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ABSTRACT 

The structure of the title compound has been determined by X-ray analysis. 

The conformations of the saturated six-membered and the 1,3-dioxolane rings in 

the cis, tram, cis system of di-0-isopropylidene derivatives of a-D-galactopyranose, 

P-D-fructopyranose, and di-O-tosyl-L-chiro-inositol have been analysed in the solid 

state. 

INTRODUCTION 

The X-ray structural analysis of the title compound (1) was undertaken in 

order to determine the configuration at C-6. The conformations of the saturated 

six-membered and the 1,3-dioxolane rings in the cis, tram, cis system of di-O-iso- 

propylidene derivatives of a-D-galactopyranose1-6 (l-7), /3-D-fructopyranose7 (9), 

and di-0-tosyl-L-chiro-inosito18 (8) have been analyzed in order to establish their 

common conformation in the solid state. 

EXPERIMENTAL* 

Crystal data for 1. - M, 374.4. Monoclinic, space group F2,, a = 10.423(5), 

b = 10.553(5), c = 10.011(5) A, (Y = 90, p = 110.63(5), y = 90.0”, V = 1030.5(l) 

A3, D, = 1.207 Mg.mp3, 2 = 2, F(OO0) = 400.0; Cu-K, radiation, A 1.54178 A, 

~(CU-K,) 0.634 mm-‘. Crystal dimensions, 0.2 x 0.2 x 0.3 mm. 

Data collection and processing. - Four-circle Philips PW 1100 diffracto- 

meter, graphite-monochromated Cu-K, radiation, 0-28 scan technique up to 20 = 

130”. The intensity fluctuations were random. 1776 reflexions had intensities higher 

than 20-(I). No correction was applied for absorption. 

*Lists of observed and calculated structure factors, anisotropic thermal parameters, and fractional co- 
ordinates of H atoms are deposited with, and can be obtained from, Else-,% Science Publishers B.V., 
BBA Data Deposition, P.O. Box 1527, Amsterdam, The Netherlands. Reference should be made to 
No. BBAIDD/414/Curbohydr. Res., 195 (1989) l-10. 

OOW6215/8Y/$O3.50 @ 1989 Elsevier Science Publishers B.V. 
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Structure analysis. - The structure was solved with the multisolution 
technique9 (270 E > 1.4), and the H atoms were located from difference synthesis. 
The full-matrix least-squares refinement lo of all the heavy atoms anisotropically, 
and the H atoms isotropically [except H(91), H(92), and H(93)], yielded a final R 

= (X 11 F,,I - IF, )I )E/F,I of 0.08 and R, = {[XW(~FJ - lFJ2]Ew F?}“* of 0.12; 
w = l/[&(F,) + 0.006224 Fo2]. The weighting scheme was chosen so that averages 
of w(Af12 were constant for different ranges of F, and sin 0/h. The scattering factors 
for the heavy atoms were from ref. 11, and for H from ref. 12. The residual electron 
density in the final difference map was within 0.35 ek3. Illustrations were pre- 
pared with 0R’rEP13. 

RESULTS AND DISCUSSION 

The final atomic parameters along with their e.s.d.‘s are given in Table I. A 
perspective view of 1 with the atomic numbering is shown in Fig. 1, and the bond 
lengths and bond angles in Fig. 2. 

The average C-O distance [1.421(6) A] (excluding the C-5-O-5, O-5-C-1, 
and C-1-0-1 bonds) is in good agreement with the calculated mean [1.43(l) A] of 
70 C-O bond lengths in 2-7 and 9. Because of the anomeric effect in a-D-pyranose 
derivatives, the O-5-C-l and C-1-0-1 bonds are shorter than the C-5-O-5 bond. 
The shortening of C-C bonds [(C-C) = 1.36(3) ,k] of the phenyl ring is related to 
the strong thermal motion of the atoms, especially of C-17, C-18 and C-19. The 
plane passing through C-5, C-6, N-2, C-14, and C-15 forms an angle of 49” with the 
plane of the phenyl ring. The C-13-N-1 bond is slightly bent towards the C-6-C-13 
bond (the C-6-C-13-N-1 bond angle is 178.3“) as observed in most of the nitrile- 
substituted compounds. 

Fig. 1. Perspective view and atomic numbering of 1. 
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TABLE I 

FRACTIONAL ATOMIC COORDINATES (X 104) AND EQUIVALENT ISOTROPIC DISPLACEMENT FACTORS (X 10’) 

Atom xla y/b z/c u, (& 

C-l 
c-2 
c-3 
C-4 
C-5 
o-5 
o-1 
o-2 
o-3 
o-4 
C-6 
C-7 
C-8 
c-9 
c-10 
c-11 
c-12 
N-2 
c-13 
N-l 
c-14 
c-15 
C-16 
c-17 
C-18 
c-19 
c-20 

4763(4)b 
4657(4) 
5982(4) 
6888(4) 
6414(4) 

m(3) 
3665(4) 
3706(3) 
6789(3) 
8210(3) 
7510(4) 
2804(5) 
2361(g) 
1661(5) 
8170(S) 
8968(7) 
8721(7) 
6937(4) 
7967(5) 
8296(7) 
7945(6) 
7270(6) 
6023(8) 
5387(11) 
6001(14) 
7185(14) 
7853(8) 

10535(4)b 
11755(4) 
12468(4) 
12491(4) 
11554(4) 
10402(3) 
10606(4) 
12500(3) 
11843(5) 
12091(4) 
11172(4) 
11653(5) 
12316(9) 
11195(8) 
12021(6) 
10870(10) 
13242(9) 
10251(4) 
12288(5) 
13182(6) 
9746(6) 
8792(6) 
9015(U) 
8124( 17) 
6997(11) 
6753(9) 
7660(7) 

10810(5)* 
11613(4) 
12231(4) 
11320(4) 
10088(4) 
10555(3) 
9496(4) 

10542(3) 
13501(3) 
12292(3) 
9473(4) 
9506(5) 
8098(7) 
9963(8) 

13690(4) 
14425(8) 
14489(g) 
8324(4) 
8911(5) 
8445(6) 
7773(6) 
6599(6) 
5547(7) 
4517(g) 
4501(11) 
5503(12) 
6541(g) 

66(5)b 
53(4) 
54(4) 
49(4) 
48(3) 
W3) 
63(4) 
58(3) 
73(4) 
59(3) 
47(4) 
55(5) 
91(10) 
96(10) 

62(5) 
113(10) 
82(11) 

62(4) 
70(5) 

120(9) 

72(7) 
83(7) 
95(U) 

114(19) 
125(19) 
156(17) 
114(9) 

“Ueq = l/3 &%Jija~a~aia,. bThe e.s.d.s. in parentheses apply to the last significant digit. 
ij 

Conformation of the pyranose and 1,3-dioxolane rings. - The equation of 
the least-squares planes for 1 and the deviation of atoms from these planes are 
listed in Table II. Table III contains the torsion angles. The asymmetry and polar 
puckering parameters14 of the six- and five-membered rings in l-9 are given in 
Table IV. 

For 1, the least-squares plane of the pyranose passing through C-l, C-3, C-4, 
and C-5 (x2 556) and the polar puckering parameters Q 0.633(8) A, 4 329.1(5)“, 
and 0 78.1(5)’ define the conformation of the pyranoid ring as being midway 
between the ideal twist-boat OT2 (4 330”, 0 90”) and skew-boat OS, (4 330”, 8 
67.5”)‘5. 

The mean of the polar puckering parameters [4 327(3)” and 8 80(3)“] calcu- 
lated from the corresponding values for 2-6 and 8 confirm the OTz t, OS, conforma- 
tion for the galactopyranose and cyclohexane. For P-D-fructopyranose, the confor- 
mation is reversed, namely 2To t) sSo. The boat conformation in 7 is probably a 
consequence of the steric crowding at C-5. 
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The best planes of the 1,3-dioxoiane rings passing through three atoms, along 

with the torsional angles, puckering, and asymmetry parameters, establish the 

twist ?T and :T conformations for the 1,2- and 3,4-O-isopropylidene rings, respec- 

tively, of 1. In seven out of eleven molecules, the 1,2:0-isopropylidene ring is in 

form of emelope 3E or “E (in fructopyranose), with phase angle averages of 254(4)“ 

and 78.4(7)O in the pseudorotational pathway (O-l-C-7-0-2-C-2-C-l). In the re- 

mainder, the 1?2-~-isopropylidene ring is in the form of twist ST. the mean of the 

phase angle being 237(2)“. 

The preponderant conformation of the 3,4-0-isopropylidenc ring is twist ;T 

or :T in the pseudorotational pathway (O-3-C-10-0-4-C-4-C-3). 

Molecular packing. - The molecular packing is illustrated in Fig. 3. The 

molecules linked through short van der Waals contacts [O-l * - * C-4, 3.3530(j) and 
N-1 . . . C-9,3.55(1) A] and a hydrogen bond [N-Z-H . . * O-2, 2.63(5) fi] extend 

in infinite helical chains along the b-axis. The molecular chains are further cross- 

linked through methyl C-12’ . * . methyl C-11” short contacts of 3.58(l) K (i = x, 

y, 2; ii = 2 - X, 0.5 i- y, -z). 



CONFORMATION OF SIX- AND FIVE-MEMBERED RINGS 

Fig. 2. (a) Bond lengths (A) for 1; the e.s.d.‘s are 0.005 for C-O, 0.007 for C-N and C-C, and 0.015 
for the C-C bonds of the phenyl ring; (b) bond angles (“) for 1; the e.s.d.‘s are 0.4 for C-O-C and 
C-C-N, 0.3 for O-C-O, and 0.8 for the bond angles of the phenyl ring. 



6 E. MILER-SRENGER 

TABLE II 

EQUATIONS OF THE LEAST-SOUARES PLANES’ AND DEVIATIONS (d, IN A) OF ATOMS FROM THEM FOR 1 
_____._- 

Pyranose ring I,2-0-Isopropylidene ring 3,4-0-lso~?ropyiid~ne ring 
Plane 1 x’ = 556 Plane 2 Plane 3 
-0.5049x -0.6181Y - 0.7832X - 0.4742Y - -U.lS89X - 0.9.519Y - 
0.60252 + 9.9472 = 0 0.40222 + 4.4931 = 0 0.26202 + 3.8934 = 0 
Atoms d, Atoms d, Atoms d, 
C-l” 0.027(S) C-l* 0.000 C-3” 0.000 
C-3’ -(x044(4) c-2* 0.000 C-4’ 0.000 
c-4* 0.066(4) O-l* 0.000 O-4” 0.000 
C-5” -0.049(4) c-7 0.190(5) O-3 0.254(5) 
c-2 -0.515(4) o-2 -0.299(3) C-10 -0.190(6) 
O-5 0.666(3) 

“Atoms included in the least-squares calculations of the planes are denoted by *. The e.s.d.‘s in 

parentheses apply to the last significant digit. 

Fig. 3. Molecular packing viewed along the c axis (distances in A). 
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