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A novel transition-metal-free oxidative carboazidation of
acrylamides using inexpensive NaN; and K;S,04
achieved, which not only provided an efficient method to
prepare various Ns-substituted oxindoles, but also
represented a novel strategy for C—N and C-C bond
formation via a free-radical cascade process. This
transformation exhibits excellent functional group tolerance,
affording the desired oxindoles in good to excellent yields.

was

Organic azides are highly important and valuable
compounds which have attracted much attention not only
because of their widespread application as versatile inter-
mediates and building blocks in organic synthesis but also
because of their remarkable biological activity.! Moreover,
azides have been found intensive application as reactive
functionalities in  materials science,”  supramolecular
chemistry,” medicinal chemistry® and biotechnology’. In the
past decades, the application of a radical pathway for direct C-
H azidation has been significantly realized.® Furthermore, the
application of azidyl radicals to the C-H functionalization of
unactivated alkenes, which provides a novel and concise
pathway to the synthesis of alkyl azides, have been widely
reported.”

On the other hand, oxindole frameworks represent an
important structural motif that be demonstrated significant
potential for use in a wide range of biological applications
such as NMDA antagonist® and calcium channel blockers’ as
well as anti-angiogenic,'® anti-cancer,'' and analgesic
effects.'” Recently, difunctionalization of alkenes involving
direct C-H functionalization of arenes has received increasing
attention." In particular, metal-catalyzed C-H
functionalization/cyclization of unactivated alkenes provides
some versatile strategies for the synthesis
functionalized oxindoles.'*'® For example, Fe-,'° Ag-,16 Cu-,"
and pd-'® catalyzed oxidative tandem
difunctionalization/cyclization reaction of N-arylacrylamides,
including  arylphosphorylation,'**  alkylarylation,'4%1%1%2-
diarylation,'* arylcarbonylation,'*¢ arylnitration,
aryltrifluoromethylation'’® and so on have independently
developed. However, examples of metal-catalyzed azido-
carbocyclization of arylacrylamides via a radical pathway to
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Scheme 1. Metal-free carboazidation of acrylamides
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prepare azido oxindoles are quite rare. Jiao'*® and Yang'®
groups have independently reported a silver-catalyzed
oxidative azido-carbocyclization of arylacrylamides to
synthesize a variety of oxindoles using TMSNj; as the Nj

so source in the presence of heavy metal oxidants (Scheme 1,

Eq.1 and Eq. 2).

More recently, the transition-metal-free C-H
functionalization reactions have attracted more attention due
to the economical and environmental viewpoints.® It is
note that the transition-metal-free C-H
functionalization/cyclization of unactivated alkenes is still an

extremely attractive yet challenging task.'”* % 2! 1Ip
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particular, only a few transition-metal-free approaches on
azidoarylation of N-arylacrylamide to form azido oxindoles
have been reported. Antonchick and co-workers?'® reported a
metal-free oxidative azidoarylation of N-arylacrylamides
using the PhI(OCOCF;), as the oxidant and TMSNj; as the
azide source (Scheme 1, Eq.3). Although several elegant
studies on the azidoarylation of N-arylacrylamides have been
achieved, it is still highly desirable to develop new strategies
to prepare azido oxindoles that are highly efficient and
utilizing cheap substrates and oxidants. Herein, we report a
transition-metal-free radical cascade azidoarylation of
arylacrylamide by using the very cheapest NaN; as the azide
source and K,S,05 as the oxidant in aqueous solution, which

An initial study was carried out using the N-methyl-N-
phenylmethacrylamide 1a and sodium azide as the model
substrates, K,S,05 was used as the oxidant to examine

20 suitable reaction conditions, and the results were summarized

in Table 1. A number of solvents including H,O,
dioxane/H,0, THF/H,0, toluene/H,O, DCE/H,0, DMF/H,0,
CH;CN/H,0 and acetone/H,O were screened at 80°C for 8h
(Table 1, entries 1-8). As we expected, treatment of 1a with
NaN3 in the presence of 2 equiv. of K,S,0;4 in water at 80 °C
for 8 h, afforded the desired oxindole 2a in 45% isolated yield
(Table 1, entry 1). We envisioned that this homogeneous
phase system disfavored the reaction, and that two-phase
system might be required to promote this reaction. The
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allows for highly efficient access to oxindoles via cascade C— 3
15 N and C—C bond formation (Scheme 1).

transformation did not proceed in such aqueous solutions as
dioxane/H,0, THF/H,O and toluene/H,O (Table 1, entries 2-
4). It should be noted that good yields of the desired product
2a were obtained using DMF/H,O and CH;CN/H,O as the

S

Table 1. Screening of reaction conditions.”

oxidant SN slovents (Table 1, entries 6-7). To our delight, further

@ f + N source ———— o 35 optimization showed that acetone/H,0O gave the best yield of

NT o t:ﬁ:‘fg‘h N\ 92% (Table 1, entry 8). To establish the reaction conditions

1|a 2a that improve the reactivity, several oxidants such as K,S,Os,

DDQ, TBHP, PIDA, DTBP and O, were screened in

Entry  Oxidant Slovent Azide T(°C) Yield(%)" acetone/H,O (1:1) at 80°C for 8h (Table 1, entries 8-13). It

40 was found that K,S,0g4 as the oxidant showed relative higher

1 K28,04 H0 NaN; 80 45 efficiency compared with other oxidants and thus was chosen

5 KuS,05 dioxalff/Hzo NaN; 30 nd. as the oxidant for further optimization. Furthermore, the

T}gF./}gzo yields were remarkably diminished when TMSN; and

3 K5S,0s (1:1) NaN; 80 n.d. (PhO),PON; were used as the azide sources instead of NaNj

4 38,04 toluene/H,O NaN, 20 od. ss (Table 1, entries 17-18). Screening of the reaction temperature

(1:1) revealed that 80 °C was the best one (Table 1, entry 8).

5 K5S,05 Dc(lf{?)zo NaNj 80 40 Th.erefore, v&{e chose N—arylacrylarpide. together with sodium

6 K.S:04 DMF/H,0 NN %0 . azuoie (2 equiv) and Kzszqg 2 equly) in ace.t(')ne/HZO (1:1) at
(1:1) 80 °C for 8 h as our optimized reaction conditions.

7 K,S,0;  CHCNH0 NaNs 30 38 so With the optimized reaction conditions established, various

(:1) substrates were subjected to the reaction and representative

8 K58,05 acetz)lnj/)Hzo NaN; 80 92 results were summarized in Table 2. To our delight, a variety

9 PIDA acetone/H,0O NaN, 20 2 of N-protected N-arylmethacrylamides, which  have

(1:1) substituents at para and meta as well as ortho positions in the

10 TBHP acet&n. el/)HZO NaN; 80 20 ss aniline, could be smoothly converted into the corresponding

. DO acetoﬁe/HZO NaN %0 d azide-substituted oxindoles in moderate' to excellept yields'(up

(1:1) : - to 96 %). For N-arylmethacrylamides bearing various

12 DTBP acetone/H,O NaN; 30 nd electron- donating substituents (e.g., Me, OMe, OEt, #-Bu) in

(I1:1) the ortho-position of the aromatic rings, the reactions were

13 0’ acetan: el/)HZO NaN; 80 nd. e compatible with the process and could be successfully

14 K2S:0s acetone/H,O NaN; it nd. converted into the desired products in excellent yields (90-

(1:1) 96%, table 2, 2b-2e). It is noteworthy that the halo-

15 K,S,05 acet?ﬁ el/)H 0 NaN; 50 62 substituted (F, Cl, Br) N-methyl-N-phenylmethacrylamides

aceton.e/HZO were also reacted well and afforded the corresponding halo-

16 K520 (1:1) NaN; 100 92 6s substituted azido oxindoles in good yields (78—86 %, table 2,

17 K»S,0% acet0£?/H20 TMSN; 30 53 2f- 2h). Interestingly, the electronic effect of the substituents

acetE)n.e/)HZO on aromatic ring was observed. For example, 90-96% yields

18 K5S,0s (1:1) (PhO),PON; 80 nd. were obtained when the substrates bearing an electron-

donating group on the aromatic ring, while a little lower
yields (78-86%) were provided that bearing electron-
withdrawing groups (F, Cl, Br) on the para-position.
Furthermore, the substrate bearing meta substituents on N-
arylacrylamides underwent carboazidation smoothly and
readily converted to a mixture of two regioisomers in

“ Reaction conditions: la (0.25 mmol), oxidant (2 equiv) and azide (2
equiv) in solvent (2.5 mL) with stirring at different temperature for 8 h. *
Yields of isolated product. “O, (1 atm.). r.t. = room temperature, n.d. = not
detected, PIDA= phenyliodine diacetate, DDQ= 2,3-dichloro-5,6-
dicyanobenzo-quinone, TBHP= tert-butyl hydrogen peroxide (anhydrous,
about 5.5 m in decane), DTBP= di-tert-butyl peroxide.
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Table 2. Metal- free Carboazidation of Different Arylacrylamides.*’

Table 3. Metal- free Carboazidation of Different Arylacrylamides.*’

H
S~
< TN
R_:CL\/E o R I D °
+ NaN S — o
= T o 3 _

acetone/H,0 (1:1) N

80 “ C,8h \
1a-1t 2a-2t
TNy R TN X TNy
o O 2b, R=Me, 95% o
N N 2c, R= OMe, 96% N 2f, R=F, 78%
\ \ 2d, R= OEt, 93% \ 2g, R=Cl, 86%

2e, R=t-Bu, 90% 2h, R=Br, 85%

2a, 92% 2b~2e 2f~2h
R o~
— . SN
N3 TN 3
o+ O 2i+2i", R=Me, 88% (2.2: 1) o
N N 2j+ 2j', R= OMe, 89% (2: 1) N 2n,R=Me, 75%
\ R \ 2k+2K, R=CF3, 75% (1.4:1) | \' 20, R=OMe, 78%
21421, R= C, 84% (3.3: 1) one2q 2P R=CL79%
2i~2m 2i~2m’ 2m+2m’, R= Br, 87% (3.1: 1) "~29  2q,R=Br,81%

R & TNy
o
N 2r, R=Me, 81%
i \ 2s, R=Cl, 82%

“ All reactions were carried out in the presence of 0.5 mmol of 1a-1t,
NaN; (2.0 equiv.), K5S,05 (2.0 equiv.) in acetone/H,O (1:1, 5 mL) at 80
°C for 8h. ’ Isolated yield.

moderate to good yields (75-89 %) with poor regioselectivity
(Table 2, 2i-2m and 2i’-2m’). The N-arylacrylamides
containing the ortho-position substituent groups exhibited a
particularly distinct steric hindrance effect, and lower yields
were observed as a result (Table 2, 2n-2q). For example,
when the methyl group on the aromatic ring of acrylamide
was changed from para-, meta- to ortho-, the yields decreased
from 95%, 88% to 65% (Table 2, 2b, 2i and 2n). In addition,
2,4-disubstituted N-arylacrylamides were also well tolerated
in this carboazidation process, affording the azide oxindoles
with good yields (Table 2, 2r and 2s). Gratifyingly, when the
benzene ring was changed to naphthalene, the substrate also
successfully provided the product of 2t in 94% yield.

Encouraged by the above results, we further investigated
the reactions between the N-proctected-N-
phenylmethacrylamides and sodium azide under the standard
reaction conditions. To our delight, an investigation into
different N-protection groups revealed that the electron-
donating protecting groups such as ethyl, n-Butyl and phenyl
were appropriate for the reactions and furnished the
corresponding oxindoles in very good yields (Table 3, 4a, 4b
and 4c¢). Much to our surprise, substrates bearing benzyl and
protecting group was tolerated but only a trace amount of the
desired oxindole was isolated (Table 3, 4d). Unfortunately,
replacement of the methyl substituent with a hydrogen atom
or tosyl did not work at all and not furnish corresponding
products (Table 3, 4e). To our best knowledge,
Tetrahydroisoquinoline structural motifs are commonly
founed in many biologically active compounds. Acrylamides
prepared from these amines provided the corresponding
tricyclic oxindole derivatives in excellent yield under the
developed reaction conditions (Table 3, 4f). In addition, the
substitutent on the alkene moiety was changed from methyl to
phenyl, the yield decreased to 71% (Table 3, 4g). However,
when the frameworks of the substrates were changed by

H 2
R2 R ™ Ns
K2S208
+ NaN; ——> (0]
N™ =0 acetone/H,0 (1:1) N
R 80° C,8h R'
3a-3h 4a-4h
SN &N TN TN
o] o o] o
N N N N
\ \ \ i
Et n-Bu Ph Bn
4a,91% 4b, 83% 4c,76% 4d, trace
TN TN
o 0
N o
H
4e, 0% 4f,93% 49, 711% 4h, 0%

“ All reactions were carried out in the presence of 0.5 mmol of 3a-3h,
NaN; (2.0 equiv.), K,S,05 (2.0 equiv.) in acetone/H,O (1:1, 5 mL) at
80 °C for 8h. * Isolated yield.

replacing the heteroatoms from N to O, no desired product
was observed (Table 2, 4h).

In order to gain more insight into the reaction mechanism,
several control experiments were performed. As illustrated in
Scheme 2. First, we used the well-known radical-trapping
reagents 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and
2,6-ditertbutyl-4-methylphenol (BHT) as the radical
scavengers. Chemical trapping was carried out using 1a with
NaN; and K,S,0g in the presence of 1.0 equiv radical
scavenger under standardized reaction conditions, and only a
trace of desired products were obtained with 87% and 76% of
la recovered. This observation was consistent with the
so hypothesis that the reaction likely involved free-radical

intermediates and proceeded via a single-electron-transfer

(SET) process triggered by a free radical.

40
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o
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Scheme 2. Investigation of the possible key intermediates.
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1a

Although the mechanism is not completely clear yet, a
plausible mechanism for our methodology is hypothesized on
ssthe basis of literature®” *2' and the above mechanistic
studies (Scheme 3). Initially, potassium peroxydisulphate may
decompose to the sulfate radical anion upon heating. Then,
NaNj reacts with the sulfate radical anion to form the azidyl
radical. Subsequently, the addition of the azidyl radical to the
activated alkene la results in the formation of the radical
intermediate A, followed by intramolecular carbocyclization
to generate the corresponding radical intermediate B. Further
intermediate B undergoes one-electron oxidation reaction with

=y
S
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Scheme 3. Plausible Mechanism for Carboazidation of Arylacrylamides

sulfate radical anion to release the intermediate C via a single

electron transfer (SET) process. Finally, hydrogen abstraction
of cationic intermediate C by K,S,0Oz leads to the final
oxindole 2a.

In conclusion, we have demonstrated a novel transition-
metal-free oxidative azido-carbocyclization of activated
alkenes for the synthesis of azido oxindoles using the K,S,04
as oxidant. Radical addition and C-H functionalization
processes are involved in this transformation with the
cascade-type formation of C-N and C-C bonds. This
methodology provides an economical and efficient way for the
construction of azido-containing oxindoles, which avoids pre-
functional azides and expensive transition metals and
oxidants. Further applications of this new transformation to
other substrates and the synthesis of more valuable
compounds are underway in our group.
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