
Angewandte
International Edition

A Journal of the Gesellschaft Deutscher Chemiker

www.angewandte.org
Chemie

Accepted Article

Title: Dearomatization–Rearomatization Strategy for ortho-Selective
Alkylation of Phenols with Primary Alcohols

Authors: Huiying Zeng, Jianjin Yu, and Chao-Jun Li

This manuscript has been accepted after peer review and appears as an
Accepted Article online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). This work is currently citable by
using the Digital Object Identifier (DOI) given below. The VoR will be
published online in Early View as soon as possible and may be different
to this Accepted Article as a result of editing. Readers should obtain
the VoR from the journal website shown below when it is published
to ensure accuracy of information. The authors are responsible for the
content of this Accepted Article.

To be cited as: Angew. Chem. Int. Ed. 10.1002/anie.202010845

Link to VoR: https://doi.org/10.1002/anie.202010845

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fanie.202010845&domain=pdf&date_stamp=2020-11-09


COMMUNICATION   

 
 
 
 

Dearomatization–Rearomatization Strategy for ortho-Selective 
Alkylation of Phenols with Primary Alcohols 
Jianjin Yu,[a] Chao-Jun Li[b],* and Huiying Zeng[a],*  
Abstract: Phenols are common precursors and core structures of a 
variety of industrial chemicals, ranging from pharmaceuticals to 
polymers. However, the synthesis of site-specifically substituted 
phenols is challenging, and thus the development of new methods for 
this purpose would be highly desirable. Herein, we report a protocol 
for palladium-catalyzed ortho-selective alkylation reactions of phenols 
with primary alcohols via a dearomatization–rearomatization strategy, 
with water as the sole by-product. Various substituted phenols and 
primary alcohols were compatible with the standard reaction 
conditions. The detailed mechanism of this transformation was also 
investigated. 

Phenols are prevalent structural motifs in natural products, dyes, 
and biologically active compounds (including pharmaceuticals 
and agrochemicals), as well as other fine and bulk chemicals.[1] 
Therefore, the development of new methods for site-selectively 
functionalizing the aromatic ring of phenols would be highly 
attractive. The classical method for this purpose is the 
electrophilic aromatic substitution,[2] but it yields a mixture of 
ortho- and para-substituted phenol derivatives, owing to the 
strong electronic directing effects of the hydroxyl group (Scheme 
1a). Alternatively, a two-step process involves allylation of the 
hydroxyl group and subsequent Claisen rearrangement, which 
also generates ortho- or para-allylated phenols.[3] Over the past 
several decades, many complementary methods for ortho-C–H 
functionalization of phenols have been developed. To achieve 
ortho-selectivity, researchers have developed methods that 
involve modifying the hydroxyl group with a directing group,[4] 
such as a silane or silanol,[5] an ester,[6] a carbamate,[7] an ether,[8] 
or a traceless phosphite group[9] (Scheme 1b). However because 
the directing group must be pre-synthesized and then removed 
afterwards, these methods are not atom or step economical. More 
recently, new methods that use the free hydroxyl group as a 
directing group to control the regioselectivity have been reported 
(Scheme 1c). For example, Yi and co-workers reported a protocol 
for ortho-vinylation of phenols with alcohols (or ketones) via 
hydroxyl-group-directed ortho-C–H bond activation reactions 
catalyzed by a cationic Ru–H complex.[10] In addition, oxidative 
cross-coupling reactions have been used to synthesize ortho-
functionalized phenols via single electron transfer. 
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Scheme 1. Site-selective functionalization of phenols. 

For example, iron-catalyzed oxidative coupling and annulation 
reactions of phenols and β-keto esters for the synthesis of 
benzofurans were reported by Li and Pappo groups;[11] while 
Wang and co-workers reported copper-catalyzed ortho-selective 
aminomethylation reactions of phenols via a single-electron-
transfer radical-coupling process.[12] 

However, because indigestible biomass is an abundant, 
sustainable source of primary alcohols,[13] the development of 
methods for direct reaction of such alcohols with phenols to 
generate ortho-substituted phenols would be highly desirable. 
The traditional protocol for such reactions involves the use of a 
strong Lewis or Brønsted acid to activate the primary alcohol to 
facilitate formation of a carbocationic alkylation reagent, which 
then undergoes nucleophilic attack by the phenol to form ortho- 
and para-substituted phenolic products. This chemistry poses two 
challenges: (1) primary carbocations readily rearrange to more-
stable secondary carbocations, and thus secondary-alkyl-
substituted phenols are obtained as the major products; and (2) 
both ortho- and para-substituted phenols are generated, which 
greatly reduces the yields of the desired ortho-substituted 
products and increases the difficulty of isolation. 

Based on our previous work on cross-coupling of diaryl ethers 
or phenols via C(Ar)–O bond cleavage,[14] we recently developed 
a dearomatization–rearomatization strategy for reductive cross-
coupling of indoles with ketones.[15] We hypothesized that a 
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similar strategy could be used to synthesize ortho-substituted 
phenols. Specifically, if a primary alcohol could be converted to 
an aldehyde[16] and a phenol could simultaneously undergo 
reductive dearomatization to generate a small amount of the 
corresponding ketone, an aldol reaction between the aldehyde 
and ketone with subsequent dehydrogenative rearomatization 
would form an ortho-substituted phenol. Herein, we report that we 
have successfully developed a protocol for palladium-catalyzed 
ortho-selective alkylation of phenols with primary alcohols via a 
dearomatization–rearomatization strategy (Scheme 1d). 
We began by elucidating the optimal conditions via the reaction of 
phenol (1a) and 1-hexanol (2a) (Table 1). To our delight, a Pd/C-
catalyzed reaction of these two model compounds in the presence 
of NaOH as an additive in toluene at 160 °C under argon for 12 h 
afforded 12% yield of the desired ortho-substituted product 3a 
(Table 1, entry 1). Exploration of various acidic and basic 
additives revealed that t-BuOLi improved the yield to 55% (entries 
2–4). Other palladium catalysts were also tested, but Pd/C gave 
the best results (entries 5–7). A 1:2 phenol/1-hexanol ratio was 
found to be optimal (entry 8), and the amount of t-BuOLi could be 
decreased to 10 mol% (entry 9). Evaluation of different solvents 
revealed that toluene was the best one (entries 10–12). 
Prolonging the reaction time to 24 h improved the yield to 84% 
(entry 13). Increasing or decreasing the reaction temperature had 
a deleterious effect on the yield (entries 14 and 15), and so did 
reducing the catalyst loading (entry 16). In contrast, increasing the 
catalyst loading to 10 mol% had essentially no effect on the yield 
(entry 17). For details, please see Table S1 in Supporting 
Information. 

Table 1. Optimization of reaction conditions.[a] 

1a 2a 3a

solvent, temp.
time, Ar

OH OHcat. [Pd] 
baseH HO 4 4 H2O

 

Entry Catalyst Additive Solvent T (ºC) Yield of 
3a (%)[b] 

1 Pd/C NaOH toluene 160 12 
2 Pd/C t-BuOLi toluene 160 55 
3 Pd/C LiOH toluene 160 43 
4 Pd/C TFA toluene 160 n.p. 
5 Pd/Al2O3 t-BuOLi toluene 160 n.p. 
6 Pd(OH)2/C t-BuOLi toluene 160 5 
7 Pd(OAc)2 t-BuOLi toluene 160 n.p. 

8[c] Pd/C t-BuOLi toluene 160 67 
9[c,d] Pd/C t-BuOLi toluene 160 67 

10[c,d] Pd/C t-BuOLi m-xylene 160 18 
11[c,d] Pd/C t-BuOLi heptane 160 50 
12[c,d] Pd/C t-BuOLi DMF 160 n.p. 
13[c,d,e] Pd/C t-BuOLi toluene 160 84 (80) 
14[c,d,e] Pd/C t-BuOLi toluene 150 70 
15[c,d,e] Pd/C t-BuOLi toluene 170 82 
16[c,d,e,f] Pd/C t-BuOLi toluene 160 77 
17[c,d,e,g] Pd/C t-BuOLi toluene 160 84 

[a] General conditions: phenol (1a, 0.3 mmol), 1-hexanol (2a, 0.2 mmol), [Pd] (7 
mol%), and additive (12.5 mol%) in solvent (1.0 mL) were heated at 160 °C for 
12 h under argon. [b] Yields were determined by 1H NMR with nitromethane as 
an internal standard; n.p. = no product. The yield in parentheses in entry 22 is 
an isolated yield. [c] Phenol (0.2 mmol), 1-hexanol (0.4 mmol). [d] t-BuOLi (10 
mol%). [e] 24 h. [f] Pd/C (5 mol%). [g] Pd/C (10 mol%). 

With the optimized conditions in hand (Table 1, entry 13), we 
set out to explore the scope of this ortho-selective alkylation 
reaction with respect to the primary alcohol (Table 2). All the 
tested linear aliphatic primary alcohols, regardless of their length, 

afforded the corresponding products in good to high yields (3a–
d). When the scale of the reaction was enlarged to 3 mmol, the 
desired product 3a was obtained in good yield (62%). Linear 
alcohols with a terminal phenyl group also afforded good yields of 
the desired products (3e–f), and so did alcohols with methoxy- 
and phenoxy-substituted phenyl groups (3g and 3h). Terminal 
cyclohexyl and tert-butyl groups were also tolerated (3i–j). An 
alcohol with a sterically bulky β-adamantane group gave a 
moderate yield of 3k. When citronellol was used as a substrate, 
we obtained product 3l, resulting from reduction of the double 
bond in addition to alkylation. Notably, the reaction showed high 
chemoselectivity; a substrate with both a primary and a secondary  

Table 2. Cross-coupling reactions of phenol with various primary alcohols.[a] 

OH

R

OH

HO R

Pd/C (7 mol%)

toluene (1 mL)
160 °C, 24 h, Ar

1a 2 3

OHOH

OH OH

OH

3b, 68%
conv. >99%

3a, 80% or 62%[b]

3l, 50%[c]

conv. 54%

3e, 74%
conv. 82%

3f, 74%
conv. 80%

OH

3c, 80%
conv. >99%

OH

3d, 75%
conv. >99%

164 5

32

3m, 70%[d]

conv. 85%

OH

OH

3k, 40%
conv. 76%

3j, 60%
conv. >99%

3i, 80%
conv. >99%

OH

2

3

NH

OH

3o, 62%
conv. 64%

OH

3n, 59%
conv. 69%

OH

3g, 60%
conv. >99%

3

O

OH
O

8

3h, 65%
conv. >99%

OH OH

10 5

t-BuOLi (10 mol%)

conv. >99%

 

[a] Reaction conditions: phenol (1a, 0.2 mmol), alcohol 2 (0.4 mmol), Pd/C (7 
mol%), and t-BuOLi (10 mol%) in toluene (1.0 mL) were heated at 160 °C for 24 
h under argon. [b] 3 mmol scale reaction of 1a. [c] Citronellol (0.4 mmol) was 
used as the starting material. [d] t-BuOLi (25 mol%).  

hydroxyl group gave only the product of reaction with the primary 
hydroxy group (3m), in sharp contrast to the classical Friedel-
Crafts reaction. Moreover, benzyl alcohol reacted well with 2-
naphthol, affording 3n in moderate yield. A heterocyclic alcohol 
was also tolerated: specifically, 3-(1H-indol-3-yl)propan-1-ol 
reacted smoothly with 2-naphthol to generate 3o in good yield.  

We also evaluated various substituted phenols (Table 3). When 
the phenol had a para- or meta-substituent, moderate yields of 
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the desired products (3p–3t) were obtained. In addition, reactions 
of phenols bearing two substituents proceeded smoothly; for 
example, a phenol with methoxy groups at the meta-position gave 
the corresponding product (3u) in moderate yield. Furthermore, 
2-naphthol and 1-naphthol were acceptable substrates, affording 
good yields of 3v and 3w, respectively. Finally, 5-hydroxyindole, 
a heterocyclic phenol, reacted with 1-hexanol to generate 4-
substituted indole 3x in moderate yield. Due to the low reactivity 
of reductive dearomatization, only 27% of the o-cresol was 
consumed and the desired product 3y was obtained in 14% yield, 
which could explain the fact that ortho-dual alkylation is not 
preferable. For the phenol with electron-withdrawing group (R = 
CO2CH3, CF3), only recovered the corresponding phenols (3z and 
3aa) were obtained. 

Table 3. Cross-coupling reactions of 1-hexanol with various phenols.[a] 

3q, 58%

OH

3s, 52%

OH

3r, 60%

OH

OH

3v, 67%[e]

OH

3p, 54%[b]

4 4 4

4

4

4

OHOH Pd/C (7 mol%)
t-BuOLi (10 mol%)

toluene (1 mL)
160 °C, 24 h, Ar

R RHO 4

1 2a 3

OH

O O
3u, 56%[c]

4

OH

3w, 80%
conv. >99%

OH

3t, 67%

4

O

4

N
H

OH

3x, 54%
conv. >99%

conv. 69% conv. 81% conv. 72% conv. 70%

conv. >99% conv. >99%[d] conv. >99%

OH

4

3y, 14%
conv. 27%

4

OH

4

3z, R = CO2Me, 0%
3aa, R = CF3, 0%

conv. 0%

R

 
[a] Reaction conditions: phenol 1 (0.2 mmol), 1-hexanol (2a, 0.4 mmol), Pd/C (7 
mol%), and t-BuOLi (10 mol%) in toluene (1.0 mL) were heated at 160 °C for 24 
h under argon. [b] t-BuOLi (20 mol%). [c] 3,5-Dimethoxyphenol (0.3 mmol) and 
2a (0.2 mmol) were used as starting materials. [d] Conversion of 1-hexanol. [e] 
HCO2Na (1 equiv), t-BuOLi (20 mol%). 

4 2a 3a, 50%

1 mL toluene
20 uL MeOH

160 °C, Ar, 24 h

O

HO

OH
7 mol% Pd/C

25 mol% t-BuOLi

4 4

Ph

 
Scheme 2. Cross-coupling of benzyl phenyl ether with 1-hexanol. 

When benzyl phenyl ether (4) and 1-hexanol (2a) were 
subjected to the standard reaction conditions, ortho-substituted 
phenol 3a was obtained by means of reduction of the C–O bond 
of the benzyl ether (Scheme 2). 

To have a better understanding of the catalyst, we examined 
the structures of the Pd/C before (Figure 1a) and after (Figure 1b) 
the reaction by transmission electron microscopy (TEM), 
respectively. As shown in Figure 1, Pd nanoparticles were highly 

dispersed over the entire carbon support. The particles 
approximately 2-8 nm in size were visible on the surface of carbon, 
indicating little change in morphology after the reaction. As 
expected, this little change in Pd dispersion during the reaction 
led to little difference in catalytic activity，in which 70% yield was 
obtained when the recovered Pd/C catalyst was re-used in the 
next catalytic reaction (Scheme S1, SI). Considering that the 
nanoparticle size of Pd/C was sensitive to catalytic efficiency, four 
different commercially available Pd/C catalysts were investigated 
for this transformation, which were also examined by TEM, 
respectively. The results illustrated that small size (2-8 nm) 
nanoparticles of Pd/C were beneficial to this reaction, giving 
higher yield (please see the detail TEM pictures and yields in 
Figure S2, SI). 

 

Figure 1. TEM images of Pd/C catalysts and size distribution of the Pd particle, 
(a) before the reaction and (b) after the reaction. 

To investigate the reaction mechanism, we monitored 
distributions of all substances versus time for the reaction of 
phenol with 1-hexanol under standard reaction conditions by GC 
(please see Figure S3 in SI). The phenol and 1-hexanol were 
steadily consumed with time and the desired product was 
increased in tune. The by-product 2-hexylcyclohexan-1-one (11) 
increased slowly without decreasing over time. This information 
indicated that this by-product may not be an intermediate for the 
ortho-alkylation product. Several control experiments were also 
carried out (Scheme 3). Because direct cleavage of the C–O bond 
of the alcohol under our catalytic conditions would be difficult, it is 
likely that the first step was dehydrogenation of the alcohol to an 
aldehyde. Therefore, we carried out a reaction of hexanal (5) with 
phenol (1a) under the standard conditions and were surprised to 
find that the yield of desired product 3a was poor, even when 1 
equiv of sodium formate was added as a hydride source (Scheme 
3a). The major by-product was undec-5-ene (6), which was 
generated by homocoupling of hexanal via an 
aldol/dehydration/decarbonylation process.[17] This result 
indicates that our catalytic conditions produced the aldehyde only 
transiently, in small amounts, which would be beneficial to 
achieve the desired reaction. Any aldehyde that was produced 
would react with the cyclohexanone produced by reduction of 
phenol, effectively preventing homocoupling of the aldehyde. We 
verified this possibility by carrying out a reaction of cyclohexanone 
(7) with hexanal (5), 
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Scheme 3. Control experiments. 

which afforded a 15% yield of 3a even in the absence of an extra 
oxidant. When 2 equiv of 1-hexene was added to react with the 
hydrogen gas (please see Figure S7 in SI), the yield of 3a 
increased to 44% (Scheme 3b). If both phenol (1a) and 
cycloketone 8 were present in the reaction system, two ortho-
substituted phenols, 3a and 3q, were generated (Scheme 3c). In 
addition, reaction of cyclohexanone (7) with alcohol 2a under the 
standard reaction conditions gave 3a (Scheme 3d). These results 
show that phenol was first reduced to cyclohexanone, which then 
underwent further reaction. Specifically, either 9 or 10 was 
successfully converted to 3a with good yield when either of these 
compounds was exposed to the standard reaction conditions 
(Scheme 3e and 3f). Those results illustrated that both 9 and 10 
might be reaction intermediates for this transformation; however, 
none of the desired product was detected when by-product 11 
was used (Scheme 3g). Taken together (Schemes 3f and 3g), 

these results illustrated the importance of the double bond, 
suggesting that it was not easily reduced under the conditions of 
our protocol. 

In order to further explore the mechanism, kinetic isotope effect 
(KIE) experiments were also carried out (Scheme 4). Considering 
the possibility of ortho-C–H activation of phenol, phenol-d6 and 
phenol were reacted under standard conditions for 7.5 h, 
respectively (Scheme 4a). The value of kH/kD was 0.95, 
demonstrated that there was no obvious KIE in this reaction 
(Please see detail in SI). In contrast, when C-1 positions 
deuterated alcohol 2a-d2 and alcohol 2a were explored under 
standard reaction conditions, respectively (Scheme 4b), the kH/kD 
= 8.75 of deuterated alcohol and alcohols indicated the 
dehydrogenation of the alcohol to aldehyde being the rate-limiting 
step for this transformation. At the same time, the C–H at all 
positions of phenol (3ab) was partially exchanged to deuterium 
(please see the detailed NMR spectrum,  

 
OH

1a 2a

OD
D

D D

D

D

HO 4

HO 4

OH

4

3aa 
37%2a1a-d6

KH / KD
 = 0.95

3a 
35%

OH18% D

21% D
62% D 55% D

9% D

3

12% D

OH

2a-d2

HO 4

D D

1a 3ab 
4%KH / KD

 = 8.75

OH20% D

19% D
16% D 17% D

12% D

3

11% Dtoluene (1.0 mL)
160 oC, 7.5 h, Ar

7 mol% Pd/C
10 mol% t-BuOLi

toluene (1.0 mL)
160 oC, 7.5 h, Ar

7 mol% Pd/C
10 mol% t-BuOLi

toluene (1.0 mL)
160 oC, 7.5 h, Ar

7 mol% Pd/C
10 mol% t-BuOLi

(a)

(b)

 
Scheme 4. KIE experiments of phenol and alcohol. 

Figure S5 in SI). This information suggested that the deuterium 
comes from the dehydrogenation of deuterated alcohol and 
further supported the process of dearomatization-rearomatization. 
It was interesting to note that the C2-position of the chain was also 
deuterated. This result further indicated the existence of the 
aldehyde intermediate, which underwent H–D exchange at the 
alpha-position of this aldehyde. These results also excluded the 
possibility of Pd-assisted dehydrogenative electrophilic aromatic 
substitution of alcohols. Furthermore, to exclude the possibility of 
the alcohol dehydration in this reaction, 1-octanene was used 
instead of 1-octanol under the standard conditions with or without 
adding water; no desired product was detected (please see 
Scheme S4 in SI). 

On the basis of our experimental results, we propose the 
mechanism outlined in Figure 2. First, alcohol A is oxidized by the 
palladium catalyst to form aldehyde B and [HPdIIH]. Phenol C is 
reduced by [HPdIIH] to form cyclohexanone D, which undergoes 
a t-BuOLi-catalyzed aldol-type reaction with aldehyde B to 
generate alcohol E. Dehydration of E produces α,β-unsaturated 
ketone F, and then the exocyclic double bond of F isomerizes to 
an endocyclic double bond to generate ketone G. Finally, G 
undergoes oxidative aromatization to produce phenol H and 
regenerate [HPdIIH]. 
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4

OH

4O

Pd(0)

4HO
A
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Figure 2. Plausible mechanism. 

In conclusion, we have developed a protocol for palladium-
catalyzed synthesis of ortho-alkyl-substituted phenols from 
phenols and primary alcohols via a dearomatization–
rearomatization strategy. Water was the sole by-product of the 
reaction, making it a sustainable method for site-specific 
synthesis of these phenols. 

Acknowledgements 

We thank Prof. Lu Li (Jilin University) for his helpful discussions. 
We thank the NSFC (21971093), the International Joint Research 
Centre for Green Catalysis and Synthesis (grant nos. 
2016B01017, 18JR3RA284, and 18JR4RA003), and the 111 
project for support of our research. We also thank the Canada 
Research Chair (Tier I) foundation, the E.B. Eddy Endowment 
Fund, the CFI, NSERC, and FQRNT to C.-J. Li.  

Keywords: dearomatization–rearomatization • ortho-substituted 
phenol • primary alcohol • palladium-catalysis  

[1] M. Yamaguchi, In The Chemistry of Phenols; Rappoport, Z., Ed.; John Wiley 
& Sons, Chichester, 2003; pp 661−712. 

[2] a) R. Beaud, R. Guillot, C. Kouklovsky, G. Vincent, Angew. Chem. Int. Ed. 
2012, 51, 12546–12550; b) G. X. Li, J. Qu, Chem. Commun. 2012, 48, 5518–
5520; c) F. Vetica, R. M. de Figueiredo, E. Cupioli, A. Gambacorta, M. A. 
Loreto, M. Miceli, T. Gasperi, Tetrahedron Lett. 2016, 57, 750–753; d) Z. Z. 
Yu, J. M. Shi, B. Ma, L. Liu, and J. L. Zhang, Angew. Chem. Int. Ed. 2016, 
55, 14807–14811; e) G. T. Li, Z. K. Li, Q. Gu, S. L. You, Org. Lett. 2017, 19, 
1318–1321; f) D. Wang, X. Tong, Org. Lett. 2017, 19, 6392–6395; g) G. 
Wang, L. Gao, H. Chen, X. Liu, J. Cao, S. Chen, X. Cheng, S. Li, Angew. 
Chem. Int. Ed. 2019, 58, 1694–1699. 

[3] a) D. H. Barton, D. M. Donnelly, P. J. Guiry, J.-P. Finet, J. Chem. Soc. Perkin 
Trans. I 1994, 2921–2926; b) B. M. Trost, F. D. Toste, J. Am. Chem. Soc. 
1998, 120, 815–816; c) K. S. Barbato, Y. Luan, D. Ramella, J. S. Panek, S. 
E. Schaus, Org. Lett. 2015, 17, 5812–5815; d) T. Yanagi, S. Otsuka, Y. 
Kasuga, K. Fujimoto, K. Murakami, K. Nogi, H. Yorimitsu, A. Osuka, J. Am. 
Chem. Soc. 2016, 138, 14582–14585. 

[4] For selected review, see: V. Snieckus, Chem. Rev. 1990, 90, 879-933. 
[5] a) T. A. Boebel, J. F. Hartwig, J. Am. Chem. Soc. 2008, 130, 7534–7535; b) 

C. Huang, V. Gevorgyan, J. Am. Chem. Soc. 2009, 131, 10844–10845; c) C. 
Huang, B. Chattopadhyay, V. Gevorgyan, J. Am. Chem. Soc. 2011, 133, 
12406–12409. 

[6] B. Xiao, Y. Fu, J. Xu, T. J. Gong, J. J. Dai, J. Yi, L. Liu, J. Am. Chem. Soc. 
2009, 132, 468–469. 

[7] a) M. P. Sibi, V. Snieckus, J. Org. Chem. 1983, 48, 1935−1937; b) X. Zhao, 
C. S. Yeung, V. M. Dong, J. Am. Chem. Soc. 2010, 132, 5837–5844; c) T. J. 
Gong, B. Xiao, Z. J. Liu, J. Wan, J. Xu, D. F. Luo, Y. Fu, L. Liu, Org. Lett. 
2011, 13, 3235–3237; d) A. John, K. M. Nicholas, J. Org. Chem. 2012, 77, 
5600–5605. 

[8] a) L. Ackermann, E. Diers, A. Manvar, Org. Lett. 2012, 14, 1154–1157; b) H. 
X. Dai, G. Li, X. G. Zhang, A. F. Stepan, J. Q. Yu, J. Am. Chem. Soc. 2013, 
135, 7567–7571. 

[9] a) R. B. Bedford, M. E. Limmert, J. Org. Chem. 2003, 68, 8669-8682; b) S. 
Oi, S.-i. Watanabe, S. Fukita, Y. Inoue, Tetrahedron Lett. 2003, 44, 8665–
8668. 

[10] a) D. H. Lee, K. H. Kwon, C. S. Yi, J. Am. Chem. Soc. 2012, 134, 7325–
7328; b) H. Lee, M. V. Mane, H. Ryu, D. Sahu, M. H. Baik, C. S. Yi, J. Am. 
Chem. Soc. 2018, 140, 10289–10296. 

[11] a) X. W. Guo, R. Yu, H. J. Li, Z. P. Li, J. Am. Chem. Soc. 2009, 131, 17387–
17393; b) A. Regev, H. Shalit, D. Pappo, Synthesis 2015, 47, 1716–1725. 

[12] a) J. L. Dai, N. Q. Shao, J. Zhang, R. P. Jia, D. H. Wang, J. Am. Chem. Soc. 
2017, 139, 12390–12393; b) Z. L. Yao, L. Wang, N. Q. Shao, Y. L. Guo, D. 
H. Wang, ACS Catal. 2019, 9, 7343–7349. 

[13] a) D. M. Alonso, J. Q. Bond, J. A. Dumesic, Green Chem. 2010, 12, 1493; 
b) C. O. Tuck, E. Pérez, I. T. Horváth, R. A. Sheldon, M. Poliakoff, Science 
2012, 337, 695–699; c) S. Michlik, R. Kempe, Nat. Chem. 2013, 5, 140-144; 
d) K. Barta, P. C. Ford, Acc. Chem. Res. 2014, 47, 1503–1512. 

[14] a) H. Zeng, D. Cao, Z. Qiu, C.-J. Li, Angew. Chem. Int. Ed. 2018, 57, 3752–
3757; b) D. Cao, H. Zeng, C.-J. Li, ACS Catal. 2018, 8, 8873–8878; c) H. 
Zeng, Z. Qiu, A. Dominguez-Huerta, Z. Hearne, Z. Chen, C.-J. Li, ACS Catal. 
2017, 7, 510–519; d) Z. Chen, H. Zeng, H. Gong, H. Wang, C.-J. Li, Chem. 
Sci. 2015, 6, 4174–4178; e) Z. Chen, H. Zeng, S. A. Girard, F. Wang, N. 
Chen, C.-J. Li, Angew. Chem. Int. Ed. 2015, 54, 14487–14491; f) Z. Wang, 
J. Niu, H. Zeng, C.-J. Li, Org. Lett. 2019, 21, 7033–7037; g) H. Zeng, Z. 
Wang, C.-J. Li, Angew. Chem. Int. Ed. 2019, 58, 2859–2863; h) Q. Dou, C.-
J. Li, H. Zeng, Chem. Sci. 2020, 11, 5740–5744; i) H. Zeng, J. Yu, C.-J. Li, 
Chem. Commun. 2020, 56, 1239–1242; j) D. Cao, J. Yu, H. Zeng, C.-J. Li, J. 
Agric. Food Chem. 2020, ASAP, DOI: 10.1021/acs.jafc.0c00644; for the 
initial concept, see k) Simon, M.-O.; Girard, S. A.; Li, C.-J. Angew. Chem. Int. 
Ed. 2012, 51, 7537-7540. 

[15] a) Z. Wang, H. Zeng, C.-J. Li, Org. Lett. 2019, 21, 2302–2306; b) Y. Lang, 
C.-J. Li, H. Zeng, Synlett, 2020, DOI: 10.1055/s-0040-1705901; c) Z. Qiu, H. 
Zeng, C.-J. Li, Acc. Chem. Res. 2020, 53, 2395–2413. 

[16] a) Y. Obora, ACS Catal. 2014, 4, 3972–3981; b) Q. Yang, Q. Wang, Z. Yu, 
Chem. Soc. Rev. 2015, 44, 2305–2329; c) T. Zell, D. Milstein, Acc. Chem. 
Res. 2015, 48, 1979–1994; d) T. Irrgang, R. Kempe, Chem. Rev. 2019, 119, 
2524–2549. 

[17] a) S. Manojveer, S. J. Forrest, M. T. Johnson, Chem. Eur. J. 2018, 24, 803–
807; b) Y. Wang, Z. Shao, K. Zhang, Q. Liu, Angew. Chem. Int. Ed. 2018, 57, 
15143–15147. 

 

10.1002/anie.202010845

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.

https://www.x-mol.com/paperRedirect/1303164203681681408


COMMUNICATION   

 
 
 
 

 
Entry for the Table of Contents (Please choose one layout) 
 
Layout 1: 

 
COMMUNICATION 
A dearomatization–rearomatization 
strategy was developed for palladium-
catalyzed cross-coupling reactions of 
phenols and inexpensive primary 
alcohols to site-specifically generate 
ortho-alkyl-substituted phenols. Water 
was the sole by-product of the reaction, 
making it a green method for site-
specific synthesis of these phenols. 

   Jianjin Yu, Chao-Jun Li* and Huiying 
Zeng*  

Page No. – Page No. 

Dearomatization–Rearomatization 
Strategy for ortho-Selective Alkylation 
of Phenols with Primary Alcohols 

 
 

  

 

OH OH

R

HO R

H2O

♦ 
Dearomatization-rearomatization strategy 

           

♦ 
 
Water as sole by-product

♦ 
 
C-2 Site-specific substitution of phenols

♦ 
 
Primary alcohols as alkylation reagents

Pd/C (7 mol%)
t-BuOLi (10 mol%)

toluene (1 mL)
160 °C, 24 h

 

10.1002/anie.202010845

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.


