FULL PAPERS

DOI: 10.1002/adsc.201700654

Adva
Synthesis &
Catalysis

Iron-Mediated Oxidative C-H Alkylation of S, S-Functionalized
Internal Olefins via C(sp*)-H/C(sp’)-H Cross-Coupling

Quannan Wang,*" Jiang Lou,™® Ping Wu,*® Kaikai Wu,* and Zhengkun Yu®®*

a

People’s Republic of China
Fax: (4+86)-411-8437-9227; e-mail: zkyu@dicp.ac.cn

Dalian Institute of Chemical Physics, Chinese Academy of Sciences, 457 Zhongshan Road, Dalian, Liaoning 116023,

University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of

Sciences, 354 Fenglin Road, Shanghai 200032, People’s Republic of China

Received: May 24, 2017; Revised: June 19, 2017; Published online: August 11, 2017

Supporting information for this article can be found under https://doi.org/10.1002/adsc.201700654.

Abstract: Mediated by a catalytic amount of FeCl,,
the C-H alkylation of §,S-functionalized internal ole-
fins, i.e., a-oxo ketene dithioacetals and their ana-
logues, was efficiently achieved using simple ethers
and toluene derivatives as the coupling partners, di-
tert-butyl peroxide (DTBP) as the oxidant, and
DABCO-6H,0 as the additive. The alkylthio func-
tionality is essential for the internal olefinic C-H
bond to undergo such an alkylation with the O-adja-
cent C(sp’)-H bonds of the ethers and the benzylic
C-H bonds of the toluene derivatives, respectively.
Tetrasubstituted olefins were thus synthesized and

further transformed to highly substituted pyrazoles
and isoxazoles. The strategy to activate an internal
olefinic C-H bond by polarizing its parent olefinic
C=C bond with both the dialkylthio group and an
electron-withdrawing functionality was investigated.
The mechanistic studies suggest a radical pathway
for the C(sp*)-H/C(sp’)-H cross-coupling reactions.
The present protocol provides a convenient route to
tetrasubstituted olefins.

Keywords: alkylation; C-H functionalization; C-H/
C-H cross-coupling; internal olefins; iron

Introduction

Multisubstituted olefin motifs are abundant in numer-
ous natural products, pharmaceuticals, and functional
materials."! Considerable efforts have been made to
synthesize multisubstituted olefins, and transition
metal-catalyzed cross-coupling has proven to be one
of the most useful synthetic methods in this area.”!
Although vinyl halides,” vinyl pseudohalides such as
vinylboronic acids and boronates,* vinyl-metals such
as vinylzirconium,*"! vinylzinc,*** vinylmagnesium,""
and vinylaluminum® compounds, and other re-
agents'® can be utilized for this purpose, more concise
and alternative methods have been strongly desired.
Recently, direct C-H functionalization has emerged
as an important method for the construction of a C-C
bond owing to atom economy, operational simplicity,
and environmental friendliness.” In this regard, cross-
dehydrogenative-coupling (CDC)®¥! has been paid par-
ticular attention, and transition metal-catalyzed oxida-
tive C(sp*)-H functionalizations of ethers, toluene de-
rivatives, cycloalkanes, and common alkanes have
been documented.””” However, oxidative C(sp*)-H al-
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kylation of olefins remains challenging and only limit-
ed examples have recently been reported. Yu, et al.
reported palladium-catalyzed CDC reactions of termi-
nal olefins via directed C(sp®)-H activation.'’! San-
ford, et al. realized pyridine-directed, palladium-cata-
lyzed aerobic C(sp’)-H bond cleavage to establish an
olefinic C(sp*)-C(sp*) bond."! Wang and co-workers
documented copper/organo-catalyzed asymmetric oxi-
dative cross-coupling reactions between tertiary
amines and olefins using molecular oxygen as the oxi-
dant."” Liu, etal. synthesized 1H-indenes through
DDQ-mediated cross-coupling between  vinylic
C(sp*)-H bonds and benzylic C(sp®)-H bonds.!"*) Wei
and co-workers have achieved a copper-catalyzed oxi-
dative direct alkylation of styrenes with unactivated
alkanes." Lei, etal. developed Cu(I)-catalyzed oxi-
dative cross-coupling between terminal olefinic C-H
bonds and C(sp’)-H bonds of simple ethers for the
synthesis of allylic ethers (Scheme 1a)."”! Toluene de-
rivatives were also employed for similar transforma-
tions of enone derivatives (Scheme 1b)."") Transition
metal-catalyzed oxidative cross-coupling of comuarins
and flavones with unactivated C(sp’)-H bonds were
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(a) Copper-catalyzed alkylation of terminal olefins with ethers[!5]
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Scheme 1. Oxidative C-H alkylation of olefins.

recently reported.'”! Unfortunately, work on transi-
tion metal-catalyzed oxidative alkylation of olefins
has been focused on terminal olefinic C(sp”)-H
bonds, implicating that direct C-H alkylation of inter-
nal olefins still remains a challenge due to the steric
hindrance and electronic impact from the internal
olefin substrates.

During the ongoing investigation of the reactivities
of internal olefins, we have recently developed a strat-
egy to activate internal olefinic C-H bonds."®"! Intro-
duction of an electron-withdrawing group such as car-
bonyl, ester, or cyano, and one or two electron-donat-
ing alkylthio functionalities to the two ends of an ole-
finic C=C bond can intrinsically polarize the carbon-
carbon double bond and thus activate its olefinic C-H
bond. In this regard, we successfully prepared tetra-
substituted olefins through transition metal-catalyzed
oxidative C-H functionalization of ketene dithioace-
tals®! as the polarized internal olefin substrates,!'**<l
and an iron-catalyzed alkylation method was also es-
tablished with styrenes as the coupling partners
(Scheme 1¢).?Y) Due to the advantages of iron cataly-
sis in C-H functionalization,®**?! we reasonably en-
visioned that simple iron salts might be applied as the
catalysts or mediators in the CDC reactions of such
internal olefinic C-H bonds. Herein, we disclose the
FeCl;-mediated oxidative C-H alkylation of ketene
dithioacetals with simple ethers and toluene deriva-
tives for the synthesis of tetrasubstituted olefins
(Scheme 1d).!
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Results and Discussion

Initially, the reaction of a-benzoyl ketene dithioacetal
1a and 1,4-dioxane (2a) was conducted to screen the
reaction conditions (Table 1). In the presence of
10 mol% FeCl; and 2 equivalents of di-zert-butyl per-
oxide (DTBP) as the oxidant, the reaction was per-
formed in 1,4-dioxane (2 mL) at 120°C for 24 h under
a nitrogen atmosphere, forming the target C-H alky-
lation product 3a in 9% yield (Table 1, entry 1). Addi-
tion of 1,5-diazabicyclo[5.4.0]lundec-5-ene (DBU)
(10 mol% ) obviously enhanced the yield to 40%, and
use of 5mol% FeCl; remarkably improved the yield
to 67% (Table 1, entries 2 and 3). Moreover, replace-
ment of DBU by 1,4-diaza[2.2.2]bicyclooctane hy-
drate (DABCO-6H,0) further increased the product
yield (69% ), presumably due to its better stabilization
of the iron(IIl) salt mediator during the reaction
(Table 1, entry 4). Elevating the reaction temperature
to 130 or 140°C resulted in 3a in 85-86% yields
(Table 1, entries 5 and 6). The reaction could not effi-
ciently occur in benzene, and did not occur in both
DMF and DMSO (Table 1, entries 7-9). An air atmos-

Table 1. Screening of the reaction conditions.

Ph Ph O]
H
o)I J:Oj conditions o)j\/[o
+ e
Sl H >0 s s

1a 2a 3a
En- FeCl;  Additive Solvent T Yield™
try [mol%] [mol%)] [°C] [%]
1 10 1,4-dioxane 120 9
2 10 DBU 1,4-dioxane 120 40
3 5 DBU 1,4-dioxane 120 67
4 5 DABCO-6H,0 1,4-dioxane 120 69
5 5 DABCO-6H,0 1,4-dioxane 130 86
6 5 DABCO-6H,0 1,4-dioxane 140 85
7¢ 5 DABCO-6H,0 benzene 130 59
8kl 5 DABCO-6H,0 DMF 130 0
okl 5 DABCO-6H,0 DMSO 130 0
101 5 DABCO-6H,0 1,4-dioxane 130 71
11 5 DABCO-6H,0 14-dioxane 130 92 (80)!
1261 0 DABCO-6H,0 1,4-dioxane 130 0
135 DABCO-6H,0 1,4-dioxane 130 0

[l Conditions: 1a (0.3 mmol), additive (0.03 mmol), DTBP
(0.6 mmol), solvent (2mL), in a 25-mL sealed tube,
0.1 MPa N,, 24 h.

Determined by GC analysis with mesitylene as the inter-
nal standard.

[l Using 1,4-dioxane (3 mmol).

4l Under an air atmosphere.

[l Using 3 equiv. DTBP.

1 Isolated yield given in parentheses.

&l Without DTBP.

[b]
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phere deteriorated the reaction efficiency to give 3a
in 71% yield, and the best yield (92% ) was obtained
in the case of using 3 equiv. DTBP as the oxidant
(Table 1, entries 10 and 11). It was noted that without
either FeCl; or the oxidant the reaction did not
happen. Product 3a was not dectected in the reaction
mixture of 1a and 2a by GC analysis in the absence of
the FeCl; catalyst, revealing that DTBP itself could
not promote the desired reaction without the catalyst
(Table 1, entries 12 and 13).

Under the optimal conditions the scope of ketene
dithioacetals 1 was investigated by means of their re-
actions with 1,4-dioxane (2a) (Table 2). Cyclic a-ben-
zoyl ketene dithioacetal (1a) reacted with 2a to afford
the target product 3a in 80% isolated yield. In a simi-
lar fashion, the reactions of methoxy- and chloro-sub-
stituted aroyl ketene dithioacetals with 2a gave prod-
ucts 3b-3g (64-87%). It is noted that 3-MeO and 3-Cl
substituents exhibited a negative impact on the reac-
tion efficiency. The para-substituents, i.e., 4-F, 4-Br,
and 4-CF; on the aroyl moiety, demonstrated various
electronic effects, leading to products 3h-3j in 70-
81% yields. Acetyl, ester, and cyano functionalized
ketene dithioacetals also efficiently underwent the re-
actions to generate 3k-3m (83-87%). Enlarging the
dithioalkyl ring of 1 or using the open-chain ketene
dithioacetal substrates did not affect the formation of
the target products 3n (81%) and 30 (81%). In the
cases of using the open-chain methyl-substituted o-
benzoyl ketene di(methyl-thio)acetals products 3p—3r
(72-85%) were obtained, showing a steric effect from
the 2-methyl substituent. The open-chain a-chloro-
benzoyl ketene dithioacetals exhibited a reactivitiy
lower than that of their cyclic analogues, forming 3s
(74%) and 3t (60% ), respectively. However, 4-Br-sub-
stituted di(methylthio)acetal exhibited a reactivity
similar to its cyclic analogue to produce 3u in 78%
yield. Bulky a-(2-naphthoyl) and a-heteroaroyl (e.g.,
2-furoyl and 2-thienoyl) ketene dithioacetals reacted
with 2a less efficiently, only yielding 3v-3x in 21-41%
yields. For the open-chain acetyl, cyclopropylcarbonyl,
ester or cyano functionalized ketene di(methylthio)-
acetals their oxidative C-H/C-H cross-coupling reac-
tions with 2a efficiently proceeded to afford 3y-3z2 in
81-87% yields. It is noteworthy that 1,4-dioxane acted
as both the reactant and solvent for the reactions. The
molecular structure of the tetrasubstituted olefin
product 3a was further confirmed by the X-ray single
crystallographic structural analysis (Figure 1).*

Next, the generality of the protocol was explored
by using various ethers 2 as the coupling partners
(Table 3). With cyclic a-oxo and a-cyano ketene di-
thioacetals as the internal olefin substrates their reac-
tions with tetrahydrofuran (THF) afforded 4a (83%),
4b (88%), and 4¢ (70%), respectively. In comparison
to the corresponding reactions of the same olefin sub-
strates with 1,4-dioxane (2a) as shown in Table 2, the
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Table 2. Scope of ketene dithioacetals 1.1

5 mol% FeCl j
I J: ] 10 mol% DABCO-6 H,0 GWE o
DTBP (3 equiv.) |

1 1
130 °C, Ny, 24 h RS SR

2a 3
MeO. L
j e = ] Cl= . O]
L. U °
s3b (2-OMe), 80% 57 s 3e (2-Cl), 80%

\__/ 3¢ (3-OMe), 71%
3d (4-OMe), 87%

3f (3-Cl), 64%
3g (4-Cl), 82%

o; ") ﬁpﬁpmfj

3i (4 Br) 76% 3k, 87%
3j (4-CF3), 70%

2020

3a, 80%

0

X

31, 83% 3m, 87%

o
oj 3p (2-Me), 72%
3q (3-Me), 73%
3n,81% 30, 81% Me (4-Me), 85%
X Br
Cl— 2 Oj
o | 0 ]
MeS” “SMe O |
3s (2-CI), 74%  Mes” sM MeS SMe
3t (3-CI), 60% 3u,78% 3v, 33% 3w, 41%
] Me oj Oj OEt Oj
o} | (e} 0 | o) (0] | (0]
MeS SMe MeS” >SMe MeS~ “SMe
3x,21% 3y 87% 3z,81% 3z1,87%

fj

SMe 322, 87%

2l Conditions: 1 (0.5 mmol), 2a (3 mL), FeCl; (0.025 mmol),
DABCO-6H,0 (0.05 mmol), DTBP (1.5 mmol), 130°C,
in a 25-mL sealed tube, 0.1 MPa N,, 24 h. Yields refer to
the isolated products.

formation of 4a and 4b was superior to that of 3a
(80%) and 3k (87%), while the generation of 4¢ was
inferior to that of 3m (87%). The reaction of a-acetyl
ketene di(methylthio)acetal with THF efficiently
formed 4e in 93% yield, whereas in other cases THF
reacted less efficiently than 2a to give 4d (70%) and
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Figure 1. Molecular structure of compound 3a.

4f (74%) over a longer period of 48 h. The reactivity
of tetrahydropyran (THP) was lower than that of
THF and its reactions with a-oxo ketene di(methyl-
thio)acetals only produced 4g (65%), 4h (72%), and
4i (74%) in moderate yields. 1,4-Benzodioxane also
exhibited a lower reactivity than aliphatic 1,4-dioxane
to react with a-acetyl ketene di(methylthio)acetal to
form 4j (60%). Acyclic ethers, e.g., diethyl ether,
could undergo the oxidative cross-coupling reaction
via its methylene C-H bond, affording 4k (52%) and
41 (62%), respectively. 1,4-Dimethoxybenzene showed
a moderate reactivity to form 4m (62%), while ani-
sole did not undergo the desired reaction under the
stated conditions, which is presumably attributed to
the negative electronic effect from the ether substrate.
Two kinds of C(sp*)-H bonds are present in 1,3-diox-
olane which participated in the reaction to generate
two separable isomers 4n (37%) and 4n’ (24%), dem-
onstrating that the O,0-methylene C-H bond is more
reactive than the O-methylene C-H bond. Glycol di-
methyl ether reacted with the cyclic a-benzoyl ketene
acetal, also affording two regioisomers 40 (41%) and
40’ (37%). Similar results were obtained from the re-
actions of a-acetyl and a-benzoyl ketene dithioace-
tals, yielding 4p (45%) and 4p’ (25%), and 4q (35%)
and 4q' (27%), respectively, revealing that the O-
methylene C-H bond is more reactive than the me-
thoxy C-H in glycol dimethyl ether.

During the screening of conditions for the reactions
of 1 with 2, control experiments were performed in
the absence of 2 in benzene or toluene solvent under
the standard conditions (Scheme 2). In benzene a-
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Table 3. Scope of ethers 2.1

. 5 mol% FeCl, R0
J\ ", 10 mol% DABCO-6 H,0 o~
- DTBP (3 equiv.) . l ;

R1S 130°C, N, R'S SR
4
Ph Me . Ph
N
o o0 o o) o
| | | o ©
s” s S SRS MeS~ “SMe
4a, 83%!] 4b, 88%!! 4c, 70%L! 4d, 70%!°
Me OEt Ph Me
o) I 0 o I O o | o o} | 0
MeS~ "SMe  MeS” “SMe MeS~ “~SMe MeS~ ~SMe
4e, 93%M) 4f, 74%[b1 49, 65%!°] 4h, 72%I°]
;IO Aﬁo& ﬁx "
MeS SMe MeS
\_/
4i, 74%C 4, 60%03] 4k, 52%L1 41, 62%°1
Ph Me 410l 4-Tol 0>
e *ﬁ .
MeS~ “SMe SMe
4m. 62%lc] 4n, 37%! 4n,24%lb1
Ph O~ Ph
o O 1) O/\/O\
| = |
s” s s” s
/ 40, 41%c / 40', 37%
Me O
o)
|
s” s
4, a5%1 s 4p', 25%(!
Ph 0~
o)\/lfk/o\ 5 O)I\O/\/O\
MeS~ “SMe MeS™ “SMe
4, 35%01 aq', 27%!°

[a

Conditions: 1 (0.5 mmol), 2 (3 mL), FeCl; (0.025 mmol),
DABCO-6H,0 (0.05 mmol), DTBP (1.5 mmol), 130°C,
in a 25-mL sealed tube, 0.1 MPa N,, 24-48 h. Yields refer
to the isolated products.

I For 24 h.

I For 48 h.

[@ 1.5 mmol of ether in benzene (3 mL).

aroyl ketene dithioacetal substrates underwent olefin-
ic C(sp*)-H methylation to form 5a-5¢ (56-62% ) with
DTBP as the methylating agent,™ while in toluene
benzylation occurred to yield olefinic C(sp*)-H ben-
zylation product 7a (79% ). Thus, C-H benzylation of
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5 mol% FeCl; Ar 5 mol% FeClj
10 mol% DABCO-6 H,0O o H 10 mol% DABCO-6 H,O
DTBP (3 equiv.) | DTBP (3 equiv.)
benzene MeS™ “SMe toluene (6a)
130 °C, Ny, 24 h 130°C, Ny, 24 h
(Ar = Ph)
Ar Ph
o O)\/'(\ Ph
MeS SMe MeS SMe
7a, 79%

5a (Ar = Ph), 62%
5b (Ar = 4-MeCgH,), 58%
5¢ (Ar = 4-CICgH,), 56%

Scheme 2. Reactions of 1 in the absence of ethers.

a-oxo ketene dithioacetals 1 was investigated by re-
placement of the ether substrates with toluene deriva-
tives as the coupling partners (Table 4). The reactions
took place efficiently with toluene and its analogues
to afford the C-H benzylated olefin products 7a-7h
(73-79%). Both electron-donating and electron-with-
drawing groups such as MeO, Me, F, CI, and CO,Me
were tolerated on the aroyl moieties of the internal
olefin substrates, and no obvious steric effect was ob-
served. Multimethyl-substituted toluene derivatives
such as o-, m-, and p-xylenes, and mesitylene effi-
ciently reacted with a-benzoyl ketene di(methyl-
thio)acetal to form the benzylation products 7i-71
(80-87%). The reaction of 4-methoxytoluene gave
two separable regioisomers 7m (59%) and 7Tm’ (17%),
revealing that the benzylic C-H bond is more reactive
than the methoxy C-H bond in the substituted tolu-
ene substrate. 4-tert-Butyl- and 2-chlorotoluenes also
reacted with the internal olefin, yielding Tn (79%)
and 70 (79%), respectively. However, 3-Br, 4-F, and
4-acetyl substituted toluene derivatives exhibited a
moderate reactivity, and their reactions produced 7p-
7r in 51-69% yields. Both acyclic a-acetyl and cyclic
a-benzoyl ketene dithioacetals reacted well with tolu-
ene and its derivatives to give 7s-7v (68-88% ). Unex-
pectedly, ethylbenzene could demonstrate a moderate
reactivity to form the relatively sterically hindered
benzylation products 7w and 7x (55-59%). These re-
sults have supplemented the previous work on C-H
benzylation of electron-rich arenes® and activated
olefins®®* through iron-catalyzed oxidative C-H/C-H
cross-coupling.

In order to further probe into the C-H bond reac-
tivity of the polarized internal olefins, the impact of
alkylthio(s) was investigated. Reacting a-acetyl and
o-benzoyl ketene (methylthio)acetals 8 with 1,4-diox-
ane (2a) under the standard conditions gave the oxi-
dative C(sp?)-H/C(sp’)-H cross-coupling pro-ducts
9a-9c in 57-75% yields [Eq. (1)]. As compared to the
corresponding di(methylthio)acetals, these mono-
thioacetal substrates exhibited a lower reactivity to

Adv. Synth. Catal. 2017, 359, 2981 -2998

2985

Table 4. C-H benzylation of a-oxoketene dithioacetals 1.1

R 5 mol% FeCly R Ry
O)IH . i | 10mot% DABCO 6 HyO O)\/'(KN
Ar R i
MeS” “SMe ?;)ch(éNT;z"')q MeS~ “SMe
1 6 7
OMe
o;i y % O |]I Ph oii “Ph
MeS MeS SMe MeS SMe
7a, 79% 7b, 75% 7¢c, 77% 7d, 77%
CO,Me
MeS SMe
7e, 79% 7, 74% 79, 75% 7h, 73%
Ph Ph Ph
MeS SMe MeS SMe MeS SMe
7i, 87% 7j, 85% 7K, 81%
Ph Ph Ph /@/
o7 om . o)‘ro
MeS~ “SMe MeS~ “SMe OMe MeS™ “SMe
71, 80% 7m, 59% ™, 17%

< O
[ T
=

»
D
@
=
=< O
= :
»
»
g\:
(0]
< O
()]
mg—
m
=
[0

o3

S M

7n, 79% 70 79% 7p, 6 9%

)rPh
Me
7s, 76%

=< O

o )
oxe of

»

@

+

S M
79, 69% 7r, 51%
Me
MeS SMe
\_/
7t, 88% 7u, 87% 7v, 68%
Me
Aﬁ"“ O#
Me MeS
7w, 55% 7x, 59%

[l Conditions: 1 (0.5 mmol), 6 (3 mL), FeCl; (0.025 mmol),
DABCO-6H,0 (0.05 mmol), DTBP (1.5 mmol), 130°C,
in a 25-mL sealed tube, 0.1 MPa N,, 24 h. Yields refer to
the isolated products.
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2a. In the case of using 4,4-diphenyl-but-3-enone (10)
as the internal olefin substrate, the desired reaction
could not effectively occur under the stated condi-
tions, only forming the target product 11 in 10% yield
[Eq. (2)]. These results have unambiguously demon-
strated that the alkylthio functionality is necessary for
the C-H functionalization of internal olefins 1.8

o)
L) : g
H >0 5 mol% FeCl;

2a 10 mol% DABCO-6 Hzo ]
* DTBP (3 equiv.) i (1)
R equiv.
i 130 °C, Ny, 24 h Art "SMe
S (EY(Z) u 55:45 9
Ar” >SMe 9a (R = Ph, Ar = Ph), 57%

9b (R = Me, Ar = Ph), 71%

8 9¢ (R = Me, Ar = 4-CICgH,), 75%
Me
. o 5 mol% FeCls Me j
o)j[ L ] 10 mol% DABCO-6 H,0
+
Ph Ph H™ O DTBP (3 equiv.) Ph Ph
130°C, Ny, 24 h
10 2a 11, 10%

Then, the potential applications of the target tetra-
substituted olefin products were explored (Scheme 3).
Treatment of 3o, 3y, 3z, and 7s with an excess amount
of hydrazine hydrate (10 equiv.) in refluxing toluene

R NH,OH-HCI (6 equiv)

NH2NH-H,0 (10 equiv.) o&“IRs KOH (6 equiv.)
toluene, 120 °C MeS” >SMe EtOH, 80 °C
sealed tube sealed tube
3,40r7
SMe
R3
~NH
R N
12
SMe SMe

= =N =N =N
Ph B N
12a, 95% 12b, 95% 12c, 96% 12d, 87%
(from 30) (from 3y) (from 32) (from 7s)
o (0)
[ SMe [ SMe
(6] = 0 0 0 = o
=N =N
13a, 56% 13b, 54% 13c, 55%
(from 3y) (from 3z) (from 4e)

Scheme 3. Synthetic applications of tetrasubstituted olefins.
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afforded multisubstituted pyrazole derivatives 12a-
12d in excellent yields (87-96%).

The reactions of 3y, 3z, and 4e with hydroxylamine
(6 equiv.) in refluxing ethanol gave fully substituted
isoxazoles 13a-13c (54-56%). These results have de-
picted the potential applications of the resultant tetra-
substituted olefins in the synthesis of trisubstituted
pyrazoles”” and fully functionlized isoxazoles.

Additional control experiments were carried out to
probe into the reaction mechanism. Introduction of a
radical scavenger such as 2,2,6,6-tetramethyl-1-piperi-
dinyloxy (TEMPO) or 2,6-di-tert-butyl-4-methylphe-
nol (BHT) (3.5equiv.) to the reaction of a-oxo
ketene dithioacetal 1a and 1,4-dioxane (2a) complete-
ly inhibited the oxidative C-H/C-H cross-coupling re-
action (Scheme 4), suggesting that a radical pathway

5 mol% FeClj
10 mol% DABCO-6 H20 j
[ ] DTBP (3 equiv.)
130 °C, Ny, 24 h
1a 2a 3a
radical scavenger (3.5 equiv.)

N
N©)
TEMPO 0%

detected by
HR-MS

AGUS
0% | g e

t-Bu
15
not detected
by HR-MS

BHT

Scheme 4. Radical trapping experiments.

is involved in the catalytic cycle. The alkyl-scavenger
adduct 14 was detected in the reaction mixture of la
with 2a by HR-MS determination, but it was not suc-
cessfully isolated (see the Supporting Information).
The kinetic isotope effect (KIE) experiments were
also conducted under the standard conditions by
means of the reactions of 1a and its deuterated form
1a[D] with 2a [Eq. (3)]. A secondary isotope effect
was observed with ky/kp=1.1, which implicates that
the internal olefinic C(sp®)-H bond cleavage is not in-
volved in the rate-determining step in the overall cat-
alytic cycle (see the Supporting Information for de-
tails).

Ph ph °
H/D o standard j
o | = [ ] conditions o) | 0 3)
S S (e} kn/kp = 1.1 s s
/ \/
1a, 1a[D] 2a 3a
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Scheme 5. Proposed mechanism.

A plausible mechanism is proposed in Scheme 5.
Initially, the homolytic cleavage of DTBP generates
two fert-butoxy radicals. Subsequent interaction of
ether 2a with a fert-butoxy radical yields the new radi-
cal species A with release of tert-butyl alcohol by hy-
drogen abstraction from the C-H bond adjacent to
the ether oxygen atom. Addition of radical A to the
internal olefinic C=C bond of a-oxo ketene dithioace-
tal 1a results in radical B which then reacts with the
high valent Fe(III) salt to form cationic species C and
the low valent Fe(II) species through a single electron
transfer (SET) process. Oxidation of the Fe(II) spe-
cies with DTBP regenerates the Fe(III) mediator, and
produces tert-butoxy anion as well asthe tert-butoxy
radical species. The alkylthio functionalities may help
to stabilize the cationic species C due to their elec-
tron-donating property. Abstraction of a proton from
species C by the basic tert-butoxy anion generated
from DTBP affords the target product 3a.

Conclusions

In summary, the iron-mediated oxidative C-H alkyla-
tion of S,S-functionalized internal olefins has been ef-
ficiently realized by means of simple ethers and tolu-
ene derivatives as the cross-coupling partners. Tetra-
substituted olefins were thus synthesized and effi-
ciently applied for the preparation of trisubstituted
NH-pyrazoles and fully functionalized isoxazoles. The
present synthetic protocol provides a convenient
route to fully functionalized olefins.
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Experimental Section

General Considerations

"H and “C{'H} NMR spectra were recorded on a 400 MHz
spectrometer and all chemical shift values refer to CDCl;
[8('H), 7.26 ppm and 8(*C), 77.16 ppm]. X-Ray crystallo-
graphic analysis was achieved by the Analysis Center,
Dalian Institute of Chemical Physics, Chinese Academy of
Sciences. The HR-MS data were obtained by ESI on a GC-
TOF mass spectrometer. Column chromatographic purifica-
tions were performed on silica gel. All the chemical reagents
were purchased from commercial sources and used as re-
ceived unless otherwise indicated.

General Procedure for the C-H Alkylation of Ketene
Dithioacetals 1 with Ethers 2

Under a nitrogen atmosphere, a mixture of a-oxo ketene di-
thioacetal 1 (0.5 mmol), FeCl; (4 mg, 0.025 mmol), DAB-
CO-6H,O (11mg, 0.05mmol), and DTBP (219 mg,
1.5 mmol) in 1,4-dioxane (2a) (3 mL) was stirred in a 25-mL
sealed tube at 130°C for 24 h. After being cooled to ambient
temperature, the mixture was evaporated of all the volatiles
under reduced pressure. The resultant residue was purified
by silica gel column chromatography [eluent: petroleum
ether (60-90°C)/ethyl acetate =4:1, v/v] to afford the target
product 3 or 4.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-phenyl-
ethanone (3a): yield: 123 mg (80%); pale yellow solid; mp
129-131°C. 'HNMR (400 MHz, CDCl;, 25°C, TMS): 6=
7.69 (d, J=7.1 Hz, 2H, aromatic CH), 7.48 (t, 1H, aromatic
CH), 7.40 (t, 2H, aromatic CH), 4.71 (dd, J=10.5 and
3.0Hz, 1H, OCHCH,0), 4.12 and 3.89 (m each, 1:1H,
OCHCH,0), 3.72 (m, 2H, CH,0CH,CH,0), 3.62 (m) and
3.53 (dd, /=11.7, 2.9 Hz) (1:1H, CHOCH,CH,0), 3.42, 3.31
and 3.16 (m, 1:2:1H, SCH,CH,S); “"CNMR (100 MHz,
CDCl;, 25°C, TMS): 6=193.2 (Cq, C=0), 163.1 and 138.6
(Cq), 131.8, 128.5, and 128.4 (aromatic CH), 121.9 (Cq), 76.7
(OCHCH,0), 672 (OCHCH,O), 66.7 and 657
(OCH,CH,0), 374 and 37.2 (SCH,CH,S); HR-MS (ESI):
m/z =309.0617, calcd. for C;sH;sO;S, [M+H]*: 309.0619.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-(2-meth-
oxyphenyl)ethanone (3b): yield: 133 mg (80%); pale yellow
solid; mp 157-158°C. 'HNMR (400 MHz, CDCl,, 25°C,
TMS): 6=7.34 (m, 1H, aromatic CH), 7.18 (d, /J=7.4 Hz,
1H, aromatic CH), 6.95 (t, 1H, aromatic CH), 6.89 (d, J=
8.3 Hz, 1H, aromatic CH), 4.50 (dd, /=10.6 and 3.0 Hz, 1H,
OCHCH,0), 4.08 (t) and 3.85 (d, /J=10.7Hz) (1:1H,
OCHCH,0), 3.78 (s, 3H, OCH;), 3.67 (m, 2H,
CH,0OCH,CH,0), 3.57 (m) and 3.45 (dd, J=11.6 and
3.0Hz) (1:1H, CH,OCH,CH,0), 3.38 and 3.18 (m each,
2H, SCH,CH,S); *C NMR (100 MHz, CDCl;, 25°C, TMS):
0=190.8 (Cq, C=0), 168.4 (Cq), 156.1 (Cq), 131.0 (aromatic
CH), 129.9 (Cq), 128.2 (aromatic CH), 122.3 (Cq), 120.8 and
111.0 (aromatic CH), 76.2 (OCHCH,0), 67.1 (OCHCH,0),
66.3 and 65.5 (OCH,CH,0), 55.5 (OCHj;), 37.3 and 36.9
(SCH,CH,S); HR-MS (ESI): m/z=339.0729, calcd. for
CsH,50,S, [M+H]*: 339.0725.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-(3-meth-
oxyphenyl)ethanone (3c): yield: 122 mg (71%); pale yellow
solid; mp 136-137°C. 'HNMR (400 MHz, CDCl;, 25°C,
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TMS): 6=7.22 (m, 2H, aromatic CH), 7.16 (d, J=2.4 Hz,
1H, aromatic CH), 6.95 (m, 1H, aromatic CH), 4.65 (dd, J=
10.5 and 3.1 Hz, 1H, OCHCH,0), 4.06 (m) and 3.80 (dd,
J=13.5, 5.1 Hz) (1:1H, OCHCH,0), 3.73 (s, 3H, OCH,;),
3.65 (m, 2H, CH,OCH,CH,0), 3.55 (m) and 3.45 (dd, J=
11.7 and 3.0Hz) (1:1H, CH,OCH,CH,0), 3.36, 3.25 and
3.09 (m each, 1:22:1H, SCH,CH,S); *CNMR (100 MHz,
CDCl;, 25°C, TMS): 6=192.8 (Cq, C=0), 163.7, 159.5 and
139.9 (Cq), 129.4 (aromatic CH), 121.8 (Cq), 120.9 (s), 118.3
and 112.6 (aromatic CH), 76.5 (OCHCH,O), 672
(OCHCH,0), 66.6 and 65.7 (OCH,CH,0), 55.37 (OCH,;),
37.4 and 37.2 (SCH,CH,S); HR-MS (ESI): m/z=339.0724,
caled. for C¢H3O,S, [M+H]*: 339.0725.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-(4-meth-
oxyphenyl)ethanone (3d): yield: 147 mg (87%); pale yellow
solid; mp 103-105°C. 'HNMR (400 MHz, CDCl;, 25°C,
TMS): 6=17.75 (d, J=8.7 Hz, 2H, aromatic CH), 6.88 (d, /=
8.7 Hz, 2H, aromatic CH), 4.65 (dd, /=103, 2.6 Hz, 1H,
OCHCH,0), 4.02 (t) and 3.79 (m) (1:4H, OCH; and
OCHCH,0), 3.71 and 3.59 (m each, 2:2H, OCH,CH,0),
3.38, 3.28 and 3.13 (m, 1:2:1H, SCH,CH,S); “C (100 MHz,
CDCls, 25°C, TMS): 6=192.6 (Cq, C=0), 163.0 (Cq of Ph),
156.9 (Cq), 131.4 (aromatic CH), 130.5 (Cq), 122.5 (Cq),
113.6 (aromatic CH), 77.2 (OCHCH,0), 67.1 (OCHCH,0),
67.0 and 65.7 (OCH,CH,0), 55.4 (OCH;), 37.4 and 37.4
(SCH,CH,S); HR-MS (ESI): m/z=339.0719, calcd. for
CsH,50,S, [M+H]*: 339.0725.
1-(2-Chlorophenyl)-2-(1,4-dioxan-2-yl)-2-(1,3-dithiolan-2-
ylidene)ethanone (3e): yield: 137 mg (80%); pale yellow
solid; mp 130-131°C. 'HNMR (400 MHz, CDCl,, 25°C,
TMS): 6=7.38 (dd, /=79 and 1.2 Hz, 1H, aromatic CH),
7.30 (m, 2H, aromatic CH), 7.21 (dd, J=7.4 and 1.6 Hz, 1H,
aromatic CH), 445 (dd, J=10.6 and 3.1Hz, 1H,
OCHCH,0), 4.04 (t) and 3.84 (d, /J=88Hz) (1:1H,
OCHCH,0), 3.64 (m, 2H, CH,O0CH,CH,0), 3.59 (m) and
3.50 (dd, J=11.7 and 2.9 Hz) (1:1H, CH,OCH,CH,0), 3.42
and 3.23 (m each, 2:2H, SCH,CH,S); *C NMR (100 MHz,
CDCl;, 25°C, TMS)' 6=189.4 (Cq, C=0), 171.4, 139.7 and
130.6 (Cq), 130.4, 129.8, 127.8 and 126.9 (aromatic CH),
121.1 (Cq), 76.0 (OCHCH,0), 67.2 (OCHCH,0), 66.2 and
65.6 (OCH,CH,0), 37.6 and 37.1 (SCH,CH,S); HR-MS
(ESI): m/z=343.0232, caled. for C;sH;50,S,Cl [M+H]":
343.0229.
1-(3-Chlorophenyl)-2-(1,4-dioxan-2-yl)-2-(1,3-dithiolan-2-
ylidene)ethanone (3f): yield: 109 mg (64%); pale yellow
solid; mp 125-127°C. '"HNMR (400 MHz, CDCl,, 25°C,
TMS): 6=7.69 (s, 1H, aromatic CH), 7.57 (d, /J=7.6 Hz,
1H, aromatic CH), 7.46 (d, /=8.0 Hz, 1H, aromatic CH),
7.36 (t, 1H, aromatic CH), 4.68 (dd, /=10.5 and 2.9 Hz, 1H,
OCHCH,0), 4.14 (t) and 391 (d, /J=94Hz) (1:1H,
OCHCH,0), 3.74 (m, 2H, CH,0CH,CH,0), 3.63 (m) and
3.53 (dd, J=11.7 and 2.7 Hz) (1:1H, CH,OCH,CH,0), 3.46,
3.36 and 3.20 (m each, 1:2:1H, SCH,CH,S); “C{'H} NMR
(100 MHz, CDCl;, 25°C, TMS): 6=191.6 (Cq, C=0), 165.2,
140.5 and 134.6 (Cq), 131.7, 129.8, 128.6 and 126.6 (aromatic
CH), 121.5 (Cq), 76.6 (OCHCH,0), 67.4 (OCHCH,0), 66.7
and 65.8 (OCH,CH,0), 37.5 and 37.4 (SCH,CH.S); HR-MS
(ESI): m/z=342.0230, caled. for C;sH,505S,Cl [M+H]":
343.0229.
1-(4-Chlorophenyl)-2-(1,4-dioxan-2-yl)-2-(1,3-dithiolan-2-
ylidene)ethanone (3g): yield: 140 mg (82%); pale yellow
solid; mp 149-151°C. 'HNMR (400 MHz, CDCl,, 25°C,
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TMS): 6=7.66 (d, J=8.3 Hz, 2H, aromatic CH), 7.39 (d, /=
8.3 Hz, 2H, aromatic CH), 4.65 (dd, /=10.4 and 2.8 Hz, 1H,
OCHCH,0), 4.11 (1) and 3.88 (d, J=94Hz) (1:1H,
OCHCH,0), 3.73 (m, 2H, CH,O0CH,CH,0), 3.62 and 3.53
(m each, 1:1H, CH,0OCH,CH,0), 3.43, 333 and 3.18 (m
each, 1:2:1H, SCH,CH.S); “CNMR (100 MHz, CDCl,,
25°C, TMS): 6=192.1 (Cq, C=0), 163.2, 1382 and 136.9
(Cq), 130.2 and 128.8 (aromatic CH), 121.7 (Cq), 76.8
(OCHCH,0), 673 (OCHCH,O), 668 and 65.8
(OCH,CH,0), 37.5 and 37.3 (SCH,CH,S); HR-MS (ESI):
m/z=343.0232, calcd. for C;sH;5s0,S,Cl [M+H]*: 343.0229.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-(4-fluoro-
phenyl)ethanone (3h): yield: 133 mg (81%); pale yellow
solid; mp 135-137°C. 'H NMR (400 MHz, CDCl;, 25°C,
TMS): 6=7.76 (dd, J=8.6 and 5.5 Hz, 2H, aromatic CH),
7.09 (t, 2H, aromatic CH), 4.66 (dd, /=10.4 and 3.0 Hz, 1H,
OCHCH,0), 4.10 (t) and 3.88 (d, /J=10.0Hz) (1:1H,
OCHCH,0), 3.71 (m, 2H, CH,0CH,CH,0), 3.64 (m) and
3.55 (dd, J=11.7 and 2.9 Hz) (1:1H, CH,OCH,CH,0), 3.43,
3.33 and, 3.17 (m each, 1:22:1H, SCH,CH,S); “CNMR
(100 MHz, CDCl;, 25°C, TMS): 6=192.0 (Cq, C=0), 165.1
(d, J=253.3 Hz, Cq of Ph), 161.7 (Cq), 134.6 (d, /=3.1 Hz,
Cq of Ph), 131.4 (d, J=9.1 Hz, aromatic CH), 121. 9 (Cq),
115.6 (d, J=21.8 Hz, aromatic CH), 76.9 (OCHCH,0), 67.3
(OCHCH,0), 66.8 and 65.8 (OCH,CH,0), 37.5 and 37.3
(SCH,CH,S); HR-MS (ESI): m/z=327.0517, calcd. for
C,sH,505S,F [M+H]*: 327.0525.
1-(4-Bromophenyl)-2-(1,4-dioxan-2-yl)-2-(1,3-dithiolan-2-
ylidene)ethanone (3i): yield: 146 mg (76%); pale yellow
solid; mp 141-143°C. 'HNMR (400 MHz, CDCl,, 25°C,
TMS): 6=7.56 (q, J=8.5 Hz, 4H, aromatic CH), 4.64 (dd,
J=10.4 and 2.9 Hz, 1H, OCHCH,0), 4.10 (t) and 3.87 (d,
J=93Hz) (1:1H, OCHCH,0), 371 (m, 2H,
CH,0CH,CH,0), 3.61 (m) and 3.52 (dd, /=117 and
2.8Hz) (1:1H, CH,OCH,CH,0), 3.42, 3.32 and 3.17 (m
each, 1:2:1H, SCH,CH.S); "CNMR (100 MHz, CDCl,,
25°C, TMS): 6=192.2 (Cq, C=0), 163.5 and 137.4 (Cq),
131.8 and 130.3 (aromatic CH), 126.7 and 121.7 (Cq), 76.8
(OCHCH,0), 674 (OCHCH,O), 66.8 and 65.8
(OCH,CH,0), 37.6 and 37.4 (SCH,CH,S); HR-MS (ESI):
m/z7 =386.9722, calcd. for C;sH;5s0,S,Br [M+H]*: 386.9724.
2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)-1-[4-(tri-
fluoromethyl)phenyl]ethanone (3j): yield: 132mg (70%);
pale yellow solid; mp 133-135°C. 'HNMR (400 MHz,
CDCl;, 25°C, TMS): 6=7.78 (d, J=8.0 Hz, 2H, aromatic
CH), 7.69 (d, /=8.1 Hz, 2H, aromatic CH), 4.65 (dd, J=
10.5 and 2.9 Hz, 1H, OCHCH,0), 4.15 (t) and 391 (d, J=
9.6 Hz) (1:1H, OCHCH,0), 3.72 (m, 2H, CH,0CH,CH,0),
3.63 and 3.52 (m each, 1:1H, CH,OCH,CH,0), 3.47, 3.37
and 322 (m, 1:22:1H, SCH,CH.S); "CNMR (100 MHz,
CDCl;, 25°C, TMS): 6=191.6 (Cq, C=0), 166.7 and 142.2
(Cq), 133.0 (q, J=32.7 Hz, Cq of Ph), 128.7 (aromatic CH),
125.5 (q, /=3.7 Hz, aromatic CH), 123.8 (q, /=272.6 Hz,
CF;), 121.3 (Cq), 76.5 (OCHCH,0), 67.4 (OCHCH,0), 66.6
and 65.8 (OCH,CH,0), 37.5 and 37.4 (SCH,CH.S); HR-MS
(ESI): m/z=377.0491, caled. for C,sH;sO;S,F[M+H]"
377.0493.
1-(1,4-Dioxan-2-yl)-1-(1,3-dithiolan-2-ylidene)propan-2-
one (3k): yield: 107 mg (87%); white solid; mp 119-121°C.
'H NMR (400 MHz, CDCl,, 25°C, TMS): 6=4.83 (dd, J=
10.7 and 3.1Hz, 1H, OCHCH,O), 393 (m, 2H,
OCHCH,0), 3.84, 3.73 and 3.63 (m, 1:2:1H, OCH,CH,0),
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3.34 and 320 (m each, 2:2H, SCH,CH,S), 2.36 (s, 3H,
COCH;); "CNMR (100 MHz, CDCl,, 25°C, TMS): 6=
193.2 (Cq, C=0), 166.3 and 121.5 (Cq), 77.0 (OCHCH,0),
67.5 (OCHCH,0), 66.8 and 65.8 (OCH,CH,0), 38.0 and
36.2 (SCH,CH.S), 28.9 (COCH;); HR-MS (ESI): m/z=
247.0454, caled. for C,\H,,05S, [M+H]*: 247.0463.

Ethyl 2-(1,4-dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)ace-
tate (3l): yield: 114 mg (83%); white solid; mp 91-93°C.
'HNMR (400 MHz, CDCls, 25°C, TMS): 6=4.81 (dd, J=
10.3 and 2.8 Hz, 1H, OCHCH,0), 4.16 (dd, /=13.0 and
59Hz, 2H, OCH,CH;), 3.73 (m, 6H, CH,OCH,CH,0),
332 and 3.19 (m, 2:22H, SCH,CH.S), 125 (t, 3H,
OCH,CH;); "*CNMR (100 MHz, CDCl,, 25°C, TMS): 6=
165.2 (Cq, C=0), 165.1 and 113.0 (Cq), 75.3 (OCHCH,0),
67.2 (OCHCH,0), 66.6 and 65.8 (OCH,CH,0), 60.6
(OCH,CHs;), 37.5 and 37.1 (SCH,CH.S), 14.3 (OCH,CHj;);
HR-MS (ESI): m/z=277.0567, caled. for C;;H;,0,S,
[M+H]*: 277.0568.

2-(1,4-Dioxan-2-yl)-2-(1,3-dithiolan-2-ylidene)acetonitrile
(Bm): yield: 100 mg (87%); white solid; mp 122-124°C;
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=4.30 (dd, J=
10.0 and 2.8 Hz, 1H, OCHCH,0), 3.80, 3.69 and 3.63 (m
each, 3:2:1H, CH,OCH,CH,0), 3.56 (m, 4H, SCH,CH.S);
BCNMR (100 MHz, CDCl,, 25°C, TMS): 6=166.8, 116.9
and 94.3 (Cq), 75.3 (OCHCH,0), 68.5 (OCHCH,0), 66.9
and 66.1 (OCH,CH,0), 39.6 and 38.3 (SCH,CH.S); HR-MS
(ESI): m/z=252.0120, caled. for CyH;;NO,S, [M+Na]t:
252.0120.

2-(1,4-Dioxan-2-yl)-2-(1,3-dithian-2-ylidene)-1-phenyletha-
none (3n): yield: 130 mg (81%); pale yellow solid; mp 128—
130°C. '"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.94 (d,
J=7.5Hz, 2H, aromatic CH), 7.53 (t, 1H, aromatic CH),
7.43 (t, 2H, aromatic CH), 4.85 (dd, /=9.1 and 4.1 Hz, 1H,
OCHCH,0), 377 and 3.69 (m each, 2:2H,
CH,OCH,CH,0), 3.59 and 351 (m each, 1:1H,
CH,OCH,CH,0), 2.98 (m, 2H, SCH,), 2.74 (m, 2H, SCH,),
2.09 (m, 2H, SCH,CH,CH,S); *C NMR (100 MHz, CDCl,,
25°C, TMS): 6=195.0 (Cq, C=0), 138.6, 137.7 and 134.4
(C=CCH), 1332, 129.5 and 128.6 (aromatic CH), 75.6
(OCHCH,0), 682 (OCHCH,0O), 669 and 66.0
(OCH,CH,0), 291 and  28.8 (SCH,), 2392
(SCH,CH,CH,S); HR-MS (ESI): m/z=323.0774, calcd. for
CsH505S, [M+H]™: 323.0776.

2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (30): yield: 125 mg (81%); white solid; mp 111-
112°C. 'TH NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.91 (d,
J=7.6 Hz, 2H, aromatic CH), 7.53 (t, 1H, aromatic CH),
7.44 (t, 2H, aromatic CH), 5.05 (dd, /=10.2 and 2.5 Hz, 1H,
OCHCH,0), 3.83, 3.68 and 348 (m each, 1:4:1H,
CH,0CH,CH,0), 2.35 (s, 3H, SCH;), 2.04 (s, 3H, SCH;);
BC NMR (100 MHz, CDCl;, 25°C, TMS)6 194.7 (Cq, C=0),
143.4, 137.6 and 137.2 (Cq), 133.1 (aromatic CH), 129.4 and
128.4 (aromatic CH), 76.6 (OCHCH,0), 68.7 (OCHCH,0),
66.8 and 66.1 (OCH,CH,0), 17.1 (SCHs;), 16.4 (SCH;); HR-
MS (ESI): m/z=311.0774 caled. for C;sH305S, [M+H]":
311.0776.

2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-o-tolylprop-2-
en-1-one (3p): yield: 117 mg (72%); white solid; mp 93—
94°C. "TH NMR (400 MHz, CDCl,, 25°C, TMS): 6="7.69 (d,
J=7.6 Hz, 1H, aromatic CH), 7.33 (t, 1H, aromatic CH),
7.20 (t, 2H, aromatic CH), 5.03 (dd, /=10.0 and 2.9 Hz, 1H,
OCHCH,0), 3.79 (m, 4H, CH,OCH,CH,0), 3.63 and 3.53
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(m each, 1:1H, CH,OCH,CH,0), 2.60 (s, 3H, SCHj;), 2.32
(s, 3H, SCH,), 1.89 (s, 3H, Ph-CH,); *C NMR (100 MHz,
CDCl;, 25°C, TMS): 6 =196.6 (Cq, C=0), 145.5, 134.0, 137.9
and 137.8 (Cq) 131.6, 131.6, 131.2 and 125.1 (aromatic CH),
76.9 (OCHCH,0O), 68.8 (OCHCH,0O), 66.8 and 66.1
(OCH,CH,0), 21.5 (Ph-CH;), 16.7 (SCH;), 16.4 (SCH;);
HR-MS (ESI): m/z=325.0930, calcd. for C;sH,0sS,
[M+H]*: 325.0932.
2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-m-tolylprop-2-
en-1-one (3q): yield: 118 mg (73%); white solid; mp 93—
95°C. '"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.76 (s,
1H, aromatic CH), 7.68 (d, /=6.9 Hz, 1H, aromatic CH),
7.33 (q, J="7.5 Hz, 2H, aromatic CH), 5.05 (dd, /=10.2 and
2.6 Hz, 1H, OCHCH,0), 3.83 (dd, /J=11.5 and 2.4 Hz), 3.68
(m) and 3.49 (m) (1:4:1H, CH,OCH,CH,0), 2.40 (s, 3H,
SCH;), 2.36 (s, 3H, SCH,), 2.06 (s, 3H, Ph-CH,); *C NMR
(100 MHz, CDCl;, 25°C, TMS): 6=194.9 (Cq, C=0), 143.6,
138.3, 137.5 and 136.9 (Cq), 134.1 (aromatic CH), 129.5 (ar-
omatic CH), 128.3 (aromatic CH), 127.1 (aromatic CH),
76.6 (OCHCH,0), 68.7 (OCHCH,O), 66.8 and 66.1
(OCH,CH,0), 21.5 (Ph-CH;), 17.2 (SCH;), 16.4 (SCH,);
HR-MS (ESI): m/z=325.0934, caled. for C;sH,05S,
[M+H]*: 325.0932.
2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-(p-tolyl)-prop-2-
en-1-one (3r): yield: 138 mg (85%); white solid; mp 112-
114°C. 'H NMR (400 MHz, CDCl, 25°C, TMS): 6 =7.81 (d,
J=8.1 Hz, 2H, aromatic CH), 7.24 (t, 2H, aromatic CH),
5.04 (dd, J=10.2 and 2.8 Hz, 1H, OCHCH,0), 3.81 (dd, J=
11.5 and 2.6Hz), 3.65 (m) and 3.47 (m) (1:4:1H,
CH,OCH,CH,0), 2.39 (s, 3H, Ph-CHj;), 2.34 (s, 3H, SCH;),
2.08 (s, 3H, SCH;); "CNMR (100 MHz, CDCl;, 25°C,
TMS): 0=194.3 (Cq, C=0), 144.0, 143.5, 136.8 and 135.1
(Cq), 129.5 and 129.2 (aromatic CH), 76.5 (OCHCH,0),
68.6 (OCHCH,0), 66.7 and 66.0 (OCH,CH,0), 21.8 (Ph-
CH;), 17.1 (SCH,;), 16.3 (SCH;); HR-MS (ESI): m/z=
325.0935, calcd. for C,;H,,05S, [M+H]*: 325.0932.
2-(1,4-Dioxan-2-yl)-1-(4-methoxyphenyl)-3,3-bis(methyl-
thio)prop-2-en-1-one (3s): yield: 128 mg (74% ); white solid;
mp 108-110°C. '"HNMR (400 MHz, CDCl,, 25°C, TMS):
0=7.76 (d, J=7.6Hz, 1H, aromatic CH), 742 (d, J=
7.8 Hz, 1H, aromatic CH), 7.36 (dd, /=10.7 and 4.3 Hz, 1H,
aromatic CH), 7.28 (t, 1H, aromatic CH), 5.02 (dd, J=9.1
and 39Hz, 1H, OCHCH,0), 379 (m, 4H,
CH,0CH,CH,0), 3.64 (dd, J=11.6 and 2.1 Hz) and 3.55
(m) (1:1H, CH,OCH,CH,0), 2.33 (s, 3H, SCH;), 1.91 (s,
3H, SCH;); *C NMR (100 MHz, CDCl,, 25°C, TMS): 6 =
192.8 (Cq, C=0), 144.2, 1404, 137.6 and 133.8 (Cq), 132.1,
131.4, 131.1and 126.1 (aromatic CH), 76.9 (OCHCH,0),
68.6 (OCHCH,0O), 66.8 and 66.1 (OCH,CH,0), 16.7
(SCH;), 16.4 (SCH;); HR-MS (ESI): m/z =345.0387, calcd.
for C,5H,,0,S,Cl [M+H]*: 345.0386.
1-(3-Chlorophenyl)-2-(1,4-dioxan-2-yl)-3,3-bis(methyl-
thio)prop-2-en-1-one (3t): yield: 104 mg (60%); colorless
liquid. 'H NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.89 (s,
1H, aromatic CH), 7.76 (d, /J=7.7 Hz, 1H, aromatic CH),
7.49 (m, 1H, aromatic CH), 7.38 (t, 1H, aromatic CH), 5.04
(dd, J=10.2 and 2.8 Hz, 1H, OCHCH,0), 3.82 (dd, /=11.5
and 2.7Hz), 368 (m) and 349 (m) (1:4:1H,
CH,0CH,CH,0), 2.35 (s, 3H, SCH;), 2.05 (s, 3H, SCH;);
3C NMR (100 MHz, CDCl,, 25°C, TMS): 6 =193.5 (Cq, C=
0), 142.8, 139.4, 138.0 and 134.8 (Cq), 139.8, 129.8, 129.1
and 127.6 (aromatic CH), 76.6 (OCHCH,0O), 68.6
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(OCHCH,0), 66.8 and 66.1 (OCH,CH,0), 17.1 (SCHs;),
16.4 (SCH;); HR-MS (ESI): m/z=345.0389, calcd. for
C,sH,,0,8,Cl [M+H]*: 345.0386.
1-(4-Bromophenyl)-2-(1,4-dioxan-2-yl)-3,3-bis(methyl-
thio)prop-2-en-1-one (3u): yield: 152 mg (78%); white solid;
mp 131-133°C. '"HNMR (400 MHz, CDCl,, 25°C, TMS):
0="7.76 (m, 2H, aromatic CH), 7.57 (d, /=7.0 Hz, 2H, aro-
matic CH), 5.03 (d, /=10.1 Hz, 1H, OCHCH,0), 3.81 (d,
J=11.5Hz), 3.66 (m), and 3.47 (t, J=11.5Hz) (1:4:1H,
CH,0OCH,CH,0), 2.34 (s, 3H, SCH,), 2.05 (s, 3H, SCH,);
BCNMR (100 MHz, CDCl,, 25°C, TMS): 6=193.7 (Cq, C=
0), 142.8, 137.6 and 136.5 (Cq), 131.7 and 130.8 (aromatic
CH), 128.3 (Cq), 76.5 (OCHCH,0), 68.5 (OCHCH,0), 66.7
and 66.0 (OCH,CH,0), 17.1 (SCH;), 16.3 (SCH;); HR.MS
(ESI): m/z=388.9883, caled. for C;sH;0,S,Br [M+H]":
388.9881.
2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-(naphthalen-2-
yl)prop-2-en-1-one (3v): yield: 60 mg (33%); pale yellow
solid; mp 128-130°C. 'HNMR (400 MHz, CDCl,;, 25°C,
TMS): 6=8.42 (s, 1 H, aromatic CH), 8.01 (m, 2H, aromatic
CH), 7.88 (m, 2H, aromatic CH), 7.56 (m, 2H, aromatic
CH), 5.14 (dd, /=102 and 2.8 Hz, 1H, OCHCH,0), 3.90
(dd, J=11.5 and 2.6 Hz), 3.70 (m) and 3.51 (m) (1:4:1H,
CH,0OCH,CH,0), 2.39 (s, 3H, SCH;), 2.05 (s, 3H, SCH;);
3C NMR (100 MHz, CDCl,, 25°C, TMS): 6=194.8 (Cq, C=
0), 143.6, 137.4, 135.8, 135.1 and 132.7 (Cq), 131.6, 129.9,
128.5, 128.4, 127.9, 126.7 and 124.7 (aromatic CH), 76.8
(OCHCH,0), 688 (OCHCH,0O), 668 and 66.1
(OCH,CH,0), 17.2 (SCH,), 16.4 (SCH;); HR-MS (ESI): m/
7=361.0936, calcd. for C;,H,,0;S, [M+H]*: 361.0932.
2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)-1-(thiophen-2-
yl)prop-2-en-1-one (3w): yicld: 64 mg (41%); pale yellow
solid; mp 105-107°C. '"HNMR (400 MHz, CDCl,;, 25°C,
TMS): 6=7.64 (d, J=4.9 Hz, 1H, aromatic CH), 7.58 (d, /=
3.7 Hz, 1H, aromatic CH), 7.09 (m, 1H, aromatic CH), 5.01
(dd, J=10.2 and 2.8 Hz, 1H, OCHCH,0), 3.65 (m, 6H,
CH,0CH,CH,0), 2.35 (s, 3H, SCH;), 2.12 (s, 3H, SCH;);
3C NMR (100 MHz, CDCl,, 25°C, TMS): 6=186.9 (Cq, C=
0), 145.1, 143.0 and 138.7 (Cq), 134.3, 134.1 and 128.1 (aro-
matic CH), 76.2 (OCHCH,0), 68.6 (OCHCH,0), 66.8 and
66.0 (OCH,CH,0), 17.5 (SCHj), 16.4 (SCH;); HR-MS
(ESI): m/z=317.0339, caled. for C;H,;0,S; [M+H]™
317.0340.
2-(1,4-Dioxan-2-yl)-1-(furan-2-yl)-3,3-bis(methylthio)-
prop-2-en-1-one (3x): yield: 31 mg (21%); pale yellow solid:
mp 116-118°C. 'HNMR (400 MHz, CDCl;, 25°C, TMS):
0=7.60 (s, 1H, aromatic CH), 7.10 (d, /J=3.5 Hz, 1H, aro-
matic CH), 6.53 (dd, /=3.1 and 1.1 Hz, 1H, aromatic CH),
5.01 (dd, 7=10.2 and 2.8 Hz, 1 H, OCHCH,0), 3.74 (m, 4H,
CH,0CH,CH,0), 3.61 and 351 (m each, 1:1H,
CH,OCH,CH,0), 2.35 (s, 3H, SCHs;), 2.14 (s, 3H, SCHj;);
BCNMR (100 MHz, CDCls, 25°C, TMS): 6=182.3 (Cq, C=
0), 153.3 (Cq), 147.1 (aromatic CH), 142.1 (Cq), 139.4 (Cq),
119.2 (aromatic CH), 112.5 (aromatic CH), 764
(OCHCH,0), 68.7 (OCHCH,O), 669 and 66.1
(OCH,CH,0), 17.8 (SCH;), 16.4 (SCH;); HR-MS (ESI):
m/z=301.0569, calcd. for C;sH,;0,S, [M+H]": 301.0568.
3-(1,4-Dioxan-2-yl)-4,4-bis(methylthio)but-3-en-2-one
(3y): yield: 108 mg (87%); white solid; mp 101-102°C.
'H NMR (400 MHz, CDCl,, 25°C, TMS): 6=4.87 (dd, J=
102, 3.0Hz, 1H, OCHCH,0), 3.60 (m, 6H,
CH,OCH,CH,0), 2.34 (s, 3H, SCH,), 2.27 (s, 3H, SCH,),
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221 (s, 3H, CH,CO); BCNMR (100 MHz, CDCl,, 25°C,
TMS): 6=202.8 (Cq, C=0), 146.7 and 134.0 (Cq), 76.3

(OCHCH,0), 682 (OCHCH,O), 66.6 and 66.0
(OCH,CH,0), 32.3 (CH;CO), 17.3 (SCH;), 16.3 (SCH;);
HR-MS (ESI): m/z=249.0617, caled. for C,;H;,05S,

[M+H]*: 249.0619.

1-Cyclopropyl-2-(1,4-dioxan-2-yl)-3,3-bis(methylthio) prop-
2-en-1-one (3z): yield: 111 mg (81%); pale yellow solid; mp
81-83°C. 'H NMR (400 MHz, CDCl,, 25°C, TMS): 6 =4.89
(dd, 7=10.1 and 3.0 Hz, 1H, OCHCH,0), 3.73 (dd, J=8.1
and 2.0 Hz), 3.68 (dd, /J=11.5 and 2.9 Hz) and 3.56 (m)
(2:1:3H, CH,0OCH,CH,0), 2.30 (s, 3H, SCH,), 2.24 (s, 3H,
SCH,), 2.09 (m, 1H, CH,CHCH,), 1.17 and 0.96 (m, 2H,
CHCH,CH,); "C NMR (100 MHz, CDCl,, 25°C, TMS): 6 =
204.6 (Cq, C=0), 146.6 and 136.2 (Cq), 76.2 (OCHCH,0),
68.6 (OCHCH,0), 668 and 66.1 (OCH,CH,O), 232
(CH,CHCH,), 174 (SCH;), 16.4 (SCH;), 12.8 and 12.3
(CHCH,CH,); HR-MS (ESI): m/z=275.0775, calcd. for
C,H,50,S, [M+H]*: 275.0776.

Ethyl 2-(1,4-dioxan-2-yl)-3,3-bis(methylthio)acrylate
(3z1): yield: 121 mg (87%); colorless liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=479 (t, 1H,
OCHCH,0), 4.17 (m, 2H, OCH,CH;), 3.64, 3.56 and 3.46
(m each, 2:3:1H, CH,0CH,CH,0), 2.23 (s, 3H, SCHj), 2.17
(s, 3H, SCH;), 1.23 (t, 3H, OCH,CH,); *C NMR (100 MHz,
CDCl;, 25°C, TMS): 6=165.8 (Cq, C=0), 138.4 and 137.6
(Cq), 75.2 (OCHCH,0), 68.1 (OCHCH,0), 66.5 and 65.7
(OCH,CH,0), 61.0 (OCH,CHj), 17.2 (SCH,), 16.0 (SCHs),
14.0 (OCH,CHs;); HR-MS (ESI): m/z=279.0725, calcd. for
C;H,,0,S, [M+H]*: 279.0725.

2-(1,4-Dioxan-2-yl)-3,3-bis(methylthio)acrylonitrile (3z2):
yield: 101 mg (87%); pale vyellow liquid. 'HNMR
(400 MHz, CDCl;, 25°C, TMS): 6=4.74 (dd, /=102 and
2.8 Hz, 1H, OCHCH,0), 3.70 (m, 6H, CH,OCH,CH,0),
2.47 and 2.44 (s each, 3:3H, SCH;); "C NMR (100 MHz,
CDCl;, 25°C, TMS) 6 161.0, 1159 and 111.6 (Cq), 73.5
(OCHCH,0), 684 (OCHCH,O), 66.8 and 659
(OCH,CH,0), 18.3 (SCH,), 17.7 (SCH;); HR-MS (ESI):
m/z =232.0462, calcd. for CoH;NO,S, [M+H]*: 232.0460.

2-(1,3-Dithiolan-2-ylidene)-1-phenyl-2-(tetrahydrofuran-2-
yl)ethanone (4a): yield: 121 mg (83%); pale yellow solid;
mp 106-108°C. '"HNMR (400 MHz, CDCl;, 25°C, TMS):
0="7.68 (m, 2H, aromatic CH), 7.41 (m, 3H, aromatic CH),
483 (m, 1H, OCHCH,), 4.02 and 3.71 (m each, 1:1H,
OCH,CH,), 341, 328 and 3.13 (m each, 1:2:1H,
SCH,CH,S), 2.17 and 1.91 (m each, 1:3H, OCHCH,CH,);
BC NMR (100 MHz, CDCls, 25°C, TMS): 6=193.6 (Cq, C=
0), 160.6 and 139.0 (Cq), 131.3, 128.5 and 128.2 (aromatic
CH), 1249 (Cq), 79.6 (OCHCH,), 67.9 (OCH,CH,), 37.4
and 36. 9 (SCH,CH,S), 298 (CHCH,CH,), 26.6
(CHCH,CH,); HR-MS (ESI): m/z=293.0671, calcd. for
CsH,0,S, [M+H]*: 293.0670.

1-(1,3-Dithiolan-2-ylidene)-1-(tetrahydrofuran-2-yl)pro-
pan-2-one (4b): yield: 101 mg (88%); pale yellow liquid.
'HNMR (400 MHz, CDCl;, 25°C, TMS): 6=4.94 (dd, J=
9.4 and 6.3 Hz, 1H, OCHCH,), 4.05 and 3.77 (m each, 1:1H,
OCH,CH,), 3.28 and 3.10 (m each, 2:2H, SCH,CH,S), 2.21
(s, 3H, COCH;), 1.99 (m, 4H, CHCH,CH,); “CNMR
(100 MHz, CDCls, 25°C, TMS): 6=193.3 (Cq, C=0), 162.9
and 124.3 (Cq), 79.6 (OCHCH,), 67.6 (OCH,CH,), 37.5 and
36.2 (SCH,CH.S), 23.0 (CHCH,CH,), 28.5 (CHCH,CH,),
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26.4 (COCH;); HR-MS (ESI): m/z=231.0516, calcd. for
C,0H,,0,S, [M+H]*: 231.0513.

2-(1,3-Dithiolan-2-ylidene)-2-(tetrahydrofuran-2-yl)-aceto-
nitrile (4¢): yield: 75 mg (70%); colorless liquid. "H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=4.58 (t, 1H, OCHCH,),
3.96 and 3.79 (dd each, 1:1H, OCH,CH,), 3.51 (m, 4H,
SCH,CH.,S), 2.04 (m, 4H, CHCH,CH,); “CNMR
(100 MHz, CDCl;, 25°C, TMS) 6 163.4 (Cq, CN), 117.5 and
99.2 (Cq), 78.8 (OCHCH,), 68.7 (OCH,CH,), 39.4 and 37.9
(SCH,CH,S), 31.2 and 26.0 (CHCH,CH,); HR-MS (ESI):
m/z =214.0359, calcd. for CH;;NOS, [M+H]*: 214.0360.

3,3-Bis(methylthio)-1-phenyl-2-(tetrahydrofuran-2-
yl)prop-2-en-1-one (4d): yield: 103 mg (70%); colorless
liquid. "H NMR (400 MHz, CDCls, 25°C, TMS): 6=7.93 (d,
J=8.1 Hz, 2H, aromatic CH), 7.48 (m, 3H, aromatic CH),
523 (t, 1H, OCHCH,), 3.63 (dq, /=22.1 and 7.6 Hz, 2H,
OCH,CH,), 2.33 (s, 3H, SCHj;), 2.24 and 2.07 (m each,
1:4H, SCH; and OCHCH,CH,), 183 (m, 2H,
CH,CH,CH,); *CNMR (100 MHz, CDCl,, 25°C, TMS):
0=195.8 (Cq, C=0), 148.9, 137.6 and 133.4 (Cq), 133.0 (aro-
matic CH), 129.2 (aromatic CH), 128.5 (aromatic CH), 79.2
(OCHCH,), 689 (OCH,CH,), 31.9 (CHCH,CH,), 262
(CHCH,CH,), 17.1 (SCH;), 16.2 (SCH;); HR-MS (ESI):
m/z =295.0828, calcd. for C,H;0,S, [M+H]*: 295.0826.

4,4-Bis(methylthio)-3-(tetrahydrofuran-2-yl)but-3-en-2-
one (4e): yield: 108 mg (93%); white solid; mp 50-51°C.
'"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=5.00 (t, 1H,
OCHCH,), 3.71 (t, 2H, OCH,CH,), 2.34 (s, 3H, COCH;),
2.25 (s, 3H, SCHj;), 2.20 (s, 3H, SCHj;), 2.15 and 1.85 (m
each, 1:3H, CHCH,CH,); "CNMR (100 MHz, CDCl,,
25°C, TMS): 6=203.9 (Cq, C=0), 152.5 and 130.2 (Cq),
79.0 (OCHCH,), 68.8 (OCH,CH,), 32.4 (CHCH,CH,), 31.8
(CHCH,CH,), 26.1 (COCHj;), 17.3 (SCHj), 16.2 (SCHj);
HR-MS (ESI): m/z=233.0668, calcd. for C,;H;,0,S,
[M+H]*: 233.0670.

Ethyl 3,3-bis(methylthio)-2-(tetrahydrofuran-2-yl)-acrylate
4f): vyield: 97mg (74%); colorless liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=5.05 (t, J=7.4Hz, 1H,
OCHCH,), 424 (m, 2H, OCH,CH,), 3.77 (m, 2H,
OCH,CH,), 2.28 (s, 3H, SCH;), 2.25 (s, 3H, SCH,), 2.14 and
1.89 (m each, 1:3H, OCHCH,CH,), 1.30 (t, J=7.1 Hz, 3H,
OCH,CH,); *CNMR (100 MHz, CDCl,, 25°C, TMS): 6=
166.9 (Cq, C=0), 143.5 and 135.2 (Cq), 78.2 (OCHCH,),
69.1 (OCH,CH,), 61.0 (OCH,CHj;), 32.0 (CHCH,CH,)and
263 (CHCH,CH,), 17.5 (SCH;), 162 (SCH;), 142
(OCH,CH;); HR-MS (ESI): m/z=263.0774, calcd. for
C,1H505S, [M+H]*: 263.0776.

3,3-Bis(methylthio)-1-phenyl-2-(tetrahydro-2H-pyran-2-
yl)prop-2-en-1-one (4g): yield: 100 mg (65%); colorless
liquid. '"H NMR NMR (400 MHz, CDCl,, 25°C, TMS): 6=
7.95 (d, J=7.4 Hz, 2H, aromatic CH), 7.53 (t, 1H, aromatic
CH), 7.44 (t, 2H, aromatic CH), 4.71 (dd, J=10.9 and
2.5Hz, 1H, OCHCH,), 390 and 3.46 (m each, 1:1H,
OCH,CH,), 2.34 (s, 3H, SCH3), 2.04 (s, 3H, SCH,), 1.72 and
149 (m each, 3:3H, CHCH,CH,CH,CH,); “CNMR
(100 MHz, CDCl;, 25°C, TMS): 6=195.3 (Cq, C=0), 1484,
137.7 and 134.3 (Cq), 133.0, 129.6 and 128.4 (aromatic CH),
78.6 (OCHCHS,), 68.7 (OCH,CH,), 30.4 (CHCH,CH,CH,),
25.5 (CHCH,CH,CH,), 23.7 (CHCH,CH,CH,), 17.2 (SCHs),
16.2 (SCH;); HR-MS (ESI): m/z=309.0980, calcd. for
C,6H,00,S, [M+H]™: 309.0983.

Adv. Synth. Catal. 2017, 359, 2981 -2998 2991

4,4-Bis(methylthio)-3-(tetrahydro-2H-pyran-2-yl)but-3-en-
2-one (4h): yield: 89 mg (72%); white solid; mp 65-67°C.
"HNMR (400 MHz, CDCl,, 25°C, TMS): 6 =4.57 (dd, J=
8.8 and 4.7Hz, 1H, OCHCH,), 3.92 (dd, J=11.1 and
3.6Hz) and 3.40 (m) (1:1H, OCH,CH,), 2.34 (s, 3H,
COCHj;), 2.26 (s, 3H, SCH3;), 2.21 (s, 3H, SCHj;), 1.90 and
1.52 (m, 1:5H, CHCH,CH,CH,CH,); “C NMR (100 MHz,
CDCl;, 25°C, TMS): 6=203.3 (Cq, C=0), 152.0 and 130.6
(Cq), 784 (OCHCH,), 68.6 (OCH,CH,), 32.4 (COCH;),
30.2 (CHCH,CH,CH,), 25.5 (CHCH,CH.,CH,), 234
(CHCH,CH,CH,), 17.4 (SCHj;), 16.2 (SCH;); HR-MS (ESI):
m/z =247.0824, calcd. for C;;H;30,S, [M+H]*: 247.0826.

Ethyl  3,3-bis(methylthio)-2-(tetrahydro-2H-pyran-2-yl)-
acrylate (4i): yield: 102 mg (74%); colorless liquid. "H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=4.58 (dd, /J=11.2 and
1.8 Hz, 1H, OCHCH,), 427 (m, 2H, OCH,CH,), 3.96 (dd,
J=10.9 and 2.8 Hz) and 3.44 (m) (1:1H, OCH,CH,), 2.29 (s,
3H, SCH;), 2.24 (s, 3H, SCH;), 1.78 and 1.51 (m each,
2:4H, CHCH,CH,CH,CH,), 131 (t, 3H, OCH,CHj;);
BCNMR (100 MHz, CDCl;, 25°C, TMS): 6=166.7 (Cq, C=
0), 1432 and 1352 (Cq), 77.6 (OCHCH,), 68.7
(OCH,CH,), 61.1 (OCH,CHj;), 30.2 (CHCH,CH,CH,), 25.5
(CHCH,CH,CH,), 23.5 (CHCH,CH,CH,), 17.5 (SCH,), 16.1
(SCH;), 143 (OCH,CH;); HR-MS (ESI): m/z=277.0935,
caled. for C,H,,0,S, [M+H]*: 277.0932.

3-(2,3-Dihydrobenzo[ b][1,4]dioxin-2-yl)-4,4-bis(methyl-
thio)but-3-en-2-one (4j): yield: 89 mg (60%); yellow liquid.
'"HNMR (400 MHz, CDCls, 25°C, TMS): 6=6.85 (m, 4H,
aromatic CH), 546 (dd, J/=9.0 and 2.6Hz, 1H,
OCHCH,0), 4.25 (dd, J=11.4 and 2.6 Hz) and 4.13 (dd, J=
11.4 and 9.0 Hz) (1:1H, OCHCH.,0), 2.49 (s, 3H, SCHs;),
236 (s, 3H, SCH,;), 232 (s, 3H, COCH;); "CNMR
(100 MHz, CDCl;, 25°C, TMS): 6=202.2 (Cq, C=0), 144.1,
143.0, 142.9 and 137.5 (Cq), 121.9, 121.6, 117.4 and 117.3 (ar-
omatic CH), 74.1 (OCHCH,0), 65.8 (OCHCH,0), 324
(COCH;), 17.3 (SCH;), 16.5 (SCH;); HR-MS (ESI): m/z=
297.0622, caled. for C,,H,,0;S, [M+H]*: 297.0619.

3-(1,3-Dithiolan-2-ylidene)-4-ethoxypentan-2-one (4k):
yield: 60 mg (52%); colorless liquid. 'H NMR (400 MHz,
CDCl;, 25°C, TMS): 6=4.69 (q, /=6.7 Hz, 1H, CH;CHO),
3.41 and 3.2 (m each, 1:3H, CH;CH,O and SCH,), 3.22 (m,
2H, SCH,), 2.32 (s, 3H, COCH;), 1.46 (d, J=6.7Hz, 3H,
CH;CHO), 1.18 (t, 3H, CH;CH,0); “CNMR (100 MHz,
CDCl;, 25°C, TMS) 6 1942 (Cq, C=0), 162.6 and 126.3
(Cq), 76.5 (CH,CHO), 64.1 (CH;CH,0O), 37.9 and 36.1
(SCH,CH,S), 285 (COCH;), 198 (CH;CHO), 154
(CH;CH,0); HR-MS (ESI):: m/z=255.0487, calcd for
C,oH,,0,S, [M +Na]*: 255.0489.

3-[Bis(methylthio)methylene]-4-ethoxypentan-2-one (4l):
yield: 73 mg (62%); colorless liquid; '"H NMR (400 MHz,
CDCls, 25°C, TMS): 6=4.75 (q, /=6.6 Hz, 1H, CH;CHO),
3.47 (m, 2H, CH;CH,0), 2.33 (s, 3H, COCHj;), 2.28 (s, 3H,
SCH;), 224 (s, 3H, SCH;), 131 (d, J=6.6Hz, 3H,
CH;CHO), 1.14 (t, 3H, CH;CH,0); “CNMR (100 MHz,
CDCl;, 25°C, TMS): 6=203.1 (Cq, C=0), 152.4 and 132.6
(Cq), 752 (CH;CHO), 64.6 (CH;CH,O), 32.0 (COCH;),
204 (CH;CHO), 174 (SCH;), 163 (SCHj), 153
(CH;CH,0); HR-MS (ESI): m/z=257.0640, calcd for
CoH,50,S, [M +Na]*: 257.0646;.

2-[ (4-Methoxyphenoxy)methyl]-3,3-bis(methylthio)-1-phe-
nylprop-2-en-1-one (4m): yield: 112mg (62%); colorless
liquid. "H NMR (400 MHz, CDCls, 25°C, TMS): 6=7.91 (d,
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J=72Hz, 2H, aromatic CH), 7.54 (t, 1H, aromatic CH),
7.44 (t, 2H, aromatic CH), 6.78 (m, 4H, aromatic CH), 4.99
(s, 2H, OCH,), 3.74 (s, 3H, OCHs;), 2.39 and 2.11 (s each,
3:3H, SCH,); *C NMR (100 MHz, CDCL,, 25°C, TMS): 6 =
196.3 (Cq, C=0), 154.2, 152.5, 142.9 and 141.3 (Cq), 137.7
(C=CCH), 133.1, 129.3, 128.5, 116.2 and 114.6 (aromatic
CH), 68.9 (OCH,), 55.8 (OCHj;), 17.2 and 16.7 (SCH;); HR-
MS (ESI): m/z=383.0747, calcd for C;sH,,05S, [M+Na]*:
383.0752.
2-(1,3-Dioxolan-2-yl)-3,3-bis(methylthio)-1-(p-tolyl)-prop-
2-en-1-one (4n): yield: 57mg (37%); colorless liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.86 (d, J=
8.1 Hz, 2H, aromatic CH), 7.25 (d, /=7.8 Hz, 2H, aromatic
CH), 6.13 (s, 1H, OCHO), 3.81 (m, 4H, OCH,CH,0), 2.40
(s, 3H, SCH,), 2.37 (s, 3H, SCH;), 2.14 (s, 3H, Ph-CH;);
BCNMR (100 MHz, CDCl,, 25°C, TMS): 6=193.8 (Cq, C=
0), 144.2, 143.3, 140.7 and 134.7 (Cq), 129.7 (aromatic CH),
129.3 (aromatic CH), 101.4 (OCHO), 65.5 (OCH,CH,0),
21.9 (Ph-CH;), 17.1 (SCH,), 16.5 (SCH;); HR-MS (ESI): m/
z=311.0775, caled. for C;sH,s0,S, [M+H]*: 311.0776.
2-(1,3-Dioxolan-4-yl)-3,3-bis(methylthio)-1-(p-tolyl)-prop-
2-en-1-one (4n’): yield: 38 mg (24%); colorless liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.84 (d, J=
8.2 Hz, 2H, aromatic CH), 7.27 (d, J=7.9 Hz, 2H, aromatic
CH), 5.37 (t, 1H, OCHCH,0), 4.84 and 4.73 (s each, 1:1H,
OCH,0), 421 (dd, J=8.3 and 6.9 Hz) and 3.97 (dd, /=823
and 7.1 Hz) (1:1H, OCHCH,0), 2.41 (s, 3H, Ph-CHj;), 2.37
(s, 3H, SCH3), 2.12 (s, 3H, SCH;); "CNMR (100 MHz,
CDCl;, 25°C, TMS): 6=194.7 (Cq, C=0), 144.9, 144.4, 136.1
and 1349 (Cq), 129.5 and 1294 (aromatic CH), 959
(OCH,0), 75.6 (OCHCH,0), 69.2 (OCHCH,0), 21.9 (Ph-
CH;), 172 (SCH;), 164 (SCH;); HR-MS (ESI): m/z=
311.0779, caled. for C;sH,30,S, [M+H]*: 311.0776.
2-(1,3-Dithiolan-2-ylidene)-3,4-dimethoxy-1-phenylbutan-
1-one (4o): yield: 64 mg (41%); pale yellow liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.59 (m, 2H, aromatic
CH), 7.44 (m, 3H, aromatic CH), 4.59 (dd, /=82 and
43 Hz, 1H, CHOCHS,), 3.79 (dd, /=10.4 and 8.2 Hz) and
345 (m) (1:1H, CHCH,0OCH;), 340 and 3.34 (m each,
4:1H, OCH; and SCH,), 3.27 and 3.16 (m each, 4:1H,
OCH; and SCH,); “CNMR (100 MHz, CDCl;, 25°C,
TMS): 6=194.0 (Cq, C=0), 161.7 and 139.5 (Cq), 131.2,
128.5 and 128.1 (aromatic CH), 122.3 (Cq), 81.0 (CHOCH,;),
72.9 (CHCH,OCH,), 59.0 (OCH,), 57.0 (OCH,), 37.5 and
37.4 (SCH,CH.S); HR-MS (ESI): m/z=333.0594, calcd. for
C;sH,505S, [M +Na]™: 333.0595.
2-(1,3-Dithiolan-2-ylidene)-3-(2-methoxyethoxy)-1-phenyl-
propan-1-one (40'): yield: 58 mg (37%); pale yellow liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.76 (m, 2H,
aromatic CH), 7.42 (m, 3H, aromatic CH), 4.34 (s, 2H,
CH,OCH,CH,), 3.59 (s, 4H, OCH,CH,0), 3.38 (m, 7H,
OCH; and SCH,CH,S); *C NMR (100 MHz, CDCl;, 25°C,
TMS) 6 191.9 (Cq, C=0), 172.3 and 139.2 (Cq), 131.0, 128.3
and 128.1 (aromatic CH), 121.1 (Cq), 71.8 (CH,0OCH,CH,),
71.4 (CH,OCH,CH,), 69.3 (CH,OCH,CH,), 59.1 (OCHs;),
38.9 and 36.0 (SCH,CH.S); HR-MS (ESI): m/z=333.0596,
caled. for CsH,505S, [M+H]*: 333.0595.
3-(1,3-Dithiolan-2-ylidene)-4,5-dimethoxypentan-2-one
(4p): yield: 56 mg (45%); pale yellow liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6 =4.65 (dd, /=8.5, 3.9 Hz,
1H, CHOCHj;), 3.78 (m, 1H), and 3.39 (dd, /J=10.4 and
3.9 Hz) (1:1H, CHCH,OCHS;), 334 (s, 3H, OCH,), 3.30 (m,
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2H, SCH,), 3.25 (s, 3H, OCH,), 3.17 (m, 2H, SCH,), 2.27 (s,
3H, COCH;); *C NMR (100 MHz, CDCls, 25°C, TMS): 6 =
193.9 (Cq, C=0), 165.5 and 121.6 (Cq), 81.7 (CHOCH,;),
73.4 (CHCH,OCH,), 59.2 (OCH,), 56.8 (OCH;), 37.9 and
36.2 (SCH,CH.S), 28.5 (COCH;); HR-MS (ESI): m/z=
271.0438, calcd. for C,(H;;O;S,[M +Na]*: 271.0439.

3-(1,3-Dithiolan-2-ylidene)-4-(2-methoxyethoxy)-butan-2-
one (4p’): yield: 31 mg (25%); colorless liquid. '"H NMR
(400 MHz, CDCl;, 25°C, TMS): 06=452 (s, 2H,
CH,0CH,CH,), 3.63 and 3.56 (m each, 2:2H, SCH,CH,S),
338 (m, 5SH, OCH; and CH,OCH,CH,), 3.32 (m, 2H,
CH,0OCH,CH,), 2.34 (s, 3H, COCHj;); BC NMR (100 MHz,
CDCl;, 25°C, TMS): 6=194.5 (Cq, C=0), 167.4 and 121.4
(Cq), 72.0 (CH,OCH,CH,), 714 (CH,OCH,CH,), 69.0
(CH,0OCH,CH,), 59.1 (OCHs;), 39.3 and 35.8 (SCH,CH,S),
27.2 (COCH;); HR-MS (ESI): m/z=271.0434, calcd. for
C1oH,605S, [M +Na]*: 271.0439.

2-[Bis(methylthio)methylene]-3,4-dimethoxy-1-phenylbu-
tan-1-one (4q): yield: 54mg (35%); colorless liquid.
'"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.85 (d, J=
7.3 Hz, 2H, aromatic CH), 7.47 (t, 1 H, aromatic CH), 7.38
(t, 2H, aromatic CH), 4.83 (dd, /=7.0 and 4.7 Hz, 1H,
CHOCH,), 348 (dd, /J=10.2 and 7.1 Hz) and 3.40 (m)
(1:4H, CH;OCHCH, and OCH,), 3.22 (s, 3H, OCH,), 2.30
(s, 3H, SCH,), 2.04 (s, 3H, SCH,); *C NMR (100 MHz,
CDCl;, 25°C, TMS): 6=194.7 (Cq, C=0), 144.4, 138.5 and
137.3 (Cq), 133.0, 129.1 and 128.4 (aromatic CH), 80.8
(CHOCH;), 740 (CHCH,OCH;), 59.0 (OCH,), 58.1
(OCH;), 17.1 (SCH;), 16.5 (SCH;); HR-MS (ESI): m/z=
335.0755, caled. for CsH,,05S, [M +Na]*: 335.0752.

2-[(2-Methoxyethoxy)methyl)-3,3-bis(methylthio)-1-phe-
nylprop-2-en-1-one (4q’): yield: 42 mg (27%); pale yellow
liquid. '"H NMR (400 MHz, CDCls, 25°C, TMS): 6=7.91 (d,
J=7.6 Hz, 2H, aromatic CH), 7.53 (t, 1H, aromatic CH),
7.44 (t, 2H, aromatic CH), 4.56 (s, 2H, CH,OCH,CH,), 3.59
and 3.43 (m each, 2:2H, OCH,CH,0), 3.26 (s, 3H, OCH,),
2.36 (s, 3H, SCH,), 2.08 (s, 3H, SCH,); *C NMR (100 MHz,
CDC(l;, 25°C, TMS): 6=196.5 (Cq, C=0), 143.4, 140.7 and
137.5 (Cq), 133.0, 129.3 and 128.5 (aromatic CH), 71.8
(CH,OCH,CH,), 71.0 (CH,OCH,CH,), 70.2
(CH,0OCH,CH,), 59.1 (OCH,), 17.2 (SCHj;), 16.6 (SCH,);
HR-MS (ESI): m/z=335.0752, calcd. for C;sH,,05S, [M+
Nal*: 335.0752.

Typical Procedure for the Methylation of Ketene
Dithioacetals 1

Under a nitrogen atmosphere, a mixture of a-oxo ketene di-
thioacetal 1 (0.5 mmol), FeCl; (4 mg, 0.025 mmol), DAB-
CO-6H,O (11mg, 0.05mmol), and DTBP (219 mg,
1.5 mmol) in benzene (3 mL) was stirred in a 25-mL sealed
tube at 130°C for 24 h. After being cooled to ambient tem-
perature, the mixture was evaporated of all the volatiles
under reduced pressure. The resultant residue was purified
by silica gel column chromatography (eluent: petroleum
ether (60-90°C)/ethyl acetate=40:1, v/v) to afford the
target product 5.
2-Methyl-3,3-bis(methylthio)-1-phenylprop-2-en-1-one

(5a): yield: 74mg (62%); pale yellow liquid. '"H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.86 (m, 2H, aromatic
CH), 7.56 (t, 1H, aromatic CH), 7.46 (t, 2H, aromatic CH),
2.36 (s, 3H, SCHj;), 2.20 (s, 3H, C=CCHj;), 2.05 (s, 3H,

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

FULL PAPERS

asc.wiley-vch.de

Adva
Synthesis &
Catalysis

SCH,); "C NMR (100 MHz, CDCl,, 25°C, TMS): 6=197.5
(Cq, C=0), 143.6 (CSMe), 136.3 (Cq of Ph), 1335 (C=
CCH;), 133.3, 129.1 and 128.7 (aromatic CH), 20.1 (C=
CCH;), 172 (SCH;), 162 (SCH;); HR-MS (ESI): m/z=
239.0561, caled. for C,,H,,0S, [M+H]*: 239.0564.
2-Methyl-3,3-bis(methylthio)-1-(p-tolyl)prop-2-en-1-one
(5b): yield: 73mg (58%); pale yellow liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.77 (d, J=8.2Hz, 2H,
aromatic CH), 7.26 (m, 2H, aromatic CH), 2.41 (s, 3H, Ph-
CH;), 2.35 (s, 3H, SCHs;), 2.18 (s, 3H, C=CCH;), 2.07 (s,
3H, SCH;); “C NMR (100 MHz, CDCl,, 25°C, TMS): 6=
197.3 (Cq, C=0), 144.2, 1439 and 133.6 (Cq), 132.3 (Cq),
129.5 and 129.3 (aromatic CH), 21.8 (Ph-CHj;), 20.1 (C=
CCH;), 173 (SCH;), 162 (SCH;); HR-MS (ESI): m/z=
253.0724, caled. for C;3H,,0S, [M+H]*: 253.0721.
1-(4-Chlorophenyl)-2-methyl-3,3-bis(methylthio)-prop-2-

en-1-one (5c): yield: 76 mg (56%); pale yellow liquid.
"HNMR (400 MHz, CDCl;, 25°C, TMS): 6=7.79 (d, J=
8.5 Hz, 2H, aromatic CH), 7.43 (d, /=8.5 Hz, 2H, aromatic
CH), 2.35 (s, 3H, SCH,), 2.18 (s, 3H, C=CCH}), 2.05 (s, 3H,
SCH;); "CNMR (100 MHz, CDCl,, 25°C, TMS): 6=196.3
(Cq, C=0), 142.8, 139.6, 134.8 and 134.3 (Cq), 130.4 and
129.1 (aromatic CH), 20.1 (C=CCH;), 17.3 (SCH,), 16.2
(SCH;); HR-MS (ESI): m/z=273.0175 caled. for
C,H;;CIOS, [M+H]*: 273.0175.

Typical Procedure for the C-H Alkylation of Ketene
Dithioacetals 1 with Toluene Derivatives 6

Under a nitrogen atmosphere, a mixture of a-oxo ketene di-
thioacetal 1 (0.5 mmol), FeCl; (4 mg, 0.025 mmol), DAB-
CO-6H,O (11mg, 0.05mmol), and DTBP (219 mg,
1.5 mmol) in toluene derivative 6 (3 mL) was stirred in a 25-
mL sealed tube at 130°C for 24 h. After being cooled to am-
bient temperature, the mixture was evaporated of all the
volatiles under reduced pressure. The resultant residue was
purified by silica gel column chromatography [eluent: petro-
leum ether (60-90°C)/ethyl acetate=100:1, v/v] to afford
the target product 7.
2-Benzyl-3,3-bis(methylthio)-1-phenylprop-2-en-1-one
(7a): yield: 124 mg (79%); white solid; mp 60-62°C.
'"HNMR (400 MHz, CDCl;, 25°C, TMS): 6=7.59 (d, J=
7.4 Hz, 2H, aromatic CH), 7.43 (t, 1H, aromatic CH), 7.30
(t, 2H, aromatic CH), 7.17 (m, SH, aromatic CH), 4.09 (s,
2H, PhCH,), 2.39 and 2.00 (s each, 3:3H, SCH;); *C NMR
(100 MHz, CDCl;, 25°C, TMS): 6=197.3 (Cq, C=0), 146.0,
137.7, 137.6 and 136.4 (Cq), 132.7, 129.2, 128.9, 128.6, 128.3
and 126.5 (aromatic CH), 40.86 (PhCH,), 17.1 and 16.5
(SCH;); HR-MS (ESI): m/z =315.0878, calcd. for C;sH;s0S,
[M+H]*: 315.0877.
2-Benzyl-1-(2-methoxyphenyl)-3,3-bis(methylthio)prop-2-
en-1-one (7b): yield: 123 mg (75%); pale yellow liquid.
'"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.34 (m, 2H,
aromatic CH), 7.21 (m, 4H, aromatic CH), 7.15 (m, 1H, ar-
omatic CH), 6.85 (dd, /=7.8, 5.3 Hz, 2H, aromatic CH),
4.08 (s, 2H, PhCH,), 3.69 (s, 3H, OCH;), 2.35 (s, 3H,
SCH3), 1.95 (s, 3H, SCH;); "CNMR (100 MHz, CDCl,,
25°C, TMS): 6=195.8 (Cq, C=0), 158.6, 148.5, 138.6 and
137.2 (Cq), 133.2, 130.8 and 129.2 (aromatic CH), 128.7
(Cq), 128.4, 126.2, 120.1 and 111.5 (aromatic CH), 55.5
(OCH,;), 40.3 (PhCH,), 16.93 (SCH;), 16.6 (SCH;); HR-MS
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(ESI): m/z=345.0982,
345.0983.
2-Benzyl-1-(3-methoxyphenyl)-3,3-bis(methylthio)prop-2-
en-1-one (7c¢): yield: 132mg (77%); pale yellow lig-
uid.'"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.15 (m,
8 H, aromatic CH), 6.98 (m, 1H, aromatic CH), 4.08 (s, 2H,
PhCH,), 3.73 (s, 3H, OCHs;), 2.39 (s, 3H, SCHj;), 2.01 (s,
3H, SCH;); *CNMR (100 MHz, CDCl,;, 25°C, TMS) &
197.1 (Cq, C=0), 159.6, 146.1, 139.0, 137.8, 136.3 (Cq),
129.2, 128.6, 126.6, 121.8, 119.7 and 112.4 (aromatic CH),
55.4 (OCH3), 40.9 (PhCH,), 17.1 (SCHs;), 16.5 (SCH;); HR-
MS (ESI): m/z=345.0982, calcd. for C,,H,,0,S, [M+H]*:
345.0983.
2-Benzyl-1-(4-methoxyphenyl)-3,3-bis(methylthio)prop-2-
en-1-one (7d): yield: 132 mg (77%); pale yellow liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.59 (d, J=
8.8 Hz, 2H, aromatic CH), 7.15 (m, 5H, aromatic CH), 6.79
(d, J=8.9 Hz, 2H, aromatic CH), 4.07 (s, 2H, PhCH,), 3.80
(s, 3H, OCH,), 2.38 (s, 3H, SCH;), 2.06 (s, 3H, SCH,);
BCNMR (100 MHz, CDCls, 25°C, TMS): 6=196.1 (Cq, C=
0), 163.3, 146.2, 137.8 and 134.9 (Cq), 131.4 (aromatic CH),
130.2 (Cq), 129.1, 128.5, 126.5 and 113.5 (aromatic CH), 55.5
(OCH;), 40.8 (PhCH,), 17.1 (SCH;), 16.4 (SCH;); HR-MS
(ESI): m/z=345.0979, caled. for C,;0H,O,S, [M+H]*:
345.0983.
2-Benzyl-3,3-bis(methylthio)-1-(p-tolyl)prop-2-en-1-one
(7e): yield: 130mg (79%); colorless liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.51 (d, J=8.1 Hz, 2H,
aromatic CH), 7.20 (m, 4H, aromatic CH), 7.13 (m, 3H, ar-
omatic CH), 4.08 (s, 2H, PhCH,), 2.39 (s, 3H, PhCH,), 2.34
(s, 3H, SCH,), 2.04 (s, 3H, SCH,); C NMR (100 MHz,
CDCl;, 25°C, TMS): 0=1967.0 (Cq, C=0), 146.1, 143.5,
137.8, 135.6 and 134.9 (Cq), 129.1, 129.0, 128.5 and 126.5 (ar-
omatic CH), 40.8 (PhCH,), 21.8 (PhCH,), 17.1 (SCH;), 16.4
(SCH;); HR-MS (ESI): m/z =329.1034, calcd. for C,,H,,0S,
[M+H]*: 329.1034.
2-Benzyl-1-(2-fluorophenyl)-3,3-bis(methylthio)prop-2-en-
1-one (7f): yield: 123 mg (74%); yellow liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.38 (m, 1H, aromatic
CH), 7.31 (m, 1H, aromatic CH), 7.23 (m, 4H, aromatic
CH), 7.16 (m, 1H, aromatic CH), 7.03 (m, 2H, aromatic
CH), 4.12 (s, 2H, PhCH,), 2.38 (s, 3H, SCH;), 1.97 (s, 3H,
SCH;); “CNMR (100 MHz, CDCl;, 25°C, TMS): 6=193.5
(Cq, C=0), 161.2 (d, J=256.8 Hz, Cq of Ph), 146.9 (Cq),
139.4 (d, /=2.4 Hz, Cq), 138.0 (Cq), 133.6 (d, J=8.8 Hz, ar-
omatic CH), 130.5, 129.2 and 128.6 (aromatic CH), 127.60
(d, /=103 Hz, Cq), 126.5 (aromatic CH), 123.8 (d, /=
3.7 Hz, aromatic CH), 116.4 (d, /J=22.2 Hz, aromatic CH),
40.4 (PhCH,), 17.0 (SCH;), 16.6 (SCH;); HR-MS (ESI): m/
7=333.0783, calcd. for C;gH;FOS, [M+H]*: 333.0783.
2-Benzyl-1-(3-chlorophenyl)-3,3-bis(methylthio)-prop-2-
en-1-one (7g): yield: 130 mg (75%); white solid; mp 84—
86°C. '"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.55 (s,
1H, aromatic CH), 7.38 (m, 2H, aromatic CH), 7.18 (m,
6H, aromatic CH), 4.08 (s, 2H, PhCH,), 2.40 (s, 3H, SCH;),
2.00 (s, 3H, SCH;); BCNMR (100 MHz, CDCl;, 25°C,
TMS): 6=195.9 (Cq, C=0), 145.2, 139.5, 137.5, 137.4 and
134.5 (Cq), 132.4, 129.4, 129.0, 128.7, 126.8 and 126.7 (aro-
matic CH), 40.9 (PhCH,), 17.0 (SCHj;), 16.5 (SCH;); HR-
MS (ESI): m/z=349.0484, caled. for C3gH,,CIOS, [M+H]":
349.0488.

caled. for C,)H,O,S, [M+H]*:
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Methyl 4-[2-benzyl-3,3-bis(methylthio)acryloyl]benzoate
(7h): yield: 136 mg (73%); pale yellow liquid. '"H NMR
(400 MHz, CDCls, 25°C, TMS): 6=7.94 (d, J=8.5Hz, 2H,
aromatic CH), 7.56 (d, /J=8.4 Hz, 2H, aromatic CH), 7.16
(m, 5H, aromatic CH), 4.10 (s, 2H, PhCH,), 3.89 (s, 3H,
OCHs;), 2.39 (s, 3H, SCH;), 1.94 (s, 3H, SCH;); “C NMR
(100 MHz, CDCl;, 25°C, TMS): 6=196.7 (Cq, C=0), 166.4
(Cq, C=0), 145.4, 141.6, 137.9 and 137.5 (Cq of Ph), 133.1
(Cq), 129.4, 129.1, 128.7, 128.5 and 126.7 (aromatic CH),
52.5 (OCH3), 41.0 (PhCH,), 16.9 (SCH;), 16.5 (SCH;); HR-
MS (ESI): m/z=373.0931, calcd. for C,yH,05S, [M+H]*:
373.0932.

2-(2-Methylbenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (7i): yield: 142 mg (87%); colorless solid; mp 71—
73°C. '"H NMR (400 MHz, CDCl,, 25°C, TMS): 6 =7.64 (d,
J=7.4Hz, 2H, aromatic CH), 7.45 (t, 1H, aromatic CH),
7.32 (t, 2H, aromatic CH), 7.16 (m, 1H, aromatic CH), 7.03
(m, 3H, aromatic CH), 4.08 (s, 2H, PhCH,), 2.40 (s, 3H,
SCH,), 2.26 (s, 3H, Ph-CH,), 2.08 (s, 3H, SCH,); 3C NMR
(100 MHz, CDCl;, 25°C, TMS): 6=196.9 (Cq, C=0), 146.0,
137.1, 136.5, 135.7 and 135.1 (Cq), 132.8, 130.3, 129.7, 128.8,
128.3, 126.7 and 126.1 (aromatic CH), 37.8 (PhCH,), 20.0
(Ph-CH;), 17.3 (SCHj;), 16.5 (SCH;); HR-MS (ESI): m/z=
329.1029, caled. for C,yH,,0S, [M+H]*: 329.1034.

2-(3-Methylbenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (7j): yield: 140mg (85%); pale yellow liquid.
"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=7.62 (m, 2H,
aromatic CH), 7.44 (t, 1H, aromatic CH), 7.32 (t, 2H, aro-
matic CH), 7.09 (t, 1 H, aromatic CH), 6.97 (m, 3H, aromat-
ic CH), 4.08 (s, 2H, PhCH,), 2.40 (s, 3H, SCH;), 2.23 (s, 3H,
Ph-CH;), 2.02 (s, 3H, SCH;); *CNMR (100 MHz, CDCl,,
25°C, TMS): 6=197.3 (Cq, C=0), 145.9, 138.0, 137.5, 1374
and 136.1 (Cq),132.6, 129.9, 128.9, 128.3, 128.1, 127.2 and
126.0 (aromatic CH), 40.7 (PhCH,), 21.3 (Ph-CH;), 17.0
(SCH,), 16.4 (SCH;); HR-MS (ESI): m/z=329.1035, calcd.
for C,,H,,0S, [M+H]*: 329.1034.

2-(4-Methylbenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (7k): yield: 133 mg (81%); white solid; mp 87—
89°C. '"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.62 (d,
J=17.3Hz, 2H, aromatic CH), 7.45 (t, 1H, aromatic CH),
7.31 (dd, /=20.4 and 12.8 Hz, 2H, aromatic CH), 7.04 (dd,
J=29.4 and 7.9 Hz, 4H, aromatic CH), 4.06 (s, 2H, PhCH,),
239 (s, 3H, SCH,), 226 (s, 3H, Ph-CH,), 2.01 (s, 3H,
SCH3); BCNMR (100 MHz, CDCl;, 25°C, TMS): 6=197.3
(Cq, C=0), 146.2, 137.6, 136.1, 135.9 and 134.6 (Cq), 132.6
(s), 1292, 129.0, 1289 and 128.2 (aromatic CH), 40.4
(PhCH,), 21.1 (Ph-CHj;), 17.0 (SCHj;), 16.4 (SCH;); HR-MS
(ESI): m/z=329.10354, calcd. for C;,H,,0S, [M+H]*:
329.1034.

2-(3,5-Dimethylbenzyl)-3,3-bis(methylthio)-1-phenylprop-
2-en-1-one (71): yield: 137 mg (80%); white solid; mp 88—
89°C. 'H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.63 (d,
J=7.5Hz, 2H, aromatic CH), 7.45 (t, 1H, aromatic CH),
7.31 (dd, J=20.2, 12.6 Hz, 2H, aromatic CH), 6.77 (d, J=
8.7 Hz, 3H, aromatic CH), 4.02 (s, 2H, PhCH,), 2.40 (s, 3H,
SCHa), 2.19 (s, 6H, Ph-CHj), 2.02 (s, 3H, SCH;); *C NMR
(100 MHz, CDCl,, 25°C, TMS): 6=197.4 (Cq, C=0), 146.2,
137.9, 137.6, 137.4 and 135.9 (Cq), 132.6, 129.0, 128.2, 128.1
and 127.0 (aromatic CH), 40.7 (PhCH,), 21.3 (Ph-CH;), 17.0
(SCH,), 16.4 (SCH,); HR-MS (ESI): m/z =343.1194, calcd.
for CyyH,,0S, [M+H]": 343.1194.
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2-(4-Methoxybenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (7m): yield: 101 mg (59%); white solid; mp 87-
89°C. 'H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.62 (m,
2H, aromatic CH), 7.46 (t, 1H, aromatic CH), 7.32 (dd, /=
18.6 and 11.0 Hz, 2H, aromatic CH), 7.11 (d, J=8.6 Hz, 2H,
aromatic CH), 6.75 (d, /J=8.6 Hz, 2H, aromatic CH), 4.05
(s, 2H, PhCH,), 3.74 (s, 3H, OCHs;), 2.41 (s, 3H, SCHs;),
2.02 (s, 3H, SCH;); "CNMR (100 MHz, CDCl,;, 25°C,
TMS): 6=197.4 (Cq, C=0), 158.2, 146.4, 137.6 and 135.8
(Cq), 132.7 and 130.1 (aromatic CH), 129.8 (Cq), 128.9,
128.3 and 114.0 (aromatic CH), 55.3 (OCH,), 39.9 (PhCH,),
17.0 (SCH;), 16.5 (SCH;); HR-MS (ESI): m/z=2345.0984,
caled. for CyH,,0,S, [M+H]*: 345.0983.
3,3-Bis(methylthio)-1-phenyl-2-[ (p-tolyloxy)methyl]prop-
2-en-1-one (7m’): yield: 30 mg (17%); pale yellow liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.92 (m, 2H,
aromatic CH), 7.54 (t, 1H, aromatic CH), 7.44 (t, 2H, aro-
matic CH), 7.02 (d, /=8.4 Hz, 2H, aromatic CH), 6.75 (d,
J=8.5Hz, 2H, aromatic CH), 5.01 (s, 2H, PhOCH,), 2.39
(s, 3H, SCHs), 2.25 (s, 3H, Ph-CHj;), 2.11 (s, 3H, SCHj);
BCNMR (100 MHz, CDCl, 25°C, TMS) 6 196.3 (Cq, C=
0), 156.3, 142.9, 141.4 and 137.7 (Cq), 133.0 (aromatic CH),
130.5 (Cq), 129.9, 129.3, 128.5 and 114.9 (aromatic CH), 68.3
(PhOCH,), 20.6 (PhCHs3), 17.2 (SCH3), 16.7 (SCH;); HR-
MS (ESI): m/z=367.0803, calcd. for C;,H,,0,S, [M+Na]*:
367.0802.
2-[4-(tert-Butyl)benzyl]-3,3-bis(methylthio)-1-phenylprop-
2-en-1-one (7n): yield: 146 mg (79%); pale yellow liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.29 (m, 9H,
aromatic CH), 4.03 (s, 2H, PhCH,), 2.37 (s, 3H, SCH3), 1.98
(s, 3H, SCH;), 1.22 (s, 9H, C(CH;);); *C NMR (100 MHz,
CDCl;, 25°C, TMS): 6=197.5 (Cq, C=0), 149.3, 146.4, 137.6
and 135.7 and 134.6 (Cq), 132.6, 129.0, 128.8, 128.1 and
125.5 (aromatic CH), 40.3 (PhCH,), 34.4 (C(CH;);), 31.4
(C(CHj;);), 17.0 (SCHj;), 16.5 (SCH;); HR-MS (ESI): m/z=
371.1497, calcd. for C,,H,,OS, [M+H]*: 371.1503.
2-(2-Chlorobenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (70): yield: 138 mg (79%); white solid; mp 92—
94°C. '"HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.69 (d,
J=17.5Hz, 2H, aromatic CH), 7.43 (t, 1H, aromatic CH),
727 (m, 4H, aromatic CH), 7.05 (m, 2H, aromatic CH),
419 (s, 2H, PhCH,), 2.37 (s, 3H, SCHj;), 2.07 (s, 3H, SCHj;);
BC NMR (100 MHz, CDCl;, 25°C, TMS): 6=196.5 (Cq, C=
0), 144.3, 137.0, 136.5, 135.2 and 134.2 (Cq), 132.9, 131.3,
129.4, 128.8, 128.3, 128.1 and 126.90 (aromatic CH), 38.0
(PhCH,), 17.2 (SCH;), 16.5 (SCH;); HR-MS (ESI): m/z=
349.0490, calcd. for C,sH,;CIOS, [M+H]*: 349.0488.
2-(3-Bromobenzyl)-3,3-bis(methylthio)-1-phenylprop-2-
en-1-one (7p): yield. 135mg (69%); pale yellow liquid.
"H NMR (400 MHz, CDCls, 25°C, TMS): §=7.63 (m, 2H),
7.46 (m, 1H, aromatic CH), 7.36 (dd, /=12.3 and 4.5 Hz,
3H, aromatic CH), 7.27 (m, 1H, aromatic CH), 7.07 (m,
2H, aromatic CH), 4.05 (s, 2H, PhCH,), 2.39 (s, 3H, SCHj),
2.04 (s, 3H, SCH;); "CNMR (100 MHz, CDCl,;, 25°C,
TMS): 6=196.9 (Cq, C=0), 144.6, 140.0, 137.6 and 137.3
(Cq), 132.8, 132.1, 130.1, 129.6, 128.9, 128.4 and 127.8 (aro-
matic CH), 122.5 (Cq), 40.2 (PhCH,), 17.1 (SCHj;), 16.5
(SCH;); HR-MS (ESI): m/z=392.9988, calcd. for
C,sH;;BrOS, [M+H]*: 392.9982.
2-(4-Fluorobenzyl)-3,3-bis(methylthio)-1-phenylprop-2-en-
1-one (7q): yield: 113 mg (69%); pale yellow liquid.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.58 (m, 2H,
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aromatic CH), 7.45 (t, 1H, aromatic CH), 7.32 (t, 2H, aro-
matic CH), 7.14 (dd, /=8.5 and 5.5 Hz, 2H, aromatic CH),
6.88 (dd, /=12.1 and 5.3 Hz, 2H, aromatic CH), 4.04 (s, 2H,
PhCH,), 2.38 (s, 3H, SCH,), 2.01 (s, 3H, SCH,); *C NMR
(100 MHz, CDCl;, 25°C, TMS): 6=197.2 (Cq, C=0), 161.0
(d, J=244.6 Hz, Cq of Ph), 145.5, 137.5 and 136.7 (Cq),
133.5 (d, J=3.2 Hz, Cq of Ph), 132.8 (aromatic CH), 130.6
(d, J=7.9 Hz, aromatic CH), 128.88 and 128.35 (aromatic
CH), 1154 (d, /=21.3 Hz, aromatic CH), 39.9 (PhCH,),
17.0 (SCH;), 16.4 (SCH;); HR-MS (ESI): m/z=333.0783,
calcd. for CgH,,FOS, [M+H]*: 333.0783.
2-(4-Acetylbenzyl)-3,3-bis(methylthio)-1-phenylprop-2-en-
1-one (7r): yield: 92 mg (51%); pale yellow liquid. '"H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.75 (d, J=8.3 Hz, 2H,
aromatic CH), 7.55 (m, 2H, aromatic CH), 7.40 (dd, /=10.5
and 4.3 Hz, 1H, aromatic CH), 7.25 (m, 4H, aromatic CH),
408 (s, 2H, PhCH,), 248 (s, 3H, SCHj), 235 (s,
3H,COCH;), 1.97 (s, 3H, SCH;); “*CNMR (100 MHz,
CDCl,, 25°C, TMS): 6=197.9 (Cq, C=0), 196.9 (Cq, C=0),
144.3 (CSMe), 143.5, 138.0 and 137.4 (Cq of Ph), 135.5 (C=
CCH,), 132.9, 129.4, 128.9, 128,8 and 128.4 (aromatic CH),
40.7 (PhCH,), 26.7 (COCHj;), 17.2 (SCHj;), 16.5 (SCH;);

HR-MS (ESI): m/z=357.0987, caled. for C,H,0,S,
[M+H]*: 357.0983.
3-Benzyl-4,4-bis(methylthio)but-3-en-2-one  (7s): yield:

96 mg (76%); colourless liquid. "H NMR (400 MHz, CDCl,,
25°C, TMS): 0=7.34 (t, 2H, aromatic CH), 7.25 (m, 3H, ar-
omatic CH), 4.05 (s, 2H, PhCH,), 2.42 and 2.39 (s each,
3:3H, SCH; and COCH;), 2.21 (s, 3H, SCH;); “C NMR
(100 MHz, CDCl;, 25°C, TMS) 6 204.1 (Cq, C=0), 148.1,
138.0 and 136.5 (Cq), 128.7, 128.6 and 126.5 (aromatic CH),
40.0 (PhCH,), 31.1 (COCHj;), 17.5 (SCHj;), 16.7 (SCH;);
HR-MS (ESI): m/z=253.0723, caled. for C;;H;,0S,
[M+H]*: 253.0721.
3-(4-Methylbenzyl)-4,4-bis(methylthio)but-3-en-2-one
(7t): yield: 117 mg (88%); pale yellow liquid. 'H NMR
(400 MHz, CDCl,, 25°C, TMS): 6=7.06 (q, J=8.1 Hz, 4H,
aromatic CH), 3.93 (s, 2H, PhCH,), 2.35 (s, 3H, SCH;), 2.32
and 2.30 (s each, 3:3H, Ph-CH; and COCHj;), 2.15 (s, 3H,
SCH3); BC NMR (100 MHz, CDCl;, 25°C, TMS): 6 =204.3
(Cq, C=0), 148.5, 136.1, 136.0 and 134.8 (Cq), 129.4 and
128.5 (aromatic CH), 39.6 (PhCH,), 31.2 (COCHj;), 21.1
(Ph-CHj;), 17.5 (SCHs;), 16.7 (SCH;); HR-MS (ESI): m/z =
267.0877, calcd. for C,,H;;OS, [M+H]": 267.0877.
3-(3,5-Dimethylbenzyl)-4,4-bis(methylthio)but-3-en-2-one
(Tu): yield: 122 mg (87%); pale yellow solid; mp 53-54°C.
'H NMR (400 MHz, CDCl;, 25°C, TMS): 6=6.83 (s, 1 H, ar-
omatic CH), 6.76 (s, 2H, aromatic CH), 3.91 (s, 2H,
PhCH,), 2.36 and 2.33 (s each, 3:3H, SCH; and Ph-CH;),
227 (s, 6H, COCH; and Ph-CHj;), 2.15 (s, 3H, SCHs);
BCNMR (100 MHz, CDCls, 25°C, TMS): 6 =204.4 (Cq, C=
0), 148.5, 138.2, 137.8 and 136.1 (Cq), 128.3 and 126.5 (aro-
matic CH), 40.0 (PhCH,), 31.3 (COCH;), 21.4 (Ph-CHj;),
17.5 (SCH;), 16.8 (SCH;); HR-MS (ESI): m/z=281.1037,
caled. for CsH,,OS, [M+H]*: 281.1034.
2-(1,3-Dithiolan-2-ylidene)-1,3-diphenylpropan-1-one
(7v): yield: 106 mg (68% ); pale yellow solid; mp 112-114°C.
'HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.52 (m, 3H,
aromatic CH), 7.35 (m, 5H, aromatic CH), 7.20 (d, /=
7.3 Hz, 2H, aromatic CH), 4.14 (s, 2H, PhCH,), 3.45 (m,
4H, SCH,CH,S); BC NMR (100 MHz, CDCl;, 25°C, TMS):
6=193.6 (Cq, C=0), 164.4, 139.8, 138.8 (Cq of Ph), 130.6,
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128.5, 128.2, 128.1, 127.6 and 126.2 (aromatic CH), 122.9
(Cq), 404 (PhCH,), 39.2 and 36.4 (SCH,CH,S); HR-MS
(ESI): m/z=313.0728, caled. for C,H;OS, [M+H]|*"
313.0721.
2-[Bis(methylthio)methylene]-1,3-diphenylbutan-1-one
(7w): yield: 90mg (55%); yellow solid; mp 62-64°C.
'"HNMR (400 MHz, CDCl;, 25°C, TMS): 6=7.61 (d, J=
7.4 Hz, 2H, aromatic CH), 7.41 (t, 1H, aromatic CH), 7.27
(dd, J=15.2 and 7.6 Hz, 4H, aromatic CH), 7.15 (t, 2H, aro-
matic CH), 7.07 (t, 1H, aromatic CH), 4.74 (q, /J=7.3 Hz,
1H, CHCH,), 2.32 (s, 3H, SCH;), 2.00 (s, 3H, SCH;), 1.49
(d, J=7.3Hz, 3H, CHCH;); "CNMR (100 MHz, CDCl,,
25°C, TMS): 6=196.0 (Cq, C=0), 150.9, 142.8, 137.6 and
133.3 (Cq), 132.7, 129.1, 128.3, 128.2, 128.1, and 126.5 (aro-
matic CH), 43.8 (PhCH), 19.4 (CHCH;), 17.1 (SCH;), 16.4
(s); HR-MS (ESI): m/z=329.1035, caled. for C,,H,,0S,
[M+H]*: 329.1034.
3-[Bis(methylthio)methylene]-4-phenylpentan-2-one (7x):
yield: 87 mg (59%); white solid; mp 65-67°C. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=7.25 (m, 5H, aromatic
CH), 4.65 (q, /J=72Hz, 1H, C=CCH), 2.33 and 2.26 (s
each, 3:3H, SCH; and COCH;), 1.86 (s, 3H, SCH3), 1.49 (d,
J=172Hz, 3H, CHCH;); *C NMR (100 MHz, CDCls, 25°C,
TMS): 6=204.4 (Cq, C=0), 155.3, 142.1 and 130.3 (Cq),
128.6, 127.8 and 126.8 (aromatic CH), 42.7 (PhCH,), 32.2
(COCH;), 18.2 (CHCH;), 17.4 (SCH,), 16.5 (SCH;); HR-
MS (ESI): m/z=267.0874, caled for C,,H;sOS, [M+H]*:
267.0877.
2-(1,4-Dioxan-2-yl)-3-(methylthio)-1,3-diphenylprop-2-en-
1-one (9a): yield: 97 mg (57%); white solid; mp 137-139°C.
"H NMR (400 MHz, CDCl;, 25°C, TMS) (for E-isomer): 6 =
7.62 (m, 2H, aromatic CH), 7.49 (m, 2H, aromatic CH),
7.31 (m, 1H, aromatic CH), 7.18 (t, 2H, aromatic CH), 7.04
(m, 3H, aromatic CH), 5.10 (dd, /=102 and 2.7 Hz, 1H,
OCHCH,0), 4.06 (dd, J=11.5 and 2.7 Hz) and 3.65 (m)
(1:5H, CH,0OCH,CH,0), 185 (s, 3H, SCH;); (for Z-
isomer): 0=8.11 (m, 2H, aromatic CH), 7.57 (t, 1H, aro-
matic CH), 7.49 (m, 3H, aromatic CH), 7.40 (m, 1H, aro-
matic CH), 7.04 (m, 3H, aromatic CH), 4.35 (dd, /=10.0
and 29Hz, 1H, OCHCH,0), 3.65 (m, 6H,
CH,OCH,CH,0), 1.62 (s, 3H, SCH;); *C NMR (100 MHz,
CDCl;, 25°C, TMS) (for E-isomer): 6=197.1 (Cq, C=0)
[190.0 for Z-isomer], 143.2 (Cq) [141.62 for Z-isomer],
137.9 (Cq) [137.8 for Z-isomer], 136.0 (Cq) [136.2 and 135.6
for Z-isomer], 132.6, 129.8, 129.3, 128.4, 128.1 and 127.8 (ar-
omatic CH) [133.1, 129.4, 129.0, 128.8, 128.9 and 128.5 for
Z-isomer], 76.6 (OCHCH,0) [76.3 for Z-isomer], 69.2 (s),
68.6 (CH,OCH,CH,0) [69.2 for Z-isomer], 67.0 and 66.2
(CH,0CH,CH,0) [66.5 and 65.9 for Z-isomer], 15.6 (SCHj;)
[15.4 for Z-isomer]; HR-MS (ESI): m/z=341.1211, calcd.
for C,0H,,0,S [M+H]*: 341.1211.
3-(1,4-Dioxan-2-yl)-4-(methylthio)-4-phenylbut-3-en-2-one
(9b): yield: 99mg (71%); white solid; mp 73-75°C.
"H NMR (400 MHz, CDCl;, 25°C, TMS) (for E-isomer): 6 =
7.39 (m, 3H, aromatic CH), 7.27 (m, 2H, aromatic CH),
418 (dd, /=10.3 and 2.7 Hz, 1H, OCHCH,0), 3.87, 3.67
and 3.51 (m each, 2:2:2H, CH,OCH,CH,0), 2.54 (s, 3H,
SCH,), 1.79 (s, 3H, COCH;); (for Z-isomer): 6=7.39 (m,
3H, aromatic CH), 7.27 (m, 2H, aromatic CH), 4.95 (dd, /=
9.9 and 3.0 Hz, 1H, OCHCH,0), 3.87, 3.67 and 3.51 (m
each, 2:2:2H, CH,OCH,CH,0), 1.86 (s, 3H, SCHj), 1.76 (s,
3H, COCH;); "CNMR (100 MHz, CDCl,, 25°C, TMS) (for
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E-isomer): 6=203.3 (Cq, C=0) [203.8 for Z-isomer], 141.8
(Cq) [142.1 for Z-isomer], 137.4 (Cq) [138.6 for Z-isomer],
135.4 (Cq) [136.3 for Z-isomer], 128.7, 128.6 and 128.5 (aro-
matic CH) [129.3, 128.8 and 128.7 for Z-isomer], 75.7
(OCHCH,0) [76.6 for Z-isomer], 68.5 (OCHCH,0) [67.9
for Z-isomer], 66.5 and 65.8 (OCH,CH,O) [66.8 and 66.0
for Z-isomer], 31.9 (COCH;) [32.0 for Z-isomer], 15.4
(SCH;); HR-MS (ESI): m/z=279.1048, calcd. for C;sH;3O5S
[M+H]*: 279.1055.

4-(4-Chlorophenyl)-3-(1,4-dioxan-2-yl)-4-(methylthio)but-
3-en-2-one (9¢): yield: 117 mg (75%); white solid; mp 86—
88°C. '"HNMR (400 MHz, CDCl,, 25°C, TMS) (for E-
isomer): 0=7.37 (d, J=8.3 Hz, 2H, aromatic CH), 7.21 (d,
J=8.3 Hz, 2H, aromatic CH), 4.08 (dd, /=10.3 and 2.8 Hz,
1H, OCHCH,0), 3.86 (dd, /J=11.4 and 2.8 Hz) and 3.75
(m) (1:1H, CH,OCH,CH,0), 3.54 (m, 4H, OCH,CH,0),
2.48 (s, 3H, SCHs;), 1.76 (s, 3H, COCHj); (for Z-isomer):
0=1730 (d, J=84Hz, 2H, aromatic CH), 7.16 (d, J=
8.4 Hz, 2H, aromatic CH), 4.89 (dd, /=10.1 and 2.9 Hz, 1H,
OCHCH,0), 3.75 (m, 2H, CH,0CH,CH,0), 3.54 (m, 4H,
OCH,CH,0), 1.82 (s, 3H, SCH;), 1.78 (s, 3H, COCHj;);
BCNMR (100 MHz, CDCl,;, 25°C, TMS) (for E-isomer):
0=203.4 (Cq, C=0) [203.8 for Z-isomer], 139.8 (Cq) [140.5
for Z-isomer]|, 138.4 and 134.8 (Cq) [139.9 and 135.0 for Z-
isomer], 134.0 (Cq) [134.8 for Z-isomer], 130.1 and 129.1
(aromatic CH) [130.8 and 129.0 for Z-isomer|, 75.6
(OCHCH,0) [76.5 for Z-isomer], 68.5 (OCHCH,O) [68.0
for Z-isomer], 66.6 and 65.9 (OCH,CH,0) [66.9 and 66.1
for Z-isomer], 31.9 (COCH;) [32.3 for Z-isomer], 15.60
(SCH;); HR-MS (ESI): m/z=313.0670, calcd. for
C,sHsClO;S [M+H]*: 313.0665.

3-(1,4-Dioxan-2-yl)-4,4-diphenylbut-3-en-2-one (11): yield:
16 mg (10% ); white solid; mp 94-96°C. 'H NMR (400 MHz,
CDCl;, 25°C, TMS): 6=7.31 (m, 3H, aromatic CH), 7.20
(m, SH, aromatic CH), 7.17 (m, 2H, aromatic CH), 4.39
(dd, 7=10.2 and 2.7 Hz, 1H, OCHCH,0), 3.90 (dd, J=11.5
and 10.3 Hz) and 3.69 (d, /=10.4 Hz) (1:1H, OCHCH,0),
3.55 (m, 4H, OCH,CH,0), 1.86 (s, 3H, COCH;); *C NMR
(100 MHz, CDCls, 25°C, TMS): 6=206.9 (Cq, C=0), 144.9
(CSMe), 140.3 and 139.8 (Cq of Ph), 138.5 (C=CCH), 129.4,
129.0, 128.8, 128.7, 128.6 and 128.2 (aromatic CH), 77.0
(OCHCH,0), 689 (CH,OCH,CH,0), 66.6 and 66.1
(OCH,CH,0), 327 (COCH;); HR-MS (ESI): m/z=
309.1491, calcd. for C,)H,,O5 [M+H]*: 309.1491.

General Procedure for the Synthesis of Trisubstituted
Pyrazoles 12

A mixture of 3 or 7 (0.2 mmol) and NH,NH,-H,O (114 mg,
2.0 mmol, 85% aqueous) in toluene (2 mL) was stirred in a
10-mL sealed tube at 120°C for 24 h. After being cooled to
ambient temperature, the mixture was evaporated of all the
volatiles under reduced pressure. The resultant residue was
purified by silica gel column chromatography (eluent: di-
chloromethane) to afford the target product.
4-(1,4-Dioxan-2-yl)-5-(methylthio)-3-phenyl-1H-pyrazole

(12a): yield: 52mg (95%); white solid; mp 149-151°C.
"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=7.45 (m, 5H,
aromatic CH), 4.72 (dd, J/=10.7 and 28Hz, 1H,
OCHCH,0), 3.99 (t) and 3.89 (d, /J=11.3Hz) (1:1H,
OCHCH,0), 3.80 (m), 3.70 (d, /=5.8 Hz) and 3.60 (dd, /=
11.7 and 2.7H)(1:2:1H, OCH,CH,0), 2.44 (s, 3H, SCHs;);
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BCNMR (100 MHz, CDCl;, 25°C, TMS): 6=145.8, 144.8
and 130.1 (Cq), 129.0, 128.8 and 128.7 (aromatic CH), 114.5
(Cq), 70.9 (OCHCH,0), 69.0 (OCHCH,0), 67.4 and 66.2
(OCH,CH,0), 16.7 (SCH;); HR-MS (ESI): m/z=277.1008,
caled. for C,H;(N,O,S [M+H]*: 277.1011.

4-(1,4-Dioxan-2-yl)-3-methyl-5-(methylthio)-1H-pyrazole
(12b): yield: 41 mg (95%); white solid; mp 88-90°C.
"HNMR (400 MHz, CDCl,, 25°C, TMS): 6=7.72 (s, 1H,
NH), 4.67 (dd, /=10.4 and 3.0 Hz, 1H, OCHCH,0), 3.75
(m, 6H, OCH,CH,0CH,), 2.40 (s, 3H, SCH;), 2.33 (s, 3H,
CH,); P*CNMR (100 MHz, CDCl;, 25°C, TMS): 6=143.5,
141.2 and 115.2 (Cq), 71.4 (OCHCH,0), 70.0 (OCHCH,0),
67.4 and 66.4 (OCH,CH,0), 17.5 (SCH;), 11.1 (CH;); HR-
MS (ESI): m/z=215.0851, caled. for C;H,N,O,S [M+H]*:
215.0854.

3-Cyclopropyl-4-(1,4-dioxan-2-yl)-5-(methylthio)-1H-pyra-
zole (12¢): yield: 46 mg (96%); white solid; mp 128-130°C.
"H NMR (400 MHz, CDCl;, 25°C, TMS): 6=826 (s, 1H,
NH), 471 (dd, J=10.6 and 2.7 Hz, 1H, OCHCH,0), 3.75
(m, 6H, OCH,CH,OCH,), 2.35 (s, 3H, SCHj;), 1.94 (m, 1H,
CH,CHCH,), 0.82 and 0.63 (m each, 3:1H, CH,CHCH,);
BCNMR (100 MHz, CDCl;, 25°C, TMS): §=147.2, 142.9
and 1159 (Cq of pyrazole), 71.3 (OCHCH,0), 69.9
(OCHCH,0), 67.4 and 66.4 (OCH,CH,0), 17.3 (SCHs), 7.5
(CH,CHCH,), 6.7 and 6.6 (CH,CHCH,); HR-MS (ESI):
m/z=241.1012, calced. for C;;H,(N,0,S [M+H]*: 241.1011.

4-Benzyl-3-methyl-5-(methylthio)-1H-pyrazole (12d):
yield: 38 mg (87%); colorless liquid. '"H NMR (400 MHz,
CDCl;, 25°C, TMS): 6=8.65 (s, 1H, NH), 7.21 (m, SH, aro-
matic CH), 3.82 (s, 2H, PhCH,), 2.35 (s, 3H, SCH3), 2.19 (s,
3H, CH;); "CNMR (100 MHz, CDCl;, 25°C, TMS): 6=
142.7, 141.7 and 140.5 (Cq), 128.5, 128.3 and 126.1 (aromatic
CH), 1183 (Cq), 29.3 (PhCH,), 17.6 (SCH;), 10.9 (CH;);
HR-MS (ESI): m/z=219.0956, calcd. for C,,HN,S
[M+H]*: 219.0956.

General Procedure for the Synthesis of Isoxazoles 13

A mixture of 3 (50 mg, 0.2 mmol), NH,OH-HCI (83 mg,
1.2 mmol), and KOH (79 mg, 1.2 mmol, 85%) in EtOH
(2 mL) was stirred in a 10-mL sealed tube at 120°C for 24 h.
After being cooled to ambient temperature, the mixture was
evaporated of all the volatiles under reduced pressure. The
resultant residue was purified by silica gel column chroma-
tography [eluent: petroleum ether (60-90°C)/ethyl acetate =
10:1, v/v] to afford the target product.
4-(1,4-Dioxan-2-yl)-3-methyl-5-(methylthio)isoxazole
(13a): yield: 24mg (56%); colorless liquid. 'HNMR
(400 MHz, CDCl;, 25°C, TMS): 6=4.53 (dd, /=8.0 and
5.5Hz, 1H, OCHCH,0), 3.76 (m, 6H, OCH,CH,OCH,),
2.55 (s, 3H, SCH3), 2.30 (s, 3H, CH;C=N); “CNMR
(100 MHz, CDCl;, 25°C, TMS): 6=163.7, 159.8 and 112.6
(Cq of isoxazole), 70.1 (OCHCH,0), 69.3 (OCHCH,0),
67.2 and 66.4 (OCH,CH,0), 14.9 (SCH;), 11.1 (CH;C=N);
HR-MS (ESI): m/z=216.0690, calcd. for CyH;3sNO,S
[M+H]*: 216.0694.
3-Cyclopropyl-4-(1,4-dioxan-2-yl)-5-(methylthio)isoxazole
(13b): yield: 26 mg (54%); white solid; mp 71-73°C.
'"H NMR (400 MHz, CDCl,, 25°C, TMS): 6=4.65 (dd, J=
104 and 29Hz, 1H, OCHCH,O), 3.78 (m, O6H,
OCH,CH,0CH,), 255 (s, 3H, SCH;), 194 (m, 1H,
CH,CHCH,), 1.08 and 0.94 (m each, 1:3H, CH,CHCH,);
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BCNMR (100 MHz, CDCl,, 25°C, TMS): 6=165.0, 163.7
and 113.1 (Cq of isoxazole), 70.1 (OCHCH,O), 69.5
(OCHCH,0), 67.3 and 66.4 (OCH,CH,0), 14.9 (SCH;), 8.5
(CH,CHCH,), 7.3 and 6.5 (CH,CHCH,); HR-MS (ESI):
m/z7 =242.0854, calcd. for C;;H;sNO;S [M+H]*: 242.0851.

3-Methyl-5-(methylthio)-4-(tetrahydrofuran-2-yl)isoxazole
(13c): yield: 22mg (55%); colorless liquid. 'H NMR
(400 MHz, CDCl;, 25°C, TMS): 6=4.74 (dd, J=8.6 and
6.7Hz, 1H, OCHCH,), 4.02 and 3.84 (m each,1:1H,
OCH,CH,), 2.55 (s, 3H, SCH;), 2.25 (s, 3H, CH,C=N), 2.08
and 1.85 (m each, 3:1H, OCHCH,CH,); “CNMR
(100 MHz, CDCl;, 25°C, TMS): 0=162.2, 159.7 and 116.6
(Cq of isoxazole), 72.5 (OCHCH,), 68.6 (OCH,CH,), 32.1
and 26.6 (OCHCH,CH,), 15.1 (SCH;), 11.0 (CH;C=N); HR-
MS (ESI): m/z=200.0741 calcd. for C,H;NO,S [M+H]*:
200.0745.
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