LIE[TTERS

pubs.acs.org/OrglLett
. . . . t
Aerobic Oxynitration of Alkynes with ‘BUONO and TEMPO
Uttam Dutta, Soham Maity, Rajesh Kancherla, and Debabrata Maiti*
Department of Chemistry, Indian Institute of Technology Bombay, Powai, Mumbai 400076, India
© Supporting Information
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aminoxylation of alkyne has been reported. The reaction enjoys R% TEMPO (1.5 equiv) ? B :2 i m:
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yields. Synthetically useful a-nitroketones can be accessed through

these products in a single step.
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lefins and alkynes are considered as feedstock chemicals

in organic chemistry. Synthetic transformations of these
unsaturated systems under mild aerobic conditions are of
utmost importance. In this context, development of
sustainable radical reactions seems to be the key to achieve
such a purpose.'

Recently we reported a series of radical based stereo-
selective nitration of olefins with TEMPO as the oxidizing
agent.” Nitro radicals derived from shelf-stable precursors are
likely to interact with the olefin to generate a nitroalkane
radical intermediate.> Such transient radical species might be
trapped with a ‘persistent radical’ such as TEMPO (plausible
intermediate, Scheme 1a).* However, among more than 60
olefins studied, we observed such an intermediate only with a
strained olefin, norbornene (Int-1, Scheme 1a). In other
cases, subsequent oxidation proceeded faster to give olefin
nitration in a stereoselective manner.*

This observation was followed by a related development
wherein an incipient trifluoromethyl radical® from NaOSOCF,
reacted with an alkyne to afford a highly reactive vinyl radical,
which in the presence of P(OEt); underwent an Arbuzov
type’ reaction to give intermediate 2 (Int-2, Scheme 1b).”
This result showed us that selective functionalization of
alkynes could be performed without having the Glaser—Hay
homocoupling product.® Furthermore, a highly reactive vinyl
radical (o radical) with a lower lifetime could be trapped in
the laboratory setup to provide a bis-functionalized product.’

These observations motivated us to explore further, and we
decided to apply our previously established metal-free nitration
conditions on terminal alkynes.'° Interestingly, ‘BuONO
provided the desired oxynitro product in considerable
synthetic yield. The careful choice of solvents, temperature,
and more importantly nitro radical source consisted of
optimized reaction conditions where a slight excess of
TEMPO provided the nitro product in excellent yields
(Scheme 2).

Next, we started to explore the scope and limitation of this
reaction. Phenylacetylene gave the product in 90% isolated
yield (GC 95%; Scheme 3, 2a). Differentially substituted
alkynes with 4-Me (2b, 86%) and 4-F (2d, 82%) groups did
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Scheme 1. Our Previous Work with Unsaturated Systems
and Functional Group Radicals
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Scheme 2. Oxynitration of Alkynes with ‘BuONO and
TEMPO
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Scheme 3. Scope with Aromatic Terminal Alkynes®
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“General reaction condition: alkyne (0.5 mmol), ‘BuONO (1 mmol),
TEMPO (0.75 mmol), THF (3 mL), 70 °C, 24 h. " 12 h.

not alter the outcome of the reaction. Likewise, a 4-OMe (2e,
85%) and a 4-alkoxy group (2f, 74%) were well tolerated.
Meta- and ortho- substituted phenylacetylenes also underwent
the reaction successfully (2g and 2h). Notably, alkynes based
on naphthalene (2i, 89%), phenanthrene (2j, 82%), and
pyrene (2k, 84%) gave the desired products in excellent
yields.

A number of functionalized terminal alkynes underwent
successful oxynitration under standard conditions (Scheme 4).

Scheme 4. Scope with Functionalized Aromatic Terminal

Alkynes®
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“General reaction condition: alkyne (0.5 mmol), BuONO (1 mmol),
TEMPO (0.75 mmol), THF (3 mL). * 24 h.

The 4-bromo phenylacetylene gave the product in 75% yield
(4a). Similarly, a cyano group at the para- position was found
to be compatible under this ‘BuONO/TEMPO condition (4b,
86%). Sterically congested 2-Cl (4c, 61%) and 2-CHO (4d,
63%) substituted phenylacetylene provided the desired
product. Likewise, a NHCO- (4e, 90%) and a keto- (4f,
73%) moiety remained intact while undergoing oxynitration.
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Moreover, a 3-OH group was also tolerated (4g, 40%). Note
that a minor amount of ring nitration product was detected in
this case."

Next, the scope of this reaction was extended to
heteroaromatic alkynes, which reacted efficiently in usual
conditions (Scheme §). Quinoline (6b) and isoquinoline

Scheme S. Scope with Heteroaromatic Terminal Alkynes”
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“General reaction conditions: alkyne (0.5 mmol), ‘BuONO (1 mmol),
TEMPO (0.75 mmol), THF (3 mL).

derivatives (6d and 6e) were particularly interesting as
excellent yields were obtained with the corresponding alkynes
(80—88%). With pyridine 3-alkyne, a slight decrease in yield
was observed (6a, 66%). On the other hand, thiophene gave
the desired product in synthetically useful yield (6¢c, 62%).
Aliphatic alkynes are distinct from their aromatic counter-
part. Particularly in the radical mechanism, the electronic
difference often plays a major role in terms of reactivity.
Nevertheless, we investigated a number of such alkynes under
the standard conditions (Scheme 6). An aliphatic terminal

Scheme 6. Scope with Aliphatic Terminal Alkynes”
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“General reaction conditions: alkyne (0.5 mmol), ‘BuONO (1 mmol),
TEMPO (0.75 mmol), THF (3 mL).

alkyne such as 1-heptyne reacted with the ensuing nitro
radical although the reactivity was diminished significantly (8a,
25%). This might be attributed to the lack of stabilization of
the vinyl radical in the absence of an aromatic system.
Interestingly, both cyclopentyl (8b, 35%) and cyclopropyl (8,
27%) acetylene gave the usual oxynitro product. The absence
of any rearrangement or allene type product indeed suggests
that the TEMPO trapping step is fast. Isolation of unreacted
TEMPO from the reaction mixture further indicated the lack
of undesired reactions in these cases. Notably, internal alkyne
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dimethylacetylene dicarboxylate underwent successful oxy-
nitration under the standard conditions (8d).

Scheme 9. Unsuccessful Substrates
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“General reaction conditions: alkyne (0.5 mmol), ‘BuONO (1 mmol),
TEMPO (0.75 mmol), THF (3 mL).

monofunctionalization was evident in 1,3-diethynylbenzene
and 1,3,5-triethynylbenzene. In the case of tris-alkyne only a
trace amount of trifunctionalized product was detected.

We next investigated the reaction with 4-oxo TEMPO
(Scheme 8). The 6-methoxynaphthalene can be coupled in

Scheme 8. Scope of 4-oxo TEMPO Derivatives®
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“General reaction conditions: alkyne (0.5 mmol), ‘BuONO (1 mmol),
TEMPO derivative (0.7S mmol), THF (3 mL).

50% vyield (12a). Similarly, 2-chlorophenylacetylene (12b,
65%) and 1-ethynylpyrene (12c, 60%) provided the desired
product in preparatively useful yields.

The present method is not without limitation. We realized
that internal alkynes such as diphenyl acetylene (13a) and 4-
octyne (13d) did not produce the expected oxynitration
compounds (Scheme 9). In the case of diphenyl acetylene,
20% of benzil was isolated without a trace of the desired nitro
compound.

The nitroaminoxylated products in Schemes 3—8 can be
easily converted to useful a-nitroketones in high yields and
purity in a single step (Scheme 10). These examples further
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We confirmed the formation of (E)-product by X-ray
crystallographic characterization of compounds 2i (CCDC
1029301) and 4b (CCDC 1029302) (Figure 1). Interestingly,

Figure 1. ORTEP diagram of compounds 2i and 4b.

these compounds are containing aryl rings perpendicular to
the plane of olefin double bonds and hence to the plane of
the vinyl radical. This might attribute to the relatively longer
lifetime of vinyl radical which is sufficient in this case for
trapping with TEMPO to get the anticipated nitroaminoxy-
lated product.

In conclusion, we have developed an efficient method for
oxynitration of simple unactivated alkynes. Generation of the
nitro radical, reaction with alkyne, and subsequent trapping of
the vinyl radical with TEMPO comprise the reaction
sequence. This newly developed process is tolerant of a
wide variety of functional groups, and excellent yields have
been obtained in most of the cases. Even aliphatic alkynes can
be functionalized albeit in low yield. Owing to its mild nature
and broad substrate scope, this method is expected to find
applications in academic and industrial settings.
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