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Abstract : The Suzuki reaction has been used to couple para-bromophenyl glycosides to boronic acid derivatives of n-
propoxy-Calix[4]arcnc ; * a onc-pot " methodology eliminates the need to isolate the boronic acids and increases the

overall yicld. The synthesis provides a new class of carbohydrate containing calixarenes with a deepened cav vity .
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In order to enlarge the cavity of calix[4]arene derivatives, Atwood et allhave prepared a p-
phenyicalix4]arene tetramethylether. Such calix{4]arene derivative shouid be capable of binding organic guest
molecuies. However the methyl derivatives are present in the semi-cone conformation, which is neither
optimised for guest binding nor for increasing carbohydrate recognition by cooperative interaction.2 In view of
this, the tetra-propyl derivatives blocked in the cone conformation are of great interest.

Bearing in mind the significant role played by sugars in many biological events, the coupling of

carbohydrate antennae to the calix[4]arenes may provide a new class of molecular vectors. To this end,

. 34 . . . . .
Dondoni and Ungaro™ "et al have described the synthesis of calix[4]arenes substituted by carbohydrate units at
the nnner and at the lawer rim nuS at al ave nranared a water enlithle av_thincialncida_n_tors_
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The aim of our work consists both of increasing the size of the cavity and incorporating the specificity
of the transport and recognition properties of the calix[4]arenes by the formation of derivatives substituted by
phenylglycoside antennae. The key step of the synthesis is the coupling reaction between a glycoside and a
boronic acid derivative of a tetrapropoxy-calix[4]arene using a Suzuki type reaction in the presence of palladium
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The saccharide antennae were obtained by methods analogous to those of the literature. " Glycosylation of
n-bromonhenol with tetra-Q-acetyl-a-D-glvcopvranosylbromide 1a, 1b or 1¢ catalysed by
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Scheme 1
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25,26,27, 28-tetrapropoxy-calix[4
B(OCH3)3 gave the diboronic acid derivative 3. Use of a Suzuki type reaction between 2 and 3 represents a

o

arene with an excess of n-BuLi in THF at -78°C for i5 min, reaction with
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novel and highly effective route to carbohydrate functionalised calix[4]arenes. Coupling of glycosylbromides 2a,
2b (1.5 mmol) with the calix[4]arene diboronic acid 3 (0.75 mmol) in the presence of the Pd2dba3 (0.05 mmol),
PPh3 (0.18mmol) and a 1M aqueous solution of sodium hydrogenocarbonate (4ml) was carried out in 1,2-
dimethoxyethane. The mixture was stirred at 60°C during 24h and hydrolysed with water and extracted with
CH7Cl2. The new products were purified by column chromatography (eluent: CHCI3).The derivatives 4a,b
were obtained in rather low vields (32 % and 42 % respectiv \9 Removal of the acetyl groups yielded the
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unprotected derivatives Sa,b (11 % and 10 % respectively)_ It was difficult to purify Sa,b due to their
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In order to reduce the number of synthetic steps and increase overall yields, we have developed a one-pot
process10 which involves the use of similar reactants from the S-monobromo-25,26,27,28-tetrapropoxy-

calix[4]arene 6! and the 4- bromophenyl-B-O-D-tetra-O-acetylmaltoside 2c9(scheme 3). The calix[4]arene
s yielded 8 9(32 %). Full 500

Aarivativa 7 wae nrenared with 35 % vield and the remaval of the nrotecting ogrouns vieided
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The inclusion, lectin recognition and liquid crystal and amphiphilic properties of these products are

currently under investigation.
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COSY (300 MHz, LL)LI‘;) OH ppm, 2.03;,205,2.06,2.07;208;2.11;2.13(7s, 2iH, 7CH3); 3.86-3.50 {m, 111, 115}, 0-4.U1 5‘“’ 111,
3 2 3
Hs); 4.08 (dd, 21—"12 6 Hz, "§=1.9 He, iH, He*); 4.11 (dd, 3=5.2 Hz, iH, Hy); 4.27(dd, "J=12.6 Hz, "J=4.7 Hz, 2H, 2 lg); 4.50 (dd, J=12.6
o 3- PR - ww PR 3.».,\"1, 3':-‘;'1_ YT YI_N. £ NO £33 31_.”\11'.. TTT TT.\ . € 1N & 14 Foma 11T BTN £ 1D /A 3\';'1!: 7
Hz, "J=2.8 Hz, iH, Hg?); 4.839 (dd, J=10.4 0Z, J=3)8 0Z, 111, (1) 2.ud {44, $FIV.1 11Z, 111, [14); 2. 1U-3 00U, 114, K12 ), J-1e 1y, 9 :z.u nZ,
3 3 3 3
1H, H]); 5.3i-3.35 (m 1H, H3); 5.39 (dd, J=10.1 Hz, 1H, H3); 546 (d, J=3.8 Hz, 1H, Hj), 6.89 (d, "J=8.8 Hz, 2H, phenyl); 743 (4, "J=8¢8

5,l7-Bis-!(2;3;-1;6-!c;ra-Q-acetyl—ﬁ-D-galacmpyranosyl)oxyphenvl|~25.26.27.28—tctranropoxy-calixH)arcne 4a: 32 % yield. 'H

ATATY £ A LTy ST Kor e 0 0K 7 31=7 A Ha 6H, 2 CH3-CH»), 1.07 31—-'7A Hz, 6H, 2 CH1-CH)), 1.9-2.1 (m, 8H 4 CH»-CH?2);
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2.02; 2.07, 2.09; 2.20 (4s, 12H, 4 C1i3-CO), 3.20 (a, 7J=13.3 Nz, 411, 4 LnZ-AT), 5.0 (i, J% AU LE, 411, £ Lind-Uj, 37611, 0= /.0 02, S0,
2. r oax . . v~ o4 v

2 CHz-0); 4.07-4.31 (m, 6H, 2 Hg 2 Hg* 2 Hs), 4. 50 (d, “J=13.3 Hz, 4H, 4 CHp-Ar), 5.03 (d, 8.0 Hz, 2 ~J=3.4 Hz,

3)=10.4 Hz, 211, 2 H3), 5.48-5.57 (m, 411, 2 H2, 2 Hg), 6.37 (brd, H, phenyl), 6.97 (d, 371=8.6 Hz, 4H, phenyl); 7.
7.37(d, 3J=8.6 Hz, 4H, phenyl).

5,17-Bis-[(2.3,4 6-letra-O-acctyl-B-D-glucopyrnnosyl)oxyphcnyl]-lﬁ 26,27,28-tetrapropoxy-calix{4]arenc 4b: 42 % yield. Iy
NMR (300 MHz, CDCI3) 6 ppm, 0.96 (1, 31=74 Hz, 611, 2 CH3-CHp), 1.02 (t, " -74 11z, 6H, 2 CH3-CHy), 1.86-2.05 (m, 8H, 4 CH-CI13);
202, 2.04, 205 208 (4s, 1211, 4 CH2-CO); 3.17 (d, 21=|3.2 Hz, 4H, 4 CHy-Ar), 3.81 (¢, 3J= 7.4 Hz, 4H, 2 CH3-0);, 3.90 (t,' J= 74 Hz, 4H,2
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CH)3-0y, 4.15-4.35 (m, 6H, 2 Hg 2 Hg* 2 Hs). 4.47 (d, "J=13.0 Hz, 4H, 4 CHp-Ar);, 5.03 (d, J=7.0lz, 211, 2 1), 5.1-5.4 (m, 6H,2 Hy 2 H3 2
Hy), 6.4-6.5 (m, GH, phenyl); 6.82 (d, 31=85 Hz, 4H, phenyl); 6.92 (s, 4H, phenyl); 7.15 (d, 31=85 Hz, 4H, phenyl)
5,17-Bis-[(B-D-galactopyranosyl)oxyphenyl]-25,26,27,28-tetrapropoxy-calix[4]Jarene 5a: 11 % yield. Mp= 174-202°C.!H NMR
COSY (500 MHz, Pyr-ds) 8y ppm, 0.97 (t, 3J=742 Hz, 6H, 2 CH3-CH3y, 1.08 (1, 3J=7.2 Hz, 6H, 2 CH3-CHy), 1.92 (14, 3J=7.2 Hz, 4H, 2 CH3-
CH3); 2.12 (tq, 3J=7.5 Hz, 4H, 2 CHp-CH3); 343 (d, 2J=13.4 Hz, 4H, 4 CH3-Ar) ; 3.76 (t, 3J=6.7 Hz, 4H, 2 CH-0) ; 4.17 (1, 31279 Hz, 4H, 2
CH»-0) ; 4.32-4.41 (m, 4H, 2 H3 2 Hs); 4.51 (dd, 21=1 1.0 Hz, 3J=4.9 Hz, 2H, 2 Hg), 4.58 (dd, 2J=1l.o Hz, 3J=6.7 Hz, 2H, 2 Hg*); 4.67 (d,
2.1:13.4 Hz, 4H, 4 CH2-Ar); 4.63-4.71 (m, 2H, 2 Hy); 4.86( d4d, 3J=8.5 Hz, 2H, 2 H3); 5.1 (bs, 8H, 8 OH), 5.68 (d, 3J=8.9 Hz, 2H, 2 Hy), 6.55
(t, 31-7 S Hz, 2H, phenyl), 6.61-6.66 (m, 4H, phenyl); 7.50 (d, 3]—9 0 Hz, 4H, phenyl), 7.56 (s, 4H, phenyl), 7.71 (

CRY:) 120, 2L, N ..—,

ES-MS - m/z. 1123IM+ Nat1
ES 123[M+ Na™].
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5,17-Bis-[(B-D-glucopyranosyl)oxyphenyl]-25,26,27,28-tetrapropoxy-calix[4]arene 5b: 10 % yield. Mp = 161-193°C.]H NMR

(506 an Pyr-ds) 8y ppm, 0.96 (i, 3=75 Hz 6H, 2 CH3-CHy), 1.04 (1, 3=75 Hz 6H, 2 CH3-CHy), 1.89 (1q, 3j=7.4 11z, 411, 2 CH)-CH3),

2 09(tq, ~ J—74 Hz, 4H, 2 CH-CH3); 3.40 (d, J—H 2 Hz, 4H, 4 CHj-Ar), 3.73 (t, 1—68 Hz, 4H, 2 CH2-0); 4.13-4.17 (m, 2H, 2 Hs), 4.15 (1,

J 7.7Hz, 4H 2 CH-0); 4.37-4.56 (m, 8H, 2 Hz 2 H3 2Hg 2 Hg), 4.62 (m, 2H 2 Hy), 4.64( d, J—lz 8 Hz, 4H 4 CHj-Ar), 5.02 (brd, 811, 8

OH); 5.73 (d, J=6.8 Hz, 2H, 2 Hy); 6.49 (dd, J=7.5 Hz, 2H, phenyl), 6.59 (d, J=8.2 Hz, 4H, phenyl), 748 (d, 118.7 Hz, 4H, phenyl) ; 7.53
(s, 411, phenyl), 7.70 (d, 3J=8.7 Hz, 4H, phenyl). ES-MS : m/z, 937{M- Glc]".; 775 [M- 2Glc]™

Mono-[(hepta-O-acetyl-B-D-maltopyranosyljoxyphenyl]25,26,27,28-tetrapropoxy-calix[4]arene 7: 35 % yield. LH NMR (500

MHz, CDCI3) 871 ppm, 0.96 (t, 3J=7.5 Hz, 6H, 2 CH3-CHy); 1.02 (t, J=7.5 Hz, 3H, ClI3-CHp), 1.04 (1, >J=7.5 Hz, 3H, CH3-CHy); 1 85-2.07
2

,,,,, m, 8H, 4 CH-CH3). 2.01, 2.03, 2.04, 2.05, 2.06, 2.09, 2.10 (7s, 21H, 7 CH3-CO); 3.14 (d, “J=12.9 Hz, 2H, 2 CHj-Ar); 3.19 (d, “J=12.5 Hz,

2H, 2 CH»-Ar), 3.76-4 28 (m, 13H, A(‘Hw.l'\ 2Hz 2Hzs He)Y 445¢(d 2]:]7‘) 7z 2H 2 CHA_ArY 4 A2 (4 27:1‘)0 7z 2H 2 CHA ArYy 4 84

H,2 CHz-Ar), 376428 ,2Hg 2Hg Hs),445(d, 1=129Hz 2H, 2 CH-Ar), 448 (d, J=12.9Hz, 2H, 2 CH;-Ar); 4. 84-
3

phenyl), 6.65-6.90 (m, 9H, phenyl). 7.12 (d, 3J=8.8 Hz, 2H, phenyl), 7.41 (d, “J=9.0 Hz, 2H, phenyl).

Mono-[(B-D-maltopyranosyl)oxyphenyl]-25,26,27,28-tctrapropoxy-calix[4]arene 8: 32 % yield. Mp=187-202°C.1H NMR (500
MHz, Pyr-ds) 8y ppm, 0.95-1.02 (m, 12I1, 4 ClI3-CHj); 1.92-1.97 (m, 8H, 4 CH»-CH3); 3.23 (dd, 2J=l3.2 Hz, J=4.4 Hz, 2H, 2 CH)-Ar), 3.35
, 2.I=l3.9 Hz, 211, 2 CH)-Ar), 3.78 (t, 3J=7,6 Hz, 211, CH3-0), 3.89 (t, 3J=7.6 Hz, 4H, 2 CH-0), 3.93 (t, 31=7.6 Hz, 2H, CH)-0), 4.22-4.24
(m, 2H, 2 H3); 4.25-4.35 (m, 1H, Hy); 4.39-4.66 (m, 9H, 2 H3 Hy 2 Hs 21 2 He'), 4.54( d, 2J=l3.9 Hz, 2H, 2 CH3-Ar), 4.60 (d, 2J=1 3.2
Hz, 2H, 2 CHj-Ar), 5.02 (brd, 7H, 7 OH), 5.57 (d, 3J=7.6 Hz, 1H, H1);, 5.99 (4, 3J=3.2 Hz, 1H, H});, 6.64-6.94 (m, 911, phenyl); 7.10 (s, 2H,
phenyl); 7.35 (d, 3J=8.5 Hz, 2H, phenyl), 7.47 (d, 3J=8.5 Hz, 2H, phenyl). ES-MS : nv/z, 1031{M+ Na*].

10 Procedure for the one pot synthesis of the 7. Solvents are oxygen free. To a solution of 5-bromotetrapropoxy-calix[4larcne 6
(054 ¢ 08 mmol)in drv THF (10 m snlntion
(0.54 g, 0.8 mmol) in dry THF (10 m solution
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compound 2¢ (0.64 g, 0.8 mmol), Pdpdba3 (0.02 mmol), PPh3 (0.08 mmol), toluene (10 mL), ethanol (10 mL) and an aqueous solution of
NapCO3 2M (4 mL). The resulting mixture was warmed at 50 °C during 24 h under a N3 atmosphere. The reaction contents were cooled to rt
and after the addition of water (10 mL) extracted with CH3Cly. The organic layers were dried (NapS04), filtered and concentrated in vacuo
to afford the crude product which was further purified by column clromatography on silica gel (8103, Merck) with(CHCl3 / CH3COCH3
(95: 5)(v: v))as eluent. 7 was obtained with 35 % yield.

11 Andersen, N.G., Maddaford, S.P., and Keay, B.A., J. Org. Chem., 1996, 61, 9556-9559.



