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Abstract

Protecting group dependent change in product formation in Ag (I) promoted intra-molecular cyclization is
revealed on amino acid derived alkynols. We herein report that the N-Boc protected amino acid derived
alkynols provide kinetically controlled 2-methylene morpholines while N-Tosyl protected amino acid derived
alkynols afford thermodynamically controlled 3,4-dihydro-2H-1,4-oxazines via Ag (I) promoted intra-molecular
cyclization.
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Introduction

The strategy towards the synthesis of compounds bearing oxygen and nitrogen in a ring is growing attention
because the resulting molecules are present in numerous biologically important compounds.'® The
morpholine moiety has a greater impact on human well-being as it presents in approved CNS drugs such as
doxapram,® phendimetrazine,” moclobemide,® aprepitant,®!! reboxetine,’? and antifungal compound
fenpropimorph®® (Figure 1) A weakly basic nitrogen atom and oxygen atom at the opposite position gives
flexible conformation and peculiar pKa value to the ring thus morpholines are used to modulate
pharmacokinetic/pharmacodynamic (PK/PD) properties and to enhance the potency through molecular
interactions in CNS active compounds.** The addition of OH nucleophile to carbon-carbon (C-C) multiple bonds
is one of the well-developed method®>?° and is also useful in the synthesis of heterocycles bearing nitrogen
and oxygen atom.?! For example, Wang et al?> reported the synthesis of 1,4-oxazines and 1,4-oxazepines via
base-promoted exo mode cyclization of alkynyl alcohols. However, an efficient intra-molecular hydro-
functionalization reaction remains a challenge till now because of the relatively high bond enthalpies of most
OH o-bonds, the modest reactivity of electron-rich olefins with nucleophiles and poor nucleophilicity of
hydroxyl group.
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Figure 1. Structures of morpholine ring containing bioactive molecules.

Our group is relentlessly working in the area of synthesis and biology of amino acid-derived chiral
heterocycles and natural-product-like molecules.?3-26 In this connection, novel methodologies for the synthesis
of substituted piperazine?’ by regioselective ring-opening of amino acid-derived chiral aziridines and
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diastereoselective synthesis of amino acid derived trans-2,5-disubstituted morpholines, piperazines, and
thiomorpholines via I,-Mediated cyclization?® have been reported. Inspired by these well-developed strategies
towards the exploration of natural amino acids, we sought to investigate the reactivity of silver salt on amino
acid derived alkynols in order to synthesize diverse oxazines like morpholines via intramolecular cyclization. To
the best of our knowledge, the use of silver catalyst Ag (I) on amino acid derived alkynols to furnish oxazine
derivatives via intramolecular cyclization has not been attempted to date. We herein demonstrate the
synthesis of 2-methylene morpholines and 3,4-dihydro-2H-1,4-oxazines from amino acid derived alkynols by
Ag (I) catalyzed intra-molecular cyclization (Scheme 1).
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Scheme 1. Synthesis of Ag (I) promoted 2-methylene morpholines and 3,4-dihydro-2H-1,4-oxazines from
amino acid derived alkynol.

Results and Discussion

The synthesis of Boc protected amino acid derived alkynols (5a-d and 5e') for silver promoted intramolecular
cyclization reaction began with S-amino acids 1a-e (Scheme 2). S-amino acids la-e reacted with thionyl
chloride to furnish their methyl esters 2a-e3>3® which underwent Boc protection of primary amines to give 3a-
e.3> The tyrosine derivative 3e was reacted with Mel in presence of K,COs3 to provide 3e'3” Further, 3a-e'
reacted with propargyl bromide to accomplish alkyne derivatives 4a-d and 4e'. Ester reduction to 4a-d and 4e'
using LiAlH4 proceeded amino acid derived alkynols 5a-d and 5e' smoothly (Scheme 2). Our investigation on
silver promoted intramolecular cyclization was started by selecting alkynol 5a as the standard substrate.
Initially, by the treatment of silver salt on substrate 5a, we were expecting different products by means of
different modes of cyclization (6-exo-dig vs. 7-endo-dig cyclization). Compound 6a and /or 6a' was expected
from favourable 6-exo-dig cyclization and 6a" from unfavourable 7-endo-dig cyclization according to Baldwin’s
rule. Here, the formation of thermodynamic product 6a' was highly expected over kinetic product 6a.
Additionally, compound 7a was the least expected product in our mind because of lacking suitable reagent for
Boc deprotection and product stability. To verify our hypothesis, we treated the silver carbonate (15 mmol %)
with 5a in DCM solvent at room temperature as a suitable reaction condition and monitored for 16 h but no
product formation occurred. Similarly, other silver salts like silver acetate, silver sulfate and silver p-toluene
sulfonate also could not provide fruitful results after screening on substrate 5a. However, in case of silver
triflate (15 mmol%), we observed the formation of two products. Interestingly, the deep NMR studies on the
resultant products suggested that compounds 6a and 7a in a ratio of 40:60 were formed over the most
expected and stable compound 6a’ (entry 5, Table 1).
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Scheme 2. Synthesis of 2-methylene morpholines.

The product formation towards 7a was drastically increased with the use of 45 mmol % of silver triflate
(entry 6, Table 1). As the product 7a was kinetically stabilized product, therefore, we anticipated that
thermodynamically stabilized product 6a' can be synthesized at a higher temperature. Thus, we treated
substrate 5a with 45 mmol % of silver triflate at 80 'C in toluene. However, we observed the formation of 7ain
80% of yield (entry 7). Further, the product towards Boc protected 6a was increased when we used 20 mmol %
of silver triflate at 0 'C in DCM solvent (entry 8). Moreover, two other silver salts namely silver hexa-
antimonate (V) and silver nitrate were also examined for intra-molecular cyclization reaction. The subsequent
results suggested that silver hexa-antimonate (V) predominantly was found supportive for the formation of
the Boc protected 6a (entry 9) while silver nitrate was useful for the synthesis of compound 7a (entry 10).
From the optimization table, it was clear that 2-methylene morpholine 7a can be synthesized by the reaction
of amino acid derived Boc alkynol 5a with silver triflate and controlled use of silver triflate can also provide
Boc protected 2-methylene morpholine 6a in good yield.
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Table 1. Optimization of reaction conditions

J\/ Silver salt BocNJ\ HNJ\ BocNJ\‘ Boc
2 OH  (Xmol %) K[fo KWO \(0 (:{
Boc
solvent, NS

5a temperature 6a’
6a 7Ta i a . . "
6-exo dig cyclization 6-exo dig cyclization 6-exo dig cyclization 6a”
and kinetic product and Boc deprotected and 7-endo dig
kinetic product thermodynamic product cyclization
Entry Silver salt X Solvent Temp Time Product yield
(6a:7a)°
1 Silver carbonate 15 DCM rt 16 h nd
2 Silver acetate 15 DCM rt 16 h nd
3 Silver sulfate 15 DCM rt 16 h nd
4 Silver p-toluene sulfonate 15 DCM rt 16 h 15:25
5 Silver triflate 15 DCM rt 3h 40:60
6 Silver triflate 45 DCM rt 3h 15:85
7 Silver triflate 45 Toluene  80°C 3h 10:80
8 Silver triflate 20 DCM 0°C 45 min 88:10
9 Silver hexa-antimonate (V) 45 DCM rt 3h 65:30
10 Silver nitrate 45 DCM rt 3h 10:80

nd = not determined; a = isolated yield

Substrate scope

The observed 2-methylene morpholines could be key building blocks for the synthesis of significant bioactive
molecules. Thus, after optimizing the reaction conditions, we started to evaluate the substrate scope of this
chemical transformation. In this context, some Boc protected alkynols 5a-d and 5e' were examined for the
synthesis of 2-methylene morpholines (Scheme 2). Firstly, free amine containing 2-methylene morpholines
(7a-d and 7e') were successfully synthesized in good to moderate yield. Moreover, Boc protected 2-methylene
morpholines (6a-c) were smoothly synthesized by using silver triflate (20 mmol %) in DCM solvent at 0 'Cin a
short reaction time (Scheme 2). To extend the substrate scope, we synthesized N-tosyl protected amino acid
derived alkynols (10a-d, 10f) as illustrated in scheme 3. When the optimized reaction condition was subjected
to substrate 10a, it furnished product formation in good yield. However, we were surprised when the
observed product was characterized by NMR studies. Three CH3 groups were confirmed by NMR studies that
suggested the formation of 3,4-dihydro-2H-1,4-oxazine derivative 11a instead of anticipated 12a. Moreover,
this functional group based change in product formation was also observed in other N-tosyl protected amino
acid derived alkynols (10b-d, 10f) leading to products (11b-d, 11f). However, the formation of 11f was
accomplished in 76% yield at 80 'C in toluene solvent (according to entry 7, table 1) instead of room
temperature.
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Scheme 3. Synthesis of 3,4-dihydro-2H-1,4-oxazines.

Plausible mechanism

Based on the above experimental results, we believe that the formation of 2-methylene morpholines and 3,4-
dihydro-2H-1,4-oxazines from amino acid derived alkynols might proceed via 6 exo dig and 6 exo trig (in-situ)
cyclization respectively through two different routes as illustrated in scheme 4. For the synthesis of 2-
methylene morpholine (scheme 4A), the mechanism involving the alkynol (i) is considered more likely than
alternative allenol (ib) on the basis of the hypothesis that the cyclized product (ic) which is possible from
allenol (path B, scheme 4A) is more stable than the product probable from alkynol (path A, scheme 4A).
Therefore, the product ic probably could not isomerize into product ii/3a-c. To support this hypothesis, we
also performed the reaction in NMR tube and recorded the *H NMR. In result, we also could not observe the
formation of ic in the crude reaction mixture (figure S49, see supporting information). Moreover, we also
believe that Boc deprotection may also be carried due to the Lewis acid character of silver (Ag). Next, unlike 2-
methylene morpholine, for the formation of 3,4-dihydro-2H-1,4-oxazine (Scheme 4B), the mechanism
involving the sulfonamide supported allenol (i) is considered more likely (path A, scheme 4B ) than alkynol
(path A, scheme 4B) on the basis of some reported literatures?®3! and absence of exo-methylene intermediate
in 'H NMR of the crude reaction mixture (figure 50, see supporting information).
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Scheme 4. Plausible mechanism; (A) synthesis of 2-methylene morpholines. (B) synthesis 3,4-dihydro-2H-1,4-

oxazines.

Conclusions

We have demonstrated an easy and effective route that affords access to diverse 2-methylene morpholines
and 3,4-dihydro-2H-1,4-oxazines starting from S-amino acids derived alkynols via Ag (I) promoted
intramolecular cyclization. The obtained 2-methylene morpholines can be elaborated as good nucleophile that
may create potential bioactive molecules in future. Moreover, some of the 3,4-dihydro-2H-1,4-oxazines can be
utilized in several ways such as good lead molecule in the discovery of anti-breast cancer drugs and the alkene
oxidation may provide 2-hydroxy morpholine which is part of many bioactive molecules.3?-3%
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Experimental Section

General. Unless otherwise noted, all commercial reagents were used without further purification. Organic
solvents were dried by standard methods. The products were characterized by *H, 13C, IR, ESMS, and HRMS.
Analytical TLC was performed using 2.5 x 5 cm plates coated with a 0.25 mm thickness of silica gel (60F-254);
visualization was accomplished with iodine and under a UV lamp. Column chromatography was performed
using silica gel (60-120 and 100-200 mesh). NMR spectra were recorded on Bruker Avance 400 Spectrometers
at 400, MHz (1H) and 100, MHz (*3C). Experiments were recorded in CDCl3 (6 = 7.26 ppm for *H and 77.00 ppm
for 13C NMR) and DMSO-ds (6 = 2.50 ppm for *H and 39.52 ppm for 3C NMR) at 25 °C and are referenced to
the TMS at 0.00 ppm for proton. J values were expressed in hertz (Hz). Multiplicities were given as: s (singlet);
brs (broad singlet), d (doublet); t (triplet); q (quartet); dd (doublets of doublet); m (multiplets). Mass spectra
were recorded on a JEOL JMS-600H high resolution spectrometer using El mode at 70 eV.

General procedure for the synthesis of 3a-e.3° To a stirred solution of 2a-f (1.0 equiv) in ethanol (30 mL),
(Boc)20 (1.1 equiv.) was added at room temperature followed by addition of NaHCOs (2.5 equiv) and then the
reaction mixture was stirred at room temperature for 6 h. After completion of the reaction (monitored by
TLC), ethanol was removed under reduced pressure, diluted with water, extracted with ethyl acetate, washed
with brine solution, dried over sodium sulfate, concentrated under reduce pressure to get crude product.
Desired product was purified by using manual chromatography to furnish the Boc protected 3a-e in good
yield.

General procedure for the synthesis of 4a-d and 4e'.3> To a stirred solution of compounds 3a-d and 3e' (1.0
equiv.) in anhydrous DMF (10 mL), NaH (1.0 equiv, 60% suspension in mineral oil) was added at 0 °C. Then the
required amount of propargyl bromide (1.0 equiv) was added at 0 °C. The reaction mixture was stirred for 15-
30 min at 0 °C. The reaction mixture was diluted with water. The aqueous layer was extracted with ethyl
acetate and the organic layer was dried over anhydrous Na>SOa. After concentration under vacuum, the crude
product was chromatographed on silica gel to furnish 4a-d and 4e' (60-65% yield).

General procedure for the synthesis of 5a-d and 5e'.3> To a stirred solution of compound 4a-d and 4e' (1.0
equiv.) in anhydrous THF (10 mL), LiAlH4 (1.0 equiv.) was added at 0 °C and stirred for 1 h. After completion of
the reaction, the reaction was quenched by addition of ethyl acetate followed by water at 0 °C. The aqueous
layer was extracted with ethyl acetate and the organic layer was dried over anhydrous Na;SOs. After
concentration under vacuum, the crude product was chromatographed on silica gel to furnish the alkynols 5a-
d and 5e' with 80-85% of yield.

tert-Butyl (S)-(1-hydroxypropan-2-yl)(prop-2-yn-1-yl)carbamate (5a). Colorless oil, 80% yield, Rr= 0.50 (in 20%
EtOAc/Hexane); *H NMR (CDCl3, 400 MHz, ppm): 6 4.61 (1H, s), 3.76 (1H, s), 3.65-3.61 (1H, m), 3.52-3.48 (1H,
m), 2.73 (1H, s), 1.83 (1H, s), 1.44 (9H, s), 1.14 (3H, d, J 6.86 Hz).

tert-Butyl (S)-(1-hydroxy-3-methylbutan-2-yl)(prop-2-yn-1-yl)carbamate (5b). Colorless oil, 83% vyield, Rf =
0.60 (in 20% EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): § 4.23-3.77 (4H, m), 3.64-3.55 (1H, m), 2.25 (1H,
d, J12.62 Hz), 2.17-1.82 (2H, m), 1.48 (9H, s), 0.98 (3H, d, J 6.13 Hz), 0.90 (3H, d, J 6.13 Hz). 13C {*H} NMR
(CDCl3, 100 MHz, ppm): 6 156.08, 81.01, 71.16, 70.83, 65.01, 62.20, 61.94, 34.91, 32.85, 28.35, 27.70, 26.84,
20.09, 19.99. IR (in CHCls, vmax in cm™): 3394, 2968, 1678, 1382, 1253, 1166, 1070, 771.

tert-Butyl (S)-(1-hydroxy-3-phenylpropan-2-yl)(prop-2-yn-1-yl)carbamate (5c). Colorless oil, 85% yield, Rf =
0.50 (in 20% EtOAc/Hexane); 'H NMR (CDsOD, 400 MHz, ppm): 6 7.17-7.08 (5H, m), 4.09-3.55 (5H, m), 2.89-
2.73 (2H, m), 2.44 (1H, d, J 8.56), 1.27 (9H, d, J 38.77 Hz). 13C {*H} NMR (CDs0D, 100 MHz, ppm): & 154.03,
137.43,137.18, 127.41, 127.32, 126.53, 124.43, 111.82, 78.87, 78.69, 69.56, 69.56, 69.12, 60.71, 60.37, 59.46,
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58.65, 33.87, 33.39, 32.46, 31.26, 27.85, 25.74, 25.66. IR (in CHCl3, Vmax in cm™): 3388, 2928, 1679, 1382, 1248,
1164, 1049, 768, 698.

tert-Butyl (S)-(1-hydroxy-4-methylpentan-2-yl)(prop-2-yn-1-yl)carbamate (5d). Colorless oil, 80% vyield, Ry =
0.60 (in 20% EtOAc/Hexane); *H NMR (DMSO-ds, 400 MHz, ppm): 6 4.64-4.61 (1H, m), 4.09-3.75 (3H, m), 3.42-
3.41 (2H, m), 2.99 (1H, s), 1.58-1.56 (2H, m), 1.40 (9H, s), 1.23-1.15 (1H, m), 0.88-0.86 (6H, m). 13C {{H} NMR
(DMSO-ds, 100 MHz, ppm): 6 155.27, 155.17, 82.32, 79.45, 79.29, 72.85, 72.36, 62.66, 56.68, 55.15, 38.48,
37.94,32.32,31.98, 29.87, 29.45, 28.68, 28.49, 28.29, 24.73, 24.58, 23.67, 22.21.
tert-Butyl(S)-(1-hydroxy-3-(4-methoxyphenyl)propan-2-yl)(prop-2-yn-1-yl)carbamate (5e'). Colorless oil, 82%
yield, Rr= 0.40 (in 20% EtOAc/Hexane); 'H NMR (DMSO-ds, 400 MHz, ppm): & 7.12-7.08 (2H, m), 6.88-6.82 (2H,
m), 4.77-4.73 (1H, m), 4.09-3.75 (3H, m), 3.70 (3H, s), 3.57-3.50 (2H, m), 3.04 (1H, s), 2.83-2.78 (1H, m), 2.73-
2.67 (1H, m), 1.30 (9H, d, J 38.39). 13C {{H} NMR (DMSO-ds, 100 MHz, ppm): & 158.10, 156.02, 154.84, 131.47,
130.79, 130.38, 115.03, 114.43, 114.10, 82.25, 79.50, 78.44, 75.66, 73.48, 73.00, 66.83, 62.06, 61.58, 60.93,
59.65, 55.86, 55.77, 35.44, 36.50, 34.95, 34.38, 33.02, 32.36, 28.70, 28.45, 28.31.

General procedure for the synthesis of 8a-d and 8f.3°> The compound 2a-d and 2f (1.0 equiv.) was dissolved in
5 mL DCM solvent, and then stirred solution was cooled to 0 °C, followed by addition of p-toluene sulfonyl
chloride (1.5 equiv.) and triethyl amine (2.5 equiv). Then it was continuously stirred for 6 h at room
temperature. After completion the reaction, water was added and extracted with DCM solvent, washed with
brine solution, dried over sodium sulfate, concentrated under reduced pressure to get crude product. The
resulted crude product was then chromatographed over silica gel with eluent AcOEt-Hexane to afford the title
compound 8a-d and 8f (85-90% yield)

General procedure for the synthesis of 9a-d and 9f.3° To a stirred solution of compounds 8a-d and 8f (1.0
equiv.) in anhydrous DMF, NaH (1.0 equiv, 60% suspension in mineral oil) was added at 0 °C. Then the required
amount of propargyl bromide (1 equiv.) was added at 0 °C. The reaction mixture was stirred for 1 h at 0 °C. The
reaction mixture was diluted with water (30 mL). The aqueous layer was extracted with ethyl acetate and the
organic layer was dried over anhydrous Na;SOa. After concentration under vacuum, the crude product was
chromatographed on silica gel to furnish 9a-d and 9f (60-65% yield).

General procedure for the synthesis of 10a-d and 10f.3° To a stirred solution of compound 9a-d, 9f (1.0
equiv.) in anhydrous THF, LiAlH4 (1.0 equiv.) was added at 0 °C and stirred for 1 h. After completion of the
reaction, the reaction was quenched by addition of ethyl acetate followed by water at 0 °C. The aqueous layer
was extracted with ethyl acetate and the organic layer was dried over anhydrous Na,SOa. After concentration
under vacuum, the crude product was chromatographed on silica gel to furnish the alkynols 10a-d and 10f
with 80-95% of yield.

(S)-N-(1-Hydroxypropan-2-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (10a). Colorless oil, 88% yield,
Rf= 0.50 (in 15% EtOAc/Hexane); 'H NMR (CDCls, 400 MHz, ppm): & 7.80 (2H, d, J 8.31 Hz), 7.30-7.28 (2H, m),
4.26-4.21 (1H, m), 4.11-4.00 (2H, m), 3.67 (1H, dd, J1 = 11.99 Hz, J; = 8.63 Hz), 3.55 (1H, dd, J; = 11.99 Hz, J; =
4.47 Hz), 2.42 (3H, s), 2.22 (1H, t, J 2.46 Hz), 1.06 (3H, d, J 6.86 Hz). 3C {{H} NMR (CDCl3, 100 MHz, ppm): &
143.61, 137.38, 129.57, 127.46, 79.94, 72.62, 64.30, 55.61, 31.88, 21.54, 14.45. IR (in CHCls, Vmax in cm™1): 3372,
2922,1623, 1384, 1328, 1153, 1028, 659, 577.
(S)-N-(1-Hydroxy-3-methylbutan-2-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (10b). Colorless oil,
84% yield, Rf=0.50 (in 15% EtOAc/Hexane); *H NMR (CDCls;, 400 MHz, ppm): 6 7.81 (2H, d, J 8.25), 7.28 (2H, d,
18.03), 4.35 (1H, dd, J; = 18.74, J> = 2.44 Hz), 3.89 (1H, dd, J; = 18.64, J; = 2.40 Hz), 3.78-3.65 (2H, m), 3.64-3.58
(1H, m), 2.41 (3H, s), 2.17 (1H, t, J 2.52 Hz), 1.87-1.78 (2H, m), 0.96 (3H, d, J 6.56 Hz), 0.82 (3H, d, J 6.71 Hz).
13C {IH} NMR (CDCls, 100 MHz, ppm): & 143.49, 137.75, 129.35, 127.76, 79.70, 72.49, 66.26, 61.71, 32.27,
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27.32, 21.55, 20.49, 20.08. IR (in CHCls, Vmax in cm™): 3389, 1634, 1383, 1042, 771. HRMS: m/z Calcd for
[C1sH21NO3S+Na]*: 296.1315, found: 296.1310.
(S)-N-(1-Hydroxy-3-phenylpropan-2-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (10c). Colorless oil,
90% yield, Rf= 0.50 (in 15% EtOAc/Hexane); 'H NMR (CDCls;, 400 MHz, ppm): § 7.71 (2H, d, J 8.33 Hz), 7.25-
7.19 (5H, m), 7.08-7.06 (2H, m), 4.28 (1H, dd, J; = 18.64, J; = 2.45 Hz), 4.17-4.12 (1H, m), 4.09 (1H, dd, J; =
18.78, J, = 2.45 Hz), 3.73 (1H, dd, J; = 12.25, J, = 8.44 Hz), 3.62 (1H, dd, J; = 12.25, J> = 4.08 Hz), 2.86-2.75 (2H,
m), 2.40 (3H, s), 2.26 (1H, t, J 2.45), 1.86 (1H, brs). 13C {{H} NMR (CDCls, 100 MHz, ppm): 6 143.61, 137.41,
137.19, 129.54, 129.05, 128.65, 127.57, 126.71, 79.95, 72.83, 62.06, 61.63, 36.09, 32.78, 21.55. IR (in CHCls,
Vmax in cm1): 3381, 2923, 1383, 1154, 1061, 770, 662.
(S)-N-(1-Hydroxy-4-methylpentan-2-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (10d). Colorless oil,
81% yield, Ry = 0.50 (in 15% EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): 6 7.81 (2H, d, J 8,25 Hz), 7.29-
7.27 (2H, m), 4.21 (1H, dd, J; = 18.69, J2 = 2.48 Hz), 4.04-3.95 (2H, m), 3.66-3.56 (2H, m), 2.41 (3H, s), 2.21 (1H,
t, J2.52), 2.12 (1H, brs), 1.51-1.41 (1H, m), 1.39-1.32 (1H, m), 1.27-1.20 (1H, m), 0.82-0.78 (6H, m). 13C {*H}
NMR (CDCl3, 100 MHz, ppm): 6 143.59, 137.43, 129.43, 127.69, 79.90, 72.42, 63, 28, 58.14, 37.95, 31.88, 24.56,
22.67,22.25,21.52. IR (in CHCl3, vmax in cm™): 3366, 2948, 1605, 1383, 1331, 1155, 1057, 875, 770, 661, 577.
(S)-N-(1-Hydroxy-4-(methylthio)butan-2-yl)-4-methyl-N-(prop-2-yn-1yl)benzenesulfonamide (10f). Colorless
oil, 80% vyield, Rf= 0.50 (in 20% EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): 6 7.82-7.80 (2H, m), 7.30-7.28
(2H, m), 4.23 (1H, dd, J; = 18.70, J> = 2.49 Hz), 4.12-4.06 (1H, m), 4.05-4.01 (1H, m), 3.70-3.60 (2H, m), 2.41
(3H, s), 2.40-2.26 (2H, m), 2.22 (1H, t, J 2.46 Hz), 1.99 (3H, s), 1.85-1.69 (2H, m). 3C {*H} NMR (CDCl3, 100 MHz,
ppm): 6 143.72, 137.35, 129.52, 127.62, 79.64, 72.72, 63.09, 59.03, 32.37, 30.74, 28.32, 21.54, 15.33. IR (in
CHCls, vmax in cm™): 3368, 2922, 1607, 1384, 1331, 1155, 1096, 875, 770, 660, 576.

General procedure for the synthesis of 6a-c. To a stirred solution of compound 5a-c (1.0 equiv) in dry DCM
(10 mL), silver triflate (20 mmol %) was added at 0 °C. Then it was continuously stirred for 30 min at 0 °C. After
completion of the reaction, reaction mixture was quenched with water, extracted with DCM, washed with
brine solution, dried over sodium sulfate, concentrated under reduced pressure to get crude product. Then,
the crude product was chromatographed on silica gel with eluent (hexane/ethyl acetate) to furnish the title
product 6a-c (75-88% vyield) as colorless oil.

tert-butyl (S)-5-methyl-2-methylenemorpholine-4-carboxylate (6a). Colorless oil, 75% yield, Rr= 0.50 (in 15%
EtOAc/Hexane); 'H NMR (CDCls, 400 MHz, ppm): 6 4.70 (1H, q, J 2.74 Hz), 4.30-4.24 (2H, m), 4.21-4.16 (1H, m),
4.08-4.00 (1H, m), 3.48 (1H, dd, J: =9.40 Hz, J, = 4.06 Hz), 3.37 (1H, dd, J: = 9.40 Hz, J, = 5.56 Hz), 1.22 (3H, d, J
7.10 Hz), 1.16 (9H, s). 3C {*H} NMR (CDCl5, 100 MHz, ppm): § 155.27, 150.04, 85.80, 73.09, 63.68, 49.26, 45.78,
27.40, 14.50. IR (in CHCI3, Vmax in cm™): 3387, 2923, 1778, 1383, 1062. HRMS: m/z Calcd for [C11H19NOs+Na]*:
236.1257, found: 236.1261.

tert-Butyl (S)-5-isopropyl-2-methylenemorpholine-4-carboxylate (6b). Colorless oil, 80% yield, R = 0.50 (in
15% EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): § 4.70 (1H, q, J 2.75 Hz), 4.36 (1H, dt, J1 = 14.79 Hz, J; =
2.45 Hz), 4.25 (1H, g, J 2.87 Hz), 4.14 (1H, dt, J; = 14.77 Hz, J; = 2.35 Hz), 3.58-3.47 (3H, m), 2.07-1.98 (1H, m),
1.16 (9H, s), 0.97 (3H, d, J 6.62 Hz), 0.91 (3H, d, J 6.70 Hz). 13C {*H} NMR (CDCl3, 100 MHz, ppm): § 156.01,
150.20, 85.57, 72.94, 60.91, 59.87, 46.47, 27.39, 26.41, 19.89, 19.41. IR (in CHCl3, Vmax in cm™): 3385, 2941,
1779, 1683, 1383, 1058. HRMS: m/z Calcd for [C13H23NOs+Na]*: 236.1257, found: 236.1261.

tert-Butyl (S)-5-benzyl-2-methylenemorpholine-4-carboxylate (6c). Colorless oil, 88% yield, Rf= 0.50 (in 15%
EtOAc/Hexane); 'H NMR (CDCls, 400 MHz, ppm): 6 7.31-7.27 (2H, m), 7.23-7.21 (3H, m), 4.66 (1H, q, J 2.71 Hz),
4.26-4.21 (1H, m), 4.20-4.16 (2H, m), 4.15-4.10 (1H, m), 3.51 (1H, dd, J1 = 9.56 Hz, J; = 3.69 Hz), 3.45 (1H, dd, J;
=9.56 Hz, J; = 3.51 Hz), 3.01-2.90 (2H, m), 1.16 (9H, s). 3C {*H} NMR (CDCls, 100 MHz, ppm): & 155.32, 149.96,
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137.48, 128.91, 128.62, 126.71, 85.75, 73.26, 61.83, 55.06, 47.07, 34.73, 27.44. HRMS: m/z Calcd for
[C17H23NOs+Na]*: 264.1570, found: 264.5.

General procedure for the synthesis of 7a-d and 7e.' To a stirred solution of compound 5a-d and 5e' (1.0
equiv) in dry DCM, silver triflate (45 mmol %) was added at room temperature. Then, it was continuously
stirred for 2-3 h at room temperature. After completion of the reaction, reaction mixture was quenched with
water, extracted with DCM, washed with brine solution, dried over sodium sulfate, concentrated under
reduced pressure to get crude product. Then, the crude product was chromatographed on silica gel with
eluent (hexane/ethyl acetate, to furnish the title product 7a-d and 7e' (78-88% yield) as colorless oil.
(S)-5-Methyl-2-methylenemorpholine (7a). Colorless oil, 88% vyield, Rf= 0.30 (in 20% EtOAc/Hexane); 'H NMR
(CDCl3, 400 MHz, ppm): & 4.75(1H, q, J 2.69 Hz), 4.30-4.24 (2H, m), 4.20-4.15 (1H, m), 4.06-3.98 (1H, m), 3.76
(1H, dd, J; = 11.59 Hz, J, = 4.04 Hz), 3.62 (1H, dd, J; = 11.64 Hz, J; = 7.76 Hz), 1.21 (3H, d, J 6.97 Hz). 13C {1H}
NMR (CDCls;, 100 MHz, ppm): & 155.93, 149.49, 86.55, 64.20, 51.01, 44.97, 13.97. IR (in CHCls, Vmax in cm™):
3387, 2921, 1658, 1383, 1061, 771.

(S)-5-Isopropyl-2-methylenemorpholine (7b). Colorless oil, 75% yield, Rf = 0.30 (in 20% EtOAc/Hexane); 'H
NMR (CDCls, 400 MHz, ppm): & 4.74 (1H, g, J= 2.75 Hz, 4.33 (1H, dt, J; = 14.14 Hz, J;= 2.49 Hz), 4.29 (1H, q, J
2.36 Hz), 4.13 (1H, dt, J; = 14.14 Hz, J; = 2.31Hz), 3.90 (1H, dd, J; = 11.78 Hz, J> = 3.49 Hz), 3.73 (1H, dd, J; =
11.53 Hz, J,= 7.96 Hz), 3.54-3.49 (1H, m), 1.96-1.86 (1H, m), 1.00 (3H, d, J 6.78 Hz), 0.95 (3H, d, J 6.63 Hz). 13C
{*H} NMR (CDCl3, 100 MHz, ppm): § 156.71, 149.63, 86.33, 61.45, 61.40, 45.65, 27.22, 19.87, 19.53.
(S)-5-Benzyl-2-methylenemorpholine (7c). Colorless oil, 88% yield, Rf= 0.30 (in 20% EtOAc/Hexane); *H NMR
(CDCls, 400 MHz, ppm): & 7.33-7.29 (2H, m), 7.24-7.20 (3H, m), 4.69 (1H, q, J 2.95 Hz), 4.22-4.20 (1H, m), 4.11
(2H, g, J2.23 Hz), 4.09-4.02 (1H, m), 3.84 (1H, dd, J1 = 11.59 Hz, J> = 3.72 Hz), 3.76 (1H, dd, J1 = 11.59 Hz, J; =
7.14 Hz), 2.94 (2H, d, J 7.73 Hz). 13C {{H} NMR (CDCls, 100 MHz, ppm): & 154.88, 148.41, 135.97, 127.82,
127.78, 125.92, 85.42, 6170, 56.01, 45.64, 33.55. IR (in CHCl3, Vmax in cm™?): 3385, 1383, 1059, 771.
(S)-5-1sobutyl-2-methylenemorpholine (7d). *H NMR (CDCl;, 400 MHz, ppm): § 4.75 (1H, q, J 2.94 Hz), 4.30-
4.28 (1H, m), 4.27-4.22 (1H, m), 4.13-4.08 (1H, m), 4.04-3.97 (1H, m), 3.75 (1H, dd, J; = 11.62 Hz, J>= 4.09 Hz),
3.60 (1H, dd, J; = 11.56 Hz, J; = 8.11 Hz), 2.12 ( 1H, brs), 1.62-1.53 (1H, m), 1,52-1.44 (1H, m), 1.31-1.28 (1H,
m), 0.96 (3H, d, J2.64 Hz), 0.94 (3H, d, J 2.77 Hz). 13C {*H} NMR (CDCl3, 100 MHz, ppm): § 156.31, 149.53,
86.46, 63.39, 53.38, 44.73, 36.96, 24.79, 23.09, 21.92. IR (in CHCls, vmax in cm™?): 3386, 2925, 1763, 1383, 1067.
(S)-5-(4-Methoxybenzyl)-2-methylenemorpholine (7e').
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Colorless oil, 80% yield, Rf= 0.30 (in 20% EtOAc/Hexane); *H NMR (CDCls;, 400 MHz, ppm): 6 7.15-7.10 (2H, m,
H-9 and H-9'), 6.86-6.82 (2H, m, H-8 and H-8'), 4.70-4.67 (1H, m, H-1), 4.22-4.20 (1H, m, H-1), 4.11 (2H, t, J
2.37 Hz, H-4), 4.04 (1H, m, H-5), 3.83 (1H, dd, J: = 11.57 Hz, J,= 3.65 Hz, H-6), 3.78 (3H, s, H-11), 3.74 (1H, dd, J1
=11.53 Hz, J2= 7.17 Hz, H-6), 2.89 (2H, m, H-3). 13C {H} NMR (CDCls, 100 MHz, ppm): & 158.54 (C-2), 155.93 (C-
10), 149.48, 129.76 (C-9/9'), 128.89 (C-7), 115.31, 114.26 (C-8/8'), 86.40 (C-1), 62.69 (C-6), 57.16 (C-5), 55.26
(C-11), 46.61 (C-4), 33.68 (C-3). DEPT-90 NMR (CDCl3, 100 MHz, ppm): 6 129.76 (C-9/9'), 114.26 (C-8/8'), 57.16
(C-5). DEPT-135 NMR (CDCls, 100 MHz, ppm): 6 129.76 (C-9/9'), 114.26 (C-8/8'), 86.40 (C-1), 62.69 (C-6), 57.16
(C-5), 55.26 (C-11), 46.61 (C-4), 33.68 (C-3). IR (in CHCls, Vmax in cm1): 3386, 2921, 1383, 1054.

General procedure for the synthesis of 11a-d. To a stirred solution of compound 10a-d (1.0 equiv) in dry DCM,
silver triflate (45 mmol %) was added at room temperature. Then it was continuously stirred for 2-3 h at room
temperature. After completion of the reaction, reaction mixture was quenched with water, extracted with
DCM, washed with brine solution, dried over sodium sulfate, concentrated under reduced pressure to get
crude product. Then, the crude product was chromatographed on silica gel with eluent (hexane/ethyl acetate,
to furnish the title product 11a-d (76-93% vyield) as colorless oil.
(5)-3,6-Dimethyl-4-tosyl-3,4-dihydro-2H-1,4-oxazine (11a). Colorless oil, 90% vyield, Rf = 0.40 (in 20%
EtOAc/Hexane); 'H NMR (CDCls, 400 MHz, ppm): & 7.64-7.62 (2H, m), 7.31-7.29 (2H, m), 5.77 (1H, s), 3.94-3.87
(1H, m), 3.64 (1H, dd, J; = 10.73 Hz, J= 1.36 Hz), 2.80 (1H, dd, J; = 10.76 Hz, J;= 2.23 Hz), 2.42 (3H, s), 1.76 (3H,
d, J0.88 Hz), 1.19 (3H, d, J 6.71 Hz). 13C {*H} NMR (CDCl3, 100 MHz, ppm): & 143.64, 139.52, 134.21, 129.74,
127.39, 98.10, 66.44, 47.48, 21.55, 17.67, 16.76. IR (in CHCl3, Vmax in cm™): 3389, 2925, 1612, 1382, 1349, 1304,
1212, 1163, 1036, 771, 677,573, 544. HRMS: m/z Calcd for [C13H17NO3S+H]*: 268.1002, found: 268.0999.
(S)-3-1sopropyl-6-methyl-4-tosyl-3,4-dihydro-2H-1,4-oxazine (11b). Colorless oil, 76% yield, Rf= 0.40 (in 20%
EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): 6 7.62-7.60 (2H, m), 7.29 (2H, d, J 7.84 Hz), 5.74 (1H, s), 3.94
(1H, dd, J; = 11.14 Hz, J; = 1.25 Hz), 3.29-3.26 (1H, m), 2.59 (1H, dd, J; = 11.23 Hz, J> = 2.49 Hz), 2.41 (3H, s),
1.81-1.73 (1H, m), 1.72 (3H, d, J0.91 Hz), 1.06 (3H, d, J 6.81 Hz), 0.94 (3H, d, J 6.73). 3C { 1H} NMR (CDCl3, 100
MHz, ppm): 6 143.59, 140.98, 134.06, 129.70, 127.53, 98.41, 62.75, 57.93, 26.93, 21.54, 19.92, 19.19, 17.64. IR
(in CHCl3, Vmax in cm™): 3385, 2922, 1383, 1161, 1031, 771, 683.
(S)-3-Benzyl-6-methyl-4-tosyl-3,4-dihydro-2H-1,4-oxazine (11c). Colorless oil, 93% vyield, Rf = 0.40 (in 20%
EtOAc/Hexane); 'H NMR (CDCls, 400 MHz, ppm): 6 7.60 (2H, d, J 8.26 Hz), 7.31-7.21 (3H, m), 7.25-7.20 (4H, m),
5.84 (1H, s), 3.90-3.86 (1H, m), 3.66 (1H, dd, J; = 10.97 Hz, J>= 1.12 Hz), 2.88 (1H, dd, J; = 13.38 Hz, J; = 5.47
Hz), 2.76 (1H, dd, J; = 13.26 Hz, J>=10.12 Hz), 2.68-2.65 (1H, m), 2.39 (3H, s), 1.80 (3H, d, 3H, d, J0.81 Hz). 13C
{*H} NMR (CDCl3, 100 MHz, ppm): § 143.70, 140.05, 137.35, 134.18, 129.75, 129.70, 128.59, 127.43, 126.74,
98.36, 62.81, 53.28, 36.66, 21.54, 17.74. IR (in CHCls, vmax in cm): 3387, 2923, 1383, 1162, 1066, 771, 680,
572. HRMS: m/z Calcd for [C19H21NO3S+H]*: 344.1315, found: 344.1312.
(S)-3-1sobutyl-6-methyl-4-tosyl-3,4-dihydro-2H-1,4-oxazine (11d). Colorless oil, 85% vyield, Rf = 0.40 (in 20%
EtOAc/Hexane); *H NMR (CDCls, 400 MHz, ppm): 6 7.64-7.62 (2H, m), 7.30 (2H, m), 5.72 (1H, s), 3.80-3.76 (1H,
m), 3.66 (1H, dd, J; = 10.81 Hz, J, = 1.25 Hz), 2.72 (1H, dd, J: = 10.85 Hz, J> = 2.56 Hz), 2.42 (3H, s), 1.84-1.76
(1H, m), 1.74 (3H, d, J0.92), 1.53-1.46 (1H, m), 1.15-1.09 (1H, m), 0.98 (3H, d, J 6.65 Hz), 0.93 (3H, d, J 6.78
Hz). 13C {*H} NMR (CDCls3, 100 MHz, ppm): 6 143.62, 140.30, 134.09, 129.71, 127.55, 98.09, 65.46, 50.03, 39.05,
24.21,22.99, 22.14, 21.55, 17.69. IR (in CHCls, vmax in cm™): 3386, 2928, 1382, 1163, 1057, 770, 679, 578.
General procedure for the synthesis of 11f. To a stirred solution of compound 10f (1.0 equiv) in dry toluene,
silver triflate (45 mmol %) was added at room temperature. Then, the reaction mixture was heated at 80 °C for
1 h. After completion of the reaction, reaction mixture was quenched with water, extracted with ethyl acetate,
washed with brine solution, dried over sodium sulfate, concentrated under reduced pressure to get crude
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product. Then, the crude product was chromatographed on silica gel with eluent hexane/ethyl acetate to
furnish the title product 11f (76% yield) as colorless oil.
(S)-6-Methyl-3-(2-(methylthio)ethyl)-4-tosyl-3,4-dihydro-2H-1,4-oxazine (11f). Colorless oil, 76% yield, Rs =
0.40 (in 20% EtOAc/Hexane); H NMR (CDCls, 400 MHz, ppm): & 7.65-7.63 (2H, m), 7.31 (2H, d, J =8.10 Hz), 5.75
(1H, s), 3.92-3.88 (1H, m), 3.72 (1H, dd, J; = 10.96 Hz, J> = 1.19 Hz), 2.73 (1H, dd, J; = 10.96 Hz, J; = 2.51 Hz),
2.65 (2H, t, J7.40 Hz), 2.42 (3H, s), 2.12 (3H, s), 1.91-1.81 (1H, m), 1.74 (3H, d, J0.88 Hz), 1.62-1.57 ( 1H, m).
13C {*H} NMR (CDCl3, 100 MHz, ppm): & 143.80, 140.34, 133.87, 129.78, 127.54, 98.06, 65.13, 50.78, 30.45,
29.41, 21.57, 17.69.15.45. IR (in CHCls, Vmax in cm™): 3383, 1383, 1063. HRMS: m/z Calcd for
[C15H21NO3S,+Na]l*: 350.0855, found: 350.0854.
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