Acta Chemica Scandinavica B 32 (1978) 733—742

Molecular Structure and Conformational Studies of the Oxime

Derivatives of pD-Glucose and p-Arabinose in the Crystal Phase

ARVID MOSTAD

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystal and molecular structures of De
glucose oxime as well as of both syn and anti
isomers of D-arabinose oxime have been studied
by X-ray crystallographic methods. The struc-
tures were refined to conventional R-factors of
0.049, 0.10 and 0.037, respectively. The e.s.d.
for bond lengths and angles not involving hy-
drogen atoms are 0.01 A and 0.5° for the
glucose derivative, 0.01 A and 0.8° for arabinose
oxime in the anti form and 0.002 A and 0.1°
for arabinose oxime in the syn form.

The molecules of the glucose derivative
appear in the crystals as N-g-D-glucopyranosyl-
hydroxylamine. The conformation about the
bond between the sp® and the sp® hybridized
carbon atoms in the two isomers of arabinose
oxime is discussed.

The oxime derivatives of D-arabinose and D-
glucose are of interest as enzyme inhibitors.!?
Sugar oximes may be compared to the phenyl-
hydrazones, in formation as well as in the
several isomeric states in which they may exist.
Phenylhydrazone derivatives of several sugars
have been investigated by X-ray methods,*™*
but no such studies have been carried out on
sugar oximes.

The structure and conformation of the D-
glucose and D-arabinose oximes have, however,
been studied by various physical techniques
and whereas the D-glucose oxime is reported to
exist in the crystal as the B-pyranose isomer,
the D-arabinose oxime is found in the acyclic
anti form!. On the other hand, both arabinose-
and glucose-phenylhydrazones were found to be
in the pyranose form by X.ray studies of such
crystals,’® and therefore it was decided to
investigate also the oxime derivatives by X-ray
methods. The crystals of the glucose derivative
were shown to contain the molecules in the
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N-pyranosylhydroxylamine form whereas two
different types of crystals from the arabinose
derivative contained the open chain structures
of the anti and syn isomers. The compounds
will be referred to accordingly in the following.

(I)H
H N H. N,
\ ‘/ N\ f/ Now
R R
syn anti
Scheme 1.
EXPERIMENTAL

Samples of D-glucose oxime and D-arabinose
oxime were supplied by Dr. Paul Finch at
Royal Holloway College, University of London.
Both samples contained colorless crystals which
might be used directly for the X-ray diffraction
experiments. However, as the sample of
arabinose oxime was large enough for recrys-
tallization, suitable crystals were obtained from
a solution of arabinose oxime in a water-ethanol
mixture by slow addition of diethyl ether.
These crystals proved to be different from those
in the original sample and were subsequently
used in a separate structure analysis. All in-
tensity data were collected at room temperature
on a SYNTEX P1 four—circle diffractometer
using graphite crystal monochromated MoK«
radiation (1=0.71069 A). Cell parameters were
determined by a least-squares fit to the
diffractometer settings for 15 general reflec-
tions. Intensity data were recorded using 6/260
scanning mode with scan speed (20) of 2°
min~!, The scan range was from 1° below
20(«,) to 1° above 26(«,) and background counts
were taken 0.35 times the scan time at each
of the scan limits. All unique reflections with
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2°<20<60° were measured and those with : YRR
intensities larger than 2.5¢(I) were considered é’ §§§§§§§§E§§§§
as observed and retained for the analysis of SEXR2RISRIRIEE
the respective structures. The standard devia- 3 3888838 § 88388
tions for the intensities were calculated by ] 8 cocccSSSSSSSS
o(I)=[Cp+ (0.02Cx)*}, where Cp is the total R H ' i
number of counts and Cy is the scan count minus R
background count. The intensity measurements N P P PPy
were monitored by three test reflections at 2 SIRRZIIIIIIIIR
intervals of §7. The variation of the test reflec- R eSS oo ReR S
tions were found to be less than 2 9, for all 2 aﬁﬁxgzgsgsggg
three sets of data. The usual corrections were g = g g g g = g S g = g g g g
made for Lorentz and polarization effects, @ [S) {1 T T T T T O I B B
but no corrections were made for absorption g
and extinction. Scattering factors used were 3
those of Doyle and Turner for C, N and O,’ .§ NSO RYR "D 0O 0~ >
and of Stewart, Davidson and Simpson for Bt R R T S
H.® Descriptions of the computer programs 'E + o3 § § SARBRIZX=3S
used are given in Refs. 9 and 10. The quantity 9= ™ 3883333333333
minimized in the least-squares caulculations wx S eegeooeoecooS
was >wAF?® where w is the inverse of the X R L !
vag?nce of tht;h observed structure factors. 2 §
ucopyranosylhydroxylamine. The crystal ) P o o e
specimen useddfl'orydatzycollection was & I;1ym:3,11 é §_ ‘35?’,82 XA R §
prismatic needle with dimensions of about A S8 ¥IsNgEEYIS
0.05 x 0.08 x 0.20 mm. The crystals are mono- < ! 3 § § § § E g § § z § 888
clinie, systematic absent reflections are k odd = R 3333333333333
for (0k0) and the space group is thus P2,. Of the k| f
n}llea.spreq 1213 unlique reflections only 570 g =
showing intensities larger than 2.5(I) were con- ® YeggRrzaengay
sidered as observed m%d used for éhZ) structure T :?’ g’% g %%%%% %3’%% ;{
analysis. 2% | o | 3583288 RR0R2S
Arabinose oxime (anti). The original sample § I S P e B i e i ]
of this compound consisted of small plate- ® g eeeceececessese
formed crystals which readily split in thin oo
flakes, and most of the crystals with suitable B Ch oo YN FOHID D
size for X.ray experiments gave diagrams in- B8 @Q383833§3$3§
dicating disorder. However, a suitable specimen £ SSSRSIRR3E8RY
of 0.1 x 0.4 x 0.5 mm was eventually found and %‘a = 8338888583388
used for the structure analysis. The crystals are @ R SecscsSSSSSS S
monoclinic and the systematic absent reflec- 'h
tions are k odd for (0k0), the space group thus 2 N
being P2,. 881 reflections had intensities larger ] mRsarageaREzs
than 2.50(I) and were used in the structure g SRS TR BE NN BB S
determination. 2 § CEE RSP RARNERIY
Arabinose oxime (syn). The recrystallization > *?é 2 2 2 2 ;’ 2 ;’ 2 ;’ 2 3 2; 2
described above yielded colorless prismatic '§ e . | [ |
needles suitable for X.ray work. A crystal of g
dimensions 0.15 x 0.3 x 0.5 mm was used for data gg
collection. These crystals are orthorhombic 5 2 ERSe 000 0s000
with systematic absent reflections where A odd g & SESE EEN::KE’N\@'
for (h00), k odd for (0k0) and I odd for (001), 8 & SSSESERISS DS
the space group being P2,2,2,. Of the 1530 © 8 = g s g 3 g g 83 g g g g
measured reflections 1387 were observed having -2 § > [ I
intensities larger than 2.5¢(1). S é
Q
CRYSTAL DATA EF SEgaedaasaass
Q. SPOH OO DIO NI WD
B QUMNOWOI DN O
Glucopyranosylhydroxylamine,  CeNOGH,,, 3 g BrARSR 8o R 3’:3 223
monoclinic, a=5.524(2) A, 5=13.877(3) A, KEg | 8 | S~ SSSSSSSSSeS
c=5.240(2) A, p=96.59(2)°, T=281 K, V= .5
399.0 A%, M =195, Z=2, F(000)=208,D,=1.62 $& | §
g cm™?, space group P2, (No. 4). &R - 358338z888388
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Table 2. Fractional atomic coordinates and B-
values for hydrogen atoms in glucopyranosylhy-
droxylamine. The standard deviations are 1072,

Atom x Yy z B

HC1 0.49 0.18 0.11 0.4
HC2 1.02 0.21 0.00 0.4
HC3 0.84 0.09 0.40 0.6
HC4 1.05 0.02 -0.04 0.4
HCs 0.57 0.01 0.11 4.0
HI1C6 0.73 -0.06 —~0.39 —-04
H2C6 0.65 -0.13 -0.17 -0.3
HN 0.68 0.25 —-0.33 3.1
HO1 0.24 0.31 -0.28 6.0
HO2 0.81 0.32 0.25 2.6
HO3 1.21 0.15 0.49 1.0
HO4 1.09 -0.07 0.29 2.6
HO6 0.34 —0.01 —0.43 0.5

Arabinose oxime (ant:), C;NO,H,,, mono-
clinic, @=4.898(2) A, b=5.160(3) A, c¢=
14.436(7) A, p=90.98(4)°, T=281 K, V =364.8
As, M=165, Z=2, F(000)=166, Dy=1.59 g
em™, space group P2, (No. 4).

Arabinose oxime (syn), CyNOH,,, ortho-
rhombic, a@=4.708(1) A, b=8.955(4) A,
c=17.239(3) A, T=281 K, V=7268 As
M=165, Z=4, F(000)=332, D;=1.61 g cm™,
space group P2,2,2, (No. 19).

STRUCTURE DETERMINATION

All three structures were solved by direct
methods using the program assembly
MULTAN." Tables of observed and calculated
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structure factors are available from the author.

Glucopyranosylhydroxylamine. Phases were
determined for 150 reflections with # >1.3
and an B map based on the set with highest
AFOM (0.99) indicated the position of frag-
ments of the molecule. Successive Fourier
refinements revealed all the non-hydrogen
atoms, whereas the hydrogen atoms were
introduced from stereochemical considerations
after a preliminary least-squares refinement. All
positional parameters except y(O5), anisotropic
thermal parameters for non-hydrogen atoms
and isotropic thermal parameter for hydrogen
atoms were refined by least-squares methods
to a conventional R-factor of 0.049, and a
goodness of fit, s=(Jwd/m—n)t, of 1.33.
Final parameters are listed in Tables 1 and 2.

Arabinose oxime (anti). Phases were deter-
mined for 100 reflections with £ > 1.56. An
E-map based on a phase set with AFOM =1.07
indicated a molecular fragment consisting of 11
non-hydrogen atoms. After preliminary Fourier
and least-squares refinements the hydrogen
atoms were introduced from stereochemical
considerations and refinements continued until
the least-squares refinements terminated at a
conventional R-factor of 0.11 and s=86.7.

All positional parameters except Y (O1) and
the anisotropic thermal parameters for the
non-hydrogen atoms were refined, whereas the
isotropic thermal parameters were held constant
at B=3.0 for the hydrogen atoms. The final
parameters used in the discussion below are
given in Tables 3 and 4.

Table 3. Fractional atomic coordinates and thermal parameters with estimated standard deviations for
non-hydrogen atoms in D-arabinose oxime, ant:. The anisotropic temperature factor is given by

exp — 2n%(Ulla*h?+ ...+ 2U12a*b*kk +...).

Atom » y z Ull U2 U3 Ul2 U13 U23

o1 0.3359(15) 0.7743 0.0785(5) 0.0628 0.0206 0.0455  0.0030  0.02356  0.0048
02 —0.2048(14) 0.2796(21) 0.1987(5) 0.0320 0.0410 0.04569  0.0007 —0.00056  0.0055
03 0.3190(13) 0.3210(20) 0.2907(5) 0.0350 0.0350 0.0522  0.0086  0.0093  0.0125
04 —0.1476(15) 0.8550(19) 0.3107(4) 0.0429 0.0400 0.0420  0.0110  0.0096  0.0078
05 0.3714(16) 0.9045(20) 0.4085(5) 0.0581 0.0269 0.0543 —0.0010 —0.0009  0.0040
N 0.2345(17) 0.5149(22) 0.0500(5) 0.0478 0.0416 0.0266 —0.0011  0.0060  0.0016
cl 0.1592(22) 0.3847(22) 0.0968(7) 0.0440 0.0365 0.0450  0.0048 —0.0076 — 0.0083
o2 —0.0136(20) 0.4768(25) 0.1781(7) 0.0318 0.0300 0.0519  0.0017  0.0004  0.0104
03 0.1669(20) 0.5470(27) 0.2584(6) 0.0427 0.0303 0.0262  0.0072  0.0038  0.0032
4 0.0039(21) 0.6327(24) 0.3436(7) 0.0430 0.0186 0.0524 —0.0055  0.0209  0.0058
o5 0.1843(22) 0.6962(26) 0.4261(6) 0.0459 0.0454 0.0304 —0.0083  0.0107 —0.0011
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Table 4. Fractional atomic coordinates and
B-values for hydrogen atoms in D-arabinose
oxime, anti. The standard deviations are
1-2x107%,

Atom x Y z B
HCl 0.24 0.21 0.07 3.0
HC2 —-0.19 0.58 0.14 3.0
HC3 0.30 0.70 0.24 3.0
HC4 —0.12 0.53 0.34 3.0
HIC5 0.05 0.73 0.41 3.0
H2C5 0.34 0.57 0.44

HO1 0.53 0.14 0.97 3.0
HO2 1.12 0.79 0.77 3.0
HO3 0.50 0.69 0.74 3.0
HO4 1.25 0.13 0.66 3.0
HO5 0.65 —0.07 0.63 3.0

Arabinose oxime (syn). The phases for 100
reflections with £ > 1.4 were determined and
resulted in two sets with AFOM=1.16. The
first set which was tried indicated the positions
of all the non-hydrogen atoms. After a pre-
liminary least-squares refinement the hydrogen
atoms were introduced in agreement with stereo-
chemical requirements and the short oxygen —
oxygen contacts indicating hydrogen bonds.
All positional parameters, anisotropic thermal
parameters for non-hydrogen atoms and iso-
tropic thermal parameters for the hydrogen
atoms were refined by least-square methods to a
conventional R-factor of 0.037 and a goodness
of fit of s=2.1. The final parameters are given
in Tables 5 and 6.

DESCRIPTION OF THE STRUCTURES

1. Glucopyranose hydroxylamine. The packing
of the molecules in the crystals and the hydrogen
bonding is given in Fig. 1, where the numbering
of the atoms is also indicated. Interatomic
distances and bond angles are given in Table 7.
Within the rather low accuracy the bond
lengths and angles conform well with those
found in similar structures.®!*!? It will be seen
from Fig. 1 that the compound exists in the
crystal in the pyranose form and thus as the
hydroxylamine derivative. This is quite
analogous to the p-bromophenylhydrazone
derivative of D-glucose which in the solid state
is found to exist as B-D-glucopyranosephenyl-
hydrazine.® Moreover, similar conformations

Table 5. Fractional atomic coordinates and thermal parameters with estimated standard deviations for non-hydrogen atoms in D-arabinose oxime,

syn. The anisotropic temperature factor is given by exp — 2a}(Ulla*3h3+ ...+ 2U12a*b*hk+...).
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Fig. 1. Packing of glucosehydroxylamine molecules as viewed along the c-axis.

-~

-~

Fig. 2. Packing of D-arabinose oxime, anti molecules as viewed along the b-axis.
Acta Chem. Scand. B 32 (1978) No. 10
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Table 6. Fractional atomic coordinates and
B-values for hydrogen atoms in D-arabinose
oxime, syn.

Atom =z Y z B

HIC1 1.354(3) 0.009(2) 0.367(0) 3.1(4)
HC3 1.354(3) 0.084(1) 0.224(0) 1.2(3)
HIC5 1.075(4) 0.225(2) 0.045(1) 2.8(4)
HO1 1.517(5) 0.170(2) 0.512(1) 4.7(6)
HO3 1.525(5) 0.291(2) 0.265(1) 3.1(4)
HO5 1.309(5) 0.023(2) 0.051(1) 4.8(6)
HC2 0.180(4) 0.061(2) 0.297(0) 1.8(3)
HC4 0.902(4) 0.268(2) 0.168(1) 1.9(3)
H205 1.324(4) 0.307(2) 0.092(1) 3.8(4)
HO2 0.982(5) 0.338(3) 0.327(1) 3.6(6)
HO4 0.740(4) 0.071(2) 0.127(1) 2.2(4)

about the C1—N and C5—C6 bonds are found
in the two structures, the value of the torsional
angles C2—C1-N-0O1l and C4-C5—-C6—-06
in the present structure being —177.1 and
179.7°, respectively, as compared to — 165 and
162° found in the phenylhydrazine derivative.

In the suggested hydrogen bond system, all
oxygen atoms except the ring oxygen (O5)
are involved in hydrogen bonding, both as
donors and acceptors. The oxygen atom 06 isin-

Table 7. Structural data for N-g-D-gluco-
pyranosylhydroxylamine. Estimated standard
deviations in bond lengths and angles are 10~2

and 0.5°, respectively, when hydrogen atoms
are not involved.

Bond lengths (A) Bond angles (°)

C1-C2 1.55 05-C1-C2 108.8
C2-C3 1.53 Cl1-C2-C3 109.8
C3-C4 1.51 C2-C3-C4 111.1
C4—-C5 1.51 C3-C4—-C5 108.8
C5-C6 1.51 C4—-C5-05 108.3
Cl-N 1.44 C5—-05-C1 113.4
N-01 1.47 C4—-C5—-C6 114.6
C2-02 1.43 05—-C5—-Cé 104.5
C3-03 1.43 C5-C6—06 111.2
C4—-04 1.44 05—-Cl1-N 110.1
C5-05 1.43 C2-Cl1-N 106.8
Cl1-05 1.43 Cl-N-01 105.2
C6—-06 1.41 Cl1-C2-02 110.9

C3-C2-02 105.2
Average values C2-C3-03 109.7
C-H 1.01 C4—-C3-03 107.5
N-H 1.06 C3-C4-04 111.6
O-H 0.84 C5—-C4—-04 106.9

volved in three such bonds, whereas the N — HO2
contact may be dubious. The distances and
angles describing the geometry of the hydrogen

|

Fig. 3. Packing of D-arabinose oxime, syn molecules as seen along the a-axis.
Acta Chem. Scand. B 32 (1978) No. 10
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Table 8. Hydrogen bonds in the crystal structure of glucopyranosylhydroxylamine between donor
atoms (D) in the molecule given in Table 1 and acceptor atoms (A) in surrounding molecules.

D A Ekv. pos. D-A D-H H-A L DHA
02 06 l-z,}+y,—2 2.77 0.93 2.01 136.8
N 02 z,y,2—1 3.22 1.06 2.21 158.7
03 01 1+zy,1+2 2.79 0.81 2.02 160.5
06 03 rx—1l,y,2—1 2.77 0.81 1.98 164.4
04 06 l+zy,1+2 2.98 0.79 2.25 163.7
(0) 1 04 l-z,44+y,—2 2.84 0.83 2.01 178.5

Table 9. Structural data for D-arabinose oxime, anti. The e.s.d. in bond lengths and angles not
involving hydrogen atoms are 10~* A and 0.8°, respectively.

Bond lengths (A) Bond angles (°)

Ol1-N 1.40 01-N-C1 112.2

N-Cl1 1.26 N-C1-C2 127.7

C1-C2 1.563 C1-C2-02 108.0

C2-C3 1.49 C1-C2-C3 110.2

C3-C4 1.54 02-02-C3 113.4

C4—-C5 1.50 C2-C3-03 110.2

C2-02 1.42 C2—-C3-C4 112.5

C3-03 1.46 03-C3-C4 104.1

C4-—-04 1.42 C3-C4—-04 106.5

C5—-05 1.44 C3-C4—-C5 113.0
04-C4-Cb 109.8
C4-C5-05 112.8

Average values

C-H 1.04

O-H 0.86

Selected tortional angles (°)

01-N-Cl1-C2 —1.6 C2-C3-C4-C5 178.2

N-Cl1-C2-02 169.6 C2-C3-C4-04 —61.2

N-Cl1-C2-C3 —66.0 03-C3-C4-C5 56.9

02-C2-C3-C4 —56.8 03-C3-C4—-04 179.6

02-C2-C3-03 58.8 C3—-C4—-C5—-05 60.7

C1-C2-C3-C4 -178.1 04-C4-C5-05 —58.0

C1-C2-C3-03 - 62.5

Table 10. Hydrogen bonds in the crystal structure of D-arabinose oxime, anti between donor atoms
(D) in the molecule given in Table 3 and acceptor atoms (A) in surrounding molecules.

D A Ekv. pos. D-A D-H H-A /DHA
01 N l-zy—3%2-2 2.80 1.07 1.72 177.6
02 04 2,1+y,2 2.78 0.66 2.27 135.2
03 02 z—1,y,2 2.70 0.98 1.73 174.4
05 03 z,y—1,2 2.75 0.99 1.76 169.7
04 05 142,z 2.73 0.60 2.13 173.0

Acta Chem. Scand. B 32 (1978) No. 10
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Table 11. Structural data for D-arabinose oxime, syn. The e.s.d. are 2x 10~* A for bond lengths not
involving hydrogen atoms and 2 x 10~ A for those where hydrogen atoms are involved. The e.s.d.
in angles are 0.1—-0.2° and 1-— 2°, respectively.

Bond lengths (4) Bond angles (°)
O1-N 1.420 01-N-C1 110.4
N-C1 1.263 N-Cl-C2 122.5
Cl1-C2 1.501 Cl1-C2-02 113.0
C2-C3 1.543 C1-C2-C3 109.5
C3-C4 1.527 02-C2-C3 112.2
C4-C5 1.517 C2-C3-03 110.4
Cc2-02 1.416 C2-C3-C4 111.6
C3-03 1.420 03-C3-C4 106.6
C4—-04 1.425 C3-C4—-04 106.7
C5-05 1.424 C3-C4-C5 112.7
Cl1-HC1 0.97 04—-C4-C5 110.3
C2-HC2 0.98 C4—-C5—-05 112.4
C3-HC3 0.98 N-01-HO1 105.9
C4—-HC4 1.00 C2-02-HO2 105.7
C5-HI1CH 0.96 C3-03-HO03 110.2
C5-H2C5 1.01 C4—-04-HO4 109.8
0O1-HO! 0.81 C5—-05-HO5 107.5
02-HO2 0.79 N-Cl1-HC1 118.0
03-HO3 0.82 C2—-Cl1-—-HC1 119.5
04-HO4 0.83 C1-C2—-HC2 106.7
05—-HO5 0.85 02-C2—-HC2 106.2
C3-C2-HC2 109.1
C2-C3-HC3 109.3
03-C3-HC3 110.4
C4—-C3-HC3 108.4
C3—-C4—-HC4 108.7
04-C4-HC4 109.4
C5—-C4—HC4 108.9
C4—-C5—-HIC5 107.9
05-C5-HIC5 110.5
C4—-C5-H2C5 111.1
05—-C5—-H2C5 106.2
H1C5-C5-H2C5 108.8
Selected tortional angles (°)
O01-N-C1-C2 178.0 C3-C4—-C5—-05 60.4
N-C1-C2-02 —-5.6 04-C4—-C5-05 —b58.8
N-Cl1-C2-C3 120.2 Cl1-C2-02-HO2 68.1
02-C2-C3-C4 —65.1 C2-C3-03-HO3 78.4
02-C2-C3-03 53.3 C3—-C4—04—-HO4 158.2
Cl1-C2-C3-C4 168.7 C4-C5—-05—HO5 76.2
Cl1-C2-C3-03 —-173.0 02-C2-C1-HC1 174.0
C2-C3-C4-Cs 178.0
C2-C3-C4-04 —60.7
03-C3-C4-—-C5s 57.4
03-C3-C4-04 178.6

Table 12. Hydrogen bonds in the crystal structure of D-arabinose, syn between donor atoms (D)
in the molecule given in Table 5 and acceptor atoms (A) in surrounding molecules.

D A Ekv. pos. D-A D-H H-A /. DHA
o1 N z—4i—-y,l-2 2.829 0.81 2.03 168.4
02 04 —zy—hi—2 2.759 0.79 2.00 158.9
03 02 . 2.769 0.82 1.95 175.5
04 05 14z,y,2 2.717 0.83 1.88 177.8
05 01 3+22—y,3+2 2.844 0.85 2.01 163.7
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Fig 4. Comparison of the conformations about
the C(sp®)— C(sp?) bond in arabinose oxime, syn
(a), arabinose oxime, anti (b) and «-hydroxy-
carboxylic acids (c).

bonds are given in Table 8. Each molecule
appears to be connected to six neighbour
molecules through 12 hydrogen bonds forming
a ‘“network” throughout the crystal.

2. Arabinose oxime, anti. The structure of the
molecule is illustrated in Fig. 2 where the
numbering of the atoms is also given. The
interatomic distances and angles are given in
Table 9 together with some selected torsional
angles. The low accuracy is mostly due to
the difficulty in obtaining a suitable crystal
without disorder, as described above. Never-
theless, the geometrical data conform with
those found for similar compounds.’*** The
molecules are seen to exist as open chains
and in the anti-form, the compound being
a true oxime with a normal C—N double bond
of 1.26 A. The sugar part of the molecule is
found to be in an extended nearly planar zig-
zag chain as usually observed in such sub-
stances ¥~ and as discussed by Durette and
Horton.*

The O1-N-Cl1—-C2 group is planar and
makes an angle of about 10° with the
C1—-C2-02 plane and of about 66° with the
C1-C2-C3 plane. Thus the C1-H bond is
almost eclipsed with the C2—-02 bond. A
similar conformation is found in Mannose p-
bromophenylhydrazone,”* where the planar
RN-N=C,—-C, group makes an angle of
about 124° with the carbon chain, although in
that structure it is the C1=N1 bond that is
eclipsed to the C2—H bond. The packing of the
molecules and the suggested hydrogen bond
system is illustrated in Fig. 2 and hydrogen
bond distances and angles are given in Table 10.
The nitrogen atom and all the oxygen atoms
are involved in the hydrogen bonding system,
N as an acceptor, Ol as a donor and the rest
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of the oxygen atoms as both donors and accep-
tors. Through these 10 hydrogen bonds each
molecule is connected to four neighbouring
units translated in the directions of the a
and b axes and to two molecules related by one
of the screw axes. In this way the crystal is
constructed of well interconnected molecules
forming bimolecular layers parallel to (001) and
between which there appears to be only weak
van der Waals’ forces. These features explain
the described tendency of the crystals to split
in thin flakes.

3. Arabinose, oxime, syn. The interatomic
distances and bond angles are given in Table
11, whereas the molecular conformation is
depicted in Fig. 3 where the numbering of the
atoms are also indicated. It will be seen from
Fig. 3 that the process of recrystallization has
led to a transformation from the anti to the
8yn isomer.

There is furthermore a difference in the
conformation angle at the Cl1—-C2 bond by
about 180°. Thus in the present case it is the
C1—-N double bond which is eclipsed to
the C2—02 bond retaining an approximate
planarity of the —C(OH)—CH=N —group.
There is only a small difference in the torsion
angle about the C2—C3 bond, the value being
— 178 and 169°, respectively, in the anti and syn
isomers. The rest of the conformation angles
appears to be in excellent agreement in the
two structures.

The hydrogen bond system and the arrange-
ment of the molecules in the crystal are
illustrated in Fig. 3, and the hydrogen bond
lengths as well as the angles involved are given
in Table 12. Each molecule is connected to
eight neighbouring molecules through 10 hy-
drogen bonds as was found in the ant: isomer,
but in the present case the hydrogen bonds
form a three-dimensional network producing a
well-ordered crystal structure.

DISCUSSION

As mentioned above there is only a small
deviation from planarity in the HO—C—-C=N
groups in the two isomers of D-arabinoseoxime.
This conformation about the C1—C2 bond,
which is a bond between an sp® and an sp?
hybridized carbon atom, is of the same type
as that usually found about such bonds in
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carboxylic acids. Thus in «-hydroxy-carboxylic
acids the hydroxy group is in general found to
be close to the plane of the carboxylic group,
the OH—-C—-C=O0O torsional angle usually
being less than 15°.2 This particular conforma-
tion in different types of «-substituted car-
boxylic acids has been discussed by several
authors.’*2° In Fig. 4 the conformations found
in the present compounds are compared with
those in a-hydroxy-carboxylic acids. The con-
formation found in the anti isomer of arabinose
oxime is explained by the steric repulsion
between the OH-group on the N-atom and the
substituents on C2 preventing eclipsing of the
C=N bond with any of the bonds to the C2
substituents whereas the eclipsing of the C1—-H
bond with one of these bonds (C2—OH) is
stabilized through the 0O1—-C3 and Ol1-—-HC2
distances of 2.97 and 2.89 A, respectively. The
similarity between the conformations found in
the syn isomer of arabinose oxime and that
reported for the carboxylic acids is, however,
obvious. It is interesting to note that in p-
bromomannose phenylhydrazone * and p-
bromoribosephenylhydrazone ¢  both repre-
senting syn forms, the C—N bond is found to be
eclipsed with the C2—H bond and not with the
C2-OH bond.

Whether or not these results indicate a
significant conformational difference between
phenylhydrazones and oximes, the conforma-
tions found in the different types of compounds
seem to indicate as a general trend, that the
conformation about a C(sp®)—C(sp*) bond is
such as to bring one of the bonds to the C(sp®)
atom in an almost synclinal position with
respect to one of the bonds to the C(sp?) atom.
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