Chinese Journal of Organic Chemistry

% 4’& {& % DOI: 10.6023/cjoc202107037

TR MR A REESHRE AR o - TOMBELEY
MEE RBA REMe K H

@RI RS TR REWEAEMERINREMEE S E A= M 510006)
CI AT KRR TAATEEE T 510006)

TR LRI I RS L B I A AL AR BRI o, - B RIBREAL S L BOR) 2RTE, (BRIRZ T7 ik
LR AR AT, XM R KBRFR Y, R TRFEAL. ATAETT A 7 — 55 5 1 [RuCl(p-
cymene)]o HEAL R GE, R T RO AL Y B A6 PR R S8 £ B o - NI IEAL 50, T D 5 (8 AR 14 4840 77 B H
Ak

KB 5T ORI, AR of- MR A1)
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Abstract Transition metal-catalyzed allyllic alcohol selective dehydrogenation to generate the corresponding a,f-unsaturated
carbonyl compound has attached great attention. However, most of these methods require stoichiometric quantities of oxidants,
which will bring a lot of by-products and lack of atomic economy. Herein, a simple [RuClz(p-cymene)]> catalyzed system to
efficiently catalyze the selective dehydrogenation of allyl alcohol to form a,f-unsaturated carbonyls without the use of
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additional oxidants or Hz acceptors has been developed.
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1 Introduction

Catalytic dehydrogenation of alkanes, alcohols, and
amines has been carried out frequently these days using
sacrificial hydrogen acceptors and additives.[!l During the
past decade, number of highly efficient synthetic
methods? with numerous useful reagents®®! and various
transition metal complexes like Ru,[ Fe,’! and Ir'® have
been reported for the oxidation of alcohols. However, most
of these methods required stoichiometric quantities of oxi-
dants which are toxic or hazardous, and among them, there
are only few examples for the oxidation of allylic
alcohols.*4¢7 The acceptorless dehydrogenation (AD) has
attracted considerable interest of chemists because of the
inexpensive oxidants and mild reaction conditions tolerat-
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ing diverse functional groups.®! AD of alcohols is an effi-
cient and atom-economical process for the synthesis of
carbonyl compounds.”®! Although several catalytic systems
have been developed for the AD of alcohols,!'%! the selec-
tive acceptorless dehydrogenation of allylic alcohols is still
a challenge.

In the AD of allylic alcohols, two possible products may
generate (Scheme 1).1'Y1 Firstly, saturated carbonyl iii is
formed by the redox-isomerization via intramolecular pro-
cess and the formation of a,f-unsaturated carbonyl com-
pounds iv occurred due to the decoordination of the inter-
mediate ii from metal. Recently, Ru based catalyst has
been applied successfully for the dehydrogenation of al-
lylic alcohols to a,f-unsaturated carbonyl compounds,
however, it also require aldehyde as hydrogen acceptor.'!]
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Scheme 1 Possibilities of product formation from AD of allylic
alcohols

Herein, we present an efficient and highly chemoselec-
tive Ru catalyzed protocol for the dehydrogenation of al-
lylic alcohols to corresponding a.f-unsaturated carbonyl
compounds without using any hydrogen acceptor and oxi-
dant (Scheme 2). The present protocol is high yielding and
selective to the formation of a,f-unsaturated carbonyl
compounds. Present method was also applicable to cata-
lyze the AD of benzylic alcohols to form the corresponding
carbonyls in high yields.

2 Results and discussion

The dehydrogenation of cinnamyl alcohol (1a) was se-
lected as the model reaction to begin our study. Various
combinations of additives, solvents, and temperature were
investigated to access the best reaction conditions (Table
1). To our delight, cinnamaldehyde (2a) was afforded in
high yield using -~AmOH as the solvent and Cu(OAc),*
H,O as the additive under Ar flow (Entries 4, 14~16).
Traces of desired products were observed in the absence of
additive, indicating the necessity of the additive under
present reaction conditions (Entry 1). Lower catalyst load-
ings to 2.5 mol% and additive loadings to 10 mol% still
ascertain the desired product in high yield (Entries 2~5).
The reaction rate and yield were reduced on decreasing the
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temperature (Entries 4, 6~8). Among the investigated
additives, Cu(OAc),*H,O was the optimized one for this
transformation (Entries 4, 9~13).

Table 1 Optimization of the reaction conditions”

©/\AOH [RuCl,(p-cymene)], ©/\/CHO
Ar flow

1a 2a
Entry Additive Solvent 7/C  th  Yield”/%
1 — t+-AmOH 100 24 Trace
2¢ Cu(OAc)2*H20  +-AmOH 100 16 93
34 Cu(OAc)2*H20  +-AmOH 100 16 93
4 Cu(OAc)2*H20  +-AmOH 100 16 93
5¢ Cu(OAc)2*H20  -AmOH 100 36 71
6 Cu(OAc)2*H20  -AmOH 80 36 91
7 Cu(OAc)2*H20  -AmOH 60 48 Trace
8 Cu(OAc)2*H20  +-AmOH rt. 72 Trace
9 AgOAc t-AmOH 100 16 14
10 KOAc t-AmOH 100 48 85
11 NaOAc t-AmOH 100 36 72
12 NaxCO3 t-AmOH 100 16 76
13 Cu(OTf):2 t-AmOH 100 84 58
14 Cu(OAc)2*H20 Toluene 100 84 68
15 Cu(OAc)*H20 EtOH 80 48 Trace
16 Cu(OAc)*H20 H.O 100 48 Trace

@ Reaction conditions: 1a (0.1 mmol), [RuCly(p-cymene)], (2.5 mol%), addi-
tive (10 mol%), solvent (2.0 mL). ®Isolated yield. ¢ [RuCly(p-cymene)], (5.0
mol%), additive (50 mol%). ¢ [RuCly(p-cymene)], (2.5 mol%), additive (50
mol%). ¢ [RuCly(p-cymene)], (2.0 mol%), additive (10 mol%)./ NMR yield.

With optimized reaction conditions in hand, the sub-
strate scope and selectivity of primary allylic alcohols with
various electronic properties and functional groups were
investigated (Table 2). The reactions of para-substituted
allylic alcohols afforded the corresponding o,f-unsaturated
aldehydes in excellent yields regardless of the presence of
electron-donating or electron-withdrawing functional
groups (Entries 2~7). The reactions of ortho-substituted
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Scheme 2 Dehydrogenation of allylic alcohols
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allylic alcohols also afforded the corresponding products in
good yields (Entries 9~11). Various functional groups
including aryl halides, ethers, nitro, and trifluoromethyl
were tolerant under the present catalytic conditions. The
naphthalene derivative was also obtained in high yield
(Entry 12) and the reactions of 3-(3,4,5-trimethoxyphenyl)-
prop-2-en-1-ol could also afford the corresponding a.f-
unsaturated aldehydes in excellent yields (Entry 13). The
scope of the developed method was also explored for the
secondary allyl alcohols (Entries 14~15), and similarity in
results indicated the wide adaptability of the present cata-
lytic system.

Table 2  Dechydrogenation of primary allylic alcohols to
o,f-unsaturated aldehydes”
R3 R3
RV\H\OH [RuCly(p-cymene)], (2.5 mol%) RV\(&O
R2 Cu(OAC)*H,0 (10 mol%) R2
1 t-AmOH, Ar flow, 100 °C 2
Entry Substrate Product Yield”/%
A OH Xx_CHO
1 93
1a 2a
A OH XxCHO
2 93
1b 2b
A OH Xx_-CHO
3 MeO 94
e
1c MeO 2c
AN OH X CHO
4 91
F 1d F 2d
A OH X _CHO
5 93
Cl Cl
1e 2e
A OH XxCHO
6 O,N O,N 93
2 1f 2 2f
A OH Xx-CHO
7 F5;C FsC 94
’ 1g ’ 2g
N oH Ny MO
1h 2h
9 Cl Cl 2
1i 2i
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Entry Substrate Product Yield”/%
10 OMe OMe 93
1j 2j
11 NO, NO, 90
1k 2k
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12 Q Q 94
1 2l
MeO. N OH MeO Xx._CHO
13 MeO MeO 93
OMe OMe
1m 2m
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14 92
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@ Reaction conditions: allylic alcohols (0.1 mmol), [RuCly(p-cymene)], (2.5
mol%), Cu(OAc),*H,0 (10 mol%), ~AmOH (2.0 mL), 16 h. *Isolated yield.

Dehydrogenation of benzylic alcohols was also exam-
ined to further explore the scope of the present method
(Table 3). The reactions of para-substituted benzyl alco-
hols afforded the corresponding aldehydes in excellent
yields, regardless of the presence of electron-donating,
-withdrawing or protonic functional groups (Entries 1~6).
Disubstituted benzyl alcohol (Entry 8), annular benzyl al-
cohol (Entry 9) and (1H-indol-4-yl)methanol with indole
ring (Entry 10) were also dehydrogenated to the corre-
sponding carbonyls in excellent yields.

To explore the reaction mechanism, parallel reactions of
cinnamyl alcohol (a), (3-methoxy-1-propenyl)benzene (b)
and 3-phenyl-1-propanol (c) were carried out (Scheme 3).
The results indicated that the proton on the oxygen atom
and the conjugated double bond are indispensable in the
present protocol as the reactions of (3-methoxy-1-pro-
penyl)benzene with methoxylated allylic functional group
(b) and 3-phenyl-1-propanol without the conjugated double
bond (c) did not proceed to the desired product. H> from
the headspace of the vessel could be detected by GC dur-
ing the reaction, indicating the dehydrogenation process.
Kinetic isotope effect (KIE) was also measured to gain
insight into the rate-limiting step of the developed Ru-

http://sioc-journal.cn/ 4363
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Table 3 Dehydrogenation of benzylic alcohols”

R [RuCly(p-cymene)], (2.5 mol%) R
Ar” TOH  Cu(OAc);*H,0 (10 mol%) Ar” 0
3 t-AmOH, Ar flow, 100 °C, 16 h 4
Entry Substrate Product Yield”/%
CHO
- O T .
4a
CHO
4b
CHO
3 /©A ©/ 94
4c
CHO
4ad
CHO
5 /©/\ /©/ 93
4e
CHO
4f
o
7 @ﬁ -
4g
F
CHO
8 90
F
4h
O
4i
CHO
N

4j H

4Reaction conditions: benzylic alcohols (0.1 mmol), [RuCly(p-cymene)], (2.5
mol%), Cu(OAc),*H,0 (10 mol%), t-AmOH (2.0 mL), 16 h. ?Isolated yield.
¢[RuCly(p-cymene)], (2.5 mol%), Cu(OAc),*H,O (20 mol%)

catalyzed dehydrogenation reactions. The KIE=1.7 (Sche-
me 3d) value for the reaction of allylic and a-deuterated
allylic alcohols showed that the C—H cleavage of a posi-
tion is the rate-limiting step, similar to the earlier transi-
tion-metal-based catalytic dehydrogenation reactions. [
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Scheme 3 Parallel reactions for hydrogen transfer of allyl al-
cohols and KIE experiment

y

Based on the above experimental results and earlier re-
ports,[?! the mechanistic cycle is proposed for the present
ruthenium catalyzed dehydrogenation reactions (Scheme
4). To begin the catalytic cycle, the chloride of [RuCl,(p-
cymene)], is replaced by OAc (from copper acetate) to
form Ru(OAc):(p-cymene) species, which is the active
catalyst for the present reaction. Following with ligand
exchange to give the ruthenium alkoxide species, subse-
quent f-hydrogen elimination yields a,f-unsaturated car-
bonyl compound and a [Ru—H] species, which is still co-
ordinated with the resulted a,f-unsaturated carbonyl com-
pound. Then the coordinated o,f-unsaturated carbonyl
compound releases, and the Ru—H species forms simulta-
neously, which reacts with HOAc to regenerate the
Ru(OAc)(p-cymene).

b
AcOF\qu' R’
HO ° p-hydride
/=)7R R2 elimination
R! HOAc
I
) AcOl?\uj'/H R
I
LRu Clzﬁ Ru"(OAc),L OJ
Cu(OAc), CuCl, R2
H, L decoordination
N 1
HOAC Ru'OAc o /R
o \>_/_
R2

Scheme 4 Proposed catalytic cycle for hydrogen transfer of
allyl alcohols
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3 Conclusions

In summary, a simple catalytic system based on
[RuClx(p-cymene)], for the dehydrogenation of allylic al-
cohols to a,f-unsaturated carbonyl compounds has been
developed. No extra oxidants or Hp-acceptors are required
in this conventional transformation. The high activity and
broad substrate scope make this catalytic system a promis-
ing alternative for the transformations of allyl alcohols, in
terms of practical convenience, atomic economy, and en-
vironmental benign.

4 Experimental section

4.1 General experimental details

Unless otherwise stated, all manipulations were carried
out under inert atmosphere using Schlenk-line techniques
or glovebox. All reagents obtained from commercial
sources were used directly without further purification. For
column chromatography was performed on silica gel
(300~400 mesh) and thin-layer chromatography (TLC)
was performed on aluminum plates precoated with silica
gel 60 manufactured by Qingdao Ocean Company. NMR
data for the compounds were measured using Varian 300M
or Bruker ARX 400M instruments using TMS as a refer-
ence. The reaction solvents such as toluene, fert-amyl al-
cohol, tetrahydrofuran, methanol, etc., were dried by
standard procedures before using.

4.2 General procedure for the synthesis of cinnamyl
alcohols 1Ta~10

According the literature procedures,!'¥ to 50 mL two-
neck flask with cinnamic acid (2 mmol) and tetrahydrofu-
ran (THF) (10 mL) in an ice bath under argon atmosphere,
triethylamine (0.33 mL, 2.4 mmol) was added slowly in
dropwise. After cooling the temperature to —10 C, ethyl
chloroformate (0.23 mL, 2.4 mmol) was added slowly in
dropwise, and then the mixture was stirred at 0 ‘C for 1.5
h. After filtration, THF (10 mLX2) was added to rinsed
the solid residue. After the transformation of the organic
filtrate to another two-neck bottles with argon, NaBH4
(189 mg, 5 mmol) was added. Then MeOH (1.2 mL) was
added slowly in dropwise at 0 ‘C and the mixture was
stirred for 3 h at room temperature before the quench with
slow addition of 2 mol/L HCI solution (6 mL). After sepa-
ration of the organic and aqueous phases, the aqueous
phase was extracted twice with ethyl acetate (10 mL X 2).
The combined organic solution was washed with saturated
NaHCOs3 and the organic extract was dried over anhydrous
Na,SO4. After concentrating under reduced pressure, the
resulting residue was purified by silica gel column
(PE/EA) to give the desired cinnamyl alcohol.

4.3 General experimental procedure for the dehy-
drogenation of alcohols 2a~20, 4a~4j

A dried reaction vessel was charged with [RuCl(p-
cymene)], (2.5 mol%), Cu(OAc),*H>O (10 mol%), alco-
hols (0.1 mmol) in ~AmOH (2 mL) and refluxed at 100 C

Chin. J. Org. Chem. 2021, 41, 4361~4369
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under Ar flow. After cooled to room temperature, 15 mL
of ethyl acetate was added to the mixture, which was then
washed with water 2~3 times. The organic phase was
dried over anhydrous Na,SO, and the solvent was removed
under reduced pressure. The crude reaction mixture was
purified by silica gel column chromatography (petroleum
ether/ethyl acetate) to give the desired product.
4.4 Characterization data for compounds
3-(p-Tolyl)prop-2-en-1-ol (1b):['*) White crystal, 90%
yield. m.p. 42~43 °C (1lit.'1 41~43 °C); '"H NMR (300
MHz, CDCls) 6: 7.28 (d, J=7.5 Hz, 2H), 7.12 (d, J=7.4
Hz, 2H), 6.58 (d, J/=15.9 Hz, 1H), 6.30 (dd, J=15.2, 6.3
Hz, 1H), 4.31 (d, J=5.1 Hz, 2H), 2.35 (s, 3H); *C NMR
(100 MHz, CDCl3) o: 137.57, 133.86, 131.24, 129.68,
129.30, 128.32, 127.40, 126.40, 63.84, 21.21.
3-(4-Methoxyphenyl)prop-2-en-1-0l ~ (1¢):l'"¥  White
crystal, 96% yield. m.p. 75~77 C (1lit.l'1 74~76 C);
'"H NMR (400 MHz, CDCl;) 6: 7.37~7.34 (m, 2H),
6.90~6.87 (m, 2H), 6.59 (d, J/=15.9 Hz, 1H), 6.27 (dt,
J=15.8, 6.0 Hz, 1H), 4.33 (dd, /=6.0, 1.4 Hz, 2H), 3.84
(s, 3H); 1*C NMR (100 MHz, CDCls) 6: 159.32, 130.99,
129.41, 127.67, 126.24, 114.02, 63.95, 55.30.
3-(4-Fluorophenyl)prop-2-en-1-ol (1d):['"? White solid,
94% yield. m.p. 54~56 C (lit.' 52~55 C); 'H NMR
(400 MHz, CDCl3) o: 7.41~7.33 (m, 2H), 7.08~6.98 (m,
2H), 6.60 (d, J=15.9 Hz, 1H), 6.30 (dt, J/=15.9, 5.7 Hz,
1H), 4.33 (dt, J=7.2, 3.6 Hz, 2H); *C NMR (100 MHz,
CDCls) 0: 163.59, 161.14, 132.85, 132.82, 129.98, 128.22,
128.20, 128.01, 127.93, 115.61, 115.40, 63.60.
3-(4-Chlorophenyl)prop-2-en-1-ol (1e):['"! White crystal,
91% yield. m.p. 45~46 C (lit.l' 45~46 C); 'H NMR
(300 MHz, CDCl;) ¢: 7.27 (d, J=8.4 Hz, 4H), 6.56 (d, J=
15.9 Hz, 1H), 6.32 (d, J=15.9 Hz, 1H), 432 (d, J=3.9
Hz, 2H), 1.86 (s, 1H); '*C NMR (100 MHz, CDCls) ¢:
135.18, 133.30, 129.76, 129.17, 128.80, 128.76, 128.71,
128.47,127.70, 127.66, 127.61, 63.50.
3-(4-Nitrophenyl)prop-2-en-1-ol (1f):'8 Yellow solid,
90% vyield. m.p. 128~130 C (lit.'! 128~129 C); 'H
NMR (300 MHz, CDCls) d: 8.18 (d, J/=7.7 Hz, 2H), 7.50
(d, J=7.6 Hz, 2H), 6.71 (d, J=15.9 Hz, 1H), 6.55 (dd, J=
12.3, 7.9 Hz, 1H), 4.41 (s, 2H), 1.61 (s, 1H).; '3*C NMR
(100 MHz, CDCl3) o: 147.06, 143.25, 133.56, 128.28,
126.93, 124.05, 63.12.
3-(4-(Trifluoromethyl)phenyl)prop-2-en-1-ol  (1g):12]
White solid, 73% yield. m.p. 39~40 C (lit.'S] 38~
41 C); '"H NMR (300 MHz, CDCl3) é: 7.56 (d, J=8.2 Hz,
2H), 7.47 (d, J=6.9 Hz, 2H), 6.66 (d, J=15.8 Hz, 1H),
6.51~6.36 (m, 1H), 4.43~4.27 (m, 2H), 1.60 (s, 1H); 3C
NMR (100 MHz, CDCls) o: 140.19, 131.24, 129.31,
126.57, 125.61, 125.57, 125.54, 122.82, 63.33.
2-Methyl-3-phenylprop-2-en-1-ol (1h):?'1 Colorless oil,
92% yield. '"H NMR (300 MHz, CDCl3) 6: 7.48~7.11 (m,
5H), 6.53 (s, 1H), 4.20 (s, 2H), 1.92 (s, 3H), 1.72 (s, 1H);
13C NMR (100 MHz, CDCls) 6: 137.66, 137.55, 128.88,
128.15, 126.45, 125.05, 69.01, 15.30.
3-(2-Chlorophenyl)prop-2-en-1-ol (1i):?21 Colorless oil,
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80% yield. 'H NMR (300 MHz, CDCl3) 6: 7.53 (dd, J=
7.4,2.1 Hz, 1H), 7.43~7.31 (m, 1H), 7.25~7.13 (m, 2H),
7.00 (dt, J=15.8, 1.6 Hz, 1H), 6.44~625 (m, 1H), 437
(dd, J=5.6, 1.6 Hz, 2H), 1.82 (s, 1H); 3C NMR (100
MHz, CDCl;) J: 134.85, 133.09, 131.48, 129.69, 128.67,
127.08, 126.94, 126.88, 63.59.

3-(2-Methoxyphenyl)prop-2-en-1-ol  (1j):I'81 Colorless
oil, 80% yield. '"H NMR (300 MHz, CDCl3) &: 7.43 (d, J=
7.5 Hz, 1H), 7.30~7.17 (m, 1H), 6.98~6.83 (m, 3H), 6.38
(dt, J=15.9, 5.9 Hz, 1H), 439~4.26 (m, 2H), 3.85 (s,
3H), 1.64 (s, 1H); *C NMR (100 MHz, CDCls) 5: 156.73,
129.31, 128.77, 127.01, 126.14, 120.69, 110.83, 64.22,
55.44.

3-(2-Nitrophenyl)prop-2-en-1-ol (1k):"¥! Yellow solid,
94% yield. m.p. 61~63 C (lit2 59~61 C); 'H NMR
(300 MHz, CDCL) &: 7.91 (d, J=8.1 Hz, 1H), 7.58 (s,
2H), 7.40 (d, J=6.6 Hz, 1H), 7.08 (d, J=15.4 Hz, 1H),
6.34 (d, J=15.5 Hz, 1H), 437 (s, 2H), 1.82 (s, 1H); 13C
NMR (100 MHz, CDCls) ¢: 134.12, 133.11, 128.77,
128.16, 125.88, 124.53, 63.31.

3-(Naphthalen-1-yl)prop-2-en-1-ol (11):4! Colorless oil,
71% yield. '"H NMR (300 MHz, CDCl5) 6: 8.16~8.09 (m,
1H), 7.85 (dd, J=6.2, 3.2 Hz, 1H), 7.78 (d, /=82 Hz,
1H), 7.60 (d, J=7.1 Hz, 1H), 7.56~7.44 (m, 3H), 7.38 (d,
J=15.6 Hz, 1H), 6.40 (dt, J=15.5, 5.6 Hz, 1H), 4.45 (dd,
J=5.6, 1.5 Hz, 2H), 1.66 (s, 1H); *C NMR (100 MHz,
CDCl) o: 134.48, 133.63, 131.78, 131.18, 128.57, 128.14,
128.05, 126.10, 125.83, 125.66, 123.94, 123.78, 63.88.

3-(3,4,5-Trimethoxyphenyl)prop-2-en-1-ol (1m):23]
Yellow solid, 93% yield. m.p. 106~108 C (1it.*) 107~
108 “C); 'H NMR (300 MHz, CDCl3) 8: 6.59 (s, 2H), 6.50
(dd, J=9.2, 7.9 Hz, 1H), 6.33~6.17 (m, 1H), 4.31 (dd,
J=57, 1.4 Hz, 2H), 3.85 (s, 6H), 3.83 (s, 3H); °C NMR
(100 MHz, CDCls) ¢: 153.22, 137.69, 132.56, 130.84,
130.79, 128.16, 103.50, 63.39, 63.36, 60.91, 56.03.

1-(2-Methoxyphenyl)prop-2-en-1-ol (1n):? Colorless
oil, 94% yield. '"H NMR (300 MHz, CDCl;) J: 7.34~7.19
(m, 2H), 6.94 (ddd, J=22.7, 113, 4.6 Hz, 2H), 6.12 (tt,
J=35.9, 15.5 Hz, 1H), 5.41 (d, J=5.5 Hz, 1H), 535~
5.10 (m, 2H), 3.87 (s, 3H), 2.79 (s, 1H); 3C NMR (100
MHz, CDCl3) J: 156.70, 139.53, 130.81, 128.75, 127.42,
12091, 114.48, 110.74, 71.43, 55.41.

1-(Naphthalen-2-yl)prop-2-en-1-ol (10):28 Yellow oil,
89% yield. '"H NMR (300 MHz, CDCl;) &: 8.23~8.11 (m,
1H), 7.93~7.74 (m, 2H), 7.65~7.39 (m, 4H), 6.25 (ddd, J
—=17.1, 10.4, 5.3 Hz, 1H), 5.94 (t, J=4.7 Hz, 1H), 5.37
(ddt, J=472, 10.4, 1.4 Hz, 2H), 2.16 (d, J=4.2 Hz, 1H);
3C NMR (100 MHz, CDCl;) J: 139.62, 138.06, 133.94,
130.70, 128.84, 128.55, 126.14, 125.70, 125.46, 123.95,
123.76, 115.70, 72.30.

Cinnamaldehyde (2a):** Colorless oil, 93% yield. 'H
NMR (300 MHz, CDCl;) d: 9.69 (d, J=7.6 Hz, 1H), 7.51
(dd, J=27.3, 10.9 Hz, 6H), 6.72 (dd, J=15.8, 7.6 Hz,
IH); C NMR (100 MHz, CDCL) &: 193.73, 152.82,
134.01, 131.29, 129.12, 128.59, 128.52.

3-(p-Tolyl)acrylaldehyde (2b):?4 Yellow solid, 93%
yield. m.p. 45~46 ‘C (lit?% 45~47 ‘C); 'H NMR (300
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MHz, CDCL) &: 9.66 (d, J=7.7 Hz, 1H), 7.51~7.39 (m,
3H), 7.23 (d, J=7.5 Hz, 2H), 6.67 (dd, J=15.9, 7.6 Hz,
1H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl;) 6: 193.82,
152.97, 141.99, 131.33, 129.86, 129.84, 128.59, 128.54,
128.50, 127.73, 21.59.

3-(4-Methoxyphenyl) acrylaldehyde (2¢):*! Yellow oil,
94% yield. '"H NMR (300 MHz, CDCl;) ¢: 9.63 (d, J=7.7
Hz, TH), 7.51 (d, J=8.6 Hz, 2H), 7.42 (d, J=15.8 Hz,
1H), 6.94 (d, J=28.6 Hz, 2H), 6.60 (dd, J=15.8, 7.7 Hz,
1H), 3.86 (s, 3H); 13C NMR (100 MHz, CDCL3) &: 193.70,
162.21, 152.71, 130.35, 126.80, 126.55, 114.58, 55.47.

3-(4-Fluorophenyl) acrylaldehyde (2d):* Yellow oil,
91% yield. '"H NMR (300 MHz, CDCl;) : 9.67 (d, J=7.6
Hz, TH), 7.61~7.52 (m, 2H), 7.44 (d, J=15.8 Hz, 1H),
7.12 (t, J=8.2 Hz, 2H), 6.64 (dd, J=15.9, 7.6 Hz, 1H); 1*C
NMR (100 MHz, CDCls) ¢: 193.45, 165.70, 151.33,
130.54, 130.45, 128.38, 128.36, 116.48, 116.26.

3-(4-Chlorophenyl) acrylaldehyde (2¢):**! White crystal,
93% yield. m.p. 61~62 C (liti2% 59~60 C):; 'H NMR
(300 MHz, CDCls) ¢: 9.68 (d, J=7.6 Hz, 1H), 7.48 (t, J=
8.8 Hz, 3H), 7.40 (d, J=4.6 Hz, 2H), 6.68 (dd, J=15.9,
7.6 Hz, 1H); 3C NMR (100 MHz, CDCl) ¢J: 193.38,
151.05, 137.29, 132.49, 129.62, 129.44, 128.96.

3-(4-Nitrophenyl) acrylaldehyde (2f):*°! Yellow solid,
93% yield yield. m.p. 137~138 C (1it.**’ 138~139 C);
'"H NMR (400 MHz, CDCL3) &: 9.81 (d, J=7.4 Hz, 1H),
8.35~8.29 (m, 2H), 7.81~7.73 (m, 2H), 7.59~7.52 (m,
1H), 6.84 (dd, J=16.1, 7.4 Hz, 1H); 3*C NMR (100 MHz,
CDCl) 0: 192.78, 148.81, 139.92, 131.74, 129.04, 124.34.

3-(4-(Trifluoromethyl)phenyl)acrylaldehyde (2g):139
White solid, 94% vyield yield. m.p. 56~58 C (lit.?4
57.2~58.5 ‘C): 'H NMR (300 MHz, CDCL;) &: 9.74 (dd,
J=17.5, 0.8 Hz, 1H), 7.75~7.64 (m, 4H), 7.50 (d, J=16.0
Hz, 1H), 7.25 (d, J=1.0 Hz, 1H); *C NMR (100 MHz,
CDCl) o: 193.02, 150.30, 137.23, 130.50, 129.44, 128.58,
126.05.

2-Methyl-3-phenylacrylaldehyde (2h):®! Colorless oil,
95% yield. '"H NMR (300 MHz, CDCl;) 6: 9.40 (s, 1H),
7.35 (d, J=6.9 Hz, 2H), 7.30~7.16 (m, 3H), 7.08 (s, 1H),
1.91 (s, 3H); 3C NMR (100 MHz, CDCl;) 6: 195.58,
149.83, 138.39, 135.15, 130.03, 129.57, 128.72, 10.96.

3-(2-Chlorophenyl)acrylaldehyde (2i): Yellow solid,
929% yield. m.p. 49~51 C (lit2 49~51 °C); 'H NMR
(300 MHz, CDCl3) ¢: 9.75 (d, J=7.7 Hz, 1H), 7.93 (d, J=
16.0 Hz, 1H), 7.66 (dd, J=7.4, 2.0 Hz, 1H), 7.45 (dt, J=
8.7, 4.3 Hz, 1H), 7.34 (pd, J=7.3, 1.8 Hz, 2H), 6.70 (dd,
J=16.0, 7.7 Hz, 1H); *C NMR (100 MHz, CDCl;) &:
193.59, 148.00, 135.22, 132.10, 132.02, 130.54, 130.37,
127.86, 127.33.

3-(2-Methoxyphenyl)acrylaldehyde (2j):321 Colorless
oil, 93% yield. '"H NMR (300 MHz, CDCl;) J: 9.74~9.62
(m, 1H), 7.84 (d, J=16.0 Hz, 1H), 7.5 (d, J=7.7 Hz,
1H), 7.40 (dt, J=8.3, 4.2 Hz, 1H), 7.06~6.90 (m, 2H),
6.79 (ddd, J=16.0, 7.8, 0.7 Hz, 1H), 3.92 (s, 3H); 3C
NMR (100 MHz, CDCls) ¢: 194.66, 158.30, 148.30,
132.72, 129.07, 128.89, 122.96, 120.89, 111.29, 55.59.

3-(2-Nitrophenyl) acrylaldehyde (2k):P2 White solid,
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90% yield. m.p. 126~127 C (lit?¥ 128 ‘C); 'H NMR
(300 MHz, CDCl;) &: 9.78 (dd, J=7.6, 2.0 Hz, 1H),
8.16~8.08 (m, 1H), 8.04 (d, /=15.8 Hz, 1H), 7.75~7.54
(m, 3H), 6.64 (dd, J=15.8, 7.6 Hz, 1H); *C NMR (100
MHz, CDCl3) J: 193.12, 147.29, 133.82, 132.66, 131.14,
129.08, 125.23.

3-(Naphthalen-1-yl)acrylaldehyde (21):?4 White solid,
94% vyield. m.p. 123~124 C (lit.*! 122~124 C); 'H
NMR (300 MHz, CDCL) &: 9.85 (d, J=7.7 Hz, 1H), 8.33
(d, J=15.7 Hz, 1H), 8.19 (d, J=8.3 Hz, 1H), 8.00~7.86
(m, 2H), 7.82 (d, J=7.1 Hz, 1H), 7.67~7.46 (m, 3H),
6.85 (dd, J=15.7, 7.7 Hz, 1H); C NMR (100 MHz,
CDCl) o: 193.69, 149.35, 133.77, 131.66, 131.21, 130.96,
130.92, 129.02, 127.31, 126.45, 125.74, 125.51, 122.80.

3-(3,4,5-Trimethoxyphenyl)acrylaldehyde (2m):B4
Yellow solid, 93% yield. m.p. 113~114 C (1it.33 114~
115 °C); '"H NMR (300 MHz, CDCL3) é: 9.67 (d, J=7.6
Hz, 1H), 7.39 (d, J=15.8 Hz, 1H), 6.79 (s, 2H), 6.63 (dd,
J=15.8, 7.6 Hz, 1H), 4.00~3.86 (m, 9H); '3C NMR (100
MHz, CDCl3) J: 193.20, 153.54, 152.75, 150.31, 137.30,
130.50, 128.58, 126.08, 126.04, 105.69, 61.01, 56.19.

1-(2-Methoxyphenyl)prop-2-en-1-one (2n):%! Colorless
oil, 92% yield. '"H NMR (300 MHz, CDCl;) J: 7.61~7.52
(m, 1H), 7.49~7.39 (m, 1H), 7.06~6.92 (m, 3H), 6.27
(dt, J=17.2, 1.5 Hz, 1H), 5.80 (dt, J=10.4, 1.5 Hz, 1H),
3.88 (d, J=1.2 Hz, 3H); *C NMR (100 MHz, CDCl;) J:
193.32, 158.25, 136.64, 133.09, 130.43, 128.49, 120.67,
111.57, 55.62.

1-(Naphthalen-2-yl)prop-2-en-1-one (20):57 Yellow oil,
90% yield. '"H NMR (300 MHz, CDCls) 6: 8.37~8.24 (m,
1H), 8.01~7.94 (m, 1H), 7.93~7.86 (m, 1H), 7.72 (dd,
J=7.1, 1.2 Hz, 1H), 7.63~7.44 (m, 3H), 6.95 (ddd, J=
17.4, 10.5, 0.6 Hz, 1H), 6.27 (ddd, J=17.4, 1.3, 0.6 Hz,
1H), 6.05 (ddd, J=10.5, 1.3, 0.6 Hz, 1H). *C NMR (100
MHz, CDCl3) J: 195.97, 136.93, 135.73, 133.84, 132.02,
131.51, 130.69, 128.45, 127.80, 127.57, 126.52, 125.61,
124.35.

Benzaldehyde (4a):3%1 Colorless oil, 95% yield. 'H
NMR (300 MHz, CDCL) &: 9.9 (s, 1H), 7.85 (d, J=7.0
Hz, 2H), 7.61 (t, J=7.3 Hz, 1H), 7.50 (t, J=7.3 Hz, 2H);
3C NMR (100 MHz, CDCl;) §: 190.31, 151.13, 140.05,
130.49, 124.31.

4-Methylbenzaldehyde (4b):F¥1 Colorless oil, 94% yield.
'"H NMR (400 MHz, CDCl;) &: 9.99 (s, 1H), 7.83~7.79
(m, 2H), 7.36 (d, J=8.2 Hz, 2H), 2.47 (s, 3H); °C NMR
(100 MHz, CDCl3) ¢: 192.01, 145.55, 134.21, 129.86,
129.72, 21.90.

4-Methoxybenzaldehyde (4¢):*¥1 Colorless oil, 94%
yield. '"H NMR (300 MHz, CDCLy) 6: 9.85 (s, 1H), 7.81 (d,
J=8.3 Hz, 2H), 6.98 (d, J=8.2 Hz, 2H), 3.87 (s, 3H); 1*C
NMR (100 MHz, CDCIls) ¢: 190.81, 164.61, 131.98,
129.94, 114.31, 114.29, 55.58.

4-Nitrobenzaldehyde (4d):1¥ White solid, 95% yield.
m.p. 104~106 ‘C (1it.’** 104~105 °C); 'H NMR (300
MHz, CDCly) &: 10.15 (s, 1H), 8.39 (d, J=8.2 Hz, 2H),
8.07 (d, J=8.1 Hz, 2H); *C NMR (100 MHz, CDCI;) ¢:
192.37, 136.40, 134.46, 129.72, 128.99.
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4-Hydroxybenzaldehyde (4e):[*! White solid, 93%
yield. m.p. 113~114 C (lit.*1 112~115 ‘C); 'H NMR
(300 MHz, CDCl;) &: 9.83 (s, 1H), 7.81 (d, J=8.4 Hz,
2H), 7.10 (s, 1H), 6.98 (d, J=8.3 Hz, 2H); 3C NMR (100
MHz, CDCl) d: 191.57, 191.48, 162.03, 132.64, 129.60,
129.44, 116.09.

Terephthalaldehyde (4f):[*?! White solid, 92% yield. m.p.
114~115 °C (1it.?1 113~115 °C); 'H NMR (300 MHz,
CDCL) 6: 10.12 (s, 2H), 8.04 (d, J=0.7 Hz, 4H); 13C
NMR (100 MHz, CDCls) ¢: 191.48, 140.01, 130.15,
130.13, 130.11.

Acetophenone (4g):P%1 Colorless oil, 95% yield. 'H
NMR (300 MHz, CDCl;) d: 8.02~7.91 (m, 2H), 7.62~
7.53 (m, 1H), 7.50~7.39 (m, 2H), 2.62 (s, 3H); 3C NMR
(100 MHz, CDCls) ¢: 198.19, 137.13, 133.11, 128.57,
128.31, 26.62.

2,6-Difluorobenzaldehyde (4h):*3! Colorless oil, 90%
yield. TH NMR (300 MHz, CDCL3) 6: 10.33 (s, 1H), 7.63~
7.47 (m, 1H), 6.98 (t, J=8.8 Hz, 2H); 3C NMR (100
MHz, CDCl3) d: 184.59, 184.55, 184.50, 164.49, 164.43,
161.88, 161.82, 136.35, 136.24, 136.13, 112.61, 112.59,
112.56,112.41,112.39, 112.36.

3,4-Dihydronaphthalen-1(2H)-one (4i):* Colorless oil,
92% yield. '"H NMR (300 MHz, CDCl;) ¢: 8.02 (d, J=7.8
Hz, 1H), 7.45 (t, J=7.4 Hz, 1H), 7.27 (dd, J=19.0, 7.7
Hz, 2H), 2.97 (t, J=5.9 Hz, 2H), 2.66 (t, J=6.5 Hz, 2H),
2.25~2.07 (m, 2H); C NMR (100 MHz, CDCL) J:
198.39, 144.50, 133.39, 132.61, 128.78, 127.16, 126.62,
39.18, 29.71, 23.30.

1H-Indole-4-carbaldehyde (4j):*%) Yellow solid, 92%
yield. m.p. 141~142 C (lit.*] 140~142 C); '"H NMR
(300 MHz, CDCl3) d: 10.25 (d, J=1.5 Hz, 1H), 8.54 (s,
1H), 7.66 (ddd, J=8.8, 2.4, 1.2 Hz, 2H), 7.43 (d, J=3.0
Hz, 1H), 7.39~7.29 (m, 2H); '3C NMR (100 MHz, CDCls)
0: 193.31, 136.48, 135.87, 128.37, 128.31, 127.67, 125.68,
125.51, 121.39, 117.51, 103.06.

Supporting Information 'H NMR and '*C NMR spectra
of compounds 1b~10, 2a~20 and 4a~4j. The Support-
ing Information is available free of charge via the Internet
at http://sioc-journal.cn/.
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