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Photoinduced Nickel-Catalyzed Reductive Heck Reaction
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Abstract An efficient visible-light induced nickel-catalyzed reductive Heck reaction of alkenes by using mild organic
reductant Hantzsch ester (HEH) instead of traditional metal reductants or hydride reagents was developed. The reductive
hydroarylation of acrylates with aryl halides was successfully achieved without requiring exogenous photoredox catalysts. This
reaction is highlighted by the simple and mild conditions, good functional group tolerance, thus providing a complementary
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approach for alkenes reductive Heck reaction.
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1 Introduction

Reductive Heck reactions have emerged as a powerful
tool for efficient construction of saturated C—C bonds,!!!
which enable cross-coupling between aryl (pseudo)halides
and alkenes followed by protonation or coupling with a
hydride, while avoiding the use of highly reactive and air-
sensitive organometallics. To this end, palladium-catalyzed
reductive Heck reactions including asymmetric versions
have been widely developed.l?! Unlike palladium, nickel is
an earth-abundant, extremely cheap transition metal, which
is more electropositive than palladium. In Heck reactions,
the migration insertion of Nil! species to alkenes is more
favorable than Pd, while f-hydride elimination of alkyl
nickel species is calculated to have higher barriers than
Pd.[¥ Thus, nickel has also been viewed as an efficient
catalyst for reductive Heck reaction.*! Recent progress has
been achieved in the field of nickel-catalyzed reductive
Heck cyclization.”) And very recently, Zhou and co-
workers!® reported the first example of asymmetric inter-
molecular reductive Heck reaction by nickel catalysis. De-
spite of a progress achieved, the reductive Heck reactions
require elevated temperatures and stoichiometric amounts
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of metal reductant such as Mn or Zn (Scheme 1, a), which
results in a large disposal of metal waste and a high risk in
practical synthesis. Therefore, further exploration of reduc-
tive Heck reaction under mild conditions without require-
ment of metallic reductants is highly desirable.

Compared to metal reductants, organic reductants are
mild, cheap, and user environmentally friendly.[? Taking
advantage of photoexcited chemistry, a sort of organic re-
ductants could be applied in metal-catalyzed reductive
cross-coupling reactions to replace traditional metal re-
ductants,’® while the application in reductive Heck reaction
remains underdeveloped. In this regard, our group has de-
veloped several examples of photo-assisted nickel-cataly-
zed reductive cross-coupling in the aid of organic reduct-
ant, such as tertiary amine or Hantzsch ester (HEH).') Pre-
viously, we reported a photo-induced nickel-catalyzed re-
ductive acyl-coupling without photoredox catalyst by using
HEH as a potent organic reductant.” Recently, Yang and
co-workers!? reported a photoexcited Ni'-aryl complex-
mediated Giese addition of aryl radicals to alkenes enabled
by nickel/photoredox dual catalysis, in which HEH was
used as reductant. Inspired by these works, we envisioned
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that the excited-state of HEH* [E.(HEH''/HEH*)= —
228 V wvs. SCE]!'! could potentially reduce Ni(I)
[Ered(Ni/Ni®)= —1.2 V vs. SCE]!"? back to Ni(0) to fur-
nish the catalytic cycle, meanwhile the protons releasing
from HEH during the reductive process could protonate
alkyl Ni(I) species to afford hydroarylation products.
Herein, we reported the first photo-induced nickel-cataly-
zed reductive Heck arylation of alkenes in the presence of
HEH as organic reductant under extremely mild conditions
(Scheme 1, b). HEH was identified as a unique bifunctional
reagent which serves as a reductant and proton source.
This method obviates the use of metal-based reductants
and provides a complementary approach for reductive
Heck reaction.

(a) Previous work:

[Ni] H
N
Ar—X + =
Mn/Zn as reductant Ar\/K
80~ 100 °C
(b) This work:
[Ni] H

Ar=X  + AN

Ar\)\

HEH as reductant
room temperature

Scheme 1 Ni-Catalyzed reductive Heck reaction

2 Results and discussion

4-lodo-1,1"-biphenyl (1a) and methyl acrylate (2a) were
chosen as model substrate to test the hypothesis. To our
delight, after a detailed survey of reaction conditions, the
reductive Heck product 3 could be detected in 78% GC
yield when performing the reaction in the presence of
Ni(PPh;),Br, as catalyst, 6,6'-dmbpy (L1) as ligand,
Hantzsch ester (HEH) as organic reductant, i-Pr,NH as
base, in dimethyl adipate (DMA) under 1.5 W purple LED
irradiation for 24 h (Table 1, Entry 1). Nickel catalyst has
an important effect on the reactivity. Replacing Ni(PPhs),-
Br; to other nickel sources led to decreased yields (Entries
2, 3). Interestingly, the direct use of Ni® precatalyst such as
Ni(cod), could also give 65% yield (Entry 3). Ligand
screening showed that the bipyridyl ligand bearing
di-ortho-methyl substituents is critical to the reaction as
moving methyl group to para or meta position resulted in
very low efficiency (Entries 4, 5). The use of terpyridyl
ligand L4 largely decreased the reactivity (Entry 6). The
survey of different solvents indicated that N,N-dimethyl-
formamide (DMF), dimethyl sulfoxide (DMSO), and tet-
rahydrofuran (THF) were all inferior to the reaction (En-
tries 7~9). The purple light was important for the reaction
process as using 456 nm blue LED irradiation led to no
reaction (Entry 10). Control experiments suggested that
nickel, ligand, purple light, and base were all indispensable
for the reductive Heck reaction (Entry 11).

With the optimized reaction conditions in hand, we
started to examine the substrate scope. First, the substrate
scope of electron-deficient alkenes was investigated (Table
2). Acrylates bearing methyl (3), ethyl (4), isopropyl (5),
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Table 1 Optimization of the reaction conditions”

Ni(PPhs),Br, (10 mmol%)

CO,Me L1 (10 mmol%) CO,Me
.
\ HEH (2.0 equiv.)
Ph /—PrQNH (2.0 equiv.)
2a DMA (0.1 mol/L)

e
M

purple LED, 24 h

QO

Deviation from the

Entry standard condition el
1 None 78
2 NiBr2 22
3 Ni(cod)2 65
4 L2 Trace
5 L3 16
6 L4 30
7 DMF 57
8 DMSO 24
9 THF Trace
10 456 nm blue LED 0
11 No Ni, ligand, HEH, base, or light 0

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Unless otherwise noted, the reaction was carried out at 0.1 mmol scale with
1a (0.1 mmol), 2a (0.2 mmol); * Yields were determined by GC with n-tride-
cane as an internal standard.

tert-butyl (6), benzyl (7), isobutyl (8) and cyclohexyl (9)
substituent reacted smoothly, affording the corresponding
products in good yields (66%~80% isolated yields). Be-
sides, phenyl acrylate (10), allyl acrylate (11), and 2-
methoxyethyl acrylate (12) were all valid substrates. Grat-
ifyingly, methyl methacrylate reacted as well (13). More-
over, acrylonitrile (14) was also proven to be a valid sub-
strate for the nickel-catalyzed reductive Heck reaction.
While acrylamides reacted with largely decreased yields.
Unfortunately, acrolein, a,f-unsaturated ketones, f-sub-
stituted or a,f-disubstituted acrylates were incompatible to
the standard conditions.

Next, the scope generality of aryl halides was investi-
gated (Table 3). Aryl iodides with different electronic and
steric natures of substituents have no significant influence
on the reactivity. Aryl iodides irrespective of para, meta,
or ortho substituents all successfully engaged in the reac-
tion. Not only electron-withdrawing groups but also elec-
tron-donating groups were reacted smoothly, affording
desired products in moderate to good yields (15~23). The
reaction tolerated a variety of functional groups, such as
CF; (15), OCF; (18), fluoride (19, 23), chloride (20), thio-
ether (21), and fert-butyldimethylsilyl ether (OTBS) (22).
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Table 2 Substrate scope of alkenes”

| Ni(PPh3),Br, (10 mmol%)
/©/ + Z Ewe 6,6'-dmbpy (10 mmol%) EWG
Ph HEH (2.0 equiv.), i-ProNH (2.0 equiv.) /©/\/
Ph

1a 2

DMA, purple LED, 24 h

/@/\/COZMe /@Ncoza
Ph Ph

3 (76%, 56%", 43%°) 4.(75%)
CO,Bn Q
O ey
Ph
Ph
7 (68%) 8 (80%)
9 o]
e naadiiie at o
Ph Ph

1 (46%) 12 (53%)

/@/\/002'Pr /@/\/Coz‘Bu

(66%) (78%)
M /O /©/\/C02Ph
9 (78%) 0 (46%)

3 (48%) 14 (45%)

@ All reactions were carried out at 0.2 mmol scale with 1a (0.2 mmol), 2 (0.4 mmol, 2.0 equiv). Isolated yields were provided. * Aryl bromide was used. ¢ Aryl triflate

was used.

Table 3 Substrate scope of aryl halides”

| Ni(PPh3),Br, (10 mmol%)

= 6,6'-dmbpy (10 mmol%) % COR'
R |+ ZDcor — , R |
A HEH (2.0 equiv.), i-ProNH (2.0 equiv.) N
1 2 DMA, purple LED, 24 h
/@/\/00an /@/\/COZBn /©/\/COQBn CO,Bn
FAC F2CO
15 (55%) 6 (55%) 7 (57%) 18 (49%)
B
CO2Bn CO,Bn
CO2Bn CO,Bn
Ve /@/\/ /@/\/
F TBSO
19 (52%) 20 (43%) (60%) 22 (72%)
CO,Bn
@/\/ O CO5Bn OCOZMe O]ij/\/cOZBn
F (0]
23 (51%) 24 (56%) (78%) 26 (67%)

@ All reactions were carried out at 0.2 mmol scale with 1 (0.2 mmol), 2 (0.4 mmol, 2.0 equiv). Isolated yields were provided.

Besides of phenyl iodides, 1-iodonaphthalene and 2-iodo-
naphthalene were proven to be suitable substrates (24, 25).
Presumably due to the steric hindrance effect, ortho-sub-
stituted aryl iodides provided generally lower reactivity (20
and 24). Gratifyingly, heteroaryl halide, such as 5-iodo-
benzo[d][1,3]dioxole (26) was also successfully partici-
pated in the reaction to give the expected product in good
yield. Besides of aryl iodides, aryl bromides and aryl tri-
flates were valid substrates.

In order to give an insight into the mechanism, the re-
lated mechanistic experiments were carried out. when D,O
was added, 20% yield of deuterated reductive Heck prod-
uct d-3 was isolated with 21% deuterium incorporation
(Scheme 2). The low deuterium incorporation might be
contributed to the competitive protonation by HE. This
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result indicated the formation of C—Ni bond adjacent to
the ester group by reductive Heck reaction of 1a and 2a.
Moreover, the radical-trapping experiment was performed
with butylated hydroxytoluene (BHT) as a radical inhibi-
tor, while the reaction still proceeded smoothly without
detection of aryl radical-trapped adducts by HRMS
(Scheme 2), suggesting that the radical pathway was most
unlikely involved. The Stern-Volmer quenching experi-
ments were performed and the results revealed that the
oxidative quenching of the excited state of HEH* by nickel
catalyst was existed in the reaction system, suggesting a
single electron-transfer (SET) between HEH* and Ni"
(Figure 1).

Based on the experimental results, a plausible mecha-
nism was proposed in Scheme 3. The ground-state of HEH

http://sioc-journal.cn/ 1693
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(a) D,O quenching experiment

/@/I MeQ standard condition /@/YCOzMe
+ O
i D (21%
Ph <: D50 (3.0 equiv.) Ph (21%)
d-3 (20%)
(b) BHT trapping experiment

I MeO standard condition CO;Me
Q b Yo —neard condiion,
Ph BHT (3.0 equiv.) Ph

\ 3 (70%)

Scheme 2 D20 quenching experiment and BHT trapping ex-
periment

e 1a
1.1 4 2a
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1.08 diisopropylamin
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1.02 A
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Figure 1 Stern-Volmer quenching experiment

was irradiated by purple light to reach its excited state
HEH¥*, which is a strong reductant that can potentially re-
duce Ni! to Ni®. Then Ni° undergoes oxidative addition
with aryl halide to get aryl-Ni" species, followed by migra-
tion insertion of alkenes to form a-carbonyl Ni' species.
Final single electron reduction of the resulting Ni! by
HEH* regenerates Ni® to complete the catalytic cycle.

Ar—X
OR Ar— N|”X

EtOOC COOEt

Ni®
Ereg(Ni"/Ni®) = - 1.2 V\/
Ar OR HEH

SET £ (HEHHEH*) = - 2.28 V
o

EtOOC COOEt
Ni''X

Me N
H H H

£
Ar\/S(OR HEH
0

Scheme 3 Proposed mechanism

3 Conclusions

In summary, a photo-induced nickel-catalyzed reductive
Heck reaction of aryl halides with electron-deficient al-
kenes under very mild conditions was developed. Hantzsch
ester (HEH) was disclosed as a mild organic reductant to
replace traditionally used metal reductants for reductive
Heck reaction. The photoexcited state of HEH* possessing

1694 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

strong reductive potential can reduce Ni'' back to Ni’ to
furnish the catalytic cycle. The reaction shows relatively
broad scope of aryl halides and tolerates a variety of func-
tional groups.

4 Experimental section

4.1 General Information

The HRMS analyses were performed on a BRUKER
FT-ICR-MS SolariX 7T instrument with ESI mode. GC
analyses were performed on a Shimadzu GC 2010 Pro in-
strument with n-tridecane as an internal standard to calcu-
late GC yields. '"H NMR and '*C NMR spectra were rec-
orded in CDCl; on Bruker AV600 and Bruker AV400 in-
struments, respectively. Thin layer chromatography (TLC)
employed glass 0.25 mm silica gel plates. Flash chroma-
tography columns were packed with 200~300 mesh silica
gels using the indicated solvents.

4.2 Experimental method

The reactions were set up in an N filled glovebox. An
oven-dried vial equipped with a stir-bar was added aryl
halides (0.20 mmol, 1.0 equiv.), Hantzsch ester (0.40
mmol, 2.0 equiv.), 6,6'-dmbpy (20 pmol, 0.10 equiv.) and
Ni(PPh3),Br, (20 pmol, 0.10 equiv.). Then, DMA (0.10
mol/L, 2.0 mL), i-Pr,NH (0.40 mmol, 2.0 equiv.) and al-
kenes (0.40 mmol, 2.0 equiv.) were added. The vial was
sealed and removed from the glovebox, then irradiated
with a 1.5 W purple LED lamp (at approximately 1.0 cm
away from the light source) with cooling from a fan for 24
h. The reaction was quenched by H,O, and extracted with
ethyl acetate (20 mLX3). The combined organic layers
were washed with brine, dried with Na,SOy, filtered, and
concentrated in vacuo. Then the residue was purified by
flash chromatography (petroleum ether/ethyl acetate, V' :
V=100 : 1~50 : 1) to give the corresponding product.

Methyl 3-([1,1'-biphenyl]-4-yl)propanoate (3): 36.5 mg,
76% yield, colorless oil. 'H NMR (600 MHz, Chloroform-
d) 0: 7.60~7.59 (m, 2H), 7.55~7.54 (m, 2H), 7.46~7.43
(m, 2H), 7.36~7.34 (m, 1H), 7.30~7.29 (m, 2H), 3.71 (s,
3H), 3.02 (t, J=8.0 Hz, 2H), 2.70 (t, J=8.0 Hz, 2H); 3C
NMR (151 MHz, Chloroform-d) ¢: 173.44, 141.03, 139.72,
139.37, 128.85, 128.82, 127.36, 127.24, 127.11, 51.76,
35.74, 30.67; HRMS (ESI) caled for CisH;70, (M+H)"
241.1223, found 241.1225.

Ethyl 3-([1,1'-biphenyl]-4-yl)propanoate (4): 38.1 mg,
75% yield, colorless oil. 'H NMR (400 MHz, Chloro-
form-d) o: 7.65~7.63 (m, 2H), 7.60~7.58 (m, 2H),
7.51~7.47 (m, 2H), 7.41~7.37 (m, 1H), 7.35~7.33 (m,
2H), 4.21 (q, J=7.2 Hz, 2H), 3.06 (t, J=8.0 Hz, 2H), 2.72
(t, J=8.0 Hz, 2H), 1.31 (t, J=7.2 Hz, 3H); *C NMR (101
MHz, Chloroform-d) J: 172.95, 141.02, 139.76, 139.28,
128.81 (2C), 127.28, 127.19, 127.06, 60.52, 35.94, 30.67,
14.30; HRMS (ESI) caled for Ci;7H;sO;Na (M +Na)*
277.1199, found 277.1208.

Isopropyl 3-([1,1'-biphenyl]-4-yl)propanoate (5): 35.4
mg, 66% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o: 7.64~7.63 (m, 2H), 7.59~7.57 (m, 2H),
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7.49~7.47 (m, 2H), 7.38~7.37 (m, 1H), 7.34~7.33 (m,
2H), 5.10~5.06 (m, 1H), 3.05 (t, J=8.0 Hz, 2H), 2.69 (t,
J=8.0 Hz, 2H), 1.28~1.27 (m, 6H); 3C NMR (151 MHz,
Chloroform-d) d: 172.51, 141.05, 139.81, 139.25, 128.85,
128.82, 127.26, 127.19, 127.08, 67.84, 36.26, 30.75, 21.92;
HRMS (ESI) caled for CisHaO:Na (M+Na)* 291.1356,
found 291.1355.

tert-Butyl 3-([1,1'-biphenyl]-4-yl)propanoate (6): 44.0
mg, 78% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o: 7.63~7.61 (m, 2H), 7.57~7.56 (m, 2H),
7.49~7.45 (m, 2H), 7.39~7.36 (m, 1H), 7.33~7.31 (m,
2H), 3.00 (t, J/=8.0 Hz, 2H), 2.62 (t, J/=8.0 Hz, 2H), 1.48
(s, 9H); '3C NMR (151 MHz, Chloroform-d) J: 172.38,
141.12 140.02, 139.20, 128.88, 128.84, 127.24, 127.20,
127.11, 80.52, 37.14, 30.87, 28.21; HRMS (ESI) calcd for
CioH230, (M+H)" 283.1693, found 283.1687.

Benzyl 3-([1,1'-biphenyl]-4-yl)propanoate (7): 43.0 mg,
68% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o0: 7.64~7.62 (m, 2H), 7.58 ~7.56 (m, 2H),
7.50~7.46 (m, 2H), 7.42~7.35 (m, 6H), 7.32~7.30 (m,
2H), 5.18 (s, 2H), 3.07 (t, J=8.0 Hz, 2H), 2.78 (t, J=8.0
Hz, 2H); *C NMR (151 MHz, Chloroform-d) &: 172.77,
141.01, 139.58, 139.32, 136.00, 128.83 (2C), 128.64,
128.32 (20), 127.31, 127.22, 127.08, 66.40, 35.91, 30.67;
HRMS (ESI) caled for CyH20, (M+H)" 317.1356,
found 317.1345.

Isobutyl 3-([1,1'-biphenyl]-4-yl)propanoate (8): 45.1
mg, 80% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o0: 7.64~7.63 (m, 2H), 7.59~7.58 (m, 2H),
7.50~7.47 (m, 2H), 7.40~7.38 (m, 1H), 7.35~7.34 (m,
2H), 3.93 (d, J=6.5 Hz, 2H), 3.07 (t, J=38.0 Hz, 2H), 2.74
(t, J=8.0 Hz, 2H), 2.01~1.94 (m, 1H), 0.98 (d, J=6.5
Hz, 6H); *C NMR (151 MHz, Chloroform-d) J: 173.04,
141.05, 139.74, 139.30, 128.82, 128.80, 127.30, 127.19,
127.08, 70.71, 35.93, 30.74, 27.79, 19.15; HRMS (ESI)
caled for CpH»nO0,Na (M + Na) © 305.1512, found
305.1522.

Cyclohexyl 3-([1,1'-biphenyl]-4-yl)propanoate (9): 48.1
mg, 78% yield, colorless oil. '"H NMR (600 MHz, Chloro-
form-d) o0: 7.65~7.63 (m, 2H), 7.59~7.58 (m, 2H),
7.50~7.47 (m, 2H), 7.40~7.37 (m, 1H), 7.35~7.34 (m,
2H), 4.86~4.84 (m, 1H), 3.06 (t, J=8.0 Hz, 2H), 2.71 (t,
J=28.0 Hz, 2H), 1.88~1.87 (m, 2H), 1.77~1.76 (m, 2H),
1.60~1.58 (m, 1H), 1.47~1.40 (m, 4H), 1.34~1.30 (m,
1H); BC NMR (151 MHz, Chloroform-d) J: 172.42,
141.04, 139.80, 139.22, 128.81, 128.79, 127.23, 127.15,
127.05, 72.76, 36.25, 31.68, 30.77, 25.45, 23.79; HRMS
(ESI) caled for CyHysO» (M + H) ©309.1849, found
309.1850.

Phenyl 3-([1,1'-biphenyl]-4-yl)propanoate (10): 27.8
mg, 46% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o: 7.64~7.63 (m, 2H), 7.61 ~7.59 (m, 2H),
7.49~7.47 (m, 2H), 7.42~7.38 (m, 5H), 7.27~7.25 (m,
1H), 7.08~7.06 (m, 2H), 3.16 (t, J=8.0 Hz, 2H), 2.97 (4,
J=38.0 Hz, 2H); '*C NMR (151 MHz, Chloroform-d) d:
171.54, 150.78, 141.03, 139.56, 139.35, 129.55, 128.99,
128.90, 127.46, 127.31, 127.16, 125.96, 121.67, 36.08,

Chin. J. Org. Chem. 2025, 45, 1691~1697

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

30.71; HRMS (ESI) caled for CyH;90» (M + H) "
303.1380, found 303.1395.

Allyl 3-([1,1'-biphenyl]-4-yl)propanoate (11): 24.5 mg,
46% yield, colorless oil. '"H NMR (600 MHz, Chloro-
form-d) 6: 7.61~7.60 (m, 2H), 7.56~7.55 (m, 2H),
7.47~7.45 (m, 2H), 7.37~7.35 (m, 1H), 7.32~7.29 (m,
2H), 5.96~5.91 (m, 1H), 5.34~5.25 (m, 2H), 4.63~4.62
(m, 2H), 3.04 (t, J=8.0 Hz, 2H), 2.74 (t, J/=8.0 Hz, 2H);
3C NMR (151 MHz, Chloroform-d) J: 172.69, 141.08,
139.69, 139.41, 132.28, 128.88 (2C), 127.39, 127.27,
127.15, 118.42, 65.34, 35.93, 30.70; HRMS (ESI) calcd for
CisH;s0:Na (M+Na)™ 289.1199, found 289.1187.

2-Methoxyethyl 3-([1,1'-biphenyl]-4-yl)propanoate (12):
30.1 mg, 53% yield, colorless oil. 'H NMR (600 MHz,
Chloroform-d) ¢: 7.63~7.61 (m, 2H), 7.57~7.56 (m, 2H),
7.48~7.46 (m, 2H), 7.38~7.36 (m, 1H), 7.33~7.32 (m,
2H), 4.30~4.24 (m, 2H), 3.62~3.61 (m, 2H), 3.41 (s, 3
H), 3.05 (t, J=8.0 Hz, 2H), 2.77 (t, J=8.0 Hz, 2H); 13C
NMR (151 MHz, Chloroform-d) J: 172.95, 141.00, 139.64,
139.29, 128.83, 128.81, 127.29, 127.19, 127.06, 70.53,
63.61, 59.04, 35.73, 30.59; HRMS (ESI) calcd for
CisH2105 (M+H)" 285.1485, found 285.1496.

Methyl 3-([1,1'-biphenyl]-4-yl)-2-methylpropanoate
(13): 24.4 mg, 48% yield, colorless oil. 'H NMR (600
MHz, Chloroform-d) 6: 7.62~7.61 (m, 2H), 7.56~7.55
(m, 2H), 7.48~7.45 (m, 2H), 7.38~7.35 (m, 1H), 7.28~
7.27 (m, 2H), 3.70 (s, 3H), 3.13~3.09 (m, 1H), 2.85~
2.79 (m, 1H), 2.77~2.74 (m, 1H), 1.24~1.23 (m, 3H);
3C NMR (151 MHz, Chloroform-d) &: 176.67, 141.05,
139.36, 138.59, 129.50, 128.86, 127.24, 127.21, 127.11,
51.75, 41.52, 39.45, 16.96; HRMS (ESI) caled for
Ci7H;50:Na (M+Na)™ 277.1199, found 277.1209.

3-([1,1'-Biphenyl]-4-yl)propanenitrile (14): 18.6 mg,
45% yield, colorless oil. '"H NMR (600 MHz, Chloro-
form-d) 6: 7.57~7.53 (m, 4H), 7.44~7.40 (m, 2H),
7.34~7.31 (m, 1H), 7.28~7.26 (m, 2H), 2.94 (t, J=8.0
Hz, 2H), 2.59 (t, J=8.0 Hz, 2H); '3C NMR (151 MHz,
Chloroform-d) J: 140.61, 140.16, 137.12, 128.84, 128.75,
127.56, 127.40, 127.04, 119.22, 31.17, 19.28; HRMS (ESI)
caled for C;sH3NNa (M + Na) © 230.0940, found
230.0943.

Benzyl 3-(4-(trifluoromethyl)phenyl)propanoate (15):
33.9 mg, 55% yield, colorless oil. 'H NMR (600 MHz,
Chloroform-d) ¢: 7.56~7.35 (m, 2H), 7.39~7.36 (m, 3H),
7.33~7.32 (m, 4H), 5.15 (s, 2H), 3.06 (t, J=8.0 Hz, 2H),
2.74 (t, J=8.0 Hz, 2H); '*C NMR (151 MHz, Chloro-
form-d) J: 172.37, 144.57, 135.86, 128.80, 128.69, 128.67
(9, Jor=33.2 Hz), 128.44, 128.40, 125.54 (q, Jcr=4.5
Hz), 124.38 (q, Jcr=271.8 Hz), 66.56, 35.50, 30.79; “F
NMR (565 MHz, Chloroform-d)) J: —62.35 ; HRMS
(ESI) calcd for C17H15F302Na (NI‘“N&)Jr 3310916, found
331.0933.

Benzyl 3-(4-methoxyphenyl)propanoate (16): 29.7 mg,
55% vyield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) J: 7.40~7.34 (m, 5H), 7.15~7.14 (m, 2H),
6.86~6.85 (m, 2H), 5.15 (s, 2H), 3.82 (s, 3H), 2.96 (t, J=
8.0 Hz, 2H), 2.70 (t, J=8.0 Hz, 2H); '3*C NMR (151 MHz,
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Chloroform-d) J: 172.89, 158.18, 136.06, 132.56, 129.36,
128.63, 128.31, 128.29, 114.00, 66.33, 55.33, 36.30, 30.21;
HRMS (ESI) caled for Ci7H;905 (M+H) "™ 271.1329,
found 271.1333.

Benzyl 3-(4-(tert-butyl)phenyl)propanoate (17): 33.8
mg, 57% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) J: 7.44~7.39 (m, 7H), 7.23~7.21 (m, 2H), 5.21
(s, 2H), 3.05 (t, J/=8.0 Hz, 2H), 2.77 (t, J=8.0 Hz, 2H),
1.41 (s, 9H); *C NMR (151 MHz, Chloroform-d) o:
172.91, 149.12, 137.41, 136.06, 128.61, 128.30, 128.26,
128.04, 125.46, 66.32, 35.94, 34.44, 31.47, 30.48; HRMS
(ESI) caled for CyHpsO» (M+H) " 297.1849, found
297.1858.

Benzyl 3-(4-(trifluoromethoxy)phenyl)propanoate (18):
31.8 mg, 49% yield, colorless oil. 'H NMR (600 MHz,
Chloroform-d) 6: 7.39~7.33 (m, 5H), 7.24~7.22 (m, 2H),
7.15~7.14 (m, 2H), 5.15 (s, 2H), 3.01 (t, J=8.0 Hz, 2H),
2.72 (t, J=8.0 Hz, 2H); '*C NMR (151 MHz, Chloro-
form-d) o: 172.52, 147.84, 139.23, 135.92, 129.76, 128.69,
128.42, 128.40, 121.16, 120.62 (q, Jc.r=256.7 Hz), 66.52,
35.80, 30.32; F NMR (565 MHz, Chloroform-d) &:
_5789, HRMS (ESI) calcd for C17H15F303 (I\/I—“H)Jr
325.1049, found 325.1065.

Benzyl 3-(3-fluoro-4-methylphenyl)propanoate  (19):
28.3 mg, 52% yield, colorless oil. 'H NMR (600 MHz,
Chloroform-d) 6: 7.41~7.36 (m, 5H), 7.13~7.11 (m, 1H),
6.91~6.89 (m, 2H), 5.17 (s, 2H), 2.98 (t, J=8.0 Hz, 2H),
2.72 (t, J=8.0 Hz, 2H), 2.29 (s, 3H); *C NMR (151 MHz,
Chloroform-d) o: 172.55, 161.33 (d, Jcr=244.6 Hz),
140.10 (d, Jcr=6.0 Hz), 135.96, 131.45 (d, Jcr=5.4 Hz),
128.62, 128.32, 128.25, 123.71 (d, Jcr=3.0 Hz), 122.58
(d, Jcr=18.1 Hz), 114.99 (d, Jc.r=22.6Hz), 66.40, 35.74,
30.37, 14.22 (d, Jcr=3.0 Hz); '°F NMR (565 MHz, Chlo-
roform-d) o: —117.63; HRMS (ESI) calcd for C7Hs-
FO,Na (M+Na)" 295.1105, found 295.1101.

Benzyl 3-(2-chlorophenyl)propanoate (20): 23.6 mg,
43% yield, colorless oil. '"H NMR (600 MHz, Chloro-
form-d) o: 7.40~7.35 (m, 6H), 7.26 ~7.25 (m, 1H),
7.20~7.19 (m, 2H), 5.16 (s, 2H), 3.13 (t, J=8.0 Hz, 2H),
2.75 (t, J=8.0 Hz, 2H); 3C NMR (151 MHz, Chloro-
form-d) J: 172.63, 138.06, 136.00, 134.07, 130.60, 129.68,
128.67, 128.34 (2C), 127.98, 127.02, 66.45, 34.06, 29.05;
HRMS (ESI) caled for Ci6H;sC10, (M+H)" 275.0833,
found 275.0833.

Benzyl 3-(4-(methylthio)phenyl)propanoate (21): 34.3
mg, 60% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) 6: 7.41~7.33 (m, 5H), 7.23~7.21 (m, 2H),
7.16~7.14 (m, 2H), 5.15 (s, 2H), 2.97 (t, J=8.0 Hz, 2H),
2.70 (t, J=8.0 Hz, 2H), 2.50 (s, 3H); *C NMR (151 MHz,
Chloroform-d) d: 172.69, 137.48, 136.07, 135.96, 128.94,
128.63, 128.30 (2C), 127.16, 66.37, 35.92, 30.48, 16.22;
HRMS (ESI) caled for Ci7H190,S (M+H)" 287.1100,
found 287.1124.

Benzyl 3-(4-((tert-butyldimethylsilyl)oxy)phenyl)pro-
panoate (22): 53.3 mg, 72% yield, colorless oil. 'H NMR
(600 MHz, Chloroform-d) J: 7.39~7.34 (m, 5H), 7.07~
7.05 (m, 2H), 6.78~6.76 (m, 2H), 5.14 (s, 2H), 2.93 (t,
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J=28.0 Hz, 2H), 2.68 (t, /=8.0 Hz, 2H), 1.01 (s, 9H), 0.21
(s, 6H); 3C NMR (151 MHz, Chloroform-d) &: 172.99,
154.15, 136.09, 133.20, 139.31, 128.68, 128.34 (20C),
120.14, 66.37, 36.31, 30.32, 25.82, 18.32, —4.30; HRMS
(ESI) caled for Cy»H30:Si (M+H)" 371.2037, found
371.2016.

Benzyl 3-(3-fluorophenyl)propanoate (23): 26.3 mg,
51% yield, colorless oil. '"H NMR (600 MHz, Chloroform-
d) 0: 7.40~7.35 (m, 5H), 7.29~7.25 (m, 1H), 7.01~7.00
(m, 1H), 6.95~6.93 (m, 2H), 5.16 (s, 2H), 3.01 (t, J=8.0
Hz, 2H), 2.73 (t, J=8.0 Hz, 2H); 3C NMR (15! MHz,
Chloroform-d) oJ: 172.48, 162.99 (d, Jcr=1246.1 Hz),
143.02 (d, Jcr=38.5 Hz), 135.91, 120.3 (d, Jcr=38.5 Hz),
128.66, 128.36, 128.34, 124.05 (d, Jcr=3.0 Hz), 115.32
(d, Jer=21.4 Hz), 113.28 (d, Jor=21.4 Hz), 6648,
35.60, 30.69; F NMR (565 MHz, Chloroform-d) J: —
113.34; HRMS (ESI) calcd for Ci6H;sFO,Na (M+Na)"
281.0948, found 281.0955.

Benzyl 3-(naphthalen-1-yl)propanoate (24): 32.5 mg,
56% yield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o: 8.14~8.12 (m, 1H), 7.96~7.95 (m, 1H),
7.83~7.82 (m, 1H), 7.63~7.56 (m, 2H), 7.49~7.41 (m,
7H), 5.25 (s, 2H), 3.55 (t, J=8.0 Hz, 2H), 2.92 (t, J=8.0
Hz, 2H); '*C NMR (151 MHz, Chloroform-d) 6: 172.85,
136.43, 135.97, 133.93, 131.65, 128.93, 128.60, 128.27 (2
C), 127.20, 126.13, 126.01, 125.65, 125.62, 123.43, 66.38,
35.20, 28.13; HRMS (ESI) calcd for CyHis0,Na (M+
Na)" 313.1199, found 313.1208.

Methyl 3-(naphthalen-2-yl)propanoate (25): 33.4 mg,
78% vyield, colorless oil. 'H NMR (600 MHz, Chloro-
form-d) o: 7.87~7.83 (m, 3H), 7.70~7.70 (m, 1H),
7.53~7.47 (m, 2H), 7.40~7.38 (m, 1H), 3.73 (s, 3H),
3.18 (t, J=8.0 Hz, 2H), 2.78 (t, J=8.0 Hz, 2H); '3C NMR
(151 MHz, Chloroform-d) J: 173.39, 138.08, 133.67,
132.24, 128.21, 127.70, 127.59, 127.03, 126.53, 126.10,
125.47, 51.71, 35.68, 31.16; HRMS (ESI) caled for
CisH;50, (M+H)" 215.1067, found 215.1070.

Benzyl 3-(benzo[d][1,3]dioxol-5-yl)propanoate (26):
38.1 mg, 67% yield, colorless oil. 'H NMR (600 MHz,
Chloroform-d) ¢: 7.40~7.35 (m, 5H), 6.76~6.67 (m, 3H),
5.94 (s, 2H), 5.16 (s, 2H), 2.93 (t, J=8.0 Hz, 2H), 2.68 (t,
J=8.0 Hz, 2H); 3C NMR (151 MHz, Chloroform-d) J:
172.68, 147.70, 146.02, 135.99, 134.25, 128.60, 128.28
(2C), 121.19, 108.86, 108.30, 100.88, 66.32, 36.25, 30.76;
HRMS (ESI) calcd for Ci7H;s04Na (M+Na)" 307.0941,
found 307.0943.

Supporting Information Tables of condition optimiza-
tion, procedure for control experiments, UV-Vis absorp-
tion spectroscopic measurements, 'H NMR, '3C NMR and
YF NMR spectra of all products. The Supporting Infor-
mation is available free of charge via the Internet at
http://sioc-journal.cn.

References

[1] Xie, J.-Q.; Liang, R.-X.; Jia, Y.-X. Chin. J. Chem. 2021, 39, 710.

Chin. J. Org. Chem. 2025, 45, 1691~1697



Chinese Journal of Organic Chemistry

[2]

(3]

(4]

Chin. J. Org. Chem. 2025, 45, 1691~1697

(a) Minatti, A.; Zheng, X.; Buchwald, S. L. J. Org. Chem. 2007, 72,
9253.

(b) Shen, C.; Liu, R.-R.; Fan, R.-J.; Li, Y.-L.; Xu, T.-F.; Gao, J.-R;
Jia, Y.-X. J. Am. Chem. Soc. 2015, 137, 4936.

(c) Kong, W.; Wang, Q.; Zhu, J. Angew. Chem., Int. Ed. 2017, 56,
3987.

(d) Zhang, Z.-M.; Xu, B.; Qian, Y.; Wu, L.; Wu, Y.; Zhou, L.; Liu,
Y.; Zhang, J. Angew. Chem., Int. Ed. 2018, 57, 10373.

(e) Yuan, Z.; Feng, Z.; Zeng, Y.; Zhao, X.; Lin, A.; Yao, H. Angew.
Chem., Int. Ed. 2019, 58, 2884.

(f) Huang, X.; Nguyen, M. H.; Pu, M.; Zhang, L.; Chi, Y. R.; Wu,
Y.-D.; Zhou, J. S. Angew. Chem., Int. Ed. 2020, 59, 10814.

(g) Liu, S.; Zhou, J. S. Chem. Commun. 2013, 49, 11758.

(h) Yue, G; Lei, K.; Hirao, H.; Zhou, J. S. Angew. Chem., Int. Ed.
2015, 54, 6531.

(1) Jang, J. Y.; Larin, E. M.; Lautens, M. Angew. Chem., Int. Ed.
2017, 56, 11927.

(j) Mannathan, S.; Raoufmoghaddam, S.; Reek, J. N. H.; de Vries,
J. G.; Minnaard, A. J. ChemCatChem 2017, 9, 551.

(k) Liang, R.-X.; Yang, R.-Z.; Liu, R.-R.; Jia, Y.-X. Org. Chem.
Front. 2018, 5, 1840.

(D) Hou, L.; Yuan, Y.; Tong, X. Org. Biomol. Chem. 2017, 15, 4803.
(m) Oxtoby, L. J.; Li, Z. Q.; Tran, V. T.; Erbay, T. G.; Deng, R.; Liu,
P.; Engle, K. M. Angew. Chem., Int. Ed. 2020, 59, 8885.

(n) Niu, J.; Wu, H.; Niu, C.; Huang, G.; Zhang, C. ACS Catal. 2022,
12, 8667.

(o) Shirai, T.; Migitera, Y.; Nakajima, R.; Kumamoto, T. J. Org.
Chem. 2024, 89, 2787.

(a) Lin, B.-L.; Liu, L.; Fu, Y.; Luo, S.-W.; Chen, Q.; Guo, Q.-X.
Organometallics 2004, 23, 2114.

(b) Durr, A. B.; Yin, G; Kalvet, I.; Napoly, F.; Schoenebeck, F.
Chem. Sci. 2016, 7, 1076.

(c) Li, X.; Hong, X. J. Organomet. Chem. 2018, 864, 68.

(a) Boldrini, G. P.; Savoia, D.; Tagliavini, E.; Trombini, C.; Ronchi,
A. U. J. Organomet. Chem. 1986, 301, C62.

(b) Sustmann, R.; Hopp, P.; Holl, P. Tetrahedron Lett. 1989, 30,
689.

(c) Marquez, 1. R.; Miguel, D.; Millan, A.; Marcos, M. L.; de Cien-
fuegos, L. A.; Campaiia, A. G,; Cuerva, J. M. J. Org. Chem. 2014,
79, 1529.

(5]

(]
(7]
(8]

[9]

[10]
[11]

[12]

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(d) Shukla,P.; Sharma, A.; Pallavi, B.; Cheng, C. H. Tetrahedron
2015, 71, 2260.

(a) Kim, H.; Lee, C. Org. Lett. 2011, 13, 2050.

(b) Qin, X.; Lee, M. W. Y.; Zhou, J. S. Angew. Chem., Int. Ed. 2017,
56, 12723.

() Qin, X.; Yao Lee, M. W.; Zhou, J. S. Org. Lett. 2019, 21, 5990.
(d) Yang, F.; Jin, Y.; Wang, C. Org. Lett. 2019, 21, 6989.

Huang, X.; Teng, S.; Chi, Y. R.; Xu, W.; Pu, M.; Wu, Y.-D.; Zhou, J.
S. Angew. Chem. Int. Ed. 2021, 60, 2828.

Broggi, J.; Terme, T.; Vanelle, P. Angew. Chem. Int. Ed. 2014, 53,
384.

(a) Duan, Z.; Li, W.; Lei, A. Org. Lett. 2016, 18, 4012.

(b) Zhang, P.; Le, C. C.; MacMillan, D. W. C. J. Am. Chem. Soc.
2016, /38, 8084.

(c) Yi, J.; Badir, S. O.; Kammer, L. M.; Ribagorda, M.; Molander,
G. A. Org. Lett. 2019, 21, 3346.

(d) Parasram, M.; Shields, B. J.; Ahmad, O.; Knauber, T.; Doyle, A.
G. ACS Catal. 2020, 10, 5821.

(e) Guan, H.; Zhang, Q.; Walsh, P. J.; Mao, J. Angew. Chem., Int.
Ed. 2020, 59, 5172.

(f) Sun, S.-Z.; Duan, Y.; Mega, R. S.; Somerville, R. J.; Martin, R.
Angew. Chem., Int. Ed. 2020, 59, 4370.

(g) Qian, P.; Guan, H.; Wang, Y.-E.; Lu, Q.; Zhang, F.; Xiong, D.;
Walsh, P. J.; Mao, J. Nat. Commun. 2021, 12, 6613.

(h) Kammer, L. M.; Badir, S. O.; Hu, R.-M.; Molander, G. A. Chem.
Sci. 2021, 12, 5450.

(1) Peng, L.; Li, Z.; Yin, G. Org. Lett. 2018, 20, 1880.

(a) Xi, X.; Luo, Y.; Li, W.; Xu, M.; Zhao, H.; Chen, Y.; Zheng, S.;
Qi, X.; Yuan, W. Angew. Chem., Int. Ed. 2022, €202114731.

(b) Xi, X.; Chen, Y.; Yuan, W. Org. Lett. 2022, 24, 3938.

(c) Chen, Y.; Xi, X.; Yuan, W. Org. Chem. Front. 2023, 10, 3669.
(d) Zhao, H.; Yuan, W. Chem. Sci. 2023, 14, 1485.

(e) Liu, J.; Chen, Y.; Zhao, H.; Yuan, W. Org. Chem. Front. 2024,
11,1205.

He, X.-C.; Li, K.-R.; Gao, J.; Guan, J.-P.; Chen, H.-B.; Xiang,
H.-Y.; Chen, K.; Yang, H. Org. Lett. 2023, 25, 4056.

Jung, J.; Kim, J.; Park, G; You, Y.; Cho, E. J. Adv. Synth. Catal.
2016, 358, 74.

Zuo, Z.; Ahneman, D. T.; Chu, L.; Terrett, J. A.; Doyle, A. G;
MacMillan, D. W. C. Science 2014, 345, 437.

(Zhao, C.)

1697

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


