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ABSTRACT 

The crystal structure of the title compound [5; space group P2,; a = 8.375(5). b = 51.52(2), 

c = 5.647(3) A; p = 89.64(4)“] was determined by X-ray diffraction methods and refined to R = 0.107. 

There are two molecules in the asymmetric unit, which adopt nearly identical conformations. Each 

molecule has two parts that differ only in the torsion angle N-C-7-C-8-C-9, which can be synclinal 

(-64”) or anti (168”). The molecules are arranged in sheets and the packing is stabilised by strong 

intra- and inter-molecular hydrogen bonds, some of which form a homodromic arrangement. 

INTRODUCTION 

The study of biological membranes is assisted by a comparison of their proper- 
ties with those of synthetic membranes constructed from amphiphiles, including 
monosaccharides linked by an amide group to an alkyl chain’. Under certain 
conditions, N-alkyl-D-gluconamides and their enantiomers form helices with oppo- 
site screws. The formation of helical fibers is limited to chiral amphiphiles (chiral 
bilayer effect)‘. 

The crystal structures of four N-alkyd-D-gluconamides have been elucidated, 
namely, N-heptyl Cl), N-octyl (21, N-decyl 3,4 (3), and N-undecyl’ (4), and the 
molecules are all arranged in an enantiomerpolar’ head-to-tail fashion. 

We have prepared bola-amphiphiles’ with alkyl chains and two terminal D-&t- 

conamide groups and the corresponding meso compounds with one D- and one 
L-gluconamide group, of which N-[8-(D-gluconamido)ctyl]-D-gluconamide (5) was 
crystallised for an X-ray study in order to elucidate the packing features of the 
D-gluconamide moiety. In contrast to the related N-alkyd-o-gluconamides, no 
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phase transition was detected by differential thermal analysis for 5 until the 

melting point was reached at 202°C. 

EXPERIMENTAL 

N-1%(o-Gluconamido)octylj-D-gluconamide (5), N-[8-CL-gluconamido)octyl~-D- 
gluconamide (6), and N-/8-(am&o-octy//-D-gluconamide (7). -A solution of D-glu- 

cone-1,5-lactone (1.96 g, 11 mmol) in MezSO (10 mL) was added to a solution of 

I,&diamino-octane (2.9 g, 20 mmol) in MeOH (80 mL) boiling under reflux. The 

first 5 mL was added dropwise and the remainder in one portion after 1 h. Boiling 

under reflux was continued for 10 min, the solution was cooled to room tempera- 

ture, and the precipitate was collected and washed with MeOH and ether. 

Recrystallisation from MeOH gave 5 (750 mg, - 60%); mp 2W”C. Anal. Calcd. for 

5 C,,,H,,NzO,, (500.55): C, 47.99: H, 8.05; N, 5.60. Found: C, 47.89; H, 7.86; N, 

5 70 _.- . 
Crystallisation of the material in the mother liquor gave 7 (1.2 g, 37%); mp 

125°C. The elemental analysis of this hygroscopic amine, which oxidises readily, 

was not satisfactory. 

A solution of 7 (500 mg, 1.4 mmol) and L-glucono-1,5-lactone (250 mg, 1.4 

mmol) in MeOH (30 mL) was boiled under reflux for 2 h, then cooled to room 

temperature to give 6 (220 mg, 31%); mp 165°C. A satisfactory analysis for the 

meso compound 6 was not obtained. 

Compounds 5-7 crystallised as thin platelets from MeOH. but only the crystals 

of 5 gave diffraction patterns that could be analysed. 

Ctystuflography. -Crystals of 5 were grown from solutions in MeOH, but most 

were either too thin for X-ray investigations or intergrown. One crystal with 

dimensions 0.4 x 0.4 x 0.1 mm3 was used for data collection on a STOE four-circle 

diffractometer with Ni-filtered CuKa radiation. Intensity data (4613) were mea- 

sured up to 26 = 320” in the 2H/w step-scan mode. Of these, 319 intensity data 

were below the 2a level and 187 had an unbalanced background. The data were 

corrected for Lorentz and polarisation effects, but not for absorption. 

The structure was determined by a combination of direct methods’ and Fourier 

techniques. Convergence during the least-squares refinementY was slow, and 

several atoms belonging to the aliphatic part of the molecule had to be held fixed 

in the early stages of the refinement process because of excessive co-ordinate 

shifts. Refinement was anisotropic for all non-hydrogen atoms, and standard 

deviations cr(F,) were based on counting statistics. The positions of C-H hydrogen 

atoms were calculated. Most of the positions of the O-H and N-H hydrogen 

atoms could not be determined because of the poor quality of tbc intensity data. 

The final R factor was 0.107. 

The crystals belong to the monocbnic space group P2, with u = X.375(5), 

b = 51.52(2), and c = 5.647(3) A, and B = 89.64(4)“. There are two molecules in the 

asymmetric unit. 
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RESULTS AND DISCUSSION 

The determination of the space group was complicated by the fact that there 
are two molecules in the asymmetric unit and that the monoclinic angle p is close 
to 90”. This angle was derived independently from the angular positions of 25 
reflections with 15” G 20 Q 35” for several crystals. All structure factors Fhkr are 
close to Fxk,. The merging R value for these pairs of reflections is 0.162, showing 
clearly that Fhkl and F& are not identical and that the space group is monoclinic. 

The positional and thermal atomic parameters for 5 are given in Table I * and 
O... 0 contacts of < 3.5 A, indicative of hydrogen bonding, are listed in Table II. 
In order to facilitate comparison with the other N-alkyl-o-gluconamides, each of 
the two bola-amphiphiles in the asymmetric unit was dissected in two as illustrated 
in the formulae to give fragments A and B from molecule I, and fragments C and D 
from molecule II. 

Molecules I and II have nearly identical conformations with a mean difference 
in torsion angles of 3.1” and a maximum difference of 6.5” (Table II and Fig. 1). 
There is correspondence between fragments A and C and between fragments B 
and D, but a difference in the torsion angle N-l-C-7-C-8-C-9 between A and B 
and between C and D. 

The torsion angles (Table III) in fragments B and D are similar to those in 
N-heptyl- (1) and N-undecyl-D-gluconamide (4), and those in fragments A and C 
are comparable to those in N-octyl- (2) and N-decyl-D-gluconamide (3) except for 
a difference of 50” in the torsion angle N-l-C-7-C-S-C-9 that is assumed to be 
due to crystal packing effects. 

The N-CH,-o-gluconamide moiety has a strongly preferred conformation which 
is nearly identical in 1-5, although there are many degrees of rotational freedom 
about the 5 C-C bonds. The carbon-backbone torsion angles and C-7-N-l-C-l- 
C-2 are in the all-upafi form (Table III and Fig. 2). The torsion angle N-l-C-l-C- 
2-C-3 is stabilised in the - anticlinal range (-- 111” to - 118”) by the intramolecu- 
lar N-H . * . O-2 hydrogen bond (Table II). The torsion angle C-4-C-5-C-6-0-6 is 
in the synclinal range (55”-59”) for 1-4, but in 5 there are N 50% each of synclinal 
and anti forms. 

The alkyl chains are bent at the amide link. Fragments A and C are conforma- 
tionally different from fragments B and D (Fig. 3). The C-l-N-l amide group is 
fixed in the anti form due to its double-bond character. The attached C, (2) and 
C,, (3) alkyl chains are in the all-anti conformation. However, for the C, (1) and 

* Lists of bond angles and distances (which are comparable within the 3~ limit to those3.4 for l-41, 

anisotropic temperature factors, and observed and calculated structure amplitudes are deposited 

with, and can be obtained from, Elsevier Science Publishers BV, BBA Data Deposition, P.O. Box 

1527, Amsterdam, The Netherlands. Reference should be made to No. BBA/DD/522 Carbohydr. 
Rex, 242 (1993) 1 l-20. 



C,, (4) alkyl chains and those in fragments A-D of 5, the torsion angle C-l-N-l- 

C-7-C-8 is twisted to the anticlinal range (lOlo-125”). In addition, in 1, 4, and 

fragments B and D, the torsion angle N-1-C-7-C-8-C-9 is in the -synclinal range 

(- 64” to -66”) but anti in 2, 3, and fragments A and C. All the other alkyl 

CH,-CH, bonds in 5 are urzti (Fig. 1). 

The crystal packing and hydrogen bonding of the D-giuconamide moieties in the 

crystal structures of 1-5 are comparable. Although the space groups and cell 

constants for l-5 differ widely, the D-gluconamide moieties have the same confor- 

mation and the packing and the hydrogen bonds are similar. The N-CH,+gluco- 

namide moiety packs in a systematic, preferred pattern which is probably initiated 

by the strong N-l-H . . . 0- 1 hydrogen bond. Because CONH and OH groups are 

both hydrogen-bond donors and acceptors, the hydrogen bonds form infinite 

chains and are cooperative, i.e., - 30% stronger than isolated, individual IX- 

H . 0 and O-H . .O hydrogen bonds”‘,“. 

All the N-H and O-H hydrogen atoms in 2 and 4 were located from difference 

Fourier maps. In 3, the O-S-H hydrogen was not located, and in 1, O-4-H and 

O-5-H hydrogens could not be determined. In the bola-amphiphile 5, only few of 

the O-H hydrogen atoms were located and their positions are to some extent 

ambiguous as the final H factor is only 10.7%. In consequence, the discussion must 

be restricted to N . * * 0 and 0 . . . 0 distances. 

The hydrogen-bonding interactions observed in l-5 include a three-center 

(bifurcated) hydrogen bond involving N-l-H as the donor, and O-l and O-2 as the 

inter- and intra-molecular acceptors, respectively, and cyclic hydrogen bond sys- 

tems which connect four different molecules through . . O-3-H . . . O-S-H . . O- 

6-H . . O-4-H . . O-3-H . . (see Table II). 

This scheme was observed also in 5 with some distortions so that O-3 is not only 

close to O-4 and O-S of symmetry-related molecules, but is also as near to O-2 in 

the same molecule as O-4, and O-4 is also close to O-5 of an adjacent molecule. 

Since O-H hydrogen atoms could not be located, it is not clear whether these 

contacts are of the van der Waals or hydrogen-bonding type. The interactions of 

O-6-H in 5 cannot occur in l-4 because the N-alkyl-n-gluconamides are each 

packed in a head-to-tail mode”,‘. 

The only difference in hydrogen bonding in structures l-5 appears to reside in 

O-2-H. In 4, O-2-H donates a three-centre bond with a major component to O-4 

and a minor component to O-3. In 1-3, O-2-H was thought not to have a 

hydrogen-bond partner”,‘, but a reinvestigation showed that weak three-centre 

bonds exist to O-3 and O-l with long H . . . 0 distances of - 2.6 .& and 0-2- 

H.. 0 angles close to 90”. In 5, O-2-H hydrogens could be located only for 

fragments B and D; they form three-centre bonds with O-3 and O-l with H . . 0 
distances in the range 2.03-2.56 A and 0-H. . . 0 angles in the range 114”-146”. It 

appears that the hydrogen bonding of O-2-H is sensitive to local molecular 

packing, whereas that of the peptide bond and the formation of the homodromic 

quadrilateral bonds are a common feature of these crystal structures. 
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TABLE II 
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Short intermolecular 0. .O contacts < 3.5 A which are indicative of hydrogen bonding ‘I 

Atom A 

O-61 0-61(D) 

0-62(D) 

0-4(C) 

0-5(C) 
O-3(A 1 

O-62 0-61(D) 2.54 

0-62(D) 2.78 

0-62(D) 3.07 

O-5 0-4(C) 2.70 0-4(D) 2.17 

O&?(C) 2.83 O-s(D) 3.11 

0-3(C) 2.96 O-?(D) 3.00 

0-4(C) 3.22 0-61(D) 3.79 

o-4 0-3(C) 2.84 

0-5(C) 2.67 

O-S(C) 3.17 
0-62(C) 3.12 

O-3 0-2(C) 3.03 

0-4(C) 2.86 

O-XC) 2.88 

0-61(A) 3.36 

o-2 O-l(C) 3.06 O-l(D) 3.25 O-l(A) 3.W O-I(B) 3.16 

0-3(C) 3.03 0-3(D) 3.05 0-3(A) 3.03 0-3(B) 3.01 

N-I(A) * 2.61 N-l(B) * 2.59 N-I(C) * 2.60 N-l(D) * 2.54 

o-1 N-I(C) 2.92 N-l(D) 2.77 N-l(A) 2.86 N-l(B) 2.87 

0-2(C) 3.09 0-2(D) 3.16 O-?(A) 3.06 O-X?(D) 3.25 

N-l O-2(A) * 2.61 0-2(B) * 2.59 O-‘(C) * 2.60 0-2(D) * 2.54 

O-KC) 2.86 O-l(D) 2.81 O-l(A) 2.Y2 O-l(B) 2.71 

B C D 

3.06 

2.80 

3.25 

2.64 
3.36 

O-61(0 2.82 

0-61(C) 2.94 

0-62(C) 2.80 

0-61(D) 3.35 

0-61(C) 2.50 

0-62(C) 3.23 

0-4(D) 3.28 

0-5(D) 2.86 

0-3(D) 2.89 

0-5(D) 3.16 

0-5(D) 2.74 

0-2(D) 3.01 

0-4(D) 3.01 

0-5(D) 2.96 

0-61(B) 2.82 

0-61(B) 2.Y4 

0.62(B) 2.50 

0-61(A) 2.80 

O-MA) 2.78 

0-62(A) 3.07 

O-S(D) 2.75 

0-61(B) 2.80 0-61(A) 

0-62(B) 3.23 0-62(A) 

0-5(A) 2.83 O-S(B) 

0-4(A) 3.12 0-5(D) 

O-3(0 3.30 O-61(8) 

3.06 

2.54 

1.79 

3.35 

0-4(A) 2.67 

0-4(A) 3.17 

0-3(A) 2.X8 

0-61(A) 2.64 

O-XC) 3.4-1 

0-4(B) 2.74 

0-4(B) 3.16 

@3(B) 2.96 

0-62(B) 2.86 

0-3(A) 2.X6 0-3(B) 3.01 

O-S(A) 2.70 0-5(B) 2.77 

0-5(A) 3.22 0-5(B) 3.11 

0-61(A) 3.25 0-62(B) 3.28 

0-2(A) 3.03 

0-4(A) 2.84 

O-SW 3.96 

0-62(C) 3.30 

O-?(B) 3.05 

CM(B) 2.89 

O-S(B) 3.00 

u Distances (A) from atoms 0,N (left column) in molecular fragments A-D to other atoms. Standard 

deviations for the distances are k 0.01 A; * denotes an intramolecular hydrogen bond. 

The alkyl groups are spacers with a flexible hinge at the amide link. As observed 
in a comparison of 1-3, the interface between the molecules in the head-to-tail 
arrangement is nearly identical, with the -CH,CH, terminus in similar van der 
Waals contact with the gluconamide C-6-HZ-0-6-H terminus’. In the octyl (2) 
and decyl (3) derivatives, this arrangement requires only a lengthening of one 
unit-cell axis, whereas, in the heptyl (1) and undecyl (4) derivatives. a change in the 
conformation of the alkyl chain is required in order to bring the termini into the 
same relative orientation as in 2 and 3. It appears that the locus of greatest 
flexibility of the alkyl chain is at the amide link, because the torsion angles 
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/R 
CON, 

HO r .H 

0;; 
1 R = heptyl 

2 R=octyl 

3 R=decyl 

OH 4 R = undecyl 

OH 7 R = (CH,),CH,NH, 

CH ,OH 

molecule I <u 

molecule II ( 
C D 

I 
> 

CH,OH CH,OH 

5 

CONH-(CH,),-NHCO 

HO OH 

CH,OH CH,OH 

6 

C-l-N-l-C-7-C-8 and N-l-C-7-C-8-C-9 deviate from anti, being anticlinal in 
the former and -synclinal in the latter. 

There is an analogy with the fatty acids where synclinal conformations of the 
alkyl chains next to sp2-hybridised carbons” or to carboxyl groups in esters13 have 
been observed frequently. Most noteworthy is the value -68” for the torsion angle 
C-l-C-2-C-3-C-4 in the B-form stearic acid” which may be considered the 
standard amphiphile. This twist in an otherwise all-anti molecule brings the H 
atoms of C-4 close to the terminal oxygens and introduces a tilt of the alkyl chains 
with respect to the plane defined by the head groups. The low temperature crystals 
(A forms) of fatty acids contain no synclinal conformers, and the chains are not 
tilted, and tight packing is achieved by an antiparallel arrangement of the molecules 
which compensates for the space requirements of the bulky end groups. 
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Fig. 1. Packing scheme of 5 in the crystal lattice viewed along the c direction 

TABLE III 

Relevant torsion angles (“) for N-hepty- tl), N-octyl- (21, and N-decyl-u-gluconamide (3), and for the 

hola-amphiphile 5 (molecules I and II) (see Fig. 3) 

Torsion angle 

C-6(A)-C-5(A)-C-tiA)-C-3(A) 

C-S(A)-C-4(A)-C-3(A)-C-2(A) 

C-J(A)-C-3(A)-C-2(A)-C-I(A) 

C-3(A,-C-2(A)-C-I(A)-N-I(A) ’ 

C-2(A)-C-l(A)-N-l(A)-C-7(A) 

C-I(Af-N-l(A)-C-7(A)-C-8(A) 
N-l(Ab-C-7(AMX(AbC-9(A) 
C-7(A,-C-8(A)-C-9(A)-C-l~A) 

C-X(A)-C-9(A)-C-lo(A)-C-IO(B) 

C-9(A)-C-ItMA)-C-lMB)-C-9(B) 

C-IO1A)-C-lO(B)-C-9(B)-C-8(B) 

C-lo(B)-C-Y(B)-C-8(B)-C-7(B) 

C-9(B)-C-8(B)-C-7(B)-N-l(B) 

C-S(B)-C-7(B)-N-l(B)-C-l(B) 

C-7(B)-N-l(B)-C-l(B)-C-2(B) 

N-I(B)-C-I(B)-C-21B)-C-3(B) ” 

C-l(B)-C-2(B)-C-3(B)-C-4(B) 

C-2(B)_C-3(B)-C-4(B)-C-5(B) 

C-3(B)-C~-4(B)-C-5(B)-C-h(B) 

1 

173.0 

- 179.6 

174.9 

- 179.4 

-64.7 

101.3 

176.6 

- 114.2 

- 167.0 

178.4 

- 179.9 

2 

- 179.2 

177.5 

- 166.1 

-111.6 

177.9 

- 172.5 
- 175.7 

176.7 

- 178.0 

177.6 

- 179.8 

178.2 

3 50) .5m 

- 178.2 174.6 178.X 

179.9 177.1 170. I 

- 159.n -- 172.2 - 167.b 

- 114.3 -- 118.0 - 114.4 
171.8 177.9 176.6 

- 175.1 12‘4.5 118.7 
- 177.0 167.6 162.2 

179.4 - 171.6 - 174.4 

- 177.2 173.5 170.9 

171.3 17h.Y 177.3 

179.1 174.8 175.7 

177.Y - 179.4 179.8 

- 63.5 - 70.0 

119.2 120.3 

170.6 176.(1 

- 109.7 - 1 lO.fl 

- 177.4 - 173.8 

173.5 17% 

- 176.4 179,s 

0 Constrained to - 11 I to - I 18” due to the intramolecular N-H O-2 hydrogen hond. 
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Fig. 2. A view of the L?, c plane to show N-1-H.. O-l hydrogen bonding. Top layer (thick lines) 

includes fragments A (see formulae) and C, and the bottom layer (thin lines) includes fragments B and 

D. For clarity, only atoms N-l-C-1=0-1 are shown. 

Fig. 3. ORTEP-drawing of molecules I (left) and II (right) of 5. The molecules are oriented with 

fragments A and C in the upper part, and fragments B and D in the lower part. Thermal ellipsoids are 

drawn at a 50% probability level. 



20 ‘4. Ml&r-Fahrnow zt 01. / Carbohydr. Rrs. 242 (199.31 II-20 

ACKNOWLEDGMENTS 

This work was supported by the Deutsche Forschungsgemeinschaft (Sonder- 
forschungsbereich 312, Teilprojekte Cl and Dl) and the Fonds der Chemischen 
lndustrie. 

REFERENCES 

1 B. Pfannemiiller and W. W&e. Chem. Whys. Lqids, 37 (1985) 227-240. 

2 J.-H. Fuhrhop, P. Schnieder, J. Rosenberg, and I,. Boekema, J. Am. Cllrm. Sot.. 109 (19X7) 
33x7-33YO. 

3 V. Zabel, A. Miiller-Fahmow, R. Hilgenfeld, W. Saenger, B. Pfannemiiller, V. Enkelmann, and W. 

W&e, Chem Phys. Lipids. 39 (1986) 313-327. 
4 A. Miiller-Fahrnow, R. Hilgenfeld. II. Hesse, W. Saenger, and B. Pfannemiiller, Curb-ho/z&. Ru.. 

176 (1988) 165-173. 

5 GA. Jeffrey and H. Maluszynska, Carbohqdr, Rex, 207 (1990) 211-219. 

6 L. Addadi, 2. Berkovitch-Yellin, I. Weissbuch, J. van Mill, L.J.W. Shimon. M. Lahav. and L. 
Leiserowitz, Alagw. C!xwi.. 97 ( 1985) 485. 

7 J.-H. Fuhrhop and D. Fritsch. /ICC.. Qwm. Res., 19 (1986) 130-137. 

8 G.M. Sheldrick, in G.M. Shrldrick, C. Kriiger, and R. Goddard (Eda.), C~staNo@q~hic Cwnprctinl: 
3, Oxford University Press. United Kingdom, 1985. 

9 G.M. Shcldrick, SHELX7B. Program for Crystal Structure Determination, University of Cambridge. 

United Kingdom, 1976. 

10 J.E.H. Koehler, B. Lesyng, and W. Saenger, J. Cornput. Chem.. 8 (1987) 1090-1098. 

11 GA. Jeffrey and W. Sacnger. Il&ogrn Bo&ing irf Bwio~iral Strucr~tn:c, Springer-Verlag. Heidel- 

berg, 1990. 

12 J. Ernst, W.S. Sheldrick, and J.-H. Fuhrhop, % Nuturforsch., Tcil B. 34 (1979) 706-71 1. 
13 M. Goto and E. Asada, Bull Chwn. Sot. Jpn.. Sl (1978) 2456-2459. 


