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ABSTRACT: Herein we report an iron-catalyzed, convenient and expedient strategy for the synthesis of styrene and naphthalene 
derivatives with the liberation of dihydrogen. The use of a catalyst derived from an earth-abundant metal provides a sustainable 
strategy to olefins. This method exhibits wide substrate scope (primary and secondary alcohols) functional group tolerance (amino, 
nitro, halo, alkoxy, thiomethoxy, and S- and N-heterocyclic compounds) and can be scaled up. The unprecedented synthesis of 1-
methyl naphthalenes proceeds via tandem methenylation / double dehydrogenation. Mechanistic study shows that the cleavage of 
the C-H bond of alcohol is the rate determining step.

INTRODUCTION 

Olefins are important for synthetic chemistry and ubiquitous 
in polymer, agrochemical, pharmaceutical, and functional 
materials.1 The traditional approaches for the synthesis of ole-
fins include Wittig;2-3 Horner–Wadsworth–Emmons,4 Peterson 
olefination,5 Julia olefination,6 and Tebbe olefination.7 Sul-
fones are widely used in the multi-step classical Julia olefina-
tion, and it operates via the formation of β-acyloxy alkyl sul-
fones from aldehydes followed by the reductive elimination 
with Na/Hg to furnish the olefin. In some cases, the aldehydes 
or ketones are not easily accessible or may undergo undesired 
side-reactions. Therefore, it is not surprising that despite the 
existing methods the development of new versatile and effi-
cient protocols for their synthesis is of continuing interest. 
Recently, research progress has been made on the synthesis of 
olefins via oxidation of alcohols under oxygen in the presence 
of Pd, Rh, Cu, Ru, Ni and under catalyst-free conditions by 
using alcohol as a solvent and copious amount of base.8 How-
ever, the requirement of precious metals, expensive ligands, 
and toxic additives always obstruct their practical application. 

The development of a cascade process that mimics the bio-
synthesis in living cells significantly enhances the efficiency 
of organic synthesis with reduction in the intermediate recov-
ery steps and further purification. Because of the improved 
step-economy, cascade reactions are highly desirable in indus-
trial bulk process chemistry.9 Hence, the direct catalytic Julia-
type olefination of alcohols via an acceptorless dehydrogena-
tive coupling (ADC) strategy10-12 has emerged as a powerful 
tool for the straightforward synthesis of olefins (Scheme 1a). 
However, existing methods suffer from the use of expensive 

precious metal catalysts,12a-b and other competing reaction (e.g. 
α-methyl substituted styrenes were observed with primary 
alcohols in Ru-PNN system).12a It is noted that secondary al-
cohols failed to afford the desired olefins under base-metal 
catalyzed conditions.12d-e 

Scheme 1. Olefination via ADC strategy. 

 
Recently, notable progress has been witnessed in the devel-

opment of homogeneous catalysts based on bio-relevant, 
earth-abundant base-metals for dehydrogenation reactions.11,13-

15 However, to mimic their reactivity with cheap metal cata-
lysts is always challenging. Iron is generally less-toxic, and 
the most abundant metal on the Earth’s crust. In this regard, 
the development of efficient catalytic systems using abundant, 
inexpensive and benign iron would be highly desirable.14,16 
Herein, we report the first iron-catalyzed direct catalytic ole-

Page 1 of 11

ACS Paragon Plus Environment

The Journal of Organic Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

fination of alcohols with the liberation of hydrogen gas. The 
present olefination has a broad substrate scope with primary 
and secondary alcohols. Notably, an unprecedented synthesis 
of 1-methyl naphthalenes proceeds via the tandem 
ADC/isomerization/dehydrogenation is reported (Scheme 1b). 

RESULT AND DISCUSSION 

We began our initial study using benzyl alcohol (1a) and 
dimethyl sulfone (2) as benchmark substrates for iron-
catalyzed direct Julia-type olefination reaction. The olefination 
reaction was performed in the presence of Fe(OTf)2 (3 mol%), 
1,10-phenanthroline (3 mol%), and KOtBu (1.1 equiv) as a 
base in toluene heated at 120 °C (oil-bath temperature)  for 8 
h. This resulted in 58% isolated yield of styrene 3a (Table 1, 
entry 1). The effect of each of the key parameters such as Fe-
catalyst, ligand, base, and reaction temperature were carefully 
investigated (Table 1). Among the commercially available 
different iron sources, FeCl2 gave the optimal results (Table 1, 
entries 1-6). The variation of ligands such as BBBPY (4,4′-di-
tert-butyl-2,2′-dipyridyl), TMEDA (N,N,N′,N′-
tetramethylethylenediamine), and PPh3 were found to be inef-
fective and gave unsatisfactory yields (Table 1, entries 4, and 
7-9). By lowering the temperature, we have obtained the prod-
uct 3a, albeit in lower yield (Table 1, entry 10). The oxidative 
olefination was observed (~10% yield) in the absence of the 
Fe-catalyst (Table 1, entry 12). Other bases such as KOH and 
K2CO3 gave moderate yield of 3a (Table 1, entries 13-14). 
Next, the effect of solvent was tested. It was observed that the 
reaction proceeds efficiently in toluene compared to other 
solvents (Table 1, entries 4, and 15-16). Notably, the liberated 
H2 gas was detected by gas chromatography and quantified. 
Table 1. Optimization of the reaction conditionsa,b 

 
Entry Reaction conditions Yield 

(%)b 

1 Fe(OTf)2 used as [Fe] source 58 

2 Fe(BF4)2•6H2O trace 

3 Cp*Fe(CO)2I 54 

4 standard conditions 76 

5 FeC2O4 40 

6 FeBr2 used as [Fe] source 55 

7 BBBPY used as Ligand 35 

8 TMEDA used as Ligand 20 

9 PPh3 used as Ligand 40 

10 at 80 oC 61 

11 without 1,10-phenathroline 55 

12 without FeCl2 10 

13 KOH instead of KOtBu 65 

14 K2CO3instead of KOtBu 40 

15 t-amyl alcohol used as solvent 51 

16 trifluorotoluene used as solvent 73 
a Reaction conditions: 1a (0.5 mmol), 2 (0.5 mmol), FeCl2 (3 mol%), 1,10-
phenathroline (3 mol%), KOtBu (0.55 mmol), and toluene (1 mL) heated 
at 120 °C (oil-bath temperature) for 8 h. bIsolated yields. 

To demonstrate the versatility of the present iron-catalyzed 
direct olefination of alcohols, the substrate scope regarding 
various primary and secondary alcohols were investigated 
(Table 2). The present Fe-catalysis is compatible with various 
benzyl alcohols containing electron-neutral, electron-rich, and 
electron-deficient substituents, affording the desired olefins in 
excellent yields (up to 80%). The direct catalytic olefination of 
ortho-substituted benzyl alcohols bearing groups, such as 2-
Me, 2-OMe and 2-Br proceeded efficiently and yielded the 
corresponding olefins in very good yields (products 3b in 
74%, 3c in 78% yield, 3d in 70% yield, respectively). The 
meta-, and para-substituted benzyl alcohols containing a range 
of functional groups, such as fluoro, chloro, bromo, amino, 
nitro, alkyl, aryl, ether, and thioether were well tolerated and 
gave the corresponding styrene derivatives (3i-3o and 3r) in 
good yields (up to 80% yield). 
Table 2. Styrene derivatives via ADC strategy: Scope of Alco-
holsa,b 

 
aReaction conditions: 1 (0.5 mmol), 2 (0.5 mmol), FeCl2 (3 mol%), 1,10-
phenanthroline (3 mol%), KOtBu (0.55 mmol), and toluene (1 mL) heated 
at 120 °C (oil-bath temperature) for 8 h. bIsolated yields. c18% -methyl 
substituted product was observed. dIsomerized product (but-2-en-2-
ylbenzene) was also observed. e12% hydrogenated product was observed. 

It is interesting to note that halo substituted benzyl alcohols 
were well tolerated and the desired halo-substituted styrenes 
(3d, 3f, 3n and 3o) were obtained in good yield, which could 
be further used for functionalization. Pleasingly, sensitive 
functional groups such as unprotected amine group, nitro, 
alkoxy, thiomethoxy and dimethoxy groups were well tolerat-
ed and gave the desired styrene derivatives in good yields 
(products 3g, 3h, 3j, 3k, 3l and 3r). The methenylation of 
extended benzyl alcohols (1-naphthyl and 2-naphthyl) pro-
ceeded efficiently and yielded the corresponding olefins in 
excellent yields (products 3p in 68%, and 3q in 75% yields, 
respectively). Heteroaryl alcohols such as 2-
thiophenemethanol and 2-pyridinemethanol worked under the 
optimized reaction conditions and afforded the expected prod-
ucts in low yields (3s in 31% and 3t in 39% yield, respective-
ly). To our delight, the secondary alcohols which gave lower 
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yield in PNN-Ru(II) catalyzed conditions underwent direct 
olefination smoothly under our Fe-catalyzed conditions. Thus, 
the secondary alcohols 1u, 1v, 1w and 1x furnished the ex-
pected α,α’-disubstituted olefins in moderate yield (up to 62% 
yield). Indeed, diphenyl methanol (1y), phenyl(o-
tolyl)methanol (1z), and bis(4-methoxyphenyl)methanol (1za) 
reacted effectively, and yielded the corresponding olefins in 
excellent yields (up to 80% yield). To demonstrate the practi-
cal utility of the present Fe-catalyzed direct synthesis of sty-
rene derivatives (3c, 3q and 3r) a larger scale synthesis has 
been performed. 

The synthesis of the naphthalene scaffold has a great atten-
tion because of its use in synthetic, medicinal, and material 
chemistry.17 Several natural products (e.g. Gossypol, and Ri-
fampici) possess a naphthalene core in their structures and 
exhibit promising biological activities.18 Interestingly, under 
our Fe-catalyzed conditions 1,2,3,4-tetrahydronaphthalene-1-
ol (4) reacted with 2 and yielded the 1-methylnaphthalene 
derivatives with the liberation of hydrogen gas (Table 3). This 
unprecedented reaction proceeds via ADC of secondary alco-
hols with 2 to form the terminal olefins which further undergo 
isomerization followed by dehydrogenation under Fe-catalysis 
to lead to the corresponding 1-methylnaphthalene derivatives 
as the single product. 
Table 3. Synthesis of 1-methyl naphthalene derivatives via tandem 
ADC/isomerization/dehydrogenationa,b 

 
aReaction conditions: 4a-p (0.5 mmol), 2 (0.5 mmol), FeCl2 (3 mol%), 
1,10-phenanthroline (3 mol%), KOtBu (0.55 mmol), and toluene (1 mL) 
heated at 120 °C (oil-bath temperature) for 24 h. bIsolated yields. c2:1 
mixture of 5o and the partially dehydrogenated product. 

To demonstrate the generality of our iron-catalyzed unprec-
edented synthesis of 1-methyl naphthalene derivatives, various 
1,2,3,4-tetrahydronaphthalene-1-ols were investigated (Table 
3). Thus, diverse 1,2,3,4-tetrahydronaphthalene-1-ols contain-
ing substituted cyclic ether, aliphatic, and substituted benzylic 
groups afforded the corresponding 1-methylnaphthalene de-

rivatives in good to moderate yields (5a-5p). Surprisingly, 
retention of the double bond was observed when performing 
the reactions with 5-(allyloxy)-1,2,3,4-tetrahydronaphthalen-1-
ol (4k) and 5-(pent-4-enyloxy)-1,2,3,4-tetrahydronaphthalen-
1-ol (4l) under optimal conditions. Interestingly, compound 4k 
afforded the product 5k in moderate yield (57%) with isomeri-
zation of the double bond. We believe that the isomerization 
of the double bond in 4k occurs via migratory insertion fol-
lowed by β-hydride elimination by the in situ generated Fe-H 
complex.19 Casey and co-workers reported that the iron-
catalyzed isomerization of olefins can occur by either an iron-
hydride addition-elimination mechanism or by a mechanism 
involving a π-allyl iron-hydride intermediate.20 Various substi-
tuted 1,2,3,4-tetrahydronaphthalene-1-ol possessing 6-OMe 
and 4-CF3-Ph gave the corresponding 1-methylnaphthalene 
products in good yields (products 5m in 65% and 5n in 72% 
yields). In the case of 4o, a mixture of 5o and a partially dehy-
drogenated product (7-(3-fluorophenyl)-1-methylene-1,2,3,4-
tetrahydronaphthalene) were obtained in 2:1 ratio. This result 
revealed that the formation of 1-methyl naphthalene occurs via 
initial olefination followed by isomerization and subsequent 
dehydrogenation reaction under Fe-catalysis. A substrate with 
a substituent on aliphatic ring such as 4-methyl-1,2,3,4-
tetrahydronaphthalene-1-ol (4p) was compatible with this re-
action and delivered 5p in 48% isolated yield. 
Scheme 2 Mechanistic investigations 

 
To gain insight into the reaction mechanism, several control 

experiments were performed (Scheme 2). Notably, a simulta-
neous evolution of molecular hydrogen during the Fe-
catalyzed tandem ADC/isomerization/dehydrogenation of 4a 
with 2 was detected using gas chromatography (GC) analysis, 
and the quantity of the evolution of hydrogen gas also deter-
mined.21 Indeed, in the absence of 2, the formation of dehy-
drogenated product, 1-tetralone (4a’) and H2 gas were ob-
served (Scheme 2a). Performing the reaction using 1-tetralone 
under our Fe-catalyzed conditions, the reaction proceeded 
smoothly and provided 5a in 43% isolated yield. Recent stud-
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ies on iron-catalyzed C-alkylation of carbonyl compounds 
using primary alcohols as alkylating agents disclosed that the 
intermediate iron alkoxy species undergoes base-mediated β-
hydride elimination and resulted in the formation of aldehyde 
and iron-hydride species.22 Hence, we envisioned that the de-
hydrogenation of 1,2,3,4-tetrahydronaphthalene-1-ol (4a) un-
der Fe-catalysis offered the corresponding dehydrogenated 
product 1-tetralone (4a’) with the formation of transient Fe−H 
species (Scheme 2b). The two independent reactions using 1-
methylene-1,2,3,4-tetrahydronaphthalene (6a), and 4-methyl-
1,2-dihydronaphthalene (6b) under the Fe-catalyzed condi-
tions yielded the expected 1-methylnaphthalene (5a) in mod-
erate yields in the presence of catalytic amount of 4a. These 
results indicated that 6a and 6b are the potential intermediate 
in the synthesis of 1-methyl naphthalene derivatives via Fe-
catalyzed tandem reaction (Scheme 2c). Additionally, deuteri-
um-labeling experiments were performed for the Fe-catalyzed 
olefination of [D]-1r with 2, and [D]-3r was obtained in 70% 
yield along with 72% deuterium incorporation at the α-
position (Scheme 2d). The kinetic deuterium labeled experi-
ment indicated that the dissociation of C-H bond of alcohol 
might be the moderately slow step in the reaction as the kH/kD 
ratio is 2.53. Next, we have performed competitive KIE to 
verify the kH/kD. Thus, two parallel reactions using dimethyl 
sulfone (2, 0.2 mmol), alcohol (1r, 0.2 mmol), or deuterated 
alcohol (1r-[D]), FeCl2 (3 mol%), 1,10-phenanthroline (3 
mol%), KOtBu (0.22 mmol), and toluene (1 mL) were per-
formed under standard conditions. It was found that with alco-
hol 1r and deuterated alcohol (1r-[D]), the isolated yield of 
the product is 18.3% and 7.3% (Scheme 2e), respectively 
which indicates kH/kD = 2.51. This result is in close agreement 
with the already mentioned kH/kD value (KIE = 2.53) and pro-
vide a support for the breaking of the C−H bond of alcohol is 
the rate determining step. 

To gain preliminary insights into the active catalytic spe-
cies, we have conducted two sets of experiments with selective 
poisoning reagents (Scheme 3). Mercury is a poison for heter-
ogeneous catalysis due to a potential amalgam formation with 
heterogeneous metal species.23 Upon addition of excess Hg 
(50eq per [Fe]) to the Fe-catalyzed ADC of 1a with 2, there is 
no significant change of the catalytic activity was observed in 
comparison with the control experiment. A similar poisoning 
experiments with dibenzo[a,e]cycloocta-tetraene (dct) is also 
conducted. Dibenzo[a,e]cycloocta-tetraene is a selective poi-
son for homogeneous metal species.24 The presence of an ex-
cess amount of dct poison (5eq per [Fe]) had a significant ef-
fect on the activity of the iron catalyst. These poison experi-
ments suggest that a homogeneous species possibly serves as 
the active catalyst. 
Scheme 3. Homogeneous nature of Fe-species 

 
Reaction conditions: 4a (0.5 mmol), 2 (0.5 mmol), FeCl2 (3 mol%), 1,10-
phenanthroline (3 mol%), KOtBu (0.55 mmol), and toluene (1 mL) heated 
at 120 °C (oil-bath temperature). 

In summary, an earth-abundant iron catalyzed convenient 
and efficient protocol for sustainable synthesis of styrene and 

naphthalene derivatives with the liberation of dihydrogen is 
disclosed. Mechanistic study illustrated that the cleavage of 
the C-H bond of alcohol is the rate determining step. The un-
precedented synthesis of 1-methyl naphthalenes proceeds via a 
tandem ADC/isomerization/dehydrogenation. 

ASSOCIATED CONTENT 
General Information. All catalytic experiments were carried 
out using standard Schlenk techniques. All solvents were rea-
gent grade or better. Deuterated solvents were used as re-
ceived. Toluene was refluxed over sodium/benzophenone and 
followed by distilled under argon atmosphere and stored over 
sodium. Metal complexes and other chemicals used in cataly-
sis reactions were used without additional purification. Thin 
layer chromatography (TLC) was performed using silica gel 
precoated glass plates, which were visualized with UV light at 
254 nm or under iodine. Column chromatography was per-
formed with SiO2 (SilicycleSiliaflash F60 (230-400 mesh). 1H 
NMR (400 or 500 MHz), 13C{1H} NMR (100 MHz) spectra 
were recorded on the NMR spectrometer. Deuterated chloro-
form was used as the solvent and chemical shift values (δ) are 
reported in parts per million relatives to the residual signals of 
this solvent [δ 7.26 for 1H (chloroform-d), δ 77.2 for 13C{1H} 
(chloroform-d). Abbreviations used in the NMR follow-up 
experiments: br, broad; s, singlet; d, doublet; t, triplet; q, quar-
tet; m, multiplet. GC analysis was carried out using a HP-5 
column (30 m, 0.25 mm, 0.25μ). Mass spectra were obtained 
on a GCMS-QP 5000 instruments with ionization voltages of 
70 eV. High resolution mass spectra (HRMS) were obtained 
by fast atom bombardment (FAB) using a double focusing 
magnetic sector mass spectrometer and electron impact (EI) 
ionization technique (magnetic sector-electric sector double 
focusing mass analyzer). HPLC analysis was performed on 
Agilent Technologies 1260 Infinity with UV detector. 

1a. General procedure for the Fe-catalyzed olefination of 
alcohols: To an oven-dried 10 mL screw-capped vial, FeCl2 (3 
mol%), 1,10-phenanthroline (3 mol%), dimethyl sulfone 2 (0.5 
mmol), alcohol 1 or 4 (0.5 mmol), KOtBu (0.55 mmol, 1.1 
equivalent), toluene (1 mL) were added under a gentle stream 
of argon. The reaction mixture was kept for stirring at 120 oC 
(oil-bath temperature). The reaction was monitored by TLC. 
Then, the reaction mixture was diluted with water (4 mL) and 
extracted with dichloromethane (3 x 5 mL). The resultant or-
ganic layer was dried over anhydrous Na2SO4 and the solvent 
was evaporated under reduced pressure. The crude mixture 
was purified by silica gel column chromatography (230-400 
mesh size) using petroleum-ether/ethyl acetate as an eluting 
system. 
1b. Procedure for Large-scale Synthesis (3c, 3q and 3r): To 
demonstrate the practical utility of the present Fe-catalyzed 
direct synthesis of styrene derivatives a larger scale synthesis 
has been performed. 
To a 100 mL oven dried seal tube, FeCl2 (3 mol%), 1,10-
phenanthroline (3 mol%), dimethyl sulfone 2 (5 mmol), alco-
hol 1c or 1q or 1r (5.2 mmol), KOtBu (5.5 mmol), toluene (20 
mL) were added under a gentle stream of argon. The reaction 
mixture was kept for stirring at 120 oC (oil-bath temperature). 
The reaction was monitored by TLC. After 24 h, the reaction 
mixture was cooled to room temperature and chloroform was 
added to dilute the mixture. Then it was filtered through celite 
and filtrate was concentrated under reduced pressure. The 
crude residue was purified further by silica gel (230-400 
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mesh) column chromatography using a mixture of petroleum 
ether and EtOAc as eluent. Yield of 3c is (561 mg, 81%), 3q 
(642 g, 83%), and 3r (605 mg, 74%). 
2. Mechanistic Studies: 
GC Conditions: GC make & Column: Agilent 7890 GC car-
bosphere column; Detector:  Thermal Conductivity Detector 
(TCD); Carrier gas: Nitrogen; Make up flow of N2: 5 mL/min; 
Detector Temperature: 200 degree Celsius and oven tempera-
ture 80 degree Celsius at the time of injection. 
2.1 Qualitative analysis of hydrogen gas formation: (a) To 
an oven-dried 10 mL screw-capped vial, FeCl2 (3 mol%), 
1,10-phenanthroline (3 mol%), alcohol 4a (0.5 mmol), KOtBu 
(0.55 mmol, 1.1 equivalent), toluene (1 mL) were added under 
a gentle stream of argon. The reaction mixture was kept for 
stirring at 120 oC (oil-bath temperature) for 8 h. The GC anal-
ysis of the gaseous mixture showed that the formation of dihy-
drogen. Then, the reaction mixture was diluted with water (4 
mL) and extracted with dichloromethane (3 x 5 mL). The re-
sultant organic layer was dried over anhydrous Na2SO4 and the 
solvent was evaporated under reduced pressure. The crude 
mixture was purified by silica gel column chromatography 
(230-400 mesh size) using petroleum-ether/ethyl acetate as an 
eluting system. 
(b) Under standard conditions the ADC of benzyl alcohol (1a) 
with dimethyl sulfone (2) was carried out using the J. Young 
NMR tube. After 8 h, the gas was also collected by a gas-tight 
syringe and qualitatively analyzed by GC-TCD with a Carbon 
plot capillary column gas chromatography which showed the 
presence of H2 gas at retention time 0.65 min. The retention of 
hydrogen gas is already calibrated. 
2.2 Quantification of hydrogen gas: For the detection of 
hydrogen, the following dual reaction was performed. To 
schlenk tube (A), FeCl2 (3 mol%), 1,10-phenanthroline (3 
mol%), dimethyl sulfone (2, 0.5 mmol), benzyl alcohol (1a, 
0.5 mmol), KOtBu (0.55 mmol, 1.1 equivalent), toluene (1 
mL) were added under a gentle stream of argon. The entire 
system was degassed and flushed with argon for 5 minutes 
(three times) and packed with rubber septum. To another 25 
mL Schlenk tube (B), RhCl(PPh3)3 (10 mol%) catalyst, and 
cyclohexene (0.5 mmol) were dissolved in benzene (2 mL). 
Both the flasks (A & B) were connected through a double 
headed syringe and allowed to equilibrate for 5 minutes. The 
mixture in the flask (A) was heated at 120 oC (oil-bath temper-
ature), while the mixture in the flask (B) was stirred at 80 °C. 
After 8 hours, the organic entities present in the flask (B) were 
analyzed by GC-MS and GC which showed a clean conver-
sion (63%) of the cyclohexene to cyclohexane (yield of 3a = 
71%). 
2.3 Formation of transient Fe−H species: (a) To an oven-
dried 10 mL screw-capped vial, 1-tetralone 4a’ (0.5 mmol), 2 
(0.5 mmol), toluene (1 mL) were added under a gentle stream 
of argon (with various conditions, Scheme 2b). The reaction 
mixture was kept for stirring at 120 oC (oil-bath temperature) 
for 8 h. Then, the reaction mixture was diluted with water (4 
mL) and extracted with dichloromethane (3 x 5 mL). The re-
sultant organic layer was dried over anhydrous Na2SO4 and the 
solvent was evaporated under reduced pressure. The crude 
mixture was purified by silica gel column chromatography 
(230-400 mesh size) using petroleum-ether/ethyl acetate as an 
eluting system. 
(b) To an oven-dried 10 mL screw-capped vial, FeCl2 (3 
mol%), 1,10-phenanthroline (3 mol%), 1-methylene-1,2,3,4-
tetrahydronaphthalene (6a) or 4-methyl-1,2-

dihydronaphthalene (6b) (0.5 mmol), KOtBu (0.55 mmol, 1.1 
equivalent), 5 mol% of 4a, and toluene (1 mL) were added 
under a gentle stream of argon (Scheme 2c). The reaction mix-
ture was kept for stirring at 120 oC (oil-bath temperature) for 8 
h. Then, the reaction mixture was diluted with water (4 mL) 
and extracted with dichloromethane (3 x 5 mL). The resultant 
organic layer was dried over anhydrous Na2SO4 and the sol-
vent was evaporated under reduced pressure. The crude mix-
ture was purified by silica gel column chromatography (230-
400 mesh size) using petroleum-ether/ethyl acetate as an elut-
ing system. 
2.4 Deuterium labelling experiment: GC Conditions: Col-
umn: Agilent HP-5 (30m x 0.320mm x 0.25µm); Carrier gas: 
Nitrogen; Flow: 1.0 mL/min (Split ratio: 100:1); Injection 
volume: 1 µL; Detector: FID, Detector Temp.: 300 degrees 
Celsius; Injection Temp.: 250 degrees Celsius; Temperature 
Program: 80 degrees Celsius (1 min hold), 20 degrees celsi-
us/min – 280 degrees Celsius (10 min hold). 
Synthesis of 1r-[D] 
To an oven-dried 10 mL screw-capped vial, Ru-MACHO (3 
mol%), 3,4-dimethoxy benzyl alcohol 1r (0.1 mmol), KOtBu 
(0.55 mmol, 1.1 equivalent), deuterium oxide (1 mL) were 
added under a gentle stream of argon. The reaction mixture 
was kept for stirring at 130 oC (oil-bath temperature) for 18 h. 
Then, the reaction mixture was diluted with water (4 mL) and 
extracted with dichloromethane (3 x 5 mL). The resultant or-
ganic layer was dried over anhydrous Na2SO4 and the solvent 
was evaporated under reduced pressure. The crude mixture 
was purified by silica gel column chromatography (230-400 
mesh size) using petroleum-ether/ethyl acetate as an eluting 
system. 
To an oven-dried 10 mL screw-capped vial, FeCl2 (3 mol%), 
1,10-phenanthroline (3 mol%), dimethyl sulfone 2 (0.5mmol), 
3,4-dimethoxy benzyl alcohol 1r-[D] (0.5 mmol), KOtBu 
(0.55 mmol, 1.1 equivalent), and toluene (1 mL) were added 
under a gentle stream of argon. The reaction mixture was kept 
for heating at 120 oC (oil-bath temperature) for 8 h. Then, the 
reaction mixture was diluted with water (4 mL) and extracted 
with dichloromethane (3 x 5 mL). The resultant organic layer 
was dried over anhydrous Na2SO4 and the solvent was evapo-
rated under reduced pressure. The crude mixture was purified 
by silica gel column chromatography (230-400 mesh size) 
using petroleum-ether/ethyl acetate as an eluting system. 
2.5 KIE Experiment: 
(a) Time dependent formation of product 3r using 1r and 
1r-[D]: To an oven dried 15 mL screw cap pressure tube, di-
methyl sulfone (2, 0.5 mmol), alcohol (1r, 0.5 mmol), or deu-
terated alcohol (1r-[D]), FeCl2 (3 mol%), 1,10-phenanthroline 
(3 mol%), KOtBu (0.55 mmol), and mesitylene (0.5 mmol) as 
an internal standard and toluene were added under a gentle 
stream of argon to make up the total volume of the reaction 
mixture to 1 mL. The reaction mixture was kept for stirring at 
120 oC (oil-bath temperature). At regular intervals (2 min, 4 
min, 6 min, 8 min, 10 min) the reaction mixture was cooled to 
ambient temperature and an aliquot of mixture was taken in a 
GC vial. The GC sample was diluted with methanol and sub-
jected to gas chromatographic analysis. The concentration of 
the products was determined with respect to mesitylene inter-
nal standard. The data was used to draw the concentration of 
the product (M) vs time (min.) plot. 
(b) Competitive KIE experiment: Parallel reaction: To an 
oven dried 15 mL screw cap pressure tubes (two separate 
tubes), dimethyl sulfone (2, 0.2 mmol), alcohol (1r, 0.2 
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mmol), or deuterated alcohol (1r-[D]), FeCl2 (3 mol%), 1,10-
phenanthroline (3 mol%), KOtBu (0.22 mmol), and toluene (1 
mL) were added under a gentle stream of argon. Both the reac-
tion mixture was kept for stirring at 120 °C (oil-bath tempera-
ture) for 1 h. The crude mixture was purified by silica gel col-
umn chromatography (230-400 mesh size) using petroleum-
ether/ethyl acetate as an eluting system. 
2.6 Homogeneous nature of Fe-species: To an oven-dried 10 
mL screw-capped vial, FeCl2 (3 mol%), 1,10-phenanthroline 
(3 mol%), dimethyl sulfone 2 (0.5mmol), 4a (0.5 mmol), 
KOtBu (0.55 mmol, 1.1 equivalent), Hg (50 equivalent with 
respect to catalyst) or Dibenzo[a,e]cycloocta-tetraene (Dct, 5 
equivalent with respect to catalyst), and toluene (1 mL) were 
added under a gentle stream of argon. The reaction mixture 
was kept for stirring at 120 °C (oil-bath temperature) for 24 h. 
Then, the reaction mixture was diluted with water (4 mL) and 
extracted with dichloromethane (3 x 5 mL). The resultant or-
ganic layer was dried over anhydrous Na2SO4 and the solvent 
was evaporated under reduced pressure. The crude mixture 
was purified by silica gel column chromatography (230-400 
mesh size) using petroleum-ether/ethyl acetate as an eluting 
system. 
3. Characterization Data 
Styrene (3a)12a Colorless liquid, 37 mg, 71% isolated yield. Rf 
= 0.9 (hexane = 100). 1H NMR (200 MHz, CHLOROFORM-
d) = 7.55 - 7.24 (m, 5 H), 6.79 (dd, J = 10.9, 17.6 Hz, 1H), 
5.82 (dd, J = 0.8, 17.6 Hz, 1H), 5.31 (dd, J = 0.8, 10.9 Hz, 
1H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 137.5, 
136.9, 128.5, 127.7, 126.2, 113.7. 
1-methyl-2-vinylbenzene (3b)25 Colorless liquid, 43 mg, 74% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.49 (brs, 1H), 7.24 - 7.10 (m, 3H), 
7.05 - 6.85 (m, 1H), 5.65 (dd, J = 1.4, 17.4 Hz, 1H), 5.30 (dd, 
J = 1.4, 11.0 Hz, 1H), 2.37 (s, 3 H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 134.8, 130.2, 127.6, 126.1, 125.3, 
115.1, 19.7. 
1-methoxy-2-vinylbenzene (3c)26 Colorless liquid, 54 mg, 78% 
isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H NMR 
(200 MHz, CHLOROFORM-d)  = 7.47 (dd, J = 1.6, 7.6 Hz, 
1H), 7.30 - 7.16 (m, 1H), 7.14 - 6.71 (m, 3H), 5.73 (dd, J = 
1.6, 17.7 Hz, 1H), 5.26 (dd, J = 1.6, 11.2 Hz, 1H), 3.82 (s, 
3H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 156.6, 
131.6, 128.8, 126.6, 126.4, 120.5, 114.4, 110.7, 55.3. 
2-bromo styrene (3d) Colorless liquid, 64 mg, 70% isolated 
yield. Rf = 0.79 (hexane = 100), 1H NMR (400 MHz, 
CHLOROFORM-d) δ ppm 7.47 (d, J = 7.9 Hz, 2H), 7.20 (t, J 
= 7.6 Hz, 1H), 6.91 - 7.10 (m, 2H), 5.63 (d, J = 17.1 Hz, 1H), 
5.29 (d, J = 10.9 Hz, 1H). 13C{1H} NMR (101 MHz, 
CHLOROFORM-d) δ ppm 137.5, 135.8, 132.9, 129.4, 129.1, 
127.5, 126.8, 123.6, 116.7, 77.3, 77.0, 76.7. 
3-methyl styrene (3e) Colorless liquid, 38 mg, 80% isolated 
yield. Rf = 0.5 (hexane = 100), 1H NMR (500 MHz, 
CHLOROFORM-d) δ ppm 7.36 (d, J = 4.6 Hz, 3H), 7.12 - 
7.27 (m, 1H), 6.84 (dd, J = 17.7, 10.9 Hz, 1H), 5.78 - 5.97 (m, 
1H), 5.37 (d, J = 11.1 Hz, 1H), 2.49 (s, 3H). 13C{1H} NMR 
(126 MHz, CHLOROFORM-d) δ ppm 138.1, 137.7, 137.1, 
128.7, 128.5, 127.1, 123.5, 113.6, 77.4, 77.2, 76.9, 21.5. 
1-chloro-3-vinylbenzene (3f)25 Colorless liquid, 36 mg, 53% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.38 (s, 1H), 7.33 - 7.13 (m, 3H), 6.65 
(dd, J = 10.9, 17.6 Hz, 1H), 5.75 (d, J = 17.6 Hz, 1H), 5.29 (d, 
J = 10.9 Hz, 1H). 13C{1H} NMR (50 MHz, CHLOROFORM-
d)  = 139.4, 135.6, 134.5, 129.7, 127.7, 126.1, 124.4, 115.3. 

3-vinylaniline (3g) Yellow liquid, 21 mg, 35% isolated yield. 
Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.17 (t, J = 7.7 Hz, 1H), 6.88 (d, J = 
7.7 Hz, 1H), 6.83 - 6.43 (m, 3H), 5.76 (d, J = 17.6 Hz, 1H), 
5.27 (d, J = 10.9 Hz, 1H), 3.61 (s, 2H). 13C{1H} NMR (50 
MHz, CHLOROFORM-d)  = 146.4, 138.5, 136.9, 129.3, 
116.7, 114.7, 113.5, 112.6. 
3-nitro styrene (3h) Yellow liquid, 33 mg, 44% isolated yield. 
Rf = 0.39 (hexane: ethyl acetate = 9:1), 1H NMR (200 MHz, 
CHLOROFORM-d) δ ppm 8.22 (s, 1H), 8.08 (dt, J = 8.1, 1.0 
Hz, 1H), 7.70 (d, J = 7.7 Hz, 1H), 7.48 (t, J = 7.9 Hz, 1H), 
6.75 (dd, J = 17.6, 10.9 Hz, 1H), 5.88 (d, J = 17.5 Hz, 1H), 
5.43 (d, J = 10.8 Hz, 1H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d) δ ppm 148.6, 139.2, 134.7, 132.1, 129.5, 
122.4, 120.8, 117.05, 77.8, 77.1, 76.5. 
1-tert-butyl-4-vinylbenzene (3i)12c Colorless liquid, 47 mg, 
59% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 
MHz, CHLOROFORM-d)  = 7.55 - 7.59 (m, 4H), 6.86 - 7.01 
(m, 1H), 5.93 (dd, J = 1.0, 17.6 Hz, 1H), 5.41 (dd, J = 1.0, 
10.9 Hz, 1H), 1.53 (s, 9H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 150.6, 136.7, 134.8, 126.0, 125.3, 
112.7, 34.4, 31.2. 
1-methoxy-4-vinylbenzene (3j)12a Colorless liquid, 50 mg, 75% 
isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H NMR 
(200 MHz, CHLOROFORM-d)  = 7.52 - 7.30 (m, 2H), 7.01 - 
6.84 (m, 2H), 6.73 (dd, J = 10.9, 17.6 Hz, 1H), 5.67 (dd, J = 
0.9, 17.6 Hz, 1H), 5.19 (dd, J = 0.9, 10.9 Hz, 1H), 3.85 (s, 
3H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 159.3, 
136.2, 130.4, 127.3, 113.8, 111.5, 55.2. 
1-tert-butoxy-4-vinylbenzene (3k)27 Colorless liquid, 55 mg, 
63% isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H 
NMR (200 MHz, CHLOROFORM-d)  = 7.57 - 7.30 (m, 2H), 
7.18 - 6.96 (m, 2H), 6.79 (dd, J = 10.9, 17.6 Hz, 1H), 5.76 (dd, 
J = 0.9, 17.6 Hz, 1H), 5.27 (dd, J = 0.9, 10.9 Hz, 1H), 1.46 (s, 
9 H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 155.1, 
136.1, 132.3, 126.4, 123.6, 111.9, 77.8, 28.5. 
methyl(4-vinylphenyl)sulfane (3l)28 Yellow liquid, 52 mg, 70% 
isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H NMR 
(500 MHz, CHLOROFORM-d)  = 7.34 (d, J = 8.4 Hz, 2H), 
7.23 (dd, J = 4.6, 8.4 Hz, 3H), 6.68 (dd, J = 11.1, 17.5 Hz, 
1H), 5.72 (d, J = 17.5 Hz, 1H), 5.22 (d, J = 10.7 Hz, 1H), 2.50 
(s, 4 H). 13C{1H} NMR (126 MHz, CHLOROFORM-d)  = 
138.0, 136.2, 134.6, 113.2, 15.8. 
4-vinylbiphenyl (3m)29 Colorless liquid, 61 mg, 68% isolated 
yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.84 - 7.30 (m, 9H), 6.78 (dd, J = 
10.9, 17.6 Hz, 1H), 5.81 (dd, J = 0.8, 17.6 Hz, 1H), 5.29 (d, J 
= 10.9 Hz, 1H). 13C{1H} NMR (50 MHz, CHLOROFORM-d) 
 = 140.7, 140.6, 136.6, 136.4, 128.8, 127.3, 127.2, 126.9, 
126.6, 113.9. 
1-fluoro-4-vinylbenzene (3n)12a Colorless liquid, 37 mg, 61% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d) = 7.56 - 7.34 (m, 2H), 7.19 - 6.93 (m, 
2H), 6.72 (dd, J = 10.9, 17.6 Hz, 1H), 5.70 (d, J = 17.6 Hz, 
1H), 5.26 (d, J = 10.9 Hz, 1H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 162.4 (d, JC-F = 245 Hz),135.6, 133.6 
(d, JC-F = 5 Hz), 127.7(d, JC-F = 5 Hz), 115.3(d, JC-F = 20 Hz), 
113.3. 
1-bromo-4-vinylbenzene (3o)12b Colorless liquid, 57 mg, 63% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.61 - 7.33 (m, 2H), 7.32 - 7.13 (m, 
2H), 6.64 (dd, J = 10.9, 17.6 Hz, 1H), 5.73 (dd, J = 0.7, 17.6 
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Hz, 1H), 5.34 - 5.16 (m, 1H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 136.4, 135.7, 131.6, 127.7, 121.5, 
114.5. 
1-vinylnaphthalene (3p)12a Colorless liquid, 52 mg, 68% iso-
lated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 8.36 - 8.08 (m, 1H), 8.08 - 7.79 (m, 
2H), 7.79 - 7.36 (m, 5H), 5.86 (dd, J = 1.5, 17.3 Hz, 1H), 5.54 
(dd, J = 1.5, 10.9 Hz, 1H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 135.6, 134.3, 133.5, 131.1, 128.5, 
128.1, 126.0, 125.7, 125.6, 123.7, 123.6, 117.1. 
2-vinylnaphthalene (3q)12a Colorless liquid, 58 mg, 75% iso-
lated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.97 - 7.74 (m, 4H), 7.74 - 7.62 (m, 
1H), 7.56 - 7.40 (m, 2H), 6.92 (dd, J = 10.9, 17.6 Hz, 1H), 
5.90 (dd, J = 0.8, 17.6 Hz, 1H), 5.37 (dd, J = 0.6, 10.9 Hz, 
1H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 136.9, 
135.0, 133.1, 128.1, 128.0, 127.6, 126.3, 126.2, 125.9, 123.2, 
114.1. 
1,2-dimethoxy-4-vinylbenzene (3r)12a Colorless liquid, 58 mg, 
71% isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 1H 
NMR (500 MHz, CHLOROFORM-d)  = 7.01 - 6.92 (m, 2H), 
6.83 (d, J = 8.0 Hz, 1H), 6.66 (dd, J = 10.7, 17.5 Hz, 1H), 5.62 
(d, J = 17.5 Hz, 1H), 5.16 (d, J = 10.7 Hz, 1H), 3.92 (s, 3H), 
3.89 (s, 3H). 13C{1H} NMR (126 MHz, CHLOROFORM-d)  
= 149.0, 149.0, 136.5, 130.7, 119.4, 111.8, 111.0, 108.5, 55.9, 
55.8. 
2-vinyl thiophene (3s)12b Colorless liquid, 17 mg, 31% isolated 
yield. Rf = 0.5 (hexane = 100), 1H NMR (200 MHz, 
CHLOROFORM-d) δ ppm 7.04 - 7.16 (m, 1H), 6.85 - 7.03 
(m, 2H), 6.75 (dd, J = 17.3, 10.8 Hz, 1H), 5.50 (d, J = 17.3 Hz, 
1H), 5.07 (d, J = 10.8 Hz, 1H). 
3-vinyl pyridine (3t)12b Colorless liquid, 20 mg, 39%. Rf = 0.3 
(hexane: ethyl acetate = 9:1), 1H NMR (400 MHz, 
CHLOROFORM-d) δ ppm 8.60 (d, J = 4.3 Hz, 1H), 7.60 - 
7.87 (m, 1H), 7.37 (d, J = 7.9 Hz, 1H), 7.18 (dd, J = 7.0, 5.2 
Hz, 1H), 6.84 (dd, J = 17.1, 10.9 Hz, 1H), 6.22 (d, J = 17.1 
Hz, 1H), 5.51 (d, J = 10.9 Hz, 1H). 13C{1H} NMR (101 MHz, 
CHLOROFORM-d) δ ppm 155.7, 149.5, 136.9, 136.5, 122.4, 
121.2, 118.2. 
prop-1-en-2-ylbenzene (3u)26 Colorless liquid, 34 mg, 57% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 7.66 - 7.54 (m, 2H), 7.50 - 7.34 (m, 
3H), 5.48 (dd, J = 0.8, 1.5 Hz, 1H), 5.28 - 5.08 (m, 1H), 2.26 
(dd, J = 0.8, 1.4 Hz, 3H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 143.3, 141.2, 128.2, 127.4, 125.5, 
112.4, 21.8. 
1-methoxy-4-(prop-1-en-2-yl)benzene (3v) Colorless liquid, 46 
mg, 62% isolated yield. Rf = 0.3 (hexane/ethyl acetate = 10/1). 
1H NMR (500 MHz, CHLOROFORM-d)  = 7.43 (brs, 2H), 
6.88 (brs, 2H), 5.29 (brs, 1H), 5.00 (brs, 1H), 3.82 (brs, 3H), 
2.14 (brs, 3H). 13C{1H} NMR (126 MHz, CHLOROFORM-d) 
 = 159.0, 142.6, 133.7, 126.6, 113.5, 110.6, 55.3, 21.9. 
HRMS (EI): m/z Calcd for C10H12O [M+H]+: 149.0961; 
Found: 149.0960. 
2-(prop-1-en-2-yl)naphthalene (3w) Colorless liquid, 49 mg, 
58% isolated yield. Rf = 0.9 (hexane = 100). 1H NMR (200 
MHz, CHLOROFORM-d)  = 7.92 - 7.80 (m, 4H), 7.76 - 7.65 
(m, 1H), 7.53 - 7.44 (m, 2H), 5.57 (s, 1H), 5.32 - 5.15 (m, 1H), 
2.31 (s, 3H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 
143.0, 138.4, 133.4, 132.8, 128.2, 127.7, 127.5, 126.1, 125.8, 
124.2, 123.9, 113.0, 21.8. HRMS (EI): m/z Calcd for C13H13 
[M+H]+: 169.1012; Found: 169.1011. 

but-1-en-2-ylbenzene (3x) Colorless liquid, 34 mg, 50% iso-
lated yield. Rf = 0.30 (hexane= 100), 1H NMR (400 MHz, 
CHLOROFORM-d) δ ppm 7.45 - 7.50 (m, 2H), 7.23 - 7.45 
(m, 6H), 5.33 (s, 1H), 5.12 (d, J = 1.2 Hz, 1H), 2.58 (q, J = 7.3 
Hz, 2H), 1.16 (t, J = 7.3 Hz, 3H). 13C{1H} NMR (101 MHz, 
CHLOROFORM-d) δ ppm 150.1, 141.6, 128.3, 127.3, 126.0, 
122.5, 110.9, 77.4, 77.3, 77.1, 76.7, 28.1, 12.9. 
ethene-1,1-diyldibenzene (3y)12a Colorless liquid, 63 mg, 70% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 5.40 (s, 2 H), 7.27 (brs, 10H). 
13C{1H} NMR (50 MHz, CHLOROFORM-d)  = 150.0, 
141.5, 128.2, 128.1, 127.7, 114.3. 
1-methyl-2-(1-phenylvinyl)benzene (3z) Colorless liquid, 59 
mg, 61% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(400 MHz, CHLOROFORM-d)  = 7.47 - 7.17 (m, 10H), 5.85 
(s, 1H), 5.27 (s, 1H), 2.13 (s, 3H). 13C{1H} NMR (101 MHz, 
CHLOROFORM-d)  = 149.4, 141.6, 140.6, 136.1, 130.0, 
130.0, 128.3, 127.5, 127.5, 126.5, 125.6, 114.8, 77.3, 76.7, 
20.1. HRMS (EI): m/z Calcd for C15H15 [M+H]+: 195.1168; 
Found: 195.1169. 
4,4'-(ethene-1,1-diyl)bis(methoxybenzene) (3za) Colorless 
liquid, 96 mg, 80% isolated yield. Rf = 0.3 (hexane/ethyl ace-
tate = 10/1). 1H NMR (200 MHz, CHLOROFORM-d)  = 
7.23 (d, J = 8.8 Hz, 4H), 6.82 (d, J = 8.8 Hz, 5H), 5.25 (s, 2H), 
3.77 (s, 6H). 13C{1H} NMR (126 MHz, CHLOROFORM-d)  
= 159.3, 148.9, 134.3, 129.4, 128.4, 113.7, 113.5, 111.6, 55.3. 
HRMS (EI): m/z Calcd for C16H17O2 [M+H]+: 241.1223; 
Found: 241.1221. 
1-methylnaphthalene (5a) Colorless liquid, 32 mg, 45% isolat-
ed yield. Rf = 0.3 (hexane = 100). 1H NMR (500 MHz, 
CHLOROFORM-d)  = 8.03 (brs, 1H), 7.88 (brs, 1H), 7.74 
(brs, 1H), 7.62 - 7.46 (m, 2H), 7.46 - 7.38 (m, 1H), 7.35 (brs, 
1H), 2.73 (brs, 3H). 13C{1H} NMR (126 MHz, 
CHLOROFORM-d)  = 134.2, 133.5, 132.6, 128.5, 126.5, 
126.3, 125.7, 125.5, 125.5, 124.1, 19.4. HRMS (EI): m/z Calcd 
for C11H11 [M+H]+: 143.0855; Found: 143.0855. 
1-(cyclopentyloxy)-5-methylnaphthalene (5b) Colorless liquid, 
58 mg, 51% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(500 MHz, CHLOROFORM-d)  = 8.21 (d, J = 8.0 Hz, 1H), 
7.59 (d, J = 8.8 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.43 - 7.35 
(m, 2H), 6.88 (d, J = 7.6 Hz, 1H), 5.08 - 4.94 (m, 1H), 2.72 (s, 
3H), 2.12 - 1.99 (m, 4H), 1.98 - 1.87 (m, 2H), 1.80 - 1.67 (m, 
2H). 13C{1H} NMR (126 MHz, CHLOROFORM-d)  = 154.1, 
133.8, 133.8, 127.0, 126.3, 125.6, 124.6, 120.5, 115.8, 105.9, 
79.5, 77.3, 76.7, 32.9, 24.2, 19.8. HRMS (EI): m/z Calcd for 
C16H19O [M+H]+: 227.1430; Found: 227.1431. 
1-butoxy-5-methylnaphthalene (5c) Colorless liquid, 62 mg, 
58% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 
MHz, CHLOROFORM-d)  = 8.37 - 8.07 (m, 1H), 7.70 - 7.53 
(m, 1H), 7.53 - 7.29 (m, 3H), 6.86 (d, J = 7.5 Hz, 1H), 4.17 (t, 
J = 6.3 Hz, 2H), 2.71 (s, 3H), 2.05 - 1.86 (m, 2H), 1.80 - 1.54 
(m, 2H), 1.17 - 0.93 (m, 3H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 155.3, 133.8, 127.1, 125.7, 124.7, 
120.3, 116.2, 104.4, 67.9, 31.4, 19.8, 19.5, 13.9. HRMS (EI): 
m/z Calcd for C15H19O [M+H]+: 215.1430; Found: 215.1429. 
1-methyl-5-(nonyloxy)naphthalene (5d) Colorless liquid, 86 
mg, 61% isolated yield. Rf = 0.3 (hexane: ethyl acetate = 
10:1). 1H NMR (400 MHz, CHLOROFORM-d)  = 8.21 (d, J 
= 8.2 Hz, 1H), 7.57 (d, J = 8.2 Hz, 1H), 7.51 - 7.30 (m, 3H), 
6.84 (d, J = 7.8 Hz, 1H), 4.15 (t, J = 6.4 Hz, 2H), 2.70 (s, 3H), 
2.03 - 1.84 (m, 2H), 1.58 (d, J = 7.3 Hz, 2H), 1.49 - 1.20 (m, 
11H), 0.96 - 0.82 (m, 3H). 13C{1H} NMR (101 MHz, 
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CHLOROFORM-d)  = 155.3, 133.8, 133.6, 127.1, 125.8, 
125.7, 124.7, 120.3, 116.1, 104.4, 77.3, 76.7, 68.2, 31.9, 29.6, 
29.4, 29.3, 26.3, 22.7, 19.8, 14.1. HRMS (EI): m/z Calcd for 
C20H29O [M+H]+: 285.2213; Found: 285.2212. 
1-(benzyloxy)-5-methylnaphthalene (5e) Colorless liquid, 59 
mg, 48% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(200 MHz, CHLOROFORM-d)  = 8.50 - 8.14 (m, 1H), 7.72 - 
7.12 (m, 10H), 6.94 (d, J = 7.7 Hz, 1H), 5.28 (s, 2H), 2.90 - 
2.48 (m, 3H). 13C{1H} NMR (50 MHz, CHLOROFORM-d)  
= 154.9, 137.2, 133.9, 133.7, 128.6, 127.9, 127.3, 127.2, 
125.9, 125.6, 124.9, 120.4, 116.7, 105.1, 70.1, 19.8. HRMS 
(EI): m/z Calcd for C18H17O [M+H]+: 249.1274; Found: 
249.1272. 
1-methyl-5-(2-methylbenzyloxy)naphthalene (5f) Colorless 
liquid, 68 mg, 52% isolated yield. Rf = 0.3 (hexane = 100). 1H 
NMR (400 MHz, CHLOROFORM-d)  = 8.22 (dd, J = 3.0, 
6.6 Hz, 1H), 7.67 - 7.59 (m, 1H), 7.57 - 7.52 (m, 1H), 7.45 
(dd, J = 7.8, 8.7 Hz, 1H), 7.39 - 7.34 (m, 2H), 7.30 - 7.25 (m, 
3H), 6.97 (d, J = 7.3 Hz, 1H), 5.24 (s, 2H), 2.70 (s, 3H), 2.44 
(s, 3H). 13C{1H} NMR (101 MHz, CHLOROFORM-d)  = 
155.1, 136.8, 135.1, 134.0, 133.8, 130.5, 128.6, 128.3, 127.3, 
126.1, 125.9, 125.7, 125.0, 120.5, 116.8, 105.0, 68.8, 19.9, 
19.0. HRMS (EI): m/z Calcd for C19H19O [M+H]+: 263.1430; 
Found: 263.1429. 
1-methyl-5-(3-methylbenzyloxy)naphthalene (5g) Colorless 
liquid, 72 mg, 55% isolated yield. Rf = 0.3 (hexane = 100). 1H 
NMR (500 MHz, CHLOROFORM-d)  = 8.28 (d, J = 8.0 Hz, 
1H), 7.62 (d, J = 8.8 Hz, 1H), 7.49 - 7.28 (m, 6H), 7.19 (d, J = 
6.9 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H), 5.24 (s, 2H), 2.71 (s, 
3H), 2.43 (s, 3H). 13C{1H} NMR (126 MHz, 
CHLOROFORM-d)  = 155.0, 138.2, 137.1, 133.9, 133.7, 
128.6, 128.5, 128.1, 127.2, 125.8, 125.6, 124.9, 124.4, 120.4, 
116.7, 105.1, 77.3, 76.7, 70.2, 21.5, 19.8. HRMS (EI): m/z 
Calcd for C19H19O [M+H]+: 263.1430; Found: 263.1428. 
1-methyl-5-(4-methylbenzyloxy)naphthalene (5h) Colorless 
liquid, 74 mg, 57% isolated yield. Rf = 0.3 (hexane = 100). 1H 
NMR (500 MHz, CHLOROFORM-d)  = 8.28 (d, J = 8.0 Hz, 
1H), 7.62 (d, J = 8.4 Hz, 1H), 7.53 - 7.31 (m, 5H), 7.25 (s, 
2H), 6.94 (d, J = 7.2 Hz, 1H), 5.25 (s, 2H), 2.72 (s, 3H), 2.42 
(s, 3H). 13C{1H} NMR (126 MHz, CHLOROFORM-d)  = 
155.0, 137.6, 134.2, 133.8, 133.7, 129.2, 127.5, 127.2, 125.8, 
125.6, 124.8, 120.4, 116.6, 105.1, 70.1, 21.2, 19.8. HRMS 
(EI): m/z Calcd for C19H19O [M+H]+: 263.1430; Found: 
263.1429. 
1-(4-methoxybenzyloxy)-5-methylnaphthalene (5i) Colorless 
liquid, 76 mg, 55% isolated yield. Rf = 0.3 (hexane: ethyl ace-
tate = 10:1). 1H NMR (400 MHz, CHLOROFORM-d)  = 
8.25 (dd, J = 2.1, 7.6 Hz, 1H), 7.62 (d, J = 8.7 Hz, 1H), 7.52 - 
7.32 (m, 5H), 7.01 - 6.91 (m, 3H), 5.20 (s, 2H), 3.86 (s, 3H), 
2.71 (s, 3H). 13C{1H} NMR (101 MHz, CHLOROFORM-d)  
= 159.3, 154.9, 133.8, 133.7, 129.2, 129.0, 127.2, 125.8, 
125.6, 124.8, 120.4, 116.6, 113.9, 105.0, 69.9, 55.3, 19.8. 
HRMS (EI): m/z Calcd for C19H19O2 [M+H]+: 279.1380; 
Found: 279.1379. 
1-methyl-5-(1-phenylethoxy)naphthalene (5j) Colorless liquid, 
95 mg, 73% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(400 MHz, CHLOROFORM-d)  = 8.36 (d, J = 8.4 Hz, 1H), 
7.52 (d, J = 8.4 Hz, 1H), 7.48 - 7.38 (m, 3H), 7.38 - 7.30 (m, 
3H), 7.30 - 7.20 (m, 2H), 6.69 (d, J = 7.6 Hz, 1H), 5.53 (d, J = 
6.9 Hz, 1H), 2.67 (s, 3H), 1.77 (d, J = 6.1 Hz, 3H). 13C{1H} 
NMR (101 MHz, CHLOROFORM-d)  = 153.8, 143.3, 133.9, 
133.7, 128.6, 127.4, 127.0, 126.1, 125.5, 125.4, 124.8, 120.4, 

116.3, 106.8, 76.1, 24.6, 19.8. HRMS (EI): m/z Calcd for 
C19H19O [M+H]+: 263.1430; Found: 263.1428. 
(E)-1-methyl-5-(prop-1-enyloxy)naphthalene (5k) Colorless 
liquid, 56 mg, 57% isolated yield. Rf = 0.3 (hexane = 100). 1H 
NMR (400 MHz, CHLOROFORM-d)  = 8.22 (d, J = 8.2 Hz, 
1H), 7.69 (d, J = 8.2 Hz, 1H), 7.51 - 7.33 (m, 3H), 6.98 (d, J = 
7.8 Hz, 1H), 6.57 (dd, J = 1.6, 6.2 Hz, 1H), 5.01 (dd, J = 6.0, 
6.9 Hz, 1H), 2.71 (s, 3H), 1.84 (dd, J = 1.8, 6.9 Hz, 3H). 
13C{1H} NMR (101 MHz, CHLOROFORM-d)  = 153.7, 
141.1, 134.0, 133.8, 127.3, 125.7, 125.5, 125.2, 120.1, 118.2, 
108.1, 107.9, 19.8, 9.5. HRMS (EI): m/z Calcd for C14H15 
[M+H]+: 199.1117; Found: 199.1118. 
1-methyl-5-(pent-4-enyloxy)naphthalene (5l) Colorless liquid, 
70 mg, 62% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(400 MHz, CHLOROFORM-d)  = 8.22 (d, J = 8.5 Hz, 1H), 
7.59 (d, J = 8.5 Hz, 1H), 7.50 - 7.33 (m, 3H), 6.85 (d, J = 7.3 
Hz, 1H), 6.09 - 5.80 (m, 1H), 5.23 - 4.94 (m, 2H), 4.17 (t, J = 
6.1 Hz, 2H), 2.70 (s, 3H), 2.39 (q, J = 7.1 Hz, 2H), 2.17 - 2.00 
(m, 2H). 13C{1H} NMR (101 MHz, CHLOROFORM-d)  = 
155.2, 137.9, 133.9, 133.7, 127.1, 125.8, 125.7, 124.8, 120.3, 
116.3, 115.3, 104.5, 76.7, 67.3, 30.4, 28.5, 19.8. HRMS (EI): 
m/z Calcd for C16H19O [M+H]+: 227.1430; Found: 227.1430. 
6-methoxy-1-methylnaphthalene (5m) Colorless liquid, 56 mg, 
65% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (400 
MHz, CHLOROFORM-d)  = 7.96 (d, J = 9.2 Hz, 1H), 7.66 
(d, J = 7.9 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.35 - 7.12 (m, 
3H), 3.97 (s, 3H), 2.72 (s, 3H). 13C{1H} NMR (101 MHz, 
CHLOROFORM-d)  = 157.3, 134.8, 134.2, 128.0, 126.2, 
125.7, 125.3, 124.5, 118.2, 106.5, 55.2, 19.3. HRMS (EI): m/z 
Calcd for C12H13O [M+H]+: 173.0961; Found: 173.0961. 
1-methyl-7-(4-(trifluoromethyl)phenyl)naphthalene (5n) Col-
orless liquid, 102 mg, 72% isolated yield. Rf = 0.3 (hexane = 
100). 1H NMR (400 MHz, CHLOROFORM-d)  = 8.20 (s, 
1H), 7.97 (d, J = 8.4 Hz, 1H), 7.88 - 7.82 (m, 2H), 7.80 - 7.70 
(m, 4H), 7.47 - 7.35 (m, 2H), 2.77 (s, 3H). 13C{1H} NMR (101 
MHz, CHLOROFORM-d)  = 145.2, 137.1, 134.8, 133.1, 
132.8, 129.6 (t, JC-F = 31.0 Hz), 129.5, 127.9, 127.4, 127.2, 
126.3, 126.2, 125.9 (t, JC-F = 2.8 Hz), 125.0, 123.1, 122.9 (t, 
JC-F = 214.7 Hz), 19.5. HRMS (EI): m/z Calcd for C18H14F3 
[M]+: 287.1042; Found: 287.1034. 
7-(3-fluorophenyl)-1-methylnaphthalene (5o) Colorless liquid, 
70 mg, 60% isolated yield. Rf = 0.3 (hexane = 100). 1H NMR 
(400 MHz, CHLOROFORM-d)  = 8.24 - 8.12 (m, 1H), 7.95 
(d, J = 8.2 Hz, 1H), 7.82 - 7.67 (m, 2H), 7.58 - 7.35 (m, 7H), 
2.78 (s, 3H). 13C{1H} NMR (101 MHz, CHLOROFORM-d)  
= 163.2 (d, JC-F = 214.7 Hz), 163.1 (d, JC-F = 245.0 Hz), 143.9 
(d, JC-F = 7.6 Hz), 143.4, 138.3, 137.6, 137.1, 134.6, 132.9, 
132.7, 130.3 (d, JC-F = 7.6 Hz), 129.7, 129.4, 129.2, 128.0, 
127.6, 127.3, 127.2, 126.3, 126.1, 126.0, 125.4, 125.1, 124.9, 
124.5, 123.1, 122.5, 122.4, 114.3 (d, JC-F = 22 Hz),114.0, (d, 
JC-F = 21.0 Hz), 113.6, 113.5, 29.7, 29.5, 29.1, 27.6, 27.1, 
23.2, 19.5. HRMS (EI): m/z Calcd for C17H13F [M]+: 
236.0996; Found: 236.0988. 
1,4-dimethylnaphthalene (5p) Colorless liquid, 37 mg, 48% 
isolated yield. Rf = 0.3 (hexane = 100). 1H NMR (200 MHz, 
CHLOROFORM-d)  = 8.06 - 7.68 (m, 2H), 7.63 - 7.33 (m, 
2H), 7.11 (s, 2H), 2.56 (s, 6H). 13C{1H} NMR (50 MHz, 
CHLOROFORM-d)  = 132.7, 132.3, 126.2, 125.3, 124.6, 
77.6, 76.4, 19.3. HRMS (EI): m/z Calcd for C12H13 [M+H]+: 
157.1012; Found: 157.1012. 
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