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TR, BT — R A kAT ( Maaak, Mba. Mbd, Mbg~bj. Mbl~bm ), Xtk 2 4347
TR, B MBS 0.2 mmol 2-(1-Mkis e i) A ( Ta), 0.4 mmol 357z ( Ta). 30% (L1 T a#yi
PO A, TR 1-T 5-3-F EEmkme pUSAREL . 1 mL H,O. 90 °CF/i 6 h, LI 81%/ =55 44
3£-1,2,3,30,4 57 QMK H[1,2-a] stk ( Maa). FRHER T REIRYEEE, DT ZHEDEEa ST
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Catalytic synthesis of tetrahydroquinazoline derivatives
by ionic liquid in agueous medium

CHEN Xuehua, XIE Zongbo', LAN Jin, HU Zhiyu, LE Zhanggao'

(Jiangxi Province Key Laboratory of Synthetic Chemistry, East China University of Technology, Nanchang 330013,
Jiangxi, China )

Abstract: A series of tetrahydroquinazoline derivatives (Illaa~ak, llba, Nlbd, Mbg~bj, bl~bm) were
synthesized from aromatic amines and 2-aminobenzaldehyde via cyclization condensation in agueous medium
catalyzed by 1-butyl-3-methylimidazole tetrafluoroborate. The conditions of template reaction were then
investigated and optimized. Under the optimum conditions of 0.2 mmol 2-(1-pyrrolide) benzaldehyde ( I a),
0.4 mmol aromatic amine (1T a), 30% (based on the amount of substance of I a, the same below) of 1-
butyl-3-methylimidazolium tetrafluoroborate, 1 mL H,O, reaction temperature of 90 ‘C and reaction time
of 6 h, the yield of 4-phenyl-1,2,3,34,4,5-hexahydropyrrol€[1,2-a]quinazoline (Il aa) reached 81%. Moreover,
the universality of reaction substrates was explored, and 19 kinds of tetrahydroquinazoline derivatives were
further synthesized from awide range of substrates.

Key words: ionic liquid; catalysis; cyclic condensation; tetrahydroquinazoline; agueous medium; fine chemical
intermediates
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FEF UL IR, AR SCLLES F AR 1-T 56-3-H 5
Bk s O BN 5 ([BMIM][BF,] ) M4k, 7KK
SEA 5T, T8 3k 2-(1-MH e o 35 ) A4 B 5 0 7 Mg 1) A6
PRIVl 25 T — ZR 50 DU S s AT AR A 5 R AT
T B TR S8 . A B PR LA i
DU S R A 2L ) O 2 i — R Y H— g
DABS T WA S AT HLI TN RO 3, AP A
PRVEIRRIG A Bl 5 AR SCLAAKAE S SR A o, i
MBS T LR, AL, SREIFM, HE K
DU S kAT A AR T S

1 SRIGERSY

11 RAFENEE

1- £, 3-3- I FL R PO U R £h . 1- £ 3-3-F 3
DRI 7S S R R | 1-T -3 FH SR s O B R &
1- T 3-3-HH L BRSSO R £ | 1- ) 3-3- F BE ke
PUGEIM AR AL | 1-C0 3-3-F JE Rk S B IR £ . N-T
SEBR USRI RR L . IR Ak -1-T 3 -3- SR mkmg R
SPEE 99%, i BRI A BRAE] LKAk R
B ONN-HIEHEL (DMF), AR, K EGE
P2 AT BN B 5 2-980 F I (i 2 50k 98% ).
DU S (TR AR ECh 99% ). A T 3E T i ( GC ).
KM (GC), iR TAEMBHERBRA A 2-F 3
RN SRR . AW ORNE | 4-F R . 4-
SANE | A-W IR | 4-Z AR (= 0N 99% ),
34- TSR . A-FORRE . 4-BUORRE . AR
Jiie . 2-ZHORIFHEME (TR 98% ), it
FAAAR A R A E . A AR L alifb B

AVANCE HD #4 500 MHz #%BEIEHR I REAL, Hi
-+ Bruker A ],
12 BRF*
121 2-(1-8 e ) R Wik fe 2-(L-R 2 A)R T

B 64 A %,
B LB AN TR -

n
SN N
L5 =8 O
N 3
CHO H DMEF, [l cHo
n=13 [a~b

DL 2-(L-MErg R dR) 2R S (( Ta) Mamoh .
£ 250 mL ERBEM P mA 2-5 K i 4.96 ¢
(40 mmol ), Jo/KERFRA 6.36 g (46 mmol ), VU
Mg 3.27g (46 mmol ), N,N-—H L H itk 40 mL,
FERE FIBEFE 25 1F T O 20 ho F S WTRA Y
B, A 100 mL KFBE, JH 3x100 mL
LR BRI, 132 LA IR NHLCl %
Ve, FRRHJCKBRRREN T, 5 IEZRMRE R, I
JE IR ENTE (v (A ) « V(ZMREHE) =10 1)
SYETEY, MRIE AR T as 2-(1-F Ik R
i ( Tb) WA MIER L, RFE EORE Y S s AR

K7 BT
1.2.2 w9 [vkvkok R AT A 4 09 5K
B UL AN N iR -
R
CCe o™ e, o
—_——>
I\Q + H,0,90°C,6h m
In n= n
Tab " 1.3 I a~m m
MM aa: n=1; R=H Mak: n=1; R=4-Ar
IMab: n=1; R=2-CH, Mba: n=3; R=H
IMac: n=1; R=3-CH, IMbd: n=3; R=4-CH,
ITad: »=1; R=4-CH, IMbg: n=3; R=4-F
IMae: n=1; R=4-OCH, IMbh: n=3; R=4-Cl

Maf: n=1; R=3,4-(OCH,),
MMag: n=1; R=4-F

Mah: n=1; R=4-Cl

MM ai: n=1; R=4-Br

IMaj: n=1; R=4-CN

1'bi: n=3; R=4-Br
I'bj: n=3; R=4-CN
IMbl: n=3; R=4-NO,

S
Mlbm: »=3; I m= (jN)fNH2

LIbE ) Maa G R . 78 10 mL 378 o
A 0.0350 ¢ 0.2 mmol )2-(1-MHk & £ 52) 2 I | 0.0372
g (0.4 mmol ) %%, 30% (0.0136g, 0.06 mmol ) f¥
[BMIM][BF ] #1 1 mL H,O, 7£ 90 °C F#it#k 6 h, il
iF TLC [ V(fililE) : V(ZBRCHR)=10 = 1) Mg
N, RMEEHE, mRMIESGYH A 1mL & H
be, SRIGH 3x5 mL S BEAB= Y, 1SRN A
BUAHZ R ke 4 75 29, 2B ae (v (A
Ml ) V(MR ) =10 1] 5% 0.0410g H (%
R, 773N 81%, Mab~ak. Mba, Mbd. Ibg~bj
A bl~bm # A 775 H L.
4-7K 3 -1,2,3,3a,4,5- 7N A I [1,2-a] M IR ik
(Maa): A, 474 4 80.6~82.3 °C( CHk{H 82.6~
84.4 °C!), 7% 81%, 'HNMR (500 MHz, CDCl5),
5: 7.24 (t, J = 7.8 Hz, 2H), 7.11 (d, J = 7.5 Hz, 2H),

7.06 (t, J = 7.6 Hz, 2H), 6.89 (d, J = 7.3 Hz, 1H), 6.57
(t, J = 7.4 Hz, 1H), 6.46 (d, J = 8.0 Hz, 1H), 4.56 (dd,
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J=8.2. 5.3Hz, 1H), 4.31(d, J = 14.9 Hz, 1H), 4.04 (d,
J=14.9 Hz, 1H), 3.38 (td, / = 8.7, 3.0 Hz, 1H), 3.30
(0, J = 8.5 Hz, 1H), 1.99 (dt, / = 9.9, 5.0 Hz, 1H),
1.94~1.87 (m, 1H), 1.86~1.79 (m, 1H), 1.70~1.61 (m,
1H), “*CNMR (126 MHz, CDCl3), ¢: 149.17, 142.39,
127.94, 126.78, 124.93, 124.16, 123.79, 119.74,
115.15, 110.32, 75.68, 56.30, 46.05, 30.92, 21.23,

4-(2- W 3)-1,2,3,3a,4,5-75 AU I [ 1,2-a] P
mgitRC 1 ab ). ZE AR A, 7 2R 79%,"THNMR (500 MHz,
CDCl3),6:7.25~7.20 (m, 1H), 7.15 (t, J = 7.8 Hz, 2H),
7.08 (t, J = 7.0 Hz, 2H), 6.94 (d, J = 7.3 Hz, 1H), 6.64
(t, J = 7.3 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 4.73 (t, J
= 6.7 Hz, 1H), 4.14 (s, 1H), 3.89 (d, J = 15.0 Hz, 1H),
3.56 ~ 3.47 (m, 1H), 3.37 (q, J = 8.5 Hz, 1H), 2.33 (s,
3H), 2.04~1.85 (m, 3H), 1.56~1.46 (m, 1H)., “*CNMR
(126 MHz, CDCl3), d: 146.02, 143.84, 136.82, 130.63,
127.63, 126.73, 126.02, 125.14, 11597, 111.83,
109.62, 76.43, 56.73, 47.61, 32.81, 22.61, 18.03,

4-(3- W % 38)-1,2,3,3a,4,5-75 AU % [ 1,2-a] P
meptk( T ac ): BT, 7= 74%, '"HNMR (500 MHz,
CDCl3), 6: 7.19 (t, J = 7.7 Hz, 1H), 7.13 (t, J = 7.6 Hz,
1H), 6.98 (dd, J = 20.5. 9.7 Hz, 4H), 6.64 (t, J = 7.3
Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 4.60 (dd, J = 8.3,
5.3 Hz, 1H), 4.34 (d, J = 14.8 Hz, 1H), 4.09 (d, J =
14.8 Hz, 1H), 3.46 (td, /= 8.7. 2.9 Hz, 1H), 3.37 (q, J
= 85 Hz, 1H), 2.33 (s, 3H), 2.09~2.03 (m, 1H),
2.01~1.95 (m, 1H), 1.94~1.87 (m, 1H), 1.77~1.68 (m,
1H). ®*CNMR (126 MHz, CDCl3), §: 150.40, 143.45,
138.79, 128.84, 127.84, 126.03, 125.95, 125.67,
121.97, 120.96, 116.17, 111.40, 76.77, 57.55, 47.21,
32.18, 22.37, 21.58,

A-(4- W HEHE)-1,2,3,30,4,5-75 EUIH % [ 1,2-a] 8
mprk( Mad ): ZEARM A, 7 2R 84%."HNMR (500 MHz,
CDCly), 6: 7.15~7.05 (m, 5H), 6.95 (d, J = 7.3 Hz, 1H),
6.66~6.61 (m, 1H), 6.52 (d, J = 8.0 Hz, 1H), 4.60 (dd,
J=8.3.5.2Hz, 1H), 4.35 (d, J = 14.7 Hz, 1H), 4.06 (d,
J = 14.9 Hz, 1H), 3.46 (td, J = 8.7, 2.8 Hz, 1H), 3.37
(0, J = 8.6 Hz, 1H), 2.32 (s, 3H), 2.05~1.94 (m, 2H),
1.93~1.86 (m, 1H), 1.76~1.67 (m, 1H), *CNMR (126
MHz, CDCly), &: 147.70, 143.44, 134.63, 129.66,
127.82, 126.04, 125.27, 120.85, 116.09, 111.30, 57.61,
47.14, 32.08, 22.34, 20.96,

4-(4- H A 3 9K 3£ )-1,2,3,3a,4,5- N A ik W T
[1,2-a]MEmenbk ( Mae): MA@, 45 73.0~75.4 °C

( SCHk{E 73.7~75.3 °CP), ™% 50%., 'HNMR
(500 MHz, CDCl3) , 6:7.13 (dd, J=7.5. 5.4 Hz, 3H),
6.95 (d, J = 7.3 Hz, 1H), 6.85 (d, J = 8.9 Hz, 2H), 6.64
(t, J = 7.5 Hz, 1H), 6.52 (d, J = 7.7 Hz, 1H), 4.58 (dd,
J=8.2. 5.0Hz, 1H), 4.37 (d, J = 14.9 Hz, 1H), 4.01 (d,
J= 14.9 Hz, 1H), 3.79 (s, 3H), 3.46 (td, J = 8.7,

2.6 Hz, 1H), 3.36 (g, J = 8.5 Hz, 1H), 1.85~1.96 (m,
3H), 1.73~1.64 (m, 1H)., *CNMR (126 MHz, CDCls),
5: 157.20, 143.37, 142.91, 127.84, 126.78, 126.10,
120.75, 116.10, 114.21, 111.30, 57.61, 55.45, 47.17,
31.96, 22.32,

4-(3,4- W1 A8 2 3E)-1,2,3,3a,4,5- 75 & I % I
[1,2-a]wsmgrtk ( T af ): ZHFAWAR, 72 2R 44%. '"HNMR
(500 MHz, CDCl3),6:7.13 (t, J = 7.6 Hz, 1H), 6.96 (d,
J = 7.3 Hz, 1H), 6.83~6.72 (m, 3H), 6.64 (t, J=7.3
Hz, 1H), 6.52 (d, J = 8.0 Hz, 1H), 4.59 (dd, J/ = 8.2.5.1
Hz, 1H), 4.37 (d, J = 14.8 Hz, 1H), 4.04 (d, J = 14.9 Hz,
1H), 3.84 (d, J = 22.5 Hz, 6H), 3.51~3.45 (m, 1H),
3.40~3.33 (m, 1H), 2.02~1.86 (m, 3H), 1.76~ 1.67 (m,
1H), *CNMR (126 MHz, CDCl3), §: 149.02, 146.79,
143.29, 127.89, 126.11, 120.64, 116.75, 116.10,
111.27, 111.15, 110.29, 57.75, 56.01, 55.87, 47.22,
32.00, 22.37,

A-(4-FRHHL)-1,2,3,30,4,5- 75 AL % [ 1,2-a] W
etk ( Mag): HERBA, &8 95.5~98.7 °C ( 3CHR
{# 98.1~98.6 °CI®!), = 84%, 'HNMR (500 MHz,
CDCly), 6: 7.14(dd, J= 8.7, 5.0 Hz, 3H), 7.02~6.93
(m, 3H), 6.65 (t, J = 7.4 Hz, 1H), 6.53 (d, J = 8.1 Hz,
1H), 4.59 (dd, J = 8.3, 5.1 Hz, 1H), 4.37 (d, J = 14.9 Hz,
1H), 4.03 (d, J = 15.0 Hz, 1H), 3.50~3.31 (m, 2H), 2.02~
1.86 (m, 3H), 1.71~1.62 (m, 1H)., *CNMR (126 MHz,
CDCl3), 6:160.26 (d, Jo_g=245.7 Hz), 146.04, 143.38,
127.92, 127.17 (d, Jc_¢=7.56 Hz), 126.05, 120.53,
116.23, 115.69 (d, Jo_r =22.68 Hz), 111.36, 77.03,
57.53, 47.09, 31.83, 22.27.,

A-(4- S A HE)-1,2,3,3a,4,5- 75 EL S [ 1,2-a] ¥
etk ( MMah): FH@ A, K 96.4~98.3 °C ( 3CHk
{8 99.0~99.5 °CP¥), =% 67%., 'HNMR (500 MHz,
CDCly) , 6: 7.29~7.23 (m, 2H), 7.14 (t, J = 7.7 Hz,
1H), 7.08 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 7.3 Hz, 1H),
6.66 (t, J = 7.4 Hz, 1H), 6.53 (d, J = 8.1 Hz, 1H), 4.61
(dd, J = 8.3, 5.3 Hz, 1H), 4.37 (d, J = 15.0 Hz, 1H),
4.07 (d, J = 15.2 Hz, 1H), 3.47~3.33 (m, 2H), 2.08~
1.87 (m, 3H), 1.65~1.73 (m, 1H)., *CNMR (126 MHz,
CDCly), J: 148.70, 143.45, 130.08, 129.07, 127.96,
126.60, 125.99, 120.46, 116.37, 111.42, 76.62, 57.19,
47.02, 31.77, 22.24,

4-(4- IR A HE)-1,2,3,3a,4,5- 75 EL M 5[ 1,2-a] ¥
etk (MMai): FEREA, M 96.8~99.2 °C ( 3CHR
i 97.6~99.1 °CP*), 73 520, 'HNMR (500 MHz,
CDCls) , d: 7.40 (d, J = 8.7 Hz, 2H), 7.14 (t, J = 7.6 Hz,
1H), 7.02 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 7.4 Hz, 1H),
6.66 (t, J = 7.3 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 4.61
(dd, J = 8.3, 5.3 Hz, 1H), 4.37 (d, J = 15.0 Hz, 1H),
4.07 (d, J = 15.4 Hz, 1H), 3.44 (td, J = 8.7. 3.0 Hz,
1H), 3.35 (q, J = 8.4 Hz, 1H), 2.08~1.88 (m, 3H),
1.74~1.64 (m, 1H)., **CNMR (126 MHz, CDCl3), ¢:



52 1

Wreatle, S5 KA BT B TR AR A i D e s e AR A3 A ) - 451+

149.20, 143.47, 132.04, 127.98, 126.93, 125.99,
120.46, 117.82, 116.41, 111.44, 76.52, 57.09, 47.01,
31.77, 22.24.,

A-(4-J15 He 2 3E)-1,2,3,3a,4,5- 75 AU I [1,2-4]
Mtk ( aj ): A, 18 115.8~117.6 °C (3¢
BR{E 116.3~117.2 °C1¥), & 30%. HNMR (500
MHz, CDCls), 6: 7.52(d, J=8.8 Hz, 2H), 7.20 (t, J =
7.3 Hz, 1H), 7.02 (dd, J = 16.9. 8.1 Hz, 3H), 6.77 (t,
J=7.4Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 4.58 (t, J =
6.9 Hz, 1H), 4.46 (d, J = 14.6 Hz, 1H), 4.29 (d, J =
14.8 Hz, 1H), 3.48~3.39 (m, 1H), 3.34 (s, 1H), 2.37 (s,
1H), 2.00 (dd, J = 22.5. 14.9 Hz, 2H), 1.83~1.72 (m,
1H)., *CNMR (126 MHz, CDCl;) , 6: 152.87, 144.30,
133.14, 128.26, 125.70, 122.18, 120.09, 119.73, 118.10,
112.25, 103.32, 75.03, 52.63, 46.17, 31.29, 21.53,

A-[4-(1,1- BX ZE 5 )]-1,2,3,34,4,5- 75 A ik 1 I
[1,2-a]mMEmenk( T ak ): [ (B4, 45 55 104.4~105.7 °C,
77 H 25%, 'HNMR (500 MHz, CDCl3), d: 7.55 (dd,
J=15.7. 8.0 Hz, 4H), 7.43 (t,J = 7.7 Hz, 2H), 7.32 (t,
J=7.4Hz, 1H), 7.24 (d, J = 7.0 Hz, 2H), 7.15 (t, J =
7.7 Hz, 1H), 6.99 (d, J = 7.3 Hz, 1H), 6.67 (t, J = 7.3
Hz, 1H), 6.55 (d, J = 8.0 Hz, 1H), 4.68 (dd, J = 8.1,
5.4 Hz, 1H), 4.43 (d, J = 14.9 Hz, 1H), 4.17 (d, J =
15.0 Hz, 1H), 3.50~3.35 (m, 2H), 2.18~2.11 (m, 1H),
2.03~1.88 (m, 2H), 1.79 (t, J = 8.4 Hz, 1H), *CNMR
(126 MHz, CDCl3), §: 149.46, 143.50, 140.72, 137.55,

128.83, 127.94, 127.68, 127.13, 126.97, 126.04,
125.28, 120.73, 116.36, 111.47, 76.75, 57.26, 47.13,

32.01, 22.32, HRMS (ESI), m/Z: [M+H]" B i
327.1856; SLill{H 327.1855,

6- 7 %£-5,6,6¢,7,8,9,10,11- /\ & A 24 [1,2-a] s Wk
i ( Mba): ZEFB A, 7% 56%., "HNMR (500 MHz,
CDCly),d:7.25~7.21 (m, 2H), 7.08 (t, J = 7.5 Hz, 1H),
7.00 (d, J = 7.3 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.83
(t, J = 7.7 Hz, 1H), 6.64~6.57 (m, 2H), 4.87 (dd, J =
10.0. 4.2 Hz, 1H), 4.57 (d, J = 16.1 Hz, 1H), 4.38 (d,
J=16.2 Hz, 1H), 3.87 (ddd, J = 14.9.6.2.3.2 Hz, 1H),
3.20~3.26 (m, 1H), 2.19~2.10 (m, 1H), 1.96~1.83 (m,
2H), 1.73~1.60 (m, 3H), 1.53~1.45 (m, 1H), 1.41~1.32
(m, 1H), ®*CNMR (126 MHz, CDCls), J: 149.78,
142.65, 129.20, 127.78, 126.56, 119.96, 117.85,
117.41, 115.61, 110.09, 75.11, 47.14, 46.34, 32.96,
26.45, 26.06, 24.79,

6-(4-H % %E)-5,6,64,7,8,9,10,11- /\ A A Z4[1,2-4]
wEmEpk ((Mod): FHFAWIA, 7% 40%., 'HNMR
(500 MHz, CDCl3), d: 7.03 (td, J = 22.4, 20.4, 7.5 Hz,
4H), 6.87 (d, J = 7.9 Hz, 2H), 6.60 (dd, J = 19.8.
7.7 Hz, 2H), 4.81 (dd, J = 10.1, 4.0 Hz, 1H), 4.57 (d,
J=16.2 Hz, 1H), 4.32 (d, J = 16.2 Hz, 1H), 3.86 (d,
J= 150 Hz, 1H), 3.28~3.16 (m, 1H), 2.24 (s, 3H),
2.10~2.16 (m, 1H), 1.97~1.82 (m, 2H), 1.71~1.60 (m,

3H), 1.48 (d, J = 10.4 Hz, 1H), 1.35 (d, J = 12.8 Hz,
1H)., *CNMR (126 MHz, CDCl,), §: 147.73, 142.68,

129.72, 129.52, 127.73, 126.55, 117.93, 117.87,
115.49, 109.97, 75.74, 47.11, 46.53, 33.15, 26.37,

26.13, 24.81, 20.56.

6-(4- A H)-5,6,64,7,8,9,10,11- /\ E A 24[1,2-4]
MEREIER (TTbg ): IR, 4 87.4~89.0 °C, ™
% 51%, '"HNMR (500 MHz, CDCl3) , §: 7.17(d, J =
8.9 Hz, 2H), 7.09 (t, J = 7.7 Hz, 1H), 6.99 (d, J = 7.3
Hz, 1H), 6.86 (d, J = 8.5 Hz, 2H), 6.65~6.57 (m, 2H),
4.79 (dd, J = 9.9, 4.2 Hz, 1H), 4.56 (d, J = 16.2 Hz,
1H), 4.32 (d, J = 16.1 Hz, 1H), 3.86 (d, J = 12.2 Hz,
1H), 3.18~3.24 (m, 1H), 2.19~2.08 (m, 1H), 1.88 (dd,
J=221., 81Hz 2H), 1.72~1.60 (m, 3H), 1.49 (d, J =
10.1 Hz, 1H), 1.39~1.30 (m, 1H)., *CNMR (126 MHz,
CDCl3), 6: 157.37(d, Jo_r =239.4 HZ), 146.78, 142.66,
127.87, 12651, 119.84(d, Jo_¢ = 7.56 Hz), 117.52,
115.59(d, Jo_r =22.68 Hz), 115.50, 109.98, 76.32,
47.12, 47.02, 33.83, 26.30, 26.11, 24.75; HRMS (ES!),
mlZ: [M+H]"HIS{E 297.1762; SCill{E 297.1761,

6-(4- S HH)-5,6,64,7,8,9,10,11- /\ & A 24[1,2-4]
Mgtk (Mbh): FHEEA, 4 93.9~94.6 °C (3¢
ik 95.1~95.6 °C¥), 72 60%."HNMR (500 MHz,
CDCl3),5:7.16 (d, J = 9.0 Hz, 2H), 7.09 (t, J = 7.5 Hz,
1H), 6.98 (d, J = 7.3 Hz, 1H), 6.85 (d, J = 8.9 Hz, 2H),
6.65~6.56 (M, 2H), 4.79 (dd, /= 9.9, 4.1 Hz, 1H), 4.55
(d, J = 16.2 Hz, 1H), 4.31 (d, J = 16.2 Hz, 1H),
3.83~3.88 (m, 1H), 3.17~3.23 (m, 1H), 2.18~2.09 (m,
1H), 1.83~1.93 (m, 2H), 1.71~1.59 (m, 3H), 1.46~1.52
(m, 1H), 1.39~1.30 (m, 1H). *CNMR (126 MHz,
CDCly) , 6: 148.51, 142.50, 129.06, 127.93, 126.56,
124.78, 118.76, 117.45, 115.79, 110.17, 75.23, 47.13,
46.50, 33.18, 26.38, 26.02, 24.74,

6-(4-TR # H)-5,6,64,7,8,9,10,11- /\ & A 24[1,2-4]
MEREIRR ( T bi ). [ €5 {4, 47 1 104.8~106.2 °C ( 3¢
Hk{E 105.3~107.6 °C), 7% 529, "HNMR (500 MHz,
CDClg), 6:7.33~7.27 (m, 2H), 7.09 (t, J = 7.4 Hz, 1H),
6.98 (d, J = 7.4 Hz, 1H), 6.83~6.78 (m, 2H),
6.65~6.56 (m, 2H), 4.80 (dd, J = 10.0. 4.2 Hz, 1H),
455 (d, J = 16.2 Hz, 1H), 4.31 (d, J = 16.2 Hz, 1H),
3.90~3.83 (m, 1H), 3.17~3.24 (m, 1H), 2.10~2.17 (m,
1H), 1.81~1.94 (m, 2H), 1.61~1.70 (m, 3H), 1.53~1.43
(m, 1H), 1.34 (ddd, J = 13.6., 9.6, 4.5 Hz, 1H)., *CNMR
(126 MHz, CDCl3), §: 148.86, 142.47, 131.97, 127.94,
126.56, 119.08, 117.42, 115.82, 112.09, 110.20, 75.06,
47.15, 46.39, 33.07, 26.40, 26.01, 24.73,

6-(4- I Bt 4 %£)-5,6,64,7,8,9,10,11- /\ & & ¢
[1,2-a]mMEmentk ( Tbj ): FELREAR, 4 121.7~122.5 °C

( SCHRE 142.7~143.2 °CP), =& 61%. 'HNMR
(500 MHz, CDCl3) , §: 7.50(d, J = 8.9 Hz, 2H), 7.13
(t, J = 7.7 Hz, 1H), 7.03 (d, J = 7.4 Hz, 1H), 6.87 (d,
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J = 8.9 Hz, 2H), 6.71~6.62 (m, 2H), 5.00 (t, J = 7.3 Hz,
1H), 4.49 (s, 2H), 3.90~3.95(m, 1H), 3.25~3,31 (m,
1H), 2.23~2.12 (m, 1H), 1.86 (g, J = 7.0 Hz, 2H),
1.73~1.59 (m, 3H), 1.47~1.55 (m, 1H), 1.43~1.32 (m,
1H). ®*CNMR (126 MHz, CDCly), §: 151.31, 142.25,

133.65, 128.18, 126.59, 120.15, 117.42, 116.57,
114.56, 110.87, 100.23, 72.77, 47.52, 45.52, 31.83,

26.86, 25.63, 24.62.,

6-(4- filf 3 4 %££)-5,6,64,7,8,9,10,11- /\ & & 2¢
[1,2-a] i mubk ( Tl ): ZEFER A, =% 54%. '"HNMR
(500 MHz, CDCl3), §:8.14 (d, J = 9.3 Hz, 2H), 7.16 (t,
J=7.7Hz, 1H), 7.06 (d, J = 7.4 Hz, 1H), 6.82 (d, J =
9.3 Hz, 2H), 6.75~6.66 (m, 2H), 5.13~5.06 (M, 1H),
4.59~4.49 (m, 2H), 3.95 (dd, J = 15.3. 6.7 Hz, 1H),
3.35~3.27 (m, 1H), 2.20 (dd, J = 12.8. 5.6 Hz, 1H),
1.87(q,J=7.5, 6.7 Hz, 2H), 1.71 (dd, J = 13.2. 7.0Hz,
2H), 1.57 (dg, J = 23.7. 7.9, 6.9 Hz, 2H), 1.46~1.37 (m,
1H). *CNMR (126 MHz, CDCl3), 6: 152.51, 142.19,

138.42, 128.30, 126.59, 126.15, 117.48, 116.95,
112.67, 111.16, 72.49, 47.73, 45.61, 31.47, 27.14,

25.50, 24.61,
2-[6a,7,8,9,10,11- 75 A A A2 1,2-a] L k-6 5H )
R IfwEmk ( MMbm ): ZEARMAA, =% 28%, ‘HNMR
(500 MHz, CDCl3), d: 7.61(d, J = 7.9 Hz, 2H), 7.33~
7.28 (m, 1H), 7.14 (t, J = 7.4 Hz, 1H), 7.11~7.05 (m,
2H), 6.70 (t, J = 7.3 Hz, 1H), 6.66 (d, J = 8.2 Hz, 1H),
5.45 (dd, J = 10.7. 3.8 Hz, 1H), 4.84 (d, J = 16.0 Hz,
1H), 4.69 (d, J = 16.0 Hz, 1H), 3.91~3.96 (m, 1H),
3.35~3.41 (m, 1H), 2.22~2.13 (m, 1H), 2.02~2.07 (m,
1H), 1.95 ~1.87 (m, 1H), 1.77~1.66 (m, 2H), 1.61 (dd,
J =144, 82 Hz, 2H), 1.41~1.32 (m, 1H), “*CNMR
(126 MHz, CDCl3), d: 167.06, 152.50, 142.03, 130.70,
128.26, 126.59, 126.06, 121.56, 120.80, 119.31,
116.51, 116.36, 110.93, 73.64, 47.41, 46.33, 31.92,
26.85, 25.41, 24.45, HRMS (ES|), m/Z: [M+H] %

{8 336.1529; SLil{H 336.1528.
2 ZRE5i{Tie

21 RREE#HHK

DL 2-(1-mem e ) R (( Ta) ARl (TTa)
SRR N, HE T AR PRk (IL) &
B REDL. G, Fk T — RN PRk (£1),
SRR, FE 1- 205 -3- F 3wk mk O A AR
([EMIM][BF] ) H SRR AT, 7747 2% 0] ik 53%
(L LIP5 1), hire HA s 1WA v i s R R R 45
2% PR SchRARaE RO, B A R — s K
SEACH R R, RN ST, Hk, m
[EMIM][BF s TR 734 20% [ 9/%=V(H,0)/
V(IL+H,0)x100 ) I KB FK, 58k 1 Win. H
T LA, PRI ARSIk, PR

SR AL B, I LR 7 R iR o
G T ARFRAE 2060 258 Tk (B TR AT
IHECH 80% ), A5 H N, 1- T Fk-3-H FL DRI 7S SR
fREh . 1-C05E-3-H LR 7S SR R & . N- T SE ks
O 6B R £ P A A SR AR SR B 25, RAR B i =)
(HEARL ), M 4 FhE TR ™= s A $2 55
SRR M1 R 4 FhE AR R o s iR B
H 40%0 28 KB (B IR IRIRF R 60% ),
[BMIM][BF ML B 7= 0 7= 2358 T 42%, ok,

IR LB, BT R [BFL /& IR ARAH L T [PRe]
() B VA S N SR BT, 30 R A [ PRe] Y B -1
RERAT S, MUKIEE R ESHIR R, AFT
KN RIHEAT 5 (RIS, BH S e e A Jod s 5 oy R T
4f, Bl : [BMIM][BF AL Y 7= 4 7= 3 0] 35 5] 42%,
M7 1% 35~ 3- FF R I nae 10 00 2 A4 T 1 P 7 R
A 15%, X AT SR KA B A 5 e S 1 B IR AR L
AR M, AT LU I e SR SR TS R
YRZXT A AR A BLBMIM] BRI A i A8 AT T

ZEg, gL 2,
~o NH: ik N©
* 80°C,6h
NQ ’ N

la a Maa

F 1 T afnlla7E8ies 1 A AUAS R A TR 08 - W i
Hh R SR
Table 1 Reactivity of Taand Ilain pureionic liquids and
ionic liquids with different volume fractions”

5 LS PERI%T RN TEAEI%"
1 1-2Fk-3-FF JEmkme oy 45 53 46 52
iR EE ([EMIM][BF.])
2 1-2FE-3-F LR S R 6 5 6
Witk ([EMIM][PFq] )
3 [BMIM][BF,] 9 20 42
4 1T E-3-H IR S AR <5 o e
Wik Eh ([BMIM][PFe] )
5 1-C3E-3-HIEmkmk pu 5 5 7 15
MERE: ([HMIM][BF,])
6 1-C03E-3-F LBk N AR <5 o e
Witk ([HMIM][PFq])
7 N-TT FEmRmE PO 5 AR 0 T filit
£ ([BIM][BF4] )
8  RAL 1-TE-3-F Ak 6 10 14
i ([BMIM]Br)
OB gA: Ta(02mmol), Ma(0.4mmol), 4iE TRk

AR AT/ 408 T (1 mL), 80 °CF /2N 6 h; Q4T
WAL T3 B 5% QWA ECH 80%I1 & F IR AL T Y
GIEEA IRFRSECH 6000 B TR IAEAL T 14 B R
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%2 [BMIM][BF RO 47 S iy i
Table 2 Effect of [BMIM][BF,] volume fraction on product

yield”
75 [BMIM][BFRJMEEUIL (¢) ®1% FRE %
1 100 9
2 80 20
3 60 42
4 40 54
5 20 66
6 1 72

@ pigeft: Ta(02 mmol), Ma (0.4 mmol ), AFE1E
FUrBBMIM][BF,] (1mL ), 80 °CF i 6 h; @e/%= [ V(IL)/
V(IL+Hz0) ) x100; Q4B /=%,

2 2 i, ME S FRIREB RN, 5=
BT R Y IR EOR N E 1%
B, P=REIk 72%. RS BRI s,
HARF= i =3 2 LI, Wik, # Tk 1mL
IKAE R AT, 58 T [BMIM][BF4] FH & X 52 i
B2, 5N 3 iR, & 3 A, AN
TR, TEEAEYAER (£ 375 1); M50l
A 10%~30% ( LA T a®y iy i sEuE, TIE) /Y
[BMIM][BF B, 7F=3RZ It , 1A 30%H
[BMIM][BFf}, F23R5k 74% (% 3F5 4); kst
IR E PR &, =R L ( £ 3575 5),
IM[BMIM][BF] FH& <10%I, W SUR# %, X n]
B2 T B TR AR e AL R i [T, ] DA
IR e I, Fe& kit 30%0) 5 ik
FHER AT G S 5%

%3 [BMIMI[BR/H ki
Table 3 Screening of [BMIM][BF,] dosage“i"

5 [BMIM][BF,] i & /%" PR "
1 0 0
2 10 40
3 20 53
4 30 74
5 40 73

O pizctt: Ta(02mmol ), MTa(0.4mmol ), HO(1mL ),
80 °CF i 6 h; @Q[BMIM][BEJHI& (LA T aBy¥y oY &ty Jik
#HE); ONEF=R,

W2 H T N R . ROV EHE K Tafila
Wy I HE R OSSR, 455 LR 4.

W, SRYRYE R T T 55, M4
2-(1-MH I o ) 28 R B ok i, R RO AR (K 4
5 4), Ak ARy, R TE A
Mu(la) :n(la)=1:208f, RNIEFEL,
FERN T4% (£ AFS 2), EEMN N IREIFTT
HE (R 4P 5~7), HJRETFEE 70 CH, 7=

SR FEAG IR T 2 90 °C, 7= R Al 1 & 81%,
ARSLThEIR I, PRI R AR, Kt B0 RN
MEAERE 90 °C, A T —tmmR, Tk
BFEIZE 7 h (R 495 9), P REAERT, 2
R ES5h (K A4)F58), TN 70%., FHit,
B T BRSO Y R 2 A DA = 2- (1 o i ) 4 Y
1 0.2 mmol , % % 0.4 mmol ,[BMIM][BF,] i & 30%,
HO1mL, 7£ 90 °C T2 ) 6 h,
Fa RE. MR aks Ta¥im s k"
Table4 Screening of temperature, time and amount of substance
ratioof Tato IIa"

F5 n(la):a(lla HEFC  RHEM - R%
1 1.0:15 80 6 69
2 1.0:20 80 6 74
3 1.0:25 80 6 64
4 15:1.0 80 6 55
5 1.0:20 70 6 56
6 1.0: 20 90 6 81
7 1.0: 20 100 6 8
8 1.0:20 90 5 70
9 1.0: 20 90 7 8

O . Ta(0.2mmol, HHFS 4% 0.3 mmol ),
[BMIM][BF,] (30%, 0.06 mmol ), H,O (1mL); @B/,

22 BFRIEFAERRHENEE

TEfAE N 2R, S T W AR 0 1 B4 1 175
MBI T %88, SR NE 5, RNEEHRE, TR
CERAEHL (3x3mL) =4y, [l 542 KR Hh dk 22
AR IEAT IO . 3 5 A%, R 3 iy
PR T8% . TAY%FN 70%; A FR i FH I 7= 2
AR, TTRER N HUY B S N PR, KA Y
B AR BT S TS

T5 BTG BN 5 i
Table5 Effect of recycling times of ionic liquid on reaction”

P [ A%
1 0 81
2 1 78
3 2 74
4 3 70

O ZM: Ta(0.2mmol ), MTa(0.4mmol ), [BMIM][BF,]
(30%, 0.06 mmol ), H,O (1mL ), 90 °C FJZ )i 6 h; @/rBr=%K,

23 EYITCEHE

TERARE T BB N S LUR , SR 03 5 v
WAT T %58, S50 6, & 6 nlAl, BTk
AT DU AS [R] Y 2- 2 JE O I RN AN () 1) O 7 e
N, ALHE 2-(L-MER e 36) AR I | 2-(1-R 24 5 3E) R
S, 4-HEORRE . 4-50R Mg . 3,4- W S R R
A-JEFR AN 4- G FEBCOR AT, 2 2-(1-L g e ) K H
T 5 O W L B RN 45 L R A R B SN, Y RE
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PLrp &5 2 RAOF R4 2 B AR %) ( ab~a) ); 1t
A, 2 [ BT SO 52 WA/ 0N, A [l o7 8 1) FY R B
RHEWe (0-Me. m-Me, p-Me) 5 2-(1-MLMg ke k)%
g s Ry, Hr=fab, Mac, Mad /=555 %
79%. T4%. 84%; IAUHYA L AE LA A ARG
FIHbR=Y Maf; 7355, 4ZFIEBIRE 2-(1-ME b
)R RV RS, AURELL 255%™ %645 2] H A5
Yy, XTRESE H T IR K A BT b s fif M A 2 1 i
2 BES, 4 2-(1-memg e ) 8 F B R IR 97,
P IIE Y 2-(1- 8 A 5L ) R T B 5 05 70 i S g 7 48
( Mba~1bi ) BEALT 2-(1- %k%%km2%)zxﬁaﬁ* ([0R:3}
U I e TG i R AR e S Ry A 3 1 7 4 7 2 (o~
mu)@Tz&%%hﬁWﬁ% XA B T X
S ) S A ) 25 v T B8 AN TR SR AE S

AR, Je RS 2-(1- M Jor ) 4% FH IR A5 31 B A ™
Y 5P HER 2-(L-A A w5 R PR3] T H s
P Mbm, SRS, KEZEURY A AN S
TR, 205 75 BCAR BE 55 AN R B 2- 4 FH
BB, AFBNAHRL R4, H7 3k,

6 BT IR AL G R S s AT A )
Table 6 lonic liquid catayzed synthesis of tetrahydroquinazoline

derivatives
S NH. [BMIMJBF,] N
C(% *Rg H,0, 90 °C, 6 h %
la-b " Ta~m m

™

@C“f@ v

. oy

o o

8

Maa 81% Mab 79% Mac 74% IMad 84%
S NN
@@GQ S @Qgs Sy
Mae 50% T af 44% Mag 84% Mah 67%
N/G(Br N O
o o oy
Mai 52% ]]Ia] 30% Mak 25%

NG VQJ Neg
e “@ P 0
N/@/ N02 @

1Mbj 61% [bl 54%

24 RMNHIEBRR
T 3 5 A0 5 SCERT 2P T
1R

ILALEEL, 4

&1 AT RERY R LR
Fig. 1 Possible reaction mechanisms

B W H B T A DR B 2 5 0 S T B
FLA Z I 1 1) VR, SO0 T SRR 1) 2R L
11T 5 YA 14 91 88 5 5 7 i e o S0 A0 3 5 T
I3 A MBI EAZE , IR T OB Ry, fie it 128
RS BB #EAT 5 T8 A ik 22id 1,6-]
ek, BEBLBRT AT 20T WEMETE B R

3 #Hit

ARSCHIE T —Fh LA T AR [BMIM][BF,] A f#
R, ARAE g R0, S IR A RN A P A
WS AR B DS AT A W 1 i o e R AR 2K
BRI . a5 [ a¥yias e &t
Xif 2-(L-ME g e )R RS (1T a) 50 ( Ta) K
PR, 15 T BRI R A 0.2 mmol
2-(1-MEn& ke 3E) ZE H i ( T a), 0.4 mmol Zf% ( Ta),
30%I%[BMIM][BF,]. 1 mL H,O, 90 °C F )i 6 h,
FERANE 81%, BT 13 MY &S 2 ff 2-E
RHEER RN, BIREME R A R 8] Y, [RES
R T AR IEA RO, EEMH 3 WG, ™
TG TR (s R R 81% FFES] T 70% ).
%7 VLTG0 B TR AR R AR, DUOKAE
KA T, HAGROIRREILR, 6 Ly & s
RS AT AR ARAL T — R SR T Ik

S 3k
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