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Total synthesis of a-cyclodextrin*
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Cyclodextrins are well known as products of the degradation of starch by an
amylase of Bacillus macerans®. The ability of cyclodextrins to form inclusion complexes
by the insertion of a variety of organic molecules into their hydrophobic cavities has led
to many efforts to develop efficient enzyme models from them mainly through chemical
modifications of their hydroxyl functions® . However, no approach to the total synthesis
of cyclodextrins has been described. We report here a total synthesis of a-cyclodextrin
(1) via the intramolecular cyclization of a properly protected glucohexaose derivative (3).

Treatment of maltose octaacetate 4 with tributyltin allyloxide in the presence
of tin(1V) chloride* in CICH, CH, Cl afforded a 73% vield of allyl glycoside 5. This was
converted into the isopropylidene derivative 6, [}, +28.4° (c 0.16)*** in 62% overall
yield by successive treatment with NaOMe—MeOH, then (MeO), CMe, —TsOH in NV,N-
dimethylformamide (DMF). Benzylation of 6 with benzyl bromide and NaH in DMF gave
an 83% yield of 7, [a]}, +19. 8° (c 0.535), which was solvolyzed in 1:1 AcOH-MeOH for
1 hat 80° to afford a 70% yield of 8 (from EtOAc—i-Pr, 0), m.p. 100.5-101.5°, [a],
+23.6° (¢ 0.29); 8c**** (CDCl3) 69.0 (C-6a) and 62.3 (C-6b). The selective benzylatlon of
8 was performed by the stannylation method® [(BuzSn),0, then BnBr—Bu,NBi] to
give a 95% yield of 9, [e]}, +21. 6° (¢ 0.46); 8¢ (CDCl3) 69.4 (C-6a) and 70.0 (C-6b).
Acetylation of 9 gave 10, [oz] +28.0° (¢ 0.56), and deallylation of 10 with PdCl, and
AcONa in aqueous AcOHS afforded 2 93% yield of 11, [a]}, +36.0° (c 0.67). The con-
version of hemiacetal 11 into f-fluoride 13 was achleved in two steps in 80% yield via
a-chloride 12, [a]y, +81 9° (¢ 0.11), 8 **** (CDCl;) 6.06 (d, ¥y 3.73 Hz, H-1a) and
5.57 (d, gy 3 29 Hz, H-1b). The reagents used were (i) SOCl, —DMF in CICH, CH,C!",
and (if) AgF in CH;CN®. The fluoride 13 had [a]}, +45.4° (c 0.175); 85 (CDCl,) 5.38
(q, ¥qF 54.1 Hz, 3y 6.0 Hz, H-1a) and 5.54 (d, 3JHH 3.7 Hz, H-1b); 8¢ (CDCl;3) 109.6
(Ycr 217 Hz, IJCH 172 Hz, C-1a) and 97.0 (Vcy 173 Hz, C- 1b)9 Sp**** (CDCl,)
133.7 (¥yr 53.7 Hz, 3Jgr 10.4 Hz)™°,

*Glucan Synthesis, Part V. For Part IV, see ref. 1.
**To whom inquiries should be addressed.
***Valyes of [a]p were measured for CHC, solutions at 25°, unless noted otherwise. Compounds
with [a]p recorded gave satisfactory elemental analyses.
***%Values of 5y and 8¢ are expressed in p.p.m. downfield from tetramethylsilane. The letters a,

. .f are used to designate the glucose residue (see Scheme 2) in which a cited H or C atom is
located. Values of 8, expressed in p.p.m. upfield from trichlorofluoromethane, were measured against
an internal standard of hexafluorobenzene (163.0 p.p.m.).
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11 R = Bn, R = Ac,X = OH
128 = Bn. R = Ac,X = € ()
138 = an,R° = Ac,X = F (@)

14R = Bn,R° = Ac
18R = Bn,RE=H

17 R = Bn,# = ac, X = OCH,CH=SCH, ()

8 R = Bn, K = H,X = OCH,CH==CH, (7}

1% R' = Bn,R®= COCH,CI,X = OCH,CH==CM, (8}
20 R = Bn,R® = COCH,CI,X = OH (2,0)

21 R'= Bn, R = COCH,CIL X = €I (a)

22 R' = Bn,R% = COCHLCI, X = F ()

3 R'= Bn,R¥= H,X= F(M

1
Scheme 2 23 R'= Bn,R® = Ac
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Having both the glycosyl acceptor 9 and the glycosyl donor 13 prepared, we
examined the coupling of these two intermediates. This was accomplished in the presence
of SnCl,, Ag0SO,CF;, and powdered molecular sieves 4A in ether according to Mukai-
yama et al.! to afford a 79% yield of a 1.8:1 mixture of the glucotetraose 14 and the
B-anomer 16, which were separated by flash ch romatography on silica gel (elution with
20:1 toluene—EtOAc). Compound 14 had [a] +58.2° (¢ 0.152); 8¢ (CDCl,) 102.6
(C-12),96.3,96.5, and 96.9 (C-1b, I¢, and ld) for 16 the corresponding values were
[oz]D +41.4° (¢ 0.236); 8c (CDCl3) 102.5 and 102.2 (C-1a and C-1¢), and 96.9 (C-1b
and 1d). Deacylation of 14 gave 15, [a]D +44.6° (c 0.26), and the subsequent glycosyl-
ation of 15 with the glycosyl donor 13 again afforded a 65% yield of coupling products,
in this case a 2:1 mixture of the glucohexaoside 17 and the S-anomer 23. Deacetylation
of 17 with NaOMe in 1:1 MeOH—oxolane afforded alcohol 18 in 79% yield, [O‘]D +64.7°
(¢ 0.267); Rr 0.49 in 8:1 toluene—EtOAc; 8¢ (CDCl3) 102.6 (C-1a), 96.8,96.6, and 96.3
(intensity ratio of 1:1:3, C-1b, Ic, 1d, 1¢, and 1f). Acylation of 18 with monochloro-
acetic anhydride gave 19 (88%), [a]}, +69. 4° (¢ 0.198); Rp 0.52 in 8:1 toluene—EtOAc,
and deallylation® of 19 afforded the hemiacetal 20 (60%), [a], +73. 8° (¢ 0.124); Rp
0.18 and 0.23 in 8:1 toluene—EtOAc. The conversion of 20 into g-fluoride 22 (73%) was
achieved by the same two steps as the synthesis of 13 from 11, namely by successive
treatment with (i) SOCl, and DMF in (CH,Cl),, and (ii) AgF in CH;CN. Compound 22
had [a],, +72.5° (¢ 0.131); Ry 0.57 in 8:1 toluene—EtOAc; 8¢ (CDCly) 109.2 (Vcr
217 Hz, C-1a), 96.7, 96.5, and 96.2 (intensity ratio of 2:1:2, C-1b, 1c, 1d, le, and 1f);
8r (CDCl3) 134.3 (¥Jgr 53.7 Hz, *Jgr 10.4 Hz). Deacylation of 22 with NaOMe in 1:1
MeOH—oxolane for 2 h at 20° afforded the desired intermediate 3 in 95% yield, fely
+56.2° (¢ 0.211); Rp 0.37 in 8:1 toluene—EtOAc; 8¢ (CDCl3) 109.7 (Vcr 217 Hz,
C-la).

Finally, slow addition of a solution of 3 in CICH, CH, Cl to the stirred mixture
of SnCl,, AgOSO,CF;, and powdered molecular sieves 4A in ether under argon afforded
the intramolecular cyclization product 2 in 21% yield, [a],, +49. 6° (¢ 0.131); Rg 0.65
in 8:1 toluene—FEtOAc. This product was completely 1dentlcal acorrding to its 'H and
BC-n.m.r. spectra, with the perbenzylated o-cyclodextrin obtainable from 1 by treatment
with NaH and benzyl bromide. Debenzylation of 2 was achieved by catalytic hydrogen
transfer'? in the presence of 10% Pd-C in HCOOH--MeOH at 50° to give a quantitative
yield of a-cyclodextrin 1,

In conclusion, a regio- and stereo-controlled synthesis of a-cyclodextrin was
achieved by use of the glycosyl fluoride 3 as the key intermediate for the intramolecular
cyclization,
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