Carbohydrate Research, 41 (1975) 85-92
© Elsevier Scientific Publishing Company, Amsterdam — Printed 1mn Belgium

THE INTERACTION OF SOME CARBOHYDRATE DERIVATIVES
WITH SODIUM IONS IN ACETONE SOLUTION

AraN H Haines, KeENNETH C SYMES, AND ALAN G WELLS
School of Chenucal Sciences, Umvers:ty of East Angha, Norwich NOR 88C (Great Brita:n)
(Received September 23rd, 1974, accepted for publication, October 31st, 1974)

ABSTRACT

The changes induced in the chemical shifts of certain protons in some carbo-
hydrate derivatives and some other poly-oxygenated compounds, on addition of
sodium iodide to their solutions 1n acetone-dg, are reported The H-1 resonances of
B-glycosides of 2,3-O-1sopropylidene-4-O-methyl-L-rhamnopyranoside were signi-
ficantly affected by the addition of sodium 1ons, whereas with the a-L-glycosides,
these resomances were virtually unaltered Methoxyacetaldehyde diethyl acetal,
triethyl orthoformate, and tris(2-methoxyethyl) orthoformate all showed sigmificant
mduced-shifts i their acetal-proton resonances on the addition of sodium ons, and
all the proton resonances of 1,4-anhydroerythritol were aifected, but to differing
degrees With the cis- and trans-5-methoxy-2-phenyl-1,3-dioxanes, it is the former
1somer, which can in principle simultaneously use all three oxygen atoms in the
molecule to complex a sodium 10n, which shows the greatest induced-shift in the
acetal-proton resonance

INTRODUCTION

There has been considerable recent interest 1n the complexing of metal ions
with oxygen-containing organic molecules!=3. In particular, the co-ordination
chemistry of the alkah and alkaline-earth metal ions has been considerably expanded
by the discovery that they can form stable complexes with macrocyclic* and macro-
bicychic® polyethers It has also been demonstrated that polyols having a suitable
arrangement of three oxygen atoms form complexes with these cations in aqueous
solution®

Our 1nterest 1n this subject was mitiated during studies on the methylation of
reducing-sugar derivatives using sodium hydride-methyl 1odide”. The ratio of «- to
B-glycosides obtained under various conditions could be rationalized if the relative
stabilities of the two possible alkoxides were influenced by preferential complexing
of sodium 10mns 1n an ion pair of one of the alkoxides Thus, methylation of 2,3-0-
isopropylidene-4- O-methyl-L-thamnopyranose (2) in tetrahydrofuran gave, unexpect-
edly, 91% of the B-glycoside 3, suggesting that the presence of sodmim i1on might
stabilise the fS-alkoxide 1 as a result of simultaneous interaction with the negatively
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charged Q-1 and lone-pair orbitals on O-ring and O-2 In agreement with this idea,
stmilar alkylation in the presence of dicyclohexyl-18-crown-6%, which effectively
prevents mnteraction of sodmum 1ons with the alkoxide through preferential complexing,

yielded the a-glycoside 4 1n 86% yield
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Angyal and Davies have noted that a particularly favourable arrangement for
complexing cations 1s an ax,eq,ax sequence of oxygen atoms on consecutive carbon
atoms 1n a six-membered ring® The B-alkoxide 1 partly satisfies these requirements,
and 1t appeared useful, therefore, to investigate the interaction of the f- and -
glycosides, 3 and 4, with sodium 10ons to gain evidence in support of, or against, the
above hypothesis concerning the role played by the metal ion 1n glycosidation reac-
tions We now report a study of shifts induced in the nmr spectra of 3 and 4 by
sodium 1odide 1n acetone-dg, and also similar studies on some related compounds,
with a view to ascertaining stereochemical features which favour complex formation

RESULTS AND DISCUSSION

The chemical shift of H-1 m methyl 2,3-O-1sopropyhdene-4-O-methyl-o-L-
rhamnopyranoside (4) 1s virtually unaffected on the addition of sodium 1odide, 1n
contrast, for the f anomer 3, a move to lower field occurs for the H-1 signal (see
Fig 1a), since only one signal for H-1 1s observed, the equilibrium between complexed
and uncomplexed species 1s fast on the n mr time-scale, and the chemical shift
represents an average value Although the induced chemical shift (45) 1s only moderate
(~037 ppm for a salt/glycoside ratio of 10), shifts of a similar magnitude have
been reported for H-3 m epi-inositol 1 the presence of calcium® and lanthanum®
10ous, and it has been suggested that the metal 10on m these complexes is located
approximately in the direction of the H-C bond on the opposite side of C-3 to H-3
The observed chemical-shift behaviour of the H-1 signal in 3 therefore appears
coasistent with a complex related to that depicted by 1, and lends credence to the
concept of the sodium 1on affecting the «,f-alkoxide equihibrium in favour of the
£ denivative. Counling constants observed 1 3 and 4 were fully consistent with these
compounds existing i approximate-chair conformations, distorted from the 1dealised
geometry as a result of a decrease in the dihedral angle O(2)-C(2)-C(3)-C(3), through

fusion of the dioxolane ring
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Fig 1 Induced chemical shifts (45) in certain proton resonances of some carbohydrate denivatives
1 acetone-dg solution on addition of sodium 10dide (a) Anomeric proton in 3 (—O-—), 4 (—x—),
5 (—[]—), and 6 (—A—) (b), Acetal proton ;n 7 (—0O—), 8 (—Xx—), and 9 (—[1—) (c) H-1
(—0O—), H-2 (—x—), and H-3 (—[]—) 1n 10 (numbering as 1a formula), methine protons (A)
1n cyclopentane-cs-1,2-diol, and H-1 (+) in 10 with NBugl replacing Nal (d) Acetal proton n 11
(—O—)and 12 (—x—)

Since the structural unit O-C—C-O 1s found in many ligands effective for
complexing sodium 10ons’, we prepared and similarly investigated the (2-hydroxy-
ethyl) B- and a-glycosides 5 and 6 It 1s apparent (Fig 1a) that, for the «-glycoside 6,
there 1s little increase 1n the interaction with sodium 1ons on replacing MeO-1 by a
2-hydroxyethyl function In the f-series, however, assuming a similar geometry of
the complex in both cases, the replacement causes a marked increase in the interac-
tion, at a salt/glycoside ratio of 10, the induced shift 1s approximately 048 pp m

Entropy considerations suggest that cyclic compounds contamning a favourable
arrangement of oxygen atoms will be more effective ligands than acyclic compounds
contamming a similar structural sequence of atoms, since in the latter case the favoured
geometry for complexing may only be obtamed in a few of the many possible con-
formations of these molecuies Methoxyacetaldehyde diethyl acetal (7) possesses the
structural features of the proposed site of complexation 1 3, but it 1s apparent
(Fig 1b) that although the resonance of the acetal proton 1s affected by the addition
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of sodium 10ns, the effect 1s smaller than 1n 3 Interestingly, in triethyl orthoformate
(8), the chemical shift of the orthoformyl proton shows a similar dependence on the
salt concentration, but 1n tris(2-methoxyethyl) orthoformate (9), which mcorporates
threefold {he favourable O-C-C-O spacing, an induced-shift curve similar to that of
3 is found The ranking of complexing ability by comparison of such induced-shift
behaviour must assume similar geometries of the complex in all cases This assump-
tion may be reasonable in compounds having similar structure*® around the complex-
ng site

Further consideration of carbohydrate-derived molecules contamning the
O-C-C-O untt led us to examine 1,4-anhydroerythritol (10) as a possible ligand for
sodium 10ons We recently reported! the preparation of crystalline complexes from
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10 and sodmum thiocyanate, sodium 1odide, and sodium perchlorate, and also the
structure of the perchlorate complex'? The complex nature of the spm system 1n 10
necessitated the use of spectral simulation tc obtain accurate data for chemical
shifts and coupling constants The induced chemical shifts of H-1, H-2, and H-3
in 10 with increasing concentration of sodium iodide are shown mn Fig lc, the
proton (H-1) geminal to the hydroxyl group is most affected The importance of the
cis-vicinal diol function in 10 1n aiding complexing 1s suggested by the sensitivity of
the chemical shifts of the methine protons in cyclopentane-cis-1,2-diol under similar
conditions (see Fig 1c) However, the ratio of the induced chemical shift of the
methine proton m 10 (e, H-1) to that in cyclopentane-cis-1,2-diol, for any given
salt/substrate ratio, was always greater than unity, suggesting that the ring oxygen
does play some part in the interaction of 10 with sodium 1ons The allocation of the
least and most affected of the methylene protons in 10 as H-2 and H-3 (see formula),
respectively, 1s based on the calculated induced-shifts* 1n their resonances, using the

*For this calculation, the co-ordination of sodium by the cis-diol function was assumed, with a
geometry similar to that found in the crystal of the perchlorate complex'2
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formulat!3
Ao = —2x10"12 E,— 10" 18E2,

where Ao 1s the change 1n the proton-screenming constant of an X—H bond when 1t 1s
subject to an electric field E, E, being the component of E 1n the bond direction The
mnduced chemical shifts calculated thereby were found to be in the ratios for H-1 H-3
H-2 of 52321 Observed values 1n 10 at salt/substrate ratios of 1 85, 332, and 54
tolwered47371,44371, and 3 32 3 1-1, respectively Although this allocation 1s
contrary to that which might be made on the basis of the general observation for
five-membered rings that J ;> Jyans, (¢ f 10, J; , 5 45,7, 34 61 H2), 1t 1s noteworthy
that calculation of coupling constants in 10, using a recently described, modified
Karplus equation*?, gives J, ,>J; 3 by ~05 Hz

Analysis of the chemical-shift data for H-1, H-2, and H-3 by the method of
Martin and co-workers!® yielded equilibrium constants for complex formation of
approximately 6, 1, and 2 5M ™, respectively The variation 1n these values may be a
result of the non-validity of an inherent assumption 1 this treatment, z e , that only
11 complex-formation occurs The crystal structure of the (10)-NaClO, complex
and 2(10)-Nal complex!® suggests that interaction of 10 with two sodium 10ns may
not be ruled out As expected, addition of tetrabutylammonium iodide to 10 mn
sclution induced much smaller shifts than sodium 1odide.

Addition of sodium 1odide to the isomeric cis- and frans-5-methoxy-2-phenyl-
1,3-dioxanes, 11 and 12, produced the greatest effect on the benzylic hydrogen atom
of the cis 1somer (Fig 1d) Dreiding models show that a sodium 1on placed 2 4A*
from all three oxygen atoms of the cis 1somer, on the side of the acetal carbon opposite
to the benzyhic hydrogen, lies close to the axis of the C—H bond at the acetal centre,
a particularly favourable orientation for producing a shielding change at that hydro-
gen nucleus In contrast, the trans i1somer 1n 1ts preferred conformation 1s not able to
achieve a simular, simultaneous complexing to all three oxygen atoms

EXPERIMENTAL

Compounds 27, 37, 4!8, 10*°, 112°, and 122! were prepared by literature
methods N mrt spectra were measured on a Vartan HA-100 mstrument, using
Me,S1 as an internal standard, unless stated otherwise, chemical shufts were measured
at 250-Hz sweep-widths with chart calibration by a pen-coupled frequency counter
Spectral simulation was performed using 2 LACX programme?®?, and computation
of the equilibrium constants from chemical-shift data of 10 was performed using
Scott’s modification??® of the Benesi—Hildebrand equation?* with the aid of the
programme SHEBA?23 Sodmum hydride was prepared oil-free immediately before use
by washing the commercially available 60% dispersion in oil with light petroieum;
it was then maintamed briefly under reduced pressure prior to weighing Optical

*This figure lies 10 the range of many Na—O distances determined by X-ray crystallography
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rotations were measured at ambient temperature on a Perkin—-Elmer 141 polarimeter

2-Hydroxyethyl 2,3-O-1sopropyhidene-4-O-methyl-p- and o-L-rhamnopyranoside
(5 and 6) — To a stirred solution of 2,3-O-1sopropylidene-4-O-methyl-a-L-rhamno-
pyranose!? (2) (0 65 g) n 1,2-dimethoxyethane (10 ml) was added, with stirring, a
suspenston of sodium hydride (02 g) in 1,2-dumethoxyethane (5 ml), the reaction
being maintained under dried nitrogen After 2 h, methyl bromoacetate (1 6 g) was
added and the mixture was stured for a further 2h T 1c¢ (benzene-ethyl acetate,
41 v/v) mndicated the disappearance of starting matertal Methanol (5 ml) was added
and the mixture was then concentrated to a thick slurry which was partitioned between
chloroform (50 ml) and water (20 ml) The aqueous layer was extracted with chloro-
form (2 x 10 ml), and the combined extracts were washed with water (10 ml), dried,
and concentrated The syrupy residue was dissolved in dried ether (10 ml), and a sus-
pension of hithium alumimium hydride (0 6 g) 1n dried ether (10 ml) was added drop-
wise with stuting After 3 h at room temperature, water (0 6 ml) was added, and then
aqueous sodum hydroxide (0 6 ml of a 15% solution) and water (1 8 ml) After
filtration, the ether solution was dried and concentrated to give a syrup which con-
tammed (tlc 1n ethyl acetate) two components, the slower-running component
(B-glycoside 5) preponderated, the ratio of 5 6 was visually estimated from tl1c¢ to be
~73 A portion of this syrup was subjected to p1c, and the lower band (R 0 25),
after extraction and distillation, gave 2-hydroxyethyl 2,3-O-isopropylidene-4-O-
methyl-f-L-rhamnopyranoside (5), bp 100°(bath)/0 04 mmHg, [al; +434° (c 09,
chioroform) N mr. (acetone-dg) data 6 123 (d, Js¢ 6 Hz, H-6), 130, 146 (2s,
CMe,), 346 (s, OMe), 413 (t, J»,3 6, J3,4 6 Hz, H-3), 426 (dd, J, , 2 Hz, H-2),
481 (d, H-1)

Anal Calc for C,,H,,04.C, 5495, H,845 Found C,550,H,83

The faster-running band (Rg 0 4), after extraction, yielded 2-hydroxyethyl 2,3-
O-1sopropyhidene-4- O-methyl-¢-L-rhamnopyranoside (6), b p 86°(bath)/0 03 mmHg,
[oelp —38 6° (c 08, chloroform) N mr (acetone-dg) data 6 118 (d, J5,¢ Hz, H-6),
1 30, 1 47 (2s, CMe,), 3 47 (s, OMe), 3 94 3 (complex, H-2,3), and 4 95 (s, H-1)

Anal Calc for C,;H,,04 C, 5495, H,845 Found C,544; H, 84.

Nmr dat1on 3,4, and 10 — 3 (CDCl;) 6134 (d, J5 ¢ 63 Hz, H-6), 139,
158 (2s, CMe,), 309 (dd, J3,4 65, J, 5 95 Hz, H-4), 3 30 (m, H-5), 3 52 (s, OMe),
359 (s, OMe), 411 (x, J, 3 6 3 Hz, H-3),425(dd, J, , 2 3 Hz, H-2),4 6 (d, H-1)

4 (CDCl3) 6 128 (d, J5,6 6 Hz, H-6), 135, 1 54 (2s, CMe,), 2 96 (m, H-4),
336 (s, OMe), 3 50 (s, OMe), 3 50-3 62 (m, H-5), 4 084 13 (complex, H-2,3), and
4 84 (s, H-1)

4 (CgDg) 8 123, 147 (25, CMe,), 136 (d, Js,¢ 6 3 Hz, H-6), 305 (s, OMe),
305-32 (m, H-4), 345 (s, OMe), 363-379 (m, J, s 10 Hz, H-5), 416 (t, J5 4 6 Hz,
H-3),425(d, J,,; 6 5 Hz, H-2), 4.91 (s, H-1)

10 (acetone-dg) 6 3 55 (m, J,, 3 4 61 Hz, H-3), 381 (m, J, 3 —9 06 Hz, H-2),
415(m, J, ;- 574, J,,» 545 Hz, H-1)

Tris(2-methoxyethyl) orthoformate (9) — Triethyl orthoformate (16 4 ml) and
2-methoxyethanol (16 2 ml) were heated at 80° in the presence of p-toluenesulphonic
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acid (01 g) for 24 h Ethanol (~ 11 ml, theory, 17 4 ml) formed 1n this reaction was
then distilled from the mixture The residue was distilled at 12 mmHg, and after a
fore-run of ~8 ml, material of bp 131-140° was collected The nmr spectrum
(60 MHz, neat liquid) showed two singlets at 8 52 and 5 15, indicating incompiete
reaction To this material was added 2-methoxyethanol (i mi), and the reaciion
and 1solation procedure were repeated The product had bp 145-148°/12 mmHg,
nmr (neat) & 3 3 (s, 3Me0), 3 43 8 (complex, -CH, CH,-), 52 (s, H—(l:—)

Anal Calc for C;¢H,,0¢ C, 504; H,93 Found C, 503, H, 9 1'

Measurement of nduced cherucal shifts — The following procedure was
generally used To the substrate (~ 50 pmoles) in an n m 1 tube was added acetone-d
(0 5ml) The capped tube and contents were weighed, and the n mr spectrum was
recorded A small portion (~05 molar equivalent) of previously dried sodium
1odide was then added and the tube reweighed to yield the accurate weight of 10dide
added The nmr spectrum of the solution was measured Further additions of
known weights of sodium 1odide were made, and a spectrum was run after each
addition In the case of 10 the following procedure was used. Aliquots (0 I ml) of a
solution of 10 (99 mg) 1n acetone-dg (1 ml) were added to calibrated (volume) nmr
tubes contaming weighed portions of sodium 1odide so as to achieve a range of
molar ratios of salt/substrate between 04 and 6 Further acetone-ds was added to
make up the final volume to 0 7ml The n m r spectrum of each solution was then
determined

For 10 and cyclopentane-cis-1,2-diol, simphification ot spectral analysis was
achieved by exchange of the hydroxyl protons by treatment with deuterium oxide
For example, 10 (~0 1 g) was dissolved in D,O (1 ml), and the solution was then
concentrated to dryness using an oil pump This process was repeated four times,
after which the residue was stored over phosphorus pentaoxide in a vacuum desiccator
Ir spectroscopy confirmed the conversion of ~OH to -OD groups

Equilibrium constants for ccmplex formation by 10 — In the Scott modification
of the Benesi—Hildebrand analysis for calculation of the equlibrium constant for
complex formation by 10, using the programme SHEBA, the values obtaned from
the chemical-shift data for H-1, H-2, and H-3 were 6 +06,1 +02,25 +03Mm™!
The error ranges are based on standard deviations in computed line-positions for
H-1, H-2, and H-3 of approximately 0 13, 0 05, and 0 05 Hz, respectively
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