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Highly Efficient and Green Synthesis of Propargylic Amines
Catalyzed by Waste Crab Shell Powders-Supported
Cul Catalyst

Bi, Cheng Xiong, Xingquan™ Shi, Lin Xiao, Shangyun
(Key Laboratory for Functional Materials of Fujian Higher Education, College of Materials Science and

Engineering, Huaqiao University, Xiamen 361021)

Abstract A series of propargylic amines were synthesized from terminal alkynes, dichloromethane and organic amines by
using waste crab shell powders supported-Cul (CSPs-Cul) as catalyst. Using waste crab shell powders as catalyst support, not
only resolve the problem of environment pollution and resources waste, but also produce propargylic amines through a highly
efficient and green method. CSPs-Cul was characterized by Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction
(XRD), thermogravimetric analysis (TG) and atomic absorption spectroscopy (AAS). The reaction conditions were optimized
by the investigation of catalyst support and base types. The propargyllic amines were obtained readily in intermediate to excel-
lent yields under the optimal reaction condition. CSPs-Cul showed good reusability and could be recovered easily through

filtration and washing. It was reused at least 4 times without obvious loss of catalytic performance.
Keywords propargylic amines; crab shell powders; copper catalysis; heterogeneous catalyst; green synthesis; three-compo-

nent reaction
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BRAEY). BEBONYIEREL, BORMIEE/M . HREAT
R T A A R SRR 4% B TR i 28 A 4 1,
RETHERI R AR TR, OB AFR AN, (Hi%
SN B B 57 5 B R s/ 2R A B R, B0k &
R AT AN . S A, K25 R ke P £ S5 TS
TESIA AT FAEH SR, s A, Agl,
Co'™, " NiPUEE & IR, Xt TR T &R
750 (4 1WA PR X LA R 7™ 2, AT S BB L AR T v A K%
TGRSR AL T8, 1IN o 8 A HL
7, FERRAT BTG CHCN 2%, I3 30%

W RN, SRAAEM Cu MALKITTA 2w bL |
P& R AR R AR BhIG. — 5T, AR A i
REAHEEFME . MRIREE. [N MR A B A EEF
S AAh, XA A R 2 AT B S PR B T i
PP E A B ISYRR. H AT, SThA A R 2
PRAEAL A bR TR I 10 s B E4F R ARG, G CeO,)
PEGRRE T S04, ALOSPOE . (HIX Ee {1k 77 2%
B D IR BB RO s, BUARAMEREAT AR ) b AR
M FEOA SRS 4.

FERWEEN BRI Z A AR A E
I NH,, OH, fg5 ifhfd &)@tk re Bii, PRtse s
BB — AN V2 S FH D S A A 5 11 2% B A A
FIPT21 40, Qiu SPHRIE T LATERBE AR 7
FREE AL A B TR B4 &, SR, 750 SERE It 1] %%
RERE R, B o T DA SR R ON RORHEAT B 2R AL S R,
BN SR K= A RER . SRAe, — 7 TH B 25 gk
Bi, A5, SRS, NS ST R
SRR A A vy HLX PR S Y i ARk, A
R TR SR N A R 3R AT B 2 e yE R [
I, MEREE TR B, AR SCHR R B4R
FET 2 AFLAE I K AR IR 7510065 18 52 0 R B AR 5T R E S5 4k
AR, Tk 0 1 SN 3R THT R SRAFAE A LT 7712, Cul il £
AT B SRR AL ) CSPs-Cul Sk e AU HE AL B bl 74 i
F &Y. HTHERRE —FMRANZIME, SH+F
B IA NS, KIETZ, iR, AT BAE sk 2kt
B IR R AL A, 10 BT ARG F iR R 5515
Ge DL S IR IR 9 55 1)

1 ZR5TR
1.1 #EEFIPRSENE

R A4 751 i A7 28k & R E O R IR OB 1S (AAS) T
SE. AL RUR: AREOE & AT 10 mL &,
FARRREL A 10 3 BOUR AR /R A R TE 1 PR TR A R 1
fift, ELRIERREEE. SRR E = AN F R 1
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PEALFRBC 1) = FP A [RIR B BORER, AT &, Frigas 3
BCPEEA. @t il g AR5 CSPs-Cul A& &
N 6.19 wt%. FERE 7R Ti0,-Cul, C-Cul F14i & &
RN 4.25 Wi, 3.40 wt%. UL g5 SR, R R R
AT, ZMAREBEAT I Cul FHEMZERE, K
rplgs R S S R 2, HEMI LR R A RE R ST S
VFZ2 4N AL DA R L3R 10 By A AL B4 F T B
1.2 BUFIRLIINGE S

K H FT-IR % CSPs [ CSPs-Cul #H47#4E, WK 1
fizn. 4E CSPs [UZLAMERERE F 3440 cm ' Dy CSPs %
16 OH LA K R HIWR Pt 1) B HK R 4 3R S0, 1417, 873
DL 715 em™ ' LSRG CSPs T CaCO; BRIER UL
I, w] LAV JE Y CaCO5 1 CO5> ™ i S X FRAHI 4 41 5h 25
g, 5 CSPs AHLL, fu#k 4@ &5 1 5% A0 L7
CSPs-Cul T4 & H1, CSPs 1 OH HIEAE AR X7 1]
FEN4 3437 cm™ !, CO* IIRFIEIE 70 HIF 2 1419, 858
em” !, (HPEALOFE BN, ATAER Cul 7E CSPs
i BRI AT 1 JR R S 2
110
1004
90 1
80 -
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60 1
501
40+
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20+
10

Transmittace/%

0 T T T T T T T
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B 1 (a) CSPs Fli(b) CSPs-Cul £ 41k ]
Figure 1 FT-IR spectra of CSPs (a) and CSPs-Cul (b)

1.3 HEAFIBREDHT

) #7346t b CSPs F1 CSPs-Cul [ #k AT
RE 2), ATRLRIL: BESAE 100 CLLRHIRE AT LA
Ja& R 2 T W B K B BB, 650 °C BA B 2k U A R T
CaCO; HI#I i A: BiE CaO F1 CO,. W] LA B (g 4 0 22
FI| CSPs FfAHTE 350 CHEI HBURIR I R FEAT R, HED
CSPs L WLAE W) R A2 %30 Il 7 il 15 %2, BEANTE
100~600 C [X [ FE R EEHN 30.6 wt%, X &HT
CSPs I ML 23 2 A 3R FR 5 35 0 0 s B . it
b a A1 b IR EAT N, ATLLKIN CSPs fEf %L E Cul J5
1E 350 CHUL RERZ A TERE, SFae By,
WE R Cul IKIHTE CSPs AN T b, 7E—EFefE
LT AEIE SR, (B E) CSPs-Cul 7E
450 CHim LR R FEAT N, ATRERKITA Cul 1)
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HHLYE 2R S8 CSPs AR s, (FHEIARE.
T CSPs-Cul 7£ 250 ‘CLARBR 7R LW IK AN, A
KAWL EAT N, RIZE R 250 CIERE N
SRR B I #GRR e E, AT LA 2 BITRIE T IR SR R A Ak
FIFT 5 (A5 FH R B

100
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801 b
70 a

601
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50+
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B 2 (a) CSPs #(b) CSPs-Cul f{J#E 234t
Figure 2 TGA of CSPs (a) and CSPs-Cul (b)

1.4 ELFTIE X BT R ITE L S

M X BB R AT (XRD)EE B (B 3) AT E Hi(a)
CSPs 7£ 20=23.1°, 29.5°, 36.1°, 39.6°, 43.3°, 47.8°, 48.8°.
CaCO; [IARAERE B 7 CaCO; 1 E AT IE H B 20=
23.3°,29.7°, 36.3°, 39.7°, 43.5°, 47.8°H11 48.8°, X} N[
THHEH(h k 15377 9(012), (104), (110), (113), (202), (024)
F1(116) (JCPDS card number: 72-1652). Kk, #J LA
CSPs [IE RSN CaCOs, A HIA HUSR 5T CSPs
(1) AR B SR R AN, FEARER T E R CaCO; i
Sel) AL EE K. W — X B a, b P ERZE S5 R BH, b il
2R U HLHT AT ST I 20=25.5°, 42.2°, 50.0°, 52.4°, 61.2°,
67.3°, 69.6°, 77.1°. i@ XL A 54 Cul KIRTHIE ¢
BRI, MHAMATHEMEE a JUFEA Bk, dIkE
Bk Cul XF CSPs &R BB A4k, DRItk mTidE—0

- N A J..A .l
“‘B‘WL—JW PR A
a
i T S

10 20 30 40 50 60 70 80
261(°)

B3 (a) CSPs, (b) CSPs-Cul All(c) Cul i) X 5F £k K ATHS Mo i
Figure 3 XRD spectra of CSPs (a), CSPs-Cul (b) and Cul (c)
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WEB CSPs A& R UTAZR K.

2 R RER R

21 RMEHMK

TERH “—HA7E" INHREIT, M 245 77 R 1)
MR, R, St B R AR TR R 1), A
SEHG ATE 2k . AU — 2R ) = A BB SR
TR S B, Bt FEAS R DL S AN [R) A o) 7= 22y . iy
%, L CSPs-Cul NHEALT], 60 CF N 24 h, iHEANH
BAIVE . ASIEATRRET, 722 A0h 40%, AR =4
1) HC A AR 22 H 1 R AL fi 6 AT 3 35
SRR, RN NayCOs X H =M A AN R 1R I,
A A D BRI R U3 B, A NaHCOs J&, =%
HE— BB, ATREAR A NaHCO; [Hidi: 5 59 1 2.
JHITIMA KyCOs, Cs,CO, 3858 i SR R 1B, =2
R—ABNHE, H Cs,CO; B K,COs AR T,
TIE B JE MR 12 B 77 28 1) S FHAE F 2 B PRI, BTtk

ZRIANF WU DBU, 455 %0, M DBU /EA
Bk, 1% RN 260 DL R4 R & 95%. TR A CSPs-Cul
TEAF T, 24 R DBU 1Em, 1% =417 185 /e 5
JUTA R o T A 44 67 201 S5 A0 8 AL 7R, o
TiO,-Cul, C-Cul %5, HJREW IS 4F PIMEMLRICR, (Hh =
R E, EATH CSPs-Cul FHMZELL. 24 DBU Em LA
Cul NEALF, 7EFRFESAFAT R, PR m PLAH|

A AR BRIEAE 518, R 3RA CSPs-Cul AL
BRI I FE.
F1 G =L RN ¢

Table 1 Effect of bases on the three-component reactio

< >‘— L J CH,Cl—2
= 4
N~ T T oo Solvent
H
C N

( A\

Entry  Catalyst Base Solvent Yield”/%
1 CSPs-Cul None CH,Cl, 40
2 CSPs-Cul Na,COs CH,Cl, 42
3 CSPs-Cul NaHCO; CH,Cl, 20
4 CSPs-Cul K,CO;4 CH,Cl, 85
5  CSPs-Cul Cs,CO; CH,Cl, 89
6  CSPs-Cul DBU CH,Cl, 95
7  None DBU CH,Cl, Trace
8 Cul DBU CH,Cl, 95
9  TiO,-Cul DBU CH,Cl, 92

10 C-Cul DBU CH,Cl, 94

© 2016 Chinese Chemical Society & SIOC, CAS

¢ Phenylacetylene (2.0 mmol), diethylamine (2.4 mmol), CH,Cl, (2.0 mL),
base (2.4 mmol), catalyst (5 mol%), 60 “C, 24 h; ° Isolated yields.
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2.2 CSPs-Cul L& BRAEENLE

N T BAE P AR i R DL RS, AE bR
WP B R B AR AE T, i “ —HE” RIsRng, KM
AN TR P PR S e e 55 AT = AL RIS L 15— &R

SRR BRI G, KIRER IR 2 Por. Hscimaf
FLLE H, A7) CSPs-Cul A fan R Ak 2 Hob A
AP R (B 55 7 S bR AT e i ok (14 5 L AN
[, 5 Je i bR P9 P A 22 B e R bR 1355 17 i (Entries

R 2 CSPs-Cul AL G R B A
Table 2 Synthesis of propargylic amines catalyzed by CSPs-Cul

R—= + F{Z\N/R?’ + CHycl, CSSPsCul_ R1%\N—R2
H 2 DBU Ré
Entry Alkyne Amine Product Yield’/%
1 A - O— S
: (= O O= o 0
3 @—: \LNf N §N1 95
H
; = Ay Qﬁ:ﬂq s
0 < :}—\:
5 @—: [Hj <\:> 53
; PN - Nv\r .
N
7 /\/\ LHJ /\/\N 77
[
X
g AN (Nj /\/\/\N 71
: @
’ O—= O - :
0 s ar - :

“ Alkyne (2.0 mmol), amine (2.4 mmol), CH,Cl, (2.0 mL), DBU (2.4 mmol), CSPs-Cul (5mol%), 60 ‘C, 24 h; ® Isolated yields.

1850

http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2016, 36, 1847~1853



Chinese Journal of Organic Chemistry

1~10). AR 6T s W PR S e K, R — 2 i
R WA 22 R T IR — R e R e B A& &
BRI E PR (Entry 6), T A6 12 = 20 A I s B TG
% M (Entries 12,13).
2.3 EUFEIMERA MR R

P T 5 R A 751 1) AT B A A B — AN B
fabr, PRCAEfSE A AT [0 o e AR AR A s e, 75 X0
HAT A IR S P2 R 7. — i &, AR
A 35T A IR S A R R S A I P R 5 45
MAEHEEERRR. Hik, 7EHEERIRATARY, RS
8T RN A AR Cul #EALF, W CSPs-Cul,
TiO,-Cul £ C-Cul FIJEEAME 1 Hi DL AHE L) 7= 28 22
5, BRI E 4 B, RNERE, H AR OFEES.0
mL X ), RBR R AT IE, Yok, T8
FRESAEF. i 4 aTf3H, AR SARTE A 5 — K
RN B AN TR AR R, HAEIEH YIRS, TiO,-Cul
C-Cul AL TE 1 B R PR, 17 CSPs-Cul [0 % 14 %
A E.

TEMEAFIEIA R BLPU IR S, 53 A6 A b =FpAS A 471
WAL FEAT AAS TR, 25 R, il F IR
CSPs-Cul, C-Cul PAJ TiO,-Cul H 4 i 8 4 8 il N
71.4%, 52.1%LLE 67.7%. WTLLE W, 24 B HIE
PEER VYR S5, B R R Bk 2 T i B, oL 2
C-Cul HHIM L —F. X — DU, T s
TN TH A WL T4 Cul f 73R 552 e 1 ) e s il E
. X5 CSPs-Cul, fEFEIFEE FLIRET, AR R g
HIE TR, PRRTRRYA 10%4A 4. i, a8 A, Uk
28 AR ECRL T 295k, G AE A 715 2R DY Yk R AT

1007
90+ - @ CSPs-Cul
1 N || B TiO,-Cul
° O C-Cul
3 80[] N N
Q@
L i | |
70 k7 — —
60 L

1 2 3 4

B 4 CSPs-Cul, TiO,-Cul A1 C-Cul f¥) 5 52 1 FH 4 B
Figure 4 Reusabilities of CSPs-Cul, TiO,-Cul and C-Cul

3 &g

B IR R T LR T B, 7R F 9 Cul AR 7RI A
PR, —J7 AR T [ A 085 R 5 A T 25 I PR R 85
TSI, 53— J5 R RN 215 AR 2%
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FOBHES B A VR AL AR, ek T AR AL IR A
il 28 A [ ) L. 2% PR A 7R B ) 5% T 1L, AR, D34
PO TICHI R SRR B, & 5 8 AT REAS i A 55
Qg A, BER LT, DI IR R A 3
B bR T RERAC S T i 20T iR A AR iR
Mo f%, PBLZEAERA, RN, JoAbE ) 507 {55

4 SCIGERSY
41 NES5EHHF

FT-IR 3R FH B A &) A2 P2 1 FT-IR-84 B LT AP REAY
XRD F M Bruker D8 Advance X SH£RATHHMYIE; TGA
H Shimadzu DTG-60H W€, &SRS T, FHEERA
10 “C/min; AAS % Varian AA275 JR-FWR U B ASC]
52, VAR AETSBONPRRE, MEOGREE; '"H NMR R H
Bruker-500 MHz NMR { ] & (CDCl; i 7, TMS AN
Fr).

Cul Hyor#ra, BifgdailFIaIRAR, MHIS
BEERIAMRVE R0, OB, Ha T4
4.2 ELFIRIHIE

VARG B s e, KRR B, B TS
. HEETFKIZH 2 h, 7EEB RS 4 E A 1 h,
535 EE AR, A EHRAE 3 i, BRI,
ZJEid g, TR K bR T i B T e ek b
BEATHE— DR, 1 100 H 5175 2185 8% 528} K (Crab
shell powders & #% CSPs).

FREL—E & _F3R CSPs (5. 0 o) T g,
AZIRIK(30.0 mL). fERAAET, A Cul (0. 5g),
TEEIREA THiRE 24 h, R TRIRIED, SREEIER
N, g, CTEUREURE, 13209 G 0B
CSPs-Cul, £ 50 CEHZTFETH& . R &
TiO,, C VEE AR AR AL 71 TiO,-Cul F1 C-Cul.

4.3 RAERENEHINER

DAuity R . G H e R WL (1) = AR B A
JEAE, AEZ A E R TR A EEH(2.0 mmol) . H
BlLZ(2.4 mmol) A & & (2.0 mL), FIIAGL DBU
(2.4 mmol), HJEMAMENT CSPs-Cul (5.0 mol%),
HN 60 CHIMIB TN 24 h, RNEEFFAE. T
e W, TS ARG IE 2 TR IR G PR P, R
i R M € B A [ 2R LT8R - VOB ) =1 & 5195
PEaifs B4l .

N,N- 0 FE-N-(3- TR F-2- BRI J8) iz 3% 3t Ak
'"H NMR (500 MHz, CDCly) §: 7.50~7.43 (m, 2H),
7.34~7.27 (m, 3H), 3.67 (s, 2H), 2.65 (q, J=7.2 Hz, 4H),

http://sioc-journal.cn/ 1851
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1.14 (t, J=7.2 Hz, 6H); FT-IR (KBr) v: 3057, 2969, 2934,
2818, 1598, 1489, 1453, 1374, 1320, 1289, 1251, 1199,
1155, 1122, 1090, 1069, 1028, 979, 945, 912, 754, 689
-1
1-(3- 2K 3E-2-BR PG 56)- MR e VR BE A ilifA. '"H NMR
(500 MHz, CDCLy) 6: 7.47~7.42 (m, 2H), 7.30~7.27 (m,
3H), 3.50~3.45 (m, 2H), 2.57 (s, 4H), 1.64 (d, J=4.9 Hz,
4H), 1.45 (s, 2H); FT-IR (KBr) v: 3005, 2934, 2853, 2797,
2754, 1598, 1489, 1442, 1341, 1276, 1251, 1154, 1108,
1069, 1029, 995, 913, 859, 755, 691 cm .
N,N- T JE-N-(3- IR -2 P 2 ) i v o (v 4.
'H NMR (500 MHz, CDCly) d: 7.45~7.37 (m, 2H),
7.36~7.28 (m, 3H), 3.64 (s, 2H), 2.61~2.53 (m, 4H),
1.55~1.46 (m, 4H), 0.96 (t, J=7.3 Hz, 6H); FT-IR (KBr)
v: 618, 690, 755, 912, 946, 1028, 1093, 1147, 1177, 1250,
1320, 1376, 1441, 1457, 1489, 1598, 2816, 2861, 2929,
2955
o
N,N- 5 P B -N-(3- 2R JE-2- e ) . R o (L
. "H NMR (500 MHz, CDCl;) §: 7.43~7.40 (m, 2H),
7.32~7.29 (m, 3H), 3.70 (s, 2H), 3.31 (dt, J=8.3, 4.6 Hz,
2H), 1.19 (d, J=6.5 Hz, 12H); FT-IR (KBr) v: 2964, 2930,
2873, 1641, 1598, 1489, 1463, 1442, 1381, 1363, 1324,
1250, 1203, 1176, 1138, 1118, 1069, 1028, 926, 912, 883,
826, 754, 715, 690, 632 cm ™.
4-(3-FRFE-2-J A JL ) - kb 38 B EAAAR. TH NMR
(500 MHz, CDCLy) 0: 7.47~7.44 (m, 2H), 7.34~7.31 (m,
3H), 3.81~3.78 (m, 4H), 3.53 (s, 2H), 2.68~2.65 (m,
4H); FT-IR (KBr) v: 2959, 2909, 2854, 2812, 1598, 1489,
1452, 1442, 1394, 1346, 1346, 1331, 1313, 1288, 1269,
1238, 1205, 1071, 1029, 1005, 947, 911, 890, 860, 797,
755, 691 cm .
N,N-—Z F-N-(3- B bt -2- e R B8 ) Jie - ¥k B E s A
'H NMR (500 MHz, CDCly) 6: 3.40 (d, J=2.0 Hz, 2H),
2.55 (q, J=7.2 Hz, 4H), 1.52~1.47 (m, 2H), 1.43~1.39
(m, 2H), 1.35~1.27 (m, 6H), 1.08 (t, J=7.2 Hz, 6H), 0.91
(d, J=7.0 Hz, 3H); FT-IR (KBr) v: 2967, 2930, 2872,
2857, 2819, 1598, 1489, 1460, 1374, 1352, 1321, 1290,
1261, 1199, 1155, 1121, 1091, 1068, 1028, 797, 894, 803,
754,728,722, 691 cm .
N,N- 0 HE-N-(3- 0t -2- R T 2 ) i 1% o v A
"H NMR (500 MHz, CDCly) ¢: 3.52 (s, 2H), 2.52 (q, J=
7.3 Hz, 4H), 2.33 (t, J=6.6 Hz, 2H), 1.52~1.48 (m, 2H),
1.36~1.47 (m, 4H), 1.00 (t, J=7.8 Hz, 6H), 0.88~0.91 (t,
J=17.0 Hz, 3H); FT-IR (KBr) v: 2964, 2929, 2873, 2859,

cm

cm

1852 http://sioc-journal.cn/
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2819, 1460, 1434, 1382, 1352, 1320, 1290, 1261, 1200,
1155, 1144, 1119, 1090, 1059, 979, 930, 895, 803, 768,
755,725,590 cm ™.

1-(3-PE-2-H P 3E)-DRBE: R A AA. "H NMR (500
MHz, CDCLy) d: 3.22 (d, J=1.7 Hz, 2H), 2.60~2.44 (m,
4H), 2.22~2.18 (m, 2H), 1.66~1.60 (m, 4H), 1.51~1.38
(m, 6H), 1.32~1.28 (m, 4H), 0.90 (dd, J=7.5, 6.4 Hz,
3H); FT-IR (KBr) v: 2930, 2855, 2795, 2753, 2681, 1650,
1599, 1489, 1466, 1453, 1442, 1367, 1340, 1323, 1308,
1298, 1275, 1252, 1203, 1188, 1155, 1107, 1068, 1039,
994, 958, 910, 859, 781, 755, 723, 691 cm .

HBhA %L (Supporting Information) #15<=#)1¥) FT-IR
DL "H NMR B . 3 b0 RE AT DL 3% A1) 99 32
(http://sioc-journal.cn/)_E T %K.
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