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ABSTRACT: We describe a general approach for the synthesis of allylated =~ EWG EW

and benzylated pyrazoles. An electron-withdrawing substituent, such as nitro, &H —_ M or (N
chloro, and ester groups, at C4 renders the Lewis basic nitrogen atom to be
less basic and the C—H bond more acidic than the ones of the parent ring,
enabling Pd-catalyzed C—H allylation and benzylation reactions of pyrazoles.

[Pd]
N-N, K,CO;
R

EWG = NOZ, Cl, COZEt

The new method expanding the scope of the C—H functionalization of
pyrazoles beyond arylation reactions provides a rapid access to complex pyrazole compounds.

yrazoles have been found in a growing number of new

pharmaceuticals, agrochemicals, and ligands to transition
metals." Showing a wide range of biological activities that have
led to the development of many marketed drugs, such as
celecoxib, sildenafil, and crizotinib, pyrazole-containing com-
pounds play an important role in medicinal chemistry.” In
addition, hundreds of new pyrazole-based ligands have been
investigated to establish their unique position in organometallic
chemistry.> Thus, the development of methods for the
synthesis of structurally diverse pyrazoles represents an
important objective in organic synthesis.* The cyclocondensa-
tion of carbonyl compounds provides a general approach to
pyrazole compounds, but it requires de novo synthetic
sequences to be repeated for different substitution patterns
using toxic hydrazine reactants. In order to rapidly access a
variety of pyrazoles, a cross-coupling reaction can be more
useful.’ In particular, a Suzuki reaction of pyrazolyl halides or
pyrazole boronic acid derivatives has broadly been employed.
However, a narrow substrate scope along with a significant
increase of production cost has been noted. In this regard, a
direct substitution at C—H bonds of pyrazoles is an attractive
alternative.”® While catalytic C—H functionalization reactions
have been dramatically expanded, applications to pyrazoles have
been limited largely to arylation reactions along with a single
example of alkynylation.”'® The catalytic C—H alkylation
directly introducing a C(sp*)-substituent to the pyrazole core
has not been reported. Given that installation of alkyl groups to
the pyrazole ring provides conformational flexibility, displaying
improvement of physical and biological properties,’'" a
method for the C-alkylation of pyrazoles that does not depend
on the use of a strong base would be highly desirable.

A challenge in the development of catalytic C—H alkylation
reactions of pyrazoles is the presence of a Lewis basic nitrogen
atom of the heterocyclic ring, which serves as a strong ligand to
transition metals. For example, when the N1 atom is
substituted with an aryl group, C—H activation takes place at
the arene ring rather than the pyrazole ring (Figure 1A).'?
Furthermore, the N-alkylation at N2 occurs with alkyl donors
like alkyl halides, particularly at high temperatures typically
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Figure 1. (A) The noninnocent Lewis basic N2 atom of pyrazoles
serving as a directing group. (B) The electronic effect of the electron-
withdrawing group (EWG). (C) Catalytic C—H allylation and
benzylation of pyrazoles containing synthetically useful EWGs.

required for many transition-metal-catalyzed C—H activation
reactions.'> Hence, it is expected to be highly difficult to
achieve the C—H functionalization of the pyrazole family using
activated alkyl halides while avoiding complications from N-
alkylation,"*~"'®

Our approach to the C—H alkylation of pyrazoles was based
on modulation of the pyrazole ring by inductively electron-
withdrawing substituents (Figure 1B). We envisioned that the
electronic effect rendered by the electron-withdrawing group
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should not only reduce the Lewis basicity of the N2 atom but
also enhance the acidity of the C—H bond of pyrazoles, thus
enabling a C—H alkylation using activated alkyl halides or
pseudohalides. While the effect of the electron-withdrawing
group on the C—H functionalization of pyrazoles has been
recognized, it has been examined only in the context of the
arylation process.'” Here, we report the first catalytic C—H
allylation and benzylation of pyrazoles that occurs with high
regioselectivity by taking advantage of sgnthetically useful
electron-withdrawing groups (Figure 1C).*° Readily available
allyl acetates and benzyl chlorides are employed in this reaction
as the alkyl donors to provide C5-allylated and benzylated
pyrazole compounds in high yields.

At the outset of our study on the alkylation of electron-
deficient pyrazole compounds, several factors were considered
for the alkyl group source. The activated alkyl halides and
pseudohalides should undergo a facile oxidative addition, and
be compatible with any nucleophilic reagents (ie., pyrazoles,
phosphines, bases, and solvents). In addition, as the reaction
proceeds, the leaving group of alkyl donors can be accumulated
to interfere with the catalytic activity of the palladium complex.
The initial experiments focusing on the alkyl donors revealed
that only allyl acetate and benzyl chloride were suitable for
direct C—H allylation and benzylation of nitropyrazole 1,
respectively (Table 1).*! Other reaction parameters regarding

Table 1. Effects of the Leaving Group on the C—H
Alkylation of 1-Benzyl-4-nitropyrazole®

RCH-X

N N N
0, Pd(OAc),, PPh; 02 _ 02
S - N A
N-N, K,CO3 , toluene N-N, N-N,
Bn 100-120 °C Bn Bn
1 2a 3
entry RCH,X product yield (%)®
1 ACOTNF 2a 74°
Z
2 H3C02CO/\/ 2a 0
3 B \F 2a 0
4 N\F 2a 0
5 Ac0/\© ’n 6

6 Hscozco/\© 3 0
7 Br/\© 3 13

“Reaction conditions: pyrazole (0.50 mmol), 1.2 equiv of RCH,X, 5.0
mol % of Pd(OAc),, 20 mol % of PPh;, 2.5 equiv of K,CO;, toluene
(0.50 M), 100 °C (benzylation) or 120 °C (allylation), 16—20 h.

bIsolated yield. “In the absence of the Pd catalyst, no desired product
was formed.

the catalyst system were examined to show the combination of
Pd(OAc), and PPh, to be optimal for both allylation and
benzylation processes (see the Supporting Information). It was
also found that K,COj; in toluene was sufficient for the
allylation and benzylation of the electron-deficient pyrazole 1,
presumably due to the increased acidity of the C—H bond.**
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Notably, no overalkylation at the C3 of the pyrazole ring or at
the activated sp® carbon of the alkyl chain was observed, and
the alkene isomerization of the allyl group was found to be
minimal in these reactions (vide infra).'®>%#

Under the optimized conditions, the reaction of 1 provided
the allylated product 2a in 74% yield along with a small amount
of the isomerization product 2b (2a:2b > 20:1) (Table 2).

Table 2. Substrate Scope: Allylation®

NO, NO, Cl
N-N, N-N, N-N,
Bn Bn Bn
2a (74%) 2b (27%,° 46%°) 4 (88%)
cl Oy, OEt Og, OEt
W NP (N
N-N, N-N, N-N,
SOZNMez CH3 SOZNMGZ
5 (84%) 6 (81%) 7 (86%)
NO, NO,
=
X N-N, N-N,
SO,NMe, Bn Bn
8 (57%) 9 (45%)¢ 10 (N.R.)

“Conditions: pyrazole (0.50 mmol), 1.5 equiv of allyl acetate, 5.0 mol
% Pd(OAc),, 20 mol % PPh,, 2.5 equiv of K,CO,, toluene (0.50 M),
120 °C, 18 h. ®1,4-Dioxane was used instead of toluene. “The reaction
mixture in toluene was heated for 4 days. 43,0 equiv of K,CO; was
used. °N.R. = no reaction.

When the reaction was conducted in polar solvent like 1,4-
dioxane or subjected to extended heating, the formation of 2b
became prevalent.> The C—H allylation was also achieved
efficiently with chloro as well as ester substrates to give high
yields of allylated pyrazoles 4, 5, 6, and 7. In these cases, only
trace amounts of the corresponding isomerization products
were formed based on '"H NMR, possibly due to the weak
electron-withdrawing ability of chloro and ester groups
compared to the nitro group. The unsubstituted pyrazole
protected with a sulfamoyl group afforded the CS-allylated
product 8, which is consistent with the regioselectivity observed
in the arylation reaction.'”® When substituted allylic acetates
were employed, the reaction gave 45% yield of 9 and no
meaningful amount of 10.

While significant steric effects on the reactivity of allyl donors
were noted, an interesting regioselectivity was observed in the
reactions with cinnamyl acetate and the regioisomeric
secondary acetate (Scheme 1). Both of them gave rise to the
linear isomer 1la in preference to the branched isomer 11b,

Scheme 1. Regioselectivity of the Allylation

No,  Pd(OAc), PPhy NO, NO,
K,CO;3 _
. N —_— N Ph + d N Ph
N-N, toluene, 100 °C N-N, N-N,
Bn Bn Bn
1 11a 11b
AcO/\%\Ph 57% not observed
OAc
N 75% not observed
Ph
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suggesting that the reaction of the allyl palladium species took
place only at the less-hindered allylic terminus.

Having demonstrated the feasibility of N-benzylpyrazole
series, we examined the C—H benzylation of N-methylpyrazole
substrates. In these reactions, the benzylation was greatly
facilitated by the presence of a pivalate anion that was in situ
generated in the reaction mixture (for a proposed mechanism,
see the Supporting Information).”* Methylpyrazole 12 was
coupled with a wide range of benzyl chlorides to provide 13—
21 in high yields (Table 3). It was notable that benzyl chlorides
possessing substituents of varying electronic and steric
properties in the arene ring were well-tolerated.

Table 3. Substrate Scope: Benzyl Chlorides®

Cl/\©'Fe

NO, NO,
A - N
\ \
N-N_ [Pd] N-N, FG
12 CHs3 CH;
NO, NO, NO,
Cl
WY W Y
N-N, N-N, N-N,
CH;, CH;, CH; CH;,
13 (85%) 14 (97%) 15 (73%)
NO, F NO, NO,
F
W VN W
N-N, N-N, N-N_
CH; CH; CH,3 F
16 (84%)° 17 (89%)° 18 (83%)°
NO, NO, NO,
N-N, N-N N-N
\CH3 \CH3 CN \CH3 CO,Me
OCH;
19 (91%)° 20 (84%)° 21 (91%)°

“Conditions: pyrazole (0.50 mmol), 1.2 equiv of benzyl chloride, 5.0
mol % of Pd(OAc),, 20 mol % of PPh;, 2.5 equiv of K,CO;, toluene
(0.50 M), 100 °C, 18 h. ©0.30 equiv of PivOH was added.

The substrate scope of the C—H benzylation showed that a
variety of pyrazoles could be readily converted to the
corresponding benzyl pyrazoles in good to high yields (Table
4). Similar to the allylation, the presence of an electron-
withdrawing group (nitro, ester, and chloro groups) at the C4
position proved critical for the benzylation. The palladium
system induced the C—H benzylation exclusively on the
pyrazole ring rather than the phenyl ring in the reaction of 1-
phenyl-4-nitropyrazole 22 (entry 1). Despite the bulkiness of
the N-protecting group, THP pyrazole 24 was converted to
benzylated product 25 in 74% yield (entry 2). The pyrazole
with a sulfamoyl N-protecting group underwent the benzylation
as well (entry 3). The electron-withdrawing sulfamoyl group on
the N1 position appeared beneficial to the C—H benzylation,
generally leading to higher yields of the corresponding
benzylation products than N-alkyl-substituted pyrazoles (en-
tries 4 vs S, 6 vs 8, 7 vs 10). When the chloro group was placed
at the CS position, no C4 benzylation product was formed
(entry 11). Also, the sulfamoyl group alone was found to be
insufficient for the benzylation (entry 12); the simple sulfamoyl
pyrazole 42 did not generate a noticeable amount of C4- or CS-
benzylation products.
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It was noteworthy that the protocol developed for pyrazoles
could be applied to the C—H benzylation of nitroimidazoles
despite the higher nucleophilicity of imidazoles than pyrazoles
(eq 1). This result indicates that alternative to strong base-

Benzyl Chloride
Pd(oAc)z, PPh3

2.5 equiv K,CO; 02N>_(—©
: = (eq 1)

T

Ny N-r 0.3 equiv PivOH NS Ng
(o}
44 (R=Bu)  foluene,100°C 45 p_py)52% yield
46 (R=Bn) 47 (R=Bn) 59% yield

mediated benzylation reactions, the direct C—H benzylation of
imidazoles can be used when electron-withdrawing groups are
present in the imidazole core.”> However, the current protocol
could not be extended to the coupling of secondary benzyl
halides or unactivated alkyl halides.*®

In conclusion, we have developed a new strategy for the
preparation of CS-allyl and benzyl pyrazoles. The electronic
character of the pyrazole ring was modulated by the electron-
withdrawing effect of the synthetically useful groups, such as
nitro, ester, and chloro groups, enabling the C—H allylation and
benzylation in an efficient manner. The installation of the
sulfamoyl group on the nitrogen atom can further accelerate the
benzylation process. In the present allylation and benzylation
reactions, the overalkylation of the products does not occur and
the alkene isomerization of the allylation products is sup-
pressed. The C—H allylation and benzylation reactions by the
Pd complex derived from Pd(OAc), and PPh; can be carried
out under practical laboratory conditions without operational
difficulties involving the handling of air- and moisture-sensitive
reagents and special equipment to procure cryogenic
conditions. This approach, not requiring strong base-promoted
reaction conditions, will be useful to provide an expeditious
access to allylated and benzylated pyrazoles.

B EXPERIMENTAL SECTION

All reagents were used as received unless otherwise noted. Flash
column chromatography was performed on silica gel (40—63 um)
using the indicated solvent system. Nuclear magnetic resonance
spectra were recorded at 300 K on 300 Fourier transform NMR
spectrometers in CDCIl;. Proton chemical shifts are expressed in parts
per million (ppm, & scale) and are referenced to residual protium in
the NMR solvent (CDCl;, § 7.26). Data for '"H NMR are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet and/or multiple resonances, br = broad),
coupling constant (J) in Hertz, and integration. Carbon chemical shifts
are expressed in parts per million (ppm, & scale) and are referenced to
the carbon resonance of the NMR solvent (CDCl,, § 77.16). Infrared
(IR) spectra were reported in frequency of the absorption (cm™).
High-resolution mass spectra (HRMS) were acquired on a high-
resolution Q-TOF mass spectrometer (ionization mode: ESI).

1-Benzyl-4-nitro-1H-pyrazole (1),"** 1-benzyl-4-chloro-1H-pyra-
zole,”” 1-methyl-4-nitro-1H-pyrazole (12),'*® 4-nitro-1-phenyl-1H-
pyrazole (22),” ethyl 1-methyl-1H-pyrazole-4-carboxylate (28),% 4-
chloro-1-methyl-1H-pyrazole (32),>° N,N-dimethyl- IH;lpyrazole—l-suI-
fonamide (42),"8 1-butyl-4-nitro-1H-imidazole (44),"" and 1-benzyl-
4-nitro-1H-imidazole (46)'** are known compounds.

General Procedure for the C—H Alkylation of Pyrazoles. To a
8 mL glass vial equipped with a magnetic stir bar were sequentially
added K,CO; (173 mg, 1.25 mmol or as indicated), the pyrazole
substrate (0.5 mmol), allyl acetate or benzyl chloride (0.6 mmol or as
indicated), toluene (1.0 mL, 0.50 M), Pd(OAc), (5.6 mg, 0.02S
mmol) and PPh; (262 mg, 0.1 mmol). The reaction mixture was
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Table 4. Substrate Scope: Benzylation”

entry reactant product yield entry reactant product yield
NO, NO,
cl
WY Y
1 N-N 22 N-N 23 87% 7 & 34 & 35 62%
N-N N- N
o D .
NO, NO, cl
2 e\ﬁ 24 o 25 74% 8 36 \ 81%
N-N, N-N, N-N,
THP THP SOZNMez SOzNMez
N02 NOZ
3 a\ﬁ 26 VY 27 86% 9 36 \\ 84%
N-N, N-N N-N CO,M
SO,NMe, SO,NMe, SO,NMe; 2e
Oy, OEt Oy, OEt
4 ;\; 28 X 29 38% 10 36 W 77%
N-N, N-N, N-N
CH3 CH; SOzNMez
OsOEt Oy OEt
WC'
5 & 30 & 31 56% 11 N-N, 40 A\ Cl <5%
N-N, N-N, SO,NMe, \
SOzNMez SOzNMez N-N\
302NM62
cl cl
€ W
6 W 32 W 33 54% 12 N-N 42 N-N 43 <5%
N-N, N-N_ 'SO,NMe SO,NM
‘CHs CHs 272 aiss2

“Conditions: pyrazole (0.50 mmol), 1.2 equiv of benzyl chloride, 5.0
PivOH, toluene (0.50 M), 100 °C, 18 h.

mol % of Pd(OAc),, 20 mol % of PPh;, 2.5 equiv of K,CO5, 0.30 equiv of

purged with argon through a Teflon-lined cap. Then, the cap was
replaced with a new Teflon-lined solid cap. The reaction vial was
moved to a preheated reaction block (100 or 120 °C). After stirring
for 18 h, the reaction mixture was cooled to 25 °C and concentrated.
The residue was purified by flash column chromatography to provide
the desired product. For the preparation of compounds 16, 17, 18, 19,
20, 21, 23, 25, 27, 29, 31, 33, 35, 37, 38, 39, 45, and 47, 0.30 equiv of
pivalic acid (0.15 mmol) was added.
5-Allyl-1-benzyl-4-nitro-1H-pyrazole (2a). Purification by flash
column chromatography (hexanes/EtOAc = 8:1) provided allylated
pyrazole 2a as a yellow oil (90 mg, 74% yield). IR (film) 3128, 3066,
3033, 2983, 1640, 1552, 1501 cm™; 'H NMR (300 MHz, CDCL,) §
8.15 (s, 1H), 7.35—7.33 (m, 3H), 7.16 (d, ] = 7.2 Hz, 2H), 5.82—5.70
(m, 1H), 5.32 (s, 2H), 5.12 (d, ] = 10.1 Hz, 1H), 5.00 (d, ] = 17.1 Hz,
1H), 3.78 (d, ] = 5.8 Hz, 2H); '3C NMR (75 MHz, CDCl,) § 140.3,
136.6, 134.9, 130.8, 129.1, 128.6, 127.2, 118.2, 54.3, 28.7; HRMS
(ESI) caled for C3H N30, [M + H]" 244.1086, found 244.1083.
(E)-1-Benzyl-4-nitro-5-(prop-1-en-1-yl)-1H-pyrazole (2b). Purifica-
tion by flash column chromatography (hexanes/EtOAc 9:1)
provided allylated pyrazole 2b as a yellow oil (33 mg, 27% yield).
IR (film) 3033, 2919, 2852, 1659, 1537, 1496 cm™'; '"H NMR (300
MHz, CDCly) 6 8.16 (s, 1H), 7.37—7.34 (m, 3H), 7.13 (d, ] = 7.2 Hz,
2H), 6.60 (d, J = 16.3 Hz, 1H), 6.35—6.25 (m, 1H), 5.38 (s, 2H), 1.97
(d, J = 6.6 Hz, 3H); 3C NMR (75 MHz, CDCl;) 6 139.4, 139.3,
136.9, 135.5, 129.2, 1284, 1268, 1162, 54.6, 19.64; HRMS (ESI)
caled for C3H,N;0, [M + H]* 244.1086, found 244.1083.
1-Benzyl-4-nitro-1H-pyrazole (3). Purification by flash column
chromatography (hexanes/EtOAc = 9:2) provided benzylated pyrazole
3 as a yellow oil (141 mg, 96% yield). IR (film) 3064, 3031, 1552,
1505, 1472, 1455, 1405, 1322 cm™'; 'H NMR (300 MHz, CDCl;) §
8.20 (s, 1H), 7.35=7.25 (m, 6H), 7.10—7.02 (m, 4H), 5.20 (s, 2H),
442 (s, 2H); *C NMR (75 MHz, CDCl;) § 140.9, 136.7, 135.0,
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134.6, 133.7, 129.08, 129.06, 128.5, 128.1, 127.4, 127.2, 544, 29.8;
HRMS (ESI) caled for C;;H;(N;0, [M + H]* 294.1243, found
294.1241.

5-Allyl-1-benzyl-4-chloro-1H-pyrazole (4). Purification by flash
column chromatography (hexanes/EtOAc = 9:1) provided allylated
pyrazole 4 as a yellow oil (103 mg, 88% yield). IR (film) 3065, 3032,
2934, 1640, 1455, 1442 cm™; '"H NMR (300 MHz, CDCL,) 6 7.47 (s,
1H), 7.34—7.30 (m, 3H), 7.08 (d, ] = 7.1 Hz, 2H), 5.78—5.66 (m,
1H), 5.26 (s, 2H), 5.08 (d, J = 10.0 Hz, 1H), 4.97 (d, ] = 17.0 Hz, 1H),
3.33 (d, ] = 5.5 Hz, 2H); '*C NMR (75 MHz, CDCl;) § 137.0, 136.6,
1364, 1322, 128.8, 127.9, 1269, 126.7, 1172, 109.4, 542, 27.6;
HRMS (ESI) caled for C;3H,CIN, [M + HJ]* 233.0846, found
233.0841.

5-Allyl-4-chloro-N,N-dimethyl-1H-pyrazole-1-sulfonamide (5).
Purification by flash column chromatography (hexanes/EtOAc =
8:1) provided allylated pyrazole § as a yellow oil (105 mg, 84% yield).
IR (film) 3084, 2981, 2944, 1641, 1430, 1385 cm™%; 'H NMR (300
MHz, CDCl;) § 7.56 (s, 1H), 5.95—5.86 (m, 1H), 5.13—5.06 (m, 2H),
3.70 (d, ] = 6.1 Hz, 2H), 3.03 (s, 6H); *C NMR (75 MHz, CDCl;) §
140.6, 140.3, 132.4, 117.4, 112.0, 39.3, 28.4; HRMS (ESI) calcd for
CeH,;CIN;0,S [M + H]* 250.0417, found 250.0406.

Ethyl 5-Allyl-1-methyl-1H-pyrazole-4-carboxylate (6). Purification
by flash column chromatography (hexanes/EtOAc = 4:1) provided
allylated pyrazole 6 as a yellow oil (79 mg, 81% yield); IR (film) 3082,
2981, 1709, 1640, 1555, 1493, 1377 cm™; 'H NMR (300 MHz,
CDCl,) 6 7.85 (s, 1H), 5.92—5.79 (m, 1H), 5.11 (dd, J = 10.1, 1.3 Hz,
1H), 497 (dd, J = 172, 1.3 Hz, 1H), 4.28 (q, ] = 7.1 Hz, 2H), 3.79—
3.77 (m, SH), 1.34 (t, ] = 7.1 Hz, 3H); 3C NMR (75 MHz, CDCl;) §
163.6, 144.0, 140.8, 132.7, 116.9, 111.9, 59.9, 36.6, 28.8, 14.5; HRMS
(ESI) caled for CgH;sN,O, [M + H]" 195.1134, found 195.1126.

Ethyl 5-Allyl-1-(N,N-dimethylsulfamoyl)-1H-pyrazole-4-carbox-
ylate (7). Purification by flash column chromatography (hexanes/
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EtOAc = 8:1) provided allylated pyrazole 7 as a colorless oil (123 mg,
86% yield). IR (film) 3084, 2983, 2941, 1717, 1563, 1461 cm™'; 'H
NMR (300 MHz, CDCl;) § 7.97 (s, 1H), 6.02—5.89 (m, 1H), 5.16—
5.08 (m, 2H), 4.32 (q, ] = 7.1 Hz, 2H), 4.08 (d, ] = 6.2 Hz, 2H), 3.06
(s, 6H), 1.36 (t, ] = 7.1 Hz, 3H); *C NMR (75 MHz, CDCl,) § 162.6,
148.6, 142.9, 133.3, 117.3, 113.6, 60.5, 39.3, 29.0, 14.3; HRMS (ESI)
caled for C;;HjN;0,S [M + H]* 288.1018, found 288.1007.
5-Allyl-N,N-dimethyl-1H-pyrazole-1-sulfonamide (8). Purification
by flash column chromatography (hexanes/EtOAc = 7:1) provided
allylated pyrazole 8 as a yellow oil (61 mg, 57% yield). IR (film) 3135,
3083, 3013, 2980, 2941, 2857, 1375, 1178 cm™'; "H NMR (300 MHz,
CDCly) 6 7.56 (s, 1H), 6.13 (d, ] = 0.7 Hz, 1H), 6.04—5.89 (m, 1H),
5.22-5.12 (m, 2H), 3.68 (d, J = 6.6 Hz, 2H), 3.02 (s, 6H); *C NMR
(75 MHz, CDCl,) § 145.8, 142.0, 133.6, 117.9, 107.4, 39.2, 31.1;
HRMS (ESI) caled for CgH;,N;0,S [M + H]* 216.0807, found
216.0801.
1-Benzyl-5-(2-methylallyl)-4-nitro-1H-pyrazole (9). Purification by
flash column chromatography (hexanes/EtOAc = 9:1) provided
allylated pyrazole 9 as a yellow oil (58 mg, 45% yield). IR (film)
2974, 2920, 1552, 1504, 1473, 1406 cm™'; 'H NMR (300 MHz,
CDCl,) 6 8.18 (s, 1H), 7.36—7.33 (m, 3H), 7.15 (d, ] = 7.6 Hz, 2H),
5.29 (s, 2H), 4.88 (s, 1H), 4.50 (s, 1H), 3.74 (s, 2H), 1.78 (s, 3H); 1*C
NMR (75 MHz, CDCl;) § 140.2, 139.6, 136.6, 134.9, 129.1, 128.6,
127.2, 112.9, 54.2, 32.1, 22.7; HRMS (ESI) calcd for C,,H;(N,0, [M
+ H]* 258.1243, found 258.1235.
1-Benzyl-5-cinnamyl-4-nitro-1H-pyrazole (11a). Purification by
flash column chromatography (hexanes/EtOAc = 9:1) provided
allylated pyrazole 11a as a yellow solid (91 mg, 57% yield). mp 97—
98 °C; IR (film) 3061, 3031, 1550, 1503, 1474, 1449 cm™; '"H NMR
(300 MHz, CDCl,) 6 8.19 (s, 1H), 7.36—7.16 (m, 10H), 6.31 (d, ] =
16.0 Hz, 1H), 6.08—5.99 (m, 1H), 5.38 (s, 2H), 3.93 (d, ] = 6.4 Hz,
2H); 3C NMR (75 MHz, CDCl;) § 140.5, 136.6, 136.3, 135.0, 133.3,
129.2, 128.7, 128.6, 128.0, 127.2, 1264, 121.9, 54.5, 28.0; HRMS
(ESI) caled for C1gH gN;0, [M + H]" 320.1399, found 320.1386.
5-Benzyl-1-methyl-4-nitro-1H-pyrazole (13). Purification by flash
column chromatography (hexanes/EtOAc = 2:1) provided benzylated
pyrazole 13 as a white solid (92 mg, 85% yield). mp 59—61 °C; IR
(film) 3127, 3087, 3063, 3030, 3005, 2951, 1556, 1504 cm™; 'H NMR
(300 MHz, CDCl,) 6 8.12 (s, 1H), 7.34—7.22 (m, 3H), 7.13 (d, ] =
7.4 Hz, 2H), 4.49 (s, 2H), 3.77 (s, 3H); *C NMR (75 MHz, CDCl;)
5 140.8, 136.2, 134.9, 133.2, 129.1, 128.1, 127.3, 37.7, 30.0; HRMS
(ESI) caled for C;;H;,N;0, [M + H]* 218.0930, found 218.0932.
1-Methyl-5-(4-methylbenzyl)-4-nitro-1H-pyrazole (14). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 3:1)
provided benzylated pyrazole 14 as a yellow solid (112 mg, 97%
yield). mp 67—69 °C; IR (film) 3128, 3024, 2950, 2923, 1551, 1503,
1401, 1319 cm™}; 'H NMR (300 MHz, CDCl,) § 8.11 (s, 1H), 7.11
(d, ] = 7.6 Hz, 2H), 7.02 (d, J = 7.3 Hz, 2H), 4.44 (s, 2H), 3.76 (s,
3H), 2.31 (s, 3H); *C NMR (75 MHz, CDCl;) § 141.1, 137.1, 136.2,
1332, 131.8, 129.8, 128.0, 37.7, 29.6, 21.1; HRMS (ESI) calcd for
C,H;,N;0, [M + H]* 232.1086, found 232.1070.
5-(3-Chlorophenyl)-1-methyl-4-nitro-1H-pyrazole (15). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 2:1)
provided benzylated pyrazole 1S as a yellow solid (92 mg, 73%
yield). mp 87—90 °C; IR (film) 3128, 3062, 2951, 1503, 1401, 1319
em™; '"H NMR (300 MHz, CDCL,) § 8.14 (s, 1H), 7.27-7.23 (m,
2H), 7.12 (s, 1H), 7.05—6.98 (m, 1H), 4.47 (s, 2H), 3.79 (s, 3H); °C
NMR (75 MHz, CDCly) § 139.9, 136.8, 136.3, 134.9, 133.3, 130.3,
128.2, 127.6, 126.3, 37.7, 29.6; HRMS (ESI) calcd for C;;H,;,CIN;0,
[M + H]" 252.0540, found 252.0518.
5-(2-Fluorobenzyl)- 1-methyl-4-nitro-1H-pyrazole (16). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 2:1)
provided benzylated pyrazole 16 as a brown solid (99 mg, 84%
yield). mp 92—95 °C; IR (film) 3118, 2958, 2924, 1492, 1456, 1410
ecm™; '"H NMR (300 MHz, CDCL,) § 8.12 (s, 1H), 7.26—7.25 (m,
1H), 7.12—7.03 (m, 3H), 449 (s, 2H), 3.81 (s, 3H); *C NMR (75
MHz, CDCly) § 160.6 (d, Jc.r = 245.7 Hz), 139.8, 136.3, 133.4, 130.2
(d, Jor = 3.7 Hz), 129.3 (d, Jcr = 8.2 Hz), 124.7 (d, Jcr = 3.6 Hz),
122.0 (d, Jor = 15.0 Hz), 115.7 (d, Jo.r = 21.8 Hz), 37.6 (d, Jcr = 3.0
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Hz), 23.4 (d, Jo.r = 4.0 Hz); HRMS (ESI) calcd for C,;H,;,FN;0, [M
+ H]J* 236.0835, found 236.0813.

5-(3-Fluorobenzyl)-1-methyl-4-nitro-1H-pyrazole (17). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 3:1)
provided benzylated pyrazole 17 as a yellow solid (105 mg, 89%
yield). mp 74—77 °C; IR (film) 3129, 2953, 1504, 1488, 1401, 1317
cm™'; 'TH NMR (300 MHz, CDCl;) § 8.14 (s, 1H), 7.33—7.26 (m,
1H), 7.00-6.81 (m, 3H), 449 (s, 2H), 3.79 (s, 3H); *C NMR (75
MHz, CDCl,) 6 163.2 (d, Jo.r = 247.3 Hz), 140.0, 137.3 (d, Jcr = 74
Hz), 136.3, 133.3, 130.7 (d, Jor = 8.4 Hz), 123.8 (d, Jop = 3.0 Hz),
115.2 (d, Jog = 22.1 Hz), 114.5 (d, Jo.r = 21.0 Hz), 37.7, 29.8; HRMS
(ESI) calced for C;;H;;FN;0, [M + H]* 236.0835, found 236.0833.

5-(4-Fluorobenzyl)-1-methyl-4-nitro-1H-pyrazole (18). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 3:1)
provided benzylated pyrazole 18 as a yellow solid (98 mg, 83%
yield). mp 74—77 °C; IR (film) 3128, 3045, 2952, 1556, 1504, 1432,
1318, 1224 cm™'; '"H NMR (300 MHz, CDCl,) & 8.11 (s, 1H), 7.14—
7.06 (m, 2H), 7.03—6.95 (m, 2H), 444 (s, 2H), 3.78 (s, 3H); *C
NMR (75 MHz, CDCL,) 6 162.0 (d, Jor = 2453 Hz), 140.6, 136.3,
133.3, 130.6 (d, Jo.r = 3.2 Hz), 129.8 (d, Jor = 8.1 Hz), 116.1 (d, Jc.p
=21.6 Hz), 37.7, 29.3; HRMS (ESI) calcd for C,;H,,FN;0, [M + H]*
236.0835, found 236.0815.

5-(3-Methoxybenzyl)-1-methyl-4-nitro-1H-pyrazole (19). Purifica-
tion by flash column chromatography (hexanes/EtOAc = 3:2)
provided benzylated pyrazole 19 as a yellow solid (113 mg, 91%
yield). mp 74—77 °C; IR (film) 3127, 3054, 3003, 2949, 2837, 1504,
1403, 1316 cm™'; '"H NMR (300 MHz, CDCl,) & 8.12 (s, 1H), 7.25—
7.19 (m, 1H), 6.79 (d, ] = 7.9 Hz, 1H), 6.72—6.66 (m, 2H), 4.46 (s,
2H), 3.772 (s, 3H), 3.766 (s, 3H); *C NMR (75 MHz, CDCl;) §
160.1, 140.6, 136.4, 136.2, 133.2, 130.1, 120.4, 114.3, 112.3, 55.3, 37.7,
30.0; HRMS (ESI) caled for C;,H,,N;05 [M + H]* 248.1035, found
248.1038.

4-((1-Methyl-4-nitro-1H-pyrazole-5-yl)methyl)benzonitrile (20).
Purification by flash column chromatography (hexanes/EtOAc =
2:1) provided benzylated pyrazole 20 as a yellow solid (102 mg, 84%
yield). mp 118—121 °C; IR (film) 3139, 3122, 2958, 2228, 1552, 1504,
1410, 1320 cm™%; 'H NMR (300 MHz, CDCl;) § 8.15 (s, 1H), 7.62
(d, J = 7.5 Hz, 2H), 7.26—7.21 (m, 2H), 4.54 (s, 2H), 3.80 (s, 3H);
3C NMR (75 MHz, CDCl;) 5 140.4, 139.2, 136.3, 133.4, 132.8, 128.9,
118.4, 111.4, 37.7, 30.1; HRMS (ESI) calcd for C;,H;;N,O, [M + H]*
243.0882, found 243.0870.

Methyl 4-((1-Methyl-4-nitro-1H-pyrazol-5-yl)methyl)benzoate
(21). Purification by flash column chromatography (hexanes/EtOAc
= 2:1) provided benzylated pyrazole 21 as a yellow oil (125 mg, 91%
yield). IR (film) 3128, 2999, 2953, 2847, 1716, 1504 cm™'; 'H NMR
(300 MHz, CDCl;) 6 8.13 (s, 1H), 7.97 (d, J = 8.1 Hz, 2H), 7.20 (d, J
= 8.0 Hz, 2H), 4.53 (s, 2H), 3.89 (s, 3H), 3.77 (s, 3H); 3C NMR (75
MHz, CDCly) § 166.5, 140.0, 139.9, 136.3, 133.3, 130.3, 129.3, 128.1,
52.2, 37.7, 30.0; HRMS (ESI) caled for C;3;H,N;0, [M + H]*
276.0984, found 276.0982.

5-Benzyl-4-nitro-1-phenyl-1H-pyrazole (23). Purification by flash
column chromatography (hexanes/EtOAc = 7:1) provided benzylated
pyrazole 23 as a yellow oil (122 mg, 87% yield). IR (film) 3126, 3063,
3030, 2925, 1548, 1504, 1404, 1323 cm™'; 'H NMR (300 MHz,
CDCly) 6 8.34 (s, 1H), 7.52—7.44 (m, 3H), 7.32—7.27 (m, 2H),
7.25—7.20 (m, 3H), 6.99—6.92 (m, 2H), 4.45 (s, 2H); *C NMR (75
MHz, CDCL,) & 141.6, 137.9, 137.3, 135.8, 134.0, 129.9, 129.5, 128.8,
128.0, 127.1, 126.0, 30.6; HRMS (ESI) calcd for C;sH ,N;0, [M +
H]* 280.1086, found 280.1076.

4-Nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazole (24). To a
stirred solution of 4-nitropyrazole (2.00 g, 17.7 mmol) in THF (6.0
mL) at 25 °C were added 3,4-dihydro-2H-pyran (4.84 mL, S3.1
mmol) and p-toluenesulfonic acid monohydrate (167 mg, 0.878
mmol). After stirring for 16 h at 25 °C, the reaction mixture was
treated with water (15 mL) and EtOAc (20 mL) and transferred to a
125 mL separatory funnel. The organic layer was collected, and the
aqueous layer was extracted with EtOAc (25 mL X 2). The combined
organic layers were washed with brine (20 mL), dried over sodium
sulfate, and filtered. The filtrate was concentrated, and the residue was
purified by flash column chromatography (hexanes/EtOAc = 2:1) to
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provide pyrazole 24 as a yellow oil (3.12 g, 89% yield). IR (film) 3131,
2947, 2864, 1511, 1410, 1308 cm™; '"H NMR (300 MHz, CDCl;) §
8.36 (s, 1H), 8.09 (s, 1H), 541 (d, ] = 9.1 Hz, 1H), 4.08 (d, ] = 11.0
Hz, 1H), 3.78—3.68 (m, 1H), 2.17 (d, ] = 10.3 Hz, 1H), 2.07—-1.90
(m, 2H), 1.80—1.64 (m, 3H); 3C NMR (75 MHz, CDCl;) § 135.6,
127.1, 88.5, 67.9, 30.7, 24.8, 21.7; HRMS (ESI) calcd for CgH,,N,0,
[M + H]* 198.0879, found 198.0869.

5-Benzyl-4-nitro-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazole (25).
Purification by flash column chromatography (hexanes/EtOAc =
9:2) provided benzylated pyrazole 25 as a yellow oil (106 mg, 74%
yield). IR (film) 3030, 2944, 2856, 1505, 1409, 1317 cm™; 'H NMR
(300 MHz, CDCl,) 6 8.16 (s, 1H), 7.32—7.20 (m, 3H), 7.13 (d, ] =
7.3 Hz, 2H), 5.26 (d, ] = 9.2 Hz, 1H), 4.76 (d, ] = 15.8 Hz, 1H), 4.36
(d, J = 15.8 Hz, 1H), 3.96 (d, J = 11.6 Hz, 1H), 3.54 (t, ] = 10.8 Hz,
1H), 2.40—2.27 (m, 1H), 2.08—2.01 (dd, ] = 9.1, 3.9 Hz, 1H), 1.78 (d,
J =132 Hz, 1H), 1.64—1.47 (m, 3H); *C NMR (75 MHz, CDCl,) §
141.8, 1364, 135.5, 133.8, 129.0, 128.2, 127.3, 85.4, 67.8, 29.7, 28.9,
24.7, 22.2; HRMS (ESI) caled for C,sH gN,0, [M + H]* 288.1348,
found 288.1349.

N,N-Dimethyl-4-nitro-1H-pyrazole-1-sulfonamide (26). To a
stirred solution of 4-nitropyrazole (1.00 g, 8.84 mmol) in THF
(10.0 mL) at 25 °C were added K,CO; (1.83 g, 13.3 mmol) and
dimethylsulfamoyl chloride (0.95 mL, 8.84 mmol). After stirring for 19
h at 25 °C, the reaction mixture was treated with water (15 mL) and
EtOAc (20 mL) and transferred to a 250 mL separatory funnel. The
organic layer was collected, and the aqueous layer was extracted with
EtOAc (25 mL X 2). The combined organic layers were washed with
brine (20 mL), dried over sodium sulfate, and filtered. The filtrate was
concentrated, and the residue was purified by crystallization (EtOAc/
hexanes) to provide pyrazole 26 as a white solid (1.43 g, 74% yield).
mp 91-93 °C; IR (film) 3143, 3129, 3114, 1537, 1421, 1399, 1305,
1201 cm™; 'H NMR (300 MHz, CDCl;) 6 8.65 (s, 1H), 8.23 (s, 1H),
3.05 (s, 6H); *C NMR (75 MHz, CDCl,) 6 138.2, 1362, 130.3, 39.0;
HRMS (FAB) caled for C;HyN,O,S [M + H]" 221.034S, found
221.0343.

5-Benzyl-N,N-dimethyl-4-nitro-1H-pyrazole-1-sulfonamide (27).
Purification by flash column chromatography (hexanes/EtOAc =
9:1) provided benzylated pyrazole 27 as a yellow solid (134 mg, 86%
yield). mp 85—88 °C; IR (film) 3129, 3064, 3032, 2949, 1552, 1514,
1399, 1319 cm™}; "H NMR (300 MHz, CDCl,) 6 8.23 (s, 1H), 7.32—
7.22 (m, SH), 4.79 (s, 2H), 3.01 (s, 6H); *C NMR (75 MHz, CDCl,)
5 144.6, 137.8, 135.6, 134.0, 128.8, 128.7, 1272, 39.4, 30.1; HRMS
(ESI) caled for C,H;sN,O,S [M + H]* 311.0814, found 311.0798.

Ethyl 5-Benzyl-1-methyl-1H-pyrazole-4-carboxylate (29). Purifi-
cation by flash column chromatography (hexanes/EtOAc = 3:1)
provided benzylated pyrazole 29 as a yellow oil (46 mg, 38% yield). IR
(film) 2981, 1708, 1555, 1495, 1444, 1408, 1377, 1241 cm™'; 'H NMR
(300 MHz, CDCl;) § 7.91 (s, 1H), 7.32—7.17 (m, 3H), 7.12 (d, ] =
7.3 Hz, 2H), 4.42 (s, 2H), 4.29 (q, J = 7.1 Hz, 2H), 3.70 (s, 3H), 1.32
(t,J = 7.1 Hz, 3H); *C NMR (75 MHz, CDCL,) 6 163.8, 144.8, 140.9,
1367, 128.9, 1282, 126.8, 112.5, 60.0, 36.9, 30.2, 14.5; HRMS (ESI)
caled for C,,H,;N,0, [M + H]* 245.1290, found 245.1289.

Ethyl 1-(N,N-Dimethylsulfamoyl)-1H-pyrazole-4-carboxylate
(30). To a stirred solution of ethyl 1H-pyrazole-4-carboxylate (1.00
g, 7.14 mmol) in THF (10.0 mL) at 0 °C under a nitrogen atmosphere
was added sodium hydride 60% in oil (343 mg, 8.56 mmol). After
stirring for 20 min at 0 °C, dimethylsulfamoyl chloride (0.77 mL, 7.14
mmol) was added dropwise, and then the mixture was stirred for 22 h
at 25 °C. The reaction mixture was treated with water (15 mL) and
EtOAc (20 mL) and transferred to a 250 mL separatory funnel. The
organic layer was collected, and the aqueous layer was extracted with
EtOAc (25 mL X 2). The combined organic layers were washed with
brine (20 mL), dried over sodium sulfate, and filtered. The filtrate was
concentrated, and the residue was purified by flash column
chromatography (hexanes/EtOAc = 4:1) to provide pyrazole 30 as a
colorless oil (1.61 g, 91% yield). IR (film) 3143, 2983, 2941, 1716,
1557, 1392, 1342, 1246 cm™'; '"H NMR (300 MHz, CDCL;) & 8.27 (s,
1H), 7.91 (s, 1H), 4.15 (q, ] = 7.1 Hz, 2H), 2.80 (s, 6H), 1.19 (t, ] =
7.1 Hz, 3H); *C NMR (75 MHz, CDCl,) § 161.6, 143.7, 134.5, 116.0,
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60.6, 38.5, 14.1; HRMS (ESI) caled for CgH,,N;0,8 [M + HJ*
248.0705, found 248.0705.

Ethyl 5-Benzyl-1-(N,N-dimethylsulfamoyl)-1H-pyrazole-4-carbox-
ylate (31). Purification by flash column chromatography (hexanes/
EtOAc = 4:1) provided benzylated pyrazole 31 as a yellow oil (94 mg,
56% yield). IR (film) 3088, 3064, 3031, 2982, 2941, 1716, 1384, 1261
cm™'; 'H NMR (300 MHz, CDCl;) 6 8.04 (s, 1H), 7.28—=7.16 (m,
SH), 4.72 (s, 2H), 4.32 (q, ] = 7.1 Hz, 2H), 2.86 (s, 6H), 1.32 (t, ] =
7.1 Hz, 3H); °C NMR (75 MHz, CDCL,) § 162.8, 149.2, 143.2, 137.4,
128.7, 128.4, 126.6, 114.3, 60.7, 39.0, 30.3, 14.4; HRMS (ESI) calcd
for C;sH,,N;0,S [M + H]* 338.1175, found 338.1174.

5-Benzyl-4-chloro-1-methyl-1H-pyrazole (33). Purification by flash
column chromatography (hexanes/EtOAc = 6:1) provided benzylated
pyrazole 33 as a colorless oil (56 mg, 4% yield). IR (film) 3063, 3029,
2944, 1604, 1544, 1419 cm™; '"H NMR (300 MHz, CDCl,) § 7.43 (s,
1H), 7.33—7.23 (m, 3H), 7.12 (d, ] = 7.9 Hz, 2H), 4.03 (s, 2H), 3.66
(s, 3H); 3C NMR (75 MHz, CDCl,) § 137.6, 136.5, 136.4, 128.9,
128.1, 126.9, 109.2, 37.7, 29.3; HRMS (ESI) calcd for C,;H,,CIN, [M
+ H]* 207.0689, found 207.0688.

4-Chloro-1-((2-trimethylsilyl)ethoxy)methyl)-1H-pyrazole (34).
To a stirred solution of 4-chloropyrazole (2.47 g, 24.1 mmol) in
THF (20.0 mL) at 0 °C under a nitrogen atmosphere was added
sodium hydride 60% in oil (1.45 g, 36.1 mmol). After stirring for 20
min at 0 °C, 2-(chloromethoxy)ethyl-trimethylsilane (4.27 mL, 24.1
mmol) was added dropwise, and then the mixture was stirred for 22 h
at 25 °C. The reaction mixture was treated with water (15 mL) and
EtOAc (20 mL) and transferred to a 250 mL separatory funnel. The
organic layer was collected, and the aqueous layer was extracted with
EtOAc (25 mL X 2). The combined organic layers were washed with
brine (20 mL), dried over sodium sulfate, and filtered. The filtrate was
concentrated, and the residue was purified by flash column
chromatography (hexanes/EtOAc = 9:1) to provide pyrazole 34 as a
colorless liquid (5.46 g, 97% yield). IR (film) 3125, 2954, 2897, 1453,
1431, 1374, 1312, 1250 cm™'; '"H NMR (300 MHz, CDCL;) § 7.56 (s,
1H), 7.46 (s, 1H), 5.37 (s, 2H), 3.54 (t, ] = 8.3 Hz, 2H), 0.90 (t, ] =
8.3 Hz, 2H), 6.71 (s, 9H); *C NMR (75 MHz, CDCl,) § 138.3,
127.3, 1114, 809, 67.0, 17.8, —1.4; HRMS (ESI) caled for
CoH,,CIN,0Si [M + H]* 233.0877, found 233.0869.

4-((4-Chloro-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-
yl)methyl)benzonitrile (35). Purification by flash column chromatog-
raphy (hexanes/EtOAc = 10:1) provided benzylated pyrazole 35 as a
colorless oil (108 mg, 62% yield). IR (film) 3117, 3053, 2953, 2896,
2229, 1368, 1309, 1247 cm™'; 'H NMR (300 MHz, CDCl;) § 7.59 (d,
J = 8.1 Hz, 2H), 748 (s, 1H), 7.31—=7.26 (m, 2H), 5.27 (s, 2H), 4.17
(s, 2H), 3.41 (t, ] = 8.4 Hz, 2H), 0.74 (t, ] = 8.4 Hz, 2H), —0.05 (s,
9H); 3C NMR (75 MHz, CDCl,) § 142.1, 137.2, 136.6, 132.3, 128.9,
118.5, 110.9, 110.7, 79.2, 66.3, 28.9, 17.4, —1.6; HRMS (EI) calcd for
C,,H,,CIN;0Si [M]* 347.1221, found 347.1219.

4-Chloro-N,N-dimethyl-1H-pyrazole-1-sulfonamide (36). To a
stitred solution of 4-chloropyrazole (1.00 g, 9.75 mmol) in THF
(10.0 mL) at 0 °C under a nitrogen atmosphere was added sodium
hydride 60% in oil (0.507 g, 12.7 mmol). After stirring for 20 min at 0
°C, dimethylsulfamoyl chloride (1.15 mL, 10.7 mmol) was added
dropwise, and then the mixture was stirred for 16 h at 25 °C. The
reaction mixture was treated with water (15 mL) and EtOAc (20 mL)
and transferred to a 250 mL separatory funnel. The organic layer was
collected, and the aqueous layer was extracted with EtOAc (25 mL X
2). The combined organic layers were washed with brine (20 mL),
dried over sodium sulfate, and filtered. The filtrate was concentrated,
and the residue was purified by flash column chromatography
(hexanes/EtOAc = 3:1) to provide pyrazole 36 as a white solid
(1.78 g, 87% yield). mp 42—44 °C; IR (film) 3143, 3115, 2947, 1474,
1458, 1420 cm™'; 'H NMR (300 MHz, CDCL;) § 7.94 (s, 1H), 7.65
(s, 1H), 2.96 (s, 6H); *C NMR (75 MHz, CDCl;) § 142.4, 129.2,
110.4, 38.9; HRMS (ESI) calcd for C{H,CIN,0,S [M + H]*
210.0104, found 210.0101.

5-Benzyl-4-chloro-N,N-dimethyl-1H-pyrazole-1-sulfonamide
(37). Purification by flash column chromatography (hexanes/EtOAc =
8:1) provided benzylated pyrazole 37 as a colorless oil (122 mg, 81%
yield). IR (film) 3064, 3031, 2975, 2930, 1455, 1384 cm™'; 'H NMR
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(300 MHz, CDCL,) § 7.63 (s, 1H), 7.33—7.15 (m, SH), 4.32 (s, 2H),
2.83 (s, 6H); C NMR (75 MHz, CDCl;) § 141.8, 140.5, 137.0,
128.7, 128.6, 126.9, 112.6, 39.0, 29.9; HRMS (ESI) calcd for
C1,H,5CIN;0,S [M + H]* 300.0574, found 300.0576.

Methyl 4-((4-Chloro-1-(N,N-dimethylsulfamoyl)-1H-pyrazol-5-yl)-
methyl)benzoate (38). Purification by flash column chromatography
(hexanes/EtOAc = 7:1) provided benzylated pyrazole 38 as a colorless
oil (150 mg, 84% yield). IR (film) 2952, 1722, 1612, 1435, 1417, 1386,
1316 cm™; '"H NMR (300 MHz, CDCl;) 6 7.95 (d, J = 8.1 Hz, 2H),
7.64 (s, 1H), 7.30 (d, J = 8.0 Hz, 2H), 4.37 (s, 2H), 3.89 (s, 3H), 2.86
(s, 6H); '*C NMR (75 MHz, CDCl;) § 166.8, 142.2, 140.6, 140.4,
129.8, 128.7, 128.5, 112.7, 52.1, 39.0, 29.8; HRMS (ESI) calcd for
C,4H,,CIN;0,S [M + H]* 358.0628, found 358.0627.

4-Chloro-5-(4-cyanobenzyl)-N,N-dimethyl-1H-pyrazole-1-sulfon-
amide (39). Purification by flash column chromatography (hexanes/
EtOAc = 4:1) provided benzylated pyrazole 39 as a white solid (125
mg, 77% yield). mp 94—97 °C; IR (film) 2926, 2360, 2342, 2229,
1608, 1384 cm™'; '"H NMR (300 MHz, CDCl;) § 7.64 (s, 1H), 7.58
(d, J = 8.2 Hz, 2H), 7.35 (d, ] = 7.7 Hz, 2H), 4.36 (s, 2H), 2.92 (s,
6H); *C NMR (75 MHz, CDCL;) 6 142.4, 140.4, 139.8, 132.4, 129.3,
118.8, 112.9, 110.7, 39.1, 29.9; HRMS (ESI) calcd for C,3H;,CIN,O,S
[M + HJ* 325.0526, found 325.0523.

5-Benzyl-1-butyl-4-nitro-1H-imidazole (45). Purification by flash
column chromatography (hexanes/EtOAc = 2:3) provided benzylated
imidazole 45 as a yellow solid (68 mg, 52% yield). mp 81—84 °C; IR
(film) 2960, 2933, 2874, 1495, 1350, 1283 cm™'; "H NMR (300 MHz,
CDCly) 6 7.38 (s, 1H), 7.32—7.20 (m, 3H), 7.11 (d, ] = 6.7 Hz, 2H),
449 (s, 2H), 3.79 (t, ] = 7.5 Hz, 2H), 1.60—1.50 (m, 2H), 1.28—1.20
(m, 2H), 0.84 (t, ] = 7.3 Hz, 3H); 3C NMR (75 MHz, CDCL,) §
145.3, 135.8, 134.9, 131.8, 129.1, 128.0, 127.3, 45.9, 32.2, 29.8, 19.7,
13.5; HRMS (ESI) caled for C;,H;sN;0, [M + H]" 260.1399, found
260.1393.

1,5-Dibenzyl-4-nitro-1H-imidazole (47). Purification by flash
column chromatography (hexanes/EtOAc = 1:1) provided imidazole
47 as a yellow solid (87 mg, 59% yield). mp 98—99 °C; IR (film)
3112, 3063, 3031, 2925, 2853, 1495, 1352, 1454 cm™; '"H NMR (300
MHz, CDCl;) § 7.40 (s, 1H), 7.38—7.31 (m, 3H), 7.31-7.20 (m, 3H),
7.08 (d, ] = 6.9 Hz, 2H), 7.04—6.94 (m, 2H), 4.98 (s, 2H), 4.40 (s,
2H); 3C NMR (75 MHz, CDCl,) § 145.5, 135.5, 135.4, 133.6, 132.1,
129.4, 129.1, 128.9, 128.1, 127.3, 127.1, 49.7, 29.7; HRMS (ESI) calcd
for C;;H;(N;0, [M + H]* 294.1243, found 294.1240.
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