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Abstract

The crystal structure of allosan, 1,6-anhydro-8-D-
allopyranose, C¢H,,0;, is monoclinic, space group P2,
with @ = 10-974 (2), b = 6-850 (2), c = 14-213 (2) A
and f = 109-30 (2)° (Z = 6, ¥ = 1008-4 A% and D,
= 1.60 Mg m~3). The structural parameters, describing
the three crystallographically independent allosan mole-
cules, were refined with the 1744 most significant
reflections, d > 0-71 A, to a conventional linear R value
of 0-029. The three molecules have different types of
intra- and intermolecular hydrogen-bonding schemes,
which are obviously of relevance for the deviations
observed between the three molecular conformations.
Assuming a similar coexistence of different conformers
also in solution offers a plausible structural explanation
for the anomalous NMR T, values observed for
allosan. The conformations of the pyranose and
anhydro rings of all three allosan molecules are
partially flattened 3C, chair and E, envelope, respec-
tively. Two of the hydroxyl groups are axial relative to
the pyranose ring at C(2) and C(4), and the third is
equatorial at C(3).

Introduction

Allosan, 1,6-anhydro-g-p-allopyranose, shows NMR
parameters which differ significantly from those ob-
served for other 1,6-anhydro sugars (Bock, Hall &
Pedersen, 1981) assuming a rigid chair conformation.
In the 1,6-anhydro sugars whose structures have been
determined so far (for references see e.g. Noordik &
Jeffrey, 1977), the conformations of the pyranose rings
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have always been flattened chairs (3C,). In view of the
pattern of the three hydroxyl substituents in allosan,
such a conformation would yield several short intra-
molecular contacts between the hydroxyl groups,
indicating different possibilities for intramolecular
hydrogen bonds. The present investigation was under-
taken in order to elucidate whether the anomalous
NMR relaxation data of allosan can be ascribed to
structural effects.

Experimental

A single crystal of dimensions 0-08 x 0-12 x 0-50 mm
was selected from a crystalline specimen obtained by
slow evaporation of an aqueous solution. Investi-
gations of the single crystal by X-ray photographic and
diffractometer techniques suggested P2, as the most
probable noncentrosymmetric space group. Preliminary
unit-cell parameters, a = 10-974 (2), b = 6-850 (2),c =
14-213 (2) A and B = 109-30 (2)°, were determined
from observed 8 values of 17 high-order reflections. The
preliminary unit-cell volume of 1008-4 A3 indicates that
the number (Z) of allosan molecules per unit cell is six,
since a volume of 167-3 A3 per molecule was observed
in the structure of the closely related substance
levoglucosan (Park, Kim & Jeffrey, 1971).

The intensities of all the 3158 unique reflections with
6 < 30° were collected on a computer-controlled
diffractometer (CAD-4), using graphite-monochro-
matized Mo Ka radiation and a scintillation detector
with a pulse-height discriminator set to accept 95% of
the incident radiation. The intensities, collected with the
w—26 scan techniques, using a scan interval of 0-7° +
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Table 1. Guinier powder diagram for Cu Ka, radiation
(1= 1-540562 A)

The estimated intensities, I,, were calculated from the single-
crystal intensity data. The list comprises the 25 reflections (hk/)
with the highest I, values. The observed sin? § and intensity values
were obtained from a visual evaluation of a powder photograph,
with Si (@ = 5-43088 A) as internal standard. 15 of the observed
sin? @ values were used for a least-squares determination of cell
parameters. Because of overlapping diffraction lines, one of the
observations (marked x) was omitted and three expected lines
(marked *) were not observable.

sin® enbs sin’ acalc I obs I est h k1
601 (2) 601 (1) 20 352 1 0-1
1817 (4) 1814 (1) 50 37-8 110
1865 (4) 1862 (1) 30 22:1 1 1-1
* 2402 (3) 100 {48-7 2 0-2
2425 (4) 2424 (1) 61.9 1 11
2569 (5) 2569 (1) 50 27-0 1 1-2
2675 (6) 2672 (2) 20 22.2 1 0-3
2964 (5) 2962 (2) 70 100-0 00 3
3102 (5) 3101 (3) 30 44.2 2 01
3471 (3) 81 210

x3472 ) (3486 @ 20 57 3438
3930 (6) 3933 (Q2) 30 20-2 1 1-3
* 5599 (3) 10 :5-2 120
5616 (8) 5620 (3) 7-7 113
5708 (11) 5720 (4) 5 6-6 3 1-1
6354 (11) 6363 (4) 5 5.7 022
7443 (10) 7448 (3) 10 9-9 2 2-2
* 8128 (5) 7.1 3 1-4
8150 (8) 8147 (3) 20 11.7 2 21
9663 (19) 9649 (5) 10 6-3 3 22

0-35° tan 6, were corrected for background, polari-
zation and Lorentz effects. The intensity data collected
were also used to estimate the intensities of the
strongest lines expected on a Guinier powder
photograph. In this way, most of the lines observed on a
powder diagram, registered with Cu Ka, radiation (4 =
1-540562 A) and silicon (a = 5-43088 A) as internal
standard, could be unambiguously indexed (¢f. Table
1). The unit-cell parameters derived from the powder
diffraction data, a = 10-976 (5), b = 6:858 (3), ¢ =
14.220 (5) A and B = 109-24 (5)°, agree well with
those obtained for the selected single crystal, sug-
gesting that the crystal is a good representative of the
specimen.

Structure determination

The crystal structure was solved by direct methods.
However, the solution of the phase relations offered
some problems which could partly be ascribed to the
fact that some of the largest normalized structure
factors (E values), especially for large values of §, were
obviously erroneous. By deriving the E values as
|E1? = |F,|*/elF,I* (where |F,| is the observed struc-

ture factor and |F,|? the local average value of 1F,|?)
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and estimating their e.s.d.’s from those of both | F,|2and
|F 12 {viz 0% = |E\}(0\r,/\F,1)* + (0iF/1F,12)*/4]},
the erroneous E values could be identified as being
statistically not very significant. Most of the non-
hydrogen atomic positions of the three crystallo-
graphically independent allosan molecules could be
determined by successive phase refinements based on
increasing partial structure information. The remaining
atomic positions were obtained by difference electron
density calculations.

Table 2. Fractional atomic coordinates and isotropic
temperature factors for the three independent (A, B
and C) molecules of allosan

The isotropic values for the nonhydrogen atoms are estimated from
the anisotropic values (Hamilton, 1959).

x y z U(AY
Molecule 4
c) 0.8710(3) 0.5558(5) 0.0828(2) 0.037
C(2) 0-7957(3) 0-7369(5) 0-0319(2) 0-029
C(3) 0-6870(3) 0-6727(5) —0-0621(2) 0-028
Cc4) 0-6166 (3)  0-4973 (5) —0-0390(2) 0-030
C(5) 0.-7156 (3) 0-3454(5) 0-0164(2) 0-035
C(6) 0-8190(3) 0-3056 (6) —0-0297(3) 0-040
o) 0-9153(2) 0-4522(3) 0.0139(2) 0-043
o(1) 0.7333(2) 0.-8283(4) 0-0926(2) 0-037
0(3) 0-6013 (2) 0-8306 (4) —0-1044 (2) 0-034
0(4) 0-5383(2) 0-5540(4) 0-0190(2) 0-035
0(5) 0-7900(2) 0-4285(3) 0-1113(1) 0-034
H(1) 0-945 (2) 0-589 (4) 0-142 (2) 0-021(7)
H(2) 0-858 (3) 0-818 (5) 0-014 (2) 0-028 (8)
HQ@3) 0-725(2) 0-637(4) —0-113(2) 0-013 (6)
H(4) 0-554 (3) 0-442(6) —0-105(3) 0-056 (10)
H(5) 0-682 (3) 0-242 (6) 0-033(2) 0-037 (10)
H(6a) 0-791 (3) 0-320(6) —0-104 (2) 0-045 (10)
H(6b) 0-861 (3) 0-187(7) —0-014(3) 0-051(11)
H(02) 0-780 (3) 0-872 (6) 0-147 (3) 0-054 (12)
H(03) 0-577 (3) 0-865(6) —0-067 (2) 0-031(11)
H(04%) 0-585 (4) 0-582(7) 0-070 (7) 0-075 (16)

x y z U(A?Y
Molecule B
C(1) 0-6936(2) 0-5795(5) 0-3148(2) 0-029
C(2) 0-6565(3) 0-3841(4) 0.3473(2) 0-027
C(3) 0.-5543(3) 0-4173(4) 0-3990(2) 0-029
C4) 0-4550(2) 0-5730(4) 0-3485(2) 0-028
C(5) 0.5204(2) 0-7442(5) 0-3179(2) 0-033
C(6) 0-6339(3) 0-8253(5) 0-4028(2) 0-034
o(1) 0-7397(2) 0-7013(3) 0-4015(1) 0-032
0(2) 0-6185(2) 0-2492(3) 0-2666 (1) 0-032
0Q3) 0-4940(2) 0-2390(3) 0-4115(2) 0-041
0(4) 0-3525(2) 0-4988(3) 0-2660(2) 0-038
0o(5) 0-5834(2) 0-6736(3) 0-2499(1) 0-030
H(1) 0-761 (2) 0-568 (4) 0-284 (2) 0-015 (6)
H(2) 0-731(2) 0-334 (4) 0-395 (2) 0-013 (6)
H(3) 0-599 (2) 0-462 (4) 0-467 (2) 0-022 (7
H(4) 0-414 (2) 0-613 (4) 0-400 (2) 0-023 (7
H(5) 0-452 (3) 0-857(5) 0-282 (2) 0-039 (8)
H(6a) 0-620 (3) 0-817(5) 0-471 (2) 0-041 (9)
H(6b) 0:657 (3) 0-955 (5) 0-394 (2) 0-038 (8)
H(02) 0-560 (3) 0-287 (5) 0-218 (2) 0-036 (9)
H(03) 0-434 (4) 0-223 (8) 0-364 (3) 0-072 (17)
H(04) 0-375(3) 0-485 (5) 0-218 (2) 0-030 (9)
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Table 2 (cont.)

x y z U(A?»
Molecule C
c() 0-1415(3) —0-1418(5) 0-2908 (2) 0-035
C(2) 0-0987 (3) —0-1904 (5) 0-3792(2) 0-033
C(3) 0.0322(2) —0-0130(4) 0-4070(2) 0-030
C@4) —0-0540 (3) 0-0974 (4) 0-3159(2) 0-030
C(5) 0-0125 (3) 0-1123(5) 0-2382(2) 0-037
C(6) 0-1486 (3) 0-1935(6) 0-2786 (3) 0-054
o(1) 0.2271 (2) 0.0223(4) 0.3136(2) 0-052
0(2) 0-0169(2) —0-3568(3) 0-3527(1) 0-038
0o@Q3) —0-0358(2) —0-0672(4) 0-4725(1) 0-039
o@4) -0:1737(2) 0-0003 (3) 0-2746 (1) 0-033
0(5) 0.0354 (2) —0-0821(3) 0-2094 (1) 0-031
H(1) 0-185(3) —0-257(5) 0-274 (2) 0-041 (8)
H(2) 0-177 (2) —0-211 (4) 0-431(2) 0-028 (7)
H(3) 0-104 (2) 0-069 (4) 0-445 (2) 0-011 (5)
H(4) —0-063 (3) 0-218 (5) 0-341(2) 0.031(7)
H(5) —0-043 (2) 0-177 (5) 0-180 (2) 0:039 (8)
H(6a) 0-161 (3) 0-269 (7) 0-339(3) 0-079 (13)
H(6b) 0-177 4) 0-250 (8) 0-222(3) 0-081 (15)
H(02) 0-021 (3) —0-406 (5) 0-407 (2) 0-044 (10)
H(3) -0-095Q3) —0-098 (7) 0-443 (3) 0-055 (15)
H(O4) 0:765 (3) 0-057 (6) 0-266 (2) 0-052(12)

The 418 structural parameters, describing aniso-
tropically vibrating nonhydrogen atoms and isotropic
H atoms, were refined by conventional least-squares
techniques (Sheldrick, 1976) with the 1744 most
significant [a(Z,)/I, < 0-33] reflections and minimizing
2. w|IF,| — |F,l|% The individual weights w used were
calculated as w = 1/[0%(I,) + (kI,)*1/41,, where o(1,)
are the e.s.d.’s of the net intensities based on counter
statistics and where k was estimated from measure-
ments of symmetry-related reflections to be 0-028. In

Table 3. Intramolecular bond distances (A) with
e.s.d.’s for the three independent allosan molecules

(A, B,and C)
A B c
C(1)-C(2) 1.533 (4) 1-515 (4) 1-517 (5)
Cc(2-C3) 1-532 (4) 1.547 (5) 1-535 (4)
C(3)-C() 1-522 (5) 1.524 (4) 1-528 (3)
C4)—-C(5) 1.522 (4) 1-.512 (4) 1.515 (5)
C(5)-C(6) 1-511(6) 1-524 (4) 1-518 (4)
C(1)-0(5) 1397 (4) 1-411 (3) 1-404 (3)
C(5-0(5) 1.443 (4) 1-445 (4) 1439 (4)
C(1)-0(1) 1-419 (4) 1-435 (3) 1432 (4)
C(6)-0(1) 1.441 (4) 1.444 (4) 1-443 (4)
C(2)-0(Q) 1-413 (4) 1.424 (3) 1-423 (4)
C(3-0(3) 1-429 (4) 1-428 (4) 1421 (4)
C(4)-0(4) 1-427 (4) 1-424 (3) 1415 (3)
C(1)=H(1) 0-99 (2) 0-98 (3) 0-99 (4)
C(2)-H(2) 0-98 (4) 0-94 (2) 0-94 (2)
C(3-H(@) 0-98 (3) 0-98 (3) 0-97 (2)
C(4)-H(4) 1-03 (3) 1-02 (3) 0-91(3)
C(5)-H(5) 0-87 (4 1-08 (3) 0-96 (3)
C(6)-H(6a) 1.00 (3) 1-03 (4) 0-98 (4)
C(6)—H(6b) 0-93 (4) 0-95 (4) 1.03 (5)
0(2)-H(02) 0-83(3) 0-81(3) 0-83(3)
O(3)-H(03) 0-71 (4) 0-78 (4) 0-68 (3)
O(4)-H(04) 0-75 (4) 0-80 (3) 0-75 (4)
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Table 4. Intramolecular bond angles (°) with e.s.d.’s
for the three independent allosan molecules (A, B, and

0
A B C
C2)—C(1)-0(1) 109-5 (3) 107-8 (2) 110-2 (2)
C(2)—-C(1)-0(5) 110-3 (2) 110-1 (2) 110-3 (2)
0O(1)—C(1)-0(5) 1065 (3) 106-2 (2) 105-1(2)
C(1)-0(1)—C(6) 106-0 (3) 107-2 (2) 106-7 (2)
C(1)-C(2)-C(3) 108-8 (2) 109-0 (2) 110-1 (2)
C(1)-C(2)-0(2) 111-4 (3) 111-4 (2) 107-3 (2)
C(3)-C(2)-0(2) 105-4 (2) 114-4 (2) 113.0 (2)
C(2)—C(3)-C(4) 110-1 (2) 113-4 (2) 112-8 (2)
C(2)-C(3)-0(3) 111-3 (2) 111-8 3) 111-0 2)
C(4)—-C(3)-0(3) 1122 (2) 111-6 (2) 111-9 (2)
C(3)—C(4)—C(5) 109-0 (2) 110-2 (2) 109-8 (2)
C(3)-C(4)-0(4) 110-8 (2) 112-7 2) 110-4 (2)
C(5)—C(4)-0(4) 110-5 (3) 111:2 2) 109-5 (2)
C(4)—C(5)—C(6) 114-1 (3) 113-3 (2) 113:6 (3)
C(4)—C(5)-0(5) 107-5 (3) 1081 (2) 108-4 (2)
C(6)—C(5)—0(5) 101.7 (2) 101-8 (2) 101-8 (2)
C(1)-0(5)-C(5) 101-1(2) 102-2 (2) 102-1(2)
C(5)—C(6)-0(1) 103-7 3) 103-0 (3) 103-5 (3)

Fig. 1. Schematic structural formula of allosan, 1,6-anhydro-
B-D-allopyranose, together with atomic labels used in the present
study.

the final refinement cycle the linear unweighted R value
became 0-029, while the weighted R, [= (2 w|IF,l —
|F,l|%/2 wiF,1)"?] was 0-031. The atomic form
factors used were those of International Tables for
X-ray Crystallography (1974).

In Tables 2, 3 and 4* the atomic coordinates and the
intramolecular bond distances and angles obtained are
listed. The atomic labelling used is shown in Fig. 1.

Discussion

The molecular packing and hydrogen bonds are shown
in Fig. 2. The three independent molecules (designated
A, B and C in Fig. 2) have rather different sur-
roundings in the crystal structure which obviously

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 35852 (7 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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influence the observed molecular conformations to a
certain extent. The crystal structure can be considered
as composed of layers (with a thickness of two
molecules) stacked along the (201) direction and held
together by mainly van der Waals forces. No hydrogen
bonds appear to be formed between these layers; the
intermolecular hydrogen bonds form a three-
dimensional network within each layer. Thus, the A4
molecules form an infinite hydrogen-bonded array
along the twofold screw axis through (3,0,0), through
the hydrogen bond numbered 1 in Fig. 2 and Table 5.
The C molecules form a similar array (hydrogen-bond
number 2) along the 2, axis through (0,0,4). These
arrays of 4 and C molecules are hydrogen bonded to
each other by the bond numbered 3. The layer is further
stabilized by the four hydrogen bonds (numbers 4-7)
formed between the B molecules and the two molecular
arrays. The hydrogen bonds are formed mainly
between the hydroxyl groups of the allosan molecules;
the only endocyclic O atom involved in hydrogen
bonding is the O(l) atom in the anhydro ring of
molecule B. This bond is probably of relevance with
regard to the larger deformation observed for this ring
(¢f- Table 6).

The only hydroxyl groups which do not act as
hydrogen donors in any intermolecular hydrogen bonds
are those at O(4) and O(3) in the A and B molecules,
respectively. These atoms are instead involved in short
intramolecular contacts (numbers 8 and 9), indicating
that intramolecular hydrogen bonds are formed in the 4
and B molecules from O(4) to O(2) and from O(3) to
0O(4), respectively. The H atom attached to the O(3)
atom of molecule C shows a short intramolecular
contact (number 10) with the O(4) atom. Since O(3) is
also involved as a donor to a rather strong inter-
molecular hydrogen bond (number 6), the observations
indicate that O(3)—H possibly participates in a bifur-
cated bond composed of one strong intermolecular
bond and one weaker intramolecular bond. As dis-
cussed below the difference in the intramolecular
hydrogen-bonding schemes for the three molecules is in
accordance with the observed larger puckering of the
pyranose ring in molecule A. In a recent structural

Fig. 2. Steroscopic packing diagram of the allosan structure viewed
along the b axis. Intermolecular hydrogen bonds are indicated by
thin lines, and intramolecular hydrogen bonds by dashed lines.
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study of 1,6-anhydro-f-p-galactopyranose (Ceccarelli,
Ruble & Jeffrey, 1979), the observed differences among
the three crystallographically independent molecules
are possibly also due to differences in the hydrogen-
bond schemes.

The conformations obtained for the three allosan
molecules agree in general (see Table 6) with those
found earlier in other anhydro sugars, such as 1,6-
anhydro-f-D-glucopyranose (levoglucosan, Park, Kim
& Jeffrey, 1971) and 1,6-anhydro-3,4-O-isopropyl-
idene-g-D-talopyranose (AIT, Panagiotopoulos, 1974).

Table 5. Short interatomic contacts indicating possible
hydrogen bonds

The atoms involved are identified by the atomic label followed by
the molecular label (4. B or C, ¢f. Fig. 2). The H..-O distances
given in parentheses correspond to O—H bond distances of 1-0 A.
The e.s.d.’s are about 0-004 and 0-04 A for O---O and H---O
contacts respectively.

Symmetry code
for acceptor

Number atom 0---0 H---O
1 O(34)-H---0(44) l—x.—4+r.—2z 2.718A 2.08 (1-83)A
2 0(20)-H-.-0(30) —x3+nl-z 2.820 2-00 (1-83)
3 OQA)>H.-.-04C) —l+x,—1+yz 2.716 1:92 (1-77)
4 O(2B)-H---0(34) T-x i+ —z 2.787 1-99 (1-83)
5  O(4B)-H---0(34) 1-xd+y—z 2.763 2-02 (1-85)
6  O(3C)-H..-0(1B) lexl+pz 2.821 2-20 (1-90)
7 O(4C)-H-.-0(2B) “l+x0z 2-819 2-08 (1-83)
8 0(44)-H...0024) None 2.779 2:29(2-14)
9  O(3B)-H.--0(4B) None 2-781 2.34(2-26)
10 O(30)-H.-.-0(40) None 2-756 2-36 (2-28)

Table 6. Some relevant torsion angles within the three

independent allosan molecules (A, B, and C) compared

to those observed for levoglucosan and for 1,6-anhydro-
3,4-0O-isopropylidene--D-talopyranose (AIT)

The e.s.d.’s of the torsion angles involving nonhydrogen atoms

are 0-3°.
Levo-

A B C glucosan  AIT
Pyranose ring
C(1)-C(2)-C(3)-C4) 45.9°  39.6° 39.4°  35.2°  25.2°
C(-C(3-C4)~-C(5) —49-0 —-41.3 —41-4 -39.5 =279
C(3)-C(4)—-C(5-0(5) 652 596 60-4 55-8 55-0
C(4)-C(5)-0(5)-C(1) -764 -76.2 -76-4 —75-3 —79-7
C(5)-0(5)-C(1)—C(2) 75-0 76-3 75-0 75-1 77-8
O(5)-C(1)-C(2)-C(3) —61-4 -—-58.2 —-57.5 —-57.3 —-50.7
Anhydride ring
O(1)-C(1)-O(5)-C(5) —43-7 —40-2 -—43.7 —40.6 —43.2
C(1)-0(5)—-C(5)-C(6) 43.8 43.5 43.6 45-1 42.3
O(5-C(5-C(6)-0O(1) —28.9 -31.1 -27.8 -33.7 =276
C(5)-C(6)-0(1)-C() 3-1 7-3 2.0 99 2-0
C(6)-0(1)—C(1)-0(5) 25.2 20-0 25.5 18-4 254
Hydroxyl groups
0(5)-C(1)-C(2)-0(2) 54.3 68-9 65-8
C(1)—-C(2-C(3)~0(3) 171.0 166-9  165-8
C(2)-C(3)-C(4)—0(4) 72.8 83.4 79-4
Hydroxyl hydrogens
C(1)-C(2-0(2)-H 63 -56 157
C(2-C(3-0@3)-H -57 -90 —86
C(3)-C(4)—0(4)-H —69 =77 127
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Thus, the pyranose rings adopt flattened 3C, chair
conformations (Schwarz, 1973) and the five-membered
anhydro rings distorted E, envelope conformations.
The differences between the anhydro sugar molecules
as regards the pyranose and anhydro ring confor-
mations are consistent with the different hydrogen-
bonding schemes in the structures. Thus, the strain
introduced by the intramolecular hydrogen bond
between O(4) and O(2) of the allosan molecule A4 is
expected to give rise to increased torsion angles in the
pyranose ring, except for those about the C(5)—0(5)
and O(5)—C(1) bonds. Furthermore, the torsion angles
involving the hydroxyl groups at C(2) and C(4), viz
0(5)—C(1)-C(2)—0(2) and C(2)—C(3)—C(4)—0(4),
would decrease, while C(1)—C(2)—C(3)—0(3) would
increase. These effects are evident from Table 6. The
effect of a strong intramolecular hydrogen bond
between O(3) and O(4), on the other hand, would give
decreased torsion angles over the C(1)—C(2), C(2)—
C(3), C(3)—C(4) and C(4)—C(5) bonds, similar to (but
smaller than) the effect of the 3,4-O-isopropyl substit-
uent in AIT (Table 6). However, in the present study
the hydrogen bonds between O(3) and O(4) in the B
and C molecules are rather weak and do not seem to
influence the pyranose conformation to any great
extent. As regards the conformations of the anhydro
rings, the endocyclic O(1) atom in the B molecule
participates in an intermolecular hydrogen bond (num-
ber 6 in Table 5), yielding a small distortion of the ring.
A similar hydrogen bond occurs in the levoglucosan
structure but not in the AIT structure, which explains
the similarities between the anhydro ring conformations
of levoglucosan and allosan molecule B, and the
similarities between AIT and molecules 4 and C.

Fig. 3 shows the conformations of the three allosan
molecules, as seen perpendicular and parallel to the
least-squares plane through the atoms C(1), C(2), C(4)

2A

1
0
1
2

A B C

Fig. 3. Conformations of the three crystallographically independent
allosan molecules viewed perpendicular and parallel to the
least-squares planes through the atoms C(1), C(2), C(3), and
C(5).
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and C(5) of the pyranose rings. The root-mean-square
deviations (r.m.s.d.’s) of these four atoms from the
planes are 0-018, 0-008 and 0-014 A for the A4, B and
C molecules, respectively. Least-squares planes through
the atoms O(1), C(1), C(5) and C(6) of the anhydro
rings give r.m.s.d.’s of 0-015, 0-035 and 0-010 A, and
angles to the pyranose ring planes above of 111-2,
109-5 and 111-0°, respectively.

The intramolecular non-hydrogen-bond distances
and angles in the pyranose and anhydro rings agree
well with those found in other anhydro sugars (Noordik
& Jeffrey, 1977), except for the bond angle C(2)—
C(3)—C(4) which is considerably smaller (110-1
compared to 113-4 and 112-8°) in allosan molecule 4.
This is obviously another effect of the rather strong
intramolecular hydrogen bond between the hydroxyl
groups at C(2) and C(4) in this molecule. Hydrogen-
bond effects are evidently also responsible for the
observed differences in some of the exocyclic non-
hydrogen-bond angles involving the three hydroxyl
O atoms [O(2), O(3) and O(4)]. It is likely that at least
some of the observed intramolecular hydrogen bonds
also occur in solution, yielding different conformers.
The coexistence of several allosan conformers in
solution offers a plausible structural explanation for the
anomalous NMR 7', values of allosan as compared to
other anhydro sugars.

As in other anhydro sugars there is a dispro-
portionation of the C—O bond lengths in the anhydro
rings, due to the so-called anomeric effect (¢f. Berman,
Chu & Jeffrey, 1967). Thus the outer bonds of the
C(5)—0(5)—C(1)—0(1)—C(6) fragment are somewhat
longer than the inner bonds, as is evident from the
average values in the allosan molecules of 1-442, 1.404,
1.428 and 1-443 A, respectively.
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