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ABSTRACT 

The crystal structures of 1,2-O-(S)-(l-aminomethylethylidene)-a-D- 
glucopyranose (1) and 1,2-O-(R)-(l-tert-butoxyethylidene)-ar-~-glucop~anose (2) 
have been analysed by X-ray diffraction methods. The pyranoid rings in 1 and 2 
have flattened 4C, conformations, the dioxolane ring in 1 has a half-chair ‘To_, 
conformation, and that in 2 a 2To_z conformation distorted towards *E. The ‘H- 

n.m.r. spectra of 1 and 2 have been analysed by computer simulation. The com- 
puted best values of the vicinal coupling constants and the n.0.e. measurements 
can be interpreted in terms of a preponderant, distorted 4C, conformation in solu- 

tion, although long-range H,H coupling and low-temperature 13C-n.m.r. spectra 
suggest the presence of a conformational equilibrium. 

INTRODUCTION 

Numerous communications1-12 have dealt with the conformation of 1,2-0- 
alkylidene-cy-o-hexopyranoses both in the crystalline state and in solution. X-Ray 
crystallographic studies ‘&lo have demonstrated that the conformation of the 
pyranoid ring of 3,4,6-tri-O-acetyl-1,2-0-ethylidene (e&o-methyl) derivatives 
(3,5) of cu-D-gluco- and cu-D-allo-pyranose is a skew boat (OS&, whereas that of 
3,4,6-tri-O-acetyl-l,2-O-(l-tert-butoxyethylidene)-cr-D-galactopyranose (6) is a 
flattened chair (4C,), and the ‘H-n.m.r. spectra of these and other derivatives could 
be interpreted in terms of solution conformations similar to those in the solid 
statelo. 

An X-ray crystallographic study of 1,2-O-(S)-(l-aminomethylethylidene)-a- 
o-glucopyranose hydroiodide (1-hydroiodide) indicated, however, that the confor- 
mation of the pyranoid ring in the solid state was a flattened chair and the ‘H-n.m.r. 
spectrum of 1 has been interpreted in terms of either a flattened chaifi or a skew 
boat2. 
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We now report the crystal structure and an n.m.r. study of 1 and 1,2-@(R)- 

(1-tert-butoxyethylidene)~o-o-glucopyranose (2) as part of a series of studies on the 

conformation of pyranoid rings 1,2-&-fused to five-membered rings+‘OJj. 

CH20H 
I 

C t$OAc 
I 

1 R = CH,NH, 3R= CN 

2R = oteu 4 R = OEt 

t& 
5 6 

RESULTS AND DISCUSSION 

Fig. 1 shows 1 and 2 with the atomic numbering. The ring C-C bond-lengths 
in 2 (Table I) are shorter than those in 1, which are similar to those in unsubstituted 
o-D-glucose14. Nevertheless, the values for 2 are within the range limits of the 
survey of pyranose rings given by Arnott and Scott”. The length of the bond C-5- 
C-6, which is usually lower than those for C-C bonds in the ring, is higher in 2 and 
near the upper limit of the above survey r5. The C-5-0-5-C-l-O-l sequence is simi- 
lar in both compounds, the C-5-O-5 bond being longer than the C-l-O-5 bond 

with the C-1-0-1 bond intermediate. Angle C-5-O-5-C-l is greater than angle 
O-5-C-l-O-l and both are greater than tetrahedral. The angles C-4-C-5-C-6 and 
C-5-C-6-O-6 have increased values, whereas the value of the angle 0-5-C-5-0-6 

is decreased. The dioxolane ring in 1 has the usual values for bond lengths and 
angles16J7. 

The pyranoid rings in 1 and 2 have “C, chair conformations flattened around 
the dioxolane ring fusion (Table II), in contrast to the OS, skew conformation of 
3,4,6-tri-0-acetyl-1,2-O-alkylidene-cY-D-glucopyranoses in the solid state7,8. The 

conformation of 1 is similar to that6 of 1-hydroiodide and the conformation of 2 is 
similar to thatlo of 6. The dioxolane ring in 1 has a ‘To_, half-chair conformation, 
whereas in 2 the half-chair *To.* is distorted towards an envelope 'E. This situation 
produces different conformations for the C-8 and X substituents (see Table I for X 
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Fig. 1. The molecular structure with the atomic numbering for (a) 1 and (b) 2. 

and Y definitions, and see also torsion angles C-2/C-1-0-210-1-C-7-C-8/X in 
Table III. The different relative situations of the X-substituents are described by 
the torsion angles C-2-C-7-X-Y, O-l-C-7-X-Y) and O-2-C-7-X-Y. In Table III, 
the vicinal proton torsion-angles are also given. 

A Table giving the H-bonding characteristics in both compounds has been 
deposited as supplementary material along with a Figure comparing the crystal 
packing of 1 with that of 1-hydroiodide6. 

The ‘H-n.m.r. data for l-3 are given in Table IV. The ‘H-n.m.r. spectra 
were analysed iteratively and the computed best values of the chemical shifts and 
coupling constants are given in Table IV, which also includes the values previously 
dete~ined10 for 3. Table V gives the 13C chemical shifts of 2, which were assigned 
after selective irradiation in the proton spectrum. 

The JH,H values are dependent on the solvent. The values of J2,3 and J3,4 are 
higher than those for 3, the spectrum of which has been interpreted2,9J0 as 
indicative of a major “S, conformation in solution. The positive long-range J2,4 

coupling is only present in the spectrum of 2 in CD,OD and this has been previously 
taken to indicate a planar arrangement of H-2 and H-4, and hence of a “S, major 
conformation for the pyranoid ring in 3,4,6-tri-0-acetyl-1,2-0-alkylidene deriva- 
tives of a-r>-allopyranose and tr-D-glucopyranose9Jo. Estimation of the vicinal- 
proton torsion angles from the vicinal couplings, using the generalised Karplus 
equation which takes into account the electronegati~ty and o~entation of the sub- 
stituentP, is given in Table VI. The values shown are indicative of a major, 
flattened 4C, conformation of 1 in solution, similar to that found in the solid state; 
the flattening of the ring causes a decrease in the J2,3 and 33,4 values and hence the 
lowering of the dihedral angle. The spectrum of 2 in CDCl, could also be inter- 
preted in terms of a flattened 4C, conformation, the axial-axial relationship of 
H-2,3 and H-3,4 being closer than in 1 in the resulting conformation. However, the 
spectrum of 2 in CD,OD showed a large and positive long-range coupling between 
H-2 and H-4 indicative of a conformer with H-2,4 in planar orientation, although 
the values of J2,3 and J3,4 were similar to those for a solution in CDCI,. The 
spectrum of 2 in 1: 1 CD,OD-(CD,),CO was very similar to that for CD,OD. The 
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TABLE1 

BONDD~STANCES(L~)ANDBONDANGLES(O)~FORCOMPOUNDS 1 AND2 

Bond 1 2 Angle 1 2 
- 

Pyranoid ring 
c-1-c-2 1.533(4) 1.518(15) C-l-C-2-C-3 117.5(2) 115.4(6) 

C-2-C-3 1.534(3) 1.526(11) C-2-C-3-C-4 114.7(2) 109.8(9) 
c-3-c-4 1.522(4) 1.518(12) c-3-c-4-c-5 110.7(2) 108.4(6) 
c-4-c-5 1.526(4) 1.506(12) c-4-c-5-0-5 108.2(2) 107.7(S) 

c-s-o-5 1.439(2) 1.438(10) C-2-C-l-O-5 115.9(2) 115.5(6) 

c-1-0-5 1.393(3) 1.389(10) c-1-0-5-c-5 115.7(2) 115.8(&q 

Substituents 
c-3-o-3 
c-4-o-4 
C-6-O-6 
C-5-C-6 

1.415(4) 1.439(10) C-2-C-30-3 107.0(2) 108.4(5) 

1.415(3) 1.432( 10) C-K-3-0-3 111.1(2) 111.2(5) 
1.408(4) 1.418(13) C-3-C-4-0-4 105.9(2) 112.6(9) 

1.515(4) 1.539(13) c-5-c-4-o-4 112.0(2) 112.0(6) 
C-4-C-5-C-6 112.0(2) 114.6(6) 
O-5-C-5-C-6 107.1(2) 104.4(9) 
C-5-C-&O-6 114.1(2) 112.7(6) 

Dioxolane ring 
c-1-c-2 1.533(4) 1.518(15) O-l-C-l-C-2 104.7(2) 101.5(9) 

c-2-o-2 1.430(3) 1.459(10) C-l-C-2-0-2 103.8(2) 102.6(6) 

O-2-c-7 1.429(4) 1.405(8) C-2-O-2-C-7 109.0(2) 107.1(7) 

c-7-0-1 1.431(4) 1.392(11) 0-2-C-7-0- 1 106.2(2) 107.8(5) 
O-l-C-1 1.420(3) 1.425( 10) C-7-O-l-c-l 110.6(2) la4.7(5) 

0-5-c-1-0-1 111.4(2) 109.7(5) 
O-5-C-l-C-2 116.9(Z) 115.5(6) 
c-3-c-2-0-2 111.2(2) 108.4(9) 
c-3-c-2-c-1 117.5(2) 115.4(6) 

Aminomethylethylidene and butoxyethylidene substituents 
C-7-C-8 1 520(3) 1.508(18) c-8-c-7-x 
c-7-x 1.530(3) 1.403(9) C-7-X-Y 
X-Y 1.458(3) 1.465(8) O-l-C-7-C-8 
Y-c-9 1.491(20) O-2-C-7-C-S 
Y-C-10 1.501(18) O-l-C-7-X 
Y-C-12 1.526(15) O-2-C-7-X 

X-Y-C-9 
X-Y-C- 10 
X-Y-C-12 

C-9-Y-C-10 
C-10-Y-C-12 
C-9-Y-C-12 

111.1(2) 111.8(6) 
114.4(2) 125.2(7) 
109.9(2) 107.6(6) 
112.3(2) 110.3( 10) 
110.0(2) 105.7(9) 
107.1(2) 113.3(5) 

114.6(8) 
102.4(8) 
107.6(7) 

111.7(10) 
109.3(12) 
110.8(10) 

@E&d. values are given in parenthesis: X = C-9 and O-7. Y = N and C-11 for 1 and 2, respectwely. 

13C spectrum in this solvent mixture was recorded at temperatures down to - 120”. 
As the temperature decreased, the peaks assigned to the carbons in the pyranoid 
ring gradually broadened but no coalescence temperature was reached. On the 

other hand, n.0.e. experiments with 2 in CD,OD indicated the proximity of the 
en&-methyl group to H-5 (4%) and H-3 (5%). as expected for a major 4C, confor- 



CONFORMATION OF I ,2-O-ALKYLIDENE-(Y-D-GLUCOPYRANOSES 69 

TABLE II 

RING TORSION ANGLES (“) 

Angles Compounds 

Pyranoid ring 
0-5-C-lSC-2-C-3 
C-l-C-2-C-3-C-4 
c-2-C-3-C-4-C-5 
c-3-C-4-C-5-o-5 
C-4-C-5-0-5-C-l 
C-S-O-.5x-1x-2 

Dioxolane ring 
0-2-C-2-C-1-0-1 
C-2-C-l-O-l-C-7 
C-l-O-l-C-7-O-2 
C-l-C-7-O-2-C-2 
C-7-0-2-C-2-C-l 

1 

20.3(2) 
-19.7(2) 

39.9(2) 
-61.2(2) 

65.2(2) 
-44.0(2) 

20.3(2) 
-9.3(2) 
-5.5(2) 
19.4(2) 

-24.5(2) 

1 

33.1(9) 
-39.7(7) 

56.4(8) 
-66.7(S) 

61.3(6) 
-44.3(9) 

32.2(5) 
-40.6(6) 

34.3(6) 
-12.5(8) 
-12.6(6) 

I-Hydroiodide 6 

15.7(27) 35.7(12) 
-23.8(25) -46.7(U) 

50.2(21) 59.2(10) 
-66.5(19) -61.5(9) 

59.2(20) 53.7(10) 
-37.0(24) -40.2(11) 

11.8(21) 32.7(9) 
3.7(21) -38.3(9) 

- 18.0(20) 29.2(9) 
24.8(19) -7.4(9) 

-23.9(21) -15.7(9) 

TABLE III 

SELECIED TORSION ANGLES (“)” INCLUDING PROTON LATERAL ANGLES 

Angle Compound 

1 2 

H-1Sl-C2-H-2 21(3) 23(7) 
H-2-C-2-C-3-H-3 -136(3) - 152(7) 
H-3-C-3-C-4-H-4 163(3) - 174(6) 
H-4-C-4-C-5-H-5 179(3) 169(5) 
H-5-C-5-C-6-H-6 - 165(3) W6) 
H-5-C-5-C-6-H-6’ 75(3) -56(7) 
C-8-C-7-X-Y -176.1(2) -90.8(9) 
O-l-C-7-X-Y 62.0(3) 152.4(6) 
O-2-C-7-X-Y -53.0(3) 34.6(10) 
C-2-0-2-C-7&8 -100.8(2) -129.6(7) 
C-2-O-2-C-7-X 137.0(2) 104.2(7) 
C-l-O-l-C-7-C-8 116.2(2) 153.2(7) 
C-l-o-l-C-7-X -121.1(2) -87.2(6) 

“E.s.d. values given in parenthesis; X = C-9 and O-7, Y = N and C-11 for 1 and 2, respectively. 

mation in solution. Thus, the major conformation of the pyranoid ring in 1 and 2 is 
a flattened 4CI similar to those found in the solid state, although the spectra of 2 in 
CD,OD and in 1: 1 CD,OD-(CD&CO suggest the presence of a skew conformer. 

The above results show that the conformation of the pyranoid ring of these 
D-glucopyranose derivatives, both in the crystalline solid and in solution, is a 
flattened 4C, when the hydroxyl groups are unsubstituted, and OS, in the acetylated 
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TABLE IV 
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IH-NMR DATA" FOR l-3 AT 360MHz 

Parameter Compound 

I” 26 3’, 10 

Chemicalshift (S) 
H-l 
H-2 
H-3 
H-4 
H-5 
H-6 
H-6’ 

Coupling constant (Hz) 

JLZ 
J 1.3 

J 1.5 
J 2.3 
J 2.4 
J 3.4 
J 4.5 

J 5.6 
J 5.6 

5.649 5.512 5.690 5.803 
4.114 4.101 4.318 4.390 
3.842 3.738 3.993 5.213 
3.468 3.386 3 776 4.916 
3.702 3.468 3.615 3.906 
3.703 3.543 3.841 4.193 
3.798 3.675 3.839 4.193 

4.9 
-0.3 
-0.6 

4.8 
0 
6.1 
8.7 
5.5 
3.0 

-12.5 

5.1 
-0.4 
-0.6 

3.9 
0.9 
4.2 
9.3 
5.9 
25 

-11.9 

5.1 
-0.3 
-0.6 

4.0 
0 
4.1 
8.5 
3.1 
25 

-11.5 J 6.6’ 

“CD,OD. bLeft-hand column for CD,OD, right-hand column for CDCI,. ‘In CDCI,. 

5.2 
-0.4 
-0.7 

3.0 
0.9 
2.8 
9.5 

TABLE V 

Chemicalshijt (p.p.m.) 

121.93 C-7 
98.44 C-l 
77.65 C-2 
75.45 c-11 
74.64 c-5 

“In 1: 1 CD,OD-(CD&O. 

Chemical shift (p.p.m.) 

74.05 c-3 
70.40 c-4 
63.16C-6 
30.49 Methyl groups 
26.42 C-8 

TABLE VI 

VICINAL-PROTONTORSIONANGLES c) ASDETERMINEDFROMTHE JH,” VALUES2" 

Angle Compound 

1” 2b 

H-l-C-l-C-2-H-2 39 37 
H-2-C-2-C-3-H-3 -142( -55) -136( -61) 
H-3-C-3-C-4-H-4 152(45) 140(59) 
H-4-C-4-C-5-H-5 159 167 

“CD,OD. bLeft-hand column for CD,OD, right-hand column for CDCI,. 

37 
-137( -60) 

140(59) 
157 
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derivatives. The X-ray crystallographic study of 1 also indicates that crystallisation 
as the hydroiodide does not invert the solid state conformation. The n.m.r. study 
indicates that the major conformation of the pyranoid ring in solution must be a 
distorted chair, and the highly parametrised method described by Altona and Haas- 

noot19 to calculate vicinal J u,u values in pyranoses gives couplings very different 
from those observed. These differences could be due to ring distortionszO. How- 
ever, it is possible that there is a minor contribution of skew forms in some solvents, 

giving rise to positive, long-range J2,4 couplings. 

EXPERIMENTAL 

Materials. - 1,2-O-(S)-(l-Aminomethylethylidene)-cu-~-glucopyranose (1) 
and 1,2-O-(R)-(l-tert-butoxyethylidene)-a-~-glucopyranose (2) were prepared by 
known procedures*Q*. 

X-Ray measurements*. - The characteristics of the crystal used for the data 
collection and those of the structure solution and refinement are given in Table 
VII. All hydrogen atoms were located by difference Fourier synthesis. Compound 
2 decomposed readily and the sample was sealed into a Lindemann capillary. In 
spite of precautions, the rate of decay was fairly high and collection was stopped 

when about half the scheduled data had been collected. 

N.m.r. data. - The ‘H-N.m.r. spectra (internal Me,Si) were recorded at 360 

MHz with a Bruker WP-360 spectrometer. Analyses were performed by using a 
PANIC program. The experimental and calculated spectra from the resulting best 
values matched satisfactorily. The r3C-n.m.r. spectra (internal Me.&) were 

recorded at 75 MHz with a Varian XL-300 spectrometer. 
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