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Rearrangements in Organic Chemistry 9
Molecular rearrangement: Migration from side chain to aromatic rings:

Fries rearrangement: conversion of phenolic esters to the corresponding ortho and/or para-substituted phenolic ketones and aldehydes, in the presence of
Lewis or Bronsted acids

Background information:
Acylation of phenols - two possible outcomes : C- and/or O-acylation

OH phenolic ester aromaticity, formed under cat. by

X
,,/\*E@ .. .. _ O-acylation _ KCP, formation does not disrupt
:OH C,OH CVOH R__O )
i f T E@ \f c. H,SO,4 or aq. NaOH.

X =ClI, OCOR TCP, formation disrupts aromaticity,
E@ pyridine C- acylat|on aromatic hydroxyketones formed with AICl5 but w/ poor yield,

(o-/p-) more stable product, C=0 conjugated
ambident nucleophilicity of phenol with Ar and OH.

Then, how to prepare aromatic hydroxyketones?

Phenolic esters rearrange under Lewis acids such as AIClI; to the corresponding phenolic ketones - o- and p-isomers - this is the Fries rearrangement.
The major regioisomer depends upon the reaction condition:

OH OH O OH
AICI. 259G due to more crowded TS
3 _ in the o-isomer
> (80%) forms slower than
Me p-isomer KCP
(0]
)J\ (@) Me (6] R
0~ “Me p-isomer O/H\O OH
due to IM H-bonding
AICl5, 165°C R in the o-isomer
is more stable than
Me OH O o-isomer TCP
AlICl3, 165 °C Me (@) R O\@/CI
(85%) AI\I—CI
Me _ In presence of AICl3, the o-isomer forms chelate: O@
o-lsomer Not possible for p-isomer; yet another stabilizing R
In each case, an aq. acid work-up is required to liberate factor for o-isomer

the ketone from the complex that it forms with AICI5. Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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Rearrangements in Organic Chemistry

Molecular rearrangement: Migration from side chain to aromatic rings: Fries rearrangement

Mechanism: Evidences are found for both intra- and intermolecular pathways. Exact nature of mechanism depends on substrate structure and the reaction condition

Fomation of o-isomer: intramolecular pathway

AICI3
1 )L B
0~ "R CI< O’Al‘o@
© R  aq. work-up R

n-complex c-complex
acyl group does not dissociate from the rest of the molecule

Cé\ Cl aq.
DAl work-up
O O®
Fomation of o- and p-isomer: intermolecular pathway
exerts +R effect, R
EICI o-/p-director —
o) G- ACls o 0% o
PN )L ClAl ClAl< c-complex
O R Cl\ O ) R (0]
acylium ion
- a powerful
electrophile OH
These are SgAr reactions, more precisely, Fridel-Crafts-type acylations.
® S)
Excess Lewis acid is required as both the starting phenoic ester and the R No AICl;
product ketone complexes with the Lewis acid.
c-complex
It is debated whether the p-isomer can form through the intramolecular pathway. OH wo?'g.up
R™ O

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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Molecular rearrangement: Migration from side chain to aromatic rings: Fries rearrangement
Mechanism: Proof in favour of intermolecularity:

Crossover experiment: Cross products are often found:

@) 0]
N

(0] Me Ph OH O OH O OH-. O OH O
Cl Cl Cl
AICl3, heat
+ 3 @)L + @)Lph + @xph + @A
Me Me Me Me Me Me

2-chloro-4-methylphenyl p-tolyl benzoate

acetate normal products cross products
Ji§ X
0" Me 0" 'Et OH O OH O OH O OH O
@ AICl5, heat ©)J\Me Et ©)‘\Et Me
+ - + + +
phenyl acetate  a-naphthyl propanoate normal products cross products

Formation of cross products indicate that the reaction in these cases are, at least partly, intermolecular.

Trapping experiment:

Me
O CO,H AICl5, heat | N Formation of the additional products
W M CO,H * P CO,H  points to intermolecular nature of reaction
O Ph in presence of ©/ e \H/\( where the acylium is detached from the

(@) Ph phenolic ester and trapped by toluene

expected product unexpected product (transacylation).

(as-an acylium trapping agent) (0- and p-isomers)

Proof in favour of intramolecularity: Fries rearrangement can, in some cases, be fotally intramolecular.

Me OH
Me OWCOZH AICI3, heat No acyl dev. of toluene is found in this case. Proves that
0 Ph . f Me CO,H acylium ion does not form in the medium and reaction
N presence o is strictly intramolecular.
O Ph
(as an acylium trapping agent) expected product
Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)




Rearrangements in Organic Chemistry

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)

Molecular rearrangement: Migration from side chain to aromatic rings: Fries rearrangement

After introduction of one acyl group into the aromatic ring,
no further acyl migration from side chain proceeds.

EW C=0 group deactivates the ring towards further electrophilic attack. Complexation
with Lewis acid enhances the EW capacity of C=0, further deactivating the ring.

O Cl, Cl
J Ol ®
0" Me O 0 OH O
AICl; (4 eqv.) Me work-up Me
Me\n/O Me o Me\”/O
o} Cl\/?l,oGD O
all unsubstitued positions on o cl does not migrate
the ring in a symmetrically
1,4-disubstituted ring are equivalent H
L . N\H/Me You have been asked to devise a strategy for synthesis
Synthetic utility of Fries rearrangement: o of this TM using two different rearrangement reactions
HO

paracetamol aka acetaminophen
We can proceed in the following way:

_OH
N 0]
/©/ \n/ — Me b= — Me ——
(0]
HO HO HO M

...comes from an oxime
(aryl antito-OH) of an...

0]

O)LMe

think as an amide that...

aromatic hydroxyketone,
p-disubstitution which...

NH,OH.HCI, NaOAc

C-O ester
e} . (@)
)‘J\ /© )J\ * /©
0) Me Cl  HO

...must come from a phenyl ester

e

OH

1. PCls, heat (in Beckmann,

OH
AcCl, pyridine excess AlCl3, 25 °C
O-acylation then work-up
T kept low to ensure
kinetic control Me 0

4'-hydroxyacetophenone

Also recall conversion of 2'-hydroxyacetophenone to catechol via Dakin oxidation.

(mixture of oximes

the group anti to

2. H,0, work-up the OH migrates)

'Tl HN YO
OH Me
(sepn. from the other diastereomer)

forms)
Me

Page 4
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Rearrangements in Organic Chemistry
Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement (aromatic variant)

Thermal rearrangement of allyl phenyl ethers to the corresponding C-allyl phenols. It is a unimolecular, pericyclic process; more precisely, a [3,3]-sigmatropic shift.

o/m OH o OH
heat = Me Me heat Me Me
R EEEE— —_—
allyl phenyl ether 2-allylphenol allyl 2,6-dimethylphenyl ether _
4-allyl-2,6-dimethylphenol R. L. Claisen

(1851-1930)

Mechanism: Involves [3,3]-sigmatropic shift.
Sigmatropic rerrangement: A molecular rearrangement that involves both the creation of a new'c-bond between atoms previously not directly linked and the
breaking of an existing o-bond. There is normally a concurrent relocation of t-bonds in the molecule concerned, but the total number of - and o- bonds does not

change, i.e. Ac =0 and An = 0.

o-bond b/w O1 and C1 breaks

1
0 Q(Z 0 N OH
2
3 3 3,3] 3G aromatization = The first step of this Claisen rearrangement is the pericyclic step.
— H The second step is aromatization and not pericyclic in nature.
It is, in fact, ionic in nature.

c-bond b/w C3 and C3 forms
n-bond network reorganized
No change in total number of c- or n-bonds

Similarly, if both the ortho-positions are substituted, aromatization is not feasible and a second [3,3] shift occurs to bring the allyl group to the p-position. Then

aromatization takes place and the 4-allyl substituted phenol dev. is formed.

1
ojq2 0 X o 0 OH
Me. 2 3 Me Me 1 Me M M
Me _ [3.3] Me [fedraw ) [3,3] © © aromatization Me Me
3 2
3 H

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement

Proof of mechanism:

1. The position of attachment of the allyl chain with the ring changes from a- to y-, that is demonstrated in the following way::

a-C
\ p-C a-C a-Cc € a-C
0" py o N2 OH Ph J o NF - o/ﬁ OH
| _ v-C y-C P a-C
redraw Ph redraw * heat *
= (T U = g N\

c c p-C C=C is broken

Y ¥ in ozonolysis
2. The highly ordered TS of the sigmatropic shift is expected to be associated with a highly negative entropy of activation. ozonolysis affords

That is indeed the case. unlabelled formaldehyde

3. Involves a dienone intermediate that has been trapped by cycloaddition with.a suitable dienophile:

0]
0 | Me 5 o) /Me
Me Me X Me
_ heat redraw : o — 7 O  Diels-Alder
adduct isolated
Me o) O
X ol

4. No cross products in crossover experiments indicates intramolecular nature of the rearrangement step:

OH

© _oheat + m but no m
/\ o | X OH Ph
OH
O O
—_— but no

2-naphthyl allyl ether phenyl cinnamyl ether

+

Page 6
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Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement

Proof of mechanism (contd.):

5. Migration of ortho-hydrogen in the dienone intermediate is proved by the following experiment: The reason behind the preference for o-migration:
NS
o7~ oD ¥
D D heat D = 3 ,/
. /o\
D D chair-like TS
for o-migration boat-like TS

6. Reattachment of the a-carbon in case of para-migration has been proved in the following way: for p-migration

chair-like TS is more stable than the boat-like TS

a-C *
-C
oA OH N redaw X
Me Me heat Me Me . [ — L\A
ea v ozonolysis affords chair boat
B labelled formaldehyde oa
[ ="C ] y-C
a-C \F~_ C=C is broken
in ozonolysis
Recall h h ﬁ Q i o oH
ecall how the reaction
) ) Me * Me Me
proceeds via consecutive [3, 3] redraw ; [3,3] Me Me aromatization Me Me
M T 200
[3,3]-shifts: € —— >~
3 2
3 H
This labelling expt. clearly demonstrates that it is not a [3,5]-shift:
! \
[3 5] aromatlzatlon ozonolysis should afford

unlabelled formaldehyde
- but that is not what we get

C C is broken
in ozonolysis

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)




Page 8
Rearrangements in Organic Chemistry 9

Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement
Proof of mechanism (contd.):

7. The folloiwng labelling study again supports the double [3,3] shift mechanism:

O/\/ OH

*

,/'\ ~ 75% of label

A = =
heat i.e.
[* - 14C ]
# >~ 25% of label
Explanation: .
can migrate to C2 or C6
w/ equal probability
O/\/ both chains can both chains can
. “ heat migrate to C4 w/ migrate to C4 w/

equal probability * equal probability

R

[+=c]

[A] ~ 50% [B] ~ 50%

| |

[C] ~ 25% [D] ~ 25% [D] ~ 25% [D] ~ 25%
[C]:[D]=1:3

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)




Page 9
Rearrangements in Organic Chemistry 9

Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement

Proof of mechanism (contd.):
8. When stopped before completion, the recovered starting material shows scrambling of radioactive label:

*
1

O/\/ O/\/ via: 1qu2
Me = Me =* 2
heat Me ® Y
[* = 14¢ ] AN
1 3

This proves that the first step of Claisen rearrangement, 1
i.e. the [3,3]-shift, is reversible. (3,3] !

A curious observation: Me

Carelessly carried out Claisen rearrangement in some cases O\& heat 0O Me
may lead to cyclisation: Me

The cyclisation takes place after the C-allylated phenol is.produced in the normal way:

© OH ® OH
@:&Q\ heat © aromatization# H _ @%
Me [3,3] regioselective Me

Me Me

H (expected product) protonation tertiary carbocation
# aromatization is a proton tansfer, . .
an ionic reaction ring-closing
regenerated
H

The acid-catalysed cyclisation can be suppressed by using a ®

/
base such as PhNMe, along with the substrate. ©/\C><Me B - H@ ©/\(><Me
Me Me

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement

Synthetic utility:

OMe Me
Br Me
Target:
Retrosynthetic
analysis: Br
. Me y OH Me OH Me OH Me 07 > F""Me
r e
C O ether Br C Br Me Fgi Z Claisen
— P—
halogenatlon reduction
Br C-allylated phenol O-allylated phenol
+ Me—I/Me,SO, c-0 ethefﬂ
OH
. polar, aprotic solvent and Br~_-~x._Me
Synthesis: promotes O-allylation N
OH 07 F""Me o/\u HO X OH Me
K,COj3, acetone © redraw: © Me  heat in diphenyl oxide redraw @\/
Claisen Rearrangement
Brw
(SN2, more subst. C=C
retained in product)
OH Me OH Me OMe Me
H2, Pt Me Br2, H%O Mest4
cat. hydrogenation ethanolic KOH
of olefin
polar solvent allows Sn2

for double bromiantion

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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Molecular rearrangement: Migration from side chain to aromatic rings: Claisen rearrangement

Abnormal Claisen rearrangement: OU\/MG OH Me OH Mo
Claisen Rearrangement with allyl phenyl ethers that have an p heat = —
alkyl group in the y-position sometimes afford an abnormal product. - + Me
normal product
Mechanism: The abnormal product is believed to form from further P abnormal product
rearrangement of the normal product under reaction condition.
a ¥ Me o o
redraw \ Y 331 H aromatization redraw
Me Me
normal product
oH 17 OH Me
ene reaction @A\/ redraW [1 5] H Sh|ft I‘edl’aW @)\/\
- OL
B-C attaches to the ring
normal or recall that the C-C bond of a cyclopropane abnormal product
ormal product
redraw ring is much like a C=C
for comparison
o
3 ti H 3 CH, /OL
QC‘K—H £éne reaction_ U o B OH B In general, this type of abnormal Claisen rearrangement does not
Y Me 1 51-H shift s occur smoothly, except when in the presence of Lewis acids FeCls,
[1.5]-H shi even though other Lewis acids (e.g., HfCl,, GaCls, ZrCl,) have
limited ability to accelerate such reaction,
normal product
H H
Also note that, s similar t H | o H
is similar to Ol Thus, is similar to OQ
o= (@)

C-C bonds of the cyclopropyl ring

has n-nature Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259)
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