Accepted Manuscript

Iron-Catalyzed Decarboxylative Methylation of a,3-Unsaturated Acids under Ligand-
Free Conditions

Guangwei Rong, Defu Liu, Linhua Lu, Hong Yan, Yang Zheng, Jie Chen, Jincheng
Mao

PII: S0040-4020(14)00860-6
DOI: 10.1016/j.tet.2014.06.014
Reference: TET 25679

To appearin:  Tetrahedron

Received Date: 11 April 2014
Revised Date: 24 May 2014
Accepted Date: 3 June 2014

Please cite this article as: Rong G, Liu D, Lu L, Yan H, Zheng Y, Chen J, Mao J, Iron-Catalyzed
Decarboxylative Methylation of a,8-Unsaturated Acids under Ligand-Free Conditions, Tetrahedron
(2014), doi: 10.1016/j.tet.2014.06.014.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2014.06.014

Graphical Abstract

To create your abstract, type over the instructiartee template box below.

Fonts or abstract dimensions should not be chaagetlered.

Iron-Catalyzed Decarboxylative Methylation
of a,f-Unsaturated Acids under Ligand-Free
Conditions

Leave this area blank for abstract info.

FeCls, DTBP

Guangwei Rong, Defu Liu, Linhua Lu, Hong Yan, Yattteng, Jie Chen, and Jincheng Mao*
Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and
Materials Science, Soochow University, Suzhou 215123, P. R. China

R1WCOOH

R

RIY\VCH3
DMSO, Ar \ R,

Co,




Tetrahedron

journal homepage: www.elsevier.com

Iron-Catalyzed Decarboxylative Methylationa@ff-Unsaturated Acids under Ligand-
Free Conditions

Guangwei Rong, Defu Liu, Linhua Lu, Hong Yan, Yattieng, Jie Chen, and Jincheng Mao

Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou
215123, P. R. China

ARTICLE INFO ABSTRACT

Article history: It is the first time to find that iron-catalyzed adgboxylative methylation of,f-unsaturate
Received acids could be performed in the absence of anpdigduring the reaction, the configuratior
Received in revised form the double bond could be retained. It is noteworttigt ditert-butyl peroxide(DTBP) wa
Accepted employed not only as the oxidant, but also as tethyhsource.

Available online 2009 Elsevier Ltd. All rights reserved
Keywords:

decarboxylative reactions

methylation

cinnamic acids

ligand-free

iron catalyst

1. Introduction cinnamic acids with simple alcohols, esters etc. \iahd yields
(Scheme 1-3.Maiti and co-workers found an effective synthesis

In the past several years, the development of Hegglative  of (E)-nitroolefinsvia decarboxylative nitration of cinnamic aicd
coupling of carboxylic acids has gained great &itersince such  using'BUONO ¢-butylnitrite) and TEMPO (2,2,6,6-tetramethyl-
transformations employed the readily available orylic acids  1-piperidinyloxy)? Recently, Liu disclosed an example of
as starting materiafsAs a consequence, many efficient catalyticcopper- and iron-catalyzed decarboxylative tri-  and
systems have been developed for a series of degdalivze C-C  difluoromethylation of cinnamic acids with ¢FO,Na and
bond formation reactions in recent yearsAmong these (CRHSO,),Zn (Schemel-5° Thus, decarboxylation of
carboxylic acids, cinnamic acids could be consideas the cinnamic acids gains great attention in the pasersé years!
useful and direct alkenylation reagent during theQuite differently, in this paper, we just reported fhist example
decarboxylatiof. Considering that alkenylarene moleculesof decarboxylative methylation ofa,f-unsaturated acids
usually display important pharmacological and pbtasi including cinnamic acids in the presence of readililable
properties, we have the special interest on such decarboxglativFeCk. It is noteworthy that during the reaction, DTBP wagd
reaction of cinnamic acids. not only as the oxidant but also as the methyl@mur

Pioneering work from Fletcher, Heinz and Schiavelli
established the viability of acid-catalyzed decasthation of
cinnamic acids in various solveritdn recent years, Wu has
reported Palladium-catalyzed decaroxylative cowplbetween
cinnamic acids and aryl iodides and Miura indepetigidound
thata, w-diarylbutadienes and -hexatrienes could be preplaye
decarboxylative coupling of cinnamic acids with \itoyomides
in the presence of palladium catalyst (Scheme “1THe work
from our own laboratory has demonstrated highly ctiife
copper- or iron-catalyzed decarboxylative CYsg(sp) coupling
reactionsvia radical mechanism (Scheme 122t the same time,
Liu also reported copper-catalyzed decarboxylatwapling of
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Scheme 1 Decarboxylative couplings of cinnamic acids usingrious
catalysts.

Generally, oxidant is indispensable when it comes
decarboxylative reaction of cinnamic acids. Oxidasteh as
K»S,0s, AQ,0, tert-butyl hydroperoxide (TBHP), dert-butyl
peroxide (DTBP), dicumyl peroxide (DCP), have beemely
used. Different from inogranic oxidants, these orgaeroxides
such as TBHP or DTBP, just act not only as the oxilabut
also as the radical initiators since many decarlatixge reactions

to
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of condition optimizing, no byproducts were detectethd
conversion of cinnamic acid for entry 13 is only&0

Table 1. Iron-catalyzed decarboxylative methylation of was o,p-
unsaturated acids in the absence of ligand.

X COOH cat., oxidant /@/\vc'ﬁ
OZN/©/\/ DMSO, Ar O
la 2a
Entry Cat. Oxidant Yield (98)
1 CuO DTBP 42
2 Cul DTBP 30
3 CuBr DTBP 27
4 Copper quinolate DTBP 38
5 Fe(acag) DTBP 44
6 Fe powder DTBP 38
7 FeCy4H,0O DTBP 40
8 Fek DTBP 48
9 Fe(SQu)s DTBP 33
10 FeOs DTBP 18
11 FeOs DTBP 31
12 Fe(NQ)s DTBP 30
13 FeC} DTBP 52 (46)
14 FeSQ7H,0 DTBP 41
15 FeC} TBHP 41
16 FeC} DCP 36

# Reaction conditionsp-nitro cinnamic acid (0.3 mmol), cat. (20 mol%),
oxidant (2 equiv), DMSO (2 mL), 12 h, 130, Ar. " LC yields, biphenyl as
internal standard.Isolated yield based gmrnitro cinnamic acidparentheses.

With the optimized conditions in hand, the scopalifferent
substituted cinnamic acids was investigated. As showable 2,

go through radical proce&sin 2007, Li and co-workers reported ¢innamic acids with electron-withdrawing group at thara

palladium-catalyzed methylation of aryl C—H bond bging
peroxides. In their work, DTBP acts as methylati@agent

position of the benzene ring gave moderate yieltble 2,
entries 1-3).Meta-substituted cinnamic acids also can offer

besides as oxidaft.Just recently, we have reported effective desired products and got certain yields (Tablentjes 4-6). It is

synthesis of methyl esters from benzylic acoholdelaydes or
acids via copper-catalyzed C-C cleavage from TBHIRspired

important to note that when methoxy-substituted aimnic acids
were used as the substrates, lower yields of theedeproducts

by such research, we imagine whether we could devalop Were obtained (Table 2, entries 7—10). However, itpleased to

reaction system through decarboxylation and metioyiarocess
by using organic peroxide as the methylation reagen

2. Results and discussion

To begin our study, we chogenitro cinnamic acid as model
substrate using CuO as catalyst and DTBP as oxid&mious
solvents were tested, and the desired product wastddtonly
when DMSO was used as solvent and gave a yield of 422.0
The detailed optimization is summarized in tabl&/éry clearly,
other copper catalysts such as Cul are less eféetian CuO
(Table 1, entries 1-4). As far as we know, iron catadyso has a
good effect on some decarboxylative reactions.eikample, Li's
group reported a novel iron-catalyzed decarboxyda@sp-Csp
coupling of proline derivatives and naphthdlThus, we tried to
employ a series of iron catalysts. To our delightjas found that
iron catalysts were more effective than copper offeble 1,
entries 5-14). After screening various iron catalyste found

that FeCJ worked best and gave 52% LC vyield (46% isolated

yield). Then, other peroxides were also testeduitiog TBHP

and DCP. However, both of them were less effective. IOthe 3

conditions, such as temperature and reaction timee vedso
screened and we could not get better results. Duhiegrocess

find that g-substituted substrates could also be toleratedusy
reaction system (Table 2, entries 11-12). For eXayfgphenyl

cinnamic acid afforded the product in the yield4@P6 (Table 2,
entry 12).

Table 2. Iron-catalyzed decarboxylative methylation of vasoo,B-
unsaturated acids in the absence of ligand.

Ry
X ~COOH
Rz)\/

FeClz (20 mol%)
DTBP (2 equiv)

R
R AN CHs
2

DMSO, Ar
1 2
Entry substrate Product \(((;i;‘bj
/@/\/COOH /@/\VCHa
! ON O,N 46
la 2a
/@/\vCOOH @/\/CHs
2 NC NC 53
/@/\/COOH /@/\/CHS
MeOOC MeOOC 34
1c 2
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OH OH
1f 2f
X COOH X CH3
7 Meoco/QN Meoco/©/\/ 20
OMe OMe
1g 29
xCOOH . CHs
o /@/\/ /@/\/
8 MeO MeO 42
1h 2h
X~ COOH X CHs
9[c] MeO/Q/\/ Me0/©/\/ 35
OMe OMe
1i 2i
MeO. XxCOOH MeO ~CHs
109 Meoj;j/V Meoji;/V 36
OMe OMe
1 2]
cl Cl
11 /‘t\/cow /‘t\/cm 41
cl E al O
12 ‘!/I\COOH ‘!/l\cm 42
1l

N

#Reaction conditionso,p-Unsaturated acids (0.3 mmol), DTBP (2 equiv),

FeCk (20 mol%), DMSO (2 mL), 12 h, 13, Ar." Isolated yield based on
a,B-unsaturated acidSFe(acag)instead of FeGl

In order to make sure that the methyl group was rgeee
from the oxidant, the decarboxylative reaction pitro

cinnamic acid was performed in DMSQ-@k shown in Scheme 2.

The NMR suggested that less [D]-product was acquiéden

DMSO was replaced by methyl phenyl sulfoxide (MPSOg th

reaction can also be carried out smoothly. Wher2-2({

phenylpropan-2-ylperoxy)propan-2-yl)benzeBgwas employed,
the desired product was obtained in 40% yield aeed. In

addition, a big amount of acetophenone was acquitéis

suggests that the methyl group in the product wasdoced

from this C-C bond cleavage of the oxidaB}. (We guess that
the coordination of sulfoxide to iron ion plays iamportant role

in the reaction proces8.

%O*O‘é H D
X~ COOH H D
/©/\/ FeCly
O,N DMSO-dg, 130 °C, Ar

[e7
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53% major less
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oh oh 50% yield
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Scheme 2Iron-catalyzed decarboxylative methylation of pritinnamic
acid in DMSO-0Q or MPSO using DTBP or DCP as oxidants.

O,N

40% yield

A series of experiments was conducted in orderxpoee the
possible reaction mechanism. When TEMPO or BQ (bgunone)
was added, the reaction was almost inhibited angmduct was
detected. These are indirect proofs that our r@actiay go through

a radical process.
/@/\VCHs
NC

FeCly, DTBP

/@/\VCOOH
NC DMSO, 130 °C, Ar

53% vyield
With TEMPO  <1%
With BQ <1%

Scheme 3lron-catalyzed decarboxylative methylation ofy@aigo cinnamic
acid.
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Figure 1. Proposed reaction pathways for the iron-catalylethrboxylative
methylation.

Base on previous reports* *'a proposed mechanism for the
decarboxylative methylation reaction is shown igufe 1. The
catalytic cycle starts with the generation of methgtical
released front-BuO. Then, the addition of methyl radical to the
a-position of the double bond of ferric cinnamd&e which is
generated by the reaction of cinnamic acid withi¢echloride,
would give intermediat€. C then proceedsgia an elimination of
carbon dioxide and Fe(ll) to generate the prodee(!l) will be
oxidized byt-BuO and regeneratds in the presence of cinnamic
acid to complete the reaction cycle.
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3. Conclusions

In conclusion, we developed a novel
decarboxylative methylation reaction of cinnamiddacin the
presence of DTBP as methylation resource. This iceaslystem
could tolerate various cinnamic acids. It providesew strategy

to preparea-methyl styrene. It is noteworthy that during the

reaction, the configuration of the double bond ddo¢ retained.
However, our protocol also shows the disadvantagevefyield.

Therefore, the aim of our future work is to find caitmore
effective catalyst and its application in the swsis of some
biological compounds.

4. Experiment

4.1 General information

General information: All reactions were carried out under an
argon atmosphere condition. Various iron catalystapnamic
acids and oxidants were purchased from Aldrich, AcroAlfa.
Column chromatography was generally performed doasijel
(100-200 mesh) and reactions were monitored by thjrer
chromatography (TLC) using UV light (254 nm) to vikza the
course of the reactions. The (300 MHz or 400 MHz) antfC
NMR (75 MHz or 100 MHz) data were recorded on Varian 30
M or 400 M spectrometers using CRQ@ks solvent. The chemical
shifts ¢) are reported in ppm and coupling constad}sii( Hz.
'"H NMR spectra was recorded with tetramethylsilahie (0.00
ppm) as internal referencEC NMR spectra was recorded with
CDCl; (6 = 77.000 ppm) or DMSOgd(®0 = 39.500 ppm) as
internal reference. ESI-MS and HRMS were performedHhzy
State-authorized Analytical Center in Soochow Univgrsi

General procedure for iron-catalyzed decarboxylatie
methylation of cinnamic acid: A mixture of cinnamic acid (0.3
mmol), DTBP (0.6 mmol), Feg(20 mol%), and DMSO (2 mL)
in a Schlenk tube was stirred under an argon atnevepdt 130
°C for 12 h. After that the mixture was poured intbyé acetate,
then washed with water, extracted with ethyl acetatieddoy

Tetrahedron

(E)-1-Nitro-3-(prop-1-enyl)benzene:Yellow oil; '"H NMR (400
MHz, CDCL) (8, ppm) 8.07 (s, 1H), 7.93 (d,= 8.0 Hz, 1H),

iron-catalyzed7.51 (d,J = 7.6 Hz, 1H), 7.35 () = 8.0 Hz, 1H), 6.39 — 6.25 (m,

2H), 1.83 (d,J = 5.2 Hz, 3H);*C NMR (100 MHz, CDG)) (3,
ppm) 148.6, 139.7, 134.8, 131.7, 129.3, 129.0, 3,2120.4,
18.5; MS (m/z) calcd for ElsNO, 163.1, found 163.1 (M+H)

(E)-3-(Prop-1-enyl)phenyl acetateColorless oil;'H NMR (400

MHz, CDCk) (3, ppm) 7.28 (tJ = 8.0 Hz, 1H), 7.17 (d) = 7.6

Hz, 1H), 7.04 (s, 1H), 6.90 (d,= 7.6 Hz, 1H), 6.36 (d) = 16.0

Hz, 1H), 6.29 — 6.17 (m, 1H), 2.29 (s, 3H), 1.87J¢, 6.4 Hz,

3H); *C NMR (100 MHz, CDCJ) (100 MHz, CDC}) (3, ppm)

169.5, 150.9, 139.6, 130.1, 129.3, 126.9, 123.4.7,1118.6,
21.1, 18.4; MS (m/z) calcd for ;@,,0, 176.1, found 176.1
(M+H)"

(E)-3-(Prop-1-enyl)phenol: Colorless oil;"H NMR (400 MHz,
CDCly) (8, ppm) 7.07 (tJ = 8.0 Hz, 1H), 6.82 (dJ = 7.6 Hz,
1H), 6.73 (s, 1H), 6.59 (d,= 8.0 Hz, 1H), 6.25 (d] = 15.6 Hz,
1H), 6.19 — 6.07 (m, 1H), 4.94 (s, 1H), 1.78Jd; 6.4 Hz, 3H);
¥C NMR (100 MHz, CDG) (5, ppm) 155.7, 139.7, 130.6,
129.7, 126.3, 118.7, 113.8, 112.5, 18.5; MS (m/alcd: for

oCoH100 134.1, found 134.1 (M+H)

(E)-Methyl 2-methoxy-4-(prop-1-enyl)benzoate:Colorless oil;
'"H NMR (400 MHz, CDC)) (8, ppm) 6.94 — 6.73 (m, 3H), 6.29
(d, J = 16.0 Hz, 1H), 6.18 — 6.05 (m, 1H), 3.76 (s, 3H)32A2
3H), 1.80 (d,J = 6.8 Hz, 3H);*C NMR (100 MHz, CDG)) (3,
ppm) 169.2, 151.0, 138.6, 137.1, 130.5, 126.1, 7,2218.4,
109.6, 55.8, 20.7, 18.4; MS (m/z) calcd for,i;,0; 206.1,
found 206.1 (M+H)

(E)-1-methoxy-4-(prop-1-enyl)benzeneColorless oil'H NMR
(400 MHz, CDC})) (3, ppm) 7.25 (dJ = 8.8 Hz, 2H), 6.82 (d] =
8.8 Hz, 2H), 6.33 (dJ = 15.6 Hz, 1H), 6.14 — 6.03 (m, 1H), 3.79
(s, 3H), 1.85 (ddJ = 6.4, 1.6 Hz, 3H)}*C NMR (100 MHz,
CDCly) (3, ppm) 158.5, 130.7, 130.2, 126.8, 123.5, 113.8,55

anhydrous Ng8O,, then filtered and evaporated under vacuum,18.4; MS (m/z) calcd for gH;,0 148.1, found 148.1 (M+H)

the residue was purified by flash column chromatpigya
(petroleum ether or petroleum ether/ethyl acetaiedfford the
corresponding coupling products.

(E)-1-Nitro-4-(prop-1-enyl)benzene:Yellow solid, mp: 92 — 93
°C; '"H NMR (400 MHz, CDCJ) (5, ppm) 8.06 (dJ = 8.8 Hz,
2H), 7.35 (dJ = 8.8 Hz, 2H), 6.43-6.35 (m, 2H), 1.86 (4= 4.8
Hz, 3H); °C NMR (100 MHz, CDG)) (5, ppm) 146.4, 144.4,
131.2, 129.4, 126.2, 123.9, 18.7; MS (m/z) calcd GgHgNO,
163.1, found 163.1 (M+H)

(E)-4-(Prop-1-enyl)benzonitrile: Colorless oil;"H NMR (400
MHz, CDCL) (5, ppm) 7.47 (dJ = 8.4 Hz, 2H), 7.30 (d) = 8.4
Hz, 2H), 6.38 — 6.25 (m, 2H), 1.84 (= 4.8 Hz, 3H);°C NMR

(100 MHz, CDCJ) (5, ppm) 142.4, 132.3, 130.2, 129.8, 126.3,

119.2, 109.9, 18.7; MS (m/z) calcd for BN 143.1, found
143.1 (M+H).

(E)-Methyl 4-(prop-1-enyl)benzoate:Yellow oil; *H NMR (400
MHz, CDCL) (8, ppm) 7.88 (dJ = 8.4 Hz, 2H), 7.16 (d] = 8.4
Hz, 2H), 6.40 — 6.23 (m, 2H), 3.82 (s, 3H), 1.83J¢; 5.6 Hz,
3H); *C NMR (100 MHz, CDG)) (5, ppm) 168.0, 142.4, 130.3,
129.8, 128.8, 128.1, 125.6, 52.0, 18.6; MS (m/zlccceor
C1H1,0, 176.1, found 176.1 (M+H)

(E)-1,2-Dimethoxy-4-(prop-1-enyl)benzene:Colorless oil; *H
NMR (400 MHz, CDCY}) (3, ppm) 6.84 — 6.69 (m, 3H), 6.26 {,
= 15.6 Hz, 1H), 6.03 (m, 1H), 3.81 (s, 3H), 3.79 (s,,3HJ9 (dd,
J = 6.8, 1.6 Hz, 3H);°C NMR (100 MHz, CDG) (5, ppm)
148.9, 148.1, 131.1, 130.6, 123.8, 118.6, 111.8,41(%5.9, 55.7,
18.3; MS (m/z) calcd for GH,,0, 178.1, found 178.1 (M+H)

(E)-1,2,3-Trimethoxy-5-(prop-1-enyl)benzene:Colorless oil;
'H NMR (400 MHz, CDC)) (5, ppm) 6.47 (s, 2H), 6.24 (d,=
16.0 Hz, 1H), 6.13 — 6.01 (m, 1H), 3.78 (s, 6H), 3.53H),
1.79 (d,J = 6.8 Hz, 3H);"*C NMR (100 MHz, CDG)) (5, ppm)
153.2, 137.1, 133.7, 130.8, 125.2, 102.7, 60.89,588.3; MS
(m/z) calcd for GH,¢05208.1, found 208.1 (M+H)

4.,4'-(Prop-1-ene-1,1-diyl)bis(chlorobenzene)Colorless oil;*H
NMR (400 MHz, CDC}) (3, ppm) 7.26 (dJ = 8.8 Hz, 2H), 7.13
(d,J = 8.8 Hz, 2H), 7.05 — 6.95 (m, 4H), 6.07 Jg5 7.2 Hz, 1H),
1.66 (d,J = 7.2 Hz, 3H);"*C NMR(100 MHz, CDC)) (5, ppm)
140.9, 140.2, 137.9, 132.9, 132.7, 131.3, 128.8.4,2128.2,
125.2, 15.7; MS (m/z) calcd for,£,,Cl, 263.1, found 263.1
(M+H)".



Prop-1-ene-1,1-diyldibenzene White solid, mp: 49-56C; 'H
NMR (400 MHz, CDC}) (3, ppm) 7.30 (tJ = 7.6 Hz, 2H), 7.25
—7.04 (m, 8H), 6.10 (g} = 7.2 Hz, 1H), 1.69 (d] = 6.8 Hz, 3H);
*C NMR 6, ppm) 142.9, 142.4, 140.0, 130.0, 128.1, 128.0,
127.2, 126.8, 126.7, 124.1, 15.7, MS (m/z) calcd @sHy,
194.1, found 194.1 (M+H)

(E)-1-Nitro-4-(prop-1-enyl)benzene (2m)¥ellow solid, mp: 92
- 93°C; '"H NMR (400 MHz, CDC)) (8, ppm) 8.15 (dJ = 8.8

Hz, 2H), 7.44 (dJ = 8.8 Hz, 2H), 6.51 — 6.43 (m, 2H), 1.95 {d,
= 4.4 Hz, 3H). MS (m/z) calcd fordHNO, 163.1, found 163.1
(M+H)™.
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Characterization of the corresponding products:

(E)-1-Nitro-4-(prop-1-enyl)benzene (2a) [cas: 1879-55-6]

O,N

Yellow solid, mp: 92 — 93 °C; 'H NMR (400 MHz, CDCl;) (3, ppm) 8.06 (d, J = 8.8
Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 6.43-6.35 (m, 2H), 1.86 (d, J = 4.8 Hz, 3H); "°C
NMR (5, ppm) 146.4, 144.4, 131.2, 129.4, 126.2, 123.9, 18.7; MS (m/z) calcd for
CoHoNO, 164.1, found 164.1 (M+H)".

(E)-4-(Prop-1-enyl)benzonitrile (2b) [cas: 74254-13-0]

o
NC

Colorless oil; '"H NMR (400 MHz, CDCl;) (3, ppm) 7.47 (d, J = 8.4 Hz, 2H), 7.30 (d,
J = 8.4 Hz, 2H), 6.38 — 6.25 (m, 2H), 1.84 (d, J = 4.8 Hz, 3H); °C NMR (8, ppm)
142.4, 132.3, 130.2, 129.8, 126.3, 119.2, 109.9, 18.7; MS (m/z) calcd for C;oHoN
144.1, found 144.1 (M+H)".

(E)-Methyl 4-(prop-1-enyl)benzoate (2c) [cas: 158475-38-8]

MeOOC

Yellow oil; 'H NMR (400 MHz, CDCl5) (5, ppm) 7.88 (d, J = 8.4 Hz, 2H), 7.16 (d, J
= 8.4 Hz, 2H), 6.40 — 6.23 (m, 2H), 3.821 (s, 3H), 1.83 (d, J = 5.6 Hz, 3H); °C NMR
(8, ppm) 168.0, 142.4, 130.3, 129.8, 128.8, 128.1, 125.6, 52.0, 18.6; MS (m/z) calcd
for C;;H;10, 177.1, found 177.1 (M+H)"

(E)-1-Nitro-3-(prop-1-enyl)benzene (2d) [cas: 23204-79-7]

X

NO,




Yellow oil; "H NMR (400 MHz, CDCl;) (8, ppm) 8.07 (s, 1H), 7.93 (d, J = 8.0 Hz,
1H), 7.51 (d, J=17.6 Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 6.39 — 6.25 (m, 2H), 1.83 (d, J
= 5.2 Hz, 3H); °C NMR (8, ppm) 148.6, 139.7, 134.8, 131.7, 129.3, 129.0, 121.3,
120.4, 18.5; MS (m/z) calcd for CoHoNO; 164.1, found 164.1 (M+H)+.

(E)-3-(Prop-1-enyl)phenyl acetate (2e)

Xx_-CHs

OCOMe

Colorless oil; "H NMR (400 MHz, CDCls) (5, ppm) 7.28 (t, J = 8.0 Hz, 1H), 7.17 (d,
J=7.6 Hz, 1H), 7.04 (s, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.36 (d, J = 16.0 Hz, 1H), 6.29
—6.17 (m, 1H), 2.29 (s, 3H), 1.87 (d, J = 6.4 Hz, 3H); °C NMR (8, ppm) 169.5, 150.9,
139.6, 130.1, 129.3, 126.9, 123.4, 119.7, 118.6, 21.1, 18.4; MS (m/z) calcd for
C11H20, 177.1, found 177.1 (M+H)".

(E)-3-(Prop-1-enyl)phenol (2f) [cas: 66921-90-2]
AN

OH

Colorless oil; '"H NMR (400 MHz, CDCls) (8, ppm) 7.07 (t, J = 8.0 Hz, 1H), 6.82 (d,
J=7.6 Hz, 1H), 6.73 (s, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.25 (d, J = 15.6 Hz, 1H), 6.19
—6.07 (m, 1H), 4.94 (s, 1H), 1.78 (d, J = 6.4 Hz, 3H); °C NMR (8, ppm) 155.7, 139.7,
130.6, 129.7, 126.3, 118.7, 113.8, 112.5, 18.5; MS (m/z) calcd for CoH;00 135.1,
found 135.1 (M+H)"

(E)-Methyl 2-methoxy-4-(prop-1-enyl)benzoate (2g) [cas: 93-29-8]

O)\O

AN

OMe

Colorless oil; 'TH NMR (400 MHz, CDCls) (8, ppm) 6.94 — 6.73 (m, 3H), 6.29 (d, J =
16.0 Hz, 1H), 6.18 — 6.05 (m, 1H), 3.76 (s, 3H), 2.23 (s, 3H), 1.80 (d, J = 6.8 Hz, 3H);
>C NMR (8, ppm) 169.2, 151.0, 138.6, 137.1, 130.5, 126.1, 122.7, 118.4, 109.6, 55.8,
20.7, 18.4; MS (m/z) calcd for C,H;405 207.1, found 207.1 (M+H)+.

(E)-1-methoxy-4-(prop-1-enyl)benzene (2h) [cas: 4180-23-8]



oo
MeO

Colorless oil; 'TH NMR (400 MHz, CDCls) (8, ppm) 7.25 (d, J = 8.8 Hz, 2H), 6.82 (d,
J=28.8 Hz, 2H), 6.33 (d, J = 15.6 Hz, 1H), 6.14 — 6.03 (m, 1H), 3.79 (s, 3H), 1.85 (dd,
J=6.4, 1.6 Hz, 3H); °C NMR (8, ppm) 158.5, 130.7, 130.2, 126.8, 123.5, 113.8, 55.2,
18.4; MS (m/z) calcd for CoH;,0 149.1, found 149.1 (M+H)+.

(E)-1,2-Dimethoxy-4-(prop-1-enyl)benzene (2i) [cas: 6379-72-2]

AN
OMe

Colorless oil; 'TH NMR (400 MHz, CDCls) (8, ppm) 6.84 — 6.69 (m, 3H), 6.26 (d, J =
15.6 Hz, 1H), 6.03 (m, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 1.79 (dd, J = 6.8, 1.6 Hz, 3H);
>C NMR (8, ppm) 148.9, 148.1, 131.1, 130.6, 123.8, 118.6, 111.1, 108.4, 55.9, 55.7,
18.3; MS (m/z) calcd for C;;H;40; 179.1, found 179.1 (M+H)+,

(E)-1,2,3-Trimethoxy-5-(prop-1-enyl)benzene (2j) [cas: 5273-85-8]

MeO N
Meoji;/\/
OMe
Colorless oil ; "H NMR (400 MHz, CDCl;) (8, ppm) 6.47 (s, 2H), 6.24 (d, J = 16.0 Hz,
1H), 6.13 — 6.01 (m, 1H), 3.78 (s, 6H), 3.75 (s, 3H), 1.79 (d, J = 6.8 Hz, 3H); °C

NMR (8, ppm) 153.2, 137.1, 133.7, 130.8, 125.2, 102.7, 60.8, 55.9, 18.3; MS (m/z)
caled for Cj,H; 603 209.1, found 209.1 (M+H)",

4,4'-(Prop-1-ene-1,1-diyl)bis(chlorobenzene) (2k) [cas: 3439-04-1]

Cl

ohe
Cl




Colorless oil; 'TH NMR (400 MHz, CDCls) (8, ppm) 7.26 (d, J = 8.8 Hz, 2H), 7.13 (d,
J = 8.8 Hz, 2H), 7.05 — 6.95 (m, 4H), 6.07 (q, J = 7.2 Hz, 1H), 1.66 (d, J = 7.2 Hz,
3H); C NMR (3, ppm) 140.9, 140.2, 137.9, 132.9, 132.7, 131.3, 128.5, 128.4, 128.2,
125.2, 15.7; MS (m/z) caled for Cy5sH;»Cl, 264.1, found 264.1 (M+H)".

Prop-1-ene-1,1-diyldibenzene (2I) [cas: 778-66-5]

O o

White solid, mp: 4950 °C; "H NMR (400 MHz, CDCls) (8, ppm) 7.30 (t, J = 7.6 Hz,
2H), 7.25 — 7.04 (m, 8H), 6.10 (q, J = 7.2 Hz, 1H), 1.69 (d, J = 6.8 Hz, 3H); °C NMR
(8, ppm) 142.9, 142.4, 140.0, 130.0, 128.1, 128.0, 127.2, 126.8, 126.7, 124.1, 15.7,
MS (m/z) caled for CysHy4 195.1, found 195.1 (M+H)",

(E)-1-Nitro-4-(prop-1-enyl)benzene (2m) (DMSO-ds as reaction solvent)

O,N

Yellow solid, mp: 92 — 93 °C; "H NMR (400MHz, CDCl;) (3, ppm) 8.15 (d, J = 8.8,
2H), 7.44 (d, J = 8.8 Hz, 2H), 6.51 — 6.43 (m, 2H), 1.95 (d, J = 4.4 Hz, 3H). MS (m/z)
caled for CoHoNO, 164.1, found 164.1 (M+H)".
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