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1. Introduction , ;
N SN
There are several fused bicyclic ring systems containing g Z "N ﬁ
pyridine moieties. The most important are those containing CN/\NJ X N
5

a nitrogen ring-junction, where a nitrogen is common to two
rings. The present review deals with some of these systems,
and the following examples are illustrated:
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8
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pyrrolo[1,2-a]pyridine pyrazolo[1,5-a]pyridine

(indolizine)
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imidazo[1,5-a]pyridine
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pyrido[2,1-c][1,4]oxazine

1
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| N
4
5H-oxazolo[3,2-a]pyridine

5H-thiazolo[3,2-a]pyridine

1
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2H,6H-pyrido[2,1-b][1,3]oxazine

1
S
i
5

2H,6H-pyrido[2,1-b][1, 3]thiazine

The vast majority of these systems do not occur naturally,
but they have been the subject of many studies from the
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Scheme 1.
theoretical point of view, for the preparation of poten- 2. Synthetic approaches to bicyclic pyridines containing

tially biologically active analogues and for some industrial

uses.

a nitrogen ring-junction

2.1. Five-membered rings

In this review, the synthesis of the title compounds is

systematically arranged according to the complexity of the

heterocyclic ring directly fused to a pyridine nucleus

containing a nitrogen ring- junction. The literature has

been searched from 1990 to 2000.

Scheme 2.

Z ; % _benzene _ M xylene
35°C

2.1.1. Azolopyridines

2.1.1.1. Pyrrolo[1,2-a]pyridines (indolizines). 2-Methyl-

thio-3-vinylpyrrolo[1,2-a]pyridine derivatives 3 were pre-

pared by S-alkylation of the pyridinium allylide 1 with an

reflux

4 5 6
OH
OH
. NaBH \
N HF/CH3CN
8

R = TBDPS
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alkyl halide followed by treatment of the resulting pyridi-
nium salt 2 with base (DBU) and then a dehydrogenating
agent (DDQ) via the corresponding intermediates 2a—d
(Scheme 1).!

The indolizidinone 7 was obtained through cycloaddition of
the nitrone 4 with methylenecyclopropane 5 followed by
thermal rearrangement of the adduct 6 to the octahydro-
pyrrolo[1,2-a]pyridine-7-one  (indolizidinone) 7. The
ketone 7 was converted to the naturally occurring alkaloid
8 ((+)-lentiginosine) via reduction and deprotection
(Scheme 2).23

Pyrrolo[1,2-a]pyridine derivatives (indolizines) 13 are
synthesised by 1,3-dipolar cycloadditions of pyridinium
benzotriazolylmethylides 9 with ethylenes and acetylenes
through the intermediates 10—12 (Scheme 3).4

Photoreactions of the allylsilane containing maleimide 14

CH,
O CH2 hV
v
M sime MeCN or RO
| N—(CHpz 5% H,0-Me N
\ \
° o
14 15
R=H, TMS
Scheme 4.

in either MeCN or 35% H,0-MeCN led to the formation of
the indolizidines 15 (Scheme 4);’ using the aqueous solvent
(H,O—MeCN) did not increase the yield appreciably.

The intramolecular Diels—Alder reaction (IMDA) of the
2-cyano-1-aza-1,3-butadienes 16 by heating in benzene
led to a very clean conversion to the indolizidines 17
(Scheme 5).57

R

R
NC N 1100C NC. _N

\ | benzene |
Ph Ph
16 17

R = Me, Ph
Scheme 5.

The imino ether 18 was condensed with Meldrum’s acid
under basic conditions using trimethylamine (TMA) to
afford 19 which was converted to the enamine 20 upon
treatment with sodium methoxide. Compound 20 was
reacted with dimethyl 3-chloroglutaconate 21 to afford 22
(Scheme 6).}

In another approach, the indolizines 25 were prepared from
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R =1t-Bu, i-Pr 29 30
Scheme 7. Scheme 9.

pyridylmagnesium bromide 23, using the tris(alkylthio)-
cyclopropenyl cations 24 as a three-carbon building block
(Scheme 7).°

Aliphatic azides are useful in intramolecular Schmidt
reactions with carbocations. lIonisation of the tertiary
alcohol 26 with tin tetrachloride gave the tertiary cation
27a which was transformed via 27b and ¢ to the 5-alkyl-
indolizidine 28 (Scheme 8)."°

Heating the N-[2-(4-methylfurazan-3-yl)-2-oxoethyl]-2-
methyl-pyridinium bromides 29 with N,N-dimethylaniline
(DMA) afforded the indolizine (pyrrolo[1,2-a]pyridine)
derivative 30 (Scheme 9).11

OH CeHiz
<:tc/6Hi 1) SnCl4/CH,Cl, N
_—
Ns ) BH,.DMS
26 28
SnCl, [H]
CH,Cl,
€]
CSH13/N2 06213
® r N
CeHis N N
N3
27a 27b 27¢

Scheme 8.

Treatment of 2-formyl-1,4-dihydropyridine 31 with 3-oxo-
3-phenylpropanenitrile 32 gives the substituted 3-amino-
indolizine 33 (Scheme 10).!2

A
| | base I
+ PhCOCH,CN —— » N
N CHO N
H H,N COPh
31 32 33
Scheme 10.

Ozonolysis of the cyclopentene derivative 34 followed by
treatment with Me,S gave the triketone 35 which reacted
with Ti—N complexes (chlorotrimethylsilane in the
presence of Li and TiCl, and dry air) to give the indolizine
36 (Scheme 11).1

Bu 1. Oy |
2. Me,S o)
Me Me” ~O O~ "Bu
34 35
Ti-N complexes =
THF s N7
Me Bu
36
Scheme 11.
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2.1.2.2. Imidazo[1,2-a]pyridines. Imidazo[1,2-a]-

X
| +\ I~ + CO(CH,CO,Me) K,CO4 | COOMe pyrid.ines hE.J.V.C b?ﬁgzprepared from an a-haloketone with
z ¥R N A 2-aminopyridine. As an example, the cyclocon-
,{le N=— densation of ethyl 3-bromo-2-oxo-4-phenylbutyrate 44
with 2-aminopyridine gave 45 which was converted to a
3g COOMe 2,3-disubstituted imidazo[1,2-a]pyridine 46, designed as a
3 potential aromatase inhibitor (Scheme 15)."
Scheme 12.
Os_Me ~ X—Me
ES Li 1) NHCIH0  pe—(
Me{N'/\OLi MGSJ 2) HsPO, mMe
N Me
o) SMe SMe
40 LY
39
Scheme 13.

2.1.2. Diazolopyridines

2.1.2.1. Pyrazolo[1,5-a]pyridines. Treatment of N-
aminopyridinium iodide 37 with acetonedi-carboxylic acid
dimethyl ester in an aqueous potassium carbonate solution
at room temperature afforded methyl(3-methoxycarbonyl-
pyrazolo[1,5-a]pyridine-2-yl)acetate 38 (Scheme 12)."

In addition, C-alkylation of the enamine 47 with enals
followed by cyclisation afforded the tetrahydroimidazo-
[1,2-a]pyridines 48 (Scheme 16).

The imidazo[1,2-a]pyridines 51 bearing a thioether side
chain at the 3-position, which are useful as antiviral agents,

In addition, lithium 5-lithiomethyl-3-methylpyrazole-1- Ph ,
carboxylate 39, on reaction with the a-oxoketene dithio- N COOEt H\C \// R MeCN
acetal 40, yielded pyrazolo[1,5-a]pyridine derivative 41 [ >ﬁ o’ R
(Scheme 13)."° N
H47
Moreover, in the presence of base the ethyl 2,2-dihydrodi-
fluoro-alkanoate 42 reacted with N-aminopyridinum iodide
37 in DMF to give 43 (Scheme 14).'¢ ‘/Ph rph
N COOEt -H,0 N COOEt
L = (=
l X COOEt b l = m N R2
+ + i ase COOEt =
2\ DMF NS K
N 07 > CHF, n OHC R
NH, N c
HF, 48
37 42 43 R1=H, Me; R2 = H, Me, Ph
Scheme 14. Scheme 16.
CH,CHBrCOCO,Et
NH, N
= ZN=
! EtOH COOEt
N * reflux CNr/
4
H 45
N
o
1. LiAIH,/THF N N /
2. SOCl, p
3. imidazole/CH4CN NN
46

Scheme 15.
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NH,
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N EtOH

=
Rt HCHO/ACOH

AcONa

Qf

R2

N

=

v

CH,0H

=
R3SH

R2 AcOH, A

50

R1=H, CH,;, Ph; R2=7-Me, 6-CF,, 8-C;

(CH2)206H5, CH20F3, C-C5Gg, CH(CH 3)2

R3 = c-CgHy1,
, CH,CeHs

Scheme 17.

were obtained through compounds 49 and 50 according to
the following reaction sequences (Scheme 17).%

Cyclocondensation of ethyl 4,4,4-trifluoroacetoacetate with
(4-chlorophenyl)acetonitrile gave the pyridone derivative
52 which was heated with a primary amine 53 and Bu;N
at 130°C to give the compound 54 which was converted to
55 by refluxing with POCl; (Scheme 18).

2.1.2.3. Imidazo[1,5-a]pyridines. The intermediate
nucleophilic N-alkyl radical, which was generated by the
reaction of Bu;SnH with the N-(w-bromoalkyl)imidazole
56 undergoes regioselective radical cyclisation onto the
azole 57 (Scheme 19).%°

A mixture of methyl chlorothioimidates 58, R*NC and
pyridines was reacted to give the 1-aminoimidazo[1,5-d]-
pyridinium salts 59 (Scheme 20).%’

2.1.3. Triazolopyridines

2.1.3.1. [1,2,3]Triazolo[1,5-a]pyridines. The reaction of
2-acetylpyridine 60 with hydrazines afforded the hydra-
zones 61, the tautomers of which were chlorinated into
61a. Treating 61a with SbCls afforded the cumulene inter-
mediates 62, which were cyclised into the 3-methyl[1,2,3]-
triazolo[1,5-a]pyridinium salts 63. The reaction of 63

6149

CHO
CHO
7N Bu,SnH
-
Br, N —— N
N
(CHy)q AIBN
56 57
Scheme 19.
R3 R2  NHR4
Cl R2 RS
MeSC=NR1 + R&-NC  + N _CHAs | D
eSC= - | B T N
N + SMe
cl
59

58

R® = Et, CHMe,, 2,6-Me,CgH3; R2 = H, Br; R3 = H, COMe, CN;
R4 = Et, i-Pr

Scheme 20.

with Na,CO; gave 3-methyl[1,2,3]triazolo[1,5-a]pyridine
64 (Scheme 21).28

A Wittig reaction of the azidolactol 65 with
Ph;P=CHCO,Et proceeded via 1,3-dipolar cycloaddition
of the azido function to the «,B-unsaturated ester to form
the [1,2,3]triazolo[1,5-a]pyridine 66 (Scheme 22).%

2.1.3.2. [1,2,4] Triazolo[1,5-a]pyridines. 1,2,4-Triazolo-
[1,5-a]pyridines have been successfully prepared in a one-
pot reaction by refluxing 2-cyanoacetohydrazide, aldehydes
and malononitrile in ethanol in the presence of pyridine to
give 67 (Scheme 23). 30

Condensation of 1-substituted ethylidenemalononitriles
with tri-ethyl orthoformate in refluxing acetic anhydride
yielded the dienes 68. The reaction of 68 with hydrazine
hydrate afforded the N-amino-2-iminopyridines 69, and
these were converted into the triazolo[1,5-a]pyridines 70
on treatment with DMFDMA (Scheme 24).3!

CH,CN OH o
0 /(%\(O/ (Et0),CHCH ,NH,
FAC—C—CH,- c OEt + | 53
N~ 0 Bu;N/1300C
H
52
9 cl CeHiCl
Bu;N POCI, Cl N
1300C | — /_j
FsC~ N7 “NH, N
L &y
CH
(OEt),
54 55

Scheme 18.
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CHy CH, H,C_ ClI
Y O RNHNH, (P Y N Holog  (C 7 N _SbCls
N ~ N NHR N N—-R
60 61 61a
CH3 CH3 CH3
I =z
NN oo | — (T N/ ER B
" —_N— ——N—
~ _N _ 6 X N- N—-R N ;
SbClg SbClg
62
CH,
2 8\
1}
XN N—/N
64

R = 2,4,6-Cl3CgH,, COOC,Hs

Scheme 21.

Me  + PhyP=CH-COOEt _toluene _
HO o

N3
65
CO,Et
N
Me
K/HD\( " N—N
EtOOC N, OH
Me
66

Scheme 22.

I
NC—CH,C—NHNH, + RCHO + CH,(CN),

NH,
NC
=z
T |
07N NH,
N=CHR

The reactions of formaldehyde and acetaldehyde with active
methylenes, followed by treatment with cyanoacetic acid
hydrazide, afforded the N-aminopyridine-2-one derivatives
71. The reaction of 71 with aromatic aldehydes or cyclo-
hexanone afforded 72 or 73 (Scheme 25).%

2.1.3.3. [1,2,4]Triazolo[4,3-a]pyridines. Cycloconden-
sation of ethyl 2-cyano-3-ethoxypropenoate with the
acetamidrazones 74 in DMSO gave the [1,2,4]triazolo-
[3,4-alpyridines 75 via ring closure of the 6-(2-acyl-
hydrazino)pyridine intermediates (Scheme 26).*

In addition, cyclisation of 3-cyano-4,6-dimethyl-2(1H)-
pyridine thione 76 with RC(H,CONHNH, (R=H, 4-Cl)
gave 77 (Scheme 27).34

(0]

NC
NH-N=CHR
HN N

EtOH
pyridine

67

R = Ph, p-CICgH4, p-MeOCgH,4, p-OHCgH,4, 4-pyridyl

Scheme 23.
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X CN c|)
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H R
R 7
NC X
7 ArCHO ’
o7 "N NH
HN——I—Ar ﬁj

X= CN, COPh, CO,Et; R=CH,;, H; Ar=Ph, 4-CICgH, .O

Scheme 25.
EtOOC. CH-_ COOEt
N OFt DMSO
NECl: H,N NNHCOR
74
EtO,C N COOEt EtO,C X CO,Et
B — ]
H,N N NHNHCOR H,N N” N
I
J———-—N
R
75

R = Me, CHMe,, CH,Ph, 4-CICH,CH,, Ph, 4-O,NCgH,, 4-pyridy!

Scheme 26.

Me Me
N CN X CN
[ +  HNHN_ _Ar n-butanol l
\ﬂ/ reflux N™ N
Me” N7 s o) Me i
H PEN
Ar
76 77
Ar = CgHs, 4-CICgH,
Scheme 27.

2.2. Six-membered rings

2.2.1. Synthesis of azinopyridines

2.2.1.1. 2H-Pyrido[1,2-a]pyridines (2H-quinolizines).
Ethyl 2-substituted-3-dimethylaminopropenoates 78 were
reacted with a 2-substituted pyridine as a C- and N-bi-
nucleophile and the N,N-dimethylamino group was substi-
tuted to give the intermediates 79, which were cyclised by
heating in acetic acid to afford the 1-substituted-4H-quino-

lizine-4-one derivatives 80 (Scheme 28).35‘38
R
H.__NMe,
o + I -Me;NH
N o//c\ z
OEt
78
R R
Z | | = — |
-EtOH
N 040\ 7 x~ NH Nz o
OEt (0] \OEt
79
R
Y l
N
N z
o}
80

R =CN, COOMe, COOEt; Z=COOEt, NHCH=C(COOEt),,
NHCH=C(COPh)COOEt, NHCOPh, N=C(OMe)SMe

Scheme 28.

The trienes 81 in which the requisite 1,3-diene and allylic
ether moieties are appended to the pre-existing ring system
afford the bicyclic ring products 82 upon iron-catalysed
cyclisation (Scheme 29).%

Oxidation of the w-haloazidoalkene 83 to give the epoxide
84 by m-chloroperbenzoic acid (mCPBA) followed by the
reduction of the azide group to the primary amine 85,
afforded the quinolizidine 86 after an intramolecular double
cyclisation (Scheme 30).40
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% X
! catalytic (Fe-complex)
NM\ CH;  cycrisation N CHs

(0] R (e} R1

81 82

R = CH,0CH,CgHs; R! = CH(OCH ,),, CH,0CH,CgHs

Scheme 29.

2.2.2. Diazinopyridines

2.2.2.1. 2H-pyrido[1,2-b]pyridazines. Cyclocondensa-
tion of the o,B-unsaturated aldehyde acylhydrazone 87 via
intramolecular ~ Diels—Alder reaction at elevated
temperature in the presence of xylene afforded 88
(Scheme 31).*!

2-Ethoxycarbonylpyridinium N-aminides such as 89 behave
as 1,3-dipoles and reacted with Michael acceptors to give
the corresponding cycloadducts which subsequently gave
pyrido[1,2-b]pyridazinium inner salts 90 (Scheme 32).%

2.2.2.2. Pyrido[1,2-a]pyrimidines. Malonic acid imide
derivatives 91 underwent thermal elimination of amines
to afford the 2-substituted pyrido[l,2-a]pyrimidines 92,
(Scheme 33).*

4H-Pyrido[1,2-a]pyrimidines 93 were prepared from the
reaction of 2-aminopyridines with 2-alkenoates.**~*’ Methyl
2-acetylamino-3-dimethylaminopropenoate, for example,
was treated with N-nucleophiles such as 2-aminopyridines
to give 93 (Scheme 34).44

Treatment of the S5-fluoropyrimidines 94 with n-butyl-
lithium followed by reaction with ethyl (ethoxymethylene)-
malonate yielded the addition product 95. The cyclisation of
95 was realised in refluxing ethanol in the presence of a
catalytic amount of piperidine and acetic acid to give 96
(Scheme 35).%8

Reaction of enones with the nitroketeneaminal 97 in reflux-
ing ethanol yielded a Michael adduct 98 which was

OR
RO
- mCPBA
N [O]
RO Lo
83
OR o
RO K,CO4
NH TEtOH
RO 2 ¢l
85
R = CH,CgHs

Scheme 30.

RO

RO

M M
e\( CH2 e ,
|

N xylene N
| —_— 1
Me—N A Me—N
O
87 88
Scheme 31.
A | S
R1 CH,CI -
| + 2¥"2 P 0
N e DIEA N7
1
MSTS™ NH, OEt Ny R
R
89 90
R = H, Me; Ph; RT = CN, COCH34
Scheme 32.
N X N X
i heat 7 Y
— . |
~ N ~ N
Y O le}

91 92

X= NMe,, NEt,, OMe; Y = NMe,, NEt,

Scheme 33.

transformed to the bicyclic carbinolamines 99. Its
dehydration in acidic medium led to the compound 100
(Scheme 36).*

2.2.2.3. Pyrido[1,2-c]pyrimidines. The iminoethyl-
idenepyridines 101 underwent cyclocondensation with

RO

RO

OR
o
1) Hp, PA/C EtOH
-  —
Ns 2) K,CO4/EtOH
84
OR OH
N
86
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H NMez H2N

X
N
H,COCHN” ~COOMe
N
-MeOH |
HsCOCHN
0

93

6153

H
N

H
EtOH j]\/ \Q
Me NF ™ N

r MeNH 1y cocHn > coome R

N \

N

R

R =5-NO,, 3-OH, 3-[1,24]triazolyl

Scheme 34.
O
EtO
F Etooc. ,COOEt F COOEt
7N, n-BuLi f[“
S )H N HO™ N OE
HO N H/ OEt t
R1 R1
94 95
O O
F
piperidine Z "N l OEt
AcOH
HO™ SN
R
96
R = 4-FCgH,, 2,4-F,CgH,, 4-MeOC gH,
Scheme 35.
aldehydes to give the pyrido[1,2-c]pyrmidines 102 (Scheme pyrazin-3-yl)acetate 104 was prepared from ethyl

37).%°

2.2.2.4. Pyrido[1,2-a]pyrazines. Methyl (pyrido[1,2-a]-

NO.
3 2
R | R2 R3
R2 ~ EtOH
+ HN "NH ——— 1 NO
v heat R 2
1 o
R 0o HN “NH
o7 (L
98
R3 R3
R NO, | R2 NO,
—A_> | H, heat | |
R? N
HO N NH H,O R UH
99 100

R1=Ph, CH3; R2=H, COOEt; R3=H, Ph

Scheme 36.

2(2'-pyridyl)glycinate 103 and dimethyl acetylenedi-
carboxylate via the formation of enamine as an
intermediate (Scheme 38).%!

2.2.3. Triazinopyridines

2.2.3.1. Pyrido[1,2-a][1,3,5]triazines. 2H-pyrido[1,2-a]-
[1,3,5]triazine-2,4(3H)-dione 106 was obtained from
the reaction of 2-aminopyridine with diphenyliminodicar-
boxylate 105 in acetonitrile at high temperature
(Scheme 39).2

=z R = | R
+ RICHO ——
NH NH N\I/N
R1

101 102

R= Ph, C'CGH”; R1 = Pr, CHMez, CHchME2,
4-MeCgHy4, Ph, 3-thienyl

Scheme 37.



6154 W. S. Hamama, H. H. Zoorob / Tetrahedron 58 (2002) 6143-6162

Scheme 38.
I
A N A MeCN Z N7 ONH
| + (e} NH PN /K
N"NH, NS0
(0] OPh
106
105

Scheme 39.

2.2.3.2. Pyrido[1,2-b][1,2,4]triazines. Cyclocondensation
of 1,6-diaminopyridines with 1,2-dicarbonyl compounds™**
as MeCOCOMe afforded 107 (Scheme 40).3

CN CN
Ar NH
| AN 2 (") (”) Ar x N\ Me
N + Me—C—C—Me —» | N
NC NH;, NC N7 “Me
o o)
107
Ar=CgHs, 4-OMeCgH,, 4-CICsH,
Scheme 40.

2.2.3.3. Pyrido[2,1-f][1,2,4]triazines. The 2-ethoxy-
carbonylazinium salt 89 was reacted with isocyanates and/
or isothiocyanates to give the mesomeric betaines 108 in a
[442] cyclocondensation process (Scheme 41).*

COOEt

73 OEt Z PhN=C=X
N
N NH, N NANH
MSTS” 89
(0]
Oy OEt
- Ph -EtOH Z 3 N—Ph
=z ' N~ B N
\ ~ ~ X-
o Na N
+ N/J\x
H
108
X=0,S

Scheme 41.

+ MeOOC—==—COOMe —*

COOEt

=z

NH
~ N X - COOMe
MeOOC

NaOMe/MeOH

—_—

2.3. Seven-membered rings

2.3.1. Pyrido[1,2-a]azepines. The pyrido[1,2-alazepines
110 were prepared from N-substituted pyridines®—® and
treatment of the pyridinium iodides 109 with Bu;SnH and
AIBN in MeCN—THF gave 110 (Scheme 42).

R R

R2 -
21 BuzSnH/AIBN 2
MeCN/THF N
Rt N N(CH RV
R R
109 110

R, R!, R2=H, Me
Scheme 42.
In addition, cyclisation of the compounds 111 in the

presence of CF;COOH gave the pyrido[l,2-alazepines
112 (Scheme 43).%°

CH,
SiMey ¢
= C[ CF3COOH
N
111 112

n=2; R=CO,Me, CO,CMej, CN

Scheme 43.

2.4. Five-membered rings containing different
heteroatoms

2.4.1. 2H-Isoxazolo[2,3-a]pyridines. The hexahydro(2H)-
isoxazolo[2,3-a]pyridine 113 was prepared by nitrone
cycloaddition®®®! and, as an example, the oxidation of
cyclic amines in the presence of alkenes afforded the
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=
H,0, OC4Hg
. NaWO, 2A0 | 4 ) | ——= N
H | OBu

113

Scheme 44.

compound 113 without isolation of the nitrone (Scheme
44).5°

2.4.2. 5H-Oxazolo[3,2-a]pyridines. The reaction of
phenylglycinol with glutaraldehyde provided to 2-cyano-
6-phenyltetrahydro(5H)oxazolo[3,2-a]pyridine 115 via the
inter-mediate dihydropyridine unit 114 (Scheme 45).5%3

PhY\OH

Ph + €]
N
\K\QH . CHO CHO H,0 [ N CN
NH, N
Phﬁ,,\ 114
NC(N;(O
115

Scheme 45.

2.4.3. 3H-Oxazolo[3,4-a]pyridines. N-(2-Bromo-1-pente-
nyl)-oxazolin-2-one derivatives 116 were treated with
Bu;SnH in the presence of AIBN to afford 117 (Scheme 46).64

CH2 CH2
[:|Br BusSnH
O N ABN ~ O_ _N
1] \n/
O R o}
116 17

R = Me, 2-tetrahydropyranyloxyethy!
Scheme 46.

2.4.4. SH-Thiazolo[3,2-a]pyridines. The thiazolo[3,2-a]-
pyridinium salts 119 were prepared by cycloaddition of
carbon disulphide to the 2-chloropyridinium salts 118
(Scheme 47).9

Cl +
A S=C=S AN =S .
N COAr EtN N N\%
Br- COAr
118 119

Ar = 4-NO,CgH,, 4-CICgH,

Scheme 47.

OR2
Z N R1 3
1. 104, CHCI4 .
NHOH 2. 104 .H,0
(0]
120
OR2 121
A
N
0" "R
(0]
122
R1=H, Et; R2=CH,C4Hg
Scheme 48.

2.5. Six-membered rings containing different
heteroatoms

2.5.1. Pyrido[1,2-b][1,2]oxazines. In an aqueous medium,
intramolecular Diels—Alder cycloaddition of the acylnitroso
compound 121 (generated from the hydroxamic acid 120 by
periodate oxidation) gave the pyrido[1,2-b][1,2]oxazin-
8(2H)-ones 122 (Scheme 48).5%¢

2.5.2. 2H,6H-Pyrido[2,1-b][1,3]oxazines. The hexahydro-
pyrido[2,1-b][1,3]oxazine 124 was obtained by the reaction
of 3-amino-1-propanol with 5-bromo-5-deoxy-D-xylose 123
in an aqueous medium (Scheme 49).68

OH
o [ H
m . BF/X_?«AOH HOUO
123 124

Scheme 49.

2.5.3. Pyrido[2,1-c][1,4]oxazines. Alkylation of phenyl-2-
piperidylmethanol 125 with 2-bromoethanol and triethyl-
amine in acetonitrile gave the aminodiol 126, which was
cyclised with sulphuric acid in dichloromethane to give
octaélgydro— 1-phenylpyrido[2,1-c][1,4]oxazine 127 (Scheme
50).

2.5.4. 2H,6H-Pyrido[2,1-b][1,3]thiazines. The tetrahydro-
pyrido[2,1-b][1,3]thiazinium hydroxide derivatives 130

Ph OH

Ph.__OH
NH ~_OH MeCN W
+  Br ELN N
125 126
Ph.__O
H,SO, Nj
2V12
127

Scheme 50.
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O
O=C:(‘kCI
Ph

129a ! O_

R
M N £ |
e
Me Gt -
N~ O
Me NH Me
128 o 0 130
CIMCI
Me /
129b
R = Ph, Me

Scheme 51.

were prepared from the reaction of 3,3-dimethyl-piperidin-
2-thione 128 with chlorocarbonylphenylketene 129a or
methylmalonyldichloride 129b in CH,Cl,, (Scheme 51).°

2.6. Saturated four-membered rings

2.6.1. 1-Azabicyclo[4.2.0]octan-2-ones. Photocyclisation

HO_  Ph
O NHTF-a
,,\,j hv
Ph CH,Cl, N
0 TfaHN I
131 132
Scheme 52.
R3S R4 R3 R4
R2 SCH,R 2
YT Eora 7 /ISIR
R AN RS RN R6
133 134

R = CO,Et, Ac, COPh, CO(4-CIC¢H,), CH=CH,; R'. R2. R3 = H, Me:
R4 = CN, CO,Et; RS =CN, COMe; R6 = NH,, Me

Scheme 53.

Me. Ph
| +  EtN—=——Me

135

benzene
—_———

NEt,
137

Scheme 54.

COOMe

138 139

Scheme 55.

Scheme 56.

of the amide 131 via photoinduced e-hydrogen abstraction
followed by cyclisation of the corresponding 1,6-biradical
to give 3-trifluoroacetylamino-5-hydroxy-5-phenyl-1-azabi-
cyclo[4.2.0]octan-2-one 132 has been reported (Scheme 52).

3. Reactions

3.1. Reactions of bicyclic pyridines fused to five-
membered rings

The intramolecular cyclisations of 5-alkylated indolizines

O
P
COCHs _N
= Ph
7 glyoxylic acid ZNP Ph
NANTN 212 S N—N
142 o 143
l N">"CoOEt
_N
Br(CH,);COOEt
CHCI, Ao ~Ph
|
x N—N
144
Scheme 57.
Br
A A MeO
| 1 nh
NTNBT B N N—Br NaOCH, NN B
N— N_ CUl |
N—
145 146 147
Scheme 58.
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=z

Ar
Z N kN it
1) |
NNy

N—]\)NHZ ArCHO
N X N CH3OH
148 149
Ar
™ X N
150 Ar = 2,4,6-(OMe) 5CgH,
Scheme 59.

133 afforded the corresponding thieno[2,3-b]indolizines
134 (Scheme 53).”>7

In addition, 7-methyl-6-nitro-2-phenylindolizine 135
was reacted with 1-(diethylamino)-2-methylacetylene
to give the cycloadduct 137 [5,9-dimethyl-8-(diethyl-
amino)-2-phenyl-6-oxo0-9a(H)-indolizino[6,5-c][1,2]iso-
oxazine] through the intermediate cyclisation of 136
(Scheme 54).

Treatment of the B-ketoester 138 with NaH resulted in
O-alkylation to yield the tricyclic product 139 (Scheme 55).7

6157

Annulation of the triester 140 via a Dieckman condensation
yielded the tricyclic product 141 (Scheme 56).7

Condensation of the acetylpyrazolopyridine 142 with
glyoxylic acid hydrate and hydrazine hydrate in aqueous
ammonia the afforded the pyridazinyl compounds 143,
which were reacted with Br(CH,);COOEt in CHCl; to
give 144 (Scheme 57).”

Bromination of the compound 145 gave the 6-bromo deriva-
tive 146, which was reacted with NaOCHj in the presence of
cuprous iodide to afford 147 (Scheme 58).78

Condensation of the amine 148 with 2,4,6-trimethoxy-
benzaldehyde gave a Schiff’s base 149, which was cyclised
at room temperature to yield the azacarboline 150
(Scheme 59).7°

The pyrido[1,2-e]purine 152 was obtained by transforma-
tion of the acylated amine derivative 151 (Scheme 60).*

In addition, the compound 153 was benzoylated
with PhCOCI in xylene to give 155 via quaternary salt
154 and a stabilised ylide 154a, while its benzoyl-
ation under Friedel-Crafts conditions afforded 156,
(Scheme 61).81

The reaction of the 8-amino derivative 157 with 2,6-di-
methylbenzyl chloride in the presence of Na,CO; and KI
in MeCN afforded 158 (Scheme 62).5%%3

H H
NH N _Me N_ _Me
Z N 2 Z N Z
o oty oy
N”">CH,NHCOMe N NSNS

151 N__Me
=z DN
N
N \N _N
152
Scheme 60.
BALES T g /+IS(IJOPh—> ~ T *n—coph
Xylene ~ N x N
N —
~ N~ acy! transfer
COPh
153 =
PhCOCI.AICI 5 = N Z N
CICH,CH,Cl N ~ Ny
COPh
156 155

Scheme 61.
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R1 R1

R3 R2 R3 R2

N)\/ + AGH,0l 22905 N

=N 2 KlI, MeCN —N
R4 R4
NH, rNH
Ar
157 158

R1 = H, alkyl, alkenyl; R? = alkyl, alkoxyalkyl; R = H, alkoxy, alkyl;
R4 = H, alkyl, haloalkyl; Ar = Ph, thienyl, furanyl, 2,6-(CH3),CgH3

Scheme 62.

The reaction between the 7-aminotriazolopyridines 159 and
sulphuric acid gave hydroxyalkylpyridines 160. Bromina-
tiongff 160 gave the brominated pyridines 161 (Scheme
63).

R Br
A~ ',‘,‘ H,50, AN CHROH Br, | CHROH
x N—N N Br ~ N
NH, NH, NH,
159 160 161
R=H, Me
Scheme 63.

The triazolo[1,5-a]pyridines 162 were lithiated by lithium
diisopropylamide and then reacted with dimethylformamide
to give the aldehyde derivatives 163. These reacted with
carbomethoxymethylene triphenylphosphorane to yield the
esters 164 (Scheme 64).3586

R R
X 1. LDA N
_ 2 DMF oHc™ N~
=N N=N
163
| A
O N R
|
OMe N=N

Z-Z

162

MeOOC-CH=P(C ¢Hs)5

3.2. Reactions of bicyclic pyridines fused to six-
membered rings

Treatment of 3-cyano-1-ethoxycarbonyl-2-methylthio-4H-
quinolizin-4-one 165 with 2-(aminomethyl)-5-(hydroxy-
methyl)pyrazine 166 in MeCN gave 167 (Scheme 65).%

The reaction of the compounds 168 with 2-phenylethyl-
amine in boiling xylene gave the N-substituted-3-acetamide
derivatives 169, whereas the reaction of 168 with hydrazine
hydrate afforded the 3-acetic hydrazides 170, which were
converted to the 3-acetamides 171 by refluxing in ethanol
over Raney-Ni (Scheme 66).38

N N

= = ‘ RZNH 2 = =z '
N N
(CHpnCOOR1T Ylene (CHy)nCONHR!
R O

R O
168 169
)NHZNHZ
N N
Y NI/EtOH |
N = KN
N (CHy)nCONHNH, (CH,)nCONH,
R O R O
170 .
N=0 1, R=H, Me; RT = H, Et; R = CgHsCH,CH,
Scheme 66.

Quinolizidinylmethyl indole-3-carboxylate 174 was pre-
pared by condensation of 3-hydroxymethylquinolizidine
172 with the acid chloride 173 (Scheme 67).%

The 5H-pyrazolo[4,3-a]quinolizin-5-one 176 was obtained
from condensation of the compound 175 with N,H, in
DMSO (Scheme 68).”

In addition, the pyrido[1,2-b]pyridazinium-4-olate 177 was
photolysed to give the isoxazole 178 and the azirine 179
(Scheme 69).”

Intramolecular cycloaddition of the compound 180 under

R=1g4 Me. Ph Lewis acid catalysis afforded the pyridopyrimidazepines
181 (Scheme 70).”>%
Scheme 64.
CO,Et CO,R / N
SMe NHCH —(}CH OH
N
z N/ . HZNAE ]\ MecN, 7 77 ) 2 = 2
X N
CN SN CH,0H CN
o o]
165 166 167

Scheme 65.
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(0]
CHon al C02 -CHZ
o U =0 OO
N N N
H H

172 173
Scheme 67.
Pr (0] Pr
=N
SMe
Z\F | NH,NH, A l NH
—_———
x N DMSO
CN N N
0 o)
175 176
Scheme 68.
° Ph
o | I (0]
Z N hv =z -N
N MeOH G 7 Fh
NN ph e ~~N ~ N N
177 178 179
Scheme 69.
° R
CH=N
Z N | benzene (©
NNy ’,“/\/\Rz reflux XN
R1
180 181

R=Ph, i-Bu; R1= CH,Ph, Me; R2 = H, Me, Ph, CH = CHMe, 2-furyl

Scheme 70.

The  7,12-dihydropyrimido[1/,2':1,2]pyrido[3,4-b]indol-
4(6H)-one 183 was prepared by Fischer indolisation of the
arylhydrazone 182 (Scheme 71).*

The compounds 184 were reacted with 1,4-benzoquinone to
afford the pyrido[4,3-glisoquinolines 185 (Scheme 72).”

Me
N 0 AcOH
PhHN-N f
N~
182

Scheme 71.

174

X

0]

|
+ 2 N
(0]

|
- N
RN)\(

NHR
¢

AN 185
1

N

_N
RN)\(

NHR
184

=

R = 4-CH4CgH,, 3-CF 3CgH,, 4-EtOOCCgH,, Ph

Scheme 72.

The compounds 186 were photolysed in methanol to give
the acid amide 187 (Scheme 73).°°

4. Conclusions

The present review has outlined the progress of synthetic
routes to and some reactions of bicyclic pyridines contain-
ing a nitrogen ring-junction in the last ten years. The vast
majority of these important compounds still require further
exploration and application, especially as drugs, dyestuffs
and light-screening agents in photographic emulsions.

G
o o)
Z >N hv
I L = N  -RCN
2 MeOH !
NN « n L
N R
186 R=H, Ph
% o}
7N - A W,
SN « N
187

Scheme 73.
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