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1. Introduction dienes in the [4 + 3]-cyloadditon reaction, prouglibicyclic
, , _ , , lactam derivatives in good yields and diastereasigigy.®*!
Thiomorpholin-3-ones are unique heterocyclic mofifesent | aier jn 2015, Jeffrey and Wu independently rebitfee first

in @ number of natural products and bioactive mdie with — example of dearomative [3 + 2]-cycloaddition reaetof in-situ
promising activitiessuch as shermilamine F is a pyridoacridine

alkaloids isolated from the Ascidian Cystodytes,ilbafycins F Ny
(1) isolated from Streptomycessp. is a potent inhibitor of Ny©
autophagy:? ML276 was found to bea submicromolar O O I
inhibitor of Pf GBPD? Fluorescent compound a transcyclized
product of GGT probe NM-GSH, could easily pass throcgjh O _NH
membrane and enrich in lysosomes and selectivelygi the j%
GGT overexpressed cancer cells for easy visualizafiossesses h
the potential for cancer diagnosis and treatmeigu(g 1)! Due shermilamine F

to their bioactivities and medicinal value, the lexation of

efficient methods to build thiomorpholin-3-onesafneworks is

of significant importance. Reported methods inclu@e direct §
condensation of thioglyco-lates with 2-oxazolidinsfgi) MCR 0 H o o
reaction of diaryl 1,2-diones, thiazolium salts andter® (iii) O\)UN ° ot _)oH
domino reaction from thioglycolates, aldehydes amdmonia N SN O Sw
catalyzed by L-proline/ Despite the accomplishment of the 7 F O HN(S—NH o
aforementioned methods toward constructing thiomalip#B- 00

ones, the development of a more efficient method Viatile ML276 fluorescent compound 4
accessible substrates is still highly desirable.

N S
H

bafilomycins F (1)

Figure 1. Selected examples of natural products and bigactiv
As a type of transient reactive species, the azdigkgations  compounds containing a thiomorpholin-3-one framéwor

which can be generally in situ generated from

halohydroxamates in the presence of bases, In 2@,

intermediate was first trapped by Jeffrey’'s groungiscyclic

formed azaoxyallyl cations with substituted indolgspviding
rapid access to a variety of functionalized pyrimdoline
derivatives in good yield¥:"® Since these elegant discoveries,
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the azaoxyallyl cation species have attracted densble
attention as highly efficient 3-atom units in [3nf cycloaddition
reactions for the construction of various biologjicamportant
nitrogen containing heterocyclésAnd a series of [3 + 1]-, [3 +
2]-, and [3 + 3]-cycloaddition reactions have besveloped
with azaoxyallyl cations used as versatile suregaif “1,3-
dipole” to react with sulfur ylideS, aldehydes® ketones,™®
imines:*?* enamines, # isothiocyanide$® nitrones’** N-
oxides?® aromatic ethylenes, alkynes® indole derivative$?®
azides and nitriles respectivéfy?® providing the corresponding
cycloaddition products. Some of these new cycloaudit
reactions were used for the synthesis of naturadymis® *° In
addition, the azaoxyallyl cations were also repormisd2-atom
units in [2 + 4]-cycloaddition reactions withN-(2-
chloromethyl)aryl)amides for the construction o#-#ljhydro-
2H-benzofi][1,3]oxazines’ and the intramolecular cycloaddition
involving azaoxyallyl cations for the synthesis NfHydroxy
Oxindoles by an aza-nazarov-type reaction was repdnyeliao
group® As a relatively stable sulfur sour&e?
mercaptoacetaldehyde is an electrophilic-nucleaphitagent
which might function as a cyloadditon partner witl3-dljpole.
Therefore, We envisioned that thiomorpholin-3-onanmfework
might be constructed by the [3 + 3]-cycloadditidram@aoxyallyl
cations and mercaptoacetaldehyde. Herein, we wisbpirt our
preliminary result of the protocol to prepare thapwholin-3-one
derivatives: 2-1,4-thiazin-3(4)-ones and thiomorpholine-3,5-
diones.

2. Results and Discussion

To investigate the cyclization between azaoxyalatians and
mercaptoacetaldehyde, we first examined the raadtietween
N-(benzyloxy)-2-chloro-2-phenylacetamida( in situ generated
azaoxyallyl cation) and 1,4-dithiane-2,5-dioRa( in situ
generated mercaptoacetaldehyde) in the preserieghofn THF,
the cycloaddition proceeded smoothly and internmteda’ was
observed, after treated with TsOH in one pot, thereeés#-
(benzyloxy)-2-phenyl-&-1,4-thiazin-3(4)-one 3a was isolated
in 79% vyield. Subsequently, the conditions of thelization
reaction were screened, a series of bases were eapior this
reaction. As shown ifable 1, changing EN to DIPEA gave a
lower yield in 57%, while secondary amine DIPA extedit
almost comparable activity as ;Bt and the reaction was
completed in 8h, givin@a in 71% yield Table 1, entry 1-3.
The cycloaddition could also be promoted by DMAP, the
reaction rate became quite slow, with substtateonsumed over

Tetrahedron

1 E&N THF 12 79

2 DIPEA THF 12 57
3 DIPA THF 8 71
4 DMAP THF 96 70
5 DABCO THF 24 trace
6 NaCO; THF 72 55
7 KoCOs THF 8 73

8 EtONa THF 24 61
9 NaOH THF 12 decomposed
10 EtN DCM 8 46
11 EtN CHCl 8 76
12 Et:N EA 8 82
13 EtN Acetone 12 79
14 EtN CH:CN 8 75
15 EgN Toluene 24 56
16 EtN dioxane 12 80
17 EtN DMF 4 65
18 EtN DMSO 4 42

[a] Reaction conditionsta (0.5 mmol),2a (0.375 mmol), base (0.5 mmol), in
solvent (5 mL) were stirred under room temperature.

[b] Yield refers to isolated products after chroagatphy.

With the optimal conditions in hand, we then exardirtee
scope of the cycloaddition reaction, a set-dfalohydroxamates
1 were tested. As shown iTable 2 a-halohydroxamate
derivatives with various substitution patterns iclihg electron-
deficient and electron-donating groups all carriedt this
reaction smoothly to form the corresponding pros®-3; in
medium to good yields. The yields dfli2l,4-thiazin-3(4)-ones
with electron-donating group substituted aromatig ri3d, 3f,
3g) was slightly higher than the products bearing tedec
deficient aromatic ring 3b-3c 3¢ 3h-3l). There was no
significant  steric effect when the ortho-substituted
arylacetamides were used as starting materiédb-3¢).
Replacing the benzyloxy group on the nitrogen atwith
methoxy or ethoxy group also gave desired productgood
yield (3m, 3n). Disubstituted arylacetamides were also tested to
react with 2a, the corresponding product3o and 3p were
isolated in 73% and 84% yield, respectively. FinalN-
(benzyloxy)-2-chloro-2-(naphthalen-2-yl)acetamide enegrated
product 3q in 80% vyield. It was noteworthy that alkyl group
substituted  o-chlorohydroxamate (2-bromid-ethoxy-2-
methylpropanamide) was also tested in the reacsimmyrisingly,
just the intermediat®’ was detected in moderate yield, but after
reflux by addition of either TsOH or PCC, trace amtooh
product3 or 4 was detected by TLC.

Table 2. Formation of #-1,4-thiazin-3(4)-ones 3°
OH

96 h and producBa isolated in 70% vyield. DABCO failed to o s 1 EtN (1.0 equiv) ﬁ:R o
produce the expected product, giving trace amoudn8a as Af%N/OR + EA. rt. [ ji
indicated by TLC Table 1, entry 4-5. Inorganic bases such as ca H 2.TsOH (0.2 equiv) g p,
K,CO,, NaCO,, EtONa produce8ain diminished yields, while OH  refluxforth
NaOH gave no desired product, accompanied by thelytotal 1 2a 3
decomposation ofa within 12 h Table 1, entry 6-9. Then, a OBn OR OBn
brief solvent survey demonstrated that EA was th¢, laesl the N. _O N. _O N. O
annulation completed in 8h and produ@zdn 82% yield Table [ [ [
1, entry 10-18. Intermediate3a’ was also successfully isolated S N g S S
from the reaction, and the diastereoselectivity whscked by & MeO
NMR. Unfortunately, all the conditions we tried gaxery poor 3aR'=H, 82% OMe
d.r. value ranging from 1:1 to 1:1.2 (see supplemerdatg). 3bR' = 2-Cl, 66% 3mR =Me, 71%
L ) a 3¢ R' = 2-NO,, 72% SnR=Et 84% 30, 87%
Table 1. Optimization of the annulation towarg@a 3dR' = 2-0Me, 87%
g R 5o 10
0] = 3-OMe, 79%
Ph% 0B 4 (k S pase s M on SN 3g R! = 4-Me, 86% oen e
N Sﬁ) solvent ph)}(N‘OB ?lufph)ﬁ(N\OBn 3hR! = 4F, 75% [ ¢ [
cl n 3iR' = 4-Cl, 74%
o ° rth ° 3jR' = 4-Br, 68% s S OO
1a 2a 3a’ 3a 3kR'=4-CN, 76% cl
entry base solvent time (h) yield ®6) 3IR" = 4-NO,, 72% 3p, 3% 34, 80%




[a] Reaction conditionsta (0.5 mmol),2a (0.375 mmol), BN (0.5 mmal),
in EA (5 mL) were stirred under room temperature ¥ah, then TsOH (0.1
mmol) was added and reflux forlh.

[b] Yield refers to isolated products after chroagatphy.

To augment the application of the methodology, atah of
the intermediate 4-(benzyloxy)-5-hydroxy-2-
phenylthiomorpholin-3-one 3@’) was proceeded and 4-
(benzyloxy)-2-phenylthiomorpholine-3,5-dione  4&() was
isolated as the product to avoid the diastereofifegn, a variety
of thiomorpholine-3,5-diones were synthesized by dkielation
of intermediate 5-hydroxythiomorpholin-3-ones3’)( with
pyridinium chlorochromate (PCC) in moderate yields.shown
in Table 3 a variety ofa-halohydroxamate derivatives were
checked in this two-steps reaction. Alkoxy groupghenitrogen
atom seemed to influence the yield slightly. Beoxy| methoxy
and ethoxy group substitutegthalohydroxamate gave desired
thiomorpholine-3,5-diones in 57-67% yield4af4c). The
substrates bearing various aromatic groups supkflasophenyl,
p-tolyl, o-nitrophenyl, o-methoxyphenyl, naphthyl reacted
smoothly and produced the products in 56-72% y{éidt4h).
The yields of diones with electron-donating grouppsiituted
aromatic ring seemed to be slightly higher than éfectron-
deficient substituted onedd 4g compared tatd, 4f), indicating
that the azaoxyallyl cations in situ generated fram
chlorohydroxamates might be stabled by electroh-ecomatic
rings.

Table 3. Formation of thiomorpholine-3,5-diond$" °

OH
0 H\ EtsN OH  pee
S (10aui S
Ar%N,OR *g (1.0 equiv) A );(\Nr\ (1.5 equw q
& H EA rt. A DCM, reflux AT
OH o} o}
1 2a 3 4

S F°

o
o]
Me’

4e, 65%
o)
sTY

N.
@N\OBn O
od g

OBn
4f, 56% 49, 72% 4h, 66%

OBn

4aR = Me, 57%
4b R = Et, 67%
4c R =Bn, 62%

0

[a] Reaction conditionsla (0.5 mmol),2a (0.375 mmol), EN (0.5 mmol),

in EA (5 mL) were stirred under room temperatune@h, after a fast flash
chromography purification &', PCC (0.75 mmol) was added to the solution
of 3" in DCM and reflux forlh.

[b] Yield refers to isolated products after chroagatphy.

A plausible mechanism of the annulation is depicted
Scheme 1 Thus, Under weak basic conditionsg-
halohydroxamatel in situ generates azaoxyallyl cati@n and
meanwhile mercaptoacetaldehy2@ is generated in situ by the
dissociation of 2,5-dihydroxy-1,4-dithian@a. Nucleophilic
attack of thiol to azaoxyallyl cation 5 and the Idaling
intramolecular nitrogen anion nucleophilic attackhe aldehyde
group form the produ@’, accomplishing the cycloaddition. The
final product3 is obtained by dehydration and the proddigs
obtained by oxidation.

3

3. Conclusion

In summary, we have described an annulation raacfio-
halohydroxamates  with 1,4-dithiane-2,5-digl  giving
thiomorpholin-3-one derivatives in moderate to ggaelds.
This procedure provided an efficient route to abtai-1,4-
thiazin-3(4)-ones and thiomorpholine-3,5-diones under mild
condition, exhibiting good functional group tolecan It is
concerned that azaoxyallyl cations is generatatigrreaction
as a crucial intermediate. Further applications tbfs
methodology in synthetic organic chemistry are euily
underway in our laboratory.

Scheme 1Plausible mechanism

9 _
Q)
TsOH, -H,O ST
Ar. N OR | ce AF\).\N/OR N /\N
¢ - ,—Zr "OR
! 5 OH 0
nucleophiliq ~annulation S/\( 3
OH attack Ar)ﬁfN\OR
(s st f °
issociati _—
[ S dissociation HS_CHO |w> /\,T
2a° . Ar)ﬁ( “OR
OH 3 o
4

4. Experimental Section

Unless otherwise indicated, all reactions wereiedrout
without NY/Ar protection with magnetic stirring. Column
chromatography was conducted on silica gel (300-m66h)
using comPound appropriate mixturesnetiexane and EtOAc
as eluent.’H NMR (400 MHz) and”C NMR (100 MHz)
spectra were recorded in deuterated solvents andeported
in ppm relative to tetramethylsilane (TMS).

A variety of a-chlorohydroxamatesl were synthesized
from the corresponding aldehydes according toiteeature®
18 All other chemicals were obtained from commersiairces
and used without further purification.

4.1 The Preparation ofa-chlorohydroxamategl)

Aryl aldehyde (10 mmol, 1.0 equiv) and malononitr{El
mmol, 1.1 equiv) were dissolved in EtOH (10 mL), then
piperidine (1 mmol, 0.1 equiv) was added. The mixtwas
stirred at room temperature for 1 h, and the regpkolid was
filtered, washed with cold EtOH, the product
arylidenemalononitrile was collected as a white salid directly
used in the next step without further purificatiohhen 2-
arylidenemalononitrile was dissolved in €, (15 mL) and
mCPBA (1.5 equiv) was added in portions, the mixtures wa
stired at room temperature overnight. Saturatedliuso
bicarbonate solution was added to adjust PH>7, drttawith
CH,Cl, (15 mL x3), after washing with brine (15 mL), the
combined organic phase was dried over anhydroyS®laand
concentrate under reduced pressure to give theared?,2-
dicarbonitrile as a brown solid, which could be us@ectly in
the next step without further purification. oxira@-
dicarbonitrile was then dissolved in gEN (15 mL), O-
alkylhydroxylamine hydrochloride (1.2 equiv) was addand the
mixture was heated to reflux for 1 h,® (15 mL) was added,
extracted by CKCl, (15 mL x3), after washing with brine (15
mL), the combined organic phase was dried over awolwgd
N&SQ, and concentrate under reduced pressure to givertioe
product 2-chloroacetamide as a brown oil, which ddod further
purificated by recrystallization or column chromgtaphy on
silica gel (300-400 mesh) to afford the pure praduc

2-
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N-(benzyloxy)-2-chloro-2-(3-methoxyphenyl)acetamideld). (
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 4/1) as a yellow oil
(1.41 g, 46% over 3 stepsH NMR (400 MHz, CDC}, TMS):
=9.33 (s, 1H), 7.36-7.34 (m, 5H), 7.26-7.23 (m, BH6-6.94
(m, 2H), 6.89-6.87 (m, 1H), 5.24 (s, 1H), 4.88 (s, ZH},7 ppm
(s, 3H);°*C NMR (100 MHz, CDC}, TMS): § = 165.0, 159.8,
137.2, 134.5, 129.9, 129.5, 129.0, 128.6, 120.3,.(0,1113.3,
78.3, 58.9, 55.3 ppm.

N-(benzyloxy)-2-chloro-2-(4-fluorophenyl)acetamide (1g).
The title compound was obtained according to theers
procedure described above after recrystallizatioomf n-
hexane/ethyl acetate as white solid (1.53 g, 53&6 8\steps),
m.p. 104-106°C; '"H NMR (400 MHz, CDC}, TMS): § =
9.40 (s, 1H), 7.37-7.32 (m, 7H), 7.01J% 8.4 Hz, 2H), 5.25
(s, 1H), 4.90 ppm (s, 2H)**C NMR (100 MHz, CDC},
TMS): § = 164.9, 163.1)c_r = 247.3 Hz), 134.5, 131.9 ¢ ¢

Tetrahedron

4-(Benzyloxy)-2-(2-chlorophenyl)-2H-1,4-thiazin-Bjdone @b).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a white solid
(109.5 mg, 66%), m.A.04-105°C; 'H NMR (400 MHz, CDC},
TMS): & = 7.49-7.47 (m, 2H), 7.43-7.39 (m, 4H), 7.27-7.22 (m
3H), 6.42 (dJ = 7.2 Hz, 1H), 5.46 (dd],= 7.6 Hz,J,= 1.6 Hz,
1H), 5.16-5.09 ppm (m, 3H)**C NMR (100 MHz, CDC},
TMS): 5 = 158.9, 134.2, 133.9, 132.6, 130.1, 130.0, 12128,3,
129.1, 128.7, 127.3, 127.1, 100.5, 78.1, 44.1 pgRMS (EI):

calculated for GHyCINO,S, [M+H]", 332.0507, found
332.0508.
4-(Benzyloxy)-2-(2-nitrophenyl)-2H-1,4-thiazin-3(4éhe  @c).

The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a pale yellow oil
(123.3 mg, 72%):H NMR (400 MHz, CDC}, TMS): 5 = 8.09—
8.07 (m, 1H), 7.61-7.59 (m, 1H), 7.52-7.47 (m, 3H}1#7.37

= 3.2 Hz), 129.8J c.r = 7.5 Hz), 129.4, 129.1, 128.7, 115.9 (m, 4H), 6.36 (dJ = 7.2 Hz, 1H), 5.54 (s, 1H), 5.51-5.49 (m,

(J c¢ = 22.0 Hz), 78.3, 58.1 ppm.

N-(benzyloxy)-2-(4-bromophenyl)-2-chloroacetamide 1i). (
The title compound was obtained according to theersd
procedure described above after recrystallizatioomf n-
hexane/ethyl acetate as white solid (1.81 g, 5186 8\steps),
m.p. 116-118C; *H NMR (400 MHz, CDC}, TMS): § =
9.31 (s, 1H), 7.46 (d] = 8.4 Hz, 2H), 7.37-7.35 (m, 5H), 7.22
(d, J= 8.4 Hz, 2H), 5.22 (s, 1H), 4.90 ppm (s, 2HE NMR
(100 MHz, CDC}, TMS): 8 = 164.5, 134.9, 134.4, 132.0,
129.4,129.1, 128.7, 123.5, 78.3, 58.2 ppm.

N-(benzyloxy)-2-chloro-2-(2,3-dimethoxyphenyl)anetie

(In). The title compound was obtained according to th
general procedure described above after recrysititn from
n-hexane/ethyl acetate as white solid (1.31 g, 39%r &
steps), m.p. 92-9€; *H NMR (400 MHz, CDC}, TMS): 8 =
9.27 (s, 1H), 7.36-7.34 (m, 5H), 7.06—6.97 (m, 26192—
6.89 (m, 1H), 5.65 (s, 1H), 4.92 (s, 2H), 3.87 3kl), 3.84
ppm (s, 3H);*C NMR (100 MHz, CDC}, TMS): 8 = 165.3,
152.5, 146.5, 134.8, 130.1, 129.4, 128.8, 128.8,512120.6,
113.5, 78.2, 61.1, 55.8, 54.1 ppm.

4.2 General procedure for the synthesis oft2-1,4-thiazin-
3(4H)-ones (3).

EtsN (69 puL, 0.2 mmol, 1.0 equiv) was added to the mixtur@-of
chloroacetamide4 (0.5 mmol, 1.0 equiv), 1,4-dithiane-2,5-diol
2a (57 mg, 0.375 mmol, 0.75 equiv) iBtOAc (5 mL). The
mixture was stirred at room temperature until corgple
consumption of 2-chloroacetamid&sTsOH+ H,O (19 mg, 0.1
mmol, 0.2 equiv) was added, and the mixture was Hetie

reflux for 1 h, HO (5 mL) was added after the mixture was

cooled to room temperature, extracted with EtOAc (5 x3).
After washing with brine (5 mL), the combined orgapitase

was dried over anhydrous ps0, and concentrate under reduced

pressure. The residue was purified by column chrography on
silica gel (306400 mesh) to afford compoun8s

4-(Benzyloxy)-2-phenyl-2H-1,4-thiazin-3(4H)-or8a)( The title
compound was obtained according to the general guvee
described above after column chromatography orcasiljel

€

1H), 5.11 ppm (ddJ; = 18.0 Hz,J,=10.4 Hz, 2H);"*C NMR
(100 MHz, CDC}, TMS): § = 158.4, 148.3, 134.1, 133.5, 130.1,
130.0, 129.9, 129.4, 128.7, 127.5, 125.8, 100.72,78.5 ppm;
HRMS (El): calculated for GH.,CN,O,S, [M+H]", 343.0747,
found 343.0750.

4-(Benzyloxy)-2-(2-methoxyphenyl)-2H-1,4-thiazidkBtone
(3d). The title compound was obtained according to theeggn
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow oil
(142.4 mg, 87%):H NMR (400 MHz, CDC}, TMS): § = 7.49—
7.46 (m, 2H), 7.40-7.37 (m, 3H), 7.31-7.27(m, 1H)A#7112
(m, 1H), 6.92—-6.89 (m, 2H), 6.39 (@= 6.4 Hz, 1H), 5.45 (ddl,

= 7.2 Hz,J,= 1.2 Hz, 1H), 5.14-5.08 (m, 3H), 3.85 ppm (s, 3H);
*C NMR (100 MHz, CDC}, TMS): 5 = 159.6, 156.5, 134.4,
129.9, 129.7, 129.2, 128.7, 128.3, 126.9, 123.4.6,2110.9,
101.0, 78.0, 55.7, 40.8 ppnHRMS (El): calculated for
CygH1/NO;S, [M+H]", 328.1002, found 328.1006.

4-(Benzyloxy)-2-(3-chlorophenyl)-2H-1,4-thiazin-Bjdone @e).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow oil
(117.8 mg, 71%):H NMR (400 MHz, CDC}, TMS): § = 7.40—
7.39 (m, 1H), 7.37-7.33 (m, 5H),7.32-7.27 (m, 3H)26&,J =
7.2 Hz, 1H), 5.45 (dd}, = 6.4 Hz,J,= 1.6 Hz, 1H), 5.07-5.01 (m,
2H), 4.61-4.60 ppm (m, 1H)*C NMR (100 MHz, CDC}
TMS): 5 = 158.4, 136.6, 134.6, 134.1, 130.0, 129.2, 12®7,9,
127.4, 126.1, 99.6, 77.9, 47.0 ppRRMS (EI): calculated for
C,H1,CINO,S, [M+H]", 332.0507, found 332.0503.

4-(Benzyloxy)-2-(3-methoxyphenyl)-2H-1,4-thiazidkBtone

(3f). The title compound was obtained according to theeggn
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow oil
(129.3 mg, 79%):H NMR (400 MHz, CDC}, TMS): 6 = 7.36—
7.31 (m, 5H), 7.28-7.24 (m, 1H), 7.00-6.96 (m, 2H3766.85
(m, 1H), 6.21 (dJ = 7.2 Hz, 1H), 5.44 (dd);= 7.2 Hz,J,= 1.6
Hz, 1H), 5.03 (s, 2H), 4.62 (d,= 1.6 Hz, 1H), 3.79 ppm (s, 3H);
®¥C NMR (100 MHz, CDC}, TMS): 8 = 159.8, 158.8, 136.1,
134.2, 130.0, 129.7, 129.1, 128.6, 127.3, 120.B.8,1113.5,

(eluting with n-hexane/ EtOAc 5/1) as a pale yellow oil (121.999.8, 77.8, 55.3, 47.4 ppmHRMS (El): calculated for

mg, 82%),'H NMR (400 MHz, CDC}, TMS): 6 = 7.41-7.32 (m,
10H), 6.21 (dJ = 7.2 Hz, 1H), 5.44 (ddl,= 7.2 Hz,J,= 2.0 Hz,
1H), 5.04 (s, 2H), 4.65 ppm (d= 2.0 Hz, 1H);"*C NMR (100

MHz, CDCk, TMS): 6 = 159.0, 134.6, 134.2, 130.0, 129.2, 128.7

128.6, 128.4, 127.8, 127.3, 99.9, 77.9, 47.4 ppRMS (EI):
calculated for GH,sNO,S, [M+H]", 298.0896, found 298.0891.

CigH1/NOsS, [M+H]", 328.1002, found 328.1007.

4-(Benzyloxy)-2-(p-tolyl)-2H-1,4-thiazin-3(4H)-one3g). The
titte compound was obtained according to the germ@tedure
tescribed above after column chromatography orcasiljel
(eluting with n-hexane/ EtOAc 5/1) as a pale yellow oil (133.9



mg, 86%),"H NMR (400 MHz, CDC}, TMS): 5 = 7.37—~7.34 (m,
5H), 7.29-7.25 (m, 2H), 7.16 (d= 8.0 Hz, 2H), 6.23 (d] = 7.2
Hz, 1H), 5.45 (ddJ; = 7.2 Hz,J,= 1.6 Hz, 1H), 5.05 (s, 2H),
4.62 (d,J = 0.8 Hz, 1H), 2.34 ppm (s, 3HYC NMR (100 MHz,

CDCl;, TMS): 6 = 159.1, 138.3, 134.2, 131.5, 130.0, 129.4, 129.

128.6, 127.7, 127.2, 100.0, 77.9, 47.2, 21.2 pHRMS (EI):
calculated for GH;/NO,S, [M+H]", 312.1053, found 312.1051.

4-(Benzyloxy)-2-(4-fluorophenyl)-2H-1,4-thiazin-Bjdone @h).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow oil
(118.3 mg, 75%):H NMR (400 MHz, CDC}, TMS): § = 7.38—
7.35 (m, 7H), 7.06-7.02 (m, 2H), 6.24 @@= 8.0 Hz, 1H), 5.47

(dd,J;=7.2 Hz,J,=1.6 Hz, 1H), 5.07-5.02 (m, 2H), 4.63 ppm (d

J = 0.8 Hz, 1H);"*C NMR (100 MHz, CDC}, TMS): § = 162.7
(J cr = 245.9 Hz), 158.9, 134.1, 130.3 { = 2.3 Hz), 129.9,
129.7 0 c¢ = 7.7 Hz), 129.2, 128.7, 127.3, 115J(r = 21.8
Hz), 99.9, 77.9, 46.8 ppmHRMS (El): calculated for
CiHFNG,S, [M+H]", 316.0802, found 316.0806.

4-(Benzyloxy)-2-(4-chlorophenyl)-2H-1,4-thiazin-Bjdone @i).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow solid
(122.8 mg, 74%), m.p. #68°C; 'H NMR (400 MHz, CDC},
TMS): 6 = 7.37-7.32 (m, 9H), 6.23 (d,= 7.2 Hz, 1H), 5.44 (dd,
J;=7.2 Hz,J,= 2.0 Hz, 1H), 5.06-5.01 (m, 2H), 4.61 ppm {d,
= 1.6 Hz, 1H);"®*C NMR (100 MHz, CDC}, TMS): § = 157.5,
133.3, 133.0, 131.9, 128.8, 128.2, 128.1, 127.§,.6,2126.3,
98.6, 76.8, 45.7 ppniRMS (EI): calculated for ¢H1,CINO,S,
[M+H] ", 332.0507, found 332.0501.

4-(Benzyloxy)-2-(4-bromophenyl)-2H-1,4-thiazin-3(4e Gj).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow solid
(127.9 mg, 68%), m.p. 685°C; 'H NMR (400 MHz, CDC},

'4-Ethoxy-2-phenyl-2H-1,4-thiazin-3(4H)-one3nj. The

5
147.7, 141.6,:133.9, 129.9, 129.3, 129.0, 128.6.612123.8,
99.5, 78.1, 46.8 ppmiRMS (EI): calculated for GH;sN,O,S,
[M+H]", 343.0747, found 343.0745.

f-Methoxy-Z-phenyI-ZH-1,4-thiazin-3(4H)-oné3no. The title

¢ompound was obtained according to the general guvee
described above after column chromatography orcasiljel
(eluting withn-hexane/ EtOAc 5/1) as a pale yellow oil (78.6 mg,
71%),"H NMR (400 MHz, CDC}, TMS): 8 = 7.42-7.31 (m, 5H),
6.48 (d,J = 7.2 Hz, 1H), 5.63 (dd);= 7.2 Hz,J,= 1.6 Hz, 1H),
4.65 (d,J = 1.6 Hz, 1H), 3.10 ppm (s, 3HYC NMR (100 MHz,
CDCl;, TMS): 6 = 158.7, 134.6, 128.7, 128.4, 127.7, 126.1, 101.0,
63.4, 47.3 ppm;HRMS (El): calculated for GH;NO,S,
[M+H]", 222.0583, found 222.0585.

title
compound was obtained according to the general puvee
described above after column chromatography orcasiljel
(eluting withn-hexane/ EtOAc 5/1) as a pale yellow oil (98.8 mg,
84%),"H NMR (400 MHz, CDC}, TMS):§ = 7.41-7.28 (m, 5H),
6.48 (d,J = 7.2 Hz, 1H), 5.58 (dd];= 7.2 Hz,J,= 1.6 Hz, 1H),
4.64 (d,J = 1.6 Hz, 1H), 4.20-4.09 (m, 2H), 1.31 ppmJ(t 7.2
Hz, 3H); °C NMR (100 MHz, CDC}, TMS): 6 = 159.1, 134.7,
128.7, 128.3, 127.7, 127.0, 100.2, 71.7, 47.3, pprA; HRMS
(ED: calculated for GH{;NO,S, [M+H]", 236.0740, found
236.0745.

4-(Benzyloxy)-2-(2,4-dichlorophenyl)-2H-1,4-thiad@H)-one
(30). The title compound was obtained according to theeggn
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a white solid
(133.3 mg, 73%), m.A.18-120°C; ‘H NMR (400 MHz, CDC},
TMS): § = 7.48-7.44 (m, 3H), 7.41-7.39 (m, 3H), 7.23 (@id;
8.4 Hz,J,= 1.6 Hz, 1H), 7.15 (d] = 8.4 Hz, 1H), 6.42 (d]= 7.2
Hz, 1H), 5.47 (dd),= 7.2 Hz,J,= 1.2 Hz, 1H), 5.11 (dd}, =
12.0 Hz,J,= 6.4 Hz, 2H), 5.04 pm (d,= 1.2 Hz, 1H)®*C NMR
(100 MHz, CDC}, TMS): 6 = 158.5, 134.9, 134.6, 134.0, 131.1,
130.0, 129.9, 129.8, 129.3, 128.7, 127.3, 100.41,78.5 ppm;

TMS): § = 7.49-7.47 (m, 2H), 7.38-7.32 (m, 5H), 7.28-7.26 (MHRMS (EI): calculated for GH,,Cl,NO,S, [M+H]", 366.0117,

2H), 6.23 (d,J = 7.6 Hz, 1H), 5.45 (dd),= 7.2 Hz,J,=1.6 Hz,
1H), 5.07-5.01 (m, 2H), 4.60 ppm @@= 1.6 Hz, 1H);*C NMR

(100 MHz, CDC}, TMS): 6 = 158.5, 134.1, 133.5, 131.8, 130.0,

129.6, 129.2, 128.7, 127.4, 122.6, 99.9, 77.9, $p19; HRMS
(ED: calculated for GH.BrNO,S, [M+H]", 376.0001, found
376.0007.

4-(4-(benzyloxy)-3-oxo-3,4-dihydrok2-1,4-thiazin-2-

found 366.0119.

4-(Benzyloxy)-2-(2,3-dimethoxyphenyl)-2H-1,4-thieZ#aH)-

one @p). The title compound was obtained according to the
general procedure described above after colummubagraphy

on silica gel (eluting witm-hexane/ EtOAc 5/1) as a pale yellow
oil (155.5 mg, 87%)H NMR (400 MHz, CDC}, TMS): =
7.48-7.46 (m, 2H), 7.40-7.37 (m, 3H), 7.03)(t 8.0 Hz, 1H),

yhbenzonitrile Bk). The title compound was obtained according6.91-6.88 (m, 1H), 6.86—6.83 (m, 1H), 6.38Jd; 6.8 Hz, 1H),

to the general procedure described above after noolu
chromatography on silica gel (eluting witkhexane/ EtOAc 5/1)
as a white solid (122.5 mg, 76%), m.p. 130-282'"H NMR
(400 MHz, CDC}, TMS): § = 7.65 (d,J = 8.0 Hz, 2H), 7.51 (d

= 8.4 Hz, 2H), 7.39-7.36 (m, 5H), 6.28 (s 7.2 Hz, 1H), 5.47
(dd,J;= 7.2 Hz,J,= 1.6 Hz, 1H), 5.07 (dd},= 14.0 Hz,J,= 2.4
Hz, 2H), 4.87 ppm;*C NMR (100 MHz, CDC}, TMS): & =
158.0, 139.7, 133.9, 132.4, 129.9, 129.3, 128.8.6,2127.6,
118.4, 112.3, 99.4, 78.0, 47.1 ppRRMS (EI): calculated for
C1gH15N,0,S, [M+H]", 323.0849, found 323.0853.

4-(benzyloxy)-2-(4-nitrophenyl){2-1,4-thiazin-3(4#)-one  @l).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a yellow solid
(123.3 mg, 72%), m.p. 138-14G; 'H NMR (400 MHz, CDC},
TMS): 6 = 8.20 (d,J = 8.8 Hz, 2H), 7.57 (dJ = 8.4 Hz, 2H),
7.39-7.34 (m, 5H), 6.30 (d,= 7.2 Hz, 1H), 5.49 (ddl,= 7.2 Hz,
J,= 1.2 Hz, 1H), 5.07 (dd); = 13.6 Hz,J,= 10.4 Hz, 2H), 4.72
ppm (s, 1H);"®*C NMR (100 MHz, CDC}, TMS): = 158.0,

5.50 (dd,J,= 7.2 Hz,J,= 1.2 Hz, 1H), 5.11 (d] = 1.2 Hz, 1H),
5.10 (s, 2H), 3.90 (s, 3H), 3.86 ppm (s, 3% NMR (100 MHz,
CDCl;, TMS): 8 = 159.9, 152.6, 146.8, 134.4, 130.0, 129.2, 128.6,
127.0, 124.1, 120.5, 112.8, 100.9, 78.0, 61.2,,55181 ppm;
HRMS (EI): calculated for gH;,CI,NO,S, [M+H]", 358.1108,
found 358.1123.

4-(Benzyloxy)-2-(naphthalen-1-yl)-2H-1,4-thiazirt3}-one

(3g). The title compound was obtained according to theeggn
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a white solid
(139.0 mg, 80%), m.A40-141°C;'H NMR (400 MHz, CDC},
TMS): 6 = 8.07 (d,J = 8.4 Hz, 1H), 7.88-7.80 (m, 2H), 7.59—
7.48 (m, 2H), 7.44-7.24 (m, 7H), 6.41 ®= 7.6 Hz, 1H), 5.47
(dd,J;= 7.2 Hz,J,=1.6 Hz, 1H), 5.38 (s, 1H), 5.12 ppm (déF
18.0 Hz,J,=10.4 Hz, 2H)}*C NMR (100 MHz, CDC}, TMS):§

= 159.4, 134.3, 134.2, 130.6, 130.1, 130.0, 12929,2, 128.7,
127.1, 126.7, 126.0, 125.8, 125.0, 123.4, 100.71,781.2 ppm;
HRMS (El): calculated for gH;;NO,S, [M+H]", 348.1053,
found 348.1050.



6
4.3 General procedure
thiomorpholine-3,5-diones (4)

Et:N (69 uL, 0.2 mmol, 1.0 equiv) was added to the mixtur@-of
chloroacetamide4 (0.5 mmol, 1.0 equiv), 1,4-dithiane-2,5-diol
2a (57 mg, 0.375 mmol, 0.75 equiv) iBtOAc (5 mL). The
mixture was stirred at room temperature until corgple
consumption of 2-chloroacetamidels solvent was removed
under reduced pressure. The residue was quicklyigaiby a
short column chromatography on silica gel (3800 mesh,
eluting with DCM/ EtOAc 5/1) to afford compounds. Then
PCC (162 mg, 0.75 mmol, 1.5 equiv) was added tosthetion
of 3" in DCM (5 ml) and the mixture was heated to refluntilu
complete consumption &', H,O (5 mL) was added after the
mixture was cooled to room temperature, extracted ®EM (5
mL x3). After washing with brine (5 mL), the combinexanic
phase was dried over anhydrous,8fa, and concentrate under
reduced pressure. The
chromatography on silica gel
compoundsgt.

for the  ‘synthesis | of

(36000 mesh) to afford

4-Methoxy-2-phenylthiomorpholine-3,5-dioneda), The title
compound was obtained according to the general puvee
described above after column chromatography orcasiljel

Tetrahedron

(eluting with n-hexane/ EtOAc 5/1) as a white solid (106.4 mg,
65%), m.p. 112—-112C; '"H NMR (400 MHz, CDC}, TMS): =
7.57-7.54 (m, 2H), 7.40-7.38 (m, 3H), 7.21-7.11 (), 4%.07

(s, 2H), 4.81 (s, 1H), 3.56-3.47 (m, 2H), 2.35 ppnBH); °C
NMR (100 MHz, CDC}, TMS): 8 = 166.5, 165.2, 138.8, 133.6,
130.1, 129.8, 129.3, 128.5, 127.7, 78.3, 48.8,,32191 ppm;
HRMS (El): calculated for GH;;NOSS, [M+H]", 328.1002,
found 328.1004.

4-(Benzyloxy)-2-(2-nitrophenyl)thiomorpholine-3,5ie  @éf).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a white solid
(100.4 mg, 56%), m.p. 114-116; '"H NMR (400 MHz, CDC},
TMS): 6 = 8.13 (d,J = 8.0 Hz, 1H), 7.61-7.53 (m, 4H), 7.41—
7.38 (m, 3H), 7.24 ()= 7.6 Hz, 1H), 5.76 (s, 1H), 5.08 (dHi=
12.4 Hz,J,= 9.2 Hz, 2H), 3.81-3.52 ppm (m, 2HJC NMR

residue was purified by colum(@00 MHz, CDC}, TMS): § = 165.7, 164.6, 148.1, 133.8, 133.5,

130.5, 130.2, 130.0, 129.3, 129.2, 128.5, 126.5,7%.2, 32.2
ppm; HRMS (El): calculated for GHyN,OsS, [M+H]',
359.0696, found 359.0691.

4-(Benzyloxy)-2-(2-methoxyphenyl)thiomorpholine-didne
(4g). The title compound was obtained according to theeggn

(eluting with n-hexane/ EtOAc 5/1) as a pale yellow solid (67.6procedure described above after column chromatbgragn

mg, 57%), m.p. 104-10€; H NMR (400 MHz, CDCY, TMS):
8 = 7.43-7.26 (m, 5H), 4.87 (s, 1H), 3.94 (s, 3H), 33589 ppm
(m, 2H); ®*C NMR (100 MHz, CDC}, TMS): § = 166.0, 164.9,
133.1, 129.2, 128.9, 127.8, 64.1, 48.8, 30.7 pHRMS (EI):
calculated for GH,;NO;S, [M+H]", 238.0532, found 238.0538.

4-Ethoxy-2-phenylthiomorpholine-3,5-dione4b). The title
compound was obtained according to the general guvee
described above after column chromatography orcasiljel
(eluting withn-hexane/ EtOAc 5/1) as a pale yellow oil (84.2 mg,
67%),'H NMR (400 MHz, CDC}, TMS):§ = 7.32—7.28 (m, 5H),
4.80 (s, 1H), 4.05 (q) = 7.2 Hz, 2H), 3.51-3.40 (m, 2H), 1.30
ppm (t,J = 7.2 Hz, 3H);*C NMR (100 MHz, CDC}, TMS): § =
165.3, 164.2, 132.2, 128.1, 127.8, 126.7, 76.40,766.7, 71.3,
47.8, 29.7, 12.3 ppntiRMS (El): calculated for GH;3NOsS,
[M+H]", 252.0689, found 252.0683.

4-(Benzyloxy)-2-phenylthiomorpholine-3,5-diorde)( The title
compound was obtained according to the general puvee
described above after column chromatography orcasiljel
(eluting withn-hexane/ EtOAc 5/1) as a pale yellow oil (97.2 mg,
62%),"H NMR (400 MHz, CDC}, TMS):§ = 7.56—7.54 (m, 2H),
7.40-7.34 (m, 6H), 7.28-7.25 (m, 2H), 5.07 (s, 2H944s, 1H),
3.56-3.45 ppm (m, 2H}*C NMR (100 MHz, CDC}, TMS): § =
166.4, 165.3, 133.7, 133.3, 130.2, 129.3, 129.38.8,2128.6,
127.9, 78.4, 49.1, 30.9 ppnHRMS (El): calculated for
C7H1sNO;S, [M+H]", 252.0689, found 252.0683.

4-(Benzyloxy)-2-(4-fluorophenyl)thiomorpholine-3j6rte  @d).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting withn-hexane/ EtOAc 5/1) as a white solid
(101.1 mg, 61%), m.p. 122-12@; "H NMR (400 MHz, CDC},
TMS): § = 7.56-7.53 (m, 2H), 7.40-7.38 (m, 3H), 7.26-7.22 (m
2H), 7.07-7.03 (m, 2H), 5.07 (s, 2H), 4.81 (s, 1H).23%47
ppm (m, 2H);"*C NMR (100 MHz, CDC}, TMS): 8 = 166.3,
165.0, 162.7J c_r = 247.2 Hz), 133.5, 130.2, 129.84 - = 8.8
Hz), 129.3, 129.0]c_r = 3.9 Hz), 128.5, 116. 1 _¢ = 22.1 Hz),
78.3, 48.5, 31.2 ppniIRMS (EI): calculated for GH1,FNGsS,
[M+H] ", 332.0751, found 332.0755.

4-(Benzyloxy)-2-(p-tolyl)thiomorpholine-3,5-diorde); The title
compound was obtained according to the general guvee
described above after column chromatography orcasiljel

silica gel (eluting withn-hexane/ EtOAc 5/1) as a pale yellow
solid (123.6 mg, 72%), m.p. 170-1%2; ‘H NMR (400 MHz,
CDCl;, TMS): 6 = 7.58-7.55 (m, 2H), 7.40-7.38 (m, 3H), 7.36—
7.31 (m, 1H), 7.01-7.00 (m, 1H), 6.95-6.90 (m, 2H)}85s, 1H),
5.08 (s, 2H), 3.85 (s, 3H), 3.65-3.56 ppm (m, 2H¢ NMR
(100 MHz, CDC}, TMS): 6 = 166.8, 165.6, 156.7, 133.8, 130.3,
130.2, 129.2, 128.8, 128.5, 123.0, 120.8, 111.53,75.8, 44.2,
31.6 ppm;HRMS (EI): calculated for GHN,OsS, [M+H]",
344.0951, found 344.0950.

4-(Benzyloxy)-2-(naphthalen-1-yl)thiomorpholine-8jbne @h).
The title compound was obtained according to theeg#n
procedure described above after column chromatbgragn
silica gel (eluting witm-hexane/ EtOAc 5/1) as a pale pink solid
(119.9 mg, 66%), m.p. 151-15G; 'H NMR (400 MHz, CDC},
TMS): § = 7.91-7.84 (m, 3H), 7.60-7.51 (m, 4H), 7.42-7.38 (m
3H), 7.36-7.32 (m, 1H), 7.12 (d,= 6.8 Hz, 1H), 5.54 (s, 1H),
5.15 (s, 2H), 3.61-3.50 ppm (m, 2HJC NMR (100 MHz,
CDCl;, TMS): 6 = 166.6, 165.2, 134.4, 133.6, 130.4, 130.2, 130.0,
129.4, 129.3, 128.5, 126.8, 126.3, 125.7, 124.3,217/8.4, 46.8,
31.2 ppm;HRMS (EI): calculated for GH;;NO;S, [M+H]",
364.1002, found 364.1003.
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« An efficient and practical process for the synthesis of 2H-1,4-thiazin-3(4H)-ones and
thiomorpholine-3,5-diones.

» This method has the feathers of mild condition (common solvents, without No/Ar protection), good yield,
simple procedure and wide functional group tolerance.



