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Abstrack The crystal stmctum and sohrfion conformation of rhe chiral mono-rrehaIo-15-cmn.n 5 1 shows what is pmbab& the 
first case of a disacchaddic shucture where the anomenc effect does not dominate. This unexpected conjnmational change seems 
to be a geneml tendency in L2’-po&elhyIene glycoI subslihtled lmhalose den’vatives. 

The anomeric effect is the most important factor influencing the conformation of carbohydrates 
around the glycosidic linkages’. During the synthesis of chiral crown ethers incorporating a ,a -trehalose 
we have observed an interesting conformational change in the disaccharide moiety depending on the 
position of the polyethylene glycol linkage. While mono-trehalo-crowns with tetraethylene glycol linkage 
between positions 3 and 3’ show the expected geometry around the glycosidic linkage (fig.1, Isomer A, 4 ,#’ 
709, a mono-trehalo-18.crown-6 2 with the linkage between positions 2 and 2’ shows, on the basis of NMR 
data2, a structure which is not the expected in accordance with the anomeric effect (fig. 1, Isomer B, Q ,a’ 
L 100“). This conformational change strongly contrasts with the usual lack of flexibility observed in the 
conformation around the glycosidic linkage of the trehalose disaccharide in solution3. 

In an attempt to establish the generality 
of this phenomenum when the polyethylene 
glycol chain is linked to positions 22 of 
trehalose, we now have synthesised the mono- 
-trehalo- 2,2’ crowns 1 and 3 with variable 
lenght of the polyethylene glycol chain as well 
as the mono- and disubstituted derivatives 4 
and S4. In this communication we report on 
the crystal structure of the mono-trehalo-2,2’- 
-15crown-5 1 and on some n.m.r. spectroscopic 
studies of 1,3 and the acyclic derivatives 4 and 

I.omr * (O,Y57oQ) I=m B (@.6,cooO) 5 in solution, which confirm the previous results 
obtained for the crown ether 2. The results 

Fii 1. Schematic reprexatation of isomers A 
and B for mBcrocycl= 1.2, and 3. 

indicate that there exists a tendency in these 
2.2’ substituted trehalose derivatives to adopt a 
different conformation around the glycosidic 
bond. Semiempirical calculations (ph;9) for 

a,a-trehalose and its 2-O-ethylene glycol 10 and 2-O-ethyl 11 derivatives support these results. 
The mono-rrehalo-2.2’.15.crown-5 1 was prepared in 55% yield by condensation of the diol precursor 

6’ with triethylene glycol ditosylate in the presence of KOH as previously described by us for the mono- 
trehuZo-2.2’.18-crown-6 22. The mono-trehalo-2,2’-21.crown-7 (3) was synthesised, in a similar way, by 
condensation of the disubstituted derivative 5 with ethylene glycol. Crystallization by slow diffusion of 
hexane into an ethyl acetate solution of 1 resulted in th‘e formation of crystals suitable for X-ray a@&. 
A Pluto view’ of the solid state conformation of 1 is shown in Figure 2. The molecule presents a 
pseudobinary axis. The geometrical parameters around the glycosidic linkage are given in Table I. The 
most striking features of this structure are the unprecedented values of the torsion angles QI and 4’ (1500 
and 123’) around the glycosidic linkage. These values are different from those previously found for the 
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mono-&e/z&-3,3’-tetraethylene glycol 8 (@,a’ 76”,70”, Table H2 and those for trehalose and trehalose 
derivatives*. Furthermore, the mean distance Hl-HS in 1 is 4.7.&, which is a much larger value than that 
found in the crystal structure of 8 (2.8 A). The bond lengths CS-05 and Cl-01 of 1 (Table I) are similar 
in value, and shorter than those found in normal C-O bonds, in accordance with the anomeric effect’. 
However, 05-Cl bonds are definitively shorter than the Cl-01 bonds, in contrast with the observed values 
for axial glycosidesg indicating that the exe-anomeric effect does not dominate. The crystal structure of 
1 is probably the first case of a disaccharidic structure where the exe-anomeric effect does not dominate 

2: f&s R’, Bn, R*=CH~CH~OH , R3. H 

6: R’,R’, En, R2.R3=(CH#420)2T~ 

~:$=R’sBn, R2.R3=H 

7: R’rR’.H , R2,R3=Bn 

~:R’)1,R4,Bn,R2.(CH~CH20)4Ts.R3=H 

(the relative orientation of C-l and O-5 of the opposite ring is not gut&e) and presents a similar 
geometry to that the previously proposed2 for the mono-trehalo-2,2’-18-crown-6 (2) in solution on the basis 
of NMR data and molecular mechanics calculations (fig.& Isomer B). The origin of this conformational 
preference is not yet well understood but it seems to be a general tendency in 2,2’-polyethylene glycol 
substituted trehalose derivatives. Thus, monoalkylation of a ,a -trehalose in position 2, or dialkylation in 
positions 2 and 2’. to give 4 and 5 respectively, causes a conformational change similar to that observed 
in macrocycles 1-3, as inferred from NOe experiments and semiempirical calculations. 
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Table II gives the ratio of NOe valt~&~~ between Hl-HS and HlH2 taken as reference. The 
calculated distance (A) between Hl and HS for macrocycles l-3 and for the acyclic derivatives 4-7 are 
also given. Table III gives the chemical shift values for the anomeric protons and anomeric carbons of l-8 
in CDCl,. The smaller NOe ratios involving Hl and HS’ of macrocycles 13 and compounds 4 and 5 as 
compared with those of their diol precursor 6 and the 2,2’-di-O-benxyl derivative 7 indicate a 
different conformation in the former compounds. The calculated11 mean distances Hl-HS from the NOe 

values are larger (>3A) for l-5 than those for 6 and 
7 (&). Furthermore, the existence of a NOe between 
Hl and the protons of the polyethylene glycol chain 
in compounds 2-5 supports the proximity between Hl 
and the ethylene glycol protons . !kmiempirical 
calculations for a ,a ‘-trehalose and the 2-O-ethylene 
glycol (10) and the 2-O-ethyl- (11) derivatives were 
performed at the PM3 level= using the MOPAC 
program13. The protocol consisted in fully geometry 
optimization in internal coordinates with no symmetry 
constraints for each conformer starting from the 
coordinates obtained by force field calculations 
(# =@ ’ = 70” for isomer A and 4 147”, @ ‘67” for 

isomer B). 
Fi 2 M&cular stNctllre of 1 in the Fora,a’-trehalosetwominimawereobtainedwith 

aystallinc phase. similar interglycosidic angles (a ,@ ’ 88”, 90” and 0,4 ’ 
82”,76”). When the position2 of the a p ‘-trehalose was 
substituted with an ethylene glycol moiety (compound 

T&le I. Sclcctcd Geomctrial Parameters CA) of the Crystal Struuurc of I and 8’ 
and of the c!ddatd Minima for compds lo and lib. 

m 

1 FP 10 11 

A B A A’ B 

Bond leq#h.s (A,. 
(X-05 
CT-00 
05-Q 
oo-Cl’ 
Cl-01 
Cl’-01 

l239(4) 16.3 
W.4(3) 70.7 
l24l.2(4) - 

-81~6) 
-363(l2) : 

L427(6) L439 
L4lS(6) L431 
1.409(a) 1.414 
L409(6) 1.404 
1.4250 1.415 
1.4200 1.419 

1.432 
1.428 
1.404 
1.401 
1.4l3 
1.417 

1.435 1.432 1.432 1.435 
1.431 1.428 1.428 1.431 
lAl5 1.404 1.404 L4l6 
1395 1.401 1.401 13% 
L405 L4l3 L4l3 L405 
1.414 L417 L417 1.414 

S3.0 
73.7 
135.6 
-17911 
-75.0 

86.4 ct.2 69.0 87.0 
152.9 73.7 m.4 1528 
X36.6 I324 105.4 l38.0 
-813 -1775 -785 -76.5 
-m.o - - - 

-AHf 514.4 516.8 474.0 476.5 476.5 
P 2.55 4.09 200 1.69 3.47 

l Fmmd-2 

10) two different minima were found, the coordinates provided by PM3 for a ,a ‘-trehalose, corresponding 
to conformers A and B (fig.1). Conformer B showed a geometry with interglycosidic angles (4 86.4”, 
4’152.9”, Table 1)14 different from those expected according to the exe-anomeric effect and with the 
ethylene glycol chain in a similar conformation to that found for the crown ether 1 in the solid state 
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(Table I, fig.2). The calculated energy for this conformer was 2.4 kcal/mol lower than that for the 
corresponding A isomer (a 83.0”, Cp’ 73.7”). This remarkable agreement between the calculated and X-ray 
conformation seems to indicate that PM3 is a reliable calculation method for this type of molecules. 

The calculations for the 2-O-ethyl derivative 11 gave two minima with the same energy. One 
corresponding to isomer B (4,@’ 87.0”, 152.8”), the other one corresponding to a new conformer A’ (@,(b’ 
70.4“, 69.00) with interglycosidic angles similar to conformer A, but with the ethyl chain in the same 
conformation that conformer B. A third minimum corresponding to conformer A(@ ,@’ 82.2”, 73.7”) had an 
energy 1.7 kcal/mol higher than isomers A’ and B (Table I). This result indicates that the tendency of 

T~~n.NOo~V~~rrrd~~D~(A)~HlmdHf 
of Mwroqdes 1.2 and 3 and Aqclic Precursors 4-7. 

1 2 3 4 5 6 7 

0.17 0.21 0.27 0.23 0.29 0.38 0.50 

M 3.4b w 3.2 -3.1 ca3.F -3.0 -2.8 -25 

- 0.4 0.24 0.38 0.11 - - 

_ _ 0.32 - - - - 

’ Cakutatcd from NCk nlucr after refemwe 11. Ermrf 10%. 
b haymt4.i6~IltkNOBdistm 
c CwmJtued by PM3 4.tA 

ccmqmds to the lntrusdduc HI-H.5 pa& 

the 2-O-substituted trehalose to adopt an unusual conformation is mainly steric in origin. The molecule 
has two ways to alleviate the steric strain: a) changing the conformation around the glycosidic linkage from 
4 ,a’ 70’ to @ ,@’ loo”, b) placing the substituent in position 2 far away from the opposite glucose moiety. 
According to the calculations these effects are more pronounced when the substituent is an ethylene glycol 
chain (ca. 0.7 kcal/mol) due to the additional strain originated by the gmcche effect. 

Table III. Chemical Shi Values (6) of the Anomeric Protons and 
Anomeric Carbons of Macrocycks 13 and Precursors 4-7 in CD&. 

Compounds Hl Hl’ Cl Cl’ 

2a 6.05 100 
3 5.58 97.6 
4 5.21 5.18 95.9 94.5 
5 5.20 94.5 
ab 5.20 95.2 
7b 5.11 93.5 
@ 5.11 94.2 
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Conformers A and B can be considered as not interconvertible atropoisomers and all attempts to 
obtain macrocycle 2 in conformation A by a stepwise s nthetic strategy were unsuccessful. Thus, 

intracyclization of the 2-0-tetraethylene glycol derivative 9 x in THF at 70°C in the presence of KOH 
resulted in the formation of the mono-t&&o-18-crown-6 (2) (isomer B) in four hours and almost 
quantitative yield. Similarly, condensation of the 2-O-ethylene glycol derivative 4 with triethylene glycol 
ditosylate gave after 15 h. compound 2 in 40% yield. Atropoisomer A was never detected. 

The presence of potassium can probably help to maintain the preferred conformation of the 
polyethylene glycol chain favouring the cyclization reaction to give isomer B. Nevertheless, the potassium 
ions are not decisive to induce the observed conformational change. Thus, cyclization of diol 6 with 
tetraethylene glycol ditosylate in the presence of KOH yielded compound 2 in 80%2. However, the same 
reaction in the presence of tetrabutyl-ammonium hydroxyde gave 2 in only 12% yield, the mono-alkylated 
derivative 9 being also obtained in 20% yield. No traces of other cyclization products were detected. In 
conclusion, the results obtained indicate that 2-O-substitution of a ,a -trehalose induces a conformational 
change around the glycosidic bond and causes the molecule to adopt a geometry different from that 
predicted by the exe-anomeric effect. This fact seems to be mainly steric in origin” and is specially 
pronounced in the case of ethylene glycol due to the gauche effect which restricts the conformational 
mobility of the chain. Although we do not think that the stereoelectronic effects simply disappear, in some 
cases they can be overwhelmed by the steric effects. A compromise between the two effects will define 
the conformational equilibrium of the disaccharides in solution. Thus, the conformation for the 2,2’-di-O- 
benzyl derivative 7 in solution seems to be, as deduced from the NOe’s data, the one expected according 
to the exe-anomeric effect. 
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