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Calixarene Promoted Transition-Metal-Catalyzed Reactions

Ma, Zhiyan' Li, Yunjian' Sun, Xiao-Qiang Yang, Ke* Li, Zheng-Yi*
(Jiangsu Key Laboratory of Advanced Catalytic Materials and Technology, School of Petrochemical Engineering,
Changzhou University, Changzhou, Jiangsu 213100)

Abstract In recent years, transition metal catalyzed reactions have become one of the most effective methods to construct
carbon-carbon bonds and carbon-heteroatom bonds in organic chemistry, and have attracted great research interest among
chemists. Calixarene is the third-generation supramolecular host compound after crown ether and cyclodextrin, and its
coordination properties have always been a hot spot in supramolecular chemistry. By designing and modifying its phenolic
hydroxyl group at the lower edge, the para-position of the benzene ring at the upper edge, and the methylene group connecting
the benzene ring unit, calixarene can be used as a transition metal catalyst ligand or assembled with transition metal to form a
novel catalyst, both of which can be effectively used to promote the transition metal catalyzed reaction. The research progress
of calixarene as a ligand for different transition-metal catalysts and their application in various transition metal catalytic

reactions in the past ten years is introduced.

Keywords calixarene; transition-metal catalysis; ligand; organic synthesis
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Scheme 1 Rhodium-catalyzed asymmetric hydrogenation in the presence of chiral phosphate calix[4]arene
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Scheme 2 Phosphate calix[4]arene rthodium complex catalyzed hydrogen amination reaction
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Scheme 3 Asymmetric hydroformylation of vinylaromatics catalyzed by rhodium diphosphite calix[4]arene
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Scheme 4 Asymmetric hydrogenation of olefins catalyzed by chiral aminophosphine-phosphinate calix[4]arene rhodium complex
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Scheme 5 Synthesis of calix[4]arene ligands L10 and L11 and the asymmetric allyl amination catalyzed by palladium catalyst
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Scheme 6 Suzuki-Miyaura coupling reaction catalyzed by calix[4]arene-palladium catalyst Cat-4
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Scheme 7 Preparation of calix[4]arene carbonyl ligands .13 and L14 and their application in Suzuki-Miyaura coupling reaction
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Scheme 9 Synthesis of calix[4]arene manganese catalyst containing trimethylammonium cation Cat-6 and its application in cyclohex-

ene oxidation
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71, NI ee (EIEF] 93%, T LEA [F] ) S 025 44 {5
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PEH AT R BE, ee (AR 66%. WIS ALTRISE ¥ IR 7T,
R A I O M AN S AR R R I R
O, [RIBTFR[4] 05 187 & A7 TR SR 1 4 & /A A7 pi,
X S AR ET I B T A A TR PO L M. SR Ah, AT
ST LT Cat-7 He Cat-8 AL LT, WHEEH
THI7IE FIREB KR F AN 2, N T
WA E IS &R O IR R, ITARF SN AR
HEPEERE(Scheme 10). MU NS5 R IR n] LURIL, ¥R
PRI J2 B AR BRMR A5 0 B8 B AT 285 kb ik AT %o Lo 8 1 24
N, TR A H A W F 7 B, s ST = AR
IR 2 e I REAE - 1 % S i S5 4a IA ELAE A, M
T ER AR o R FEPEAE, T B A 45 BT R A R 42
P RN O R

X \
Q | @ // =0
T T o o
OH O"P HO Br
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Cat-8, 84% yield, 66% ee
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2.2 MFRE-Cu xR

LML HES, B 2,6- -1 4- K AL
YI(PPO) T H A R MR # itk . L8 28 e R~ R 14
SR ST A% 52 DR E O] pR i U 4 4TV AR AL ST
K ARG R & I R GV B A R 52
—. ELES R AV, Ca(DEEN AL &4 H T
b 2,6- KB DMP) A KA, (HER AXERE
538 R E A WL R G R 2REOVRER B gk AT, ¥R
B AT T 2R, 31X 0] B ORI Y5 Je I HLBG Az 7=
HIRAS, DRI Fh 7 v B — Sy AE 1 R FR 2. 2012 4,
B 2 S PR AR ZH SR, 5,11,17,23-D0(= 1 3£4%)-25,26,27,
28-VUFR M [4] 05 )2 oK G BE A OB, ) 4% T KM
FAZ AR (I AL FTIRR [4] 95 £ -Cu(ID AL A ) (Cat-9), FEAjt
FHAE 2,6- W IR My B4 3R & S B i i b P e
(Scheme 11). #7548 FUHEIM NMe 1E & A0
T TS B AL A TE K R () R A AR e i, T HLak AT
DUAE AR /A WU R 2 R AR e 7 Dh e i 3 2L . sk
IRt RRY, DL O (EEALT, BLAMITE 2,6- — H K
HISEAL TR A T Bos AT, JF AR RSk T
IR 2,6- W1 4- RIS, IR L&A &~
WIS R P 72 AR 2 R A A A I T R A AE A S AL
N B SG 2,6- IR TR HUAOK 4 R S AR [4]05
RACEWIN Cu(I)4 &4 A 14, B 5 EE 14
IRV iE i e R N e R e = oy Aaye S S 151K N E T R TR
15 AJ DAREAT RS AN — AN IR W 2 18] (P AR I e B A 31 —
RAREIEPA 16, HHLHR, RA&YEEdhtiELZ
WKWK, MERE RN RN, BEWEE &1k

Ph Ph
=N N=
(1) Pd(OAc),, PPhs
OH
EtsN, HOAC HO
@ ph, Ph % C(’
_ >)n
HN  NHy
Ph Ph

N ) L17,n=2
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0.
0
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Cat-8,n=3

BR 10 13- B RIIM[4]57 AR ARG A AE 6- F AR -2,2- 7 FIE-1,2- TS 28 A0 s o ) 2

Scheme 10 Synthesis of calix[4]arene manganese catalyst in 1,3-alternating conformation and its application in epoxidation of 6-

methoxy-2,2-dimethyl-1,2-dihydronaphthalene
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NaOH, O, 70 °C, 24 h
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=R IR T AR[4107 R AL T Cat-9 (16 B LB AE 2,6-— FRE Ry S A 3R 45 2 4 2

Scheme 11 Synthesis of trimethylammonium cation calix[4]arene copper catalyst Cat-9 and its application in the oxidation polymeriza-

tion of 2,6-dimethylphenol

BRRAEME 2,6- - HHR-14- T HRILENY. HERER
NSRS, Cu(D# LA ME FAMN N Cu(ID)F A 17,
M EE 17 5 2,6- = F IR B 1 1 R RAE Cu(D)H
[Pk 14 FEAE, AT A TR AL IEER (Scheme 12).
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HAC S AP BB, (H R 7E W SR A s B v B4R 2D 4
iE. 2015 4, BRE-T/NASLE K IEPEM[4]75 1% Cu(ID)

N
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AL Cat-9 F T FEER AL IS, I B DA RGP 4 BY
WG T AR N B R AT A, R T VETTRE T K
R T A P A B R BT i A PR RN A R,
S Nk AL Cat-9/TEMPO/H,0/K,CO; [TEMPO=
2,2,6,6- VY I 3L MR e B AL W HE W & & T & BRI
WL, AR ESRE TSR 1-ZEHEEM 1,48 H
W S5 (1) S8 AL AR R SR AR AE S 2 A6 FHLARRE, 4%
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Scheme 12 Proposed mechanism of oxidative polymerization of 2,6-dimethylphenol
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A AR JE A R B A A ) BT A3 AH B E AR = 0 7= 26 A Cu(If# 4k 7] Cat-9 (Scheme 13a).

ik, Bb4h, ZEE RS HE Cu()EILFI/TEMPO 14 WER M —RAN S BRI EY), BT HAGH
AR, 7E R0 SR 8] P BE A8 753 31 5 = . % JE PUMAED R RS AN, ST 2 TAY
PRAEZHSE T AT REI SO NI Bk, TERRER B 1E o2z, ShAh, WEVRIAT AR FVE SRl BRI
T, FEEN EER T HSHAANSEEHRE CuIDEEY e G AR b A A48 2017 4E, B F-UR B2 50
18. 2 J5, TEMPO HHEIEHT Cu(IDE A1) 18, FHAE WEFL T AT Cat-9 TE/KAHH AL o- 2RI K 45 1,2-
A T HIAR A B RS — AN AL R R AE R 2 ] I A R R R AL MR, BARZ T IR A
P19, fEIX—iId R, BT L15 5 Cu(iDM & ISR T a0 NN- FF 5L R S Jie (DMIF) AT R R T AR
A LA TEMPO £ Cu(ID)H 0o ELAERCAL, KA (DMSO)EEA HLIE AR, AH 2% NS FH 7K AR S s B
P IRIRE, FEH ke 7R R IEE. 8 TR R BRI NG AR, RS HATI, 8% o-2K
NG ERE R Cu(D)HCeE R H R R FEROTEMN 1,2-ZRENAEY, R 1,2- RN
RS, JRER P E =Y 20, 1 E =4 20 w58 EYE 1,2-2K A Rk, Hh B R LT
TEMPO [ Hi 234 Ji 1 #5374k, FF45 & /K5 7 42 Ak PEFUN T A FE A AL I R RIS S AN A ). i

Cat-9 (0.25 mol%) [Cu”(L15)]2+
TEMPO (5 mol%) [Cu”(L15)H o PhCHon
PhCH,OH P , 2co3 Ph—©
K,CO3 (25 mol%), HpO5 :
60 °C, 12h : TEMPOH TEMPO
Catalyst L Yield/ E
4 : 5 TEMPOH
Cu(OAc), : . TEMPO 1/2 H,0,
u(OAc),/P-butylcalixarene ! '
i | ' I 2+
Cu(OAc),/calixarene : [Cu(L15)* [Cu (L15)]
. ot Tos 0 . : &
20 Ph— 19
PhCHO

Cat-9 (5 mol%)
K>CO3 (10 mol%)

Oy, Hy0, reflux, 12 h

o)
K,CO3, H,0 \
’ ) [H* O«
[ ] OH
23

[cu'(L15) HZO]Z" [cu L15)]

R = H, 4-Cl, 4-OMe

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, K,CO3
0 H,0
R |
\N+ N*N* N ' ©:NH2
WeBY) o Shs"NN e
o ol 3 N7 O o
NS haae
\c\;uf/ ‘ 25 24
|
H,0

cat9 [Cu'(L15)H0]l
B 13 = HIRE R B AR [4105 R (A 751 Cat-9 7E W (1 501 S L DA B me Wtk ) 6 v 1 152

Scheme 13  Application of trimethylammonium cation calix[4] arene copper catalyst Cat-9 in the oxidation reaction of benzyl alcohol
and the preparation of quinoxaline
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ik SR

FEh, BRI 2R BRI R DA e = 3 A
FUFH N EAT= Y, MAEL SRR R A, ST
B 1,2-2R R OBCR T IA 88%, T B A L
THRBI 1,2- Ja(E 76%~78%). {EfH: N 4
K, 1K %K Cat-9/K,CO3/0o/H 0 J 323 Fl T4 A B2
() o- AR A5 75 1,2- %k, Ho s soR T ik 88%
ATREM R ML AN R FEMEALTT] Cat-9 FIfEFE T, Jtil
A LR T RY) a- K52 OB
B 22, %R0 [ o R T A IR DA A T A
FIRE H B ) =) 23, WHBR— 2 HIKE
AR 1,2-ERIEAGE W) 24, HHIA ) 24 5 1,2-28 R4
G WK A3 B AH R R K 25 (Scheme 13b).

B T DA HOE AR [4] 55 IR AR R AL, FR[8]05 &
fT APy mT B AR 4 (AL I B IR L AR . 2016 4F
Castillo PR COHRIE 75— Cu(D)5 & FEM WK A1
(8175 JR L A JE A A AL A4 C—S SRRV IR 1) S B2
(Scheme 14). A 17E 1,5-By A (AR [8195 4 LB In—A~
VR FE S RIEAVE N 119, AR5 S CuCl JRA M
H AT Cat-10, SZIGR I, T8 IS A RB B =4
(1077 6 5 T, A P 00 1) 5% () e A5 AR JER A 2 1 ) AL
FUFRAGA SO 45 T LT-HH ). A4k s N AR R B SR =)
RERE 25 5y AR 5 e f v g 5 L o, DR EAT — R A1
TR G R I, I I R R BN 35 s i
I, IX AT HE 2 RN B 2R HR AR MR B A R T e N
P07 I R 28 s 9 FL A s R T o, IR, i RBE
R U A PR BE T BB T R T AR [8] 5 it ZK s P i 14 A5
BRI, 5 ENRAR 41806 (6175 12 [F RYIAE, #F

(8175 LT3 A4t T K /N A 38 1 5 7K 28 i ok s 3 4k,
TERESE T N AR AR I IR B 1R T R 88 R AR
TR DA B i M O R 2R3 . TR IR N R, S
T (36 P A3 ) R 1 R U R B 38 ) 1) 75 266 i
WA RIS A A 1, R W] A 95%.  BEAL,
M2 e T IR e B, 52 FED R TS
S FETAR DS R 1 S R TA R PRk e B B TR ARG T
R EER C—S BRARIB RN, %A 5 AL 74
I T I m AR I BRI, A R RE T 5 F i ik
BT R, 1X M 7y 1 SRS AR T AR [8] 05 it A (e it
V& SR AR BLEAL I — BB i, N oy A TRITE
A PR 2 18] A JEAT fhE A0SR PRI S S 4t 7o S B
2.3 HFERE-Ni ELIxR

2017 4F, Matt PRAZHOCITEM 4107 1 F I
B, AT S-SR -25,26,27,28- DU A SR
[4]75 KE(L20) A1 5- R HEPHE-25,26,27,28- D0 -(hf i 7
) H A EEM[4]75 F(L21), T =IE T Ni(COD),
(COD=1,5-FF 3¢ I AL KR 5 75 R & A28 X
BIE R [ B (Scheme 15). SEEGEE RK B, Ni(COD), H5#
[4175 )& 120 A1 L21 PO SR AL AR 5 AR 75 JR b 7 e %
A A5 A R BRI G 5 7 B S A8 AR B R B, FF
H B AT AR S S A P B S5 1 1 = 0 SR IR A, 1%
SN B B E B A 2, LA B R R
N, A A A 3 ] (R A R ) Bl R T AR A (R
HE TR B L) (1 0 FE A, #OE T H AT A
ARG RIEMIR N, HAS B SUCR T B bR, hAh,

L19 (2.5 mol%)
CuCl (2.5 mol%)

X=Cl,Br, |
R = CN, NO,, OMe, Me

PhMe, 110 °C

sge:

yields up to 95%

B 14 FERIRAR[8] S SR AL AR L19 R T 4R AL C—S BRI SN
Sccheme 14  Copper-catalyzed C—S bond coupling reaction promoted by phenanthroline calix[8] arene ligand L19
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REVIEW
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S /7 C L20 0orL21 (6 mol%) 1
Ni(COD); (3 mol%) \
* NaH, K3PO,
THF, 25 °C, 24 h
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PPh2
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Scheme 15 Nickel-catalyzed cross-coupling reaction promoted
by diphenylphosphino-calix[4]arene ligand L20 and L21
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S IE-2,4,6- = BUAR K e $4 = IR W 2538 5 5 8% s
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SR SOE R IR [6] 05 12 B 42 1, IR b fh SR B2 11t
TEARR) C3 JUATEAR. TEER R Z R VIMMEAIAE RS SUAE
B SN PR PRI A VR MR, R AR T 55 SR A, Oy 3k
S S B R A, 7= AAE] 90%. [FIN R I 48
H SRR DT R i, R R SRR K A AT,
FC & AL TS PR T o, L op 7 R R K AL
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(Scheme 16).
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Scheme 16 Cross-coupling reaction catalyzed by calix[6] arene nickel catalyst
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