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Abstract

In this thesis, my research is focused on two topics. The first part is
the synthesis and optical recognition of fluorescent inherently chiral
calix[4]arenes and their chiral recognition. The second part is the
synthesis of cailx[4]arenes with lower-rim triazole and ester groups as
cationic binding site and anthracene as the fluorophores.

In part one, we synthesized novel calix[4]arene of AABH-type with
inherent chirality through the reaction of racemic calix[4]arene
derivatives 40a and 40b with 1-phenylethylamine (both R-form and
S-form), follow by the separation of the diastereomers by column
chromatography. Compounds 41-44 are optically pure inherently chiral
calix[4]arenes. Based on the X-ray structure of 41, we could determine
the absolute configurations of all three chiral cailx[4]arenes. We farther
modified the lower-rim propargyl groups by Click Chemistry to add an

anthracene groups as the fluorophores. The optically pure inherently
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chiral calyx[4]arenes were used for chiral recognition studies.
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In second part, we synthesized a series of calix[4]arenes with

4

lower-rim triazole and ester “groups as the cationic binding sites, and
anthracene as the fluorophores. When a cosolvent of methanol and
chloroform (v/v =99:1), both compound 49 and 51 have good selectivity
toward Ag" and Hg”". Compared with 57, we confirmed that when the
number of triazole and ester groups increased, their binding ability

toward metal ions increased. The binding construct about 10°~10'" (M™).
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Me OCH,C(O)NH—=Me MeTNCH(O)CHZO OMe
ﬁ Ph Ph ﬁ
(S)-28a (R)-28b

WL

S8

\

| 2
ol NSO Wl IR Wov,
Ve (])/ROR RDl o OOH g o OHO\O
36 e O{a E‘og: NN
chiral 39a 39b

(racemic mixture)

7

i V];i R S e
O OH o (o} S
PN IR W - ) SN

OHO
HN,,
40a 40b '
(racemic mixture) (cR,S)-41 (cS,S)-42 (cS,R)-43

\\( a P >4
Qg O (e
g NEO
Q 49

51

(cR,R)-48

XXVi



¥ &%
1.1 BoFLf[H

e

STFALEARLERNEALNILEZME (T BTFH)Edy
TRIGER (88~ HENPAFRADF)W ARGy TEE i
Ry TR L LB E > AERS FILER A S FIEBELAIL

- 1987 43 B A{b2 443 X Pedersen' ~ Lehn’2A & Cram® #b4r] 84 5%
KRB TR T2 3R - £F Lehn Ry FILEEZSA “BHY
o> Feh4e£” (Chemistry beyond the molecule) » 3t % 4 F 4482 >
FRss ey -

ho o By FALZ CAEAE—EAE L s X > B HFE Lk
BRE - BB R BBARMIES  AMILE ~ H o T2~ At
Sho IR0 —PIBARZIF L NRPEGF S BATME &
FHR I RE > B L E A A 2R BT - MR A2 A R 2 e E R A
4 o B T & Bk (crown ether)® #b > 32 #7145 (cyclodextrin)® ~ 3 #&
(calixarene)’ ~ £2 B #% (catenane)’ ~ % #5 4% (rotaxane)® % #7 49 42 5> F B 8%

F 5l R RS BIE

12 FH@r
By F BRI IRARIES BT BT REREE > g 24 —HE

R XBREY > E— SR PRI LG T RITRERE

1



EAMKRBRB AN RE BREARERY TR PRKGTLSN
MMz A "R (calixarenes)e sbIBIR R A0 F NI EA MRS F £ 4
o Bk FENAYFEES T - HTNLBETRIEETRAEAN
SF NP E ISR E BIbA M (Host-Guest complexs) © 41¥+i3 48
 ZAL G W Y R EAT BRI AL AL AR I (in vitro) AT
Bt Z AL AN R IEZEEEIALE SR B2 A
“X Z/LZ” (Host-Guest chemistry) e
% AREY R T BAiE A B T 1872 4 > A. Baeyer £ XEK L3R &
G F B KIERAEMR T A RIE 7T B A —FEBRRGEMN  12F
A SR B A RAH RIS I B ETITE— S &
£ o HAE ET 1905-1909 4 P4 » Baekeland #| i 48 ) 44 F &5 5 &) 04
RE » Wikl — R ey AT 5 BB (1645 € K » Bakelite) it B 3]
AR A EE o BT 1940-1950 R - Zinke’ B BAI A T #AE
p-alkyphenols #1 F BX /KB > £ S A LM e BIET RS T+ —
BT FEXE M BEFCfF RO ERELESE
2L~ RIE AR L 0L & — AR K 69 W IR B¥ (cyclotetramer) © 4% 2R >
Kammerer #o Munch 2§ L3 b BB IRIL S S RE A TR T BITEH L
63 4% o B 4% 0 4£ Gutsche B & T » BA#£ 6945 & p-tert-butylphenol

o FEAROBICERET AL SHRARRIERESY ¥



AR TRROER - SRR - ARBURDENZ TR RN 2o

KB —Fiow

OH

n=45678

RE— - S =THARAFTREAKRGBICTHARIEMGGEY °

121 FHxz44RA)

OH
(om0
OH

calix[4]arene
1 p-tert-butylcalix[4]arene

2

2 IUPAC HEX G4 L F &4 1 WEBEFIORZEES LA
tetracyclo[19.3.1.1° 717" 1"Joctacosa-1(25),3,5,7(28),9,11,13(27),15.,-
17,19(26),21,23-dodecaene-25,26,27,28-tetraol » fm Gutsche #4 2 & & fy

BB BER R A R IR T A4 4 A calixarene (calix & B X ¥
BB ES > Mmarene k-r A B F BFIRIF MR ERLEHE)  mA
calix fu arene PN — B F REAAFT FHEOHB - plosdiE 1 &

AR WO BB A4 & B 25,26,27,28-tetrahydroxycalix[4]arene > i@ F —

3



& 2R 4% sbAb A4y f8 4% A calix[4]arene - H b > &4 2 TUG L B
5,11,17,23-tetra-tert-buty-25,26,27,28-tetrahydroxylcalix[4]arene > #§ #%
p-tert-butylcalix[4]arene > % & H 4 B 42 K 091545 > BIR B B AE B B4R,

ML B Ao LA SRR 0 IR AR X FH AT B AAARNKRG RERME -

1.2.2 FR e

ERFED BRI S RE T &35 (lower rim) B Erayrek - M
L % (upper rim)3R 5 A] B A EAAE g > B —Fw - MFHRE B
B FAEET iR 24555 B A Wi A NET - 57
% cone ~ partial cone ~ 1,2-alternate $A & 1,3-alternate » H A% 4o B —

frm o 10
% (upper rim )
O / pp
Comiod ) = NSLLY
°r OH OHOH Ho

O ~ T # (lower rim )
B— -~ SR pLEHE -

cone partial cone 1,2-alternate 1,3-alternate

= FAreymiEiEs o



M A &5 R AER X BT URIFEEF ARG S L IR A
R M IR R S e D R AT I B o B Z A7 o VBRI
o AREF A cone HBIVET 0 LA EIRAL P EFAEBEZR
W FiE > LR kR R b 42 31 ppm T A — 1B —RER Y
9% 5 &4 & partial cone s, 1,2-alternate B} » 4 A% 84 3 Ik A3 F
A & — 404 F o — 18 Bk e o A% 4R L 3 b 4 F) B A4 31 ppm
#1 37 ppm &) =355 5 MAEA & 1,3-alternate B 0 f£ SR IR A
W EE AR RS s R 4 37 ppm LA
— 18 — B mE By L o 2 & 5 $F partial cone 2, 1,2-alternate 85 =] 2 4] A
RIE o) SRPER AN -

Conformation

I | || cone

partial cone | |

‘ 1,2-alternate ‘

I T I I 1,3-alternate — I | |
4.5 4.0 35 3.0 39 36 33 30
3 (ppm) 3 (ppm)

M=~ 5T ARG S eIk e o
& 5 R EATERML REGILE > REBBR AR R|F - BRAA
BRI~ BRe AR BT RO~ BRe R 55~ Bl AR g - A A
p-tert-butylcalix[4]arene $178 7 B T &5 R JEFR 13 &2 WA A o 4o & —

B R 0 A2 B 4 B AR ZUIE (metal template effect) o A 4n8E T & 4B



BARE > % ¥ &k cone 4 > M A48T R € & 4 partial cone
WA E LI ERAARRFRAE - RE S ENER TR TEARE

BRREBBWEY

% — ~ p-tert-Butylcalix[4]arene $1i% 7,8 7. 85 R J&E & i oA o

i (FE8) EH BRE M AR EWMER (%)
(C) (h#) (%) Cone Partial cone

f1t4n (16) THF 67 1 96 100 0
#Ede (200 DMF 70 45 22 100 0
w848 (200 DMF 70 6 100 88 12
%47 (200 DMF 705 8. 2100 84 16
#4200 DMF 70 3 100 27 73
w842 (20)  AEAE 56 45 0 0 0
o 848 (20) R ER 56 22 59 100 0
B 47 (20) AR ER 56 22 99 96 3
o B 46 (20) R ER 56 1 100 0 100

1.3 ¥HAEEEELELHRA

% #* (calixarene) & 4% & Bt fu IR MIAE 2 15 09 F = RB - FIB e x
Bt RALBFEBS4eyTEILRGHE 88 5 F4HELR
MATAART ZA A RAEAFEHERBEABEAH NS T 4

B o flho A APRRIG 8T ~ REETFo — g M o F B AR et A b2 R



RE S REAFHRARRBEOA T EEFBARR Y TEEE - £

VR E Aotem BB R B4 2 LRI B B8 o T o9 A R M By

BT oo THRAARS TILETERY R ARBHST

MEERAY RS TRAHAEFERGIRENR S T T EM S

FEABRMBRALEM B ED TR A TRDA LN HISEERE

STFHRETAZRE TR TARASILRG R ~ FLRGHK - B

R B E o B TS| T 7] & 48 7T A o4 Bl 4% -

— ERSTHINRARDEZESFRIEE > LR E 4+ Bk
YR N > TR RAF PR

= EBRSTHILURANRERES T L NSRS THER
N TR £ FRIPMKRERLE

= IS TFHLLARDRPNERS T wibt—R—EEXBHS>TH
TR B LR mAEAA—HLHEEY -

o ERAIBEBUBRAITENBTAAD S SHERRELAR

o gv o REAOERITEZAGRT  BMTARERHST -

1.3.1 B&F2 AR
FHRENER GEETFOARRGEN RAZNARNALE B
Fayndk KT — BN FAE AL 1984 F 0 M =T AR

Rz calix[8]arene & 7 &A% B P oo 4h 8T 5 b1k 0 A # % UBRIF
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AR AR o B A% R R P 04 48 K 46 8 T - Shinkai B K R M &Y
p-sulfonatocalix[5]arene Fv p-sulfonatocalix[6]arene 4 — % 7| &9 ¥E 3155
RAMEGFE R TIE8 T (o D 42~ 48~ R8T T AEEMY

ML ES S Wk DT o

A HARR AL S BT 0 5 A% B (10gKuseo)

R n U0 Mg* Ni** Zn* Cu*

H 4 3.2 _ ; _ _

SOzH CH,CO,H 4 3.1 - - . i}
H 5 0189406 - ; _ _

OR e CH,CO,H 5. 184401 - ; ) ]
H 6. 192401 small 22 55 8.6

CH,CO.H 6 18.7+0.1 small 32 56 6.7

Me 6 32+02 - ] _ _

o REBREL G LR SR U calix[4]arene & KK 41448
%7 B 118 A Z SURK » 1% & 2007 SFAr 4 & 49 1,3-alternate 891t &4y 3 -
MRS R By R T BEEE Z e T AE  BER
AL EsEET A A B RE LR M B B — eyt mirak T4
S5 BT e SLEEAR 7 BT A A 0 AR M RUR (allsoteric effect) » 1542 & 4]
EXHTHEHE 2 RRARGEZLE AT &8 R RIS

7% ko B WA o



OJO ! LO‘ TN
oJo @ . Cl‘
K 03

(Strong emission)

BMw -~ fbdd 3 8 KA PY eys A o

e 2005 £5 & 9 SBR P 0 AR T — 4 FB RS daco 15
A B BRE AR AR T T IREEE A AR 2 A st b AR R
HEBBANTRA-AELEEAHET AARKBAR 42 #
FoIBEETARIFHBOES > BRETETRMBOHT  wE A
Fiom o XEPLIFE 7B RESLE- KR L% 41 0 o X B —A7



H,CO OCH;

4aR = OCH,
4bR =H
4¢ R = NO,

(g
i
P
b
24
S
[e]
o

BE -~ %AHEARKBE S da-c B 4a 91 HE ' THE4

s
o

Azophenol

MZ*

@

Quinone-Hydroazone when X = NO,
when X = OMe or H

KB =~ BEEBUEER-EIRE % B -

132 REETZHA

SRR F A R R 3T RGRI B RS R 0 AR B AR
FEAEMALEMALOER AMmREETOHELRGERTHHER
BHS O ERBEERA BBETETANSBGHRT  BHRTALHE
ERSSHCGRBERIR THRT X - @8R R8T Ny &

OCN -~ - & & 4% 89 NOy $1 % B AR 8 F RCOO ~ iE w9 @ B &5 4545 SO,
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ClOy & PO/t EN @R &HEH MCN)" > B K#EEES B b fE
(free energies of solvation) » H 4% &5 % 3| B in E 69 B EAE K - '°

R T B GSR R IR BT E A 69 Beer > FI A T L4 A 4555 154589
SRS RPERA R MEARFIRET o MR IR BT AR R
R EME AERRE RIS a0 54 6 R R R AHAeE G 8RR
ST AW AR o LI 0 B B E Rk (thiourea) 38 151 &5 % 44 3 A7

7o HNEEET LR RS RARIER

q ? CI2HC CHCI2
NHHN NHHN

0"“'5
OH 00 HO OH Q@ ©= Ho
TsTs TsTs
5 6

2007 4 » Kim %4 s 1,3-alternate #7% B4 % Balk &40 % £ 5%
WAibed 8> Vit b o A BB T 0 AR INT RL R A R
93 % E A (Ao B 346 nm % 5% 400 nm); £ 5 o ibbin 8§ A
A RABERK LA > 5] % 385 nm &4 E £ 5k (monomer) #2 482 nm &)

B AE 3% RE 4 B¢ 74 Sk (dynamic excimer : B — A LA LGB ET > & &

>
gy

EHEBE R N TRIER A - B IE e RS A —EEAE

i)

¢

It —Hitey r PR E BT E A B

o
G m}r

R A AL

RREEERE) > o NI o MEAMMA T REETE  BRARE SR

11



REWHEE B EREEE A ERE - mAKH 600 % 8 sk

belo

T1& 0 BRSO AL EF L » MAE 470 nm E A& — MBI a9
Koo b HREZE A BB TAR S R ARTE o BB H B BB TL

AR BEH P EQyrene) L A TFH AT T T TERBLER

e

)

(photoinduced charge transfer) » M & & T # A& AE 4 52 9 (static

excimer : —H AR EF THU M RABE A EARY K5

g
24

(dimer) > f£ 689808 T - BB B b = R A 6 O RS - b

G

-

FRAERR S Hb g B8 Eamid 4 Ry B Re sE2q

phAE T XA AR RS > B L FToT o

1000 =
Free ] [FI1] | A=
Sath 10000 [ i s
rrrrrr ct _ 7000 £ e
_____ _ ;800 — A <\ -
Br 3 5000 s (I A Ry 17
- & 3000 EET A O ]
gorsdY v /N a0m | CH:CO 2 2500 E Ml
s HSO- 2 6004 2000 =
5 HiPO: L 1300 MR T e
g e 1300 Wavelength (nm)
<
g 4004 LEL (1) = 6 uM)
o} ]
w
=
S
T 200
T T T T e
300 350 400 450 500
Wavelength (nm) ¢
1000 | [FMI([1] = 6 pM)
i 385 —Free 2200
500 o m e = 2000
e T Cr @ 800 4. 1400
s 1 & | Br- = 7 7 KX 1300
s 404 K |7 N 2 of \ 1150
0 = )
- I | N R @ it 1 1050
7 482 nm CH:COO ] 5 good i 1000
£ 300 E i BN 900
< o Y RN 700
S £ 500
8 200 2 4004 500
123
8 @ 300
S 9 100
L 100 i 2004 0
0 T T T —== 0 e = e =
350 400 450 500 550 600 e 40D 450 500 550 500
Wavelength (nm) Wavelength (nm)

mf\— M 4bé\45] 8 AN F~ClI~Br~T- CH3C02_ N HSO4_-E—1- H2P04_

4 (@) B/ T REKE (b) #kkE (o) Lot 8 HwATRE
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Y EWFAMSL8itks  CaEa )Y

Monmer, 385 nm Dynamic excimer, 482 nm  Static excimer, 470 nm

m‘t > 4b/\#5] 8 ﬁﬂﬁﬁ%fﬁ-/\iﬁ&‘z (« o

1.3.3 ¥4 FZRAA

BRRY A TARGTRRIESATHFARAEMRERE %
ARSNGB Z T EA MR O PRIBIC/ER RED &4
FE A Thhe MRARGBEFRIAN R AL EF MR 8 EM
BARE > REREX SR - Bk BEFHRHERIFHATE
FOARERTFECHNTRARBRACLEEN  BRESTHKEA
FH o RE R G LAEEEMN - T AR EM TR AT IRMEER
ROy TFALR R RN E MR E B AR A b S Fe L2 A8 88
&éii’?

B gk o 2% 3t B A £ M 64 3 #r(chiral calixarene) 4 #¥38% & M 5 F & &
FENBRMYE  MRFERERTIHREZARET X —AFHL
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BEEFALBRAEEENE P T AKBELRRMAIALZ&N T
MEHTE AXEHFERAL  RwEMEMET > LRAF AR FAK
SFAEGIEAGNIETFRIRGHE R ETUAAAA & EELAE
M mAF R ESERE > kT EREEFIMITEY A E LB
T TR R EMFAR - A —FBRAEA A BE FARR S H A
Mo RERETHRAS B R ENRME -

A BBEARALBRELETES TR SR LN T ERBAT AL
B % AMBRWFTE - T4 1979 £ Guishe™sk 2 #) B B A & Pk 0948 B
FTAE WA TR L RATERACAS A5 BF TR FREA £ Mk 1996
%> Kubo” #] A £ Moy 3 B (BINOL) & & 35 4% 10> 3 dy 44 537
BBEHEILRWERE G Y Fr AT HEENLR= R =ZTI
B4 ibbd 10 RAu(R)-11~ (S)-11 A E > B A A4 24% 0 &
BRROGLEBE AL LG TUREHHEGARRE FoE L8 E

W

7N

00

1 SN ¢

N N
X =
WL WD
OHOH . —
N 10n: =
NH, NH,
NH,
11 12 13
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A=~ SHasgs Tz EHR Y

Kassoc (M_l) Kassoc (M_l)

EX 4 % e

(R)-1somer (S)-isomer
10a 11 66 + 8.8 ND
10b 11 17+ 12 ND
10a 12 ND* ND
10a 13 159+ 16 ND

a’ 4% A Benesi-Hildebrand plot /£ B K &} » &x K B ¥ &k k3% £ 4 540nm
b: & FAB-MS®%E 4 1:1 89484
C! RoEHANEESE

eoh > B ARHBERBEMHEFT R T SR L& ERFHS T8
A LABE RO ERFHRART A o #4e 2008 4 Demirtas™
B RzACA Y 14> R p FHRERRM - HERST 15 40 16> 7T
e B A LR ALY 0 AE 9 A 2 Y P13k Sh Y Bk 1L 4 4 (racemic

compounds)&) R-form #2 S-form > 4o B N\ Ff= °

OH

O
OH

15
H OOCPh
HOOC%—QCOOH
14a:R=H Pcog  H
14b : R= OCHj 16



DLCH
OH e H 0OCPh |/
o HOOC——4-COOH
(@) PhCOO H
OH a
16

BN\~ 1Lath 14a BN HRACE M B o T4 6 X a LR A
(10 mM) : (a) 15 Fu 16 (& BkEL Fu_dibenzoyltartaric acid) ; (b) 14a ;
(c) 14b; (d) 14a %3] hu A(RS)-15 #2(DL)-16 ; (¢) 14b %3] hu A(RS)-15

F2(DL)-16 - *

B—AEESTFHENOT > REFSHTEEH LSRR ER
% ERARK 17 40 18 PH & X B % = % 2 =z & (Diphenyl-
ethylenediamine) ¢ & 1544 & #Bh 3 > I B AR M B ANLY > 155

1A R4S HH IR > BT MR ARERE > &ERWwB AT °
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©“"R NH HN'R S'NH HNS ©\r(”NH2
g phenylglycinol

NH,
OH

17 18 phenylalaninol

(a) (b)

45 Il 17 + L -phenylglycinol 8
7 @ 17 + D-phenylglycinol
4.0 . 74
A 17 + L-phenylalaninol )
354 WV 17 + D-phenylalaninol 6 H 18 + L -phenylglycinol
@ 18 + D-phenylglycinol
_ 304 - 51 A 18 + L-phenylalaninol
= ”s = 4] V¥ 18 + D-phenylalaninol
2.0 3
1.5 21
1.0 1
(I) 1510 3(‘)0 4510 6(‘)0 75‘0 960 10I50 0 150 300 450 600 750 900 1050 1200 1350
[GI/[H] [G)/[H]

B ~ () 1644 17 AuA(DL)-phenylglycinol 2 (DL)-phenylalaninol
(b) 1t4-4 18 AuA(DL)-phenylglycinol = (DL)-phenylalaninol &4 % 5%

2% SALE o (A E % B DMSO)®

MmAh—HEEREMFTHO T ARBAIBRANALBEER SN
Mo BPRFIABIE S HAS RA GHBME SRS HKAFEFEMM
"o kAR “BElA £ (inherent chirality) » T4 & KA X X

RAREITT M o
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1.4 B % %M % #(inherently chiral calixarene)

PR ey Bl EMSAR > RIEAFT RO HREHEL  IINSEEE
M TRA ERANHBERIE  »TASIRABEAHBEDRA
R T 2B EMEMN - Y EAE SRR — AR o E (R
AEMRT ) MEMRA Cun>2)H ) ~ i (A A Bk
W) R —EERGTFRERMBRE S FTHABAIIA) > BbRmr
SLAALE AR R AT MY R HAR R AL e BB R 0 AR AR AR
i RBEAFEMRTHYERBTFEREBESRE - EHSEN
R AREHRB GBI HEREST AR E B ¥ukdy
w6y B R T 8D e

1993 4 > Shinkai % A® § ¥4 AR F 41546 L BRR ~ BRI
BB — 2 FIFARFTEY > & —F QIR TF AR RN - R
FIHESI AR R AR BARAT » %o ATAEHEMMLY - 2w
o FRT %S A BRI TRERMITENILA 43 1
HY A a7 23 5 mAiTE M B R £ M X 2L paritcal cone &) ¥ 4%

PR AR(10 F£)

/| OA
\ R \ /3

partial-cone

-~ — ,«"}--7 e R ‘\\
T/ OA N\ [/ oa )
A/ \) &\ / \
Qg@ =7 f’}TCHf" =" "*TCH,‘T—L: L on
A \ -~ | A \ ~
e g \ Y
cone

e
@ [ oa oB oc

N

oD )

® _(D -_-\Q»CH;‘ CH, CH, : cur—"/
$~0~3

R

O
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i~ THWBRKREHRA TG EY - CRTILSHMBERSTF)

number of different .
substituents cone partial cone 1,2-alternate 1,3-alternate

& 2
Sy

1 AAAA

(AAAB

@, _® ®
2{ ABAB %
oge eg %
®, @ ®x @
AABB (&)
\ e%o @%0 cs%o e%
Bx A*x (Ax (A B x Rk
BC © A © WO ®
- %“ OXC %0 0 MK

®
*

BAC

G
SGGE

© © © @) @) @) >
& _& 2,
b P & G P &P &

4 ABCD

OB O OO

© ©
%
©
o

M AE 55 AR T AT A ZBERARAR > T E 2 TTREERMILEH
A 2BEARGTHRITENFLE ETAH I9BEATR R BAT-

25 THZBREFRAETERGEY - CRTILOWMBERS )P

M A come partial cone 1,2-alternate 1,3-alternate

1 AAAH Qgﬁ 030
3 ABCH @g
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& 7 T &ATEEEBRARAR > TUEE XA 25 HAREF
WATEM L R PH 14 BAEEM &k NPT o

X~ FTHERKEAETRGEY - CRTILEMBERYTF)™

number of diffenent  cope partial cone 1,2-alternate  1,3-alternate
substituents

%
o

HEAWEERN NIRRT BRETFZHKA cone L > HF
AABC ~ ABCD ~ AABH - ABCH A ABHH iz 7.4 484 F KX A7 A 84
SHEFEN BTSSP B AR SR % T
K- ET& - FMER &R B REBFTARITEY > BHRFHEIH
WAL B AP BHER SR ERERAR T - MATRELY £
1999 4 > 4H4 35 AR T 4 BRAAF — % 169383 3% T oo fT1E A R A
BB AL R AT B AE AR A9 AT A © Bl do © S5 AR TF &k A M AR 6 B BUK B AR,
K% # A F E249(NaOCH;) &l ~ 4 BUX A A a B2 47 (KL,CO5) ~ ZBUX
#| A £4648(BaO) ~ v Bk 81 T 4] A & 4bsn(NaH) -

1990 4 - Shinkai % A”3% i T 44 F4% AABH Bk B A £t
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SR o HH-FZTARKRIRAA 2-RF Aobog Bakii3 2]
1t 19 BAIRA A L48(Ba(OH),) A ke > 1 & A bt R EAF B = B
fb& 4 20 ##)A T HPLC (Sumipax OA-2000)# 1 51 5% 7 52 5 25 2

BE FEIRMBEAZGGE R EHTAR -

XCH,CH,CHj

Ba(OH), o ©OHQ

T 7 g
3 Xk
- 20

19

XB= - 5 T4% AABH RRAB X G EF EHERZ Ok 7

@ Pappalardo %°° » 23 T 3546 T4 1,2-4[2-wboz F K545 > &
— BRI A R B A M AR AT e o 1 A — 7 0 T R A
Fo— & F 0o BE56(Cs,CO5) & i > # 55 AF T 4884643 2 % & & cone
B =X EYH 21> B REEAERAN  THRAEHF SRR
Re)TAEARE - RIFATE T BHLEMAOELIER L E LB EREK
JEFT T » B A cone M6 By A8k T F M A8 6y fL4 R4 T/E A M
REE o mINEREIALEY 21 RS BT A A Fey HPLC #4744
Do RO ATREHRBEAZEOEGY KEETLESRE
HEM SRS LA e R EMEST A RE RE o 5 H a4 A JE SR

1% BAEM AL LA F ik o
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R = CH,CH=CH,, CH,CH,0H, CH,CH,0Me, CH,CH,NMe,
CH,CONH,, CH,CONEt,, CH,COPh, Quin

KEwW -~ &% — 4% cone MW E A EMFibsth 21 2Hik >

1998 4 > HBL T EHI5H T4 AABH BB X9 B AR A L1
AR 220 Pao X B AT o @ BT A B HPLC(Chiracel OD, Daicel)
REATH o by FPEABLLAE > Rk TUHENFAEA
HERPETHERS TOHRAT - ARERBET > £ Na fF AN
AT AN 20 EENER ST RBAEELE FE: - L-RIKEL F A5 L-
FHER > HBRBENE > RAL — TP R/ER - 24548 E

4 (enantiomeric selection) B & & %% 58 3& & £ 7] K/ f & k345 -

1-pryenemethyl-
iodoacetate

K,COj3, THF

RBE - FH T4 AABHBRRBE X GBS ABE A LM 227
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Mk HEETHERE % T —47]% % F4% AABH v AABC

ﬂ\

BRAEXOEAER T HEBILEY 3B EAREALZ S AR
HAEHT R RNBE - 12- S d et ot 23 BATITATEF
MR BT AN 250 SINEEAA (5)-BINOL 43 2] JE 4518 &
i 26a $ 26b > FIR — RO TALRAT A o dk > BEKE
1842 5 e EH BB REIBR 35 UL G B A ABGMER T
P25 AR 25a #2 25b 0 3t A H B = & 1& % 56 3% (Circular Dichroism

spectra)iF 2|3 F > w R BE ANAE AT -

REN~BAEHSTHERILEY 25 25 REIF

23



20 1

104 25a
=
Q
=}
E
[m
U 1 AN ’

10+ T 25b

-20 4

250 275 300 325

Wavelength (nm)

B+~ setk B 25a (F et 25b (&) Bl — &Rkt - (&

ol

Bl AR 25C)%

b FREREE BB AEM AR EREB B LA AT
# % © a-phenylethylamine ~:amino acid ester ~ BINOL % - I ik &94b4
th 25 BPRAIA T BINOL FAEFE Mk#han XA - & miE 24 5 80
# - M Kalchenko % A" » &% 7 T4 ABCH e A8 X9 B1 B £ M 3%
WAT A Y A A T R-form $2 S-form #)a-phenylethylamine R & 4 £ 1

AR BATINH AL S0 A58 27 1 28 ko X L ATw ©

24



L)
o
X

WAL
P

OH HO

OH

OMe OX

HiC
X = (S)-CH,C(O)NHCH(Ph)Me
CI,CC(OINCO | X = (R)-CH,C(O)NHCH(Ph)Me
4/(8)/%
OH H H OH
Me OCH,C(O)NH—=Me Mej—NCH(O)CHZO OMe
ﬁ Ph | ph ﬁ
(S)-27a (R)-27b
+ +
oy H H oy
Me OCH,C(O)NH—Me Mej—NCH(O)CHZO ‘ OMe
(S)-28a (R)-28b

KRBt~ T4ZB4X ABCH B X ey B A EH SRS RAIF N '

B A LR BN B A BT IRA BT 0 8 XEKAE 0 T AR,
BlAEMIFHAS R LR A R#ERA % M L RLLBRD —ELE
G EPESRBI A 0 AT AL TR AL H T EEY -

2P L B

R AEREEIREAEHGBR LSRN E TR L
BisHA > EERMESAY I20EH 13 E  BERGELE
ATARBI AT AL » b BURE SF e NI BN FRIMANE AR E
MR > w KB AT~ REBAA LM HPLC )k Ky - B2 E

K aa

R 12 a8 B R E A EFHILEmEyBRE Y AR Qe IR
RACEEAE AL R R MBS R BB E TR

iR AE MRS - A BB E TS M(BIAR 48
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M)~ BEIIMER IIMEEEHEFTFILEY > REFE12ME
M2 MM ENEBBETIREEY > B +ATT > HLELEAT IR

JE &) [ $E 2 SLATFAME -

building block |

KB~ REEERES rz s

6 ¢ o § ¢ o0
bridge = — A

( om OH )

O OH O

OH
CE O )

g ) OHOH (O éHCj

0)
bridge bridge * bridge bridge bridge
( om \ syn anti ) OH OH
O 0 H %)

1,3-position
1,3-position:)

1,3-position
v 1,2-position:)
1,2-position
1 ,2-positi0n:)

2)
Bt— BTSRRI TEEE A EY -

26



141 BHERFTHOGBA

HFER - BRAAS G E R EHFHRICEMEE R E R > o BER
AP E R EM T HRITEY > P RS ARKIE A £ R HAERIL L
R EGAG» TR L -

FEM S RBEEA VAR T — 4 %) cone # Fo partial cone #%
W B A TR BEAL S 29-32 > & (S)-BINOL #9454 R
Je o 45 31 % A Ik BAEA 32a 92 32b - MR A AR R MR
Bk B EAKAFE A& E R ERITKRITAEY 3la 1 31b
4o X B /LA ° 3la #2 31b R A94R8 B4 7T & B = &1k b b eE =T 4%
BRE > wB AT BRI AEE Y 31 N EM TR E
BABGH G PERAC ) BRI TAER S THER > TR TS

A o B+ = EE + WA

27



preparative TLC  diastereomers of 32
Whenn =3 (32a and 32b)

enantiomers of 31

‘ (31a and 31b)

KB BA LR FIRBEIL AW Z A BRI o

31a

CD[mdeg]

: : : : . .
250 300 350 400
Wavelength (nm)

B+=-41% 244 3la(F4)M 30b (ER)2E—akitis

BB =8 F k0 25C)7

28



//‘

1.451 P 1.45 o
//a m
1.40 . // 1.40 4 31b + (L)-leucinol //
135] Sla+ (L)—leucmol// ] g
1.304 /b// 1.30- //_/_/ §
5 1.25- e L 1.25- .
'8
— //)/ 31a + (D)-leucinol A5 . = 31b + (D)-leucinol
1s] }/’1 s o i W
1.10 s il 1104 //
A0S , ; : ; rosl=—"_ . ; ;
50 100 150 200 250 50 100 150 200 250
[G)/10°M [G/10°M
B+=-1t44 3la 2 31b ju A %8RB 1% &9 Stern-Volmer plot - GE
BEA10°M BE A& TFI 25C)"
NH,
MOH
(L)-leucinol
®
)\/;\/OH
(D)-leucinol
B+w - BAERS AR R AR TR OB -

2007 # -

Shimizu % A* » & % b E41545 T ABHH Bk b X 09

Bl A FHTH 330 0 B e A(R)-Fa bR ERSL(S)- I BLBE > AU P46 & 8
7 RAFE(+)-33a 2(-)-33-b > T E = &R AKEIFEET » wE +

BFR o b oo (4)-33a HEMINE e BkEL A PR &
M EE IR 3 P T LU B % (+)-33a Ju Atk 0 (R)-B BhBL 9L(S)- B Bk
BRI AL HIRAB A AT AR > W+ XA  ©
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[6]/ deg em? dmal™

295 nm, 2641
1
280 nm, 2263 /T
P
i

I,
Vi
v

205 nm, -2559
1

|
250 00

Wavelength / nm

B+E - 82EEMm+)-33a (E5)fu(-)-33b (BEH)ZB —&Biti

23 34
L

@) |
H OH J‘l
1
Ph™**COOH |
N
pb'ﬁ_ 54 52 50
(b) (R)-mandelic acid
"OM ()33 &
Ph™ *"COOH I !
— - _,J“\.J‘i‘\,‘

rE)

((S)-mandelic acid

B+ ~ & bLBE = 4 3 He /b &4 (racemic mandelic acid) Az A (+)-33a

& 09 SRR LR B 3E o CAB A A

270C ) 34

Mm% 4 4E % 1eb4 33 474 A6 m ABCH BRAXAE X 9Bl A £ 5%

WATAEM 34> PH A HPLC $# H MKt msiTdhn » 155 b2

Gty B A FHEFAR(+H)-34 #1(-)-34 > A A B = 18 A AT BT B

o wE+ LA o B P iusd(+)-34

30

@] LA f& Michael Addition &9 R



Fe B A2 T A% & AF R EABEACH] RAR A > LAKE ho% R M6 04 SLASEHEME -

&U%g‘t}éﬁ‘/’\ °

4000

B, (+)-34a
2000 -
'%
s |
NGV
o™
§ o
o
8
5
2000 -
(-)-34b
—4000 I I . L
280 300 320 340

Wavelength / nm

B+t~ 45280 34 2B et GERAAD)D

o (+)-34 0
1 19
+  RsH =193 -
toluene, 20°C, 24 h )
"SR

Rt~ BACFHBRBa AT

entry R % yield* % ee” (config)”
1 Ph ~99 31(R)
2 2-naphthyl 97 22(R)
3 4-t-BuCcHy 97 25(R)
4 4-MeOC,H, 96 24(R)
5 4-CIC(H, >99 16(R)
6 PhCH, 18 ~0

“Isolated yield. ” Determined by HPLC. ¢ Determined by comparison
with the literature values of optical rotations.'°
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142 BERAERFHKRZ@EH

[ A % M (inherent chirality)ig 18 37,7% 5% — X i 31, & Bohmer f& 3
R LG XXYZ % WXYZ BB X B A3 R - 8 — M 5 R
PTEMES TRRAERY C Bl TAENS T RAAEMLST
MELERERATHARG T E o UEH 35 RN A oy
B bR AR BER MMM AIAAA— LR T BSR4
BRI R 0 B 35 MAEEMNLS T B AL =B  &ik
35 BEA— B FASOEBE  BIEERSF - MmFREHBTE
hodt 0 B AR S A — BRI > i 360 BIRA 5
FAFOHBEFL RIbE— 2769552 A B A E M) 5 H st

ot 0 kB A e

MO

36
chiral

35
achiral

B+ BEHnSaEiiagsgnss -

32



Bl A £ W5 RIS dng e e F) 2 & b B AG R FIE > ERERARFA
(seugence rules) > » T L wE 424509 = F A4k FAZ2a b c~d>
REBAZAUEE T FHEIERAFBERa -bc)BEF > 25
B BS 5% R AL S MR A R B AHMEERIREA oS BLRE ¢ B

curvature 894 5 ) > 4o B + FLATR ©

Bt/ BAEHSRIES Gz mEa g o
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F—F HEHMH

B XBRRE T4 SHREEFILEHAREHEZEE > L P
REFIPERSLE BN X AR ERRRARGE R ER > ME A LM
M FEIRE o AR R T MAS A BR e Z ek > B LT
SR B EBRE SN ERSIRITAY  m T TS B A EH TR F L
R %4 A HPLC 7% > 8 KR S WU TF A 20 SP ] T RRA 4
S o) S5 B Bt AR EM SR a2 0 T ik i A A
o HCAF SO FETIEGTITN  LEFRAEOEEEFE
P 55 AR AR Ay 7T RE

B 3k AT B AR AR R R =B AABH 45 X 69 B A £ M55 AR
fbbth 40 &4+ G A HBERUA RG] A E G0y F M # BB KA
BN e b it o 32 R R4 B R TR TR > BE
ERERERLN 13-BBBImRRIE  FELATIIAN > BFE
P E MY T AT YRRCR > M BT S B ey AR Bkt 4k

Ak P
RS W -

e
| Bp AE 2 s e Kk o . > ) s 4=
FIRBP AL RIS AE AR 31 A E M B B SR AT AR

AT AT FL 60 F S Ik 94
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%= F o REBREA 20072009 4 7 S E RS T 44

X
28
"

p—

LB REARA  HE S M A BT EA RFHPEE R mER
HEBZRBFGE  BRNE TRFHNEELMA L Tid
B ke B4 ST o Bk HRIMB THA L ok gae R
Z 45 BATABRARNR > TR LR EEI M T H LB kT

AEF9 A AT B PERACR o
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R=% ERXfw
3.1 A%

RWX o BRI REATH R - B R BEERF AT &S A K
R =ok-BE A RNEA TG E Y 4548 - AR T & 3IA
HEREARAMGBTARLR  HARME LR IRBITITAE  Fb
HIRF ARG RA B BE TR RBE A LR BIA—EK
T mF—as it et B g R h B IEEGEMEY
(diastereomer) > & M #| F B 4B 47 R AT 8 FRIAZUENE R E
WS RATAEY 4144 - ik 0 BakdL S 41-44 FIA PP AL S ey
kR ESSF] B B = % 3 37 (fivesmembered triazole) » 3t #& pb 5] A% K H
B -EAF AR R Gy R B O BT M S T A PN B =1

FR o

(cR,S)-45, R = R, (cS,S)-46, R = Ry
(cR,R)-48, R =R, (cS,R)-47, R=R;

R1 = (S)-NHCH(Ph)CH,
R, = (R)-NHCH(Ph)CHj

B=+ % LE A LHFTIRLS4 4548 -
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BB ETREIRNHEHNAR  BHERFTHRT4E
AB =B UREEANIESY 4951 SR H T AEEL BB AR
#(Ag', Ba™, Ca™", Cd*" -~ Cr’*, Cu®, Hg™", K*, Li*, Mg**, Mn**, Na", Ni*",
Pb™ and Zn"") i 4THR] > g st RS B E SR HE > URY
ER R RGBTSR BRRFRN T EASAEEE RER #

WEELBEBETRETARRNHER B =+ —FiT -

5
WA

0]

o 0
8 NF< %l{i‘ O:{)Et Etogzo N\N L‘ ,—/ ;/"/l E:)FoEzﬁo
e ,

49
Bot— T4t a A5 et BRME 4951

32 &K%

B ERRBERFEZBXE +HEXB+—rpir G4 B
AAMmE LGBERFZT RGO ER TR 38 F5 56 R
s Akibad 39 sas AbaW 500 B T RIS AL -

o B REA-BEILA 39 AT EAKR S B
TiFB # R AL EY 40 0 B4R 5] A R-form $2 S-form &9 & 55

T RE e ER R L AEEEEDOERACSY 414243 DR
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44 JiE B AT R AT AL R RIE > Bp oT43 2] R AP FAHA 6 R 44

M%ﬂ
é

A4 45-48 0 w X B+ Frw o

i} T /
OH OHOH 1o 5 O OH wo o OH o

a7 A //
38 39a

P i

we-yy %

(cR,S)-45, 67% CS,S)-46, 63% (cS,R)-47, 58% (cR,R)-48, 55%

(a) CHCCH4Br, NaH, CH3CN; (b) BrCH,COOCH,CH3;, Cs,CO3, CH3CN; (c) NaOH, THF;
(d) (S)-Phenylethylamine, BOP, TEA, CH,Cl,/CH3CN ; (e) (R)-Phenylethylamine, BOP,
TEA, CH,CIo/CH3CN; (f) 9-(azidomethyl)anthracene, THF.

KB+ ~ b 3748 9o mubRiE -
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= - O

49 (racemic mixture)

(a) CHCCH,Br, NaH, CH5CN; (b) BrCH,COOCH,CHs,
Cs,C03,, CHCN; (c) BrCH,COOCH,CH3,NaH, CH;CN:;

(d) 9-(azidomethyl)anthracene, THF,

KB+ — 1o 49-51 th b meainse o
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3201 T&EMERHEFTHRILES Y 38 248k

OOH HO/

L ¥ //\\

38 (49%)

KE+=> TEEHMEREFHRIEEHZER -

BRALA 4 37 fbsndo it Bk E B S 1523 EA LA
R EED > YA BAL SIS 3T RIE | NER(EBY A
28Cr mRrBECZRGEEAEREE) > BRRWNEAREHZR
Je 15 BE > AR RRE D BRAE CHa A RRBRZE
RME 1.5 /\ei4 2 TLC K #ERieA i 38 B X2 > jun 12 N
B i K A P Fu ik RE o 4§ SR AR 3012 m Y 2 8 &85 (choloform)
BRI eyl b i 38 BB R A R LiBIE 0 AR LS4 38 Hiik
e 3T H R BEREEERMT QX RIERRIE ALY 4
e TG aBERE > ER4 4 40~50% -

B 2 fpfs B 69164 38 A ARIEG TR A4 0 BbE RE
BERIBA > e ARmRABRAZ EY A E > 22 REFHBE - AL
BERXAEMEBES DR ERE LGB AR SRHNRESE  RE
BAR B R4 28 38 R RE BF R RAF B AT FREA G E 4
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322 TR I-FEEESHILASY 39 4R

o}
Br\)LO/\

Cs,CO3, CHZCN
80°C, 12h

69%, racemic mixture

KE+= > FTHEMLERY-BE SHRILSMZAR -

dFibath 38 BT E T EH WAL 11 FEHRTLHRLE
(ethyl bromoacetate) » 1 A s Bh 4t Zhn(1.1 € =) BE S80C T RIE
8~12 /B » I 43 B M 454G LB B L Es A g b ot 390 A&
8l 69% o

AT EEW— B2 bbaW 39 RuSNERIbS e X GAER
o5l % 39a Fo 39b) B B e 38 L@ AR RERAMET
DA A RIE M A e PR R S8R IEGHKE B 50:50
R b g4 AABH BRAB X & E A EHF A > BRSNS M

AFL > Wl =+ A ©
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GREN

G \
. /)

)

7=

0 \
@

-,

ciko
H &6 @ -
o B @

calix[4]arene HR A B BOR A SF AT A
nonchiral B — ¥4 ® > nonchiral.

N @m%
&

(+)

& A 7'1;',% s chiral
& B AR B AR

B=+= - AABH RRBEAWE A FHEFTHLEHERZIRIE -

323 TH&EAEAP-EHEFTHRIEESY 40 Z 48

NaOH, THF / H,0

reflux, 4 h O OOH ¢
it
40a 40b

77%, racemic mixture

KB F v~ T AR R be-B 7 B SF AL A Z AR

R A AL R R- BB ST AR 39 fE v Svkh ML X BE T KA IR A

B F(THF/H,O = i) 10 g =689 28/t > @i 4 4 )
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B MBS AR KR AR REGET A GEEREHAEL PR
HAVT Y BB G IEE Y 400 FRETRZIAE > A2 N&B
B KB IR AR T Aoy 0 dh RGBIEAR RE BB AR EN R BT KIP R 47

EEER 400 ER{HTT% -

324 T&BUAERR-(S)-EEESHRIESH 41 42 245K

BOP, TEA

(cR,S)-41 (42%) (¢S,S)-42 (40%)

KB+ 2~ TN E R PEA(S)- BB A AR b D2 A ©

LT BEBRMFEFAIN—ERHIRE R L ASEGZEEDY
40a $1 40b 4 sAbodn 41 92 42> B 41 $1 42 Z AR B
Mo BT R EAER AT RER IR c B R I T
BAR B HE R B X TR eh3% 0 33 LaF 45 2 R 2 4hey Bl A £ 155 1L
&4 40a $iub4p 40b o do ] —+ = Fiow o (BRI 3E B B 69 1E L

VR R A BAX)
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=

v
5
N

racemic mixture

(cS) (cR
(*) remove the
N ~ J attached chiral @ @
B (cS)
off the calix

skeleton @ @

(S)-chiral auxiliary or
(R)-chiral auxiliary

@ seperation +
(S) + < (cR) S
e o
=
=

= (&)

= (cR) remove the

= EN LT
=
(=

off the calix
skeleton

S

(S.S) (cR.S)

N J
e (cRsS) S

diastereomeric mixture

B=—+=-FRLLErnrBREERFTHRILEMZ FH L GLREBZEB

AR 8948 SRR K7 A BRAX)

Sb o RO B A S Bk kY BB A Y 40 B 15
% &4 DDC~ 0.5 & &4y DMAP U — R FIRABEE LT R T RE
20 /NEE o B R BB E RS KER B SUR AT IR 48 E RA L B 40%
EAEBMAGENRBLERITE —RBBREK() » BIE2HEFHFR
FHE_ROBERIEQ) MBI RPN G AN » A EF0E R

KRR A% £ 0 RIEMS 4o X B+ AT
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25 BMEE T UL Euah AR e # A T BOP
RERFRRE > FhEHRBIESY 40 2 15 $EH=ZCHE
(triethylamine) A & 1.5 & £ &) BOPEA T — & F W a4 5 H
o RLRAMN TR THRIFL 10 548 > LB £ L% BOP &
BB 75 $1 ¥ B AR (carboxylate) AT R & » & 44 4% 18 F 49(S)-phenyl-

ethylamine fo AR &% 48 45 M3 B IR 70 BP T /3 240 41 2 42

EENH B 42% $1 40% o R Mo X B + £ -
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® N.
(MezN)3PI-(O_;N' °N

(cR,S)-41

44

Ak o

Lz ~ BOP R EZ R

p—

B AL S

AE+E -

BxERZHRAY 41 2@ HabEd”

3.24.1

o
”.M
N
L /R s
7 \/ ./ om
M%
»‘\
./
\

0

an K1

W 41 0 X kst B

+w ~ b4

-
—
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BRSO —_RFIRBETRAZBAKRT » FIABEHEE
AFRIAZEE A TR RILEY 41 X B8 AN BIbE Y
41 oy BB BA ALY 4 HRBEERI T —RIEAEE
MRSty “@¥ " (absolute configurations) o | i E A £ 4
FAREY LG AT 0 ARSI N— B A F M (chiral center)dy 5 F 0 A
FHEEHE > BRBE T AN T L ThibaBEEH T HLE
Y 41 @A E - w A BEARFH TR T G ER BB AR
FHEZ] 0 3 BA Ry ~ Ry o Ry R&ow » 2R o5 4R 64 48 FE I W 2 b 245
BAEZRBR  BRAAR # Ry 6924 CHLAZ T4 a» BUR A
R ¥ Ry 2 B 09 ZAGAR T~ A b~ BUR IS Ry 8L Ry 2 R 89 246 4% = A ¢
RAER BR ZMEBEFLEI - K EEHIYAEKRFEFEa —> b

— Cc> ZAIBREF G ESL R wB =+ B ©

t-Bu
R4 = N-( B-phenylethyl)aminocarbonylmethoxy
R, = propargyloxy
R3 =0OH

M=_t% it 41 2@Hgmpxz -
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325 TFT&EAERR-(R)-E8EES RIS 43 5 44 245 %

/, )
& 0 BOP, TEA
/// OjﬁH \\\ CH,CH, / CHACN, tt.
40a 40b

(cS,R)-43 (38%)  (cR,R)-44 (35%)

KB\ > FLEAALEE R -(R)-B IR S AL Z AR o

SE S BR O A R R E i A At A4 41~ 42 48 o £ BOP -
TEA & 1.5 & S 5% BALEMBENCHE R A TF R EGEE T =
Bl &) % » H& 14 Ao A8y % (R)-phenylethylamine > b3 % 4% B (R)-form &
AR B RE] R B985 40a 1 A0b RIEFTITEY A4 43

44 > BB A 38%5 35% ¢

3.25.1 4bddm 41-43 Ryt stat 2 its

ARG ERRET A T RAEE MBI AR R R AR B INH
At 4- 4 40a ~ 40b 4T3k 4 > 4 %] A (S)-phenylethylamine Fo
(R)-phenylethylamine » B pb5 %] R JB432] T £4 414243 # 44 -
£ 3L R JE F > $1(S)-phenylethylamine R JE/F 5|t A4 41 $1 42 Z 4
JE4E1% B Ab4n > M $1(R)-phenylethylamine R JE43 5|64 & 4 43 2 44

LI HIEGIGREY A A Payiteth 41 B 43 T A—wsg R
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Yy mibAS Y 42 1 44 LB A — R RAEY > HiA B =+

P 5T o
o @ @
(cR) (€S)
OO0 & @
40a () 40b

racemic mixture

diastercomers

<

diastereomers

\

(cS.5)-42

B+ -BATHITHF 41-44 Byl rER -

XE &R GIFEIEASY 41 oy R mARFEHE A E
MxIR 41 R FEE(E =1 2) BT RAAR =+ x84
B > HeR HARZAEE A EHTAR 4243 8 44 Y@ HE AT - &

41 ey BB ST B LRSI 4 @B mES R B EAE A

49



(cRS): KRBl E£MNS4r41 #1 42 T A E8 B M ™ 41 #1 43
I ABGEMAEY 0 BT ERE 42 @ HaEs oS KR
2(cS,S) > 43 YR HWE A S FHAZASR)  MmMEAETHFF
44 $1 43 T A2 BN 0 B 44 ¥ 42 B A2 B 0 Bk
TIEAF 44 mBHAES R BEZIZACRR) > wB =+
o ARG AA A HMNR k% B &5 0% AR E A bE

Fm A3t g 41-44 Z R e B4 o

enantiomers

diastereomers

diastereomer%

\_ 5 ©S,5)142 || (cRR)-44 J
'

enantiomers

M=+t BEA LN i 41-44 2 @ ¥ @ BT -
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326 BETFRAE 53 244

Cl

o AR R A

FTARE 52 #ER

N3
NaN3
CH3CN, 80°C, 24 h ‘ ‘ ‘
53
> > 46
BRTFRE 53 246k °

£ wg

B EBGEBEN A L BP9 433 2R T

AE 53 A4 93%  wXE AT

327 B =ok-FEEE TS 4548 248

$n

<>

O OH

/4

(cR,S)-41, R = R,
(CR,R)-44, R = R,

Cul (1%), THF, 70°C, 12 h

(cR,S)-45, R = R,
(cR,R)-48, R = R,

(cS,S)-42, R = R,
(cS,R)-43, R=R,

(¢S,S)-46, R = R1
(cS.R)-47, R =R2

Ry = (S)-CH,C(O)NHCH(Ph)CHs
Ry = (R)-CH,C(O)NHCH(Ph)CH;

B A S ARAE A Z AR ©

"y

51
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W

M%ﬂ

UASG 2 sh e SR B AL A M 41 BAeksdn 0 #1123 &M
FARE 53 Ehhw ackedh o AR ASILR2RIE  wABILE E 6yait
AR 12~14 R EAT 13 BB BAL R RIE © A TIANE =
B RS 0 BB F RSN T BARME R KIS ho 0 Bl BEsLAE

BES  AAFTRESEE AR nEF s T4 TLC A LHA
EARARE > SR/t L EE s RILRERRKGFAEAE &
RERERTHEHNEZRRA -

EME BB TR R TECEY T4 14 RRENEAE
ME kA 45 ER A 67% oty 4243 1 44 #4748
Bley 1,3 BB R IE » 5 hAF2 K e Bl i A4 46 ~ 47 #
48 o EZ 5B 63% ~ 58% ~55% o

AR FE By AR LB R R B R EHES RIS 41-42-43 &2
44 FRAiTA IS 454647 1 48 5 LR T RIEM B4R
MR ZM B - R AR AGIE R - A W54 45 (RS
46 (cS.S) T A 3Es51s Bt > ™ 45 (cR.S)¥L 47 (¢S.R)E A 4iie B4k
H o BIREMSR 4T (SR 48 (cRR)E A IEHia EEM > ™

46(cS,S)#% 48 (cR.R)Z A 414 Bigd » LM fhko B =+ A\FTT

52



enantiomers

diastereomeg (cR,S)-45 (cS,R)-47 >diastereomers

(cS,S)-46 (cR,R)-48
N . )
B[S

enantiomers

B =+ B HEMFAR 4548 2 @44 ARt 1E -

3271 Bp4A46# (click chemistry) ¥

i 4 & & Sharpless & Meldal A7 % & & &) Bp A 1t £ (click
chemistry) 4t 1,3-184R 3R AL v ik R JE — 18 R 4T 696 RIEIE - FFFE
R Rm R A0 B R EIT 13- BRI R RIE  ETH
1,4 BAR A 1,5 BRZ 3L 88 B AR > 12w NBALF| méRkT > A1 EA
S EEEMA R L4 BRRG = LR EY -

Sharpless X% H W =T Ae ey 4] & R4 R E 56 — F A b A gL
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Energy ——=

I N-R?
N-agg E)R R! Culs
Moy =M, ' e
@OR 1 Ny Nege
oL L = CH,CN or H,0 = I:F

Reaction Coordinate ——

B =+ - B4R AL R o R R B 09 3 st B e B o Y
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33 AE=-EBEAIKRBARANBORALLE & THH
WX E NP oS R TSR = BMIB-BE A
HATAY RFEFFTE =47 BB AEARRGORERNRFHN 4

BT RTH R RS -

331 N E=ck-BEXitsH 49 245K
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|

49 (64%)

KB=+F— > e =od-B 5 K TR EMZ AR o

8

AL R - BB L S 39 ARkl B23 FEMRRTA

B 53 mxhw fcked o AR B AL RE 0 i AL E 2 a9ai b gE 4R

F

AERTFRIE 12~14 N85 > #47 1,3 BB RIE » &840
BITREARECERN A L4ARKMEGBARMER =5k E
i 490 E X B 54% -

HBAFA R FRAETIRABRAZAT » A RFERELE S B

S 49 M ER > BAFEHE Xray B &M wB =+ —FF ©
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332 AR AR Bk BS O ARAEA M 50 2 A Ak

o |
Br\)J\OEi ‘mt
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7 // KOfEf Kc)fEt

50 (54%)

N\

KB =+ =~ ff R -Es SRS Z AR

Bt At 38 BN THER T 0 U BAbs AR tE F % T RIEHIE
1 /JNeF s BN S T EWRCBCE > B ZE 70C RE 10~12
JNBE > BB AL 2 B BP TR B A4 50 0 E R A 54% -

LS BRAEPUE R B > RMER MAFHBEBR ARG X > ML HE

56



A EBIAI R RRIRGERREP T B ATR AN S0 T BA W
B BE A B AR S > 35 A A BR 3 B8y 7 XA °T A B AT 4548 64 B B Ak K

MRBEERE  HBIFEETRE -

333 M E =k eSS H 51 248K

" NS es
0 /:((/[J/\] Sﬁok/go
Q NN \-NEO  Eo
50 O OO
) 51(72%)
KRB =+ = - §ifr ek 8 = k-2 S AL A MZ AR -

SR EEALE Y 49 AR AR LS S0 AAedbdy o 123

TENBAFTHEE 53 B wackd  FIARRSILERE > lw AL

g AL B ER T RIE 12~14 /B > 34T 1,3 1@4R 3R A Ao R
J& o BBMALBRTHEIRX T AR LA 1,4 BARL B oy Bs A A

=k g 51> A% T2% -

34 jutimty 'HNMR e
WXV TS 38 2% Ak RiBMILS Y Biv A
WX P LMK S B RS S A £ 'HNMR 388 — 4% 69

FEAA > B RMLA—F —F XM R B E M Z R e £ 5]
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HALAH 39 B4 SN HEEE AL H = ERAL
SHMAMEE ERT ABBIHROLEH TR TSRO EA LRI
T B EL&EEEMEARFHILLBE L RME  AREELETF
f£ 'HNMR 5638 E/L a8 R A - 3| ABs Rtk e R0 F oo R ¢
EEAE > B oy CH & —E3R3E 4 R R AR AR > 358 1L 23RE
Frr 2R - it BALS4 39 RSN ERILSHFELB9 1 39b) 0 4o
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OH

U

OH
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1 10 9 8 7 6 5 4 3 2 1 ppm

B=+=- B A EHittd 39 @ity 38 69 'HNMR #3E o

BEIbA 40 LES AR AET 0 R HEE A 09I R A
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BM=4+=- B ALt 40 sieisty 39 &5 '"HNMR it o

sboF BR By BB S A3t B a9A% 3R 0 A A (S)-form &9 K F A A
FAREHEB B KR AL ASR RENG 40a 1 40b &4 A Ik
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ey IS th B 41 #1142 R LA AR L ATUMRE
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OH

(cR,S)-41

NH

M 1V
(cS,S)-42 OH JL

NH
1‘0 !; é ‘7 é é Z‘I :‘3 ‘2 ‘; | ppm

M=+ R Laey Bl A £S5 4142 smiessdy 40 o9 '"HNMR
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a5 B 40a 41 40b B4 R JESE R B EMAI R EAR M

HR AR B =R
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10 9 8 7 6 5 4 3 2 1 ppm

M=+E% 2B A THER 4344 sty 40 & 'HNMR

KEHE -

WA B R T RENRE > RPITAHERR G —FHR
FRERBIINGHET T BRALGE LT AFA RO LLIERER
BERMGILEMRTEER Yy TEAMSSFR AL FF2EHE

BHEES T BbE S AR A 5 IFF A RBEL

/\

TUEBEEEEREGARALR > AFRERY > B =+ XA

T HHOBE THAHRAS -
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—
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B=4x BhBEA LS 4548 fieisdh 41-44 64 'H NMR #

WX PH MAEA > AR e RAAABARKRAY B ERS
BT st o4 o Bk RAAEeo9 39 A ABFAILER
JEo Sl E = ok-BAs S ARILE 49 B 49 R B A TSR
b5t B L oh i 3 e G A K AF4E > AT A B SmE 2 4R A 3E AR AR AR A

o RGBT UE BALE YO BRI IR T R BAM AT L
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341 fci¥ 41-44 Ry B "HNMR % 3¥%34%

HBAERBIXFH 3251 NE P EAREIEAEMRITHR 41
42~43 1 44 2 FEBBE(E =+o1) 0 3 Hd 41 e LA ER
FIETIF oo LB H R > Bl d 4144 X R a9 RABE M > 345 4142 2
43 ER @k - LA A H NMR k3% & B = 648 £ k%
RMEE—FHEE

ie4-4 40a ~ 40b #2(S)-phenylethylamine R JE4F %] &91t4-4h 41
#1 42 > $1(R)-phenylethylamine R /&3 2|69t Sdp 43 244> MM A
B IESEte Bkt o BT e UAE Bl BRAE 4 L AR A AR 0 12 & sk P A
TUBRRIMN A LY ARE  wB@tAr - AmEd 41 82 43 %
I AH— Mg R 0 T 4278 44 T B —msrig B AR 0 TR
2] £ '"HNMR /3332 — 8 — o) S WER T CMA AR E

B > B+ —FFow o

65



|

(a) E
!

(b)
!

(c) '
|

(@
:

}
1

T
3

T
1

I

WMw+ > madFsfisy (94 fo (b)42 RA& (0)43 v (d) 44
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I

GEE| B 5845 NMR % 300 MHz)

MMM n A
T T
4 3

b

L

|

L

(a)
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sk 41 B = &,45 5 7 3% (Circular Dichroism spectra) #27% 5 J (optical
rotation)<. & £ 5 — AR FE A R 42 - LB — &R kAL T E RIS
W BB BRI A AT RSB B m AR R e B3 B AIF A
By BB T ABERE 41 Fo 43 R 42 Fo 44 R 2R HEBET
HAMF &R A EER T CME As5E EEMG B W+ =Ff

()

(-)-(cR,9)-41

//// HN

(cR,S)-41 5 5 (cS.RI-431 o

(+)-(cS,R)-43

[OC]5gg=-3.3 B [a]589= +3.3 250 260 270 280 200 300 310 320 330 340 350 360
Wavelength (nm)

(b)

(-)-(cS,9)-42

0
ko

///_
///_
\\\_
\\\

)
z/u\/O
T
CD[mdeg]

HN

5 ' (+)-(cR,R)-44
(cS,5)-42 || (cR,R)-44 N

[a]sge = -14.0 ) [o)sgg = +14.0 6

T T T T T T T T T T T 1
250 260 270 280 290 300 310 320 330 340 350 360
Wavelength (nm)

Bwt = -RmasstiEdgy )4l fv 43(b)42 Fv 4 2B & Hm i

Ko CEBIARY  BREALIXI0"M BE % 250)
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342 foddn 4548 Rl MBI 'H NMR e sss
rE W BIA EMSARIbEY 454647 1 48 145 T RIEY
41-44 oy 2Rl > BRI — 4T A A 'THNMR A3t [E =6,

WAL ABR LI RERFRET > wEO+ =2 W+ ZAT

O AL e sk I

T T T T T T T T T
9 8 7 6 5 4 % 2 1

FEFF

Mw+=-maJFskEmmhi(a)45 o (b)46 LR ()47 F» (d) 48
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T T T T T T T T T
9 8 7 6 '5 4 3 2 1 0 ppm

Bwtw - Rasse B4 (a)45 v (b)47 L& (c) 46 #u (d) 48

z '"HNMR k3% o (5% 4 A4 ° NMR % 300 MHz)

n

30+
B (-)-(cR,S)-45
104
=)
S
E
8 -104
(+)-(cS,R)-47
(cR,S)-45 4 (cS,R)-47 30
[(X]539='52-2 [(X]5gg=+51-0 240 2(‘50 2‘80 360 aéo 3:10 aéo az'ao 4(‘]0 450 4:10 4(‘50
Wavelength (nm)
30+
254 \
204 :i
5 I (-)-(cS,S5)-46
10 P
5 ‘
S
E .
9 ]
15+ (+)-(CR,R)-48
204
25
(cS,S)-46 (cR,R)-48 -30 —— T
U 240 260 280 300 320 340 360 380 400 420 440 460

[a]sg9 = -2.6 [0]s589 = +2.8

Wavelength (nm)

Bwt & RasEieady () 45F0 47 2 & (b) 46 Fv 48 2 B — &,

kg - CEBARY  BEA 1x10°M - A % 257)
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B0 b6y 'HNMR A0 E = apk kg Ak LETHEE A
FHFRALSH 41 0 43 H—mp Bl tad 42 2 44 &
BA— R BAREMTRILE 45 8 4T A— @B R

&Y AL et 46 1 A8 LB B — s E RaEY -

35 BAEHNE =L FRIEADHERSI FRAZAE
WIFEARWX 34 NEHAmeER > TRV ERE L2 E

AEMB =254 45-48 > BHI A T 5L TRAIFEEET - Bt
AR LGB R TSRS MP LR FRITHE-— 47
L& TIRE A —RAAGRIANA RE= L FiEA KT &
A5 CHRENILEHTEAARAABE AR EHHGATDRYE
FhEy T AT VR RAER T — % 7164 8 4 % (amino alcohols)
REVHZENER> T EABRABEREIZHRALZEAT M B-IA
B% (chiral B-amino alcohols) £ A BNy EF S TR AL MBLHE
HBELHFEZRAEDOEREARI D LEEREREN ) TR AR

P o ko RANFTT o
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HoN H,N  OH
NH, WOH
O S,

1-phenylethylamine 1-phenylpropan-1-amine Leucinol Phenylglycinol
PEA PPA LeuOH PGOH
H,oN OH
le) 2
OH OH 2
o OH
NH,
OH
Phenylglycolic acid Phenylalaninol Phenylglycine Valinol
PGA PheOH PGly Val

BN REGEZR Y T EHIE LK -

Bh TRTAERRGEBRETREHNZR S T 698
RpRERTEYN - THURR LUK A 05%= T e iRAER
BRBMBEREEBAH AT GHEOEE > S THN— 47
R-form #1 S-form 885 Fo Pk £ B AL ARIEHR > oW+ HE
W EHR ARG IEE A %A TR 0.5%= LRe A B B
REP PGA 1 PheOH & & 4: 6y w8k - B sbif $H42 — & ik

— e 13 -

(a) (b)
154 154
144 XY R-form 14 XY R-form
13 I S-form 1 I S-form
E 12 £ 12
< 11 S 11
1 PEA p PEA
2 10 N 10
< 5] < 9]
= o] N PPA = 7 N
& 84 8+
® 77 8 77
8 ] 3 °
T 51 T 54
= 47 = 47
> 3 2 3
2] v ]
= 1] = ]
0+ o-H
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b o GEB|IA &4y » #3 %k & 2% 368 nm > 25C)

() (b)
15

. N =

14 XY R-form| __ NN\ gfform
=11 B S-form £ B S-form
£ c
o @
e T
2 &
< R
3 g
S T
r -
= =

Bes £ 85T (a)45 (b) 46 ho AR Bl 5 R 5 T 60 % 630 o

b o GEBIA T » #3 %k &% 368nm > 25C)

351 BIAEHRE=4FKtidM 45 HEMSTF Phenylglycolic
acid (PGA)R R 5 %

FAVEE IR E BB A G B T 0.5% = TR AR - Bl F £
B =k 4% 45 ##> Phenylglycolic acid (PGA)A R 4% &y 932 & o
RGN EB S THEES BELZ LSS - b 20 %
%3 ] 400 F E 0 s A&I(R)-PGA #(5)-PGA & 2 83 by > #
RELbth 45 B L BE EE AN ES S MEIZHILE > i
m9+ A\ 2B v+ HAT R o & Hill plot 2 %707 s04% 2] 4% 4% 2591
B1I3M ' F0 52 M 3 PGA #4514 38 Kuspon /Kasswpaa) = 4.0°
Hill Plot 2,

log[(1 - Ip)/(Imax - )] = n log[M] — log K4 (£ —)
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AP MIZLBETHREE n AEAMT 2B 8T HRRAS
E TR > | RRRES A ROEE  LARTREA 0 R AR
HR KGRI Inx ABETREZMPFTR AR K KNEE K B
IC oW BT e BBE T B Bl 2 Unax - D ~ - logKy > n & 53
Pl ~P2~P3: M -1p)3% % Y &4 log[Gl3k & X &4 > B b 248 X
TERERA= -

Hill Plot A X &% :
y =[107"**P1+p] (X=)

AP L log[Glay BAE A A g 2 (L~ 1o) 49 BAE A 4 bl 1F JF 47 M 32 57
4R 0 AT PI A n o P2 &= log Ki» 45 Kot B B BB B &6

FTH K (LS EETOE LRI AT EE SN T 8 8T 2R

(a) —5a (b)
—20

40 1.4+

——60 Equation | y=(10A(P3*x+P2))*P1
80 1.24 [

——100 Adj. R-Squ 0.98415 /
120 | Value  Standard Er ,'.

—— 140 B P1 12.133 ~-|

— 160 18 P2 1.1015

— 180 B P3 11599 0.05172

—200
/ .

—— 220
/

\i\\

=g
o

——240
——260

280
——300
—320

340 L
360 .
I I | I 380 I I ) T T T T T 1
400 450 500 550 400 32 30 28 26 24 22 20 s 16

Wavelength (nm) Log[G]

1-1, (at 416 nm)

Fluorescence intensity (a.u.)
o

o - (S w EN o o ~ ©
1 1 1 1 1 1 1 I

=g
=)

Bw+\ s 45 G0 uM) AR E g 2 (R)-PGA 48y () &k
FEE IR (D) ££ A max =416 nm &4 Hill Plot o
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(a) —= (b)
—20

40
—Y)) Equation y=(10"(P3*x+P2))*P1

80
—100

120
— 140
— 160
— 180
—200
—220
— 240
—260

o
Il

»
1

| ]

Adj.R-Squa  0.97061 o
Value  Standard Err|
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1 |e P3 14539 0.11718 %

o i
S
l\‘l\ -
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o o o
[ S
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——300
——320 ] .

Fluorescence intensity (a.u.)
£

=
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340
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T T T 380 T T T T T T T T 1
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S
N

B+ - 1ba4n 45 40 UM AR E % 2(S)-PGA #4185 (a) BH K&

LR (D) ££ A max =416 nm &4 Hill Plot °

PEREMS TRARN — RGBT R8T BT EBoT
$ & B F 04 4% A % i (association constant) 2 Sh 0 £ T MR AR
i 4% £ (enantioselectivities) & RAR T &6 — 3% PTG iREEM X
15 BB X 82 5 F #7(R)-form Fu(S)-form &) 8¢ » F AP LB
HERE WOHASTHNLERABZER S T OSGERE AT

i:/;‘Li‘%(l{ass(S) /Kass(R)) » Jo £+ﬁﬁ T ©
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1.6 1
1.4
1.2

1.0.: O 45+ (R)-PGA o

0.8 1 L4

0.4 H
0.2 1

w] ° o . e  @45+(5)-PGA

-0.2

BEF+ ~toth 45 H(R)-PGA F2(S)-PGA 4£ A e = 415 nm & Hill

Plot -

352 BEFEMRE=XRIELS Y 46 #¥E M 45 F Phenylalaninol

(PheOH) & 2] Z At %

g

EBEB A GB UK 05%= CHRAER S B A FHE =3
#& 46 #}# Phenylalaninol (PheOH)#A R42 899138 f - £ X H T
B 10 % &% ¥ 3% fuF] 200 % E85 su Aty (R)-PheOH £ (S)-PheOH
B X by o TR BE A 46 B KRG ERE AN TR W
Z1ees g wBE AL +—MEBEZ+ A7 o &d Stern-Volmer plot />
KT BB R ESEH SN A 1TM Fu64 M > 4 PheOH #4512

iﬁéﬁ,}i : Kass(s)/Kass(R) =38 WwBE A+ Z=F7w ©
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Stern-Volmer plot /=,
I/I=1+ K, x [Q] (X=)
AR E N GILEHEETIRAAE » AT AT M B4 X g4t
RoOPABETHK, . EYLASBRTREAOONELRE

BALE NS BT HROEARE S QA NALEETHIRE
(a) (b)

— froe
—10
6 . 415 nm free 20
—30
40 10 Stern-Volmer plot : 1 /1=1 + Ksv x [Q]
—_ - 104
3 > y=1.01345 + 17.25 x
& ——70 R*=0.92
> —— 80 1.08 ~
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> 90 £ a
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2 —110| 19 1,064
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[ = m
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° ——— 180 1.02
3 190
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B Z+— e 46 (10 uM) jw AT F] E E(R)-PheOH 2 8 (a) &

KA/t & (b) £ L max =415 nm &y Stern-Volmer plot ©

(a) — free (b)
—10
20 1.09 4
139 Stern-Volmer plot : I/l =1 + Ksv x [Q]
P 10sd ¥ =0.95957 + 63.69 x "
3 60 R®=0.98
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> a
= —90 r—
4 —100| E i
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O — 110 0
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o 140 ®
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ME+= - 16o4 46 (10 uM) AR F % 5(S)-PheOH %48 (2) %
K HEFEILR (D) £ A na =415 nm &) Stern-Volmer plot °
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1.10

0 46 + (5)-PheOH

1.08

I,/1 (at 415 nm)

1.06 ///// e 46 + (R)-PheOH

T T T T T T T T T 1
1.2x10° 1.3x10° 1.4x10° 1.5x10° 1.6x10° 1.7x10° 1.8x10° 1.9x10° 2.0x10° 2.1x10°

[Guest]

BE&Z+=-1t&4 46 ¥ (R)-PheOH Fu (S)-PheOH f& A . =415 nm

&9 Stern-Volmer plot °

AL PIiF40 0 RO R B AE F EMEi 45 HEH
4y Phenylglycolic acid B 7 78 48 654542 32 42 1 (K ussoesy Kassoor) = 4.0) 5

A — B RE A E 34 46 R ¥ E 4 Phenylalaninol 4,5 7 44 49
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OH OH
OH
o (R)-PGA (S)-PGA

N \

O NN\ N HN Ney N5y
O L 5 5 QO ©M SAR
Q Q (R)-PheOH (S)-PheOH

(cR,S)-45 (cS,S)-46
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R EFRFHRAGE s TIESFHRRAGGERENS
Kassoc (M_l) Kassoc (M_l) Kassoc(S)/

EX 4 % e

(R)-1somer  (§)-isomer Kissocr)
17* phenylalaninol® 15 21 1.4
18> phenylalaninol® 17 14 0.8
31a” leucinol® 50 143 2.9
45  Phenylglycolic acid® 13 52 4.0
46 Phenylalaninol” 17 64 3.8

“H4EA%#od Hill plot &R > " R 44 % 3 d Stern-Volmer 3+ &

& » ¢ B 44 % # & nonlinear curve fitting 3+ & M &

36 2E=2-BATHEARASHLAETRAZIAL
AERE G AL 2007 F4 KI5 AT 23§ =4 (Triazole
anthracene) R 52 B F o AMZ X ' MAKBEZLES
BRE— AP FHRTEE =k BRKALSY 5455 Fv 56 LTS
BEH T RE LB TURERN TRELHRAZEFHT
GEFEH ARG REATAREAGILH L BERTHHERSD
REDE WA R EE BB R AR SR T A
B =ok-Bs KA bA4 49~ 51 it S 4951 ¥ 57> £ 28 =
AR B URBEARNBBERE N REHGELBRETHENA

FR® » wB Z+wAw e
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Hg™ ~ Mn™ » Ni** ~ Pb™fo Zn*")% + Z 188 f.8 B 4 5 T 474
TR BRMAATH  BITRELLGZR - BFLEYH 49 o
51 B e ey BaET 1% 0 B d 2 A0 HRE T UERILS
49 HuA PO Li'~Ca® ~Crtis s % R 3R E W% > jun Hg™ ~ Cu™ -
Ni*"Q| R 88K > EhoA CI™ ~ Zn™ 85l & 4 T et fass » 4o
Bl &+ EFw o AbS4 51 sua Lit~ Zn® ~ Ba®81 Cd™" i % %%

B33 A Hg™ ~ Cu™ it CrvRl Rk & 8k » o B &+ XA -
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57 Cu2+ . Hg2+ ~ Cr 3+ Zn2+ . Cd2+ . Ca2+ .

Mg** ~ Ni* Pb>* ~ Li* ~ Ag* ~
58 Cu* - Hg2+ Cr3* Mn?*
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5.1 3% 2 Rl 2

1. Pk R Ed s 72

(1) '"H-NMR - “C-NMR - DEPT & 3 ¢ * % i + % 2 Bruker

Varian Unity 500 ] 4% 2 & 3= £ 3 & -

(2) e PEEREFE e ? JLF (tetramethyl silane > f§ f£ = TMS)

€)

(4)

it E>#% 5 0ppm-~ % -% # (CDCly) i* & =4 7.26 ppm ~ &
g -? A% (dy-Methanol) i B =45 3.31 ppme B 1282 & = k2§
"% -% % (CDCL) % =4 77.0 ppm > i* & =4 B = 5
ppm > 8 & ¥ #H = 5 Hze

'H-NMR sk 3 A 4951 s A& or H# (singlet) ~d # 7 = € %
(doublet) ~ t % 7+ = £ ¥ (triplet) ' q % 7= = £ (quartet) ~ m %
7 % £4% (multiplet) ~ bri# 5 5% (broad peak) ~ ABq % 7+ =
¥ 4% (AB quartet) ¥ - & o

PC-NMR 3 (BB-decoupling) 2 DEPT (90) 4= DEPT (135)
T A s o CH 27 - 28 ~CH, 27 - %@ -CH %7 =

Bph ~ Cq 477 & Bpd o

2. Fatri

(M

)

24T EI~FAB Fai * ¢ & & JMS-700 3| % 217 1 3%
% % ¢ 2+ % Finnigan/Thermo Quest MAT | & f#47 i 3
& o

® f247 FAB Fait * ¢ & 4 8 JMS-700 3% f2i7 ¥ &k o
z ¢ 2+ & Finnigan/Thermo Quest MAT 7|3 247 5 ¥ & -
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3.

¢ R AT

(1) #& k& 4 47/ (Thin-Layer Chromatography - # # TLC) i *
Merck Art. 10554 PSC-Fertigplatten Kieselgel 60 Fpsq ## %% 5 o

(2) £4 g 4d B A7 ikig * Merck Art. 9358 Kieselgels
(230-400 mesh ASTM) % Merck Art. 7734 Kieselgelg (60-230

mesh ASTM) A& ¥ & & s & o
¢ % 2% %5 Merck ~ Alderich ~ Fluca ~ Lancaster ~ TCI ~ B 1 o &
Mg FAEH B B R T
FRs* 3 A 5 Merck > Tedia ! 55 & Jis* -k 5 2 &3k v &R
ERZREFFRLAP PN EI EB3H 0 SRELRY o
Wb ksk kiR B o @end A2 HP-8453 3] (R4 A 5 1

nm) °
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5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27,28-dihydroxycalix[4]-

arene, 38.

Br
=/

—_—

NaH, CH,CN, rt.

2

7 K
o ©OH Ho o 990 o
2 JINN

38 (49%)

A mixture of tetra-z-butylcalix[4]arene (1.00 g, 1.54 mmol), sodium hydride
(0.31 g, 12.92 mmol) in 100 mL acetonitrile was stirred vigorously under
room temperature for 1 h, propargyl bromide (0.70 g, 5.88 mmol) added
under room temperature and stirred,vigorously for 1.5 h. Then add 10 mL
3% HCI (aq) to cease the reaction. The solvent was removed under reduced
pressure, and extracted thrice with chloroform, 3% HCl (aq). The
chloroform layer was dried overMgSO, and the solvent was removed under
reduced pressure to give a dark yellow solid. The residue obtained was
purified over silica gel column eluting with n-Hexane/dichloromethane (v/v

=2:1) to give 0.59 g (53%) of 38.

H NMR (CDCls, 300 MHz) : (% §l- )

S 8.28 (s, 2H), 6.98-6.95 (m, 8H), 4.92 (dd, J = 15.0 Hz, J = 2.4 Hz, 2H),
4.76 (dd, J= 15.0 Hz, J = 2.4 Hz, 2H), 4.53 (d, J = 12.8 Hz, 1H), 4.47 (d, J
= 13.1 Hz, 2H), 431 (d, J = 13.5 Hz, 1H), 3.35 (d, J = 13.5 Hz, 3H), 3.33 (d,
J=13.6 Hz, 1H), 2.62 (t, J= 2.4 Hz, 2H), 1.19 (s, 18H), 1.12 (s, 18H).

98



BC NMR (CDCl;, 75.5 MHz) : (*¢ =)

9 150.8 (C,), 148,9 (C,), 147.3 (C,), 142.6 (C,), 133.9 (C,), 133.7 (Cy),
128.7 (C,), 128.5 (C,), 126.0 (CH), 125.9 (CH), 125.3 (CH), 125.0 (CH),
79.5 (C,), 76.0 (C,), 62.5 (CH,), 34.1 (C,), 33.8 (C,), 32.6 (CH,), 32.3 (CH,),
31.5 (CH3), 31.2 (CHs).

Mp = 115.8-116.5C; Ry= 0.35 (n-Hexane/dichloromethane = 1:1);
FAB-MS m/z 725 (M, 13), 726 M+ H", 15) : ("¢ Bl =)

5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-ethoxycarbonyl-
methoxy28-hydroxycalix[4]arene, 39.

(0]
Br\)LO/\

Cs2CO3, CHACN

80°C, 12h

69%, racemic mixture

The compound 38 (1.00 g, 1.38 mmol) was dissolved in acetonitrile, then,
added cesium carbonate (1.1 equiv) and ethyl bromoacetate (1.1 equiv),
stirred and refluxed for 12 h. The solvent was removed under reduced
pressure and the residue was dissolved in CH,Cl,, and extracted with 3%
HCl(aq). The CH,Cl, layer was dried over MgSO, and the solvent was
removed under reduced pressure. The residue obtained was purified over
silica gel column eluting with n-Hexane/EtOAc (v/v = 10:1) to give 0.77 g
(69%) of 39.
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'H NMR (300 MHz, CDCL3) : (*d Bl )

8 7.12 (s, 2H), 7.06 (s, 2H), 6.59-6.57 (m, 2H), 6.54 (d, J= 2.5 Hz, 1H), 6.52
(d, J=2.5Hz, 1H) 6.13 (s, 1H), 5.14 (dd, J = 16.6 Hz, J = 2.4 Hz, 1H), 5.04
(dd, J = 16.6 Hz, J = 2.4 Hz, 1H), 6.68-4.58 (m, 5H), 4.50 (d, J = 15.5 Hz,
1H), 4.39 (d, J = 13.2 Hz, 1H), 4.33 (d, J = 13.0 Hz, 1H), 4.32 (dd, J= 5.5
Hz, J=2.4 Hz, 1H), 4.28 (dd, J=7.14 Hz, J= 2.2 Hz, 1H), 3.28 (d, J=13.3
Hz, 2H), 3.21 (d, J=13.1 Hz, 1H), 3.20 (d, J = 13.1 Hz, 1H), 2.49 (t, J=2.4
Hz, 1H), 2.40 (t, J = 2.4 Hz, 1H), 1.32 (s, 9H), 1.32 (s, 9H), 0.84 (s, 9H),
0.83 (s, 9H).

BC NMR (CDCls, 75.5 MHz) : ("4 B3 )

9 169.4 (Cy), 152.1 (C,), 151.3 (C¢),:150.8 (Cy), 150.5 (C,), 146.3 (C,),
146.1 (C,), 146.9 (C,), 141.3 (Cy)i 1362 (Cy), 136.1 (C,), 132.6 (Cy), 132.3
(Cy), 132.0 (Cy), 131.8 (C,), 128.8 (C,), 128.5 (C,), 125.6 (CH), 125.1 (CH),
125.0 (CH), 124.9 (CH), 124.9 (CH), 81.9 (C,), 79.6 (C,), 75.2 (C,), 74.2
(Cy), 72.2 (CH,), 62.5 (CH,), 61.1 (CH,), 59.8 (CH,), 34.1 (C,), 33.8 (C,),
33.6 (C,), 32.6 (CH,), 32.3 (CH,), 31.8 (CH,), 31.7 (CH3), 31.6 (CH,), 31.5
(CH,), 30.9 (CH;), 14.2 (CH3).

Mp =99.7-100.5C; R,= 0.33 (n-Hexane/ EtOAc = 10:1);
FAB-MS m/z 811 (M, 63) : (* B+ )
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5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-hydroxylcarbonyl-
methoxy-28-hydroxycalix[4]arene, 40.

NaOH, THF / H,0

reflux, 4 h

40a

77%, racemic mixture

The racemic mixture of 39 ( 1.30 g, 1.6 mmol) and potassium hydroxide (15
equiv) in 40 mL solvent with water/tetrahtdrofuran (v/v = 1:1) refluxed for
2-4 h. The solvent was removed under reduced pressure, and the residue was
filtrated and washed with 3% HCI (aq) and water to afford 0.94 g ( 1.2 mmol,
77%) of 40.

'"H NMR (300 MHz, CDCL3) : ("¢ ®=)

d 7.05-7.00 (m, 5H), 6.86-6.80 (m, 5H), 4.92-4.66 (m, 4H), 4.79 (d, J = 15.8
Hz, 1H), 4.53 (d, J = 12.6 Hz, 1H), 4.46 (d, J = 12.8 Hz, 1H), 4.39 (d, J =
15.8 Hz, 1H), 4.28 (d, J = 13.6 Hz, 1H), 4.15 (d, J = 13.0 Hz, 1H), 3.40 (d, J
= 14.5 Hz, 1H), 3.30 (d, J = 12.7 Hz, 1H), 3.29 (d, J = 13.0 Hz, 1H), 3.27 (d,
J=12.5 Hz, 1H), 2.65 (t, J = 2.4 Hz, 1H), 2.56 (t, J = 2.4 Hz, 1H), 1.25 (s,
9H), 1.20 (s, 9H), 1.01 (s, 9H), 1.00 (s, 9H).

C NMR (CDCls, 75.5 MHz) : ("4 B )

d 171.0 (C,), 151.4 (Cy), 150.3 (C,), 150.0 (C,),147.6 (C,), 147.0 (C,), 146.8
(Cy), 142.8 (C,), 135.1 (C,), 134.4 (C,), 133.6 (Cy), 133.4 (C,), 132.5 (C,),
132.2 (Cy), 129.2 (C,), 128.2 (C,), 126.0 (CH), 125.9 (CH), 125.8 (CH),
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125.7 (CH), 125.5 (CH), 125.4 (CH), 125.1 (CH), 125.0 (CH), 80.3 (C,),
78.4 (Cy), 76.8 (Cy), 75.3 (C), 71.5 (CH,), 63.1 (CH,), 61.3 (CHy), 34.1 (C,),
34.0 (C,), 33.9 (C,), 33.8 (Cy), 32.4 (CHy), 32.3 (CH,), 32.1 (CH,), 32.0
(CH,), 31.5 (CH3), 31.3 (CH;), 31.0 (CH;).

Mp = 143.5-144.4°C; R;= 0.20 (n-Hexane/EtOAc = 8:1);
FAB-MS m/z 783 (M", 35), 806 (M + Na', 40), 821 M + K", 7) : ("4 81 )

(cR,S)-5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-N-(B-phenyl-
ethyl)aminocarbonylmethoxy-28-hydroxycalix[4]arene, 41.
(cS,5)-5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-N-(B-phenyl-
ethyl)aminocarbonylmethoxy-28-hydroxycalix[4]arene, 42.

/\ ) e A.’ AV
OH g BOP, TEA 0 OH g 0 0o
o \ CH,CH, / CHON, rt. // o o \ \
// :80H HO \ & :Fﬁ HNgZ \\ \\
40a 40b

(cR,S)-41 (42%) (cS,S)-42 (40%)

A mixture of 40 (0.30 g, 0.38 mmol), BOP (0.24 g, 0.57 mmol) and
triethylamine (0.08 mL, 0.57 mmol) in a 50 mL round bottom flask was
added 30 mL of a 1:1 mixture of CH,Cl, and CH;CN. The reaction mixture
was added (S)-1-phenylethanamine (0.07 mL, 5.74 mmol) and stirred at
room temperature for 12 hours. After solvent was evaporated, the crude

product was purified by column chromatography on silica gel

(n-Hexane/EtOAc = 8:1) yielding white product of 41 (0.14 g, 43%), 42
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(0.15 g, 45%).

41 : [a]p=-3.3

'"H NMR (300 MHz, CDCL3) : ("¢ @)

J 8.69 (d, J = 8.0 Hz, 1H), 7.56-7.55 (m, 2H), 7.48-7.43 (m, 2H), 7.35-7.32
(m, 1H), 7.15-7.09 (m, 4H), 6.64-6.59 (m, 3H), 6.50 (d, J = 2.4 Hz, 1H),
5.50 (s, 1H), 5.39 -5.29 (m, 1H), 4.69-4.45 (m, 7H), 4.28 (d, J = 13.7 Hz,
1H), 4.26 (d, J = 12.9 Hz, 1H), 4.15 (d, J = 15.0 Hz, 1H), 3.39 (d, J = 13.7
Hz, 1H), 3.25 (d, J = 13.4 Hz, 1H), 3.20 (d, J = 13.5 Hz, 1H), 3.17 (d, J =
12.8 Hz, 1H), 2.37 (t, J = 2.4 Hz, 1H), 2.36 (t, J = 2.4 Hz, 1H), 1.59 (d, J =
6.9 Hz, 3H), 1.34 (s, 9H), 1.33 (s, 9H), 0.85 (s, 9H), 0.81 (s, 9H).

C NMR (CDCl;, 75.5 MHz) = (g @< ~)

9 169.1 (Cy), 151.9 (C,), 150.8 (Cy), 149.8 (C,), 149.3 (C,), 147.2 (Cy),
146.9 (C,), 145.8 (C,), 143.4 (C);:142.94C,), 136.4 (C,), 135.7 (Cy), 132.8
(Cy), 132.4 (Cy), 131.6 (C,), 131.5 (Cy), 130.4 (C,), 128.0 (C,), 128.6 (CH),
127.1 (CH), 126.6 (CH), 125.8 (CH), 125.6 (CH), 125.5 (CH), 125.4 (CH),
125.0 (CH), 124.7 (CH), 124.5 (CH), 80.9 (C,), 78.9 (C,), 76.2 (C,), 74.8
(Cy), 73.6 (CH,), 63.2 (CH,), 60.1 (CH,), 48.5 (CH), 34.2 (C,), 33.9 (C,),
33.8 (Cq), 33.6 (C,), 32.4 (CH,), 32.1 (CH,), 31.7 (CH,), 31.6 (CH3), 31.5
(CH3), 30.9 (CH3), 30.8 (CH;), 21.4 (CH3).

Mp = 107.6-108.1°C; Ry= 0.35 (n-Hexane/EtOAc = 3:1);
FAB-MS m/z 886 (M, 27) : (*{ W+ =)

42 : [o]p =-14.0
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'"H NMR (300 MHz, CDCL3) : (" B+ =)

d 8.84 (d, J = 8.3 Hz, 1H), 7.40-7.37 (m, 2H), 7.17-7.08 (m, 7H), 6.63 (s,
2H), 6.57 (d, J = 2.4 Hz, 1H), 6.53 (d, J = 2.4 Hz, 1H), 5.42 (s, 1H),
5.35-5.25 (m, 1H), 5.05 (dd, J = 16.3 Hz, J = 2.4 Hz, 1H), 4.97 (dd, J=16.3
Hz, J = 2.4 Hz, 1H), 4.71-4.53 (m, 5H), 4.26 (d, J = 13.6 Hz, 1H), 4.12 (d, J
= 14.6 Hz, 2H), 3.39 (d, J = 13.5 Hz, 1H), 3.26 (d, J = 13.2 Hz, 1H), 3.21 (d,
J=13.0 Hz, 1H), 3.13 (d, J = 13.0 Hz, 1H), 2.51 (t, J = 2.4 Hz, 1H), 2.50 (t,
J=2.4Hz, 1H), 1.73 (d, J= 7.0 Hz, 3H), 1.34 (s, 18H), 0.85 (s, 9H), 0.82 (s,
9H).

BC NMR (CDCl;, 75.5 MHz) : ("4 B+ =)

d 168.9 (Cy), 152.2 (C,), 150.2 (Cy):149.8 (Cy), 149.5 (C,), 147.3 (Cy),
147.0 (C,), 145.9 (C,), 143.7 (Cy)i-143.0 (Cy), 136.5 (C,), 135.6 (Cy), 132.8
(Cy), 132.5 (Cy), 131.7 (Cy), 130.5 (C,), 129.1 (C,), 128.4 (CH), 126.8 (CH),
126.2 (CH), 125.9 (CH), 125.6 (CH), 125/5 (CH), 125.4 (CH), 125.3 (CH),
124.6 (CH), 124.5 (CH), 81.0 (C,), 78.9 (C,), 75.8 (C,), 75.1 (Cy), 73.6
(CH,), 63.2 (CH,), 60.4 (CH,), 48.6 (CH), 34.2 (C,), 33.9 (C,), 33.8 (C,),
33.7 (C4 Cy), 32.4 (CH,), 32.2 (CH,), 31.9 (CH,), 31.7 (CH3), 31.6 (CH3),
30.9 (CH3), 30.8 (CHs), 22.8 (CHj).

Mp = 111.3-111.9°C; R= 0.28 (n-Hexane/EtOAc = 3:1);
FAB-MS m/z 886 (M, 27), 887 (M + H", 25) : ("¢ B+ 1)
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(cS,R)-5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-N-(B-phenyl-
ethyl)aminocarbonylmethoxy-28-hydroxycalix[4]arene, 43.
(cR,R)-5,11,17,23-tetra(t-butyl)-25,26-dipropargyloxy-27-N-(B-phenyl-
ethyl)aminocarbonylmethoxy-28-hydroxycalix[4]arene, 44.

BOP, TEA
CH,CH, / CHACN, tt.
\\

40a 40b

(CS,R)-43 (38%)  (CR,R)-44 (35%)

A mixture of 40 (0.30 g, 0.38 mmol);» BOP (0.24 g, 0.57 mmol) and
triethylamine (0.08 mL, 0.57 mmel) in-a 50 mL round bottom flask was
added 30 mL of a 1:1 mixture of CH,Cl,-and CH;CN. The reaction mixture
was added (R)-1-phenylethanamine (0.07 mL, 5.74 mmol) and stirred at
room temperature for 12 hours. After solvent was evaporated, the crude
product was purified by column chromatography on silica gel
(n-Hexane/EtOAc = 8:1) yielding white product of 43 (0.12 g, 36%), 44
(0.09 g, 32%).

43 : [a]p =+3.3
'H NMR (300 MHz, CDCL3) : (" B+ =)

0 8.72 (d, J = 8.0 Hz, 1H), 7.61-7.58 (m, 2H), 7.51-7.46 (m, 2H), 7.39-7.33
(m, 1H), 7.18-7.12 (m, 4H), 6.67-6.62 (m, 3H), 6.53 (d, J = 2.4 Hz, 1H),
5.54 (s, 1H), 5.39 -5.29 (m, 1H), 4.73-4.48 (m, 7H), 4.31 (d, J = 13.6 Hz,
1H), 4.29 (d, J = 12.8 Hz, 1H), 4.19 (d, J = 15.0 Hz, 1H), 3.43 (d, J = 13.9
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Hz, 1H), 3.28 (d, J = 13.5 Hz, 1H), 3.24 (d, J = 13.5 Hz, 1H), 3.20 (d, J =
12.8 Hz, 1H), 2.40 (t, J = 2.3 Hz, 1H), 2.39 (t, J = 2.3 Hz, 1H), 1.65 (d, J =
5.8 Hz, 3H), 1.37 (s, 9H), 1.36 (s, 9H), 0.89 (s, 9H), 0.84 (s, 9H).

BC NMR (CDCls, 75.5 MHz) : (" @+ =)

d 169.6 (C,), 152.4 (C,), 151.3 (C,), 150.4 (C,), 149.8 (C,), 147.7 (C,),
147.4 (C,), 146.3 (C,), 143.9 (C,), 143.4 (C,), 136.9 (C,), 136.2 (C,), 133.3
(Cy), 132.9 (Cy), 132.1 (Cy), 132.0 (C,), 130.9 (C,), 129.4 (C,), 129.1 (CH),
127.6 (CH), 127.1 (CH), 126.3 (CH), 126.1 (CH), 126.0 (CH), 125.9 (CH),
125.6 (CH), 125.2 (CH), 125.0 (CH), 81.3 (C,), 79.3 (C,), 76.7 (Cy), 75.3
(Cq), 74.1 (CH,), 63.7 (CH,), 60.6 (CH,), 49.0 (CH), 34.7 (Cq), 34.4 (C,),
34.3 (C,), 34.1 (C,), 32.9 (CH,), 32.6 (CH,), 32.2 (CH,), 32.1 (CH3), 32.0
(CH3), 31.4 (CH;), 31.3 (CH3), 22.3 (CH3).

Mp = 110.5-111.0°C; Ry= 0.35 (n-Hexane/EtOAc = 3:1);
FAB-MS m/z 886 (M, 75), 887 (M + H', 68) : ("Bl -+ ~)

44 : [a]p =+14.0

'"H NMR (300 MHz, CDCl3) : (" B+ 1)

J 8.83 (d, J = 8.4 Hz, 1H), 7.40-7.37 (m, 2H), 7.17-7.07 (m, 7H), 6.63 (s,
2H), 6.57 (d, J = 2.4 Hz, 1H), 6.53 (d, J = 2.4 Hz, 1H), 5.40 (s, 1H),
5.35-5.25 (m, 1H), 5.05 (dd, J = 16.3 Hz, J = 2.4 Hz, 1H), 4.97 (dd, J=16.3
Hz, J = 2.4 Hz, 1H),4.71-4.53 (m, 5H), 4.26 (d, J=13.5 Hz, 1H), 4.12 (d, J
=15.0 Hz, 1H), 4.11 (d, J= 12.1 Hz, 1H), 3.38 (d, J = 13.6 Hz, 1H), 3.26 (d,
J=13.1 Hz, 1H), 3.21 (d, J = 12.9 Hz, 1H), 3.13 (d, J = 13.0 Hz, 1H), 2.51
(t,J=2.4 Hz, 1H), 2.50 (t,J=2.4 Hz, 1H), 1.73 (d, J= 7.0 Hz, 3H), 1.34 (s,
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18H), 0.84 (s, 9H), 0.82 (s, 9H).

BC NMR (CDCl;, 75.5 MHz) : ("¢ Bl = =)

d 168.9 (C,), 152.2 (C,), 150.5 (C,), 149.8 (C,), 148.5 (C,), 147.3 (Cy),
147.0 (C,), 145.9 (C,), 143.7 (C,), 143.0 (C,), 136.5 (C,), 135.6 (C,), 132.8
(Cy), 132.5 (Cy), 131.6 (Cy), 130.4 (C,),129.1 (C,), 128.4 (CH), 126.8 (CH),
126.2 (CH), 125.9 (CH), 125.6 (CH), 125.6 (CH), 125.4 (CH), 125.3 (CH),
124.6 (CH), 124.5 (CH), 80.9 (C,), 78.9 (Cy), 75.8 (C), 75.1 (C,), 73.6
(CH,), 63.2 (CH,), 60.4 (CH,), 48.6 (CH), 34.2 (C,), 33.9 (C,), 33.8 (C,),
33.6 (Cq), 32.4 (CH,), 32.4 (CH,), 31.9 (CH,), 31.7 (CH3), 31.6 (CH3), 30.9
(CHs3), 30.8 (CH3), 22.8 (CHs).

Mp =110.9-111.6C; R,= 0.28 (n-Hexane/EtOAc = 3:1);
FAB-MS m/z 886 (M, 21), 887 (M +H", 12) : ("¢ Bl= + -)

(cR,S)-5,11,17,23-tetra(t-butyl)-25, 26-[1-((anthracen-10-yl)methyl)]-1H-
1,2,3-triazole-27-N-(B-phenylethyl)aminocarbonylmethoxy-28-hydroxy-
calix[4]arene, 45.

(cS,S)-5,11,17,23-tetra(t-butyl)-25, 26-[1-((anthracen-10-yl)methyl)]-1H-
1,2,3-triazole- 27-N-(B-phenylethyl)aminocarbonylmethoxy-28-hydroxy-
calix[4]arene, 46.

(cS,R)-5,11,17,23-tetra(t-butyl)-25, 26-[1-((anthracen-10-yl)methyl)]-1H-
1,2,3-triazole- 27-N-(B-phenylethyl)aminocarbonylmethoxy-28-hydroxy-
calix[4]arene, 47.

(cR,R)-5,11,17,23-tetra(t-butyl)-25,26-[1-((anthracen-10-yl)methyl)]-1H-
1,2,3-triazole- 27-N-(B-phenylethyl)aminocarbonylmethoxy-28-hydroxy-
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calix[4]arene, 48.

XY
/ Cul (1%), THF, 70°C, 12 h
/A

(cR.S)-41, R = R, (D / ™ (cR.S)45,R = R,
(cR,R)-44, R =R, () OQ (cR,R)-48, R = R,
8

N3
SOy SEe

o OHRo Cul (1%), THF, 70°C, 12 h
J

|
(cS.,S)-42, R =R (cS.S)-46, R = R1
(cS,R)-43, R = Ri ) (cS,R)-47, R = R2

Ry = (S)-CH,C(O)NHCH(Ph)CH,
R, = (R)-CH,C(O)NHCH(Ph)CHs

The optical pure compound of 41.(0.10 g, 0.11 mmol), 9-(azidomethyl)-

anthracene (0.06 g, 0.25 mmol) and Cul (about 2 mg) in THF was heated to
reflux for 12 h. The mixture was extracted thrice with chloroform (15 mL x
3). The chloroform layer was dried over MgSO, and the solvent was
removed under reduced pressure. The residue obtained was purified over
silica gel column eluting with n-Hexane/EtOAc (v/v = 3:1) to give 0.11 g
(0.08 mmol, 69%) of 45. Similar method was used to receive compounds 46

(63%), 47 (58%), and 48 (55%).

45 : [a]p = -52.2
'"H NMR (300 MHz, CDCL3) : ("¢ @l = =+ =)
J 8.54 (s, 1H), 8.43 (d, J = 8.9 Hz, 2H), 8.27 (d, J = 8.9 Hz, 2H), 8.06 (d, J =
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7.7 Hz, 2H), 8.05 (s, 1H), 7.85 (s, 1H), 7.75-7.60 (m, 5H), 7.54-7.52 (m, 5H),
7.33-7.28 (m, 4H), 7.24-7.19 (m, 2H), 7.11-7.05 (m, 3H), 6.85 (d, J= 2.3 Hz,
1H), 6.77 (d, J = 2.1 Hz, 2H), 6.68 (d, J = 2.2 Hz, 1H), 6.57 (s, 2H), 6.40 (d,
J=15.1 Hz, 1H), 6.16 (d, J = 14.9 Hz, 1H), 6.13-6.06 (m, 4H), 5.12-5.03 (m,
1H), 4.59 (d, J = 12.2 Hz, 1H), 4.45 (d, J= 12.2 Hz, 1H), 4.37 (d, J = 12.1
Hz, 1H), 4.31-4.26 (m, 2H), 3.75 (d, J = 12.8 Hz, 1H), 3.61 (d, J = 15.0 Hz,
1H), 3.57 (d, J = 13.3 Hz, 1H), 3.46 (d, J = 14.5 Hz, 1H), 2.83 (d, 13.6 Hz,
1H), 2.59 (d, J = 13.1 Hz, 1H), 2.52-2.37 (m, 4H), 1.43 (d, J = 6.9 Hz, 3H),
1.37 (s, 9H), 1.27 (s, 9H), 0.63 (s, 9H), 0.56 (s, 9H).

BC NMR (CDCls, 75.5 MHz) : (" ®l= + =)

9 168.1 (Cy), 152.1 (C,), 151.3 (Cy),,149.3 (C,), 148.9 (C,), 146.2 (C,),
145.8 (C,), 145.0 (C,), 144.5 (C); 143:3.(Cy), 142.9 (C,), 141.0 (C,), 135.7
(Cy), 135.2 (Cy), 132.0 (C,), 131.3 (Cy), 131.1 (Cy), 130.8 (C,), 130.7 (Cy),
130.5 (C,), 129.8 (CH), 129.7 (CH), 129.6 (CH), 129.5 (CH), 128.5 (CH),
127.7 (CH), 127.6 (C,), 127.4 (CH), 127.2 (CH), 126.6 (CH), 125.8 (CH),
125.4 (CH), 125.3 (CH), 125.1 (CH), 124.9 (CH), 124.6 (CH), 124.6 (CH),
124.4 (CH), 124.3 (CH), 124.2 (CH), 124.1 (CH), 123.6 (CH), 123.1 (CH),
122.9 (CH), 74.6 (CH,), 68.0 (CH,), 67.0 (CH,), 48.4 (CH), 46.3 (CH,),
46.2 (CH,), 34.0 (C,), 33.8 (C,), 33.4 (C,), 33.3 (C,), 31.9 (CH3), 31.6 (CH3),
30.8 (CH,), 30.7 (CH3), 30.7 (CH3), 30.6 (CH,), 29.7 (CH,), 21.2 (CHj,).

Mp = 144.9-145.7°C ; R,= 0.23 (n-Hexane/Acetone = 3:1);
FAB-MS m/z 1353 (M + H", 100) : (4 Bl= ~ =)
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46 : [o]p =-2.6

'"H NMR (300 MHz, CDCL3) : (" ®l= + 1)

9 8.52 (s, 1H), 8.42 (d, J= 8.2 Hz, 2H), 8.03 (d, J = 8.4 Hz, 2H), 7.90 (d, J =
7.7 Hz, 2H), 7.83 (s, 1H), 7.72 (s, 1H), 7.71 (d, J = 8.6 Hz, 1H), 7.65-7.57
(m, 4H), 7.51-7.42 (m, 4H), 7.36-7.29 (m, 6H), 7.29-7.21 (m, 2H), 6.98 (d, J
=2.4 Hz, 1H), 6.76 (d, J=2.3 Hz, 1H), 6.72 (d, J= 2.3 Hz, 1H), 6.58 (d, J =
2.4 Hz, 1H), 6.57 (s, 2H), 6.13-6.09 (m, 2H), 6.07 (d, J = 2.4 Hz, 1H), 5.99
(d, J=2.4 Hz, 1H), 5.86 (d, J = 15.0 Hz, 1H), 5.31-5.22 (m, 1H), 4.72 (d, J
=12.1 Hz, 1H), 4.53 (d, J= 12.0 Hz, 1H), 4.42 (d, J= 12.3 Hz, 1H), 4.25 (d,
J=12.3 Hz, 1H), 4.19 (s, 1H), 4.05 (d, J = 12.7 Hz, 1H), 3.65 (d, J = 14.7
Hz, 1H), 3.53 (d, J = 14.7 Hz, 1H), 3.42 (d, J = 12.6 Hz, 1H), 2.98 (d, J =
12.8 Hz, 1H), 2.47 (d, J = 13.6 Hz, 1H);2.39-2.26 (m, 3H), 2.12 (d, J=13.3
Hz, 1H), 1.50 (d, J = 7.1 Hz, 3H), 1.37 (s, 9H), 1.28 (s, 9H), 0.64 (s, 9H),
0.54 (s, 9H).

BC NMR (CDCls, 75.5 MHz) : ("Bl = + =)

d 168.2 (Cy), 152.2 (C,), 151.3 (C,), 149.1 (C,), 148.6 (C,), 146.3 (C,),
145.8 (C,), 145.0 (C,), 144.4 (C,), 143.4 (C,), 143.3 (C,), 140.7 (C,), 135.5
(Cy), 135.4 (C,), 132.0 (C,), 131.4 (Cy), 131.2 (Cy), 131.0 (C,), 130.9 (C,),
130.7 (Cy), 130.6 (C,), 130.3 (C,), 129.8 (CH), 129.7 (CH), 129.5 (CH),
129.4 (CH), 128.7 (CH), 128.4 (C,), 127.7 (CH), 127.4 (CH), 127.2 (CH),
126.9 (C,), 126.6 (CH), 125.6 (CH), 125.3 (CH), 125.1 (CH), 124.7 (CH),
124.6 (CH), 124.5 (CH), 124.4 (CH), 124.3 (CH), 124.2 (C,), 124.1 (CH),
124.0 (CH), 123.7 (CH), 123.1 (CH), 123.0 (CH), 122.7 (CH), 74.5 (CH,),
68.0 (CH,), 67.4 (CH,), 48.0 (CH), 46.3 (CH,), 46.2 (CH2), 34.1 (C,), 33.7
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(Co), 33.4 (C,), 33.3 (Cy), 31.9 (CH3), 31.6 (CHj), 30.8 (CH,), 30.7 (CHy),
30.7 (CH;), 30.4 (CH,), 21.0 (CH;).

Mp = 145.0-145.8°C; R;= 0.20 (n-Hexane/Acetone = 3:1);
FAB-MS m/z 1353 M+ H",29) : ("¢ Bl= + )

47 : [a]p =+51.0

'"H NMR (300 MHz, CDCL3) : (" @l = =+ ~)

0 8.54 (s, 1H), 8.43 (d, J = 8.8 Hz, 2H), 8.27 (d, J = 8.8 Hz, 2H), 8.06 (d, J =
7.8 Hz, 2H), 8.04 (s, 1H), 7.86 (s, 1H), 7.75-7.60 (m, 5H), 7.54-7.52 (m, 4H),
7.33-7.28 (m, 4H), 7.24-7.19 (m, 2H), 7.11-7.05 (m, 2H), 7.05 (s, 1H), 6.85
(d, J=2.3 Hz, 1H), 6.78 (d, J = 2:0'Hz,2H), 6.68 (d, J = 2.2 Hz, 1H), 6.56
(s, 2H), 6.39 (d, J = 15.1 Hz, 1H), 6.15 (d, J = 15.1 Hz, 1H), 6.14-6.06 (m,
4H), 5.13-5.03 (m, 1H), 4.59 (d,J=12.1 Hz, 1H), 4.45 (d, J= 12.2 Hz, 1H),
437 (d, J=12.2 Hz, 1H), 4.31-4.26:(m;2H), 3.75 (d, J = 12.8 Hz, 1H), 3.61
(d, J = 14.3 Hz, 1H), 3.57 (d, J = 11.2 Hz, 1H), 3.46 (d, J = 14.5 Hz, 1H),
2.83 (d, 13.5 Hz, 1H), 2.59 (d, J = 12.9 Hz, 1H), 2.52-2.37 (m, 4H), 1.44 (d,
J=17.1Hz, 3H), 1.37 (s, 9H), 1.27 (s, 9H), 0.63 (s, 9H), 0.56 (s, 9H).

BC NMR (CDCls, 75.5 MHz) : ("4 ®l= -+ 1)

d 168.1 (Cy), 152.0 (C,), 151.3 (C,), 149.2 (C,), 148.9 (C,), 146.2 (C,),
145.8 (C,), 145.0 (C,), 144.5 (C,), 143.3 (C,), 142.9 (C,), 141.0 (C,), 135.6
(Cy), 135.2 (Cy), 132.0 (C,), 131.3 (Cy), 131.1 (Cy), 131.1 (C,), 130.8 (C,),
130.6 (C,), 130.4 (C,), 129.8 (CH), 129.6 (CH), 129.5 (CH), 129.5 (CH),
128.5 (CH), 128.5 (C,), 127.7 (CH), 127.6 (C,), 127.5 (CH), 127.3 (CH),
127.2 (C,), 126.6 (CH), 125.8 (CH), 125.4 (CH), 125.3 (CH), 125.1 (CH),
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124.9 (CH), 124.6 (CH), 124.5 (CH), 124.3 (CH), 124.2 (CH), 124.1 (CH),
123.6 (CH), 123.0 (CH), 122.9 (CH), 74.5 (CH,), 67.9 (CH.,), 66.9 (CH,),
48.4 (CH), 46.3 (CH,), 46.2 (CH,), 34.0 (C,), 33.8 (C), 33.4 (Cy), 33.3 (Cy),
31.9 (CH3), 31.6 (CHs), 30.8 (CH,), 30.7 (CHs), 30.7 (CHs), 30.7 (CHs),
30.6 (CHa), 29.6 (CH,), 21.1 (CHs).

Mp = 144.8-145.6°C ; R;= 0.23 (n-Hexane/Acetone = 3:1);
FAB-MS m/z 1353 (M+ H", 100), 1376 (M+1 + Na', 11) : ("B = L)

48 : [a]p=+2.8
'"H NMR (300 MHz, CDCl;) : ("4 @= -+ -)

8 8.50 (s, 1H), 8.41 (d, J = 8.8 Hz,2H),'8.02 (d, J = 8.4 Hz, 2H), 7.88 (d, J =
8.1 Hz, 2H), 7.86 (s, 1H), 7.82 (s, 1H), 7.72:(d, J = 8.6 Hz, 1H), 7.61-7.56
(m, 4H), 7.49-7.42 (m, 4H), 7.36-7.25 (m; 6H), 7.24-7.20 (m, 2H), 6.98 (d, J
=2.3 Hz, 1H), 6.76 (d, J=2.3 Hz, 1H); 6.72 (d, J= 2.3 Hz, 1H), 6.58 (d, J =
2.4 Hz, 1H), 6.54 (s, 2H), 6.16-6.06 (m, 3H), 5.99 (d, J = 2.3 Hz, 1H), 5.84
(d, J=15.0 Hz, 1H), 5.31-5.22 (m, 1H), 4.71 (d, J = 12.0 Hz, 1H), 4.52 (d, J
=12.0 Hz, 1H), 4.41 (d, J=12.3 Hz, 1H), 4.25 (d, J = 12.3 Hz, 1H), 4.18 (s,
1H), 4.04 (d, J = 12.7 Hz, 1H), 3.64 (d, J = 14.7 Hz, 1H), 3.52 (d, J = 14.7
Hz, 1H), 3.42 (d, J = 12.6 Hz, 1H), 2.98 (d, J = 12.8 Hz, 1H), 2.45 (d, J =
13.6 Hz, 1H), 2.36 (d, J = 11.8 Hz, 2H), 2.27 (d, J = 13.1 Hz, 1H), 2.10 (d, J
=13.3 Hz, 1H), 1.50 (d, J = 7.0 Hz, 3H), 1.37 (s, 9H), 1.28 (s, 9H), 0.64 (s,
9H), 0.54 (s, 9H).

BC NMR (CDCl;, 75.5 MHz) : ("¢ Bl= =+ =)
0 168.1 (Cy), 152.1 (Cy), 149.0 (Cy), 148.5 (Cy), 146.3 (Cy), 145.7 (Cy),
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145.0 (Cy), 144.3 (C,), 143.3 (Cy), 143.2 (C,), 140.7 (C), 135.5 (Cy), 135.4
(Co), 131.9 (C,), 131.3 (C,), 131.2 (Cy), 131.0 (Cy), 130.9 (C,), 130.6 (C,),
130.5 (C,), 130.2 (C,), 129.7 (CH), 129.6 (CH), 129.5 (CH), 129.4 (CH),
128.7 (CH), 1283 (C,), 127.6 (CH), 127.4 (CH), 127.1 (CH), 126.9 (C,),
126.5 (CH), 125.6 (CH), 125.3 (CH), 125.0 (CH), 124.6 (CH), 124.5 (CH),
124.4 (CH), 124.3 (CH), 1242 (CH), 124.1 (C,), 124.0 (CH), 123.9 (CH),
123.6 (CH), 123.1 (CH), 123.0 (CH), 122.7 (CH), 74.4 (CH,), 67.9 (CH,),
67.3 (CH,), 47.9 (CH), 46.2 (CH,), 46.1 (CH2), 34.0 (C,), 33.7 (Cy), 33.3
(Co), 33.2 (C,), 31.9 (CH3), 31.5 (CH3), 30.9 (CH,), 30.8 (CH,), 30.7 (CHj),
30.6 (CH), 30.4 (CH,), 29.6 (CH.), 20.9 (CHs).

Mp = 154.2-155.0°C; R;= 0.20 (n-Hexane/Acetone = 3:1);
FAB-MS m/z 1353 (M+H", 100), 1376 (M+1 + Na', 19) : ("¢ W= + =)

5,11,17,23-tetra(t-butyl)-25, 26-[1-((anthracen-10-yl)methyl)]-1H-1,2,3-
triazole-27-ethoxycarbonylmethoxy-28- hydroxycalix[4]arene, 49.

C

The racemic mixture of 39 (0.30 g, 0.37 mmol), 9-(azidomethyl)anthracene
(0.20 g, 0.85 mmol) and Cul (about 5 mg) in THF was heated to reflux for
12 h. The mixture was extracted thrice with chloroform (30 mL x 3). The



chloroform layer was dried over MgSO, and the solvent was removed under
reduced pressure. The residue obtained was purified over silica gel column
eluting with n-Hexane/acetone (v/v = 1:4) to give 0.30 g (0.24 mmol, 64%)
of 49.

'"H NMR (300 MHz, CDCL;) : ("4 @z + z)

J 8.47 (s, 2H), 8.39 (d, J = 8.8 Hz, 4H), 7.98 (d, J = 8.3 Hz, 4H), 7.60-7.54
(m, 4H), 7.48-7.43 (m, 4H), 7.05 (s, 2H), 6.65 (d, J = 2.4 Hz, 2H), 6.59-6,54
(m, 4H), 6.46 (d, J = 15.1 Hz, 2H), 6.42 (d, J = 2.3 Hz, 2H), 6.25 (d, J = 2.4
Hz, 2H), 4.82 (d, J = 12.8 Hz, 2H), 4.70 (d, J = 12.8 Hz, 2H), 4.68 (d, J =
12.9 Hz, 1H), 4.53 (s, 4H), 4.01 (d, J= 7.1 Hz, 2H), 3.96 (d, J = 7.1 Hz, 2H),
4.16 (d, J = 12.8 Hz, 2H). 3.44 (d, J.= 12.6 Hz, 1H), 3.10 (d, J = 13.1 Hz,
1H), 2.70 (d, J = 13.1 Hz, 2H), 2:08 (dyJ=12.7 Hz, 1H), 1.08 (t, /= 7.2 Hz,
6H), 1.00 (s, 18H), 0.90 (s, 18H).

BC NMR (CDCl;, 75.5 MHz) : ("4 ®l= -+ 1)

9 169.0 (C,), 152.8 (C,), 151.2 (C,), 149.7 (C,), 148.9 (C,), 146.0 (C,),
145.5 (C,), 145.4 (C,), 145.0 (C,), 143.3 (C,), 140.4 (C,), 135.8 (C,), 135.4
(Cy), 132.0 (C,), 131.4 (C,), 131.3 (Cy), 131.2 (Cy), 131.1 (C,), 130.8 (C,),
130.6 (C,), 129.5 (CH), 129.2 (CH), 129.1 (CH), 128.9 (CH), 128.0 (C,),
127.5 (CH), 127.1 (Cy), 127.0 (CH), 125.5 (CH), 125.3 (CH), 125.0 (CH),
124.9 (CH), 124.8 (CH), 124.6 (CH), 124.4 (CH),124.4 (CH), 124.3 (CH),
124.1 (CH), 123.2 (CH), 123.1 (CH), 123.0 (CH), 70.9 (CH,), 68.4 (CH,),
67.5 (CH,), 60.4 (CH,), 46.3 (CH,), 46.2 (CH,), 34.0 (C,), 33.7 (C,), 33.4
(Cy), 33.3 (Cy), 31.9 (CH3), 31.5 (CH3), 31.1 (CH,), 30.9 (CH,), 30.7 (CH3),
14.0 (CHs).
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Mp = 156.4-156.0C ; R;= 0.33 (n-Hexane/Acetone = 3:1);
FAB-MS m/z 1277 (M", 97), 1278 (M + H', 100), 1300 (M + Na", 6) : (*} &

=13)

5,11,17,23-tetra(t-butyl)-25, 26--dipropargyloxy-27, 28- ethoxycarbonyl-

methoxycalix[4]arene, 50.

[0}

Br%oa

NaH (10 eq) / CH;CN
80°C, 12 h

The compound 38 (0.20 g, 0.25 mmol) was dissolved in acetonitrile, then,
added sodium hydride (10.0 equiv)stirred'1 h, and added ethyl bromoacetate
(10.0 equiv) stirred for 12 h at 70°C. The solvent was removed under
reduced pressure. Then added few mL of CH,Cl, and filter by kieselguhr.
The solvent was removed under reduced pressure. The residue obtained was

purified over silica gel column eluting with n-Hexane/EtOAc (v/v =10:1) to

give 0.12 g (51%) of 50.

'"H NMR (300 MHz, CDCl3) : (" Bl = =+ =)

9 6.81 (m, 8H), 4.88-4.59 (m, 12H), 4.27 (d, J= 7.1 Hz, 2H), 4.23 (d, J="7.1
Hz, 2H), 3.23-3.13 (m, 4H), 2.41 (t, J = 2.4 Hz, 2H), 1.32 (t, J= 7.1 Hz, 6H),
1.08 (s, 18H), 1.06 (s, 18H).
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BC NMR (CDCl;, 75.5 MHz) : ("¢ Bl= =+ ~)

5 1704 (C,), 152.9 (C,), 152.1 (C,), 145.4 (Cy), 145.1 (Cy), 134.4 (Cy),
134.2 (Cy), 133.5 (Cy), 133.2 (C,), 125.2 (CH), 124.9 (CH), 81.2 (C,), 74.2
(C,), 71.5 (CH,), 60.8 (CH,), 60.5 (CH,), 33.8 (C,), 33.7 (C,), 32.5 (CH,),
32.0 (CH,), 31.5 (CH,), 31.3 (CH), 14.2 (CH3).

Mp = 139.8-140.5°C; R;= 0.30 (n-Hexane/EtOAc = 4:1);
FAB-MS m/z 897 (M", 12) : (CHEFI= + 1)

5,11,17,23-tetra(t-butyl)-25, 26-[1-((anthracen-10-yl)methyl)]-1H-1,2,3-

triazole-27,28-ethoxycarbonylmethoxycalix[4]arene, 51.

8
50 & ) )
51 (72%)

The mixture of 51 (0.30 g, 0.37 mmol), 9-(azidomethyl)anthracene (0.20 g,
0.85 mmol) and Cul (about 5 mg) in THF was heated to reflux for 12 h. The
mixture was extracted thrice with chloroform (30 mL % 3). The chloroform
layer was dried over MgSO, and the solvent was removed under reduced

pressure. The residue obtained was purified over silica gel column eluting

with n-Hexane/acetone (v/v = 1/4) to give 0.30 g (0.24 mmol, 64%) of 51.
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'H NMR (300 MHz, CDCL3) : ("¢ Bz =)

J 8.47 (s, 2H), 8.39 (d, J = 8.8 Hz, 4H), 7.98 (d, J = 8.3 Hz, 4H), 7.59-7.54
(m, 4H), 7.48-7.43 (m, 4H), 7.05 (s, 2H), 6.65 (d, J = 2.4 Hz, 2H), 6.59-6.54
(m, 4H), 6.46 (d, J = 15.1 Hz, 2H), 6.42 (d, J=2.3 Hz, 2H), 6.25 (d, J=2.4
Hz, 2H), 4.82 (d, J = 12.8 Hz, 2H), 4.70 (d, J = 12.8 Hz, 2H), 4.68 (d, J =
12.9 Hz, 1H), 4.53 (s, 4H), 4.16 (d, J = 12.8 Hz, 2H), 4.01 (d, J = 7.1 Hz,
2H), 3.96 (d, J= 7.1 Hz, 2H), 3.44 (d, J = 12.6 Hz, 1H), 3.10 (d, /= 13.1 Hz,
1H), 2.70 (d, J = 13.0 Hz, 2H), 2.08 (d, J= 12.7 Hz, 1H), 1.08 (t, /= 7.1 Hz,
6H), 1.00 (s, 18H), 0.90 (s, 18H).

BC NMR (CDCls, 75.5 MHz) : ("4 Bz -+ -)

0 170.4 (Cy), 152.8 (C,), 1527 (€,), 1448 (C,), 144.6 (C,), 144.5 (C,),
133.9 (C,), 133.5 (Cy), 133.3 (C,), 133.2 (Cy), 131.3 (C,), 130.7 (C,), 129.5
(CH), 129.3 (CH), 127.5 (CH), 125.3 (CH), 125.1 (CH), 124.6 (CH), 124.5
(CH), 124.4 (C,), 123.3 (CH), 123.2 (CH), 71.1 (CH,), 66.2 (CH,), 60.3
(CH,), 46.2 (CH,), 33.7 (Cq), 33.6 (Cq), 31.8 (CH,),31.7 (CH,), 31.3 (CH,),
31.2 (CH3), 14.0 (CH3), 0.0 (C,).

Mp = 129.3-130.0C; R;= 0.25 (n-Hexane/Acetone = 2:1);
FAB-MS m/z 1364 (M", 34), 1386 (M + Na", 30) : (*¢@lz + =)
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9-(Azidomethyl)-anthracene, 53

cl Na
NaN3
U0 a0
52 53

A mixture of 9-(chloromethyl)anthracene (5.00 g, 22.06 mmol) and sodium
azide (7.17 g, 110.28 mmol) in 400 mL MeCN was refluxed for 1 day. After
completion of the reaction, the solvent was removed under reduced pressure
and the residue was dissolved in CH,Cl,, washed with water, and dried over
MgSO4. After evaporation of the solvent, 5.09 g of 53 (96%) was abtained.

yellow solid.

'"H NMR (300 MHz, CDCl;) :

5 8.52 (s, 1H), 8.32-8.28 (m, 2H), 8.07-8.05 (m, 2H), 7.63-4.49 (m, 4H),
5.34 (s, 2H).

Mp = 80-82°C ; Ry= 0.66 (n-Hexane/EtOAc = 2:1).
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Table 1. Crystal data and structure refinement for ic13836.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

ic13836

C61 H70 CI2 N 05

968.08

150(2) K

0.71073 A

?

?

a=13.6295(11) A a=89.735(6)°.
b=14.6281(11) A B=74.935(5)°.
¢ =15.3620(12) A Y= 69.076(4)°.
2749.2(4) A3

2

1.169 Mg/m?

0.166 mm'!

1034

7x?x ?mm’

1.66to 25.00°.

-16<=h<=16, -17<=k<=17, -17<=1<=18
27700

9638/[R(int) = 0.1680]

99.6 %

Full-matrix least-squares on F2

9638 /0 /596

1.120

R1=0.1728, wR2 = 0.3830

R1 =0.3000, wR2 = 0.4397

0.033(3)

1.432 and -0.655 e.A-3
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Table 1. Crystal data and structure refinement for ic13837.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

ic13837
C86 H92 Cl4 N6 06
1447.46

150(2) K

0.71073 A

Triclinic

P-1

a=152151(2) A

b =16.0089(3) A

c =18.1046(3) A
3846.56(11) A3

2

1.250 Mg/m?

0.212 mm'!

1532

0.30x 0.25 x 0.15 mm3
1.43't0 25.00°.

o= 68.9010(10)°.
B= 82.0403(9)°.
v = 69.2304(8)°.

-18<=h<=18, -19<=k<=19, -21<=1<=21

41567
13527 [R(int) = 0.0654]
99.9 %

Semi-empirical from equivalents

0.980 and 0.882

Full-matrix least-squares on F2
13527/6 /924

1.046

R1 =0.0930, wR2 = 0.2589
R1=0.1387, wR2 = 0.3024
0.0158(19)

2.022 and -1.124 e.A3
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