% *ﬂ; {t % DOI: 10.6023/cjoc1012142 Rk
Chinese Journal of Organic Chemistry NOTE
MixFEE e — R = & X o-F EERES

AR - S S

# REE FER

R TR R 2 R A (A 15 I T T SR SORS 40 A S SRR 1 4 T B T R ST
AACET RN R A TR S KV 410081)

WE DUPEETA N sk, £
IR .
KB PTREERR; AR 88k a-EUIE IR

2 AL TR PT IR BEPR AL SRR T e . D7 READE IR — L — =40 & a-E 3
SRR ZE AR B AT AL EREAr « BRI, ORI Z A A] E AT A

Synthesis of a-Amino Phosphonates from One-Pot Three-
Component Condensation Catalyzed by
Bamboo Char Sulfonic Acid

Zhou, Xiaohong Xu, Qiong Fu, Zaihui Yin, Dulin*®

(Key Laboratory of Resource Fine-Processing and Advanced Materials, Universities of Hunan Province,

Liang, Jing

Hunan Engineering Laboratory for Petrochemical New Materials, Institute of Fine Catalysis and Synthesis,
Hunan Normal University, Changsha 410081)

Abstract By using fresh bamboo condensation raw material, bamboo char sulfonic acid was obtained via sulfuric acid char-
ring and sulfonation, which catalyzed the one-pot three-component synthesis of a-amino phosphonates by condensation of
various aromatic aldehydes with aromatic amines and diethyl phosphite. Experimental results have shown that bamboo char
sulfonic acids have advantages of high activity, simplicity of operation, wide range of sources and easy recycle.

Keywords bamboo char sulfonic acid; heterogeneous catalysis; one-pot reaction; a-amino phosphonates
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AZH 0.5 h J5 AR h 77, NaOH ¥ € 22 E,
WA R R B 4 1.66 mmol/g. ¥ 5 1 (0.25
mmol). % 2 (0.25 mmol). /R — ZB8(0.25 mmol).
I IRIEFR(12 mol%) M 5 mL ZEERIR AT 60 Clndk
PEFE RN, RN s WG, RO E, VT ms g [l 44 oG
IK G, RDRCRI . e 78 A 25 R 16 &
M, H 95%MUK CRFE S5 85 21774 3, B THRGR ).

N-ATE ORI -0- B 5 -a- K H-0,0-— LI L IR
(3b): ALK A, mp. 119~121 C; '"H NMR (CDCl,,
500 MHz) d: 1.10 (t, J=7.0 Hz, 3H, CH3), 1.29 (t, J=6.5
Hz, 3H, CH;), 3.64~3.69 (m, 1H), 3.90~3.95 (m, 1H),
4.09~4.14 (m, 2H), 4.70 (d, J=23.5 Hz, POCH), 6.55~
7.43 (m, 9H); IR (KBr) v: 3295 (NH), 1236 (P=0), 1050
(P—O—C) cm " '; MS (EI) m/z: 353 (M"). Anal. calcd for
C17H, NOsPCI: C 57.71, H 5.94, N 3.96; found C57.69, H
5.78, N 3.69.

N-XF IR I -0- B H-0- R IE-0,0-— LIS IR
fig (3¢): AN K, mp. 115~116 ‘C; 'H NMR
(CDCls, 500 MHz) d: 1.11 (t, J=7.0 Hz, 3H, CH3), 1.28 (t,
J=17.0 Hz, 3H, CH;), 2.18 (s, 3H, CH3), 3.66~3.71 (m,
1H), 3.91~3.96 (m, 1H), 4.09~4.15 (m, 2H), 4.73 (d, J=
23.5 Hz, POCH), 6.56~7.47 (m, 9H); IR (KBr) v: 3299
(NH), 1240 (P=0), 1027 (P—O—C) cm™'; MS (EI) m/z:
333 (M"). Anal. caled for C;sH,,NO5P: C 64.86, H 7.21, N
4.20; found C54.88, H 7.13, N 4.14.

N-ZEH-a- B He-0-2,3- A FE-0,0- - LI I Ik

% fig (3i): E KK, mp. 136~137 C; 'H NMR
(CDClLs, 500 MHz) &: 1.08 (t, J=7.0 Hz, 3H, CH,), 1.34 (t,
J=17.2 Hz, 3H, CHs), 3.65~3.73 (m, 1H), 3.91~3.95 (m,
1H), 4.19~4.25 (m, 2H), 5.41 (d, J=24.5 Hz, POCH),
6.56~7.38 (m, 8H); IR (KBr) v: 3295 (NH), 1233 (P=0),
1030 (P—O—C) cm '; MS (EI) m/z: 387 ((M—H]").
Anal. caled for C1;HyNO;PCLy: C 52.58, H 5.15, N 3.61;
found C52.48, H 5.04, N 3.72.

N-RF-o- % F-0-3,4- AR IE-0,0-— L FE S ik
FRIE3)): ER A, mp. 97~98 C; '"H NMR (CDCl;,
500 MHz) ¢: 1.19 (t, J=7.0 Hz, 3H, CH;), 1.29 (t, J=6.7
Hz, 3H, CH;), 3.83~3.90 (m, 2H), 4.11~4.16 (m, 2H),
470 (d, J=24.5 Hz, POCH), 6.58~7.57 (m, 8H); IR (KBr)
v: 3289 (NH), 1233 (P=0), 1021 (P—O—C) cm '; MS
(EI) m/z: 387 (M—H]"). Anal. calcd for C;;H,NO;P- Cl,:
C 52.58,H 5.15, N 3.61; found C 52.50, H 5.21, N 3.57.

N-ZE 3 -a-E F-a-3,5- ~ HAEFEFRIL-0,0-— L7
FE IR IR (3K): YRR A K, mp. 99~100 C; 'H
NMR (CDCls, 500 MHz) ¢: 1.15 (t, J=7.0 Hz, 3H, CH3),
1.28 (t, J=7.0 Hz, 3H, CHs), 3.76 (s, 6H), 3.97~4.00 (m,
1H), 4.10~4.14 (m, 1H), 4.69 (d, J=23.5 Hz, POCH),
6.36~7.26 (m, 8H); IR (KBr) v: 3329 (NH), 1230 (P=0),
1017 (P—O—C) cm'; MS (EI) m/z: 379 (M"). Anal.
calcd for C9HysNOsP: C 60.16, H 6.86, N 3.69; found C
60.22, H 6.69, N 3.70.
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Table 1 Reaction of aldehyde 1, amine 2 and diethyl phosphate catalyzed by bamboo char sulfonic acid

R2
] 2 Catalyst (12 mol%) TNH OFt
R'CHO + R®NH, + HP(O)(OEt), _ )\
EtOH, air 1 P
1 2 R Il ~oEt
o)
3
Compd. R! R? Time/h Yield/% m.p. (lit.)/'C
3a Ph Ph 12 78 86~87 (86~88!'%)
3b Ph 4-CIC¢H, 12 75 119~121
3c Ph 4-NO,C¢H, 12 60 141~142 (141~1431%)
3d Ph 4-CH;C¢H, 10 96 115~116
3e 4-CH;0CgH, 4-CIC¢H, 10 74 97~98 (97~98[2%
3f 4-CIC4H,4 4-CIC¢H,4 10 84 121~122 (121~ 12212%)
3g 4-CH;0CgH, Ph 13 81 99~100 (98~100!'"1)
3h 4-CICH, Ph 13 89 70~71 (70~711"%)
3i 2,3-Cl,CgH; Ph 13 90 136~137
3j 3,4-Cl,CH; Ph 13 85 97~98
3k 3,5-(CH;0),C¢H; Ph 13 80 99~100
31 C4Hy Ph 16 Trace —
3m C4Hg 4-CH;0C¢H4 16 Trace —
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Figure 1 FTIR of bamboo (a), bamboo char (b) and bamboo
char sulfonic acid (c)

1710 cm ™' 7245 [R50 06 1600~1500 cm ' [ 410453
WIHIET C=0 A Ik C=C X, RYI7RHE 4
SR AR SO R B A . BPTRAR L, AT B R
LA 2920 em ™ AL R C—H (4 PR 2 REAE
W 5EATH O, PIRTIRZLAME K] 1c AFAEhi iR AL 4L
AMRFEWRI I 1250~ 1150 em™ " A2y SO, IIASK Bk i 4
sy, W E; 1030 em ' 2245k SO, (I AR 4 P 80,
W% 700~600 cm™' &b C—S [rIR B>,
HIZE 2 W RAE Y, S (BC AT IR, SC AT sl
)Py s o 2 F B W, Aon s A AT T R R
WoTER S REMA N, HRIMPBUARGHT 15 #%, L
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Table 2 Resutls of elemental analysis, surface area and pore
volumn of bamboo charred materials and sulfonated chars char-
ring in 300 C

Elemental analysis

Sampl S/(m?eg ! V,/(mLeg !
il e (m™g ) o/(mLeg )
BC 697 0.73 4.95 0.22 2.49 0.005
SC 583 0.60 3.68 3.00 36.9 0.018

2.2 MrREEREIT A [E R R E R %

SN ALER 4> K399 20 (Scheme  1): 25— 20 Jhy 2K FE AN
IR NG SN O e 55— hy WP e 5 IR — IR S
R, SER AR EWIGR 1), X T I5 AR EA R

Chin. J. Org. Chem. 2012, 32, 393~396

fRIE(EK 1, Entries 1~4), W T, 4 TIREA A
FEE, IR Ny AR LA R, D5 R ORI F A4
TR AR T R NEEAT, BURRZL S N JE T 1 SE %
B, %R NS HEAT(R 1, Entry 4, FRFIE 96%),
T FL B R BRGNS A%, AR i
(& 1, Entry 3, P35 60%), F=Y0CR IR G, 3
T BEARIA L AFRIEUREE(ER 1, Entries 5, 6, 7~11),
05 W B A RN P R R T A A g
NP7 R (7 % 36>3e; 3h~3j>3g, 3k), iXEKN:
D5 WERIR AT R P AR IR, D T vh B R B ) 1
fr 3N, Sy 152 VR FE MR, W46 RO 385 AR
SR i 07 IR 2N A T A (3R 1, Entries 12, 13), iX
SEPRU R W ARG, IR 255 7 il

I NHPh
)CL N H—P(OEt),
S TR B U (o'
Ph I
o)
Scheme 1

2.3 MRERELEENTEEEEE
% nCORHEE) @ nCRIZ) © n(IEIERR — 208 =1 11 :
1 FEELHoR], AL R 12 mol%, 60 CJ v 12 h, %
ST VIR AR AR e, 4R 3. BRRR
MNEW G, 3B =2, R A e K S e 3
W, BT IR EEH TN IRV, ES: 4 RN IR
IR T8%, T6%, T6%A 64%. n LAFE H, HEALFILE
N3 GG TR, JL 3B R R A T o B FR
AEAE AT T B B A T 2K
F£3 AW ESFA

Table 3 Reuse of catalyst in the synthesis of a-amino phospho-
nates

Using time 1 2 3 4

Yield/% 78 76 76 64

© 2012 Chinese Chemical Society & SIOC, CAS
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