Graphical Abstract

acid-catalyzed four-component reaction involving

Synthesis of a-sulfonyl ketoximes through a salicylic | Leave this area blank for abstract info.

radical sulfonylation followed by arylsulfonylation
and oximation
Satish Jakkampudi, Nagaraju Sakkani, John C.-G. Zhao*

CO-H
S0z C[ _OH
N—/" CH4CN, 45 °C Ar1J\/‘siAr2

/
0,8 A i
2 r, 30 min 0-68%

Ar! = Ph, substituted phenyl, 2-Nap
Ar? = Ph, substituted phenyl

At o+ E';b + t-BUONO +
-




Tetrahedron Letters
journal homepage: http://www.elsevier.com/locate/tetlet

Synthesis of a-sulfonyl ketoximes through a salicylic acid-catalyzed four-component
reaction involving radical sulfonylation followed by arylsulfonylation and oximation

Satish Jakkampudi, Nagaraju Sakkani, John C.-G. Zhao*

Department of Chemistry, University of Texas at San Antonio, One UTSA Circle, San Antonio, Texas 78249-069, USA

ARTICLE INFO ABSTRACT

Article history:
Received
Revised
Accepted
Available online

Keywords:

a-Sulfonyl ketoxime
Salicylic acid
Organocatalysis
Four-component reaction
Radical

A four-component reaction of styrene derivatives, anilines, #-butyl nitrite, and DABSO was used
to prepare a-sulfonyl ketoximes. The reaction was realized through a salicylic acid-catalyzed aryl
radial formation and ensuing sulfonylation by DABSO, followed by arylsulfonylation and
oximation of styrenes. Under the optimized conditions, the title compounds were obtained in good
yields within 30 min.
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a-Sulfonyl ketoximes, which contain multiple functional
groups, are biologically active compounds and versatile synthetic
building blocks in organic synthesis. [1,2] We recently became
interested in using o-sulfonyl ketoximes as substrates in
organocatalytic reactions, for which we needed a synthesis of these
molecules. A survey of the literature revealed that several
synthetic methods have been reported for the synthesis of a-
sulfonyl ketoximes, as summarized in Scheme 1. In 2012, He and
co-workers reported the first synthesis of a-sulfonyl ketoximes by
reacting an alkene, such as styrene (la), with N-
tosylhydroxylamine (2) under the oxidation of n-BusNIO4 (3) (Eq.
1). [3] Wang and co-workers later reported the synthesis of 4
through the reaction of styrene (1a), t-butyl nitrite (5), and N-
tosylhydrazine (6) under the oxidation of air in the presence of
imidazole (Eq. 2). [4] Most recently, the same group also realized
a synthesis of a-sulfonyl ketoxime 4 from phenylacetylene (7), ¢-
butyl nitrite (5), and N-tosylhydrazine (6) (Eq. 3). [5] The
synthesis of 4 was also achieved recently by Loh, Sheng, and co-
workers via a Co(salen)z-catalyzed reaction of styrene (1a), #-butyl
nitrite (5), and 2-tosylacetonitrile (8) (Eq. 4). [6] In 2016, a CuBr-
catalyzed reaction between styrene (1a), z-butyl nitrite (5), and
sodium phenylsulfinate (9) was utilized by Peng, Li, and co-
workers to access o-sulfonyl ketoxime 10a (Eq. 5). [7] The
synthesis of 10a was also realized by Han, Yu, and co-workers
through the reaction of styrene (1a), z-butyl nitrite (5), and
phenylsulfinic acid (11) (Eq. 6). [2] While all of these methods
involve radical-mediated arylsulfonylation and oximation, only
two of them are catalytic methods mediated by metals. [6,7] To the
best of our knowledge, there is no organocatalytic method for the
synthesis of these interesting compounds. Moreover, in all these
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Scheme 1. Reported methods for the synthesis of a-sulfonyl ketoximes.

reported methods, the arylsulfonyl groups were introduced to the
final products from an existing arylsulfonyl group in the substrates



(e.g., tosyl, arylsulfinic acid, or arylsulfinate group). Apparently,
developing a novel organocatalytic method for the synthesis of
these interesting compounds from readily available starting
materials is still warranted.

Most recently, Gonzalez-Gomez and co-workers reported that
salicylic acid (14) is a good organocatalyst for generating aryl
radicals from the diazonium salt formed in sifu from arylamines
and #-butyl nitrite (5). [8,9] They have demonstrated the aryl
radical produced could be utilized for some very useful synthetic
transformations. [8] On the other hand, through the initial work of
Willis, Wu, and others, [10] 1,4-diazabicyclo[2.2.2]octane-sulfur
dioxide (DABSO, 13) [11] has been demonstrated as a convenient
and safe surrogate for sulfur dioxide in radical-mediated
arylsulfonylation reactions. [10,12] These reports inspired us to
investigate the possible synthesis of a-sulfonyl ketoximes using
DABSO as the sulfonylation reagent and salicylic acid as the
organocatalyst. Herein, we wish to report the first organocatalytic
synthesis of a-sulfonyl ketoximes through the four-component
reaction of styrene derivatives, anilines, #-butyl nitrite, [13] and
DABSO using salicylic acid as the catalyst, in which the
arylsulfonyl group was introduced through the direct radical
sulfonylation with DABSO.

Table 1
Optimization of the reaction conditions for the salicylic acid-catalyzed four-
component reaction

DABSO (13)
salicylic acid (14)  \-OH

0.0
| N
s
Ph)\/ Ph

PhoX + 2:2 + BUONO

solvent, Ar
12 12a 5 T, 30 min 10a
T 5 13 Yield 10a
Entry Solvent

CC)  (equiv)  (equiv.) %)’
1 rt 3.0 1.5 CH,;CN 51
2¢ rt 3.0 1.5 CH;CN NR?
3 45 3.0 1.5 CH,;CN 67
4 65 3.0 1.5 CH;CN 55
5 45 3.0 1.0 CH,;CN 47
6 45 3.0 2.0 CH;CN 68
7 45 2.0 1.5 CH,;CN 48
8 45 4.0 1.5 CH;CN 67
9 45 3.0 1.5 CH,Cl, 55
10 45 3.0 1.5 CHCl; 52
11 45 3.0 1.5 (CH,Cl), 58
12 45 3.0 1.5 THF 45
13 45 3.0 1.5 Dioxane 34
14 45 3.0 1.5 EtOAc 45
15 45 3.0 1.5 DMF 30
16 45 3.0 1.5 Toluene 32

“Unless otherwise indicated, all reactions were carried out using styrene (1a,
1.0 mmol), aniline (12a, 1.5 mmol), z-butyl nitrite (5, 3.0 mmol), DABSO (13,
1.5 mmol), and salicylic acid (14, 0.10 mmol, 10 mol%) in the specified solvent
(5.0 mL) under argon at the specified temperature for 30 min.

bYield of the isolated product after column chromatography.
‘Reaction was performed without salicylic acid.

“No reaction.

Using styrene (la), aniline (12a), #-butyl nitrite (5), and
DABSO (13) as the model substrates, we first attempted the
reaction in acetonitrile under argon with salicylic acid (14, 10

mol%) as the catalyst at room temperature. Gratifyingly, the
desired product 10a was obtained in 51% yield after just 30 min
reaction time (Table 1, entry 1). No reaction was observed in a
control reaction conducted without adding 14 as the catalyst (Entry
2). These results clearly show the observed formation of 10a is
indeed the result of the catalysis of 14. Next the reaction conditions
were further optimized, as summarized in Table 1. It was found
the yield of 10a could be improved to 67% by adjusting the
reaction temperature to 45 °C (Entry 3). Nonetheless, further
increasing the reaction temperature led to a lower yield (Entry 4).
Decreasing the DABSO loading to 1.0 equiv. also led to a lower
yield (Entry 5), while increasing its loading to 2.0 equiv. showed
no improvement in the yield of 10a (Entry 6). Similarly, a poorer
yield of 10a was observed when the loading of #-butyl nitrite (5)
was decreased from 3.0 equiv. to 2.0 equiv. (Entry 7), while
increasing its loading to 4.0 equiv. led to no improvement in the
yield (Entry 8). Different organic solvents were then evaluated
with the best loadings, and it was found that all the other solvents
we screened were inferior to acetonitrile (Entries 9-16). Thus, the
reaction conditions listed in entry 3 were identified as the best
conditions for this reaction.

Table 2
Synthesis of a-sulfonyl ketoximes (10)*
DABSO (13)

salicylic acid (14) N’OH

N Y E;Z + £BUONO = 1)'\(}\8//\0 2
] 12 5 45°C,30min AT Af
Entry Ar' Ar? 10/Yield (%)"
1 CeHs CeHs 10a/67
2 CeHs 4-FC¢H4 10b/62
3 CeHs 4-CICe¢H4 10¢/62
4 CeHs 4-BrC¢H,4 10d/60
5 CeHs 4-CNC¢Hy4 10e/62
6 CeHs 4-NO,C¢Hy 101/68
7 CeHs 4-MeOCHy4 10g/65
8 C¢Hs 4-AcNHC¢H4 trace
9 CeHs 2-CIC¢H,4 10h/61
10 CeHs 3-CIC¢H,4 10i/63
11 CeHs | \/ complex mixture
N
12 4-MeOC¢H4 CeHs 10j/51
13 3-MeOCgH4 CeHs 10k/55
14¢ 2-MeOCgH4 CeHs 10126
15 4-FCeH4 CeHs 10m/64
16 4-CIC¢H, CeHs 10n/63
17¢ 4-CNC¢H,4 CeHs 100/51
10p/67

“Unless otherwise indicated, all reactions were carried out using 1 (1.0 mmol),
12 (1.5 mmol), 5 (3.0 mmol), 13 (1.5 mmol), and salicylic acid (14, 0.10 mmol,
10 mol%) in CH3CN (5.0 mL) under argon at 45 °C for 30 min.

bYield of the isolated product after column chromatography.

“The reaction was performed at room temperature.

Once the reaction conditions were optimized, we then studied
the scope of this four-component reaction, as summarized in Table
2. Besides aniline (Entry 1), para-substituted anilines also work
well for this reaction. Similar yields were obtained for anilines



with an electron-withdrawing or an electron-donating group in the
para-position (Entries 2-7), which indicates that the electronic
effects of the substituent have almost no influence on this reaction.
Nonetheless, 4-acetylamino-substituted aniline failed to yield the
desired product (Entry 8), which may be due to the high reactivity
of the substrate or the substituent. When the same substituent is
placed in the meta- or ortho-positions, there is no difference in the
yield (Entries 9 and 10 vs. Entry 3), either. Nonetheless, the use of
pyridin-2-amine as the substrate led to the formation of a complex
reaction mixture (Entry 11). On the other hand, as expected,
substituted styrenes are good substrates for this reaction and the
electronic nature of the substituents on the phenyl ring has only a
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minimal influence on the yield (Entries 12-13, 15-17): The yields
are either comparable to (Entries 16-17) or only slightly lower than
that of styrene (Entries 12-13, 15). Nevertheless, ortho-methoxy-
substituted styrene gave a much lower yield (Entry 14), which may
be due to steric effects. In addition, 2-vinylnaphthalene is also a
very good substrate for this reaction, and 67% yield of the desired
product was obtained, which is comparable to that of styrene
(Entry 18). However, our attempt to use an alkyl-substituted
alkene, such as, cyclohexene, in this reaction failed to yield the
desired product. Instead, a complex reaction mixture was obtained
(data not shown).
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Scheme 2. Proposed mechanism for the salicylic acid-catalyzed four-component reaction.

Based on the previous studies, [2,8,10,12] a plausible reaction
mechanism for this four-component reaction is proposed (Scheme
2). As shown in Scheme 2, aniline (12a) and #-butyl nitrite (5) first
react with each other to from a diazonium salt. The latter reacts
with salicylic acid (14) to give diazo intermediate 15, which
produces the desired phenyl radical and the hydrogen-bond
stabilized salicyloyl radical (16) via a homolytic cleavage that is
facilitated by the formation of Na. [8] Radical 16 is reduced to the
salicylate anion (17) by 19 (or DABCO), formed from DABSO
after the sulfur dioxide transfer, via a SET mechanism. The
catalytic cycle closes when 17 abstracts a proton from the reaction
mixture. Meanwhile, the phenyl radical produced in the homolysis
of 15 reacts with DABSO (13) to produce the phenylsulfonyl
radical (18) and 19. The addition of radical 18 to styrene (1a)
yields the alkyl radical 20. On the other hand, the homolysis of ¢
butyl nitrite (5) yields the nitrosyl radical. The reaction of 20 and
nitrosyl radical give nitroso compound 21, which tautomerizes to
yield the more stable oxime 10a. To support this proposed radical
mechanism, we conducted the optimized reaction (Table 2, entry
1) in the presence of TEMPO (2.0 equiv.), and no desired product
was obtained.

In summary, we have developed an organocatalytic method for
the synthesis of a-sulfonyl ketoximes, in which the four-
component reaction of styrene derivatives, aniline derivatives, ¢-
butyl nitrite, and 1,4-diazabicyclo[2.2.2]octane-sulfur dioxide
(DABSO) was used to access the desired products directly. The
reaction is believed to proceed through a salicylic acid-catalyzed
aryl radial formation and their ensuing sulfonylation by DABSO,
followed by arylsulfonylation and oximation of styrenes. Under
the optimized conditions, the desired a-sulfonyl ketoximes were
obtained in good yields within a short reaction time.
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