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One-pot

Wide substrate scope

Scale-up to grams

37 examples, up to 96% yield

Mild and simple reaction conditions

S/C = 25000, TOF up to 25000

Water as solvent is green and eco-friendly
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Abstract A practical and efficient method for the synthesis of alcohols
in one pot from readily available alkynes via a tandem process by formic
acid promoted hydration and metal-ligand bifunctional iridium-
catalyzed transfer hydrogenation under mild conditions has been de-
scribed. This transformation is simple, efficient, and can be performed
with a variety of alkynes in good yields and with excellent stereoselec-
tivities. Experimental results showed high catalytic activity, and turn-
over frequency (TOF) up to 25000. Importantly, this transformation can
be conducted in water, and is thus green and environmentally friendly.

Key words alkyne, hydration, transfer hydrogenation, metal-ligand
bifunctional iridium

The functionalization of alkynes has an extremely sig-

nificant position in the chemical industry,1 especially for

the hydration of alkynes, because of the wide availability of

alkynyl substrates and the great importance of the carbonyl

motif in organic chemistry, and the atom-economy and

pot-economy of the reaction.2 In contrast to traditional

multistep synthetic procedures, pot-economic reactions are

convergent, facile and efficient, and proceed with mini-

mum isolation and purification.3 Thus, an interesting and

promising synthetic method for the preparation of alcohols

is the hydration of alkynes in one pot.

In the past decades, the one-pot synthesis of alcohols

from alkynes via hydration/transfer hydrogenation has

rarely been explored because of the incompatibility be-

tween the catalyst system and reaction conditions of the

two steps.4 For example, in 2013, Xiao and co-workers re-

ported a hydration and transfer hydrogenation of alkynes

with formic acid-promoted hydration coupled with Ir-cata-

lyzed transfer hydrogenation.5 However, the hydration pro-

cess was conducted at high temperature (100 °C) and with

an excess amount of formic acid as solvent. Furthermore,

the catalytic transfer hydrogenation was not efficient, de-

livering alcohols in moderate yield under heating. Subse-

quently, examples for the synthesis of alcohols via one-pot

sequential hydration and reduction of alkynes by using bi-

metal catalysts,6 such as Co-Ru,7 Au-Rh,8 and Co-Rh9 were

reported. However, despite the encouraging and real prog-

ress that has been made, issues of catalytic efficiency, sub-

strate compatibility, and simple operation can still be im-

proved.

Based on the great interest in metal-ligand bifunctional

iridium catalyst,10 we have recently developed the pH-de-

pendent chemoselective transfer hydrogenation of ,-un-

saturated aldehydes11 and selective hydroxylation and

alkoxylation of silanes (Scheme 1a).12 Inspired by this

meaningful progress and on the basis of our earlier work,

we envisioned that formic acid could not only serve as a

promoter for the hydration of alkynes, but also donate hy-

drogen for the process of transfer hydrogenation. Herein,

we present an efficient hydration/transfer hydrogenation of

alkynes via formic acid-promoted hydration and metal-

ligand bifunctional iridium catalyzed tandem transfer

Scheme 1  One-pot conversion of alkynes into alcohols

(b) This work:

(a) Our previous work on metal–ligand bifunctional iridium catalyst:

R(4-n)SiHn + H OR2

H2+R(4-n)Si(OR2)n

n = 1, 2, 3; R2 = H, alkyl
R2

CHO
R3

R1

R2

CH2OH
R3

R1

N
N

H
N
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+
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–

R

Metal–ligand bifunctional
 iridium catalyst

(1) HCOOH,              80 °CR

R

OH

(2) Tang's catalyst, NEt3, r.t.

H2O
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hydrogenation to synthesize alcohols in high yield under

mild reaction condition (Scheme 1b). The TOF is as high as

25000, which is very efficient. In addition, this protocol re-

lies on water as organic reaction media, which conforms

with the concept of green and sustainable chemistry.

Preliminary investigation on the one-pot hydra-

tion/transfer hydrogenation of alkynes was conducted with

1-ethynyl-2-methoxybenzene (1a), formic acid, and Tang’s

catalyst (TC)13 (Table 1). First, the hydration reaction was

conducted with 5.0 equiv HCOOH and 2 mL toluene/H2O

(1:1) as the solvent. To our delight, the hydration process

performed well and the alkynes were completely converted

into ketones in 80 °C in 2 hours. Then, 2.0 equiv of NEt3 and

1 mol% TC-1 were added to the reaction (entry 1). The

transfer hydrogenation process proceeded at room tem-

perature under air for 6 h, giving the desired alcohols in 94%

yield. Subsequently, exploration of different substituted

catalysts established that TC-6 was the best choice for this

transformation and the desired product 2aa could be ob-

tained in 96% yield in 0.2 h (entries 2–6). In addition, to test

the catalytic efficiency, catalyst loadings were screened. It is

worth noting that 0.1 mol% catalyst TC-6 exhibited high ef-

ficiency, transforming the substrate completely into alco-

hols in 30 minutes (entries 7). It should be pointed out that

none of the desired product was detected when the reac-

tion was performed without metal catalyst (entry 10).

Given that the reaction medium can also affect the cata-

lytic efficiency, other solvents were also surveyed (Table 2).

Some were incompatible with the reaction, leading to lower

yield. Surprisingly, we found that environmentally friendly

water was the best reaction medium, and promoted the

process more efficiently than other solvents.

With the optimal reaction conditions in hand, we next

explored the scope of the sequential hydration/transfer hy-

drogenation process. A variety of alkynes with different

substituents were explored and the results are summarized

in Scheme 2. Substrates with either electron-donating

groups (EDGs), such as methoxy and other alkyl moieties

were tolerated well (2aa–ag, 2az–bb, 2bc–be), even in the

sterically hindered ortho-position. In addition, substrates

possessing a halogen group also reacted well, leading to the

desired alcohols (2ah–ap, 2av–ax) in excellent yields. Fur-

thermore, perfluorophenone or aromatic substrates substi-

tuted with electron-withdrawing groups (EWGs), such as

NO2, CF3, and CN, did not affect the process of hydra-

tion/transfer hydrogenation (2aq–au, 2ay). To our delight,

we found that this protocol not only applied to terminal

alkynes, but could also be used for internal alkynes. A range

of internal alkynes all served well for this transformation

(2bf, 2bg). Moreover, substrates with a higher degree of

Table 1  Optimization of Catalyst for Hydration/Transfer Hydrogena-
tion of Alkynea

Entry Catalyst (mol%) Reduction time (h) Yield (%)b

1 TC-1 (1) 6 94

2 TC-2 (1) 8 97

3 TC-3 (1) 10 68

4 TC-4 (1) 2 >99

5 TC-5 (1) 10 83

6 TC-6 (1) 0.2 >99 (96)c

7 TC-6 (0.1) 0.5 >99

8 TC-6 (0.05) 10 >99

9 TC-6 (0.01) 16 >99

10 – 36 not detected

a Reaction conditions: a mixture of 1aa (1.0 mmol), toluene/H2O (1 mL/1 
mL), and formic acid (5.0 equiv) at 80 °C for 2 h, then, Et3N (2.0 equiv) and 
Tang’s catalyst (1 mol%) at room temperature.
b Determined by GC-MS.
c Yield of isolated product.

1aa 2aa

Tang's catalyst

TC-1: R1 = H, R2 = H

TC-2: R1 = H, R2 = Me

TC-3: R1 = H, R2 = Cl

Tang's catalyst
(TC)

N
N

H
N

Ir
Cp* Cl

R1

+

Cl–

TC-4: R1 = H, R2 = OMe

TC-5: R1 = F, R2 = H

TC-6: R1 = OMe, R2 = H

R2

 HCOOH (5.0 eq.)

OH

toluene/H2O, 80 °C, 2 h Et3N (2.0 eq.), r.t.
 time

OMe OMe

Table 2  Optimization of Reaction Medium for Hydration/Transfer Hy-
drogenation of Alkynea

Entry Solvent Hydrolysis time t1 
(h)

Reduction time t2 
(h)

Yield 
(%)b

1 toluene/H2O 2 0.5 96

2 hexane/H2O 16 6 74

3 CH2Cl2/H2O 8 1 86

4 Et2O/H2O 12 4 88

5 acetone/H2O 12 2 85

6 THF/H2O 12 2 89

7 DMF/H2O 12 1 82

8 MeOH/H2O 16 4 78

9c toluene 24 – –

10d H2O 2 0.5 96

a Reaction conditions: a mixture of 1aa (1.0 mmol), solvent/H2O (1 mL/1 
mL), and formic acid (5.0 equiv) at 80 °C, then, Et3N (2.0 equiv) and TC-6 
(0.1 mol%) at room temperature.
b Determined by GC-MS.
c 2 mL toluene, no water was added.
d 2 mL water, no other organic solvent was added.

1aa 2aa

TC-6 (0.1 mol%) HCOOH (5.0 eq.)

OH

solvent, 80 °C, t1 Et3N (2.0 eq.), r.t., t2OMe OMe
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3439–3445
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conjugation were amenable to this catalytic system (2bh,

2bi). Interestingly, when heteroaromatic alkyne was treat-

ed under the standard conditions, the desired product 2bj

could also be afforded in 94% yield. Furthermore, the alkyl

alkyne cyclohexylacetylene was also successfully applied in

this protocol (2bk).

Scheme 2  Substrate scope of alkynes for hydration/transfer hydroge-
nation to synthesize alcohols. Reagents and conditions: a mixture of 1 
(1.0 mmol), H2O (2 mL), and formic acid (5.0 equiv) at 80 °C for 2 h; 
then Et3N (2.0 equiv) and TC-6 (0.1 mol%) at room temperature. Yield 
of isolated product given.

To examine the potential application of this hydra-

tion/transfer hydrogenation of alkynes, a gram-scale exper-

iment (Scheme 3) and catalyst recycling efficiency studies

(Table 3) were conducted. The scale-up experiment (1aa, 50

mmol) proceeded smoothly under the standard conditions

with 0.004 mol% catalyst loading, giving 2aa in 94% yield,

with a TOF as high as 25000. We also found that metal-

ligand bifunctional iridium catalysts could be recycled five

times while maintaining high catalytic activity. Both results

confirmed the great practical application of this sequential

hydration/transfer hydrogenation transformation (Table 3).

Scheme 3  Gram-scale hydration/transfer hydrogenation of 1aa

Based on our experimental results and on previous re-

ports, a possible mechanistic pathway for this hydra-

tion/transfer hydrogenation of alkynes is shown in Scheme

4. In the hydration step, the intermediate vinyl carbocation

was obtained in the presence of HCOOH, which allowed the

hydration reaction to proceed smoothly under mild condi-

tions.13,14 Then, transfer hydrogenation of ketones to alco-

hols proceeded with the aid of metal-ligand bifunctional

iridium catalyst.15 Firstly, anion exchange occurs with for-

mate anions to produce catalyst precursor A, and carbon di-

oxide is extruded to generate active catalyst B. The carbonyl

is then activated via hydrogen bonding with hydrogen ions,

which can lower the LUMO energy of carbonyl compounds

and help the hydride addition to deliver intermediate D.16

1 2

TC-6 (0.1 mol%) HCOOH (5.0 eq.)

OH

H2O, 80 °C, 2 h Et3N (2.0 eq.), r.t., time
R R

OH

R

R = 2-OMe, 2aa, 0.5 h, 96%
R = 3-OMe, 2ab, 2 h, 92%
R = 4-OMe, 2ac, 0.5 h, 94%
R = H, 2ad, 2 h, 95%

OH

Me

R = 2-Me, 2ae, 0.5 h, 93%
R = 3-Me, 2af, 2 h, 90%
R = 4-Me, 2ag, 0.5 h, 92%

OH

F

R = 2-F, 2ah, 3 h, 88%
R = 3-F, 2ai, 4 h, 86%
R = 4-F, 2aj, 3 h, 89%

OH

Cl

R = 2-Cl, 2ak, 2 h, 95%
R = 3-Cl, 2al, 3 h, 92%
R = 4-Cl, 2am, 2 h, 94%

OH

Br

R = 2-Br, 2an, 4 h, 92%
R = 3-Br, 2ao, 6 h, 90%
R = 4-Br, 2ap, 5 h, 93%

OH

R

R = 3-NO2, 2aq, 4 h, 90%
R = 4-NO2, 2ar, 3 h, 91%
R = 3-CF3, 2as, 5 h, 90%
R = 4-CF3, 2at, 3 h, 92%
R = 4-CN, 2au, 4 h, 94%

OH

R

R = 3,4-dichloro, 2av, 2 h, 91%
R = 3,4-difluoro, 2aw, 4 h, 92%
R = 3-bromo-4-fluoro, 2ax, 6 h, 86%

OHF
F

F
F

F

2ay, 6 h, 86%

OH

R

R = 2-methyl-5-hydroxy, 2az, 5 h, 90%
R = 2,3-dimethyl, 2ba, 6 h, 92%
R = 2-fluoro-5-hydroxy, 2bb, 4 h, 91%

OH

R

R = n-butyl, 2bc, 6 h, 92%
R = t-butyl, 2bd, 6 h, 90%
R = n-hexyl, 2be, 6 h, 90%

OH

OH

OH HO

OH
S OH

2bf, 5 h, 94% 2bg, 5 h, 92% 2bh, 4 h, 95%

2bj, 4 h, 94% 2bi, 5 h, 91%

OH

2bk, 5 h, 90%

TC-6 (0.004 mol%) HCOOH (5.0 eq.)

OH

H2O, 80 °C, 2 h Et3N (2.0 eq.), r.t., 1 hOMe OMe

1aa, 50 mmol 2aa, 94%, 7.14 g
TOF = 25000

Table 3  Catalytic Cycling Studies for the Transfer Hydrogenationa

Cycle index 1 2 3 4 5

Reaction time (h) 0.5 0.5 1 1 1

Yield (%)b >99 >99 >99 >99 >99

a Reaction conditions: a mixture of 3aa (1.0 mmol), H2O (2 mL), formic acid 
(5.0 equiv), Et3N (2.0 equiv) and TC-6 (0.1 mol%) at room temperature.
b Determined by GC-MS.

1aa 2aa

TC-6 (0.1 mol%)

 HCOOH (5.0 eq.)

OH

Et3N (2.0 eq.), r.t., time
OMe OMe

O

Scheme 4  Proposed mechanism for the hydration and transfer hydro-
genation of alkynes

Ar
HCOOH

Ar
RR

H2O
Ar

O
R

(1) Hydration of alkynes:

(2) Transfer hydrogenation of ketones via cyclometalated iridium catalyst:

Ir
Cp* O

NN

TC-6

IrCp*
Cl

N
N

+
HCOO–

H

O
IrCp*

N
N

+

B
H

Ar

O
R

IrCp*
N

N
+

H O
Ar

R
C

IrCp*
N

N
+

H O

Ar R
D

HCOO–

Ar

OH
R

+ CO2

2aa
3aa

A

hydroiridation

H+

H+H
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Ligand exchange of intermediate D releases the desired

products and catalyst precursor A for the next catalytic cy-

cle.

In conclusion, we have developed an interesting method

for the synthesis of alcohols in one pot from readily avail-

able alkynes by using a tandem process involving hydration

and transfer hydrogenation. The simple operating proce-

dure, mild reaction conditions, and high yields make this

protocol particularly practical. The TOF is as high as 25000,

demonstrating the high catalytic activity. Most importantly,

this transformation can be conducted in the aqueous phase,

which is green and eco-friendly. Ongoing studies are fo-

cused on further exploring the asymmetric hydrogenation

and the results will be reported in due course.

All reactions were performed under air in a dried flask. All solvents

were purified by standard drying methods. Unless otherwise stated,

commercial reagents were directly used without further purification.

Products were purified by flash chromatography using silica gel (200–

300 mesh). 1H NMR spectra were recorded on a Bruker 400 (400

MHz) spectrometer with CDCl3 ( = 7.26 ppm), or with tetramethylsi-

lane (TMS,  = 0.00 ppm) as the internal standard. 13C NMR spectra

were were recorded on a Bruker (100 MHz) spectrometer with CDCl3

as the internal reference ( = 77.0 ppm). The melting points were de-

termined on WRR melting point apparatus and are uncorrected.

Synthesis of Alcohols; General Procedure

In a 10 mL Schlenk tube, formic acid (5.0 equiv) was added to a stirred

solution of phenyl acetylene 1 (1.0 mmol) and H2O (2 mL). The result-

ing suspension was vigorously stirred at 80 °C for 2 h, then Et3N (2.0

equiv) and TC-6 (0.6 mg, 0.1 mol%) dissolved in water were added and

the mixture was stirred at r.t. until the completion of the reaction.

The mixture was extracted with diethyl ether (3 × 10 mL) and the

combined diethyl ether layer was dried over sodium sulfate and con-

centrated in vacuum. After evaporation of the solvent, the crude mix-

ture was purified by silica gel column chromatography (petroleum

ether/EtOAc, 5:1) to afford the silanol product.

Catalytic Cycle

In a 10 mL Schlenk tube, a mixture of formic acid (5.0 equiv) and Et3N

(2.0 equiv) was added to a stirred solution of 1-(2-methoxyphe-

nyl)ethanone (3aa; 1.0 mmol), TC-6 (0.6 mg, 0.1 mol%) and H2O (2

mL) at r.t. After completion of the reaction, the mixture was extracted

with EtOAc (3 × 10 mL), the combined EtOAc layer was analyzed by

GC-MS, and the water layer was reserved for the next cycle.

In a 10 mL Schlenk tube, a mixture of formic acid (5.0 equiv) and Et3N

(2.0 equiv) was added to a stirred solution of 1-(2-methoxyphe-

nyl)ethanone (3aa; 1.0 mmol) in the water reserved in the last cycle

at r.t. After completion of the reaction, the mixture was extracted

with EtOAc (3 × 10 mL), the combined EtOAc layer was analyzed by

GC-MS, and the water layer was reserved for the next cycle.

Gram-Scale Hydration/Transfer Hydrogenation

In a 100 mL Schlenk tube, a mixture of formic acid (5.0 equiv) and

Et3N (2.0 equiv) was added to a stirred solution of 1-ethynyl-2-me-

thoxybenzene (1aa; 50 mmol), TC-6 (0.004 mol%) and H2O (20 mL) at

r.t. After completion of the reaction, the mixture was extracted with

EtOAc (3 × 100 mL), and the combined EtOAc layer was dried over so-

dium sulfate and concentrated in vacuum. After evaporation of the

solvent, the crude mixture was purified by silica gel column chroma-

tography to afford 2aa (7.14 g, 94% yield).

1-(2-Methoxyphenyl)ethanol (2aa)14c

Yield: 146.0 mg (96%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.33 (d, J = 5.8 Hz, 1 H), 7.20 (d, J =

7.7 Hz, 1 H), 6.92 (d, J = 6.9 Hz, 1 H), 6.84 (d, J = 8.0 Hz, 1 H), 5.07 (d,

J = 5.3 Hz, 1 H), 3.80 (s, 3 H), 2.97 (s, 1 H), 1.46 (d, J = 4.7 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 156.4, 133.6, 128.2, 126.1, 120.8,

110.4, 66.2, 55.3, 23.0.

1-(3-Methoxyphenyl)ethanol (2ab)14c

Yield: 139.9 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.18 (d, J = 8.1 Hz, 1 H), 6.94–6.82 (m,

2 H), 6.78–6.70 (m, 1 H), 4.74 (d, J = 6.5 Hz, 1 H), 3.72 (s, 3 H), 3.17 (s,

1 H), 1.39 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 159.6, 147.8, 129.5, 117.8, 112.7,

111.0, 70.1, 55.2, 25.2.

1-(4-Methoxyphenyl)ethanol (2ac)6c

Yield: 143.0 mg (94%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.24 (d, J = 8.6 Hz, 2 H), 6.89–6.79 (m,

2 H), 4.77 (q, J = 6.4 Hz, 1 H), 3.76 (s, 3 H), 2.62 (s, 1 H), 1.42 (d, J =

6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 158.9, 138.1, 126.7, 113.8, 69.8, 55.3,

25.1.

1-Phenylethanol (2ad)14c

Yield: 116.0 mg (95%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.34–7.14 (m, 5 H), 4.74 (q, J = 6.5 Hz,

1 H), 3.10 (s, 1 H), 1.38 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 146.0, 128.5, 127.4, 125.5, 70.2, 25.2.

1-o-Tolylethanol (2ae)7

Yield: 126.6 mg (93%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.44 (d, J = 7.5 Hz, 1 H), 7.20–7.07 (m,

3 H), 5.01 (q, J = 6.4 Hz, 1 H), 2.54 (s, 1 H), 2.28 (s, 3 H), 1.38 (d, J =

6.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 144.0, 134.2, 130.4, 127.1, 126.4,

124.6, 66.7, 23.95 (s), 18.9.

1-m-Tolylethanol (2af)7

Yield: 122.5 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.13 (t, J = 7.5 Hz, 1 H), 7.08–7.00 (m,

2 H), 6.97 (d, J = 7.5 Hz, 1 H), 4.63 (q, J = 6.4 Hz, 1 H), 3.79 (s, 1 H), 2.26

(s, 3 H), 1.33 (d, J = 6.7 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 146.2, 138.0, 128.5, 128.4, 128.4,

128.1, 126.4, 122.7, 70.1, 25.3, 21.6.

1-p-Tolylethanol (2ag)14c

Yield: 125.2 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.20 (d, J = 8.1 Hz, 2 H), 7.11 (d, J =

8.0 Hz, 2 H), 4.76 (q, J = 6.4 Hz, 1 H), 2.58 (s, 1 H), 2.31 (s, 3 H), 1.41 (d,

J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.0, 137.0, 129.2, 125.5, 25.2, 21.2.
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3439–3445



3443

N. Luo et al. PaperSynthesis

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.
1-(2-Fluorophenyl)ethanol (2ah)14c

Yield: 123.3 mg (88%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.42–7.040 (m, 1 H), 7.19–7.17 (m,

1 H), 7.10–7.06 (m, 1 H), 6.98–6.93 (m, 1 H), 5.11 (q, J = 6.5 Hz, 1 H),

3.27 (s, 1 H), 1.42 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 159.6 (d, J = 244 Hz), 132.8 (d, J =

13 Hz), 128.7 (d, J = 5 Hz), 126.7 (d, J = 4 Hz), 124.3 (d, J = 3 Hz), 115.2

(d, J = 21 Hz), 64.2 (d, J = 3 Hz), 24.0.

19F NMR (377 MHz, CDCl3):  = –120.07 (s, 1 F).

1-(3-Fluorophenyl)ethanol (2ai)6c

Yield: 120.5 mg (86%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.28–7.23 (m, 1 H), 7.07–7.01 (m, 2 H),

6.94–6.89 (m, 1 H), 4.78 (q, J = 6.5 Hz, 1 H), 3.19 (s, 1 H), 1.40 (d, J =

6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 163.0 (d, J = 244 Hz), 148.6 (d, J =

6 Hz), 130.0 (d, J = 8 Hz), 121.0 (d, J = 2 Hz), 114.1 (d, J = 21 Hz), 112.3

(d, J = 21 Hz), 69.6 (d, J = 2 Hz), 25.1.

19F NMR (377 MHz, CDCl3):  = –112.95 (s, 1 F).

1-(4-Fluorophenyl)ethanol (2aj)14c

Yield: 124.7 mg (89%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.29–7.26 (m, 2 H), 7.02–6.98 (m, 2 H),

4.78 (q, J = 6.5 Hz, 1 H), 3.35 (s, 1 H), 1.41 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 162.0 (d, J = 244 Hz), 141.6 (d, J =

3 Hz), 127.1 (d, J = 8 Hz), 115.1 (d, J = 11 Hz), 69.5, 25.2.

19F NMR (377 MHz, CDCl3):  = –115.47 (s, 1 F).

1-(2-Chlorophenyl)ethanol (2ak)14c

Yield: 148.2 mg (95%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.50 (dd, J = 7.7, 1.7 Hz, 1 H), 7.27–7.19

(m, 2 H), 7.15–7.12 (m, 1 H), 5.19 (q, J = 6.4 Hz, 1 H), 3.40 (s, 1 H), 1.38

(d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.2, 131.5, 129.3, 128.3, 127.2,

126.5, 66.8, 23.6.

1-(3-Chlorophenyl)ethanol (2al)5

Yield: 143.5 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.27 (br, 1 H), 7.19–7.17 (m, 2 H), 7.12–

7.10 (m, 1 H), 4.69 (q, J = 6.5 Hz, 1 H), 3.81 (s, 1 H), 1.34 (d, J = 6.6 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 147.9, 129.8, 127.4, 125.7, 123.7, 69.5,

25.1.

1-(4-Chlorophenyl)ethanol (2am)14c

Yield: 146.6 mg (94%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.28–7.22 (m, 4 H), 4.78 (q, J = 6.5 Hz,

1 H), 2.83 (s, 1 H), 1.40 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 144.3, 133.0, 128.6, 126.8, 69.6, 25.2.

1-(2-Bromophenyl)ethanol (2an)14c

Yield: 184.0 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.51–7.44 (m, 2 H), 7.29–7.25 (m, 1 H),

7.08–7.04 (m, 1 H), 5.14 (q, J = 6.4 Hz, 1 H), 3.28 (s, 1 H), 1.39 (d, J =

6.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 144.8, 132.6, 128.7, 127.9, 126.8,

121.6, 69.1, 23.7.

1-(3-Bromophenyl)ethanol (2ao)14c

Yield: 180.0 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.45 (br 1 H), 7.36–7.33 (m, 1 H), 7.20–

7.13 (m, 2 H), 4.72 (q, J = 6.5 Hz, 1 H), 3.38 (s, 1 H), 1.37 (d, J = 6.5 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 148.2, 130.4, 130.1, 128.6, 124.1,

122.5, 69.5, 25.2.

1-(4-Bromophenyl)ethanol (2ap)14c

Yield: 186.0 mg (93%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.42 (d, J = 8.5 Hz, 2 H), 7.17 (d, J =

8.3 Hz, 2 H), 4.76 (q, J = 6.5 Hz, 1 H), 2.85 (s, 1 H), 1.39 (d, J = 6.5 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 144.8, 131.5, 127.2, 121.1, 69.6, 25.2.

1-(3-Nitrophenyl)ethanol (2aq)17d

Yield: 150.4 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 8.18 (s, 1 H), 8.04 (br 1 H), 7.69 (d, J =

7.7 Hz, 1 H), 7.49 (t, J = 7.9 Hz, 1 H), 4.99 (q, J = 6.5 Hz, 1 H), 4.20 (s,

1 H), 1.49 (d, J = 6.6 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 148.0, 131.8, 129.4, 122.1, 120.2, 69.1,

25.2.

1-(4-Nitrophenyl)ethanol (2ar)14c

Yield: 152.1 mg (91%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 8.13 (d, J = 8.7 Hz, 2 H), 7.52 (d, J =

8.7 Hz, 2 H), 5.00 (q, J = 6.5 Hz, 1 H), 3.38 (s, 1 H), 1.49 (d, J = 6.6 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 153.4, 146.9, 126.2, 123.6, 69.3, 25.3.

1-(3-Trifluoromethylphenyl)ethanol (2as)14c

Yield: 171.1 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.59 (s, 1 H), 7.50–7.39 (m, 3 H), 4.83

(q, J = 6.4 Hz, 1 H), 3.46 (s, 1 H), 1.41 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 146.7, 130.7 (q, J = 32.1 Hz), 128.9,

128.8, 124.10 (q, J = 3.7 Hz), 122.14 (q, J = 3.7 Hz), 69.6, 25.1.

19F NMR (377 MHz, CDCl3):  = –62.59 (s, 3 F).

1-(4-Trifluoromethylphenyl)ethanol (2at)14c

Yield: 174.9 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.57 (d, J = 8.1 Hz, 2 H), 7.42 (d, J =

8.4 Hz, 2 H), 4.87 (q, J = 6.5 Hz, 1 H), 2.92 (s, 1 H), 1.44 (d, J = 6.5 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 149.7, 129.6 (q, J = 32.5 Hz), 125.6,

125.4 (q, J = 3.7 Hz), 124.2 (q, J = 271.9 Hz), 69.7, 25.2.

19F NMR (377 MHz, CDCl3):  = –105.27 (s, 3 F).

4-(1-Hydroxyethyl)benzonitrile (2au)14c

Yield: 138.3 mg (94%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.58 (d, J = 8.4 Hz, 2 H), 7.47 (d, J =

8.2 Hz, 2 H), 4.91 (q, J = 6.5 Hz, 1 H), 3.45 (s, 1 H), 1.46 (d, J = 6.6 Hz,

3 H).
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3439–3445
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13C NMR (100 MHz, CDCl3):  = 151.5, 132.2, 126.1, 118.9, 110.5, 69.3,

25.3.

1-(3,4-Dichlorophenyl)ethanol (2av)6c

Yield: 171.0 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.38 (dd, J = 17.4, 5.1 Hz, 2 H), 7.12 (dd,

J = 8.3, 2.0 Hz, 1 H), 4.77 (q, J = 6.5 Hz, 1 H), 3.04 (s, 1 H), 1.41 (d, J =

6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 146.0, 132.4, 131.1, 130.4, 127.4,

124.8, 69.1, 25.2.

1-(3,4-Difluorophenyl)ethanol (2aw)17e

Yield: 143.9 mg (91%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.22 –6.92 (m, 3 H), 4.79 (q, J = 6.4 Hz,

1 H), 2.91 (s, 1 H), 1.41 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 150.2 (dd, J = 241, 12 Hz), 149.4 (dd,

J = 264, 12 Hz), 142.9 (t, J = 4 Hz), 121.3 (q, J = 4 Hz), 117.1 (d, J =

17 Hz), 114.3 (d, J = 18 Hz), 69.2, 25.2.

19F NMR (377 MHz, CDCl3):  = –137.72 (d, J = 8.8 Hz, 1 F), –140.16 (d,

J = 11.0 Hz, 2 F).

1-(3-Bromo-4-fluorophenyl)ethanol (2ax)17c

Yield: 200.6 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.52 (dd, J = 6.6, 2.1 Hz, 1 H), 7.23–7.19

(m, 1 H), 7.05 (t, J = 8.4 Hz, 1 H), 4.78 (q, J = 6.4 Hz, 1 H), 2.98 (s, 1 H),

1.41 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 158.2 (d, J = 245 Hz), 143.1 (d, J =

4 Hz), 130.5, 126.0 (d, J = 7 Hz), 116.3 (d, J = 22 Hz), 108.9 (d, J =

20 Hz), 69.1, 25.3.

19F NMR (377 MHz, CDCl3):  = –62.39 (s, 1 F).

1-Pentafluorophenylethanol (2ay)17d

Yield: 182.3 mg (86%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 5.25 (p, J = 6.8 Hz, 1 H), 2.57 (d, J =

7.3 Hz, 1 H), 1.65 (d, J = 6.8 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 132.4, 131.5, 130.5, 130.0, 127.7,

126.8, 122.4, 57.8, 18.1.

19F NMR (377 MHz, CDCl3):  = –105.34 (d, J = 3.4 Hz, 2 F), –129.90

(dd, J = 20.9, 3.9 Hz, 2 F), –136.19 (dd, J = 20.9, 3.4 Hz, 1 F).

3-(1-Hydroxyethyl)-4-methylphenol (2az)

Yield: 136.9 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 8.02 (s, 1 H), 6.92–6.90 (m, 1 H), 6.75–

6.70 (m, 2 H), 4.93 (q, J = 6.6 Hz, 1 H), 3.57 (s, 1 H), 2.22 (s, 3 H), 1.50

(d, J = 6.6 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 152.6, 129.3, 129.2, 128.6, 127.1,

116.7, 71.0, 23.4, 20.5.

HRMS-ESI: m/z [M – H]– calcd for C9H12O2: 151.0765; found:

151.0771.

1-(2,5-Dimethylphenyl)ethanol (2ba)17b

Yield: 138.1 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.25 (s, 1 H), 6.95–6.89 (m, 2 H), 4.93

(q, J = 6.4 Hz, 1 H), 2.94 (s, 1 H), 2.27 (s, 3 H), 2.20 (s, 3 H), 1.34 (d, J =

6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.9, 135.7, 131.0, 130.3, 127.8,

125.4, 66.7, 24.0, 21.2, 18.5.

4-Fluoro-3-(1-hydroxyethyl)phenol (2bb)

Yield: 142.1 mg (91%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 8.01 (d, J = 31.2 Hz, 1 H), 6.87–6.69 (m,

3 H), 4.99 (q, J = 6.6 Hz, 1 H), 3.26 (s, 1 H), 1.54 (d, J = 6.6 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 156.5 (d, J = 237.7 Hz), 151.0 (d, J =

1.9 Hz), 129.7 (d, J = 6.4 Hz), 117.7 (d, J = 7.9 Hz), 115.0 (d, J = 22.9 Hz),

113.0 (d, J = 23.6 Hz), 70.6, 23.2.

19F NMR (377 MHz, CDCl3):  = –123.97 (s, 1 F).

HRMS-ESI: m/z [M – H]– calcd for C8H9O2F: 155.0514; found:

155.0518.

1-(4-Butylphenyl)ethanol (2bc)17f

Yield: 163.9 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.19 (d, J = 8.1 Hz, 2 H), 7.10 (d, J =

8.0 Hz, 2 H), 4.72 (q, J = 6.4 Hz, 1 H), 3.03 (s, 1 H), 258–2.54 (m, 2 H),

1.61–1.53 (m, 2 H), 1.38–1.31 (m, 5 H), 0.91 (t, J = 7.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.3, 142.0, 128.5, 125.5, 125.5, 70.1,

35.4, 33.8, 25.1, 22.5, 14.1.

1-(4-tert-Butylphenyl)ethanol (2bd)7

Yield: 160.3 mg (90%); white solid; mp 64–65 °C.

1H NMR (400 MHz, CDCl3):  = 7.33 (d, J = 8.3 Hz, 2 H), 7.24 (d, J =

8.3 Hz, 2 H), 4.76 (q, J = 6.4 Hz, 1 H), 2.75 (s, 1 H), 1.41 (d, J = 6.5 Hz,

3 H), 1.30 (s, 9 H).

13C NMR (100 MHz, CDCl3):  = 150.3, 143.0, 125.4, 125.3, 70.0, 34.6,

31.5, 25.0.

1-(4-Hexylphenyl)ethanol (2be)17a

Yield: 185.6 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.26 (d, J = 8.0 Hz, 2 H), 7.15 (d, J =

8.0 Hz, 2 H), 4.83 (q, J = 6.4 Hz, 1 H), 2.60–2.56 (m, 2 H), 2.12 (s, 1 H),

1.61–1.57 (m, 2 H), 1.46 (d, J = 6.5 Hz, 3 H), 1.33–1.28 (m, 6 H), 0.88 (t,

J = 6.6 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.1, 142.3, 128.5, 125.4, 70.3, 35.7,

31.8, 31.6, 29.1, 25.0, 22.7, 14.2.

2-(1-Hydroxypropyl)phenol (2bf)

Yield: 143.0 mg (94%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 8.28 (s, 1 H), 7.10 (br 1 H), 6.91–6.89

(m, 1 H), 6.81–6.78 (m, 2 H), 4.64 (t, J = 6.8 Hz, 1 H), 3.72 (s, 1 H),

1.83–1.77 (m, 2 H), 0.89 (t, J = 7.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 155.1, 128.8, 127.6, 127.5, 119.9,

116.9, 76.9, 30.2, 10.2.

HRMS-ESI: m/z [M – H]– calcd for C9H12O2: 151.0765; found:

151.0766.

1-Phenyl-butan-1-ol (2bg)6c

Yield: 138.1 mg (92%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.34–7.18 (m, 5 H), 4.61–4.49 (m, 1 H),

2.63 (s, 1 H), 1.73–1.58 (m, 2 H), 1.38–1.23 (m, 2 H), 0.89 (t, J = 7.4 Hz,

3 H).

13C NMR (100 MHz, CDCl3):  = 145.0, 128.4, 127.4, 126.0, 74.3, 41.3,

19.1, 14.0.
© 2020. Thieme. All rights reserved. Synthesis 2020, 52, 3439–3445
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1-Naphthalen-1-yl-ethanol (2bh)6c

Yield: 163.5 mg (95%); white solid; mp 62–63 °C.

1H NMR (400 MHz, CDCl3):  = 7.85–7.83 (m, 1 H), 7.71–7.69 (m, 1 H),

7.58 (d, J = 8.2 Hz, 1 H), 7.47 (d, J = 7.1 Hz, 1 H), 7.34–7.25 (m, 3 H),

5.34 (q, J = 6.4 Hz, 1 H), 3.41 (s, 1 H), 1.42 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 141.7, 133.9, 130.4, 129.0, 127.9,

126.1, 125.7, 125.6, 123.4, 122.3, 66.9, 24.6.

1-Naphthalen-2-yl-ethanol (2bi)17f

Yield: 161.8 mg (94%); white solid; mp 70–71 °C.

1H NMR (400 MHz, CDCl3):  = 7.74–7.66 (m, 4 H), 7.42–7.39 (m, 3 H),

4.89 (q, J = 6.5 Hz, 1 H), 2.83 (s, 1 H), 1.46 (d, J = 6.5 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 143.3, 133.4, 133.0, 128.3, 128.1,

127.8, 126.2, 125.8, 123.9, 70.4, 25.2.

1-Thiophen-2-ylethanol (2bj)6c

Yield: 102.1 mg (91%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 7.23 (dd, J = 4.7, 1.6 Hz, 1 H), 6.98–6.95

(m, 2 H), 5.12 (q, J = 6.4 Hz, 1 H), 2.21 (s, 1 H), 1.59 (d, J = 6.4 Hz, 3 H).

13C NMR (100 MHz, CDCl3):  = 149.9, 126.7, 124.5, 123.2, 66.3, 25.3.

1-Cyclohexylethanol (2bk)2c

Yield: 115.2 mg (90%); colorless oil.

1H NMR (400 MHz, CDCl3):  = 3.54 (p, J = 6.2 Hz, 1 H), 1.87–1.83 (m,

1 H), 1.78–1.74 (m, 2 H), 1.69–1.65 (m, 3 H), 1.33–1.15 (m, 7 H), 1.02–

0.94 (m, 2 H).

13C NMR (100 MHz, CDCl3):  = 72.2, 45.1, 28.7, 28.4, 26.5, 26.2, 26.1,

20.4.
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