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Backbone Effect of Macrocycle Host Compound as Anion Receptor

Wei, Jinyan“ Xu, Lijin™* Gong, Hanyuan™’

(“ Department of Chemistry, Renmin University of China, Beijing 100872)
(* College of Chemistry, Beijing Normal University, Beijing 100875)

Abstract Two novel macrocycle hosts with flexible frameworks and cavities, cyclo[2](2,6-di(1H-imidazol-1-yl)pyridine)[2]
(1,4-dimethylenebenzene) (1**) and cyclo[2](2,6-di(1H-imidazol-1-yl)pyridine)[2](1,2-dimethylenebenzene) (2*"), were syn-
thesized with high yields via cyclization reactions between 2,6-di(1H-imidazol-1-yl)pyridine and 1,4-bisbromomethyl benzene
or 1,2-bisbromomethyl-benzene. Herein, the interactions between 1** or 2*" and a series of inorganic anionic guests were
studied in detail via the following methods: (1) 'H NMR spectroscopy in d-DMSO solution; (2) electrospray ionization mass
spectrometry (ESI-MS) in gas phase; (3) single crystal X-ray crystallography in solid state. It is noted that the anionic guest
species has different shapes, namely anions with ball shapes like C1 , Br , I ; linear anion N3 ; triangle NO3 or tetrahedron
HSO, . The study found that 1*" can bind more small inorganic anion species than macrocycle 2**. In addition, the result
implied that when the inorganic anion guest acts as strong intermolecular hydrogen bond acceptor (i.e. anionic guest (A ) such
as CI, N3, NO; or HSOj ), the associate constant (K,) maintains K,[2* A **>K,[1*"*A"*"; on the contrary, when
anionic guest A (Br or I ) is hard to form intermolecular hydrogen bonds but easy contribute to anion-m interaction, the
association constants of the 1 : 1 (host:guest) complexes follow another trend (i.e. K,[2*A <K, [1*"*A]*" when A~ is
Br~ or I"). It is suggested that the skeleton of macrocycle host 2*" well organize its four strong acidic imidazolium C—H
bonds for effective small inorganic anion binding mainly via intermolecular hydrogen bonds; meanwhile the bigger cavity and
longer distances between the strong acidic imidazolium C—H bonds of 1** leads two possible results: (1) worse cooperation
of its acidic C—H bonds weaken the intermolecular hydrogen bonding interactions for small anion complexation; (2) its more
relax backbone has possible benefits of binding more anion guests. In summary, small distinctions of the backbones between
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1*" and 2*' result in significantly different anion complexations, including stoichiometries, association constants, binding

modes, etc. This finding will help to guide following macrocyclic anion receptor design and study.

Keywords macrocycle; backbone; non-covalent weak interactions; anion binding
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Figure 1  Structures of macrocyclic hosts 1** or 2*"and anionic guests with different shapes
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Table 2 Summary of ESI-MS results.
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Table 3 X-ray crystallographic data for [1*"+ 2PF; * 2NO; *10H,0], [1**+ 4HSO; *H,0] and [2*"+ 2PF; «2H,PO; *9.5H,0]

Compd. [14"2 PF; «2 NOj *10H,0] 1"+4 HSO; -H,0 24"+2 PF, 2 H,PO; +9.5H,0
CCDC No. 979250 979249 842434

Description Prism Prism Block

Color Colorless Colorless Colorless

From solution Water/DMF/acetonitrile Water/DMF/acetonitrile Water/acetonitrile
Empirical formula CisHs4F12N1,015P; C40H41N11047 Sy C3sH35F12N19017.50P4
M, 1224.87 1078.09 1266.66

Crystal size/mm® 0.21X0.11X0.09 0.17X0.10X0.06 0.34X0.28X0.16
Crystal system Triclinic Monoclinic Orthorhombic

Space group P-1 P2(1)/n P2(1)2(1)2(1)

alA 8.9512(18) 13.467(3) 12.125(2)

b/A 10.749(2) 12.395(3) 16.355(3)

c/A 12.896(3) 15.649(3) 27.163(5)

al(°) 91.96(3) 90.00 90.00

BI(®) 92.38(3) 95.73(3) 90.00

/(%) 93.96(3) 90.00 90.00

VA3 1235.9(4) 2599.1(9) 5386.3(19)

d/(gecm ™) 1.646 1.378 1.562

z 1 2 4

/K 223(2) 223(2) 223(2)

Ry, wR, [1>20(])]
Ry, wR, (all data)
Quality of fit

0.1136, 0.2553
0.1614, 0.2801
1.005

0.0876, 0.2308
0.1455, 0.2594
1.028

0.0959, 0.2042
0.1260, 0.2243
0.961
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Bl 6 [1*'-2 PF; «2 NOj *10H,O] K 55 45 44 K]
Figure 6 Single crystal X-ray structure of [1**+2 PF; «2 NO3 »
10H,0]
Selected interatomic distances of intermolecular hydrogen bonds [A]:
F(2)+-C(4) 2.515(6), F(5)---C(12) 2.349(7), F(6)---C(12) 2.281(7),
F(6)-:+C(4) 2.246(8). All the other anions and solvent molecules have
been omitted for clarity

FO) @FO (g

B 7 [2*72PF; «2 H,POj *9.5H,O]] 5. &5 44 5]

Figure 7 Single crystal X-ray structure of [2*"+4 PF;
2 H,PO, *9.5H,0]

Selected interatomic distances of intermolecular hydrogen bonds [A]:
F(1)-+C(28) 2.294, F(2)-C(20) 2.672, F(3):+*C(9) 2.314, F(4)-+C(1)
2.645. All the other anions and solvent molecules have been omitted for
clarity

T — B B TRk 17 R4y C—H ik
Ao IS, thEEE anion-n A EAE L 2 3E
ITEA B E K [ T [1 « 4HSO; *H,O)5h k. W& 8,
9FI7R, & SQ)MHSO, 5 1¥ (4 & = Bl 4y 1+ 1A
ST, HSO, LR O6)2] C(13)IsE /N 3.1(K
8); & S(HHSO; 5 17 3= 2iE it anion-n A 1L AF T
ghity, I HSO, LI OQ)F C(7), OQ)F] N(2)II#E
B/NT 371 9). DU F S g 5 74 (1) 23 A 45 SR BRI IE T
WA e, MY T eEmsER K asSE
SEARIAS I, FTRL C—H B LA 2 5 B B 1)
hRER 2, HR e ST X597l anion-n
e A AT S A, T 28 e b th T i
NG RAE TP IR S5, 4 /NBRMIE ] IRk
(1) C—H % T RAE W AL R 45 A B &7
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B8 [1*"+4HSO, *H,OH A it &5k & 1

Figure 8 Single crystal X-ray structures of [1*"+ 4HSO; *H,0]
(1)

(a) Top view showing the ellipsoid form, (b) top, (c) side and (d) front
views showing the stick form of the “partial chair” conformation of 1*"
with a co-bound HSO, anion containing S(2) with framework form
present in 1* © «4 HSO; <H,O. Selected interatomic distances of
intermolecular hydrogen bonds [A]: O(5)---C(16) 3.036(5), O(6)*-C(5)
2.183(5), O(6)++-C(13) 2.113(5), O(7)-:+C(3) 3.232(5), O(8)---C(4)
2.734(4), O(8):+-C(5) 3.032(5). All the other anions and solvent mole-
cules have been omitted for clarity.

B9 [1*"«4HSO; H,OMH i £ F & 2

Figure 9 Single crystal X-ray structures of [1*'« 4HSOj *H,0]
2

(a) Top view showing the ellipsoid form, (b) top, (c) side and (d) front
views showing the stick form of the “partial chair” conformation of 1*'
with a co-bound HSO, anion containing S(1) with framework form
present in 1"+ 4HSO, *H,0. Possible anion--*7 interaction: Selected
interatomic distances [A]: O(2)*+*N(2) 3.508, O(2):*-C(7) 3.380, O(3)
C(5) 3.233, O(3)*=*N(1) 3.610, O(4)---C(4) 3.394, S(1)---N(1) 3.740. All
the other anions and solvent molecules have been omitted for clarity

http://sioc-journal.cn/ 1659
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PIAS KIR B A 1450 247 5 — R A B 1% 44(Cl
©, Br, I, N3, NO; s HSO, YHMEAET. 1775 2%
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B ()5 2V ML, KR TR 1Y e g SRl EH L
P24k, Q)4A W EITH5ER M, BIAE 3% 7440
AR BATAS RSP AT I 1R 25 G i BO2HE DA LU I, H 2
MR BRI 11 WEEMEEES, 2
BB F RIS BB RN T HELE KT 17 sl
BN R Ot R (S PV B 5 51 5 s LT E
FIBHEFn Br 58 T, 1T anion-n fEMNZY, 15
1 S EANINE S H RN S TR T 2 Senmsagsas
e MR ERIR RN AR T 2 BRI
SHRET C—H BAE HIA s B P ) 55 [ 28 1 240 USSR 1)
Sy FIa G, EEEmN C—H 85 E T TS A
i 1 E LRI A, BRI PE KL [ 2 4
C—H #HME IS 50 & A EAE R 25, (2
Sy TR 5 7 anion-n 1/E A REET 454,
WiBr B 1. SRS BB ISR T R A k.
iR g S B SRS AL T, B
X.

3 KEIHH
3.1 NEHERF

'H NMR )3 & 438 i3 Bruker Avance 600 MHz #%
T 3 4% e ik A 5E R ASAR TR R W e 4
SHIMADZU % ] LCMS-2010 B85 58 1 B
SERIIIE I Rigaku FARATHNX ST Saturn724 4+
17.

S IR BT P RS8R Ay A Al R B A AR
3K T H R AL AR FOE(ds-DMSO) A 2 1
F(CIL).

F R ARA B AE R W LB SR RS CL
Br, I, N5, NO; HSOy, £ LAEHh¥LLleA1m Y iE
T I 4% £ (tetrabutylammonium; TBA . [l TBA "«Cl
TBA"+Br, TBA"+«l, TBA "+« NO; , TBA "+ HSO; ,
TBA "« N3 )JF TS,

147 R 0 2% (RN SRR R (B 1774 PR, B 2*7+4 PE; )
Z:JOCHR[35, 36] 1T G T4l
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KH Job’s plot MIE 54851 2 ARG &L
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B HEER /M) BET Job’s plot (1) 5 240,
322 EBEARE AL TEANZ T ik

SE 6 H AU SRR AE = AR H) B B A ) () R 1k
AR TH NMR §i5 58 V5 I 52 45 45 00,

323 ¥dhiEi

T I Bt & R TR 5 AT LA SR A R AAALE [ A 2
FHEAE T AR B ASTFFTH FTis B i) 5 R R
AR RESRAR. AU 105 (RIR AR A YA AR
R R DY I TR Eh S AR AR TR A R NN- R
HEI(DME)AT H,O F(V: V=1 :1). ¥ &, %L NE
B
3.2.4  JRIEAE SR 6 &

T3 TR FR I s AT AR A A R ARALE A A B
YERI AR OCAE B ASBIFFE i S (1) S i A it >R F 1
TGRS, 2105 PRI BRI SR E AR 7
F R DY IE T 365 Sh A A2 S R BBk Dl e il
V&, ARG H G e B T AR =) R ER A T A .

5 B #4 %} (Supporting Information) A SC il A 1)
A &5 Ky 4% ([1° 7« 2PE; » 2NO;5 +10H,0] (CCDC No.
979250), [1**+ 4HSO; *H,0] (CCDC No. 979249))f] cif
S checkeif SCAF. XEERAEL AT LL G Bl AT W i (http:/
sioc-journal.cn/)_b F#.
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