7.1.12 Photochemical isomerization

O
\
R

heat '|\|
R
@ hv @ NaBH, Q
| —
SN <25°C N N
H
7 hv
@(CZFS)S (C2Fs)s
\ o N
N 160°C

Photoisomerization of 1,2-dihydropyridines and pyridines

7.1.13 Pyridine N-oxides, N-imides and N-ylides

= R'X A~
@ base |
—_— X

Formation of pyridinium imides and ylides

=z AN >
« |+ Pinco ——> H @ > @\

I NHPh
0 61\<J
o)
Me
Me
=
|+ MeO,cC=CCO,Me —>
Y
N+ / CO,Me
I 2
-NCO,Et EtO,C

CO,Me
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X

7 |
o | + H,C=CHCN > N CN
N
-CHCOPh PhCO
Cycloaddition reactions
4
| v R 7\
< —— Gy
I}h- N\N N/N\
-CHCO,Et \ CO,Et
CO,Et

®

+ :C(CN),

~

A h

R o
N CN

I
H

Photochemical reactions

RZ

o -CO2Me R g -R® Rl\S/F.z,R3
| R'R?R3SiLi),CuCN ~chloranil !
Sy ( 2 @C%Me PR L _copme
A |
O~ “OMe i SN
10 O~ "OMe 11
=
- ‘ _>_N/\/\OH
tg\ E
12 OH OH
7.1.14 Hydroxy- and aminopyridines
pcl / NaOMe [~ |
| Sy « | — | —_— «
X N OMe
N~ 0 N~ ~OPCl, N

H
2-Methoxypyridine from 2-pyridone.
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OH _
7 | (j/ ETO H,C=CHCN o
X
N \'|\'+
H

NC

3-Hydroxypyridine as a 1,3-dipole.

N2+ N2
=

"y «— [ )
N’ N

o 31 ©

7.1.15. Alkyl- and alkenylpyridines

ol 3 w%»@% NG

x
N

O\”\P%:o — L

Substitution of the methyl group of 2-methylpyridine.

=z =z
T =To el
N Me SN Me N SN OAC
OAc

N |
o) OAcC

2-Acetoxymethylpyridine from 2-methylpyridine N-oxide

A~ Me 1 g A~ Me
\ | x | SPh
N Me 2. Ph282 N
Selective attack at the 2-methyl group of 2,3-dimethylpyridine.

Z | RoNH, CI,AcOH  (© |

A X
N N NR,
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Conjugate addition to 2-vinylpyridine.

7.1.16. Pyridinecarboxylic acids

zZ = 7
« | — | o — [ | + CO,
N COzH \N+ C4 |}|+
| I
H O H

Mechanism of decarboxylation of pyridine-2-carboxylic acid.

7.1.17. Piperidines
Synthesis of piperidines

‘ Ph
J Ru=/ A
Clx(Cy3P)2 N

54 _’wl\_l ethylene, CH,Cl, +s cc
S
o) o)
X
| NHPho, Pd(OAC)PhsP ([ "NPH
| Na2CO3, DMF @
56
N Py
onc & Ni(cod),-PhsP Et3SiO__—
kN Et,SiH, THF L
| N
Ts 57 Ts
Z 0 (N-BUsN),Ce(NOg)g o
T™s —NBn | NBn
sg TMS
1) PLE "
N__O
BnHN COEt
2) TFA
COEt — > CO,Et
59 ph 3) DCC, HOBT o
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0 O N ‘O
pTC” Ph N . d
L CsOH, RX ph H (CH2)4Cl OH
60
O\/Ph
N~ MeSO,Cl
) OH N~ “Ph
Ph™ 61
Ph)
', OO
HO N EtzN TIPSO N~ YCO,TIPS
62 Bn Bn
OHC ' N COXC 1) BnNHz, MgSO4 .
w‘/v 2) P/C, H,
63 N COX,
Xc = (S)-5-benzyloxazolidinone Bn
s ™
= N
NOH N
Bn 64 Bn~ O
Reaction of piperidines
| 1) LDA
—CO,Me  2)ZnBr, [I
NBn o 3) H,0 N~ YCO,Me
Bn
Ph o
(0] N__o PhNJi/
| | LT o=
N" "OTf N ‘
Cbz Cbz 66 N
Cbz
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I o I ,0 MeO O
MeO MeO e
\q K,Cr(CO)s \EI MeOH
l‘\l o) I‘\l Cr(CO)s l‘\l “'CO,Me
67
Ph\ﬂ 1) PhMgBr ’
! N

O

68
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2) MeMgBr Ar,,
3) Hy, Pd/ C Q

chiral titanocene

N

’
O’/

PhSiH,
N~ ""CaH,
H
|
|2, NaHC03
N
| H
MeCZO |
Ticl,
TN
_~_TMS 1
o
CHO
BusSnH |
AIBN N
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2
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Et" N "Bn
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7.2. Quinolines and isoquinolines
7.2.1. Introduction

NHC HMe(C H2)3NEt2

X

cl N7

34

MeO N
HOH,C |
02N ||\l CHzNHCHMez OMe
H
. g
36 OMe

7.2.2 Synthesis od quinolines

MeO

PhNH,
HOCH,CHOHCH,OH —» CH,=CHCHO —»

+

O OH
H
_» —>
N N N
H H

The Skraup synthesis

Me

Q PhNH, «

% Me\/\/o —»
N/ Me
R

©\/\/ 7#

QWR L QE%LR
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Doebner-von Miller synthesis of 2-methylquinoline from aniline and crotonaldehyde

O

(kinetic product)

/ H

PhNH, + MeCOCH,CO,Et

\ Me

N O
H

(thermodynamic product)

A Combes synthesis from aniline and ethyl acetoacetate

1 1
CHO , R ~ R
+ R CH,COR® —» — )
COR’ COR
NO, NO, NH,
R1
—
R2

A modified Friedlander synthesis

Heterocyclic Chemistry, C. Chen, 2009/3/20 11:50 147



O 1. CH,(CO,Et),,

F o MY(OED;

-
>

Cl Cl

o
F COEt [>—NH,

_— >

Cl Cl "OEt

F COH H—N

2. H;O" Cl

COEt  HC(OEY),, Ac,O
Cl
o)
F CO,Et H;0"
E—
Cl g
o)
N—H F CO,H

Cl N

A

\J
pzd
pzd

A synthesis of ciprofloxacin

XX Br P
‘ b . \/\©
HTs

N
13

e —lex
NHCO,Et NCO,Et

17
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Pd(OAc),, Na,CO4 ‘ NN
n-Bu,NCI / DMF NN N
14718 ‘/
1. Pd/ Cul @)
TEBA, K,CO4
2. PPA
N ’
H
16

//—QOMe

DCB, 180 °C

| N
CO,Et
OMe
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SO,Ph

SO,Ph
@\ DBU, BTMSA N

N~ “Ph
Ph
19 20
o)
NH2 N
21 H
SiMeg
©[Br BusSn N
N AIBN N A
H NAc H NAG
22
R :
~~ Ph  1,4-CHD xR ~ R
- A __ph| ™
23 24 Ph Ph
©/j PhI(OAC) o v (7
NH ZIN
25 SO,CFg 26 SO,CF,
| X 7CN 1)TiCI4,Sm,TH|i ©\/Y
2) 10 % K,CO =z
ZNo, ) 2->3 NN,
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2) AcOH, DDQ

1) NaH % NaBHCN
| _—
=
oH © N
oH H
NO,

28 o.N

NH,
CN " PPhg Br CN
CE ~ 3 @i PPh; Br' NaH XN
29 H

7.2.3 Synthesis of isoquinolines

MeO MeO
O, =
@)

Me

OMe

MeO MeO ‘ S
N
MeO MeO
OMe OMe
OMe O OMe

Synthesis of papaverine by the Bischler-Napieralski method

o o OH
N HONO . ~~~NOH RCOX \
| _ | _ NH, ~N
R

The Pictet-Gams synthesis

O = O 5 O
NH, N NH
(/

R R

The Pictet-Spengler synthesis
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OFEt
Q H,NCH,CH(OEt), H\ H,SO, Q@
OEt — A
RO CHO _N RO =

RO
lHZ/Pt
OEt OH
HCl
oue
NH
RO NH RO
OEt
" H-CCH(OEY), okt ‘\ N
RZO 2 0O H2$O4 P _N
L R%0 R°0
Rl

The Pomeranz-Fritsch synthesis and related methods

MeO MeO
LIS
N
MeO Br Pdy(dba)sPhsP e N~ PR
\ 32
0]
0]
Ph
I Pd(OAc),-PhsP Ph
+ Ph—=—=—Ph (OAC)2Phs N
__N—t-Bu Na2C03-DMF _N
33
B |
N=—Ph ~N
34
Ar
Ar\—\ o 0 ﬁN
S. -TSA H o
N% B E/ i —
o Ph™ = ggt
. L 35 4
Ar = 3,4-dimethoxyphenyl
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CO,Me

S OEt COzMe
T lauroyl peroxide
S

NEt NEt

O O
36

Meo
NCOPh
Meo r mNcoph

37 TMS Meo

Meo
M
m BrCH,COCI " °°0 S RaNi ME°
HN —
% N NCOCH
Meo 28 =S Meo fo Meo 3
39 °

NH
MeO S—CF; TFA
—p-Tol
40

42 SeAr’
90 % e.e.

MeO MeO
'OH L
NHBoc oc
MeO seoTf MeO
a1

7.2.4 General features of the chemistry of quinolines and isoquinolines

\ -

L Y ‘\ A
~ _ N.
X Y

X

X v Y _
- > Px - - - - > _x
N _N N

Intermediates in nucleophilic substitution of isoquinoline

Heterocyclic Chemistry, C. Chen, 2009/3/20 11:50 152



x* x M
A X" AN \'a A
_N _NX* NX
H Y

Addition reactions initiated by electrophilic attack at nitrogen

7.2.5 Electrophilic substitution

Table 7.4. Electrophilic substitution of quinolines and isoquinolines

Electrophile Reagents and conditions Major products
Quinoline
D* 70% D,S0,, 150°C 8-
NO," H,SO,4, HNO3, 0°C 5- and 8- (1:1)
Br* Brs, AICI3, 80°C 5-
SOzH" H,SO4, SO3, 90°C 8-
Isoquinoline
D* 70% D,S04, 150°C 5-
NO," H,SO,4, HNO3, 0°C 5- and 8- (9:1)
Br' Br,, AICl3, 80°C 5-
. Bn, ~ VB _ " Br
Q™ G —
N N™ “Br N*" > Br
Br I:l%r

AN Br X Br
(:\(j/ + Br,
N~ “Br N~
Br
Substitution by way of dihydro intermediates
N~ 90°C NG 300°C m
N

|
SO5H

Sulfonation of quinoline
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7.2.6 Nucleophilic substitution

Cl
CHPhCN
SN PhCH,CN \
- s X N
Cl N~ NaNH |
a s
2 o N
Cl |
A CH,(CO,Et), ~C
N NaH, 140°C _N
Cl CH(CO,EY),

Selective displacement of chloride

225° ® mo K* \

H
NaOCI

(l/j @fl /HCI

Routes to 2-quinoline from quinoline

7.2.7 Nucleophilic addition

@Q
OH
CN
o CrL
N “cr N+ CN
COR

;

8
%

COR
X
© | NaH, RX B NaOH(aq) N
_
COPh _N
< \corh

R

(a) Pseudobase formation; (b) ans (c) Reissert compounds
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B 'Bu,AlH, CICO,Et N
—~
N N

|
CO,Et
@\/j CICO,Me, BusSnCH,CO2Et @fjv
g CO,Et
e 80% N )
CO,Me

1,2-Dihydroquinolines from quinolines

7.2.8 Oxidative cleavage

Xy, KMnO, NaOH  HO2C-_~
L
P ‘ ~

N HO,C~ N
N N
Z HO,C~

7.2.9 N-Oxides and N-imides

Photoisomerization of quinoline N-oxide

0
1) BF5
dﬁ 2) PhMgCI_ ~Cl
NN B)NCS

|
COzEt 30 COZEt
O me= O
N~ CICO,Ph, AgOTf ZSN T
|
PhO,C ~ “Ph
31
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Meo:it/@ 1) MeMgl| MeO
2) NaBH,, AcOH
N ...
MeO : Z 3) H, MeO AN
OH 44

@)
Nj/ 2) BulLi, BrCH,CO,Et

45 ph
MeO MeO
Ir, (R)-BINAP, H, Q@
_N
NH
MeO MeO -
46 OBn ~
86%e.e. OBN
RMgBr =
NH
R
MeO
X MeO MeO
P NC(O)-t-Bu A [ 1) LAH QANH
- Pyridine P N
MeO y MeO Z 2) CCly/ PhgP Ve \/\
CO,H 3) Ha 49 CF
48 F.C~ “OCO-t-Bu 3

EtC,0

OH o)
OMe  ph.p, I,
—_—
N. N.
Ts Ts
51
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7.2.10 Properties of substituents
o
= s — CCE
_N «_NH ~N'H
3-hydroxyisoquinoline

_— Hydroxyquinoline can form an intrmolecular hydrogen bond.
,N It is also a good chelating agent for metals.

| X base @Ei
Nz S AN —
N* 1 Me N CHy / N*Et

air

Formation of a cyanine dye

A mixed dye, use in the control of pinworm infection

Pyrvinium Ph

7.3 Other fused pyridines
7.3.1 Quinolizines

Heterocyclic Chemistry, C. Chen, 2009/3/20 11:50 157



o 0
CN
©/ + BrMg(CH,);0Et — I — ]
=N 23 =~ _N o N
Br
OEt

OAc OAc
\
A ANy A 7 S
o N2 ~_ N7 | ~ NI~
Br Br Br

A route to quinolizinium salts

The ring system occurs naturally, usually in a partially or fully reduced form. Lupinine is one
of the quinolizidine alkaloids which are present plants of the lupin genus.
yy CH20H

e

lupinine

Quinolizinium salts are resistant to electrophilic attack but are susceptible to nucleophilic
attack, particularly at the 4-position.

1
| \N Y 7 6(4 .7 ‘ X
=N~ N N~
4 H™ vy v
| X7 Xy "CH(CO,Et), =N | -HCl =N |
/E = N >N
cl c1” “CH(COzEY), |

EtO,C~ “CO,Et

2-Hydroxyquinolizinium salts are easily deportonated to 2-quinolizones.
= A NGO

4 N =2 >4 _N
\/+ R/\/ =

7.3.2 Acridines
9-Aminoacridine and 3,6-diamonoacridine, have antiseptic properties.
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NH,
=
/
N
H,N N NH, -
N

3,6-diaminoacridine 9-aminoacridine

Acridine Orange L: Dye

X A
o« £ "
Me,N N NMe, Me,N N “NMe,
H

|
H
o)
ML T
CO,H / N
X ’
NHPh cl
\ A
POCI,
N

Synthesis of 9-acridone and 9-chloroacridine bt cyclization.

Acridine is easily reduced to 9,10-dihydroacridine and with potassium cyanide it gives

9-cyano-9,10-dihydroacridine, etc.
reduced H
CN
N KCN
L LI
wez
NM62
L
H

Iz

O
NEt, 1) PdCl,(dppf)
o *+ dppf, Nat-OBu
2) Methylation
HoN 3) LDA N
Br Me
52
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Ar

Ar Ar
» U
P ArCO
L) g
= ClO,
N N

|
Me 53 Me

7.3.3 Phenanthridines

cl KNH,, NH “ X g
2 3 - e 'NH2- AN
_NPh NPh N ——
_N
NH,

NH,

Phenanthridine by aryne cyclization.

7.3.4 Indolizines

X
CH,X
a 2 o~ -CHX base AN
“_ N + RCOCH,Br — I — )R
N N
" CH,COR
The Chichibabin synthesis of indolizines
7.4 Ring systems containing oxygen
7.4.1 Pyrylium salts
Ph-C'BE, = HBF,.OEt
O 3;92ty : S5 | 2;0/ : PhYO\/\NO
(@] 0 0] 0 0]
BF,

Preparation of pyrylium tetrafluoroborate
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Me

HBF,  Me Ac,0 Me
(@) MegCOH ——=  >—=CH, -
Me Me COMe H2C COMe
MeCO* |
Tl e O T WL
NS
Me” "o g Me Me™ Yo & Me Me ? Me
Ph P
HBF
(b) PhCH=CHCOPh + PhCOMe 4 _ m
e N
Ph o ¢ Ph Ph™ 0" Ph

Routes to 2,4,6-trisubstituted pyrylium salts.

=
| RLi 5(4 Y/ N
Rﬂ

N . —~

Ring opening of the pyrylium cation by organolithium reagents.

Me

Me Me
= =

=
N — Hoil — |
meN Me™ "N Me Me” N+ “Me
PhNH, Ph Ph !

o)

Ph

Me

Me Me
NO,

Reactions of trimethylpyrylium salts.

OMe NR2
R,N_ _OMe
= | R,NH %
. = — (]
Me (@) Me Me Me Me O Me
+

Nucleophilic substitution at C-4.
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7.4.2 2H-Pyran-2-ones

L
o 0O

2H-Pyran-2-one (a-pyrone)

Dehydroacetic acid is obtained by the base-catalyzed condensation of 2 mol of ethyl

acetoacetate, is used as a fungicide on fruit.

OH

X COMe

Me O 0

dehydroacetic acid

H,S0,, SO;

(&  HO,CCH,CHOHCO,H HO,CCH,CHO

H
% oﬁ LI, e L
H "0 HO™ ~O o "0 0~ o
(b)

[1 NBS, EtsN Ei

o o
(©
Me
Et0,C
L Et0,C._ A
Me @] J‘\
Me” “0~ SO
(d) R*
2
R20C . ot ROC
:\K + RICECCOEt — = |
R3 X0 R S07 O
2 NH, S
e 2 CO,
© Reoc,come Z RCOCHCOCH, —~ RCOCH,COCH,CO,H
OH
- fi
R™ 0 Yo

Routes to a-pyrones.
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X 0 SiMe3
@ + Me;SiC=CSiMe, _oc | N
PhH, EtsN P

o "0 SiMe,
/ﬁi ’ N ZOOOC \@O
Me” O~ Y0 C Ve
© 80°C
| + [ Nph NPh —— PINC | =] NPh
0 Yo o,

Diels-Alder reactions.

< ? hv X hv _—
© pyrex, 8K @ E\\\
o~ o o G

(@]
hv l MeOH
quartz
D + C02 OM\/C02MG

Photochemistry of a-pyrone

7.4.3 4H-Pyran-4-ones

R® i R? Q
’ " fﬁ
y - .
R % 0 R 07 OR!
(b) OBt HgSO,
/Hi
MeO OBt .o MeOH

Me EtO

O

IS R oR B SR e
S + CO
RH,C O CH,R  200°C . 2

RH,C~ ~O~ “CH,R

Routes to y-pyrones
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(0] O- O- o
L2 o= () s
T Me ~— Me
R™ 07 “Me R0 oy R S0 o O=»" "\ =0
RHzc
OH
R f: “OH

Base-catalyzed isomerization to a phenol.

o] OAc NC.__CN
Ac,0 N CH,(CN), |
| | ]
Me” ~O~ “Me Me O Me

Me (@] Me

Reaction at the carbonyl group.

7.4.4 Benzo-fused systems

0
X X
_ |
¢! o o 0
+

benzopyrylium cation coumarin chromone

Benzopyrylium cations and chromones with a 2-phenyl substituent have the trivial
names ‘flavylium cations’ and ‘flavones’, respectively. Flavylium cations occur widely in the
plant kingdom as oxygenated derivatives, called anthocyanins, which are responsible for
the red and blue colors of flowers and fruits.

OHPh | o) o)

- PN = PN -
*Na'0,C N/\j/”\o CO, Na*

Et Pr

Warfarin

o nedocromil sodium
Flavone rodenticide antiallergic agent

anticogulant drug
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MO chy(coz), - CO2H «_COH
CO,H
OH e}

0
OH Me OH Me
MeCOCH,CO,Et
‘ AN N —— N
H,SO
224 Me™ ~F “on-O2F Me o o
0
RCO,Et H*
— |
0" R

Pd(0) cat.

Some routes to coumarins and chromones

CN

@@o

e — o™
O-'O

OH

(@) \

Nucleophilic attack on coumarin

o) o) O B
H
o O~ “NHNH, OH OH

Reaction of chromone with hydrazine.
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