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Abstract: The pyrene-tagged cinchona quaternary ammonium salt, the chiral phase transfer catalysts (PTC-1), was synthesized and immobi-
lized on multi-walled carbon nanotubes (MWCNTs). The new catalysts (PTC-1/MWCNTs) were employed in enantioselective alkylation of
N-(diphenylmethyene)glycine tert-butyl ester. UV-Vis absorption spectra show the effect of different organic solvents on the adsorption and
desorption of PTC-1 onto and from MWCNTs, respectively. The results show that 5.3 mg PTC-1 can be loaded on 10 mg MWCNTs in tolu-
ene, and 0.02025 mg PTC-1 was desorbed from 12.7 mg PTC-1/MWCNTs when washed by CHCL;. In the enantioselective alkylation of
different halohydrocarbons with N-(diphenylmethyene)glycine fert-butyl ester using PTC-1/MWCNTs as a catalyst, the alkylating products
were obtained with high yield and ee value. Furthermore, PTC-1/MWCNTs catalyst can be recovered and used repeatedly. PTC-1/MWCNTs
as a new catalyst is effective in enantioselective alkylation of multiple halohydrocarbon.
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E B 99K 3 (CNTs) R 3R, DRELAR 5 1)
GRS 29 1ot o N 11 AP R R 7/ B N O = 2 1P i)
B AR ONTs HA 9K g0 s fl 2 2 58 B 4
Ha, DA BB v (1 L 2 AR RS 1 A, DR v FH A £ 44 711
BRI B 1 A7 5 2 gk
LE. KERANY . SREGEUNIERES
AR U230 A A 1 T R AR A TR 1 3 4. 2004
4, Baleizdo 2P i i #RE 5 40 K 7 (SWNTSs) 3l 1t
LA Bk 4 T 1k V-salen 1iC &4, 1450 % 1 AE
S5 R 0 00 T Sk Al e 5 A TS D AN ) BRI A B Y
PP a- 32 R TG W) IR R IR AR R 66%. ),
— SURIE ST 2H K TV 4 e A A R A e HEAR
B FH i A0 B oK A b, 1 1 AS SRR A A S B
A T AEH AR, Xing P15 T — M it
i (1) & PYRPHOS FC 44 1 4> J& Rh {8 4457, Jf i ik
eI o MERAE FH, K5 0% 8 A 750 R B o 5 4 oK
b, BT AR AL RIAE o I S B2 IR R 11 AN 0 B AL
JE e, R e R R R S L IR R AR . T Liu
2 2OV ) oy — ol A6 U 1) 46T 5 5 A0 008 3ok AR S A
n-m HERUE ] [ 4076 SWNTs U BE | T 4541 4k 71
TE i 06 520 At S N Hp -t AR e b S BT RS 7 R A
H AT, oA L 20 R A4 nen 7B TG HLD 2 7
TPk AL R [ 40 4F CNTs b 3. 4% i 1 B4
JEAEA T Z 5, AR T A TSI X
— A, 1T AN g A IR T ST A
R AR T e e rh B B A % IS AL 7
] 8 AE B 4 K b, O LS IR ) 1 D o )
AMLFF & Al 24 W BEK, ifn Hoad m] BLIF 8 19
ZAH T TR A AR R, AN FR A A 5 B 1R AR 35 A 4k
PEpE—FpB T R R 1R

AL T XSG Y 2 2R T B
AL (PTC-1), Il i e 3L m-m HEFUE ), B I
[l 8% 7 22 BERR 40 KB (MWCNTs) _E 728448 g
Y () T M e A AL 57 PTC-1/MWCNTs. ££ R S
FEAHLEFINT PTC-1 £ MWCNTs b W B A 5 B 5%
Wiy () L Al b, R R 6 BR b S A R N, VR T
PTC-1/MWCNTs {44 71 1) #4141 e

1 KBS

11 FHBEEBENLT (PTC-1) BIH &

FREL 3.3 g En] J& ] (CD, 4i & > 98%, ¥ 7y %%
() AR TR R FE A PR A 7))\ 1.62 g NaH (AR, &
A =70%, KOs SR AL TR N 2
35ml 57K DMF H, FEEH A 2h )5, B 1.5 ml
I 55 0 (CP, [H 25 S A 273 0 A R 2 &) 2% 1% 3
AN BRI AW, T35 Y 12 h, TLC I % MY 56
4, 1 R 228 i 30 ml MR NaCl %, 5
200 ml 1% B A H. A3 HLAR A 7 F1 NaCl %
W (75 ml x 3) Yk, JoK NaySO, T4, vk He 94 4
Ja G PR E AT QRN LR S EE-FR I (VY =
5/1)) £33 3.25 g W AR CD-Allyl (LI X 1),
22 87%.

Z: W SCHR[2911) 7715, BRI 0.5 g 1- 6 F I (4l
J% > 98%, Sigma-Aldrich A ), £ Ar f£ 4" F A
25 ml T8 HOR Y s 77 . ARG AE 0 °C )
% N PBr; (0.25 ml, 2.6 mmol), & M #E47 1h )&,
WedE 22 ==, TG SO AR, T2 12 N 13 ml 1f
H Na,COs ¥, 73 )5 15 I 1A HLAH A H,0 (13
ml x 2), Y Hl NaCl % # (13 ml x 2) P ¥, K
MgSO, T8, W8 R W 46, T 45 5, B i 0.55 g k3%
R 1-E PR (LB 1), e 2 83%.

B 12 R IR (0,43 g, 1.42 mmol) F1 CD-Allyl
(0.46 g, 1.36 mmol) JIAF] 8 ml 2K, £F 30 °C x
No12 h, SR R AL 300 ml Jo/K £ Bk, #TH
0.72 g ¥ PTC-1(WE X 1), IR 83%. 'H
NMR (400 MHz, CDCl;): 6 9.12 (d, J = 3.6 Hz, 1H),
8.4 (d, J = 8.0 Hz, 1H), 8.30-8.25 (m, 2H), 8.22-8.16
(m, 3H), 8.11-8.00 (m, 6H), 7.84-7.80 (m, 1H), 7.25
(d, J=12.4 Hz, 1H), 6.54 (s, 2H), 6.39-6.32 (m, 1H),
5.86-5.78 (m, 1H), 5.67-5.61 (m, 2H), 5.45 (d, J =
16.0 Hz, 1H), 5.07 (d, J = 10.4 Hz, 1H), 4.63 (d, J =
7.2 Hz, 1H), 4.44 (d, J = 11.2 Hz, 2H), 4.37-4.32 (m,
1H), 3.29-3.23 (m, 2H), 3.09-3.03 (m, 2H), 2.95-2.88
(m, 1H), 2.08-2.02 (m, 4H), 1.53—-1.44 (m, 1H); “C
NMR (125 MHz, CDCly): 6 149.55, 148.68, 139.88,
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Scheme 1.  Synthesis of chiral phase transfer catalyst PTC-1.

136.26, 133.68, 132.04, 131.13, 130.37, 130.08,
129.97, 129.44, 129.11, 127.36, 126.66, 126.60,
126.02, 125.18, 125.11, 124.89, 124.37, 122.26,
120.15, 119.30, 118.61, 77.32, 70.60, 65.96, 60.00,
58.39, 51.49, 38.26, 26.73, 25.55, 23.18; IR (KBr)
3422, 3045, 2949, 2904, 2882, 1655, 1640, 1620,
1589, 1509, 1458, 1068, 997, 932, 855, 759 cm';
HRMS (ESI) calcd for [C3oH37N,0]": 549.2906,
found: 549.2902.
1.2 PTC-1 7 MWCNTSs _t &Y 0% b 0 Bt Fff

76 Ar f£ 9" K, [ 10 mg PTC-1 f# {1k 7 F1 10
mg MWCNTs H 43 5 il A 4 ml CH,Cl,, THF, CHCl;,
CH,OH ¢ F 28 TL R LI A, 1 25 °C Jl 249 #F 1
h, EHLEE 3 h A VIER (4= 0.22 pm) i 38
Jo 159 25 & WM. SHIMADZU UV-2550
TUEE AR - AT WL 43 606 BE I 58 1) UV-Vis OO
T, 3 BV MO BEAA, B - B e AR
HH PTC-1 W JE S HoW B 7 MWCNTs b ) J5i &

# 12.7mg f# L 7 PTC-1/MWCNTs (2.7 mg
PTC-1/10 mg MWCNTs) 43 5l ¥2 %5t T 4 ml CH,Cl,,

&

THF, CHCls, CH;0H F1 28 b, 75 Ar &3~ T 40
°C RIZLBEFE 3 h. A8 A HLIE L Ik 98 J5 13 209 1 i
WS, ) b 92 0 43 5 W PTC-1 1R 98 5 F0 A
PTC-1/MWCNTs I lifft Nk ¥ PTC-1 i .
1.3 PTC-I/MWCNTs B9#Hl & REMEHL N-Z K
BRE-HRERM T B 7 A 3 AR £ ¥ & 5

¥ 57 mg £ BEWKAKE MWCNTs Al 10.7 mg
F-PEAEE R 46 7] PTC-1 (0.017 mmol) I A £ 0.5
ml CH,CL, 7, 75 Ar fR4° ~ T 25°C Jil 244 #F 1 h
Jo, ELE 3 h. 2 BOCER[30]H U5k, n Ak ik
TN N-Z 2R L - 2 B8 AT e (50.2 mg, 0.17
mmol), CsOH-H,0 (200 mg, 1.19 mmol), T -78°C
27 1% 3 hn s 848 RX (0.85 mmol; (RX: 0.1 ml AL
5 0.07ml WA 0.07ml B 2 %E; 0.1ml it &
%)), 1£-78 ~—60 °C HE47T & NV (WL K=K 2). TLC I
MR Y 5245 i, TN 10 ml TG /K Z k34T B e . ok
JEJiE T, A 4 ml CHCly, 1# 1] KQ-600DE %!
K P8 A 2% 58 ) 8 5 30 min, § E 3 h, B0 0L )E,
fi 4 PTC-1/MWCNTs T J5 & H T F ke . H

L

PTC-1/MWCNTs
o t + RX 5 — OB
OBu CH,Cl,, -78~60 °C u
) A

ElX 2 PTC-I/MWCNTs fE{L N-Z3IF B &-H S T B B X FR e 5 40 i [z
Scheme 2. The enantioselective alkylation of N-(diphenylmethylene)glycine tert-butyl ester catalyzed by PTC-1/MWCNTs.

MWCNTs—multi-walled carbon nanotubes.
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50 ml Jo/K S BEK DR RE, SRS HIZK (10 ml x 4).
MO AT NaCl ¥ (10 ml x 2) Phig, /K MgSO, T4,
Wi, 2 A JZ T (VR ) A il - 4R 4B
VIV =60/1)) J&i 3 2] H b5 =4 (S)-a-Ft H-N-— KW
FHORE-H 2 IR T M. A H v 0 AH i A (4
OD-H #, JahAh IE Cb- 5 N EE) Wl 5E 3L ee {H.

2 HR5UR

2.1 MWCNTs Bz Mf PTC-1

MWCNTs F 65 3718 p oL B8 B B ]
B d o B, AN IR B3, v LS PTC-1 |k
(1 B8 B e B B n-n HERUE HL, AT PTC-1 A 4%
Hiy 9 W B AE MWCNTs _E. & 1 & L CHCL 1E 4 3%
FIIF, MWCNTs W [ PTC-1 BT J5 I . il LR H,
10 mg PTC-1 ¥ fi# T 2 ml CHCL; ", JE R T vk i 4
FIVG; 24NN 10 mg MWCNTs, Jf T i $k 1
h, 5 3 h i, DL A HOW 82 ) PTC-1 % i
i A L. Bkl L, MWCNTs %30
AR U (W B PTC-1 204

1 CHCls % MWCNTs BRFf PTC-1 BIEE BB A
Fig. 1. The photographs of MWCNTs before (a) and after (b) PTC-1
adsorption in CHCl;.

LA CH,CL, A, %% T MWCNTs | PTC-1
W Bt St B IF 1) PR AR 4K, 25 RO T 20w RLE
PTC-1 (1) W Bt 2 i o5 WS B B 1) 4D A28 K Ty 326 347 184
£ 3h NIk &K (1.9 mg); 4k 2L GE KW HE IR,
PTC-1 W Bt AR (b AN K, B MWCNTs Wy Fff PTC-1
3 h gt ATk 20T, B MWCNTSs W Bt PTC-1 [
[iprE PN

1K 5 B HLE I MWCNTs W Fff PTC-1
() S 56 Ba . T DAt DA 2R ¥ 7 I, PTC-1 (1)
W B 2 S A 4, 10 mg MWCNTs 1] BLIK fff 5.3 mg

24 Chin. J. Catal., 2012, 33: 891-897
2.5
20+
o0
£ 15t
8' L
& 1.0}
N
0.5}
0.0..I..I..I..I..I..I..I
30 60 90 120 150 180 210
Time (min)
B 2 7 CH.Cl, 1, MWCNTs B} Ff PTC-1 B4 2 R & (8 By
Tk

Fig. 2. The adsorption amount of PTC-1 onto MWCNTs varying
with the adsorption time (10 mg of PTC-1 and 10 mg of MWCNTs in
4 ml Of CHzClz)

®1 5MBEHAEFH MWCNTs IRF PTC-1 KL &4
Table1l The experimental data of PTC-1 adsorbed onto MWCNTs in

five organic solvents

Solvent Absorbance PTC-1 (mg) M/%
CHxCl, 1.597 1.9 19
THF 1.869 34 34
CHCl; 1.281 5.0 50
CH;OH 1.527 3.4 34
PhCH; 0.934 5.3 53

Reaction conditions: Ar atmosphere, 25 °C, 10 mg PTC-1, 10 mg
MWCNTs, solvent 4 ml, 1 h, 3 h.

“Determined by UV-Vis spectrum.

"The percentage of PTC-1 adsorbed onto MWCNTSs.

PTC-1, W fff R 51k 53%; {H7E = il PTC-1 76 H 2K
W R E R B 24 L CHCL; % 571 I, MWCNTs
XF PTC-1 [A) A 5 715 H 280 T 1R VR o 2 S, B f 8 ik
5 mg PTC-1, W B K J& 50%. #R 1M L CH,Cl, Jy ¥ 71
INf, PTC-1 (1) W5 Bf o e 2D, WP R AR 19%.
2.2 MWCNTs £ PTC-1 BBt

tH T PTC-1 ) it Fff ¢ B 4% 5% Wy PTC-1/
MWCNTs #4655 1) 1 6, Bt BLA SCR H UV-Vis i
FLT AR5 B HLEE A AR B PTC-1 (9 5 Bt
oL, g R 3. T BLE A RIAE 5 R L
BRI A RIFR E L A- A2 PTC-1 (1 BB

x 28t T A5 B AW A PTC-1/
MWCNTs {467 = PTC-1 f e B St . &) I,
PL CHCl; Ry 5571y, MR A6 1) B it B 7)) PTC-1 B4
b JUZE W K I #) 0.02025 mg () PTC-1, fiid B
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)
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Absorbance

e .

w«f\\" T e R TN

225 250 275 300 325 350 375 400
Wavelength (nm)

3 S5MAHEFH PTC-L/IMWCNTs LBt HiA9 PTC-1
B UV-Vis &

Fig. 3. The UV-Vis absorption spectra of PTC-1 desorbed from
PTC-1/MWCNTs in five organic solvents. (1) CH,Cl; (2) THF; (3)
CHCls; (4) CH;0H; (5) PhCHs.

F2 SHAHEF S PTC-UMWNTs 1L F £ PTC-1 &Y
Bt B3 25
Table 2

PTC-1/MWNTs in five organic solvents

Absorbance PTC-1 (mg) M°/%

The experimental data of PTC-1 desorbed from

Entry Solvent

1 CH,ClL, 0.202 0.17680 6.50
2 THF 1.555 0.11710 4.10
3 CHCl3 0.299 0.02025 0.75
4 CH;OH 0.532 0.05400 2.00
5 PhCH; 0.469 0.03807 1.41

Reaction conditions: Ar atmosphere, 40 °C, 12.7 mg PTC-1/MWNTs
(2.7 mg PTC-1/10 mg MWNTs ), solvent 4 ml, 3 h.

*Determined by UV-Vis spectrum.

"The percentage of PTC-1 desorbed from PTC-1/MWCNTs.

AT 0.75%. SR LA PY Sk AT CHLCL, o % 7
INf, MAREAL ) E PTC-1 it B 253 501 24 4.1% 1 6.5%.
PTC-1 1 i Bt w8 2 h T Il A0 Ik [ 1 4 1 E —
SEFEJE LHIES T PTC-1 LM E it 5 MWCNTs
Z ) m-m HERVEF .
2.3 PTC-1/MWCNTs £ 58 FT-IR i

K 4 4 MWCNTs, PTC-1 f1 PTC-1/MWCNTs
FEa I FT-IR 3%, t & 0] W, MWCNTs bR H AT
] R E W WU, 1T PTC-1 B AT 49 53 U J o 55 7
() i 45 P% 5 (3042 cm™), C=N XU (1) 1 4ii 4& 5
(1639 cm™) A1 2K ¥F # % C=C I M %i ¥& 3
(1588~1457 cm™). PTC-1/MWCNTs 1k 71 b 4 H!
X =S W W e, RO PTC-1 & R B 1 48 7
MWCNTs .

©)

@

Transmittance

)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

4 MWCNTs, PTC-1 #1 PTC-1/MWCNTs # & & FT-IR
&

Fig. 4. FT-IR spectra of MWCNTs (1), PTC-1 (2), and PTC-1/
MWCNTs (3).

24 PTC-1/MWCNTs B 1L £ 8E

ASCIE I N- 8 L - SRR BT R ) A6
PR oe B Ak [ B K PEA PTC-1/MWCNTS i 44 771 (1) 44
T HERE, BT TS =90 0 T B AR 1) (S)-a-F 3 -N- 2K
M - H 2R AT R, R 84%, ee 1H 82%. K4 4)
25 H oK) PTC-1/MWCNTSs i A6 71 AN 265 AT ] 4b 3
TN —IK RN, ee H KR 11%. 225 H
AL TS B UV-Vis W84 I & B A 46 570 L it
B i) PTC-1 35 1.6 mg. IX 1] BE 42 3 i ee {H KM FE
FREALG 114 S5 AT

B SCRT 4, 7E CHCL;  MWCNTs % PTC-1
PR WS B 232 T 35 50%, ity 2 i B 2 A1 4 0.75%. B
DL A 3R CHCL A 2 A BLw L, ok bl i
PTC-1/MWCNTs ffE46 7, LLE 5 PTC-1 B i b 7
BN S B 5 CHLCL, e+ )5, I CHCI; i 75 Ak
H, #E 3 b, B RDCIT S PTC-1/MWCNTSs #4657 F
UAEH, N g el 5 Jios, ee (A1 79%. FIH
IR 7 VE I PTC-1/MWCNTs i 46 71 v] BLAE
ZIR, B 4RI, W 87%, ee {1 68%.

A ICHF PTC-1/MWCNTs i 46 (1) N- 2K I F L
SR AT R AN X R Jo KR 4K SN P i AR R AT
TR, RN EERA T3 3. T LLE W, PR A
Xof B A4 328 R P A A v, EL R S AR A R 1 41 I R
FI. AL, PTC-1/MWCNTSs fi# A6 FI7E 2 Bl s A 1
AN e B A B I v B AT 3 3

2 LAl i, PTC-1/MWCNTSs 4k 751) ] 45 2% b fh
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z71lee /
100 - =3 Yield
80 NS
B Vl
—_ % I
S Z
2 ¢
a 4
O
8
20 F . . - g —
B3 3 PTC-1/MWCNTs 45 B L iE AL R = B
0 . . | | | Scheme 3. The active sites of PTC-1/MWCNTs catalyst.
0 1 2 3 4

Recycle times

5 PTC-I/MWCNTs #fk N-ZF T B &-H S ER M T 5
B R R R EIR KR

Fig. 5. Recycling tests on PTC-1/MWCNTs catalyst in the enanti-
of with
N-(diphenylmethyene)glycine tert-butyl ester. Reaction conditions:

oselective alkylation benzyl bromide
—78°C, 0.17 mmol N-(diphenylmethyene)glycine tert-butyl ester, 0.85
mmol BnBr, 1.19 mmol CsOH-H,O, 0.017 mmol PTC-1/MWCNTs,
0.5 ml CH,Cl,, 35 h. The product was determined by HPLC analysis
using a chiral column (DAICEL, Chiralcel OD-H) with 0.5%

2-propanol-hexane as solvent.

A N- IR R - H R AT B 2 R AR (KA
X PR e e A S, LI e AR AT BL I 7 AT A 2k
AN A2 A8 P AL

PTC-1/MWCNTs f# 1t 71 2 B H 1) R 407 ) it 36
FEE T D e S R A TR g (L X 3).
N R AT DY AR R RO, 2 DY TR ) = A T R
ST S e 2 1 0O 25, 1 A5 DY A T R 4 ik
JEW U E 7. Ik, PTC-1/MWCNTSs i 4k 71 55 H 4
P BT TG O () B~ 2 A7 2 7 SURE AL BN A
T3 ) B R 28 10t AT A R M PR iR T 0 I S 1
re-1, WACLE W W A0S 1 1) si- T e A e Ak S 3 45 3]
(S)- T =g R0,

3 iR

UK £ ) PTC-1 AH e B 4 4k 771 [ 2% 7

%3 FATEERE (RX) B, PTC-1/MWCNTSs 4 b A 3 FR e 5 4k /2 57 B SR I6 45 R
Table3 PTC-1/MWCNTs as catalyst in enantioselective alkylation of different halohydrocarbon (RX) with N-(diphenylmethyene)glycine fert-butyl
ester
RX Product Time (h) Temperature (°C) Cycle ee'/% Isolated yield (%)
A~ Br O 30 -78 1 81(S) 82
i 2 74 (S) 85
N%Otm 3 66 (S) 86
WA
\
CH;CH,I Q o 40 -60 84 (S) 79
2 78 (S) 82
—N
7 TO'Bu 3 80 (S) 82
ol
CH;(CH,):CH.I Q o ) 60 1 83 (S) 75
2 78 (S) 78
—N - 0B 3 43 (S) 79

Reaction conditions: 0.17 mmol N-(diphenylmethyene)glycine fert-butyl ester, 0.017 mmol PTC-1/MWCNTs, 0.85 mmol RX, 1.19 mmol CsOH-H,0,

*Determined by HPLC analysis using a chiral column (DAICEL, Chiralcel OD-H) with 0.5% 2-propanol-hexane as solvent.
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T T 5 2 b i A AT AN BRI AL I N, 3R A

BB e PR 7 AL R RIS R AR L 6 41E, HL AT I e Ay

WL F 2B PTC-1/MWCNTs 44 571 114 =] e Fil 22 ¥
TEIAFEAI . DLBRAUCKE HETF AN T4l
7 T AR FRAEAL I N AT IR A 5T
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