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One pot synthesis of amino acid derived chiral disubstituted morpholines and
1,4-oxazepanes via tandem aziridine/epoxide ring opening sequences†
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A new one-pot synthetic strategy is described for the synthesis of enantiomerically pure
cis-3,5-disubstituted morpholines and 3,6-disubstituted 1,4-oxazepanes via tandem aziridine/epoxide
ring opening sequences. This new strategy describes how epoxy alcohols could act as both a nucleophile
and an electrophile in a tandem fashion and undergo intermolecular regioselective ring opening of
chiral aziridines for the first time.

Introduction

The design and synthesis of chiral heterocycles has received a lot
of attention in synthetic organic chemistry due to their diverse
applications as drug candidates,1 materials,2 and for catalysis.3

Among them, morpholine structural units are generally used
in pharmaceutical industry, the World Drug Index cites 100
drugs containing a morpholine core. Morpholine containing
structural units exhibit a wide range of biological activites,4

including antidepressant,5 1, antioxidant,6 serotonin agonist, NK-
1 and NK-2 receptor antagonist, and antifungal,7b 2 and GABAB

receptor antagonist7c,d 3, Fig. 1. Furthermore, heterocycles con-
taining nitrogen and oxygen, such as oxazepanes have been
important synthetic targets for synthetic and medicinal chemists,8

because of their diverse biological properties.9 1,4-Oxazepane
structural frameworks can be found in natural products such as
neurotoxin batrachotoxin.10 Recently, Shankaran and coworkers
reported the synthesis and biological evaluation of oxazepane,
diazepane, and thiazepane derivatives as nitric oxide synthase
inhibitor.11 The amino acids derived oxazepane units are also
important building blocks for the synthesis of peptide nucleic
acids (PNAs) to control the biological function in the desired
manner.12

We have been working on the synthesis and biology of S-amino
acid–base chiral heterocyles and natural product-like molecules.13

We are interested in developing new methodology to construct
chiral heterocycles for biological evaluation.13h,i Towards this
objective, we chose to synthesize enantiomerically pure amino
acids derived morpholines and 1,4-oxazepanes for which not
many practical methods are known.11,14,15 Moreover, one pot
synthetic approaches towards chiral morpholine and oxazepane
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Fig. 1 Some bioactive morpholines derivatives.

derivatives are still not reported. Very recently, our group reported
a new route to 1,4-oxazepanes and 1,4-diazepanes from Garner
aldehyde.15b Herein, we disclosed base promoted one pot syn-
thesis of cis-3,5-disubstituted morpholines and 3,6-disubstituted
1,4-oxazepanes via tandem aziridine/epoxide ring opening
sequences.

As a three-member-ring heterocycle, both aziridine and epoxide
have ring strain and readily undergo ring opening reaction with
different types of nucleophiles.16 In the present paper we shown
that chiral epoxy alcohols could act as both a nucleophile and
an electrophile in tandem fashion and undergo regioselective ring
opening of chiral aziridines.

In our work, we reasoned that initial base mediated conversion
of epoxy alcohol to alkoxide anion (Scheme 1) itself could act as
the nucleophile A and might undergo regioselective ring opening of
aziridine B to yield C as a fleeting intermediate. Next, sulfonamide
anion of the intermediate C might proceed nucleophilic ring
opening of epoxide (either path a or b, or both) to give either
product D or E or mixture of both D and E.

Scheme 1 Our hypothesis.
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Results and discussion

To test our hypothesis, first NaH promoted ring opening of
N-Ts aziridine 4 with R-glycidol 5 was carried out in DMSO
at room temperature (Scheme 2). Aziridine 4 was prepared
according to our reported procedure.16 To our delight, the starting
materials were fully consumed within 15 min, as confirmed by
TLC monitoring, and a new spot was detected. From 1H NMR
analysis, ratio of 2.1 : 1 mixture of two products was found which
were inseparable on silica gel column chromatography. Next, our
expected product was assigned by mass spectroscopy analysis.
From MS (ESI) spectrum, one peak was found at m/z 314 (M +
H)+ ion that indicates that the reaction proceeded smoothly via one
pot tandem aziridine/epoxide ring opening sequences because, the
exact mass of the compounds 6 and 7 are found to be 313.13 amu.

Scheme 2 One pot synthesis of disubstituted morpholine and 1,4-ox-
azepane derivatives.

Our next objective was to optimize the reaction conditions
(Table 1) in order to improve the yield and regioselectivity. Chiral
aziridine 4 and R-glycidol 5 were chosen as model substrates.
The best result was obtained when the reaction was performed
in the presence of 1.2 equiv tBuOK in DMSO with 70% yield
(Table 1, Entry 6). It is noted that the yield of the product was
improved, but the regioselectivity remained unchanged. There was
no formation of product when the reaction was carried out at
0 ◦C in THF, DMF or DMSO. Again, when the reaction was
performed in THF, promoted by NaH or tBuOK, no desired
product was detected (Table 1, Entry 2 & 7). In THF, it is probable
that the alkoxide anion of R-glycidol is bound to potassium as a
tight ion pair (supported by literature precedent17) that did not
allow intermolecular nucleophilic attack on the aziridine ring. In
polar solvent like DMSO, DMF the reaction facilitates because

the anion is more naked than that complexed to the potassium.
This observation suggested that a polar solvent was necessary for
the reaction.

Next, our challenge was to separate the two isomers. On the basis
of the above aforementioned results, we confirmed that the initial
ring opening of aziridine with alkoxide anion A of R-glycidol was
highly regioselective. The reaction occurred at the least hindered
carbon due to the steric bulk of the epoxide ring. However, final
intramolecular epoxide ring opening by sulfonamide anion gave
possibility of two isomers (path a & b, Scheme 1). According to
our hypothesis (Scheme 1), a mixture of primary and secondary
carbinol bearing substituted morpholines and oxazepanes were
formed, respectively. In an effort to separate the compounds, the
mixture was treated with TBDMSiCl (1 equiv), imidazole in dry
DCM for 30 min at room temperature (Scheme 3).

Scheme 3 Separation of inseparable isomers.

We were delighted to find that more reactive primary carbinol of
6 was readily protected with TBDMS group and easily separated
using silica gel column chromatography with 44% yield. From
1H NMR spectrum analysis, formation of 3.8 : 1 mixture of 8
and 9 was found. Under this condition secondary carbinol of
7 was also prone to react with TBDMSiCl. Pure compound 7
was isolated with 48% yield at room temperature based on 4.
Next, we decided to optimize the reaction temperature to avoid
the unwanted TBDMS protection of 7. After several attempts,
(Table 2) a reproducible result was obtained, when the inseparable
mixture was treated with TBDMSiCl at 0 ◦C for 20 min. When the
reaction was performed at -10 ◦C, 100% pure morpholine 8 (13%)
was obtained along with 56% recovery of starting materials 6 & 7
(Table 2, entry 2). Using this optimized condition (entry 3), two
isomers were separated that were confirmed by 1H and 13C NMR
analysis.

Table 1 Optimization of the reaction conditionsa

Entry Base (equiv) Solvent T/◦C Time %Yieldb drc

1 NaH (4) DMSO RT 15 min 56 2.1 : 1
2 NaH (4) THF RT 180 min 0
3 K2CO3 (1.5) THF RT 180 min 0
4 K2CO3 (1.5) DMSO RT 45 min Trace
5 tBuOK (1.2) DMSO 0 ◦C 60 min 0
6 tBuOK (1.2) DMSO RT 10 min 70 2.1 : 1
7 tBuOK (1.2) THF RT 60 min 0
8 tBuOK (1.2) DMF 0 ◦C 40 min 0
9 tBuOK (1.2) DMF RT 20 min 63 2.1 : 1

a Reaction conditions: 4 (1 equiv), 5 (1 equiv). b Combined yield of 6 & 7 based on 4. c dr values determined by 1H NMR analysis of the crude product.
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Table 2 Optimization of the reaction temperature

Entry T/◦C Time Ratio 8 : 9a 8, %yieldb

1 -20 120 Min 0 : 0 0
2 -10 60 Min 100 : 0 13c

3 0 20 Min 100 : 0 25.7d

a Ratio was determined by 1H NMR analysis. b Isolated yield based on 4.
c recovery of starting materials 6 & 7 (56%). d isolated yield of pure 7 at
0 ◦C (46.6%) based on 4 (See exp. section).

To further ensure the formation of 6 and 7, some functional
group manipulation was carried out on the compounds (Scheme 4
and Scheme 5). TBDMS group of the separated compound 8 was
deprotected by TBAF to afford primary carbinol 6 in 85% yield.
Next, carbinol 6 was protected with a mesyl group using standard
conditions to obtain 10, which gives scope for further structural
diversification.

Scheme 4 Synthesis of 10.

Scheme 5 Synthesis of 11.

Similarly, compound 7 was treated with mesyl chloride in the
presence of a minimum volume of pyridine, but did not furnish 11,
giving recovery of starting material which indicates the presence
of less reactive secondary carbinol group. This above experiment
proves the formation of primary (CH2OH) and secondary carbinol
(CHOH) bearing six and seven member morpholine and 1,4-
oxazepane derivatives which was also supported by DEPT spec-
trum analysis (see ESI†).

Next, the scope of this tandem aziridine/epoxide ring opening
reactions was then explored. A wide range of chiral monosubsti-
tuted aziridines were investigated (Table 3).

All aziridines reacted well in the tandem process to fur-
nish products with moderate to good yield as revealed in
Table 3. Surprisingly, sec-butyl, iso-butyl and indole-substituted
aziridines gave only seven member oxazepane derivatives that
were confirmed from 1H and 13C NMR spectroscopy analy-
sis. It was further confirmed through treatment with TBDM-
SiCl at 0 ◦C (Table 2, entry 3) and no TBDMS protected
product was detected. However, mixture of both isomers was
obtained for methyl, benzyl-substituted aziridines. Methyl sub-
stituted aziridine afforded an inseparable mixture of isomers
on silica gel column chromatography which was separated

Table 3 Ring opening reaction of aziridines (12) with R-glycidol pro-
moted by tBuOKa

Entry Aziridine R 13(%)b 14(%)b

1 12a CH2CH(CH3)2 NFc 14a (74)
2 12b CH(CH3)CH2CH3 NF 14b (65)
3 12c CH2-indole NF 14c (63)
4 12d CH3

d 13a (22.7) 14d (43.7)
5 12e CH2C6H5(OMe)e 13b (25) 14e (39)

a Reaction conditions: 12 (1 equiv), 5 (1 equiv). b Isolated yield based on
12. c NF means not formed. d Inseparable mixtures were formed. Yields
are given after separation based on 12d (see exp. section.). e Compounds
are separated on silica gel column chromatography.

in accordance with the above mentioned optimized condition
(Table 2, entry 3).

However, to confirm the stereochemistry of those products, a 2D
NMR experiment was carried out (see ESI†). In compound 14d
(Fig. 2), the locations of all the protons were confirmed on the basis
of the COSY spectrum. The cis relationship between Ha-3/Ha-2
(Jcis = 4.2 Hz), Ha-6/Ha-5 (Jcis = 4.3 Hz) and trans relationship
between Ha-6/Hb-7 (Jtrans = 8.7 Hz) was deduced from the vicinal
coupling constant value. The absolute configuration of C-6 was
determined on the basis of the NOESY correlations between
Ha-2/Ha-7, Hb-2/Hb-7, Ha-5/Ha-3, Hb-7/Hb-5, Hb-2/CH3-3,
Hb-5/CH3-3 and Hb-7/CH3-3. The absolute configuration of 14d
is (3S, 6S) which was also supported by our proposed hypothesis.

Fig. 2 Confirmation of stereochemistry by NOE contacts from NOESY
Experiment of 14d (400 MHz, CDCl3).

Based on the above results, a plausible mechanism was proposed
(Scheme 6). First, tBuOK mediated conversion of R-glycidol
to oxygen nucleophile A, which underwent highly regioselective
aziridine ring opening to produce another nitrogen nucleophile C
as a fleeting intermediate. Afterwards, there would be two probable
pathways (path a & b) to form the desired molecules. Interestingly,
aziridines 12a–c showed a similar kind of reactivity to follow path
b, giving 1,4-oxazepane derivatives 14a–c.

However, aziridines 12d–e followed path a & b, leading to the
formation of mixture of isomers. To rationalize the formation of six
and seven member chiral heterocycles, we focused our attention on
the intermediate C. Probably, depending on the stability of C and
activation of the epoxide ring due to non covalent interaction with

This journal is © The Royal Society of Chemistry 2011 Org. Biomol. Chem., 2011, 9, 7365–7371 | 7367
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Scheme 6 Proposed plausible mechanism.

potassium ion, the above results could be explained. For aziridines
12a–c, large steric interaction between tosyl and alkyl groups
disfavored six members T.S (see C1, Scheme 6) that allowed path
b to provide 1,4-oxepane derivatives. In case of 12d & 4, probably,
the large distance between tosyl and alkyl groups minimized the
steric interaction (see C2) in comparison to 14a–c that helps to
stabilize C and high reactivity of epoxide ring follows path a &
b giving the mixture of isomers. For benzyl substituted aziridines
12e, probably, p–p stacking interaction and epoxide reactivity is
the driving force to follow the path a & b to furnish separable
isomers. It is worth noting that yield of formation of seven member
oxazepane is more favored than six member morpholine.

The tosyl group of the selected molecules 7 & 8 were deprotected
(Scheme 7) by using sodium naphthalenide 13l in dry THF with 65%
& 63% yield, respectively.

Scheme 7 Tosyl group deprotection of 7 & 8.

In conclusion, a new one pot synthetic strategy for the synthesis
of enatiomerically pure cis-3,5-disubstituted morpholines and 3,6-
disubstituted 1,4-oxazepanes is described from S-amino acids
derived aziridines and R-glycidol via tandem aziridine/epoxide
ring opening sequences. A plausible reaction mechanism was
proposed and it was also rationalized that formation of six
member morpholine and seven member 1,4-oxazepane derivatives
depending on chiral aziridines. This new strategy describes how
epoxy alcohols could act as both nucleophile and electrophile
in a tandem process and undergo intermolecular regioselective
ring opening of aziridines for the first time. Further scope of this
methodology is being investigated in our laboratory.

Experimental

General methods

IR spectra were recorded on a Perkin-Elmer FT-IR RXI spec-
trometer. 1H NMR and 13C NMR spectra were recorded on
Brucker DPX-200 (operating at 200 MHz for 1H and 50 MHz
for 13C) or DPX-300 (operating at 300 MHz for 1H and 75 MHz
for 13C) spectrometer using CDCl3 as solvent. Tetramethylsilane
(0.00 ppm) served as an internal standard in 1H NMR and CDCl3

(77.0 ppm) in 13C NMR. All spectra were recorded at 25 ◦C.
Coupling constants (J values) are given in hertz (Hz). Chemical
shifts are expressed in parts per million (ppm). Mass spectra
were recorded using electron spray ionization (ESMS). Glycerol
or m-nitro benzyl alcohol was used as matrix. Reactions were
monitored on silica gel TLC plates (coated with TLC grade silica
gel). Detecting agents used (for TLC) were iodine vapors and/or
spraying with an aqueous solution of vanillin in 10% sulfuric
acid followed by heating at 150 ◦C. Column chromatography was
performed over silica gel (100–200 mesh) procured from Qualigens
(India) using freshly distilled solvents. The diastereomeric excess
was determined by LichroCART Chiradex column (250 ¥ 4
mm), (R,R)-Whelk-01) column using iso-propanol/acetonitrile,
flow rate 0.50 mL min-1 and for 14d hexane/acetonitrile, flow rate
0.80 mL min-1 as eluent at 20 ◦C.

Experimental procedures and characterization data

Experimental procedure for the synthesis of chiral aziridines 4,
12a–d & 12e

The chiral aziridines are prepared in our previously reported
procedure.17

(S)-2-iso-Propyl-1-tosylaziridine 4. Colorless solid; mp 78–
82 ◦C; yield, 47% (four steps); Rf 0.50 (8.5/1.5, hexane/ethyl
acetate); [a]25

D = +4.4 (c 0.1, CHCl3); IR (neat, cm-1): 3298, 3024,
2964, 1463, 1321, 1158, 758; 1H NMR (200 MHz, CDCl3) d 7.79–
7.75 (m, 2H), 7.30–7.26 (m, 2H), 2.55–2.43 (m, 5H), 2.02–2.00 (m,
1H), 1.46–1.30 (m, 1H), 0.89 (d, 3H, J = 6.6), 0.79 (d, 3H, J = 6.6);
13C NMR (75 MHz, CDCl3) d 143.8, 135.8, 129.4, 128.2, 45.8,
32.4, 30.1, 21.6, 19.6, 19.2; MS (ESI): m/z 240 [M+H]+.

(S)-2-iso-Butyl-1-tosylaziridine 12a. Colorless oil; yield, 45%
(four steps); Rf 0.50 (8.5/1.5, hexane/ethyl acetate); [a]25

D = +24.1
(c 0.11, CHCl3); IR (neat, cm-1): 3291, 3021, 2958, 1462, 1159,
764; 1H NMR (200 MHz, CDCl3) d 7.83–7.80 (m, 2H), 7.34–7.32
(m, 2H), 2.82–2.74 (m, 1H), 2.63–2.61 (m, 1H), 2.44 (s, 3H), 2.03–
2.01 (m, 1H), 1.67–1.56 (m, 1H), 1.35–1.30 (m, 2H), 0.889–0.885
(m, 6H); 13C NMR (75 MHz, CDCl3) d 144.3, 135.0, 129.5, 127.8,
40.3, 38.9, 33.9, 26.6, 22.6, 21.8, 21.5; MS (ESI): m/z 254 [M+H]+.

(S)-3-((1-Tosylaziridin-2-yl)methyl)-1H-indole 12c. Colorless
oil; yield, 46% (four steps); Rf 0.50 (7.0/3.0, hexane/ethyl acetate);
[a]25

D = +8.6 (c 0.06, CHCl3); IR (neat, cm-1): 3408, 3021, 2923,
1320, 1218, 1158, 762; 1H NMR (300 MHz, CDCl3) d 8.03 (bs,
1H), 7.68–7.66 (m, 2H), 7.48 (d, 1H, J = 7.8), 7.32 (d, 1H, J = 8.1),
7.21–7.06 (m, 4H), 6.996–6.990 (m, 1H), 3.11–2.99 (m, 2H), 2.86
(dd, 1H, J1 = 6.5, J2 = 14.9), 2.72 (d, 1H, J = 6.6), 2.40 (s, 3H),
2.22–2.21 (m, 2H); 13C NMR (75 MHz, CDCl3) d 144.1, 136.0,

7368 | Org. Biomol. Chem., 2011, 9, 7365–7371 This journal is © The Royal Society of Chemistry 2011
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134.6, 129.3, 127.6, 127.1, 122.3, 121.9, 119.3, 118.5, 111.1, 111.0,
40.6, 33.3, 27.1, 21.5; MS (ESI): m/z 327 [M+H]+.

(S)-2-Methyl-1-tosylaziridine 12d. Colorless semi-solid; yield,
42% (four steps); Rf 0.51 (8.0/2.0, hexane/ethyl acetate); [a]25

D

-13.1 (c 0.1, CHCl3); IR (neat, cm-1): 3291, 3027, 2958, 1457,
1320, 1158, 759; 1H NMR (200 MHz, CDCl3) d 7.83–7.79 (m,
2H), 7.34–7.30 (m, 2H), 2.88–2.74 (m, 1H), 2.61–2.57 (m, 1H),
2.43 (s, 3H), 2.02–1.99 (m, 1H), 1.23 (d, 3H, J = 5.5); 13C NMR
(75 MHz, CDCl3) d 144.3, 135.3, 129.6, 127.7, 35.7, 34.6, 21.5,
16.7; MS (ESI): m/z 212 [M+H]+.

(S)-2-(4-Methoxybenzyl)-1-tosylaziridine 12e. First, phenolic-
OH group of L-tyrosine methyl ester hydrochloride was methylated
and then aziridine was synthesized in accordance with our
previously reported sequence.17

Experimental procedure for the synthesis of 6 & 7

To a stirred solution of chiral aziridine 4 (500 mg, 2.09 mmol) and
R-glycidol (0.14 mL, 2.09 mmol) in anhydrous DMSO (10 mL)
was added tBuOK (281 mg, 2.51 mmol) and then the mixture
was stirred for 5–15 min at RT. After completion of reaction,
the reaction mixture was diluted with water and aqueous layer
was extracted with AcOEt (2 ¥ 50 mL). Removal of solvent
under vacuum and column chromatography of the crude product
on silica gel with AcOEt-hexane (2.5 : 7.5) as eluent to furnish
inseparable mixture of 6 & 7 (458 mg, 70% yield) as a colorless oil.

Separation of inseparable isomers (6 & 7). To a stirred solution
of mixture compounds (6 & 7) (458 mg, 1.46 mmol) in anhydrous
DCM (10 mL) were added TBDMSiCl (220 mg, 1.46 mmol) and
imidazole (149 mg, 2.19 mmol) at 0 ◦C. The resulting solution was
stirred for 20 min at the same temperature. The reaction mixture
was diluted with water and then aqueous layer was extracted with
DCM (2 ¥ 50 mL). Removal of solvent under vacuum and column
chromatography of the crude product on silica gel with AcOEt-
hexane to furnish TBDMS-protected 8 (230 mg, 25.7% yield)
based on 4 as colorless oil and 7 (305 mg, 46.6% yield) based
on 4 as a colorless oil.

Next, to a stirred solution of 8 (230 mg, 0.54 mmol) in anhydrous
THF (10 mL) under an atmosphere of N2, was added TBAF (1
M) (0.64 mL) dropwise at 0 ◦C. The reaction mixture was stirred
for 25 min at the room temperature The reaction mixture was
diluted with water and extracted with ethyl acetate (2 ¥ 50 mL).
Removal of solvent under vacuum and column chromatography
of the crude product on silica gel with AcOEt-hexane to furnish 6
(142 mg, 84.5% yield) as colorless oil and 21.7% yield based on 4.

(3S,5S)-3-((tert-Butyldimethylsilyloxy)methyl)-5-iso-propyl-4-
tosylmorpholine 8. Colorless oil; yield, 25.7% (based on 4); Rf

0.51 (9.0/1.0, hexane/ethyl acetate); IR (neat, cm-1): 3431, 2958,
2863, 1638, 1218, 761; 1H NMR (300 MHz, CDCl3) d 7.74–7.72
(m, 2H), 7.34–7.31 (m, 2H), 3.92–3.84 (m, 3H), 3.75 (dd, 1H, J1 =
4.3, J2 = 8.7), 3.56–3.50 (m, 1H), 3.32 (dd, 1H, J1 = 3.3, J2 = 10.7),
3.01 (dd, 1H, J1 = 3.7, J2 = 11.8), 2.88 (dd, 1H, J1 = 3.5, J2 = 11.8),
2.45 (s, 3H), 2.06–1.94 (m, 1H), 1.10 (d, 1H, J = 6.7), 0.98 (d, 1H,
J = 6.4), 0.90 (s, 9H), 0.08 (s, 6H); MS (ESI): m/z 428 [M+H]+.

(3S,6S)-3-iso-Propyl-4-tosyl-1,4-oxazepan-6-ol 7. Colorless
oil; yield, 46.6% (based on 4); Rf 0.51 (7.0./3.0, hexane/ethyl
acetate); [a]25

D = +6.8 (c 0.1, MeOH); HPLC analysis: de > 99 (tR =

4.62 min, CH3CN/iso-propanol); IR (neat, cm-1): 3513, 3271,
2958, 1463, 1158, 758; 1H NMR (300 MHz, CDCl3) d 7.76–7.73
(m, 2H), 7.27–7.24 (m, 2H), 5.14–5.12 (m, 1H), 3.54 (dd, 1H, J1 =
2.7, J2 = 11.5), 3.38 (dd, 1H, J1 = 4.2, J2 = 9.8), 3.25–3.07 (m,
3H), 2.98–2.95 (m, 1H), 2.72–2.69 (m, 1H), 2.49 (dd, 1H, J1 =
2.7, J2 = 5.0), 2.38 (s, 3H), 1.87–1.83 (m, 1H), 0.84–0.80 (m, 6H);
13C NMR (50 MHz, CDCl3) d 143.2, 137.8, 129.5, 127.0, 78.1,
74.7, 71.1, 64.6, 47.4, 26.4, 21.4, 19.6, 19.5; MS (ESI): m/z 314
[M+H]+, 336 [M+Na]+.

(3R,5S)-5-iso-Propyl-4-tosylmorpholin-3-yl)methanol 6. Col-
orless oil; yield, 21.7% (based on 4); Rf 0.50 (7.0/3.0, hexane/ethyl
acetate); [a]25

D = +25.61 (c 0.010, MeOH), IR (neat, cm-1): 3421,
2922, 2857, 1463, 1218, 767; 1H NMR (300 MHz, CDCl3) d 7.74–
7.71 (m, 2H), 7.34–7.32 (m, 2H), 3.92–3.75 (m, 4H), 3.66–3.62 (m,
1H), 3.37 (dd, 1H, J1 = 3.5, J2 = 10.8), 3.03 (dd, 1H, J1 = 3.7, J2 =
11.9), 2.94 (dd, 1H, J1 = 4.2, J2 = 11.7), 2.45 (s, 3H), 2.31 (bs, 1H),
2.12–2.03 (m, 1H), 1.15 (d, 3H, J = 6.7), 0.98 (d, 3H, J = 6.5); 13C
NMR (50 MHz, CDCl3) d 143.6, 138.0, 130.0, 126.8, 66.6, 65.2,
62.8, 59.1, 53.7, 29.5, 21.5, 20.6, 20.4; MS (ESI): m/z 314 [M+H]+.

Experimental procedure for the synthesis of 10

The compound 6 (85 mg, 0.27 mmol) was dissolved in 1.5 mL
anhydrous pyridine, and then it was cooled at 0 ◦C, followed by
addition of methane sulfonyl chloride (0.06 mL, 0.81 mmol). Then
it was continuous stirred for 12 h. The pyridine was quenched with
dil HCl and then diluted with 30 mL water. The aqueous layer was
extracted with ethyl acetate (2 ¥ 50 mL) and dried over anhydrous
sodium sulphate. The solvent was removed under vacuum and
the crude product was then chromatographed over silica gel with
eluent AcOEt-Hexane (3.5 : 6.5) to afford the title compound 10
(80 mg, 75%) as a colorless oil.

(3S,5S) -5- iso -Propyl-4-tosylmorpholin-3-yl)methylmethane-
sulfonate 10. Colorless oil; yield, 75%; Rf 0.52 (7.5/2.5, hex-
ane/ethyl acetate); [a]25

D = +15.21 (c 0.098, MeOH), HPLC
analysis: de > 99 (tR = 4.63 min, CH3CN/H2O); IR (neat, cm-1):
3421, 3028, 2922, 1635, 1349, 1170, 768; 1H NMR (300 MHz,
CDCl3) d 7.74–7.71 (m, 2H), 7.36–7.33 (m, 2H), 4.52–4.46 (m,
1H), 4.33 (dd, 1H, J1 = 5.2, J2 = 9.5), 3.95–3.76 (m, 3H), 3.37 (dd,
1H, J1 = 3.4, J2 = 11.2), 3.09 (s, 3H), 3.01–2.94 (m, 2H), 2.46 (m,
2H), 2.03–1.95 (m, 1H), 1.11 (dd, 1H, J = 6.8), 1.00 (d, 3H, J = 6.3);
13C NMR (50 MHz, CDCl3) d 143.8, 137.6, 130.0, 129.7, 127.0,
126.8, 67.4, 66.5, 64.6, 58.7, 50.5, 37.4, 29.7, 21.4, 20.5, 20.3; MS
(ESI): m/z 348 [M+-CH(CH3)2], 392 [M+H]+.

Experimental procedure for the synthesis of 14a–c

The procedure was followed as described for6 & 7.

(3S,6S)-3-iso-Butyl-4-tosyl-1,4-oxazepan-6-ol 14a. Colorless
oil; yield, 74%; Rf 0.52 (7.5/2.5, hexane/ethyl acetate); [a]25

D

-62.9 (c 0.105, MeOH); HPLC analysis: de > 99 (tR = 4.66 min,
CH3CN/iso-propanol); IR (neat, cm-1): 3510, 3276, 2957, 1461,
1328, 1157, 759; 1H NMR (200 MHz, CDCl3) d 7.81–7.77 (m, 2H),
7.33–7.30 (m, 2H), 4.95–4.91 (m, 1H), 3.66–3.59 (m, 1H), 3.39–
3.18 (m, 4H), 3.08–3.00 (m, 1H), 2.82–2.75 (m, 1H), 2.57–2.53 (m,
1H), 2.44 (s, 3H), 1.66–1.53 (m, 1H), 1.39–1.33 (m, 2H), 0.85 (d,
3H, J = 6.6), 0.76 (d, 3H, J = 6.4); 13C NMR (50 MHz, CDCl3) d
143.1, 138.2, 129.5, 127.0, 72.9, 71.8, 51.8, 50.5, 44.0, 41.5, 24.2,
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22.7, 21.8, 21.4; MS (ESI): m/z 254 [M+-OH, CH2CH(CH3)2], 310
[M+-OH], 327.9 [M+H]+, 344.9 [M+NH4]+.

(3S,6S)-3-sec-Butyl-4-tosyl-1,4-oxazepan-6-ol 14b. Colorless
oil; yield, 65%; Rf 0.51 (7.5/2.5, hexane/ethyl acetate); [a]25

D -2.23
(c 0.101, MeOH); HPLC analysis: de > 99 (tR = 4.67 min,
CH3CN/iso-propanol); IR (neat, cm-1): 3431, 3290, 2965, 1328,
1217, 1159, 768; 1H NMR (300 MHz, CDCl3) d 7.78–7.75 (m, 2H),
7.30–7.28 (m, 2H), 4.97–4.94 (d, 1H), 3.59–3.54 (m, 1H), 3.44–3.39
(m, 1H), 3.28–3.15 (m, 3H), 3.02–2.97 (m, 1H), 2.76–2.73 (m, 1H),
2.53–2.50 (m, 1H), 2.42 (s, 3H), 1.70–1.61 (m, 1H), 1.55–1.44 (m,
1H), 1.12–0.99 (m, 1H), 0.84 (d, 3H, J = 7.2), 0.82 (d, 3H, J =
6.7); 13C NMR (75 MHz, CDCl3) d 143.2, 138.2, 129.5, 127.1,
71.8, 70.2, 57.6, 50.6, 44.1, 36.5, 25.3, 21.5, 15.1, 11.5; MS (ESI):
m/z 254 [M+-OH, CH2CH(CH3)2], 310 [M+-OH], 328 [M+H]+,
345 [M+NH4]+.

(3S ,6S)-3-((1H -Indol-3-yl)methyl)-4-tosyl-1,4-oxazepan-6-ol
14c. Colorless oil; yield, 63%; Rf 0.51 (6.5/3.5, hexane/ethyl
acetate); [a]25

D -64.6 (c 0.105, MeOH); HPLC analysis: de > 99
(tR = 4.74 min, CH3CN/iso-propanol); IR (neat, cm-1): 3413, 2985,
1700, 1429, 1226, 1155, 764; 1H NMR (200 MHz, CDCl3) d 8.24
(bs, 1H), 7.56–7.52 (m, 2H), 7.29–6.97 (m, 7H), 5.30–5.24 (m, 1H),
5.01–4.85 (m, 3H), 3.75–3.33 (m, 3H), 2.80 (bs, 2H), 2.36 (s, 4H);
13C NMR (75 MHz, CDCl3) d 142.8, 136.2, 129.3, 127.2, 126.6,
123.3, 121.8, 119.3, 118.3, 111.2, 109.9, 77.2, 70.5, 69.7, 53.4, 52.2,
29.6, 21.9; MS (ESI): m/z 401 [M+H]+.

Experimental procedure for the synthesis of 13a & 14d

To a stirred solution of chiral aziridine 12d (580 mg, 2.74 mmol)
and R-glycidol (0.18 mL, 2.74 mmol) in anhydrous DMSO (10 mL)
was added tBuOK (369 mg, 3.29 mmol) and then the mixture was
stirred for 5 min at RT. Same work-up procedure was followed
as described for 6 & 7 and column chromatography of the crude
product on silica gel with AcOEt-hexane (3.5 : 6.5) as eluent to
furnish inseparable mixture (494 mg, 63% yield) as a colorless oil.

Separation of inseparable isomers

To a stirred solution of mixture compounds (494 mg, 1.73 mmol)
in anhydrous DCM (10 mL) were added TBDMSiCl (260.7 mg,
1.73 mmol) and imidazole (176 mg, 2.59 mmol) at 0 ◦C. The
resulting solution was stirred for 20 min at the same temperature.
Same work-up procedure was followed as described for 6 & 7 and
column chromatography of the crude product on silica gel with
AcOEt-hexane to furnish TBDMS-protected morpholine (296 mg,
27% yield) based on 12d as colorless oil and 14d (342 mg, 43.7%
yield) based on 12d as a colorless oil.

Next, to a stirred solution of TBDMS-protected morpholine
(296 mg, 0.74 mmol) in anhydrous THF (10 mL) under atmosphere
of N2, was added TBAF (1 M) (0.89 mL) dropwise at 0 ◦C. The
reaction mixture was stirred for 30 min at the room temperature.
The reaction mixture was diluted with water and extracted with
ethyl acetate (2 ¥ 50 mL). Removal of solvent under vacuum and
column chromatography of the crude product on silica gel with
AcOEt-hexane to furnish 13a (178 mg, 84.3% yield) as colorless
oil and 22.7% yield based on 12d.

(3S,5S)-3-((tert-Butyldimethylsilyloxy)methyl)-5-methyl-4-tos-
ylmorpholine. Colorless oil; yield, 27% (based on 12d); Rf 0.53

(8.5/1.5, hexane/ethyl acetate); IR (neat, cm-1): 3438, 2953, 2862,
1634, 1219, 1098, 768; 1H NMR (300 MHz, CDCl3) d 7.73–7.70
(m, 2H), 7.32–7.29 (m, 2H), 4.04–3.81 (m, 4H), 3.68–3.59 (m, 2H),
3.23–3.18 (m, 1H), 3.11–3.06 (m, 1H), 2.43 (s, 3H), 1.33 (d, 3H,
J = 7.0), 0.90 (s, 9H), 0.08 (s, 6H); 13C NMR (50 MHz, CDCl3) d
143.3, 138.3, 129.8, 126.7, 70.5, 65.2, 62.7, 53.5, 47.6, 25.9, 21.5,
21.4, 18.2, -5.3, -5.5; MS (ESI): m/z 400 [M+H]+, 421.7 [M+Na]+.

(3S,6S)-3,6-Dimethyl-4-tosyl-1,4-oxazepane 14d. Colorless
oil; yield, 43.7% (based on 12d); Rf 0.51 (7.5/2.5, hexane/ethyl
acetate); [a]25

D = +35.7 (c 0.101, MeOH); HPLC analysis: de
> 99 (tR = 17.75 min, hexane/CH3CN); IR (neat, cm-1): 3429,
3021, 2932, 2870, 1331, 1155, 764; 1H NMR (300 MHz, CDCl3)
d 7.72–7.70 (m, 2H), 7.32–7.29 (m, 2H), 4.16–4.11 (m, 2H),
3.93–3.78 (m, 2H), 3.75–3.69 (m, 2H), 3.56 (dd, 1H, J1 = 4.1, J2 =
12.7), 3.09 (dd, 1H, J1 = 8.7, J2 = 15.1), 2.43 (s, 3H), 2.28 (bs, 1H),
1.03 (d, 3H, J = 6.7); 13C NMR (50 MHz, CDCl3) d 143.3, 137.8,
129.7, 126.8, 77.5, 77.4, 70.5, 53.6, 46.8, 21.4, 15.1; MS (ESI):
m/z 272 [M+H+-CH3], 308 [M+Na]+.

((3R,5S)-5-Methyl-4-tosylmorpholin-3-yl)methanol 13a. Col-
orless oil; yield, 22.7% (based on 12d); Rf 0.51 (7.5/2.5, hex-
ane/ethyl acetate); [a]25

D -12.46 (c 0.106, MeOH); HPLC analysis:
de > 99 (tR = 4.98 min, CH3CN/iso-propanol); IR (neat, cm-1):
3429, 2931, 2858, 1468, 1219, 764; 1H NMR (300 MHz, CDCl3);
d 7.73–7.70 (m, 2H), 7.32–7.29 (m, 2H), 3.91–3.83 (m, 4H), 3.75–
3.72 (m, 1H), 3.57–3.53 (m, 1H), 3.23–3.12 (m, 2H), 2.43 (s, 3H),
1.38 (d, 3H, J = 7.0); 13C NMR (75 MHz, CDCl3) d 143.5, 138.0,
129.9, 126.6, 70.4, 65.7, 63.0, 53.4, 47.8, 21.4, 21.0; MS (ESI): m/z
286 [M+H]+.

Experimental procedure for the synthesis of 13b & 14e

To a stirred solution of chiral aziridine 12e (480 mg, 1.51 mmol)
and R-glycidol (0.10 mL, 1.51 mmol) in anhydrous DMSO (7 mL)
was added tBuOK (203 mg, 1.81 mmol) and then the mixture was
stirred for 5 min at RT. Same work-up procedure was followed as
described for 6 & 7 and column chromatography of the crude
product on silica gel with AcOEt-hexane furnished separable
mixture of 13b (147 mg, 25% yield) and 14e (233 mg, 39% yield)
as a colorless oil. Combine yield is 64%.

((3R,5S)-5-(4-Methoxybenzyl)-4-tosylmorpholin-3-yl) methanol
13b. Rf 0.51 (7.5/2.5, hexane/ethyl acetate); [a]25

D -21.6 (c 0.105,
MeOH); HPLC analysis: de > 99 (tR = 4.76 min, CH3CN/iso-
propanol); IR (neat, cm-1): 3420, 2927, 2363, 1611, 1221, 771; 1H
NMR (300 MHz, CDCl3) d 7.67–7.64 (m, 2H), 7.24–7.22 (m, 2H),
6.97–6.73 (m, 2H), 3.78 (s, 3H), 3.69–3.64 (m, 1H), 3.51–3.47 (m,
1H), 3.38–3.26 (m, 3H), 3.11–3.06 (m, 1H), 2.82–2.72 (m, 3H),
2.59–2.56 (m, 1H), 2.42 (s, 3H); 13C NMR (75 MHz, CDCl3) d
158.2, 143.1, 137.5, 130.2, 129.5, 128.9, 126.9, 113.8, 71.7, 71.4,
55.1, 54.7, 50.5, 44.1, 37.1, 21.4; MS (ESI): m/z 414 [M+Na]+, 430
[M+K]+.

(3S,6S)-3-(4-Methoxybenzyl)-4-tosyl-1,4-oxazepan-6-ol 14e.
Rf 0.49 (7.5/2.5, hexane/ethyl acetate); [a]25

D -19.0 (c 0.109,
MeOH); HPLC analysis: de > 99 (tR = 4.95 min, CH3CN/iso-
propanol); IR (neat, cm-1): 3445, 2362, 1631, 1220, 771; 1H
NMR (300 MHz, CDCl3) d 7.58–7.56 (m, 2H), 7.24–7.21 (m,
2H), 6.97–6.94 (m, 2H), 6.75–6.72 (m, 2H), 4.19–4.10 (m, 2H),
3.88–3.76 (m, 7H), 3.58 (dd, 1H, J1 = 3.6, J2 = 12.7), 3.19 (dd, 1H,
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J1 = 6.9, J2 = 15.0), 2.86 (dd, 1H, J1 = 8.9, J2 = 13.5), 2.65 (dd,
1H, J1 = 6.0, J2 = 13.6), 2.42 (s, 3H); 13C NMR (50 MHz, CDCl3)
d 158.3, 143.2, 137.4, 130.1, 129.6, 129.2, 126.8, 113.9, 75.0, 71.1,
59.9, 55.1, 47.4, 35.0, 21.4; MS (ESI): m/z 121 [CH2C6H4OMe]+,
391.9 [M+H]+ 414 [M+Na]+, 433 [M+2H+Na]+.

General experimental procedure for the synthesis of 15 & 16.
Finely chopped sodium metal (12 equiv) and naphthalene (14
equiv) were dissolved in 7 mL dry THF. The reaction mixture
was stirred for 2 h, until a dark green color was appeared. The
desired THF solution of 7 & 8 were cooled to -78 ◦C and then
Na-napthalenide solution was added dropwise to the reaction
mixture via a syringe, until a dark green color was persisted.
The reaction mixture was stirred for 15 min at -78 ◦C and
then it was quenched by adding 1–2 drops water to discharge
the green color. The reaction mixture was diluted with water
and then extracted with EtOAc (3 ¥ 50 mL) and the organic
layer was dried over anhydrous Na2SO4, concentrated under vac-
uum and the column chromatography (eluent = MeOH/CHCl3,
0.6 : 9.4) of crude product over silica gel furnished 15 &
16.

(3S,6S)-3-iso-Propyl-1,4-oxazepan-6-ol 15. Brown oil; yield,
65%; Rf 0.25 (6.5/3.5, hexane/ethyl acetate); IR (neat, cm-1): 3443,
2963, 1632, 1367, 771; 1H NMR (300 MHz, CDCl3) d 4.03–4.01
(m, 2H), 3.93–3.84 (m, 1H), 3.68–3.53 (m, 2H), 3.17–3.14 (m, 1H),
2.41–2.37 (m, 1H), 2.09–2.02 (m, 1H), 1.07 (d, 3H, J = 6.8), 1.00
(d, 3H, J = 6.7); 13C NMR (75 MHz, CDCl3) d 72.3, 67.8, 57.3,
28.4, 18.9, 18.5; MS (ESI): m/z 144 [M+2H-OH]+.

(3S ,5S)-3-((tert-Butyldimethylsilyloxy)methyl)-5-isopropyl-4-
tosylmorpholine 16. Brown oil; yield, 63%; Rf 0.35 (6.5/3.5,
hexane/ethyl acetate); IR (neat, cm-1): 3402, 2366, 1584, 1261,
1131, 775; 1H NMR (300 MHz, CDCl3) d 3.85–3.79 (m, 2H),
3.74–3.69 (m, 3H), 3.62–3.54 (m, 3H), 2.00–1.94 (m, 1H), 0.96 (d,
3H, J = 7.3), 0.95 (d, 3H, J = 6.9); MS (ESI): m/z 274 [M+H]+,
298 [M+2H+Na]+.
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