‘angement involves a concerted reorganisation of el :
Y a sigma bond migrates to the terminus of an adjacent p7 electron
DS are tia]l_ed'sigmatropic rearrangement because a sigma band':'-éppwa"iﬁ
ce to another during the reaction. There is a simultaneous shift of the pi’
e number of the p7 and sigma bonds remains separately unchanged.

1 of Sigmatropic Rearrangements

ropic rearrangements are classified by a double numbéring system (i, / or 2, ) that
) the relative positions of the atom or group involved in the migration. This method of
_____ on is different from those for cycloaddition or electrocyclic reactions which are
d by the number of pi electrons involved in the cyclic transition state.

- The method used in classifying sigmatropic rearrangement is best explained by the
ing examples.

1 2

L T 0
CH,;—CH = CH, CH,—CH,—R :
1 ' 3

e/

In sigmatropic rearrangement substrate can be divided in two parts :.alkenyl (9T
| nyl) chain and migrating group. All substrates have at least one allylic carbon in

chain for sigmatropic rearrangement.

« migrating group



@ Migrating group

Allylic carbon Alkenyl chain ; -
D ey LD,
T
1" 2>3 S

ent atom-a of the migrating group migrates on the atom-
this rearrangement is an example of [3, 3] sigmatropic rearra



i ydrogen. H is bonded to carbon in reactant as well as in product

" 'rmewhere the mi .
- and in product. grating atom or group is bonded through different atoms in reactant

s
CH
I

CH,

This is [3, 3] sigmatropic rearrangement in which carbon of allyl group is bonded to
/gen in the reactant and carbon in the product.

2
10/\\\@ 3, 3] Oi:\

(vizr)
: Allyl group
 This is [3, 3] sigmatropic rearrangement of an allyl vinyl ether. Migrating group is bonded
- | hich is bonded to the carbon in the product.

oxygen,in the reactant w

E
gas T
: :




¢ an allyl sulphoxide

: R
0—N_,

o R

Allyl group is
bonded to oxygen

;m_mannhont of an amine oxide

SIGMATROPIC REARRANGEMENT

& . _
A - ]
)
1 1

CD,

1, 3-Pentadiene

i '\ 8.1 i
~ when 1, 3-pentadiene is heated, it gi :
Fas e : , it gives [1, 5] sigmatropic rearra is sim
.,.;ir =3 - A - : - 7 X n L3
Sy -m_.fﬂrn}ahgm p;e?:ure of the reaction. The arrow coxﬂdgflma neiI: .eilifhtasr i
S anu ockwise wise. That i8 not true for a polar reaction i i "
-runthe arrow from pair of electrons towards the electron deﬁcic;rlxt1 n which the convention




| CH,—CH=CD
For the purpose of analysing th
he migrating group to its original p
s. This is not how the reacti

dice on takes place because reaction is concerted. But this
assumption does allow analysis of the molecular orbitals.

H

, Homolytic bond
CH,—CH = CD, >

A
2, ——+ CH;= CH—CHD,

e orbitals, it is assumed that the szgmabond

osition undergoes homolytic cleavage to yield two free

H

CH—CH = 0D,

Allyl free radical

The products of the hypothetical cleavage are a hydrogen atom and an allyl free rgdicall,
h contains three p-orbitals. The p7 molecular orbitals of allyl free radical are shown in
. 4.1,

cleavage

vy —l—HOMO

S

o —

Fig. 4.1 Molecular orbitals of a

llyl free radical Y




Symmetry forbidden (p_hase
incorrect for overlapping)

symmetry allowed [1, 3] sigma
ess—that is it must m

second mode of migration for a sy
zroup must shift by an antarafacial proc

Overlap is bonding, symmetry {
allowed but geometry difficult |

While symmetry-allowed a [1, 3] antarafacial sigmatropic rearrangement of hydrogen
18 not ge smetrically favorable. Why? The problem is that the 1s orbital is smallest and cannot
effectively span the distance required for an antarafatial migration. In other words, size of 18
orbital of hydrogen is smallest and distance between two lobes of interacting p-orbitals of
carbon is maximum hence orbital of 1s cannot interact effectively with p-orbitals at same time
in the formation of transition state.

Smaller size

A 0

Large distance

Symmetry allowed hut
geometrically difficult =

[1, 3] sigmatropic shifts take place in the presence of UV light but examples are!
Consider again what happens when a molecule absorbs a photon LUMO of ground state
become HOMO of excited state known as photochemical HOMO. Fig. 4 '

o

- o

k.



Photochemical HOMO
permits an easy
suprafacial migration
(photochemical reaction)

Antarafacial mode is
required for thermal reaction

Fig. 4.2 Suprafacial migration is possible in y*; the photochemical HOMO of the reaction.

Sigmatropic Rearrangement

00000 5
- ‘




N
%, N
42?/; \\\\\
TS

__ The [1, 5] sup’a@

sical [1, 5] sigmatropic rearrange

Photochemical HOMO

Antarafacial migration, symmetry allowed but geometrically difficult.

Stereochémlatry of [1, 5] sigmatropic Rearrangement
Consider the following compound

H502 H ////C'HH
Compound has S-configuration at C-5 and # configuration at C-1
Case-1 :
Suppose migration is suprafacial

|
[1. 5] Zo "'"""’CH;’
Swomt WO

facial shift is symmetry allowed

ment. In this case y*, wi




ound that the product of the reaction is due to st
e --by'thm-expenimental result.

Thus if the group that migrates
1. [1, 3] suprafacial migration of the group proceeds with inversion of configuration at
the chiral centre.

2. [1, 5] suprafacial migration of the

group proceeds with retention of configuration at
the chiral centre.

[1,3] sigmatropic shift

52|
A
I &
g
$ \n

(Inversion)



r_'_"-'.g."h i ; i . it
CH, = CH—CH = CH—CH,
.-I.‘:l I-'- - I._ 3 ; : (Ratention)

sen atom which has its electron in a 1s orbital that has onl

f-?:-'a&i.:(fm" imaginary TS) has its odd electron in a p orbital which has
A consideration of the imaginary TS, shows that if in place of hydrogen one has
then during a thermal suprafacial [1,5] process, symmetry can be conserved only provided th
gration carbon moves in a manner that the lobe which was originally attached to the z
tem remains attached to it (see figure given below)

y Y 9

7
=
=
—

7 2
|

A thermal suprafacial [1, 5] mig

s 3 ration. Confi .
18 retained within the tfiguration

migrating group_







: o ved (as i
W and multiply by two). All suprafacial sigmay
electrons involved in the reaction—that is an o

d

b_":?:lilﬂll of the order (7 + n) (for hydrogen 7 = 1) has m + »n = 4g + 2 then
M 18 suprafacial and photochemical reaction will be antarafacial. However, for

S l'n Which 77 + 71 = 4? then thermal r - . . :
3 eaction is antaraf: : sobis
1l be suprafacial (Table 4.1) e rafacial and photochemical

- Table 4.1 Selection Rule for [1 + 7] in which migrating group is hydrogen.

A m+n Zhermal allowed Photochemical forbidden /v allowed A forbidden

A,g antara supra
- 49+ 2 supra antara

Table 4.2 Selection Rule for [1 + 7] in which migrating atom is carbon.

m+n A allowed N allowed
4qg ar sr
81 ai
49 + 2 ST ar
ail 81

In the table s and @ refer to supra and antara and 7and Zrefer to retention and inversion
in the configuration of the migrating centre.

OTHER SIGMATROPIC SHIFTS

31 Cope Rearrangement

t important sigmatropic rearrange smatropy is called Cope rea
Tha 1 t of 1.5-dienes by [3.3] sigma Py -
The thermal rearrangement o oured direction. o L

action proceeds in the thermodynamically fav

ment are the [3.3] process involving carbon'-t-::arhﬂilf
angement.




TS Migration of an
allyl radical

Fig. 4.7

~ Reattachment at the two C(3) positions (Fig. 4.7) is allowed because the interaction of
the two lobes on the two C(3) carbons is bonding (Fig. 4.8).

IHMESD
K >

e

= <«—— Symmetry

allowed
3 /
Symmetry S 4 et
allowed R ‘ﬂ
- Fig. 4.8 Transition state: Two partially bonded allyl radicais-y ALt
i _lll: .:'



) between HOMO ground and HOMO photochemical.

: ‘Symmetry forbidden process.

we Rearrangement et ion o
. ceeds through the chair like transition stat
_ '?d%tt:::::gitfﬂan usually bg predicted and analysed on the
‘state that minimises steric interactions between substituents. Rearr
through such transition state then would give the czs-frans isomer {
rearrangement of the racemic mixture the frans-frans isomer is the
nd this is actually the result.

s

, '"f.-"- RS iy z & i
R0 OA 5 WCH{ '

CH,
H p
Meso form i |
H ]
i CH, :
| CH, . 3

. Trans-trans (90%) 4
- The above result establishes that chirality is maintained throughout the course

reachan This stereospecificity is a general feature of [3.3] sigmatropic shifts and has

- them valuable reactions in enantiospecific synthesis.

s

Preparation of Carbonyl Compounds from Cope Rearrangement



: —_— i \3 tautomerisatioi) 0 ‘Q
. i ~ Enolate ion | :
LA Product
- - Alkoxide ion undergoes
R i coniugation to 27 bond que rearrangement to give the product in which negative charge
11 ug-_ a' : V2 nd - This conjugation makes the anjon very stable.
Iminium compound of ¢ N
Bope oy type (I) also gives Cope rearrangement. Which is known as AZa

-2 @ 4 A : \
AL e H»\)
1 @
C

R/ \Rr
(I) : B o

Compound (I) can be prepared from 4-aminoalkene.
H,N—CH,—CH,—CH =CH,
'~ 4-Aminoalkene
4-Aminoalkenes react with carbonyl compounds to give iminium compound of type ().
H2N—CH2——CH2—CH =CH,

|

|CHO | H

kS
_ CH, = NH—CHz—CHZ—-CH = CH, | 4

Iminjum compound of type (I) is very useful when it is prepared from‘ 4(tnmethylsalyl)-

\ylamines because in this case rearranged product undergoes cyclisation to give SIX

d nitrogen heterocyclic compound. Thus the overall reaction is as follows :




y ement is the first sigmatropic rearrangement which was dlsco

atropic rearrangement occurs when allyl phenyl ether is heated withou
of the rearrangement is o-allylphenol.

O CH
@f?ﬂ—»f:r

CH2 Allylphenol

n rea arrangement is two step reaction. The first step in thi

(i u_'
AW

ol gl
PP |

I x4

B

I

ol -
=

J L
|

=
bl



- — > "
Friln ditiw bomang S
Pl (T | oty & Yeiddemin ™

= CHa

of allyl phenyl thio ethers to o-allyl thiophenols, referred to as the thio-
nt, is not possible as the latter compounds are unstable but they instead

s 300°C S« _-CH;
ol 1
_ =

thio Claisen
rearrangement

o

cf — 3

H o-allylthiophenol

But if the oxygen atom in allyl phenyl ether is replaced by nitrogen, then the normal
laisen rearrangement takes place to afford the amino derivatives.

NH ; _NH
AN el 07 ‘
= | 3,3 |
H
NH,

|

o-allylaniline s I\:I s
AR




- B . 3 New sigma
| ran tu;ez" sy ool e bond formed

g material of aliphatic Claisen rearrangement is allyl vinyl ether w
‘with allyl alcohol and vinyl alcohol. Allyl alcohol is stable compound
Icohol is not. Thus instead of vinyl alcohol acetal of acetaldehyde and methyl alcohol i is

(0] " (l)CHa
CH Gy —SHOHH CH,—C—OCH,
H

'"“a‘d-

g | |! ‘When this acetal is treated with allyl alcohol, formation of vinyl allyl ether takes place.

| &
o *0—Me /
MeO\T/OMe —_ @\(1/1{9 9}%}_—:% .r
3 :
MeO _(|)7 R -8’ MeO. o R 1 H\W
| ol
& L bJT (N

Allyl vinyl ether
Thus overall reaction can be written as follows:

b OMe

LR encoon, (0%
=

v, 8 unsaturated
aldehyde

; hﬁh‘“ reaction orthoesters and orthoamides or amide acetals can be used in place@f
etal and product of the reaction is y, § unsaturated ester and amide respectively.




0\/ «<———> R—(CH= CH"‘CHE'—'O——'C—-{C\?IEI;
OLi

Lithium enolate

OLi OLi OH

1.0-unsaturated acid

]-' 1 = 13,81 AR onr® R

 Sometimes it is better to convert the lithium enolate into the silyl enol ether before [3,3]
tropic rearrangement.

R 8. R
' = H/HOH %
(CH,). SlCIA A i 3
= A /C [3,3] NS -0
_Si(CH, O—Si(CH,) OH
Sily'lei)ol et:lfer 6)3 . 7,8-unsaturated acid

Cope rearrangement given by silyl enol ether is known as Ineland-Claisen rearrange-

. " ceme t. :{-":..
0-Allyl imidates also give Claisen rearrangement known as AZa-Claisen rearrang s







s the thermal reaction of an alkene (call
B L ed ene) having an allylic hydrogen
 multiple bond (X = Y, X = Y), called enophile. Ao

btl:edmaetmn transfer of allylic hydrogen (1,5 migration of hydrogen) shift of
ble bon and bonding between two unsaturated termini (one terminus of ene and
nus of enophile) takes place to form 1 : 1 adduct.

4 3‘\X2 :
i ] A f\x
5 v |
“HNA I=H - @

ene enophile Adduct

In this reaction

X=Yis X=Yis
C=C C=C
C=0 C=N
C=95
C=N
N=0O

k4§ it

b 0=0

In ene reaction hydrogen atom of allylic carbon moves from ene to enophile.In pnnmfill:
her than hydrogen from allylic carbon can move from ene to enophile. In pmctt;i.:hke
m nts other than hydrogen commonly employed in this kind of reaction are m:aua o

nagnesium or palladium. When metal moves *he reaction is known as metalla—ene

136




ike Dlelé-Alder 8 ilition, i D1els-Alder add1 ; .
tion, out of six electrons, four electrons are pi ¢

1s. Thus activation energy of this reactlon is grea

- Fortunately many ene reactions can be catalysed by Lewis acids. In the presence of
Lewis acids as catalyst reaction proceeds under milder conditions. As far as catalyst is concerned
ﬁze best result is obtained with alkyl aluminium halides.

A
(I.;;Hz (I.FH:; 2000 > CH, ——|(I‘ (leg
5 H COOCH
l C,H;AICl, | 25°C @ b

‘-mu JELS H COOCH

" 'Like Diels-Alder addition ene reaction is al
pene at 400°C

so reversible reaction. 1-Pentene gives et

@{ 400°C i £ "



(ix)

Singlet oxygen

olecular a:: r(?'action has great potential for the synthesis of cyclic compounds,
synthesis of five membered ring compounds from 1, 6-dienes.

A H,
l\/\f‘\_l? N W (x)
TS "H

H
CH,

~ Thermal cyclisation of 1, 8-alkadiene provides a useful method for the preparation of
pyclopentyl vinyl ketones by intramolecular ene reaction.

4 H
0 0 CH,Q
e - —
Enolisation \%
. CH,

Similarly 7, 9-alkadienone gives intramolecular ene reaction.

e, ; OH . $0—H
 CH: __sa0C_,

Enolisation

l Enolisation

O—H
’

=







