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Transfer Hydrogenation of Ketones into Alcohols Catalyzed by a
Novel Chiral Terpyridine Ruthenium(ll) Complex
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Zhu, Xinju Song, Bing* Hao, Xingi* Liu, Guoji
(School of Life Sciences, College of Chemistry, Zhengzhou University, Zhengzhou 450001)

Abstract A novel cationic ruthenium(II) complex bearing a chiral symmetrical pineno-fused terpyridine ligand was synthe-
sized and structurally characterized by NMR, HRMS, and X-ray crystallographic determinations. This complex exhibited good
catalytic activity in the transfer hydrogenation of ketones. Under optimized conditions, a wide range of ketones underwent
hydrogenation smoothly to furnish corresponding alcohols in excellent yields (up to 99%) under relative mild reaction condi-
tions.
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1 Introduction es with superior activity and selectivity. It is thus highly
desirable to explore new types of ligands and the corre-
sponding metal complexes to enhance the reaction effi-
ciency.

Pincer-type complexes are a class of well-defined struc-
tures with superior performance in catalytic (de)hydro-

Reduction of carbonyl functionality to alcohols has be-
come one of the most practical and fundamental transfor-
mations in synthetic organic chemistry.[! Among various
existing methodology, transfer hydrogenation has been

proved to be an efficient, mild and reliable method, which genation and transfer (de)hydrogenation via fine modifica-
employs green and commercially available alcohols as the tions of steric and electronic effects./! Up to now, a series
hydrogen donor.l?! Noyori group™ discovered that Ru(Il) of NCN.[) PCP,[8 NNC,“% PNP,[1% PNN,!'!J and other!!?
complexes bearing N-tosyldiphenylethylene ligands exhib-
ited high efficiency for transfer hydrogenation of ketones.
Afterwards, Baratta group® reported 2-(aminomethyl)-
pyridine-containing Ru(II) and Os(II) complexes, which
also showed good catalytic activity. Meanwhile, Morris
groups®! developed tetradentate NNPP Fe(I) complexes,
which initiated the utilization of earth-abundant transition
metals in this field. In most cases, a rational ligand design
is prerequisite in order to obtain transition metal complex-

tridentate metal complexes have been successfully utilized
in transfer hydrogenation of ketones through vibration of
donor moieties. In special, pincer complexes supported by
NNN ligands, including bis(oxazolinyl)pyridines, 3! bis-
(imidazolinyl)pyridines,''¥ and terpyridines,!”! have ex-
hibited superior reactivity. Yu and co-workers!'®! have de-
veloped various NNN pincer complexes and evaluated
their performance in transfer hydrogenation of ketones
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with TOF values up to 1.4X107 h™ .

Over the past years, our group have developed a series
of pincer complexes bearing imidazoline and imidaz-
opyridine donors, which exhibited good catalytic activities
in transfer hydrogenations of acetones, N-alkylation of
amines, a-alkylation of acetone and nitriles, and other ap-
plications.l'”!¥] As a continuation of our work, we herein
report synthesis of a novel NNN cationic Ru(Il) complex
bearing a chiral symmetrical pineno-fused terpyridine lig-
and (Figure 1). Moreover, Ru(Il)-catalyzed transfer hy-
drogenation of ketones is also presented.

OMe

ORTEP of Ru(Il) complex

Figure 1 Chiral terpyridine Ru(Il) complex and its X-ray struc-
ture

2 Results and discussion

2.1 Preparation of ligand and Ru complex

The synthetic route of chiral terpyridine ligand 8 is il-
lustrated in Scheme 1. Claisen condensation between
commercially available diethyl oxalate 1 and acetone 2,
followed by keto-enol tautomerism and dehydration gener-
ated ring-closing product 3 in 60% yield. After treatment
with aqueous ammonia, 4-hydroxypyridine-2,6-dicarbo-
xylic acid 4 was obtained in 93% yield. Next, esterification
of 4 with alcohol would provide dimethyl 4-methoxy-
pyridine-2,6-dicarboxylate 5, which reacted with ethyl
acetate and metallic sodium followed by addition of 20%
aqueous HCI to deliver 4-methoxy-2,6-diacetylpyridine 6
in 47% yield. After treatment with anhydrous pyridine and
iodine at 100 “C for 3 h, the corresponding product 7 was
isolated in 76% yield. Finally, a Krohnke-type reaction of
N-heteropyridinium salt 7 with (R)-(—)-myrtenal in the
presence of NH4OAc would gave chiral terpyridine ligand
8 in 70% yield, which underwent enolization of N-hetero-
pyridinium salt 7, Michael addition of (R)-(—)-myrtenal
with enolized 7, removal of pyridine group, and nucleo-
philic addition of NH4OAc process.[!”!

With ligand 8 in hand, the desired pincer complex 9 was
obtained in 68% yield after reacted with RuCly(PPhs); in
i-PrOH under Ar for 3 h (Scheme 2). The structure of
Ru(Il) complex 9 was unambiguously determined by in-
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Scheme 1 Synthesis of chiral terpyridine ligand 8

frared spectrum, UV-Vis spectrum, NMR spectra and sin-
gle-crystal X-ray diffraction analysis.

OMe

RUCI,(PPh3)s, i-PrOH

Ar, 82 °C, reflux, 3 h
68%

Scheme 2 Synthesis of Ru(II) complex 9

2.2 Characterization of Ru complex

"H NMR analysis of complex 9 is consistent with mo-
lecular composition. After completion, the terpyridine
proton signal of ligand 8 at § 8.39 (2H) shifted downfield
(6 8.55) due to the decreased electron density upon coor-
dination with Ru metal. On the contrary, proton signals of
8 at 6 8.21 (2H) and 7.94 (2H) shifted upfield (6 8.09 and
7.36), which could be explained by electron shielding ef-
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fect.?! Compared with ligand 8, the appearance of proton
signal at 0 7.25~7.15 (18H) and 7.10~7.00 (12H) corre-
sponded to PPh; moiety in complex 9. In additional, 3'P
NMR signal of complex 9 was also observed at 6 21.2. For
both ligand 8 and complex 9, proton signals at  4.01 (3H)
and 4.20 (3H) were observed, respectively, which were
assigned to methoxy group. Meanwhile, proton signals at J
1.43 (6H) and 0.68 (6H) were corresponding to methyl
group ligand 8. After complexion, the corresponding me-
thyl proton signals located at J 1.36 (6H) and 0.27 (6H) for
complex 9. Finally, the remaining proton (12H) at the
range of 0 0.79~3.12 was also observed.

2.3 X-ray crystallographic studies

The molecular structure of complex 9 was further con-
firmed by single-crystal X-ray analysis (Figure 2). In the
solid state, the six-coordinated cationic Ru(II) center is
surrounded by the ligand 8, two PPhs groups and one chlo-
ride atom in a distorted pseudo-octahedral configuration.
The N(1AA)-Ru(3)-N(3GA) (78.2°), N@BGA)-Ru(3)-
N(8GA) (78.4°), and N(1AA)-Ru(3)-N(8GA) (156.6°)
angels deviate from the perfect values (90° and 180°), in-
dicating a constrained polycyclic ring system in the equa-
torial plane (Table 1). In contrast, the P(6)-Ru(3)-N(3GA)
(90.1°), N(3GA)-Ru(3)-Cl(7) (176.3°), and P(5)-Ru(3)-
P(6) (179.1°) angles are very approximate to 90° and 180°,
which suggest CI(1) is positioned trans to the N(1) atom
and two phosphorus atoms occupy the vertical coordina-
tion site.

Figure 2 ORTEP drawing of chiral terpyridine ruthenium(II)
complex

Table 1 Selected bond lengths and angles for complex 9

Atom-Atom Length/nm  Atom-Atom-Atom  Angle/(°)
CI(7)-Ru(3) 0.2458  N(3GA)-Ru(3)-CI(7) 176.3
N(1AA)-Ru(3) 0.2074 N(1AA)-Ru(3)-N(8GA) 156.6
N(3GA)-Ru(3) 0.1937  P(5)-Ru(3)-P(6) 179.1
N(8GA)-Ru(3) 0.2129  P(6)-Ru(3)-N(3GA) 90.1
P(5)-Ru(3) 0.2407 N(1AA)-Ru(3)-N(3GA)  78.2
P(6)-Ru(3) 0.2412  N(3AA)-Ru(3)-N(8GA)  78.4

2.4 Catalytic transfer hydrogenation of ketones

Our initial investigation started with employment of ke-
tone 10a and i-PrOH as the model reductant in the pres-
ence of Ru(Il) complex 9 (Table 2). To our delight, the
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desired product 11a was isolated in 23% yield in the pres-
ence of Na,COs (10 mol%) in isopropanol at 82 °C for 3
h (Table 2, Entry 1). Subsequently, various bases, includ-
ing KHCO;, K3;PO4, NaOAc, NaOH and EtONa, were
tested, which indicated EtONa displayed the best activity
to afford 11a in 87% yield (Table 2, Entries 2~6). Varia-
tion of base loading led to 11a in a decreased yield (Table
2, Entries 7~9). Next, the Ru(Il) complex loading and
reaction time was also modulated, which all suppressed
reaction efficiency (Table 2, Entries 10~15). Finally, ei-
ther elevating or lowering temperature was detrimental to
the reaction.

Table 2 Optimization of reaction conditions®

% OH o
Me . OH Cat. 9, Base Me + )L
Me)\Me Ar, 82°C,3h Me™ "Me
10a 11a
Entry Base (equiv.)  Cat. 9/equiv. Time/h  Yield/%

1 NaxCO;s(0.1) 0.01 3 23
2 KHCOs (0.1) 0.01 3 47
3 KsPOs(0.1) 0.01 3 74

4 NaOAc (0.1) 0.01 3 N.R
5 NaOH (0.1) 0.01 3 79
6  EtONa(0.1) 0.01 3 87

7 EtONa (0) 0.01 3 N.R
8 EtONa (0.05) 0.01 3 81
9  EtONa(0.2) 0.01 3 78
10 EtONa (0.1) 0.003 3 62
11 EtONa (0.1) 0.005 3 82
12 EtONa (0.1) 0.03 3 79
13 EtONa (0.1) 0.05 3 66
14 EtONa (0.1) 0.01 2 82
15 EtONa (0.1) 0.01 4 65

@ Reaction conditions: ketone (0.2 mmol, 0.1 mol/L in 2 mL of i-PrOH);
n(ketone)/n(base)/n(cat. 9)=100/10/1, Ar (0.1 MPa), 82 C, 3 h, isolated
yield.

With the optimized conditions in hand (Table 2, Entry
6), the substrate scope of ketones was investigated (Table
3). In general, various ortho-, meta-, and para-substituted
aromatic methyl ketones could undergo transfer hydro-
genation smoothly to give alcohols 11a~11q in up to 99%
yield. Both electron-donating (OMe, Me, Et and #-Bu) and
electron-withdrawing (CF3;, Cl and Br) groups were
well-tolerated under the current catalytic system. However,
a substantial decreased yield was observed when NH, and
NO; substituents were introduced. Meanwhile, other ke-
tones 10r~10t were also tested to afford the correspond-
ing alcohols in 95%~99% yields. The enantiomeric ex-
cess of product 10 was further determined by chiral
high-performance liquid chromatography. Unfortunately,
no enantioselectivity was observed probably due to the fact
that the chiral environment of Ru complex 9 was far away
from the substrates in the transfer hydrogenation process.
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Table 3 Substrate scope of ketones?

0.__R?
OH  cat 9, EtONa
Nt )\ =
R | Me Me Ar, 82°C,3h | Me
N NS
10
OH OH OH OH
cl Br Me
11a, 87% 11b, 91% 11c, 86% 11d, 94% 11e, 95% 11f. 25% 11g, 96%
OH OH
MeO. : /l\
\©)\ CI\©)\Me Br\©)\Me /@)\ /@)\
11h, 97% 11i, 12% 11j, 99% 11k, 99% 111, 96% 11m, 94%
OH OH OH OH
@* @* @* @* (= “@0 > (0 ‘0
MeO Me O,N
0, 0,
o 11n, 97% 110, 95% 11p, 98% 11q, 16% T, 95% 11s, 99% B

4 Reaction conditions: ketone (0.2 mmol, 0.1 mol/L in 2 mL of i-PrOH); n(ketone)/n(base)/n(cat. 9)=100/10/1, Ar (0.1 MPa), 82 C, 3 h, isolated yield.

To explore the reaction mechanism, an external amount o HO
of PPh; was added to the reaction system (Scheme 3). The OH  cat. 9, EtONa )OL
reaction efficiency was substantially suppressed in the e “Me A 82°C 3h T Me” Me
presence of 1 mol% PPhs, which gave product 11a in 34%
yield. Further addition of PPh; fully suppressed transfer 10a 1a
hydrogenation of ketone 10a, indicating that dissociation 87% yield

1 mol% PPhy: 34% yield

of PPh; ligand from Ru center is not involved.['3 )
5 mol%, 10 mol%, or 20 mol% PPh3: 0% yield

On the basis of previous literature,l'!®1 a plausible .
mechanism was proposed (Scheme 4). Initially, Ru comp- Scheme 3 Control experiments

OMe

10a

Proposed
mechanism

. :
“'PPhy
Pth// o ol

Ph Me

Scheme 4 Reaction mechanism
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lex 9 reacted with isopropyl alcohol in the presence of
EtONa gave Ru(Il) alkoxide intermediate A, which un-
derwent f-elimination to form Ru-H intermediate B. Coor-
dination and insertion of ketone 10a to the Ru—H bond
provided Ru(Il) alkoxide intermediate C, which underwent
alcohol metathesis to provide the desired product 11a and
regenerate Ru(Il) intermediate A.

3 Conclusions

In conclusion, a novel chiral terpyridine ruthenium(II)
complex, which was bench-stable and fully characterized,
was successfully developed. The obtained Ru(Il) catalyst
exhibited good reactivity in transfer hydrogenation of ke-
tones characterized with broad substrate scope, operational
convenience, and high efficiency.

4 Experimental section

4.1 General Information

Melting points were determined on an XT4A melting
point apparatus and were uncorrected. Flash column chro-
matography was performed using 200~300 mesh silica
gel. Analytical and preparative thin-layer chromatography
(TLC) plates coated with commercial silica gel GF254
were used to monitor the reactions and purify products. 'H
NMR, ®C NMR and F NMR, 3'P NMR spectra were
recorded on Bruker DPX 400 or Bruker DPX 600 instru-
ments using TMS as an internal standard. HRMS were
determined on a Q-Tof Micro MS/MS System ESI spec-
trometer. HPLC analysis was performed on an Agilent
Technologies instrument, employing a Daicel Chiralpak
column at 25 “C. The structure of Ru complex 9 (CCDC
1976681) was further confirmed by X-ray diffraction col-
lected on a diffractometer with graphite monochromated
Mo Ko radiation. Unless otherwise indicated, all the start-
ing materials and reagents were commercially available
and used without further purification. Transfer hydrogena-
tion of ketones was carried out in oven-dried 15 mL sealed
tubes under Ar.

4.2 General procedure for synthetic procedures

Compounds 4~6 were prepared according to Ref. [22]
and the characterization data were consistent with the liter-
ature.

4.2.1 Synthesis of compound 7

To a 50 mL round-bottom flask was added compound 6
(1.16 g, 6.0 mmol) and sublimated iodine (3.12 g, 12.2
mmol) in dry pyridine (9 mL). The reaction mixture was
stirred at 100 C for 3 h. After cooling down to room
temperature, the precipitate was filtered, rinsed once with
pyridine and dried under vacuo. Compound 7 was purified
by recrystallization using 95% ethanol as a brown solid.
2.75 g, 76% yield. m.p. 198~199 C; 'H NMR (400
MHz, DMSO-dg) 6: 9.10 (d, J=5.2 Hz, 4H), 8.79 (t, J=
7.8 Hz, 2H), 8.34 (t, J=7.1 Hz, 4H), 7.89 (s, 2H), 6.63 (s,
4H), 4.06 (s, 3H); '*C NMR (151 MHz, CDCls) J: 190.7,
168.4, 152.3, 147.2, 146.8, 128.4, 112.5, 67.1, 57.5, 56.5,
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19.0; 3C NMR (151 MHz, CDCl3) 8: 190.7, 168.4, 152.3,
147.2, 146.8, 128.4, 112.5, 67.1, 57.5, 56.5, 19.0; HRMS
(ESI) caled for C3HuN;O [M—1]" 476.0466, found
476.0466.

4.2.2 Synthesis of compound 8

To a 100 mL schlenk-bottle was added a solution of
compound 7 (1.20 g, 1.99 mmol), ammonium acetate (0.66
g, 4.17 mmol) and (R)-myrtenal (608 pL, 4.03 mmol) in
formamide (6 mL) under nitrogen. The reaction mixture
was stirred at 80 C overnight. After cooling down to
room temperature, the precipitate was filtered, rinsed once
with water, and dried under vacuo. The residue was puri-
fied by neutral alumina chromatography (petroleum ether/
ethyl acetate, V. V=50 : 1, 1% triethylamine as the elu-
ent) to give compound 8 as a light yellow solid. 0.63 g,
70% yield. m.p. 231~232 ‘C; 'H NMR (400 MHz,
CDCls) 0: 8.39 (s, 2H), 8.21 (s, 2H), 7.94 (s, 2H), 4.01 (s,
3H), 3.12 (d, J=2.4 Hz, 4H), 2.88 (t, J=5.4 Hz, 2H), 2.72
(m, J=9.7, 5.8 Hz, 2H), 2.32~2.36 (m, 2H), 1.43 (s, 6H),
1.26 (d, J=9.6 Hz, 2H), 0.68 (s, 6H); 3*C NMR (151 MHz,
CDCly) d: 167.7, 157.6, 154.5, 145.4, 145.2, 143.0, 120.7,
106.4, 55.5, 44.6, 40.1, 39.3, 33.0, 31.9, 26.0, 21.4; HRMS
(ESI) caled for CiH3N3;O [M-+H]"™ 452.2696, found
452.2702.

4.2.3 Synthesis of pincer Ru(Il) complex 9

To a 25 mL Schlenk tube was added a solution of com-
pound 8 (45 mg, 1.0 mmol) and RuCl,(PPhs); (96 mg, 1.0
mmol) in isopropanol (10 mL) under nitrogen. The reac-
tion mixture was refluxed at 82 °C for 3 h. After cooled
down to room temperature, complex 9 was obtained via
recrystallization followed by washing with anhydrous ether
as a red solid. 78 mg, 68% yield. m.p. 158~159 C; 'H
NMR (400 MHz, CDCls) ¢: 8.55 (s, 2H), 8.09 (s, 2H), 7.36
(s, 2H), 7.25~7.15 (m, 18H), 7.05 (t, J=7.5 Hz, 12H),
4.20 (s, 3H), 3.10~2.99 (m, 4H), 2.66~2.53 (m, 4H),
2.24~2.22 (m, 2H), 1.36 (s, 6H), 0.79 (d, J=9.6 Hz, 2H),
0.27 (s, 6H); '*C NMR (151 MHz, CDCls) 6:165.1, 157.6,
156.1, 151.4, 145.8, 145.6, 133.2, 133.14, 133.10, 130.6,
130.5, 130.4, 129.4, 127.9, 127.88, 127.85, 122.9, 109.4,
59.1, 44.6, 39.5, 38.8, 32.7, 31.0, 25.8, 21.2; 3'P NMR
(162 MHz, CDCl;) d: 21.16 (s); HRMS (ESI") calcd for
CesHe2CIN;OP,Ru [M + H] © 1112.3173, found
1112.3191.

4.2.4 Transfer hydrogenation of ketones

The catalyst solution was prepared by dissolving Ru(II)
complex 9 (11.5 mg, 0.01 mmol) in isopropanol (10 mL).
To a 10 mL Schlenk tube was added compound 10 (0.2
mmol), EtONa (1.4 mg, 0.02 mmol) in above catalyst solu-
tion (2 mL, 0.002 mmol). The reaction mixture was heated
at 82 “C for 3 h under Ar, and then cooled down to 0 C.
After removal of organic solvent, the desired product 11
were purified by preparative TLC on silica gel plates (pe-
troleum ether/ethyl acetate, V. V=10 ! 1 as the elu-
ent).[1%]

a-Methylbenzyl alcohol (11a): Slight yellow oil, 21.3
mg, 87% yield. 'H NMR (400 MHz, CDCls) 6: 7.30 (d,
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J=4.3 Hz, 4H), 7.25~7.18 (m, 1H), 4.79 (q, J/=6.4 Hz,
1H), 2.53 (s, 1H), 1.42 (d, J=6.5 Hz, 3H); '3C NMR (101
MHz, CDCl3) d: 145.9, 128.5, 127.4, 125.5, 70.3, 25.2.
2-Chloro-a-methylbenzyl alcohol (11b): Slight yellow
oil, 28.5 mg, 91% yield. 'H NMR (400 MHz, CDCls) &:
7.58 (dd, J=7.7, 1.5 Hz, 1H), 7.34~7.24 (m, 2H), 7.19
(td, J/=17.6, 1.7 Hz, 1H), 5.26 (q, /=6.2 Hz, 1H), 2.47 (s,
1H), 1.47 (d, J=6.4 Hz, 3H); 3C NMR (101 MHz, CDCI;)
0:143.1,131.6, 129.4, 128.4, 127.2, 126.4, 66.9, 23.5.
2-Bromo-a-methylbenzyl alcohol (11c¢): Slight yellow
oil, 34.6 mg, 86% yield. 'H NMR (400 MHz, CDCl;) ¢:
7.57 (dd, J=17.8, 1.7 Hz, 1H), 7.50 (dd, J=38.0, 0.9 Hz,
1H), 7.33 (t, J=7.7 Hz, 1H), 7.11 (td, J/=7.7, 1.7 Hz, 1H),
5.21 (q, J=6.4 Hz, 1H), 2.48 (s, 1H), 1.46 (d, J=6.4 Hz,
3H); 3C NMR (101 MHz, CDCI5) &: 144.6, 132.6, 128.7,
127.8, 126.7, 121.7, 69.2, 23.60.
1-(2-Methylphenyl)ethanol (11d): Slight yellow oil, 25.6
mg, 94% yield. "H NMR (400 MHz, CDCl3) d: 7.51~7.49
(m, 1H), 7.27~7.13 (m, 3H), 5.10 (q, J=6.4 Hz, 1H),
2.34 (s, 3H), 2.21 (s, 1H), 1.46 (d, J=6.4 Hz, 3H); 3C
NMR (101 MHz, CDCls) d: 143.9, 134.2, 130.4, 127.1,
126.4, 124.5, 66.7, 23.9, 18.9.
2-Methoxy-a-methylbenzyl alcohol (11e): Slight yellow
oil, 28.9 mg, 95% yield. 'H NMR (400 MHz, CDCl;) ¢:
7.36 (dd, J=7.5, 1.6 Hz, 1H), 7.28~7.22 (m, 1H), 6.98
(td, J/=1.5, 0.9 Hz, 1H), 6.88 (d, /=8.2 Hz, 1H), 5.10 (q,
J=6.5 Hz, 1H), 3.86 (s, 3H), 2.79 (s, 1H), 1.51 (d, J=6.5
Hz, 3H); '*C NMR (101 MHz, CDCl3) ¢: 156.5, 133.5,
128.3, 126.1, 120.8, 110.4, 66.4, 55.3,22.9.
1-(2-Aminophenyl)ethanol (11f): Slight yellow oil, 6.9
mg, 25% yield. "H NMR (400 MHz, CDCls) §: 7.13~7.05
(m, 2H), 6.76~6.64 (m, 2H), 4.92 (q, J=6.6 Hz, 1H),
1.59 (d, J=6.6 Hz, 3H); 3*C NMR (101 MHz, CDCl5) &:
145.1, 128.6, 128.3, 126.5, 118.1, 116.6, 69.6, 21.5.
a-Methyl-2-(trifluoromethyl)benzyl ~ alcohol  (11g):
Slight yellow oil, 36.9 mg, 96% yield. '"H NMR (400 MHz,
CDCls) ¢: 7.83 (d, J=7.8 Hz, 1H), 7.64~7.55 (m, 2H),
7.37 (t, J=17.6 Hz, 1H), 5.35~5.31 (m, 1H), 2.01 (s, 1H),
1.49 (d, J=6.3 Hz, 3H); ¥C NMR (101 MHz, CDCl5) é:
145.0, 132.4, 127.2 (Jcr=269 Hz), 126.5 (Jcr=30.2
Hz), 125.7, 125.3 (Jcr=5.9 Hz), 123.0, 65.7 (Jcr=24
Hz), 25.43; 'F NMR (376 MHz, CDCl3) 6: —58.32.
1-(3-Methoxyphenyl)ethanol (11h): Slight yellow oil,
29.5 mg, 97% yield. '"H NMR (400 MHz, CDCl;) §: 7.29~
7.22 (m, 1H), 6.97~6.91 (m, 2H), 6.81~6.79 (m, 1H),
4.86 (q, J/=6.4 Hz, 1H), 3.81 (s, 3H), 1.99 (s, 1H), 1.49 (d,
J=6.5 Hz, 3H); *C NMR (101 MHz, CDCl3) é6: 159.8,
147.6,129.5,117.7,112.9, 110.9, 70.3, 55.2, 25.2.
1-(3-Nitrophenyl)ethanol (11i): Slight yellow oil, 4.0
mg, 12% yield. '"H NMR (400 MHz, CDCl;) &: 8.26 (t, J=
1.9 Hz, 1H), 8.14~8.12 (m, 1H), 7.72 (d, J/=7.7 Hz, 1H),
7.53 (t, J=7.9 Hz, 1H), 5.03 (q, /=6.4 Hz, 1H), 1.98 (s,
1H), 1.55 (d, J=6.5 Hz, 3H); 3C NMR (101 MHz, CDCI;)
0:148.4, 147.8, 131.6, 129.4, 122.4, 120.4, 69.4, 25.5.
3-Chloro-a-methylbenzyl alcohol (11j): Slight yellow
oil, 31.0 mg, 99% yield. 'H NMR (400 MHz, CDCl;) ¢:
7.33 (s, 1H), 7.25~7.17 (m, 3H), 4.81 (q, /=6.4 Hz, 1H),
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2.31 (s, 1H), 1.43 (d, J=6.5 Hz, 3H); '3C NMR (101 MHz,
CDCl) o: 147.9, 134.3, 129.8, 127.5, 125.6, 123.5, 69.7,
25.2.

3-Bromo-a-methylbenzyl alcohol (11k): Slight yellow
oil, 39.8 mg, 99% yield. 'H NMR (400 MHz, CDCls) &:
7.50 (s, 1H), 7.40~7.35 (m, 1H), 7.28~7.23 (m, 1H),
7.19 (t, J=7.7 Hz, 1H), 4.81 (q, J=6.5 Hz, 1H), 2.31 (s,
1H), 1.44 (d, J=6.5 Hz, 3H); '3C NMR (101 MHz, CDCI;)
0:148.1, 130.4, 130.1, 128.6, 124.0, 122.6, 69.7, 25.2.

4-Chloro-a-methylbenzyl alcohol (111): Slight yellow
oil, 30.0 mg, 96% yield. 'H NMR (400 MHz, CDCls) &:
7.30~7.25(m, 4H), 4.83 (q, J=6.4 Hz, 1H), 2.33 (s, 1H),
1.44 (d, J=6.5 Hz, 3H); *C NMR (101 MHz, CDCl;) ¢:
144.3,133.0, 128.6, 126.8, 69.7, 25.2.

1-(4-Ethylphenyl)ethanol (11m): Slight yellow oil, 28.2
mg, 94% yield. "H NMR (400 MHz, CDCl3) d: 7.31~7.29
(m, 2H), 7.20 (d, /=8.1 Hz, 2H), 4.87 (q, J/=6.4 Hz, 1H),
2.67 (q, J=7.6 Hz, 2H), 2.07 (s, 1H), 1.50 (d, /=6.5 Hz,
3H), 1.26 (t, J=7.6 Hz, 3H); 3C NMR (101 MHz, CDCl;)
0:143.5,143.2,128.0, 125.5, 70.2, 28.6, 25.1, 15.6.

4-(tert-Butyl)-a-methylbenzyl alcohol (11m): Slight
yellow oil, 34.6 mg, 97% yield. 'H NMR (400 MHz,
CDClL) o6: 7.41~7.31 (m, 2H), 7.35~7.30 (m, 2H), 4.87
(q, J/=6.5 Hz, 1H), 2.10 (s, 1H), 1.51 (d, J=6.5 Hz, 3H),
1.35 (s, 9H); '*C NMR (101 MHz, CDCls) §: 150.4, 142.9,
125.4,125.2,70.2,34.5,31.4, 24.9.

1-(4-Methoxyphenyl)ethanol (110): Slight yellow oil,
28.9 mg, 95% yield. "H NMR (400 MHz, CDCls) 6: 7.30~
7.25 (m, 2H), 6.88~6.84 (m, 2H), 4.81 (q, J=6.4 Hz,
1H), 3.78 (s, 3H), 2.14 (s, 1H), 1.45 (d, J/=6.5 Hz, 3H);
13C NMR (101 MHz, CDCl3) 6: 158.9, 138.1, 126.7, 113.8,
69.9, 55.3,25.0.

1-(4-Methylphenyl)ethanol (11p): Slight yellow oil, 26.7
mg, 98% yield. 'H NMR (400 MHz, CDCl3) 6: 7.25 (d,
J=8.1 Hz, 2H), 7.15 (d, /=7.9 Hz, 2H), 4.84 (q, J=6.4
Hz, 1H), 2.34 (s, 3H), 1.92 (s, 1H), 1.46 (d, J=6.5 Hz,
3H); 3C NMR (101 MHz, CDCl;) §: 142.9, 137.2, 129.2,
125.4,70.2,25.1, 21.1.

1-(4-Nitrophenyl)ethanol (11q): Slight yellow oil, 5.3
mg, 16% yield. "H NMR (400 MHz, CDCls) J: 8.25~8.15
(m, 2H), 7.54 (d, J=8.5 Hz, 2H), 5.03 (q, J/=6.5 Hz, 1H),
1.98 (s, 1H), 1.53 (d, J=6.5 Hz, 3H); '3C NMR (101 MHz,
CDCl) 6: 153.0, 147.2, 126.1, 123.8, 69.5, 25.5.

1-Phenyl-1-propanol (11r): Slight yellow oil, 25.9 mg,
95% yield. '"H NMR (400 MHz, CDCls) §: 7.37~7.30 (m,
4H), 7.30~7.23 (m, 1H), 4.57 (t, J=6.6 Hz, 1H), 2.01 (s,
1H), 1.88~1.64 (m, 2H), 0.91 (t, J=7.4 Hz, 3H); C
NMR (101 MHz, CDCls) d: 144.6, 128.4, 127.5, 126.0,
76.0,31.9,10.2.

1-(2-Naphthyl)ethanol (11s): White solid, 34.1 mg, 99%
yield. m.p. 74~75 °C; 'H NMR (400 MHz, CDCl;) ¢:
7.85~7.80 (m, 4H), 7.51~7.46 (m, 3H), 5.06 (q, /=6.3
Hz, 1H), 2.14 (s, 1H), 1.58 (d, J=6.5 Hz, 3H); '3*C NMR
(101 MHz, CDCl3) d: 143.2, 133.3, 132.9, 128.3, 127.9,
127.7,126.2,125.8, 123.8, 123.8, 70.5, 25.2.

Benzhydrol (11t): White solid, 36.1 mg, 98% yield. m.p.
65~66 C; 'H NMR (400 MHz, CDCls) §: 7.39~7.27
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(m, 8H), 7.27~7.20 (m, 2H), 5.78 (d, J=3.0 Hz, 1H),

2.35

(d, J=3.4 Hz, 1H); '*C NMR (101 MHz, CDCls) §:

143.8, 128.5, 127.6, 126.6, 76.3.

Supporting Information 'H NMR and '*C NMR original
spectra of the target compound. The Supporting Infor-
mation is available free of charge via the Internet at
http://sioc-journal.cn.
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