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Abstract

This paper reports that on the catalytic condition of ionic liquid [Bmim]BF,4, with pyrazolone,
aromatic aldehyde and malononitrile as the starting materials, multi-pyrane[2,3-c]pyrazoles are
synthesized by three-component one-pot reaction. This method has the advantages of simple op-
eration, good selectivity, high atomic utilization rate and environmental friendliness, and provides
an effective synthesis method for the study of these compounds. The structure of the products was
characterized by IR, TH-NMR and HR-MS.
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2 155 [ S (MCRs)E N —F A 80 & OB A HLA e A T 2 N A, FIH 2 4 5 N a]
LA R — R E MR A, AR E AN ST kS E a LA RO,
HKZHZ Ay N AR, mikiEtt. BPRAERE. Wb a B aith B, e RN = R R
BE RIS 5512 [3]. BRIk, 224090 I B0 A i T 280 A LA B AT, AN ] B i () B8 075 VR 1T 52 B
Kl 22 Bl 22 R B HVE

B R S R AR REE RS KT SR E A, TEE VLA R BB T 2N
BT EFEEARE T —Fhim & 7% 75[Bmim]BF, AL SRR, DL 1-(4-FRFE ) -3- 5 oy Lt
WS-, 55 A IS AR T i N AR JFURFE = 40y — 4R iR N A R 2 BRI I 52,3 -]t 2Rk &4 . 1
RUAYEA SFNEIE P ABEE, WPt (4] (5] PUE[6] [7]. EEHM#IAI8], (EERAMAALLZSUREA)
Z BN FANE
2. SEEGER4y
2.1. B{5R7

PRI 55 F 31 BUCHIB2540 F44A S AGI & (R E AR IE); TSR API 2000 JR 540N 5 s
AR VARIAN INOVA 400 RUZHELILHRAUIIE(CDCl;, DMSO-dg AiEF, TMS AWkR); L4061
BRUKER-EQUINOXS ZLAM il {3 € (KBr s F)s JeE 70 M EA-1110 T3 70 G 5E o S48 Bt k%)
YN al, BRrrkii AN R AP BB o
2.2. BFRIENER

B TR Bmim|BF, & AR B 1 Fras: -] 5E-3- FF SRk me O SO 26 10 & g 2k o0 v 2 2, B
AR B4R [Bmim|Br F& AN 132 il %% [Bmim]BF 4.0

1) # 12 ml N-H LBk n N B R T, FEIA 19.2 ml JRACIE T HEfE 70°CHidk 48 he A 41, M4
TR CBe Vi 3 A RIE AR, HhiE, MNES TEAE T 8 h, #7584 [Bmim]Br.

2) FRECFE4A 0.2 mol A 250 ml B AN, 42 B8 /R LE 1:1.2 IS ER 84 A& 100 ml — & H e, 45°C
FHEEE 48 ho A0, HhE, U 251, BT 8 h 3 2 B ARr= 4 1-7 58-3-H LR VU 500 R 25 [ Bmim | BF, .
2.3. MEEMEEH[2,3-c|AitrE 2k &4 da-4f BIE R R EHIFREE

WA da-4f IS 2 BT o 4 1.0 mol 1-(4-32 38 2K 35 )-3- 57 Ry Btk Pe-5-f] , 1.0 mol 75 & AT 1.0 mol
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Figure 1. The synthesis of ionic liquid [Bmim]BF,
B 1. BEFRIA[Bmim|BF, BIE& L

(0]
/
N. e} Ar)J\ H )
N + 3a-3f [Bmlm]BF4
EtOH, 75°C
4a-4f
CN
CO,H ; CoH
1

Ar= 4-OCH;-3-OH-C¢Hj(3a), 4-F-C4H,(3b), 4-C1-C¢H,(3¢)
4-Br-CgH,(3d), 4-OH-C¢H,(3e), 3-OH-C4H,(3f)

Figure 2. Synthesis of pyrano[2,3-c]pyrazoles 4a-4f
B 2. ARMIEH2,3-c] AL &Y 4a-4f

A H5¥%T 5 mL EtOH A1, JIA[Bmim]BF, (20 mol%), JRAIISIGAE 75°CRN 2 ho JEITH#ZE GIE(TLC)
BEFEHZE RN GG, B RNTH R, 9205, 485 H DMF/EtOH H 45 &
B2 H bt &9 4a-4f.

4a: "H NMR (400 MHz, CDCly): 6 12.97 (s, 1 H), 8.87 (s, 1 H), 8.04.(d, 2 H), 7.96 (d, 2 H), 4.60 (s, 1 H),
2.51 (s, 1H), 1.05 (d, 3H), 0.87 (d, 3H) ppm; IR (thin film): 3545, 3445, 3232, 3205, 2194, 1692, 1664, 1603,
1511, 1484, 1385, 1262, 1082, 861, 802, 755 cm™'; HRMS (TOF MS ES") m/z [M + H]" calcd. for Cy4H,,N,Os5
447.1677, found 447.1673.

4b: "H NMR (400 MHz, CDCly): 6 12.97 (s, 1 H), 8.03 (d, 2 H), 7.97 (d, 2 H), 7.33 (d, 2 H), 7.22 (s, 2 H),
7.16 (d, 2 H), 4.77 (s, 1 H), 2.44 (s, 1 H), 1.04 (d, 3 H), 0.84 (d, 3 H) ppm; IR (thin film): 3433, 3445, 3325,
2184, 1719, 1661, 1607, 1526, 1395, 1236, 1091, 856, 815, 776 cm'; HRMS (TOF MS ES") m/z [M + H]"
calcd. for C53H,oFN,4O5 419.1577, found 419.1573.

4c: "H NMR (400 MHz, CDCly): 6 12.98 (s, 1 H), 8.05 (d, 2 H), 7.98 (d, 2 H), 7.41 (d, 2 H), 7.32 (d, 2 H),
2.45 (s, 1 H), 1.04 (d, 3 H), 0.87 (d, 3 H) ppm; IR (thin film): 3447, 3344, 3177, 2185, 1715, 1644, 1614, 1536,
1384, 1265, 1118, 815, 788 cm'; HRMS (TOF MS ES") m/z [M + H]" caled. for Co3H,oCIN,O; 435.1167,
found 435.1165.

4d: "H NMR (400 MHz, CDCl;): § 12.99 (s, 1 H), 8.04 (d, 2 H), 7.98 (d, 2 H), 7.55 (d, 2 H), 7.26 (d, 2 H),
7.25 (s, 2 H) ppm; IR (thin film): 3474, 3294, 3175, 2188, 1707, 1655, 1607, 1527, 1484, 1394, 1205, 1086, 857,
804, 774 cm '; HRMS (TOF MS ES") m/z [M + H]" calcd. for Co3H;sBrN,O; 479.0679, found 479.0677.

4e: "H NMR (400 MHz, CDCI3): ¢ 12.96 (s, 1 H), 9.31 (s, 1 H), 8.04 (d, 2 H), 7.96 (d, 2 H), 7.15 (d, 2 H),
7.04 (d, 2 H), 6.70 (d, 2 H), 4.61 (s, 1 H), 2.51 (s, 1 H) 1.04 (d, 3 H), 0.85 (d, 3 H) ppm; IR (thin film): 3478,
3294, 3168, 2191, 1708, 1654, 1605, 1517, 1492, 1392, 1225, 1087, 857, 813, 792 cm '; HRMS (TOF MS ES")
m/z [M + H]" calcd. for C,3H,4N,40, 417.1576, found 417.1574.
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4f: TH NMR (400 MHz, CDCLy): 6 12.99 (s, 1 H), 9.31 (s, 1 H), 8.04 (d, 2 H), 7.98 (d, 2 H), 7.18 (s, 2 H),
7.13 (t, 1 H), 6.71 (d, 1 H), 6.65 (t, 2 H), 6.63 (t, 1 H), 2.51 (s, 1 H), 1.06 (d, 3 H), 0.89 (d, 3 H) ppm; IR (thin
film): 3463, 3354, 3184, 2197, 1714, 1667, 1604, 1532, 1398, 1274, 1096, 814, 783 cm™'; HRMS (TOF MS ES")
m/z [M + H]" caled. for Co3H20N,0 4417.1577, found 417.1575.

3. FER5WiL
3.1. RRIFATHE

DL 1-(4-FR LA HE)-3- 5 A ZE -5 1 (1.0 mmol), 7 & 2 (1.0 mmol), 4-F 5 FE-3-FRILFKHEE 3a
(1.0 mmol) AT 4R K — 470 = 20 7y [ BORBERY, BATERVT TR/ MEALFIZEA, LRI &= RV E
V) DA R Sz 7k o AR J5 I8 7 6 [ B T (2 1)

W Sk 1A E] AT B S B (BRI (1, entries 1~3) MEHETLLE H, TMELFIZMET
N AREBAT, BT AR [Bmim]|BF, FEALTEMEZ L HBF4 5. K, %% 7 EtOH. H,0. CH;CO,Et.
CH,Cl,» CH3CN. MeOH. Toluene -EAN[FEVEFINS [ NAK R 5200 (entries 3~9), 25 R HTE H,0 B+
PR NN R A, BtOH VA7 2% N ONF= 3 i B a5 S S [) R FE 3R 47 07 i (entries 10~12), 4%
LI TR ZE K F S h B B AR = 28 3R BN, BB I NLAE 2 h I 48 58 4 OB, K IR E TR 80°C

Table 1. Optimization of reaction conditions

1. RMFHOMRK

OCH3
OH
N
N © cH Catalyst
+ 3a Solvent
CN 4a
coH <CN CO,H
1
2
Entry Catalyst Solvent Temp(°C) Time(h) Yield“(%)

1 No base EtOH 75 2 NR?
2 HBF, (20 mol%) EtOH 75 2 73
3 [Bmim]BF,4 (20 mol%) EtOH 75 2 85
4 [Bmim]BF, (20 mol%) H,0 75 2 NR®
5 [Bmim]BF,4 (20 mol%) CH;CO,Et 75 2 45
6 [Bmim]BF; (20 mol%) CH,Cl, 75 2 35
7 [Bmim]BF, (20 mol%) CH;CN 75 2 56
8 [Bmim]BF,4 (20 mol%) MeOH 75 2 52
9 [Bmim]BF, (20 mol%) Toluene 75 2 32
10 [Bmim]BF, (20 mol%) EtOH 75 5 85
11 [Bmim]BF, (20 mol%) EtOH 80 2 84
12 [Bmim]BF; (20 mol%) EtOH 65 2 72
13 [Bmim]BF, (30 mol%) EtOH 75 2 85

P RARLE.
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Table 2. Investigation of substrate scope

=2 RMEEMTRR

Ar
) CN
N= CN o ) N
! [Bmim]BF \
N RGN N L L Y S
/©/ N A" H EtoH, 70°C

[¢]
HO.C 1 2 3a-3f 4a-4f
COH
Entry Peoduct Ar Mp( °C) Yield” (%)
1 4a 4-OCH;-3-OH-C¢H; 190-192 85
2 4b 4-F-CgHy 179-181 85
3 4c 4-CI-C¢Hy4 229-231 86
4 4d 4-Br-C¢Hy 224-226 88
5 4e 4-OH-C¢Hy 223-225 84
6 4f 3-OH-C¢H4 205-207 83

e

H1 65 CH P27 25046 BT T B o S fa WAL TR AR N4 & 1E AT %5 %2 (entries13), 4L AR 30 mol %k
FEVIRI BRI TR N . BRIk, N B R S A AE 9 EtOH ¥ 58I, B WA [Bmim]BF, (20 mol%)
R, 75C %M N 2 he
3.2. BRI EEMR

R4 FR S B A B AR(R 1, entry 3), 93 TEGS M B EY) 4a-4f, A TRHZ R
MRV EPEREAT THET, S5 2 s . WRPATLUEH, 77 &1 3a-3f IR EGIR T A I BT
BRI 2 55 W L7 HETE [Bmim] BF fEAGAE F T #BREAR 47 1 2 5 I N, 13 2] 83%~88% 5 i = 26 1) H Ak &40 o
B, B T4 [Bmim] BF, fH 4k & B 2 BUAR ML [2,3-c] b4k & 4 B A 1R U7 1R A5 5 1
4. 5ip

A SCHRGE T — A SRR ¥ 7572 12 BRI R (2,3 -]k P28 4 &40, i 25 -9 /& [Bmim]BF,
EALLL 1-(4-FRIEFIE)-3- 53 P St -5 -, 5 & AL A AN TR i e R JRORE 2 = 4 4y — i I N 15 31
Hbsb &Y. 75 BT SN A [ o R P58 A 07 S5 2

EL£mAB
HERECE S AL AR R A HT I H FE 4 (NO.XIGRI2014019).
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