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Oxidation of Cucurbituril and Its Analogues

Lu, Hongyan Shi, Daxin Zhang, Qi Yang, Deli Li, Jiarong™

(School of Chemical Engineering and Environment, Beijing Institute of Technology, Beijing 100081)

Abstract Cucurbituril is a high symmetry and rigid structure. When cucurbit[6]uril (CB[6]) was oxidized with persulfate
(e.g. potassium persulfate, sodium persulfate and ammonium persulfate), the main product was perhydroxy-cucurbituril and
the minor one was oxalic acid. Oxalic acid was also obtained by the oxidization of both CB[n] (n=5, 7, 8) and perhy-
drox-cucurbituril with various persulfates. As far as we know, this is the first time to discover that both cucurbit[n]uril and

perhydrox-cucurbit[x]uril can be destroyed to give a small molecule-oxalic acid.

Keywords cucurbituril; perhydroxy-cucurbituril; oxidation; oxalic acid
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Figure 1 Possible reaction position of CB[6]
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B 1 CBl6]R KA
Scheme 1 Possible reaction type of CB[6]
(a) Reduction of the carbonyl; (b) decarbonylation; (c) functionalization of methenyl; (d) functionalization of bridging-methylene

45 Rk, NMIC&E 7 —S#i o IRim Ay, H
AT A — R R R Th RE AL AT AR A BRI+ 2R
FSIR(Me CB[5])s ¥ 23 #i 4 [S1HR(CysCB[5]). A
B0 T [61R (CysCBL6]) A B 23 BUAR 1) — 2K 553 17 [6] IR
Ph,CB[1,5]. LK JL a5 [7]IR(PhMeCB[ 1,6])~ 7~ 3k
17 [6]R(MesCB[3,3]) %51, MRIG IV F SE T gtk 55
% CBI6]. L F LB FEHUAR CBL6], LA BRIk
FL[F N ThRE AL = A o 18],

XAl G WA BTG — 19 7835 R H IR AT AE P Bk
AT AE Y R MG, AR m C—H B IhEk
AT R B RN AT BT A A BRI
HA 2003 i EYE Kim PN 2012 FE3RE%EE
Scherman 2552 i i FR 340201 FRATTHE M 56 A 2 LA L A
FoH ORI CB[6] K H [F] A= P55 ] LU (o Hh S A B R,
XA [ P A0 R TE B IR AT A o R RAR N
Y.

1 HR5R

B [ 2 2 Kim ZE4R3E 1 12 SRR 7 IR 1) 45 2 5%
FH i B A AR R A (K, S, 05, KPS) AL IR 4 1. 2 [
3% Scherman 55 \7EFIWKIMEES FIAIE IN CBI6]7E/K
TRV i 1 e S A 7R 50 = R T 4 P o T R ¢
((NH4),8,0s, APS)J&, K H &5 & MRS B D) 1o i 15
T HREREAL P (Scheme 2).
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Scheme 2  Full-hydroxylation and mono-hydroxylation of

CBJ6] reported in literature

1227.1)FI[M~+2K "¢ (m/z=1266.1), 1L E FI[CB[6]+
K 10 (m/z = 1035.3) . [(HO),CB[6] + K "1 & (m/z =
1051.3). [(HO),CB[6]+ K " 1U& (m/z=1067.3). [(HO)-
CB[6] + K "] (m/z = 1083.3) 1 [(HO),CB[6] + K " ] %
(m/z=1099.3)(& 2). XKL SCHR AR T R BE
33| 2 HR I # F IR(HO) 1,CB[6].

BT UL ESI AR, AT EA Ry AL
FIFAEINRE C—H BRMNALLN 3.6 fFCCHARERN
1.2 £%). R H 85 CHEZEFR . KA 6 h ZEK
% 24 h. KNSR G RAENE =, A E AR
P EAT 2% (PRI, P s 00 F v ok 4, IR B
AT HH A, 1 aR AR 2R XS 2R B S AT SRS I R 5 4 K
IR 3).

ZICHEN, FERRFRE T CB6]HINE I — K 2
M)A T3 (Eq. 1).
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Figure 2 The oxidation product of CB[6] by KPS
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Figure 3 X-ray crystal structure of oxalic acid
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>

(1)
H50, reflux, 24 h OH

EAFRH IS, 17F Kim 840 T asull 55385
FEEA PR BRI, T DR B R, FOK AL
i Na,S,05(NPS)=k, APS, ™ ix CB[6]t Al LA#: E 1k
R P IR I FERR(Eq. 2).
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NPS 37.7% 9.22%
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__KPS HO\”)J\OH 3)

75°C,50°C,16h

R=H, n=5 11.07%
R=0H,n=6  18.44%
R=H, n=7 9.22%

R=H, n=8 13.46%

BRI, BATH H IR 5 AT A H IRAE K4,
TE PR A A AF A6 2 75 B R S A R R R I R IR,
FEVNAS I LR T A2 AL AR P = i (Scheme 3). 1Z7=#)
F145 /)73 %) IR, HNMR, MS [FZRAE, 4 58 il 5 ik
SE(E 4).
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Scheme 3 The oxidation of glycoluril
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Figure 4 X-ray crystal structure of imidazolidine-2,4,5-trione
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Thermo Fisher Scientific Nicolet iS10 ZY{#i v H-AR # Y 21
AMY(KBr /)€ g3 RE R A Varian mercu-
ry-plus 400 BUAZREILIRAOL T, DMSO-ds A%, TMS
SN AAR; ESI i A Varian 500-MS #4357 96 A 52 5
JCE T H ElementarVarioEL M %E; &h 4Kk %5 44 F Bruker
Smart 1000 CCD X £k I [5 77 55 4 5.

3.2 ZLWAHE

3.2.1  EAF WREG AR

CB[n] (n=S5, 6, 7, §)1 & B S M SCHR[21, 22] 15

CB[5]: 30 g, 7“3 23.1%; m.p.>300 ‘C; 'H NMR
(D,SO4/D,0, 400 MHz) 6: 3.29 (d, J=16.0 Hz, 12H), 2.61
(s, 12H), 1.35 (d, J=16.0 Hz, 12H ); IR (KBr) v: 3445,
2999, 2937, 1739, 1638, 1477, 1417, 1377, 1328, 1293,
1233, 1190, 964, 809, 795, 765, 673, 627 cm .

CB[6]: 35 g, 7% 26.9%; m.p.>300 ‘C; 'H NMR
(D,SO4/D,0, 400 MHz) 6: 2.73 (d, J=16.0 Hz, 10H), 3.17
(s, 10H), 1.90 (d, J=16.0 Hz, 10H); IR (KBr) v: 3441,
2998, 2932, 1735, 1475, 1416, 1376, 1326, 1295, 1234,
1190, 1147, 964, 801, 758, 673, 628 cm .

CB[7]: 23 g, /"% 17.7%; m.p.>300 ‘C; 'H NMR
(D,SO4/D,0, 400 MHz) 6: 2.76 (d, J=16.0 Hz, 14H), 2.61
(s, 14H), 1.32 (d, J=16.0 Hz, 14H); IR (KBr) v: 3445,
2999, 2934, 1732, 1476, 1420, 1376, 1325, 1293, 1234,
1191, 967, 825, 806, 759, 674, 628 cm .

CB[8]: 10.15 g, /=% 7.8%; m.p.>300 C; IR (KBr)
v: 3445, 3002, 2925, 1725, 1474, 1425, 1375, 1319, 1293,
1231, 1191, 1157, 993, 970, 830, 808, 759, 675, 631 cm .
3.2.2 CB[6]% &AL

¥ CB[6] (1.0 g, 1.0 mmol). K,S,05 (3.9 g, 14.4
mmol) A& 50 mL Z&/KM R+, RS
N, #if, BEFHE 75 C. 4iiEJE RIS 50 CHikE 16
h, A, FEIERRN. JEBIRATE 10 mL, KRG
WIMZEEE(150 mL) AT H AR, A5, H
i 6 mL DMSO ¥fif. g, JEMS%1% T 2 N EE T
H 40 5 (HO),,CB[6] (580 mg), /=3 47%. m.p.>300 C;
'H NMR (DMSO-ds, 400 MHz) 6: 4.16~4.49 (m, 12H),
5.17~5.54 (m, 12H), 7.95 (s, 12H); IR (KBr) v: 3456,
3206, 3013, 2952, 1740, 1473, 1420, 1376, 1323, 1262,
1201, 1049, 965, 799, 762, 670, 584 cm '; MS (ESI) m/z
(%): 1193 M—H,0+K", 95), 616 (M—H,0+2K",
100). Anal. caled for C3sH36N240,4°8H,0: C 32.44, H 3.93,
N 25.22; found C 32.28, H 3.94, N 25.34.

JERRAL A G IIETRAE 50 CIR4R, WRAEHUNE — R
Ja BRI H A 8k R R AT R IRIR L, IR 15
HR(0.08 g), 77 14.75%; m.p. 180~182 C; IR (KBr)
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v: 3476, 1647, 1234, 1124, 724, 619 cm ™.

TR A RAE FRE SOK R &R, S RN EREY
25, AT A5 B R I B 5, EHUR ST 208 0.58
mm X 0.52X0.47 mm & 4 44, F Bruker Smart Apex
FORATHMX, R A 5 88 b i Mo Ka 284
=0.071073 nm), T 1532) K F, LA g-o 55 Rtk
R AT IS, SRR AT T A5 RO IE \ Lp R IE,
Al PREEAE B BB AR AT, AR SR T AL bR B L 4% 1)
AMERSHOHAT T 2R D BB, FrE R
SHELX-97 27 5 Jik. 3 ONHBRRE, TR
(CH,04)*2H,0, AX 73 F s N 126.07, HRH R, =
[BIEE P2(1)/n, SHESECN: @=0.6101(4) nm, b=0.3529
(2) nm, ¢=1.1855(7) nm, a=90°, f=103.745(7)°, y=
90°,f&F! ¥=0.2479(2) nm’, D.=1.689 mg/m’, F(000)=
132, S 7HCN 2, IR AE 1 =1.79 cm ™.

323 HHkeG AL

FH IR0 g)« K58,05 (3.9 g, 14.4 mmol), TIAEH
50 mL ZETR/K I el A, FORGP SN, 80, REIE
WA 75 C, R 16 h, RN EEHR G KBRS B =
I, W8 CBERE, FEMGHAE T g B ] 15 20 mRomde =
P2 95%. m.p. 240 ‘C; 'H NMR (400 MHz, DMSO-d)
S 11.75 (br, 2H); IR (KBr) v: 3052, 2708, 2488, 1745,
1377, 1341, 1230, 993 cm ™ '; MS (ESI) m/z (%): 114 (M",
100).

KM = WA ARLE LR LB, 18845 R 15 3] =
P A P B, ORI 2058 0.42 mm X 0.28 mm X 0.10
mm [ 51%, ] Bruker Smart Apex H S ATEMY, K%
TR B0 2R B AN I Mo Ka 5F45(1=0.071073 nm), T
153(2) K T, LL p-o0 F3H 5 UCEE B0 AT 5 i, o
BAEHAT 7 2RISR IE « Lp £2IE, Shiksh # i B Rk
file 3, W ARIEEUE T AR S L& ) RS T T
RN B IE, B TR A SHELX-97 127 58
. B4 AEREE, 5 FRN CHLN,05, X FIR
HON 114.07, 2R R, TEEE P2(1)/n, SSECN:
a=0.49822(19) nm, b =0.8189 (3) nm, ¢ =1.0698(4) nm,
a=90°, =92.335(5)°, y=90°, A ¥=0.4361(3) nm’,
D.=1.737 mg/m’, F(000)=232. St 7>15h 4, T
WHEB u=158cm .

B %L (Supporting Information) b &YKL i
R (T = & ] N N N [ G
(http://sioc-journal.cn/)_E T %K.
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