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Abstract: A mild and efficient transition metal-free
approach has been developed for the synthesis of
highly substituted chiral morpholines from alkenols
by amino acid-derived iodine(III) reagents via a 6-
exo-trig cyclization. The key features of this work
include the formation of three chiral centers with
a high diastereomeric ratio, broad functional group
compatibility, and atom/time economic methodolo-
gy.

Keywords: alkenes; 6-exo-trig cyclization; halo-
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Over the past decades, hypervalent iodine has
emerged as a powerful tool for several applications in
organic chemistry.[1] It is mainly used as an oxidant or
electrophilic reagent for the functionalization of al-
kenes in halolactonizations,[2] dioxytosylations,[3] a-
functionalization of ketones,[4,5] and oxidative dearo-
matization of phenols.[6] In this context, the develop-
ment of new and efficient hypervalent iodine reagents
for organic transformations has emerged as an inter-
esting area of research.[7] Zhdankin et al. synthesized
amino acid-derived iodobenzene dicarboxylates from
phenyliodonium diacetate (PIDA) and studied their
application for the first time in the anti stereoselective
a-iodocarboxylation of alkenes leading to amino acid
esters (Figure 1a).[8] Thus far, this has been the only
report on the application of amino acid-derived iodo-
benzene dicarboxylates. In the present study, we use
amino acid-derived iodobenzene dicarboxylates for
a new synthetic approach to construct 2,3,6-trisubsi-
tuted chiral morpholines via 6-exo-trig cyclization.

In particular, the synthesis of 2,3,6-trisubstituted
chiral morpholines is highly desired owing to their

Figure 1. Synthesis of 2,3,6-trisubstituted morpholines and
applications of hypervalent iodine reagents.

2788 Õ 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2015, 357, 2788 – 2794

COMMUNICATIONS

http://dx.doi.org/10.1002/adsc.201500177


presence in a variety of pharmaceutical drugs and nat-
ural products;[9] moreover, they are used as key inter-
mediates in organic synthesis.[10] Although many
methods have been developed for the synthesis of
morpholines (Figure 1b and c),[11,12] the exploitation of
highly substituted chiral morpholines remains a chal-
lenging task. These scaffolds have a wide range of
biological properties such as fungicidal and GABAB
receptor antagonist properties (Figure 2).[13]

The amino-oxygenation or oxyamination process
involves the simultaneous addition of oxygen and ni-
trogen across the double bond; this process has been
studied extensively.[14] In contrast, the addition of
oxygen and halogen across alkenes was less explor-
ed.[12b] Therefore, in this paper, we report a metal-
free, mild, efficient, and time-economic method for
the synthesis of 2,3,6-trisubstituted chiral morpholines
promoted by amino acid-derived iodobenzene dicar-
boxylates from alkenols (Figure 1d).

The compound 8a was synthesized from the respec-
tive chiral amino acid[15] and the stereochemistry was
confirmed by 2D NMR and supported with DFT
studies.[16] Synthesis of the starting material 8 from N-
Boc and N-Cbz was not successful. The initial optimi-
zation studies were investigated with compound 8a as
a model substrate. After extensive optimization stud-
ies,[17] the reaction with PIDA, CuBr2, and NaOAC af-
forded 9a with 81% yield (Table 1, entry 1). The reac-
tion with I2 as a catalyst yielded a complex mixture
(entry 2). Without PIDA or NaOAc, the reaction was
not successful (entries 3 and 4). The reaction was effi-
cient with other bromide sources such as NiBr2 and
KBr (entries 5 and 6). Finally, KBr was selected as
the optimal bromide source owing to its economic
and environmentally benign properties.

To improve the diastereomeric ratio, we used some
chiral hyperiodine reagents identified in the litera-

ture.[8] Thus, the l-amino acid-derived iodine(III) re-
agents (Figure 3, A–F) were synthesized by the re-
ported method,[8] and they were examined instead of
PIDA. Interestingly, as compared to PIDA, the reac-
tions worked well in good yields with increasing the
diastereomeric ratios (entries 7, 8, and 12). In particu-

Figure 2. Biologically potent molecules.

Table 1. Optimization reactions for synthesizing chiral mor-
pholine derivatives.[a]

Entry Reagent Halide source Base Yield [%] dr[b]

1 PIDA CuBr2 NaOAc 81 2:1
2[c] I2 – – – –
3 – CuBr2 NaOAc N.R –
4 PIDA CuBr2 – N.R –
5 PIDA NiBr2 NaOAc 82 2:1
6 PIDA KBr NaOAc 84 2:1
7 A KBr NaOAc 87 10:1
8 B KBr NaOAc 92 16:1
9 C KBr NaOAc 90 2:1
10 D KBr NaOAc 88 2:1
11
12

E
F

KBr
KBr

NaOAc
NaOAc

86
89

2:1
16:1

[a] Compound 8a (1 mmol), halide source (1 equiv.), reagent
(1 equiv.), base (1 equiv.), and solvent (5 mL).

[b] Diastereomeric ratios were confirmed by 1H NMR.
[c] Complex mixture.

Figure 3. Amino acid-derived iodobenzene dicarboxylates.[8]

Adv. Synth. Catal. 2015, 357, 2788 – 2794 Õ 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 2789

COMMUNICATIONS Aryl l3-Iodane-Mediated 6-exo-trig Cyclization

http://asc.wiley-vch.de


lar, the l-phenylalanine-derived iodine(III) reagent B
produced 92% yield with a high diastereomeric ratio
of 16:1 (entry 8). Other chiral PIDA reagents with ali-
phatic linkages were not efficient in providing high
diastereomeric ratios (entries 9–11). Reagent F
(entry 12) from d-phenylalanine also showed a high
diastereomeric ratio, similar to reagent B.

The optimized conditions are shown in Table 1
(entry 8), and the scope of the reaction was studied in
Table 2. The reactions worked well with various aryl
and alkyl substituents at the C-2 position. Alkenols
bearing electron-donating groups such as OMe and
Me at the ortho, meta, and para positions on the
phenyl ring produced the final compounds with good
to high yields (9a–9d and 9g–9s). The reactions of
compound 8 with the electron-withdrawing group F at
the para position of the phenyl ring gave the desired
compounds with good yields (9e, 9f, and 9k). The re-
action with a simple phenyl ring proceeded smoothly
(9t). The propyl chain as alkyl substituent was suc-
cessful with high yield (9u). The reaction worked well
with halide sources such as bromo (9a–9h and 9p–9s)
and iodo (9i–9o) substituents.

The substituent at C-3 position influenced the dia-
stereoselectivity ratio of the desired compounds. With
the isobutyl chain, the diastereomeric ratios were
high (9a–9n), whereas with the isopropyl chain, the
ratios were relatively low (9o). The ratios were fur-
ther decreased with the benzyl and methyl groups at
the C-3 position (9p and 9s).

The stereochemical outcome of morpholine forma-
tion was considered to proceed via a chair-like transi-
tion state in which the C-3 (R1) substituent can be
placed in a pseudoequatorial (TS-A) or pseudoaxial
(TS-B) position.[18] However, the C-3 substituent
adopts the energetically favored pseudoaxial position
due to less torsional strain. The observed results were
consistent with the above hypothesis, that the sub-
stituent at C-3 prefers the pseudoaxial over the pseu-
doequatorial position in the equilibrium. Next, the
size of the groups at C-3 determines the diastereo-
meric ratio of the products, as shown in Table 3.
When C-3 is replaced with a larger group, TS-B will
be most favored conformation and it provides an ex-
cellent diastereomeric ratio. In contrast, the small

Table 2. Scope of the reaction.[a,b]

[a] Compound 8 (1 mmol), reagent B (1 equiv.), KX (X= Br or I) (1 equiv.), NaOAc (1 equiv.), and CH2Cl2 (5 mL).
[b] The dr values were determined by 1H NMR.
[c] From the l-form of the amino acid starting material.
[d] From the d-form of the amino acid starting material.
[e] Starting material 8t used as two isomers (1:1) asconfirmed by HPLC.
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group at C-3 will be in equilibrium with TS-A and
TS-B ; this leads to a low diastereomeric ratio.

The relative stereochemistry of the major diastereo-
mer of compound 9b was assigned unambiguously
with the help of NOESY experiments and X-ray crys-
tallography.[19] All other 2,3,6-trisubstituted morpho-
line (major) products were assigned by analogy. The
hydrogen interaction of compound 9b was confirmed
by 2D NMR, as shown in Figure 4.

From the literature, we were aware that hyperva-
lent iodine reagents can decompose into other iodo
species such as AcOI[20a] and TBAI(OAc)2.

[20b] There-
fore, some control experiments were conducted to un-
derstand the stability of reagent B under the opti-
mized conditions, as shown in Scheme 1. Thus, re-
agent B was reacted with NaOAc, KBr, or KI in
CH2Cl2 at room temperature for 24 h (Scheme 1a),
and the reaction without KBr or KI was also per-
formed (Scheme 1b). In both the reactions, reagent B
was not decomposed and its structure was confirmed
by NMR.

A plausible mechanism was proposed to synthesize
compound 9 from an alkenol in Scheme 2, based on
the results obtained from previous reports.[21] The
electrophilicity of the alkene was enhanced by coordi-

nation with chiral reagent B to give intermediate 10.
Then, intermediate 10 underwent an intramolecular
6-exo-trig cyclization to afford intermediate 11. Final-
ly, intermediate 11 reacted with a halide source, yield-
ing the desired compound 9 with the expulsion of io-
dobenzene and N-benzoylphenylalanine via an inter-
molecular substitution reaction.

The probable interpretation of the observed stereo-
selectivity is thermodynamic control, and this arises
because of the difference in the stability of chair-like
transition states TS-C and TS-D, and/or TS-E and TS-
F (Scheme 2).[22] The olefin or iodo species in TS-D
and TS-F occupies a pseudoaxial position, which will
enforce unfavorable 1,3-diaxial interactions. These di-
axial interactions favor equilibria towards TS-C and
TS-E. However, the degree of the interactions for
aryl ligands is high and prefers TS-C or TS-E, which
leads to a high diastereomeric ratio. The observed re-
sults were consistent with our speculations, and the
stereochemical outcome from TS-C and TS-E both
led to a major diastereomer (compound 9), whereas
TS-D and TS-F generated a minor diastereomer
(compound 19).

In conclusion, a transition metal-free, simple, and
efficient method for synthesizing biologically impor-
tant 2,3,6-trisubstituted morpholines via a 6-exo-trig
cyclization has been explored with an amino acid-de-
rived iodine(III) reagent. The relative configuration
of compound 9 was confirmed via X-ray and 2D
NMR studies. The key advantages of the proposed
approach are broad functional group compatibility,
steric-based diastereoselectivity, and atom/time econ-
omy.

Table 3. Rationalism for selectivity.

Entry C-3 (R1 group) Substituent dr ratios

1 isobutyl (9c) 19:1
2 isopropyl (9o) 9:1
3 benzyl (9s) 4:1
4 methyl (9q) 1.6:1

Figure 4. NOESY for determining the H-bond interactions
of 9b.

Scheme 1. Control experiments.
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Experimental Section

Typical Experimental Procedure for the Synthesis of
Compound 9

A mixture of compound 8 (0.1 g, 1 mmol), amino acid-de-
rived iodobenzene dicarboxylate (B) (1 mmol), KBr/KI
(1 mmol), and sodium acetate (1 mmol) in CH2Cl2 (10.0 mL)
was stirred at room temperature under open atmosphere
conditions in a round-bottom flask for 30 min. The reaction
was monitored by TLC, and then, water was added. Next,
the mixture was extracted with dichloromethane; the com-
bined organic phases were dried over Na2SO4 (anhydrous)
and concentrated under vacuum, and the resulting residue
was purified by column chromatography on silica gel with
EtOAc/hexane (1/10) to afford the desired product 9.
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