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We report here the first example of a Long-Distance SRN1 (LD-SRN1) reaction on a propargylic chloride.
The reaction of 1-(3-chloroprop-1-ynyl)-4-nitrobenzene (1) with nitronate anions led to both the forma-
tion of the C-alkylation product through an LD-SRN1 mechanism and the ethylenic compound resulting
from nitrous acid elimination on the C-alkylation product 2. In contrast with previous work on LD-
SRN1 reactivity, no O-alkylation product was observed. Only one original product 4 was isolated under
phase transfer conditions, resulting from a nucleophilic attack by 2-nitropropane anion on the electro-
philic alkyne. This LD-SRN1 reactivity did not extend to sulfinate anions; the reaction of 1 with sulfinate
anions yielded original ethylenic disulfone compounds which were formed via an ionic process.

� 2012 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of propargylic chloride 1.
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The concept of Long-Distance Radical Nucleophilic Substitution
(LD-SRN1) involves a long distance between the electron
withdrawing and the leaving group.1 LD-SRN1 reactions were
explored by Barker and Norris with a reaction between a-alkyl-
c(p-nitrophenyl) alkyl chloride2 and various nucleophiles. This
concept was further explored in heterocyclic3 and in quinonic ser-
ies.4 All this previous research concluded that LD-SRN1 reactivity is
often in competition with another reactivity, usually SN2. For
example, the Barker and Norris substrate reacted with 2-nitropro-
pane anion via an SN2 pathway.2 Moreover, in heterocyclic series,
(E)-2-[4-(chloromethyl)styryl]-1-methyl-5-nitro-1H-imidazole under
LD-SRN1 conditions gave a majority of O-alkylation products.3a

Under our program directed toward the single electron transfer
(SET) reaction,1,5 we considered the possibility that a propargylic
chloride might be reactive under LD-SRN1 conditions with various
nucleophiles. Never previously reported, LD-SRN1 on alkynes would
be invaluable in the preparation of original substrates. Alkyne moi-
eties have elicited great interest in connection with many reactions,
such as ‘click’ chemistry reactions, metal-catalysis, or polymeriza-
tion reactions.6

Continuing in the vein of this study on SRN1 (LD-SRN1) reactivity,
we explored this concept in alkyne series, reporting here the
reaction between nitronate and sulfinate anions under SRN1 exper-
imental conditions (LD-SRN1). We synthesized the 1-(3-chloroprop-
1-ynyl)-4-nitrobenzene 1, using a Sonogashira cross-coupling
reaction (Scheme 1).

For the first step, our synthesis was inspired by the work of
Chinchilla7 on Sonogashira reactions. To optimize the rate of
ll rights reserved.

nelle).
coupling reaction, a mixture of tetrahydrofuran and water
(90/10) was used as the solvent. The second step was a classic chlo-
rination of the alcohol with SOCl2 in dichloromethane to obtain 1
in 95% yield.8

Treated under various electron transfer conditions9,10 with 2-
nitropropane anion, the 1-(3-chloroprop-1-ynyl)-4-nitrobenzene
(1) led to the formation of three compounds: the expected C-alkyl-
ation product 2, the ethylenic compound 3 resulting from nitrous
42 3

Scheme 2. Reactivity of propargylic chloride 1 with the 2-nitropropane anion
under SRN1 conditions.
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Table 1
Reactivity of 1 with 2-nitropropane anion

Entrya M Equiv of anion Solvent Time Yield 211 (%) Yield 311 (%) Yield 411 (%) Yield C-alkylation (%)

1 Li 3 DMSO 1 min 75 10 — 85
2 Li 3 DMSO 5 min 40 50 — 90
3 Li 3 DMSO 25 min 32 68 — 100
4 Li 3 DMSO 1 h 15 77 — 92
5 Li 3 DMF 36 h 25 25 25 50

6b Na 3 DMSO 25 min 65 30 — 95
7c NBu4 3 CH2Cl2/H2O 48 h 20 — 30 20
8d NBu4 3 CH2Cl2/H2O 48 h 20 — 30 20
9 Li 2 DMSO 25 min 42 55 — 97

10 Li 4 DMSO 25 min 40 58 — 98
11 Li 6 DMSO 25 min 35 60 — 95

a All reactions were performed under nitrogen and irradiation with a 300 W fluorescent lamp using 1 equiv of 1. All yields refer to chromatographically isolated pure
products and are relative to the electrophile.

b 2-Nitropropane salt was formed in situ using NaH in DMSO and 2-nitropropane.
c Phase transfer conditions with NBu4Br in water.
d Phase transfer conditions with NBu4OH 40% in water.
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Scheme 4. Reaction of 1 with benzenesulfinic acid sodium salt under SRN1
conditions.
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acid elimination on the C-alkylation product 2, and an original allyl
chloride 4 (Scheme 2, Table 1).11 The best overall yield (100%) of C-
alkylation products 2 + 3 was obtained under Kornblum condi-
tions9 with DMSO as the solvent with 3 equiv of 2-nitropropane
anion for 25 min under inert atmosphere and light catalysis (Entry
3). We note that the ethylenic compound 3 was predominant (68%
vs 32%). When we used NaH in DMSO and 2-nitropropane to form
the 2-nitropropane salt in situ (Entry 6), we obtained the C-alkyl-
ation products in 95% overall yield after 25 min. Under these
conditions, the ratio between compounds 2 and 3 is in favor of
C-alkylation product 2 (65% vs 30%).

Under Norris conditions,10 phase transfer reaction conditions
(Entries 7 and 8), we observed the starting chloride 1 with or with-
out degradation products and only 20% of C-alkylation product 2.
Table 2
Inhibition of reaction of 1 with the 2-nitropropane anion

Entrya Scavenger Yield (2) (%) Yield (3) (%) Yield (4) (%)

3 — 32 68 0
12 TEMPO 1 Equiv 0 0 62
13 TEMPO 0,1 Equiv 0 0 41
14 CuCl2 1 Equiv 10 15 28
15 CuCl2 0,1 Equiv 5 10 15

a All reactions were performed under Entry 3 conditions.
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Scheme 5. Reaction of 1 with other benzenesulfinic acid sodium salts.
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the structure of 4 as (Z)-1-(2-(chloromethyl)-3-methyl-3-nitrobut-
1-enyl)-4-nitrobenzene.

The reaction of 1 with the 2-nitropropane anion, under the opti-
mal conditions, in the presence of classic inhibitors (2,2,6,6-tetra-
methyl-1-piperidinyloxy or TEMPO as the radical trap and CuCl2)
gave effective inhibition, indicating an LD-SRN1 mechanism for
the formation of 2 (Table 2).

The formation of compounds 2 and 3 is explained by the LD-
SRN1 process leading to C-alkylation product 2. From product 2,
in the presence of an excess of the anion, nitrous acid elimination
gives ethylenic compound 3. However, inhibitions were accompa-
nied by the formation of compound 4. The formation of this prod-
uct seems to be due to an ionic process and was the result of a
nucleophilic addition of the 2-nitropropane anion on the electro-
philic alkyne conjugated with p-nitrobenzene moiety.

In order to generalize this concept, we extended this reaction to
other nucleophiles such as nitrocycloalkanes and synthesized the
corresponding C-alkylation products 5, 7, 9 and the ethylenic prod-
ucts 6, 8, 1012 as shown in Scheme 3. All nitroalkanes were com-
mercially available and their conversion to anions was realized
in situ with NaH in DMSO. All the reactions were performed using
3 equiv of nitrocycloalkane, in DMSO at rt, for 25 min (Table 1, En-
try 6 conditions).

The possible extension of this LD-SRN1 reactivity to S-centered
anions3b was investigated using the benzenesulfinic acid anion.
However, this reaction did not yield the expected S-alkylation
product; instead, an original ethylenic disulfone compound 11
was observed, accompanied by intractable tarry matter. High reso-
lution Mass Spectrometry ESI-MS and NOESY studies permitted us
to determine the structure of 11 as (E)-1-(1,3-bis(phenylsulfo-
nyl)prop-1-enyl)-4-nitrobenzene.

After optimization under SRN1 reaction conditions, the best
yield of 11 (45%) was obtained with 3 equiv of sulfinate anion in
DMSO, stirred at rt for 5 h (Scheme 4). An inhibition reaction with
1 equiv of TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) under
the optimal conditions led to the same product with an equivalent
yield (45%). The inhibition experiments showed that the formation
of product 11 was not sensitive to the presence of classic inhibitors
of SRN1 reactions. The formation of this compound was not a radi-
cal process. Thus, the LD-SRN1 conditions (inert atmosphere and hm
irradiation) were not required to form 11. We therefore investi-
gated a possible reaction of nitrobenzyl propargylic chloride 1 with
6 equiv of benzenesulfinic acid sodium salt under non-radical
conditions (air and no light irradiation). Under these conditions,
product 11 was obtained in 75% yield.
In order to extend this propargyl chloride reactivity to sulfinate
anions, we used other sulfinate anions such as p-toluenesulfinic
and p-chlorobenzene sulfinic acid sodium salt (Scheme 5) in the
reaction with 1 under optimized conditions (non radical). We ob-
served the formation of new compounds 12 and 13 in respectively
83% and 69% yields.13

The formation of these ethylenic disulfone derivatives 11–13
may be explained by two pathways (Scheme 6). The first step could
be an SN2 or an SN20 reaction forming respectively an alkyne sul-
fone or an allene sulfone intermediate. This step could be followed
by a nucleophilic addition of sulfinate anion on the intermediate to
form 11–13. However, the absence of isolated intermediates or by-
products in this reaction makes it impossible to describe this
mechanism clearly.

In conclusion, what we have described here is the first example
of an LD-SRN1 reaction on a propargylic chloride. The reaction of 1-
(3-chloroprop-1-ynyl)-4-nitrobenzene (1) with nitronate anions
led to both the formation of the C-alkylation product through an
LD-SRN1 mechanism and the ethylenic compound resulting from
nitrous acid elimination on the C-alkylation product 2. In contrast
with previous work on LD-SRN1 reactivity, no O-alkylation product
was observed. Only original product 4 was isolated under phase
transfer conditions, resulting from a nucleophilic attack of 2-nitro-
propane anion on the electrophilic alkyne. This LD-SRN1 reactivity
did not extend to sulfinate anions, the reaction of 1 with sulfinate
anions yielded original ethylenic disulfone compounds which were
formed via an ionic process. Pharmacological evaluation of all
these synthesized compounds is in progress, particularly regarding
the original ethylenic disulfone compounds, which are known to
have anticancer potential.14
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