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In a moment up they tur;ed
Wide the celestial soil, and saw beneath
The originals of Nature in their crude
Conception; sulphurous and nitrous foam
They found, they mingled, and, with subtle art
Concocted and adjusted, they reduced

To blackest grain, and into store conveyed.

Milton
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l. MEDICINAL CHEMISTRY

l.1 General

No compounds containing the fully aromatic pyrido[1,2fi]pyrimidinium

nucleus (1) have previouely been evaluated for biological activity.

1
U/I N'\z
’\NS\/J3
5+4

(1)

However, severzl compounds containing the closely related
quinolizinium nucleus (2) and derivatives of 4§—pyrido[l,2-—§]—
pyrimidin-4-ones (3) have been found to have physiological and anti-

parasitic properties.

JE
+zZz=

X/

/

(2) (3)

1.2 Physiological Activity

Compounds of the type (4), where Q represents from one to three lower
alkyl, hydroxy, lower alkanoylamino, lower alkylamino, benzyl, lower
a2lkoxy, lower alkylmercapto, lower 2lkylsulphinyl, lower alkylsulphonyl
or trihalomethyl substituents atlpositions 6,7,8 or 9, have been

1 I
reported by Sterling Drug Incorporated  to have anti-inflammatory



properties. These compounds exhibited greater than 30% inhibition in

carrageenin-induced local foot ocedema in fasted rats when administered

_ Me
N N
e /’ - -
Q ~ N | Mel N rihesiy

Me
(4) (5)

orally at dose levels in the range 25-200 mg/ke. The quaternary salt
(5) showed similaer activity at a dose level of I2OO mg/kg. This same
dose level of the unsubstituted compound (3) produced insignificant
inhibition. The saturzted salt (6) has zlso been reported to have

anti-inflammatory activityf and has been formulated in tablet form.

H
2
Ph§ -

(6)

A group working at the Semmelweis University Medical School,
BudapestsAj, have synthesised compounds (T), (&) and (9) and many
similar compounds based on both the fully unsezturated and partially
saturated forms of the 6—methy1—4§—pyrido[1,2—53pyrimidin~4—one
nucleus. Compounds (7), (8) and (9) were found to have analgesic
activityf 1,6-Dime thyl-3-carbethoxy-4~ox0-6,7,8,9-tetrahydropyrido-
[1,2-2] pyrimidinium methylsulphate (9) (code number: }MZ-144) was
found to be the mosf effective, but was thousht to exist as the free

base (10) in vivo, from studiee involving varying the pH in vitro.
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MeSO,
(9) (10)

Preliminary clinical trials on 1000 patients have shown that MNZ-144 (9)
is a therapeutically useful, non-narcotic, analgesic, effective when

administered orally as capsules containing 0.15 - 0.3 gz

When administered at relatively large dosec and mainly by the
parenteral route, MZ-144 (9) exerts a slight hypnotic action, small

doses of the compound are mildly sedative{

A strong and long-lasting potentiation of Venobarbital (Inactin)
anaesthesia, following administration of the compound was noted in
rodents, carnivores and monkeys. Regarding this effect, a
potentiation of extraordinary degree between 112-144 (9) and narcotic
analgésics could be established. Anasesthesiz potentiated by MZ-144

(9) is claimed to permit the performance of serious surgical
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interventions both on rodents znd monkeys znd is rezdily antagonised
by Redimyl. In contrast to the mejor analgesics, 112-144 (9) is
claimed not to influence respiration, in fact, when combined with
morphine, it antagonises the respiratory depressant action of morphine
to a significant extent. Its anti-inflammatory action is similar to
that of minor znalgesics. The group has also investigated the

14
metabolic breakdown of MNZ-144 (9) by c labellingi

Pruss and Hidalgo'n have synthesised 2-(2-dimethylaminoethoxy)-3-
(4—methoxybenzyl)—ag—pyrido[},2—@prrimidin-4—one hydrochloride (11)
and clzim it to be a2 potent histamine releaser.' Oral and intravenous
administration to non-ansesthetised dogs induced salivation, vomiting,
violent propulsive defecation and seizures. Intravenous doses of

1 mg/kg in anaesthetised dogs produced a pronounced fall in arterial

pressure and increzsed respiration. The hypotension in both

H
NN 0 NMe,
e |

; o

OMe
(11)

ansesthetised and non-znaesthetised dogs was associated with a fall in
peripheral resistance. Histamine release by (11) was confirmed by
cross tachyphylaxis of the vasodepresser responses to the compound and

by increased placma levels of histamine.

. M ] N
Gupta, Bhaduri, Khanna and lMukherjee have found hypoglycemic activity

in 4§—pyrido[l,2-éypyrimidin-4—ones (3) substituted at the 3 position.



5
They claim thet the activity is associated with the cyclic amidine

moiety simulated in their molecular structure.

Antihypertensive and monoamine oxidase inhibitory activity has been
found in compounds (13 - 21) derived from 2-chloro-3~formyl-4H~-pyrido-

12
[l = 2—-2] pyrimidin-4-one (12).
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- N IR
N
N ﬁH NH
//
NNHC
H,
(199)R = =N
(20)R = -N NMe
ol

1.3 Antiparasitic Activity

(21)

A new class of anthelmintic agente has been found in the derivatives

1
of quinolizinium (2) bromide '

A series of compounds of type (22)

has been screened for prevention of lung invesion by the larvae of

Ascaris Suum in mice. The compounds were of varying effectiveness,

the best results being shown by (23) and (24).

At a dose level of

300 mg/kg, twice daily for five days, they gzve a 99% reduction in the

number of larvae.

ey R
o AN
+
!
R Br~
R = H or le

R.= subctituted 2nilino

H
o OR
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In a2 project to find active heterocyclic compounds related to the
potent urinary antiseptic nalidixic acid (25), Richardson and

I‘Ic;Ca.r‘t'.;;:'5 found that the compound (26) inhibited growth of Trichecphyton

mentagrophytes,in viiro, at a concentration of 100 pg/cma. It was

inactive against Staphylococcus aureus, Salmonella schottmuelleri,

and Candida albicens 2nd showed no antitumour or antiviral activity.

0
Melsy oy < N_ Ucogt
Et |

(25) (26)



2, THEORETICAL CALCULATIONS

Galasso15 has applied the Pariser—Parr-Pop1J7Js semi-empirical

version of the SCF-1.0 method and a CI treatment extended to all the
singlet mono-excited configurations to calculate the electronic structure
and transition energies of the pyrido [1,2-_@_] pyrimidinium cation (1) es
well as those of the quinolizinium cation (2) and its other monoaza-
derivatives., A regular bicyclic structure with equal bond lengths of
1.396ﬂ has been assumed. The results for the pyrido[1,2—§prrimidinium
cation are summarised below. The figures in parentheses are the

results obtained by Pollak, Stznovnik and Tiéle;g by an undisclosed

method.

The first six excitation energies have been calculated® +to be 4.105,
4.150, 5.515, 5.820, 6.101 and 6.418 eV. Galasso predicts protonation
at the non-bridgehead nitrogen atom and anionoid substitution at the

2-position.



(0.993) (1.186)
0.957 1.230
(0.844)

(0.883) 0.887 .727 (0.845)

(0.991) 0.907 0.942 (0.992)

Electron Densities

0.741 ; 527 0.729 (0.703)

.521 0.526 (0.583)

(0.409)

-474 0.784 (0.761)

Bond COrders
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3. SYNTHETIC METHODS

3.1 Pyrido[l,?-é]nyrimidinium Salts

Prior to the commencement of this work only three p.':).];«a‘rssm-22 concerning

yrldo[} 2—é1nyr1m1d1n1um salts not beering a2n oxo- or an imino-
substituent had appeared in the literature. During the course of this
work two more paper£&23 have been published. Three routes (I - III)

to the pyrido[},Z—gJpyrimidinium nucleus have been utilised.

NXC
N/(I:\

e IIQHZ I S | \Tjj
S ) " NP~
\ 0/7

48

/ \

/N

The first pyrido [1,2-5] pyrimidinium salts were prepared by

Nesmeianov, Rybinskaia end Belsky’® using 2 two step route (I). The
p-keto-acetals (27 - 31) and 2-aminopyridine were condensed in 2 sealed
ampoule by heating at 140° to yield compounds claimed by these authors
to be p-keto-imines (32 - 35). These intermediztes were then treated
with perchloric or hydrobromic ecid to_yield the cyclised products

(36 = 40). The phenyl substituted intermediate (35) did not cyclise
vhen treated with acueous acid, but instead produced a mixture of

acetophenone and a 2-aminopyridinium salt.



(27)
(2€)
(22)
(30)
(31)

Route (II) has been utilised by several workers
and Rybinskaia

reaction of 2-aminopyridine with the

Et

Pr

Ph

21

Et

e

IMe

il

~ | N\ =5
X
CF)
R

(36)
(37)
(38)
(39)
(40)

R

Ie

Ile

Bt

Et

Pr

R
(32) 1Me
(33) Et
(34) Pr
(35) Ph

=

‘Br_

c10,”

Br

€10;

Cl0,
19,21, 23

Nesmeianov

have formed the sslts (37, 40 and 44) directly, by the

B-chlorovinyl ketones (41 - 43)

or the P-keto-acetals (27, 30 end 31) in perchloric acid.



SUMIMARY OF THESIS

An outline of the biological activity of compounds containing the
quinolizinium nucleus and derivatives of 4§-pyrido[},2-2prrimidin~
4~-ones, which are closely related to pyrido[},2—§]pyrimidinium salts,
is presented. Methods available for the synthesis of pyrido[},Q—ng
pyrimidinium salts, pyrido [1,2-:4 pyrimidinones and quinolizinium
salts, and the possibility of 1,8-naphthyridine formation are

discussed.

The scope znd steric restrictions of a route for the pfeparation of
pyrido [1,2_3.] pyrimidinium salts from 2-aminopyridines and pentan—2,4-
dione, 1,1,3,3-tetramethoxypropane, 4,4-dimethoxybutan-2-one or
l-phenylbutan-1l,3-dione in the presence of perchloric or hydrobromic
acid, héve been investigated. In the case of 6-substituted-2-amino-
pyridines and 4,4-dimethoxybutan-2-one, 2—methy1pyridol},2-§J-
pyrimidinium salts are formed, whereas in the absence of the
6-substituent, 4~methylpyrido[?,21é}pyrimidinium salts are formed.
4,6,8—Trimethy1pyrido[},2—3 pyrimidinium perchlorate has been prepared
by utilising acetic anhydride as a dehydrating agent. The salts
obtained from l-phenylbutan-l,3-dione are found to be the é-mefhyl—4—
phenyl isomers. An attempt has been made to rationalise the
orientation of the substituents arising from the 1l,3-dicarbonyl

compounds in mechanistic terms.

Treatment of the pyrido[},2—§]pyrimidinium salts with base, cleaved
the pyrimidine rings to yield 2-(2-acylvinylamino)-pyridines. The
structurcs of these.ring-opened products, determined spectroscopically

have been used to deduce the structures of the pyrido[},2-gd—



pyrimidinium perchlorate from which they have been derived.

Treatment of 2-amino-4-methylpyridine and pentan-2,4-dione with
ortho phosphoric acid followed by sodium hydroxide has been shown to
yield 2-(2-acetyl-l-methylvinylamino)-4-methylpyridine and not

24445~trimethyl-1,8-naphthyridine, as reported in the literature.

Unsuccessful attempts to convert pyrido [1,2-_§prrimidinones to

pyrido EI.,2-—_5_L_ pyrimidinium salts are reported.

Diazotisation of 9-aminopyrido [1,2-2 pyrimidinium perchlorates
produces 3-(3-1_{—tria.zoloEI.,5—3]pyrimidinyl)acraldehvdes. This is a
new route to the v-triazolo [1,5-5] pyrimidine ring system. A mixture
of monomethyl substituted=3-(3-v-triazolo [1,5—_9_,:] pyrimidinyl)-
acraldehydes was isomerised thermally to 3(5)=formyl-5(3)-(4-methyl-

2-pyrimidinyl)pyrazole.



The author would like to thank Professor D.C. Wibberley,
for his invaluable help and encouragement throughout
the course of this work; and my wife, Pat, for typing

the manuscript.
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O p
CLCH=CH—CR e NS -
o~ § o 4
Ph

R
(41) e (44)
(42) Pr
(43) Ph

Pollak, Stanovnik and Tifler® have synthesised the two pyrido[l,2rga -
pyrimidinium perchlorates (46 and 47) by refluxihg a mixture of
2—aminopyridine, methanol and hydrobromic acid with 1,1,3,3-tetraethoxy-
propane (to give 46) or pentuen-2,4-dione (to give 47), followed by

addition of perchloric acid to the cooled solution.

e NS < NSMe
S N\ﬁ;;] ~ N s
+ _ +

. Me
co, clg;
(46) (47)

Khmaruk, Volovenko and Chuiguk23 produced a series of pyrido[1,21i]—
pyrimidinium perchlorates (46 - 63) by heating a 2-aminopyridinium
perchlorate with the appropriate symmetrical p—diketone. Heating
2-amino-S5-pyridinylsulohonic acid and pentan-2,4-dione in water yielded

the zwitterion (64).



(48) 6-le
(49) &-le
(50) 9-lle
(51) 7-Br
(52) 17,9-Br,

(58) 8-lle
(59) Tr9“Br2

R @/\NjPh
ot § =
Ph
clo]
R

(62) R
-(63) e

13

NS i A

Me
Clo,

(53) 8-ite

(54) 9-le

(55) T7-Br

(56) 17,9-Br,
(57) T7-Br, 9-NH,

R~ NaMe
= ﬁ,\j;]Et

Me
Clg,
R
(60) H
(61) Me

oy
~0,S X § e
Me .

(64)
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Only one synthesis from a pyrido [1,2-_5_!..] pyrimidone (Route III) has been
reportedzz. 2H-Pyrido [1,2—2] pyrimidin-2-one (65) was converted to
2-(4-4/ -ace tamidoanilinophenylazo)-—2—pyrido[1,2-—3;5_:' pyrimidinium perchlorate
(68) via several steps, the lest of which was an oxidative coupling

utilising (¥H,),S,0,

— NN ~0
S

(65)

: \N
=~ N\\/:T;N

(66)

5 /N N"«.ﬁH:3
X NJ cl

(67)

) U Choe

o N
i (HCk

(68)
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3.2 Pyrido[1,2-alpyrimidinones

The work on the pyrido[1,2-gﬂpyrimidine nucleus prior to 1958 has been

reviewed by Kosby24.

3.2.1 4H-Pyrido[1,2-al pyrimidin-4-ones (69)

&
R"C(/N R
A R

R

(69)

The most favoured route to pyriio[1,2—§]pyrimidin—4-ones (69) has been

the recction of 2-aminopyridines :'ith 2-

acylacetic esters (70) to yield

compounds of type (69) with Ry = alkyl or phenyl. In earlier work,

0 I Gesieg 8
RC)ji\T/Jkﬂd R~ | Nprﬂ\\rz}k4i
R N R

R

(70) (71)

the structures of the products from such reactions were in doubt because

25-28 .4 isolated intermediates of type (71) which they

several authors
had subsecuently cyclised to compounds which they had logicelly assumed
to have structures (106). Antaki and Petrow . obtained the same
product from both reactions I and II, from which they assumed it mus t
have structure (72). Adams and Pachter’® confirmed structure (72) by
a seriés of experiments involving ultra violet spectroscopy. Since

30-35

then several other authors have used this route to prepare
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compounds of type (69). Conclusive proof of the structure (69) for
the product from this reaction has been provided by Yale, Toepliisz,

34

Gougoutas and Puar  who have carried out x-ray crystallographic studies

on the hydrobromide of (73) and studied the effects of europium shift

reagents on the 'H n.m.r. spectrum of (73).

I = INHZ
B
X} /' /N Me
‘——ﬂ_ﬂﬂ_ﬁﬂb >~ N‘}(E]
II TR e OEt 0
N \E;;\\Y/ (72)

Khalifa® and Shur and Israelstam’® have attempted to rationalise the
rearrangement that must occur in the reaction (71)— (69) in mechanistic

terms.

1 2
Similarly 2—methy1—4§—pyrido[l,2-3] pyrimidin-4-ones (69, R = Me, R° = H)

have been prepared from 2-zminopyridines and the derivatives (74}34

(75343 (76)°®, and (77)*"***®  of aceto acetic acid.

Mer= /N Me ) - '

~ N
(73) (74)
CH,
NH, O NMEZ
Me"XANOR  Me NMe,
R = Me,Et 0

(75) (76) (17)
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The cyclic derivative (78) of ethyl acetoacetate forms the pyrido[},2—g§—

pyrimidinones (79 - 81) with the appropriate 2—sminopyridineag.

Rr= N ,Pde
R N~§(:1\\//“~op{
0
A
ik

\19) @

(78
! (80) H - Me

(B1) 81  °H

Basmich and Hauser‘" have devised a new route to the intermediate (82)

which was cyclised, with rearrangement, to (83).

H % S
= | N‘EfMe i o o I N\BfCHz
s N ~ N

2 Lt

iil

H
e Nspre o i 25 Ny e Ph
oF 58

~ N
(83) (82)

i excess n-BitLi, ii FhCO, e, iii H,S04.



e
ONHZ + EtO"\\‘/CO Et
~ N 2

l CO,E
COZR

&l

(84)
CM/ \: Et
N> N
X N\) @coza
0 0
(87) \ (85)
IACOWIS!CUSO;' Tl

INHNH, = ,NI
= N\BJCOZH

R—R =
g

(88) (86)
CN f
H -
e N\7L0025t [ N
AN | bl N\)
COEt
NH
2

(89) (90)

18
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4§—Pyrido[l,2—§Jpgrimidin—4—ones (85 - 87) unsubstituted at C-2 have
been prepared by several routes. The ester (85) has been synthesised

29,31,41

by several authors from 2-aminopyridine and diethyl ethoxymethyl-

42-44
enemalonate, Others

have used this route to prepare compounds of
type (85) substituted in the pyridine ring, Adams and Pachter29 have
hydrolysed the ester (85) to the acid (86) and decarboxylated it to yield
4H -pyrido [1,2-2] pyrimidin-4-one (87). The direct synthesis of (87)

has been achieved by reduction of the hydrazine (88)‘5 and by the thermal
treatment of the isopropylidene 2-pyridylaminoethylenemalonate (84, B-R =
isopropylidenef . A group of Japanese worker§ls have cyclised ethyl
2-pyridylaminomethylenecyanoacetate (89) in hydrochloric acid to the acid

(86)s They claim the reaction proceceds via the intermediate (90). The

acid (86) has been esterified to the ester (85r6,

The oxazolone (91) has been cyclised to the amide (92)47.

‘ el
2 NP SN
2N 0 « _N_ Unrcorn
0
(91) (92)

The reaction of 2-aminopyridine with methyl propiolate produced a by-
product (93) which has been cyclised thermally to the methyl acrylate
(94)*°.

I'il'"'0 Me
e N s COZMe s l
| ~ N
~ N O - CQMe

(93) (94)
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The chlorinated 4§—pyrido[l,2—g]pyrimidin—4—ones (96) and (97) have been
prepared by Ozkes and Rydonfs and Snyder and Robinsonﬂg from pyrido[},2-§J
-pyrimidin-2,4(3H)-dione (95) (see sec. 3.2.3). The chloro compound

12,50,51

(96) has been formylated by several authors to yield (98). The

chloro group at C-2 in (96)&9? and (98) has been substituted by various

12,45, 51 ) The 2_(amin0alkoxy) derivatives (99)

cyclic and acyclic amines
have been prepared by direct O-alkylation of diones (95), substituted
at o2 Treatment of (97) with phenol has yielded the 2-phenoxy

compound (100)*° .

72 A\ : G/,N cl
! £ \H;D
~ N gy
0

(95) (96)

Z >N | Cl Z NN ~Ncl
o~ NJC[ o ICHO
0 0

(97) (98)

i POCly; ii POCl;/PClg; iii Vilsmeier-Hagk.
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/4

22\ OANR, 2NN oPh
> N R
0

A = alkylene
(100)
NR, = cyclic or
acyclic amines

R' = alkyl or aryl

(99)

2-(Methylthio)~3—cyano-4§—pyrido[l,?-gJpyrimidin—4—one (102) has been
derived from 2-aminopyridine by reaction with methyl l-cyano-2,2-bis-
(methylthio)acrylate (101) by several e'.ui',}.lorssa-'55 : Replacement of

the methylthio group with amines has given the derivatives (103), (104)

and (105)°%3
MeS N
73+ ey — CF
CN 0
(101) (102)
A\ lNHR
. N N

. 0
(103) rR = CH, CH,0H
(104) R = CH,CE,NE%,

(105) R = CH,Ph
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3.2.2 2H-Pyrido[1,2-2] pyrimidin-2-ones

RO
B~ YN>¢0
R"Q’/R’
3 R2

(106)

2H-Pyrido [1,2—§] pyrimidin-2-ones (106) have been prepared in less

48,56
abundance than the 4H-pyrido [1,2-—51 pyrimidin-4—ones. Methyl propiolate '
and propiolic a.cid.“ have been the reagents most favoured in deriving

the 2H-pyrido [1,2—3] pyrimidin-2-ones (107 - 111) from 2-amino pyridines.

(107) @ = H

(108) Q@ = 6-Me
(109) Q@ = 7-Me
(110) Q@ = 8-Me
(111) Q@ = 9-Me

a -Bromoacrylic acid (112) has yieldedzg 2§—pyrido[l,2-g__-i pyrimidin-2-one
(107) by reaction with 2-aminopyridine via the propbsed intermediate

(113).
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Br -~
| 2 o
o N + HZC /I\COZH ; s N

i) Brj\cozH

~ N0
S

(107)

(113)

A similar reaction with a-=bromo crotonic acid (114) has providedss the

2H-pyrido[l,2-a|pyrimidin-2-ones (115) and (116).

R~ YN0
Me N Br ™ N\J
5 e
O,H

(115) R = H
(114) (116) R = MNe

Se:‘.i.de]."4 has prevared intermediates of type (119) from 2-acetoacetyl-
aminopyridines (117) and dimethylformamide dimethyl acetal (118), and

induced them to cyclise in acetic anhydride to the 3-acetyl-2H-pyrido-
[1,2-g] pyrimidin-2-ones (120).
Glushkov and I-Iagid.sa:>r15B have claimed the synthesis of 3-nitroso-4-amino-

2H-pyrido lr_l ’ 2-_3._} pyrimidin-2-one (121).
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H
N Me
iy ity + Me;NCH(OMel,

~ N

(117) (118)

NMez
H I
= N Me _
Q ~ N 0 0

(119)

(121)
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e Pyrido[i,?-ajPyrimidin—2,4(3ﬂ)—diones

R
R3 N2 N~g0
R N R
0
(122)

Syntheses of pyrido[?,2-2]pyrimidin—2,4(3§)-diones (122) are unvaried,
nearly all preparations of the pyrido[1,2—§]pyrimidin—2,4(}§)—dione
ring system have come from the treatment of 2-aminopyridines with esters
and acid chlorides of both substituted 2nd unsubstituted malonic
acidsmat4m5&59;ﬂ . Dashkevich and Kuvseva ' have obteined several
pyrido[1,2—51pyrimidin—2,4(3g)—diones (122, R = H) from 2-zminopyridines
and C;0, - Oakes znd Hyden."5 and Snyder and Robinson'’ have converted

the 2-amino compound (123) to the dione (124) by diazotisation in

sulphuric acid.

(123) (124)
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Many authors have regarded the dione to have the 2-hydroxy structure

168
atritzk a.n aring Preier stiructiure .
(125), Katritzky and Waring f truct (126)

H,
= /N|OH s ,NIO"
sy N ~ NJ
0 0
(125) (126)

3.3 Quinolizinium Salts

Several fundamentally different routes have been employed to synthesise

i C (%
Route 1 R N
C’C
_ “ i C 9 - l C“q
Route 2 N cer N
o~ c C o) +\C’C
C<

E
Route 3 ~ N C
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the quinolizinium nucleus (2). Route 1 is the closest analogue of

the routes employed in the synthesis of pyrido[1,21g}pyrimidines.

Route 1

Syntheses are of two types. The first involves attachment

of the three carbon chesin to the C-2 carbon to zive intermediates
of type (@), followed by cyclisation. The second involves
quaternisation of the ring nitrozen to yield (A), followed

by cyclisation.

Unsubstituted and many substituted gquinolizinium sazlts have

78-80, 169 S R
been prepared by several authors utilising lithium

salts of 2-methylpyridines a= outlined in Scheme 1.
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Z CH, Li* :
{12
Q s N + |

R A N
7 OH - i =
|
: / >
2 ps
Q\N g X
+Rz

Scheme 1

81, 82 { g 2
Glover and Jones ' and Nesmeianov and Ryblnskala83 have
developed a synthetic pathway from Z-cyanopyridine and
grignard reagents. The tetrahydroquinolizinium tromide

- intermediate was aromatised by acetic anhydride.
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AC20

U
<( —
=
— = +
N/
A _VA
7N
—Z +
N 7
(8}
-
>— =—=Z+
7/
o
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Schraui‘fstattera4 has cyclised intermediates of type (B) in

the reaction illustrated below.

OEt

e WEE o Ze NS
g o —— [N ] B
A

AN Me

Route 2

Again there are two types of synthesis. The one czrbon unit
may be introduced firstly, as in the method of- Westphal, Jann
end Heffe®® and Wander®® (Scheme 2) or secondly, as in the

method of Westphal and Feix ' (Scheme 3).

2 \Me _PrCH OyR
s N + XCHchZEt e i X s E\' + OIR
CO,Et

Z SR
S N ~R
+

X

Scheme 2




Route 3

Y

A

Scheme 3

31

There has only been one example of this route reported in the

literatures8

and is outlined in Scheme 4.

Scheme 4
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4. COMPETITIVE REACTIONS OF 6-SUBSTITUTED-2-AMINOPYRIDINES

Appropriate derivatives of 6-substituted-2-aminopyridines (128) can
theoretically be cyclised to yield pyrido[},a-ngyrimidinea (129) (cf.

Section 3) or 1,8-naphthyridines (130).

4 @
R ’F N R N N,,C
(129) (130)

4.1 Naphthyridine Formation

Naphthyridines have only been produced from (128) when R = NHz s NHAc,

OEt and Ke. This has been attributed by several authorss&s&sg

to
steric hindrance reducing the possibility of cyclisation at N-1, and
inductive and mesomeric effects increasing electron density at both N-1
and C-3, but to a greater extent in the latter, Yields were low when

R = Me (128) as the para activation is less than that of the other

subs tituents.

Ethyl acetoacetate yielded 2—methyl-4§-pyrido[1,2—§prrimidin~4—ones
when rezcted with 2-aminopyridines unsubstituted at C-6 (page 14).
With 2,6-diaminopyridine a 1,8-naphthyridine is formed. Hauser and

‘ Heissgo claimed the product as the 4-one (132). Later workers?' 92
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have shown it to be the 2-one (131).

e
@ M OEt Ry
, + Me ey
HNS NZNH, n H,NSN AN <0

0 0
H
(131)
: | =
NS N A NZ OEt H,NSN SMe
(133) (132)

The anil (133) has been isolated.g3 and subsequently cyclised to the

naphthyridine (132). Other T-amino-2-hydroxy-1,8-naphthyridines have

been formed uith other P -keto esters ¥

The naphthyridines (134 - 136) have been formed from 6-substituted-2-

296

aminopyridines and diethyl ethoxymethylenemalonate42 A similar

reaction has produced the naphthyridine (137)97.

Malonate esters, which form pyrido[1,2—gJpyrimidin—2,4(3§)-diones with
2-aminopyridines unsubstituted a2t C-6 (page 24) yield naphthyridine-2,4-

diones (138) with 6-substituted-2—aminopyridiness%6‘
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e l | CO,Et - | |CCbEt
R \N N Me'\N N Me
H H
(137)

(134) R = Me
(135) R = OE%

(136) R = NH,

N
H
R = NH,NHAc, OEt, Me.
(138)

2,6-Diaminopyridines react with B-diketones and a-formylketones in
phosphoric acid to yield 1,8-naphthyridines. Fentan-2,4-dione yields

T-amino-2,4-dimethyl-1,8-naphthyridine (139)9h9%

l-phenylpropan-1,3—

dione yields T-amino-2-phenyl-1,8-naphthyridine (140)”0; 4,4-dimethoxy-
butan-2-one yields T-amino-2-methyl-1,8-naphthyridine (141)", 1-phenyl-

butan-1l,3-dione yields 7-amino-2-me thyl-4-phenyl-1,8-naphthyridine (142)
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L bt Harpef100 claims the product to

according to Mangini and Colonna

be T-amino-4-methyl-2-phenyl-1l,8-naphthyridine (143).

R
~ ~
|
HN SN “SNZR
R AR

(141) H HMe
(142) Ph e

(143) Me Ph

Attempts to cyclise the imine (144) to 2,4,7T-trimethyl-1,8-naphthyridine

(145) have failed' ™.

' Me
N
o e :O M mm
—_— e ~)Me
MeIN A~ NN Ape e N
 (144) (145)

Singh, Taneja and Narang''? have cloimed 2,4,5-trimethyl-1,8-
naphthyridine (146) as the product of treatment of 2-amino-4-methyl-

pyridine with pentan-2,4-dione.
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Me Me Me
@ §m FUR e
N ~NH, N e SNASNPMe

0D
(146)

i heat/H,FO,

ii N20H

4.2 Pyrido[1,2—é]nyrimidinone Formation

Initial attempts to form pyrido[l,?-@ﬁpyrimidinones from 6-cubstituted-

28,42,90

2-aminopyridines proved unsuccessful The first 6-substituted-

pyrido[1,2—E1pyrimidinone was obtained S

in 1961. 6-liethyl-2H-pyrido-
[1,2—9prrimidin—2—one (147) was formed from 2-amino-6-methylpyridine

and methyl propioleste. In a later investigatioﬁsof this reaction

- /N /O
S N\ﬁ;;I/

Me

(147)

the same product (147) was obtained, together with uncyclised mono- and
di-adducts. 6-Hethy1-2§-pyrido[1,2—3]pyrimidin~2-ones (150 2nd 151)
have been prepared from the N-(2-pyridyl)-2-zcetyl-3-dimethylamino-

acrylamides (148 and 149)“.
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H
RIS N~~0 RrZ jit:rﬂJ
&N _ Me ~ N _JAc
Me Me
NMez
(148) R = H (150) R = H
(149) R = Me (151) R = Me

The synthesis of 6-substituted-4H-pyrido [1,2-§] pyrimidin-4-ones (152 and
153) was first claimed'™® in 1956, though later attempts® to reproduce

this work proved unsuccessful.

- Me
~ /N H 0‘\ 0 Me
~ N l R N <= 0

~ N 0

(152) R = N R

(156)
(153) R = Ac

(154) R = H NN
(155) R = CO,Et NN |

NHz 0

(157)

The formation of 3-carbethoxy-6-methyl-4H-pyrido [l,?—g] pyrimidin-4—-one
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(155) from 2-amino-6-methylpyridine and diethyl ethoxymethylenemalonate
has been claimed” , but this has been refuted by later workers5 who also
claim the synthecis of the pyridopyrimidinone (155), their product
having different physical prw:%erruesto those of the compound obtained

previously31.

6—Methyl-4§—pyrido[1,21§]pyrimidin—4—one (154) has been prepared1, as

well as other 6—substituted—4§-pyrido[1,2—@prrimidin—4-ones, by
cyclising enamines of type (156). The enamine derivative of 2,6-diamino-
pyridine (156, R =NH2) has been cyclised1 to 6—amino—4§-pyrido[l,2-§ﬂ-
pyrimidin-4-one (157) and not the expected 1,8-naphthyridine (section

4.1).

Two groups of workers?®'  have succeeded in preparing 2,6-dimethyl-4H~-

pyrido[l,?-g&pyrimidin—4—one (158) from 2-amino-6-methylpyridine and
ethyl acetoacetate using polyphosphoric acid31 or a mixture of phosphoryl

chloride and polyphosphoric acids. The pyrido[1,2—§]pyrimidin—4—ones

N NMe Me NN lMe
B N\‘(]] st Et
Me ¢

(158) (159)

Z N |r4e
~ N‘ﬁ(:]
Bt 0

(160)
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(159)31 and (160)5 were prepared in a similar manner.

The reaction of 2-amino-6-methylpyridine end diethyl malonate in
phosrhoryl chloride/polyphosphoric acid has been claimed5 to yield the
pyrido[1,2—§]pyrimidin—4—one (161), poesibly via chlorination of the
2,4-dione (162), anzlogous to the resction of Snyder and Robinson
(section 3,2.1) Deshkevich end Kuvaeva'®’ have claimed that the

2,4-dione (162) is formed from 2-amino-6-methylpyridine and C;0,.

H
= ,Nlm N N~0
e 5 TN
Me 0O Me O
(161) (162)

Other 6—substituted—4§-pyrido[l,2—§]pyrimidin—4—0nes are to be found in
the tricyclic pyrimido[1,2—§][},8]naphthyridine system (164), which has

been derived from 2-vinylamino-1l,8-naphthyridines (163) by thermal

2 N 2N
N | >~ N~*(II:
N 0

(163) (164)
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d y i : 955 105-107 .
cyclisation. Carboni and his co-workers ' have synthesised

pyrimido ﬁ,z—é]{},S}naphthyridines of the type (165 and 1669 by this

method.
= :thI: NN lb4e
N
~ _N 0 N
l NH O ~ _NH
0 Me
(165) (1669

Harper100 has extended this synthetic route to cyclise 4-methyl-2-phenyl-
T-vinylamino-1,8-naphthyridines to the pyrimido[1,2—g][;,81naphthyridines
of type (167).

Richardson and KcCartfs have cleimed the synthesis of the angular

tricyclic compound (26).

Mer~
~ N
Ph

(167
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0=

Few papers 2e concerning pyrido [1,2—_5_;: pyrimidinium salts have
appeared in the literature, and none reports a.n& findings of biological
activity. Several of the closely related pyrido [1,2-E]pyrimidinones
and quinolizinium salts have been found to have medicinal properties.
In view of this, an investigation of pyrido {1,2—_3_. pyrimidinium salts
was underteken. During the course of this work, two more papersw'z

concerning pyrido [1,2-_3_,] pyrimidinium salts were published.
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5. SYNTHESIS AND STRUCTURE OF PYRID0[1,2—3JFTRIHIDIHIUN SALTS

5.1 Introduction

2-Aminopyridines react with p-dicarbonyl compounds, or their acetals,
in perchloric acid to form pyrido[i,2—é]pyrimidinium saltis. Discussion
of these reactions has been classified according to the p-dicarbonyl

used. The reactions of 2,3-diaminopyridine are discussed separately.

Pyrido [1,2@] pyrimidinium salts e.g. (37), are attacked at C-4 by
hydroxide ions, with cleavage of the C-4, N-5 bond, to yield 2-(2-acylvinyl-
amino)pyridines, e.g. (171). Within this section, use has been made of
the structures of these cleaved products in establishing those of the
salts. Detailed discussion of the spectroscopic methods used to
elucidate the structures of the 2-(2-acylvinylamino)pyridines is to be

found in section Te.

5.2 Salts from 4,4-Dimethoxybutan-2-one

5.2.1 A-lethyloyrido[l,2-al pyrimidinium Salts

4—Methylpyrido[i,?-ngyrimidinium perchlorate (37) was among the first
of the pyrido[l,Qﬁé]pyrimidinium salts to be synthesisedzm21 . The
first method employed20 was to form the intermediate acylvinylamine

(172) by heating 2-aminopyridine (166) and 4,4-dimethoxybutan-2-one (27)
in a sealed ampoule at 1400, followed by cyclisation using perchloric
acid. This method was the first tested as a route to the pyrido[},2—g3—
pyrimidinium nucleus. The ;se of a sealed ampoule for the thermal
reaction appeared unnecessary and hazardous, so this step was modified
in that a solution of the reagents in xylene (b.p. 144°) was heated
under reflux. Nemer. and i.r. spectroscopic evidence indicated that

the intermediate condensation product existed as 2(2nacetylvinylamino)-

pyridine (172), rather then the imine (32), both iﬁ‘solution in
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chloroform and in the solid state. A slightly better yield of the

intermediate (64.5/) was obteined by this method than was obtained

. 20
previously (61.37)%" .

FP % N
~ NH i ) o S
| 2+_Mer/”\WMe A e [:ET;;]CKk
Fé@' OMe O G I
e

(166 - 171) o k2r)
i (37, 173 - 177)

R

(3T, 166) - B, 'BH B
(167, 173) Me H H
(168, 174) H He H
(169, 175) H H Me
(170, 176) Me H He

X711 110 H H OH

i HC10,, ii heat, iii NaOH

Cyclisation to 4—methy1pyrido[i,2-g pyrimidinium perchlorate (37) was
achieved by adding 607 perchloric acid to an ether/methanol solution of
the enaminone (172), which precipitated the salt. This resulted in a
much better yield (92.&”) than was obtained (TT.Bf)zo by heating a
mixture of the enaminone (37) 2nd perchloric acid end precipitating

the =alt with ethanol.
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Nesmeianov, Rybinskaia and Belskyzo described the preparation of
several salts by this method. The salts contained five double bonds
(by hydrogenation), were of aromatic character (did not decolourise a
dilute solution of potassium permanganate), their u.v. spectra were
very similar to those of quincline and isoquinoline, and the molecular
formula in each case corresponded to salt formation with loss of water.
The product obtained from 2-(2-acetyvinylamino)pyridine and hydrobromic
acid regenerated 2-(2-acetylvinylamino)pyridine when trezted with sodium
hydroxide, thus showing that fearrangement had not occured in the acid
solution and that the salt formed was the 4-methyl isomer (178) and not
the 2-methyl isomer (179). The i.r. and n.m.r. spectra of the
perchlorate salt (37) confirmed that it has the 4—methylpyrido[;,2—§]-
pyrimidinium perchlorate structure rather than that of the naphthyridine

(180). Thus the i.r. spectrum showed no absorption due to an N-H bond

H-- 0 = N
L\ é \ Me ﬁHBr > IN ‘\.Br'
- — NaOH S
N Me

(172) (178)
Me
e N\. Me - ~N
' Br- | clo;
o N o "‘N N/ 4
+ 4
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and integration of the peaks in the n.m.r. espectrum recorded in
trifluoroacetic acid showed that the ring system bore six ring protons.
Nesmeianov and Rybinskaia21 subsequently improved their method for the
formation of pyrido[},Q—Eprrimidinium salts from 2-aminopyridine and
4,4-dimethoxybutan-2—-one by cuitting out the initial thermal step with a

direct condensation and cyclisation in perchloric acid.

This work was repeated with good results, and beczuse of its.simplicity
was adopted as a route to other pyrido[ﬁ,2—g pyrimidinium salts. Thus
the 2-aminopyridines (167 — 171) were 2ll similarly treated with
4,4—dimethoxybutap—2ﬂone 1o yield the 4-methylpyri&o[l,E-Eprrimidinium
perchlorates (173 - 177). The 2-aminopyridines (169 - 171) are all
substituted in the 3-position, thus preventing naphthyridine formation,
but allowing pyrido [1,2—5] pyrimidiniun salt formation. The 'H n.m.r.
spectrum of the salt (174) shows a one proton singlet at v 1.49,
assignable to 9-H. A two proton singlet at 1 l.41 in the 'H nom.r.
spectrum of the salt (173) is assignable to 8- and 9-H, all other

protons being accounted for.

5.2.2 2-Methylpyrido[l,2-a]pyrimidinium Salts

6-Substituted-2-aminopyridines normally yield 1,8-naphthyridines when
reacted with B=dicarbonyl compounds, however, in some cases pyrido-
[1,2—gjpyrimidines have been formed (see Sec. 4). The products of
reactions between 6-substituted-2-aminopyridines and 4,4-dimethoxybutan-
2-one in perchloric acid may therefore be expected to yield
1,8-naphthyridines, but if pérido[},2—§prrimidinium salts are formed,
the orientation of the methyl eroup in previous reactions would indicate
that they would be 4,6-disubstituted salts, for example,
4,6-dimethylpyrido[I,Qfé]pyrimidinium perchlorate (18p). 'H n.m.r.

spectra of the products obtained from the aminopyridines (181, 187 - 189)



~

N MeO O

)

e

(181) (27)

At

(187)  Ex H
(188) Pr B

(189) Me Et

NH . 2 NoMe -
+
Me

(182)

OH HClO,

o3
MeN Me

(185)

3 N3 5
Me+ Me

(186)
RF
v NasMe -
o IN~<;;] ClO,
3+
R
B - pt
(190) B4, H

(191) Pr H

(192) MNe Bt
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indicated the presence of the 9-H in each case, with the exception of
the product from the aminopyridine (1€9) which ic substituted in the

9-position.

An empiricel relationship between gortho and 1w bond order has been
established by several authors1g‘1oa-"o o For example, the 2,3 bond
order in the 4§¢pyrido[;,2fé]pyrimidin—4-one (87) has been calculated”
to be 0.663 and the 3,4 bond order in 2§—pyrido[i,2—é]pyrimidin-Q—one
(107) to be 0.814. The corresponding J . = were found to be 6.2 and
7.5 Hz respectively. The mn bond orders for pyrido[ﬁ,Q—é}pyrimidinium
salts have been calculeted'™ ' (see Sec. 2), the 3,4 bond having

greater mw character than the 2,3 bond. Thus J, , is expected to be

greater than J, ..

The 4-methylpyrido I:l,2—_:£| oyrimidinium perchlorates (37, 173 - 177)

exhibit coupling constants, J 3 7 in the range 4.0 - 5.0 Hz, in their

2
1H n.m.r. specira. The products from the 6-substituted-2-aminopyridines
show couplings to the 3-proton of T.3 — T.5 Hz. This leads one to

suspect that these values are for ia.a and that the products are 2-methyl-

pyrido[i,?—ngyrimidinium salts (182, 190 - 192).

The larger value of the coupling constant may possibly have been an
artefact due to electron redistribution within the w system caused by
the 6-substituent. To confirm these structures, the 2,6-dimethyl-
pyrido[},2-é]pyrimidinium perchlorate (182) was treated with base to
yield 2-(2-formyl-l-methylvinylemino)-6-methylpyridine (185). ‘This
was easily distinguishable, spectroscopically, from 2-(2-acetylvinyl-
emino)-6-methyloyridine (183), which would have been the product if the
galt had been 4,6-dimethylpyrido [1,2—2 pyrimidinium perchlorate (186).
The enaminone (183) was prepared thermally by the method used

previously for'2-(2—acetylvinylamino)pyridine (172). Treatment of
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the enaminone (185) with perchloric acid in ether/methanol regenerated
the perchlorate salt (182) in excellent yield, but eimilar treatment
of the enaminone (183) yielded only 2-(2-acetylvinylemino)pyridinium

perchlorate (184).

Both the 2- and 4-protons are sirongly deshielded in trifluoroacetic
acid, their chemical shifts being about equalj; these values are
therefore of little use in determining the orientation of the methyl
group in salts formed from 4,4-dimethoxybutan-2-one. However, coupling
to the 3-proton is useful in distinguishing a 2-proton from a 4-proton
since -‘?-3,4 = 4 - 5 Hz and 22‘3 =~ 'T.5 Hz,.

Attempts to form 2-methylpyrido[},2—é]pyrimidininm perchlorates ffom the

aminopyridines (193, 194) feiled. 2,6-Dieminopyridine (193) yielded

0z
Z\\NH; = ih,
NHZ Me

(193) (194)

o N*\. Me
| .
Gﬂ/\ﬁ Clo{.

NH,

(193a)

an intrectible black tar and 2-amino-6-methyl-3-nitropyridine (194)

yielded its perchlorate salt.
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50243 4,5-Disubstitutcdpyrido[1,2—%]nyrimidinium Salts

5 Me = INHz ; Me( = NoMe
(27) + v N —— o EL\;;] Cle
Me :

Me
(195) (196)

i or iii

Mer= NH A Mer> N 5

12 clor i l Clo

(27) + E ﬁH clo, _m__ O/\/J 4
Me+ Me

Me
(197) (198)
i  ECio,, ii  heat, EtOH, iii  heat, Ac,0.

The one-step condensation and cyclisation reaction used successfully to
prepare 2—methyl—6—substitutedpyrido[},2-5 pyrimidinium perchlorates
failed to yield the expected 2,6,8—trimethy1pyridc[},2-;]pyrimidinium
perchlorete (196) from 2-amino-4,6-dimethylpyridine (195). Khmaruk,
Volovenko and Chuigulcz3 have used a method involving heating 2-amino-
pyridinium perchloratec with_symmetﬁcal p-diketones to yield pyrido-
[?,2—3 pyrimidinium salts. Similar treatment of 2-amino-4,6-dimethyl-
pyridinium perchlorate (197) and 4,4-dimethoxybutan-2-one (27) yielded

unchanged 2-zmino-4,6-dimethylpyridinium perchlorate (197).

More forcing conditions were obviously necessary to facilitate this

reaction, so the reactents (197 and 27) were heated in acetic .
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anhydride. Frecipitation with ether yielded a product which was

similar to other pyrido[?,2—§Jpyrimidinium perchlorates and the

'H n.m.r. spectrum of which showed four ring protons, which confirmed
the presence of the pyrido [1,2—2:] pyrimidinium nucleus in the product.
The coupling between the two doublets was 21.8 Hz, and not the expected
7.5 Hz, showing that the proton which produces the low field doublet

is in the 2-position and that the product is therefore 4,6,8-trimethyl-

pyrido[},Q-g pyrimidinium perchlorate (198).

This reaction is similar to the cyclisation step in the synthesis of

4,6-dimethylquinolizinium salts utilised by Hansen and Amstutz®’.

5.3 Salts from Pentan-2,4-dione

6
RSR
=~ NNH

(N2 Me Me
N T \H/\”,

g0

i
(166 - 171) (199) B0
Rs/‘ NXNMe
_ R N_J a0
/ 4 Me

6 "u/
RS R 5

R\ I\'C\)‘Me Meung
—¥% == (247) B “® ' H
Me (203) e H H
e 8 (53) E Y¥e =
£209). H H H (54) H H e
(200) = lle H (204) ke H lle
(202) Me H le | (205) = H OH

i  HC10,, ii- NaOH.
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The 2-aminopyridines (166 = 171) reacted with pentan-2,4-dione (199)

in perchloric acid 1o yield the 2,4~dimethylpyrido[;,Z—Qprrimidinium
perchlorates (47, 203, 53, 54, 204 and 205), and 'H n.m.r. spectra
shoved the presence of a 9-proton or a 9-substituent. The three
salts (47, 53, end 54) have a2lso been preparedzs, in better yield, by
heating the corresponding 2-aminopyri&inium salt with pentan-2,4-dione
in ethanol, 2,4—Dimethylpyrido{},2—§ pyrimidinium perchlorate (47)
has also been prepared'g, in lower yield, by heating 2-aminopyridine
and pentan-2,4-dione in methanolic hydrobromic acid, then treating the
cooled solution with perchloric acid. 2-Amino-6-methylpyridine (181)
did not react with pentan-2,4-dione (199) in pefchloric acid to yield

the salt (206), even when the reagents were in contact for one week.

l -
[;;:jgi;;;] CHC&
Me Me
(206)

Three of these salts (47, 53 and 204) were trected with base to yield
the eneminones (200 - 202) in order to assist in the determination of

the spectrocscopic characteristics of this class of compounds.

The enaminone (201) was also important in the elucidation of the
reaction path between 2-amino-4-methylvyridine (168) and pentan-2,4-
dione (199) in phosphoric acid, at 100°,  Singh, Taneja ond Naranéwz

claimed thot these reczents yielded 2,4,5-trimethyl-1,8-naphthyridine

(146) .

The formation of a naphthyridine under these conditions appeared
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Mer= NH
@\Iz y MeNyr yMe
D .0

(199)
i
Me Me & i
/| S Me@(\NjMe
\N N/ Me N § T
Me
(146) e S
(207)

' i
Me ‘l'
Merm oy Nae | =elloiie R\ AT
I Y N Me
A _ =N =
i e

/

+ Me E M

(53) Y = 010, (201)
(208) Y = picrate

HyFPO,, ii  NaOH, iii  (NO,);.CgH,0H, iv  HC10,.
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unlikely for two reasons. Firstly, naphthyridines have only been
formed previously from 2-aminopyridines with 6-substituents. Secondly,
attempts to form 4,6-disubstituted pyrido EI.,2-§ pyrimidinium salis in
an acidic medium have been unsuccessful. 4,4-Dime thoxybutan-2-one
yields only 2—methy1pyrido[},2-§ pyrimidinium salts with 6-substituted-
2-aminopyridines in preference to their 4-methyl isomers, and 2-amino-
6-methyloyridine fails to form 2,4,6—trimethylpyrido[},2a§prrimidinium

perchlorate (206) with pentan-2,4-dione.

The reaction was repeated under the stated conditions and the sole
product isolated, in 80.5% yield, was a pale yellow oil, ideﬁtified as
2-(2-acetyl-l-methylvinylamino )-4~-me thylpyridine (201), by compafison
of its i.r. and 1H n.m.r. cpecira with those of the enaminone derived
from 2,4,8-trimethylpyrido [1,2—_3,3 pyrimidinium perchlorate (53). The
enaminones from both reactions were cyclised with perchloric acid to
2,4,8~trimethylpyrido[?,2—5 ﬁyrimidinium perchlorate (53). The

2

proposed naphthyridine was identified, by Singh, Teneja and Narang' .,

on the basis of elemental analysis of its picrate. Treatment of the
enaminone (201) with picric acid in ethanol yielded a yellow crystalline
product. As the picrate may have been the uncycliced derivative of
the enaminone (201), the i n.m.r. spectrum was recorded in deuterated
dimethylsulphoxide, since trifluoroacetic acid may have caused cyclisation and
indicated a false structure for this derivative. The 'H NeMeTe
spectrum was similar to that of 2,4,8—trimethylpyrido[},2;g3pyrimidinium
perchlorate (53), with an a@diticnal two proton singlet, assignable to
the picryl protons, showing theat the picrate was 2,4,8-trimethylpyrido-
@,2-fﬂgwqdmidinium picrate (208). The picrate (208) is isomeric with
the picrate of the naphthyridine (146), and therefore has identical

required elemental analysis figures.
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The formation of the enaminone (201) in this reaction can be explained
by initial cyclisation in the phosphoric acid to a pyrido[l,2—a]-
pyrimidinium phosphate (207), which is then cleaved by base, as

was the pyrido [1,2—3] pyrimidinium perchlorate (53).

Se4 Salts from 1,1,3,3,~Tetramethoxypropane

(5]
R
RYZ \NH MeO Me
R‘,. o IN 2 + Y\/O
5 MeO  OMe

i
66 - 171 20 \
(1 171 (209) R

181 - 189, R~ : NS ’
195) Ff\Raf i
R et gt
T AR LA
R° H-0 (48) BE Me H H
ot
—N — (49) ® H Me H
R? _ (50) B8 H H Me
fr 0t (212) E Me H Me
(210) H Me (212) H®H H H OH
(211) Me Et (214) MNe H H H
(335} ' z¢ B  EI'm
(216) Pr BH H H
(217) Ne H H Et

(218) Me H Me H

i HC1O04, ii  NaOH.
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All the 2-aminopyridines (166 - 171, 181 - 189 and 195) underwent
reaction with 1,1,3,3,tetramethoxypropane (209) in perchloric acid to
yield the pyrido[},Z—é}pyrimidinium perchlorates (46, 48 - 50, and 212
- 218), Nemere. and i.r. spectra showed the products to be pyrido-
E42—;]pyrimidinium perchlorates, as in earlier cases., Four of the
salts (46, and 48 - 50) have also been prepared by Khmaruk Volovenko and
Chuiguk?®, but in lower yield. The method of Pollak, Stanovnik and
Tidler® also gave a lower yield of pyrido[},2-§]pyrimidinium perchlorate

(46) .

The protons in the 2-, 3~ and 4-positions produce an ABX system in the
b n.m.r. spectra of these compounds, the 2- and 4-protons giving rise
to the more deshielded AB portion. Calculations on the ABX system,
where this is possible, show that Eﬂx ~ 6.9 - T.6 Hz and géx-~ 4,0 -
4.5 Hz, The 1H n.m.r. spectra of the salts derived from 4,4~-dimethoxy-
butan—-2-one show that 533'*4 Teld = T«5 Hz and izs ~~ 4.0 = 5,0 Hz.
Thus the 4-H (A) is deshielded more strongly than the 2-H (B). This
has also been found in the 1H n.m.r. spectra of pyrimido[},Qfﬁ]—

pyridazinium perchlorate (219), ( t 0.00, 4-H; v 0.21, 2-H)', and

= NS N:qf’N\
[;;:jl:;:;] Clo, ‘<§,,hl\:;]
+

(219) (220)
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imidazoEl.,Z—gJ rrimidine (220), ( v 1.28, 4-H; = 1.40, 2-H)'"' .

2-Amino-3-methylpyridine (169) reacts with 1,1,3,3-tetramethoxypropane
in the presence of perchloric acid at room temperature to give an
unidentified product (P) which cen be converted thermally into the
expected product, 9—methy1pyrido[1,2-gﬂpyrimidinium perchlorate (50).
The same reaction repeated at 50o gave 9—methylpyrido[},Z—Q]pyrimidinium

perchlorate directly.

The first indication that the product (P) was not the expected pyrido-
pyrimidinium salt was provided by the i.r. spectrum, which showed a
strong, sharp absorption band at 3370 em ', attributable to a non-
protonated I-H grouping (§H and EHz groups absorb in the region 2800 -
2000 cm | '2°1%),  The presence of the perchlorate anion is shown

by the strong, broad absorption at ca 1100 em ', which is common to all

the perchlorate salts.

An attempt to record the 'Y n.m.r. spectrum of the product (F) in
trifluoracetic acid revealed only an ill-defined replica of the
spectrum of 9—methylpyrido[},2-é]pyrimidinium perchlorate (50) with
two additional singlet peaks at T 5.93 and 1 6.32. After ten minutes
at the operating temperature of the instrument (ca 40°) the peak at

1 6.32 had disappeared and the peak at T 5.93 had increased and now
integrated for three protons. The solution now appeared to contain
9—methylpyrido[},2—3prrimidinium perchlorate (50) plus one mole of
methanol or methyl trifluorcacetate, indicating that the product (P)
was the mono-methanol adduct of 9-metnylpyrido[i,2fé]pyrimidinium
perchlorate (50). Blemental analysis results did not match those
expected for either 9-methy1pyrido[l,2—§ pyrimidinium perchlorate (50)

or its methanol adduct.
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The preparation was repeated at 00, the product recrystallised by
chilling 2 methanol/ether solution and dried in vecuo at room temperature.
The elemental analysis resulis were closer to those expected for the
methanol adduct than those obtained earlier. This evidence indicates
that the product (FP) is an unstzble methanol adduct of 9-methylpyrido-
b42—é]pyrimidinium perchlorate (50), but it is not conclusive.
Possible structures for the intermediate (P), which fit the limited data

are (221) and (222) below.

Me “ Me H OMe
s e N
I = H =
* +
H OMe
(221) (222)

In an attempt to elucidate which of these structures, if either, is
correct, the adduct (P) was treated with one molar eguivalent of sodium
hydroxide to obtain, it was hoped, the free base (223) or (224). The

product obtained, however, was 2-(2-formylvinylamino)-3-methylpyridine

(210).

Me Me OMe
- /NI e ’N H
> N | o

H OMe

(223) (224)
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The reason why the adduct (P) should be stable is not at.all clear.

If (P) were the 1:1 adduct (222) one might expect the compounds (225
and 226) to be formed under the same conditions, but the electronic
effects due to the 4-methyl substituent in (225) may destabilise this
adduct. Similarly, if structure (221) were favoured, the adduct (228)
might be expected to exicst. A T-methyl substituent has an inductive

- effect similar to a 9-methyl substituent, both in magnitude and in

sites of increzsed electron density. However, a T-methyl subsiituted

R H OMe R H
= Mg g ) 2o el | _
R N_J  Co f N 0,
+ R2 +
B H OMe
Rl
(225) Me H le

228) Me Me
(226) H e MNe t i
229) Me H
(227) E Me H

adduct (227) or (229) has not been detecteds It is also surprising
that an adduct (226) or (228), where the effect of the 9-methyl
substituent is reinforced by that of the T-methyl substituent, is less
stable than the 9-methyl substituted adduct (P). The nature of the

adduct (P) and the reasons for its stability thus remain unestablished.

NS
> § = b i
OH

NH,

(2292) . (229b)
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2-Amino-6-hydroxy- and 2,6-diamino- pyridines both failed to react
with 1,1,3,3-tetremethoxypropene to yield the salts (2292 and 229b)
but gave unidentified coloured products, which were possibly polymeric

in nature.

5.5 Salts from 1-Phenylbutan-1,3-dione

5 Ra

Me Ph
. B0 M T
RS N 0 0

(166 - 170) (230)

R =0 (2a¥) . B & B
RLQ N’;_I__» b (232) ¥a B H
Me {233) H . Mo E

¢ p? Lo WA e le

(236) Me H (235) Me EH He

i  HClO4, ii  NaOH.

The pyrido[1,2—glpyrimidinium salts formed from the 2-aminopyridines
(166 - 170) and l-phenylbutan-1,3-dione (230), in perchloric acid,
could hsve the phenyl substituent at the 2-position, a2s in the salt
(238) or in the 4-position, as in the sclfts (231 - 235), due to the
asymmetry of the diketone. Cleavage of two of the salts with hydroxide

ions has formed the 2-(2—benzoyl—l—methylvinylamino)pyridines (236 ‘and
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237), the structures of which have been elucidated spectroscopically
(see section 7). This shows that the salts are in fact the 2-methyl-

4—phenyl-pyrido{},E-Eprrimidinium perchlorates (231 - 235).

5 RG N
i ~
iy
RS ‘ﬁ e
' Me

(238)

The behaviour of the l-phenylbutan—l,3-dione (230) is similar to that
of 4,4-dimethoxybutane-2-one (27) in that only one of two poseible
isomers is formed. This is consistent with preferential condensation
between the primary amino group and the more reactive carbonyl group;
the acetal group in 4,4-dimethoxybutan-2-one (27) and the acetyl group
in l-phenylbutan-1l,3-dione (230). The same orientation of the
l-phenylbutan~1l,3-dione fragment has been found by several authors '91°
in other fused pyrimidine heterocyclic compounds (239 and 240), formed

by condensation of a-amino hetercycles with l-phenylbutan-1,3-dione

in acidic media.

O ~NH;
/ N\. Me - S~ N\ Me
I
Ph Ph

(239) (240)
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5.6 Salts derived from 2,3-Diaminopyridine

H, NH, N
-~ NNH o % R1
I 2 2 | l -
e L e
o O ]
(241) : ////f’ R
8 . 1 2
R R

(199) le MNe
(209) H H (242) le le

2 H H
(as bisdimethylacetal) (243)

(203) Me Ph (244) e Ph
(27) H Me (245) Me H
(es dimethylacetal) [ (246) H M
@%Nﬁm—o‘%ﬂz
® R;__
pitunt

(247) Me Me
(e48) B ' H
(249) He Ph
(250) Ue H

(251) HE  Me

i  HC1O,, ii  NaOH.

The reactions of 2,3-diaminopyridine (241) have been segregated because
of the possible alternative products which may arise by condensation of

the 3-amino group with the dicarbonyl compound.
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The two symmetricel dicarbonyl compounds, pentan-2,4-dione (199) and
1,1,3,3-tetramethoxypropane (209) form 9-amino-2,4-dimethylpyrido-
El,2—§] pyrimidinium perchlorate (242) and 9-aminopyrido [1,2-—3]-
pyrimidinium perchlorate (243) respectively, which are easily
identifiable from their i.r. and 2 non.r. spectra. The unsymmetrical
l-phenylbutan-1,3-dione (230) forms the 2-methyl-d-phenyl salt (244)
identified by the i.r., ‘u n.m.r. and mass spectra of the derived
vinylamine (249). These salts (242 - 244) are those expected by
analogy with the salts formed by alkyl and hydroxy substituted

2-aminopyridines.

The products from the resction of 2,3-diaminopyridine (241) and
4,4~-dimethoxybutan-2-one (27) are more surprising. In one reaciion
the product obtained was identified as 9-amino-2-methylpyrido [1,2—_%]-
pyrimidinium perchlorate (245) by the 1H n.m.r. spectrum which showed
a low field doublet, J = 7.6 Hz, indicative of 4-E (see sections 5.2
and 5.4). In a repeat of this reaction the product obtained was a
mixture of 9—amino—2—methylpyrido[},2—§]pyrimidinium perchlorate (245)
and 9—amino-4—methylpyrido[},2-5 pyrimidinium perchlorate (246) in
which the former predominzties. This was shown by 'H nem.r. in
deutero dimethylsulphoxide where a greater deshielded doublet ( T 0.86)
showed a splitting of T.6 Hz [gmﬂ, salt (245i] and 2 lesser deshielded

doublet ( 7 1.01) showed a splitting of 4.7 Hz [2—H, salt (246)].

Attempts to ring-open the first salt formed, to the acylvinylamino-
pyridine (250) to confirm the structure of the salt, provided only a
red product which could not be identified or purified further.
Treatment of the salt mixture with sodium hydroxide provided a similer
red product, but column chromatography provided a small trece of
é—(2—acetylvinylamino)—S-aminopyridine (251), identified by the mass

spectrum, which was derived from the salt (246).
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The red product may be a polymer, produced by condensation between the
aldehyde and 3-amino functions of 3-amino-2-(2-formyl-l-methylvinyl-
amino)pyridine (250). A similar product is not found when the vinyl-
aminopyridines (247) and (249) are formed, presumably because acetyl
and benzoyl carbonyls are less reactive than an aldehyde carbonyl. As
3-zmino-2-(2-formylvinylamino)pyridine (248) is formed without occurrence
of a similar red product, it appears that the aldehyde function must be
activated further for such a product to bg formed. In 3-amino-2-(2-
formyl-l-methylvinylamino)pyridine (250) this activation may be provided
by the methyl group as it is the only group not present in the vinyl-

amine (248).

The formation of 3—amino—2—methylpyrido[},2-93pyrimidinium perchlorate
(245) is unexpected, since 4,4;dimethoxybutan-2-one was induced %o

react with 2-aminopyridines to yield a 4-methyl substitutied pyrido[é,2—é§
-pyrimidinium salt as the sole product, except in those examples where
the aminopyridine bore a 6-cubstituent . As 2,3-diaminopyridine (241)
bears no substituent at the 6-position, the orientation of‘the‘ﬁefhyl

group must be governed by the 3-amino group.

Delocalisation of the lone pair electrons of the 2-amino group (252)

make it less basic than the 3-amino group, which cannot couple with the

annular nitrogen atom.
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It is therefore possible that the more reactive acetal function condenses
with the more basic 3-amino group in the first instance leaving the
acetyl carbonyl free to condense with the 2-amino function (Scheme 5).
As the imineé (or enzmines) so formed are not stabilised by aromatic
delocalisation in the seven-membered diazepin ring, hydrolysis in the
acidic medium to the 3-amino-2-(2-formyl-l-methylvinylamino)pyridine
(250) is possible. The enamine (250) (or the imine tautomer) may then
cyclise to the ring nitrogen to give the stzbilised 3-amino-2-methyl-

pyrido[?,2—§prrimidinium perchlorate (245).

~ NH, 5 NS
@NHZ i e > lNHg Me
N OMe 0 N r
Y
N2 4o N Nz
IR = &
o — N -—
N N
Me i Me_J
(250)
(245)

Scheme 5
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The diazepinones (253) and (255), which are similar to the bicyclic
intermediate in Schene 5, have been prepared"6 from 2,3-diaminopyridine
and ethylacetoacetate. The formation of the two poscible isomers has
been attributed by the authors to the reaction of either the ester or
the z2cetyl group with the 3-—amino group, followed by cyclisation. In

2 similar resction with 4,5-diaminopyrimidine, iwo intermediates (257)

- H_»
=" a2 & ¥
QU <& B
" M kNN

H O

N

H =
(253) X = CH (255) X = CH
(254) X =X (256) X =N

and (258), which ere comparable %o those postulated for the syntheses
of the diazepinones (253) and (255), have been isolated, as well as the

diazepinones (254) and (256)117

H
§ Me ~_N CO,Et
K ﬁ(\r t | \b,f‘”

(257) (258)

Since B—amino—d—methylpyrido[1,2—é]pyrimidinium perchlorate (246) is
formed, as well as 9—amino—2—methylpyrido[},2—EJpyrimidinium

perchlorate (245), in the reaction of 2,3-dieminopyridine (241) with
4,4-dine thoxybuten-2-one (27), it is thevefore possible that this too

is formed by a 'walkabout' mechonism, similar to Scheme 5, with initial
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condensation between the acetyl carbonyl and the 3-amino groupe.

Similar mechanisms are possible in the cases of 1,1,3,3-tetramethoxy-
propane (209) and pentan-2,4-dione (199) but here the structure of the
pyrido pyrimidinium salts will be identical, whether initial condensation
is with the 2- or 3-amino group, due to the symmetry of the dicarbonyl

compounds.

1-Phenylbutan-1,3-dione may be expected to yield the 'abnormal! salt
(259) by the 'walkabout' mechanism, initial condensation being between
the more reactive acetyl and 3-amino groups. However, the product
obtained by this reaction has been shown to be the 2-methyl-4-phenyl
substituted isomer (244). This is not consistant with the 'walkabout'

mechanism but could be explained if the diazepin intermediate (260)

NH>

2y NyPh
I -
= E\J S

Me

(259)

formed in such a mechanism were more susceptible to acid hydrolysis at
the benzoyl-imine linkage than at the acetyl-imine linkege to yield the
ensmine (261). Alternatively, the benzoyl carbonyl in the enamine

(261) may react more slowly with the 2-amino group than the acetyl
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Ph
-
H-0 @ S
/i O M H
QNF)' iy TNT Me
NH,
Me > NoMe
N !i s
(261) Ph  ClIO,
(262)

group of a second molecule of l-phenylbutan-l,3-dione so that the sali
(262) is formed in preference to the diazepin (260). Hydrolysis of

the residusl ensmine function in the salt (262) yields the sclt (244).

5.7 Pyrido|l,2-a] pyrinidinium Bromides

— N> Me = N3
| 9 | 7
Q\I/\; = . ~ N \J =
% +
Me

(263) (264)

2 N3 2
o N\J Br
T+

Me

(265)

, 1
The three pyr1do[},2-2]pyrimidinium bromides (263 = 265) have been
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prepared in the scme way as their perchlorate salt counterparts (47,
46 and 214) from the 2-aminopyridines and a p-dicarbonyl compound

with hydrobromic acid.

Nesmeianov, Rybinskaiz and Belsky?’ have stated thet the pyrido [1,2-9_}-
pyrimidinium bromides which they prerared were less stable than the
perchlorates, This has also been found to be true in the three cases

here, all of which darken upon storage in the crystalline state.
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6. INECHANISTIC INTERPRETATION

6.1 Formation of Pyrido[i,2-4]pyrimidinium Salts from 2-Aminopyridines

and B -Dicarbonyl Compounds

The 2-aminopyridines contain two nucleophilic centres, the ring nitrogen
atom and the 2-amino group. The Pp-dicarbonyl compounds conteain two
electrophilic cenires; the two carbonyl cerbon atoms. It is

therefore theoretically possible to obtain two isomeric pyrido[i,2-gg-
pyrimidinium salts (266) and (267), when the dicarbonyl compound is

unsymmetrical. However, in the reaction of 4,4-dimethoxybutan—2-one

~ NNH
1INH2
Q ~ N x ' A\H/\I(B
0 0
HCg, -
i N\A / N\B
| 3 l =
4 N\/J clo, + o §\/J clo;
i A
(266) (267)

and l-phenylbutan-1,3-dione with 2-aminopyridines, only one isomer has
been isolated in each case, with the exception of the reaction between
2,3-diaminopyridine and 4,4-dimethoxybutan-2-one (see Seciion 5¢6)
With the exception of 6-subsiituted-2-aminopyridines, all the amino-
pyridines gave salts which were structurally those which would result
from the interactioﬁ of the more rezctive carbonyl of the P-dicarbonyl

(i.e. the acetal of 4,4-dimethoxybutan-2-one and the acetyl carbonyl of
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l-phenylbutan~1l,3~dione) with the 2-amino group. Condensation of
4,4-dimethoxybutan-2-one with 2-aminopyridines in boiling xylene
follows thic order of reactivity to yield 2-(2-acetylvinylamino)-
pyridines. These vinylamines are rapidly cyclised by perchloric acid
to yield 4—methylpyrido[},2-§prrimidinium perchlorates, identical to
those formed in the one-step reaction. This would indicate thst the
immediate precursor (268) of the 2-(2-acylvinylamino)pyridines (269) is
an intermediate in the one-step reaction. Elimination of one mole of
solvent (I0X, X=H or Me) forms the vinylamine (269), cyclisation of
which leads to the pyrido[1,2—@prrimidinium salt (273) [ﬁcheme 6,
path (ai]. Alternatively, cyclisation of the intermediate (268)
without elimination forms (270), loss of solvent (HOX, X=H or Me)

from which may proceed via either path (¢) or path (d) (Scheme 6).

In the reaction between 2-amino-3-methylpyridine and 1,1,3,3-tetra—
methoxypropsne an unidentified product (P) was isolzted, which was
sugzested to be a methsnol adduct (221) [(271) R'=R%=H, X=lle, Q=9—Me1

or (222) [(272) R'=R?=H, X=le, Q=9-Me]. If either of these is the

true structure, then this would indicate that, in the cases where acetal
derivatives of P -dicarbonyl compounds have been used, the acetals react

directly with the 2-aminopyridine and not as derived aldehydes.

6-Substituted-2-aminopyridines form 2-methyl substituted salts with
4,4-dimethoxybutan-2-one. The switch from the normal 4-methyl
derivative to the 2-methyl derivative is atiributable to steric crowding
by the 6-substituent of the 4-position. This steric inhibition is also
responsible for the failure of 2-amino-6-methylpyridine (181) and
peﬁtan-2,4-dione (199) to form a stable salt. Several mechanisms for
the formation of these products are plausible and are illustrated in

Scheme T.
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All these proposed routes commence with the premise that the more
reactive entities, the Z2-amino and acetal groups, combine in the first
instance to form the 2-(2-acetylvinylamino)pyridines (274). From this
initial intermediate there are four possible ways in which it can

rearrangec.

F?
R= R
(71) ST RZ‘H

R~ N
R R
Rzi
(280)
RN
(69)

Scheme 8

Fath (2) (Scheme 7) is comparable to the mechanism proposed by Khelifa’®
for the cyclisation of 2-(2-acylacetylamino)pyridines (71) to
2—suhstituted-4§-pyrido[},2f§]pyrimidin—4-ones (69), where a migration
from the 2-amino group to the ring nitrogen occurs prior to ring closure.
An alternetive mechanism for the cyclisation of (71) to (69) has been
postulcted by Shur and Israelstam31 , wherea second molecule of 2-amino—

pyridine combines with the keto carbonyl in (71) to form an enamino
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derivative (280) (Scheme 8). Attack by the ring nitrogen of the

second pyridine moiety on the amide carbonyl group produces the cyclised
product (69) and regenerates the 2-aminopyridine. Path (c¢) (Scheme 7)
illustrates an analogous mechanism for the rearrangement of the
2-(2-acetylvinylamino)pyridine (274). Path (b) is a minor veriation
of this mechenism, where the aldehyde imine is hydrolysed to yield the
2-(2-formyl-l-methylvinylamino)pyridine (277), which then cyclises to
the salt (279).

Similarly a second molecule of the dicarbonyl compound may cendense with
the ring nitrogen to form a diadduct similar to (276), which then
hydrolyses et the 2-amino group to form the monoadduct (278) [path (f)].
This may then cyclise by condensation between the acetyl carbonyl and

the 2-imino group a2s in path (2).

The fourth route is controlled kinetically. Formetion of the vinyl-
amine (274) or the immediate precursor (268; R'=H, R’=X=ile, Y=0 and Q=
6-alkyl) mey now be followed by cyclisation to the intermediztes (270 or
2713 R1=H, R2=He, 2-0X=0Ol'e, 4-0X=0H, Q=6-alkyl) which could form, as
the configuration 2t C-4 is staggered felative to the 6-alkyl group,
and the steric constraint is not very great. However, loss of the
hydroxyl group at C-4 would force the 4-methyl and 6-alkyl groups into
coplanarity, where the steric forces would be greater. This energy
barrier is too great to be overcome, so hydrolysis back to the immediate
precursor (268) of the enamine or to the 2-(2-acetylvinylamino)pyridine
(269) itself, 2allows this proéuct to revert to starting materials, the
dicarbonyl derivative probably being formed‘as either butan-1l,3-dione

(281) or 4-hydroxy-4-methoxybutan-2-one (282) [Scheme 7 path (di].
HYy ™ rMe MeOY” rMe
13 S B Ho O

(281) (282).



75

Condensation of the acetyl carbonyl with the 2-amino group is much
slower than the acetal condensation, as shown by the formation of
4—methy1pyrido[i,2—3 pyrimidinium salts with no detectable 2-methyl
isomer, when no 6-substituent is present. Any acetyl condensation
product that does form may sitabilise itself by cyclising to the
pyrido[l,2—§ pyrimidinium salt (278) as forcing e proton into
coplanarity with the 6-alkyl group has little steric resistance.
Cyclisation of 2-(2-formyl-l-methylvinylamino)-6-methylpyridine (185)
(277; R=lle) is a facile recction and has been performed by precipitation
from an ether/methanol mixture by perchloric acid. This reaction

sequence is illustrated in Scheme T, path (e)e

The vinylamine (183) (274; R=lle) is a stable compound formed by the
thermal condensation of 2-amino-6-methylpyridine and 4 ,4-dime thoxybutan-
2-one in xylene. The rearrangement in path (2) could not be a
spontaneous reaction, but if it does occur in the acid medium it is
probably acid catalysed. Treatment of the vinylamine (183) with one
molar equivzlent of acid for tweniy four hours, which was the time in
which 2,6ﬂdimethylpyrido[},21g pyrimidinium perchlorate (182) was
allowed to form by the one-siep route, yielded only the vinylamine
perchlorate salt (184). A similar reaction using two molar
eéuivalents of acid yielded 2—amino-6-methylpyridinium perchlorate as
the only detectable product. It therefore seems unlikely thai

path (a) is the route taken in the formation of 2,6-dimethylpyrido-
EqQ-é]pyrimidinium perchlorate (182). It is also unlikely that
path (f) is correct, for during the hydrolysis of the vinylamine (183)
wifh perchloric acid, a derivative of 4,4~dimethoxybutan-2-one must
be formed, which could form a diadduct (276; R=Me) with the remaining
vinylamine (183). This route cannot be discounted entirely, for the

derivative of 4,4—dimethoxybutgn—2—one formed on hydrolygis may not
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be sufficiently active to form a diadduct (e.g. a dimer of butan-1,3-
dione) whereas 4,4-dimethoxybutan-2-one itself may have the correct

reactivity.

Paths (b) and (c) were tested by treating an equimolar mixture of
2-(2-acetylvinylamino)—-6-methylpyridine (183) and 2-amino-6-methyl-
pyridine (181) both with one and two molar equiveslents of acid. In

both cases only 2-zmino-6-methylpyridinium perchlorate was found.

The fourth route, path (e), after path (d) has failed to give a

stabilised product, secms to be the most likely mode of reaction.

Both 2-amino—-6-methyl-3-nitropyridine (194) and 2-amino-3-carbethoxy-
6-phenylpyridine (283) failed to form the pyridopyrimidinium salts

(284 and 285). In both ceses the 3-substituent is electron withdrawing
which lessens the electron density at the ring nitrogen and hence
reduces nucleophilic activity. In the case of 2-amino-3-carbethoxy-

6-phenyl pyridine, steric hindrance would also inhibit reaction.

CO,Et S
P INH2 2

NS
N &L /I\) wlon
N
H +

(284)

/4

(283)
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(285)

2-Amino-4,6-dimethylpyridine (195) was combined with 1,1,3,3-tetra-
methoxypropane (209) to form 6,8-dimethylpyrido [1,2-9_] pyrimidinium
perchlorate (218) in perchloric acid but with 4,4-dimethoxybutan—2-one
(27) the expected 2,6,8—trimethy1pyrido[},2-@prfimidinium perchlorate
(196) was not formed. The other 6-alkylated-2-aminopyridines that
have been tested all formed 2-methyl substituted pyrido[;,2—gJ—
pyrimidinium perchlorates with 4,4-dimethoxybutan-2-one (27) in
perchloric acid. 2=-Amino-4,6-dimethylpyridine (195) would be expected
40 be the most reactive of the 2-aminopyridines as methyl substituents
increase eleciron density at the annular nitrogen, those ortho and

para to it having greater effect than those in the meta position. The
increasea electiron density at the ring nitrogen is reflected in the pK,

values for the methyl substituted 2-aminopyridines (Table I).

All the possible mechanisms discussed have involved the free base form,
as the annular nitrogen in the conjugate acid is not free to react.

In the base — salt equilibrium thete will always be some free base
available for cyclisation, which will be replaced to restore equilibrium.
As the value of pK, for 2-amino-4,6-dimethylpyridine (195) is higher
than for the other aminopyridines, it follows that there will be less
free base in the equilibrium mixture. This does not effect the
formation of 6,8—dim;thylpyrido[},2—§]pyrimidinium perchlorate (218),

but the more complex reaction of 4,4-dimethoxybutan-2-one (27) with
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TABLE I

pKa of lethyl Substituted 2---1!.minopyr:i.d:i.nes“B

2-Anminopyridine Position of le(s) pK,
(166) - 6.86
(167) 5 T.22
(169) 3 Te24
(181) 6 T4l
(168) 4 7.48
(195) 446 : .84

6-substituted 2-aminopyridines may be effected by this. Formation of
4,6,8—trimethylpyrido[;,2«§Jpyrimidinium perchlorate (198) in acetic
anhydride mey arise from the initiel thermal condensation of the
2-amino and acetal groups to form the intermediate vinylamine (286),

which would then cyclise to the bicyclic intermediate (287; X=E or Ac:

AN 9@( -
N M T || Clo;
g -
Me Me
Me OX

(286)
(287)

ME/I N\. clo-
N2 v

Me Me

(198)
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cf 267). The reactivity of the acetic eanhydride is sufficient to
overcome the energy barrier due to steric constraint between the 4~ and

6-methyl groups.

6,2 Hydroxylic Rine Cleavage of Fyrido [1,2—3.] pyrimidinium Salts

From theoretical calt:.1.1].a.‘l:iir:ons"i on the pyrido [1,2-9.} pyrimidinium
nucleus (1), the low electron density at the 2-position has lead to

the prediction that anionoid suﬁstitution will occur at C-2. However,
in this work and in previous hydroxylic ring cleavage reactions of
4~methy1pyrido[},2—g pyrimidinium saltszo, attack of the hydroxide ion

has been found to occur at C-4.

5 RS N R1 Re

R/lw--“" RS/ /\__N_/R1

s N 2 s N
R3/R2 R A
BH R® OH

: . 0 : e
Nesmeianov, Rybinskaia and Bels}qyz have stated that the initial step
is replacement of the anion by an hydroxide ion. In solution this is
simply a question of exchanging anions between ion pairs. As charge

separation would result in impossibly high energy siates both the
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pyrido[?,Q-Eprrimidinium nucleus and the hydroxide ion will remain
closely paired, the hydroxide ion residing close by the positively
charged bridgehead nitrogen. The low electron density at the nearby
C-4 atom encourages attack at this site to yield the intermediate (288)
which stabilises itself by ring opening, i.e. aromaticity is restored

%o the pyridine ring.

The theoretical woﬁﬂs*Was carried out only for the unsubstituted
nucleus, the introduction of substituents into the nucleus may have
redistributed the electron density slightly, thus favouring anionoid

attack at C-4.
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7. 2-(2-ACYLVINYLANINO)PYRIDINES - SPECTROSCOPIC STRUCTURE

ELUCIDATION

7.1 Introduction

Replacement of a carbonyl oxygen in a 1l,3-dicarbonyl compound with a
primary or secondzry nitrogen function yields a product which may

exist in any or all of the tautomeric forms I - V,

The spectroscopic evidence outlined below shows that the products
formed by hydroxylic ring cleavage of pyrido[},Q-éprrimidinium
perchlorates exist predominantly or exclusively in the cis-enaminone

form I.
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Te2 Infra—-red Spectra

The majority of the ring opened products exhibited NH stiretching
bands in the range 3320 — 3200 cm | which corresponds to the
absorptions found for a range of chelated enamino-carbonyl
cc>1cnpcaunds“'"m'1”-121 . In the 3-amino substituted enaminones
(247-249) this bend is additional to the normal doublet, in the range
3420 - 3320 cm ', attributeble to the vprimary amino group. It is

well documen‘ced12°'1z1

that, in some cases, chelated NH groups show
NHE stretching absorptions at wave numbers only slizhtly different

from free NH groups.

Carbonyl absorption frequencies for the enaminones are to be found
in the range 1675 - 1620 cm's  This low velue for the carbonyl
frequency is not compatible with the strength of the hydrogen bond
indicated by the small shift found for the NH stretch freguency.

. 122,123
The suggestion '

hes been made that in these cases the valence
bond resonance stiructure (289) may contribute appreciably to the ground
state electronic configuration of the enamino cerbonyl compounds.

This proposal is derived from the low éarbonyl frequencies found in

the i.r. spectra of enaminones bearing fully substituted amino groups.

The w electron delocalisation represented by structure (289) may also

1

account for the other strong bands in the range 1600 - 1500 cm ',

which have been interpreted as being due to coupled C=C and C=§
intensified by conjugrtion'zz'123 A Absorptions due to C=C and C=N

of the pyridine ring also acéour in this region‘z‘ together with a
combination bond of li-H deformation and C-N stretch which is comparable
to the amide II band‘zz‘123 . The deformation bands due to tihe

primary amino group in the 3-amino deriveatives further complicate
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the spectrum in this region in the cases of the enaminones (247 - 249),
as do the freguencies due to benzene ring in the enaminones (236, 237
and 249). The multiplicity of functions present in the enaminones,
which give rice to bands in the range 1600 - 1500 cm"1,make detailed

eesignments imposesible vithout further exhavstive investigation.

T3 Proton !llasnetic Resonence Spectra

The tautomeric form II is not apparent in the spectra of any of the
enaminones (172, 183, 185, 200-202, 210, 211, 236, 237, 247-250). The
presencelof the hydrogen bonded chelate ring form I is inferred from
the large paramognetic shifts (v =<O0) of the signals due to the NH
protons both for the cis-enaminones found in the lite?eture125-129
and for the enaminones derived here from pyrido E,Efé]pyrimidinium
salts (Table 2). trans-Enaminones which do not contain intramolecular

hydrogen bonds, exhibit NH proton resonance pesks which are deshielded

to a lesser extent ( t ca 5ﬂ25,1zs :

The enaminone form I has been shown to be more stable than the
enol-imine form IV in the case of the benzylamine condencation product

with 2-acetyl-1—naphthol (290) even at the expense of arometic
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TABLE 2

N.M.R. Spectra of 2—(2-Acylvinylamino)pvridines

LN N,H--—O\ R?
R —N a
H <
Subs tituents 1_values

R R | B | BCr | melw | mCco | omCie | 0mcH | mm

H H | Me 2.07 - 4.62 | 7.86 - -1.69
3NH, H Me 1.97 - 4.54 | T.83 - ~-1.86
6Me H | Me 2.09 - 4.74 | T.93 - -1.61
6lle Me | H - Te54 | 4.85 &= 0.91 | -2.76
3Me H | H 1.82 - 4.55 - 0.59 | =1.90
3Et, 6Me | B | H 1.83 - 4.67 - 0.72 | -1.85
H He | Me - 7.58 | 4.88 | 8.00 - -2.91
3NH, Me | Me - ToTL | 5459 | T+93 - ~2.60
4Me le | Me - 7.58 | 4.90 | 8.00 - -2.,69
3,5le, Me | Me - T.62 | 5.03 | 8.04 - =2.72
3NHE, e | Ph - 7..54 4.03 - - -3.15
Ale Me | Ph - T4T | 4.20 - - -3.48
5He Me | Ph - Te4T7 | 4.12 - - -3.47
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stabilisation energy, by the coupling observed between the benzyl

methylene and amino protons127.

~

Et
Et
HN =0
Rl i
@_ﬁ' N Me (291)
N :__\>
R3
H, Hg
R3 RG

(172) B H

(183) Me H \ H-O
: @N;_\?-H
(250) H  7¥H, = -

The ensminones (172, 183 and 250) all exhibited a low field proton
signal at 1 ca 2 attributeble to Hg . The a-proton signal in
related enemino-carbonyl compounds has been reportafzs to occur at
T Sslv=3sd. The grezter degree of deshielding is probably due to
thé close proximity of the annular nitrogen atom to Hy. These
a-protons reveal a coupling to the NH protons of 11.9 - 12,2 Hz,

=

indicating a trens arrangement of these protons accross a rigid C-N
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bond. These values are in cloce agreement with the values of

11 - 13 Hz found in the 1iterature‘s"a'1°°"25'130‘ for the trans
HC-IH coupling constents in enamino-carbonyl compounds., Coupling
across a rigid cis HC-NH bond, in the tetrahydropyridine (291), has
been reportedm’ to be only 6 Hz. The a-proton also shows cis
olefinic coupling which is reflected in the B —proton doublet and is
similer in magnitude to the value of 8.0 Hz reported'® for E“-B in

the tetrahydropyridine (291).

On the other hsnd, 2-(2-formyl-l-methylvinylamino)-6-methylpyridine
(185) shows the pfesence of a low field aldehydic proton at 10,91,
which couples to the B-proton with‘gﬂﬁﬂo2.6 Hz., Bothner-By and
Harris132 have celculated 2 theoretical velue of 2.6 Hz for gis
vicinal coupling across a rigid C-C single bond in the closely
related B -keto-enol series. 2-(2-formyl-l-methylvinylamino)-6-
methylpyridine (185 - fig. 1) is therefore clearly distinguishable

from the isomer 2-(2-acetylvinylamino)-6-methylpyridine (183 - fig.2).

8
cis-2-Ace tyl-l-methylvinylamines found in the litersture 2> '2%:'2

exhibit two methyl signals in their 'H n.n.r. spectra with chemical
shifts of r ca 8 and a seperation of ca 0.1 p.p.m. 2-(2-Acetyl-l-
methylvinylamino)pyridines (292 - Table 2, ﬁ =Rz=He) show a greater
difference between the methyl signals, ca 0.4 p.p.m., the lower
signals being at T ca T.5. This greater shielding of one of the
methyl groups is attributable to the effect of the lone pair electrons
on the annular nitrogen on the methyl groups in the a-position, as in
the case of Hq. The assignment of the lower signals to the a —-methyl
protons has been confirmed, in most cases, by a small allylic coupling

betiveen the lover methyl signel and the PB-proton signel of ca 0.5 Hz.
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/AR
RF=EN Y=
Me, Hp
(292)

This difference in the methyl shifts is also apparent in the spectra
of the enaminones (183 and 185). The a-methyl group in the enaminone
(185) occurs at Tt T.54, 0.39 p.p.m. lower then the acetyl methyl

signal of the enaminone (183), and exhibits a small coupling (0.5 Hz)

to the p-proton.

6
R
..-..O
N \? y
...-.-N —
R, a4
G

(210) EH Me

(211) Me Et

The spectra of the 2-(2-formylvinylamino)pyridines (210 and 211) show
a- a2nd P-proton signals at shifts similar to those found for the
corresponding protons in the 2-(2-acetylvinylamino)pyridines (172, 183
and 250) with similar gq‘p and J_  » The low field aldehydic
protons are also clearly apparent and exhibit a cis C-C single bond

coupling of 2.0 Hz to HB .

Both the formyl and }n—proton signals reveal a coupling to each other
of 3.4 Hz, which is unexpectedly large for a long range coupling

through four bonds. This may be seen more clearly in the spectrum
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(fige 3) of 3-ethyl-2-(2-formylvinylamino)-6-methylpyridine (211), as

interference from 6-H in the a-proton region, is absent.

Deuterium exchange of the N-H proton with D,0 removes the N-H signal
from the spectrum of 3-ethyl-2-(2-formylvinylamino)-6-methylpyridine
(211) and reduces the a-H signals to a doublet of doublets, coupling
to both B-H and CHO. The signals are sharpened by addition of two
drops of concentrated NaOD in D,0 (fig. 4), but no exchange of the

B -proton was noted, which would be expected if the imino-aldehyde form

(II) were in equilibrium with the enamino-zldehyde form (I).

The large allylic coupling constant is difficult to explain. Allylic
coupling due to interaction of o- and w-bond electirons requires
overlap between the orbitals‘as. This overlap is minimal in planar

e : A : (0
moieties, such as the cis-enaminone system, where the angle ¢ is O

(293).

H
=) ;;'.A"" C—"' < H“‘C
S TR
(293) (294)

Couplings across four o -bonds in saturated systems are generally
very small. Accumulated evidence indicetes that the stereochemical
requirement of this type of coupling is an approximately planar 'H'

134-136
arranzement of the four o -bonds (294) "

Coﬁpling also appears to be optimal when the small posterior lobes of
the C-H bonding orbital are linearly orientated (294, ¢'=180°), and

5 137 . .
is progressively reduced as ¢ is decreased . However, the question
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Fig. 3 3-Ethyl-2-(2-formylvinylamino)=6-methylpyridine

3.4 He 12,1 Hz

Insert A

expanded x5

1.0 2.0 3.0 4.0
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Fig. 4

N-(D)-3-Ethyl
o (2=
(2-formylvinylamino)—6-methylpyridi
ine

1.0
2.0

3.0

4.0

5.0



93

of whether the mechanism of couplings across four o-bonds is
through-bonds or through-space is unencwered at present. Whatever
the mechanism, it is possible that the large value of ;I.u oHo in the

enaminones (210 and 211) is due to o-bond interactions as the four

o -bonds are coplanar, in an 'M' arrangement, and the angle ¢ ca

120° (295).

—N & H Ph—N “H
=
H H
(295) (296)

A four o-bond mechanism has also been considered likely for the large

meta-couplings found in substituted benzene cmnpound.s‘:“"139

s where
the stereochemistry of the atoms concerned is the same as in the

enaminones.,

140
The closely related dihydropyridine (296) shows gz" 0.9 Hz y Which,
although large for coupling through four bonds, is much smaller than

the velues found for J, ...+ The large value of J may be due to

a,CHO

factors indigenous to the formyl group, as several very large,

unexplained couplings over five-bonds between formyl protons and other
141- 145 :

aromatic or ethylenic protons have been found y which Hoffman

A 141 2 4
and Gronowitz conclude are not due to the usuwal o-mw interaction.

The spectra of 3-ethyl-2-(2-formylvinylamino)-6-methylpyridine (211),
recorded in CDCl,;, show an additional group of signals of smaller
intensity which cen be attributed to the treans structure (29?) (figs.

3 and 4). 3-BEthyl-2-(2-formylvinylemino)-6-methylpyridine exists
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H
Mesn~nH SN
HH HH
H HS0
(297) (298)

entirely in the irans form (297) in hexadeutero dimethylsulphoxide,
which is 2 more polar solvent (fig. 5). 3-Amino-2-(2-formylvinylamino)
-pyridine is insufficiently soluble in chloroform to obtain a specirum
by normal techniques so the spectrum was recorded using hexadeutero
dimethylsulphoxide as solvent (fig. 6), in which it also exists entirely

as the trans form (298).

The trens structures have been deduced from the large values of J, g
which are comparable to the value of 13.3 Hz obtained for irans
enaminones'>® y and gB_CHO , which are comparable to the velues of

ca 8 Hz obtoined for substituted and unsubstituted acroleins that are

: - 2 132
largely in the sym—trans conformation .

The a -~ and amino-protons are noticeably coupled in the 3-amino
derivative (298) with J . ,, 11.6 Hz, which collapses on deuteration
(fig. 6), but there is no mezsurcble coupling for the 3-ethyl-6-methyl
derivetive (297)(peak width at half height = ca 2 - 3 Hz). Japanese
aurl'.l'u:srs‘s have noted that trans-ensmino-esters show J, .y 1 - 2 Hz,

whereas the cic—isomers show values of 12 - 13 Hz for this coupling.
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Fig.

i idine
3-Ethyl-2-(2-formylvinylamino)-6-methylpyridi
trans—3—

1.0

2.0

3:0 4.0




Fig. 6

trans—3—Amino—2—(2-formylvinylamino)pyridine

C . + D,0

—

1.0 2.0 3.0 4.0
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Dudek and Volpp'2® have noted band broadening of the methyl doublet

in the trons isomer of an N-methyl enaminone, which they claim may be
due to more facile proton exchange on the nitrogen in the open irans

structure.

This may be true in the case of the 3-ethyl-6-methyl derivative (297)

as facile proton exchange is possible, thus reducing J , but in

a.NH
the 3-amino derivative (298), hydrogen bonding to the 3-amino grouping
reduces the fzcility of proton exchange, thus maintzining coupling

between the a- 2nd amino-protons. The large value of J found for

NH
the 3-amino derivative (298) indicates that the a - and amino-protons
are trans to each other and thus the preferred conformation of this

compound in dimethylsulphoxide is as illustrated in formula (298).

The acylvinylamines derived from l-phenylbutan-l,3-dione, via cleavage
of the pyrido[?,2—§]pyrimidinium salts, may have either the benzoyl

(299) or acetyl (300) structure.

MH-0 /H-0
—N  Y-Ph Ry ST e
Me Ph
(299) (300)

The values found for the shifts of the methyl groups ere in better
agreement with the values found for the a -methyl groupsthan with those
found for the acetyl methyl groups (Table 2). The phenyl group in the
benzoyl derivatives (239) is too far distent from the a-methyl group
to hove ony sicnificent effect upon the chemical shift, as shown by

the small difference in shift (0.26 p.p.m.) found'?® for the a —protons

in the enaminones (301 and 302).
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Me—N _ )-R
Hq
(301) R =Ph

(302) R = Me

The phenyl protons occur in two groups, at 1 ca 2.1 (2-H) and 1 ca

2.6 (3-H). This is similar to the separation between the ortho and

other phenyl protons found in a benzoyl group146J47 . Such wide

differences are not expected for an a-phenyl group (305) as the amino

group in benzylamine (304) has no pronounced effect on the ortho phenyl

148

protons (o-, m— and p-H, 7 2.73) and the olefin group in styrene

(303) has a much smeller effect on these protons (o-H, Tt 2.7; m-H,

r 2.79; p=H, v 2.86)'" .

M M
H= N) "N>:<
/—CH2
Ph Ph Ph
(303) (304) (305)

" n.m.r. spectra therefore indicate that the enaminones derived fron
l-phenyl-buten-1,3-dione are*2-(2-benzoyl-l-methylvinylamino)-pyridines

(299). These structures are confirmed by mass spectrometry.
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T7.A. Mass Spectra

A11 the acylvinyleminopyridines (172, 183, 185, 200 - 202, 210, 211,
236, 237 and 247 - 250) exhibit the same major breskdown pattern in
the mass spectra. The most important feature in the spectra is the
base peak which is the key to the orientation of the substituents R1
and Rz.

H0

—~N  M)-R?

R

The 2-(2-acetyl-l-methylvinylamino)pyridines (200 - 202 and 247) and
the 2-(2-acetylvinylamino)pyridines (172, 183 and 250) all exhibit a
base peak at =43, i.e. loss of cxaco. All these compounds are known
to contain an acetyl group ( R2 = lle). Similarly the 2-(2-formyl-
vinylamino)pyridines (210, 211 and 248), vhich are known %o contain a
formyl group (R? = H), exhibit base peaks at 1-29. The structure of
2-(2-formyl-l-methylvinylamino)=-6-methylpyridine (185) has been deduced
from the 1H n.m.r. spectrum. This compound also exhibits a base peak

at M-29, confirming the presence of the formyl group.

Tﬁe'structures of the 2-(2-benzoyl-l-methylvinylamino)pyridines (236,
237 and 249) have becn deduced by analogy with the mess spectra of the
acylvinylaminopyridines of known structure. If the proposed siructures
type (299), are correct, loss of a benzoyl group should give rise Yo a
base peak at 1=105, Similarly, if type (300) were correct, then an
acétyl loss should produce a base peak at M-43. The base peak in all

three spectra was found to occur at M-105.



100

The proposed structures of the mzin breakdown products are illustrated
in Scheme 9 and the masses and relative abundances of these fragments
are listed in Table 3. In the majority of cases the fragmentation

pathways are confirmed by the presence of meta-stzble ions.

The fragmentztion of 3-ethyl-2-(2-formylvinylamino)-6-methylpyridine

(211) is complicated by the presence of the ehtyl group, 28 both formyl
and ethyl losses may give rise to an [~29 peak. Accurate mass
determinations on the l-29 peak show thzt it has two components,

corresponding to both formyl and ethyl losses. The peak due to the

formyl loss is sixteen times larger than the peak due to ethyl loss.

TABLE
Compound A B c D E

Ry Ry | m/e (%) mfe (%) w/e (%) mfe (%) m/fe (%
(172) B Me | 162(14) 119(100)  78(68) 147(13) 105(16)
(183) H Me 176(13) 133(100) 92(47) 161(10) 119 (6)
(250) E e 177(50) 134(100) 93(45) 162(17) 120(26)
(250) Me MNe 176(11) 133(100) 78(37) 161 (5) 119(16)
(201) Me Me 190 (7) 147(100) 92(35) 175 (5) 133(14)
(202) e le 204 (5) 161(100) 106(21) 189 (4) 147(18)
(247) e Me | 191(22) 148(100)  93(30) 176(20) 134(30)
(210) E H 162(20) 133g100) 92(21) 161 (3) 119 (8)
(211) B H 190(63) 161(100)* 120(89) 189 (5) 147(80)
(248) H H 163(68) 134(100)  93(46) 162(19) 120(50)
(185) Me H 176 (8) 147(100)  92(23) 175 (3) 133 (3)
(236) ne Ph | 252 (5) 147(200)  92(12) 175 (2) 133 (2)
(237) Me Ph | 252 (1) 147(100)  92(27) 175 (2) 133 (4)
(549) e Ph | 253(13) 148(100) 93(18) 176 (2) 134(16)

% total abundance of two

components
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RZ ) - RCN R
R R
(C) (E)

Scheme 9
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8. PYRIDO [1,2-a) FYRIVIDINIUM SALTS FROM PYRIDO [1,2-a] PYRIMIDINONES

Of the pyrido [l,Z—g] pyrimidinones, 2-methyl-4H-pyrido [1,2-%}-
pyrimidin-4 —one (72) 4is the most readily available from simple
sterting materials. Formation of the intermediate (306), followed

by acid induced cyclisation to the pyridopyrimidinone (72) geve a low
yield (4.7%). The condensation of 2-aminopyridine and ethyl
acetozcetate to form the pyridopyrimidinone (72) directly geve a better

yield (11.6%).
S |
~ _N gy

(306) (712) X =0
(307) X =5

s N\.bde -
|N‘\/:] X
P
R
(308) R = Cl1

(309) R = Slle, X =1

An attempt to replace the 4-carbonyl group by a=C-Cl group by

treatment with phosphoryl chloride produced only the impure hydro-

chloride of the ryridopyrimidinone (72). Amide cerbonyl groups have

been successfully trected with phocphoryl chloride, but in thece
49,149,150

. cases the carbonyl group was able to form the enoltautomer

which is not possible here.
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R | i e
~ _N e § s I
SMe
(310) X = © (312)

The quinolizinium iodide (312) has been obtained:l51 by trezting the
thione (311) with methyl iodide. The guinolizinone (310) has been
converted152 to the thione (311) with phosphorus pentasulphide. It
was anticipated that a similar route could be used to convert the
pyridopyrimidinone (72) to the pyridopyrimidinium selt (309), but

attempts to form the thione (307) produced only unchanged starting

material.
,X 0 Pt x\ Br
- | Br
~ _N - Se oML~
- +
(313) X=CH R=H
(314) X = CH
(107) X =N, R=H
(315) X =N
(111) X =N, R = Ne

The quinolizinone (313) has been succescfully converted to the

. . Lo JO 8
quinolizinium bromide (314) with phosphorus tribromide . However,
the scme reaction with 2H-pyrido E,?wéﬂ;wrimidin-Q-one (107) yielded

only the hydrobromide of the storting material.
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R

o N3 OMe
l -

e
i N\J MeSO;
. na
(316) R=H
(317) R = He
154-156 % : s :
Bredereck has found it posesible to O-methylate amides with

dimethyl sulphate. This reagent, however, fails to yleld the required

product (316) with pyridopyrimidinone (107).

Landquist”7 has alkylated 4l-pyrido E,2-§ pyrimidin-4-ones at N-1, but
his attempts to alkylate a 9-methyl-4H-pyrido E,2—é]pyrimidin—4—one
were unsuccessful, As the 9-methyl group appears to sterically hinder
the l-position, this would a2id O-methylation of 9-methyl-2H-pyrido-
@q2—§ pyrimidin-2-one (111)., But here again, the reaction failed

to produce the required salt (3l7) and yielded only an unidentified oil.
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9, DIAZOTISATICON OF 9-ANMINOFYRIDO ﬁ_,2—§] PYRINMIDINIIUN PERCHLORATES

9.1 Reactions and llechanisms

Diazotisation of the 9-aminopyrido E,2-§prrimidinium perchlorates
has provided a new route to the g—triazoloI},S—gjpyrimidine nucleus.

115, 158, 159

The previously reported routes have involved condensation

reactions between 1,3-dicarbonyl compounds and amino-y-triazoles.

Treatment of the 9-aminopyrido [1,2-_a_] pyrimidinium perchlorates (242
and 243) with sodium nitrite in strongly acidic media yielded the
E£§§§r3—(3—3—triazolol;,5~§]pyrimidinyl)acraldehydes (318 and 319).
The mixture of monomethylpyrido [1,2—31 pyrimidinium perchlorates (245
+ 246) formed a mixture of the trans—scraldehydes (320 + 321) on

dizzotisation in strong acid.

LN\ A
1 ~N

R[/'N . Clo, (243, 318, 322) ®  H
- R? (242, 319, 323) Me Me

(242, 243, 245, 246) (245, 320, 324) 1Me H

(246, 321, 325) H lle

CHO
. " NCHO

R1 /N — R1
Q,N\,(,P‘ N N
R? RZ

(318 - 321) (322 - 325)
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This is similar to the rearrangement150 of l-azminoquinolizinium
salts, for exemple (326), to trans-3-(3-v-triazolo E,5—é]pyridinyl)-
acraldehydes, for example (327). In weakly acidic media the

quinolizinium salt (326) is repor‘ted:leu to form the cis-acraldehyde

(328).

H,
il e or
S N Me
+ .
(326)
CHO Me
~“Me : ~~CHO
~ — - —
N~ 4 N~.N/)\l
(327) (328)

In weakly acidic media, each of the salts (242 and 243) yielded 2
mixture of the trens- and cis-acraldehydes (319 + 323, and 318 +
322). Similarly the mixture of monomethyl salts (245 + 246) formed
2 mixture of the four trens- and cis-isomers (320 +321+ 324 + 325).
This mixture was isomerised %0 a mixture of irans-isomers (320 +. 321)
by stirring with acid. The low solubility of the 9—aminopyridn[},2-€g-
pyrimidinium perchlorates in the reaction medium nececsitzted long
reaction times, thus 2lloving the initially formed cis-isomers to be
isomerised, by acid, to the more stcble tronc-isomers, thus preventing

the isolation of pure cis-isomers. In strong acid this isomerisation .
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is complete.

The mechanism proposed for these rearrangements is shown in Scheme 10.
This is similar to thet suggested?so for the ring-opening of l-amino-
quinolizinium salts but the additional nitrogen atom in the intermediate
(d) provides 2 second site for cyclisation. Thus, when R' and R? are
unlike, as in the cace of the monomethylpyrido E,2-g pyrimidinium

perchlorates (245 and 246), two isomers (e and f) may be formed.

The majority of the products formed in the attempied high temperature
thermal isomerisation of the cis-—acraldehyde (328) to the trans-

161
acraldehyde (327) have been found : to be the pyrazoles (329 and 330).

(329) R = CHO

(330) R=H

Thermal isomerication of the cis- and jggggfg—triazolo{},S-é]pyrimidinyl
acreldehydes (320, 321, 324 and 325) in hexadeutero dimethyl sulphoxide
in an n.m.r. tube proceeds initially to a mixture of the irans-isomers
(320 and 321) plus a trace of a third compound. Further heating for

a total of fifty-six hours converts the whole mixture to the third
compound, which was identified as the pyrazole (333). The preparation
was repeated on a larzer scale to isolafe the pyrazole (333). The
similarity of the pyrazole products (329)and (333) suggests that the
mechanicm for the formation of 3(5)-formyl-5(3)-(4-methyl-2-pyrimidinyl)-

pyrazole (333) is similar, as far ac intermediate (332), to thet

61

proposed’®! for the formation of 4-formyl-3-methyl-5-(2-pyridyl)-



Scheme 10

NH, N=N
R[~ O '‘HNOy R
NO5 = R
2 [/N"?/
2t
R™ Hokn
(a) (b)
+ +
N_FN N=N
B S
R1I N3 I |-'\’1 /N | O~
_N A T L B
2 2
R CHO R® Ry
(d) (c)

ROTATION G- Cga
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(333)

Scheme 11
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pyrazole (329) (Scheme 11).

The difference in the position of the formyl group between the pyrazoles
(329 a2nd 333) may be accounted for by considering the intermediate (332)

and the methyl substituted counterpart (334).

Stabilisation by formation of the aromatic pyrazole ring is achieved
simply, in the case of intermediate (332), by a tautomeric shift of

the proton at C-3 to -1, forming the pyrazole (333), vhereas, in the
case of the intermediate (334), one of the substituents at C-3 must
migrate. £t ie believed.‘61 that the formyl group transfers in
preference to the methyl group because of the susceptibility of carbonyl
groups to nucleophilic attack, which in this case, is initiated by the

basic nature of the pyridine ring.

Dizzomethane type intermediates have been proposed159 in the thermal
interconversion of 1—triazolo[},5-§ pyrimidinones. The cyclisation
of the substituted diazomethene (331) to produce the pyrazole (333)
is anelogous to the formation of the pyrazoles (337 and 338) from
vinyldiazomethane (335f°2 and propenyl dizzomethane (336f53 which
occur at room temperature.
—R (335) r=-x R (337) R=H
C o i—
N, (336) R =1le N” (338) R = le
' H
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9.2 Structures of the Triazolopyrimidines

The products obtained by diazotisation of the 9—aminopyrido[l,2—§1-
pyrimidinium perchlorates were cuspected to be 3-(3-v-triazolo [1,5—_@,_]-
pyrimidinyl)acraldehydes by analogy with the products formed from

amino uinolizinium sxa.l‘l:.s160 . Elemental analyses confirmed that the
composition of the products was correct for these structures. The
i.r. Spectra show bends assignable to conjugated aldehyde stretching

frequencies and the strong sbsorbence due to the perchlorate anion,

found in the i.r. spectra of the perchlorate salts, was absent.

trans-5, 7-Dimethyl-3-(3-v-triazolo [1 ‘ 5—&) pyrimidinyl)acraldehyde (318)
is readily identified from the 'H n.m.r. spectrum. The chemical
shifts of the 5- and T-methyl groups and the 6-proton are similar to
those found for the corresponding protons in the y-triazolo [1,5-::;'_
pyrimidines (339 and 340)"5 . The trans-acraldehyde configuration
(341) is clearly recognisable, the three protons H,, Hyp and Hg 2ll show
shifte similar to those found for 3-(3-y-triazolo (:1,5—3] pyridyl)-
acraldehydewo . The coupling, Ja,b = 16 Hz, is.i_.ndica‘tive of the

trans HC=CH lg;:r-oup"m and the coupling, Jp,c = 8 Hz, is thet expected

for the trans HC-CHO groupnz’“o.
N\|/5
Mer= -
S N~¢@N
Me
(339) R="Fh .

(340) R = CONH,

These same shifis and couplings are found for the trzns=-acraldehyde

group in trans-3-(3-v-triazolo [l ' 5—_:[ pyrimidinyl)acraldehyde (319).
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The remaining three groups of single proton signals reveal a
H,C-CEp=CH, grouping as part of a pyrimidine ring by virtue of the
shift of Hy, which is in the range found for 6—H115, and the couplings
Ja,by Jb,c and ga,c' The couplings are similar in megnitude to those
found for the pyrimidine ring protons in the spectra of the pyrido -
P42—§prrimidinium perchlorates, where bond localisation is suspected
(see pe 47 ). Bond fixation in g—triazolo[},5-;prrimidines (339 and

340) has been reported previously‘15.

The velue of Jp,c = 8 Hz and the position of the locelised C=C lead
to the assignment of H; as T-H, and hence H, as 5-H. These iwo groups
of signals are well separated, the lover group being thet assigned %o
T-E, which is in accord with its position adjacent to the bridgehead

nitrogen ztom, where enhanced deshielding is expected.

The mixture of Jggggrmonomethyl isomers (320 and 321) show two sets

of signals in the 1H n.m.r spectrum, the set attributable to the
5-methyl isomer (320) being the smeller, and heving the least
deshielded methyl group. The sets are clearly distinct and each
proton is found at the chemicel shift expected by comparison with the
trans-acraldehydes (318 and 319). The only signals which coincide

are those of the aldehyde doublets, which are sufficiently fer removed
ffom the ring system to avoid influence from the position of the methyl

group.

The mixtures of cis— and trons—acraldehydes (319 + 323, and 318 +
322) show, in eddition to the expected signals for the trans-compounds,
gignels essigneble to the cis-acraldehyde function (342) 2s well as

slightly shifted signals due to ring and methyl protions.

A greater degreec of deshielding is found for the H, cis and Iy trans
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signals than for the corresponding Hg itrans and I, cis signals. This
is in good agreement with the results found for cis- and trans-3-(3-v-
$riazolo |:l,5-—9]p:,rrid.yl)acraldehydesmo, end has been explained by the
enhanced dechielding of the grouping (Hp or CHO) lying cis to the
ring system due to the lone pair electrons on N-2. The values of Ja.b

(12 Hz) alco support cis HC=CH coupling ' .

1
The H n.m.r. spectrum of the mixture of four monomethyl isomers (320,

321, 324 and 325) is more complex, but by careful comparison of the

signals, assignmenis may be made. The H, proton signals are the mos+®
distinctive, being a group of four doublets, two showing cis olefinic

coupling (12 Hz) and two trans olefinic coupling (16 Hz).

The i.r. spectra of the trens acraldehydes (318 - 321) show bands
assignable to the CH out~of-plene deformation mode of a irens HC=CH
EToupe. The mixtures of cis-= and itrans—compounds also show this band

and another bend assignable to the cis HC=CHE group Irequency.

9.2 Structure of 3(5)-Formyl-5(3)=(4-methyl-2—pyrimidinyl)pyrazole

The close similarity in structure between the 3—(3-grtriazolo[;,5_3J_
pyrimidinyl)acreldehydes and the 3—(3—3—triazolo[ﬁ,S—ngyridyl)-
acraldehydes lecads to the assumption that the thermal rearraengement

producis would have similar structures.
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The 1H n.m.r. spectrum recorded in hexadeuterodimethylsulphoxide,
shows a low field aldehydic proton signal, a singlet methyl signal, a
single proton singlet and two single proton doublets, which would be

expected for either of the pyrazole structures (333 or 343).

CHO

(333) (343)

The single proton singlet, assignable to the pyrazole proton, is found
at v 2,90. The 3-proton in pyrazole-4-carbaldehydes occurs at

T 22 - 2.616‘ and the 4-proton in pyrazole-3-carbaldehydes occurs at

T 3.4 - 3.6164. The signal 2t 1 2.90 may be assigned to the

A-proton (structure 333) as deshielding of this proton by the pyrimidine

nitrogen lone pair electrons will decrease the expected 1 value.

Similarly, deshielding of the 4-formyl proton in structure (343) by
these lone pair electrons would produce a signal of lower value than
that of T — 0.5 found for the 4-formyl proton in the pyrazole (329}61.
The formyl signal is found a2t 1 0.26, a value similar to those found
for other pyrazole 3-CHO grogps1a4. The 1H n.m.r. spectrum shows
quite clearly that the product of thermal isomerisation is the 3-formyl

pyrazole (333).

Some confirmatory evidence is found in the i.r. spectrum where the

- ]
formyl corbonyl sbsorption band is found at 1690 cm . This
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absorption is found at 1671 - 1679 em™! for 4-formyl Py?azoleQGQW4

and at 1687 - 1692 em™ ! for 3-formyl pyrazoles154.

9.4 llass Svectra

9.4.1

The mass svectra of the 3—(3—3—triazolo[},5—%]pyridyl)acrcraldehydes
(327 and 328) have been described in the literature 189¢18% There
appears to be a contradiction in the reporis, but the evidence
presented indicates thzt the parent ion loses CO and N,, with equal

probability, with subsequent loss of N,H and CHO.

The 3—(3—3—triazolo[?,5-%}pyrimidinyl)acraldehydes show a somewhat
different pattern. The parent ion loses CO or N,, CO locss being
favoured to N, loss, followed by loss of N; or CO. The (E—N2)+ ion
shows an alternative breakdown by loss of a hydrogen atom followed by
carbonyl loss. There is no evidence %o support any single loss of a
fragment of 29 mass units (CHO or N2H). The breakdown pathways are

summarised in Scheme 12.

The pathways were determined by accurate mass measurements, the
appearance of metastazble peaks and metastable scans at low accelerating

voltages.

The appearance of a strong parent ion and an abundant (K+—N2) peak in

159
the mass spectirum has been claimed as supporting evidence for the

presence of a fused v-triazole nucleus.
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— —'1 +
~"\—CHO
R’a’hl -
S N...h/[y
RZ
E . =
(M*-N,] (2:3) [M*-CO0]
[M*-N, -H]
l [M"-CO-N;]
[M*-N,-H-CO]
Scheme 12

9.4.2

The mass spectrum of the pyrazole (329) is reported to be identical
with those of the cis- and frans-acraldehyde precursors (327 and 328).
In the case of 3(5)-formyl-5(3)-(4-methyl-2-pyrimidinyl)pyrazole (333),
the similarity between the mass spectrum and those of its precursors
is restricted. No N, loss from the parent ion is detected, the
(1:-28)" peak (CSH3N4+) arising from CO loss only, with subsequent

loss of H, then N, (Scheme 13).
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Y

[M™-CO]

Y

IM"™-CO-H]

IM*-CO-H-N,|

Scheme 13
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10, BIOLOGICAL TEST RESULTS

A selection of the pyrido[},2-§ pyrimidinium salts, prepared during
the course of this work, was submitted for inclusion in parasitological

and antiviral screening programmese.

The compounds submitted were pyrido[},2fg pyrimidinium perchlorate
(46) and bromide (264), 2,4-dimethylpyrido (1,2-a|pyrinidinium
perchlorate (47) and 2—methyl—4—pheny1pyrido[},2—5prrimidinium

perchlorate (231).

10.1 Parasitological Screen

The in vivo test proccdure was as follows:—
Albino female Charles River mice ca 20 g, naturally
infected with S. obvélata, were artificially infected
with N, dubius L; larvae and H. nana eggs.
At %he end of a ten day post-infection period, each
mouse was treated orally with an experimental compound
at 100 mg/kg for five days.
The mice were killed three days after the last treaztment,

and the helminths were recovered and counted.

Results for 2-methy1-4—phenylpyrido[iJE—é]pyrimidinium perchlorate (231)

Ne. dubius H. nena S. obvelata
mean control count 10. 8.5 13.5 36.8
Yomesan % reduction 0 61 64
Levamizole % reduction 100 12 93

(231) % reduction 0 2 0
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Results for 2,4-dimethyloyrido [1,2-2] pyrimidinium perchlorate (47)

N, dubius H. nana S. obvelata
mean control count 13.9 29,2 25.8
Yomesan % reduction 9 67 0
Levamizole ¢ reduction 100 8 81
(47) % reduction 6 0 0

10.2 Antiviral Screen

The pyrido[},Q—Ejpyrimidinium salts (47 and 264) were tested, in vivo,
against influenza, Herpes Simplex, Coxsackie B. and PVI{, but were
found to be inactive. Pyrido[},2—gﬂpyrimidinium perchlorate (46)

was also tected azainst FVIHl and was found to be inactive.

(A1l the tests were carried out in the Pharmacology
laboratories of Smith, Kline and French Limited,

Philadelphia, U.S.4.).
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INFRA~-RED SPECTRA were determined for liquid paraffin mulls on a
Unicam SP 200 spectrophotometer (0.0.p. def. = out-of-plane

deformation).

ULTRA-VIOLET SPECTRA were recorded on a Unicam SP 800

spectrophotometer.

NUCLEAR MAGNETIC RESONANCE SFECTRA were determined on a Varian A60-A
(60 1Hz) and HA 100 (100 }Hz) spectrometers. Tetramethylsilane
was used as internal standard, or as exiernal standard where
stated.

Abbreviations used in the interpretation of n.m.r. spectra:

s = sginglet; d = doublet; dd = doublet of doublets; ddd =
doublet of doublets of doublets; t = triplet; g = quartet;

m % multiplet; br = broad; deg. = degenerate.

Calculations of the chemical shifts and coupling constanis for

165
ABX systems were performed according to the method of Banwell

MASS SPZCTRA were determined with an A.E.I. }MS 9 spectrometer,
operating at 50 pa and TO0 eV, Mass spectral data is presented
as E/ﬁ readings with the figures in parentheses representing

the percentege abundcnce of each peak.

MELTING POINTS were determined on an Electrothermal apparatus and

are uncorrected.

MICROANALYSES were performed by Dr. F.B. Strauss, Oxford, Lngland.



121

11 SYNTHZSIS OF PYRIDO[1,2-a) FYPINIDINIUM SALTS

11.1 Pyrido[l,2-a]pyrimidinium Perchlorates from 2-Aminopyridines

General lethod (a).

The 2-aminopyridine (1 g) and an equimolar quantity of the appropriate

p -dicarbonyl compound, or its escetel, were dissolved in methanol (5 cma)
60% perchloric zcid (2 cm®) was added, and the mixture was stirred at room
temperature for 15 - 18 h. In most cases a precipitate separated.
Sufficient diethyl ether was added to complete precipitation of the

perchlorate, vhich was filtered, weshed with ether, recrystallised from

methanol containing a few drops of perchloric acid, and dried at 500
in vacuo. By this general procedure the following perchlorates were

prepared, with some modifications as outlined.

2.4 Dimethyloyrido[1,2-2]pyrimidinium Perchlorate (47)

2-Aminopyridine and pentane-2,4-dione yielded 2.35 g (85.37), colourless

plates, m.p. 228 - 230°(decomp.) (1it.2%, yield 967, m.p. 221 = 202° a1

analysis only; 1lit.'®, yield 78%, m.p.229 - 230°).

Found: C, 46.3; H, 4.3; N, 10.6. Calc. for C, H,, ClH,0,: C, 46.4;
H, 4.3; N, 10.8%.

A, (MeOH) 210 (log € 4.34), 228 (4.51), 305 (3.80), 312 (3.73) and
317 (3.83) nm.

Vo, 1645, 1440, 1400, 1100 br (C10,7), 1040, and 785 cm™'.

T (CF,CO,H; 60lHz) 0.87 br.(1H, 4, 6-E), 1.25 - 1,55 (2H, m, 8- and
9-H), 1.83 (1H, m, 7-H), 2.02 (1H, s, 3-H), 6.87 (3E, s, 4-Ke),
and 7.02 (3H, s, 2-Me) (5-H, 6-H, T-H, and 8-H = ABIX systenm;

from first-order analysis J, .7 Hz).
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2,4,9-Trimethylpyrido[1,2-a] pyrimidinium Perchlorate (54)

2-Amino-3-methylpyridine and pentane-—f,tl.—dione yielded 1.3 g (51.5%),
colourless needles, m.p. 167 — 169° (1it.23, yield 84%, m.p. 162 - 163°,
Cl analysis only).
Found: ©C, 48.7; H, 4.9; N, 10.35. Calec.for Cqy Hy3CIN,0,: C, 48.4;

B, 4.8; N, 10.3%.
vy 1650, 1635, 1460, 1420, 1390, 1100 br (C104~), 1040, and 785 cm'.
v (CF,CO,H; 100 MHz) 1.48 (1H, dd, J 7 and 1 Hz, 6-H), 1.97 (1H, 44,

J 7 and 1 Hz, 8-H), 2,40 (1H, t deg.dd, JTend 7 Hz, 7-H), 2.51

(1H, s, 3-H), 7.28 (3H, s, 4-Me) and 7.42 (6H, s, 2- and 9-le).

2,4,8-Trimethylpyrido[l,2—a]pyrimidinium Perchlorate (53)

2-Amino-4-methylpyridine and pentane-2,4-dione yielded 2.1 g (83.2%),

colourless needles,-m.p. 190 - 191° (lit.za, yield 95%, m.p. 181 - 1837,

Cl anzalysis only).

Found: C, 48.3; H, 4.7; N, 10.4; €1, 12.8. Calc. for Cyq Hy3 C1N,0,:
c, 48.4; H, 4.8; N, 10.3; C1, 13.0%.

Wouaic 1640, 1460 sh, 1430 sh, 1370, 1100 br (C10,7), and 1035 em™'.

1(CF4CO,H; 60 MHz) 0.93 (1H,d, J7.5 Hz, 6-H), 1.55 (1H, s, 9-H), 1.91
(1, 4, J 7.5 Bz, 7-H), 2.08 (1H, s, 3-H), 6.87 (3H, s, 4-Me),

7.00 (3H, s, 2-lie) and 7.15 (3H, s, 8-Me).

2,4,7-Trimethylpyrido[l,2-a]pyrimidiniun Perchlorate (203)

.

2-Amino-5-methylpyridine and pentane-2,4-dione yielded 1.72 g (68.2),
colourless needles, m.p. 226 -227° (decomp.)
Found: C, 48.7; H, 4.9; N, 10.3. C,,H,3CIN,0, requires C, 48.4; H, 4.8;

N, 10.3%.
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v 1650, 1575, 1455, 1420, 1100 br (c10, ), and 1040 em” .
r(CF,C0,H; 100MHz) 1.48 (1H, d, J 1 Hz, 6-H), 1.84 (2H, d, 8- and 9-H),

2.45 (1H, s, 3-H), 7.23 (3H, s, 4-¥e), 7.37 (3H, s, 2-Me) and

7.61 (3H, s, T-Me).

2.4,7,9-Tetramethylpyrido[l,2-aloyrimidinium Perchlore te (204)

2-Amino-3,5-dimethylpyridine (1 g) and pentane-2,4-dione in 605, perchloric

acid (5 cm®) were stirred for 17 h. HMethanol (10 cm®) was added to the

white paste which had formed, then ether, to give a white precipitate.

Yield 2.2 g (86.0%), colourless needles, m.p. 141 - 142°.

Found: C, 50.5; H, 5.5; N, 9.6. Cq, Hy5C1N,0, requires C, 50.3; Hy, 5.23
N, 9.8%.

¥ g 1645, 1470, 1365, 1090 br (c10,7), and 1030 em~1.

t(CF,C0, H; 60lHz) 1.26 (1H, s, 6-H), 1.65 (1H, s, 8-H), 2.12 (1E, s, 3-H),
6.90 (3H, s, 4-Me), 7.03 (3H, s, 2-Me), 7.07 (3H, s, 9-Me) and

7.30 (3E, s, T-Me).

9-Hydroxy—2,4—dimethy1pyrido[ll?~a3pyrimidinium Perchlorate (205)

9—Amino-3-hydroxypyridine and pentane-2,4-dione yielded 1.85 g (74.3%),

colourless needles, m.p. 196 =197".

Found: C, 43.8; H, 4.1; N, 10.0.  C4oH4 C1N,04 requires C, 43.7;

H, 4.0; N, 10.2%.
Ve 3300 (OH), 1645, 1580, 1500, 1440, 1310, 1260, 1180, 1100 br

(c10,”), 1040, and 750 cm~'.

1(CF;C0,H; 60 MHz) 1.37 (1H, t, X of AA'X, 6-H), 1.97 (2H, 4, AN of
AN X, T and 8-H), 2.08 (1H, s, 3-H), 6.90 (3H, s, 4-le) and

7.02 (3H, s, 2-lte) (Calc. for AX X system — |J .. + is'a| = 7.8).
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_9—Amino—2,4—dimethylpyrido[lJ2—dlpyrimidinium Perchlorate (242)

2,3-Diaminopyridine and pentane-2,4-dione yielded 2.50 g, (99.6%),
yellow needles (from water), m.p. 263 — 265° (decomp.).
Found: C, 43.7; H, 4.4; N, 15.3. Cq9Hyp C1N,0, requires C,43.9;
H, 4.4; ¥, 15.4%.
Vonr 3450 and 3340 (NH,), 1640, 1620, 1605, 1430, 1395, 1350,
1100 br (€10,7), and 735 em™'.
1(CFyCO, H; 60 MHz) 1.13 (1H, dd, J 7.5 and 1 Hz, 6-H), 1.45 (1H, 44,
J 8.5 and 1Hz, 8-H), 1.94 (1H, dd, J 8.5 and 7.5 Hz, 7-H),

2,08 (1H, s, 3-H), 6.89 (3H, s, 4-Me) and 7.03 (3H, s, 2-le).

Pyrido[1,2-a]l pyrimidinium Perchlorate (46)

2-Aminopyridine and 1,1,3,3-tetramethoxypropane yielded 2.2 g (90.0%),

colourless needles, m.p. 216° (decomp.) (1it.?®, yield 75%, m.p.

217 - 218°, C1 analysis only; 1it.'®, yield 60%, m.p. 222 - 223°).

Found: C, 42.0; H, 3.2; N, 12,0; C1l, 15.7. Calc. for CgH,C1N,0, :
c, 41.65; H, 3.0; N, 12.15; Cl, 15.4%.

Apay (MeOH) 210 (loge 4.05), 227 (4.10), 267 (3.90), 303 (3.72), 309
(3.71) and 317 (3.83)nm.

Vo.x 1635, 1385, 1140, 1100 br (cio,'), 1080, 1025, 955, 840, and
800 cm~'.

1(CF;CO,H; 60 NHz) 0.37 - 0.59 (2H, m, 2- and 4-H), 0.83 br (1K, 4, J
7 Hz, 6-H), 1.21 - 1,44 (2H, m, 8- and 9-H) and 1.64 - 1.96 (2K,

m, 3- and 7-H) .

8-lethylopyrido[1,2-2] pyrimidinium Perchlorate (49)

2-Amino-4-methylpyridine and 1,1,3,3-tetramethoxypropane yielded 2.96 2y

(91.1%), colourless needles, m.p. 191 — 193° (decomp.) (1it.2%, yield 70%,
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m.p. 185 — 186°, Cl anslysis only).
Found: C, 44.0; H, 3.7; N, 11.4; Cl, 14.4. Calc. for CgHgaClN,0,:
C, 44.3; H, 3.7; N, 11.5; C1, 14.5%.
S 1650, 1640, 1405, 1385, 1185, 1100 br (C104 ), 1045, and 850 cm~1,
1 (CF; CO,H; 100 MHz) 0.58 = 0.77 (2E, m, AB of ABX, 2- and 4-H),
1.11 (1H, 4, J 6.8 Hz, 6-H), 1.67 (1H, s, 9-H), 2.05 (1H, dd,
X of ABX, 3-H), 205 (1H, d, J 6.8 Hz, 7-E) and 7.22 (3H, s, 8-Me).
(Calc. for ABX system — 70.61 4-H, 70.74 2-H, J,,4.0, I, , 1.5

g“ 7.0 Hz).

7-lethylpyrido[1,2-a] pyrinidinium Perchlorate (48)

2-Amino-5-methylpyridine and 1,1,3,3—tetramethoxypropane yielded an
orange product, which wes reflured in ethanol with activeted charcoal.
After filtering, colourless needles crystallised from the hot solution.
Yield 1.1 g (48.67), m.p. 183 - 185° (from ethanol).
Found: C, 44.0; H, 3.7; N, 11.2. CgHyClN,0, requires €, 44.3: Hy 3.7
N, 11.5%.
N 1630, 1520, 1390, 1135, 1100 br (C104 ), 1040, and 855 em™ 1.
1(CF,CO,H; 100 MHz) 0.58 = 0.77 (2E, m, AB of ABX, 2- and 4-H), 1.14
(1E, 4, J 1 Hz, 6-H), 1.54 (2E; 4, & and 9-H), 1.96 (18, dd,
X of ABX, 3-H) and T7.32 (3H, s, 7-Me) (Calc. for ABX system -
10.61 4-H, 70.73 2-H, J,; 4.5, g,_" 1.5y I3, 140 Hz).

7,9-Dimethylpyrido[1,2—a]pyrimidinium Perchlorate (212)

2-Amino-3,5-dimethylpyridine and 1,1,3,3~tetramethoxypropane yielded

1.9 ¢ (89.67), colourless needles, m.p. 164 - 165°.

Found: GC, 46.3; H, .4.3; N, 10.6.  CqgHyy C1N,04 requires C, 46.4; H, 4.3
| N, 10.8%.

W 1640, 1515, 1460, 1415, 1155, 1120, 1090 br (€10,7), and 790 cu™’
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v (CF;CO,H; 100 MHz) 0,60 - 0.87 (2H, m, AB of ABX, 2- and 4-H), 1.36
(1E, s, 6-E), 1.74 (1H, s, 8-H), 2,04 (1H, dd, X of ABX, 3-H)
and 7.17 and 7.40 (6H, 2 x 5, T- and 9-le) (Calc. for ABX,

system - T0.63 4-H, T0.83 2-H, J,; 4.1, d,, 1.5, 34 7.0 Hz).

6,8-Dimethylpyrido[1,2-a]pyrimidinium Perchlorate (218)

2-Amino-4,6-dimethylpyridine and 1,1,3,3-tetramethoxypropane (half scale)

yielded 0.92 gz (85.4%), colourless plates, m.p. 214 — 216° (decomp.).

Found: C, 46.1; H, 4.5; N, 10.6.  Cqg Hyy C1N,0, requires C, 46.4;
H, 4.3; N, 10.8%.

v 1650, 1635, 1560, 1410, 1360, 1100 br (c10,”), 1045, €85, and
780 cm” .

1(CF3C0,H; 60 IfHz) 0.24 - 0.48 (2H, m, AB of ABX, 2- and 4-H), 1.66
(1H, s, 9-E), 1.91 (1H, dd, X of ABX, 3-H), 2.03 (18, s, 7-H),
'6.90 (3H, s, 6-le) and T.16 (3H, s, 8-Me) (Calc. for ABX system -

T0.31 2-H, 70.40 4K, J,; 4.9, I,, 1.7, I, T.9 Hz).

9-Ethv1-6-methylpyrido[1,2-a]pyrimidinium Perchlorate (217)

2-Aﬁino—3—ethyl—éumethylpyridine end 1,1,3,3-tetramethoxypropane yielded
1.78 g (88.67%), colourless needles, m.p. 192 - 195°,
Found: C, 48.75; H, 5.0; N, 10.2.  Cqq H43C1N;04 requires C, 48.4;
H, 4.8; N, 10.3%.
Voo 1640, 1620, 1565, 1520, 1410, 1385, 1350, 1330, 1030 br (ci0, ),
1035, and 800 cm™1.
1(CF,CO, H; 60 lHz) 0.41 - 0.64 (2H, m, AB of 4BX, 2- =nd 4-H), 1.49
(1%, 4, J 8.3 Hz, &-H), 1.84 (1E, dd, X of 4BX, 3-E), 1.97 (11,
d, J 8.3 Hz, 7-H), 6.56 (2H, g, J 7.5 Ez, —CH,CE;),
6.91 (3H, s, 6-lle) and 8.55 (3H, t, J T.5 Hz ~CH,CH,). (Calc
for ABX system — T0.46 4-H, 10.56 2-H, J,; 4.4, J,, 1.8,

Js,“ 7.6 HZ)-
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G—Hethylpyrido[1,2—a]pyrimidinium Perchlorate (214)

2—Amino-6-methylpyridine and 1,1,3,3-tetramethoxypropane yielded 1.8 g

(79.5%), colourless needles, m.p. 224 - 225° (decomp.) (1it.?%, yield

70%, m.p. 217 - 218°, Cl analysis only).

Found: C, 44.4; H, 3.8; N, 11.5. Calc. for CyEyClN,04: C, 44.33 B, 2.T%°
N, 11.5%.

Voiie 1635, 1410, 1350, 1100 br (c10, ), 1080, 1045, and 830 cm~'.

1 (CF;C0,H; 60 MHz) 0.33 = 0.50 (2H, m, 2- and 4-H), 1.25 - 1.45 (2H,
m, 8~ and 9-H), 1.61 - 1.86 (2K, m, 3- and 7-H) and 6.82 (3H, s,

6"‘1‘13 ) -

6-Ethyloyrido[1,2-al pyrimidiniun Perchlorate (215)

2-Amino-6-ethylpyridine and 1,1,3,3-tetramethoxypropane yielded 0.9 g
(42.57), colourless needles, m.p. 187 - 190°.
Found: C, 46.3; H, 4.45; ¥, 10.6.  Cqo Hyy C1N,0, requires C, 46.4;
H, 4.3; N, 10.8%.
v, 1630, 1425, 1355, 1140, 1090 br (€104~ ), 1060, 840, and 815 em™ ',
1 (CF; CO,H; 60 MHz) 0.33 - 0.50 (2H, m, 2- and 4-H), 1.12 - 1.49 (2E,
m, 8- and 9-E), 1.66 - 1.91 (2H, m, 3- and 7-H), 6.50 (2H, q,

J 7.5 Hz, -CH,CH;) and 8.37 (3H, %, J 7.5 Ez, -CH,CHj) .

6—n-PPOﬁylny“ido[1,2—a]ﬁy?imidinium Perchlorate (216)

2-Amino=6=-n-propylpyridine and 1,1,3,3-tetramethoxypropane yielded 1.6 g
(79.9%), colourless needles,'m.p. s Y
Found: C, 48.3; H, 4.9; N, 10.1. Cq E,;C1N,0, requires C, 48.4;
H, 4.8; N, 10.3%.
e 1630, 1380, 1360, 1350, 1090 br (c10,”), 830, 2nd 820 em™ 1.

1(CF3C0,H; 60 1iHz) 0437 = 0.48 (2K, m, 2- and 4-H), 1.15 - 1.50 (2E,
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m, 8- and 9-H), 1.66 - 1.92 (2H, m, 3- and T-H), 6,53 L(2H, %,

J T.5 Hz, =CH,CH,CH;), 7.99 (2H, m, -CH,CH,CH,) and 8.80 (3H, ¢,
J 7 Hz, -cazcazqgs).

9-Hydroxyovrido[1,2-a] pyrimidinium Perchlorate (213)

2-Amino-3-hydroxypyridine and 1,1,3,3-tetramethoxypropane yielded sl g

(32.6%), colourless needles, m.p. 211 - 213° (decomp.).

Found: ©C, 38.75; H, 3.0 N, 11.2. CgH;Cl1N,0; requires C, 38.95;
H, 2.8; N, 11.4%. '

vy 3400 (0H), 1635, 1585, 1520, 1410, 1380, 1300, 1180, 1100 br
(c10,”7), 835, 780, and T30 cm~',

(CF,CO,H; 100 1Hz) 0.70 (2H, dd, 2- 2nd 4-H), 1.37 (1H, ad, 6-H) and

1.88 - 2.08 (34, m, 3-, 7—- and 8-E).

9-Aminopyrido [ 1,2-2] pyrimidinium Perchlorate (243)

2,3-Diaminopyridine and 1,1,3,3-tetramethoxypropane yielded 1.50 g

(66.6%), yellow needles (from water), m.p. 279 - 280° (decomp.).

Found: C, 39.0; H, 3.3; N, 17.05. CgHgClN;0, requires C, 39.1; H, 3.33
N, 17.1%.

¥ 3450 and 3350 (NE,), 1620 br, 1605, 1525, 1375, 1325, 1090 br
(104 ), and 830 cm~'.

1(CF, CO,H; 100 MHz) 0.72 = 1.02 (28, m, 2- and 4-H), 1.73 (1H, t, 6-H)

and 2.06 - 2.28 (3H, m, 7- and 8-H).

4-Nethylpyrido[1l,2-a]prrimidinium Perchlorate (37)

2—Aminopyridine and 4,4-dimethoxybutan—2-one yielded 1.7 g (66.7%),

colourless needles, mePe. 232 = 2330 (decomp.) (lit.zi, yield 12%,

m}p. 224 - 226° (decomp. ).
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Found: C, 44.2; H, 3.8; N, 11.3. Calc. for CgH4ClN,0,: C, 44.3%
H, 3.7; N, 11.5%

1640, 1410, 1325, 1100 br (€10, ), 1040, 875, 865, 790, and

VY max

780 cm~1.
1(CF,CO,H; 60 MHz) 0.55 (1H, 4, J 5 Hz, 2-H), 0.75 br (1H, 4, J 7.4 Hz,
6-H), 1.18 - 1.38 (2H, m, 8- and 9-E), 1.69 (1H, m, 7-E), 1.87

(18, 4, J 5 Hz, 3-H) and 6.78 (3H, s, 4-Me).

4,9-Dimethylvyrido[1,2-2] pyrimidinium Perchlorate (175)

2-Amino—3-methylpyridine and 4,4—dimethoxybutan-2-one yielded 1.1 g
(46.0¢), colourless needles, m.p. 185 - 186°.
Found: C, 46.3; H, 4.2; N, 10.T. Cy Hy C1N,0, requires C, 46.4; H, 4.3;
N, 10.8%.
Vs 1635, 1625, 1520, 1450, 1415, 1090 br (C10, ), 1035, and 780 en~ 1.
+ (CF4CO,E; 60 MHz) 0.60 (1, 4, J 4.5 Hz, 2-H), 0.99 br (1E, d, I 7.3 Hz,
6-H), 1.49 br (1H, 4, J 8.0 Hz, 8-H), 1.92 (1H, dd, J 7.3 and
8.0 Hz, 7-H), 2.03 (1H, 4, J 4.5 Hz, 3-H), 6.82 (3H, s, 4-Me) and

6.99 (3H, = 9-1-’13)0

4,8-Dimethylpyrido[l,2-2] pyrimidinium Perchlorate (174)

2-#mino-4-methylpyridine and 4,4-dimethoxybutan-2-one yielded 1.03 g
(43.3%), colourless plates, m.p. 188 - 190°.
Found: C, 46.2; H, 4.2; N, 10.5; Cl, 13.9. CqoHy ClN,04 reguires
C, 46.4; H, 4.3; N, 10.8; C1 13.7%.
Vo, 1650, 1640, 1450, 1330, 1100 br (€10 7), 1080, and 1040 cm™'.
T(bpacozn; 60 1Hz) 0.58 (1H, &, J 5 Hz, 2-H), 0.88 (1, 4, J T Hz, 6-H),
1.49 (1E, s, 9-H), 1.85 (1H, 4, J 7 Bz, 7-H), 1.96 (1, 4, J 5 Hz,

3-H), 6.81 (3H, s, 4-le) and 7.11 (34, s, 8-le).
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4,7—Dimethylnyrido[l,2—a]nyrimidinium Perchlorate (173)

2-Amino-5-methylpyridine and 4,4-dimethoxybutan-2-one yielded 1.9 g
(79.4%), colourless needles, m.p. 196 — 199°.
Found: C, 46.6; H, 4.3; N, 10.8. C,gH C1N,0, requires C, 46.4;
H, 4.3; N, 10.&%. '
Vpax 1630, 1575, 1520, 1320, 1090 br (c1047), 1040, and 865 cm ™',
1(CF,C0,H; 100 MHz) 0.63 (1H, 4, J 4.5 Hz, 2-H), 1.02 (1H, 4, J 1 Hs,
6-H), 1.42 (2H, d, 8 and 9-H), 1.94 (1H, d, J 4.5 Hz, 3-H),

6.78 (3H, s, 4-lie) and T7.17 (3E, =, T-He).

4,7,9-Trimethylpyridof1,2-a]ny“imidinium Perchlorate (176)

2-Amino-3,5-dimethylpyridine and 4,4-dimethoxybutan—2-one yielded 1.85 g
(82.8%), colourless needles, m.p. 162 - 163°.
Found: C, 48.2; H, 4.8;.N, 10.1. Cy4q Hy3C1N,0, requires C, 48.4;
H, 4.8; N, 10.3%.
e 1635, 1525, 1440, 1325, 1100 br (Cl0, ), 1035, 870, and 790 ca™ 1.
1(CF,C0,H; 60 KHz) 0.58 (1H, 4, J 4.8 Hz, 2-H), 1.13 (1H, 4, J 1 Hz,
6-H), 1.56 (1H, d, J 1 Hz, 8-H), 1.95 (1H, 4, J 4.8 Hz, 3-H),

6.82 (34, s, 4-Me) and 7.02 and T.23 (6H, 2 x s, T- and 9-Me).

9¥Hydroxy-4—mcthylnyrido[l,2—5]pgrimidinium Perchlorate (177)

2-Amino-3-hydroxypyridine a2nd 4,4-dimethoxybutan-2-one yielded 1l.72 g

(73.03%), colourless needles, m.pe 233 - 234° (decomp.).

Found: C, 41.2; H, 3.5; ¥, 10.5. CgHgClH,;04 requires C, 41.5; H, 3.45;
N, 10.75%.

Vi oo 3350 (oE), 1635, 1525, 1420, 1385, 1310, 1280, 1245, 1100 br

(c10, ), and 770 cm~1,

1(CF3C0,H; 60 KHz) 0.77 (1H, 4, J 4.6 Hz, 2-E), 1.36 (1H, 54 X of AA X,
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6-H), 1.94 (2H, d, AA' of AN X, T- and 8-H), 2.04 (1H, d, J 4.6 Hz,
3-H) and 6.87 (3H, s, 4-le) (Calc. for AA X system - Ii5'7 +J 4

= 8-0 HZ)O

9-Amino-2-methylpyrido[l,2-a) pyrimidiniun Perchlorate (245)

2,3-Diaminopyridine and 4,4-dimethoxybutan-2-one yielded 0.80 g (33.6%),
yellow needles, (from methanol Iz 2]), m.p. 185 - 186° (decomp.).
Found: C, 41.6; H, 3.9: N, 16.2. CgH,(ClN;0, requires C, 41.6;

H, 3.85; N 16.2%.

Vpax 3450 and 3350 (NH,), 1620, 1605, 1520, 1350, 1325, 1030 br

(C1047), 820, and 735 cm '.

7(CF,C0,H; 60 MHz) 0.85 (1H, 4, J T.6 Hz, 4-H), 1.30 (1H, 44, J 7.0
and 1 Hz, 6-H), 1.58 (1HE, dd, J 8.6 and 1 Hz, 8-H), 2.03 (1H, 44,
J 8.6 and 7.0 Hz, T-H), 2.04 (1H, 4, J 7.6 Hz, 3-E) and 6.75 (3H,

s, 2-Me).

The product obtained by repeating the reaction above (but recrystallising

only once) appeared to be a mixture of 9—amino—2-methylnyrido[l,?—a]—

pyrimidinium perchlorate (245) and 9~amino—4—methylnyrido[1,2:;-—

pyrimidinium perchlorate (246) from its 'H n.m.r. spectrum in (CD3), SO.

v [(CD;), S0; 60 Iz external Me,Si stendard] 0.86 (d, J 7.6 Hz, 4-H,
[245]), 1.01 (&, J 4.7 Hz, 2-E[246]), 1.73 (dd, X of ABX, 6-H
[246]), 1.78 (ad, X of ABX, 6-H [245]), 2.14 (4, J 4.7 Hz, 3-H
[246]), 2.20 (4, J 7.6 Hz, 3-H [245]), 2.35 = 2.75 (m, 2 x AB
of ABX, 7- and 8-H [245 and 246]), 4.12 br (s, 9-NH, [245 and

246]), 1.15 (s, 4-le [246]), and T.30 (s, 2-le [245]).

2,6-Dimethyloyrido[l,2-a] pyrimidinium Perchlorate (182)

o—Amino-6-methylpyridine and 4,4-dimethoxybutan—2-one yielded 1.6 g
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(66.87), pale yellow plates, m.p. 224 - 226° (decomp. ).
Found: C, 46.1; H, 4.4; N, 10.85; Cl, 14.2. Cyq Hyy C1N, 0, reguires
C, 46.4; H, 4.3; N, 10.8; C1, 13.7%.
Vpay 1640, 1420, 1365, 1100 br (€10,7), 1035, and 825 cm
(CF,CO,H; 100 NMEz) 0.68 (1H, 4, J T.4 Hz, 4-H), 1.38 - 1.62 (2H, m,
AB of ABX, &- and 9-H), 1.95 (1H, d, J 7.4 Hz, 3-H), 2.03 (1H, 44,
X of ABX, 7-H), 6.87 (3H, s, 6-Ne) and 6.91 (3H, s, 2-lMe). Calc.
for ABX system — 11,48 8-H, T1.53 9-H, 3., Te4, ;4 1.6,

~178 =1,

Jggq 848 Hz).

6-Ethyl-2-methylpyrido[1,2-a] pyrimidinium Perchlorate (190)

2-Amino- 6-ethylpyridine and 4,4-dimethoxybutan-2-one yielded 0.75 g

(33.6%), yellow needles, m.p. 194 - 195° (decomp.).

Found: C, 48.1; H, 5.0; N, 10.0.  Cy Hy3 C1N, 04 requires C, 48.4; H, 4.8;
N, 10.3%.

v, 1635, 1425, 1380, 1090 br (c10,7), 835, and 830 cm .

1(CF3C0, H; 100 MHz) 1.19 (1H, 4, J 7.5 Hz, 4-H), 1.87 - 2.15 (2H, m, AB
of ABX, 8- and 9-H), 2.42 (1H, 4, J 7.5 Hz, 3-H), 2.45 (1E, dd,
X of ABX, 7-H), 7.03 (2H, q, J T.5 Hz, - CH,CH,), 7.43 (3H, s,
2-Me) and 8.88 (3H, t, J 7.5 Hz, -CH,CH,)(Calc. for ABX system —

t1.88 8-H, 72,00 9-H, I, Te6y J,41e3y I4,8-8 Hz).

718
L]

2-Methyl-6—n—:ropy1pyridc[1,2-@3Dyrimidinium Perchlorate (191)

o—Amino—6-n-propylpyridine (2 g) and 4,4-dimethoxybutan-2-one (1.95 g)
were dissolved in 607 perchloric acid (4 cm?) and the nixture stirred at
room temperature for 18 h to yield a dark brown solution. Upon addition
of methanol (20 cm®) and ether (1000 cm3) the solution became cloudy, and
after refrigeration for 2 days yellow needles crystallised from solution.

The crystals were filtered and washed with ether. Yield 1.0 g (23.7%),
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orange plates (from methanol/60% perchloric acid [few drops]/ether),
m.p. 103 - 105°.
Found: C, 50.2; H, 5.4; N, 9.6. Cqp H,s C1N,0, requires C, 50.3; H, 5.2;
N, 9.8%.
v_.p 1635, 1425, 1420, 1380, 1340, 1090 br (C10, ), 825, and 820 cm .
1(CF,C0,H; 100 MHz) 0.74 (1H, d, J 7.3 Hz, 4-H) 1.39 - 1.67 (2H, m, 4B
“ of ABX, 8- and 9-H), 1.91 (1H, d, J 7.3 Hz, 3-H), 2.05 (1H, dd,
X of ABX, T-H), 6.64 (2H, t, J 7.5 Hz, -CH,CH,CH;), T.02 (3H, s,
2-Me), 8.07 (2H, m, -CH,CH,CH;) and 8.86 (3H, t, J 7.5 Hz,
-CH,CH,CH,) (Calc. for ABX system — t1.49 8-H, 71.60 9-H, 316

Te6y 374 1e3, 44 8.8 Hz).

8,9

9-Ethyl-2,6-dimethyloyrido(1,2-a] pyrimidinium Perchlorate (192)

2-Amino-3-ethyl-6-methylpyridine and 4,4-dimethoxybuten—-2-one yielded
0.65 g (30.9%), yellow needles, m.p. 121 - 123°,
Found: C, 50.2; H, 5.4; N, 9.5. Cy2 Hy5 C1N, 0, requires C, 50.3; H, 5.2;
N, 9.8%.
Y 1645, 1625, 1420, 1380, 1345, 1320, 1100 br (Cl0, ), 1030, 1020,
870, and 800 om ‘.
7(CF,CO,E; 60 MHz) 0.78 (1H, 4, J T.5 Hz, 4-H), 1.65 (1H, d, J T.5 Hz,
8-H), 2.02 (1H, 4, J 7.5 Hz, 3-H), 2.14 (1H, 4, J 7.5 Hz, T-H),
6.59 (2, q, J 7.5 Hz, -CH,CH,), 6.99 (6H, s, 2— and 6-Me) and

8.55 (3H, t, J T.5 Hz, —CH,CH,).

2-lfethyl-A-phenyloyrido[1,2-a] pyrimidinium Perchlorate (231)

2-Aminopyridine and benzdyl acetone yielded 1.85 g (54.45), colourless
needles (from methanol), m.p. 209 = 212° (decomp.).
"Found: C, 56433 H, 4.1; N, 8.5; Cl, 11.4. CogH,3C1N,0, requires C, 56.2;

H, 4.1: N, 8.T3 01, 11.1%.
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v,y 1640, 1575, 1425, 1100 br (c10,”), 770, and 700 cm .

1 (CF3CO,H; 100 MHz) 1.08 (1H, 4, J 6.8 Hz, 6-H) 1.45 (2H, d, AA' of AN X
8- and 9-H), 2.08 (1H, dt, J;, 6.8 Hz, X of AA'X, 7-H), 2.17 (1H,
s, 3-H), 2.32 br (5H, s, 4-Fh) and 6.99 (3H, s, 2-Me) (Calc. for
/ - =
AN X system |-'I-7,a + _.17’9| 8.2 Hz).

2,9-Dimethyl-4-phenylpyrido [1 5 2-2] pyrimidinium Perchlorate (2;&)

2-Amino-3-methylpyridine (1 g) and benzoylacetone (1.5 g) were dissolved
in methanol (5 cm®) and 60% perchloric acid (2 cm®) and stirred for 140 h.
More methanol (10 cm3) and ether (500 cm®) were then added, vhereupon the
solution become cloudy. Colourless needles formed overnight. Yield
0.1 g (3.2¢), colourless needles (from ethanol), m.p. 194 - 195°.
Found: C, 57.5; H, 4.5; N, 8.4. Cqyg HysClN,0, requires C, 5T.4; H, 4+5;
N, 8.4%.
v . 1640, 1630, 1425, 1370, 1090 br (c1047), 770, and 700 cm .
1(CF4C0, H; 100MHz) 1.33 (1H, dd, J 6.9 and 1.5 Hz, 6-H), 1.72 (1H, dd,
J 6.0 and 1.5 Hz, 8-H), 2.24 - 2.50 (TH, m, 4-Th, 3- and T-H),

7.07 (3K, s, 2-Me) and 7.12 (3H, s, 9-Me).

2,8-Dimethyl-4-phenylpyrido [1,2-a] opyrimidinium Perchlorate (233)

2-Amino-4-methylpyridine and benzoyl acetone yielded 2.0 g (64.5%), after

116 h. Colourless needles, m.ps 224.5 - 226.5° (decomp. ).

Found: C, 57.6; H, 4.7; N, 8.4. C,q H,sClN, 0 requires C, 5T.45 Hy 4.3
N, 8.4%. :

Voax 1630, 1565, 1445, 1415, 1370, 1280, 1100 br (€10, ), 770 and
700 cm .

t(CF;CO,H; 100 MEz) 1.10 (1H, 4, J 7 Hz, 6-H), 1.55(1H, s, 9-H), 2.16
(1H, s, 3-H), 2.18 (1H, 4, J T Hz, T-H), 2.25 br (5H, =, 4-Ph),

6.91 (3H, s, 2-Me) and T7.14 (3H, s, 8-Me).
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2,7-Dime thyl-4-phenylpyrido[1,2-alpyrinidiniumn Perchlorate (232)

2-Amino-5-mettylpyridine and benzoyl acetone yielded 1.54 g (49.7%)

after 92 h. Colourless needles, m.p. 192 - 195°.

Found: C, 57.3; H, 4.4; N, 8.2, Cy Hys C1N,04 requires C, 57.4; B, 4.5%
N, 8.4%.

Vo.y 1635, 1570, 1435, 1405, 1090 br (c10,7), 1045, 845, 790, and

700 cm .

1(CF,CO,H; 100 1Hz) 1.80 (1H, s, 6-H), 2.07 (2H, s, 8- and 9-H), 2.71
(18, s, 3-H), 2.84 br (5H, s, 4-Ph), 7.52 (3K, s, 2-Me) and T.99

(3H, s, T-He).

2,T,9-Trimethy1w4—pheny1nyrido[1,2—é1pyrimidinium Perchlorate (235)

o—Amino-3,5-dimethylpyridine and benzoyl acetone yielded 0.5l g (2.1%),

after 116 h. Colourless plates, m.p. 199 - 200°.

Found: C, 58.7; H, 5.0; N, T.9. C,7H47C1N,0, requires C, 58.5; B, 4.9;
N, 8.0%.

Vot 1640, 1630, 1580, 1410, 1340, 1250, 1090 br (ci0,7), 775, and

705 cm .

1(CF, CO, H; 100 IHz) 1.96 (1H, 4, J 1 Hz, 6-H), 2.27 (1, 4, J 1 Hz,
8-g), 2.76 (1H, s, 3-H), 2.81 br (5E, s, 4-Ph), T.52 (3H, s,

2-le), 7.57 (3H, s, 9-Me) and 8.01 (3H, s, T-Ye).

9—-Amino—2-me thyl-4-phenylpyrido[1,2—a] pyrimidinium Perchlorate (244)

2,3-Diaminopyridine and benzoylacetone yielded 1.15 g (37.4%), yellow

needles (from water), m.p. 245 - 247° (decomp.).

Found: C, 53.9; H, 4.3; N, 12.3. Cy5Hyq C1N304 requires C, 53653
H, 4.2; N, 12.5%

L and 3350 (NH,), 1640, 1625, 1615, 1530, 1470, 1430, 1400,
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1265, 1100 br (C10,), 780, and 750 cm .

1(CF3C0,H; 60 MHz) 1.19 (1H, dd, J 7.4 and 1.2 Hz, 6-H), 1.42 (1H, d,
J 8.5 Hz, 8-H), 1.97 - 2.39 (7H, m, 4-Ph, 3~ and 7-H) and 6.50
(3H, s, 2-le).

Attempted Synthesis of 2,4,6-Trimethylpyrido[l,2-al pyrimidinium

Perchlorate (206)

A. By the general method (a) 2-amino-6-methylpyridine and pentan-2,4-
dione, after reaction times of 16 h, 40 h and 7 days, yielded, in all
three cases, 2-amino-6-methylpyridinium perchlorate as a colourless
precipitate, which was cheracterised by comparison of its i.r. specirum
with that of an authentic sample.

v 3400, 3340 and 3200 (W-H), 1660, 1630, 1180, 1140, 1080 br (€10, ).

max
1010, 990 and 810 cm ‘.

B. 2-Amino-6-methylpyridine (0.5 g) a2nd pentane-2,4-dione (0.5 g) were
dissolved in 60% perchloric acid (1 cm®) and the mixture heated on a2
water bath for 60 h. Addition of methanol (5 cm3®) and ether (200 cmf)
precipitated a cslourless solid, which was filtered, washed with ether
and dried by suction a2t the pump. I.r. spectra showed it to be 2-amino-

6-methylpyridinium perchlorate, as above.

Attempted Synthesis of 9—Carbethoxy—G—phenylpgrido[1,2-a]pyrimidinium

Perchlorate (284)

A. By the zeneral method (a) with the aminopyridine (0.5 g scale) and
ethanol (10 cm?) instead of methanol, 2-amino-3-carbethoxy-6-phenyl-
pyridine and 1,1,3,3-tetrametioxypropane yielded 0.65 g (91.9%) of 2-
amino-3-carbethoxy-6-phenylpyridinium perchlorate as a colourless

precipitate, which vas characterised by comparison of its i.r. spectrum
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with that of an authentic sample.

v

3420, 3380 and 3290 (N-H), 1710 (C=0), 1685, 1340, 1100 br (Cl0, ).

em 1.

max

B. Method of Khmaruk, Volovenko and Chuiguk’ .
2-Amino-3-carbethoxy-6-phenylpyridinium perchlorate (0.5 g) and 1,1,3,3-
tetramethoxypropene (0.3 g) were dissolved in ethanol (10 cm®) and
refluxed for 3 h. Addition of ether (500 cm3) precipitated a colourless
solid, which was filtered, washed with ether and dried by suction at the
pumpe. I.r. spectra showed it to be 2-amino-3-carbethoxy-6-phenylpyrid—

inium perchlorate, as above.

Attempted Synthesis of 6-Hydroxypyrido[1l,2-2] pyrimidinium

Perchlorate (2292)

2-Amino-6-hydroxypyridine and 1,1,3,3-tetramethoxypropane yielded 1.72 g

of a purple powder which could not be further purified or identified.

Attempted Synthesis of 6—Aminopy*idc[1,2-é}nyrimidinium Perchlorate (229b)

2,6-Diaminopyridine and 1,1,3,3-tetramethoxypropane yielded 2,10 g of a

brick red powder which could not be further purified or identified.

Attempted Synthesis of 6—Amino—2-methylpyrido[1,2—3]nv?imidinium

Perchlorate (193a)

2,6-Diaminopyridine and 4,4-dimethoxybutan-2-one yielded a black

intractable tar.



138
Attempted Synthesis of 2,6-Dimethyl-9-nitronyrido[1,2—&]pYrimidinium

Perchlorate (285)

2—Amino—6-methyl-3-nitropyridine and 4,4-dimethoxybutan-2-one yielded
1.55 g (93.67) of 2-amino-6-methyl-3-nitropyridinium perchlorate as a
yellow precipitate, which was characterised by comparicon of its i.r.
spectrum with that of an authentic sample.

;max 3420, 3300 and 3170 (NWH), 1665 br, 1630, 1520 (NO, assym. str.),

1330 (w0, sym. str.), 1285, 1225, 1160, 1100 br (c10,7), 1005,

855, and 770 cm ‘.

9—Methylpyrido[l,2—a]ny*imidinium Perchlorate (50)

A. By the general method (2), on a 2 g scale and 1000 cm® ether, 2-

amino-3-methylpyridine and 1,1,3,3-tetramethoxypropane yielded 2.3 g of

an unidentified product (P) as colourless needles.

Found: C, 41.05; H, 5.O;Iﬁ, 9.5. 09H901H204.CH30H requires C, 43.4;
H, 4.7; N, 10.1%. C4H,ClN,0, requires C, 44.3; H, 3.7;
N, 11.5%.

v,y 3370, 1640, 1580, 1300, 1090 br (c10,7), and 755 cm .

1 (CF,C0,H; 60 MHz) 0.34 - 0.75 (24, m ), 1.05 (1E, d, J 6.5 Hz), 1.48
(1H, 4, J 8 Hz), 1.93 (2H, m), 5.93 (s), 6.32 (s), 7.00 (3E, s).
(After 10 min at the operating temperature, the peak at T 6032

disappears and the pezk at v 5.93 increases in size and integrates

for 3H).

B. 2-Amino-3-methylpyridine (¢ g) and 1,1,3,3-tetramethoxypropane (3.2 g)
were dissolved in methanol (4 cm®) and the solution cooled in an ice bath.
60% Perchloric acid (3 cmz) was added slowly to prevent the temperature
rising above 0°.  The mixture was stirred for 26 h. Addition of

methanol (5 cm3) and ether (1000 cm3), precipitated the unidentified
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product (P) as colourless needles. The product was dissolved in methanol
and ether added until cloudy. The mixture was refrigerated overnight.
The colourless needles which had formed were filtered and dried in vacuo
at room temperature for T days. Yield 3 g, mepe 115 - 1170.
Found: C, 41.7; H, 4.7; N, 10.1. CsH901N204.0H30H requires C, 43.4;
Hy, 4.7; N, 10.1%. C4H,CIN,0, requires C, 44.3; H, 3.7T; N, 11.5%.
1

Voay 3370, 1640, 1580, 1300, 1090 br (C10, ), and 755 cm .

The above product (P) (0.5 g) was dissolved in dimethyl sulphoxide (3 emd)
and heated on a water bath for 10 min. Methanol (3 cm3) and ether (50 cn®)

were added to precipitate the 9—methylpyrido[1l2—a]pyrimidinium

perchlorate (50). Yield 0.33 g, m.P. 156 - 158° (from methanol/ether).

Found: C, 44.4; H, 3.9; N, 1l.4. CyHgC1N,0, requires C, 44,35 H; 313
N, 11.5%.

Vo, 1640, 1625, 1400, 1100 br (610,7), 850 and 790 om .

1(CF,C0,H; 100 lHz) 0.58 — 0.83 (2H, m, AB of ABX, 2- and 4-H), 1.21
(1, 4, J 6.5 Hz, 6-H), 1.64 (1H, 4, J 7.7 Hz, g-H), 2.05 (1H, 44,
X of ABX, 3-H), 2.09 (1H, dd, J 6.5 and 7.7 Hz, 7-H), 7.11 (3H, s,
g9-le) (Calc. for ABX system — 710.61 4-H, 70.79 2-H, J;3 4.2,

Iy, 629y 1, 1.7 Ha)

C. By the general method (a), on a 2 g scale with stirring for 5 h at
500, 2—amino-3-methylpyridine and 1,1,3,3-tetramethoxypropane yielded 4.3 g

(95.0%) of 9—methylpyridoEi,?-é]pyrimidinium perchlorate (50).

Attempted Synthesis of 2,6,8—Trimethylpyrido[1,2—a]hyrimidinium

Perchlorate (53)

A. By the general method (a) 2-amino-4,6-dimethylpyridine and 4,4-di-
methoxybutan-2-one, on 0.5 g scale aftier 7 days, yielded 0.90 g of

2-amino-4,6-dimethylpyridinium perchlorate (197), as colourless needles.
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The product was characterised by comparison of its i.r. spectrum with
that of an zuthentic sample.

Vpax 3450, 3350 and 3220 (wH), 1655, 1640, and 1100 br (C10,") cm

B. Method of Khmaruk, Volovenko and Chuiguk’:.
2-Amino-4,6-dimethylpyridinium perchlorate (197) (1 g) and 4,4-dimethoxy-
butan—-4-one (0.7 g) were dissolved in 95% ethanol (25 cms) and the
solution refluxed for 3.5 h. The volume was reduced to 5 cm’® by

evaporation in vacuo. Addition of ether precipitated 2-amino-4,6-

dimethylpyridinium perchlorate, characterised by its i.r., as above.

C. 2-Amino-4,6-~dimethylpyridinium perchlorate (1 g) and 4,4-dimethoxy—
butan-2-one (0.7 g) were dissolved in acetic anhydride (10 cm3) and the
solution heated on a water bath for 1 h. The mixture was cooled and
poured into ether (200 cm®). A brown solid precipitated which was
filtered and washed with ether. Treatment with activated charcoal in

methanol afforded 446,8—trimethylpyrido[1,2—a]nyrimidinium perchlorate

(198) as a yellow powder. Yield 0.96 g (78.4%), separating from
methanol as pale yellow needles, m.p. 201 — 203° (decomp.).
Found : C, 48.7; Hy, 4.9; N, 10.15. C4y H43C1N,0, requires C, 48.4;
H, 4.8; N, 10.3%.
ooy 1655» 1635, 1595, 1475, 1340, 1275, 1100 br (c10, ), 1035, and
880 om™ ',
1(CF, CO,H; 60 Imz) 0.80 (1HE, 4, J 4.8 Hz, 2-H), 1.75 (1H, s, 9-H),
2.12 (1H, s, 7-H), 2.15 (lH; dy J 4.8 Hz, 3-H), 6.70 and 6.77

(6H, 2 x s, 4~ and 6-Me) and T.23 (3H, s, 8-le).
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1.2 Pyrido[l,2~a]pyrimidinium Perchlorates from

2-Acylvinylaninopyridines

General lethod (b)

The appropriate 2-(2-acylvinylamino)pyridine (0.1 g) was dissolved in
ether (100 cm®) and methanol (2 cm®) and stirred during the addition of
60% perchloric acid (0.2 cm3). The solution immediately went milky
and then clesred as the pyrido[l,E—é]pyrimidinium perchlorate
coagulated., The precipitate was filtered, washed with ether and dried

at 50o in vacuo. By this procedure, the following salts were prepared:

4-lethylpyrido[l,2-e] pyrimidiniun perchlorate, 0.14 g (92.8%), from 2-(2-

acetylvinylamino)pyridine (172).

2,4*Dimethylpyrido[},E—Qprrimidinium perchlorate, 0.13 g (88.5%), from

2-(2-acetyl-l-methylvinylamino)pyridine (200).

2,4,8-Trimethy1pyrido[1,2*g]pyrimidinium perchlorate, 0.13 g (90.6%) ,

from 2-(2-acetyl-l-methylvinylamino)-4-methylpyridine (201).

2,6-Dimethylpyrido[1,2-a] pyrimidinium perchlorate, 0.14 g (95.3%), from

2-(2-formyl-l-methylvinylamino)-6-methylpyridine (185).

2,4,7,9—Tetramethylpyrido[1,2~§Jpyrimidinium perchlorate, 0.14 g (99.7%),

from 2-(2-acetyl-l-methylvinylamino)-3,5-dimethylpyridine (202).

The m.p's. and i.r. specira of the above products were identical to those

of the corresponding compound prepered by method (a).

2-(2-Acetylvinylemino)—6-methylpyridinium Perchlorate (184)

Treatment of 2-(2-acetylvinylamino)—-6-methylpyridine (183) by method (b)

above, yielded 2-(2-acetylvinylaming-6-methylpyridinium perchlorate
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0.15 g (95.5%), as colourless needles, m.p. 139 - 141° (decomp.).
Found: ©C, 43.4; H, 4.9; C1, 12.6; N, 9.9. Cqp Hy3 C1N,05 requires
Cy 43.4; H, 4.73 C1, 12.8; N, 10.1%.

ooy 3300 and 3180 (2 x NH), 1640 (C=0), 1595, 1545 and 1520 cm .

13133 2,6—Dimethylpyrido[l,2-a]Dzrimidinium Perchlorate -— A Mechanistic

Investication

11.3.1

A, 2-(2-Acetylvinylamino)-6-methylpyridine (183) (0.5 g) and 2-amino-6-
methylpyridine (0.31 g) were dissolved in methanol (5 cm3) and 60%
perchloric zcid (0.4 cm3) and the solution stirred, at room temperature,
for 24 h. Addition of ether precipitated 0.60 g of 2-amino-6-methyl-
pyridinium perchlorate s a2 colourless solid, which was characterised by

comparison of its i.r. spectrum with that of an authentic sample.

B. 2-(2-Acetylvinylamino)-6-methylpyridine (183) (0.5 g) was dissolved
in methanol (5 cm3) and 607 perchloric acid (0.4 cm®) and the solution
stirred, at room temperature, for 24 h. Addition of ether precipitated
0.63 g of 2-(2-acetylvinylamino)-6-methylpyridinium perchlorate (184), as
a colourless solid, which was characterised by comparison of its i.r.

spectrum with that of an authentic sample.
11,342

A. Repeating 11.3.1 A. z2bove, but using 605, perchloric acid (0.7 cm?),
0.82 g of 2-amino-6-methylpyridinium perchlorzte was obtained. It was

characterised by comparative i.r.

B. Repeating 11.3.1 B. 2bove, but using 60% perchloric acid (0.7 cm?),
.0.19 g of 2-amino-6-methylpyridinium perchlorate was obtained. It was

characterised by comparative i.r.
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11.3.3

Repeating 11.3.1 B. ahQVe,‘hut with stirring for 93 h, yielded 0.05 g
(6.8%) of 2,Swdimethylpyrido[l,2—§]pyrimidinium perchlorate (182),

jdentical to that prepared by the general method (a)e

11.4 Pyrido[i,EmaJpyrimidinium Bromides from Z2-Aminopyridines

Ceneral Method

The 2-aminopyridine (2 g) and an equimolar quantity of the appropriate
p-dicarbonyl compound, or ite acetal, were dissolved in 60% hydrobromic
acid (5 cm3) and stirred at room temperature for 15 - 18 h, Methanol
(20 cm3) and ether (200 cm®) were added %o precipitate the bromide,
which was filtered, washed with ether, recrystallised from methanol
containing a few drops of hydrobromic acid, and dried at 500 in vacuo.

The following bromides were prepared by this general method.

2. A-Dimethylpyrido[1,2-a] pyrimidinium Bromide (263)

o-Aminopyridine end pentane-2,4-dione yielded 2.4 g (66.7%) of the

bromide (263) as cream needles. M.p. 265 - 266° (decomp. ).

Found: C, 50.3; H, 4.7; W, 11.7; Br, 33.4. Cq0 Hyy BTN, requires C, 50.2;
H, 4.6; N, 11.7; Br, 33.5%.

v 1640, 1570, 1430. 1215, 1200, 1030, 790, and 780 cm '

Pyrido[1,2-a) pyrinidinium Bromide (264)

2-Aminopyridine and 1,1,3,3~tetramethoxypropanre yielded 3.75 g (83+3%)
of the bromide (264) as cream needles. IM.p. 268° (decomp.).
Found: C, 45.T; H, 3.6; N, 13.3; Br, 3667 CgH,BrN, requires C, 45453

H, 3.3; N, 13.3; Br, 37.9%.
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Voax 1640, 1510, 1380, 1130, 840, and 790 cm '.

6-Methylpyrido[1,2-2]pyrimidinium Bromide (265)

2—Amino-6-methylpyridine and 1,1,3,3-tetramethoxypropane yielded 3.5 g

(83.3%) of the bromide (265) as cream needles. IM.p. ca 292° (melts

only when pleced in a preheated melting point apparatus).

found: ¢, 47.7; H, 4.05; N, 12,25 Br, 36.0. CgHgBrl, requires C, 48.0;
H, 4.0; W, 12.4; Br, 35.6%.

v, 1635, 1580, 1415, 1345, 840, and 820 cm .
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11,5 Synthesis of Pyrido[i,Q-é:pyrimidones and Attempted Conversion to

Pyrido[1,2-al pyrimidinium Salts

2-lethyl-AH-pyrido[1,2-a] pyrimidin-4-one (72)

A. Method of Antaki and Petrowzs.

2-Aminopyridine (9.4 g) and ethyl acetoacetate (26 g) were heated at

100° for 4 h, Excess of the reactants was removed by distillation under

reduced rressure and the solid residue crystallised from benzene/light

petrol (b.p. 100 — 120°) to yield 2-acetoacetamidopyridine (306) as off-

white plates, map. 112 - 130 (11420, wep. 112 = 113°),

Vias 3250 (17H), 1715 (ketone C=0), 1670 br (amide C=0 + pyridine C=N),
1580, 1555, 1445, 1330, 1310, 1180, 1160, 1140, and 780 em .

The intermediate so obtained was carefully added to concentrated

sulphuric acid (20 cms) at room temperature, an exothermic reaction
occuring. After stirring for 24 h, the solution was poured onto ice,
basified with agueous ammonia and extracted with chloroform. Evaporation
of the chloroform yielded 0.75 g (4.7%) of 2—methyl—4§fpyrido[l,2-é] -
pyrimidin —4-one (72) as colourless needles, m.p. 120° (from benzene/
light petrol, b.p. 100 - 120°) (1it.?® , yield <10%, m.p. 123°).

v ___ 1700 (c=0), 1630 (C=N), 1540, 1410, and 775 cm .

v (CDC1,; 60 MHz) 0.96 br (1E, 4, J 7 Hz, 6-H), 2.33 - 3.00 (3H, m, 7-,

8- and 9-H), 3.65 (1H, s, 3-H) and 7.56 (3H, s, 2-le).

B. lethod of Khalifa3® (modified).

2-Aminopyridine (22.8 g) and ethyl acetoacetate (1Q0 cma) were refluxed
fof 30 h. Excess ethyl acetozcetate was removed by distillation under
reduced pressure. The solid recidue was crystallised from benzene/
light petrol (b.p. 100 — 120°) to give yellow needles. Elution through

2 charcoal column with benzere yielded 4.5 g (11.6%) of 2-methyl-4H-
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pyrido[i,2—gJpwrimidin—4—one (72) as colourless needles (from benzene/

1ight petral [b.pe 100 - 120%]), m.p. 122° (244, m.p. 128°).
= ?

2H-Pyrido [1,2-al pyrinidin-2-one (107)

Method of Lappin42 (modified).

To a cold solution of 2-aminopyridine (4.7 g) in dry ether (50 em®), a
solution of ethyl propiolate (4.9 g) in dry ether (25 cm®) was added.

The mixture wes stirred for 48 h, a precipitate was observed after 30 min.
The product was collected by filiration, and extracted with dry ether in
a Soxhlet extractor until the effluent from the extraction was colourless.
There remzined undissolved 0.8 g (11.0%) of off-white solid, me.p. 251 -
254° (1it.42 , yield 24%, m.p. 248 — 250°).

v, 1650 (c=0), 1610, 1585, 1390, 1115, and 780 co .

9-Ie thyl-2H-pyrido[1,2-a] pyrimidin-2-one (111)

2-Amino-3-methylpyridine (5.6 g) and ethyl propiolate (5.0 g), by the

modified method of Lappin'? (as above), with cooling to 5 - 10°, yielded
i, A

0.92 g (10.6%) of off-white solid m.p. 226 - 227° (1it. , yield 37%,

m.p. 226 — 228°).

Attempted Synthesis of a A-Chloro—2-methylpyrido[1,2-al pyrinidinium

Salt (308)

2—Methy1—4ﬂ-pyrido£1,2—é}pyrimidin—4—one (72) (0.2 g) and phosphoryl
chloride (5 cm®) were mixed and refluxed for 1 h. Ixcess phosphyl
chioride was distilled off at reduced pressure, to yield a red tarry
solid, which was identified as impure 2—methy1-4£—pyrido[1,2-%1pyrimidin—
A-one hyarochlqride by comparison of the i.r. spectrum with that of an

authentic sample.
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+
v 2520 (NH), 1715 (C=0), 1645, 1515, and 760 cm .

Attempted Synthesis of E—B?omonyrido[l,Z—é?pyrimidinium Bromide (315)

2§—Pyrido[1,2-—§] pyrimidin-2-one (107) (0.2 g) and phosphorus tribromide
(3 cms) were heated for 2 h on a water bath. Addition of methanol and
ether precipitated a tacky brown solid, which was redissolved in methanol
and reprecipitated with ether. Its i.r. spectrum showved it to be 2-oxo-

pyrido[l,2—d]nyrimidinium bromide by comparison with that of an

authentic sample.

v .. 3450 (uH), 1705 (c=0), 1650, 1420, 1290, and 860 cm .

Attempted Synthesis of 2—Keth31~4H—nyrido[1,2—5]nyrimidin-4~thione (207)

A, 2—Methyl—4§-pyrido[;,E—é]pyrimidin—4—one (72) (0.3 g) and phosphorus
pentasulphide (0.1 g) were mixed with benzene, and the mixture refluxed
for 65 h, filtered and evaporated to dryness. The solid residue was

unchanged 2-methy1—4gypgrido[;,2-é]pyrimidin-4—one.

B. 2mHethy1—A§§@wTido[},2-;]pyrimidin—4—one (72) (0.3 g) 2nd phosphorus
pentasulphide (0.12 g) were heated together at 110° for 30 min in a
vacuum sublimation apparatus, then sublimed under reduced pressure 1o

give unchanged 2-methy1—4§-pyrido[},2—@3pyrimidin—4—one.

C. 2—Methy1—4§rpyrido[;,2-§}pyrimidinr4—one (72) (0.3 g) and phosphorus
pentasulphide (0.1 g) in pyridime (5 cm®) were refluxed for 6.5 h.
Evaporation of the pyridine under reduced pressure yielded unchanged

2-methyl-4H-pyrido[1,2-a] pyrimidin-4-one.
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Attempted Synthesis of 2-lethoxypyrido[1,2-al pyrimidinium Hethyl Sulphate

(316) and 2—Hethoyy—?—methylnyridotl,2—&]nyrimidinium Methyl Sulphate (217)

Dimethyl sulphate (5 m Moles) in ethanol (10 cm’) was added to the
appropriate 2_1§—pyrido[l,2—a] pyrimidin-2-one (5 m lioles) in ethanol (10 cm3)
and stirred for 4 h with the temperature maintained at 50 - 60°. After
cooling, ether (400 cma) was added and the solution became cloudy.

After refrigeration for 16 h an oily deposit separated. The ether layer
was decanted off to leave a pale yellow oil. Attempts to isolate a

solid by trituration proved fruitless in both cases.
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12. REACTIONS AND PROPERTIES OF PY”IDO[i,2—é}PYRIMIDIHIUK SALTS

12.1 Hydrolytic Fission of Pyrido[l,2—a]Dyrimidinium Perchlorates to

Yield 2-(2-Acylvinylamino)pyridines

2-(2—Acetyl—l—methylvinylaminqlpyridiﬁe (200)

A. 2,4—Dimethylpyrido[1,2—§]pyrimidinium perchlorate (47) (1 g) was
suspended in water (20 om®) and stirred vigorously, whilst excess 40%
sodium hydroxide solution was added dropwise. The solution became red
and the product was extracted with ether (6 x 25 cm®).  The extracts
were combined, dried (Hg504) and evaporated at reduced pressure to yield
a brown oil. Chromatography on basic alumina with CCl,-CHCIl, (4:1)

yielded 0.45 g (66.1) of 2-(2-2cetyl-l-methylvinylamino)pyridine (200)

188 y MeDe 360, structure given as imino-ketone).

as a pale yellow oil, (1it.

Found: C, 67.8; H, 6.8; N, 15.9%; M', 176.0947. C,q Hy, N,0 requires
C, 68.2; H, 6.8; N, 15.9%; M, 176.0950.

O (vH), 1625 (C=0), 1595, 1570, and 1505 cm .

r (CCl, ; 60 liHz) =-2.91 br (1H, s, exchanges D0, N#), 1.82 (1H, m, 6-H),
2,51 (1H, ddd, 4-H), 3.10 - 3.32 (2H, m, 3- and 5-H), 4.88 (18, q,
J 0.6 Hz, -NH-Clle=CE-), 7.58 (3H, 4, J 0.6 Hz, -NH-Clle=CH-) and
8.0 (3H, s, COle) (first-order anelysis for 3-H, 5-H, 4-H and 6-H,
ABMX system).

o/e 177 (2), 176 (11), 175 (3), 161 (4), 159 (2), 134 (11), 133 (100),
132 (4), 131 (2), 120 (2), 119 (16), 118 (2), 95 (2), 94 (3), 79
(5), 78 (37), 67 (1) 66 (4), 65 (2), 60 (2), 53 (2), 52 (6), 51
(10), 50 (2), 43 (14), 42 (3), 41 (3), 40 (3), 39 (10), 38 (3),
28 (3), 27 (4).

m¥* 100.6 (176—-133), 88.0 (161—-119), 51.1 (119—178), 45.7 (133



150

B. Several attempts to prepare 2—(2—acetyl—l—methylvinylamino)pyridine
(200) from ¢-aminopyridine and pentane-2,4-dione by the two methods of
Kudryavtsev and Savicﬁws produced only unchanged starting meterials

(lit.1ss, yields 45 and 605, m.p. 360, assigned imino-ketone structure).

2-(2-Acetyl-l-methylvinylamino)-4-methylpyridine (201)

2,4,8-Trimethylpyrido[l,2-EJpyrimidinium perchlorate (53) (1 g) was
suspended in water (10 cm®), to which ether (10 cm®) had been added, and
stirred vigorously whilst excess 40% sodium hydroxide solution wes added
dropwice. The mixture became brown, The ether layer was separated
and the remaining vproduct extracted from the agueous layer with mofe
ether. The ether extracts were combined, dried (Mgsoa) and evaporated
at reduced pressure to yield a brown oil. Chromatography on basic

alumina with CCl, yielded 0.5 g (71.7%) of 2-(2-acetyl-l-methylvinylamino)

—=4-methyloyridine (201) as a pale yellow oil.

Found: C, 69.5; H, T.4; N, 14.8%; H', 190.1094. C,, Hy N,0 requires

C, 69.5; H, T.4; N, 14.7%; M, 190.1106.

Voax 1625 (C=0), 1605, 1560, and 1505 cm '

1 (CC1l,; 60 EHz) -2.69 br (1H, s, exchanges D,0, NH), 1.97 (1H, dd, J
5.1 and 0.8 Hz, 6-H), 3.36 br (2H, d, 3- and 5-H), 4.90 (1H, q,
J 0.6 Hz, -NH-CMe=CH-), 7.58(3H, d, J 0.6 Hz, -NH-Clie=CE-), 7.75
(3H, s, 4-le) and 8.0 (3H, s, COMe) (first-order analysis for 3-H,
5-H, and 6-H, ABX system).

n/e 191 (1), 190 (7), 189 (3), 175 (5), 148 (12), 147 (100), 146 (4),
145 (2), 134 (2), 133 (14), 132 (2), 108 (3), 93 (2), 92 (35),
81 (2), 80 (4), 78 (3), 67 (4), 66 (4), 65 (13), 53 (3), 52 (3)
51 (3), 43 (14), 42 (2), 41 (4), 40 (2), 39 (11), 28 (3), 27 (4).

m¥ 113.7 (190—=-147), 101.1 (175—-133), 63.6 (133—92), 57.6
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2—(2-Acetyl-l-methylvinylamino)-3, 5-dimethylpyridine (202)

2,4,7,9-Tetranethylpyrido[1,2-a| pyrinidiniun perchlorate (204) (3 g)

was suspended in water (20 cm®), to which CCl, (50 cm®) had been added,
and stirred vigorously whilst excess 40% sodium hydroxide solution was
added dropwise. The mixture became red-brown. Stirring was continued
for 30 min. The CCl; layer was separated and the remeining product
extracted from the aqueous layer with CCl, (2 x 25 cms). The CCl,
extracts were combined, dried (HgSO4) andlreduced in bulk under reduced
pressure. The concentrated CCl, solution was eluted through a neutral
alumina column with more CCl,. Evaporation of the CCl, under suction

yielded 1.65 g (72.4%) of 2-(2-acetyl-l-methylvinylamino)-3,5—dimethyl-

pyridine (202) as a pale yellow solid, m.p. 89 — 91° [colourless

needles, from light petrol (b.p. 40 - 60°)].

Found: C, 70.4; H, 7.7; N, 13.6. Cy, HN,0 requires C, 70.6; H, 7.8;
N, 13.7%.

v, 1630 (c=0), 1605, 1570, and 1500 o

r (CCl,; 60 kHz) -2.72 br (1H, s, exchanges D,0, NH), 2.36 br (1E, s,
6-H), 3.05 br (1H, s, 4-H), 5.03 (1H, q, J 0.5 Hz, -NH-CMe=CE-),
7.62 (3H, 4, J 0.5 Hz, -NH~Clle=CH-), 7.77 and 7.87 (6H, 2 x s,
3- and 5-le) and 8.04 (3H, s, COMe).

n/e 205 (1), 204 (5), 203 (2), 189 (4), 187 (2), 162 (15), 161 (100),
160 (3), 159 (2), 148 (3), 147 (18), 146 (3), 145 (3), 133 (2),
122 (2), 121 (2), 107 (3), 106 (21) 94 (2), 93 (2), 92 (5), &0
(4), 79 (8), 78 (3), 77 (11), 74 (2), 73 (2), 67 (3), 66 (3), 65
(5), 63 (2), 54 (2), 53 (6), 52 (3), 51 (4), 44 (2), 43 (29), 42
(4), 41 (8), 40 (3), 39 (23), 29 (2), 28 (5), 27 (8), 26 (2).

m* 127.0 (204——161), 114.3 (189 —-147), T6.5 (147——106),

70.0 (161——106).
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2-(2-Acetyl-l-methylvinylemino)-3-aminopyridine (247)

9—Amino—2,4-dimethy1pyrido[l,2-§ pyrimidinium perchlorete (242) (0.5 g)
was suspended in water (100 cm®) and stirred vigorously whilst N/10
sodium hydroxide solution (18.28 cm®) was added dropwise from a burette.
CHC1, (50 cma) wags added and the mixture stirred for 10 min. The CEC1,
layer wes separated and the remaining product extracted from the agueous
layer with more CHCl, (4 x 50 cma). The CHCl, extracts were combined,
dried (mgsod) and evaporated at room temperature under reduced pressure

to yield 0.32 g (91.6%) of 2(—2-acetyl-l-methvlvinvlemino)-3—eminopyridine

(247), m.p. 90 - 91°, [yellow needles, from benzene/light petrol (b.p.
60 - 80°)].
Found: C, 62.8; H, 6.7; N, 21.9%; M', 191.1059. C,, H,; N;0 requires
c, 62.8; H, 6.8; N, 22.0%; M, 191.1059.
Ve 3420 and 3370 (NH,), 3250 (NE), 1655 (C=0), 1615, 1590, 1570, and
1515 cm . '
r (CDC14; 60 MHz) =-2.60 br (1H, s, exchanges D,0, NH), 2.25 (1H, dd, X
of ABX, 6-H), 2.91 — 3.33 (2H, m, AB of ABX, 4- and 5-H), 5.59
(1H, s, -NE-CMe=CE-), 6.00 br (2H, s, exchanges D,0, NH,), 7.71
(3H, s, -NH-Clie=CH~) and 7.93 (3H, s, COMe) (Calc. for ABX
system - 1 3.13 5-H, 7t 3.31 4-H, I, 8.3, J,, 1.8,
Js6 50 Hz).
n/e 192 (3), 191 (22), 190 (3), 177 (3), 176 (20), 174 (6), 173 (4),
158 (2), 149 (16), 148 (100), 147 (5), 146 (2), 135 (4), 134
(30), 133 (10), 132 (3), 131 (3), 120 (2), 110 (2), 109 (5), 108
(3), 94 (3), 93 (30), 92 (2), &2 (4), 81 (4), 8 (2), 79 (2),
67 (43), 66 (12), 65 (3), 64 (2), 56 (2), 55 (3), 54 (5), 53
(5), 52 (4), 43 (17), 42 (4), 41 (5), 40 (3), 39 (18), 38 (3),
28 (6), 27 (5). | |
m* 162.5 (191—— 176), 114.8 (191—148), 102 (176——134), 58.5

(148 ——93).
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2-(2-Formylvinylamino)=-3-methylpyridine (210)

The unidentified product (P) (0.2 g), obtained in the attempted synthesis
of 9-methylpyrido[l,E—Eprrimidinium perchlorate (method B.), was
dissolved in water (20 cms) and stirred vigorously whilst N/10 sodium
hydroxide solution (7.23 cm’) was added dropwise from a burette. A
white solid suspension was visible, which dissolved upon addition of
more water (25 cm’). The mixture was stirred for 2 h, then the product
extracted with CHCl3 (4 x 25 cms). The extracts were combined, dried
(MgSOa) and evaporated under reduced pressure to yield a2 red solid,

me.p. 107 = 1090, identified a8 2-(2-formylvinylamino)-3-methylpyridine

(210).

+

Found: C, 67.0; H, 6.4; N, 15.4%; M , 162.0792. CqH,,N,0 requires

97710
C, 66.7; H, 6.2; N, 17.3%; M, 162.0793.

Voax 3300 (WH), 2700, 1645 (C=0), 1620, 1590, and 1505 em ',

T(CDC1;; 60 MHz) =-1.90 Sr (1H, s, exchanges D,0, NH), 0.59 (1H, dd,
J 2.0 and 3.4 Hz, CEO), 1.82 (1H, ddd, J 3.4, 8.2 and 12.1 Hz,
-NH-CH=CH~), 1.88 (1H, dd, J 1.8 and 5.2 Hz, 6-H), 2.58 (1H, dd,
J 1.8 and 8.0 Hz, 4-H), 3.14 (1H, dd, J 5.2 and 8.0 Hz, 5-H),
4.55 (1H, dd, J 2.0 and 8.2 Hz, -NH-CH=CH-) and 7.72 (3H, s,
3-lie).

n/e 163 (2), 162 (20), 161 (3), 160 (2), 147 (4), 134 (12), 133 (100),
132 (5), 131 (4), 119 (8), 118 (3), 111 (2), 109 (2), 108 (11),
107 (3), 106 (2), 105 (3), 204 (2), 99 (2), 97 (3), 95 (2), 94
(2), 93 (18), 92 (21), 91 (4), 85 (1), 84 (2), 83 (4), &2 (2),
81 (6), 8 (1), 79 (3), 78 (3), T7 (3), T2 (22), 70 (4), 69 (D), 67(5),
66 (9), 65 (21), 64 (4), 63 (4), 57 (22), 56 (5), 55 (10), 54
(3), 53 (&), 52 (7), 51 (6), 50 (2), 43 (20), 42 (4), 41 (15),
40 (4), 39 (19), 38 (3), 29 (1), 28 (8), 27 (22).

o> 109.2 (162—=133), 63.6 (133—=92).
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3=Ethyl-2-(2-formylvinylamino)-6-methyloyridine (211)

9—Ethyl—6—methylpyrido[ﬁ,Qﬁglpyrimidinium perchlorate (217 ) (0.5 g) was
dissolved in water (75 ocm’) and stirred vigorously whilst K/10 sodium
hydroxide solution (18.35 cm®) was added dropwise from a burette. The
mixture was stirred for a further 10 min and the product extracted with
CHCl; (4 x 50 cm®’). The extracts were combined, dried (lizSO 4) and
evaporated to dryness under reduced pressure to yield 0.31 g (83.0%) of

3—ethyl-2—(2-fornylvinylamino)-6-methyloyridine (211) 25 pale yellow

microprisms, m.p. 106 - 1070.

Found: C, 69.55; H, T.3; N, 14.8%; k', 190.1110. Cy H,, 1,0 requires
C, 69.5; Hy, T.4; N, 14.7%; M, 190.1106.

Voas | 3320 (¥H), 2730, 1650 (C=0), 1620, 1600, 1580, 1570, and
1515 cm_1.

T I:(G].’}:i ),S0; 60 NHz, external Me,Si sta.nd,ard] 0.52 br (1H, s, NH trans),
0.88 (1H, 4, J 8.5 Hz, CHO irans), 1.73 (1H, 4, J 13.5 Hz,
-NH-CH=CH-trans), 2.77 (1H, d, J 7.5 Hz, 4-H trans), 3.37 (1,
dy J 7.5 Hz, 5-H trans), 4.25 (1H, dd, J 8.5 and 13.5 Hz,
-NH-CH=CH- trans), 7.69 (2H, q, J 7.5 Hz, -CH,CH, trans), 7.80
(é.H, s, 6-le) and 9.03 (3H, t, J 7.5 Hz, ~CH,CH,) .

t (CDC1;; 60 lHz) =-1.85 br (s, exchanges D,0, NE cis), 0.69 (d, J 8.5Hz
CHO trans), 0.72 (dd, J 1.9 and 3.4 Hz, CHO cis), 1.36 (d,

J 13.5 Hz, -NE-CH=CE- trens), 1.83 (ddd, J 3.4, 8.2 and 12.1Hz,
-NE-CH=CH~- cis; with D,0 becomes dd, J 3.4 and 8.2 Hz, broad
peaks, sharpen with NaOD, -ND-CH=CH- cis), 2.77 (d, J 7.0 Hz,

4-H gis and trans), 3.35 (d, J 7.0 Hz, 5-H, cis and irans),
4.21 (dd, J 8.5 and 13.5 Hz, -NH-CH=CH trans), 4.67 (dd, J 1.9
and 8.2 Hz, -liH-CH=CH- cis), 7.49 (q, J 8 Hz, -CH,CH, cis),

7.52 (q, J 7.5 Hz, -CH,CH, trens), 7.69 (s, 6-Me, cis and trans),

8.82 (t, J 8 Hz, -CH,CH, cis) and 8.89 (t, J 7.5 Hz, —CH,CH,
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trans).

m/e 191 (10), 130 (63), 189 (5), 175 (5), 174 (4), 173 (9), 163 (5),
162 (71), 161 (100), 160 (7), 159 (15), 148 (9), 147 (80), 146
(67), 145 (47), 144 (6), 136 (7), 135 (18), 134 (5), 133 (21),
132: (13), 131 (10), 222 (5), 121 (29), 120 (89), 119 (11), 118
(13), 117 (10), 116 (6), 108 (T), 107 (7), 106 (16), 105 (8),
104 (14), 94 (11), 93 (42), 92 (20), 91 (30), 90 (5), 89 (5),
80 (10), 79 (16), 78 (23), 77 (50), 76 (5), 73 (16), 72 (5),
70 (8), 67 (10), 66 (19), 65 (43), 64 (11), 63 (15), 55 (11),
54 (9), 53 (35), 52 (27), 51 (34), 50 (10), 43 (9), 42 (27), 41
(35), 40 (12), 39 (58), 38 (9), 29 (14), 28 (31), 27 (63) 26 (12).

m* 136.5 (190——161), 132.4 (161——146), 89.5 (161——120), 83.5
(132—=105), 75.5 (146—105), 71.0 (119—92), 70.5 (120—
92).
meta-stable determinations

4 - 8 kv 190—= 161, 190 ——133, 175—133, 162—133, 189——120,
161——120, 147— 120, 161—— 119, 147—119.

2 - 8 kv 161—=92, 147——92, 133—92, 119—92.
accurate mass determinations

Found: m/e 190.1110 (C, Hy N,0" requires 190.1106), 161.1079
(Cyo HygNp* requires 161.1079), 161.0714 (CoHgN,0" requires
161.0715), (ht. C,oHygN, s ht. CyHgN,0" = 16:1), 175.0871
(Cyp Hy N20" requires 175.0871), 133.0764 (CgHyN," requires

133.0766), and 120.0813 (CgH, N requires 120.0813).

3-Amino-2-(2—formylvinylamino)pyridine (248)

9—Aminopyrid0[l,2—gJpyrimidinium perchlorate (243) (0.5 g) was
suspended in water (50 cm®) and chloroform (25 cm®).  The suspension

was stirred whilst N/10 sodium hydroxide solution (20.37 cm®) was added
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dropwise from a burette. The mixture was stirred for a further 10 min.
The chloroform layer was separated and the remaining product was
extracted from the aqueous layer with more chloroform (2 x 50, 4 x
25 cm®).  The chloroform extracts were combined, dried (N2,50,), and
evaporated under reduced pressure to yield 0.27 g (81.0%) of 3-amino-

2-(2-formylvinylamino)pyridine (248) as yellow microprisms, mep. 130 -

132° (decomp.).
Found: C, 58.85, H, 5.7; N, 25.4%; M', 163.0745. C4H,N,Q requires
C, 58.9; H, 5.6; N, 25.75%; M, 163.0746.
Voax 3400 and 3320 (¥H,), 3250 (WH), 1675 (C=0), 1620, 1600, 1570,
and 1510 cm .
T ECDa)zSOi 60 1Hz, external lle,Si standaré] 0.46 br (1H, d, J 1l.6Ez,
exchanges D,0, NH trans), 0.85 (1H, d, J 9.2 Hz, CHO trams),
1.76 (1H, dd, J 11.6 and 14.2 Hz, -NH-CH=CH~- trans; with D,0
becomes d, J 14.2 Hz, -ND-CH=CH- tramns), 2.57 (1H, dd, X of ABX,
6-H trans), 3.01 - 3.48 (2H, m, AB of ABX, 4- and 5-H irans),
4.41 (1H, dd, J 9.2 and 14.2 Hz, -NH-CH=CH- trans), and 5.00 br
(2H, s, exchanges D,0, 3-NH,) (Calc. for ABX system - 71 3.11
5-H, 1 3.35 4-H, g‘ﬁ 8.4, J,6 1.8, Is6 50 Hz).
The product was insufficiently soluble in chloroform to obtain
a spectrum of the cis form.
n/e 164 (7), 163 (68), 162 (19), 148 (3), 147 (27), 146 (33), 145
(6), 135 (13), 134 (100), 133 (10), 132 (3), 121 (4), 120 (590),
119 (8), 116 (5), 117 (3), 109 (14), 108 (3), 107.(4), 106 (3),
105 (2), 95 (3), 94 (23), 93 (46), 92 (6), 91 (3), 85 (5), &3
(8)y 82 (9)y 81 (9)s 80 (4), 79 (5)s 78 (5)y 7T (3)y 76 (2),
72 (2), 70 (5), 69 (2), 68 (3), 671 (30), 66 (25), 65 (7), 64
-(5), 63 (2), 57 (2), 56 (3), 55 (9), 54 (13), 53 (13), 52 (15),
51 (5), 50 (3), 47 (2), 44 (2), 43 (5), 42 (7), 41 (12), 40

(9), 39 (41), 38 (10), 37 (3), 32 (16), 29 (7), 28 (86), 27 .
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(19), 26 (8).

¥ 110.2 (163——134), 72.0 (120——93), 64.6 (134——93).

2-(2-Fornyl-l-methylvinvlemino)-6-methyloyridine (185)

A. 2,6—Dimethylpyrido[i,2—é]pyrimidiuium perchlorate (182) (0.8 g) was
suspended in water (5 cm3) and ether (15 cm®) and stirred vigorously
whilst excess 405 sodium hydroxide solution was asdded dropwise. The
two layers become orange-red. The ether layer was cseparated and the
remaining product wee extracted from the aqueous leyer with more ether
(4 x 50 cm®). The ether extracts were combined, dried (}gSO,) and
evaporated at room temperature under reduced preésure to leave a brown
solid residue. The residue was extracted with lizht petrol (b.p. 30 -
400) and the insoluble material filtered off. The petrol was evaporated
at room temperature under reduced pressure to yield 0.4 g (73.4%) of

o_(2-formyl-l-methvlvinylamino)-6-methylpyridine (185) as pale yellow

microprisms, m.p. €2.5 - 84°.
Found: C, 68.1; H, 6.8; N, 15.85%; M', 176.0949. Cy9Hyp N,0 requires
C, 68.2; H, 6.8; N, 15.9%; M, 176.0950.
v . 3200 (uE), 1625 (C=0), 1605, 1585, and 1540 em .
1(CCl,; 60 MHz) =-2.76 br (1H, s, exchanges D,0, NH), 0.91 (1R, d,
J 2.6 Hz, CHO), 2.52 [1H, t (deg. dd), J 8.3 and 8.3 Hz, 4-H],
3,22 br and 3.35 br (2H, 2 xd, J 8.3 and 8.3 Hz, 3- and 5-H),
4.85 (1H, dq, J 2.6 and 0.5 Hz, -NH-CMe=CE-), 7.54 (3H, d,
J 0.5 Hz, -NH-Clie-Chi-) and 7.57 (3H, s, 6-lie) (first—order
anelysis for 3-H, 5-H and 4-H, ABX system).
n/e 177 (1), 176 (8), 175 (3), 159 (3), 148 (13), 147 (100), 146
(4), 133 (3), 132 (3), 108 (7), 107 (3), 93 (4), 92 (23), 81
(6), 8 (5), 671 (4), 66 (1), 65 (18), 64 (3), 53 (3), 52 (3),
51 (3), 42 (1), 41 (1), 40 (4), 39 (15), 38 (4), 29 (2), 28
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(4} 275°(4)«
m* 123.0 (176——147), 63.7 (133——92), 57.6 (147——92).

B. 2-Amino-6-methylpyridine (2 g) and 4,4-dimethoxybutan—-2-one (2.45 g)
were dissolved in xylene (10 cm®) and refluxed (140°) for 42 h.
Evaporation of the xylene under reduced pressure left a blackish
residue. Chromatography on neutral alumina with CCl,-CHC1l,; (3:2)

yielded 1.8 g (55.2%) of 2-(2-acetylvinylamino)-6-methylpyridine (183)

mep. 85 - 87° [}ale yellow needles from light petrol (b.p. 60 - 8o°j].

Found: C, 68.0; H, 6.75; N, 16.05%; M', 176.0945.  Cyq Hy, N,0 requires
C, 68.2; H, 6.8; N, 15.9%; ¥, 176.0950.

Voo 3230 (H), 1650 (C=0), 1600, 1570, end 1500 em .

r(cCl,; 60 MHz) -1.61 br (1H, s, exchenges D,0, NH), 2.09 (1H, dd,
J 12.2 and 8.6 Hz, -NH-CE=CH-), 2.63 [1H, t (deg. dd), J 8.2
end 8.2 Hz, 4-H|, 3.36 and 3.51 (2, 2 x d, J 8.2 and 8.2 Hz,
3- and 5-H), 4.74 (1H, d, J 8.6 Hz, -NH-CH=CH-), 7.62 (3H, s,
6-Me) and T.93 (3H, s, COlMe) (first—order anelysis for 3-H, 5-H,
and 4-H, ABX system).

m/e 177 (2), 176 (13), 161 (10), 134 (10), 133 (100), 132 (4), 131
(2), 119 (6), 94 (2), 93 (25), 92 (47), 91 (3), 81 (2), 80 (4),
79 (2), 78 (2), 771 (2), 61 (2), 66 (11), 65 (26), 64 (4), 63
(3), 53 (3), 52 (4), 51 (4), 50 (2), 43 (20), 42 (5), 41 (5),
40 (5), 39 (23), 38 (4).

m* 100.5 (176——133), 88.0 (161——119), 71.1 (119——92), 63.7
(133——92).

2-(2-Benzoyl-l-methylvinylamino)—4-methylpyridine (237)

A. 2,BwDimethy1-4—pheny1pyriﬁo[},2—élpyrimidinium perchlorate (233)
(0.5 g) was suspended in uvater (200 em®) to which carbon tetrachloride

(200 cms) had becn added. The mixture was stirred vigorousl
g ¥
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whilst N/lO sodium hydroxide solution (14.95 cma) was added dropwise

from a burette. The mixture wes stirred for a further 2.% h. The
carbon tetrachloride was separated and the remaining product extracted
from the aqueous layer with more carbon tetrachloride (2 x 50 cms).

The carbon tetrachloride extracts were combined, dried (1ligSO,) and
evaporzted under reduced pressure to leave 2 brown solid residue. The
residue was extrected with light petrol (b.p. 60 — 80°), and the
insoluble material was collected by filtration. The light petrol was
evaporated under reduced pressure to leave a pale yellow solid.
Chromatography on basic alumina with carbon tetrachloride yielded 0.24 g

(63.7%) of 2-(2-benzoyl-l-methvlvinylamino)-4-methylpyridine (237) as

pale yellow microprisms, m.p. 63 — 64°.

Found: C, 75.9; H, 6.5; N, 11.0%; M', 252, C,sEN,0 requires C, 76.2;
H, 6.35; N, 11l.1%; M, 252,

v . 1620 (C=0), 1600, 1590, 1560, and 1530 em .

r(CCl,; 60 MHz) =-3.48 br (1H, s, exchanges D,0, NH), 2.00 (1H, d,
J 6.0 Hz, 6-H pyridine), 2.00 - 2.22 (2H, m, 2- and 6-H phenyl),
2.57 - 2.78 (3H, m, 3-, 4- and 5-H phenyl), 3.40 - 3.50 (2H, m,
3- and 5-H pyridine) 4.20 (1H, s, -NH-CHMe=CH-), T7.47 (3H, s,
~NH-Clie=CH-) and 7.85 (3H, s, 4-lle pyridine).

n/e 252 (1), 251 (2), 175 (2), 148 (12), 147 (100), 146 (4), 145 (3),
133 (4), 132 (3), 131 (2), 122 (3), 121 (8), 120 (2), 119 (25),
117 (27), 115 (3), 109 (3), 108 (18), 107 (2), 106 (3), 105
(28), 104 (3), 103 (2), 102 (2), 98 (9), 97 (3), 93 (6), 92 (27),
91 (6), 84 (4), 83 (6), 82 (5), 81 (18), 80 (53), 79 (7), 18
(10), 77 (51), 76 (5), 75 (4), 74 (3), 73 (9), 72 (4), 70 (6),
69 (6), 68 (5), 67 (6), 66 (10), 65 (28), 64 (5), 63 (7), 62 (3),
61 (6), 60 (2), 59 (4), 58 (7), 57 (12), 56 (4) 55 (13), 54 (30),
53 (15), 52 (11), 51 (39), 50 (16), 49 (2), 45 (3), 44 (11),

42 (14), 41 (30), 40 (9), 39 (48), 38 (7), 37 (3)s 36 (9), 35
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(2), 32 (5), 31 (2), 30 (6), 29 (4), 28 (36), 27 (19), 26 (5).

m* 63.5 (133——92), 57.5 (147—=92), 56.5 (105——1T77), 33.8
(717—-51).

B. 2,8—Dimethyl-4—phenylpyrido[},2—2 pyrimidinium perchlorate (233)
(0.5 g) was suspended in water (200 cm®).  The mixture was stirred
vigorously whilst 1i/10 sodium hydroxide solution (14.95 cm®) was added
dropwise from a burette. The mixture was stirred vigorously for a
further 2.5 h. The product was extracted with carbon tetrachloride

(5 x 50 em®). The extracts were combined, dried (ligS04) and evaporated
to dryness under reduced pressure to yield 2-amino-4-methylpyridine,

identified by its i.r. spectrum.

C. 2-Amino-A-methylpyridine (1 g) and benzoylacetone (1.5 g) were
dissolved in xylene (10 cm3) and the solution refluxed for 70 h.
Evaporation of the xylene under reduced pressure yielded only unchanged

starting materials.

2-(2-Benzoyl-l-methylvinylamino)-5-methylpyridine (236)

2,7-Dine thyl-4-phenyloyrido| 1,2-a|pyrinidiniun perchlorete (232) (0.5 g)
was suspended in water (20 cm®) to which carbon tetrachloride (30 cm?)
had been added. The mixture was stirred vigorously whilst /10 sodiunm
hydroxide solution (14.95 cma) was added dropwise from a burette. The
carbon tetrachloride layer was separated and the remaining product was
exiracted from the agueous layer with more carbon tetrachloride (2 x

25 cm’). The extracts were'combined, dried (ligSO,) and evaporated to
dryness to leave a yellow solid residue. Chromatography on basic

alumina with carbon tetrachloride yielded 0.21 g (55.8%) of 2-(2-

benzoyl-l-methylvinylamino)=S-methylpyridine (236) as pale yellow

2 - 0
microprisms, m.p. 78 = €0 .
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Found: C, 76.0; H, 6.3; N, 10.9%; N*, 252.  C.sH,(,0 requires
Cy T6.2; H, 6.35; N, 11.1% M, 252,

v .. 1620 (€=0), 1595, 1560, and 1500 cm .

1 (CDC1,; 60 MHz) -3.47 br (1H, s, exchangesD,0, NH), 1.90 br (1H, s,
6~H pyridine), 2.01 - 2.27 (2H, m, 2- and 6-H phenyl), 2.50 -
2.76 (4H, m, 3=, 4= and 5-H phenyl, 4-H pyridine), 3.17 (1H, 4,
J 8.7 Hz, 3-H pyridine), 4.12 (1H, s, -NH-CHe=CH-), 7.47 (3H,
s, -NH-Cle=CH-) and 7.79 (3H, s, 5-Me pyridine).

nfe 253 (1), 252 (4), 251 (3), 235 (1), 175 (2), 148 (11), 147
(100), 148 (2), 145 (2), 133 (2), 112 (2)y 108 {2), 107 {2)4
105 (8), 93 (2), 92 (12), &0 (2), 77 (14), 66 (2), 65 (9), 53
(2), 52 (2), 51 (5), 41 (2), 39 (6), 36 (5), 32 (2), 28 (8),
27 (2).

m¥ 101.1 (175——133), 85.8 (252 ——147), 63.6 (133——92), 57.6
(147——92), 565 (105——1T7), 33.8 (77——51).

3—Amino-2{2-benzoyl-l-methylvinylamino) pyridine (249)

9—Amino—2—methyl—d—phenylpyrido[1,2—3 pyrimidinium perchlorate (244)
(0.5 g) was suspended in weter (50 em®) to which chloroform (25 cm®) had
been added. The mixture was stirred vigorously whilst N/10 sodium
hydroxide solution (14.95 cms) was added dropwise from a burettie. The
mixture was stirred for a further 10 min. The chloroform was separated
and the remaining product was extracted from the agueous layer with more
chloroform (8 x 50 cm?®). The extracts were combined, dried (Na,S0,)
and evaporated under reduced ‘pressure to leave a brown solid residue.
The residue was extracted with benzene (250 cma) and the insoluble
material collected. Evaporation of the benzene left a green and yellow
solid residue. The residue was dissolved in chloroform and light

petrol (b.p. 60 - 600) was added to precipitate a green solid which was

collected to leave a yellow solution. Eveporation of the SOIVenté
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yielded 3-amino—2-(2-benzoyl-l-methylvinylamino)pyridine (249) 0.11 g

(29.2%) as yellow needles, from light petrol (b.p. 60 - 800), mepe 141 -

) 1

Found: C, 70.8; H, 6.2; N, 16.4%; M', 253.1209. C, H, N0 requires
C, 71.15; H, 5.9; N, 16.6%; M, 253.,1215.

Vo.y 3400 and 3350 (NH,), 3250 sh (NH), 1650 (C=0), 1610, 1570,

1550, and 1530 cm .

1 (CDCly; 60 MHz) =3.15 br (1H, s, exchanges D,0, NH), 2.00 - 2.25 (3H,
m, 2- and 6-H phenyl, 6~H pyridine), 2.48 - 2.68 (3H, m, 3-, 4-,
and 5-H phenyl), 2.90 - 3.28 (2H, m, AB of ABX, 4- and 5-H
pyridine), 4.03 (1H, s, -NH-CMe=CH-), 6.00 br (2H, s, exchanges
D,0, NH ), end 7.54 (3H, s, -NH-Clle=CH-).

nfe 254 (2), 253 (13), 252 (3), 239 (2), 238 (10), 236 (3), 235 (1),
188 (1), 187 (1), 176 (2), 160 (4), 149 (11), 148 (100), 147
(3), 146 (2), 135 (2), 134 (16), 133 (6), 132 (2), 131 (4), 220
(4), 115 (2), 109 (4), 106 (2), 105 (22), 94 (7), 93 (18), 92
(2), 91 (2), 82 (3), 81 (3), 79 (2), 78 (5), 17 (26), 6% (5),
66 (9), 65 (3), 64 (3), 57 (2), 56 (2), 55 (3), 54 (4), 53 (4),
52 (4), 51 (9), 50 (3), 45 (6), 44 (2), 43 (3), 42 (4), 41 (6),
40 (4), 39 (21), 38 (3), 32 (6), 29 (30).

m#* 122.5 (253——176), 86.6 (253——148), 64.5 (134——93), 58.5
(148——93), 56.5 (105——117).

Attempted Synthesis of 3-Amino—2-(2-formyl-1l-methylvinylamino)

-pyridine (251)

L U
A. 9-Amino—2—methylpyrido[1,2—EJpyryginium perchlorate (245) (0.5 g)
was suspended in water (50 cm?®) to which chloroform (50 cm®) had been
added. The suspension was stirred vigorously whilst 1N/10 sodium

hydroxide solution (19.27 cms) was added dropwise from a burette. The
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chloroform layer was separated and the remaining product was extracted
from the agqueous layer with more chloroform (6 x 50 em®). The
extiracts were combined, dried (Nazso4) and evaporated at room temperzture
under reduced pressure to leave a red tarry solid, which could not be

purified further.

B. Repeating the above on the suspected mixture of 2- and 4-methyl
substituted 9-amin0pyrido[i,2—§]pyrimidinium perchlorates (245 and 246)
(0.5 g) yielded, after chromatography on basic alumina with chloroform,

3-amino—2-(2-acetylvinylamino)pyridine (250), 0.07 g (20.6% overall), as

orange micropricms.

Found: M', 177.0898. C,H, N.O requires M, 177.0902.

~ (CDC1l,; 60 MHz) =-1.86 br (1H, s, exchanges D,0, NH), 1.97 (1H, ad,
J 8.3 and 11.9 Hz, -NH-CH=CH-), 2.20 (1H, d&d, X of ABX, 6-H),
2.90 - 3.35 (2H, m, AB of ABX, 4- and 5-H), 4.54 (1H, 4,
J 8.3 Hz,—NH—CH:QE—), 6.33 br (2H, s, exchanges D,0, 3-NH,)
and 7.83 (3H, s, COMe). (Calc. for ABX system - 1 3,00 5-H,
T 3.22 4-H, I, 8.1, I, 1.7, 56 5.1 Hz).

n/e 178 (6), 177 (49), 176 (9), 163 (2), 162 (17), 161 (2), 160 (6),
159 (2), 135 (10), 134 (100), 133 (8), 132 (2), 121 (3), 120
(26), 119 (3), 118 (2), 109 (10), 108 (2), 107 (3), 106 (2),
105 (2), 95 (3), 94 (25), 93 (45), 92 (3), 83 (2), 82 (4), 81
(6), 80 (3), 79 (3), 78 (3), 77 (2), T2 (2), 70 (2), 69 (2),
68 (2), 67 (15), 66 (16), 65 (4), 64 (3), 57 (3), 56 (2), 55
(5), 54 (1), 53 (1), 52 (1), 51 (3), 50 (2), 43 (18), 42 (4),
41 (8), 40 (4), 39 (24), 38 (4), 29 (2), 28 (14), 27 (9),
26 (4).

m* 148.3 (177——162), 144.6 (177——160), 110.8 (162——134),
101.5 (177—=134), 89.0 (162———-120), 72.1 (120——93), 64.5

(134—=93).
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Thermal Preparation of 2-(2—Acoty1virmlamino)'o:,rrid.ine (172)

2-Aminopyridine (1 g) and 4,4-dimethoxybutan-2-one (1.3 g) were

dissolved in xylene (10 cms) and the solution was refluxed for 21.5 h.

The xylene was evaporsted under reduced pressure to leazve a brown

solid residue. The residue was washed with ether and crystallised

from acetone to yield 1.05 g (64.5%) of 2-(2-acetylvinylamino)pyridine

(172), mep. 114 - 115° (1i%.2°, m.p. 121°, yield 61.3%).

Found: C, 66.3; H, 6.25; N, 17.3%; ', 162.0793. Calc. for CyH,y N,0:
C, 66.7; H, 6.2; N, 17.3%; M, 162,0793.

v 3250 (WE), 1645 (C=0), 1600, 1565, and 1515 cm ',

1(CDC1,; 60 MHz) -1.69 br (1H, s, exchanges D,0, NE), 1.75 br (1H,
d, 6-H), 2,07 (1H, dd, J 12.0 and 8.6 Hz, -NH-CH=CH-), 2.46
(1H, ddd, 4-H), 3.00 - 3.40 (2, m, 3- and 5-H), 4.62 (1H, 4,
J 8.6 Hz, -NE-CH=CE-) and 7.86 (3H, s, COMe) (3-H, 5-H, 4-H
and 6~H = ABIX system; from first—order analysis ‘-I-s,a and

_{4,5 7.6 and 8.4, id,a 1.8 and is,s

n/e 163 (2), 162 (14), 147 (13), 120 (9), 119 (100), 118 (3), 105
(16), 94 (2), 92 (2), 8 (2), 79 (24), 78 (68), 73 (2), 67 (5),
66 (4), 65 (5), 64 (2), 56 (1), 53 (4), 52 (14), 51 (18), 50
(4), 43 (21), 42 (3), 41 (5), 40 (5), 39 (14), 38 (5), 37 (2),
29 (2), 28 (10), 27 (10), 26 (4).

m* 87.5 (162——119), 75.0 (147——105), 57.9 (105——178), 51.1

6.0 Hz).

(119——78), 33.3 (78——51).
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12.2 Diazotisation of 9—Aminonvrido[l,2~é1 pyrimidigjum

Perchlorates - Rearrancement to v—Triazolo[i,?fé}pyrimidines and

3(5)=(2-Pvrinidinyl)pyrazoles.

trans~3—(5,T-Dimethy1—3—v~triazoloEl.B-é]pyrimidinyl)acraldehyde (219)

9-Amino-2 ,4-dime thylpyrido| 1,2-g| pyrimidiniun perchlorate (242) (0.5 g)
was suspended in a mixture of water (20 cma) and concentrated
hydrochloric acid (2 cm®) and stirred whilst a solution of sodium
nitrite in water (0.2 g in 2 cm®) was added, whereupon the suspension
became a clear solution. A colourless precipitate was visible almost
immediatély. Stirring was continued for 2 h., The solid product was
collected by filtration and dried in vacuo at room temperature.
Crystallisation from 95% ethanol yielded 0.35 g (94.8%) of trans—3-

(5,T-dimethyl—3-v—triazolor1,5—&]nyrimidinyl)acraldehrde (319) as off-

white needles, m.p. 165 = 166° (Qecompe. ).
Found: C, 59.4; H, 4.9; N, 28.0%; M', 202.0854. CygHyN,0 requires
C, 59.4; Hy 4.95; N, 27.7%; M, 202.0855.

Vi s 1660 (c=0), 1635, 1625, 1555, 1165, 1105, 980 (CH 0.0.p. def.

—CH=CH- trans), and 760 cm .

T [(c:oa)zso; 60 NHz external Me,Si s‘handard:[ 0.45 (1H, 4, J 8 Hz,

CHO), 2.20 (1H, 4, J 16 Hz, —CH=CE-CHO), 2.91 (1H, s, 6-H),
3,10 (1H, dd, J 16 and 8 Hz, —CH=CH-CEO), 7.31 (3H, s, T-le)
and 7.52 (3H, s, 5-le).

m/e 203 (2), 202 (14), 175 (6), 174 (55), 173 (9), 159 (3), 149
(2), 148 (2), 147 (9), 146 (28), 145 (55), 134 (3), 133 (2),
131 (5), 130 (2), 122 (2), 119 (3), 118 (7), 117 (3), 116 (3),
108 (3), 107 (4), 106 (4), 105 (6), 104 (6), 101 (2), 97 (2),
95 (2), 94 (13), 93 (18), 92 (4), 91 (4), 88 (2), &7 (3),
84 (2), 83 (3), 82 (3), 81 (5), 80 (5), 79 (4), 78 (1), 77 (&),
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76 (3), 75 (3), 73 (6), 71 (3), 70 (2), 69 (4), 68 (3), 67
(21), 66 (36), 65 (29), 64 (32), 63 (1), 62 (2), 60 (4), 59
(4), 58 (1), 57 (6), 56 (4), 55 (8), 54 (8), 53 (16), 52 (15),
51 (17), 50 (9), 49 (2), 48 (4), 45 (12), 44 (7), 43 (9), 42
(78), 41 (30), 40 (26), 39 (100), 38 (30), 37 (11), 36 (4),
32 (13), 31 (11), 30 (3), 29 (38), 28 (73), 27 (31), 26 (11).
m* 149.8 (202——174), 122.6 (174——146).
meta-stable determinations
4 -8 kv  202—— 174, 201——173, 174——146, 202——146, 173 —=145,
201—145.
accurzte mass determinations
Found: m/e 202,0854 (CyqHyoN,0" requires 202.0855), 174.0906 (c,5. 8"
requires 174.0905), 17440793 (CyqH,p¥,0" requires 174.0793),
173.0714 (C,oHyN,0" requires 173.0715), 146.0840 (CoH, N,

requires 146.0844), and 145.0764 (C4H,N," requires 145.0766).

cis- and trans-3-(5,7-Dimethyl-3 —'ﬁ-triazolori,Bhé]myrimidinyl)-

acraldehvde (323 and 319).

9-Amino—2,4—dimethylpyrido{i,2-é]pyrimidinium perchlorate (242) (0.5 g)
and sodium nitrite (0.5 g) were dissolved in water (200 cm®) and stirred.
Two drops of concentrated hydrochloric acid were added and the mixture
stirred vigorously. A white precipitate was visible after 5 min. The
stirring was continued for 20 min and the resulting precipitate filtered
and dried in yacuo at room temperature to yield 0.12 g (32.5%) of a
mixture of trans-3-(5,7-dimethyl-3-y-triazolo[l,5-2 pyrinidinyl)-

acraldehyde (319) and cis—3-(5,7-dimethyl-3-v-triazolo [1,5-a] pyrimidinyl)-

acraldehyde (323) as colourless microprisms, m.p. 137 - 140°.

Found: C, 59.1; H, 5.1; N, 28.0%; k', 202.0851. C,qH, N,0 requires

Cy 59.4; H, 4.95; N, 27.T%; M, 202.0855.
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Voax 1660 (C=0), 1630 br, 1550, 1385, 1365, 1200, 1165, 1120, 1090,

980 (CH o0.0.p. def. CH=CH trans), 760, and 720 (CE 0.0.p. def
CH=CH cis) cm ‘s

T [(cn,)zso; 60 MHz external Me,Si standard] -0.71 (d, J 8 Hz, CHO
cis), 0.39 (d, J 8 Hz, CHO trans), 2.12 (d, J 16 Hz, CE=CH-CHO
Yrens), 2.46 (d, J 12 Hz, CH=CH-CHO cis), 2.87 br (s, 6-H cis
and trans), 3.02 (dd, J 8 and 16 Hz, CH=CE-CHO trans), 4.02
(dd, J 8 and 12 Hz, CH=CH-CHO cis), 7.26 (s, 7-Me cis), 7.28
(s, 7-Me trens), 7.48 (s, 5-Me trans), and 7.50 (s, S5-Me cis)
(ratio cis:trans ca 2:3).

n/e 203 (2), 202 (16), 175 (10), 174 (79), 173 (10), 161 (5), 159
(4), 147 (8), 146 (38), 145 (65), 144 (2), 134 (2), 133 (2),
132 (2),:131 (B), 120 {2}, 129 (3), 128 (210), 11T (3), 108 (&),
107 (5), 106 (5), 105 (6), 104 (8), 94 (20), 93 (25), 92 (5),
91 (4), 90 (2), &7 (2), 82 (3), 81 (3), 8 (6), 79 (5), 18 (8),
77 (9), 76 (4), 75 (2), 13 (3), 68 (2), 67 (25), 66 (43), 65
(34), 64 (27), 63 (8), 62 (2), 55 (3), 54 (1), 53 (14) 52 (14),
51 (14), 50 (8), 43 (3), 42 (82), 41 (20), 40 (26), 39 (100),
38 (29), 37 (11), 29 (12), 28 (45), 27 (22).

m* 149.8 (202——174), 122.6 (174——146).

trahs~3—(3-v—Triazolo[ll5-£ pyrimidinyl)acraldehyde (318)

9-Aminopyrido [1,2-2] pyrimidinium perchlorate (243) (0.75 g ) was
suspended in a mixture of water (20 cms) and concentrated hydrochloric
acid (2 cm®) and stirred whilst a solution of sodium nitrite in water
(0.3 g in 2 cma) was added, whereupon the suSpensioﬁ became a clear
solution, A colourless precipitate was visible almost immediately.
Stirring vas continued for 3 h. The solid product was collected by

filtration and dried in vacuo at room temperature. Crystallisation
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from 95% ethanol yielded trans—3-(3-v-triazolo I___l,5-a] pyrimidinyl)-

acraldehyde (318) (0.27 g, 50.8%) as off-white needles, m.p. 168 — 169°

(decomp. ).

Found: C, 54.9; H, 3.5; N, 32.4%; ¥, 174.0547. CgHyN,0 requires
C, 55.2; H, 3.45; N, 32.2%; M, 174.0542.

Ve 1660 (c=0), 1640, 1610, 1530, 1390, 1325, 1125, 1100, and 980
(my, CH 0.0.p. def. CH=CH trans) cm '.

v Ecns)zso; 60 MHz external lie,Si Etandard] 0.40 (14, 4, J 8 Hz, CEO),
0.55 (1H, dd, J 1.7 and 7 Hz, 7-Hj, 1,18 (1H, dad, J 1.7 and
4.5 Hz, 5-H), 2.12 (1H, 4, J 16 Hz, CH=CH-CEO), 2.69 (1H, dd,
J 4.5 and T Hz, 6-H), and 3.07 (1H, dd, J 8 and 16 Hz, CE=CH-CHO).

n/e 175 (1), 174 (8), 147 (10), 146 (100), 145 (5), 120 (2), 119 (6),
118 (23), 117 (31), 105 (2), 94 (7), 93 (44), 92 (25), 91 (33),
90 (7), 80 (3), 79 (9), 78 (5), 77 (4), 76 (5), 5 (3), 68 (2),
67 (9), 66 (19), 65 (39), 64 (49), 63 (19), 62 (4), 61 (2), 59
(5), 54 (10), 53 (28), 52 (38), 51 (19), 50 (12), 49 (4), 44 (4),
43 (2), 42 (6), 41 (20), 40 (29), 39 (54), 38 (47), 37 (29), 36
(3), 31 (3), 29 (36), 28 (80), 27 (46), 26 (46), 25 (4).

m¥* 122.6 (174——146), 95.4 (146——118).
meta—stable determinations

4 -8 kv 174——146, 146——145, 146——118, 174—=118, 145—117,
173 ——117.
accurate mass determinations

Found: m/e 146.0480 (CyHgN,0" requires 146.0480), 146.0591 (C,HgN,"
requires 146.0592), 125.0399 (C4H¢N,0" requires 145.0402),
118.0528 (C,HyN," requires 118.0531), and 117.0451 (C,HgN,"

requires 117 .0453).



169
cis— and trans—3-(3—v—T“iazolo[1,5—&]pyrimidinyl)ncraldehyde

(322 and 318)

9—Aminopyrido[},2-§1pyrimidinium perchlorate (243) (0.5 g) and
sodium nitrite (1 g) were dissolved in water (30 cm®) and stirred.
One drop of concentrated hydrochloric acid was added and the mixture
stirred vigorously for 15 min. A yellow precipitate formed, which
was collected by filtration and dried in vecuo at room temperature to
yield 0.08 g (22.6%) of a mixture of jggggrB—(B-z-triazolo[i,E—g]—

pyrimidinyl)ecraldehyde (318) and gis—3-(3-v-triezolo[1,5-a] pyrinidinyl-

acraldehyde (322) as yellow microprisms, m.p. 133 = 134°.

Found: C, 53.05 H,3.7; N, 31.9%; M, 174.0542. C4H,N,0 requires
Cy 55.2; H, 3.45; N, 32.2%; M, 174.0542.

Vmex 1660 (C=0), 1640, 1610, 1530, 1390, 1100, 1080, 980 (w. CH
0.0.p. def. —CH=CH- trans) and 745 (CH 0.0.p. def. —CH=CH-
cis) om .

1[(CD,),50; 60 HHz external le,Si standard] -0.63 (d, J 8 Hz, CHO cig),
0.40 (d, J 8 Hz, CHO trans), 0.55(dd, J 1.5 and 7 Hz, 7-H trens),
0.57 (dd, J 1.5and 7 Hz, 7-Hcis), 1.18 (dd,J 1.5and 4 Hz, 5-H
trens), 1.30(dd, J 1.5and 4 Hz, 5-Hgis), 2.12(d, J 16 Hz,
~CH=CH-CHO trens), 2.43 (dy J11.5 Hz, -CH=CH-CHO cis), 2.65 (dd,
Jd4 and T Hz, 6-Heis), 2.69 (dd, J4 2nd 7 Hz, 6-H trans), 3.07 (a4,
J 8 and 16 Hz, -CE=CH~CHO trans) and 3.97 (dd, J8 and 11.5 Hz,
—-CH=CE-CHO cis)(ratio cis : trans ca 3 : 2).

m/e 175 (2), 174 (17), 147 (8), 146 (77), 145 (12), 120 (4), 119
(11), 118 (46), 117 (51), 165 (2), 105 (3), 103 (2), 94 (7),
93 (44), 92 (38), 91 (45), 90 (14), 8 (2), 80 (8), 79 (13),
78 (1), 77 (6), 76 (6), 75 (4), T3 (2), 68 (2), 67 (9), 66 (19),
65 (58), 64 (64), 63 (26), 62 (6), 61 (2), 59 (5), 54 (12), 53
(29), 52 (43), 51 (20), 50 (14), 49 (4), 47 (2), 46 (3), 45 (3),
44 (2), 43 (2), 42 (5), 41 (20), 40 (24), 39 (74), 38 (63), 3T

(34), 36 (5), 32 (2), 30 (18), 29 (36), 28 (100), 27 (41),26.(43).
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m¥* 122.6 (174——146), 95.5 (146——118).

grans—3-(7-Methyl-3-v-triazololl,5-alpyrimidinyl)acraldehyde (321) and

trans—3-(5-le thyl-3-v=triazolo [1,5-a) pyrimidinyl)acraldehyde (320)

A mixture of 9~amino~2—methy1pyrido[;,2—;]pyrimidinium perchlorate (245)
and 9—amino—4~methylpyrido[;,2—é]pyrimidinium perchlorate (246) (0.5 g)
was dissolved in water (15 cm®) and concentrated hydrochloric acid

(2 em®) and stirred whilst a solution of sodium nitrite in water (0.2 g
in 2 cm3) was added. The mixture was stirred for 2 h. The cream
precipitate which had formed was collected by filtration and dried in
vacuo at room temperature. Crystallisation from 95% ethanol yielded

0.20 g (55.2%) of a mixture of trans—23-(7-methyl-3-v—triazolo [1,5-a)~

pyrimidinyl) acraldehyde (321) and trans—3—(5-methyl-3-v-triazolo~-

[1,5-a] pyrinidinyl) acraldehyde (320) as cream needles, m.p. 143 = 1450

(decomp.).
Found: C, 57.2; H, 4.5; N, 30,05%; M', 188.0696. CoHgN,0 requires
Cy, 5T.4; H, 4.3; N, 29.8%; M, 188.0698.
vV ..y 1670 br (c=0), 1630, 1615, 1540, 1355, 1305, 1255, 1120, 985
(CH 0.0.p. def. —CH=CH- trans), and 800 cm
T [(033)2 S0; 60 MHz external Me,Si standa.rd:l 0.46 (4, _.; 8.5 Hz, CHO
[7 methyl and 5 methyl]), 0.77 (a4, J 8 Hz, T-H [5 methyl]),
1.37 (d, J 4.5 Hz, 5-H [7 methyl]), 2.21 (&, J 16 Hz,
~CH=CH~CHO [7 methyl] ), 2.26 (a, J 16 Iz, —-CH=CH-CHO [5 methyl]
2,83 (d, J 4.5 Hz, 6-H [ methyl]), 2.86 (d, J 8 Hz, 6-H,
[5 methyl]), 3.12 (dd, J 8.5 and 16 Hz, —CH=CH-CHO [7 methyl]),
3.17 (ad, J 8.5 and 16 Hz, ~CH=CH-CHO [5 methyl]), 7.25 (s,
T-Ye [7 methyl]), and 7.49 (s, 5-le [5 methyl]) (ratio
[7 methyl : 5 methyl] ca 5:2).
m/e 189 (5), 188 (29), 187 (3), 161 (11), 160 (100), 159 (12), 145
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(5)y 233 (7), 132 (33), 131 (83), 130 (2), 1220 (5), 119 (2),
118 (2), 117 (4), 106 (2), 105 (7), 104 (11), 103 (2), 94 (18),
93 (22), 92 (5), 91 (6), 90 (2), 80 (5), 79 (9), 78 (20), 77
(9), 76 (3), 75 (2), 68 (4), 67 (10), 66 (19), 65 (22), 64
(20), 63 (7), 54 (4)y 53 (13), 52 (20), 51 (11), 50 (6), 42
(10), 41 (15), 40 (12), 39 (37), 38 (16), 37 (8), 29 (6), 28
(26), 27 (11), 26 (7).

m* 136.2 (188—=—160), 108.9 (160——132).
accurate mass determinations

Found: m/e  160.0747 (CgHgl," requires 160.0749), and 160.0637

(CoHgl,0" requires 160.0637).

cis— and trans—3—(7-Methyl—}—v—triazolo[1,5~d]pyrimidinyl)acraldehyde

(325 and 321) and cis- and trans-3-{S5-llethyl-3—v-trizzolo [1,5-al-

pyrimidinyl)acraldehyde (224 and 320)

A mixture of 9—amino~2—methylpyrido[},Z—EJPyrimidinium perchlorate
(245) and 9-amino-4-methylpyrido[1l,2-a]pyrimidinium perchlorate (246)
(1.0 g) was dissolved in water (20 cm?®) and concentrated hydrochloric
acid (2 cm®) and cooled in an ice/salt bath. The mixture was stirred
whilst a solution of sodium nitrite in water (1 g in 2 cm®) was added.
The mixture was stirred for a further 30 min. The cream precipitate
which had formed was collected by filtration and dried in vacuo at room
temperature to yield 0.49 g (67,6%) of a mixture of trans-3-(7-methyl-
3-g-triazolo[},5-33pyrimidiny1)acraldehyde (321), trans-3-(5-methyl-3-

g—triazolo[},5121pyrimidinyljacraldehyde (320), cis=3—(7-methyl—3—v-

triazolo[1,5-al pyrimidinyl)acraldehyde (325) and cis—=3-(S5-methyl-3-v-

triazolo[1,5-a|pyrimidinyl)acraldehyde (324) as cream microprisms,

mep. 130 - 131° (decomp.).

Found: N, 188.0696. C4Hgli,0 requires M, 188.0698.
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1670 br (C=0), 1630, 1615, 1540, 1360, 1305, 1125 br, 1075,
985 (w, CH 0.0.p. def. —CH=CH- trans), 860, and 720 (m, CH

0.0.p. def. —CH=CH- cis) cm™ '.

1[(cD3)250; 60 1Mz external le,Si stondard] =0.59 (d, J 8.5 Hz, CHO

m*

[7 Me cis and 5 Me cis]), 0.46 (4, J .5 Hz, CHO [7 Me trans
and 5 Me trans]), 0.77 br (4, J 7 Hz, T-H [5 Me cis and 5 le
trans]), 1.37 (4, J 4.5 Hz, 5-B [T Me trans]), 1.40 (d, J

4.5 Hz, 5-H [? Me cis]), 2.21 (4, J 16 Hz, —CH=CH-CHO [7 Me
trens]), 2.26 (4, J 16 Hz, -cgncﬁ-CHo [5 Me trans]), 2.52 (d,
J 11,5 Hz, -CH=CH-CHO [7 Me cis]), 2.58 (4, J 11.5 Hz,
~CH=CH~CHO [5 Me tranc]), 2.75 - 3.42 (my 6-H [7 Me cis, T Me
trans, 5 Me cis, and 5 Me trans|, —CH=CH-CHO [7 He trans and
5 ile trans]), 4.06 (dd, J 8.5 and 11.5 Hz, —CH=CH-CHO [7 ve
cis]), 4.11 (a4, J 8.5 and 11.5 Hz, —CH=CE-CHO [5 Me cis]),
7.25 (s, T-le [7 e cis and T Me gggggj), 7.46 (s, 5-lie [5 Me
cis]), and 7.49 (s, 5-Me [5 Me trans]) (ratio [7 Me cis + T Me
trens]:[5 He cis + 5 Me trans] ca 3:1, [T Me cis + 5 Me cis]:
[7 lie trans + 5 Me irans] ca 3:2).

189 (3), 188 (23), 161 (12), 160 (100), 159 (8), 149 (2), 145
(6), 134 (2), 133 (1), 132 (2), 131 (63), 130 (2), 120 (2),
119 (3), 118 (2), 117 (3), 114 (2), 106 (2), 105 (5), 204 (7),
101 (2), 97 (2), 95 (2), 94 (9), 93 (18), 92 (4), 91 (5), 86
(9), 84 (9), 83 (2), 81 (2), 80 (5), 79 (28), 78 (20), 77 (6),
76 (2), 73 (2), 71 (2), 70 (2), 69 (4), 68 (3), 67 (1), €6
(18), 65 (12), 64 (1), 63 (15), 62 (2), 61 (3), 60 (3), 59
(1), 58 (3), 57 (4), 56 (2), 55 (4), 54 (3), 53 (&), 52 (26),
51 (13), 50 (8), 48 (3), 46 (5), 45 (5), 44 (9), 43 (8), 42
(1), 41 (12), 40 (8), 39 (33), 38 (10), 37 (4), 36 (12), 32
(16), 31 (2), 30 (5), 29 (9), 28 (92), 27 (12), 26 (7).

136.2 (188——160), 108.9 (160——f—132).
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accurate mass determinations
Found ¢ E/E 160.0747 (CBH8H4+ requires 160.0749), and 160,0637

(chauzo* requires 160.,0637).

The mixture of four isomers (0.1 g) obtained sbove, was added to a
mixture of water (20 cma) and concentrated hydrochloric acid (1 cms)
and stirred at room temperature for 4 h. The solid product was
filtered at the pump and dried in vacuo at room temperature to yield
0.6 g (60%) of a mixture of trans—3—(T-methyl—B—xrtriazolo[1,5~§J~
pyrimidinyl)acraldehyde (321) and trans-3-(5-methyl-3-v-triszolo-
E,B—é]pyrimidinyl)acraldehyde (320) which was identified by the

NeMeTrs SpPEcCirum.

3(5)=Formyl-5(3)=(4-methyl-2—=pyrimidinyl)pyrazole (333)

A. Heating the semple of the 4 isomers of methyl substituted 3-(3-v-
triazolo[},5—52pyrimidinyl)acraldehyde (320, 321, 324 and 325) in
(CD3)250 in an n.m.r. tube on 2 water bath for 1.5 h and rerunning the
1H n.m.r. spectrum showed that only irens products (320 and 321)
remained together with a trace of what was later identified as 3(5)-

formyl-5(3)=-(4-methyl-2-pyrimidinyl) pyrazole (333). With continued

heating at 100° the pyrazole (333) became predominant and after heating
for 54 h was the sole product detectable. Pouring the contents of the

n.m.r. tube into water produced a small gquantity of cream precipitate.

B. The mixture of 4 icomers of methyl substituted 3-(3-v-triazolo-
[1,5—92pyrimidin;.rl)acra.ld.eh;rde (320, 321, 324 and 325) (0.5 g) was
dissolved in dimethyl sulphoxide (10 cm3) and the solution heated at
100° for 6 days. The dimethyl sulphoxide solution was poured into
water (500 cma), but only a small quantity of black material

precipitated, which was collected. The filtrate was reduced in bulk
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to 100 cm® by evaporation in vacuo. A pale brown solid precipitated,
which was collected by filtration and washed with water (10 cma).

Crystallisation from water yielded 3(5)-formyl-5(3)-(4-methyl—-2—

pyrimidinyl)pyrazole (333) (0.25 g, 50.0%)) as cream needles, m.p. 193 -

o

1957,

Found: C, 5T7.l; H, 4.55; N, 30.0%; M+, 188.0695. CoHglN, O requires
C, 57.45; H, 4.3; N, 29.8%; X, 188,0698.

v .. 3150 (uH), 1685 (C=0), 1590, 1580, 1555, 1475, 1350, 1000,

and 770 cm .

v [(cD4),50; 60 1Mz external Ve,Si standard]  0.26 (1H, s, CIO),
1.50 (14, 4, J 5.5 Hz, 6-H pyrimidine), 2.88 (1H, 4, J 5.5 Hz,
5-H pyrimidine), 2.90 (1H, s, 4-H pyrazole), and 7.50 (3H, s,
4-Me pyrimidine).

1 (CF3C0,E; 60 liHz external Me,Si standard) 0.50 (1B, s, CHO),
1.47 (1H, d, J 5.5 Hz, 6-H pyrimidine), 2.42 (1H, s, 4-H
pyrazole), 2.62 (1H, d, J 5.5 Hz, 5-H pyrimidine), and 7.50
(3-H, s, 4-lle pyrimidine).

m/e 189 (13), 188 (100), 187 (13), 161 (4), 160 (35), 159 (9), 158
(2), 134 (3), 133 (6), 132 (5), 131 (38), 122 (2), 121 (3),
120 (23), 119 (3), 105 (2), 104 (3), 95 (5), 94 (58), 93 (12),
92 (3), 91 (2), 90 (2), 80 (3), 79 (1), 78 (5), 77 (5), 76 (2),
72 (2), 68 (2), 67 (16), 66 (17), 65 (9), 64 (10), 63 (4), 54
(2), s3 (11), 52 (12), 51 (7), 50 (3), 42 (11), 41 (15), 40
(14), 39 (28), 38 (9), 37 (5), 32 (8), 29 (8), 28 (46), 27 (14),
26 (6).

m¥ 136.2 (168——160), 158.0 (160——159).
meta stable determinations

4 -8 kv 187——159, 187——131, 159——13l.
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accurate mass determinations
Found: m/e 160.0750 (C4HgN,™ requires 160.0749), 159.0673 (CyHaN, ™

requires 159.0671), and 131.0607 (CSH7H2+ requires 131.0609).
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13 THE REACTION BETWEEN 2-AMINO-A-METEYLPYRIDINE AND PENTANE-2,4-DIONE

IN PHOSPHORIC ACID

13.1 Method of Sinch, Taneja and Narans'®?.

2-Amino-4-methylpyridine (5 g ), pentane-2,4-dione (5 om?®) and 85%
phosphoric acid (25 cma) were mixed and the reaction mixture heated
on a water bath for 1 h. The mixture was cooled, diluted with water
(200 em®) and basified with 40% sodium hydroxide solution %o ca pH 11
(Universal pH paper). A brown oil separéted. The o0il was extracted
from the whole liquid mass with carbon tetrachloride (5 x 100 cma).

The extracts were combined, dried (HgSO4) and the carbon tetrachloride
eveporated under reduced pressure to yield the brown oil. The oil was
eluted through basic alumina with carbon tetrachloride to yield
2-(2-acetyl-l-methylvinylemino)-4-methylpyridine (201) 7.08 g (80.5%)

2

as a yellow oil |Singh, Taneja and Narang"’ claim the product to be
J &1y

2,4,5-trimethyl-1,8-naphthyridine (146), m.p. 160 — 152°]

v . 1625 (C=0), 1605, 1560, and 1505 cm .

1 (CCly; 60 MHz) =2.69 br (1H, s, exchanges D,0, NH), 1.97 (1H, dd,
J 5.1 and 0.8 Hz, 6-H), 3.36 br (2H, 4, 3~ and 5-H), 4.90 (1E,
qy J 0.6 Hz, -NE-Clie=CE-), 7.58 (3H, 4, J 0.6 Hz, -NH-CHe=CH-),
7.75 (3H, s, 4-Me), eand 8.0 (3H, s, COMe) (first-order analysis

for 3-H, 5-H, and 6-H, ABX system).

13.2 2,4,8-Trimethylpyrido [1,2-2  pyrimidinium Picrate (208)

The 2-(2-acetyl-l-methylvinylamino)-4-methylpyridine (201) (ca 0.5 g),
obtained 13.1 above, wes dissolved in ethanol (ca 2 cms). Saturated
ethanolic picric acid solution (gg 3 cma) was added and the mixture

heated on a water bath for 1 min. Yellow crystals separated on cooling

the solution, which were collected by filtration and recrystallised from
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ethanol to yield 2,4,8-trimethylpyrido [1,2—§.] pyrimidinium picrate (208)
as yellow needles, m.p. 164 - 1650.
Found: C, 50.9; H, 3.8; N, 17.65. C4;H, N0, requires C, 50.9;
H, 3.7; ¥, 17.5%.

Vooy 1640 sh, 1625, 1610, 1555, 1500, 1460 sh, 1430 sh, 1370, 1340,

1310, 1295, and 1270 cm .

v [(cDy),50; 60 MHz] 0.63 (1H, d, J 7.5 Hz, 6-E), 1.27 (2H, =, picryl
protons), 1.56 (1H, d, J 2.0 Hz, 9-H), 1.77 (1H, dd, J 7.5 and
2.0 Hz, 7-H), 1.79 (1H, s, 3-H), 6.80 (3H, s, 4-Fe), and T.02

and 7.07 (6H, 2 x s, 2- and 8-Me).

13,3 2,4,8-Trimethyloyrido [1,2—a-|_. pyrimidinium Perchlorate (53)

Treatment of the 2-(2-acetyl-l-methylvinyl)-4-methylpyridine (201),
obtained in 13.1 above, by the General Method (b) for the formation
of pyrido [1,2—31[ pyrimidinium perchlorates (p.141), yielded 2,4,8-tri-
methylpyrido [:1,2-_51._] pyrimidinium perchlorate. The melting point and
i.r, spectrum were identical to those of 2,4,8-—trimethy1pyrido[1,2-3]-

pyrimicinium perchlorate prepared by General Method (a2) (p.122).
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