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Table 1 Hydroamination of C,, with primary or secondary amines

C. + xRNH, — >
“ ’ 000 NHR/*

Amine Product(x ™) Conditions Equiv. ( Amine) Ref.
CH;NH, 1(x=1,2,6,14) toluene/rt. excess [8]
(CH;),NH 2(x=1,2,6) toluene/rt. 1.0 [8]
(C,Hs),NH 3(x=10~13) toluene/rt. ,24 h excess [9]
n-C;H,NH, 4(x=12) toluene/1t. ,24 h excess [10-11]
n-C,HgNH, 5(x=1) toluene/reflux,30 h 2.0 [8]
n-Cy, Hys NH, 6(x=75) toluene/rt. ,24 h excess [10-11]
HOOC( CH, ) ,NH, 7(x=1,5.9) toluene-EtOH-H, 0/1t. 5 d excess [12]
HOOC(CH, ) sNH, 8(x=5) toluene-EtOH-H, O/1t. ,5 d excess [13]
HO;S(CH,),NH, 9(x=4) toluene-EtOH-H, O/reflux,24 h excess [13]
/‘é_ OHNH 10(x=1)
a» 1,2-addition and toluene/reflux,48 h 1.0 [14]
n=1,2.3 1,4-addition
TN
0 NH 11(x=6) morpholine/rt,2 d excess [1]
~_ 7
TN
HN NCH, 12(x=9) chlorobenzene/rt,72 h,N, excess [15]
~_ 7
C¢H; CH, NH, 13(x=2) DCB-DMSO(5:1)/1t,2 d 3.0 [16]

* The maximal number of amine addition.
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Scheme 2 Preparation of a [ 60 |fullerene grafted polymer using amine functionalized ethylene propylene terpolymer

( EPDM-amine ) '*’
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Scheme 3 Synthesis of aminated fullerenes

H*/H,0/EtOH (6]

Si(OEt), + H C [NH(CH,),Si(OEY),] DCcA

Scheme 4 Preparation of Cg,-containing glasses by sol-gel reaction of TEOS with H, Cy, [ NH ( CH, ), Si ( OCH,-

CH,), ],
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Scheme 5 Preparation of Cg,-coated beads by reaction of Cq, with aminomethylated poly ( styrene-co-divinylbenzene )

beads !

Stoilova 45 1l FH F e A S I , K5 A 3 5 20 3 (19 SR 16 (3R e-C N IR ) B3R fi (amino end-capped
polyesters) 5| A E| Cq, b, il 5 T LA Cop A0 BT H R W (H, Cg, (NHPCL,) ,, H, Cg, (NHPEG, ) )
(Scheme 6) . TEJGHAT ,3X 88 Co fiT AW ] 77 A2 KR W RS A, BLA BB MDGROE E , JF A 2 TR e
(63 12167 K 259 I AR I B A o

H NH,(CH,),,OPCLOH

C, + HZN—(CHZ)n«(oJOK/\/\/}OH THF or TCHB /._
" e
N

NH,(CH,),,OPCLOH

Scheme 6  Coupling of amino-terminated PCL to G, '’
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Z 1t ( Cab-0-Sil) il 13 Cgo-+ ki — i (diaminododecane ) ( Co,-DAD) HZ % Z 2 2) , BrFl Y
HR Coo FIAMEH S o Cop-DAD H F 413 JZ BOIE AR KRR E AT ABS-Coo 72 A AL W) 2 I
(Cab-O-Sil) JL B 503 T IR I T
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G, ik zeolite fH7E Coo-BEIALIE [ A 1B MRS E W B0 T2 o WFFT R, zeolite R A 7E BE 38 FE AR |
() B 415 EEAUE B T =% Z 89 propylamine-C,-propylamine 3254 .

FIHSREXS Au SR A SEFNE K 8-JieE-1-F BRBEAE Au AL~ BT B & 5B (SAM)
S 3 P S A S AE [/ YT 5 Coo 3 2 A N A8 ( Scheme 7) o Rashmi 2527 5 353 9 45 )2
N Coo s3T5 A Au R

R B @) )
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2 2 H
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S S S S S
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Scheme 7  Synthesis of fullerene-terminated SAMs >’
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FE(SAMs) , Zhang 227 3 — 5 IR Cop 23 F IO ISR , i 4 1 L2 B Coo-SAMs ([ 3)
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Si H AN
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Fig.3 Cg, attached to an 11-amino-1-undecene-covered over Si(111) substrate®

Wang %2 %5 Coo IS , [R5 T RE AL A BERR AR AT (SWNTSs) FOBRREAL IR 4 Coo 5
SWNTs ##4% ( Coo-SWNTs) , tE— il 1 fh-E G Cop-SWNTs HEAELL ITO LI iy b it b F 21 2
BT RERG R I, AT )45 — 2 — 1) 1TO-Cop -SWNTs JH 5 (Scheme 8) 14} ] B A AR L AL~% A1
TG PR AOR BRI BT o

7]



1348 AN I = 28 5

Scheme 8 C, and SWNTs grafied onto an alkylsilane self-assembled monolayer on ITO substrate!*’
2.3 HIEE CoMARBLFHEL

Deng 2 F Fl Coo 53T 5 Au 44K T 51 i 43413 ) B AR 186, 0 45 T Coo-Au 49K KL T ( Fullerene
(Cg ) -tethered gold nanoparticles ) . Ffr75 3 B 44 KA HA MU OG- 2 AL A2 BT, 98 &K B, C-Au
YRR T Coo B A3 I EN A SN 8 0 2B 1 iR, [RTIRE Y Co Bl HL A2 30 SIS R 1 A 50 2 2 R 3
Jne FIFH Coo X Au G4 KA 100 5 e FB o3 BN SR, Deng I SZIE T Cp-Au HiF B 2 224

Jensen 2 FI 5 i BE 1) PAMAM #PAR 43T (PAMAM G4) 53 ) Coo LI , 115 PAMAM-C, 44
KEEGW), G5 5 Hr B, B—> PAMAM A% 8B A K2 30 4> Coo (1 4) o HI T Co A REfREFRZL
BEC0,) A R RE | I K 25 & ) (PAMAM-Cy, conjugate ) 1 i T 26 5 04 Ak 5N 1)
FEARTR , T, 248 R B Pk ) SO S b . 2B SR A B, PAMAM-C o 41K 255 W R K W OB BUR AL
FOSE A E FH S5, a) BB Y T K PR SN ) 7014 B3 PAMAM B8 7311 25 s v JE G T 9K
N A BN I

Dendrimer-fullerene conjugate structure
Expanded interior portion of PAMAM core

[each PAMAM branch is (CH,),CONH(CH,),N<<group]
K4 Fullerene-shell dendrimer-core 4K 54 4444 ]

Fig.4  Structural illustration of the fullerene-shell dendrimer-core nanoconjugates

Jeong™ ™" FIFH Coo FIREALIT NG Coo 5IABITIE & B AR T 1o e FIRSHRAR (AgNO, ) 5 1% RILFL
P (AR 2 T TG R 5 ) PR /AP ROPE IR A A S 35 S5 SR AN KORE 1 IR R T ] A 85 BRI
FTF KT 14 4 SR By SN A5 AR N ) 28 S A B I R A KL T, TEIZ AN I P Coo 11
ARV, BT Coo AL S, B J il 15 Coo 4-ZIE AR IR A KL T (Scheme 9)

Geng %51 FI S L1 J7 35 i 4 % Coo 142 91K RL T ( Coo-GNPs) o 4 4k (HAuCL, ) I B %0 1k 41l
(NaBH, ) i Jit il # S A0 KR, 4- 28 SR B 5 O BRI B Au—S BES I A SIS QRRL 73R M, 9K AL
THOMEM R LS Coo 20 T AN SR 1T Coo - 4K KL T (Scheme 10) o f T X Coo AL T 41K}
TR A2 A5G S B A PR, AT BRI (AOR L T S K (AAOK AR W R S A 2 58 00 T o

Liao 45 1 FFIBRGAK A 55 5 LM I e ( Polyethylenimine ) (1) U 6 SR, HE Coo S5 RRANK 2%
B ] 2 AUBERK Coo-2KAT AW (Scheme 11) o IZAE YR G T Coo MIBRAUR AT IR LMD 45 1, I

[30]
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microwave

AgNO, + Various surfactants Ag(0)

irradiation

Ag(0) + HS ONHZ — Ag—S—QNHZ
Fullerene[C, ] + Ag—S~<3~NH2 — Ag—S@ﬁ (G}q
nNL)

Scheme 9 Preparation of fullerene[ 60 | 4-aminothiophenoxide silver nanoparticles"*"’

HS NH, @
NaBH C
t

+ HAuCl EtOH

HS” NN
S NH aé‘
O
SN

Scheme 10  Experimental procedures for anchoring C,, onto GNPs'*’

TERRMESCR AL T BRANKAT I Cop K2 80% , HAT FIHLEL R g AR LR RN , BRANK A (SWNTSs) Hil Cg, Z (8]
(19 Fi Ay e B X HOB BRI R PR 1 S 2P

H N\/\N/\/N\/\ NH,

oluene

\ H
P i ")
HN NH, chlorobenzene ' @H HN@
NH 100 °C ¥ M NH,

% N\/\N\/\/N/\/\N H, : ‘ N\/\I\:\/N\/\N H
! N A
o N &

DWNT-PEI10000

DWNT-PEI10000-C,,

Scheme 11  Synthesis of DWNT-PEI10000-C,"*"
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EAMERE A SR A W) (IR ) 5 Cop I AN BUR Rl A5 K Coo WA A RO 50 3
R SCIRRIE T 31X ZRAKIEPE Coo T A, 02 Coo-N R TRAT £ W) Cop (NH(CH, ), COOH)  H, (n =1,5,
9) " Co-2 W2 Cq (NH(CH,),COOH)  H, ') C, -5 3 2R Cq (NHCH,CH,SO,H), H,"™ C,,-
}5 2R Arginine 1744 Co, [ HNC (NH) NH-( CH, ),CH(NH, ) COOH ] H,"**'  Cq,-E & B2 117 £ ¥ cystine
Cq, derivative C,,[ HNCH(COOH) CH,SSCH,CH(NH, ) COOH ] H,"*" C - giemiid (& 5) .,
JEEEATA BRI Bl TAESHE B 5 Co HHBEE R 7 NH JE, PRIt B8 A7 500 BR 1 1
S LS R 2 A T SR B R R R R ST A R A S B 2 T
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XIIREE Coo i LE W BAT AL Y L F AT

HOOC NH

2

HCH,C—S—S—CH,CH
NH COOH

B5  Co-ERRR(A) | Coo-FBIEIR (B) F1 Coo-HEMEIR (C) A 1 Ay "
Fig.5 Structures of C,-arginine(A), Cg,-methionine(B) and Cg-cystine derivative(C) "

T, Allen 25100 Ceo 703 5 1 52 1 & — % ( hexamethylenediamines ) | 1 — % — Ji% ( dodecamethyl-
enediamines ) 4-fiFF£-2,2",6,6'-PU FI LR BE (4-amino-2,2’, 6,6 -tetramethylpiperidine ) 7& F 2K op 25 1R i
o AR RT3 B AN I (] 6) o X8 Co ENAL T W B A B BT AL B S
BRI 1, H B R G BRBE ) AL R R A Coo o ABRZS NIBHIY Coo-WR B AT Hb F AL R 1 15
FBGE PR R URE AL A YR IR v (ARt B2 44 1 B BRI BRAE ) o X 88 Co - LU A A A N
IR BT AL B R BRI T A H

NH

3

16 ComC M (A) \Coo-T M (B) \Cp-2,2",6,6'-PU HIBEDRE (C) A5 4 925 g

Fig. 6  Structures of Cy -hexa-methylenediamines (A), Cy -dodeca-methylenediamines( B) and Cg-amino-2,2',6,6'-

tetra-methylpiperidine ( €) ")

Samal %5 R Coo HIBEALIIRE B Co 53 F-5 RIR G T IRBIRS HIDE A A BRI PRI Coo-PRRIRS
RiEW) (Scheme 12) o PE—BWFTE R, AT AP BA H HEEEER R DNA S5E WG 1L,

H —_— H H
N—R—NH, DMF, CH,Cl, N—R—N
H

R — N, —(cny,—

Scheme 12 Synthesis of fullerene-cyclodextrin conjugates

[40]
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Chen %5 Jf] Coy 5 5% 1856 (cryptand22 ) U AL 135 Cop-cryptand22 7490, LA
Y1 5 2 B9 1R B A O AR %88 ( C -cryptand22-coated piezoelectric crystal sensor) , i FH A7 Cg FRE[H E
AR Wi mERT L- B SRR TR 1) e PR PE ALK R T, AT T8 0 D-BUAN L-BU G B IR g , O R B R4 RY
TR e A R

Fang 252 458 Cop- Z WM (8L 2 ) I/ 7 TSR N AT DE R 22 MR RO VE T , Coo SMEAL I
B B i) e SR I S I FE XX — P SR B, A TEERE T T AR Z ik
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[ P B T3 IR K2 o R, Wang 261 Coo- L BRI (L ) T A FF 40
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JSEE BN ) A AN AHZ SN 5 T e A, RS2 A AT 20, IR, 78 Coo B9 RIS | Coo 2
RERP R BT S5 5 BU , Coo SR A B RAE AT A5 B T AT B o

IR, fi By Coo SUMAL SN ] £ 1 S5 AL W ) SR AL Coo HENBERT MR — PR A 19 A, X 75
BN Coo BUMEAL SN R AT A TR AGA T o ANBESEINRS Co UMM SN A I ISCRE B IX A7 1B A PO A 5
il Coo FUMEALSLNLAE Coo UIREA R 25 A1 737 BT Hh bR A5 2 iz i is o
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Hydroaminaton of C,, and Its Application to Preparation
of C,, -containing Functional Materials

LIU Xufeng” , CHENG Zhenxian
( Ministry of Education Key Laboratory for the Synthesis and Application of Organic Functional Molecules ,
College of Chemistry & Chemical Engineering ,Hubei University , Wuhan 430062 )

Abstract Reactions of Cg, with amines( Cy, amination reaction) are important methods for the derivatization
of Cg,. In this review, basic principles and characteristics of Cg, hydroaminaton are introduced. Recent
development on hydroamination of Cg, and its application in preparing Cg,-containing functional polymers, Cg,-
containing self-assembled monolayers, Cg -containing organic/inorganic nanoparticles, and Cg,-based biological
materials are also summarized.

Keywords Cg,,hydroaminaton, Cg, functional materials



