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Chloroamine-T Promoted Three-Component Reaction of Aldehydes,
Hydrazines and Fumarate Esters for the Construction of
Tetra-substituted Pyrazole Derivatives

Chen, Ying Zhu, Jianan Zhao, Shengyin®*
(Key Laboratory of Science and Technology of Exo-Textile, Ministry of Education, College of Chemistry,
Chemical Engineering and Biotechnology, Donghua University, Shanghai 201620)

Abstract Pyrazoles, a class of five-membered nitrogen-containing heterocyclic compounds, showed antibacterial, anticancer
and antioxidative activity, and so on. They also served as important intermediates in organic synthesis. To develop the general
and straightforward methods to their synthesis is of great significance. In this paper, a series of tetra-substituted pyrazoles were
synthesized from aldehydes, hydrazines and fumarate esters by three-component [3+2] cycloaddition reaction in the presence
of chloroamine-T with 60%~~87% yields. Their structures were confirmed by "H NMR, *C NMR, IR and HRMS analysis.
Keywords aldehyde; aldehyde; fumarate ester; chloroamine-T; pyrazole
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R LH-MEME, YR 83%~93%. 2011 4F, Huang 2574
T Cul fEALERFNT e e e FE R [3 + 2038 0 = R,
1% LA NaOAc A%, 2 1 — HENDME)NE A, =
TR R 2 h BIAT45 2 BURIE Ak & 4. Wi T2
FH i SR %o 122 S S 3d PR LT, P25 68%~88%,
A F 5 0 J A R e R A 11 J S 3
B2, PERAE 52%~61%2 [, 2012 4E, Safaei 21 jE
TAETCVEF AT Bronsted [855 TR HEALES . R T

R TR B — vk = A 43 PR N A B A R AL e S 4k
4. 1989 £F Hassner 2RI T Jif A1 TR 16 BR G 78 5UI%-T
(CAT)FIME FH T2 A MRt 59, IE 68%~

80%. 2005 4F, Jedlovska 2" MR8 T SUH%E-T (ERE AR
55 AR TR T (A 0 e R R4S 3] — AR AL A4, 2015
4, Kumar Z5URGE 7 S&UE-T Rk i s 5% X1
L3RRI IR B 1% NEAE CBER R 3 h £330t
MR S A AR A, o 1-(3-95%E-1,4- 2K HE4.5-
- 1H-MEME-5-38) 2/ 9 7280, 72 2AE 60%~T74% 2
8], 1-(1-77 3£-3,4- K54, 5- S -1H-MME-5-38) 2.7 A
B, PEROAN 8% ~16%. R, KT, S E SR
i 5 5 SRR TG 1A EA 0 B S 7 e o L SCiRAR T8, 51 S T 3K
MBI 7T D48, 78 A U4 R 9 7 A i Sty 1120
I JES & RIS 5 SRR IR X 28 B s B AT T
T, SEHL T ST (EHERRE . AN S DR ER =40 OB
a2 DU EUAR L LR AL A P (Scheme 1).
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Table 1 Screening of CAT promoted cycloaddition reaction

COOCH

@/CHO ©/NHNH2 . | * Additives
CH3OOC Solvent
H3COOC COOCH3 H;CO0C s COOCH;
a

Entry Additive  Amount/mol%  Solvent %
1 Air — DME 0 0
2 0, — DME 0 0
3 CuCl 20 DME 0 0
4 CuCl, 20 DME 0 0
5 Cul 20 DME 0 0
6 Cul 100 DME 0 0
7 CuCl 100 DME 0 0
8 Ag,CO; 20 DME 0 0
9 CH;COOAg 20 DME 0 0
10 NaOCl 200 DME 23 0
11 K,S,04 200 DME 0 0
12 TBHP 200 DME 0
13 DTBP 100 DME 0
14°¢ CAT 200 DME 87 0
15 CAT 100 DME 51 0
16 CAT 50 DME 21 0
17 CAT 200 EtOH 76 0
18 CAT 200 DMF 42 0
19 CAT 200 DMSO 45 0
20 CAT 200 1,4-Dioxane 72 0
21 CAT 200 DCE 46 0
22 CAT 200 Toluene 58 0

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: benzaldehyde 1a (2.0 mmol), phenyl hydrazine 2a (2.0
mmol), dimethyl fumarate 3a (1.2 equiv.), solvent (10 mL), air condition,
reflux. ? Isolated yield. ¢ CAT=chloramine-T.

BT SCHR[1I314RIE, 1 A BRI L7, KoK
FE . KBRS SR — B I\ B £ R — F kA [R13
SN2 h, R RN RRERFEAL R TR 0, KRB
WA S 24 h, VIRGEIHFRMGEY), S SCIRIRIER 4
B RVER, BADARREREAT; SR H N B TR
Bl AT, KIRE A 15 217 Y)(Entries 1, 2).

BEJe, 22l &8 AL Z N, K CuCl.
CuCl, B¢ Cul SO H, [HI 2 h, TLC s 5ok K &
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Pl 4x B H bR 04 i(Entries 3~6); k426 Cu(l)H
HIHINE 1 equiv., FERBRY(Entry 7); 8)5221AH
Ag,CO; Al CH;COOAg (20 mol%)fEAkiZ B, S il
ANBEREAT (Entries 8, 9). #: Nk, A NS R E M
#: M Entry 10 740, 18 FH NaOCI /F A k5% B B
U HEAT, (EFRBAK, ¥ NaOCl &M 1 equiv. 3 N % 2
equiv.if, PR 12%BINE 23%; Y454 IR, 'H
NMR Al 3C NMR 5035 6f10E it 5L &4 4a, A
& A RAL AW Sa. T LT A AT D B ER A
AT Hed F AL E(TBHP) A1 U T 2k 40 ) (DTBP) A
Refe ik /e S AT (Entries 11~13).

1E LR w AR A b, R SER-T isinsl, 76 2
equiv.FIE LT, BEIRIZS 2=y 4a, BRIE 87%.
B J5 22 PR SEU-T I &% 1 f10.5 equiv. (Entries 15,
16), 132 7724 da, P22 55508 51%H 21%. fHfa, Xt
LV FIAT TR 7, 45 53 B, EtOH Al 1,4-dioxane
R ¥ 70 B 7= 22 35 vy, T G A i ) WA 6 35K (Entries
17~22). 2 FRTIR, BA&Hie T st r v At &
FFEE (2.0 mmol, 1.0 equiv.)s ZXM(2.0 mmol, 1.0 equiv.).
B LR HE(2.4 mmol, 1.2 equiv.)FI&UI-T (CAT, 4.0
mmol, 2.0 equiv.)JIAF]Z, —F — HEF(DME, 10 mL)¥%
FI AR SR 2 h, AR R SR AL A,

TR UL E D — S O R A %) & S I A 1 i
FPEEAT T ¥R, WEASIRI 55 2 Wk ae ZE ik, AN 55
FE GRS ARE TR, RWE 2 fos. UEY
1% — R IR, 12 BB R R A . &
2 F I b A I PR R T B AR T 7 SR vy, ot = g
R, AR HARPE) e PR N 83%; MK HIE I
A At BRI 2 SRR, Gnnd FE AR R
FAER BAR 4d (77208 67%; 41E T 1S5 2R
B S SR IR, PR, 4 R 4g LA
YRR T8%FN 79%, 4IE T BRI SR IEA I NSRS,
EY) 4h 773y 61%. A% FHRE I R I A 25 FE 1t
AR T, W 13 2 T 4.

2 WEAEIRT R MR

R B U () e BT I B R s, S FH UL M X
R ) By R R — HBRAE A RN, SR BN EAT T %2
(Scheme 2). WFFERH, MM, KBRS BB F
SIS, PR 4a RN 87%, TARE 75 F S AT G SR iR
TR NCE R 51%. MR CBROBESE Y
TR — BN, P24 4m RERCA 65%, TRME. K H
i R B SRR — LR S SN R 43%. AT R R AT
i 1 Ji R I ) 2 Ta) A B, AN % s o g it
1T.
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Table 2 Substrate scope with dimethyl fumarat
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“Reaction conditions: hydrazine 1 (2.0 mmol), aldehyde 2 (2.0 mmol), dime-
thyl fumarate (2.4 mmol ), CAT (4.0 mmol), DME (10 mL), air, reflux for 2 h.
Isolated yields.
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Scheme 2  Effect of olefin isomers on reaction yields
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FUL-T RS EE . P E SRR RS R AE A3+
20N R, B R T VU EUAR I R AL A, IR AR
60%~87% [8], X[ Ris&AF AT T AL, R BLAEH
BUFRRIE R, HrP=mgmaasbail . itz
SO AERIE . S HEIE AT TR, RS
VI A B T — P (A 2 G BTV
5 LIS
51 UHF5i

'H NMR F1 °C NMR Hi Bruker AM-400 (400 MHz)
RIS FLIRA I 52 (CDCly. DMSO-dg 1V 7, TMS /£
Fr). IR ] NICOLET iS10 B4 21 A i 45 s il = .
HRMS(ESI)HH Agilent Technologies 5973N Z 5t i {3l
SE. 5 S RY-1 BUJE s G 5E, IR AR AR IE. LG AT
FH AR 35 17 5 A A 4l 56 T R 280 - o Ak 3R
i R A2 SCHR 14 7 VR B AR
5.2 SLIGRR(E

[T PR T RO TR 25 mL (BB A vk
IAANEE(2.0 mmol). (2.0 mmol)Fl1Z —EE — H (10
mL), Fif T~ &M 15 min, FEfEINAE SN (2.4 mmol)
AIEHZ-T(4.0 mmol), KRAWTHEZE BN 2 h
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COOCH CAT (2.0 equiv.)
©/CHO ©/NHNH2 J/ * TEMPO (1.1 equiv.) N' y~CO0CH;
+ \
¥ cH00C DME, reflux, 2 h
1a 2a 3 COOCH;
2 mmol 2 mmol 2.4 mmol 4a, 84%
CHO NHNH, COOCH; CAT (2.0 equiv.)
©/ . ©/ . J|/ BHT (2.0 equiv.) N; ) COOCH;
1a 22 H3CH,00C 3 DME, reflux, 2 h coocH
2 mmol 2 mmol 2.4 mmol 3
4a, 76%
CHO
NHNH, COOCH; CAT (2.0 equiv.)
. + J/ NS, ~COOCH;
. .. CH00C DME, N, reflux, 2 h \ o
2.0 mmol 0 mmel 24 r:;mol ’
4a, 81%
COOCH3
CHO NHNH, NU”@ HaCOOC COOCH3
: + - = |
CAT (2.0 equiv.) COOCH3;
9 DME, reflux, 2 h
4a, 85%
B3 =i
Scheme 3 Control experiments
R'—CHO + RZ—NHNH, — R1/§N/H\R2 mLX2), HA §£7J<15"a(15 mL X 1), HHLZH TR
1 2 10 BN, R 28 RIS, TR YR A E A R
COOR? Bk/ZFRZBg, Vi V=5:1~25 . ) EE3 Hirbs
chloramine-T * N 3 J|/ .
RSN B8 13- S LH-HE 4,5 — R — R (da): (L
1 44, YR 87%. m.p. 149~152 °C; 'H NMR (400 MHz,
CHa@SOzNHz CDCly) 6: 7.53~7.55 (m, 2H), 7.48~7.50 (m, 2H),
12 7.41~7.46 (m, 6H), 3.86 (s, 3H), 3.82 (s, 3H); °C NMR
R2 Flaz (101 MHz, CDCly) o: 163.43, 160.71, 152.04, 139.09,
|
N
N’N COOR? chioramine-T N; ) COOR?® 136.87, 131.39, 129.23, 129.13, 128.94, 128.83, 128.23,
>\_T Tt 124.59, 114.18, 53.18, 52.19; IR (KBr) v: 2957, 1727,
R1 COOR3 R1 COOR3 -1
5a 4a 1496, 1267, 1230, 1145, 1103, 1006, 793, 758, 692 cm
LC-MS (ESI) m/z: 337.0 [M+H]". 4 S SR S
B4 B, PR DERES =45 R SHLEE

Scheme 4 Three-component reaction mechanism of aldehydes,
hydrazines and fumarate esters

(TLC Mz Bt fE), RMEH A, MA LR LB 15

mL FI7K 10 mL, 7S ANUAHE, KIS H 21 20615
mLX2)ZH, &IFEHA 10% Nay,CO; /KIE T (15
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SCHR[15]3RIE — 5

1- 8 3 -3-(4- YR R 2 )- L H-ME e -4,5- — W i — 1 g
(4b): AMEE, WF 77%. mp. 88~90 C; 'H NMR
(400 MHz, CDCly) 8: 7.65 (d, J=8.3 Hz, 2H), 6.46~7.57
(m, 7H), 3.86 (s, 3H), 3.83 (s, 3H); *C NMR (101 MHz,
1927
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CDCly) d: 163.12, 160.66, 151.09, 138.93, 137.32, 131.39,
130.52, 130.34, 129.29, 129.25, 124.48, 123.36, 113.86,
53.35, 52.22; IR (KBr) v: 2948, 1731, 1708, 1496, 1313,
1198, 1166, 837, 781, 692 cm™'; LC-MS (ESI) m/z: 415.0
[M+H]". & SRR LA 5 SR 714R0E — 2

1-ZE R 3-(2- L L) -1 H- ML M -4,5- — FI iR — I g
(4c): A, WE 76%. mp. 94~96 C; 'H NMR
(400 MHz, CDCls) 8: 7.56 (d, J=7.4 Hz, 2H), 7.42~7.50
(m, 5H), 7.32~7.39 (m, 2H), 3.90 (s, 3H), 3.72 (s, 3H);
C NMR (101 MHz, CDCls) d: 162.32, 161.17, 150.75,
138.85, 137.14, 134.11, 131.60, 131.26, 130.15, 129.41,
129.36, 129.10, 126.52, 124.03, 114.93, 53.41, 51.94;
(KBr) v: 2954, 1730, 1708, 1548, 1495, 1445, 1311, 1228,
1167, 1046, 995, 757, 689 cm'; LC-MS (ESI) m/z: 371.1
[M+H]". & SRR LA 5 SR 714R0E — 2

- HE-3-(4- F AR L 2R 3 )- 1 H- ML k-4, 5- — HT iR — F
B (4d): AEEEEWAR, WE 67%. 'H NMR (400 MHz,
CDCly) d: 7.64 (d, J=8.7 Hz, 2H), 7.42~7.47 (m, 2H),
7.36~7.40 (m, 3H), 6.89 (d, J=8.7 Hz, 2H), 3.78 (s, 3H),
3.77 (s, 3H), 3.75 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
162.47, 159.79, 159.19, 150.86, 138.06, 135.88, 129.16,
128.17, 128.01, 123.51, 122.79, 112.71, 112.64, 54.27,
52.11, 51.11; IR (KBr) v: 2957, 2918, 2836, 1725, 1612,
1499, 1443, 1228, 1177, 1113, 995, 941.06, 832, 757 cm ';
LC-MS (ESI) m/z 367.0 [M+H]". HA4& S A EIE S5
SCHR[ 154 TE — 2L

(1-ZR L -3-(4-( =5 T ) R 0k )- 1 - L -4, 5- — FT R
T Hifig(4e): AEE, UE 83%. mp. 84~87 C; 'H
NMR (400 MHz, CDCL3) 6: 7.90 (d, J=8.1 Hz, 2H), 7.69
(d, J=8.2 Hz, 2H), 7.47~7.55 (m, 5H), 3.87 (s, 3H), 3.84
(s, 3H); *C NMR (101 MHz, CDCl;) J: 162.98, 160.61,
150.80, 138.86, 137.47, 134.95, 130.83 (t, J=32.32 Hz,
1C), 129.34, 129.29, 125.47, 125.13 (t, J=3.54 Hz, 20),
124.45, 122.77, 114.03, 53.31, 52.28 ; IR (KBr) v: 2946,
1732, 1709, 1497, 1322, 1226, 1166, 1106, 1060, 992, 848,
687 cm '; HRMS (ESI) caled for CH;sF3N,O,Na [M+
Na]" 427.0876, found 427.0881.

3P -1 2RI L - e -4,5- — R — G (4):
HOE R, R 78%. mp. 48~49 C; 'H NMR (400
MHz, CDCls) 6: 7.39~7.49 (m, 5H), 3.85 (s, 6H), 2.90 (t,
J=17.4 Hz, 2H), 1.72~1.78 (m, 2H), 1.01 (t, J/=7.4 Hz,
3H); “C NMR (101 MHz, CDCl;) §: 162.99, 161.88,
155.20, 138.96, 137.63, 129.33, 128.75, 123.79, 112.74,
53.27, 51.72, 29.51, 22.36, 14.02; IR (KBr) v: 2960, 2929,
2875, 1717, 1542, 1497, 1273, 1225, 1107, 764, 693, 617
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em'; LC-MS (ESI) m/z: 303.1 [M+H]". HJ& S
Kol 5 SCHR[15]9kIE — 2

1-F 3L -3- IR B 1 H-nth e -4,5- — iR — H fig (4g): 11
&, IR 79%. mp. 67~69 C; 'H NMR (400 MHz,
CDCly) 6: 7.65~7.67 (m, 2H), 7.37~7.43 (m, 3H), 4.15
(s, 3H), 3.93 (s, 3H), 3.83 (s, 3H); °C NMR (101 MHz,
CDCly) J: 164.81, 159.78, 149.03, 133.35, 131.57, 128.63,
128.47, 127.77, 115.40, 52.71, 52.43, 39.54; IR (KBr) v:
2957, 1731, 1530, 1433, 1291, 1236, 1148, 1117, 1038,
781, 710, 693 cm™'; LC-MS (ESI) m/z: 275.0 [M+H]".
LI RORRZ RS 5 SCBR[ 1614 iE — 3

1- FF L3 TR - L P e -4,5- — HI B — G (4h): %
FOIEWIRAE, I 61%. 'H NMR (400 MHz, CDCl;) o:
3.87 (s, 3H), 3.86 (s, 3H), 3.75 (s, 3H), 2.68 (t, J=8.1 Hz,
2H), 1.56~1.62 (m, 2H), 0.88 (t, J=7.4 Hz, 3H); "°C
NMR (101 MHz, CDCly) &: 162.54, 159.95, 152.29,
134.44, 112.12, 51.81, 50.66, 37.46, 28.18, 21.52, 12.87;
IR (KBr) v: 2966, 2926, 2875, 1716, 1539, 1460, 1312,
1235, 1097, 1031, 814, 780 cm™'; HRMS (ESI) calcd for
C1H¢N,O;sNa [M+Na]" 263.1002, found 263.1005.

3-3F L 3-1-(4-TR K 5L )- | H-NH M -4,5- — FI G — F fis
(4i): AMEA, R 73%. mp. 84~87 C. 'H NMR
(400 MHz, CDCL) d: 7.60 (d, J=8.8 Hz, 2H), 7.39 (d, J=
8.8 Hz, 2H), 3.89 (s, 3H), 3.87 (s, 3H), 3.20 (tt, J=11.8,
3.3 Hz, 2H), 2.00 (d, J=11.7 Hz, 2H), 1.86 (d, J=12.9
Hz, 2H), 1.76 (d, J=12.4 Hz, 2H), 1.59~1.63 (m, 2H),
1.38~1.48 (m, 2H), 1.25~1.35 (m, 1H); *C NMR (101
MHz, CDCl;) 0: 162.93, 161.73, 159.66, 138.09, 137.14,
132.43, 125.40, 122.51, 112.66, 53.35, 51.83, 36.69, 32.19,
26.55, 26.07; IR (KBr) v: 2926, 2848, 1732, 1713, 1496,
1260, 1231, 1103, 824, 795 cm™'; HRMS (ESI) calcd for
C1oHy BrN,O4Na [M+Na]" 443.0577 found 443.0584.

1-(4-H 2 3E)- 1 H-MHE:-3,4,5- = H iR -3- 2. Bi5-4,5-
—HIfiE4)): ATEE, WE 76%. mp. 92~94 C; 'H
NMR (400 MHz, DMSO-dy) J: 7.45 (d, J=8.3 Hz, 2H),
7.34 (d, J=8.2 Hz, 2H), 4.32 (q, J=7.1 Hz, 2H), 4.29 (s,
3H), 3.85 (s, 3H), 2.40 (s, 3H), 1.28 (t, J=7.1 Hz, 3H); "°C
NMR (101 MHz, DMSO-d) d: 162.42, 159.90, 157.66,
140.27, 139.46, 136.29, 133.06, 129.38, 125.44, 120.15,
61.43, 53.03, 52.74, 20.71 13.89; IR (KBr) v: 2957, 1736,
1723, 1539, 1445, 1253, 1211, 1132, 1085, 938, 823, 789
cm '; LC-MS (ESI) m/z: 347.1 [M~+H]". & s
s 5 SCER 171408 — 2K

1-5F R FE- 1 H-ME -3 4,5- = H BR-3- £ Fi§-4,5- — H fig
(4Kk): FOFEE, W 60%. mp. 58~60 C; 'H NMR
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(400 MHz, DMSO-d;) J: 5.31~5.38 (m, 1H), 4.29 (q, J=
7.1Hz, 2H), 3.86 (s, 3H), 3.82 (s, 3H), 1.45 (d, J=6.6 Hz,
6H), 1.20 (t, J=6.6 Hz, 3H); °C NMR (101 MHz,
DMSO-ds) 0: 168.31, 165.15, 163.34, 143.75, 136.30,
125.64, 66.37, 58.81, 58.24, 57.84, 27.49, 19.17; IR (KBr)
v: 2990, 1742, 1717, 1536, 1494, 1262, 1240, 1065, 1019,
862, 795 c¢cm '. HRMS (ESI) caled for C;3H;sN,O;Na
[M+Na]" 321.1057, found 321.1060

1-Z8 JE -1 H-TH -3 ,4,5- = HI iR -3- 2. i -4,5- — H fig
4n: AfEE, R 69%. mp. 83~85 ‘C; 'H NMR
(400 MHz, CDCLy) 0: 7.43~7.49 (m, 5H), 4.43 (q, J=7.1
Hz, 2H), 3.97 (s, 3H), 3.79 (s, 3H), 1.39 (t, J=7.1 Hz,
3H); *C NMR (101 MHz, CDCl;) d: 163.30, 160.52,
158.19, 141.34, 139.02, 133.29, 129.80, 128.92, 125.89,
121.11, 61.91, 52.98, 52.93, 14.20; IR (KBr) v: 2957,
1727, 1539, 1454, 1256, 1214, 1186, 1133, 865, 760, 693
cm '; HRMS (ESI) caled for C;¢H;sN,OcNa [M+Na]"
355.0901, found 355.0903.

1-FFE -1 H-IEE-3,4,5-= HF iR = Z.Fig (4m): [t [H
&, ILE 65%. mp. 73~74 ‘C; 'H NMR (400 MHz,
CDCLy) d: 7.44~7.49 (m, 5H), 4.43 (dd, J=14.1, 7.0 Hz,
4H), 4.24 (dd, J=14.1, 7.0 Hz, 2H), 1.40 (dd, J=16.1, 7.2
Hz, 6H), 1.21 (t, J=7.1 Hz, 3H); C NMR (101 MHz,
CDCly) &: 162.90, 160.58, 157.68, 14.20, 139.16, 133.44,
129.73, 128.85, 126.03, 121.45, 62.19, 62.09, 61.84, 14.22,
14.08, 13.71; IR (KBr) v: 2987, 2945, 2908, 1734, 1720,
1494, 1270, 1208, 1081, 1012, 756, 690 cm '; LC-MS
(ESI) m/z: 361.1 [M-+H]". HA& SAZ AR S SCik
(18] iE —EL.

45 Bh#1 6l (Supporting Information) HAirb &4 'H
NMR Al PC NMR JFHE . X L8R aT DL 57 AT
WX 3k (http://sioc-journal.cn/) I T %%,
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