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Pattern and Protonation Effect of Benzene Dicarboxylate Anion Species
in Self-assembly System
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Abstract A novel macrocycle host with flexible structure and big cavity, cyclo[2](2,6-bis(1H-imidazol-1-yl)-
pyridine)[2](1,4-dimethylenebenzene) (i.e. 1**), was effectively synthesized through cyclization reaction between
1,4-bisbromo- methylbenzene and 2,6-di(1H-imidazol-1-yl)pyridine. The binding and self-assembly properties of macrocycle
host 1** with a series of benzene dicarboxylate anion guests (i.e. mono-terephthalate anion 2, di-terephthalate anion 3,
mono-isophthalate anion 4, di-isophthalate anion 5, mono-phthalate anion 6 or di-phthalate anion 7) were studied in detail via
"H NMR spectroscopy, diffusion ordered NMR spectroscopy (DOSY), nuclear Overhauser effect spectroscopy (NOESY) in
solution, electrospray ionization mass spectrometry (ESI-MS) in gas phase, and X-ray single crystallography in solid state.
The result implied that macrocycle host 1** and mono-terephthalate anion (2) or di-isophthalate anion (5) form pseudoro-
taxane structure, even more complex supramolecular self-assembly structure (e.g. pseudo-oligarotaxne [1*"«2]2""). Mean-
while the other guest anions adopt the “outside” binding modes in the complexation with 1**. It is also found that the ther-
modynamic equilibrium(s) and association constants of the complexes between macrocycle host 1** and a series of benzene
dicarboxylate anion guest species are different via '"H NMR Job-plots and '"H NMR spectroscopic titrations in solution: (1)
the stoichiometry values suggested that host 1** can bind equivalent or more mono-anion guests than di-anion species from
the same benzene dicarboxylic acid; (2) comparing the association constants of 1 : 1 (host : guest) complex between 1*" and
mono-anion species resulted in K, [1*7e2]>K,[1*"+4]>K,[1*"+6]; the similar comparison was carried out for di-anion species
interactions and obtained K,[1*"+3]>K,[1*"¢5]>K,[1*"+7]; the result suggest that the pattern of the anion highly influences
the thermostability of the 1 . 1 complex. It is speculated that the pattern and protonation factors of the benzene dicarboxylate
anion guests determine their interactions with macrocycle 1**, including binding modes, stoichiometries, association con-
stants, and so on. The finding will help to direct the following novel supramolecular self-assembly construction involving
macrocycle host and multi-carboxylate anion species.

Keywords macrocylic host compound; benzene dicarboxylate anions; host-guest chemistry; non-covalent weak interac-
tions; complexation mode

131 AT REE N . AR A b SR sh et X
) 8 TRAEAIONTIALFED ., 11 AR 2 2 453
HARE MBI FROCRIA BRI s ben ekt R, (ERPRFE, bl

* E-mail: xulj@chem.ruc.edu.cn; hanyuangong@bnu.edu.cn
Received January 10, 2014; published February 6, 2014.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (Nos. 21202199, 21372258).
T 32 [F 5 4 R HE 4 (Nos. 21202199, 21372258) % .

Acta Chim. Sinica 2014, 72, 447—455 © 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 447



W F F R

MR

SRAAT O N L nEsk, B TS 5A
YA 2 B TR R MR R ) 2 eyl P
75 B 2RI B TAECL_EWFIUH 4 T A,
22 N T 4 JE HE 4L (MOFs) &5 40 K F i 1) 4 1221, (B
SER I I7 75 2 SRR YT 25 1 S M R N BB Sk, 15
ANMBME R LLSRASH I 4 A RO R, i SBFSEAT 7 2%
3. Stoddart 1 Yaghi PR H E1EMA T — RN EH
HEE R R R A NLE SR, (0 TR T
W DA oy WL g T T35 LA T a1 P i 2226
Loeb 71 2012 fF4R3E T LA<p @t & 71 st oo, H
75 TRIR Y B 7 R 3R A BB A R RIS e AT LR
ST 28 SSCaRE ST Ay R AR AT LA R P AR AR
TR TR T 1)

IERWETURIN, RIA T EH[2][2,6- —(1LH-PK I
FE)IERE [2](1,4- 3 F 3£ 25 [cyclo[2](2,6-bis(1 H-imid-
azol-1-yl)pyridine)[2](1,4-dimethylenebenzene); 1* 1A%}
R HRR YR TR Y U 2 F A R K A5 K, i H.
B AR R0 pH, W BE R FE S AN 25 1 A8tk Ry
A RS AR IRV 2 R 1 A B
B R Y AN S T S, (R R 4RI
&8 B R AE T [RRE GRS T R T B A5 A A
FRBON i 31 F i A 1B T 2 B At 2K R I ]
TP AN, XTI HAT AR TS0 S ) A () ) 48— F
PR K AR R B T Fh), 5 R & 17 M
1 FH BRI 5T LR eAT IR 22 2 v () Y 3 e 4R E.

ARSCTAE FE BT T A ER AW 1 (BT 3
INTRERER; 147 4PFq )5 AR — H Rl 1) 2 — HRR 1 7%
B 257 P A [ PRI AR ELAE ), 456 2 RiT R ) S 0 48—
T 191 8 - A0 B AR ELAE I 1 5 P00, e R O — R
B B8 -0l B R [ 93 e R A, AT SRR A0 R AN [F) 43
BRSPS G )2 H R LK 2
GBI R ZE . AR A TR S 5408
MR EMRU G ZRRY] S RIS B AR
PR ST (B 1).

2 HR5IR

21 ABEFEARNEHRURRFUNEAERESYH
{EAEX B

h T REE R IR I S RS L5 A R
FAES 1Y RAEANEAR F R, SR 2
BRI TR (R 7 2. BT 7 3) 5 1M
A 0 45 A B 5 | AT LR B o 1) 4% 5
T R B ECHE A% LR 1 (Diffusion: Or-
dered NMR Spectroscopy; DOSY) i il & W, 44601
BAMFERT HoE R, BEWE SN IER T iRENE
“.

N TG 1T ZE R BT R R e R
EADI AR AR B, 325 AR A S VR I — AR

448  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4+
N T
P

14

Qﬁ\ftr£>
\
NS

Host: 1#*

- 00G [elolol
HOOC@COO_ OCOOH @COOH
2 4 6
Co0
'OOC’QCOO
3

- 00C
- @coo' coo
5 7

Guest: 2~7
B1 ARERREW 1T SR EREFRAE T 2~7 M HRER

Figure 1 Structures of macrocyclic host 1*"and benzene dicarboxylate
anion guests 2~7

RS RN 55 1% (Nuclear Overhauser Effect Spectros-
copy; NOESY)B i gl nbAilse. &I 17 N 5P 8 7%
2 S T RGOS S S5 17 1 H4), H(S)
K HOMES SR 2 HRa)MME S 17 LK
H(6){5 5 5%k 5 _E HEb)E S5 (K 2 Fiow).
PEUEHEWT 17 0 A S %Ak 2 R0 5 T T S SRR
e, (H5 e K T IR I B 11 45 A 07 X2
AR S ILE A, X —4RYD I T K - HIR &1
WP TG S0 R0 T A DR 2556 T T 1) 52 0 () AR P A
A EA YT PRI .
22 MABFHERUERFUERIFAEKE ST
MNZFERESERHEI
2.2.1 Job-plot 4 #7 ZEARILF T F Ik

TR ARG TR AR AR BAE T A2 oh = LT aE
Job-plot HEA TP B>, 147 55 5% % AR B 55 7 1) Job-plot I
SEA RN (S IKE 3, 4).

b1 BT B T AR I AT G TH
Job-plot Rl I, F=RARAEE 2 FIGERF U T [H]+[G]
=5X10"*mol/L (H: KM EMHRUEY 1*; G B S
T2 8 3)8[H]+[G]=1X 10> mol/L (G: 4, 5, 6 5, 7). I
K 3, 4 Fios, 175540k 2 fEA%HE "H 3% 1) Job-plot g
KAEALT 0.6 &b, RWVEATETE R AN 354485 T
ZIAIA R 2 03 T RIA 3 E S, 1Y 52k
A AR EAE I Job-plot i /s B KAEAL T-0.5 4k, R EAT]
TETE L A I 32 A0y T 2 M A e L3 1 e
1 X FEE 4, 6 807, 1Y 52 RAEMBAERT

Acta Chim. Sinica 2014, 72, 447—455



% % F R ARILX
2a H(6)
@ H(4) HE)
H( ] W
) He) o
o) D
HR)C N N@ 7.6
w1 HM N 78
(5 B
T 2a (T0) ®
H@3 N GE 7N\ 80
( )<\J__/§ 1 N H(5) g
H) S 8.2
N:\ /::N
QN N 82 80 7.8 76 74
< > 6 H(6)
(b)
-
HOOC@COO' H(6)
or
Kelele
5a 7.8
5b CoO o 8.0
v 50 78 7. 6 74 72
B2 1SR TR 2 ()8l 5 (o) T U IR A VY NOESY ¥ i it
Figure 2 Expansion of NOESY spectra of the mixture between 1*"and 1 molar equiv. of anion guest 2 (a) or 5 (b). Correlations were observed as the red
highlight signals
1354
e 2 adA =4 .
94 A 6 A A . . .
N
— A A T
N [ = u -
< N ° < 90+
< 64 ° ° g " =
Q @
r?E A ‘ * % g n
e A ° E L]
S 34 o 5 451 )
1 O
8 °
O [ ]
0+ 7 'Y 0 < =
T T T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0
[Guest]/([Guest]+[Host])

B3 1*" 5B E 7%k 2,4 58 6 1) "H NMR Job-plots
Figure 3

Job-plot BIRECNAEHAL T 0.67, BWHEANIERE S
B BB P2 M E R 1020 A Bk
g Y A E T 2, 4 58 6 JERUE SN AR
2F T R AR TN T 5 2 X R AN 7 3, 5
'ﬁ7%WEFWT%%K%24j6%TWﬁ§%A
PR SURTAE R S22 Tl Rl SR ke U s
1RAEMBAER, B Eml“mumnﬁzm&ﬁm
Bk, T TR AR R B 1 4 2,
4% 6, TP FREAEFOAFRMNIG TS 17
TE B A5 W 3 2 A 2 TR A AR 2 T i LU AR 2 A T 22 5

Acta Chim. Sinica 2014, 72, 447—455

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

0.0 0.2 0.4 0.6 0.8 1.0
[Guest]/([Guest]+[Host])

"H NMR Job-plots corresponding to the bindings between 1*" and mono-anion guest 2, 4 or 6.
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Compound  Observed m/z value Peak assignment

349.2 [1*" +4,+2N,+K+2HP"

1474, 258.6 (1" +4,+2K—4H]*"
397.4 (1" +4

1*7e5, 396.2 [1* +5—2H""

146, 258.4 [1*"+6,+2K—5H]*"
793.3 [1*"+6—2H]"

e, 265.1 [1*"+7,+N,+2K+H]*"
397.2 [ 477>
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Figure 8 The top view with ellipsoid form and the atom labeling
scheme (a), top (b), side (c) and front views (d) with stick form of [1*7e
3]*" with ‘outside’ binding mode in the X-ray single crystal structure of
[1*"e3,]04H,0
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psuodorotaxane structure [1*"+3]>” unit in the X-ray single crystal struc-
ture of [1*"35]° #2G,>"*30H,0
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BRI dg-DMSO ¥ LASIASAH N I A7 BH 25 1~ (B
2,3,4)(ZLHE 1.
4.2 ?LE&%E?"
421 At ey DOSY SR IEm %

DOSY #4705 LA 2 = 2 AR TR A i b -4
YA B BT DL de-DMSO k5701 e I 4640 J5 1
WRPEH FBARTR AV, TRAETEE A 298 K AT E .
422 H4-4 NOESY &g &

FRYE NOESY il nl GEHEWr = F AR S W AER
WP A BLRPSPL DL d-DMSO -y #5751 e 1 254 ot
mimr(zxm moleL™ ")) = AT AW, HHIEE

SEN 298 K HEAT I 5E

423 Ao Job-plot M

KM Job-plot € £ &K T 2 MME &5
b, e 3o B R o AR R R N M (FE LT
j)[32,33].

424 EBARF oML ow AN

gh i BRI K s 3R AE R R T 1 A ) A
FIERGEYE. AR "H NMR i 58 2000 58 45 4
§&[34,35,40].

425 FdhiEHi

J0 s Bt 5 KA 1R TT AR A ] A A A B
YERI I ELARAE R. ASFSE R BT B () B S A R 9212
FERDFRAG. BWFIEZ LN 105 AR RIS
YRV AR B B T IR AT TR A W R NN-— 3 I i
(DMF)HI H,0 F1(V @ V=1 D)EE, S FEEEK.

Bt

T 2 H AR B T 5 HE 42(21202199) F T 3 H
(21372258) % A TAE IR % By, ST I 442 068 12— 0D A5
| 2 A S B I T P 75 .
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