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Abstract
The allylation reactions of anisole and nerolin with allyl alcohol were studied in nanostruc-

tured FeCl3/TiO2 · SiO2 catalyst systems and the optimal conditions for obtaining the product 
with a yield of 70, 75% were determined. The influence of the solvent, the amount of catalyst 
and the duration of the reaction on the yield of the reaction was studied.
Keywords: Methoxybenzene (anisole), methoxynaphthalene (nerolin), allylation, nanostruc-
tured FeCl3/TiO2·SiO2catalyst, thin layer chromatography, heterogen catalyst

Introduction
Allylphenols and allylnaphthols are pre-

pared by the allylation of phenols and naph-
thols with allylating agents. Friedel–Crafts al-
kylation is among the most fundamental and 
convenient processes for construction of fine 
chemicals, pharmaceuticals, and agrochem-
icals containing functionalized arenes and 
heteroaromatic substructures. Allylation of 
aromatic compounds and their products are 
notable for its physiological activity and use-
fulness (Masanari Kimura, a Miki Fukasaka, 
a Yoshinao Tamaru, 2006. 3611–3612). Var-
ious sources contain data on the allylation of 
substituted phenols and naphthols with allyl 
alcohols (Masanari Kimura, a Miki Fukasaka, 
a Yoshinao Tamaru, 2006. 3611–3612; Jim-
my A. van Rijn, Martin Lutz, Lars S. von Chr-

zanowski, Anthony L. Spek, Elisabeth Bou-
wman and Eite Drenta, 2009. 1637–1647; 
Jimmy A. van Rijn, Angela den Dunnen, Elis-
abeth Bouwman, Eite Drent, 2010. 96–102; 
Das B., Veeranjaneyulu B., Krishnaiah M., 
Balasubramanyam P., 2009. 1929–1935), 
allyl halides (Zadmard R., Aghapoor K., Bo-
lourtchian M. & Saidi M. R., 2013. 4495–
4498; Thierry Ollevier, Topwe M. Mwene-
Mbeja, 2006. 4051–4055), allyl asetates 
(Halligudi S. B., Sajanikumari C. S., Kala 
Raj N. K., Deshpande S. S., Degaonkar M. P., 
2001. 161–167; Amit Saha, John Leazer, Ra-
jender S. Varma, 2012. 67–71, allyl tosylates 
(Naofumi Tsukada, Yasushige Yagura, Tetsuo 
Sato, Yoshio Inoue. 2003. 1431–1434), and 
allyl ethers (Christopher A. D., Graves Alex-
andr G., Deardorf Donald R., 2016. 1–34) in 
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the presence of various catalysts. As a  cat-
alyst for the allylation of phenol and naph-
thol with various allylating agents, [Rh(nbd)
(CH3CN)2]PF6, [Rh(nbd)Cl]2; [Rh(nbd)2]
BF4, RhCl/(PPh3)3, [Ir(cod)CH3CN2]PF6, 
Pd(OAc)2/MS 4Å, [Fe3O4-Dopamine-Pd], Pd ∙ 
Et3В, Hβ zeolite.

The fact that each allylating agent re-
acts differently with phenols and naphthols, 
depending on the reaction conditions, the 
influence of solvent and catalyst, is reflect-
ed in modern scientific work. Allylation of 
naphthol‑1 and naphthol‑2 with allyl alcohol 
were carried out in the Pd · Et3B catalyst sys-
tem and selective methods for the synthesis 
of C-allyl product were developed (Masanari 
Kimura, a Miki Fukasaka, a Yoshinao Tama-
ru. 2006. 3611–3612).

In order to synthesize biologically ac-
tive allyl derivatives of naphthols, Indian 
scientists used the widely used catalyst Am-
berlyst‑15 (Das B., Veeranjaneyulu B., Krish-
naiah M., Balasubramanyam P., 2009. 1929–
1935). When using the Amberlyst‑15, only 
C-allylation products‑2‑allyl-naphthol‑1 and 
1‑allyl-naphthol‑2- are mainly formed, the 
formation of O-allyl products under these 
conditions was not observed.

The allylation of phenol with allyl ace-
tate catalyzed by Hβ‑30 gave mainly C-al-
lylated phenols (o-allyl phenol and p-allyl 
phenol), allyl phenyl ether, 1,3‑bis-(2‑hy-
droxy phenyl)-propane and an unidentified 
polymeric product (Halligudi S. B., Sajani-
kumari C. S., Kala Raj N. K., Deshpande S. S., 
Degaonkar M. P., 2001. 161–167).

As part of alternative, sustainable tech-
nologies of green chemistry, in the method 
of allylation of phenols using magnetically 
extractable catalysts. Allylic ethers were syn-
thesized in water using magnetically recov-
erable heterogeneous [Fe3O4-Dopamine-Pd] 
catalyst via O-allylation of phenols with al-
lylic acetates under ambient conditions. The 
aqueous reaction medium, easy recovery of 
the catalyst using an external magnet, effi-
cient recycling, and the high stability of the 
catalyst renders the protocol economic and 
sustainable (Amit Saha, John Leazer, Ra-
jender S. Varma, 2012. 67–71).

Chemists of Japanese conducted an 
allylation reaction of electron-donating 
arenes with allyl tosylate at 0 ˚C in the pres-

ence of [Rh(nbd)(CH3CN)2]PF6, [Rh(nbd)
Cl]2; [Rh(nbd)2]BF4, RhCl(PPh3)3, [Ir(cod)
CH3CN2]PF6. Various methoxybenzene were 
allylated with high couple-selectivity in al-
most all cases. In the allylation of naph-
thols using the following catalysts [Rh(nbd)
(CH3CN)2]PF6, [Rh(nbd)Cl]2; [Rh(nbd)2]BF4, 
RhCl(PPh3)3, [Ir(cod)CH3CN2]PF6, the dis-
advantage is the low reaction yields (up  to 
33%). In the reaction of allylation of β-naph-
thol with allyl tosylate in the presence of the 
catalyst [Rh(nbd)(CH3CN)2]PF6, produces 
1‑allyl‑2‑naphthol and methyldihydronaph-
thofuran in 38% and 32% yield (Naofumi 
Tsukada, Yasushige Yagura, Tetsuo Sato, 
Yoshio Inoue, 2003. 1431–1434).

Experimental part
A thin layer chromatography plate (TLC) 

DC-Fertigfolien ALUGRAM ® Xtra SIL G/
UV254 (Germany) was used, the appearance 
of spots was determined under the influence 
of a UV lamp on the plate. The reaction prod-
ucts were identified by IR analysis (Perkin El-
mer Spectrum IR, Version 10.06.1) and NMR 
H1 and C13 (Unity 400 plus ICPSASR Uz).

Preparation of catalysts from 
nanoporous metal oxides and iron 

(III) chloride FeCl3/TiO2-SiO2
The catalytic system FeCl3/TiO2 · SiO2 

was prepared as follows FeCl3 · 6H2O and 
TiO2 · SiO2 (Khusniddin Musaev, Dilorom 
Mirkhamitova, Abdurasul Yarbekov, Kham-
dam Akbarov, Suvonkul Nurmanov, Olim 
Ruzimuradov, 2019) were weighed on an 
analytical balance in an amount of 2 · 10– 
–4 gramms. In powder form, both substanc-
es were melted and mixed in a mortar. It was 
dried in the oven at 50–60 ̊ C for 1 hour, then 
at 100–120 ˚C also for 1 hour.

Synthesis of 2‑allylanisole. Anisole 
(0.05mol, 5.42 ml), allyl alcohol (0.05 mol, 
3.4 ml) and FeCl3/TiO2 · SiO2 catalyst (2.4 * 
*10–4 mol, 0.084g), hydroquinone 
(0.0005 mol, 0.55g) are poured into a three-
necked round bottom flask connected to 
a  stirrer, thermometer, a  reflux condenser 
and, with a working stirrer. The reaction mix-
ture is heated six hours at a  temperature of 
100–120 ˚C. After cooling the reaction mix-
ture, distillation was carried out by fraction-
al distillation under vacuum. The 1‑fraction 
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15–80  ˚C (20mm, remaining allyl alcohol 
and anisole), 2‑fraction 70–90  ˚C (22 mm.) 
3‑fraction 98  ˚C (22 mm, 2‑allylanisole). 
Yield 70%. IR (KBr, sm –1) 751, 1172 1496, 
1587, 2945, 1599. NMR H1 (Unity 400 
plus ICPS AS RUz, referce HMDSO, Solvent 
CD3OD, chemical shift of protons, δ, ppm) 
3.24 m (2Н, СН2), 3.81 s (3Н, ОСН3), 4.838, 
5.00–5.20 д (2Н, -СН = СН2), 5.884 m (1Н, 
-СН = СН2), 6.803, 6.82, 7.14, 7.17 t (4Н, 
ArН). С13 spectrum 100 MHz, CDCl3 d = 49, 
55.442, 63.913, 114.795, 121.511, 129.271, 
130.352, 138.827, 161.004

Synthesis of 1‑allyl‑2‑naphthylmeth-
ylether. 2‑naphthylmethylether (0.01mol, 
1.58g), allyl alcohol (0.01mol, 1.45ml) and 
FeCl3/TiO2 · SiO2 catalyst (2.4*10 –4 mol, 
0.098g), hydroquinone (0.0005 mol, 0.55g) 
are poured into a three-necked round bottom 
flask connected to a  stirrer, thermometer, 
a  reflux condenser and, with a  working stir-
rer. The reaction mixture is heated 5 hours 
at a  temperature of 100–120 ˚C. After cool-
ing the reaction mixture, the precipitate was 
filtered. Unreacted 2‑naphthylmethyl ether 
and the obtained product‑1‑allyl‑2‑naphth-
ylmethyl ether are washed and separated in 
hexane. Yield 75% (1.485g). Melting point 
31–33  ˚С. NMR H1 (Unity 400 plus ICPS 
AS RUz, referce HMDSO, Solvent CD3OD, 
chemical shift of protons, δ, ppm) 3.55 m 
(2Н, СН2), 3.81 s (3Н, ОСН3), 4,838 д (2Н, 
-СН = СН2), 5.884 m (1Н, -СН = СН2), 6.803, 
6.82, 7.24, 7.81t (6Н, ArН). С13 spectrum 
100 MHz, CDCl3 d = 31.4, 56.1, 109.0, 115.9, 
118.4, 123.4, 124.3, 126.3, 128.0, 128.3, 
129.2, 133.6, 153.2.

Results and discussion
The formation of mainly para-allyl phe-

nols in the allylation of phenols and naph-

thols in the presence of FeCl3 · 6H2O by 
the Friedel-Crafts method was proved by 
gas-liquid chromatography (Azimova G. Z., 
Tajimuhamedov H. S., Yuldasheva M. R., 
2019. 39–42). The formation of mainly 
ortho-allylphenols in the isomerization reac-
tions of allylphenyl ethers using a new type 
nanostructured catalyst FeCl3/TiO2 · SiO2 
was confirmed by chromatography-mass 
spectrometry (Khusniddin Musaev, Azimova 
Gulmira, Yuldasheva Mukhabbat, Tadjimu-
hamedov Khabibullo, Khamdam Akbarov, 
Olim Ruzimuradov, 2019. 40–45). Allyla-
tion reaction of 2‑naphthol under catalytic 
conditions FeCl3/TiO2 · SiO2 with allyl alco-
hol and allyl acetate have also been studied. 
It was observed that iron (III) chloride with 
a nanostructured catalyst has a higher selec-
tivity for the production of mono- and or-
tho- products, according to the ratio of iron 
(III) chloride itself is used as a catalyst. This 
can be explained by the fact that iron (III) 
chloride is adsorbed on the surface of the 
nanocatalyst and forms unstable complex-
es with allylating agent and this reduse the 
polyallylating ability of the reagent (Azimo-
va Gulmira, Yuldasheva Mukhabbat, Tad-
jimuhamedov Khabibullo, 2020).

In this study, the allylation of elec-
tron-rich arenes, namely methoxybenzene 
(anisole) and methoxynaphthalene (2‑naph-
thylmethyl ether, nerolin) in the presence of 
a  catalyst containing FeCl3/TiO2 · SiO2 im-
pregnated with nanostructured metal oxides, 
was studied.

The allylation of anisole with allyl alco-
hol in the presence of FeCl3/TiO2 · SiO2 was 
carried out under solvent-free conditions 
in a  magnetic stirrer at 100–120  °C. The 
reaction showed that 2‑allylanizole was 
formed.

Table 1. Reaction conditions of anisole with allyl alcohol and the results obtained

The molar ratio 
of anisole: allyl 

alcohol: catalyst

Conditions 
of reac-
tion, ˚С

Reaction 
duration, 

hours

Prod-
ucts

Yield, 
%

Rf,system= hexane: 
ethylacetate = 

= 5 : 1

1:1:10–4 100–120 3

2‑allyl-
anisole

10% 0.45

1:1:10–4 100–120 6 22% 0.45

1:1:2,4*10–4 100–120 3 62% 0.45

1:1:2,4*10–4 100–120 6 70% 0.45
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OCH3

+ CH2 CH CH2OH
FeCl3/TiO2·SiO2 

OCH3
CH2 CH CH2

-H2O

Allylation reactions anisole: allyl alcohol: 
catalyst = 1: 1: 2.4 · 10–4 in a benzene solvent 
at 76–80  °C for 6 hours, the reaction yield 
was low (53%), the reaction time was in-
creased to 8 hours profitability (55%) has not 
changed significantly.

The reaction of 2‑naphthylmethyl ether 
with allyl alcohol on a FeCl3/TiO2 · SiO2 cat-
alyst was carried out in a reagent ratio of 1: 
1: 2.4 · 10–4, when it was carried out in a ben-
zene solvent in a magnetic stirrer for 5 hours 
with a yield of 75%.

OCH3

+ CH2 CH CH2OH
FeCl3/TiO2·SiO2 OCH3

CH2 CH CH2

-H2O

Table 2. Reaction conditions of 2‑naphthylmethyl ether 
with allyl alcohol and the results obtained

The molar ratio of 
2‑naphthylmethyl 

ether: allyl alcohol: 
catalyst

Condi-
tions of 

reaction, 

˚С

Reaction 
duration Products Yield, 

%

Rf, system= hex-
ane: ethylace-

tate = 5 : 1

1:1:10–4 76–80 3
1‑allyl‑2 

‑naphthyl-
methyl ether

45% 0.93
1:1:10–4 76–80 4 63% 0.93
1:1:2,4*10–4 76–80 5 75% 0.93
1:1:2,4*10–4 76–80 6 75% 0.93

The resin was observed when the allyla-
tion reactions of naphthyl methyl ether were 
carried out in the absence of a solvent.

Conclusions
Based on the results obtained, it can be 

concluded that allylation of anisole with allyl 
alcohol leads to a selective reaction with a high 
yield when carried out in a solvent-free state 
and 2‑naphthylmethyl ether in good yield for 
1‑allyl‑2‑naphthylmethyl ether in good yield 
at using a benzene solvent achieved. The use 
of a nanostructured catalytic system — FeCl3/
TiO2 · SiO2 at allylation reactions made it 
possible to carry out them selectively with re-
spect to ortho-allylation and with increased 
product yield than at using Lewis acids, and 

the reaction of 2‑naphthylmethyl ether with 
allyl alcohol proceeds with the participation 
of the C1 carbon atom at using nanostruc-
tured catalyst FeCl3 /TiO2 · SiO2. In the anisole 
allylation reactions, it was found that anisole 
also acts as a solvent in the reaction process 
and that 2‑naphthylmethylether is a crystal-
line substance that can complicate the reac-
tion without a solvent.
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