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Abstract An efficient protocol for the intermolecular amidoselenation of alkenes with diphenyl diselenides and alkyl amines
has been developed, affording a series of f-amido-selenides in high yields under copper salt and (diacetoxyiodo)benzene (PI-
DA) conditions. The preliminary experimental results supported the involvement of active selenide radical species, and a radi-
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cal pathway was therefore proposed for the reaction.
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1 Introduction

Selenium-containing compounds play diverse roles in
medicinal chemistry, biochemistry and organic synthesis.!!!
In the past decade, various organoselenium-catalyzed reac-
tions such as oxidation, reduction, rearrangement, cycliza-
tion and enantioselective reactions have been established.™
Organoselenium chemistry has become an important tool
in synthetic and medicinal chemistry. Selenides are an im-
portant class of organoselenium compounds. They have
specific properties and are readily available as substrates,
oxidants, or precatalysts, and have garnered considerable
attention for use in various reactions.l*! The development
of chemical reactions for selectively and efficiently pro-
ducing valuable selenides, especially asymmetric selenide
skeletons, and searching for the medicinal chemistry
related aspects,”® is therefore important and highly inter-
esting.

Alkenes are simple and abundant bulk commodities in
organic synthesis, and derivatization of such feedstock
materials is thus of great importance. The vicinal difunc-
tionalization of alkenes is a class of significant reactions to
rapidly increase molecular complexity with various func-
tional groups. However, at present there are only few re-
ports on seleno-difunctionalization of alkenes, and in fact,
is mainly limited to alkoxy-selenylation and hydroxyl-
selenylation’ of these feedstocks. Besides, a few other
works, such as amino-selenation! and sulfonyl-selena-
tion!® of alkenes have also been reported. Both nitrogen-
and selenium-containing molecules have widespread ap-
plications in the fields of organic synthesis and drug dis-
covery. f-Amido-selenides thus are versatile intermediates
and the direct incorporation of both amido- and seleni-
um-groups across a double bond is a desirable process.
However, we noticed that the amino sources during ami-
no-selenation in previous literatures are limited to sulfon-
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amides or azoles.! The amino-selenation with alkyl
amine, has not been realized, which may be due to the un-
stable activity of alkyl amines under oxidation conditions.
With the rapidly development of organoselenium chemis-
try) and our ongoing interest in organoselenium involved
reactions,'” herein we report a general method for the
high-efficiency synthesis of f-amido selenides via ami-
doselenation of alkenes with alkyl amines and various
diselenides. Gram-scale synthesis shows the practicability
of this reaction and its potential use in industrial applica-
tions.

2 Results and discussion

In order to verify the feasibility of this idea, our initial
experiment mainly used morpholine as alkyl nitrogen
source and diselenides as selenating reagent to perform the
amidoselenation of alkenes. At the outset of this study,
reaction was performed with styrene la (2.0 equiv.),
diphenyl diselenide 2a (0.2 mmol), morpholine 3a (2.0
equiv.) using (diacetoxyiodo)benzene (PIDA) (1.0 equiv.)
as the oxidant in tetrahydrofuran (THF) (3 mL) at 120 C
under air atmosphere. After 12 h, the desired product 4a
was isolated in 21% yield (Table 1, Entry 1). Other sol-
vents, such as CH3;CN, dichloroethane (DCE), CH3;0H,
and N,N-dimethylformamide (DMF) were also tested, and
CH;CN was the most effective solvent, giving 4a in 43%
yield (Table 1, Entries 2~5). Oxidants K,S,Os, [bis(tri-
fluoroacetoxy)iodo]benzene (PIFA) and benzoyl peroxide
(BPO) were then investigated, and PIDA was the best choice
(Table 1, Entries 6~8). To further improve the reaction
efficiency, different additives, including NaBr, KBr, CuBr,
Cu(OTf),, CuCl, Cul and Cu(OAc), were further investi-
gated (Table 1, Entries 9~15). Pleasingly, CuBr had a posi-
tive effect on the reaction efficiency, and 84% of 4a could
be obtained (Table 1, Entry 11). Further screenings found
that a higher reaction temperature of 130 ‘C or lower tem-
perature 100 ‘C did not improve the yield compared with
the result at 120 ‘C (Table 1, Entries 16 and 17).

With the optimized reaction conditions in hand, the
electronic and steric effects for this reaction with various
styrene derivatives were examined (Table 2). Substrates 1
with substituents on benzene ring at different positions,
such as o-methyl, o-chloro, m-methyl, m-chloro, p-methyl
and p-chloro were all efficiently transformed into the cor-
responding products (4b, 4c, 4e, 4f, 4h and 41) with high
yields. Substrates with electron-donating groups (Me,
OMe, Ph) or electron-withdrawing groups (F, Cl, Br, CF3)
on benzene ring proceeded well in this reaction, affording
the desired products 4b~4n in moderate to good yields
(60%~88%). It is noteworthy that all valuable electro-
philic functional groups, such as fluoro, chloro and bromo,
are well tolerated, providing a versatile handle for further
functionalization. In addition, 2-vinylnaphthalene (10) was
also smoothly converted in this reaction, and the corre-
sponding product 40 was obtained in 75%. Cyclohexene
was also a good partner in this reaction, as expected, the
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Table 1 Survey of the reaction conditions”

0]
Conditions [ j
e, N

o -SePh
4a

H
N
P+ (Phse), + [j
0
3

1a 2a a
Entry Catalyst Oxidant Solvent Yield”/%

1 — PIDA THF 21

2 — PIDA CH3CN 43

3 — PIDA DCE Trace
4 — PIDA CH3;0H 15

5 — PIDA DMF 0

6 — K2S203 CH3CN 13

7 — PIFA CH3CN 32

8 — BPO CH3CN 0

9 NaBr PIDA CH3CN 63
10 KBr PIDA CH3CN 70
11 CuBr PIDA CH3CN 84
12 Cu(OTf): PIDA CH3CN 50
13 CuCl PIDA CH3CN 46
14 Cul PIDA CH3CN 63
15 Cu(OAc): PIDA CH3CN 30
16 CuBr PIDA CH3CN 81¢
17 CuBr PIDA CH3CN 744

@ Reactions were performed with 1a (2.0 equiv.), 2a (0.2 mmol), 3a (2.0
equiv.), catalyst (10 mol%) and oxidant (1.0 equiv.) in solvent (3 mL) at
120 °C for 12 h. ?Yield of isolated product. ¢ Reaction performed at 130 C.
4Reaction performed at 100 C.

aminoselenation proceeded smoothly and gave the desired
product 4p in moderate yield (60%).

Encouraged by these promising results, we briefly eval-
uated this amino-selenation strategy using diselenides 2
and alkyl amines 3 (Table 3). Dimethyldiselenide and
dibenzyldiselane performed well in this amidoselenation
process, with corresponding products 4q and 4r in good
yields (86% and 82%). Electron-donating group OMe on
the aromatic ring was applicable as well, giving the desired
product 4s in good yield (83%). In addition, the diphenyl
diselenides bearing electron-withdrawing substituents,
such as Br, CF;, and OCF;, underwent vicinal ami-
doselenation smoothly to provide the corresponding prod-
ucts 4u~4v in moderate to good yields (55%~75%). Be-
sides morpholine, piperazine derivatives proved to be a
good partner in this transformation, giving the desired
p-amido selenides 4w and 4x in good yields (70% and
78%). However, unfortunately, piperidine nitrogen source
can not participate in the reaction to give the corresponding
product 4y.

To investigate the reaction mechanism, control experi-
ments were performed. When 2,2,6,6-tetramethylpiperi-
dine N-oxide (TEMPO, 3.0 equiv.) was added to the reac-
tion as a radical scavenger, the reaction was markedly in-
hibited (Eq. 1), and the radical-trapping product 5 was de-
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Table 2 Substrate scope of styrenes®”
(6]
R H CuBr (10 mol%) [ j
PIDA ( 1 0 equiv.
N 4+ (Phse), +[ j PDA(.Oequiv) N
B CH,CN N SePh
120°C,12h |
1 2a 3a [ 4
R
® ) O ® () B
N N
4a, 78%° 4b, 87% 4c, 79% 4d, 75% 4e 88% cl 4 71%
(6]
O O 0 O 0]

(J

N N
SePh
Br

49, 60% 4h, 74% 80% 4§, 72% 4k, 75% 41, 85%
) EOJ O C
N N N N
SePh

/@)\/SePh /@)\/ SePh SePh

4m, 73% 4n, 62% 40, 75% 4p, 60%

@Reaction conditions: 1 (2.0 equiv.), 2a (0.2 mmol), 3a (2.0 equiv.), CuBr (10 mol%) and PIDA (1.0 equiv.) in CH;CN (3 mL) at 120 ‘C for 12 h. ?Yield of the
isolated product.  When 10 mmol of 1a was performed under optimized conditions, 78% of 4a was isolated.

Table 3  Substrate scope of diselenides and amine sources®’

CuBr (10 mol%) R' R'
R\ ,R"  PIDA (1.0 equiv.
Ph/\ + (RSe)2 + \N ( q ) )\/
H  CHiCN,120°C,12h SeR

1a 2 3
o) o)
o o 0 ® ®
() () ( N y
) ! )N\/S Ph)\/se Ph)\/se©\
SeCH e
Ph)\/ 3 Ph)\/SevPh Ph \©\ \©\Br CF,
4q, 86% 4r, 82% 4s, 83% OMe 4t, 62% 4u, 55%
v Fo Q10
Ph)\/Se\©\ @j/ NJ
OCF; PhSe PhSe Phse
4v, 75% 4w, 70% 4x, 78% 4y, 0%

“@Reaction conditions: 1a (2.0 equiv.), 2 (0.2 mmol), 3 (2.0 equiv.), CuBr (10 mol%) and PIDA (1.0 equiv.) in CH;CN (3 mL) at 120 ‘C for 12 h. ? Yield of the iso-
lated product.

CH3CN, 120 °C, 12 h

4a, 0% 5 SePh
1a 2a, 0.2 mmol 3a N _
detected by HRMS analysis

CuBr (10 mol%) CTTTURC T :
PIDA (2.0 equiv.) | :
TEMPO (3.0 equiv.) l
e A
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tected by HRMS. Furthermore, in the presence of 2,6-di-
tert-butyl-4-methylphenol (BHT, 3.0 equiv.) under the
standard reaction conditions, the yield of 4a decreased to
17% (Eq. 2). These results indicated that a radical pathway
was involved under this catalytic system.

CuBr (10 mol%)
PIDA (2.0 equiv.)

H
N .

X, (PhSe), + [ j BHT (3.0 equiv.) 4a @
o CH3CN, 120 °C, 12 h

1a 2a, 0.2 mmol 3a 17%

On the basis of the experimental results and previously
reported studies,”!!! a possible reaction mechanism was
then proposed for this difunctionalization of alkenes. As
shown in Scheme 1, initially, the reaction of PIDA with
diselenides 2 furnishes the intermediate A, with the assis-
tance of CuBr, which undergoes homolytic cleavage to
produce a phenyl selenide radical B.['?! Subsequently, the
addition of B to alkenes 1 affords benzyl radical C, which
intercepts with Cul' species to generate alkyl-Cu'-amido
species D, which then undergoes the facile reductive elim-
ination to give the final products 4 and regenerates Cu!,
which enters into the next catalytic circle.

AcO\I/OAc AcO\I/SeAr
CuBr
ArSeSeAr ArSeSeAr .
- ArSe
~ o™
ArSeOAc Phi+ Cul B
PIDA A
B.
N reductive
alkenes 1 Ar/’\/SeAr cu'L R Cu'L elimination
SeAr
Ar
C D CulL

Scheme 1 Plausible mechanism

3 Conclusions

In conclusion, a practical method has been successfully
developed for the facile synthesis of f-amido selenides
through the direct difuctionalization of alkenes with dise-
lenides and alkyl amines. The difunctionalization reactions
proceeded with good regioselectivity, and no regioisomers
were observed in the present reaction system. This protocol
features with operation simplicity, good regioselectivity,
good tolerance to scale-up synthesis, as well as readily
available substrates, catalyst and oxidant of low toxicity.
This synthesis procedure would serve as a practical and
efficient protocol to synthesize f-amido selenide deriva-
tives.

4 Experimental section

4.1 Instruments and reagents

'H NMR, 3C NMR, "F NMR spectra were recorded on
a Bruker Ascend™ 400 or a Bruker Ascend™ 600 spec-
trometer in deuterated solvents containing TMS as an in-
ternal reference standard. All high-resolution mass spectra
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(HRMS) were measured on a Waters LCT Premier/XE
mass spectrometer by using electrospray ionization or-
thogonal acceleration time-of-flight (ESI-OA-TOF), and
the purity of all samples used for HRMS (>95%) was
confirmed by '"H NMR and '3C NMR spectroscopic analy-
sis. Melting points were measured on a melting point ap-
paratus equipped with a thermometer and were uncorrect-
ed. All the reactions were monitored by thin-layer chro-
matography (TLC) using GFss silica gel-coated TLC
plates. Purification by flash column chromatography was
performed over SiO; (silica gel 200~300 mesh). All rea-
gents were purchased from commercial sources and used
without further purification.

4.2 General procedure for the synthesis of 4

Taking the synthesis of 4a as an example, to a reaction
tube, styrene la (2.0 equiv., 0.4 mmol), diphenyl dise-
lenide 2a (0.2 mmol), morpholine 3a (2.0 equiv., 0.4
mmol), CuBr (10 mol%, 0.02 mmol) and PIDA (1.0 equiv.,
0.2 mmol) were mixed in CH3CN (3 mL). The mixture was
heated in an oil bath at 120 °C for 12 h and monitored by
TLC analysis. The mixture was diluted with water (20 mL)
and extracted with ethyl acetate (10 mLX3). The com-
bined organic layers were washed with brine (20 mL),
dried over Na;SOs, and filtered. Then the organic solvent
was concentrated in vacuo. The residue was purified by
flash column chromatography with ethyl acetate and pe-
troleum ether (V' : V=35 I 1) as eluent to give product 4a.

(1-Phenyl-2-(phenylselanyl)ethyl)morpholine (4a): Yel-
low liquid (58 mg, 84% yield). Rr= 0.3 (petroleum
ether/ethyl acetate, V. V=5 :1); 'H NMR (400 MHz,
CDCl) o: 7.44~7.37 (m, 2H), 7.37~7.16 (m, 8H),
3.75~3.61 (m, 5H), 3.55~3.51 (m, 1H), 3.30~3.25 (m,
1H), 2.45 (s, 4H); *C NMR (100 MHz, CDCls) J: 138.56,
132.49, 131.24, 128.99, 128.55, 128.23, 127.81, 126.71,
69.78, 67.13, 50.60, 31.72; HRMS (ESI) calcd for
CisH2NOSe [M+H]" 348.0867, found 348.0861.

4-(2-(Phenylselanyl)-1-(o-tolyl)ethyl)morpholine ~ (4b):
Yellow liquid (62 mg, 87% yield). Ry=0.34 (petroleum
ether/ethyl acetate, V. V=5 :1); 'H NMR (400 MHz,
CDCl) o: 7.39~7.37 (m, 3H), 7.19~7.15 (m, 6H),
3.95~3.91 (m, 1H), 3.66~3.64 (m, 4H), 3.43~3.39 (m,
1H), 3.34~3.29 (m, 1H), 2.60~2.52 (m, 2H), 2.46~2.42
(m, 2H), 2.34 (s, 3H); '3C NMR (100 MHz, CDCI;) 4:
138.15, 137.01, 132.41, 131.20, 130.62, 129.00, 127.56,
127.23, 126.75, 125.84, 67.21, 64.83, 50.98, 31.12, 19.95.
HRMS (ESI) calcd for C19H,3NOSe [M+H]': 362.1018,
found: 362.1028.

4-(1-(2-Chlorophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4¢): Yellow liquid (60 mg, 79% yield). R¢=0.35 (pe-
troleum ether/ethyl acetate, V' : V=5 : 1); 'H NMR (400
MHz, CDCl;) o: 7.47~7.45 (m, 1H), 7.42~7.32 (m, 3H),
7.25~7.15 (m, 5H), 4.36~4.32 (m, 1H), 3.67 (t, J=4.7
Hz, 4H), 3.43~3.39 (m, 1H), 3.32~3.27 (m, 1H), 2.61~
2.53 (m, 2H), 2.49~2.43 (m, 2H); '3C NMR (150 MHz,
CDCl3) o: 136.86, 134.77, 132.67, 130.89, 129.78, 129.37,
128.99, 128.61, 126.83, 126.53, 67.11, 64.11, 50.71, 31.26;
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HRMS (ESI) caled for CisHyCINOSe [M + H] '
382.0472, found 382.0481.
4-(1-(2-Bromophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4d): Yellow liquid (64 mg, 75% yield). R/=0.36 (pe-
troleum ether/ethyl acetate, V' . =5 : 1); 'H NMR (400
MHz, CDCl3) 6: 7.56~7.54 (m, 1H), 7.48~7.46 (m, 1H),
7.38~7.36 (m, 2H), 7.30~7.25 (m, 1H), 7.20~7.17 (m,
3H), 7.13~7.09 (m, 1H), 4.32~4.28 (m, 1H), 3.67 (t, J=
4.7 Hz, 4H), 3.40~3.36 (m, 1H), 3.33~3.28 (m, 1H),
2.64~2.55 (m, 2H), 2.49~2.43 (m, 2H); '*C NMR (150
MHz, CDCl3) ¢: 138.69, 133.09, 132.61, 130.91, 129.61,
128.99, 128.95, 127.16, 126.82, 125.53, 67.12, 66.73,
50.78, 31.38; HRMS (ESI) calcd for CisH20BrNOSe [M+
H]" 425.9966, found 425.9971.
4-(2-(Phenylselanyl)-1-(m-tolyl)ethyl)morpholine  (4e):
Yellow liquid (63 mg, 88% yield). Re=0.34 (petroleum
ether/ethyl acetate, V. V=5 :1); '"H NMR (400 MHz,
CDCl;) d: 7.43~7.41 (m, 2H), 7.21~7.19 (m, 4H),
7.10~7.04 (m, 3H), 3.68~3.66 (m, SH), 3.55~3.50 (m,
1H), 3.28~3.23 (m, 1H), 2.45 (t, J=4.5 Hz, 4H), 2.34 (s,
3H); 3C NMR (100 MHz, CDCl3) J: 138.42, 137.81,
132.45, 131.35, 129.19, 128.96, 128.55, 128.07, 126.66,
125.66, 69.84, 67.14, 50.62, 31.69, 21.57; HRMS (ESI)
caled for CioH:xNOSe [M + H] " 362.1018, found
362.1030.
4-(1-(3-Chlorophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4f): Yellow liquid (54 mg, 71% yield). Rr=0.35 (pe-
troleum ether/ethyl acetate, V' =5 : 1); 'H NMR (600
MHz, CDCl3) 6: 7.41~7.40 (m, 2H), 7.25~7.20 (m, 6H),
7.14~7.13 (m, 1H), 3.68~3.64 (m, 5SH), 3.48~3.45 (m,
1H), 3.23~3.20 (m, 1H), 2.43 (d, J=4.3 Hz, 4H); BC
NMR (100 MHz, CDCl3) ¢: 140.97, 134.23, 132.68,
130.79, 129.46, 129.04, 128.51, 127.95, 126.92, 126.76,
69.47, 67.05, 50.63, 31.42; HRMS (ESI) caled for
CisH2CINOSe [M+H]" 382.0472, found 382.0475.
4-(1-(3-Bromophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4g): Yellow liquid (51 mg, 60% yield). R7=0.33 (pe-
troleum ether/ethyl acetate, V' =5 : 1); 'H NMR (400
MHz, CDCl3) 6: 7.43~7.40 (m, 4H), 7.22~7.18 (m, 5H),
3.69~7.65 (m, 5H), 3.49~3.44 (m, 1H), 3.24~3.19 (m,
1H), 2.45~2.43 (m, 4H); *C NMR (100 MHz, CDCl;) ¢:
141.24, 132.70, 131.41, 130.88, 130.76, 129.76, 129.04,
127.21, 126.94, 122.51, 69.46, 67.04, 50.62, 31.41; HRMS
(ESI) calcd for C1sH20BrNOSe [M+H]" 425.9966, found
425.9974.
4-(2-(Phenylselanyl)-1-(p-tolyl)ethyl)morpholine ~ (4h):
Yellow liquid (53 mg, 74% yield). Re=0.35 (petroleum
ether/ethyl acetate, V. V=5 :1); '"H NMR (400 MHz,
CDCl;) o6: 7.43~7.41 (m, 2H), 7.21~7.19 (m, 3H), 7.13
(s, 4H), 3.67~3.65 (m, 5H), 3.54~3.49 (m, 1H), 3.28~
3.23 (m,1H), 2.44 (t, J=4.5 Hz, 4H), 2.34 (s, 3H); *C
NMR (150 MHz, CDCl3) o: 137.46, 135.44, 132.44,
131.34, 128.97, 128.93, 128.44, 126.65, 69.44, 67.15,
50.58, 31.77, 21.16; HRMS (ESI) caled for Ci9H23NOSe
[M+H]" 362.1018, found 362.1031.
4-(1-(4-Methoxyphenyl)-2-(phenylselanyl)ethyl)mor-
pholine (4i): Yellow liquid (60 mg, 80% yield). Ry=0.25
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(petroleum ether/ethyl acetate, ¥V : V=5 : 1); 'H NMR
(600 MHz, CDCls) d: 7.42~7.41 (m, 2H), 7.20~7.16 (m,
5H), 6.86 (d, J=8.6 Hz, 2H), 3.79 (s, 3H), 3.67~~3.65 (m,
5H), 3.52~3.48 (m, 1H), 3.27~3.24 (m, 1H), 2.43 (s,
4H); BC NMR (100 MHz, CDCl) J: 159.15, 132.45,
131.34, 130.61, 129.58, 128.98, 126.66, 113.56, 69.10,
67.13, 55.26, 50.59, 31.94; HRMS (ESI) calcd for
C19H23NO»Se [M+H]" 378.0967, found 378.0978.
(1-([1,1'-Biphenyl]-3-yl)-2-(phenylselanyl)ethyl)mor-
pholine (4j): Yellow liquid (61 mg, 72% yield). Ry=0.45
(petroleum ether/ethyl acetate, ¥V . V=5 : 1); 'H NMR
(500 MHz, CDCl3) d: 7.33~7.28 (m, 4H), 7.19~7.14 (m,
4H), 7.09~7.04 (m, 3H), 6.94~6.93 (m, 3H), 3.51~3.39
(m, 5H), 3.30~3.27 (m, 1H), 3.06~3.02 (m, 1H), 2.22 (d,
J=3.8 Hz, 4H); *C NMR (120 MHz, CDCls) §: 140.76,
140.64, 137.61, 132.57, 131.23, 129.04, 129.02, 128.83,
127.37,127.11, 126.94, 126.77, 69.56, 67.16, 50.66, 31.70;
HRMS (ESI) calcd for C2sHasNOSe [M+ H]'™ 424.1174,
found 424.1177.
4-(1-(4-Fluorophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4k): Yellow liquid (55 mg, 75% yield). Ry=0.3 (Pe-
troleum ether/ethyl acetate, V. V=5 : 1); 'H NMR (600
MHz, CDCl;3) 6: 7.41~7.40 (m, 2H), 7.24~7.20 (m, 5H),
7.05~6.97 (m, 2H), 3.68~3.65 (m, 5H), 3.48~3.46 (m,
1H), 3.26~3.23 (m, 1H), 2.43~2.41 (m, 4H); '3C NMR
(150 MHz, CDCl3) d: 162.29 (d, J=245.9 Hz), 134.53,
132.59, 130.94, 130.00 (d, J=7.9 Hz), 129.02, 126.84,
115.08 (d, J=21.5 Hz), 69.09, 67.08, 50.65, 31.88; "°F
NMR (565 MHz, CDCl;) 6: —114.63; HRMS (ESI) calcd
for C1sH20)FNOSe [M+H]" 366.0767, found 366.0773.
4-(1-(4-Chlorophenyl)-2-(phenylselanyl)ethyl)morpho-
line (41): Yellow liquid (65 mg, 85% yield). Rt=0.35 (Pe-
troleum ether/ethyl acetate, V. V=5 : 1); 'H NMR (400
MHz, CDCl;) é: 7.37~7.35 (m, 2H), 7.27~7.24 (m, 2H),
7.19~7.15 (m, 5H), 3.69~3.58 (m, 5H), 3.44~3.40 (m,
1H), 3.22~3.18 (m, 1H), 2.47~2.31 (m, 4H); '3C NMR
(100 MHz, CDCL) ¢: 137.38, 133.49, 132.65, 130.80,
129.82, 129.03, 128.40, 126.89, 69.21, 67.05, 50.69, 31.65;
HRMS (ESI) caled for CisHyCINOSe [M + H] '
382.0472, found 382.0476.
4-(1-(4-Bromophenyl)-2-(phenylselanyl)ethyl)morpho-
line (4m): Yellow liquid (62 mg, 73% yield). Rr=0.3 (Pe-
troleum ether/ethyl acetate, V. V=5 : 1); 'H NMR (400
MHz, CDCl;) é: 7.48~7.37 (m, 4H), 7.24~7.18 (m, 3H),
7.14 (d, J/=8.4 Hz, 2H), 3.71~3.57 (m, 5H), 3.47~3.42
(m, 1H), 3.25~3.20 (m, 1H), 2.50~2.37 (m, 4H); 3C
NMR (150 MHz, CDCl3) ¢: 137.92, 132.66, 131.35,
130.76, 130.19, 129.04, 126.90, 121.64, 69.29, 67.04,
50.70, 31.59; HRMS (ESI) calcd for C1sH20BrNOSe [M+
H]" 425.9966, found 425.9970.
4-(2-(Phenylselanyl)-1-(4-(trifluoromethyl)phenyl)eth-
yl)morpholine (4n): Yellow liquid (51 mg, 62% yield).
Ry=0.29 (petroleum ether/ethyl acetate, ¥ . V=5 . 1); 'H
NMR (600 MHz, CDCl3) 6: 7.56 (d, J=28.0 Hz, 2H),
7.39~7.36 (m, 4H), 7.21~7.20 (m, 3H), 3.70~3.67 (m,
5H), 3.48~3.45 (m, 1H), 3.28~3.24 (m, 1H), 2.46~2.40
(m, 4H); 3C NMR (100 MHz, CDCls) J: 143.12, 132.73,
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130.55, 129.05, 128.87, 127.00, 125.15 (q, J=3.7 Hz),
122.76, 69.60, 67.02, 50.78, 31.42; F NMR (376 MHz,
CDCl3) 6: —62.47; HRMS (ESI) caled for Ci9H20F3NOSe
[M+H]" 416.0735, found 416.0746.
4-(1-(Naphthalen-2-yl)-2-(phenylselanyl)ethyl)morpho-
line (40): Yellow liquid (59 mg, 75% yield). R/=0.26 (pe-
troleum ether/ethyl acetate, V' . =5 : 1); 'H NMR (600
MHz, CDCl3) d: 7.82 (t, J=8.6 Hz, 3H), 7.69 (s, 1H),
7.49~7.40 (m, 5H), 7.21~7.16 (m, 3H), 3.86~3.80 (m,
1H), 3.69 (t, J=4.6 Hz, 4H), 3.61~3.58 (m, 1H), 3.39~
3.36 (m, 1H), 2.56~2.44 (m, 4H); '3C NMR (150 MHz,
CDCl;) o: 136.52, 133.10, 133.08, 132.56, 131.12, 128.98,
127.99, 127.96, 127.67, 126.75, 126.22, 126.15, 125.96,
70.06, 67.14, 50.94, 31.73; HRMS (ESI) calcd for
C2H23sNOSe [M+H]" 398.1018, found 398.1026.
4-(2-(Phenylselanyl)cyclohexyl)morpholine (4p): Yel-
low liquid (33 mg, 50% vyield). Rr=0.35 (Petroleum
ether/ethyl acetate, ¥ : V=5 :1); 'H NMR (500 MHz,
CDCl;) d: 7.47~7.45 (m, 2H), 7.21~7.13 (m, 3H),
3.70~3.56 (m, 4H), 3.38~3.32 (m, 1H), 2.71~2.67 (m,
2H), 2.47~2.32 (m, 3H), 1.92~1.81 (m, 1H), 1.78~1.65
(m, 2H), 1.60~1.52 (m, 1H), 1.34~1.26 (m, 1H), 1.18~
1.13 (m, 2H), 1.06~0.96 (m, 1H); '3C NMR (126 MHz,
CDCl;) o: 136.02, 129.72, 128.64, 127.21, 69.14, 67.37,
48.56, 45.12, 34.12, 27.29, 25.56, 24.99; HRMS (ESI)
caled for CisHsNOSe [M + H] ©  326.1018, found
326.1014.
4-(2-(Methylselanyl)-1-phenylethyl)morpholine  (4q):
Yellow liquid (49 mg, 86% yield). Rr=0.25 (Petroleum
ether/ethyl acetate, V. V=5 :1); '"H NMR (400 MHz,
CDCl;) d: 7.36~7.25 (m, 5H), 3.68 (t, J=4.7 Hz, 4H),
3.58~3.54 (m, 1H), 3.15~3.10 (m, 1H), 2.92~2.87 (m,
1H), 2.52~2.40 (m, 4H), 1.84~1.79 (m, 3H); '3C NMR
(100 MHz, CDCl;) ¢: 139.28, 128.54, 128.19, 127.68,
70.57, 67.16, 50.85, 29.34, 4.92; HRMS (ESI) calcd for
Ci3H9NOSe [M+H]" 286.0705, found 286.0724.
4-(2-(Benzylselanyl)-1-phenylethyl)morpholine  (4r):
Yellow liquid (59 mg, 82% yield). Rf=0.23 (Petroleum
ether/ethyl acetate, V. V=5 :1); '"H NMR (400 MHz,
CDCl;) o6: 7.33~7.19 (m, 10H), 3.67~3.54 (m, 6H),
3.47~3.44 (m, 1H), 3.08~3.04 (m, 1H), 2.85~2.80 (m,
1H), 2.42~2.31 (m, 4H); *C NMR (150 MHz, CDCl;) ¢:
139.45, 139.30, 128.85, 128.58, 128.45, 128.17, 127.68,
126.64, 70.35, 67.13, 50.78, 27.79, 27.56; HRMS (ESI)
caled for CioH»xNOSe [M + H] " 362.1018, found
362.1035.
4-(2-((4-Methoxyphenyl)selanyl)-1-phenylethyl)mor-
pholine (4s): White soild (62 mg, 83% yield). R=0.22
(petroleum ether/ethyl acetate, V' . V=51 1); mp 79~
80 C; 'H NMR (400 MHz, CDCl3) §: 7.40~7.22 (m,
7H), 6.78~6.75 (m, 2H), 3.77 (s, 3H), 3.68~3.63 (m,
5H), 3.45~3.41 (m, 1H), 3.21~3.17 (m, 1H), 2.46~2.39
(m, 4H); '3C NMR (150 MHz, CDCls) §: 159.18, 138.67,
135.44, 128.59, 128.19, 127.73, 120.82, 114.71, 69.90,
67.14, 5529, 50.61, 32.77, HRMS (ESI) caled for
Ci19H23NO»Se [M+H]" 378.0967, found 378.0973.
4-(2-((4-Bromophenyl)selanyl)-1-phenylethyl)morpho-
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line (4t): Yellow liquid (53 mg, 62% yield). Rg=0.2 (Pe-
troleum ether/ethyl acetate, ¥V . V=5 : 1); 'H NMR (400
MHz, CDCl;) 0: 7.36~7.21 (m, 9H), 3.71~3.63 (m, 5H),
3.54~3.47 (m, 1H), 3.29~3.21 (m, 1H), 2.50~2.39 (m,
4H); C NMR (150 MHz, CDCl) 4J: 138.24, 134.07,
132.00, 130.17, 128.53, 128.28, 127.91, 120.85, 69.66,

67.09, 50.56, 32.04; HRMS (ESI) caled for
CisHoBrNOSe [M + H] © 425.9966, found 378.
425.9959.

4-(1-Phenyl-2-((4-(trifluoromethyl)phenyl)selanyl)eth-
yl)morpholine (4u): Yellow liquid (46 mg, 55% yield).
Ry=0.18 (petroleum ether/ethyl acetate, ¥ . V=5 . 1); 'H
NMR (500 MHz, CDCl3) 6: 7.47~7.42 (m, 4H), 7.36~
7.25 (m, 5H), 3.75~3.70 (m, 5H), 3.62~3.58 (m, 1H),
3.36~3.32 (m, 1H), 2.48 (s, 4H); '*C NMR (120 MHz,
CDCl) 0: 136.82, 135.92, 130.37, 129.67, 127.49, 127.32,
127.04, 124.57 (q, J=7.9 Hz), 124.19, 68.52, 65.97, 49.49,
30.30; F NMR (471 MHz, CDCl;) §: —62.60; HRMS
(ESI) caled for CioHa FsNOSe [M+H]" 416.0735, found
416.0732.

Phenyl-2-((4-(trifluoromethoxy)phenyl)selanyl)eth-
yl)morpholine (4v): Yellow liquid (65 mg, 75% yield).
Ry=0.5 (petroleum ether/ethyl acetate, V' . V=5 . 1); 'H
NMR (500 MHz, CDCl3) é: 7.25~7.23 (m, 2H), 7.18~
7.05 (m, 5H), 6.89 (d, J=28.0 Hz, 2H), 3.56~3.51 (m,
5H), 3.38~3.35 (m, 1H), 3.13~3.09 (m, 1H), 2.36~2.24
(m, 4H); 3C NMR (120 MHz, CDCls) J: 148.18, 138.21,
133.97, 129.62, 128.53, 128.26, 127.91, 121.55, 120.43 (q,
J=257.2 Hz), 69.77, 67.09, 50.57, 32.30; F NMR (471
MHz, CDCls) ¢: —57.93; HRMS (ESI) calcd for CioHzi-
F3NO,Se [M+H]" 432.0684, found 432.0691.

tert-Butyl  4-(1-phenyl-2-(phenylselanyl)ethyl)pipera-
zine-1-carboxylate (4w): Yellow liquid (62 mg, 70%
yield). Rr=0.21 (petroleum ether/ethyl acetate, V . V'=
5. 1); 'TH NMR (400 MHz, CDCl;) 6: 7.44~7.42 (m, 2H),
7.33~7.20 (m, 8H), 3.79 (t, J/=7.4 Hz, 1H), 3.59~3.55
(m, 1H), 3.41~3.37 (m, 4H), 3.29~3.24 (m, 1H), 2.41~
2.36 (m, 4H), 1.41 (s, 9H); '3C NMR (150 MHz, CDCI5) 6:
154.64, 138.12, 132.52, 131.25, 128.99, 128.49, 128.22,
127.81, 126.72, 80.06, 79.52, 69.36, 49.62, 31.58, 28.41;.
HRMS (ESI) caled for Co3H30N>0,Se [M+H]" 447.1546,
found 447.15609.

Tenzyl 4-(1-phenyl-2-(phenylselanyl)ethyl)piperazine-
I-carboxylate (4x): Yellow liquid (75 mg, 78% yield).
Ry=0.26 (petroleum ether/ethyl acetate, ¥ . V=5 © 1); 'H
NMR (400 MHz, CDCl3) ¢6: 7.46~7.38 (m, 2H), 7.36~
7.27 (m, 8H), 7.24~7.17 (m, 5H), 5.07 (s, 2H), 3.79 (t,
J=1.5 Hz, 1H), 3.59~3.42 (m, 5H), 3.28~3.21 (m, 1H),
2.40 (d, J=14.5 Hz, 4H); '3C NMR (150 MHz, CDCl;) ¢:
155.11, 137.93, 136.77, 132.57, 131.23, 129.04, 128.50,
128.48, 128.28, 128.00, 127.90, 127.87, 126.78, 69.35,
67.06, 49.52, 43.98, 31.48; HRMS (ESI) calcd for
CaH2sN>0,Se [M+H]" 481.1389, found 481.1394.

4.3 Procedure for the gram-scale synthesis of 4a

In the reaction tube, styrene 1a (2.0 equiv., 10 mmol),
diphenyl diselenide 2a (5 mmol), morpholine 3a (2.0

Chin. J. Org. Chem. 2022, 42, 1431~1437
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equiv., 10 mmol), CuBr (10 mol%, 0.5 mmol) and PIDA
(1.0 equiv., 5 mmol) were mixed in CH3CN (10 mL). The
mixture was heated in an oil bath at 120 ‘C for 20 h and
monitored by TLC analysis. The mixture was diluted with
water (150 mL) and extracted with ethyl acetate (50
mL X 3). The combined organic layers were washed with
brine (50 mL), dried over Na,SOs, and filtered. Then the
organic solvent was concentrated in vacuo. The residue

was

purified by flash column chromatography with ethyl

acetate and petroleum ether as eluent to product 4a in 78%
yield (1.35 g).

Supporting Information 'H NMR and *C NMR spectra
for compounds. The Supporting Information is available
free of charge via the Internet at http://sioc-journal.cn.

References

(1

[2]

[3]

(4]

[3]
(6]

(7]

Chin.

(a) Mugesh, G.; Du Mont, W. W.; Sies, H. Chem. Rev. 2001, 101,
2125.

(b) Nogueira, C. W.; Zeni, G;; Rocha, J. B. T. Chem. Rev. 2004, 104,
6255.

(c) Perin, G.; Lenarddo, E. J.; Jacob, R. G; Panatieri, R. B. Chem.
Rev. 2009, 109, 1277.

(d) Bhabak, K. P.; Mugesh, G. Acc. Chem. Res. 2010, 43, 1408.

(e) Mukjerjee, A. J.; Zade, S. S.; Singh, H. B.; Sunoj, R. B. Chem.
Rev. 2010, 110, 4357.

(f) Debnath, S.; Chithiravel, S.; Sharma, S.; Bedi, A.; Krishna-
moorthy, K.; Zade, S. S. ACS Appl. Mater. Interfaces 2016, 8,
18222.

(g) Sun, K.; Wang, X.; Li, C.; Wang, H.; Li, L. Org. Chem. Front.
2020, 7, 3100.

(a) Kumar, A.; Rao, G. K.; Saleem, F.; Singh, A. K. Dalton Trans.
2012, 41, 11949.

(b) Ortgies, S.; Breder, A. ACS Catal. 2017, 7, 5828.

(a) Wang, X.-W.; Miao, Z.-H.; Ma, Y.; Chen, H.-J.; Qian, H.-S.;
Zha, Z.-B. Nanoscale 2017, 9, 14512.

(b) Singh, F. V.; Wirth, T. Catal. Sci. Technol. 2019, 9, 1073.

(c) Shao, L.- X.; Li, Y.; Lu, J.; Jiang, X. Org. Chem. Front. 2019, 6,
2999.

(d) Arora, A.; Oswal, P.; Kumar Rao, G; Kumar, S.; Kumar, A.
Dalton Trans. 2021, 50, 8628.

Selected works for asymmetric selenides synthesis with elemental
selenium, diselenides, selenols, please see: (a) Kreft, A.; Ehlers, S.;
Jones, P. G.; Werz, D. B. Org. Lett. 2015, 17, 2649.

(b) Iwasaki, M.; Miki, N.; Tsuchiya, Y.; Nakajima, K.; Nishihara, Y.
Org. Lett. 2017, 19, 1092.

(c) Ma, W.-B.; Weng, Z.-Y.; Rogge, T.; Gu, L.-H.; Lin, J.-F.; Peng,
A.; Luo, X.; Gou, X.-J.; Ackermann, L. Adv. Synth. Catal. 2018,
360, 704.

(d) Senol, E.; Scattolin, T.; Schoenebeck, F. Chem.-Eur. J. 2019, 25,
9419.

(e) Li, F.-H.; Wang, D.; Chen, H.-Y.; He, Z. Zhou, L.-H.; Zeng,
Q.-L. Chem. Commun. 2020, 56, 13029.

(f) Cremer, C.; Eltester, M. A.; Bourakhouadar, H.; Atodiresei, I. L.;
Patureau, F. W. Org. Lett. 2021, 23, 3243.

Alvarez-Pérez, M.; Ali, W., Mafc, M. A.; Handzlik, J;
Doml’nguez-AlvareZ, E. Molecules 2018, 23, 628.

(a) Vieira, A. A.; Azeredo, J. B.; Godoi, M.; Santi, C.; Eufranio, N.;
Braga, A. L. J. Org. Chem. 2015, 80, 2120.

(b) Zhang, Y.-K.; Wu, S.-X.; Yan, J. Helv. Chim. Acta. 2016, 99,
654.

(a) Toshimitsu, A.; Aoai, T.; Owada, H.; Uemura, S.; Okano, M. J.
Org. Chem. 1981, 46, 4727.

J. Org. Chem. 2022, 42, 1431~1437

(8]

[9]

[10]

(1]

[12]

© 2022 Chinese Chemical Society & SIOC, CAS

(b) Sun, K.; Wang, X.; Lv, Y.-H.; Li, G.; Jiao, H.-Z.; Dai, C.-W.; Li,
Y.-Y.; Zhang, C.; Liu, L. Chem. Commun. 2016, 52, 8471.

(c) Sun, K.; Wang, X.; Zhang, C.; Zhang, S.-F.; Chen, Y.; Jiao,
H.-Z.; Du, W.-M. Chem.-Asian J. 2017, 12, 713.

(d) Wang, X.-L.; Li, H.-J.; Zhu, M.; Yan, J. RSC Adv. 2017, 7,
15709.

(e) Tan, Y.-X.; Liu, X.-Y.; Zhao, Y.-S.; Tian, P.; Lin, G-Q. Org. Lett.
2019, 21, 1297.

(f) Huang, B.-B.; Li, Y.-N.; Yang, C.; Xia, W.-J. Green Chem. 2020,
22,2804,

(g) Zhu, L.-L.; Tian, L.-F.; Cai, B.; Liu, G-L.; Zhang, H.; Wang,
Y.-H. Chem. Commun. 2020, 56, 2979.

(a) Back, T. G; Collins, S. J. Org. Chem. 1981, 46, 3249.

(b) Sun, K.; Lv, Y.-H.; Shi, Z.-D.; Fu, F.-F.; Zhang, C.; Zhang, Z.-G.
Sci. China: Chem. 2017, 60, 730.

(a) Feng, C.-L.; Zhu, J.; Tang, Q.-J.; Zhou, A.-H. Chin. J. Org.
Chem. 2019, 39, 1187 (in Chinese).

(HHER, KA, FHRE, FEE AHLE, 2019, 39, 1187.)

(b) Pan, C.; Liu, P.; Wu, A.-G;; Li, M.; Wen, L.-R.; Guo, W.-S.
Chin. J. Org. Chem. 2020, 40, 2855 (in Chinese).

(i, xms, Xz, 40, SCANsR, F4Elr, A s, 2020,
40, 2855.)

(c) Wu, Y.; Chen, J.-Y.; Ning, J.; Jiang, X.; Deng, J.; Deng, Y.; Xu,
R.; He, W.-M. Green Chem. 2021, 23, 3950.

(d) Wang, S.-C.; Jiang, B. Chin. J. Org. Chem. 2021, 41, 4531 (in
Chinese).

(EHE, 320, A, 2021, 41, 4531)

(e) Xu, Y.; Li, C.; Meng, J.-P.; Huang, Y.-L.; Fu, J.-Y.; Liu, B.; Liu,
Y.-J.; Chen, N. Chin. J. Org. Chem. 2021, 41, 1012 (in Chinese).
(VPR 2R, s, mER, MalE, XK, XIHR, §T,
AHALE, 2021, 41,1012.)

(f) Chen, J.-Y.; Wu, H.-Y.; Gui, Q.-W,; Yan, S.-S.; Deng, Jie.; Lin,
Y.-W.; Cao, Z.; He, W.-M. Chin. J. Catal. 2021, 42, 1445.

(g) Wu, Z.-L.; Chen, J.-Y.; Tian, X.-Z.; Ouyang, W.-T.; Zhang,
Z.-T.; He, W.-M. Chin. Chem. Lett. 2021, DOIL: 10.1016/j.cclet.
2021.08.071.

(a) Sun, K.; Shi, Z.-D.; Liu, Z.-H.; Luan, B.-X.; Zhu, J.-L.; Xue,
Y.-R. Org. Lett. 2018, 20, 6687.

(b) Sun, K.; Wang, S.-N.; Feng, R.-R.; Zhang, Y.-X.; Wang, X.;
Zhang, Z.-G.; Zhang, B. Org. Lett. 2019, 21, 2052.

(c) Wang, X.; Lei, J.; Guo, S.; Zhang, Y.; Ye, Y.; Tang, S.; Sun, K.
Chem. Commun. 2022, 58, 1526.

(d) Wang, X.; Wang, Q.-L.; Xue, Y.-R.; Sun, K.; Wu, L.-L.; Zhang,
B. Chem. Commun. 2020, 56, 4436.

(e) Wang, X.; Guo, S.; Zhang, Y.; Zhang, Z.-G.; Zhang, G.-S.; Ye,
Y.; Sun, K. Adv. Synth. Catal. 2021, 363, 3290.

(a) Wang, A.-F.; Zhu, L.-Y.; Wang, S.-L.; Hao, W.-J.; Li, G-G.; Tu,
S.-J.; Jiang, B. J. Org. Chem. 2016, 81, 1099.

(b) Yang, D.-S.; Li, G-Q.; Xing, C.-Y.; Cui, W.-W.; Li, K.-X.; Wei,
W. Org. Chem. Front. 2018, 5, 2974.

(c¢) Guo, Y.-H.; Xiang, Y.-F.; Wei, L.; Wan, J.-P. Org. Lett. 2018, 20,
3971.

(d) Liu, Y.; Chen, X.-L.; Sun, K.; Li, X.-Y.; Zeng, F.-L.; Liu, X.-C.;
Qu, L.-B.; Zhao, Y.-F.; Yu, B. Org. Lett. 2019, 21, 4019.

(e) Li, G-Q.; Gan, Z.-Y.; Kong, K.-X.; Dou, X.-M.; Yang, D.-S.
Adv. Synth. Catal. 2019, 361, 1808.

(f) Song, S.-Z.; Meng, Y.-N.; Li, Q.; Wei, W.-T. Adv. Synth. Catal.
2020, 362, 2120.

(g) Wang, X.-Y.; Zhong, Y.-F.; Mo, Z.-Y.; Wu, S.-H.; Xu, Y.-L;
Tang, H.-T.; Pan, Y.-M. Adv. Synth. Catal. 2021, 363, 208.

(a) Song, Z.-Q.; Ding, C.-C.; Wang, S.-L.; Dai, Q.; Sheng, Y.-G.;
Zheng, Z.-L.; Liang, G. Chem. Commun. 2020, 56, 1847.

(b) Ghosh, P.; Chhetri, G,; Perl, E.; Das, S. Adv. Synth. Catal. 2021,
363,2148.

(c) Lear, J. M.; Buquoi, J. Q.; Gu, X.; Pan, K.; Mustafa, D. N;
Nagib, D. A. Chem. Commun. 2019, 55, 8820.

(Zhao, C.)

1437

http://sioc-journal.cn/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


