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ABSTRACT: An efficient route to prepare 3-amino allylic alcohols
in excellent regio- and stereoselectivity in the presence of bases
by orangoselenium catalysis has been developed. In the absence of
bases α,β-unsaturated aldehydes were formed in up to 97% yield.
Control experiments reveal that the hydroxy group is crucial for the
direct amination.

3-Amino allylic alcohols are versatile synthetic intermediates
and could be conveniently converted to β-amino acids,1

hydroxy carboxylic acids,2 1,2-amino alcohols,3 1,3-amino
alcohols and amino cyclopropyl carbinols4 by known methods.
In general, they are prepared in multiple steps with alkynes as
starting materials via ynamide intermediates.1,5 However,
multistep manipulations and the utility of alkyne substrates
have limited their broad applications in synthesis. Alternatively,
allylic alcohol could serve as substrate to afford 3-amino allylic
alcohol in several steps involving OH protection, hydroxylation
via borylation, and then oxidation followed by amination.6

Again, this protocol suffers from multistep sequence leading
to low efficiency of product generation. Thus, an efficient and
direct route to produce 3-amino allylic alcohols from simple
compounds is desirable.
Direct amination of carbon−hydrogen bonds is an ideal

way to construct nitrogen-containing compounds because of
atom economy.7−9 In recent years, transition metal-catalyzed
direct amination of C−H bonds has been well demonstrated
with either aryl sp2 C−H bonds or sp3 C−H bonds.8−10 It was
rare to use vinyl sp2 C−H bonds as the substrates since their
reactivities dramatically differ from aryl sp2 C−H bonds.7b,11

In 2013, Breder and co-workers discovered a novel route to
form imide derivatives by PhSeSePh-catalyzed vinyl sp2 C−H
amination.12 In their work only α,β-disubstituted alkenes with
an electron-withdrawing group were utilized as the substrates,
otherwise the method is not efficient. To expand this field,
an efficient and selective amination of vinyl C−H bonds needs
to be further explored. Herein, we report a highly efficient
approach to selectively synthesize 3-amino allylic alcohols in
one step by organoselenium-catalyzed direct amination of vinyl
C−H bond on terminal alkenes.
Organoselenium catalysis has been paid much attention in

the past decade.13,14 Notably, diselenide catalysis has exhibited
great achievements in catalytic transformations. We proposed

that allylic alcohols 1, which are either commercially available
or easily accessible with the carbonyl compounds A and vinyl
magnesium bromide, could be transformed to the desired
products B by diselenide catalysis (Scheme 1). Though normal

linear alkenes are problematic in orangoselenium catalysis giving
the mixture products,12a we rationalized that a hydroxy group
bearing lone pairs of electrons at the alkene substrate might be
able to interact with selenium cation to control selectivity.15

Consequently, a regio- and stereoselective amination would be
conceived to give the desired product.
With this assumption in mind, the allylic alcohol 1a was

employed as the model substrate. We tried different aminating
reagents combining various oxidants with PhSeSePh as the
catalyst for direct amination. Unfortunately, no desired
products were afforded. Excitingly, when the reaction of 1a
with the oxidant NFSI was carried out using 5 mol % PhSeSePh
in THF in the presence of NaHCO3, the desired trans-aminated
product 2a was formed in 75% yield in excellent selectivity
(Table 1, entry 1). No cis-aminated and 2-aminated product
were observed as well as 3-amino 1-phenyl propanone ketone
formed by proton elimination from the hydroxy side. When
PhSeSePh was absent or replaced with PhSePh, no desired prod-
uct was formed (Table 1, entries 2, 3). The yield was a little bit
higher than 75% using pyridine as the base (Table 1, entry 4).
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Scheme 1. Proposed Synthesis of 3-Amino Allyllic Alcohols
by Direct Amination
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Presumably, the presence of pyridine prohibited the forma-
tion of ketone by direct oxidation of the hydroxy group.16

When NaF was utilized as the base, the yield was reduced
to 66% (Table 1, entry 5). By combining NaF and pyridine as
the bases, the best yield (87% isolated yield) was obtained
(Table 1, entry 6). Other inorganic bases, i.e., Na2CO3 and
K3PO4, resulted in lower yields and other organic bases, i.e.,
Et3N, shut down the reaction. Other solvents, i.e., CH2Cl2,
CH3CN, EtOAc, led to lower yields (Table 1, entries 7−9).
Interestingly, when the reaction was run in the absence of base,
trans-cinnamaldehyde 3a was produced in 79% yield because
the aminated product 2a decomposed in HF acidic conditions
(Table 1, entry 10). Different solvents were screened. It was
found that ethyl acetate was best to give the product 3a in 92%
isolated yield (Table 1, entry 14). Nonoxygen-containing
compounds as the solvents, i.e., CH2Cl2, CH3CN, toluene and
hexane, were less effective (Table 1, entries 15−18). The lower
yields of 3a did not stem from the slow decomposition of the
intermediate 2a, instead, a lot of starting material 1a remained.
Next, we explored the substrate scope using the optimized

conditions (Scheme 2). When 1-aryl allylic alcohols were
employed as the substrates, the desired products 2b−2j could
be produced in 63−82% yields. The aromatic group could be
substituted phenyl and heterocyclic rings. Electron-withdrawing
−CF3 and electron-donating −OMe substutents affected the
amination slightly. When sterically hindered 1-(ortho-methoxyl
phenyl) allylic alcohol was employed, the desired product 2h
was still afforded in 71% yield. It is worthy to mention that
these 3-amino 1-aryl allylic alcohol products are not quite stable
in acidic conditions. They were usually stored in basic solvent
to prevent decomposition. 1-Alkyl allylic alcohols produced the

corresponding imides in good to excellent yields (2k, 79%; 2l,
95%). They are more stable than 3-amino-1-aryl allylic alcohol.
Satisfyingly, when the tertiary allylic alcohols, i.e., 1,1-aryl, alkyl
or 1,1-alkyl, alkyl-substituted allylic alcohols, were utilized as the
substrates, the desired products were formed in good yields as
well (2m−2p) despite the bulky quaternary carbon connects to
the double bond. In contrast, 3-amino tertiary allylic alcohols
could not be accessed by the known methods.1−6

This method is general and also fits the oxidative amination
of α,β-disubstituted alkenes. Under the similar conditions, the
cis-amino products 5 were produced in 71% to 92% yields in
excellent regio- and stereoselectivity. These aminated products
are more stable in comparison with 2a analogues so that the
amination reactions could be carried out without any bases just
in longer time of 12 h. It is worth mentioning that the mixture
would be formed according to the literature if there is no
hydroxy group on the substrates 4.12a

We turned our attention to produce α,β-unsaturated
aldehydes from alcohols 1 in one pot. The products 3 were
obtained in 43% to 97% isolated yields (Scheme 3). 1-Aryl
allylic alcohols were easily transformed to the corresponding
products in good to excellent yields at room temperature
except that the product 3f was generated in 43% yield. The low
yield resulted from the corresponding allylic imide formed
along with 3f. The alkyl-substituted α,β-unsaturated aldehydes
were formed at elevated temperature of 60 °C because the
intermediates 2l and 2p are more stable than 2a analogues.
When tertiary alcohol was employed as the substrate, the
aldehyde 3l was obtained in 66% yield in E/Z = 5:1 mol ratio.
This method is a new way to synthesize α,β-unsaturated
aldehydes using easily achievable allylic alcohols.17

Table 1. Condition Optimizationa

entry baseb solvent time (h) yield (%)c

1 NaHCO3 THF 4 2a, 75
2d NaHCO3 THF 4 2a, 0
3e NaHCO3 THF 4 2a, 0
4 Py THF 4 2a, 82
5 NaF THF 4 2a, 66
6 NaF + Py THF 4 2a, 86(87)
7 NaF + Py CH2Cl2 4 2a, 36
8 NaF + Py CH3CN 4 2a, 8
9 NaF + Py EtOAc 4 2a, 81
10 − THF 12 3a, 79
11 − ether 12 3a, 84
12 − dioxane 12 3a, 79
13 − t-BuOH 12 3a, 64
14 − EtOAc 12 3a, 93(92)
15 − CH2Cl2 12 3a, 10
16 − MeCN 12 3a, 36
17 − toluene 12 3a, 33
18 − hexane 12 3a, 27

aReaction conditions: substrate, 0.2 mmol; catalyst, 5 mol %; NFSI,
1 equiv; solvent, 1 mL; room temperature. bInorganic base, 1.2 equiv;
pyridine, 1.0 equiv. cRefers to 1H NMR yield using quinoline as the
internal standard; isolated yield is in parentheses. dNo PhSeSePh.
ePhSePh was used instead of PhSeSePh.

Scheme 2. Amination of Substituted Allylic Alcoholsa

aReaction conditions: substrate, 0.2 mmol; catalyst, 5 mol %; NFSI,
1 equiv; NaF, 1.2 equiv; pyridine, 1.0 equiv; THF, 1 mL; room
temperature.
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To elucidate the importance of hydroxy group on the
substrates, control experiments were conducted under similar
conditions. Styrene as the starting material resulted in the
formation of α-amino styrene 6 in 72% yield (eq 1). No

β-amino styrene was observed. The reaction site was com-
pletely switched from terminal to the other side of double bond
in contrast to 1. The reactivity is similar to the α,β-disubstituted
alkenes in the literature.12a When hydroxy group was protected
by benzyl or acyl group, the desired products 8 were isolated in
lower yields (8a, 58%; 8b, 39%) (eq 2). The results reveal
that protecting group-free hydroxy group is superior to Bn or
Ac protected OH. Presumably the hydroxy group provides
better electron-donating effect than the others. In contrast,
when hydroxy-free allyl benzene 9 was employed under the
similar conditions, a mixture of allyl amines 10 (E/Z = 54:1),
1-amino allylbenzene 11 (E/Z = 1.3:1) and 2-amino
allylbenzene 12 were obtained in total yield of 89% (eq 3).
The yield ratio of 10:11:12 is 74:7:8. These results clearly
indicate that hydroxy group is significantly important for
selective amination. In situ NMR studies were investigated,
which reveal that the generation of product 10 is not from the
isomerization of 11 (see Supporting Information). When
the amination reactions were run for longer than 4 h, or the
mixture of products 10−12 were treated with acids or bases,

the mole ratio of 10, 11 and 12 did not change. The fact further
solidifies that the amination products 10 were formed directly
in the catalytic cycle. When 3-phenyl-1-butene (13) or 1-hexene
(14) was treated with NFSI under the similar conditions,
a mixture of amination products was generated as well. The
difference is the mole ratio for amination products comparable
to the reaction of allylbenzene with NFSI (see Supporting
Information).
A reasonable mechanism is proposed according to the

literature12a and our observations (Scheme 4). PhSeSePh reacts

with NFSI to produce the intermediate I. However, it is hard to
exclude the possibility that the reaction of diselenide with NFSI
could not generate PhSeN(SO2Ph)2 and PhSeF. When the
allylic alcohol 1a is present in the reaction, I could interact with
the hydroxy group on 1a.15 Then the adduct aziridinium II or
selenonium III is formed. The hydroxy group provides a lone
pair of electrons to stabilize the onium ions. The species IV is
formed fast by the removal of the catalyst. Possibly, the
assitance of hydroxy group and the fast formation of IV lead
to high selectivity of the amination and even inhibit the
formation of 2-aminated product and 3-amino 1-phenyl
propanone ketone. In the presence of bases, HF can be
eliminated and 2a is easily formed. Without bases 2a would be
converted to 3a.
In summary, we have demonstrated an efficient route to

synthesize 3-amino allylic alcohols with easily accessible allylic
alcohols and NFSI in the presence of bases by organoselenium
catalysis. The direct amination proceeded in excellent regio-
and stereoselectivity. When bases were absent under similar
conditions, α,β-unsaturated aldehydes were formed in 43−97%
isolated yields. Control experiments indicate that the hydroxy
group is crucial in the reactions. Detailed mechanistic study is
ongoing in our laboratory.
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Scheme 3. Formation of α,β-Unsaturated Aldehydes from
Substituted Allylic Alcoholsa

aReaction conditions: substrate, 0.2 mmol; catalyst, 5 mol %; NFSI,
1 equiv; EtOAc, 1 mL; room temperature under nitrogen atmosphere.
bThe reaction was carried out at 60 °C.

Scheme 4. Proposed Mechanism
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