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Abstract A series of azomethine ylides were prepared through the reaction between the different substi-
tuted conjugated aldehydes and sarcosine. Further 1,3-dipolar cycloaddition of these azomethine ylides to
Ceo gave a series of new fulleropyrrolidine derivatives 1~9. The molecular structures were identified and
characterized by *H NMR, **C NMR, FTIR, UV-vis and FAB-MS spcctra. The third-order nonlinear optical
hyperpolarizabilities y* were obtained under picosecond laser by z-scan technique. It was found that the y®
value of 3 (4.14X10 * esu) is the largest which indicates that the y® values become larger with the in-
creasing length of nT. We aso found that different substituents at the o position of the thiophene rings (2, 5,
1 and 4), different position of N atom of quinoline (7 and 8) and different kinds of conjugate chain have dif-
ferent effects on the nonlinear optical properties of fulleropyrrolidine dyads.
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Jfi3£]-5,5- — HHE-2,5- A EIR (FTC)M KL, Ht2is 1k
e e IR B AT R ) 3 fF. 76 Fuevh MBS TH: 8
WA TR g 3BT 123 BRI B A B AL 4], A
P A R L ] 3L iR R b i sl
0 T PR E AT T Ay ERAR R R EA R DL RGE 249
RILHOFEAC RS 1) BV AE

AT A I ARG S TR M AT R AT ER
L, Coo ARG RIXFRIEYE T Coo A RUFHI =B E
Lot M REO ZEHEIE SN E T Coo Cro AR
RE, A R HE AR T Coo I IE /RN, IESK
T Coo ARV AZIS T I g 0% 6T 5 #h4
FIEM AR L M 2 B L WE 5, th R
Jl10e100 A 5 2 W B W AT A L AR R, 45
R AR B AT F TR Oz . 3X 2 H TRTAEY)
1 Coo lH) w AT R EARAE, SIAMITNREIEBIBIN T Coo
TR0 SIS I B E < o (I 27 N 01 s R U 1
PE, BAEAR R, RSN EEIE S Coo TEMILHE
PRI, AR PR BRSRR, 14150
T8 BE 5 5 AR o O, SRS WOR A ) i) ZE {1
K, ARt R W,

Zhao ZEWAR AL Bk RN T IE A IR T — RIVE
T AR SR e, IF H e SEAR LR PR 2 1 i,
RIIXFE G R R ARG AR e ma by, I
LAY =B AR R R k8] T 10X 107
esu, I X Ee A G 4 IR RSO I (8] R X0 1 oo
L. Chen MY T Coo- TR 2 FRAL M e AT AL ) A 26
PSR, R RAT EY = AR e % @
W 2E 58, EERETARREEN S THEMERE. Lk
— SO ST 5 B AR O R A AR B R AR 1 e 2
PERT = A T BRI S 418,

M 13- IR Y, SREF A HLIIEEAL Ceo ML
W o FT A e T Iy vk T AR AN B
NTEEA NI Rel, Wb &R T — R E H)iE
Coo BAEARIRFTEW 2] I HIBOE IN G e i AR 2
WA, W TSRS HMES T, SR SMES
Iy T5 Ceol1 3 F IR T H e, LK CoofiT LW T
DY LT RS R AL R 28,

BR BT E SIS AT AW ARG s 2 v S W
WA T % RS, R sz A, EARI 3
54 FIE F BT 2 IR NI AR, AH T
RIERE AT LUA i, EMRHIBR 56 b, T &
Ditie FE B 5 B0 AL 2B AT SR R TR R A A

AR, UERISER G TEREND R AR EAT R R 2 —
AR PR L IERAERX IR R, A

UL AR FIZhRERE B & % SHi 5 A 3LPeie
R E B REATEME, SRS IVET Coor MM LT
W 1~9. i Z-FH AR T e AT AR etk e b
B PRV T AFRE R RS KL BRI esE EAN
[Fi] EBUARHE T 0445 O AT 2B 0 B A e M O 22 PR A S i
L Eq. 1.

1.1 UEFRF

IR ¥ F PERKIN-ELMER 1730 FT-IR ZL 46 i A3
5E(KBr JEJ11%). *H NMR, *C NMR 1] BRUKER /A 7]
DRX-400 ¥ i3 E 44 % (TMS KA k%, CDCls, CS, 4
%i7)); FAB-MS 1] VG ZAB-HS Jit i Al 5 , 3-filj e 1
VESREAAR; 24T W OG ISR Shimadzu UV-2501 Y%
A E . Ceo & Bl M5 (=99.9%) ) T~ 5 K 2% = 4 3 7).
IR AHLE A TCL A vk b, A ENTR W Bl
T AP HRER(100~200 H), gk kit o
Mraki.
1.2 HEM1HHE

FREL Cgo 148 mg (0.1 mmol), WlZ % 36 mg (0.4
mmol), 2-7-5-IEwy 1 i 153 mg (0.8 mmol )i T T4 1)
8150 mL)Hh, ZUUORY FIn#Elia 1.5 h 5, sk 2
. LL100~200 H EHT R 7e AT, 15 Jeik 2t
PR OBEAE A s sl, Bei ok ROV ) Ceo, T LATR G
FIVOA C) © V(P H) =1 @ 5)4E ks 8E 17 2 2,
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FEMVA G GHHE, R, IE CREDTE B O S
P 159.2 mg, 77 40% (LA Ceo 5 N HEVE). 'H NMR
(CDCIy/CS,) 6: 7.24~7.22 (m, 1H), 7.00 (d, J=4.0 Hz,
1H), 5.27 (s, 1H), 5.03 (d, J=9.6 Hz, 1H), 4.28 (d, J=9.6
Hz, 1H), 2.95 (s, 3H, NCH); *C NMR (400 MHz,
CDCI4/CS,) 6: 40.36 (NCHj), 68.56, 69.73 (CH,), 76.72,
79.43 (CH), 125.33, 128.26, 129.07, 135.54, 140.26,
141.74, 142.13, 142.19, 142.23, 142.67, 143.14, 145.34,
145.69, 146.03, 146.19, 146.23, 146.26, 146.28, 146.42,
147.42; FT-IR (KBr) v: 2916, 2777, 2326, 1649, 1539,
1424, 1177, 1120, 964, 784, 572, 523 cm *; FAB-MSm/z:
9385 (M"+1).
1.3 EM2 BHE

FREL Cgo 216 mg (0.3 mmol), A%/ 135 mg (1.5
mmol), 5-¥%-2,2"-5- X EEW F i 82 mg (0.3 mmol)i# T+
PRI ZR(150 mL)H, ZUER R IRl 2 h s, s
ey, BL100~200 H 26T AR IR 78 AT, 156 H
AR e AR R, el R RN Ceo, LAV A
WHIIVER CRR) @ V(T ZE)=1 © 4/ W kse kT 20 3,
FEMVA G A, /R, IE CREDTE B0 S
P21 2 86 mg, 72K 40%(Lh Ceo UL FENE). 'TH NMR
(CDCIy/CS,) 6: 7.30 (d, J=4.0 Hz, 1H), 7.04 (d, J=4.0
Hz, 1H), 6.96 (d, J=4.0 Hz, 1H), 6.92 (d, J=4.0 Hz, 1H),
5.21 (s, 1H), 4.97 (d, J=9.6 Hz, 1H), 4.24 (d, J=9.6 Hz,
1H), 2.93 (s, 3H, NCHs); *C NMR (400 MHz, CDCly/
CS,) 6: 40.46 (NCHs), 68.79, 70.04 (CH,), 76.71, 79.36
(CH), 123.17, 123.91, 128.86, 130.66, 138.85, 141.96,
142.10, 142.23, 142.65, 143.13, 144.40, 144.75, 145.32,
145.36, 145.58, 145.81, 146.23, 146.39, 147.38, 152.91,
152.97, 153.83, 155.78; FT-IR (KBr) v: 2944, 2837, 2778,
2325, 1507, 1461, 1424, 1330, 1238, 1178, 784, 573, 524
cm % FAB-MS m/z: 1020.30 (M*+1).
14 kEWM3 BHE

G726 TR, 43 3 62 mg, o
40%( LA Ceo F1 A FEHE). *H NMR (400 MHz, CDCI4/CS,)
8 7.29 (d, J=4.0 Hz, 1H), 7.05 (d, J=4.0 Hz, 1H), 7.01
(d, J=4.0 Hz, 1H), 6.95 (d, J=4.0 Hz, 1H), 6.91 (d, J=
4.0 Hz, 1H), 6.84 (d, J=4.0 Hz, 1H), 5.21 (s, 1H), 4.96 (d,
J=9.6 Hz, 1H), 4.24 (d, J=9.6 Hz, 1H), 2.92 (s, 3H,
NCHs); **C NMR (400 MHz, CDCIl4/CS,) 6 40.49 (NCH3),
68.77, 70.14 (CH,), 76.78, 79.42 (CH), 111.84, 123.27,
123.93, 124.61, 124.79, 125.47, 128.37, 128.84, 129.13,
130.78, 136.83, 140.34, 142.17, 142.27, 142.72, 143.20,
146.05, 146.32, 147.41, 152.83, 152.97, 153.77, 155.78;

FT-IR (KBr) v: 2922, 2781, 1628, 1424, 1331, 1179, 784,
574,526 cm % FAB-MSm/z 1103 (M +1).
1.5 L&Y 4 wHl&

HHOTES 1A OTEARR, 3 4 69 mg, 7=
A4%(L) Cgo 1 HEHE). *H NMR (CDCI4/CS,) 6: 7.17
(d, J=4.0 Hz, 1H), 6.68 (d, J=4.0 Hz, 1H), 5.17 (s, 1H),
4.96 (d, J=9.6 Hz, 1H), 4.21 (d, J=9.6 Hz, 1H), 2.88 (s,
3H, NCH3), 2.49 (s, 3H, CHg); *C NMR (400 MHz,
CDCI4/CS;) d: 15.85 (CH3), 40.38 (NCHs), 68.74, 70.06
(CH,), 76.07, 79.57 (CH), 125.00, 128.16, 135.75, 138.23,
142.07, 142.16, 142, 26, 142.71, 143.20, 145.36, 145.44,
145.69, 145.70, 146.03, 146.18, 146.39, 147.38; FT-IR
(KBr) v: 2943, 2775, 1649, 1508, 1459, 1231, 1177, 1120,
899, 795, 727, 599, 523 cm ™ ; FAB-MSm/z 874 (M +1).
1.6 k&5 BHI&

HHOTES 2 G OTIEARR], 35 62 mg, 7o
40%( LA Ceo I HEHE). *H NMR (CDCI4/CS,) 6: 7.31~
7.30 (m, 1H), 7.23~7.21 (m, 1H), 7.17~7.15 (m, 1H),
7.11 (d, J=4.0 Hz, 1H), 6.96 (d, J=4.0 Hz, 1H), 5.22 (s,
1H), 4.99 (d, J=9.6 Hz, 1H), 4.24 (d, J=9.6 Hz, 1H), 2.94
(s, 3H, NCH5); *C NMR (400 MHz, CDCIl4/CS,) d: 40.44
(NCHy), 69.35, 70.05 (CH,), 78.26, 79.45 (CH), 122.91,
123.85, 124.54, 125.31, 127.86, 128.24, 128.83, 129.05,
135.62, 140.22, 141.98, 142.10, 142.19, 142.62, 143.02,
143.13, 143.20, 144.41, 145.39, 146.01, 146.36, 147.38;
FT-IR (KBr) v: 2944, 2836, 2776, 2327, 1509, 1484, 1424,
1330, 1232, 1178, 838, 687, 573, 524 cm -, FAB-MS m/z
(%): 942 (M +1).

1.7 L&Y 6 Bbl&

FREL Cg 72 mg (0.1 mmol), WL 97 mg (1.0
mmol), 4- 7 2.5 W 52 mg (0.2 mmol) ¥ T T4 i F
(150 mL)H, EAARYT R INFAMRR 2 h )5, 0k 2k
A LL100~200 H Z T IR m kT, 1 Jeik H 4l
CUGEAE R RBE R, BEMGH AR S N Coo, T LAV A W
VR CHE) @ VT #) =4 © 3Rk pemttr o 8, 7=
WA akaE, HDs R, I CRUiiE 00 &, 15
) 6 27.94 mg, FT% 38.8% (L Ceo MU Ay HEUE). H
NMR (400 MHz, CDCIy/CS,) ¢: 7.80~7.03 (m, 11H,
ArH), 5.01 (d, J=9.6 Hz, 1H), 4.94 (s, 1H), 4.28 (d, J=
9.6 Hz, 1H), 2.83 (s, 3H, NCH5); *C NMR (400 MHz,
CDCI4/CS,) 6: 40.12 (NCH,), 69.07, 70.18 (CH,), 76.97,
83.50 (CH), 126.70, 126.98, 127.84, 128.24, 128.79,
129.34, 129.72, 136.40, 137.25, 137.72, 142.12, 142, 23,
142.67, 143.19, 144.47, 145.33, 145.49, 146.01, 146.29,
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147.35, 154.00, 156.24; FT-IR (KBr) v: 2942, 2774, 2360,
1634, 1508, 1432, 1329, 1212, 1177, 1122, 956, 784, 747,
572,524 cm™'; FAB-MSm/z 955 (M +1).

1.8 &M 7 89Hl&

FREL Cgo 294 mg (0.4 mmol), WL 75 mg (0.8
mmol), 2-MEibk FF i 189 mg (1.2 mmol )& T T4 1) 2K
(150 mL)H, EUAURA FINFAIETR 4 h 5, st 2
7. LL100~200 H 2T ARSI A A, 1 2 I 2 R
YERMRBER, Peli th R SN Ceo, FFLARAHFI[V(ER
fi) T V(R ZR)=2 . WE RIS T 20 8, A s &
Wi, HAOBERE, FECOBUiE S 0858w 7
120.25 mg, /7% 40.9%(LL Ce HIE NIEUE). 'H NMR
(400 MHz, CDCI4/CS,) ¢: 8.28 (d, J=8.4 Hz, 1H), 8.21~
8.15 (m, 2H, ArH), 7.83 (d, J=7.6 Hz, 1H), 7.71 (t, J=7.6
Hz, 1H), 7.55 (t, J=7.6 Hz, 1H), 5.41 (s, 1H), 5.05 (d, J=
9.6 Hz, 1H), 4.38 (d, J=9.6 Hz, 1H), 2.88 (s, 3H, NCHy);
3C NMR (400 MHz, CDCI4/CS,) 6: 40.24 (NCH3), 69.56,
70.08 (CH,), 76.40, 84.76 (CH), 121.44, 125.31, 126.88,
127.70, 127.89, 128.24, 129.05, 129.39, 129.78, 135.95,
136.10, 136.51, 137.10, 139.84, 140.19, 140.24, 14161,
141.68, 141.80, 141.93, 142.02, 142.10, 142.14, 142.19,
142, 32, 142.50, 142.58, 142.68, 143.02, 143.13, 144.21,
144.44, 144.48, 144.69, 145.18, 145.21, 145.34, 145.36,
145.40, 145.54, 145.56, 145.59, 145.69, 145.73, 145.99,
146.03, 146.08, 146.18, 146.27, 146.30, 146.37, 146.85,
147.32, 153.95, 153.97, 157.82; FT-IR (KBr) v: 2915,
2779, 2326, 1649, 1501, 1459, 1423, 1329, 1211, 1177,
1108, 868, 746, 572, 524 cm ™ *; FAB-MS m/z 906 (M ™).
1.9 &M 8 &

ALY T WA TR, DOREERIIVEE) -
V(HAR) =1 3WERMUEHIBEAT 708, P Aoy 4k 4,
/D& HRE, I CREDTTE B0 7 B 43 79 149.65 mg,
FEH 50.9% (L Coo [ A FEHE). 'H NMR (400 MHz,
CDCI4/CS,) §: 9.20 (d, J=4.0 Hz, 1H), 9.08 (d, J=4.0 Hz,
1H), 8.49 (d, J=8.0 Hz, 1H), 8.24~7.53 (m, 3H, ArH),
5.88 (s, 1H), 5.09 (d, J=9.6 Hz, 1H), 4.38 (d, J=9.6 Hz,
1H), 2.82 (s, 3H, NCH5); *C NMR (400 MHz, CDCly/
CS,) 6: 40.15 (NCHs), 69.34, 70.25 (CH,), 76.61, 79.84
(CH), 121.79, 123.84, 126.78, 129.24, 129.78, 131.23,
141.80, 142.14, 142.33, 142.75, 145.29, 145.37, 145.69,
146.09, 146.23, 146.27, 146.33, 150.45; FT-IR (KBr) v:
2920, 2777, 1638, 1507, 1177, 756, 573, 524 cm ; FAB-
MSm/z 906 (M ™).

1.10 k&% 9 BHl&

FAEW) T G BT, DA AR 2R A Ry ket
T8, A gy, HAOEWRE, IE i s
DIy B3 =) 9 129.07 mg, 1= 43.9% (LA Ceo 15 Hy JE
7). 'H NMR (CDCI4/CS,) 6: 9.62 (N—H), 8.67 (d, J=6.0
Hz, 1H), 8.34 (s, 1H), 8.06 (d, J=6.0 Hz, 1H), 5.29 (s,
1H), 5.13 (d, J=9.6 Hz, 1H), 4.28 (d, J=9.6 Hz, 1H), 2.82
(s, 3H, NCHs), 2.63 (s, 3H, CH3); *C NMR (400 MHz,
CDCI4/CS,) d: 13.07 (CHg), 40.27 (NCHg), 69.48, 70.31
(CH,), 77.10, 78.57 (CH), 110.15, 110.31, 117.87, 119.38,
126.97, 128.41, 129.15, 137.24, 1389.63, 142.02, 142.29,
142.34, 142.68, 143.14, 143.21, 14553, 145.99, 146.20,
146.28, 153.44; FT-IR (KBr) v: 2918, 2770, 1622, 1510,
1468, 1426, 1320, 1179, 737, 574, 524 cm %, FAB-MS
m/'z. 952 (M " +-1).

2 HRSIE

21 hEW 19 BT XL

AW 1~9 UV-vis WBOGTE TG0 B 10 2 5,
B4r 433 nm - T AR — MR DRI, RIS [6, 6]
PR EERIE) Coo BRI BT E W B HE MR Wi 018, 78 700
nm BT AN 55 0 /ML, AT Ceo 75 620 nm IR,
KB T R AR, F, EEERT 700 nm Pk
I, AW 1~9 T W PE L, AR I AR
AR
22 EY 19 ZMIEL MR REAINE

- TT VR — R PR SRR BT = AR etk
(7 V129, A Sz R R RO T AL S 1~9 1)
SRR AR, YAG OGRS, BKoh 1064
nm, fik5E4 38 ps, B M 10 Hz, #RII# A EPM2000
RUBIEfE R E, WORZ/NLUE B R0 sy, —
oy BRI AR B, AE S5, IMEOERE LR,
Ty A FEEE R 25 om 1IE LR AR S HEANRE R, 1A B
FE MR AR wo Tl 28.2 pm, BE L AE TSGR T [ AE B
BeAE MR A B, ESHOG R S — B as 1L
I H ISR 00 28 57 BA/NFL, T FLI S i AN /L e
RN BB A N BRI 2%, Bl AT L &
FRIF ARG AT B fe BB AE 5 A7 & 2 ARFRAZ (b 1)
fh£k.

ARSI ng Je = AR MO R ORT
T LN RIEA T

AT,,= 0.406(1—S)°* | Agy| (1)
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A do(t)=KLgs ylo %)
CNy 2

=—y(Mm°/wW 3
e (e0)= 20 7 w) ©

2

Chy
3= 4
19=1 77 4

AP AT, WIH— A z &I A 2 IS ZE 10, Ao

_ —a
ﬁmﬁﬁ%%¢m=a§ ) b TR,
b a T | 45 R S 4 P 5 BRI FE, 1y (esu
(A A R IR (A M 5 Z 5Lk w T
). AW R D 5 B AL
/D (55

29 =NLy® (5)

o, N=Nac A BTARANEE 55, ¢ HEWEIREE, L 8 )R
I IEF T, L=[(n6+2)/3]*, no AFTH 2. 78 k4
T, 3BIJUFH CoomMESLERT Y = I AL
Y9, GRBITE L

F1 AW 19 M= t2e 25

Tablel Nonlinear optical parameters of compounds 1~9

Compd. AT, X107 ¥ x10%  y¥x10°%

esu esu
1 0.31 6.63 157 0.45
2 0.47 10.0 13.0 3.75
3 0.45 11.0 14.4 4.14
4 0.30 7.35 9.60 2.76
5 0.43 11.05 13.7 3.94
6 0.40 7.67 9.93 2.87
7 0.33 8.1 10.6 3.04
8 0.27 6.6 8.65 2.50
9 0.30 428 5.49 1.58

M 1 ED 1~9 EdE T I, BBt
L& 3 HA BRI =gt % . i
ANTR] PRI A (1) 350 H R Coo-E WY IEE I e AT A2 P 1K) = i s
ARG M AN ). WEW IR B3E I, BPILAERE A R
s, 0T =B vt R 9 M. ek
REBRATES AT 8 A 15 4 BATH
[FIRIBEWY 2R, (HAL G4 4 (Y BRI 2 17 05 R AP 4h
TR HIEEUAR, 1AW 11 2 08 % 7 e S IR
AR, B 4 =B aed ki ib s /@ BT s
YL a2 5 5L, S5 1R 4 BB, HATAH
[ (RIEE S SR B H , (EAL A1 2 (WEWY IR 1K 5 {0 i FE

TR, SENEY 2 1= ARt E ik
Ky FNFAL S 5. UV ILHERE EEUR IS T
Re IR e, SAA I =Pt Akt g, 5
B ILPUBE K R M IE 3G 0, AT =P A g ik i 4
FetS Sl K (0 = i A R 2 1 PN R A 45 2
it Jy18303U Ay £M) 6 1) Coo - MISLHEREE 2K 205, &
=B A E L B R R ) R 5 ¥ Ceo 1 SCHR
[10[4R3E 1 7@ =7.5X 10" % esu ML S T — /M
9, (BN G 3. RUIFESLYIA R H B FIE
PR T PR R V3 v (R EY PR AR 2R RS, A
BRME . AW 75 8IAHLL: HEWRIRS Ceo I EE IR
BT 2 G R 467, A 7 =B ARZ M b
R A KFAAY 8, K WIAEERRIR AR B 4L T2
REIE, ST P2 A ) o 7 A B B R 3303 qp 4
Y9 M =R ARtk iL R /@ BN TR 8. K
A NP i 56 (] 5 W ORRAT L, 0 38458 40 1 N LA
.

ET UM H I Ceor MM BEfT/EH 1~9, L H
NMR, ®C NMR, FTIR, UV-vis fil FAB-MS #:47 T 454
HAE. XIUFN Coo- MM BEAT AL A1 20— 1T WG
R HAIARRFAE. 7EPA KT 700 nm i, 3 J60H W2k
PERSC. 233 sE 30 AR, A9 3 HAT o K = [k
PERM AL Ry . GERRE: & K, A
BT =raege vt s, R e dthuik &b 1 is 3)
PEBCLT T FAREE Vi i ey AR A, HAT B
X ILHEsE FIUREEAS R M S0 =Bt AR etk A 5
Wi, 25 FL T3 A4S Coor MM BEfiT AR 1) =B ARt
etk 3 sk, Wl TIEA AT Coo MM BT LM
SR AR PR O . B, TR IR
R BURIEIANFMETAE, X & ST A AR g ot
SPETURER, RHERE S A SR MG A BT L S
N AT E 2 X
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