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1. Introduction 

1.1 Heterocycl ic chemistry 
Heterocycl ic chemist ry is a large and impor tant branch of organic chemistry . 
Heterocycles occur in nature, fo r ins tance in nucleic acids (see Chapte r 10) 
and indole alkaloids (see Chapter 7). Synthet ic heterocycles have widespread 
uses as herbicides (e.g. 1.1), fungic ides (e.g. 1.2), insecticides (e.g. 1.3), dyes 
(e.g. 1 .4) , o rganic conduc to r s (e.g. 1 .5) , and, of course , p h a r m a c e u t i c a l 
products such as the anti-ulcer drug 1.6. 
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1.2 Aromatic i ty and heteroaromatici ty 
Any r ing sys tem conta ining at least one he te roa tom (i.e. an a tom other than 
c a r b o n - typ ica l ly n i t r ogen , o x y g e n , o r su lphur ) can b e d e s c r i b e d as 
heterocycl ic . This broad def in i t ion encompasses both aromat ic heterocycles 
(such as pyridine 5.1) and their non-aromat ic counterparts (piperidine 1.7). 

N N 
H 

The c o m p o u n d number ing sys tem 
in this chapter is not as odd as it 
might seem. For more on 
c o m p o u n d 5.1 see Chapter 5, etc. 

5.1 1.7 

Aromat ic heterocycles are descr ibed as being heteroaromatic , and we shall 
concent ra te on these sys tems in this b o o k at the expense of m o r e saturated 
sys tems . L e t us n o w cons ide r the c o n c e p t of a romat ic i ty wi th regard to 
benzene. 
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T h e carbon a toms in benzene are sp2 hybridised, and the hydrogen atoms 
are in the same plane as the carbon atoms. The remaining six p orbitals are at 
r ight angles to the p lane of the r ing and contain six n e lec t rons . B e n z e n e 
fu l f i l s the Hi icke l cr i ter ia f o r a romat ic i ty as appl ied to cycl ic po lyenes 
con ta in ing 4 n + 2 e lec t rons (where n-1 in this case) in f i l led p orbi ta ls 
capable of overlap. 

Al though two mesomer ic representat ions 1 .8a ,b can be drawn for benzene, 
this does not imply t w o rap id ly - in te rconver t ing f o r m s . Ra ther , the six 7t 
electrons are delocal ised in molecular orbitals result ing in an annular electron 
cloud above and be low the p lane of the ring. Benzene can also be represented 
by structure 1.9, which emphas i ses the cyclical a r rangement of electrons. In 
agreement with this theory, the ca rbon-ca rbon bond lengths are all equivalent 
(0.14 n m ) and in termedia te be tween that of a single (0.154 n m ) and double 
(0 .133 n m ) c a r b o n - c a r b o n bond . T h e ex t ra t h e r m o d y n a m i c s tabi l i sa t ion 
impar ted to benzene by this p h e n o m e n o n of e lectron delocal isat ion, cal led 
' r esonance ' , can be d e t e r m i n e d indi rec t ly . Rea l , de loca l i sed b e n z e n e is 
the rmodynamica l ly m o r e stable than a theoretical cyclohexatr iene molecule 
(i.e. non-delocal ised structure 1 .8a) by around 150 kJ mol"1 . 

H o w does this concept of aromatici ty apply to typical heterocycles such as 
pyr id ine 5 .1 and pyrrole 2.1? Pyridine can formal ly be derived f r o m benzene 
by r e p l a c e m e n t of a C H uni t by an sp2 h y b r i d i s e d n i t r o g e n a t o m . 
Consequen t ly , pyr id ine has a lone pair of e lect rons instead of a hydrogen 
atom. H o w e v e r the six 7t electrons are essentially unchanged, and the pyridine 
is a relatively aromatic heterocycle. 

N 
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2.1 
A diff icul ty arises with f ive -membered heterocycles such as pyrrole, which 

at f irst sight wou ld appear to have only fou r n electrons, two short of the 4n 
+ 2 Hiickel cri teria fo r aromatic i ty . T h e ni t rogen atom is sp2 hybr id ised and 
fo rmal ly contains a lone pai r of e lectrons in the remain ing p orbital at r ight 
angles to the r ing. However , the system is delocalised, as shown be low. 
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Thus , de loca l i sa t ion of the n i t rogen lone pai r comple t e s the sextet of 
e lect rons required fo r aromat ic i ty . These two examples i l lustrate the point 
that certain heterocycles (closely analogous to benzene and naphthalene) such 
as pyr id ine 5 .1 , pyr imid ine 10.1, a n d quinol ine 6 .1 a re a roma t i c 'by right ' 
whereas other he terocycles such as pyr ro le 2.1, imidazole 3 .2 , and tr iazole 
8 .7 have to 'earn' a romat ic i ty by delocal isa t ion of a lone pai r of e lectrons 
f rom the heteroatom. 

5.1 10.1 6.1 2.1 3.2 8.7 

W h a t are the consequences of this concept of lone pair delocalisation for a 
re lated series of he terocycles such as pyr ro le 2 .1 , th iophene 2 .2 , and fu ran 
2.3? As delocalisat ion results in electron loss f r o m the heteroatom concerned, 
the ex ten t of de loca l i sa t ion (and h e n c e a romat ic i ty ) wil l va ry wi th the 
electronegativi ty of the he teroatom. The highly electronegat ive oxygen a tom 
in fu ran holds on to e lec t ron densi ty m o r e strongly than the he te roa tom in 
th iophene or pyrrole . Furan is general ly cons idered to have a non-aromat ic 
electron distribution fairly close to that depicted by structure 2.3. 
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In fac t the thorny problem as to how aromat ic is a particular heterocycle or 
series of heterocycles has been a preoccupat ion of physical organic chemists 
fo r some t ime. B o n d lengths , heats of combus t ion , spect roscopic data, and 
theore t ica l ly-ca lcula ted r e sonance energ ies have all been invoked , bu t an 
a b s o l u t e m e a s u r e of a roma t i c i t y r e m a i n s e lus ive . Neve r the l e s s , t r ends 
regarding relative aromatici ty will be al luded to in this text as they arise. 

For a review on the concept of 
heterocycl ic aromatic i ty see 
Katr i tzky et a! (1991). 

1.3 Synthesis of heterocycles 
T h e r e are m a n y syn theses of the m a j o r he te rocyc les and they are o f t en 
complementa ry in that they a f fo rd d i f ferent substi tut ion pat terns on the ring. 
Mos t of the synthet ic m e t h o d s w e shall examine are fair ly classical ( indeed 
some are decidedly ancient!) al though many of the specific examples are quite 
m o d e r n . M a n y c lass ica l syn the se s of h e t e r o c y c l e s r evo lve a r o u n d the 
condensat ion react ion in its var ious guises. Le t us consider the mechan i sm of 
a s imple ac id-ca ta lysed condensa t ion , that of general ised ke tone 1 .10 and 
amine 1 .11 to give imine 1.12. 

P r o t o n a t i o n of the k e t o n e o x y g e n a t o m a c t i v a t e s t he k e t o n e to 
nuc leoph i l i c a t tack by the amine . Loss of a p ro ton f r o m 1 . 1 3 p r o d u c e s 
neutra l in te rmedia te 1 .14 . A second protonat ion , once again on the oxygen 
a tom a f fo rds 1.15, which on loss of a water molecule and a proton gives the 



T h e s y m b o l => deno tes a 
d i sconnec t i on , an ana ly t i ca l 
p rocess in w h i c h a s t ruc ture is 
t r ans fo rmed into a su i tab le 
p r e c u r s o r 

i m i n e 1 . 1 2 . A l l t he se s t eps a r e r eve r s ib l e , b u t in p rac t i ce if w a t e r can be 
r e m o v e d f r o m the e q u i l i b r i u m ( fo r i n s t ance b y azeo t rop ic d is t i l la t ion) then 
such r e a c t i o n s c a n b e f o r c e d to c o m p l e t i o n . T h i s t y p e of r e a c t i o n o c c u r s 
m a n y t i m e s in this text , bu t in f u t u r e wi l l no t b e p r e s e n t e d in s u c h deta i l . 
T h e s tuden t is s t rong ly a d v i s e d to w o r k t h r o u g h , u s i n g p e n and p a p e r , the 
m e c h a n i s m s h o w n b e l o w a n d the m a n y s u b s e q u e n t m e c h a n i s m s . C o n f i d e n c e 
w i t h r e a c t i o n m e c h a n i s m s wi l l f a c i l i t a t e u n d e r s t a n d i n g of h e t e r o c y c l i c 
chemis t ry and o rgan ic chemis t ry in genera l . 

Ri 
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catalytic H 

- H , 0 
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1.13 
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1.14 

R2 
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T h e d i s c o n n e c t i o n a p p r o a c h t o s y n t h e s i s e s sen t i a l l y i n v o l v e s w o r k i n g 
b a c k w a r d s f r o m a t a r g e t c o m p o u n d in a l o g i c a l m a n n e r ( s o - c a l l e d 
re t rosyn thes i s ) , so tha t a n u m b e r of pos s ib l e rou tes and s tar t ing ma te r i a l s are 
sugges t ed . T h i s a p p r o a c h has b e e n app l i ed m a i n l y to a l icycl ic , ca rbocyc l i c , 
a n d sa tu ra ted he t e rocyc l i c sy s t ems . Re t ro syn the t i c ana lyses are p r e sen t ed in 
this tex t n o t as an a l l - e m b r a c i n g a n s w e r to syn the t i c p r o b l e m s , bu t r a the r as 
an aid to unde r s t and ing the actual cons t ruc t ion of unsatura ted he te rocycles . 

R e t u r n i n g to t he c o n d e n s a t i o n p r e s e n t e d above , this l eads to an i m p o r t a n t 
d i s c o n n e c t i o n . T h e i m i n e - l i k e l i n k a g e p r e s e n t in s e v e r a l h e t e r o c y c l e s 
( g e n e r a l i s e d s t ruc tu r e 1 . 1 6 ) c a n ar i se f r o m cyc l i sa t ion of 1 .17 , c o n t a i n i n g 
a m i n o and ca rbony l func t iona l i t i es . 

N ' 

1.16 

-NH, 

1.17 

N o w c o n s i d e r c o n d e n s a t i o n of a m m o n i a wi th ke toes te r 1 .18. T h e i so la ted 
p r o d u c t is n o t i m i n e 1 . 1 9 bu t t he t h e r m o d y n a m i c a l l y m o r e s tab le e n a m i n e 
t a u t o m e r 1 . 2 0 w h i c h h a s a c o n j u g a t e d d o u b l e b o n d s y s t e m a n d a s t r o n g 
i n t r a m o l e c u l a r h y d r o g e n - b o n d . A l t h o u g h no t a h e t e r o c y c l i c e x a m p l e , 1 . 2 0 
i l lus t ra tes tha t an e n a m i n e - l i k e l inkage , as in genera l i sed he t e rocyc l e 1 .21, is 
a lso access ib le b y a condensa t ion reac t ion . 



In a retrosynthetic sense, formal hydrolysis of the carbon-nitrogen bond of 
1.21 reveals enol 1.22 which would exist as the more stable ketone tautomer 
1 .23. Note that in the hydroly t ic d isconnect ion step the carbon becomes 
attached to a hydroxy group and the nitrogen to a hydrogen atom - there is no 
change in the oxidation levels of carbon or nitrogen. 

H 
1.21 1.22 1.23 

Unl ike our initial imine d isconnec t ion which is restr ic ted to ni t rogen 
heterocycles (with o n e o r two specific except ions such as pyryl ium salts, see 
Chapter 9), the he teroa tom in the enamine or enamine- l ike disconnect ion 
could be divalent. Therefore this disconnect ion is also applicable to oxygen-
and sulphur-containing heterocycles, typified by 1.24 and 1.25. 

1.25 

Let us see how this disconnection approach can rationalize the synthesis of 
pyrrole 2.16. 

2.16 + NH3 1.26 

Retrosynthet ic analysis suggests a double condensat ion be tween diketone 
1.26 and ammonia . Pyrrole 2 .16 can actually be prepared if this way - see 
Chapter 2.2. 

Another aid to unders tanding heterocycl ic synthesis in general is the fact 
that a large number of f ive- and s ix-membered heterocycles can be constructed 
f r o m var ious combina t ions of small acycl ic molecules by complementa ry 
matching of nucleophilic and electrophilic functionali ty. 

C - C 
©C C © 

t - 2 e 3 
NH 

Returning to the synthesis of pyrrole 2.16, diketone 1.26 can be regarded as a 
four -ca rbon bis-electrophi l ic f r a g m e n t and ammonia , in this instance, as a 
bis-nucleophil ic ni trogen f ragment . A m m o n i a can fo rm up to three bonds in 
a nucleophil ic manner . 

1.26 o o 

NH, 



In this par t icular ins tance the correct oxidation level automatical ly results 
f r o m the condensa t ion react ion, g iving pyrrole 2 .16 directly. In other cases 
cycl isa t ion does not a f fo rd the correct oxida t ion level and an unsatura ted 
system has to be oxidised to achieve aromatici ty. For instance, 1,5-diketones 
1.27 react with ammon ia to give dihydropyridines 1.28 which can be oxidised 
to pyr idines 1.29. 

n h 3 ^ [ O ] ^ 

- H , 0 II 11 - 2H •o O — R 2 R - S R „ 

H 

1.27 1.28 1.29 

E x a m p l e s of this cyc l i sa t ion-ox ida t ion strategy include the synthesis of 
pyr idotr iaz ine 5 .32 (page 42) and syntheses of quinol ines and isoquinol ines 
(Chapter 6). S o m e examples of nucleophi l ic and electrophil ic f r agmen t s are 
shown in Tab le 1.1. Several points arise f r o m the table. 

Cons ider acyla t ing species such as acid chlorides. Acylat ion of d iamine 
1.30 initially gives amide 1 . 3 1 which undergoes a condensa t ion to p roduce 
b e n z i m i d a z o l e 1 . 3 2 . T h e ca rbony l m o i e t y is ac t ing exc lus ive ly as an 
electrophilic centre. 

1.32 

However , delocal isat ion of the n i t rogen lone pair in the amide l inkage (see 
m e s o m e r i c represen ta t ions 1 . 3 3 a , b ) p roduces a nucleophi l ic oxygen a tom 
which can react with electrophiles as shown. 
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H 1.33a 
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H 1.33b . 
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Nucleophilic fragments Table 1.1 

No. of ring atoms 

1 N H 3 , H 2 0 , H 2 S (see Chapters 2 and 5) 

2 H2N— NH2 , H2N— OH (see pyrazole and isoxazole synthesis, Chapter4) 

(see quinoline synthesis, Chapter 6) 

) NH2 

J V 

(see benzimidazole synthesis, Chapter 1) 

(see isoquinoline synthesis, Chapter 6) 

Electrophilic fragments 
No. of ring atoms 

O 

A 
(X = leaving group, eg. CI- see benzimidazole synthesis, Chapter 1 

R x and isoquinoline synthesis, Chapter 6) 

2 (see thiazole synthesis, Chapter 3) 

O 

^ i f ^See 4u'n°l'ne synthesis, Chapter 6) 

Rj,k2 = aiKyi or u-aiKyi 
(see pyrazole and isoxazole synthesis, Chapter 4, and pyrimidine synthesis, Chapter 10) 

^ ^ \\ U ^ (see pyrrole, thiophene, and furan syntheses, Chapter 2) 
O O 

Nucleophilic / Electrophilic fragments 

No. of ring at 

2 (see Chapter 1 and oxazole synthesis, Chapter 3) 

(see Chapter 1 and coumarin synthesis, Chapter 9) 

(see oxazole synthesis, Chapter 3, and Knorr pyrrole 

synthesis, Chapter 2) 



The reaction of an acylating species 
with a nucleophile is shown below. 

A m i d e s can cycl ize in this m a n n e r as, f o r example , in the acylat ion of a m i n o 
acids 1.34 to a f fo rd oxazol id inones 1.35. 

c° 
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R Nuc 

Nuc 
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R Nuc 
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O 
excess 
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R, 
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OH 
NH2 1.34 

0 o 

- > N ^ / 

1.35 

A c y l a t i n g s p e c i e s a r e t h u s i n c l u d e d in b o t h e l e c t r o p h i l i c a n d 
nucleophi l ic /e lec t rophi l ic ca tegor ies in Tab le 1.1. F o r a re la ted e x a m p l e see 
the synthesis of oxazo les in Chap te r 3. 

1 ,3 -Dica rbony l c o m p o u n d s , such as m a l o n a t e der iva t ives , can a l so b e 
c lass i f ied u n d e r t w o ca tegor ies . A s wel l as reac t ing s imply as a th ree -a tom 
bis-e lect rophi l ic f r a g m e n t (as in the synthesis of barbi turate 10 .25 (page 77) , 
an al ternat ive react ivi ty is aivailable. Condensa t ion (by nuc leophi l ic a t tack) 
of the ac t ive m e t h y l e n e ca rbon and e lect rophi l ic reac t ion at j u s t one of the 
ca rbony l g roups is a t w o - a t o m nucleophi l ic /e lec t rophi l ic prof i le , as seen in 
the prepara t ion of coumar in 9.16. 

For the spke of simplicity in this text 
the two-stage process is abbreviated 
thus: 

(T 0 

| Nuc 

o 

R ^ N u c 

H 
Br. 

O r ' OEt Br. 

0 H EtO ' ^ O - H 2 0 
- EtOH 

C02Et 

9.16 
O 

© 
OEt 

Nuc" 
EtO ^ O 

These concepts of re t rosynthesis and heterocycle construct ion will help put 
t h e s y n t h e s e s e n c o u n t e r e d in t h e f o l l o w i n g c h a p t e r s i n to a b r o a d e r 
perspective. 
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2. Pyrroles, thiophenes, and 

furans 

2.1 Introduction 

T h e n u m b e r i n g of he te rocyc les 
genera l l y starts at the he te roa tom 

H 

N© H 

H 

Unde r e x t r e m e cond i t i ons of 
ac id i ty py r ro le is p ro tona ted , but 
at the C2 posi t ion. 

Q 
NFFI 

h / \ H 
Note that p ro tonat ion of the 
py r ro le n i t rogen w o u l d lead to a 
non-a romat i c cat ion. 

P y r r o l e 2 . 1 , t h i o p h e n e 2 . 2 , a n d f u r a n 2 . 3 , a r e f i v e - m e m b e r e d r i n g 
h e t e r o a r o m a t i c c o m p o u n d s c o n t a i n i n g o n e h e t e r o a t o m . T h e y d e r i v e the i r 
a r o m a t i c i t y f r o m d e l o c a l i s a t i o n of a l o n e p a i r of e l e c t r o n s f r o m t h e 
h e t e r o a t o m . C o n s e q u e n t l y t he lone pa i r is no t ava i l ab le f o r p r o t o n a t i o n a n d 
h e n c e these he te rocyc les are no t bas ic . 

N 
H 

2.1 

4/ 

2.2 

' a 

2.3 

T h e ba s i s a n d e x t e n t of the i r a r o m a t i c i t y is d i s c u s s e d in C h a p t e r 1. In 
s u m m a r y , t he c a p a c i t y f o r t he l o n e pa i r on a pa r t i cu l a r h e t e r o a t o m to b e 
de loca l i sed is inverse ly re la ted to the e lec t ronega t iv i ty of the he t e roa tom. F o r 
i n s t a n c e , f u r a n is t h e l eas t a r o m a t i c of t he t r io b e c a u s e o x y g e n h a s t h e 
g rea tes t e l ec t ronega t iv i ty and h e n c e m e s o m e r i c r ep resen ta t ions 2 . 4 b - e m a k e 
re la t ive ly less of a con t r ibu t ion to the e lec t ron ic s t ruc ture of f u r a n than they 
do in the ca ses of py r ro l e and th iophene . T h e order of a romat ic i ty is f u r a n < 
p y r r o l e < t h i o p h e n e . W e shal l see la te r h o w this va r i a t i on in a r o m a t i c i t y 
a f fec ts the react ivi t ies of these three re la ted heterocycles . 

P 1 e e Q — t > - C I 
yv 

2.4b 2.4c 2.4d 2.4e 2.4a 
X = N H , S , O 

A smal l n u m b e r of s i m p l e p y r r o l e s s u c h as 2 . 5 a n d 2 . 6 o c c u r na tu ra l l y . 
F a r m o r e i m p o r t a n t a re the t e t r amic pyr ro le de r iva t ives (po rphyr in s ) such as 
c h l o r o p h y l l - a 2 .7 and h a e m 2.8 . 

\ - o o. 

\ J 
2.5 



C20H34O 

A c e t y l e n i c t h i o p h e n e 2 .9 , f o u n d in s o m e spec ies of h i g h e r p lan ts , is o n e 
of the f e w n a t u r a l l y - o c c u r r i n g t h i o p h e n e s . H o w e v e r , the t h i o p h e n e r ing is 
used in seve ra l i m p o r t a n t p h a r m a c e u t i c a l p r o d u c t s , s u c h as the pen ic i l l i n 
an t ib io t ic 2 .10 . 

C h l o r o p h y l l - a is a p lant p igment 
i nvo l ved in the c ruc ia l 
pho tosyn the t i c p r o c e s s in w h i c h 
the ene rgy of sun l igh t is 
h a r n e s s e d to i nco rpo ra te ca rbon 
d iox ide into p lant me tabo l i sm. 
H a e m , howeve r , is f undamen ta l to 
m a m m a l i a n b io logy , be ing the 
o x y g e n - b i n d i n g c o m p o n e n t of 
h a e m o g l o b i n . O x y g e n a b s o r b e d 
f rom the air is t ranspor ted a r o u n d 
the body wh i l e t empora r i l y co-
o rd ina ted to the iron a tom of 
h a e m o g l o b i n , w h i c h occu rs in t he 
red b lood cel ls . 

CO,H 

CO,H 
2.10 

In con t ras t to the py r ro l e and t h i o p h e n e ser ies , the f u r a n n u c l e u s occu r s in 
m a n y p l a n t - d e r i v e d t e r p e n e s s u c h as 2 . 1 1 . T h e m o s t i m p o r t a n t f u r a n -
con ta in ing d r u g is 2 .12 , wh ich r e d u c e s gas t r ic acid secre t ion and is impor t an t 
in the t r ea tmen t of ulcers . 

T e r p e n e s a re p l a n t - d e r i v e d 
natura l p roduc ts cons t ruc ted of 
mu l t ip les of the f i ve -ca rbon 
h y d r o c a r b o n i s o p r e n e . 

/ y 9 

H „ / 
O 

u , 

2.11 

NHMe 

NMe, 

2.12 

2.2. Synthesis of pyrroles, thiophenes, and furans 
W e s h a l l f i r s t e x a m i n e a g e n e r a l s y n t h e s i s a p p l i c a b l e to a l l t h r e e 
he te rocyc les , then cons ide r t w o spec i f ic syn theses of pyr ro les . 

R e t r o s y n t h e t i c c l e a v a g e of a c a r b o n - h e t e r o a t o m b o n d in 2 . 1 3 g ives eno l 
2 . 1 4 w h i c h is e q u i v a l e n t to k e t o n e 2 . 1 5 . R e p e a t i n g the p r o c e s s g ives us a 
1 ,4 -d ica rbony l c o m p o u n d and the h e t e r o a t o m - c o n t a i n i n g f r a g m e n t such as a 
p r imary a m i n e or h y d r o g e n su lphide . 



The mechan ism is i l lustrated by 
the preparat ion of 2 ,5-d imethy l 
pyrrole 2.16 and is s imply two 
consecu t i ve condensa t ions . 

The fo rward process is k n o w n as the P a a l - K n o r r synthesis. This is a very 
s t r a i g h t f o r w a r d syn thes i s l imi ted only by the access ib i l i ty • of the 1,4-
dicarbonyl precursors. 

T h e P a a l - K n o r r synthes is can s imi lar ly be appl ied to th iophenes , e.g. 
c o m p o u n d s 2 .17 - 2 .20. 

W h e n h y d r o g e n su lph ide is the he t e roa tom source the m e c h a n i s m is 
s imilar to the pyrrole case. 

H o w e v e r , t h e s i tuat ion is slightly d i f f e ren t w h e n p h o s p h o r u s (V) 
sulphide is used. This reagent conver ts ke tones to thioketones, by exchange 
of a phosphorus - su lphur double bond with a ca rbon-oxygen double bond. 



F o r in s t ance , in the syn thes i s of 2 . 1 9 , the 1 ,4 -d ike tone is c o n v e r t e d in to 
the co r re spond ing 1 ,4-di th ioketone f o l l o w e d by loss of hyd rogen sulphide. 

p2s5 
Ph ^ ^ P h Ph 

O O 

H,S 
Ph 

S S Ph S 
2.19 

Ph 

T h e m e c h a n i s m of the cyc l isat ion 
s tep is s imi lar to that of th iophene 
2.17. 

O u r re t rosyn the t i c ana lys i s of the P a a l - K n o r r syn thes i s leads to a p r o b l e m 
w h e n app l i ed to f u r a n , as it impl i e s add i t ion of a wa te r mo lecu l e , f o l l o w e d by 
e l imina t ion of t w o wa te r m o l e c u l e s . In prac t ice , s imp le dehydra t ion of a 1,4-
d ica rbony l c o m p o u n d leads to f u r a n s as in the p repara t ion of 2 .21. 

Ph o O Ph 

R e t u r n i n g aga in to py r ro l e s , p r o b a b l y the m o s t w i d e l y - u s e d m e t h o d f o r 
their p repa ra t ion is the K n o r r py r ro l e syn thes i s , wh ich is the c o n d e n s a t i o n of 
a k e t o n e 2 . 2 2 wi th an a - a m i n o k e t o n e 2 . 2 3 to g ive py r ro l e 2 .13 , v i a e n a m i n e 
2 . 2 4 . A r e a s o n a b l e m e c h a n i s m is s h o w n b e l o w , a l t h o u g h n o n e of t he 
in te rmedia tes is isolated. 

2.21 

K 1 V s ^ k i v 
2.22 2.23 

R2 R3 
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2.13 

R 

OH 

1 N 

T h e a - a m i n o k e t o n e s a r e o f t e n p r e p a r e d b y n i t r o s a t i o n of an a c t i v e 
m e t h y l e n e g r o u p f o l l o w e d by r educ t i on of the o x i m e to the a m i n e (e.g. 2 . 2 5 
to 2 . 2 6 to 2 . 2 7 ) . 
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2.25 V 
AcOH 

C02Et 
Zn 

CO,Et 

O c - 2.26 

NH2 

2.27 

A s a - a m i n o k e t o n e s a re p r o n e to s e l f - c o n d e n s a t i o n ( see p a g e 2 2 f o r a 
d i scuss ion of a - a m i n o k e t o n e s ) , the initial c o n d e n s a t i o n s tep is fac i l i t a ted b y 
R-2 in 2 . 2 2 b e i n g a n e l e c t r o n - w i t h d r a w i n g g r o u p . T h i s e n h a n c e s t he 
e lec t roph i l i c na tu re of the k e t o n e c a r b o n y l g r o u p the reby inc reas ing the ra te 
of the d e s i r e d r eac t ion , and f a v o u r s e n a m i n e t a u t o m e r 2 . 2 4 o v e r the i m i n o 



t a u t o m e r b e c a u s e of c o n j u g a t i o n wi th the e l e c t r o n - w i t h d r a w i n g g r o u p . A 
se lect ion of K n o r r pyr ro le syntheses , s h o w i n g the key in te rmedia te e n a m i n e s , 
is s h o w n b e l o w . 

T h e Knor r py r ro le s y n t h e s i s 
cons is ts of a ke tone a n d a m i n e 
c o n d e n s i n g to g ive an e n a m i n e , 
f o l l owed by in t ramo lecu la r 
cyc l isa t ion of this e n a m i n e on to 
t he rema in ing ke tone . 
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2.3 Electrophilic substitution of pyrrole, thiophene, 
and furan 

Note that pyr ro le reacts w i th 
e lec t roph i les on ca rbon , l ike an 
e n a m i n e . 

All th ree h e t e r o c y c l e s u n d e r g o a roma t i c subs t i tu t ion reac t ions , t h o u g h the i r 
reac t iv i t ies va ry c o n s i d e r a b l y . L e t us c o n s i d e r a gene ra l i sed m e c h a n i s m and 
h o w the s tab i l i ty of the t w o p o s s i b l e i n t e r m e d i a t e s a f f e c t s the p o s i t i o n of 
s u b s t i t u t i o n . 
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X=NH,S,0 
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2.29b 

T h e i n t e r m e d i a t e d e r i v e d f r o m a t t ack at the C 2 p o s i t i o n h a s g r e a t e r 
de loca l i s a t ion of t he pos i t ive c h a r g e ( m e s o m e r i c f o r m s 2 . 2 8 a , b , c ) than that 
de r ived f r o m a t t ack at the C 3 pos i t i on ( m e s o m e r i c f o r m s 2 . 2 9 a , b ) . A s the 
c h a r g e is m o r e ex t ens ive ly de loca l i s ed in t he f o r m e r , this i n t e r m e d i a t e is at 
l o w e r ene rgy . T h i s in turn is r e f l e c t ed in a l o w e r ac t iva t ion e n e r g y f o r this 
p a t h w a y a n d m a n i f e s t e d in a se lec t iv i ty f o r e lec t roph i l i c subs t i tu t ion at the 
C 2 p o s i t i o n o v e r the C 3 pos i t i on . T h e ac tua l i s o m e r ra t io d e p e n d s on the 
h e t e r o c y c l e , the e l ec t roph i l e , and the p rec i se cond i t ions , a l t h o u g h in m a n y 
cases s u c h r eac t ions a re v i r tua l ly r eg iospec i f i c , and only the C 2 subs t i tu t ion 



p r o d u c t s a re i so la ted . V e r y r eac t ive e l ec t roph i l e s ( such as the n i t r o n i u m ion 
N 0 2

+ ) exh ib i t l o w e r se lec t iv i ty b e c a u s e they tend to b e less d i sc r imina t ing 
as to w h e r e they a t tack the he te roa romat i c nuc leus . 

T h e e a s e of e l ec t roph i l i c subs t i t u t i on is p y r r o l e > f u r a n > t h i o p h e n e > 
benzene. 

P y r r o l e is e x t r e m e l y r eac t ive t o w a r d s e l ec t roph i l e s whi le t h iophene , the 
m o s t a r o m a t i c of t h e t r i o , is m u c h l e s s r e a c t i v e . A t a v e r y r o u g h 
a p p r o x i m a t i o n , the reac t iv i ty of t h i o p h e n e is of the o rde r of a h e t e r o a t o m -
subs t i tu t ed b e n z e n e de r iva t ive s u c h as p h e n o l . Desp i t e large d i f f e r e n c e s in 
t he r a t e s of e l ec t roph i l i c subs t i t u t i ons t h e r e a re s o m e i m p o r t a n t a r o m a t i c 
subs t i tu t ion reac t ions c o m m o n to all th ree he te rocyc les . 

T h e V i l s m e i e r r eac t ion is the f o r m y l a t i o n of reac t ive a romat ic c o m p o u n d s 
b y us ing a c o m b i n a t i o n of p h o s p h o r u s o x y c h l o r i d e a n d N , N -
d i m e t h y l f o r m a m i d e , f o l l o w e d b y a hydro ly t ic workup . 

T o g ive a quant i ta t i ve fee l for 
t h e s e d i f f e rences in react iv i ty , 
da ta for the b romina t ion of th ree 
rep resen ta t i ve de r i va t i ves are 
s h o w n be low . 

o 1. Me2NCHO / POCI3 
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X=NH,S,0 

2. H , 0 
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H 

T h e r eac t i on p r o c e e d s b y f o r m a t i o n of the e lec t roph i l i c V i l s m e i e r c o m p l e x 
2 . 3 0 , f o l l o w e d by e l ec t roph i l i c subs t i t u t ion of the he t e rocyc l e . T h e f o r m y l 
g r o u p is gene ra ted in the hydro ly t i c w o r k u p . Pyr ro le , t h iophene , a n d f u r a n all 
u n d e r g o this f o r m y l a t i o n w h i c h is h ighly se lec t ive f o r the C 2 pos i t ion . 
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Al l t h r ee h e t e r o c y c l e s u n d e r g o s u l p h o n a t i o n wi th the p y r i d i n e - s u l p h u r 
t r i o x i d e c o m p l e x . T h i s b e h a v e s l i ke a m i l d s o u r c e of s u l p h u r t r i o x i d e , 
e n a b l i n g t h e s u l p h o n a t i o n t o b e c a r r i e d o u t u n d e r e s s e n t i a l l y n e u t r a l 
cond i t ions . 
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X=NH,S,0 

F u r a n a n d py r ro l e are no t s t ab le to m i n e r a l ac ids , bu t ace ty l n i t ra te can b e 
u s e d f o r the ni t ra t ion of all three he te rocyc les . 

NO, 

— H 
c x NO, 



T h e fo rma t ion of 2 . 3 2 ra ises an 
impor tan t theore t ica l po in t : 
b e c a u s e fu ran is not very a romat i c 
a n d the dr iv ing fo rce to 're-
a romat ise ' by loss of a p ro ton is 
not ve r y s t rong , ca t ion 2 . 3 1 can 
be i n te rcep ted to g ive 2 .32 . T h i s 
b e h a v i o u r is not o b s e r v e d w i th 
py r ro le a n d t h i o p h e n e . 

W h i l s t the m e c h a n i s m s h o w n a b o v e appl ies to pyr ro le and t h i o p h e n e , the 
n i t r a t ion of f u r a n wi th ace ty l n i t r a t e g i v e s the 2 , 5 - a d d i t i o n p r o d u c t 2 . 3 2 , 
ar is ing f r o m a t tack of ace ta te ion on the in t e rmed ia t e ca t ion 2 .31 . T r e a t m e n t 
of 2 . 3 2 w i t h p y r i d i n e e l i m i n a t e s the e l e m e n t s of ace t i c a c i d p r o d u c i n g 
n i t r o fu r an 2 .33 . 
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T h i o p h e n e , a l k y l - s u b s t i t u t e d f u r a n s , a n d e s p e c i a l l y p y r r o l e , u n d e r g o 
M a n n i c h reac t ions . 
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This invo lves condensa t ion of the he te rocyc le , f o r m a l d e h y d e , and an a m i n e 
(usual ly a s econda ry a m i n e ) to g ive an a m i n o m e t h y l der ivat ive . 

Me,NH + CH,0 
AcOH 
• H , 0 

CH-p= NMe, e 
OAc 

O b s e r v e that e lec t roph i l i c 
subst i tu t ion occurs at the C3 
pos i t ion w h e n bo th t he C 2 a n d C5 
pos i t ions are b locked . 

( h O r 
CH7—— NMe, r X H 

NMe, NMe, 

X 

T h e F r i e d e l - C r a f t s a c y l a t i o n and a lky l a t i on r e a c t i o n s a re f u n d a m e n t a l 
p r o c e s s e s in a r o m a t i c c h e m i s t r y . P y r r o l e s a n d f u r a n s are no t s t ab le to t he 
L e w i s ac ids n e c e s s a r y f o r these reac t ions , bu t t h i o p h e n e s are s t ab le to L e w i s 
acids, and do unde rgo F r i e d e l - C r a f t s acylat ion and alkylat ion. 

Q o 

s 

PhCOCl 
A1C1, 

SnCL 

EtBr 
A1C1, 

O V 
Ph 

/ / \ , 0 

/ / V 



T h e r eac t i v i t y of a l l t h r e e h e t e r o c y l e s is c o n s i d e r a b l y r e d u c e d w h e n 
e l e c t r o n - w i t h d r a w i n g g roups are p r e s e n t o n the r ing . Th i s is i m p o r t a n t in t he 
s y n t h e s i s of p y r r o l e d e r i v a t i v e s as it a d d s c h e m i c a l s tab i l i ty to t he r ing , 
enab l ing react ions to be p e r f o r m e d in the p resence of L e w i s acids . 

T h e reg iochem is t r y of t h e s e 
reac t ions is eas i l y exp la i ned by 
rat ional isat ions f r o m c lass ica l 
b e n z e n e chemis t r y , i .e. e lec t ron-
w i t hd raw ing g roups d i rect meta. 

AcONO, 

o 

jtC 
NO2 O 

2.4 Anion chemistry of pyrroles, thiophenes, and 
furans 

Pyr ro le has a w e a k l y ac id ic h y d r o g e n a t o m a t t ached to the n i t rogen ( p ^ a = 
17.5) and can be d e p r o t o n a t e d by s t rong base s . T h e s o d i u m and p o t a s s i u m 
salts a re ion ic in charac te r and the n a k e d an ion tends to react on n i t rogen as in 
t he p r e p a r a t i o n of N - m e t h y l p y r r o l e 2 . 3 4 . T h e c o r r e s p o n d i n g m a g n e s i u m 
der iva t ive 2 . 3 5 has m o r e cova len t charac te r and t ends to reac t m o r e on c a r b o n 
than n i t rogen , as in the p repara t ion of py r ro l e a l d e h y d e 2 .36 

f \ N a N H ^ f \ Mel > f \ 

N N e N 
H © Na Me 

2.34 

2.1 

O 
( f—TV H ' V ^ O E t r = \ 

o 
N f N N H N 
H MgBr H « 
2.1 2.35 2.36 

N - m e t h y l p y r r o l e 2 . 3 4 , t h i o p h e n e , a n d f u r a n c a n b e me ta l l a t ed at t he C 2 
p o s i t i o n w i t h a l k y l l i t h i u m r e a g e n t s . T h i s p o s i t i o n is m o r e a c t i v a t e d to 
d e p r o t o n a t i o n t h a n t h e C 3 p o s i t i o n b e c a u s e of t h e e l e c t r o n - w i t h d r a w i n g 
induc t ive e f f e c t of t he he t e roa tom. T h e nuc leoph i l i c 2- l i th io spec ies can then 
b e r e a c t e d w i t h v a r i o u s e l e c t r o p h i l e s , a s in the p r e p a r a t i o n of 2 . 3 7 , 2 . 3 8 , 



T h e prec ise na tu re of the c a r b o n -
l i th ium b o n d is b e y o n d the s c o p e 
of th is book . Organo l i t h ium 
in te rmed ia tes are here 
rep resen ted as ca rban ion a n d 
ca t ion to e m p h a s i s e d i f fe rences in 
p roper t ies a n d react iv i t ies as 
c o m p a r e d w i th ful l cova len t bonds . 

and 2 .39 . L e t us see h o w this m e t h o d o l o g y can b e app l ied to the syn thes i s of 
2 .42 , a f u r a n - c o n t a i n i n g m i m i c of a l ong -cha in f a t t y ac id . D e p r o t o n a t i o n of 
f u r a n a n d a l k y l a t i o n p r o d u c e s 2 . 3 9 . A s e c o n d d e p r o t o n a t i o n at t he C 5 
pos i t i on a n d a l k y l a t i o n g i v e s b r o m i d e 2 . 4 0 . D i s p l a c e m e n t of t he b r o m i d e 
a f f o r d s ni tr i le 2 .41, and ac id ic hydro lys i s yie lds the target f u r a n 2 .42. 

Me 

S 
2.2 

n-BuLi o as ClC02Me 
e Li • 

N 
Me 

/ r y " - B u L i » / r \ 

ClP(0)(0Et)2 

© Li 

cx N 
Me 

CO,Me 

2.37 

2.38 
OEt 

-OEt 

T h e a lky l g r o u p at the C 2 pos i t ion 
is not d e p r o t o n a t e d in the s e c o n d 
a lky la t ion . 

Note the use of " C N as a syn thon 
for - C O 2 H . 

n-BuLi / CH3(CH2)6Br n-BuLi / Br(CH2)6Br 

r \ +jr\ 
' O ' CH3(CH2)6 

2.3 2.39 

C H 3 ( C H 2 ) 6 ^ 0 - / ^ (CH2)6Br 

2.40 

NaCN 

HCI/H2O J T \ 
C H 3 ( C H 2 ) 6 - ^ O (CH2)6C02H <3 C H ^ C H J s ' ^ - o (CH2)6CN 

2.42 2.41 

2.5 Problems 
l . 

MeN 

2.43 

Tr i cyc l i c p y r r o l e de r iva t ive 2 . 43 is a d rug current ly unde r d e v e l o p m e n t f o r 
the t r e a t m e n t of s c h i z o p h r e n i a . It is p r e p a r e d b y a K n o r r p y r r o l e syn thes i s . 
W h a t are the s t ruc tu res of t he t w o s tar t ing mate r i a l s requ i red , and that of the 
in termediate enamine? 

2. W h y is p y r r o l e a l d e h y d e 2 . 4 4 l ess r e a c t i v e to n u c l e o p h i l e s t h a n , say , 
b e n z a l d e h y d e ? W h y is p y r r o l e a l coho l 2 .45 r ead i ly p o l y m e r i s e d o n e x p o s u r e 
to acid? 

H H H 

2.44 2.45 



3. Ni t ra t ion of f u r a n wi th n i t ron ium te t ra f luorobora te p roduces n i t ro fu ran 
2 . 3 3 d i rect ly . Cont ras t this resul t to the t w o stage reac t ion necessa ry wi th 
acetyl nitrate, page 16. Expla in these observat ions . 

© 

Q JO*^ ^ 
2.2 2.33 

4. W h a t is the m e c h a n i s m of this reac t ion? 

o p h C 0 C 1 , Ph ti y 
S ' AlClj 

o 2.2 
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3. Oxazoles, imidazoles, and 

thiazoles 

T h e b iosyn thes i s of h i s tam ine 
i nvo l ves d e c a r b o x y l a t i o n of t he 
a m i n o ac id h ist id ine. 

H 

3.1 Introduction 
O x a z o l e 3 . 1 , i m i d a z o l e 3 . 2 , and th i azo l e 3 . 3 are the p a r e n t s t ruc tu res of a 
r e l a t e d s e r i e s o f 1 , 3 - a z o l e s c o n t a i n i n g a n i t r o g e n a t o m p l u s a s e c o n d 
he t e roa tom in a f i v e - m e m b e r e d r ing. 

3.1 3.2 3.3 

T h e y a re i s o m e r i c wi th the 1 ,2 -azo les i soxazo le , p y r a z o l e , and i so th i azo l e 
(see C h a p t e r 4 ) . T h e i r a roma t i c i t y de r ives f r o m de loca l i sa t ion of a l one pa i r 
f r o m the s e c o n d h e t e r o a t o m , 3 . 4 a - e . 

X=0,NH,S 

T h e i m i d a z o l e r i n g o c c u r s n a t u r a l l y in h i s t a m i n e 3 . 5 , an i m p o r t a n t 
m e d i a t o r of i n f l a m m a t i o n and gas t r ic ac id sec re t ion . A qua t e rn i sed th iazole 
r i ng is f o u n d in t he e s sen t i a l v i t a m i n t h i a m i n 3 . 6 . T h e r e a re f e w na tu ra l ly 
o c c u r r i n g o x a z o l e s , apa r t f r o m s o m e s e c o n d a r y m e t a b o l i t e s f r o m p l an t and 
f u n g a l sources . 

H 

3.5 3.6 
O x a z o l e , i m i d a z o l e , a n d t h i a z o l e c a n b e f o r m a l l y d e r i v e d f r o m f u r a n , 

p y r r o l e , a n d t h i o p h e n e r e s p e c t i v e l y b y r e p l a c e m e n t of a C H g r o u p b y a 
n i t rogen a t o m at t he 3 pos i t i on . T h e p r e s e n c e of this py r id ine - l i ke n i t r o g e n 
d e a c t i v a t e s t h e 1 ,3 -azo les t o w a r d s e l ec t roph i l i c a t t ack and i n c r e a s e s the i r 
suscept ib i l i ty t o w a r d s nuc leoph i l i c a t tack (see later) . T h e s e 1 ,3-azoles can be 
v i e w e d as hybr ids b e t w e e n f u r a n , pyr ro le , o r th iophene , and pyr id ine . 



Imidazo le (p/T a=7.0) is more bas ic than oxazole ( p / f a = 0 . 8 ) or th iazole 
(p/sTa=2.5). This increased basici ty arises f r o m the greater e lectron-releasing 
capaci ty of two ni t rogen a toms rela t ive to a combina t ion of ni t rogen and a 
h e t e r o a t o m of h ighe r e l ec t ronega t iv i t y . A l s o no t e that a s y m m e t r i c a l 
resonance-stabil ised cation 3 .7a,b is fo rmed . 

^ H 

o -
H 

© H 
N ' 

0 
N 1 
H 

3.7a 

0 . 
H 

3.7b 

Fur the rmore , certain subst i tu ted imidazo les can exist in two tau tomer ic 
fo rms . 

The statement that oxazole has a 
p K a of 0.8 means that the 
protonated form of oxazole is a 
very s t rong acid. 
There fore oxazo le (as the free 
base) is a very weak base indeed. 

> 3 N 
H 

3.8 

N 
H 

For ins tance , the imidazo le s h o w n above exis ts as a rapid ly equi l ibra t ing 
mix tu re of 4 -me thy l 3 . 8 and 5 -me thy l 3 .9 t au tomers , and is re fer red to as 
4 (5 ) -me thy l imidazo le . It m u s t again b e s t ressed that t au tomer i sa t ion and 
r e sonance are total ly d i f fe ren t . M e s o m e r i c representa t ions 3 . 7 a , b are not 
interconvert ing like tau tomers 3 .8 and 3.9; this is simply a means to describe 
an intermediate hybrid structure. 

3.2 Synthesis of oxazoles 
Retrosynthe t ic c leavage of the c a r b o n - o x y g e n bond in genera l i sed oxazole 
3.10 p roduces iminoalcohol 3 .11 (better represented in the amide fo rm 

3 . 1 2 ) . S i m i l a r t a u t o m e r i s a t i o n of the eno l g r o u p g ives an ac tua l 
i n t e r m e d i a t e 3 . 1 3 , a n d d i s c o n n e c t i o n of the a m i d e l i n k a g e r e v e a l s 
aminoke tone 3 .15 and an acylat ing species 3 .14 such as an acid chloride. T h e 
fo rward process , cyc locondensa t ion of amides 3 .13 to yield oxazoles 3.10, is 
k n o w n as the R o b i n s o n - G a b r i e l synthesis . 



H 

R ^ V 3 

o C 1 

o u 
R .X 

3.13 

Ph, 

P h X 0 

3.17 

Ph 

Ph" 

Br, 

u 

3.23 

"T 
NH, 

O 

A , 

R 1 

3.15 

Base 

N H 

O O 

3.13 

H ,0 f \ 
V 

3.10 

r 3 

In p rac t i ce the dehyd ra t i on can b e a c h i e v e d wi th a b road r ange of ac ids or 
acid anhydr ides , such as p h o s p h o r i c acid, p h o s p h o r u s oxychlor ide , p h o s g e n e 
( C O C I 2 ) , a n d t h i o n y l c h l o r i d e . A n e x a m p l e of t he m e c h a n i s m is s h o w n 
b e l o w f o r t h i o n y l ch lo r ide a n d i n v o l v e s ac t iva t ion of the a m i d e to i m i d o l y l 
ha l ide 3 . 1 6 t hen i n t r amo lecu l a r a t tack by the enol ic f o r m of the ke tone . 

R, 

<0 
so-'2 R . 

1 Y -
Cl ^ 

I 
3.16 

D ^ O H 

.R, - HC1 

Ri' *o" 

3.10 

T h e a m i n o k e t o n e s t h e m s e l v e s can b e p r epa red by a n u m b e r of m e t h o d s . A 
typ ica l r ou t e is i l lus t ra ted b y the syn thes i s of an t i - i n f l ammato ry d rug 3 .23 . 

Ph Br 

P t A o 

3.18 

NaN, Ph N3 

P h ^ O 
3.19 

H2/Pd 

HC1 

O 

Ph. . NH,.HC1 

P h ^ O 

^ l.NaOH 

CO,H 2 H C 1 

Ph 

P h - ^ Q 

3.22 

Cl' 

POC1, 

CO,Et 

3.20 

Et3N (2 eq.) 

CO,Et 

CO,Et 

3.21 

Drugs w h i c h reduce in f l ammat ion 
are o f ten u s e d to t reat the 
s y m p t o m s of arthr i t is. 

B r o m i n a t i o n of k e t o n e 3 . 1 7 g ives 3 . 1 8 w h i c h c a n be conve r t ed to az ide 3 .19 . 
H y d r o g e n a t i o n of 3 . 1 9 i n t h e p r e s e n c e of h y d r o c h l o r i c a c i d a f f o r d s 
a m i n o k e t o n e h y d r o c h l o r i d e salt 3 .20 . S u c h a m i n o k e t o n e s are o f t en i so la ted as 
t h e c o r r e s p o n d i n g sa l t s b e c a u s e t h e f r e e a m i n o k e t o n e s a r e p r o n e t o 
d i m e r i s a t i o n , h a v i n g b o t h n u c l e o p h i l i c a n d e l e c t r o p h i l i c c e n t r e s . ( F o r a 
c o m m o n a l t e r n a t i v e p r e p a r a t i o n of a m i n o k e t o n e s , s ee t he K n o r r p y r r o l e 
syn thes i s , C h a p t e r 2 . ) L i b e r a t i o n of the f r e e b a s e of 3 . 2 0 in the p r e s e n c e of 
the ac id ch lo r ide a f f o r d s a m i d e 3 . 2 1 w h i c h is cyc l i sed to o x a z o l e 3 . 2 2 . E s t e r 
hydro lys i s then a f f o r d s t he b io log ica l ly -ac t ive ca rboxyl ic ac id 3 .23 . 

3.3 Synthesis of imidazoles 
A l t h o u g h t h e r e a re s eve ra l w a y s of p r e p a r i n g i m i d a z o l e s , t h e r e is n o o n e 
o u t s t a n d i n g m e t h o d . O n e u s e f u l s y n t h e s i s i s t h e c o n d e n s a t i o n of a 1 ,2-



d i c a r b o n y l c o m p o u n d w i t h a m m o n i u m ace t a t e a n d an a l d e h y d e , as in t he 
p repara t ion of im idazo le 3 .25 . 

MeO 

A r e a s o n a b l e ra t iona l i sa t ion is a c y c l o c o n d e n s a t i o n type of p roces s to g ive 
3 .24 f o l l o w e d b y i r revers ib le t au tomer i sa t i on to 3 .25 . 

® ^ ^ ® 
. H o / ^ H 

/ 2 
R D , H H K l R 1 w NH, 1 

X x . — V f v 
R i N R2 RI N ^ H r - ^ N H 

H * 
3.25 3.24 

3.4 Synthesis of thiazoSes 
R e t r o s y n t h e t i c d i s c o n n e c t i o n of t he n i t r o g e n - c a r b o n b o n d in th i azo le 3 . 2 6 
leads f o r m a l l y t o eno l 3 . 2 7 w h i c h is e q u i v a l e n t to k e t o n e 3 . 2 8 . T h i s c a n b e 
der ived f r o m ha loke tone 3 .29 a n d t h i o a m i d e 3.30. 

3.26 3.27 3.28 3.29 3.30 

X=Cl,Br,I 

T h e f o r w a r d p r o c e s s is the H a n t z s c h syn thes i s of th iazo les w h i c h , desp i t e 
its an t iqu i ty (it is a r o u n d 100 years old) , is still v e r y wide ly used . 

Thiocarbonyl compounds are 
much more nucleophilic than 
carbonyl compounds because 
of the lower electronegativity 
of sulphur as compared to 
oxygen. 

y° r Y l 
CI Heat 

3.31 

T h e m e c h a n i s m f o r t h e f o r m a t i o n of t h i a z o l e 3 . 3 1 i n v o l v e s in i t i a l 
nuc leoph i l i c a t tack by su lphu r f o l l o w e d b y a cyc locondensa t ion . 



T h e t h i o a m i d e s t h e m s e l v e s are conven ien t ly p r e p a r e d f r o m the c o r r e s p o n d i n g 
a m i d e s b y t r e a t m e n t w i t h p h o s p h o r u s ( V ) s u l p h i d e ( s e e t h e P a a l — K n o r r 
syn thes i s of t h i o p h e n e s , C h a p t e r 2 , f o r th is t ype of conve r s ion ) . A va r i a t ion 
of t h e H a n t z s c h r e a c t i o n u t i l i ses t h iou rea s , w h e r e R 3 in 3 . 3 0 i s a n i t r o g e n 
a n d n o t a c a r b o n s u b s t i t u e n t . F o r i n s t a n c e , t h i o u r e a i t se l f is u s e d in t h e 
p r epa ra t i on of 2 - a m i n o t h i a z o l e s such as 3 .32 . 

c f S ^ N H 2
 H E A T % ^ N H 2 . H C I S - NH2 

3.32 

A s w i th py r id ine , not on l y d o e s 
the e lec t ronega t i ve n i t rogen a t o m 
w i t h d r a w e lec t ron dens i t y f r om 
the r ing, but unde r t he ac id ic 
cond i t i ons of m a n y e lec t roph i l i c 
reac t ions the azo le n i t rogen is 
p ro tona ted . T h e azo l i um ca t ion is 
re lat ive ly inert to fu r ther a t tack by 
a pos i t i ve ly c h a r g e d e lec t roph i le . 

3.5 EOectrophiNc substitut ion reactions of oxazoles, 
imidazoles, and thiazoles 

T h e 1 ,3 -azo les a r e n o t v e r y r e a c t i v e t o w a r d s e lec t roph i l i c a t t ack d u e to t h e 
deac t i va t i ng e f f e c t of the py r id ine - l ike n i t rogen . H o w e v e r , e l e c t r o n - d o n a t i n g 
g r o u p s c a n f ac i l i t a t e e l ec t roph i l i c a t t ack , as in the p r e p a r a t i o n of o x a z o l e s 
3 . 3 4 a n d 3 . 3 5 . D i m e t h y l a m i n o o x a z o l e 3 . 3 3 is e s sen t i a l ly f u n c t i o n i n g l ike 
an e n a m i n e in this reac t ion . 

f o o ^ 

C F 3 ^ O ^ c f 3 

M e j N j i O p h 

3.33 

. A . K Me2N o Ph 

3.34 

N 0 2 % ' ^ O M E 

Me ~ H > I k 
3.35 

OMe 

I m i d a z o l e c a n b e n i t r a t ed u n d e r f o r c i n g cond i t ions , n i t r a t ion r e m a r k a b l y 
o c c u r r i n g o n the i m i d a z o l i u m ca t ion 3 . 7 a , b , g iv ing n i t r o i m i d a z o l e 3 . 3 6 a f t e r 
lo s s of t w o p r o t o n s . 
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3.6 Anion chemistry of oxazoies, imidazoles, and 
thiazoles 

T h e C 2 pos i t ion of 1 ,3-azoles is par t icu lar ly e l ec t ron-de f i c i en t b e c a u s e of the 
e l e c t r o n - w i t h d r a w i n g e f f e c t of the a d j a c e n t h e t e r o a t o m s . T h e ac id i ty of the 
p r o t o n s at th is p o s i t i o n is s u c h t ha t d e p r o t o n a t i o n can be a c h i e v e d wi th 
s t rong b a s e s to g ive n u c l e o p h i l i c c a r b a n i o n s 3 . 3 7 w h i c h can b e q u e n c h e d 
with e lec t rophi les p r o d u c i n g subs t i tu ted 1,3-azoles 3 .38. 

_ I \ \ " - B u L i t> L i © / f x 3 ' 3 8 

X 3.37 x E 

Simi la r ly , a lkyl g r o u p s at the C 2 pos i t ions (but not the C 4 o r C 5 pos i t ions ) 
can b e d e p r o t o n a t e d g iv ing c a r b a n i o n s 3 . 3 9 a , b w h i c h can a l so be q u e n c h e d 
wi th e lec t rophi les to a f f o r d 1 ,3-azoles 3 .40 . 
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S o m e e x a m p l e s of b o t h the a b o v e types of react iv i ty are g iven b e l o w 
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T h e r e is a usefu l ana logy 
b e t w e e n r e s o n a n c e - s t a b i l i s e d 
an ion 3.39a,b a n d an es ter 
eno la te an ion. Note that in both 
c a s e s the negat ive cha rge can be 
de loca l i sed onto a he te roa tom. 
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3.7 Nucleophilic aromatic substitution of oxazoles, 
imidazoles, and thiazoles 

W e h a v e p r e v i o u s l y d i s c u s s e d t h e r e d u c e d r eac t iv i ty to e l e c t r o p h i l e s of 
o x a z o l e , i m i d a z o l e , a n d t h i a z o l e , a s c o m p a r e d to f u r a n , p y r r o l e , a n d 
t h i o p h e n e , w h i c h r e s u l t s f r o m the p r e s e n c e of the p y r i d i n e - l i k e n i t r o g e n 
a t o m . T h i s b e h a v i o u r is pa ra l l e l ed by i nc r ea sed reac t iv i ty to n u c l e o p h i l e s . 
N u c l e o p h i l i c a t t ack o n f u r a n , py r ro l e , and t h i o p h e n e der iva t ives on ly o c c u r s 
w h e n an a d d i t i o n a l a c t i v a t i n g g r o u p is p r e s e n t , as in t h e d i s p l a c e m e n t 
r eac t ion g iv ing t h i o p h e n e 3 .41 . 
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O n c e aga in this react iv i ty paral le ls 
ce r ta in fea tu res of ca rbony l 
chemis t ry . C o m p a r e t he react ion of 
an i l ine w i th ch lo ro fo rma tes , be low . 
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I H2NPh 
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RO A NPh 
H 

T h e n i t ro g r o u p p l a y s a k e y r o l e as an e l e c t r o n - a c c e p t o r in th is r e a c t i o n , 
w h i c h a lso i l lust ra tes the f ac t that im idazo le is a g o o d nuc leoph i l e . H o w e v e r , 
n o a c t i v a t i o n is n e c e s s a r y w i t h 2 - h a l o - 1 , 3 - a z o l e s , w h i c h c a n r e a c t w i t h 
nuc leoph i l e s , as s h o w n b y the p repa ra t ions of 3 . 4 2 and 3 .43 . 
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3.8 Problems 
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NHPh 
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NHPh 3.42 

C x OMe 3.43 

1. S u g g e s t a syn thes i s of o x a z o l e 3 . 3 3 . 

A 
M e 2 N ' ^ o 

3.33 

Ph 

2. A less gene ra l syn thes i s of oxazo l e s is the condensa t i on of b r o m o k e t o n e s 
wi th a m i d e s . W h a t is the m e c h a n i s m f o r the f o r m a t i o n of o x a z o l e 3 .44? H o w 
d o e s 3 . 4 4 r e l a t e to t he o x a z o l e w h i c h m i g h t b e p r e p a r e d f r o m the s a m e 
b r o m o k e t o n e b y c o n v e r s i o n t o t h e c o r r e s p o n d i n g a m i n o k e t o n e , N -
formyla t ion , and cyc locondensa t ion? 

O 



3. Carboxyl ic acid 3 . 4 6 has been ex tens ive ly used in the prepara t ion of 
semi-synthet ic penic i l l ins and cepha lospor ins . Dev i se a synthes is of 3 . 4 6 
f rom ester 3 .45 . 

3.45 3.46 
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4. Isoxazoles, pyrazoles, and 

isothiazoles 

I s o x a z o l e 4 .1 , p y r a z o l e 4 .2 , a n d i so th iazo le 4 . 3 are the pa ren t s t ruc tu res of 
the 1 ,2-azole f a m i l y of he t e rocyc l e s , h a v i n g a n i t rogen a t o m p lus o n e o the r 
he t e roa tom in a 1 ,2- re la t ionship in a f i v e - m e m b e r e d r ing. 

4 3 4 3 4 3 

5 ft ) N 2 5 FT VL 2 5 ft V 2 
o N x s ; 

1 H 1 

4.1 4.2 4.3 

T h e a r o m a t i c sex te t is c o m p l e t e d by de loca l i sa t ion of the l one pa i r f r o m the 
s e c o n d h e t e r o a t o m , 4 . 4 a - e . C o n s e q u e n t l y , as in pyr id ine , the n i t rogen a t o m s 
of the 1 ,2-azoles h a v e a l one pa i r ava i lab le f o r p ro tona t ion . H o w e v e r the 1,2-
azo les a re s ign i f i can t ly less bas i c than the 1 ,3-azoles b e c a u s e of the e lec t ron-
w i t h d r a w i n g e f f e c t of the a d j a c e n t h e t e r o a t o m . I soxazo le and i so th iazo le are 
essent ia l ly n o n - b a s i c he t e rocyc le s (pA"as <0) , and e v e n p y r a z o l e (pATa=2.5) is 
a m u c h w e a k e r base than the co r respond ing 1,3-azole imidazo le (pA' a=7). 

— > ?n — — C ? n 0 — > e G 
X X X X x 

ffi © ffi © 
4.4a 4.4b 4.4c 4.4d 4.4e 

X = 0,NH,S 

A s w i t h s u b s t i t u t e d i m i d a z o l e s , s u b s t i t u t e d p y r a z o l e s m a y e x i s t as a 
m i x t u r e of t au tomer s . 5 - M e t h y l p y r a z o l e 4 .5 and 3 -me thy l p y r a z o l e 4 .6 exis t 
as a r ap id ly equ i l ib ra t ing m i x t u r e in solut ion. 

A 3 4 5 

5// v ^ 3 4 
N N 
H 1 2 

4.5 4.6 

A l t h o u g h there a re a f e w e x a m p l e s of na tura l ly -occur r ing 1,2-azoles , m a n y 
total ly synthe t ic der iva t ives h a v e f o u n d pharmaceu t i ca l appl ica t ion . 



4.1 Synthesis of isoxazoles and pyrazoles 
Ret rosyn the t i c d i s c o n n e c t i o n of gene ra l i s ed 1 ,2-azole 4 .7 g ives ini t ia l ly 4 . 8 
which w o u l d ex i s t as k e t o n e 4 . 9 . T h i s in turn is c lear ly de r ived f r o m 1,3-
d ike tone 4 .10. 

R, *3 

4.7 

X=0,NH,S 

R2 

x 
RI "OH 
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XH 
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4.9 

XH 

r * 
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Ri O 

4.10 

O 
4.11 
4.12 
4.13 

H2NOH 

H2NNH2 

H2NSH 

This ana lys i s sugges t s tha t c o n d e n s a t i o n of 4 . 1 0 wi th h y d r o x y l a m i n e 4 .11 , 
h y d r a z i n e 4 . 1 2 , o r t h i o h y d r o x y l a m i n e 4 . 1 3 s h o u l d g i v e the c o r r e s p o n d i n g 
1 ,2-azo le . . T h i s a p p r o a c h r e p r e s e n t s an i m p o r t a n t r ou t e to i s o x a z o l e s a n d 
py razo l e s , bu t t h i o h y d r o x y l a m i n e 4 . 13 , a l t h o u g h k n o w n , is f a r t o o uns t ab l e 
fo r syn the t i c p u r p o s e s . T h e syn thes i s of i so th iazo les wil l be m e n t i o n e d later . 
T h e m e c h a n i s m of the f o r w a r d p r o c e s s is i l lus t ra ted by the p r epa ra t i on of 
i soxazo le 4 .14 and is s imp ly t w o consecu t ive condensa t ions . 

In p rac t ice h y d r o x y l a m i n e a n d 
hyd raz ine are ve ry reac t ive 
nuc leoph i les , far mo re so t h a n 
might be expec ted f r om 
cons ide ra t i on of s imp le phys ica l 
pa ramete rs . T h e i nceased 
nuc leoph i l i c i ty of a h e t e r o a t o m 
w h e n b o n d e d to a s e c o n d 
he reoa tom is k n o w n as t he a 
ef fect . For a theore t ica l 
ra t ional isat ion of the a ef fect in 
t e rms of f ront ier obi ta ls see 
F lem ing , 1976 . 
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N o t e that if h y d r o x y l a m i n e or a subs t i tu ted hyd raz ine is c o n d e n s e d wi th an 
u n s y m m e t r i c a l d i k e t o n e ( 4 . 1 0 , w h e r e R] a n d R 3 a re d i f f e r e n t ) t hen a 
r e g i o i s o m e r i c m i x t u r e of i s o x a z o l e s or p y r a z o l e s m a y resu l t . H o w e v e r a 
s ingle r eg io i somer m a y p r e d o m i n a t e w h e r e there is an inheren t bias, 

o o 
R2 R 3 R , r„ 

H 
T h e genera l reac t ions of H 2 N O H 
a n d H 2 N N H R wi th unsymmet r i ca l 
d i ke tones a re s h o w n here . 

F o r i n s t a n c e , the p r e p a r a t i o n of i s o x a z o l e 4 . 1 7 is v i r tua l ly r e g i o s p e c i f i c 
b e c a u s e the reac t ion c o m m e n c e s wi th the m o r e nuc leoph i l i c h e t e r o a t o m (i.e. 
n i t rogen) a t t ack ing the m o r e e lec t roph i l i c k e t o n e (ac t iva ted by the e lec t ron-
w i t h d r a w i n g i n d u c t i v e e f f e c t of t he a d j a c e n t e s t e r g r o u p ) . T h e r e a d e r is 
e n c o u r a g e d to cons ide r the r e g i o c h e m i c a l b ias in the p repa ra t ion of i soxazo le 
4 .15 a n d p y r a z o l e 4 .16. 



4.16 

HO. 

H,NOH 
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C02Et - H 2 0 C02Et - H 2 0 

CO,Et 
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T h e o t h e r i m p o r t a n t i s o x a z o l e s y n t h e s i s i n v o l v e s t he c o n c e r t e d [ 3 + 2 ] 
c y c l o a d d i t i o n r e a c t i o n of n i t r i l e o x i d e s 4 . 1 8 wi th e i the r a l k y n e s 4 . 1 9 o r 
a lkyne equ iva len t s 4 .20 . 

X=0Ac,NMe2,N02 

A w i d e r a n g e of n i t r i le o x i d e s is k n o w n ( R 3 = H , aryl , a lkyl , es te r , ha l ide , 
etc) . T h e m e t h o d of c h o i c e f o r the p repa ra t i on of s imple ni t r i le o x i d e s ( R 3 = 

alkyl , aryl) is ox ida t ion of the c o r r e s p o n d i n g ox ime : 

o N - o h 

11 H2NOH © e 
A • X R3—= N - O 4.18 

R 3 - ^ H H 2 0 R 3 ^ H (-2H) 



S e v e r a l o x i d i s i n g a g e n t s c a n b e u s e d ( l e a d t e t r a a c e t a t e , N -
b r o m o s u c c i n i m i d e , c h l o r i n e , e tc ) . A m e c h a n i s m is i l l u s t r a t ed b e l o w f o r 
a lkal ine sod ium hypoch lor i t e . 

ft N ' N ' 

CI-OH 3 CI 

OH f N 
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4.18 

L e t us n o w c o n s i d e r t h e s y n t h e s i s of i s o x a z o l e 4 . 2 8 , a d r u g f o r t he 
t r e a t m e n t of b r o n c h i a l a s t h m a . T h e m o s t d i r ec t p r e p a r a t i o n of i s o x a z o l y l 
k e t o n e 4 . 2 4 is the c y c l o a d d i t i o n of u n s t a b l e b r o m o n i t r i l e o x i d e 4 . 2 2 
(prepared in situ b y d e h y d r o b r o m i n a t i o n of 4 .21) wi th ace ty lenic ke tone 4 .23. 
O b s e r v e the r e g i o s e l e c t i v i t y of th i s r e ac t i on . B o t h e l e c t r o n - d o n a t i n g and 
e l e c t r o n - w i t h d r a w i n g g r o u p s o n t h e a c e t y l e n i c c o m p o n e n t s in s u c h 
cyc loadd i t i ons t end to o c c u r at the C 5 pos i t i on in the f ina l i soxazo le and not 
at C 4 . B r o m i n a t i o n of k e t o n e 4 . 2 4 a f f o r d s b r o m o k e t o n e 4 . 2 5 w h i c h is 

4.23 n 
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4.28 4.27 

r educed with sod ium bo rohyd r ide to g ive b r o m o h y d r i n 4 .26. T r e a t m e n t wi th a 
s t r o n g b a s e p r o d u c e s e p o x i d e 4 . 2 7 v i a the i n t e r m e d i a t e a l k o x i d e , a n d 
nuc leoph i l i c o p e n i n g of this e p o x i d e at the least s ter ica l ly h inde red pos i t ion 
a f fo rds the target d rug 4 .28. 

4.2 Synthesis of isothiazoles 
I s o t h i a z o l e s a re u s u a l l y p r e p a r e d b y r o u t e s i n v o l v i n g f o r m a t i o n of t he 
n i t r o g e n - s u l p h u r b o n d in t he c y c l i s a t i o n s t ep . T h i s is o f t e n se t u p by 
o x i d a t i o n of the s u l p h u r a t o m , as in the c o n v e r s i o n of t h i o a m i d e 4 . 2 9 to 
i so th iazo le 4 .30 . 
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4.3 Electrophilic substitution of isoxazoles, 
pyrazoles, and isothiazoles 

The presence of a pyr id ine- l ike ni trogen in the 1,2-azoles makes them 
markedly less reactive towards electrophilic substitution than furan , pyrrole, 
and thiophene. (The same effect was noted for the 1,3-azoles in Chapter 3.) 
Nevertheless , electrophil ic substi tution is known in 1,2-azoles, occurr ing 
principally at the C4 posi t ion. This selectivity is reminiscent of pyr idine 
chemistry where the posi t ion meta to the electronegative ni trogen atom is 
the 'least deactivated' (see Chapter 5). 

B ^ - B r ®r Br 

- J ^ H P N I 
i j > ' Cy© 

^Br^-Br B r Br 

W 
N O' 

If ^ —" V 
Nitrat ion and sulphonat ion of 1,2-azoles under vigorous condit ions are 

also known, as in the preparation of 4-nitropyrazole 4 . 31 . 

NO2 J ° 2 NO2 

o n ^ c v ^ H r v T\ 
N N ' NR -H © N ' V 4 3 1 
H H H H H 

- 3 - 3 6 As we h a v e seen with o ther e l ec t ron -de f i c i en t he t e rocyc le s , the 
See the related preparation of i n t r oduc t i on of an e l e c t r o n - d o n a t i n g g r o u p p r o m o t e s e l ec t roph i l i c 
nitroimidazole 3.36. substitution, as in the facile bromination of aminoisothiazole 4 . 3 2 . 
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4.32 

4.4 Anion chemistry of isoxazoles, pyrazoles, and 
isothiazoles 

Isothiazoles and ni t rogen-blocked pyrazoles can be deprotonated at the C5 
position with alkyl l i thium reagents, and the resultant carbanions quenched 
with a wide range of electrophiles, as in the preparation of 4 .33 and 4.34. 



\\ n-BuLi ffi // \\ (C02Et)2 
N • Li e(* N 1 

s ' 

N 
Ph 

H-BuLi © 
N • Li eti . N 

' N ' 
Ph 

Mel 

4 , 3 
O 

N ' 4.34 
Ph 

T h i s u s e f u l m e t h o d o l o g y ( c o m p l e m e n t a r y to the C 4 se lec t iv i ty of n o r m a l 
e l ec t roph i l i c subs t i tu t ion) is no t a p p l i c a b l e to i soxazo l e c h e m i s t r y b e c a u s e 
the in t e rmed ia t e an ions ( such as 4 .35) are ra ther uns tab le and d e c o m p o s e via 
o x y g e n - n i t r o g e n c leavage . 
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H o w e v e r , a lky l g r o u p s at the C 5 pos i t i on of i soxazo le s can be d e p r o t o n a t e d 
and reac ted with electrophiles . 
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4.5 Problems 
1. W h a t is t he m e c h a n i s m f o r the f o r m a t i o n of i so th i azo lone 4 . 3 9 ? 

, 0 o 

NH, 

N E C — S K » 
EtOH / H 2 0 NH 

S 
4.39 

Note the ana logy to the an ions 
der ived f rom cro tonate esters. 

D i m e t h y l i soxazo le 4 .14 can be se lec t ive ly dep ro tona t ed at the C 5 m e t h y l 
g r o u p , n e a r e r t he m o r e e l e c t r o n e g a t i v e o x y g e n a t o m . A l t h o u g h s i m p l e 
dep ro tona t i on c a n n o t a f f o r d an en t ry in to C 4 subs t i tu t ion in this sy s t em, it is 
pos s ib l e to g e n e r a t e a c a r b a n i o n at the C 4 pos i t i on in a r o u n d a b o u t f a sh ion . 
B r o m i n a t i o n of 4 . 1 4 a f f o r d s t he C 4 - f u n c t i o n a l i s e d i s o x a z o l e 4 . 3 6 . M e t a l -
h a l o g e n e x c h a n g e \fcith n -bu ty l l i t h ium at l o w t e m p e r a t u r e ( - 7 8 ° C ) gene ra t e s 
c a r b a n i o n 4 . 3 7 w h i c h can be q u e n c h e d wi th e lec t roph i les to g ive i soxazo le s 
such as 4 . 3 8 . 
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In te res t ing ly , 1, 3, 5 - t r ime thy l 
py razo le is d e p r o t o n a t e d on the 
N - m e t h y l g roup , fac i l i ta t ing 
reac t ion w i th e lec t roph i les at this 
p o s i t i o n . 
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2. W h a t general s t rategy migh t be employed to conver t pyrazo le to a lcohol 
4.40, a po ten t inhibi tor of s teroid b iosynthes is . 

Q ^ H O ^ - 1 4 4 ( ^ 

H Ar Ar H 

3. W h a t is the p roduc t resul t ing f r o m oxidat ion of 4 .41? 

NaOCl 9 
NaOH 

4.41 

4. A synthesis of 2 -cyanocyc lohexanone 4 .45 f r o m cyc lohexanone is shown 
b e l o w . F o r m y l a t i o n of c y c l o h e x a n o n e p r o d u c e s a m i x t u r e of ke to / eno l 
t au tomers 4 . 4 2 and 4 .43 , the equi l ibr ium lying to the side of the enol 4 .42 . 
T r e a t m e n t wi th h y d r o x y l a m i n e a f f o r d s i soxazo le 4 . 44 , and ba se - i nduced 
f r agmen ta t ion of the i soxazole r ing a f fo rds 4 .45. Explain the regioselect ivi ty 
of the i soxazole fo rmat ion , and the mechan i sm of the f ragmenta t ion process . 

° o 

n r 0 " ^ cx^'^o* — • r r " 
NaOEt V A > 2.NH4Q / H20 

4.42 4.43 4.44 ° 4.45 
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5. Pyridines 

5.1 Introduction 
Pyr id ine 5 . 1 is a po la r l iquid (b.p. 115°C) which is mi sc ib l e wi th both 
organic solvents and water . It can fo rma l ly be der ived f r o m b e n z e n e by 
replacement of a C H group by a ni trogen atom. Pyridine is a highly aromatic 
he te rocyc le , bu t the e f f e c t of the he t e roa tom m a k e s its chemis t ry qui te 
dis t inct f r o m that of benzene . T h e a romat i c sextet of six n e lec t rons is 
comple te wi thout invoking par t ic ipat ion of the lone pair on the ni t rogen. 
This is in direct contrast with the si tuat ion in pyrrole (Chapter 2) where the 
aromat ic sextet includes the lone pai r on the nitrogen. Hence the lone pair of 
pyr id ine is avai lable fo r b o n d i n g wi thout d is turb ing the aromat ic i ty of the 
r ing. Pyr id ine is modera te ly bas ic (p/T a=5.2) and can be quatern ised with 
a lky la t ing agen t s to f o r m p y r i d i n i u m sal ts 5 . 2 . Py r id ine a lso f o r m s 
complexes with Lewis acids such as sulphur trioxide. This complex 5 .3 is a 
mild source of sulphur tr ioxide for sulphonation reactions (see Chapter 2). 

©N I 
H 

R-X 

SO, 
•T 

R 

e x 

5.2 

N ' 

SO 
5.3 

© 

T h e e f fec t of the he te roa tom is to m a k e the pyr id ine r ing very unreact ive 
to n o r m a l e lec t rophi l ic a roma t i c subs t i tu t ion . Conve r se ly , pyr id ines are 
susceptible to nucleophil ic attack. These topics are discussed later. 

5.2 Synthesis of pyridines 
Our re t rosynthet ic analysis of genera l i sed pyr id ine 5 .4 c o m m e n c e s with an 
a d j u s t m e n t of the ox ida t ion level to p r o d u c e d ihyd ropyr id ine 5 .5 . Th i s 
mo lecu l e can n o w be d i sconnec ted very readi ly . C leavage of the c a r b o n -
heteroatom bonds in the usual way leaves dienol 5.6 which exists as diketone 
5.7. T h e 1,5-dicarbonyl relat ionship can be der ived f r o m a Michae l reaction 
of ke tone 5 .8 and enone 5 .9 , wh ich in turn can arise f r o m condensa t ion of 
a ldehyde 5 .10 and ketone 5.11. 



These processes are faci l i ta ted when R2 and R4 are e lec t ron-wi thdrawing 
groups such as esters. Fur thermore , when ketones 5 .11 and 5 .8 are the same, 
we have the basis fo r the classical Hantzsch pyridine svnthesis. 

5.12 S.13 

F o r ins tance , c o n d e n s a t i o n of ethyl ace toace ta te , f o r m a l d e h y d e , and 
ammonia gives dihydropyridine 5 .12 which is readily oxidised with nitric acid 
to give pyr id ine 5 .13 . A l though the precise details of this mu l t i componen t 
condensat ion are not known, a reasonable pathway is shown below, 

o 

Note that in this example R 2 and 
R4 are ethyl esters, so the 
adjacent carbon is actually an 
act ive methy lene group. The 
higher acidi ty and hence 
nucleophi l ic i ty of these cent 
faci l i tates the react ion sequence. 

N 
H 

5.12 

HO. 
HS 



S o m e examples of dihydropyridines prepared in this way are shown below. 
(The student is encouraged to work out the aldehydes used in each case.) 

N ^ N 

As well as be ing in t e rmed ia t e s f o r the synthes is of pyr id ines , these 
d ihydropyr id ines are t hemse lves an impor tan t c lass of he te rocyc les . Fo r 
instance, d ihydropyr id ine 5 . 1 4 is a drug for lower ing b lood pressure. In the 
synthes is of 5 . 1 4 no te that car ry ing ou t the Han tz sch synthes is s t epwise 
al lows for the preparat ion of an unsymmetr ica l d ihydropyridine, having both 
a methyl and an ethyl ester. 

A consequence of the asymmetry 
of 5.14 is that C4 is a stereogenic 
centre. Hence the product is formed 
as a racemic mixture. 

H ^O piperidine g tQ 
-H,0 

N 
H 5.14 

5.3 Electrophilic substitution of pyridines 
Pyr id ine is vir tually inert to a romat ic e lec t rophi l ic subst i tu t ion. Cons ider 
ni t rat ion of pyr id ine by nitr ic acid. First , as pyr id ine is a modera t e base , it 
will be a lmos t comple t e ly p ro tona t ed by the acid, m a k i n g it m u c h less 
suscept ible to electrophil ic at tack. Second, addit ion of the electrophile to the 
smal l amoun t of unpro tona ted pyr id ine p resen t in solut ion is not a fac i le 
process. 

A t t ack of the e l e c t r o p h i l e at the C 2 or C 4 pos i t ion resu l t s in an 
i n t e r m e d i a t e ca t ion wi th par t ia l pos i t i ve c h a r g e on the e l ec t ronega t ive 
ni t rogen a tom. This is clearly not energet ical ly favourable when compared to 
C 3 substi tut ion, where no partial posi t ive charge resides on ni t rogen. In fac t 
the p roduc t of C 3 subst i tut ion, n i t ropyr id ine 5 .15 , can be isolated f r o m the 
exhaust ive nitration of pyr idine, but only in poor yield. 
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C-a lky la t ion of a s ter ica l ly-
h i n d e r e d p h e n o l a t e an ion . 

OH 

H , N °2 H , N 0 2 

< >- C4-attack 

A l t h o u g h be t t e r r e s u l t s h a v e b e e n a c h i e v e d w i t h t he s u l p h o n a t i o n of 
p y r i d i n e to g ive the s u l p h o n i c ac id 5 . 1 6 , e l ec t roph i l i c subs t i t u t i ons o n an 
inact ivated pyr id ine r ing are in genera l not prepara t ively usefu l . 

NO, ^ / S 0 3 H 

N 
5.15 

N 
5.16 

P y r i d i n e can b e ac t iva t ed to e l ec t roph i l i c subs t i tu t ion b y c o n v e r s i o n to 
p y r i d i n e N - o x i d e 5 . 1 7 . A t f i r s t s ight it is cu r ious to c o n s i d e r ox ida t i on (i.e. 
e l ec t ron loss) as a m e a n s of ac t iva t ing a s y s t e m to e lec t rophi l ic subs t i tu t ion , 
b u t 5 . 1 7 c a n act r a t h e r l ike a s t e r i ca l l y -h inde red p h e n o l a t e a n i o n t o w a r d s 
e l e c t r o p h i l e s , p r o d u c i n g i n t e r m e d i a t e 5 .18 wh ich t h e n loses a p r o t o n t o 
give s u b s t i t u t e d N - o x i d e 5 .19 . F o r th is m e t h o d o l o g y t o b e u s e f u l it is of 
c o u r s e n e c e s s a r y t o r e m o v e t h e ac t iva t ing o x y g e n a t o m . T h i s c a n b e d o n e 
w i t h p h o s p h o r u s t r i c h l o r i d e , w h i c h b e c o m e s o x i d i s e d t o p h o s p h o r u s 
o x y c h l o r i d e . 
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N o 5.17 
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For ins tance , 4 -n i t ropyr id ine 5 . 2 0 can be p repared f r o m pyr id ine in three 
steps by this methodology . 

5.17 oe o e 5.20 
Pyr id ine N - o x i d e s can a lso be conve r t ed into synthe t ica l ly use fu l 2-

chloropyridines 5 .21 (see later). 

Ano the r approach to e lectrophi l ic subst i tut ion involves the chemis t ry of 
2 -pyr idone 5 . 22 and 4 -pyr idone 5 .23. These are the tautomeric f o r m s of 2-

<3y\ t j 

and 4 -hydroxypyr id ine respect ively . They exist exclusively in the pyr idone 
f o r m , the h y d r o g e n a tom be ing a t t ached to the n i t rogen a tom, not the 
oxygen . The i r e lectronic structures are not adequately descr ibed by a single 
valence representation, the lone pair f r o m the nitrogen atom being delocalised 
to a c o n s i d e r a b l e e x t e n t o n t o t he o x y g e n a t o m , as in m e s o m e r i c 
representations 5.22a and 5.23a. 

OH o 

Both pyr idones can react with electrophiles at posi t ions ortho and para to 
t h e a c t i v a t i n g o x y g e n a t o m . Fo r i n s t a n c e , 4 - p y r i d o n e r e a c t s w i th 
e lec t rophi les at the C3 pos i t ion (the m e c h a n i s m can b e f o r m u l a t e d f r o m 
either mesomer ic representat ion) to give intermediate 5.24. As with pyridine 
N-oxides , r eac t ion wi th p h o s p h o r u s oxychlor ide gives usefu l 
ch loropyr id ines 5 .25. W e shall see the utility of 2- and 4-chloropyr id ines in 
the next section. 



5.23a 

5.4 Nucleophilic substitution of pyridines 
P y r i d i n e c a n be a t t acked b y nuc l eoph i l e s at the C 2 / C 6 and C 4 pos i t i ons in a 
m a n n e r a n a l o g o u s to t he add i t i on of nuc l eoph i l e s to a c a r b o n y l g r o u p in a 
1,2 or 1,4 f a s h i o n . A t t a c k at the C 3 / C 5 pos i t ions is not f a v o u r e d b e c a u s e the 
n e g a t i v e c h a r g e o n t h e i n t e r m e d i a t e c a n n o t b e d e l o c a l i s e d o n t o t h e 
e lec t ronega t ive n i t rogen a tom. 

l C 
O H 

X = Nucleophile 

T h e ac tua l m e c h a n i s m is rather 
comp l i ca ted . H y d r o g e n gas is 
evo l ved , but in real i ty f ree s o d i u m 
hyd r i de is never g e n e r a t e d . S e e 
McGi l l a n d R a p p a (1988) . 

U n d e r c o n d i t i o n s of h i g h t e m p e r a t u r e s t he i n t e r m e d i a t e a n i o n c a n re -
a r o m a t i s e b y los s of a h y d r i d e ion , e v e n t h o u g h it is a v e r y p o o r l e a v i n g 
g r o u p . T h i s is i l l u s t r a t ed b y the C h i c h i b a b i n r e a c t i o n of p y r i d i n e a n d 
s o d a m i d e to p r o d u c e 2 - a m i n o p y r i d i n e 5 . 2 6 . T h e i m m e d i a t e p r o d u c t of the 
r eac t ion is 5 . 2 7 , the s o d i u m sal t of 5 . 2 6 , as t he e l i m i n a t e d h y d r i d e ion is 
ve ry bas i c . P r o t o n a t i o n of this s o d i u m salt du r ing the a q u e o u s w o r k u p then 
r egene ra t e s 5 .26 . A s impl i s t i c ra t iona le is s h o w n be low. 
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T h e s e nuc l eoph i l i c subs t i tu t ion r eac t ions a re m u c h m o r e f ac i l e w h e n be t te r 
leaving g roups (e.g. ha l ide ions ins tead of hydr ide ions) are e m p l o y e d . 

e x ^ x - a ! 

e - 7 
o 

© -

• ( h 
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-c i e . • 

3 
X = Nucleophile 

N u c l e o p h i l i c subs t i t u t ions a re w i d e l y u s e d in p y r i d i n e c h e m i s t r y . S o m e 

e x a m p l e s are s h o w n be low. 
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Fina l l y , b e f o r e l e a v i n g th i s s ec t ion , w e shal l c o n s i d e r t he s y n t h e s i s of 
p y r i d o t r i a z i n e 5 . 3 2 , a po ten t i a l a n t i - f u n g a l d rug . T h i s syn thes i s i l lus t ra tes 
f ea tu res of bo th e lec t rophi l ic and nuc leophi l i c pyr id ine chemis t ry . 

N i t r a t i o n of 4 - p y r i d o n e 5 . 2 3 gives 5 .28 , a n d r e a c t i o n w i t h p h o s p h o r u s 
o x y c h l o r i d e a f f o r d s c h l o r o p y r i d i n e 5 . 2 9 . T h i s p y r i d o n e - c h l o r o p y r i d i n e 
conver s ion act ivates the sys t em to nuc leoph i l i c a t tack by hydraz ine , a f fo rd ing 
5 .30 . T h e ni t ro g r o u p a l so fac i l i t a tes nuc leoph i l i c a t tack by de loca l i sa t ion of 
nega t ive cha rge in the in te rmedia te . 
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5.30 

N - A c y l a t i o n , r e d u c t i o n of n i t r o to a m i n o , a n d c o n d e n s a t i o n p r o d u c e 
d ihydro t r i az ine 5 .31 . T h i s s y s t e m is readi ly d e h y d r o g e n a t e d wi th m a n g a n e s e 
d i o x i d e to a f f o r d t he f u l l y a r o m a t i c h e t e r o c y c l e 5 . 3 2 . N o t e h o w re l a t ive ly 
s imp le chemis t ry can be used to f o r m a qui te c o m p l e x he te rocycle . 
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5.5 Anion chemistry of pyridines 
W e ear l ier d r e w a para l le l b e t w e e n nuc leoph i l i c a t tack on the C 2 / C 6 a n d C 4 
pos i t i ons of p y r i d i n e a n d 1,2 and 1,4 add i t ion of nuc l eoph i l e s to a c a r b o n y l 
g roup . Th i s ana logy can be ex t ended to dep ro tona t ion of a lkyl subs t i tuen ts at 
the C 2 / C 6 and C 4 pos i t i ons . 

Ju s t as a c a r b o n y l g r o u p s t ab i l i s e s an a d j a c e n t n e g a t i v e c h a r g e as an 
e n o l a t e an ion , so the an ion de r ived f r o m 2 - m e t h y l p y r i d i n e is s t ab i l i sed by 
de loca l i sa t ion of the n e g a t i v e c h a r g e on to the e l ec t ronega t ive n i t rogen a t o m . 



A similar a rgument holds fo r 4 -methyl pyridine. These stabilised anions can 
then react with the usual range of electrophiles. 

Dia lky l pyr id ine 5 . 33 is select ively depro tona ted at the C4 alkyl group, 
i l lustrat ing the greater acidi ty of this pos i t ion over the C3 posi t ion . Wi th 
regard to r ing depro tona t ion , h o w e v e r , there are re lat ively f e w examples 
known for s imple pyridines, in contrast to the extensive chemist ry developed 
f o r the f i v e - m e m b e r e d r ing he t e rocyc le s . Th i s is b e c a u s e the resu l tan t 
organometal l ic species are good nucleophi les , and because pyridines are also 
modera te electrophiles, polymerisat ion problems are of ten encountered. More 
succes s has been ach ieved wi th subs t i tu ted pyr id ines hav ing an ortho 
a c t i v a t i n g s u b s t i t u e n t ( e . g . - C O N H R , - N H C O R , - O M e , 
- C H 2 N R 2 etc). These subst i tuents increase the rate of kinet ic deprotonat ion 
and stabilise the intermediate organol i th ium species by coordination. 

For instance, 4 -aminopyr id ine 5 .34 can be converted to amide 5 .35 which, 
on t r ea tment wi th two equiva len ts of buty l l i th ium, g ives o rganometa l l i c 
species 5.36. Formyla t ion of the more react ive anion (the carbanion) then re-
pro tona t ion of the amide anion g ives 5 .37 . Acid ic hydrolys is r e m o v e s the 
activating group to release pyridine aldehyde 5.38. 

The negat ive charge result ing 
f rom deprotonat ion of the ethyl 
methy lene group of 5.33 c a n n o t 
be de local ised onto the n i t rogen 
atom. 



T h e meta la t ion p roceeds by init ial 
dep ro tona t i on of the a m i d e 
f o l l o w e d by o r f f r o - d i r e c t e d 
dep ro tona t i on at the C3 pos i t ion to 
p r o d u c e the p s e u d o s ix-
m e m b e r e d r ing o rgano l i t h i um 
spec ies 5 . 3 6 . 
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5.6 Problems 
1. W h a t is the m e c h a n i s m of this r eac t ion? 

r 
COzEt 

C02Et 

N NaOEt/EtOH N 
C02Et 

C02Et 

Hint. Start by acetylating the 2. T h e condensa t i on of ac t ive m e t h y l g roups with a ldehydes can be ca ta lysed 

pyridine to give a quaternary w j t h acet ic a n h y d r i d e as wel l as base . S u g g e s t a poss ib le m e c h a n i s m , 
cationic species. How can 
depro tona t i on a f fo rd a Ph 
nuc leoph i l i c e n a m i n e - l i k e s y s t e m ? 

PhCHO 

A c 2 0 / A c 0 H 

3. Ra t iona l i s e the f o r m a t i o n of l ac tone 5 . 4 0 f r o m pyr idy l a m i d e 5 .39 . 

DMP 
1. 2 eq. n-BuLi 
2.p-MeOC6H4CHO 

3.H 2 S0 4 /H 2 0 

OMe 

4. S o m e p y r i d i n e N - o x i d e s are n o t j u s t syn the t i c i n t e r m e d i a t e s , bu t a r e of 
in teres t in the i r o w n r ight . F o r ins tance , py r id ine N - o x i d e 5 . 4 1 is a n e w d rug 



c la imed to be use fu l fo r the t r ea tment of seni le dement ia . W h a t are the 
mechanisms of the pyr idone-forming step and the final displacement? 

H 
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6= Quinolines and isoquinolsnes 

6.1 Introduction 

Quino l ine and isoquinol ine can 
also be v iewed as being formal ly 
der ived f rom naphtha lene 

Quino l ine 6 .1 and isoquinol ine 6 .2 are two isomer ic heterocycl ic sys tems , 
which can be envisaged as being cons t ruc ted f rom the fus ion of a benzene 
r ing at the C 2 / C 3 and C 3 / C 4 posi t ions of pyr id ine respect ive ly . T h e y are 
both ten 7t-electron aromat ic heterocycles . Like pyridine, they are modera te ly 
bas ic ( p ^ a qu ino l ine = 4.9, p K a i soquinol ine = 5.1). Indeed qu ino l ine is 
somet imes used as a high boil ing-point (237°C) basic solvent. 

Note the number ing sys tem for 
i s o q u i n o l i n e 

As with pyr idine , the n i t rogen a toms of quinol ine and i soquinol ine each 
bear a lone pai r of e lectrons not involved in aromatic bonding which can be 
protonated , alkylated, or complexed to Lewis acids. This chapter should be 
read in conjunct ion with the chapter on pyridines as several points discussed 
at l eng th t he re are a l so r e l e v a n t to t he c h e m i s t r y of q u i n o l i n e and 
isoquinoline. 

6.2 Synthesis of quinolines and isoquinolines 
The classical Skraup synthesis of quinolines is exempl i f ied by the react ion of 
anil ine 6 .3 with glycerol 6 .4 unde r ac id ic /oxidat ive condi t ions to p roduce 
quinol ine 6 .1 . 

At f i rs t s ight this reac t ion appears to be another one of those anc ien t 
he terocycl ic syntheses that o w e m o r e to a lchemy than to logic, but in fac t 
the processes involved are relatively straightforward. 



HO' OH H 

O H 
6.4 

OH - H , 0 
H H 

H O ^ ^ O H 

H / 6.5 

- H , 0 

6.7 

H 

Protonat ion of glycerol 6.4 catalyses dehydrat ion via secondary carbonium 
ion 6 . 5 to g ive enol 6 . 6 . A c i d ca ta lysed e l imina t ion of a second wa te r 
molecu le a f fo rds acrolein 6.7. Thus glycerol acts essentially as a protected 
fo rm of acrolein, slowly releasing this unstable a ,p-unsa tura ted aldehyde into 
the reac t ion m e d i u m . Bet ter yields are real ised wi th this approach than if 
acrolein itself is present f r o m the start. T h e reaction proceeds with a Michael 
addit ion of anil ine 6 .3 to acrolein, p roduc ing saturated a ldehyde 6 .8 which 
cyclises via an aromat ic substi tut ion react ion to alcohol 6.9. Acid-ca ta lysed 
dehydrat ion to 6 .10 then oxidat ion yields quinol ine 6.1. Ni t robenzene can be 
used as a mild oxidant, as can iodine and ferric salts. 

Acrole in is a highly react ive olef in 
that is prone to polymerisat ion. 

S o m e examples of the Skraup synthesis are shown below. 

OMe OMe 

T h e k e y i n t e r m e d i a t e s in t he s y n t h e s i s of i s o q u i n o l i n e s a re P -
ary le thylamines . For instance, acyla t ion of P -pheny le thy lamine 6 . 1 1 gives 
amides of gene ra l s t ruc tures 6.12 which can b e cyclised wi th p h o s p h o r u s 
oxychlor ide to p roduce d ihydroisoquinol ine 6.13. Better yields are obtained 



with e l e c t r o n - d o n a t i n g g r o u p s on the a romat i c r ing fac i l i t a t ing this a roma t i c 

subs t i tu t ion cyc l i s a t ion . 
X\ 

RCOC1 
x. 

NH, Base 

X = Electron-donating 
substituent 

6.11 
POC1 

Th i s d e h y d r o g e n a t i o n is 
the reverse of a norma l 
h y d r o g e n a t i o n reac t ion . T h e 
d e h y d r o g e n a t i o n c a n be ca r r ied 
ou t unde r mi lder cond i t i ons w h e n 
a hyd rogen accep to r (such as 
c y c l o h e x e n e ) is p resen t . 

Pdu 

-2H 

6.14 6.13 

A s in t he S k r a u p q u i n o l i n e s y n t h e s i s , loss of t w o h y d r o g e n a t o m s is 
n e c e s s a r y to r e a c h the f u l l y a r o m a t i c s y s t e m . H o w e v e r , th i s is u s u a l l y 
a c c o m p l i s h e d in a s e p a r a t e s t ep , u t i l i s i n g p a l l a d i u m c a t a l y s i s to g i v e 
g e n e r a l i s e d i s o q u i n o l i n e 6 . 1 4 . T h i s is k n o w n as the B i s c h l e r - N a p i e r a l s k i 
syn thes i s . T h e m e c h a n i s m p r o b a b l y i n v o l v e s c o n v e r s i o n of a m i d e 6 . 1 2 to 
p r o t o n a t e d i m i d o y l c h l o r i d e 6 . 1 5 f o l l o w e d b y e l e c t r o p h i l i c a r o m a t i c 
s u b s t i t u t i o n to g i v e 6 . 1 3 . ( F o r a s imi l a r a c t i va t i on of an a m i d e t o an 
e lec t rophi l ic spec ies see the V i l sme ie r reac t ion , Chap te r 2.) 

r R 
O = P - C I 

f a 

© 
H 

0 = P T C l R a 

a 

N - _ 

R 
6.15 

ci-

T h e P i c t e t - S p e n g l e r syn thes i s is 
usua l l y u s e d w h e n the 
t e t r a h y d r o i s o q u i n o l i n e o x i d a t i o n 
leve l is requ i red . 

C l o s e l y r e l a t e d to t he B i s c h l e r - N a p i e r a l s k i s y n t h e s i s is t h e P i c t e t -
S p e n g l e r syn the s i s , w h i c h u t i l i ses a l d e h y d e s r a the r than acy la t ing spec ie s . 
C o n d e n s a t i o n of P - a r y l e t h y l a m i n e s wi th a ldehydes p r o d u c e s imines such as 
6 .16 w h i c h can b e cyc l i sed wi th ac id to g ive t e t r ahydro i soqu ino l ine 6 .17 . A s 
wi th t he B i s c h l e r - N a p i e r a l s k i syn thes i s , e l ec t ron -dona t ing g r o u p s ( typica l ly 
m e t h o x y g r o u p s ) fac i l i t a te the cyc l i sa t ion step. T h e l o w e r ox ida t i on s ta te of 
6 .17 as c o m p a r e d to 6 . 13 is a d i rect c o n s e q u e n c e of us ing a c a r b o n y l g r o u p at 
the a l d e h y d e ra ther than ca rboxyl ic ac id ox ida t ion level. F o u r hyd rogen a t o m s 
have to be r e m o v e d f r o m te t r ahydro i soqu ino l ines by oxida t ion to p r o d u c e the 
fu l ly a roma t i c i soqu ino l ine . 

O. < CH,0 

NH, HC1 

6.16 

H 

O NH 

6.17 

O 
H 

O O ' V j s I , 

R 
6.13 

X = Electron-donating substituent 



6.3 Electrophilic substitution of quinoline and 
isoquinoline 

Q u i n o l i n e and i soqu ino l ine u n d e r g o e lec t rophi l ic subs t i tu t ion reac t ions m o r e 
ea s i ly t han p y r i d i n e , t h o u g h n o t s u r p r i s i n g l y the i n c o m i n g e l e c t r o p h i l e 
a t tacks the b e n z e n o i d r ing. A s wi th pyr id ine , the n i t rogen a t o m s of qu ino l ine 
and i s o q u i n o l i n e a re p r o t o n a t e d u n d e r the t yp i ca l l y ac id i c c o n d i t i o n s of 
n i t r a t ion o r s u l p h o n a t i o n , m a k i n g the h e t e r o c y c l i c r ing res i s tan t to a t t ack . 
T h e C 5 and C 8 pos i t ions a re m o s t suscep t ib le to e lec t rophi l ic a t tack. 

6.18a H 6.18b H 

E p S 
H © 

6.19 

N ; 
r 

H 

A t t a c k of an e l e c t r o p h i l e at C 5 of p r o t o n a t e d q u i n o l i n e g i v e s ca t i on 
6 . 1 8 a , b w h i c h is s tab i l i sed b y r e s o n a n c e as s h o w n w i t h o u t d i s t u rb ing the 
a r o m a t i c i t y of t he a d j a c e n t p y r i d i n i u m r i n g . H o w e v e r , a t t a c k of an 
e l e c t r o p h i l e at C 6 p r o d u c e s ca t i on 6 . 1 9 w h i c h d o e s no t p o s s e s s the s a m e 
r e s o n a n c e s tab i l i sa t ion of ca t ion 6 . 1 8 a , b . ( T h e s tuden t shou ld p e r f o r m the 
s a m e e x e r c i s e f o r t h e C 7 a n d C 8 p o s i t i o n s a n d c o n f i r m tha t t he s a m e 
a rgumen t s can be applied.) 

NO2 

HNO, + 

6.1 6.20 NO, 6.21 

F o r ins tance , n i t ra t ion of q u i n o l i n e g ives an equa l m i x t u r e of r e g i o i s o m e r s 
6 . 2 0 and 6 . 2 1 . H o w e v e r , n i t r a t ion of i s o q u i n o l i n e is r e a s o n a b l y s e l ec t i ve 
(10:1) f o r the C 5 pos i t ion o v e r the C8 , a f f o r d i n g m a i n l y 6 .22 . 

NO. 

HNO, 

H2SO„ 

6.22 

6.4 Nucleophilic substitution of quinoline and 
isoquinoline 

Q u i n o l i n e and i soqu ino l ine u n d e r g o nuc l eoph i l i c subs t i tu t ion reac t ions , l ike 
pyridine. 



1.KNH,/Heat 
1 

2. Aq. Workup 
OEt 

6.25 

1. KNH2/Heat 
6 

2. Aq. Workup 

6.24 NH, CI 

NaOEt 

6.26 OEt 

F o r i n s t a n c e , b o t h q u i n o l i n e a n d i s o q u i n o l i n e u n d e r g o t h e C h i c h i b a b i n 
r e a c t i o n ( w i t h f o r m a l h y d r i d e e l i m i n a t i o n , s e e C h a p t e r 5 ) to g i v e 2 -
a m i n o q u i n o l i n e 6 . 2 3 a n d 1 - a m i n o i s o q u i n o l i n e 6 . 2 4 r e s p e c t i v e l y . H a l o g e n 
s u b s t i t u e n t s ortho to t h e n i t r o g e n a t o m s are ea s i ly d i s p l a c e d , as in t he 
p repa ra t ions of 6 .25 and 6 .26 . 

X = Nucleophile 

J CI 

N o t e tha t nuc l eoph i l i c d i s p l a c e m e n t in i soqu ino l ines occu r s m o r e eas i ly at 
t he C I pos i t i on t han at t he C 3 pos i t i on (even t h o u g h they a re b o t h ortho to 
n i t r ogen ) b e c a u s e d i s p l a c e m e n t at C 3 i n v o l v e s t e m p o r a r y d i s r u p t i o n of the 
benzeno id r ing. 

6.5 Anion chemistry of quinoline and isoquinoline 
A l k y l g r o u p s at t h e C 2 a n d C 4 pos i t ions of qu ino l ine can b e d e p r o t o n a t e d b y 
s t rong b a s e s . T h i s is b e c a u s e (as w i t h p y r i d i n e ) the n e g a t i v e c h a r g e o n the 
r e s u l t a n t c a r b a n i o n s c a n b e d e l o c a l i s e d o n t o the e l e c t r o n e g a t i v e n i t r o g e n 
a t o m , as in c a r b a n i o n 6 . 2 7 a , b . 

N ^ ^ N 

6.27a 6.27b ® 
Such carban ions can be alkylated, acylated, or condensed wi th a ldehydes : 

l .KNH, 

2. EtBr 

l .KNH2 

2. PhC02Et 

O 

N Ph 



1. NH4OH 

2. ARCHO 
Ar = />MeOC6H4 

T h i s type of c h e m i s t r y is a l so o b s e r v e d wi th 1 -me thy l i s o q u i n o l i n e 6 .28 . 
H o w e v e r 3 -me thy l i soqu ino l ine is m u c h less ac t iva ted b e c a u s e de loca l i sa t ion 
of c h a r g e in 6 .29a ,b invo lves d i s rup t ion of a romat ic i ty of the b e n z e n o i d r ing. 
T h i s p h e n o m e n o n is c lose ly re la ted to the r e luc t ance of 3 -ha lo i soqu ino l ines 
to u n d e r g o nuc leoph i l i c subs t i tu t ion . 

6.29a 6.29b 

A s wi th pyr id ine , ac t iva ted a lkyl g r o u p s can b e c o n d e n s e d wi th a ldehydes 
u n d e r ac id ic as wel l as b a s i c c o n d i t i o n s , as in the p r e p a r a t i o n of 6 . 3 0 and 
6.31. 

PhCHO 

ZnCl, / Heat 

PhCHO 

Ac,0 /Heat 

6.31 

6.6 Problems 
1. T h e s y n t h e s i s of the i m p o r t a n t q u i n o l o n e an t ib io t i c 6 . 3 3 is s h o w n . T h e 
key s tages a re t he G o u l d - J a c o b s o n q u i n o l o n e syn thes i s to g ive 6 .32 , and the 
d i s p l a c e m e n t r eac t i on to a f f o r d 6 . 3 3 . W h a t a re the m e c h a n i s m s of t h e s e 
reactions? 

O o 

EtO OEt O 
OEt 

NH, Heat cr 

CO,Et 
o 

T h e reader is re fe r red to t he 
p rev ious chap te r (P rob lem 2) for a 
mechan is t i c exp lana t ion of such 
c o n d e n s a t i o n s . 

F 
l .NaH 

N 
6.32 H 

2. EtI cr 

CO,Et 

CO,H NH 

1. NaOH 

O 
1.HN 
2. HC1 

HC1.HN 6.33 

2. HC1 

CO,H 



2. A synthesis of the na tura l ly-occurr ing isoquinol ine alkaloid 6 .34 is shown 
be low. W h a t reagents migh t be used to accompl ish each t ransformat ion? 

O 

R = CH2Ph 
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7. Indoles 

7.1 Introduction 
Fus ion of a b e n z e n e r ing on to the C 2 / C 3 pos i t ions of py r ro le f o r m a l l y 
produces the corresponding benzopyrrole 7.1 k n o w n as indole. A n analogous 
theore t ica l t r ans fo rma t ion can be env i saged to f o r m b e n z o f u r a n 7 . 2 and 
benzo th iophene 7.3. This chapter will concentra te exclusively on indole, by 
fa r the mos t important m e m b e r of this series. 

O u C m 
7 H 1 

Indole is a ten-7t electron aromat ic system. As with pyrrole , delocalisat ion 
of the lone pa i r of e l ec t rons f r o m the n i t r ogen a t o m is neces sa ry f o r 
a r o m a t i c i t y . T h e s ing le overa l l e l e c t ron i c s t r u c t u r e of i ndo l e is no t 
complete ly described by structure 7.1, because this implies localisation of the 
lone pair on the n i t rogen a tom. M e s o m e r i c represen ta t ion 7 . 1 a m a k e s a 
cont r ibu t ion to the e lec t ronic s t ructure of indole, as to a lesser extent d o 
mesomer ic representations where the negative charge occurs on the benzenoid 
ring. 

[ c u - a ? ] 
L I I® J 

H H 
7.1 7.1a 

A consequence of this delocal isat ion is that the lone pair is not avai lable 
fo r protonat ion under modera te ly acidic condi t ions so, like pyrrole , indole is 
another weakly basic heterocycle . Another similari ty to pyrrole is that be ing 
an 'electron-rich' he terocycle indole easily undergoes a romat ic electrophil ic 
subs t i t u t i on , and is a l so r a the r u n s t a b l e to o x i d a t i v e ( e l e c t r o n - l o s s ) 
condi t ions . However , an important d i f fe rence emerges here, in that whereas 
pyrrole preferent ial ly reacts with electrophiles at the C2/C5 posi t ions, indole 
subs t i tu tes se lec t ive ly at the C 3 pos i t ion . T h e reasons f o r this wi l l be 
discussed later. 



Neuro t ransmi t te rs are natura l ly -
occu r r i ng s u b s t a n c e s w h i c h e f fec t 
chem ica l c o m m u n i c a t i o n b e t w e e n 
ne rve ce l ls by b ind ing at spec i f i c 
s i tes o n the cel l su r face ca l led 
r e c e p t o r s . 

H i s t o r i c a l l y , i n t e r e s t i n i n d o l e s a r o s e w i t h t h e i s o l a t i o n a n d 
charac te r i sa t ion of m e m b e r s of the e n o r m o u s f a m i l y of indole a lka lo ids , such 
as lyserg ic ac id 7 .4. M a n y indole a lka lo ids pos se s s in teres t ing and s o m e t i m e s 
u s e f u l b io log ica l ac t iv i t ies . A l t h o u g h n a t u r a l p r o d u c t c h e m i s t r y is still an 
ac t ive a r e a of p r i m a r i l y a c a d e m i c r e s e a r c h , c o n s i d e r a b l y m o r e e f f o r t is 
e x p e n d e d n o w a d a y s in t h e p r e p a r a t i o n of i n d o l e de r iva t ives as p o t e n t i a l 
d r a g c a n d i d a t e s . F o l l o w i n g o n f r o m t h e o b s e r v a t i o n s t h a t c e r t a in i n d o l e 
a lka lo ids o r t h e i r s e m i - s y n t h e t i c de r iva t i ve s ( e .g . lysergic ac id d i e t h y l a m i d e , 
L S D 7 .5 ) h a v e p o t e n t c e n t r a l n e r v o u s s y s t e m act ivi ty , it w a s e s t a b l i s h e d t h a t 
t h e s i m p l e i n d o l e 5 - h y d r o x y t r y p t a m i n e 7 . 6 is a m a j o r n e u r o t r a n s m i t t e r . 
M a n y i n d o l e de r iva t i ve s w h i c h m i m i c o r b l o c k t h e b i n d i n g of th is 
n e u r o t r a n s m i t t e r t o its r e c e p t o r s h a v e b e e n syn thes i sed a n d a r e b e g i n n i n g 
t o f i n d u s e in t h e t r e a t m e n t of v a r i o u s psycho log ica l d i s o r d e r s . 

7.4 x = OH 
7.5 X = NEt2 

NH, 

7.6 

7.2 Synthesis of indoles 
A s m i g h t b e e x p e c t e d f o r a l a rge b r a n c h of h e t e r o c y c l i c c h e m i s t r y , m a n y 
syn theses of indo les h a v e b e e n deve loped . W e shal l res t r ic t o u r d i scuss ion to 
two , c o m m e n c i n g wi th t he w ide ly -used F i sche r synthes is . 

T h e F i s c h e r s y n t h e s i s is t he c o n d e n s a t i o n of an ary l h y d r a z i n e w i t h a 
k e t o n e f o l l o w e d b y c y c l i s a t i o n of t he r e s u l t a n t h y d r a z o n e u n d e r a c i d i c 
cond i t i ons to g ive the c o r r e s p o n d i n g indole , as i l lus t ra ted b y the p r epa ra t i on 
of 2 - p h e n y l indo le 7 .9. 

O 
. A 

AcOH or 
P h ' 

Ph - N - NH2 
H 

7.7 

Ph - N - N = < 
- H 2 0 H Ph ZnCl2 

7.8 7.9 

JL Ph 

T h e ac tua l c y c l i s a t i o n s t age is no t as i m p o n d e r a b l e as it appea r s . T h e f i r s t 
s t ep is t h e a c i d - c a t a l y s e d e q u i l i b r a t i o n b e t w e e n h y d r a z o n e 7 . 8 a n d e n e 
h y d r a z i n e 7 . 1 ® . T h e n e x t s t ep , w h i c h is i r r e v e r s i b l e , is a c o n c e r t e d 
e l ec t rocyc l i c r eac t ion , f o r m i n g a s t rong c a r b o n - c a r b o n b o n d , and b r e a k i n g a 
w e a k n i t r o g e n - n i t r o g e n b o n d . T h e r e s u l t i n g i m i n e 7 . 1 1 i m m e d i a t e l y r e -
a r o m a t i s e s b y t a u t o m e r i s a t i o n to a n i l i n e 7 . 1 2 . F i n a l l y , a c i d - c a t a l y s e d 
e l im ina t i on of a m m o n i a f o r m s indo le 7 .9 , r emin i scen t of the last s tep of the 
K n o r r p y r r o l e syn thes i s (Chap te r 2). 



T h e e lec t rocyc l i c r eac t i on is ve ry s imi la r to the Cla i sen r e a r r a n g e m e n t of C o P e r e a r r a n g e m e n t 

^ ^ LJ 

JJ 

p h e n y l al lyl e the r 7 . 1 2 to g ive p h e n o l 7 . 1 3 

H 

0 OH 

7.12 7.13 

S o m e e x a m p l e s of the F i s c h e r indo le syn thes i s are s h o w n b e l o w . 

,OMe 

Ph - N - NH2 4 -
H 1 

Ph - N - NH2 - f -

P h - N - N H , J 

MeO 

Y l + 
H 

F 

OMe 

OMe 

NMe2 

+ 
F - " N - N H 2 o 

H 
F 

A n i n t e r e s t i n g r e g i o s e l e c t i v i t y q u e s t i o n a r i s e s w i t h t h e u s e of 
u n s y m m e t r i c a l k e t o n e 7 . 1 4 to p r e p a r e i ndo l e 7 .15 . T w o e n e h y d r a z i n e s 7 . 1 6 



a n d 7 . 1 7 c a n f o r m , w h i c h w o u l d g i v e r i s e to i n d o l e s 7 . 1 5 a n d 7 . 1 8 
respec t ive ly . 

Ph - N - NH2 
H 
7.7 

SPh 

j r 

NH 
N ' 
H 7.16 (major) 

SPh 

NH 
N 
H 7.17 ( minor) 

SPh 

7.15 

SPh 

7.18 

In such cases t he m o s t t h e r m o d y n a m i c a l l y s tab le e n e hyd raz ine , i.e. the one 
w i t h the m o r e h i g h l y subs t i t u t ed d o u b l e b o n d , f o r m s p re f e r en t i a l l y . In th is 
pa r t i cu la r e x a m p l e the re is a l so ex t ra s tabi l i sa t ion de r ived f r o m c o n j u g a t i o n 
of the l one pa i r s of e l ec t rons on the su lphu r a t om wi th the d o u b l e b o n d . Th i s 
r e g i o s e l e c t i v i t y in e n e h y d r a z i n e f o r m a t i o n is t h e n r e f l e c t e d in t he 
reg iose lec t iv i ty of indo le f o r m a t i o n . 

T h e m o r e r e c e n t L e i m g r u b e r s y n t h e s i s is i l l u s t r a t e d b y t h e 
a m i n o m e t h y l e n a t i o n of n i t r o t o l u e n e 7 . 1 9 to g ive 7 . 2 0 , f o l l o w e d b y 
hyd rogena t i on to p r o d u c e indole 7.1. 

MeO. , O M e 7.21 

h ^ N ^ 

NO, Heat 

N 

NO, P d / C 

7.19 7.20 7.1 

1 

T h e c o m b i n a t i o n of f o r m y l py r ro l i d ine ace ta l 7 . 2 1 and n i t r o to luene 7 . 1 9 
p r o d u c e s e lec t roph i l i c ca t ion 7 . 2 2 and nuc leoph i l i c ca rban ion 7 . 2 3 a , b w h i c h 
react toge ther a f f o r d i n g e n a m i n e 7.20. 

M e O ) ° M e 

h ^ N , 7_2 1 

© 
— OMe - c e 5 

7.20 



H y d r o g e n a t i o n of e n a m i n e 7 . 2 0 r e d u c e s t he n i t ro g r o u p g i v i n g an i l ine 
7.24, t hen e l imina t ion of py r ro l i d ine p r o d u c e s indo le 7 .1 . N o t e the s imilar i ty 
of this r i ng c l o s u r e s tep to the last s t ep of t he F i s c h e r syn thes i s . In b o t h 
cases t h e e v e n t u a l C 2 c a r b o n a t o m is f o r m a l l y at t he c a r b o n y l o x i d a t i o n 
leve l , e v e n t h o u g h it o c c u r s as e i t he r an i m i n e ( F i s c h e r s y n t h e s i s ) o r an 
e n a m i n e ( L e i m g r u b e r syn the s i s ) . E l i m i n a t i o n of a m m o n i a or p y r r o l i d i n e 
r e spec t ive ly is a n a l o g o u s to a c o n d e n s a t i o n p roces s invo lv ing e l imina t ion of 
wa te r (as in t he K n o r r py r ro l e synthes is ) . 

'^CcT 
7.20 

D H, 

P d / C ^ o c 
D 

7.24 

S o m e e x a m p l e s of the L e i m g r u b e r syn thes i s are s h o w n b e l o w . 

H e n -
N 
H 

O u 
7.1 

MeO 

XX 
MeO 

NO, 

c o c NO, o-

J 

J 

H 2 N - ^ - n o 2 

C02Et 

NO, 

H , N ' O 
C02Et 

7.3 Electrophilic substitution of indoles 
A s an e l e c t r o n - r i c h h e t e r o c y c l e , i n d o l e e a s i l y u n d e r g o e s e l e c t r o p h i l i c 
subs t i t u t i on . H o w e v e r w h e r e a s p y r r o l e r e a c t s p r e f e r e n t i a l l y at t he C 2 / C 5 
pos i t ions ( see C h a p t e r 2), i ndo le reac ts p re fe ren t ia l ly at the C 3 pos i t ion . 

1 J H " H 

H E ® ©V E 
7.25 H 

N 
I 

H 

O n e e x p l a n a t i o n is tha t a t t ack at C 2 resu l t s in d i s rup t ion of the a roma t i c i t y 
of the b e n z e n o i d r ing, as in i n t e rmed ia t e 7 .25 . Th i s is t h e r e f o r e a h i g h - e n e r g y 
in te rmedia te , and this reac t ion p a t h w a y is s lower because the f i rs t s tep is ra te-
d e t e r m i n i n g . A l s o t h e C 3 s e l e c t i v i t y is in a c c o r d w i t h t he e l e c t r o p h i l e 
a t t ack ing the site of h i g h e s t e l ec t ron dens i t y o n the r ing . In e s s e n c e , i ndo l e 
t e n d s to r e a c t l i ke an e n a m i n e t o w a r d s e l e c t r o p h i l e s , w i t h s u b s t i t u t i o n 



o c c u r r i n g a t the C 3 pos i t ion , a l t h o u g h subs t i tu t ion o c c u r s a t t he C 2 pos i t i on 
w h e n the C 3 pos i t i on is b l o c k e d . 

I n d o l e i tse l f is u n s t a b l e to t he m i n e r a l ac id cond i t i ons f o r n i t ra t ion . T h e 
n i t ra t ion of subs t i tu ted indo les is qu i te c o m p l e x and the o u t c o m e is d e p e n d e n t 
o n the p rec i se r eac t ion condi t ions . 

L i k e py r ro l e , i ndo l e read i ly u n d e r g o e s the M a n n i c h reac t ion a f f o r d i n g the 
a m i n o m e t h y l d e r i v a t i v e 7 . 2 6 . A v a r i e t y of n u c l e o p h i l e s c a n d i s p l a c e t he 
a m i n e via an e l i m i n a t i o n f o l l o w e d b y a 1 ,4 -add i t ion r e a c t i o n , as in t h e 
p repara t ion of ace ta te 7 .27. 

Th i s is t he reac t i ve e lec t roph i l i c 
spec ies of t he M a n n i c h react ion. 

© 
CH2 = NMe2 

H 

7.1 

H 

CH20 

HNMe2 

AcOH 

f ^ j l | f ^ > - N M e 2 NaOAc 

H 
7.26 

r e , 

AcOH 

OAc 

v 

NMe2 

OAc 

7.27 

Th i s is t he reac t ive e lec t roph i l i c 
spec ies of the V i l sme ie r react ion. 

H 
^ > = N M e 2 

CI 

T h e V i l s m e i e r r e a c t i o n p r o c e e d s e x t r e m e l y w e l l w i t h i n d o l e s g i v i n g 
a ldehydes s u c h as 7 .28. 

1. P0C13 / HCONMe2 • 

2. H 2 0 

7.1 

J 
7.28 

A l d e h y d e 7 . 28 is ano the r u s e f u l syn the t ic in te rmedia te , read i ly u n d e r g o i n g 
c o n d e n s a t i o n r e a c t i o n s w i t h ac t ive m e t h y l e n e c o m p o u n d s s u c h as m a l o n i c 
ac id and n i t r o m e t h a n e to p r o d u c e 7 .29 and 7 .30. 

H 7.30 

^ C 0 2 H 

CO2H 
• 

Pyridine O c ? 
7.29 H 

,C0 2 H 

Acy la t i on of the C 3 pos i t i on c a n a lso b e a c c o m p l i s h e d wi th ac id ch lor ides , 
as i l l u s t r a t ed in t h e s y n t h e s i s of i n d o l e 7 . 3 4 , a d r u g f o r t h e t r e a t m e n t of 
d e p r e s s i o n . R e a c t i o n of i n d o l e 7 . 3 1 w i t h o x a l y l c h l o r i d e a f f o r d s C 3 -
subs t i tu t ed p r o d u c t 7 . 3 2 e v e n t h o u g h the b e n z e n e r i ng is v e r y e lec t ron- r i ch . 
C o n v e r s i o n to a m i d e 7 . 3 3 is f o l l o w e d b y r educ t i on wi th l i t h ium a l u m i n i u m 
h y d r i d e w h i c h r e m o v e s b o t h c a r b o n y l g r o u p s , a f f o r d i n g the t a rge t i n d o l e 
7.34. 



cr c i 

MeO 

MeO 

7.31 

MeO 

MeO 

CI 

H 1 U 7.32 
H H 

N . o 
MeO 

MeO 1.LiAlH4 

2. H 2 0 

MeO 

MeO 

N 
Ph 

O r ^ ^ N P h 

N ' 
H 

7.34 7.33 

7.4 Anion chemistry of indole 
T r e a t m e n t of i n d o l e ( p K a = 1 7 ) w i t h s t rong b a s e s s u c h as bu ty l l i t h ium, 
G r i g n a r d r e a g e n t s , o r m e t a l h y d r i d e s p r o d u c e s t he c o r r e s p o n d i n g i n d o l y l 
a n i o n , w h i c h r e a c t s w i t h e l e c t r o p h i l e s e i t h e r on n i t r o g e n o r at t he C 3 
p o s i t i o n . W i t h l i t h i u m , s o d i u m , o r p o t a s s i u m as c o u n t e r i o n the i n d o l y l 
an ion t ends to react o n n i t rogen , as in the p repa ra t ion of 7 .35. H o w e v e r , wi th 
m a g n e s i u m as t h e c o u n t e r i o n the i n t e r m e d i a t e h a s an e s sen t i a l l y c o v a l e n t 
ra ther than ion ic s t ruc ture , a n d r eac t ion t ends to o c c u r at t he C 3 pos i t ion , as 
in t he p repa ra t i on of 7 .36 . 

a 
NaH 

7.1 

EtMgBr 

N e 
Na' 

1 
Mel 

7.35 
u 

Me 

a 
H 

N J - — MgBr2 

MgBr 

cx? 
7.36 

H 

W h e n the n i t rogen is b l o c k e d , dep ro tona t i on can o c c u r at the C 2 pos i t ion , 
ad j acen t to the e lec t ronega t ive he t e roa tom. Th i s o f f e r s a m e a n s of in t roduc ing 
e l e c t r o p h i l e s at this p o s i t i o n , c o m p l e m e n t i n g the C 3 se lec t iv i ty s h o w n b y 
c lass ica l e lec t rophi l ic subs t i tu t ion . F o r ins tance , a l coho l 7 .37 c an b e p r epa red 
in th is w a y us ing e thy lene o x i d e as t he e lec t rophi le . 

7.35 

N 
Me 

J 
n - BuLi 

J N 
Me 

8 Li 2. HC1 / H 2 0 

7.37 



7.5 Problems 
1. Devise a synthesis of the ant idepressant drug 7.38. 

7.38 

2. T h e s y n t h e s i s of a m i n o e s t e r 7 . 4 1 is s h o w n b e l o w . W h a t is t he 

m e c h a n i s m of the convers ion of 7 .39 to 7 .40. 

C02Et 

f t o R 0 / C ° 2 E t „ • , , C02Et ^ ^ NMe2 2 | | jy Raney nickel ^ ^ ^ 2 

Heat ^ ^ N ^ N 0 2 ^ ^ N 
7.39 H H 7-40 H 7.41 

R = PhCH2 

3. It was in tended to p repa re imine 7 . 43 f r o m indole 7 .42 by depro tona t ion 
at the C 2 posi t ion then quench ing wi th benzoni t r i le fo l l owed by an aqueous 
workup . Howeve r , the isolated products were ke tone 7 .44 and su lphonamide 
7.45. A c c o u n t fo r this observat ion . 

i- 11 ~n i. n-BuLi \ / r ?r i 
7.42 | l| II - -V-+- I II I 

N 2. P h — C E N / N ^ - ^ N 
l 3. HCl / H20 I 

o = s = o ^ _ i _ 

Ph 7.43 

I 
Ph 

0 = S = 0 
I 
Ph 

7.44 
NH2 

N
 P h 0 = S = 0 7.45 

O 
H M Ph 
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8. Five-membered ring 

heterocycles with three or four 

heteroatonris 

8.1 Introduction 

T h e b r o a d ca t ego ry of f i v e - m e m b e r e d r ing he t e rocyc l e s c o n t a i n i n g th ree or 
f o u r h e t e r o a t o m s e n c o m p a s s e s m a n y h e t e r o c y c l i c sy s t ems . O b v i o u s l y there 
is c o n s i d e r a b l e va r i a t ion in the p h y s i c a l and c h e m i c a l p rope r t i e s of such a 
l a rge g r o u p of h e t e r o c y c l e s . F o r i n s t a n c e , w i t h r e g a r d to a r o m a t i c i t y , 
o x a d i a z o l e 8 . 3 is c o n s i d e r e d to be less a roma t i c than t r iazole 8 .8 or t e t razo le 
8 .9 . 

Note the paral le l w i th fu ran be ing 
less a romat i c than pyr ro le , 
C h a p t e r 2. 

n 
8.1 

0 
N 

N 

8.4 

N - N 

V 
8.2 

N - N 

V 
8.5 

U N oxadiazoles 

8.3 

U N thiadiazoles 

8.6 

c N 
H ' 
8.7 triazoles 

4 . , 3 

5 V N 2 
N J 
H 
8.8 

4 N - N 3 N - N N - N 

5 ^ > 2 o i > 
N , tetrazole O oxatriazole S thiatriazole 
H 

8.9 8.10 8.11 

Never the less , this col lec t ion of he te rocyc les does share cer ta in character is t ics . 
T h e t r e n d w e h a v e s e e n of d e c r e a s i n g t e n d e n c y t o w a r d s e l e c t r o p h i l i c 
subs t i t u t i on o n g o i n g f r o m f u r a n , p y r r o l e , a n d t h i o p h e n e to t h e a z o l e s is 
con t inued into these series. T h e p re sence of add i t iona l 'pyr idine- l ike ' n i t rogen 
a t o m s r ende r s these sys t ems par t i cu la r ly ' e lec t ron-def ic ien t ' , and e lec t rophi l ic 
subs t i tu t ion is of little i m p o r t a n c e . 

C o n v e r s e l y , n u c l e o p h i l i c s u b s t i t u t i o n ( w h i c h w e h a v e s e e n in ea r l i e r 
chap te r s on 1 ,3-azoles a n d pyr id ines ) does o c c u r in these sys t ems , espec ia l ly 
w h e n the c a r b o n a t o m c o n c e r n e d is b e t w e e n t w o h e t e r o a t o m s , as in t he 
d i sp l acemen t react ions of oxad iazo le 8 .12 and te t razole 8 .13. 



O n c e aga in no te the ana logy w i th 
s tand 

l 11IUU1V1 1111111 Lll 11J V» 1111 AO 11 'Ul U1V1V IUV/ W\ [11I 1J11VI V.' 1 Ut/piuiuijdtion 
of a lky l subs t i t uen t s b e t w e e n t w o h e t e r o a t o m s f o l l o w e d b y q u e n c h i n g the 
r e su l t an t c a r b a n i o n s w i t h e l ec t roph i l e s , as in the p r epa ra t i on of o x a d i a z o l e 
8 . 1 4 . 

R i n g d e p r o t o n a t i o n is a l so k n o w n w i t h ce r ta in m e m b e r s of t he se ser ies . 
C a r b a n i o n 8 . 1 5 is s t ab le at l o w t e m p e r a t u r e ( - 7 0 ° C ) and can be t r apped wi th 
e l ec t roph i l e s , bu t o n w a r m i n g to r o o m t e m p e r a t u r e it d e c o m p o s e s wi th r ing 
f r a g m e n t a t i o n a n d e x t r u s i o n of n i t r o g e n . T h i s f r a g m e n t a t i o n p r o c e s s is 
r emin i scen t of the base -ca ta lysed c leavage of i soxazoles (Chap te r 4) . 

F o r s impl ic i ty w e shal l n o w c o n s i d e r the syn thes i s of j u s t th ree m e m b e r s 
of these ser ies , 1 ,2 ,4 -oxad iazo le 8 .3 , 1 ,2 ,3- t r iazole 8 .7 , and te t razole 8 .9. 

8.2 Synthesis of 1,2,4-oxadiazoles 
D i s c o n n e c t i o n of t he C 5 - o x y g e n b o n d in 8 . 1 6 l eads to i m i n o a l c o h o l 8 . 1 7 
w h i c h o c c u r s as a m i d e 8 . 1 8 . C l e a v a g e of t he a m i d e l i n k a g e l eads t o an 
ac t i va t ed c a r b o x y l i c ac id 8 . 2 0 p lu s t he h e t e r o a t o m - c o n t a i n i n g a m i d o x i m e 
8.19. 



R2 R2 R2 R2 

R A ' * R , ^ O H OH ^ N - O H N . O H + R A X 

8.16 8.17 8 1 8 8 1 9 8 2 0 

X = Leaving group 

A m i d o x i m e s can be prepared by acid-cata lysed additon of hydroxy lamine to 
n i t r i les . 

H2NOH R~V 
R 2 - C E N • R2— C E N —H »• D A K T ^ 0 H 

HCL A ® 2 N 
V . H 

H2N— OH 

A n e x a m p l e of this a p p r o a c h to oxad i azo l e s is s h o w n by the c o n v e r s i o n of 
e s t e r 8 . 2 1 to o x a d i a z o l e 8 . 2 2 , p r e p a r e d as a p o t e n t i a l c a n d i d a t e f o r t h e 
t r ea tmen t of seni le demen t i a . S i m p l e es te rs are me tabo l i ca l ly uns tab le in m a n 
b e c a u s e of t h e h i g h ac t i v i t y o f e s t e r a s e s . T h e s e e n z y m e s c a t a l y s e t h e 
hyd ro lys i s of es te rs to c a r b o x y l i c ac ids . A c o m m o n tac t ic in d rug r e s e a r c h 
w h e n c o n f r o n t e d w i t h the p r o b l e m of m e t a b o l i c ins tabi l i ty of a b io log ica l ly 
ac t ive e s t e r is to r e p l a c e t h e e s t e r g r o u p wi th a sma l l h e t e r o c y c l e ( o f t e n 
oxad iazo le ) , to try to p r o d u c e a b io log ica l ly -ac t ive m o l e c u l e wi th i m p r o v e d 
m e t a b o l i c s tab i l i ty . T h i s c o n c e p t of r e p l a c i n g f r a g m e n t s of a m o l e c u l e b y 
g r o u p s w i t h b r o a d l y s i m i l a r p h y s i c o c h e m i c a l p a r a m e t e r s in a s y s t e m a t i c 
m a n n e r is k n o w n as b io i so s t e r i c r e p l a c e m e n t . In this i n s t a n c e o x a d i a z o l e 
8 . 2 2 can m i m i c b o t h t he p h y s i c a l and b io log ica l p roper t i e s of 8 .21 , bu t it is 
obv ious ly no t a subs t ra te f o r es te rases . 

NH 

M J ^ 0 ® 0 M 
OMe £ __ r C r ^ o -

EtOH, heat 

8.21 8.22 

8.3 Synthesis of 1,2,3-triazoles 
T h e s e a re b e s t p r e p a r e d b y a 1 ,3 -d ipo la r c y c l o a d d i t i o n of an az ide and an 
acetylene. 

NaNj r— N 
H - C E C - H • / / N 8 - 8 

H2SO4 

H 

F o r i n s t a n c e , t r i azo le 8 . 8 i tse l f h a s b e e n p r e p a r e d b y c y c l o a d d i t i o n of 
hydrazoic acid to acetylene. 



A l t h o u g h a s i m p l e m e c h a n i s m can b e d r a w n f o r th is t r a n s f o r m a t i o n , it is 
on ly u s e f u l as a ' b o o k - k e e p i n g exerc i se ' to ensu re tha t the cor rec t s t ruc ture is 
d r a w n f o r the p r o d u c t . In real i ty the reac t ion is a c o n c e r t e d p r o c e s s a n d the 
usua l cons ide ra t ions of nuc leoph i l i c and e lec t rophi l ic a t tack do no t apply . 

E x c e l l e n t y i e l d s a r e a c h i e v e d in t h e s e c y c l o a d d i t i o n s w h e n e l e c t r o n -
w i t h d r a w i n g g r o u p s a re p r e s e n t o n the a c e t y l e n e , as in t he p r e p a r a t i o n of 
t r iazol 

8.23 

m 
8.4 Synthesis of tetrazoles 

Te t razo le i tself exp lodes o n Te t r azo le s of gene ra l s t ruc ture 8 .24 can b e p r e p a r e d in a ve ry s imi la r m a n n e r 

heat ing with loss of two mo lecu les t Q t r i a z o l e S ) e X c e p t tha t n i t r i les a re u s e d r a the r than ace ty lenes . O n c e aga in 
o f N 2 ' the reac t ion wi th az ides is a concer ted cyc loaddi t ion process . 

N N N - N 
III J n © h e a t • X N 8.24 
C V . / J N ' 
I | K 2 

R I R 2 

L e t us n o w c o n s i d e r t he syn thes i s of t e t r azo le 8 . 2 7 , an i nh ib i to r of the 
e n z y m e o rn i th ine d e c a r b o x y l a s e , w h i c h ca ta lyses the c o n v e r s i o n of o rn i th ine 
8 . 2 5 to d i a m i n e 8 . 2 6 . 

N - N 
„ _ C O M ^ , N M 2 M N 

— • H 2 N ^ ^ ^ ^ H 2 N 
N H 2 " C ° 2 8.26 N H 2 " 

8.25 8.27 

T h e t e t r a z o l e m o i e t y is a n e x c e l l e n t b i o i s o s t e r i c r e p l a c e m e n t f o r a 
ca rboxy l i c ac id , b e i n g a smal l , po la r , acidic he te rocyc le . 

N " N , v N - N 
L > ^ 1 N + 

N - \ - ^ N pKa = 5 6 3 
H 0 

O O 

A o h ^ + h p k a = 4 7 6 



T e t r a z o l e 8 . 2 7 is s u f f i c i e n t l y s i m i l a r to o r n i t h i n e 8 . 2 5 in its p h y s i c a l 
p roper t i e s to b ind to the ac t ive site of the e n z y m e . H o w e v e r , as it obv ious ly 
c a n n o t u n d e r g o the d e c a r b o x y l a t i o n p r o c e s s , it ac t s as an inh ib i to r of the 
enzyme . 

T h e s y n t h e s i s c o m m e n c e s w i t h a l k y l a t i o n of t he s t ab i l i s ed c a r b a n i o n 
der ived f r o m cyanoes te r 8 .29 wi th iod ide 8 .28 to g ive adduc t 8 .30 

C y c l o a d d i t i o n wi th s o d i u m az ide f o l l o w e d b y ac id i f i ca t ion d u r i n g a q u e o u s 
w o r k u p a f fo rds te trazole 8 .31 . 

N - N 
1 1 N 

H 8.31 

NaN, 
R - C E N 

Na 

N - N 
7 11 

' N 
N e 

HCl 

8.32 

N o t e tha t t he f i r s t - f o r m e d p r o d u c t f r o m the c y c l o a d d i t i o n is ac tua l ly the 
s o d i u m t e t r azo la t e sal t 8 . 3 2 . P r o t o n a t i o n a f f o r d s t he neu t ra l t e t r azo le 8 . 3 1 . 
P r o l o n g e d acidic hydro lys i s a c c o m p l i s h e s severa l t r ans fo rma t ions : hydro ly t i c 
r e m o v a l of b o t h t he p h t h a l i m i d e a n d ace ty l n i t r o g e n p ro t ec t i ng g r o u p s , a n d 
hyd ro ly s i s / deca rboxy la t i on of the ester . T h e ne t resul t is to p r o d u c e the ta rge t 
t e t r a z o l e 8 . 2 7 as i t s d i h y d r o c h l o r i d e s a l t . T h i s t e t r a z o l e - a s s i s t e d 
d e c a r b o x y l a t i o n is m e c h a n i s t i c a l l y v e r y s imi l a r to the d e c a r b o x y l a t i o n of 
m a l o n y l ha l f -es te r s 8 .33 . 

8.33 



8.5 Problems 
1. T r i a z o l e s a n d t e t r azo l e s c a n be a lky l a t ed on n i t r o g e n u n d e r b a s i c 
condi t ions , as in the synthes is of the c l in ica l ly-used an t i funga l d rug 8 . 3 5 in 
wh ich l | ,2,4-tr iazole is a lkyla ted by a ch lo romethy l ke tone and an epoxide , 
bo th good a lkyla t ing agents . W h a t is the m e c h a n i s m of fo rma t ion of epox ide 
8 .34? Of c o m p o u n d s 8 .34 and 8.35, which is achiral and which is r acemic? 

F 8.34 

2. W h a t is t h e m e c h a n i s m of f o r m a t i o n of oxad iazo le 8 .22? 

OMe 

NH 

H 
Na 

— > 

N 

8.21 

EtOH, heat JN 

8.22 

N-
N 
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Six-membered ring 
heterocycles containing one 
oxygen atom 

9.1 Introduction 
The pyr i l ium cation 9.1, 2 -pyrone 9.2, 4 -pyrone 9.3, and their benzo - fu sed 
analogues the benzopyr i l ium cation 9.4, coumar in 9.5, ch romone 9.6, are the 
parent structures of a series of s ix-membered ring heterocycles containing one 
oxygen a tom. The impetus for research in this area comes f r o m the enormous 
n u m b e r of p l an t -de r ived na tura l p r o d u c t s b a s e d on the b e n z o p y r i l i u m , 
coumarin, and chromone structures. 

i 2 9.1 
c r ^ - o 9.2 

9.5 

The red, violet, and blue p igments of f lower petals are called anthocyanins, 
and are g lycos ides of var ious benzopyr i l i um cat ions. Delphin id in chlor ide 
9.7, f o r example , is a blue p igment . Khel l in 9 .8 is a natural p roduc t which 
has f o u n d clinical appl icat ion in the t rea tment of bronchia l a s thma and has 
been the star t ing poin t fo r the des ign of m a n y totally synthet ic ch romones 
with improved biological propert ies. 

OH OMe O 

OH 

OH OMe 

9.8 
Coumar in 9 .5 is itself a natural p roduc t which occurs in lavender oil and has 
been found in over sixty species of plants. 

In natural product chemistry, the 
acetal fo rmed between an aliphatic 
or aromatic alcohol and a sugar is 
te rmed a g lycoside. 



T h e p y r y l i u m ca t i on 9 .1 is t h e o x y g e n a n a l o g u e of p y r i d i n e a n d is a six 
Tc-electron a r o m a t i c s y s t e m . N e v e r t h e l e s s , b e i n g a ca t i on it is r e a c t i v e 
t owards nuc l eoph i l e s a n d is readi ly h y d r o l y s e d to g ive d i a ldehyde 9 .9 . T h e s e 
reac t ions are revers ib le , a f ac t wh ich has b e e n used in a syn thes i s of 9 .1 f r o m 
9.9 . A t l o w p H (h igh ac id i ty) t h e e q u i l i b r i u m lies t o t h e s ide of t h e p y r y l i u m 
spec i e s 9 . 1 bu t if t he m e d i u m is b a s i f i e d then hyd ro lys i s of 9 . 1 o c c u r s to 
g ive 9 .9. T h i s is b e c a u s e one m o l e of h y d r o x i d e is c o n s u m e d on g o i n g f r o m 
p y r y l i u m c a t i o n 9 .1 t o n e u t r a l a l d e h y d e 9 .9 . I nc r ea s ing t h e h y d r o x i d e 
concen t ra t ion the re fo re fo r ce s the equ i l ib r ium f r o m lef t to r ight. 

H , o . 

- H , 0 

OH, 

O 
+ H© 

9.1 

T h e c a r b o n y l g r o u p s of 4 - p y r o n e 
a n d 4 -py r i done a b s o r b at 
app rox ima te l y 1650 cm" 1 a n d 
1550 c m " 1 respec t ive ly . T h e 
lower ene rgy of the p y r i d o n e 
abso rp t i on ref lects g rea ter s ing le 
b o n d cha rac te r , a n d hence 
g rea te r de loca l i sa t ion . 

9.9 
\ 

In c o n t r a s t , 2 - a n d 4 - p y r o n e s a r e c o n s i d e r e d to h a v e r e l a t i v e l y l i t t le 
a roma t i c charac te r . W h e r e a s in an ana logous n i t rogen ser ies 4 - p y r i d o n e 5 . 2 3 
has s ign i f i can t a r o m a t i c cha rac te r ( m e s o m e r i c represen ta t ion 5 . 2 3 a m a k i n g a 
c o n s i d e r a b l e c o n t r i b u t i o n to the ove ra l l e l ec t ron ic d i s t r ibu t ion) , a r o m a t i c 
m e s o m e r i c r e p r e s e n t a t i o n 9 . 3 a m a k e s less of a con t r ibu t ion to the ove ra l l 
e l ec t ron ic s t ruc ture of 4 - p y r o n e . A s wi th f u r a n , the h ighe r e l ec t ronega t iv i ty 
of o x y g e n l e a d s to h e t e r o c y c l e s of l i t t l e a r o m a t i c i t y in c a s e s w h e r e 
de loca l i s a t ion of e l ec t ron dens i t y f r o m the h e t e r o a t o m is a p r e r equ i s i t e f o r 
that a romat ic i ty . 

9.3 9.3a 5.23 5.23a 

L e t u s n o w c o n s i d e r t h e syn thes i s of a p y r y l i u m sal t , a c o u m a r i n , a n d a 
c h r o m o n e . 

9.2 Synthesis of a pyryl ium salt 
A t y p i c a l p y r i l i u m sal t s y n t h e s i s is i l lus t ra ted b y the p r e p a r a t i o n of sal t 
9 . 1 2 . T h e p r e c u r s o r to 9 . 1 2 is p y r a n 9 . 11 , ava i l ab le b y d e h y d r a t i o n of 1,5-
d i k e t o n e 9 .10 . N o t e the s imi la r i ty of this s e q u e n c e to the H a n t z c h py r id ine 
s y n t h e s i s , C h a p t e r 5. A l s o , t h e d e h y d r a t i v e c y c l i s a t i o n of a d i k e t o n e to 
o x y g e n he t e rocyc l e 9 .11 is r emin i scen t of f u r a n synthes is , C h a p t e r 2. 

9.10 9.11 9.12 C104° 



O n e h y d r o g e n a t o m h a s to be r e m o v e d f r o m the C 4 pos i t ion of p y r a n 9 . 1 1 
t o p r o d u c e t h e p y r y l i u m c a t i o n , b u t it is i m p o r t a n t t o r ea l i se t h a t t h e 
h y d r o g e n a t o m is los t no t as a p r o t o n b u t as a negatively-charged hydride 
ion. T h e p roces s is t h e r e f o r e an oxidation of p y r a n 9 .11. 

NM&j 

Ph 
J 

Ph 

9.13 9.14a 9.14b 

Ph Ph 

9.15 

A su i t ab le o x i d a n t is ca t ion 9 . 1 4 a , b , d e r i v e d f r o m a , ( 3 - u n s a t u r a t e d k e t o n e 
9 . 1 3 b y p ro tona t ion u n d e r s t rongly ac id ic cond i t ions in the a b s e n c e of water . 
Q u e n c h i n g of this ca t ion wi th a h y d r i d e ion ( f r o m the C 4 pos i t i on of 9 . 1 1 ) 
p r o d u c e s the saturated k e t o n e 9 .15. T h e ba lanced equa t ion is s h o w n be low. 

H H 

Ph 
+ 

Ph Ph 

HCIO, 

9.13 

O 

9.11 

Ph Ph O, 

9.12 

Ph 

CIO® 

+ 
Ph 

9.15 

9.3 Synthesis of coumarins 
L e t us c o n s i d e r the s y n t h e s i s of b r o m o c o u m a r i n 9 . 16 , a c o m p o u n d w h i c h 
e x h i b i t s b i o l o g i c a l a c t i v i t y a g a i n s t p a r a s i t i c t r e m a t o d e s t h a t c a u s e 
s c h i s t o s o m i a s i s , a v e r y c o m m o n d i s e a s e in t he t r o p i c s . R e t r o s y n t h e t i c 
c l e a v a g e of l ac tone 9 . 16 g ives d ies ter 9 .17, w h i c h in pr inc ip le can b e der ived 
f r o m condensa t ion of o / t / zo-hydroxybenza ldehyde 9 .18 and diethyl malona te . 

Most pyry l ium sal ts have electron-
p h donat ing aromat ic subst i tuents at 

the C2, C4, or C6 posi t ions wh ich 
serve to stabi l ise the posi t ive charge 
by resonance. 

H 
Br CO,Et 

O - ^ O 

9.16 

C02Et 

C02Et ^ o c t + r 
C02Et 

C02Et 

9.18 

In p r a c t i s e a K n o e v e n a g e l c o n d e n s a t i o n r eac t i on y i e ld s c o u m a r i n 9 . 1 6 
direc t ly , w i thou t i so la t ion of d ies te r 9 .17 . T h e m e c h a n i s m is s h o w n b e l o w . 

-o 
Br 

3 
H 

CO,Et 

OH 

er C02Et 

Br CO,Et 

9.16 9.17 H 



9.4 Synthesis of chromones 

o 

9.19 

"Ph 

O 

Ph 

O 

A CI 

OH 
9. 

Pyridine 

22 

L e t us c o n s i d e r t he syn thes i s of f l a v o n e 9 .19 , w h i c h is the p a r e n t of a l a rge 
ser ies of na tu ra l p r o d u c t s . D i s c o n n e c t i o n of the c a r b o n - o x y g e n b o n d in t he 
usua l w a y resu l t s in e n o l 9 . 2 0 w h i c h ex i s t s as 1 ,3 -d ike tone 9 . 2 1 . T h i s 1,3-
d i c a r b o n y l r e l a t i o n s h i p c a n b e e x p l o i t e d in the c lass ica l m a n n e r y i e l d i n g 
< ? 7 - / / z o - h y d r o x y a c e t o p h e n o n e 9 . 2 2 . T h e s y n t h e t i c p r o b l e m c e n t r e s o n 
m e t h o d o l o g y f o r the C - b e n z o y l a t i o n of the eno la t e de r ived f r o m 9 . 2 2 w i th 
s o m e act ivated benzo ic acid der ivat ive 9 .23. 
O o O 

OH 
OH "Ph OH 

9.20 
O 
9.21 

•Ph 
+ O ^ P h 

OH 9.23 

9.22 X = Leaving group 

In p r a c t i c e , t h e K o n s t a n e c k i - R o b i n s o n s y n t h e s i s o f c h r o m o n e s 
c o m m e n c e s w i t h O - b e n z o y l a t i o n no t C - b e n z o y l a t i o n , to a f f o r d e s t e r 9 . 2 4 . 
B a s e - c a t a l y s e d r e a r r a n g e m e n t p r o d u c e s the r equ i r ed 1 ,3 -d ike tone 9 .21 , via 
i n t r a m o l e c u l a r b e n z o y l a t i o n of t h e i n t e r m e d i a t e e n o l a t e . A c i d - c a t a l y s e d 
dehydra t ion then a f fo rds f l avone 9.19. 

o 

9.24 

l .KOH 

2. AcOH OH O 

AC0H/H 2S0 4 

"Ph 

Ph 9.21 

9.5 Reactions with nucleophiles 
A l t h o u g h s o m e e x a m p l e s of e l e c t r o p h i l i c s u b s t i t u t i o n a r e k n o w n , t he 

c h e m i s t r y of t h e s e s e r i e s is d o m i n a t e d b y n u c l e o p h i l i c r i n g - o p e n i n g 
reac t ions , s o m e t i m e s f o l l o w e d b y r ing -c losu re to g ive n e w he te rocyc le s . F o r 
ins tance , a m i n o l y s i s of 9 .1 , 9 .2 , and 9 . 3 l eads to pyr id ine 5 .1 and p y r i d o n e s 
5.22 and 5.23. 

NH, 

H ,0 N 
5.1 

NH, 

H ,0 N 
5.22 

NH, 

H ,0 



T h e m e c h a n i s m of t he c o n v e r s i o n of 4 - p y r o n e to 4 - p y r i d o n e invo lves an 
ini t ial M i c h a e l r eac t ion f o l l o w e d by r i n g - o p e n i n g . T a u t o m e r i s a t i o n of eno l 
9 .25 to a l d e h y d e 9 .26 , f o l l o w e d b y cycl isa t ion , a f f o r d s 4 -py r idone 5 .23 . 

5.23 

9.25 

9.26 

T h e reac t ion of py r i l i um salts wi th nuc leoph i l e s m a y invo lve e lec t rocyc l ic 
r i ng -open ing of the in te rmedia te d ienes , as in the f o r m a t i o n of k e t o n e 9 .27 . 

C l o 4 

A s imi la r suscep t ib i l i ty to n u c l e o p h i l i c a t t ack is o b s e r v e d in the b e n z o -
f u s e d ser ies . C o u m a r i n 9 . 5 is h y d r o l y s e d b y h y d r o x i d e to c a r b o x y l a t e sal t 
9 .28. T h i s p rocess is revers ib le , and ac id i f ica t ion regenera tes the lac tone . 

NaOH 

HCl 

9.5 9.28 

o 0 - o 
H e a 

Na 

A n i m p o r t a n t d i f f e r e n c e b e t w e e n the m o n o c y c l i c and b e n z o - f u s e d ser ies is 
tha t r eac t ions wi th a m i n e s d o no t l ead to the c o r r e s p o n d i n g he t e rocyc l e s in 
the b e n z o - f u s e d ser ies . F o r in s t ance , a m i n o l y s i s of c h r o m o n e 9 . 2 9 a f f o r d s 
p h e n o l 9 .30 . B e n z o p y r i d o n e 9 . 3 2 is no t p r o d u c e d . T h e fac i le t au tomer i sa t ion 
b e t w e e n 9 . 2 5 a n d 9 . 2 6 w o u l d a n a l o g o u s l y g i v e k e t o n e 9 . 3 1 in this ser ies . 
T h i s h i g h - e n e r g y i n t e r m e d i a t e is no t a r o m a t i c , a n d the r e a c t i o n s t o p s at 
p h e n o l 9 .30 . 

O O 
NH, 

O 
9.29 

NH, 

Pheno ls do not ex is t or react in 
their tau tomer i c ke to fo rms. 

9.30 



9.6 Problems 
1. W h a t is the m e c h a n i s m of the convers ion of py rone 9 .2 to pyr idone 5 .22 
by amino lys i s? 

NH, 

9.2 

2. Exp la in the fo rma t ion of pyrazo le 9 .33. 

^N o 
H 5.22 

H,N— NH, 

OH 

9.6 9.33 

3. H o w can c h r o m o n e 9 .34 be conver ted to 9 .35? 
o o 

9 NMe2 

OMe 9.34 OMe 9.35 

4. W h a t is the m e c h a n i s m of this cycl isat ion? 

o o 

AcOH 
L Jl 

"O Ph O H ^ / ^ p h 

9.21 
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10. Pyrimidines 

10.1 Introduction 
Formal replacement of a C H unit in pyr id ine 5.1 by a nitrogen atom leads to 
the series of three poss ib le diazines , pyr idaz ine 10.1, pyr imidine 10.2, and 
pyrazine 10.3. Like pyr idine they are ful ly aromat ic heterocycles . The e f fec t 
of an addi t iona l n i t rogen a tom as c o m p a r e d to pyr id ine accen tua tes the 
essential fea tures of pyr idine chemistry . Electrophil ic substi tution is diff icul t 
in s imple unact ivated diazines because of both extensive protonat ion under 
strongly acidic condi t ions and the inherent lack of reactivity of the f ree base. 
Nucleophil ic displacements are comparat ively easier. 

4 4 V 4 4 
5 R ^ ^ I 3 5 , - C ^ N 3 5 

N 2 6 L .̂ J ) 2 6 o : : 0 n ; n , n ' J 

10.1 10.2 10.3 5.1 

Interestingly, the second electronegative heteroatom reduces the capacity of 
the d i az ines to to le ra te the pos i t ive c h a r g e resu l t ing f r o m p ro tona t ion . 
Pyr idaz ine 10.1 ( p ^ a = 2.24), py r imid ine 10.2 ( p K a = 1.23), and pyraz ine 
10.3 ( p ^ a = 0.51) are all far less basic than pyridine ( p ^ a = 5.23). 

T h e m o s t impor tan t of the d i az ines is p y r i m i d i n e 1 0 . 2 . P y r i m i d i n e 
derivat ives uracil 10.4, thymidine 10.5, and cytosine 10.6 are the monocycl ic 
'bases' of nucleic acids. The bicycl ic bases are the pur ines adenine 10.7 and 
guanine 10.8. The pur ine r ing is essential ly a fus ion of the pyr imid ine and 
imidazole rings. 

O O NH2 NH2 

H H H H 

10.4 10.5 10.6 10.7 

The actual b iosynthes is of pur ines (i l lustrated be low in abbrevia ted fo rm 
f o r the n u c l e o t i d e a d e n o s i n e m o n o p h o s p h a t e A M P 1 0 . 9 ) i n v o l v e s 
construction of a pyrimidine ring onto a pre- formed imidazole. 

O 

10.8 

Nucleot ides are the monomer ic 
bui ld ing blocks of 
deoxyr ibonuc le ic ac id (DNA) in 
wh ich is stored the genet ic 
informat ion of the cell. 



~nh 2 

"NH, 

NH 

T h e e n z y m e s that m a n i p u l a t e nuc leo t ides , nuc le ic acids, etc. are the po in t s 
of the rapeu t i c in te rven t ion f o r a n u m b e r of d i seases invo lv ing cel l rep l ica t ion 
d i so rde r s such as c a n c e r s and v i ra l i n fec t ions . For in s t ance , A Z T 10 .10 , an 

HO— | ^ N - ^ O inh ib i to r of t he e n z y m e r eve r se t r ansc r ip tase , is an ant i -viral d rug cu r ren t ly 
used in the t r ea tmen t of A I D S . 

W e sha l l n o w g o o n to c o n s i d e r t he s y n t h e s i s a n d c h e m i s t r y of t h e 
N3 10.10 p y r i m i d i n e r ing sys t em. 

10.2 Synthesis of pyrimidines 
D i s c o n n e c t i o n of t he N 1 - C 6 b o n d in g e n e r a l i s e d p y r i m i d i n e 1 0 . 1 1 in the 
u s u a l w a y p r o d u c e s e n o l 10 .12 , w h i c h ex i s t s as k e t o n e 1 0 . 1 3 . S i m i l a r l y , 
d i s c o n n e c t i o n of t h e c a r b o n - n i t r o g e n d o u b l e b o n d in 1 0 . 1 3 y i e l d s a 
d i c a r b o n y l c o m p o u n d 1 0 . 1 4 and an a m i d i n e 1 0 . 1 5 . T h i s r e t r o s y n t h e t i c 
ana lys is , sugges t i ng the c o m b i n a t i o n of b is -e lec t rophi l ic and b i s -nuc leoph i l i c 
c o m p o n e n t s , is the bas i s of a ve ry genera l p y r i m i d i n e synthes is . 

R3 R3 

R i ^ o h h n ^ R 4 H N ^ I 

10.11 10.12 10.13 

W h e r e R 4 is a h y d r o g e n or c a r b o n a t o m , 1 0 . 1 5 is s i m p l y an a m i d i n e . 
NH2 H o w e v e r , u rea 10 .16 , t h iourea 10.17, o r guan id ine 10 .18 and their de r iva t ives 

m a y b e u s e d . T h e s e n u c l e o p h i l e s m a y be c o n d e n s e d wi th e s t e r a n d n i t r i le 
func t iona l i t i e s as wel l as wi th a l d e h y d e s a n d ke tones . Such c o n d e n s a t i o n s to 
a f fo rd pyr id imid ine der ivat ives are usual ly faci l i ta ted b y acid or ba se catalysis , 

NH2 a l t h o u g h ce r t a in c o m b i n a t i o n s of r e a c t i v e e l e c t r o p h i l i c and n u c l e o p h i l i c 

H s 1 0 1 7 c o m p o u n d s requ i re no ca ta lys t at all. S o m e e x a m p l e s are s h o w n b e l o w . 

NH2 

L f c o NH2 HCl 
H 2 N " ^ N H 10.18 L + L EtOH 

^ H,N 0 Heat 



OEt H 

•epared by in situ hydrolysis of [ OEt 
H ^ O E t 

OEt 

N o t e that severa l of these e x a m p l e s p r o d u c e py r imidones , ana logous to the 
p y r i d o n e s p r ev ious ly e n c o u n t e r e d in C h a p t e r 5. A represen ta t ive m e c h a n i s m 
is s h o w n f o r t he p r e p a r a t i o n of 2 - p y r i m i d o n e 1 0 . 1 9 , a n d is s i m p l y t w o 
consecu t ive condensa t ions . 



10.3 Electrophilic substitution of pyrimidones 
A s m e n t i o n e d ear l ier , e lec t rophi l ic subs t i tu t ion on unac t iva ted p y r i m i d i n e s is 
of l i t t le i m p o r t a n c e . B u t , as w i t h p y r i d i n e , the p y r i m i d i n e n u c l e u s c a n be 
ac t iva ted t o w a r d s e lec t rophi l ic a t tack b y e m p l o y i n g N-ox ides or py r imidones , 
fo r the s a m e reasons as were d i scussed in Chap te r 5. 

F o r i n s t a n c e , n i t r a t i on of 2 - p y r i m i d o n e 1 0 . 2 0 a f f o r d s n i t r o p y r i m i d o n e 
10.21 . W i t h d o u b l y - a c t i v a t e d sys t ems such as 10 .22 , n i t ra t ion to g ive 1 0 . 2 3 
can o c c u r w i thou t hea t ing . 

C l 
H 

10.20 

HNO3 

Heat 

NO-

T l 
H 

10.21 

Cz 
H 

10.22 

HNO, 

O 
NO. A 

V NH 

H 

10.23 

10.4 Nucleophilic substitution of pyrimidines 
L e a v i n g g r o u p s at the C 2 , C 4 , a n d C 6 p o s i t i o n s of p y r i m i d i n e s c a n b e 
d i s p l a c e d b y n u c l e o p h i l e s , w i t h t he n e g a t i v e c h a r g e of the i n t e r m e d i a t e 
de loca l i sed ove r bo th n i t rogen a toms . 

a c 
Y <t-

PhNH, 

N J x 

,e 

N X 

N 

N 

Cl 

C l 

© © Na OMe 

X = Nucleophile 
Y = Leaving group 

NPh 
H 

OMe 

C h l o r i n a t e d p y r i m i d i n e s t h e m s e l v e s a r e o f t e n a c c e s s i b l e f r o m t h e 
c o r r e s p o n d i n g p y r i m i d o n e s b y r e a c t i o n wi th p h o s p h o r u s o x y c h l o r i d e . 
( A g a i n , s ee C h a p t e r 5 f o r an e x p l a n a t i o n of th is so r t of r e a c t i o n . ) F o r 
ins tance , a m i n o p y r i m i d i n e 10 .24 c an b e syn thes i sed by the c lass ical s e q u e n c e 
depicted be low. 

OEt 

HN 



10.5 Problems 
1. W r i t e a m e c h a n i s m f o r this n i t ra t ion , bu t s tar t ing f r o m an a l te rna t ive 
m e s o m e r i c r e p r e s e n t a t i o n of 1 0 . 2 0 tha t he lps to exp la in the inc reased 
susceptibil i ty of such pyr imidones to electrophil ic attack. 

N HNQ3 ^ N ° 2 - v j ^ N 

N ^ O H e a t ^ N ^ O 
H H 

10.20 10.21 

2. Barbi tura tes (pyr imidine t r iones such as 10.25) used to be widely used as 
sedat ives , but have n o w largely been superseded by drugs with f e w e r side-
ef fec ts . Sugges t a synthesis of 10.25. 

O ^ N ^ O 
H 

10.25 

3. The re are several p repara t ions of cytos ine 10.6 avai lable, one of which is 
the condensa t ion of nitri le 10 .26 with urea 10.16. P ropose a m e c h a n i s m fo r 
this react ion. 

NH-
CN 

N H 2 HCL OEt I 1 
H \ ,T X T x t s - n H,0 / EtOH 

OEt H2N O 

10.26 10.16 
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11. Answers to problems 

Note that the react ion p roceeds 
wi th a t tack of the am ino g roup o n 
the least h i nde red ke tone . 

O 

MeN 

H 

2.46 

11.1 Answers to problems in Chapter 2 
1. R e a c t i o n of d i k e t o n e 2 . 4 6 wi th a m i n o k e t o n e 2 .47 p r o d u c e s e n a m i n e 2 . 4 8 
wh ich is no t i so la ted , bu t cyc l i ses direct ly to g ive pyr ro le 2 .43 . 

4 -

o 

H9N 

MeN 

- h 2 O 

2.47 

2. T h e lone pa i r of e lec t rons of 2 . 44 is de loca l i sed on to the ca rbony l g r o u p 
as s h o w n , i nc reas ing the e lec t ron dens i ty at the a ldehyd ic c a r b o n a t o m . T h i s 
renders it less reac t ive to nuc leophi l i c a t tack. 

N 
H 

2.44 

e 

H 
FFIN 

H H 

U n d e r ac id i c c o n d i t i o n s a l c o h o l 2 . 4 5 read i ly g ives ca t ion 2 . 4 9 a , b w h i c h is 
s tabi l i sed by a s imi la r de loca l i sa t ion of the n i t rogen lone pair . 

H 
OH" 

- H , 0 

OH7 f n kx ] 

H 

2.45 2.49a 2.49b 

T h i s h igh ly e lec t roph i l i c spec ies then reac ts wi th a lcohol 2 . 4 5 to g ive d i m e r 
2 .50 . Repe t i t i on of this p roces s l eads t o p o l y m e r i c mater ia l . 

N' "N 
H ® H 

2.45 

OH OH- polymer 

2.50 

3. A s d i s cus sed in C h a p t e r 2 , in te rcep t ion of ca t ion 2 . 3 1 wi th a nuc l eoph i l i c 
c o u n t e r i o n s u c h as a c e t a t e p r o d u c e s t h e 2 , 5 - a d d i t i o n p r o d u c t 2 . 3 2 . 
T e t r a f l u o r o b o r a t e is a n o n - n u c l e o p h i l i c c o u n t e r i o n a n d h e n c e the o n l y 
p a t h w a y ava i l ab le to 2 . 3 1 is loss of a p ro ton to g ive n i t ro fu ran 2 . 3 3 d i rec t ly . 



0 Direct loss of H 

4. The mechan i sm is a s t raightforward Fr iede l -Craf t s acylation. 

2. T h e m e c h a n i s m of this oxazo le f o r m a t i o n is ident ical to that of the 
Hantzch thiazole synthesis. However , because of the reduced nucleophil ici ty 
of a c a r b ony l g r o u p as c o m p a r e d to a th ioca rbony l (due to the h ighe r 
e lec t ronegat iv i ty of oxygen) , this synthes is only p roceeds under v igorous 
condit ions (high temperatures , amide componen t as solvent, etc). 

The alternative sequence would give a posit ional isomer of oxazole 3.44. 

Z 

The forward synthesis is shown below: 

ur 

11.2 Answers to problems in Chapter 3 
1. Appl ica t ion of our general ised oxazole re t rosynthesis leads to a s imple 
glycine derivative. 

H 



3. B r o m i n a t i o n of 3 . 4 5 g i v e s a b r o m o k e t o n e w h i c h is c o n d e n s e d w i t h 
t h iou rea to g i v e a m i n o t h i a z o l e e s t e r 3 . 4 7 . T h i s is then h y d r o l y s e d to ac id 
3.46. 

CO,Et 
MeO. 

"N 

3.45 

CO,R 
Br, 

MeO 

3.46 R = H 
NH, 

e 
N ; C— S 

\ „ NTH 

K e t o n e 3 . 4 5 i t se l f is r e a d i l y p r e p a r e d b y n i t rosa t ion of e thy l a c e t o a c e t a t e 
f o l l o w e d by O - m e t h y l a t i o n . 

CO,Et 0 = N - 0 C , H , 

AcOH 
. HO. 

C02Et C02Et 
M c I ^ MeO, 

1> N 
K,CO, 

O 

3.45 

11.3 Answers to problems in Chapter 4 
1. T h e reac t ion is a M i c h a e l add i t ion f o l l o w e d by e l imina t ion of cyan ide ion. 

H 
H 

s 
I 
CN 

©x 

c K 
NH2 

3J 
NH, CN 

0 

NH 

r 7 
A. R 

~ s w J " - S 

" CN 4.39 

2. T h e overa l l s t ra tegy is to p ro t ec t the n i t rogen of p y r a z o l e (as an aceta l ) , 

depro tonate , in t roduce the side cha in as an e lectrophi le , then deprotec t . 

N HC(OMe)3 

N 
H 

H 

N 
N " 

. C - O M e 

" B u L V Li® © < N 
N 

o h jn. 
4.40 N 

OMe 

HC1/H 20 OH 

. C - O M e 
OMe 

N ' 
Ar Ar f j 

// \\ P- LAr2CO 
„N 2.NH4CI / H 2 0 

At Ar ' 
„ . C - O M e H \ 

OMe 
3. O x i d a t i o n of o x i m e 4 . 4 1 p r o d u c e s ni t r i le o x i d e 4 . 4 6 w h i c h cyc l i s e s to 
i soxazo le 4 .47 . 

HO, 
^ N 

NaOCl 

NaOH 

N ® 0 ) 
V [3+2] 

4.41 4.46 4.47 

4. R e a c t i o n wi th h y d r o x y l a m i n e occu r s on the a l d e h y d e g r o u p of the m o r e 
r eac t ive m i n o r t a u t o m e r 4 . 4 3 a f f o r d i n g i soxazo l e 4 .44 . M e t h o x i d e - i n d u c e d 
f r a g m e n t a t i o n as s h o w n g ives eno la t e 4 . 48 wh ich is q u e n c h e d b y a p r o t o n in 
the w o r k u p to a f f o r d 2 - c y a n o c y c l o h e x a n o n e 4 .45. 



4.45 4.48 

11.4 Answers to problems in Chapter 5 
1. T h e p roces s is essen t ia l ly a n a l o g o u s to a M i c h a e l reac t ion . 

CO,Et 

CO,Et 

I ^ ^ 
CO,Et 

© i e 
COoEt (— OEt) CO,Et 

2. A r ea sonab l e m e c h a n i s m is:-

H . 
H 

-H 

1 

N 
Ac,0 U Zc. 

-H 

O 

- Ac,0 

O J ^ HOAc O 

3. P y r i d y l a m i d e 5 . 3 9 is eas i ly m e t a l l a t e d at the C 3 pos i t i on . Q u e n c h i n g 
w i t h t h e a l d e h y d e , a n d c y c l i s a t i o n of t h e r e s u l t i n g a l c o h o l 5 . 4 2 o n t o t he 
a m i d e g roup , p r o d u c e s lac tone 5 .40. 



4. T h e r eac t ion p r o b a b l y p r o c e e d s via e n a m i n o e s t e r f o r m a t i o n then 
cycl isat ion. 

Fo 

' C 

In f ac t nuc leophi l ic subst i tut ion of pyr id ine N-oxides occurs m o r e easi ly 
than on s imple pyr idines , as the ni t rogen a tom is posit ively charged. 

11.5 Answers to problems in Chapter 6 
1. T h e q u i n o l o n e syn thes i s i nvo lves an a d d i t i o n - e l i m i n a t i o n reac t ion 
fo l lowed by an intramolecular aromatic acylation. 



T h e d i s p l a c e m e n t r e a c t i o n o c c u r s b y in i t i a l n u c l e o p h i l i c a t t a c k on the 
b e n z e n o i d r ing (wi th t he n e g a t i v e c h a r g e b e i n g de loca l i sed o n t o the o x y g e n 
a tom as s h o w n ) then e l imina t ion of ch lo r ide ion. T h e p r e s e n c e of the f luo r ine 
s u b s t i t u e n t is e s sen t i a l f o r th is d i s p l a c e m e n t , a c t i va t i ng the r i n g t o w a r d s 
nuc leoph i l i c a t tack b y its e l ec t ron -wi thd rawing induct ive e f fec t . 

2 . ' S t e p 1. C o n d e n s a t i o n of t he a l d e h y d e w i t h n i t ro m e t h a n e u n d e r b a s i c 
condi t ions p roduces the a , (3-unsatura ted ni t ro c o m p o u n d . 

Ar 

O £ OH f o i l 

H H H 'CH,NO, 

_NO2 ^ „ 
Ar 

NO, 

OH 

Step 2. L i t h i u m a l u m i n i u m h y d r i d e w a s u s e d , a l t h o u g h h y d r o g e n a t i o n can 
a lso e f f ec t this type of r educ t ion . 

LiAIH4 

Ar' 
NO, 

H, /Pd° Ar 
NH, 

Step 3. A c y l a t i o n of t he a m i n e w i t h an ac id ch lo r ide in t he p r e s e n c e of an 
appropr ia te base gave the amide . 

Ar 
NH, 

RCH2COCl 

NEt, Ar 
O 

Step 4. T h i s i soqu ino l ine f o r m a t i o n is of c o u r s e an e x a m p l e of the B i s c h l e r -
N a p i e r a l s k i syn thes i s , a l t h o u g h p h o s p h o r u s t r i ch lo r ide w a s ac tua l ly u s e d in 
this e x a m p l e , no t p h o s p h o r u s oxych lo r ide . 

Step 5. S o d i u m b o r o h y d r i d e w a s u s e d to r e d u c e the im ine to t he amine . 

r R,. ^ N R 3 

R2 

NaBH, 
H 

R ^ N R 3 

H R2 

Step 6. T h e ca t echo l i c a n d p h e n o l i c e the r s w e r e r e m o v e d b y t r e a t m e n t wi th 
h y d r o b r o m i c ac id . B e n z y l e the r s a r e f r e q u e n t l y r e m o v e d b y r e d u c t i o n (e.g. 
h y d r o g e n a t i o n ) bu t r educ t ion , of cour se , w o u l d no t r e m o v e the m e t h y l e ther . 
T h e m e c h a n i s m of the dep ro t ec t ion is s h o w n b e l o w . 

R 

OH 

H ^ © B r 

CO2H 



11.6 Answers to problems in Chapter 7 
1. Indole 7 . 3 8 was p repared by a F ischer indole synthesis fo l l owed by N-
alkylat ion as shown. 

3. As in tended, C 2 carban ion 7 . 4 7 a t tacked the nitrile g iv ing 7 .48 , wh ich 
unexpec ted ly a t tacked the ad j acen t su lphonyl g roup g iv ing indolyl an ion 
7 . 4 9 . D u r i n g the ac id ic aqueous w o r k u p this an ion is q u e n c h e d and the 
reac t ive N - s u l p h o n y l i m i n e func t iona l i ty is readi ly hydro lysed a f f o r d i n g 

7.45 FH 

11.7 Answers to problems in Chapter 8 
1. Su lphur yl id 8 . 3 6 is the key in te rmedia te in the fo rma t ion of epox ide 
8.34. Epox ide 8 .34 is racemic but alcohol 8 .35 is achiral. 

O O 
c, H NaH p. H 

C H 3 - S ( C H 3 ) 2 > U C H 2 - S ( C H 3 ) 2 Coreysylid 
© (-H2) e 

8.36 



2. T h i s o x a d i a z o l e f o r m a t i o n i n v o l v e s O - a c y l a t i o n of t he a m i d o x i m e 
fo l l owed b y a condensa t ion . 

r o 

8.21 
OMe 

NH, 

E T O - H A - N . R NH, 

O - N 

- > HO 
M 

" / - H 2 O 

11.8 Answers to Problems in Chapter 9 
1. T h e m e c h a n i s m is s imi la r to the 4 - p y r o n e e x a m p l e . 

O H / ^ O 
NH2 

- > o V ^ 
H H 2 N - O 

9.2 NH3 

2. T h e f i r s t s t age is the s a m e as t he p r e p a r a t i o n of 9 . 3 0 , t hen cyc l i s a t i on 
a f fo rds the pyrazole . H N 

- H 2 O 

HO N O 
H 

9.33 
OH 

3. T h i s is a M a n n i c h reac t ion (see C h a p t e r 2) and is an unusua l e x a m p l e of 
an e lec t rophi l ic subs t i tu t ion on a c h r o m o n e . 

O FF, O o 
, CH2=NMe2 

J" ^ • • 

9.34 OMe 

NMe, 

OMe OMe 9.35 

4. T h e r eac t i on is a s t r a i g h t f o r w a r d a c i d - c a t a l y s e d c o n d e n s a t i o n , p a s s i n g 
th rough c a r b o n i u m ion 9 . 36a ,b . 

O O 

O H P £ ° 

- H 

O Ph 
9.19 

N -
\\ 
N 

O 

8.22 

" N O 
H 

5.22 

9.36b 



11.9 Answers to problems in Chapter 10 
1. T h e overal l e lec t ronic dis t r ibut ion of 2 -py r imidone has a cons iderab le 
contr ibut ion f rom m e s o m e r 10 .20a . 

10.20 10.20a 

T h e mechan i sm of nitration is shown below. 

2. Disconnec t ion of barbi tura te 1 0 . 2 5 p roduces bis-e lect rophi le 10 .27 and 
urea. In pract ice malona te ester 10.28 (X = OEt) is used. 

3. Hydrolys is of acetal 10.26 leads to react ive aldehyde 10.29 in situ. 

Condensa t ion of a ldehyde 10 .29 with urea fo l lowed by cycl isat ion on to the 
nitrile p roduces cytosine 10.6. Observe h o w cyclisation onto a nitrile a f fords 
the amino func t iona l i ty direct ly, as c o m p a r e d with the three step sequence 
used in the synthesis of 10.24 where an ester is used in the cyclisat ion step. 
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