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General experimental:

Melting points are recorded using dbk programmable melting point apparatus in capillary tubes
and are uncorrected. IR spectra were recorded on Nicolet 6700 spectrophotometer. 'H (400
MHz) and '*C (100 MHz) NMR spectra were recorded on Bruker Avance 400 spectrometer. 'H
(500 MHz) and '3C (125 MHz) NMR spectra were recorded on Bruker Avance 500
spectrometer. The chemical shifts (& ppm) and coupling constants (Hz) are reported in the
standard fashion with reference to either internal tetramethylsilane or residual CHCl; (7.26
ppm for 'H) or the central line (77.16 ppm) of CDCIls (for *C). In the '3C NMR spectra, the
nature of the carbons (C, CH, CH, or CH3) was determined by recording the DEPT-135
experiment, and is given in parentheses.

High resolution mass measurements were carried out using Maxis impact (brucker) instrument
using direct inlet mode. X-ray diffraction studies were carried out using Bruker Single Crystal
Kappa Apex II. Analytical thin-layer chromatographies (TLC) were performed on glass plates
(7.5 x 2.5 and 9 x 5.0 cm) coated with Merck or Acme's silica gel G containing 13% calcium
sulfate as binder or on pre-coated 0.2 mm thick Merck 60 Fass silica plates and various
combinations of ethyl acetate and Petroleum ether were used as eluent. Visualization of spots
was accomplished by either exposure to iodine vapour or KMnQOyj stain or vanillin strain. All
small-scale dry reactions were carried out using standard syringe septum technique. Dry
dichloromethane was prepared by refluxing over anhydrous P>Os and distillation on to calcium
hydride. Dry DMF was prepared by stirring on CaH and distillation on to molecular sieves.
BF;3-OEt,, Cu(OTf),, TMSOTT, TfOH, AgOTTt, In(OTf);, Bi(OTf)3, and Et3SiH were obtained
from Aldrich. All other Lewis/Bronsted acids, propargyl bromide (80% in toluene), amino
alcohol, propylene oxide, cyclohexane carbaldehyde, But-2-en-1-ol are commercial reagents
and were used as such without further purification. All the starting material were prepared

according to literature established protocol.!
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General procedure for the synthesis of N-Sulfonyl protected alkynyl aminols (6):

Np,  PG-CLEGN PG = B PG
[ 2 CHZCI2 KzCos R, N
°C rt [ CH3CN reflux
85-94% 88-94% 0 I
PG =Ts, Ns H
Step | Step 1l

Step I:

To the magnetically stirred solution of amino alcohol (1.0 equiv) in CH>Cl, (10 mL), was added
p-Toluene/p-Nosylsulfonyl chloride (1.1 equiv) and EtsN (1.5 equiv) at 0 °C. The reaction
mixture was allowed to stir at room temperature. After the complete consumption of the starting
material (TLC control), the reaction mixture was diluted with water and extracted with CH>Cl.
The combined organic layers were dried over anhydrous Na>SOs, concentrated in vacuo and
the crude product was purified by silica gel chromatography using dichloromethane-methanol
(98:2) as eluent to furnish N-Sulfonyl protected aminols.

Step 1I:

To a magnetically stirred solution of N-Sulfonyl protected amino alcohols (1.0 equiv) in
CH3CN (10 mL), was added K>COs (1.5 equiv) and propargyl bromide (1.3 equiv) at room
temperature. The reaction mixture was heated at 80 °C. After the complete consumption of
the starting material (TLC control), the reaction mixture is cooled to room temperature and
filtered through celite. The filtrate was concentrated and purified by silica gel column using
ethyl acetate-petroleum ether (20:80) as eluent to furnish terminal alkynols 6.

General procedure for the synthesis of N-benzylated alkynyl aminol (6d):

é/\Br

CHO Bn Bn
Me/«[NHz NaBH, Me,, NH K2COs3 Me,, N
+ _— ) — >
oH MeOH [ CH3;CN
0 °C-rt OH reflux O | |
94 % 83 % H
Step | Step Il

Step I:

To a magnetically stirred solution of benzaldehyde (1.0 equiv) in dry MeOH (10 mL), was
added amino alcohol (1.1 equiv) dropwise. After completion of addition, the reaction mixture
was heated to 75 °C. After | h, the reaction mixture was cooled down to room temperature
and then placed in an ice bath. Then NaBH4 (1.5 equiv) was added over 20 min at 0 °C. After
completion of addition, the reaction mixture continued stirring at room temperature. After

complete conversion of the starting material (TLC control), the reaction mixture was
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concentrated and the white crude reaction mixture was dissolved in CH>Cl, (10 mL). The
organic layer was extracted with water. The aqueous layer was acidified with 10% HCI and
then extracted with dichloromethane (3 x 10 mL). The combined organic layers were dried
over NaxSO4 and concentrated to give benzyl protected amino alcohol.

Step 1I:

To a magnetically stirred solution of N-benzylated amino alcohols (1.0 equiv) in CH3CN (10
mL), was added K>COs3 (1.5 equiv) and propargyl bromide (1.3 equiv) at room temperature.
The reaction mixture was heated at 80 °C. After the complete consumption of the starting
material (TLC control), the reaction mixture is cooled to room temperature and filtered
through celite. The filtrate was concentrated and purified by silica gel column using ethyl
acetate-petroleum ether (20:80) as eluent to furnish terminal alkynols 6d.

General procedure for the synthesis of N-Cbz protected alkynyl aminol (6e):

= g H Cbz
Ph,, [NHz CH,Cl, Ph/,,[N// Chzcl T NW
> _—
or_ 1M NaOH
OH 0°C-rt OH 90 % ol
72 % H

Step I:

To a magnetically stirred solution of amino alcohol (1.5 equiv) in CH2Cl (10 mL), was added
propargyl bromide (1.0 equiv, 80% in toluene). The temperature was monitored and if the
reaction warmed above ambient temperature it was cooled in an ice bath. After complete
consumption of starting material (TLC control), the mixture was poured into a separatory
funnel, washed with water. The aqueous layer was extracted three times with CH2Clo. The
combined organic layers were dried over Na»SOs, filtered and concentrated in vacuo.
Purification was accomplished by silica gel column chromatography using ethyl acetate-
petroleum ether (40:80) as eluent to furnish terminal alkynol.

Step 1I:

A solution of benzyl chloroformate (1.1 equiv) in CHCI3 (10 mL) was dropwise added to a
mixture of amino alkynol (1.0 equiv), 4% aq. NaOH (1.5 mL) and CHCI; (40 ml). The
reaction mixture was stirred in an ice bath. After the complete consumption of starting
material (TLC control), the resulting mixture was diluted with water. The aqueous phase was
extracted with CHCI3 (3 x 10 mL). The combined organic layers were dried over Na;SO4 and
concentrated in vacuo. The residue was purified by silica gel column using ethyl acetate-

petroleum ether (20:80) as eluent to furnish terminal alkynol 6e.
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General procedure for the synthesis of internal alkynol (8):

Ts
Ts R, N
P Me TsCl, KZCO3' P Me .\ R, _NH K,COg4 [
HO/ Et,0. 0 °C-rt TsO/ [ CH5CN, reflux 0 ||
95% OH 84-94% |l|
Me
Step I:3

To a magnetically stirred solution of 2-butyn-1-ol (1.0 equiv) in Et2O (15 mL), was added p-
toluenesulfonyl chloride (1.1 equiv). The reaction mixture was allowed to cool at 0 °C
followed by portion wise addition of powdered KOH (6 equiv). After the addition was
completed, the reaction mixture was stirred at room temperature. After complete consumption
of starting material (TLC control), reaction mixture was poured into water (30 mL). The layers
were separated and the aqueous phase was extracted with EtOAc (3 x 10 mL). The combined
organic layers were dried over Na;SOys, filtered, concentrated in vacuo and purified by silica
gel column using ethyl acetate-petroleum ether (20:80) as eluent to furnish tosylated alcohol.
Step 1I:

To a solution of N-tosylated amino alcohols (1.0 equiv) in CH3CN (15 mL), was added K>COs
(1.5 equiv) and but-2-yn-1-yl 4-methylbenzenesulfonate (1.3 equiv) and refluxed for 12 hr.
After complete consumption of starting material (TLC control), the crude reaction mixture was
filtered through celite, concentrated followed by purification on a silica gel column using ethyl

acetate-petroleum ether (15:85) as eluent to furnish the alkynols 8.

General procedure for the synthesis of morpholines (7):

Ts
R N Ag(OTf) (10 mol%), Ts
£ 1 p-TSA (10 mol%) R! N
R2 CH2C|2, 0 OC-rt [ j,,
? | | R2 ~07 "Me
He 7

To a magnetically stirred solution of alkynol 6 (1.0 equiv) in CH2Cl> (5 mL) at 0 °C, were
added Ag(OTY) (10 mol%) and p-TSA (10 mol%). The reaction mixture was allowed to warm
to room temperature. After complete consumption of starting material (TLC control), Et3SiH
(2.0 equiv) was added. After the complete consumption of the hydroalkoxylated product, the
reaction mixture was quenched with saturated NaHCO3, extracted with CH>Cl> (3 x 5 mL),
washed with brine, and dried. Evaporation of solvent and purification of residue on silica gel

column using EtOAc-petroleum ether as eluent furnished morpholines 7.
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(28,5S)-2-Methyl-5-phenyl-4-tosylmorpholine (7a):

To a magnetically stirred solution of alkynol 6a (100 mg, 0.374 mmol) in CH>Cl, (3 mL),
were added Ag(OTf) (9.6 mg, 0.037 mmol) and p-TSA (6.4 mg, 0.037 mmol) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), EtsSiH (119.3 pL, 0.748 mmol) was added. After the
complete consumption of starting material (TLC control), the reaction mixture was quenched
with saturated NaHCO;3, extracted with CH2Cl, (3 x 5 mL) dried over anhydrous Na;SOs.
Evaporation of solvent and purification of residue on silica gel column using EtOAc-

petroleum ether as eluent furnished morpholine 7a (96 mg, 95%).

Physical appearance: Sticky liquid. Mo, ES

Ry 0.5 (20:80, EtOAc:Petroleum ether). [ j
[0]®p: 46.4 (¢ 1.3, CHCl3). 7a 0" 'Me
IR (neat): 3058, 2979, 2919, 2865, 1599, 1495, 1451, 1381, 1341, 1299, 1268, 1162,1120,
1096, 1022, 997, 907, 843, 816, 770, 737, 703 cm".

H NMR (400 MHz, CDCl3): § 7.66 (dd, J = 8.0, 2.8 Hz, 2H), 7.28 (dd, J= 8.0, 2.8 Hz, 2H),
3.94-3.92 (m, 1H), 3.58-3.57 (m, 2 H), 3.52-3.48 (m, 1H), 3.46-3.41 (m, 1H), 2.79-2.72 (m,
1H), 2.39 (s, 3H), 1.12 (dd, J = 6.0, 3.2 Hz, 3H), 1.06 (dd, J = 6.8, 3.4 Hz, 3H).

13C NMR (100 MHz, CDCL, DEPT): § 143.3 (C), 137.5 (C), 129.8 (2 x CH), 127.0 (2 x
CH), 71.8 (CH), 71.3 (CH,), 48.1 (CH), 45.8 (CHa), 21.5 (CHs), 18.6 (CHs), 13.7 (CHs).
HRMS (ESL, M+H"): m/z caled. For C13HaNO3S 270.1168, found 270.1168.

2-methyl-4-tosylmorpholine (7b):

To a magnetically stirred solution of alkynol 6b (100 mg, 0.395 mmol) in CH>Cl; (3 mL),
were added Ag(OTY) (10.1 mg, 0.039 mmol) and p-TSA (6.8 mg, 0.039 mmol) ) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (125.9 pL, 0.789 mmol) was added as described for
the morpholine derivative 7a followed by purification on a silica gel column using ethyl

acetate-petroleum ether as eluent furnished the morpholine derivative 7b (92 mg, 91%).

Physical appearance: Sticky liquid. Ts

N
Ry: 0.5 (20:80, EtOAc:Petroleum ether). [ j\
IR (neat): 2982, 2920, 2899, 2861, 1595, 1489, 1447, 1387,1377, 1340, | ,,"0" "Me

1296, 1280, 1184, 1162, 1112, 1053, 1001, 903, 861, 823,769, 709 cm'.

IH NMR (400 MHz, CDCL): § 7.63 (d, J = 6.4 Hz, 2H), 7.34 (d, J = 6.4 Hz, 2H), 3.89-3.86
(m, 1H), 3.70-3.64 (m, 2H), 3.55-3.49 (m, 2H), 2.4 (s, 3H), 2.36 (ddd, J= 11.6, 3.2 Hz, 1H),
2.01 (t,J=8.4 Hz, 1H), 1.12 (d, J = 6.4 Hz, 3H).
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13C NMR (100 MHz, CDCl3, DEPT): § 144.0 (C), 132.3 (C), 129.9 (2 x CH), 128.0 (2 x
CH), 71.5 (CH), 66.0 (CHz), 51.7 (CH2), 45.4 (CHy), 21.7 (CH3), 18.8 (CH3).

HRMS (ESI, M+H"): m/z calcd. for C12HisNO3S 256.1005, found 256.1005.
(28,55)-2,5-dimethyl-4-((4-nitrophenyl) sulfonyl) morpholine (7c):

To a magnetically stirred solution of alkynol 6¢ (100 mg, 0.335 mmol) in CH>Cl, (3 mL),
were added Ag(OTY) (8.71 mg, 0.034 mmol) and p-TSA (6.44 mg, 0.034) at 0 °C. The reaction
mixture was allowed to warm to room temperature. After complete consumption of starting
material (TLC control), Et3SiH (119.5 pL, 0.748 mmol) was added as described for the
morpholine derivative 7a followed by purification on a silica gel column using ethyl acetate-

petroleum ether as eluent furnished the morpholine derivative 7¢ (91 mg, 90%).

Physical Appearance: White solid.

ITIS
m.p.: 105-107°C. Me., _N
Ry 0.5 (20:80, EtOAc:Petroleum ether). 7 c[oj"’Me
[a]**p: 48.9 (¢ 0.3, CHCly).
IR (neat): 2876, 2363, 1535, 1354, 1039, 741, 554 cm™.
'H NMR (400 MHz, CDCl3): $ 8.37-8.34 (m, 2H), 8.00-7.97 (m, 2H), 4.02-3.97 (m, 1H),
3.63 (d,J=2.0 Hz, 2H), 3.56 (ddd, J=12.8, 2.8, 0.8 Hz, 3H), 3.51-3.43 (m, 1H), 2.82 (dd, J
=12.8,10.8 Hz, 1H), 1.16 (d, /= 6.0 Hz, 3H), 1.09 (d, J = 6.8 Hz, 3H).
13C NMR (100 MHz, CDCl3, DEPT): 6 150.1 (C), 146.6 (C), 128.8 (2 x CH), 124.5 (2 x
CH), 72.1 (CH), 71.5 (CH»), 48.7 (CH), 46.1 (CH»), 18.6 (CH3), 14.2 (CH3).
HRMS (ESI, M+H"): m/z calcd. For C12H17N205S 301.0809, found 301.0809.
(2S,5S)-5-Isopropyl-2-methyl-4-tosylmorpholine (7f):
To a magnetically stirred solution of alkynol 6f (77.0 mg, 0.251 mmol) in CH>Cl; (3 mL),
were added Ag(OTf) (6.4 mg, 0.025 mmol) and p-TSA (4.3 mg, 0.025 mmol) at 0 °C. The

reaction mixture was allowed to warm to room temperature. After complete consumption of

starting material (TLC control), Et3SiH (119.3 pL, 0.748 mmol) was added as described for

Ts
)
0~ 'Me

7f

the morpholine derivative 7a followed by purification on a silica gel

column using ethyl acetate-petroleum ether as eluent furnished the Pra,

morpholine derivative 7f (68 mg, 91%).

Physical appearance: Sticky liquid.
Ry: 0.5 (20:80, EtOAc:Petroleum ether).
[@]®p: 23.6 (¢ 1.5, CHCL).

IR (neat): 2965, 2364, 1458, 1340, 1277, 1160, 1096, 1021, 995, 905, 815, 782, 679, 560 cm

1
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'H NMR (400 MHz, CDCl3): 6 7.70 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 3.83 (d, J
=11.6 Hz, 1H), 3.61 (dd, J =14.4, 2.4 Hz, 1H), 3.30-3.23 (m, 2H), 3.21-3.15 (m, 1H), 2.83
(dd, J=14.4,11.2 Hz, 1H), 2.41 (s, 3H), 2.27-2.18 (m, 1H), 1.03 (d, /= 6.0 Hz, 3H), 0.95 (d,
J=6.8 Hz, 3 H), 0.93 (d, /= 6.8 Hz, 3 H).

13C NMR (100 MHz, CDCl3, DEPT): 5 143.3 (C), 138.8 (C), 129.9 (2 x CH), 127.0 (2 x
CH), 70.5 (CH), 66.3 (CH), 59.0 (CH), 47.0 (CH>), 25.4 (CH3), 21.6 (CH), 20.0 (CH3), 19.8
(CH3), 18.6 (CH3).

HRMS (ESI, M+H"): m/z calcd. For C1sH24NO;S 298.1478, found 298.1478.
(2S)-5-isobutyl-2-methyl-4-tosylmorpholine (7g):

To a magnetically stirred solution of alkynol 6g (100 mg, 0.323 mmol) in CH>Cl, (3 mL),
were added Ag(OTY) (8.31 mg, 0.032 mmol) and p-TSA (5.57 mg, 0.032 mmol) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (103.3 pL, 0.647 mmol) was added as described for
the morpholine derivative 7a followed by purification on a silica gel column using ethyl
acetate-petroleum ether as eluent furnished the morpholine derivative 7g (93 mg, 92%).
Physical appearance: Yellow oil.

Ry: 0.5 (20:80, EtOAc:Petroleum ether).

[]**p:30.3 (¢ 0.2, CHCly).

IR (neat): 2932, 1343, 1159, 1018, 993, 679, 559 cm’'.
'H NMR (400 MHz, CDCl3): 6 7.69 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 3.84 (d, J
=12.0 Hz, 1H), 3.59 (dd, J=14.4. 2.4 Hz, 1H), 3.36 (dd, J = 10.4, 2.8 Hz, 1H), 3.24 (dd, J =
12.0,3.2 Hz, 1H), 3.21-3.14 (m, 1H), 2.82 (dd, /= 14.8. 11.2 Hz, 1H), 2.42 (s, 3H), 2.03-1.92
(m, 1H), 1.65-1.57 (m, 2H), 1.03 (d, J = 6.4 Hz, 3H), 0.92-0.87 (m, 6H)

13C NMR (100 MHz, CDCl3, DEPT): § 143.4 (C), 138.9 (C), 130.0 (2 x CH), 127.1 (2 x
CH), 70.4 (CH), 66.4 (CH>), 57.8 (CH), 47.2 (CH>), 31.7 (CH), 25.4 (CH>), 21.6 (CH3), 19.0
(CH3), 16.0 (CH3), 11.3 (CHa).

HRMS (ESI, M+H"): m/z calcd. For C16H26NO3S 312.1628, found 312.1628.
(28,55)-2-Methyl-5-phenyl-4-tosylmorpholine (Th):

To a magnetically stirred solution of alkynol 6h (100 mg, 0.302 mmol) in CH>Cl; (3 mL),
were added Ag(OTY) (8.17 mg, 0.030 mmol) and p-TSA (5.50 mg, 0.030 mmol) at 0 °C. The

reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (96.5 puL, 0.604 mmol) was added as described for the
morpholine derivative 7a followed by purification on a silica gel column using ethyl acetate-

petroleum ether as eluent furnished the morpholine derivative 7h (94 mg, 94%).
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Physical appearance: Yellow oil.

Ry: 0.5 (20:80, EtOAc:Petroleum ether).

[a]?*p: -104.7 (c 0.6, CHCl3).

IR (neat): 2917, 2363, 1340, 1163, 770, 688, 558 cm.
'H NMR (400 MHz, CDCl3): § 7.61 (d, J = 8.0 Hz, 2H), 7.49-7.47 (m, 2H), 7.33-7.27 (m,
3H), 7.24 (d, J= 8.0 Hz, 2H), 4.93 (s, /= 3.2 Hz, 1H), 4.29 (d, /= 12.0 Hz, 1H), 3.82 (dd , J
=12.0, 2.4 Hz, 1H), 3.61 (dd , J = 13.6, 2.8 Hz, 1H), 3.56-3.50 (m, 1H), 2.84 (dd, J = 13.6,
10.4 Hz, 1H), 2.42 (s, 3H), 1.13 (d, /= 6.0 Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): § 143.4 (C), 138.1 (C), 137.7 (C), 129.8 (2x CH),
128.53 (2x CH), 128.46 (2x CH), 127.7 (CH), 127.2 (2x CH), 71.4 (CH), 69.0 (CH), 54.4
(CH), 47.1 (CH2), 21.6 (CHa), 18.8 (CH3).

HRMS (ESI, M+H"): m/z calcd. For Ci1sH22NO3S 332.1308, found 332.1308.
(2S,5S)-5-benzyl-2-methyl-4-tosylmorpholine (7i):

To a magnetically stirred solution of alkynol 6i (100 mg, 0.291 mmol) in CH>Cl; (3 mL),
were added Ag(OTf) (7.5 mg, 0.029 mmol) and p-TSA (5.0 mg, 0.029 mmol) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (93.0 puL, 0.582 mmol) was added as described for the
morpholine derivative 7a followed by purification on a silica gel column using ethyl acetate-
petroleum ether as eluent furnished the morpholine derivative 7i (97 mg, 96%).

Physical appearance: Yellow oil.

Ry: 0.5 (20:80, EtOAc:Petroleum ether).

[a]?p: -42.6 (c 0.3, CHCI;).

IR (neat): 3301, 2340, 1661, 1406, 1045, 772, 558 cm’!.
'H NMR (400 MHz, CDCl): 6 7.64 (d, J= 8.0 Hz, 2H), 7.30-7.18 (m, 7H), 3.99-3.96 (m,
1H), 3.65 (d, J/= 11.8 Hz, 1H), 3.59 (dd, J=13.2, 2.0 Hz, 1H), 3.52-3.47 (m, 1H), 3.43 (dd, J
=11.6, 2.0 Hz, 1H), 3.03 (dd, J=12.8, 10.8 Hz, 1H), 2.91 (dd, /= 12.8, 11.2 Hz, 1H), 2.69
(dd, J=13.2,4.8 Hz, 1H), 2.40 (s, 3H), 1.19 (d, /= 6.0 Hz, 3H)

13C NMR (100 MHz, CDCl3, DEPT): §143.5 (C), 138.0 (C), 137.7 (C), 129.9 (2 x CH),
129.5 (2 x CH), 128.7 (2x CH), 127.1 (2 x CH), 126.6 (CH), 71.8 (CH), 67.3 (CH»), 54.1
(CH), 46.6 (CH»), 34.1 (CH>), 21.6 (CH3), 18.7 (CHa).

HRMS (ESI, M+H"): m/z calcd. for C19oH24NO3S 346.1461, found 346.1461.

(28 *,6R*)-2,6-Dimethyl-4-tosylmorpholine (7j):

To a magnetically stirred solution of alkynol 6j (100 mg, 0.374 mmol) in CH>Cl, (3 mL),
were added Ag(OTf) (9.61 mg, 0.037 mmol) and p-TSA (6.44 mg, 0.037) at 0 °C. The
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reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (119.5 pL, 0.748 mmol) was added as described for
the morpholine derivative 7a followed by purification on a silica gel column using ethyl

acetate-petroleum ether as eluent furnished the morpholine derivative 7j (89 mg, 88%).

Physical Appearance: White solid.

Ts
m.p.: 100-102 °C. JiNj\
Ry: 0.7 (20:80, EtOAc:Petroleum ether). Me |:| o |:| Me
IR (neat): 2931, 2363, 1716, 1339, 1159, 1090, 816, 760, 657, 551 cm 7j

1
'H NMR (400 MHz, CDCl3): 6 7.60 (d, J = 8.4 Hz, 2H), 7.31 (d, J= 8.0 Hz, 2H), 3.71-3.63
(m, 2H), 3.53-3.51 (m, 2H), 2.41 (s, 3H), 1.90 (t, J = 10.4 Hz, 2H), 1.10 (d, /= 6.4 Hz, 6H).

13C NMR (100 MHz, CDCl3, DEPT): 5 143.9 (C), 132.3 (C), 129.8 (2 x CH), 127.8 (2 x
CH), 71.4 (2 x CH), 50.9 (2 x CH»), 21.6 (CH3), 18.7 (2 x CHs).

HRMS (ESI, M+H"): m/z calcd. For C13H20NO3S 270.1182, found 270.1182.

(28 *,6 R *)-2-Cyclohexyl-6-methyl-4-tosylmorpholine (7k):

To a magnetically stirred solution of alkynol 6k (100 mg, 0.298 mmol) in CH>Cl; (3 mL),
were added Ag(OTf) (7.6 mg, 0.029 mmol) and p-TSA (5.1 mg, 0.0269) at 0 °C. The reaction
mixture was allowed to warm to room temperature. After complete consumption of starting
material (TLC control), EtzSiH (95.2 pL, 0.596 mmol) was added as described for the
morpholine derivative 7a followed by purification on a silica gel column using ethyl acetate-

petroleum ether as eluent furnished the morpholine derivative 7k (85 mg, 85%).

Physical Appearance: White solid.

m.p.: 126-128 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 2929, 2849, 1595, 1449, 1343, 1161, 1095, 1064, 994, 932, 816,
774 el

'H NMR (400 MHz, CDCl3): 87.61 (d, J= 8.4 Hz, 2H), 7.33 (d, J= 8.0 Hz, 2H), 3.64-3.59
(m, 2H), 3.54-3.29 (m, 1H), 3.29-3.24 (m, 1H), 2.42 (s, 3H), 1.99-1.84 (m, 3H), 1.69-1.57 (m,
4H),1.32-1.24 (m, 1H), 1.20-1.09 (m, 6H), 1.03-0.92 (m, 2H).

13C NMR (100 MHz, CDCl3, DEPT): 5143.8 (C), 132.4 (C), 129.8 (2 x CH), 127.8 (2 %
CH), 79.5 (CH), 71.3 (CH), 51.3 (CH>), 47.7 (CH>), 40.9 (CH), 29.0 (CH>), 28.5 (CH>), 26.4
(CH»), 26.0 (CH»), 25.9 (CH>), 21.6 (CHa), 18.7 (CH3).

HRMS (ESI, M+H"): m/z calcd. For Ci1sH2sNO3S 338.1801, found 338.1801.

(2R *,6R *)-2-(Benzyloxymethyl)-6-methyl-4-tosylmorpholine (71):
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To a magnetically stirred solution of alkynol 61 (100 mg, 0.268 mmol) in CH>Cl, (3 mL),
were added Ag(OTf) (6.9 mg, 0.027 mmol) and p-TSA (4.6 mg, 0.027 mmol) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (85.5 uL, 0.536 mmol) was added as described for the
morpholine derivative 7a followed by purification on a silica gel column using ethyl acetate-
petroleum ether as eluent furnished the morpholine derivative 71 (91
me, 90%). NTS
Physical Appearance: Pale yellow liquid. Bn O\\“’[ijMe
Ry: 0.7 (20:80, EtOAc:Petroleum ether). 71

IR (neat): 3062, 3032, 2978, 2869, 2251, 1724, 1599, 1495, 1453, 1347, 1235, 1166, 1089,
1001, 912, 812,783, 734, 703 cm’!.

'H NMR (400 MHz, CDCL): § 7.62 (d, J = 8.4 Hz, 2H), 7.36-7.28 (m, 7H), 4.52 (s, 2H),
3.83-3.78 (m, 1H), 3.76-3.68 (m, 1H), 3.56 (dt,J=11.2, 1.6 Hz, 1H), 3.56 (dt, /=112, 2.0
Hz, 1H), 3.44 (qd, J = 10.0, 4.8 Hz, 2H), 2.44 (s, 3H), 2.11 (t, J= 10.8 Hz, 1H), 1.96 (t, J=
10.4 Hz, 1H), 1.15 (d, J= 6 Hz, 3H);

13C NMR (100 MHz, CDCl3, DEPT): § 144.0 (C), 137.8 (C), 132.3 (C), 129.8 (2xCH), 128.5
(CH), 127.91 (2 x CH), 127.88 (2 x CH), 127.82 (2 x CH), 74.4 (CH), 73.5 (CH>), 71.6 (CH),
70.5 (CH2), 51.2 (CH2), 47.3 (CH>), 21.6 (CH3), 18.7 (CH3).

HRMS (ESI, M+Na*): m/z calcd. For C20H25NO4NaS 376.1598, found 376.1598.

Gram scale procedure for the synthesis of (2S,58)-2-Methyl-5-phenyl-4-tosylmorpholine
(7a):

To a magnetically stirred solution of alkynol 6a (1.0 g, 3.74 mmol) in CH2Cl> (30 mL), were
added Ag(OTf) (96 mg, 0.37 mmol) and p-TSA (64 mg, 0.37 mmol) at 0 °C. The reaction
mixture was allowed to warm to room temperature. After complete consumption of starting

material (TLC control), Et3SiH (1.19 mL, 7.48 mmol) was added. After the complete

consumption of starting material (TLC control), the reaction mixture was
quenched with saturated NaHCO3, extracted with CH>Cl» (3 X 5 mL) dried

Ts
Me/h N
over anhydrous Na;SO4. Evaporation of solvent and purification of residue ; [ O] Me
a

on silica gel column using EtOAc-petroleum ether as eluent furnished
morpholine 7a (836 mg, 83%).

Physical appearance: Sticky liquid.

Ry: 0.5 (20:80, EtOAc:Petroleum ether).

[@]®p: 46.4 (¢ 1.3, CHCL).

IR (neat): 3058, 2979, 2919, 2865, 1599, 1495, 1451, 1381, 1341, 1299, 1268, 1162, 1120,
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1096, 1022, 997, 907, 843, 816, 770, 737, 703 cm".

H NMR (400 MHz, CDCl3): § 7.66 (dd, J = 8.0, 2.8 Hz, 2H), 7.28 (dd, J= 8.0, 2.8 Hz, 2H),
3.94-3.92 (m, 1H), 3.58-3.57 (m, 2 H), 3.52-3.48 (m, 1H), 3.46-3.41 (m, 1H), 2.79-2.72 (m,
1H), 2.39 (s, 3H), 1.12 (dd, J = 6.0, 3.2 Hz, 3H), 1.06 (dd, J = 6.8, 3.4 Hz, 3H).

13C NMR (100 MHz, CDCL, DEPT): § 143.3 (C), 137.5 (C), 129.8 (2 x CH), 127.0 (2 x
CH), 71.8 (CH), 71.3 (CH,), 48.1 (CH), 45.8 (CHa), 21.5 (CHs), 18.6 (CHs), 13.7 (CHs).
HRMS (ESI, M+H"): m/z calcd. For C13H20NO3S 270.1168, found 270.1168.

General procedure for the synthesis of oxazepanes (9):

Ts
|

R' N

£ Ag(OTf) (40 mol%) -

RZ 0 || CH,Cl, 0 °C-rt [
|
H
g ° 9

To a magnetically stirred solution of alkynol 8 (1.0 equiv) in CH2CL (5 mL), was added
Ag(OTY) (40 mol%) at 0 °C. The reaction mixture was allowed to warm to room temperature.
After complete consumption of starting material (TLC control), Et3SiH (1.088 mmol) was
added. After the complete consumption of the hydrated product, the reaction mixture was
quenched with saturated NaHCO3, extracted with CH2Cl, (3 x 5 mL), washed with brine, and
dried. Evaporation of solvent and purification of residue on silica gel column using EtOAc-
petroleum ether as eluent furnished oxazepanes 9.

(3S,7S)-3, 7-dimethyl-4-tosyl-1,4-oxazepane (9a):

To a magnetically stirred solution of alkynol 8a (70 mg, 0.213 mmol) in CH2Cl (3 mL), was
added Ag(OTYf) (21.9mg, 0.085 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(68.1 pL, 0.426 mmol) was added. After the complete consumption of the starting material
(TLC control), the reaction mixture was quenched with saturated NaHCO3, extracted with
CHxClz (3 x 5 mL) and dried over anhydrous Na;SO4. Evaporation of solvent and purification
of residue on silica gel column using EtOAc- petroleum ether as eluent furnished oxazepane
9a (56 mg, 92%).

Physical Appearance: Yellow oil.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

Ts
\
Me/u N
[a]p>: 60.4 (¢ 0.5, CHCl3) [ >
o
9a Me

IR (neat): 2932, 1336, 1158, 1085, 944, 851, 673, 550 cm.

S12



'TH NMR (400 MHz, CDCl3): 6 7.66 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 4.09-4.03
(m, 1H), 3.73-3.65 (m, 2H), 3.58-3.47 (m, 2H), 3.33-3.26 (m, 1H), 2.40 (s, 3H), 2.07-1.99 (m,
1H), 1.68-1.60 (m, 1H), 1.16 (d, /= 6.4 Hz, 3H), 1.11 (d, /= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): § 143.2 (C), 137.7 (C), 129.8 (2 x CH), 126.9 (2 x
CH), 76.3 (CH), 74.2 (CH»), 54.2 (CH), 40.5 (CH>), 37.4 (CH>), 22.4 (CH3), 21.6 (CH3), 16.5
(CHs).

HRMS (ESI, M+Na™): m/z calcd. For C14sH21NNaOsS 306.1143, found 306.1143.
(3S,7S)-3-isopropyl-7-methyl-4-tosyl-1,4-oxazepane (9b):

To a magnetically stirred solution of alkynol 8b (50 mg, 0.179 mmol) in CH>Cl> (3 mL), was
added Ag(OTf) (18.7 mg, 0.072 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(57.2 pL, 0.358 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the
oxazepane derivative 9b (49 mg, 87%).

Physical Appearance: White solid.

m.p.: 67-69 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

[a]p*: 29.8 (¢ 0.9, CHCl3)

IR (neat): 2957, 1462, 1337, 1157, 755, 672, 551 cm’'.
'H NMR (400 MHz, CDCl3):  7.69 (d, J= 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 4.04 (d, J
=12.4 Hz, 1H), 3.67-3.58 (m, 2H), 3.44-3.38 (m, 2H), 3.22-3.15 (m, 1H), 2.41 (s, 3H), 2.10-
2.02 (m, 2H), 1.62-1.54 (m, 1H), 1.14 (dd, J= 6.4, 0.8 Hz, 3H), 0.93 (d, /= 6.8Hz, 3H), 0.65
(d, J=6.8 Hz, 3H).

13C NMR (100 MHz, CDCl;, DEPT): §143.1 (C), 138.3 (C), 129.6 (2xCH), 127.2 (2xCH),
76.3 (CH), 71.3 (CH>), 65.1 (CH), 40.5 (CH>), 36.9 (CH»), 26.7 (CH), 22.6 (CH3), 21.6 (CH3),
20.2 (CH3), 20.1 (CHj3).

HRMS (ESI, M+H"): m/z calcd. For C16H26NO3S 312.1667, found 312.1667.

(38, 7S)-3-isobutyl-7-methyl-4-tosyl-1,4-oxazepane (9c):

To a magnetically stirred solution of alkynol 8¢ (50 mg, 0.154 mmol) in CH>Cl> (3 mL), was
added Ag(OTf) (15.9 mg, 0.062 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(49.3 puL, 0.309 mmol) was added as described for the oxazepane derivative 9a followed by

purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the
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oxazepane derivative 9¢ (43 mg, 85%).

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

[a]p?: 39.5 (¢ 0.2, CHCl3)

IR (neat): 2957, 1462, 1337, 1157, 755, 672, 551 cm’'.
'H NMR (400 MHz, CDCl): 5 7.68 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 6.4 Hz, 2H), 4.05 (dd,
J=13.2, 1.6 Hz, 1H), 3.64-3.56 (m, 2H), 3.52 (d, J = 10.8 Hz, 1H), 3.39 (dd, J=13.2, 2.4
Hz, 1H), 3.19-3.12 (m, 1H), 2.41 (s, 3H), 2.06-1.98 (m, 1H), 1.85-1.79 (m, 1H), 1.62-1.53 (m,
1H), 1.33-1.24 (m, 2 H), 1.12 (d, J = 6.8 Hz, 3H), 0.90 (d, J = 6.8 Hz, 3H), 0.77 (d, /= 4.8
Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): 5 143.1 (C), 138.3 (C), 129.6 (2 x CH), 127.2 (2 x
CH), 76.1 (CH), 71.2 (CH), 63.8 (CH), 40.6 (CH>), 36.7 (CH2), 33.1 (CH), 25.4 (CH>), 22.6
(CH3), 21.6 (CH3), 16.0 (CH3), 11.5 (CH3).

HRMS (ESI, M+Na*): m/z calcd. For C17H27NNaOsS 348.1616, found 348.1616.
(3S,7S)-7-methyl-3-phenyl-4-tosyl-1,4-oxazepane (9d):

Ts
\
Physical Appearances: Colorless oil. ‘Bu.. [N>
9c ° ”’Me

To a magnetically stirred solution of alkynol 8d (50 mg, 0.213 mmol) in CH>Cl> (3 mL), was
added Ag(OTf) (21.9 mg, 0.085 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(68.1 pL, 0.426 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the
oxazepane derivative 9d (62 mg, 83%).

Physical Appearance: White solid.

m.p.: 72-74 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

[a]p?: -92.8 (¢ 1.1, CHCI).

IR (neat): 2931, 2341, 1339, 1160, 684, 554 cm™!.
'H NMR (500 MHz, CDCl):  7.76 (d, J = 8.0 Hz, 2H), 7.33 (d, J= 8.0 Hz, 2H), 7.28-7.25
(m, 5H), 5.13 (s, 1H), 4.50 (dd, J=13.5, 1.5 Hz, 1H), 3.85 (dd, J = 13.5, 3.5 Hz, 1H), 3.80-
3.73 (m, 1H), 3.57-3.51 (m, 1H), 3.24-3.18 (m, 1H), 2.47 (s, 3H), 2.12-2.06 (m, 1H), 1.60-
1.53 (m, 1H), 1.20 (d, /= 6.5 Hz, 3H).

13C NMR (125 MHz, CDCl3, DEPT): § 143.4 (C), 138.6 (C), 138.1 (C), 129.8 (2 x CH),
128.5 (2 x CH), 128.2 (2 x CH), 127.5 (CH), 127.2 (2 x CH), 76.9 (CH), 73.1 (CH»), 61.0
(CH), 41.8 (CH>), 37.5 (CH»), 22.4 (CH3), 21.7 (CHs).

HRMS (ESI, M+Na*): m/z calcd. For C19H23NNaOsS 368.1301, found 368.1301.
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(38, 7S)-7-methyl-4-((4-nitrophenyl) sulfonyl)-3-phenyl-1,4-oxazepane (9e):

To a magnetically stirred solution of alkynol 8e (60 mg, 0.160 mmol) in CH>Cl> (3 mL), was
added Ag(OTf) (16.5 mg, 0.064 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(51.2 pL, 0.321 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the

oxazepane derivative 9e (49 mg, 81%).

m.p.: 108-110 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

[a]p?: -98.9 (¢ 0.5, CHCI;).

IR (neat): 2931, 2339, 1531, 1350, 1308, 1166, 856, 738 cm..
TH NMR (500 MHz, CDCl3): 6 8.31 (d, /= 9.0 Hz, 2H), 7.94 (d, J= 8.5 Hz, 2H), 7.24-7.18
(m, 5H), 5.13 (s, 1H), 4.44 (dd, J=13.5, 2.0 Hz, 1H), 3.86 (dd, J = 13.5, 3.5 Hz, 1H), 3.83-
3.77 (m, 1H), 3.59-3.54 (m, 1H), 3.34-3.29 (m, 1H), 2.16-2.09 (m, 1H), 1.66-1.60 (m, 2H),
1.21 (d, J= 6.5 Hz, 3H).

13C NMR (125 MHz, CDCl3, DEPT):  149.9 (C), 146.8 (C), 137.8 (C), 128.7 (CH), 128.3
(2xCH), 128.2 (2 x CH), 128.0 (2 x CH), 124.4 (2 x CH), 76.8 (CH), 73.1 (CH>), 61.8 (CH),
42.3 (CH2), 37.6 (CH>), 22.2 (CHa).

HRMS (ESI, M+H"): m/z calcd. For C1sH21N205S 377.1175, found 377.1175.
(3S,7S)-7-methyl-3-phenyl-4-tosyl-1,4-oxazepane (9f):

Ns
Physical Appearance: White solid. Ph., [l\\l>
o,
9e Me

To a magnetically stirred solution of alkynol 8f (60 mg, 0.168 mmol) in CH2Cl> (3 mL), was
added Ag(OTf) (17.2 mg, 0.067 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(53.6 uL, 0.336 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the
oxazepane derivative 9f (53 mg, 88%).

Physical Appearance: White solid.

m.p.: 74-76 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether). Ts
[0]p?: 15.9 (¢ 0.9, CHCl). Bn,, N

IR (neat): 2932, 2308, 1590, 1590, 1457, 1336, 1155, 752, 550 cm™. [ >
'"H NMR (400 MHz, CDCl3): § 7.58 (d, J = 8.0 Hz, 2H), 7.26-7.18 (m, of © “Me
5H), 7.15-7.13 (m, 2H), 4.07-4.04 (m, 1H), 3.77-3.70 (m, 2H), 3.53-3.41 (m, 3H), 3.05 (dd, J
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=13.2, 10.0 Hz, 1H), 2.76 (dd, J = 13.2, 5.2 Hz, 1H), 2.40 (s, 3H), 2.16-2.08 (m, 1H), 1.78-
1.70 (m, 1H), 1.23 (d, /= 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): § 143.2 (C), 138.3 (C), 137.4 (C), 129.8 (2 x CH),
129.5 (2 x CH), 128.6 (2 x CH), 127.1 (2 x CH), 126.5 (CH), 76.5 (CH), 70.4 (CH>), 60.8
(CH), 41.4 (CH»), 37.5 (CH»), 37.2 (CH>), 22.5 (CH3), 21.6 (CH3).

HRMS (ESI, M+Na*): m/z calcd. For C20H2sNNaOsS 382.1459, found 382.1459.
7-methyl-4-tosyl-1,4-oxazepane (9g):

To a magnetically stirred solution of alkynol 8g (50 mg, 0.187 mmol) in CH2Cl> (3 mL), was
added Ag(OTY) (19.2 mg, 0.075 mmol) at 0 °C. The reaction mixture was allowed to warm
to room temperature. After complete consumption of starting material (TLC control), Et3SiH
(59.7 pL, 0.374 mmol) was added as described for the oxazepane derivative 9a followed by

purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the

oxazepane derivative 9g (42 mg, 84%). Ts
Physical Appearance: Colorless oil. [N
Ry: 0.7 (20:80, EtOAc:Petroleum ether).

@)

IR (neat): 2931, 1338, 1161, 714, 549 cm™'. 9g Me
'H NMR (400 MHz, CDCl3): 8 7.69-7.66 (m, 2H), 7.33-7.28 (m, 2H), 3.97-3.93 (m, 1H),
3.81-3.77 (m, 1H), 3.64-3.58 (m, 2H), 3.50-3.46 (m, 1H), 3.24-3.20 (m, 1H), 3.15-3.09 (m,
1H), 2.43 (s, 3H), 2.05-2.00 (m, 1H), 1.71-1.67 (m, 1H), 1.19-1.17 (m, 3H).

13C NMR (100 MHz, CDCls, DEPT): § 143.4 (C), 135.9 (C), 129.8 (2 x CH), 127.1 (2 %
CH), 75.8 (CH), 69.2 (CH»), 51.6 (CH>), 46.0 (CH>), 37.4 (CH»), 22.4 (CH3), 21.6 (CH3).
HRMS (ESI, M+Na*): m/z calcd. For C13H19NNaO3S 292.0958, found 292.0958.
7-ethyl-4-tosyl-1,4-oxazepane (9h):

To a magnetically stirred solution of alkynol 8h (50 mg, 0.178 mmol) in CH2Cl> (3 mL), was
added Ag(OTf) (18.3 mg, 0.071 mmol) at 0 °C. The reaction mixture was s
allowed to warm to room temperature. After complete consumption of starting N
material (TLC control), Et3SiH (56.7 puL, 0.355 mmol) was added as described }

for the oxazepane derivative 9a followed by purification on a silica gel column ;)h Et
using ethyl acetate-petroleum ether as eluent furnished the oxazepane derivative 9h (43 mg,
85%).

Physical Appearance: Colorless liquid.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 2939, 2340, 1338, 1163, 1039, 769, 549 cm.
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'H NMR (400 MHz, CDCl;): § 7.68 (dd, J = 8.0, 1.6 Hz, 2H), 7.33-7.28 (m, 2H), 4.01-3.97
(m, 1H), 3.63-3.57 (m, 2H), 3.54-3.48 (m, 2H), 3.20-3.16 (m, 1H), 3.15-3.06 (m, 1H), 2.44 (s,
3H), 2.08-2.00 (m, 1H), 1.74-1.62 (m, 2H), 1.55-1.40 (m, 2H), 0.94-0.89 (m, 3H).

13C NMR (100 MHz, CDCl3, DEPT): §143.4 (C), 136.0 (C), 129.8 (2 x CH), 127.1 (2 %
CH), 81.4 (CH), 69.9 (CH»), 51.8 (CH»), 46.4 (CH>), 35.6 (CH>), 29.4 (CH»), 21.6 (CH3),
10.4 (CH3).

HRMS (ESI, M+Na*): m/z calcd. For C14H2:1NNaOsS 306.1120, found 306.1120.
(2R*,785%)-2,7-dimethyl-4-tosyl-1,4-oxazepane (9i):

To a magnetically stirred solution of alkynol 8i (50 mg, 0.178 mmol) in CH2Cl» (3 mL), was
added Ag(OTY) (18.3 mg, 0.071 mmol) at 0 °C. The reaction mixture was allowed to warm
to room temperature. After complete consumption of starting material (TLC control), Et3SiH
(56.7 pL, 0.355 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as
eluent furnished the oxazepane derivative 9i (46 mg, 92%).

Physical Appearance: Colorless oil.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 2932, 1336, 1158, 1085, 944, 851, 673, 550 cm™!,

'H NMR (400 MHz, CDCl3): 6 7.66 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 3.90-3.82
(m, 1H), 3.78-3.69 (m, 2H), 3.67-3.61 (m, 1H), 3.01-2.96 (m, 1H), 2.58 (dd, J = 14.0, 10.4
Hz, 1H), 2.41 (s, 3H), 2.09-2.01 (m, 1H), 1.68-1.59 (m, 1H), 1.16 (d, J = 6.0 Hz, 3H), 1.12
(d, J=6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): 5 143.3 (C), 136.4 (C), 129.8 (2 x CH), 127.0 (2 x
CH), 76.8 (CH), 74.9 (CH»), 57.6 (CH), 46.5 (CH>), 37.8 (CH>), 22.8 (CH3), 21.6 (CH3), 19.6
(CHs).

HRMS (ESI, M+H"): m/z calcd. For C14H22NO;S 284.1346, found 284.1346.

(2R*, 78%)-2-cyclohexyl-7-methyl-4-tosyl-1,4-oxazepane (9j):

To a magnetically stirred solution of alkynol 8j (50 mg, 0.143 mmol) in CH>Cl, (3 mL), was
added Ag(OTf) (14.7 mg, 0.057 mmol) at 0 °C. The reaction mixture was allowed to warm to

room temperature. After complete consumption of starting material (TLC

Ts
\
control), Et3SiH (45.6 pL, 0.286 mmol) was added as described for the N
oxazepane derivative 9a followed by purification on a silica gel column Cy“'[o>
9j Me

using ethyl acetate-petroleum ether as eluent furnished the oxazepane

derivative 9j (43 mg, 86%).

Physical Appearance: Colorless solid.
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m.p.: 70-72 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 2966, 2924, 2850, 1598, 1494, 1446, 1371, 1337, 1306, 1266, 1205, 1154, 1086,
1044, 1022, 957, 883, 868, 817, 747, 732, 706 cm™!.

'TH NMR (400 MHz, CDCl3): 6 7.64 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 3.80-3.72
(m, 2H), 3.64-3.58 (m, 1H), 3.25-3.20 (m, 1H), 3.01-2.94 (m, 1H), 2.66 (dd, J=10.4, 2.8 Hz,
1H), 2.40 (s, 3H), 2.07-2.00 (m, 1H), 1.88 (d, /=11 Hz, 1H), 1.71-1.68 (m, 2H), 1.62-1.54
(m, 3H), 1.31-1.23 (m, 2H), 1.15 (d, J = 6.5 Hz, 4H), 1.09-0.94 (m, 3H).

13C NMR (100 MHz, CDCl3, DEPT): 143.2 (C), 136.5 (C), 129.8 (2 x CH), 127.0 (2 x CH),
85.1 (CH), 75.7 (CH), 54.7 (CH»), 46.3 (CH>), 41.5 (CH), 37.9 (CH>), 29.5 (CH>), 28.9 (CH>),
26.4 (CH»), 26.1(CHz), 26.0 (CH»), 22.3 (CH3), 21.6 (CHs).

HRMS (ESI, M+H"): m/z calcd. For C19H30NO3S 352.1965, found 352.1965.

Gram scale synthesis of (3S,7S)-7-methyl-3-phenyl-4-tosyl-1,4-oxazepane (9d):
(3S,7S)-7-methyl-3-phenyl-4-tosyl-1,4-oxazepane (9d):

To a magnetically stirred solution of alkynol 8d (1 g, 2.890 mmol) in CH>Cl» (30 mL), was
added Ag(OTY) (288 mg, 1.16 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(926 pL, 5.800 mmol) was added as described for the oxazepane derivative 9a followed by
purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the
oxazepane derivative 9d (792 mg, 79%).

Physical Appearance: White solid.

m.p.: 72-74 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

[a]p 35: -92.8 (¢ 1.1, CHCl3).

IR (neat): 2931, 2341, 1339, 1160, 684, 554 cm™!.
'H NMR (500 MHz, CDCl):  7.76 (d, J = 8.0 Hz, 2H), 7.33 (d, J= 8.0 Hz, 2H), 7.28-7.25
(m, 5H), 5.13 (s, 1H), 4.50 (dd, J=13.5, 1.5 Hz, 1H), 3.85 (dd, J = 13.5, 3.5 Hz, 1H), 3.80-
3.73 (m, 1H), 3.57-3.51 (m, 1H), 3.24-3.18 (m, 1H), 2.47 (s, 3H), 2.12-2.06 (m, 1H), 1.60-
1.53 (m, 1H), 1.20 (d, J = 6.5 Hz, 3H).

13C NMR (125 MHz, CDCl3, DEPT): § 143.4 (C), 138.6 (C), 138.1 (C), 129.8 (2 x CH),
128.5 (2 x CH), 128.2 (2 x CH), 127.5 (CH), 127.2 (2 x CH), 76.9 (CH), 73.1 (CH»), 61.0
(CH), 41.8 (CH»), 37.5 (CH»), 22.4 (CH3), 21.7 (CHa).

HRMS (ESI, M+Na*): m/z calcd. For C19H23NNaOsS 368.1301, found 368.1301.
2,6-dimethyl-4-tosyl-3,4-dihydro-2H-1,4-oxazine (10):

518



To a magnetically stirred solution of alkynol 6j (100 mg, 0.374 mmol) in CH>Cl, (3 mL),
were added Ag(OTY) (9.61 mg, 0.037 mmol) and p-TSA (6.44 mg, 0.037) at 0 °C. The reaction
mixture was allowed to warm to room temperature. After complete consumption of starting
material (TLC control), the reaction mixture was quenched with saturated NaHCO3, extracted
with CH>Cl,, washed with brine, and dried. Evaporation of solvent and purification of residue
on silica gel column using EtOAc-petroleum ether as eluent furnished the morphine derivative
10 (90 mg, 90 %).

Physical Appearance: Colourless oil.

Ry: 0.5 (10:90, EtOAc:Petroleum ether).

IR (neat): 3067, 2820, 2352, 1686, 1596, 1183, 1081, 1005, 917 cm™.
'H NMR (400 MHz, CDCl3): § 7.63 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.81 (s,
1H), 3.68 (ddd, J=13.1, 2.2, 1.4 Hz, 1H), 3.38-3.30 (m, 1H), 2.74 (d, /= 13.1, 9.0 Hz, 1H),
242 (s,3H), 1.72 (s, 3H), 1.14 (d, /= 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl3, DEPT): § 143.9 (C), 140.0 (C), 134.1 (C), 129.9 (2 x CH),
127.5 (2 x CH), 99.5 (CH), 68.5 (CH), 48.3 (CH>), 21.7 (CH3), 18.1 (CH3), 18.0 (CH3).
HRMS (ESI, M+Na*): m/z calcd. For C13H17NNaO3S 290.0823, found 290.0823.
(S)-N-(2-hydroxy-1-phenylethyl)-4-methyl-N-(3-oxobutyl) benzenesulfonamide (11):

To a magnetically stirred solution of alkynol 8d (50 mg, 0.213 mmol) in CH>Cl> (3 mL), was
added Ag(OTf) (21.9 mg, 0.085 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), the
reaction mixture was quenched with saturated NaHCO3, extracted with CH>Cl> (3 x 5 mL),
washed with brine, and dried. Evaporation of solvent and purification of residue on silica gel

column using EtOAc-petroleum ether as eluent furnished methyl ketone 11 (69 mg, 90%).

Physical Appearance: Yellow oil.

R;: 0.3 (20:80, EtOAc:Petroleum cther), oh,. N e
IR (neat): 3110, 2931, 2363, 1715, 1264, 1212, 1159, 1090, 816, 760, [ \/\g/
657,551 e, Of 14

TH NMR (400 MHz, CDCls): § 7.69 (d, J = 8.4 Hz, 2H), 7.24-7.22 (m, 4H), 7.13-7.04 (m,
2H), 5.09 (t, J = 8.4 Hz, 1H), 4.00 (d, /= 6.8 Hz, 2H), 3.34 (t, J= 8.0 Hz, 2H), 2.91-2.83 (m,
1H), 2.54-2.46 (m, 1H), 2.40 (s, 3H), 1.97 (s, 3H).

13C NMR (100 MHz, CDCl3, DEPT): § 207.7 (C), 143.7 (C), 137.6 (C), 136.2 (C), 129.8 (2
x CH), 128.8 (2 x CH), 128.3 (CH), 128.0 (2 x CH), 127.4 (2 x CH), 62.3 (CH), 62.0 (CH>),
44.3 (CH), 39.4 (CH»), 30.1 (CH3), 21.6 (CH3).

T
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HRMS (ESI, M+Na*): m/z calcd. For C1oH23NNaO4S 384.1239, found 384.1239.

(58 *)-5-methyl-3-tosyl-6,8-dioxa-3-azabicyclo [3.2.1] octane (14):

To a magnetically stirred solution of alkynol 12 (100 mg, 0.353 mmol) in CH>Cl, (3 mL),
were added Ag(OTf) (9.1 mg, 0.035 mmol) and p-TSA (6.1 mg, 0.035 mmol) at 0 °C. The
reaction mixture was allowed to warm to room temperature. After complete consumption of
starting material (TLC control), Et3SiH (112.7 pL, 0.706 mmol) was added as described for
the morpholine derivative 7a followed by purification on a silica gel column using ethyl
acetate-petroleum ether as eluent furnished the morpholine derivative 14 (85 mg, 85%).
Physical Appearance: White solid.

m.p.: 156-158 °C.

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 3013, 2341, 1346, 1166, 1002, 767, 549 cm’'.
'H NMR (400 MHz, CDCl3): 6 7.59 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 4.52 (d, J
=4.8 Hz, 1H), 4.03 (d, /= 6.8 Hz, 1H), 3.80 (t, /= 6.0 Hz, 1H), 3.48 (dd, /=11.2, 1.3 Hz,
2H), 2.74 (d, J=11.2 Hz, 1H), 2.44 (d, J = 10.8 Hz, 1H), 2.39 (s, 3H), 1.39 (s, 3H).

13C NMR (100 MHz, CDCl3, DEPT): 5143.9 (C), 132.8 (C), 129.8 (2 x CH), 127.5 (2 %
CH), 104.1 (C), 72.8 (CH), 68.2 (CH>), 52.6 (CH>), 47.9 (CH»), 21.5 (CH3), 21.3 (CH3).
HRMS (ESI, M+H"): m/z calcd. For C13H1sNO4S 284.0942, found 284.0942.

(1S*,6R *)-6-methyl-3-tosyl-7,9-dioxa-3-azabicyclo [4.2.1] nonane (15):

To a magnetically stirred solution of alkynol 13 (70 mg, 0.235 mmol) in CH2Cl> (3 mL), was
added Ag(OTf) (24.1 mg, 0.094 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature. After complete consumption of starting material (TLC control), Et3SiH
(74.9 pL, 0.469 mmol) was added as described for the oxazepane derivative 9a followed by

purification on a silica gel column using ethyl acetate-petroleum ether as eluent furnished the

oxazepane derivative 15 (65 mg, 93%).

Ts
\
Physical Appearance: White solid. [N
m.p.: 181-183 °C. :
207/ Me
A 15 O J

Ry: 0.7 (20:80, EtOAc:Petroleum ether).

IR (neat): 2957, 1462, 1337, 1157, 755, 672, 551 cm’'.
'H NMR (400 MHz, CDCl3): 6 7.62 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 4.50-4.48
(m, 1H), 4.02-4.00 (m, 1H), 3.95 (t, J = 6.8 Hz, 1H), 3.67-3.60 (m, 2H), 2.86 (dd, J = 13.2,
1.6 Hz, 1H), 2.77-2.70 (m, 1H), 2.40 (s, 3H), 2.20-2.12 (m, 1H), 1.89-1.84 (m, 1H), 1.41 (s,
3H).

13C NMR (100 MHz, CDCl3, DEPT): § 143.4 (C), 136.1 (C), 129.8 (2 x CH), 127.0 (2 x
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CH), 110.4 (C), 76.1 (CH), 66.3 (CH>), 53.6 (CH>), 45.7 (CH>), 41.8 (CH>), 27.3 (CH3), 21.6
(CH3).

HRMS (ESI, M+H"): m/z calcd. For C14H20NO4S 298.3130, found 298.3130.

(28 *,6R*)-2,6-Dimethyl-morpholine (16):

To a cold (=78 °C) solution of compound 7j (10 g, 39.469 mmol) in dry THF (100 mL) was
added sodium naphthalide solution prepared by adding naphthalene (29.9 g, 236.817 mmol)
to sodium (11.8 g, 296.018 mmol) in dry THF (50 mL) at rt and stirred for 2h and the resulting
solution is stirred for 1 h. The reaction mixture was quenched by addition of saturated NH4Cl
at —78 °C and warmed to rt. The reaction mixture was extracted with EtOAc (3 x 5SmL), and
the combined organic layer was washed with dilute HCI (3 x 5 mL). The aqueous layer was
neutralized with saturated aqg NaHCO3 and extracted with EtOAc (3 x 5 mL). The combined
organic layers were washed with brine, dried over anhydrous Na>SO4, and evaporated to
furnish 16 (2.65 g, 62%).

Physical Appearance: Colourless liquid.

Ry: 0.5 (50:50, EtOAc:Petroleum ether).

'"H NMR (400 MHz, CDCl3): § 3.56-3.49 (m, 2H), 2.77 (d, J = 13.7 Hz,
2H), 2.37 (t,J=11.2 Hz, 2H), 1.79 (brs, 1H), 1.72 (s, 3H), 1.08 (d, J = 4.8 Hz, 6H).

13C NMR (100 MHz, CDCl3, DEPT): § 73.1 (2 x CH), 52.1 (2 x CH>), 19.2 (2 x CH3).

Data is matching with the reported one *3

(28*, 6R*)-4-(3-(4-(tert-butyl) phenyl)-2-methylpropyl)-2,6-dimethylmorpholine (2):
A magnetically stirred solution of 3-(4-(tert-butyl) phenyl)-2-methylpropanal (18) (100 mg,
0.489 mmol) and (2S*, 6R *)-2,6-dimethylmorpholine 16 (68 mg, 0.587 mmol) in acetic acid
(3 mL), was heated at 80°C for 10 minutes. NaBH4 (22 mg, 0.362 mmol) was added to the
solution portion wise and the resulting mixture was refluxed until complete consumption of
starting material. The solvent was removed under reduced pressure. After completion of
reaction (TLC control), the residue was washed with 20% NaOH solution and was extracted
with CH2Clz (3 x 5 mL). The organic layer was washed with water (2 X 5 mL) and dried over
anhydrous Na>SOs. Evaporation of solvent and purification of residue on silica gel column

using EtOAc-petroleum ether as eluent furnished morpholine (2) (137 mg, 92%).

Physical Appearance: Yellow oil.

Ry: 0.5 (20:80, EtOAc:Petroleum ether). Ve e

IR (neat): 2965, 1682, 1373, 1145, 1084, 575 cm’!. Memh(k i

'H NMR (500 MHz, CDCl;): § 7.29 (d, J = 8.0 Hz, 2H), 2 Me
7.09 (d, J = 8.0 Hz, 2H), 3.72-3.66 (m, 2H), 2.77 (dd, J = 13.5, 4.5 Hz, 1H), 2.70 (dd, J =
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20.5, 11.5 Hz, 2H), 2.29 (dd, J = 13.5, 8.5, Hz, 1H), 2.22-2.18 (m, 1H), 2.13-2.09 (m, 1H),
2.03-1.93 (m, 1H), 1.73-1.65 (m, 2H), 1.32 (s, 9H), 1.16 (dd, /= 6.0, 1.0 Hz, 6H), 0.86 (d, J
=7.0 Hz, 3H).

13C NMR (125 MHz, CDCl3, DEPT): 5 148.5 (C), 138.0 (C), 129.0 (2 x CH), 125.1 (2 x
CH), 71.84 (CH), 71.81 (CH), 65.1 (CH»), 60.2 (CH2), 59.9 (CHz), 40.9 (CH>), 34.5 (C), 32.1
(2 x CH3), 31.6 (3 x CH3), 19.3 (CH3), 18.2 (CH).

HRMS (ESI, M+H"): m/z calcd. For C20H34NO 304.2640, found 304.2640.

(28*, 6R*)-2,6-dimethyl-4-tridecylmorpholine (1):

A magnetically stirred solution of tridecanal (17) (100 mg, 0.504 mmol) and (2S*,6R *)-2,6-
dimethylmorpholine 16 (70 mg, 0.605 mmol) in acetic acid (3 mL) was heated at 80 °C for
10 minutes. NaBH4 (23 mg, 0.605 mmol) was added to the solution portion wise and the
resulting mixture was refluxed until complete consumption of starting material. The solvent
was removed under reduced pressure. After completion of reaction (TLC control), the residue
was washed with 20% NaOH solution and was extracted with CH>Cl> (3 x 5 mL). The organic
layer was washed with water (2 x 5 mL) and dried over anhydrous Na>SOs. Evaporation of
solvent and purification of residue on silica gel column using EtOAc- petroleum ether as

eluent furnished morpholine (1) (132 mg, 88%).

. . Cy3Hz7
Physical Appearance: Yellow oil. N
Ry: 0.5 (20:80, EtOAc:Petroleum ether). i l
Me™ O° "Me
IR (neat): 3324, 2855, 1467, 1144, 1081, 716 cm’!. (1

IH NMR (400 MHz, CDCl): 5 3.70-3.62 (m, 2H), 2.72 (d, J = 10.8 Hz, 2H), 2.26 (t, /= 8.8
Hz, 2H), 1.65 (t, J = 10.8 Hz, 2H), 1.45-1.44 (m, 2H), 1.25-1.23 (m, 20H), 1.13 (d, J = 6.0
Hz, 6H), 0.87-0.84 (t, J = 6.4 Hz, 3H).

13C NMR (100 MHz, CDCl;, DEPT): § 71.8 (2 x CH), 59.8 (3 x CH,), 59.0 (2 x CHa), 32.0
(CHz), 29.8 (CH2), 29.77 (CH,), 29.74 (CHa), 29.71 (CHa), 29.5 (CHz), 27.7 (CHa), 26.7
(CH,), 22.8 (CHy), 19.3 (2 x CHs), 14.2 (CH).

HRMS (ESI, M+H"): m/z calcd. For C19HaoNO 298.3126, found 298.3126.
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Mechanistic study for the formation of morpholine: NMR experiment
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Mechanistic study for the formation of morpholine: React IR experiment
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Mechanistic study for the formation of oxazepane: NMR experiment
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Mechanistic study for the formation of oxazepane: React IR experiment
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Crystal data and structure refinement for 7c¢ (ellipsoid is drawn at the 50% probability
level

-13 Y

- (60124)

22024

™ PLATON-May 19 14:50:48

177 s19.dk 03 273 autP 1 21 1 R =0.08 RES= 0 -58 X

Identification code Tc

Solvent CH2Cl: : Petroleum ether (1:1)

CCDC 2356421

Bond precision: C-C=0.0107 A Wavelength=0.71073

Cell: a=10.2670(15) b=5.7556(6) c=11.9973(14)
alpha=90 beta=98.887(12) gamma=90

Temperature: 150 K
Calculated Reported

Volume 700.44(15) 700.44(15)

Space group P21 P1211

Hall group P 2yb P 2yb

Moiety formula CI2HI6N205S CI2HI6N20O5S

Sum formula CI2HI6 N2 05 S CI2HI6 N2 05 S

Mr 300.33 300.33

Dx,g cm-3 1.424 1.424

Z 2 2

Mu (mm-1) 0.252 0.252

F000 316.0 316.0

F000’ 316.41

h,k,Imax 12,6,14 12,6,14

Nref 2461[ 1367] 2458

Tmin, Tmax 0.908,0.923 0.661,1.000

Tmin’ 0.851

Correction method= # Reported T Limits: Tmin=0.661 Tmax=1.000
AbsCorr = MULTI-SCAN
Data completeness= 1.80/1.00 Theta(max)= 24.994
R(reflections)= 0.0842( 1971)
wR2(reflections)=
0.2311( 2458)
S=1.024 Npar= 183
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Crystal data and structure refinement for 9f (ellipsoid is drawn at the 50% probability

level

Identification code
Solvent
CCDC

Bond precision:
Cell:

Temperature: 150 K

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm-3

Z

Mu (mm-1)
F000

F000’
h.k,Imax
Nref

Tmin, Tmax
Tmin’

-27Y

- (60124)

™ PLATON-Moy 19 14:52:01 2024

33 s19_dk_7_memb_tmsP 21 21 21 R = 0.06 RES= 0 36 X

of
CH2Cl: : Petroleum ether (1:1)
2356420
C-C=0.0079 A Wavelength=0.71073
a=7.8103(7) b=13.6493(13) c=17.9317(14)
alpha=90 beta=90 gamma=90
Calculated Reported
1911.6(3) 1911.6(3)
P 212121 P 212121
P 2ac 2ab P 2ac 2ab
C20 H25N O3 S C20H25N O3 S
C20H25N O3 S C20H25N O3 S
359.47 359.47
1.249 1.249
4 4
0.187 0.187
768.0 768.0
768.82
9,16,21 9,16,21
3371[ 1947] 3368
0.931,0.949 0.242,1.000
0.886

Correction method= # Reported T Limits: Tmin=0.242 Tmax=1.000

AbsCorr = MULTI-SCAN

Data completeness= 1.73/1.00
R(reflections)= 0.0573( 2491)

S =0.987

Theta(max)= 24.988
wR2(reflections)=

0.1367(3368)
Npar= 228
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