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Abstract

Amidoalkylations and Cyclisations involving Hydroxamic Acids and

Their Derivatives

Sabrina Pucci, PhD Thesis, 2004

Amidoalkylations are multicomponent reactions, which proceed via a highly
reactive intermediate such as the N-acyliminium species. Amidoalkylations
involving hydroxamic acids are rare and their reactivity in three-component
condensations with carbonyl compounds is almost unknown.

The development of new synthetic routes to both natural and novel cyclic
hydroxamic acids is of primary importance in view of their potential in a wide
range of biological applications. A new ring-closure reaction involving unsaturated

hydroxamic acids has been investigated.

In Chapter 1 is depicted a complete introduction to hydroxamic acids,
including their biological and physical properties, structure and preparation. A
variety of unsaturated and O-protected hydroxamic acids were prepared in order to
test the scope of the three-component amidoalkylation condensation and the acid-

catalysed cyclisation.

In Chapter 2 is described a new amidoalkylation that furnishs acyclic
aliphatic B-hydroxamic acids aldehydes for the first time. Unique features include:
(a) in situ formation of the presumed imine substrate (from a hydroxamic acid and
an aldehyde) (b) subsequent amidoalkylation by an aldehyde, in an overall one-pot

process to give (¢) an isolable B-hydroxamic acid aldehyde as the product.

Chapter 3 describes attempts to generate heterocycles by treating unsaturated
hydroxamic acids with trifluoromethanesulfonic acid (TfOH). At 30%

concentration of TfOH this was largely successful.

Chapter 4 describes attempts to broaden the scope of the multicomponent
reactions and to uncover new cyclisations. Hydrazides were prepared in the hope

that their enhanced nucleophilicity would assist in carbonyl condensations.
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Chapter 1

Preparation and Use of Hydroxamic
Acids

1.1 Introduction

This thesis is mainly concerned with the reaction of carbonyl compounds with
hydroxamic acids. Subsequently, the participation of hydroxamic acids was
examined in ring closure reactions where the nitrogen atom of the hydroxamic acid
moiety can react intramolecularly with an unactivated double bond in the presence of
an acid catalyst. This work is based on previous research, which was carried out in
our group that involved amides rather than hydroxamic acids. This chapter contains a
description of the structure, reactivity, properties and in particular the synthesis of

hydroxamic acids.

1.1.1 Hydroxamic acids

The RCONHOH derivatives of hydroxylamine are generally referred to as
hydroxamic acids. Accounts of the chemistry of hydroxamic acids began in 1869
when H. Lossen, working in W. Lossen’s laboratory, isolated oxalohydroxamic acid

from the reaction of ethyl oxalate with hydroxylamine' (scheme 1.1).

0 0
OH
/\O)H(OH + NHon _— HIF)H(
(0]

o OH

Scheme 1.1: Reaction of ethyl oxalate with hydroxylamine



At that time, in the absence of spectral data, the structure of the oxo form (I)
(fig 1.1) was difficult to establish; many chemists of the era believed that the
hydroximic acid (II) correctly represented hydroxamic acids. It was only after X-ray
analysis that it was proved that structure (I) represents hydroxamic acids in the solid
state. It had long been known that complexation of metal ions with hydroxamic acids
formed the basis of analytical determinations; for example, Fe** gives complexes of a

beautiful purple colour.

O OH

M

R NHOH R NOH
I il

Fig 1.1

Hydroxamic acids belong to an important class of reagents in organic and
inorganic chemistry,” and are also valuable intermediates in pharmaceutical
applications.> Moreover they manifest interesting properties as iron chelators
(siderophores),® photochemical reactions’ and enzyme inhibitors.>'? As the name
implies, hydroxamic acids behave as weak acids and this is one of their most

important features.

1.1.2 Chemical Properties of Hydroxamic Acids

1.1.2.1 Site of Ionization and pK, values

The structure-function relationships of hydroxamic acids still present some
unresolved questions13 concerning their exceptionally low pK, values (pK, = 8-9),
when compared with their structurally similar amide derivatives (pK, = 11-15) and
the evaluation of the structural features of their conjugated bases'®'®. In fact, the
identification of the site of deprotonation has not yet been clearly defined, either in
solution or in gas phase, because different experimental techniques lead to different

results.



In the gas phase a molecule of acetohydroxamic acid possess four stable
neutral forms (fig 1.2) and shows three electrophilic centres, of which the carbonyl
oxygen and the nitrogen atom are prone to protonation.16 Without including solvent
effects, the acetohydroxamic acid could adopt any of the four stable neutral forms
but the most stable ones are the amide tautomer I and the Z imide isomer II (figure
1.2),'® because of the hydrogen bonds established between the hydroxyl and the
carbonyl groups. The energy difference between both stable structures has been
evaluated to be 0.9 Kcal mol, in favour of the amide tautomer 1.'® On the other
hand, when the effect of the solvent is taken into account, the relative energy of the

two tautomers changes considerably.

-H
T —

H

o=
I

Amide Tautomer |

o-H OH

\\ ——
X _OH *—A
)\N/

|

Z Imide Tautomer I

Fig 1.2. The four stable neutral forms of hydroxamic acid in the gas phase.

Past and recent reports have shown that both the OH and NH groups are
possible ionization sites in solution.'”? A study of oxidation potentials®' and cation

2223 of the hydroxamate moiety imply

complexation experiments in alkaline media
that the NH group is the preferred ionization site in DMSO and aprotic polar
solvents, whereas the hydroxylic function acts as a proton donor in water and protic
solvents.”** Moreover, extended spectroscopic experiments”> and theoretical
calculations (ab initio methods)®® have demonstrated that the acidity of both NH and
OH functions is strongly affected by the structural characteristics of the substrate and
also depends upon the solvent.

Hydroxamic acids are acidic but can also behave as weak bases owing to the
NC=0 moiety;”’ despite their importance, there are only a few experimental

contributions concerning their acid-base behaviour. In theory, protonation can occur



at nitrogen, the carbonyl oxygen or the oxygen of the OH group but theoretical
calculations performed on the isolated acetohydroxamic acid show only two stable
cations (fig. 1.2). By analogy with the chemical behaviour of amides, it is usually

accepted that the site of protonation is the carbonyl oxygen atom.'>?®

1.1.2.2 Chelating Properties

Hydroxamate-containing compounds, one of the major classes of naturally
occurring metal complexing agents, have been thoroughly studied as ligands.
Numerous papers show that hydroxamic acids adopt a typical binding mode in which
the oxygen atoms belonging to the carbonyl and NHOH groups are the ones chelated
to the metal.® Investigation of complex formation with simple primary hydroxamic
ligands in aqueous solution demonstrated clearly that, depending on the pH, the
monoanion (III) arises from the first deprotonation step and involves the coordination
of the metal (O,0) to NHO™ moiety and to the carbonyl oxygen (III, Scheme 1.2).
The dianion (IV) form of the ligand is produced by further metal-induced
deprotonation of NHO™ (IV).*® The anions of the hydroxamic acids and their N-
substituted derivatives may serve as bidentate ligands toward metal ions such as

Fe(III), Ni(IT) and Cu(Il).

R R
YO\M/— HY I;: :M/_

HN\O/
111 v
Scheme 1.2

1.1.2.3 Comparison of Reactivity of Hydroxamic Acids with that of
Amides

The unexpectedly high acidity of hydroxamic acids is one of their most
remarkable properties, and is one of the main differences between their amide
counterparts. In fact, the pK, values of hydroxamic acids are approximately 6 units

more acidic than the corresponding amide.'* On the other hand, an early study16



showed that hydroxamic acids behave as weaker bases than amides. However, one of
the most interesting properties on which this entire work is based is the nucleophilic
nature of the nitrogen atom of hydroxamic acids compared to amides especially
towards N-alkylation. Much less is known about the nucleophilicity of hydroxamic
acids; nevertheless it can be assumed that the nitrogen atom of the hydroxamic acid
moiety would be likely to have a higher nucleophilicity compared to the amides,
owing to the alpha effect. In general, the presence of an OH group adjacent to the
nitrogen atom confers the latter with higher nucleophilicity. Moreover the positive
charge formed during N-alkylation is better sustained by the neighbouring atoms of
hydroxamic acids than those of the corresponding amides. Relevant are literature
observations that describe the oxygen of the NHOH group participating as a

nucleophile.’!™

1.1.3 Biological Properties of Hydroxamic Acids

As already mentioned, hydroxamic acids possess useful biological properties
and important medical applications; much of their biological activity is related to
their ability to form very stable chelates with a wide range of metal ions, especially
iron.> They possess a wide spectrum of biological activities such as anti-

* anti-asthmatic,”® psychotropic®® antibiotic insecticidal,’’ acaricidal

inflammatory,’
and nematocidal activities.”® Naturally occurring hydroxamic acids can be low-
molecular weight iron chelators in the microbial transport of iron (siderophores)® and
play a key role in facilitating the proper function of enzymes in electron and oxygen
transport and other life-sustaining processes.”” They are also inhibitors of urease
activity and have been used therapeutically in the treatment of hepatic coma.®

Their strong ability to chelate metals makes hydroxamic acids efficient
inhibitors of a large class of enzymes called metallo-enzymes, the matrix
metalloproteins being important anticancer targets.*’

Matrix metalloproteinases (MMP) require zinc ion at their active sites and are
responsible for connective tissue remodelling and have emerged as interesting targets
for a wide array of disease process where the remodelling process plays a key role.*!

42;43 44-46

Treatment of osteoarthritis, rheumatoid arthritis, tumour metastasis, multiple

sclerosis,’” among many others, holds promise. Eighteen kinds of MMP have been



isolated and cloned and are collectively termed the MMP family.‘m;49 In figure 1.3 are
depicted two potent enzyme inhibitors, Marimastat and Trichostatin A. Marimastat is
a potent inhibitor of the series of matrix metalloproteinases involved in the tumour
necrosis factor o convertase® while Trichostatin A is a potent inhibitor of the histone

deacetylase family of enzymes integrally associated with DNA.”!

Iz

Marimastat Trichostatin A (TSA 1)

Fig. 1.3: Two potent inhibitors: Marimastat for Matrix metalloproteinases and Trichostatin
A as an inhibitor of histone deacetylase

The molecular mechanism underlying the enzyme activity of the MMP family
has been revealed on the basis of their molecular interaction with their specific
inhibitors. Although their physiological activities are not yet fully understood, they
are postulated to regulate the homeostasis of a variety of tissues under the control of
the tissue inhibitor metalloproteinase (TIMP), which associates with and inhibits the
activity of MMP. Therefore, it is thought that production of MMP and stoichiometric
imbalance between TIMP and MMPs could result in a variety of morbid states,
including tumour metastasis®> or multiple sclerosis®® or rheumatoid arthritis.**
Moreover, certain MMP inhibitors have recently been shown to exert antitumor

activity other than antitumour metastasis.>

1.14 Preparation of Hydroxamic Acids

Several well-documented literature methods are available for the preparation of
hydroxamic acids.’**® The most common method for the preparation of these
compounds is by reaction of hydroxylamine with esters or acid chlorides® (scheme
1.3 eq 1). In contrast, the direct formation of hydroxamic acids from a carboxylic acid
and hydroxylamine is unfavourable owing to the equilibrium position which makes
significant the reverse reaction of solvolysis of the hydroxamic acid. Formation of a

hydroxamic acid from a carboxylic acid requires the activation of the latter using a



coupling agent of the sort used in peptide synthesis, such as DCC

(dicyclohexylcarbodiimmide) or a similar reagent® (scheme 1.3 eq ii).

0
/ﬂ\ NHOH /H\N,OH i

R” X N
X =Cl, OR

O NH,OH j)\
L — ~OH i

OH DCC N

Scheme 1.3.

Preparation of hydroxamic acids from acid chlorides can be troublesome and
where an ester is used to prepare a hydroxamic acid, reaction does not proceed under
neutral conditions; in fact, strong basic conditions are often required. Moreover when
DCC is used, it is usually difficult to isolate the product without traces of the side
product DCU. In contrast, a very simple and straightforward method has been
adopted for the preparation of the hydroxamic acids in one step and under neutral
conditions. The carboxylic acid is reacted with ethyl chloroformate in the presence of
a mild base, such N-methylmorpholine, to form, in situ, the anhydride that reacts

with a solution of hydroxylamine previously prepared (scheme 1.4).%

0 0O o b Q
a
Lo 2 L, — e
R” ~OH R” N0~ “OEt RN
Scheme 1.4. o) Ethyl chloroformate, NMM, Et,0, 0 °C, 15 min. 5) NH,OH in MeOH,
0°C, 25 min

This procedure was successfully used in the preparation of all the classes of

hydroxamic acids considered in this thesis.



1.2 Results and Discussion

This chapter describes various methods for preparing hydroxamic acids with
the purpose of finding one general procedure. Classical and well-documented routes
were tried before discovering that the method of Reddy® was suitable for all the

classes of hydroxamic acids required.
1.2.1 Synthesis of a-Amino Hydroxamic Acids

A class of hydroxamic acid that has been extensively investigated in the
present multicomponent amidoalkylations is that of a-amino hydroxamic acids. Such
compounds are known to condense with aldehydes to give the five-membered ring

system, 3-hydroxyimidazolidin-4-ones (3) (scheme 1.5).%

0 H,N RN
Lo — K
R H HO\N o HO™
H (0]
1 2 3
Scheme 1.5

Since the formation of the intermediate imine from reaction of the aldehyde 1
with the amino group of hydroxamic acid 2 is primarily favoured, and as our aim was
to evaluate the reaction of aldehydes with the hydroxamic acid moiety (scheme 1.5),
protection of the amine appeared to be the only way to prevent reaction at this
functionality. Accordingly, some N-Boc, N-aryl and N-acyl glycine hydroxamic acids
were prepared.

Hydroxamic acid 2 has been readily prepared from the corresponding S
aminoesters and hydroxylamine under neutral conditions,®* but when the nitrogen
atom of the ester bears a protecting group it was found that the hydroxamic acid

could not be formed (scheme 1.6).



Q 0
RVN\)J\O/\ + NH,OH % RVN N/OH
H

4a=R =Ph EtOH 5
4db=R= (CH3)2CH

Scheme 1.6

Our first attempt to protect the amine function as an imine was achieved by
treating the glycine ester with benzaldehyde in dry dichloromethane in the presence
of magnesium sulfate as a dehydrating agent.”> However this approach was rapidly
abandoned when the coupling of N-phenylglycine ethyl ester 4a with hydroxylamine
did not give the desired hydroxamic acid and only hydrolysis of the imine was
observed. Consequently, alternative preparation of the desired compounds were

attempted, (scheme 1.7), but in no case could the hydroxamic acid be isolated.

0
Ph\éN\)j\o/\ + NH,OH
4a

X
EtOH

o) 0 o
H,N _OH J EtoR
\)J\’d b R 2N RVN\)J\”,OH
2 5
o] DGC
Ph\/“\/U\ONa +  NH,OH CM
=+
6
Scheme 1.7

When 2 was treated with benzaldehyde in ethanol no reaction occurred and the
hydroxamic acid was quantitatively recovered unchanged. This suggests that either
the amine is less reactive, owing to the electron-withdrawing effect of the
hydroxamic acid moiety, or that the imine (formed from the reaction of the aldehyde
with the amine) is rapidly hydrolysed as soon as it is produced.

The reaction of the more activated carboxylate 6 with hydroxylamine in
presence of 1,3-dicyclohexylcarbodiimide (DCC) did not provide the protected
hydroxamic acid. Although the sodium salt 6 reacts faster with DCC due to the



10

increased nucleophilicity of the negatively charged oxygen, the desired 5 could not
be detected, and glycine was the only product isolated. The idea of the imine as a
protecting group was then abandoned and other protecting groups were considered
such as acyl and benzyl. In such cases in order to avoid double protection on nitrogen

with the same group a specific synthetic pathway was devised (scheme 1.8).

2 \)k 1) EtzN/MeOH ')LOH
H 3 )

P “H  2)NaBH,/MeOH o_N
3) Boc,0/ HzOldioxane X i
7 P

Scheme 1.8

The formation of the imine and its reduction and protection with di-terz-butyl
dicarbonate was achieved in a one-pot reaction in 55% overall yield.

Coupling of 8 with hydroxylamine using DCC was carried but unfortunately
only starting material was recovered. It was at this stage that the method of Reddy 6l

was used, affording the hydroxamic acid 9 (equation 1.5) in 75% yield (scheme 1.9).

o) (0]

OH
’)J\OH ')Lu
CICO,Et/ NMM N

O N +  NH,OH > o\n/
\ﬂ/ Et,0/MeCH
e} O

75 %

Scheme 1.9

The mechanism involves the formation of an anhydride in situ that is
subsequently displaced by hydroxylamine to give the hydroxamic acid 9.
Deprotonation of the acid 10 by N-methylmorpholine (NMM) generates the
carboxylate 11 (scheme 1.10), which reacts with the ethyl chloroformate to form a
tetrahedral intermediate 12. The latter eliminates chloride to form the anhydride 13
that by subsequent attack of the nucleophilic nitrogen atom of hydroxylamine affords

the hydroxamic acid 14. The formation from 10 of the ethyl ester, a major side-
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product, could be attributed to the fact that as the amount of hydroxamic acid
produced increases, so does the amount of ethoxide; this leads to a competitive

reaction in which the ethyl ester is formed as a side-product.

0 W/ \ 0 Vam
R)J\(Sl I-'i/—h; AN R)]\O e
10 11

Rj\o ] /?)ogoa - j\ (;T\/\'

R” Yo e
11 o OEt
0 (0 o) 0O
C 9 )
Yy
R)]\ot? — R)KJ\O)J\OEt = | R NH%ﬁj\/aEt
12 13 13'
NH,OH
0
—_— /U\ _OH + CO, + EtOH
RN
H
14

Scheme 1.10 Mechanism of the formation of hydroxamic acids via chloroformate activation

The method used to prepare hydroxamic acid 9 (scheme 1.9) was then applied
to other related hydroxamic acids and in most of the cases the products were
obtained in satisfactory yields. In this way, several other N-protected glycine
hydroxamic acids were prepared and reacted with carbonyl compounds. In particular,
N-Boc glycine hydroxamic acid 16 and N-acetylglycine hydroxamic acid 18 (scheme
1.12) were envisaged. The latter was synthesised from the commercially available V-
acetyl glycine; 16 was obtained from the precursor N-Boc glycine, prepared using

standard Boc-protection.®*

+ NH,OH _— H

Scheme 1.11
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When acid 16 was reacted with butyraldehyde an intermediate hemiaminal 18
was isolated (scheme 1.12); this is, to our knowledge, the first amidoalkylation to

deliver this class of acyclic hemiaminal.

H,N

o]

0 H\/U\ ~OH c) o H\/ﬁ\ OH
N -~ -
18

Scheme 1.12: a) 1M NaOH, Boc,0 dioxane/H,0, 0 °C, pH =9-10, 25 min; 20 °C, pH =9; 16 h. b)
NMM, ethyl chloroformate, Et;O/MeOH, rt, 25 min. ¢) Butyraldehyde, EtOH, rt, 16 h.

The product was isolated in low yield and although various conditions had

been examined, the yield could be little improved (see Table 1).

Table 1.1. Attempted Optimisation of the Preparation of Hemiaminal 18

Entry 15 (eq) Butyr- Conditions Yield %
aldehyde(eq)
1 1 1 EtOH, rt 33
2 1 2 EtOH, 1t 35
3 1 2 EtOH, 70°C 0
4 1 - CuSQ,, butyraldehyde, rt 0
5 1 1 CH,Cl,, 1t 37
6 1 1 CF;CH;0H 38

The yield was not improved by employing more butyraldehyde (entry 2, table
1.1); also the change in temperature did not seem to make any difference (entry 3). It
was thought that addition of copper sulfate as dehydrating agent could have driven
the reaction towards the formation of the hemiaminal, the latter being water-

sensitive. However, no conversion was observed and only starting material was



recovered (entry 4). Moreover, the use of polar and aprotic solvents such as
dichloromethane and trifluoroethanol did not seem to make significant changes
(entry 5 and 6).

For a better understanding of the results two comments should be made, firstly
that the equilibrium, leading to the formation of the hemiaminal 17 may lie in favour
of the reactants, and secondly that the electron-withdrawing protecting group on the
nitrogen atom can considerably enhance the stability of the hemiaminal. Consistent
with this hypothesis N-acetylglycine hydroxamic acid was prepared but no
hemiaminal derived from it was observed.

The NMR and infrared spectra are in agreement with the structure proposed for
the hemiaminal 18; the mass spectrum does not show any peak at M+1 but instead a
peak for M-H,O. The major concern was to verify that the structure was the
hemiaminal 18 and not the five-membered ring 3-hydroxy-4-imidazolidinones 3. In
accordance to that a parallel synthesis was carried on (scheme 1.13). The glycine
ethyl ester 19 was converted into the hydroxamic acid 2a by stirring the ester with
hydroxylamine in ethanol, following the procedure described by Horman.* Since
condensation of 2 with butyraldehyde gave the five-membered ring 3-hydroxy-4-
imidazolidinone 20, the ring was protected using di-tert-butyl dicarbonate to give the
final compound 21. At this point >C NMR comparison of the two compounds was
made and it was clear that in the hemiaminal system the carbon atom attached to the
nitrogen atom of the hydroxamic acid had a chemical shift of 80.1 ppm while the
corresponding carbon atom of the ring system showed a chemical shift of 72.4 ppm.
This unequivocally established that the hemiaminal 18 had been isolated in the first

place.

0]
Q 0
HzN\/u\o/\ + NHOH -2 . HzN\)I\N/OH +/\)j\
19 H :

2a 459,

|
(0]
N‘Kf\ 2 (lL OH
0 N~
2
20 1%

1 55 %
Scheme 1.13 a) EtOH, -5 °C, 16 h; b) i-PrOH, reflux, 4 h; ¢) Boc,0, H,O/dioxane, 5 h.
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The condensation of butyraldehyde with glycine hydroxamic acid was carried
out by heating at reflux in isopropanol although the method described by Horman®
recommended conducting the reaction in ethanol at room temperature; however
using the latter conditions 20 could not be obtained in good yield; hence different
conditions needed to be investigated and finally the 3-hydroxy-2-propyl-

imidazolidin-4-one (20) was obtained in satisfactory yield (71%).

1.2.2  Preparation of By - and y,6-Unsaturated Hydroxamic Acids

Reactions of these types of hydroxamic acid are extensively discussed in
chapter three; the aim was to achieve an intramolecular cyclisation involving the
nucleophilic nitrogen atom of the hydroxamic acid moiety and the electrophilic
carbocation formed in situ by the attack of the acid catalyst on the unactivated double
bond. The hydroxamic acids 22 to 29 (figure 1.4) were prepared following the same

procedure described in section 1.2.1, the yields being between 22 and 68%.

B Unsaturated % 6-Unsaturated S &-Unsaturated
o (0]
/OH N/OH 0
2
R 1 R | N
R R OR
R=H R'=CHz R2=H 22
i A R=CH; R'=H 26 29
R—CH3, R =CH3 R<=H 23 R =CH ! R1 = CH~ 27
R=H R'=R2=C4Hg 24 R: o 3, R ~ ¥ 3 28
R=H R'=CyH5 R%=H 25 B B

Fig 1.4

Preparations of the precursor carboxylic acids that led to the hydroxamic acids
shown in figure 1.4 are described and discussed in chapter three. In the present
chapter is presented a general understanding of the different classes of hydroxamic
acids investigated, as well as the difficulties encountered in finding a general method

suitable for all the hydroxamic acids required. Although there are different ways of
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preparing hydroxamic acids, it seems that each hydroxamic acid requires a specific
procedure. Consequently, considerable investigation was needed in order to master
how to prepare each different hydroxamic acid required for the condensations that

formed the principal aim of the work.

1.2.3  Synthesis of Proline-Type Hydroxamic Acids

This class of hydroxamic acids is further discussed in chapter three; they could
in principle react in the same manner as acyclic ones, giving seven-membered rings
32 (eqn 1.6) which have important pharmaceutical properties. The double bond of
the unsaturated amide function, if sufficiently activated, reacts with the nitrogen
atom of the hydroxamic acid moiety to form the desired seven-membered rings 32.

Also in this case the hydroxamic acids were prepared by the method of Reddy.®!

(o] 0O
_OH N/OH
N A N R
R
(@] (o]
R=Ph 30
R=CHjz 31 32
Scheme 1.14

The preparation of 30 and 31 (scheme 1.15) did not present any particular
difficulties; the coupling of the acid chloride with L-proline was indeed achieved by

> and the N-protected L-proline was converted

following the literature procedure,’®
into the hydroxamic acid 30 by the procedure discussed above. A relevant
observation is that an amide bond is created without difficulty when the acid chloride
contains no trace of chlorinating agents; the latter can inhibit the formation of the

amide bond to the extent that low conversion is sometimes observed.



0]

o)
9 a) OH
O/U\OH . R/\)]\CI - N
NH )/\/R
0

R = CHj or Ph 33 = Ph, 58%
34 = CHj, 60%

o]

0
OH b) N’OH
+ NH,OH _— H
N N
N

}//\/R Z]/\/R

0]

e 30 = Ph, 58%
3 31 = CHs, 37%

Scheme 1.15 a) Formation of the amide bond 33-34, Reagents: NaOH 2 M, acetone, 0 °C, 3 h.
b) Conversion into the hydroxamic acids 30-31, Reagents: Ethyl chloroformate, NMM, Et,0,
0 °C, 25 min.

1.2.4 Synthesis of O-Protected Hydroxamic Acids

This section contains a large number of hydroxamic acids of different structure.
They were employed in multicomponent condensations involving carbonyl
compounds. The condensation reactions are extensively discussed in chapter two.

The oxygen atom of the hydroxamic acid moiety required protection to prevent
competitive alkylation of both NH and OH functionalities by the carbonyl group of
the aldehyde; with such protection, the reaction could only occur at the nitrogen
atom. Although benzyl was a suitable protecting group, side effects encouraged us to
consider an O-methyl group instead of O-benzyl group.

Conversion of the carboxylic acid into the O-methylated hydroxamic acid was
in most of the cases achieved using O-methylhydroxylamine. The latter was prepared
by following the procedure of Bhat and Clegg® in which N-hydroxyphthalimide is
methylated with methyl iodide in the presence of potassium carbonate to give 35 in
92% yield (scheme 1.16). Deprotection of the phthaloyl group using hydrochloric
acid and subsequent drying under a high vacuum gave O-methylhydroxylamine
hydrochloride 36 in reasonable yield (63%).

16



36

0 0
@? —oH —2» CE:N—OCHg, D~ H,NOCH; + g:
o] o o]
35

Scheme 1.16: a) K,CO3;, DMSO, Mel, 30 °C, 25 min, rt 24 h, 0 °C, 4 h. ) 6M HCI, reflux 30

min.

The O-methylated hydroxamic acids that have been prepared to test the scope
reaction of this thesis are shown in Tables 1.2 and Table 1.3. Some were prepared by
a different route which involved methylation of the hydroxamic acid with methyl
iodide in the presence of potassium carbonate as a base'® (table 1.2); this route was
used because some of the hydroxamic acids, such as pent-3-enoic hydroxamic acid
22 and the 4-phenylbutyric hydroxamic acid 38, had already been prepared. O-
Methylbenzoic hydroxamic acid 40 was prepared from the commercially available

benzoic hydroxamic acid.

Table 1.2: Preparation of O-Methylated Hydroxamic Acids prepared by
methylation of the O-free Hydroxamic Acid

17

Yields
Entry Hydroxamic Acids Conditions Products %)
(1]
0 0
1 \/\/”\N/OH CH;l, K,CO; \,//\)J\N/o\ 51
H 20h H
22 37
Ok PP
N cHL KoCO, NON
2 H H 54
38 24h 39
0
0
OH NN
N~ CH;l, K,CO; H
3 H 38
16 h




3C NMR showed that both O-methylated (64 ppm) and N,O-dimethylated (35
and 64 ppm) products were formed. Those products were separated by column
chromatography.

Treatment of benzoic hydroxamic acid with 1 equivalent of methyl iodide in
the presence of potassium carbonate afforded the O-methylated hydroxamic acid 39
in only 38% yield (entry 3, table 1.2). This result suggests that N-methylation was
preferred to O-methylation. On the other hand, for the hydroxamic acids 22 and 38
O-methylation was more favoured (entries 1 and 2, table 1.2).

The O-methylated hydroxamic acids 42 and 43 were prepared in very good
yield from N-phthaloylglycine 41 using the procedure of Reyes and co-workers®’
(scheme 1.17).

? 0
5 o a) o)
+ _—
v
2 OH N\/U\
89% OH
o o
a1

Scheme 1.17: @) Pyridine, 95 °C, 20 h.

Hydroxamic acid 48 was prepared from the (2,2,2-trifluoroacetylamino)-acetic

acid 51, obtained from a literature procedure®® (Scheme 1.18).

0]

O
0] H
M AL re N
+ H N\/U\ ® H
FsC” 07 2 OH o hig °
98% o
51
Scheme 1.18: a) Methanol, triethylamine, 24 h, r.t.
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Table 1.3: O-Methylated Hydroxamic Acids prepared using NMM and ethyl

19

chloroformate.
Yields
Entry Substrate Conditions Products %)
0
(0]
o NH,0R 0
NMM/CICO,Et
l lh o H 61
41 15h R = CHg 42
R=Bn, 43
0
/\/\)j\ NHOCH,8 /\/\)?\
2 OH  NMM/CICO,Et Z ”/0\ 3
24 h 44
3 OH NMM/CICO,Et H/ ~ 52
24 h, 45
0 0
NH,0CH;, O
OH N
) O/U\ NMM/CICO,Et dH o
30 min
46
o NH,OCH i
2 3
/O\A NMM/CICO,Et /O\)J\N/O\
5 OH N 96
20 min 47
H NH,OCH H
FsC _N 2 3 FsC<_ N O
6 \n/ \)J\OH NMM/CICO,Et \“/ N ~ 98
0] 1h 0]
51 48
o o
on NH,0CH, NON
7 N NMM/CICO,Et N H 83
R 20 min R 72
) 15 min R=Boc, 49
5 R = CF4CO, 50

Hydroxamic acids 49 and 50 were prepared respectively from the

commercially available N-Boc proline and from N-trifluoroacetyl proline 52 which

was obtained from a literature procedure® as shown in scheme 1.19.



Scheme 1.19: @) 0 °C 10 min, 80 °C 2 h.
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1.3 Experimental

General methods: Melting points were measured on an Electrothermal 9100
hot stage micro melting point apparatus and are uncorrected. Reaction flasks were
flame-dried and then allowed to cool under a stream of argon. All reactions
involving air-sensitive reagents were carried out under argon atmosphere. "H NMR
and C chemical data were recorded on a Bruker spectrometer (operating at 300,
400 and 500 MHz for 'H NMR spectra and 75, 100, 125 for "“C) with
tetramethylsilane as the internal reference. Coupling constants are quoted in Hz.
NMR spectra were run in CDCl3 unless otherwise stated. 'H and *C chemical
shifts were measured in parts per million (ppm) relative to the tetramethylsilane or
by calibration of the central signal CDCl;. The following abbreviations are used to
describe the NMR signals: s, singlet; d, doublet; t, triplet; q, quadruplet; qt,
quintuplet; m, multiplet; dd, doublet of doublets; dt, doublets of triplets, br s, broad
singlet. In *C NMR spectra o = ortho, m= meta, p = para, i = ipso.

Infrared spectra were recorded on a Shimadzu FTIR-8700 and compounds
that were solids were prepared as potassium bromide discs while liquids were
applied neat onto a surface of sodium chloride.

Microanalytical data were obtained in the Microanalytical Laboratory of
UCL Chemistry Department.

Mass spectra were obtained on a VG ZAB 2SE operating in FAB MS or
electron impact (EI) mode, as specified in the text.

Thin-layer chromatography was performed on Merck 0.2 mm aluminium
backed silica plates and visualised using ultraviolet light or developed using either
an alkaline solution of potassium permanganate or an acidic solution of
dinitrophenylhydrazine.

Column chromatography was carried out using Sorbsil C60 40/60H silica gel
under flash conditions.

Acetonitrile was distilled from phosphorus pentoxide; dichloromethane from

calcium hydride and THF from sodium and benzophenone.
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Glycine hydroxamic acid (2)%

A solution of glycine ethyl ester hydrochloride (1.0 g, 7.16 o
mmol) in methanol (3.0 mL) was mixed with a solution of HZN\/”\N/O"’
potassium hydroxide (0.30 g, 7.16 mmol) in methanol (3.0 mL) a
and kept at —5 °C for 16 h. A solution of hydroxylamine hydrochloride (0.75 g, 10.7

mmol) in methanol (5.0 mL) was added to a solution of potassium hydroxide (0.44 g,
10.7 mmol) and methanol (5.0 mL) and cooled to —5 °C overnight. The filtrates from
the two reactions were mixed together and kept at —5 °C for 16 h. The solution was
concentrated to about 10 mL, cooled again and kept at —5 °C. Filtration led to 2 (0.46
g, 75%) as a white prisms: mp 139-141 °C (1it* mp 140 °C); 1H NMR (D,0) 3.49
(2H, s, CH,C=0); >C NMR (D,0) 168.8 (C=0) 41.4 (CH,C=0).

N-Benzylideneglycine ethyl ester (4a2).8

The procedure of Muller® for the preparation of N-

0
b lid lyci thyl itabl . ©\/
Cflzyl ene glycine ethyl ester was suitably adapted ’N\)j\o A~
Triethylamine (2.0 mL, 14.3 mmol), magnesium sulfate

(0.6 g, 5.0 mmol) and freshly distilled benzaldehyde (0.75 mL, 7.16 mmol) were
added to a solution of glycine ethyl ester hydrochloride in dichloromethane (25 mL)

and stirred at 20 °C for 3 days. The magnesium sulfate was filtered off and the
solvent removed under reduced pressure. The pale yellow oil was dissolved in
diethyl ether (25 mL), washed with water (25 mL) and brine (25 mL). The organic
layer was dried over Na,SO4 and evaporated under reduced pressure to give 4a (1.12
g, 81%) as pale yellow oil: 'H NMR 8.40 (1H, s, CH=N), 7.79 (2H, m, H,), 7.20
(3H, m, H,,,), 4.28 (2H, s, CH;) 4.28 (2H, q, J = 6 Hz, CH,CH3), 1.32 BH, t J=6
Hz, CH,CH3); >C NMR 170.5(C=0), 165.1 (CH=N), 136.1 (Cy), 131.6 (Cy), 129.0
(Co), 128.9 (C,), 61.8 (CHy), 60.8 (CH,CH3), 14.0 (CH,CH3).

22



N-Isobutyideneglycine ethyl ester (4b)*

Triethylamine (2.0 mL, 14.3 mmol), magnesium

o
sulfate (0.60 g, 5.0 mmol) and freshly distilled )\%N\)J\o/\
isobutyraldehyde (0.60 mL, 7.16 mmol) were added to a

solution of glycine ethyl ester hydrochloride in dichloromethane (25 mL) and stirred

at 20 °C for 3 days. The magnesium sulfate was filtered off and the solvent removed
under reduced pressure. The pale yellow oil was dissolved in diethyl ether (25 mL),
washed with water (25 mL) and brine (25 mL). The organic layer was dried over
Na,SO4 and evaporated under reduced pressure to give 4a (0.60 g, 54%) as pale
yellow oil: '"H NMR 7.51 (1H, s, CH=N), 4.14 (2H, s, CH,) 4.06 (2H, q J = 6 Hz,
CH,CH3), 2.44 (1H, m, CH), 1.16 (3H, t J= 6 Hz, 3.67 CH,CH3), 1.01 (6H,d,J=9
Hz, (CH3),); *C NMR 174.2(C=0), 169.8 (CH=N), 60.4 (CH,), 60.3 (CH,CH3),
33.8 (CH(CHs)y), 18.7 ((CHs)y), 13.7 (CH>CH3).

Sodium-N-benzylidene glycinate (6)”°

Glycine (0.75 g, 10.0 mmol) was dissolved in
aqueous sodium hydroxide (1 M, 10.0 mL). The solution Q
‘* o (1, 100 O,

was then concentrated under reduced pressure until solid

began to appear at which time benzaldehyde (1.02 mL, 10.0 mmol) was added and
stirred for 30 min. The solvent was then evaporated under reduced pressure until it
became a solid. The solid was suspended in diethyl ether (150.0 mL), filtered and
washed thoroughly with diethyl ether and dried under reduced pressure to give 6
(1.85 g, 97%) as a white prisms: 'H NMR (DMSO) 8.16 (1H, s, CH=Ph), 7.70 (2H,
m, H,), 7.43 (3H, m, H,,,), 4.02 (2H, s, CH,); >C NMR could not be taken because
of the low solubility of the salt in DMSO.
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N-Boc-N’-benzylglycine (8)%%

To a solution of glycine (0.75 g, 10.0 mmol), in

0
anhydrous methanol were successively added benzaldehyde 4 Hskori

(1.02 mL, 10.0 mmol) and triethylamine (2.79 mL, 20.0

0.3 N
6
mmol). The solution was stirred at 20 °C until t.l.c. showed ﬁ/ \ﬂ/ lf 8
9
10

the absence of glycine (2 h). Sodium borohydride (0.76 g,

20.0 mmol) was then added in portions to the reaction

mixture cooled to —5 °C, which was vigorously stirred for 3.5 h. The methanol was
evaporated under reduced pressure and the residue dissolved in water/dioxane (1:2
30 mL). A solution of di-tert-butyl dicarbonate (2.4 g, 11.0 mmol) in dioxane/water
(2:1 30 mL) was added dropwise to the stirred solution of benzylglycine at 0 °C, at
such a rate that the pH was maintained at 9-10 by careful addition of 1 M sodium
hydroxide. The mixture was allowed to warm to 20 °C and the pH was checked
periodically and maintained at 9.0, if necessary by addition of further 1 M sodium
hydroxide. Stirring was continued for 16 h and then the solvent was evaporated. The
residual oil was dissolved in water (40 mL) and the solution extracted with diethyl
ether (3 x 35 mL). The aqueous layer was acidified with citric acid to pH 3 and then
extracted with ethyl acetate. The organic layers were dried over Na,SO4 and
concentrated under reduced pressure. The residue was purified by column
chromatography (silica gel, 1:1 ethyl acetate:petroleum ether) to give 8 (1.17 g, 71%)
as white microprisms: mp 134 °C; 1H NMR 7.26 (5H, m, Ph), 4.45 (2H, s, Hy), 3.77
(2H, s, Hg), 1.41 (9H, s, H;); >C NMR 175.5 (Cs), 156.6 (C3), 137.6 (C7), 128.9 (Cy),
128.8 (Cs), 127.8 (Cio), 81.1 (Cy), 51.6 (Cs), 47.6 (Cs), 28.2 (Cy).

N-Boc-N’-benzylglycine hydroxamic acid (9)

Hydroxylamine hydrochloride (0.63 g, 9.10 mmol) o
in methanol (9.0 mL) was added to a stirred solution of 48
potassium hydroxide (0.53 g, 9.10 mmol) in methanol 0\[1]3/N 6
(5.0 mL) at 0 °C and stirred for 15 min. Potassium ﬁ/

chloride was removed and the filtrate was used as such.

To a solution of N-(¢-butoxy)-benzylglycine (0.80 g, 4.80
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mmol) in diethyl ether (20.0 mL) at 0 °C were added ethyl chloroformate (0.55 mL,
5.70 mmol) and N-methylmorpholine (0.69 mL, 6.24 mmol) and the mixture was
stirred for 15 min. The solid was filtered off and the filtrate was added to the freshly
prepared hydroxylamine in methanol. The mixture was stirred at 20 °C for 4 h. The
solvent was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 3:7 ethyl acetate:petroleum ether) to give 9 (0.87 g, 65%)
as pale yellow oil: IR v (cm™) 3237 (N-OHr), 2982 (NH), 1749 (CO), 1687 (CO);
'H NMR 9.92 (1H, br s, N-OH), 7.39 (5H, m, Ar), 4.66 (2H, s, CH,Ph), 3.82 (2H, s,
CH,CO), 1.58 ((CHa)3); °C NMR 167.8 (Cs), 156.6 (C3), 137.6 (C7), 128.9 (Cy),
128.8 (Cs), 127.8 (Cio), 81.7 (Cy), 60.8 (Cs), 48.0 (Cs), 28.6 (C;). LRMS M/Z (EI):
224 (M-C(CHas)s, 43%), 180 (20), 164 (38), 91 (73). HRMS Found: 280.14276
(C14H20N704 requires 280.14231).

N-Acetylglycine hydroxamic acid (15)

Hydroxylamine hydrochloride (4.40 g, 64.0 mmol) in 5
methanol (50 mL) was added to a stirred solution of potassium \n/n\/uxu OH
hydroxide (3.6 g, 64.0 mmol) in methanol (40 mL) at 0 °C and o
stirred for 15 min. Potassium chloride was removed and the filtrate was used as such.
To a solution of N-acetylglycine (5.0 g, 42.5 mmol) in diethyl ether (125 mL) at 0 °C
were added ethyl chloroformate (4.8 mL, 50.9 mmol) and N-methylmorpholine (6.9

mL, 8.16 mmol) and the mixture was stirred for 15 min. The solid was filtered off
and the filtrate was added to the freshly prepared hydroxylamine in methanol. The
mixture was stirred at 20 °C for 2 h. The solvent was evaporated under reduced
pressure and the residue was purified by column chromatography 1 (silica gel, 1:1
ethyl acetate:petroleum ether) to give 18 (1.6 g, 30%) as white prisms: mp 124 °C;
IR Vmax (cm™) (KBr) 3137 (N-OH), 2887 (N-H), 1665 (CO), 1635 (CO); 'H NMR
(D;0) 3.92 (2H, s, CHy), 2.15 (3H, s, CH3); “CNMR (D,0) 175.2 (Cy), 168.7 (Ca),
40.9 (C3), 22.2 (Cy); LRMS M/Z (Fab +) 133 (MH", 100), 117 (30), 100 (55). Found
C, 34.59, H, 5.75, N, 20.12, (C4HgN,O;3 + %2 H,0 requires: C, 34.09, H, 5.67, N,
19.85).
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N-Boc glycine 16)*

A mixture of di-fert-butyl dicarbonate (3.0 g, 14.65

o}
mmol) in a 2:1 ratio of dioxane:water (40.0 mL) was added YO\[]/H\)J\OH
o]

dropwise to the stirred solution of glycine in 2:1 ratio of

dioxane:water (40.0 ml) at 0 °C. The pH was maintained at 9-10 by careful addition
of 1 M sodium hydroxide. The mixture was allowed to warm to 20 °C and the pH
was checked periodically and adjusted at 9.0, if necessary, by the addition of further
1 M sodium hydroxide. Stirring was continued for 16 h, and the solvent was
evaporated. The residual oil was dissolved in water and the solution extracted with
diethyl ether (3 x 35 mL). The aqueous layer was acidified with citric acid to pH 3
and extracted with ethyl acetate. The organic layer was dried over Na;SO,4 and the
solvent was evaporated to give 15 (2.33 g, 95%) as white prisms: mp 86-87 °C (1it*
87-88 °C); 'H NMR 4.16 (2H, br. s, CH,C=0), 1.65 (9H, s, Boc), °C NMR 174.8
(C=0), 156.4 (t-boc C=0), 80.8 (C(CHs)3), 42.6 (CH,C=0), 28.6 (C(CHs)3).

N-Boc glycine hydroxamic acid (17)

Hydroxylamine hydrochloride (0.63 g, 9.50 mmol)

o
in methanol (6.0 mL) was added to a stirred solution of WOTH\)LN/OH
H
)

potassium hydroxide (1.10 g, 9.50 mmol) in methanol (4.0

mL) at 0 °C. The mixture was stirred for 15 min at the same temperature. The
precipitate of potassium chloride was removed and the filtrate was used as such. To a
solution of N-(¢-butoxy) glycine (1.10 g, 6.28 mmol) in diethyl ether (20.0 mL) at 0
°C were added ethyl chloroformate (0.72 mL, 7.53 mmol) and N-methylmorpholine
(0.89 mL, 8.16 mmol) and the mixture was stirred for 15 min. The solid was filtered
off and the filtrate was added to the freshly prepared hydroxylamine in methanol.
The mixture was stirred at 20 °C for 30 min. The solvent was evaporated under
reduced pressure and the residue was purified by column chromatography (silica gel,
1:1 ethyl acetate:petroleum ether first, pure ethyl acetate then) to give 16 (0.80 g,
68%) as white microprisms: mp 115-116 °C; IR Viax (cm™") 3325 (NH str), 3179 (N-
OH), 1670 (CO), 1663 (CO); 'H NMR 3.95 (1H, s, CH,C=O conformer b), 3.77 (1H,
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s, CH,C=0O conformer a), 1.37 (9H, s, Boc), 13C NMR 169.9 (C=0), 157.7 (t-boc
C=0), 80.7 (C(CHs)3), 52.6 (CH,C=0), 28.6 (C(CHs3)3). M/Z (EI): 190 (M-C(CHa,)3,
35%), 146 (23), 130 (32), 86 (36), 57 (100). Found C, 43.94, H, 7.52, N, 14.24,
(CoH2oN,04 requires C, 44.20, H, 7.42, N, 14.73).

{[Hydroxy-(1-hydroxybutyl)-carbamoyl]-methyl}-carbamic acid tert butyl ester
(18).

To a solution of N-Boc-glycine hydroxamic acid o
(0.10 g, 0.57 mmol) in chloroform (5.0 mL), was added 4%N’OH
butyraldehyde (0.05 mL, 0.57 mmol). The mixture was ‘>FO\ﬁ/NHH d \ - S
stirred at 20 °C for 24 h. The solvent was removed ° °

under reduced pressure and the residue purified by column chromatography eluting

with ethyl acetate and petroleum ester (1:1) to give 17 (40 mg, 35%) as a clear

yellow oil: IR v (cm™) 3235 (NH), 3219 (N-OH), 1686 (CO), 1628 (CO); H
NMR 9.48 (1H, br s, N-OH), 8.42 (1H, br s, NH), 6.10 (1H, m, H), 4.81 (1H, m,
Haa), 4.50 (1H, m, Ha), 3.45 (1H, m, Hy,), 3.00 (1H, m, Hy,), 2.79 (1H, m, Hs,), 2.73
(9H, s, Hy), 2.62 (1H, m, Hgy). 2.33 (3H, t J = 6.7 Hz, Hy); .C NMR 172.6 (C3),
156.8 (Cs), 88.6 (Ce), 80.8 (C2), 42.4 (Cy), 30.7 (C5), 28.7 (C1), 19.7 (Cs), 13.9 (Cs).
LRMS M/Z (Fab +) 245 (M-H;0, 3 %), 189 (13), 158 (14), 88 (62), 57 (100). HRMS
Found 245.15005 (C;1H2,N,0s + H,O requires 245.15013).

3-Hydroxy-2-butyl-5-methylimidazolidin-4-one (20)%

Glycine hydroxamic acid 2 (0.10 g, 1.20 mmol) was added to
a solution of butyraldehyde (0.10 mL, 1.20 mmol) in isopropanol , AN’OH
(15 mL). The mixture was heated at reflux for 4 h, filtered while hot | un
and the filtrate concentrated under reduce pressure. Recrystallisation :?4
from ethanol gave 20 (0.10 g, 71%) as white prisms: mp 124 °C; IR 6
Vmax (cm™) (KBr) 3186 (N-OH), 2872 (N-H), 1699 (CO); 'H NMR (D,0) 4.67 (1H,
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m, H3), 3.56 (1H, d, J = 16 Hz, H;), 3.64 (1H, d J = 16 Hz, Hy"), 2.01 (1H, m, Hy)
1.70 (1H, m, Hy), 1.51 (2H. m. Hs), 1.14 (3H, t J = 6.5 Hz, Hg); >*CNMR (D,0)
172.1 (Cy), 75.5 (C3), 46.1 (Cy), 34.5 (Cy), 24.2 (Cs), 16.9 (C¢). LRMS M/Z (Fab+)
145 (MH", 100), 127 (10), 84 (15), 44 (35). Found C, 44.86, H, 8.75, N, 17.48,
(C4HsN,0; + %2 HyO requires: C, 44.43, H, 8.70, N, 17.27).

3-hydroxy—S-methyl—4-oxo-2-propylimidazilidine—1-carboxylic‘ acid tert butyl
ester (21)

To a solution of 3-hydroxy-2-methylimidazolidin-4- 0
one (0.10 g, 0.63 mmol) in tetrahydrofuran (25 mL) the di- (LkN/OH
N

tert-butyl dicarbonate (0.15 mL, 0.69 mmol) was added o {—_8\
7<5*< )
o] 7
6

dropwise and at such a rate the pH was maintained at 9-10

by addition of triethylamine (0.12 mL, 0.82 mmol). The
mixture was stirred at room temperature for 12 h. The solvent was evaporated and
the crude product purified by column chromatography (silica gel, 1:4:95/
water:methanol:ethyl acetate) to give 21 (80 mg, 50%) as pale yellow oil: IR vpax
(cm™) (KBr) 3186 (N-OH), 1780 (CO), 1699 (CO); 'H NMR 5.72 (1H, t J= 6 Hz,
H,), 4.57 (1H, d J = 16 Hz, Hs), 4.45 (1H, d J= 16 Hz, Hs") 1.62 (2H, m, Hy), 1.43
(9H, s, He), 1.23 (2H, m, Hy), 0.97 (3H, t J = 6.5 Hz, Hy); >)C NMR 166.7 (C)),
153.3 (Cy), 81.4 (Cs), 72.1 (Cy), 48.0 (C3), 34.8 (Cy), 28.5 (Cg), 18.1 (Ce), 13.8 (Cy);
LRMS M/Z (Fab+) 245 (MH", 18%), 188 (55), 168 (25), 98 (13), 57 (100); HRMS
Found 244.14265 (C;1H25N,04 requires 244.14231).

(E)-3-Pentenoic hydroxamic acid (22)

Hydroxylamine hydrochloride (1.03 g, 14.9 mmol) in methanol

(15 mL) was added to a stirred solution of potassium hydroxide (0.8 g,
14.9 mmol) in methanol (12 mL) at 0 °C and stirred for 15 min. The | 3K 2H

potassium chloride was removed and the filtrate was used as such. To

a solution of (E)-3-pentanoic acid (1.0 g, 9.9 mmol) in diethyl ether



(25 mL) at 0 °C were added ethyl chloroformate (1.4 mL, 11. mmol) and N-
methylmorpholine (1.52 mL, 12.9 mmol) and the mixture was stirred for 15 min. The
solid was filtered off and the filtrate was added to the freshly prepared
hydroxylamine in methanol. The mixture was stirred at 20 °C for 2 h. The solvent
was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 1:1 ethyl acetate: petroleum ether) to give 22 (0.70 g,
61%) as white microprisms: mp 92 °C; IR vmax (cm™) (KBr) 3217 (N-OH), 3218 (N-
H), 2367 (C=C), 1623 (CO str), 'H NMR 5.61 (1H, m, Hy), 5.40 (1H, m, H3), 2.79
(2H, d J= 8.0, Hz, Hy), 1.58 (3H, d /= 1.5 Hz, H;); °C NMR 168.2 (Cs), 131.7 (C3),
122.6 (Cy), 36.7 (C4), 17.6 (C1); LRMS M/Z (Fab) 116 (MH", 100), 102 (13), 54
(35). Found C, 51.88, H, 7.02, N, 12.54, (CsHgNO; requires C, 52.18, H, 6.80, N,
12.17).

4-Methylpent-3-enoic hydroxamic acid (23)

Hydroxylamine hydrochloride (0.54 g, 7.89 mmol) in methanol
(5.0 mL) was added to a stirred solution of potassium hydroxide (0.44 ~OH

g, 7.89 mmol) in methanol (2.0 mL) at 0 °C and stirred for 15 min. | X

Iz

The potassium chloride was removed and the filtrate was used as
such. To a solution of 4-methyl-3-pentenoic acid (0.60 g, 5.26 mmol) in diethyl ether
(15 mL) at 0 °C were added ethyl chloroformate (0.6 mL, 6.31 mmol) and N-
methylmorpholine (0.71 mL, 6.84 mmol) and the mixture was stirred for 15 min. The
solid was filtered off and the filtrate was added to the freshly prepared
hydroxylamine in methanol. The mixture was stirred at 20 °C for 25 min. The
solvent was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 1:1 ethyl acetate: petroleum ether) to give 23 (0.34g,
50%) as white microprisms: mp 97 °C; IR Vi (cm™) (KBr) 3217 (N-OH str), 3218

(NH), 2367 (C=C), 1623 (CO); 'H NMR 5.23 (2H, m, CH), 2.88 (2H, br d, CHy),

1.67 (3H, br s, CHs), 1.57 (3H, br s, CHs); 'C NMR 169.2 (CO) 138.4 (C), 115.4
(CH), 33.2 (CH,), 26.5 (CHs3), 18.3 (CH3). Found C, 55.60, H, 7.96, N, 10.44,
(C6H1|N02 requires C, 55.78, H, 8.59, N, 10.85).
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Cyclohex-1-enyl-N-hydroxyacetamide (24)

Hydroxylamine hydrochloride (1.96 g, 28.4 mmol) in

0
methanol (4.5 mL) was added to a stirred solution of potassium N -OH
hydroxide (1.65 g, 28.4 mmol) in methanol (1.8 mL) at 0 °C and 8 H
stirred for 15 min. Potassium chloride was removed and the | s y

filtrate was used as such. To a solution of cyclohex-1-eneacetic acid (2.65 g, 18.9
mmol) in diethyl ether (14.0 mL) at 0 °C were added ethyl chloroformate (1.99 mL,
20.8 mmol) and N-methylmorpholine (2.15mL, 20.8 mmol) and the mixture was
stirred for 25 min. The solid was filtered off and the filtrate was added to the freshly
prepared hydroxylamine in methanol. The mixture was stirred at 20 °C for 1.5 h. The
solvent was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 7:3 ethyl acetate:petroleum ether) to give 23 (1.32 g,
22%) as white microprisms: mp 114-115 °C; IR Vmax (cm™) (KBr) 3224 (N-OH str),
3228 (N-H str), 1621 CO str; '"H NMR 6.21 (1H, br m, Hy), 5.06 (1H, br s, N-H),
2.94 (2H, br s, CH,CO), 2.21 (4H, br,m, H4 + H5), 1.82 (4H, br m, Hs + Hg); BC
NMR 171.4 (C1), 133.3 (C3), 126.9 (C8), 43.5 (C2), 29.5 (C4), 26.7 (C7), 24.3 (C6),
23.6 (C5). Found C, 61.47 H, 8.24, N, 8.57, (CsH3NO, requires C, 61.89, H, 8.45,
N, 9.03).

Hex-3-enoic hydroxamic acid (25)

Hydroxylamine hydrochloride (2.72 g, 39.4 mmol) in

methanol (25 mL) was added to a stirred solution of potassium |
hydroxide (2.30 g, 39.4 mmol) in methanol (12.0 mL) at 0 °C and | H

stirred for 15. Potassium chloride was removed and the filtrate was

used as such. To a solution of hex-3-enoic acid (3.4 g, 29.8 mmol)
in diethyl ether (75 mL) at 0 °C were added ethyl chloroformate (2.75 mL, 28.7
mmol) and N-methylmorpholine (3.46 mL, 31.5 mmol) and the mixture was stirred
for 15 min. The solid was filtered off and the filtrate was added to the freshly

prepared hydroxylamine in methanol. The mixture was stirred at 20 °C for 30 min.
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The solvent was evaporated under reduced pressure and the residue was purified by
column chromatography (ssilica gel, 3:7 ethyl acetate:petroleum ether) to give 25
(1.8 g, 48%) as white microprisms: mp 78-80 °C (lit"' mp 75-77 °C); 'H NMR 8.14
(1H, br s, N-OH), 5.74 (1H, m, Hs), 5.37 (1H, m, Hy), 2.85 (2H, d, J = 3 Hz, H,),
1.98 (2H, m, Hs), 0.91 (3H, t, /= 6 Hz, Hy); 'C NMR 170.4 (Cy), 138.9 (C3), 120.2
(C4), 37.4 (Cy), 25.9 (Cs). 13.7 (Ce).

Hex-4-enoic hydroxamic acid (26)

Hydroxylamine hydrochloride (0.35 g, 5.3 mmol) in methanol 0
(3.0 mL) was added to a stirred solution of potassium chloride (0.3 g, N
5.3 mmol) in methanol (1.0 mL) at 0°C and stirred for 15 min.

Potassium chloride was removed and the filtrate was used as such. To a solution of
5-methylpentenoic acid (0.40 g, 3.5 mmol) in diethyl ether (26 mL) at 0 °C were
added ethyl chloroformate (0.40 mL, 4.2 mmol) and N-methylmorpholine (0.46 mL,
4.2 mmol) and the mixture was stirred for 15 min. The solid was filtered off and the
filtrate was added to the freshly prepared hydroxylamine in methanol. The mixture
was stirred at 20 °C for 15 min. The solvent was evaporated under reduced pressure
and the residue purified by column chromatography (3:7 ethyl acetate:petroleum
ether) to give 26 (0.16 g, 37%) as white plates: mp 76-78°C; IR vmax (cm™) (KBr)
1633 (CO); '"H NMR 9.51 (N-OH), 5.60 (2H, m, CH=CH), 2.44 (2H, s bd, CHCH,),
2.37 (2H, s bd, CH,CO), 1.79 (3H, s br, CH;3); *C NMR 171.85 (CO), 129.3
(CH:CH), 127.1 (CHCH,), 33.4 (CH,CO), 28.6 (CHCH;), 18.2 (CHj3). Found C,
55.14,H, 8.51, N, 10.69, (C¢H;1NO; requires C, 55.78, H, 8.58, N, 10.84).

5-Methylhex-4-enoic-hydroxamic acid (27)

Hydroxylamine hydrochloride (0.76 g, 11.7 mmol) in

(o}
methanol (6.0 mL) was added to a stirred solution of potassium =
hydroxide (0.70 g, 11.7 mmol) in methanol (2.0 mL) at 0 °C and HO
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stirred for 15 min. Potassium chloride was removed and the filtrate was used as such.
To a solution of 5-methylhex-4-enoic acid (1.0 g, 7.8 mmol) in diethyl ether (52 mL)
at 0 °C were added ethyl chloroformate (0.80 mL, 84 mmol) and N-
methylmorpholine (1.0 mL, 9.1 mmol) and the mixture was stirred for 15 min. The
solid was filtered off and the filtrate was added to the freshly prepared
hydroxylamine in methanol. The mixture was stirred at 20 °C for 1 h. The solvent
was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 1:1 ethyl acetate:petroleum ether) to give 27 (0.71 g,
68%) as white microprisms: mp 60-61 °C; IR vmay (cm'l) (KBr) 1645 (C=C), 1622
(CO); '"H NMR 9.12 (OH), 5.22 (1H, m, CH=C), 2.48 (2H, m, CH=CH,), 2.31 (2H,
m, CH,CO), 1.83 (3H, s, cis CHs), 1.76 (3H, s, trans CH;); °C NMR 172.1 (CO),
133.9 (C=CH,), 122.4 (C=CHa), 33.5 (CH,CO), 25.9 (CHj3 cis), 24.4 (CHCH,), 17.9
(trans CH3); LRMS M/Z: (Fab +): 147 (20), 130 (100), 114 (25), 69 (50). Found C,
57.82, H, 8.83, N, 9.76, (C;H;3NO; + 1/3 H,0 requires C, 57.53, H, 8.94, N, 9.39).

5-Phenylpent-4-enoic hydroxamic acid (28)

Hydroxylamine hydrochloride (0.53 g, 7.7 mmol) 5

in methanol (5.1 mL) was added to a stirred solution of ©/\/\)‘\N/OH
potassium hydroxide (0.43 g, 7.7 mmol) in methanol :

(2.0 mL) at 0 °C and stirred for 15 min. Potassium chloride was removed and the

filtrate was used as such. To a solution of 5-phenylpent-4-enoic acid (0.90 g, 5.1
mmol) in diethyl ether (15 mL) at 0 °C were added ethyl chloroformate (0.54 mL,
5.6 mmol) and N-methylmorpholine (0.67 mL, 6.1 mmol) and the mixture was
stirred for 15 min. The solid was filtered off and the filtrate was added to the freshly
prepared hydroxylamine in methanol. The mixture was stirred at 20 °C for 15 min.
The solvent was evaporated under reduced pressure and the residue purified by
column chromatography (silica gel, 7:3 ethyl acetate:petroleum ether) to give 28
(0.28 g, 50%) as white needles: mp 107-109 °C; IR vma (cm™) (KBr) 3223 (Ar),
1658 (CO); 'H NMR 8.75 (1H, br s, OH), 7.25 (SH, m, Ar), 6.43 (1H, d, J = 6 Hz,
CH-Ph), 6.10 (1H, m, CH=CH), 2.52 (2H, m, CH CHy,), 2.34-2.17 (2H, m, CH,-CO);
“C NMR 172.2 (CO), 138.9 (CH-Ph), 133.6 (C;), 131.2 (CH=CH), 128.8 (C,), 127.5
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(C,), 126.5 (Cp), 30.2 (CH,-CO), 28.6 (CH-CH»). Found C, 63.44, H, 7.51, N, 8.01,
(C11H13NO; + %2 Hy0 requires C, 63.14, H, 7.23, N, 7.69).

Hex-5-enoic acid hydroxyamide (29)

Hydroxylamine hydrochloride (0.47 g, 6.8 mmol) in 5

methanol (4.6 mL) was added to a stirred solution of /\/\)J\N/OH
H

potassium hydroxide (0.51 g, 6.8 mmol) in methanol (1.8
mL) at 0 °C and stirred for 15 min. Potassium chloride was removed and the filtrate
was used as such. To a solution of hex-5-enoic acid (0.52 g, 4.6 mmol) in diethyl
ether (15 mL) at 0 °C were added ethyl chloroformate (0.48 mL, 5.0 mmol) and N-
methylmorpholine (0.60 mL, 5.5 mmol) and the mixture was stirred for 15 min. The
solid was filtered off and the filtrate was added to the freshly prepared
hydroxylamine in methanol. The mixture was stirred at 20 °C for 30 min. The
solvent was evaporated under reduced pressure and the residue purified by column

chromatography (silica gel, 7:3 ethyl acetate:petroleum ether) to give 29 (0.28 g,
50%) as a colourless oil: IR Vmax (cm™) (KBr) 1667 (CO), 1654 (CO); 1H NMR 9.15
(N-OH), 5.68 (1H, m, CH,=CH), 4.91 (2H, t, /= 6 Hz, CH,=CH), 2.08 (2H, t,J=6
Hz, CH,=CH-CH,), 1.99 (CH,CO), 1.61 (2H, m, CH,-CH,CO); 'C NMR 172.4
(CO), 137.9 (CH,=CH), 115.9 (CH,=CH), 33.3 (CH,=CH-CH,), 32.6 (CH,CO), 24.9
(CH,-CH,CO). HRMS Found 129.07877 (C¢H;;NO; requires 129.07898).

($)-Cinnamoylproline hydroxamic acid (30)

Hydroxylamine hydrochloride (55.0 mg, 0.8 mmol) in
methanol (0.5 mL) was added to a stirred solution of | , 62)1( oH
N/
potassium hydroxide (45.0 mg, 0.8 mmol) in methanol (0.2 N

5
N\
mL) at 0 °C and stirred for 15 min. Potassium chloride was m

removed and the filtrate was used as such. To a solution of (S)-cinnamoylproline

(0.19 g, 0.5 mmol) in diethyl ether (2.0 mL) at 0 °C were added ethyl chloroformate



(0.06 mL, 0.6 mmol) and N-methylmorpholine (0.08 mL, 0.70 mmol) and the
mixture was stirred for 15 min. The solid was filtered off and the filtrate was added
to the freshly prepared hydroxylamine in methanol. The mixture was stirred at 20 °C
for 1.5 h. The solvent was evaporated under reduced pressure and the residue was
purified by column chromatography (silica gel, 7:3 ethyl acetate:petroleum ether) to
give 30 (92.3 mg, 58%) as a white microprisms: mp 176-178 °C; IR Vmax (cm™) 3128

(N-OH str), 1656 (C=O str); H NMR (CD;0D): 7.95 (1H, d, J = 15 Hz, Hy), 7.561
(SH, m, Ph), 7.14 (1H, d, J = 15 Hz, Hs), 4.61 (1H, br d, J = 6 Hz, Hy), 4.03 (2H, m,
Hs), 3.49 (1H, m, Hs), 2.18-2.35 (3H, m, Hyand Hy); 'C NMR (CD;0D): 172.1 (C),
167.9 (C1), 144.3 (Cy), 136.8 (C2), 131.5 (C), 130.7(C,), 129.5 (C,), 119.6 (C), 60.2
(C2), 47.9 (Cs), 31.2 (C3), 26.2 (Cs). LRMS M/Z (Fab +) 261 (M+1, 55%), 228 (25),
200 (19). Found C, 63.03, H, 6.36, N, 10.54, (C,sH;6N,0O3 + 1/3 H,O requires: C,
63.15, H, 6.26, N, 10.52).

(8)-N-Crotonylproline hydroxamic acid (31)

Hydroxylamine hydrochloride (55.0 mg, 0.8 mmol) in
3
methanol (0.5 mL) was added to a stirred solution of potassium | , OZ/f(
hydroxide (45.0 mg, 0.8 mmol) in methanol (0.2 mL) at 0 °C 5 N
PN e

and stirred for 15 min. Potassium chloride was removed and the O g

filtrate was used as such. To a solution of (S)-crotonylproline (0.10 g, 0.5 mmol) in
diethyl ether (2.0 mL) at 0 °C were added ethyl chloroformate (0.06 mL, 0.6 mmol)
and N-methylmorpholine (0.08 mL, 0.7 mmol) and the mixture was stirred for 15
min. The solid was filtered off and the filtrate was added to the freshly prepared
hydroxylamine in methanol. The mixture was stirred at 20 °C for 1.5 h. The solvent
was evaporated under reduced pressure and the residue purified by column
chromatography (silica gel, 7:3 ethyl acetate:petroleum ether) to give 31 (40 mg,
37%) as white microprims: mp 112-114 °C; IR Vi (cm™) 3298 (N-OH str), 1685
(C=0 str); 'H NMR 8.69 (1H, br s, NH), 7.78 (1H, m, H;), 6.14 (1H, d, J = 15 Hz,
Hg), 5.08 (1H, br s, OH), 4.56 (1H, br d, J = 6 Hz, Hy), 3.58 (2H, m, Hs), 2.22 3H,
m, Hs and Hy), 2.07 (1H, m, Hy), 1.88 (3H, dd, J = 6.9 Hz, J= 1.5 Hz Hg); 'C NMR
169.7 (Cg), 166.7 (Cy), 143.6 (Cy), 122.6 (Cs), 57.9 (Cy), 47.8 (Cs), 28.1 (C3), 25.3
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(Cy), 18.6 (Cy). LRMS M/Z (Fab +) 199 (M+1, 100%), 166 (85). Found C, 54.23, H,
7.12, N, 14.13, (C14H6N,05 requires: C, 54.53, H, 6.96, N, 14.58).

(8)-N-Cinnamoylproline (33)%

A solution of (S)-proline (0.10 g, 0.9 mmol) in 2 M 3 0
2
aqueous sodium hydroxide (0.60 mL 1,1 mmol,) was 4MOH
N

cooled in an ice-bath and diluted with acetone (0.6 mL). 5 MO
O s

An acetone solution (0.6 mL) of cinnamoyl chloride (0.16

g, 0.9 mmol) and 2 M aqueous sodium hydroxide (1.22 mmol, 0.7 mL) were
simultaneously added over 20 min with good stirring to the aqueous proline in the
ice-bath. After 3 h at room temperature, the mixture was evaporated under reduced
pressure to remove the acetone. The residual solution was extracted with diethyl
ether (2 x 5 mL) and then acidified (pH 2) with conc. hydrochloric acid. The acidic
mixture, after saturation with sodium chloride, was extracted with ethyl acetate (3 x
15 mL), the combined extracts were washed with brine and evaporated.
Recrystallization of the crude product from methanol gave 33 (0.12 g, 58%) as white
needles: mp 187-189 °C (lit"* 184-185 °C); '"H NMR 9.42 (1H, br s, H;), 7.78 (1H, d,
J =15 Hz, Hy), 7.37 (5H, m, Ph), 6.61 (1H, d, J = 15 Hz, Hs), 4.52 (1H, brd, /=6
Hz, Hy), 3.60 (2H, m, Hs), 2.31 (1H, m, H3), 1.85-2.07 (3H, m, Hs and Hy); °C NMR
172.9 (Ce), 167.9 (Cy), 145.3 (Cy), 135.0 (Cy), 130.8 (C,), 129.1 (C,), 128.4 (C,),
117.0 (Cs), 60.7 (Cy), 48.2 (Cs), 28.0 (Cs), 25.2 (Cy).

(S)-N-Crotonylproline (34)%

A solution of (S)-proline (1.0 g, 8.7 mmol) in 2 M aqueous 0
sodium hydroxide (5.1 mL, 10.4 mmol) was cooled in an ice- GMOH
bath and diluted with acetone (5.3 mL). An acetone solution (5.3 5 N)‘l/&/1
mL) of crotonyl chloride (0.83 mL, 9.5 mmol) and 2 M aqueous

sodium hydroxide (6.3 mL, 12.2 mmol) were simultaneously added over 20 min with

good stirring to the aqueous proline in the ice-bath. After 3 h at room temperature,



the mixture was evaporated under reduced pressure to remove the acetone. The
residual solution was extracted with diethyl ether (2 x 25 mL) and then acidified (pH
2) with conc. hydrochloric acid. The acidic mixture, after saturation with sodium
chloride, was extracted with ethyl acetate (3 x 25 mL); the combined extracts were
washed with brine and evaporated. Recrystallization of the crude product from
methanol gave 34 (0.95 g, 60%) as white plates: mp 132 °C (lit” mp 132-134 °C);
'H NMR 6.90 (1H, m, Hy), 6.07 (1H, dd, J = 15 Hz, J = 1.5 Hz, Hs), 4.58 (1H, m,
Hs), 3.58 (2H, m, Hs), 2.38 (1H, m, H5), 1.99 (3H, m, H» Hs), 1.86 (3H, dd J = 6.9
Hz, J = 1.5 Hz, H;); _C NMR 174.0 (Cs), 165.6 (Cs), 142.2 (Cs), 122.3 (C»), 59.3
(Cs), 47.1 (Cs), 27.6 (C7), 24.6 (Cg), 17.8 (C)).

2-Methoxyisoindole-1,3-dione (35)%

Anhydrous potassium carbonate (2.21 g, 16.0 mmol)
was added slowly to a stirred solution of N- /5
hydroxyphthalimide (4.10 g, 25.0 mmol) in dimethyl sulfoxide 1@N—O
(30 mL). Iodomethane (1.70 mL, 42.5 mmol) was added

dropwise to the reddish brown solution at the rate such that the temperature did not

exceed 30 °C. The mixture was stirred at room temperature for 24 h, then poured into
cold water (20 mL) and left to stand at 0 °C for 4 h. The crystals were filtered,

washed with water and dried under vacuum to recover 35 (4.41 g, 92 %) as white
microprisms: mp 129 °C (lit" mp 132 °C); 'H NMR 7.88 (2H, m, H,), 7.74 (2H, m,
Hy), 4.06 (3H, s, Hs); 'C NMR 163.2 (Cs), 134.5 (Cy), 128.8 (C), 123.5 (Cy), 65.7
(Cs).

O-Methylhydroxylamine (36)%

A solution of N-methoxyphthalimide (4.10 g, 23.0 mmol), in [ NH,0CH, . Hﬂ
aqueous hydrochloric acid (6 M, 42.0 mL) was heated at reflux for 30 min. The

mixture was allowed to cool, then kept below 0 °C for 12 h. The white precipitate
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was filtered and washed with cold water (2 x 20 mL). The filtrate and washings were
combined and extracted with dichloromethane (3 x 100 mL). The water was then
evaporated under reduced pressure and the residual crystals were dried under vacuum
to a constant weight. Recrystallization from ethanol and diethyl ether (1:9) gave 36
(1.20 g, 63 %) as white plates: mp 150 °C (lit”® mp 148 °C); 'H NMR (D,0) 4.83
(NH; +H;0), 3.96 (CHa).

Pent-3-enoic acid methoxyamide (37)

The pent-3-enoic hydroxamic acid (0.64 g, 5.6 mmol) was

0
dissolved in methanol (15.0 mL), potassium carbonate (0.84 g, 6.1 48 PN
mmol) and iodomethane (0.34 mL, 5.6 mmol) were added and the | 3\ 2H 6
mixture was stirred for 28 h. The solution was then concentrated ]

under reduced pressure and the remaining oil was dissolved in
ethyl acetate (25 mL) and water (25 mL). The organic layer was washed with water
(2 x 25 mL) then brine, dried, filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (silica gel, 3:7 ethyl

acetate:petroleum ether) to give 37 (0.37 g, 51 %) as a colourless oil: IR: Viax (cm™)
(KBr) 1622 (CO); ]H NMR 9.69 (1H, br s, NH), 5.83-5.66 (2H, m, H3, H;), 3.92

(3H, s, Hg), 3.06 (2H, br s, Hy), 1.85 (3H, d, J = 6 Hz, H)); 13C NMR 169.6 (Cs),
130.1 (Cy), 123.1 (C3), 64.1 (Cg), 37.3 (Cy), 17.9 (C;). HRMS Found 129.07845
(CsH 1NO; requires 129.07898).

N-Hydroxy-4-phenylbutyramide (38)

Hydroxylamine hydrochloride (0.63 g, 9.5 mmol)

1 o]
in methanol (6.0 mL) was added to a stirred solution of 2©\/6\/L OH
4 8 "N~

potassium hydroxide (0.51 g, 9.5 mmol) in methanol (3.0

mL) at 0 °C and stirred for 15 min. Potassium chloride was removed and the filtrate

was used as such. To a solution of 4-phenylbutyric acid (1.0 g, 6.1 mmol) in diethyl
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