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BT REFREITENNEN. BEEKS AR
g xR MAR I Hos

(FERIE R % _Lilg 200241)

WE ka7 LS PR N RN AR, T 1,2,4,5-PUE 5558 B AR I Diels-Alder 3811 S N 4 Bk R #T 4E )
WITiE. SARGIE BOTIEAR LG, LARIE 275 00 A4 Sk e 2 iR AR VRV IR AR, BRI AR GE 5380 13 d 4
B 6 h, PRI 64.0%4% 5 F] 85.5%. MRAESLI 5 KAIT T B TR S RNV AR ELAER, R4 H AT R
HLBL. Z 5 RNV, SRR T, WEf T A #HE R A WA RIS ME AR A, 3 A S A S IR
KILF=)r= 2 i B RAR, FENFF & S bR R 250 v i 2k

KB WAMRATAEY); 1,2,4,5-PUME; 28 f1A; 1 Diels-Alder KV 25 T4

An Efficient and Environmentally Friendly Procedure for
Synthesis of Pyridazine Derivatives in lonic Liquids

Chen, Tingting Liu, Kun Chen, Zhaoxiang Wang, Yuanyuan™ Dai, Liyi*

(Department of Chemistry, East China Normal University, Shanghai 200241)

Abstract Imidazolium ionic liquids have been investigated as reaction media in inverse-type Diels-Alder reactions be-
tween 1,2,4,5-tetrazine and a series of dienophiles to synthesize pyridazine derivatives for the first time. Comparing to conven-
tional synthetic methods, using easily accessible imidazolium ionic liquids as solvent and catalyst, the reaction time reduced
from 13 d to 6 h and product yields increased from 64.0% to 85.5%. The interaction between ionic liquid and reactants in
theoretical way was further researched and the most possible catalytic mechanism was proposed. The reaction condition is
mild and easy to operate, avoiding using the volatile organic solvents and additional catalysts. Moreover, ionic liquids can be
used for more than six times without obvious loss of product yields. Therefore, the current synthetic approach is more in ac-
cordance with green chemistry and atom economy requirements.

Keywords pyridazine derivative; 1,2,4,5-tetrazine; dienophile; inverse-type Diels-Alder reaction; imidazolium ionic liquid
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WERT B I NI, 2D fayutiin i 15
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TIEOFRZ B A TG BN RN IR SN 53
TGRSR B Hor, 1,2,4,5- DU A E LT
(K256 00 A1) B 2 R J (1 B J A K135 Diels-Alder
B R R, AT RIE T R A A B 23 A 5 3
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FEER M, AR AT DL 2 5 i Diels-Alder %
L (RJHEAT . R AR AE S RO BN T3 Diels-
Alder NH, W] 5k b4 G mA R AT A WA BTV
B, AR, HETR DA B IR LE R AT AE DA R
I P () 4E .

AT ALK LR SO T 8 I T AR
AHLA B RS, AR ETH TAERIRESL, R TRAT
LT EAARERYEI B A, 1- T 5E-3- ALK ey 2
([Bmim]Br). 1-T J& 3-H LK PU G0 R £ ((Bmim]-
BF,) 1- ] J&-3- FF JE 0K M 7S G0 A% 12 1 ((Bmim]PFe) 1-
T34 F R K i R & R ([Bmim]HSOy) . 1-] 2£-2,3-
AL M R ([Bmaim]Br) s 1- 1 HEREIE I £ ([Bp]Br)
F1-T A28 I RE-3- L K MR R ([Bhmim ] Bo) /E 4 %
FIFIHEAL ), 28 HAE 1,2,4,5- DU — R 5156 ik
(VRIS N RN . s g e 1- T 5E-3- 13
DK P S 25—~ 11 2 - 3 A 48 DR I I 3o 236 (S Y I (1)
M 13 d iR 6 h)FIE =i = 2 64.0%4¢ w2
85.5%). BT WEAE N IRLLG, ThRe R EFE R PERE,
FEMIPE A W R PR, Ak, AT — P T
B ARAE MR WERT AR A U N R PR, A
AJHE A AL,

1 HRSE

Sauer ZE iR IE I 1,2,4,5-VUE 528 ZMAr AL Ge
BUAFRI 1,4- 8NN, 7250 64.0%((K 1,
D). BATHA BRI T 1,2,4,5-PUE 5 I LHRAEN
PN 5 PR R I 7=, DA bbgs. AR 1 T DU,
51, 4- NI, 1] -3 FRE MR B 58 () 1
YA M [Bhmim]Br (Table 1, Entries 2~35, 7)4 P4
R T 30%, OV KSR, ROV 13 d
YEFEoN 6 h. 1 B AR [ Bmyim]Br F[Bp]Br H 117 % A
KHEAG, 23010 78.2%1 62.5%. FATIAN 1- ] He-3-H
SR DR P B 25 7 1) 28 T YRARAE SN R T WS IR Lewis
BRI VE R, BIE AT BH & 7 [Bmim]" — 578
ISR F 5 TR A4, [Bhmim]Br A AF: H LR 68
e B, BT OV BER, 1fI[Bmyim]Br H
Sk EMERF R ST, TSk EER TS
DUIE K AU R B A LE S i B IAR TS, BT
HHTRAE, [BplBr [MFHE T o5 PUMR B s B, e
BRI IVE R, WO N = R k. X5 58w 3
Bk AR 48 AR AU, 1T -3 F LK PR B 5 7 1 2 1
WA, [Bmim]PFg BAT SR, X458 YA i
B R N AME; [Bmim]BF, FI[Bmim]HSO, 14,
Y& A AR [Bmim]Br 83 BH & F Aok fF it — 204l
16455, [Bhmim]Br th /& 7 [Bmim]Br [{)3Eht F 522 5 H
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W S A Y, XSS N T TR A O, i
TRATTIE I — 2 R AT 14 1) [Bmim]Br 2 1,2,4,5- DR FIZK
RSN IARAER ), BE— DA RO 4. At 21
FRIRNIN, B WA AR AN, S Z A7 0] i
A 1, 5 5~7). [Bmim]Br [¥)4# F &4 5 mmol I,
PR RN T, XRR AL RN S ks
1,2,4,5- VU T e S B, BRAR T 1,2,4,5- DU s 1y ik i 1),
PRI 2 U AT B A FH 4 3 mmol.

R B TR 1,2,4,5- VYR 20 N R 5
Table 1 Effect of different ionic liquids (Ils) in the reaction of
1,2,4,5-tetrazinewith phenylacetylene

Quantity of _. Yield of

Entry  Solvent Limmol 1M 3.0 1% Selectivity/%
1 1,4-Dioxane — 13d  64.0 100
2 [Bmim]BF, 3 6h 863 100
3 [Bmim]PF; 3 6h 879 100
4 [Bmim]HSO, 3 6h  86.6 100
5 [Bmim]Br 3 6h 855 100
6  [Bm,im]Br 3 6h 782 100
7  [Bhmim]Br 3 6h  89.0 100
8 [Bp]Br 3 6h 625 100
9  [Bmim]Br 5 6h  84.1 100
10 [Bmim]Br 1 6h 504 100

© 2014 Chinese Chemical Society & SIOC, CAS

“9 mmol of 1,2,4,5-tetrazine 1, 6 mmol of phenylacetylene 2a, 363 K; b Iso-
lated yield.

BlOTA REOR TR XS W = 2R (1 5% . A HeT B
WS E: 7F 343~363 K [FVEE P, PP r= 2 bl A i
PP ik o, RS SR, PR AR TTA T . IR
XA R RS o R E S g 1,2,4,5-0Y
WR IR R, AT BRI S N D TR SRR S8, BRI T 77 3.
363 K W= 2k B i KAE N 85.5%, AT LA AE 1) R WV il
J 4 363 K.

SN B ) 50] 7= A A7 S8 3 TR 2R, R A RO T
UGB Wik 1B Fiow, [V 6 h 287, mT NI
PR, A I () (R 185 0 = Y= A 7E S . 6 h
J&, PEEIEARRFEAAR, X R ZIA A N AE 6 h ik
B R NSRS, T B REIRIN MBS 1S, N IR e A )
[ 24 6 h.

BATEE L T HABSAFHFI, 1,2,4,5-DUE 52K 2,
SR EE IR LGS P e R s, 25 Wi 1C Pis. 2
AR, 1,2,4,5-DUIe 5528 ZH ) i i i LE X =) = 26 B AT
TR, A8 1 2 2 36 o 1,2,4,5-DU0% 528 2k
IR LG, P = R g RS R R,
LR AL TR R 1.5 1. WHEIS 1S,
1,2,4,5-PUs 528 2 B g B8 1 2 1 IR i Lh AT
N, SEBR BRI, 1, RNV ERAL, 42.6%.
RPN 1,2,4,5-WUWetl 5545 4, SEBrP ) b1
1. R Z B 1,2,4,5-PUBE, B & te i
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1,2,4,5-tetrazine/phenylacetylene

B1 (A B)NTAHIC) 1,2,4,5-PUME 5528 LA TR B LT S B 3 (1 5 )
Figure 1 Effect of (A) temperature, (B) time and (C) initial molar ratio of 1,2,4,5-tetrazine/phenylacetylene on product yield

1.5 I, #ANE 1,2,4,5- V4 W gk 25 55 9% 00 3 i 40 57
[Bmim]Br JF fc &0 8 U, 31X 8 B A% 9 770 3 A 4k 5
[Bmim]Br 3 RE, 1My H PYMRk BE ik s th & BRI o — &
PR LA IR L, T BRI S 7 2. 2R 58
1,2,4,5-PUWe 55 28 LR e AL KT R LE )y 1.5

N T RAZS N A I B e B i, AT
WE9E T Z A RDE A A AE[Bmim]Br 55 1,2,4,5- DU
SR RTAE IR SN, N3k 2 Pa: 1,2,4,5- DU
5 AN TR E BE A I B S R0 A 28 556 0 A e N34 RE R
572.4%~85.5%[1)77 A ISEHG Ky il Ja, F 128N A
AR IONERS S5 WP A 5. 1,2,4,5-DURR S Bl A6
Yy, DRI LT RS A P 12 S ) R B3
M. B EUF, S5O SRR A SRR R R RS
AW 7 22 1 s T AR AR IR R e ity A7 e v 1 ik
Rt gs . SR THREY, SRR SRR R 5L
FA 85.5%. JR L AR B IR A 1 Je kg 27
AR A BN, AT S R G 2, 5 1, 3, 5)ik
T, 2 A A B AN R T 08, o 4
HuAE. BEAN, VENIGRIE IR L5 I LR AEAR R
S I R AR AT AR 81.6% 1077, ik I N I T
FEYII A R O 2 % TH NMR 36 1E.
2 [Bmim]Br %} 1,2,4,5-PUMRRIZR — 4 140 S5 W 1) 5
Table 2 The generality of [Bmim|Br towards cycloadditions of
1,2,4,5-tetrazine to dienophiles

Entry  Dienophiles Reaction time/h Yield/% Selectivity/%

1 2a 6 85.5 100
2 2b 4 73.8 100
3 2¢ 5 82.9 100
4 2d 6 72.4 100
5 2e 6 75.2 100
6 2f 0.5 81.6 100

Reaction conditions: 9 mmol of 1,2,4,5-tetrazine 1, 6 mmol of dienophiles, 3
mmol of [Bmim]Br, 363 K.

MEETFRIPRIE 1 BEZ5 1S, AR s 0 1 T e
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FIHARRE EE, SE8A PR, 2T RO EER
{3 PRI 3 —. Ik, AT T 8 7l
PABmim]Br 71 1% 5 B o] [RScPE A BRI,
S, B RN A H B =R IEIN S TR RK T
. B AANUZ B ok, SR)51E 343 K
FLAA T 2 he MRPEER 3 45 3L nT 401, [Bmim]Br 48 [ {4
NG, T AT R E R . U, [Bmim]Br a2
1,2,4,5- VYR FH 2K 2o N 1 — o v 280 mT s 1 s 71 0
AL

% 3 [Bmim]Br [ 15 L
Table 3 Reusability of [Bmim]Br

Entry Recycling  Yield“/% of 3a  Selectivity/%
1 0 85.5 100
2 1 84.6 100
3 2 83.9 100
4 3 83.2 100
5 4 82.8 100
6 5 82.3 100
7 6 81.5 100

© 2014 Chinese Chemical Society & SIOC, CAS

1,2,4,5- DU R FH 2K 2 S 38 L7250 TR (4421348 o
BNE, V2% N2 AR BB oy i T R M AR
A E L E R AN [Bmim]Br 4E S — R LR
SUBRAIEAAR, 78 S Nk P g vy LI G K MR — 5 s b (1)
AT EH 1,245 VU E . ¥ 1,2,4,5- P48 F
[Bmim]Br AR 1 0 1 RS G HEFT 8, 'TH NMR
EEILE 2. 1,2,4,5-DURRAETERS, BRMeER — 5 i1k
2 SR 6 10.323 #3)) 3 6 10.243 (5 10.353 2 1Y
e A IAEA ), X EF NS 1,2,4,5-DUEFHLL,
BB TR ESZAK, [Bmim]' Y 1,2,4,5- VYR IE 1L
AR AT 5 IR AR 2, BT ARK PR ER 5 i A
IR ) S AR B J5 M RS 8y, AR 5 ey [ A
WE AP RES. T EREIR KR, AU S
Scheme 1 Fi7x. [Bmim|Br 5 1,2,4,5- YW JE a1 & i ]
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(a)

10.323

3 XWHH
3.1 E5RHA

ROH A-THEER O, 4-HEEFER OB, 4-50R
LM 4-FIELIR LHeR AR IR et N 25 B A A 2
WA PR 2w W S TF EREAE ], B K [Bmim]Br,
[Bmim]BF,4, [Bmim]PFs, [Bmim]HSO,4, [Bm,im]Br, [Bp]-
Br f644 1 (Scheme 2) 4 AR SCRR> 45 4% A H]
Varian-300 YGiEAIE '"H NMR i, ¥J5% ] CDCl 7F
WA, A2 RS DADY FEEE A (TMS) I An i, [ N4 (1)
0 20 o R A (TLO) AT ARSI, BT 1 7= 56 38 4
IIE A,
3.2 ZWHE
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\
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Figure 2 Chemical shift in the '"H NMR of [Bmim]Br
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B, Scheme 3). Je NVEFE I # )2 (A5 (TLC) KR 7, LA
AR R R AARR LG 20 1 MERBRIBR. R4
WJE, R S E(25 mL)AH, 285 2K
(10 mL)TEEEIR. MK Z 43 3 A WA EEAT
THEZE, IR Lk g — P Atk DU SRAT 2l 1 7=
Y. W R TH NMR SERIGUE =P 454, RAEE
Py 5 3CERO7RIE A — 3. KA BB MEAE 343 K
A 2 hy, RIRTRISCR A I B3 T R — 4 s
.

PO

NN _ M

NN *R — - R
1

2a R=H
2b R=NO,
2c R=0CHj
2d R=Cl
2e R=CHj,
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N” >N
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\ | —_—
N\7N * \/O\/ "\l‘:;

2f 3f

Scheme 3

3a: '"H NMR (300 MHz, CDCl;) 0: 9.45 (dd, J=2.2,
1.0 Hz, 1H), 9.21 (dd, J=5.5, 1.0 Hz, 1H), 7.60~7.70 (m,
3H), 7.45~7.59 (m, 3H).

3b: 'H NMR (300 MHz, CDCl;) d: 9.50 (s, 1H), 9.34
(d, J=5.4 Hz, 1H), 8.42 (d, J=7.1 Hz, 2H), 7.85 (d, J=
8.6 Hz, 2H).

3c¢: '"H NMR (300 MHz, CDCl3) 0: 9.44 (d, J=1.1
Hz, 1H), 9.16 (d, J=6.3 Hz, 1H), 7.65 (d, J=8.8 Hz, 2H),
7.60 (dd, J=5.4, 2.5 Hz, 1H), 7.06 (d, J=8.8 Hz, 2H),
3.89 (s, 3H).

3d: 'H NMR (300 MHz, CDCl5) d: 9.45 (s, 1H), 9.25
(d, J=5.4 Hz, 1H), 7.62 (dd, J=5.6, 3.0 Hz, 3H), 7.53 (d,
J=8.5 Hz, 2H).

3e: '"H NMR (300 MHz, CDCl3) d: 9.45 (d, J=1.2
Hz, 1H), 9.19 (dd, J=5.4, 1.0 Hz, 1H), 7.64 (dd, J=5.4,

972 http://sioc-journal.cn/
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2.5 Hz, 1H), 7.58 (d, J=8.1 Hz, 2H), 7.35 (d, J=7.9 Hz,
2H), 2.44 (s, 3H).

3f: 'TH NMR (300 MHz, CDCl;) d: 9.23 (t, J=3.5 Hz,
2H), 7.65 (t, J=3.5 Hz, 2H).
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