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Introduction

The hydroxamic acids are widely distributed in the nature and their characteristic structural
elements have been found in several naturally occurring compounds. They have many
magnificent roles in medicine and biology. Several naturally occurring hydroxamic acids

have been isolated and many medicinally active derivatives have been synthesised."”

In next section we will review their biological activities in brief.

2 Some of Biological properties of hydroxamic acids

The hydroxamic acids have many magnificent roles in medicine and biology. Several
naturally occurring hydroxamic acids have been isolated and many medicinally active

derivatives have been synthesised."” In fact, they exhibit a wide spectrum of biological

) )

properties including selective enzymes inhibitors'"”, anti-cancer agents,” siderophores,”

and anti-fungal agents.”

1.2 Chemical defence

Hydroxamic acids are found to be secondary metabolites of a wide spectrum of Graminea,

such as wheat and maize. DIBOA (2,4-dihydroxy-1,4-benzoxazin-3-one) and DIMBOA



(2,4-dihydroxy-7-methoxy-1,4- benzoxazin-3-one) are cyclic hydroxamic acids which have
been reported to play an important role in plants natural resistance to diseases and insects.

In the plant these hydroxamic acids exist as glucosides that, upon injury to the plant tissue,

are transformed to the toxic aglycones.”
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1. Antibiotics

Several natural antibiotic hydroxamic acids have been isolated and synthesised. Notable
among these the heteroaromatic antibiotic aspergillic acid 1, and N-unsubstituted

hydroxamic acid actinonin 2.
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1.4 Siderophores



Siderophores are naturally occurring hydroxamic acids produced by many microorganisms,
plants, fungi, and algae to transport iron (F’") from the outside environment into their
cells.® Many of these hydroxamic acids have been isolated and synthesised, for example,
DFOE (Nocardamine) 3 has been isolated along with eight other hydroxamic acid

siderophores."”’
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Investigations have shown that many microbes produce excess of siderophores when
cultured in iron-deficient environment in attempt to take up more (F’")."? Transformation
of iron (F*") is essential for the proper function of enzymes that are responsible for electron
and oxygen transportation in these cells."” This unique phenomenon has been widely

employ in medicine. For example, they have been used for the diagnoses of bacterial

(12) (13)

infections, ~ and the treatment of the iron overload syndromes and toxic metals.

1. Enzymes inhibitors

The ability of hydroxamic acids to form strong metal complexes 4 with transition metals has

been employed in use of hydroxamic acids as inhibitors of several metalloenzymes."'?



The activities of hydroxamic acids as inhibitors of the zinc-containing enzymes are well
documented."*'® Summers ef al have examined the effect of more than 100 hydroxamic
acids on the activity of the 5-lipoxygenase enzyme (5-LO).(16) Since, the (5-LO) enzyme is
associated with several diseases such as asthma, allergy, arthritis, and psoriasis the
inhibition of this enzyme represents a potential new therapy.(16) The inhibitory potency of
the hydroxamic acids tested were structure dependant. For example, the most effective
inhibitors were of type 5, when there is no spacer unit between the aromatic group and the
hydroxamate group. Hydroxamic acids of type 6 were less potent while those with saturated
spacer units as in 7 and 8, reduced the hydroxamic acids inhibitory potency to their lowest
level."® However, when the hydroxamate group has been replaced with other related

functional groups no or little potency has been observed.”
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In a similar manner, the inhibitions of matrix metalloproteases (MMPs) enzymes have
reported. Investigations show that hydroxamic acids of type 9, 10 and 11 inhibit the

enzymes while 12 do not.""'¥
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These compounds are in clinical tries for the treatment of human cancers, and tumour

growth,"” and arthritis."®

1. Hydroxamic acids in analytical chemistry

We have already stated that hydroxamic acids can form metal complexes with a wide range
of metals."” The kind of complexation has been used in the analytical chemistry as a

classification test of the carboxylic acids and their derivatives.



Hence, the presence carboxylic acids and their derivatives in unknown sample can be

demonstrated by a reaction with hydroxylamine to yield hydroxamic acid. The addition of

drops of ferric chloride to the solution produces the ferric hydroxamate complex, which has

a characteristic burgundy or magenta colour, (Scheme 1

2.1

.20

Scheme 1

Chemistry of N-alkyl-O-acyl hydroxamic acids 14

R. 1

2

0O
v
Oo__R

X

@)

14

The discovery of the reaction



During cyclisation studies of N-alkyl-O-acyl hydroxamic acid derivatives a trace a mounts
of 2-benzoyloxy amides as by-products were detected. For example, reaction of hydroxamic
acid derivative 15 with Bu;SnH-AIBN in refluxing toluene furnished not only the expected
cyclisation 16 and reduction 17 product products but also 2-benzoyloxyamide 18 in 20 %,

(Scheme 2).%"
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Interestingly, a noticeable improvement in yield of the rearranged product 18 occurred when
tristrimethylsilyl silane was the hydrogen donor. The rearrangements of hydroxamic acid
derivatives of type 15 have also been to observe to occur under basic conditions in the
absence of radical initiator (e.g. EtN or BTPP [tert-butylimino-tri (pyrrolidino)

phosphorane]).*?

Generally, N-alkyl-O-acyl hydroxamic acid derivatives of the type 20 undergo thermal and
base catalysed rearrangement to give 2-benzoyloxy amides 21 in good to excellent yields

(65-100 %), (Scheme 3).'*?
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2.2 The importance of this rearrangement

The product 20 represent suitably protected versions of 2-hydroxyamides a common feature
in many natural products and many of their biological activity have been documented.*”
From the point view of organic synthesis, 2-hydroxyamides are versatile synthetic

intermediates and con be utilized as building block to prepare peptide mimics,*® precursors

(24) (25) (26)

to ethanolamines,”" oxindoles, = or oxazolidinediones.

In recent studies has demonstrated that these rearranged compounds are useful precursors to
2-hydroxyamides, which can be obtained after deprotection of the hydroxyl group.

Additionally, reduction furnishes important class of the amino alcohols, (Scheme 4).*

HQ ELN  OB2 1) Et,N OH
= NHMe 7 =35~ NHMe ———> NHMe
2)NaOH R 2) LiAIH,
@ o)
Scheme 4

2.3 Method for the preparation of 2-hydroxy amides



In this section will briefly review the different methods currently available to furnish 2-
hydroxyamides. Surprisingly, there are few methods to prepare 2-hydroxyamides. Many of these

approaches depend upon reactions of electrophiles with organometallic reagents.

The most successful are the modification of Passerini reaction in which a Lewise acid is

used as catalyst in the coupling reaction between isocyanides and aldehydes, (Scheme 5)*”
and the base promoted reaction of O-sulfonated hydroxamic acids derivatives in water,

(Scheme 6).Y
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While the first procedure often suffers from low yields and uses highly toxic isocyanides the
latter procedure is also not ideal because of the necessity of slow addition of the water to the

reaction medium.

3 Previous work

A brief summary of the effect of the reaction conditions and substituents upon the

rearrangement obtained from the previous studies.
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3.1 The reaction conditions

Many different bases were screened for their activity in mediating the rearrangement. Bases
ranging from simple organic bases (such as Hunigs base, pyridine, Et;N, and BTPP to
stronger metallic bases such as LiHMDS, and KHMDS) were screened. The effects of
different solvents and temperature were also investigated. However, it was found that using

a catalytic amount Et;N in refluxing toluene at 110°C was the most efficient conditions to

facilitate the reactions.®?

A variety of phosphazene bases have been used to facilitate the rearrangement of unactivated N-
alkyl-O-benzoyl hydroxamic acid derivatives to 2-benzoyloxyamides. The rearrangement occurs
smoothly in (6-100 %) yields via treatment with super phosphazene bases 21, 22, and 23 in dry
toluene at 120°C.*? However, the use of a catalytic (0. 2 eq) amount of P,-'Bu 23 is the most

efficient method. ?

tBu
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Q NMe, NMe; Me,N—P—NMe,
NM62
21 22 23

3.2 Effects of substituents

A range of different substrates were investigated, and the effect of the O-acyl substituents

was examined. Benzoyl, acetyl, and pivaloyl, were all shown to be compatible with the
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reaction conditions, (Scheme 7). However when benzoyl group was replaced the with
electron withdrawing 4-nitrobenzoyl group markedly a increased rate and yield of the
reaction was observed. It was concluded that the 4-nitrobenzoyl was a better leaving

grou p(z 1-22)

Scheme 7

3.3 Possible mechanisms of the rearrangement reaction

Tow mechanisms were postulated for the reaction. The first mechanism involves formation
of an enol or an enolate followed by nucleophilic displacement of the benzoyloxy group to
furnish an a-lactam (24). After ring opening the a-lactam is trapped via the displaced anion

(25) (which in this example is the benzyloxy anion) to give the rearranged product. (Scheme

8).(29'31)
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Alternatively, the rearrangement of benzoyl derived hydroxamic acid 27 could arise from a
novel [3,3]-sigmatropic rearrangement of the enol or the enolate form of the derived 28,

(Scheme 9).6"
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Scheme 9

4 Aims of this project

In the light of the previous results, our efforts will focus on the investigation of this
rearrangement in more detail in particular to determine which, if any other types of
precursors would undergo the rearrangement. We also wanted to determine in more detail

the electronic effect of the O-acyl substituent upon the rearrangement.
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We will look at different O-benzoyl group substituents 29 eg (X = Me, MeO, Cl) to study

their electronic effects upon the reaction and to get more mechanistic information.
0]
@) 0]
29

X
In addition the electronic effects of N-phenyl substituents e.g. (X = NO,, Me etc) could be

providing useful kinetic information, (Scheme 13).
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Scheme 10

Accurate kinetic measurement and analysis using Hammett parameters would allow p
value for the transformation to be determined which in turn might shed light into the

mechanism of the process.

Further work could look at different N-activating groups, which may have a role in drug

synthesis (e.g. (30)).
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In order to develop an asymmetric variant of the reaction it may be possible to use chiral auxiliaries

based upon amino acids, (Scheme 14) or to use chiral bases.

O OBz O H 0Bz
N N~
H3C/\o)t YR chiral H3C/\o)t NOAR
0 — 0
H3C™ "CHj auxiliary H3C™ "CHj
Scheme 11

In order to utilise this approach it will be necessary to find conditions under which the
deactivated alkoxy substituents will take place in the rearrangement reaction. It may be
possible to facilitate rearrangement of these molecules by preparing the corresponding silyl
enol ethers at low temperature and then raising the temperature to facilitate [3,3]-
sigmatropic rearrangement. If this approach is successful the use of chiral boron enolates
might also be investigated in order to determine if this approach to asymmetric products can
be used, (Scheme 12).
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Also it would be of great interest to study the effectiveness of this rearrangement in the

(2)
synthesis of many adrenergic antagonist aminoalcohols drugs.

5 This study

e} O
o o
- = NM
o o
e} O
31

activated precursor R = aromatic or unsaturated

Scheme 13

As we notice from last section in previous work, attempts to rearrange activated and
unactivated precursors were successful. However, only a limited number of N-methyl-O-acyl

hydroxamic acids derivatives were prepared..
In this project we report our efforts to facilitate the rearrangement of other activated and

unactivated precursors.
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5.1 Preparation of precursors

In order to investigate the effects of the N-alkyl substituent upon the rearrangement of

activated precursors, a range of hydroxamic acid derivatives of type 32 were prepared.

A number of R and R' groups were chosen to determine how they would affect the reaction.
Hence, the N-i-Pr derivatives (32a-32¢ and 32e), and N-Bu derived 32f, and N-n-Pr derived
32d were examined. In addition 32 were prepared which contained the benzoyloxy as good

leaving group.
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32a 32b 32c

0]
32d 32e 32f
AL a0
o b )
0.0
32¢ 32h

Precursors of type 32

These precursors (32a-32f) were prepared by the same method described previously. Hence,
the corresponding amines (34a-f) were treated with potassium carbonate and dibenzoyl peroxide in
refluxing Et,O. After the appropriate time, (determined by TLC) the white precipitate was filtered
off, and pyridine was added to the solution followed by dropwise addition of the acid chloride to
give 32a-f, (Scheme 14) as well as the corresponding amide (35-a-f) as a by-product. However,
attempts to prepare 32g and 32h precursors via previous methods were unsuccessful. The yields of

these precursors are shown in (Table 1).
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RNH, > RHNHOBz - o &
DCM, K,CO, Pyridine
34a-f 33 32a-f ™
] O
R\)J\NHR
35a-f

32a)R = £Pr, R'=Pr, 32b)R = £Pr, R' = C,H,, 32c)R = £Pr, R'= Et,
32d) R =n-Pr, R"= CH,, 32e)R = iPr=R" = (CH,)C.H,, 32f) R=n-Bu, R' = C.H,.

Scheme 14

Table 1 Yields of hydroxamic derivatives (32 a-f)

Entry | Compound |R R’ Yield (%)
1 32a i-Pr Pr 26
2 32b i-Pr | CeHy 35
3 32¢ i-Pr Et 48
4 32d n-Pr | CeH, 40
5 32e i-Pr | (CH,)CeH, | 41
6 32f n-Bu | C¢H, 74

The attempts to develop an asymmetric variant of these precursors were unsuccessful

therefore, we could not investigate chiral variant of this rearrangement.

0] CI)BZ O ITI C_)BZ
N N A
Hsc/\oji \”/\/AR Chiral Hsc/\oji \H/\/\R
O - O
H3C™ "CH3 auxiliary H3C™ "CH3
Scheme 15
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5.2 The rearrangements reactions

With the precursors (32a-f) in hand, their rearrangements reactions were then investigated.

Hence, heating (32b) at 110°C in refluxing toluene with (0.2eq) Et;N for appropriate time

(determined by TLC) furnished the desired rearranged product (36a-f).

o N R

36a 36b 36¢C
0] O J\ o)
’Tl/\/ l}l N/\/\
Oy ° H O 0 H 0O H
36d 36e 36f

Rearranged products (36a-f)

The crude NMR indicates that the, the isopropyl and the phenylacetyl groups in (32b) are the best R
and R' groups to use respectively, however, the other R and R' which were examined were also

good enough for successful rearrangement to be observed.

Interestingly, even the rearrangements of unactivated precursors (32e and 32c¢) also observed,
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5.3 Kinetic studies

A kinetic data has been obtained from the investigation of the rearrangement of previously prepared

hydroxamic acids derivatives of the type (37), (Scheme 15),

X
(|3H3 0]
N o~ 0 H
e Yy
\ S O S “CH4
X ——>» \ S o
37a-e 38a-e

a) X =H, b) X =NO,, ¢c) X = Cl, d) X = Me, e) X = MeO

Scheme 16

Hence, the previously prepared precursors 37a-e°? were treated with (0.05 eq) Et;N in toluene at
75°C and the extent of the reaction monitored by '"H NMR. The product distribution as function of
time was determined by 'H NMR looking specifically at the integrals of the 'HNMe protons of the

products 38a-e and the starting materials 38a-e, (Table 2).

Table 2 '"H NMR signals used to estimate concentration
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Compound X 3(A) | 6(B)
37a H 331 | 2.81
37b NO, | 346 | 2.78
37¢ Cl 343 | 290
37d Me 332 | 2.89
37e MeO | 3.31 | 2.87

0 (A) integrals of the NMe protons of the starting materials. 6 (B) integrals of the NMe

protons of the products.

The rearrangement was found to follow a simple first order rate law, in which In [A{] /[Ao] = -kt.
Where [Ay] represents the initial concentration of the hydroxamic acid 37a-e and [A,] represents the
concentration at the time t. '"H NMR spectroscopy was found to be convenient for measuring the
[A{] from the integrals for signals corresponding to specific protons in the spectra. The NMe
protons of the starting materials 37a-e and products 38a-e of the rearranged product were
convenient for this purpose. The first order rate coefficient of the reference compound 37a (X = H)
kx was found by plotting the expression In [A{] /[Ao] against time (min) elapsed and yielded a

straight line (R* = 0.9347) as would expected for a first order reaction, (Fig 1).
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Table 3 Kinetic data from the rearrangement of 37a
Time (min) | [B] Mx107) | [AJMx107) | [A]/[Ao] | In[A]/[Ac]
0 0 9.40 1 0
120 0.40 9.00 0.958 -0.0429
360 4.05 5.35 0.570 -0.5612
720 52 4.20 0.447 -0.8036
0 * I I I 1
™~
02 0 ~.200 400 600 800
S) - ~_
< 04 ~_
g L 4 T ~__
= -0.6 - ~
08 - y=—0.®12§.
. R®=0.9346
Time (min)
Figure 1 Plot of In [A] /[Ay] vs time for rearrangement of 37a

R? = trend line equation, y = -kt, k = rate constant, t = time (min)

The others derivatives were also obtained see (Table 4-7) and (Fig 2-5).
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Table 4

Kinetic data from the rearrangement 37b

X | Time (min) | [B] (Mx107) | [A] (Mx107) | [Ad/[Ao] | Ln[AJ/[Ao]
NO, 0 0 9.40 1 0
2 1.17 8.23 0.876 -0.1316
10 1.40 8.00 0.852 -0.1592
30 2.77 6.63 0.706 -0.3476
60 3.25 6.15 0.655 -0.4226
120 6.67 2.73 0.291 -1.234
0 T T 1
)
02 ¢ ¢+ 50 100 150
2 '04 B ’\ \ <
= T~
E '06 ] \ \
% 0.8 - —
= _1 B \
y =-0.0098x
1.2 1 R?=0.9495 *
14 -
Time (min)
Figure 2.4 Plot of In [A{] /[Ao] vs time for rearrangement of 37b
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Table 5

Kinetic data from the rearrangement of 37¢

X | Time (min) | [B](Mx10™%) | [A] (Mx107) | [AJ/[Ac] | In[Ad]/[Ao]
Cl 0 0 9.4 1 0
2 0.452 8.948 0.952 -0.0485
10 1.157 8.243 0.877 -0.1304
30 0.630 8.770 0.933 -0.0690
160 5.462 3.938 0.419 -0.8668
0 . T T T 1
~* 50 100 150 200
029
o T ~_
<04 - ~
Z T
'E‘ -0.6 - ~_
- T~
0.8 - y =-0.0053x
1 R®=0.9815
Time (min)
Figure 6 Plot of In [A(] /[A¢] vs time for rearrangement of 37¢
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Table 6

Kinetic data from the rearrangement of 37d

X | Time (min) | [B] (Mx10%) | [A] (Mx107) | [A]/[Ao] | In[A]/[Ao]
Me 0 0 9.40 1 0
120 0.151 9.249 0.984 -0.1120
240 1.401 7.999 0.851 -0.1602
3600 9.024 0.376 0.040 -3.198
4000 9.109 0.291 0.031 -3.450
0 I I I I 1
0 1000 2000 3000 4000 5000
o 1 ~
< o ~_
= .2 | ~
< ~
£, T
i y= -o.obe%
R® = 0.9994
4 -
Time (min)
Figure 7 Plot of In [A(] /[Ao] vs time for rearrangement of 37d
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Table 7 Kinetic data from the rearrangement of 37e

X | Time (min) | [B] (Mx10™%) |[A](Mx107) | [Ad/[Ao] | In[Ad]/[Ao]
MeO 0 0 9.40 1 0
330 1.41 7.99 0.8501 -0.1624
490 2.02 7.38 0.7852 -0.2418
600 2.04 7.36 0.7834 -0.2440
1800 4.12 5.28 0.5625 -0.5752
0 T T T 1
010 T 500 1000 1500 2000
¢
2 0.2 - e
= -0.3 - ~_
< 04 - T
= .05 - I
06 - y=-0.0003x »
. )
07 - R®=0.9375
Time (min)
Figure 8 Plot of In[A¢] /[A¢] vs time for rearrangement of 37¢

The reaction’s rate were found to follow the following order NO, (k = 98x10* min™) > Cl
(k =53x10" min™") > H (k = 12x10* min™") > Me (k = 9x10™* min™)> MeO (k = 3x10™* min’
Y. Electron-donating groups were found to decrease the reaction’s rate whereas electron-
withdrawing ones increased the reaction’s rate. The nitro group derivative was the fastest

reaction (k = 98x10™* min™) while the methoxy derivative was the slowest (k = 3x10™ min"
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1. The nitro group derivative (k = 98x10™ min™) is approximately twice as fast as the
chloro derivative (k = 54x10* m™) while the MeO derivative (k = 3x10” min™) is

approximately three times slower than the Me derivative (k = 9x10™ min™), (Table 2.11).

Table 8 Calculated kinetic data of the rearrangements of thienyl

hydroxamic acids derivatives 37a-e

X Rate onstant | Half-life ‘o, Log
(x 10* min-") | (min) t; ke/kn
=1In2/k
NO, 98 70.72 0.78 | 091
Cl 48 144.40 0.23 0.60
H 12 577.62 0 0

Me 9 770.16 -0.17 | -0.12
MeO 3 2310.49 -0.27 | -0.60

*™Note: the values of substituent constants from P. Zuman and R. C. Patel®”

In similar manner, the half-lives were found to vary systematically from 70.72 min for 37b (X =
NO3), 130.78 min for 37¢ (X = Cl), to 577.62 min in 37a (X= H), to 770.16 for 37d (X = Me) and
2310.49 for 37e (X = MeO). Both half-lives and the reaction’s rate reaction indicate, that electron-
withdrawing groups accelerate the reaction while the electron-donating group slow the reaction.
These substituents effects can be treated quantitatively by use of a linear free energy relationship.
The most common used method of such treatment involves the use of Hammett equation which is

represent by Log ky/ky = pox where ky is the rate constant for a compound substituted by group X,
28



ky is the rate constant of unsubstituted compound, ox is the substituents constant, and p is a factor
called reaction constant, which remains uncharged for the same reaction under the same
conditions.®¥ This p value is obtained from the slope of the line in log ky/ky; against the standard ox

plot for a reaction series that consist of several substituted compounds.

17 y = 0.6539x + 0.0107

0.8 - R2* 0.8806
0.6 - -

04 - P
02 7 - -~ *
a)
T / )]
-1 +05~ 702 ¢ 05 1
- 04 -
06 - Op

Log Kx/KH
\

Figure 9 Hammett plot for the rate constant of rearrangements

The slope of the correlation line, is referred to as p, the reaction constant. It is a measure of
sensitivity of the reaction to the electronic substituents effects. As the p- (0.65) value is
positive this means that a degree of negative charge is built up in the transition state in the
rate determining step of the rearrangement. In the light of this result, its less likely that the
rate determining step is the loss of the acyloxy group as a carboxylate anion because it

might be expected that a p value nearer to 1 would arise.

The rate determining step could be either a) deprotonation to form an enolate or b) the loss

of the acyloxy group as a carboxylate anion, (Scheme 17).
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Scheme 17

This mechanism involves formation of an enol or an enolate followed by nucleophilic displacement
of the benzoyloxy group to furnish an a-lactam. After ring opening the a-lactam is trapped via the
displaced anion (40) (which in this example is the benzyloxy anion) to give the rearranged product.

This mechanism is similar to that postulated by Hoffman in the reaction of N-mesyloxy amides with

Et3N/Et3N.HCl,(34) (scheme 18).

o OMs ClH
Nog_ MsCl /©/YN\R Et;N mN\R
Rm Et,N R o Et,NHCI g o
41 42 43
Scheme 18

In Hoffman's reactions N-alkylphenylacetohydroxamic acids (42) are readily converted to 2-

chloro-N-alkylphenylacetamides (43), (scheme 18).

It has been suggested that initial enolate formation and elimination of mesylate furnishes an a-
lactam which ring opens to an ion pair and is trapped by chloride to give the 2-substituted-2-
chloroamide upon hydrolysis. Evidence for this mechanism was provided when alternative

nucleophiles (e.g. H,O) competitively trapped out the intermediate ion pairs to furnish 2-
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substituted-2-hydroxy amides, (Scheme 19) in moderate yields. Other nucleophiles (e.g. I and Br)

were also used to trap the ion pair to give 2-substituted secondary amide products.®>

CHy OH CHy
N
“OMs Et;N N\H
e
O H,0 0
Scheme 19

In contrast when we attempted to trap out the postulated ion pair (44) derived from

hydroxamic acid (37) with other nucleophiles (eg CI) no competitive trapping was detected.

O
a1 ;)
S TMG Strong Nuc S NHMe

Nuc
44

OBz

Scheme 20

According to above results, this rearrangement may be a concerted [3,3]-sigmatropic
rearrangement of enol (Scheme 21), and the rate limiting step is the formation of the enol or
enolate which would become more facile when the acidity of the a-carbonyl protons

increased under the inductive effects of the electron withdrawing O-acyl groups.
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Scheme 21
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The negative charge may build up on the oxygen atom of the N-O bond in the transition
state for the reaction. This suggests that the reaction may involve a concerted process. Two
related rearrangements have been reported; 1) the thermal rearrangement of O-benzoyl-N-
(4-tolylsulfonyl)-N-arylhydroxylamine; in which the transition state and mechanism was
found to be heavily dependent upon the substitution pattern of the substrate intermediates,
(Scheme 22).0%

.0 Ph
TsN™ N~ 120°C

Scheme 22

Or 2) KHMDS mediated anionic [3,3]-sigmatropic rearrangement of the di-enolate or

hydroxamic acid derivatives 45.°”
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Scheme 23
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5.4 Conclusions

A wide array of potentially useful O-acyl hydroxamic acids derivatives can be prepared and

rearranged to 2-acyloxyamides good yields via treatment with a catalytic amount of Et;N in dry

toluene or DCM.

The positive nature of the reaction’s p-value reflects that a development of negative charge
i1s built up in rate determining step of the rearrangement which indicates that this
rearrangement may proceed via a [3,3] sigmatropic rearrangement. Our results have shown the
isopropyl and the phenylacetyl groups in (32b) are the best R and R' groups to use respectively,
however, the other R and R' which were examined were also good enough for successful

rearrangement to be observed.

Interestingly, even the rearrangements of unactivated precursors (32e and 32c¢) also observed

upon treatment with Et;N, however in less yields.
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5.5  Selected Experimental Details

5.5.1 Preparation of precursors

5.5.1.1 General procedure for the preparation of acid chloride

The acid chlorides were prepared directly before use by heating acid at reflux with freshly distilled

excess thionyl for 30 min followed by removal of the excess thinly chloride in vacuo.

5.5.1.2 General procedure for the preparation of N-alkyl-N-benzoyloxy-hydroxamic acids

derivatives

The appropriate amine (leq) (0.9 ml, 8.66 mmol), dibenzoyperoxide (leq), and potassium
carbonate were refluxed together in Et,O (30 ml) for 12 h. The formed precipitate was filtered off to
give a solution to which pyridine (l1eq) was added followed by dropwise addition of acid chloride.
The mixture was refluxed again overnight. The mixture was then diluted with water (100 ml) and
the organic phase washed with 10 % HCI (2 x 50 ml), brine (2 x 50 ml) and dried over MgSOj. The

product was purified by flash column chromatography (pet.ether-ethylacetate (3:1)).
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5.5.1.3 N-Benzoyloxy-N-i-propyl-butaneamide 32c

AL

(ONGL®)

32a

Isopropylamine (0.730 ml, 8.66 mmol), dibenzoylperoxide (2.10 g, 8.66 mmol), and potassium
carbonate (1.18 g, 8.66 mmol) were refluxed in Et,O (30 ml) for 12 h. The formed precipitate was
filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added followed by
dropwise addition of butanoyl chloride. The mixture was refluxed overnight. Purification by flash
column chromatography furnished N-benzoyloxy-N-i-propyl-butaneamide 32¢ (0.530 g, 26 %) as a

colourless oil; (M+, C14H9NO3) requires: 249.306

'H NMR (CDCls, 300 MHz) 6 0.94 (3H, t, J 6.6 Hz, MeCH>), 1.20 (6 H, m, isopropyl ), 1.35 (2H,
m, MeCH,CH>), 2.95 (2H, two s, CH,CH,CO), 4.30 (1H, br m, (Me),CH), and 7.44-8.05 (5H, m,
Ar).

PC NMR (CDCls, 62.9 MHz) & 13.6 (q), 18.2 (2 x q), 22.6 (1), 42.2 (d) 126.9 (s), 128.3 (2 x d),
129.5 (2 x d), 133.2 (d), 163.3 (s), and 170.9 (s).

IR (CHCls, Vinax /om’™") 1764 (OCO), 1663 (NCO), and 1522 (Ar).
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5.5.14 N-Benzoyloxy-N-i-propyl-phenylacetamide 32b

L

00O

32b

Isopropylamine (0.730 ml, 8.66 mmol), dibenzoylperoxide (2.10 g, 8.66 mmol), and potassium
carbonate (1.18 g, 8.66 mmol) were refluxed in Et,O (30 ml) for 12 h. The formed precipitate was
filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added followed by
dropwise addition of phenyl acetyl chloride. The mixture was refluxed overnight. Purification by
flash column chromatography furnished N-benzoyloxy-N-i-propyl-phenylacetamide 32b (0.88 g,

35 %) as a colourless oil; (M+, CisH9NO3) requires: 297.348

'H NMR (CDCls, 300 MHz) & 0.91 (6H, br td, J 6.0 & 2.0 Hz, isopropyl), 3.75 (2H, s, PHCH.),
4.40 (1H, dd, J 6.0 & 2.0 Hz, (Me),CH), and 7.41-8.03 (5H, m, Ar).

3C NMR (CDClLs, 62.9 MHz) § 14.1 (2 x q), 22.8 (1), 42.0 (d) 126.9 (s), 128.5 (2 x d), 129.4 (2 x
d), 133.7 (d), 167.0 (s), and 170.1 (s).

IR (CHCls, Viax /om™) 1765 (OCO), 1663 (NCO), and 1522 (Ar).
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5.5.1.5 N-Benzoyloxy-N-i-propyl-propylacetamide 32¢

I

@)

32c

Isopropylamine (0.730 ml, 8.66 mmol), dibenzoylperoxide (2.10 g, 8.66 mmol), and potassium
carbonate (1.18 g, 8.66 mmol) were refluxed in Et,O (30 ml) for 12 h. The formed precipitate was
filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added followed by
dropwise addition of propanoyl chloride. The mixture was refluxed overnight. Purification by flash
column chromatography furnished N-benzoyloxy-N-i-propyl-propylacetamide 32¢ (0.95 g, 48 %)

as a colourless oil; (M+, Ci3H7NO3) requires: 235.279

'H NMR (CDCls, 300 MHz) & 0.80 (3H, t, J 6.6 Hz, MeCH,), 0.94 (6 H, d, J 6.6 Hz, isopropyl),
2.65 (2H, two s, MeCH,), 4.0 (1H, br m, (Me),CH), and 7.17-7.80 (5H, m, Ar).

C NMR (CDCl;, 62.9 MHz) & 8.3 (q), 19.2 (2 x q), 22.6 (1), 50.2 (d) 126.9 (s), 128.3 (2 x d),
129.3 (2 x d), 134.3 (d), 166.9 (s), and 169.3 (s).

IR (CHCls, Viax /om™) 1764 (OCO), 1663 (NCO), and 1522 (Ar).
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5.5.1.6 N-Benzoyloxy-N-n-propyl-phenylacetamide 32d

Propylamine (8.66 mmol, 0.710 ml, 0.511g,), dibenzoylperoxide (2.10 g, 8.66 mmol), and
potassium carbonate (1.18 g, 8.66 mmol) were refluxed in Et,O (30 ml) for 12 h. The formed
precipitate was filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added
followed by dropwise addition of phenyl acetyl chloride. The mixture was refluxed overnight.
Purification by flash column chromatography furnished N-benzoyloxy-N-n-propyl-phenylacetamide

32d (1.0 g, 40 %) as a colourless oil; (M+, CisH9NO3) requires: 297.348

'H NMR (CDCls, 300 MHz) 6 1.00 (3H, t, J 7.3 Hz, MeCH,), 1.64 (2 H, septet, J 7.3 Hz, MeCH,),
3.42 (2H, m, MeCH,CH>), 3.72 (2H, s, PhCH>), and 7.30-7.85 (5H, m, Ar).

C NMR (CDCl3, 62.9 MHz) & 11.3 (q), 22.6 (t), 41.0 (t), 41 (t), 126.9 (s), 128.4 (2 x d), 129.3 (2 x
d), 133.3 (d), 168.4 (s), and 171.7 (s).

IR (CHCls, Vinax /om’™") 1764 (OCO), 1663 (NCO), and 1522 (Ar).
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5.5.1.7 N-Benzoyloxy-N-i-propyl-3-phenyl-propioamide 32e

32e
i-Propylamine (0.730 ml, 8.66 mmol), dibenzoylperoxide (2.10 g, 8.66 mmol), and potassium
carbonate (1.18 g, 8.66 mmol) were refluxed in Et,O (30 ml) for 12 h. The formed precipitate was
filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added followed by
dropwise addition of 3-phenyl-propionoyl chloride. The mixture was refluxed overnight.
Purification by flash column chromatography furnished N-benzoyloxy-N-i-propyl-3-phenyl-

propioamide 32e (1.1 g, 41 %) as a white crestline ; (M, C1oH»NO3) requires: 311.1521

"H NMR (CDCls, 300 MHz) § 1.20 (3H, t, J 6.6 Hz, MeCH,), 2.62 (2 H, t, J 8.0 Hz, CH,CH,CO),
2.90 (2H, t, , J 8.0 Hz PhCH, CH,), and 7.16-7.73 (SH, m, Ar).

13C NMR (CDCls, 62.9 MHz) & 22.8 (q), 30.7 (t), 35.7 (1), 41.0 (t), 42.3 (d), 126.4 (s), 128.4 (2 x
d), 128.6 (2 x d), 133.3 (d), 140.3 (s), and 179.1 (s).

IR (CHCls, Vinax /em™") 1764 (OCO), 1663 (NCO), and 1522 (Ar).
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5.5.1.8 N-Benzoyloxy-N-n-butyl-phenyl-acetamidee 32f

SPi
N/V\
0O

32f
n-Butylamine (8.66 mmol, 0.875 ml, 0.631g,), dibenzoylperoxide (2.10 g, 8.66 mmol), and
potassium carbonate (1.18 g, 8.66 mmol) were refluxed in Et;O (30 ml) for 12 h. The formed
precipitate was filtered off to give a solution to which pyridine (0.70 ml, 8.66 mmol) was added
followed by dropwise addition of phenylacetyl chloride. The mixture was refluxed overnight.
Purification by flash column chromatography furnished N-benzoyloxy-N-n-butyl-phenyl-

acetamidee 32f (2.0 g, 74 %) as a white solid crystals ; (M", C19H2;NO3) requires: 311.1521

"H NMR (CDCl;, 300 MHz) & 0.860 (3H, t, J 7.0 Hz, MeCH,), 1.25-1.30 (2 H, m, MeCH,), 1.45-
1.54 (2H, m, MeCH,CH>), 3.34 (2H, td, J 7.0, 2.0 Hz, PhCH,), and 7.16-7.73 (5H, m, Ar).

13C NMR (CDCl, 62.9 MHz) & 13.7 (g), 20.0 (1), 31.3 (1), 39.9 (1), 40.0 (t), 126.9 (s), 128.4 (2 x d),
129.3 (2 x d), 133.3 (d), 168.4 (s), and 171.7 (s).

IR (CHCls, Vinax /em™") 1763 (OCO), 1662 (NCO), and 1524 (Ar).
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5.5.2 The rearrangements reactions

5.5.2.1 General procedure for phosphazene base catalysed rearrangement

To a solution of N-benzoyloxy-N-alkyl-hydroxamic acid derivatives 32a-f (1eq) in dry toluene was
added Et;N, then the mixture was refluxed. After the appropriate time water (2 ml) was added and
the organic phase was washed with 10 % HCI (1 x 2 ml), brine (1 x 5 ml), and dried over MgSO,.
Removal of the solvent in the vacuo followed by flash column chromatography (pet.ether-

ethylacetate (10:1)) furnished 2-benzoyloxy-N-alkyl-hydroxamic acid derivatives 165b-d.
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