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Combination of a Cyano Migration Strategy and Alkene
Difunctionalization: The Elusive Selective Azidocyanation of
Unactivated Olefins
Zhen Wu, Rongguo Ren, and Chen Zhu*

Abstract: A conceptually new, efficient, and metal-free
approach for the challenging azidocyanation of unactivated
alkenes is presented. The strategy of intramolecular distal
cyano migration is combined with alkene difunctionalization
for the first time. A variety of useful azido-substituted alkyl
nitriles are prepared in good yields and, most importantly, with
exquisite regio- and stereo-selectivities.

The consecutive introduction of two functionalities into an
alkene using a single operation, namely alkene difunctional-
ization, is a robust strategy for the manipulation of olefins and
has a high synthetic efficiency.[1] Relying on the recent
advances in chemo- and regio-selective radical reactions, the
radical-mediated difunctionalization of alkenes has made
great progress.[2] Mechanistically, this type of reactions is
initiated by the free-radical addition to an olefin moiety and
the generation of the C-centered radical intermediate. The C-
centered radical can be subsequently coupled with an
extrinsic radical donor (Scheme 1A) or further single-elec-
tron oxidized to carbonium and trapped by a nucleophile
(Scheme 1B). In both cases, the reaction feasibility is largely
dependent on the stability of the in situ formed radical or
cation intermediate. In this scenario, activated alkenes such as
aryl, carbonyl, and heteroatom-substituted alkenes become
favorable substrates for alkene difunctionalization because of
the p–p conjugate effect, which thus stabilizes the nascent
radical intermediate.[3] In contrast, the reaction with unac-
tivated olefins is more challenging and has received relatively
less attention.

Alkyl nitriles are widely used for the preparation of
carboxylic acids, amines, and many other useful products.[4]

Thus, the production of alkyl nitriles is of great importance in
both academia and industry.[5] The direct cyanation of alkenes
provides efficient and divergent access to alkyl nitriles.
However, the radical-promoted cyanofunctionalization of
olefins remains underexplored.[6] In the current literature,

the substrate scope was severely limited to activated olefins,
and unactivated olefins were only tolerated in the copper-
catalyzed cyanotrifluoromethylation of alkenes.[6c,d] Thus, the
establishment of a general method for cyanofunctionalization
of unactivated olefins is highly desirable. Herein, we describe
a transition-metal free, mild, and efficient protocol for the
azidocyanation of unactivated alkenes (Scheme 1C). A novel
strategy of intramolecular cyano migration is introduced into
alkene difunctionalization for the first time. A diverse array
of vicinal azido-substituted alkyl nitriles are produced in good
yields and with high regio- and stereo-selectivities.

Our investigations of the azidocyanation of alkenes began
with the addition of an azido radical to a selection of
cyanohydrins 1a–4 a (Scheme 2). After a brief survey of
reaction conditions, the combination of TMSN3 and PIDA
was selected as the azido source.[7, 8] While the reaction of
homoallylic cyanohydrin 1a (n = 1) resulted in a low yield,
that of bishomoallylic cyanohydrin 2a (n = 2) and the
trishomoallylic analogue 3a (n = 3) gave the expected cya-
nated products 6 a and 7a in good yields at room temperature.
The cyanohydrin 4a, with a longer chain (n = 4), was not
a suitable substrate. These results may be rationalized by the
possible transition state involved in the cyano migration
process. While the 1,4- (or 1,5-) cyano migration with 2a (or
3a) underwent the thermodynamically favored five- (or six-)
membered cyclic transition state, the migration transition
state of 1a (or 4a) via a four- (or seven-) membered ring was
disfavored.

We then evaluated the generality of cyanohydrins. A
variety of bishomoallylic cyanohydrins 2 were examined first

Scheme 1. Strategies for radical-promoted olefin difunctionalization.
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(Scheme 3). Broad functionality tolerance was demonstrated
in the transformation, and many carbonyl and azido-contain-
ing alkyl nitriles 6 were readily generated at room temper-
ature in a few hours. It should be noted that the synthesis of
such distally cyano or azido-substituted ketones is usually
difficult, yet it is our longstanding interest.[9] The cyanohy-
drins bearing various electron-rich aryl groups consistently
delivered high yields (6a–6 f). Steric hindrance did not exert
an appreciable influence upon the reaction, as the substrates
with para-, meta-, or ortho-substitution gave the correspond-
ing products in comparable yields (6d–6 f). The electron-
deficient substrates were also converted into the desired
products in good yields (6g–6k). The presence of bromide
was valuable in the product (6 i), because it allowed for the
subsequent product manipulation during cross-coupling reac-
tions. Naphthyl- and heteroaryl- (for example, thienyl)
substituted cyanohydrins were also suitable substrates for
the azidocyanation (6 l–6n). Moreover, alkyl and benzyl
substrates still gave synthetically useful yields (6 o–6 q). The
placement of multiple substituents on the homoallylic chain
did not impede the conversion (6r and 6s). Remarkably, the
reaction with 1,1-disubstituted olefin 2s generated the
expected product 6 s, in which a new cyano-substituted
quaternary center was readily constructed in spite of the
steric congestion, in good yield. The regiospecific reaction
with trisubstituted cyanohydrin 2 t was noteworthy. There
were two viable pathways for the reaction: 1) the addition of
an N3 radical to the less hindered carbon a to form a more
stable tertiary C-radical I, followed by a 1,5-cyano migration
to generate the product 6ta ; and 2) addition of an N3 radical
to the crowded carbon b to form a less stable secondary C-
radical II, followed by a 1,4-cyano migration to afford the
product 6t. However, the reaction led to a unique positional
product 6t in high yield, and the regio-isomer 6ta was not
detected. The process might first generate the stable radical I,
which was then transformed into radical II through an
unusual 1,2-azidyl migration.[10]

Encouraged by the exclusive regioselectivity in the case of
6t, we further investigated the stereochemistry of the cyano
migration reaction. Although it was established that exquisite
stereocontrol was usually difficult to obtain in radical-

mediated transformations, we still anticipated to achieve the
stereoselective cyano migration based on the cyclic transition
states postulated in Scheme 2. A single isomer of 2u was first
examined under the standard reaction conditions. As
expected, the reaction gave the corresponding product 6u
with high stereoselectivity (d.r. > 19:1). We then performed
the same reaction with a 3:1 isomeric mixture of 2u, and,
interestingly, the product 6u was also stereospecifically
produced in similar yield (d.r. > 19:1) (Scheme 4A). These
results suggest that the configuration of cyanohydrin was of
little importance and the stereochemistry of the product was

Scheme 2. Intramolecular cyano migration for azidocyanation of ole-
fins.

Scheme 3. Azidocyanation of olefins via 1,4-cyano migration. Reaction
conditions: 2 (0.20 mmol, 1.0 equiv), TMSN3 (0.80 mmol, 4.0 equiv),
and PhI(OAc)2 (0.40 mmol, 2.0 equiv) in CH3CN (2.0 mL) at RT under
N2. Yields of isolated products are given.
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mainly dictated by the cyclic transition-state. More evidence
for the stereoselectivity was provided by the reaction of 2v,
a 4:3 mixture of two isomers. Remarkably, a single isomer of
6v with all-cis 1,2,3-substituents was readily obtained in 65%
yield, as indicated by the relative configuration assigned by
the NMR analysis (Scheme 4B).

Afterward, we investigated the azidocyanation reaction
with trishomoallylic cyanohydrins 3. A set of representative
cyanohydrins 3 were subjected to the standard reaction
conditions (Scheme 5). Both electron-rich and deficient
substrates were compatible with the reaction conditions,
giving rise to the expected products 7 in synthetically useful
yields. The reaction of ortho-substituted 3c (for structure and
characterization details, see the Supporting Information)
afforded a similar yield to that of para-substituted 3b (7b
and 7c). The cyanohydrins with a halide (for example,
bromide) or a strong electron-withdrawing group (for exam-
ple, CF3) were also suitable substrates (7d and 7e). Moreover,
the reaction with heteroaryl (for example, thienyl) or alkyl

substrates were also readily converted into the desired
products (7 f–7h).

Based on the experimental observations and inspired by
previous reports, the plausible mechanistic pathways were
depicted (Figure 1). The interaction of PhI(OAc)2 with

TMSN3 generates the highly unstable acyclic azido hypoio-
dite, which decomposes immediately at room temperature to
release an azido radical.[7] Then, the addition of an azidyl
radical to cyanohydrin 2 gives rise to the metastable alkyl
radical I. The efficient intramolecular interception of inter-
mediate I by the cyanohydrin species through a five-mem-
bered ring cyclization is the key strategy for this synthesis,
affording the cyclic iminium radical II.[11] The homolysis of II
enables the 1,4-cyano migration and generates a more stable
hydroxyalkyl radical III. There are two possible routes for the
eventual conversion of radical III into the product 6 : a) the
single-electron oxidation of radical III to the carbonium ion
IV by PhI(OAc)2 followed by deprotonation (path a), and
b) the capture of radical III by a PhI(N3)2 intermediate
followed by the collapse of the azidohydrin V to the final
carbonyl (path b).

Multiply-substituted piperidines are found extensively in
naturally occurring products and biologically active com-
pounds.[12] Our method provides useful precursors for the
construction of the piperidine skeleton. Under mild hydro-
genation conditions, compound 6a was readily converted into
the 2,5-disubstituted piperidine 9 in good yield [Eq. (1),
right]. Furthermore, compound 6a could be selectively
transformed into the cyclic imine 10 by means of the
Staudinger ligation [Eq. (1), left].[13]

In summary, we have described a novel, efficient, and
metal-free approach for the elusive azidocyanation of unac-
tivated alkenes. A variety of synthetically useful alkyl nitriles
are readily prepared in good yields, and, most importantly,

Scheme 4. Stereoselective 1,4-cyano migration.

Scheme 5. Azidocyanation of olefins via 1,5-cyano migration. Reaction
conditions: 3 (0.20 mmol, 1.0 equiv), TMSN3 (0.80 mmol, 4.0 equiv),
and PhI(OAc)2 (0.40 mmol, 2.0 equiv) in CH3CN (2.0 mL) at RT under
N2. Yields of isolated products are given.

Figure 1. Proposed mechanism.
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with exquisite regio- and stereo-selectivities. The intramolec-
ular cyano migration strategy is combined with alkene
difunctionalization for the first time, opening up new vistas
for this area. The application of this strategy to other
cyanofunctionalization of unactivated alkenes is ongoing in
our laboratory.
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