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Room Temperature Ru(lll)-Catalyzed ortho-Hydroxymethylation of
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Abstract Direct synthesis of the hydroxymethylated arene derivatives via ruthenium(IIl)-catalyzed nitrogen atom directed
C—H activation is described. The reaction proceeds smoothly at room temperature and generates the corresponding products
in moderate to excellent yields. Meanwhile, it has a broad substrate scope and opens up an attractive avenue for the application
of direct hydroxymethylation in the synthesis of biologically active compounds.
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1 Introduction

Hydroxymethylated arenes are one of the most im-
portant and widely occurring structural units in many nat-
ural products and biologically active compounds (Figure
1).1 They are rifely existed in a variety of drug molecules.
For example, salbutamol sulfate!™ is a p,-adrenoceptor
agonist that was first launched by GlaxoSmithKline (GSK)
in 1968 for the treatment of asthma (Figure 1). In 2002, it
was commercialized for the prevention of chronic obstruc-
tive pulmonary disease (COPD). Salmeterol,''® marketed
and manufactured by GSK in 1990, was also used in the
maintenance and prevention of asthma symptoms (Figure
1). Fesoterodine fumarate,!'”’ a muscarinic antagonist de-
veloped by Schwarz Pharma, was first launched in the
U.K. in 2008, followed by E.U. approval for the treatment
of urinary urge incontinence and overactive bladder (OAB)
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(Figure 1). Oxamniquine,'? sold under the brand name

Vansil among others, is a medication used to treat schisto-
somiasis due to Schistosoma mansoni (Figure 1). Because
of their enormous value in pharmaceuticals, a variety of
methods have been developed to synthesize the substituted
hydroxymethylated arenes over the past several de-
cades.” ' Common starting materials include the benzyl
grignard reagents,'”! benzoic acids,”! benzaldehydes,!" aryl
esters,! benzyl halides,®’ benzoyl chlorides,!”!
1,2-diphenylethylene,™ benzamides,"”! benzonitriles,"”
benzyl ethers,!""! potassium benzyltrifluoroborate,*! iodo-
benzene!'" and benzylamine.!"*! However, all these re-
ported methods suffer from one or more drawbacks such as
multiple steps, harsh reaction conditions, low yields of
products, poor functional group tolerance, and the use of
expensive or toxic reagents (eg CO gas). Therefore, the
development of a more milder, convenient, high yields
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Figure 1 Hydroxymethylated arenes as core structures in natural products and biologically active compounds

synthetic method to access hydroxymethylated arenes is
still highly necessary.

On the other hand, paraformaldehyde, as an infinite sol-
id form of formaldehyde, has been widely used to install a
hydroxymethyl group into various substrates.!"> ') It can
also be used as a methylene block,'"® CO source,""”! hy-
drogen donor or acceptor,”” formylation'”"! and methyla-
tion reagent'®?! in the presence of metal or organocatalysis.
Since the discovery of its structure about 100 years ago,”!
paraformaldehyde has become a very important raw mate-
rial for the chemical industry due to its advantages in
low-cost, stability and low toxicity.*¥ Last year, the group
of Ding!®®! reported an efficient Ru(Il)-catalyzed regiose-
lective direct hydroxymethylation using paraformaldehyde
as the hydroxymethylating reagent via C—H activation.
Zhou and co-workers®® disclosed a Ru(Il)-catalyzed
site-selective C—H hydroxy-methylation of arenes with
formalin as the hydroxymethylating reagent. Recently,
wel?”! developed a novel and efficient method for the total
synthesis of natural product decumbenine B. With this
method, decumbenine B could be easily synthesized from
commercially available materials by only five steps with
an overall yield of 26.1%.*" After further research, we
found that Ru(IIl) has better catalytic activity than Ru(II)
in the synthesis of hydroxymethylated arenes. Here, we
report on our progress in achieving direct Ru(Ill)-catalyzed
regioselective hydroxy-methylation of arenes via room
temperature C—H activation. In comparison with the two
well-established methods of Ding and Zhou groups, our
work can be conducted at room temperature with good to
excellent yields.

2 Results and discussion

At the beginning of our investigation, the optimization
of reaction conditions was focused on a variety of reaction
parameters by using 2-phenylpyridine (1a) as a model sub-
strate. After extensive screenings, we were pleased to find
that RuCl;exH,O was the optimal catalyst for the synthesis
of 3a (Table 1, Entries 1~7). Among the various bases
examined, ZnMe, turned out to be the best choice, while
others, such as NaOH, +~BuOK, Cs,CO; and AcOK, were
less effective (Table 1, Entries 7~11). Further research
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Table 1 Optimization of reaction conditions”

— catalyst, base N\ /
\ ) * (HCHO), ————— "> N
N ZnBr,, Ar, 24 h
1a 2a
HO 3a
Entry Catalyst Base (equiv.) Temp./’C Yield®/%
1 MnBr(CO)s ZnMe, (2.0) 100 63
2 [RuCl,y(p-cymene)], ZnMe, (2.0) 100 61
3 Cp*Rh(MeCN);(SbFy), ZnMe, (2.0) 100 Trace
4 Cp*Co(MeCN);(SbFg), ZnMe, (2.0) 100 Trace
5 Cp*IrCl, ZnMe, (2.0) 100 N.R”
6 AuCIl(PPh;), ZnMe, (2.0) 100 N.R"
7 RuClyexH,0 ZnMe, (2.0) 100 69
8 RuClyxH,O NaOH (2.0) 100 6
9 RuClyexH,0 +~BuOK (2.0) 100 11
10 RuClsexH,0 Cs,CO5 (2.0) 100 13
11 RuClyexH,O AcOK (2.0) 100 N.R"
12 RuClsexH,0 ZnMe, (2.0) 60 65
13 RuClsexH,0 ZnMe, (2.0) 25 64
14 RuClsexH,0 ZnMe, (3.0) 25 74
15 RuClsexH,0 ZnMe, (3.5) 25 83
16 RuClsexH,0 ZnMe, (4.0) 25 79
17 ﬁ)‘.‘g}eﬁﬁ ZnMe, (3.5) 25 43
18 ﬁ)fiqufvf ZnMe, 3.5) 25 80
19° RuClyexH,0 ZnMe, (3.5) 25 77
20¢ RuClyexH,0 ZnMe, (3.5) 25 84
21¢ RuClsexH,0 ZnMe, (3.5) 25 N.R"
22" RuClyexH,0 ZnMe, (3.5) 25 82
23¢ RuClyexH,0 ZnMe, (3.5) 25 61
24" RuClyexH,0 ZnMe, (3.5) 25 71
25" RuClyexH,0 ZnMe, (3.5) 25 36
26/ RuClyexH,0 ZnMe, (3.5) 25 21
27" RuClsexH,0 ZnMe, (3.5) 25 47
28' RuCl, ZnMe, (3.5) 25 85

¢ Reaction conditions: 1a (1 mmol), 2a (5 mmol), catalyst (0.1 mmol), base (2
mmol), ZnBr, (1 mmol), THF (1 mL), Ar, 24 h; * Isolated yield; ¢ ZnBr; (1.5
mmol); ¢ ZnBr, (0.5 mmol); ¢ ZnBr, (0 mmol);”/ 2a (10 mmol); € 2a (3 mmol);
" in DCE; " in DMF;’ in DMSO; ¥ in MeCN; / in anhydrous THF; " No Reac-
tion.
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indicated that temperature was not important for this
transformation. The yield of 3a did not decrease signifi-
cantly when the reaction temperature cooling to 25 C
(Table 1, Entries 12, 13). For the optimization of the
amounts of ZnMe,, RuCl;*xH,0, ZnBr, and 2a used in the
model reaction, 3.5, 0.1, 0.5 and 5 equiv. were found to be
adequate, as neither larger nor smaller amount showed
better yields (Table 1, Entries 14~23). Increasing the
amount of 2a to 10 equiv. did not produce the disubstituted
product, and the yield did not differ significantly (Table 1,
Entry 22). When the reaction was allowed to proceed in
different solvents, an optimal yield of 84% was obtained in
THF (Table 1, Entries 20, 24~27). Notably, no obvious
difference can be found when the reaction was catalyzed
by RuCl; in anhydrous THF (Table 1, Entry 28). There-

fore, as observed in this study, the optimized conditions for
the synthesis of 3a proved to be 2-phenylpyridine (1
mmol), 2a (5 mmol), RuCl;xH,0 (0.1 mmol), ZnMe, (3.5
mmol), ZnBr, (0.5 mmol) in THF at 25 C.

In order to evaluate the versatility of this novel method,
we applied the procedure to the hydroxymethylation of a
wide range of arenes. The results are summarized in Table
2. A host of 2-arylpyridines bearing either the electron-
donating groups, such as methyl, methoxy and fert-butyl,
or the electron-withdrawing groups, such as halogen and
trifluoromethyl, were well tolerated during the course of
the reaction, providing the desired compounds 3a~3m in
good to excellent yields (Table 2). The results showed that
electron-donating groups could improve the reaction
yields. In addition to the pyridine group, products 3p~

Table 2 Substrate scope”

DG RuClz+ xH,0 (0.1 equiv.) DG
X ZnMe, (3.5 equiv.
R ] + (HCHO), 2(35 equlv) LNy o
Z ) ZnBr, (0.5 equiv.) =
a
1 THF, 25 °C, Ar, 24 h 3

B B B
OH on MeO OH

3a, 84%b 3b, 87%b 3c, 96%" 3d, 84%°
| X
X X
_N | | |
HO
HO OH
O Cl Cl FsC
3 TA%"  3g a7 (71%)c 39" 40%° (T1%)°  3h, 62%" (39%)°

o

31, 72% (70%)°
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3s, 40%” (34%)° 3t, 27%" 3t', 54%”

g@

- |
Yéﬂ o I\N /] /éﬂ
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[
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3e, 15%" 3e', 73%"

X | N
N | _N _N
OH OH OH

3i, T1%P (54%)°

3j, 71%°

Y

N.__N N.__N Z
éﬂOH \é/\OH [\ ] OH
3q, 77%” 3r, 52%"

3p, 58%° (72%)°

=
I
o N
J

3v, 57%" (58%)° 3w, 75%"

conversion

“ Reaction conditions: 1 (1 mmol), 2a (5 mmol), RuCly»xH,O (0.1 mmol), ZnMe; (3.5 mmol), ZnBr, (0.5 mmol), THF (1 mL), Ar, 24 h; ® Isolated yield; ¢

rates are listed in the square brackets;
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3w that have other directing groups, such as pyrimidine,
parazole and isoquinoline, could also be obtained in mod-
erate to good yields. Besides, synthetically useful naphthyl,
biphenyl and benzo[/]quinoline were also tolerated in this
method, giving 3d~3f", 30 and 3v in good yields. Fur-
thermore, a variety of functional groups such as ether,
halogen, trifluoromethyl, ester and carbonyl were well-
suited for this reaction (Table 2).

It is worth to note that when the benzene ring has a sub-
stituent at the meta position, the reaction becomes more
complicated due to the possibility of regioisomers (3e~3i,
3s~3t"). In general, when the substituent had stronger
steric hindrance with the ortho position, it was more likely
to obtain the 6-substitution products (3e~3f', 3t~3t").
Likewise, when the steric hindrance was weaker, slightly
more 2-substitution products could be obtained (3g - 3g'=
1 7 1.06). In addition to the steric hindrance, it was also
found that the electron-withdrawing groups could further
enhance the regioselectivity of the reaction, leaving only
the 6-substitution products (3h~3i, 3s).

To obtain some insight into the mechanism, we con-
ducted competing experiments by using 2-phenylpyridines
with different electronic substituents (Scheme 1a). Elec-
tron-rich arene 1k reacted faster than electron-deficient

arene 1n, and this showed that C—H activation went
through an electrophilic metalation pathway, which is con-
sistent with the previous results.” Then, to further probe
the nature of the C—H activation step, deuterium-labeling
experiments were carried out. The sole treatment of 1a-d;
under the reaction conditions clearly indicated an obvious
D-H exchange solely occurring at the ortho positions of
la-d; (Scheme 2b). The ruthenium-catalyzed C—H hy-
droxymethylation of isotopically labeled substrates led to a
minor kinetic isotope effect (KIE) of kuy/kp=1.4 and
ku/kp=0.9 for the inter- and intra-molecular KIE, respec-
tively (Scheme 1, c~d). These data indicate that the C—H
bond cleavage may not be the rate-limiting step. All the
above results are similar to the previous reports.[*>°!

3 Conclusions

In summary, a novel and efficient method for the or-
tho-hydroxymethylation of arenes via Ru(Ill)-catalyzed
C—H activation has been developed. Mild and cheap
commercially available reagents, wide scope of substrates
and moderate to excellent yields are the main merits of this
reaction. Further studies for other applications of this novel
method are ongoing in our laboratory. We anticipate that

ZnMe,, (3.5 equiv.)

N RuClzxH,0 (0.1 equiv.) _N | _N
+  (HCHO)n - -
2a(1.0mmol)  THF 25°C, Ar, 1.5h

OH + OH

ZnBr, (0.5 equiv.)

O,

k (0.2 mmol) 1n (0.2 mmol) 3k 3n
3k:3n=2:1
) A AN
| _N RuCl3z xH,0 (0.1 equiv.) | _N
ZnMe; (3.5 equiv.)
D D D/H 17% H
ZnBr, (0.5 equiv.)
D D THF, 25°C, Ar, 24 h D
D D
1a-ds 1a-d,
AN
RUCI5xHZ0 (0.1 equiv) A | N
~
D ZnMe, (3.5 equiv.) N
+ (HCHO), + D oH
b ZnBr, (0.5 equiv.) OH
2a THF, 25°C, Ar, 1.5h D D
KIE=1.4 D
1a 1a-ds 3a  10.7%yield 3a-ds
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RuClg xH50 (0.1 equiv.) [ |
ZnMe, (3.5 equiv.)
+ (HCHO)n D + H
ZnBr, (0.5 equiv.) OH OH
THF, 25°C, Ar,1.5h

1a-dy KIE =09 3a-d;  26.3%yield 323

Scheme 1 Control experiments for the reaction mechanism
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this work would open up a new direction for the synthesis
of biologically active compounds that have hydroxylme-
thyl groups.

4 Experimental section

4.1 General Information

Unless otherwise noted, all reactions were carried out in
oven-dried reaction vessels with sealed tube under argon.
Solvents were purified and dried according to standard
methods prior to use. All the reactions were monitored by
thin-layer chromatography (TLC) and were visualized us-
ing UV light. The product purification was done using sil-
ica gel column chromatography. Thin layer chromatog-
raphy (TLC) characterization was performed with pre-
coated silica gel GF254 (0.2 mm), while column chroma-
tography characterization was performed with silica gel
(100~200 mesh). '"H NMR and *C NMR spectra were
recorded with tetramethylsilane as the internal standard. 'H
NMR spectra were recorded at 400 or 600 MHz and "°C
NMR spectra were recorded at 100 or 150 MHz. Commer-
cial reagent were purchased from Best-reagent (Homep-
age: http://www.best-reagent.com) and Astatech Chemi-
cal Technology Co., Ltd. (Homepage: http:/www.
astabiochem.com ). All reagents were directly used without
further purification.

4.2 General procedure for the synthesis of com-
pound 3

To a 15 mL oven-dried tube was added ZnBr, (0.3
mmol, 67.6 mg), RuCl;>xH,O (0.06 mmol, 10 mol%, 15.3
mg), THF (2.0 mL), 2-phenylpyridine (1a, 0.6 mmol,
93.1 mg), paraformaldehyde (2a, 3.0 mmol, 90.1 mg) and
Me,Zn (2.1 mmol, 1.0 molsL ™" in toluene, 2.1 mL) se-
quentially under argon. The tube was sealed and stirred at
room temperature for 24 h. After completion, the reaction
mixture was quenched with saturated NH4Cl solution (10
mL) and extracted with ethyl acetate (10 mL X 3). Then the
organic layer was dried with anhydrous sodium sulfate,
concentrated in vacuo and purified by silica gel column
chromatography (petroleum/ethyl acetate, V' : V=10 . 1)
to provide the product 3a (pale brown oil) in 84% yield.

(2-(Pyridin-2-yl)phenyl)methanol (3a):**% Yield 84%,
pale brown oil, "H NMR (400 MHz, DMSO-d;) J: 8.66 (d,
J=4.4 Hz, 1H), 792 (t, J=7.6 Hz, 1H), 7.64 (d, J=7.6
Hz, 1H), 7.59 (d, J=7.6 Hz, 1H), 7.51~7.33 (m, 4H),
5.37 (t, J=5.6 Hz, 1H), 4.50 (d, J=5.6 Hz, 2H); °C NMR
(100 MHz, CDCl;) o: 158.45, 148.95, 140.22, 139.84,
136.50, 136.02, 130.19, 128.73, 127.53, 125.62, 122.33,
64.37.

(3-Methyl-2-(pyridin-2-yl)phenyl)methanol ~ (3b):1***°!
Yield 87%, pale yellow oil, "H NMR (600 MHz, CDCl;) ¢:
8.69 (d, J/=4.2 Hz, 1H), 7.81 (t, J=7.8 Hz, 1H), 7.40 (d,
J=17.8 Hz, 1H), 7.36~7.30 (m, 3H), 7.27~7.23 (m, 1H),
458 (br s, 1H), 4.22 (s, 2H), 2.21 (s, 3H); *C NMR (100
MHz, CDCly) J: 158.45, 148.95, 140.22, 139.84, 136.50,
136.02, 130.19, 128.73, 127.53, 125.62, 122.33, 64.37,
20.69.
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(3-Methoxy-2-(pyridin-2-yl)phenyl)methanol 3o):
Yield 96%, pale yellow solid, m.p. 104~106 C; 'H NMR
(400 MHz, DMSO-dy) o: 8.61 (d, J=4.4 Hz, 1H), 7.82 (t,
J=7.6 Hz, 1H), 7.42~7.30 (m, 3H), 7.18 (d, J=7.6 Hz,
1H), 7.01 (d, J/=8.2 Hz, 1H), 5.04 (t, J=5.6 Hz, 1H), 4.15
(d, J=5.6 Hz, 2H), 3.67 (s, 3H); >C NMR (100 MHz,
DMSO-dg) o: 161.32, 160.61, 153.98, 147.08, 141.18,
134.20, 132.82, 131.01, 127.23, 124.43, 114.99, 66.00,
60.75; HRMS caled for Cj;3H;3N- NaO, [M + Na]*
238.0838, found 238.0843.

(1-(Pyridin-2-yl)naphthalen-2-yl)methanol (3d):1*!
Yield 84%, pale white solid, m.p. 140~142 “C; 'H NMR
(600 MHz, DMSO-d,) o: 8.75 (d, J=4.2 Hz, 1H), 8.00 (d,
J=28.4 Hz, 1H), 7.98~7.93 (m, 2H), 7.77 (d, J/=8.4 Hz,
1H), 7.55~7.42 (m, 3H), 7.39 (t, J=8.4 Hz, 1H), 7.23 (d,
J=8.4 Hz, 1H), 5.18 (t, J=5.4 Hz, 1H), 4.53~4.15 (m,
1H); *C NMR (100 MHz, CDCl;) d: 157.30, 149.10,
138.04, 136.86, 136.68, 133.41, 131.91, 129.52, 128.47,
127.97,126.93, 126.72, 125.98, 125.50, 122.89, 64.52.

(2-Methyl-6-(pyridin-2-yl)phenyl)methanol (3e): Yield
15%, yellow oil. '"H NMR (400 MHz, CDCl;) 6: 8.64 (d,
J=4.4 Hz, 1H), 7.84 (dt, J/=8.0, 1.6 Hz, 1H), 7.60 (d, J=
8.0 Hz, 1H), 7.35~7.27 (m, 4H), 4.46 (s, 2H), 2.56 (s,
3H); *C NMR (100 MHz, CDCl;) o: 160.18, 148.28,
141.17, 138.47, 138.08, 137.50, 131.37, 128.16, 127.75,
123.96, 122.21, 59.51, 19.93; HRMS caled for
C13H3sNNaO [M+Na]" 222.0889, found 222.0892.

(4-Methyl-2-(pyridin-2-yl)phenyl)methanol (3e'): Yield
73%, yellow oil. 'H NMR (400 MHz, CDCI;) ¢: 8.63 (d,
J=4.8 Hz, 1H), 7.84 (dt, J/=8.0, 1.6 Hz, 1H), 7.63 (d, J=
8.0 Hz, 1H), 7.38 (d, /=38.0 Hz, 1H), 7.35 (s, 1H), 7.32 (t,
J=6.4 Hz, 1H), 7.23 (d, J/=8.0 Hz, 1H), 4.44 (s, 2H), 2.41
(s, 3H); “C NMR (100 MHz, DMSO-ds) J: 158.66,
148.83, 138.97, 137.41, 137.21, 136.33, 130.34, 129.15,
128.87, 124.07, 122.38, 61.56, 20.83. HRMS calcd for
C13H3sNNaO [M+Na]" 222.0889, found 222.0892.

(2-(pyridin-2-yl)naphthalen-1-yl)methanol (3f): Yield
9%, off-white solid. m.p. 105~107 ‘C; 'H NMR (400
MHz, DMSO-dy) o: 8.74 (d, J=4.4 Hz, 1H), 8.39 (d, J=
8.0 Hz, 1H), 8.01~7.92 (m, 4H), 7.80 (d, /=8.0 Hz, 1H),
7.67~7.59 (m, 2H), 7.59~7.49 (m, 1H), 5.31 (t, J=5.2
Hz, 1H), 4.85 (d, J=5.2 Hz, 2H); *C NMR (150 MHz,
DMSO-dg) o: 158.76 (d, J=3.0 Hz), 149.56, 149.23,
138.10, 136.75, 134.51, 133.25, 132.44, 128.38 (d, J=13.5
Hz), 127.96 (d, J=12.0 Hz), 127.67 (d, J=12.0 Hz),
126.65 (d, J=13.5 Hz), 126.33, 125.05, 122.49, 57.68.
Compounds 3f and 3f' are inseparable mixture, which was
analyzed by 'H NMR in DMSO-dj.

(3-(Pyridin-2-yl)naphthalen-2-yl)methanol (3f"): Yield
74%, off-white solid. m.p. 105~107 ‘C. '"H NMR (400
MHz, DMSO-d;) J: 8.69 (d, J/=4.0 Hz, 1H), 8.09 (s, 1H),
8.03 (s, 1H), 8.01~7.92 (m, 3H), 7.76 (d, J/=7.6 Hz, 1H),
7.59~7.49 (m, 2H), 7.48~7.40 (m, 1H), 5.52 (t, J=6.0
Hz, 1H), 4.68 (d, J=6.0 Hz, 2H); *C NMR (150 MHz,
DMSO-dg) o: 158.70 (d, J=3.0 Hz), 148.98, 148.67,
138.53, 137.57, 137.48, 132.88, 132.07, 129.19 (d, J=16.5
Hz), 128.09 (d, J=13.5 Hz), 127.58 (d, J=13.5 Hz),

http://sioc-journal.cn/ 3215
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126.79 (d, J=16.5 Hz), 126.23, 124.26, 122.56, 62.10.

(2-Chloro-6-(pyridin-2-yl)phenyl)methanol (3g):*
Yield 37%, pale yellow solid. m.p. 89~92 ‘C; 'H NMR
(400 MHz, DMSO-d;) ¢: 8.69 (d, J=4.4 Hz, 1H), 7.96 (t,
J=7.6 Hz, 1H), 7.75 (d, J=7.6 Hz, 1H), 7.56 (d, J=7.6
Hz, 1H), 7.50~7.39 (m, 3H), 5.28 (t, J=5.6 Hz, 1H), 4.50
(d, J=5.6 Hz, 2H); "C NMR (100 MHz, CDCL) o:
158.66, 148.28, 142.41, 137.76, 137.55, 135.86, 130.37,
128.78, 123.99, 122.74, 59.79.

(4-Chloro-2-(pyridin-2-yl)phenyl)methanol (3g"):1*%
Yield 40%, pale yellow solid. m.p. 63~65 ‘C; 'H NMR
(400 MHz, DMSO-d;) ¢: 8.67 (d, J=4.4 Hz, 1H), 7.92 (t,
J=7.6 Hz, 1H), 7.68 (d, J=7.6 Hz, 1H), 7.63 (d, J=7.6
Hz, 1H), 7.54~7.46 (m, 2H), 7.46~7.34 (m, 1H), 5.37 (s,
1H), 4.50 (d, J=3.6 Hz, 2H); *C NMR (100 MHz, CDCl5)
0: 158.02, 148.41, 141.57, 138.96, 137.93, 133.85, 132.69,
130.07, 129.26, 123.97, 122.91, 64.03.

(2-(Pyridin-2-yl)-4-(trifluoromethyl)phenyl)methanol
(3h): Yield 62%, pale brown solid. m.p. 48~52 °C; 'H
NMR (400 MHz, DMSO-dg) ¢: 8.70 (d, J=4.4 Hz, 1H),
7.95 (t, J=7.6 Hz, 1H), 7.88 (d, /=8.0 Hz, 1H), 7.82 (d,
J=8.0 Hz, 1H), 7.77 (s, 1H), 7.71 (d, J=7.6 Hz, 1H),
7.50~7.41 (m, 1H), 5.48 (t, J/=5.6 Hz, 1H), 4.62 (d, J=
5.6 Hz, 2H); "C NMR (100 MHz, DMSO-d;) J: 156.81,
149.32, 145.17, 139.40, 137.37, 128.83, 127.76 (q, J=32.0
Hz ), 126.06, 125.81, 125.15, 124.34, 123.09, 60.96;
HRMS caled for Cj3H,;(FsNNaO [M + Na] *276.0607,
found 276.0611.

Methyl 4-(hydroxymethyl)-3-(pyridin-2-yl)benzoate (3i):
Yield 71%, yellow oil. 'H NMR (400 MHz, DMSO-dy) 0:
8.69 (d, J/=4.0 Hz, 1H), 8.07~7.98 (m, 2H), 7.94 (t, J=
7.6 Hz, 1H), 7.79 (d, J=17.6 Hz, 1H), 7.67 (d, J=7.6 Hz,
1H), 7.48~7.40 (m, 1H), 5.45 (t, J=5.6 Hz, 1H), 4.61 (d,
J=5.6 Hz, 2H), 3.87 (s, 3H); “C NMR (100 MHz,
DMSO-dg) o: 166.41, 157.57, 149.47, 146.16, 139.16,
137.59, 130.52, 129.35, 128.57, 124.38, 123.12, 114.49,
61.36, 52.61; HRMS calcd for C,;H;;NNaO; [M+Na]"
266.0788, found 266.0792.

(5-Methyl-2-(pyridin-2-yl)phenyl)methanol ~ (3j):1***"!
Yield 71%, pale yellow oil. '"H NMR (600 MHz, CDCL) §:
8.63 (d, J/=4.2 Hz, 1H), 7.85 (t, J=7.8 Hz, 1H), 7.62 (d,
J=1.8 Hz, 1H), 7.44 (d, J=7.8 Hz, 1H),7.34~7.29 (m,
2H), 7.23 (d, J=7.8 Hz, 1H), 4.45 (s, 2H), 2.41 (s, 3H);
C NMR (100 MHz, CDCly) d: 159.31, 148.05, 140.27,
139.47, 137.60, 137.04, 132.06, 130.18, 128.87, 123.75,
122.05, 64.81, 21.20.

(5-(tert-Butyl)-2-(pyridin-2-yl)phenyl)methanol  (3k):
Yield 88%, pale yellow oil. "H NMR (400 MHz, DMSO-
de) 0: 8.64 (d, J=4.4 Hz, 1H), 7.90 (t, J=7.6 Hz, 1H),
7.67~7.59 (m, 2H), 7.46~7.34 (m, 3H), 5.47 (t, J=5.6
Hz, 1H), 4.50 (d, J=5.6 Hz, 2H), 1.33 (s, 9H); °C NMR
(150 MHz, DMSO-d;) J: 158.60, 151.05, 148.79, 139.90,
137.28, 136.34, 129.61, 125.64, 124.11 , 124.02, 122.27,
62.14, 34.59, 31.30; HRMS cald for C;sH;oNNaO [M—+
Na]" 264.1359, found 264.1365.

(5-Fluoro-2-(pyridin-2-yl)phenyl)methanol (31):**! Yield
72%, pale brown oil. '"H NMR (400 MHz, DMSO-d;) o:
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8.65 (d, J=4.4 Hz, 1H), 7.90 (t, J=7.6 Hz, 1H), 7.60 (d,
J=17.6 Hz, 1H), 7.51 (t, J=7.6 Hz, 1H), 7.43~7.33 (m,
2H), 7.19 (t, J=7.6 Hz, 1H), 5.44 (t, J=5.6 Hz, 1H), 4.54
(d, J=5.6 Hz, 2H); °C NMR (100 MHz, CDCl;) J: 163.04
(d, Jerp=248.3 Hz), 158.35 (s), 148.20 (s), 142.93 (d,
Jer=6.9 Hz), 137.80 (s), 135.98 (d, Jos=3.4 Hz), 132.00
(d, Jer=8.3 Hz), 123.87 (s), 122.41 (s), 117.97 (d, Jer=
21.0 Hz), 114.93 (d, Jor=21.0 Hz), 64.37.
(5-Chloro-2-(pyridin-2-yl)phenyl)methanol (3m): Yield
63%, pale white solid. m.p. 92~94 C; 'H NMR (400
MHz, DMSO-d;) 6: 8.67 (d, J=4.8 Hz, 1H), 7.92 (t, J=
7.6 Hz, 1H), 7.66 (s, 1H), 7.63 (d, J=7.6 Hz, 1H), 7.51 (d,
J=7.6 Hz, 1H), 7.4~7.38 (m, 2H), 5.46 (t, J=5.6 Hz,
1H), 4.56 (d, J=5.6 Hz, 2H); "C NMR (100 MHz,
DMSO-d) o: 162.30, 154.07, 147.99, 142.37, 142.29,
138.39, 136.50, 132.60, 131.87, 129.08, 127.71, 65.94;
HRMS calcd for C,H;(CINNaO [M + Na] *242.0343,
found 242.0348.
1-(3-(Hydroxymethyl)-4-(pyridin-2-yl)phenyl)ethan-1-
one (3n):1**! Yield 44%, pale yellow oil. '"H NMR (400
MHz, DMSO-dy) 0: 8.70 (d, J=4.4 Hz, 1H), 8.21 (s, 1H),
7.99~7.91 (m, 2H), 7.69 (d, J=7.6 Hz, 1H), 7.62 (d, J=
7.6 Hz, 1H), 7.45 (t, J=7.6 Hz, 1H), 5.44 (t, J=5.6 Hz,
1H), 4.59 (d, J=5.6 Hz, 2H), 2.64 (s, 3H); *C NMR (100
MHz, CDCls) 6: 197.65, 158.11, 148.39, 144.13, 140.81,
137.96, 137.46, 131.31, 130.51, 127.92, 124.26, 123.09,
64.55, 26.89.
(4-(Pyridin-2-yl)-[1,1'-biphenyl]-3-yl)methanol 30):
Yield 74%, pale white solid. m.p. 83~85 ‘C; 'H NMR
(400 MHz, DMSO-dq) o: 8.68 (d, J=4.4 Hz, 1H), 7.97~
7.86 (m, 2H), 7.77~7.64 (m, 4H), 7.59 (d, J=7.6 Hz,
1H), 7.50 (t, J=7.6 Hz, 2H), 7.45~7.35 (m, 2H), 5.52 (t,
J=5.6 Hz, 1H), 4.61 (d, J=5.6 Hz, 2H); *C NMR (150
MHz, DMSO-ds) 6: 158.19, 148.97, 141.06, 140.27,
139.94, 137.99, 137.31, 130.47, 129.21, 127.85, 126.90,
126.86, 125.40, 124.11, 122.50, 61.81. HRMS caled for
CsH;sNNaO [M+Na]" 284.1046, found 284.1051.
(2-(Pyrimidin-2-yl)phenyl)methanol ~ (3p):****!  Yield
58%, pale brown oil. 'H NMR (600 MHz, DMSO-dy) o:
8.93 (d, J=4.8 Hz, 1H), 7.92 (d, J=7.8 Hz, 1H), 7.66 (d, J
=7.8 Hz, 1H), 7.54~7.44 (m, 2H), 7.39 (t, J=7.8 Hz,
1H), 5.22 (br s, 1H), 4.76 (d, J=5.4 Hz, 2H); °C NMR
(100 MHz, CDCl;) J: 166.16, 157.20, 140.76, 137.60,
131.61, 131.43, 130.98, 128.41, 119.09, 64.86.
(3-Methyl-2-(pyrimidin-2-yl)phenyl)methanol 39):
Yield 77%, pale yellow solid. m.p. 96~100 ‘C; '"H NMR
(400 MHz, CDCl;) J: 8.92 (d, J=4.8 Hz, 2H), 7.41~7.30
(m, 3H), 7.30~7.27 (m, 1H), 4.31 (s, 2H), 3.26 (s, 1H),
2.28 (s, 3H); C NMR (100 MHz, DMSO-d) o: 171.64,
162.42, 145.18, 142.44, 139.94, 133.48, 133.25, 129.21,
124.70, 65.95, 24.57; HRMS calcd for C;,H;,N,NaO [M+
Na]" 223.0842, found 223.0838.
(5-Methyl-2-(pyrimidin-2-yl)phenyl)methanol 3r):
Yield 52%, pale yellow solid. m.p. 87~90 ‘C; 'H NMR
(400 MHz, CDCLy) J: 8.87 (d, J=4.8 Hz, 2H), 8.11 (d, J=
8.4 Hz, 1H), 7.31~7.27 (m, 3H), 4.59 (s, 2H), 2.42 (s,
3H); °C NMR (150 MHz, DMSO-d;) J: 165.95, 157.68,
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142.21, 139.79, 133.90, 130.88, 129.01, 127.76, 119.48,
62.40, 21.50. HRMS calcd for Ci,H;,N,- NaO [M—l—Na]+
223.0842, found 223.0838.

Methyl 4-(hydroxymethyl)-3-(pyrimidin-2-yl)benzoate
(3s): Yield 40%, white solid. m.p. 134~137 “C; 'H NMR
(600 MHz, DMSO-ds) J: 8.97 (d, /=4.8 Hz, 2H), 8.60 (s,
1H), 8.09 (d, /=8.4 Hz, 1H), 7.90 (d, /=8.4 Hz, 1H), 7.52
(t, J=4.8 Hz, 1H), 5.39 (t, /=5.4 Hz, 1H), 4.92 (d, J=5.4
Hz, 2H), 3.89 (s, 3H); *C NMR (150 MHz, DMSO-d;) o:
166.38, 164.97, 157.88, 148.05, 136.39, 131.46, 130.57,
128.39, 128.18, 120.12, 62.02, 52.63; HRMS calcd for
C]3H|2N2Na03 [M+Na]+2670740, found 267.0747.

(2-Methyl-6-(pyrimidin-2-yl)phenyl)methanol (3t): Yield
27%, pale yellow oil. '"H NMR (400 MHz, DMSO-dy) o:
8.95 (d, J/=4.8 Hz, 2H), 7.59~7.55 (m, 1H), 7.52~7.49
(m, 1H), 7.31~7.28 (m, 2H), 4.80 (t, /=6.4 Hz, 1H), 4.56
(d, J=6.4 Hz, 2H), 2.47 (s, 3H); *C NMR (150 MHz,
DMSO-dg) o: 167.02, 157.73, 139.48, 138.75, 138.21,
136.58, 131.98, 128.89, 127.54, 58.18, 19.78. Compound
3t and 3t' are inseparable mixture, which was analyzed by
"H NMR in DMSO-d.

(4-Methyl-2-(pyrimidin-2-yl)phenyl)methanol (3t"):
Yield 54%, pale yellow oil. 'H NMR (400 MHz,
DMSO-dy) d: 8.93 (d, J/=4.8 Hz, 2H), 7.77 (s, 1H), 7.54
(d, /=8.0 Hz, 1H), 7.48 (t, J=4.8 Hz, 1H), 7.34~7.31
(m, 1H), 5.20 (t, J=6.0 Hz, 1H), 4.72 (d, /=6.0 Hz, 2H),
2.37 (s, 3H); °C NMR (150 MHz, DMSO-d) o: 166.07,
157.69, 139.33, 136.58, 136.22, 131.29, 130.72, 128.58,
119.69, 62.16, 21.06.

(2-(LH-Pyrazol-1-yl)phenyl)methanol (3u):**% Yield
80%, yellow oi. '"H NMR (600 MHz, DMSO-d;) 6: 8.12 (s,
1H), 7.74 (s, 1H), 7.66 (d, J=7.2 Hz, 1H), 7.50~7.43 (m,
1H), 7.42~7.39 (m, 2H), 6.51 (d, J/=1.8 Hz, 1H), 5.29 (t,
J=5.6 Hz, 1H), 4.43 (d, J=5.6 Hz, 2H); C NMR (100
MHz, CDCl;) 6: 140.83, 139.90, 135.59, 132.02, 130.20,
129.03, 128.35, 123.85, 107.33, 62.81.

Benzo[h]quinolin-10-ylmethanol (3v):***! Yield 57%,
white solid. m.p. 116~118 C; 'H NMR (400 MHz,
DMSO-dg) d: 9.07 (br s, 1H), 8.50 (d, /=8.0 Hz, 1H),
8.04~7.95 (m, 3H), 7.91 (d, J=8.0 Hz, 1H), 7.81~7.64
(m, 2H), 5.93 (t, J=6.4 Hz, 1H), 5.40 (d, /=6.4 Hz, 2H);
C NMR (100 MHz, CDCly) §: 147.91, 146.63, 139.80,
137.19, 135.72, 130.67, 129.91, 129.50, 129.15, 128.29,
128.06, 125.48, 121.42, 66.93.

(2-(Isoquinolin-3-yl)phenyl)methanol (3w): Yield 75%,
white solid. m.p. 102~104 C; 'H NMR (400 MHz,
DMSO-dy) d: 9.40 (s, 1H), 8.17 (d, J/=8.0 Hz, 1H), 8.06
(s, 1H), 8.03 (d, J/=28.0 Hz, 1H), 7.82 (t, J/=7.6 Hz, 1H),
7.71 (t, J=17.6 Hz, 1H), 7.64 (d, J/=7.6 Hz, 1H), 7.58 (d, J
=7.6 Hz, 1H), 7.45 (t, J/=7.2 Hz, 1H), 7.40 (t, J=7.2 Hz,
1H), 5.38 (t, J=6.0 Hz, 1H), 4.59 (d, J=6.0 Hz, 2H); "*C
NMR (100 MHz, DMSO-ds) J: 157.34, 156.68, 145.60,
144.13, 141.04, 136.08, 135.04, 133.41, 133.32, 132.78,
132.71, 132.13, 132.05, 132.03, 125.06, 66.75.

Supporting Information The 'H NMR and 3C NMR
spectra of products. The Supporting Information is availa-
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