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One of the persisting problems in organic syn-
thesis is to develop new and better methods for
effecting a C-C bond connection. Simple as it
may seem, it remains, even today, a challenge in
terms of regiospecificity, enantioselection and che-
mical yield when applied to synthesis of complex
organic molecules.
The content of the review is a "spin-off", as
it were of our efforts to synthesize the anti-leu-
kaemic alkaloids, cephalotaxine (I) and fagaro-
nine (II).  
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SOME NEW
DEVELOPMENTS
IN THE CHEMISTRY
OF ARYL
HYDROXYLAMINES
AND THEIR
DERIVATIVES

This review is not a detailed account of all the new develop-

ments in the chemistry of arylhydroxylamines and their deriva-

tives. Instead it is confined essentially to those new reactions

discovered in our laboratory during the past five years.
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By retrosynthesis (I) could be reduced to a simple
synthon (III) — a phenanthridine derivative.
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By one of many disconnection processes available
(II) could be reduced to two simple units (IV)
and (V).	 -

The literature describes various methods to obtain
the phenanthridine skeleton and to give only a
few examples, the yields are usually low (Table 1).
The basic problem in the photocyclisation proces-
ses resides essentially in two factors.

a) entropic b) electronic

Schiffs'bases, normally tend not only to adopt the-

trans-geometry (VI) [3b] (unfavourable situation
for C-C bond formation) but also suffers n-7f*
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excitation on absorption of light which is non- 	 and make n -- lr * transition energetically prohibi-
-productive in terms of intramolecular cyclisation 	 tive.
(3b].	 The hydroxamic acid (VIII), the acetylderivative
Secondary amides, such as benzanilide, exist pre- 	 OH
dominantly in the trans-configuration (VII) and	 I
the principal reason for low yield in photocyclisa 	 of H1sIMe is known to form the thermally stable

tion is due to entropic reasons [3c]. 	 derivative (IX) of boron [5].

BF 3 .Et 2 0
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Question

How to overcome these adverse effects-entropic
and electronic?

Solution:

Force the molecule to adopt thes cis-configuration

It was considered that C, N-diarylhydroxamic
acids would also form compounds of this type
and if properly substituted undergo rapid cyclisa-
tion in high yield. Given the fact that the bond
strength between B-O and B-F is relatively high it
was anticipated that these complexes would not
only be photostable but also possess ideal condt-

i) R1 =R2= OMe; X = Y = H	 i) R 1 = R2= OMe
ii) R 1 =R 2 = OMe; X= Br; Y = H	 ii) R, =R2 = OMe

iii) R 1 =R 2 =OCH2O; X= Br; Y=H iii) R, =R2 =OCH2O
iv) RI = R2 = OMe. X = H; Y = CI	 iv) R 1 =R2 = OMe
v) R, = R 2 = OMe; X = H; Y =OTs

vi) R 1 = R2 = OMe; X=H; Y=BR	 vi) R 1 = R 2 = OMe

Com-
pound

X
Mp/°C

Pro-
duct
XI

M.p/°C
yield

Irradia-
tion

time/h
i 199-200 i 318-320 96* 33

ii 158-159 i 318-320 92 4
iii 176-176.5 iii 325-328 93 6
iv 189-191 i 318-320 91 13
v 168-170 — — 0 18

vi 167-169 i 318-320 92 9

* In the presence of 1 equiv. of iodine.
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tions to undergo in high yield a conrotary pho-
tocyclisation. This expectation was fully realised
in practise and our results [6] are presented below.

These cyclised compounds (XI) undergo the follo-
wing reactions:

It was subsequently found [7] that properly subs-
tituted benzohydroxamic acids, such as (XII)
cyclise rapidly on treatment with conc. H 2 SO4 , to
give the corresponding phenanthridone XIV in
high yield.
The intermediate is presumed to be the reactive

122	 Rev. Port. Qulm., 26, 119 (1984)



o
il

Ar-C-X

Ar1NHOH O

Ar-C-N-Ar l  

OH

X = Cl or OR

Ar

Nu

H 	 / Ar

+C
/rt
 —N

Ar/ '1	 \ O

XVila

H 	/Ar l

C_N

Ar/\O

H	 Ar l
\ /

- C —N+

/ \ O

E+
XVllb
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acylnitrenium ion (XIII). Similarly (XV) yielded
(XVI).

was found to be exclusively the thermodynami-
cally less stable cis-nitrone (XXI).

Since hydroxamic acids have thus been shown to
be useful substrates for constructing condensed
heterocycles, a new method for the preparation of
the former was sought. Generally, aromatic
hydroxamic acids are synthesized by condensing
acid chlorides or esters with aromatic hydroxyla-
mines.

However, arylhydroxylamines are obtained by
controlled reduction of the corresponding nitro
compounds and the reaction is often capricious
and the yield is at best modest.
C, N-diarylnitrones could in principle be con-
verted into hydroxamic acid by either nucleophilic
or electrophilic substitution at the a-carbon atom
of the nitrone group. The canonical forms XVIIa
or XVIIb explain the chemical reactivity in a
simple way without recourse to a more sophisti-
cated treatment.
On treatment with alkaline hydrogen peroxide C,
N-diphenylnitrone (XVIII) yielded rapidly the
hydroxamic acid (XIX), the major products being
nitrosobenzene and benzaldehyde:

The formation of the products could be explained
on the basis of two concurrent reactions (path a
and b) involving the common intermediate (XX):
When NBS is treated with the nitrone (XVIIIa) in
the presence of DABCO a relatively slow reaction
occurred and the product, after aqueous work-up,

X=Y=X 1 = Y1

HOO
–30 to –50°

O OH
	

O

Ph – C–N–Ph
II	

Ph –N+  Ph – CHO
II

XIX

The tetramethoxynitrone (XXII), similarly,
yielded initially the cis-nitrone (XXIII) wich on
heating isomerised to the trans-compound (XXIV)
the structure of which was confirmed by X-ray
analysis.
The various a-succinimidyl nitrones prepared by
the above method, as well as their physical pro-
perties are collected (Table 2).
All attempts to hydrolyse these compounds to give
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the corresponding hydroxamic acids proved to be
infructuous.

XX

There are two possible mechanisms that could
explain the formation of the unstable cis-nitrone
of the type (XXI):

Mechanism A

It is proposed * that after 0-Br formation, the
succinimidyl anion adds to the double bond in
such a manner that is assumes an antiperiplanar
geometry with respect to the nitrogen lone pair
(intermediate XXV). Cis-Elimination of HBr
involving a 5-membered transition state would
lead to the observed product.

* The thermodynamically more stable trans nitrone
(XVIII) is assumed to be reactive spieces.
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Table 2

Physical Properties of the C-Succinimidyl Nitrones XXI and XXI-A

Compound

X	 Y	 X 1 X1

Yield (XXI+

+XXI-A)(c)

(5L)

m.p.

( °C)

I.R. (KBr)

(cm -I )

1H NMR (CDCI3)

ó (PPm )

m/e(d)

(M+1(M+-0)(M+L41i4NO21(M+C4H4NO2-O)

H	 H	 H H XXI

a

56

=130(a) 1785, 1725 7.36-7.17 (10H, m, ArH)

3.17-2.81 (4H, m, -CH2-CH2-)

294 278 196 180

XXI -A
a

170-172 1785, 1725 8.46-7.88 (2H, m, ArH)

7.50-7.41 (8H, m, ArH)

2.98-2.18 (4H, m, -CH2-CH2 -1

» n e M

H	 Br	 H H XXI

b
^

60

92-102(a) 1785, 1720 7.36-6,95 (9H, m, ArH)

3.11-2.78 (4H, m, -CH2CH2-)

373 357 275 259

XXI -A
b

102-104 1792, 1723 7.43-7.29 (8H, m, ArH)

7.00	 ( IH, d, J 3Hz, ArH)

3.09-2.86 (4H, m, -CH2-CH2-)

» H a

H NO2 H H XXI
c

83

(a) 1788, 1723 8.07	 (2H, d, J 8Hz, ArH)

7.42-7.36 (7H, m, ArH)

3.19-2.86 (4H, m, -CH2-CH2-)

339 323 241 225

XXI-A

c

187 (dec.) 1790, 1726

	

8.34	 (4H, d, J 2.4Hz, ArH)

	7.44 	 (51-1, s, ArH)

2.91-2.29 (4H, m, -CH2-CH2-)

n t> tt >t

OMe OMe H H XXI

d

40

(b)

XXI-A
d

186 (dec.) 1785, 1730

	

8.78	 (IH, d, J m2.IHz, 2-H)

	

7.43	 (5H, s, ArH)

	7.12 	 (IH, dd, Jo8.7Hz,

1 m2.IHz, 6-H)

	6.89 	 (IH, d, J 08.7Hz, 5-H)

	3.98 	 (3H, s, CH3O)

	3.94 	 (3H, s, CH3O)

2.94-2.19 (4H, m, -CH2-CH2-)

354 338 256 240

OMeOMeOMeOMe XXIII

64

(b)

XXIV 185-190 (dec.) 1785, 1730 8.77	 (1H, d, 1 m2.2Hz, 2-H)

7.14-6.75 (5H, m, ArH)

3.96- 3.93 -3.90-3.86

(4x3H, 4s,4xCH30)

2.95-2.29 (4H, m, -CH2-CH2-)

414 398 316 300

a) On heating compounds (XXI) isomerise slowly to (XXI-A).

(b) Detected only on t.1.c. of the reaction mixture, but on attempted crystallisation isomerìscd to XXI-A.

(c) Crude yield.
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Mechanism B

Presupposes a significant barrier to nitrogen
inversion in the intermediate (XXV) (preliminary
MNDO calculations seem to support this hypothe-
sis) and that it reacts with Br' to give (XXVI).
Trans-elimination of HBr followed by loss of Be
could explain the production of (XXI).

aromatic hydroxylamines exclusively on the oxy-
gen atom [11] to afford directly the O-aroylated
products.
Whereas N-t-butyl and N-isopropylhydroxylami-
nes reacted with veratroyl chloride to give the cor-
responding hydroxamic acids in 40% and 100%
yield respectively, both these hydroxylamines
afforded almost exclusively the O-aroyl products

Table 3

1 II III IV

R R R z
Yield
(%)

l.R.

cm—O

R 3 M.p.

(°C)

1.R.

(cm-1)

I C6H5 CH3O CH3O 90 1730 CH3 132-134 1760, 1690
2 C6H5 H H 88 1735 4-NO2-C6H4 136-138 1770, 1690
3 C6H5 H CH3 83 1735 4-NO2-C6H4 123.5-125.5 1770,	 1695
4 C6H5 O-CH2-O 86 1725 CH3 97-99 1760, 1695
5 4-Br-C6H4 CH3O CH3O 87 1730 — — —

6 4-Br-C6H4 H H 83 1730 4-NO2-C6H4 142-144 1770,	 1680
7 4-CH3-C6H4 H H O — — — —
8 C(CH 3 ) 3 CH3O CH30 91 1710 C6H5 oil 1760, 1670
9 CH(CH3)2 CH3O CH3O 87 1710 C6H5 oil 1770, 1670

10 CH3 CH3O CH3O 0+ — — — —
II H CH 3O CH3O 0+ — —

(+) Corresponding hydroxamic acid was obtained (>80%).

Generally in the absence of special factors (elec-
tronic and steric) arylhydroxylamines are acylated
on the nitrogen atom to afford the hydroxyamic
acids [9].

CO Ar

PhNHOH Ar COCI  > Ph–N–OH

0-acylation of aromatic hydroxylamines has been
achieved in a three-step process involving a pro-
tection-deprotection strategy [10].
We found that various aroylcyanides (Table 3)
react with bulky aliphatic hydroxylamines and

with veratroylcyanide. When the phenylhydroxyla-
mine is substituted in the p position by an elec-
tron donating group, such as methyl (Table 3
entry 4) none of the aroylhydroxylamine derivati-
ve was formed. Instead, the products obtained
were 2-hydroxy-4-methylbenzanilide (A, 46%),
4,4'-dimethylazoxybenzene (B, 18 %) and
4-methylbenzanilide (C, 10%). Implicit in the for-
mation of A is the invOlvement of D as the inter-
mediate which either by a l-aza-1-oxa [3,3] sigma-
tropic rearrangement or by heterolytic fission of
the N-O bond and subsequent recombination of
the ion-pair gives rise to the O-aminobenzoate
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O
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(E).O to N transfer of benzoylgroup generates A.
However, hydroxylamine and its N-methylderiva-
tive yielded with the above acyl transfer reagent
only the corresponding hydroxamic acids. The
formation of these acids appears not to involve
initial O-acylation followed by a rapid O to N
rearrangement. Thus when N-methylhydroxylami-
ne is allowed to react with benzoylcyanide in
CDC1 3 at-40° and the reaction monitored by
n.m.r. only the N-methyl signal (5.3.41 s) of the
corresponding hydroxamic acid is observed. Fur-
ther studies are underway to explain the profound
difference in reactivity between aroylcyanides and
aroylchlorides towards hydroxylamines and the
differing ambident properties of the latter.

Concluding remarks

Although hydroxylamines and hydroxamic acids
have been studied for over a century, there is still

scope for discovering new and interesting reac-
tions that they might undergo. Thus the ability of
the latter to form stable boron complexes could
be exploited for the construction of heterocyclic
systems present in pharmacologically active com-
pounds. The general assumption that hydroxyla-
mines lead to hydroxamic acids on acylation is
shown to be erroneous. Instead it is found that
the nature of the product formed (O versus N)
acylation) is subject profoundly to the type of
acylating agent used. Whereas arylhydroxylamines
form the corresponding arylhydroxamic acids with
aroylchloride, the use of aroylcyanide, as a tran-
sacylating agent, leads, almost always, to the ther-
modynamically less stable O-acylated compound.
C, N-Diarylnitrones were tested as potential star-
ting materials for C, N-diarylhydroxamic acids.
Treatment of the former with NBS-DABCO was
found to yield, not the acids, but to substitution

Ph—NHOH
Ar COCN

Ph —NH — O—C —Ar     

CH 3COC I CH 3COCI    
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of the succinimidyl group at the a-position to the
nitrones' nitrogen atom. Possible mechanisms for
these transformations are discussed and seem to
reveal that hydroxylamines and their derivatives
remain a fertile class of compounds for testing
new ideas in organic chemistry.
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