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8 2 Pbh(l) o) AA-4b4 F Adizz] 2j7k=al 1,13-diaza-3,4 : 10,11-dibenzo-5,9-dioxacyclo-
hexadecane(NtnOtnH,), 1,15-diaza-3,4 : 12,13-dibenzo-5,8,11-trioxacycloheptadecane(NenOdienH,) % 1,
15-diaza-3,4 : 12,13-dibenzo-5,8,11-trioxacyclooctadecane(NthnOdienH,)7t2] ZHE 3 A ub-$-ol 4] Ph(II) o]
2o i 2¥ uhg HFHES “Pb-NMR 34& AH8-3ld N,N'-dimethylformamide(DMF) 8-l 4
ZAtstsde). Ph(ID-NtnOtnH Al A 72 313-#2) wlshdSel o8 m#t uhgo] A= gllen Pb
(ID-NenOdienH Al ¢} 7%, —5°C °]3le] 2% gl e oA ¥ vshiEoR, +5C o]t &%
Aol 3§-se] wztE o) EAt ¥ vlyh]Fol FAld 2 wb-gol FFgE w|A 3 Qo) =3¢
32 ukgol g A3} ol 2= NinOdienH <NtnOtnH,<NenOdienH,9] ©=28 #E-9] st & Aol
ukf o] ol

ABSTRACT. Exchange reaction mechanisms of the Ph(II) ion for the complexes between Pb(II) ion
and nitrogen oxygen donor macrocyclic ligands, such as 1,13-diaza-3,4 : 10,11-dibenzo-5,9-dioxacyclohexa-
decane(NtnOtnH,), 1,15-diaza-3,4 : 12,13-dibenzo-5,8,11-trioxacycloheptadecane(NenOdienH,) and 1,15-
diaza-3,4 : 12,13-dibenzo-5,8,11-trioxacyclooctadecane(NtnOdienH,) were studied by *"Pb-NMR spectro-
scopy in N,N’'-dimethylformamide(DMF) solutions. The associative-dissociative mechanism dominated in
NtnOtnH,-Pb(II) and NtnOdienH,-Pb(Il) system. For NenOdienH,-Ph(II) system, the bimolecular excha-
nge mechanism prevailed below —5°C, and both bimolecular exchange and associative-dissociative mecha-
nism dominated above +5°C. The order of activation energies for dissociation was NtnOdienH,<NtnOtnH,
<NenQOdienH, which was reverse to the order of stabilities.
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Fig 1. Nitrogen-oxygen donor macrocyclic ligands.
The numbers in parentheses represent the ring-
membered atoms.
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Fig. 2. ™Pb-NMR spectrum of 1.0M Pb(NO3). and
its marcrocyclic complexes in DMF solutions at 25°C.

Table 1. ®Pb chemical shifts of 1.0 M Pb(NQs), and 1.0 M Pb(NQO,), and 0.10 M macrocyclic ligands in DMF

solutions at various temperatures®

Chemical shift (ppm)
Temperature (K)
Pb(D) Pb(ID-NtnOtnH,  Pb(II)-NenOdienH, = Pb(iI)-NtnOdienH,
223 - —-37 - -
228 - —26 - -
233 - -11 - —47
238 12 - -21 —37
243 - 29 -2 —12
248 32 47 23 3
253 - 63 47 26
258 62 81 68 52
263 - 94 90 67
268 91 111 107 98
273 - 133 133 118
278 - 149 154 140
288 - 190 163 178
293 188 203 - -
298 198 230 206 222
308 239 268 246 256
318 269 306 279 290
328 303 338 311 —
338 329 367 341 -

“Reference was 1.0 M Pb(NOQ,), in aqueous solution at 0°C.
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Fig. 3. Pb inversion-recovery spectrum of 1.0 M
Pb(NOs). in DMF solution at 25°C.
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Table 2. Temperature dependence of relaxation times for DMF solutions containing 1.0 M Pb(NOs), and N,O,,-

macrocyclic ligands

T®) 1/T; (sec™)

Pb(NO3). 0.10 M NTOT 0.10M NEOD 0.20 M NEOD 0.10 M NTOD
223 - 273 - - -
228 - 293 - - -
233 - 2.86 - - 4.11
238 1.85 - 11.0 1.90 413
243 — 2.75 5.58 - 4.79
248 1.62 295 544 142 6.73
253 - 3.05 314 - —
258 1.07 2.80 3.00 173
263 - 374 2.66 - 114
268 0.817 467 451 4.05 14.2
273 - 7.20 6.25 - 13.2
278 - 7.92 8.31 9.00 182
288 0.643 25.5 12.7 119 21.7
293 0.576 284 - - -
298 - 28.1 138 - 16.2
308 0.537 249 10.5 105 134
318 - 22.8 867 8.26 -
328 0.647 216 757 6.34 -
338 - 20,6 6.85 - _

*NTOT : NtnOtnH,, NEOD : NenOdienH,, NTOD : NtnOdienH..
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Fig. 4. log 1/T, vs. 1/T plots for DMF solution contai-
ning 1.O0M Pb(NOs); and 0.10 M NtnOtnH,.

1994, Vol. 38, No. 1

vl Z grelm2 gy ey FES JAF)
Ph** o] &9 FEv 713 2izkee) yxo} 2y
744 &gk

AA AY zA A ¥Ph-NMR AHEHEL ¢%
st FEstd AlEuke BFY S Uit Fig
4~7E& 7+ AE 499 log /T, 252 o5
A=A 2ol 23¥E ¥d A A g
=] 2ZHE 49 9571 257} 713t ot A
Sl VYTt Aasxnt, 32 A6 e F7tst
3, 257t ¥ e e dAZ oA gase
AL Velc) o}l AE-E YA P o3}
2oi3s Pb?* o] 27te] w3 Hkgo] Uodg 9
vgtc) gl 227} Fskel wiel YT7) 3a
ke 2% d499 YT, A NS4 =E3
sve| & 7 $ ok o8 XM T T,
ZEEHEH & AAtshke dlole Shchori 5 Al
A& ARSSHATPS. &, AR 1Tue (1/Te)erst
L5 9&Ao] A& Aolunz FZF x99
VTugte e XA 1/ Tugo2 Y e Qs
o 93, FAZ ¥ LRAAE YT=1Ture
¥ 25 999 VT gto2ye sty 7

3.0
~ UT»
-
-
-~
-~
-
-
-~

2.0—
3 /T
E /// v
£ e

-
-
10—
YT, o
Ity G VT
/T
o +—
1 | 1
3.0 ) 3.5 4.0
1000/T(K ™)
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Table 3. Transverse relaxation times and rate consta-
nts for DMF solution containing 1.0 M Pb(NQs), and
0.10 M NtnOtnH, at various temperatures

TE) 1T, YTuy VUTwu VUTw 1l

258 2.80 424 112 414 177
263 3.74 399 0.95 390 2.96
268 4.67 377 0.85 369 418
273 7.20 35.7 0.78 350 771
278 7.92 337 0.72 331 9.01

Table 4. Transverse relaxation times and rate consta-
nts for DMF solution containing 1.0 M Pb(NOy). and
0.1 M NenOdienH, at various temperatures

T (K) YT 1VTuv VUTu VT 1/t

258 3.00 372 281 347 0.191
263 3.38 316 2,69 292 0.706
268 451 275 2.40 253 2.28
273 6.25 240 2.19 220 489
278 831 214 204 196 899
288 12.70 16.6 1.86 149 379

Table 5. Transverse relaxation times and rate consta-
nts for DMF solution containing 1.0 M Pb(NQs), and
0.20 M NenOdienH, at various temperatures

TEK) VT VThw YTuw VUTs u

243 4.77 89.1 2.88 865 1.93
248 6.73 74.1 2,51 718 446
263 11.4 4.7 1.70 432 123
268 14.2 38.0 151 366 188
278 18.2 288 1.29 276 411

ilsted A4k

Table 3~6& AYHog d& UTat 9
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EAZRE Qe A3} ANUAF Table 79 et
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$$=E4 HEveE Jehich

Table 7-¢ B AE9] dAH = A= NenOdienH,
<NtnOtnH,<NtnOdienH, 2] Z=o]xqt &fig] ukg-2
B4 3 o x+= NinOdienH;<NtnOtnH;<Nen-
OdienH,48] 284 2E9 AT gt &=
uh3-o] A3} x| = ME b FH = Jepgch
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Table 6. Transverse relaxation times and rate consta-
nts for DMF solution containing 1.0 M Pb(NOy), and
0.10 M NtnOdienH, at various temperatures

T X VT, YTuy VT VUTw 1l

258 173 49.0 105 241 0.688
263 2.57 39.8 091 195 1.71
268 4.05 339 082 166 3.50
278 9.00 24.5 074 120 11.8
288 119 17.8 0.62 87.0 287

Table 7. Activation energies and stability constants
for the complexation between Pb(I) and N,O,, macro-
cyclic ligands in DMF solution

Ligands E, (kcal/mol) logK®
NtnOtnH, 113 6.22
NenOdienH, 21.3(32.9¥ 5.00
NtnOdienH, 11.0 6.65

“Ref 14, *The value for bimolecular exchange mecha-
nism.
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Table 8. Kinetic parameters for the complexation between Pb(II) and N;0O,, Macrocyclic Ligands in DMF solutions

at —5°C

Ligands AH” (kcal/mol) AS” (kcal/mol K) AG* (kcal/mol) Mechanism

NtnOtnH, 114 —12.8 148 II

NenOdienH, 21.7 214 15.0 I+
*32.3 *63.9 ~*15.2 I

NtnOdienH, 10.5 -13.1 14.0 II

“The value for bimolecular exchange mechanism, I: Bimolecular mechanism, II : Associative-dissociative

mechanism.
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