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Abstract. Birested-teward-Aiming at the enhancement of
electrophilicity of imino-A3-iodanes, we have developed
(tosylimino)pentafluorophenyl -A3-iodane, which shows the
superior reactivity compared to the commonly used
(tosylimino)phenyl-A*-iodane Hod etefaet
the [2+2+1]-type synthesis of |m|dazoles

Keywords: alkynes; cycloaddition; iminoiodanes; metal-
free; imidazoles

In fate-recent years, hypervalent iodine reagents have
found a broad range of applications fe=in organic
syntheses because of their low=texieities toxicity,
oxidizing—ab#ities ability similar to heavy metal
oxidants, transition metal-like=reastivities reactivity
and se—en-other beneficial features.l!! Among them,
N-sulfonyl-iminophenyl-)\2-iodanes

(PhINSOzR) have been well recognized as a=useful
nitrene precursors in the aziridination of alkenes and
the amidation reactions of various organic substrates
under metal-catalyzed®! or metal-free conditions.!!
Although the catalyst-free aziridination of alkenes
was=has also been achieved by the modification of
substituents on nitrogen atoms of iminophenyl-A3-

iodane reagents,P! the—investigation-ea-the synthetic

methods utilizing the cationic property of iodonium
ion in the iminoiodanes makestttepregress-have not
been explored.[®

On the other hand, we have developed tae-a metal-
free method for the synthesis of heterocycles through
the activation of alkynes by hypervalent iodine(lll)
reagents,/? and recently found the [2+2+1]
cycloaddition-type reactions of alkynes, nitriles and
nitrogen from PhINTs (Scheme 1).51 Unfortunately,
PhINTs has whichk—have—a three-dimensional
polymeric structure and—thereby therefore is
characterized by a very low solubility due to

| Supporting information for this article is available on the WWW under http://dx.doi.org/10.1002/adsc.20 L#####. ((Please

intermolecular  I---N  secondary  bonds.[?>d8]
Therefore, the addition of BFsenitrile complexes,
which would disassociate the I---N secondary bonds
leading to monomeric iodonium species,=s—effective
has strong effect on the [2+2+1] cycloaddition-type
reactions. However, PhINTs/=BFzenitrile systems
cannot be applied to the bulky substrates and low
nucleophilic nitriles, and therefore there is still room
for improvement of the [2+2+1] cycloaddition-type
reactions. Herein, we report the preparation and the
improved reactivity of N-tosyliminoaryl-A3-iodanes
(ArINTs) having electron-withdrawing
substituents on their aromatic rings for the metal-free
[2+2+1] cycloaddition-type reactions (Scheme 1).
Although Protasiewicz’s, Zhdankin’s and other group
succeeded=te in developing ArINTSs as highly soluble
and reactive nitrene precursors by means of the
introduction of coordinating group such as alkoxy
and sulfonyl group to iodine at ortho-position,”! to
the best of our knowledge, such a chemical
modification was not examined for the enhancement
of electrophilicity of ArINTs.

R’ INTs R N R
BF3'R3CN ® ?Fs R
Il PN T | NS " N\ NTs
—rX, RSCN ‘ Ar A
R2 (or H) R2 + R3CN R? (or H)

No metal catalyst!
High Regioselectivity!
Room temp. reaction!
+ tolerance of bulky substrates
and low nucleophilic nitriles

Xy, = Hs (Previous Work)
X, = Fs (This Work)

Scheme 1. Iminoiodane-mediated [2+2+1] cycloaddition.

The preparation of the employed iminoiodanes la-
1f=was is summarized in Scheme 2. inH
aAccording to  Zhdankin’s  method,®"
alkoxyphenyliminoiodane la was prepared in two

This article is protected by copyright. All rights reserved.
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steps starting from 2a (Scheme 2a).=Fhus In the first
step, aryl iodide 2a was oxidized by peracetic acid to
form diacetate 3a, which was then converted to
iminoiodanes la by treatment with TsSNH. under
basic conditions in methanol.l*¥ On the other hand,
when we attempted a similar-altheugh-the oxidation

of 2b=|e¥ Wlth peracetlc aud=wae=a&emp%ﬁhe

2 |odosylben20|c aC|d(5) was

obtained as a main product instead of the expected o-
(alkoxycarbonyl)-phenyliminoiodane (Scheme 2b).
Hewever-Therefore, we prepared the iodane 1b from

S=was—expesed—te—Ae0-
initial conversion to acetate 6 foIIowed by the
reaction reasted—=with TsNH. in the presence of
TMSOTf=te—afford—1b-[""4 Treatment of 1b which
wewld—be—treated—with BF; would be expected to
afford-generate the iodonium species 1b<BF3, which
is similar to the complex of o-(alkoxycarbonyl)-
phenyliminoiodane*? with BF;. Since the oxidation
of o-nitro-iodobenzene (2c)=by with peracetic acid
also did not give diacetate 3c, the diacetate 3¢ was
synthesized #=by a similar manne—method to the
Nikiforov’s—rrethed one 1 and then converted to
iminoiodane 1c (Scheme 2c). Other nitro-substituted
iminoiodanes 1d, 1ef**d and pentafluorophenyl
derivative 1fl***<l were prepared from 4d-f, which
were formed by the oxidation of 2d-f with oxone in
the presence of trifluoroacetic acid (TFA, Scheme
2a).1%1 Newel-The new iminoiodanes 1c-f were
identified by elemental analysis and NMR
spectroscopy, and the structures of 1c and 1d were
characterized by single crystal X-ray analysis
(Figures 1 and 2).14

a) For 1a and 1d-f
RO—I—0OR INTs

P~ AQOH/AOHOr - o~ ToNHp KOH_ 2
<0 %n Oxone/TFA-CH,Cl, | 0 Xn  MeOH U

2a (X, = 0-PrO) 3a (R = Ac): 88% 1a: 77%

2d (X, = m-NO,) 4d (R = COCF3): NDIel 1d: 43%!°!
2e (X, = p-NO,) 4e (R = COCF3): ND! 1e: 43%]
2f (X, = Fg) 4f (R = COCF3): NDEE 1f: 48%!

(181 ND: not determined. ! Yields by 2 steps.)
) For 1b

@)k

—1—0 TsHN— I O

AcOOH
AcOH

5 (Y = OH): 60% 1b+BF,
ACZO,:G(Y OAc): 82%
TsNH2, TMSOTA__4,, (Y = NHTs): quant
c) For 1c
| 1) BuOCI, AcO—I|—OAc TsNH, INTs
NO2 " Tmscl NO,  KOH NO,
2) KOH MeOH
3) Ac,0
2c 3c: 66% (by 3 steps) 1c: 53%
Scheme 2. Preparation of ArINTSs.
Similar to the o-tert-butylsulfonyl analogue

reported by Protasiewicz,®! 1c has a centrosymmetric

10.1002/adsc.201700934

dimer-like structure formed by two I---N secondary
bonds (3.020 A, Figure 1). Also, one of the oxygen
atoms in the nitro group (I---O: 2.689 A) is located-te
trans=ef relative to the intramolecular NTs ligand
areund=across the iodine center (C—I-N: 96.73°, C—
[---O: 68.46°), and=thus the nitrogen atom in the
intermolecular NTs ligand is located te-trans efto the
aryl ligand (C-I---N: 168.13%. However, unlike the
o-tert-butylsulfonyl analogue,! intramolecular I---O
contacts (3.168 A)*®! are formed between the iodine
center and one of the oxygen atoms in the NTs ligand.
On the other hand, 1d has a polymeric,
asymmetrically bridged structure (C—I-N: 98.15°, N-—
I---N: 87.92°, Figure 2) like PhINTs[E and the o-
alkoxy analogue such as 1a.° Surprisingly, the nitro
groups do not participate in the formation of the
polymeric structure of 1d, which
created by the I---N secondary bonds (2.951 A) le¥
involving the nitrogen atom in NTs ligand and |-
secondary bonds (2.943 A) by the oxygen atom in the
other NTs ligand. However, in contrast to PhINTs[!
and the o-alkoxy analogue,[gﬂ the nitrogen atom in the
intermolecular NTs ligand is also located te=in trans
ef=position to the aryl group (C-I---N: 162.52°).
Furthermore, the intermolecular I---N bond distance
of 1d (2.951 A) is longer than those of PhINTSs (2.482
A)®I and the o-alkoxy analogue (2.735 A).1°1 Fhe A
similar elongation of intermolecular I---N bond®-sf

16 (3.020 A) is observed for structure of 1c (Figure 1).
This would be probably due to trans influences of
aryl Ilgand[m*é] along Wlth dlstortlon of C—

--N bond

Figure 1. X-ray crystal structures of 1c.

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

Figure 2. X-ray crystal structures of 1d. Hydrogen atoms
have been omitted for clarity.

Next, we ;
evaluated |m|n0|odanes la-f (1. 5 eqU|v) as reagents
for the [2+2+1] cycloaddition-type reactions of
alkyne 7a and acetonitrile as a solvent in the presence
of BF3*MeCN (2.0 equiv) at room temperaturefer4-h
(Table 1). Compared with PhINTs (entry 1), o-
substituted iminoiodanes l1a, b, and even nitro-
substituted 1c drastically reduced the yields of 2a

On the other hand, the use of m- or p-
nitro derivative 1d or le led to the improved yields of
2a up to ca. 70% (entry 5 or 6). Furthermore, the use
of pentafluorophenyl derivative 1f gave 2a in 83%
yield (entry 7). When the amounts of 1f and
BFs;*MeCN were increased up to 1.8 and 2.4 equiv,
respectively, the formation of oxazole 9 as a
byproduct was suppressed and 8a was isolated in
76% yield (entry 8). Unfortunately, the diminution in
the amounts of BFz*MeCN and MeCN brought about
the reduced yields of 2a even in cases of prolongation
of reaction time and/or under the temperature-rising
conditions (entries 9-11).

Table 1. Optimization of the reaction conditions.

Ph INTs BF3-MeCN
(Y equiv) _ (Yequv)  pp \|/ ,Ph \|/
|| A
—tx, MeCN t,4h
NS
H
7a 1a-f (1.5 equiv)

10.1002/adsc.201700934

entry  ArINTs (X») Y (equiv) 8a (%)@ 9 (%)
1 PhINTSs 2.0 60 6
2 la (0-PrO) 2.0 20 14
3 1b 2.0 17 13
4 1c (0-NOy) 2.0 27 3
5 1d (m-NOy) 2.0 68 8
6 1e (p-NO) 2.0 72 21
7 1f (Fs) 2.0 83 11
gl 1f (Fo) 2.4 85(76) 3
ol 1 (Fe) 0.3 2 5
106 1f (Fs) 0 0 0
114 1f (Fs) 2.0 47 21

[ Yields were determined by *H NMR analysis. Value in
parenthesis is isolated yield.

I 1f: 1.8equiv.

[l Reaction conditions: 80 °C, 24 h.

@ CH,CI, in the presence of 40 equiv MeCN was
employed instead of MeCN (corresponds to ca. 210 equiv)
as a solvent at rt for 24h.

Subsequently, the reaction scope of various
alkynes 7 and nitriles was investigated under the
optimal conditions (Method A, Table 2). Thus, in the
presence of BF;*MeCN (2.4 equiv), terminal and
internal alkynes 7a-e, to which our previous method
using PhINTs (Method B)7 can be applied, reacted
with CeFsINTs (1f, 1.8 equiv) in MeCN to give the
corresponding 2,4-disubstitued and 2,4,5-
trisubstituted imidazoles 8a-e in 60—76% yield with
complete regioselectivities (entries 1-5). To our
delight, the yields of 8c, d were improved as well as
that of 8a (entries 1, 3, 4). Furthermore, method A
promoted the reactions of bulky alkynes 7f, g with
MeCN, although method B hardly vyielded the
corresponding products 8f, g (entries 6, 7). Also, in
cases of 7h-j having bulky and/or electron-
withdrawing halogens (entries 8-10) or in cases of
bulky and lower nucleophilic 'BUCN or PhCN
(entries 11-15), method A gave the desired products
in ca. 10-30% higher yields than method B. In
addition, method A was more effective on the
conversion of mono-imidazole 8k (Scheme 3).

Table 2. Reaction scope.

CgF5INTs (A, 1.8 equiv)

R! 5 orPhINTs (B, 1.8 equiv) N R®
| | . | BF3-R3CN (2.4 equiv) R! Q \I/
[l M, 4 h NTs
R2 N R2 8 (R%®=Me)
7 (Solvent) 10 (R® = 'Bu)
11 (R® = Ph)
product (%)
entry 7 R! R? A B
1 7a Ph H 8a 76 61
2 7b  phenethyl H 8b 62 71
3 7c  hexyl H 8c 75 70
4 7d  Ph Me 8d 60 52
5 7e Pr Pr 8e 63 72
6 7f  'Bu H 8f 33 trace
7 79 mesityl H 8¢ 16  trace
3

This article is protected by copyright. All rights reserved.
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8 7h  2-BrCeHs H 8h 56 41
9 7i  4-CICeHs H 8i 53 33
10 7j  4-BrCeHs pentyl 8j 52 41
11 7a Ph H 10a 43 21
12 7d  Ph Me 10d 42 14
13 7a Ph H 11a 36 18
14 7b  phenethyl H 11b 49 20
15 7d Ph Me 11d 47 22

el |solated yields.

X
CgF5INTs (A, 1.8 equiv) N

% or PhINTs (B, 1.8 equiv)
BF3-MeCN (2.4 equiv) N
| \%Me
MeCN, rt, 4 h N
% Ts

7k 8k 35% (by A)
13% (by B)

Scheme 3. Conversion of mono-imidazole 8k.

On the basis of these results and our previous
reports on the [2+2+1] cycloaddition-type reactions
using iodine (lIl) reagents,’"*9 the proposed
formatien-mechanism for the formation of imidazoles
is shown in Scheme 4. That is, iodonium species A
(and/or A”), in situ generated from ArINTs and BFs,
would activate alkyne 7 to form the intermediate
trans-B via the tke-Ritter-type addition of R3CN. And
then, the trans-B is converted to trans-C by the
formal reductive elimination of Arl. Finally, after the
isomerization to cis-C through the enamine-imine
tautomerization, the cyclization of ¢is-C gives
imidazoles. Considering the presence of a large
excess ameunt=of nitrile and the leaving ability of a
unilateral nitrile of bis-nitrilium intermediate, the
trans-B serve as the=highly reactive Michael-
acceptor®™él to form cis-B by the addition and
elimination of R*CN. Subsequently, the cyclization of
cis-B followed by the reductive elimination of Phl in
intermediate D yields the imidazoles. Therefore, the
regiochemistry of imidazoles depends on the outcome
of the Ritter-type addition step, in which the bulky
iodonium ion would bind to the less sterically
hindered R? side of the alkyne carbon. Also, the
enhancement of electrophilicity of iodonium species
A by the strong electron-withdrawing property of
pentafluorophenyl group would lead to the more
powerful activation of alkynes, and thus the Ritter-
type processes of bulky and/or low nucleophilic
substrates proceeded more smoothly.

10.1002/adsc.201700934

R ° Tol R s
BF; Os/'®_ o N o
‘ ‘ + IQNTS <and/or QN”S\O”BFE’ - ‘ 1(?’\ BF3
| |
RZ(orH) AT Ar ke A
7 A A' R3CN
R® i R
\\ N
SN SN i
I LS‘BFG Al I — cisC
2 4 3 - Arl 2
R " > R NT%
trans-B trans-C BF3 - BF3
J R _N._ _R? N R°
[T R
cisB ——— _, _NTs NTs
-BF;  RZ I - Arl 2
Ar 8,10, 11
D , 10,

Scheme 4. Proposed mechanism.

In summary, we have developed sese-new imino-
A-iodanes with the aim to improve the
electrophilicity of these reagents. Among these
reagents, CeFsINTSs {ee=te-demonstrated the-excellent
results—for—reactivity in the [2+2+1] cycloaddition-
type reaction of alkyne, nitriles and N-atom in the
presence of BFsenitrile complexes. Thus, compared to
our previous method using PhINTs, the present
procedure could be applied to tke=even bulky and/or
low nucleophilic substrates and expand the scope of
substrates. Furthermore, the structures of o- and m-
NO,CsH4INTs were characterized by single crystal
X-ray analysis. Since the chemical modification was
not examined for the enhancement of electrophilicity
of iminoiodanes, our findings not only provide an
attractive procedure for the access to highly
substituted oxazoles but also open a new possibility
for the use of iminoiodanes in organic syntheses.

Experimental Section

Representative procedure for the formation of
imidazole 8a from alkyne 7a with MeCN and CeFsINTs

BF3;*MeCN (0.43 mL, 0.96 mmol) was added to a
suspension of 7a (44 uL, 0.40 mmol) and 1f (334 mg, 0.72
mmol) in MeCN (4.0 mL) at 0 °C under an argon
atmosphere. After being stirred at ambient temperature for
4 h, the mixture was quenched with sat. NaHCOs3 (0.5 mL),
diluted with ether and filtered through a short alumina
column. Concentration of the filtrate to dryness and the
subsequent purification of the residue by silica gel column
chromatography (hexane/AcOEt = 85/15) gave 8a (95.8
mg, 76%) as a white solid.
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1 INT: 1 s
R s R BF? N

BF;-R°CN ‘ 1
e s T e
—X, RN e s
X R2 +R3CN R? (or H)

R2 (or H)

X, = Hs (Previous Work) ~ No metal catalyst!
High Regioselectivity!
ﬂ Room temp. reaction!
+ tolerance of bulky substrates

X, = F5 (This Work) SHISHTA!
and low nucleophilic nitriles
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