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Abstract. A highly efficient hypervalent iodine promoted
regiocontrolled ring contractive cyanation (RCC) reaction
of exocyclic B-enaminones to cyanocyclopentanone (CCP)
synthesis was demonstrated at ambient temperature with
wide substrate scope. The methodology offers a facile
technique to construct amino carbonitrile containing
quaternary stereocenter at the a-position of cyclopentanone
in good yields. The sequence of substrates addition can
facilitate the reaction to follow the different pathways (free
radical/ non radical) to afford the same final product was
critically investigated.

Keywords: hypervalent iodine; cyclopentanone; ring
contraction; f-enaminone; sodium azide

Cyclopentanone derivatives with a quaternary
stereocenter serve as basic structural skeletons in
numerous biologically active natural products such as
opaliferin®l, guanacastepene AP and estrone.F!
Traditional methods of cyclopentanone synthesis
includes pyrolysis of adipic acid and its derivatives,“l
the oxidation of cyclopentenes®™ and ring expansion
reactions.® Further, the ring contraction reaction is
an alternative approach for cyclopentanone analogue
synthesis from epoxy-/ unsaturated-
cyclohexanones.[”

Among the reported protocols of ring contraction
reactions, the area of ring contractive cyanation
(RCC) remains less explored, which attracted our
attention to work in this area. However, Moore et al.
described a conventional approach for the synthesis
of 2-azetidinones via RCC reaction which is
restricted to 4-azido-2-pyrrolinone compounds at
elevated temperatures.’® Moreover, ring contraction
and concurrent cyanation of 2-azido-1,4-quinone via
a zwittazido cleavage mechanism has also been
demonstrated.®>8  Recently,  flash  vacuum
thermolysis  (FVT) has been applied for
cyanocyclopentadiene synthesis from phenyl azide
and isatin at 500-715 °C following
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Scheme 1:
cyanation.

common strategies of ring contractive

cycloperambulatory mechanism.”)  Tichy et al.
developed nitrile substituted cyclopentadiene from N-
phenyl-3-nitropyridinium ion through vibrationally
excited  singlet  nitrene  formation.*®!  The
thermolytical decomposition of 2-azidopyridine-1-
oxide to 2-cyano-1-hydroxy pyrroles in toluene,*!
are among the most highlighted protocols for the
RCC reactions. In general, the use of organic azides
as starting materials that led to the formation of
nitrene intermediate under photolytic or thermal
conditions paved the way to ring rearrangement and
simultaneous cyanation reaction.

Recently, hypervalent iodine compounds have
been widely used in different organic transformations
owing to their mild oxidizing nature, excellent
leaving tendency and ability to initiate free radical.[*?!
Moreover, hypervalent iodine mediated ring
contraction reactions are limited to glycals,™ cyclic
ketones and olefins.[*?°1 To the best of our knowledge,

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

there is no available report for the RCC reaction of
exocyclic B-enaminones using hypervalentiodine (I11)
(Kosers reagent) in combination with inorganic azide
as the nitrogen source.

Over the last few years, we have been working to
develop methodology for new and known classes of
substituted cyclohexane-1,3-dione synthesis and their
applications.*#! In context of our investigation, herein
we report synthesis of different
cyanocyclopentanones (CCP) from exocyclic f-
enaminones via ring contractive cyanation (RCC)
reaction using hydroxy(tosyloxy)iodobenzene (HTIB)
and NaNs at ambient temperature. A very interesting
and unusual role of sequential addition of substrates
on the course of reaction mechanism for the final
product formation was critically investigated.

In a trial reaction, we observed a very unusual ring

contraction of exocyclic B-enaminones. With this lead,

we began our optimization studies choosing 3-
(phenylamino)cyclohex-2-enone 1a as a bench stable
model substrate using HTIB and sodium azide.

Table 1: Optimization studies of RCC reaction for CCP

synthesisél
(0]
& o

Hypervalent iodine o

Nitrogen source
solvent, Ny, rt

1a 2a
Entry Hypervalent iodine Azide Solvent Yield [%]®!
1 HTIB NaNj DCE 37
2l HTIB NaNj DCM 61
3 HTIB NaNj CHCl3 54
4 HTIB TMSN; DCM Trace
5 HTIB NaNj; Toluene n.r.
6 HTIB NaN3 Benzene n.r.
7 HTIB NaN; CH3;0H n.d.
8 HTIB NaN; AcOH n.r.
9 HTIB NaNj HFIP n.d.
10 HTIB NaNj TFE n.d.
11 HTIB NaNj AcOEt n.d.
12 DIB NaN; DCM n.r.
13 PIFA NaN; DCM n.r.
14141 HTIB NaNj DCM 22
150l HTIB NaN; DCM 30
16l1 HTIB NaNj; DCM Trace
17 HTIB NaN; DCM 70
18 HTIB - DCM n.r.
19 - NaNj DCM n.r.

[ Reaction conditions: 1a (0.5347 mmol), hypervalent
iodine(l11) (0.6417 mmol), NaNs; (2.673 mmol) in
dichloromethane (2 mL) for 12 h.; n.d. = not detected,
n.r. = no reaction, HTIB =
[hydroxy(tosyloxy)iodo]benzene].

bl |solated yield.

[l NaNs (1.2 equiv.) was used.

[ HTIB (0.8 equiv).

[l Reaction temperature was 40 °C.

M HTIB (2 equiv.).

10.1002/adsc.201601208

Among the different solvents, only chlorinated
solvents were found to be active for the RCC reaction
(Table 1, entries 1-3, 17). Replacement of NaN; by
TMSN; did not lead to the formation of desired RCC
product (Table 1, entry 4). Then, various hypervalent
iodine compounds were also screened but no product
formation was observed (Table 1, entry 12-13).
Further changing the reaction temperature or
stoichiometry of the HTIB, no significant changes
were observed in product yields (Table 1, entry 14-
16). The highest yield of the product was obtained by
using 1 equiv. of 1a, 1.2 equiv. of HTIB and 5 equiv.
of NaNz in 2 mL CH:CIl, solvent at ambient
temperature under nitrogen atmosphere (Table 1,
entry 17). During optimization we noticed very
interesting role of sequential addition of substrates
(NaNs, HTIB and exocyclic f-enaminones) on their
reactivity. The mechanism of the present reaction
could probably follow two different routes depending
on the mode of addition of sodium azide.

On the basis of the above observations and the
precedent literature, 5171 we propose a plausible
mechanistic pathway for the ring contraction and
concurrent cyanation reaction (Scheme 2). Initially,
the ligand exchange reaction occurs between HTIB
() and sodium azide leading to the formation of
intermediate I1. Thermal homolytic cleavage of 11

OTs NaN,
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Scheme 2: Proposed mechanism for RCC reaction of
exocyclic B-enaminone on one pot addition of sodium
azide.

may generate the azide radical Il which further
trapped by the B-enaminone la forming intermediate
V.M The proposal subsequently supported by
separate treatment with (2,2,6,6-tetramethylpiperidin-
1-yl)oxy (TEMPO) and O, as radical scavenger
which substantially decreased the product formation,
could be an evidence that the reaction may be
following radical pathway (supporting information).
Recently, Hu et al. described the reactivity of vinyl
azide and their participation in carbocyclic
rearrangement reactions.l*’a They suggested that the
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intermediate 1V was similar to a cyclic vinyl azide
and the ring strain usually inhibited the formation of
bicyclic fused azirine and led to the formation of
zwitterionic intermediate V. Intermediate V favored
the formation of 2a via an electrocyclic ring closing
reaction of \/1.[170] [80]

@NH
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Scheme 3: Proposed mechanism for ring contraction and
concurrent cyanation of exocyclic [-enaminone on
sequential addition of sodium azide.

Interestingly, the reaction probably followed another
route when HTIB was added into a solution of B-
enaminone la (step 1) and stirred for 1 h in DCM at
ambient temperature followed by the addition of
NaN; in step 2 (Scheme 3). In step 1, HTIB
undergoes ligand exchange reaction with -
enaminone la to form intermediate VII, which
participated in conjugation through elimination of
TsOH to give VIII as stable intermediate.*¥! The
intermediate V111 was purified, determined by mass
and NMR spectroscopy (supporting information).
Upon prolonged stirring at room temperature,
intermediate VII slowly converted into intermediate
IX, which was also confirmed by mass and NMR
(supporting information). When IX was isolated and
further treated with sodium azide, no conversion to
product was observed, which indicated that the
reaction does not react through intermediate IX. In
step 2, when V111 was treated separately with sodium
azide, the desired CCP product 2a was obtained in
comparable yield, which probably follow the similar
path as that proposed in Scheme 2. Addition of
TEMPO didn’t show significant effect on the
reactivity in this step-wise reaction, which could
indicate the possible non radical pathway (Scheme 3).

Table 2: Electronic effect at the aromatic ring of exocyclic
B-enaminones in RCC reaction. ]

10.1002/adsc.201601208

HTIB (1.2 equiv.)
NaN; (5 equiv.)
DCM, Ny, 12 h, rt

[¢}
o
H
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OMe

2e (74%) 2f (74%)

O o

Lo Lo Ao
o H@ a, Q 9

29 (76% 2h (64%
g (76%) (64%) 0

b T G
5 9 RS

2p (0%) 29 (0%)

2i (se/) 2j (77%) 2k (72%)

21 (75%) m (73%)  2n (59%, 22%°) 20 (0%)

A Reaction conditions: 1a (1 mmol.), HTIB (1.2 mmol.)
and sodium azide (5 mmol.) in dichloromethane solvent
(2 mL) for 12 h at room temperature (rt).

Bl |solated yield.

[Fl Reaction carried out at 0 °C.

The optimized reaction conditions were further
applied to explore the substrate diversity of various -
enaminones by assessing the electronic effect on
amino substituted aryl groups (Table 2). Both the
sequences as stated in Scheme 2 and 3 were followed
to see any effect on the product yield, but no
significant influence was observed for the selected
substrates. Therefore, one pot addition of substrates
was followed for simple and easy access of the
reactions (Scheme 2). Electron deficient groups such
as p-CN, m-NOy, p-CFs, p-COCHs, p-CO,CHjs and p-
CO,CH,CH3 aryl amine substituted [B-enaminones
1b-g performed excellently and delivered the
corresponding CCP products 2b-g in 72-81% vyields.
Electron rich aryl amine substituted p-enaminones
1h-i gave 64-66% yield of the desired product 2h-i.
Electron pulling effect may stabilized the zwitterionic
intermediate VI and facilitate the formation of final
product. Interestingly, the haloaryl amino substituted
B-enaminones 1j-m participated well in the reaction
and delivered the anticipated cyclopentanones 2j-m
in 72-77% yields. In such cases, electronegativity of
halogen atom might influence the facile
transformation into the product. In addition, 4-vinyl
substituted p-enaminone 1n gave the desired
cyclopentanone 2n in 59% yield. We next targeted -
enaminones 10-q for RCC reaction, but unfortunately
no product was detected, possibly due to either
electronic or steric effect which hinders the formation

Table 3: Effect of substitution at cyclohexenyl moiety of
exocyclic B-enaminones in RCC reaction. [l

This article is protected by copyright. All rights reserved.
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? 1

1 R
R c’H HTIB (1.2 equiv) Rﬁm
R? | H NaN; (5 equiv) R n-H

@ c@
(63% )[d]d r:49:51 3d (59/)["]d r: 48:52

”3°>E/§<
Hj3C /

HsC

39 (48%, 56%))  3h (49%, 76%I°))

EtO,C MeO,C
3j (41%, 61%®]) 3k (40%, 59%!®l)

H;COC

3i (48%, 69%!°) 31 (45%, 64%!°1)

[l Reaction conditions: 1r-ac (1 equiv.), HTIB (1.2 equiv.)
and NaNs (5 equiv.) in dichloromethane solvent (2 mL)
for 12 h at room temperature (rt).

1 |solated yield.

[l NaN3 was added in one pot manner.

[ Diastereomeric mixture was isolated.

] NaNj; was added sequentially after 1 h.

of intermediates (IV, V and VI; Scheme 2) without
aryl substitution at N-atom of [B-enaminone.
Moreover, S-enaminones derived from cyclopentane-
1,3-dione and aryl amine did not lead to the
formation of ring contraction product might be due to
its high strain and instability in the reaction media
(Scheme 4, Supporting information).

Next, we evaluated the substitution effect on
cyclohexenone moiety of [p-enaminones under
standard reaction conditions. A series of f-
enaminones with methyl substitution at various
positions remarkably affect the vyield of the
corresponding CCP products (Table 3). Methyl
substitution at C-5 and C-6 position of f-enaminones

afforded desired CCP products 3a-d in 59-64% yields.

It is noteworthy that the compounds 3c and 3d were
isolated as diastereomeric mixture (Table 3). This
result suggests that B-enaminones of electron rich
methyl substituted cyclohexane-1,3-diones may have
largely destabilized transition states V to VI (Scheme
2) and therefore decrease the product yield. Further,
this concept was supported by taking 5,5-dimethyl
substituted B-enaminones 1lv-lac under the standard
reaction condition (Scheme 2) delivered the expected
CCP products, 3e-l only in 38-49% vyields.
Surprisingly, we found that the change in the mode of

10.1002/adsc.201601208

addition of sodium azide (Scheme 3) highly
influenced the yields of 3e-1 to 56-76%. The reason
may be in case of highly substituted electron rich B-
enaminones 1v-lac, C-2 carbon behaving as good
nucleophile and participated in the reaction with
HTIB faster and favoured similar intermediates XI
and XII, which afforded high yield of the products
(Scheme 3).

The structure of the products was further
confirmed by single crystal XRD study of compound
2a and 3a (Figure 1) (detailed provided in supporting
information).

Figure 1: X-ray single crystal structures of 2a and 3a.[*f]

In conclusion, we have demonstrated a general
method for ring contractive cyanation (RCC) reaction
of exocyclic B-enaminones to produce CCP products
following a one-pot consecutive approach. The
significant role of HTIB and sodium azide for
product formation and the critical involvement in
mechanistic steps were investigated. Several new
classes of cyclopentanones were synthesized under
this method with wide substrate scope in good yields.

Experimental Section

To an oven dried screw cap reaction vial 3-
(phenylamino)cyclohex-2-enone  1a (100 mg, 0.5347
mmolg/ HTIB (251.5 mg, 0.6417 mmol), so ium_ azide
(179 mg, 26735 mmol) and dichloromethane (bCM, 2
mL) were added under N atmosphere. The reaction
mixture was allowed to stir for 12 h at room temperature
under N> atmosEhere and the progress of reaction was
monitored by TLC. On completion of the reaction, the
reaction mixture was concentrated under reduced pressure
and the crude residue was subjected to column
chromatography on silica gel (mesh 60-120 usmg
hexane:EtOAc gradient to get the 0product 2a (74.8

70%) as white solid; mp: 90.7-92.2 °C. 'H, *C NMR, G
MS, "HRMS and FTIR data are prowded in supportlng
information.
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