% *ﬂs {t % DOI: 10.6023/cjoc1104181

RIEX

Chinese Journal of Organic Chemistry

ARTICLE

WS FRAEN “—%E” &K 1,4-ZS Mg F[2,3-c]rtme
FE  Haxt
(LML TR S MBS BiJH 310014)

WE e B RS EAL 1- T JE-3- FREBK I ((bmim JOH)HEALAE FT R, i 05 Al I I I SR SR ANk
K —BE” BT R 14 IF[2,3-cIME ML . SEIR SR T AR ORI L AT R Y
XS I, W5E T SR N A A, gt T AT RER R N HLER.  SHAMEEAK R AT AT (S i B, LA R A8 DY 2L A
WM BERC. B2 T "HNMR, IR, MS FUCEMHHIE. BT ESARRAN . SOMIRRL, =5 m HL
XA ACUT.

KB BRI TR, R 1,4- AU R [2,3-c AL S

One-Pot Synthesis of 1,4-Dihydropyrano[2,3-c]pyrazoles
Catalyzed by Basic lonic Liquids

Li, Xiaojun  Guo, Hongyun™
(College of Chemical Engineering and Material Science, Zhejiang University of Technology, Hangzhou 310014)

Abstract A series of 1,4-dihydropyrano[2,3-c]pyrazoles were synthesized via four-component one-pot reaction of aromatic
aldehyde, malononitrile, ethyl benzoylacetate and hydrazine or hydrazinobenzene. 1-Butyl-3-methyl imidazolium hydroxide
([bmim]OH) was used as basic ionic liquid catalyst. The effect of catalyst, reaction temperature, catalyst amount and solvent
on the yield were investigated. The optimum reaction condition was determined and the possible mechanism was proposed.
Besides, the catalyst could be recovered conveniently and reused for at least four times without evident loss of activity. The
products were identified by '"H NMR, IR, MS techniques and elemental analysis. The present methodology offers several ad-

vantages such as milder reaction condition, shorter reaction time, excellent yield and environmental friendliness.

Keywords basic ionic liquid; one-pot reaction; 1,4-dihydropyrano[2,3-c]pyrazoles
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Scheme 1

1 1H-MME-5(4H)-TL G 3 15 %
Table 1 Synthesis of 1H-pyrazol-5(4H)-ones 3

Product R Time/h
3a H 0.5
3b Ph 1.5

F2 14- SN IFR2,3-c ML A 6 15 L
Table 2 Synthesis of 1,4-dihydropyrano[2,3-c]pyrazoles 6

Product R Ar Time/h  Yield/% m.p. (lit.)/C
6a H 4-FCH, 1.0 92 242~244
6b H 4-CIC¢H, 1.0 91 242~2441
6c H 3-BrCeH, 1.0 90 250~251
6d H C¢Hs 1.5 86 262~2631
6e H 4-HOC¢H, 2.0 88 236~237
6f H 4-CH;CeH, 1.5 89 245~247
6g H 4-CH,OCH, 2.0 91 230~231%
6h H 4NO,CH, 20 92 249~250
6i Ph 4-FC¢H, 3.0 91 214~216"
6j Ph 4-CIC¢H, 3.0 90 214~215M"
6k Ph C¢Hs 4.0 86 190~192"
61 Ph 4-HOC¢H, 4.0 89 235~236!"!
6m Ph 4-CH;CH, 45 91 256~257
6n Ph 4-CH;OCeH, 5.0 88 225~227"
60 Ph 4-NO,CH, 4.5 90 238~239

“Isolated yield.

ZLAMEIER A NEXUS 670 A JLH-20 40 RS 5 (K Br
JEF); et AR AR K] Bruker AVANCE-II 500 MHz
AR N R AR AR B OO 5 (TMS . 2 A,
DMSO-d, }¥%i7); Bruker Esquire 3000 &1 Fiit{L;
JCE MR Flash EA 1112 BUCEMHL. EFELS
1R L6 T8 I RN DA 22 35 A 2 A R A w] K,
JIT 5 0 0% A W AR b7 T Bl 7 R B . S RS
W SCHR[24) 77785 k.
1.2 1,4-ZSMIEFF[2,3-c]itm 6a~60 AR

DL 6-% 55 -4-(4- S R )-3- R BE -5 - Ak - 1,4- — it
W JE[2,3-c]b M R 5], £E 25 mL (R R B o AP
(0.116 g, 2.0 mmol), & H M &2 £ 1E(0.384 g, 2.0
mmol), £ 10 mL, 7F 80 ‘C N, TLC Wi, fFlR
BHEA R JF 18, SR JE AN —Ji5(0.132 g, 2.0
mmol). 4-Z 2K (0.224 g, 2.0 mmol)F1[bmim]OH (0.2
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mmol), 7F 80 C F4k&:/x )V, TLC Wi, [ 5k )rfs:
I, A, hUE, R, FH 90%I SBESER 1~2
UVASBIHFRP Y 6-28 Fa-4-(4- G K HE)-3- K k-5 k-1 4-
AU FE[2,3-c]kMe(6b). KB T SR BEVR 2 IR, B
LRV ORI B, SRJET 80 C FhEZE T
P4 40 min B 0] [BIWCAG 2 B Ik, AT E SR

6- 24 H5-4-(4- A KL )-3- K HE-5- 5 HE-1,4- — SR IF
[2,3-c]itM(6a): (AR ARE K. '"H NMR (DMSO-ds,
500 MHz) 6: 12.92 (s, 1H, NH), 7.46~7.00 (m, 9H, ArH),
6.97 (s, 2H, NH, ), 5.05 (s, 1H, 4-H); IR (KBr) v: 3500,
3226, 3105, 2191, 1643, 1602, 1506, 1477, 1415, 761, 746,
692 cm ', MS (EL 70 eV) m/z (%): 333.1 (M +1, 5.90),
332.0 (26.45), 266.1 (70.19), 265.1 (42.16), 237.1
(100.00). Anal. calcd for C;oH3FN,4O: C 68.67, H 3.94, N
16.86; found C 68.33, H 3.96, N 16.83.

6- 28 H5-4-(4- R IE)-3- IR -5 - 1,4- — Ak
[2,3-c]itmE(6b): K ARG . "H NMR (DMSO-dj,
500 MHz) 6: 12.94 (s, 1H, NH), 7.47~7.12 (m, 9H, ArH),
7.00 (s, 2H, NH, ), 5.06 (s, 1H, 4-H ); IR (KBr) v: 3435,
3294, 3143, 2185, 1645, 1600, 1502, 1485, 1415, 767, 744,
692 cm™'; MS (EL 70 eV) m/z (%): 349.0 M " +1, 5.23),
282.0 (78.19), 237.1 (100.0), 171.1 (38.84). Anal. calcd for
C1oH3CIN,O: C 65.43, H 3.76, N 16.16; found C 65.40, H
3.79, N 16.10.

6- 24 H-4-(3- TR A KL )-3- R HE-5- 5 Bk-1,4- — SR IF
[2,3-c]itM(6e): IR AR /£, '"H NMR (DMSO-d,
500 MHz) 6: 12.94 (s, 1H, NH), 7.48~7.10 (m, 9H, ArH),
7.04 (s, 2H, NH,), 5.08 (s, 1H, 4-H); IR (KBr) v: 3452,
3327, 3195, 2194, 1662, 1623, 1515, 1487, 1456, 1072,
775,756, 698 cm '3 MS (EL 70 eV) m/z (%): 394.0 (M™+
2, 10.07), 327.9 (32.07), 326.0 (33.14), 247.1 (17.46),
237.1 (100.00). Anal. caled for C;oH;3BrN,O: C 58.03, H
3.33, N 14.25; found C 58.01, H 3.29, N 14.27.

6- R HE-3,4- IR FE-5FI-1,4- AU 2,3k
M (6d): 1€k AR [Hl 4. '"H NMR (DMSO-ds, 500
MHz) J: 12.90 (s, 1H, NH), 7.45~7.10 (m, 10H, ArH),
6.95 (s, 2H, NH,), 4.98 (s, 1H, 4-H)); IR (KBr) v: 3469,
3327, 3074, 2194, 1662, 1595, 1515, 1487, 779, 756, 696
cm '; MS (EL 70 eV) m/z (%): 315.1 (M"+1, 4.42), 314.0
(19.52), 248.0 (25.91), 247.1 (28.26), 237.1 (100.00).
Anal. caled for CjoH,N4O: C 72.60, H 4.49, N 17.82;
found C 72.64, H 4.47, N 17.81.

6-Z - 4-(4-FR HE ORI )-3- R -5 - 1,4- At
I [2,3-c] 1k M (6e): 1 (AR KR [ <. "H NMR
(DMSO-ds, 500 MHz) d: 12.85 (s, 1H, NH), 9.21 (s, 1H,
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OH), 7.45~6.89 (m, 7H, ArH), 6.85 (s, 2H, NH,), 6.58~
6.56 (m, 2H, ArH), 4.84 (s, 1H, 4-H); IR (KBr) v: 3471,
3332, 3209, 2194, 1664, 1596, 1512, 1487, 1452, 779, 756,
698 cm ;s MS (EL 70 eV) m/z (%): 331.1 (M"+1, 2.32),
264.0 (100.00), 263.0 (68.07), 237.1 (40.45), 207.1
(20.66). Anal. calcd for C;oH4N4O;,: C 69.08, H 4.27, N
16.96; found C 69.09, H 4.25, N 16.93.

6- R FH-4-(4- F FEIRIE)-3- 2K I -5 k- 1,4- UL
I [2,3-c] Mk M (6f): 4k KR B KA. '"H NMR
(DMSO-ds, 500 MHz) 6: 12.89 (s, 1H, NH ), 7.47~6.98
(m, 9H, ArH), 6.90 (s, 2H, NH,), 4.94 (s, 1H, 4-H), 2.19 (s,
3H, CH;); IR (KBr) v: 3465, 3327, 3213, 2920, 2196,
1662, 1614, 1515, 1467, 1401, 119, 752, 692 cm™'; MS
(EL, 70 eV) m/z (%): 330.1 (M" 42, 1.92), 262.0 (72.43),
261.0 (52.21), 247.1 (53.13), 237.1 (100.00). Anal. calcd
for CyHgN4O: C 73.15, H 4.91, N 17.06; found C 73.11,
H 4.93, N 17.0.

6- A Fe-4-(4- AR FE R L )-3- R k-5 - 1,4- &L
IR 5F: [2,3-c] ik M (6g): A €4k AR [ 44 . "H NMR
(DMSO-ds, 500 MHz) J: 12.89 (s, 1H, NH), 7.48~7.02
(m, 7H, ArH), 6.90 (s, 2H, NH,), 6.77~6.76 (m, 2H,
ArH), 4.94 (s, 1H, 4-H), 3.66 (s, 3H, CHs); IR (KBr) v:
3475, 3332, 3074, 2194, 1662, 1615, 1515, 1504, 1456,
1394, 779, 757, 696 cm ™ '; MS (EL 70 eV) m/z (%): 346.1
M " 42, 1.87), 344.0 (40.24), 278.0 (100.00), 277.2
(63.66), 237.1 (73.24). Anal. caled for ChoH;N4O,: C
69.76, H 4.68, N 16.28; found C 69.73, H 4.69, N 16.24.

6- 28 Fk-A-(4-Hl FE R HE)-3- IR F-5- T - 1,4- LR
I [2,3-c] WL ME (6h): B Ry KR [ K. 'H NMR
(DMSO-d, 500 MHz) &: 13.00 (s, 1H), 8.09~8.07 (d, J=
10.00 Hz, 2H), 7.48~7.46 (t, J=6.50 Hz, 2H), 7.41~7.39
(d, J=10.00 Hz, 2H), 7.33~7.27 (m, 3H), 7.12 (s, 2H),
5.28 (s, 1H); IR (KBr) v: 3469, 3332, 3219, 2192, 1662,
1595, 1515, 1487, 1456, 779, 757, 698 cm '; MS (EI, 70
eV) m/z (%): 360.1 (M'+1, 4.64), 293.0 (69.33), 292.0
(20.30), 246.0 (19.33), 237.0 (100.00). Anal. caled for
C1oH3NsO5: C 63.51, H 3.65, N 19.49; found C 63.50, H
3.61,N 19.51.

6- 24 HE-1,3- KL -(4- A KL )-5- T - 1,4- LR
I [2,3-c] e ME (61): 11 8 By A IR [ 4k . TH NMR
(DMSO-ds, 500 MHz) 6: 7.94~7.05 (m, 14H, ArH), 7.03
(s, 2H, NH,), 5.17 (s, 1H, 4-H); IR (KBr) v: 3535, 3242,
3122, 2191, 1637, 1606, 1502, 1481, 1409, 771, 750, 696
cm s MS (EL 70 eV) m/z (%): 409.1 (M +1, 3.62), 343.0
(24.22), 342.1(100.00), 313.1 (43.92), 247.0 (68.84). Anal.
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caled for C,sH;,FN,4O: C 73.52, H 4.20, N 13.72; found C
73.55,H 4.15, N 13.74.

6- 24 - 1,3- R HE-(4- SR )-5- T K- 1,4- — kg
H[2,3-cItm(6)): MR AR 4. "H NMR (DMSO-dg,
500 MHz) J: 7.94~7.25 (m, 16H, ArH and NH,), 5.18 (s,
1H, 4-H); IR (KBr) v: 3471, 3330, 3082, 2194, 1662, 1623,
1515, 1456, 1427, 781, 757, 696 cm™'; MS (EL 70 eV) m/z
(%): 424.0 (M", 4.26), 360.0 (29.34), 358.0 (85.01), 247.1
(100.00). Anal. caled for CosH,,CIN,O: C 70.67, H 4.03, N
13.19; found C 70.70, H 4.01, N 13.15.

6-%4 H5-1,3,4- = R -5 AL - 1,4- AL IF[2,3-¢]
LI (ek): M ek AR 44, 'TH NMR (DMSO-ds, 500
MHz) §: 7.95~7.14 (m, 17H, ArH and NH,), 5.10 (s, 1H,
4-H); IR (KBr) v: 3469, 3332, 3198, 2194, 1664, 1632,
1515, 1467, 1437, 779, 757, 692 cm ™ '; MS (EI, 70 eV) m/z
(%): 391.1 (M"+1, 4.45), 325.1 (25.23), 324.1 (100.00),
313.1(71.97), 247.1(98.87). Anal. caled for C,sH,sN,O: C
76.91, H 4.65, N 14.35; found C 76.93, H 4.67, N 14.32.

6-FFE-1,3- R I -(4- R HE ORI )-5- /U - 1,4- Atk
W Jf [2,3-c] ML M (o1): 1 €5 8 ACIR [ 4k . 'TH NMR
(DMSO-ds, 500 MHz) d: 9.26 (s, 1H, OH), 7.94~6.60 (m,
16H, ArH and NH,), 4.97 (s, 1H, 4-H); IR (KBr) v: 3527,
3489, 3134, 3112, 2191, 1639, 1606, 1502, 1481, 1409,
771, 767, 698, cm '; MS (EI) m/z (%): 407.1 (M"+H,
2.12), 340.1 (100.00), 339.2 (32.59), 337.2 (33.99), 247.1
(40.66). Anal. calcd for C,sHgN4O,: C 73.88, H 4.46, N
13.78; found C 73.89, H 4.43, N 13.76.

6-2 H-1,3- R HE-(4- R OR O )-5- U - 1,4- A&tk
W 5F [2,3-c] WL M (6m): 3 (4 By ACIR [ 44, '"H NMR
(DMSO-ds, 500 MHz) 6: 7.94~7.02 (m, 16H, ArH and
NH,), 5.05 (s, 1H, 4-H), 2.19 (s, 3H, CH;); IR (KBr) v:
3469, 3332, 3211, 2192, 1662, 1600, 1515, 1489, 1456,
781, 756, 698 cm”'; MS (EI) m/z (%): 404.1 (M*, 2.70),
339.1 (24.60), 338.1 (100.00), 337.2 (33.99), 247.1 (52.14).
Anal. caled for CoHyN4O: C 77.21, H 4.98, N 13.85;
found C 77.22, H 4.95, N 13.8.

6-24H-1,3- R - (4- WA R D) -5- T 2E-1,4-— &
WL IR I [2,3-c] 0t M (6m): (1 €8 AR [ 4. TH NMR
(DMSO-ds, 500 MHz) 6: 7.95~6.78 (m, 16H, ArH and
NH,), 5.06 (s, 1H, 4-H), 3.67 (s, 3H, CHs); IR (KBr) v:
3469, 3328, 3188, 2192, 1662, 1623, 1515, 1487, 1456,
779, 756, 698 cm '3 MS (EL 70 eV) m/z (%): 421.1 (M™+
H, 2.70), 339.1 (24.60), 338.1 (100.00), 337.2 (33.99),
247.1 (52.14). Anal. caled for C,sHpN4O,: C 74.27, H
4.79, N 13.33; found C 74.29, H 4.75, N 13.31.
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6-24-1,3- TR (4- R EE AL )-5- T k-1 ,4- AUt
I JF [2,3-c] Ik M (60): 3% €4 By ACIR [l 4. '"H NMR
(DMSO-ds, 500 MHz) 6: 8.11~7.25 (m, 16H, ArH and
NH,), 5.40 (s, 1H, 4-H); IR (KBr) v: 3471, 3332, 3074,
2194, 1662, 1600, 1515, 1487, 1456, 781, 757, 696 cm
MS (EL, 70 eV) m/z (%): 435.0 (M, 5.13), 370.0 (17.92),
369.0 (71.85), 247.1 (100.00). Anal. calcd for CosH gN,O,:
C 73.88, H 4.46, N 13.78; found C 73.85, H 4.45, N 13.80.

2 ZR5iT1e
2.1 FEHIRIE

LLHFRF=) 6b K, £AM61EF 3435, 3294, 3143
em’ ARSI g B R AE RO 2185 em ! AT
MRS S S (R RFAE WAL U6 77 1645, 1415 em A 1
LS L AR PR SR R SR i 0 1600, 1502, 1485 cm !
KA BRI 767 em ' Ay TS AR E
Wi, 746 cm ' PUBUARZE FIRFAE K4, 692 cm '
C—CIl BERIFFE IS, 75 "H NMR H, § 12.94 bWk
Uk B, S N 1, R EFENH); £ S
7.47~8.94 HPLPULI AU EIE, W2 — ik, —4% HIg,
5 7.00 Kb WUE Sk B, A H A 2, RN R
(NH,); 6 5.06 AbW Wi Ay sleg, S E 4 1, R4 DY
SAMA, HAMBEHENA 13, S 6-RIHh-4-4-5K
HE)-3- R HE-5-F I 1,4- SR I [2,3-c ML AT 23 A
ESIJ& MS MR 25 FR W, Z A4 1508 349.0,
NMAH] W, HER T E(E 348 F . ZRG UL b, nTRL
HUET 2] T HARL &4 6b.

22 RMFHMMRL

PISF SR I . TA . 3- 2R -5tk MAEmbk R 1 46 25
FEH) 6b A, T AT W AR A
XN Y5 AR R LA A& A, AR A1 il e
IR GRS B 1 T — RIS B ).

2.2.1 AR 2 RFL 6975 R

T SETRATIT S T AN ) A FRURT 5N 7= 56 11 5% i (6
3), 3R 3 A%, RVAERRIREN . — LREIX Sepl i AL
FWER T EBREREAT, (055 A T AR I FH B 1 125 13
[Bmim]OH A L TG 18 M 52 I I T) 388 J fi K 77 S R T A
EERAL. S ANFRAT T i 1 A Pk K M S 5 R AT
N AL, 455 7R [Bmim]Cl, [Bmim]Br % ¢ N4
A CIEREE, (H NI R, PRk, &5 b pT
&, FATE H [Bmim]OH 18 & Bl 1,4- — & 0t g IF
[2,3-c]HLE M P AL ).
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R3NP )50
Table 3 Effects of catalyst on reaction yield

Entry Cat. Time/h Yield’/%
1 K,CO; 3 66
2 Et;N 3 64
3 [Bmim]OH 1 91
4 [Bmim]Cl 3 45
5 [Bmim]Br 3 51

¢ Reaction conditions: 4-chlorobenzaldehyde (2 mmol), malononitrile (2
mmol), hydrazine (2 mmol), ethyl benzoylacetate (2 mmol) at 80 °C; * isolated
yield.

222 BEABIH]) R AR AL 67
SRG BRATT 25 %2 T I I kel J8E R Ak 7510 FH 56 e o 7
KGR 4), 1 4 50 SRR R e R
DR BT Bl S N (BN, N I B
e, FERMEE 2 B m. BTSRRI Sl g7,
I 2 W iff 5 R 80 °C.
R4 SOV SR A 50 6T S5 R = 2R (1 5 ) @

Table 4 Effects of reaction temperature and amount of catalyst
on reaction yield

Entry Reaction temperature/C  [bmim]OH/mol% Yield”/%

1 Rt 20 25
2 60 20 53
3 70 20 71
4 80 20 91
5 80 0 Trace
6 80 5 43
7 80 10 61
8 80 15 72
9 80 25 80

© 2012 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 4-chlorobenzaldehyde (2 mmol), malononitrile (2
mmol), hydrazine (2 mmol), ethyl benzoylacetate (2 mmol), 1 h; ? isolated
yield.

o R A7) FH O DR o) SR R 1) 10%, AL 771
ORISR A SOR, bl 2 A 2t
B, LNy B PR Al T AR B — s I IR e, B0flio) 2 77
KT
223 BRI R 6 R0

B Ji5 2% RS AN P2 28 1 5, 2% IRV A3 R TS Ay
Mraif . . L8 &4 Al KA AL EE
K, 1h 5 ARG =S i, 45 RY TR S.

HHEE 5 WRN, Pk SR s R T B 1
A, PR R I s N AR B . H 5 RS 3 R )
PEAIXTROKR, HH CREVEA I 177 2 5 H H AR 711
AL, 1 Z 0 SO AR T HA A ), W05 S
K CTEAE R

CREFR 3~5 TR, Ak 1,4- AU IF[2,3-¢]
NHE PR PR A 45 2F A DA[Bmim]OH AL F, Sk
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R 6 PRI IELELRS 7 2 (1 50
Table 6 Effect of cycle number on the yield

RSSO I
Table 5 Effect of solvent on the yield
Entry Solvent Yield®/%
1 i 93
2 L 91
3 i 86
4 i) 77
5 L 30

¢ Reaction conditions: 4-chlorobenzaldehyde (2 mmol), malononitrile (2
mmol), hydrazine (2 mmol), ethyl benzoylacetate (2 mmol), [bmim]OH (0.2
mmol), 1 h; b isolated yield.

380 °C, AL 10 mol%, YK ZEE, 5 He b,
2.3 A[EIERYEH KRR R

FHER 2 WA, fEBRIE 2 P A [bmim]OH AL 41
AR TAERR T &MU IE 1) 55 B 3T 46 A 15 2
AN P=8, OS], P2 AR 86%~92%. M A HT LA
FH, G REE PR 05 BB I 2 A WY 3
55 B, SOV AT DUBASETT, HJ5 & R IACEL
LT W SN K, s B RE 7 B U R AL %
2.4 fELFIRYERMERE

TERME N AT, PAREHGUR F B AR AR S N, 2%
22T MEAFIEIE PR RE, AT R 45 1 LK 6.

R 6 nl%n, [N PR AR E AT 4 1K,

4

3

Cycle time 1 2 3 4 5

Yield®/%

HHAR A GRS B3 K. (HARRE R, 72
AR B, X AT B AT D5 2R 3 AT
2.5 HER

B, AR N 0] BEAFAE HLERREAT T 43
T 582 IS 2K T L 4R LG 2 TR R AR 40 A N AR 4
G 3, AR SAEEE AR ER T S O R
BEFITR RS 8 B 7= 7 N AE R A 8, Fea it
HIER 9, 10 2 18] FL 7 DL R S A 77 2 18] i 7 (i B ik
JRAEAL IR B 247 ) 6 (Scheme 2).

&t

M, ERRME S A bmim|OH AL, 75 i .
W KR CBE R a R REEAT “—Hk” %
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