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1. Introduction Over the years, several synthetic approaches haem be

. . _developed for the preparation of morpholines sigchiray closure
Of the various nitrogen heterocyles known, morpholin€yt amino diols’ amino alcohols and sulfonium sditsiouble

derivatives are of particular importance. Subgttiumorpholine  gjylic substitution by amino alcoholsgyclization ofN-tethered
derivatives are widely distributed in many naturafigcurring  haloalcohold? reductive amination of diketon&s, reductive
and biologically active moleculésMany compounds of this etherification of N-tethered ketoalcoholg, cyclization of O-
class have shown notable biological properties, €eample, protected amino alcohold,oxirane ring opening by tosylamide
viloxazine (1), reboxetine Z) and edivoxetine 3) show and subsequent cyclizatidh, ring opening of aziridineS,
antidepressant propertiésSimilarly, the compoundg and 5 palladium catalyzed coupling dd-allylethanolamines and aryl
containing morpholine unit have anti-inflammatorydaGABAg and alkenyl halid® and intramolecular cyclization df-tethered
receptor-antagonist propertiéslorpholines are not only used in alkene-alkanol! Moreover, there are also reports of
organic synthesis as basesNsalkylating agentsbut also used intramolecular cyclization of alkanol epoxide usistyong bases
as versatile synthetic units in organic synthesigiqularly for ~ such as NaOME&, KOH/NaOH® and Lewis acid like Cu(OTS°
the construction of agrochemical, fungicides andtdricides, ~ Although, many synthetic methodologies have beereldged,
They are also used as chiral auxiliary in some dtam Some of them suffer from serious problems of lowdg&"*"

transformation&. strong base¥:* long reaction timé® metal triflate&’ and harsh
reaction conditions’® Therefore, there is a need for the protocol
EtO. £to F which facilitates the preparation in good yieldsldmieaction
;@ :@ Q\OMQ condition and with a choice of wide variety of suatts.

o o OH
o]) ol o Recently, we have developed a methodology for thehegis
[N [Nj)\@ [Nj)\Oo of oxygen and nitrogen heterocyclic compoundsa
H H H intramolecular C-C bond formation of alkyne-epoxidediated

Viloxazine (1) Reboxetine (2) Edivoxetine (3)

“ by boron trifluoride etherafé. This paper presents a
y @ oo :©\ methodology for the synthesis of morpholines, using
o NG NG, N a intramolecular C-O bond formation of alkanol-epaxithediated
O\/’%"\/[oj H \%\/H H\/[N] by boron trifluoride etherate at ambient tempemiarmoderate
RPN o >Ny o to good yields. Furthermore, to demonstrate thepescof the
® ° reaction we have also prepared (+)-viloxazine, @nrd®pressant
Fig. 1. Biologically important morpholines agent in a very good yield.
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2. Results and discussion methyl substituent at C-P4c showed a clear characteristic NOE

To start with, alkanol epoxidd0a was treated with 1.2 correlation between the position. There is another ENO

equivalents of boron trifluoride etherate in didlolmethane at
room temperature for 1.5 h and (4-Tosylmorpholiph2-

correlation between the hydrogens of C-5Me and twdrdgens
of -CH,OH at C-2 position ofc. Substratd0d

methanoll4awas obtained in 78% vyield. The reaction was also

performed using different Lewis acids and Brgnstdsaand the
results are shown in Table 1. The reaction with metfihtes

such as zZn(OT$) Cu(OTf) and In(OTf} (entries 3-5) gave 30,
15 and19% yields, respectively. Bi(OFfroduced 40% of the

Table 1

Optimization of the reaction condition

product, Sc(OTHwas found to be poor for the reaction resulting If‘ reagent

only trace amount of the desired product (entry 00) the other ?)f j - reaeem | [ L
hand, metal salts Ingl(entry 2) gave 46%, whereas FgCl HO CHzc'z OH
produced only trace amount (entry 11). Brgnstedsasuch as 10a 0°Ctort

camphor sulfonic acid (CSA) and triflic acid (TfOH)vga33%

and 52% vyields, respectively. Strong Lewis acid Btimylsilyl entry reagent (mmol) yield (%)2
trlfluoror_nethanesulfon_ate (TMSOTT) (entry 8_) failéal produce 1 BF;OEt, (1.2) 78
the desired product, instead starting material veamd to be
decomposed. 2 InCl3 (1.0) 46
Scheme 1Synthesis of starting materials 3 Zn(0Tf), (1.0) 30
R 4 Cu(OTf), (1.0) 15
R__NH, TSCU/EGN R NHTs R B8 s 5 In(OTH)s (1.0) 19
- . \[ K,COj3 / acetone j/ 5 (oo™ a3
OH CHaCl OH reflux HO™ RS 12
6 rt 7 9 R 7 TfOH (1.2) 52
mCPBA 8 TMSOTF (1.0) -
R =H, Me CH,Cl,
R = R" =H, Me, Ph 0°C tort 9 Bi(OTf)3 (1.0) 40
10 Sc(0Tf); (1.0) trace
11 FeCl (1.0) trace

ayijeld refers to isolated yield. "Decomposed.

Ts
R._N
j/ O
HO” R”
R
10

TsCI/EN R

gave two separable diastereomiédsl and 14d’ in 40 and 42%
yields, respectively. The stereochemistry of the two

R
MeNO2 12 diastereomers was determined by NOE experiment. Tiseee

Zn/ NH,HCO, R

RCHO —— —_— o !
11 KOH/i-ProH HO 5 NO; MeOH HO NH, CHCl, MG NHTs NOE correlation between hydrogen C-6H and hydrogens of
rt 7 methyl (-CH) substituent at C-2 position of compouidd”
R = alkyl, aryl NaH/DMFl)\/Br (Figure 2). Again there is a NOE correlation between two
0°C tofg 8 hydrogens of C-2CDH and hydrogens of C-6Me a#d".
% v
mCPBA NOE
R -—
HO>I/J<] cHCh R O“k Ts
10 0°C tort 9 Me,, N
(O:l““\OH
Once optimized conditions were obtained, we furthe CHa

examined the scope of the reaction with varietyutlstrates Oar NOE

10m, which were prepared as per literature methods (Betb. Lac
For the synthesis oN-tethered primary alkenol, commercially
available ethanol amine was treated with tosyl ctorin
dichloromethane to afford correspondimditosylated ethanol
amine, which was coupled with allyl bromide using pstam
carbonate as ba§&On the other hand, the secondary alcohol wasrhe formation of compounds4c 14d and 14d’ may be due to
synthesized using Henry reaction and subsequenttieduof  the stability imparted by hydrogen bonding betwéenttydroxyl
nitro group to amine, which was then coupled withldhpmide group and the tertiary amine group (Figure 3). HEtarting
using sodium hydride as base. Tdethered alkenol was then material for the synthesis df4cis a chiral compoundOc and
treated with m-chloroperbenzoic acid to give correspondingtherefore, it produces only single diastereomdc, whereas
epoxide™ It was observed from the Table 2 that terminaldiastereomeric mixtur#0d produces both the diastereomers
epoxides (entries 1-10) gave the desired morpholivbereas

1,2-disubstituted epoxides (entries 11-13) producikgl- hydrogen hydrogen

oxazepanes in good yieldk. has been observed that yield is bonding ~0y bonding O bonding O

determined by the nature of the substituent presenthe S,N\J\ TS—NHJ\ME /NM\J\
substratesAlkanol epoxidedslOa-c gave single isomer ibd4a-cin md Me o o Me

78, 80 and 72% vyields, respectively. The relatteeepchemistry
of compoundl4c was determined from the NOE experiment
(Figure 2). The compound hydrogen C-5H and hydrogeins Fig. 3.NOE of compound&4c 14dand14d

Fig. 2.NOE of compoundd4c 14d", 15land15m

hydrogen

H o140

H 14c 14d



14d and 14d’ (Figure 3). On the other hand, substrai®g-i
furnished two inseparable diastereomers each witled/aatios.

Substratel 0j gave single isomet4j with very good yield (95%).
groups produced seven

terminal
Epoxidik furnished onlyanti

Epoxide 10k-m having
membered 1,4- oxazepanes.
diasteromef 5k with 48% yield

Fig. 4. ORTEP diagram of compouribk with 45% probability
ellipsoid

Table 2

Synthesis of morpholines

1Ts

; Ts R
le Nj@/ BF;-OEt; (1.2 equiv.) I
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o
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12 OH
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Ts
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aYield refers to isolated yield. All the products were characterized by 'H, 13C NMR and
Mass spectrometry. Pnseparable mixture of diastereomers. Ratio was determined by 'H NMR.

and 10l gave separable diastereom&ss and15I' with 48% and
35% vyields, respectively. The relative stereochemisf 15k
was determined from coupling constant (C-7H, 4.43ppm,7.8
Hz) and X-ray crystallographic analysis (Figuré4yhe relative
stereochemistry of compound$8l and15I' was determined from
NOE experiment ofl5l. There is a NOE correlation between
hydrogen C-7H and hydrogens of methyl (-£Bubstituent at C-
6 position of compound5l' (Figure 2). The compoundOm
having terminal methyl group gave three isolablenpgounds,
two of which are diastereomeric oxazepab®s and15m” with
15% and 51% vyields, respectivelyand six membered
diastereomeric mixtur&4m with a ratio of 9:1 and 25% overall
yield. The relative stereochemistry of these two poumds is
determined from NOE experiment &5m” (Figure 2). There was
no NOE between C-6H proton and protons of methyl gaiup-
7Me, which indicates that OH group at C-6 and Me &t &ecis
to each other.

The mechanism of formation of morpholine and oxapes can
be rationalized by considering the formation offefiént stable
carbocations. The boron trifluoride etherate opetie
monosubstituted terminal epoxide ringld@fto give more stable

Scheme 2Plausible mechanism of the reaction
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4
either secondary or tertiary carbocatidnwhere R =!Me, Ph;
R® = H (entries 1-10, path a), which is attacked lkgadl to give
six membered intermediat®. The intermediate B is then
hydrolyzed to form morpholinel4. On the other hand,

disubstituted epoxidelOk,! opens under the same reaction

conditions to give more stable benzylic carboca@iomwhere R

= H, Me; R = Me, Ph (entries 11,12, path b), or secondar

carbocatiom orC, R? = H; R = Me (entry 13, in this case both

carbocationsA and C are secondary). The carbocation C ismetachloroperbenzoic

subsequently attacked by alkanol to give seven mescb
intermaediate D (entries 11, 12). Similarly, secondary
carbocation#\ andC are attacked by alkanol to prodig@andD
(entry 13), respectively. The intermediatBsand D are then
hydrolysed to give morpholin4 and oxazepants, respectively
(Scheme2).

The strategy is successfully applied for the sysithef (+)-
viloxazine 1. The compound is considered as an anti depressi
agent. Only a few protocols have been introduced tddal
synthesis of viloxazine till dat®* The synthesis started with the
bromination of alcoholl4a with carbon tetrabromide and
triphenyl phosphine in dichloromethane at room terafure to
give bromidel6, which wasthen treated with 2-ethoxyphenbf
to provide N-tosyl protected (+)-viloxazind8. Deprotection of
11 with sodium naphthalide gave the final product \itgxazine
1in 80% yield (Scheme 3).

Scheme 3Total synthesis of (+)-viloxazine 1

OH B
r
o CBry/PhyP oj)
_—
y C
s CH,Cly, reflux N

Ts
16

95%

K,CO3 /CH3CN
reflux
65%

Na-naphthalene
THF, -78°C

"©
E;f

(+)-viloxazine (1)

80%

3. Conclusions

In conclusion, we have developed a mild and efficreathod
for the synthesis of substituted morpholinga intramolecular

Tetrahedron

standard for'H (600 MHz, 400 MHz) or**C (150 MHz, 100
MHz) NMR. Chemical shiftsd) are reported in ppm and spin-
spin coupling constants (J) are given in Hz. HRMSBpewere
recorded using Q-TOF mass spectrometer.

4.1. General Procedure for the Synthesis ofN-Tethered

>,B\IkanoI-Epoxide:

The alkenols 10a10m (lequiv) was treated with
acid mCPBA) (1.5 equiv) in
dicholomethane (15 ml) at 8C. The reaction mixture was
brought to room temperature and stirred for a d$jpetine. After
completion of the reaction, as determined by TLGaturated
aqueous solution of N80O; was added to quench excess
mMCPBA. Dichloromethane was added to the reaction mextur
washed with saturated sodium bicarbonate and brihgisus,

and dried over anhydrous MO, Evaporation of the solvent

Jave the crude product, which was purified by newtaimina

using ethyl acetate and hexane as eluents.

4.2.1. Synthesis of N-(2-hydroxyethyl)-4-methyl-N-(oxiran-
2ylmethyl)benzene-sulfonamided§). To a stirred solution of-
allyl-N-(2-hydroxyethyl)-4-methylbenzenesulfonamide (254,
1.0 mmol) in dichlorormethane (6.0 mL), was added
chloroperbenzoic acid (258.0 mg, 1.49 mmol) at’C0 The
reaction mixture was brought to room temperaturestinced for
12 h. The progress of the reaction was monitoredlb@ with
ethyl acetate and hexane as eluents. After coropledf the
reaction, a saturated aqueous solution ofSXg was added to
quench excessnCPBA. Dichloromethane was added to the
reaction mixture, washed with saturated sodium bmaate and
brine solution. The organic layer was dried over,8@) and
evaporated to leave the crude product which wasfigdirby
column chromatography over neutral alumina usimyleicetate
and hexane as eluents to giNeg(2-hydroxyethyl)-4-methyN-
(oxiran-2-ylmethyl)benzenesulfonamide as a colasl®il. R
(hexane/ EtOAc 3:2) 0.50; yield 203 mg, 75%; NMR (600
MHz, CDCk) 6 2.18 (t,J = 10.2 Hz, 1 H), 2.33 (1 =114 Hz, 1
H), 2.37 (s, 3 H), 3.44-3.48 (m, 2 H), 3.50-3.64 (ni)43.86 (d,
J=11.4Hz, 1 H), 7.28 (d= 7.8 Hz, 2 H), 7.56 (d] = 7.2 Hz, 2
H); °C NMR (150 MHz, CDGJ) 8 21.5, 45.5, 47.1, 63.2, 65.8,
75.5, 127.8, 129.9, 131.9, 144.1; IR (KBr, neatp&®52923,
2866, 1453, 1339, 1166, 1048, 754 rHRMS (ESI) calcd. for
CpoH1gNO,S (M + HY 272.0951, found 272.0950.

422 N-(2-Hydroxyethyl)-4-methyl-N-((2-methyloxiran-2
yl)methyl)benzenesulfonamid0g). Colourless oil; R (hexane/
EtOAc 3:2) 0.47; yield 271 mg, 95%H NMR (600 MHz,
CDCly) 6 1.37 (s, 3 H), 2.41 (s, 3 H), 2.69 = 4.2 Hz, 1 H),
2.94 (d,J = 4.2 Hz, 1 H), 3.01-3.07 (m, 1 H), 3.24 W= 15.0
Hz, 1 H), 3.32 (tJ) = 6.0 Hz, 1 H), 3.34-3.38 (m, 1 H), 3.40 {d,
=15.0 Hz, 1 H), 3.69-3.72 (m, 1 H), 3.73-3.78 (m, 1 H}1 (d,

cyclization reaction ofN-tethered alkanols-epoxides in good J = 7.8 Hz, 2 H), 7.67 (dl = 7.8 Hz, 2 H);*C NMR (150 MHz,

yields. The reaction is compatible with a wide ranfunctional
groups such as ester, ether, -N@nd bromo. The major
advantage of this reaction is that it generateshalls in side
chain of the morpholine ring, which is used for gyathesis of
biologically active molecule (+)-viloxazirk

4. Experimental section

General Information: All the reagents were of reagent grade
(AR grade) and were used as purchased without furth

purification. Silica gel (60-120 mesh size) was ugadcolumn
chromatography. Reactions were monitored by TLCilicaggel
GF.s4 (0.25 mm). Melting points were recorded in openilzy
tubes and are uncorrected. Fourier transform-indch (FT-IR)
spectra were recorded as neat liquid or KBr pelldiR spectra
were recorded in CDglwith tetramethylsilane as the internal

CDCly) & 19.3, 21.7, 52.0, 53.5, 54.5, 57.2, 61.4, 1273.1,
135.7, 144.0; IR (KBr, neat) 3454, 2927, 1598, 133%2, 1090,
1029, 816, 706 cih HRMS (ESI) calcd. for GH,NO,S (M +
H)* 286.1108, found 286.1108.

4.2.3. N-(1-Hydroxypropan-2-yl)-4-methyl-N-((2-
methyloxiran-2-yl)methyl)benzenesulfonamide  (diastessi@
mixture, 7:3:10¢). Colourless oil; R(hexane/ EtOAc 3:2) 0.40;
ield 230 mg, 77%H NMR (400 MHz, CDCJ) 5 0.69 (d,J =
.4 Hz, 3 H, major), 0.83 (d,= 6.8 Hz, 3 H, minor), 1.41 (s, 3
H, major), 1.49 (s, 3 H, minor), 2.43 (s, 3 H), 2.7842(m, 2 H),
3.24-3.28 (m, 1 H), 3.36-3.41 (m, 1 H), 3.48-3.61 2nHj), 3.72-
3.94 (m, 2 H), 7.30-7.33 (m, 2 H), 7.68-7.72 (m, 2 ¥, NMR
(100 MHz, CDC}) 6 13.0, 13.3, 18.9, 20.0, 21.7, 45.9, 49.9, 52.9,
53.2, 55.8, 56.8, 58.4, 64.9, 65.1, 127.2, 12729.9, 130.0,



137.2, 137.4, 143.8, 144.0; IR (KBr, neat) 352228 2876,
1598, 1453, 1337, 1216, 1153, 1091, 1025, 756 dHRMS
(ESI) calcd. for GHNO,S (M + H) 300.1264, found
300.1263.

4.2.4, N-(2-hydroxypropyl)-4-methyl-N-((2-methyloxi2-
yl)methyl)benzenesulfonamide (diastereomeric mixture2, 3
10d). Colourless oil; R(hexane/ EtOAc 3:2) 0.45; yield 278 mg,
93%; '"H NMR (400 MHz, CDCJ) 5 1.12 (d,J = 6.4 Hz, 3 H,
major), 1.16 (dJ = 6.8 Hz, 3 H, minor), 1.37 (s, 3 H, minor),
1.42 (s, 3 H, major), 2.44 (s, 3 H), 2.71-2.74 (mii,1major),
2.77-2.87 (m, 1 H, minor), 3.14-3.18 (m, 1 H), 3.2838(m, 1
H), 3.45 (d,J = 15.2 Hz, 1 H), 3.57 (dl = 15.2 Hz, 1 H), 3.90-
3.98 (m, 1 H), 4.04-4.12 (m, 1 H), 7.34 (&5 7.6 Hz, 2 H), 7.69
(d, J = 8.0 Hz, 2 H);*C NMR (150 MHz, CDGCJ) § 19.2, 19.3,
19.5, 20.5, 20.7, 21.7, 52.0, 52.2, 53.6, 55.90,537.3, 58.4,
59.4, 65.2, 67.2, 127.4, 127.5, 129.9, 130.0, 13E35.5, 144.0,
144.1; IR (KBr, neat) 3450, 2925, 1598, 1494, 133%1, 1020,
908, 729 crit; HRMS (ESI) calcd. for GH,,NO,S (M + H)
300.1264, found 300.1267.

4.2.5. N-(2-Hydroxy-2-phenylethyl)-4-methyl-N-((2-
methyloxiran-2-yl)methyl)benzenesulfonamide  (diastess@
mixture, 5:4,108. Colourless oil; R(hexane/ EtOAc 3:2) 0.45;
yield 339 mg, 94%'H NMR (400 MHz, CDCJ) & 1.35 (s, 3 H,
minor), 1.45 (s, 3 H, major), 2.40 (s, 3 H), 2.70Jd;, 4.0 Hz, 1
H, minor), 2.76 (dJ = 4.0 Hz, 1 H, major), 2.97-3.04 (m, 3 H,
major), 3.06-3.15 (m, 3 H, minor), 3.28-3.35 (m, 1 Bi}4-3.48
(m, 1 H, major), 3.68 (d] = 15.6 Hz, 1 H, minor), 4.89 (d,=
9.2 Hz, 1 H, major), 5.08 (d,= 9.2 Hz, 1 H, minor), 7.26-7.43
(m, 6 H), 7.42 (dJ = 7.2 Hz, 1 H), 7.67 (d] = 7.6 Hz, 2 H);°C
NMR (150 MHz, CDC)) § 19.1, 19.3, 21.6, 52.0, 52.1, 52.5,
56.2, 56.7, 57.3, 58.4, 60.3, 71.4, 73.6, 126.06.1,2127.4,
127.5, 127.7, 128.0, 128.5, 128.6, 129.9, 130.(5.413135.6,
141.4, 141.7, 144.0, 144.2; IR (KBr, neat) 34852491495,
1334, 1161, 1091, 1024, 754 ¢mHRMS (ESI) calcd. for
CyeHoaNO,S (M + HY 362.1421, found 362.1423.

4.2.6. N-(2-hydroxy-2-(4-nitrophenyl)ethyl)-4-methyl-N-((2-
methyl-oxiran-2-yl)methyl)benzene-sulfonamide (diasteric
mixture 4:3,10f). Colourless oil; R (hexane/ EtOAc 3:2) 0.50;
yield 292 mg, 72%*H NMR (600 MHz, CDCJ) & 1.35 (s, 3 H,
minor), 1.49 (s, 3 H, major), 2.42 (s, 3 H, majorp2(s, 3 H,
minor), 2.75 (dJ=4.2 Hz, 1 H, minor), 2.81 (d,=4.2 Hz, 1
H, major), 3.00-3.09 (m, 3 H), 3.29 (dd,= 15.0 and 1.2 Hz, 1
H, minor), 3.41 (ddJ = 15.0 and 5.4 Hz, 1 H, major), 3.48 {d,
= 15.0 Hz, 1 H, minor), 3.76 (d,= 15.0 Hz, 1 H, major), 5.06
(d, J = 8.4 Hz, 1 H, minor), 5.23 (d) = 8.4 Hz, 1 H, major),
7.30-7.34 (m, 2 H), 7.51-7.60 (m, 2 H), 7.64-7.71 i), 8.19
(d, J = 8.4 Hz, 2 H);°C NMR (150 MHz, CDGCJ) § 21.7, 36.0,
495, 62.2, 62.4, 116.3, 126.8, 126.9, 127.8, 12%8.8, 128.83,
129.2, 130.0, 137.5, 138.0, 138.6, 143.9, 145.4(KBr, neat)
3499, 2923, 2852, 1521, 1453, 1347, 1161, 1090, 883 cn;
HRMS (ESI) calcd. for GH»3N,OsS (M + H) 407.1271, found
407.1275.

4.2.7. Methyl 4-(1-hydroxy-2-(4-methyl-N-((2-methyloxiran-2-
yl)methyl)phenylsulfonamido)ethyl)-benzoate (diastereric
mixture, 1:1,10¢g). Colourless oil; R(hexane/ EtOAc 3:2) 0.50;
yield 306 mg, 73%'H NMR (600 MHz, CDCJ)  1.24 (s, 3 H),
2.39 (s, 1.5 H), 2.41 (s, 1.5 H), 2.70 (s, 0.5 H)729, 0.5 H),
2.97 (s, 1 H), 3.01-3.10 (m, 2 H), 3.28 (M@= 15.0 Hz, 0.5 H),
3.26-3.42 (m, 1 H), 3.69 (dl = 15.0 Hz, 0.5 H), 3.89 (s, 3 H),
4.96 (d,J = 10.2 Hz, 0.5 H), 5.14 (d, = 12.0 Hz, 0.5 H), 7.29
(d, J = 7.2 Hz, 2 H), 7.43-7.50 (m, 2 H), 7.65 (bx 7.8 Hz, 2
H), 7.98 (d,J = 8.4 Hz, 2 H);"*C NMR (150 MHz, CDG)) 5
19.1, 19.3, 21.7, 22.8, 51.9, 52.0, 52.2, 53.64,566.8, 57.4,
58.3, 60.3, 71.2, 73.5, 126.0, 126.1, 127.4, 121/28,9, 129.93,

5
130.1, 130.2, 135.3, 135.7, 144.2, 144.3, 146.6,94167.0,
167.1; IR (KBr, neat) 3498, 2925, 2854, 1722, 16437, 1339,
1282, 1159, 1089, 1019, 987, 816, 758 'cHRMS (ESI) calcd.
for CyH,NOgS (M + H) 420.1481, found 420.1478.

4.2.8. N-(2-(3-Bromophenyl)-2-hydroxyethyl)-4-methyl-N-((2-
methyloxiran-2-yl)methyl)benzene-sulfonamide (diasteeric
mixture, 1:1,10h). Colourless oil; R(hexane/ EtOAc 3:2) 0.39;
yield 312mg, 71%'H NMR (600 MHz, CDCJ) & 1.34 (s, 1.5 H),
1.46 (s, 1.5 H), 2.40 (s, 3 H), 2.71 (= 3.0 Hz, 0.5 H), 2.77 (d,
J=3.6 Hz, 0.5 H), 2.96-3.02 (m, 1.5 H), 3.06-3.10 {nH), 3.26
(d,J = 15.0 Hz, 0.5 H), 3.35-3.44 (m, 1.5 H), 3.70 Jd& 15.0
Hz, 0.5 H), 4.87 (dJ = 9.6 Hz, 0.5 H), 5.05 (d] = 9.6 Hz, 0.5
H), 7.19 (tJ = 7.8 Hz, 1 H), 7.28-7.39 (m, 4 H), 7.52 (s, 0.5 H),
7.59 (s, 0.5 H), 7.65-7.68 (m, 2 HJC NMR (150 MHz, CDG))

8 19.1, 19.3, 21.6, 51.9, 52.0, 53.5, 56.4, 56.73,598.3, 60.2,
70.8,73.1, 122.7, 124.7, 124.8, 127.4, 127.5,11,299.2, 130.0,
130.1, 130.16, 130.2, 130.8, 130.9, 135.3, 1343.8] 144.1,
144.2, 144.3; IR (KBr, neat) 3492, 2925, 2855, 15928, 1338,
1159, 1090, 804, 762 ¢m HRMS (ESI) caled. for
CyoH,3BrNO,S (M + H) 440.0526, found 440.0526.

4.2.9. N-(2-Hydroxy-2-(4-methoxyphenyl)ethyl)-4-methyl-N-((2-
methyloxiran-2-yl)methyl)benzene-sulfonamide (diasterzic
mixture, 1:1,10i). Colourless oil; R(hexane/ EtOAc 3:2) 0.50;
yield 301 mg, 77%™H NMR (600 MHz, CDCJ) & 1.33 (s, 1.5
H), 1.43 (s, 1.5 H), 2.39 (s, 3 H), 2.68 {d; 3.0 Hz, 0.5 H), 2.74
(d, J= 3.0 Hz, 0.5 H), 2.93-3.01 (m, 1.5 H), 3.06-3.13 {nH}),
3.26 (d,J = 15.0 Hz, 0.5 H), 3.33 (d, = 15.6 Hz, 0.5 H), 3.41-
3.47 (m, 1 H), 3.66 (d] = 15.0 Hz, 0.5 H), 3.77 (s, 3 H), 4.84 (d,
J=9.6 Hz, 0.5 H), 5.02 (d] = 9.0 Hz, 0.5 H), 6.85 (d,=7.8
Hz, 2 H), 7.21-7.67 (m, 4 H), 7.65-7.70 (m, 2 ¢ NMR (150
MHz, CDCk) & 19.0, 19.2, 21.6, 51.9, 52.0, 53.4, 53.6, 55.3,
56.1, 56.6, 57.2, 58.2, 60.0, 70.9, 72.1, 73.1,81R14.0, 127.1,
127.2, 127.3, 127.4, 129.9, 130.0, 133.5, 133.%.5,3135.7,
143.9, 144.1, 159.2, 159.3; IR (KBr, neat) 35087891598,
1455, 1341, 1162, 1092, 815, 770°trkiRMS (ESI) calcd. for
CogH26NOsS (M + HY 392.1526, found 392.1527.

4.2.10. N-(2-Hydroxyethyl)-4-methyl-N-((2-phenylori2:

yl)methyl)benzenesulfonamid&Q]). Colourless oil; R (hexane/
EtOAc 3:2) 0.40; yield 336 mg, 97%H NMR (400 MHz,

CDCl) 4 2.43 (s, 3 H), 2.87 (d,= 6.6 Hz, 1 H), 2.93 (d] = 9.6

and 4.4 Hz, 1 H), 3.41 (d,= 6.6 Hz, 1 H), 3.46 (df] = 9.6 and
4.8 Hz, 1 H), 3.69-3.81 (m, 4 H), 7.29-7.39 (m, 5H43 (d,J =

7.6 Hz, 2 H), 7.65 (dJ = 7.2 Hz, 2 H);"*C NMR (100 MHz,
CDCly) 6 21.7, 53.1, 53.5, 53.6, 60.7, 61.3, 126.3, 12728.5,

128.8, 130.1, 135.1, 137.3, 144.2; IR (KBr, nedip&® 2977,
2876, 1598, 1452, 1336, 1153, 1091, 1024, 815, &TE;

HRMS (ESI) calcd. for GH,,NO,S (M + H) 348.1264, found
348.1262.

4.2.11. N-(2-hydroxyethyl)-4-methyl-N-((3-phenylari2-
yl)methyl)benzenesulfonamid&0k). Colourles oil, R (hexane/
EtOAc 3:2) 0.50; yield 330 mg, 95%H NMR (600 MHz,
CDCls) 6 2.42 (s, 3 H), 3.25-3.30 (m, 2 H), 3.32-3.34 (m, 2 H)
(dd,J=16.8 and 4.8 Hz, 1 H), 3.82 (= 4.8 Hz, 2 H), 3.86 (d,
J=1.8Hz, 1H), 7.25 (d] = 8.4 Hz, 2 H), 7.29-7.35 (m, 5 H),
7.71 (d,J = 8.4 Hz, 2 H);°C NMR (150 MHz, CDG)) § 21.7,
51.2, 52.6, 57.6, 61.6, 61.7, 125.9, 127.4, 128X48.7, 130.1,
135.7, 136.0, 144.1; IR (KBr, neat) 3499, 2923, 287598,
1451, 1337, 1160, 1089, 978, 815, 756'¢HRMS (ESI) calcd.
for C,gH».NO,S (M + H) 348.1264, found 414.1359.

4.2.12. N-(2-Hydroxyethyl)-4-methyl-N-((2-methyl-3-
phenyloxiran-2-yl)methyl)benzenesulfonamide  (diasteeric
mixture, 4:1,10I). Colourless oil, R(hexane/ EtOAc 3:2) 0.48
yield; 332 mg, 92%'H NMR (600 MHz, CDCJ) 6 1.13 (s, 3 H,
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major), 1.58 (s, 3 H, minor), 2.38 (s, 3 H, min@&}4 (s, 3 H,
major), 3.03-3.08 (m, 1 H), 3.46 (d,= 6.0 Hz, 2 H), 3.49-3.54
(m, 1 H), 3.66 (tJ=4.8 Hz, 1 H), 3.77-3.81 (m, 1 H), 3.83-3.87

(m, 1 H), 3.99 (s, 1 H, minor), 4.32 (s, 1 H, majdtR3-7.37 (m,
7 H), 7.53 (dJ = 7.8 Hz, 2 H, minor), 7.72 (d,= 7.8 Hz, 2 H,
major); ®*C NMR (150 MHz, CDGCJ) & 20.5, 21.6, 21.7, 51.4,
51.7, 53.4,55.4, 61.1, 61.6, 61.7, 62.3, 63.79,6826.5, 126.6,
127.4, 127.6, 127.9, 128.2, 128.3, 128.6, 130.M.11,3135.0,
135.1, 135.5, 136.0, 143.8, 144.1; IR (KBr, neg8p0, 2928,
1598, 1450, 1339, 1161, 1089, 751, 656 'criRMS (ESI)

calcd. for GeH,,NO,S (M + H) 362.1421, found 380.1323.

4.2.13. N-(2-Hydroxyethyl)-4-methyl-N-((3-methyloxiran-2-
yl)methyl)benzenesulfonamide (diastereomeric mixture, 1
10m). Colourless oil; R(hexane/ EtOAc 3:2) 0.46; yield 257 mg,
90%; '"H NMR (400 MHz, CDCJ) 6 1.25 (d,J = 5.2 Hz, 3 H,
minor), 1.29 (dJ = 5.2 Hz, 3 H, major), 2.39 (s, 3 H), 2.93-3.00
(m, 2 H, major) 3.01-3.09 (m, 2 H, minor), 3.10-3(®, 1 H,
major), 3.16-3.19 (m, 1 H, minor), 3.20-3.30 (m, 2 BI#5-3.51
(m, 1 H, minor), 3.57-3.63 (m, 1 H, major), 3.74)& 5.2 Hz, 2
H, major), 3.77-3.80 (m, 2 H, minor), 7.29 (0= 7.6 Hz, 2 H),
7.69 (d,J = 7.6 Hz, 2 H);®C NMR (100 MHz, CDG)) § 17.0,
18.7, 20.0, 215, 51.1, 51.6, 52.4, 52.7, 53.77,558.6, 61.4,
65.9, 68.0, 127.2, 129.8, 129.9, 135.5, 143.8; KBr( neat)
3518, 2926, 2854, 1625, 1598, 1452, 1337, 11610,10020,
802, 752 crit; HRMS (ESI) calcd. for GH,0NO,S (M + H)
286.1108, found 328.1219.

4.3. General Procedure for Lewis Acid Catalyzed
Intramolecular C-O Bond Formation of Alkanol-Epoxide.

To a corresponding hydroxyl-epoxide substrate® équiv)
in CH,CI, (5.0 mL) at 0 °C was addeBF;-ELO (lequiv)
dropwise, and the reaction mixture was brought tomroo
temperature. The reaction was continued for a dpddime and
monitored by TLC. After completion of the reactidhe reaction
mixture was treated with saturated sodium bicarbosatetion
(5.0 mL). The product was extracted with £CH} (2 x 10.0 mL)
and washed with brine. Organic layer was separateddaad

Tetrahedron

4.3.2. (2-Methyl-4-tosylmorpholin-2-yl)methanoll4f). Pale
yellow oil; R; (hexane/ EtOAc 3:2) 0.47; yield 228 mg, 80%:
NMR (600 MHz, CDCJ) 3 1.25 (s, 3 H), 2.42 (s, 3 H), 2.64-2.68
(m, 1 H), 2.77 (dJ = 12.0 Hz, 1 H), 2.95 (dJ = 12.0 Hz, 1 H),
3.19 (dt,J=11.4 and 2.4 Hz, 1 H), 3.50 (db= 11.4 and 5.4 Hz,
1 H), 3.55 (dJ = 10.8 Hz, 1 H), 3.75 (dff = 12.0 and 4.2 Hz, 1
H), 3.84-3.88 (m, 1 H), 7.32 (d,= 7.8 Hz, 2 H), 7.60 (1 = 7.8
Hz, 2 H); ®C NMR (150 MHz, CDGCJ) 19.2, 21.7, 45.8, 50.6,
60.5, 66.8, 73.5, 127.9, 130.0, 132.4, 144.1; IRr(keat) 3509,
2925, 2879, 1598, 1455, 1350, 1166, 1090, 1057, Gt60;
HRMS (ESI) calcd. for GH,NO,S (M + H) 286.1108 found
286.1111.

4.3.3. ((2R*,5S5*)-2,5-dimethyl-4-tosylmorpholin-2rg§thanol
(149. Pale yellow oil; R (hexane/ EtOAc 3:2) 0.40; yield 215
mg, 72%; f]o>> +13.6 (c 0.25, CHG); '"H NMR (400 MHz,
CDCly) § 1.09 (d,J = 5.2 Hz, 3 H), 1.22 (s, 3 H), 2.43 (s, 3 H),
2.96 (d,J = 13.6 Hz, 1 H), 3.37 (m, 2 H), 3.60 (d,= 10. 8 Hz,

1 H),3.73 (d,J = 11. 6 Hz, 1 H), 3.86-3.94 (m, 2 H), 7.26 Jc&&
6.8 Hz, 2 H), 7.67 (dJ = 7.2 Hz, 2 H);"*C NMR (100 MHz,
CDCly) 13.8 21.7, 22.4 22.9 (minor), 45.2, 48.6, 6280673.2,
127.2, 130.0, 137.1, 143.8; IR (KBr, neat) 3434, 2, 2854,
1454, 1337, 1161, 1037, 953, 815, 680'cHRMS (ESI) calcd.
for C,.H,,NO,S (M + H) 300.1264 found 300.1278.

4.3.4. ((2R*,6S*)-2,6-Dimethyl-4-tosylmorpholin-2-ylymenol
(14d). White solid, mp 127-128C; R (hexane/ EtOAc 3:2) 0.45;
yield 120 mg, 40%'H NMR (400 MHz, CDCJ) & 1.11 (d,J =
6.0 Hz, 3 H), 1.16 (s, 3 H), 1.92 §t= 10.8 Hz, 1 H), 2.05 (d/ =
11.6 Hz, 1 H), 2.45 (s, 3 H), 3.52-3.60 (m, 2 H), 3& = 11.2
Hz, 1 H), 3.91 (dJ = 11.2 Hz, 1 H), 3.94-3.98 (m, 1 H), 7.36 (d,
J=8.0 Hz, 2 H), 7.62 (d] = 8.0 Hz, 2 H)*C NMR (150 MHz,
CDCly) 19.2, 21.7, 23.3, 50.4, 51.3, 62.5, 65.6, 7327.9,
130.0, 132.5, 144.2; IR (KBr, neat) 3463, 2925, 285598,
1493, 1342, 1166, 1094, 1030, 814, 662 'criRMS (ESI)
calcd. for GH.NO,S (M + H) 300.1264 found 300.1271.

4.3.5. ((2S*,6S*)-2,6-Dimethyl-4-tosylmorpholin-2-yl}henol
(14d"). White solid, mp 125-126C; R; (hexane/ EtOAc 3:2)

over anhydrous N8O, and evaporated using rotary evaporator0.48; yield 126 mg, 42%H NMR (400 MHz, CDCJ) & 1.07 (d,

to obtain the crude product. The crude product watfigd by
silica gel column chromatography using ethyl aeetaid hexane
as eluents to afford the cyclic compounds.

4.3.1. Synthesis of (4-Tosylmorpholin-2-yl)methgadh). To
a stirred solution ofN-(2-hydroxyethyl)-4-methyN-(oxiran-2-
ylmethyl)benzenesulfonamide (270 mg, 1.0 mmol)
dichloromethane(5.0 mL), was adeed boron triflouradleerate
(0.15 mL, 1.2 mmol) dropwise at’C. The reaction mixture was
brought to room temperature and stirred for 1.9te progress
of the reaction was monitored by TLC with ethyl atetand
hexane as eluents. After completion of the reactioa,reaction
mixture was washed with saturated sodium bicarboseltgtion
and brine solution. The organic layer was dried d&SO,)
and evaporated to leave the crude product whichpuefied by
column chromatography over silica gel using etlpgtate and
hexane as eluents to give (4-tosylmorpholin-2-ytjraeol as a
white solid; mp 120-122C; R (hexane/ EtOAc 3:2) 0.47; yield
211 mg, 78%;H NMR (600 MHz, CDC})) § 2.27 (dd,J = 11.6
and 10.4 Hz, 1 H), 2.39 (d1,= 11.6 and 3.6 Hz, 1 H), 2.45 (s, 3
H), 3.52-3.59 (m, 3 H), 3.64-3.70 (m, 2 H), 3.74 (di= 11.2
and 2.8 Hz, 1 H), 3.92-3.97 (m, 1 H), 7.34 & 8.4 Hz, 2 H),
7.63 (t,J = 8.4 Hz, 2 H);}*C NMR (150 MHz, CDCJ) 21.6, 45.6,
47.1, 63.3, 65.9, 75.5, 128.0, 129.9, 132.1, 14RZKBr, neat)
3498, 2921, 2863, 1597, 1344, 1168, 1097, 974, TH6;
HRMS (ESI) calcd. for GH,gNO,S (M + H) 272.0951 found
272.0951.

in

J=6.4Hz, 3H), 1.29 (s, 3 H), 1.82 Jt= 10.4 Hz, 1 H), 2.38 (d,
J=11.2 Hz, 1 H), 2.42 (s, 3 H), 3.27-3.33 (m, 2 H503(d,J =

7.2 Hz, 1 H), 3.55 (dt) = 11.2 and 3.0 Hz, 1 H), 3.96-4.05 (m, 1
H), 7.31 (d,J = 8.0 Hz, 2 H), 7.59 (d] = 8.4 Hz, 2 H);°C NMR
(150 MHz, CDC}) 18.3, 19.0, 21.7, 49.8, 51.6, 65.4, 68.8, 74.0,
127.9, 130.0, 132.6, 144.0; IR (KBr, neat) 34632392852,
1598, 1493, 1342, 1166, 1094, 1030, 814, 662; ¢iRMS (ESI)
calcd. for G4H,,NO,S (M + H) 300.1264 found 300.1271.

4.3.6. (2-Methyl-6-phenyl-4-tosylmorpholin-2-yl)metbh
(diastereomeric mixture, 1:146. White solid, M. P. 133-136 0
°C; R (hexane/ EtOAc 3:2) 0.40; yield 271 mg, 75894: NMR
(600 MHz, CDC}) 6 1.26 (s, 1.5 H), 1.43 (s, 1.5 H), 2.07-2.17
(m, 1.5 H), 2.40 (s, 1.5 H), 2.42 (s, 1.5 H), 2.531(,2 Hz, 0.5
H), 3.44 (ddJ = 10.8 and 3.2 Hz, 1 H), 3.60 @@= 11.6 Hz, 0.5
H), 3.67 (d,J=11.6 Hz, 0.5 H), 3.76 (dd,= 11.6 and 1.6 Hz, 1
H), 3.81 (d,J = 11.6 Hz, 0.5 H), 3.94 (d,= 11.2 Hz, 0.5 H),
4.88 (dd,J= 10.8 and 2.8 Hz, 0.5 H,), 4.94 (= 10.4 Hz, 0.5
H), 7.28-7.32 (m, 7 H), 7.58 (d,= 6.8 Hz, 2 H);*C NMR (150
MHz, CDCL) 18.0, 21.6, 23.2, 50.0, 50.4, 51.8, 51.9, 628286
715, 71.6, 74.1, 74.5, 126.3, 126.4, 127.7, 12128,4, 128.5,
128.57, 128.6, 129.9, 130.0, 132.2, 132.4, 13838.8] 144.0,
144.1; IR (KBr, neat) 3531, 2925, 1598, 1454, 13480, 1092,
1021, 816, 755 cth HRMS (ESI) calcd. for GH,,NO,S (M +
H)" 362.1421 found 362.1418.

4.3.7. (2-Methyl-6-(4-nitrophenyl)-4-tosylmorpholin-
yl)methanol (diastereomeric mixture, 324f). White solid, mp
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142-144°C; R (hexane/ EtOAc 3:2) 0.45; yield 284 mg, 704; 2 H); **C NMR (150 MHz, CDCJ) & 18.2, 21.7, 23.4, 49.9,
NMR (600 MHz, CDC}) & 1.30 (s, 3 H, major), 1.46 (s, 3 H, 50.5, 52.0, 55.5, 62.5, 68.9, 71.3, 71.5, 74.24,7414.1, 114.2,
minor), 2.05-2.10 (m 1 H), 2.19 (d,= 12.0 Hz, 1 H, major), 127.7, 127.8, 127.86, 127.9, 128.4, 128.7, 130310} 132.5,
2.42 (s, 3 H, minor), 2.43 (s, 3 H, major), 2.55J¢; 11.5 Hz, 1  144.1, 144.2, 159.8, 159.9; IR (KBr, neat) 35272392853,
H, minor), 3.50 (tJ = 12.0 Hz, 1 H), 3.67 (d] = 11.4 Hz, 1 H, 1613, 1456, 1341, 1249, 1165, 1092, 1033, 815, i%5;
minor), 3.71 (ddJ = 11.4 and 1.2 Hz, 1 H, major), 3.82 (d+ HRMS (ESI) calcd. for gH,NOsS (M + H) 392.1526, found
12.0 Hz, 1 H), 3.86 (dl = 11.4 Hz, 1 H, major), 3.99 (d=11.4  392.1525.

I(-(Ijzd 3 E’lglgogl’ds'zoi SSJ f Iﬁo.riiig(rj) 2.743|;?I’t:1 EI;-I,4rr|1_|aZJor2),|_!|5).08 4.3.11. (2-Phenyl-4-tosylmorpholin-2-yl)methanol4jj. Pale
: ; ' ' : - ol ' ' yellow oil; R (hexane/ EtOAc 3:2) 0.45; yield 330 mg, 95%4;

Z'ﬁ‘;.' 71'3503r\(1r|c|'R2(T())b7|\'/|5H92(dé:D%;)1 yféonz)'lelngg :22'3 ';f)'l NMR (400 MHz, CDCJ) § 2.45 (s, 3 H), 2.50-2.57 (m, 1 H),
' ’ el o3 £3.4 901 588 (d,J = 12.4 Hz, 1 H), 3.33 (4= 11.6 Hz, 1 H), 3.50 (d,=

50.5, 515, 51.7, 62.4, 68.9, 708, 7L0, 747276238, 123.9, 258 ({97104 HE 1. B33 (A= ILOHZ 1 1D, 389 (A7
126.5, 127.2, 127.8, 127.9, 128.1, 128.5, 130.1.213132.3,
! H), 4.17 (d,J = 12.4 Hz, 1 H), 7.32-7.37 (m, 3 H), 7.42Xt 7.6
144.4, 1445 146.0, 148.0: IR (KBr, neat) 35282291600, ,
1522, 1454, 1349, 1166, 1092, 1022, 759, 698:¢iRMS (ESI)  HZ 2 H), 7.51 (dJ = 7.6 Hz, 2 H), 7.66 ((d) = 7.6 Hz, 2 H);
1454, 1349, 1166, 1092, 1022, 759, 698, C NMR (150 MHz, CDC) 5 21.6, 45.7, 47.9, 60.8, 69.3, 78.2,

caled. for GeHasNoOS (M + H) 407.1271 found 407.1277. 127.3, 127.9, 128.1, 128.8, 129.9, 131.9, 138.3,1t4R (KB,

4.3.8.Methyl 4-(6-(hydroxymethyl)-6-methyl-4-tosylmorphdin- neat) 3509, 2925, 2854, 1598, 1450, 1350, 11662,10017,
yl)benzoate (diastereomeric mixture, 114g). White solid, mp 816, 759 crif; HRMS (ESI) calcd. for GH,,NO,S (M + H)
150-152°C; R (hexane/ EtOAc 3:2) 0.40; yield 285 mg, 68%:  348.1264, found 348.1267.

NMR (600 MHz, CDCY) § 1.27 (s, 1.5 H), 1.44 (s, 1.5 H), 2.05- 4.3.12. (6S*,7R*)-7-Phenyl-4-tosyl-1,4-oxazepant-6-¢14k).

2.10 (m, 1 H), 2.18 (d) = 12.0 Hz, 0.5 H), 2.40 (5, 1.5 H), 241 \ i i "o 132.138C: R (hexanel EtOAG 3:2) 0.37; yield
(s, 1.5 H), 2.54 () = 11.4 Hz, 0.5 H), 3.46 (§,= 12.0 Hz, 1 H), !
A > 167 mg, 48%*H NMR (600 MHz, CDCJ) 5 2.45 (s, 3 H), 3.05-
3.64 (d,J = 11.4 Hz, 0.5 H), 3.67 (& = 11.4 Hz, 0.5 H), 3.78 0 !
. ~ 3.10 (M, 1 H), 3.40 (dd] = 15.0 and 3.6 Hz, 1 H), 3.73 (dii=
(dd,J=12.0 and 1.2 Hz, 1 H), 3.81 @@z 11.4 Hz, 0.5 H), 3.89
— 15.0 and 1.2 Hz, 1 H), 3.88 (d, 3.0 Hz, 1 H), 3.893(6,Hz, 1
(s, 1.5 H), 3.90 (s, 1.5 H), 4.00 (= 11.4 Hz, 0.5 H), 4.95 (d, 3
¢ b & H), 3.91-3.95 (m, 1 H), 4.19 (dd,= 12.6 and 3.0 Hz, 1 H), 4.43
= 10.2 Hz, 0.5 H), 4.98 (d} = 10.8 Hz, 0.5 H), 7.30 (§ = 8.4
Hz, 2 H), 7.36-7.40 (m, 2 H), 7.57 @= 7.8 Hz, 2 H), 8.98 (dd, (@J=7-8Hz 1H), 7.28 (U=7.2Hz, 1 H), 7.33-7.36 (m, 4
21, P e, ’ <1, ' H), 7.40 (dJ = 7.8 Hz, 2 H), 7.72 (1 = 7.8 Hz, 2 H);:®C NMR

J=8.4 and 3.6 Hz, 2 H)*C NMR (150 MHz, CDCJ) & 18.1,
517 229. 23.3. 50.0 )50 & 51 7(51 8. 5244 6(;8)9 713 (150 MHz, CDC)) 3 21.7, 52.6, 54.5, 73.5, 76.2, 88.3, 126.6,
14 TAA TAB 1263 12632 127 8. 127 9'91,'219306'130'1' 127.2, 128.0, 128.6, 130.1, 136.0, 141.2, 144.0(KBr, neat)

S e T e SR S e o 3508, 2923, 1597, 1494, 1336, 1161, 1089, 1029, BAB cni';

130.2, 130.3, 132.4, 143.7, 143.8, 144.2, 144.8,816166.9; IR .
(KBr, neat) 3492, 2925, 2854, 1721, 1455, 13422128166, ?nglséégES') calcd. for ¢Hz:NO,S (M + H) 348.1264 found

1091, 1020, 779, 705 EMHRMS (ESI) calcd. for GH,NOS
(M + H)" 420.1475, found 420.1480. 4.3.13. (6R*,7S*)-6-Methyl-7-phenyl-4-tosyl-1,4-p&pan-6-ol
(150). Pale yellow oil; R (hexane/ EtOAc 3:2) 0.40; yield 173
mg, 48%; 'H NMR (600 MHz, CDCJ) § 0.75 (s, 3 H), 2.44 (s, 3
H), 3.00 (dt,J = 12.6 and 4.2 Hz, 1 H), 3.10 @= 15.6 Hz, 1
H), 3.64 (d,J = 15.0 Hz, 1 H), 3.88 (di] = 12.0 and 3.6 Hz, 1
H), 3.98 (dd,J = 13.8 and 3.6 Hz, 1 H), 4.17 (dtlz 12.6 and 4.2
Hz, 1 H), 4.68 (s, 1 H), 7.23-7.26 (m, 1 H), 7.31@& 7.8 Hz, 2
H), 7.34 (dJ=7.8 Hz, 2 H), 7.41 (A= 7.2 Hz, 2 H), 7.72 (d]

= 7.8 Hz, 2 H);®*C NMR (150 MHz, CDG)) 6 21.2, 21.7, 53.3,
61.6, 74.0, 76.4, 89.2, 126.9, 127.0, 127.2, 12%3D,1, 136.0,
139.3, 144.0; IR (KBr, neat) 3507, 2929, 2872, 15961, 1335,

4.3.9. (6-(3-Bromophenyl)-2-methyl-4-tosylmorpholin-2-
yl)methanol (diastereomeric mixture, 114h). Pale yellow oil;
R (hexane/ EtOAc 3:2) 0.48; yield 268 mg, 61%;NMR (600
MHz, CDCL) & 1.26 (s, 1.5 H), 1.42 (s, 1.5 H), 2.02-2.07 (m, 1
H), 2.14 (d,J = 12.0 Hz, 0.5 H), 2.40 (s, 1.5 H), 2.42 (s, 1.5 H),
2.50 (d,J = 11.4 Hz, 0.5 H), 3.45 (dd,= 11.4 and 6.0 Hz, 1 H),
3.61 (d,J=11.4 Hz, 0.5 H), 3.66 (d,= 12.0 Hz, 0.5 H), 3.74 (d,
J=11.4Hz, 1 H), 3.81 (d] = 11.4 Hz, 0.5 H), 3.92 (d,= 11.4
Hz, 0.5 H), 4.87 (ddJ = 10.2 and 3.0 Hz, 0.5 H), 4.90 @=
%043 Hz, 0.5 H), 7.16-7.23 (m, 2 H), 7.30t= 9.0 Hz, 2 H), - 317" 151 515, 750 cnHRMS (ESI) calcd. for GHoNO,S

40 (t,J = 6.0 Hz, 1 H), 7.45 (s, 0.5 H), 7.47 (s, 0.5 H), 7&7 A
J=7.8 Hz, 2 H)¥C NMR (150 MHz, CDG)) 5 18.0, 21.2, 23.2, (M H)" 362.1421 found 362.1431.
50.4, 51.7, 51.8, 62.3, 68.8, 70.9, 71.0, 72.14,744.8, 122.8, 4.3.14. (6R*,7R*)-6-Methyl-7-phenyl-4-tosyl-1,4-agpan-6-ol
125.0, 125.1, 127.8, 129.3, 129.9, 130.1, 130.2.313131.5, (15I). Pale yellow oil; R (hexane/ EtOAc 3:2) 0.45; yield 126
131.6, 132.1, 132.3, 141.1, 141.2, 144.2, 144.3(KBr, neat)  mg, 35%;*H NMR (600 MHz, CDCJ) § 1.13 (s, 3 H), 2.44 (s, 3
3509, 2925, 2853, 1597, 1341, 1165, 1071, 808, 8%2,cm'; H), 3.24 (d,J = 13.8 Hz, 1 H), 3.27-3.31 (m, 1 H), 3.45 (&=
HRMS (ESI) calcd. for @H,sBrNO,S (M + H) 440.0526, found  14.4 Hz, 1 H), 3.53 (d] = 13.8 and 3.6 Hz, 1 H), 3.77-3.82 (m,
440.0527. 1 H), 4.10-4.15 (m, 1 H), 4.41 (s, 1 H), 7.29-7.35 {nH), 7.70

— A3
4.3.10. (6-(4-Methoxyphenyl)-2-methyl-4-tosylmorphah (d, 3= 7.8 Hz, 2 H);"C NMR (150 MHz, CDC) 6 21.7, 24.4,
. : ; - - 51.9, 60.8, 71.4, 74.8, 88.0, 127.4, 128.1, 12828.3, 130.1,
yl)methanol (diastereomeric mixture, 324i). Colourless oil; R ;
; i S 135.5, 138.1, 143.9; IR (KBr, neat) 3507, 2929, 287595,
(hexane/ EtOAc 3:2) 0.38; yield 254 mg, 65%; NMR (600 .
- . 1451, 1335, 1157, 1024, 815, 750 GrhiRMS (ESI) calcd. for
MHz, CDCk) 6 1.25 (s, 3 H, major), 1.43 (s, 3 H, minor), 2.04-C H..NO.S (M + HY 362 1421 found 362.1431
2.14 (m, 1 H), 2.18 (dJ = 12.0 Hz, 1 H, minor), 2.42 (s, 3 H, C1sHzNO.S (M +H) 362.1421 found 362.1431.
major), 2.43 (s, 3 H, minor), 2.55 (d,= 11.4 Hz, 1 H, major), 4.3.15. (6R*7S*)-7-Methyl-4-tosyl-1,4-oxazepant6-¢15m).
3.41-3.44 (m, 1 H), 3.61 (d,= 11.4 Hz, 1 H, major), 3.65 (dd, Pale yellow oil; R (hexane/ EtOAc 3:2) 0.45; yield 43 mg, 15%;
=11.4 and 1.2 Hz, 1 H, minor), 3.72 (®7 11.4 Hz, 1 H), 3.76 'H NMR (600 MHz, CDC}) § 0.87 (d,J = 6.6 Hz, 3 H), 2.43 (s,
(d,J=11.4 Hz, 1 H, major), 3.78 (s, 3 H), 4.02 (de; 11.4 and 3 H), 3.28 (dJ = 13.8 and 4.2 Hz, 1 H), 3.31-3.34 (m, 1 H), 3.44
2.4 Hz, 1 H, minor), 4.83 (dd,= 10.2 and 2.4 Hz, 1 H, minor), (dt,J = 13.8 and 4.2 Hz, 1 H), 3.49 (dil= 14.4 and 4.2 Hz, 1
4.90 (d,J = 10.2 and 2.4 Hz, 1 H, major), 6.83-6.87 (m, 2 H),H), 3.64 (dt,J = 12.6 and 3.0 Hz, 1 H), 3.78-3.83 (m, 2 H), 3.97
7.20-7.26 (m, 2 H), 7.32 §,=8.4 Hz, 2 H), 7.58 (1= 7.8 Hz,  (dt,J = 12.0 and 4.2 Hz, 1 H), 7.32 @ = 7.8 Hz, 2 H), 7.67 (d,
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J = 7.8 Hz, 2 H)¥*C NMR (100 MHz, CDCJ) 18.5, 21.7, 51.2,
54.1, 70.0, 72.2, 79.2, 127.0, 130.0, 135.9, 14RgKBr, neat)
3508, 2973, 2925, 1598, 1495, 1337, 1163, 108%,1783, 701
cmi’; HRMS (ESI) caled. for GH,NO,S (M + H) 286.1108
found 332.1318.

4.3.16. (6S*,7S*)-7-Methyl-4-tosyl-1,4-oxazepant6-GL5m’).
Pale yellow oil; R (hexane/ EtOAc 4:1) 0.38; yield 145 mg,
51%;'H NMR (600 MHz, CDCJ) & 1.30 (d,J = 6.0 Hz, 3 H),
2.42 (s, 3 H), 2.87-2.92 (m, 1 H), 3.02 §d= 8.4 Hz, 1 H), 3.22
(d,J =15.0 Hz, 1 H), 3.53-3.56 (M, 2 H), 3.64 {ds 15.0 Hz, 1
H), 3.74 (dddJ = 12.0, 9.0 and 3.0 Hz, 1 H), 4.04 (dds 12.0
and 3.6 Hz, 1 H), 7.31 (d,= 8.4 Hz, 1 H), 7.66 (dl = 8.4 Hz, 2
H); C NMR (100 MHz, CDCJ) 20.1, 21.7, 52.8, 54.5, 73.1
76.6, 83.1, 127.0, 130.0, 136.0, 143.9; IR (KBath&508, 2973,
2925, 1598, 1495, 1337, 1163, 1089, 1039, 763, FOd;
HRMS (ESI) calcd. for GH,NO,S (M + H) 286.1108 found
332.1318.

4.3.17. 1-(4-Tosylmorpholin-2-yl)ethanol (diastereame
mixture, 9:1,14m). Pale yellow oil; R(hexane/ EtOAc 3:2) 0.40;
yield 75 mg, 25%'H NMR (600 MHz, CDCJ) 5 1.19 (d,J = 6.0
Hz, 3 H), 2.21 (tJ = 10.8 Hz, 1 H), 2.30 (brs, 1 H), 2.38 (dds
10.8 and 1.8 Hz, 1 H), 2.45 (s, 3 H), 3.35 (@4,7.8 and 7.2 Hz,
1 H), 3.53-3.62 (m, 3 H), 3.69 @,= 12.0 Hz, 1 H), 3.96 (dl =
11.4 Hz, 1 H), 7.32 (d] = 8.4 Hz, 2 H, minor), 7.35 (d,= 8.4
Hz, 2 H, major), 7.63 (d] = 7.8 Hz, 2 H, major), 7.67 (d,=8.4
Hz, 2 H, minor);**C NMR (100 MHz, CDCJ) 18.9, 20.2, 21.7,
22.8, 45.6, 47.2, 52.8, 54.6, 66.0, 68.2, 73.27,789.2, 83.2,
127.0, 128.0, 130.0, 130.1, 132.3, 143.9, 144.2(KBr, neat)
3508, 2973, 2925, 1598, 1495, 1337, 1163, 1089,10&3, 701
cm®; HRMS (ESI) calcd. for GH,0NO,S (M + H) 286.1108
found 332.1318.

4.4. Synthesis of (t)-viloxazine 1

4.4.1. 2-(Bromomethyl)- 4-tosylmorpholine 9)( Carbon
tetrabromide (671 mg, 2.0 mmol) was added in oné¢igroto a
solution of7a (500 mg, 1.84 mmol) in dry Gi&l, (3.5 mL) at 0
°C, and the reaction was stirred at 0 °C. After 1Gwutds, a
solution of PRP (530 mg, 2.0 mmol) in Ci€l, (1.5 mL) was
added via cannula and stirred at 0 °C for 10 miheri the
reaction mixture was allowed to warm to room tempeeaind
further stirred for 2 h. After reaction completéide mixture was
evaporated in vacuo. The residue was purified bigasibel
column chromatography to give the bromifleas white solid
M.P. 81-82°C; R (hexane) 0.80; yield 583 mg, 95%) NMR
(600 MHz, CDC}) 6 2.24 (t,J = 10.2 Hz, 1 H), 2.42-2.47 (m, 1
H), 2.45 (s, 3 H), 3.31 (dd,= 10.8 and 5.4 Hz, 1 H), 3.35 (dH,
=10.2 and 5.4 Hz, 1 H), 3.51 @z 11.4 Hz, 1 H), 3.69-3.77 (m,
3 H), 3.95 (dJ = 10.2 Hz, 1 H), 7.36 (dl = 7.8 Hz, 2 H), 7.64
(d, J = 7.8 Hz, 2 H);®*C NMR (150 MHz, CDCJ) § 21.7, 31.5,
45.4, 49.0, 66.2, 74.3, 128.0, 130.0, 132.2, 14R3KBr, neat)
2920, 2862, 1597, 1452, 1344, 1167, 1097, 974, TH6;
HRMS (ESI) calcd. for GH;/BrNO;S (M + H) 334.0107, found
334.0115.

4.4.2. 2-((2-Ethoxyphenoxy)methyl)-4-tosylmorpho(it. To a
solution 2-ethoxyphenolO (414 mg, 3 mmol) in CECN (10
mL) was added ¥COs; (620 mg, 4.5 mmol) at room temperature,
followed by a solution 0B (1200 mg, 4.5 mmol) in C}N (1
mL). The reaction mixture was heated to reflux oigdrh After
cooling to rt, silica gel was added to the reactitrture and the
solvent was removed on the vacuum. The residue wiégeplby
column chromatography to givEl as a white solid, M.P. 90-92

°C; R (hexane/ EtOAc 4:2) 0.40; yield 381 mg, 65%; NMR
(600 MHz, CDCY) & 1.41 (t,J = 7.2 Hz, 3 H), 2.36 (/| = 5.4
Hz, 1 H), 2.43 (s, 3 H), 2.45 (di,= 11.4 and 3.6 Hz, 1 H), 3.55
(d,J=11.4 Hz, 1 H), 3.72 (d§,= 11.4 and 2.4 Hz, 1 H), 3.80 (d,
J=11.4 Hz, 1 H), 3.93-3.97 (m, 3 H), 4.02-4.05 (nH)3 6.84-
6.89 (m, 3 H), 6.92-6.96 (m, 1 H), 7.33 (ds 7.8 Hz, 2 H), 7.64
(d, J = 7.8 Hz, 2 H);®*C NMR (150 MHz, CDGCJ) § 15.0. 21.7,
45.7, 48.0, 64.6, 66.1, 70.5, 73.8, 114.0, 11621.1, 122.7,
128.0, 129.9, 132.3, 144.1, 148.4, 149.6; IR (KiBzat) 2924,
2854, 1596, 1504, 1453, 1346, 1256, 1167, 112211941, 754
cm’; HRMS (ESI) calcd. for gHgNOsS (M + H) 392.1526,
found 392.1536.

4.4.3. 2-((2-Ethoxyphenoxy)methyl)morpholine, (#)-viloxazine
(). To a cooled (-78 °C) green suspension of sodiunain{d8
mg, 1.44 mmol) and naphthalene (208 mg, 1.62 mimobry
THF (4.0 mL) was added the correspondidgosyl protected
(+)-viloxazine 11 (140 mg, 0.36 mmol) under argon, and the
mixture wasstirred for 45 min at the same tempeeaftinen, the
reactionwas hydrolyzed with brine (10.0 mL) and eptrd with
CH,CI, (3x10 mL). The combined organic layers were dried
overanhydrous MgS£and evaporated. The resulting residue was
purified by flash chromatography (deactivated ailigel,
ether/acetone) to yield the corresponding pure ymbdas
colourless solid, M.P. 177-17€; R (MeOH/ CHCL, 9:1) 0.40;
yield 145 mg, 80%'H NMR (600 MHz, CDC}) & 1.41 (t,J =
7.2 Hz, 3 H), 2.81 () = 11.4 Hz, 1 H), 2.89 (d| = 9.0 Hz, 1 H),
2.95 (dd,J = 12.6 and 6.6 Hz, 1 H), 3.15 @= 12.0 Hz, 1 H),
3.70 (t,J=11.4 Hz, 1 H), 3.75 (1 = 6.0 Hz, 1 H), 3.91-3.97 (m,
3 H), 4.04-4.08 (m, 3 H), 6.87-6.89 (M, 2 H), 6.923(m, 2 H);
¥C NMR (150 MHz, CDCJ) § 15.1, 45.7, 48.3, 64.7, 67.8, 71.0,
74.9, 114.1, 115.4, 121.2, 122.2, 148.8, 149.5{KBr, neat)
3440, 2924, 1503, 1453, 1255, 1125, 1039, 1002, Gi5;
HRMS (ESI) calcd. for GH,oNO; (M + H)" 238.1438, found
238.1437.
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