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-BuOK was found to be an effective promoting reagent for tandem ring-opening/closing reactions of various N-Ts aziridines and aryl propargyl
alcohols to afford dihydroxazine derivatives in moderate to good yields. A plausible reaction mechanism has been proposed.

Aziridines were recognized as versatile building blocks and
widely applied in the synthesis of natural products and
medicinal reagents.! Hitherto many excellent examples about
using aziridines for the construction of functionalized acyclic
molecules by ring-opening reactions have been reported.”
Due to ring constrain aziridines readily undergo ring-opening
reactions with nucleophiles to form amines.® In the past
decades, tandem reactions of designed precursors brought

great attention to the construction of complicated com-
pounds.* Owing to the advantages of greatly enhancing
synthetic efficiency, forming two or more bonds in one pot,
and avoiding the purification procedures of intermediates,
the tandem reaction played a very important role in modern
organic synthetic chemistry.’ Thus, the exploration of tandem
reactions of easily available aziridines was highly desirable.
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In this letter, a novel tandem ring-opening/closing reaction
of azridines and arylpropargyl alcohols promoted by ~-BuOK
is reported.

Table 1. Optimization of Reaction Conditions”

o)
/Rj Ph—=— Base, T ]\/
+ N N Ph
N

1a | 2a O DMSO '

Ts Ts 3a
entry base temp (°C) yield (%)°

1 t-BuOK 20 29

2 t-BuOK 40 69

3 t-BuOK 60 62

4 t-BuOK 80 30

5 t-BuONa 40 61

6 MeONa 40 43

7 DABCO 40 0

“ Reaction conditions: 1a (0.55 mmol), 2a (0.5 mmol), base (1.5 equiv).
® Isolated yield based on 2a.

Recently, in the course of our research on the synthesis
of new functionalized olefins and asymmetric hydrogena-
tions, we needed the ring-opening product of N-Ts aziridine
1a with phenyl propargyl alcohol 2a.° The studies com-
menced with the ring-opening reaction of N-Ts aziridine 1a
with phenyl propargyl alcohol 2a mediated by -BuOK in
DMSO at 60 °C. Surprisingly, a new cyclic dihydroxazine
3a was obtained, instead of the expected simple ring-opening
product, via a tandem ring-opening/closing sequence. The
structure of compound 3a was assigned by 'H and '*C NMR,
DEPT, COSY, HMBC, and mass spectrocopy analysis (see
the Supporting Information), and further unambiguously
verified by X-ray diffraction of its analogue 3i (Figure 1).
This discovery represents a new method for the construction
of six-membered dihydroxazine derivatives.
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Figure 1. X-ray structure of compound 3i.

With this unexpected result in hand, optimization of the
reaction conditions was carried out. To evaluate the effect
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of temperature and bases on the reactivity and yield, chiral
aziridine 1a and phenyl propargyl alcohol 2a were chosen
as model substrates. The reaction could proceed smoothly
to afford 3a with 62% yield in the presence of 150 mol %
of +-BuOK in DMSO at 60 °C (Table 1, entry 3). However,
by increasing the reaction temperature to 80 °C, the yield
decreased from 62% to 30% (Table 1, entry 4). By decreasing
the reaction temperature from 60 to 40 °C, the yield was
slightly improved from 62% to 69% (Table 1, entry 2), while
low yield was obtained when the reaction was performed at
20 °C. Accordingly, 40 °C was selected as the optimal
reaction temperature for further examinations. Subsequently,
we examined the effect of various bases (Table 1, entries 2
and 5—7) in DMSO at 40 °C and found that the base had
significant influence on the reaction. The application of
t-BuONa to the reaction afforded 3a with slightly lower yield
(Table 1, entry 5 vs 2). Compared with ~-BuOK, MeONa
afforded the product with only 43% yield. With the utilization
of organic base DABCO, no expected product was detected
(Table 1, entry 7). The reaction medium was also investi-
gated, and it was found that only DMSO gave good results.

With the optimal reaction conditions established, the scope
of these tandem ring-opening/closing reactions was then
studied. As revealed in Table 2, a wide range of aryl
propargyl alcohols were suitable for this transformation in
moderate to good yields regardless of electronic and steric
effects (Table 2, entries 1—6, 10, and 11). Propargyl alcohols
containing an electron-donating group on the benzene ring
(e.g., methyl at the meta position) gave 64% yield (Table 2,
entry 4). Replacement of the methyl group by the strong
electron-withdrawing trifluoromethyl at the meta position of
phenyl also afforded the corresponding product in 78% yield
(Table 2, entry 2). Other fused and heteroaromatic systems,
such as naphthyl and thiophen-2-yl-substituted propargylic

Table 2. Reaction of N-Ts Aziridines 1 and Aryl Propargyl
Alcohols 2 Promoted by #-BuOK at 40 °C*

2
R A= tBuoK RIOL
N OH oc RN Ar
1 Ts 5 DMSO, 40 °C h
Ts 3
entry R! R? Ar product  yield®
1 i-Pr H Ph 3a 69
2 i-Pr H 3-CF306H4 3b 78
3 i-Pr H 1-naphthyl 3c 66
4 i-Pr H 3-CH306H4 3d 64
5 i-Pr H 4-BrCgHy 3e 74
6 i-Pr H thiophen-2-yl 3f 70
7 Me H Ph 3g 65
8 i-Bu H Ph 3h 73
9 Bn H Ph 3i 22
10 Me H 3-CF3CGH4 3j 70
11 i-Bu H 3-CF306H4 3k 64
12 —(CHy)y— Ph 3l 54
13 H H 1-naphthyl 3m 49

¢ Reaction conditions: 1 (0.55 mmol), 2 (0.5 mmol), -BuOK (1.5 equiv).
® Isolated yield based on 2.
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alcohols (Table 2, entries 3 and 6), could be employed in
this reaction, and the corresponding products 3¢ and 3f were
obtained in 66% and 70% yields, respectively.

A broad range of chiral monosubstituted aziridines includ-
ing methyl, isopropyl, isobutyl, and benzyl (Table 2, entries
1 and 7—9) were investigated. Both methyl and isobutyl
aziridines worked well in the tandem process, gaving 65%
and 73% yield, respectively (Table 2, entries 7 and 8).
However, the reaction of benzyl-substituted aziridine gave
a lower yield probably because of its steric hindrance (Table
2, entry 9). Note that both the disubstituted and unsubstituted
aziridines were well tolerated (Table 2, entries 12 and 13).

Scheme 1. Proposed Mechanism
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On the basis of the above results, a possible mechanism
was proposed (Scheme 1). The aryl propargyl alcohol was
deprotonated by -BuOK first to form the oxygen nucleophile,
which then attacked the N-Ts aziridine to generate a new
nucleophilic intermediate 4. To demonstrate this process,
compound 7, a neutral form of intermediate 4, was prepared
by a two-step procedure. ' The reaction of 7 in the presence
of t~-BuOK in DMSO at 40 °C did give the expected product
3a in 90% isolated yield (eq 1).

0
_ tBUOK L
Ph eq.1
‘?‘H]] DMSO, 40 °c

Ts pn
7 3a: 90%

0 0

t-BuOK ]\/
Ph

N eq. 2

| DMSO, 40 °C N

Ts Ph Ts
8 3a: No reaction

Afterward, there could be two pathways to form the target
molecule. Through path A, the intermediate 4 underwent the
isomerization of the triple bond to form the allene species
5. The intramolecular nucleophilic attack therefore forms the
product 3. Alternatively, path B involves the intermediate
6, which could be obtained via 6-exo-cyclization of 4.
Subsequent double bond isomerization results in the forma-
tion of product 3. To differentiate the two pathways,
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compound 8, as a precursor for the formation of intermediate
6 under the reaction condition, was synthesized by Cu-
catalyzed cyclization of compound 7, ® and then subjected
to reaction under the same condition. However, no isomer-
ization occurs even with extended reaction time with 8 being
recovered quantitatively (eq 2). Therefore, path B could be
ruled out as a possible route.

To confirm the existence of intermediate 5, compound 7
and 150 mol % of +~-BuOK were mixed in DMSO at 25 °C.
During the course of the reaction, the allene intermediate
Sa could be detected by TLC. However, the isolation of
unstable 5a in its pure form was unsucessful. Alternatively,
we carried out the reaction (shown in eq 1) in dg-DMSO,
and the reaction was monitored by 'H NMR. As shown in
Figure 2, the changes in the 'H NMR spectra of intermediate
7 could be observed during the reaction process. The H* and
HP signals of 7 gradually weakened and completely disap-
peared after 90 min at 25 °C. Two new signals® (6 6.95 and
7.03), which were assigned as the character signals of allene,
were obsevered clearly. So, according to the above experi-
ments, path A should be the possible reaction route.
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Figure 2. Changes in 'H NMR spectra of compound 7 in dg-DMSO,
detection of allene intermediate.

The synthetic utility of this methodology was demonstrated
in a highly efficient route to morpholine derivatives by an
ionic hydrogenation, which was the important structural motif
of diverse pharmacologically active compounds (Table 3,
entries 1—5)."° To our surprise, for isopropyl-substituted
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Table 3. Synthesis of 3,5-Disubstituted Morpholine Derivatives
by Ionic Hydrogenation of 3“

o o
i L TFA, EtsSiH, 50 °C J: L
A — 1 % A
RN R7ON d
Ts

entry product 9 dr® yield (%)°

1 \Hi >95:5 73
Ts 9a

2 \Hi CFs >95:5 64
Ts 9b
Br
3 \H: >95:5 67
Ts 9¢c
4 ): Nl‘ /© 54:46 91
Ts 9d
.0
5 )\)i'?‘ 50:50 92
Ts 9e

“ Reaction conditions: 3 (0.25 mmol), TFA (trifluoroacetic acid 1 mL),
Et;SiH (3.0 equiv), 50 °C. * Determined by 'H NMR. ¢ Isolated yield based
on the 3.

dihydroxazines, only cis morpholine derivatives were ob-
served in the hydrogenation by TFA/Et;SiH at 50 °C (Table
3 entries 1—3). However, for the methyl- and isobutyl-
substituted dihydroxazines, a diastereomeric mixture of the
desired morpholine derivatives was obtained (Table 3 entries

(6) (a) Zhou, Y.-G.; Yang, P.-Y.; Han, X.-W. J. Org. Chem. 2005, 70,
1679. (b) Zhou, Y.-G. Acc. Chem. Res. 2007, 40, 1357. (c) Wang, W.-B.;
Lu, S.-M.; Yang, P.-Y.; Han, X.-W.; Zhou, Y.-G. J. Am. Chem. Soc. 2003,
125, 10536. (d) Lu, S.-M.; Wang, Y.-Q.; Han, X.-W.; Zhou, Y.-G. Angew.
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4 and 5). The absolute configuration of product 9a was
confirmed by COSY, HMBC, and NOSY analysis (see the
Supporting Information). Noteworthy, the tosyl group of
morpholine derivatives 9a could be readily removed and
converted to chiral 3,5-disubstituted morpholine 10 in 65%
yield (Scheme 2).

Scheme 2. Deprotection of the Tosyl Group in 9a

o
NaCmHs
Ph Ph
N THF, 78 °c
Ts
9a 65%

In conclusion, an efficient and unprecedented route to
dihydroxazine derivatives via tandem ring-opening/closing
reactions of N-Ts aziridines with aryl proparglic alcohols
has been developed. This strategy offers a concise platform
for the construction of six-membered ring systems under mild
conditions with high atom economy. A plausible reaction
mechanism has been proposed to elucidate this novel tandem
process. Further investigation on the range of the current
reaction is in progress.
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