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Development of Sensing Agents from Kemp’s Triacid Derivatives
for Metal Ions and Chiral Amines
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Sensing agents for metal ions and chiral amines were prepared from the same starting
material, Kemp’s triacid. Kemp’s triacid, cis,cis-1,3,5-trimethyl-1,3,5-cyclohexane
tricarboxylic acid, has unique characteristics as a scaffold for sensing agents. Namely, three
carboxyl groups are pointing in the same direction from a small cyclic stage. Using target
specific design, the carboxyl groups were used separately to recognize the target or signal its
presence. For inorganic metal ion sensing, one or two carboxyl groups were used as
chelating units while the remaining carboxyl groups served as chromophore linkers. As a
result, highly sensitive detection of metal ions was observed by color change from yellow to
red. For example, the detection limit for Hg2?* was 4.0 x 10® mol dm™ using an imide
monoacid and the same detection limit was observed for Gd3* using amide diacid. For
organic amines, two of the carboxyl groups were derivatized with optically active NMR
signaling units and the remaining carboxyl group was used to bind the amines. The
resulting optically active diamide monoacids were shown to be useful as NMR shift reagents

to determine the optical purities of several chiral amines.
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1 Y 7R R _#H&Lifﬁb\kfx STl o CLED.
AR D T4y F 38R BE | 2R L, FIHEZ X AERITRANF AMESE DM E T, KT T OR
T )72 R uﬁﬁéabfﬁ FTALE: DELIEIZI, TEFERFTENITOIL TS, A IXINETHEL
YO0 TR 2RI LT, EIZA&BAA 20 0B, Wt Bl CXOMEENME 7y 1 D% E, B

,58,



REATHTCEIZ. Y KT, &ofT-o C&7=4 v 78 (cis,cis-1,3,5-b) AF /L-1,3,5-> 7 ~FH K
JIVR ) B E L THW B RS, B 2 AR H IR ER T U O F i E
ERE, OBIFIZOWTHET 5.

2. BRUEBRRDRFETVTHRORHE

R HHEREIZIT 2 FEOKEETNL, BIG, BB LS REAR BAEM 9519 585k SO L T DR B4R
MaEFBELME 5315 1AL THLH(Fig.1). ZNBOMEREZ AR IR - 3 AL 2 FF - 7o WG 27T 9
HIELATRETH DN, 4 % DR EN LR 2 OREIEIZ 3 HIELZEL W RETHD.
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Figure 1. Design of molecular sensor
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Figure 2. Kemp's triacid and its anhydrides
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Figure 3. Synthesis of Kemp's imide monoacid derivatives
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5a (X 3 ENN-TVAF L4477/ VT =V 6a nbULEE RS H7-(Fig.3). & FEBRIL, 5a DIEIK
IZ 0.0 ~ 10.0 BV Y ED Hg(ClO4: ZMZ, AXTMVELZBIRILUTZ. RO E ORI
(Amax = 418 nm)iE Fig 4 ITRINTWAHIIZ, Fio/et =7 (Amax = 519 nm) BBLALAREAIZZ KL
72. ba O Hg2*~DOf R 1% 4.0 X106 mol dm 3 Th-o7z. £7=, 462 nm (WIS 1272181
WENDZEND 1:1 $EERERETDHE, WNARTNLOT —2 bR OHILLEEAE R EEIL 8.0X
104 dm3 mol 1 TH-7-.

1.200

Wavelength (nn)

Figure 4. UV titration of chromophore 5a (3.00x10° M = mol dm™ ) with the addition of Hg(ClO4), in acetonitrile
containing 0.01M LiClO4 as electrolyte.

[FARD IR ZMOBIRAT L THITV, TOFERE Table 1 IZFEEH 7. BIHMNIT ba IX, H~TER
KO EABAA L OF T Hg2HIZX L CTieh @ WU 2 R L7, Zn2te Cd2+l iﬁ“éf&&‘ I% Hg2* 2%
LTCTENZEIN 1/75, 1/7500 LA T 72 -7, ba ORI, Hg2 Ik 5 — xR etk chor o
AZE RN, 69 JERIVEITR V. Fo, EWTFRICEE R Zn2t X0H A 38 Hg2 I L CRiL i
REZFF > TODZ 8L, RHAIEL CEERME LA, SHIZ, ba L 6a DRFHZA{LA~IMLE 1 E
LM EO He? fFEF 5 ~ 60 /MHIE Lz, DR, ba 1% 6a ST RIS, B<EFFKFET
Hg2H T3 LRI IR E T 02 BB BT/ o7,

TV VIE DN R DT, VKRBT O R aF 3K 7 % Fig. 5 (ZHE-> CRBIL, EZTT
-72(Table 1). 13 &JEAA L DRIMNZEHEOZEACIE 420 nm OWIARAL, 545 nm OWLILA3HY
B2 TRENTZ. T Ofch BLREOEEIL, Hg2ve P22l 0 “MlOELEBAA NI L TIDD,
SARDT B IARAF AT L TRIEE TIRE 7528 ThDH. XL, ba X =MioAA 1246
KLghoT-.
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Table 1. Detection limits® for chromoionophores 5a and 7

Detection limit Selectivity
+ o b)

Entry Compound Metal ion %10 mol dm™ He?" /M
1 5a Hg?" 0.4 1.0
2 5a Pb?" 1.2 3.0
3 5a n* 30.0 75.0
4 5a Cd* >3000 >7500
5 5a Ag’ 160.0 400.0
6 5a Cu? 15 38
7 7 Gd* 0.6 0.75
8 7 Ln% 0.2 0.25
9 7 Hg?" 0.8 1.0
10 7 Pb? 1.2 1.5
11 7 Cu? 0.4 0.5

a) 3.00% 10° M of 5a and 4.00 x 10”° M of 7 in CH3CN
containing 0.01 M LiClO4 as electrolyte at 25.0£0.2°C.

b) The counter anion was ClO4 except for Entries 4 and 7.
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Figure 5. Synthesis of Kemp's monoamide diacid derivative

3-3 MHEE

BDOEALOHREEZ T ~D72D1Z, HCl & NaOH @ik &> T pH 2 2 72. ZiUL 4 R EAINE/ T
VR PR E NatA AL DS NTINZ L2 LD, 19 HCL L3R 5a D 1:1 KK D UV-Vis A7 LT,
H1HE Hg?td ba D 1: 1 IR D AT MVERIUTE 72, ZDZ 81T ba BERICH L ThH B Wyt —
LR HTEH R TND.

NaOH &R CZOWREE 9 5L, 519 nm OWIXAEAL, 1 %80 NaOH &Nz 7= T IY
FBRESN 2 oT. ZDZEE, Fubr—ar NEDOEITH L THEREREEZEL TWDHILER
LTS, (E-TC, EBREB L OCESBALLZIRMTHIEICI RAREOEROENEN TS
BRI, ROIDICTFHEIND. BlD, B AA L DAV RI U IVIELSE AR T HZ 812k, 7 ahen
LBEL, HIEMEDOT Y FEITE XN ba DIEREE X, COZLBNBRISNLIOTHAY. —F, =haik
AR B LA E RS, = RFE TR THEOT, AL T ah AT RN T LR A
TEHE T, ZOMEE, BRIOESBEAA L DFE T CEXADOEEPEILRN-T-EBZLND. VAT
NT Y FEITE G RELLTUEE, Tebr—Tar & GLTNDEE ZLND. ZOMEIIM A4
METELRXDHVNI IR RO 2o — LB THDN, 5.7 BIESHICHELIRGT R ThD.
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4. THEDHHAE

EMBRIZEBNT, ARILEYOT 0 TR bEIEFICHETHD. T T FOIARFRH T
LB EZ 0T ARROLOFBILEN DB AFTRFZ AL, HWAEETHLHILEE DL, K
ROITIER R TS,

INETH & 1T~ DI FATEERMEAE 2T L, O FEIENERE G O 6553 FIFRWR S b
BRELTUSHLTE, 1510 —35, U 7R L OLF RSB SRR A RS S5 2
28V, TR o T ERH BN E G A TED. T TR AT AENR U TINE / IVR
iez 5 R U(Fig.6), P iE IR T I O AR F BRI DWW TR E 2 T8 o7, 17

Ao & _c N R*
o 2 eq. R*NH2 I

8:RNH,=(S)-10
9:RNH,=(R)-13

Figure 6. Synthesis of chiral Kemp's diamide monoacid
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WFHNFE 2 TR T IR 8 IR WL, TINE NI ARERBREE 212, T REFR R
B2 TNV VR T I LA T DEH RELTHRET 5. JilD, 2 FRIEOE RE S OFH 2
ADUCIRFRMIAITONSZLLD. Fie, TIRILS 7Ry MIEICE FNOARIT 1 H
NMR HEIZIBNT, RFRFREE | 2L ME 5 3E 1A L2 b. E->T, ZZCREILIZ M Al
HERE I CTHDN, ZDORET i%@/\)ézmv Gk T L0 EMECTHD.
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4-1 NMR 7R EE

NMR 7 MR ISE P 2R E T A0 ORI THY, K AIEE b AW ER BE/ERSE, 5
WIS E T DS I THG AR OBIGERE A2 2, NMR 7 (B — )25 E TS 533K
TH5. 5 HEMESN TOAEY 7R 3D £ <0, Eultfe)s (tfe : tris[3-(trifluoromethylhydroxy-
methylene)-(-)-camphorate]) 72E 7% /A REEREZ A \N=H DT, T 7 T2 CRIETHZ
LIZEY, BRIDLFIEMERR 0 F DAL T M LS HTENTED. ERIIITAE S THERTH D
D, BV O T TTU A ARBERDO L 7 NREEA HHE TH NMR OV 7 FLBRIRR->TLEIEN)
KRIEERED. 19 — 5 AL RS T AT LA~ —2 ST 3L L MEA RSN WD, &b A
4,72 Mosher's acid (2-methoxy-2-(trifluoromethyl)phenylacetic acid) 1%, A 7R3 L T,
TEFREETZ T T, TIRT N a— )L ORI AR E 2R E 572 DI TG, 19 UL
236, NMR HIEZITIORNCT I RT Va2 — VY T5TIN, ZAT/VRRBISHELRITITRS
7, 2020 ZOREOTDITITEL 10 mg LLEOGUE LB LD, bL, Ficm Ak 7 MBI L,
Eu(tfc)s EFERICRBHI RN 27200 TREMEZRE TEUL, TOISAMEITIEF ICmVEE LN
5. FZCHRXIITTBEFIRLUCT, #ilcles 7NREEEA B T A2 MmET LT,

4-2 NPEMLGSUOTHROTINETIVOMEEEHR

HFTEMZR 8 1% 8 L(S)- AT NPT 10 EOKHIZED AR LT (Fig.6). JE @ iE 2 fiii—
A Y T2 T AT VA~ —lE BT DBRIC, S PG R T IU 2 X35, Fexld, 8L RIEC S
ROTIOEAWE NMR i E T 22 THATEERT I T 5 8 DR ke 2t L. K7
TEMERTIELT, 10, ciss N- XU D-2-T v 7ant A% ) —v 11, N-XU DIV AT LR Y
NTI 12, 1-(1-F7F W) =F LTI 18, v 7anF i LT IL TV 14 O 5 FFEIZ OV TRFIL
72 IRAR 8 L ANTHDT IV EDEIEAL, 1FEAE DT aR DALY 7 IR EAL LT, S BAPE R
D713 10, 11, 12 & 13 IZBWTBIZRSN. WONOE =7 N33, (L5 7 M 11 Offf =
FA~—TE{bL7=23, 8:(15,2R)-11 (8 £(15,2R)-11 »#E) kvt 8:(1R,29-11 (8 L(1R,29)-11 D)
DI INKO K& AEBIETEZ. HIEL T, Fig.712 11 2T H NMR HE&21T 72L& D 8 DA
Frrubr O FEL T N E R T ALY T NMELOZ DO L7, ERIG 3 11)/[8] = ~8 127D
FTHML. 2P T AT VA~ — I ORMIENENENDO =T T A~ —ZL o TEIZ LT[R F
HEEZLND. BD, 8:(1R,29)-11IX L ERIE THY, 8D 2 DDAF T ahAIRKEL B D5
IZEDIND. ZHUZRIL, 8:(1S,2R)-11 OFERUINAK L IE DTN BNFEL, (LT 7 MbIZ/hE
Ipol-bifBEns.
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Figure 7. Chemical shift change of methine protons of 8 Filled symbols are the data of 8:(1S,2R)-11 Open symbols

are the data of 8:(1S,2R)-11
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Figure 8. "H NMR spectra of 11 and the 1:1 salt of 8:11 (0.01mM).

(a)8:(1S,2R)-11 (b)8:(1S,2R)-11 (c)8:racemate 11 (d)11

FoxldE, 7O HNMR 7 —XIZbE B L2, 11 O UNAALO T ahr v 75 uE 11 ORI
1280, 8:(1S5,2R)-111CBWTiE 2 SIS AL (Fig.8a), 11 DIRIENHEINTHEZDETREA L. L
2L, 8:(1R,29)-11 DA TIXZDO IO LITBLAIS e n 72 (Fig.8b). (1R,29)-11 DX VLALLM
T ERAXZERI U REICED IV CWAZEZRL WA, Fe, 7RO 11 & 8 @ 1:1 §H{AD
NMR A7V Fig.8c 1%, Fig.8a & Fig.8b #EHEOEMII—ET 5. - T, 8 LIFHIEMERT
U OBRARFANMERIZES TH NMR JIEND, 11 OXH727F AT I O WM 2Rk E T 52 Em
TE5.

8 LILFAIEMER T I 10~13 DL P BAERSS # DA ER Ka%e, 8 DAF T 0b OIANny
7W“ﬂ:ﬁ%#%%ﬁé%d\Z%Yiﬁ&:ot%%&b, ZDFEFA Table 2 1Z/RL7Z. Ka(R)/Ko(S)D LS55 03D
IO, WIRIZEBITD Ka DZEN 2 DOBEBIRO T I TSN, $558 AR O RO 2N,
HFHEZ LIRS H NMR V7 A OEELTENELDEE X TnD. — 75 14 TlE, Hifg BIEAER T
by 7 WEALIZZE N BRI N,

Table 2. The equilibrium canstant Ka [(moI/I)'1] of the salts from 8 and chiral amines

amine K.(R) K.(S) K.(R)/K(S)
10 155 120 1.29
1 212 738 0.29
12 55 85 0.65
13 605 470 1.29
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4-3 RikLSH

o T RESEFIENETS 10 D DE S IO ND I FIEME R VAR R 8 1, ZOARF eiE I
DINDIFIGET I OFBBNCHH THDH. 8 ODARFREEIT O THT7IEFHETHL7< H
NMR CTHIETHIENTEA=0, 81THTHZL TH NMR o7 MRIEE 725, RO SRIA G B 222 & L
ERS MW E ORI OERSZ2EETHE, ZNHDOY 7 MREKIIARF RISV 22T & ) A
RRV 7RIS T AT LA~ —FEREIVA LD THHEE 2 5. BUE, KHiE R 18 ZHW
T 9 ZE UMD IERIZ DT ARE BT O REMEZRD 2 L, RERIGRE ORI L2 i
THD.

5. F&®H
T T ENO R BTG A DNV R IR HEMELL T, B4R AR T I O
uﬁ%%ﬁﬂﬁ%ﬁbfé‘t CNODREHHEAEIL, 7o T ORH SN A U TR AL & 5 S RBAB AL &
SHIEIEEZ AL WD, BlD, 3 BOI LRI IIVENBGL LI IEEL AL TWD20, T385K )
éBm}:Haﬁ%TaJéﬁm%ﬁj\ T THERELS, 22O RESHRHAILL TRET 24F A bNHZEITHED
. A1k, BICHREZILD T2 ORI ZBRRE TEobOLHIFFL TS,

Eira

Kﬁfﬁ"i B ERFP LIS PRI 2 B O IR TINETED TRHZENT
TFEL 2SO TUEH TR E TT. BRAL ORI ORZIT, Y8 T35 TESIRFITHTIC
FERR Y BF, FHRE T (B Virginia Tech) 2L, HiW T ERFITB W THE I BY K] _JZ@
IRENTMFGER RN D& FE T, BEEFIHE 121X NMR 0 F&HIERE L OER T HEEIC
VELT-. F-EEOLFEIEE TH5 Bruce W. Baldwin 1+ (31 Spring Arbor College)(Zid, 9&3(
BEEOEMLB FEWIHS Lz, SERICE SRGHAZ R LUET.
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