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Synthesis of Pyrazolo[1,2-b]phthalazine-5,10-diones Catalyzed by
Poly(ethylene glycol) Grafted 4-Dimethylaminopyridine
Functionalized lonic Liquid
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Abstract A novel poly(ethylene glycol) grafted 4-dimethylaminopyridine functionalized ionic liquid ([DMAP-PEG;gg-
DIL][BF,]) was prepared and characterized by '"H NMR, *C NMR, FT-IR and ESI-MS. In the presence of [DMAP-PEG -
DIL][BF,], various substituted aromatic aldehyde could react with malononitrile (or ethyl cyanoacetate) and phthalhydrazide in
water to obtain a series of pyrazolo[1,2-b]phthalazine-5,10-dione derivatives with 85%~96% yields. The mild reaction condi-

tions, high stable and recyclable ionic liquids, environmental friendliness are advantages of this methodology.
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1 HEREWR
1.1 [DMAP-PEG n0-DIL][BF J]80%2 & 14 Fnis it
e, AR A #E 43 M AU(TGA) K 7 HT [DMAP-
PEG000-DIL][BF, ] # A8 € M. ail& 1 Frox, [DMAP-
PEG 000-DIL][BF J R 4G 7> fRIR E LR 350 °C, W& &
T B B T VR AR [Bmim][OH] ) A2 4R 7 fif i 52
5 °C; HRENMIEEL N 450 C, HHE & F[Bm-
im][OH]f¥) 245 C. [Ath, [DMAP-PEGo-DIL][BF,]E
R mEmfae .
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Figure 1 TGA spectra of [DMAP-PEG49o-DIL][BF,]
B, AT E T [DMAP-PEG400-DIL][BF,] /£ %
IR T B fETERE. BETCRIN, B REREIE T IR B
TR, A ke B, . /. FEE. N,N-
TR . R IRRRIK T AN TR A
WA, WIEC e Ak, Bk, SRR AR A
1.2 [DMAP-PEG0o-DIL][BF ] 7E At B 3 [1,2-b] ik = -
5,10-Z & B B & Bz SR L
TREER I . 9 AN OR — g k) = i A
SR NI, % 22 [DMAP-PEG, 00-DIL][BF4] i) f# 1k
WA, RIS OSSR AR . RO R R
NSk EAT R AL, SEIR 45 B T3R8 1. 24 [DMAP-
PEG 000-DIL][BF.] [F] B e s S 77 AR AL I IE, =4
4a =R 7T1%(F 1, Entry 1). 2B HJRA, ATREE
RN B AR IO R FEROR, AR AL B AT, SRAK
VERER, BB S PRI, FIH#EZ @R (TLC)
Rmza b a&r=YAE R 1, Entry 2). BE#H[DMAP-
PEG 000-DIL][BF,]fI M 1 mol%IE | 10 mol%, 7=
V) da W= Z N 37% T E] 92%, Bl fE Ak S S e -
PR &, P RERGRFREAA (R 1, Entries 3~9). A,
[DMAP-PEG 000-DIL][BF,] i FEFH &= 2 10 mol%. It
B, H e ST AR A 80 "CER 90 “CIF, BRI fE K fz i
WHE], PR MARER(ER 1, Entries 10~11). i, &
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S NHR FESE 100°C. BB AT &, JK Ah i [DMAP-
PEG 00o-DIL][BF,] i 1k & i nk 4 3 [1,2-b] BK 12 -5,10- —
FiR AL A P P B A S 26 A N S TR F & 10 mol%. %
MR E 100 C.

#F1 SRALEY da 0 RN SR

Table 1 Optimization of reaction conditions for the synthesis of
4a

0]

FE )N T i I B4 2, BT DL DLASE i 77 2R 45 21
N B AR E(E 2, Entries 11~12). M _ERTHI, %48
etk R EAG T2 B R AIE .

£ 2 KA H [DMAP-PEG, 0-DIL][BF, {4k & itk e -
[1,2-b]HkME-5,10- R

Table 2 Synthesis of pyrazolo[1,2-b]phthalazine-5,10-diones
catalyzed by [DMAP-PEG 0o-DIL][BF,] in aqueous media

o}

CHO
CHO LN ~ NH
Sala e € e L
(0]
6! "
o [
[DMAP-PEG1000-DILI[BF 4] N [DMAP-PEG1000-DIL][BF 4] Q =
W) CN H,0, 100 C ©¢E D—R?
NH.
o . 2 o NHy
a 4
Entry Catalystmol% 7/°C  Solvent #min Yield”/% Entry R' R’ #min  Product Yield’/%
1 10 100 — 30 71 1 H CN 30 4a 92
2 — 100 H,0 30 <5 2 2-Cl CN 25 4b 93
3 1 100 H,O 30 37 3 3-Cl CN 25 4c 95
4 3 100 H,O 30 55 4 4-Cl CN 20 4d 96
5 5 100 H,O 30 68 5 4-Br CN 15 4e 94
6 7 100 H,O 30 83 6 4-NO, CN 20 4f 93
7 10 100 H,0 30 92 7 4-CH; CN 35 4g 95
8 12 100 H,0 30 92 8 4-OH CN 45 4h 87
9 15 100 H,0 30 91 9 4-CH;0 CN 40 4i 89
10 10 90 H,0 40 84 10 4-(CH;),N CN 45 4j 85
11 10 80 H,O 50 76 11 1-Naphthyl CN 50 4k 86
¢ Reaction conditions: benzaldehyde (2 mmol), malononitrile (2 mmol), 12 2-Furyl CN 40 41 89
phthalhydrazide (2 mmol); * Isolated yield. 13 H COOEt 60 4m 90
N 14 4-NO COOEt 50 4n 91
P _ _ A BB H Ak 2
1.3 K9 AR DMAP-PEG 1000 DILIIBF JHEHL A FMEm oo D e

FE[1,2-b]EKEE-5,10- B0 & R R 494R R

W R Ok BT A5 1 B R B B 46 B AN [T
B EWS N N AR W W R OB, B g
[DMAP-PEG 1000-DIL][BF,] 1 3@ 14, s &t R 1%
2. BRFURI, ot AW T B 05 & s, iE2
B FRRE N 7 &, YW 5H . AR
P B AE — SE IS TR P (15~ 50 min) A [ B, 3L 85%~
96% 1177 22 45 3 T3 3 (1) bk M [ 1,2-b] Bk 1 -5,10- — i 4L,
EWIEE 2, Entries 1~12). A, 55 F XK. HHEER
B HURIE A0 95 FEE M L (3R 2, Entries 2~6), &4 F
B Ak, USRI A U 1) 5 A R 9 BT
VIR, FEEE KON, [R]E B AR = AR
BAR(EK 2, Entries 7~10). Ab, HRH#ELR. AL X =FhA
VAR R AR N R R B~ R ] LG Y, =
A5 FELX 4 S BT I 35 SRl (3R 2, Entries 2~4). 73
Ab, K BHIR DT B I (AN 1-25 P ) R 20 B 07 8 I (A 2k g
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¢ Reaction conditions: aromatic aldehyde (2 mmol), malononitrile or ethyl
cyanoacetate (2 mmol), phthalhydrazide (2 mmol), [DMAP-PEG;g-DIL]-
[BF,4] (0.2 mmol), water (2 mL), 100 °C; * Isolated yield.

1.4 [DMAP-PEG0-DIL][BFJHIEEFEA 14

Gy T IR WSORT = 52 A5 P 2 B AR AR B2 KRR )
SRS, IR RS, P R AIARIE R A
BURY), % 2Z[DMAP-PEG0o-DIL][BF.] 1 1& A 4 FH 2k
Ae, &8 RWE 2 Pros. RBSERUE, BRI CE AR
AT, WIS E Y S B IR R AR TG AL
M, EEHT TSR, RIEE 2 wa, kR
/AT DLE AT TR, 770 4a )77 28 W3 BRI
1.5 [DMAP-PEGigoo-DIL][BF {814 & BALREFE[1,2-b]
Eki&-5,10-—FEHY ) RZHLERER

FRAE DL SRIG 45 5, FRATX 5 B ] REAFAE FRIALER
1T 7 HEM (Scheme 2). 15 5G7E[DMAP-PEG  00-DIL][BF,]
FERT, HEBESH ZEEGR LR CBR) KA Kno-
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B, PR 85%~96%. ZMEAIK 2 N SR A,
P 507, A TR IR A, X IREE AT, Junttmk
FF[1,2-b]FkME-5,10- ~HRHE ML T —Fh &t (0 & i vk,

3 IERST
3.1 R 5EH

Avance-11 500 MHz B % 0 4R 3 5% 4% (3 1+ Bruker
/x]); Finningan Trace TSQ %! i 15/ (3% [E Themo Elec-
tron 2 H]); Impact 410 B 21401 (3E 1 Nicolet 22 7],
KBr [EJ); TGA/SDTA851e I HEE /014X (B Mettler
Toledo A #], &AM T, 20 Cemin ' EFTHR); Vario
EL 111 B 56 &40 B (£ [E Elementar A 7); SGWX-4B &
Tl mA (I BB A B A BR A |, ZF-20A i
Fa 30U FH LA A A (R B sl R A FR A 7).

FTRARFII A i at, I i [ 25 55 B AL SR
PR F B R T AR A A FRA =1 3K, {5
AT AR ALEE. Ab &4 1 2 LLSCRR[23a) 1l 4% 7R
St n DA S A R
3.2 EBZ ZFEE-1000 —FEEEES(1)HE R

F B Z #1000 (20 g, 0.02 mol)F1 = Z.Jl#(5.6 mL,
0.04 mol)iAT 100 mL & H ke, TEUKKBRAE SR
P& T, T 30 min IZR I FEBEE((3.1 mL, 0.04
mol). I IG, BRRUKKIG, RIS HE R 4 h.
N EER G, BASHhIE, BRI E R = e B
£, W UEMORE 2R bR VR, RIRTAS 217 g T L T E-
1000 — FR4FR S, 774 94%. '"H NMR (CDCls, 500 MHz)
5 4.40~4.34 (m, 4H), 3.77~3.74 (m, 4H), 3.71~3.58
(m, 86H), 3.07 (s, 6H); >*C NMR (CDCls, 125 MHz) ¢:
70.64, 69.35, 69.08, 37.80.

3.3 [DMAP-PEGi000-DIL][CH3S0,0] (2)81& %

VTR 2, —FE-1000 — FREFREE AN 4-— H g I
IE(2.4 equiv., 5.5 g)& T 100 mL ZHEH, fERRY 4
R, 80 CHIHAR I 48 h. RN EEHR G, T %18
W, BRAYRET 100 mL £5 1K, 2R
BEBEER (30 mL X 3)FR 2 AR S M JRRE, P8 08 s 25 1R B
7K 15 [DMAP-PEG00-DIL]J[CH;S0,0] (2). 'H NMR
(CDCls, 500 MHz) d: 8.49 (d, J=7.2 Hz, 4H), 6.92 (d, J=
7.3 Hz, 4H), 4.57~4.45 (m, 4H), 3.93~3.85 (m, 4H),
3.71~3.53 (m, 84H), 3.24 (s, 12H), 2.79 (s, 6H); “*C
NMR (CDCls, 126 MHz) 6: 156.49, 143.57, 107.77, 70.60,
70.48, 70.33, 69.89, 57.73, 40.25, 39.59; IR (KBr) v: 3446,
2866, 1651, 1568, 1448, 1403, 1349, 1298, 1182, 1037,
944, 834, 766, 551 cm'; ESI-MS m/z: 620.5 (M /2, n=
20), 642.6 (M'/2, n=21), 664.6 (M*/2, n=22). Anal.
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calcd for CgH;13025N4S,: C 52.01, H 8.31, N 3.91; found
C 52.69, H 8.58, N 3.36.
3.4 [DMAP-PEGn-DIL][BF,] (3)89& Ak

£ _ER A3 & P [DMAP-PEG 000-DIL][CH3SO,0]
FFINN NaBFE, (5.0 g, 2.4 equiv.)f1 100 mL A EH, iR 4
FENL 48 h. JRIEEH R, U8, K USRI 28T, AP
A1 23.6 g & FIAR[DMAP-PEG 40o-DIL][BF,] (3), /%
# 91%. '"H NMR (CDCls, 500 MHz) 6: 8.17 (d, J=6.9
Hz, 4H), 6.88 (d, J=7.2 Hz, 4H), 4.42~4.32 (m, 4H),
3.92~3.83 (m, 4H), 3.81~3.49 (m, 86H), 3.26 (s, 12H);
C NMR (CDCl;, 126 MHz) §: 156.52, 142.84, 107.75,
70.44, 69.61, 67.50, 57.76, 40.23; IR (KBr) v: 2869, 1652,
1569, 1448, 1403, 1349, 1286, 1248, 1206, 1181, 945, 830
ecm '; ESI-MS m/z: 620.6 (M*/2, n=20), 643.0 (M'/2,
n=21), 664.5 (M"/2, n=22). Anal. calcd for C4H;;,02-
N,B,Fs: C 50.92, H 7.98, N 3.96; found C 51.15, H 8.19, N
3.39.
3.5 MtmEF[1,2-b)EAMER-5,10-—Ei(4) B & R

ER NN TS BB (2 mmol). H - fEER LR
Mg )2 mmol) . 4F 2 — F B (2 mmol) . [DMAP-
PEG00-DIL][BF4] (0.2 mmol)f1 2 mL 7K, Jn#[alifi [
i, K FH {2 A% (TLC) BR i W5 I s S ERE . s B 58 %
J&, RN RAEE SR, I, HEE T KEERE
U, EDRITHMEY), HA OREEL . B TR
ML I [1,2-b] K B2 -5,10- B 46 5. & & T K
FH, ANZATART b B 42 F TR AR I B A A S P
A= C R, W SR TH NMR, 550k
HRIE X LA IE.

3- FE2-FHE-1- 28 FE-5,10- A -1 H-ME R I[1,2-5]
Fifk 1 -5,10- il (4a): m.p. 275~276 C (Lit!¥ 274~
276 C); 'H NMR (500 MHz, DMSO-d,) J: 8.25~8.22
(m, 1H), 8.08~8.06 (m, 2H), 7.99~7.92 (m, 2H), 7.86~
7.84 (m, 1H), 7.43 (d, J=7.3 Hz, 2H), 7.35 (t, J=7.3 Hz,
2H), 7.30 (t, J=7.2 Hz, 1H), 6.11 (s, 1H).

3-GA 3 -2-F - 1-(2- A FE)-5,10- & -1 H-1E M JF:
[1,2-b]Fik %-5,10- — i (4b): m.p. 260~261 C (Lit.!""
260~262 °C); '"H NMR (500 MHz, DMSO-d;) 0: 8.26~
8.24 (m, 1H), 8.12~8.10 (m, 2H), 8.09~8.05 (m, 1H),
8.01~7.92 (m, 2H), 7.57 (d, J=7.4 Hz, 1H), 7.45 (d, J=
7.8 Hz, 1H), 7.38~7.28 (m, 2H), 6.45 (s, 1H).

3-BAE 2-F - 1-(3- A A 3 )-5,10- & -1 H-1E e JF:
[1,2-b]Fk 1% -5,10- — i (4c): m.p. 266~267 C (Lit.'™
265~267 °C); '"H NMR (500 MHz, DMSO-d;) 0: 8.25~
8.22 (m, 1H), 8.13~8.06 (m, 3H), 7.98~7.92 (m, 2H),
7.61 (d, J=7.1 Hz, 1H), 7.44 (d, J=6.9 Hz, 1H), 7.41~
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7.34 (m, 2H), 6.13 (s, 1H).

3- G HE-2-F A - 1-(4-FOR AL )-5,10- & - 1LH-ME P 3
[1,2-b]Fk B5-5,10- — i (4d): m.p. 270~271 C (Lit.'"!
270~272 °C); '"H NMR (500 MHz, DMSO-d;) 0: 8.25~
8.22 (m, 1H), 8.09~8.07 (m, 3H), 7.97~7.92 (m, 2H),
7.53~7.48 (m, 2H), 7.44~7.36 (m, 2H), 6.13 (s, 1H).

3-3 - 2-FHE-1-(4- B R FE)-5,10- AL - LH-E e I
[1,2-b] K E5-5,10- — il (4e): m.p. 265~266 C (Lit.'"
265~267 ‘C); 'H NMR (500 MHz, DMSO-dj) J: 8.25~
8.23 (m, 1H), 8.12~8.04 (m, 3H), 7.98~7.93 (m, 2H),
7.54 (d, J=8.4 Hz, 2H), 7.44 (d, J=8.5 Hz, 2H), 6.12 (s,
1H).

3-8 I -2- I - 1-(4- A 2k 2R AL )-5,10- & - 1L H-NE e
IH[1,2-b]BkEE-5,10- —Fil(4f): m.p. 273~274 C (Lit."!
272~274 ‘C); 'H NMR (500 MHz, DMSO-dj) : 8.27~
8.25 (m, 1H), 8.23~8.18 (m, 2H), 8.16~8.14 (m, 2H),
8.08~8.06 (m, 1H), 7.99~7.94 (m, 2H), 7.81~7.76 (m,
2H), 6.28 (s, 1H).

3-% I -2-F I -1-(4- F 3L 2R HE)-5,10- & - 1 H-NE e
I [1,2-b]FkE-5,10- il (4g): m.p. 251~252 C (Lit."
250~252 ‘C); 'H NMR (500 MHz, DMSO-d) J: 8.24~
8.21 (m, 1H), 8.07~8.05 (m, 2H), 7.96~7.92 (m, 2H),
7.87~7.85 (m, 1H), 7.31 (d, J=8.1 Hz, 2H), 7.15 (d, J=
7.9 Hz, 2H), 6.07 (s, 1H), 2.27 (s, 3H).

3-F A 2-FIE-1-(4-FR HE IR 3E)-5,10- & -1 H-TE M
IH[1,2-b]BKIEE-5,10- —H(4h): m.p. 295~296 C (Lit.!")
292~296 °C); '"H NMR (500 MHz, DMSO-d) d: 9.48 (s,
1H), 8.26~8.19 (m, 1H), 8.10~8.00 (m, 3H), 7.97~7.91
(m, 2H), 7.28~7.18 (m, 2H), 6.76~6.67 (m, 2H), 6.02 (s,
1H).

3-F A 2-F I -1-(4- A R 3E)-5,10- & -1H-1E
W JF [1,2-b] BK W& -5,10- — Ji (4i): m.p. 264 ~265 C
(Lit." 264~266 °C); "H NMR (500 MHz, DMSO-d;) o:
8.23~8.20 (m, 1H), 8.05 (d, J=8.0 Hz, 2H), 7.96~7.92
(m, 2H), 7.90~7.84 (m, 1H), 7.41~7.33 (m, 2H), 6.93~
6.84 (m, 2H), 6.08 (s, 1H), 3.73 (s, 3H).

3-F - 2-F - 1-(4- R FR R R )-5,10- & -1H-
M M I [1,2-6] Bk 85 -5,10- — B (4j): m.p. 294~295 C
(Lit.®! 204~296 C); '"H NMR (500 MHz, DMSO-dj) o:
8.28~8.26 (m, 1H), 8.24~8.19 (m, 2H), 8.19~8.17 (m,
2H), 8.09~8.07 (m, 1H), 8.00~7.95 (m, 2H), 7.82~7.77
(m, 2H), 6.29 (s, 1H), 3.08 (s, 6H).

3- G 2- AR - 1-(1- 25 55 )-5,10- — & -1H- Mtk e I
[1,2-b] K B&-5,10- — i (4Kk): m.p. 276~277 C (Lit."¥
276~278 ‘C); 'H NMR (500 MHz, DMSO-dj) J: 8.25~
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o

8.21 (m, 1H), 8.07~8.03 (m, 4H), 7.97~7.92 (m, 2H),
7.86~7.83 (m, 1H), 7.43~7.41 (m, 2H), 7.35~7.33 (m,
2H), 7.31~7.29 (m, 1H), 6.10 (s, 1H).

354 2k -2- B - 1-(2- R IR 3K )-5,10- — & - 1L H- Itk e 5F:
[1,2-b] Bk 185 -5,10- — il (41): m.p. 288 ~289 C (Lit.”
288~290 °C); '"H NMR (500 MHz, DMSO-d;) 0: 8.12~
8.10 (m, 2H), 8.06~8.04 (m, 2H), 7.96~7.93 (m, 2H),
7.87~7.85 (m, 3H), 6.29 (s, 1H).

35 Fe-1- 2K HE-5,10- A -1H-ME M I 1,2-b] Ak
IB5-5,10- —fi-2- 2 F2 G (4m): m.p. 245~246 C (Lit.*™
246~248 ‘C); '"H NMR (500 MHz, DMSO-d;) J: 8.27~
8.23 (m, 1H), 8.09~8.07 (m, 2H), 8.00~7.94 (m, 2H),
7.88~7.85 (m, 1H), 7.45 (d, J=7.3 Hz, 2H), 7.36 (t, J=
7.3 Hz, 2H), 7.32 (t, J=7.2 Hz, 1H), 6.12 (s, 1H), 4.01~
3.84 (m, 2H), 0.99 (t, J=7.1 Hz, 3H).

OB -3 - 1-(4-HH HE 0K 5E)-5,10- & - 1H-IE M I
[1,2-b]Fk%-5,10- - lid-2- 2 & B (4n): m.p. 240~241 C
(Lit."" 240~242 °C); "H NMR (500 MHz, DMSO-d;) o:
8.26~8.22 (m, 1H), 8.10~8.06 (m, 3H), 7.98~7.93 (m,
2H), 7.54~7.49 (m, 2H), 7.44~7.37 (m, 2H), 6.14 (s,
1H), 4.32(q, J=7.1 Hz, 2H), 1.30 (t, J=7.1 Hz, 3H).

OB -3 H-1-(4- F B DR BE)-5,10- & - 1H-IE e 3
[1,2-b]EKIER-5,10- i -2- 2 IR FE (40): m.p. 209~210 C
(Lit." 208~210 °C); "H NMR (500 MHz, DMSO-d;) o:
8.26~8.21 (m, 1H), 8.06~8.05 (m, 2H), 7.96~7.92 (m,
2H), 7.87~7.85 (m, 1H), 7.31 (d, J=8.1 Hz, 2H), 7.15 (d,
J=7.9 Hz, 2H), 6.07 (s, 1H), 4.30(q, J=7.1 Hz, 2H), 2.27
(s, 3H), 1.28 (t, J=7.1 Hz, 3H).

4 BT KL (Supporting Information) FT& AL AP 1/
'H NMR. "“C NMR K, th&54 2 Fiika4 3 (1 'H
NMR. “CNMR. FT-IR. ESI-MS &, 1L &% 4 1) 'H
NMR &, XLkl a] DL e 3% AT 9 338 (http://sioc-
journal. cn/) | R #,.
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