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One-Pot Two-Step Strategy for Efficient Synthesis of
3-Aryl-4-(arylthio)-1H-pyrazol-5-amines Derivatives
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Abstract One-pot two-step reaction of 3-oxo-3-arylpropanenitriles, methyl hydrazinecarboxylate (or hydrazine hydrate), and
arylsulfonyl hydrazides has been established, and a series of 3-aryl-4-(arylthio)-1H-pyrazol-5-amines were constructed by
sequential cyclization, sulfenylation, and removal of COOMe group under the action of I» and N-iodo-succininide (NIS), re-
spectively. The method represents good atomic economy, mild reaction conditions, broad substrate scope, and gram-scale syn-
thesis. Moreover, the further transformations of 3-aryl-4-(arylthio)-1H-pyrazol-5-amine products were also investigated.
Keywords one-pot two-step; 1H-pyrazol-5-amine; cyclization; sulfenylation

ylthio group on 5-aminopyrrole to synthesize unsymmet-
rical diaryl sulfide has rarely been reported. Numerous

1 Introduction

Pyrazol-5-amine as an important trinitrogen heterocycle
has been widely used in organic synthesis, medicinal
chemistry, and material science due to its unique reactivity
and versatility.["! Significant efforts have been made to
develop efficient methods for the synthesis of the 5-amino-
pyrazol skeleton.!%?!1 Among them, acid-catalyzed con-
densation of f-ketonitrile and hydrazine has become one of
the most powerful methods in view of mild reaction condi-
tions, cheap and readily available raw materials, and wide
range of substrates.”?l On this basis, diverse nitrogen-
containing heterocyclic compounds were constructed by
using S-aminopyrrole as the starting material including
bicyclic, tricyclic, tetracyclic, and spiro-fused pyrazole
derivatives.?>?1 However, the reaction of introducing ar-

studies have shown that the introduction of sulfur-con-
taining groups increased biological activity of functional
molecules.?3%] Therefore, the formation of carbon-sulfur
(C—S) bond has become an important field of organic
chemistry 34!l Recently, multicomponent reactions
(MCRs) have been developed as a dominant method for the
formation of new and complicated molecular structures due
to the advantages of minimizing solvent usage, time and the
number of purification steps compared to individual mul-
ti-step synthesis.[ >3 In 2015, Tu group™¥ developed io-
dine-mediated three-component [3 + 2] annulation of f-
ketonitrile, arylhydrazines and aryl sulfonyl hydrazides to
access richly decorated pyrazoles (Scheme la). Later, the
same group developed a novel I,-catalyzed multicomponent
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bicyclization reactions of S-ketonitriles with arylsulfonyl
hydrazides to construct pyrazolo[l,5-a]pyrimidin-4-ium
sulfonates (Scheme 1b).[*! Very recently, we described an
efficient construction of the 3-aryl-4-(arylthio)-1H-pyrazol-
5-amines through multicomponent reactions of 3-oxo-3-
arylpropanenitriles with two equivalents of arylsulfonohy-
drazides (Scheme 1¢).[*! On the basis of our previous
work,*”l we envision that the extension of the cyclization to
methyl hydrazinecarboxylate (or hydrazine hydrate) instead
of arylsulfonyl hydrazine with 3-oxo-3-arylpropanenitrile
would be highly desirable, since this strategy has better
atom economy compared with the previously reported
method. We also hypothesize that the cyclizated product
3-aryl-1H-pyrazol-5-amine, which does not need to be
separated, can be further reacted with arylsulfonyl hydra-
zide to obtain the desired sulfenylated products. To our
delight, the experimental facts have proved that our design
is feasible. Herein we report the results of our experiment on
one-pot two-step reaction of f-ketonitrile, methyl hydra-
zinecarboxylate (or hydrazine hydrate), and arylsulfonyl
hydrazide to access 3-aryl-4-(arylthio)-1H-pyrazol-5-amine
derivatives (Scheme 1d).

2 Results and discussion

To test our hypothesis, the initial investigation was fo-
cused on the cyclization of 3-oxo-3-phenylpropanenitrile
(1a) with carbomethoxyhydrazide (2a) in ethanol at room
temperature (Table 1). Unfortunately, this cyclization reac-
tion is difficult to occur in the absence of an iodine source
(Entry 1). To our delight, when 50 mol% N-iodosuccininide
(NIS) was introduced into the reaction, the desired product
3a was obtained in 84% isolated yield (Entry 2). The effect
of the amount of NIS on the reaction was then investigated.
The results show that 10 mol% NIS is the best, providing
the product 3a with a yield of 86% (Entries 3~5). The
screening results of iodine source showed that 10 mol% I,
exhibited excellent catalytic activity, affording the product

3a with 97% yield (Entry 6). In contrast, tetrabutylammo-
nium iodide (TBAI) is ineffective (Entry 7). Finally, the
effect of solvents such as 1,4-dioxane, N,N-dimethyl-
formamide (DMF), dimethyl sulfoxide (DMSO) and
tetrahydrofuran (THF) on the reaction was examined, but
the product 3a was obtained with a lower yield (Entries 8~

12).
Table 1 Optimization of cyclization reaction”
o pOOMe
Catalyst -N
+ NH,NHCOOMe ——M N
ph)&CN ’ Solvent | p—NH;
T(C)t(h)y Ph
1a 2a (°C)/t (h)
Entry  Catalyst (mol%) Solvent/mL Yield?/%

1 — EtOH Trace
2 NIS (50) EtOH 84

3 NIS (20) EtOH 85

4 NIS (10) EtOH 86

5 NIS (5) EtOH 67

6 I (10) EtOH 97

7 L (5) EtOH 92

8 TBAI (10) EtOH Trace
9 12 (10) 1,4-Dixoane 57

10 I (10) DCE 64

11 I (10) DMSO 45

12 I (10) DMF 34

13 L (10) THF 56
14¢ I (10) EtOH 85

4 Reaction conditions: 1a (0.3 mmol), 2a (0.45 mmol), [I] source, solvent (1
mL), room temperature, 8 h. ®Isolated yields. ¢ 5 h.

Next, the sulfenylation of 3a and 4a in one-pot two-step
reaction (Table 2) was investigated. Initially, the cyclization
of 0.3 mmol of 3-oxo-3-phenylpropanenitrile (1a) and 0.45
mmol of carbomethoxyhydrazide (2a) were performed
under the optimized conditions (Table 1, Entry 6), then the
sulfenylation was optimized with 0.9 mmol of benzene-

(a) Tu's work Ar'
Q 1 2 2 N’N
+ Ar'NHNH, + Ar?SO,NHNH
RKCN : 22 ch,oN, 100 °C RMNHZ
SAr?
(b) Tu's work NH, NH,
o N~ i) NaOH Ny SR
__cn * RSONHNH, Al NTS _@ONaOH__— s yN
Ar CH3CN Mﬁ/ i (il CHAON =P
r
2 mol RSO? RSO,NHNH, RS
(c) Our previous work H
9 NIS NN
&CN + Ar2SO,NHNH, + Ar2SO,NHNH, MN% By-products
Ar’ EtOH, 80°C A/ , Ar?SOzH and N,
SAr
(d) This work
0] NN By-products
NH,NHCOOM I, (10 mol%)  ArSO,NHNH I -
AN orNNH 0 = 2 — R)\%NHZ COy, MeOH
R or NFaNHz* My EtOH, r.t. NIS (50 mol%) Lo (or none) and Ny
80 °C

Scheme 1 Multicomponent reactions of S-ketonitriles with hydrazides
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sulfonyl hydrazide (4a) at 80 ‘C for 12 h. The result of
the control experiment showed that in the absence of an
additional iodine source, the sulfenylation reaction could
proceed with the removal of COOMe group, and the cor-
responding product Sa was obtained with only 19% yield
(Entry 1). To improve the yield of the reaction, the addi-
tional iodine source was tested such as I, KI, NH4I, TBAI,
and NIS (Entries 2~6). The results showed that NIS
worked well in EtOH to afford the desired product Sa in
88% yield (Entry 6). Adjusting the amount of NIS and the
reaction temperature did not improve the reaction yield
(Entries 7~10). Furthermore, the yield of 5a was in-
creased to 94% by reducing the amount of 4a to 2.5 equiv.
(Entry 11 vs. Entries 6 and 12).

Table 2 Optimization of sulfonation reaction”

0 (i)
Ph)K/CN + NHNHCOOMe — —2{10mof%) .o
1a 2a EtOH (1 mL) e
rt, 8h
(i) N-NH
PhSO,NHNH, (4a) | >—NH,
[I] source, T/°C, t/h Ph
SPh
5a
Entry [1] source (mol%) 7/°C Yield®/%
1 — 80 19
2 1>(50) 80 78
3 KI (50) 80 54
4 NHal (50) 80 46
5 TBAI (50) 80 38
6 NIS (50) 80 88
7 NIS (30) 80 82
8 NIS (70) 80 87
9 NIS (50) 60 30
10 NIS (50) 100 75
11¢ NIS (50) 80 94
124 NIS (50) 80 70

4Reaction conditions: (i) 1a (0.3 mmol), 2a (0.45 mmol), I, (10 mol%), EtOH
(1 mL), room temperature, 8 h; (ii) PhSO,NHNH, (4a, 3 equiv.), [I] source,
80 C, 12 h. Isolated yields. ¢ 2.5 equiv. of 4a. ¢ 2.0 equiv. of 4a.

Under the optimized reaction conditions, the scope of
3-oxo0-3-arylpropanenitrile and arylsulfonyl hydrazide (Ta-
ble 3) was first investigated. For 4-substituted arylsulfonyl
hydrazides, most reactions proceeded smoothly with the
desired products in good yields (Sb, Se¢, and 5f~S5j). In
contrast, 4-OMe and 4-F substituted benzenesulfonohydra-
zides gave the products 5d and Se in low yields. For
3-substituted arylsulfonyl hydrazides, their reactions also
afforded the target products 5k and 5l in good yields.
2-Fluorobenzenesulfonohydrazide and 2,4-difluoroben-
zenesulfonohydrazide with a certain steric hindrance still
generated the desired products Sm and 5n in 73% and 55%
yields, respectively. In addition, naphthalene-2-sulfono-
hydrazide could be successfully transformed into the
product So in 76% yield. To 3-oxo-3-arylpropanenitrile, the
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position of the substituent and the electronic effect had no
obvious influence on the reactivity. Various functional
groups could be tolerated well, leading to the desired
products 5p~5v in 58%~84% yields. Furthermore, the
3-oxo0-3-alkylpropanenitrile substrates could also be suc-
cessfully transformed into the target products Sw~5z in
40%~72% yields.

Table 3 One-pot two-step reaction of 3-oxo-3-arylpropaneni-
trile, NHANHCOOMe and ArSO2NHNH»*

i NHNHCOMe o P NH
+ e —> —
RWJK/CN 2 2 ArSONHNH, R 7 :
] ) 4 (2.5 equiv.) 5 SAr,
H H H
N -N N
N NH N NH g
Wk )\\/T * R MNHZ
e Rty
5a, R=H, 94% 5k, R = Me, 85% F
5b, R = Me, 85% 51, R = CF3, 81% 5m, 73%
5¢, R = t-Bu, 74% H H
- 0 _N
5d, R = OMe, 38% N/N NH, N NH;
5e, R = F, 36% )\\/Z/ \
5f,R=Cl.80% py g g PH S O
59, R=Br, 75% Q
5h, R = NO,, 78%" F
5i, R = OCF3, 84% 5n, 55% 50, 76%

5, R = CF3, 79%

4
S

Neo | R N-NH
NH I
R ZNH, H
= N
NH, S N~

NH,
o
e SPh
5p,R=F, 83% 5u,R=Br, 71% 5w, 61%
5q, R = Cl, 80% Me 5y R=0OCHs, 83%
5r, R = Br, 62%
5s, R = OCHj, 58%
5t, R = CHa, 84%
H H H
N|/N NH N\/N NH, NN
Me# 2 Meﬂ l / 2
Me SPh MeTye SPR g 7] spn
5x, 58% Sy, 40% 52, 72%

“Reaction conditions: (i) 1 (0.3 mmol), 2a (1.5 equiv.), EtOH (1 mL), I, (10
mol%), room temperature, 10 h; (ii) 4 (2.5 equiv.), NIS (50 mol%), 80 C, 12
h. Isolated yields.  (ii) 100 ‘C, 24 h.

Next, hydrazine hydrate 2b was used as the starting
material instead of carbomethoxyhydrazide 2a to react
with 3-oxo-3-arylpropanenitrile and arylsulfonyl hydrazide
under standard conditions (Table 4). The results show that
the one-pot two-step reactions can proceed smoothly by
extending the reaction time or increasing the temperature,
and provide the desired products with yields of 43%~77%
(Sa~S5e and 5g~5i). This system further demonstrates
that the reaction has good atom economy.

To demonstrate the practical value of this method, a
scale-up reaction for 1a (6 mmol), 2a (9 mmol) and ben-
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Table 4 One-pot two-step reaction of 3-oxo-3-arylpropaneni-
trile, NH2NH2¢H20 and ArSO2NHNH,*

M, ) /K/X‘NH
+ NHoNHpeH,0 —> ————— 2
1J\/CN 2 Ar2802NHNH2 Ar'
1a

2b 4 (2.5 equiv.)

/ZI\%\NHZ Ph/[\%\NHZ M\NHZ /[\%\NHZ

@

5a, 68% 5b 76% 77% 75%"
N/NH Y

N-NH L /7NH2 NNH, R
I NH, Ph N N 2

Y 2 N/ )

Ph S \
: S O SPh SPh
O2N O MeO cl
5h, 43%° 50, 61%° 52", 58%° 52", 73%°

“Reaction conditions: (i) 1 (0.3 mmol), 2a (1.5 equiv.), EtOH (1 mL), I, (10
mol%), room temperature, 10 h; (ii) 4 (2.5 equiv.), NIS (50 mol%), 80 C, 12
h. Isolated yields. ? (ii) 18 h; (ii) 100 °C, 24 h.

zenesulfonyl hydrazide (4a, 2.5 equiv.) was carried out.
1.379 g of the product 5a was obtained in 86% yield
(Scheme 2a). Next, the synthetic transformations of Sa were
investigated to extend its application. In the presence of
m-CPBA, 5a was oxidized into 3-phenyl-4-(phenyl-
sulfonyl)-1H-pyrazolamine 5aa in 61% yield (Scheme 2b).
The treatment of Sa with (E)-chalcone led to the formation
of tetrasubstituted pyrazolo[1,5-a]pyrimidine Sab in 57%
yield (Scheme 2c¢). Similarly, 4a can undergo a cyclization
reaction with benzaldehyde and Et;N in the presence of
DTBP and NH4l, affording trisubstituted pyrazolo[1,5-a]-
pyrimidine product Sac in 57% yield (Scheme 2d).

To gain the reaction mechanism, a series of control ex-
periments were performed (Scheme 3). In the presence of
TEMPO (2,2,6,6-tetramethyl-1-piperidinyloxy) or BHT
(2,6-ditertbutyl-4-methylphenol), the one-pot two-step

(i)
(i)

o}
@ o N
+

NH,NHCOOMe  PhSO,NHNH,
5a, 86%, 1.379 g

Ph
/N>’_>’Ph

© N

Ph { 7
SPh Ph)J\/\Ph
5ab, 57%

reaction of 1a, 2a and 4a was not suppressed (Scheme 3a).
The result shows that a free radical pathway is not involved
in the transformation process. Furthermore, it was found
that while the sulfenylation of 3a with benzenesulfonyl
hydrazide proceeded smoothly, the COOMe group removal
reaction also occurred, and the corresponding product 5a
was obtained with a yield of 67% (Scheme 3b). The reaction
of 3-phenyl-1H-pyrazol-5-amine 3a' and 4a gave the de-
sired product 5a in 88% yield under the optimized condi-
tions (Scheme 3c). This phenomenon indicates that the
removal reaction of the COOMe group may occur before
the sulfenylation (Scheme 3c¢). In addition, treatment of 3a'
with benzenesulfinic acid under the standard conditions, the
product 5a was obtained in 74% yield (Scheme 3d). The
result shows that benzenesulfinic acid may be involved in
the sulfenylation process. Next, the control experiment of
4a as a single substrate in the presence of 50 mol% NIS
afforded the self-coupling products sulfinothioyldibenzene
6aa and S-phenyl benzenesulfonothioate 6ab with 38% and
52% vyields, respectively (Scheme 3e). This observation
implies that 6aa and 6ab may be important intermediates in
the sulfenylation. Treatment of 3a with 6aa or 6bb could
successfully provide the desired product 5a in 32% and 51%
yields, respectively (Scheme 3f), which further confirms
our above speculation.

Based on the above experimental results and the related
publications,®! a possible mechanistic pathway is proposed
(Scheme 4). The reaction is initiated by the reduction of
PhSO,NHNH; in the presence of NIS, which goes through
the intermediates (I and II) to give benzenesulfinic acid
(III). Subsequently, the intermediate (4a') is further trans-
formed into 1,2-diphenyldisulfane (6aa) and S-phenyl
benzenesulfonothioate (6ab) under the action of NIS.[*1 On
the other hand, the reaction of 1a with 2a forms the product
3a. Subsequently, the ester group is hydrolyzed and re-
moved in the presence of phenylsulfurous acid and NIS to
afford the product 3a'.’”! Next, the sulfenylation of 3a is
achieved through the following two paths47>47¢l: Path 1,
iodothiobenzene formed by the reaction of 6aa with I, un-
dergoes electrophilic substitution with 3a to give interme-

§
i N~
m | )NH, ()
SO,Ph
5aa, 61%

Ph

N’N>’_> ()

PhCHO, Et;N LN
Ph
SPh

5ac, 57%

Reaction conditions: (i) 1a (6 mmol), 2a (9 mmol), EtOH (5 mL), I, (10 mol%), room temperature, 16 h; (i) 4a (2.5 equiv.), NIS (50 mol%), 80 °C,
20 h; (iii) 5a (0.2 mmol), m-CPBA (0.6 mmol), CHCl; (2 mL), 65 °C, 18 h; (iv) 5a (0.2 mmol), (E)-chalcone (0.4 mmol), KOH (0.4 mmol), DMF (1
mL), 110 °C, 20 min; (v) 5a (0.2 mmol), PACHO (0.3 mmol), Et;N (0.4 mmol), DTBP (0.6 mmol), NH,l (0.2 mmol), toluene (2 mL), 130 °C, 12 h.

Scheme 2 Gram-scale synthesis and transformations of Sa
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SPh
TEMPO (1 equiv.): 5a, 16%
BHT (1 equiv.): 5a, 76%
/COOI\/le PhSO,NHNH, N-NH
-N (4a, 2.5 equiv.) | NH
(b) N L LN Y 2
L p—NH, NIS (50 mol%) Ph
Ph EtOH (1 mL) SPh
3a, 0.3 mmol 80°C 12 h 5a, 67%
" PhSO,NHNH, N-NH
N~ (4a, 2.5 equiv.) | NH
(c) | _——— Y 2
Ph//\%NH2 NIS (50 mol%) Ph Lo
' EtOH (1 mL
3a , 0.3 mmol 80 OC( 12 h) 58, 88%
" PhSO,H N-NH
N~ (4a', 2.5 equiv.) | )—NH
d | I Sl Ehfh btV AN 2
(d) Ph//\%NH2 NIS (50 mol%) Ph .
' EtOH (1 mL
3a , 0.3 mmol 80 OC( 12 h) 53’ 74%
0,
(€) PhSO,NHNH, (4a)—NS50%) | brssph + phso,sPh
EtOH (1 mL) 2
0.3 mmol 80°C, 12  4a: 6aa, 38%; 6ab, 52%
~NH
PhSSPh (6aa N
O 3a . oo NIsG0%) A(LNHQ
0.3mmol PhSO,SPh (6ab) EtOH (1mL) Ph
80°C, 12 h SPh
0.45 mmol 6aa as sulfur source, 5a, 32%
6ab as sulfur source, 5a, 51%
Scheme 3 Control experiments
H 'ﬂ O
R NIS O\\S/N\" ) _Hi sV
Py, N2 Py H P o
0} (mn
N O
2 & —NS_ phssph + PhssO,Ph
Ph OH I
4a' 2 6aa 6ab

+ —_— 4 PO
| )—NH
NH,NH,CO,Me/2a ';M 2 _COOMe )\f

Path 1: H ( H
| 3a' N~ -HI .
PhSSPh <=2= Phsl —— |l JNH, == | NH,
6aa Ph H Ph
SPh SPh
(1 5a
Q
Path 2: s H o/S‘Ph
a -
PhSO,SPh ——— N"N JI\‘IH M 5a
6ab 2
Ph H
(IV) SPh

Scheme 4 Proposed reaction mechanism

diate III. The intermediate III loses a HI to provide desired
product 5a. Path 2, the intermediate 6ab reacts with 3a' to
furnish intermediate I'V, and the final product Sa is obtained
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by losing a PhSO,H.

3 Conclusions

In summary, we have realized a one-pot two-step reaction
of 3-oxo-3-arylpropanenitriles, methyl hydrazinecarbox-
ylate (or hydrazine hydrate), and arylsulfonyl hydrazides.
This protocol provides efficient access of 3-aryl-4-(aryl-
thio)-1H-pyrazol-5-amines with broad substrate scope. The
procedure involves sequences consisting of cyclization,
sulfenylation, and removal of Ts group in the presence of I,
and NIS as catalysts, respectively. The characteristics of
good atomic economy, reliable scalability, and flexibility of
structural modification make this strategy a powerful tool
for constructing multifunctional pyrazol-5-amine deriva-
tives with biomedical significance.

4 Experimental section

4.1 General procedure for one-pot two-step reaction
of RCOCH2CN, NH2NHCOOMe (NH2NH2¢H-20), and
ArSO2NHNH:

A mixture of RCOCH,CN (1, 0.3 mmol), NH,NH-
COOMe (or NH,NH,*H,0) (2, 0.45 mmol), I, (10 mol%),
and EtOH (1 mL) was stirred at room temperature for 8 h.
Subsequently, arylsulfonyl hydrazide (2, 0.75 mmol) and
NIS (50 mol%) were added into the above solution. The
mixture was heated to 80 “C for 12 h. After completion of
the reaction, the solvent (EtOH) was removed under re-
duced pressure. The residue was treated with sodium hy-
droxide aqueous solution (0.2%, 6 mL) and extracted with
dichloromethane (10 mL X 5). The organic phase was dried
over NaySQg, filtered and concentrated under reduced
pressure. The crude residue was purified by flash column
chromatography on basic AlLOs; using CH,Cl/EtOH
(V' 2 V=50 : 1) as the eluent to afford the product 5.

4.2 General procedure for gram-scale experiment of
5a

A mixture of PhCOCH,CN (1a, 6 mmol), NH,NH-
COOMe (2a, 9 mmol), I, (10 mol%), and EtOH (5 mL) was
stirred at room temperature for 16 h. Subsequently, aryl-
sulfonyl hydrazide (4a, 15 mmol) and NIS (50 mol%) were
added into the above solution. The mixture was heated to
80 ‘C for 20 h. After completion of the reaction, the solvent
(EtOH) was removed under reduced pressure. The organic
phase was extracted with aqueous solution of 0.2% NaOH
(15 mL), and the dichloromethane solution was dried over
anhydrous Na;SO,, filtered, and concentrated under re-
duced pressure. The crude residue was purified by flash
column chromatography on basic Al,O; using CH>Cly/
EtOH (V' : V=50 : 1) as the eluent to afford the product 5a
in 86% yield (1.379 g).

4.3 Typical procedure for the synthesis of 5aa

A mixture of 5a (0.2 mmol), m-CPBA (0.6 mmol), and
CHCl; (2 mL) was stirred at 65 C for 18 h. After comple-
tion of the reaction, the mixture was concentrated under
reduced pressure. The crude residue was purified by flash
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column chromatography on silica gel using CH>Cl,/EtOH
(V' V=40 : 1) as the eluent to afford the product Saa in
61% yield.

4.4 Typical procedure for the synthesis of 5ab

A mixture of 5a (0.2 mmol), (E)-chalcone (0.24 mmol),
KOH (2 equiv.), DMF (1 mL) was stirred at 110 ‘C for 20
min. After completion of the reaction, the mixture was
concentrated under reduced pressure. The crude residue was
purified by flash column chromatography on silica gel using
PE/EtOAc (V' ¢ V=5 © 1) as the eluent to afford the product
5ab in 57% yield.

4.5 Typical procedure for the synthesis of 5ac

A mixture of 5a (0.2 mmol), PhCHO (0.3 mmol), Et;N
(0.8 mmol), DTBP (0.6 mmol), NH4I (0.2 mmol), and tol-
uene (1 mL) was stirred at 130 ‘C for 12 h in air. After
completion of the reaction, the mixture was concentrated
under reduced pressure. The crude residue was purified by
flash column chromatography on silica gel using PE/EtOAc
(V2 V=10 : 1) as the eluent to afford the product 5ac in
57% yield.

Methyl  5-amino-3-phenyl-1H-pyrazole-1-carboxylate
(3a):?1 63.2 mg, 97% yield. White solid, m.p. 173.0~
174.0 °C; '"H NMR (400 MHz, CDCl;) d: 7.79 (dd, J=8.0,
1.6 Hz, 2H), 7.47~7.33 (m, 3H), 5.75 (s, 1H), 5.44 (s, 2H),
4.05 (s, 3H); *C NMR (101 MHz, CDCls) é: 155.3, 152.6,
151.3, 132.2, 129.2, 128.6, 126.5, 86.6, 54.6. HRMS (AP-
CI) caled for C;iH2N3O, [M+H] ™ 218.0930, found
218.0932.

3-Phenyl-4-(phenylthio)-1H-pyrazol-5-amine (5a): 75.4
mg, 94% yield, scale-up 1.38 g, 86%. Brown liquid. 'H
NMR (400 MHz, CDCl;) ¢: 7.68 (dd, J=6.7, 2.9 Hz, 2H),
7.34 (dd, J=5.0, 1.8 Hz, 3H), 7.22 (td, J="7.0, 1.9 Hz, 2H),
7.17~7.05 (m, 3H); 3C NMR (101 MHz, CDCl5) §: 157.1,
148.2, 138.0, 129.7, 129.2, 129.2, 128.9, 127.5, 125.4,
125.2, 89.3. HRMS (APCI) calcd for CisH14N;S [M+H]"
268.0903, found 268.0896.

3-Phenyl-4-(p-tolylthio)-1H-pyrazol-5-amine (5b): 71.7
mg, 80% yield. Light yellow liquid. '"H NMR (400 MHz,
CDCl;) o6: 7.72~7.65 (m, 2H), 7.34 (dd, J=5.1, 1.8 Hz,
3H), 7.07~6.98 (m, 4H), 2.27 (s, 3H); *C NMR (101 MHz,
CDCl;) 0: 157.1, 147.9, 135.1, 134.3, 130.0, 129.6, 129.2,
128.9, 127.4, 125.5, 89.8, 77.2, 21.0. HRMS (APCI) caled
for C16H1sN3S [M~+-H]" 282.1060, found 282.1052.

4-((4-(tert-Butyl)phenyl)thio)-3-phenyl-1H-pyrazol-5-
amine (5¢): 71.3 mg, 74% yield. Light yellow viscous lig-
uid. '"H NMR (400 MHz, CDCl3) é: 7.77~7.67 (m, 2H),
7.33 (d, J=4.6 Hz, 3H), 7.24 (d, J=8.5 Hz, 2H), 7.06 (s,
2H), 1.27 (s, 9H); *C NMR (101 MHz, CDCls) 6: 156.9,
148.3, 134.4, 132.1, 1299, 129.0, 128.8, 127.5, 126.8,
126.2, 125.2, 89.5, 34.4, 31.4. HRMS (APCI) calcd for
C1oH2oN3S [M+H]" 324.1529, found 324.1525.

4-((4-Methoxyphenyl)thio)-3-phenyl-1H-pyrazol-5-
amine (5d): 32.8 mg, 38% yield. Brown viscous liquid. 'H
NMR (400 MHz, CDCl3) d: 7.80~7.61 (m, 2H), 7.35 (dd,
J=5.1, 1.9 Hz, 3H), 7.05 (d, /=8.8 Hz, 2H), 6.78 (dt, J=
5.1, 2.5 Hz, 2H), 3.74 (s, 3H); '*C NMR (101 MHz, CDCls)
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0: 166.8, 158.0, 157.1, 147.8, 129.7, 129.1, 128.9, 128.5,
127.7, 127.5, 115.0, 90.8, 55.5. HRMS (APCI) calcd for
Ci6H16N3OS [M+H]" 298.1009, found 298.1006.
4-((4-Fluorophenyl)thio)-3-phenyl-1 H-pyrazol-5-amine
(5€): 30.9 mg, 36% yield. Brown viscous liquid. 'H NMR
(400 MHz, CDCls) d: 7.74~7.64 (m, 2H), 7.42~7.29 (m,
3H), 7.06 (dd, /=38.7, 5.1 Hz, 2H), 6.91 (t, J=8.7 Hz, 2H);
3C NMR (101 MHz, CDCls) J: 162.4, 159.9, 156.8, 148.3,
132.9, 132.9, 129.7, 129.2, 128.9, 127.5, 127.2, 127.1,
116.4, 116.1, 89.6. HRMS (APCI) caled for C;sHi3FN3S
[M-+H]" 286.0809, found 286.0805.
4-((4-Chlorophenyl)thio)-3-phenyl-1H-pyrazol-5-amine
(5f): 71.9 mg, 80% yield. White solid, m.p. 100~101 C;
"H NMR (400 MHz, CDCI3) é: 7.69~7.62 (m, 2H), 7.38~
7.31 (m, 3H), 7.17 (d, J=8.6 Hz, 2H), 7.02 (d, /J=8.6 Hz,
2H); '3C NMR (101 MHz, CDCl3) é: 157.0, 148.2, 136.6,
131.1, 129.5, 129.4, 129.3, 129.0, 127.4, 126.6, 88.9.
HRMS (APCI) calcd for C;sH;3CIN;S [M-+H]" 302.0513,
found 302.0509.
4-((4-Bromophenyl)thio)-3-phenyl-1H-pyrazol-5-amine
(5g): 78.4 mg, 75% yield. White solid, m.p. 99~100 C;'H
NMR (400 MHz, CDCl) J: 7.65 (dd, J/=6.5, 2.9 Hz, 2H),
7.37~7.33 (m, 3H), 7.31 (d, J=28.6 Hz, 2H), 6.96 (d, J=
8.6 Hz, 2H); '3*C NMR (101 MHz, CDCl;) : 156.9, 148.4,
137.3, 132.1, 129.4, 129.0, 127.4, 126.9, 118.9, 88.6.
HRMS (APCI) calcd for C;sH;3BrN;S [M-+H]" 346.0008,
found 346.0005.
4-((4-Nitrophenyl)thio)-3-phenyl-1H-pyrazol-5-amine
(5h): 73.1 mg, 78% yield. Yellow solid, m.p. 180~181 C;
"H NMR (400 MHz, DMSO) é: 8.12 (d, J=9.0 Hz, 2H),
7.69 (d,J=6.9 Hz, 2H), 7.33 (dt,J=13.5, 7.0 Hz, 3H), 7.24
(d, J=9.0 Hz, 2H); *C NMR (101 MHz, DMSO) §: 149.59,
144.59, 128.39, 128.13, 126.64, 124.77, 124.12, 54.90,
40.15, 39.94, 39.73, 39.52, 39.31, 39.10, 38.89. HRMS
(APCI) calcd for CisHi3N40,S [M-+H]" 312.0681, found
312.0608.
3-Phenyl-4-((4-(trifluoromethoxy)phenyl)thio)-1H-
pyrazol-5-amine (5i): 88.0 mg, 84% yield. Yellow viscous
liquid. '"H NMR (400 MHz, CDCls) d: 7.67 (dd, J=6.4, 2.9
Hz, 2H), 7.48~7.30 (m, 3H), 7.08 (q, J=9.0 Hz, 4H); 13C
NMR (101 MHz, CDCl;) d: 156.9, 148.5, 147.0 (q, Je.r=
1.6 Hz), 136.8, 129.5, 129.4, 129.0, 127.5, 126.5, 121.9,
119.3, 88.7; YF NMR (376 MHz, CDCl3) 5: —58.0. HRMS
(APCI) calcd for Ci6H 3F3N30S [M-+H]" 352.0726, found
352.0723.
3-Phenyl-4-((4-(trifluoromethyl)phenyl)thio)-1H-
pyrazol-5-amine (5j): 78.6 mg, 79% yield. Light yellow
solid, m.p 107~108 °C; 'H NMR (400 MHz, CDCls) &:
7.64 (dd, J=6.6, 3.0 Hz, 2H), 7.44 (d, J=28.3 Hz, 2H),
7.37~7.32 (m, 3H), 7.17 (d, J=8.2 Hz, 2H); '*C NMR
(101 MHz, CDCl;3) o: 156.9, 129.5, 129.0, 127.4, 126.0 (q,
Jer=3.7 Hz), 125.0, 122.9, 87.7; 'F NMR (376 MHz,
CDCl}) 52 _623 HRMS (APCI) calcd fOI' C16H13F3N3S
[M-+H]" 336.0777, found 336.0774.
3-Phenyl-4-(m-tolylthio)-1H-pyrazol-5-amine (5k): 71.6
mg, 85% yield. Yellow viscous liquid. '"H NMR (400 MHz,
CDCls) o: 7.70 (dd, J=6.7, 3.0 Hz, 2H), 7.39~7.31 (m,
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3H), 7.12 (t, J=7.7 Hz, 1H), 7.00~6.88 (m, 3H), 2.27 (s,
3H); 3C NMR (101 MHz, CDCI;) &: 156.9, 148.4, 139.0,
137.8, 129.8, 129.1, 129.0, 128.9, 127.5, 126.2, 125.8,
122.3,89.2,21.6. HRMS (APCI) calcd for Ci6H6N3S [M+
H]" 282.1060, found 282.1057.
3-Phenyl-4-((3-(trifluoromethyl)phenyl)thio)-1 H-pyra-
zol-5-amine (51): 80.8 mg, 81% yield. Yellow viscous lig-
uid. '"H NMR (400 MHz, CDCls) §: 7.64 (dd, J=6.6, 3.1
Hz, 2H), 7.38 (s, 1H), 7.35~7.30 (m, 4H), 7.29~7.23 (m,
1H), 7.19 (d, J=7.7 Hz, 1H); 3C NMR (101 MHz, CDCI;)
0: 156.9, 151.6, 148.6, 139.7, 131.7, 131.4, 129.6, 129.5,
129.4, 129.0, 128.2, 127.5, 125.3, 122.6, 122.4~121.2
(mc.s), 87.9, 77.2; YF NMR (376 MHz, CDCl3) 5: —62.8.
HRMS (APCI) calcd for CisHi6N3S [M+H]" 336.0777,
found 336.0774.
3-(2-Fluorophenyl)-4-(phenylthio)-1H-pyrazol-5-amine
(5m): 62.1 mg, 73% yield. Yellow viscous liquid. '"H NMR
(400 MHz, CDCl;) d: 7.68 (dd, J=6.6, 3.1 Hz, 2H), 7.37~
7.32 (m, 3H), 7.11~7.05 (m, 1H), 7.05~6.99 (m, 1H), 6.95
(td, J=17.5, 1.5 Hz, 1H), 6.86 (td, J=7.8, 1.6 Hz, 1H); 3C
NMR (101 MHz, CDCls) d: 160.6, 158.2, 157.0, 148.8,
129.6, 129.3, 128.9, 127.5, 127.1, 127.0, 126.7, 126.7,
125.2, 125.0, 124.8 (d, Jc.s=3.4 Hz), 115.6, 115.4, 86.8;
F NMR (376 MHz, CDCl3) §: —114.0. HRMS (APCI)
caled for CisH3FN3S [M+H]" 286.0809, found 285.0804.
4-((2,4-Difluorophenyl)thio)-3-phenyl-1H-pyrazol-5-
amine (5n): 47.9 mg, 55% yield. Yellow viscous liquid. 'H
NMR (400 MHz, CDCl;) é: 7.67 (dd, /=6.1, 3.1 Hz, 2H),
7.47~7.31 (m, 3H), 6.90~6.77 (m, 2H), 6.69 (t, J=9.6
Hz, 1H); '*C NMR (101 MHz, CDCl3) ¢: 164.0, 164.0,
161.6, 161.5, 147.9, 130.0, 129.9, 129.8, 129.7, 129.3,
129.0, 128.9, 128.6, 127.8, 127.4, 111.9 (d, Jcs=1.8 Hz),
111.7 (d, Jes=1.8 Hz), 90.4; 'F NMR (376 MHz, CDCl;)
d: —105.5; F NMR (376 MHz, CDCl3) 6: — 105.4.
HRMS (APCI) calcd for CisHi,FaN3S [M+H]" 304.0715,
found 304.0709.
4-(Naphthalen-2-ylthio)-3-phenyl-1H-pyrazol-5-amine
(50): 71.8 mg, 76% yield. Maroon viscous liquid. 'H NMR
(400 MHz, CDCl3) é: 7.79~7.70 (m, 4H), 7.68~7.63 (m,
1H), 7.51 (d, J/=1.6 Hz, 1H), 7.44~7.36 (m, 2H), 7.36~
7.27 (m, 4H); 3C NMR (101 MHz, CDCls) J: 157.0, 148.6,
135.6, 134.0, 131.5, 129.8, 129.2, 128.9, 128.8, 127.8,
127.5, 127.1, 126.7, 125.3, 124.1, 122.7, 88.9. HRMS
(APCI) calcd for CioH;sN3S [M+H]" 318.1060, found
318.1057.
3-(4-Fluorophenyl)-4-(p-tolylthio)-1 H-pyrazol-5-amine
(5p): 74.2 mg, 83% yield. White solid, m.p. 86.0~87.0 C;
"H NMR (400 MHz, CDCl;) &: 7.65 (dd, J=38.8, 5.3 Hz,
2H), 7.03 (d, J/=8.2 Hz,3H), 7.01~6.94 (m, 3H), 2.27 (s,
3H); 3C NMR (101 MHz, CDCI;) &: 164.4, 161.9, 156.4,
148.0, 135.2, 134.1, 130.0, 129.4 (d, /=8.2 Hz), 126.2 (d,
J=3.2 Hz), 125.5, 89.4, 21.0; 'F NMR (376 MHz, CDCl;)
0. —111.8. HRMS (APCI) calcd for Ci6HisFN3S [M+
H]" 300.0956, found 300.0965.
3-(4-Chlorophenyl)-4-(p-tolylthio)-1H-pyrazol-5-amine
(5q): 75.1 mg, 80% yield. White solid, m.p. 138.0 ~
139.0 °C; 'H NMR (400 MHz, CDCl;) J: 7.61 (d, J=8.6
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Hz, 2H), 7.27~7.22 (m, 2H), 7.05~6.96 (m, 4H), 2.27 (s,
3H); 3C NMR (101 MHz, CDCl3) 6: 156.25, 147.94,
135.29, 135.04, 134.00, 130.03, 128.98, 128.67, 128.48,
125.52, 89.60, 20.98. HRMS (APCI) calcd for CisHsCIN3S
[M+H]" 316.0670, found 316.0664.
3-(4-Bromophenyl)-4-(p-tolylthio)-1H-pyrazol-5-amine
(5r): 68.2 mg, 62% yield. White solid, m.p. 85.0~86.0 C;
'"H NMR (400 MHz, CDCL3) d: 7.54 (d, J=8.5 Hz, 2H),
7.39 (d, J=8.5 Hz, 2H), 7.03 (d, /=8.3 Hz, 2H), 6.98 (d,
J=8.3 Hz, 2H), 2.27 (s, 3H); *C NMR (101 MHz, CDCls)
0: 156.2, 148.0, 135.3, 134.0, 131.9, 130.0, 125.5, 123.3,
89.6, 21.0. HRMS (APCI) calcd for Ci¢HisBrN3S [M—H]™
358.0018, found 358.0019.
3-(4-Methoxyphenyl)-4-(p-tolylthio)-1H-pyrazol-5-
amine (5s): 68.8 mg, 71% yield. Colorless viscous liquid.
'"H NMR (400 MHz, CDCL3) d: 7.63 (d, /=8.8 Hz, 2H),
7.02 (d, J=1.3 Hz, 4H), 6.84 (d, /=8.8 Hz, 2H), 3.76 (s,
3H), 2.27 (s, 3H); '*C NMR (101 MHz, CDCIs) é: 160.2,
157.0, 148.1, 134.9, 134.6, 129.9, 128.8, 125.4, 122.3,
114.2, 88.9, 21.0. HRMS (APCI) calcd for Ci7HisN3OS
[M-+H]" 310.1020, found 310.1019.
3-(p-Tolyl)-4-(p-tolylthio)-1 H-pyrazol-5-amine (5¢):
77.5 mg, 84% yield. White solid , m.p. 70~71 C; 'HNMR
(400 MHz, CDCls) 0: 7.62 (d, /=8.0 Hz, 2H), 7.14 (d, J=
8.0 Hz, 2H), 7.04 (s, 4H), 2.33 (s, 3H), 2.29 (s, 3H); 13C
NMR (101 MHz, CDCl;) d: 157.0, 148.2, 139.0, 134.9,
134.5, 129.9, 129.5, 127.4, 126.9, 125.4, 89.2, 21.4, 20.9.
HRMS (APCI) caled for Ci7HisN3S [M—H] 294.1070,
found 294.1070.
3-(3-Bromophenyl)-4-(p-tolylthio)-1H-pyrazol-5-amine
(5u): 76.4 mg, 71% yield. White solid, m.p. 128~130 C;
"H NMR (400 MHz, CDCls) J: 7.86 (s, 1H), 7.63 (d, J=7.8
Hz, 1H), 7.40 (d, J=7.9 Hz, 1H), 7.13 (t, J/=7.9 Hz, 1H),
7.02 (s, 4H), 2.27 (s, 3H); '3C NMR (101 MHz, CDCls) &:
156.1, 147.5, 135.3, 133.9, 132.1, 131.9, 130.3, 130.3,
130.0, 126.1, 125.8, 122.7, 90.0, 21.0. HRMS (APCI) calcd
for CisHisBrN3;S [M—H] 358.0019, found 358.0018.
3-(3-Methoxyphenyl)-4-(p-tolylthio)-1H-pyrazol-5-
amine (5v): 77.2 mg, 83% yield. Colorless viscous liquid.
"H NMR (400 MHz, CDCl3) d: 7.30~7.21 (m, 3H), 7.02 (s,
4H), 6.87 (dd, J=17.9, 2.5 Hz, 1H), 3.62 (s, 3H), 2.27 (s,
3H); 3C NMR (101 MHz, CDCl;) &: 159.7, 156.9, 148.2,
135.0, 134.5,131.1, 129.9, 125.5, 119.6, 115.3, 112.6, §9.5,
55.2,21.0. HRMS (APCI) caled for Ci7HsN3;OS [M—H]™
310.1020, found 310.1019.
3-Methyl-4-(phenylthio)-1H-pyrazol-5-amine (Sw): 37.6
mg, 61% yield. Colorless viscous liquid. "H NMR (400
MHz, CDCl3) o: 7.21 (t, J=7.6 Hz, 2H), 7.11~7.02 (m,
3H), 2.23 (s, 3H); '*C NMR (101 MHz, CDCl5) é: 156.1,
146.7, 138.2, 129.0, 125.2, 125.1, 90.3, 10.8. HRMS (AP-
CI) caled for CioH2N3S [M + H] " 206.0746, found
206.0745.
3-Isopropyl-4-(phenylthio)-1H-pyrazol-5-amine  (5x):
40.6 mg, 58% yield. Colorless viscous liquid. '"H NMR (400
MHz, CDCl3) o: 7.21 (t, J=7.7 Hz, 2H), 7.11~7.03 (m,
3H), 3.11 (m, J=7.0 Hz, 1H), 1.26 (s, 3H), 1.24 (s, 3H); *C
NMR (101 MHz, CDCl;) d: 157.0, 155.0, 138.3, 129.0,
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125.2, 125.0, 88.9, 26.0, 21.7. HRMS (APCI) calcd for
Ci2Hi6N3S [M+H]" 234.1059, found 234.1057.
3-(tert-Butyl)-4-(phenylthio)-1H-pyrazol-5-amine (Sy):
29.6 mg, 40% yield. Colorless viscous liquid. "H NMR (400
MHz, CDCL) d: 7.21 (t, J=7.7 Hz, 2H), 7.06 (dd, J=17.7,
7.3 Hz, 3H), 1.37 (s, 9H); '3*C NMR (101 MHz, CDCl;) 6:
158.1, 156.1, 138.4, 129.0, 125.0, 124.9, 88.1, 32.7, 28.9.
HRMS (APCI) calcd for Ci3sH sN;S [M+H]" 248.1216,
found 248.1213.
4-(Phenylthio)-3-(thiophen-3-yl)-1H-pyrazol-5-amine
(5z): 59.0 mg, 72% yield. Light yellow viscous liquid. 'H
NMR (400 MHz, CDCI3) ¢: 7.84 (d, /=3.0 Hz, 1H), 7.50
(d, J=5.1 Hz, 1H), 7.25 (dd, J=5.1, 3.0 Hz, 1H), 7.02 (s,
4H), 2.26 (s, 3H); '3C NMR (101 MHz, CDCls) 4: 156.5,
144.5, 135.1, 134.1, 130.5, 130.0, 126.1, 126.1, 125.5,
123.9, 89.0, 20.9. HRMS (APCI) caled for Ci4sHi4N3S;
[M+H]" 288.0629,found 288.0625.
3-(4-Methoxyphenyl)-4-(phenylthio)-1H-pyrazol-5-
amine (5z'"): 51.7 mg, 58% yield. Colorless viscous liquid.
"H NMR (400 MHz, CDCl3) &: 7.62 (d, J=8.8 Hz, 2H),
7.25~7.19 (m, 2H), 7.10 (dd, J=11.2, 7.4 Hz, 3H), 6.83 (d,
J=28.8 Hz, 2H), 3.76 (s, 3H); *C NMR (101 MHz, CDCl5)
0: 160.2, 156.8, 148.2, 138.1, 129.1, 128.8, 125.2, 125.1,
122.1, 114.2, 88.3, 55.3. HRMS (APCI) calcd for Ci¢His-
N;OS [M+H]" 298.1009, found 298.1006.
3-(4-Chlorophenyl)-4-(phenylthio)-1H-pyrazol-5-amine
(5z"): 66.1 mg, 73% yield. Light yellow solid, m.p. 141~
142 °C; 'TH NMR (400 MHz, CDCls) §: 7.59 (d, J=8.6 Hz,
2H), 7.22 (t, J=8.5 Hz, 4H), 7.10 (dd, J=13.2, 7.3 Hz,
3H); 3C NMR (101 MHz, CDCI;) &: 156.2, 148.2, 137.6,
135.1, 129.2, 129.0, 128.7, 128.4, 125.4, 125.3, 88.9.
HRMS (APCI) calcd for CisH;3N3;S [M+H]" 302.0513,
found 302.0511.
3-Phenyl-4-(phenylsulfonyl)-1 H-pyrazol-5-amine (5aa):
54.5 mg, 61% yield. Yellow solid, m.p. 69.0~70.0 C; 'H
NMR (400 MHz, CDCl3) d: 7.50 (dd, /=8.4, 1.1 Hz, 2H),
7.46~7.39 (m, 4H), 7.38~7.32 (m, 2H), 7.31~7.25 (m,
2H); 3C NMR (101 MHz, CDCI5) &: 143.4, 132.8, 130.3,
129.8, 129.6, 128.8, 128.5, 126.3. HRMS (APCI) calcd for
CisH14N30,S [M+H]" 300.0801, found 300.0780.
2,5,7-Triphenyl-3-(phenylthio)pyrazolo[1,5-a]pyrimi-
dine (5ab): 51.8 mg, 57% yield. Yellow solid, m.p 160.0~
161.0 °C; 'H NMR (400 MHz, CDCl;) &: 8.25~8.21 (m,
2H), 8.21~8.16 (m, 4H), 7.66~7.60 (m, 3H), 7.52~7.47
(m, 4H), 7.45~7.40 (m, 3H), 7.29 (d, J=7.2 Hz, 2H), 7.22
(t, J=7.7 Hz, 2H), 7.11 (t, J=7.3 Hz, 1H); '*C NMR (101
MHz, CDCL) 6: 158.4, 157.5, 152.4, 147.1, 138.9, 137.1,
132.5, 131.3, 131.0, 130.7, 129.7, 129.2, 129.0, 128.9,
128.8, 128.8, 128.4, 127.6, 126.7, 125.3, 106.4, 95.1,
HRMS (APCI) calcd for C30H»N;S [M+H]" 456.1529,
found 456.1533.
2,7-Diphenyl-3-(phenylthio)pyrazolo[1,5-a]pyrimidine
(5ac): 43.6 mg, 57% yield. Yellow solid, m.p. 145.0~
146.0 °C; 'H NMR (400 MHz, CDCl;) J: 8.65 (d, J=4.4
Hz, 1H), 8.20 (dd, J=6.6, 3.1 Hz, 2H), 8.17 (dd, /=7.8, 1.9
Hz, 2H), 7.64~7.58 (m, 3H), 7.46~7.35 (m, 3H), 7.18 (d,
J=6.5 Hz, 4H), 7.11~7.03 (m, 2H); '3C NMR (101 MHz,
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CDCl) o: 158.3, 152.5, 150.9, 147.2, 138.4, 132.3, 131.5,
130.4, 129.7, 129.3, 129.0, 128.8, 128.5, 126.1, 125.3,
108.8, 94.6. HRMS (APCI) calcd for C2sH7N3S: 379.1143,
found 379.1150.

1,2-Diphenyldisulfane (6aa):>'1 37 mg, 38% yield. White
solid, m.p. 58~59 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
7.51 ~7.47 (m, 4H), 7.29 (td, J=6.7, 6.3, 1.6 Hz, 4H),
7.25~7.19 (m, 2H); 3C NMR (101 MHz, CDCl;) ¢: 137.1,
129.2, 127.6, 127.3.

S-phenyl benzenesulfonothioate (6ab):*? 58.5 mg, 52%
yield. Yellow oil. 'H NMR (400 MHz, CDCl;) J: 7.60~
7.54 (m, 3H), 7.50~7.39 (m, 3H), 7.38~7.30 (m, 4H); 3C
NMR (101 MHz, CDCls) ¢: 143.1, 136.7, 133.8, 131.5,
129.6, 128.9, 128.0, 127.7.

Supporting Information 'H NMR, *C NMR and !°F
NMR spectra of products. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn/.
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