Acta Cryst. (1972). B28, 3115

3115

Conformational and Crystal Structure Studies of Septanosides.
1. Ethyl 2,3 :4,5-di-O-isopropylidene-1-thio-B-nD-glucoseptanoside, C140sSH24*

By J.P.BEALE, N. C. STEPHENSON AND J.D.STEVENS
School of Chemistry, The University of New South Wales, Kensington, N.S.W. 2033, Australia

(Received 20 June 1972)

The crystal structure of the compound ethyl 2,3:4,5-di-O-isopropylidene-1-thio-g-p-glucoseptanoside,
C1405SH,4, has been determined from visually estimated X-ray data. The compound crystallizes in the
orthorhombic space group P2,2,2; with a=16-70, b5=11-70, c=8-78 A, Z=4. The central seven-mem-
bered septanose ring is found to be arranged in a twist-chair conformation and the two dioxolan rings
are in twist conformations. The structure was solved using partial information derived from a Patterson
synthesis and direct-phasing techniques involving the normalized structure factor magnitudes and the

tangent formula.

Preliminary chemical data

Ethyl 2,3:4,5-di-O-isopropylidene-1-thio-§-D-glucosep-
tanoside (EITGS) was prepared by debenzoylation
followed by demercaptalation of 6-O-benzoyl-2,3:4,5-
di-O-isopropylidene-D-glucose diethyl dithioacetal.
Chromatography over silicic acid of the mixture of
products formed gave EITGS, which crystallized from
aqueous ethanol in the form of rectangular prisms, m.p.
66—67°C [a]p —156:0° (conc. 119 in CHCl;) (Ng &
Stevens, unpublished results).

The crystal used for the collection of intensity data
was a rectangular prism with the (100), (010) and (001)
faces most prominently developed, and with dimen-
sions 0-042 x 0-020 x 0-05 cm.

Crystal data
C1405SH24; F.W. 304’41; F000=656
Orthorhombic: a=16-70 +0-08 A

b=11-70 + 0-06

= 878+004
U=1716 A3
Z=4

Space group P2,2,2, (No. 19, D4, from systematic ab-
sences)

d,=120 g.cm™3 (by flotation in a mixture of ethyl
acetate and chloroform)

d,=1-18 g.cm™3, u(Cu Ka)=18-27 cm™1.

The intensities were recorded on multiple-film equi-
inclination Weissenberg photographs taken around
[001] ({=0,1,2...6) with Cu Kua radiation. 1322 inde-
pendent intensities were estimated by visual compari-
son with a calibration strip. The unit-cell dimensions
were obtained from zero-level precession photographs
taken with Mo Ko radiation (1=0-7107 A).

* See Beale, J.P., Stephenson, N. C. & Stevens J. D. (1971).
Chem. Commun. p. 484, for a preliminary communication.

Lorentz and polarization corrections were applied,
and absorption corrections were made by the method
of Coppens, Leiserowitz & Rabinovich (1965) with a
grid of 256 (8 x 8 x 4) points. No extinction corrections
were made.

For the calculation of structure factors the atomic
scattering factors for sulphur, oxygen and carbon were
computed from numerical Hartree-Fock wave functions
by the method of Cromer & Mann (1968). The scattering
factors for hydrogen were those given in [nternational
Tables for X-ray Crystallography (1968).

A correction for the real component of the anomal-
ous dispersion of all atoms for Cu Ka radiation was
applied (Dauben & Templeton, 1955).

Observed and calculated structure factors are listed
in Table 1.

Determination of the structure

The structure was elucidated by combining partial
structural information derived from a Patterson syn-
thesis with the tangent formula (Karle, 1968). The solu-
tion of the Patterson of synthesis was ambiguous in that
four possible sulphur positions appeared plausible
(Table 2). By considering each position separately,
reliably phased data satisfying the criteria (i) |Feac>
0-1|F,ps| and (ii) |F,ps| = 1-50 were selected and refined
with the tangent formula. The refined phase angles of
five intensity invariants were then compared with val-
ues derived from a ¥, summation (Table 3). From
these comparisons in only one case [i.e. position S(4)]
was complete agreement found between the >; phase
values and the refined phase angles.

An E map, computed using the refined phase angles
for this S(4) model, clearly revealed the locations of all
atoms with the exception of the ethyl carbon atoms
which were later located from Fourier difference syn-
theses.

The atomic positional and isotropic thermal param-
eters were refined by full-matrix least-squares methods
in which values of SW[|Fops| — | Fearcl]® Were minimized
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Table 1. Structure factors
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Fig. 1. Labelling of the molecule.

Table 2. Likely positions for the sulphur atoms
as derived from the Patterson synthesis

xla ylb z/c
S(1) 0-841 0-91 0-99
S(2) 0-742 0-91 0-99
S(3) 0-837 0-89 0-88
S(4) 0-842 0-78 0-88

and weights (w) were calculated from Cruickshank’s
(1965) weighting scheme. The isotropic refinement con-
verged to a reliability index (R) of 0-161. Two further
refinement cycles in which the interlayer scale factors
were fixed and anisotropic temperature factors assigned
to all atoms reduced the R value to 0-115. A difference
Fourier synthesis calculated using the latest refined
atomic and thermal parameters indicated the locations
of the seven ring hydrogen atoms. However, difficulty
was experienced in locating the remaining methyl hy-
drogen atoms, and it was only after repeating the above
procedure several times and refining only on data with
sin (0)/A values greater than 0-3 that the seventeen re-
maining hydrogen atoms were located. These were the
only significant peaks on the difference Fourier syn-
theses.

A final refinement cycle was computed in which the
positional and thermal parameters of all non-hydrogen
atoms were allowed to vary. The positional parameters
of the seven ring hydrogen atoms were also permitted
to vary, but modified by a damping factor. All hydro-
gen atoms were assigned isotropic temperature factors
of 8 A? and the reliability index (R) converged to 0-103.
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The final atomic and thermal parameters for the
crystallographically independent atoms are listed in
Tables 4 and 5.

Table 4. Final fractional coordinates

Standard deviations are given in brackets and refer to the
least significant figures in the preceding coordinate.

xla /b z/e

S 0-8414 (3) 0-7769 (4) 0-8857 (6)
0(2) 0-9138 (5) 0-6966 (8) 0-5549 (12)
0(3) 0-8470 (5) 0-6083 (8) 0-3565 (12)
04) 0:6778 (5) 0-5558 (9) 0-3394 (13)
0(5) 0-6044 (5) 0-6722 (8) 0-4935 (12)
0(6) 0-7177 (6) 0-7856 (7) 0-6874 (12)
C() 0-8034 (8) 0-7784 (12) 0:6956 (18)
C(2) 0-8340 (7) 0-6795 (10) 0-6050 (17)
C(3) 0-7873 (7) 0-6543 (9) 04569 (16)
C4) 0-7203 (8) 0-5699 (11) 0-:4780 (19)
C(5) 0:6545 (8) 0-6083 (13) 0-5943 (19)
C(6) 0-6779 (9) 0-6788 (13) 0-7289 (20)
C() 0:9195 (8) 0-6686 (12) 0-3917 (21)
C(8) 0-9869 (9) 0-5889 (16) 0-3683 (24)
C9) 0:9271 (10) 0-7755 (18) 0-3015 (23)
C(10) 0-5998 (8) 0-6110 (12) 0-3485 (18)
C(11) 0-5364 (8) 0-5217 (17) 0:3556 (27)
C(12) 0-5943 (12) 0-6984 (17) 0-2222 (17)
C(13) 0-7996 (23) 0-9035 (30) 0-9588 (31)
C(14) 0-8106 (25) 1-0134 (33) 0-8864 (49)
H(1) 0-799 (14) 0-879 (23) 0-599 (31)
H(2) 0-843 (14) 0-643 (20) 0-755 (31)
H3) 0-760 (13) 0-731 (23) 0-408 (27)
H(4) 0:740 (13) 0-450 (20) 0-511 (30)
H(5) 0:625 (14) 0-541 (22) 0-599 (29)
H(6) 0714 (16) 0:660 (21) 0-859 (29)
H(7) 0-633 (15) 0-703 (22) 0-799 (29)
H(8) 0-740 0-950 0-960

H(9) 0-820 0-950 1-050
H(10) 0-760 1-080 0-987
H(l1) 0-380 0-989 0-827
H(12) 0-860 1-020 0-751
H(13) 0973 0-540 0419
H(14) 0-993 0-542 0-256
H(15) 1-026 0-607 0-420
H(16) 0-870 0-810 0-299
H(17) 0-979 0-820 0-360
H(18) 0-950 0-780 0-200
H(19) 0-520 0:499 0-299
H(20) 0-530 0-459 0-512
H(21) 0-599 0-460 0-320
H(22) 0-540 0-720 0-222
H(23) 0-580 0-640 0-051
H(24) 0-680 0-740 0-187

Discussion of the structure

The labelling system used in this study is given in Fig. 1.
A diagrammatic representation and a stereoview of the

Table 3. >, and refined phase values

Intensity > result Refined phase values
Invariant Ean ¢an P4 (Ean) S(1) S S3) S@
16 0 O 2:10 b4 (0-16) T 0 n n
12 00 1-27 0 0-87 0 0 0 0
012 2 1-56 0 0-84 0 0 n 0
10 0 4 2:06 0 0-73 n n 0 0
6 0 4 2:92 7 0-23 0 n r n
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Table 5. The tensor components (A% x 10%) describing the anisotropic vibration of atoms

The tensor components are those occurring in the temperature factor exp [ —2n2(A2a*2Uyy + 2hka*b* U2+ . . .)]. All hydrogen
atoms were assigned isotropic temperature factors of 8 A2.

Un Uz Us;
S 98-3 91-3 60-9
0(2) 50-9 65-9 56-6
0@3) 33-0 68-6 667
O(4) 34-2 71-8 70-5
O(5) 521 532 57-3
0O(6) 62-7 43-8 654
C(1) 64-6 49-1 565
C(2) 43-4 64-2 545
Cc®3) 382 312 50-7
C4) 43-3 467 60-3
C(5) 43-1 655 628
C(6) 60-3 66-5 51-8
C(7) 44-0 55-8 763
C(8) 49-4 95:2 99-1
C(9) 689 108-1 868
C(10) 49-5 63-9 529
c11 41-6 107-6 1406
C(12) 89-5 90-9 74-8
C(13) 237-1 156:0 743
C(14) 2524 140-0 182-8

structure of EITGS are given in Figs. 2 and 3 res-
pectively. Intramolecular bond distances and angles
are listed in Tables 6 and 7.

Table 6. Bond distances

O(6)—C(1)  1-435(19) A C(2)—H(2) 139 (30) A
C(1)—C(2)  1-493 (20) C(3)—H(3)  1-09 (27)
C(2)—C(3) 1543 21) C(4)—H(4)  1:47 (25)
C(3)—C@4) 1-504 (18) C(5)—H(5) 093 (27)
CA—C(5)  1-566 (21) C(6)—H(6) 131 27)
C(5)—C(6)  1-493 (24) C(6)—H(7) 102 (27)
C(6)—O0(6)  1-462 (20) C(13)-H(8)  1-13*
S——C(1) 1785 (20) C(13)-H(9) 103
S——C(13) 1-758 (29) C(14)-H(10) 145
C(13)-C(14) 1-447 (6) C(14)-H(11) 1-30
C(2)—0(2) 1-418 (17) C(14)-H(12) 145
0Q2)—C(7) 1472 (22) C(8)—H(13) 076
C(7—C®B) 1-475 (23) C(8)—H(14) 1-13
C(H—CO) 1-485 (25) C(8)—H(15) 0-82
C(1—O(3) 1435 (16) C(9)—H(16) 1-04
0(3)—C((3) 1435(17) C(9)—H(17) 113
C4)—O@4) 1418 (21) C(9)—H(18) 0-97
O(4)—C(10) 1-456 (17) C(11)—H19) 0-63
C(10)-C(11)  1-489 (24) C(11)-H(20) 1-56
C(10)-C(12) 1-511 (26) C(11)-H21D) 131
C(10)~-0O(5)  1-462 (20) . C(12)-H(22)  0-94
O(5)—C(5)  1-428 (19) C(12)-H(23) 167
C(1)—H(1) 145(29) C(12)-H(24) . 1-54

* Hydrogen atoms H(8)-H(24) were more difficult to locate
than H(1)-H(7) and the positional parameters were not varied
during refinement cycles. Standard deviations are expected to
be greater than those listed for C-H bonds.

Previous studies (Brown & Levy, 1965; Parthasarathy
& Davis, 1967; Kim, Jeffrey, Rosenstein & Corfield,
1967; Sundaralingam, 1965; Sundaralingam & Jensen,
1965; Harris & Macintyre, 1964 ; Kraut & Jensen, 1963;
Trueblood, Horn & Luzzati, 1961; Jeffrey & Rosen-
stein, 1964) have shown that for pyranose and furanose

Uiz Uiz U2z
29-8 —252 —22-1
—-12'5 4-9 -71
—11-6 —0-6 —26'5
4-1 -09 —-30-6
219 —4-2 -39
11-9 —-17-8 —9-1
13-0 —18-3 - 68
2:5 —-52 37
- 12 -7-1 1-8
1-4 2-7 —13-3
13-5 11-5 —84
6-0 2:0 —-35
—-179 —-67 -~13-5
3-8 -1-0 -179
—32-8 —2-1 369
39 —150 —134
— 89 —14-8 —72:0
68 —-11-3 66
100-2 —170-2 —62-8
63-1 —95-8 —-91-6

ring systems the carbon—oxygen ring bonds are signi-
ficantly different in length, a feature which has been
attributed to the particular (« or §) molecular configu-
ation. In this study the C(6)-O(6) and C(1)-O(6) bond
distances differ in length (4=0-027 A) but this is not
statistically significant due to larger standard devia-
tions.

The conformation of this molecule is shown in Figs.
2 and 3 and can be expressed conveniently in terms of
the torsional angles* which are listed in Table 8.

* In the four-atom system 1, 2, 3 and 4, torsional angle, T,
about the 2,3 bond is positive if it is necessary to rotate the
nearest group through an angle less than 180° in a clockwise
direction in order to produce eclipsing of atom 4 by atom 1, i.e.

o

(Bucourt, 1964)

CHs
(¢}

CH,

Fig.2. Diagrammatic representation of the structure.
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Fig.3. Stereoscopic view of the molecule of EITGS.
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Fig.4. Torsion angles in the five-membered rings.

The conformations of the five-membered rings can
be easily deduced from the torsional angles about the
ring bonds. An envelope or near-envelope conforma-
tion requires four of the five ring atoms to lie-approx-
imately in a plane, and consequently it is necessary for
at least one torsional angle to be close to 0:0°, As all the
relevant torsional angles are greater than 7-0°, it is
evident that neither of the five-membered rings is in an
envelope conformation.

Calculation of the displacements of each pair of ad-
jacent atoms from the plane of the remaining three
atoms showed that only for one pair were the displace-
ments on opposite sides of the three-atom plane. This

3119

is in accordance with the geometrical requirements for
the twist form of a five-membered ring. An examina-
tion of the torsional angles alone is sufficient to allow
a qualitative description of the ring conformation. For
twist forms, the two torsional angles (zs, 7, — see Fig. 4)
involving the axis atom must have the same sign and
the mode of twisting may be deduced from the sign
(4 or —) of these two torsional angles. Viewing the
ring with the axis atom closest and line of sight passing
through the atom (3)-atom (4) bond, atom (3) is above
the plane of (5), (1) and (2) if the atom (1)-atom (2)
torsional angle (r,) is negative (see Fig. 4). In an ideal
twist form, 7, and 75 are equal in magnitude as well as
sign and the magnitude of the displacement of (4) and
(5) from the three atom plane is the same. In EITGS,
neither dioxolan ring has an ideal twist conformation.
In the trans-fused dioxolan ring, atoms O(3) and C(3)
are displaced —0-331 and +0:193 A respectively from
the plane of C(2), O(2) and C(9). The equation for this
plane is

—0-219X +0-948 Y~ 0-232Z — 3250 =0

where X, Y and Z are in A and refer to the crystallo-
graphic axes.

Similarly, for the cis-fused O-isopropylidene group,
atoms O(5) and C(5) are displaced +0-195 and
—0-413 A respectively from the plane of C(4), O(4),
and C(12) of equation

0-399.X +0-848 Y —0-348Z —8-99=0 .

It is apparent from these results that both dioxolan
rings have distorted twist conformations. Geometrical
properties of such conformations require that the atom
having greatest displacement from the three-atom plane

Table 7. Bond angles

C(6)—O0(6)—C(1) 113 (1)°
0(6)—C(1)—C(2) 111 (1)
C(1)—C(2)—C(3) 115 (1)
C(2)—C(3)—C(4) 113 (1)
C(3)—C(4)—C(5) 115 (1)
C(4)—C(5)—C(6) 119 (1)
C(5)—C(6)—O0(6) 113 (1)
0(6)—C(1)—S 114 (1)
0(6)—C(1)—H(1) 83 (10)
C(1)—S-———C(7) 101 (1)
S-———C(1)—C(2) 112 (1)
S-——C(1)—H(1) 125 (11)
S-——C(13)-C(14) 123 (3)
H(1)—C(1)—C(2) 110 (11)
C(1)—C(2)—O0(2) 112 (1)
C(1)—C(2)—H(2) 77 (10)
H(2)—C(2)—O0(2) 104 (11)
C3)—C(2)—0(2) 104 (1)
H(2)—C(2)—C(3) 142 (11)
C(2)—0(2)—C(7) 109 (1)
C(2)—C(3)—0(@3) 104 (1)
0(2)—C(7)—O0(3) 105 (1)
0(2)—C(7)—C(8) 109 (1)
0(2)—C(7)—C(9) 110 (1)
C(8)—C(H—O0(3) 108 (1)
C(8)--C(7)—C(9) 113 (2)
C(9)—C(1)—O(3) 112 (1)

C(N—03)—C(3) 106 (1)

0O(3)—C(3)—H(3) 111 (13)".

0(3)—C(3)—C(4) 110 (1)
H(3)—C(3)—C(2) - 113(13)
H(3)—C(3)—C(4) 106 (12)
C(3)—C(4)—H(4) 119 (9)
C(3)—C(4)—0(4) 110 (1)
H(4)—C(4)—O0(4) 100 (10)
H(4)—C(4)—C(5) 108 (10)
C(4)—0(4)—C(10) 110 (1)
C(5)—C(4)—O0(4) 104 (1)
0O(4)—C(10)-C(11) 108 (1)
0(4)—C(10)—C(12) 109 (1)
0(4)—C(10)-0(5) 103 (1)
C(11)-C(10)-C(12) 118 (1) .
C(12)-C(10)-0(5) 108 (1)
C(11)-C(10)-0(5) 110 (1)
C(10)-0(5)>—C(5) 108 (1)
0(5)—C(5)—C(4) 99 (1)
0(5)—C(5)—H(5) 99 (17)
0(5)—C(5)—C(6) 111 (1)
H(5)—C(5)—C(4) 99 (16)
H(5)—C(5)—C(6) 125 (17)
C(5)—C(6)—H(6) 136 (11)
C(5)—C(6)—H(7) 116 (15)
H(6)—C(6)—H(7) 82 (18)
H(6)—C(6)—O(6) 99 (12)
H(7)—C(6)—O(6) 104 (16)
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Table 8. Torsional angles about the various groups

0(6)-C(1): C@3)-C4):
C(6)-C(2) 53-5° C(2)-C(5) 60-4°
C(6)-H(1) 163-1 C(2)-0(4) 177-0
C(6)-S - 734 C(2)-H(4) — 689
C(1)-C(2): 0(3)-C(5) 176-3
0(6)-C(3) 357 0(3)-0@) — 67-1
0(6)-0(2) 154-0 O(3)-H(4) 470
O(6)-H(2) 104-7 H@3)-C(5) — 633
S—C(3) 163-9 H(3)-0(4) 53-2
S—O02) - 778 H(3)-H(4) 167-3
S—H(_2) 236 C(4)-C(5):
H()-C3) - 570 C(3)-C(6) - 336
H(1)-0(2) 61-3 C(3)-0(5) 868
H(1)-H(2) 1627 C(3)-H(5) -—176'6
C(2)-C(3): 0(4)-C(6) —153-4
c(H-C4 - 912 04)-0(5) — 330
C(1)-0(3) 149-1 O(4)-H(5) 636
C()-H3) 31-8 H(4)-C(6) 101-2
0(2)-C(4) 145-9 H(4)-0(5) —1384
0(2)-0(3) 26-2 H(4)-H(5) - 41-8
O(Q2)-H@3) - 9141 C(5)-C(6):
H(2)-C(4) 10-3 C(4)-0(6) 57-7
H(22)-0(3) —109-4 C(4)-H(6) — 746
H(2)-H@3) 1333 C(4)-H(7) 1765
C(6)-0(6): O(5)-0(6) — 568
c(5)-Cc(1) - 979 0O(5)-H(6) 171-0
H(6)-C(1) 49-9 O(5)-H(7) 620
H(7)-C(1) 1383 H(5)-0(6) —169-2
S-C(13): H(5)-H(6) 585
C(1)-C(14) — 546 H(5)-H(T) — 505
C(2)-0(2): C(4)-0(4):
Cc()-C®) —1323 C(3)-C(10) -—107-4
H(2)-C(9) 145-0 C(5)-C(10) 156
Cc(3-CO®) - 175 H(4)-C(10) 126-8
0(2)-C(7): 0(4)-C(10):
C(2)-C(8) —129-0 C(4)-C(11) —109-0
C(2)—C(9) 106-8 C(4)-C(12) 122:3
C(2)-0(3) — 13-8 C(4)-0(5) 79
C(1-0(3): C(10)-0(5):
0(2)-C(3) 30-9 o4)-C(5) - 313
C(8)-C(3) 147-1 C(11)-C(5) 84-7
C(9-C3) - 881 C(12)-C(5) —1458
0(3)-C(3): 0O(5)-C(5):
C(N-C(2) — 352 C(10)-C(4) 396
C(H-C4) ~—1568 C(10)-C(6) 166-1
C(7)-H(3) 83-0 C(10)-H(5) - 62+4
S-C(1):
C(13)-0(6) — 563
C(13)-C(2) 177-0
C(13)-H(1) 439

is opposite the smaller of the two torsional angles of
like sign. In the present cases, O(3) and C(3) are oppo-
site torsional angles of —7-5 and —13-8° respectively
and O(5) and C(5) are opposite torsional angles of
15-6 and 7-9° respectively.

The magnitudes of the largest torsional angles in the
two dioxolan rings (—35-2 and 39-6° for the trans and
cis fused rings) are of some interest. They are both

STUDIES OF SEPTANOSIDES. I

greater than the maximum torsion angle (30°) derived
from an X-ray study on bis-1,3-dioxolan (Altona &
van der Veek, 1968).

There is a similarity between the torsion angles in
the twist form of a five-membered ring and those in the
twist form of a seven-membered ring. As with the five-
membered ring, the two torsion angles involving the
axis-of-symmetry atom in the twist-chair conformation
of cycloheptane have the same sign and the mode of
twisting follows as before. In the present case, the
0O(6)-C(1) and C(1)-C(2) torsion angles have the
same sign and the signs of the other torsional angles
are correct for a twist-chair conformation (Hendrick-
son, 1967). EITGS may therefore be described as hav-
ing a twist-chair conformation corresponding to a cyc-
loheptane twist-chair in which the axis of symmetry
passes through C(1). As these two torsional angles are
positive, C(3) lies below the plane of O(6), C(1), and
C(2) viewed with O(6) to the right of C(1). Further
qualitative information on the shape of the seven-
membered ring follows from the magnitudes of the
torsion angles — the atom, C(5), opposite the smaller
of the two like-sign angles is displaced further from the
three-atom plane O(6), C(1) and C(2) than is the other
atom, C(4). The correctness of this qualitative descrip-
tion of the shape of the seven-membered ring is pro-
vided by calculations of atom displacements from
planes — see Table 9. These calculations show that the
seven-membered ring deviates slightly from a symmet-
rical twist-chair conformation, the plane of O(6), C(1),
and C(2) passing through C(4) instead of through the
midpoint of the C(4)-C(5) bond. It is instructive to
compare the observed torsional angles with those com-
puted (Hendrickson, 1967) for the twist-chair of cyclo-
heptane (see Table 10). The similarity of these values
is apparent.

Table 10. Comparison of observed torsional angles
and those computed for the twist-chair conformation

of cycloheptane
Observed  Computed*
0O(6)-C(1) 54 39
C(1)-C(2) 36 39
C(2)-C(3) —-91 —88
C(3)-C(4) 60 72
C(4)-C(5) -34 —-54
C(5)-C(6) 58 72
C(6)-0(6) -98 —88

* Hendrickson (1967).

There are no major discrepancies between the bond
lengths observed and those commonly accepted as

Table 9. Displacements of atoms from planes in the seven-membered ring

Planes

0(6), C(), C(2)

0(6), C(1), C(2), point midway between C(4) and C(5) —0-99

Distances (A) of atoms from the plane

C(Q3) C@) C(5) C(6)
—0-82 0-00 0-64 1-08
-031 0-34 0-93
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Fig.5. Molecular packing in the unit cell.

‘normal’ bond lengths. The average C-O distance is
1-44 A which is in good agreement with the C-O dis-
tances in ethers. The septanose ring C-O bond lengths
of 1-462 (20) and 1435 (19) A are not significantly dif-
ferent although there is some indication that similar
structures do have significant differences in bond
lengths.

The C(1)-C(2), C(3)-C(4) and C(5)-C(6) bonds are
1-49 (2), 1-50 (2) and 1-49 (2) A respectively and are
shorter than the C(2)-C(3) and C(4)-C(5) bonds of
length 1-54 (2) and 1-57 (2) A respectively.

Both of these latter bonds form part of the dioxolan
rings and we note that in a previously determined
structure (Jakobs, Reno & Sundaralingam, 1972) the
corresponding bond length in a trans-fused dioxolan
ring is significantly longer than the other ring C-C
bonds.

Bond angles within the seven-membered ring are all
greater than the tetrahedral value, in particular, the
119° angle at C(5). Within the dioxolan rings all the
angles are iess than the tetrahedral value, angles at the
oxygen atoms being larger (average 108°) than those
involving carbon atoms (average 103°). These values

Table 11. Some intermolecular approach distances
less the 40 A in the crystal structure

The superscripts denote the various symmetry transformations.

No superscript X y z

i’ 1-5—x 10—y z—0'5

” z—05 15—y 10—z
C(4)-H(2) 334(28)A O4)—H(2') 246 (26) A
C(4)-H(6") 3-09 (27) O4)—H@4) 31927
C(T)-H(5) 363 (27) O(4)—H(®6") 311 (27)
0(3)-C(5") 3:42 (2) C(10)-H(2") 3-23 (26)
0O(3)-C(6") 3-56 (3) C(11)-C(2) 3-88 (3)
O@3)-H4) 3-43(3) C(11)-0(2) 3:76 (3)
O(3)-H(5") 290 (27) C(11)-H(2) 293 (27)
O3)-H(7) 3-69 (28) C(10)-0(2”) 393 (2)
O3)-H(6")  3:30 (26) 0(5)—02") 356 (2)
C(8)-H(5) 3:37(27) oB5)—C(7”") 374 (2)
O4)-S’ 3-93 (2) O(5)—C(8") 362 (2)
0(4)-C(2) 344 (2) 0(5)—C(9”") 3-52(3)
0(4)-C4") 3-89 (2) C(D-0@2") 396 (3)
0O(4)-C(6") 378 (2) C(12)-0(2”) 3-80(3)

agree well with those reported for 5-O-chloroacetyl-
1,2:3,4-di-O-isopropylidene-a-D-glucoseptanose (Jack-
obs, Reno & Sundaralingam, 1972).

Fig. 5 shows the molecular packing in the unit cell
viewed along the ¢ axis. Intermolecular approach dis-
tances less than 4-0 A are given in Table 11.

References

ALTONA, C. & VAN DER VEEK, A. P. M. (1968). Tetra-
hedron, 24, 4371.

BraLE, J. P., Stepuenson, N. C. & STeVENs, J. D. (1971).
Chem. Commun. p. 484.

BrOwN, G. M. & Levy, H. A. (1965). Science, 141, 921.

BUCOURT, R. (1964). Bull. Soc. Chim. Fr. p. 2080

CoppPENs, P., LEiserowiTz, L. & RaBINOVICH, D. (1965).
Acta Cryst. 18, 1035.

CROMER, D. T. & MAaNN, J. B. (1968). Acta Cryst. A24,
321.

CRUICKSHANK, D. W. J. (1965). In Computing Methods in
Crystallography, edited by J. S. ROLLETT, p. 114. Oxford:
Pergamon Press.

DauseN, C. H. & TempLETON, D. H. (1955). Acta Cryst. 8,
841.

Harris, D. R. & MACINTYRE, W. M. (1964). J. Biophys.
p. 203.

HENDRICKSON, J. B. (1967). J. Amer. Chem. Soc. 89, 7036.

International Tables for X-ray Crystallography (1968). Vol.
III, p. 202. Birmingham: Kynoch Press.

JAcxoss, J., RENO, M. A. & SUNDARALINGAM, M. (1972).
Submitted for publication; see J. JackoBs & M. SuN-
DARALINGAM (1970). Chem Commun. p. 157, for a prelim-
inary communication.

JerFrReY, G. A. & ROSENSTEIN, R. D. (1964). Advanc.
Carbohydr. Chem. 19, 1.

KARLE, J. (1968). Acta Cryst. B24, 182.

KiM, S. H., JEFFREY, G. A., ROSENSTEIN, R. D. & CORFIELD,
P. W. R. (1967). Acta Cryst. 22, 733.

KRrauT, J. & Jensen, L. H. (1963). Acta Cryst. 16, 79.

PARTHASARATHY, R. & Davis, R. E. (1967). Acta Cryst.
23, 1049.

SUNDARALINGAM, M. (1965). J. Amer. Chem. Soc. 87, 599.

SUNDARALINGAM, M. & JeNsEN, L. H. (1965). J. Mol. Biol.
13, 914, 930.

TruesLoop, K. N., HorNn, P. & LuzzaTi, V. (1961).
Acta Cryst. 14, 965.



