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Complexation of Triptycene-Derived Macrotricyclic Host with
n-Extended Viologens

Han, Ying Meng, Zheng Chen, Chuanfeng*

(Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and Function, Institute
of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Development of novel macrocyclic hosts with the capability of binding selected substrates in specific
complexation modes is always a very important and attractive topic in host-guest chemistry. Recently, we reported a novel
macrotricyclic polyether containing two triptycene skeletons with rigid structure and two dibenzo-30-crown-10 moieties,
which could show wide complexation abilities toward different kinds of guests. It was found that depending on the guests
with different terminal functional groups and structures, the macrotricyclic polyether could form 1 : 1 or 1 2 complexes
with the guests in different complexation modes in solution and also in the solid state. Moreover, the conformation of the
macrocycle could easily be adjusted by the different encapsulated guests, which was to some extent similar to substrate
induced fit of enzymes. It was also known that viologens with reversible single electron-accepting ability were usually used
for the basic study of electrochemical and photoelectrochemical processes. They have also been widely utilized as electron
deficient guests for host-guest chemistry. Compared with the viologens, n-extended viologens with conjugated structures
have much more rich redox behaviors, and they could be used for photolithography, a source of electric oscillations, molecu-
lar electronic devices, and also as agents for charge transport across vesicles. However, the applications of n-extended vio-
logens as guests in host-guest chemistry are still very limited. In this paper, complexation between the triptycene-derived
macrotricyclic host and n-extended viologens in both solution and solid state was investigated in detail. It was found that
depending on the guests with different linker-species and terminal functional groups, the macrotricyclic host could form 1 : 1
or 1 I 2 complexes with the guests in solution. Besides the 1 : 1 or 1 : 2 complexes, the macrotricyclic host could also form
supramolecular poly[3]pseudorotaxane-type complexes with the guests in different complexation modes in the solid state.
Formation of the complexes was proved by the "H NMR, ESI-MS spectra, and X-ray crystal structures.
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Figure 1 The chemical structures and proton designations of host 1 and guests 2~8
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Figure 2 Partial "H NMR spectra (300 MHz, 298 K) in CD;CN/CDCl;
(121, V/V) of (a) free 1, (b) 1 and 1.0 equiv. of 2, and (c) free 2. [1]o=
3.0 mmol/L

(c)

H¢
H, Hy Hc
A
(b)
__A—/\—Ju_/\l L
(a) H,
H; Hsl
8.8 8.4 8.0 7.6 7.2 6.8 6.4 6.0 5.6 52 4.8

B 3 =E T CD:CN : CDCl; (1: 1, WPy ks &0 B (300
MHz). (a)% M 8, (b)Ffk 1 1 1.0 fiFEIZMK 8, (c)Ffk 1. [1],=3.0
mmol/L

Figure 3 Partial '"H NMR spectra (300 MHz, 298 K) in CD;CN/CDCl;
(121, V/V) of (a) free 1, (b) 1 and 1.0 equiv. of 8, and (c) free 8. [1]=
3.0 mmol/L

R1 HBEVNSE UL S
Table 1 Summary of the stoichiometries and association constants of
the complexes

Stoichiometry

Complex (HG) K, /(mol L)
12 1:1 3.0(£0.1)X10°
1:3, 1:2 1.0(£0.1)X 10°
14 1:1 4.0(£0.1)X 10
1+5 1:1 7.0(£0.1)X 10°
1+6 1:1 0.9(£0.7)x10*
147 1:1 1.3(£0.1)X 10°
1-8 1:1 1.5(£0.1)X 10

“ From the 'H NMR titration experiments in CD;CN/CDCls (1 © 1, V/V). ® The
K, values of 13, is average association constants.
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3.47 (d), 2.60 (e), 2.45 (f), 2.30 (g), 2.56 A (h)

Figure 4 The crystal structure of complex 12

(a) side view, (b) top view, and (c) poly[3]pseudorotaxane (1¢2),. Solvent
molecules, PF, counterions and hydrogen atoms not involved in the
non-covalent interactions were omitted for clarity. The C—H:*n interaction:
2.78 (a); C—H-*+O hydrogen bonding: 2.71 (A), 2.61 (B), 2.40 A (C), 2.44 A
(D); C—H:-**F hydrogen bonding: 3.05 (b), 2.57 (c), 3.47 (d), 2.60 (e), 2.45 (),
2.30 (g), 2.56 A (h)
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(a) ALK, (b) MALE, (c) BRI T IRAEB IS LE; 7S BERRAR 2 T AN
A EUR TR BoR. CH-n fEJH: 2.72 (b), 2.88 (c), 3.32 (d), 2.72 (e), 2.72
(; 2.47 (g), 3.21 (h), 2.88 (i), 2.46 A (j); C—H---O ZUEIEH: 2.47 (A), 2.42
A (B); C—H-+-F SEHE1E M : 2.56 (a), 2.35 (k), 3.96 (1), 2.47 (m), 2.39 (n), 2.61
(0),2.27 (p), 2.59 A (q)

Figure 5 The crystal structure of complex (1+7),

(a) side view, (b) top view, and (c) poly[3]pseudorotaxane (1:7),. Solvent
molecules, PF, counterions and hydrogen atoms not involved in the
non-covalent interactions were omitted for clarity. The C—H:***x interactions:
2.72 (b), 2.88 (c), 3.32 (d), 2.72 (e), 2.72 (f), 2.47 (g), 3.21 (h), 2.88 (i), 2.46 A
(j); C—H-+-O hydrogen bonding: 2.47 (A), 2.42 A (B); C—H-*F hydrogen
bonding: 2.56 (a), 2.35 (k), 3.96 (1), 2.47 (m), 2.39 (n), 2.61 (0), 2.27 (p), 2.59
A

B6 55 1-8 (15 Lk

(a) TURLE, (b) IPRLIE; BELRE R Eh SRR M RAESL B E . )
Ir T NTBERIR B T A S TR EOR. C—H---0 JHBEN: 2.64 (A),
2.56 (B), 2.53 (C), 2.67 (D), 2.44 (E), 2.65 (F), 2.63 (G), 2.63 (H), 2.44 (I),
2.65(J), 2.67 (K), 2.51 (L), 2.64 A (M); CH--n {EF: 2.83 (a), 2.83 A (b)
Figure 6 The crystal structure of complex 1+8

(a) side view and (b) top view. Solvent molecules, PF, counterions and
hydrogen atoms not involved in the non-covalent interactions were omitted for
clarity. The C—H--+O hydrogen bonding: 2.64 (A), 2.56 (B), 2.53 (C), 2.67
(D), 2.44 (E), 2.65 (F), 2.63 (G), 2.63 (H), 2.44 (I), 2.65 (J), 2.67 (K), 2.51 (L),
2.64 A (M); C—H-+-r interactions: 2.83 (a), 2.83 A (b)
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BAEM. WA T . NEBERAR S T SR T ARER, - HERUEH:
3.26 (a), 3.26 (d) A; C—H---0 FHEE: 2.38 (A), 2.63 (B), 2.61 (C), 2.60
(D), 2.60 (E), 2.61 (F), 2.63 (G), 2.38 (H), 2.89 (1), 2.89 A (J); CH---n {EH:
2.87 (b), 2.87 (c), 2.65 (e), 2.65 A ()

Figure 7 The crystal structure of complex 1+4

(a) side view, and (b) top view. Solvent molecules, PF, counterions and
hydrogen atoms not involved in the non-covalent interactions were omitted for
clarity. The n-m interactions: 3.26 (a), 3.26 A (d); C—H-+-O hydrogen bond-
ing: 2.38 (A), 2.63 (B), 2.61 (C), 2.60 (D), 2.60 (E), 2.61 (F), 2.63 (G), 2.38
(H), 2.89 (1), 2.89 A (J); C—H-+*x interactions: 2.87 (b), 2.87 (c), 2.65 (e),
2.65 A (f).
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4 SKEERSY

Fik 1Mz g 30 490 6L K (B)-1,2-—(4-
M 3E) 2007, 1,4- (b -4- 35 ) 2R U S HE SR T VR
JK.
41 LEM2MERK

H(E)-1,2-—(4-MEmE 3E) 2,075(0.45 g, 2.5 mmol) 5 3-
RIN%E(0.92 g, 7.5 mmol)¥& T 150 mL CH;CN A, ik
[l 48 h. RN IE, FERVE RIS G piRY), mh
J20 mL PIER, BERE T TN NHLPE B RUK AR, HE
1R RVFIE, TELWEN, IKGEEE A, 8., TR 0.45
g FAME 2, F5% 32.3%. m.p.: 278~280 ‘C. '"H NMR
(300 MHz, CD;CN) 6: 0.98 (t, J=7.5 Hz, 6H), 1.93~2.05
(m, 4H), 4.48 (t, J=7.5 Hz, 4H), 7.84 (s, 2H), 8.18 (d, J=
6.8 Hz, 4H), 8.70 (d, J=6.8 Hz, 4H); *C NMR (75 MHz,
CD;CN) 6: 10.7, 25.4, 63.8, 126.9, 135.1, 146.1, 152.2.
ESI-MS m/z 134.1 [M — 2PE, 1*". Anal. caled for
CysHyF ,N,PosH,0: C 37.51, H 4.55, N 4.86; found C
37.46, H 4.54,N 4.77.
42 WEM5HENK

H(E)-1,2-—(4-MERE3E) 2,075(0.45 g, 2.5 mmol) 55 2-
REE0.94 g, 7.5 mmol)¥ T 150 mL CH;CN Hr, ik
[ 48 h. ML, TRV RIS B iRy, mH
J120 mL PR, iR BN NHPF, KRR AR, HE
R, G, TREER, KBS E A, S, T8
20.71 g AR S, 77% 50.6%. m.p. 215.0~216.3 C.
'H NMR (300 MHz, CD;CN) §: 3.36 (t, J=5.4 Hz, 2H),
3.98 (t, J=4.8 Hz, 4H), 4.61 (t, J=4.8 Hz, 4H), 7.89 (s,
2H), 8.20 (d, J=6.9 Hz, 4H), 8.71 (d, J=6.9 Hz, 4H); "*C
NMR (75 MHz, CD;CN) d: 60.0, 63.1, 125.2, 133.6,
145.0, 151.0. ESI-MS m/z 417.3 [M—PF; |". Elemental
analysis caled for Ci¢HyFpN,O,P,: C 34.18, H 3.59, N
4.98; found C 33.96, H 3.62, N 4.97.
43 WEYMTHERK

i 1,4-(HEE-4-F5)45(0.284 g, 1.2 mmol)Fl 3-IR P
%5E(1.5 g, 12.2 mmol)i& T 30 mL DMF, Ji# Al 48 h.
SN L, RIS R kY, 3Ldin 20 mL N
Fil, $idE TN NHLPFs FIMIRIKIA, B 2R RETE.
NIE, BERTEA, IKGREEA, S8 TS 035 ¢
KR EA 7, P25 48.1%. mup.: 240~242 C.'H NMR
(300 MHz, CDsCOCDs-d¢) d: 1.07 (t, J=7.5 Hz, 6H),
2.18~2.26 (m, 4H), 4.86 (t, J=17.5 Hz, 4H), 8.39 (s, 4H),
8.71 (d, J=6.8 Hz, 4H), 9.27 (d, J=6.8 Hz, 4H); “C
NMR (75 MHz, CDsCN) 6: 9.3, 24.0, 62.3, 125.4, 129.0,
136.8, 144.2, 154.6. ESI-MS: m/z 159.2 [M— 2PE, 1*".
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Anal. caled for C,HyF1,N,P,: C 43.43, H 4.31, N 4.60;
found C 43.33, H4.42, N 4.54.
4.4 LEYBSWER

B 1,4-(MEmE-4-35)75(0.284 g, 1.2 mmol)fl 2-1R 2
FHE(1.69 g, 12.2 mmol)#T 30 mL DMF, fn#[ali
48 h. Rk, TS ARy, mHdn 20
mL PAER, R T N NH,PFs AR AR, HEKR
VG, AR, BERIESN, KPS E R, e TS
0.15 g AL 8, % 19.5%. mp.: 194~195 C. 'H
NMR (300 MHz, CD5CN) 6: 3.36 (s, 6H), 3.88 (t, J=4.8
Hz, 4H), 4.72 (t, J=4.8 Hz, 4H), 8.18 (s, 4H), 8.36 (d, J=
7.2 Hz, 4H), 8.75(d, J=7.2 Hz, 4H); °*C NMR (75 MHz,
CD;CN) 6: 58.0, 60.5, 69.7, 125.0, 129.1, 136.8, 144.8,
154.9. ESI-MS m/z 4953 [M—PF; ]". Anal. calcd for
CaoHyeF1,N,0,P,22H,0: C 39.06, H 4.47, N 4.14; found C
39.15, H4.11, N 4.15.
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