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Migration from carbon to electron-deficient nitrogen: Hofmann, Curtius, Lossen and Schmidt rearrangements: Synthesis of amines

These rearrangements share a few common features:

1. These involve migration from a carbon to an adjacent e-deficient nitrogen atom,

2. All of these proceed via the intermediacy of an isocyanate.

Generalised mechanism:

1) Formation of isocyanate from the respective starting materials:
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2) Hydrolysis of isocyanate:

Under the reaction condition the isocyanate may get hydrolysed and afford the amine.

The hydrolysis, however, may also be carried out separately:
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Rearrangements in Organic Chemistry

Migration from carbon to electron-deficient nitrogen: Hofmann rearrangement aka Hofmann degradation aka Hofmann hypobromite reaction
The conversion of primary carboxamides to the corresponding one-carbon shorter primary amines.

o Br,, 4 KOH
L R-NH, + 2KBr + K,CO3 + 2H,0
R” “NH,
primary amide
’ o
Br,, NaOMe, MeOH N. O OH, H,0
R™Y Me R=NH;
0]

carbamate ester/

Mechanism: methylurethane

step-1) Formation of resonance-stabilised anion from carboxamide:
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step-2) Formation of N-bromoamide:
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N-Bromoamide (isolable)
step-3) Formation of N-bromoamide salt:
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N-bromoamide salt (isolable)
acidity
enhanced

According to the standard procedure, the

amide is dissolved in a cold solution of an
alkali hypobromite or hypochlorite and the
resulting solution is heated to ~70-80°C to
bring about the rearrangement.

Source of SM - the primary amide:
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A. W. von Hofmann
(1818-1892)
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[R= alkyl, aryl, heteroaryl]

— step-4) Formation of isocyanate:
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step-5) Hydrolysis of isocyanate in alkaline medium:
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Migration from carbon to electron-deficient nitrogen: Hofmann rearrangement aka Hofmann degradation aka Hofmann hypobromite reaction

Salient features of Hofmann rearrangement:

1. It involves migration to an e-deficient N

(0]
oG

RANo

e-deficient(!) N

3. If R is chiral, it migrates with retention of configuration,
indicating intramolecular nature of the migration:

chiral migrating \l-l Me H Me
group y NH NaOH, Br2 4
Ph/lkﬂ/ 2 — Ph/j\NH2
(0] configuration
is retained
5. RDS is the isocyanate formation: I-I| HO@
N.
Br .. kixc
breaks in RDS’ ©
6. No cross-products are found H2N R H2N O
in crossover experiment:
+
Proves that the reaction is strictly
intramolecular. D
[* - 15N ]

7. In absence of sufficient alkali, the RNH, produced or the unreacted

RCONH, may attack the isocyanate electrophile to afford the following:

2. The intermediates are isolable, which supports the mechanism outlined.

O O .o
. . AR
BRI

all are isolable, at least

in some cases
H

4. Secondary carboxamides like the following do not undergo the rearrangement,
the lack of the seond hydrogen stops the reaction in its track at the N-bromoamide
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Rearrangements in Organic Chemistry
Migration from carbon to electron-deficient nitrogen: Hofmann rearrangement

Synthetic utility:

1. Conversion of o-xylene or naphthalene to anthranilic acid:
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0]

0 )]\ O
-H,O Hofmann
Me OX|dat|on COOH 2 gl. AcOH, refluxed rearrangement
o-xylene naphthalene phthalic acid O 0o
phthalic anhydride phthalimide
via: o) c')/\@ COOH COONa
"3 OH Br-(B? OH @ @
N-—H N—Br NaOAc, AcOH NH
-H,0 © NH> buff 2
L -Br \ anthranilic acid u ewﬁ;:%ssary Na-anthranilate
N-bromoimide
pK, 8.3, unusually acidic N-H,
duett: ItEV\t/ iﬁ?d otfhtwoBC=O Similarly, (0]
at stabilizes the ¢
1. Brp, NaOH
NH 2 . HZN/\/COOH
2. NaOAc, AcOH :
(0] o B-alanine
o OH O
o° OH OH succinimide  [Recall the synthesis of N-bromosuccinimide (NBS)
N H.O N T N—Br pK, 9.5 - which is made by treating succinimide with NaOH
@ 2 SBr and Br, under ice-cold condition to avoid potential
go S 0 Hofmann rearrangement]
and
[1,2]-shift | _g© . .
of aryl regioselective
attack of alkali\ 0
O 1. Bry,, NaOH COOH
S) COONa NH >
O?o OH @ N 2.NaOAc, ACOH g \ NH,
N/,C steps NH, o 2-amino-4-nitro-
isocyanate Na-anthranilate 4-nitrophthalimide benzoic acid
(try the mechanism yourself)
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Rearrangements in Organic Chemistry

Migration from carbon to electron-deficient nitrogen: Hofmann rearrangement

Synthetic utility:
2. Conversion of urea to hydrazine:

@)

NaOCl, H,O _NH,
X HoN
H2N NH2 Or><
o/CI , NaOH, H,0
4. Synthesis of m-bromoaniline:
COOH COOH CONH,

©\ 1. SOCly, reflux
FeCI3 2. NH; (excess)
benzoic acid

(COOH is m-orienting in SgAr)

5. Conversion of B-picoline (3-methylpyridine) to 3-aminopyridine:

0

M
@ ® 4. alkaline KMnO,, heat (& OH 1. EtOH, c. H,SO,

rearrangement

(propose another method for
synthesis of m-bromoaniline)

NS
B—picoline nicotinic acid
O o)

N 2. CH3COOH Ny 5O

(E)koa NH; (j)kNHz Bry, KOH
— |
\N \N Hofmann

ethyl nicotinate nicotinamide

rearrangement . .
3-aminopyridine

3. Synthesis of t-butylamine:
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1. NaOH, Br, Me- Me
2. aq. acid OH 1. CO, Me, Me
_—
haloform Me 2. work-up Me” MgBr
reaction O
pivalic acid
Mg, dry ether
1. SOCly,
2. NHs Me, Me
Me Br
Me, Me tert-butyl bromide
NH,
Me
O
pivalamide
Hofmann Br,, NaOH
rearrangement
Me Me
Me NH,

tert-butylamine

Recall: compounds containing tert-butyl groups can be
synthesised using the pinacol rearranegment

Me Me Me Me

dil. H,SOy, distilled
> Me
! O&OH v e)ﬂf
Me Me O
pinacol pinacolone
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Rearrangements in Organic Chemistry
Migration from carbon to electron-deficient nitrogen: Curtius rearrangement

The thermal decomposition (pyrolysis) of acyl azides to the corresponding isocyanates.

o . ag. acid or
)]\ @, N heat in CHCl; _N. aq. alkal
O.N : _C* —— > H,N-R
R™ N no polar, protic solvent o hydrolysis primary
acyl azide must be present if isocynate  isocyanate amine
is to be isolated (isolable)
[L=Ny"]
+ N,

Which N is lost from acyl azide?

heat in non-polar,

O non-protic solvent

R N

(how might you
access this SM?)

[*=15N] 0~

* R ’ .o @’E\?/,

Proof of intramolecularity:

0]

Me H

e-deficient N

1. heat

> Ph

2. H,0 Me H Me H

Mechanism of isocyanate formation:

o ® [1,2]-shift, concerted, .
N - _N.
g@ N intramolecular, - N, _ _c* R
R N N, leaves, R migrates, O
/4 nitrogen stabilises

the incipient cation
R and N, anti

complete retention of configuration of migrating group

Methods to prepare the acyl azide SM: HoN—NH, 0
> R‘(
‘ HN—NH,
acyl hydrazide
SOCh NalNs NaNO,, HCI
(diazotization
acid chlorld of NH,

NaN3

OH EtsN . T2
carboxylic acid mixed anhydride acyl azide
EtsN
O+ /OPh
PhO N3

diphenyl phosphoryl azide (DPPA)

(0]
@, heat
Mo NN ——
R N N

Synthetic manipulation of isocyanate:
H,O
-CO,

R—NH,
primary amine

N R—NH NN
_N 17 NFp P N
_C~ \R > R R1
O/ \[O]/
urea dev.

isocyanate
(isolable)

ROYR
(0]
carbamates/urethanes
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J. W. T. Curtius
(1857-1928)
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Rearrangements in Organic Chemistry
Migration from carbon to electron-deficient nitrogen: Curtius rearrangement
Synthetic utility:
1. Synthesis of amines:
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via:
? @ Py N CF3CO,H @, N N N
), . N - Ns H _N._©O
T mon. o, _oroon n  JGRN e i, s w00
RN o) then work-up  primary amine en proton OH
| azid transfer
acyl azide t-butyl carbamate
isocyanate trapped This is the A, 1.ester hydrolysis 1
by t-BuOH .co, H @ H Me  CFCO,H
2 _N,._O H _N_ O _N O
R-NH, <—— R R Me R 7<
0, . )\ . o
H Ho H
0]
OEt N Nee NH
NH2NH2 NHNH, Na NOz, HCI 3 benzene /©/ SO hydrolysis /©/
MeO MeO heat MeO MeO
ethyl 4-methoxybenzoate 4-methoxybenzohydrazide 4-methoxybenzoyl azide p-anisidine
2. Synthesis of amino acid: Darapsky synthesis: hydrolysed
acidic NaNO,, heat
S LU ON 4 NaOEt EtOH CN  HoN=NH, CN HCl CN in EtOH CN 20% HCI COOH
H > > R > O ® - R—< (@]
COEt 2 R=Br COEt NH N-N=N e HN reflux NHz
ethyl 2-cyanoacetate O NH; o by EtOH OEt

3. Synthesis of ketones
from a-haloazides:
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™ hydrolysed, then
decarboxylation

NaN : : H,0
o aN; O_as heat N’C//O -~ O\(Q
BrO BrO Br (0]

dicyclopentylmethanone




Rearrangements in Organic Chemistry

Migration from carbon to electron-deficient nitrogen: Lossen rearrangement

The conversion of O-acyl hydroxamic acids to the corresponding isocyanates

o ® B ® Mechanism: @ HoO ..
Hzo, H _ 2 /N\\
J, oH R N<c R—NH, R-C R™SCy,
R H heat o) -CO, N-OH OH2 [1,2]-shift
hydroxamic acid isocyanate \ mf:;?ﬁ;giglar W. C. Lossen
more basic than N (1838-1906)
Better yields are found with O-activated hydroxamic acids: Mechanism: [1,2]-shift
[0) concerted, ..
O O @ // .
)]\ o R, @OH, heat N . @OH R—C\/ H R(S‘r'\- intramolecular R/N\\C\\
R™ °N \n/ 5 R Tty N R-NH, N-O @N 0 0
e -RiCO0 " o o /H )R Ry . o>\;R
isocyanate d 1
o Q

O-acyl hydroxamic acid

Methods to access the hydoxamic acid dev. SM:

(0]
O
R1)J\ )J\ 20

Cl R
0 1
NH,OH.HCI R” N
PR ? EtsN H \g/
R™ °CI pyr. O . .
O-acyl hydroxamic acid
NH,OH.HCI -~

R™ "OEt

hydroxamlc acid “\_IsCl, pyr.

O-tosyl hydroxamlc acid

NaOH

Proof of intramolecularity:

Et Me (0] @OH heat Et. Me confi_gura_tion of chiral
Bh s H\ )J\ PhQ‘\ migrating group
(0] Ph NH, is retained
© Et. Me o
via the formation of:
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acidic

Page 8

H,0 leaves, R migrates,
nitrogen stabilises the incipient cation
R and H20 anti

R{COO leaves, R migrates,
nitrogen stabilises
the incipient cation
R and R4{COO™ anti

better LG than OH

Formation of isocyanate is the RDS which involves migration of R
to an e-deficient N centre, thus presence of ERG at R facilitates
the reaction.

An interesting problem:

NO,
Hzo N32C03 OO
NaOH,
EtOH, H,0
N 0 (o) N @)
, 02N NO, (I)
= Ar-Cl Ar

Try the mechanism of the second step.
Try to explain the regioselectivity of the
Lossen rearrangement step.
(Advanced Level Problem)

HOOC  NH,
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