Bhp&S 1006

EAE AT AT ERIRMEZ G THN LT =4 L' 72— DS

IR

HITE R B E R B A A bR

B B ARCRER CHEEREEZRIL QOB WA A BRI OB R T 22D ATREAR N LT =
AT H—OREFEEBIREL, o0 22-E T 7 XL U E EEKICE TABRIRE ARFFHEIMR 2 ZRREHUT, JFER R
HUTIV 3T B A AR EEL T 6 BEFE T, SBITTVAV T T TR 4 13 3 Dbl CEDIE THLZ LT
LTz, B T C3 L4 DOERLIGES TV 2a 215D L2723, RU~—L bbb EEM%E 52 =D T
bolz, TZT, T T —heLTEALT N7 F VT B = MFEE T CRINEAToT2L 24, At A4 AR LT
2a DNENERTHELN, HONTARM DO NMR AT MLING, TR T F LT B AAF L IN—HE DB F A
(BB DONRAL TWAZERHERIS L, FZBIC 7 mmds L M5 DRI OiEWEFI LT, 2a-Cl- TR 7 F
NT B DEEARHO T A 2 ETe 2a-Cl ITHBET DZENTE, 50472 2a-ClL T N7 F AT o E=U LI
WEERE A THZ LI dD, B AL Z LT EILTZD T, X B S SR IS > TEOREE RIS e o T2,
HIREETIT, PO FHLEEIEIC > TRRIEN-LOIZ4-DRE NH (TE(bA A LR FERESETERLTEBY, v
FIFNED ZHOFTFNFETRCNTALEL TV, MiRERE W T (kA A & RETHZET2a 215528
Tz, BUEDHT, 52272t AL DR ENZERSNTRL T, SHROETHD, 55172 2a ZHWTT =4
DTS B RRIC OV TR LIZE 2 A kA A EBALIA A A TEIRNENR D2 8% R LTz,

1. ARBEH

T =AU ERETHIEN AR AN LS A — L, 7
T =T AR E T DT F e T E— LT
ZDOWFZITEN TS, LNLIRAD, 55 TP BN
EMBIFIRR DT =A AR EORIE S TR T =7
VOBREREERSCEE ST ~OFHANEZ6NHE
B, IR A CHFZES TG U B2 E B Al LR
HTIE7, TIRNH 2 E OKBREE R FT—% T =43
L E L TR T DL A —1E, 7 =AU FEE TTOER
PENHIFF CEDLZEMLEL DB ENR DD, — Iz, KFE
IR TT =F v 2R T DERORINMEL, 7=
COKRFBREGT 78T H—RE, Tb B RIS
NDZENEL, BT =4 I E MOV T =4
WAL T = A T CE IO FINT =4 T B RS
AT DD D, A A ATAERF WA Tl
HEZNT = THY, ZF ORI X EERETH

o MIFH DA A A LPRIEIL 95-108 mM D720 )
< HBEEOKRAE 2L TG P OEAAA RED
HENBEETHD, s IXZNETIZ 22-EFT7HL 0D
8,8 NGB ESNL A E A LTl 2 DL 7 X —A G L
T& B, 2oL 72— 3d D s 44 — 7]
BRI AANRT ST Ko THRRRRAG A 1352 Lh3m]
RETHLEVIRHEE RO, £ DM FERRIZIBNT, 7=
DB EERIT AL FHETH D IR F 2R
ML THT DL 2—1 ik, ALz B

N—H_ H—N
o~ '@ o
/N—H H-N,

Bu Bu

1-CI

-79 -



ZORBREERLIZEZA, LT =4 2@ ik
PEEBHLTRY, BT =4 ERIEH LI LRSS
BREZ R T V) BRI VA & R L7,

INETORREAEEE X T, AT, KOMIE TS
T =T )V ERRRIC KRB RS L0 b 7 =F
XL TRV GIESEBIRE S IR  cEaL 72 —2 %
ALz,

N-H  H-N
o= =0
N-H  H-N
OO+,

2a:R=H

AR ER Y o7 1Bl B (PM6) & W CL T 7e
2a-Cl $EROREIE R LA T o 7o o Fig. 11077,
b&¥ 2a D_H>DFT7FILHITBHEWICKZETDHED
(ZHSDBA L, 4 DD NH SN RHNZ—2>D CI" K FE

Figure 1. An optimized structure of 2a-Cl” complex by

PM6 Hamiltonian
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Figure 2. Synthesis of the reaction intermediates 3 and 4; (i) AICI;, succinic anhydride, 85%; (i) NH,NH,-H,0O, KOH,
triethyleneglycol, 90%; (iii) polyphosphoric acid, 76%; (iv) NH,OH-HCI, NaOH, EtOH, 88%; (v) H;PO4, Ac,0, followed by,
HCI, EtOH, 78%; (vi) NiCl,, PPhs, bpy, DMAc, 51%; (vii) triphosgene, iPr,NEt, THF, 80%.
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Figure 3. '"H NMR spectra of the reaction product from 3 and 4 in the absence (a) and the presence (b and c) of

tetrabutylammonium chloride in THF
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Figure 4. '"H NMR spectra of the soluble (a) and insoluble (b) fractions of 2a in chloroform

2. 3 X IRiE BB SRR

SEVVRTZ BT, BT L — AR ) — VD 2a DAL T
NI T FNT =T LEHRD S S MFHNT-D T, X
FRAEG AR IEARAT IC Lo TEOREEA BN LT, Fig. 5
IZ 2a:Cl" @ ORTEP X%/~ Fig. 1 {ZRLIZArF#liE
FHRND T RSN AREEICIEF TN ERABDEZR -
7o ST RIRELTEATR D, fFrEl-oTRY, B 7
FNFED oD F T F N ILIINARA R SR BT D
728012 33 735 36° D 2 A Z 72U TILEL TD, 400
PR3 NH (32 THMIZ IV TERY, N--Cl ok x
322775329 A LR FEREAL TODTEDHBLNE S
Too o, T7F LD 1 ALO C---Cl O HEEL 3.70 255
3.79 A L9IIKFEREA L TWAIEBEIALEL TWD, T
72, FELT NH LAERAZRL, %@%E’Ji:f7%
D 1L C-H ERFERESEAL ., $5t 8 ST LA
A MBSV TN D I ENDND,
2. 4 BIEMAA L DBREICKBLET2—2a DEE]

WIT 2a-Cl OIEAEMAA L ZREL, L BT X —2a
D EBEZ DWW TR, SRAA T A 72N
7 ANA T XA TR T D2 E BRSBTS
DT, DMSO H CHEBRERAZ L7214, 13047 h %

BrEWS  RBFIORA AL 7L KET B =T K THN
THZLETH-, Fig. 6b (285D "TH NMR
ZRnd, 2a-Cl SR C, 7RI 7 F AT =D ADTH
SRR T, 512 9.28 ppm (ZJRFE NH 78 8.74 ppm (Z
E ST F IO 1L C-H RENENRE @G 7R
TWAZER DD, Bz 7ML A A D3
EENTZEIZEKFHEL TS,
2.5 7=ALEDRE

’E'Er}rbfcl/t7°§7~2a IZDWT, oNDT =4
TARHIZR 2 BB T HMETEAT 7> TET, 85— Al
wmxayw TRAWT, 7=4 OFMMEEHIZ 310 nm
FHE DRI 23 F WA R 2% H LT 320 nm AT AR
KWL AT DANT ML~ LT (Fig. 7). WIZE
{BITIEAC A > DTN ENEIFI L7223, R L
2aZ%F L TR 0.4 Y ST 020 D700k U CRIFI L7,
BAAEZORRIZOWTTEEBHLNE/ 2> TRV, B
O FERITHALIA A BEREH K QRN TH
HEZZTND, Fiz, 2a DA T DI MR 1335
LB, SERIIC S ESWEREEE DA R LTI | ¥
A SR 2 HEEREGRETHIENSHOR
BETHHEEZHLND,

-83 -



Figure 5. ORTEP drawings of 2a-CI” complex by X-ray crystal structure analysis. Tetrabutylammonium cation and solvent
molecules are omitted for clarify. Crystal data: CsgHgyCINsO,, M = 898.59, monoclinic, space group P2,/c (no. 14), a =

24.4322(11), b = 16.6227(5), ¢ = 27.0980(11), = 113.8799(4)°, V' = 10063.2(7) A’, T=153 K, Z= 8, R, = 0.0882, wR, =
0.2082 (all data), and GOF = 1.305 for 1233 parameters.
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Figure 6. 'H NMR spectra of the 2a-Cl and 2a in DMSO-d

-84 -



2.0 4

1.5 T

1.0

s |

00— 1777

280 320 360 400 440
Wavelength / nm

Absorbance

Absorbance at 325 nm

1.6 —

1.5 — .w o o
14— @
1.3 ¢
[ ]
1.2 —
| | | | |
00 05 10 15 20
[CIT/[2a]

Figure 7. UV-vis spectral titration of 2a with CI" in MeCN at 298 K
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Summary

Recognition of chloride anion is one of the important themes in molecular recognition chemistry since
chloride anion plays crucial roles in biology and environment. A cyclic bisurea derivative 2 was designed for
construction of a highly chloride-selective artificial anon receptor. An important intermediate diamine 3 can be
obtained from chlorobenzene in six steps in sufficient yield and 3 can be converted into diisocyanate 4 in good
yield. Although the cyclization of 3 and 4 in highly diluted condition in THF was performed to give 2a,
polymeric material consisted of 3 and 4 was only obtained. A 2a chloride adduct was successfully obtained by
the reaction of 3 and 4 in the presence of tetrabutylammonium chloride as a reaction template. From the NMR
analysis, a part of tetrabutylammonium in the product was substituted by other cations. These salts can be
separated by solubility in chloroform. The structure of 2a-Cltetrabutylammonium was revealed by X-ray
crystallographic analysis. As expected by preliminary molecular orbital calculation, four NH of urea groups form
hydrogen bonds with central chloride anion in the solid state. Two naphthyl groups of 2,2'-binaphthalene in 2a
were twisted and four 1-CH hydrogens also form weak hydrogen bonds with the chloride anion. Removal of
chloride anion from 2a-CI” was applied by the addition of silver nitrate, however, we can not achieve the removal
of all chloride anion at this stage. Anion recognition ability of free 2a was preliminarily elucidated by UV-vis

spectroscopic titrations, chloride and bromide selectivity of 2a can be found.
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