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e 1 220 a1 WA D A R AN R R T
1,3,5-=BURNA X =R KA G Wi & n, o Bl e
TN B R SR B R R D) RE AL B TR TR
P45 BCR Bl IR B T 2R @4 i H N

2 IERSY

2.1 KFEME

B TG, R, s i B e e TR, ik
el RS RHE Alfa Aesar, 4li i 98% ; 1-FF 5t
ke, ke, SACIE T B¢, AR iR e Ak Tk, 4 by
g RS = O, KRR LA 0
RO, A3 ATl , T8 2208 5 8 1 5 T e B R PN TR , B AR
HRFIEAL TR, 2 Frali o HoAh ok 5 85 B 4l 7]
A Zexd hh PR R A

1% 25 [ B % A W HP5989B A HL R % 4%
F[H Nicolet 2% H) Nexus870 #I i <7 78 4 21 48 % 1%
%5 PE-2400 JE R /3 #r4%; 22 [ Varian 24 ®] 500 MHz
INOVA % 24 i 1 A
2.2 SI§
2.2.1 BFRENHE

ZHSCER[12, 21 =22 ] Jy kil 45 7 BRmk B ot g
W Je = 2 B RS T, FE R H NMR R 47 RAE

[ HSO,-BMIM ] HSO, (3-methyl-1-(4-sulfo-butyl)
imidazolium-HSO, ): '"H NMR ( DMSO,500 MHz),§:
1.51 ~1.57(m,2H),1.85 ~1.91(m,2H) ,2.48(t,2H,)
=7.5 Hz),3.85(s,3H),4.18(t,2H,) =7.0 Hz),7.71
A e
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(t,1H,) =1.5 Hz),7.77(t,1H,) =1.5 Hz),9.13(s,1H).,

[ HSO,-BPY ] HSO, (1-(4-sulfo-butyl)-pyridinium-
HSO, ):'"H NMR ( DMSO,500 MHz), &: 1.55 ~1.61
(m,2H),1.99 ~2.05(m,2H) ,2.52(t,2H,) =7.5 Hz),
4.64(t,2H,)=7.5 Hz),8.17(t,2H,) =7.0 Hz),
8.61(t,1H,) =8.0 Hz),9.11(d,2H,) =6.0 Hz).

Fofb AR RS RS 3CIR[12,21 22 [ {5 — 2K
2.2.2 13 5-ZBRASH=ZREUEGYHEK

oK FIAT HILI A= 2% R O JEORE 38 19 8 1
RPN T A 1,3, 5-ZBUR AN A =2
aY, sovJr # X Scheme 1,

ILs (N\l
R—C=N + CHO —=
Y
R R
R= CHa, CH3CH,, CH3CH,CHy, ©
a b c d
Scheme 1

WAL, 3,5- = BN A SR G Y B R E
W AT ImA =R EE,4-5 R BRI,
i BB WA ,60 ~80 CHigHE, e hif 0.5 ~4 h, & 4f
UELELS A, THRA O OERD S EREGY 1,3,5-
SRS A = R R RSO € 1S SO R o
FESEFE 53 BT, LA ) 38 5 Pk RSO A O 25 524 6 R 1
PERIFE AR o 25 WA — G Y Be VR % )5 U8R 25 18 L B
ARGy IR R MR 2% T e dE A fd o
2.2.3 13 5-ZBRASH=ZREUSYWHIRIEER

Fifg =9k BT H NMR (IR \MS Fil 45 HLC % 43
AT RAE B 0T -

1,3,5- =R a ¥y =% (a): m.p. 70.3 ~
71.8 °C.'H NMR(DMSO,500 MHz) ,5:2.12(s,9H,
CH,), 5.22 (s, 6H, N—CH,—N), IR (KBr), v
(cm™'): 2970,1635, MS (m/z):213 (M*), 154
(39),129(31),100 (40),87 (38),43(100), Anal
caled for CyH,;O,N,: C 50.70,H 7.042,0 22.54,N
19.72; found; C 50.61,H 7.031,0 22.61,N 19.61,

1,3,5- =Nt ANAS =% (b): m.p. 173.1 ~
173.8 °C.,"H NMR(DMSO,500 MHz) ,5:0.96 ~0.99
(t,9H,CH,),2.45 ~2.51(q,6H,CH,),5.23(s,6H,
N—CH,—N), IR (KBr), v(cm™'): 2980, 2943,
2881,1464,1369, 1650, MS(m/z):255(M"*),157
(30),114(50),101(60), 57 (100),42(30), Anal
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caled for C,,H,,O,N,: C56.47 ,H 8.235,0 18.82 ,N
16.47; found: C 56.51,H 8.231,0 18.90,N 16.41,

1,3,5- = THEHANE =% (c): m.p. 69.2 ~
71.2 °C."H NMR(DMSO ,500 MHz) ,8:0.94 ~0.97
(t,3H,CH,) ,1.61 ~1.69(q,2H,CH,) ,2.49 ~2.52
(t,2H,CH,),5.28(s,6H, N—CH,—N) . IR(KBr),
viem ™). 2960,2934,2873,1466,1649, MS(m/z)
297(M*),185(53),128(50),115(94),71(71),
43(100), Anal calcd for C,; H,, O,N,. C 60. 61,
H9.091,0 16. 16, N 14. 14; found. C 60. 54,
H9.085,0 16.21,N 14.09,

1,3,5- = R EENAH =% (d): m.p. 220.3
~223.0 °C.,'H NMR (DMSO, 500 MHz),s: 5.33
(s,6H, N—CH,—N),7.36 ~7.42(m,15H, ),
IRCKBr), v(cm™' ). 3034,3058, 1670, 1649, 1601,
721,697, MS(m/z):398(M*-1),253(13),147(12),
105(100),77 (31), Anal calcd for C,, H,, O,N, .
C72.18,H 5. 263, 0 12. 03, N 10. 53; found:
C71.95,H5.270,0 12.10,N 10.45,

3 HR5Wie

3.1 FREBFikdt &R0

5 Tl 25 A TR e 2R b e R N = 2 R B T AR )
ST 1,3,5-Z BN =% 1,3,5-= 28
[ AN RN 3 (et 7/ N iU Re g U

T AT LUE e A LG 25 4 5T A = 3R I R
R, [BMIM ] BF, %5 B BH B F#0A & & 7 1 3 1
WA TLF A HEACPE T, Y8 iR R 5 = 23R W R R
Feoh 0.5 B, JC HAR ™ P14 i BB 2 i R U A 1Y
[BMIMTHSO, & 1% 1 S 4 £k 550 s 0z 5 7], i
RIS PR AR, 1,3, 5-Z N BE SR AN & = R YR AL N
25.9% AHEPEME R 99.2% s N rh 5 ~10 %l v] LA
A B R T RE Ak PH S - 19 B R AR B TR S R X
ot S AT HILIE P o3 F0 = 5 R ) LA s 1 AT
1M EL 05 & A HURG A 1R 4 i i AR 4B L B G = ik
RARAE 80% LA I, e FE R T 98%

M R EE BT DA R R 8 X Ak T 1 A Y
M) , U B2 S 0 3 B Ol T R A AL AT B . B R I R
P 2 B B T BH B T 45 R 0 S AR ) IR 1
AEERN . AR RE 1L A B T WA R
FUAS 2 itk B2 D) R A 55 11 B IR A 19 R 1 i, B 5 5 A [+
(B T TR R R Th RE fb P R 2 mR M M s
X Xk
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[BMIM]BF, F1[ BMIM ] pTSA & 7 /K b [ 8§ 7 3% A
Bronsted P 1 sl # B2 PEAR 55 , FH 25+t A4S &5 1 iR ) fig

TRUEEPA, ot DAL AR R MEAR 55, X T ML i = 2R W i
SN AL TG P o [ HSO,-BMIM ] pTSA B 1 i A4 &5
AT R R ) A R P RO B R R B, (H R A
AR5, 32 B H T FH R R AR 5 it R 5 AT At
BH B8~ 1 it 12 5 A1 &0 =2 ) B 8 s /) 3 3 4R S i
Tz B B, B OB T O A R EE T BT
[BMIM HSO, Bk &H HSO, BRVEA X058 , %F
BN A — i A AE T, B TS P Bk, [ HSO,-
BMIM] HSO, .[ HSO,-BPY ] HSO, fil [ HSO,-BTEA ]
HSO, & F AR H & A i i AR B &, 9F B IR &
TS A — AR T g 2 A, N b R M AR AR 3, H,
(Hammett 3) #87E-2. 0 LT, 0F T4 DL f1 = 5
HE I 11 s AR TG PEAR i , B il . R, i

W 1k TR R D BE AL B TR 1,3, 5- = BN | Y
ZREAL T W AR 5 IR R A A AL R AR

R R BT WA PR B

Table 1  Effects of various ILs on yields of the products at 80 °C

T . 2 selectivity yield

product lonic liquids Mis* Masuioane” /oy 7%

1 [ BMIM] BF, 1: 2 ~0?%
2 [BMIM] pTSA 102 ~0%
3 1,3, 5-tri- [HSO,-BMIM]pTSA 1: 2 ~0%
4 g;ﬁxﬁgf [ BMIM] HSO, 12 99.2 25.9")
5 striazines [ HSO;-BMIM] HSO, 1: 10 99.1  81.6%
6 [HSO,-BPY] HSO, 1: 10 99.1 87.1%Y
7 [HSO,-BTEA] HSO, 1: 20 98.9 87.0%
g 1,3,5-tri- [HSO,-BMIM] HSO, 1: 10 99.8 92.3%Y
9 22:‘;;5’:0 [HSO,-BPY] HSO, 1: 20 98.8 87.9%
10 striazines [ HSO;-BTEA] HSO, 1: 20 99.4 87.3%
Note: 1) [BMIM] BF, =1-butyl-3-methylimidazolidine-BF;, [ BMIM ] pTSA =

1-butyl-3-methylimidazolidine-p-toluenesulfonic acid, [ HSO;-BMIM ] pTSA
= 3-methyl-1-( 4-sulfo-butyl ) imidazolium-p-toluenesulfonic acid ,
[BMIM ] HSO, = 1-butyl-3-methylimidazolidine-HSO , [ HSO;-BMIM ]
HSO, = 3-methyl-1-( 4-sulfo-butyl ) imidazolium-HSO, , [ HSO;-BPY ]
HSO, =1-(4-sulfo-butyl) -pyridinium- HSO; ,[ HSO;-BTEA] HSO, = Tri-
ethyl-(4-sulfo-butyl) -ammonium- HSO, ; 2) it is molar ratio of ionic lig-

uids and 1,3 ,5-trooxane; 3) reaction time is 4 h; 4) reaction time is 1 h,

3.2 BFREAEXRMRM

DLTA i Fl =58 WYV S b5 1 1,3, 5-= N Ik S
S =R ) R RN TR 80 °C, N R 45 min 4%
PEFIFSE TS 1 IR 4 PR S s R A R 4 SR
1R
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Fig.1 Effects of the quantities of ILs on yeils of 1,3 ,5-tri-pro-

pionyl Perhydro-s-triazines

T RTLLVE 8 1R B 6 SN A R
Me , = R0 Eg WA 1 52 ) 5 B0 s e THE BRI G . B
RN R NG ISR RN e L Y ¥ =
A5 0.5,1,0.25 B, H 8 77 PR 88, H Aot ng
T R T RE AL B8 1 VB0 1 FH I R 5 IRl 40.8% 5 il
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Ji 80 °CAPETR , =l B 90 ARG 5 8 KR 38 R A
RE 70 43 Ve Al SN 400, f6f S I A R B A $4 AR T A i H
(7= A T8 43 B I 0 fef e g DA o 4 iR AT 5 [
FIF 5% (1] R 1 198 Dt B 88 4 s oy ) i 1 B I A &R,
TR BT IR AR 5 R B BN I R AR &R S
HHM PR AL, 1 [ HSO,-BTEA] HSO, ¥ ¥
WANVER RSB R KT 1 4 i & AEBORE, RO T
WA AT BTl IA S =R EEE/R L N 10
(5 1: 20) B, HE PR i . 24 8T il AR
U/ B B R AL VE TS, B IR TR
3.3 BEX KR

AR B R = 3R H B LA 1,3, 5- = R
BN A = ), e RO BT[] 35 min S5 FWRSE T
T X R A S ) L 25 RN R 2 IR .

2 G5 AT LIE B AR A T A PG 2
Py ST = SR R N A — W TRLBE R AT RE AT
AN T B B YRR s B ) e AU S g ek B s S A [R] (2
H11,2,6,17 FoR) s 76— & i B N, H A ™ 90
WA Rl N T BE Y T T R, A 80 °C (EK
60 C)Jg Hm iR MR (R 4,9,13), X&H

S YRR 2 R El g 2 U o Y TR AR, R
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Yy B A R 1 RE AR A RO, S AN RE A A, R
B T e B — E TR L, MR AR R PR DL B A AT
PERE SN A RE A AR 5 R B A TH i iy, = R BRI
HUIE 284 L6 25 1 IR B9 1 R 7823 JOBE, H i 7= 4
W 30 8 o AR — i BT T K B (L 5 204 Rl JEE
— UG, RO e BT A 7 A B SN, i 2l g o Y
Se AR, H B HICR T R

F 2R YR Y R
Table 2

Perhydro-s-triazines

Effects of temperatures on yields of 1,3 ,5-tri-benzoyl

temperature  yield

ILs Mg M 3 5 trioxane /°C /%

1 [HSO,-BMIM]HSO, 1: 10 40

2 50 -

3 60 86.7
4 80 91.9
5 100 72.2
6 [HSO,-BPY]HSO, 1: 20 40 -

7 50 81.7
8 60 87.1
9 80 83.2
10 100 79.7
11 [HSO,-BTEA]JHSO, 1: 20 40 -

12 50 82.2
13 60 86.7
14 80 73.2

Note: - represents no reaction.

3.4 & REE X4 R A R

AR G R = 3R WS S LA B 1,3, 5- = 4 HT i
BN & = 0, A B T WA 5 R B EE R L
1210, N 80 C A4 N AFSE T K Nf i i) % H #)
FEYICR A SRR 3 Fin . RS AT,
B TWARERT e Bt I P, A LIS e e = 5
FH IS AN BB & A I 5 24 S L IR RN AE K S, H B P= P iR
B T Ik B d e 2 5 PR R R S FRRI .
3.5 BFEREHEKFA

DATA G R = 3R F R B O AR i 1,3, 5- = N kK
AX =R, L[ HSO,-BTEA JHSO, B Tl 1Kl 2
L 5 790 R AR TR BIE 50 T B - VPR 1 R M 45
R4 iR, W4 v LUE B TR T 205 .
U 25 AR S TRIUSC B R E P 3 UG PRI A I s R R 2
— i iR 3 PTG ) P I R R SN R
3.6 BFREPERAESEAFELR

BFWAR T 1,3, 5- = AN AY SRR EY
16 BUTE JC I R S5 A B AT, AT 2 AL E A,
Al R AR A5 ), e A R0 v IR A 48 & BT T 46 38
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B R M Ty B a5 i ALY A = 2R
P 11 S50 SR S A RN R B AR e 1 R S T
PRBEAT 285 5 S ) R FE AR A A P, A6 S 0 35 1 48 5
[ I, 122 S5 L 7 TG 5 700 S IO A4 28 o kAT, RO W ik
KO0 TA R LR R BE AR T, A o e 1 5 i
HOMRRBIAE T h AT 42

T3 IIE W A 5
Table 3 Effects of reaction times on the yields of 1,3,5-tri-

benzoyl Perhydro-s-triazines

ILs reaction time/min yield/%

1 [HSO,-BMIM]HSO, 10 B

2 20 70.7
3 35 91.9
4 60 92.3
5 240 91.9
6 [HSO,-BPY]HSO, 10

7 20 -

8 35 87.1
9 60 87.9
10 240 86.2
11 [HSO,-BTEA]HSO, 10 B

12 20 70.2
13 35 86.7
14 60 87.3
15 240 86.7

R4 HTWMIEEE 4SS
Table 4 Recycle of[ HSO,-BTEA] HSO,

recycle times yield of products/%

1 87.0
2 87.1
3 86.8

WFTE T 22 8 1 I A DA A 50 R s B 7 590
AU I oA = 2R B I S i A T AR 1,3,5-=
AN S =R BY) . 45 REW], B TR R
JEHAMEALTERE A D E I 2R o L Hh 35 A B 7R 2 e 1k 2k A
AR IR I IHEIE | = 2 i BH 2 A9 T R AR B B T
de, KR BE B 1 S L R (ORI AE T h AT o8
S AEIEH 3 YR PR R FE AL, B 1,3, 5- = U
ANAY =R @G BRI T —F B4

Sk
(VRS IE, . KIEGHIE SR IM]. Jbat: PRI
Tolk 2% A 438 R, 2001
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Green Synthesis of 1,3 ,5-tri-substituted Perhydro-s-triazines in lonic Liquids

YU Qin-wei, YANG Jian-ming, XUE Yun-na, LI Ya-ni, Li Jian
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: The green synthesis of three 1,3 ,5-substituted (acetyl, propionyl and butanoyl) hexahydro-s-triazines was performed in
various ionic liquids (ILs). The effects of the type and addition of IL, reaction temperature and time were investigated and
discussed. The IL’s activity and selectivity depend on their acidity. The ideal ILs are sulfuric acid functional ones which could give
a yield of target compounds up to 80% at 1 h reaction time. These kinds of ILs have selectivity of higher than 98% , and could be
reused for three times without reducing activity. The characterizations of prepared ILs and triazine derivatives have been done with
FTIR, "HNMR, MS and elemental analysis.

Key words: organic chemistry; ionic liquids; perhydro-s-triazines; green synthesis
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