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Figure S 1: Proton NMR spectrum of carboxymethylated ßCD (2) prepared in solution (item 1 in Table 1), 

DS ≈4.3-4.5 

 

Figure S 2: HSQC-DEPT spectrum of carboxymethylated ßCD (2) prepared in solution (item 1 in Table 1), 
DS ≈4.3-4.5 
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Figure S 3: 13C-NMR spectrum of carboxymethylated ßCD (2) prepared in solution (item 1 in Table 1), DS 
≈4.3-4.5 

 
Figure S 4: ESI+ mass spectrum of carboxymethylated ßCD (2) prepared in solution (item 1 in Table 1), DS 

≈4.3-4.5 
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Figure S 5: Peak identification in ESI+ mass spectrum of carboxymethylated ßCD (2) prepared in solution 

(item 1 in Table 1), DS ≈4.3-4.5 [1,2] 
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Figure S 6: Proton NMR spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 2 in Table 1), 
DS ≈4.3-4.6 

 

Figure S 7: HSQC-DEPT spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 2 in Table 1), 
DS ≈4.3-4.6 
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Figure S 8: Proton NMR spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 3 in Table 1), 
DS ≈4.4-4.6 

 

Figure S 9: HSQC-DEPT spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 3 in Table 1), 
DS ≈4.4-4.6 
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Figure S 10: Proton NMR spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 4 in Table 1), 
DS ≈4.4-4.6 

 

Figure S 11: HSQC-DEPT spectrum of carboxymethylated ßCD (2’) prepared in ball mill (item 4 in Table 
1), DS ≈4.4-4.6 

 

Acquisition Time (sec) 3.6438 Comment CMBCD-LJ03_1H_D2O_041016_2036_RG=50 Date 04 Oct 2016 15:34:56

Date Stamp 04 Oct 2016 15:34:56 File Name D:\Docs\!!Notebooks\BM_Reactions\NMR\CMBCD_LJ03\1\fid

Frequency (MHz) 300.13 Nucleus 1H Number of Transients 64 Origin spect Original Points Count 16384

Owner root Points Count 131072 Pulse Sequence zg Receiver Gain 50.80 SW(cyclical) (Hz) 4496.40

Solvent CDCl3 Spectrum Offset (Hz) 1095.7936 Spectrum Type STANDARD Sweep Width (Hz) 4496.37 Temperature (degree C) 22.660

5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3
Chemical Shift (ppm)

51.040.364.832.17

*

HDO in D2O

5.
29

64
5.

28
37

5.
27

22
5.

25
27

5.
23

94
5.

22
65

5.
21

41

5.
02

80
5.

01
63

4.
37

88

4.
32

30
4.

29
36

4.
26

77
4.

23
93 4.
19

58 4.
14

35
4.

12
64

4.
08

60
4.

06
10

4.
03

25
4.

00
08

3.
98

50
3.

94
61

3.
91

47
3.

88
44

3.
82

90

3.
64

38
3.

62
29

3.
61

15 3.
57

83
3.

56
60

3.
53

50
3.

50
37

3.
43

37
3.

41
85

3.
40

18

Acquisition Time (sec) (0.0427, 0.0051) Comment 5 mm BBO 1H-BB Z-GRD Z8284/0059 Date 04 Oct 2016 16:28:22

File Name D:\Docs\!!Notebooks\BM_Reactions\NMR\CMBCD_LJ03\2\ser Frequency (MHz) (300.13, 75.47) Nucleus (1H, 13C)

Number of Transients 32 Origin spect Original Points Count (128, 64) Owner psm

Points Count (512, 256) Pulse Sequence hsqcedetgp Solvent DMSO Spectrum Type HSQC-DEPT

Sweep Width (Hz) (2991.75, 12451.17) Temperature (degree C) 22.760 Title CMBCD-LJ03_HSQC_D2O_041016_2036_RG=50

5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3
F2 Chemical Shift (ppm)

45

50

55

60

65

70

75

80

85

90

95

100

105

F
1 

C
he

m
ic

al
 S

hi
ft

 (
pp

m
)

3.84, 60.86

3.84, 71.87

3.56, 81.443.92, 73.6

5.02, 102.13

3.61, 72.29
4.13, 70.49

3.94, 69.49

5.24, 100.17

4.3, 71.69



S 10 

Carboxymethylated ßCD (2) DS 4.3-4.5, synthesized in 
solution(item 1 in Table 1) 

Chloroacetic acid sodium salt 

Carboxymethylated ßCD (2’) DS 4.3-4.6, synthesis in ball mill 
(item 2 in Table 1) 

Carboxymethylated ßCD (2’) DS 4.4-4.6, synthesis in ball mill 
(item 3 in Table 1) 

Carboxymethylated ßCD (2’) DS 4.4-4.6, synthesis in ball mill (item 4 in Table 1) 
 

Figure S 12: Capillary electropherogram of carboxymethylated ßCDs 
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Figure S 13: Proton NMR spectrum of carboxyethylated ßCD (3) prepared in solution (item 8 in Table 1), 
DS ≈3.0-3.4 

 

Figure S 14: HSQC-DEPT spectrum of carboxyethylated ßCD (3) prepared in solution (item 8 in Table 1), 
DS ≈3.0-3.4 
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Figure S 15: 13C-NMR spectrum of carboxyethylated ßCD (3) prepared in solution (item 8 in Table 1), DS 

≈3.0-3.4 

 
Figure S 16: ESI+ mass spectrum of carboxyethylated ßCD (3) prepared in solution (item 8 in Table 1), DS 

≈3.0-3.4 
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Meas. m/z Calc. m/z δ (Da) Z Annotation Formula 

626.2237 626.1847 0.0390 2 (+1 CH2CH2COOH)/2 (C42H70O35Na2)1(CH1CH2COOH)1(CH1CH2COONa)0 

637.1608 637.1756 -0.0148 2 (+1 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)0(CH1CH2COONa)1 

662.1890 662.1952 -0.0063 2 (+2 CH2CH2COOH)/2 (C42H70O35Na2)1(CH1CH2COOH)2(CH1CH2COONa)0 

673.1713 673.1862 -0.0149 2 (+1 CH2CH2COOH +1 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)1(CH1CH2COONa)1 

684.1160 684.1772 -0.0611 2 (+2 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)0(CH1CH2COONa)2 

698.1313 698.2058 -0.0745 2 (+3 CH2CH2COOH)/2 (C42H70O35Na2)1(CH1CH2COOH)3(CH1CH2COONa)0 

709.2878 709.1968 0.0911 2 (+2 CH2CH2COOH +1 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)2(CH1CH2COONa)1 

720.1371 720.1877 -0.0507 2 (+1 CH2CH2COOH +2 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)1(CH1CH2COONa)2 

734.3386 734.2164 0.1223 2 (+4 CH2CH2COOH)/2 (C42H70O35Na2)1(CH1CH2COOH)4(CH1CH2COONa)0 

745.1843 745.2073 -0.0230 2 (+3 CH2CH2COOH +1 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)3(CH1CH2COONa)1 

756.2014 756.1983 0.0031 2 (+2 CH2CH2COOH +2 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)2(CH1CH2COONa)2 

770.2052 770.2269 -0.0217 2 +5 CH2CH2COOH (C42H70O35Na2)1(CH1CH2COOH)5(CH1CH2COONa)0 

781.1793 781.2179 -0.0386 2 (+4 CH2CH2COOH +1 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)4(CH1CH2COONa)1 

792.1803 792.2089 -0.0286 2 (+3 CH2CH2COOH +2 CH2CH2COONa)/2 (C42H70O35Na2)1(CH1CH2COOH)3(CH1CH2COONa)2 

1157.4242 1157.3590 0.0652 1 C42H70O35 (βCD) C42H70O35Na 

1229.4745 1229.3801 0.0944 1 +1 CH2CH2COOH (C42H70O35Na)1(CH1CH2COOH)1(CH1CH2COONa)0 

1251.4346 1251.3621 0.0726 1 +1 CH2CH2COONa (C42H70O35Na)1(CH1CH2COOH)0(CH1CH2COONa)1 

1301.4901 1301.4012 0.0888 1 +2 CH2CH2COOH (C42H70O35Na)1(CH1CH2COOH)2(CH1CH2COONa)0 

1323.4723 1323.3832 0.0891 1 +1 CH2CH2COOH + 1 CH2CH2COONa (C42H70O35Na)1(CH1CH2COOH)1(CH1CH2COONa)1 

1345.4970 1345.3651 0.1319 1 +2 CH2CH2COONa (C42H70O35Na)1(CH1CH2COOH)0(CH1CH2COONa)2 
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Figure S 17: Peak identification in ESI+ mass spectrum of carboxyethylated ßCD (3) prepared in solution 

(item 8 in Table 1), DS ≈3.0-3.4 

  



S 14 

 

Figure S 18: Proton NMR spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 5 in Table 1), 
DS ≈3.0-3.3 

 

Figure S 19: HSQC-DEPT spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 5 in Table 1), 
DS ≈3.0-3.3 
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Figure S 20: Proton NMR spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 6 in Table 1), 
DS ≈2.8-3.2 

 

Figure S 21: HSQC-DEPT spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 6 in Table 1), 
DS ≈2.8-3.2 
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Figure S 22: Proton NMR spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 7 in Table 1), 
DS ≈2.8-3.1 

 

Figure S 23: HSQC-DEPT spectrum of carboxyethylated ßCD (3’) prepared in ball mill (item 7 in Table 1), 
DS ≈2.8-3.1 
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Figure S 24: IR spectrum of carboxylethylated ßCD (3) prepared in solution (item 8 in Table 1) as acid, 
DS ≈3.0-3.4 

 

Figure S 25: IR spectrum of carboxylethylated ßCD (3) prepared in solution (item 8 in Table 1) as sodium 
salt, DS ≈3.0-3.4 
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Figure S 26: Overlay of IR spectrum of carboxylethylated ßCD acid & salt form (3) prepared in solution 
(item 8 in Table 1), DS ≈3.0-3.4 and carbamoylethylated ßCD prepared in ball mill (item 10 in table 1) 
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Figure S 27: Proton NMR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 9 in Table 1), 
DS ≈3.8-4.3 

 

Figure S 28: HSQC-DEPT spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 9 in Table 
1), DS ≈3.8-4.3 
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Figure S 29: 13C-NMR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 9 in Table 1), 
DS ≈3.8-4.3 

 
Figure S 30: ESI+ mass spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 9 in Table 1), 

DS ≈3.8-4.3 
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Meas. m/z Calc. m/z δ (Da) Z Annotation Formula 

634.6917 635.0289 -0.3372 2 +1 CH2CH2CONH2 +1 HaO (C42H70O35Na2)1(CH1CH2CONH2)1(CH1C2CH2COOH)0(HCOOH)0(H2O)1 

642.6066 643.7032 -1.0966 2 +1 CH2CH2COONH2 (C42H70O35Na2)1(CH1CH2CONH2)1(CH1C2CH2COOH)0(HCOOH)0(H2O)2 

700.5969 700.2153 0.3816 2 +2 CH2CH2CONH2 +1 CH2CH2COONa (C42H70O35Na2)1(CH1CH2CONH2)2(CH1CH2CONa)1 

922.0162 923.7832 -1.7670 2 +5 CH2CH2CONH2 +4 CH2HC2COONa (C42H70O35Na2)1(CH1CH2CONH2)5(CH1CH2CONa)4 

1158.0408 1157.3590 0.6819 1 C42H70O35 (bCD) C42H70O35Na 

1271.3040 1271.3907 -0.0867 1 +1 CH2CH2COOH +1 H2O (C42H70O35Na)1(CH1CH2CONH2)0(CH1C2CH2COOH)1(HCOOH)0(H2O)1 

 
Figure S 31: Peak identification in ESI+ mass spectrum of carbamoylethylated ßCD (5) prepared in ball mill 

(item 9 in Table 1), DS ≈3.8-4.3 
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Figure S 32: Proton NMR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 
1), DS ≈3.3-3.5 

 

Figure S 33: HSQC-DEPT spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 
1), DS ≈3.3-3.5 
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Figure S 34: 13C-NMR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 1), 
DS ≈3.3-3.5 

 
Figure S 35: ESI+ mass spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 1), 

DS ≈3.3-3.5 
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Meas. m/z Calc. m/z δ (Da) Z Annotation Formula 

661.3545 661.2112 0.1432 2 (+2 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)2 

697.1742 696.7298 0.4444 2 (+3 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)3 

732.6023 732.2483 0.3539 2 (+4 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)4 

768.2077 767.7669 0.4409 2 (+5 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)5 

803.8199 803.2854 0.5345 2 (+6 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)6 

839.7438 838.8040 0.9398 2 (+7 CH2CH2CONH2)/2 (C42H70O35Na2)1(CH1CH2CONH2)7 

875.7951 875.3185 0.4766 2 (+7 CH2CH2CONH2 +1 CH2CH2COOH(?))/2 (C42H70O35Na2)1(CH1CH2CONH2)7/8(CH2CH2COOH)1(?) 

910.7451 909.8411 0.9040 2 (+8 CH2CH2CONH2 +1 CH2CH2COOH(?))/2 (C42H70O35Na2)1(CH1CH2CONH2)8/9(CH2CH2COOH)1(?) 

1157.4800 1157.3590 0.1210 1 C42H70O35 (βCD) (C42H70O35Na1)1(CH1CH2CONH2)0 

1228.5078 1228.3961 0.1118 1 +1 CH2CH2CONH2 (C42H70O35Na)1(CH1CH2CONH2)1 

1299.6015 1299.4332 0.1682 1 +2 CH2CH2CONH2 (C42H70O35Na)1(CH1CH2CONH2)2 

1371.6607 1370.4703 1.1904 1 +3 CH2CH2CONH2 (C42H70O35Na)1(CH1CH2CONH2)3 

1442.7055 1441.5074 1.1981 1 +4 CH2CH2CONH2 (C42H70O35Na1)1(CH1CH2CONH2)4 

1513.7050 1512.5446 1.1604 1 +5 CH2CH2CONH2 (C42H70O35Na1)1(CH1CH2CONH2)5 

1584.8407 1583.5817 1.2590 1 +6 CH2CH2CONH2 (C42H70O35Na1)1(CH1CH2CONH2)6 

1655.9879 1654.6188 1.3691 1 +7 CH2CH2CONH2 (C42H70O35Na1)1(CH1CH2CONH2)7 

 
Figure S 36: Peak identification in ESI+ mass spectrum of carbamoylethylated ßCD (5) prepared in ball mill 

(item 10 in Table 1), DS ≈3.8-4.3 
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Figure S 37: IR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 1), DS ≈3.3-

3.5 

 
Figure S 38: IR spectrum of carbamoylethylated ßCD (5) prepared in ball mill (item 10 in Table 1), DS ≈3.3-

3.5 
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Figure S 39: Overlay of IR spectra of carbamoylethylated ßCD (5) prepared in ball mill (item 9&10 in Table 

1), DS ≈3.3-3.5 carboxyethylated ßCD prepared in solution (item 8 in Table 1) 
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Carboxyethylated ßCD (3’) DS 2.8-3.2, synthesis in ball mill (item
6 in Table 1) 

Carboxyethylated ßCD (3’’) DS 2.8-3.1, synthesis in ball mill 
(item 7 in Table 1) 

Carboxyethyl residue in carbamoylethylated ßCD (5) DS 3.8-4.3 
(item 9 in Table 1) 

Figure S 40: Capillary electropherogram of carboxyethylated ßCDs 

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (cm-1)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

T
ra

ns
m

itt
an

ce

COO-

amide

carboxylethylated 逤 D (3) prepared in solution (item 8 in Table 1)
carbamoylethylated 逤 D (5) prepared in ball mill (item 10 in Table 1)
carbamoylethylated 逤 D (5) prepared in ball mill (item 9 in Table 1)

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 4\CE_00.D)

min1 2 3 4 5 6 7 8 9

mAU

-40

-20

0

20

40

60

80

-60

1 2 3 4 5

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 5\ACRYLACID.D)

min1 2 3 4 5 6 7 8 9

mAU

-200

-100

0

100

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 6\CE_01.D)

min1 2 3 4 5 6 7 8 9

mAU

0

50

100

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 6\CE_02.D)

min1 2 3 4 5 6 7 8 9

mAU

-50

0

50

100

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 6\CE_03.D)

min1 2 3 4 5 6 7 8 9

mAU

-75

-50

-25

0

25

50

75

100

DAD1 A, Sig=350,20 Ref=225,20 (CDANALYSIS\CD_ANALYSIS SEQ 3\CAM_01.D)

min1 2 3 4 5 6 7 8 9

mAU

0

50

100



S 27 

  



S 28 

 

Figure S 41: Proton NMR spectrum of sulfobutylated ßCD (4) prepared in solution (item 11 in Table 1), 
DS ≈6.2-6.5 

 

Figure S 42: HSQC-DEPT spectrum of sulfobutylated ßCD (4) prepared in solution (item 11 in Table 1), 
DS ≈6.2-6.5 
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Figure S 43: ESI+ mass spectrum of sulfobutylated ßCD (4) prepared in solution (item 11 in Table 1), 

DS ≈6.2-6.5 
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Meas. m/z Calc. m/z δ (Da) Z Annotation Formula 

669.5093 669.1748 0.3345 2 (+1 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)1 

711.1067 709.7879 1.3188 3 (+1 C4H8SO3H +5 C4H8SO3Na)/3 (C42H70O35Na3)1(C4H7SO3H)1(C4H7SO3Na)5 

748.2275 748.1755 0.0520 2 (+2 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)2 

827.1816 827.1761 0.0054 2 (+3 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)3 

906.4521 906.1768 0.2752 2 (+4 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)4 

985.4609 985.1775 0.2834 2 (+5 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)5 

1064.7146 1064.1782 0.5364 2 (+6 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)6 

1143.6223 1143.1789 0.4434 2 (+7 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)7 

1222.7094 1222.1795 0.5299 2 (+8 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)8 

1301.4069 1301.1802 0.2267 2 (+9 C42H70O35Na2)/2 (C42H70O35Na2)1(C4H7SO3H)0(C4H7SO3Na)9 

1315.4595 1315.3603 0.0991 1 +1 C4H8SO3Na (C42H70O35Na1)1(C4H7SO3H)0(C4H7SO3Na)1 

1359.1631 1358.1990 0.9642 2 (+2 C4H8SO3H)/2 (C42H70O35Na2)1(C4H7SO3H)2(C4H7SO3Na)8 

1473.4545 1473.3617 0.0928 1 +2 C4H8SO3Na (C42H70O35Na1)1(C4H7SO3H)0(C4H7SO3Na)2 

1517.6844 1516.2003 1.4841 2 (+2 C4H8SO3H +10 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)2(C4H7SO3Na)10 

1632.4057 1631.3631 1.0427 1 +3 C4H8SO3Na (C42H70O35Na1)1(C4H7SO3H)0(C4H7SO3Na)3 

1675.5300 1674.2017 1.3283 2 (+2 C4H8SO3H +12 C4H8SO3Na)/2 (C42H70O35Na2)1(C4H7SO3H)2(C4H7SO3Na)12 

1790.5148 1789.3644 1.1503 1 +4 C4H8SO3Na (C42H70O35Na1)1(C4H7SO3H)0(C4H7SO3Na)4 

1948.8104 1947.3658 1.4446 1 +5 C4H8SO3Na (C42H70O35Na1)1(C4H7SO3H)0(C4H7SO3Na)5 

 
Figure S 44: Peak identification in ESI+ mass spectrum of sulfobutylated ßCD (4) prepared in solution (item 

11 in Table 1), DS ≈6.2-6.5 
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Figure S 45: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 12 in Table 1), 
DS ≈3.1-3.3 

 

Figure S 46: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 12 in Table 1), 
DS ≈3.1-3.3 
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Figure S 47: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 13 in Table 1), 
DS ≈5.2-5.8 

 

Figure S 48: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 13 in Table 1), 
DS ≈5.2-5.8 
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Figure S 49: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 14 in Table 1), 
DS ≈6.2-6.6 

 

Figure S 50: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 14 in Table 1), 
DS ≈6.2-6.6 
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Figure S 51: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 15 in Table 1), 
DS ≈7.5-7.8 

 

Figure S 52: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 15 in Table 1), 
DS ≈7.5-7.8 
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Figure S 53: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 16 in Table 1), 
DS ≈4.4-4.9 

 

Figure S 54: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 16 in Table 1), 
DS ≈4.4-4.9 
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Figure S 55: Proton NMR spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 17 in Table 1), 
DS ≈6.9-7.5 

 

Figure S 56: HSQC-DEPT spectrum of sulfobutylated ßCD (4’) prepared in ball mill (item 17 in Table 1), 
DS ≈6.9-7.5 
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Figure S 57: Proton NMR spectrum of 4-hydroxy-1-butanesulfonic acid sodium salt (HOBSANa) 

 

Figure S 58: HSQC-DEPT spectrum of HOBSANa 
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Figure S 59: Proton NMR spectrum of di(1,1’-sulfonatobutyl)ether disodium salt (disodium 4,4'-
oxydibutane-1,1’-disulfonate, BIBSANa) 

 

Figure S 60: HSQC-DEPT spectrum of BIBSANa 
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4-hydroxybutanesulfonic acid

 

Sulfobutylated ßCD (4) DS 6.2-6.5, synthesized in solution(item 
11 in Table 1) 

 Sulfobutylated ßCD (4) DS 6.2-6.5, synthesized in solution(item 
11 in Table 1) spiked with 1 % 4-hydroxybutanesulfonic acid

 

Sulfobutylated ßCD (4’) DS 3.1-3.3, synthesis in ball mill (item 
12 in Table 1) 

 Sulfobutylated ßCD (4’) DS 5.2-5.8, synthesis in ball mill (item 
13 in Table 1) 

 

Sulfobutylated ßCD (4’) DS 6.2-6.6, synthesis in ball mill (item 
14 in Table 1) 

 Sulfobutylated ßCD (4’) DS 7.5-7.8, synthesis in ball mill (item 
15 in Table 1) 

 

Sulfobutylated ßCD (4’) DS 4.4-4.9, synthesis in ball mill (item 
16 in Table 1) 

 Sulfobutylated ßCD (4’) DS 6.9-7.5, synthesis in ball mill (item 
17 in Table 1) 

Figure S 61: Capillary electropherogram of sulfobutylated ßCDs 
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Glucopyranose unit Substituent 

Scheme 1 

Scheme S 1: Carbon atom numbering for the NMR assignment (OH: unsubstituted; OR: substituted) 

 

Table S 1: Proton assignment of cyclodextrin derivatives prepared in solution(based on 1H- and HSQC-
DEPT experiments) 

 Compound 2 
(CMβCD)1 

Compound 3 
(CEβCD)2 

Compound 5 
(CAMβCD)3 

Compound 4 
(SBβCD)4 

HOBSANa5 BIBSANa6

C(1)H 7 5.00, 5.21 4.99 4.97, 4.99 5.02, 5.11 -- -- 
C(2)H unsubst 3.54-3.61 3.56-3.68 3.41-3.63 3.48-3.61 -- -- 
C(2)H subst 8 3.34-3.63 3.43-3.59 3.38-3.60 3.57-3.67 -- -- 
C(3)H unsubst 8 3.84-4.04 3.79-3.96 3.63-3.98 3.70-3.90 -- -- 
C(3)H subst -- -- -- 3.70-3.83 -- -- 
C(4)H 8 3.44-3.62 3.43-3.59 3.38-3.60 3.40-3.57 -- -- 
C(5)H 8 3.69-3.88 3.73-3.92 3.63-3.98 3.76-3.90 -- -- 
C(6)H2 unsubst 3.70-3.91 3.70-3.89 3.61-3.93 3.71-3.90 -- -- 
C(6)H2 subst -- 3.72-3.81(?) -- 3.65-3.73 -- -- 
alpha to -O 3.86-3.95; 

4.03-4.21 
3.62-3.74 3.61-3.77 3.43-3.54 3.55 3.48 

beta to -O -- 2.35-2.46 2.38-2.51 1.67 1.58 1.65 
gamma to -O -- -- -- 1.71 1.69 1.69 
delta to -O -- -- -- 2.86 2.86 2.86 

1 CM= Carboxymethyl; 2 CE=Carboxyethyl; 3 CAM=Carbamoylethyl; 4 SB=Sulfobutyl; 5 HOBSANa=4-
hydroxybutanesulfonic acid sodium salt; 6 BIBSANa: di(1,1’-sulfonatolbutyl)ether disodium salt (disodium 
4,4'-oxydibutane-1,1’-disulfonate); 7 main peaks only; 8 shaded assignments may be altered 
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Table S 2: Carbon assignment of cyclodextrin derivatives prepared in solution (based on 13C- and HSQC-
DEPT experiments) 

 Compound 2 
(CMβCD)1 

Compound 3 
(CEβCD)2 

Compound 5 
(CAMβCD)3 

Compound 4 
(SBβCD)4 

HOBSANa5 BIBSANa6

C1 7 100.3, 102.0 102.1 103.1 99.2, 101.1 -- -- 
C2 unsubst 72.6 72.0 71.9 72.5 -- -- 
C2 subst 8 81.1 80.7 81.4 78.3-80.4 -- -- 
C3 unsubst 7,8 72.2, 73.8 73.3, 71.1 72.4 70.6 -- -- 
C3 subst -- -- -- 80.6 -- -- 
C4 8 81.4 81.5 81.4 80.5 -- -- 
C5 8 71.8 72.3 72.7 70.6 -- -- 
C6 unsubst 61.2 60.4 60.1 60.8 -- -- 
C6 subst -- -- -- 71.2 -- -- 
alpha to CD-O 8 69.7, 70.4 68.6 66.3 70.2 60.9 70.0 
beta to CD-O 8 177.9 38.1 33.4 27.9 30.2 27.1 
gamma to CD-O -- 180.7 177.4 

(174.3)9 
21.0 19.8 20.8 

delta to CD-O -- -- -- 50.2 50.0 50.7 
1 CM= Carboxymethyl; 2 CE=Carboxyethyl; 3 CAM=Carbamoylethyl; 4 SB=Sulfobutyl; 5 HOBSANa=4-

hydroxybutanesulfonic acid sodium salt; 6 BIBSANa: di(1,1’-sulfonatobutyl)ether disodium salt (disodium 
4,4'-oxydibutane-1,1’-disulfonate); 7 main peaks only; 8 shaded assignments may be altered; 9 protonated 
carboxyl group (tentative) of the partially hydrolyzed product 

 

Table S 3: Characteristic C=O IR bands of the prepared (carbonyl)ethyl group containing CD derivatives 

 Compound 3 
(CEβCD) 

Compound 5 
(CAMβCD) 

Item 9 

Compound 5 
(CAMβCD) 

Item 10 
C=O as COO- 1570 1559 -- 
C=O as COOH 1726 -- -- 
C=O as CONH2 -- 1667 1664 

 

Table S 4: RF-values of the prepared compounds after twice run of the same plate in the same solvent 
mixture at 7 cm distance in 100 µg 

    
βCD 0.53-0.54   
CMβCD 1 0.05-0.48 strip with 

multiple spots 
0.45-0.48 mono  

CEβCD 2 0.15-0.47 strip with 
multiple spots 

0.44-0.47 mono  

CAMβCD 3 0.54-0.65 strip with 
multiple spots 

0.55-0.57 mono 0.21-0.54 light brown strip no 
distinctive spots 

SBβCD 4 0.05-0.43 strip with 
multiple spots 

0.40-0.43 mono  

1 CM= Carboxymethyl; 2 CE=Carboxyethyl; 3 CAM=Carbamoylethyl; 4 SB=Sulfobutyl 
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