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Abstract—Regioselective syntheses of differently functionalized cyclodextrins (CDs) were efﬁcienth carried out under ultrasound or

microwave irradiation. 6'-Deoxy-6'-thio-B-CD, 6'-deoxy-6'-formyl-p-CD, and 6

A 6P-dideoxy-6",6P-dithio-B-CD were prepared

under microwave irradiation. A new rapid and efficient ultrasound-assisted protocol is described for the synthesis of 3'-azido-3'-
deoxy-o, -B, and -y-CD by selective tosylation followed by azide substitution.

© 2007 Elsevier Ltd. All rights reserved.

Cyclodextrins (CDs) have attracted worldwide interest
in various research fields related to host—guest recogni-
tion.! It has been shown that functionalization of their
hydroxyl groups can remarkably improve complexing
and catalytic activities of CDs. However, as seclective
chemical modification of CDs still presents a challenge
in the way of molecular design, much effort is being
directed to developing new synthetic protocols that are
both expeditious and regioselective.

Owing to the greater reactivity of primary C-6 hydroxyl
groups toward electrophilic reagents, particularly when
acyl groups or bulky substituents are being introduced,
selective mono- and di-functionalizations have been
relatively more studied,? although overall yields often
remain unsatisfactory. Hydroxyl functionalization on
the secondary face, that is larger than the primary face,
is an important goal for its potential applications. It has
however proved so difficult that attempts have been
limited to a small selection of derivatives. In fact with
small electrophiles substitution on the secondary face
is favored. Secondary hydroxyl groups are more acidic
than primary ones; this can affect their selective func-
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tionalization under basic conditions. The C-2 hydroxyl
is accessible to direct derivatization, usually yielding a
mixture of isomers.? On the other hand, selective deriv-
atization at the C-3 hydroxyl groups is known to be very
difficult because these are the least acidic and least acces-
sible.* Many of the published protocols for the prepara-
tion of CD derivatives suffer from several limitations,
such as low yields, poor regioselectivity, and long reac-
tions times; products generally require time-consuming
chromatographic purifications.

Although it is well known that many organic reactions
are accelerated by ultrasound (US)° or microwave
(MW)? irradiation, as witnessed by a vast literature on
US- and MW-promoted reactions, only a couple of
reports have so far concerned the modification of CDs
under these non-conventional conditions.”

In recent papers we compared the outcomes of several
CD functionalizations carried out both under conven-
tional conditions and under US or MW. Results showed
that these techniques are very advantageous in terms of
yields and reaction times.” We found that the synthesis
of 6'-amino-6"-deoxy-p-CD could be much improved
by their application (Scheme 1).* Not only were the
yields higher, but also reaction times were dramatically
cut down to a few minutes for the entire synthetic
pathway.
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Scheme 1. Synthesis of 6'-amino-6'-deoxy-p-CD.

Using the same techniques we have now proceeded to
carry out chemical modifications on the primary and
secondary faces of CDs. The present Letter reports the
syntheses of 6 formylEP-CD 6'-deoxy-6'-thio-B-CD,
and 6”,6°-dideoxy-6",6"-dithio-B-CD under MW irra-
diation. The synthesls of the 2°-O-(p-toluenesulfonyl)
derivatives of a-, B-, and y-CD was strongly promoted
by US. The latter products were further derivatized
under MW irradiation to yield 3'-deoxy-3'-azido-altro-
o-, B-, or y-CD analogs.

6'-O-(p-Toluenesulfonyl)- B CD (1), synthesized in
accordance w1th our previous protocol 7a was converted
under MW to 6'-formyl-p-CD (2) via DMSO oxidation®
in the presence of collidine (Scheme 2). The aldehyde
was obtained in 15 min at 110 W (135 °C), as a single,
pure product, isolated by simple precipitation and char-
acterized by NMR and mass spectrometry.” The 'H
NMR spectrum of compound 2 showed that the desired
product was mainly present as covalent hydrate when
dissolved in D>O or in DMSO-dg (only a small aldehyde
peak was seen at 9.3 ppm, whereas a broad peak at 5.3
ppm indicated the presence of the hydrate carbon).
To confirm the identity of the product we synthesized
the 6'-deoxy-6'-(1,1-dimethyl)hydrazone-B-CD (3). Com-
pared to reported results of oxidation under conven-
tional conditions, our protocol cut down the reaction
time from 90 to 15 min.

The rate enhancement promoted by MW irradiation
also occurred in the synthesrs of 6'-deoxy-6'-thio-p-CD
(4) and 6*,6P-dideoxy-6",6"-dithio-B-CD (6), both car-
ried out by displacement with thiourea of the primary
sulfonic ester in C-6, followed by basic hydrolysis
(Schemes 2 and 3). According to the literature,' treat-
ment of 6*P-capped-B-CD with thiourea in DMF gave
the thiouronium salt after a 20-h heating at 90 °C. When
we performed it under MW irradiation, complete con-
version was observed after 1 h at 100 °C. 6'-Deoxy-6'-
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Scheme 3. Synthesis of 6°,6P-dideoxy-62,6" dithio-B-CD.

thiouronium-p-CD was synthesized from 6'-O-(p-tolu-
enesulfonyl)-B-CD in 20 min of MW irradiation at
100 °C. Both thiouronium salts were hydrolyzed to yield
the desired products, that were isolated by crystalliz-
ation and fully characterized.!!

Table 1 quantifies the advantages of MW irradiation
over conventional heating (oil bath) in the preparation
of compounds 2, 4 (Scheme 2), and 6 (Scheme 3).

Teranrshr et al. reported a versatile preparation of 2'-
deoxy-2"-0-(p- toluenesulfonyl) -a-, B-, and y-CDs 7a, b,
¢ (Scheme 4) using a combination of p-toluenesulfonyl
imidazole (TsIm) and molecular sieves in DMF!? that
proved to be remarkably regioselective. The reaction
however was so slow, that it took several days to achieve
substantial conversion.

When we subjected a-, B-, and y-CD to monotosylation
under US, we obtained excellent yields in very short
reaction times. Owing to different flexibilities of the
three CDs, US did not influence their tosylation to the
same degree: the reaction time was cut down to 2 h for
a-CD, 1 h for B-CD and 45 min for y-CD."3

2'-0-(p-Toluenesulfonyl) derivatives (7a—c) were the key
intermediates for the preparation of the corresponding
azido derivatives. To the best of our knowledge 2- and
3-azido-a-CD have never been reported so far. Since it
is known?? that nucleophilic attack to the secondary face
of B- and y-CD involves the formation of the 2,3-epox-
ide, we investigated the direct tosyl displacement, avoid-
ing the isolation of the intermediate.

2'-0-(p-Toluenesulfonyl)-a-CD (7a) was subjected to
nucleophilic substitution by conventional heating with
sodium azide in water. After 72 h the final product
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Table 1. Conventional (oil bath) heating versus MW irradiation: a
comparison of results

Entry  Conditions Reaction time (h)  Yield (%)
2 Qil bath, 135°C 1.5 60
2 MW, 135°C, 110 W 0.25 68
4 Qil bath, 90 °C 18 55
4 MW, 100 °C, 100 W 0.3 69
6 Qil bath, 90 °C 20 58
6 MW, 90 °C, 100 W 1 79
Glu (Glu),, (Glu)
Tslm, DMF OH
molecular sieves o NaNg, H,0
““““ “us,as°c ()0 MW, 100°C o
HO OH HO OTs
7a n=5, 2h =
n=57 7b n=6, 1h 322:2; ?ﬂ

7c n=7, 45min 8c n=7, 25 min

Scheme 4. Synthesis of 3'-azido-3'-deoxy-altro-a-, p- and y-CD.

was isolated in 75% yield and fully characterized as
follows. To study the regioselectivity of this reaction,
we resorted to 2D NMR experiments that enabled us
to make detailed structural assignments. COSY and
HMQC experiments were performed to determine
whether the modified glucose unit was substituted in
C-2 or C-3. Since the azido substituent is known to
cause an upfield shift, in '>*C NMR spectra we expected
a shifted signal from the modified position. The spec-
trum of compound 8a showed upfield shifts of 2 ppm
for the C-2 of the modified sugar and about 10 ppm
for the C-3, as well as a downfield shift for C-1
(Frg 1). Therefore we concluded that we had obtained
3'.azido-3'-deoxy-altro-a-CD. After establishing the
position of the modified hydroxyl, we inferred the
stereochemistry of the sugar from that of the nucleo-
philic attack and conﬁrmed it by examining the spin—
spin coupling constants >J,. -

The "H NMR spectrum of compound 8a showed an
axial-axial coupling of H-1 with H-2 (J;, = 6.3 Hz),
and an axial-equatorial coupling between H-3 and H-4
(J34= 3 6 Hz). The intramolecular substitution of 2'-
deoxy 2! (p toluenesulfonyl)-a-CD regioselectively gave
3'-deoxy-3'-azido-a-CD through the epoxidic intermedi-
ate. From the inversion of the conﬁguratlon we
concluded that we had obtained 3'-deoxy-3'-azido-
altro-a-CD.
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Figure 1. '3C NMR spectrum of 3"-azido-3'-deoxy-altro-a-CD.

The same protocol was used starting from 2'-(p-toluene-
sulfonyl)-B- and -y-CD. From the characterization of
the products e concluded that we had, respectively,
synthesized 3'-deoxy-3'-azido-altro-p- and -y-CD. The
better to conﬁrm this structure, we repeated the synthe-
sis of 3'-deoxy-3"-azido-altro- B CD as described in the
literature:*  2'-O-(p-toluenesulfonyl)-p-CD was con-
verted to 2,3-mannoepoxyde-B-CD and treated with
sodium azide in water. After the product was isolated
and characterized, we established that its NMR spectra
were substantially identical to those of the product we
had obtained by direct nucleophilic substitution. Our
results unambiguously show that a previously reported
selective synthesis of 2'-deoxy-2'-azido-p-CD by direct
tosyl displacement,'* yielded the 3- rather than the
2-derivative as claimed by the authors.

Finally the protocol for the synthesis of 3'-deoxy-3'-
altro-azido-a-, B-, and y-CD was optimized under
MW. The reaction time was reduced from 72h to 1 h
for B-CD, and only 5equiv of sodium azide were
employed instead of the typical large excess. With
v-CD 25 min sufficed for complete conversion, while
with o-CD the reaction was slower, taking 2 h to go to
completion. '"H NMR analysis of the crude product
evidenced about 20% of 2,3-mannoepoxide-a-CD,
which further confirmed that the epoxide was the inter-
mediate product. A stoichiometric addition of acetic
acid strongly promoted the nucleophilic attack to the
latter,! thus bringing the reaction to completion.

To conclude, we showed that regioselective CD modifi-
cation is strongly favored under US and MW irradia-
tion. Good results were obtarned in the preparatlons
of 6'-formyl-p-CD, 6'-deoxy-6'-thio-B-CD, and 6*,6°-
deoxy-6™,6°- dlthlo B-CD. In addition, we developed a
new protocol for the synthesis of 3'-deoxy-3'-azido
derivatives of a-, B-, and y-CD, remarkably obtained
as pure altrose isomers. US- and MW-assisted proce-
dures proved very advantageous in terms of yields, reac-
tion times and product purity.

Acknowledgments

We are grateful to MIUR-FIRB 2003 and Regione
Piemonte—CIPE bando 2004 for financial support and
Wacker-Chemie for providing native cyclodextrins.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2007.10.104.

References and notes

1. (a) Loftsson, T.; Duchéne, D. Int. J. Pharm. 2007, 329,
1-11; (b) Fernandez, J. M. G.; Mellet, C. O.; Defaye, J.
J. Inclusion Phenom. Macrocyclic Chem. 2006, 56, 149—
159; (c) Harada, A.; Hashidzume, A.; Takashima, Y. Adv.


http://dx.doi.org/10.1016/j.tetlet.2007.10.104
http://dx.doi.org/10.1016/j.tetlet.2007.10.104

9188

10.

11.

K. Martina et al. | Tetrahedron Letters 48 (2007) 9185-9189

Polym. Sci. 2006, 201, 1-43; (d) Liu, Y.; Chen, Y. Acc.
Chem. Res. 2006, 3, 275-285; (e) Hapiot, F.; Tilloy, S.;
Monflier, E. Chem. Rev. 2006, 106, 767-781; (f) Mother-
well, W. B.; Bingham, M. J.; Six, Y. Tetrahedron 2001, 57,
4663-4686; (g) Breslow, R.; Dong, S. D. Chem. Rev. 1998,
98, 1997-2011; (h) Hedges, A. R. Chem. Rev. 1998, 98,
2035-2044; (i) Uekama, K.; Hirayama, F.; Irie, T. Chem.
Rev. 1998, 98, 2045-2076.

(a) Byun, H.; Zhong, N.; Bittman, R. Org. Synth. 2000, 77,
225-230; (b) Vizitu, D.; Walkinshaw, C. S.; Thatcher, G.
R. J. J. J.Org. Chem. 1997, 62, 8760-8766.

. (a) Yuan, D.; Tahara, T.; Chen, W.; Okabe, Y.; Yang, C.;

Yagi, Y.; Nogami, Y.; Fukudome, M.; Fujita, K. J. Org.
Chem. 2003, 68, 9456-9466; (b) Teranishi, K. Tetrahedron
2003, 59, 2519-2538; (c) Law, H.; Baussanne, 1.; Garcia
Fernandez, J. M.; Defaye, J. Carbohydr. Res. 2003, 451
453; (d) Rong, D.; D’Souza, V. T. Tetrahedron Lett. 1990,
31, 4275-7278; (e) Murakami, T.; Harata, K.; Morimoto,
S. Tetrahedron Lett. 1987, 28, 321-324.

. (a) Tian, S.; Forgo, P.; D’Souza, V. T. Tetrahedron Lett.

1996, 37, 8309-8312; (b) Fujita, K.; Nagamura, S.; Imoto,
T.; Koga, T. J. Am. Chem. Soc. 1986, 108, 2030-2034.
Cravotto, G.; Cintas, P. Chem. Soc. Rev. 2006, 35, 180—
196.

. Microwaves in Organic Synthesis; Loupy, A., Ed.; Wiley-

VCH: Weinheim, 2006.

(a) Trotta, F.; Martina, K.; Robaldo, B.; Barge, A
Cravotto, G. J. Inclusion Phenom. 2007, 57, 3-7; (b) Aime,
S.; Gianolio, E.; Palmisano, G.; Robaldo, B.; Barge, A.;
Boffa, L.; Cravotto, G. Org. Biomol. Chem. 2006, 4, 1124—
1130; (c) Cravotto, G.; Bicchi, C.; Tagliapietra, S.; Costa,
L.; Di Carlo, S.; Nervi, C. Chirality 2004, 16, 526-533; (d)
Cravotto, G.; Nano, G. M.; Palmisano, G. J. Carbohydr.
Chem. 2001, 20, 495-501; (e) Siu, M.; Yaylayan, V.;
Belanger, J.; Pare, J. Tetrahedron Lett. 2005, 21, 3737-
3739.

. Yoon, J.; Hong, S.; Martin, K. A.; Czarnik, A. W. J. Org.

Chem. 1995, 60, 2792-2795.

6"-Formyl-B-CD (2): The reaction was carried out under
magnetic stirring in a professional MW oven (MicroS-
YNTH-Milestone), the temperature being monitored with
a fibre-optic thermometer. 1 g (0.77 mmol) of 6-O-(p-
toluenesulfonyl)-B-CD and 300 ul of collidine were dis-
solved in 10 ml DMSO. The mixture was irradiated with
MW (110 W) for 15 min at 135 °C. 100 ml of acetone was
then added; the precipitate was filtered off and recrystal-
lized from water/acetone 1/15, yielding 600 mg of pure
6'formyl-B-CD (2) (yield 68%). To confirm the identity of
product 2, the dimethylhydrazone was synthesized as
follows. 1 ml of 1,1-dimethylhydrazine was added to
200 mg of 6'-formyl-B-CD; the solution was stirred at
room temperature for 12 h before it was evaporated to
dryness. Sml of acetone was added and the product
filtered off. 170 mg of 6'-deoxy-6'-(NV,N-dimethyl)hydra-
zone-B-CD was recovered and characterized. Analytical
data were in accordance with reported values.
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General procedure for the synthesis of 6'-deoxy-6'-thio-p-
CD (4) and 6”,6"-dideoxy-6", 6°-dithio-B-CD (6): The
reaction was carried out under magnetic stirring in a
professional MW oven (MicroSYNTH-Milestone), the
temperature being monitored with a fibre-optic thermom-
eter. 1.5 mmol of 6'-O-(p-toluenesulfonyl)-p-CD (1) or of
6*P-capped-p-CD (5) were dissolved in 16 ml of DMF
and thiourea was added. The mixture was irradiated with
MW (see detail in the synthesis of products 4 and 6). The
solvent was partially evaporated and 100 ml of acetone
was added to precipitate the product. The thiouronium

12.

13.

14.

15.

salt was dissolved in 15 ml of aq 0.25 N NaOH and stirred
10 min at 90 °C. The solution was cooled down to room
temperature and 80 mg of NaBH, were added; the mixture
was further cooled down to 0 °C and acidified with 7 ml of
HCl 1N. Finally 150 ml of acetone was added to
precipitate the desired product.

6"-Deoxy-6'-thio-B-CD (4): The general ;{)rocedure was
followed starting with 2 g (1.55 mmol) of 6'-O-(p-toluene-
sulfonyl)-B-CD and 1.17 g (15.4 mmol) of thiourea. After
20 min irradiation at 100 °C (100 W) 1.23 g of product 4
was obtained (yield 69%). Analytical data were in accor-
dance with reported values.
6*,6°-Dideoxy-6",6°-dithio-p-CD (6): The general proce-
dure was followed starting with 2 g (1.44 mmol) of 6*-P-
capped-B-CD (5) and 2 g (28.8 mmol) of thiourea. After
1 h irradiation at 90 °C (100 W) 1.32 g of product 6 was
obtained (yield 79%). Analytical data were in accordance
with reported values.
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Typical procedure for the synthesis of 2'-O-(p-toluenesulfo-
nyl)-CDs: 1 mmol of a-, B- or y-CD was dissolved in 12 ml
of DMF and 0.9 mmol of TsIm with 1g of powder
molecular sieves 4A were added, After sonication (immer-
sion-horn, 50 W, 20.4kHz), molecular sieves were
removed by filtration through a Celite® pad and the
filtrate was evaporated to dryness under reduced pressure.
The filtrate was purified by reverse-phase chromatography
with a gradient from water/methanol 95:5 to 25% meth-
anol.

2"-0-(p-Toluenesulfonyl)-0-CD (7a): The general proce-
dure was followed starting with 1 g (1.02 mmol) of a-CD.
Sonication for 2h gave 406 mg of product (36%).
Analytical data were in accordance with reported values.
2"-0-(p-Toluenesulfonyl)-p-CD (7Tb): The general proce-
dure was followed starting with 1 g (0.88 mmol) of B-CD.
Sonication for 1h gave 454mg of product (40%).
Analytical data were in accordance with reported values.
22 0-(p-Toluenesulfonyl)-y-CD (7c¢): the general procedure
was followed starting with 1g (0.77 mmol) of y-CD.
Sonication for 45 min gave 501 mg of product (46%).
Analytical data were in accordance with reported values.
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C.; Young, D. J.; Ching, C. B.; Ng, S. Tetrahedron Lett.
2005, 46, 7905-7907.

Typical procedure for the synthesis of 3'-azido-3'-deoxy-
altro-CD: The reaction was carried out under magnetic
stirring in a professional MW oven (MicroSYNTH-
Milestone), the temperature being monitored with a
fibre-optic thermometer. 0.1 mmol of 2™-O-(p-toluenesul-
fonyl)-CD derivative and 0.5 mmol of NaN; were dis-
solved in 1 ml of H,O. The mixture was irradiated with
MW (100 W) at 100 °C till complete conversion of the
starting material. The mixture was evaporated to dryness
under reduced pressure. The product was purified by
chromatography on reverse phase with a gradient from
water to 10% methanol.

3-Deoxy-3"-azido-altro-o-CD (8a): The %eneral procedure
was followed starting with 100 mg of 2°-O-(p-toluenesul-
fonyl)-o-CD. The mixture was irradiated for 1h, then
20 ul of acetic acid was added and irradiation was resumed
(100 W) at 100 °C for 1 h to give 110 mg of 8a (yield 95%)
as a white solid. '"H NMR (300 MHz, D,0O) ¢: 5.12 (d,
J=3.9Hz 1H), 5.08-5.01 (m, 4H), 4.92 (d, J=6.6 Hz,
1H), 4.30-4.22 (m, 1H), 4.10 (t, J=about 3.6 Hz, 1H),
4.05-3.72 (m, 23H), 3.70-3.49 (m, 11H). '*C NMR (D,0
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tBuOH int)104.54, 102.30, 102.15, 101.41, 101.20, 100.87,
81.66, 81.49, 81.38, 81.26, 80.25, 78.42, 76.25, 73.80, 73.67,
73.66, 73.55, 73.52, 73.44, 72.71, 72.68, 72.42, 72.41, 72.24,
72.09, 72.06, 72.02, 71.85, 71.69, 70.74, 61.84, 61.15, 61.00,
60.79, 60.74, 60.45. ESI-MS: 1020.8 [M+Na]".

3" Azido-3"-deoxy-altro-B-CD (8b): The general procedure
was followed starting with 100 mg of 2'-O-(p-toluenesul-
fonyl)-B-CD. Irradiation for 1 h gave 110 mg of 8b (yield
95%) as a white solid. 'H NMR (300 MHz, D,0) ; 5.18—
5.13 (m, 2H), 5.11-5.03 (m, 4H), 4.93 (d, /= 6.0 Hz, 1H),
4.32-4.23 (m, 1H), 4.13 (t, J=about 3.9 Hz, 1H), 4.07-
3.74 (m, 28 H), 3.72-3.52 (m, 12 H). '3C NMR (D0,
CH;CN int.) 6: 103.4, 102.2, 101.7, 101.5, 81.9, 81.8, 81.7,
81.6, 81.4, 80.67, 78.37, 75.41, 74.15, 74.06, 73.9, 73.74,

73.39, 73.02, 72.99, 73.02, 72.99, 72.89, 72.82, 72.67, 72.45,
72.42, 72.39, 70.71, 62.46,61.32,61.27,61.24,60.54. ESI-
MS: 1182.82 [M+Nal", 602.8 [M+Na,]*".

3% Azido-3"-deoxy-altro-y-CD (8¢): The general procedure
was performed starting with the 2'-O-(p-toluenesulfonyl)-
v-CD and irradiated for 25 min to give 129 mg of 8¢ (yield
98%) as a white solid "H NMR (300 MHz, D,0) §; 5.22 (d,
J=about 4Hz, 1H), 5.164.94 (m, 6H), 4.93 (d,
J=4.8Hz, 1H), 4.26-4.17 (m, 1H), 4.16-4.09 (m, 1H),
4.05-3.74 (m, 32H), 3.72-3.52 (m, 14H). '*C NMR (D,O
tBuOH int). 6: 103.4, 102.32, 102.11, 101.74, 100.95, 80.96,
79.63,76.91, 74.18, 73.81, 73.58, 73.15, 72.99, 72.91, 72.51,
72.34, 72.24, 72.14, 69.94, 62.0, 60.78, 60.30. ESI-MS:
1344.7 [M+Na]", 683.8 [M+Na,*".
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