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Chiral Crown Ethers Incorporating a,a-Trehalose. Unexpected Structure 
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The reaction of 2,2’- (lo), 3,2’- (1 l), and 3,3’-di-O-benzyl-4,6:4’,6’-di-O-~nzylidene-a,a-trehalose (12) with 
tetraethylene glycol ditoeylate gave the corresponding chiral crowns mono-trehalo-3f’- (l), bis-trehalo-3,3’- (3), 
mono-trehalo-2,3’- (5) and mono-trehlo-2,2’-tetraethylene glycol (7). The crystal structure of 1 waa determined 
by X-ray analysis and the solution conformation of 1,3, 5, and 7 by NMR spectroscopy and, in the case of 1, 
3, and 7, molecular mechanics calculations. The geometry of the disaccharide moiety of 1,3, and 5 was as expected 
according to the exo anomeric effect. However, an unexpected conformation around the glycosidic linkage was 
found for the 18-crown-6 mono-trehalo-2,Z’-tetraethylene glycol (7). This conformation can be accounted for 
by semiempirical calculations of possible intermediate dianionic structures. 

Besides chirality, the great structural variations and 
multiple interaction sites of carbohydrates make them very 
attractive molecules for the syntesis of chiral receptors. 
Chiral receptors with polar cavities (crown ether type) 
incorporating carbohydrates have been synthesized by 
Stoddart et al.,l but carbohydrates have also provided 
receptors with hydrophobic cavities, as is the case of the 
natural cyclodextrins2 or the synthetic glycophanes of 
W i l ~ o x . ~  We are involved in the synthesis of chiral re- 
ceptors with different cavity shapes and flexibility from 
disaccharides. We have taken advantage of the confor- 
mational properties of the glycosidic bond to obtain more 
preorganized receptors than those synthesized using mo- 
nosaccharides and alditols,’ and we have prepared crown 
ether type cavities from lactose derivatives. These re- 
ceptors have been used for enantiomeric differentiation 
and as catalysts in asymmetric Michael addition with in- 
teresting results.‘ 

* a,a-Trehalose is a disaccharide whose conformational 
features (C, symmetry and concave shape) are very ap- 
propriate for the preparation of highly symmetric chiral 
receptors. These receptors have been designed and syn- 
thesized by us by linking one hydroxyl group of each 
monosaccharide unit with a polyethylene glycol chain or 
an aromatic segment giving polar (crown ether type) or 
apolar (cyclophane type) cavities, respectively? The crown 
ethers mono-trehalo-3,3’- (l), bis-trehalo-3,3’- (31, mono- 
trehulo-2,3’- (51, and monetrehulo-2,2’-tetraethylene glycol 
(7), whose preparation is reported in this paper, are soluble 
in nonpolar organic solvents and will be used for the en- 
antiomeric differentiation of ammonium salts and as 
catalysts in asymmetric synthesis. The water-soluble re- 
ceptors 2,4,6, and 8 possess free hydroxyl groups as ad- 
ditional binding sites for the study of hydrogen bonding 
interactions. These interactions are one of the dominant 
forces in the molecular recognition of carbohydrates by 
carbohydrate-binding proteins? Macrocycles 2,4,6, and 
8 are being used as very simple models for the study of 
these interactions in water and polar organic solvents.’ 

During the synthesis of the crown ethers 1-8 by cycli- 
zation of the parent diols 10-12 with tetraethylene glycol 
ditusylate, we have observed an interesting conformational 
change in the disaccharide moiety depending on the pos- 
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ition of the tetraethylene glycol linkage. While compounds 
1-5 show the expected geometry around the glycosidic 

(1) Stoddart, J. F. Chem. SOC. Rev. 1978,8,85. 
(2) Bender, M. L.; Komiyama, K. Cyclodextrin Chemistry; Springer- 

(3) Bukownik, R. R.; Wilcox, C. S. J. Org. Chem. 1988,53, 463. 
Verlag: New York, 1977. 
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Table I. *H NMR Chemical Shifts and Coupling Constants of the Diol Precursors 10-12 and Macrocycles 1,3,5, and 7 

12 7 
5.20 5.10 5.19 5.20 6.05 

11 5 10 1 3 
H1 5.11 5.11 5.06 5.18 
51.2 3.6 
H2 3.41 3.49 3.50 3.56 
J2.3 9.3 
H3 4.11 4.40 3.96 
53.4 9.6 
H4 3.42 3.47 3.51 3.51 
H5 4.13 4.23 4.20 

H6, 4.05 4.12 4.10 

H6, 3.59 3.64 3.58 
PhCH 5.42 5.50 5.48 5.52 
PhCH2 4.10/4.70 4.8614.72 4.84/4.10 4.9914.73 
Etg 4.05-3.99 3.90-3.96 
Etg 3.64-3.54 ca. 3.45 
Etg 3.30-3.50 

J6,S 4.9 

JWSU -10.1 

linkage according to the exo anomeric effect8 and similar 
to that of trehalose and the parent diols, the tetraethylene 
glycol chain of 7 and 8 seems to force the conformation 
of the disaccharide moiety to give an unexpected structure 
on the basis of NMR data. We now report on the synthesis 
and the structural study of receptors 1-8. 

Results and Discussion 
Receptors 1,3,5, and 7 have been synthesized by con- 

densation of tetraethylene glycol ditosylate with the cor- 
responding diol precursors (10-12)O previously obtained 
by regioselective dibutyltin-mediated alkylation of 
4,64,’6’-di-O-benzylidene-a,a-trehalose (9). Condensation 
of 2,2’-di-O-benzyl-4,64‘,6‘-di-O-benzylidene-a,a-trehalose 
(10) with 1.5 mol equiv of tetraethylene glycol ditosylate 
in dry refluxing THF using potassium hydroxide as base 
yielded the mono-trehalo-3,3’-tetraethylene glycol (1) in 
15% yield and the bie-trehalo-3,3’-tetraethylene glycol (3) 
in 10% yield. The ‘H NMR spectra of 1 and 3 in CDC13 
showed a doublet a t  6 5.11 and 5.06, respectively (Table 
I), assigned to the anomeric protons. When CsOH or LiOH 
were used as base, the yield of either 1 or 3 was not im- 
proved. Condensation of 2,3‘-di-O-benzy1-4,5:4‘,6‘-di-O- 
benzylidene-a,a-trehalose (1 1) with tetraethylene glycol 
ditosylate under similar conditions gave the disymmetric 
receptor mono-trehalo-2,3’-tetraethylene glycol (5) in 43% 
yield. No other cyclization product was detected. The ‘H 
NMR spectrum of 5 showed two doublets at 6 5.19 and 5.10 
assigned to H1 and Hl’. Receptor mono-trehalo-2,2’- 
tetraethylene glycol (7) was obtained in good yield (70%) 

(4) (a) Alonso-Lbpez, h$; Bemabe, M.; Fernbdez-Mayoralas, A.; 
Jimhez-Barbero, J.; Martm-Lomas, M.; Penadb, S .  Carbohydr. Res. 
1986,160,103. (b) Alonad,6pez, M.; Jm6neZ-Barber0, J.; Martin-Lomas, 
M.; Penadb, S. Tetrahedron, 1988, 44, 1535. (c) Aloneo-Lbpez, M.; 
Martin-Lomas, M.; Penadb, 5. Tetrahedron Lett. 1986,27,3551. 

(5) Preliminary communication: 6’h International Symposium on 
Molecular Recognition and Inclusion, Berlin, 1990. 

(6) (a) Vyas, N. K.; Vyas, M. N.; Quiocho, F. A. Science (Washington, 
D.C.) 1988,242,1291. (b) Quiocho, F. A. Ann. Reu. Biochem. 1986,55, 
287. 

(7)  For recent etudiea of hydrogen bonding interaction in model com- 
pounds, see: (a) Kelly, T. R.; Meguire, M. P. J. Am. Chem. SOC. 1987, 
109,6549. (b) Bell, T. W.; Lin, J. Ibid., 1988, 110,3673. (c) Hamilton, 
A. D.; Pant, N.; Muehlford, A. Pure Appl. Chem. 1988, 60, 533. (d) 
Ecbvarmn, A.; Gab,  A.; hhn, J. M.; de Mend- J. J. Am. Chem. Soc., 
1989,111,4994. (e) hhmidtchen, F. P.; Gleich, A.; Schummer, A. Pure 
Appl. Chem. 1989,61,1535. (0 Adrian, J. C.; Wilcox, C. S. J. Am. Chem. 
SOC. 1989,111,8055. (g) Zmerman, S. C.; Wu, W. Ibid. 1989,111,8054. 
(h) Aoyama, Y.; Tanaka, Y.; Sugahara, 5. Ibid. 1989,111,5397. (i) Rebek, 
J., Jr. Angew. Chem., Int. Ed. Engl. 199O,ZS, 246. (j) Lehn, J. M.; Maacal, 
M.; De Cian, A.; Fischer, J. J. Chem. SOC., Chem. Commun. 1990,479. 

(8) Praly, J. P.; Lemieux, R. U. Can. J.  Chem. 1987, 65, 213 and 
references cited therein. 

(9) Vicent, C.; Martin-Lomas, M.; PenadC, S .  Carbohydr. Res. 1989, 
194,308. 
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Table 11. Chemical Shift Values (6) of the Anomeric 
Protons and Anomeric Carbons of Macrocycles (1,5,7,8) 

and Their Precursors (10-12) in CDCl, 
macro- 
cycles H1 C1 mecursors H1 c1 

1 5.11 94.2 10 5.11 94.5 
5 5.1015.19 92.4 11 5.18/5.20 95.4193.9 
7 6.05 100.5 12 5.20 96.2 
8 5.W 1 0 0 2  a,a-trehalose 5.18 94.88 

5.1Bb 4.Nb 
D20 as solvent. CDSSOCD8 as solvent. Reference 21. 

Table 111. NOE Values and Calculated (MM2) Distances 
(A) between H1 and HS’ of Macrocycles (1,6,7) and Their 

Precursors (10 and 12) 

macrocycles H5’ H2 NOE” MM2 
1 2.8 10 2.4 3.ob 
5 315 1019 2.412.8 2.612.7 
7 <2 9 >3 2.2-2.5 

NOE (W) distance (A) 

10 7 14 2.5 
12 4 11 2.6 

a Calculated from NOE values after reference 22. In crystal, 2.8 
A. 

Table IV. Relevant Torsion Angles for 1 Determined by 
X-ray and Calculated (MM2) for 1 and 5 and the Two 

Isomers 7A and 7B 
X-ray (deviation) MM2 

angles 1 1 5 7A 7B 
05-C 1-0 1-C 1’ (9) 76.3 (6) 74 60 83 123 
05’-Cl’-Ol-C1’ (9’) 70.1 (6) 12 58 53 89 

02-C2-C3-03 62.6 (6) 66 70 
03-CB-C9-09 74.6 ( I )  87 I9 
02-C&c9-09 60 64 -59 
09-Clo-c 11-01 1 18.6 (8) 69 63 -49 66 
01 14212-C 13-013 -86.3 (9) -83 -81 64 67 
0 1 3 4  14-C 15-03’ 11.3 (7) 53 60 
0 1 3 4  14-C15-02’ -65 -55 
03‘-C3’-C2’-02’ 63.4 (6) 65 
02’-C2”C1’-01 60.3 (6) 59 56 49 59 

as the only cyclization product by condensation of the diol 
3,3’-di-O-benzyl-4,6:4’,6’-di-O-benzylidene-a,a-treh~ose 
(12) with tetraethylene glycol ditosylate (1.5 equiv) in the 
conditions described for 1,3, and 5. The ‘H NMR spec- 
trum of 7 in CDCls showed an unexpected chemical shift 
(6 6.05) of the doublet assigned to the anomeric protons. 
All four macrocycles have been characterized by their 
NMR and FAB-MS spectra. The positional isomers 1,5, 
and 7 gave a peak at m/z 879 corresponding to (M + Na)+. 

01-Cl-C2-02 . 62.3 (6) 59 53 44 57 
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Figure 1. A PLUTO view of the structure of 1 as determined by 
X-ray diffraction. 

The bis-trehulo-3,3’-tetraethylene glycol (3) showed peaks 
at m/z  1713 (M)+ and 1736 (M + Na)+. The water-soluble 
macrocycles 2,4,6, and 8 were obtained in good yield by 
hydrogenolysis of the corresponding protected derivatives 
1, 3, 5, and 7. 

The conformation in solution of the macrocycles was 
studied by NMFt spectroscopy. The ‘H NMR parameters 
for 1,3,5, and 7 and their precursors 10-12 are shown in 
Table I. The spectra were analyzed using conventional 
COSY spectroscopy. Comparison of the ‘H NMR spectra 
of 1, 3, and 5 and those of their precursors 10 and 11 
indicated that no important changes take place in the 
conformation of the disaccharide moiety upon cyclization, 
the main differences being those observed in the chemical 
shift of protons H3 and H2’ (Table I). In contrast, the 
signals for the anomeric protons and anomeric carbons of 
7 and the corresponding deprotected derivative 8 were 
strongly deshielded (Table 11) with regard to the cyclic 
isomers 1 and 5 and the acyclic precursor 12. This de- 
shielding can be explained by the proximity of H1 to the 
oxygen atoms of the polyethylene glycol chain.’O Thus, 
the conformation around the glycosidic bond of compound 
7 seems to be different from that of its precursor 12. A 
NOE involving H1 and H5’ could be observed, with use 
of 1D-NOE and NOESY experiments, in compounds 1,5, 
10, and 12 (Table 111) according to the expected confor- 
mation obtained by X-ray and MM2 calculations (see the 
following text). This effect could not be observed for 
compound 7. Although the absence of NOE should be 
treated very warily as evidence, the presence of a strong 
NOE between H1 and the protons of the polyethylene 
glycol chain in compound 7, not observed for macrocycles 
1,3, and 5, supports the proximity between them. Fur- 
thermore, molecular mechanics calculations11 for l, 5, and 
7 using the crystallographic coordinates obtained for 1 as 
starting parameters (protective groups not included) gave 
a calculated MM2 geometry that accounted for the spec- 
troscopic data observed for 1 and 5 but not for 7 (Table 
IV). 

A PLUTO view of the solid-state conformation of 1 is given 
in Figure 1.12 The molecule conforms with a quasibinary 
axis through 01 and 011 with torsion angles around the 
glycosidic linkages (CP and a’) of 76’ and 71’ (Table IV), 
similar to those found for trehalose and trehalose deriva- 
tives,lS the mean distance Hl-H5’ being 2.8 A. Molecular 
mechanics calculations provided, for 1,5, and 7, a structure 

(10) Bock, K. Pure Appl. Chem. 1983,55, 605 and references cited 
therein. 

(11) Burkert, U.; Allinger, N. L. Molecular Mechanics; ACS Mono- 
graph 177; American Chemical Society: Washington, DC, 1982. 

(12) Structure factors, thermal componenta and hydrogen parameters 
have been deponited with in the Cambridge Crystallographic Data Center, 
Lensfield Road, Cambridge, CB2 1EW. 
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Figure 2. Schematic representation of isomers A and B for 
macrocycles 7 and 8. 

(a) 

7A 
k 

(b) 

78 
N 

Figure 3. Stereoview of the MM2 calculated minimum con- 
formation of isomers (a) 7A and (b) 7B. 

quite similar to that found in the solid state for 1 with an 
average deviation of ca. 7’ for the torsion angles of mac- 
rocycles 1 and 5 (Table IV) and proton-proton and pro- 
ton-oxygen distances that agree with thoee observed in the 
solid state and correlate with the experimental NMR data. 
The calculated geometry for the 18-crown-6 7 gave values 
for CP and CP’ (Table IV, 7A) smaller than those for 1 and 
5, indicating that the linkage of positions 0 2  and 02’ with 
the tetraethylene glycol chain distorts the geometry around 
the glycosidic bond. This distortion makes the distances 
between H1 and H5’ shorter, and hence, strong NOE 
values should be expected in contrast to the experimental 
data (Table In). On other hand, the spectral changes upon 
complexation with organic ammonium salts were drasti- 
cally different for macrocycles 1 and 5 on one side and for 

(13) (a) Brown, G. M.; Rohrer, D. C.; Berking, B.; Beevers, C. A.; 
Gould, R. 0.; Simpson, R. Acta Cryatallogr. 1972,828,3145. (b) Taga, 
T.; Senma, M.; Osaki, K. Ibid. 1972, B28,3258. (c) Bock, K.; Defaye, J.; 
Driguez H.; Bar-Cuilloux, E. Eur. J. Biochem. 1983,131,595. (d) Jeffrey, 
G. A.; Nani, R. Carbohydr. Rea. 1981, 137,21. 
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Table V. Relative Stabilities (EmdwA - of 
Conformers A and B of u,a-TrehaIom and of the 3,3’ and 

2,2‘ Dianione 
molecule INDO (kcal/mol) AM1 (kcal/mol) 

a,a-trehalose -9.8 
3,3’ dianion -9.1 
2,2’ dianion -4.9 

-6.9 
-6.6 
-2.4 

7 on the other. While in the case of 1 and 5 the signal for 
H3 was deshielded (6 0.2) upon complexation, in the case 
of 7 the signal for H3 was unaffected and a deghielding was 
observed for H1 (6 0.17). 

An inspection of the space-filling molecular models 
(CPK) showed that the cyclization of diol 12 with tetra- 
ethylene glycol ditosylate can take place following two 
different paths to give two isomeric macrocycles sche- 
matically represented as A and B in Figure 2. 

For isomer A the 9 and 9’ angles should be in the range 
of those found for trehalose and trehalose  derivative^,'^ 
while for B one of these angles has to adopt a larger value. 
This latter conformation could resemble one of the local 
minima predicted for a,a’-2-(tetrahydropyran-2-yloxy)- 
tetrahydropyran (9 = 147O, 9’ = 670).14 A view of the 
conformation of isomers 7A and 7B, acfording to MM2 
calculations, is given in Figure 3. Both isomers are local 
minima in the conformational map, the corresponding 
calculated 9 and 9’ torsion angles being 53O, 53O for the 
expected 7A and 89O, 123O for 7B (Table IV). The ap- 
proximate steric energy differences between both struc- 
tures, ignoring entropic factors, is 3.9 kcal/mol if favor of 
7A, and the averaged Hl/H5’ distances are 2.30 A for 7A 
and 4.13 A for 7B. 

A structure like B could explain all spectroscopic data 
observed for macrocycles 7 and 8. Isomers A and B of 7 
and 8 are not interconvertible due to the small size of the 
crown ether cavity. The phenomenon reminds one of a 
type of atropoisomerism similar to that described for ansa 
compounds.’hb A similar phenomenon has recently been 
described in the literature.lk 

In the case of diols 10 and 11 the cyclization to give 
isomer B is not possible because the distance between the 
free hydroxyl groups is longer than the length of the tet- 
raethylene glycol chain. It is interesting to note that in 
the cyclization of 12 only one isomer was isolated and 
traces of neither any other cyclization product nor mo- 
noalkylated derivatives were detected. A possible expla- 
nation of this fact could be that the formation of a dianion 
in positions 2 and 2’ may force the trehalose moiety to 
change its conformation in order to minimize the elec- 
trostatic repulsion between the two negatively charged 
oxygens.16 Semiempirical calculations by INDO” and 
AM118 methods using the coordinates obtained by force 
field calculations for both  conformer^'^ of a,a-trehalose 
with the interglycosidic angles as in A (a = 9’ = 70) and 
B (9 147, 9’ 67) and for the corresponding two conformers 

(14) Tvaroska, I.; Vaclavik, L. Carbohydr. Res. 1987, 160, 137. 
(15) (a) Lattringhaus, A.; Gralheer, H. Liebigs Ann. Chem. 1942,550, 

67. (b) Paquette, L. A.; Trova, M. P.; Luo, J.; Clough, A. E.; Anderson, 
L. B. J .  Am. Chem. SOC. 1990,112,228 and references cited therein. (c) 
Vinod, T. K.; Hart, H. J. Am. Chem. SOC. 1990,112, 3250. 

(16) The MM2 distance between 02-02‘ for the exo anomeric favored 
conformation A is 4.6 A and this distance increases up to 5.8 A for 
conformer B 0 = 1 4 7 O ,  Y = 67O. 

(17) Pople, J. A.; Beveridge, D. L.; Doboeh, P. A. J. Chem. Phys. 1967, 
47, 2026. 

(18) Dewar, M. J. S.; Zoebirch, E. G.; Mealy, E. F.; Stewart, J. J. P. 
J .  Am. Chem. SOC. 1986,108,8075. 

(19) The energiea of these structures were evaluated using the GEOMOS 
program by Rinaldi, D., Moggan, P. E., Cartier, A., Universite de Nancy, 
France. QCPE 684, copy provided by the authors. 
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of the 2,2’ and the 3,3‘ dianions predicted the energy 
differences given in Table V. 

As expected, conformer B of trehalose is higher in energy 
(6.9 and 9.8 kcal/mol, according to INDO and AM1, re- 
spectively) than conformer A, and the same holds true for 
the 3,3‘ dianion (see Table V). In contrast, the stability 
of conformer A of the 2,2’ dianion strongly decreases, ita 
energy being only 4.9 (INDO) and 2.4 kcal/mol (AM1) 
lower than that of conformer B. The different values 
obtained by both semiempirical methods may be explained 
by the known fact that the AM1 method understimates 
the vicinal lone-pair repulsion.m Such a change in con- 
formational preferences of the 2,2’ dianion could be at- 
tributed to the repulsion between the two negatively 
charged oxygens atoms closer in conformer A than in B.16 
This repulsion may not be expected for the 3,3’ dianion 
because the distances between the oxygen atoms in both 
conformations are similar and higher than in the 2,2’ di- 
anion. However, other factors, probably stereoelectronic 
in origin, may not be completely excluded since mono- 
alkylation in positions 2 or 2’, or dialkylation in both with 
ethylene glycol derivatives, seems to cause a conforma- 
tional change of the trehalose moiety as indicated by NOE 
experiments. 

The observed conformational change in the disaccharidic 
structure of macrocycles 7 and 8 constitutes a case in which 
one of the glycosidic angles violates the generally holding 
exo anomeric effect.* 

The synthesis of the conformer A of 7 by a stepwise 
strategy is now being attempted in our laboratory. At- 
tempts to crystallize macrocycle 7 and the synthesis of 
mono-trehalo-2,2’-crown ethers where the length of the 
polyethylene glycol chain will allow the interconversion 
between the two possible isomers are underway. 

Experimental Section 
General Procedures. Cyclization reactions were carried out 

under argon and in rigorously anhydrous conditions. TLC was 
performed on aluminium sheets coated with silica gel 60 Fm 
(Merck) with detection by charring with sulfuric acid. NMR 
spectra were recorded at 30 O C  in CDCl,. The bidimensional 
experiments were recorded at 300 MHz with matrix data of 256 
x 1K. Samples for both NOEDIFF and NOESY experiments 
were prepared after degasification under argon. The NOEDIFF 
experiments were performed in the steady-state conditions 
(preirradiation time 5-7 8). The 2D-COSY experiments used the 
pulse sequence 90°-tl-900 acquisition and/or 90°-t1-900-900 ac- 
quisition. The NOESY experiments were performed in phase- 
sensitive mode and used the pulse sequence 90°-tl-900-t,-900 
acquisition with a mixing time t, of 0.5-1 s. The characteristica 
of the X-ray analysis, the final atomic coordinates, structure 
factors, thermal components and hydrogen parameters are given 
as supplementary material.12 Crystals suitable for X-ray invea- 
tigation were grown by slow diffusion of hexane in a solution of 
1 in ethyl acetate. Optical rotations were recorded with a Per- 
kin-Elmer 141 polarimeter. The FAB mass spectra were obtained 
in a nitrobenzyl alcohol matrix with a MS-50 Kratos instrument 
fitted with a 1.2 T magnet using a FAB 11 WF Ion Tech atom 
gun and with a ZAB instrument. 

Cyclization Reactions. A solution of the diol precursor (0.6 
mmol) in dry THF (40 mL) was added under argon atmosphere 
to a suspension of potassium hydroxide (10 equiv) in THF (2 mL), 
and the mixture was heated at 70 O C  for 30 min. A solution of 
tetraethylene glycol ditosylate (1.5 equiv) in dry THF (15 mL) 
was added dropwise during 3 h. The stirring and heating were 

(20) (a) Fernhdez Santos, J.; Anguiano, J.; Vilarase, J. J.  Comput. 
Chem. 1988,9,784. (b) C a W ,  J.; de Paz, J. L. G.; hhthez, A.; Elguero, 
J.; Taft, R. W.; Anvia, F. THEOCHEM 1990,205, 376. 

(21) Usui, T.; Yamaota, N.; Matauda, K.; Wimura, K.; Sugiyama, H.; 
Seto, S. J .  Chem. SOC., Perkin Trans. 1 1973,2425. 

(22) Neuhaus, D.; Williamson, M. The Nuclear Overhauser Effect in 
Structural and Conformational Analysis; VCH, New York, 1989. 
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of 1 were diseolved in methenol-ethyl acetate (91,lO mL). The 
mixture was hydrogenated for 15 b Compound 2 was obtained 
in 60% yield (30 mg, 0.06 “01) as a syrup and purified by column 
chromatography (ch1oroform:methanol = 2:l): [“ID +10 (c 0.1, 
MeOH); lH “t (D20) 6 5.18 (d, J = 12 Hz, Hl), 4.13 (m, Etg), 
3.97 (t, H3), 4.00-3.94 (m, Etg), 3.85 (m, H5), 3.80 (m, E@), 3.65 

(CH), 73.6 (CH,), 73.3 (CH,), 72.7 (double intensity, CHI, 71.09 
(CH,), 61.7 (C6). Anal. Calcd for CdMO14:  C, 47.88; H, 7.25. 
Found: C, 48.02; H, 7.45. 

Preparation of Bis-~halo-$,3’-tetraethylene Glycol (4). 
Follawing the general method of deprotection, 153 mg (0.09 m o l )  
of 3 were dissolved in methanol-ethyl acetate (20 mL, 91). The 
mixture was hydrogenated for 48 h. Compound 4 was obtained 
in 65% yield (58 mg, 0.058 “01) as a syrup and purified by 
column chromatography (chl0roform:methanol = 74): [a]D +75O 
(c 0.05, methanol); ‘H NMR (DMSO-d,) 6 4.87 (d, Hl), 4.85 (d, 
OH4), 4.66 (d, OH2), 4.37 (broad singlet, OH6), 3.85-3.56 (m, Etg), 
3.64 (m, H5), 3.60-3.30 (m, Etg, HGab), 3.52 (t, H3), 3.30 (dd, H2), 

70.7, 70.0, 69.7, 69.6, 69.4,60.5. Anal. Calcd for CIOH72028: C, 
47.98; H, 7.25. Found C, 48.15; H, 7.70. 

Preparation of Mono- tmhafo-33-tetraethylene Glycol (6). 
Following the general method of deprotection, 150 mg (0.175 
”01) of 5 were dissolved in methanol-ethyl acetate (91,20 mL). 
The mixture was hydrogenated for 24 h. Compound 6 was ob- 
tained in 94% yield (80 mg, 0.16 mmol) as a syrup and purified 
by column chromatography (ch1oroform:methanol = 2:l): [a]D 
+108O (c 0.19, methanol); ‘H NMR (DzO) 6 5.41 (d, Hl), 5.16 (d, 
Hl’), 4.11-3.58 (m), 4.07 (t, H3), 3.45 (dd, H2’); ‘Bc NMR (D20) 
6 95.3 (Cl), 92.5 (Cl’), 89.6,82.1,75.4,75.1, 74.6,74.5, 74.4,74.2, 
73.1,72.5 (double intensity), 72.3, 72.1 (3 carbons), 61.5 (double 
intensity). Anal. Calcd for CadI36014: C, 47.98; H, 7.25. Found 
C, 47.38; H, 7.00. 

Preparation of Mono-trelialo-23-tetraethylene Glycol (8). 
Following the general method of deprotection, 250 mg (0.292 
“01) of 7 were dissolved in methanol-thy1 acetate (91,20 mL). 
The mixture was hydrogenated for 24 h. Compound 8 was ob- 
tained in 81% yield (119,0.23 mmol) as a syrup and purified by 
column chromatography (chloroformmethanol = 21): [a]D +looo 
(c 0.35, methanol); ‘H NMR (D20) 6 5.83 (d, Hl), 4.12 (m, Etg), 
3.87 (m, H5), 3.81 (m, Etg), 3.73 (t, H3), 3.66 (m, HGab, Etg), 3.60 
(m, Etg), 3.48 (t, H4), 3.24 (dd, H2); ‘Bc NMR (D20) 6 100.2 (Cl), 
84.5,74.6,73.7, 73.2, 72.9, 71.6, 70.9, 70.8, 61.4. Anal. Calcd for 
C ~ s 6 0 1 , :  C, 47.98; H, 7.25. Found C, 48.20; H, 7.62. 

(dd, H2), 3.47 (t, H4); ‘Bc NMR (D20) 6 94.1 (Cl), 84.4 (CHI, 73.9 

3.22 (t, H4); “C NMR (DMSO-de) 6 92.7 (Cl),  82.3, 72.4, 71.0, 

continued for l e 2 4  h (TLC). After being cooled, the mixture 
was filtered and evaporated to dryness. The residue was purified 
by column chromatography (hexane:acetone = 73). 

Mono- and Bis-tmhalo-3,3’-tetraethylene Glycol (1  and 
3). A solution of 2,2’-di-O-benzy1-4,64’,6’-di-O-benzylidene-a,~- 
trehalose (le0 431 mg, 0.167 mmol) in dry THF (40 mL) was 
treated with KOH (760 mg, 13.6 ”01) in THF (2 mL) and then 
with a solution of tetraethylene glycol ditusylate (465 mg, 0.926 
mmol) as described previously. Column Chromatography (hex- 
ane:acetone = 73) of the residue eluted first the mono-tre- 
halo-3,3’-tetraethylene glycol (1; 80 mg, 0.093 mmol, 15%) as 

see Table I; ‘9c N M R  6 138.3 (C ipso), 137.6 (C ipso), 128.7-126.2 
(Ar), 101.3 (PhCH), 94.2 (Cl), 82.0,79.2,78.1,73.7,72.5,71.0,70.6, 
68.9,63.0 ((36); FAB-MS m/z 879 (M + Na)+. Anal. Calcd for 

Further elution gave bis-treh8lo -3,3’-tetraethylene glycol 
(3; 110 mg, 0.064 mmol, 10%) as a syrup: [a]D 48.4O (c 0.31, 
chloroform); ‘H NMR see Table I; ‘8c NMR (C&) 6 139.11 (C 
ipso), 138.4 (C ipso), 129.8-126.8 (Ar), 101.7 (PhCH), 94.5 (Cl), 
828,79.6,79.1,74.3,72.3,71.1,70.9,70.6,69.2,68.7,63.3; (CDCld 
138.2, 137.5,129.8-126.2, 101.4,94.5,81.9,79.1,78.4,73.9,71.4, 
70.6, 70.5, 70.2,68.9,62.9; FAB-MS m/z 1713 (M)+, 1736 (M + 
Na)+. Anal. Calcd for (&HlBO~ C, 67.27; H, 6.59. Found: 67.30; 
H, 6.62. 

Mono-t~~o-%~’-tetraethylene Glycol (5). A solution of 
3,2’-di-O-benzyl-4,64’,6’-di-O-benzylidene-a,a-trehalose (1 l;O 70 
mg, 0.1 mmol) in dry THF (12 mL) was treated with KOH (123 
mg, 2.2 mmol) in THF (1 mL) and then with tetraethylene glycol 
ditusylate (75.5 mg, 0.15 “01) as described previously. Column 
chromatography (hexane:acetone = 7:3) of the residue gave the 
mono-trehalo-2,3’-ethylene glycol (3; 46.6 mg, 43%) as a syrup: 
[#ID 56.0° (c 1.2, chloroform); ‘H NMR see Table I; ‘%2 NMR 
6 138.2,137.5,134.4,128.9-125.5,101.2 (double intensity, PhCH), 
92.4 (double intensity, Cl), 82.5,81.9,80.0,78.7,75.1, 73.1, 71.5, 
71.3, 70.9, 70.3 (double intensity), 70.3 (double intensity), 70.1 
(double intensity), 69.7,69.0,63.5,62.8; FAB-MS m/z 879 (M + 
Na)+. Anal. Calcd for C&mO14: C, 67.27; H, 6.59. Found: C, 
67.30; H, 6.62. 

Monot~h8lo-I~’-tetraethylene Glycol (7). A solution of 
3,3’-di-O-benzyl-4,6:4’,6’-di-O-benzy~denea,u-~~ose (12: 170 
mg, 0.24 mmol) in dry THF (21 mL) was treated with KOH (300 
mg, 5.5 mmol) and then with tetraethylene glycol ditosylate (183 
mg, 0.365 ”01) as described previously. Column chromatography 
(hexane:acetone = 7:3) of the residue gave the mono-trelialo- 
2,2’-tetraethylene glycol (7; 100 mg, 70%) as a syrup: [a]D 4 4 O  
(c 1.33, chloroform); ‘H NMR see Table I; ‘8c NMR 6 138.2,136.7, 
127.7-125.1 (Ar), 100.2 (PhCH), 99.4 (Cl), 84.3, 81.2,77.7, 74.0, 
73.5,71.8,69.5,68.4,61.5; FAB-MS mfz 879 (M + Na)+. Anal. 
Calcd for C,&uO14: C, 67.27; H, 6.59. Found C, 67.31; H, 6.63. 

General Method of Deprotection. The protected macrocycle 
(1,3,5, or 7,O.l mmol) was dissolved in 10 mL of methanol-ethyl 
acetate (91). A catalytic amount of Pd/C and two drops of acetic 
acid were added, and the mixture was hydrogenated under 
preasure (40 psi) for 15-28 b The suspension was fltered, washed, 
and evaporated to dryness. The residue was purified by column 
chromatography (chloroform-methanol). 

Preparation of Mono-tlrebalo-3$’-tetraethylene Glycol (2). 
Following the general method of deprotection, 90 mg (0.105 mmol) 

a White solid: mp 132 O C ;  [ a ] ~  61’ (C 0.47, Chloroform); ‘H NMR 

CauO11: C, 67.27; H, 6.59. Found C, 67.29; H, 6.63. 
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