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Angeli—Rimini’'s reaction has been performed for the first
time on solid phase. A convenient one-step procedure for
the synthesis of hydroxamic acids starting from aldehydes
and solid-supportedN-hydroxybenzenesulfonamide is re-
ported. The hydroxamates are isolated in good to high yields
and purities by simple evaporation of the volatile solvents,
after treatment of the crude reaction mixture with sequester-
ing agents.

Hydroxamic acids are strong metal ion chelaforey
possess a wide spectrum of biological activities, such as
antibacterial, antifungal, anti-inflammatory, anti-asthmatic prop-

Note

The growing number of published synthetic methods further
points to the biological significance of hydroxamic acfds.

During these last years, solid-phase organic synthesis (SPOS)
has become an important tool for production of combinatorial
libraries and represents an important tool for the rapid identi-
fication of new lead compoundsRecently, several routes for
the preparation of hydroxamic acids on solid phase have been
published. These generally involve either the preparation of a
special linker to which hydroxylamine is attached through a
specialN- or O-linkage or the formation of masked hydroxamic
acids on solid suppoft.Hydroxamic acids might also be
obtained by direct cleavage of resin-bound esters with hydroxyl-
amine? The development of alternative methods to synthesize
this class of compounds is therefore desirable.

The research of unconventional reaction pathways has
frequently encouraged the transfer of solution-phase methodolo-
gies to the solid phas.In this context, here we wish to report
a novel technique that exploits a solid-phase version of the
Angeli—Rimini’s reaction as an alternative means to achieve
hydroxamic acids.

At the end of the last century, in 1896, Angeli and Rirtni
discovered thalN-hydroxybenzenesulfonamidk formed hy-
droxamic acidgl in fair to good yields if treated with aldehydes
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SCHEME 1. Angeli—Rimini’'s Reaction
Q MeONa Q )oL
Q§—NHOH + R-CHO —— ¢ _ QS—OH +R N’OH
10 2 MeOH 3 a4 H
R = alkyl, aryl
SCHEME 2. Polymer-Bound

N-Hydroxybenzenesulfonamide 6 Synthesis

0 9
O@—é—u O—Qﬁ—NHOH

5 6 8 °

2 in the presence of a strong base in MeOH (Schem¥ 1).
Unfortunately, the acidic workup afforded the desired hydrox-
amic 4 together with the benzensulfinic acdas a byproduct.
Because this impurity is not easily removed from the desired
product, the Anget-Rimini’s reaction has been seldom used
in organic synthesis.

Intrigued by this old procedure, we envisaged that a solid-
supportedN-hydroxybenzenesulfonamide reagent would solve
this problem and make easier the preparation and the final
purification of the hydroxamic acids. This new supported reagent
6 was so prepared by shaking at room temperature a pyridine
solution of HCINH,OH with polystyrene sulfonyl chloridé
(Ps—TsClI) 5 in CH.CI, for 12 h, as outlined in Scheme 2.

Colorimetric and spectroscopic techniques often offer simple,
practical tools to qualitatively and/or quantitatively monitor
solid-phase reactior4.Thus, the formation oN-hydroxyben-
zenesulfonamide on the resin was monitored using a simple
bead-staining te¥t to check if the reaction was complete
(Scheme 3). When the final color of the beads is white or off-
white, the reaction is ended.

This rather sensitive assay enables the detection of even smal
amounts of free chlorosulfonyl groups on the resin, and thereby
a negative test indicates that the hydroxylamine is quantitatively
anchored on the solid support. The presence on the resin of
hydroxamic acid groups can be easily detected using an iron-
(1) test, too, that gives an intensely colored complex (rust-
brown) with this functional group? As observed from the
colorimetric analyses, a quantitative loading was achieved using
a 5-fold excess of hydroxylamine hydrochloride. The outcomes
of the colorimetric tests were further confirmed by elemental
analyses.

HCINH,OH
o TR
CH,Clo/Py, rt, 12 h
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TABLE 1. Synthesis and Purification of Hydroxamic Acids
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MeONa (5.4 N, MeOH)

THF, 1t, 612 h
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a2 0nly the trans isomer was isolated.

color.
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SCHEME 3. Bromophenol Blue Test

o NH bromophenol 0
n HN/-\/ 2 1]
0 DMF o \“— DMA 0

unreacted 5 NHz Positive Test  NHz

The formation ofN-hydroxybenzenesulfonamide on the resins  As seen from the data referring to the compouddand 4]
was also characterized by FTIR, monitoring the infrared (Table 1), this synthetic approach indicates even an interesting

absorption band at 1365 cth (—S—0O stretch of —SQ,CI), solution for the preparation of monohydroxamic acids, in a

which shifts to 1320 cmt (—SOQ,—NH-) as well as by the single step, from substrates containing carboxylic acid functions,

appearance of a typical OH absorption at 3430tm too, without implementing protection/deprotection strategies.
To check the eventual limits of the applicability of-PEs— Within the limits of the Angeli-Rimini’s procedure, due mainly

NHOH 6 in the Angeli-Rimini reaction, a series of structurally  to the basic condition, this method is easy to use for many
different aldehyde&a—p were reacted in parallel with this solid-  synthetic purposes as it neither produces byproducts nor requires
phase-bound reagent. Owing to the poor swelling ability of tedious purifications of the product obtained. In conclusion, we
polystyrene/1% divinylbenzene resin in conventional MeOH, report a convenient preparation of a polymer-suppotted
all the reactions were performed in THF. hydroxybenzenesulfonamide that was successfully used to
The resin6, suspended in THF, was treated with a solution convert aldehydes into hydroxamic acids, adapting a seldom-
of NaOMe in MeOH and then reacted with several aliphatic used procedure in order to facilitate access to the hydroxamic
and aromatic aldehydes. After the reaction was complete, theacid functionality. The procedure is selective and tolerates the
resin was filtered off and dry MeOH was added to the starting presence of other functional groups on the substrates. Work is
solvent!® The solution containing the crude reaction mixture underway to explore if the resin-bourid-hydroxybenzene-
was then treated with acid ion-exchange resin Dowehat sulfonamide6 could also be used as an interesting source for
guenches excess MeONa by reducing the pH-&87 (Table producing HNO in biochemistry studiés.
4). The unreacted aldehyde was then sequestered by polystyren
sulfonyl hydrazide8 (Ps—Ts—NHNH;), leaving behind a
solution containing the desired product, free of starting com-
ponents (HPLC or TLC analysis). Finally, the mixture was

Experimental Section

Polymer-Bound N-Hydroxybenzenesulfonamide (6) Synthesis.
Polystyrene sulfonyl chlorid (222 mg, 0.6 mmol) suspended in
! e anhydrous THF (5 mL) was treated with a pyridine solution (5 mL)
filtered through a small plug of silica ggl to remove traces of of hydroxylamine hydrochloride (208.5 mg, 3.00 mmol) at room
water and salts, and the resulting solution was concentrated (0 mperatyre for 12 h. The reaction progress was monitored by the
give the desiredN-hydroxyamide. To optimize the yield, the  cq|orimetric“bromophenol blue te&t(negative) and ifon(lll) test’
reaction was initially conducted with 1 equiv of P§s—NHOH (positive). The polymer was filtered, washed several times with
6 relative to the aldehydeZa—p. In this case, the conversion THF, and then a mixture of THF and.8 (1:1), HO, and
from aldehyde to hydroxamic acid was incomplete, and anhydrous THF, and, finally, dried under high vacuum to give off-
significant amounts of aldehydes were recovered—@0%). white resin beads. IR (KBr): 3430 (br), 1446, 1320 (s), 1162 (s).
Two equivalents 06 was, however, sufficient to achieve a high ~ Sample Procedure.The resin6 previously obtained (0.6 mmol)

conversion of aldehydea—p into theN-hydroxyamidegta—p was swelled in 5 mL of THF, treated with a 5.4 N solution of
(Table 1) NaOMe (1.2 mmol) in MeOH (0.22 mL), shaken at room

. . temperature for 10 min and then reacted vgitthlorobenzaldehyde

.The progress of the reactlon. was monltorgd by HPLC” and 2e (42.2 mg, 0.3 mmol). After 6 h, the resin was filtered off and
this procedure affords the desired hydroxamic adidsp in alternatively rinsed with THF (4 1 mL) and MeOH (3x 1 mL).
good yields and excellent purity. All the runs were conducted The combined extract (THF:MeOH 3:1) was transferred to another
at least in duplicate or in multiple batches to ensure the tube, and Dowex 50WX2-400 ion-exchange reifl50 mg) was
reproducibility of the methodology. The results are summarized portionwise added to adjust the pH-téb. The ion-exchange resin
in Table 1. was collected by filtration, the solution treated with-AHs—NHNH,

Aromatic or conjugated aldehyde2a(-I) react in excellent 8 (200 mg, 0.6 mmol), and the suspension shaken at room
2m—p with 2a—I) requires longer times and leads N with THF (2x), MeOH (2x), DCM (2x), and MeOH (). The

: I : . filtrate was concentrated in vacuo, diluted with DCM (2 mL), and
hyirsoﬁygmk'gsimg ﬁel?olr?ev;e:{oalrig?lﬁggcstajr?;z(ﬁ?ésgecpgﬁ di- filtered through a small plug (1.00 cm) of silica gel with hexane/
. 20 ! AcOEt (1:1). Finally, the solution, after evaporation of the solvent,
tions?? and therefore, when both aldehyde and ketone groups gave the desireN-hydroxyamidede (50.4 mg, 98% respect @e)
are present on the same substratg,(only the aldehyde moiety a5 the sole product. The product gives a red color with £¢Gb.
is selectively transformed into the correspondMdnydroxy-
amide function. Noteworthy also is that the-Pis—NHOH 6

reacts with aldehydgh, affording the desired hydroxamic acid
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