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Abstract - Heterocyclic N-oxides and N-imides show a variety of fascinating 

reactions. This review exemplifies their preparation, discusses their 

structures, and considers some of their reactions. 
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1. Introduction 

Two chemical texts'2 and a recent monograph3 are devoted to N-oxide chemisby. Several reviews exist for 

N-imide chemistry?-8 The purpose of the present review is to highlight some of the new interesting aspects 
with emphasis on work from the senior author's p u p .  

2. Overview and Preparative Methods 

Scheme 1 gives a general overview of the types of compounds that are considered in this review. An 

oxygen atom attached to a neutral pyridine-like ring nitrogen atom affords an N-oxide. Such N-oxides are 

basic and can pick up a proton to form an N-hydroxy cation. Equally, hydroxy p u p s  can be attached to 

pynole-like nitrogen atoms, either in 5-membered rings as in I-hydroxypynole itself or in a 6-membered 

ring as in 1-hydroxy-2-pyridone. These four parent compounds are shown in the top row of Scheme 1, with 

their nitrogen analogs, the neutral N-imides, the N-amino cations, and the N-amino derivatives in the second 

row. In the N-analogs, the exocyclic nitrogen atom can hold a substituent which is denoted in Scheme 1 by 

X. For comparison, the corresponding carbon analogs are shown in the bottom row of Scheme 1: the 

N-ylids, N-alkyl cations, and the N-alkyl derivatives. 

Preparative methods for N-oxides by direct oxidation of the corresponding pyridines are outlined in Scheme 

2. Most common is the oxidation of the corresponding N-heterocycle with a peracid. The strength of the 

peracid used depends upon the compound to be oxidized. This is illuswted by the three examples in 

Scheme 2. For most pyridines, peracetic acid or performic acid suffices, but for the very strongly basic 

4-dimethylaminopyridine, it is better to use the peroxyimidic acid which is very much less acidic and, 

therefore, does not cause so much conversion of the DMAP into unreactive cation. Finally, the non-basic 

and unreactive 2.6-dichloropyridine requires hifluomperacetic acid. Pentachloropyridine has also been 

convened into its N-oxide with bifluoroperacetic acid, although in this case, care is needed since prolonged 

heating causes dwxygenation? 
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Scheme 1. Substitution at Hetemvclic Nitroeen: Twes  

N-Amino Cation 

N-Alkvl Cation 

N-Hydroxy Derivatives 

N-Amino Derivatives 

N-Alkyl Derivatives 

Scheme 2. F're~arative Methods for N-Oxides 

NMez NH 
P h z  

NMez 

\ h s h  
N N + Na02H) N 

[ref. 21 I 0' 
I 

[ref. 101 0- 
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Many ring closure methods are also known for N-oxide preparation2 and a few are illustrated in Scheme 3. 

Such ring closures generally involve either hydroxylamines (as in the first two examples) nimso 

compounds (as in the 3 rd example), but a few appear to be hue examples of nuclwphilic attack at n i m  

groups (see last example of Scheme 3). 

Scheme 3. Ring Closures Leading to N-Oxides 

2H 

[ref. 141 
NO 

NH20H (R = H) - 
[ref. 131 OHC CHO 

Scheme 4 illustrates some of the preparative methods for neutral N-hydroxy compounds by ring closures. In 

each case a hydroxylamine is involved. 
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Scheme 4. Preparative Methods for Neutral N-Hvdroxv Compounds 

R [ref. 171 
I 

0 

~ M 2 = ' 2 H  ='2H [ref. 181 + 

0 

Scheme 5 gives some preparative methods for N-imides. In the upper half of the Scheme the conversion of 

a neutral nitrogen into the N-imide or into the N-imonium cation is illustrated. At the bottom, two examples 

of a ring openingking closure method are described. 

Scheme 5. Preparative Methods for N-Imides 

Using NH20S0,H?0 NH2CI?l 

or 0-mesitylsulphonylhydroxylamine 
X = COR or S02R 

Using acyl or sulphonyl nitrenes"." 

0 Ph Ph 

N O Z - - - Q  p-Jz,+J @ [ref. 241 I 
ph 0 +/ ph Ph + N / 1 

NHX 
I 

NHX 

No2 Using alkyl-, aryl- or acylhydrazines of type NH2NHX 
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3. Basicity of N-Oxides and N - h i d e s  

The tendency for these classes of compounds to exist in the neutral form varies considerably. Thus, as 

shown in Scheme 6, N-oxides are weakly basic, N-imides an strongly basic, and for comparison, 

unsubstituted N-ylids are extremely smng bases which cannot normally k isolated. Pyridine N-oxides 

readily undergo hydrogen bonding, and form hemisalts which have been much investigated [see eg ref. 261. 

Scheme 6. Basicities of N-Oxides, N-Imides, and N-Ylids 

pK, 0.8 [ref. 21 13.4 [ref. 241 > 20 

However, as is shown in Scheme 7, the basicity of N-imides and N-ylids can be considerably affected by 

substitoents attached to the exocyclic nitrogen or carbon atom. Thus, pyridine N-knwylimide is quite a 

weak base and is quite stable in the neutral fom. 

I Scheme 7. Modification of Basicitv by Substitution at Nor C 
@K, shown for proton addition) 

I 
CH- 

I c- 
'COph phOC' 'COPh 

pK, 3.2 [ref. 241 9.7 [ref. 271 (low) 

4. Electronic Structure and Back Donation of Electrons in N-Oxides and N-hides  

Because of the lone pair of electrons on the exocyclic atom attached to the heterocyclic nitrogen, N-oxides 

and N-imides can show back donation of electrons. This phenomenon has been examined mostly for 

N-oxides. The mesomeric possiblities in pyridine N-oxide are contrasted with those in pyridine and pyridine 

boron trifluoride in Scheme 8. There is ample experimental evidence for the occurrence in pyridine N-oxide 

not only of the pull of electrons towards the positively charged nitrogen (which is greater than that which is 
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found in neutral pyridine and comparable to that which is found in the Lewis salt pyridine-boron 
tichloride), but also for those in which electrons are donated from the oxygen into the ring. 

I Scheme 8. Mesomeric Possibilities in Pvridine and F'yridine ~ - 0 x i d e ~ ~  

I Pyridine Pyridine-Boron Trichloride I 

One of the first pieces of evidence for this donation of electrons from the N-oxide group into the ring was 

from dipole moments. In Scheme 9, the concept of mesomeric moment is defined for benzenoid and 

heterocyclic compounds, and the values of these mesomeric moments for a series of monosubstituted 

benzenes and 6substituted pyridines, pyridine N-oxides and pyridine boron nichlorides is shown in Scheme 

10. The values for pyridine N-oxides clearly show greater conjugation with both e-donor e-acceptor 
substituents than the corresponding pyridines. 

r Scheme 9. Definition of Mesomeric Moment" 

(a) For a Benzenoid Compound 

b) For a Heterocyclic Compound 
- 7 

N 
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Natural abundance "0 Nmr chemical shifts of the oxygen of pyridine N-oxides correlate with a, substituent 

constants and support interactions with substituents of both c l a s s e ~ . ~  

Scheme 10. Mesomeric Moments29 

a 3  W d i n e  F'yridine . 
Benzene Pyridine N-Oxide Boron Trichloride ,-. 

V 
n " " V 

Much further evidence comes from spectroscopy. Scheme 11 shows some ultraviolet specua. Comparison 

of the Csubstituted N-oxide with the parent pyridine clearly shows the extension of the conjugation by the 

pronounced bathochromic shift in the N-oxide. However, such extended conjugation is absent in the 
3-substituted N-oxide, as demonstrated by its hyprochromic shift with respect to the corresponding pyridine. 
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Scheme 11. Ultraviolet Spectra3' 

These interactions are also clearly demonstrated by infrared spectroscopy. The general effects of 
heterocyclic rings on substituent vibrations are shown schematically in Scheme 12. 

Scheme 12. General Effects of Heterocvclic R i n ~ s  on Substituent Vibrations [cf ref. 321 

Elecmn availability of the ring measured by 
ir shifts of uX=Y: 

of C O W ,  COzEt, COMe, CHO in carbonyl 
compounds 

of NO2 in nitro compound 
of CN in cyano compounds 

Electron acceptor power of the ring 
determined by uC - X 

C - 0 in OMe and OEt ethers 

C - N in NH2, NHMe, NMe2 amines 

N - 0 in N-0  group in N-oxides 

Carbonyl frequency indicates electron acceptor power of ring by "competetive method" 
NHCOMe, NHCOPh, NMeCOMe, NMeCOPh, NHCOzEt 
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Scheme 13 lists the increments measured for the carbonyl p u p  uC=O for various heterocyclics together 
with the corresponding benzenoid compound. The largest bathochromic shifts are found in the pyridine 

boron hichlorides with slightly higher values in the 4- than in the 3-position. The 3-position of pyridine 

N-oxide is also very electron-deficient, whereas the 4- and 3-positions of pyridine are successively less so. 

The 4-position of pyridine N-oxide is least affected. Interpretation for the degree of electron acceptance at 

the 2-position is complicated by steric effects, however such steric effects are much less in the case of the 

cyano derivatives. 

Scheme 13. Increments for v C=O for Heterocyclic Compared with Benzenoid C o m ~ o u n d s ~ ~  

Infrared spectral details for the three isomeric cyanopyridines and the three derived pyridine N-oxides are 

compared with those for benwnieile in Scheme 14. The intensity is reduced in all the heterocycles, but by 

very little in the 4-position in pyridine N-oxide, next least in the 3-position in pyridine, and very much in the 
other positions. The same trend is shown in the frequency shifts. This clearly demonstrates the back 

coordination of elecauns to the 4-position of pyridine N-oxide, and also shows that any such back donation 

at the 2-position is swamped by the electron accepting effect of the adjacent positively charged nimgen 

atom. 
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Scheme 14. uC=N Frepuencies and Inteerated Intensities" 

w 
PhCN v = 2233 cm" area = 4300 

Position Pyridine Pyridine N-oxide 
v (cm-I) A v (cm') A 

4 2238 1110 2230 3910 

3 2235 2480 2243 1190 

2 2240 720 2241 760 

Electron acceptance can be seen in the way in which the methoxy group interacts with heterocyclic rings. 

The increment by which the ring oxygen stretching vibration variation is displaced in the different 

compounds compared with anisole is shown in Scheme 15. 

In &l the methoxy-heterocycles the increment is positive showing that all positions are electron accepting 

relative to benzene. For the isomeric pyridines, the increments are higher for the 2- and 4-position than for 

the 3-position. By contrast, for the isomeric pyridineN+xides, the increment is lowest for the 4-position. 

Scheme 15. IR of Heterocvclic Methoxv ~ e r i v a t i v e s ~ ~  

A v-Values (cm-') referred to anisole (1244 cm-I) 

2-subst 3-subst 4-subst 

Pyridine 48 19 44 

Pyridine N-Oxide 67 64 48 

Pyridine BCI, - - 69 
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In Scheme 16, the intensities are given for the triple bond stretch in a set of heterocyclic derivatives of 
phenylacetylene carrying a substituent in the 4-position. In diphenylacetylene, because of symmetry, the 

vibration is forbidden in the infrared, and the intensity rises with either an electron donor or an elctron 

acceptor substituent. However, for the pyridine series and the pyridine N-oxide series, the intensity rises for 

electron donor substituents, hut falls for electron acceptor substituents. This indicates that the Cposition of 

both pyridine N-oxide and pyridine behave as electron acceptors in this rather neutral situation. 

Scheme 16. Extinction Coefficients foruCX? 

X CH N Nf- 0 - 

OMe 20 90 -- 
Me 7 70 70 
H <1 40 40 
CI 4 40 15 

NO2 80 5 5 

The overall conclusion from the spectroscopic evidence is that the pyridine ring is uniformly an electron 

acceptor, stronger at the 2- and 4-positions than at the 3-position. The pyridine N-oxide ring is a strong 

acceptor at the 2- and 3-positions whereas at the Cposition it is normally an acceptor, but that it can donate 

electrons at the 4-position when faced with strong electron demand. 

Scheme 17. Conclusions from Spectroscopic Evidence Regarding Electron 

Donor/Acceptor Ability 

strong acceptor 
1 

overall acceptor but some donor properties 
depending 4 on electron demand 

strong acceptor 
weak acceptor 

+ 
*\ strong acceptor 

' strong acceptor o - 
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The strongly polar character of N-oxides endows them with catalytic activity: thus 4-dimethylaminopytidine 

N-oxide effectively catalyzes the rearrangement ROCSSR' -+ RSCOSR' [cf. ref. 371 as well as phosphate 

ester hydrolysis.'8 

5. Reactions of N-Oxides and N-Imides with Electmphiles 

All compounds of this type react readily with electrophiles. In N-oxides, electrophiles can attack ring 

carbon atoms and indeed, under different conditions. at the 2-, the 3-, or the 4-positions, as is shown in 

Scheme 18. 

Scheme 18. Electrophilic Substitution in F'widine N-Oxide 

H+ 

2-Mercuration 4-Nitration on free 3-Sulfonation on 
base conjugate acid 

[ref. 39,401 [ref. 41,421 [ref. 431 

Attack on the 4-position of the pyridine N-oxide takes place on the n e u d  molecule, whereas electrophilic 

attack at the 3-position occus on the pyridine N-oxide conjugate acid because in the cation the 2- and 

4-positions are more electron-deficient. Attack at the 2-position can occur because of anchimeric assistance 

from the oxygen atom. The conditions for these electrophilic substitution reactions are shown in Scheme 19. 
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Scheme 19. Electro~hilic Attack at Carbon in Pvridine N-Oxide 

Nitration (Ochiai and den ~ e n o g ) ~ ' . ~ ~  

1000'2, H2S04-HNQ 

Sulphonation ( M o ~ h e r ) ~ ~  

230°C. H2S04-SQ-HgS04 

Mercuration (van Ammm and den Henogp  

130°C. H~(OAC)~-HOAC 

170°C, HgS04-HZS04 

Bmmination (den Hertog) 

2WC,  BrZ-H2S04-AgS04 

120°C. Brz- HzS04- S Q  

Hydrogen exchangea 

good yields of 4-nitm 

3-sulphonic acid (good yield) 

2-mercuriacetate (poor yield) 

3-mercurisulphate (poor yield) 

10% of 2- and Chromo 

(ca. 1 : 2)" 

3 - ~ r o m o ~ ~  

no exchange at 2 W C  with 100% H,SOd 

Pyridine N-oxide can also undergo elecuophilic attack at oxygen. Shown in Scheme 20 are typical 

examples of reactions of protons, alkylating agents and Lewis acids. The products of such electmphilic 

attack are themselves often intermediates for further attack by nucleophiles at the 2- and 4-positions of the 

ring. 

Scheme 20. Electro~hilic Attack at Oxwen in Pvridine N-Oxide 

Proton Acids 

N-oxides are weak bases, pK, n 1 

Quaternary Salt Formation with Me1 or TsOMe4' 

Salts produced react with alkali 

Py+4-w-H F ~ H  - Py + 0 =CH2 

Ceordination Compounds4* 

pv+-0- so; 
I Intermediates for Further Reactions I 
I F'y+- 0- X undergoes very facile attack by 

nucleophilic agents at carbon - cf later discussion I 
For N-imides, electrophiles attack exclusively at the exocyclic N-atom Thus, the I-aminopyridinium cation 

is nitrated in the amino p u p  to give a stable N-imide and such N-imides have been formed from other 

N-amino ammonium ions as is also shown in Scheme 21. 
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- - - -- - 

Scheme 21. Formation of M n e  N-Nimimide from 1-Aminopvridinium Cation 

I Contrast: NO, 

0 N -0 Ac20 \+ N N H N q .  Q 
I 

[ref. 491 I I 
NH2 0 - [ref. 421 

I 
0- 

pK, -4.6 
m.p. 149-1500 

I Other examples of N - n i m i m i d e ~ ~ ~ . ~ ~  

Scheme 22 illusnates further the reactions of 1-aminopyridinium cation with other electmphiles, i.e. with 

aldehydes, and acyl and sulfonyl chlorides. 

I Scheme 22. Reactions of 1-Aminopvridinium Cation with Aldehydes and Acid Chloridesz45' ( 
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Scheme 23 gives detailes of two synthetic uses of neutral N-hydmxy and N-amino heterocyclic derivatives. 

I Scheme 23. Synthetic Uses of 1-Amino- and l-Hvdmx~-2-~yridones 1 
(a) Aldehydes + Nitriles [ref. 521 

R-CHO + 

Ph N I 0 &)JT I R - a  + Ph N I 0 

NH2 NYH H 

R 

(b) Alkyl halides - Aldehydes [ref. 531 

An interesting extension of the above typc of reaction is to bielectrophiles. Neutral N-aminoheterocycles 

such as N-aminopyridones, N-aminopynoles, and N-aminohiawles, as well as N-aminopyridinium ions can 

react with suitable bielectrophiles to form bis(heterocycles) in which the two heterocyclic rings are linked 

by an NN bond. Reactions of this type are shown in Scheme 24 for the production of a pyrrole ring as the 

new heterocycle, and in Scheme 25, for the production of a pyridinium ring as the new heterocycle. 
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:heme 24. Reaction of N-Aminoheterocvcles with 2.5-Diethoxvtetmhydrofruan and with 1.4-Diketones 

[ref. 541 

with 
0 0 

or 
with R 

E r n 2 c ~ m 2 E t  MeCO COMe Me 

R = H or COZEt 
[ref. 551 
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Scheme 25. Reactions of N-Aminoheterocvcles with Pnvlium Salts 

General reaction Scheme: R R 

NH2 
I 

+ 

R R -.A N I R 

u 
Examples of compounds p r e p a ~ e d ~ ~ . ~ ~  

cN> N - N  

The reactions of various 1-aminopyridinium cations with pyrone 2,ddicarboxylic acid are of interest as they 

give bis(hetemyc1es) with simultaneous decarboxylation (Scheme 26). 
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Scheme 26. h a r a t i o n  of 1-Pvridino-4-~vridones" R 

Although it has not been possible to prepare a bis(quatemary) by reaction e.g. of 1-aminopyidinium cation 

with a pyrylium cation, such bis(cationic) species have been made by quatemizations. Scheme 27 gives 

examples of the production of both mono- and di-cationic species by quatemization. 

Scheme 27. Mono- and Di-catonic Species bv O u a t e m i z a t i ~ n ~ ~ ~ ~  

Example of Quatemization Reaction + ,Me 

[-J 
N (i) FSqMe  

(-5 N 

I I Clo; 
(ii) NaCI04 

Further Compounds made by Quatemization 

Me OMe 

A Q A  +/ 
Me N Me OMe Me N 

I 
Me 

I I 
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6. Nucleophilic Attack on N-Oxides and N - h i d e s  and their Conjugate Acids 

The pattem for nucleophilic attack on these species is shown in Scheme 28. There are three major 

possibilities. Attack at the exocyclic atom attached to nimgen results in conversion into the neutral 

heterocycle, e.g. pyridine. Secondly, there is the possibility of attack at a ring carbon followed by an 
elimination reaction which can occur in N-oxide and N-imide derivatives quite easily, but much less readily 

in cases where X is a carbon atom Finally, we have the possibility of attack on ring carbon followed by 
ring opening. The ring opened intermediate can be stable or can undergo numerous other reactions. 

Scheme 28. Nucleo~hilic Attack - Reactivity Patterns 

Attack at Exocvclic Atom Attached to Nitrogen 

1 Attach at Ring Carbon followed by Elimination 

I Attack at Ring Carbon followed bv Ring O~en ing  

+ further 
7 Nu reactions 

X 
I H 

R / 
X X 

R ' R' 
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N-Oxides andN-imides are readily reduced. Examples of conditions used are illustrated in Scheme 29. 

Scheme 29. Reaction of N-Oxides and N-lmidesz 

I Catalytic or P a 3 ,  PPh3, P(OEt)3 I 

In Scheme 30. we see some examples of nucleophilic attack at the ring carbon atom of N-oxides. An 

example of a corresponding reaction in an N-hide derivative is shown in Scheme 31 

I Scheme 30. Nucleo~hiiic Attack on Carbon in N-Oxides 

Organo-metallic ~ e a ~ e n t s ~ ' . ~ ~  

PYO + PhMgBr - 2-phenylpyridine (higher yields with quinolines) 
Better PyO + ROCOCl + R'MgBr 

Chloride Ions59,60 

provided by S02C12 or POC13 -, 2- and 4chlompyridine 

Acetate 
provided by AczO - 2-acetoxypyridine (+pyrid-2-one) 

Cyanide I o d 3  

provided by KCN + PhCOCI (Reissen) - ~cyanopyridine 

Cyanide Ion (Fife ~ o d i f ~ c a t i o n ~ )  

I Benwylacetic Ester (acidic CH)65 
i-Quinoline 2-oxide - 2i-Q-CH(COPh)C02Me 
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MeNCOR 

Scheme 31. Nucleo~hilic Attack on Carbon in N-h ide  Salts 

MeNCOR MeNCOR 

Nucleophilic displacement of leaving groups is easier in N-oxides as compared to the corresponding parent 

heterocycles: two examples are given in Scheme 32. 

Scheme 32. Nucleo~hilic Dis~lacement of Substituents 

A New Synthesis of Sulfinic Acidss6 

reflux 
+ EtONa - RSOzNa + 

EtOH 
N S02R 

k + A  N OEt 

I 

Activation of 3-Chloro Atom6' 

Four modes of reaction for N-alkoxypyridinium cation with nucleophiles were recognized in 1965 (Scheme 

33),68 and many further reactions were thus classified." 
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Scheme 33. Four Modes of Reaction of N-Akoxv~vridinium Salts 

Path A: Abstracting a Proton (e.g. by OH-. OR-): 

Path B: Nucleophilic Substitution (e.g. by CN- or an organometallic): 

Path C: Nucleophilic Displacement (e.g. by PhS-): 

Path D: Nucleophiiic Addition, then Ring Opening: 
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Scheme 34 shows the interesting changes in the ultraviolet spectrum with time which occur when hydroxide 

ion is added to a solution of 1-methoxypyridinium cation. The overall reaction is simple decomposition to 

formaldehyde and pyridine, but clearly some other species with a strong absorption near 340 mp is 

Scheme 34. Action of Hvdroxide Ion on N-Methoxwvridinium Perchlorate 

0.0 , 
~ - ~ p p ~  -...............-p-p ~ 

2W >SO 300 350 

A. mv + 

Action of hydmridc ion on N-mcthorypyidinium perchlorate. 
.. . . .  in H20, - - - - in N NaOH after 25 min. 

- in N NaOH after 4.5 mi". 

Tbe ex1 ,lanation of the uv spectum of Scheme 34 is a reversible ring opening as shown in Scheme 35. 

Scheme 35. Comveting Reactions between 1-Methoxwvridinium Cation and H v d ~ o x i d e ~ ~  

O\ 
a 3  

I O K  slow 
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The isoxawline pyridinium cation reacts with secondary amines to give stable r ingqened 

(Scheme 36) and many further extensions of this type of reaction have been reported by Sliwa [eg. ref.711. 

Scheme 36. Reactions of Isoxawlino~vridinium Cation with Secondaw Amines70 

There are additional modes for the reaction of N-alkoxypyridinium salts which involve proton loss at the 

2-position of the pyridine ring, followed by simple72 or complex7' reactions (Scheme 37). 

Acyl derivatives of 1-hydroxybenwtriawle have been widely used in peptide synthesis: the 

1-hydroxybenwmawle anion is a good leaving group. Then bas been considerable uncertainty 

regarding the srmcture of these compounds: we have recently shown74 that 0-acyl derivatives are 

initially formed and rearrange, (in a processes shown to be intermolecular by a crossover experiment), 

into the N-acyl compounds (Scheme 38). 
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Scheme 37. 2 Additional Modes of Reaction of N-Alkoxvuvridinium Salts7"' 

12 h, pyrrolidine, 
mom temperature 
P 

MeCN, 4 days 
68% 

0 

NO; 

pyrrolidine, MeOH, 24 h, room temperature I 

Me 

OH pyrrolidine. 

53% 
pyrrolidine, MeOH 

E and Z isomers around C3'=C4' 
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Scheme 38. CrossOver Exwhnent for R m g e m e n t  of 1-Acvloxvbenzo~azoles 

7. Regio Specific Nuclwphilic Substitution at the &Position of Pyridine 

The differentiation between nuclwphilic attack at the 2- and 6positions in a pyidine ring is normally 

difficult and such reactions frequently lead to mixtures of products, or to exclusively 2-position substitution. 

One set of conditions for getting regioselective substitution at the 4-position is shown in Scheme 39. 

~-p~~ ~ ~~~~~ -~ 

Scheme 39. Nucleophilic Substitution at 4-Position in Pyridine 

oT&&Tb \ N \+ N and (iii) N \ N 

I 
X 

Requirements for X 

(0 Easily attached to N-atom in high yield 

(ii) Activates nucleus to Nucleophilic attack 

(iii) Sterically shields 2- and &positions 

(iv) Capable of loss as anion to reform pyridine ring 
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A substituent that satisfies the conditions of Scheme 33 is the 2.6-dimethyl4pyridon-I-yl group. It can be 
attached to the nitrogen atom of a pyridine in two simple stages, as shown in Scheme 40. 

Scheme 40. Preparation of 1-(2.6-Dimethvl-4-~mdon-l-vlkvridiniums~~ 

NH2 
dehydracedc acid 
readily available, 

inexpensive 

not easily available 

Suhstituents R H 2-Me 3-Me 4-Me 

% Yield, IS' Step 77 56 67 72 
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The 1-(2,6-dimethyl-4-pyridon-1-y1)pyridinium compounds of Scheme 40 give the 4-cyanopyridine as the 

only products isolated on reaction with cyanide - see Scheme 41. The 2.6-dimethyl groups are essential as 
the corresponding compounds without methyl groups on reaction with cyanide give mixtures of 2-cyano- 

and 4-cyanopyridines in proportions which depend on the cyanide ion wncennation. 

Scheme 41. 1-(2,6-Dimethvl-4-~vridon-l-~l)~vridiniums: Reactions with Cyanide 

Pre~aration of 4-Cvano~vridines'~ 

favoured by 
11 
0 high [CN -1 

Yields of 4-Cyanopyridines: 

favoured by 
low [CN-I 
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Synthetically useful transformations of this type have been extended to a wide range of nucleophiles. This 

is illustrated for reactions with Grignard  reagent^^.'^ in Scheme 42, with nilmalkane cationsn." in Scheme 

43, and with ketone enolate  anion^^,^' in Scheme 44. 

Scheme 42. 1-~2.6-Dimeth~l-4-Pvridon-l-~l)~vridiniums: Reaction with Grimard Reagents 

Revaration of 4-Alkyl- and 4 -Ar~ l -vvr id ines~-~~  

A 
(not isolated) 

No other substituent present in pyridine ring (R'=H) 

R = Et n-R i -R  n-Bu 2-Thienyl Ph 

Yield (%) 74 90 78 85 35 68 

R= 0-MeC6H., p-MeC& m-MeOC& p-MeOC6H4 p-C1C6H4 p-BrC6H4 

Yield (%) 41 42 63 73 40 53 

for R' = 2-Me for R' = 3-Me 

Yield (96) 24 27 47 57 61 36 42 
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Scheme 43. 1-(2,6-Dimeth~l-4-~mdon-l-vl~~Midiniums: Reaction with Nitroalkane Anions 

ReDantion of 4-(~im,allr/l)~vridines~~.80 

No other substituent present in pyridine ring (R" = H) 

inter- 
90 
31 

for R" = 2-Me for R" = 3-Me 
CM9NO2 CMe2Noz 
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Scheme 44. 1-(2,6-Dimethyl-4-pvridon-l-yl)pvridiniums: Reaction with Ketone Enolate Anions 

Preparation of 4-(a-Acylalkyl)~yridines~~~~' 

R; /R" 
OLi R 

I THF H ~ ~ - C '  ., 

general reaction: CH2COR 

I I $ Overall yield (2 steps) 

eg Me 
70.90% 

-. 

yields obtained from diverse ketones (for 1st and 2nd steps) 
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Scheme 45 shows similar work with trimethyl phosphite as a phosphorus nucleophile. It is of interest to 

compare these results with the corresponding work on 1-tritylpyridinium which was reported earlier and this 

is done in Scheme 45. 

Scheme 45. Reactions with Phos~horus Nucleo~hiles: Preuaration of Dimethvl 

Substituent R H 2-Me 3-Me 

Yield 1'' Stage 68 7 1 68 

% 2nd Stage 96 60 73 

Comparison with the Literature Methods3 

Similar regiospecific attacks are also observed by thioalkoxide ions," by ester and nitrile anions?' and also 
by carbanions derived from carbon acidss6 to afford Csubstituted pyridines. 
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8. Radical Reactions 

Any account of N-oxide chemistry must mention the great impoflance of I-hydroxy-2-thiopyridone (Scheme 
46) as a precursor for radicals: leading references are given in the scheme. 

Scheme 46. I-Hvdroxv-2-thio~vridone: Radical Cleavaee 

Initiation of chain reaction 

o\ 
COR 

[eg ref. 871 

[eg ref. 881 

[eg ref. 891 

t R' 
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9. Rearrangement reactions 

Benzofuroxan has been shown to equilibriate rapidly between the two alternative N-oxide structures 

(Scheme 47). 

Scheme 47. R a ~ i d  Rearranzement of ~ e n w f u r o x a n ~  

-0 

\ NO N 
0 - 

The reaction of benzofuroxan with methyl Isiflate involves a facinating replacement (Scheme 48). 

Scheme 48 . Ablated Benzofuroxan ~eatraneement~' 
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The versatility of benwfwuxan chemistry is illustrated by its totally different reactions with a nipone and a 

nitrile oxide (Scheme 49). 

Scheme 49. Reactions of Benwfuroxans 

With a N i ~ o n e ~ ~  

With a Nitrile Oxide93 
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