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Introduction

N-Hydroxysuccinimide (NHS, NHSI, or HOSu), a white
crystalline solid with a melting point of 99-100 °C, was
first introduced by Anderson in peptide synthesis.! Since
then, NHS has been widely used as activating or protect-
ing reagent in organic and bio-organic synthesis? because
of its high reactivity, good hydrophilicity, ease of forma-
tion of peptide bonds, and commercial availability. Re-
cently, NHS has been exploited for a number of other
utilities in synthetic chemistry: it was used as auxiliary for
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oxidations, activating reagent for selective reductions and
coupling reactions of bulky substrates, additive for accel-
eration of Passerini reactions under aqueous conditions,
and efficient ligand for N-arylations. NHS can easily be
prepared from equivalent amounts of succinic anhydride
and hydroxylamine hydrochloride.?

Figure 1 N-Hydroxysuccinimide (NHS)

(A) Oxidation of tertiary benzylamines to aromatic aldehydes:
Copper(Il)-catalyzed aerobic oxidation of tertiary benzylamines in
the presence of NHS can produce aromatic aldehydes in good to ex-
cellent yields.* The mechanism involves a redox chain of a free N-
oxyl radical between the Co(III) and the Co(II) species. Although the
reaction time was prolonged, NHS appears to give higher selectivity
than NHPI (N-hydroxyphthalimide).

NHS (10 mol%), O, (1.0 atm) )k
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Ar = Ph, 3-CICgHj, 4-CICgH, 4-MeOCgH,, 4-O,NCgH ~ 60-92% yields

(B) Selective oxidation of sulfides to sulfoxides and sulfones:

Hu and co-workers’ found that spirolactone-related sulfides were se-
lectively oxidized to their corresponding sulfoxides and sulfones by
hydrogen peroxide in the presence of NHS. More interestingly, sulf-
oxides were obtained in acetone under reflux conditions, whereas
sulfones were obtained in methanol at room temperature. Many sen-
sitive groups, such as ketones and alkenes, are tolerated in this oxi-
dation process.
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(C) Oxidation of aldehydes and primary alcohols to carboxylic acids:
The NHS-mediated oxidation of primary alcohols and aldehydes to
form carboxylic acids by using IBX (2-iodoxybenzoic acid) was re-
alized by Giannis and colleagues.® The addition of water did not in-
fluence the reaction. These methods tolerate a wide variety of
functional groups, such as isolated and conjugated double bonds,
alkyl halogenides, urethanes, and electron-rich and -poor aromatic
compounds. The amino acids can be generated without racemization
from the corresponding N-protected a-amino alcohols.

RCHZOH IBX (2 equiv), NHS (5 equiv)
or RCOzH
RCHO DMSO, r.t., 16 h

R = alkyl, aryl 64-95% yields

(D) Copper-catalyzed N-arylation:

An experimentally simple, efficient, and cheap catalyst system was
developed for the N-arylation of pyrroles, indoles, and imidazole
with aryl and heteroaryl iodides, bromides, and chlorides in DMSO
by using Cul as catalyst, NHS as ligand, and MeONa as base.” The
coupling reactions tolerated a wide scope of functional groups in-
cluding nitrile and free NH,. The high selectivity was also observed
in the coupling of N-heterocycles and aryl iodides containing
another halide group such as bromine or chlorine.

Cul (2.5-10 mol%) o~
e ‘~|f\> X NHS (5-20 mol%) o’ ‘I]f\>
H + . '
RPN MeONa, DMSO RS
H 90-100 °C, 12-40 h N
.

Ar = aryl, hetereoaryl, X =ClI, Br, | 30 examples, 48-98% yields

(E) Promoted oxidation of aldehydes and alcohols to their NHS esters:
The Pd-free NHS-promoted oxidation of primary alcohols and alde-
hydes by applying IBX or PhI(OAc), to form their corresponding
NHS-active esters was developed by Giannis® and Liang,’ respec-
tively. NHS-active esters are valuable intermediates and efficient
acylating reagents in peptide synthesis. The reactions were accom-
plished within 3 hours and the yields ranged from 53% to 97%. NHS
does not only act as an esterification partner but also as an activator
of the oxidant in the reaction.

IBX (2.2 equiv)
NHS (2.5 equiv)

EtOAc, 1-3 h
RCH,0OH reflux
or RCHO PhI(OAc), (2.2 equiv)
NHS (1. 1 equiv)
R = alkyl, aryl

EtOAc, 0.5-1 h
ice bath 53-97% yields

(F) Intramolecular ring-closing amidation:

Schafmeister and co-workers!'® discovered a novel access to intra-
molecular ring-closing amidation in the synthesis of spiro-laddered
oligomeric peptide. In the presence of NHS, three intramolecular
peptide bonds were formed and yielded three six-membered rings in
one step.
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(G) Acceleration of the Passerini reaction:

The Passerini reaction, an isocyanide-based multi-component reac-
tion, was significantly accelerated by addition of 1 equiv of NHS un-
der aqueous conditions at room temperature. The yields of the
products were excellent and no side product due to hydrolysis was
observed in the process.!!
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