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2. ERLERROEBR
2.1. ¥ v EX 2 REEO B HRER
211 XXV VU UEALE 4 SR T OA R

LYV T LA DALY VY ) — L 1= RTF I F— L OfEaic Lo sl L
72 8 (Scheme 1-1), WIZ1 L 42 Y ED23-Y7nuax /) VI U EE2NGSHET4
ODF )XYV VENAERFOF Y EX R 22/ LI, Ty EX R 2 ORITEIL
RIS B iRl (BT 1) ICXViTo72,

Scheme 1-1 Preparations of tetraquinoxaline-spanned cavitand 2 from resorcin[4]arene 1

HO OH H__O conc.HCI RS éu o ¢ © N >:( R\
ST S A . O
CitHzs  ethanol K2COs (7.0 & ; ):(o
2C0; (7.0 eq) O\@\< ?

- C
80 °C, overnight R R R DMSO d g
82% R 60 °C, overnight “
(R =Cq4Hz3) 32% . )
R R R
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2.1.2 % F YU L E 2 DR FDERK

X /XY UL E 2 OFFOF vy X U RI3OFEIT. 2127 vk T A0 Y E)
EHhTa—) 32%4E) ZEHIETIT-o7- 9 (Scheme 1-2), FERIEMEIX, 7T A4,
FASEERE (=& —n) Itk viTo7z,

Scheme 1-2 Preparations of diquinoxaline-spanned cavitand 3 from 2

' Dol
an NN i CsF (20 eq) I "

N >:< A\ N catechol (3.2 eq) N NN
H o oM N H - H OH HO H
0 7 —( o DMF 0 >/\ o4

o7 0 o Y o
g 80°C,1.5h © HO
= s ot
R R R R R R
2 3

2.1.3 %/ XU EALE 3 OFF O T DA RK
X /XY RN E 3OO vy EX U R4 O, 2127 vk T A (20 Y )
LT a— (1.1 %8E) Z/EA &S TIT-o7- (Scheme 1-3), {H UKHIEREIZ, T
I, FIREHRE (XX —) 1Tk 0iTo 72,

Scheme 1-3 Preparations of the triquinoxaline-spanned cavitand 4 from 2
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; Y= o . o]
\< g . P° 80°C,1h H 0

._ \.i::;; T7% g \I:I:;J

— 110 —



2.2 TAFLENTZF Y EX U RO TOERK
221  PUSKM M ORI OB
FPIDIZZ LTI a T RAFLLT U EANT., LAY 5 OARRICE Y AT
(Scheme 2-1). 7 At H U & A% HEL LTV, RETF. RIEE SR a2 <
BRI A FE DB AR T, ARIEE< G5 787> 72 (Table 2-2, entries 1-8)

Scheme 2-1 Silylation of 3 to produce 5

base
(CH3)»5iCl,
—_—
solvent
temp/time

Table 2-2 Reactions of 3 with dichlorodimethylsilane in the presence of potassium fluoride®

entry equiv. of KF solvent time/h 5 (%)
1 5 THF 0.8 0
2 5 THF 4 0
3 5 THF 6 0
4 3 THF 7 0
5 1 THF 25 0
6 4 toluene 3 0
7 1+10 THF 5 0
8 5 acetone 16 0

* The reactions were carried out at rt in 2 mL solvent with 3 (0.1 mmol). b Nothing new spot was

observed in TLC monitoring.

ZHICH L, ZoHAEB Y D AORDVIZ RV =T AT I 48 WE) FHVWESA, X
JSIRED EH & & BICHOIEEN [\ L (Table 2-3) . fcrm 81%I R TR S HET T
52 EERHLE (entry5), EHIC¥7uR Y7220y 0 REICHWESEA, IR
1L 88%IZF CTml L L7z (entry6),
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Table 2-3 Reactions of 3 with dichlorodiphenylsilane in the presence of triethylamine *

entry equiv. of (CH3),SiCl, temp/°C time/h 5 (%)°
1 2.4 0 2 34
2 2.4 rt 1 40
3 2.4 50 1 47
4 4.0 75 1 59
5 2.1 75 1.5 81
6" 4.0 75 0.8 88

“ The reactions were carried out in 2 mL toluene with 3 (0.1 mmol). ® Dichlorodiphenylsilane was

used. ¢ Isolated yields.

WIZ, NVZFATIVHEET. 4L r7nalAF Ly 0 20T 6 OARRIZEY
ATE (Table2-4), Y7unua Y AF N7 r% 1.5 YBEAWEES. BRI 22%I0RIZ Ik
Fofe (entry 1), fHL, WHHRLUERRICEIT 2 HWOBRKNEDNIZT-D, FAkkELZHD
E LT DR EIToTo E 2 A WEEN 74%I2FE Th L LT (entry2), L2>L, "HNMR
T 0~1 ppm SIS A JFEHB SR & b A SO v — 7 BEFAZ T 6, £2T
vr/uauaYAFNT T UoE 1Ll HEETHEDO L, BRI A X 7 — Vb IR EEEZ
To7, MR, '"HNMR EORFELE —7 2 KIEIZIN A T 77% 0GR TR A5 5 Z LIk
1L (entry 3), JuROME S HRRIRZE 0.27% NI E o7, Z OEBREEICESE, ¥
ZA =2 =0Vi=ts oY | VA IS/ A = i = B0 fh= 1 ) PV INNIRVE/ dh = B = By il oV AV I 2 - £ LAY el
ZAL T, 8, 9EEZNTIN T0%., 67%. 80%IN=: TH7= (Scheme 2-5),

Table 2-4 Reactions of 4 with dichlorodimethylsilane to furnish 6 “

":'._--..I-=N ":'._.--II-=N
< o~ 8 oo % -
1 . 1 ;
o p \___-_-_'--"...“ OH ELN (2.4 gl o :.:.---._‘_7_,-'.-' ., " |I:|
= m g }_I '1"3"':'?-.-5122 = r g 7
;l"_i R R, {‘ - } BB - 1L:'—. R R-. I‘; —/
l:; \.Hl _.-h_.‘___._j?_’;:. i, tirma |:| 1L\..L____.--';_L-\_:‘__.--"'f\_.i:l
N= g—~0 )-N ”'FK u:u"‘l-a F0 .)_N
FhN M=) 4N N
I""\_=='. R=CyHn b \F b
4 &
entry equiv. of (CH;),SiCl, time/min 6 (%)’
1 1.5 75 22
2 2.0 135 74
3 1.1 130 77

“ The reactions were performed at rt in 2 mL of toluene with 4 (0.1 mmol). b Isolated yields.

— 112 —



Scheme 2-5 Reactions of 4 with dichlorodialkylsilane to give 7, 8, and 9.
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Scheme 2-6 Reactions of 3 with dichlorodialkylsilane to give 10, 11, and 12
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2.2.2 TR OO LE S

A FK6—9 DET A FITHE LT oD T VF ABUTE WAL RN IS & 72 5,
BIG, ¥ 7 4 —IZx L TT ATV ERNICH < 2T < 2> THH NMR 12360 T XA
S5, Figure2-7 TIEEZ v R/ AHIZEIT5 6—8 D'HNMR A7 KL (1.8 ppm~
—0.7ppm) ZLE L7z, ©—7 OREITEMEL OB LI LTIz, P ATF K6 DHE
—0.59 ppm ([ZHNIZ[AIWW T2 A TFVED > > 7 Ly B E—7 NBliL, 0.48 ppm (ZAMIAIVVZ B
— 7 BB (Figure 27 (a)) o AS 1L 1.07 & 72 0 . WIHEZRIXBIDTRY BTz, Y=F Lk
7T DA AF LU HIE—0.21 ppm (q,J=7.9 Hz) & 0.89 ppm (q, J = 7.9 HO)IZ Z I ZEILEHL L, AS
5 1.10 # 52 7= (Figure 2-7 (b)), — 5. K A F/LIIZEI L CTiL 0.55 ppm (t, J= 7.9 Hz)
& 118 ppm (t, J=7.9 Hz)IZ E"— 7 3 HA, ASfEIX 0.63 THHo7z, P71 EILA 8 DI,
TARITHRES U RO A F L 51T —0.087,  0.89 ppm (ZA7E L AS i 0.98 % 5 % 7=

(Figure 2-7 (C))o %) 5 1 EH.I E:I "
OOAF LT 089, L, Ghae L, T L | i
. b O O —BCHy oy b AR D O, oy I e e e B L PR
1.66 ppm ([ZAZ[E L C AS i ! s o 9 F 9 G L I g
0.77 % 57 Kbl A 7 5 P am S b ¢ nm ey e
13043, 1.09 ppm IZAZE L vk 1 Wi L wey o 1L,
8 My P N = M 7
TA81E066 %5‘%_71':0 " Bw M k ' o
L] 7 L]

Figure 2-7 Portions of 'H NMR

Ak |I
spectra of silylated cavitands (400 I| J CHy, ot Chi
MHz, CDCl5) at 300 K for: (a) 6 a 'I J
with —0.59 (inside methyl) and . NN b C—" Nre— -1 S — = [y
1§ n 1.0 L -0 0LE
0.48 ppm (outside methyl); (b) 7 h ‘ || CHe, ot (liddent
with —0.21 (inside methylene), ,I H, on ) ' -
| |CH; ol CHy, B
0.55 (inside methyl), 0.89 (outside _ f ’Jll b L *ﬁl“‘_ -
methylene hidden) and 1.18 ppm as |I I'U R b ' o -
CHy, g, | I"H ol 3
(outside methyl); (c) 8 with — ’ 'l | J uu-i.lm:
| CHy, omt | &~ g e m Cll. in. a
0.087 (inside methylene bonded to | ] ! .'l
. \ ..-1-1._ S .l1.|. ot
silicon), 0.43 (inside methyl), 0.89 L T

(inside methylene bonded to methyl
and outside methylene bonded to silicon, both hidden), 1.09 (outside methyl), and 1.66 ppm (outside methylene
bonded to methyl).

w256, 10, M, TNEFNOEI ma RV LAFIZEBIT S HNMR A7 hL (1.8 ppm~
—0.7ppm) Z L L7 (Figure2-8), 5 DFE _—HDI 7Ly hE—Z 7R3 —0.29 ppm &
0.53 ppm (ZHiAL AS 1 0.82 & 5 % 7= (Figure 2-8 (a)), 10 DIFAIINICHEZ A F L LT
0.089 ppm, FMZIEWVNZH DL 0.96 ppm (IZHLAIL T AS i 0.87 % 5- 2 7= (Figure 2-8 (b)), AKUfii
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AFNVIITENZEI 0.78 ppm & 1.22 ppm (ZHIALT AS fEIX 044 L2V /NS Teonle, U7
0 L A FALK 11 OG5 7 A FBITHA L2 IRFE EOKEFR - IZZ2 1 0.11, 0.96 ppm

IZALE LT ASE 0.85 % &5 . EHym
Ha EHz s
Z. 7= (Figure 2-8 (¢)), K ) o, " ir‘" b c1':=.+ s
s : s O @-CHa e 1 D O—BiCHy . o DB M3 s o
ui A FVEEX 042, 1.11 ! ) b A 1 i LI TP e
ppm (ZELAL T A8 fE 0.69, F AL B 7 ondy e
BOOAFVHEE L, T T, R i) TR il
Hil Sja o (=} -H i HCHC SI- o J D—N 5 HyTH OO B —0 L --“
1.69 ppm (ZELILT AS fH s Bt \ CHiErCHy
0.52 %5 % 7=, ’ " "
Figure 2-8 Portions of 1 H s | CHa. out CH;. in
NMR spectra of silylated ||
cavitands (400 MHz, CDCl,) at '
300 K for: (a) 5 with —0.29 A | | A AN ppen
d D) and 0.53 - 155 n 10 s na s
inside met and 0.5 m ¥ CHj. onl
( Y ) PP | CHe, ourt CH:. m CHz. m
(outside methyl); (b) 10 with I|
[
0.089 (inside methylene), 0.78 N, IJ‘ JJI LY J i
N -\ L - M
(inside methyl), 0.96 (outside e T T
o l CHE. b ludden
methylene) and 1.22 ppm | CHy, o
CHa, o, b | l CHs. out, a CHaoim CH. mea
(outside methyl); (c) 11 with f | | |l! I |
0.11 (inside methylene bonded to b / I'-.__",-iLI i ,,!, A
: (8] : ) |I|I ; ; -._-.-_"I; - ; - ;':'I L3

silicon), 0.42 (inside methyl),
0.96 (outside methylene bonded
to silicon), 1.11 (outside methyl), 1.17 (inside methylene bonded to methyl, hidden) and 1.69 ppm (outside methylene

bonded to methyl).
______ 5 A5 082

Figure 2-7. 2-8 DfERMNHHE I 1 6 Me\Si/CHg A31.07 5 Me\Si/CH 5
AL ARIZET 2 6.7, 8, 5, 10, %o, A
M DAL 7 MEKRT AS fE%

. _ N CHi fffffffff A3 0.63 CH{ fffffffff A5 0.4
Figure 2-9 [ZF L 72, W LIZB W 7w O AS1 10 10 & S 6087
THT A RITHE LTRFE LOT 1 sl si,

o o o 9

UMb RERASEEZE 2. 6, Yook L
7. 81X 1.0miEOfE, 5. 10, 111X P A5 0.66 org A8 0.69
0.85 R DIE AR L=, CHz\ """""" A30.77 CHZ\ """""" A8 0.52

Py -/CHz ------- AS0.9% 1 wPr _/CHE ******* A5 083
S S

o o o o
Yook Yo

Figure 2-9 AS values in CDCl; between outside and inside alkyl protons The measurement of "H NMR (400
MHz) were performed in CDCIl3 AS values = (chemical shifts of inside protons) — (chemical shifts of outside
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Figure 2-10 Portions of 'H NMR spectra of silylated cavitands (400 MHz,
toluene-dg) at 300 K for; (a) 6 with —1.41 (inside methyl) and 0.19 ppm
(outside methyl), (b) 7 with —1.04 (inside methylene), 0.066 (inside
methyl), 0.75 (outside methylene) and 1.14 ppm (outside methyl), (¢) 8
with —0.77 (inside methylene bonded to silicon), 0.081 (inside methyl),
0.71 (inside methylene bonded to methyl), 0.79 (outside methylene bonded
to silicon), 1.06 ppm (outside methyl), and 1.67 (outside methylene bonded
to methyl).

akd

| } CHa, onl CHs. in

B0 |5. (1N [0 -5 L0 L&
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’ R |.’| ) '_'-l.'_s R T

Figure 2-11 Portions of 'H NMR spectra of silylated cavitands (400 MHz,
toluene-dg) at 300 K for; (a) 5 with —1.25 (inside methyl) and 0.23 ppm
(outside methyl), (b) 10 with —0.93 (inside methylene), 0.19 (inside
methyl), 0.80 (outside methylene) and 1.18 ppm (outside methyl), (c) 11
with —0.69 (inside methylene bonded to silicon), 0.30 (inside methyl),
0.84 (outside methylene bonded to silicon and inside methylene bonded to
methyl, both hidden), 1.09 (outside methyl), 1.72 ppm (outside methylene
bonded to methyl).
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CHy - AS 160 CHy------ A5 1.48

Figure 2-12 AS values in toluene-dyg 5 Me\s/ 5 Me\s/
between outside and inside alkyl protons ¢ o o o;r \0\;
“ The measurement of 'H NMR (400 L

MHz) were performed in toluene-dg Ad

CHy ——---—--- A8 107 CHy ----oooo- A5 099
values = (chemical shifts of inside - A5 170 o A 1T
. . B S e T i S . 2 T i .
protons) — (chemical shifts of outside 7 Et\s/ ’ 10 E‘\Si
I
protons). o o o
Yo oY
CHy ------ A8 0.98 CH 430.79
ah e
CHy --mmommeme A3 0,96 CH; A5 0.88
N,
8 \CHz A5 156 CHy -=----- AB 154
nPr nPr\ e
Csi 8i
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oy Yoy

2.3 Xy EX Y NERERFOT 2 ) RAT ¢ VBN DAL

FrEH L RER6ICHBVTHRAD ASE 1.60 (FE hLmr) RASfE 1.48 (b= y)
EHZDAFTVREOERE, n BFRELZ TOICEXTHURERTH L LHEMTE 5,
T & IZ LT Scheme 3-1 (2R Tn BREE T ICRIT DHBR R T o VELALF) OBKEH
ATz BB, BRAT 4 VRFOISNLE TR A F ¥ BT 4 —ORANZH < 2 &N TE U,
ZHITBLAL T % @R HIE T v B 0 — e S LB A AR O 22 I BL
SNDZ LT d, ZOZEMICRESNIESFOMWEZMD Z L3, BEROWEEY A F
T ACERZERNT RS D LA A R AR M 5 2 &2 0 D TEFERIRV,

Scheme 3-1 Cyclophosphorylation of cavitand 4 with use of dichlorophenylphosphine

base
PhPCl,

—_—
solvent
temp/time

R =CyqHp3
4

ZTITHRFEE L TYZ7 a7 2=k AT 4 & WA #5217 - 7= (Table 3-2),
Ll WTNOEEIZBWNTH BRSO NRhoTc, 22T, AAT 4 U E LT
RUR (PRAFNT I ) RAT 4 RANT, MV B N = F LT I UfFE T,
FYEHX L RIKEREDHEAT 43— 3 &f7>7- (Scheme 3-3), FER. 3MHIET7 2
JIRAT 4 MEAB, ANBIET X VR AT 4 AR 1A BENEI A3%IE, 5T% IR T
LT,
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Table 3-2 Cyclophosphorylation of cavitand 4 on various conditions *

entry equiv. of PhPCl, base (equiv.) solvent temp (°C) time/h
1 1.2+4.38 - toluene rt— 110 5
2 1.2+38.3 — dichloroethane rt— 84 2
3 5.0+5.0 Et;N (10) THF rt— 65 3.6
4 5.0 Et;N (10) toluene rt 4
5 5.0 Et;N (10) THF rt 3.8
6 5.0 Et;N (10) THF rt 4
7 5.0 Me;COK (2.4) THF rt—50 2.8

*0.1 mmol of 4 was used. Desired precuts were not observed.

Scheme 3-3 Amino-phosphination of cavitand 3 and 4 with tris(dimethylamino)phosphine

N/
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R=CiiHys )
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& 14 0 2, B 12 O T A USRI LT, Stk (LR FE S T ORI T
R D RS ND IO TEMAT ATV, HARHE BARERL T,
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AWFFEIE JFE21 HACH D% KARDE LA DS LITBIT T HZENTEELT -, TREHIH L
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