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Abstract

In this thesis, a series of binaphthyl-derived chiral calix[4]crowns
were synthesized and their recognition abilities toward chiral amino
alcohols and metal ions were studied.

We have synthesized a series of (S)-(-)-binaphthyl-appended
calix[4]crown-n ether (n = 6, 8) 41-49, which were substituted with
mono- or proximal bis-carboxyl groups. The complexation properties of
binaphthyl hosts (S)-(-)-44a-b and (S)-(-)-49a toward chiral amines,
amino alcohols, alcohols and diols 50-57 were investigated by the
UV-visible, fluorescence and CD spectroscopies. Possible binding modes
of these chiral hosts toward amino alcohols 50 and 52-55 were discussed.
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The association constants (Kas)> of 44a, 44b or 49a with chiral
guest molecules were calculated by the nonlinear fitting method of the
fluorescence spectra. Furthermore, the binding ratio of 44a-b and 49a
with chiral guests were determined by Job plots. The results showed that
the binding abilities of 44a toward guests decrease in the order of (S)-53
> (S)-55 > (S)-54 > (5)-52 > (S5)-50 > (S)-51 >> (S)-56 = (S)-57.
Furthermore, 44a exhibited a great performance for 53 in enantiomeric
discrimination (Kus(R) = 3.41*10° M7, Ku(S) = 3.21*10° M™,
Kass(R)/Kass(S) = 1/9.41). The comparisons of these complexes would give
us an insight into the chiral recognition.
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g% 4 T o4 i H e 2 B(R) 2 (S)-BINOL = 4 d ¢F " >z (racemic)
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FORAFA £ 2 o R d S Aty BINOL ehig o & & i end
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OO \/\N/\/ OO @)\COOH
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Pu Lin, 2004 *°
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OWN;c ;\OH

Il

o}

N-benzyloxycarbonylphenylglycine

| | ] ] |
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=
Ve
4
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HEMER TR
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:Z 1 (R,R)-4 + D-N-boc-phenylalanine
14 +
12 +
10 +
o 87
= 6 (RR)-4 + L-N-boc-phenylalanine
4 1
2 4
0 : ; ; : |
0 0.001 0,002 0.003 0.004 0.005
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A EARR TH
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(R)-6a + (S)-phenylalaninol
47 y=238868x + 1

E 3 (R)-6a + (R)-phenylalaninol
2 - y = 309.02x + 1
. ” R® = 0.9837
0 0. 002 0. 004 0. 006 0. 008

Wi ~ &+ (R)-6a &4i® 4 phenylalaninol 2 Stern-

Volmer plots®
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T 13 T T T T
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OH HO. ] l
O ! g NH HN
EtO

10

OEt

Pu Lin, 2007 %
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: Acid (R)-S ef
Acid Concentration Concentration /Lo [= (Ir-1p)/(Is-1p)]
OH 1.0x10° M
COH 50x10*M (benzene/0.05% 20 46
mandelic acid DME)
Lo 1.0x 10° M
2H 3
40x10°M (benzene/0.4% 80 64
hexahydromandelic
acL ' | DME)
o)
HO Aoy 1.0x 10°M
% 8.0x10° M (benzene/1% 6 3
3-Phenyllactic acid DME)
Clo N 2, 10x10°M
o 5 8.0x10°M (benzene/1% 5 7
Phg-boc DME)
Clon 8 1.0 x 10° M
hig OH 3
o] 8.0x10°M (benzene/1% 5 2
Phe-boc DME)

13



f DAY Mo S T2tk > 2009 £ Yu ##edfl* BINOL

Ao BRI ST Y AT BROA kBT > PR P12 7

e

)3

FAANF FeRE o LS 4 2 pEaS FIA R o F R
#Bﬁu%“ o R SR L T AR AF A BRI B o f B 9 R
£ ¥ |4 t-Boc (t-Butoxycarbonyl ) il pi434g3 B > 3 Sk cnygilag

BH(K/K)R T 452 5 5 CBL " A4 gpn G 29

11 12

11 —F

Charge -
transfer - CI

Intensity (CPS)

L) 14 g
350 400 450 500 550
Wavelength (nm)

WL - it a4 11 2 e 48 & 2 8 knhec g k2@

14



2w iy R-UL e pimz B8 FK”

Guests K. (M-1) K /Kp Ko (M-1)
Ala 4.55*10° 4.5 1.02*10°
Ser 7.31*10° 2.1 3.45*10°
Leu 2.12*10° 3.9 0.55*10°
Phe 3.23*10° 1.7 1.93*10°

21~ (S)-128 E E AL B EF KT

Guests KL (M-1) K./Kp Ko (M-1)
Ala 2.13*10° 2.9 6.26*10°
Ser 8.03*10° 1.8 14.2*10°
Leu 3.96*10° 1.5 5.94*10°
Phe 3.50*10° 1.5 5.26*10°

7 H R R34 A= 5L 02007 # Kanik % A & &0 gk b oeke

(furan) 2. BINOL & 4v 58 sk 2o 5 4ok £ > B 1 & ¥ o e
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I
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8
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¥

Phenylethylamine 2 ethyl ester-Valine #3 -+ » R ¥ [ yeae o
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13 + Phenylethylamine

13 + Ethyl ester-valine

Anil V. Karnik, 2007 &

(R)-13 + (R)-phenylethylamine

=
J

(R)-13 + (R)-ethyl ester-valine

124 - B
K = 32067
1ol K = 53846 54
8- 4
- . K = 608595 T . K = 231481
= &+ s )
- 4 ’ _a 24 > . -
G 13+(s) phenylethylamine =T (R)13 + (9)-ethyl ester-valine
: ‘HIID wlr.- 1 a 4| ] -'.cm 55$:| ¢ 1IDIJ ?.'tlx‘ 353 460 EOIO SIDCI TIDO 9.6-3
17 [M] x 107 17 M) x 10°
W-+= ~ it &4 (R)-13 $t4Lijd 354 phenylethylamine £ valine 2

Benesi-Hildebrand plots

15 @2 Acdo sk

@t (crown ether) #_d dioxane #7174

4. 51 ;2 §_r1 ethyleneoxy (-CH,CH,O-),, n=4 i % %

¥ 5
£ P s v 8 R _Pedersen

P fr bR B

B A
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+ 1960
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14 15
C.J. Pedersen, 1967 * D. J. Cram, 1974 %

fifs > Cram #3235 7 8- /3 & BINOL = ezt @ 117
G A TR AR AL LR A G B ek 0 BB
RASRA AR DAR FREOEA T B RPN AR RS R
2 R Pl € F Fid ehypmionk 0 1987 £ > Shinbo ##2 8 # & BINOL

_ e e w 28 ., SV E ] ) v
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R=H

R R = Me CeH
Seiaall - "IN eran
(¢] o R = CH,0OCgHg o) [e)

j R = CH,0CgH,OCH3-p j
T oS o)
o _ N-N
Rb \) R= < »\ OO K/O\)
0~ CeHs CeHs
R = Cg(CH3)s
16 17

D.J. Cram, 1979-1988%  T.Shinbo, 1987 %
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O ‘N/ (0]

R, ORH O.LR

,,.[O“‘ H\'NTH’«OT
o

Tripod hydrogen binding
18

R. M. lzatt, 19847 Crystal structure *
TR I B - SRR 4 (E g £ i 4 2 4 2006
# Lovely # 4 7 - B & iRk FHaiit &4 19
$ho BovRgr - Bomanth Rl S pEa 1 0T RBTI &
19 ¢ ez Boish st &4 0 102 7 - BRI 0 g

L

CESE G RS A  HC BAREE T 2 Rl £ B R PR

e

DR A E AT 4 KT 4T E e I

18



o
HOOC,, _O OJ,COOH
Hooc’[o 0~ "COOH
o
19
Ann E. Lovely 2006 *
ReR
N-- S
HoOoC, d O><\\O j):o
H
HOOC OL/O\JO rcoom

HooC' \/O\J ‘COOH

16 FH2Z A2 RheagyEE

Calixarene —EU,% 7 s-p (crown ether) ~ ZEk 4 (cyclodextrin) ~ &
#'= (rotaxane) EFAA F hod FEATEE G ki ok B RS
heBlArr P AR E eSS4 FL A e e o Calix

B F M~ T 5k R Loarene PR = 4 & 0 15 ¢t #-calixrene

ST TR R EE R

19



WLz -~ =457 4 B =B calix crater £ - &% Witk ¥

(+ B % p-tert-butylcalix[4]Jarene *)

Sr ey B RS £ 4 1872 & > d Baeyer #-7 FE£2 pyrogallol 7

ST R s

—\\

3] K R AR 440 3] 501942 £ 5 Zinke {r Ziegler #
B % S e 8 s i f ok @R T e W 4T iR

SGivHE - e - BRI 1950 £ > H SRR E D k> 1978

il

# Gutsche HFILH =2 %7 e 82 9 M R3 7% bk it T > 74 2 @
ZHRMAE B - BE SRS CBRARS 2 D ERET BP fok K
= B ch3 41 o PGutsche #-pt 3 E B4 - & - 5 calixarene ¥

PR AT RAE I AP c AR AREFHEZ T AR

s A7 ke endg sk e B 4 p-tert-butylcalix[4]arene 2 4p B it & b o

20


http://en.wikipedia.org/wiki/Pyrogallol

O O O O
CHZ0H h|ghd||ut|0n

7 ®- -~ p-tert-Butylcalix[4]arene 2 3 it & & 3

161 *H2#3
SR AR T A SA BIRG % (upperrim) R0 5 feE Ak
gt zx8 s @ T 4% (lowerrim) 384 B 5 feensg il do Bl T 95T o

¥ v

=

BEAh2 B end gEiv 4 o B A SR R T F chcone
WA HFLE S Cove BT 2 > A%k g FIFLFRET R
WHHE st > 22 ¥ b = 47 ¢ partial cone ~ 1,2-alternate fr

1,3-alternate » 4B+ = #r7 o 0

(upper rim)

:

OH OH OH HO

(lower rim)

21



"Cone" "Partial-cone"

Rz Ry

R; Ry

"1,2-Alternate” "1,3-Alternate”

WL~ S i) >

o R THEL TR TE LT AR E PR
k3¢ enfg & ¥ B (coupling.constant) » 7 1zt 3 A i

T2 E R BRI o i S oS d Ak ¢ B hr s $ B A

%
o
A
&
%
ks
I
‘-3;
N
%‘“
3
wf
%
o3
)
hasy
it
=)
i
5
o

g
g ‘%‘d FAEcn(E® # E4eh uﬁ"i A T HHRS ﬁéﬁ:ﬂ’? i
2553

WEPL S F A o F RS 1 A ] o

R OH OH OH HO
> ’4
(AL Ol
OH OH OH HO

U S L

22



3 F R e i T

0 R 2 AG(ZFC? AH | AS_1 B
[kcal mol™]  [kcal mol™] [kcal mol™ K™]
4 H e 15.7 14.2 -5.0
4 t-Bu e 16.4 15.9 -1.7
vF 16.1 15.8 -1.0
R-F 15.8 14.6 -6.0
P 14.3 11.3 -10.0
4  SO;3Na £k 14.1 104 -12.0
8 t-Bu e 16.8 17.4 2.0

FHPLEH R ATLFRBIEY D om0 L -
Pt PP g A TR H I B4 B LN LA
B> Y EFAE? IR BRI 2l g4 KB (chromophore)
%k A @ (fluorophore) - “#

NEPF I G A THRBEALA N AP R AL L B R S S
= T ¥ % # (inherent chirality ) A &g IR 4k » F]ptiT & % > B>
WE* DM I REF LA HP P 5 4 1993 & p 4 Shinkai
KIRF 2T -G RIPFATHBE N AE RS LT PR

23



i ChoB L A Do ST o XD RS FET AN - SRR
P EE DAY - o A E PR ISR B R S A A

SRR o B RN LR AT T A g

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

| AHAH ®g® 030 @@
- | Sl @
- | BB GG G
2
HBH Q%) cﬁﬁ@bd@» 1@§ é#
m;A‘gﬁwﬁi%ygyﬂﬁi%“
R haa.  cane partial cone 1,2-alternate  1,3-alternate
1 AAAA 030 0%0 0%0
(AAAB 0%0 030
\AABB 0%0 Og G)g&
AABC 08 @8 68
3
BAC 4? @ﬁé&%@ 4%» %@
4 ABCD 0% (Dg @% G)%

RlLt4 27 izebtSypmss®
24



ber of different 2
m:.,b:,?,u,,:,:m cone partial cone 1,2-alternate 1,3-alternate

1 AAAH 0%0 @g@@%@ @i} 0%0
AABH mg mg (Dg Qg
2
ABAH (D%
3 ABCH (Dg @g @ mg

W=+ 2 fgr iz =2 f S prd 5 ©

1994 & V. Bohmer #-pt =45 e~ (N e ( XXYZ &8 WXYZ) i
— B C e HLEEE > A B edi g B o Ftp Sl B
# 1+ (inherent chirality) thpeg 5+ “4oBl- L - #77 o & 7| 2004 &

Schiaffino 4 5 s B3 {7 4 dr 2 LT 0 B g o ©

5
)
&
=K

T

g;;

ey

3

\
p
e
W
&
—
|

= ’ﬁ ¥ e A 46 b]4e 1979 & pF > Gutshe i #
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T ERRETA L T A AR B REBLSF LT
F o #1996 £ > Kubo f1#* £ 5 ¥ 27 BINOL ZA BT * 1} &%
i d KB U AT s R ASEREA S R LY
BTyt = 917 o d A ¢ B AR % DL 54 22a R fe 53 0% 55
P P L2 AR DEES BT d p RERI Kk TR AP

| 2F

REEWI -

< 'ﬁB' 0 G0

22a:n=0

2 2 .
OH @/K o 22b:n=1
NH;
53 50 55

Y. Kubo 1996 “®

BN | e ¢ ass(R) (M) ass(s) (M)
22a 53 66 + 8.8° ND
22b 53 17 +12 ND
22a 50 ND° ND
34b 55 159 + 16 ND

a: # * Benesi-Hildebrand plot ] 4} & ~ &jz B 3K % & 450 nm
b:d FAB-MS#F = 1:14 &

C: AT EPEAEEF b
26



2005 & Li % 4 7= 3 BINOL w2 4~ i3 4 %o calix[5]arene + »

d ** calix[5]arene +* calix[4]arene 3 { =~ ch4F & 7 B » Flpt ¥ FEaed

) 2

* 4 % % (phenylglycinol)) & E 4 | & 3 { * L > bldofb i £ 47
AP P BEREA AW ES (R-23 8 (5)-23 % ¥ - B drdpT
FTRREOYRFEF TR A S Y F iR

D-(+)-gluconic acid d-lactone i& {7 % §8 ¥ 3> R ¥ s * B g ¥ ¥ P kg

WAL 25 LHERE - oBl= L2 97 o

oH P
0

OH OH

D-(+)-gluconic acid 6 -lactone

Huang, 2005 %

(a) o 500 (b) "
12 B 10
5001 ra\ - ay :
a I.,' \". 8 a I,r‘ \\ it
/ A i | | 5
400+ [ \"\ bile . 400 | \ . :
I ™ 4 I| = ﬂ\
[ A SN0
2 I/ \ F 3\ 3004 |/ W\ 7
3 |/ S 5 10 15 20 % 30 35 i \ N EEED
£ 5. i \ [CPI0°M £ 200 f \ [cu*y10°m
I/ SN, I N
b \ A\
100 e AN 100 { o~ -\
0-— = T - -|. —— ﬁ_lt_rf — 0 T T — ‘__fi-_\ — =
300 350 400 450 500 300 350 400 450 500
{a) Wavelength (nm}) {b) Wavelength {(nm)

W=+ =@ &4 (R)-235 (b)(S)23 A %4 » = W 4rdps 2 & &

;¥ %k 2 Bl Stern-Volmer plot *
27



(R)-35 - Cu®* + D-(+)-gluconic acid 8-lactone

LAl

(S)-35 - Cu®* + D-(+)-gluconic acid 8-lactone

0.0 D‘.1 D‘.Z 0|.3 6.4 6.5
114] 3.0 x 1° MY

W= L=~ &4 (R)-, (5)-23 &= B a2 48 &4 A ulde »

D-(+)-gluconic acid &-lactone 2_ Benesi-Hildebrand plots *

#8575 BINOL ¥ mikie¥ s £ 2 FF-2008 & Gin % 4 &>
FenT A - £ R 2 Rk AR A B 24 22 2550 AA g
AR ow A FE BT TR ok Ak FEHEGE
M2 % R g 2-0%Ah-3-F A1 s 4 R 1T R SRR RS 0

Jo— EoAeor A FEAR A S F Y K T B e 21

—\

13

i

ag gg‘&r%\, N o

G.-Y.Qing 2008 *°
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10004

zzzzz

400

Fluorescence Intensity

200

350 400 450 500 550 600
Wavelength (nm)

W-Lw ~@) 23 248 (b) it L4 252 X

I chchchch )
(a) :33 700- -~

; 2 700 2 500
N z . &

800 g ow £ 600 5 50
£ 500 =

- 400 400-

6004 300 00

<0 50300 35

150 200 250
[G1/H]

800 4 (b) T 801

= =

Intensity

400 4 0 e 120 180 240 300
[G)/[H]

200 1

Fluorescence Intensity

450 500 550 600
Wavelength (nm)

350 400

F Rk

AN EHABGA T 2 %L ¥ i (DMSO, 25C ) ¥

EN ;- e 1| K (dm®mol™® K/Kp AAG (ki mol™)
24 L-phenylglycinol 29.1 4.8 -3.90
24 D-phenylglycinol 6.0
24 L-phenylalaninol 21.0 1.44 -0.89
24 D-phenylalaninol 14.6
25 L-phenylglycinol 4.0 0.51 1.63
25  D-phenylglycinol 7.8
25 L-phenylalaninol 13.9 0.83 0.46
25  D-phenylalaninol 16.7

a @ # * nonlinear curve fitting method i® &) 47

STz B R A G 4 % XXYZ 558 ehE G a4 2005

£ Lou % A BT AR

4 B AT - el ¢ -

PRkt e 28 L - HE R Bt 2 B F - p TR
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A G R - ¢ E B BINOL 4 & it £ 4 29-1 87 20-2>
LA GBS E 2 T R TLC F 2 A2 0P Eend g0 3
IPREHERAR - LI o S AT AR T Ep kR
43 BINOL ¥ i 8 £33 N8 @ H - &4 ()28-1 &
(+)-28-2> & ¥ 3 L i B Hi > L Fl= ¢ 3 M (Circular Dichroism

spectra) 4cBl = -+ & #ToT o

292 — 1 » (+)-28-2

i) BICH,CO,C,Hs, Cs,CO3, DMF
ii) 10% Me,N*OH", THF
iii) (S)-BINOL, DCC, DMAP, DCM

= 51

3 W= -~ inherently chiral calix[4]crowns 2_ 28-1 ¥7 28-2 2_ & = j& &

| = Ar + Binaphthyl H ~——w= I 29-1
I | OH AcC’-i,Ar * OCH,CH,0
| l | A ArCHAr
b A i ,“w'.l L PN
| = Are Smspttut 4 —= | 29-2 A AR
o
\ ‘| l "l N e
,M _Lm.__ B ": oH ok u} v I
8 10 7?0 6?0 50 40 3j0
& /ppm

W=7 ~ 3 28B4 20-181 292 2 & PR kR

30



1 281

CD[mdeg]

404

28-2

204

250 275 300 325
Wavelength (nm)

W= L2~ SR g (0)-28-1 82(+)-28-2 2 {1 = & k¥ >

—

M3t EoLou ® A KT - BHG 5 Ca 7 AL ;Tﬁ}g,guu 2 4 31

AR F S LS A AR gt b S L e 5 A

Bl E g oy AT 331 83320 4o B om0 d BlZ L

S S

TR

AR A = 3 I I Y o]
¥ a S+ (leucinol) D-(-)-% & f32 L-(4)-% & i > &7 ¥ &

¥ %_fs 1 Stern-Volmer plots 3+ & #5145 & ¥ #k (Ky ) 4oBl= - 4 #f

{
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30 n=2 rac-31n=2 O rac-32 n=2 O

34-1

preparative TLC

L, gO OgO
¢

O 0 HQ 34-2
rac-33 n=2 O 34 n=2 O 8 8
34-1 # 33-1 i) methyl 3-(2-bromoethoxy)-naphthalene-2-carboxylate,

Cs,CO3, DMF, 60°C
iiy-"Prl, Cs,CO3, DMF, 70°C
iii) 10% Me,N*OH", THF, reflux
34-2 i 33-2 iv) (S)-BINOL, DCC, DMAP, DCM, rt.

7 W= -~ inherently chiral calix[4]crowns 33-1 £2 33-2 2_ & = &

cign

W= 4= &4 rac-31 2 A 3 i
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CD[mdeg]

250 300 350 400
Wavelength (nm})

W= LA~ SR 3312 33-22 - & REWes sty

E RS 2

1.45+ 33-1 + L-leucinol e 1.45 . &
1 5 33-2 + D-leucinol ~_-*
1.40 1.40-
4 ”,/' »
1_35_ 3 1.354 ) v ’
1.30 1.301 v
A S
li" 1.25- L 1251
4 8 . w 7 R
1.20 33-1 + D-leucinol 1.20] 33-2 + L-leucinol
115 e 1s] el
110+ o 110] . aal
1.05 =1 . . . y jasd=—r : ; :
50 100 150 200 250 50 100 150 200 250
[GlI10°M [G110*M

W= 43 3 Rie i 4 3312 3329 H 24 A4 5 2 Stern
-Volmer plots (2 42:10° M » ;3 #]: CH,Cl, » 8 & :25C )
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T;
©
A

d 3 0RgE z;zil_\ﬁg‘ BHFd S LA s A A AR

b

BFREE G ORA LTSS Z ) A S 2 I REL -

o+
|

e At p s Bod RS Gen e o H T g vl e
Flgot S HRen 3 (8% AN Am 5 ARy B R i o RS 2
PREA G ARA RS 2 - T2 Gl AL E e o H A
FERBLGR Y SR T AAPDE R BROEER -
PSR 0 T - JHERE P R4 o2 g
A F 2 Wamef 2 p d i AR o dem kP PR 2 E
A RPIE 2T E KRR AR 2~ o
Yv jraF %> BINOL ez 2 47 8 § 3 sk Bl 415

AL G AR B e Y O B ma sy
GErgs o E R AR d g § ARF LY T
HEIRAMELI) A3 s E a4 oI PR RIE LR
o A oork AT ERG A 2 B o R E R AT
R ARG R E NN SRS AR R A SR

E’ff’],@q\ -%ﬁ»”;: }‘\4 o
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21 e 2 X P FFBRE R Bk LA

B4 RSP T REE M A G dRERa S AR A
ST R S E e TR L (- ) % p-tert-butyl calix[4]arene T
Mg 4F 32 BINOL 2 5 A B > & A H 43 BB A+ 3 oy
fe B KR pRE A & o vl B B (2 ) FEHEflATS Bl
- g AL R (diastereomer) » E_F it 5o F K
A ds R T 0 & a BRASBAST I W R Y
Bés Eac 4 5 (Z2) B T8 > VRS ] B E PR

enhl o Mol v AR S B e Nl e 1T

OH OH o }
O O

n{o O}n

W

DR

(S)-()-41b n=2 (S)-()-47n=2

(S)-(-)42a:Ry=H,R,=H,n=1

(S)-(-)-42b: Ry =H,R, =H,n=2

(S)-(-)-43a: Ry = CH,COOC,Hs, R, = CH,COOC,Hs, n = 1
(S)'(')'43b: Rl = CH2COOC2H5, R2 = CH2COOC2H5, n=2
(S)-(-)-44a: Ry = CH,COOH, R, = CH,COOH, n=1
(S)-(-)-44b: Ry = CH,COOH, R, = CH,COOH, n=2
(S)-(-)-45: Rl = CHchN(C2H5)2, R2 = CH2CON(C2H5)2, n=
(S)'(')'46: Rl = n-C3H7, R2 = n-C3H7 ,n=2

(S)-(-)-48a: R, = CH,COOC,Hs, R, =H,n=1

(S)'(')'48b: Rl =H, RZ = CH2COOC2H5, n=1

(S)-(-)-49a: Ry = CH,COOH, R, =H,n=1

(S)-(-)-49b: Ry =H, R, = CH,COOH, n=1

N
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rac-38b

(S)-(-)-42
(S)-(-)-42

oo

>
ﬂ/

o O

NaH, CHsCN, rt. 2 h é %

39

nOTs

OEO;OTS
n

(S)-(-)-38an=1

n=2

NaH, CH3CN, 70°C, 48 h

rac-42b

rt. 24 h

(S)-(-)-41a

o/<—\o/§nj0Ts
O O o) \<‘/o \_}n/on

(S)-(-)-38bn=2
rac-38b n=2

'BUOK, Toluene, 70°C, 48 h

(S)-(-)-41lbn=2
rac-41b n=2

rac-4la
w

rac-46:

(S)-(-)-43a: n = 1, R = CH,C(O)OCH,CHj
(S)-(-)-43b: n = 2, R = CH,C(O)OCH,CHs
(S)-(-)-44a: n = 1, R = CH,C(O)OH
(S)-(-)-44b: n = 2, R = CH,C(O)OH
(S)-(-)>-45: n =2, R = CH,C(O)N(CHs),

n =2, R = CH,CH,CHj

SR s P EZ AR




4

s = 2 4L by 2> 1 )
¥ = E FFBE =T #m

3.1 p-tert-Butylcalix[4]arene 20 2 & & 3%

B LA X 2 S P o R EAEY NG

Gutsche #7% & - 48 & =02 (one-pot synthesis ) » ¥ = if & = ¥fi{= =

7 AL B i 3 4r op-tert-Butylcalix[4]arene 20 5 i & $ calix[4]arene 21

2Azhed o BB A S AR FIT AR

o
1)NaOH, I’ 180°C, 3h
HZH
2) diphenyl-ether, reflux, 3.h

OH 59-62%

F ®I -~ p-tert-Butylcalix[4]arene 20 2. & & o ¥

M- ok sk ¥ = 0 B (p-tert-butylphenol ) o 37% 7 FE-k i3

¥

» %05 N i §

=
"
o

AR LT R ST e T 130C 0 F

V

-

R A AR I L PRI 0 AR e SAMALPE MR & £

b

s

WL ¥ ST 2600C - H R E B Ao Bl 17 o Gt foniAR
¢ oo 4o orip 8 ez F @ (diphenyl ether) 3t & Eg Y o BARE 503 3
fs Ao g > WF (R Pl B F p-tert-Butylcalix[4]arene 20 » & & &
59-62% -
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OH 0©
R R R R
oH O 0
e §}£f§—~ ‘
o H (O o® H 32
R R
— O O ———» Linear Oligomers
OH OH

FPEFESTEEL &S T kit B 8T gus it
3 “,fé'?rfii B A g e d Bl T Ao RS g eniTE T A

AT o od R IRAE R FER L GU S s e B

B R 3
SN Wy

‘h—

AR RFERYFTAPRADFE RS R BB €3
FORA P e L o 0 {1 B2 o S Ak d o 6
BB &% 4T > v A & a4 p-tert-butylcalix[4]arene 20 - £

#-2_ g % = calix[4]arene 21 > 4 £ & 3Leng = 3 o

3.2 Calix[4]arene 21 2 & & *

0
v

[

LA FE 5 F

#- p-tert-Butylcalix[4]arene 20 i3 3t 7 fie &2 7 F 538

»

—\
—_\
—\

13

i
cd
o5

=0

250 & R AKIFTER AN = & (Y 4BE TR A D

fl
Rg

A
¥
w
I
"
B
|

7 3] calix[4]arene 21 > & & %) 50% > 43t

=
Ve
17,
iy
=y
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Phenol, Toluene, rt. 1 h

/
OH OH QoH HO

!
OH OH OoH HO

20

50%

21

W= - Calix[4]arene 21 2. & = - ¥

FORALG AR B sz AR i (dealkylation s 7w AL E retro

Friedel-Craft Alkylation ) » H 3t ip|2. & 4% 4] 4c58 B ~ #57  >

Oy cl
H
H
TN ¥ Hoo H
® L = ®
W — @ - . . Y
OH OH OH OH
@
or + Y _— or
OH CHs
OH CH

s\ ® ~ - Retro Friedel-Craft alkylation 2. & 4% 4] - **

3.3 1,1'-Binaphthyl-2,2'-diol rac-1 2. & =& *°

& = BINOL:> ;2 3 3% % #8647 11 FeCl;~ KsFe(CN)g ~ Mn(acac);
Cu-amine complexes ~ TiCl,z¢ Ru(OH),/AlLOz% i® 5 it H| » #-3 2
% fs (2-naphthol ) eh— BLi= ¥ 35 = 27ehpt plidd > 75 + A

i 1% 223.8 keal/mol » € i & & f& 7 ) S A de o " i dkdr
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FECIng:-:} i L‘f‘i‘l‘flj ’ __. 1;\2"’ ‘\‘-fir';‘(\‘ @,L AR o

on O
H,0, 50-60 °C, 2 h OO OH

rac-1 83%

FW4 ~BINOL #hjfsg-lz &4 %

i.'fH-FeCI:J, 6H20r‘] 9';,\ ‘\’J\ﬁ‘:1 ’

—

) 1 F e

222

oY

a5

o
b

{

A NN

v M BedF e 2-2 s o F AT 50-60C o F 1.5-2 ) pELE 5

“3}‘3—

/l

E’:‘%g@%‘é"}ﬁﬁ/%%,@’@? f@i"qrj\/p/’bjdaﬂ"

% 57 MgSO, ¢ KRR U P ME? FEFLEHTT EF
Tl F FERC L% rac-9 A F X 83% o

F12-% P 3 B3k BERF B RSTFEAY 0 1% FeCls 17 ;
F IV BE-2-F R enF R v o £ 27 coupling s ATABl 2. KRS 4

" I— 55b
VB AT e

g
OH
H

~ : (e
on OH
H

3* Fe2+
o0 O‘ o ae D
2 o —> wlpot 7 OH
OH OH OH
; e 99

A WL - FEs 5 d Oxidative coupling 2 & =& 4 41] o ™
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34 BT AN BINOL 2 p#git4 $# 38a~38b %

rac-38b 2. & & *°

e =it &4 38a-~38b ¥ rac-38b - F & d 2-(2-iodoethoxy)

ethanol # 2-[2-(2-iodoethoxy)ethoxy] ethanol £ (S)-(-)-BINOL &
rac-34 £ {7— g B B R K B o % 2-(2-iodoethoxy) ethanol 35a st

2-[2-(2-iodoethoxy)ethoxy] ethanol 35b 4 %] Nal 2§ £+ 1:55 &
(kAR S g N 18 ] s R B R A TS E
M R ORAR TR o T G A T gc k2 MOS0, i ok g 14 4
oA TR iE- i TE B LA 436a % 36bde A F A WX 97% ~
96% -

£ FP (S)-(-)-BINOL s rac-1 % wjer K,COz> N F & 1:9
B RLAMRRY TR TN 2 0 A B P
36a 2 36b I & EFL? (BMiFte) TFF FRFY TR T EE

&

I

AR RERARIRGA - BLEF B AP ERER T
B BMARGE N RERH L P AIAE S B RS
(S)-(-)-37a ~ (S)-(-)-37b % rac-37b » & & A %] % 80% - 85%Fr 90% -

#-i3 AR @B~ % 2. BINOL #72 # (S)-(-)-37a ~ (S)-(-)-37b %

rac-37b & B 224 Y P fEE fr= o ARG dg 0 g £ 1:4:4 A

|k

- % "= % ¢ 2 DMAP  (4-dimethylaminopyridine) it = >

41



BE BT RR T S SRR RIERS B F R
TR F VP g RN FREAEFHETTEINR I B RS
(S)-(-)-38a~(S)-(-)-38b %2 rac-38b- A& F & %] 5 5 76%~77% 2% 58% -

'&L";‘(\‘ %}J— - ):'Li—T']- o

/—<—\ ﬁ\ Nal, acetone /—<—\ /%—\

cl O "OH reflux, 18 h | O 'NOoH
35an=1 97% 3ban=1 97%
35bn=2 96% 36bn=2 96%
I/<_\O/—>;\OH

0 360022 CC

o 36bn=2 Or(wor}nxOH
OH K,COj, acet O, O . OH

O T R OO

rac-34 (S)-(-)-37an=1 80%

(S)-(-)-34 (S)-(-)-37b n =2 85%
rac-37bn=2, 90%

COlvh, B0 CObh,,
o} o} OH Q O OoT
SsE bt i e S

(S)-()-37ran=1 (S)-(-)-38an=1 76%
(S)-(-)-837bn=2 (S)-(-)-38bn=2 77%
rac-37bn=2 rac-38b n=2 58%

FEL - Y FA AR S BINOL 2 g it2 it £ 4 (S)-(-)-38a

(S)-(-)-38b % rac-38b 2. & & %

3.5 p-tert-Butylcalix[4]arene T 3 AR ix2 i3 &F T AT $o
423~ 42b 2_ & =

d3rS4rp Lanz e & a0 4 o T E KRR L EY AFERE
WS R AT PR S 3 R BRI 6
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FhHEpT L ERN A e A 0 12-calix[4]crowns™ -
1,3-calix[4]crowns® ~ 1,2-calix[4]-bis-crowns®™® - double calyx[4]arenes
°’¢ 2 1,3-calix-bis-crowns®”" % » ¥ ¥ 3tifE kA E FE o

A N FEATA i b r 2 R imxd (1,2-calix[4]crowns ) F
B3 (- ) £ g H 0 s wop 300 F 2 BINOL 2 i 4
RPN E BT 4la Albo B E L H T ARELATT T EA
3 (=) Shinkai %32 1994 £ 5 £ 5 3 B 47 &7 F 2hig ~ 73

el

o

ERETOBERBUEE RS ERI P TR B EOTRITL o F Y
g i 4TS AR A A 5 DMFYE BA8 70CT 7 & & 0T AR i S e o
AFBEOIN HAF R AR RIAAF ST HehE - B Bk
RESEPE > d 3072 k2 ERHT S B R R Y AR 0 F SR
- B F R AT THEAMEST A E 3 4P 0 Shinkai #is s

WAz 5 & B> (metal template effect) » ° 4oV B+ = 97

H RX

O—H wwwwwwww O @
RO, (0]
strong RX 1.3-bridged:1,2-bridged
base _—
=12
€} S

AEL £ Bk (metal template effect) o %8
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3.5.1 25,26-Bis[(2-benzloxy]-27,28-dihydroxy-p-tertbutylcalix[4]
arene 39 2z_ & = 58

B~ p-tert-butylcalix[4]arene 20 &2 & it 4 > 11§ &

L% 15 Ao

e

RES RN 22 % B OF

FenF P LT EFY A
L] L FIMEER N LS

foih
B

Z @ 33% B

F 42% > 4ozt

H i

JOF RS F) R G E 4N TS dk o )

R A4 40 MR FF OB B
ARKIERER R BB A g TR B R £
A % o

/
OH HO +
| NaH, CH3CN, rt. 2 h E ?
20

39 42%
=R F

78 B~ & p-tertbutylcalix[4]arene 39
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3.5.2 1,2-Alternate conformer (S)-(-)-41la~rac-41a £ Cone conformer

(S)-(-)-41b ~ rac-41b 2_ & =

BT ki 5 F 7 BN 2. p-tert-butylcalix[4]arene 39 ~ it &
rac-38b & (S)-(-)-38b & % = 7 pRde - = 5§ £+ 5 L1125 AR
RER AT FRIAA (BN 53) AR EHF39E2% ="
AR4m— B30 F i ks MM 1 pF o 4B 3 70°CH 0 £ 4o »
BT Fenit &4 rac-38b & (S)-(-)-38b B iTE-HR K 0 S5 X {8
TLC % # & > Frr T A4 @ ;{i;ﬂ'i_ﬁif BT 4 F ) 8By TE B
B FE oMY FleM D F T RACREBEEE TG P A TR
MgSO, *% -k B g {6 3 dc R dn AT P LT WY F HWA Y
(S)-(-)-41a ~ rac-41a & (S)-(-)-41b~rac-4lb > # F 5 ~ % 5 26% -

30%:2 2 38% ~ 32% > 4oV B w Ao o

o/%\oﬁnjms
O O (o \{_/o \%]/OTS

(S)-(-)-38bn=2
rac-38b n=2

'BuOK, Toluene, 70°C, 48 h

(S)-(-)-4lan=2 26% (S)-(-)-41bn=2 38%
rac-4la n=2 30% rac-41b n=2 32%

S @WL e ~(S)-(-)-41la - rac-4la -~ (S)-(-)-41b ~ rac-41b z. & =& o
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Hd & P9k ("H-NMR) 2 2 £ 47 %3 (PC-NMR)
SEERIR N R R LR EE [ i ot A ol Il R
3 Pk PREE S BIRP >  calix[4]arene 5 cone 7 I ® ZE{JH%
Fm- - £% (AB quartet) ;s ¥ # 7 = partial cone # &
1,2-alternate p¥ » P& - ®= - £ (doublet) ¥ — B ¥ *¥ (singlet);
) f?’? % 1,3-alternate » 5 — B H ¥ ; b > degi g partial cone
¥ 12-alternate p& > ¥ :xd FIRF ehd RyERE A o

M EET O H d 4 PR Rk Ok B % THA KA - LA A
F PR AR RE BT 2-5ppm 2 B T T A AR ARUELIR AR A - AL
L&k &4 (S)-(-)-41a 22 (S)-(-)-41lb i frrs imEH » 4Bl =
- = AT 0 g e BT TR FIUt ST O R B PR & R e Tk
e TSI AL P2 487 0 % BT 5 cone AR 0 it B p
ppm *fiTF — B = BB gL F it B =4 37 ppm it V- B
= BpUEL 0 o7 L partial cone £ 4_12-alternate iR L E F 0 F

R i 45 37 ppm st o Rl 5 13-alternate 2 52
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13C NMR Spectrum

1H NMR Spectrum h
P noise-decoupled

Conformation

‘ ‘ ’ 1 Cone

’ Partial Cone J J
| | and
1,2-Alternate

1,3-Alternate

I I I | | | | |
45 4.0 35 3.0 39 36 33 30

’t J Wb -

T T T \ T
11 10 9 7 1 0 ppm

wW=-+- () '“*iﬂ'(s)()‘llabt’ (b)(S)()41b~1JW’?Z ¥

%3 (300 MHz, CDCls) -

47



353 THMEBE 22'-binaphthyl-crown-6 & (8)-p-tert-butyl-calix
[4]arene (S)-(-)-42a ~ (S)-(-)-42b ~ rac-42b 2. & =

P~if £ ehit £ 4 rac-4la~ (S)-(-)-41b % rac-4lb 4 w|#2if § i

PA/C tow & vhvdy 219 e 3 )7 AP T 0 3

Rg
kS
(=i
5

oA REMRLIRFMKE AL F2TFREEEFE BRI
R EBRHEB AN PAC rBRR T HLEED Y ¢ FHA D
rac-42b ~ (S)-(-)-42b » & = A % T2% ~ 91% % 82% > 4o;S B+ T #F

oo F s EA iR A s EI‘/-:{i e Ams dapl A E

JRTEINEEN - TS B

Hy; PAIC

AcOH, THF/MeOH (v/v = 4/5) o O

.12 h N I

H,, Pd/C

AcOH, THF/MeOH (v/v = 4/5) o O

o j’@!

(S)-(-)-42bn=2 82%
rac-42b n=2 91%

(S)-(-)-4lbn=2
rac-4lb n=2

AWML~ PAIC 2 EEiEF (S)-(-)-42b - rac-42b 2. & & o O
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o]
- O
- HOAc OAc -COo H @—\
‘ Pd° PdiH pd/\ \f 2 Pd’ OR

@ (b) HA () H
HZ0)
Pd ®
v OR H
OR H
N H Hpa-or H H pa—n Pd—H
H © | ®
CHy ~——— BE— oR
CHs
(a) protonation (f) B-alkoxy elimination
(b) coordination (g) insertion
(c) B-hydride elimination (h) B-hydride elimination
(d) oxidative addition (i) reductive elimination
(e) insertion

AWML L PAC kE T A2 F s o

T

Km o fm 5 Be

—\\

TR LA AP RS F RS F i

A5 F A 8 PAIC 2 B chg B0 ~ F 5k LB F Y hE

\

T p AR ek 4 ST Ao

|

%4 ~rac4laz F JBiE i o

Compound 0 0 Time  Yield

Entry rac-14a (mg) Pd/C (wt%) T¢C Solvent (h) %)

1 60 30 r.t. THF? 72 N.A.
THF and

2 60 70 r.t. MeOH? 24 65
THF and

3 100 90 r.t. MeOH? 72 N.A.
THF and

4 100 90 r.t. MeOH? 12 72

a: THF = tetrahydrofuran
b: THF/MeOH(v/iv) =4/5
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%L ~rac-4lb z F B iE % o

Entry faocrf‘ﬂob“?rﬂg) PAIC (Wt%) T°C  Solvent (Tr:;”e &e)'d
1 96 100 rt. I/IHegajE'd 24 trace
2 100 10 it IAHegﬁﬂd 72 NR
3 100 70 . I/IHegﬁ'rid 12 82

4 100 70 rt. IAHegﬁ'Qd 18 91

5 100 90 rt. I/IHegﬁ'r;d 24 trace
6 300 90 . mgaﬂd 24 trace

a: THF = tetrahydrofuran
b: THF/MeOH(v/v) =415

prebo s g kit 28 A (TMSBr) k4 %2 %7 A i
oo oM Bl S oot o -V & S Trac4la ~ rac-41b A w27 § b
TMSBr .= % "'=? g8 T#H¥E > Fg T8 &TLC * 1 'F"’J‘!—JF%
AR S - L3 2 B AP RAT I T E AT KA
BLod 3 FHEEer KBk h TLC F F H8 L A 317 > BX 8 i A

EE L RIPE I N “,/Tti_}"? BE2 R o
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TMSBr

} n CHClg, tt. 24 h

€ - >
rac-42b n=2

yield = 31%

ey
N

n CHCly, rt. 6 h

rac-42b n=2
rac-4lb n=2 yield = 62%

AW 4] TMSBr 4 i ie 7 (S)-(-)-42b ~ rac-42b 2_ & & -«

i ¥ 2x Shinkai #2404 = 3 3% s - p-tert-butylcalix[4]arene 20
it F gt i 1:1L5Ae ¥ AaRY Bl rd it (O
BFERE FERREDS) AZETHEYGLFE AR 12 F
21 &% (S)-(-)-38a 2 (S)-(-)-38b #4413 TOCEFE-RE o &

FARZTHEFF RS X0 4o 33% BEKRRELF B SES

RIZE BRSNS A K A w5 50%2 60% > dest Bl AN AT e
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OO .'/Ok\oﬁnTOTs
SR
(S)-(-)-38an=1
(S)-(-)-38bn=2

NaH, CH3CN, 70°C, 48 h

/
OH OH QH HO

20

(S)-(-)-42an =
(S)-(-)-42b n= 60%

AEE AU g e E (S)-()-42a (5)-()-42b = & = o

PR REREASRI I 2683 S g iniEed R
FRAFH I P G oo B F A F 00z F] 5 p-tert-Butylcalix[4]arene 20
P EvEERALZE vens (TF 5 R AN
3.3% BAEL KRR AR EERT T HESF AR oAzt o i@ St B
RE B AR - M A S ErE i A g o B - Radd
AP >4 e BINOL g3 w4 # (S)-(-)-38a ~ (S)-(-)-38b % rac-38b
A TH-NMR k29 0 % B 243 b fidd o @ — LB ST 5 i
PP R AL A 0 S AE - B hE Ak P2k
LT RWAFIGE S o BPHIARRE IR Y o i A
RS b hH % (Singlet) s ¥ ¢b & ®C-NMR k42 > B €32

XER T T A AR X e b B deBl = Lo ey
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i v B
Il . wm

MMHMWMI I

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

W= ~it &4 (S)-(-)-42a 2 B4 PR % JF % ¥ (75.4 MHz, CDCly) -

W 1y Ll b MJMJUL

3.6 #3t BINOL B &#F 52 fmd = & =

d =+ p-tert-butylcalix[4]arene 20 77F 4 3 w B 22 A+ %ﬁ" iR

B REFRA > GELBST TR S P BNR
R Ly A > FIr AR AR LR ERfles Bighad
P2 - IRy VA A A AR RS o B AR 7
BB £ o Ap hF BT RIE AL S BER
Poligd B AT S AERHE RS Aot B4 (D) 207 0 B
B feng o E R TR Y BB A R i ehl
R A o Pm R R 7 RANE - it S5 e F]

-4 (c) 27T e
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(@)

(S)-(-)-42a
(b)

20,

]
S8

(R)-(+)-42a

. 4
diastereomers

enantiomers

same compound

PR~ EABINOL R i7a T g P N K2 Voag o
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3.6.1 T A B~% 22'-binaphthyl-crown-6 & (8)- 27,28- #fin £ B~
% p-tert-butylcalix[4]arene (S)-(-)-43a ~ (S)-(-)-43b 2 & =

R0 £ (S)()-42a~ (S)-()-42b A Bl g § i gh o g B L

1073 e %iniR? > xR TWELNFLAr 105 e phe
fia > ef F 2T 5HFT T0C - HHEF - = > KB/ 7 EFDY

¢ TR AP (S)-(-)-43a & (S)-(-)-43b > A F A u % % 93% ~ 86% 0 4

FaN =] it o

1 (S)-()-43an=1 93%
2 (S)-(-)-43b n = 2, 86%

AFZ L (S)-(-)-43a (S)-(-)43b 2 & &

3.6.2 T R} AR{xB~tt 22'-binaphthyl-crown-6 & (8)- 27,28- g2 i B~
¥ p-tert-butylcalix[4]arene (S)-(-)-44a 22 (S)-(-)-44b 2_ & =

H#eit £ 40 (S)-(-)-43a~ (S)-(-)-43b A wler d § i g o g 1
50 330w & vhem R enR S0 (B 65 201 &7 iny 18
PR FBETLC PP BT S - RAEA £ e i 4 TF L 10%
TRFERGRELEF B RRIEE GES L TT FDG 4 FRE

A4 (S)-(-)-44a & (S)-(-)-44b > A F & = 5 92% ~ 90% » 4t Bl - -
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0 Soy 020 0O NaCH
) n{ }n THF/H,0 (viv = 2/1),
9 O! reflux, 18 h
(S)-(-)-43an=1 (S)-(-)-44an =1,92%
(S)-()-43bn=2 (S)-(-)-44b n =2, 90%

3.6.2.1 T R} AR ix Btk 2,2'-binaphthyl-crown-6- 8 fig & & 8825 ik A B~
% p-tert-butylcalix[4]aren & = 3% @R =B~ & 2 2'-binaphthyl-crown-
6-p-tert-butyl-calix[4]arene 2. ¥5 @& 3= % 3 B 4 +7

it &% (S)-(-)-43a & (S)«(-)-44a 5 (S)-(-)-42az j=2 24 » 2
= Jﬁ B eng 3 BAeBl= - = 911 0 d AN ER g AR F F 4 BINOL St

# B i¢ 17 R A $H chp-tert-butylcalix[4]arene 20 Bl 5% 7 - 4 4F 52 o

P

e AT SRR N = BRI C05-15ppm ¢ 5S4t
ek =7 Ag;3.0-5.0ppm SR T AE T pR e £
fpernsh: 6.5- 9.0 ppm 5 BINOL % 45 e 4 Th b & fpefmn 5ho
L E&d (S)-()4ah T4 AT {9z chE % > b oh > A%

=T AR BRIk g > LR T e b 2 E o A da R

4 0T A= & b (S)-(-)-BINOL ehart sk B » 5id = Ay,

i

B

P AL G AR o 2 it &8 (S)-(-)-42b e tRens 1T H 4 JE4E
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PIgER P A JLRF ¥ a FlE & FM4amn @ BINOL 2P

LI AR CITE LT AN ER S

(9)-(-)-44a

-
ArOH
(S)-(-)-42a JJ
L

T T T T T T T T T T T T T
12 10 8 7 3 2 ppm

W=-L=-it&% (S-()42a:(S)-(-)-43a 2 (S)-(-)-44az 3 e+
#= %% (300 MHz, CDCl3) -

\ﬁﬁ\%ﬂ%/

1 —_‘J\A/Mh y | o
t-butyl (S)-(-)-43b
- L

\

t-butyl

- A
M T T T
1.4 1.3 1]

I T T T T T T
14 1.3 1.2 1.1 10 ppm

t-butyl | ]\ (S)-(-)-42b

U e |

1.4 1.3 1.2 1.1 1.0 ppm

T T T T T
8 7 5 4 ppm

(S)-(-)-42b ~ (S)-(-)-43b £ (S)-(-)-44b 2 & tims %

T T
12 10

MEim~“2%
#= % ¥ (300 MHz, CDCls) -
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3.6.3 25,26-(2,2'-binaphthyl-crown-8)- 27,28- g g i B~ % p-tert-
butylcalix[4]arene (S)-(-)-18 2. & =

#olt g (S)()42D > & e 228 NN-= e fe figrie 0
£ L1010 7 F B 0 Ao AR AR B &4 (S)-(-)-42b -
A AETOCT MM L PSR 2 2-2 -NN-2 & Z 2 i
FIEFATOCTEFARAE 503 X S ATLC ® + ¢ 3 mri— A4 8L
FESAILE PR ATH T Ee § BAMAS (9)-()450 A F;

92% > 4oV Bl L = Ao oo

3.6.4 25,26-(2,2'-binaphthyl-crown-8)- 27,28-f 3 A ® & p-tert-
butylcalix[4]arene (S)-(-)-46 2. & =

Lit 4 (S)-(-)-42b &2 & g g B 1110 30T MR

P AR E TN ] S~ 10§ B

!
3
F_*
9oy
S8y
.|
O~
I}

I T0C-HFFF - 215> L LS RILE gL kiTHIE > 7@
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e & FHMWMAY (S)-(-)-46 A F 5 98% > 4V Bl= L = Ao o

P

NaH, CH3CN, 70°C, 24 h

98%

FWz L=~ (9)-()462 & o

3.65 THM=EH 22'-binaphthyl-crown-8- calix[4]arene (S)-(-)-
47 2_ & =

#-calix[4]arene 21 #7 & Y4 > g EF v 5 1:1.5 A ¥ 5%
PR~ &g CRBE B FhediE) o RRETHEL)
PFig A x12% #2 1 &5 (S)-(-)-38b#4c#41 3 7T0CEFB-NE o
hE o THEFERS X(E 0 4o 33% BEARBAREFE R GEL

BOE A H AT BTG BRAY (5)-()47T> A% 5 85%

4oV Blo Lo Ao o
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wﬂ LI
Seant s € 7
Q’ L‘Lﬁ. *Q (S)-(-)-38bn=2 n{o o}”

OH OH o HO NaH, CH4CN, 70°C, 48 h O
: o%e

FWZ L E o (S)()4T 2L

3.6.6 T Ai=BK 22'-binaphthyl-crown-6- 27-2 & B~ % -28-hydr
oxy-p-tert-butylcalix[4]arene (S)-(-)-49a & F S @B~ 1% 2 2'-
binaphthyl-crown-6- 28-z & B~ #%-27-hydroxy-p-tert-butylcalix
[4]arene (S)-(-)-49b

L #-iC &4 (S)-(-)-42a L RRpEess > g B 1110 BT e AR
P AFETHEL S r L1 B o e iy BF F T

e 3 TOC - #FFF B 3 S KBS 87 @Hfgae ¢ B4

A4 (S)-(-)-48a & (S)-(-)-48b - A F A u| i & 34%~34% > F M7 id

A4 (S)-(-)-48a ~ (S)-(-)-48b A~ W hw & vk BT kiR BRI Y R

kg T ERIpas & FMA S (S)-()-49~ (S)-(-)-49b > A F A

Bl 5 90% ~91% > 4eiNBl- L7 s L2 AT oo
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(S)-(-)-48a 34% (S)-(-)-48b 34%

AFZ LT ~(S)()-48a (S)-(-)-48b 2 £ & -

10
O/EO
)

90%

mwm]

NaOH, THF/H,O (viv = 2/1), 18 h

(S)-(-)-48a (S)-(-)-48b

AFZ L2~ (S)-(-)-49 & (S)-(-)-49bz & & o

3.6.6.1 (S)-(-)-48a ~ (S)-(-)-48b 2. & P& =L H B A 45

ff & (S)-()-48a £ (S)-(-)-48D £ % AT rE M 2
SRy DA kLo ko2 ATLCR o (5)-()-48a =
(S)-(-)-48b &t ket e s 4% 1 & Yz ¥r o fi e Ay (hexane/ethyl
acetate = 5/1) B ® >Ry A %X 5 045 20 .36 &F gLk 47
B Aa RS o T iAot o AP B EEE AR A 2R
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LRI W G o TR A PR R R R B RGP TR
L LR deBZ LT A o P (S)-()-48a s b MR

(S)-(-)-48b R h B BEF E B 0 N PIPE S FL R A

N

BINOL:h* 4 Tk F14% Rcn¥ 457> @ W i8a fhit & 4 ) coi— foog

RALEFAER A A F AR o

(S)-(-)-48b

(S)-(-)-48a ATOH

N

\ \ \ \ \ \
0 ppm

Wz 4T a4 (S-()-48a% (S-()-48D 2 & 124i % IR %7 (300
MHz, CDCls) -

3.6.62 (S)-(-)-49a 2 X %S E & BHA
LEHE P R L LIP3 28 B i a) e

515 o chXCE IR  FoRER hffi o 2R 0 2

~
3tk
15:3\»

2\ fra 33 A
$(S)-()-49a b it 2= & 7 mip R ? v rORIfR N E S R

de@l= LS AT oo
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W= -2~ (S)-()-49a2 X% Sbt B & 5215 -

d B¢ #rav v & (S)A(-)-49a2 T -6k FIBINOLZ gh¥ |+
o R LR R S MR R R 0 2 A BT e BT
%eh& B (dihedralangle) % vz < 32008 afz g > A< J,%J%fﬂi‘ Ho
ALz 5 (S)-transoidegg A > 0 B0 g £ 230 nm £ 250 nm 2
Flz ¢ kP > BDmr el APAT - LR §#g o

b -
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3.7 [= ¢ %# (Circular Dichroism spectra) 2. € | ©

|~

Flo ¢ RFH&R? TE KL PH I FHBFTY O BRREZLEY
RE2 - 0 LRI h- ARBHEC GG DR L RE R
AR kR ARk A AR B FRIR S 9 IR &R B Rk e
TAARE AR g2 A kB F IR Y P AR L Liea PEIE

Bz fcthlice Ha - d k@Y i FUAEHER (0)

ZIERPRE R R 2 LB BP0 T Aot - AT o

[0] = 3298.2 A -+ 5% -

EP (S)-(-)-48a ~ (S)-(-)-48D ~ (R)-(+)-48a % (R)-(+)-48b 2 &
ARG RS G A AP Y I kR kRS E
R L o d B2t 2 Wz AT (S)()48 & (R)-(+)-48a 3
o HEGE Y 0 (5)-()-48D & (R)-(+)-48b RI G ¥ b - fHELTRE
4 o fl- ¢ k3 (CD-spectrum) ¥ » @t 12 Omdeg 5 $H4ihh

Rt THAORA o A R f B RARER LR | B F

P RR AU kR R ORPIEEFWMC E 2wk f RE -
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CD [mdeg]

200

150 't
!y

1
1004
'

1!
50 ,
1

-100

-150

- (S)-(-)-48a

(R)-(-)-48a

-200

T
250

T
275

T T T T T T T T 1
300 325 350 375 400

Wavelength (nm)

Mz L=t ad R-(D48a 2 (S)-()-48a 2 1= & 53 (i34

CHCl; » & & : 298 K) o

CD [mdeg]

200
150

100

-100

-150

T 1
50 !'

(R)-(-)-48b
- - (S)-(-)-48b

-200

T
250

T
275

00 25
Wavelength (nm)

T T T
350 375

1
400

W= it g (R)-(H)-48D % (S)-()-48D 2 FI= ¢ %3 (i3 :

CHCl;» & & : 298 K) -
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B - g o F M E O mdeg PF oo k& R BT E A
3L AR R AR R AR fE2 & Cotton effect - 3 & * K jz
BERBRSTORHFEEHE - P BV o A& X3 270 nm pF o
(R)-(+)-48a ¢ 7 & <+ (positive) Cotton effect » & -] ** 270 nm pF »
Rl f ¢ (negative) Cotton effect - X @ % (S)-(-)-48a Rl = 2 4p &
PR d BT RS AL B F R ORGSR

poeborE o 4 (R)-(+)-48a~(S)-(-)-48a & (R)-(+)-48b~(S)-(-)-48b-
MG Lo AP i B (S)()42 - (S)-()-43a % (9)-()-

44a it 7 ¢ (R)-(+)-42a ~ (R)-(H)-43a, % (R)-(+)-44a 2 & % 1t §F

HooArBlz L4 Do - e

1207 (R)-(-)-42a
- (S)-(-)-42a
80
40
>
(2]
T
E
(]
o
-120 T T T T T T T T T T T T T 1
250 275 300 325 350 375 400
Wavelength (nm)

W=-L4 it 24 (R-(1)42a 2 (S)-(-)-42a 2 = & %3 (;p#

CHCl;» & & : 298 K) -
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200
_ (R)-(-)-43a

150

| '
1004 f 0
1 \

0
o
1

o
1

CD [mdeg]

-100

-150 -

-200 T T T T T T T T T T T T 1
250 275 300 325 350 375 400

Wavelength (nm)

Wz~ &4 (R-(D-43a % (5)-(-)-43a 2 Fl= ¢ .3 (34

CHCl; » & & : 298 K) o

wod (R)-(-)-44a
x - - - - (S)(-)-44a
100 4
— 50+
o
[}
o
I
(]
QO 50
-100
-150
T T T T T T T T T T T T 1
250 275 300 325 350 375 400
Wavelength (nm)

Wz L -~ £ (R)-(1)-44a = (S)-(-)-4da 2 F1= ¢ %3 (34

CHCl;» & & : 298 K) -
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BEM RS APT URERI LA B ERE TID
kR g 242 nm 3 247 nm 2o B 0 #Hcig i) %) 100 mdeg 5 B <
v i1 160 mdeg 2 5 v drk L - 1| e P A ERFRIT - Lk 5 ep
CD seg¥ 3t adpin > EgEM & v &4 B o7 chdr L ¥ 12 BINOL
27 4P 2 transoid fE32 > 45 2 0 39 MO R = S T AT 2 B

e

44— ~E ¥ L4 42a % 4a % 48a % 48b 2 CD ¥ 4k
(74| : CHCly» £ & : 25 )

Calix[4]crown [a]® (deg) Amax (NM) [0]max (Mdeg)
(R)-(+)-42a o ip) 242 -99.7
(S)-(-)-42a 1155 247 +107.4
(R)-(+)-43a tip 243 1153.7
(S)-(-)-43a 565 246 +151.8
(R)-(+)-44a il 243 -144.6
(S)-(-)-44a 92,0 243 +144.6
(R)-(+)-48a & pl 243 -159.7
(S)-(-)-48a -62.0 243 +158.5
(R)-(+)-48b & ipl 243 -148.3
(S)-(-)-48b -60.0 243 +151.9
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38 #-%=" A=H 34 BINOL 2 5 @ird $# 5 B w3t

¥ S |

BIE 7 kR 2T & Foend fhow LSk 2 ) 7 4345 Beer-Lambert
LaW(;E: >’ Y & "’T":"L]{}iﬁi'/%}i”:‘gl Fi® »\),\,E' 'B‘:)‘lr{

%% ¢ (extinction coefficient) » FA2 4ok - - B2 4 L = #1750

A : &z B (Absorbance)
e ¥ Bz adfic (extinction coefficient)
b : kRELiE £ (Length)

c: #Fpl4 kR (Concentration)

d AL nBE v UFRA R FHE8 DI LA B0
L e E A fcthic® <2 2= B2 % sifh (S)()42a &
(S)-(-)-42b % 34p F chicdp 3 2 (S)-(-)-4lar (S)-(-)-41lb F1H #7 0 e

B KB jcihier g LB o
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£ 2~ 1 B $(S)-()-41-45 ~ (S)-(-)-47 ~ (S)-(-)-49a-b 2 E = fik
BB T R G A H:IZ F TR B I208 KA 110-23 uM) o

extinction coefficient (&)

Compound Amax (NM) (Mem™ x10°) R?

(5)-(-)-41a 338 5.0 0.99
(5)-()-41b 338 6.3 0.99
(S)-(-)-42a 338 32 0.99
(S)-(-)-42b 338 9.0 0.99
(S)-(-)-43a 338 6.6 0.99
(S)-(-)-43b 338 11 0.98
(S)-(-)-44a 338 4.8 0.99
(S)-(-)-44b 338 16 0.99
(S)-()-45 338 13 0.99
(S)-(-)-47 338 7.0 0.99
(S)-(-)-49a 338 6.0 0.99
(S)-(-)-49b 338 5.0 0.99

2Lz it 5 (S)-(-)42a-dda B Bk Ry B i (U3
Ao BR 298K kAR 10-23uM) -

extinction coefficient (g) 2
Compound Amax (NM) (molem™ x10% R
(S)-(-)-42a 281 1.5 0.99
(S)-(-)-43a 281 1.2 0.99

(S)-(-)-44a 283 1.1 0.99
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39 #-%=7 AXH i34 BINOL 2 54 YL

+ @Fa 4 28R

BEEEHEALAF 2w ANPRELT R &S s T
2 ERI s el e d Ble o F URBEIAMT LS (S)
-(-)-42b ~ (S)-(-)-43b & (S)-(-)-44b t¥ h-v LK LHBF P Az
FafTh L AW 3242 nm~ 283 nm 2 338nm & = B E o ¥ -
moRAE A S A eh-T Rk SRR A A ] » 300 nm ok £ e B

g kP Al R T S LM R KK

(‘H}
wx

C ok G E eyt R 0 A B eRReg L K 3K LR 338 nm o st

b
-S‘A\l%

2360 M > BT UIEEL BARA T A A T T o

0.6+
242 nm 20
054
5 5 54
T 04 < $-51
3 ]
£ 034 g .l A S-50, §-53, S-54, S-55, S-56, S-57
.E © \
8 £
g 024 | 2 \
< 282 nm 2 054 S-52
< \K
01l 338 nm N |
M A
0.0 T T T T T T T \ T T T T T T T )
240 260 280 300 320 340 360 380 225 250 275 300 325 350 375 400
Wavelength (nm) Wavelength (nm)

Rz L= ~ it 24 (S)-(-)-42b ~ (S)-(-)-43b 2 (S)-(-)-44b (1x10° M) &
LBR ] A S (1x10° M) 2 % -7 8 % L @ (i3 4] CHCI,
BB 125C )
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s Al A PE s
BT iR 2o

¥

BWAF 26 > Ap-2E* 0 AL A8y
WRPEMA T AR L 84501 57 deBle L= o B

V£ 4 505456 % 57 ch¥ M 4 2%k ek oust

= =
ke SRRy Kt Ef e ERE 2L
FZAPR A P E A - RS - Rz RS R 2 Ao et
£4 5153 54256 ¥ L dbhe Mz FRRERT 3

PR REEE BN > hoft £4 5051528 55, 1 ®
X F P R D@ - Rt &4 56 87 57 .

-

NH

NH, 2
NH,, ~_-OH
. /L/*K/OH
51 52 53
OH OH
. NH, OH . OH S OH
NH;
54 55 56 57

50: alaninol

51: 1-phenylpropan-1-amine
52: leucinol

53: phenylglycinol

54: 2-hydroxyphenethylamine
55: phenylalaninol

56: 2-phenyl-1-propanol

57: styreneglycol

W L= ~oriEz e A3

peek s A i £ 4 (S)-(-)-44a (crown-6) ~ (S)-(-)-44b (crown-8)
22 (S)-(-)-49a (crown-6) ki A R T > £ BlE F R TR )
1 T Sy SN RS AR FRNSE S AL
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BRSO TG £ BArS 3 Fenks Ean 4 20 A - e
(RNH;") &7 = =% hit £ o @ BINOL thiFskcit & B > ¢ 17 5%
LFI A S F T OE S VREFEFTIEI TS LS

oo 015 2 7 AF T G L ) gl & gt & AR

“
P
\\‘\
3

802 T R A A 50E 5T EE R A EY

h-w Rk R EGE > deBle LT X Ble LN rw o B AR e

2 BEAA S FI s & 5 - gk (RNH; ) # & 4 BINOL =
SR RS FAA S P RS ET S ES (PET) A EI ¥ A

I L SR FEE S0 Pl B4ER Y 2 hE RS

tert-Butylcalix[4]arene tert-Butylcalix[4]arene

% possible binding sites %

o,

BINOL N\

sensing transduction site

e Ltw ~t &5 (5)-(-)-49a & (S)-(-)-44a4s & 7 - &iez ¥P M %
B3 F 2 AT A Bl e
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I
1

(S)-(-) 3
(S)-(-)-44a + (S)-50 c
20 280 (S)--)-44a + (S)-51 S 1]
s (S)-(-)-44a + (S)- 3
=4 (S)-(-)-44a + (S)- < ol
© 154 (S)-(-) ©
e (S)-(-) S 6l
s (S)-(-) S
£ 104 (S)-() S ol
a £
< = 4
05 o
- 21
00 T T T T T T 1 - 0-
250 275 300 325 350 375 400 S-50 S-51 S-52 S-53 S-54 S-55 S-56 S-57

Wavelength (nm) Guests

Wz L7 ~it 24 (S)-(-)-44a (1.0X10°M) A ul4e » 2 ¢ B2 ¥
'H—J’é’\*"l‘7‘¢ b—+ ELJ‘-‘*’]D\:‘H'%]}’%N’]DEH?&&’}J_;P‘}%] (/i’??' CHC|3’

BR 25C)-

NH, NH,

NH, OH
)\/K/OH
51 52 53
OH OH (
NH, OH OH OH

" Ol @* oy~ v,
54 55 56 57 O Q

(S)-()-44a
JLw V& (S)()MaBEELRA T 2 4 GiE o
Host Guest [(1 - 16)/15]*100 (%)*
(S)-(-)-44a (S)-50 4.06
(S)-(-)-44a (S)- 51 8.31
(S)-(-)-44a (S)- 52 12.93
(S)-(-)-44a (S)- 53 6.02
(5)-(-)-44a (S)- 54 3.63
(S)-(-)-44a (S)- 55 9.89
(S)-(-)-44a (S)- 56 0.10
(S)-(-)-44a (S)- 57 0.45

a A EHE R 5 2P A MER 3 1x10° M (CHCI,, 298 K)
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4
o

o
~

Absorbance (AU)
o o

o

[(1 - 1g)1g1*100 (%) at A360 nm
o - N w e w o ~ co © o

n

250 275 300 325 350 375 400 425 450 475 500 S-50 S-51 S-52 S-53 S-54 S-55 S-56 S-57
Wavelength (nm) Guests

=4
=)

Wz L2 it g d (S)-(-)-44b(1.OX1O'5M) Auter 25 £ FY
Mol a8 2 g ek Rk RS R 3ok G R B (3 A1 CHCI >

BRE 125C)-

NHz @)\/ )\/K/ ©/‘\/
NH; / \
54 55 56 57

(S)-(-)-44b n =2

217~ &% (S)-(-)-44b L EMA T 2 4 FiE o

Host Guest [(1 - 1)/15]*100 (%)?
(S)-(-)-44b (S)-50 7.09
(S)-(-)-44b (9)- 51 1.20
(S)-(-)-44b (S)- 52 6.79
(S)-(-)-44b (S)- 53 4.77
(S)-(-)-44b (S)- 54 2.58
(S)-(-)-44b (S)- 55 5.84
(S)-(-)-44b (S)- 56 0.05
(S)-(-)-44b (S)- 57 0.01

a A EHE R 5 2P A MER 3 1x10° M (CHCI,, 298 K)
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o
o
®
1

o
~
o
1

~
L

Absorbance (AU)

°
N
L

[(1 - 10M1g1*100 (%) at Aggq 1

o
=)

i B

T T T T T T T T )
240 260 280 300 320 340 360 380 400 S50 S-51 S-52 S-53 S-54 S-55 S-56 S-57
Wavelength (nm) Guests

o
¥

We L= it g5 (5)-()-49 (LOX10°M) A ul4e » 24 &3 I %
Mol o fs 2 Kook -w Bk R R Y k& E Lk Bl (03 A1 CHCl;

BR 25C)-

NH, NH,
NH, NH, OH
A _oH @2\/ MOH ©/'V
50 51 52 53
OH OH
NH; OH OH OH
NH,
54 55 56 57

(S)-(-)-49a
FLA St &4 (S)-()49 2 FHEEMAEF 247 iE o
Host Guest [(1 - 1)/15]*100 (%)?
(S)-(-)-49a (S)- 51 131
(S)-(-)-49a (S)- 52 5.94
(S)-(-)-49a (S)- 53 10.52
(S)-(-)-49a (S)- 54 5.36
(S)-(-)-49a (S)- 55 7.04
(S)-(-)-49a (S)- 56 0.86
(S)-(-)-49a (S)- 57 0.63

a A EHE R 5 2P A MER 3 1x10° M (CHCI,, 298 K)
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o
3
s

o

1 2420m

©
L

3
!

Absorbance (AU)
IS

N

(1 - 19)191*100 (%) at A3g0

T T T T T T ,
250 275 300 325 350 375 400 S-50 S-51 S-52 S-53 S-54 S-55 S-56 S-57
Wavelength (nm) Guests

o

Wz LA it g (S)-(-)-49b(1.OX1O'5M) Aulber 2FE R E
P a2 ek Lk kR Bl ¥ ki E R B (03 A CHCs
BAR 125C)e

NH, NH,
NH, OH
)\/K/OH
51 52 53
OH OH
NH, WOH OH OH N

O e e

54 55 56 57

(S)-(-)-49b

2L b g (S)()-4D B HE TR F 24 GiE o

Host Guest [(1 - 16)/15]*100 (%)*
(S)-(-)-49b (S)-50 4.34

(S)-(-)-49b (9)- 51 1.75

(S)-(-)-49b (S)- 52 3.90

(S)-(-)-49b (S)- 53 8.93

(S)-(-)-49b (S)- 54 2.79

(S)-(-)-49b (S)- 55 6.73

(S)-(-)-49b (S)- 56 1.02

(S)-(-)-49b (S)- 57 1.04

a A EHE R 5 2P A MER 3 1x10° M (CHCI,, 298 K)
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FAEM b iR L > AP A g Rs 1 LA F (5)-56 %

=K

(S)-57 & M Agenk 2 ¢h > H ARG E ¢ 5 o id iy ks sk o Y
At (S)-()-44a @ 5 0 E3 (S)52 FKF R G &AT FMAM

(S)-(-)-44b m = » # e 4F (5)-52 € ¥+ (5)-50 7 g ATH

13
&=
=&
ﬁl‘-}
A

e P d B3z PV FI- £ 2 ¥ (S)-52 - (5)-53 ~ (S)-54

s (S)55 LB A RACRI CRT IR LR HplLd 05§

W

AR ASHY LA RN R FAAR o R (S)()-4%

(S)-(-)-49b @ 3 > RIFREuds & (S)-B3 i FaT T 4 E

\%‘R
¥
Ea@

BEBRAITEMIVRT PR JRRS AT AR ASTE AT
G E T I A TPTIF ot T F RO FAEHAEF (5)-53
(S)-54 2 (S)-55: @iz i 1Al £(S)D4 2 ¥ LA wIFR - YA
g A

R o K h-T R RRFE Y 0 APRRZ Ty T EP R
ERHBERS o Sty @R E Fcg o Fp o 0T ¥ e

£

S EIETE SR TN IR
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310 #-¥=7 A5 34 BINOL 2 5@Aim2 4 ¥ L
FREVEKLEIR

S FE R F IR S 245 BINOL 2 B4 4 43¢
IRAMmEE P AT E G RAFDFAR O FI A PR B F R
Lo RpIE 54 (5)-()-44a~(S)-(-)-44b 2 (S)-(-)-49a ¥t (5)-50~
(R)-51~(S)-51 -~ (R)-52 -~ (S)-52 ~ (R)-53 ~ (S)-53 ~ (S)-54 ~ (R)-55 ~ (S)-55 ~
(5)-56 & (S5)-57 FE | & Fhlg & Filir (Kus)o Bk &5 2
B 1llen gL A ¥ £ * non-linear curve fitting method &

FAGE Vil Caet 2 0 AR R REER 2T OH 550

1/2 }

-4
Ch ChKass CH

VORI 2 F R Rz F R R ant @ () #4974 » Z AR
31y 48k (Co/Cy) T2 @?J » i 58k PL (lin/lp) 2 P2 (1/Cy
Kess) B> REFH P 28, P2 @57 @025 F #ic Ky 3imihd

R o A R o 1 R A B
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LA iap R-2 (S)-()-4da~ (S)-()-44b = (S)-(-)-49 $ 4 17 4 A 5 ¢

SE VeI Myraa 4 2@ (3% CHCl3» B & 125C ) -

Bindin  K,s(R)/ AAGq ef =
gratio'  KuoS)  (kImol®)®  [(Ia-lo)/(Is-1o)]°

(S)-(-)-44a (5-50 1.02+0.49 09 11

Host Guest  Kus(10*M?)  R?

(S)-()-44a  (R)-51 079+036 099 11 1.36 -0.77 1/1.2°
(S)-(-)-44a  (S)-51 0.58+047 099 11

(S)-()-44a  (R)-52 0.78+023 099 11 1/3.47 3.08 1/3.5°
(S)-(-)-44a  (S)-52 2.71+040 099 11

(S)-(-)-44a  (R)-53 3.41+050 099 11 1/9.41 5.55 3.8
(S)-(-)-44a  (S)-53 32.1+7.68 098 11

(S)-(-)-44a  (S)-54 4.02+022 098 11

(S)-(-)-44a  (R)-55 9.72+155 098 11 1/3.8 0.80 1.6'
(S)-(-)-44a  (S)-55 1350+285 0.98 11

(S)-(-)-44a  (S)-56  ND° ND ND
(S)-(-)-44a  (S)-57 ND ND ND
(R)-(+)-44a (R)-53 30.7+9.30 095 1:1 6.63 4.68 1/2.09°

(R)-(+)-44a  (S)-53  4.63+0.53 099 1!

(S)-(-)-44b  (R)-53 124+010 099 11 1/1.38  0.80 1/3.69
(S)-(-)-44b  (S)-53 1.71+024 098 11

(S)-(-)-44b  (R)-55 519+060 098 11 131 -0.67 1.29
(S)-(-)-44b  (S)-55 3.96+037 099 11

(S)-(-)-49a  (R)-53 0.13+0.03 098 11 1/357  3.16 1/1.4"
(S)-(-)-49a  (S)-53 045+006 098 11
(S)-()-49a  (R)-55 0.11+0.04 099 11 1/2.45  2.43 1/2.1"
(S)-(-)-49a  (S)-55 0.27+0.03 098 11

%9 Jobplots #1831 £ 2 4 & o

b & ;8% (ND: not determined) »

¢ Chiarl recognition energy &4 AGo(R) - AGo(S) (-AGo=RT InKass > R=8.31
(J/K*mol) > ;B A& % 25°C) 3+ & @4 o O

9 ef (enantiomeric fluorescence difference ratio)

CAMe R R S LARE S A LR S IX10PM e

Timge E g B 5 LA0PF > AMEFER S 1X10°M -

Yo g R E Bt LIPS ARER L 1X10°M o

i R E R L 10 A HEAR S 1X10°M -
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WRp i+ 2 B2y g A &4 (5)-()-44a 5 b+ > v
ez AWML T PSS Vilid A1) A% 5 (553 > (5)-55 >
(S)-54 > (5)-52 > (S)-50 > (S)-51 >> (8)-56 = (S)-57 = i&— # A 47 % /]
R AP BRI = EIRG (-) 7 FALRARBEAS T 53
54 2 55 3 A& ¥ B (5) B 5 gl vl pag ) o3
502 52;(2) 2 g AN RRAZ AT G h BN H1a

ERIEE PV AR Fl a0t Ar F AT A A T 5 R

MR A BRE S E T B AR L AR R G
A BNAL T4 AR S D B MaEOE S A EH

7 M2 A o SRR A R R R o

FIIRS

AR
75t (S)-(-)-44a 4+ 24953 2 55§ B s & ¥ BT k2
fl* 88 &4 (R)-53 -~ (S)-53 ~ (R)-55 £ (S)-55 > kit da#rs 1 %Y
CEFB v PR s FH ) APFRE Y id 33
(5)-(-)-44a > (5)-(-)-44b > (S)-(-)-4%a- iz R F LMW ¢ F 2 7 HZ
fEAMA4A%ab, ¥t v Z H - A M 49a G i et 0 g
FRL6 2 A SR8 FF L B S 4 o BRT iR T

ANESMATVREREIARI HAELIFIF2IFR 4 5 5 FE-6

PRd o R EMV R EAMFTIH S EV B NI HERELYE



Mg 4 % ¥ & %[94 v Fe S 2 AP IR B HERER A, S
2L Koy AR ST T 200 G R R iR F ¥ gt
Wit o FtEL D AAYIHFE,EMATREEIESNS F
Bt AR AR o PR g BRI B T e 4 AR e
5% FEE gk LN A7) o

AP AREERD - R o i"/"ggﬂé\' (5)-(-)-44a

Mmoo LSRR Ae S 2 ERMd < 3 B 5 153>562>55

N

51 " BRI 2MAF P ARSI ITA Sk wph

A EEE RE S 2Rt by iR S F 2 FRGEHRE

PUFERRGT 4 T %% o 2k 7 o SRAEA S B14r 7 5 a2 SRR diiR)

AERFSEMOLA AR WAL Foisier 4 523
% 17

iR REM A F 54

\4\3'-\:

o gt vh o F L AR A S 52 ¥ 55 AP
IWRPECAPRFRTFREAALSFTLERPE AN TFAZAL T
AL e & F BT B2 B 5% 1 Kas(S)-55 > Kags (5)-52 0 4
BIH T i R F]2 A R(S)-(-)-44a £ FIB P A MBmE FA LS
SO RSAMBEENAS 2 ZFPFERERBRIPE > (TR
ST R D S F A E A MR YRR SR
¥ 2o FrAMT E 4 (S)-(-)-44b £ (5)-(1)-4% @ 7 o HE S
WAT A iRy S Aol AR o B2l AP R D RH R A
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3 53 4 55 2 E M ypmkar 4 g o d 4 3] Au G (S)-()-44a >
(S)-(-)-49a > (S)-(-)-44b 12 % (S)-(-)-49a > (S)-(-)-44a > (S)-(-)-44b -
ARIFUERS - ALERG ﬁf B B -6 cnyEata 4 R B
-8 ey 4 B REFF o

Lok Mf TR FEct BN pd v £ RGBSR A E e
Ay 2ok AP LTl By ke R £ R (ef, enatiomeric
fluorescence difference ratio) z_+" k23 WM T OE HEH M
ded A AR £ 5 (S)-()-44a BT 0 AR EII R O

%

Fdom FEHEP A 063 »52, >55 =51 Akt &L

i

(S)-(-)-44b @ % - Rl A 163>B5e Al » 2 s A b F id &

FHRABEF AT TR FRA S fj‘u%’—\#l B (5)-(-)-44a %

(S)-(-)-44a n=1

NH, NH,
NH, X NH, ~-OH 50: alaninol
)*\/OH ©)\/ MOH @/‘y 51: 1-phenylpropan-1-amine
50 51 52 53 52: leucinol

53: phenylglycinol
54: 2-hydroxyphenethylamine

OH OH )
NH;, OH OH oH 55: phenylalaninol
’ NH, i ) 56: 2-phenyl-1-propanol
57: styreneglycol

54 55 56 57



(a)

Fluorescence intensity (au)

350 375 400 425 450 475 500
Wavelength (nm)

1.20 4
£
S1.15
(=3 Equation |y = 1+((P1-1)/2)*(1+x+P2-((1
9 +x+P2)A2-4*x)"0.5) NH,
<
z 1.10 + A _oH
o Adj.R-Sq  0.95947 S)-50
= 1.05 Value Standard ( )
B P1 1222 0.00846 .
1004 B P2 0.981 0.20036 (S)-alanmol

0 5 10 15 20 25 30 35 40 45
[GV[H] (S)-(-)-44a

~
O
~

(F0 F)*X at 2360 nm
o o o -
~ & ® o

\

n
|
n

/./

n
/

\
/.

o
o
L

00 02 04 06 08 10
X'=[H]/([H] + [S-50])

Wz L4 ~@) 24 (S)-(-)-44a(1.0x10° M) 4c » 7 I % £ # (0-40
eq.) 1 (S)-alaninol 2. ¥ Xk E ; (b) * &4 (S)-(-)-44a ¥ £ &
;g4 (S)-alaninol & & 2 & AR (5 CHCl3» ® & :25C); (c) it
& % (S)-(-)-44a £ (S)-alaninol z_ Job plot (k& :5.0x10°M > %
# :CHCl;» B & 125C) -
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Fluorescence intensity (au)

360 380 400 420 440 460 480 500
Wavelength (nm)

1.14
1.12
E 110
8 1.08 NH,
™
f 1.06 4 uation H(PT-1)2)(1+ + ©)\/
© ::A (1exsP2) 24
= 1.04 , (R)-51
1.024 o fse o Value  Standard Er| C 0
B P1 14466 012723 / \ (R) 1 phenylpropan l amlne
1.004 B P2 12624 487397 O O
0 1 2 3 4 5 6
[GY[H] (S)-(-)-44a

(©)

N
N
1

-
o
[
\
/
u

~_,
AN
e
"

(Fo - F)*X at x%_o nm
o
(2]
\
/

o
=}
L

[ ]
[ ]

00 02 04 06 08 10
X'=[H]/([H] + [R-51])

WI L @ 2% (S)-()-44a(1.0x10°M) 4 » 2 F & £ #(0-5eq.)
g (R)—l—phenylpropan—l—amine 2 F kEER (b)) & (S)-(-)-44a
5 B rc % ¥ (R)-1-phenylpropan-1-amine k& 2. # 5B (i3
CHCI3 B R 125°C)s (c) v & (S)-(-)-44a = (R)-l-phenylpropan-l
-amine 2_ Job plot (‘&;E & :1.0x10°M> 7% 4| : CHCly> ;8 B 1 25°C )
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360 380 400 420 440 460 480 500
Wavelength (nm)

Equation 'y = 1+((P1-1)/2)*(
1+x+P2-((1+x+P
2)A2-4*x)A0.5)

|/|0 at )"360 nm
2

1.04 4 C
1.02 MRS oo Value Standard . 7(5)-51 - .
1.00- N L | .. .. (S)-1-phenylpropan-1-amine
0.98 T T T T T
0 1 2 3 4 5
[GY/[H] (S)-(-)-44a

~
2
~

.\I
!

(Fo F)*Xat)»360 nm
o o o
2 e g
\.
\
u
S
/

o
=1
L
n
n

\
/

00 02 04 06 08 10
X' = [H]/([H] + [S-51])

WI-L--@ &4 (S)-(-)-44a(1.0x10°M) 4 » 2 I % B# (0-5
eq. ) #1 (S)-1-phenylpropan-1-amine z_ % & k B ; (b) * & %
(S)-(-)-44a k55 & s % ¥+ (S)-1-phenylpropan-1-amine jk & 2_ ¥ 4% [
(3% :CHCly» ;8 & : 25°C) s (c) * &% (S)-(-)-44a (S)-1-phenylpro
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# (9)-(-)-42a = (5)-(:)42b «

Bt Ed (8)-()42a 7T i S E AL PR AREE B A
SRR (=) FARRAT AL AR IR AR R
AR g NG - (2) FAEARL - BEL R A
B PIR-T A, A G AR GRS o T T S T ,,%g
d FEw e s@ e A2 (5)-()-44a~(5)-(-)-44b~ (S)-(-)-49
2 (5)-(-)-4% o mE-i H ¥~ Fg R & (5)-(-)-49 &
($)-(-)-49b % - A G R Hf > R GRS R IR
AELE o md A (S)-(-)49% 2 X EH f EIHEIT T

FH R o
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#3 i &4 (S)-(-)-44a~ (S)-(-)-44b ~ (S)-(-)-49a ¥ (S)-(-)-49b
BEYPEMA FE0T 57 RFH T Rk k2 47 FE
SEFRAIMBIHYL I 0I5 F Y RHEF B H
56 2 57 P& i 5

TREREVERESE SV BRI ES (S)-()-4adtd
¥4+ 503 57 (H ¢ 515253 55357 - Hei R

$ 0% 505456 & 57 Bl £ § 2 EAE) A ulieie

)

¥k F R R
5 Job plot 5 o ¥ ¢ > dit &4 (S)-(-)-44b £ (S)-(-)-49a
HEPAF 38058 F itz Foho v RESE T B <]
SR FERB L R ML R E TR T o &> H= 5 %
Rt i AR a3 4 RS PR A RT AT R 254 o
Peho B A 2R EMA R EAS FHAIMKRG AN
S )b (S)-(-)-44a 1 51 2 (S)-(-)-44b ¥+ 55 wgmAp L H o] o
Fzoo FHZEMAF RO P PR RS-0 & v -8
KiFE FRARAR Y HE SR TR o
%‘%’E’ Kass(R)/Kass(S) #7187 12 EAR 5 A BHE G E WAL PER
B EFr (S)-()-44a @ g AT FEMNZBER D (-)
ALE R A F gk d i H bulky group 2 iR iTARAE A T ARIT
RIEFMER S (Z) AP AL EWAF B2 FIEETA s
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5 F¥AKE S FLAMHTLERDS PR RELE > HZP T

et

]

WHRES T & i 5 HERPBPRFE S (2) FA 30

§\.

f 4

=
et
3

FEf-AAZAS Bl HERPYEN T2 KB L

A

s

&% 3 f 2 L 48 o hydroxy group 2 fF #1424 (ai®® 4 > A ¥
Byesd SR E R &4 o b F M (S)-()-4db &
(5)-(-)-49a H 2 per » 77 e i if (= ) 2508k F 2 > A
HWys T WA 3 53 2 55 4 = » %3 RAM-6 &1t Ba-8 k@
4R BRFSEFE P BINOL 38 2 ps AAxf g » 7

i@ & ¥ Ikt (chiral cavity), $tyesa 3 484 11 -

tert-Butylcalix[4]arene tert-Butylcalix[4]arene

9 possible binding sites 9

YOH
Q.0 o Q0 o
(03 O;,H C 3J O;,H

D
RS /: O 50: R = CHs
Sl S g

55: R = CH,Ph
sensing transduction site

ﬁﬁ%%ﬁm@%kﬁ,@g#(9@4m§&@%§@@%
(S)-(-)-43a %t Pb™ #$ EH P2 ¥ kiGN F g oA it & F
(S)-(-)-44a % Ni**~Hg®" % Pb™ § F#{Hip g £ 2 ¥ %54,
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51 FEZ R 2
1. P& dR LA 472

(1) 'H-NMR ~ ®C-NMR = DEPT k¢ * R 2 i + & Bruker
DRX-300 A] 1% & & 4= % 3 ik -

(2) & P dREFH e 7 A p (tetramethylsilane > @ # TMS)
Bi+#H50ppm- 5 -% 7 (CDCly) i & =4 7.26 ppm - & +%
BEREH L -5 7 (CDCly) i # =4 77.0 ppm o it & =
#HE 5 ppmo 48 &ofdcH 5 Hz o

(3) "H-NMR kA 45 1 s S8 (singlet)~d %7+ 5 g€

(doublet)~t & 7+ = = £ % (triplet )»g~ % 7+ 5 = & (quartet)
m# -7 5 % £%% (multiplet) ~br %7+ % 5% (broad peak) -
ABg % 7 - 2 - £ (ABquartet) -

(4) ®C-NMR % :# (BB-decoupling) 1 DEPT-90 4= DEPT-135 %

Apens o CHy 27— %8 ~CHy 2772 %8 ~CH &7 =

B~ Cqdom o Bl o
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R AT

(1) =247 FAB F#% % * B = 2 i ~ § Micromass Trio-2000 3] #
A0 R 4T B &

(2) ® 247 FAB &% % * B = ¢ £ < § Finnigan Thermo
Quest MAT 95XL -

B T i

(1) & & ~ 45 (Thin-Layer Chromatography » # # TLC) i *
Merck Art. 10544 PSC-Fertigplatten Kieselgelgy Foss # % 5 ©

(2) £ 4 g4 d Kk A~ 47 T g, %.Meck Art. 9358 Kieselgelg
(60-230 mesh ASTM:) A& B ez rig & o

. & * Merk - Alderich ~ Fluca~TCl > Lancaster ~ B 1 = @ ) 528 % o

. F A S Merck ~ Tedia 2 &5 F R R A 2 B3k P RR

BERREZZPRLEP TN RIELRHOMPEEHLRT o

CEhk Rk A Y P 04 A2 HP-8453 4 -

. & kaxat sk 2@ % Shimadzu RF-5301 PC ) ik 2| 2_o

. [fl= ¢ ke ixi * Jasco J-810 k3 &P = o

c Xeray H S S AR E R Y W2 o8 < § Bruker Kappa

APEX Il ¥ 2 45t
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52 REHHE LHTA

1,1°-Binaphthalene-2-20-diol rac-1.>

on O
FeCly OH
H,0, 50-60 °C, 2 h OO OH

rac-1 83%

FeClz-6H,0 (19.44 g, 71.9 mmol) was dissolved in water (50mL)

and 2-naphthol (5.18 g, 35.9 mmol) was added to the solution at 50-60°C
for 1.5-2 h. The solvent was removed by suction filtration, and the
precipitate washed with water. Then,. residue was dissolved in CHCI;
(100 mL) and partitioned between water and CHCI;. The organic layer
was dried over anhydrous MgSO;. The solvent was removed under
reduced pressure and the residue was recrystallized from acetone/toluene.
The yield is 83% as a yellow solid. *H NMR (CDCls;, 300MHz) &, 7.99
(d, J = 8.7 Hz, 2H, ArH), 7.90 (d, J = 7.3 Hz, 2H, ArH), 7.40-7.26 (m,
6H), 7.15 (d, J = 8.7 Hz, 2H, ArH), 5.03 (s, 2H, ArOH). *C-NMR (75.4
MHz, CDCls) 6 152.7, 133.4, 131.4, 129.4, 128.4, 127.5, 124.2, 124.0,
117.7, 110.8; mp 205-208 °C; FAB-MS: m/z (%)

General Procedure for the Synthesis of 36a and 36b.>*

/—6\ ﬁ—\ Nal, acetone /E\ﬁ—\

n n
cl o OH reflux, 18 h ! o OH

35an=1 97% 36an=1 97%
35bn=2 96% 36bn=2 96%
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35a or 35b (35a: 7.0 g, 56.2 mmol; 35b: 7.0 g, 41.5 mmol) and Nal
(35 g, 0.23 mol; 35 g, 0.23 mol) were refluxed vigorously overnight in
acetone (50 mL). After cooling, the slurry was taken up in the minimum
amount of water and extracted with Et,O (50 mL). The organic layers
were dried (MgSQ,), filtered, and evaporated to dryness to give the
compound 36a or 36b (36a: 11.8 g, 54.5 mmol, 97%; 36b: 10.5 g, 39.8
mmol, 96%) as brown oil which was used in the next step without further

purification.

Data for 2-(2-lodoethoxy)ethanol (36a): *"H NMR (CDCl;, 300MHz) &
3.73-3.69 (m, 4 H, OCH,CH,0), 3.58-3.55 (m, 2 H, OCH,CH,0H), 3.23
(t, 2 H, ICH,CH,0), 2.98 (br, 1 H, OCH,CH,0H); “*C-NMR (75.4 MHz,
CDCl3) 6 71.8 (CHy), 71.3 (CH,), 61.5 (CHy), 3.2 (CHy).

Data for 2-[2-(2-lodoethoxy)ethoxy]ethanol (36b): *H NMR (CDClIs,
300MHz) 84 7.94 (d, J = 9.0 Hz, 2H, ArH), 7.86 (d, J = 8.4 Hz, 2H, ArH),
7.42 (d, J=9.0 Hz, 2 H, ArH), 7.34-7.19 (m, 4H), 7.12 (d, J = 8.4 Hz, 2H,
ArH), 4.16-3.09 (m, 26H, ); *C-NMR (75.4 MHz, CDCl;) § 72.4 (CH,),
71.9 (CH,), 70.0 (CH,), 69.9 (CH,), 61.4 (CH,), 3.9 (CH,).

General Procedure for the Synthesis of (S)-(-)-37a, (S)-(-)-37b, and

rac-37h.>*

A

I o0 "oH
O 36an=1 OO
O on 36bn=2 O/(xof)nxOH
OO OH KzCCr)t'3,7e;cEtone O O O\‘<-/O\_>_n/OH
rac-1 (S)-(-)-837an=1 80%
(S)-(-)-1 (S)-(-)-37Tbn=2 85%

rac-37bn=2, 90%
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A mixture of rac-1 or (S)-(-)-34 (rac-34: 1.00 g, 3.5 mmol;
(S)-(-)-34: 1.00 g, 3.5 mmol), 36a or 36b (36a: 1.8 g, 8.4 mmol; 36b: 2.2
g, 8.4 mmol) and K,CO;3; (4.62 g, 35.0 mmol) in acetone (10 mL) was
stirred under N, system at room temperature for three days. After the
addition of 10 mL of acetone, the solid was filtered off and washed with
acetone (10 mL). The organic phase was evaporated to dryness and the
crude material was purified over silica gel column elution with
hexane/acetone (rac-37b : viv = 1/2; (S)-(-)-37a: viv = 1/1; (S)-(-)-37h:
viv = 1/2) to give the compound rac-37b or (S)-(-)-37a or (S)-(-)-37b
(rac-37b: 1.73 g, 90%; (S)-(-)-37a: 1.15 g, 80%; (S)-(-)-37b: 1.63 g, 85%)

as a yellow ail.

Data for (S)-(-)-37a: 'H NMR (CDCls;, 300MHz, Figure ) & 7.99 (d, J =
9.0 Hz, 2 H, ArH), 7.90 (d, J =:8.4 Hz;2H. ArH), 7.45 (d, J = 9.0 Hz, 2H,
ArH), 7.40-7.23 (m, 4H, ArH), 7.17 (d, J = 8.4 Hz, 2H, ArH), 4.33-4.16
(m, 2H, OCH,CH,0), 4.06-4.00 (m, 2H, OCH,CH,0), 3.57-3.38 (m, 8H,
OCH,CH,0), 3.28-3.16 (m, 4H, OCH,CH,0), 2.47 (br s, 2H, CH,OH);
“C-NMR (75.4 MHz, CDCl3) & 154.0 (C,), 133.8 (C,), 129.2 (C,), 129.1
(CH), 127.7 (CH), 126.1 (CH), 125.1 (CH), 123.6 (CH), 120.3 (C,), 115.7
(CH), 72.2 (CH,), 69.5 (CH,), 69.2 (CH,) , 61.2 (CH,); [a]o*° = -21.6 (c =
0.025, CHCI3). FAB-MS: m/z (%) 486 (M + Na*, 9), 463 (M*, 100), 239
(45).

Data for (S)-(-)-37b: '"H NMR (CDCl;, 300MHz, Figure ) 8, 7.94 (d, J =
9.0 Hz, 2H, ArH), 7.86 (d, J =8.4 Hz, 2 H, ArH), 7.42 (d, J = 9.0 Hz, 2H,
ArH), 7.34-7.19 (m, 4H), 7.12 (d, J = 8.4 Hz, 2H, ArH), 4.17-3.10 (m,
26H, ), (br s, 2H, OH); *C-NMR (75.4 MHz, CDCl3) § 154.1 (C,), 134.0
(Cy), 129.3 (Cy), 129.2 (CH), 127.7 (CH), 126.2 (CH), 125.3 (CH), 120.4
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(Cq), 115.5 (CH), 72.3 (CH,), 70.4 (CH,), 70.1 (CH,) , 69.8 (CH,), 69.5
(CH,), 61.5 (CH,); [0]o? = -39.7 (c = 0.030, CHCl,). FAB-MS: m/z (%)
573 (M + Na*, 11), 551 (M*, 100).

General Procedure for the Synthesis of (S)-(-)-38a, (S)-(-)-38b.>*

OO O/_%\O/_%”\OH TsCl OO O/_<_\/a_\

O 'NOTs

O O  OH QO , 0  oOT
OO \{_/\_}_n/ TEA,IrDt.N‘I‘/-gPHDCM OO \{_/\%/ s

(S)-(-)-37an=1 (S)-(-)-38an=1 76%
(S)-(-)-37b_n =2 (S)-(-)-38bn=2 77%
rac-37b n=2 rac-38b n=2 58%

A mixture of diol (S)-(-)-37a or (S)-(-)-37b or rac-37b ((S)-(-)-37a:
1.10 g, 2.40 mmol; (S)-(-)-37b::0.83 g, 1.50 mmol; rac-37b: 0.60 g, 1.09
mmol), p-toluenesulfonyl chloride (1.80 g, 9.4 mmol; 1.15 g, 6.0 mmol,
0.83 g, 4.86 mmol), EtzN (1.32 mL, 9.40 mmol; 0.61 mg, 6.00 mmol;
0.83 g, 4.36 mmol) and a catalytic amount of 4-(dimethylamino) pyridine
were dissolved in CH,CI, (55 mL), and this solution was stirred under N,
system at room temperature for two days. The crude material was purified
over silica gel column elutiong with hexane/acetone ((S)-(-)-38a: viv =
5/1; (S)-(-)-38b: v/v = 3/1; rac-38b : v/v = 3/1) to give the compound
(S)-(-)-38a or (S)-(-)-38b or rac-38b ((S)-(-)-38a: 1.39 g, 76%;
(S)-(-)-38b: 0.71 g, 77%; rac-38b: 0.54 g, 58%) as a yellow oil.

Data for (S)-(-)-38a: '"H NMR (CDCls, 300MHz) &, 7.90 (d, J = 9.0 Hz,
2H, ArH), 7.81 (d, J = 8.0 Hz, 2H, ArH), 7.72-7.69 (m, J = 4H, ArH),
7.34 (d, J=9.0 Hz, 2H, ArH), 7.32-7.16 (m, 6H, ArH), 7.21-7.10 (m, 4H,
ArH), 4.07-3.95 (m, 4H, OCH,CH,0), 3.67-3.59 (m, 4H, OCH,CH,0),
3.37 (t, J = 4.5 Hz, 4H, OCH,CH,0), 3.03-2.88 (m, 4H, OCH,CH,0),
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2.42 (s, 6H, ArCHs); *C-NMR (75.4 MHz, CDCls, Figure ) 5 153.9 (Cy),
144.6 (Cy), 133.8 (Cy), 132.9 (Cy), 129.6 (CH), 129.2 (CH), 129.1 (C,),
127.8 (CH), 127.7 (CH), 126.2 (CH), 125.2 (CH), 123.6 (CH), 120.1 (C,),
115.1 (CH), 69.8 (CH,), 69.3 (CH,), 69.1 (CH,), 68.3 (CH,), 21.5 (CH5);
[a]o? = -32.2 (c = 0.023, CHCI,). FAB-MS: m/z (%) 771 (M*, 100), 308
(31).

Data for (S)-(-)-38b: *"H NMR (CDCl;, 300MHz, Figure ) 8,4 7.91 (d, J =
9 Hz, 2H, ArH), 7.83 (d, J = 8.1 Hz, 2H, ArH), 7.75 (d, J = 8.1 Hz, 2H,
ArH), 7.39 (d, J = 9.0 Hz, 2H, ArH) 7.30 (d, J = 8.1 Hz, 2 H, ArH),
7.18-7.10 (m, 10H,ArH), 4.08-4.01 (m, 8H), 3.46-3.42 (m, 8H), 3.12-2.99
(m, 8H) 2.39 (s, 6H, ArCHs); *C-NMR (75.4 MHz, CDCls, Figure ) §
154.1 (C,), 144.7 (Cy), 133.9 (Cy), 132.8 (C,), 129.7 (CH), 129.2 (C,),
129.2 (CH), 127.8 (CH), 127:7_(CH); 126.2 (CH), 125.3 (CH), 123.6
(CH), 120.3 (C,), 115.4 (CHY), 70.4 (CH,), 70.3 (CH,), 69.8 (CH,), 69.5
(CH,), 69.1 (CH,), 68.3 (CH3);-21.5 (CH3): [0]o® = -37.9 (c = 0.025,
CHCI,). FAB-MS: m/z (%) 882 (M + Na*, 3), 859 (M*, 100).

25,26-bis[(2-benzloxy]-27,28-dihydroxy-p-tertbutylcalix[4]arene 39.%%

g ‘ ) NaH, CH3CN, rt. 2 h
OH OH OH HO

20
39 42%

A mixture of tert-butylcalix[4]arene 20 (2.0 g, 3.1mmol) and sodium
hydride (0.62 g, 15.4 mmol) was stirred at room temperature for 1 h.

Then, benzylbromide (1.16 g 6.8 mmol) was added to the solution at
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room temperature for 1.2 h. Then a small amount of 10% HCI was added
to quench the reaction. The solvent was removed under reduced pressure,
and the residue was partitioned between water and CH,Cl,. The organic
layer was dried over anhydrous MgSQO,. The crude material was purified
over silica gel column elutiong with hexane/ CH,Cl, (v/v = 3/1) to give
1.07 g (42%) of the title compound 39 as a white solid. (lit 56b); *"H NMR
(CDCls, 300MHz) 64 9.09 (s, 2 H, ArOH), 7.99 (d, J =7.6 Hz, 2 H, ArH),
7.42-6.97 (m, 16H, ArH), 5.11 (d, J = 11.2 Hz, 2H, ArOCH,Ar), 4.88 (d,
J =11.2 Hz, 2H, ArOCH,Ar), 4.52 (d, 13.0 Hz, 1H, ArCH,Ar), 4.28-3.34
(m, 5H, ArCH,Ar), 3.25 (d, 13.0 Hz, 1H, ArCH,Ar), 1.27-1.20 (m, 36H,
CHs); ®C-NMR (75.4 MHz, CDCl3) § 151.2 (Cy), 149.1(C,), 146.5(Cy),
142.1(Cy), 136.9(C,), 133.8(C,), 133.1(C,), 128.9(CH), 128.7 (C,), 128.5
(CH), 128.2 (CH), 127.7 (C), 126.1 (CH), 125.9 (CH), 125.3 (CH),
125.1 (CH), 78.2 (CHy), 34.0 (C),.33:8 (C,), 32.8 (CH,), 32.6 (CHy),
31.5 (CHa), 31.2 (CH3), 31.1 (CHy). FAB-MS: m/z (%) 829 (M", 13), 720
(39), 611 (58), 413 (85), 337 (100); mp 108-111°C.

General Procedure for the Synthesis of (S)-(-)-41a, (S)-(-)-41b,

rac-41a and rac-41b.

OO "’O/ﬁoﬁnjOTs

(0] [o] OT:

oL a
(S)-(-)-38bn=2
rac-38b n=2

'BUOK, Toluene, 70°C, 48 h

(S)-(-)-41lan=2 26% (S)-(-)-41bn=2 38%
rac-4la n=2 30% rac-41b n=2 32%
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A mixture of compound 39 (0.30 g, 0.3 mmol; 0.80 g, 0.96 mmol)
and potassium tert-butyloxide (0.10 mg, 0.9 mmol; 0.27 g, 2.4 mmol) in

toluene (120 mL; 300 mL) was stirred under N, system at 70°C for 0.5 h.
Then the compound (S)-(-)-38b or rac-38b ((S)-(-)-38b: 0.35 mg, 0.4
mmol; rac-12b: 0.96 g, 1.1 mmol) was added to the solution for 48 h. The
solvent was removed under reduced pressure and the residue was
partitioned between water and CH,Cl,. The organic layer was dried over
anhydrous MgSO,. The crude material was purified over silica gel
column elutiong with hexane/ethyl acetate (v/iv = 4/1) to give the
compound (S)-(-)-41a or rac-41a ((S)-(-)-41b: 0.13 g, 26%; rac-41b: 0.15
g, 30%) and the compound (S)-(-)-41b or rac-41b ((S)-(-)-41b: 0.18 g,
38%; rac-41b: 0.16 g, 32%) as a white solid.

Data for (S)-(-)-41a: R; = 0.35(silica, hexane/ethyl acetate = 4/1) ‘H
NMR (CDCls, 300MHz) 8y 7.91 (d, J = 9.0 Hz, 1H, ArH), 7.84 (d, J =
8.2 Hz, 1H, ArH),7.79 (d, J = 8.2 Hz, 1H, ArH), 7.76 (d, J = 9.0 Hz, 1H,
ArH), 7.42 (d, J = 9.0 Hz, 1H, ArH), 7.36-6.61 (m, 25H, ArH), 4.46-4.33
(m, 5H, ArCh,Ar, ArOCH,Ph), 4.10-3.68 (m, 5H, OCH,CH,0, ArCh,Ar),
3.57-2.95 (m, 20H, OCH,CH,0), 2.59-2.46 (m, 2H, OCH,CH,Ar),
1.40-1.26 (m, 18H, CHs), 1.21-1.15 (m, 18H, CH3); **C-NMR (75.4 MHz,
CDCly) 6 154.5 (Cy), 154.4 (C,), 154.2 (C,), 154.1 (Cy), 153.3 (C,), 153.1
(Cy), 1445 (Cy), 1445 (Cy), 144.4 (Cy), 138.4 (C), 138.3 (Cy), 134.6 (Cy),
134.4 (C,), 134.0 (Cy), 133.9 (Cy), 133.8 (Cy), 132.5 (Cy), 132.4 (Cy),
132.2 (Cy), 132.1 (Cy), 129.4 (CH), 129.3 (CH), 129.2 (CH), 129.0 (CH),
127.7 (CH), 127.1 (CH), 126.5 (CH), 126.4 (CH), 126.1 (CH), 126.0
(CH), 125.5 (CH), 125.4 (CH), 125.3 (CH), 125.2 (CH), 123.6 (CH),
123.4 (CH), 120.6 (C,), 120.3 (C,), 116.1 (CH), 116.0 (CH), 74.2 (CHy),
74.1 (CH,), 70.7 (CH,), 70.5 (CH,), 70.4 (CH,), 70.2 (CH,), 69.7 (CH,),
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69.6 (CH,), 69.5 (CH,), 68.6 (CH,), 68.5 (CH,), 38.9 (CH,), 34.1 (C,),
34.0 (Cy), 33.9 (Cy), 33.8 (Cy), 31.7 (CHs), 31.5 (CHg), 31.7 (CH,), 31.5
(CH,), 31.4 (CH,); mp 112-114°C; [a]o®> = -38.9 (c = 0.013, CHCIs).
FAB-MS: m/z (%) 1366 (M + Na*, 3), 611 (66), 313 (100).

Data for rac-4la: Ry =0.35 (silica, hexane/ethyl acetate = 4/1) mp
110-113 °C *H NMR (CDCls5, 300MHz) &, 7.92 (d, J = 9.0 Hz, 1H, ArH),
7.85(d, J=8.0Hz, 1H, ArH),7.79 (d, J =8.0 Hz, 1H, ArH), 7.78 (d, J =
9.0 Hz, 1H, ArH), 7.42 (d, J = 9.0 Hz, 1H, ArH), 7.336-6.62 (m, 25H,
ArH), 4.47-4.34 (m, 6H, ArCh,Ar, ArOCH,Ph), 4.34-3.95 (m, 29H,
OCH,CH,0, ArCh,Ar ), 2.63-2.45 (m, 2H, OCH,CH,Ar), 1.40-1.26 (m,
18H, CHs), 1.21-1.15 (m, 18H, CHj).

Data for (S)-(-)-41b: R; = 0.23 (silica, hexane/ethyl acetate = 4/1) 'H
NMR (CDCl;, 300MHz) 8y 7.89-7.81 (m, 4 H, ArH), 7.42-6.72 (m, 26H,
ArH), 4.93-4.83 (m, 4H, ArOCH,Ar), 4.47 (d, 1H, J = 12.6 Hz,
ArCH,Ar), 4.28 (d, 1H, J = 12.5 Hz, ArCH,Ar) 4.26 (d, 1H, J = 12.5 Hz,
ArCH,Ar), 4.17-3.31 (m, 24H, OCH,CH,0), 3.09 (d, 1H, J = 12.6 Hz,
ArCH,Ar), 3.01 (d, 1H, J = 12.6 Hz, ArCH,Ar), 2.99 (d, 1H, J = 12.6 Hz,
ArCH,Ar), 2.89 (d, 1H, J = 12.6 Hz, ArCH,Ar), 1.09-1.06 (m, 36H, CH3);
BC-NMR (75.4 MHz, CDCls) § 154.4 (C), 153.2 (Cy), 153.1 (Cy), 157.0
(Cy), 152.6 (Cy), 144.6 (Cy), 144.5 (Cy), 138.3 (Cy), 134.0 (Cy), 133.9 (Cy),
133.8 (Cy), 133.7 (Cy), 129.8 (CH), 129.6 (CH), 129.3 (CH), 129.2 (CH),
129.1 (CH), 128.0 (CH), 127.9 (CH), 127.7 (CH), 127.6 (CH), 126.2
(CH), 126.1 (CH), 125.5 (CH), 125.4 (CH), 125.0 (CH), 124.9 (CH),
123.6 (CH), 123.5 (CH), 120.6 (Cy), 120.4 (C), 116.0 (CH), 115.9 (CH),
72.8 (CH,), 72.7 (CH,), 70.7 (CH,), 70.4 (CH,), 70.2 (CH,), 69.7 (CH,),
69.6 (CH,), 33.8 (C), 33.7 (Cy), 31.6 (CH3), 31.4 (CHj3), 31.1 (CH,3), 31.0
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(CH,); mp 109-111°C; [a]o?® = -39.6 (c = 0.013, CHCl5). FAB-MS: m/z
(%) 1366 (M + Na*, 3), 611 (100), 313 (74).

Data for rac-4la: Ry =0.23 (silica, hexane/ethyl acetate = 4/1) mp
109-111 °C. *H NMR (CDCl;, 300MHz) &, 7.88 (d, J = 9.0 Hz, 1 H,
ArH), 7.84 (d, J = 9.0 Hz, 1H, ArH), 7.87-7.83 (m, 2H, ArH), 7.42-6.73
(m, 26H, ArH), 4.90-4.87 (m, 4H, ArOCH,Ar), 4.48 (d, 1H, J = 12.6 Hz,
ArCH,Ar), 4.31-3.35 (m, 27H, OCH,CH,0), 3.09 (d, 1H, J = 12.9 Hz,
ArCH,Ar), 3.03-2.95 (m, 2H, ArCH,Ar), 2.96 (d, 1H, J = 12.6 Hz,
ArCH,Ar), 1.10-1.07 (m, 36 H, CHj,).

General Procedure for the Synthesis of rac-42b ~ (S)-(-)-42b.

H,, Pd/C
£

AcOH, THF/MeOH (v/v = 4/5) O O

H,, Pd/C

AcOH, THF/MeOH (v/v = 4/5)
rt. 18 h

- (S)-(-)-42b n =2 82%
Eiglﬁi)lﬁ 1b,? :_22 rac-42b n=2 91%
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The stirred mixture of the substrate rac-4la or rac-41b or
(S)-(-)-41b (rac-41a: 60 mg, 0.04 mmol; rac-41b: 100 mg, 0.07 mmol;
(S)-(-)-41b: 100 mg, 0.07 mmol), 10% Pd/C (en) (90% of the weight of
the substrate; 70% of the weight of the substrate) in MeOH, and THF (v/v
= 4/5, 27 mL; viv = 4/5, 45 mL) was hydrogenated at ordinary pressure
(balloon) and room temperature for 12 h or 18 h. The Pd/C was removed
by suction filtration, and the solvent was removed under reduced pressure.
The crude material was purified over silica gel column elutiong with
hexane/ethyl acetate (v/v = 5/1) to give the compound rac-42a or rac-42b
or (S)-(-)-42b (rac-42a: 33.7 mg, 65%; rac-42b: 71.0 mg, 91%;
(S)-(-)-42b: 64.0 mg, 82%) as a white solid.

Data for rac-42b: *H NMR (CDCl;, 300MHz) &, 8.60 (s, 1H, ArOH),
8.56 (s, 1H, ArOH), 7.92-7.83 (m,4H, ArH), 7.45 (d, J = 9.0 Hz, 1H,
ArH), 7.35 (d, J = 9.0 Hz, 1H, ArH), 7.31-6.90 (m, 14H), 4.53 (d, 1H, J =
13 Hz, ArCH,AT), 4.40 (d, 1H,J = 12.6 Hz, ArCH,Ar), 4.38 (d, 1H, J =
12.6 Hz, ArCH,Ar), 4.281-3.38 (m, 24H, OCH,CH,0), 3.29 (d, 1H, J =
12.6 Hz, ArCH,Ar), 1.21-1.08 (m, 36H, ArC(CHa)s).

Data for (S)-(-)-42b: *H NMR (CDCl;, 300MHz) 3, 8.60 (s, 1 H, ArOH),
8.56 (s, 1 H, ArOH), 7.92-7.83 (m, 4 H, ArH), 7.45 (d, J = 9.0 Hz, 1 H,
ArH), 7.35 (d, J = 9.0 Hz, 1 H, ArH), 7.31-6.90 (m, 14 H), 453 (d, 1 H, J
= 13 Hz, ArCH,Ar), 4.40 (d, 1 H, J = 12.6 Hz, ArCH,Ar), 4.38 (d, 1L H, J
= 12.6 Hz, ArCH,Ar), 4.281-3.38 (m, 24 H, OCH,CH,0), 3.29 (d, 1 H, J
=12.6 Hz, ArCH,Ar), 1.21-1.08 (m, 36 H, ArC(CHys)s3).
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General Procedure for the Synthesis of (S)-(-)-42a and (S)-(-)-42b.

O/%\O/?:OTS
O O o \<—/o \%n/OTs

(S)-(-)-38an=1
(S)-(-)-38bn=2

" NaH, CH4CN, 70°C, 48 h

OH OH QH HO

20

(S)-(-)-42an =
(S)-(-)-42bn=2

A mixture of tert-butylcalix[4]arene 20 (1.18 g, 1.8 mmol; 1.00 g, 1.5
mmol) and sodium hydride ( 0.22 g, 8.9 mmol; 0.19 g, 7.7 mmol) in
acetonitrile (240 mL; 200 mL) was stirred under N, system at 70°C for 1
h. Then, compound (S)-(-)-38a: or (S)-(-)-38b ((S)-(-)-38a: 1.70 g, 2.2
mmol; (S)-(-)-38b: 1.52 g, 1.8 mmol) was added to the solution at 70°C
for 2 days. Then a small amount of 10% HCI was added to quench the
reaction. The solvent was removed under reduced pressure, and the
residue was partitioned between water and CH,Cl,. The organic layer was
dried over anhydrous MgSQO,. The crude material was purified over silica
gel column elutiong with hexane/ethylacetate ((S)-(-)-42a: viv = 15/1;
(S)-(-)-42b: v/v = 2/1) to give the compound (S)-(-)-42a or (S)-(-)-42b
((S)-(-)-42a: 0.81g, 50%; (S)-(-)-42b: 1.12g, 60%) as a white solid.

Data for (S)-(-)-42a: 'H NMR (CDCl,, 300MHz) 8y 8.78 (S, 1 H, ArOH),
8.21 (s, 1 H, ArOH), 7.97 (d, J = 9.0 Hz, 1 H, ArH), 7.92-7.81 (m, 3H,
ArH), 7.57 (d, J = 9.0 Hz, 1H, ArH), 7.49 (d, J = 9.0 Hz, 1H, ArH),
7.34-7.13 (m, 6H), 7.11 (d, J = 2.1 Hz, 1H, ArH), 7.06 (d, J = 2.1 Hz, 1H,
ArH), 6.98 (d, J = 2.1 Hz, 1H, ArH), 6.95 (d, J = 2.1 Hz, 1H, ArH), 6.87
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(d, J = 2.3 Hz, 1H, ArH) 6.85 (d, J = 2.3 Hz, 1H, ArH), 6.69 (d, J = 2.5
Hz, 1H, ArH), 6.67 (d, J = 2.5 Hz, 1H, ArH), 4.61-4.41 (m, 3H, ArCH,Ar,
OCH,CH,0), 4.33-3.63 (m, 14H, ArCH,Ar, OCH,CH,0), 3.55-3.51 (m,
3H, OCH,CH,0), 3.31-3.21 (m, 4H, ArCH,Ar), 1.26 (s, 1H, ArC(CHy)s),
1.23 (s, 1H, ArC(CHs)s), 1.11 (s, 1H, ArC(CHs)s), 0.91 (s, 1H,
ArC(CHs)s); C-NMR (75.4 MHz, CDCl;) & 154.5 (C,), 154.0 (Cy),
152.0 (C,), 151.5 (C), 150.0 (C,), 147.6 (C,), 146.6 (C,), 145.3 (C,),
142.4 (Cy), 1415 (Cy), 134.9(Cy), 134.1 (C,), 134.0 (C,), 133.6 (Cy),
133.1 (Cy), 132.5 (Cy), 129.8 (Cy), 129.6 (CH), 129.5 (C,), 129.2 (Cy),
129.1 (CH), 128.0 (CH), 127.9 (CH), 127.8 (C,), 127.5 (Cy), 127.2 (Cy),
126.6 (CH), 126.2 (CH), 126.0 (CH), 125.4 (CH), 125.3 (CH), 125.2
(CH), 125.0 (CH), 125.0 (CH), 124.9 (CH), 124.8 (CH), 123.8 (CH),
123.4 (CH), 121.3 (C), 119.7 (C), 117.0 (CH), 114.9 (CH), 74.9 (CH,),
74.5 (CH,), 70.8 (CH,),70.6 (CH,), 70.4(CH,), 70.0 (CH,), 69.9 (CH,),
69.1 (CH,), 35.4 (Cy), 34.1 (C;), 33.8 (Cy), 33.7 (C,), 32.4 (CHy), 32.0
(CH,), 31.6 (CH3), 31.4 (CH3),:31.3 (CHs), 31.0 (CH3), 30.9 (CH,), 30.8
(CH,); mp 166-170°C; [o]p® = -115.5 (c = 0.01, CHCIl;). FAB-MS: m/z
(%) 1098 (M + Na*, 5), 1075 (M", 32), 611 (40), 337 (58), 313 (100).

Data for (S)-(-)-42b: *H NMR (CDCls, 300MHz) 5, 8.60 (s, 1H, ArOH),
8.56 (s, 1H, ArOH), 7.92-7.83 (m, 4H, ArH), 7.45 (d, J = 9.0 Hz, 1H,
ArH), 7.35 (d, J = 9.0 Hz, 1H, ArH), 7.31-6.90 (m, 14H), 4.53 (d, 1H, J =
13 Hz, ArCH,Ar), 4.40 (d, 1H, J = 12.6 Hz, ArCH,Ar), 4.38 (d, 1H, J =
12.6 Hz, ArCH,Ar), 4.281-3.38 (m, 24H, OCH,CH,0), 3.29 (d, 1H, J =
12.6 Hz, ArCH,Ar), 1.21-1.08 (m, 36H, ArC(CHs)s); *C-NMR (75.4
MHz, CDCl3) & 154.58 (C,), 154.43 (C,), 151.64 (C,), 15159 (C,),
148.97 (C,), 148.83 (C,), 146.13 (C), 142.07 (C,), 142.01 (C,), 134.05
(Cy), 133.99 (C,), 133.76 (C,), 133.71 (C,), 133.71 (C,), 133.55 (C,),
133,51 (C,), 129.47 (CH), 129.42 (CH), 129.37 (CH), 128.71 (C,),
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128.54 (Cg), 127.89 (CH), 127.82 (CH), 127.78 (CH), 127.74 (CH),
126.19 (CH), 126.15 (CH), 125.85 (CH), 125.75 (CH), 125.48 (CH),
125.36 (CH), 125.12 (CH), 125.05 (CH), 123.61 (CH), 120.62 (C,),
120.59 (Cy), 116.51 (CH), 115.95 (CH), 74.61 (CH,), 70.83 (CH,), 70.75
(CH,), 70.65 (CH,), 70.31 (CH,), 70.26 (CH,), 70.15 (CH,), 69.98 (CH,),
69.82 (CH,), 33.95 (Cy), 33.81 (Cy), 32.54 (CH,), 31.81 (CH,), 31.53
(CHs), 31.51(CHs), 31.25(CHs), 31.01 (CH,); mp 125-129°C; [a]o® =
-87.9 (¢ = 0.011, CHCI3) FAB-MS: m/z (%) 1186 (M + Na, 40), 1163
(M*, 9), 612 (27), 337 (53), 313 (100).

General Procedure for the Synthesis of (S)-(-)-43a, (S)-(-)-43b.

).
(0]
f } Br g~ (10 ea) ):
O

O

}n NaH, THF;-70°C; 24 h ) ) n{

1 (S)-(-)-43an=1 93%
2 (S)-(-)-43b n = 2, 86%

A mixture of compound (S)-(-)-42a or (S)-(-)-42b ((S)-(-)-42a: 0.2 g,
0.19 mmol; (S)-(-)-42b: 0.5 g, 0.42 mmol) and sodium hydride (44 mg,
1.83 mmol; 0.1 g, 4.15 mmol) in acetonitrile (20 mL; 50 mL) was stirred
vigorously at 70°C for 1 h. Then, ethyl 2-bromoacetate (310 mg, 1.83
mmol; 0.7 g, 4.15 mmol) was added to the solution at 70°C for 1 day. The
solvent was removed under reduced pressure, and the residue was
purified over silica gel column elutiong with hexane/ethylacetate
((S)-(-)-43a: viv = 4/1; (S)-(-)-43b: v/iv = 1/1) to give the compound
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(S)-(-)-43a or (S)-(-)-43a ((S)-(-)-43a: 0.21 g, 93%; (S)-(-)-43b: 0.45 g,
86%) as a white solid.

Data for (S)-(-)-43a: 'H NMR (CDCl,;, 300MHz) &y 7.98-7.82 (m, 4H,
ArH), 7.52-7.45 (m, 2H, ArH), 7.34-7.05 (m, 6H, ArH), 6.81-6.75 (m, 8H,
ArH), 4.92-4.83 (m, 2H, OCH,C(0)), 4.69-4.58 (m, 2H, OCH,C(0)),
4.52-4.31 (m, 3H, ArCh,Ar, OCH,CH,0) , 4.26-3.58 (m, 21H, ArCh,Ar,
OCH,CH,0), 3.20-3.11 (m, 4 H, ArCh,Ar), 1.31-1.25 (m, 3H,
OCH,CHs), 1.22-1.17 (m, 3H, OCH,CHj), 1.10 (s, 9H, ArCCH3), 1.08 (s,
9H, ArC(CHs)3), 1.06 (s, 9H, ArCCH3), 1.05 (s, 9H, ArCCH3); *C-NMR
(75.4 MHz, CDCl3) § 171.7 (Cg), 170.8 (C,), 1705 (Cy), 170.4 (Cy),
154.6 (C,), 154.2 (Cy), 153.3 (C), 153.1 (C), 145.0 (C,), 144.9 (Cy),
144.8 (C,), 144.7 (Cy), 134.2 (Cy), 134.0 (Cy), 133.9 (C,), 133.8 (Cy),
1335 (Cy), 133.3 (Cy), 133.1 (Cy), 129.4 (CH), 129.2 (CH), 129.1 (CH),
127.8 (CH), 127.7 (CH), 126.3 (CH), 126.1 (CH), 125.5 (CH), 125.4
(CH), 125.3 (CH), 125.2 (CH), 125.0 (CH), 124.8 (CH), 123.4 (CH),
120.2 (Cg), 120.0 (Cy), 116.3 (CH), 114.9 (CH), 72.9 (CH,), 71.7 (CH,),
71.6 (CH,), 70.4 (CH,), 70.0 (CH,), 69.5 (CH,), 69.3 (CH,), 69.0 (CH,),
68.6 (CH,), 60.6 (CH,), 60.3 (CH,), 55.1 (CH,), 33.8 (C,), 31.7 (CHa),
31.3 (CH3), 31.1 (CH,), 30.9 (CH,), 14.1 (CHs); mp 115-117°C; [a]o** =
-56.5 (c = 0.001, CHCI;). FAB-MS: m/z (%) 1286 (M + K", 5), 1270 (M
+ Na*, 100), 611 (41), 607 (42), 313 (40).

Data for (S)-(-)-43b: *H NMR (CDCl,, 300MHz) &, 7.94 (d, J = 8.9 Hz,
1H, ArH), 7.87-7.81 (m, 3H, ArH), 7.47 (d, J = 8.9 Hz, 1H, ArH),
7.38-7.08 (m, 7H, ArH), 6.82-6.78 (m, 8H, ArH), 4.88-4.59 (m, 7H,
OCH,C(0), ArCh,Ar), 4.44 (d, J = 12.6 Hz, 1H, ArCh,Ar), 4.21-3.38 (m,
28H, OCH,CH,0, ArCh,Ar, OCH,CHs), 3.22-3.09 (m, 4H, ArCh,Ar
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OCH,CH), 1.29-1.19 (m, 6H, OCH,CHy), 1.09-1.07 (m, 36H, ArCHy);
BC-NMR (75.4 MHz, CDCls) 5 170.51 (C,), 154.49 (C,), 153.17 (Cy),
144.99 (C,), 144.82 (Cy), 144.78 (C,), 134.17 (C,), 134.09 (Cy), 134.02
(Co), 133.82 (C,), 133.68 (C,), 133.51 (Cy), 133.39 (Cy), 133.26 (C,),
133.18 (C,), 129.44 (CH), 129.40 (CH), 129.29 (CH), 129.17 (CH),
127.82 (CH), 127.80 (CH), 126.21 (CH), 126.16 (CH), 125.49 (CH),
125.39 (CH), 125.32 (CH), 125.07 (CH), 124.97 (CH), 123.65 (CH),
123.56 (CH), 120.76 (C,), 120.47 (C,), 116.29 (CH), 116.21 (CH), 72.93
(CH,), 72.72 (CH,), 71.70 (CH,), 71.59 (CH,), 70.73 (CH,), 70.61 (CH,),
70.46 (CH,), 70.34 (CH,), 70.19 (CH,), 70.08 (CH,), 69.99 (CH,), 69.82
(CH,), 69.65 (CH,), 60.42 (CH,), 33.85 (C,), 33.83 (C), 33.81 (Cy),
31.43 (CH), 31.42 (CHy), 31.37 (CH,), 31.25 (CH,), 30.94 (CH.,), 14.24
(CHs); mp 100-103°C; [a]o®® = -59.4 (¢ = 0.006, CHCls). FAB-MS: m/z
(%) 1376 (M + K, 2), 1359 (M:* Na®, 100), 608 (68).

General Procedure for the Synthesis-of (S)-(-)-44a and (S)-(-)-44b.

NaOH

THF/H,0 (viv = 2/1),
reflux, 18 h

A mixture of compound (S)-(-)-43a or (S)-(-)-43b ((S)-(-)-43a: 150 mg,
0.12 mmol; (S)-(-)-43b: 100 mg, 0.075 mmol) and sodium hydroxide
(150 mg, 3.75 mmol; 150 mg, 3.75 mmol) in THF and water (v/iv =
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2/1,48 mL; viv = 2/1, 30mL) was stirred vigorously and heated at reflux
for 18 h. The solvent was removed under reduced pressure, and the crude
in water was partitioned between 10% HCI (50 mL) and CH,Cl,. The
organic layer was dried over anhydrous MgSO,. The crude material was
purified over silica gel column elutiong with hexane/acetone ((S)-(-)-44a:
viv = 3/1; (5)-(-)-44b: v/iv = 1/3) containing increasing amounts of
CH3;OH from 0 to 50%) to give the compound (S)-(-)-44a or (S)-(-)-44a
((S)-(-)-44a: 0.14 g, 92%; (S)-(-)-44b: 0.09 g, 90%) as a white solid.

Data for (S)-(-)-44a: 'H NMR (CDCl,, 300MHz) &y 7.83-7.70(m, 4H,
ArH), 7.31-6.91 (m, 16H, ArH), 4.89-4.57 (m, 4H, ArCh,A, OCH,C(0)),
4.36-3.11 (m, 24H, ArCh,A, OCH,C(0), OCH,CH,0), 1.18 (s, 9H,
ArCCHs), 1.13 (s, 9H, ArCCHj), 1.08 (s, 9H, ArCCHs), 1.03 (s, 9H,
ArC(CHs)3); *C-NMR (75.4 MHz;€DCls) § 175.22 (C,), 154.44 (C,),
153.93 (C,), 151.34 (C,), 150.26 (Cy), 149.81 (C,), 149.25 (C,), 146.68
(Cy), 146.61 (C,), 146.08 (C,), 135.79(C,), 135.25 (C,), 134.86 (C,),
134.47 (Cy), 134.11 (C,), 133.92 (C,), 130.18 (CH), 128.95 (CH), 128.83
(CH), 128.10 (CH), 127.64 (CH), 126.06 (CH), 125.86 (CH), 125.26
(CH), 124.40 (CH), 123.28 (CH), 122.82 (CH), 120.55 (C,), 118.62 (C,),
114.96 (CH), 114.57 (CH), 113.87 (CH), 76.05 (CH,), 75.73 (CH,), 75.30
(CH,), 69.97 (CH,), 69.28 (CH,), 68.91 (CH,), 33.94 (C,), 33.85 (C,),
33.62 (Cy), 31.35 (CHs), 31.22 (CHs), 29.96 (CH,), 29.63 (CH,), 29.30
(CH,); mp 254-256°C; [a]p = -92.0 (c = 0.005, CHCls); [a]po™> = -92.0 (c
= 0.005, CHCl5). FAB-MS: m/z (%) 1252 (M + Na* + K*, 16), 1236 (M +
2Na", 40), 1213 (M + Na*, 29), 607 (100), 239 (51).

Data for (S)-(-)-44b: *H NMR (CDCls, 300MHz) §,7.93 (d, J = 9.0 Hz,
1H, ArH), 7.85-7.78 (m, 3H, ArH), 7.53 (d, J = 9.0 Hz, 1H, ArH), 7.42 (d,
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J=8.9 Hz, 1H, ArH), 7.32-6.99 (m, 14H, ArH), 4.69 (d, J = 12.2 Hz, 1H,
ArCh,Ar), 4.39-3.13 (m, 37H, ArCh,Ar, OCH,C(0), OCH,CH,0),
1.14-1.10 (m, 36H, ArC(CHa)3); *C-NMR (75.4 MHz, CDCl;) & 174.46
(Cy), 174.39 (C,), 154.49 (C,), 154.17 (C,), 150.20 (C,), 149.77 (C,),
149.49 (C,), 149.20 (C,), 146.87 (C,), 146.66 (C,), 135.20 (C,), 134.54
(Cy), 134.48 (C,), 134.44 (C,), 134.38 (C,), 134.17 (C,), 134.02 (C,),
133.96 (C,), 129.48 (CH), 129.41 (Cy), 129.19 (C,), 128.92 (CH), 127.90
(CH), 127.64 (CH), 126.17 (CH), 125.68 (CH), 125.49 (CH), 125.34
(CH), 125.22 (CH), 125.11 (CH), 125.05 (CH), 123.69 (CH), 123.42
(CH), 121.04 (C,), 119.73 (C,), 116.80 (CH), 115.12 (CH), 76.01 (CH,),
75.85 (CH,), 75.23 (CH,), 74.78 (CH,), 70.46 (CH,), 70.38 (CH,), 70.17
(CH,), 70.11 (CH,), 69.97 (CH,), 69.87 (CH,), 69.44 (CH,), 68.63 (CH,),
68.38 (CH,), 34.00 (C,), 33.96 (Cy), 31.54 (CHs), 31.31 (CHs), 31.26
(CHs), 30.23 (CH,), 30.11 (CHy), 29.91 (CH,), 29.48 (CH,); mp 218-220
°C; [0]o™ = -72.4 (c = 0.013,;CHCls). FAB-MS: m/z (%) 1341 (M + Na"
+ K*, 7), 1325 (M + 2Na*, 9),.1303 (M + Na*, 15), 624 (45), 608 (43),
307 (100).

25,26-[(S)-(-)-2,2'-binaphthyl-crown-8]-27,28-di-(N,N-diethylacetami
de)-p-tertbutylcalix[4]arene (S)-(-)-45.

.
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A mixture of compound (S)-(-)-42b (0.10 g, 0.09 mmol) and sodium
hydride (0.02 g, 0.86 mmol) in acetonitrile (10 mL) was stirred
vigorously at 70°C for 1 h. Then, 2-chloro-N,N-diethylacetamide (0.17 g,
0.86 mmol) was added to the solution at 70°C for 3 day. The solvent was
removed under reduced pressure, and the residue was purified over silica
gel column elutiong with hexane/ethylacetate (v/v = 1/3) to give 0.11 g
(92%) of the title compound as a white solid. '"H NMR (CDCl;, 300MH?z)
o1 7.96 (d, J =9.0 Hz, 1H, ArH), 7.88-7.78 (m, 3H, ArH), 7.46 (d, J=9.0
Hz, 1H, ArH), 7.38-7.08 (m, 15H, ArH), 4..72-4.58 (m, 3H, OCH,C(O)),
4.4 (d, 1H, J = 12.2 Hz, ArCH,Ar), 4.32-4.00 (m, 11H, OCH,CH,0,
ArCH,Ar), 3.92-3.19 (m, 29H, OCH,CH,0O, ArCH,Ar), 1.23-1.14 (m,
48H, ArC(CH;)s, NCH,CH;); C-NMR (75.4 MHz, CDCl;) § 166.99
(Cy), 166.89 (C,), 154.38 (Cg), 154.16 (Cy), 150.03 (C,), 149.99 (C,),
149.56 (C,), 149.33 (C,), 148.05 (Cg), 147.22 (C,), 147.14 (C,), 134.84
(Cy), 134.09 (C,), 133.99 (Cy), 133.92 (Cy), 133.87 (Cy), 129.34 (CH),
129.24 (CH), 129.20 (CH), 129.13 (CH), 127.70 (CH), 126.22 (CH),
126.14 (CH), 125.86 (CH), 125.70 (CH), 125.51 (CH), 125.45 (CH),
125.37 (CH), 1215.32 (CH), 123.62 (CH), 120.68 (Cy), 120.19 (C),
116.40 (CH), 115.41 (CH), 75.64 (CH,), 75.16 (CH,), 73.67 (CH,), 70.75
(CH,), 70.41 (CH,), 69.86 (CH,), 69.75 (CH,), 69.41 (CH,), 69.07 (CH,),
68.46 (CH,), 40.74 (CH,), 40.18 (CH,), 34.04 (C,), 33.96 (C,), 31.18
(CHs), 29.97 (CH,), 29.77 (CH,), 29.57 (CH,), 14.10 (CHs), 13.11 (CHs,),
13.01 (CH3); mp 120-123°C; [a]o>> = -50.9 (¢ = 0.011, CHCI;). FAB-MS:
m/z (%) 1428 (M + K", 5), 1413 (M + Na", 100), 608 (100).
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25,26-[rac-2,2'-binaphthyl-crown-8]-27,28-dipropyl-p-tertbutylcalix[4
]Jarene (S)-(-)-46.

A~

NaH, CH3CN, 70°C, 24 h

98%

A mixture of compound (S)-(-)-42b (0.40 g, 0.34 mmol) and sodium
hydride (0.08 g, 3.40 mmol) in, acetonitrile (50 mL) was stirred
vigorously at 70°C for 1 h. Then,; propyl-iodide (0.34 mL, 3.40 mmol)
was added to the solution at-70°C for 1 ‘day. The solvent was removed
under reduced pressure, and ‘the residue was purified over silica gel
column elutiong with hexane/ethylacetate (v/v = 2/1) to give 0.42 g (98%)
of the title compound as a white solid. *H NMR (CDCl,;, 300MHz)
7.93 (d, J = 9.0 Hz, 1H, ArH), 7.86-7.80 (m, 3H, ArH), 7.46 (d, J =9.0
Hz, 1H, ArH), 7.38-7.27 (m, 3H, ArH), 7.23-7.09 (m, 4H, ArH),
6.83-6.76 (m, 8H, ArH), 4.52-4.44 (m, 3H, OCH,CH,CH), 4.37 (d, 1H, J
= 13 Hz, ArCH,Ar), 3.63-3.30 (m, 12H, OCH,CH,0, ArCH,Ar), 3.12 (d,
4H, J = 13 Hz ArCH,Ar), 2.06-1.96 (m, 4H, OCH,CH,CH3), 1.10-1.08
(m, 36H, ArC(CHs)s), 1.00-0.98 (m, 6H, OCH,CH,CHs); *C-NMR (75.4
MHz, CDCls) & 154.40 (C,), 153.554 (C,), 153.47 (C,), 153.34 (C,),
153.19 (C,), 144.56 (C,), 144.51 (C,), 144.22 (C,), 144.16 (C,), 134.04
(Cy), 133.98 (C,), 133.89 (Cg), 133.85 (Cy), 133.80 (C,), 133.64 (Cy),
133.56 (C,), 129.40 (C,), 129.36 (Cy), 129.27 (CH), 129.13 (CH), 127.79
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(CH), 127.76 (CH), 126.20 (CH), 126.14 (CH), 125.44 (CH), 125.35
(CH), 124.91 (CH), 124.87 (CH), 124.80 (CH), 123.63 (CH), 123.54
(CH), 120.71 (Cy), 120.42 (C,), 116.17 (CH), 76.58 (CH,), 72.98 (CH,),
72.71 (CH,), 70.60 (CH,), 70.55 (CH,), 70.53 (CH,), 70.41 (CH,), 70.24
(CH,), 70.12 (CH,), 69.90 (CH,), 69.83 (CH,), 69.72 (CH.,), 69.63 (CH,),
33.81 (Cy), 33.77 (Cy), 33.74 (Cy), 31.43 (CHs), 31.40 (CHs), 30.96 (CH,),
30.19 (CH,), 23.25 (CH,), 10.39 (CH,), 10.37 (CHa); mp 120-123°C;
[0]o% = -52.7 (¢ = 0.01, CHCly). FAB-MS: m/z (%) 1286 (M + K*, 4),

1270 (M + Na*, 100), 612 (47).

25,26-[(S)-(-)-2,2'-binaphthyl-crown-8]-27,28-dihydroxy-calix[4]aren
e (S)-(-)-47.

"’o/%\o/a:ms
S H Ho
O O o) \{»/o L}ﬂ/OT }
(S)-(9-38b'n =2 }
OH OH ( NaH, CHyCN 70°C, 48 h
21 Q § )
(S)-(-)-47 n=2 85%

A mixture of calix[4]arene 21 (0.28 g, 0.66 mmol) and sodium
hydride ( 0.08 g, 3.4 mmol) in acetonitrile (90 mL) was stirred under N,
system at 70°C for 1 h. Then, compound (S)-(-)-38b (0.65 g, 0.76 mmol)
was added to the solution at 70°C for 2 days. Then a small amount of
10% HCI was added to quench the reaction. The solvent was removed
under reduced pressure, and the residue was partitioned between water
and CH,Cl,. The organic layer was dried over anhydrous MgSO,. The

crude material was purified over silica gel column elutiong with
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hexane/ethylacetate (v/v = 5/1) to give 0.52 g (83%) of the title
compound as a white solid. *"H NMR (CDCls, 300MHz) 8,,8.7351 (s, 1H,
ArOH), 8.649 (s, 1H, ArOH), 7.95-7.83 (m, 4H, ArH), 7.46 (d, J = 9.0 Hz,
1H, ArH), 7.36-7.13 (m, 8H, ArH), 7.02-6.93 (m, 8H, ArH), 6.82-6.75 (m,
2H, ArH), 6.72-6.59 (m, 2H, ArH), 4.61 (d, 1H, J = 12.7 Hz, ArCH,A),
4.44 (d, 1H, J =12.6 Hz, ArCH,Ar), 4.38 (d, 1H, J = 12.6 Hz, ArCH,Ar),
4.44-381 (m, 16H, OCH,CH,O, ArCH,Ar), 3.65-3.53 (m, 17H,
OCH,CH,0, ArCH,Ar) ; *C-NMR (75.4 MHz, CDCls) & 154.52 (C,),
154.38 (C,), 153.80 (C,), 153.74 (Cg), 151.17 (Cy), 151.02 (C,), 134.68
(C,), 13453 (C,), 134.46 (C,), 134.36 (C,), 134.01 (C,), 129.44 (CH),
129.35 (CH), 129.19 (CH), 129.15 (CH), 128.99 (CH), 128.95 (CH),
128.88 (CH), 128.79 (CH), 128.71 (CH), 128.61 (CH), 128.54 (CH),
128.47 (C,), 128.39 (CH), 128.16 (CH), 128.05 (CH), 127.85 (CH),
127.78 (CH), 126.19 (CH), 125.42 (CH), 125.34 (CH), 124.42 (CH),
12435 (CH), 123.63 (CH), 120.01 (C;); 120.57 (C,), 120.15 (CH),
120.09 (CH), 116.37 (CH), 115.88 (CH),/74.87 (CH), 74.77 (CH), 70.83
(CH), 70.74 (CH), 70.70 (CH), 70.59 (CH), 70.12 (CH), 69.97 (CH),
69.94 (CH), 69.79 (CH), 31.77 (CH,), 31.27 (CH,), 30.48 (CH,); mp
119-122°C; [o]p®™ = -98.7 (c = 0.011, CHCI3). FAB-MS: m/z (%) 962 (M
+Na*, 5), 939 (M*, 27), 308 (100).

General Procedure for the Synthesis of (S)-(-)-48a and (S)-(-)-48b.

(S)-(-)-42a (S)-(-)-48a 34% (S)-(-)-48b 34%
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A mixture of compound (S)-(-)-42a (0.3 g, 0.28 mmol) and caesium
carbonate (90.9 mg, 0.28 mmol) in acetonitrile (20 mL) was stirred
vigorously at 70°C for 1 h. Then, ethyl 2-bromoacetate (51.2 mg, 0.31
mmol) was added to the solution at 70°C for 3 hours. Then a small
amount of 10% HCI was added to quench the reaction. The solvent was
removed under reduced pressure, and the residue was partitioned between
water and CH,Cl,. The organic layer was dried over anhydrous MgSQO,.
The crude material was purified over silica gel column elutiong with
hexane/ethylacetate (v/v = 10/1) to give the compound (S)-(-)-48a 0.11g
(34%) and the compound (S)-(-)-48b 0.11g (34%) as a white solid.

Data for (S)-(-)-48a: R; = 0.45 (silica, hexane/ethyl acetate = 5/1) ‘H
NMR (CDCl3, 300MHz) 8y, 7.99-7.82 (m, 4H, ArH), 7.54 (d, J = 9.0 Hz,
1H, ArH), 7.49 (d, J = 9.0 Hz, 1H;<ArH), 7.33-7.01 (m, 10H, ArH),
6.66-6.63 (m, 2H, ArH), 6.45-6.42 (m, 2H, ArH), 6.10 (s, 1H, ArOH),
4.52-4.05 (m, 15H, ArCH,Ar, ArOCH,C(O), OCH,CH,0), 3.82-3.62 (m,
8H, OCH,CH,0), 3.36-3.16 (m, 5H, OCH,CH,0, C(O)CH,CHz), 1.32
(2s, 18H, ArC(CHj3)3), 1.16 (t, J = 7.1 Hz, 3H, C(O)CH,CHjs), 0.91 (s, 9H,
ArC(CHs)s), 0.75 (s, 9H, ArC(CHs),); *C-NMR (75.4 MHz, CDCly) §
169.54 (C,), 154.45 (C,), 154.35 (C,), 153.47 (C,), 152.30 (C,), 150.62
(Cy), 150.39 (C,), 146.00 (Cg), 145.76 (Cy), 145.13 (C,), 141.04 (Cy),
135.91 (C,), 135.30 (C,), 134.12 (C,), 134.04 (C,), 132.65 (C,), 131.89
(Cy), 131.83 (Cy), 131.69 (Cq q), 129.31 (Cy), 129.45 (CH), 129.20 (Cy),
128.84 (CH), 127.98 (CH), 127.87 (C,), 127.72 (CH), 126.20 (CH),
126.17 (CH), 125.74 (CH), 125.45 (CH), 125.41 (CH), 125.28 (CH),
125.18 (CH), 125.02 (CH), 124.89 (CH), 124.68 (CH), 123.43 (CH),
120.22 (C,), 119.81 (C,), 116.26 (CH), 115.25 (CH), 75.23 (CH,), 72.03
(CH,), 71.69 (CH,), 70.29 (CH,), 70.06 (CH,), 69.84 (CH,), 69.65 (CHy,),
69.33 (CH,), 69.07 (CH,), 60.77 (CHy,), 34.09 (C,), 33.78 (C,), 33.75 (C,
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q), 33.55 (C), 31.73 (CHs), 31.62 (CHs), 31.33 (CH,), 31.14 (CH,),
31.01 (CHs), 30.97 (CHj3), 30.80 (CH,), 14.08 (CHs); mp 142-145°C;
[a]o®® = -62.0 (c = 0.005, CHCIl;). FAB-MS: m/z (%) 1185 (M + Na®,
100), 1161 (M*, 11), 612 (52).

Data for (S)-(-)-48b: R; = 0.36 (silica, hexane/ethyl acetate = 5/1) 'H
NMR (CDCls, 300MHz) 6y 7.93 (d, J = 9.0 Hz, 1H, ArH), 7.85-7.77 (m,
3H, ArH), 7.48 (d, J = 9.0 Hz, 1H, ArH), 7.44 (d, J = 9.0 Hz, 1H, ArH),
7.31-7.03 (m, 10H, ArH), 6.61-6.60 (m, 2H, ArH), 6.51-6.50 (m, 2H,
ArH), 5.66 (s, 1H, ArOH), 4.59-4.37 (m, 5H, ArCH,Ar, ArOCH,C(0)),
424-398 (m, 10H, OCH,CH,O, ArCH,Ar), 3.82-3.61 (m, 9H,
OCH,CH,O, ArCH,Ar), 3.28-3.13 (m, 4H, ArCH,Ar, C(O)CH,CHy),
1.33 (s, 9H, ArC(CHy)3), 1.31 (s, 9H, ArC(CHs)3), 1.23 (t, J = 7.2 Hz, 3H,
C(O)CH,CH3), 0.88 (s, 9H,  ArC(CHs)s), 0.82 (s, 9H, ArC(CHs)s);
BC-NMR (75.4 MHz, CDCl3) 8 169.56 (C,), 154.67 (C), 154.08 (C,),
153.47 (Cg), 152.02 (C,), 150:92°(C,), 150.35 (C,), 145.68 (C,), 145.53
(Cy), 141.42 (C,), 135.62 (Cg), 135.58 (Cy), 134.13 (C,), 133.98 (Cy),
132.86 (Cg), 131.95 (C,), 131.77 (C,), 131.73 (C,), 129.45 (C,), 129.18
(CH), 128.97 (C,), 128.69 (C,), 127.79 (CH), 126.22 (CH), 126.01 (CH),
125.71 (CH), 125.51 (CH), 125.41 (CH), 125.36 (CH), 125.09 (CH),
125.05 (CH), 124.92 (CH), 123.43 (CH), 123.28 (CH), 120.56 (C,),
119.63 (C,), 116.74 (CH), 114.39 (CH), 74.91 (CH,), 72.22 (CH,), 71.38
(CH,), 70.06 (CH,), 69.79 (CH,), 69.40 (CH,), 69.24 (CH,), 69.15 (CHy,),
68.26 (CH,), 60.90 (CHy,), 34.07 (C,), 33.78 (C), 33.69 (C), 33.60 (C,),
31.68 (CHs), 31.62 (CH3), 31.45 (CH,), 31.29 (CHy), 31.11 (CH,), 31.01
(CHs), 30.97 (CHs), 30.86 (CH,), 14.14 (CHs); mp 140-143°C; [o]p® =
-60.0 (c = 0.005, CHCI;). FAB-MS: m/z (%) 1184 (M + Na', 82), 1161
(M*, 57), 612 (100), 596 (60).
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General Procedure for the Synthesis of (S)-(-)-49a and (S)-(-)-49b.

NaOH

THF/H,0 (viv = 2/1), 18 h

NaOH

o o THF/H,0 (viv = 2/1), 18 h

A mixture of compound (S)-(-)-48a or (S)-(-)-48b ((S)-(-)-48a: 0.10
g, 0.12 mmol; (5)-(-)-48b: 0.10 g, 0.12 mmol) and sodium hydroxide
(150 mg, 3.75 mmol) in THF and water (v/v = 2/1,48 mL) was stirred
vigorously and heated at reflux for 18 h. The solvent was removed under
reduced pressure, and the crude in water was partitioned between 10%
HCI (50 mL) and CH,Cl,. The organic layer was dried over anhydrous
MgSQO,. The crude material was purified over silica gel column elutiong
with hexane/acetone (v/v = 1/3) containing increasing amounts of
CH3O0H from 0 to 50%) to give the compound (S)-(-)-49a or (S)-(-)-49b
((S)-(-)-49a: 87 mg, 90%; (S)-(-)-49b 88 mg, 91%) s a white solid.
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Data for (S)-(-)-49a: R; = 0.48 (silica, hexane/ethyl acetate = 1/1) ‘H
NMR (CDCls, 300MHz) 6y 7.77-7.67 (m, 3H, ArH), 7.48-7.47 (m, 1H,
ArH), 7.40 (d, J = 8.9 Hz, 1H, ArH), 7.29-6.91 (m, 10H, ArH), 6.81 (d, J
= 8.7 Hz, 1H, ArH), 6.67 (d, J = 8.7 Hz, 1H, ArH), 6.60 (s, 1H, ArH),
6.54 (s, 1H, ArH), 6.36 (s, 1H, ArH), 6.19 (s, 1H, ArH), 4.84 (d, J = 12.0
Hz, 1H, ArCh,A), 4.69 (d, J = 12.6 Hz, 1H, ArCh,A), 4.51-4.15 (m, 7H,
ArCh,A, OCH,C(O), OCH,CH,0), 3.97-3.85 (m, 2H, ArCh)A,
OCH,CH,0), 3.68-3.34 (m, 7H, ArCh,A, OCH,CH,0), 3.15-2.73 (m, 7H,
ArcCh,A, OCH,CH,0), 2.07 (d, J = 12.6 Hz, 1H, ArCh,A), 1.96 (d, J =
11.7 Hz, 1H, ArCh,A), 1.23 (s, 9H, ArCCHjy), 1.14 (s, 9H, ArCCHj,), 1.00
(s, 9H, ArCCHy), 0.66 (s, 9H, ArC(CHs)s); *C-NMR (75.4 MHz, CDCl5)
0 173.4 (Cy), 155.95, (C,), 154.99 (C,), 154.48 (C,), 154.03 (C,), 152.85
(Cy), 150.15 (C,), 149.48 (C,), 149.02 (C,), 147.86 (C,), 147.43 (Cy),
146.76 (C,), 144.90 (C,), 142.90 (Cg), 142.49 (C,), 135.29 (C,), 134.54
(Cy), 134.26 (C,), 134.14 (Cy), 133.35 (C,), 132.81 (C,),132.31 (Cy),
131.92 (C,), 130.42 (CH), 129.21 (CH), 128.20 (CH), 128.08 (CH),
127.87 (CH), 126.89 (CH), 126.67 (CH), 126.34 (CH), 126.09 (CH),
125.81 (CH), 125.62 (CH), 125.43 (CH), 124.92 (CH), 124.69 (CH),
124.43 (CH), 124.92 (CH), 123.98 (CH), 123.36 (CH), 118.43 (CH),
114.88 (C,), 113.83 (C,), 76.27 (CH,), 75.80 (CHy), 74.75 (CH,), 73.91
(CH,), 71.10 (CH,), 70.84 (CH,), 70.51 (CH,), 70.35 (CH,), 70.07 (CHy,),
69.21 (CH,), 68.93 (CHy,), 34.53 (C,), 34.33 (C,), 34.01 (C,), 33.89 (Cy),
32.91 (CH,), 32.48 (CH,), 32.01 (CH3), 31.77 (CHj3), 31.72 (CHs), 31.54
(CHs), 30.73 (CH,), 30.13 (CH,); mp 210-212°C; [a]o® = -61.0 (c =
0.005, CHCIl,). FAB-MS: m/z (%) 1156 (M + Na®, 12), 313 (73), 307
(100).
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Data for (S)-(-)-49b: R = 0.37 (silica, hexane/ethyl acetate = 1/1) 'H
NMR (CDClIs, 300MHz) &y 7.83-7.70(m, 4H, ArH), 7.31-6.91 (m, 16H,
ArH), 4.89-457 (m, 4H, ArCh,A, OCH,C(O)), 4.36-3.11 (m, 24H,
ArCh,A, OCH,C(0), OCH,CH,0), 1.18 (s, 9H, ArCCHj3), 1.13 (s, 9H,
ArCCHs), 1.08 (s, 9H, ArCCHs), 1.03 (s, 9H, ArC(CHs)s); *C-NMR
(75.4 MHz, CDCl;) 6 154.95 (C,), 154.16 (C,), 153.15 (C,), 150.01 (C,),
149.58 (C,), 146.42 (C,), 145.80 (C,), 145.89 (C,), 135.39 (C,), 134.81
(Cy), 134.05 (C,), 133.95 (Cy), 133.12 (Cy), 131.99 (C,), 131.70 (Cy),
129.52 (CH), 129.06 (CH), 128.99 (CH), 127.92 (CH), 127.71 (CH),
126.26 (CH), 126.09 (CH), 125.79 (CH), 125.60 (CH), 125.44 (CH),
125.22 (CH), 125.10 (CH), 124.92 (CH), 123.61 (CH), 123.28 (CH),
121.22 (C,), 119.27 (C,), 114.34 (CH), 74.86 (CH,), 69.77 (CH,), 69.22
(CH,), 68.63 (CH,), 34.06 (C,), 33.83 (Cq), 33.73 (C,), 33.65 (C,), 31.94
(CH,), 31.88 (CH,), 31.63 (CHjy), 31.60 (CH3), 31.05 (CHz), 30.99 (CHy),
29.65 (CH,), 29.32 (CH,); mp 208-210°C; [a]o* = -62.0 (c = 0.005,
CHCL,). FAB-MS: m/z (%) 1194 (M + Na* + K, 13), 1178 (M + 2Na",
38), 1156 (M + Na", 100), 623 (54).
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"+ 8 1 1,1-Binaphthalene-2-20-diol rac-1 "H-NMR (300 MHz, CDCls)
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W 5 2-(2-(2-lodoethoxy)ethoxy)ethanol 36b 2_ *H-NMR (300MHz, CDCl;)
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'H-NMR (300MHz, CDCl3)
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@ 7 (S)-(-)-2,2'-(2,2'-(1,1'-binaphthyl-2,2'-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)diethanol (S)-(-)-37a
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‘8 8 (5)-(-)-2,2'-(2,2'-(1,1'-binaphthyl-2,2'-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)diethanol (S)-(-)-37a
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DEPT-"C-NMR (75.4 MHz, CDCl)
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9 (S)-(-)-2,2'-Bis(8-hydroxy-3,6-dioxa-1-octyloxy)-1,1'-binaphthy (S)-(-)-37b2. "H-NMR (300MHz,
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8 10 (S)-(-)-2,2"-Bis(8-hydroxy-3,6-dioxa-1-octyloxy)-1,1'-binaphthy (S)-(-)-37b 2. DEPT-*C-
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bis(4-methylbenzenesulfonate) (S)-(-)-38a 2z *H-NMR (300MHz, CDCls) %
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‘W 12 (S)-(-)-2,2'-(2,2'-(1,1'-binaphthyl-2,2'-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(ethane-2,1-diyl)

¥ )

2

bis(4-methylbenzenesulfonate) (S)-(-)-38a 2. DEPT-"*C-NMR (75.4 MHz, CDCl)
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8 14 (S)- (-)-2,2-Bis(8-tosyloxy-3,6-dioxa-1-octyloxy)-1,1'-binaphthyl (S)-(-)-38b 2. DEPT-"*C-NMR
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"+ 8 15 rac-2,2'-Bis(8-hydroxy-3,6-dioxa-1-octyloxy)-1,1'-binaphthy rac-37b 2. *H-NMR (300MHz, CDCls)
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18 16 rac-2,2'-Bis(8-tosyloxy-3,6-dioxa-1-octyloxy)-1,1'-binaphthyl rac-38b 2. ‘H-NMR (300MHz, CDCl5)



* (512A2 ‘ZHIN00E) HINN-H;

wo/ZH yTpTT €91
wo/wdd gyERS® 0 WOWdd
ZH L0 0 zd
wdd . dza
ZH 1d
wdd - m‘m

wo 00°

sxo3swered 30Td WHN “:

00°T
0

ZH 0170
0

W3 mam
ZHR SZTO0ET 00€ as
P8E9T Is
szojsuesed HuTSSe00Id - 24

ZHH 80S6TET 00E

095 96£50TL"T
PIE26270
TLZ 68LY
0

nuTITON ww g
308ds
ERa _
TES0600Z

s1838weIRd UOTAITSTNBOV - zd

T ONDO¥d
T ONdXE
6250600ZMaU TN
sIs3jsweled e3eQq JUSIIND

-

7 6€ auale[y

oy ¢v

|x1jeajAinguisl-d

vy 9v 8v 0§

fol
©
=}
=

Axo1pAyip-8z

L 2-[Axo|zusg-g)]s19-92

T4

LT[H

B

177



>
>,

ppm

39 38 37 36 35 34 33 32

1L

178

%18 18 25,26-bis[(2-benzloxy]-27,28-dihydroxy-p-tertbutylcalix[4]arene 39 2. DEPT-"*C-NMR (75.4 MHz,
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@ 19 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutylcalix[4]arene, 1,2-Alternate Conformer
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'+ @ 20 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutylcalix[4]arene, 1,2-Alternate
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Conformer (S)-(-)-41a 2. DEPT-*C-NMR (75.4 MHz, CDCl;) %
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18 21 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutyl calix[4]arene, Cone conformer

)

E:

(S)-(-)-41b 2. "H-NMR (300MHz, CDCls)
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"W 22 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutyl calix[4]arene, Cone conformer

el

(S)-(-)-41b 2. DEPT-C-NMR (75.4 MHz, CDCl;)
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8 23 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutylcalix[4]arene, 1,2-Alternate Conformer
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"W 24 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutylcalix[4]arene, 1,2-Alternate Conformer

el

rac-41a 2. DEPT-*C-NMR (75.4 MHz, CDCls) %
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%t @25 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutyl calix[4]arene, Cone conformer rac-41b
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" W] 26 25,26-bis[(2-benzloxy]-27,28-(2,2'-binaphthyl-crown-8-p-tertbutyl calix[4]arene, Cone conformer rac-41b
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DEPT-C-NMR (75 MHz, CDCls) %
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W27 25 25,26-[(S)-(-)-2,2'-binaphthyl-crown-6]-27,28-dihydroxy-p-tertbutylcalix[4]arene (S)-(-)-42a 2.

]

2

'H-NMR (300MHz, CDCly)
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Table 1. Crystal data and structure refinement for a10228.

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

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.03°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

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

Absolute structure parameter

Largest diff. peak and hole

10228
C140 H152 CI0 K Na0 022

2225.72

200(2) K

0.71073 A

Orthorhombic

P21212

a=26.056(2) A a=90°,
b =29.225(3) A B=90°.
c=22.043(2) A y =90°,
16785(3) A3

4

0.881 Mg/m3

0:083 mm:!

4748

0.47 x 0.40 x 0.35 mm3

1,21 t0-25.03°.

-30<=h<=26, -34<=k<=34, -26<=1<=20
92653

28064 [R(int) = 0.1165]

98.5 %

None

0.9716 and 0.9622

Full-matrix least-squares on F2

28064 /0 /766

0.878

R1=0.1203, wR2 = 0.2916
R1=0.2313, wR2 = 0.3323

0.03(9)

0.655 and -0.363 e.A -3
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Table 4.

displacement factor exponent takes the form: -2r2[ h2a*2U + ... + 2 h k a* b* U12]

Anisotropic displacement parameters (A 2x 103)for a10228.  The anisotropic

Ull U22 U33 U23 U13 U12
o(1) 65(4) 49(4) 73(4) -3(3) 10(3) -2(3)
0(2) 88(5) 99(6) 163(8) -33(5) -7(5) -34(5)
0(3) 91(5) 68(5) 108(5) 2(4) 2(4) -17(4)
0(4) 60(4) 54(4) 72(4) -9(3) 3(3) -13(3)
0(5) 61(4) 47(3) 59(4) 7(3) 4(3) -12(3)
0(6) 49(3) 43(3) 68(4) -2(3) 6(3) 2(3)
o(7) 42(3) 40(3) 61(3) 3(3) A(3) -2(3)
0(8) 43(3) 44(3) 79(4) 2(3) 11(3) 1(3)
0(9) 67(4) 52(4) 85(4) 13(3) 17(4) 0(3)
O(10)  77(4) 37(3) 49(3) 1(3) -18(3) 7(3)
o(11)  41(3) 51(4) 70(4) 9(3) 11(3) 8(3)
0(12)  83(4) 60(4) 49(4) 12(3) 5(3) -26(3)
0O(13)  107(5) 86(5) 72(4) 15(4) -2(4) -8(4)
O(14)  203(14) 350(20) 265(16) 154(16) -45(13) -105(16)
O(15)  224(12) 169(11) 301(15) 103(11) -139(12)  -103(10)
o(16)  70(4) 50(4) 92(5) 9(3) -12(4) -5(3)
o17)  37(3) 51(4) 76(4) 3(3) 2(3) 3(3)
o(18)  36(3) 40(3) 96(4) 8(3) 12(3) 9(3)
0(19)  35(3) 82(5) 82(4) 13(4) 3(3) 14(3)
0(20)  63(4) 46(4) 101(4) 20(3) 23(4) 10(3)
0(Q1)  44(3) 48(4) 88(4) -19(3) -7(3) 1(3)
0(22)  48(3) 44(3) 60(4) 13(3) -7(3) -11(3)
K(1) 29(1) 23(1) 57(1) 5(1) -1(1) 1(1)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (A 2x 103)
for a10228.

X y z U(eq)
H(3) 8012 522 8751 121
H(5) 8372 -781 8383 95
H(8A) 7802 35 10081 368
H(8B) 7644 275 9456 368
H(8C) 8232 266 9663 368
H(9A) 8009 -1007 9066 444
H(9B) 7477 -871 9379 444
H(9C) 7977 -950 9787 444
H(10A) 7285 -594 8903 404
H(10B) 7319 -48 8885 404
H(10C) 7159 303 9499 404
H(11A) 8794 -1010 7506 72
H(11B) 8996 -643 7022 72
H(13) 7803 -1155 7481 64
H(15) 7188 -1213 5823 72
H(19A) 7271 -1527 7782 278
H(19B) 6675 -1656 7753 278
H(19C) 6849 -1131 7734 278
H(20A) 7376 -2093 6923 142
H(20B) 7057 -2032 6308 142
H(20C) 6768 -2168 6923 142
H(21A) 6206 -1527 6813 142
H(21B) 6489 -1385 6197 142
H(21C) 6409 -1015 6724 142
H(22A) 7836 -1025 4914 85
H(22B) 8270 -655 5072 85
H(26) 6613 608 4853 90
H(28) 6989 -704 4620 73
H(30A) 5453 -443 4399 523
H(30B) 5659 -289 5051 523
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H(30C)
H(31A)
H(31B)
H(31C)
H(32A)
H(32B)
H(32C)
H(33A)
H(33B)
H(34A)
H(34B)
H(35A)
H(35B)
H(36A)
H(36B)
H(38)
H(39)
H(41)
H(42)
H(43)
H(44)
H(49)
H(50)
H(51)
H(52)
H(54)
H(55)
H(57A)
H(57B)
H(58A)
H(58B)
H(59A)
H(598B)
H(60A)
H(60B)
H(63)

5870
5974
6468
6527
5656
6222
5932
9274
9396
9795
9227
10081
10074
9305
9826
8563
8493
8724
9325
10052
10220
10322
11108
11726
11814
11332
10657
9789
9921
9040
9170
8659
8955
8119
7914
7205

748
-419
-674
-184
182
366
524
93

719

934
1182

979
1467
1754
2245
2964
3764
4257
4065
3241
2665
2598
2148
1986
1841
1907
1644
2102
2300
1882
2148
1696
1728
1724

639

240

4745
3519
3788
3474
3816
3675
4280
6384
7086
6653
6680
7305
7980
8176
8082
7864
7985
7810
7518
6978
6818
8111
8646
8281
7298
6353
5751
5555
5187
5258
4820
6179
6393
6750
6066
7840

523
310
310
310
262
262
262
82
82
98
98
135
135
131
131
129
118
99
136
106
97
98
109
121
137
82
67
73
73
71
71
86
86
63
63
63



H(65)

H(68A)
H(68B)
H(68C)
H(69A)
H(69B)
H(69C)
H(70A)
H(70B)
H(70C)
H(71A)
H(71B)
H(72A)
H(728B)
H(73A)
H(73B)
H(77)

H(79)

H(82A)
H(82B)
H(82C)
H(83A)
H(83B)
H(83C)
H(84A)
H(84B)
H(84C)
H(85A)
H(85B)
H(89)

H(91)

H(96A)
H(96B)
H(100)
H(102)
H(10A)

6610
5780
6206
5938
6580
6087
6036
6814
6678
6248
7749
7154
8487
8120
8952
9263
9590
9554
9601
10119
10120
9108
9397
9600
10287
10495
10468
9008
9082
11086
9674
11345
10917
11588
11506
11668

616
97

493
623
297
805
50
-299
-159
1000
1132
1006
1105
-1060
-1001
3030
2496
3741
3847
3482
3526
3215
3721
2890
3034
3405
1748
1398
1322
1830
1011
824
2432
1931
3093

241

6216
7167
6660
6701
8119
8150
7883
7958
7423
7907
5405
5371
7385
7952
5455
6076
2935
1267
2384
2021
2562
1468

977
1118
1324
1980
1447
1162
1713

870

452
1740
2203
3479
1799
2991

77
425
425
425
386
386
386
255
255
255

52

52

91

91

57

57

66

87
317
317
317
292
292
292
363
363
363

80

80
117
100

77

77

53

66
288



H(10B)
H(10C)
H(10D)
H(10E)
H(10F)
H(10G)
H(10H)
H(101)

H(10A)
H(10B)
H(109)
H(111)
H(11C)
H(11D)
H(11E)
H(11F)
H(11G)
H(11H)
H(111)

H(11J)

H(11K)
H(11C)
H(11D)
H(11E)
H(11F)
H(12A)
H(12B)
H(12C)
H(12D)
H(12E)
H(12F)
H(124)
H(125)
H(127)
H(128)
H(129)

11307
11876
12416
12575
12532
11457
11970
12005
11325
10905
10969
9538
10110
9665
9942
10577
10818
10220
10981
10844
11215
8938
9092
8246
8235
7736
8237
7953
7533
7758
8273
7733
7729
7525
7279
7003

3138
3345
2590
2896
2353
2763
2470
3012
1912
1523
2647
3049
4041
3663
3810
3586
3100
3140
3933
3642
3431
2549
2020
1752
1955
1252
982
848
963
159
278
-486
-1164
-1590
-1619
-925

242

2407
2395
2929
2358
2289
1592
1499
1596
4331
4199
4661
4233
4831
4822
4204
5653
5477
5637
4515
3921
4427
3761
3690
2310
2989
2934
2711
4293
3788
3933
3566
3537
3019
2066
1075

601

288
288
179
179
179
217
217
217
60
60
70
75
244
244
244
336
336
336
290
290
290
66
66
89
89
99
99
109
109
101
101
90
102
111
172
155



H(130)
H(14A)
H(14B)
H(14C)
H(14D)
H(14A)
H(14B)
H(14C)
H(14D)
H(14E)
H(14F)
H(7)
H(17)

7129
8657
8641
9237
8770
9365
9170
10066
10061
11300
11235
8286
10215

-229
562

1151
946
748

1352

1809

2628

2723

2087

2794

3811

3192

5590

3633

124
229
229
211
211
109
109
90
90
76
76
71
82
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