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A Novel Method to Prepare Multisubstituted Pyrazoles

Chen, Bin Zhang, Guozhu™
(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Science, Shanghai 200032)

Yu, Congjun

Abstract This paper reports a new strategy to construct multisubstituted pyrazoles from hydrazine and 1,3-diketone which is
generated through a-oxo gold carbene using readily available propargyl alcohol. The carbene formation and C—C bond migra-
tion could be applied in a tandem process, connected by a carbene cyclization, leading to complex diketone products.
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Scheme 1  Gold catalysis bulid a multi-substituted prazole compounds with ring closure reaction in series

ZRTHIRE R AR R A RN K 1a BT 12-28 L
be, TERBERAEIEM AT, N T Rk mT £5 1tk e 20
FAL Y AIEAL 7 TPrAuNTS, [IPr= 1,3-bis(2,6-diisopro-
pylphenyl)imidazol-2-ylidene], £ 0 ‘CHi#E 3 h, iHEilH#
JZ R S S AZREAS I, R BT OURR )7 A (Scheme 2).
W SN T AL R, AN 3 equiv. FRIK & BFE L BE T
A M#E] 70 °C, 3 hJ5, B 30%HIZ I M3 1
AL AP 2R BU(ER 1, Entry 1), Bl 5 X N 4544
HEAT TR AL, [E5E IPrAuNTE, % %2 7 & Fllie %04
(Entries 2~11), K 3,5- & MEIE R AL B T wiFrss
BN PR N LR E TE LR MR, RN
Y5 T ARAR U R (Entries 12, 13). ffa %8 7 & 2R
SHEAFIRIPUA R T, #EA 1S 247 T IPrAuNTS, 45
R (Entries 14~16). [F1F & K97 745 VU S PRIR (THF)
N,N-—_F 3L L2 (DMF)AH L, 1,2- & 058 2 B i v
# (Entry 17, 18). H #i #f & 19 & 1 4 4 2 1 H
IPrAuNTS, 3,5- & MnE & A, P& L BelE NG,
750 C RV 3 h, Zfaj AP 5 FIK A RN, PAEET
90% 77 BS UL Z A5 F ML 3a (Entry 9).

TEAF BB A B 26 I, FRATTX IR A ()3 3
[T T % %%(Scheme 3). ERMLEMHT, BT 1-CRL
HEE IR | 1-(CR QIR IR T RE 1-CR LRI CliE
F - LRI IR B S, #B T DASUR M S 82, LA
B IR A B AR P2 Y3 2, Entries 1~4). HH&Ff
ANKEFR (I 55 28 205 I e = 0B mT DA R ax A 7 ik
S EURE, DA S BT R 1S B A e p . o
BFE 2- T/ 1,1,1- =5 A0 4-2K3E-2-T i (Entries 5,
10, 11). XA nT DAN FHTE BN B 240 KSR =4
EFE e FATAEY L, MR A UK A AL S 4,
R E DA G 5 B A R B 1 1. AT
NN IR 5] N e G R AL T — 2% A8
1314 (Entries 6, 7). B T ERSEAEY), B ARG
PRI ] LS 5 IXAS S A IR S B, DA AR
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Table 1 Optimization of reaction conditions

Entry Gold catalyst Pyridine N-oxide Acid Yield®/%

1 IPrAuNTf, 2a MsOH 30.0
2 IPrAuNTf, 2b MsOH 17.0

3 IPrAuNTf, 2¢ MsOH 41.0

4 IPrAuNTf, 2d MsOH 44.0

5 IPrAuNTf, 2e MsOH 60.0

6 IPrAuNTf, 2f MsOH 72.0

7 IPrAuNTf, 2¢g MsOH §84.0

8 IPrAuNTf, 2h MsOH 87.0

9 IPrAuNTf, 2i MsOH 89.0 (89.2)°
10 IPrAuNTf, 2j MsOH 75.0

11 IPrAuNTf, 2k MsOH 78.5

12 IPrAuNTf, 2i AcOH —

13 IPrAuNTf, 2i None —

14  PPh;AuOTf 2i MsOH 23.5

15 JohnPhosAuOT{ 2i MsOH 20.0

16 IPrAuOTf 2i MsOH 45.0

17¢  IPrAuNTf 2i MsOH 70.0

18¢  IPrAuNTf 2i MsOH 52.0

© 2015 Chinese Chemical Society & SIOC, CAS

“Unless otherwise specified, all the reactions were carried out on 0.1 mmol
scale and 0 ‘C; * NMR yield using diethyl phthalate as internal reference;
“THF as solvent; “DMF as solvent; ¢isolated yield; / JohnPhos=2-(di-z-butyl-
phosphino)bipheny!.

DX 3326 FE 1A ) U ML S, A ) BRI
LI R . PRVEERS AN 2K F S (Entries 8, 9, 12).

55 PR SRR 0 B LA AR R R RN
FHAE . SCHRHRE B R & O 20 SEIL T % B R BT
BRI 53 F AN SOREE 22030 AR, AR R
TN AL AL B0 RO S ER AR SR, AMXAE
MUH_E LCRCHTAN, 38 e 1 SCHR P & RO LU 4 75 22 21
) fes B ) B SR A A Y, T A B S5 4 AR (K 2 3R XL
B 27 W] B B A TEAE I N (Eq. 1), RYEX — A8,
FATER T 1L2- KRG, fEEE— R KA
Hefa, FATHIBIG R 1 A LA 25 i — R 45 K B s 5744
W, ERIERRARET T R 5K LUy B ke
(3% 3, Entries 1, 2).
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Scheme 2 Screening of the pyridine N-oxides
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Scheme 3  Gold catalysis bulid a multi-substituted pyrazole compound
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Table 2 Scope of the substrates

Entry Substrate Product Ratio (3/3") Yield®/%
OH NN
— Y
1 M — 89.2
1a 3a
OH N-NH
N =
2 N 6/\© — 87.0
1b 3b
N~
OH » NH
. O=U -
1c
3c
N—
OH ) N\H
R =
4 M O)\© — 87.0
1d

3d
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Entry Substrate Product Ratio (3/3") Yield®/%
N~
MeMe on N NH Me—¢ NH
5 6 \: Me 6 )= + 2.4/1 85.0
Me Me—/g
1e 3e 3e'
6¢ 4/1 90.0
7e — 48.0
OH
8 ‘D 1.5/1 83.0
w U
OH
N
9 O)\Q 3/1 87.0
1i
HQ Me
FsC NV
10 3 A — 35.0
1j
HO Me
N
11 'D \\'D — 63.0
1k
OH
1/1 82.0

N
; OO
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“Unless otherwise specified, all the reactions were carried out on 1 mmol scale; bisolated yield; ¢ Ph;PAuNTT; was used.

H BTN AT RER) — A SN AR AN R ik (Scheme 4): AR 5 M2 BRER o SERVITRS. WAL AIERIEHER) TiX—
SRR R A IR, T A EEEE TR, RERE L3-S, AR SR
., EREE AN R R LR RINE IR B MRS B S 5K S IR R NG B AL
M o-FrAk R R e Gk B TR NS L ET L W) BRI A S AT LLE IS AR R AT 0, DR
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Entry Substrate
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Ratio (5/5") Yield®/%
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Z
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“The reactions were carried out on 1 mmol scale; bisolated yield.
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Scheme 4 Reaction mechanism
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Scheme 5 Reaction mechanism

1-CK Z B 3)3R IR EE 186.25 mg (1 mmol), F A i
IPrAuNTf, 43.3 mg (0.05 mmol), 3,5- UMt nE Z AL
340 mg (2 mmol), B, &SFRFHHFIMA 5.0 mL &
B il 47 ) 0.24 mol/L f¥) DEC-MsOH (1.2 mmol), #K
WL, TLC Kl [ B2 5e e, FH— /N it i i
PRy &AL, IR OB OBRTER, IR E X ET, If
BT 10.0 mL W EEFRH, AT &1 L, 80% /K&
J#F 188 mg (3 mmol), 70 ‘C X% 3 h, TLC il ) B 56 HE,
T, HENT, BE0OREE 176 mg, 772 89.2%.

3-235-4,5,6,7-V0 S -1 H | 1(32) > 15K 89.2%. 'H
NMR (CDCls, 300 MHz) 6: 9.32 (s, 1H), 7.64 (d, J=9.0
Hz, 2H), 7.39~7.34 (m, 2H), 7.30~7.25 (m, 1H), 2.75~
2.67 (m, 2H), 2.64~2.55 (m, 2H), 1.87~1.71 (m, 4H).

3- 4 3E-1,4,5,6- V0 E IR K [c]EMEEB)T: IR 87%.
'H NMR (CDCls, 300 MHz) 0: 9.49 (s, 1H), 7.62 (d, J=
9.0 Hz, 2H), 7.41~7.36 (m, 2H), 7.31~7.26 (m, 1H),
2.85~2.81 (m, 2H), 2.76~2.72 (m, 2H), 2.55~2.46 (m,
2H).

3-75%E-1,4,5,6,7,8- /N E I PE[c]EME(3e): LE 93%.
'H NMR (CDCl;, 300 MHz) &: 8.77 (s, 1H), 7.46~7.33
(m, 5H), 2.70~2.64 (m, 4H), 1.84~1.82 (m, 2H), 1.64~
1.63 (m, 4H); *C NMR (CDCl;, 100 MHz) d: 150.46,
145.13, 132.24, 128.67, 128.34, 127.87, 117.82, 32.34,
29.20, 28.61, 27.54, 24.85; IR (neat) v: 3123, 3062, 2919,
2847, 1443, 697 cm . HRMS calcd for Ci4HgN> [M+]
212.1313, found 212.1314.

3-75%£-4,5,6,7,8,9-/NEFLFE [c]MEPE3d): 1L 87%.
'H NMR (CDCl;, 300 MHz) d: 9.87 (s, 1H), 7.53 (d, J=
9.0 Hz, 2H), 7.40~7.26 (m, 3H), 2.67~2.59 (m, 4H),
1.69~1.47 (m, 8H); “C NMR (CDCl;, 100 MHz) ¢:
147.38, 145.64, 132.94, 128.58, 127.79, 127.52, 115.11,
30.44, 29.63, 25.90, 25.67, 24.77, 21.80; IR (neat) v: 3056,
2924, 2848, 1455, 1442, 699 cm '. HRMS calcd for

630 http://sioc-journal.cn/
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CysH sN, [M 1] 226.1470, found 226.1473.
5-eFk-4- H 3R L O (e): IR 60%. !
NMR (CDCls, 300 MHz) &: 8.91 (s, 1H), 7.57 (d, J=6.0
Hz, 2H), 7.41~7.28 (m, 3H), 2.56~2.51 (m, 2H), 2.16 (s,
3H), 1.63~1.50 (m, 2H), 1.34~1.20 (m, 8H), 0.89~0.85
(m, 3H); *C NMR (CDCl;, 100 MHz) o: 146.60, 146.52,
133.23, 128.53, 127.64, 127.40, 109.94, 31.92, 29.53,
29.33,29.21, 25.50, 22.78, 14.23, 9.09; IR (neat) v: 3063,
2922, 2851, 1496, 1466, 696 cm '. HRMS caled for
C7H,4N, [M ] 256.1939, found 256.1936.
4-BEHE-5-F L3R 1 H-NE M (Be"): UL 25%. !
NMR (CDCls, 300 MHz) 6: 8.77 (s, 1H), 7.51 (d, J=9.0
Hz, 2H), 7.40~7.30 (m, 3H), 2.52~2.47 (m, 2H), 2.16 (s,
3H), 1.52~1.39 (m, 2H), 1.30~1.19 (m, 8H), 0.88~0.83
(m, 3H); *C NMR (CDCls, 100 MHz) &: 145.79, 142.80,
132.55, 128.69, 127.88, 127.85, 116.22, 31.94, 30.85,
29.60, 29.13, 23.36, 22.77, 14.24, 10.79; IR (neat) v: 3060,
2922, 2853, 1494, 1452, 695 cm '. HRMS calcd for
Ci7H24N, [M 1] 256.1939, found 256.1944.
(5R,8S)-3-7%5-1,4,5,6,7,8- 7N A.-5,-8- H FL 34 P[]tk
31731, 4/1): R 90%(FH] PPhsAuOTSE /X% IPrAuNTf,
YEHEALTF)). 'TH NMR (CDCls, 400 MHz) J: 11.48 (s, 1H),
7.65~7.53 (m, 2H), 7.37~7.20 (m, 2H), 3.26~3.22 (m,
0.2H), 3.12~3.07 (m, 0.8H), 2.98~291 (m, 0.8H),
2.86~2.79 (m, 0.2H), 1.96~1.21 (m, 6H); “C NMR
(CDCl;, 100 MHz) o0: 153.77, 143.64, 143.09, 141.65,
132.30, 132.19, 128.69, 128.67, 127.49, 127.38, 127.24,
126.17, 121.35, 109.30, 37.46, 36.27, 36.13, 35.41, 34.78,
33.56, 32.98, 32.85, 32.30, 29.31. HRMS calcd for
CysH N, [M 7] 224.1313, found 224.1315.
W B I 0 Ak & Y Bg): WL E 48%. 'H NMR
(CDCls, 300 MHz) 6: 7.65 (d, J=8.0 Hz, 2H), 7.43~7.38
(m, 2H), 7.33~7.28 (m, 1H), 7.26~7.23 (m, 1H), 6.76~
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6.72 (m, 1H), 6.66 (s, 1H) 3.79 (s, 3H), 2.91~2.88 (m,
3H), 2.80~2.72 (m, 1H), 2.42~2.32 (m, 3H), 2.24~2.13
(m, 2H), 1.84~125 (m, 6H), 1.21 (s, 3H); "C NMR
(CDCl;, 100 MHz) o: 157.64, 155.14, 143.80, 137.98,
132.86, 132.73, 128.78, 127.59, 126.46, 126.36, 113.61,
111.71, 111.13, 55.36, 47.94, 43.83, 37.98, 36.57, 34.88,
30.22, 26.92, 26.17, 22.39, 21.48, 21.12; IR (neat) v: 3058,
2924, 2863, 1607, 1580, 1573, 1498, 1452, 694 cm '
HRMS caled for CyyH;N,O [M ] 3982358, found
398.2355.

5-7K £ FE-3- R 1 H-ME (30 IR 50%. 'H
NMR (CDCls, 300 MHz) 6: 9.31 (s, 1H), 7.70 (d, J=6.0
Hz, 2H), 7.38~7.34 (m, 2H), 7.31~7.20 (m, 4H), 7.14 (d,
J=6.0 Hz, 2H), 6.35 (s, 1H), 6.35 (m, 4H).

G-I 0 FE-3- I L H-IEME(3h): ISR 33%. 'H NMR
(CDCls, 300 MHz) 6: 8.86 (s, 1H), 7.51 (d, J=6.0 Hz,
2H), 7.42~7.32 (m, 4H), 7.29~7.24 (m, 2H), 7.21~7.14
(m, 3H), 2.79~2.84 (m, 4H); *C NMR (CDCl;, 100 MHz)
J: 144.89, 141.76, 134.47, 132.14, 128.80, 128.57, 128.48,
128.00, 127.78, 126.12, 117.79, 36.92, 26.39; IR (neat) v:
3148, 3026, 2920, 2848, 1494, 1452, 960, 692 cm ';
HRMS caled for C;;HiN, [M "] 248.1313, found
248.1315.

5-FA O FE-3- 2K H-IE M 3i): ISR 65%. 'H NMR
(CDCls, 300 MHz) d: 9.35 (s, 1H), 7.73 (d, J=6.0 Hz,
2H), 7.38~7.33 (m, 2H), 7.30~7.25 (m, 1H), 6.34 (s,
1H), 2.64~2.57 (m, 1H), 1.99~1.95 (m, 2H), 1.77~1.73
(m, 2H), 1.46~1.17 (m, 6H); *C NMR (CDCl;, 100 MHz)
5: 152.78, 149.99, 132.92, 128.76, 127.82, 125.74, 99.35,
35.89, 32.98, 26.19, 26.03; IR (neat) v: 2922, 2849, 1462,
1448, 689 cm '. HRMS caled for Cy;sHisN, [M ']
226.1470, found 226.1475.

4-3F CIE-3- R 1 H-IEME(3iY): ISR 22%. 'H NMR
(CDCls, 400 MHz) 6: 8.75 (s, 1H), 7.52 (d, J=4.0 Hz,
2H), 7.42~7.34 (m, 4H), 2.39~2.64 (m, 1H), 1.90~1.88
(m, 2H), 1.78~1.76 (m, 3H), 1.38~1.21 (m, 4H); "*C
NMR (CDClLy, 100 MHz) &: 143.77, 132.95, 132.49,
128.77, 128.03, 127.92, 125.00, 35.15, 33.85, 26.88, 26.25;
IR (neat) v: 3047, 2922, 2848, 1445, 697 cm '. HRMS
caled for CysH gN, [M ] 226.1470, found 226.1467.

4- H J -3- 2R Bk -5-( = 9 FH ik )-1H- TR PR (3): Wi
35%(FH PPh;AuOTE /X% IPrAuNTf, {E{#4L 7). 'TH NMR
(CDCls, 300 MHz) 6: 11.79 (s, 1H), 7.50~7.40 (m, 5H),
224 (s, 3H); C NMR (CDCl;, 100 MHz) &: 142.49,
129.05, 128.95, 128.67, 127.56, 123.11, 120.43, 111.89,
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8.06; IR (neat) v: 3114, 3071, 3030, 1490, 1446, 1113, 710
cm . HRMS caled for CHoF3N, [M '] 226.0718, found
226.0723.

S-F R 498 2 F 3 IR B H-E M (3K): IR 63%.
'H NMR (CDCls, 400 MHz) 6: 9.26 (s, 1H), 7.54 (d, J=
8.0 Hz, 2H), 7.40~7.37 (m, 2H), 7.33~7.29 (m, 1H),
7.28~7.24 (m, 2H), 7.21~7.17 (m, 1H), 7.13 (d, J=8.0
Hz, 2H), 2.94~2.85 (m, 4H), 2.04 (s, 3H); “C NMR
(CDCl;, 100 MHz) o0: 146.82, 145.45, 141.47, 132.49,
128.73, 128.56, 128.53, 127.75, 127.54, 126.21, 110.62,
35.51, 27.83, 8.85; IR (neat) v: 3055, 3029, 2918, 1494,
1448, 693 cm '. HRMS caled for Ci;gHigN, [M ]
262.1470, found 262.1471.

34- TR IH- M EDP, U E 41%. 'H NMR
(CDCls, 400 MHz) 6: 7.72 (s, 1H), 7.46~7.45 (m, 2H),
7.37~7.35 (m, 4H), 7.32~7.31 (m, 4H).

3,5- R TH-MEEBINEY: Uk 41%. 'H NMR
(CDCls, 400 MHz) 8: 7.74 (d, J=8.0 Hz, 4H), 7.48~7.45
(m, 4H), 7.40~7.36 (m, 2H), 6.87 (s, 1H).

33 X HBEHEREH—KPSER

[ 10 mL FEJRFIIN 1-[(2- LIRFFE) Ik IE IR
[ (42 mg, 0.2 mmol), FIIA JohnPhosAuNTf, (4.13
mg, 0.01 mmol), 3,5- — St uE & ALY (64 mg, 0.4
mmol), AT, HBJEMA0.5mL (1 1,2-—& Lk, =
IR FEE R, TLC Al s M se Be, KBk, LR 4P
ZEL, A, T, R, 19 20K EIHPIRY.

3-(2-FRHE VB L 3E)-2,3-1H-2i-1-Fi (5a Al 5a")lY:
% 40%. '"H NMR (CDCls, 400 MHz) d: 7.97 (d, J=8.0
Hz, 0.3H), 7.94 (d, J=8.0 Hz, 0.7H), 7.89 (d, /=8.0 Hz,
0.7H), 7.79 (d, J=8.0 Hz, 0.3H), 7.73~7.68 (m, 0.7H),
7.56~7.53 (m, 1H), 7.45~7.41 (m, 0.3H), 3.70 (s, 1.4H),
3.26 (s, 0.6H), 3.12~3.11 (m, 1.4H), 2.68~2.65 (m,
1.2H), 2.56~2.52 (m, 1.4H), 2.04~1.90 (m, 4H); “C
NMR (CDClL;, 100 MHz) 6: 206.59, 203.72, 203.03,
201.33, 148.85, 147.26, 140.30, 139.38, 139.01, 136.57,
135.04, 134.62, 132.36, 132.06, 130.30, 129.80, 127.91,
125.85, 123.98, 123.60, 45.21, 44.27, 41.87, 41.78, 35.02,
31.19, 26.53, 25.75, 23.93, 23.12. HRMS caled for
CysH140, [M ] 226.0994, found 226.0999.

3-(2-FRFE I O HE)-2,3- 1 H-Efi-1-Fi(5b F1 5b")EY:
% 40%. '"H NMR (CDCls, 400 MHz) d: 7.93 (d, J=8.0
Hz, 0.5H), 7.88 (d, J=8.0 Hz, 0.5H), 7.79 (d, J=8.0 Hz,
0.5H), 7.73~7.68 (m, 1H), 7.56~7.49 (m, 1H), 7.43~
7.39 (m, 0.5H), 3.55 (s, 1H), 3.25 (s, 1H), 2.94~2.91 (m,
1H), 2.71~2.66 (m, 2H), 2.48~2.45 (m, 1H), 1.95~1.76
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(m, 6H); >C NMR (CDCl;, 400 MHz) &: 211.28, 207.78,
203.11, 201.49, 148.51, 147.37, 139.93, 139.40, 138.28,
138.02, 135.13, 134.92, 134.83, 130.52, 129.81, 129.37,
126.49, 124.62, 124.09, 123.81, 43.70, 43.08, 42.87, 40.83,
31.66, 30.60, 29.63, 29.53, 28.16, 27.76, 24.37, 24.14.
HRMS caled for Ci;¢Hi0, [M "] 240.1150, found
240.1151.

4 Bh#4 % (Supporting Information) =4 [ & i Al ik

i,

IX e AR AT DL A 9 A T 199 35 (hitp://sioc-journal.

cn/) B ERL
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