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Pyridine N-oxides
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Abstract A new cationic host molecule was synthesized by reaction of the di-amide based macrocycle
with methyl iodide and the structure was confirmed by NMR, ESI-MS spectra. The complexation behavior
of the di-amide based macrocycles with pyridine N-oxide guests was investigated by means of ESI-MS and
'H NMR. The results showed that the cationic host can not only bind the pyridine N-oxide hosts to form 1 :
1 pseudorotaxane-like complexes but also have much stronger binding ability than the corresponding neutral
hosts.
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X1

1.1 EENEFIKF

NMR X ] ¢ [ varian NMR system 400 MHz J: 31X
(400 MHz), %71 CDsCN 1 CD,0OD, 4iiJ% =98%,
P F5; TR SR H] 55 E # L Nicolet 6700 i HLIH-2T 4R itA;
LR-MS X LCQ Advantage i I [ 4%, ESI J5; HRMS
K2 H Bruker Apex IV FTMS, EST J§; 44 sl 52 % )
XT-4 XH B e, T RS IE; BrHR
R AT ARG, FEENTRER N Bl L) 4
FE, RN ROV IR I e K AbH.
12 XBSH
1.2.1  K3FAA4 1a, 1b 696 %

1a: SIS A . PR 27%, mp. 239~
241 CCOCErE!"": 237~238 C); 'H NMR (CDCl;) o:
8.01 (dd, J=7.77, 1.6 Hz, 2H), 7.72 (s, 1H), 7.48 (t, J=
7.8 Hz, 2H), 7.21 (d, J=8.6 Hz, 4H), 6.82 (d, J=8.6 Hz,
4H), 6.58 (dd, J=6.55, 2.6 Hz, 2H), 4.48 (d, J=5.19 Hz,
4H), 4.17~4.06 (m, 4H), 3.89~3.79 (m, 4H), 3.72 (s,
4H).

1b: ST A k. PR 25%, map. 245~
246 CCCmrE!": 241~244 C); 'H NMR (DMSO) o:
8.96 (s, 2H), 8.74 (t, J=5.1 Hz, 2H), 8.25 (s, 1H), 7.22 (d,
J=8.3 Hz, 4H), 6.84 (d, J=8.3 Hz, 4H), 433 (d, J=5.1
Hz, 4H), 4.05 (d, J=4.3 Hz, 4H), 3.72~3.61 (m, 4H),
3.51 (s, 4H).
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Scheme 1  Structures of hosts and guests



No. 12

W Rk BRI A S e N-SE A2 SR I 1387

O(\OOjHN (0]

CH,Cl,, EtzN
— > \ X
HN
P¥ata
1a, X =CH
1b, X =N

BR2 &% 1a F11b AR

Scheme 2 The synthesis of molecule 1a and 1b

122 F&EFE KIRMEHY 2 696K

¥4k &4) 1b (411 mg, 0.84 mmol), CH;I!'(2.38 g,
16.8 mol) &% ZMi5(5 mL)IMAE M, =i MR R
V24 h. SRJEIROEZTRER 250, N 281K S A
TR VARG AR, 3 NI NH,PF, " (1.40 g, 8.4
mmol), LN 24 h, Hrib KR SCODOE. ik, %
BK S WEEIEDE, AR E 2 (442 mg), STE
82%, m.p. 258~259 ‘C; 'H NMR (DMSO) §: 9.54 (s,
2H), 9.30 (s, 1H), 8.12 (s, 2H), 7.23 (d, J=8.4 Hz, 4H),
6.85 (d, J=8.4 Hz, 4H), 4.79 (s, 3H), 4.48 (d, J=4.8 Hz,
4H), 4.16~4.14 (m, 4H), 3.82~3.80 (m, 4H), 3.68 (s,
4H); C NMR (DMSO) o: 43.90, 48.69, 67.33, 69.25,
70.40, 114.34, 128.99, 130.35, 134.09, 139.44, 147.28,
158.53, 160.71; IR v: 3280, 3088, 2923, 2881, 1678, 1647,
1548, 1511, 1456, 1362, 1246, 1216, 946, 830 cm '; MS
(ESI) m/z: 506.55 [M — PF¢] ©. HRMS caled for
C,sH,,N,0; 506.2286, found 506.2283.
1.2.3  *b7= N-A4L4) 3a F= 3b 496 %,

3a: K 3,5-0kRE —HIRHIHE(1.38 g, 7.07 mmol), iE
THZ0 mLYAIAZ] Z FUR R, el O 28 he Fi
W NBEM R, IIANTVKOK, #r i K& A piE, flik,
JEUFH 2B TR IR vk, BT 3,5-Ithe —
Fkfe(1.53 g, AE, 7= 78%), W HEHT 5
SV

¥ 3,5-MEmE - FH R (254.2 mg, 0.92 mmol), Na-
HCO5 (2.34 g, 27.8 mmol)FIVE & #(50 mL, 2- ] fid//K
=1 DIIAZE] 100 mL XA, il R s =L
& (Oxone®™)(1.71 g, 2.78 mmol)MIFI/KIEW, =3 Tl
FUBERE N 3 h. A NaCl (2.1 g, 57.5 mmol), CHCl3(60
mL X3)ZW, oK MgSO, THAHIAH, 98, k7518
BrEw, HEOEE 3a (220 mg), 77F 75%, m.p.
197~198 CCCEE!: 193~194 C); 'H NMR (400
MHz, CDCl3) &: 8.92 (s, 2H), 8.23 (s, 1H), 7.71 (s, 2H),
3.46 (dd, J=13.1, 6.7 Hz, 4H), 1.68~1.58 (m, 4H), 1.41
(dt, J=14.2, 7.3 Hz, 4H), 0.97 (t, J=7.3 Hz, 6H).

3b: N R4 R, BRI £(0.54 g, 5.04 mmol), Et;N
(1.5 mL, 10.76 mmol) 2 CH,Cl, (70 mL)JIIAF] 250 mL
PR, vk N EEE, Mg 3,5-nknE — H LA
(0.51 g, 2.52 mmol)¥] CH,Cl, (20 mL)¥ ¥, 0.5 h 0 5¢
He, RN 18 h IIAVKK, T pH=3 Zifi, /i
HHUH, KA CHCLy (60 mL X 3)2HL, &I HIARITE
FJEK MgSO, T, T8, ok ZE1RIBR 2 A5 B (ki
PRI AR, HLP= S G4 €8 1% 4 B5[CHCl; © CH;COCH; =
815 (Vi VAL ALIREANENE — FEE% 0.64 g, /=
K 70%.

I3 et me — ki [ 44(0.17 g, 0.49 mmol)
K5 3a MHE A 72 R G A B T7iE, 45 3b 0.14 g,
FEE 81%, m.p. 249~250 CCCmkE!Y: 246~247 C);
'H NMR (400 MHz, DMSO) &: 9.42 (t, J=5.6 Hz, 2H,),
8.74 (t, J=1.4 Hz, 2H), 8.21 (d, J=1.4 Hz, 1H), 7.51~
7.07 (m, 10H), 4.49 (d, J=5.6 Hz, 4H).

1.2.4 ESI figatr

T Ik H 2 TR A B E 77 2 K0 3a DL 2
H 3b 18 CIER RGBT, K& T k% &4
IUEST 7 27U, e HERRBE S5 P = R AR T Ik
T L.

1.2.5 MEAT L

255 W BUR AR RAE = 24K W) B 4 S ia e
PE, 2 R AW 4 116 R B Re ) i S
. ASCRA TH NMR @ VR e 44w 5. LR
T 28 SIS % FH 56 [ varian NMR system 400 MHz H:3R1X
5295 K K, SR ATAZ R 2 vk e 32244031 2 R 1)
MEHH, K EEFIEARS T4 M CD;CN 5 CD;0D
(V2 V=1:D¥#fiE. [EE%E 3a F 3b FIKIEA 1.667
X107 moleL ™", AR IEREAH A %1(0.182X 10
moleL ") Y N B T B AR TICR, 4 BIE A AR e
295 K Il "H NMR, % & AR BE IR 1 1) Ho AN
FAF PSR EAE. B T (H) S Z 9 (G B
Bl LAY, T LA RN H F G [T
TR S AT B S PP A
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B 25728 4, 13 2R TERR I 7S S IR S & ). 1%
SIS FEGEATIR AN, H A (82%). X B A B F Ak
EIAIH NMR, MS (ESDAFEET T g5 R AE. %) th
RA42 A 1b ) "H NMR 5, AT LR H, a2 1)
'H NMR EH7E 6: 4.791 (s, 3H)ALEL 1b £ 7 /N,
WEHILA W) 2 WP AEAE N-CHy; [RIHIXS TA6 590 16, 1k
G 2 MEBER ARSI AR R AR B B IR
31, Ut N-FEEAL JE R RE PR b v 2= S5 B R s, B
LML R e nE IR Bl = % B FIR T, 7 4h, MS
(ESI) m/z: 506.55 [M—PF, |", HRMS #5452 T4 &
Wy 2 145 8.

FEA REIE N-240 ) 3a B fEdh, x& Ry kit
AT T Sudk. A R Ml R FH e 5 W SR NI T
Js, AFJE BT RN SN T S ok IR S, A6 75 B Y 4
PEREZ, oA PRI, AR e — IR PR Ak S
TE T RREAT S B N Rt % Mk e I e At S AN
BEAR T SR IR TCoK IR SR, A SN B T4 AR, it B
JE AL BRI ORUE TR AL TR R, F
HEH T B AT G . i SEER FReAT T R I 78
WL N, m-CPBA {F NS ALFIA ML E — Wife b &4,
JNIFTA] 3 d, P2 10%~30%, SN RCRANE, X Af
AE AT DA Ay I e i (AT 1) o F, 7 A7 FH A REE g 0 Pl 1 2 %
BEA, oK T mbme 3R b N A R A B A SR A it
R A A £ (Oxone™)1E W E AL FIM 5k 3a 55 3b,
RNV TR AR%EA 3 h, R ROV 2642 = 2] 60%~80%,
ifii Oxone™fE A AL 5 B 25, MO K Hb4 o
T RN,

22 "ERXIRMEEMEME N-SLYRESIER
22.1 WP FERE(ESI-MS) 4 #t

TEF R AT, 5 US4 R (ESI-MS) &
FSE W = BAR S T IR B SR ik —. R3]
ZHARG HIE T IERE N-E 464 3a 1 3b 5 KL EH)
2 IRAH OIS, JEREx MS BB T E T %A
Wb E AR I E TR L.

1 Ak BRI A 2 SiknE N-446%) 3a T
CNEH ) ESI-MS . FElE m/z=506.52 (100%), X1
[2—PF¢]" (caled for C,H,,N,O; 506.23), B[dif&titk
a2 e TR T AR R AT g miz=
799.15 (50%), Xt N T [2¢3a — PFs] © (caled for
C,Hs NGO 799.40), B ARG Y LA &= TE
111 B EWINE ST 81, Bribz ShE IR0
W2 e A WM. ] A e Z s S g =
B EIET R 10 1.

2 M E ORI LA 2 Hiike N-5409 3b T
LI ESI-MS E: F50§ m/z=506.53 (100%), %f .1
[2—PF¢]" (caled for C,H,,N,O; 506.23), Bdif itk
G2 WHES TR T R K P R A 5 g
m/z=867.19 (51%), %I F-[2¢3b—PFe]" (caled for
C,Hs NOy 867.37), R =& E D LA F T 2L
111 JEREEWINES T 51U, Bribz s Ko
HA S L e s S IR0, DRI TR RE T ) 1 4 S ) 45
R AL AT EIEY 11
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Figure 1 The ESI-MS analysis of mixture 2 and 3a, m/z 506.53 [2—PF; |, 799.14 [2e3a—PF ; |*
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Zx Bl ESI-MS 85 B0 E B BH 257 R ER b
A2 fe ke NS48 3a, 3b TR ¢ LIRS, =
AR AR BRI AN BAE L, 48 G A F A S50
ESAT N HA B AR E k.

222 %Mk F 4 'THNMR 547

TR E ) 2 SR ES B G ), M TS
WE AT LRI (: CHClyy CHLCl, K ZBk), {E7E L0
F RE R A3 A . — e EmAIE Y 2 InE]
CHCI; H, K A AR TR, ISR
(R 1) 3a I, A SR WAL BOC (I B R, B o1
(AR T R 2 S AR TR R T E R AR G4, ASCK
1 CD;CNAICD;OD (V& V=1 : )RS EFIEMR L%
Ak B IFAE TN 295 K I HEAT "TH NMR ¥t

58, A TH NMR G 0 2 5 1 L KRR
1G9 2, 1b SIERE N-5246 2 3a, 3b TR S 2.
B 3-b MR L 2 55 3a IS4 TH NMR
(295 K).

eSS GG, a2 R0 EER - Hg LR AL
H 1) 3a EMER T Hy AL A7 F2(0 6.895 F1 8.698) I1) 5
Wk (6 6.673 F1 8.365), 3a LI¥) HM R 2AAI (0=
8.203)# 1M {X3%(0 8.365), Vi) %445 ¥ A AFA(E n-n HE
FUEH, BP 3a 8 N3 2 s fish, (eGW) 2 I2RIRME N
- FHHA, (G 3a IR IRE R n- LTS24, KR
B 2 BREEEE AR T H 2207 #(3.896)F 1]
m34(3.778), AR T Hy F1 H, 462247 (3.816 Al
3.662) % [0M51%(3.874 1 3.778), X2 2 [Tk 55 H (1)

S IENE N-E A0 3a (B 2 1) ] Be A7 AR SV .
42U 3a W SEPRIIE LR 1b 5 3a i
WA AE T i LG 2 5 3a BRI TH NMR %}
LEBE. B ERTLLEH, 4 1b 5 3a JEEE G5, 3a
EREIR T Hy B A 2077 (0=8.698) 7] 11 3 % 511 (6
8.546), HoH AL 2= % (6 8.133)#% [nfik1(6 8.204); Ml
12 5 3a R GG, 3a LA T Hy th b 2247
B (0 8.698) 11 Hi R 8l (6 8.365), He AL # L H5 (6
8.203)F [/ fik17(6 8.363); A LL 3a 73l Ly ANFIRIME &
Y 1b, 2 BRGNS 3a USRI A R AR (R
D4, 3a 5 RIMEEY) 2 4555, 3a LEUR TR
RERAEBAR TR, Bl 3a 5 RIMEA ) 2 Z IR 1 2%
EPERGE. KRB RIMEEY 1b N-HIEAL )5, H
MEIE PR 1P FL T 2 S BRI, Mok T I o B SR
PE, AT AR 2 1 18] A oy T Ui R4 ik
ESI-MS #1 'H NMR £ 0504, LhK 2 OSCHRI] 4R
T, FATHEWT L ARE S W) BAT IR BT IR be 4
F(EIZ 3), TR AR L S I BKS) ) 2 A A
FHN"—H---0)# n-n {EH.
F 1 ALEY 3a 355 1b Rl 2 SY R ER G S, 3a LAUR
TAL AT A
Table 1 Chemical shift changes of protons of 3a upon com-
plexation with 1b or 2

Complex Ady Ade¢
3a-1b 0.152 0.071
3a2 0.333 0.160
solv.
Hy
H, He

@  Hy H H
H
] ch U LA
P/ by \ 1/
D/ L |
(b) i i
P/ Vo " [ )
|/ ’ N B
/\
/|
© / A\
Hy / L H,
| \
98 92 86 80 74 " 68 48 42 36
5

B3 (a)2, OV ERAK 2 5 3a Fi(c) 3a I L
Figure 3 Partial '"H NMR spectra of (a) molecule 2, (b) an equimolar mixture of 2 and 3a, and (c) pyridine N-oxide 3a
1.667 mmol/L, CD;CN : CD;OD=1 : 1, 400 MHz, 295 K.
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Figure 4 Partial "H NMR spectra of (a) molecule 3a, (b) an equimolar mixture of 1b and 3a, and (c) an equimolar mixture of 2 and 3a
1.667 mmol/L, CDsCN : CD;0D=1 : 1, 400 MHz, 295 K
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Scheme 3 Pscudorotaxane formation of 2 with pyridine N-oxide 3a/3b

223 %A4FHME - "HNMR #Z

N TSR s APk v, ASCR X
R 5 P RIS I s T R R AR A I R G A )
8L AL, 1S5 H CDSCN M1 CDSOD (V@ V=1 : 1)
E R RAE S, HIR 295 K, 25173 T 1be3a,
1be3b, 2¢3a, 23b UZH 44454 ()11 5 4.

Wit ESI-MS A #frnl s, KIMEEY) 1b, 2 Silkig
N- 404 3a, 3b Z A LMLAEFELE 10 1 TR &9,
Z: HRSCHERU, {8 ] Benesi-Hildebrand 23 205 4% 1 i 72 5k
PEHAT ARV S WP AL LA 1be3a 45450 4L
o, [ 5E 3a (FHKEE(1.667 mmol/L), SR
1b %, o HIIER, 53— RIS EARRER 'H
NMR B, a4 3a Meme R b Hoffbh 220 B (8,

¥ Fr A3 B ML= AT R 2y ik 2 4i i &4 3a 1) 'H
NMR B He (62 MH, 193] Ho A E 0% 1 o
1H.

Fa 4 A R 224 Benesi-Hildebrand [th4k, F| Mk ER:
TE 2 AR BEREAT AL OE, BHTARN A 0 H kA7 1t
b, HR P HL PR S BEEA R LS (K 5a).
R*=0.997, 5t W1 S 56 T 19 2008 i e AR A 1 il & i — 4%
Bk, ZHZLMEE intercept =4.909, #}% slope=
9.251, K=intercept/slope X 10°. 4R J5ilfl izl 15 2 A8 /3 24,
(OISR SR 2, AR EA T 1a FIRAE
T 3a LIS A T 4 K=(5.3140.37) X 107
(#* 2).
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g
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&
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Figure 5 Benesi-Hildebrand plots for the formation of complex (a) molecule 1b with 3a; (b) molecule 1b with 3b; (c) molecule 2 with

3a; (d) molecule 2 with 3b

Based on the data for proton He at 295 K in CD;CN/CD;OD (V' © V=1 : 1), [G],=1.667 mmol/L

#2 ALBIE Benesi-Hildebrand #2845 5145 &4 3as1b 454 & (CD;CN/CD;0D=1 : 1, 295 K)
Table 2 Association constant for the complex 3a<lb at 295 K in CD;CN/CD;OD (V' : V=1 : 1) as determined by iterative

Benesi-Hildebrand plotting technique®

T/K proton Slope/(mmol*L ™ 'eppm ™)

Intercept/ppm

4o

1 R
Entered Calcd

K?/(mol 'eL)

295 H. 9.2513

4.

90949 0.997 0.20369 0.20369 531+37

“A,and K values were obtained from the eleventh generation Benesi-Hildebrand plot. * Error estimates are based on statistically determined confidence limits of the

intercept and slope at the 95% probability level propagated according to Formula (4).

V] 5 Ay T e A% i 2 S5 DU A2 4% 5740 1be3a, 1be3b,
2:3a, 2:3b %4 EEHIN Benesi-Hildebrand &4,
H B 2R RE R 5 45 48 % e (mol ™ 'sL) 43 1 4 (7.00
+0.73)X10% (7.95£0.62) X 10%, (3.21£0.26)X10° (I
* 3).

MNP EE T H, Kipeab ™ Kipesas Kaeap>Kaezas Ui HH
AR B A A, g N-5 468 3b LE 3a TEAR )
5 RIS Y R E 4SS, W] RE S IR
Uiy AR AR N-E ALY B IR VR B, A S KFR
FAATRERE ERAEE T IR, T Kosa™ Kibear Kb
> Kipeaws 22 W RIAMEA D) 2 L 1b 14550 B8 T 54,
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Table 3 Association constants for the complex in CD;CN/
CD;OD (V: V=1:1)at295K

Host  Guest Complex K/(mol L)
1b 3a 1be3a (5.31£0.37)X 107
1b 3b 1be3b (7.0010.73) X 107
3a 2¢3a (7.954+0.62) X 10°
3b 2¢3b (3.2140.26)X 10

B, N-FIEAL S, MEWEIA K HL - 22 8 L RRAIR, A %
SERRYEIG SR, Wik iSRS St -y b
(K2 st T B, Mo JE B RRE (2% & 4.
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