@ﬂ@\ -

h‘ TETRAHEDRON
LETTERS

Pergalnon ahecron Letters

for Indoles. Benzimidazole, and 6-Chlorouracil,

AL50 4 2 £, ey RILLN4 S 5 93 18e

Troy Voelkert, Tim Ewellt, Jean Joot, and Eric D. Edstrom*

Department of Chemistry
University of Montana
Missoula, Montana 59812

Abstract: The potential for the o-nitrobenzyl group as an alternative nitrogen protecting group for various
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with LiH or NaH in DMF followed by o-nitrobenzyl bromide afforded reasonable yields of N-alkylated products.
To effect removal of this group, simple photolysis with 300 nm light afforded good yields of starting substrate.
© 1997 Elsevier Science Ltd. All rights reserved.

The selection of a suitable protecting group for heterocyclic N-H functions, in which the
nitrogen lone pair is resident in an aromatic network, has special requirements in contrast to

the protection strategies for basic nitrogen groups. Carbamates and sulfonyl derivatives are the

ylsilyl)ethoxymethyl (SEM),?2 benzyloxymethy
derivatives (2-pyridylethyl,2¢ 2-chloroethyl2d), Although N-benzyl groups have been used in

the past_, demanding reaction conditions required for their removal forebodes more

for protection of a pyrrole nitrogen which can be removed under mild acidic conditions (TMSI
or TFA).52 However, in the context of a project aimed at the synthesis of pyrrolo(2,3-
d]pyrimidine based nucleotide analogues, this group proved troublesome.t In response the p-
nitrophenethyi (PNPE) group was applied as an aiternative protecting group for a pyrrole
nitrogen, cleavable under mild basic conditions. Recently we desired an alkyl based protecting
group for pyrroles and indoles which can be removed under neutral reaction conditions.® In

likely prospect and serves as the basis for the current study. There are two prior reports using
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ONB to protect the imidazole ring in histidine82 and N3 of benzo- and imidazotriazinones.8®
The typical reaction scheme is illustrated below (eq 1). Thus, treatment of the appropriate
indole 1 with either LiH (10 eq) or NaH (1.2 eq)? in DMF at room temperature for 30 min
followed by the addition of o-nitrobenzyl bromide and stirring for several hours afforded-the 1-
o-nitrobenzyl protected indoles 2. Photolysis of the ONB-protected products 2 in dioxane (0.01-
0.04 M) using 300 nm lamps in a Rayonet photoreactor typically afforded an initial reaction
mixture comprised of the free indoie and varied amounts of the intermediate
nitrosohemiaminal 3.10 After consumption of the starting material, the solvent was
evaporated and then replaced with MeOH and 2-3 drops of 40% NaOH solution. Upon stirring
for 2-3 h the breakdown of any remaining 3 into free indole was completed, as determined by

TLC analysis.
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The feasibility for the ONB group for the protection of nitrogen atoms in substituted
indoles and other representative N-H heterocyclic systems is summarized in Table 1.
The results demonstrate the viability of the ONB group for protection of indoles bearing an
electron withdrawing group at either the 2, 3, or 5 position. On the other hand, indole itself
and two other systems!! afforded modest yields of deprotection. TLC analysis of the crude
reaction mixture from 4a showed the presence of the free indole, intermediate 3 (R = H), and
other by-products. One possible source for these by-products would be from attack of the
liberated o-nitrosobenzaldehyde upon the free indole.!? A more likely explanation for the
lower yields in these cases would be competing single-electron-transfer (SET) from the indole
diminished with attend
alternative systems; tetrahydroindol-4-one 7, benzimidazole 8, and é-chlorouracil 9
deprotection proceeded in reasonable yields, although longer photolysis reaction times were
required. Overall the mildness of the photo-deprotection procedure shows compatibility with

s : 1

other functional groups including aldehyde, ester, activated chloride, and nitrile.



Table 1. Alkylation and Photoinduced Deprotection of Indoles, Benzimidazole, and 6-
chlorouracil.

Substrate Alkylation Yield, %a Photolysis time, h  Deprotection yield, %d
awmd
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aisolated yield following recrystallization from ethyl acetate hexanes, except for compounds 5 and 7 which were
purified by column chromatography over silica gel. PReaction conducted with LiH (10 eq) for 12-24 h at room
temperature. cReaction conducted with NaH (1.2-14 eq) for 2 h at r.t. disolated yield following column

chromatoeranhv gver silica opl esoe text, frecovered darhno material,
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In summary, the 2-nitrobenzyl protecting group’s range of utility has been extended to
nitrogen containing heterocyclic systems typified by substituted indoles, 6-chlorouracil, and
benzimidazole. It accordance with these results, it is likely that this group can be used with
other heteroaromatic systems which are less electron rich than indole.
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Specifically, the need arose for an alkyl-based pyrrole protecting group which is stable to acid
and basic reaction conditions and can be removed selectively in the presence of acid or base
cleavable protecting gmups eisewhere in the molecule.
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The use of NaH was less desirable due to competing deprotonation of the ONB-Br which
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monitored by TLC.
For substrates 4b-d, 5, 6, and 7 the nitrosoaminal was either faintly evident or nonexistent
by TLC analysis. Only in the case of indole and two other sluggish cases (ref 11) did
significant accumulations of this intermediate arise. Evidence for compound 3 (R = H) was

suggested by the following spectral characteristics; TH NMR (270 MHz, CDCl;) §,8.76 (d, ] =
46Hz 1H, CHOH), 794(brd ] =73 Hz, 1H), 7.75 (br t, 1H), 7.58 (br d, 2H),736(brt J=73
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For example, ONB protected 3-indolylacetonitrile and 2-pyridinone afforded less than
satisfactory deprotection yields (<50%).

For a related problem involving the secondary reaction of the liberated amino group from
ONB protected amino acid derivatives with the aldehyde group of this by-product, see: ref
7a.

We give thanks to a referee for suggesting this explanation.
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