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Abstract A general microwave-assisted procedure for

the synthesis of 6-amino-b-cyclodextrins is reported.

Mono-tosyl-b-cyclodextrin was used as the starting mate-

rial in a one-pot route employing a solvent-free micro-

wave-assisted reaction with a liquid amine. Shorter

reaction times were observed for the formation of 6-amino-

b-cyclodextrins using this novel microwave approach

compared to the thermal procedure.
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Cyclodextrins (CDs) are extremely appealing for their

applications in different fields in both pure and applied

chemistry [1, 2]. CD derivatives can be structurally manip-

ulated by exploiting the appropriate combination of the

hydrophobic nature and different sizes of the CD cavity with

the specific features of the substituents attached to it. Several

CD derivatives have been synthesised and reported with

substituents such as amines [3–5], amino acids [6–8], pep-

tides [9–11] and aromatic systems [12–14]. The chemical

modification of CDs offers enormous opportunities, but also

challenges for chemists and much effort is being directed to

developing new synthetic protocols.

Mono-substitution at the 6-position of b-CD has been

reported extensively [15]. In particular, 6-amino-b-CDs

can be synthesised from the corresponding liquid amines

either by heating b-CD [16], 6-O-mono (p-toluenesulfo-

nyl)-b-CD (6-tosyl-b-CD) [17] or 6-iodo-b-CD (b-CD-I)

[18, 19] in an excess of the amine.

Herein a general microwave-assisted procedure for the

synthesis of a nine-member library of 6-amino-b-CDs (b-

CD-X) bonded through nitrogen to C6 carbon of the b-CD

is reported. (Figure 1).

The use of microwave irradiation (MW) in organic

chemistry is becoming increasingly important [20, 21].

Nevertheless, only a few papers reporting the use of MW

for the modification of CDs have been published [22–26].

We report for the first time the synthesis of a library in

which liquid amines displaces the tosyl group of the

6-tosyl-b-CD. Our one-pot procedure involves nucleophilic

displace of the tosyl group of 6-tosyl-b-CD with liquid

amines, or aqueous ammonia solution for 2a, (in a micro-

wave oven at 85 �C and 200 W for 30 min) yielding the

corresponding mono-substituted amino-CD (b-CD-X).

Shorter reaction times were generally found with the MW-

assisted protocol compared to the thermal procedure.

Some of the prepared b-CD-X derivatives have been

previously synthesised: 2a [27], 2c [16, 28–30], 2f [31–35],

2g [18].To the best of our knowledge, 2b, 2d, 2e, 2h and 2i

are synthesised and characterised for the first time.

An excess of liquid amine was reacted with 6-tosyl-b-CD

(150:1) in a sealed tube yielding b-CDXs via the MW

procedure (30 min, 200 W, 85 �C). Microwave reactions

were carried out in a CEM Explorer. In the case of 2a

aqueous NH3 solution (28% w/w) was used. Attempts to
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scale the reactions up often led to charring of the solution

and poorer yields. Optimisation of the amount of amine was

also explored. The reduction of the equivalents of amine led

to more charring and lower yields since the amine is also the

solvent. All final compounds were fully characterised by
1H-NMR, 13C-NMR, ESI–MS and HR-MS (see Electronic

Supplementary Information). The precursor 6-O-mono

(p-toluenesulfonyl)-b-CD (6-tosyl-b-CD) was synthesised

according to the procedure reported in the literature [36].

The synthesis of 6-deoxy-6-isopropyl-amino-b-cyclo-

dextrin (2b) illustrates the preparative aspects which gen-

erally apply to the other b-CDX considered.

6-Tosyl-b-CD (200 mg, 0.155 mmol) was dissolved in

isopropylamine (2 mL, 150 fold excess) and the mixture

was irradiated in a microwave oven (CEM Explorer) for

30 min at 200 W and 85 �C. After cooling, the solution was

added to acetone (100 mL) and the resulting precipitate was

collected by filtration. The crude precipitate was purified by

Reversed Phase Chromatography RP8 (40–60 lm) with a

gradient of H2O ? MeOH as eluent. The yields were cal-

culated based on the isolated of final products.

6-Deoxy-6-amino-b-cyclodextrin (2a)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.32.

ESI-MS (m/z) 1134.8 (M ? H). HRMS-ES (m/z) found

1134.3928; calcd for [C42H71NO34 ? H]? 1134.3936.

1H-NMR (400 MHz, D2O): 5.08 (s, 1H, H1), 4.04–3.78 (m,

26H, H3, H5, H6B–G), 3.72–3.52 (m, 13H, H2, H4B–G),

3.48 (t, 1H, J4,5 = J3,4 = 9.11 Hz, H4A), 3.12 (d, 1H,

J6A0,6A00 = 14.0 Hz, H6A0), 2.88 (m, 1H, H6A00).
13C-NMR (100 MHz, D2O): 102.0 (C-l), 83.0 (C-4A), 81.2

(C-4), 73.2 (C-2), 72.2 (C-5), 71.9 (C-3), 60.4 (C-6), 41.4

(C-6A).

6-Deoxy-6-isopropylamino-b-cyclodextrin (2b)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.46.

ESI-MS (m/z) 1177 (M ? H). HRMS-ES (m/z) found

1176.4386; calcd for [C45 H77 NO34 ? H]? 1176.4400.
1H-NMR (500 MHz, D2O): 5.10 (d, 1H, J1,2 = 3.52 Hz,

H1A), 5.05–4.92 (m, 6H, H1B-G), 3.94–3.67 (m, 26H, H3,

H5, H6B–G), 3.60–3.43 (m, 13H, H2, H4B–G), 3.36 (t, 1H,

J4,5 = J3,4 = 9.32 Hz, H4A), 3.04 (d, 1H, J6A0,6A00 =

10.7 Hz, H6A0), 2.78 [m, 1H, N–CH(Me)2], 2.68 (m, 1H,

H6A00), 1.00 [m, 6H, (–CH3)2].
13C-NMR (100 MHz, D2O): 101.9 (C-l), 81.2 (C-4), 73.2

(C-2), 72.1 (C-5), 71.9 (C-3), 60.3 (C-6), 48.5 (C-6A), 47.3

(CHMe2), 21.2 (–CH3).

6-Deoxy-6-aminoethylamino-b-cyclodextrin (2c)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.26.

ESI-MS (m/z) 1177.6 (M ? H). HRMS-ES (m/z) found

1177.4339; calcd for [C44H76N2O34 ? H]? 1177.4352.

Fig. 1 Schematic representation and yields of the cyclodextrin derivatives and reaction times
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1H-NMR (500 MHz, D2O): 4.97 (s, 7H, H1), 3.90–3.71 (m,

26H, H3, H5, H6B–G), 3.60–3.43 (m, 13H, H2, H4B–G),

3.35 (t, 1H, J3,4 = J4,5 = 9.17 Hz, H4A), 2.95 (d, 1H,

J6A0,6A00 = 11.0 Hz, H6A0), 2.76–2.55 (m, 5H, H6A0, b–

CD–CH2–CH2–NH2).
13C-NMR (100 MHz, D2O): 102.0 (C-l); 84.0 (C-4A); 81.2

(C-4); 73.1 (C-2); 72.1 (C-5); 71.9 (C-3); 70.5 (C-5A); 60.4

(C-6); 50.2 (C-6A); 49.3 (–NH–CH2–); 39.7(–CH2–NH2).

6-Deoxy-6-N,N0dimethyl-aminoethylamino-b-

cyclodextrin (2d)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.30.

ESI-MS (m/z) 1206 (M ? H), 603.5 (M ? 2)/2. HRMS-ES

(m/z) found 1205.4677; calcd for [C46H80N2O34 ? H]?

1205.4671.
1H-NMR (400 MHz, D2O): 5.08 (s, 7H, H1), 4.02–3.78 (m,

26H, H3, H5, H6B–G), 3.72–3.53 (m, 13H, H2, H4B–G),

3.45 (t, 1H, J4,5 = J3,4 = 9.49 Hz, H4A), 3.09 (d, 1H,

J6A0,6A00 = 11.9 Hz, H6A0), 2.88–2.70 [m, 3H, H6A00 and

–CH2–N(Me)2], 2.65–2.52 (m, 2H, CD–NH–CH2–), 2.31

[s, 6H, –N(CH3)2].
13C-NMR (100 MHz, D2O): 102.0 (C-l); 81.3 (C-4); 73.2

(C-2); 72.2 (C-5); 72.0 (C-3); 60.4 (C-6); 57.3 [–CH2–

N(Me)2]; 49.2 (C6A); 44.2 [–N(CH3)2].

6-Deoxy-6-N,N’diisopropyl-aminoethylamino-b-

cyclodextrin (2e)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.47.

ESI-MS (m/z) 1261.5 (M ? H). HRMS-ES (m/z) found

1261.5272 calcd for [C50H88N2O34 ? H]? 1261.5291.
1H-NMR (400 MHz, DMSO): 4.83 (s, 7H, H1), 3.77–3.48

(m, 26H, H3, H5, H6B–G), 3.44–3.18 (m, 13H, H2, H4B–

G), 2.90 (m, 3H, H6A0, –N[CH(Me)2]2, 2.68 (m, 1H,

H6A00), 2.44 [s, 4H, –(CH2)2], 0.91 (s, 12H, –CH3).
13C-NMR (100 MHz, DMSO): 104.8 (C-l), 86.6 (C-4A),

84.2 (C-4), 75.8 (C-2), 75.2 (C-5), 74.8 (C-3), 73.5 (C-5A),

62.6 (C-6), 52.9 (C-6A), 52.5 [–NCH(Me)2]2, 50.7 (CD–

NH–CH2–), 47.1(–CH2–N–), 23.6 (–CH3).

6-Deoxy-6{2-[bis(2-aminoethyl)amino]ethylamino}-b-

cyclodextrin (2f)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.2.

ESI-MS (m/z) 632.6 (M ? 2H)/2. HRMS-ES (m/z) found

1263.5192; calcd for [C48H86N4O34 ? H]? 1263.5202.
1H-NMR (400 MHz, D2O): 5.02 (m, 7H, H1), 3.97–3.75

(m, 26H, H3, H5, H6B–G), 3.66–3.46 (m, 13H, H3, H4B–

G), 3.39 (t, J = 9.3 Hz, H-4A), 3.03 (m, 1H, H-6A), 2.87

(m, 1H, H-6A0), 2.83–2.74 (m, 4H, CD–NH–CH2–CH2–N–),

2.70–2.52 [m, 8H, –N–(CH2–CH2–NH2)2].
13C-NMR (100 MHz, D2O): 102.0 (C-l), 83.6 (C-4A), 81.2

(C-4), 73.1 (C-2), 72.1 (C-5), 71.9 (C-3), 60.4 (C-6), 54.3

[–N(CH2–CH2NH2]2, 52.8 [–N(CH2–CH2NH–CD], 46.1

[–N(CH2–CH2NH–CD], 37.7 [–N(CH2–CH2NH2]2.

6-Deoxy-6-hydroxylethylamino-b-cyclodextrin (2g)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.46.

ESI-MS (m/z) 1179 (M ? H), 612 (M ? 2Na)/2. HRMS-

ES (m/z) found 1178.4188; calcd for [C44H75NO35 ? H]?

1178.4198.
1H-NMR (400 MHz, D2O): 5.08 (m, 7H, H1), 4.03–3.79

(m, 26H, H3, H5, H6B–G), 3.76–3.53 (m, 15H, H3, H4B–

G, b–CD–NH–CH2–CH2–OH), 3.45 (t, 1H, J = 9.5 Hz,

H-4A), 3.09 (d, 1H, J6A0,6A00 = 10.6 Hz, H-6A0), 2.83 (m,

1H, H-6A00), 2.78–2.71 (m, 2H, b-CD–NH–CH2–CH–OH).
13C-NMR (100 MHz, D2O): 102.0 (C-l), 83.8 (C-4A), 81.3

(C-4), 73.2 (C-2), 72.2 (C-5), 71.9 (C-3), 70.6 (C-5A), 60.3

(C-6 and b-CD–NH–CH2–CH2–OH), 50.3 (C-6A), 49.4 (b-

CD–NH–CH2–CH2–OH).

6-Deoxy-6-dihydroxyethylamino-b-cyclodextrin (2h)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.48.

ESI-MS (m/z) 1222.6 (M ? H). HRMS-ES (m/z) found

1222.4446; calcd for [C46H79NO36 ? H]? 1222.4460.
1H-NMR (400 MHz, D2O): 5.02 (m, 7H, H1), 4.00–3.72

(m, 26H, H3, H5, H6B-G), 3.65–3.46 (m, 17H, H3, H4B–

G, b-CD–NH–(CH2–CH2–OH)2), 3.35 (t, 1H, J = 9.5 Hz,

H-4A), 2.98 (d, 1H, J6A0,6A00 = 10.6 Hz, H-6A0), 2.85 (m,

1H, H-6A00), 2.80–2.58 [m, 4H, CD–NH–(CH2–CH2–

OH)2].
13C-NMR (100 MHz, D2O): 101.9 (C-l), 83.6 (C-4A), 81.1

(C-4), 73.1 (C-2), 72.2 (C-5), 72.0 (C-3), 70.2 (C-5A), 60.4

(C-6), 59.1 [b-CD–NH–(CH2–CH2–OH)2], 56.1 (b-CD–

NH–(CH2–CH2–OH)2), 49.6 (C-6A).

6-Deoxy-6-N-morpholine-b-cyclodextrin (2i)

Rf (2PrOH: AcOEt: H2O: NH3/5:2:3:3) = 0.50.

ESI-MS (m/z) 1204.8 (M ? H), 637.6 (M ? Na ?

HCOOH)/2 HRMS-ES (m/z) found 1204.4350; calcd for

[C46H77NO35 ? H]? 1204.4354.
1H-NMR (400 MHz, DMSO): 5.98–5.60 (m, 14H, OH2,

OH3), 4.95–4.76 (m, 7H, H1), 4.63–4.29 (m, 6H, OH6),

3.80–3.47 (m, 28H, H3, H5, H6), 3.47–3.17 [m, 18H, H2,

H4, N(CH2CH2)2O], 2.53–2.31 [m, 4H, N(CH2CH2)2O].
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13C-NMR (100 MHz, DMSO): 102.7 (C-l), 84.4 (C-4A),

82.0 (C-4), 73.7 (C-2), 73.5 (C-5), 72.6 (C-3), 71.0 (C-5A),

66.8 [b-CD–N(CH2–CH2)2O], 60.5 (C-6), 54.9 [b-CD–

N(CH2–CH2)2O].

The microwave-assisted protocol for the synthesis of

6-amino-b-CDs gives rise generally to shorter reaction

times compared to the thermal procedure. In particular, in

the cases of 2a, 2b and 2h we obtained considerably higher

yields after 30 min. We also report for the first time the

synthesis and characterisation of five 6-amino-CDs (2b, 2d,

2e, 2h and 2i).
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