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In a previous study, we published five crystal structures of the eight possible 
isomers of methyl 3,&nhydrohexofuranosides1. Of special interest was how the 
anomeric effect* could dominate the shape and pucker of otherwise highly flexible 
furanoid rings in these compounds. In accordance with previous ‘H-n.m.r. 
investigations in solution j, the results showed that the conformations of the 
furanoid rings correspond to an almost quasi-axial orientation of the aglycon and 
that the driving force is the abovementioned stereoelectronic effect. In all cases, 
the-influence of the exo-anomeric effect was also observed’. 

Since the quality of the crystals of a sixth isomer, namely, the title compound 
1, was relatively poor, it was at first not possible to determine the crystal structure 
of this compound. Late+, with the help of the computer programme SHELXS-845, 
the phase problem was solved by using direct methods and the least-squares method 
for refinementl. We now report the results of this structure determination. 

Methyl 3,6-anhydr+L-gulofuranoside3 (1) crystakes in the monoclinic 
space group P2, with two independent molecules in the asymmetric unit. Furrher 
crystallographic information is given in Table I. 

The final positional and thermal parameters are listed in Table II. Bond 
lengths and bond angles are given in Tables III and IV. A SCHAKAL representa- 
tion’ of one of the independent molecules (I) is shown in Fig. 1, from which also 
the atom numbering scheme can be deduced*. 

*Lists of observed and calculated struchue amplitudes, atomic coordinaka of the hydrogen atoms 
(calculated), and to&m auglea are deqxmited with, and cm be obtained from, Elaevier Science 
Publishers B.V., BBA Data Dcpoaition, P.O. Box 1527, Ameterdam, The Netherlandr. Rekracc 
should be made to No. BBA/DD/374/Carbo/tyt.ir. Ret., 168 (1987) 115-119. 
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TABLE I 

CRYSTWOORAPHIC DATA FOR 1 

FOlDluh 
Mol. wt. 
M.p. (degrees) 
spa- group 
Cell constants (pm) 

; 
c 
B Wgrees) 

Volume (pm’) 
z 
Fo 
Density (talc.) (g . cm-y 
^,\-&Npm’ 

Crystal dimension (mm) 
2 8 range (degrees) 
Reflections measured 
Reflections with F, >3u(&) 
Final residual factors 

R 

RW 
Difhctometer 

xYS 
70-h 
f% 

x33.4(30) 
485.5(12) 

1445.4(33) 
104.57(19) 

837.69 x 106 
4 
376 
1.40 
70.9261 
0.77 
0.4 x 0.4 x 0.3 
3-50 
1602 
102.5 

0.111 
0.063 
syntex P2, 

Puckering parameterss for the furanose rings in the two independent 
molecuIesof1are(b= 11.1” (molecule I) and 9.1” (molecule II) with Q = 0.34 and 
0.37 pm, respectively. These values correspond to the unusual conformational 
region %*OT,, which was already predicted3 by the lH-a.m.r. experiments, and 
confirm that the anomeric effect2 forces the aglycon into an almost quasi-axial 
position. 

The torsion angles C-7-O-l-Cl-O-4 involving the aglycon are +62X (I) 
and +61.0” (II). Thus, the orientation of the aglycon also corresponds to the 
requirements of the exo-anomeric effect4. 

Puckering parameter@ for the anhydro rings O-3-C64-5-C-44-3 of the 
two independent molecules of 1 are 4 = 239.1” (I), 240.5” (II) and Q = 0.32 (I), 
0.38 (II). These values correspond to a G6endo orientation of the anhydro rings. 
This conformation was also observed for four of the other five isomers’. 

As in all carbohydrates with free hydroxyl groups, the molecules I and II are 
interlinked in the crystal by a complicated pattern of hydrogen bonding. Only 
strong interactions with H - * l 0 distances C2u) pm and O-H - - - 0 angles >153” are 
summarised in Table V. Besides these strong hydrogen-bonds, other weak inter- 
actions with distances ~250 pm can be observed. Therefore, the classification of 
hydrogen bonding in 1 to different types, according to the rules of Jeffrey and 
Takagig, is given in the last column of Table V. For more details, see ref. 6 or refer 
to the deposited original data*. 
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TABLE II 

FRACTlONALPOSlTlONALPARAMRnW AND TEMPERATUR6 FACFORS OF CARBON AND OXYGJIN ATOMS IN 1. 

Atom x/a Yb dC u,, b.2 u33 b?. h u12 

MoleCuleI 

o-1 867(6) 6WO) 8673(5) 47(2) 87(2) 7a(2) -9(2) -1X2) 
O-2 3538(6) 9293(14) 8664(s) m(2) 51(2) 5x2) 25(2) I$; -1X2) 
o-3 44135) 6796(B) 10308(S) 3x2) n(2) 67(2) -X2) 7(2) 7(2) 
O-4 19330) 889405) loouys) 36(2) 66(2) 77(2) 8(2) lo(2) 9(2) 
0-S 3642(6) -14) l=(5) 24(2) 48(2) 6y2) -8(2) 
C-l 1737(g) 8512(17) 9023(7) 5x2) 

g; Eg; 
g; -l(2) -g; 

G2 al6(8) 722907) 8850(g) 36(2) U(2) 
G3 33160 5681(16) 9830(7) 242) 43(2) a3(2) -10(2) % -lq2) -19(2) 
G4 25710 -16) 104730 41(2) 47(2) 44(2) 25(2) 2x2) 14(2) 
GS 33450 7507(n) 11444(7) 27(2) 67(2) 40(2) 19(2) -M(2) -m(2) 
G6 4344(g) 8511(V) 11080(7) S(2) 49(2) W2) 5(2) 9(2) 
G7 -l%(8) 7282(19) 8805(g) 28(Z) M(2) 104(2) 29(2) 3(2) 

A4olecu& zz 
O-l’ 8149(6) 
O-2’ 55w5) 
O-3’ 5864(5) 
04’ 8012(5) 
O-5’ 7849(6) 
Cl’ 7512(g) 
G2’ 6392(g) 
G3’ 6615(g) 
G4’ 7800(g) 
G5’ 765s(8) 
G6’ 647q8) 
G7’ 9263(g) 

80460 
5637(14) 
808804) 
572x14) 
9743(14) 
6wl7) 
7629(16) 
9022(16) 

7338j17j 
6257(16) 
7090(18) 

3359(5) 

2; 
4734(5) 
6780(5) 
m320 
37l5(7) 

=zz 

=z 
34W8) 

542) 
WI 
WI 
W) 
WI 
4w) 
4m 
W) 
430) 
sa(2) 

2; 

1w3 

tgz 
2;; 

1342) 
442) 
W) 
53(2) 
99(2) 
42x2) 

‘m(2) 

64m -31(2) 

kg 
-6(2) 
16(2) 

62(2) 14(2) 
68(2) - 19(2) 

7; 
-l(2) 

-21(2) 

57(2) 17(2) 

g; 
-13(2) 
-10(2) 

79(2) 35(2) 
74(2) -55(2) 

qi; 
WI 
WI 

-10(2) 
7(2) 

-14(2) 
2x2) 

-9(2) 
-4(2) 
-7(2) 
2x2) 

WI 
W) 
-w 

-290 
-5(2) 
23(2) 

Eg; 
-20(2) 
-27(2) 

Waluw X l(r (Q X l(P). E.s.d. in parentheses. 

TABLE III 

ATDMICDISTANCES @m) IN 1’ 

Bond Mol&Z Molecuh? zz 

Cl-G2 
G2-G3 
G3X-4 
G4-G5 
G5X-6 
Cl-O-1 
Cl-O-4 
G2-0-2 
G3-0-3 

GM-5 
G6xI-3 
G7&1 

154.5(U) 153.0(14) 
158.2(14) 152.3(14) 
151.4(15) 154.1(12) 
156.5(l2) 154.4(15) 
153.6(15) 150.414) 
144.9(10) 137.3(12) 
141.8(12) 144.7(12) 
141.0(12) 143.3(11) 
145.8(10) 144.3(13) 
146.4(11) 144l.ql2) 
142.3(11) 140.1(11) 
141.2(13) 145.7(11) 
142.q13) 143.6(13) 

%s.d. in parenti. 
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TABLE IV 

mmAruGm3 (DEGREEs)IN P 

At& Moleuie I MoIecl&? II 

C-l-o-lx-7 113.3(5) 
G3-0-3x-6 111.1(7) 
G1-04C-4 106.4(7) 
0-1~1-0-4 111.4(7) 
o-l-Gl-GZ 105.2(6) 
0-4-Gl-G2 106.6(8) 
o-2-G2&1 110.8(7) 
0-2XZ-G3 112.6(8) 
Gl-GZ-G3 101.8(8) 
o-3x-3x-2 110.8(7) 
o-3-G3-G4 105.5(7) 
GZAX-C4 104.3(7) 
ow-3 105.9(7) 
0-464-G5 K&.6(6) 
G3-CA-GS 107.7(8) 
0-S-GSX-4 105.1(7) 
O-5-GSZ-6 X0.0(7) 
G4-G5-G6 98.8(7) 
0-3-G=-5 107.2(7) 

114.4(S) 
108.9(7) 
106.1(7) 
111.2(7) 
108.5(6) 
104.4(8) 
111.0(7) 
112.3(R) 
103.2(8) 
112.5(7) 
106.6(7) 
10X2(7) 
lMl(7) 
111.4(7) 
103.0(8) 
lu7.4(7) 
115.6(8) 
101.8(8) 
104.0(7) 

-- 

%.s.d. in parentheses. 

-72 

Fig. 1. A SCHAKAL7 drawing of molecule I of methyl 3,6anhydro+-L-gulofuranoside (1) showing 
atom numbering. Corresponding atoms in molecule II of 1 are primed. 
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TABLE V 

I 0-2-H-O2..XX+’ 100.0 191.1 157.6 IVB 
I 0-5-H-05. - 0-Z’ 98.6 183.5 172.2 IA 
II 0_2’_H_(32’ . . . O-3” 93.5 282.9 170.4 IVA 
II O-S-H-05’ - - - O-9 100.0 187.8 163.5 IB 

Qxygen atoms in symmetry-related moleculea. 

Despite the relatively poor quality of the crystals, the results obtained seem 
to be significant and accord with the observations reported for the other five related 
isomersl. 
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