CHAPTER - I

Review of the Chemistry of nitrones

The term nitrone was coined from nitrogen ketone(§20methine
oxidg, in order to keep its resemblance t0 the carbonyl group in

. 1
ite several reactions™.

N ®_R
/c = N o
0

The nitrones were known since 1887. The nomenclature employed

by chemical abstract is as follows:

of,N diphenyl nitrone
d-phenyl— of = (p-tolyl)-N-methylnitrone.

The cyclic nitrones are named according to the parent heterocyclic
gtructure, e€.8., 2,4 dimethyl-lf -pyrolidine N-oxides,
Zg—tetrahydrOpyridine N—oxide etce. Of late nitrones have also been
named as C-cyclopropyl N-methyl nitrone, C,C-dicyclopropyl-N-
methylnitrone 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 o-phenyl- o —(p=

2, The configuration of the isomers were

tolyl)-l-methyl nitrone
established by dipole moment studiest. It has, 2180 been established

that aldonitrones exist in stable trans forms and this has been
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confirmed by uv, nmr and ir dataz. The only example of the existence
of both the geometric isomers in an aldonitrone is known for
d-phenyl—N—t—butylnitrone4. Thereforé in such cases where geometric

isomerisms are possible B/7Z system of nomenclature may be introduced.

1.1 Syntheses of nitrones:

The chemistry of nitrones along with their synthesbs were

1
reviewed in 1938 and 19645. The general methods of their syntheses

are briefly discussed here.

(A) By the method of oxidation of N,N-disubstituted hydroxylamines:

[o] _ e
R —0N-— CHR'R" ——= R-N = CR'R"+H,0
| |
Ol o®

Both cyclic and acylic nitrones were prepared in this method and

varied number of oxidizing agents were used, e.g. molecular

11,3,12,13,14
H

oxygen6’798’9’10, yellow mercuric oxide footivel

16,7,13,11 potassium permanga-

17,18

lead oxide15, potassium ferricyanide
natels, t-butyl hydrOperOxidel9 and hydrogen peroxide
Some other oxydative methods are 2lso known e.ge
qiamminosilver nitrate was used as the reagent for the preparation
of ¢£—s#yryi d ~benzyl-N~phenylnitrone from the corresponding
hydroxylamine7 and the formation of nitrone "salt" was reported

from the reaction between p-benzoguinone and 1l-hydroxy piperidinezo.
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B. From oximes:

Od)— z® )

AlRylation of oximes afford nitrones along with oxime

ethers. These methods were reviewedl.

~ - ~ ~. @
/C.: NOH + XR -——f/c = NOR-t/G = T - R+HX
¢®

Lithium, sodium, potassium or trimethylammonium oxime salts did

not show g significant difference in the product ratio of oxime

ether to nitrone. Electron-withdrawing groups in p, p'=disubstituted

benzephenone‘oxime salts markedly promoted the formation of nitrones,

while electron donating groups favoured oxime ether formgtion. 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 1arger gize, oxime ether formgtion.
Heptanal. oxime when treated with benzyl chloride in a

solution of ethanol and sodium ethoxide yielded 77% of o =hexyl-N-
benzylnitrone21. Dimethyl sulfate was employed in the alkylation




2,23
of various ketoximes2 L

Recently C, C-dicyclopropyl-N-methylnitrone has been
24
synthesized by this method .

ié;;::>==hk::bdel J%ﬁ%?*éé;;::>==hkk;r-i§§§:>>=zﬁ53

Co From N-substituted hydroxylamines

" + Hy0

-

~

®
R-NHOH +R'R"C = 0 —> R - N = C
R
|
2

This reaction proceeds smoothly and in high yields when R is

an allyl or aryl group and if R' and.R" are of small size. When
R' and R" are bulky groups the reaction does not proceed to any
extentgs.

This method is treated as one of the best methods for the
preparation of gldonitrones. N-phenylhydroxylamine has been treated
with a variety of aldehydes and ketones. With n-butyraldehyde 80%
yield of <f—pr0pyl-N—phemy1 nitrone was obtainedl6. With benzgl-

dehyde a 90% yield of the nitrone” 0?27

nitrobenzaldehyde good yieldszs, with p-N, N-dimethylaninobenzal-

dehyde a 79% yie1d29 and good yields with other substituted
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benzaldehydeszo were glso reported. N-phenyl hy droxylamine and

formaldehyde appear to form N-phenylnitrone which in situ undergoes
an intermolecular 1,3 addition following by the loss of hydrogen

and the formation of a dinitrone7.

Ph

Ph = CHZ—————a- Ph - N - CHgs - CH =

® ®
- N N -

| l |
o OH ot

@
—— Ph =N = (CH - CH = Ph

l
°

®
N -
®
A similar 231 product was observed in the reaction between N-
phenylhydroxylamine and d—brOmocrotanaldehydev. A number of
sengitive nitrones have been prepared by this method and have
been trapped in situo 132, The bisulfite addition compounds of
aldehyde and ketones may be used instead of the aldehydes or
ketonesss. Five-membered cyclic nitrones have been prepared in
yields ranging from 50-80% by reductive cyelization of <Y-nitro
34,35,36

ketones or Y-nitronitriles by employing zinc dust and

agqueous gmmonium chloride.

D. Prom oxaxiranes

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

workers in yields ranging from 50-100%
R <
)

R

| HoOp BR.P - Y

Ph - G = NR' —> ¢—wr* — C =@
/ / :
Ph Ph

Therma]l isomerizations of oxiranes other than 3-phenyl oxiranes

did not lead to nitrones but to various rearranged products,

mainly amides.

This method is not a general method for the preparation of

nitrones since the Oxaziranes are preparéd either by the photo-

chemical isomerization of nitrones or by the reaction between
imines and hydrogen peroxide and moreover some Other rearranged

products are frequently encountered.

E. FProm gromgtic nitroso compounds i

Aromgtic nitrogo compounds react with a variety of compounds

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

nitroso compounds, the products often are a mixture of anils and

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

amounts of base such as pyridine, piperidine, snd sodium carbonate.

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

o
Base ArtNO |
AJ:'CH3 —_— AI'CHZ —_— AI‘CHZ - N - Ar' — 5
H 0
| ArCH = N-ar'+ H
ATCHy - N - Ar' ?
0@ 09

2AT'NO | |
ArCH = NAr'— Ar'N = NAr'+Ho0
® @

Such type of reactions are also known with lepidine N-oxide ,
. . . 48 , )

guinaldine N-Oxn.de4 y49 and 2- and 4—picolin342’45.

The nitrones uncontaminated with the anils may be prepared

by Kroehnke reaction (reviewed®©?9% by Kroehnke in 1953 and in

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

of base reacts with pyridinium salts to give nitrones.

@/ \ _ Base ®
.AI'CHg — N K W ArCH = B{AI""HX + DBase

¢®
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Quinolinium or isoguinolinium salts have been employed occasionally.
The pyridinium salts may be prepared by reaction between a

compound containing active methylene group with pyridine and

51’529 This is known as King reaction.

jiodine
, ’ .-
o (e =G, e
N N (3H2/

N™ CHy

The King reaction is specially helpful for preparing pyridinium
salts of methyl-substituted heterocyclic aromatic compounds,
h-methyl ketones®® et

Aromatic nitrogo compounds react with benzyl derivatives

such as benzyl chloride®®?9° 56 4nd similar’
57,568,569 . ) .
compounds in presence of some suitable base to give nitrone.

etec and fluorene

Lots of other compounds like diazo compounds, sulfur

ylides, Alkenes and Alkynes can react with aromatic nitroso
compounds to produce nitrones5@ Some other miscellaneous methods

5)

for the preparation of nitrones has also been reviewed“™. Recently

it has been reported that the palladium catalyzed reaction of N,
N-disubstituted and N-substituted hydroxylamines give the corres-
ponding nitrones and azoxy compounds highly efficiently. The former
reactions are performed in the presence of alkenes to give the

cycloadductseo
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» ) Pd black ROH
2 80° ~110°C |
CH

1.2 Reactions of nitrone

The major reactions of nitrones gre their cycloadditions

with a wide variety'of multiple bonds. Due t0 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 Macaluso®.

Dimerizgtion:

4 Nitrones are sometimes very susceptible to dimerisation
e.ge N-hydroxypiperidine did not give the expected cyclic nitrone;

0 .
only the dimerl or trlmer11 was isolated. The corresponding five—
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membered cyclic nitrones were found to be monomericB. For aliphatic
nitrones dimerization appeared t0 Occur very readily. Acetone and
N-phenylhydroxylamine, for instance; yielded an aldol-type dimer34;
n-butyraldehyde and N-phenylhydroxylamine yielded a dimer 5f the
same types. Dimerization with a loss of hydrogen molecule for a
methylene nitrone is also reported7o FPor aliphatic nitrones foll ow-
ing type of cyclodimerization has been reported132 recently and

in some cases the dimers shown to be the major products.

69

~HgO l
Ph-CHy ~CHO+ RNHOH — > Ph-CHy —CH = I-=R

!

Ph—CHy Ph

a) R = OHB

b) R

c)R=m3@

Other reactions:

:

_OH

R——hk\ N
;

Nitrones behave like carbonyl compounds in wide variety

) 61,62,87
of reactions. They may undergo aldol type of condensationg ’

additions to Grignard reagents7’63’64’3’8’65

8,66,67,68, 69,70

and hydrogen

cyanide Other types of miscellaneous additions

are also known7’8’9.
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Regrrangementss
Aldonitrones rearrange to isomeric amides by treatment of

25,71-77,68 )]

variety of reagents

Ph = CH CHz — Ph-CO-NH -CHgz

&
:I}T-
¢

79,80,81,92

In some cases under heat78’14 or on being catalysed by acids

nitrones may rearrange to O-ethers.

Ph
Ph S Ph _Ph
~c-% - S ;C=N—O—GH/
Ph”" l ~Pph Ph ~Ph
o°
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 nitrones . This type of rearrangements are known as

Behrend Rearrangement.

Some other transformations of nitrones:?

Irradiation. of nitrones was found to lead to the isomeric

oxaziranes, which were further found to rearrange thermally to

84,2 .
the nitrones or photochemically t0 amides % 6’40- On pyrolysis

nitrones were found split in@p anil, with traces of nitrosobenzene

and benzoPhenone85’86’87.
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Photolysis

¥ LI - —2 T poommm
— ] - _—_——T-
ROE = ﬁR heat \ / heat
o® 0
Pyrolysis

. <) A
(Cglg) ol = l\lT ~Cgly —> (Cglg)y C = N 06H5+(06H5)2G =0
e .
0

+ CgH5NO + O,

Ozonolysis of nitrones is very rapid. Formation of green or blue
colour indicates nitroso compounds as intermedigtes and the second

88,87
mole or ozone oxidize the nitroso compounds to the nitro compouﬂd .

®
C@gCH = 1\113 + 03 —> CgHsCHO +RNO + O,
0@

Nitrones generally hydrolyze readily, forming an sldehyde or g
keton980’5o and an N-substituted hydroxylamine. Arylnitrones are

far less susceptible to hydrolysis than alkyl nitrones.

@
RR'C = NR" + Ho0 —> RR'CO + R"NHOH

I
0®
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Nitrones upon treatment with either lithium aluminium hydride or

sodium borohydride yielded the corresponding hydroxylamines,

generally in high yie1d389’90’71’5’4.
~ ® TiAlH G
C = N— 63 —————fh% CH - N - OH
- l ~

Treatment of o€ -hexyl-N-benzylnitrone with sodium and alcohol
yielded N—heptyl—N—benzylamine21.

BDexoygengtion of nitrones has been accomplished by zinc,
tin or iron dust, phosphines, sulfur dioxide, sulfur and catalytic

hydrOgenationS’34’56’87.

Nitrones readily undergo 1l,56-dipolar cyclogddition reactions
with a wide variety of multiple bonds. The nitrone additions are

comprehensively reviewed in 19645 and 197591

. Nitrones are a system
of three atoms;.over which are distributed four ms-electrons as

in the allyllanion.system. The term "1,3-dipole" arose because in
valence-bond theory such compounds can only be described in terms

of dipolar resonance contributdrs.
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And dipolarophiles are the substrates having at least two
n—eieotrons and can undergo cycloadditions with the 1,5-dipolese.
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.

| | 1 1
Yg‘\oe | | |
+ —_— N \o § N\ o) |

X

Unconjugated alkenes appear t0 react considerably slower than
conjugated unsaturated systems, as g result of which sometimes
very drastic conditions are needed with the former. On the other

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

orientations are possible. The direction of nitrone addition can

|
|
|
In the addition of gn unsymmetrical dipolarophile to nitrone, two !
|
be reversible and therefore subject to both thermodynamic and

kinetic oontrolgz. For instaﬁce, the addition of ethyl acrylate
i |
to 5,5 dimethyl - Al - pyrroline N-oxide at room temperature
yields 100% of one structural isomer but at 100°C 98% yield of the |
- . l

other structural isomer is obtaineds.
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Me
><—@_> +  CHy=CH—COOEt
Me N7

lo

0 /oo"c \T.t. :

M Me
Me N Me' °N COOE$
0 0

, COOEt

Conseéuenxly, regioselectivity applies to addition under conditions
of kinetic control. Both steric and electronic factors are imegtai%
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 gll cases. The reversal
of regiosection has been observed with the nitrones of very low
ionizgtion potentia196 or with the very electron deficient dipola-
roPhilesg5. In such cases preponderance of the 4-substituted
isoxgzolidines are obseryed. Table I illustfates how the regio-
selection changes with different dipolarophiles and with nitrones
of different types. Other reported cycloadditions are given in

the ’.@Le_s - II, III & IV.

Only S5-substituted isoxazolidine adducts are formed in

nitrone additions to 1,1 disubstituted alkenes. Most additions of

Q0 : 3}
58103 83‘;‘““;

T4 FEB 1985




IABLE- -1

Ratio of S5-substituted:4-substituted adducts from nitrone
cycloadditions of elrectron-deficient dipolarophiles.

-

Dipolarophiles: ﬂ/COOMe ﬂ/CN ﬂ/NO “/sgPhCOOMe ?N

i

Nitrones:
+ ' - | .
A 100:0  100:0  100:0. 70:30 70:30  50:50
Me

pi | ,_ |

S NNo- 100:0 ~ 100:0 0:100  32:68 42:58  0:100
@;\\ . 100:0 20:80 @ - - 0:100  0:100
i N\

hllle . L

l/_’rj\o_- 50:50 15:85 0:100 0:100 0:100  0:100

Ph CMe)a 24,6

: 80:20 66.6:33.3
AVN__O L

' I 50:50 25:75 - 0:100 0:100 -
§>¢E'—°~ o | |

0:100 - -

- 37:63 20:80 -




Monosubstituted alkene dipolarophiles in nitrone. cycloadditions

Dipolarophiles

-

=

n

w

ut

/F==
- C
/F==

n-Am

/:

CH,CI

/=

CH,00CCH,

b—( o
A
F
.(CHzapOOCH3
=
(CHQecooqys

u s

,OH

o=

TABLE -~ II -

»

Yield(%)
of adducts

57 - 100
64 - 93

75 - 100

65 - 93 !
2%

97

%8

67

100

12

References

95, 101,102,97, 104,
99,98, 100..

93,98.
93. 990 -

93.
’97’980

95,
93.
93.
93.

105,99+
106.

106..




Dipolarophiles Yield(%) ‘R0£%r£pces
o of adducts ”':'

- = - 50 | _106..
=/ F

/_—_- 61 -100 9593, 107, 108,99, 35,
: , 1109, 110, 98.
COOR | T
| - |
Van ) 34 =100 93,95, 107, 97,109, 110,
" CN . .' w48 N na,n},mm
75 - 79 o 104, 109, 1 V.. .
" Buk=n 5 | )
/.
TABLE = III ‘ ¢
1, l-disubstituted alkene dipolaraphiles 1n nitrone cycloaddition‘¢'
‘Dipolarophiles S Yield(%) : ~© ' .References

. _ aof adducts. . S :
- Me ' , o . :
=<t . . ~ 90 - 100 . 93,45,
OOMe . . o ' . e .
<Ph-- . e5-8 105
. Ph . - - =t
70 - 8 ' 105 -
: =<Mc %0 -85 . 5

. Ph



TABLE - IV

Unsymmetrical 1,2-Disubstituted Alkene Dipolarophiles in

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

Me COOR |
\=\ —N 63 -96 93, 98, 99, 100,
COOR o Me

115.

P'Q. —_ 70 - 100 93, 115, 116.

116¢:
1%1‘5-

117
117.

Ilf'?o T

105,
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trisubstituted alkenes to nitrone yield 4,5,5—trisubstituted

isoxgzolidines, but in one reaction of a hindered enamine a

4,4,5-trisubstituted isoxazolidine is producedlls. jSloadditions
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 e4 Stereochemistry of Addition:

Studies of addition of dimethyl maleate and dimethyl

fumarate to a variety of nitronesllg’120 have established stereo-
specific cig additions by the production of mutually uncontaminated,

diastereomeric adducts.
MeOOGC H
,
H COOMe
H COOMe
D
COOMe _

‘e

This general principle has been\éonfirmed in many other cases of
95,116,119. Cis

cycloadditions -trans isomerisms of dipolarophile

substitue

nts with respect to the nitrone o-substituents has been

e —_——— —Z- —— e
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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 50i50 to 10030 have been observed. There is
good evidencelzl 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 wversa.

1.5 Addition to alkynes:i
Acetylenic compounds react smoothly with the nitrones to

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

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

products are found. The instability of the isoxazoline system is
most plausibly responsible for the rearrangementl5lo Depending on
the nature of substituents a number of different ‘rearranged

products may be formed as shown in Scheme I that the products
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TABLE = V

“*  DIPOLAROPHILES DIPOLES ADDUCTS TIPE BEr,

COOMe . .

L. s.s-ainyaro seoquinoline ¢ 122, W23
| K-oxtde, ; .
_H ¢

h

COOEL

[0

s 29

0" CooMe
00Me l 129,
F
TOO'_ACI Me Me
] ’ . ‘
| . Me0OC e 130,
coome © dec © cOOME o it o
. ECh] : ¢ "

goome - .

u " Me Me00 Me
{ Me - A
cooMe o o 0 e ;

MeQOC ;
)
|
. Me -
MeooC O Me 00! e
B
Me00C MeQQC O .
Me
]
1;2-diaethyl benziaidezole © 124, 125, 1126,
Alkydes M-oxide, Inoquinoline N-oxide, [ N 127.

Phatathridine N-oxide, 127, 128,
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isolated in different cases are summarized in the Table - Ve
Relatively stable 4-isoxazoline adducts (I) have also been

3 .
and from single nitrones using

2
prepared from 2-phenylisatogen?
51, diphenylacetylenes, cyanoacetylenes 5 and

phenylacetylenesl

3
Benzyne forms stable adducts with simple nitrones sy but

those derived from hebteroaromgtic N-oxides cannot be detected and
: : 124,133
are postulated t0 undergo rearrangement to phenclic derivatives .

H Ph

J I
Me— N® + I@ —— Me—N

\ P . o

Allenes and ketenes glso give different products which arise
37,135,136,137

presumably from rearrangements of the initial adducts

Additions to_carbon nitrogen bonds:
Nitrone gddition to ~ C=N bond is not hitherto reported .

But isocyanates add spontaneously with a wide variety of nitrones

to afford stable products as reported in Table - VI.

‘i



TABLE -~ VI

R
[+
R\T 2 +RY—N=c=0 — gbN" N—r*
O—

' 0

R R, . Ry - Yield(%) Ref.
Ph~CH,~ Ph- H- L. 138, 139, 140.
Ph- Ph~ - B~ 71 - 100 w1, 142, 143.
Me- Ph- He 56 - 100 141, 142, 143,
Ph- Ph-CH CH- H- .89 ' - 7.
Ph- oPh- TP .92 87.
Ph- HN H- 62 99.

H
Alkyl 0 o1 -
Aryl.’ H- H- 98) . 101, {Zgz 140,

@/ Aryl H- 81 - 83 | 147,

Alkyl " He 47 - 91 . M8,
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Similar cycloaddition reactions With-isothiOCyanates, carbodiimides
and Aziridinium and Azetidinium salts are also reported and reviewg& -
Other examples of nitrones additions to carbon-sulphur, carbon-
phosphorus and nitrogen-phosphorus multiple bonds are also reviewed

in the same paper.

1.6 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 cycloaddition of the type 3+ 2 — 5 leading t0 an uncharged 5-
membered ring cannot possibly occur with octet stabilized reactants
which have no formal charges. Rather, a 1,5-dipole a-b-c, may be
defined such that atom ‘'a' possesses an electron sextet i.es. an
incomplete valence shell combined with a formal positive charge,
and that atom 'c', the negatively charged center, has an ungharZed
electron pair. Combination of such a 1,3-dipole with a multiple
bond system d = e, termed the dipOiarOphile, is referred to as a

1,3-dipolar cycloadditiont®22190,

b b

d=e d—e
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1,3-dipoles can be further stabilized by internal octet stabili-
zabione

» 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-— VII_

1,5-Diples with a double bond.

Propargyl - Allenyl Type
Nitrilium betainegs
@ Q.- @ O
-C =N - g\ ~—> -C=EN - G, DNitrile ylides
@ Q @ 9
~C = N - N > —-C=EN = N Nitrile imines
® . 9. © @
-C=}§-0 ~— -CZN - O Nitrile oxide
_ Digzonium betaines:
® Q- ® Q_-
N=xy-06 — NZN - _Q\ Diazo alkanes
® - e ®@ Q@
N=y - N <~ N=N - N Azides
® Q ® @
N=N-0 -~ NZN - O Nitrous oxide

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

Nitrogen as central atom

_C - BIT - G —_~— _C = N-¢C Azomethine ylides
@® _ 9 —_ ® @
_C - 1lW - N -~ U =N - N— Azomethine imines
® - e ~ ® Q
_C - I}T: gl > /G = 1l\T - O Nitrones

®@ . @ : '

-N - N - N— <> ~-N :®l\lI - %—- (Azimines)
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® _ @ ' ®@ 9
~N -N -0 - -N = N - O Azoxy compounds
® <) el -9
0! - 0 =Nx-0 Nitroso compounds
I

Oxygen as central atom

® _ © ®@ 0 ‘
Ne -5 -g” -~ >0 = 0 - 6 Carboxyl ylides
f:@ e ~ @ o> ;

¢ -0-1H —~ C=0-FX (Carbonyl imines)
@ . © 9 o

¢C-0-20 5 C=0-~-0 Carboxyl oxides
" ® e - ® ©

N - 0 - F ~— -§ =0 -N_ (Nitroso imines)

® _ @ e oo

-y -0-0 e -N =0 -0 (Nitroso oxides)

®@ _ @9 ® @

0-0-0 ‘- 0=0-0 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 'b' of the 1,3 dipole a-b-c is a carbon func-
tion then the‘internal octet stabilization is prevented by lack
of an avalilable free electron pair. Such systems are therefore
extremely reactive and short-lived. Examples 0of this type are the
unsaturated carbenes and azenes.

1,3-dipolar cycloadditions are concerted reactions i.e.
both the ¢ -bonds are formed simultaneously and the reaction
profile passes through a maxima94- Such types of single-step

regctions are sometimes referred as "no-mechanism reactions"., 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 otherwords, the gques-
tion whether the cyclic electron shift in Fig. A takes place clock-
wise or anticloeck-wise is meaningless. Furthermore, though both

the G‘—bonds'are formed simultaneously there is no reason to

b b
A e
— —e

Fig— A
consider that the bonds at transition state be formed t0 the same

extent.
. . 166 .
The evidencesin favour of the concerted process in 1,

3-gipolar cycloaddition come from their independence of solvent

153,154 the negative entropies of activation;52, and the

5
stereospecificity and regioselectivityl 5.

polarity

Tgking nitrile ylides as a model system Huisgen described

the cyelogddition according to the scheme - IT1.
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Scheme - I1I
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1,3-3ipoles "without a double bond" are already bent in the ground
stable state, but the 1,3-dipoles fwith a double bond' 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 contact with the i -bond
system of the dipolarophile. Calculationsl59 show that the resonance
energy of the "allyl anion'" is not disturbed by the bending. The
gradual transformgtion of p-orbitals into Sp2 or sp3 orbitals of
the new o-bonds is accompanied by an interesting change of confi-
guration. The nitrogen moves upwards until it reaches the plane of
the remagining four centers ih the adduct. In the course of this
continuous transitions, the brbital of the lone palir at nitrogen
attains p-character; the n=bond of the product originagtes from

this pair of electrons. For 1,3 dipoles "without a double bond"
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thé nitrogen atom at fhe transition state needs not be shifted o

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

a way that the product conformation at ground state can be achieved.
H.A. Firestone16o’16l’l62 has observed some discrepancies

in the mechanism proposed by Huisgen et al and proposed an alter-

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

(Scheme - IIT).

Scheme - ITT
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Firestone has considered three principal cannonical forms of a
typical 1,3 dipole (A, B and C in Scheme IIT). These are all

octet structures which have the same number of bonding electrons.
Ail other forms, such as sexltiet 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 'C' may usually be accepted as the principal
representation of the 1,3 dipole.

He also considered all the modes of agddition of the dipole
and dipolarophile and selected two possible regioisomeric products
'3' and '4' respectively. Diradicals 'E' and '6' are thought to
be less important because they do not utilize the radical-stabili-
zing power of the substituent 'X'. For any individual 1,3-dipole,

a preference for either '1' or '2' is expected, andvthis preference
should be the same whether the substituent 'X' in the dipolar0phile
is electron-attracting or electron-releasing and expectedly this
preference will govern the regioselection of the additions.

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 (Eigi_p) from the
intermediate is very small, smaller in fact than that for rotation

around a single bond.
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Fige C

AE

Reaction Co—-ordingte —

B = Reaction profile for concerted reaction

A - Reaction profile for the two-stepped process

Pirestone 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 would retard the reaction
relative to one with unsubstituted dipolarophile. But the fact
is that all substituents in the dipolarophile strongly accelerate
1,3-dipolar cycloadditionse.

Purther, a number of 1,3-dipoles react with acetylenes to -
produce aromatic systems directly e.ge. nitrile imine nitrile oxides
and azides. In a concerted reaction, a portion of this aromatic

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

Scheme - IV

The orbitals marked with asterisks constitute the developing
aromatic Jr-cloud.

| - Although the observed fact of low activation energy for
the 1,5-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 t0 rationalize gll 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 cis and trans
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 rules. Lots
of other discrepancies had also been pointed out by Huisgen in the
Pirestones 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 gﬁ_g;}64 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 mecha-
nisme Orbitallsymmetry considerations have provided permissive,
though not obligatary, theoretical evidence for the concerted
mechanism, and the observation of / p4g +hés-7 but not /- p4s+
ns / 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 explain. 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 gqualita-
tive perturbation molecular orbitel 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 the ionization potential of the alkene is given under the
horizontal line for tﬁe HOMO, (highest occupied molecular orbital)
and the -ve of the electron agffinity is given under the LuMO
(Lowest ﬁnoCcﬁpied molecular orbital) level. The units are ev.

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

al1s0 given. For the electron-rich alkenes (Table — VIII), the

trend of decreasing HOMO coefficients as the IP decreases results
from greater admixture of substituent orbitals with the ethylene
Ji-orbital as the group becomes a greater donor. The conjugated

alkenes (Table — IX) raise HOMO's and lower LUMO's as compared o

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 high. Houk et _al further proposed that bend-

ing of either terminus can reverse these generalization166‘

Now, whether an 1,3-dipolar cyclogddition to be gllowed 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' frontiex MO's of electron-rich: alkenes..
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TABLE - IX.
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The frontier Mi's of 1,3-dipoles.
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be of three types (Pig. D) as proposed by Sustmam .

PMig. D

E— LUMO

—
—_—

_H_ ‘ JH;‘ : ——ﬂ— HOMO
B A B A B
HOMO HOMQfLUMO LUMQ

A

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—CEE§ - 632), diazoalkanes (R0 -
i\?z N), and azomethine ylides (ch=§ (R)- GRo) are HOMO-
controlled 1,5-dipoles, reacting fastest with alkenes having one
or more electron withdrawing substituents. The nitrile imines
(RC=T - ER‘),‘ azides (RN — ﬁE_—N?, and azomethine imines (RoC =
ﬁ (R)-ﬁhﬂ are HOMO-IUMO controlled reagents, reacting rapidly with
both electronfith and electron-deficient dipolarophiles. The nitrile
oxides (R-C==1 - §) and nitrones are also HOMO-LUMO-contbolled
1,3-dipoles, but these species are skewed toward the LUMO controlled

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

Nicety of Houk's model lies specially in its general
applicability in the problem of regioselection. 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 l-position of a diene or alkene
~will enlarge the remote coefficient in the HOMO, while an acceptor
group at the l-position 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-dienophil e-LUMO
interaction will be the largest when the transition state involves
bond formation leading to the ‘'ortho' or (%) adduct (Z~regioselecti-
vity is said to have occurred for a cycloaddition reaction when

the termini of larger Cahn Ingold-Prelong priorities will unite
together in the product). This is because the stabilization energy
will be larger when the larger termingl 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 g small coefficient on the

second at both bond-forming centers.
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AEx T+ 5% is better than AE=2 LS

L = larger coefficients at the concerning C-gtoms

S = smaller coefficientg " " 1t "

Calculations on all of the common parent and a number of substi-
tuted 1,8-dipoles have led to the generslizations about the fron-
tier orbitals of 1,3-dipdles (Figs 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 LUMO'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

D

| LUMO 0@\3

electronegativity.

Fig. F

4
HOMO @

L d
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The interaction of the dipole LUMO with dipolarophile HOMO fgvours

formation of the product with thg substituent on carbon adjacent
to Z, while the opposite frontier orbital interaction favours the
opposite regioisomers.

Nitrile oxide and nitrqnes 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 dip01e—LUMO—dipolarOphileJHOMQ interactions are of more

influence on regioselectivity. Houk et al has studied a number of

24,95,96

such regctions with different nitrones and has shown that

2ll of them are in accordance to the predicted results.





