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Benzylic C—H Bonds
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Abstract The ligand-free regioselective iridium-catalyzed C(sp®)—H bond borylation using pyrazole as the directing group
is reported. The reaction occurs smoothly at the secondary benzylic position in the presence of a catalytic amount of
commercially available [Ir(OMe)(cod)]2. A variety of functionalities could be well tolerated, affording corresponding products
in good to excellent yields. The pyrazole could be degraded into amide by ozonolysis.

Keywords C—H activation; iridium; synthetic methods; borylation

relies on the reversible formation of Si-Ir covalent bond
(Scheme 1a). The use of coordinating covalent bond for

1 Introduction

Ir- and Rh-catalyzed C—H borylation has become a
powerful tool in accessing enormous organoboronates via
an atom- and step-economical approach.!!! The regioselec-
tivity is often governed by steric factors, occurring at ste-
rically less congested positions.”! To achieve complemen-
tary regioselectivities, many strategies®! have been imple-
mented through catalyst control,! substrate control,’! hy-
drogen bond,®! and other means,”*! which are particularly
successful in reactions of aromatic substrates. But so far,
regioselective C(sp®>)—H borylation still represents a for-
midable challenge.*>*1% For example, the C—H boryla-
tion usually happens at the primary benzylic position,!®
while the borylation of secondary benzylic C—H bonds
remains underdeveloped.!'! In this context, Hartwig and
coworkers!!'!! developed a silyl directed secondary benzylic
C—H bond borylation. Key to the success of the reaction

* Corresponding author. E-mail: senmiaoxu@licp.cas.cn

such transformation, however, remains unexplored.

Pyrazole has been recognized as an efficient directing
group in C—H functionalization,!'? particularly in Co-,3]
Pd- 41 Ru-'51 Rh-,['%1 and Ir-['7lcatalyzed C—C bond
forming reactions. In stark contrast, its use in C—heteroa-
tom bond formation remains underdeveloped.['¥! We herein
disclose the first example of ligand-free Ir-catalyzed C—H
borylation at the secondary benzylic position using pyra-
zole as the directing group (Scheme 1b). We also demon-
strate that the pyrazole group could be easily degraded into
amide functionality.

2 Results and discussion

Our reaction commenced with the optimization of the
reaction conditions of the pilot substrate 3,5-dimethyl-1-
phenethyl-1H-pyrazole (1). The reaction of 1 with 1.5
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Scheme 1 Secondary benzylic C—H bond borylation

equiv. of bis(pinacolato)diboron (B:pin) in the presence of
1 mol% [Ir(OMe)(cod)]» (cod: 1,5-cyclooctadiene) in
n-heptane at 100 ‘C for 24 h resulted in complete conver-
sion. Due to the instability of the borylated product 2 upon
isolation by chromatography on silica gel, the crude reac-
tion mixture was treated with NaBO3*4H,O to afford 3 in
90% isolated yield (Table 1, Entry 1). Replacement of
[IrOMe(cod)]> with [IrCl(cod)], decreased the reactivity
under otherwise identical reaction conditions (Table 1,
Entry 2). In stark contrast, the use of pinacolborane
(HBpin) gave only a trace amount of corresponding prod-
uct (Table 1, Entry 3). Decreasing the B,pin, loading to 1.0
equiv. resulted in a diminished yield of 3 (Table 1, Entry
4). The effect of the external ligand on the performance of
the current reaction was also surveyed. For example, the
use of 4,4'-di-tert-butyl-2,2'-bipyridine (dtbpy) furnished a
mixture of phenyl ring borylated products rather than 3
(Table 1, Entry 5). The electron-deficient ligand P(CsFs)3
did give the desired product, however, in inferior yield
(80%) compared to standard reaction conditions (Table 1,
Entry 6 vs Entry 1). When the reaction was carried out at
80 C, 3 was obtained in 60% yield (Table 1, Entry 7).
The solvent effect revealed that n-heptane was optimal in
terms of reactivity (Table 1, Entry 1 vs Entries 8 and 9).
The diminished yield in n-hexane is probably caused by
that the internal temperature could not reach 100 ‘C due
to its lower boiling point.

With optimized reaction conditions in hand, the addi-
tional substrate scope of the current reaction as shown in
Table 2 was then determined. Generally, most of the
monosubstituted substrates could undergo the reaction

Chin. J. Org. Chem. 2021, 41, 1572~1581

Table 1 Optimization of reaction conditions

Standard conditons
[Ir(OMe)(cod)], (1.0 mol%)
B,pin, (1.5 equiv.) Bpin

B
N o N
ph/\g n-heptane, 100 °C, 24 h Ph)ﬂ\a/
1 2
NaBO3+4H,0 OH
B —
THF/H,0, rt, 4 h Ph)ﬁ\/’\‘
o
3

Entry” Variation from standard conditions  Yield?/% of 3

1 None 90
2 [IrCl(cod)]2 instead of [[rOMe(cod)]> 81
3 HBpin instead of B2pinz Trace
4 1.0 equiv of Bapinz was used 50
5 2 mol% dtbpy was used n.d.
6 2 mol% P(CeF5)3 was used 80
7 80 C instead of 100 C 60
8 1,4-Dioxane instead of n-heptane 33
9 n-Hexane instead of n-heptane 77

© 2021 Chinese Chemical Society & SIOC, CAS

4 Unless otherwise noted, all the reactions were carried out with 1 (0.2 mmol),
B,pin; (0.30 mmol), and [Ir(OMe)(cod)], (0.002 mmol) in solvent (2.0 mL) for
24 h. The crude borylated product was oxidized by NaBO3;*4H,0 (1.0 mmol)
at rt for 4 h. ® Yield of isolated product.

smoothly, giving the corresponding products (3~21) in
good yields. Gratifyingly, sensitive functionalities such as
ester and free hydroxy groups could also be well-tolerated,
furnishing respective products 13 and 14 in 62% and 51%
yields. The bond connections of compound 13 were unam-
biguously confirmed by single-crystal X-ray diffraction
analysis.'”) In addition, the reaction of substrates with a
disubstituted phenyl group also occurred efficiently,
providing corresponding products 22~28 in 56%~94%
isolated yields. Finally, it was found that substrates bearing
fused ring such as naphthyl and indolyl also showed good
performance, giving corresponding products 29~31 in
70% ~ 80% yields. Other substrates were also tested
(Scheme 2). For example, the use of 1-phenethyl-1H-pyra-
zole (32) resulting in multiple mono- and di-borylated
products; pyrazole derivatives 33~35, however, showed
very low or no reactivity. Substrates 36 and 37 did not give
desired products under current reaction conditions.

To extend the synthetic applications of the current reac-
tion, several transformations of crude borylated product 2
were conducted as shown in Scheme 3. For example, the
pinacol group in 2 could be easily removed by treatment
with KHF, to provide difluroborane 38 in 70% yield.*”
Fluorination of 2 with Selectfluor in the presence of a cat-
alytic amount of AgNOs rendered 39 in 77% yield.[?!]
Homologation of 2 with ICH,Cl/n-BuLi followed by oxi-
dation afforded 40 in 70% yield.?? In addition, this crude
borylated product could also undergo arylation to afford 41
in 61% yield. Importantly, pyrazole group in 37 could
be degraded by ozonolysis to give acetamide 42 in 40%
yield,'*a which indicates that the advantage of pyrazole

http://sioc-journal.cn/ 1573
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Table 2 Substrate scope”
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4 Unless otherwise noted, all the reactions were carried out with substrate (0.2 mmol), Bopin, (0.30 mmol), and [Ir(OMe)(cod)], (0.002 mmol) in solvent (2.0 mL) for
24 h. The crude borylated product was oxidized by NaBO3*4H,0 (1.0 mmol) at room temperature for 4 h. ® For the sake of clarity, all the hydrogen atoms are omitted

for the single crystal structure of 13.

directing group could be used as a masked amide function-
ality.

Finally, based on known ligand-free Ir-catalyzed
regioselective C—H borylation,[®¥ plausible reaction
pathways are elucidated in Figure 1. The reaction of
1574
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[Ir(OMe)(cod)]>, with Bypin, in the presence of one
molecule of 1 could generate trisboryl Ir(II) complex A.
Complexation of A with the second molecule of 1 could
form bispyrazole coordinating Ir(IIl) complex B that could
undergo oxidative addition of benzylic C—H bond to form

Chin. J. Org. Chem. 2021, 41, 1572~1581
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Reagents and conditions: a) KHF,, MeOH/H,0, r.t., 2 h. b) AgNO3 (0.2 mol%), Selectfluor,

F TFA, THF, 60 °C, 6 h. ¢) ICH,Cl/n-Buli, -78 °€, 10 min, then NaBO3; 4H,0. THF/H,0, r.t., 4

h. d) thiophene, n-BuLi, THF, -78 °C, 2 h, then NBS, -78 °C ~ r.t., 2.5 h. e) O3, pyridine,
MeOAc, -78 °C, 1 h, then NiCl,, NaBH,, MeOH, -78 °C ~r.t., 19 h.

Scheme 3 Transformation of crude borylated product 2
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Figure 1 Plausible reaction mechanism

Ir(V) complex C. Reductive elimination of C could
generate the borylated product 2 along with the formation
of hydrido boryl Ir(Ill) complex D. Reaction of D with
Bypin, could regenerate complex A. Alternatively,

Chin. J. Org. Chem. 2021, 41, 1572~1581
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complex B could also be formed initially by the reaction of
[Ir(OMe)(cod)]> with Bypin, and two molecules of 1 and
then undergo similar steps to furnish 2. Another plausible
scenario is that complex D could be coordinated with 1 to
form intermediate E. Reaction of E with Bypin, to
regenerate complex B for the next catalytic cycle. The
formation of HBpin was evidenced by !'B NMR of the
crude reaction mixture (See the Supporting Information for
more details).

3 Conclusions

In summary, we have developed the first example of
ligand-free Ir-catalyzed borylation of seondary benzylic
C—H bonds using pyrazole as the directing group. A
variety of functional groups could be well-tolerated,
affording benzylic functionalized products in good yields.
We also demonstrated that the crude borylated product
could undergo a variety of transformations, including C—
F and C—C bond forming reactions. Importantly, the
pyrazole group could be readily converted to amide
functionality, indicating the potential of the current method
in the synthesis of 1,2-functionalized amine derivatives.
Further application of the obtained products and the
development of the other context of ligand-free C—H
functionalization reactions are currently underway in our
laboratory.

4 Experimental section

Pyrazole substrates were prepared according to the liter-

http://sioc-journal.cn/ 1575
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ature procedures.”*! B,pin, was recrystallization from
n-hexane prior to use. All other chemicals and solvents
were used as received. 'H NMR, *C NMR, '""F NMR and
"B NMR spectra were recorded on a Zhongke-Niujin 400,
and a Bruker DRX400 spectrometers at ambient tempera-
ture with CDCl; as solvent. '3C shifts were obtained with
'"H decoupling. High-resolution mass spectroscopies
(HRMS) were obtained on Agilent 6530, Agilent 6224
TOF LC/MS, and Agilent 7205 GCQTOF spectrometers.
X-ray crystallography was measured on an XtaLAB
AFCI12 (RINC): Kappa dual home/near diffractometer.
Melting points were determined on an Electrothermal
IA9000 Series Digital Melting Point Apparatus.

4.1 General procedure for borylation of secondary
benzylic C—H bonds

To a 25 mL flame-dried Schlenk tube in Ny-filled
glove-box charged with pyrazole substrate (0.2 mmol) and
[Ir(OMe)(cod)]> (1.3 mg, 0.002 mmol) was added
n-heptane (2.0 mL). The resulting mixture was allowed to
stir at 100 ‘C for 24 h. After cooled to room temperature
and concentrated, the residue was treated with NaBOse
4H,0 (0.15 g, 1.0 mmol) in THF/H,O (V: V=111, 4
mL) for 4 h at room temperature. The mixture were ex-
tracted with EtOAc (10 mLX3). The combined organic
phase was then dried over anhydrous Na,SO4. After re-
moval of the solvent, the residue was purified by column
chromatography on silica gel using petroleum ether/
EtOACc as the eluent to afford 2-pyrazol-1-yl-1-arylethanol.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-phenylethanol (3):
Ry=0.2 [V(petroleum ether) : V(EtOAc)=4 : 1], 38.9 mg,
90% yield. White solid, m.p. 143.7~146.2 C; 'H NMR
(400 MHz, CDCl3) o: 7.36~7.29 (m, 5H), 5.78 (s, 1H),
5.08 (dd, /=38.0, 3.2 Hz, 1H), 4.80 (brs, 1H), 4.14 (dd, J=
13.6, 2.8 Hz, 1H), 4.02 (dd, /=14.0, 8.0 Hz, 1H), 2.24 (s,
3H), 2.01 (s, 3H); *C NMR (100 MHz, CDCls) ¢: 148.2,
141.1, 139.9, 128.5, 127.97, 125.9 105.0, 73.5, 54.9, 13.4,
10.7; HRMS (ESI-TOF) caled for Ci3H;gNoNaO [M—+
Na]" 239.1155, found 239.1164.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(o-tolyl)ethanol (4):
Ry=0.2 [V(petroleum ether) : V(EtOAc)=4 : 1], 34.5 mg,
75% yield. White solid, m.p. 123.2~125.9 C; 'H NMR
(400 MHz, CDCl3) d: 7.46~7.44 (m, 1H), 7.24~7.13 (m,
3H), 5.80 (s, 1H), 5.28 (dd, /=28.0, 2.8 Hz, 1H), 4.77 (brs,
1H), 4.12 (dd, /=14.0, 2.8 Hz, 1H), 3.98 (dd, /=14.0, 8.0
Hz, 1H), 2.35 (s, 3H), 2.25 (s, 3H), 2.02 (s, 3H); '3C NMR
(100 MHz, CDCl3) 4: 148.3, 139.8, 139.0, 134.2, 130.3,
127.6, 126.4, 1259, 105.1, 70.1, 53.5, 19.0, 13.4, 10.7;
HRMS (ESI-TOF) caled for C;4H;sN;NaO [M+ Na]®
253.1311, found 253.1318.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(p-tolyl)ethanol (5):
Ry=0.2 [V(petroleum ether) : V(EtOAc)=4 : 1], 34.5 mg,
75% yield. White solid, m.p. 151.0~151.5 C; 'H NMR
(400 MHz, CDCls) d: 7.21 (d, J=8.0 Hz, 2H), 7.15 (d, J=
7.6 Hz, 2H), 5.79 (s, 1H), 5.05 (dd, J=8.0, 2.0 Hz, 1H),
4.67 (brs, 1H), 4.12 (dd, /=14.0, 3.2 Hz, 1H), 4.00 (dd,
J=14.0, 8.0 Hz, 1H), 2.34 (s, 3H), 2.24 (s, 3H), 2.03 (s,
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3H); '3C NMR (100 MHz, CDCl;) J: 148.1, 139.9, 138.1,
137.6, 129.1, 125.8, 105.0, 73.3, 55.0, 21.1, 13.4, 10.8;
HRMS (ESI-TOF) caled for CisHioN.O [M + H]*
231.1492, found 231.1502.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(4-methoxyphen-
yl)ethanol (6): Rr=0.2 [V(petroleum ether) : V(EtOAc)=
4 1 1], 44.3 mg, 90% yield. White solid, m.p. 181.2~
184.7 “C; 'TH NMR (400 MHz, CDCl3) é: 7.24 (d, J=8.4
Hz, 2H), 6.88 (d, /=8.4 Hz, 2H), 5.79 (s, 1H), 5.03 (dd,
J=8.0, 2.8 Hz, 1H), 4.64 (brs, 1H), 4.11 (dd, /=14.0, 3.2
Hz, 1H), 4.00 (dd, /=14.0, 8.0 Hz, 1H), 3.80 (s, 3H), 2.24
(s, 3H), 2.04 (s, 3H); '3C NMR (100 MHz, CDCls) 4:
159.3, 148.2, 139.9, 133.3, 127.1, 113.9, 105.0, 73.1, 55.3,
55.0, 13.4, 10.8; HRMS (ESI-TOF) calcd for Ci4HigN»-
NaO, [M+Na]" 269.1260, found 269.1256.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(4-fluorophenyl)-
ethanol (7): R=0.2 [V(petroleum ether) : V(EtOAc)=4 :
1], 35.1 mg, 75% yield. White solid, m.p. 140.1 ~
141.2 “C; 'TH NMR (400 MHz, CDCl3) é: 7.29~7.25 (m,
2H), 7.04~7.00 (m, 2H), 5.78 (s, 1H), 5.07 (dd, J=7.6,
2.8 Hz, 1H), 4.90 (brs, 1H), 4.12 (dd, /=14.0, 2.8 Hz,
1H), 3.98 (dd, /=14.0, 8.0 Hz, 1H), 2.24 (s, 3H), 2.01 (s,
3H); C NMR (100 MHz, CDCl3) 6: 162.4 (d, J=244.0),
148.3, 139.9, 136.9 (d, /=4.6 Hz), 127.6 (d, J/=8.1 Hz),
115.3 (d, J=21.4 Hz), 105.1, 72.9, 54.7, 13.4, 10.7; F
NMR (376 MHz, CDCl3) 6: —114.6; HRMS (ESI-TOF)
caled for C;3H;sFN;NaO [M+ Na]' 257.1061, found
257.1055.
1-(4-Chlorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-
ethanol (8): R=0.2 [V(petroleum ether) : V(EtOAc)=4 :
1], 40.1 mg, 80% yield. White solid, m.p. 138.4 ~
141.2 “C; '"H NMR (400 MHz, CDCls) é: 7.31 (d, J=8.4
Hz, 2H), 7.23 (d, /=8.4 Hz, 2H), 5.78 (s, 1H), 5.06 (dd,
J=1.6, 2.8 Hz, 1H), 4.98 (br, 1H), 4.12 (dd, /=14.0, 2.8
Hz, 1H), 3.98 (dd, /=14.0, 7.6 Hz, 1H), 2.23 (s, 3H), 2.01
(s, 3H); 3C NMR (100 MHz, CDCl;) 6: 148.3, 139.9,
139.7, 133.6, 128.0, 127.3, 105.1, 72.8, 54.6, 13.4, 10.7;
HRMS (ESI-TOF) caled for C;3H;CIN;O [M +H] "
251.0946, found 251.0944.
1-(4-Bromophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-
ethanol (9): Ry=0.2 [V(petroleum ether) : V(EtOAc)=4 :
1], 48.4 mg, 82% yield. Yellow solid, m.p. 146.5~
148.6 “C; '"H NMR (400 MHz, CDCl3) 6: 7.46 (d, J=8.4
Hz, 2H), 7.17 (d, /=8.4 Hz, 2H), 5.78 (s, 1H), 5.04 (dd,
J=17.6, 2.8 Hz, 1H), 5.00 (brs, 1H) 4.12 (dd, J=14.0, 3.2
Hz, 1H), 3.97 (dd, /=14.0, 7.6 Hz, 1H), 2.23 (s, 3H), 2.00
(s, 3H); 3C NMR (100 MHz, CDCl;) 6: 148.3, 140.2,
139.9, 131.5, 127.6, 121.7, 105.1, 72.9, 54.5, 13.4, 10.7;
HRMS (ESI-TOF) caled for Ci3H;sBrN,NaO [M—I—Na]+
317.0260, found 317.0270.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(4-(trifluorometh-
yl)phenyl)ethanol (10): R;= 0.2 [V(petroleum ether) :
V(EtOAc)=4 : 1], 30.1 mg, 53% yield. Colorless solid,
m.p. 155.2~157.0 °C; 'H NMR (400 MHz, CDCl5) ¢:
7.60 (d, J=8.0 Hz, 2H), 7.43 (d, /=8.4 Hz, 2H), 5.79 (s,
1H), 5.14 (d, J=7.6 Hz, 2H), 4.17 (dd, /=14.0, 2.8 Hz,
1H), 4.00 (dd, /=14.0, 7.6 Hz, 1H), 2.24 (s, 3H), 2.00 (s,

Chin. J. Org. Chem. 2021, 41, 1572~1581
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3H); 3C NMR (100 MHz, CDCI;) &: 148.5, 145.2, 139.9,
130.1 (q, J=32.4 Hz), 126.3, 125.4 (q, J=3.6 Hz), 124.1
(q, J=272.4 Hz), 105.2, 73.0, 54.4, 13.4, 10.7; F NMR
(376 MHz, CDCl3) : —62.5; HRMS (ESI-TOF) calcd for
C]4H16F3N20 [N[‘i‘H]Jr 2851209, found 285.1200.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(4-(trifluorometh-
oxy)phenyl)ethanol (11): Ry=0.2 [V(petroleum ether) :
V(EtOAc)=4 : 1], 50.4 mg, 84% yield. White solid, m.p.
141.1~142.4 °C; '"H NMR (400 MHz, CDCls) &: 7.33 (d,
J=8.8 Hz, 2H), 7.19 (d, /=8.0 Hz, 2H), 5.79 (s, 1H), 5.10
(dd, J=7.6, 2.8 Hz, 1H), 5.03 (brs, 1H), 4.13 (dd, /=14.0,
2.8 Hz, 1H), 3.99 (dd, /=14.0, 7.6 Hz, 1H), 2.24 (s, 3H),
2.00 (s, 3H); 3C NMR (100 MHz, CDCls) J: 148.8, 148.4,
139.9,139.8, 127.4, 121.0, 120.5 (d, J=255.5 Hz) 105.1,
72.8, 54.6, 13.4, 10.7;F NMR (377 MHz, CDCl3) §: —
579, HRMS (ESI-TOF) calcd for C]4H|6F3N202+ [M+H]
"301.1158, found 301.1162.

1-([1,1'-Biphenyl]-4-yl)-2-(3,5-dimethyl-1 H-pyrazol-1-
yl)ethanol (12): R=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 35.6 mg, 61% yield. White solid, m.p. 169.9~
172.2 °C; 'H NMR (400 MHz, CDCl3) §: 7.60~7.57 (m,
4H), 7.46~7.33 (m, 5H), 5.80 (s, 1H), 5.14 (dd, J=8.0,
2.8 Hz, 1H), 4.84 (s, 1H), 4.19 (dd, /=14.0, 3.2 Hz, 1H),
4.06 (dd, J/=14.0, 8.0 Hz, 1H), 2.26 (s, 3H), 2.05 (s, 3H);
3C NMR (100 MHz, CDCl3) 6: 148.2, 140.8, 140.7, 140.1,
139.9, 128.8, 127.3, 127.2, 127.1, 126.4, 105.0, 73.3, 54.8,
13.4, 10.8; HRMS (ESI-TOF) calcd for CioH2iN,O [M—+
H]" 293.1648, found 293.1647.

Ethyl 4-(2-(3,5-dimethyl-1 H-pyrazol-1-yl)-1-hydroxye-
thyl)benzoate (13): Rf = 0.15 [W(petroleum ether) :
V(EtOAc)=4 : 1], 35.7 mg, 62% yield. White solid, m.p.
122.3~125.2 “C; '"H NMR (400 MHz, CDCls) &: 8.01 (d,
J=8.4 Hz, 2H), 7.36 (d, J=8.4 Hz, 2H), 5.77 (s, 1H), 5.14
(dd, J=7.2, 2.8 Hz, 1H), 5.07 (br, 1H), 4.37 (q, /=7.2 Hz,
2H), 4.18 (dd, /=14.0, 2.8 Hz, 1H), 4.02 (dd, /=14.0, 7.2
Hz, 1H), 2.24 (s, 3H), 1.97 (s, 3H), 1.39 (t, J=7.2 Hz,
3H); 3C NMR (100 MHz, CDCI5) &: 166.3, 148.3, 146.3,
140.0, 129.9, 129.6, 125.8, 105.0, 73.0, 60.9, 54.4, 14.3,
13.3, 10.7; HRMS (ESI-TOF) calcd for Ci6H21N,O3 [M+
H]" 289.1547, found 289.1545.

4-(2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-hydroxyethyl)-
phenol (14): Ry=0.2 [V(petroleum ether) : V(EtOAc)=
1:1], 23.7 mg, 51% yield. White solid, m.p. 158.6~
160.2 °C; '"H NMR (400 MHz, CD;OD) ¢: 7.07 (d, J=8.4
Hz, 2H), 6.72 (d, J=8.4 Hz, 2H), 5.74 (s, 1H), 4.92 (dd,
J=6.8, 6.4 Hz, 1H), 4.57 (brs, 1H), 4.16 (dd, /=14.0, 7.6
Hz, 1H), 3.96 (dd, J/=14.0, 6.0 Hz, 1H), 2.18 (s, 3H), 1.94
(s, 3H); 3C NMR (100 MHz, CD;0OD) ¢: 158.2, 148.8,
142.3, 134.2, 128.3, 116.1, 105.7, 74.1, 56.6, 13.2, 10.8;
HRMS (ESI-TOF) caled for C;3Hi7N,O, [M + H] '
233.1285, found 233.1285.

1-(4-((tert-Butyldimethylsilyl)oxy)phenyl)-2-(3,5-dime-
thyl-1H-pyrazol-1-yl)ethanol (15): Ry=0.2 [V(petroleum
ether) . V(EtOAc)=4 : 1], 59.6 mg, 86% yield. Yellow
oil. '"H NMR (400 MHz, CDCl3) é: 7.14 (d, J=8.4 Hz,
2H), 6.80 (d, J/=8.8 Hz, 2H), 5.77 (s, 1H), 5.01 (dd, J=
8.0, 3.8 Hz, 1H), 4.65 (brs, 1H), 4.11 (dd, J/=14.0, 3.2 Hz,
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1H), 4.00 (dd, /=14.0, 7.6 Hz, 1H), 2.24 (s, 3H), 2.00 (s,
3H), 0.98 (s, 9H), 0.18 (s, 6H); '3C NMR (100 MHz,
CDCl3) 0: 155.4, 148.1, 139.9, 133.9, 127.0, 120.1, 104.9,
73.1, 54.9, 25.7, 18.2, 13.4, 10.7, -4.5; HRMS (ESI-TOF)
caled for C]gH}]NzOzSi [M + H] " 3472149, found
347.2152.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(m-tolyl)ethanol
(16): Ry=0.2 [HV(petroleum ether) : V(EtOAc)=4 : 1],
34.5 mg, 75% yield. White solid, m.p. 123.2~124.7 C;
'"H NMR (400 MHz, CDCl3) é: 7.23 (t, J=7.6 Hz, 1H),
7.15 (s, 1H), 7.14 (d, J/=7.6 Hz, 1H), 7.10 (d, J=6.4 Hz,
1H), 5.79 (s, 1H), 5.04 (dd, /=28.4, 2.8 Hz, 1H), 4.69 (brs,
1H), 4.13 (dd, /=14.0, 2.8 Hz, 1H), 4.00 (dd, /=14.0, 8.0
Hz, 1H), 2.35 (s, 3H), 2.25 (s, 3H), 2.05 (s, 3H); *C NMR
(100 MHz, CDCl3) J: 148.2, 140.9, 139.9, 138.2, 128.6,
128.4, 126.6, 123.0, 105.0, 73.5, 54.9, 21.4, 13.4, 10.8;
HRMS (ESI-TOF) caled for CisHioN.O [M + H]*
231.1492, found 231.1496.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(3-methoxyphen-
yl)ethanol (17): R7=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 35.5 mg, 72% yield. Yellow solid, m.p. 121.5~
122.1 “C; 'H NMR (400 MHz, CDCl3) é: 7.25 (t, J=8.0
Hz, 1H), 6.91~6.81 (m, 3H), 5.78 (s, 1H), 5.05 (dd, J=
8.0, 2.8 Hz, 1H), 4.78 (brs, 1H), 4.15 (dd, /=14.0, 3.2 Hz,
1H), 4.01 (dd, /=14.0, 8.0 Hz, 1H), 3.78 (s, 3H), 2.24 (s,
3H), 2.02 (d, J=0.4 Hz, 3H); '3C NMR (100 MHz, CDCI;)
0: 159.7, 148.2, 142.8, 140.0, 129.5, 118.1, 113.7, 111.1,
105.0, 73.4, 55.2, 54.8, 13.4, 10.7;, HRMS (ESI-TOF)
caled for CisH19N,O [M+H]" 231.1492, found 231.1496.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(3-fluorophenyl)-
ethanol (18): Ry=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 41.7 mg, 89% yield. White solid, m.p. 125.5~
127.8 “C; 'H NMR (400 MHz, CDCl;) §: 7.33~7.27 (m,
1H), 7.08~6.95 (m, 3H), 5.79 (s, 1H), 5.08 (dd, J=17.6,
2.8 Hz, 1H), 5.00 (brs, 1H), 4.15 (dd, /=14.0, 3.2 Hz,
1H), 3.99 (dd, /=14.0, 7.6 Hz, 1H), 2.24 (s, 3H), 2.02 (s,
3H); *C NMR (100 MHz, CDCls) d: 162.9 (d, J=245.0
Hz), 148.3, 143.8 (d, /=6.9 Hz), 139.9, 130.0 (d, J=8.1
Hz), 121.4 (d, J=2.6 Hz), 114.6 (d, /=21.2 Hz), 112.9 (d,
J=22.0 Hz), 105.1, 72.9, 54.5, 13.4, 10.7; '°F NMR (376
MHz, CDCl3) 6: —112.8; HRMS (ESI-TOF) caled for
Ci3H;sFN;NaO [M+Na]" 257.1061, found 257.1068.
1-(3-Chlorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-yl)-
ethanol (19): Ry=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 45.1 mg, 90% yield. White solid, m.p. 125.5~
127.3 C; 'H NMR (400 MHz, CDCls) 6: 7.32 (s, 1H),
7.27~7.26 (m, 2H), 7.19~7.18 (m, 1H), 5.79 (s, 1H),
5.05 (dd, J=17.6, 2.8 Hz, 1H), 4.14 (dd, J=14.0, 2.8 Hz,
1H), 3.98 (dd, /=14.0, 8.0 Hz, 1H), 2.24 (s, 3H), 2.03 (s,
3H); 3C NMR (100 MHz, CDCl;) J: 148.4, 143.2, 139.9,
134.4, 129.7, 128.0, 126.2, 124.1, 105.1, 72.9, 54.5, 13.4,
10.7; HRMS (ESI-TOF) calcd for Ci3HsCIN,O [M+H]"
251.0946, found 251.0950.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(3-(trifluorometh-
oxy)phenyl)ethanol (20): Ry=0.2 [V(petroleum ether) :
V(EtOAc)=4 © 1], 42.6 mg, 71% yield. White solid, m.p.
106.3~107.2 ‘C; 'H NMR (400 MHz, CDCl;) J: 7.35 (,
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J=17.6 Hz, 1H), 7.21 (d, J=7.6 Hz, 1H), 7.14 (s, 1H), 7.12
(d, J/=10.0 Hz, 1H), 5.77 (s, 1H), 5.10 (dd, J=7.2, 2.8 Hz,
1H), 4.16 (dd, /=14.0, 2.8 Hz, 1H), 4.01 (dd, /=14.0, 7.2
Hz, 1H), 2.23 (s, 3H), 1.97 (s, 3H); *C NMR (100 MHz,
CDCl;) o: 149.4, 148.4, 143.7, 140.0, 129.8, 124.2, 120.4
(d, J=2553 Hz),120.2, 118.5, 105.1, 72.8, 54.4, 13.3,
10.6; YF NMR (376 MHz, CDCl;) 6: —57.7; HRMS
(ESI-TOF) calcd fOI‘ C|4H|5F3N2N302 [M + Na] *
323.0978, found 323.0979.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(3-(trifluorometh-
yl)phenyl)ethanol (21): Ry= 0.2 [V(petroleum ether) :
V(EtOAc)=4 : 1], 44.5 mg, 79% yield. White solid, m.p.
147.6~148.2 “C; 'H NMR (400 MHz, CDCl3) §: 7.54 (s,
2H), 7.50~7.43 (m, 2H), 5.78 (s, 1H), 5.14 (dd, J=7.6,
2.8 Hz, 2H), 4.17 (dd, /=14.0, 2.8 Hz, 1H), 4.01 (dd, J=
14.0, 8.0 Hz, 1H), 2.24 (s, 3H), 1.99 (s, 3H); '*C NMR
(100 MHz, CDCl3) ¢: 148.4, 142.2, 140.0, 130.8 (q, J=
31.8 Hz), 129.3, 128.9, 124.6 (q, J/=3.4 Hz), 124.0 (q, J=
271.5 Hz), 122.8 (d, J=3.6 Hz), 105.1, 72.9, 54.5, 13.3,
10.6; F NMR (376 MHz, CDCl3) J: —62.7; HRMS
(ESI-TOF) caled for Cji4HisFsNoNaO [M + Naj *
307.1029, found 307.1037.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(3,4-dimethylphen-
yl)ethanol (22): Rr=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 39.6 mg, 81% yield. White solid, m.p. 117.6~
118.3 “C; 'H NMR (400 MHz, CDCl3) é: 7.11 (d, J=7.6
Hz, 2H), 7.06 (dd, J=7.8, 1.6 Hz, 1H), 5.80 (s, 1H), 5.02
(dd, /=84, 2.8 Hz, 1H), 4.58 (s, 1H), 4.11 (dd, J=13.6,
2.8 Hz, 1H), 4.00 (dd, /=14.0, 8.4 Hz, 1H), 2.26 (s, 3H),
2.26 (s, 3H), 2.25 (s, 3H), 2.08 (s, 3H); '*C NMR (100
MHz, CDCl) J: 148.1, 139.8, 138.5, 136.7, 136.2, 129.7,
127.2, 123.3, 105.0, 73.4, 55.0, 19.8, 19.4, 13.4, 10.8;
HRMS (ESI-TOF) caled for C;sHyN,O [M + H] '
245.1648, found 245.1656.
1-(3,4-Difluorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)ethanol (23): Rr=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 47.4 mg, 94% yield. White solid, m.p. 104.2~
106.1 “C; 'H NMR (400 MHz, CDCl3) §: 7.16~7.09 (m,
2H), 7.02~7.00 (m, 1H), 5.79 (s, 1H), 5.06 (brs, 1H), 5.04
(dd, J=7.6, 2.8 Hz, 1H), 4.12 (dd, /=14.0, 3.2 Hz, 1H),
3.96 (dd, J=14.0, 7.6 Hz, 1H), 2.23 (s, 3H), 2.03 (s, 3H);
3C NMR (100 MHz, CDCl;) 6: 150.4 (dd, J=247.2, 12.7
Hz), 149.9 (dd, /=246.3, 12.5 Hz), 148.4, 139.9, 138.3 (t,
J=4.1 Hz), 121.8 (dd, J=6.2, 3.6 Hz), 117.2 (d, J=17.2
Hz), 115.0 (d, J=17.8 Hz), 105.1, 72.3, 54.5, 13.4, 10.7;
F NMR (376 MHz, CDCl3) §: —137.3, —139.1; HRMS
(ESI-TOF) caled for C3HisFoN,O [M+H]" 253.1147,
found 253.1146.
1-(3,4-Dichlorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)ethanol (24): Rr=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 47.3 mg, 83% yield. Yellow solid, m.p. 128.3~
130.5 C; 'H NMR (400 MHz, CDCl3) 6: 7.41 (s, 1H),
7.40 (d, /=8.4 Hz, 1H),7.13 (d, /=8.0 Hz, 1H), 5.80 (s,
1H), 5.14 (s, 1H),5.04 (dd, J/=7.6, 2.8 Hz, 2H), 4.12 (dd,
J=14.0, 2.8 Hz, 1H), 3.96 (dd, /=14.0, 8.0 Hz, 1H), 2.23
(s, 3H), 2.04 (s, 3H); '3C NMR (100 MHz, CDCls) 4:
148.5, 141.4, 139.9, 132.6, 131.7, 130.4, 128.0, 125.3,
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105.2, 72.4, 54.3, 13.4, 10.8; HRMS (ESI-TOF) calcd for
Ci3H;sCLN,O [M+H]" 285.0556, found 285.0566.
1-(2,3-Dihydrobenzofuran-5-yl)-2-(3,5-dimethyl- 1 H-py-
razol-1-yl)ethanol (25): Ry=0.2 [V(petroleum ether) :
V(EtOAc)=3 © 1], 42.4 mg, 84% yield. White solid, m.p.
162.6~163.5 ‘C; '"H NMR (400 MHz, CDCI5) d: 7.19 (s,
1H), 7.05 (d, J/=8.4 Hz, 1H), 6.74 (d, J=8.0 Hz, 1H), 5.79
(s, 1H), 5.00 (dd, /=8.4, 2.8 Hz, 1H), 4.64 (s, 1H), 4.57 (4,
J=8.8 Hz, 2H), 4.09 (dd, J=13.6, 2.8 Hz, 1H), 3.98 (dd,
J=14.0, 8.4 Hz, 1H), 3.19 (t, /=8.8 Hz, 2H), 2.24 (s, 3H),
2.07 (s, 3H); '*C NMR (100 MHz, CDCls) &: 159.9, 148.1,
139.8, 133.2, 127.3, 125.9, 122.6, 109.1, 105.0, 73.4, 71.3,
55.1,29.7, 13.4, 10.8; HRMS (ESI-TOF) caled for CisHo-
N,O, [M+H]" 259.1441, found 259.1447.
1-(Benzo[d][1,3]dioxol-5-y1)-2-(3,5-dimethyl-1 H-pyra-
zol-1-yl)ethanol (26): Ry = 0.2 [W(petroleum ether) :
V(EtOAc)=2 1], 46.3 mg, 89% yield. White solid, m.p.
158.2~160.1 ‘C; '"H NMR (400 MHz, CDCI;) d: 6.82 (s,
1H), 6.78 (s, 2H), 5.95 (s, 2H), 5.79 (s, 1H), 4.99 (dd, J=
8.0, 2.4 Hz, 1H), 4.74 (s, 1H), 4.09 (dd, /=14.0, 3.2 Hz,
1H), 3.97 (dd, /=14.0, 8.0 Hz, 1H), 2.24 (s, 3H), 2.06 (s,
3H); '3C NMR (100 MHz, CDCl;) J: 148.2, 147.8, 147.2,
139.8, 135.1, 119.3, 108.2, 106.5, 105.0, 101.0, 73.3, 54.9,
13.4, 108, HRMS (ESI—TOF) calcd fOI‘ C14H|6N2Na03
[M-+Na]" 283.1053, found 283.1047.
1-(3,5-Difluorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)ethanol (27): R7=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 31.8 mg, 63% yield. White solid, m.p. 113.6~
114.8 “C; 'H NMR (400 MHz, CDCI;) J: 6.85~6.83 (m,
1H), 6.74~6.69 (m, 1H), 5.79 (s, 1H), 5.21 (s, 1H), 5.04
(dd, J=7.6, 2.8 Hz, 1H), 4.13 (dd, J=14.0, 3.2 Hz, 1H),
3.97 (dd, J=14.0, 7.6 Hz, 1H), 2.22 (s, 3H), 2.04 (s, 3H);
13C NMR (100 MHz, CDCls) é: 163.1 (dd, J=247.5, 12.4
Hz), 148.5, 145.4 (t, J=8.5 Hz), 139.9, 108.8 (d, J=25.6,
7.1 Hz), 105.2, 103.1 (t, J=25.1 Hz), 72.6, 54.2, 13.4,
10.7; F NMR (377 MHz, CDCl3) §: —109.3; HRMS
(ESI-TOF) caled for C3HisFoN,O [M+H]" 253.1147,
found 253.1146.
1-(3,5-Dichlorophenyl)-2-(3,5-dimethyl-1H-pyrazol-1-
yl)ethanol (28): R=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 31.9 mg, 56% yield. White solid, m.p. 140.5~
141.2 “C; 'H NMR (400 MHz, CDCl3) é: 7.28 (t, J=2.0
Hz, 1H), 7.20 (d, J=2.0 Hz, 2H), 5.80 (s, 1H), 5.23 (s,
1H), 5.02 (dd, J=7.6, 3.2 Hz, 1H), 4.12 (dd, /=14.0, 2.8
Hz, 1H), 3.96 (dd, J/=14.0, 7.6 Hz, 1H), 2.23 (s, 3H), 2.05
(s, 3H); 3C NMR (100 MHz, CDCl;) &: 148.5, 144.6,
139.9, 135.1, 127.9, 124.5, 105.2, 72.6, 54.2, 13.4, 10.8;
HRMS (ESI-TOF) caled for Ci3H;sCLN,O [M~+H]"
285.0556, found 285.0562.
2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(naphthalen-2-yl)-
ethanol (29): Ry=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 37.3 mg, 70% yield. White solid, m.p. 139.8~
141.7 “C; '"H NMR (400 MHz, CDCI;) §: 7.84~7.81 (m,
4H), 7.49~7.46 (m, 2H), 7.42 (dd, J=8.4, 1.6 Hz, 1H),
5.79 (s, 1H), 5.25 (dd, J=7.6, 2.8 Hz, 1H), 4.89 (brs, 1H),
4.24 (dd, J=13.6, 2.8 Hz, 1H), 4.10 (dd, /=14.0, 8.0 Hz,
1H), 2.27 (s, 3H), 2.02 (s, 3H); '3C NMR (100 MHz,
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CDCl;) 0: 148.2, 139.9, 138.5, 133.3, 133.1, 128.2, 128.0,
127.7, 126.2, 125.9, 124.9, 123.8, 105.3, 73.6, 54.8, 13.4,
10.8; HRMS (ESI-TOF) caled for C7H;sNoNaO [M—+
Na]" 289.1311, found 289.1301.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(naphthalen-1-yl)-
ethanol (30): Rr=0.2 [V(petroleum ether) : V(EtOAc)=
4 1], 42.6 mg, 80% yield. White solid, m.p. 138.0~
140.0 °C; 'H NMR (400 MHz, CDCl3) &: 8.08 (d, J=8.4
Hz, 1H), 7.91~7.89 (m, 1H), 7.81 (d, J=8.0 Hz, 1H),
7.68 (d, J=17.2 Hz, 1H), 7.56~7.46 (m, 3H), 5.88 (d, J=
6.0 Hz, 1H), 5.79 (s, 1H), 5.09 (brs, 1H), 4.37 (dd, J=
14.0, 2.8 Hz, 1H), 4.14 (dd, J=14.0, 7.6 Hz, 1H), 2.28 (s,
3H), 1.94 (s, 3H); *C NMR (100 MHz, CDCls) ¢: 148.3,
139.9, 136.4, 133.6, 130.1, 129.1, 128.2, 126.3, 125.6,
125.5, 123.7, 122.3, 105.0, 70.3, 54.0, 13.5, 10.7; HRMS
(ESI-TOF) caled for Ci7HigNoO [M+H] " 267.1492,
found 267.1491.

2-(3,5-Dimethyl-1H-pyrazol-1-yl)-1-(1-methyl-1H-in-
dol-3-yl)ethanol (31): Rf= 0.2 [V(petroleum ether) :
V(EtOAc)=2 : 1], 39.3 mg, 73% yield. White solid, m.p.
123.4~126.4 “C; '"H NMR (400 MHz, CDCls) &: 7.69 (d,
J=8.0 Hz, 1H), 7.26 (t, J/=8.0 Hz, 1H), 7.14 (t, J=8.0
Hz, 1H), 7.06 (s, 1H), 5.82 (s, 1H), 5.43 (dd, /=84, 2.8
Hz, 1H), 4.29 (dd, /=14.0, 2.8 Hz, 1H), 4.23 (dd, J=14.0,
8.4 Hz, 1H), 3.77 (s, 3H), 2.26 (s, 3H), 2.15 (s, 3H); 13C
NMR (100 MHz, CDCls) d: 148.0, 139.7, 137.2, 126.6,
125.9,121.8, 119.3, 119.1, 114.7, 109.5, 104.9, 68.1, 54.3,
32.7, 13.5, 11.0; HRMS (ESI-TOF) calcd for CisH20N3O
[M+H]" 270.1601, found 270.1606.

4.2 Procedures for the synthesis of compound 38

The synthesis of compound 38 was adapted from the lit-
erature procedures.?”! To a 25 mL flask charged with crude
2 (0.2 mmol), MeOH (2.5 mL) and H,O (2.5 mL) was
added KHF, (78.0 mg, 1.0 mmol) at room temperature.
The resulting mixture was then allowed to stir at room
temperature for 2 h. After removal of the solvent, the resi-
due was diluted by H>O (10 mL) and extracted with EtOAc
(10 mL X 3). The combined organic phase was dried over
NaySOs. After removal of the solvent, the residue was pu-
rified by column chromatography on silica gel using
EtOAc as eluent to afford 1-(2-(difluoroboryl)-2-phenyl-
ethyl)-3,5-dimethyl-1H-pyrazole (38). Rr=0.1 (EtOAc),
34.7 mg, 70% yield. White solid, m.p. 280.3~282.5 C;
'"H NMR (400 MHz, d¢-Acetone) 5: 7.21 (t, J=7.6 Hz,
2H), 7.13 (d, J=7.6 Hz, 2H), 7.08 (t, /=7.2 Hz, 1H), 6.25
(s, 1H), 4.59 (dd, J/=11.2, 9.2 Hz, 1H), 4.19 (dd, J=11.6,
7.2 Hz, 1H), 2.90~2.80 (m, 1H), 2.37 (s, 3H), 2.31 (s,
3H); C NMR (100 MHz, ds-Acetone) J: 144.2, 142.4,
140.7, 128.7, 128.3, 125.3, 109.7, 53.0, 40.0 (br), 10.5,
10.1; ''B NMR (128 MHz, ds-Acetone) J: 6.95 (t, J=47.1
Hz); °F NMR (376 MHz, ds-Acetone) §: —143.8, —
144.0; HRMS (ESI-TOF) caled for Ci3H;sBF2N, [M+H]"
249.1369, found 249.1380.

4.3 Procedures for the synthesis of compound 39

The preparation of 39 was adapted from literature pro-
cedures.”!l To a 25 mL flame-dried Schlenk tube charged
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with crude 2 (0.20 mmol), AgNOs (3.4 mg, 0.2 mol%),
Selectfluor (106 mg, 0.60 mmol, 3.0 equiv.), tetrahydrofu-
ran (THF) (0.5 mL), H,O (0.5 mL) and TFA (31 pL, 0.8
mmol, 4.0 equiv.) were then added. The reaction mixture
was allowed to stir at 60 ‘C for 6 h. After cooling to room
temperature, the reaction was quenched by slow addition
of saturated aq. NaHCO3 (5 mL), and the resulting mixture
was extracted with EtOAc (10 mL X3). The combined
ethereal solution was dried over anhydrous MgSO,. After
removal of the solvent, the residue was purified by column
chromatography on silica using petroleum ether/EtOAc
(V:V=28 1) as the eluent to afford 1-(2-fluoro-
2-phenylethyl)-3,5-dimethyl-1H-pyrazole (39). Ry = 0.5
[M(petroleum ether) : V(EtOAc)=4 : 1], 31.8 mg, 73%
yield. Yellow oil. '"H NMR (400 MHz, CDCls) §: 7.42~
7.32 (m, 5H), 5.92~5.75 (m, 2H), 4.39~4.16 (m, 2H),
2.25 (s, 3H), 2.13 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
148.2, 140.3, 137.0 (d, /=19.4 Hz), 1289 (d, J=1.0
Hz), 125.4 (d, J=6.9 Hz), 105.1, 93.0 (d, /=175.9 Hz),
54.1 (d, J=26.1 Hz), 13.4, 10.8; ’F NMR (376 MHz,
CDCl3) ¢6: — 183.0; HRMS (ESI-TOF) calcd for
Ci3HiFN; [M+H]" 219.1292, found 219.1292.

4.4 Procedures for the synthesis of compound 40

This reaction was adapted from the literature proce-
dures.”?! To a 25 mL flame-dried Schlenk tube charged
with crude 2 (0.2 mmol), CICH>I (75 pL, 1.0 mmol) and
THF (2 mL) was added n-BuLi (0.4 mL, 2.5 mol-L ! in
hexanes, 1.0 mmol) at —78 “C under N, atmosphere.
The resulting mixture was allowed to stir at the same tem-
perature for 10 min and then allowed to stir at room tem-
perature for 1 h. The mixture was then diluted by H>O (10
mL). The biphasic mixture was then extracted by EtOAc
(10 mL X 3). After removal of the solvent, NaBO3*4H,0O
(0.15 g, 1.0 mmol) in THF/H,O (V' V=1 11,4 mL) was
introduced to the above reaction mixture. The resulting
biphasic mixture was then continued to stir at room tem-
perature for 4 h. The mixture was then diluted by H,O (10
mL) and quenched by saturated aqueous Na,SO; (1 mL).
The biphasic mixture was then extracted by EtOAc (10 mL
X 3). The combined organic phase was dried over Na;SOs.
After removal of the solvent, the residue was purified by
column chromatography on silica gel using EtOAc/petro-
leum ether (V' : V=3 1) as the eluent to afford 3-(3,5-
dimethyl-1H-pyrazol-1-yl)-2-phenylpropan-1-ol (40). Ry=
0.3 [WM(petroleum ether) : V(EtOAc)=4 : 1], 32.5 mg,
71% yield. White solid, m.p. 91.0~92.6 C; 'H NMR
(400 MHz, CDCl3) d: 7.32~7.24 (m, 3H), 7.14 (d, J=7.2
Hz, 2H), 5.74 (s, 1H), 4.33~4.21 (m, 2H), 3.87 (dd, J=
11.6, 6.8 Hz, 1H), 3.75 (dd, J=11.6, 5.2 Hz, 1H), 3.22 (dt,
J=12.0, 6.0 Hz, 1H), 2.22 (s, 3H), 1.91 (s, 3H); '*C NMR
(100 MHz, CDCl3) d: 147.8, 140.4, 139.9, 128.7, 128.0,
127.2, 104.9, 50.7, 48.4, 24.8, 13.4, 10.7; HRMS (ESI-
TOF) caled for C14H;oN,O [M+H]" 231.1492, found
231.1499.

4.5 Procedures for the synthesis of compound 41

This reaction was adapted from literature procedures.*
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To a 25 mL flame-dried Schlenk tube charged with thio-
phene (42.2 mg, 0.5 mmol) and THF (1 mL) was added
n-BuLi (0.20 mL, 2.5 molsL~! in hexanes, 0.5 mmol) at —
78 °C under N, atmosphere. The resulting mixture was
allowed to stir at the same temperature for 2 h. A THF (1
mL) solution of curde 2 (0.20 mmol) was then added at
—78 C. The resulting mixture was then allowed to stir at
—78 ‘C for 2 h. A THF (1 mL) solution of N-bromo-
succinimide (NBS) (89.0 mg, 0.5 mmol) was then added at
room temperature. The reaction was continued to stir at the
same temperature for 30 min then room temperature for 2
h. The mixture was diluted by H>O (10 mL). The biphasic
mixture was then extracted by CH)Cl, three times (10
mL X 3). The combined organic phase was dried over an-
hydrous Na,SO4. After removal of the solvent, the residue
was purified by column chromatography on silica gel using
EtOAc/petroleum ether (V' : V=8 : 1) as eluent to afford
3,5-dimethyl-1-(2-phenyl-2-(thiophen-2-yl)ethyl)-1H- py-
razole (41). Rr=0.6 [V(petroleum ether) : V(EtOAc)=4 :
1], 34.5 mg, 61% yield. Yellow oil. '"H NMR (400 MHz,
CDCl;) 6: 7.26~7.21 (m, 3H), 7.18~7.16 (m, 3H), 6.92
(t, J=3.6 Hz, 1H), 6.74 (s, 1H), 5.62 (s, 1H), 4.92 (t, J=
7.6 Hz, 1H), 4.53 (dd, /=13.6, 7.2 Hz, 1H), 4.36 (dd, J=
13.6, 8.0 Hz, 1H), 2.24 (s, 3H), 1.67 (s, 3H); '*C NMR
(100 MHz, CDCl3) d: 147.9, 144.8, 141.3, 140.0, 128.5,
128.0, 127.3, 126.7, 125.0, 124.2, 104.4, 54.2, 47.3, 13.6,
10.4; HRMS (ESI-TOF) calcd for C;7H;oN>S [M~+H]"
283.1263, found 283.1264.

4.6 Procedures for the synthesis of compound 42

This reaction was adapted from literature procedures.!#]
To a 50 mL flame-dried flask charged with 39 (115 mg,
0.5 mmol), pyridine (0.5 mL), and MeOAc (10 mL) was
bubbled ozone at —78 ‘C for 1 h. Ozone was replaced by
nitrogen for 10 min bubbling. After that, NiCl,*6H,O (0.12
g, 0.5 mmol), NaBH4 (0.90 g, 2.5 mmol), and MeOH (5
mL) were successively added at the same temperature. The
mixture was then allowed to warm to room temperature.
Next two portions of NaBH4 (0.90 g, 2.5 mmol each) were
added after 1 and 6 h, respectively. The mixture was then
allowed to stir at room temperature for 12 h, followed by
slow addition of a saturated aqueous solution of NaHCO;
(10 mL) at 0 ‘C. The mixture was then extracted by
CH)Cl, (20 mLX3). The combined organic phase was
dried over anhydrous Na,SO4. After removal of the sol-
vent, the residue was purified by column chromatography
on silica gel using EtOAc/petroleum ether (V@ V=8 : 1)
as eluent to afford N-(2-fluoro-2-phenylethyl)acetamide
(42). R¢=0.6 [V(petroleum ether) : V(EtOAc)=4 : 1],
36.2 mg, 40% yield. Yellow oil. 'H NMR (400 MHz,
CDCls) d: 7.37~7.26 (m, 5H), 5.99 (brs, 1H), 5.62~5.47
(m, 1H), 4.00~3.85 (m, 1H), 3.45~3.33 (m, 1H), 2.03 (s,
1.4H)*, 2.02 (s, 1.6 H)* (*two Me signals due to of re-
striction C—N bond rotation); '*C NMR (100 MHz,
CDCls) o: 170.3, 137.1 (d, J=18.6 Hz), 128.8, 128.6,
125.4 (d, J=7.1 Hz), 93.0 (d, J=171.1 Hz), 45.1 (d, J=
23.4 Hz), 23.2; F NMR (376 MHz, CDCl3) §: —183.3;
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HRMS (EI-TOF) calcd for CioHi2FNO 181.0897, found
181.0895.
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