
Eeview of the Chemistry of nitrones 

The term nitrone was coined from nitrogen ketone(azomethine 

oxid~, in order to keep its resemblance to the carbonyl group in 

its several reactions1 ~ 

........ 
c 

/ 

<t>/R = N e 
'o 

The nitrones were known since 1887. The nomenclature employed 

by chemical abstract is as follows: 

d,N diphenyl nitrone 

d:-phenyl- ~- (p-t Olyl )-N-methylni trone .. 

The cyclic nitrones are named according to the parent heterocyclic 

structbl!'e, ecog~, 2,4 dimeteyl- lS -pyrolidine N-oxides, 

~-tetrabydropyridine N-oxide etc. Of late nitrones have also been 

named as C-cyclopropyl N-methyl nitrone, C,C-dicyclopropyl-N

metpylnitron~ etc. 

Nitrones may exibit geometric isomerism because of the 

double bond in the nitrone moity. The existence of geometric 

isomerism was first· demonstrated in 1918 for ct'-pheeyl- d- (p-

tolyl)-N-methyl nitrone2 • The configuration of the isomers were 

established by dipole moment studies1 • It has, atso been established 

that aldonitrones exist in stable trans forms and this has been 
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confirmed by uv, nmr and ir data3 • The Only example of the existence 

of both the geometric isomers in an aldonitrone is known for 

~-phenyl-N-t-bu~lnitrone4 • Therefor~ in such cases where geometric 

isomerisms are possible E/Z system of nomenclature may be introduced. 1 

1Q1 Syntheses of nitrones: 
....... -

The chemistry of nitrones along with their syntheSBS were 

reviewed in 1938
1 

and 19645 • The general methods of their syntheses 

are briefly discussed here. 

(A) By the method of oxidation of N,N-disubstituted hydro~mines: 

R -N- CHR'R" 
[o] 

Both cyclic and acylic nitrones were prepared in this method and 

varied number of oxidizing agents were used, :eQge molecular 

o:x:y gen 6 ' 7 ,s' g, 10, yell Ow mercuric oxide11 ' 3 ' 12 ' 13 ' 14, "active" 

lead oxide15 , potassium ferricyanide16' 7
' 13 , 11 potassium perman§a-

18 19 . 17 18 nate , t-butyl bydroperoxide and hydrogen perox~de ' • 

Some other oxydative methods are also known eQg. 

diamminosilver nitrate was used as the reagent for the preparation 

of 0. -styryl ci. -benzyl-N-pheeylni trone from the corresponding 

bydro:x:ylamine7 and the formation of nitrone 11 salt 11 was reported 

from the reaction between p-benzoquinone and 1-hydroxy piperidine20 • 
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B. From mximes : 

AlRylation of oximes afford nitrones along with oxime 

ethers. These methods were reviewed
1

• 

........ 
NOR + 0 

/ 

Ei:> 
: N- R+HX 

I 
r:P 

Lithium, sodium, potassium or trimethylammonium oxime salts did 

not show a significant difference in the product ratio of oxime ' 

I 
ether to nitrone. Electron-withdrawing groups in p, p 1-disubstituted I 

benzeph~none_oxime salts markedly promoted the formation of nitrones, j 

while electron donating groups favoured oxime ether formation., A ' 

pronounced steric effect was observed by comparing the reactions 

between benzophenone oxime sodium salt with methyl bromide or 

benzyl- bromide, the small size of the alkylating reagent favouring 

nitrone formation and the larger size, oxime ether formation., 

Heptanal. oxime when treated wi.. th benzyl chloride in a 

sol uti on of ethanol and sodium ethoxide yielded 77% of c£ -he:xyl-N

benzylnitrone21. Dimethyl sulfate was employed in the alKYlation 
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Recently c, C-dicyclopropyl-N~methylnitrone has been 
24 

synthesized by this method • 

~) N+Mel 
- \ 

OH 

R-NHOH + R 1R11 C = 0 --+ 

This reaction proceeds smoothly and ~n high yields when R is 

an allyl or aryl group and if R' and R" are of small size. When 

R 1 and R" are bulky groups the react ion does n?t proceed to any 
25 

extent • 

This method is treated as one of the best methods for the 

preparation of aldonitronese N-phenylbydroxylamine has been treated 

with a variety of aldehydes and ketones. With n-butyraldehyde 80% 

yield of ~-propyl-N-phenyl nitrone was obtained16 • With benzal-

9 rfL 2 6 27 debyde a 0~ yield of the nitrone ' , with 0-, m-, or p-

nitrobenzaldebyde good yields28 , with p-N, N-dimethylaninobenzal

dehyde a 79% yield29 and good yields with <Dtb.er substituted 
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benzaldehydes30 were also reported. N-phenyl hydroxylamine and 

formaldeby de appear to form N-phenylni trone which in situ undergoes 

an intermolecular 1_,3 addition follOwing by the loss of hydrogen 

and the formation of a dini trone 7• 

Ph 
@ 

N = 
I 
cf 

E9 
-Ph- N: 

Is a 

Ph- N - CH2 -
I . 
OH 

6) 

CH- CH = N -Ph 

~ 

63 
CH· = N -Ph 

I 
rf1 

A similar 2:1 product was observed in the reaction between N

phenylhydroxylamine and ~-bromocrotanaldebyde7 • A number of 

sensitive nitrones have been prepared by this method and have 

been trapped in situ31, 32 • The bisulfite addition compounds of 

aldebwde and ketones may be used instead of the aldehydes or 

ketones33 • Five-membered cyclic nitrones have been prepared in 

yields ranging from 50-80% by reductive cyelization of ~-nitro 

t 34,35,36 -J 't 't . b . d d ke ones or ·, -nJ. ronJ. rJ.les y employJ.ng zinc ust an 

aqueous ammonium chloride. 

The thermal rearrangement of 3-phenyl oxirane derivatives 

to the corresponding nitrones has been reported by various 
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38,4,39,40 5 0 ~L workers in yields ranging from 0-1 wo 

R 

I 
Ph - 0 = NR 1 

R ......._ p, 
O-NR 1 

/ 
Ph 

oe 
t0, R 1 

'\. - N -R' - c-I ~ 
Ph 

Thermal isomerizations of oxiranes other than 3-phenyl oxiranes 

did not lead to nitrones but to various rearranged products, 

mainly ami des. 

R 

R 
\ /o, 
C-N 

/ 

0 
II 

-R----+ R-0 

This method is not a general method for the preparation of 

nitrones since the oxazirane~ are prepared either by the photo

chemical isomerization of nitrones or bw the reaction between 

imines and hydrogen peroxide and moreover some other rearranged 

products are frequently encountered .• 

E. From aromatic nitroso compounds: 

Aromatic nitroso compounds react \~th a variety of compounds 

to produce nitrones. 2,4,6-trinitrotoluence or 9-methylacridine, 
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containing a sufficiently active re·thyl group react with aromatic 

ni troso compounds, the products often are a mixt-nnre of anils and 

nitrones42,43,44, 45. The reaction is normally catalyzed by small 

amounts of base such as pyridine, p~perid:ine, and sodium carbonate. 

The following sequence of steps has been proposed for the reaction. 

Base Ar'NO 
ArCH 3 

OR 
I 

ArCH2 - N 
~ArCH= 

- 'Ar 1 

2A~ 
ArCH 

o-
1 

ArCH2 - N - Ar 1 ~ 

N-Ar'+ H20 

oe oe 
I I = N.Ar'- Ar 1N = NAr 1 + H20 

® @ 

Such type o~ reactions are also known with lepidine N-oxide
48

, 

. ld. N ·a 48,49 - 42 43 qu1na 1ne -ox1 e and 2- and 4-picoline ' • 

The ni trones uncontaminated with the anils may be prepared 

by Kroe~ke reaction (reviewed50 , 53 by Kroehnke in 1953 and in 

1963). In Kroehnke reaction aromatic nitroso-compounds, in presence 

o~ base reacts with pyridinium salts to give nitrones. 

Base EB 

ArNO 
ArCH= NAr+HX + Base 

~ 
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Quinolinium or isoquinolinium salts have been employed occasionallYa 

The pyridinium salts may be prepared by reaction between a 

compound containing active methylene group with pyridine and 

iodine51 , 52 ~ This is known as King reaction. 

The King reaction is specially helpful for preparing pyridinium 

salts of methyl-substituted heterocyclic aromatic compounds, 

~-methyl ketones53 e~ 

Aromatic nitroso compounds react with benzyl derivatives 

much as benzyl chloride54, 55 etc and fluorene56 and similar9 

57,58,59 
compounds in presence of some suitable base to give nitrone. 

Lots of other compounds like diazo compounds, sulfur 

ylides, Alkenes and Alkynes can react with aromatic nitroso 

compounds to produce nitrones5
0 Some other miscellaneous methods 

for the preparation of nitrones has also been reviewed5 • Recently 

it has been reported that the palladium catalyzed reaction of N, 

N-disubstituted and N-substituted bydroxylamines give the corres-

ponding ni trones and azoxy compounds highly efficientlyQ The former 

reactions are performed 7-n the presence of alkenes to give the 

cycloadducts60 
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Pd black 
& 

80° -110 c 
R'CH 

® 2 
= N- R 

~e 

The major reactions of nitrones are their cycloadditions 

with a wide variety of multiple bonds. Due to the vastness of these 

reactions they are discussed in a separate section of this chapter; 

here a brief review of other reactions of nitrones are summarized. 

The reactions of nitrones known prior to 1964 are reviewed by Jan 

Hamer and Anthony Macaluso5 • 

;Qimerizatiog,: 

Nitrones are sometimes very susceptible to dimerisatioR 

e~g. N-hydroxypiperidine did not give the expected cyclic nitrone; 

1 th d . 10 t . 11 t d Th on y e 1mer or r1mer was isola e • e corresponding five-

Q 
le 
0 

> 
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. 8 
membered cyclic nitrones were found to be monomeric • For aliphatic 

nitrones dimerization appeared to occur very readily8 Acetone and 

N-phenylhydroxylamine, for instance, yielded an aldol-tyPe dimer34 ; 

n-butyraldehyde and N-phenylhydroxylamine yielded a dimer of the 

same type,. Dimerization with a loss of hydrogen molecule for a 

methylene nitrone is also reported7
., For aliphatic nitrones fOllOW-

132 
ing type of cyclodimerization has been reported recently and 

in some cases the dimers show.n to be the major products. 

09 

Ph-C1!2 -CRO + RNHOH 

a) R = OH3 

b) R = o-
c) R = CH3-o-
Qthe~acti~: 

Fh-CH2 -CH 

1~ 

I 
= N- R 

@ 

:~Qh rOH 

Nitrones behave like carbonyl compounds in wide variety 
61,62,87 

of ,:r-eact ions. They may undergo aldol type of condensations , 

additions to Grignard reagents
7

'
63

' 64 ' 3 '
8

'
65 and hydrogen 

. 8 6 6 67 68 69 70 
cya~de ' ' ' ' ' • Other types of miscellaneous additions 

are also known 7 ' 8 ' 9• 
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Rearrangeme !!i.§.: 

Aldonitrones rearrange to isomeric amides by treatment of 

varie~ of reagents23 , 71- 77 '
68 

E9 
Ph = CH : N - CH3 

~ 
Ph-00-NH -CH3 

78 14 79t80,81,92 
In some cases under heat ' or on being catalysed by acins 

nitrones may rearrange to 0-ethers. 

_......Ph 
= N - 0- OH 

'--](h 

78,82, 83 
Ketonitrones in presence of base may rearrange to aldonitrones 

and such type of rearrangement are also observed during synthesis 
. 79 83 of some n1trones ' • This type of rearrangements are known as 

Behrend Rearrangement. 

Some other transformations of nitro~: 

Irradiation. of ni trones was found to lead to the isomeric 

oxaziranes, which were further found to rearrange thermally to 
84 26 40 . 

the nitrones or photochemically to amides ' ' • On pyro1ys1s 

nitrones were found split into anil, with traces of nitrosobenzene 
" 

and benzophenone85 , 86 , 87 • 
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RCH - NR 1 

\ / 
0 

light or 

heat 
RC0NHR 1 

{C6H5 ) 2c ~ ~ -C 6H5~ (CsH5 ) 2 C: N C6H5 +(06H5 )
2
c = 0 

be . 

Ozonolysis of nitrones is very rapid. Formation of green or blue 

cOlOur indicates nitroso compounds as intermediates and the second 
88,87 

mole or ozone oxidize the nitroso compounds to the nitro compouild. • 

C6H5 CH 

Nitrones generally hydrolyze readily, forming an aLdehyde or a 

ketone80 , 50 and anN-substituted hydroxylamine., Arylnitrones are 

far less susceptible to hydrolysis than alkyl nitrones. 

® 
RR I 0 - NR 11 + H29 ~ RR I co + R11 NHOH 

I 
oe 



-13-

Nitrones upon treatment with either lithium aluminium hydride or 

sodium borohydride yielded the corresponding hydroxylamines, 

. h"gh . ld 89,90,71,3,4 generally ~n ~ y~e s • 

'a 
/ 

® e 
= N- 0 

I 
N- OH 
I 

Treatment of o<: -hexyl-N-benzylni trone with sodium and alcohol 

yielded N-heptyl-N-benzylamine
21

• 

Eexoygenation of nitrones has been accomplished by zinc, 

tin or iron dust, phosphines, sulfur dioxide, sulfur and catalytic 

t . 8,34,36,87 hydrogena ~on • 

1.3 .Q.y_Q].,oaddi ti on~cti.QU§_of nit~§..: 

Nitrones readily undergo 1,3-dipOlar cycloaddition reactions 

with a wide variety of multiple bonds. The ni trone additions are 

comprehensively reviewed in 19645 and 197591 • Nitrones are a system 

of three atoms,- over which are distributed four ['(-electrons as 

in the allyl anion system. The term 111,3-dipole" arose because in 

valence~bond theory such compounds can only be described i~ terms 

of dipolar resonance contributmrs$ 
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And dipolaropbiles are the substrates having at least two 

rr. -electrons and can undergo cycloadditions with the 1,3-dipoles., 

The mechanistic view point will be summarized in the next 

section of the chapter; only the findings dealing with the cyclo-

additions are reviewed here. 

Addition of a nitrone to a carbon-carbon double bong gives 

rise to an 1,2-isoxazolidine, which is usually quite stable. 

I 

>9 
I 

>0 
X 

Unconjugated alkenes appear to react considerably slower than 

conjugated unsaturated systems, as a result of which sometimes 

very drastic conditions are needed with the former. On the other 

hand, with electron-deficient dipolarophiles nitrones react smoothly. 1 

In the addition of an unsymmetrical dipolarophile to ni trone, two 

orientations are possible. The direction of nitrone addition can 

be reversible ~d therefore subject to both thermodynamic and 

kinetic contro193 • For instance, the addition of ethyl acrylate 

to 5,5 dimethyl - A1 - pyrroline N-oxide at room temperature 

yields 100% of one structural isomer but at 100°C 98% yield of the 

other structural iso~er is obtained® 
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Me' 
~/\ + CH2=CH-C00Et Mf'.~~ 

Je foo~ "(t. 

COOEt 

COOEt. 

Consequently, regioselectivity applies to addition under conditions 
94 

of kinetic control. Both steric and electronic factors are impo~~ant 

and in general the more hindered end of the dipolarophile adds to 

the nitrone oxygen atom to give 5-substituted product. However, 

this generalization does not hold good in all oases~ The reversal 

of regiosection has been observed with the nitrones of very low 

ionization potentia1
96 

or with the very electron deficient dipOla

ro~hiles95. In such cases preponderance of the 4-substituted 

isoxazolidines are observed. Table I illustrates how the regio-

selection changes with different dipolarophiles and with nitrones 

of different types. other reported cycloadditions are given in 

the Tables - II, III & IV. 

Only 5-substituted isoxazolidine adducts are formed in 

nitrone additions to·1,1 disubstituted alkanes. Most additions of 

88103 
' 
~ 4 FEB 1985-



TABLE~· -I 
;!.·~~ 

J(~tio of 5-subst,1..tuted:4-s,y.bsti tuted adducts from ni~xpne 

J~Y~loaddi tion~ of eL-eetron-defici en t d.ipolaro t-Jhfles. 
;' 1 ~ . ". ~ < 

~ -~· ··'- .• :~ ... !;~.!- • 

D1 polarophil es: (<;QOMe(CN (N02 ('r"fOOMe. yN 
Ill Jn 

tli trones: 

+ r· 

N 
~+'o- 100:0 100:0 100:0. 70:30 70:30 50:50 

Mt 
Pi I 
~~'o- 100:0 100:0 0:1.00 32:68 42:58 0: t.oo 

oa 100:0 20:.80 0: ltOO 0: ll(}Q· 

.. +'o-
Me 
I 

r~o- 50:.50 . \5:8.5 0:100 0: t,oo 0:100 0:100 

Ph C Me >3- 2,4,6 

~e . 80:20 66 • .6 :33.3 37:63 20:80 
~N-o- ------ ----· + 

Me 
. I 
~~-C-() 

50:50 25:75 0:1.00 0:1.00 -

C>= 1Me 
- 0:100 

N 
+\ o-

'• 



TABLE - II -

Monosubstituted alkene dipolarophiles in nitron~,cycloadditions 

Dipolarophi.les 

;= 
n-But 

...... --... 

Yield(%) 
of adducts 

57 - 100 

64 - 93 

'75 - 100 

. : 93 

65 - 93 

76 

97 

98· 

. 67 

100 

12 

References 

95, lOl,, 1.02,97, 104. 

99,98, 1.oo •. 

93,98. 

93,99 ....... 

93. 

93. 

93· 

93 •. 

93 • 

1:05, 99·· 

1.06. 

106 •. 

. -. 



0 

C_H-~ 
£5 . 

F_ .. 
COOR 

F 
CN 

Yield(%) . ' ') 

of adducts 
i' ~ 1 ' i u ~. ~ . 

'~ . r-,, , 

61 - tOO 

34t -TOO 

75 - 79: 

TABLE • III_ 

·' 

1.06 •. 

95, 93, 107. 1i08, 99,35, 
. 1o9 ~'11~:~·9'8.. · 

93,95, 1!07,97, 109,1 l01,. 

9a, 111,112, 113;·1 14.~, 

....... 

" .. 

· 1,1-disubatitu.ted alkene dipolarophiles_iD Ditrone CJrcl~add:lUOJla.. 

· Dipolarophil es 

==<Me 
. Ph 

Yield(%) 

o:f addu.c.ts. 

90 - tOO 

65 - 86 

?.0 - 85 

J l:}.•·.l 

.; Ref'erene~a 

f,· 

<> •• 

105' 

,., 

1.05 

:~' r; 



TABLE - IV 

Unsymmetrical 1,2-Disubstituted ~lkene Dipolarophiles in 

Nitrone Cycloadditions. 
Dipolarophiles Adducts ... Yields (%) Ref. 

~ -«COOR 
63 -96 93, 98, 99, 100, 

COOR ~ :Me 115. 

p" -a~OOR 70 - 100' 93, 115, 1116. 

'o P COOR 

p~N No:~ 50 - 78 116.-:· 

0 

I o=Q '~~<JJ - 1i 115. 

0 H 

0 -6:> 111.7 •· 

'o 

0 -OJ b 
'117. 

97 

70 - 92 105. 
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trisubstituted alkenes to nitrone yield 4,5,5-trisubstituted 
- ' 

isoxazolidines, but in one reaction of a hindered enamine a 

4,4,5-trisubstituted isoxazolidine is produced
118

• Cycloadditions 

of tetrasubstituted alkenes to nitrones are not common and regio-

selectivity factors are similar to those discussed for unsymmetri

cal 1,2 disubstituted alkenes~ 

1.4 Ster~hemistry of Addition: 

Studies of addition of dimethyl maleate and dimethyl 

fumarate to a variety of nitrones119 , 120 have established stereo

s.pecific ci~ additions by the production of mutually tUlcontaminated, 

:Ciiastereomeric adducts. 

HYCOQMe 

~COO Me 

'oC:l' .. 

This general principle has been cr0n+irmed in many other cases of 

cycloadditions93 , 116, 119 • Cis-trans isomerisms of dipolarophile 

substituents with respect to the nitrone u-substituents has been 
- _____ .:---
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noted in many cases and is caused by the fact that the nitrone 

can approach the dipolarophile from two different sides. Isomer 

ratios ranging from 50:50 to 100:0 have been observed. There is 

good evidence121 that the more favoured transition state is the 

one in which the dipole of the reactants are opposed and that an 

increase in dipole moments increases the stereospecificity and 

vice versa~ 

1&5 Addition to alkynes: 

Acetylenic compounds react smoothly with the nitrones to 

give 4-isoxazolines (2,3-dibydro-1,2-oxazoles, I). But very seldom 

the adduct (I) has been isolated. In major cases some rearranged 

6 
Ill 
c 
I 

-Q 
0 

(J) 

products are found. The instability of the isoxazoline system is 

most plausibly responsible for the rearrangement151 • Depending on 

the nature of substituents a number of different ·rearranged 

products may be formed as shown in Scheme I that the products 



a. -<X 0 

A ..... 

b. 

c. o:~ -N 

.. _}y 
. d: \A 

.,.... 

BASE 

SCHEME- I 

-N~ )r= 

B c ... - "' 

< 

F -
..• 

~N~x ] 6~ 
H 
G F 
"' ""' 

-Ntc 
.H 
"" 



TABLE - V 

,. DIPOLlROPBILBS DIPOLES; .t.DDUCTS flPE 

COOMc 
I • Jt 

Fe 
Ul 
~OOMe 

•!· 'fOOMc 

:."m-
~OOMc_ 

~OO~c. 
ll 
I 

COOMc 

fOOMc 

.UJ 
I 
COOMc 

Alk.YJI.8e 

n " 

·-COOMe 

COOf"t 

=~ M~C 
6-

Me ·~ 
e 

~· .:M COOMe 

. 6- . 
. ~ OOMe 

""~ 'M 
. ' 

Me 
· · COOMe . 

~.M<OO& 
. ":+ 0 ~M 0 Me 

·Me MeOOD Me 
M~e . t.~ 
~+'6 McOOC O c 

J 
Me 

. M~ooxo - Mcoope 

M.OOC ~ McOOC 0 M c 
Me 

D 

102-dilletlcyl bu:r.laidazoh 
1!1-oxid<t, l!10qU1DOl1ne 11-oxide, 

P~atbridine 1!1-oxide, 

0 

A 

'F 

B 

.. 
' \. 

B. 

c 

liEF. 

122, 10!}. 

:;:. 

122, \2}. 

. 12'}. 

1129. 

1}0. 

0 
,, 

. 1}0. 

'12./l, 125, ,· li6. 
12:/. 

1·2?, 128. 
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isolated in different cases are summarized in the Table - v. 
Relatively stable 4-isoxazoline adducts (I) have also been 

prepared from 2-phenylisatogen
123 

and from single nitrones using 

phenylacetylenes131, diphenylacetylenes, cyanoacetylenes
95 

and 

. 132 . ynarn1ne s • 
123 

Benzyne forms stable adducts with simple nitrones , but 

those derived from. heteroaromatic N-oxides cannot be detected and 
124,133 

are postulated to undergo rearrange rent to phenolic derivatives- • 

H 

1--Ph 
Me-N~ +. 

\e 
0 

.,0 
Ph 

~Me-N~ ~OJl) 

Allenes and ketenes also give different products which arise 
37 135,13 6,137 

presumably from rearrangements of the initial adducts • 

Additions to ~bon ~ogen bonds; 
91 Nitrone addition to- O=N bond is not hitherto reported • 

But isocyanates add spontaneously with a wide variety of nitrones 

to afford stable pro::l uct s as reported in Table - VI. 



TABLE - VI 
R3 R2 

R ·x R1 +A + R4 -N=C =O "-N fil ~ R-1 N N-R4 
I 'o~ o-:- 0 . 

' R R2 R3 
,... 

Yield(%) Ref. 

Ph-CH2- Ph- H- 138, 139, 140. 

Ph- Ph- . H- 71 - 1.00 1.41 '. 142., 143. 

Me- Ph- H- 56 - '100 1411' 142, 1143. 

Ph- Ph-CH CH- H- 89 ·7. 

Ph- Ph- Ph- 92. 87. Ho Ph- H- 62 99. 

Alkyl, 
;r-H 

9~ 1·01' ·102, ·1.4,0, .H- H-Aryl. 1.45. 

ll Aryl H- 81 - 83 147. 

Alkyl H- 47 - 91 '- 1.48 •. 
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Similar cycloaddition reactions with isothiocyanates, carbodiimides 

and Aziridini um and Azetidinium salts are also reported and review~! •. 

Other examples of ni trones additions to carbon:-sulphur, carbon

phosphorus and nitrogen-phosphorus multiple bonds are also reviewed 

in the same paper. 

1Q6 1,3-Dipolar cycloadditions -Review from mechanistic point 

of view 

According to Huisgen et al who were the first to recognize 

fully the general concept and scope of 1,3-dipolar cycloadditions, 

a cycloaddi tion 0:f the type 3 -r 2 __, 5 leading to an uncharged 5-

membered ring cannot possibly occur with octet stabilized reactants 

which have no formal charges. Rather, a 1,3-dipole a-b-c, may be 

defined such that atom 1a 1 possesses an electron sextet i~ea an 

incomplete valence shell combined with a formal positive charge, 

and that atom 'c 1 , the negatively charged center, has an unshar~ed 

electron pair. Combination of such a 1,3-dipole with a multiple 

bond system d = e, termed the dipolarophile, is referred to as a 

1,3-dipolar cycloaddition149 ,l50. 

,.......h-....... 
a c 

\d I -e 



-20-

1,3-dipoles can be further stabilized by internal octet stabili-

zation .. 

1,3-dipoles can be classified among two types viz .. with 

double bonds and without double bOnds and are presented in the 

table - VII. 

Table::._VU 

1,3-Diples_ with a dOUble bond~ 

Prop argyl - Allenyl Type 

Nitrilium betaines: 
® e......- ® e.,....... 

-C = N - Q, < > -C:=N- Q., Nitrile ylides 

@ e <t> e 
-c = N - N < ) -o=N ... · N Nitrile imines -"-. _, 
®· @ Ef} e 

-0 = ~ - Ql < ) -O=N - Ql Nitrile oxide 

. Diazonium betaines: 
® e . .,........ 
l! = 11 - Q"........ -(oE-----'!)~ 
® .. e 
N = N - N "'"""~:-----.....::'),.... - - - .......... 
® e 

Diazo alkanes 

Azides 

l! = N - Q --<<--------'!~""" Nitrous oxide . 

1,3 Dipoles without a double bond (Allyl type) 

Nitrogen as central atom 
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® e 
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_J 

Azoxy compounds 

Nitroso compounds 

Carboxyl ylides 

(Carbonyl imines) 

Carboxyl oxides 

(Ni tros o imines) 

(Ni troso oxides) 

Ozone 

The sextet and octet formula of the 1,3-dipoles are represented 

respectively in the left and right side of the double arrows. 

In these 1,3-dipoles the central atom is never a carbon 

atom. If the center 1 b 1 of the 1,3 dipole a-b-c is a carbon func

tion then the internal octet stabilization is prevented by lack 

of an available free electron pair. Such systems are therefore 

extremely reactive and short-livede Examp1es of this type are the 

unsaturated carbenes and azenes. 

1,3-dipolar cycloadditions are concerted reactions iee~ 

both the 6-bonds are formed simultaneously and the reaction 

profile passes through a maxima94 • Such types of single-step 

reactions are sometimes referred as "no-mechanism reactions 11 • A 
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1,3-dipole is always an ambivalent compound, which either displays 

electrophilic and nucleophilic activity in positions 1 and 3., The 

mesomerism of the octet and sextet resonance structures of the 1, 

3-dipole results in charge compensation and charge exchange, res

Pectively which makes it impossible to identify unequivocally an 

electrophilic and nucleophilic centers. In :~o:bh~rwords, the ques

tion whether the cyclic electron shift in Fig. A takes place clock

wise or anticlock-wise is maaninglesse Furthermore, thOugh both 

the CS -bonds are formed simultaneously there is no reason to 

Fig- A 

consider that the bonds at transition state be formed to the· same 

extent. 

The evidencee> in favour of the concerted process
156 

in 1, 

¥> 3-p.ipolar cycloaddition come from their independence of sol vent 

1 •t 153,154 th t• t . f t•' t• 152 po arJ. y e nega J. ve en ropJ.es o ac 1. va J.On , and the 

stereospecificity and regioselectivity
155

• 

Taking nitrile ylides as a model system Huisgen described 

the cycloaddition according to the scheme - II. 
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Scheme _:_II 

1, 3-dipol es 11wi thout a double bond" are already bent in the ground 

stable state, but the 1,3-dipoles 'with a double baRd' i.e. pro-
- . 

pargyl-allenyl types, the linear bend system a-b-c must necessarily 

bend in order to place centres a and c in con~act with the JT -bond 

system of the dipolarophile. Calculations159 show that the resonance 

energy of the 11allyl anion" is not disturbed by the bending. The 

gradual transformation of p-orbitals into sp2 or sp
3 

orbitals of 

the new ~-bonds is accompanied by an interesting change of confi

guration. The nitrogen moves upwards until it reaches the plane of 

the remaining four cente-rs in the adduct. In the course of this 

continuous transitions, the orbital of the lone pair at nitrogen 

attains p-character; the J1 -bond of the product originates from 

this pair of electrons. For 1,3 dipoles 11 wi thout a double bond" 
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the nitrogen atom at the transition state needs not be shifted to 

the plane of the remaining four atoms and rather will shift in such 

a way that the product conformation at ground state can be achieved. 

R.A. Firestone160 , 161 , 162 has observed some discrepancies 

in the mec:b.anism proposed by Huisgen et al and proposed an alter

native two-step mechanism for the 1,3 dipolar cycloadditions 

(Scheme - III'). 

Scheme...=_lii 

"" /0) /b" b 
a + ·I "d a a· 
c ex I . OP ·c-! c- c 

\ I 
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I 2 _.... ....... 

J 
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b 
/ ~d /~ 

b 
a./ ~-

al I , I 
/ "'d c-c c-c 

:a I I \ I 
X X 

/c"- /c".. 
•C X X c 3 4 ....... 

5 6 ...,... "" 

.e ® -·a=b=c-
1 

8 c ...,.. 
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Firestone has considered three principal cannonical forms of a 

tyuical 1,3 dipole (A, Band C in Scheme III). These are all 
.... ,_., -....I -

octet structures which have the same nnmber of bonding electrons. 

All othe~ .forms, such as sextet structures, have fewer bonding elec-

trons and are therefore discounted. Form C is drawn according to 
"' 

Linnett's method and is quantum-mechanically equivalent to A~ B • 

Since the dipole moments of most 1,3 dipoles are small compared to 

the theoretical values for full charge separation, he has stressed 

that the expression 1 C 1 may uwally be accepted as the principal 

representation o.f the 1,3 dipole. 

He also considered all the modes of addition of the dipole 

and dipolarophile and selected two possible regioisomeric products 

1£1 and 'i' respectively. Diradicals 15' and 1 6' are thought to 

be less important because they do not utilize the radical-stabili-

zing power o.f the substituent 'X'. For any individual 1,3-dipole, 

a preference for either '1' or '&' is expected, andtthis preference 

should be the same whether the substituent 'X' in the dipolarophile 

is electron-attracting or electron-releasing and expectedly this 

preference will govern the regioselection of the additionse 

For the two step process the first step is the rate 

determining step and the activation energies for both advance and 

retrograde motion along the reaction co-ordinate (Fige C) from the 

intermediate is very small, smaller in fact than that for rotation 

around a single bond. 
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Fig. C 

Reaction Co-ordinate ~ 

B - Reaction profile for concerted reaction 

A - Reaction ~rofile for tbe two-stepped process 

Firestone thinks that when the dipolarophile bears a substituent 

with appreciable conjugation energy, which is lost in the transi

tion state in concerted process and this wotud retard the reaction 

relative to one with unsubstituted dipolarophile. But the fact 

is that all substituents in the dipolarophile strongly accelerate 

1,3-dipolar cycloadditions. 

Further, a number of 1,3-dipoles react with acetylenes to 

produce aromatic systems directly e.g. nitrile imine nitrile oxides 

and azides. In a concerted reaction, a portion of this aromatic 

stabilization should exist in the transition state on this basis. 
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Firestone formulated a planner transition state as Scheme- IV. 

Scheme - IV 

, ~v ~v , 
.. R---C-C-R 

0~ Q~ 

The orbitals marked with asterisks constitute the developing 

aromatic Ji -cl au d. 

Although the observed fact of low activation energy for 

the 1,3-dipolar cycloaddition seems to contradict two step process 

Firestone explained this on the basis of bond energy calculations 

that actually the energy difference for the two process is very 

low$ He tried to rationalize all other general characteristics of 

these types of reactions. 
155,162 

But Huisgen strongly refuted the above diradical 

mechanism. He argued that the greatest obstacle for the assumption 
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of a diradical intermediate is the stereospecificity observed in 

the cycloadditions of the 1,3-dipole with~ and i~ 

dipolarophiles; energy calculations of diradical intermediates 

are not adequate and planner transition state as proposed-by 

Firestone is not in accord with the Woodward-Hoffmann ruleso Lots 

of other discrepancies had also been pointed out by Huisgen in the 

~~restones model of 1,3-dipolar cycloadditions and he ultimately 

concluded that all mechanistic criteria underline the superiority 

of the concerted mechanism over the diradical hypothesis. 

Houk et a1164 pointed out that mechanistic investigations 

have shown that cycloadditions of 1,3 dipoles to alkenes are 

stereospecifically suprafacial; solvent polarity has little effect 

on reaction rates, and small activation enthalpies and large nega

tive activation entropies are generally found. These facts, along 

with reactivity and regioselectivity phenomenon, have been consi

dered totally compatible only with a concerted five-center mecba-

nism. Orbital symmetry considerations have provided permissive, 

though not obligatory, theoretical evidence for the concert-ed 

mechanism, and the observation of !..- [14s +JT6 5 J' but not L !l4s + 

.n4s J cycloadditions of 1,3 dipoles to trienes has provided further 

evidence for the concerted mechanism165 • But the experimentally 

observed regioselectivity of most 1,3-dipolar cycloadditions has 

been the most difficult phenomenon to explaino Houk et al solved 
- - ---

this vexing problem with the use of generalised frontier orbitals 
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of 1,3 dipoles and dipolarophiles within the framework of qualita-

tive perturbation molecular orbital theory~ 

Qualitative orbital energies and coefficients are of great 

importance here. For this purpose frontier orbitals of representa

tive alkenes are shown in Table - VIII and IX. In each figure, the 

-ve of ihe ionization potential of the alkene is given under the 

horizontal line for the HOMO, (highest occupied molecular orbital) 

and the -ve of the electron affinity is given under the LUMO 

(lowest unoccupied molecular orbital) level. The units are ev. 

The .AO (atomic orbital' coefficients for the frontier MO' s are 

also given. For the electron-rich alkenes (Table - VIII), the 

trend of decreasing HOMO coefficients as the IP decreases results 

from greater admixture of substituent orbitQls with the ethylene 

r-orbital as the grOup becomes a greater donor. The conjugated 

alkenes (Table- IX) raise HOMO's and lower LUMO's as compared to 

ethylene. The frontier MO's of some 1,3-dipoles (Table -X) show 

relatively small gap in their HOMO - LUMO level and therefore their 

reactivities are quite hi~. Houk et al further proposed that bend

ing of either terminus can reverse these generalization166 • 

Now, whether an 1,3-dipolar cycloaddition to be allowed or 

forbidden may be judged according to the symmetry properties of the 

HOMO and LUMO orbitals of the diene and the dipolarophiles as 

proposed in Woodward-Hoffmann rule. And the allowed processes can 
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TABLE - VIII. 

The· f,rontie"lf-" MO' s of electron-rich· alltenes •. 

U*'"0•7J,-71 
L IYI +1'5 

·~I 

'67,-54 
-+5 

'44,'30 
-10'15 

"67, .:.ss 
+1"8 

"6h ·ss 
-9'88 

TABLE - IX. 

'66;-72 
+io 

"61;39 
..:.gas 

·63/48 
.:... 1'0· 
'34, .,, 
-8"45 

·5o,a5o 
-8 

; -The:, r~ontier MO' s o.r el.ectNn-de.f'ici.ent and conjugated alkenas. i 

~· 
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. "43, "33 4 "57, "41 
'60, "49 H,OM0_1(572 "62. "60 -9"03 - -ld92 . ..--11"4 

PABLE - X •. 

. --
The f.ron ti e:r MO ' s; o.f 1 ,3-dipo.les. 

+ -N= N-CH2 

. :502 .!.70,-51 
-+'2 

"61, ..:13;78 
-8"99 

+ H-e== N-O 

·6~-=67,~30 

-o 

·ss. "21,..:so 
-105 . 

t 
~N,o-+ 

'58f67.411 
...:s 

69, "15,!.70 
-8"64 

'48f35 
+0'8.·-

"49, "J2 
-8"48 

+ 
~o, --

. 0 0 

-~53.-~ 672 53 
... -2 

"71, Q, 71 
-13'02 
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167' 168 
be of three types (Fig& D) as proposed by Sustmann • 

Fig .. D 

LUMO 

/ \ 
+ * + + HOMO 

-4t- + 
A B A B A 8 

HOMO HOMO-LUMO LUMO 

169 
Houk et al have treated all common 1,3-dipoles according to this 

simple model and have shown that the predictions nicely explain the 

experimental results. 
+ -

The nitrile ylides (R-_C =N - CR2 ), diazoalkanes (R2o -

N- N)' and azomethine yl;i.des (R2c= N (R)- cR2) are HOMO

controlled 1,3-dipoles, reacting fastest with alkenes having one 

or more electron withdrawing substituents. The nitrile imines 

(RO=.N- NR), azides (RN- if_N), and azomethine imines (R2c = 

N (R)-NR) are HOMO-LUMO controlled reagents, reacting rapidly with 

both electrorri?ic~ and electron-deficient dipolarophiles. The nitrile 

oxides (R-0 = N - ~) and nitrones are also HOMO-LUMO-cont:Volled 

1,3-dipoles, but these species are skewed toward the LUMO controlled 

side. Finally, species with several electronegative atoms are DJMO-
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controlled e@g. nitrous oxide, zone etc. 

Nicety of Hauk's model lies specially in its general 

.a:pplicabil i ty in the problem of regios election. Fig. E summarizes 

the frontier MO's of monosubstituted alkenes and 1 and 2 substituted 

dienes. In the case of a donor or conjugatively substituted diene 

and acceptor substituent at the·1-position of a diene or alkene 

will enlarge the remote coefficient in the HOMO, ~nile an acceptor 

group at the 1-posi tion of a diene or on an alkene will enlarge the 

coefficient at the most remote position in the LUMO. In the case 

of donor diene and acceptor alkene, the diene HOMO-dieno:phile-LUMO 

interaction will be the largest when the transition state involves 

bond formation leading to the 'ortho' or (Z) adduct (Z-regioselecti

vity is said to have occurred for a cycloaddition reaction when 

the termini of larger Oahn Ingold-Prelong priorities will unite 

together in the :product). This is because the stabilization energy 

will be larger when the larger terminal coefficients of the two 

interacting orbitals overlap, which gives a larger net overlap and 

thus larger transition state stabilization than if a large coeffi

cient on one orbital interacts with a small coefficient on the 

second at both bond-forming centers. 
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Fig., E 

s" 

LUMO-- ( 

HOMO+ 

~Eoc L2+ S2 is better than 
C 

..... ~ 

., .. ,__} 

L - larger coefficients at the concerning 0-atoms 

S = smaller coefficients 11 11 II II 

Calculations on all of the common parent and a number of substi

tuted 1,3-dipoles have led to the generalizations about the fron

tier orbitals of 1,3-dipoles (Fig., F). The HOMO's of the 1,3-

dipolar systems generally have the larger terminal coefficient at 

the opposite terminus X. The HOMO's and LUM0 1 s of the 1,3-dipoles 
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are qualitatively similar to those of an allyl anion but are dis

torted in unsymmetrical systems. The greatest differences in termi

nal coefficients occur when the two termini differ greatly in 

electronegativi ty .. 

Fig. F 

~ Q ~ LUMO 

x-v-z--
0 ~ [J LUMO 

Q Q ' x-· -Y-Z 1t. 
~ ~ 6 HOMO 

The interaction of the dipole LUMO with dipolarophile HOMO favours 

formation of the product with the substituent on carbon adjanent 

to Z, while the opposite 'frontier orbital interaction favours the 

opposite regioisomersQ 

Nitrile oxide and nitrones react to give mainly the S-

substituted products with weakly electron-deficient alkenes such 

as acrylonitrile and acrylate. The HOMO's and LUMO' s of these 

weakly electron-deficient alkenes both interact fairly strongly with 
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the LUMO's of the nitrile oxides or nitrones, so that orientation 

is influenced by both interactions. The experimental results show 

that the dipole-LUMO-dipolarophile-HOMO interactions are of more 

influence on regioselectivitye Houk et al has studied a number of 

such reactions with different nitrones24 ' 95 ' 96 and has shown that 

all of them are in accordance to the predicted results~ 




