonyl functions
are unhinderedg. The Chichibabin reaction has been extended to the pre-

paration of indolizines containing aminoalkyl, cezrboxylic acid, cyano,

ethoxy, hydroxy, nitro, nitroso and phenoxy substituentsj.

(v) A number of 1,2-disubstituted indolizines have been obtained by

reacting 2-acyl-1-(f-oxoalkyl) pyridinium salts with hydrazine hydratelo.

- ICOMe NHZNHQ 7 N=
. NcH,corn | SR

Br



(c) 1,2-Disubstituted and 1,2,3-trisubstituted indolizines may be
obtained by cyclisation of 2-alkyl-l-benzyl pyridinium salts by heat-
ing them with acid anhydrides. Thus the bromide (2), on heating with benzoic

anhydride in the presence of triethylamine gives (5)11_

A\ CHCOPh
/ \
R
/ s
IN’ffe +(PhCO),0 e
N (IPﬁzlkr 7&(
Br \, / (3)
(2) o C(COPh)z
X NCHZAr
R=H, COPh

(d) Ylids, which are intemmal quaternary salts, may also be cyclised

to indolizines. For example 2-methylpyridinium dibenzmethylid (4) on

heating in acetic anhydride for a short time gives 3-benzoyl-2-phenyl-

indolizine (5) as the main product 11,12

2 Me (MeC0),0 mph
X NC—(COPh)z A COPh
(4) (5)



2. By cyclisation of 2-substituted pyridines

The common feature of this method is that the indolizines are formed
by an intramolecular nucleophilic attack of the pyridine nitrogen on the
¥-carbon atom of suitable side chains at C-2 and is illustrated by the

following examples.

(2) An important example leading to indolizine itself in yields of up

to 50% is the cyclisation of 3-(2-pyridyl)-l-propanol (6)13’1h’15.

N (CHA) A OH 7
1 2’3 Pd/C -
N — ~ N

=

(6)

(b)  2-(y-Oxoalkyl)pyridines may also be cyclised to indolizines. For

example, compound (7) cyclises in acetic anhydride to 2-cerbethoxy-3-methyl-

indolizine (8). In this case cyclisation occurs via the more reactive

ketcone carbonyl functionlé.

/COOEt
ZNCHCH  (MeC0),0
>~ N COMe

-

- @cooa
<§§7’ Me

(7) (8)



(¢) Cyclisation in this type of reaction is not restricted to side
chains containing y-hydroxy or y-oxo functions. For example, the
2-cinnamoylpyridine (9) cyclises in an acetic acid/ammonium acetate
mixture to give the azomethine (10). The azomethine function results
from the reaction of the initially formed l-hydroxy derivative with

17

ammonia and then benzaldehyde ' .

#™COMe  PhCHO | #,COCH= CHPh
N N g

Me COOH / MeCOO NH,

N=CHPh
2 N

~ N7
Ph

(10)

(d) 2-Lithiopyridines react with B-dialkylaminoketones to form amino

alcohols (11) which may be converted in 60% yield to indolizines by

heating in acetic anhydridels’ 19.




(e) The first reported synthesis of indolizine, by Scholtzzo, was from
a-picoline and acetic anhydride. The mechanism of this reaction has

been investigated and the intermediate shown below proposedj.

Z 3Me (R),0 ~ CHR), o TN
S N T N ) N

e

R=MeCO

5. By addition reactions

(a) The structures of the products formed by reaction of pyridine and

etze

dimethyl acetylenedicarboxylate have received much attention
of these products (12), is converted readily to the trimethyl ester (13),
either by treatment with bromine and subsequent hydrolysis of the product,

or by oxidation with dilute nitric or chromic acids, or alternatively by

irradiation with ultraviolet light.

-~ = ~ N NR
O+RCCR |

N RC=CR N

= // R R=COOMe
>~ _N
"R

(13)

10



(b) Pyridine also reacts with two molar equivalents of diphenylcyclo-

propenone to give (14)25.

Ph
2 — N
N | N
OCOCI:: CHPh

Ph
(14)

(c) Pyridinium phenacylid on reaction with acetylenic compounds such as

dimethyl acetylenedicarboxylate, gives indolizinesék.

RC=CR *4R R
+ — 7 INN\g | 224 7 ~ )R
SN ~ N
22 H COPh
. COPh
XNCHcoph L B
R=COOMe

In a similar fashion the dicyanomethylid (15) obtained from 3-methyl-
pyridine and tetracyanoethylene oxide>? gives (16) and (17)26: this method
has recently been extended to include other activated acetylenes and

27

allenes ',

11



~_R
C@R (17)
R= COOMe Mes N2y

4. From pyrroles

The tetramethylindolizine (18) has been obtained from 2,4-dimethyl-
pyrrole and acetonylaceton828: few other examples of indolizines prepared

by this route have been reported.

Me
Me COCH, _ N =
i + e
MeCOCH, N C@
H Me Me Me
(18)

12



Synthesis of azaindolizines

The chemistry of azaindolizines has been reviewed by Mosby2(196l),
and updated in the cases of 6- and 8-azaindolizines by Amarnath and
Madhav29(l97h). The brief review which follows deals primarily with
6- and 8-azaindolizines and in these cases additionally includes refer-
ence to their hydrogenated derivatives. The synthetic methods used
resemble those leading to indolizines and are therefore classified

under similar headings.

1. By cyclisation of pyridinium salts and aza anslogues

1-,3-,5- and 6- azaindolizines may be obtained by this route.
(a) The Chichibabin reaction30 between 2-aminopyridines and a-halo-
carbonyl compounds leads to l-azaindolizines and is an important route
to this system. In the particular example shown below, conclusive
evidence for the 2-substituted structure (19) produced via quaternis-
ation at the tertiary ring nitrogen, rather than a 3-substituted
structure via quaternisation at the amino substituent, has been

5 32

obtained 1. Yields are generally good and is quantitative”™ in the

example shown.

/INH2
>~ N

o =N
+ |NH2 Base N\5>Ph
XxNCH,COPh S

BrCH,COP .
rCH,COPh Br (19)

13



A similar reaction with 3,6-dimethylpyridazines leads to 5-azaindol-

33: 314-.

izines

™Me L BrcH COR —— ~ TR

N’ N~

The Chichibabin reaction is also an important route to 6-azaindol-
izines. Thus 4,6-dimethylpyrimidine or 4-methyl-6-phenylpyrimidine
reacts with a-haloketones to give 2,7-disubstituted-6-azaindolizines.

In the latter case the bulky phenyl group directs quaternisation to

35, 36.

occur at the least sterically hindered nitrogen

RANM R =
RZ Me BrCH,COR  ——) R
NQ/N NQ/N

Cyclisation of the quaternary product (20) formed between 2,4,6-
trimethylpyrimidine and phenacyl bromide has been reported by Ochiai

37

and Yanai to give the 8-azaindolizine (21). This reaction has been

reinvestigated (see Chapter II of this thesis) and the product shown

to be the 6-azaindolzine (22).



N
Merr —
Ph
Me(/A\jMe e

NCH COPh
hde

(200 g T~ MemPh (22)

hAe

(b) 2-Alkyl-l-aminopyridinium salts (23), prepared from the corres-
ponding alkyl pyridine and hydroxylamine-O-sulphonic acid, on
38

reacting with acyl chlorides give 3-azaindolizines

"+ RcOCl ——s MR
NNH2 — NsN

X
(23)

(¢) Simultaneous benzoylation and dehalogenation of the quatemary
bromide (24)gives (25), which on heating with acetic anhydride gives

the 6-azaindolizine (26).

COMe
e Ph(/\f7CHCOPh PhF;\Tfj>Ph
\ — /
N NCHzPh NX-NcH, Pn M AN~
Br
(24) (25) (26)

15



Expectations that this reaction would provide a general route to
6-azaindolizines were not realised due to difficulties at the

36,39.

quaternisation stage

2. By cyclisation of 2-substituted pyridines and aza analogues

The essential features of this method are as previously des-
cribed for indolizine. This route has been used to prepare 2-, 3-

and 6-azaindolizines.

(a) Cyclisation of 2-(1'-acylamino)alkypyridines (27) using phosphoryl

chloride gives 2-azaindolizine and its derivativesho.

/\CH NHCHO POCI N =
nCHo 3, =\

(27)

(b) Ferricyanide oxidation of 2-(2'-aminoethyl)pyridines (28) gives
41

3-azaindolizine and its derivatives' .

3
// H(C}42)2tvk12 Fé«:hn6 . o —
N 7

(28)

16



(c) Cyclisation of 3-(4-pyrimidyl)-l-propanol gives 6-azaindolizine

in 5% yield”.

2 (CH-);0H _
N/\;\l 2)30H py/c /\/\/>
> Ns N

Attempts to prepare substituted 6-azaindolizines,for example (31%
by cyclisation of (30) failed36. Difficulties were also experienced

at the earlier stage due to self-quaternisation of the bromide (29).

Ph CH-Br Ph CHCHR 5 Ph 2
N meny TR
s ~ N%

Ry 4 N Me

(29) (30) (31)
R= COMe

3. By addition reactions

This route has been applied to the syntheses of 3-,5-, 7- and

8-azaindolizines.

(a) Pyridazines, pyrimidines and pyrazines react with diphenylcyclo-
. . . . L. 23
propenone to give 1,2,3-trisubstituted 5-,7-, and 8-azaindolizines ~.

The last case is illustrated below.

17



PhZ" PhemyPh PN
< N T2 V N\
0COC=CHPh

2 Ph

Pyridazines and pyrazines also react with dimethyl acetylenedicarboxy-

b2,43

late to give the tricarboxylic acid esters of 5- and 7= azaindolizines

R
o) o
- + 2 RCcCR —— - /,
Me N’N Me N’N 4
R= COOMe

(b) Pyridinium and pyridazinium ylids react with activated

acetylenes to give 3- and 5-azaindolizines27’h4’hs. For example,

the ylid (32) derived from l-aminopyridinium iodide reacts with ethyl

propiolate to give (33).

3
b ++ HC=CR — )
X-NNH, X NNH NN
-
(32) (33)
R= COOEt

18



One example of the synthesis of an 8-azaindolizine has also been
recorded by this method: thus the l-dicyanomethylid derived from
L-methoxypyrimidine reacts with dimethyl acetylenedicarboxylate to

give 5-cyano-l,2-dicarbmethoxy-7—methoxy-8-azaindolizine46.

4. From pyrroles

In contrast to their limited use in the synthesis of indolizines,
pyrroles find general application in the synthesis of azaindolizines

in which the additional nitrogen is in the six-membered ring.

(a) For example B-dicarbonyl compounds react with l-aminopyrroles to

L7-49

give 5-azaindolizines , and with 2-aminopyrroles containing

50

stabilising 3-cyano groups, to give 8-azaindolizines” . An example of

the latter is shown below.

N
HZN/C

RCOCH,COR + @R —
H R

A number of hydrogenated 8-azaindolizines have also been prepared from
2-amino-l-pyrrolin351-54.

2-Amino-3-cyanopyrroles react with ring substituted phenacyl bro-

mides to give products such as (34) which with strong base cyclise by

23

a bimolecular process to yield highly substituted 8-azaindolizines™”,

19



CN

CN N
E NH — —
/\rCOCH2 OR Base ArCO ) R
4N / > N\R
R Ar
(34)

(b) 2-Acylpyrroles give 6- and 7-azaindolizines. The example shown

below is that of the first synthesised 6-azaindclizineb6.

CHpCOOH | OHC= Hoocf4foj>
' J /
NHCOPh KN NQE/N

h

More recently 4 number of 6-azaindolizine-7-carboxylic acid esters

57

have been obtained from 2-formylpyrroles and methyl isocyanoacetate

R . R

- + I OHC/ R/ —
E=HCh N/ T g/\?;:>R

’ R SR

20



Alkylation of the sodium derivatives of 2-acylpyrroles with a-bromo-
carbonyl compounds, followed by reaction with ammonium acetate in
acetic acid gives 7-azaindolizines58. Similarly, 2-acylpyrroles on
reaction with diethylaminoacetal gives compounds such as (3%) which
have been cyclised to 7-azaindolizines by heating in a polyphosphoric

acid/phosphoryl chloride mixture as illustrated below’

R R
~

(Et O)2CHCH2N:C© NK/N//
H

/

(35)

21



Reactivity of Indolizine and its Aza-derivatives

Indolizine and its aza-derivatives are hetercaromatic, m-excessive

60-63:65-67. (ngh16 1), frontier

60,62

systems. Theoretical m-electron densities
electron densities64—67 (Table II), bond orders and atom localisation

energiesu1L have been calculated.

TABLE I

mw-Electron Densities

Compound il 2 3 4 5 6 7 8 9

Indolizine 1.13%; 1.016 1.238 1.387 1.120 0.981 1.049 0.949 1.124

1-Aza 1.360 0.885 14277 1.372 1.109 0.991 1.024 0.966 1.015
2-Aza 0.994 1.257 1.099 1.397 1.133 0.963 1.065 0.929 1.162
3-Aza 1.193 0.863 1.476 1.338 1.076 1.006 1.011 0.981 1.055
5-Aza 1.111 1.040 1.193 1.342 1.400 0.779 1.121 0.852 1.160
6-Aza 1.145 0.996 1.251 1.409 0.928 1.246 0.927 1.015 1.083
7-Aza 1.109 1.029 1.212 1.365 1.186 0,863 1.302 0,769 1.164
8-Aza 1.154 0.994 1.263 1.406 1.025 1.045 0.858 1.228 1.027
TABLE II

Frontier Electron Densities

Compound 1 2 3 N 5 6 7 S 9

Indolizinea*o.45u 0.031 0.527 0.033 0.289 0.141 0.191 0.218 0.086
1-Aza 65 0.592 0.052 0.508 0.003 0.315 0.074 0.186 0.228 0.042
3-Aza 66 046 0.02 0.61 0.01 0.33 0.10 0.18 0.26 0.04
5-Aza 67 0.234 0.005 0.264 0.023 0.173 0.009 0.148 0.068 0.076
7-Aza 66 0.45 0.00 0.46 0.04 0.35 0.17 0.30 0.13 0.10

Assuming a correlation between m-electron density and ease of electrophilic
attack, electrophilic attack may be expected to occur preferentially at
the non-bridgehead nitrogens, or at ring positions-3 or-1, and electro-

philic substitution at C-3 or C-1. Electrophilic attack at the bridge-
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head nitrogen is not considered as this would be expected to result in
considerable distortion68 of the molecule and loss of resonance energye
Frontier electron densities,where available also support these predictions.
In addition it has been pointed out that the species formed by attack of an
electrophile at the 1- or 3- positions of indolizine are highly resonance
stabilised since canonical forms containing 6m pyridinium rings can be

drawn as shown

E=Electrophile

Table I also indicates indolizine and its aza-derivatives to incorporate
sites of electron deficiency although the degree of deficiency at these
sites in azaindolizines is generally considerably greater than for indoli-
zine, Inaolizine and its aza-derivatives may therefore be expected to be
vulnerable to nucleophilic attack and substitution.

The experimental results for indolizine and azaindolizines outlined
below are in good agreement with these predictions concerning the preferred
sites of electrophilic attack and substitution. The reactivity of these

systems towards nucleophiles has apparently received little attention.

1. Protonation

Protonation which is the simplest form of electrophilic attack occurs
preferentially at C-3 for indolizines unsubstituted at this positionj;
S5-alkyl substituted indolizines protonate at both C-1 and C-37O-75. Aza-
indolzines with the additional nitrogen in the five membered ring protonate

34,72,

preferentially at the non-bridgehead nitrogen 5-Azaindolizines have
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been' shown to protonate at C-1, C-3 and N-5 depending on the substituents
present and on the nature of the protonating media?4’74. No systematic

studies on the protonation patterns of 6-, 7- and 8- azaindolizines have

been made.

2. Electrophilic substitution

Little data is available for indolizine itself. However 2-methylindol-
izine has been shown to undergo a variety of electrophilic substitution
reactions (e.g. alkylation, acetylation, azo-coupling, formylation and
nitrosation) at C-3. Nitration is exceptional and occurs predominantly at
C-1l. In all of these reactions the use of more forcing conditions leads to
1,3-disubstituted productsﬁ. A summary of the most important electrophilic
substitution reactions of azaindolizines is given below. Unless otherwise
stated reference to a particular azaindolizine is to the unsubstituted system
or to a simple derivative.

(a) Acylation 2- and 3- Azaindolizines acylate at C_1A0,75. 5- and 6-

36,49

Azaindolizines acylate at C-3

(v) Formylation 1- and 6- Azaindolizines give 3-formyl derivative536’76’77.

The site of formylation of 2-azaindolizine is reagent dependent; with the

Vilsmeier reagent,formylation occurs mainly at C-1, whereas with phenyl-

lithium/dimethylformamide, formylation occurs at C-378.

with a methyl group at C-3 formylate at C-l7#.

5=-Azaindolizines

(c) Nitrosation 1-, 5- and 6- azaindolizines give their respective 3-

36,49,76

nitroso derivatives , whereas 3-azaindolizine gives a l-nitroso deriv-

75

ative'”., Attempted nitrosation of 2-azaindolizine gave 3-(2-pyridyl)-1,2,4-

oxadiazole (36) thought to result from ring-opening of the intermediate
(7)7°.

NOH N—
/

7= HONOL (A I 4,
N 5&&5// 7N

X" (37) (36)
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(d) Nitration l-Azaindolizine nitrates at C-}BO° 3-Azaindolizine gives

75,81.

a l-nitro or 1,8-dinitro derivative depending on reaction conditions

49

b-Azaindolizines give 1,3-dinitro derivatives ~.
(e) Bromination Bromination of azaindolizines has been achieved using

bromine, sodium hypobromite or N-bromosuccinimide and in some instances may

65,80 82 66
b

occur via a free radical process. Thus bromination of 1- 2=, 3=,

6
5-h9, 6-36 and 7- 6 azaindolizines generally occurs at C-3 and/or C-1. In
the cases of 1- and 5- azaindolizines bromination may additionally occur in
their 6-membered rings at C-5 and C-7 respectively.

(f) Other electrophilic substitutions, and addition type reactions

The Mannich reactionsj on l-azaindolizine, and chloroformylation and dia-
zonium coupling of 6-azaindolizines have been reported to occur at C—336.
Tetracyanoethylene and dimethyl acetylenedicarboxylate react with 5-azaindol-
izine at C-3 to give the addition products (38) and (39). The addition
product (38) readily loses hydrogen cyanide to give a 3-vinyl derivative

and the addition product (39) may be cyclised to (40) on heating with HC1%.,
2,7-Disubstituted 6-azaindolizines similarly react with diethyl azodicarboxy-

late to give addition products such as (42)36.

LN O — O
|
\\N/gl;> ‘\N,Qi;> | \\N/N\W//
@Nb‘ngNb EcﬁCE o

H
E=COOMe
(38) (39) (40)

N

N COOE! e
N COOEt | (42)

P — —
hmR g Phl(\N Vi
::/<4—\\ N
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Like indolizinelﬁ 1-, 2- and 6- azaindolizines undergo 1,3-dipolar addition
reactions with dimethyl acetylenedicarboxylate to give cycl[5,2,2]azin8535’84.

An example is shown below.

Mer” S\ Pd/C Me? N—

/)
'k —
RC=CR
R= COOMe

3. Nucleophilic substitution

No successful nucleophilic substitution reactions on indolizine have

been reported, even with sodamide%

although the electron deficiency of the
C-5 site has been demonstrated by the acidity of the methyl group in 5-
methylindolizine85. l-Azaindolizine is unique in that it is the only system
in the mono-azaindolizine series to have been shown to undergo nucleophilic
substitution reactions. Thus for example, the Hh-chloro substituent in 5-

87

chloro-86 and hexachloro-l-azaindolizine is substituted by a methoxy
group on reaction with sodium methoxide and the 2-chloro substituent in 2-
chloro-3-nitro-l-azaindolizine by a dimethylamino group on reaction with
dimethylamine80. With piperidine, hexachloro-l-azaindolizine is thought to

yield 5,7-dipiperidy1-2,5,6,8—tetrachloro-l-azaindolizine.

4 .Redox reactions

Alkylindolizines may be selectively hydrogenated. With Raney nickel
or Adams catalyst at room temperature, the six-membered ring is reduced to
give 5,6,7,8-tetrahydro derivatives while at higher temperatures, octahydro
derivatives are obtainedj. In 2M hydrobromic acid in the presence of pallad-
ium on charcoal, indolizine is hydrogénated in the five-membered ring to give

1,2-dihydro-3H-indoliziniun bromide (43)88.
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HBr X
(43

H H
2N = H ., PdiC [/\| Moo
. N—Z ——) N

H

H

)

Little information in connection with the reduction of azaindolizines is
available. Hydrogenation of 2-methyl-l-azaindolizine in acetic acid with
a platinum catalyst gave a compound thought to be 5,6,7,8-tetrahydro-2-methyl-

l-azaindolizine89. Similarly, sodium in liquid ammonia reduction of 3-aza-

75

indolizine has been reported to yield its 5,6,7,8-tetrahydro derivative ~.

6-Azaindolizine is perhydrogenated in acid solution over a platinium cata-

15

lyst™, whereas in neutral conditions 2,7-dimethyl or 2,7-phenyl-3-nitro-

6-azaindolizine may be reduced to 3-amino-2,7-dimethyl (or phenyl) -6-aza-

90

indolizine” .

Alkylindolizines are susceptible to oxidation even by air20’9l.

Peracetic acid or hydrogen peroxide oxidation of indolizines gives picolinic
acid N-oxide and its homologues92. Selective oxidation of the nitroso group
in l-nitroso-3%-azaindolizine to a nitro group may be achieved in acetic acid
with hydrogen peroxideBl whereas with permanganate, 3-azaindolizines give
pyrazole-3-carboxylic acids75. The presence of electron withdrawing substit-
uents in the 5-membered ring of indolizines stabilises them towards oxidation.
Thus indolizine-1,2,3-tricarboxylic acid resists oxidation even by nitric or

92-94

chromic acids
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CHAPTER II

Syntheses of 6- and 8=azaindolizines

This chapter describes the syntheses of some methyl and phenyl
substituted 6-azaindolizines, some methyl, phenyl and methoxy substituted
8-azaindolizines and of the parent 8-azaindolizine by the Chichibabin
method. The structures of the products obtained were deduced mainly by
1H NMR spectroscopy. Signal assignments were made on the basis of the
relative proximity of the protons to nitrogén95, with the aid of double

byl

resonance, by a comparison of related spectra and by deuterium exchange
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Synthesis of 6-azaindolizines

Reaction between 4,6-dimethylpyrimidine and (a) phenacyl bromide (b) bromo-
acetone and (c) 3-bromo-2-butanone

(a) The Chichibabin reaction between 4 ,6-dimethylpyrimidine and phenacyl
bromide gave 7-methyl-2-phenyl-6-azaindolizine (44) in good yield as
35

reported”™”.

MeAMe Mer” =
N N + BrCH,COPh —— N N~/ Ph

(44)

The NMR spectrum of (44) in deuterochloroform (see Table III, p3z,) showed
four 1H singlets (& 6.56, 7.00, 7.53 and 8.70), a complex phenyl signal at
® 7.30-7.70 and a 3H methyl signal at 0 2.40. Irradiation at the frequency
of the methyl signal caused the signal at 0 7.00 to sharpen. The signal at
& 7.00 was therefore assigned to H-8. On the basis of their proximity to
nitrogen H-1, H-3 and H-5 were assigned to the signals at 0 6.56, 7.53 and
8470 respectively. This assignment was supported by the addition of a drop
of deuterotrifluoroacetic acid to the azaindolizine (44) in deuterochloro-
form which resulted in a reduction in the intensities of the signals
assigned to H-1 and H-3. BExchange at these positions is inferred from
electron density calculations62 and by comparison with indolizines which

readily undergo exchange at C-1 and C—371.
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(b) L4,6-Dimethylpyrimidine and bromoacetone reacted to give 2,7-dimethyl-

6-azaindolizine (45) in 10% yield.

4 M
Mig/\RMe-+ BrCH, COMe e
e

N N

(45)

The NMR spectrum of (45) showed 3H methyl singlets at & 2.25 and 2.29 and
four lower field 1H singlets (& 6.08, 6.90, 7,05 and 8.58). Irradiation at
the frequency of the higher field methyl signal resulted in sharpening of

the 1H singlets at & 6.08 and & 7.05, whereas irradiation at the lower

field methyl signal resulted in sharpening of only the 1H singlet at o 6.90.
Since the protons of Me-2 would be expected to be weakly coupled to both

H-1 and H-3, and those of Me-7 to H-8, the signals at 0 2.25 and 2.29 were
assigned as Me-2 and Me-7 and those at 6.08, 6.90, 7.05 and 8.58 to H-1, H-8,
H-3 and H-5 respectively. These signal assignments were supported by compar-
ison with those of 7-methyl-2-phenyl-6-azaindolizine (44) and by deuterium

exchange of the signals assigned to H-1 and H-3.

(¢)  4,6-Dimethylpyrimidine and 3-bromo-2-butanone gave 2,3,7-trimethyl-6-
azaindolizine (46) in 15% yield. The NMR spectrum was similar to that of
2,7-dimethyl-6-azaindolizine (45) except for the absence of a signal
attributable to H-3 and the emergence of an additional 3H methyl singlet.
The ring protons were assigned by a c omparison with (45) and that dus to H-1

confirmed by its deuterium exchange.

Me & Me &
e” Me BrCHCOMe ) er/\W/\\

N N NoeNiiMe
X~ Me S

(46)
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Reaction between 2,4,6-trimethylpyrimidine and (a) phenacyl bromide and
(b) bromoacetone

(a) The reaction between 2,4,6-trimethylpyrimidine and phenacyl bromide
was originally investigated by Ochiai and Yanain. They isolated two
products fram this reaction. One was an azaindolizine and assigned the
8-azaindolizine structure (48) and assumed to be formed by cyclisation of
the intermediate quaternary salt (47) via its 2-methyl group. The other
product was a pyrrole derivative which was assigned structure (50) and

was thought to be formed by degradation of the 6-azaindolizine (49)

initially formed from (47) by cyclisation via its 4-methyl group.

Me~ YMe Me Me
emu + BrCH,COPh —) m
\/ \
Me h/e CHZCOPh

Br

(47)

N

Me

N
MeZ Me = = —
wN N~ _N H’N
Me
(48) (49) (50)

The structures assigned to these products have been reinvestigated. Thus
2,4,6-trimethy1pyrimidine,prepared96 from acetylacetone and acetamidine
hydrochloride, on reaction with phenacyl bromide gave two products. The

melting points and analyses of both products and that of their respective

picrate and p-nitrophenylhydrazone derivatives were consistent with those
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reported by Ochiai for compounds he assigned as (48) and (50). The infra-
red spectrum of the higher melting product whose analysis agreed with the
pyrrole (50) showed N-H stretching at 3220 cm-l and a carbonyl absorption
at 1629 cm—l. The NMR spectrum however showed no 2H methylene signal but
significantly two 3H methyl singlets at O 2.43 and 2.59. It also showed

a complex phenyl signal, a broad exchangeable NH peak at 6 8.78 and a 1H
doublet at 6 6477 (J = ca 1.5 Hz). This suggested the compound to be an
acetyl-methyl-rhenylpyrrole. The positions of the substituents were
determined by an alternative synthesis from acetylacetone, phenacyl bromide

97

and ammonia This Hantzsch pyrrole synthesis can give two acetyl- methyl

phenylpyrroles (51) and (52) although the former is more likelys

+ I
PhCO COMe

4 NH3 (51)

BrCH CH, COMe COMe
I 2 2 e Ph(

| PR .

PhCO CHyCOMe @cwe
BrCH, COMe

+ NHy (52)

Only one pyrrole was isolated. It had a melting point and spectral
characteristics (uv, ir and NMR) identical to those of the pyrrole isolated
from the reaction between 2,4,6-trimethylpyrimidine and phenacyl bromide.
Since the melting point of this compound was 179-181° and the literature
reports compounds (51) and (52) to have melting points 98,99 of 183° and

150° respectively, it was concluded that the pyrrole isolated from the
reaction between 2,4,6-trimethylpyrimidine and phenacyl bromide was 3-acetyl-

2-methyl-5-phenylpyrrole (51). This pyrrole is presumably formed by a
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similar Hantzsch synthesis between phenacyl bromide and a degradation product
of 2,4,6-trimethylpyrimidine or its quaternary product and not by a breakdown
of the 6-azaindolizine (49) as suggested by Ochiai. This is substantiated
by the fact that the pyrrole (51) was present mainly in the crude quaternary
product. After the addition of bicarbonate only much smaller quantities
could be isolated.

The NMR spectrum of the lower melting product isolated from the reaction
between 2,4,6-trimethylpyrimidine and phenacyl bromide showed two features
which were inconsistent with this compound having the 8-azaindolizine structure
(48). Firstly, the chemical shifts of the two methyl singlets were signifi-
cantly diffevent (B 2.3k snd & 2.64). Secondly after szsigning H-5 and H-l
by deuterium exchange the remaining 1H singlet at & 6.88 was shown by double
resonance to be coupled to the protons of only one methyl group. In the
8-azaindolizine (48) the protons of both methyl groups womld be expected to
be observably coupled to H-6 and both to have similar chemical shifts.

However these findings are consistent with the 6-azaindolizine (49). Imn
this isomer the protons of only one methyl group would be expected to be
coupled and the methyl groups to have significantly different chemical shifts.
Unequivical proof for structure (49) was obtained by its formylation (see

Chapter III).

(b) The reaction between 2,),6-trimethylpyrimidine and bromoacetone was
analagous to the above mentioned reaction involving phenacyl bromide, in

that two products, a pyrrole and an azaindolizine,were isolated.

MGIAMe Me A\ —= COMe
BrCH.COMe — +
NN rhptoie N N-2M€ MeZ/ Ve

Me Me {ﬁ

(54) (53)
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The pyrrole was 3-acetyl=-2,5-dimethylpyrrole (53) deduced by a comparison

of its melting point and spectral characteristics (uv, ir and NMR) with

those reportedloo’ 101.

The azaindolizine had a similar NMR spectrum to that of (49) provided
allowances were made for the deshielding effect of the phenyl group. It was
therefore assigned as 2,5,7-trimethyl-6-azaindolizine (54) and again further

evidence for this structure was obtained by formylation.

Attempted reaction between 2,4 ,6-trimethylpyrimidine and 3-bromo-2-butanone

This reaction failed to give any characterisable products. Failure to

obtain an azaindolizine may possibly be accounted for by steric blockage at

the quaternisation stage.

Table III-

Chemical Shifts (8) in the 100 MHz NMR spectra of 6-azaindolizines in CDCl

3
6-Azaindolizine 1 2 3 5 7 8

7-methyl-2-phenyl (4) 6056 | 7.30-7.70 {7.53 |8.70 2.,0" | 7.00"
(complex)

*»

2,7-dimethyl (45) 6.08 2.25b 7.05 | 8.58 2.29* 6.90

2,3,7-trimethyl (46) 6607 292 2.36 | 8.46 | 2.38 | 6.90

) *

5,7-dimethyl-2-phenyl (49) [6.58 | 720=7.70 | 7+34 | 2464 2.3, | 6.88
(complex)

x

2,5,7-trimethyl (54) 6.13 2.30b 6.94 | 2.62 2.56* 6.85

2,3,5,7-totramsthyl (p67) |6.00°| 2.16° [2.60 | 2.86 | 2.28" | 6.69°

* Unless otherwise stated values given refer to singlet absorption.

b Irradiation at the frequency of this signal resulted in sharpening of

signals assigned to H-1 and H-3.

Indicates pairs of signals found by double resonance to be weakly coupled
to each other.
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Synthesis of 8-azaindolizine(s)

Reaction between 2-methylpyrimidine and ethyl bromopyruvate

2-Methylpyrimidine (55)102 was prepared from acetamidine hydrochloride
103

and the sodium salt of ethyl formylacetate by the route shown.

s POCly H,/Pd
NS Clez /\
EtO0C ™~ CHO , |

1 — F“Q ~N — Fﬂ;t/,hl — Q;/IV
Me Me Me
HN ~ NH2
N (55)
Me

The pyrimidine (55) on reaction with ethyl bromopyruvate gave a low yield

of 2-cazrbethoxy-8-azaindolizine (56). The NMR spectrum of this product

(see Table IV p50) showed a 3H triplet at & 1.37 and a 2H quartet at & 4.38
due to the protons of the ethyl group, a 1H singlet at & 7.03 assigned to
H-1, a doublet at & 7.71 (J = ca 1.5 Hz) assigned to H-3, a 1H multiplet

at & 6.58 approximating to a triplet assigned to H-6,and a low field 2H
apparent doublet at 8.14 (J = ca 5.5 Hz) assigned'to H-5 and H-7. The infra-
red spectrum showed an ester carbonyl absorption at 1700 cm-l. Hydrolysis

of the ester (56) with potassium hydroxide gave the potassium salt of 8-
azaindolizine-2-carboxylic acid (57) which showed infra-red zbsorption at
1570 e due to its ionised carboxyl group. The addition of an approximately
equimolar equivalent of hydrochloric acid to an aqueous solution of the salt
(57) immediately precipitated a yellow solid. The infra-red spectrum of

the solid showed a strong carbonyl absorption at 1698 cm-l, two prominent
broad absorptions at 1880 and 2590 o * end & weaker Bend 5t 2750 o -

all of which suggested the compound to be 8-azaindolizine-2-carboxylic

-1 .
acid hydrochloride (58). Tentatively the absorption at 2590 cm 1s
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N N

7 MMe L g CcHL COCO0E ~ T MNCOOEt
~ _N ' 2 ) ~ _N Y
(55) (56)
KOH
H o Cl”
/N —— HC[ /N g COO"K
L pCooH v
(58) (57)

assigned to the C = NH' group?®and those at 1698 and 2750 cm — to the
free carboxylic acid group. Insufficient sample was available for micro-
analysis. However the hydrochloride structure (58) was further supported
by its NMR spectrum in deuterated dimethylsulphoxide which showed a
multiplet at & 8.18 due to H-7, a doublet at & 8.68 (J = ca 7.5 Hz) due
to H-5, a 2H multiplet at & 6.77 due to H-1l and H-6, and a 1H doublet

at & 7.96 (J = ca 1.5 Hz) due to H-3. This is a closely similar pattemrn
to that of the potassium salt (57) in deuterotrifluoroacetic acid where
protonation on N-8 occurred (see Ch IV). Irradiation at the frequency of
the 2H multiplet assigned to H-1 and H-6 simplified the spectrum. The
signal assigned to H-3 now appeared as a sharp singlet and those assigned

to H-5 and H-7 as broad singlets.
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Figurg I

100 MHz NMR spectrum of 8-azaindolzine in CDCl3
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Decarboxylation of 8-azaindolizine-2-carboxylic acid

When 8-azaindolizine-2-carboxylic acid hydrochloride (58) was
heated with copper powderlo5 under vacuum, it underwent decarboxylation
to give the parent 8-azaindolizine (59) as a yellow liquid which darkened
on exposure to light and air. The infrs-red spectrum of (59) is shown in
Figure I, p 37.

H Cl
N

N N
77N\ Cu z @
L\/N\//COOH N7

(58) (59)

N~

NMR spectrum of 8-azaindolizine

The 100 MHz NMR spectrum of 8-azaindolizine (59) in deuterochloro-

form is shown in Figure II. The 1H apparent triplet at & 6.98 was assigned

to H-2, its multiplicity arising mainly through approximately equal coup-
ling wi th H-1 and H-3. The multiplets at 6.64 and 7.19 were assigned to
H-1 and H-3 respectively. The 1H apparent quartet centred at & 6.48

was assigned to H-6, its multiplicity arising mainly through coupling
with H-5 and H-7. The low field 2H multiplet at & 8.00-8.24 was assigned
to H-5 and H-7. These assignments were confirmed by double resonance.
Thus irradiation at the frequency of signal assigned to H-2 simplified
the multiplets assigned to H-1 and H-3 to a pair of broad singlets.
Irradiation at the frequency of the signal assigned to H-6 simplified the
2H multiplet assigned to H-5 and H-7 to two broad singlets at & 8.C7 and
8.14. Addition of a small drop of deuterotrifluorocacetic acid to the
sample in deuterochloroform resulted in a reduction in the intensity of
the signal assigned to H-3, and to a lesser extent of the signal assigned
to H-1, due to deuterium exchange; after a period of one hour, the
spvectrum showed the complete absence of the signals assigned to H-1 and

H-3. The H-2 signal now appeared as a singlet at 0 7.41, and H-5 and
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H-7 as a pair of doublets at & 8.88 (J = ca 7.0 Hz) and 8.56 (J = ca 5.5 Hz):

H-6 appeared as an apparent quartet at & 7.08.

Reaction between 2-methylpyrimidine and (a) bromoacetone (b) phenacyl
bromide and (c) 3-bromo-2-butanone

(a) Reaction between 2-methylpyrimidine and bromoacetcone gave a low
yield of 2-methyl-8-azaindolizine (60) as a low melting waxy solid which
darkened on exposure to light and air. The NMR spectrum of (60) showed
two deuterium exchangeable 1H singlets at & 6.44 and & 6.99 assigned to
H-1 and H-3, a multiplet at 6.33-6.53 assigned to H-6 and, like the
parent system (59), a 2H multiplet at & 7.91-8.15 assigned to H-5 and
H-7. The signal due to the protons of the 2-methyl group occurred as

a 3H singlet at & 2.34.

N N
- \HMG ~ —
T+ Bre oM —— [T \@Me

(60)

(b) Reaction between 2-methylpyrimidine and phenacyl bromide gave
2-phenyl-8-azaindolizine (61) in low yield as a relatively stable yellow
solid. The NMR was similar to that of 2-methyl-8-azaindolizine (60).

The absorption position of H-3 (8 7.46) was obscured by the complex
phenyl signal (& 7.17-7.77) but was confirmed by double resonance through

weak coupling with H-1.
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(c) Reaction between 2-methylpyrimidine and 3-bromo-2-butanone gave

a low yield of 2,3-dimethyl-8-azsindolizine (62) as a yellow, crystalline
solid. The lower field of the two 3H methyl signals (0 2.32 and 2.36)

in the NMR spectrum was assigned to the methyl group at C-3 and the
higher to the methyl group at C-2. The deuterium exchangeable 1H singlet
at & 6.47 was assigned to H-1. The signals due to the protons of the

6-membered ring occurred at field positions similar to those of compounds

(59), (60) ana (61).

N _N
/\ \'I'\lMeJr BrCHCOMe  ——) ( \/\\Me
Me

Reaction between 2,,-dimethylpyrimidine and (a) bromoacetcne (b) 3-bromo-
2-butanone

(e) 2,4-Dimethylpyrimidine (63) was obtained from 2,4-dimethyl-6-hydroxy-

106

. 102
pyrimidine by chlorination and subsequent catalytic dehalogenation

as shown below.

POCI /Pd
Me I/NﬁMe 3 e /N}IMe k: | Me /NI\,Me
r,NFi ~ _N ~ _N
&

(63)
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Unlike reactions with 2-methylpyrimidine which can give only one
8-azaindolizine, the Chichibabin reaction with 2,4-dimethylpyrimidine and
bremoacetone can lead to three isomeric azaindolizinese Quaternication
of the pyrimidine (63) at N-1 followed by cyclisation via the 2-methyl
group may give the 8-azaindolizine (64). Alternatively quaternisation

at N-3 followed by cyclisation via the 2- or 4- methyl groups may give
the 8-azaindolizine (65) or the 6-azaindolizine (66) respectively. The
most likely to be formed is (64) as this results from quaternisation at
the least hindered nitrogen. Only one azaindolizine was isolated from
the reaction. It showed spectral characteristics (NMR and uv) consistent
with structure (64). Proof for this structure was obtained from its

products of formylation as discussed in Chapter III.

N N
Me(” e — [
N T BrCH,COMe ) - N Me
M

(63) (65)

(66)
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(b) As in the previous reaction involving bromoacetone the reaction
between 2,4-dimethylpyrimidine and 3-bromo-2-butanone can give three
products of which 2,3,7-trimethyl-8-azaindolizine (67) seems most
likely. Proof for this structure via reductive formylation of the

8-azaindolizine (64) is given in Chapter III.

N N
Me 2 "N~ =
Me” TIMe L BrcHCOMe y f//>Me

(67)

Reaction between 4-methoxy-2-methylpyrimidine and phenacyl bromide

The lower yields (less than 6%) of the 8-azaindolizines compared
to the yields of 6-azaindolizines (6 to 89%35’36), and the preferential
formation of 6-azaindolizines from 2,4,6-trimethylpyrimidine indicates
that the 2-methyl group is less reactive than the 4(6)-methyl group
in the cyclisation of methylpyrimidinium salts. The superior reactivity
of the 4-methyl group of 2,4- and 2,4,6-trimethyl pyrimidines in condens-
ation reactions with arcmatic aldehydes has also been reported107’108.
The introduction of a methoxy group at C-4 of the pyrimidine ring would
be expected to aid gquaternisation by increasing the basicity of N-1 (via
+M effect) and also aid cyclisation by increasing the acidity of 2-methyl
groups (via -1 effect). As 4-methoxy-2-methylpyrimidine is readily

available109 203

from 4-chloro-2-methyl pyrimidine , this methoxy pyrimi-
dine was reacted with phenacyl brcmide ,in the hope of obtaining good
yields of 7-methoxy-2-phenyl-8-azaindolizine (68), at (a) room temperature

and (b) 40°.
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(a) L-Methoxy-2-methylpyrimidine and phenacyl bromide, when quaternised
without solvent at room temperature and then cyclised with bicarbonate,
gave 7-methoxy-2-phenyl-8-azaindolizine (68) in 27%# yield. The infra-
red spectrum of (68) showed ether bands at 1232 and 1010 cmul. The

NMR spectrum showed a 3H singlet at & 3.94 due to the protons of the
methoxy group, two weakly coupled 1H singlets at & 6.54 and 7.20
assigned to H-1 and H-3 and a pair of doublets at & 6.08 and 7.90

assigned t o H-6 and H-5 respectively. The signal due to the phenyl protons

appeared as a complex multiplet at & 7.10-7.70 and obscured the H-3 signal.

N N
MeO” TMe 4 BrcH,cOPh — b0/ \%/>Ph

(68)

(v) When quaternisetion between 4-methoxy-2-methylpyrimidine and
phenacyl bromide was cerried out at 40° followed by the same bicarbonate
cyclisation procedure a different product which was isomeric with (68)
was obtained in 58% yield. The infra-red spectrum of this compound
showed a strong carbonyl absorption at 1668 cm—l. The NMR spectrum was
similar in pattern to (68) but showed a significant upfield shift in the
resonance positions of the protons of the methyl group from 6 3.94 to
3.48. This shift to higher field suggested that the methyl group was
now attached to a nitrogen rather than an oxygen atom and that the pro-
duct isolated at 40° was 8-methyl-2-phenyl-8-azaindolizin-7(8H)-one (69).
The formation of this indolizinone structure may be rationalised in terms

110,111

of a rearrangement at the quaternisation stage as shown overleaf.



N, N
~
MGOQWNM% BrCH,CoPn —— MEOF e

\/NCHz(ZOPh
Br
Me | Me
o-N _ 0s-N M
1\\// b oh Base 1 I&_e
N | - "CH,COPn
Br
(69)

Two other products in low yields were isolated froam this reaction.
The mass spectra of these products showed both to have molecular compos-
itions corresponding to 021H16N202 and to possess benzoyl functions since
they displayed intense peaks at m/e 105 (PhCO'). Both compounds showed
two carbonyl absorptions in their infra-red spectra at approximately
1655 and 1690 cm-l. They also had similar NMR spectra (see Table V p51)
which when analysed showed them to contain two complex phenyl groups,
one 2H midfield methylene singlet, two lower field weakly coupled singlets

and a pair of doublets. The data is consistent with structures (70) and

(71).
CH,p COPNh CHp COPh
0 N/ Nﬁ
x N Vil [[:TT/PJi:;;>F”q
I |
(70) (71)
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The isomer with the greater R, value (on TLC) had a closely similar

f
ultra-violet spectrum to that of compound (69) and was assigned structure
(70)« The other isomer which had quite a different ultra-violet spectrum and
a lower field H-3 resonance in its NMR spectrum was assigned the structure
(71). It is suggested that the methoxy group of the intermediate quater-
nary bromide (72) is cleaved by the action of hydrobromic acid produced as

a side product. The demethylated salt (73) on reaction with more phenacyl

bremide and then with bicarbonate leads to (70) and (71).

R
MeO /Nhf:’k“: HBr Me BrR O\\LN/\[MG
X NR X NR
Br Br
(72) (73) lBase
R= CHZCOPh
(70)+(71)

Reaction between L-methoxy-2-methylpyrimidine and bromoacetone

This reaction gave mainly 2,8-dimethyl-8-azaindolizin-7(8H)-one (74)

when quaternisation was cerried out at room temperature and at 40°.

N
M M -—
O e+ BreH,coMe  —— o N pMe

(74)

The infra-red spectrum of (74) showed a carbonyl absorption at 1660 cm—l.
The NMR spectrum showed two 3H singlets at & 2.16 and 3.40 attributable
to the protons of the methyl groups at C-2 and N-8. The signals due to

H-1 and H-3 appeared as deuterium exchangeable singlets &t & 5.47 and

6.47, and H-5 and H-6 as a pair of doublets at & 7.56 and 5.84 respectively.
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A minor product isolated from the reaction was the isamer (75) which
differed from (74) in that its H-3 proton absorption occurred at
significantly lower field (A = 76 Hz) due to the effect of the peri-
orientated carbonyl group.

Two other products both in low yields were isolated. The first
was 7-methoxy-2-methyl-8-azaindolizine (76). The NMR spectrum of this
compound showed 3H singlets at 6 2.26 and 3.92 due to the protons of the
2-methyl and 7-methoxy groups, two 1H singlets at & 6.07 and & 6.75
assigned to H-1 and H-3 and a pair of doublets at & 6.02 and & 7.85
assigned to H-6 and H-5 respectively. The assignment of the 7-methoxy
strucfure (76) for this compound is supported by a ccmparative examination
of its NMR spectrum with those of 2-methyvl-8-aszaindolizine (60)ad 7-
methoxy-2-phenyl-8-azaindolizine (68). Furthermore this compound results
from quaternisation at the least hindered N-1 pyrimidine site. The other
minor product isolated showed carbonyl absorptions in the infra-red at
1660 and 1720 cm-l. The NMR spectrum showed a 2H methylene singlet at
O 4«54, two 3H methyl singlets at & 2.19 and 2.20 and at lower field,
two 1H singlets at & 5.53 and 7.22 and a pair of doublets at & 5.62 and
7.09. This data, particularly the low field singlet at & 7.22, compared
with & 7.23 for H-3 in 2,8-dimethyl-8-azaindolizin-5(8H)-cne (75) and a
close similarity in their ultra-violet spectra suggested the compound to

be 8-acetonyl-2-methyl-8-azaindolizin-5(8H)-one (77).

CH,COMe

z<
®

N N
| DMG N yMe (' N & Ve
3/

B

(75) (76) (77)
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To confirm the 8-azaindolizin-5(8H)-one structure (77), the
Chichibgbin reaction between 4-hydroxy—2—methylpyrimidinelo3 and
bromoacetone was carried out. Bicarbonate cyclisation gave three
products. The first product was identical with the 8-azaindolizinone (77).
The seccnd product was isomeric with it and was assigned as 8-acetonyl-
2-methyl-8-azaindolizin-7(8H)-cne (78). It hed an NMR spectrum which
was similar in pattern to (77) except that (78) had a significantly higher
field H-3 signal (A = 76 Hz). The third product was an N-acetonyl pyrim-
idine with an NMR spectrum similar to that of l-phenacyl=-2-methyl-
pyrimidin=4(1H)~cne (178)(see Chapter V) except forthe absence of a 5H
phenyl signal and the emergence of an additional 3H methyl singlet.
Consequently this compound was assigned the l-acetonyl-pyrimidin=4(1H)-

one structure (79) but was not further investigated.

CH,COMe CH,COMe

N N
CLI:¥;;]5ij;>h4e | r}lhA@
-0

(78) (79)

Reaction between 4-methoxy-2-methylpyrimidine and ethyl bromopyruvate

This reaction produced four products all in low yields. Quaternis-
ation at room temperature followed by bicarbonate cyclisation gave 7-
methoxy-2-carbethoxy-8-azaindolizine (80). The NMR spectrum of (80)
showed a 2H quartet and a 3H triplet assigned to the protons of the ethoxy
grouv, & 3H singlet at & 3.94 assigned to the methoxy group and at lower
field, two weakly coupled 1H signels at & 6.61 and & 7.49 assigned to
H-1 and H-3 and a pair of aromatic doublets at & 6.18 and 7.92 assigned
to H-6 and H-5 respectivel y. Supvort for ithis structure was obtained by

a comparison of its NMR spectrum with that of 2-carbethoxy-8-azaindoline(56).
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N N
MeOr” ﬁ$@+EyCH2coc00Et-—er”eofi/,’j/COOEt
S N N

(80)

When quaternisation of t he pyrimidine with ethyl bromopyruvate
was carried out at 50°, extraction of the agueous quaternary salt gave
in addition to traces of (80),three other products. Two of these were
isomeric with each other and had molecular formulae CllH12N2 3¢ Both
exhibited carbonyl absorptions at approximately 1660 and 1700 cm-l.
This and an examination of their NMR spectra indicated these compounds
to have structures (81) and (82). The isomer with the lower field H-3
signal was assigned to structure (82). The NMR and infra-red spectra
of the fourth compound isolated,showed the presence of an NH function.
This, and the similarity of the NMR and ultra-violet spectra to those .
of 2-carbethoxy-8-methyl-8-azaindolizin=-7(8H)-one (81) suggested the

compound to be 2-carbethoxy-8-azaindolizin-7(8H)-one (83).

Me Me
OVNW/ 0 (N’/
\Lib/&i;>co Et L\T I COOEt
o]/
(81) . (82)
l_)COOE!
(83)
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0§

Chemical Shifts (&)

Table IVa

in the 100 MHz spectra of 8-azaindolizines in CDCl

3
8-azaird olizine 1 2 3 5 6 7

Unsubstituted 6.6 da° 6.98 dd 7.19 dd 8.00-8.24 m 6.48 q 8.00-8.24 m
(59) J = 1.5, 3.5 J = 3.0, 3.5 J = 1.5, 3.0 J = 4.0, 7.5
2-Carbethoxy 7.03 1.37 t, 4.38 g 7.71 d 8.14 d 6.58 da 8.14 d
(56) J = 7.0 J = 1.5 J = 5.5 J = 5.5, 545 J = 5.5
%-mithyl 6oLkt 2,34 6.99 7.91-8.15 m 6.33-6.53 m 70.91-8.15 m

60
%gpgenyl 6.91 7.17-7.77 m 7.46* 8.00-8.23 m 6.44-6.58 m 8.00-8+23 m

1

2,3-dimethyl 647 2632 2.36 7.80-8.0L m 6 Li2=6.60 m 7480-8.04 m
(62) . .
2,7-dimethyl 6427 2.30 6.87 7.90 d 6.27 d 243
(64) J = 7.0 J = 7.0
2,3,7-trime thyl 6.27 2.28 2.31 7.76 d 6.34 d 2.45
(67) . (2.31) (2.28) J = 745 J = 7.5
7-me th oxy-2=-phenyl 6454 7.10-7.70 m 7.20 7.90 d 6.08 d 3494
(68) J = 7.5 J = 7.5
z—mjthoxy—Z—methyl 6.07 2.26 6.75 7.85 d 6.02 d 3.92

76
2-carbethoxy-7-methoxy 6.61" 1.36 t, Lo34 g 7.49*d 7.92 6.18 3.94
(80) J = 7.0 J = 1.5 J = 7.5 J = 75

4 { L |

% Unless otherwise stated values refer to singlet absorption d = doublet, dd = double doublet, t = triplet, q = quartet
and m = complex multiplet absorption. Coupling constants (Hertz) are approximate and measured directly from the spectra.

Under normal resolution this signal appeared as an apparent doublet (J = cal.0 Hz).

Indicates pairs of signals found by double resonance to be weakly coupled to each other.
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Table Vo

Chemical Shifts (&) in the 100 MHz NMR spectra of 8-azaindolizinones

8-Azaindolizin-7(8H)-one 1 2 3 5 6 8

8-me thyl-2-phenyl 5492 7.10=7.66 m 6.98 7.66 d 50,95 d 3.8

(69) J = 7.5 J =75

8-phenacyl-2-phenyl 5.74 d 7.19-8.19 m 6.97 d 7.73 d 5.97 d 5.40 (CH,)
(70) F =15 I = 1.5 J = 840 T = 840 7.19-8.19 m (Ph)
2,8-dimethyl 547 2.16 647 7.56 d 5.84 d 3.0

(74) . . J = 8.0 J = 840

8-acetonyl-2-methyl 5430 2.10 6.8 7.62 d 5.86 d 2.17 (CH5)
(78) b J = 8.0 J = 8.0 Lobl (CHZ)
2-carbethoxy-8-methyl 6.05 1.36 t, 434 g 7.31 d 7.68 d 6,06 d 345

(81) A J = 7.0 J = 2.0 J=7.5 J = 75

2-carbethoxy 5.76 d 1.26 t, 4.20 g 754 d 8.21 d 5.91 d 115

(83) J = 1.5 J=7.0 J=1.5 J = 8.0 J = 8.0 (broad)
8-Azaindolizin-5(8H)-one 1 2 3 6 7 8
8—phenacyl-2—phenylc’d 6.56 d 7.11-8.24 m - 5.60 d - 5.78 (CH,)
(71) J = 2.0 J = 8.0 7.11-8.24 m (Ph)
2,8-dimethyl 5.72 d 2.24 7.23 d 5.51 d 7.13 d 3457

(75) J = 1.5 J = 1.5 J=7.5 J = 7.5

8-acetonyl-2-methyl 5.53 2.19 722 5.62 d 7.09 d 2.20 (CH5)
(77) J = 8.0 J = 8.0 b5k (CH)
2-carbethoxy-8-methyl 6.30 d 1.36 t, 434 g 8.02 d 5.60 d 7.26 4 364

(82) J = 2.0 J =7.0 J = 2.0 J = 7.5 J = 7.5

a
See footnote 'a' Tabls IV. Unless otherwise indicated values refer to solutions in deuterochlorofom.

This signal was obscured by H-6. © Recorded in deuterated dimethylsulphoxide.

d ;
The signals due to H-3 and H-7 were obscured by the 10H phenyl complex at & 7.11-8.24.




Ultraviolet absorption spectra of 6- and 8- azaindolizine and their

methyl derivatives

The ultraviolet absorption spectrum of 8-azaindolizine is similar to
that of indolizinellzand both are shown in Figure III, along with that of
2,7-dimethyl-6-azaindolizine which was the simplest 6-azaindolizine obtained
in this study. The ultraviolet absorption maxima for 6-azaindolizine in
ethanol have been reported and occur at 229, 272, 283 and 345 nm with log e

Lo, be7l, 3.77 and 3.03 respectively .

Figure III

1
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Ultraviolet absorption spectra of indolizine ( )s
8-azaindolizine (===-- ) and 2,7-dimethyl-6-azaindolizine (ee..)
in ethanol.
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The spectrum of 8-azaindolizine has two maxima in the band between 210
and 250 nme It also displays its principal absorption at a slightly
longer wavelength than indolizine, a result which is in contrast to
those reported62 for 1-, 2-, 3- and 7-azaindolizine which in cyclohex-
ane, relative to indolizine in cyclohexane, show slight hypsochromic
shifts of 10-20 nm. Spectra of methyl substituted 6- and 8- azaindoliz-
ines are similar to those of the unsubstituted systems but show batho-
chromic shifts. For example, the principal mexima in the spectrum of 8-
azaindolizine is at 239 nm, whereas in the cases of its 2-methyl, 2,7-
dimethyl and 2,3,7-trimethyl derivatives it is at 243, 245 and 249 nm

respectively.
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Mass spectra of 6- and 8- azaindolizines

The mass spectrum of 8-azaindolizine is shown in Figure IV. The

intense peaks at m/e 91 (32%) and m/e 64 (22%) result from the consecutive
losses of 27 mass units from the molecular ion at m/e 118 (100%). These

transitions, m/e 118 9 91 and m/e 91 4 64, are accompanied by corres-
ponding metastable peaks at m/é 70 and 45 and are most likely to be due
to the expulsion of hydrogen cyanide. The next two most significant

peaks at m/e 92 (5%) and 65 (7/4) may be duc to loss of acetylene from the

molecular ion and from the fragment with m/e 91. A possible fragmentation

scheme is shown belowe.

s by =
&/r’q// _—HCN | J‘_—:> E’)’ )

m/e 118 ( 100%.) m/e 91(32°6)

N—= “HCN , 7 NN
JI_N / 4 / l

+ e

=

+

m/e 92 ( 5%) mle 65(7°%) m/e 64(22°)



The mass spectrum of 2-methyl-8-azaindolizine is shown in Figure V.
The main features are the intense molecular ion peak at m/e 132 (IOO%)
and the loss of a hydrogen atom to give a large peak at m/e 131 (79ﬁ)
The loss of a hydrogen atom which was accompanied by a metastable peak
at m/é 130 suggests that ring expansion involving the carbon of the methyl
group has occurred. This is supported by the absence of a peak at m/e 117

expected for loss of a methyl radicale.

+ o

N , N
- '§>Me il (/ 7o) ZHENG e 104 ( 47%)
N~ AN
_ _ [ e
mle 132(100°) mie 131( 79°%) mie 78(3°)

2,7-Dimethyl-6- and 8-azaindolizines and 2,3-dimethyl-8-azaindolizine
"also showed the loss of a hydrogen atom and a corresponding metastable peak
but additionally showed the loss of a methyl radical from the molecular ion.
The relative intensities of the main fragment ions in the spectra of these

dimethyl azaindolizines are given in Table VI overleaf and may be accounted

for by the scheme shown below.

(M) =H, e 145 ZHCN e 118 THCNmye o1

m/e 131 ——5 m/e 104 E_Z_Hl>m/e 78
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Table VI®

Relative intensities ( % ) in the mass spectra of
dimethyl-6- and 8- azaindolizines

/e G frainaolizine | Blassindolisine | 8-assindolisine
w6 (M7) 100 100 71
145 28 50 100
131 3 3 3
118 20 4 1
104 8 6 0.5
91 | 4 2 0.5
78 1 8 1
73 (%) 2 5 2

& A1l other ions in the range studied had peaks with relative intens-
ities less than 5%.

The mass spectra discussed in this section are consistent with

113

1

i S 1
those reported for indolizines and 1- and 2- azaindolizines .
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The Chichibabin reactions described in this Chapter provide
ccnvenient routes to a number of 6- and 8- azaindolizines from methyl-
pyrimidines. 4,6-Dimethyl and 2,4,6-trimethylpyrimidines give 6-
azaindolizines whereas 2-methyl and 2,4-dimethylpyrimidines give 8-
azaindolizines. The parent 8-~azaindolizine was isolated by hydrolysis
and decarboxylation of its 2-carbethoxy derivative resulting from the
Chichibabin reaction between 2-methylpyrimidine and ethyl bromopyruvate.
The yields obtained were generally low ( (15%) particularly in the
syntheses of the 8-azaindolizines. Exceptionally,the reaction between
L4-methoxy-2-methylpyrimidine and phenacyl bromide gave 7-methoxy-2-
phenyl-8-azaindolizine in 27% yield. A4-Methoxy-2-methylpyrimidine
also gave a number of 8-azaindolizinones. In cases where the Chichibabin
reaction can lead to isomeric products, formylation procedures described

in the next Chapter confirmed the original assignments.



Formylation studizs and cycloaddition reactions
on 6- and 8- azaindolizines

Vilsmeier formylation was carried out firstly to confirm the struct-
ures of the 6- and 8- azaindolizines and 8-azaindolizinones isolated from
the Chichibabin reactions described in Chapter II and secondly to deter-
mine their preferred site(s) of electrophilic substitution. 1,3-Dipolar
addition reactions with dimethyl acetylenedicarboxylate, and a few other

electrophilic substitution reactions are also described.
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Formylation of (a) 7-methyl-2-phenyl-, (b) 2,7-dinethyl- and (c¢) 2,3,7-
trimethyl-6-azaindolizine

(a) Vilsmeier formylation 15 op 7-methyl-2-phenyl-6-azaindolizine (44)
with a slight excess of phosphoryl chloride in dimethylformamide gave a
mono-formyl derivative. The NMR spectrum of this aldehyde when compared
with the parent compound (44 ) showed the absence of the signal attributed
to H-3, the emergence of a 1H formyl singletat & 9.74 and a large down-
field shift of 116 Hz in the absorption position of the singlet assigned

to H-5 (see Table III p34 and Table VII p7’4). To account for these observ-
ations formylation must have occurred at C-3 to give the aldehyde (8L) .

In this structure the f ormyl group would be expected to exert an aniso-
tropic deshielding effect on the peri orientated H-5 proton36’ 116.
Addition of a drop of deuterotrifluorocacetic acid to the sample in deutero-
chloroform resulted in a slow reduction in the intensity of the signal
assigned to H-1l. The infra-red spectrum of the aldehyde (84) showed a

low wavenumber carbonyl absorption at 1636 cm-l and suggests canonical

form (85) to make a significant contribution to the hybrid structure.

Formylation

/ = = M

Mer”™ DPh ) Mer” /F%\e—f'/ J PR
N N NN NN

(44) (84) (85)

(b) Formylation of 2,7-dimethyl-6-azaindolizine (45) similarly gave a
3-formyl derivative (86). The NMR spectrum of this aldehyde when compared
with (45) showed the signal assigned to H-5 to have undergone the peri shift
of 168 Hz. By pouring the intermediate Vilsmeier salt into aqueous sodium

hydrogen sulphide116 rather than sodium hydroxide, the 6-azaindolizine (45)
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gave a stable 3-thioformyl derivative (87). The NMR spectrum of the
thioaldehyde showed the thioformyl proton to absorb at & 10.71 and the
signal assigned to H-5 to have undergone a peri shift of 305 Hz. Unequi-
vocal proof that formylation had occurred at C-3 was obtained by lithium
aluminium hydride/aluminium chloride reduction of the aldehyde (86). This
gave 2,3,7-trimethyl-6-azaindolizine (46) which showed identical melting
point and spectral characteristics to the product obtained from the

Chichibabin reaction between 4 ,6-dimethylpyrimidine and 3-bromo-2-butanone.

Mare ™ e Formylatlon\ Me 2N\ = e
rqqty/rq J ) N N~Z

(45) (86)

lThioformylat ion

T A—
.
D
T
~
>
O
w

Me ~ - M Mel % — M
New N/ € N N/ €
X~ "CHs X e

(87) - (46)

(¢) Formylation of 2,3,7-trimethyl-6-azaindolizine (46) also gave a
mono-formyl derivative. The NMR spectrum of this aldehyde when compared
with that of (46) showed the absence of the signal attributed to H-1, the
emergence of a 1H formyl singlet at & 10.06 and a peri shift of 90 Hz in
the absorption positions of the signal assigned to H-8. Fonnylafion must

have occurred at C-1 to give (88).
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(46) (88)

Formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine

Vilsmeier formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine (49)
obtained from the reaction between 2,4,6-trimethylpyrimidine and phenacyl
bromide gave two mono-formyl products. The spectral characteristics of
one of these indicated it #& be a simple f ormyl derivative. The NMR
spectrum of this aldehyde when compared with that of the parent 6-azaindol-
izine (49) showed the absence of the signal attributed to H-1, the emerg-
ence of a 1H formyl singlet at & 9.98 and a downfield peri shift of 116 Hz
in the absorption position of the signal assigned to H-8. Formylation was
therefore concluded to have occurred at C-1 to give l-formyl-5,7-dimethyl-
2-phenyl-6-azaindolizine (89).

The other aldehyde isolated was shown by high resolution mass spectro-

metry to have the molecular formula C 0 corresponding to the gain of

17H12N2
one carbon atom and the loss of two hydrogen atoms when compared with the
1-formyl-6-azaindolizine (89). The NMR spectrum showed a 3H methyl singlet
at & 3.01, three 1H singlets (& 7.42, 7.67, 8.37), a complex phenyl signal

at & 7.30-8.06, and a low field 1H formyl singlet at & 10.50. This suggested
the compound to be a formyl derivative of 6-methyl-2-phenyl-5-azacycl[3,2,2]-
azine (92). Since the NMR spectrum did not show a pair of 1H doublets the
formyl group must be located at either C-3 or C-4. Irradiation at the
frequency of the methyl signal resulted in sharpening of the 1H singlet at

& 7.67. The signal at & 7.67 was therefore assigned to H-7. The azacycl-
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azine structure was confirmed by the alternative synthesis described below.
Formylation of the altermative 8-azaindolizine structure (48) from the
reaction between 2,4,6-trimethylpyrimidine and phenacyl bromide could in
no way be expected to show a peri shift on formylation at any of its
unsubstituted ring positions, or to yield a 6-methyl-2-phenyl-5-azacycl-

(3,2,2]azine = structure.

Synthesis and formylation of 6-methy1—21pheny1-5-azacycl[}LZ,2]azine

A 1,3-dipolar addition reaction between 7-methyl-2-phenyl-6-azaindol-
izine (44) and dimethyl acetylenedicarboxylate gave the 5-azacyclazine
diester (93) which on hydrolysis and decarboxylation gave 6-methyl-2-

phenyl-S—azacycl[},2,2}azine,(92)35

. The NMR spectrum of this azacyclazine
(92)(see Table VIII p82) consisted of a 3H methyl singlet at & 2.93, two

1H singlets at & 7.24 and 7.58, a pair of 1H doublets at & 7.20 and 7.91

(J = ca 4.0 Hz), and a complex phenyl signal at & 7.34-8.06. Irradiation

at the frequency of the methyl signal resulted in sharpening of the 1H
singlet at & 7.58. The singlet at 7.58 was therefore assigned to H-7 and
that at & 7.24 to H-1l. On the basis of a comparison with the NMR spectrum117
of cycl[3,2,2]azine itself the higher field of the two 1H doublets (& 7.20)
was assigned to H-4 and the lower (& 7.91) to H-3.

Vilsmeier formylation of the azacyclazine (92) gave two isomeric mono-
formyl derivatives in approximately equal amounts. One of these aldehydes
had identical melting point and spectral characteristics to the formyl-
azacyclazine obtained from 5,7-dimethyl-2-phenyl-6-azaindolizine (49). Since
the NMR spectrum of this aldehyde did not show a pair of 1H doublets formyl-
ation was concluded to have occurred at either C-3 or C-4. Evidence in
support of the 4-formyl-5-azacyclazine structure (90) was obtained by a
comparative examination of the NMR spectrum of the aldehyde in deuterochloro-
form and in trifluoroacetic acid. In deuterochloroform the formyl proton
had a chemical shift of & 10.50. In trifluoroacetic acid it appeared upfield
at & 10.20 whereas all the other proton signals were shifted downfield by

between 20 and 51 Hz. The particularly low field chemical shift of the
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formyl proton in deuterochloroform and its anomalous upfield shif't in
trifluoroacetic acid can only be rationalised if the formyl group of the
azacyclazine is at C-4. In this structure (90),the anisotropic deshielding

effect 105,118

associated with the lone pair of electrons on N-5 results in
a displacement of the f ormyl signal to lower field. In trifluoroacetic
acid the formyl-azacyclazine (90) is protonated at N-5 and this effect is
absent. The L-formyl-azacyclazine structure was also supported by the
observation that introduction of the formyl group into 6-methyl-2-phenyl-
5-azacycl(3,2,2])azine (92) did not result in a significant shift in the
resonance position of t he phenyl protons.

The structure of the second aldehyde isolated was also deduced by NMR
spectroscopy. The NMR spectrum of this aldehyde when compared with that of
6-methyl-2-phenyl-5-azacycl(3,2,2]azaine (92) showed the retention of the
pair of doublets assigned to H-3 and H-4, the absence of the singlet attrib-
uted to H-1l, the emergence of a 1H formyl singlet at & 10.22, and a down-
field shift of 62 Hz in the absorption position of the signal assigned to
H-7. This aldehyde was therefore concluded to be l-formy1-6-methyl-2;
phenyl-5-azacycl[3,2,2]azine (91). The relatively small 62 Hz downfield
peri shift in the absorption position of the H-7 signal in this l-formyl-
azacyclazine (91), compared with that of 90 Hz found for H-8 in l-formyl-
7-methyl-2-phenyl-6-azaindolizine may be due to increased separation between
the formyl group and the peri orientated proton in the azacyclazine (91).
A similar small peri sﬁift of 59 Hz has been reported for H-5 in 2-azacycl-
[3,2,2]azine on formylation at its C-4 sitelo5. In trifluoroacetic acid
the 1-formyl azacyclazine (91) was also concluded to protonate at N-5.

Here however,all the proton signals were displaced to lower field; in

particular the l-formyl proton signal which occurred at 6 10.22 in deutero-

chloroform occurred at & 10.33 in trifluorocacetic acid.
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Formylation of 2,5,7-trimethyl-6-azaindolizine

Vilsmeier formylation of 2,5,7-trimethyl-6-azaindolizine (54) obtained
from the reaction between 2,4,6-trimethylpyrimidine and bromoacetone gave three
aldehydes. The structures of t wo of these were analagous to the structures of
the products obtained from formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine
(49) and were concluded to be l-formyl-2,5,7-trimethyl-6-azaindolizine (94) and
4=-formyl-2,6-dimethyl-5-azacycl[3,2,2]azine (95). The third aldehyde was iso-
meric withthe l-formyl-6-azaindolizine (9a). Its NMR spectrum was similar to
that of the parent 2,5,7-trimethyl-6-azaindolizine (54) except for the absence
of the signal attributed o H-3 and the emergence of a 1H formyl singlet at
8 9.97. This aldehyde was therefore assigned as 3-formyl-2,5,7-trimethyl-6-
azaindolizine (96). The NMR signal assignments of (96) were made with the
assistance of double resonance and by deuterium exchange of H-l. Heating
this aldehyde (96) with solid potassium hydroxide under vacuum resulted in
the eliminatibn of water between the 3-formyl group and the peri orientated
C-5 methyl group to give 2,6-dimethyl-5-azacycl(3,2,2]azaine (98). The
azacyclazine structures (95) and (98) were confirmed by their alternative
synthesis as described overleaf. Hydride reduction of 3-formyl-2,5,7-trimethyl-
6-azaindolizine (96) gave 2,3,5,7=tetramethyl-6-azaindolizine which on subse-

quent formylation gave l-formyl-2,3,5,7-tetramethyl-6-azaindolizine.
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Synthesis and formylation of 2,6-dimethyl-5-azacycl|3,2,2]azine

A 1,3-dipolar addition reaction between 2,7-dimethyl-6-azaindolizine
(45) and dimethyl acetylenedicarboxylate gave the 5-azacyclazine diester (99)
which on hydrolysis and decarboxylation gave 2,6-dimethyl-5-azacyel(3,2,2])-
azine (98) which had identical melting point and spectral characteristics to
the sample obtained by the elimination of water from 3-formyl-2,5,7-trimethyl-
6-azaindolizine (96). The NMR spectrum of the azacyclazine (98) consisted of
two 3H methyl singlets at 6 2.70 and 2.93, two 1H singlets at 6 6.81 and 7.52,
and a pair of 1H doublets at & 7.10 and 7.70 (J = ca 4.0 Hz). The signal
assignments were made on the basis of a comparison with 6-methyl-2-phenyl-
5-azacycl(3,2,2]azine (92) and by double resonance.

Vilsmeier formylation of the azacyclazine (98) gave two aldehydes which
on the basis of a comparison of their NMR spectra with each other and with
the NMR spectra of 1- and 4-formyl-6-methyl-2-phenyl-5-azacycl(3,2,2]jazines
(91) and (90) were concluded to be 1- and 4-formyl-2,6-dimethyl-5-azacycl-
[3,2,2)azines (97) and (95). The h-formyl-azacyclazine (95) was identical
(mp, uv, ir and NMR) to the sample obtained from formylation of 2,5,7-
trimethyl-6-azaindolizine. Lithium aluminium hydride/aluminium chloride
reduction of the 4-formyl-azacyclazine (95) gave 2,4,6-trimethyl-5-azacycl-
[3,2,2]azine (100). The NMR spectrum of this cyclazine consisted of three
3H methyl singlets (2.62,’2.70 and 2.94) and three 1H singlets (& 6.87, 7.38
and 7.58). Signal assignments were made on the basis of a comparison with
the NMR spectrum of 2,6-dimethyl-5-azacycl[3,2,2]azine and by irradiation at

the frequency of each of the three methyl signals.
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Mechanism of the forma tion of q-formyl-azacycl[3,2,2]azines during Vilsmeier
formylation of 5,7-dimethyl-2-phenyl- and 2,5,7-trimethyl-6-azaindolizines

There would appear to be three routes whereby the L-formyl-5-azacycl-
[3,2,2)azine structures (90) and (95) could be formedfrom the 6-azaindolizines
(49) and (54) respectively. Firstly cyclisation could occur through an
intermediate cation such as (102) formed by attack of the Vilsmeier electro-

phi18115

on the electron rich C-3 site of the azaindolizine followed by formyl-
ation of the resulting cyclazine. Secondly, attack by the electrophile on the
active 5-methyl group of the 6-azaindolizine could give an intermediate such
as (101) which on cyclisation and hydrolysis would be expected to yield a
L-formyl-5-azacycl[3,2,2]azine. Thirdly, attack by the electrophile at both
the C-3 ring position and at the active 5-methyl group could give an inter-
mediate such as (103) which on cyclisation and hydrolysis would also give a
L-formyl-azacyclazine. A similar intermediate to (101) has been suggestedll9
to account for the f ormation of 3-formyl-k,7-diazaindole from 2-amino-3-methyl-
pyrazine and in the conversion of hydrazones to pyrazoleslzo. The formation

of 3-formyl=-2,5,7-trimethyl-6-azaindolizine (9€) from 2,5,7-trimetkyl-€-
azaindelizine wculd be expected to occur via the cation (102) so that the
4-formyl-azacyclazines could be formed via intermediates (102) and (103).
However, formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine gave no 3-formyl
derivative suggesting that the access of the Vilsmeier electrophile to the

C~3 site is hindered, and yet the 4-formyl-azacyclezine (90) was isolated.

This infers that the 4-formyl-azacyclazines (90) and (95) are most likely to

be formed through intermediates such as (101). Furthermore formylation of
6-methyl-2-phenyl- and 2,6-dimethyl-5-azacycl[3,2,2)azines (92) and (98)

gave approximately equal amounts of their 1- ahd L-formyl derivatives together
with unchanged azacyclazines. Had the route involving intermediate (102) been
operztive then both the 1- and 4-formyl derivatives together with unformylated
azacyclazines would have been expected products. Only their 4-formyl deriv-
105,121

atives were isolated. Compareble findings have recently been reported

in the syntheses of the 4-formyl derivatives of 1- and 2-azacycl[3,2,2]azines



from the 5-methyl derivatives of 1- and 2-azaindolizines respectively by

the action of butyl-lithium and dimethylformamide.

Formylation of 8-azaindolizine

Formylation of the parent 8-azaindolizine (59) gave a mono-formyl
derivative. The NMR spectrum of this aldehyde when compared with that of
(59) showed the absence of the signal assigned to H-3, the emergence of a
1H formyl singlet at & 9.73, and a peri shift of ca 170 Hz in the resonance
position of the proton assigned to H-5. Formylation was therefore concluded
to have occurred at C-3 to give 3-formyl-8-azaindolizine (104). The H-1
and H-2 proton signals appeared as a pair of doublets at & 6.75 and 7463,
and the H-5, H-6 and H-7 signals as three 1H multiplets centred at & 9.82,
6.93 and 8.47 respectively. Irradiation at the frequency of the signal
assigned to H-7 simplified the two multiplets assigned to H-5 and H-6 to a
pair of doublets (J = ca 7.0 Hz). The infra-red spectrum of the aldehyde(10k)
showed a low wavenumber carbonyl absorption at 1655 cm-1 indicating consider-

able polarisation of the carbon-oxygen double bond.

/N© Formylation . l//N\lé
~ _N /) 7 \:ip/ N /)

CHO
(59) (104)

Formylation of 2,7-dimethyl and 2,3,7-trimethyl-8-azaindolizine

The Chichibabin reaction between 2,4-dimethylpyrimidine and bromoacetone
can lead to three isomeric azaindolizines (64), (65) and (66) of which 2,7-
dimethyl-8-azaindolizine (64) is most likely on steric grounds (see Chapter
II p42). The NMR spectrum of the azaindolizine which was isolated consisted

of two 3H methyl singlets at & 2.30 and 2.43, two 1H singlets at & 6.27 and
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6.87, and a pair of 1H doublets at & 6.27 and 7.90. Proof for the 8-azaindol-
izine structure (64) was obtained by formylation. Formylation of the azaindol-
izine gave a mono-formyl derivative. The NMR spectrum of this aldehyde when
compared with that of the unformylated precursor showed the absence of the
lower field 1H singlet, the emergenge of a 1H formyl singlet at 0 9.79 and a
peri shift of 179 Hz in the chemical shift of the lower field component of

the doublet system. Lithium aluminium hydride/aluminium chloride reduction of
the aldehyde gave a trimethyl-azaindolizine identical to that obtained from

the Chichibebin reaction between 2,4-dimethylpyrimidine and 3-bromo-2-butanone.
Therefore the formyl group must have occupied a C-3,6- or 8-azaindolizine site.
Of the three possible structures (64), (65) and (66) only (64) would be
expected to show a large peri shift on formylation at C-3. The azaindolizine

obtained from the reaction between 2,4-dimethylpyrimidine and bromoacetcne
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was therefore concluded to be 2,7-dimethyl-8-azaindolizine (64) and its
formylation product to have structure (105). 2,7-Dimethyl-8-azaindolizine
(64) also gave a stable 3-thioformyl derivative. Formylation of 2,3,7-
trimethyl-8-azaindolizine (67) gave a 1-formyl derivative (106). The NMR
spectrum of this aldehyde showed a particularly low field 1H formyl singlet
at & 10.43 due to the anisotropic deshielding effect of N-8 and its assoc-
iated lone pair of electrons, and no large shif'ts in the resomnce positions

of any of the remaining protons.

Formylation of 7-methoxy-2-phenyl-8-azaindolizine

The Chichibabin reaction between 4-methoxy-2-methylpyrimidine and
phenacyl bromide has been assumed to proceed via quaternisation at the
least hindered pyrimidine nitrogen to give 7-methoxy-2-phenyl-8-azaindol-
izine (68). Formylation of this azaindolizine gave a mono- formyl deriv-
ative. The NMR spectrum of this aldehyde when compared with the NMR
spectrum of its precursor (68) showed the absence of theAsignal attributed
to H-3, the emergence of a 1H formyl singlet at & 9.64 and a peri shift
of 183 Hz in the resonance position of the signal assigned to H-5. Formyl-
ation must therefore have occurred at the C-3 site of the 8-azaindolizine
(68) to give 3-formyl-7-methoxy-2-phenyl-8-azaindolizine (107). Formyl-
ation of the alternative 5-methoxy-2-phenyl-8-azaindolizine (108) would in

no way be expected to show a peri shift.

M‘=‘0| e " Br CH, COPh

N / \/’% N
Meo(\/ \QPh Meor A} ~ >Ph (/N// Ph

N Cho S

Formylation
(68) (107) (108)
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L

Chemical Shifts (&) in the 100 MHz NMR spectra of formyl-6- and 8-azaindolizines in CDCl

Table VII®

3
6-Azaindolizine 1 2 3 5 7 8
3-formyl-7-methyl-2-phenyl (84) 6.48 740-7462 m 9e 7k 10.36 2454 7.25
3-formyl-2,7-dimethyl (86) 6.23 2.54 9.85 10.26 2.60 7.16
3-thioformyl-2,7-dimethyl (87) 6.35" 2.51" 10.71 11.63 2.53 724
1-formyl-2,3,7-trimethyl (88) 10.06 2els3 2.3 8.63 2451 7.80
1-formyl-5,7-dimethyl-2-phenyl (89) 9.98 7.36-7.60 m 7.18 2.81 2.52 8.04"
1-formyl-2,5,7-trimethyl (94) 10.06 2.51° 6.95" 274 2.9 774"
3-formyl-2,5,7-trimethyl (96) 6.26" 2.59" 9.97 2.98 2.45" 7.00"
1-formyl-2,3,5,7-tetramethyl (pé67) 10.02 (2.39) (2.66) 3.01 2.42 7.75"
| = ==
8-Azaindolizine 1 2 3 5 6 7
3-formyl (104) 6.75 d 7 63 d 9.73 9.82 dd 6.93 dad 8.47 dd
J = 5.0 = 5.0 J = 2.0, 7.0 | J = 4.0, 7.0 | J = 2.0, 4.0
3-formyl-2,7-dimethyl (105) 6435 2 57 9.79 9.69 d 6.73 d 2.57
J = 7.0 J = 700
1-formyl-2,3,7-trinethyl (106) 10.43 (2.58) (2.32) 7.91 d 6.70 d (2.51)
J=7.0 J=7.0
3-thioformyl-2,7-dimethyl (p73) 6.48" 2.54* 10.65 11.26 4 6.90 d 2.61
d = 7.0 Jd = 7.0
3-formyl-7-methoxy-2-phenyl (107) 645 7.32-7.72 m 9464 9.73 d 6.45 d L Ok
| J = 7.0 J = 7.0

2 Unless otherwise stated values refer to singlet absorption; d =

are approximate and measured directly from the spectra,

changed.

doublet and m = multiplet.

Coupling constants (Hertz)

Assignments in parenthesis are tentative and may be inter-

ax
Indicates pairs of signals found by double resonance to be weakly coupled to each other.



Formylation of 8-azaindolizin-7(8H)-ones

The main product obtained from the reaction between 4-methoxy-2-
methylpyrimidine and phenacyl bromide at 40° has been assumed to be 8-
methyl-2-phenyl-8-azaindolizin-7(8H)-one (69) formed via quaternisation
et the least hindered pyrimidine nitrogen. Formylation of the azaindolizin-
one gave a mono-formyl derivative. The NMR spectrum of this aldehyde when
compared with the NMR spectrum of the azaindolizinone (69) showed the
absence of the signal attributed to H-3, the emergence of a 1H formyl sing-
let at 6 9.57, and a peri shift of 166 Hz in the resonance position of the
signal attributed to H-5. Formylation is therefore concluded to have occur-
red at C-3 to give 3-formyl-8-methyl-2-phenyl-8-azaindolizin-7(8H)-one (109).
Formylation of the alternative azaindolizinone (110) would neot be expected
to result in such a peri shift.

Similarly, formylation of 2,8-dimethyl-8-azaindolizin-7(8H)-one (74)
and 8-acetonyl-2-methyl-8-azaindolizin-7(8H)-one (78) gave their 3-formyl
derivatives (111) and (112) wi th peri shifts of 159 and 162 Hz respectively

in the resonance positions of the signals attributed to their H-5 protons.

Me Me Me
@) IQ\\’/ O\y/N ﬁ/hl

Ph __)Ph
e o M2 \L\\ N7/
SN CHO N
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Me (:P42(:()h4e
N N

O
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CHO X TCHO

(111) (112)
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Formylation of 8-szaindolizin-5(8H)-ones

Two minor products isolated from the reaction between 4f-methoxy-2-methyl-
pyrimidine and bromoacetone have been assigned the azaindolizinone structures
(79) and (77). Formylation of (75) gave a mono-formyl derivative. The NMR
spectrun of this aldehyde when compared with that of (75) showed the absence
of the signal attributed to H-3 and the emergence of a 1H formyl singlet at
6 11.00. Formylation was therefore‘concluded to have occurred at C-3 to give
3-formyl-2,8-dimethyl-8-azaindolizin-5(8H)-one (113). The particularly low
field chemical shif't of the formyl proton is presumably due to the combined
anisotropic deshielding effect of the formyl and peri orientated ring carbonyl
groups and possibly to hydrogen bonding between the formyl proton and the ring
carbonyl. Similarly, formylation of the azaindolizine (77) sgave its 3-formyl

derivative (114) with a formyl signal at & 10.95.

== Formylation
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1,5-Dipolar addition reactions of (a) 2,7-dimethyl-8-azsindolizine and (b)
2,8-dimethyl-8-azaindolizin=-7(8H)~-cne with dimethyl acetylenedicarboxylate

(a) 2,7-Dimethyl-6-azaindolizine (45) reacts with dimethyl acetylenedicarb-
oxylate to give the 5-azacycl[3,2,2,]azine diester (99), see p 68+ A
similar reaction with 2,7-dimethyl-8-azaindolizine (64 ) gave the isomeric
5-azacycl[3,2,2]azine diester (115). The NMR spectrum of this diester
consisted of two 3H singlets at & 2.71 and 2.93 attributed to the protons
of the methyl groups at C-3 and C-6 respectively, two 3H singlets at & 3.99
and 4.07 attributed to the protons of the ester groups, and two 1H singlets
at O 7.04 and 7.99. Irradiation at the ffequency of the signal at & 7.04
resulted in sharpening of the signal attributed to Me-3. The signals at

S 7.04 and 7.99 were therefore assigned to H=4 and H-7 respectively,

<
Z_(D
7\
=
5
<
D

<
Z(D
7\
=z
\ |
<
D

N
Me @ N\ Meff\w_—WR
M
&/N\// : ) Na N_AR
+ (64 T — e (15

R= COOMe

(b) 2,8-Dimethyl=8-azaindolizin-7(8H)-one (74) on reaction with dimethyl
acetylenedicarboxylate gave four products. The main product was the aza-
cycl[3,2,2]) azin-6(5H)-one (116),as red crystals which exhibited a strong
fluorescence in solution. The NMR spectrum showed two 3H singlets at

& 2.49 and 3.78 attributed to the protons of the methyl groups at C-3 and
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N-5, two 3H singlets at & 3.91 and 4.04 attributed to the protons of the
ester groups, and two 1H singlets at & 6.20 and 7.02. Irradiation at the
frequency of the signal attributed to Me-3 resulted in sharpening of the
singlet at & 6.20. ‘The signals at & 6.20 and & 7.02 were therefore assig-
ned to H-4 and H-7.

The second product obtained was shown by mass spectrometry to have a
molecular composition two mass units more thaen the azacyclazinone (116),
and since it could be converted to (116) by heating in toluene in the
presence of palladium on charcoal it was concluded . to be a dihydro deriv-
ative of (116). The NMR spectrum of the dihydro derivative may be inter-
preted on the basis of the 4,4a-dihydro-azacyclazinone structure (117).
The multiplicity of the signals at & 2.47 and 3.12 attributed to the protons
of the C-4 methylene function may be envisaged to arise mainly through
coupling with each other (J = ca 15.5 Hz) and with the C-4a proton (Jcis =

ca 4.5 Hz, J = ca 15.5 Hz). Irradiation at the frequency correspond-

trans
ing to the centre of the multiplet assigned to the methine proton (& 4.90)
resulted in simplification of the signals attributed to the methylene
protons to a pair of equally split doublets (J = ca 15.5 Hz)e. The reaction
between indolizine and dimethyl acetylenedicarboxylate has also been
reportedto give a similar dihydrocyclazine (120)14.

The other two products isolated were iscmeric with the dihydro-azacycl-
azinone (117). The NMR spectra of these compounds indicated them to be the
cis- and trans- sterecisomers (118) and (119). The vinyl proton of one
stereoisomer absorbed at & 5.93 whereas the vinyl proton of the other
absorbed at ® 7.13. It is suggested that the vinyl proton of the trans
isomer absorbs at lower field due to the anisotropic deshielding effect of
the carbonyl group on the a-carbon atom of the C-3 side chain as shown in

the conformation below122.

X

X = Azaindolizinone MeOOC \%\”/OMG

H O
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Differences between the chemical shifts of the f-olefinic protons in

several pairs of cis- and trans-a:B-unsaturated carboxylic esters such as
(121) and (122) have been reported in the range 0¢5-0.9 ppml23. Heating
solutions of either the cis- or trans- isomers in toluene in the presence

of palladium on charcoal resulted in their partial interconversion but
failed to yield any of the azacyclazinone structures (116) or (117). This
suggests that the cis- and trans- isomers are not intermediates in the
formation of (116) and (117) from the azaindolizinone (74). The reaction
between 2-phenylindolizine and dimethyl acetylenedicarboxylate has similarly
been reported to yield a vinyl derivative (123) although no stereochemical

124

comment was made .

Acetylation, diazonium coupling and attempted nitrosation of 2,7-dimethyl-
8-azaindolizine

In order to augment the formylation studies on 8-azaindolizines described
earlier in this Chapter, and to compleément the reported electrophilic sub-
stitution reactions of 6-azaindolizines36, acetylation, diazonium coupling

and nitrosation reactions were carried out on 2,7-dimethyl-8-azaindolizine

(64).

(a) Acetylation Refluxing a solution of the 8-azaindolizine (64) in
acetic anhydride gave an acetyl derivative. The NMR spectrum of this deriva-
tive when compared with the precursor (64) showed the absence of the signal
attributed to H-3, the emergence of an additional 3H methyl singlet, and a
downfield peri shift of 207 Hz in the position of the signal attributed to
H-5. Acetylation was therefore concluded to have occurred at C-3 to give

3-acetyl-2,7-dimethyl-8-azaindolizine (124).

(b) Diazonium coupling The 8-azaindolizine (64) reacted with phenyl-

diazonium chloride to give an orange-red dye. The NMR spectrum of the dye
when compared with the precursor indicated coupling to have occurred at C-3
to give the 3-phenylazo-8-azaindolizine (125). In this case H-5 underwent

a peri shif't of 197 Hz.
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(Me C0),0 PANEN Cl NaNO,/H’
COMe N=NPh

(124) (125)

(¢) Attempted nitrosation Attempted nitrosation of the 8-azaindolizine

(64) with sodium nitrite in aqueous acetic or hydrochloric acid gave dark
coloured polymeric material from which no products or starting material

could be isolated.

The results embodied in this Chapter show both 6- and 8- azaindolizines
to undergo electrophilic substitution preferentially at C-3 and then at
C-1. The parent 8-azaindolizine also underwent formylation at C-3 in
agreement with the site expected from a consideration of theoretical m=-
electron density calculations (see Table I, p22). 8-Azaindolizinones also

formylate preferentiélly at C-3.
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Table VIII™

Chemical Shifts (6) in the 100 MHz NMR spectra of 5-azacycl[3,2,2]azines in CDC1

28

3
5-Azacycl[3,2,2]azine 1 2 3 ' L é 7
¥ *
L-formyl-6-me thyl-2-phenyl (90) 7 oli2 7.30-8.,06 m 8.37 10.50 3.01 7.67
1-formyl-6-methyl-2-phenyl (91) 10,22 7.48-7.92 m 7.86 d 7.30 4 2.98" 8.20
J = 4.5 J = 4.5 . .
6-methyl-2-phenyl (92) 7e2h 7.34-8.06 m 7.91 4 7.20 a 2,93 7.58
J = 4.0 Jd = 4.0 " "
3,4-dicarbmethoxy-6-methyl- 7.31 7.38-7.90 m (4.06) (3.98) 3,04 770
2-phenyl (93)
y-formyl-2,6-dimethyl (95) 6.98" 2.71 8.10 1045 2,99 7457
1-formyl-2,6-dimethyl (97) 10.29 2.96 7.82 d 7e24 d 2.96 8.02
* # J = Leb Jd = 45
2,6-dimethyl (98) 6.81 2.70 7.70 @ 7.10 4 2.93 752
. . J = 4.0 J = 4.0
3,4-dicarbmethoxy-2,6-dimethyl (99) 6.95 271 405 4405 2.99 7.58
2,4 ,6-trimethyl (100) 6.57" 2.70" 7.38 2.62 2.9 7.58"
1,2-dicarbethoxy-3,6-dimethyl (115) (3.99) (407) 2.71" 7404 2.93 7.99

Unless otherwise stated values refer to singlet absorption; d = doublet and m = multiplet. Coupling constants
(Hertz) are approximate and measurad directly from the spectra. Assignments in parenthesis are tentative and
mayb e interchanged.

'Y
Indicates pairs of signals found by double resonance to bs weakly coupled to each other.



CHAPTER IV

Protcnation studies on 6- and 8~ azaindolizines and
and azacyl|3,2,2]azines

This Chapter discusses the protonation patterns of simple alkyl,
aryl and alkoxy substituted 6- and 8- azaindolizines, the parent 8-aza-
indolizine, 6- and 8- azaindolizinones, alkyl and aryl 5—azacycl[5,2,2]—
azines, and 6~methyl-2-phenyl-h,5-diazacyc1[5,2,2]azine. The sites of
protonation were determined by a comparative examination of the NMR spectra
recorded for solutions in deuterochloroform and trifluorocacetic acid.
Proton assignments were made by a comparative examination of related spectra,

by their proximity to nitrogen and with the aid of double resonance.
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Introduction

Heteroaromatic nitrogen compounds may protonate at either nitrogen or
carbon depending on the electronic arrangement of the nitrogen atomsBa. If
the nitrogen has its unshared pair of electrons in an sp2 hybridised orbital

as in pyridine then protonation generally occurs at nitrogen to give a conjug-

ate acid which retains aromaticity.

réj\\r H " -~ I
\\NJ | SN
H

If the nitrogen has its unshared pair in a p-crbital as in pyrrole then proton-
ation generally occurs at carbon. Protonation of pyrrole itself,whether at
carbon or nitrogen cannot give rise to an aromatic conjugate acid but occurs

preferentially at C-2 to give the resonance stabilised cation (126)

(126)
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Indolizine which containes a bridgehead nitrogen of the pyrrole type

has been shown to protonate preferentially at C-3 and then at C-17O'73,

Here protonation at either C-3 or C-1 can lead to a conjugate acid (127) or

69

(128) containing an aromatic pyridinium ring Protcnation at the bridge-
head nitrogen is not expected since this would lead to the formation of a

non-aromatic conjugate acid (129).

(129)

(127)

By analogy azaindolizines would be expected to offer three sites for
protenation. Protonation at the non-bridgehead nitrogen can lead to a 10m-
cation (130) whereas protonation at sites -1 or -3 can lead to a 6w-cation

such as (131) as shown for 6-azaindolizine.

(()\/> e AN et
— \

7 s el
Ny N~ N\./NE(H

(130) (131)

Ultra-violet and NMR studies on 1- and 3- azaindolizines have shown them to
protonate at the non-bridgehead nitrogen. This isto be expected since the
formation of both 6w- and 10w- cations is accommodated. The parent 2- and

34 ,68,72

7- azaindolizines were also shown to protonate at N-2 and N-7 réspect-
ively. Exceptionally alkyl- and aryl-5-azaindolizines have been shown by NMR
studies to protonate at C-3, C-1 and N-5 depending on the substituents present

and the protonating media34’7h.

No systematic studies on the protonation
patterms of 6- and 8~ azaindolizines have been made.

m-Electron density calculation562 (see Table I, p22) on azaindolizines
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give the order of decreasing electron densities for 6-azaindolizine as

N-4 ) C=3 )N-6 ) C-1 and for 8-azazindolizine as N=4 )) C-3 )N-8))C-1.

Assuming a correlations between these calculated m—-electron densities and

the preferred sites of electrophilic attack, and discounting the possiblility
of protonation at the bridgehead nitrogens, protonation of hoth systems would
be expected to occur firstly at their non-bridgehead nitrogens and/or at

their C-3 sites and then at their C-1 sites.

Protonation of 6-zzaindolizines

The least substituted 6-azaindolizine prepared in this work was 2,7-
dimethyl-6-azaindolizine (45). The NMK spectrum of this compound in tri-
fluorocacetic acid (see Table IX, p 92) indicated the presence of both N-
protonated (85%) and C-protonated cations (15%). The NMR spectrum of the
minor C-protonated species showed a midfield 2H methylene signal at 85.60.
Since the chemical shift of this methylene is within the range (865.36-5.91)
reported for C-3 protonated indolizines in trifluorcacetic acid it is sug= -
gested that this species is the C-3 protcnated cation (132). C-1 Protcnated
indolizines show corresponding methylene signals at significantly higher

field (64.14-4.60)71.

Me ~ N\— Ai_ Me 2 ~N— A Me N\
‘N oMo — N NME T NN e
H'NQ/N\ - b e N H

(133) (45) (132)

H+
Me ~ = o Me .~ I’j\Ph —\ Me @(\Ph
N N7 Na NZ70 S NN
€ e OMe OMe
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The NMR spectrum of' the major N-protonated species (133) showed no
direct evidence for a proton bound to quaternary nitrogen. Its presence was
however implied by the multiplicity of the H-5 signal which appeared as a
1H doublet at 69.45 (J = ca 6.0 Hz). The other aromatic 1H protcn signals
at 86472, 7.29 and 7.59 were assigned to H-1, H-8 and H-3 respectively.
Further evidence for the N-protonated structure (133) was obtained by compar-
ing its NMR spectrum with that of the quaternary methyl selt (134) in di-
methylsulphoxide. These were closely similar apart from the presence of an
additional 3H singlet at 83.98 due to the quaternary methyl group and the
absence of splittiﬂg of the signal attributed to H-5 in the spectrum of the
latter. In addition, when the NMR spectrum of the perchloraste salt of 2,7-
dimethyl-6-azaindolizine was recorded in deuterated dimethyl sulphoxide only
the N-protonated cation (133) was observed with a spectral pattern similar to
that of the main species generated from 2,7-dimethyl-6-azaindolizine in tri-
fluorocacetic acid. However in the case of the perchlorate in dimethyl sulph-
oxide the quaternary proton was directly observed and appeared as a broad band

centred at 69.67.

The NMR spectra of 2,3,7-trimethyl- (46), 2,5,7-trimethyl-(54), 7-methyl-
2-phenyl-(44) and 5,7-dimethyl-2-phenyl- (49) 6é-azaindolizines in trifluoroacetic
acid showed signals due to their N-6 protonated cations only. Spin coupling
of the H-5 signals with the quatemmary N-6 proton was evident in azaindolizines
(44) ana (46) even although the gquaternary proton was not directly observed.

In contrast to this preference for N-protonation in the cases of these alkyl-
and aryl-6-azaindolizines, 5-methoxy-7-methyl-2-phenyl-6-azaindolizine (165,

see Chapter V, pllO) showed signals exclusively due to its C-3 protonated cation
(135). The NMR spectrum of this methoxy-6-azaindolizine in trifluorocacetic

acid showed 3H singlets at 02.79 and 4.49 attributable to the protons of the
7-methyl and 5-methoxy groups, a 2H methylene singlet at 65.55, two 1H singlets
at 87.25 and 7.38, and a complex phenyl aﬁsorption at 07.45-7.85. Irradiation
at the frequency of the methyl signal at 02.79 resulted in sharpening of the

signal at 87.38. The signals at 87.38 and 7.25 were therefore assigned to H-8
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Figure VI

100 MHz NMR spectrum of 8-azaindolizine in CF5COOH
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and H-1 respectively.

Protonation of 8-azaindolizines

The NMR spectrum of the parent 8-azaindolizine (59) in trifluorcacetic
acid is shown in Figure VI. The absence of a midfield methylene signal dis-
counts protonation at carbon. It is suggested therefore that protonation has
occurred at N-8 to give cation (136). The high field 2H multiplet at 66.96-
7.22 was attributed to H-1 and H-6. The apparent 1H triplet at 07.48 was
attributed to H-2 the multiplicity arising mainly from approximately equal
coupling with H-1l and H-3. The apparent 1H quartet at 07.83 was attributed to
H-3 the multiplicity arising mainly from ccupling with H-1 and H-2. The low
field doublets at 68.48 and 9.07 were attributed to H-7 and H-5 respectively,
the multiplicity arising mainly from coupling with H-6. Irradiation at the
frequency corresponding to the centre of the high field 2H multiplet assigned
to H-1 and H-6 simplified the two low field doublets assigned to H-5 and H-7 to
a pair of broad singlets, and the multiplets assigned to H-2 and H-3 to a
pair of equally coupled doublets (J = ca 3.5Hz). Coupling between the proton
on N-8 and H-7 (J = ca 6.5 Hz) was only observed when a drop of perchloric
acid was added to the trifluorocacetic acid solution. The emergence of this
coupling is presumably due to a decrease in the proton exchange rate at the
higher lezB. On protonation of 8-azaindolizine there is a greater downfield
shift in the resonance position of the H-5 proten (ca 95 Hz) than there is of
the H-7 proton (ca 36 Hz). This is consistent with protonation at N-8 since
the deshielding effect on H-7 due to the lone pair of electrons on N-8 is
removed on formation of the cation (136). A similar effect has been reported
for pyridine which on protonation at its nitrogen shows large shifts of its
f-and y- protons (1.07 and 1.22 ppm) and only a relatively small shift of its
a- protons (0.25 ppm)118’125,

The NMR spectrum of 2-methyl-8-azaindolizine (60) in trifluorocacetic
acid (see Table X, p 93) consisted of the superimposed signals of twc cations.

The main species (62%) was the N-8 protonated cation (137) which showed chemical

shif'ts of its aromatic protons similar to those of the N-8 protonated parent
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8-azaindolizine. The minor species (38%) was the C-3 protonated cation (138)
with a 2H methylene signal at 85.55, a 3H methyl singlet at 02.54, a 1H singlet
at 67.11 attributed to H-1, an apparent 1H quartet at 67.87 attributed to H-6,

and a low field 2H multiplet at 69.24-9.52 attributed to H-5 and H-7.

+

H
rN I/\Me — ( OMe — +' N\Me

(137) (60) (138)

Similarly the NMR spectrum of 2,7-dimethyl-8-azaindolizine (64) in
trifluoroacetic acid showed both C-3 and N-8 protonated cations (139) and (140)
although here the percentage of the C-3 protonated species was considerably
greater (63%). No measurable change in the relative proportions of the C-
end N- protonated cations was observed after allowing the trifluorocacetic acid
solution to stand for six hours, or by recording the spectrum at various
temperatures in the range 0-40°. BEvidence in support of the assignment of
the minor species as the N-8 protonated cation (140) was obtained by a compar-

ison of its NMR spectrum with that of the quaternary methyl salt (141).

i Ve 1
; N N+ N+
h4€4jf ™~ Me ~ — Me ~ —
[ ) SMe N oMe 75i;>Me

H

(139) (140)

(141)

The NMR spectra of both 2,3-dimethyl and 2,3,7-trimethyl-8-azaindolizines

(62) ana (67) in trifluoroacetic acid showed signals attributable to their

the

N-8 protonated cations only. In the case of, cation derived from the 8-azaindol-

izine (62) the H-7 signeal was considerably broadened presumably through coup-
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ling with the proton at N-8.
The NMR spectra of 2-phenyl-and 2-methyl-7-methoxy-8-azaindolizines (68)
and (76) in trifluoroacetic acid showed signals attributable to their C-3

protonated cationsonly with 2H methylene signals at 5.71 and 5.17 respectively.

Summary of the protonation patterns of 6- and 8- azaindolizines

The results obtained show alkyl and aryl 6- and 8- azaindolizines to
have a preference for N- protonation in trifluoroaceitc acid. N- protonation
occurs exclusively with the parent 8-azaindolizine and in 6- and 8- azaindol-
izines where the C-3 or C-5 sites are methyl substituted. Protonation at C-3
is most marked in the cases of 2,7-dimethyl-6- and 8- azaindolizines. In con-
trast the methoxy substituted 6- and 8- azaindolizines protonated solely at
C-3. Increasing the pH of the protonating medium by the addition of approx-
imately 5% of perchloric acid favoured C-3 protonation at the expense of the
N-protonated cations ( s ee Table XI) and in some cases showed only carbon
protonation. Even 2,3,7-trimethy1-6-azaindolizine showed 35% of its C-3
protonated cation in the presence of perchloric acid. The parent 8-azaindol-
izine was unaffected by the addition of perchloric acid and still showed 100%
N-8 protonation. All the 6- and 8- azaindolizines studies showed deuterium
exchange of their H-1 and H-3 protons: recording the NMR spectra shortly
af'ter dissolving the samples in deuterotrifluorcacetic acid generally showed
the complete absence of the signals attributed to the H-3 protons and a reduc~
tion in the intensity of the signals attributed to H-1 protons. Exchange of
the H-1 protons was generally complete within one hour. Thus although no
C-1 or in some cases C-3 protonated cations were directly observed in tri-

fluorcacetic acid, their presence in a low equilibrium concentration is implied?%
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Chemical shifts (&) in the 100 MHz NMR spectra of 6-azaindolizines in CFBCOOH

26

6-Azaindolizine Cation % 1 2 3 5 7 8
7-methyl-2-phenyl N-6 100 7.16 7.40-7.80 m 8.05 9.60 br 2.60 7437
(l;,l..) W% = 6 Hz
2,7-dimethyl N-6 85 6.72 2.46 7.59 9.45 d 2.57 7.29
(45) 3= 6.0

c-3 15 6.95 2.91 5.60 9.71 2.91 7492

2,3,7-trimethyl N-6 100 6.68 2.40 2.56 9.23 d 2.56 726
(46) J = 6.0

5,7-dimethyl-2-phenyl N-6 100 7.17 7.40-7.90 m 22 3.15 2.56 734
(49)

2,5,7-trimethyl N-6 100 6.72 2.45 745 3.08 2.59 722
(54)
2,6,7-trimethyl-6-2zaindaol- - - 6.66 234 77k 10.27 2,51* 7.63
izinium iodide (13L)C

%—mefhoxy-?-methy1—2-phenyl c-3 100 7.25 7.45-7.85 m 5455 L9 2.79 7.38"

165

multiplet and q = quartet. Coupling constants (Hertz) are approximate and measured directly from the spactra. Pairs
of signals found by double resonance to be weakly coupled to each other are marked with asterisks ( ).

Unles= otherwise stated values refer to singlet absorption; br = broad, d = doublet, dd = double doublet, m = complex

b :
Obscured by the complex phenyl signal at 67.40-7.90 Recorded in dimethylsulphoxide; Me-6 occurred at 63.98
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Table

X

Chenical shifts (&) in the 100 MHz NMR spectra of 8-azaindolizines in CFBCOOH
8-Azaindolizine [Cation % 1 ‘ 3 5 6 7
2-carboxylic acid, | N-8 100 7450 - 8.45 9.17 d 7.29 dd 8.75 d
potassium salt (57) J = 7.0 J = 5.5, 7.0 J = 5.5
Unsubstituted N-8 100 |6.96-7.22 m 7.48 dd 7.83 ad 9.07 d 6e96-7.22 m 8.48 d
(59) J = 3.5, 4.0]J =1.5, 3.5] J=7.0 J = 6.0
2-methyl N-8 62 6.86 2.54 7.64 8.9 4 7.03 ad 8435
(60) J = 7.0 J = 6.0, 7.0 J = 6.0
c-3 38 7.11 2.54 5.55 9.24-9.52 m 7.87 dd 9.24=9.52 m
J =6.0, 7.0
2,3-dinethyl N-8 100 6.86 2.50 2.59 8e74 4 7.08 dd 8.27 br
(62) J = 7.0 J = 6.0, 7.0 Wy = 11.0 Hz
2, 7-dimetayl N-8 37 6.62 246 7 45 8.74 d 6.81 d 2.58
(64) J = 6.5 J = 6.5
c-3 63 704 2.50 542 9.01 d 7.66 d 2.93
J=6.5 J:6-5
2,3,7-trimethyl N-3 100 6.62 242 2.52 8.5L d 6.83 d 2.81
(67) J = 7.0 J = 7.0
7-methoxy-2-phenyl C-3 100 729 7o42-7+86 m 5.71 8.67 d 7.00 d L .35
(68) J =75 J = 7.
7-methoxy-2-methyl | C-3 100 6.78 245 5.17 8.58 d 6.96 430
(76) J = 7.5 J =7.5

|

2 sece footnote 'a' Table IX




Chemical shifts (&) in the 100 MHz NMR spectra of 6- and 8- azaindolizines in CF
of perchloric acid

Table XIa

COOH containing approximately 5%

46

6-Azaindolizine Cation % 1 2 3 7

7-methyl-2-phenyl C-3 100 7.74 7.60-8.00 m 645 3.10
(44)
2,7-dimethyl C-3 100 6.95 2.91 5.60 2.91
(45)
2,3,7-trimethyl N-6 65 6.68 2.38 2.56 2.56
(46)

c-3 35 7.26 2.64 g _,7ééZO q 3.16
5,7-dimethyl-2-vhenyl| C-3 100 -’ 7.50-8.15 m 6.2l 3.03
(9)
2,5,7-trimethyl C-3 100 7.16 2.63 5.67 3404
(54)

8-Azaindolizine | Cation % 1 2 3 6

Unsubstituted N-8 100 | 6.96-7.22 m 74 dd 7.82 dd 6.96-7.22 m
(59) J = 3.5, 4.0] J=1.5, 3.5 J = 7.0 6.0, 6.5
2,7-dimethyl N-8 17 6.66 2.62 7 .8L 9.04 d -5 9
(64) J = 7.0

c-3 83 7.23 2.62 5.69 9.35 d 7.94 d

J = 7.0 J = 7.0

- See footnote 'a' Table IX
# Obscured by the base of the broad solvent peak ( 88.50) ¢ Obscured by the complex phenyl signal at 67.50-8.15

d Obscured by the signal at &7.23 attributed to H-1 of the C-3 protonated cation




Protonation of 6- and 8- azaindolizinones

The NMR spectra of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-cne (156)*;
8-methyl-2-phenyl (69), 2,8-dimethyl (74), 8-acetonyl-2-methyl (78) and 2-
pheqyl(176)*iﬁ—aznindoliiin-7(8H)-ones; and 2,8-dimethyl(75) and 8-acetonyl-2-
methyl (77)-8-azaindolizine-5(8H)-ones were examined in trifluorocacetic acid
and the results recorded in Table XII. Unlike the fully aromatic 6- and 8-
azaindolizines which generally gave orange-red ccloured cations, these azaindol-
izinones gave pale coloured cations which in some cases were quite fluorescent.
For example 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one emitted a particularly
strong violet fluorescence. All the azaindolizinones examined showed signals
due to their respective C-3 protonated cations only, with midfield 2H methylene
signals in the range 65.16-5.,81. In deuterotrifluorcacetic acid no midfield
methylene signals were observed. Deuterium exchange of the H-1 protons only
occurred after 1-2 hours or on warming the deuterotrifluoroacetic acid solu-
tions at 60° for a short period. Protonation of these azaindolizinones at
carbon rather than at nitrogen is not surprising since protonation at the
non-bridgehead 'amide' nitrogen would lead to a conjugate acid (142) with a
localised positive charge whereas C-3 (or C-1) protonation leads to a conjug-
ate acid (143) with a positive charge which can be delocalised over both ring

nitrogens. This is illustrated for 2,8-dimethyl-8-azaindolizin-7(8H)-one (74).

O
~N
»
See Chapter V page 104 . \j”<§\54@
M

B

See Chapter V page 115 . H
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Table XIIZ

Chemical shifts (8) in the 100 MHz NMR spectra of 6- and 8-azaindolizinenes in CF3COOH

96

Compound Cation % 1 2 3 5 6 7 8
8-Methyl-2-phenyl C-3 100 746 7¢39-7.95 m HeS1 8430 d 6.81 d - 3495
8-azaindolizin-7(8H)-one (69) v J=8.0 |J=8.0
2,8-Dimethyl- C-3 100 6.96 2.55 5429 8.22 d 6.78 d - 3.85
8-azaindolizin-7(8H)-one (7k4) J =8.0 |J=8.0
2,8-Dimethyl- C-3 100 6.99 2.58 5.16 - 6.82 d 199 8 4 .09
8-azaindolizin-5(8H)-one (75) J=8.0 | J =80
8-Acetonyl-2-methyl- C=-3 100 6.82 2.52 5.18 - 6.34 d 790 d 2.52, 5.48
8-azaindolizin-5(8H)-one (77) J=28.01{J=28.0
8-Acetonyl-2-methyl C-3 100 | 6.81 (2.52) 5.32 | 8.24 d | 6.82 d - (2.56), 5.38
8-azaindolizin-7(8H)-one (78) J =80 | T =80
7-Methyl-2-phenyl- C-3 100 | 7.38 7.60-8.00 m 5.67 - - 2.77 7.06
6-azaindolizin=-5(6H)-one (156)
2-Phenyl- C-3 100 7433 7e43-7.98 m 578 8.3, d 6.75 4 - -
8-azaindolizin-7(8H)-cne (176) J=8.0|J =80

& See footnote 'a' Table IX




Protonation of azacycl[},2,2]azines

Cyclazine itself (144) is a heteroaromatic compound with 10w electrons
delocalised over its ten peripheral carbon atoms. Protonation of the parent

117

system occurs at either of the equivalent C-1 or C-4 sites rather than at
the central nitrogen as might be expected from a consideration of the stabil-
ity of their respective conjugate acids. With the introduction of an addit-
ional nitrogen at one of the non-bridgehead positions protonation may be
expected to occur at this nitrogen with the formation of a 10mw- cation (146)

or at ring positions -1 or -4 with the formation of 6w- cations (148) and (149)

as shown below for 5-azacycl(3,2,2]azine (145).

Me = N
‘Na _N_~ZPh

(147 )

35

According to Boekelheide who examined the ultra-violet spectrum of
6-methyl-2-phenyl-5-azacycl(3,2,2)azine (147) in ethanol and in aqueous

hydrochloric acid this system protonated at the non-bridgehead nitrogen. He
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also examined the NMR spectrum of (147) in concentrated sulphuric acid, and
in addition to the signals from the main N-5 protonated cation, observed

two smaller additional 'methyl' signals and attributed them to low concentr-
ations of C-1 and C-4 protonated cations. A reinvestigation of the NMR
spectrum of 6-methy1—2-pheny1-5—azacycl[3,2,2]azine in concentrated sulphuric

acid (Reference H,S0, = 610.00) gave a surprisingly simple spectrum showing

4
a 3H methyl signal at 82.41, a 5H phenyl complex at 86.67-7.30, and only two
1H singlets at 07.69 and 67.82. Attempted recovery of the free base by

basification of' the aqueous HZSO solution of the sample, followed by ether

4
extraction failed; the yellow colour of the cyclazine was retained in the

basic aqueous phase. These results suggested the azacyclazine (147) to have
undergone sulphonation at both C-1 and C-4. This led to an investigation of

the spectroscopically simpler 2,6-dimethyl-5-azacycl|3,2,2]azine (150).

The NMR spectrum of 2,6-dimethyl-5-azacycl[3,2,2}azine (150) in trifluoro-
acetic acid (see Table XIII) had a pattern similar to that of the base in
deuterochloroform and consisted of two 3H singlets at 62.92 and 03.20 assigned
to Me-2 and Me-6, two 1H singlets at 07.32 and 87.97 assigned to H-1 and
H-7 and a pair of 1H doublets at 87.31 and 68.21 assigned to H-4 and H-3
respectively. Although no signal directly attributable to a proton attached
to quateranary nitrogen was observed, the NMR spectrum suggests that proton-
ation had occurred at N-5 to give the cation (151). Similarly, 2,4,6-tri-

methyleycl[3,2,2]azine (152) in trifluoroacetic acid was also concluded to

protonate at N-5.

N N/Me—H—5 N N_Me N~ N__~Me

— — Me
(150) (151) (152)

Me ~ . Me/\l__ Me/\ _

The NMR spectrum of the azacyclazine (150) in deuterotrifluorocacetic acid

was initially identical to that in trifluoroacetic acid but after two hours
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showed a 50% reduction in the int%}ity of the signals assigned to H-1 and H-4.
After standing a further six hours deuterium exchange of the H-1 and H-4
protons was complete. Subsequent basification of the NMR sample with solid
anhydrous sodium carbonate followed by the addition of water gave a quantit-
ative recovery of the free base deuterated at C-1 and C-4.

The NMR spectrum of the 5-azacyclazine (150) in concentrated sulphuric
or deuterosulphuric acid like that of the phenyl-5-zzacyclazine (147) was
very simple and suggested sulphonation once again to have occurred at C-1 and
C-4 to give the azacyclazine (153). Attempted recovery of the free base from

the sulphuric acid solution failed.

h4€r€§r\\\ — 55()3f4
N~. N_~2Me

SO4H

(153)

Protonation of 6-methy1—2—pheqyl-4,5-diazagyclL5l2121azine

This yellow coloured cyclazine (167, see Chapter V) emitted a strong
green fluorescence in trifluorocacetic acid. The NMR spectrum was similar in
form to that of the base in deuterochloroform and showed a 3H singlet at 63.20,
three 1H singlets (67.94, 8.21 and 8.95) and a complex phenyl signal at 87.58-
8.18. The absence of any midfield methylene or methine signal discounts car-
bon protonation but points to protonation at nitrogen. Irradiation at the
frequency of the methyl signal resulted in sharpening of the 1H singlet at
68.21. The signals at 07.94, 8.21 and 8.95 were therefore assigned to H-1,

H-7 and H-3 respectively. Since protonation of the parent cyclazine (14)

~— Y

N—

Me vl 'T_— H+ Me%\l':_‘
N~ N_~/Ph _ N N. ~Ph
\'/—_— ;
N q
(167) (154)
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occurs at its C-1 or equivalent C-4 site protonation of the diazacyclazine
(167 ) may be expected to occur at N-4 rather than N-5 to give the cation (154).
However, since no coupling of the H-3 proton with the quaternary proton was
observed protonation may have occurred at N-5. ihen the spectrum was recorded

in deutertrifluorocacetic acid no apparent exchange occurred even after 24 hours

at 60°
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Table XIII?

Chemical shifts (8) in the 100 MHz NMR spectira of azacycl[3,2,2]azines in CF5COOH
Cycll3,2,2]azine Cation % 1 2 3 I 6 7
b b * ®
6-methyl-2-phenyl-5-aza N-5 100 Te72 749-8624 m il d 7639 d 3420 8.01
(147) J = 4.0 J = 4.0
b
2,6-dimethyl-5-aza N-5 100 7.32b 2.92 8.21 7s31 3420 7497
(150) J = 4.0 J = 4.0
2,4 ,6-trime thyl-5-aza N-5 100 7.08 2.89 (8.06) 274 3416 (8.01)
(152)
W*x %
6-methyl-2-phenyl-L ,5- N-5 100 769 7.58-8.18 m 8.95 - 3420 8421
diaza (167) or
N-4

& See footnote 'a' Table IX

The protons assigned to these signals underwent slow deuterium exchange in CF,COOD
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CHAPTER V

Nucleophilic substitution studies on 6- and 8- azaindolizines

This Chapter discusses an investigation into the propensity of the
6- and 8- azaindolizine systems towards nucleophilic displacement reactions.
The possibility of direct nucleophilic displacement of hydride ion from 7-
methyl-2-phenyl-6-azaindolizine was first investigated, and then the nucleo-
philic substitution of chlorine from 5-chloro-7-methyl-2-phenyl-6-azaindol-
izine and 7-chloro-2-phenyl-8-azaindolizine. The syntheses of the latter

two chloro compounds are also discussed.
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Introduction

Pyrimidine is a m-deficient heterocycle and therefore expected to be
vulnerable to attack by nucleophiles. In this ring system the two nitrogen
atoms exert their electron withdrawing effects in unison so that the electron-
deficiency at the a- and y- positions is expected to be considerable and
greater than in the isomers pyridazine and pyrazine. These predictions are
borne out by experiment and in general pyrimidine undergoes nucleophilic
substitution reactions more readily than pyridazine or pyrazine. However,
only a few successful direct nucleophilic displacements of hydride ion from
the pyrimidine nucleus are known37’126= In ccentrast the displacement of
halogen from the 2-, L= or 6- positions of pyrimidine is facile and many
examples have been reportedlg7.

6- and 8- Azaindolizines contain both a pyrimidine and a pyrrole moiety
but are formally classified as w-excessive heterocyclic systems. Despite the
extra m-electron in excess of ring centres theoretical m-electron density
calculations62 (see Table I, p 22) predict both 6- and 8- azaindolizines to
have m-deficient carbons. The calculations indicate the most electron defic-
ient site(s) for 6-azaindolizine to be at C-5 and C-7, and for 8-azaindolizine
to be at C-7. Therefore nucleophilic substitution reactions on 6- and 8-
azaindolizines are likely to occur at the C-5 and C-7 sites respectively,
though no such reactions have as yet been reported.

Attempted 'direct nucleophilic substitution on 7-methyl-2-phenyl-6-azaindolizine
and its 3-formyl derivative '

7-Methyl-2-phenyl-6-azaindolizine (44 ) was selected for this initial
study since it has an unsubstituted C-5 site, is relatively stable and easily
obtained35. Attempted ammination with sodamidelZ8 in N,N-dimethylaniline or
in xylene at 110° gave only starting material; raising the temperature to 180°
merely resulted in decomposition. Similarly,no reaction occurred when the
6-azaindolizine (44) was heated with sodium methoxide in refluxing methanol.

Attempts to displace hydride ion by amide and methoxide from 3-formyl-7-methyl-

2-phenyl-6-azaindolizine were equally unsuccessful despite the presence of the
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additional electron withdrawing formyl group.

Me = = i
T MM, o products
A X 3

OMe

(44, X=H)
(84, %=CHO)

Synthesis of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one

Attempts to prepare 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155)

directly from 2—chloro-)+,6-dimethy1pyrimidine129

and phenacyl bromide resulted
in a low yield of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156). An even
lower yield of the corresponding dimethyl-6-azaindolizinone (157) was obtained

when phenacyl bromide was replaced by bromoacetone.

Me MemMe Me ~

7 — —
D R VL R
N N— Cl yN N

5 A il

(155) BrCHyCOR

Since these attempts to obtain 5-chloro-6-azaindolizines directly resulted in
poor yields of the corresponding azaindolizinones,an alternative route to the
chloro compounds was sought. A logical procedure would be to develop an
improved synthesis of the indolizinones, for example (156), and then to con-
vert the azaindolizinones to their corresponding chloro- compounds by the
action of phosphoryl chloride as in the conversion of 'hydroxy' -pyrimidines to
chloro-pyrimidines.

The reaction between 2-hydroxy~#,6-dimethylpyrimidineljo and phenacyl
bromide in boiling ethanol gave a brown solution from which separated crystals
of 2-hydroxy-4,6-dimethylpyrimidine hydrobromide (158) with spectral character-

istics (uv and NMR) virtually identical to those of the reported hydrochlor-
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~~ M Mer= Y=
MM+ BrcH,coPR —— r/\7i;>Ph
N (NN
Mg b
- (156)

Heat - Formylation
or ~OH

MeN/ |NMe MemMe M@rh//\@Ph
CH,COPHh
S A

(158) (159) (160)

el : .
ide 30. After removing these crystals by filtration,the ethanolic filtrate

was evaporated and the residue dissolved in water. Addition of sodium
bicarbonate to the aqueous solution gave two products. The minor product
was 7-methyl-2-phenyl-6-azaindolizinone (156) readily identified by its infra-
red and NMR spectra. The infra-red spectrum showed carbonyl absorption and
NH absorption at 1693 and 3210 cm_l respectively. The NMR‘spectrum in deuter-
ated dimethyl sulphoxide showed a 3H methyl singlet at 62.13, three 1H singlets’
(66.23, 6.58 and 7.83), a complex phenyl signal at 87.20-7.78, and a broad NH
signal at 610.88. Irradiation at the frequency of the methyl signal resulted
in sharpening of the 1H singlet at 66.58. The signals at 06.23, 6.58 and 7.83
were therefore attributed to H-1, H-8 and H-3 respectively. Formylation of
this azaindolizinone occurred at C-3 to give an aldehyde (160) which showed
a low field 1H formyl singlet at 610.82.

The major product obtained in the reaction between 2-hydroxy-l,6-dimethyl-

pPyrimidine and phenacyl bromide could be converted to the azaindolizinone (156)
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in good yield by heating it above the melting point, or with 2M aqueous

sodium hydroxide. It also showed carbonyl absorptions at 1655 and 1690 cm-1
in the infra-red, and signals corresponding to two methyl groups, one methylene
group, one aromatic proton and one phenyl group in its NMR specctrum and was
concluded to be l-phenacyl-4,6-dimethylpyrimid-2(1H)-one (159).

Reaction between 7-methyl—g:phenyl—6-azaindolizin-5(6H)—one and phosphoryl
chloride

Refluxing a solution of 7-methyl-2-phenyl-6-azaindolizinone (156) in
phosphoryl chloride readily gave 5-chloro-7-methyl-2-phenyl-6-azaindolizine
(155) in 75% yield. The mass spectrum of this product showed the expected
55CL/5701 isotope pattern. The NMR spectrum had a pattern closely similar to
that of 7-methyl-2-phenyl-6-azaindolizine (44) except for the absence of its

H-5 signal.

MQK\Q ! 7
Ph
POCK | 1N @Ph N NZ
31 H i/ ~ A
Cl

O
/\4\>P Cl-p-Cl

7-Methyl-2-phenyl-6-azaindolizin-5(6H)-one (156) is potentially tautomeric and
its conversion to the chloro compound may occur via either tautomer by an
intermediate of the type shown. Nucleophilic substitution may then be
effected by chloride ion liberated in the first step (SNZ),or by a chlorine
still attached to the phosphorus (SNi),by analogy to pathways envisaged for
the conversion of hydroxypyridines to chloropyridinesljl’IBZ.

In addition to the chloro-6—azaindolizine_(155),a dark red compound was
isolated. Mass spectroscopy showed it to have a molecular ion at m/e 412
corresponding to the m/e value expected for a molecule constructed from two

phenyl-methyl-azaindolizine nuclei less four hydrogen atoms. The NMR spectrum
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of this red compound was simple and apart from a complex phenyl absorption,
showed only three other singlets. This suggested the compound to have the

structure (161).

Mer— N—
Ph

Al 3
(156) =1 TMe
Ph N N
POCly

//////////2 N ?l N
NQ/N\/
Cl

(161)
(155)

)

The NMR spectrum showed a 6H singlet at 81.93 assigned to Me-4 and Me-9, two
2H singlets (65.96 and 6.08), and a 10H complex at 67.20-7.88 assigned to Ph-1
and Ph-6. Irradiation at the frequency of the methyl signals resulted in
sharpening of the singlet at 66.08. The 2H signal at 06.08 was therefore
attributed to H-3 and H-8, and that at 65.96 to H-2 and H-7.

The same red, dimeric compound was also obtained when 5-chloro-7-methyl-
2-phenyl-6-azaindolizine (155) was itself heated with phosphoryl chloride.
The unsymmetrical bridging between the two 6-azaindolizine units leading to
(161) can be envisaged to occur by the interaction of the electron rich C-3
site of one azaindolizine molecule with the electron deficient site of another
followed by the elimination of either water or hydrogen chloride depending on
whether it is formed from (156) or (155). Since no singly bridged dimeric
structures such as (162) were isolated from these reactions,or in the reaction
between 2-phenyl-8-azaindolizin-7(8H)-one (176) and phosphoryl chloride (see
p1ll5), the reaction leading to the dimer may involve the simultaneous elimin=-
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ation of two molecules of hydrogen chloride rather than two distinct steps.

XyMe
Pn S~ \Me
> N\X?N Phw
) HX .
\SPh
DPh Mek/l
(162)
(155 X=Cl)
(156, X=0H)

Protonation and formylation of 4,9-dimethyl-1,6-d;phenyl—di(6—azaindolizino)
L3,4,5-af:3" 4" ,5 ~dc]pyrazine (161)

The NMR spectrum of 4,9-dimethyl-l,6-diphenyl-di(6-azaindolizino)[3,4,5-
af:3',4',5"'-dc]pyrazine (161) in trifluoroacetic acid was similar in form to
the free base in deuterochloroform and since it showed no midfield methyvlene
or methine expected for protonation at carbon.this cation was deduced to be

protonated at both of its non-bridgehead nitrogen atoms to give the dication

(163).

— :§>1hde —" \YMe

Phls. N N . Phiss N_ _NH
- 2 H
A b

NZ > NTXNPh HNZ NXNPh

Meln, /— Me
(161) (163)
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The spectrum of (163) consisted of a 6H singlet at 62.20 assigned to the
methyl groups, a 10H singlet at 07.70 attributed to the phenyl groups and
two 2H singlets at 06.69 and 6.78. Irradiation at the frequency of the methyl
signal resulted in sharpening of the signal at 06.69. This signal at 066.69
was assigned to H-3 and H-8. The other 2H singlet which underwent slow
deuterium exchange in deuterotrifluorocacetic acid was attributed to H-2 and
H-7.

Vilsmeier foruylation the the dimer (161) with 10% excess reagent at
room temperature fsiled, but with a large excess of reagent at 70-20° a di-
formyl derivetive was obtsined which was practically insoluble in chloroform,
dichloromethane, methanol, acetone, benzene and dimethyl sulphoxide. The NMR
spectrum of this aldehyde in trifluorocacetic acid showed a 6H methyl singlet
at 62.28, a 2H singlet at &7.58, a 10H phenyl singlet at 67.72 and a broad
2H formyl singlet at 89.72. Irradiation at the frequency of the methyl signal
resulted in sharpening of the signal at 07.58. This signal at 67.58 was there-
fore attributed tc H-3 and H-8, indicating formylation to have occurred at
C-2 and C-7 to give the aldehyde (164). A comparison of the NMR spectrum of
the aldehyde (1€4) with that of the parent compound (161) in trifluorcacetic
acid showed the signal attributed to H-3 and H-8 to have undergone a peri

shif't of 89 Hz on formylation.

= SSuMe rMe
Phix. N._2N Phis N__N
Formylation, \f

N“ "N”X\Ph
M@K/l_ Me 'S l—_

(161) (164)
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Nucleophilic substitution reactions on 5-chloro-7-methyl-2-phenyl-6-azaindol=-

izine

(155)

The 5-chloro substituent in 5-chloro-7-methyl-2-phenyl-6-azaindolizine

was successfully replaced by hydroxide ion, methoxide ion and ammonia

as described below.

Mey~ =
{(N\Li;>Ph (155)
N
Cl

OH |- NH,
OMe
NP

Me(/\\r/t> ] Me(/\\r/\\ Megi:jﬁi;>Ph

— =~ \\//
H30 e NH,

(156) (165) (166)

(a) Hydroxide ion Attempted hydrolysis of (155) with aqueous sodium bicarb-

onate

it to

at 100° gave unchanged starting material (ir, NMR) although TLC showed

contain traces of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156).

Even with 2M sodium hydroxide hydrolysis was slow and after a number of hours

at 100° only 9% of the azaindolizinone (156) was obtaineds This slow hydrol-

lysis, which may be due in part to the insolubility of the chloro-azaindoliz-

ine (155) in basic aqueous media suggests that the replacement of the chlor-

ine by hydroxide in the Chichibabin reaction between 2-chloro-4,6-dimethyl-

pyrimidine and bromoacetone or phenacyl bromide leading to 6-azaindolizinones

(see p 104) does not occur by replacement of the chlerine from the chloro-

azaindolizine but occurs earlier from the intermediate pyrimidinium salt.
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(b) Methoxide The chloro-6-azaindolizine (155) reacted with sodium methoxide
in boiling methanol to give 5-methoxy-7-methyl-2-phenyl-6-azaindolizine (165)
in 81% yield. The NMR spectrum of the methoxy compound showed 3H singlets at
$2.30 and 4.13 assigned to the Me-7 and MeO-5 groups, three 1H singlets (86.47,
6.65 and 7.55) and a complex phenyl signal at 87.20-7.80. Irradiation at the
frequency of the methyl signal at 62.30 resulted in sharpening of the 1H
singlet at 06.65. The signals at 66.47, 6.65 and 7.55 were therefore assigned

33

to H-1, H-f and H-3 respectively. Demethylationl of the methoxy group in (165)

with hydrochloric acid gave 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156).

(c) Ammonia The chloro-6-azaindolizine (155) reacted with a solution of
anhydrous ammonia in ethanol in a sealed tube at 130-150° to give 5-amino-7-
methyl-2-phenyl-6-azaindolizine (166) in 71% yield which showed amine absorp-
tions in the infra-red at 3450, 3340 and 1655 cm-l. The NMR spectrum in
deuterated dimethyl sulphoxide showed a 3H methyl signal at 62.17, a 2H sing-
let at 06.50 assigned to H-1 and H-8, a 1H singlet at 07.89 assigned to H-3,
and a complex phenyl signal at 67.20-7.78 which overlapped with a broad 2H

amine signal centred at 07.1lk4.

Formylaticn of 5-amino-7-methyl-2-phenyl-6-azsindolizine

Formylation of 5-amino-7-methyl-2-phenyl-6-azaindolizine (166) gave
6-methy1-2—pheny1-4,5-diazacycl[3,2,2]azine (167) which for. consistency with

the other cyclazines mentioned in this thesis is numbered as shown.

Me ~ N= -
N N Y Formylation,
NH»>

(166)

The NMR spectrum of the diazacyclazine (167) showed a 3H methyl singlet at
83.00, three 1H singlets (867.40, 7.65 and 8.83) and a complex phenyl absorption
at 67.33-8.11. By ccmparison with the NMR spectrum of 6-methyl-2-phenyl-5-

azacycl[3,2,2]azine (92) the signals at 87.40, 7.65 and 8.83 were assigned to
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H-1, H-7 and H-3 respectively. The H-3 signal occurs at particularly low
field due to its proximity to nitrogen. Irradiation at the frequency of the
methyl &ignal resulted in sharpening of the 1H signal attributed to H-7. The
ultra-violet spectra of the diazacyclazine (167) was similar to that of the

corresponding 2-phenyl-azacyclazine (92) and both are shown in Figure VII.

Figure VII
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Since no 1- or 3- formyl derivativesof the amino-6-azaindolizine (166)
were isolated, and in view of the pathways previously discussed ( see p 68 )
for the formation of L-formyl-6-methy1-2-pheny1-5-azacycl[5,2,2]azine (90) in
the Vilsmeier formylatioﬁ of 5,7-dimethyl-2-phenyl-6-azaindolizine (49), it

seems likely that formation of the diazacyclazine (167) results from attack
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by the Vilsmeier electrophile at the 5-amino group1 of the azaindolizine
(166), rather than by attack at its C-3 ring carbon site. In contrast to the
ready formylaticn of 5-azacycl[3,2,2]azines (92) and (98), formylation of the
diazacyclazine (167) failed even at 6Uﬂ and points to considerable deactivation
of the C-1 site by the additional N-4 nitrogen. Although the 1,4-diazacycl-
azine (168) has been reported to undergo acid catalysed hydrolysis to the
amino-flormyl-~czaindolizine (169),no corresponding ring-opening reaction was
observed for the 4,5-diazacyclazine (167) when it was similarly dissolved in
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methanolic hydrochloric acid .

Z =N H3o+ Z =N
N 3, N
2

N= NH,, CHO

(168) (169)

Formylation of 5-chloro-7-methyl-2-phenyl-6-azaindolizine

This formylation was carried out with a view to obtaining the 4,5-diaza-
cyclazine (167) by an alternative route (viz. 5-chloro-3-formyl-6-azaindolizine
— 5—amino-3-fonnyl—6-azaindolizine — 4,5—diazacyclazine). However no 5-
chloro-3-formyl-7-methyl-2-phenyl-6-azaindolizine (171) was obtained and
instead four other products were isolated. The main product was identical (ir,
NMR) with 3-formyl-7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (160). The next
two products obtained were isomeric formyl-N,N-dimethylamino-6-azaindolizines.
A comparative examination of their NMR spectra and with that of 3-formyl-7-
methyl-2-phenyl-6-azaindolizine (84) suggested these isomers to be the 6-
azaindolizines (170) and (172). The NMR spectrum of the isomer assigned struc-
ture (172) showed a particularly low field H-8 signal (87.78) due to the deshield-
.ing effect of the peri orientated 1-formyl group. The fourth product was
Obtained in low yield. Its NMR spectrum when compared with that of the parent
chloro compound (155) had no signal attributable to H-1 but a 1H formyl
fignal emerged at 010,04, and a peri shift of 110, Hz in the
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position of the signal attributed to H-8. This indicated this product to be
5-chloro-l-formyl-7-methyl-2-phenyl-6-azaindolizine (173). The N,N-dimethyl-
amino products (170) and (172) are presumably formed by nucleophilic displace-
ment of chlorine by N,N-dimethylamine formed from dimethylformamide in the

course of formylation.

Me — Me Me 2 =
£;§\§:2>Ph IS r/\TM}Ph + 7 e

N N7
X - F”*}( CHO ﬁg ‘Eﬁo
(155) (160) Me Me (170)
1 +
CHO CHO
N e T e
et N -
@ cHo N Cl
(a71) Me Me (179) (173)

Attempted synthesis of 7-chloro-8-azaindolizines from 4-chloro-2-methylpyrimidine
103

The reaction between 4-chloro-2-methylpyrimidine and bromoacetone or

phenacyl bromide, without solvent or in benzene,failed to yield any characteris-
able products. When the reaction between the pyrimidine and bromoacetone was
carried out in ethanol followed by aqueous bicarbonate cyclisation,K two products
were isolated. The main product was 4-ethoxy-2-methylpyrimidine (174). The
minor product obtained in low yield was 7-ethoxy-2-methyl-8-azaindolizine (175)
with ultra-violet and NMR absorptions similar to those of 7-methoxy-2-methyl-8-

azaindolizine (76).

N EtO~
Clr/ ﬁMe EtO~ \lMe Me

+ BFCH2COMG—9 N _/ /

(174) (175)
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Synthesis of /-chloro-2-phenyl-8-azgindolizine

Failure to obtain 7-chloro-2-phenyl-8-azaindolizine (177) directly from
4-chloro-2-methylpyrimidine led to an investigation into its synthesis by
chlorination of 2-phenyl-8-azaindolizin-7(8H)-cne (176). The 8-2zaindolizinone
(176) was obtained in 85% yield by demethylation of 7-methoxy-2-phenyl-8-azaindol-
izine (68) using aqueous hydrochloric acide. The 8-azaindolizinone (176) was also
obtained from the reaction between u—hydroxy—Z—methylpyrimidinelo3 and phenacyl
bromide. This reaction gave the N-phenacylpyrimidone (178) in 27% yield which

could be cyclised to (176) in quantitative yield by heating at 180°.

N

.
N O~~N N
MeO~ *jc:x\ Q[:/:\,/ Clz "=
Ph — ’/>Ph — Ph
L/N\// Hy0T SN~ Tpoc N-7
(176)

(68) . (177)

Heag
180

O:T/ "WmAe Oir/Ninm

X —> X NcH,copn
_I_

BrCHZCOPh (178)

Refluxing a solution of the 8-azaindolizinone (176) in phosphoryl chloride gave
7-chloro-2-phenyl-8-azaindolizine (177) in 75% yield. The mass spectrum of the
55Cl/57

chloro compound showed the expected Cl isotope pattern. Its NMR spectrum
showed a complex phenyl signal at 67.30-7.76, two singlets at 06.84 and 7.26
attributed to H-1 and H-3, and a pair of doublets at 66.50 and 8.07 assigned to

H-6 and H-5 respectively.
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Nucleophilic substitution reactions on 7-chloro-2-phenyl-8-azaindolizine

7-Chloro-2-phenyl-8-azaindolizine (177) was treated with methoxide, hydrox-
ide and amide ion and with ammonia. The results are described below.
(2) Methoxide The chloro-8-azaindolizine (177) reacted with sodium methoxide
in refluxing methanol to yield 7-methoxy-2-phenyl-8-azaindolizine (68) in quan-
titative yield. It showed identical spectral characteristics to the sample
obtained from the reaction between 4-methoxy-2-methylpyrimidine and phenacyl

bromide (see p 43).

(b) Hydroxide Attempted hydrolysis of the chloro-8-azaindolizine (177) with
aqueous 2M sodium hydroxide at 100° failed and the starting material was recov-
ered unchanged. Increasing the temperature to 130° resulted in partial decom-

position and only starting material (63%) was recovered.

(¢) Amide Addition of the chloro-8-azaindolizine (177) to a suspension of
sodamide in liquid ammonia at -33° gave a rapidly darkening, brown solution

from which no characterisable products or starting material coculd be obtained.

(¢) Ammonia Heating the chloro-8-azaindolizine (177) in a solution of anhydr-
ous ammonia in ethanol at 140° in a sealed tube for 5 hours failed to cause any
reaction and all the sstarting material was recovered. Increasing the tempera-
ture to 200° resulted in darkening of the solution but no characterisable pro-

ducts could be isolated. Again starting material (64%) was recovered.

The reactions discussed in this Chapter although limited in scope demon-
strate that nucleophilic substitution of chlorine from the C-5 site of 6-azaindol-
izine and the C-7 site of 8-azaindolizine is possible and in the instances of
replacement by methoxide ion, occurs in high yield. However in the cases of
ammonolysis and hydrolysis of the 7-chlorine from the 8-azaindolizine (177) no
Products were isolated and t he bulk of the starting material recovered. This

suggests that the 7-chlorine atom of the 8-azaindolizine (177) is less reactive
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than the 5-chlorine atom of the 6-azaindolizine (155). This difference in
reactivity although not anticipated from thecretical w-electron density
calculations62 (Table I p22), may possibly be rationised by a comparative exam-
ination of the transition intermediates resulting from an SN2 attack. In the
case of the 6-azaindolizine the negative charge on the intermediate (179) can
be accommodated at two sites in the 6-membered ring, whereas iﬁ the case of
the 8-azaindolizine the negative charge on the intermediate (180) can only

be accommodated at one site in the 6-membered ring, keeping the pyrrole moiety

intact.

Cl —
N
= — — P
/\K\ C |/\‘/\ " @
> N
(179) (180)

Nuc = Nucleophile

B3 By 4



CHAPTER VI

Experimental
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Explanatory notes New compounds are underlined when first mentioned.

Melting points were determined on a Kofler hot-stage apparatus and are uncor-
rected. Light absorption data refers to solutions in ethanol unless other-
wise stated and were measured using a Unicam SP800 spectrophotocmeter and

10 mm silica cells. Principal maxima are underlined and inflections are

given in parenthesis. Infra-red spectra were obtained for Nujol mulls using

a Unicem SP200 spectrophotometer unless otherwise stated. 'H NMR data refers
to soluticns in deuterochloroform unless otherwise indicated and were cbtained
using a Varian HA-100D instrument operating at 100 MHz and 30° with tetra-
methylsilane (TMS) as internal standard. Values given are on the & scale

(TMS = 6 0.,00) and refer to singlet absorptions unless otherwise stated. App-
arent coupling constants in hertz, integration values (unless 1H) and signal
assignments are given in parenthesis. For multiplets d = doublet, dd = double
doublet, t = triplet, q = quartet and m = complex multiplet. Mass spectra
were obtained using an AEI MS30 instrument operating at a ionisation potential
of 70 eV, Metastable peaks are marked with asterisks. The apparent mass
losses measured from the molecular ion and relative intensities (%) or in the
case of metastable peaks the likely transitions are given in parenthesis.
Elemental analyses were performed by the analytical laboratories of Aberdeen

University.

Solvents, reagents and chromatcgraphic materials Concentrated hydrochloric,

sulphuric and perchloric acid (sg 1.70) were 'Analar' grade. Benzene, diethyl
ether, petroleum ether, toluene and xylene were dried over sodium wire and
filtered before use. Dimethylformamide for application in Vilsmeier formyl-
ation procedures was dried by allowing it to stand over molecular sieve mater-
izl (Linde type 4A) and then passing it through a column of fresh alumina 132,
N,N-dimethylaniline was dried over sodium hydroxide pellets and distilled

before use. Copper powder used for decarboxylation was the type reduced by

hydrogen. Catalytic grade palladium on barium sulphate and palladium on char-

s
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coal were commercial products obtained from Koch-Light Laborztories. Anhydrous
ammenia (99.98%) was obtained from a cylinder. Sodamide was prepared immediately -

before use from sodium and anhydrous ammonia128.

Column chromatography was
carried out on Woelm neutral alumina (activity grade IV), and on silica gel as
supplied by Hopkins and Williams Ltd. Thin layer chromatcgraphy (TLC) was
carried out on Merck Kieselgel GF

254 .

General procedures Organic solutions were dried over anhydrous magnesium

sulphate and evaporated at reduced pressure on a rotary film evaporator. TLC
plates were prepared by coating glass plates (20 x 20 cm) with a slurry of

silica gel to a thickness of ca 0.8 mm. The plates were dried at 100° for

2 hours and left to cool overnight. Compounds to be chromatcgraphed were applied
as solutions in chloroform and the plates developed using benzene/ethyl acetate
(3:1) unless otherwise stated. In the cases indicated, spraying a test plate
firstly with a 10% solution of p-dimethylaminobenzaldehyde and then with 4N
aqueous hydrochloric acid (Ehrlich's reagent)156 aided band identification.
Bands were marked whilst viewing under ultra-violet light (254 and 350 nm) and
extracted with chloroform unless otherwise stated and are listed in the order of
their speed of movement, the fastest being given first. Where the term 'steam
distillation' is used it is implied that the distillation was continued until
400-1C00 cm3 of distillate was collected. The distillate was then extracted

with ether (6 x 150 cmj) and the combined extracts dried and evaporated to leave
the stated crude product. Sealed tubes were made from thick walled pyrex glass =
wall thickness 2.2 mm, outside diaméter- 14 mm, approximate length 20 cm. Com=-
pounds to be purified by distillation in glass tubes were transferred to the
tubes, previously closed at one end, as solutions in ether (1-2 cmj). In each
case the solvent was evaporated at atmospheric pressure and the tube sealed
under vacuum (0.0l mm). Subsequently, the tube was held in a horizontal pos-

ition and the end containing the residue heated at the temperature specified.
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In a few minutes the purified compound collected on the cold part of the
tube, just outside the heating block. In cases where the identity of a
compound was established by a comparison with an authenticated sample,

this was by infra-red spectroscopy unless otherwise stated.
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Sources of pyrimidines  4,6-Dimethylpyrimidine and 2,4-dimethyl-6~hydroxy-

pyrimidine were commercial products. The following pyrimidines were syn-
thesised by procedures similar to those given in the references cited.
2,4 ,6=Trimethylpyrimidine dihydrate96 was obtained by the condensation
of acetylacetone and acetamidine hydrochloride. The water of crystallisa-
tion was removed by azeotropic distillation with benzene until the theoret-
ical quantity of water was collected. The benzene was then evaporated and
the residue distilled. The fraction boiling at 160-164° gave 2,4,6-trimethyl-
pyrimidine in 15% overall yield (1it bp 168-170°, 13%).
4-Hydroxy-2-methylpyrimiainelo3 (mp 212-214°, 30%; 1lit 212.5-213°; 33%)
was obtained by the condensation of the sodium salt of ethyl formylacetate142
and acetamidine hydrochloride. The sodium salt of ethyl formylacetate pre-

pared by the procedure published by Gabriell43

was found unsatisfactory

since the product obtained was dark brown in colour and contained unreacted
sodium. Refluxing a solution of 4-hydroxy-2-methylpyrimidine in phosphoryl
chloride gave crude 4-ch10r0—2—methylpyrimidine103 (91%; 1it 92%) which was
recrystallised from petroleum ether (40-60°) and distilled at 80° (10 mm) to

U3 59-60°).

give the purified base as pale yellow crystals (mp 59-60°, 1it
Catalytic .dechlorination of 4-chloro-2-methylpyrimidine in a low pressure
hydrogenation apparatus using a 5% palladium on barium sulphate catalyst

gave 2~methy1pyrimidinelo2 (bp 130-132°, 83%; 1it 129-133°). Attempts to
dechlorinate crude samples of 4-chloro-2-methylpyrimidine were unsuccessful
and purification of the pyrimidine by distillation at reduced pressure was
essential before dechlorination would proceed. Refluxing a solution of
4-chloro-2-methylpyrimidine in methanol with sodium methoxide gave 4-methoxy-
2—methylpyrimidinelo9. The product was worked up by filtering off the pre-
cipitated sodium chloride and distilling the filtrate. 4-Methoxy-2-methyl-
pyrimidine was collected at 160-162° in a yield of 61% and gave a picrate

which crystallised from ethanol. The picrate underwent a sudden change in
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crystalline form at 117° and then melted at 152-159° (lith)

159°).

Similarly chlorination of 2,)-dimethyl-6-hydroxypyrimidine gave 2,4-
dimethyl-6-chloropyrimidinelO6 [bp 78° (18 mm), 86%; 1it 182°, 67%) which
on catalytic dechlorination102 gave 2,4-dimethylpyrimidine (bp 150°, 74%;
11 ¢4 150°).

. © oA .. 130 > . o7

k4 ,6-Dimethyl-2-hydroxypyrimidine hydrochloride (67%; 1it 71%) was

obtained by the condensation of urea and acetylacetone in hydrochloric acid.

L5 194-196°) was obtained by

4 y6-Dimethyl-2-hydroxypyrimidine (mp 205°; 1it
the addition of sodium bicarbonate to an aqueous solution of the hydrochlo-
ride followed by multiple extraction with chloroform. 2-Chloro-l,5-dimeth-
i . .a. 129 . . o and . .
ylpyrimidine (mp 37-39°; 91%; 1it 38°, 90%) was obtained by refluxing a
solution of 4,6-dimethyl-2-hydroxypyrimidine hydrochloride in phosphoryl
chloride, and was further purified by distillation at 100° (15 mm) .

The structures and purity of the pyrimidines prepared were confirmed by

ir and NMR spectroscopy.
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Chapter II

Reaction between 4 ,6-dimethylpyrimiding and phenacyl bromide55

The Chichibabin reaction between 4,6 -dimethylpyrimidine and
phenacyl bromide by Boekelheide's procedure gave 7-methyl-2-phenyl-
6-azaindolizine (44) as a yellow solid: mp 190° (dec), 1it 180-190°
(dec); NMR 2.40 (3H, Me), 6.56 (H-1), 7.00 (H-8), 7.30-7.70 (m, 5H,

Ph), 7.53 (H-3), 8.70 (H-5).

Reaction between L ,6-dimethylpyrimidine and bromoacetone

Bromoacetone (13.7 g, 0.1 mol) was added o 4,6-dimethylpyrimidine
(10.8 g, 0.1 mol). After two days at room temperature the red, glassy
product was dissolved in water (300 cm5) and extracted with ether.
Sodium bicarbonate (20 g) was added to the aqueous extract and the
resultant steam distilled to give a brown oil (3 g) which was fraction-

ally distilled. 2,7-Dimethyl-6-azaindolizine (45) 2.08 g (14%) was

collected at 90° (0.01 mm) as white crystals which darkened on standing:
mp 69-70°; uv 239, (270), 280, 291, 335 (broad) nm, log e 4.31, 3.4k,
3.57, 3.61, 2.70; ir 735, 780, 860, 1235, 1615 cm 13 NMR 2.25 (3H, Me-2),
2.29 (3H, Me-7), 6.08 (H-1), 6.90 (H-8), 7.05 (H-3), 8.58 (H-5); mass
spectrun m/e 146 (M, 100), 145 (M-1, 28), 118 (M-28, 20), Lik (146-
145), see Table VI,p57.

Anal. Calcd for C9H10N2: Cy, 73.94; H, 6.89; N 19,16. Found:

C, 73.8; H, 7.2; N, 19.0.
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Reaction between 4,b6-dimethylpyrimidine and bromobutanone

4 ,6-dimethylpyrimidine (21.6 g, 0.2 mol) and 3-bromo-2-butanone
(30.2 g, 0.2 mol) in ethanol (25 cmB) were gently refluxed for 30 minutes.
The resultant brewn gum was left overnight, the solvent evaporated, the
product extracted into water (400 cmj) and extracted with ether. Sodium
bicarbonate (4O g) was added to the aqueous extract and the product

steam distilled to yield a brown oil (5 g) which was fractionally distilled.

2,3,7=Trimethyl-6-azaindolizine (46), 4.17 g (15%) was collected at 100° (12 mm)

as yellow waxy prisms which gradually darkened: mp 55-57°; uv___ (238),
240, (246), (272) 282, 293, 370 (broad) nm, 108 e L.4l, L3, 4e32, 3.64,
3.75, 3.76, 3.00; ir 760, 850, 1355, 1420, 1630 cm'l; NMR 2.22 (3H, Me-2),
2.36 (3H, Me-3), 2.38 (3H, Me-7), 6.07 (H-1), 6.90 (H-8), B.46 (H=5).
Anal. Calcd for CloH12N2‘ C, 744963 H, 7.55; N, 17.48. Found:

C, 7he7; H, 7.7; N, 17.2.

Reaction between 2,4 ,6,-trimethylpyrimidine and phenacyl bromide

2,4,6-Trimethy1pyrimidine96 (12.2 g, 0.1 mol) and phenacyl bromide
(19.9 g, 0.1 mol) in ethanol (5 cm3) were gently warmed to boiling and
the exothermic reaction which ensued moderated by the addition of
ethanol (5 cmj). After standing overnight, the solvent was evaporated
and the resulting dark, brown gum extracted well with water (200 cm3).
The aqueous part was extracted with chloroform (4 x 75 cm3) and the

combined organic extracts dried and evaporated to give a brown, oily

liquid (4 g). This was subjected to TLC with benzéne/ethyl acetate (8:1).
The first band gave unchanged phenacyl bromide (1.2 g).

The next band gave a yellow solid which af'ter recrystallisation

from petroleum ether (60-80°) gave w-hydroxyacetophenone (0.34 g) as
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yellow needle clusters: mp 85-86°, 1it137 89.5-90.5°; ir 1680, 3420 cm ;

NMR 3.5k (OH), 4.87 (2H, CHZ), 7.20-8.00 (5H, m, Ph); mass spectrum m/e
136 (M*, &), 105 (M-31, 100), 77 (M-59, L5).
Anal. Calcd for C.H 02: C, 70.57; H, 5.92. Found: C, 70.7,

878
H, 5.9-

The material from the band which gave a violet Ehrlich's test,
after recrystallisation from petroleum ether/benzene (20:1) yielded
3-acetyl-2-methyl-5-phenylpyrrole (51), 28 mg as green needles: mp
179-181°, 13478 183°; uv_ (229), (236) 242, 288, (310), log e L.22,
L.31, 4.34, 4.31, 4.06; ir 775, 812, 930, 952, 1238, 1561, 1600, 1629,

3220 cm_1

; NMR 2.43 (3H, Me-2) 2.59 (3H, Me of acetyl), 6.77 (d, J=2.5 Hz,
H-4), 7.04-7.56 (m, 5H, Ph), 8.78 (broad and disappears on addition of
D0, NH); mass spectrum m/e 199 (M, 56), 184 (M-15 , 100), 156(M-43, 10),
170* (199-184), 132" (184-156).

Anal. Calcd for CIBHISNO: C, 784363 H, 64583 N, 7.03. Found:

C, 78.43 H; 6.5; N, 6.7.

This pyrrole gave a p-nitrophenylhydrazone derivative which
crystallised from methanol: mp 235-237°; mass spectrum, calcd mass for
Oy gH g, 0,3 33401429, found m/e 334.1429 (M, 3%), 197 (M-137, 100).

A pyrrole with identical characteristics was obtained by a

Hantzsch97

synthesis as follows. Excess concentrated aqueous ammonia
sg 0.88 (20 cm3) was slowly added to the mixture of phenacyl bromide
(1.99 g, 0.01 mol) and acetylacetone (1.00 g, 0.01 mol) and the mixture
gently warmed before refluxing for 15 minutes. The reaction mixture
was evaporated to dryness and the residue extracted with chloroform

(50 cm3) and the chloroform extract evaporated to leave a red gum.

This gum on TLC with benzene/ethyl acetate (8:1) gave the pyrrole (51),

8L mg (4L%) with identical mp, uv, ir and NMR as cited above.

126



Sodium bicarbonate (20 g) was added to the aqueous quatsrnisation
product and the solution heated on a boiling water bath for 30 minutes,
cooled and extracted several times with ether (4 x 100 cmj). The
combined ether extracts were dried and evaporated to leave a dark brown
liquid (ca 6 g) which was either (i) fractionally distilled or (ii)
subjected to TLC.

(i) The first fraction collected at temperatures less than 130° (0.01 mm)
was unchanged 2,4 ,6-trimethylpyrimidine (2.2 g) followed at 180-200°

(0.01 mm) by 5,7-dimethyl-2-phenyl-6-azaindolizine (49), 1.50 g (7%) as

a yellow oil which solidified: mp 89-92° (dec); uv, 257, (290), 350
(broad) nm, log e 461, 3.81, 3.24; ir 690, 724, 765, 1408, 1620 on L
NMR 2.34 (3H, Me-7), 2.64 (3H, Me-5), 6.52 (H-1), 6.88 (H-8), 7.20-7.70
(m, 5H, Ph), 7.34 (H-3); mass spectrum m/e 222 (M, 100), 221 (M-1, 22),
207 (M-15, 2), 181 (M-41, 6), 180 (M-42, 20), 220" (222-221), 193 (222-
207), 179" (181-180), 147.5 (222-181).

Anal. Calcd for clBthNZ: C, 81.05; H, 6.35; N, 12.60. Found:
C, 81.13 H, 6.3; N, 12.3.

This 6-azaindolizine gave a picrate derivative which was recrystal-
lised from ethanol: mp 220-223° (dec).

Anal. Caled for C, H) N.0: C, 55.88; H, 3.80. Found: C, 55.7;
H, 3.80.
(ii) TLC was with benzene/methanol (20:1). The material from the pale
yellow band which gave a bright yellow Ehrlich's test was extracted and
the solid obtained recrystallised from petroleum ether to give (49),
1.35 g (6%) as pale green crystals mp 95-96° (dec) with identical ir and
NMR spectra to the sample obtained by fractional distillation.

The material from the slower-moving band which gave a violet
Ehrlich's test was extracted to give the pyrrole (51), 6 mg as white

crystals with identical mp and spectral characteristics to the sample

isolated previously from the crude quaternary product.
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Ochiai57 reports the pyrrole he isolated and its p-nitrophenyl-
hydrazone derivative to have mp 178-180° and 233-235° respectively, and

the picrate derivative of the azaindolizine to have mp 220-223° (dec).

Reaction between 2,06 ,~trimethylpyrimidine and bromoacetone

2,l,6-Trimethylpyrimidine (12.2 g, 0.1 mol) and bromoacetone
(13.7 g, 0.1 mol) in ethanol (5 cm}) were heated together until an exother-
mic reaction occurred. After the reaction had subsided the dark coloured
solution was refluxed gently for 30 minutes and left overnight. BEvapora-
tion of the solvent left a brown gum which was extracted into water (300
cmj). The aqueous part was extracted with ether (4 x 150 cmj) and the
combined ether extracts dried and evaporated to leave a brown oil (0.53).
This was subjected to TLC with benzene/ethyl acetate (13:2). A number of
bands developed.

The material from the band which slowly gave a red Ehrlich's test
was extracted and recrystallised from petroleum ether to give 3-acetyl-
2,5-dimethylpyrrole (53), 92 mg as white needles: mp 93-94°, 1it1009u°;

101

wv, (Et20)_22§, 282 nm, log & 3.98, 3.87, lit (EtZO) 233, 281 nm,

log e 3.97, 3.70; ir (CHClB) 1640, 3300, 3450 cn +, 1it10}

(CHClj) 1640,
3250, 3400 cm ©; NMR 2.19 (3H, Me-5), 2.35 (3H, Me-2), 2.48 (3H, acetyl
Me), 6.15 (m, H-4), 8.60 (broad and disappears on addition of D,0, NH),
1it1012.22 (d, J=0.5 Hz, 3H), 2.37 (3H), 2.50 (3H), 6.12 (m); mass
spectrun m/e 137 (M , 50), 122 (M-15, 100), 94 (M-k3, 9), 108.5 (137-122),
72,5 (122-94).
Anal. Caled for CgH ,NO: C, 70.04; H, 8.08. Found: C, €9.9; H, 8.k.
Sodium bicarbonate (20 g) was added to the aqueous quaternisation

product and the resultant steam distilled to yield a brown liquid (6 g)

which was fractionally distilled. The first fraction at 70-90° (10 mm)

was unchanged 2,4,6-trimethylpyrimidine (3.0 g) followed at 110° (2 mm)
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by 2,5,7-trimethyl-6-azaindolizine (54), 0.86 g (5%) as a yellow liquid

which gredually became blue-green: uv, 255, (273), 279, 290, 345
(broad) nm, 1log e 4.59, 3.97, 3.89, 3.92, 3.26; ir (liquid film) 1290, 1410,
1440, 1530, 1624 cm'l, NMR 2.30 (3H, Me-2), 2.35 (3H, Me-7), 2.62 (3H, Me-5),
6.13 (E-1), 6.87 (H-8), 6.95 (H=3).

Anal. Calcd for C H) N : C, 74.97; H, 7.55; N, 17.48. Found:

C, 74.8; H, 7.6; N, 17.3.

Attempted reaction between 2,4,6-trimethylpyrimidine and 3-bromo-2-butanone

2,4,6-Trimethylpyrimidine (1.22 g, 0.01 mol), 3-bromo-2-butanone (1.51 g,
0.01 mol) and ethanol (0.5 cmj) were heated under reflux for 25 hours. The
dark coloured gum produced was extracted intc water (100 cmj) and the solu-
tion extracted with ether. Sodium bicarbonate (5 g) was added to the
aqueous part and the resultant steam distilled to afford a small quantity of
yellow oil. This was subjected to TLC with benzene/ethyl acetate (9:1) along
with a reference spot of 2,3,5,7-tetramethyl-6-azaindolizine obtained by
reductive formylation of 2,5,7-trimethyl-6-azaindolizine as described on
pages 147 and 153. A number of minor bands developed, none of which.corres-

ponded to 2,3,5,7-tetramethyl-6-azaindolizine.
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Reaction between 2-methylpyrimidine and ethyl bromopyruvate

Ethyl bromopyruvate (10.4 g, 53 m mol) was added to a solution of
2-methylpyrimidine102 (5.0 g, 53 m mol)in ethanol (3 cmj). After standing
overnight the ethanol was removed under vacuum and the brown viscous residue
dissoved in water (350 cmj) and extrected with ether (3 x 100 cmj). Sodium
bicerbonate (20 g) was added to the aqueous part and the solution heated on
a boiling water bath for 10 minutes, cooled and extracted with ether (3 x
100 cm3). Af'ter drying, this ether extract was evaporated‘to leave a yellow
0oil (1 g) which on TLC with benzene/ethyl acetate gave a number of bands.
The material from the yellow band which gave a blue Ehrlich's test on heating
the plate at 100° was extracted and further chromatographed using petroleum
ether/ethyl acetate (1:1). The faster moving of the two yellow bands which

developed afforded 2-carbethoxy-8-azaindolizine (56), 94 mg (1.0%) as a

yellow oil which crystallised on cooling: mp 48-60°; uvos 225, 235, 242,
(249), (258), 282, 292, 303, 370 (broad) nm, 1log € L4+37, 435, L33, 4.10,
3495, 3448, 3.52, 3.37, 3.22; ir (melt) 770, 1198, 1230, 1700 cm-l; NMR -
see Table IV p 50 ; mass spectrum, calcd mass for ClOH10N202: 190.0742,
found m/e 190.0742 (M, 100), 162 (M-28, 15), 145 (M-45, 56), 118(M-72, 63),

117 (¥-73, 19), 130" (162-145), 95 (145-117).

Hydrolysis of the ester (56), 80 mg with potassium hydroxide (180 mg)
in boiling ethanol (3 cmj) gave a yellow precipitate. This was filtered
from the cold solution, washed with a few drops of ethanol and dried to

give the potassium salt of 8-azaindolizine-2-cerboxylic acid (57), 79 mg

(94%) which did not melt below 350°: uv oo (water) 218, (237), 241, (247),
(256), 283, 292, 304 372 (broad) nm, log e L33, 4+29, 4.30, 4.02, 3.91,
3.40, 3447, 3.37, 3.11; ir 770, 3122, 1570 cm ©; NMR (CF3000H) 7.29 (8d,J =
5.0 and 7.0 Hz, H-6), 7.50 (H-1), 8.45 (H-3), 8.75 (4, J = 5.0 Hz, H-7),
9.17 (d, J = 7.0 Hz, H-5).

Neutralisation of the potassium salt (57), 35 mg (0.175 m mol) dissolved
in a few drops of water with 1M HCl (0.175 cm>) gave a yellow precipitate.

This was filtered off, washed with a little water and dried to give 8-aza-
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indolizine-2-carboxylic acid hydrochloride (58), 22 mg (€3%) as a yellow

powder which decomposed 290°: uv__ 219, (238), 242, (247), 282, 292, 303,

374 (broad) nm, 10g € 4450, L.45, 4o50, Lok5, 3.61, 3.67, 3454, 3.37; ir 734,

1

790, 1250, 1495, 1698, 1880 (broad), 2590 (broad), 2750 cm —; NMR [(CD,),SO]

5)2
6.77 (m, 2H, H-1 and H-6), 7.96 (d, J = 2.0 Hz, H-3), 8.18 (m, H-7), 8.68
(d, J = 7.0 Hz with some additional fine splittings, H-5); mass spectrum m/e

162 (¥, 100), W5 (M-17, 28), 117 (M-k5, 25), 130 (162-145), 945 (145-117).

Decerboxylation of 8-azsindolizine-2-carboxylic acid

An intimate mixture of 8-azaindolizine-2-carboxylic acid hydrochloride
(58), 32 mg and copper powder (1 g)105 was placed at one end of a sealed,
evacuated (0.01 mm) glass tube and heated in a block maintained at 260°.
After a few minutes a band of yellow liquid collected on the cold part of the
tube Jjust outside the heating block. This liquid was further distilled at

90° to the end of the tube immediately before opening to give 8-azaindolizine

(59), 15 mg (79%) as a yellow oil: uv_ - see Figure III p52, (234), 239,

24, (285), 291, 302, 374 (broad) nm, log e 435, L4.43, 437, 3.18, 3.26, 3.08,
3,08; ir - see Figure I p37 ; NMR - see figure II p39 and Table IV p50 ;

mass spectrum - see Figure I%;p55 , calcd mass for C7H6N2: 118.0530, found

m/e 118.0529 (M, 100).

For elemental analysis see formyl derivative p 150.

Reaction between 2-methylpyrimidine and bromoacetone

A solution of 2-methylpyrimidine (0.94 g, 0.0l mol) and bromoacetone
( 1.37 g, 0.01 mol) was allowed to stand at 35° for 2 days. The glassy mass
produced was dissolved in water (50 cmj) and washed with ether (3 x 50 cmj).
Sodium bicarbonate (5 g) was added t o the aqueous part and the resultant
steam distilled to give a few milligrams of a yellow oil which was subjected
to TLC firstly with benzene/ethyl acetate (10:1) and then with ether. . The
material from the yellow band was extracted with ether and distilled at 90°

(0.0l mm) in a sealed glass tube to give 2-methyl-8-azaindolizine (60), 7 mg

a . "
Free amino acid
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(0.5%) as a yellow o0il which crystallised on cooling: mp 43-43.5°; uvo (238),
243, 250, (291), 301, 313, 347 (broad) nm, log e 428, 4«35, 429, 3.12, 3.27,
3.30, 3.07; ir 747, 773, 799, 1254, 1506, 1615 cm"l; NMR - see Table IV p 50;
mass spectrum - see Figure V p 55, calcd mass for 08H8N2: 132.0687, found m/e

132.0683 (M, 100).

Reaction between 2-methylpyrimidine and phenacyl bromide

A solution of 2-methylpyrimidine (0.82 g, 8.7 m mol) and phenacyl bromide
(1.73 g, 8.7 m mol) was heated at 60° for 4 hours. The red orange glassy
solid produced was dissolved in water (100 cm5) and washed with ether (3 x
100 cmﬁ).v Sodium bicarbonate (5 g) was added to the aqueous phase and the
resultant heated on a boiling water bath for 15 minutes, cooled and extracted
with ether (3 x 100 cmj)° After drying, evaporation of this ether extract
gave a red oil (O.l g) which was subjected to TLC with benzene/éthyl acetate
(4:1). The material from the pale yellow band Which.slowly gave a blue

Ehrlich's test was extracted to give 2-phenyl-8-azaindolizine (61), 9 mg

(0.5%) as pale yellow crystals: mp 138-141°; uv, 253, 325, 371 (broad) nm,

log e L4.54, 3.78, 3.37; ir (KBr) 738, 768, 1198, 1267, 1370, 1510, 1600,

1618 cm-l; NMR - see Table IV p 50 ; mass spectrum, calcd mass for 015H10N2:

194.0843, found m/e 194.0846 (M, 100), 193 (M-1, 6), 167 (N-27, 2), 166 (M-28,
R

3), 192 (194-193).

Reaction between 2-methylpyrimidine and 3-bromo-2-butanone

A solution of 2-methylpyrimidine (0.94% g, 0.0l mol) and 3-bromo-2-
butanone (1.51 g, 0.01 mol) was allowed to stand for 2 weeks. The orangé
brown solid produced was taken up in water (100 cmz) and washed with ether
(3 x 100 cmj). Sodium bicarbonate (5 g) was added to the aqueous part and
the resultant steam distilled to give a yellow solid (12 mg) which was sub-
jected to TLC. The material from the yellow band was extracted with ether

and distilled at 100° (0.01 mm) in a sealed glass tube to give 2,3-dimethyl-

8-azaindolizine (62), 4 mg (0.3%) as yellow prisms: mp 93-94°; . - (228),
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232, 249, 256, (295), 302, 315, 390 (broad) nm, 108 e 425, 4.28, 4o, 4.37,
3429. 3.37, 3.37, 3.24; ir 771, 1268, 1502, 1614 om ©; NMR - see Table IV p50 ;
mass spectrum - see p56 , calcd mass for C9H10N2: 146.0843, found m/e 146.0841
(M, 71).

Reaction between 2,4~dimethylpyrimidine and bromoacetone

102, 106

A solution of 2,4-dimethylpyrimidine (5.4 g, 0.05 mol) and bromo-
acetone (6.85 g, 0.05 mol) was warmed at 35° overnight. The red glassy mass
produced was dissolved in water (400 cmB) and washed with ether (4 x 100 cmB).
Sodium bicarbonate (10 g) was added to the aqueous phase and the resultant
steam distilled to give a yellow oil (1.1 g) which was subjected to TLC with

ether. The material from the fast moving yellow band was extracted with ether

and distilled at 100° (0.01 mm) in a sealed glass tube to give 2,7-dimethyl-

8-azaindolizine (64), 406 mg (6%) as a yellow oil which subsequently crystal-

lised: mp 33-49°; uv_ (239), 245, 252, (291), 296, (306), 370 (broad) nm;
log e 4.33, Lek2, 440, 3.5k, 3.56, 3.39, 3.06; ir (melt) 780, 1143, 1253,
1521, 1622 cm_l; NMR - see Table IV p50 ; mass spectrum - see p 56, calcd
mass for Cotly N2 146,083, found m/e 146.0842 (M, 100).

Aneal. Calcd for C9H10N2: Cy 73.9%4; H, 6.89. Found: C, 74.2; H, 7.2.

Reaction between 2,4-dimethylpyrimidine and 3-bromo-2-butanone

A solution of 2,4-dimethylpyrimidine (4.32 g, 0.04 mol) and 3-bromo-2-
butanone (6.0& gy, 0,04 mol) was heated just below reflux for fifteen
minutes. The dark coloured viscous mass produced was dissolved in water
(100 cmj) and washed with ether (3 x 100 cmj). Sodium bicarbonate (10 g)
was added to the aqueous phase and the resultant steam distilled to give a
yellow oil (0.15 g) which was subjected to TLC with benzene/ethyl acetate..
The material from the yellow band was extracted with ether and distilled

at 100° (0.01 mm) to give 2,3,7-trimethyl-8-azaindolizine (67), 18 mg (0.3%)

as an oil which subsequently crystallised: mp 64-65°; uv, oo (237), 250, (255),

299, 313, 386 (broad) nm, 108 € 4e37, 4e55, 450, 3.56, 3.41, 3.26; ir 780,

1

1268, 1620 cm —; NMR - see Table IV p 50; mass spectrum, calcd mass for
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*
Cioty NN o¢ 160.1000, found m/e 160.,1000 (M, 71), 159 (M-1, 100), 158 (160-159).
A compound with identical mp, uv, ir and NMK spectra to (67) was obtained

by reductive formylation of 2,7-dimethyl-8-azaindolizine (64), see pages 150
and 153.

Reaction between L-methoxy-2-methylpyrimidine and phenacyl bromide

(a) A solution of L-methoxy-2-methylpyrimidine (0.31 g, 2.5 m mol) and
phenacyl bromide (0.50 g, 2.5 m mol) was left at room temperature for 2 days.
The brown solid produced was dissolved in water (50 ij) and washed with
chloroform (3 x 50 cmj). Sodium bicarbonate (2.5 g) was added to the aqueous
phase and the resultant heated on a boiling water bath for 10 minutes. The
buff coloured solid which separated was filtered from the cold solution,
washed with a little water and dried. This solid (165 mg) was subjected to
TLC, recrystallised from petroleum ether/benzene and finally distilled at

160° (0.01 mm) to give 7-methoxy-2-phenyl-8-azaindolizine (68), 150 mg (27%)

as pale yellow crystals: mp 147-148°; uv 251, (255), 301, (310), 347 (broad)
nm, log e 4.62, 4.61, 3.95, 3.88, 3.31; ir 705, 763, 1015, 1232, 1307, 1627 ca 3
NMR - see Table IV p 50 ; mass spectrum m/e 224 (M, 100), 223 (M-1, 1), 209
(M-15, 6), 195 (M-29, 6), 182 (M-42, 6), 222" (224-223), 195 (224-209).

Anal. Calcd for CthléNZO: C, 74.98; H, 5.39; N, 12.49. Found: C, 74.8;

H, 5.7; N, 12.2.

(b) A solution of 4~methoxy-2-methylpyrimidine (0.31 g, 2.5 m mol) and
phenacyl bromide (0.50 g, 2.5 m mol) was heated carefully over a flame to
start the exothermic reaction and then maintained at 40° for 6 hours. The
yellow glassy product was dissolved in water (50 cmi) and extracted with
chloroform (3 x 50 cmj). Sodium bicarbonate (2.5 g) was added to the aqueous
part and the resultant heated on a boiling water bath for 10 minutes. The
sand coloured crystals which separated were filtered from the cold solution,

washed with a little water and dried (yield 360 mg). Distillation of this
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product at 160-170° (0,01 mm) followed by recrystallisation from benzene gave

8-methyl-2-phenyl-8-azaindolizin-7(8H)-one (69), 324 mg (58%) as yellow

crystals: mp 158.5-160.5°; uv_ 243, (289), 301, (329) nm, log e 4.52, 4.09,
L.12, 3.55; ir 740, 1220, 1548, 1668 cm—lg NMR - see Table V p 51; mass spect-
run m/e 224 (M, 100), 195 (M-29, 4), 181 (M-43, 3).

Anal. Calcd for CluH12N2O2: Cy 74.98; H, 5.39; N, 12.49. Found: C, 74.8;

H, 5.6; N, 12.3.

The chloroform extract of the aqueous quaternary salt solution was dried
and evaporated to give a yellow solid (50 mg) which on TLC gave a number of
bands. The material from the band which gave a green Ehrlich's test and had
the same Rf value as the azaindolizinone (69) was recrystallised from ethanol

to give 8-phenacyl-2-phenyl-8-azaindolizin-5(8H)-cne (71), 11 mg (1.3%) as

white needles: mp 244.5-246.5; uv, 27, (278), (297), 347 nm, log e L4.6l4,
4.05, 3.85, 3.76; ir 748, 1218, 1590, 1638, 1658, 16880m-1; NMR~-see Table V3

mass spectrum, calcd mass for 021H16N202: 328.1211, found m/e 328.1213 (M, 32),

223 (M-105, 28), 195 (M-133, 1), 105 (PhCO, 100), 77 (Ph, 25), 56.5“ (105-77).

(¢c) Quaternisation of L-methoxy-2-methylpyrimidine (0.62 g, 5 m mol) with‘
phenacyl bromide (1.0 g, 5 m mol) by warming gently with a flame for 15 minutes
gave a yellow glass. This was dissolved in water (100 cm3) and washed with
ether (3 x 100 cmj). Sodium bicarbonate (5 g) was added to the aqueous part

and the resultant heated on a boiling water bath for 10 minutes. Chloroform
extraction (3 x 100 cmj) of the cold product gave a brown oil (0.8 g) which

on TLC gave a number of bands. The material from the pale yellow band which
had an Rf value greater than the azaindolizinone (69) and gave a blue-green
Ehrlich's test was extracted and recrystallised from ethanol to give 8-phenacyl-

2-phenyl-8-azaindolizin-7(8H)-one (70), 19 mg (1.2/c) as yellow crystals: mp

209-213°; uv___ 243, 300, (331) nm, log e 4.62, 412, 3.56; ir 750, 1224, 1554,
1655, 1688 cm-l; NMR - see Table V p 51; mass spectrum, calcd mass for C21H16N202:
328.1211, found m/e 328.1210 (M, 94), 223 (M-105, 100), 195 (M-133, 18), 105

(PnCO, 35), 77 (Ph, 10). The material from the band with the same Ro value as

(69) was extracted and gave a yellow solid (320 mg). Fractional crystallisation
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from benzene containing a little ethanol gave the 8-azaindolizin-5(8H)-one

(71),21 mg (1.3%) followed by the 8-azaindolizin-7(8H)-one (69),213 mg (19%).

Reaction between 4-methoxy-2-methylpyrimidine and bromoacetone

(a) A solution of L-methoxy-2-methylpyrimidine (0.31 g, 2.5 m mol) and
bromoacetone (0.35 g, 2.5 m mol) was left for 3 days. The yellow glass
produced was dissolved in water (50 cmj) and washed with chloroform (3 x
50 cmj). Sodium bicarbonate (2.5 g) was added to the aqueous phase and the
resultant heated on a boiling water bath for 15 minutes, cooled and extracted
with chloroform (3 x 50 cmj). Af'ter drying,evaporation of this chloroform

extract gave a brown oil (205 mg) which was subjected t o TLC with benzene/

ethyl acetate (5:1). Three main bands developed.

The material from the fastest band which additionally gave a blue

Ehrlich's test, on extraction gave 7-methoxy-2-methyl-8-azaindolizine (76),

6 mg (1.5%) as an oil which crystallised on cooling to a waxy solid: mp
gradual up to 54°; u o 242, 249, 274, 285, 297, 352 (broad) nm, log e 4.36,
436, 3437, 3434, 3,16, 3.04; ir 785, 1025, 1232, 1315, 1635 cm_l; NMR -

see Table IV p 50; mass spectrum, calcd mass for C9H10N20: 162.0793, found
m/e 162.0794 (M, 100), 161 (M-1, 8), 147 (M-15, 18), 133 (M-29, 16), 120

(M-42, 20), 160" (162-161), 98" (147-120).

The material from the following broad yellow band was recrystallised

from benzene/petroleum ether to give 2,8-dimethyl-8-azaindolizin-7(8H)-one

(74), 159 mg (39%) as yellow needles: mp 122-124°, uv 239, 287, 335 (broad)
nm, log e 4.18, 3.85, 3.02; ir 740, 1502, 1558, 1628, 1660 an™l; NMR - see
Table V,p 51 ; mass spectrum m/e 162 (M, 100), 161 (M-1, 13), 147 (M-15, 13),
133 (M-29, 20),160 (162-161), 133 (162-147).

Anal. Caled for Cgl) N 0: C, 66.64; H, 6.22; N, 17.27. Found: C, 66.4;
H, 6.5; N, 17.0.

The material from the next band which had a blue fluorescence on the

plate under the uv light,was distilled at 110° (0.0l mm) to give 2,8-dimethyl-

8-azaindolizin-5(8H)-one (75), 3 mg (0.7%) as a white waxy solid: mp 78-83.5°;
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uv_ 226, (255), 345 nm, log e 4e36, 3.68, 3.63; ir (mulled under dry
-1

nitrogen to prevent absorption of moisture) 732, 782, 1600, 1658 cm "

NMR - see Table V,p 51; mass spectrum, calcd mass for C9Hi0N20: 162.0793,

found m/e 162.0794 (M, 100), 161 (M-1, 40), 147 (M-15, 10), 133 (M-29, 13),

119 (M43, 16), 166 (162-161), 133 (162-147).

(b) A solution of k-methoxy-2-methylpyrimidine (1.00 g, 8.1 m mol) and
bromoacetone (1.11 g, 8.1 m mol) was heated at 40° for two days. The dark
coloured solid produced was dissolved in water (100 cmj) and washed with
ether (3 x 100 cmj). Sodium bicarbonate (5 g) was added to the aqueous

phase and the solution heated on a boiling water bath for 15 minutes, cooled
and extracted with ether (3 x 100 cm3). After drying, this ether extract

was evaporated to leave a red-brown oil (1 g) which was subjected to

TLC as in the previous reaction. This gave in addition to the
8-azaindolizin=7(8H)-one (74) and the 8-azaindolizin-5(8H)-one (75) in yields
of 22% and 045% respectively, a slower moving band with blue fluorescence on
‘the plate under uv light. Chloroform extraction of this band gave 8~acetonyl-

2-methyl-8-azaindolizin-5(8H)-one (77), 12 mg (0.7%) as white needles: mp

170.5-174.5%; uv_ . 225, (255), 347 (broad) nm, log e L4e39, 3.74, 3.58; ir

782, 1598, 1660, 1720 G

; NMR - see Table V,p 51; mass spectrum m/e 204
(M, 50), 161 (M-43, 100), 127 (204-161).
Anal. Calcd for C11H12N202: C, 64.69; H, 5.92; N, 13.72. Found: C, 64.6;

H, 6.2; N, 14.0.

Reaction between 4j-hydroxy-2-methylpyrimidine and bromoacetone

A—Hydroxy-2-methylpyrimidinelo5 (3.0 g, 27 m mol) and bromoacetone
(3.74 g 27 m mol) in dimethylformamide (30 cm5) were heated at 60° for 8
hours. The bulk of the solvent was removed at ca 80° (15 mm) and the dark
coloured residue taken up in water (100 cmj) and washed with chloroform
)

(3 x 100 cm™). Sodium bicarbonate (lO g) was added to the aqueous part and

the resultant heated on a boiling water bath for 30 minutes, cooled and

extracted with chlorofom (3 x 100 ij). After drying this chloroform extract
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was evaporated to leave a small volume of a brown liquid which was subjected
to TLC with benzene/ethyl acetate (3:2). Three main bands developed. The
fastest moving band gave a violet Ehrlich's test. Chloroform extraction of

this band gave 8-acetonyl-2-methyl-8-azaindolizin-7(5H)-one (78), 84 mg

(1.5%) as a yellow o0il which subsequently crystallised: mp 100°; L 238,
287, 340 (broad) nm, log e 4.29, 3.80, 2.84; ir 768, 1169, 1351, 1549, 1641,
1720 cm-l; NMR - see Table V p 51; mass spectrum m/e 204 (M, 89), 161 (M-43,
100), 133 (M-71, 50), 127* (204-161), 110" (161-133).

Anal. Caled for 011H12N202: C, 64.09; H, 5.92; N, 13.72. Found: C, 64.4;

H, 6.0; N, 13.5.

Chloroform extraction of the middle band gave 8-acetonyl-2-methyl-8-
azaindolizin-5(8H)-one (77), 63 mg (1.1%) with identical mp and spectral
characteristics to the sample obtained from the reaction between 4-methoxy-
2-methylpyrimidine and bromoacetone.

The material from the slowest moving band,was further chromatographed

on a short column of silica gel. Elution with chloroform gave l-acetonyl-2-

me thyl-pyrimidin-4(1H)-one (79), 134 mg (3.0%) as pale purple crystals: mp

121°; uv__ 277, log e 3.71; ir 842, 1530, 1662, 1712 cn™l; NMR 2.30 (3H, Me),
2.38 (3H, Me), 4.85 (2H, CHZ), 6.33 (d, J = 7.0 Hz, H-5), 7.80 (d, J = 7.0 Hz,
H-6); mass spectrum m/e 166 (M, 7), 151 (M-15, 3), 124 (M-42, 100), 96 (M-70,
11}«

Anal. Caled for CgH N, 0,: C, 57.82; H, 6.07; N, 16.86. Found: C, 57.8;
H, 6.1; N, 16.7.

Continued elution of the column with methanol gave unchanged 4-hydroxy-

2-methylpyrimidine (140 mg, 4.7%).

Reaction between 4-methoxy-2-methylpyrimidine and ethyl bromopyruvate

(a) Ethyl bromopyruvate (0.98 g, 5 m mol) was added to 4-methoxy-2-methyl-
pyrimidine (0.62 g, 5 m mol) and the solution left for 2 days at room temper-
ature to give a crystalline mass which was dissolved in water (lOO cmj) and

washed with chloroform (3 x 100 cm3), Sodium bicarbonate (5 g) was added to
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the aqueous part and the solution heated on a boiling water bath for 5 minutes,

cooled and extracted with chloroform (3 x 100 cm5). Af'ter drying, this chloro-
form extract was evaporated to leave a brown oil (0.1 g) which was subjected to
TLC. The material from the fast moving band which gave a blue Ehrlich's test

was recrystallised from petroleum ether to give 2-carbethoxy-7-methoxy-8-aza-

indolizine (80), 19 mg (1.7%) as yellow needle clusters: mp 117.5-119°; uv oo
231, 239, 256, 264, (277), (287), 343 (broad) nm, log e 458, 4«51, L4.O4, 4.02,
3.66, 3.45, 3.11; ir 1020, 1220, 1640, 1695 cm-l; NMR - see Table IV,p 50;

mass spectrum, caled mass for C,  H N 220.0847, found m/e 220.0844 (M, 100),

203:
192 (M-28, 10), 175 (M-45, 20), 148 (M=72, 63).
(b) Repeating the above procedure with ethyl bromopyruvate (0.98 g, 5 m mol)
and 4-methoxy-2-methylpyrimidine (0.62 g, 5 m mol) at a quaternisation temper-
ature of 50° for 6 hours gave only a trace of the 8-azaindolizine (80). How-
ever the chloroform washings of the quaternary salt solution gave a bfown
liquid (0.6 g) which on TLC gave four bands.
The fastest was 2-carbethoxy-7-methoxy-8-azaindolizine (80), 4 mg (0.4%) .
The material.from the next band which gave a purple Ehrlich's test.was

recrystallised from benzene/petroleum ether to give 2-carbethoxy-8-methyl-8-

azaindolizin-7(8H)-one (81), 14 mg (1.3%) as pale yellow crystals: mp 207-207.5°;

uv_ o 226, (232), (271), 275, 286, 328 (broad) nm, log e 4.51, 442, 4.05, 4.10,

i

3.98, 3.18; ir 1213, 1658, 1705 ecm ; NMR - see Table V,p 51; mass spectrum,

caled mass for ) H N 220.0847, found m/e 220.0844 (M, 100), 192 (M-28, 13),

205:
175 (M-45, 6), 148 (M-72, 14).
The material from the following band which gave a turquoise Ehrlich's

test was recrystallised from benzene/petroleum ether to give 2-carbethoxy-8-

methyl-8-azaindolizin-5(8H)-one (82), 5 mg (0.5%) as white needles: mp 178.5-

179.5%; uv_ 231, (239), (256), (277), 347 nm, log e 4.8, 4.37, 3.52, 3.12,
3.47; ir 1190, 1208, 1660, 1705 cm-l; NMR - see Table V,p 51; mass spectrum,
calcd mass for CllleNzoj: 220.0847, found m/e 220.0844 (M, 100), 192 (M-28, 6);

175 (M=45, 9), 148 (M=72, 1k4).
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The material from the slowest band which gave a blue Ehrlich's test was

recrystallised from benzene/ethanol to give 2-carbethoxy-B-azaindolizin-Z(BH)-

one (83), 16 mg (1.6%) as a pale yellow solid: mp 260° (dec); uv,_ 226, (233),
(272), 276, 286, 328 (broad) nm, 1og e L4«49, L4037, 4.08, 4.12, 3.97, 3.09; ir
1228, 1424, 1700, 2740 cm_l; NMR - see Table V,p 51 ; mass spectrum, calcd mass

for ClOHloNzojz 206.0691, found m/e 206.0688 (M, 100), 178 (M-28, 20), 163
(M-45, 40), 134 (M-72, 56).
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Chapter ITI

6-Me thyl-2-phenyl-5-azacycl(3,2,2]azine (92)

This azacyclazine (92) was prepared35 from 7 -methyl-2-phenyl-6-azaindoliz-
ine (A#) and dimethyl acetylenedicarboxylate: mp 147.5-148.5°; uv - see Figure

VII, pll2; NMR - see Table VIII, p 82.

2,6-Dimethyl-5-azacycl{3,2,2]azine (98)

A solution of dimethyl acetylenedicarboxylate (3.00 g, 21 m mol) in nitro-
benzene138 (20 cm ) was added to a solution of 2,7-dimethyl-6-azaindolizine (45)
j-00g (48 mmol) 3
Jn nitrobenzene (20 cm”)and the resulting red solution refluxed for 1 hour. The
solvent was removed at reduced pressure on a rotary film evaporator at 90° (ca
0.1 mm) and the dark coloured residue subjected to TLC with benzene/ethyl ace=-
tate (20:3). The slow moving bright yellow band was extracted and the solid
obtained distilled at 160-180° (0.1l mm) and recrystallised from ethyl acetate

©-219 (17%)
to give 3,4-dicarbmethoxy-2,6-dimethyl-5-azacycl(3,2,2]azine (99% as orange
A

prisms: mp 143.5-145°; CAA 239, 263, 315, 438 nm, log e L4.51, 4.36, 4.07,
3.93; ir 792, 1060, 1131, 1153, 1190, 1229, 1261, 1700, 1726 cm-l; NMR - see
Table VIII,p 82; mass spectrum m/e 286 (M, 79), 255 (M-31, 100), 225 (M-61, 6),
196 (M-90, 7), 170 (M-116, 10), 227.5* (286-255), 198.5 (255-225).

Anal. Calcd for 015H141\1204 Cy, 62.93; H, 4.93; N, 9.79. Found: C, 62.8;
H, 5.1; N, 10.0.

A solution of potassium hydroxide (5.2 g) in methanol (13 cm3) was added
to a solution of the diester (99), 100 mg in warm methanol (2 cmj). A yellow
precipitate was formed and the mixture was heated at 50° for 1 hour to ensure
complete hydrolysis. The precipitate of the potassium salt was filtered off,
dissolved in water (5 cm5) and the solution acidified with 6M HCl. The diacid
which separated (64 mg, 71%) was filtered off, dried and heated for 2 hours in
refluxing aniline (50 cm5) containing copper powder (250 mg)35. The copper
powder was removed by filtration and the bulk of the aniline removed on a
rotary film evaporator at 80° (ca 0.1 mm). The dark coloured residue was sub-

jected to TLC firstly with benzene/ethyl acetate (25:1) and then with petroleum
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ether (60-80°)/ethyl acetate (10:1). Chloroform extraction of the bright

yellow band gave 2,6-dimethyl-5-azacycl[3,2,2]azine (98), 8 mg (19%) as an oil

which crystallised on cooling: mp 40.5-43°; uvoo 249,291,306,433 nm, log e L4.62,

Le61, 3.75, 3.54; ir 710, 719, 741, 1332, 1515, 1525, 1590 em™; NMR - see Table

VIII, p 82; mass spectrum, calcd mass for C 170.0843, found m/e 170.0843

12t do!
P
(M, 100), 169 (M-1, 40), 168 (170-169).
The azacyclazine (98) was also obtained by heating 3-formyl-2,5,7-trimethyl-

6-azaindolizine (96) with potassium hydroxide as described on p 148

1,2-Dicarbmethoxy-3,6-dimethyl-5-azacycl|3,2,2]jazine (115)

Dimethyl acetylenedicarboxylate (150 mg, 1.06 m mol) was added to 2,7-
dimethyl-8-azaindolizine (64), 100 mg (0.68 m mol) in toluene (25 cm5) and the
solution refluxed under nitrogen with 5% palladium on charcoal (150 mg) for
20 hour535° The catalyst was filtered off, the solvent evaporated and the
residue subjected to TLC with benzene/ethyl acetate (6:1). The material from
the bright yellow band was extracted, recrystallised from ethanél and finally

distilled at 170° (0.01 mm) to give 1,2-dicarbmethoxy-3,6-dimethyl-5-azacycl-

[3,2,2]azine (115), 129 mg (66%) as yellow crystals which had a green fluores-

cence in solution: mp 137°; uv_ 250, (280), (294), (317), 434 nm,log e 4.39,
4.03, 3.93, 3.68, 3.80; ir 1120, 1195, 1310, 1598, 1700, 1730 cn Ly NMR - see
Table,VIII p 82 ; mass spectrum m/e 286 (M, 84), 255 (M-31, 100), 254 (M-32, 13),
196 (M-90, 11).

Anal. Calcd for 015H14N204: C, 62.93; H, 4.93; N, 9.79. Found: C, 63.2;
H, .23 N, 9.5.

Reaction between 2,8—dimethyl—8-azaindolizin-Z(SH)-one and dimethyl acetylene-
dicarboxylate

Dimethyl acetylenedicarboxylate (145 mg, 1.02 m mol) was reacted with
2,8-dimethy1-8-azaind01izin-7(8H);one (74), 110 mg (0.68 m mol) in the presence
of 5% palladium on charcoal (150 mg) as in the above case with 2,7-dimethyl-8-
azaindolizine (64). TLC gave four coloured bands. Chloroform extraction of the

fast moving yellow band gave l4,4a-dihydro-1l,2-dicarbmethoxy-3,5-dimethyl-5-azz-

cycl(3,2,2]azin~6(5H)-one (117), 8 mg (4%) as orange crystals: mp 128-131°; uv
\ m
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240 (broad), 280 (broad), 420 nm, log e 4.00, 3.71, 4.02; ir 805, 1130, 1280,
1680, 1733 cm'l; NMR 2.11 (d, J = 1.5 Hz, 3H, Me-3), 2.47 (dd, J = 14.5 and
15.5 Hz, H of C-4 methylene), 3,12 (dd, J = 5.5 and 15.5 Hz, H of C-4 methylene),
3425 (3H, Me-N), 3.75 (3H, MeO), 3.96 (3H, MeO), 4.77-5.03 (m, C-ha methine),
5.63 (H-7); mass spectrum m/e 304 (M, 63), 273 (M-31, 14), 245 (M-59, 94), 217
(M-87, 100), 186 (M-119, 10), 245 (304-273), 197.5 (304-245), 192.5 (245-217),
158" (217-185).

Anal. Calcd for Cp gl gN,052 Cy 59+215 Hy 5.305 N, 9.21. Found: C, 59.4;
H, 5.1; N, 9.2.

The next yellow band gave 3-(cis-dicarbmethocyethenyl)-2,8-dimethyl-8-azain-

ng
dolizin-7(8H)-one (118), 28,(13.6%) as an o0il which crystallised slowly: mp 116-

118°; uv_ 240, 285, 370 nm, log e 413, 3.78, 4.03; ir 1240, 1650, 1718 om™ 3
NMR 2,20 (3H, Me-2), 3.43 (3H, Me-N), 3.78 (3H, MeO), 3.88 (3H, MeO), 5.65 (H-1),
5.93 (vinyl H), 5.96 (d, J = 8.0 Hz, H-6), 7.96 (d, J = 8.0 Hz, H-5); mass spect-
rum, calcd mass for 015H16N205: 304.1059, found m/e 304.1056 (M, 71), 245 (M-59,
100), 186 (M-118, 20), 197.5 (304-245).

The f ollowing orange band gave 3-(trans-dicarbmethogygthenyl)—218-dimethyl-

8-azaindolizin-7(8H)-one (119), 37 mg (18%) as an oil which crystallised slowly:

mp 106-110°; uv o 240, 284, 420 nm, log e 4.38, 3.83, 3.48; ir 1240, 1660,
1706 cm”l; NMR 2.01 (3H, Me-2), 3.44 (3H, Me-N), 3.68 (3H, MeO), 3.82 (3H, MeO),
5.63 (H-1), 5.89 (d, J = 8.0 Hz, H-6), 7.13 (vinyl H), 7.33 (a4, J = 8.0 Hz, H-5);

30441059, found m/e 304.1056 (M, 79),

mass spectrum, calcd mass for Cl5H16N205:
*
45 (M-59, 100), 186 (M-118, 16), 197.5 (304-245).
The material from the slow moving red band was recrystallised from ethyl

acetate to give 1,2-dicarbmethoxy-3,5-dimethyl-5-azacycl|3,2,2]azin-6(5H)-cne

(116), 121 mg (59%) as dark red needle clusters with a strong fluorescence in
solution: mp 179.5-180%; uv . 231, (240), 278, (287), (298), 362, (498), 526,
(552) nm, 108 € 4e32, 427, 418, 4o13, 3.60, 3.66, 3.81, 3.99, 3.66; ir 1083,

l; NMR 2.49 (3H, Me-3), 3.78 (3H, Me-N), 3.91 (3H, MeO),

1290, 1658, 1689, 1716 cm
44,04 (3H, Me0), 6.20 (H-4), 7.02 (H-7), mass spectrum m/e 302 (M, 100), 271 (M-
31, 35), 270 (M=32, 20), 241 (M-61, 4), 212 (M-90, 7), 184 (M-118, 6), 241.5*
(302-270), 167 (270-212), 160" (212-184).
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Anal. Caled C).H) N0 C, 59.60; H, 4673 N, 9427. Found: C, 59.4; H, L4e5;

N, 9.5.

Dehydration of 4,4a—dihydro-l,2—dicarbmethoxy—},5-dimetgy1—5-azacycl[3,2,2Jazin—
6(cH)-one (117)

A solution of the dihydro-azacyclazinone (117), 30 mg in toluene (15 cmj)
was refluxed for 20 hours under nitrogen with 5% palladium on charcoal (25 mg).
The catalyst was removed by filtration, the solution evaporeted and the residue
subjected to TLC. Chloroform extraction of the slow moving red band gave 1,2-
dicarbmethoxy-3,5-dimethyl-5-azacycl[3,2,2]azin-6(5H)-one (116), 13 mg (43%)
as crystals with identical spectral characteristics to the sample obtained
directly from 2,8-dimethyl-8-azaindolizin-7(8H)-one (74) and dimethyl acetylene-

dicarboxylate.

Attempted cyclisation of 3-(cis-dicarbmethoxyethenyl)-2,8-dimethyl-8-azaindolizin-

/(8H)-one (118)

A solution o the cis isomer (118), 12 mg in tcluene (15 cm3) was refluxed

for 4 hours under nitrogen with 5% palladium on charcoal (20 mg). The catalyst
was removed by filtration and the orange coloured solution evaporated. The
residue was subjected to TLC with benzene/ethyl acetate (6:1) and gave two bands.
Chloroform extracticn of the faster moving yellow band gave unchanged starting
material 10 mg (83%). Extraction of the slower moving orange band gave 3-(trans-
di carbme thoxyethenyl )-2,8-dimethyl-8-azaindolizin-7(8H)-one (119), 2 mg (17%).
No red band corresponding to the azacyclazinone (116) was observed.

Similarly, the trans isomer (119), 20 mg when subjected tc the same treétment,

gave unchanged starting material 15 mg (75%) and the cis isomer (118), 3 mg (15%).
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R . L,11 . - : i
Pormylat10n7 3 of 6- and 8- azaindolizines, 5-azacycl|3,2,2]azines
and 8-azaindolizinones

Formylation of 7-methyl-2-phenyl-6-azaindolizine

A solution of phosphoryl chloride (337 mg, 2.2 m mol) in dimethyl-
formamide (2 cmj) was added dropwise to a magnetically stirred soluticn
of 7-methyl-2-phenyl-6-azaindolizine (44), 416 mg (2 m mol) in dimethyl-
formamide (3 cmj) and the resultant left in a closed vessel at 40° for
16 hours. The product was then poured intc 2M aqueous sodium hydroxide

3), diluted with water (30 cmj) and the brown solid which separated

(30 cm
filtered off and dried. Recrystallisation of this solid from benzene/

petroleum ether (1:4) gave 3-formyl-7-methyl-2-phenyl-6-azaindolizine (84),

295 mg (63%) as buff coloured needles: mp 197-199°; uv 247, (261), 369
nm, log e 4.34, 4.19, 4.09; ir 768, 1258, 1430, 1636 cm-l; NMR - see Table
VII, p 74; mass spectrum m/e 236 (M, 100), 235 (M-1, 71), 208 (M-28, 5),
207 (M-29, 7), 234 (236-235), 182.5 (235-207).

Anal. Calcd for Cl5H12N20: C, 76.25; H, 5.12; N, 11.86. Found: C, 76.0;
H, 5.0; N, 11.9.

Formylation and thiofonnylationll6 of 2,7-dimethyl-6-azaindolizine

A solution of phosphoryl chloride (1.69 mg, 11 m mol) in dimethyl-

formamide (5 cmj) was added dropwise to a magnetically stirred solution

of 2,7-dimethyl-6-azaindolizine (45), 1.46 g (10 m mol) in dimethylformamide
(5 cmj) and the resultant left for 3 hours in a closed vessel at room tem-
perature. The product was then poured into 2M aqueous sodium hydroxide
(1c0 cmj) and the agueous solution extracted with chloroform (4 x 75 cmj).
The chloroform extract was washed with water (4 x 75 ij), dried and evap-
orated. The brown solid obtained was chromatographed on a short column of

alumina (50 g) with benzene, and recrystallised from benzene/petroleum

_ether to give 2,7-dimethyl-3-formyl-6-azaindolizine (86), 1.08 g (62%) as

straw coloured needles: mp 109-110°; uv_ 228, 247, (253), 264, (360), 367

nm, 10g € 4.27, 4.07, 4.01, 3.97, &4.17, 4.22; ir 720, 780, 960, 1130, 1260,
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1625, 1645 cm ~; NMR - see Table VII,p 7k.

Anal. Calecd for CloHloNQO: C, 68.94; Hy 5.79. Found C, 69.2; H, 6.1.

A solution of phosphoryl chloride (287 mg, 1.88 m mol) in dimethylform-
amide (2 cmj) was added dropwise to a stirred solution of the azaindolizine
(45), 250 mg (1.71 m mol) in dimethylformamide. After 3 hours the product
was poured into 2M agueous sodium hydrogen sulphidel?’9 (30 cmj) and extracted
with chloroform (4 x 30 cm5). The chloroform extract was dried and evapor-
ated and the residue chromatographed on a column of alumina (80 g) using
‘benzene for absorption and elution. The solid obtained from the red band

was recrystallised from benzene/cyclohexane (1:5) to give 2,7-dimethyl-3-

thioformyl-6-azaindolizine (87), 190 mg (58%) as red needles: mp 175-176°;

uvmax 221, (238), (253)’ (300): 308, 370, (420)’ (433)’ &éﬁ nm, log e 4.20,
4402, 3491, 3.72, 3.76, 3.65, 3.98, 415, 4.20; ir 870, 980, 1135, 1258, 1318,
1510, 1610 cm’l; mass spectrum m/e 190 (M, 63), 189(¥-1, 100), 188(M-2, 3),

)
175 (M-15, 2), 145 (M-45, 2), 188 (190-189).

Anal. Caled for C S: C, 63.13; H, 5.30; N, 14.72; S, 16.85.

10th0N2
Found: C, 63.0; H, 5.4; N, 15.0; S, 16.9.

Formylation of 2,3,7-trimethyl-6-azaindolizine

Formylation of 2,3,7-trimethyl-6-azaindolizine (46), 1.60 g (10 m mol)
by a procedure similar to that employed in the formylation of 2,7-dimethyl

6-azaindolizine gave l-formyl-2,3,7-trimethyl-6-azaindolizine (88), 1.28 g

(68%) as straw coloured needles: mp 143-146°; uv_ 240, (264), (274) 340
nm, log e 4.1, 3.71, 3.37, 4.10; ir 780, 870, 1045, 1250, 1360, 1510,
1615, 1660 cm_l; NMR - see Table VIL, p 74.

Anal. Caled for Cy H N,0: C, 70.19; H, 6.43. Found: C, 70.2; H, 6.7.

Formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine

Phosphoryl chloride (169 mg, 1.1 m mol) in dimethylformamide (2 cmj)

was added dropwise to a magnetically stirred solution of 5,7-dimethyl-2-
phenyl-6-azaindolizine (49), 222 mg (1 m mol) in dimethylformamide (2 cmj)

and the solution warmed at 40° for 16 hours. The product obtained was
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poured into 2N aqueous sodium hydroxide (20 cmj), extracted with ether

(4 x 30 cm3) and the ether extract washed with water (6 x 15 cmﬁ), dried
and evaporated. The green oily residue (0.2 g) was subjected to TLC:

a number of bands developed. The material from the band which had a blue
fluorescence on the plate under uv light was extracted and recrystallised

from benzene/petroleum ether to give 5,7-dimethyl-1-formyl-2-phenyl-6-aza-

indolizine (89), 10 mg (4.0%) as pale green needles: mp 167-169°; uv oo
242, (282), 348 nm, log e 4.50, 3.79, 4.19; ir 719, 1490, 1508, 1610, 1641
cm_l; NMR - see Table VII p 74; mass spectrum, calcd mass for 016H1uN20:
250.1106, found m/e 250.1107 (M, 100), 249 (M-1, 94), 222 (M-28, 1), 221
(M-29, 1), 248 (250-249), 196 (249-221).

The material from the bright yellow band was extracted and recrystal-

lised from benzene/petroleum ether to give 4-formyl-6-methyl-2-phenyl-5=

azacycl|3,2,2)azine (90), 5 mg (1.9%) as orange needles: mp 178.5-179°;

uv_(230), 245, (253), 283, 342, 45k nm, 108 € 4.46,4.59,4452,4.22,4.36,
3.98; ir 685, 770, 1150, 1410, 1505, 1528, 1591, 1659 cx ~; NMR - see
Table VIII p 82; mass spectrum, celcd mass for 017H12N20: 260.0949, found
m/e 260.0946 (M, 71), 259 (M-1, 35), 232 (M-28, 100), 231 (M-29, 5), 230"

(232-231).

Formylation of 2,5,7-trimethyl-6-azaindolizine

Formylation of 2,5,7-trimethyl-6-azaindolizine (54), 1.00 g (6.3 m mol)
by a procedure similar to that used in the formylation of 5,7-dimethyl-2-
phenyl-6-azaindolizine gave a brown oil ( ca 1 g). TLC with benzene/
ethyl acetate (10:1) gave three main bands. The fastest band gave unchanged
starting material (170 mg, 17%).

The material from the middle bend was extracted and recrystallised

from petroleum ether to give 3-formyl-2,5,7-trimethyl-6-azaindolizine (96)

190 mg (16%) as pale pink prisms: mp 100-101°; uv 228, 246, (253), (260),
(355), 365.0m; 10g e 4e26, 4.06, 4e03, 3499, 423, 4.29; ir 790, 850, 1263,
13.9, 1410, 1518, 1630 cm-l; NMR - see Table VII p 74 ; mass spectrum m/e

188 (M, 94), 187 (M-1, 18), M-17 (171, 100), 159 (M-29, 9), 155.5" (188-
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171), 135 (187-159).
Anal. Calcd for CllleNZO: C, 70.19; H, 6.43; N, 14.88. Found:

C, 70.1; H, 6.5; N, 15.2.

Chloroform extraction of the slowest méving band gave an orange solid
(127 mg) which on fractional crystallisation from petroleum ether/benzene

(10:1) gave 4-formyl-2,6-dimethyl-5-azacycl|3,2,2]azine (95), 72 mg (6%)

as long yellow needles: mp 202.5%; uv__ 22k, 249, 281, 309, 315, 428,
(435) nm, 1og e 4e33, 4eb7, 4e20, 4,01, 4.01, 3.99, 3.98; ir 870, 1139,
1410, 1534, 1592, 1664 cm *; NMR - see Table VIIIL p 82; mass spectrum m/e
198 (M, 100), 197 (M-1, 100), 170 (M-28, 79), 169 (M-29, 5).

Anal. Calcd for Cl2H10N20: C, 72.71; H, 5.08; N, 14.13. Found:

C, 72.9; H, 5.0; N, 14.3 .

The mother liquor from the above fractional crystallisation was evap-
orated and the residue subjected to TLC with acetone/petroleum ether, 60-80°
(5:2). Two overlapping bands developed. Chloroform extraction of the

lower portion of the slower moving colourless band gave l-formyl-2,5,7-tri-

methyl-6-azaindolizine (94 ), 22 mg (1.9%) as flesh coloured prisms; mp 127.5-

129°; uv 232, (261), 338 nm, log e 4.39, 3.60, 4.16; ir 961, 1278, 1441,
1523, 1610, 1649 cm"l; NMR - see Table VIII,p 82; mass spectrum, calcd mass
for C, H N, O: 188.0949, found m/e 188.0949 (M, 94), 187 (¥-1, 100), 159
(M-29, 2), 186  (188-187).

Anal. Calcd for CllHléNZO: C, 70.19; H, 6.43. Found: C, 70.4; H, 6.5.

Fusing a mixture of the aldehyde (96) and solid potassium hydroxide
(2.0 g) in a sealed evacuated (0.01 mm) glass tube over a free flame gave
a yellow vapour which condensed on the cold parts of the tube. After
thorough ccoling the tube was opened and the condensate extracted with ether
and subjected to TLC. Bther extractionaf the bright yellow band which
developed gave 2,6-dimethyl-5-azacycl(3,2,2]azine (98), 12 mg (27%) which
showed identical mp and spectral characteristics to the sample obtained by
hydrolysis and decarboxylation of 3,4-dicarbmethoxy-2,6-dimethyl-5-azacycl-

[3,2,2]azine (99).
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The following aldehydes were prepared by the dropwise addition
of a 105 molar excess of phosphoryl chloride in dimethylformemide (1 cmj)
to a magnetically stirred solution of the azaindolizine, azaindolizinone or
azacyclazine in dimethylformamide (1 cmj). Af'ter 2-4 hours in a sealed
vessel the resultant was poured into 2M NaOH (30 cmB) or 2M NaSH in the
case of thioformylation and extracted with chloroform. Evaporation of the
dried chloroform extract [and any residual dimethylformamide at ca 30-60°

(0.01 mm)] gave the crude aldehyde which was purified by TLC.

2,3,5,7-Tetramethyl-6-azaindolizine (p67), 32 mg gave l-formyl-2,3,5,7-

tetramethyl-6-azaindolizine (2 mg, 5%) as white needles from petroleum ether:

mp 166°; uv 239, (267), (279), 349 nm; log e 440, 3.60, 3,30, Lelk; ir
965, 1438, 1519, 1510, 1647 cm-l; NMR - see Table VII, p 74; mass spectrum,
calcd mass for Cl2H1AN2O: 202.1106, found m/e 202.1104 (M, 100), 201 (M-1,
71), 187 (M-15, 3), 173 (M-29, 11), 200" (202-201), 173* (202-187).
6-Methyl-2-phenyl=-5-azacycl|3,2,2]azine (92), 16 mg gave three yellow
bands. Chloroform extraction of the fastest gave unchanged starting mater-

ial (3 mg, 19%). The material from the middle band was recrystallised fram

petroleum ether to give 2,6-dimethyl—l-formyl-2—pheny1—5-azacycl[3,2,2]azine

(91), 4 mg (22%) as orange needles: mp 163-164°; uv 225, (233), (284),
297, (315), 438 nm; log e 440, 4ko33, Lol2, L.46, 427, 3.97; ir 709, 760,
794, 1362, 1529, 1588, 1643 cm-l; NMR - see Table VIII p 82; mass spectrum,

celcd mass for Cl7H12N20: 260.0949, found m/e 260.0946 (M, 84), 259 (M-1,

100), 232 (M-28, 2), 231 (M-29, 6), 230 (M-30, 5), 258 (260-259), 206 (259-

231). The material from the slowest moving band was recrystallised from
petroleum ether to give 4-formy1-6-methyl—2-pheny1—5—azacycl[5,2,2}azine
(90), 4 mg (22%) with identical mp and spectral characteristics as the
sample obtained from formylation of 5,7-dimethyl-2-phenyl-6-azaindolizine
(49) -

2,6-Dimethyl-5-azacycl[3,2,2]azine (98), 17 mg gave three yellow
bands after TLC with benzene/ethyl acetate (50:3). Chloroform extraction

of the fastest gave unchanged starting material 4 mg (24%). The materiel

149

o e e e e c—



from the middle band was recrystallised from petroleum ether to give

2,6-dimethyl-1-formyl-5-azacycl[3,2,2]azine (97), 3 mg (15%) as yellow

crystals: mp 152-160°; uv 227, 258, (267), (286), 312, 424 nm, log e
4Le38, Lek5, 4.33, 4.03, 4,00, 3.92; ir 720, 781, 1324, 1365, 1422, 1518,
1533, 1590, 1640 Cm-l; NMR - see Table VII p 74; mass spectrum, calcd mass
for 012H10N2O: 198.0793, found m/e 198.0791 (M, 75), 197 (M-1, 100), 170
(M-28, 1), 169 (M-29, 7), 168 (M-30, 2), 196" (198-197), 15 (197-169).
The material from the slowest moving band was recrystallised from petroleum
ether to give 2,6-dimethyl-4-formyl-5-azacycl(3,2,2)azine (95) 4mg (20%)
with identical mp and spectral echaracteristics to the sample obtained

from formylation of 2,5,7-trimethyl-6-azaindolizine (54).

8-Azaindolizine (59), 15 mg gave 3-formyl-8-azaindolizine (104), 8 mg

(43%) as pale yellow needles from petroleum ether; mp 121-122°; uv_ 222,
(267), 270, 343 nm, log e 4.17, L.&3, Lobk, 4.03; ir 786, 1408, 1604, 1655
cm'l; NMR - sce Table VII,p 74; mass spectrum m/e 146 (M, 100), 145 (M-1,
45), 117 (M-29, 25), bk (146-145), .5 (145-117).

Anal. Calcd for C8H6N20: C, 65.75; H, 4el4. Found: C, 65.75 H, 4e2.

2,7-Dimethyl-8-azaindolizine (64), 40 mg gave 3-formyl-2,7-dimethyl-

8-azaindolizine (105), 22 mg (4L6%) as pale yellow needles from petroleum

ether: mp 110°; uv_ (227), 230, (266), (276), 282, 352 nm, log e 421,
422, 422, 436, 443, 4o11; ir 720, 1438, 1630 cm—l; NMR - see Table VII,

P 74; mass spectrum, calcd mass for C10H10N20: 17440793, found m/e 174.0792

G : x
(M, 100), 173 (M-1, 60), 145 (M-29, 18), 172 (174-173), 121.5 (173-145).
Similarly by pouring the intermediate Vilsmeier salt solution into 2M

; 4
aqueous sodium hydrogen sulphide '392,7-dﬁnethy1-8-azaindolizine gave 35—

thioformyl=-2,7-dimethyl-8-azaindolizine (p 73), 26 mg (50%) as red needle

clusters from benzene/petroleum ether: mp 168.5-169°; uv_ 227, 275, (310),

317, 418, 429 nm, 1log e 4e38, 4.01, 3.95, 4.06, Lk.47, 4.50; ir 977, 1422,

1

1500, 1530, 1607 cm 3 NMR - see Table VII,p 74; mass spectrum, calcd mass

for C, H) N S: 190.0563, found m/e 190.0561 (M, 67), 189 (M-1, 100), 188
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(M-2, 5), 145 (M-45, 4), 188" (190-139), 187 (189-188).

Anal. Calcd for ClOHloNZS: C, 63.13; H, 5.30. Found: C, 63.4; H, 5.2.

2,3,7-Trimethyl-8-azaindolizine (67), 12 mg gave l-formyl-2,3,7-tri-

methyl-8-azaindolizine (106), 4 mg (28%) as pale yellow needles from benzene/

petroleum ether: mp 140°; 235, 242, 255, 280, 289, 324, 360 nm, log e

Lholh, 413, 3.92, 3.30, 3.80, 3479, 3.24; ir 786, 1278, 1342, 1535, 1643 om s

uv
max

NMR - see Table VII p 74; mass spectrum, calcd mass for CllH12N2O: 188.0949,
found m/e 188.0946 (M, 100), 187 (M-1, 56), 160 (M-28, 67), 159 (M-29, 94),

158' (160-159), 156.5* (188-160).

7-Methoxy-2-phenyl-8-azaindolizine (68), 31 mg gave 3-formyl-7-methoxy-

2-phenyl-8~azaindolizine (107), 22 mg (635) as white needles from petroleum

ether: mp 143-143.5°; uvmax 230, 249, 277, 350 nm, log e 424, 4.10, 443,
L4e13; ir 810, 1240, 1410, 1625, 1649 cm~1; NMR -~ see Table VII,p 74 ; mass
®
spectrum m/e 252 (M, 100), 251 (M-1, 56), 223 (M-29, 3), 250 (252-251),
*

198.5 (251-223).

Anal. Calcd for 015H12N202: Cy, 716423 H, 4.79; N, 11410. Found: C,
71.1; Hy, 5.1; N, 1l.1.

8-Methyl-2-phenyl-8-azaindolizin-7(8H)-one (69), 31 mg gave 3-formyl-

8-methyl-2-phenyl-8-azaindolizin-7(8H)-one (109), 28 mg (80%) as white needles

from benzene: mp 218.5°; uv_ o 226, 239, 295, 340 nm, log e L4.21, 4.23, 4.39,
4.05; ir 840, 1542, 1618, 1694 cm“l; NMR 3.57 (3H, Me-N), 5.95 (H-1), 6.17
(d, J = 7.5 Hz, H-6), 7.48 (5H, Ph), 9.32 (d, J = 7.5 Hz, H-5), 9.57 (CHO);
mass spectrum m/e 252 (M, 100), 251 (M-1, 50), 223 (M-29,3), 250" (252-251),
0
198.5 (251-223).
Anal. Caled for C,_H N_O.: C, 71.42; H, 4.79; N, 11.10. Found: C,

1512 2°2°
71.1; H, 4.9; N, 11.2.

2,8-Dimethyl-8-azaindolizin-7(8H)-one (74), 280 mg gave 2,8-dimethyl-3-

formyl-8-azaindolizin-7(8H)-one (111), 228 mg (69%) as sand coloured prisms

from benzene/petroleum ether: mp 212°; T (220), (229), (226), 283, (287),

312, 336 nm, 108 e 3.92, 3.76, 3.95, 4.19, 416 4.09, 4.06; ir 890, 1288,
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1501, 1620, 1637, 1678 cm"l; NMR 2.45 (3H, Me-2), 3.48 (3H, Me-N), 5.68
(H-1), 6.06 (d, J = 8.0 Hz, H-6), 9.15 (4, J = 8.0 Hz, H-5), 9.61 (CHO);
mass spectrum m/e 190(M, 100), 189 (M-1, 16), 161 (M-29, 14), 188" (190-189),
137.5 (189-161).
Anal. Calcd for 010H10N202: C, 63.15; H, 5.30; N, 14.73. Found: C,
63.2; Hy, 5.4; N, 14.8.
8-Acetonyl-2-methvl-8-azaindolizin-7(8H)-one (75), 25 mg gave 8-acetonyl-

3-formyl-2-methyl-8-azaindolizin-7(8H)-one (112) as glassy needles from ben=-

zene: mp 196-197°; uv_ o (220), (229), (267), 283, 288, 311, 335 nm, log e
3.97, 3.76, 3.98, 4422, 4.20, 4o12, 4.07; ir 818, 1642, 1665, 1720 cm *;

NMR 2.27 (3H, Me of acetonyl), 2.42 (3H, Me-2), 4.77 (2H, methylene), 5.48
(H-1), 6.11 (d, J = 8.0 Hz, H-6), 9.24 (d, J = 8.0 Hz, H-5), 9.66 (CHO); mass
spectrum m/e 232 (M, 75), 190 (M-42, 18), 189 (M-43, 14), 161 (M-71, 100),
188" (190-189), 155.5 (232-190).

Anal. Calcd for Cl2H12N203: C, 62.06; H, 5.21. Found: C, 62.2; H,

5¢5.

2,8-Dimethyl-8-azaindolizin-5(8H)-one (75), 20 mg gave 2,8-dimethyl-

3-formyl-8-azaindolizin-5(8H)-one (113), 21 mg (90%) as white needles from

benzene: mp 247.5°%uv 225, 247, 338, 343 nm, log e hohl, 4o12, 4e32, 4.32;
ir 800, 1022, 1505, 1580, 1633, 1680 cm ~; NMR 2.57 (3H, Me-2), 3.68 (3H,
Me-N), 5.79 (4, J = 8.0 Hz, H-6), 5.89 (H-1), 7.24 (4, J = 8.0 Hz, H-7),
11.00 (CHO); mass spectrum, caled mass for ClOH10N202: 190;0742,found m/e
190.0740 (M, 100), 189 (M-1, 4), 162 (M-28, 28), 161 (M=29, 45), 147 (M=43,
14), 160" (162-161), 138.5 (190-162), 133 (162-147).

Anal. Caled for Cy H N 0.: C, 63.15; H, 5.30, Found: C, 63.3; H, 5.7.

8-Acetonyl-2-methyl-8-azaindolizin-5(8H)-one (77), 15 mg gave 8-acetonyl-

3-formyl-2-methyl-8-azaindolizin-5(8H)-one (114), 11 mg (64%) as white needle

clusters from benzene/ethanol: mp 201-202°; L - 225, 247, 337, 343 nm, log e
4238, 4405, 4.28. 4.28; ir 782, 803, 1342, 1500, 1580, 1632, 1671, 1722 ca ~;

NMR 2.29 (3H, Me of acetonyl), 2.52 (3H, Me-2), L4.66 (2H, methylene), 5.64
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(H-1), 5.85 (d, J = 8.0 Hz, H-6), 7.13 (d, J = 8.0, H-7), 10.95 (CHO);

mass spectrum, calcd mass for 012H12N203: 23240847, found m/e 232.0846

(M, 40), 204 (M-28, 2), 161 (M-71, 100), 179.5" (232-204).

Reductionlg of 3-formyl-6- and 8- azaindolizines and 4-formyl-2,6-dimethyl-
5—azacycl[3,2,21§21ne

A solution of 3-formyl-2,7-dimethyl-6-azaindolizine (86), 500 mg (2.9
m mol) in ether (15 cmj) was added slowly to a stirred solution of lithium
aluminium hydride (550 mg, 14.5 m mol) and aluminium chloride (3.87 g,
29 m mol) in ether (60 cmﬁ). The reaction mixture was stirred for 1 hour
and poured into ice cold 0.05M sulphuric acid (200 cmj). The solution was
made basic by the addition of potassium carbonate and extracted with ether
(4 x 100 cmB). The ether extract was washed with water (4 x 50 cmﬁ), dried
and evaporated to leave a brown oil (0.2 g) which was subjected to TLC
with benzene/ethyl acetate (5:1). The material from the band which slowly
turned blue-green on exposure to the atmosphere was extracted with ether
to give 2,3,7-trimethyl-6-azaindolizine (46), 10 mg (2%) as a pale brown
solid with identical spectral characteristics (uv, ir, NMR) to the sample
obtained from the Chichibabin reaction between 4,6-dimethylpyrimidine and
3~bromo-2-butanone.

Similarly 3-formyl-2,5,7-trimeéthyl-6-azaindolizine (96), 200 mg gave

2,3,5,7-tetramethyl-6-azaindolizine (50 mg,27%) as pale green needles: mp

6L-67°; uv_ 240, (277), 284, 295, 358 (broad) nm, log e 439, 3s71, 3.83,
3.82, 3.15; ir 868, 1287, 13633 1530, 1630 cm’l; NMR - see Table III,p 34;

mass spectrum, calcd mass for C : 174.1156 found m/e 174.1157 (M, 100),

1ty
173 (-1, 79), 159 (M-15, 14), 132 (M-42, 20), 118 (M-56, 8), 172" (174-173),
*
145 (174-159)..
A solution of 3-formyl-2,7-dimethyl-8-azaindolizine (105), 30 mg
(0.17 m mol) in ether (5 cmﬁ) was added slowly to a stirred solution of

lithium aluminium hydride (32 mg, 0.85 m mol) and aluminium chloride (230 mg,
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le7 m mol) in ether (15 ij). The reaction mixture was stirred for 1 hour

and poured into cold 0.05M sulphuric acid (50 ij). The solution was
made basic by the addition of potassium carbonate and extracted with ether
(4 x 15 cm}). The ether extract was washed with water (4 x 15 cmi), dried
and evaporated to leave a yellow oil (16 mg) which on TLC with benzene/
ethyl acetate (5:1) gave 2,3,7-trimethyl-8-azaindolizine (67), 5 mg (185%)
as a yellow solid with identical spectral characteristics to the sample
obtained from the Chichibabin reaction between 2,4-dimethylpyrimidine and
5=bromo-2-butanone.

Reduction of 4-formyl-2,6-dimethyl-5-azacycl[3,2,2]jazine (95), 10 mg

(0.05 m mol) by a procedure similar to that used in the reduction of the

3-formyl-8-azaindolizine (105) gave 2,4 ,6-trimethyl-5-azacycl[3,2,2]azine

(100), 7 mg (75%) as yellow needles which were further purified by distill-
ation at 100° (10 mm): mp 64-67°; uv, o 252, (264), 304 (broad), 310, 317,
453 nm, log e 443, 4.00, 3464, 3.64, 3.54, 3.49; ir 705, 780, 921, 1192,

1430, 1520, 1593 an

; NMR - see Table VIII, p 82; mass spectrum, calcd mass
for €, H, N,z 184.100, found m/e 184.1000 (M, 63), 183 (M-1, 100), 182 (M-2,

7), 169 (M-15, 2).

Acetylation, diazonium coupling and attempted nitrosation of 2,/-dimethyl-
36

8-azaindolizine

(a) Acetylation A solution of 2,7-dimethyl-8-azaindolizine (64), 150 mg
in acetic anhydride (5 cmj) was refluxed for 3 hours, cooled and poured into
water (20 cmﬁ). The solution was basified with 2M sodium hydroxide and
extracted with chloroform (4 x 25 cmj). After drying the brown chloroform
extract was evaporated and the crystalline residue subjected to TLC with
benzene/ethyl acetate (4:1) and recrystallised from petroleum ether to give

3-acetyl-2,7-dimethyl-8-azaindolizine (124), 151 mg (78%) as straw coloured

crystals; mp 122-123°; uv___ (225), 228, (263), (273), 278, 326 nm, log e

4o27, ke30, 4a25, ha39, Lub5, 4.07; ir 838, 968, 1330, 1410, 1518, 1610 cm *;
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NMR 2.55 (6H, Me-2 and Me-7), 2.63 (3H, Me of acetyl), 6.37 (H-1),6.67 (d,
J =7.5 Hz, H-6), 9.97 (4, J = 7.5 Hz, H-5).

Anal. Calcd for C).H N,0: C, 70.19; H, 6.43; N, 14.88. Found: C,
70.3; Hy 6.7; N, 1Lho7.

(b) Diazonium Coupling Sodium nitrite (100 mg, 1.5 m mol) was added to a

cold solution (0°) of aniline hydrochloride (130 mg, 1.0 m mol) in 2M hydro-
chloric acid (2 cmj). The cold solution was adjusted to pH 8 SH0 by the
addition of 2M sodium hydroxide and added dropwise o a cold solution of 2,7-
dimethyl-8-azaindolizine (64) 50 mg (0.34 m mol) in water (5 cmj) containing
a few drops of ethanol. The orange suspension produced was allowed to stand
at 0° for 15 minutes and then extracted with chloroform (4 x 15 cmj). The
chloroform extract was dried and evaporated and the orange residue subjected

to TLC with benzene/ethyl acetate(5:1). The material from the orange band

was extracted and recrystallised from petroleum ether to give 2,7-dimethyl-

3-phenylazo-8-azaindolizine (125), 58 mg (68%) as red needles: mp 89-90°;

uv_ o 246, 282, 319, 418, 439 nm, log e 4.18, 3.93, L4.05, L4.40, L42; ir

761, 1186, 1249, 1415, 1608 cm’l; NMR 2.52 (3H, Me), 2.63 (3H, Me), 6.51 (H-1),

6.64 (d, J = 7,5 Hz, H-6), 7.20-7.90 (m, 5H, Ph), 9.87 (d, J = 7.5 Hz, H-5).
Anal. Calcd for ClSthNh: C, 71.98; H, 5.64; N, 22,38. Found: C,

71.9; H, 5.7; N, 22.6.

(c) Attempted nitrosation A cold solution of sodium nitrite (250 mg, 3.6
)

m mol) in water (1 cm was added dropwise to a cold solution of 2,7-dimethyl-
8-azaindolizine (64), 110 mg( 0+76 m mol) in 4M hydrochloric acid (6 cmj) and
the temperature maintained at 0-5° for 15 minute536. The orange-red solution
was made basic by the addition of sodium bicarbonate, diluted with a little
water, and extracted with chloroform (4 x 20 cmj). The green chloroform
extract was dried and evaporated to give a brown gum (ca 0.1 g). Attempted
crystallisation of the gum from benzene/ethanol or ethyl acetate failed and

the product was not further investigated.

A similar reaction with the 8-azaindolizine (64), 73 mg and sodium
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nitrite (50 mg) in acetic acid 1 (3 cmB) also gave a brown gum. In this
instance the gum was subjected to TLC with benzene/ethyl acetate (4:l1).

A number of bands containing only traces of products developed and the bulk

of the reaction product remained at the origin.
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Chapter IV

2,6,7-Trimethyl-6-azaindolizinium iodide (134)

A solution of 2,7-dimethyl-6-azaindolizine (45), 50 mg in methyl
iodide (2 cmj) contained in a sealed glass tube was heated on a boiling
water bath for 5 minutes and left at room temperature overnight. The yel-
low crystals which formed were collected by filtration and washed with a

little methyl iodide to give 2,6,7-trimethyl-6-azaindclizinium iodide (134),

78 mg (79%): mp 256° (dec); uv_ 220, 24k, (283), 293, (300), (310) nm,
log e L.27, L2, 3.75, 3.79, 3.70, 3.55; ir 720, 802, 1145, 1378, 1560, 1660
cmcl; NMR - see Table IX,p 92.
Anal. Calcd for ClOHleZI: Cy, 41.68; H, 4.55; N, 9.72. Found:
C, 41.7; H, 4.6; N, 9.8.

2,7,8-Trimethyl-6-azaindolizinium iodide (141)

By a procedure similar to that used to prepare the 6-azaindolizinium

iodide (134), 2,7-dimethyl-8-azaindolizine (45), 50 mg gave 2,7,8-trimethyl-

8-azaindolizinium iodide (141), 84 mg (85%) as yellow crystals: mp 227° (dec);

LLA 225, 243, 327 nm, log e L435, 4.23, 3.86; ir 770, 1280, 1340, 1562,

1620 cm-l; NMR [(CD,),S0] 2.36 (3H, Me-2), 2.80 (3H, Me-7), 4.10 (3H, Me-8),

3)2
6.89 (H-1), 7.15 (d, J = 7.0 Hz, H-6), 7.71 (H-3), 9.17 (d, J = 7.0 Hz, H=5).

Anal. Caled for Cy H N T: C, 41.68; H, 4.55; N, 9.72. Found: C, 41.8;

H, 4.8; N, 9.7.

2,7-Dimethyl-b-azaindolizinium perchlorate

3

s Lo m mol) was added to a solution of 2,7-
5)70

Perchloric acid (0.2 cm
dimethyl-6-azaindolizine (45), 146 mg (1 m mol) in ethanol (10 cm . The
yellow needles which formed were collected by filtration, washed with a little

cold ethanol and dried to give 2,7-dimethyl-6-azaindolizinium perchlorate

(230 mg, 93%): mp 198-199°; ir 802, 1050, 1120, 1402, 1662, 3090, 3230 cm'l;

NMR [(CD,).SO] 2.32 (3H, Me-2), 2.40 (3H, Me-7), 6.55 (H-1), 7.40 (H-8),

5)2
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7.64 (H-3), 9.66 (broad, N-E).

Anal. Calcd for C9H1101,N204: Cy 434833 Hy 4.50;5 C1, 1k.37; N, 11.36.

Found: C, 44.1; H, 4o6; C1l, 14.6; N, 11.3.

Attempted recovery of 6—methy1—2—phenxl-5—azacycl[3,2,2]azine and 2,6-dimethyl-
H-azacycl|3,2,2Jazine from their solutions in concentrated sulphuric acid

6-Methyl-2-phenyl-5-azacycl|3,2,2]azine (147) 10 mg was dissolved in
concentrated sulphuric acid (0.3 cmj) at room temperature and the NMR spect-

rum recorded <H280 = 610.00). The spectrum obtained was consistent with

i
that expected for 6-methyl—2-pheny1-5-azacycl[3,2,2]azine-l,4—disulphonic acid:
& 2.41 (3H, Me), 6.67-7.30 (m, 5H, Ph), 7.69 (H-7), 7.82 (H-3). The orange-
red sulphuric acid solution was then poured into water (25 cmj) and the sol=-
ution made basic by the addition of sodium bicarbonate. Ether extraction

(3 x 25 cmj) of the resulting yellow solution gave a colourless ether extract
and the yellow colour of the azacyclazzine was retained in the aqueous phase.
The ether extract was dried and evaporated but left no residue.

Similerly 2,6-djmethyl-5—azacycl[3,?,2]azine (]50) in concentrated sul-
phuric or deuterosulphuric acid gave an NMR spectrum consistent with that
expected for its 1,4-disulphonic acid derivative: & 2.16 (3H, Me), 2.32 (3H,
Me-6), 7.55 (H-7), 7.80 (H-3). Again attempted recovery of the azacyclazine

failed.

1,4-Dideutero~2,6-dimethyl-5-azacycl(3,2,2]azine

2,6-Dimethyl-5-azacycl[3,2,2]}azine (150), 10 mg, was dissolved in deutero-
trifluorcacetic acid (0.3 cmj). After 8 hours the solution was poured onto
anhydrous soldium carbonate (2.5 g) and the resultant dissolved in water (25
cm5) and immediately extracted with ether (3 x 25 cmj). The ether extract
was dried and evaporated to leave 2,6-dimethyl-5-azacycl[3,2,2]azine (10 mg)
deuterated at C-1 and C-4: NMR (CDClB) 2.70 (3H, Me-2), 2.93 (3H, Me-6), 7.52

(H=7), 7.70 (H-3).

158



Chapter A%

Attempted reaction between 7-methyl-2-phenyl-6-z2zaindolizine and (a) sodamide
and (b) sodium methoxide

(2)  7-Methyl-2-phenyl-6-azaindolizine (44), 500 mg (2.4 m mol) was added
to a suspension of sodamide (0.5 g, 12.8 m mol) in dry N,N-dimethylaniline
(20 e’ )128, The brovn mixture was heated at 110° with stirring on zn oil
bath and protected from the atmosphere by a blanket of nitrogen and a
calcium chloride drying tube. No evolution of gas was observed and heating
was continued for 5 hours. After cooling, water (10 cmz) was added to the
dark brown suspension to destroy unreacted sodamide and the resultant
extracted with chloroform (2 x 100 cmj)o The chlorofiorm extract was washed
with water (3 x 20 cmj), dried and then evaporated at reduced pressure, firstly
at 15 mm to remove the chloroform and secondly at ca 100° (0.01 mm) to remove
the N,N-dimethylaniline. The brovn solid obtained was subjected to TLC.

Only one significant band developed. The material from this band was extrac-
ted to give unchanged 7-methyl-2-phenyl-6-azaindolizine (4k4), 177 mg (35%).
Raising the reaction temperature from 110° to 180° resulted in complete decom-
positicn and no characterisable products or starting material were isolated.
The reaction at 110° was repeated with xylene in place of N,N-dimethylaniline.
In this case starting material 327 mg (653) was isolated.

(b)  7-Methyl-2-phenyl-6-azsindolizine (44), 1 g (4.8 m mol) was added to

a solution of sodium methoxide prepared from methanol (20 cmj) and sodium

(1 g, 43.5 m mol) and the resultant refluxed for 8 hours during which time

it was protected from moisture by a drying tube containing silica gel. The
solvent was then removed at reduced pressure and the brown residue treated

with water (20 cmB) and extracted with chloroform (5 x 20 cmj). The chloro-

form extract was washed with water (3 x 20 cm5), dried and evaporated to

give unchanged starting material 0.93 g (93%).
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Attempted reaction between 3-formyl-7-methyl-2-phenyl-6-azaindolizine and
(a) sodamide and (b) sodium methoxide

(a) 3-Formyl-7-methyl-2-phenyl-6-azaindolizine (84), 0.5 g (2.12 m mol)
was added to a suspension of sodamide (0.5 g, 21.7 m mol) in N,N-dimethyl-
aniline (40 cmj) and the mixture heated at 140° and worked up as in the
attempted reaction between 7-methyl-2-phenyl-6-azaindolizine and sodamide
and the brown residue obtained subjected to TLC with benzene/ethyl acetate
(5:1). A large number of minor bands developed. The main band gave
unchanged aldehyde (26 mg, 5%). Chloroform extraction of the other bands
gave very small quentities of material which were not further investigated.
(b)  3-Formyl-7-methyl-2-phenyl-6-azaindolizine (84), 400 mg (1.69 m mol)
was added to a solution of sodium methoxide prepared from methanol (30 cmj)
and sodium (400 mg, 17.4 m mol) and the suspension refluxed for 8 hours and
worked up as in the attempted reaction between 7-methyl-2-phenyl-6-azaindol-
izine and sodium methoxide. The aldehyde (84), 377 mg (94%) was recovered

unchanged.

Reaction between 2-chloro-4,6-dimethylpyrimidine and phenacyl bromide

A solution of 2—ch10ro-l4,,6--dime‘t:hylpyrimidine]'‘9 (5.0 g, 35 m mol) and
phenacyl bromide (8.0 g, 40 m mol) was heated on an oil bath for 3 hours at

130°. The black solid obtained was extracted with water (250 cmj) and the

aqueous extwact washed with ether (3 x 100 cmj). Sodium bicarbonate (10 g)

was added to the aqueous part and the.resultant heated on a boiling water
bath for 30 minutes, cooled and extracted with ether (5 x 75 cmj). After
drying this ether extract was evaporated and the resulting browvn residue

(0.15 g) subjected to TLC with benzene/ethyl acetate (4:1). The material

from the slow moving band which gave a blue-green Ehrlich's test was extracted

with chloroform and the solution concentrated. The yellow needles which sep-

arated were filtered off and dried to give 7-methyl-2-phenyl-6-azaindolizin-

5(6H)-one (156), 52 mg (0.7%): mp 275° (dec); uv 253, (277), (305) nm,

log e 4.69, 4.09, 3.72; ir 730, 832, 1200, 1410, 1640, 1693, 3100, 3210 am 1;
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NMR [(CD5)280] 2.13 (3H, Me-7), 6.23 (H-1), 6.58 (H-B), 7.20-7.78 (m, 5H, Ph),
7.83 (H-3), 10.88 (broad, NH); mass spectrum m/e 224 (M, 100), 223 (M-1, 2),
155 (M-69, 5), 154 (M-70, 11).

Anal. Calcd for C O: C, 74498; H, 5.39; N, 12.,49. Found: C, 75.1;

Al
H, 5.3; N, 12.8.

Reaction between 2-chloro-4,6-dimethylpyrimidine and bromoacetone

2-Chloro-4 ,6-dimethylpyrimidine (5.0 g, 35 m mol) and bromoacetone (4.8 g,
35 m mol) were heated together and the product cyclised as in the previous
synthesis of 7-methyl-2-phenyl-6-azaindolizin~5(6H)-one. The crude material
obtained (0.13 g) was subjected to TLC with benzene/ethyl acetate (5:1). Two
main bands developed. Extraction of the faster moving band gave unchanged
2-chloro-k4,6-dimethylpyrimidine (61 mg). The material from the slower moving
band which gave a freen Ehrlich's test was extracted and recrystallised from

benzene/petroleum ether to give 2,7-dimethyl-6-azaindolizin-5(6H)-one (157),

20 mg (0.4%) as pale pink needles: mp 198-200°; uv, (229), (237), 285 nm,
log e 3.70, 3.47, 4olk; ir 775, 820, 1420, 1650, 1700, 3100, 3210 o™ t; NMR
2.20 (6H, Me-2 and Me-7), 6.00 (H-1), 6.06 (H-8), 7.27 (H-3), 9.78 (broad, NH),
irradiation at the frequency of the signal attributed to H-1 resulted in sharp-
ening of the signal attributed to H-3; mass spectrum m/e 162 (M, 100), 161
(M-1, 11), 93 (M-69, 40), 160" (162-161).

Anal. Calcd for C_H, N_O: C, 66.65; H, 6.21; N, 17.27. Found C, 66.9;

910" 2
H, 6.5; N, 17.2.

Reaction between 2-hydroxy-4,6-dimethylpyrimidine and phenacyl bromide

A solution of 2-hydroxy-4,6-dimethylpyrimidin6130 (17.5 g, 0.14 mol) and
phenacyl bromide (28.1 g, 0.14 mol) in ethanol (200 cmj) was refluxed on a
water bath for 1% hours. The solid which separated was filtered from the hot
solution, washed with a little boiling ethanol and dried under vacuum to give

2-hydroxy-l ,6-dime thylpyrimidine hydrobromide (158), 9.1 g (31%) as a pale

orange solid which did not melt below 300°: uv max 305 nm, log e 3.79; ir 847,
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1627, 1735, 2500-3300 (broad and obscured by nujol) cm"l; NMR [(cnj)zso] 2k
(6éH, Me-4 and Me-6), 6.74 (H-5).

Anal. Calcd for 06H9N2Br0: "Cy 35¢14; H, 4e42; N, 13.66; Br, 38.97.
Found: C, 35.4; H, 4.5; N, 13.8; Br, 39.0.

The ethanolic solution was refluxed for a further 1% hours and the
ethanol removed at reduced pressure. The brown solid obtained was dissolved
in water (400 cmj) and extracted with ether (4 x 100 cmj). Sodium bicarbonate
(25 g) was added to the aqueous part and the solution heated for 15 minutes
on a boiling water bath. The buff coloured solid (4.4 g) which separated was
collected by filtration and dried. The uv and NMR spectrum of this solid indic-
ated it to be a mixture of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156) and
L4 ,6-dimethyl-1-phenacylpyrimidin-2(1H)-cne (159) with a molar ratio of 1l:k4
respectively.

The residual aqueous bicarbonate phase was extracted with chloroform

(5 x 200 cmj) and the chloroform extract dried and evaporated to leave a pale

yellow solid which was recrystallised from chloroform to give 4,6-dimethyl-1-

phenacylpyrimidin-2(1H)-one (159) as white needles: mp 166.5°; uv, - 243, 305 nm,

log e 4.17, 3.89; ir 760, 1225, 1608, 1655, 1690 cm'l; NMR 2.11 (3H, Me), 2.35
(3H, Me), 5.51 (2H, methylene), 6.16 (H-5), 7.33-8.13 (m, 5H, Ph); mass spect-
run m/e 242 (M, 40), 224 (M-18, 22), 137 (M-105, 89), 105 (PhCO, 100).

Anal. Calcd for C, H, N_O.: C, 69.41; H, 5.83; N, 11,56, Found: C, 69.2;

W1y 2728
H, 5.7; N, 11.8.

Cyclisation of L4 ,6-dimethyl-1-phenacylpyrimidin=2(1H)-one

(a) 4,6-Dimethyl-l-phenacylpyrimidin-2(1H)-one (159), 50 mg was heated at
200° under vacuum (10 mm) for 15 minutes to give 7-methyl-2-phenyl-6-azaindol-
izine-5(6H)-one (156), 47 mg (100%) as a buff coloured solid.

(b) A suspension of the pyrimidodne (159), 70 mg in 2M aqueous sodium hydrox-
ide (10 cmj) was heated on a boiling water bath for 2 hours, cocled and the
grey coloured solid obtained collected by filtration and dried to give the

azaindolizinone (156), 60 mg (93%).
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In both these cases the ir and NMR spectra of the cyclisation products
were identical to those of the sample of the azaindolizinone (156) obtained
directly from the Chichibabin reaction between 2-hydroxy-i,6-dimethylpyrimi-

dine and phenacyl bromide.

Formylation of 7-methyl-2-phenyl-6-azaindolizin=-5(6H)-one

Formylation of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156), 100 mgs

by the general procedure outlined on p1l49, gave 3-formyl-7-methyl-2-phenyl-6-

azaindolizin-5(6H)-one (160), 58 mg (52%) as pale yellow crystals from chloro-

form: mp 258° (dec); uv, 225, 272, (293), 365 nm, log e L4.12, L4.28, 3.86,

4.19; ir 791, 838, 1360, 1638, 1690, 3110, 3250 cm'l; NMR [(CD,),.S0] 2.22 (3H,

3>2
Me), 6.46 (H-8), 6.49 (H-1), 7.28-7.74 (m, 5H, Ph), 10.82 (CHO), irradiation at
the frequency of the methyl signal resulted in sharpening of the signal attrib-
uted to H-8; mass spectrum m/e 252 (M, 100), 251 (M-1, 71), 237 (M-15, 10),
Rx
235 (M-17, 18), 224 (M-28, 22), 250 (252-251).
Analo CalCd for Cl5H12N202: C, 71.14-2; H, 14-0790 Found: C, 7105; H, 1{-.9.

Reaction between 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one and phosphoryl
chloride

A solution of 7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (156), 300 mg
in phosphoryl chloride (45 cmj) was refluxed for 4 hours and the bulk of the
phosphoryl chloride removed at ca 60° (10 mm). The dark coloured residue was
poured onto crushed ice (30 g), basified by the addition of 2M sodium hydroxide
and immediately extracted with chloroform (4 x 50 cmj). The brovm chloroform
extract was dried and evaporated and the gum obtained subjected to TLC with
benzene. Two main bands developed. The material from the fast moving orange

coloured band was extracted with chloroform and the extract concentrated to

approximately 5 cm? and cooled in ice. /,9-Dimethyl-1,6-diphenyl-di(6-azaindol-

izino)[3,45-af:3',4"',5"~dc]pyrazine (161), 8 mg (3.1%) separated as dark red

prisms; mp 262.5-265° (dec); uv, oo (CH2012) 268, (288), (410), (438), 460, 486
nm, log € 4«80, 4.55, 3.47, 387, 4.09, 4.17; ir 698, 760, 839, 1387, 1541,

1615 om™l; NMR 1.93 (6H, Me-L and
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Me-9), 5.96 (2H, H-2 and H-7), 6.08 (2H, H-3 and H-8), 7.20-7.88 (m, 10H, Ph-1
and Ph-6); mass spectrum m/e 412 (M, 100), 411 (M-1, 5), 206 (M-206, 3), 410
(412-411).

Anal. Calcd for 028H20Nu: C, 81.53; H, 4+89; N, 13, 13.58. Found: C,
81,75 H, &4.7; N, 13.8.

The material from the slower moving band which gave a green Ehrlich's

test was extracted and recrystallised from petroleum e ther to give 5-chloro-7-

methyl-2-phenyl-6-azaindolizine (155), 243 mg (75%) as white flakes: mp 1h4k4.5-

5% uv 25k, (256), (283), (300), 358 (broad) nm, log e k.71, 4.71, 3.95,
3.57, 3.45; ir 728, 768, 1245, 1407, 1620 cm'l; NMR 2.39 (3H, Me-7), 6.70 (H-1),
7.00 (H-8), 7.10-7.75 (m, 5H, Ph), 7.70 (H-3), irradiation at the frequency of
the methyl signal resulted in sharpening of the signal attributed to H-8 and
irradiation at the frequency of the signal attributed to H-1 resulted in sharp-

(5501), m/e 242 (M, 100),

57

ening of the signal attributed to H-3; mass spectrum

241 (M-1, 4), 207 (M-35, 2), 180 (M-62, 10), 240 (242-241), 244 (M for 2/c1, 20).

Anal. Calcd for clAH11N201: C, 69.28; H, 4.57; N, 11.54; Cl, 14.61.

Found: C, 69.3; H, 4.3; N, 11.5; Cl, 14.9.

Reaction between 5-chloro-7-methyl-2-phenyl-6-azaindolizine and phosphoryl
chloride

A solution of 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155), 5 mg in
phosphoryl chloride (10 cmB) was refluxed for 4 hours and the product worked up
using a procedure similar to that given in the previous reaction between 7-
methyl-2-phenyl-6-azaindolizin-5(6H)-one and phosphoryl chloride. TLC gave the
di (6-azaindolizino)pyrazine (161), 3 mg (70%) with identical mp and ir absorp-
tions to the sample obtained from 7-methyl-2-phenyl-6-azaindolizine and phos-
phoryl chloride. No other products were isolated although TLC indicated

traces of the starting chloro-é-azaindolizine to be present in the crude product.
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Formylation of 4,9-dimethyl-1,6-diphenyl-di(6azaindolizino){3,4,5-af:3"',L"',5"'-dc]
pyrazine

A solution of the di(6-azaindolizino)pyrazine (161), 20 mgs (0.05 m mol) in
dimethylformamide (1.5 cmB) was added to a solution of phosphoryl chloride (100 mg,
0.65 m mol) in dimethylformamide (1.5 cmj) and the resultant heated for /4 hours
at 70-90° on an o0il bath. The red solution obtained was poured into 2M aqueous
sodium hydroxide (50 cmj) and extracted with chloroform (6 x 100 cmj). The
chloroform extract was washed with water (4 x 50 cmj), dried and evaporated.

The brown residue was subjected to TLC with benzene/ethyl acetate (10:1). The
material from the slow moving orange-yellow band was extracted to give 2,7-di-

formyl-),,9-dimethyl-1,6-diphenyl-di(6-azaindolizino)[3,4,5-af:3"',4",5"=de]pyr-

azine (164), 22 mgs (97%) as a maroon coloured solid which did not melt below
350°: uv, - (CH,C1,) 274, 370, (452), 467 nm, log e 4.72, 4.12, 4.19, 4.28;

ir 702, 830, 1200, 1500, 1545, 1608, 1645 cm-l; NMR (CchOOH) 2.28 (6H, Me-4

and Me-9), 7.58 (2H, H-3 and H-8), 7.72 (10H, Ph-1 and Ph-6), 9.72 (2H, broad,

w; = 10 Hz, CHO-2 and CHO-7); mass spectrum, calcd mass for C, H, N O_: 468.1586
2 30 20 4 2 ’
found m/e 4.68,1585 (M, 100), 440 (M-28, 9), 412 (M-56, 32), 234 (M2+ or M-234,
2).

Attempted formylation of (161), 20 mg by the general procedure given on

p1l49 gave a quantitative yield of unchanged starting material.

Reaction between 5-chloro-7-methyl=-2-phenyl-6-azaindolizine and (a)hydroxide
ion (b) methoxide ion and (c) ammonia

(a) A suspension of 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155), 20 mg

in aqueous sodium bicarbonate (20 cm3 water and 1 g NaHCOB) was heated on a
boiling water bath for 30 minutes, cooled and extracted with chloroform (4 x 30
cmj). The chlorofiorm extract was dried and evaporated and the residue subjected
to TLC with benzene and then with benzene/ethyl acetate (4:1). The fast moving
band gave unchanged 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155), 12 mg (60%).
TLC indicated the crude hydrolysis product to contain only traces of 7-methyl-2-

phenyl-6-azaindolizin-5(6H)-one (156).
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A suspension of the chloro-6-azaindolizine (155), 35 mg in 2M agueous
sodium hydroxide was heated on a boiling water bath for 6 hours and the hydro-
lysis product worked up as in the attempted hydrolysis using sodium bicarbonate.
The fast moving band gave unchanged 5-chloro-7-methyl-2-phenyl-6-azaindolizine
(155), 15 mg (,3%). The slower moving band gave 7-methyl-2-phenyl-6-azaindolizin-
5(6H)-one (156), 3 mg (9%) with identical NMR and ir spectra to the sample obtained

from 2-hydroxy-4,6-dimethylpyrimidine and phenacyl bromide.

(b) A suspension of 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155), 4O mg
(0,16n1m01)in a methanolic solution of sodium methoxide obtained from methanol
(20 cmB) and sodium (0.3g) was refluxed for 30 minutes. The methanol was evap-
orated and the residue dissolved in water (20 cms) and extracted with chloroform
(3 x 20 ij)o The chloroform extract was washed with water (2 x 20 cm5), dried
and evaporated. The residue obtained was subjected to TLC with benzene. Only
one band developed. The material from this band was extractsd and recrystallised

from petroleum ether to give 5-methoxy-7-methyl-2-phenyl-6-azaindolizine (165),

32 mg (81%) as pale green needles: mp 87°; uv 253, (276), (289), 322 nm, log e

1

4467, 4402, 3.78, 3.,6; ir 700, 758, 1570, 1630 cm —; NMR - see Table IX,p 92.

Anal. Caled for C H N 0: C, 75.61; H, 5.92; N, 11.76. Found: C, 75.8;
H, 5.8; N, 11.8.

(¢) 5-Chloro-7-methyl-2-phenyl-6-azaindolizine (155), 100 mg was heated at 140°
for 4 hours in a sealed glass tube containing ethanol (10 ij) saturated with
anhydrous ammonia at 0°. After cooling the tube was openéd and the solvent
evaporated. The residue was subjected to TLC with benzene/ethyl acetate (2:1).
Only one main band developed. The material from this band was extracted and
recrystallised from benzene containing a small percentage of ethanol to give

H-amino-7-methyl-2-phenyl-6-azaindolizine (166), 65 mg (71%) as small white

crystals which decomposed at temperatures greater than 215°: W 257, 301, 331

(broad) nm, log e L4.61, 3.82, 3.49; ir 699, 765, 1540, 1610, 1655, 3050, 3340,
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1

3450 em 3 NMR [(CD,).S0] 2.17 (3H, Me), 6.50 (2H, H-1 and H-8), 7.14 (2H,

5)2

broad, NHZ), 7.20-7.78 (m, 5H, Ph), 7.89 (H-3); NMR (CDC1,) 2.32 (3H, Me),

3

6.52 (H-1), 6.65 (H-8), 7.12=7.74 (m, 5H, Ph), 7.22 (H-3), irradiation at

the frequency of the methyl group resulted in sharpening of the signal attrib-

uted to H-8, irradiation at the frequency of the signal attributed to H-1

resulted in sharpening of the signal attributed to H-3; mass spectrum m/e

223 (M, 100), 222 (M-1, 9), 181 (M-42, 5), 180 (M-43, 6), 221" (223-222).
Anal. Calcd for 014H13N5: C, 75031; H, 5.87; N, 18.82. Found: C, 75.3;

H, 5.9; N, 18.6,

Formylation of 5-amino-7-methyl-2-phenyl-6-azaindolizine

Formylation of 5-amino-7-methyl-2-phenyl-6-azaindolizine (166), 50 mg
was carried .out using the general procedure given on pl49. TLC with petro-
leum ether/ethyl acetate (1:1) gave two bands. Extraction of the material
from the faster moving band gave unchanged 5-amino-7-methyl-2-phenyl-6-aza-
indolizine (6 mg, 12%). The material from the following yellow band was
extracted and recrystallised from benzene/petroleum ether to give 6—methx -

2-phenyl-L,5-diazacycl[3,2,2]azine (167), 16 mg (31%) as khaki coloured

needles: mp 155-157°; uv,_ (see Figure VII,p112) (238), 247, 332, 40k, 416
nm, 1og e Le3k, L3, 4.30, 3.72, 3.69; ir 700, 778, 1133, 1540, 1595 cm'l;
NMR 3.00 (3H, Me), 7.33-8.11 (m, 5H, Ph), 7.40 (H-1), 7.65 (H-7), 8.83 (H-3);

mass spectrum, calcd mass for C 23340952, found m/e 233.0952 (M, 100),

15H11N3’
232 (M-1, 16), 205 (M-28, 5), 231" (233-232).

Attempted formylation of 6-methyl-2-phenyl-k,5-diazacycl[3,2,2]azine

A solution of phosphoryl chloride (30 mg, 0.20 m mol) in dimethylform-
amide (0.5 cmj) was added to a solution of the diazacyclazine (5 mg, 0.02 m mol)
in dimethylformamide (0.5 cmj) and the resulting solution heated for 1 hour
at 80° protected from the atmosphere by a blanket of nitrogen. The red solu-

%

tion obtained was cooled and poured into 2M aqueous sodium hydroxide (25 cm
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and extracted with chloroform ( 4 x 25 cmj). The chloroform extract was
evaporated to dryness and the residue subjected to TLC with petroleum ether/
ethyl acetate (3:4). Only one significant band developed. Extraction of
this band gave unchanged diazacyclazine (167), 3 mg (60%).

Attempted formylation of the diazacyclazine (167), 5 mg by the general
procedure outlined on p l49 gave a quantitative recovery of the starting mater-

iale.

Attempted ring openinglﬁuof 6-methy1-2-pheqy1—4i§-diazacycl[3,2121azine

6-Me thyl-2-phenyl-4,5-diazacycl(3,2,2]azine (167), 5 mg was dissolved
in methanol (2 cmj) containing concentrated hydrochloric acid (0.2 cmj) and
left at room temperature for 24 hours. The solution was concentrated at
reduced pressure, basified by the addition of 2M aqueous sodium hydroxide
and extracted with ether (3 x 10 cmj). The ether extract was dried and evap-
orated to give uﬁchanged starting material in quantitative yield. TLC with

petroleum ether/ethyl acetate (1:1) indicated the recovered material to be

homogenous.

Formylation of 5-chloro-7-methyl-2-phenyl-6-3zaindolizine

Formylation of 5-chloro-7-methyl-2-phenyl-6-azaindolizine (155), 58 mg
by the general procedure outlined on p 149 gave four products. Chloroform

extraction of the material from the fastest moving band gave 5-chloro-l-formyl-

7-methyl-2-phenyl-6-azaindolizine (173), 2 mg (3.1%): mp 169.5-170.5°; uv

ax
(243), 249, (276), 339 nm, log e 427, 429, 3.71, 3.92; ir 700, 728, 1220,

1

1420, 1609, 1650 cm ~; NMR 2.55 (3H, Me), 7.47 (H-3), 7.50 (5H, Ph), 8.10

(H-8), 10.04 (CHO), irradiation at the frequency of the methyl signal resulted
in sharpening of the signal attributed to H-8; mass spectrum, calcd mass for
015H115501 N,0: 270.0559,found m/e 270.0555 (M, 79), 269 (M-1, 100), 253
(M-17, 2), 241 (M-29, 2), 268" (270-269), 272 (M for 2/C1, 19).

Chloroform extraction of the material from the next band followed by

recrystallisation from benzene/petroleum ether gave 5-(N,N-dimethylamino)-1-
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formyl-7-methyl-2-phenyl-6-azaindolizine (172), 4 mg (6.0%) as white needles:

mp 208.5°; uv___ 240, 367 nm, log e k.5k, ke2k; ir 757, 850, 1410, 1510, 1648
cm“l; NMR 2.47 (3H, Me-7), 3.07 (6H, N(Me)z), 7.22 (H=3), 7032-7.64 (m, 5H, Ph),
7.78 (H-8), 9.98 (CHO), irradiation at the frequency of the methyl signal at

O 2.47 resulted in sharpening of the signal attributed to H-8; mass spectrum,
calcd mass for CI7H17N30: 279.1371 found m/e 279.1369 (M, 100), 278 (M-1, 8),
264 (M-15, 4), 250 (M=29, 10), 236 (M-43, 16), 277" (279-278), 2245 (278-250).

The material from the next yellow band was extracted and recrystallised

from benzene/betroleum ether to give 5-(N,N-dimethylamino)-3-formyl-7-methyl-2-

phenyl-6-azaindolizine (170), 17 mg (25%) as glassy,yellow crystals: mp 178°;

uv 246, 272, 330 (broad), 407 nm, log e 4«48, 4.16, 3.70, L.05; ir 702, 795,
1170, 1352, 1530, 1610, 1645 cm‘l; NMR 2.38 (Me-7), 3.05 (6H, N(Me)z), 6.37
(H-1), 6.68 (H-8), 7.30-7.72 (m, 5H, Ph), 9.80 (CHO), irradiation at the frequ-
ency of the methyl signal at 0 2.38 resulted in sharpening of the signal attrib-
uted to H-8; mass spectrum, calcd mass for Cl7Hl7N30: 27941371, found m/e

279.1369 (M, 35), 262 (M-17, 100), 261 (M-18, 5), 250 (M-29, 4), 206" (279-262).

The material from the slowest moving band was extracted to give 3-formyl-

7-methyl-2-phenyl-6-azaindolizin-5(6H)-one (160), 17 mg (28%).

Reaction between 4-chloro-2-methylpyrimidine and bromoacetone

A solution of h—chloro-2-methylpyrimidinelo3 (1.28 g, 10 m mol) and
bromoacetone (1.37 g, 10 m mol) in ethanol (5 ij) was refluxed for 18 hours
and the solvent evaporated. The brown solid obtained was dissolved in water
(100 cmj) and washed with ether (3 x 100 cmj). Sodium bicarbonate (5 g) was
added to the aqueous part and the solution heated on a boiling water bath for
5 minutes, cooled and extracted with ether (3 x 100 cmj). After drying this
ether extract was evaporated and the residue subjected to TLC. Two
main bands developed. The material from the fast moving band which gave a
violet Ehrlich's test was extracted and distilled at 100° (0401 mm) to give

/-ethoxy-2-methyl-8-azaindolizine (175), 6 mg (0.3%) as yellow crystals: mp

69-72°; uv, . 243, 250, 275, 285, 298, 350 (broad) nm, log e 4.51, 450, 3.39,
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3.42, 3.29, 3.02; ir 750, 780, 1038, 1235, 1313, 1535, 1630 cm-l; NMR
1.37 (t, J = 7.0 Hz, 3H, ethoxy methyl), 2.26 (3H, Me-2), 4.37 (q, J =
7.0 Hz, 2H, ethoxy methylene), 6.00 (d, J = 7.5 Hz, H-6), 6.04 (H-1),
6.7 (H-3), 7.84 (d, J = 7.5 Hz, H-5); mass spectrum, calcd mass for

C, oy N0 176.0949 found m/e 176.0945 (M, 45), 148 (M-28, 100), 147
(M-29, 25), 120 (M-56, 16), 119 (M-57, 18), 146 (148-147), 1245 (176-
148).

The material from the other band was extracted and distilled at

100° (10 mm) to give 4-ethoxy-2-methylpyrimidine (174), 117 mg (8.5%)

as a colourless liquid; ir (thin film) 827, 1040, 1315, 1450, 1572 cm-l;

NMR 1.37 (t, J = 7.0 Hz, 3H, ethoxy methyl), 2.58 (3H, Me-2), 4.38 (q,

J = 7.0 Hz, 2H, ethoxy methylene), 6.46 (d, J = 6.0 Hz, H-5), 8.26 (4,
J = 6.0 Hz, H-6). The pyrimidine (174) gave a picrate which was recrys-
taliised from ethanol: mp 148-149°.

Anal. Calcd for C13H13N508: Cy 42.52; Hy 3.54; N, 19.08. Found:
C, 4243 Hy, 343 N, 19.4.

The reaction between 4-chloro-2-methylpyrimidine and bromoacetone

was repeated with benzene as solvent instead of ethanol, and without

solvent at 40°. In both instances no products were isolated.

Demethylation of 7-methoxy-2-phenyl-8-azaindolizine

A solution of 7-methoxy-2-phenyl-8-azaindolizine (68), 100 mg in
concentrated hydrochloric acid (20 cmj) was heated on a boiling water
bath for 30 minutes and then evaporated to dryness at reduced pressure.
The solid obtained was dissolved in water (20 cm3), the solution made
basic by the addition of sodium bicarbonate and extracted with chloroform
(6 x 50 cmj). The chloroform extract was dried and evaporated and the

residue sublimed at 200° (0.0l mm) to give 2-phenyl-8-azaindolizin-7(8H)-

one (176), 80 mg (85%) as a pale yellow solid which decomposed at 270°:
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uv 243, (249), 290, 299, (329) nm, log e 4e50, Lok7, 412, Lel3, 3.54;

ir 828, 860, 711, 968, 1219, 1440, 1680, 2800, 3140 i

; NMR [(CDB)SO]
5.78 (d, J = 8.0 Hz, H-6), 5.89 (d, J = 1.5 Hz, H-1), 7.06-7.70 (m, 5H, Ph),
7.36 (H-3), 8.17 (d, J = 8.0 Hz, H-5), 11.52 (broad, NH, disappears on addi-
tion of D20); mass spectrum m/e 210 (M, 100), 182 (M-28, 3), 181 (M-29, 7),
*

155 (M-55, &), 180 (182-181).

Anal. Calcd for 013H10N20: Cy, 746273 Hy 4o79; N, 13.32. Found: C,
74.0; H, 5.0; N, 13.3.

Reaction between 4-hydroxy-2-methylpyrimidine and phenacyl bromide

4—Hydroxy—2-methylpyrimidinelo3 (5.5 g, 50 m mol) and phenacyl bromide
(10 g, 50 m mol) were heated together at 60° for 8 hours in dimethylformamide
(10 cm5). The dark red, partially solid product was dissolved in water (150
cmj) and washed with chloroform (3 x 100 cmj). Sodium bicarbonate (5 g) was
added to the aqueous part and the white needles which separated collected by

filtration, washed with a little water and dried at 50° (0.0l mm) to give

hydrated 2-methyl-l-phenacyl-pyrimidin-4(1H)-one (178), 3.2 g (27%): uv

ax

248, log e L4.47; ir 750, 1210, 1520, 1590, 1639, 1690, 3430 (broad) cm_l;

NMR [(cD,).S0] 2.22 (3H, Me), 5.72 (2H, methylene), 5.97 (d, J = 7.5 Hz, H-5),

3)2
7.40-8.20 (m, 5H, Ph), 7.59 (d, J = 7.5 Hz, H-6).

Anal. Calcd for 013H12N202.%H20: C, 65.81; H, 5.62. Found: C, 65.7;
H, 5.6

Heating the hydrated pyrimidinone (178) at 110° (0.01 mm) for 30 minutes
gave the anhydrous pyrimidinone: mp 172-182° followed by the formation of
new crystals at 184° which decomposed at 270°; uvmax-gké nm, 1log e 4.48; ir
759, 1228, 1528, 1627, 1643, 1692 cm’l; NMR (CDCl5) 2.25 (3H, Me), 5.50 (2H,
methylene) 6.05 (d, J = 7.5 Hz, H-5), 7.32 (d, J = 7.5 Hz, H-6), 7.40-8.17
(m, 5H, Ph), the NMR spectrum in (cnj)zso was identical to that of the above

hydrated derivative; mass spectrum 228 (M, 1), 210 (M-18, 100), 182 (N-46, 5),

181 (M“47: 11)’ 155 (M'73’ 6)'
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Anal. Calcd for Cl3H12N202: C, 68.41; H, 5.30; N, 12.27. Found: C,

68.1; H, 5.4; N, 12.3.

Cyclisation of 2-methyl-l-phenacylpyrimidin-4 (1H)-one

2-Methyl-l-phenacylpyrimidin-4 (1H)-one (178), 100 mg was heated at
180° under vacuum (15 mm) for 30 minutes and the product sublimed at 200°
(0,01 mm) to give 2-phenyl-8-azaindolizin-7(8H)-one (176), 92 mg (100%) with
identical spectral characteristics to the sample obtained by demethylation

of 7-methoxy-2-phenyl-8-azaindolizine.

7=Chloro-2-phenyl-8-azaindolizine (177)

A solution of 2-phenyl-8-azaindolizin-7(8H)-one (176),100 mg in phos-
phoryl chloride (10 cmi) was gently refluxed for 4 hours and the product
worked up as in the reaction between 7-methyl-2-phenyl-6-azaindolizin=-5(6H)-
one and phosphoryl chloride (see p165). TLC with benzene/ethyl acetate (20:
1) gave a fast moving yellow band. The material from this band was extracted

and recrystallised from benzene to give 7-chloro-2-phenyl-d-azaindolizine

(177), 82 mg (75%): mp 212° (dec); uv___ 254, 325, 370 (broad) nm, log e
4,60, 3.88, 3.47; ir 737, 770, 1090, 1132, 1510, 1609 cm 1; NMR 6.50 (d, J =
7.0 Hz, H-6), 6.84 (H-1), 7.26 (H=3), 7.30-7.76 (m, 5H, Ph), 8.07 (4, J =
7.0 Hz, H-5); mass spectrum (°°Cl), m/e 228 (M, 100), 193 (M-35, 2), 192

37c1, 19).

(m-36, 3), 166 (M-62, 3), 191 (193-192), 163 (228-193), 230 (M for
Anal. Caled for Cj;HN,Cl: C, 68.28; H, 3.97; N, 12.25; C1, 15.50.

Found: C, 68.5; H, 4.1; N, 12,03 C1, 15.4.

Reaction between 7-chloro-2-phenyl-8-azaindolizine and methoxide ion

7-Chloro-2-phenyl-8-azaindolizine (177), 14 mg (0.06 m mol) in hot meth-
anol (2 cmj) was added to a solution of sodium methoxide obtained from methanol
(& cmj) and sodium (50 mg, 2.2 m mol) and the resulting yellow sclution refluxed
for 2 hours. The sclvent was evaporated and the residue treated with water

(25 cmj) and extracted with chloroform (3 x 25 cmj). The chloroform extract
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was washed with water (25 cm5), dried and evaporated to leave 7-methoxy-
2-phenyl-8-azaindolizine (68), 14 mg (100%) as a yellow solid (mp 139-143°)
with identical spectral characteristics (ir, NMR) to the sample obtained

from the reaction between L-methoxy-2-methylpyrimidine and phenacyl bromide.

Atterpted reaction between 7-chloro-2-phenyl-8-azaindolizine and (&) hydr-
oxide ion and (b) amide ion and (c) ammonia

(2) A suspension of 7-chloro-2-phenyl-8-azaindolizine (177), 10 mg in 2M
aqueous scdium hydroxide (5 cmj) was heated on a boiling water bath for

6 hours, cooled and extracted with chloroform (4 x 10 cm3)° The chloroform
extract was dried and evaporated to give unchanged starting material (177)

in quantitative yield.

The same procedure was repeated with the suspension contained in a
sealed tube at a reaction temperature of 130°. A sample of the crude orange
coloured product was subjected to TLC with benzene/ethanol (10:1). No band
corresponding (Rf) to 2-phenyl-8-azaindolizin-7(8H)-one (176) developed.

The remainder of the crude product was subjected to TLC with benzene. Chloro-

form e xtraction of the fast moving yellow band gave unchanged starting mat-

erial (177), 6.3 mg (63%).

(b)  7-Chloro-2-phenyl-8-azaindolizine (177), 20 mg (0.08 m mol) was added
to a stirred suspension of sodamide (100 mg, 2.6 m mol) in liquid ammonia

(10 cmj) at -33° and t he mixture protected fromatmospheric moisture by a
soda-lime drying tube. The suspension gradually darkened and after 30 min-
utes the ammonia was allowed to evaporate and the residue treated with water
and e xtracted with chloroform (6 x 25 cmj). The c hloroform e#tract was
evaporated and the brown amorphous solid obtained subjected to TLC with
benzene/ethyl acetate (10:1). The bulk of the material remained at the
origin. The material from the four minor bands which developed was extracted
but yielded insignificant quantities which were not further investigated.

TLC also indicated all the starting chloro-8-azaindclizine (177) to have

been ccmpletely consumed.
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(¢) 7-Chloro-2-phenyl-8-azaindolizine (177), 30 mg was heated at 140° for
4 hours in a sealed glass tube containing ethanol (10 cm3) which had been
saturated with anhydrous ammonia at 0°. After cooling the tube was opened
and the solvent evaporatedto give unchanged 7-chloro-2-phenyl-8-azaindolizine
(TLC, ir) in quantitative yield.

The procedure was then repeated at a temperature of 200°. In this case
the reaction solution became quite dark. TLC with benzene/ethyl acetate (lO:l)
gave unchanged starting material (177), 19 mg (64%). No other significent

bands developed.
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6-Azaindolizines": see R. Buchan, M. Fraser and C. Shand, 'Journal of
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A second paper entitled "Azaindolizines 4. Synthesis and Formylation
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