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ABSTRACT 

The changes induced rn the chemical shrfts of certam protons in some carbo- 
hydrate denvatlves and some other poly-oxygenated compounds, on addrtron of 
sodmm iolde to then solutrons m acetone-d,, are reported The H-l resonances of 
fl-glycosrdes of 2,3- O-rsopropyhdene-4- O-methyl-L-rhamnopyranosrde were sigm- 
ficantly affected by the addmon of sodmm ions, whereas with the cc+glycosrdes, 
these resonances were vu-tually unaltered Methoxyacetaldehyde &ethyl a&al, 
tnethyl orthoformate, and tris(Zmethoxyethy1) orthoformate all showed sigmlicant 

mduced-sh&s m them a&al-proton resonances on the addmon of sodmm :ons, and 
all the proton resonances of 1,Panhydroerythrltol were affected, but to drffermg 
degrees With the czs- and trans-5-methoxy-2-phenyl-1,34oxanes, rt is the former 
isomer, which can m prmcrple simultaneously use all three oxygen atoms m the 

molecule to complex a sodmm ion, wluch shows the greatest mdueed-sluft m the 
acetal-proton resonance 

INTRODUCTION 

There has been consrderable recent interest m the complexmg of metal ions 
with oxygen-contammg orgamc molecules1-3. In particular, the co-ordmatxon 
chemrstry of the alkah and alkahne-earth metal ions has been conslderably expanded 
by the dIscovery that they can form stable complexes with macrocychc4 and macro- 
blcychc5 polyethers It has also been demonstrated that polyols havmg a surtabIe 

arrangement of three oxygen atoms form complexes with these catrons m aqueous 
solutron6 

Our interest m this subJect was mtrated during studies on the methylatron of 
reducing-sugar denvatlves usmg sodnun hytide-methyl rodtde’. The ratio of a- to 

/3-glycosldes obtamed under various conditions could be rationalized rf the relative 
stabrhtres of the two possible alkoxrdes were m&renced by preferentral complexmg 
of sodmm ions m an ion parr of one of the alkoxrdes Thus, methylation of 2,3-O- 

isopropyhdene4U-methyl-L-rhamnopyranose (2) m tetrahydrofuran gave, unexpect- 

edly, 91% of the /3-glycosrde 3, suggesting that the presence of sodmm ion mrght 
stab&se the /3-alkoxlde 1 as a result of sunultaneous interactron With the negatively 
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charged O-1 and lone-pan orbrtals on 0-rmg and O-2 In agreement wrth thts Idea, 
slmllar alkylatlon m the presence of drcyclohexyl-18-crown-64, which effectrvely 
prevents mteractton of sodmm Ions wrth the alkoxrde through preferentral complexmg, 
yielded the cr-glycosrde 4 m 86% yield 

.- 
1 

2 R’ = R2= HOH 5 R’ = OCH,CH,OH R*= H 

3R’= OMe R’=H 6 R’ = H $= 0CI-I,CH20H 

4 R’ = H 8 R2=OMe 

An_gyal and Davies have noted that a partzcu!arly favourable arrangement for 
complexmg catrons IS an ay,eq,ax sequence of oxygen atoms on consecuttve carbon 
atoms m a stx-membered rmg’ The j?-alkoxxde 1 partly sat&es these requuements, 
and It appeared useful, therefore, to mvestigate the mteractron of the /3- and G- 
glycosrdes, 3 and 4, with sodmm eons to gam evrdence m support of, or against, the 
above hypotheses concernmg the role played by the metal ion m glycosldatron reac- 
trons We now report a study of shafts induced m the n m r spectra of 3 and 4 by 
sodium rodrde m acetone-z&, and also srmllar studies on some related compounds, 
with a view to ascertaining stereochemtcal features which favour complex formation 

RESULTS AYD DISCL’SSION 

The chemical shift of H-l m methyl 2,3-U-lsopropyhdene-MXmethyl-c+L- 
rhamnopyranosrde (4) IS vu-tually unaffected on the addition of sodmm rodtde, m 
contrast, for the /I anomer 3, a move to lower field occurs for the H-I signa (see 
Rg la), since only one srgnal for H-l IS observed, the equthbnum between complexed 
and uncomplexed species IS fast on the n m r trme-scale, and the chemical shift 
represents an average value Although the induced chemmal shtft (da) IS only moderate 
(-0 37 p p m for a salt/glycostde ratio of lo), shrfts of a slmtlar magnitude have 
been reported for H-3 m epz-mosttol m the presence of calcium* and lanthanum6 
Ions, and it has been suggested that the metal Ion m these complexes is located 
approxrmately m the dnectron of the H-C bond on the oppostte srde of C-3 to H-3 
The observed chemrcal-shrft behavlour of the H-l srgnal m 3 therefore appears 
consrstent with a complex related to that deprcted by 1, and lends credence to the 
concept of the sodium ion affecting the a&alkoxtde equrhbnum in favour of the 
B denvatrve. Couplmg constants observed m 3 and 4 were fully consrstent wrth these 
compounds exrstmg m approxrmate-charr conformatrons, distorted from the rdeahsed 
geometry as a result of a decrease m the dihedral angle O(2)-C(2)-C(3)-O(3), through 
fusion of the dtoxolane rmg 
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Fig I Induced chemical shifts (ds) m certain proton resonances of some carbohydrate denvatwes 
m acetone-c& solution on addltxon of sodium Iodide (a) Anomerlc proton in 3 (-0-), 4 (-XX), 
5 (-a-). and 6 (-A-) (b), Acetal proton m 7 (-0-), 8 (-X--), and 9 (-@-) (c) H-l 
(-0-), H-2 (-xx), and H-3 (-a--) m 10 (numbering as in formula), methme protons (A) 
m cyclopentane-cls-1.2-dtol, and H-l (+) m 10 wth NBuJ replacing NaI (d) Acetal proton m 11 
(-0-) and 12 (--x-) 

Smce the structural umt O-C-C-O 1s found m many hgands efiectrve for 
complexmg sodmm ions’, we prepared and srmrlarly mvestlgated the (2-hydroxy- 
ethyl) j?- and a-glycosrdes 5 and 6 It is apparent (Fig la) that, for the cc-glycosrde 6, 
there is little increase m the interaction wrth sodmm ions on replacing MeO-1 by a 
2-hydroxyethyl functron In the /I-series, however, assuming a srmrlar geometry of 
the complex m both cases, the replacement causes a marked mcrease m the mterac- 
non, at a salt/glycosrde ratio of 10, the induced shift is approximately 0 48 p p m 

Entropy consrderatrons suggest that cychc compounds contarmng a favourable 
arrangement of oxygen atoms wrll be more effective hgands than acyclic compounds 
contammg a similar structural sequence of atoms, since m the latter case the favoured 
geometry for complexmg may only be obtamed m a few of the many posstble con- 
formations of these molecuies Methoxyacetaldehyde drethyl acetal (7) possesses the 
structural features of the proposed site of complexatron m 3, but rt 1s apparent 

(Frg lb) that although the resonance of the acetal proton IS affected by the ad&tlon 
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of sodmm ions, the effect IS smaller than m 3 Interestmgly, m tnethyl orthoformate 
(S), the chermcal sh& of the orthoformyl proton shows a slmrlar dependence on the 
salt concentration, but m trls(2-methoxyethyl) orthoformate (9), whch mcorporates 
threefold <he favourable O-C-C-O spacmg, an Induced-sluft curve smular to that of 
3 is found The rankmg of complexmg ablhty by comparison of such Induced-shift 
behavlour must assume snmlar geometnes of the complex in all cases This assump- 
tlon may be reasonable in compounds havmg similar structurelO around the complex- 
ing site 

Further consxderatlon of carbohydrate-denved molecules contaming the 
O-C-C-O umt led us to examme l&anhydroerythr~tol (10) as a possible hgand for 
sodmm ions We recently reportedI’ the prepara tlon of crystallme complexes from 

HO OH 
__- H’ 

<8- 
H2 

0 ‘l-P 

IO If R’ = OMe, R2 = H 
12R’=H,R’=OMe 

10 and sodmm throcyanate, sodium lodlde, and sodmm perchlorate, and also the 
structure of the perchlorate complex’ ’ The complex nature of the spm system m 10 
necessitated the use of spectral slmulatlon to obtam accurate data for chemical 
shifts and couplmg constants The induced chermcal shifts of H-l, H-2, and H-3 
m 10 with mcreasmg concentration of sodmm lodrde are shown m Fig Ic, the 

proton (H-i) gemmal to the hydroxyl group IS most affected The importance of the 
czs-vlcmal &ol function m 10 m aldmg complexmg IS suggested by the sensltlvlty of 
the chemrcal skfts of the methme protons m cyclopentane-czs-1.2~&ol under slmllar 
condltlons (see FI,O lc) However, the ratlo of the mduced chemxcal shift of the 
methme proton m 10 (ie , H-l) to that m cyclopentane-czs-1,2-lol, for any gven 
salt/substrate ratro, was always greater than umty, suggesting that the nng oxygen 
does play some part m the mteraction of 10 with sodmm 1011s The allocation of the 

least and most affected of the methylene protons m 10 as H-2 and H-3 (see formula), 
respectively, IS based on the calculated induced-shifts* m their resonances, usmg the 

*For thus calculatzon, the co-ordmatxon of sodzum by the czs-dzol functzon was assumed, wzth a 
geometry smular to that found m the crystal of the perchlorate complex” 
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formula1 3 

do= --2~10-‘~ E =- lo- 18E2, 

where do IS the change m the proton-screemng constant of an X-H bond when rt IS 
subject to an electric field E, E, bemg the component of E m the bond drrectron The 
induced chemical shrfts calculated thereby were found to be m the ratros for H-l H-3 
H-2 of 5 2 3 2 1 Observed values ml0 at salt/substrate ratios of 1 85, 3 32, and 5 4 
to 1 were 4 7 3 7 1, 4 4 3 7 1, and 3 32 3 l-l, respectively Although tlus allocatron IS 

contrary to that which mrght be made on the basrs of the general observatron for 
five-membered rmgs that Jcrs> Jrrans, (c f III 10, J1 ,2 5 45, J1 ,3 4 61 Hz), It 1s noteworthy 
that calculatron of couphng constants m 10, using a recently described,, modified 
Karplus equatron14, grves J1,2 > .J1,3 by -0 5 Hz 

Analysis of the chemrcal-shrft data for H-l, H-2, and H-3 by the method of 
Martm and co-workers15 ylelded equlhbrmm constants for complex formatlon of 
approximately 6, 1, and 2 5M- ‘, respectrvely The vanatron m these values may be a 
result of the non-vahdrty of an mherent assumptron m this treatment, z e , that only 
1 1 complex-formation occurs The crystal structure of the (lo)-NaClO, complex 
and 2(10)-NaI complex’ 6 suggests that mteractron of 10 with two sodmm eons may 
not be ruled out As expected, adltron of tetrabutylammomum rodrde to 10 111 
solutron Induced much smaller shrfts than sodmm rodrde. 

Addrtron of sodmm rodrde to the rsomenc czs- and trails-5-methoxy-2-phenyl- 

1,3&oxanes, 11 and 12, produced the greatest effect on the benzyhc hydrogen atom 
of the czs Isomer (Frg Id) Drerdmg models show that a sodmm Ion pIaced 2 4A* 
from all three oxygen atoms of the czs Isomer, on the side of the acetal carbon opposrte 
to the benzyhc hydrogen, hes close to the axes of the C-H bond at the acetal centre, 
a particularly favourable onentatron for producmg a shreldmg change at that hydro- 
gen nucleus In contrast, the tram isomer m Its preferred conformatron IS not abIe to 
achreve a smular, srmultaneous complexmg to all three oxygen atoms 

ExPEFcmENTAI. 

Compounds 2 17, 37, 418, lOI’, 112’, and 1221 were prepared by hterature 
methods N m r spectra were measured on a Varxan HA-:00 instrument, usmg 
Me4Sr as an Internal standard, unless stated otherwrse, chemrcal shrfts were measured 
at 250-Hz sweep-wrdths wrth chart cahbratron by a pen-coupled frequency counter 
Spectral srmulatron was performed usmg a LACX programme”, and computatron 
of the eqmhbnum constants from chemical-sWt data cf 10 was performed using 
Scott’s moditication23 of the Benesr-Hrldebrand equatron24 wrth the ard of the 
programme SHEBA 2 5 Sodmm hydride was prepared o&free rmmedrately before use 
by washmg the commercrally avarlable 60% drspersron in 011 wrth lrght petroieum; 

rt was then mamtamed bnefly under reduced pressure pnor to werghmg Optical 

*Thus figure hes m the range of many Na-0 &stances determmed by X-ray crystallography 
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rotations were measured at ambrent temperature on a Perkm-Elmer 141 polanmeter 
2-Hydroxyethyl 2,3-Cl-lsopropyhdene-4-O-meth_vI+ and a-L-rhanmopyranoslde 

(5 and 6) - To a stured solutron of 2,3-O-lsopropyhdene-4-O-methyl-a-L-rhamno- 
pyranose17 (2) (0 65 g) m 1,Zdrmethoxyethane (10 ml) was added, wrth stn-rmg, a 
suspensron of sodmm hydnde (0 2 g) m 1,Zdunethoxyethane (5 ml), the reaction 
being mamtained under drred mtrogen After 2 h, methyl bromoacetate (1 6 g) was 
added and the mrxture was stn-red for a further 2 h T 1 c (benzene-ethyl acetate, 
4 1 v/v) mdrcated the lsappearance of startmg matenal Methanol (5 ml) was added 
and the mrxture was then concentrated to a thick slurry which was partitioned between 
chloroform (50 ml) and water (20 ml) The aqueous layer was extracted wrth chloro- 
form (2 x 10 ml), and the combmed extracts were washed with water (10 ml), drred, 
and concentrated The syrupy resrdue was dissolved m dned ether (10 ml), and a sus- 
pensron of hthmm alummmm hydnde (0 6 g) m drred ether (10 ml) was added drop- 
wrse wrth stnrmg After 3 h at room temperature, water (0 6 ml) was added, and then 
aqueous sodium hydroxide (0 6 ml of a 15% solution) and water (1 8 ml) After 
Utratton, the ether solutron was dned and concentrated to grve a syrup wmch con- 
tamed (t 1 c m ethyl acetate) two components, the slower-runnmg component 
(/?-glycostde 5) preponderated, the ratro of 5 6 was vrsually estrmated from t 1 c to be 
-7 3 A portron of ths syrup was subJected to p 1 c , and the lower band (RF 0 25), 
after extraction and &stlllation, gave 2-hydroxyethyl 2,3-O-isopropyhdene+O- 
methyl-@_-rhamnopyranosrde (5), b p lOO”(bath)/O 04 mmHg, [aID f43 4” (c 0 9, 
chloroform) N m r. (acetone-d,) data 6 1 23 (d, J5 6 6 Hz, H-S), 1 30, 1 46 (2s, 
CMe,), 3 46 (s, OMe), 4 13 (t, JzS3 6, J3,4 6 Hz, H-3), 4 26 (dd, J, 2 2 Hz, H-2), 
4 81 (d, H-l) 

Anal Ca!c for C21H220s_ C, 54 95, H, 8 45 Found C, 55 0, H, 8 3 
The faster-rumnng band (Rr 0 4), after extractron, yreided Zhydroxyethyl2,3- 

0-rsopropyhdene40-methyl-a-r,-rhamnopyranoade (6), b p 86”(bath)/O 03 mmHg, 
[aID -38 6” (c 0 8, chloroform) N m r (acetone-d,) data 6 1 18 (d, J5,6 Hz, H-6), 
1 30, 1 47 (2s, CMe,), 3 47 (s, OMe), 3 9-4 3 (complex, H-2,3), and 4 95 (s, H-l) 

Anal Calc for C21H2206 C, 54 95, H, 8 45 Found C, 54 4; H, 8 4. 
N m r dat? on 3, 4, and 10 - 3 (CDCla) 6 1 34 (d, J5 6 6 3 Hz, H-6), 1 39, 

1 58 (2s, CMe,), 3 09 (dd, JSS4 6 5, J4,5 9 5 Hz, H-4), 3 30 (m, H-5), 3 52 (s, OMe), 
3 59 (s, OMe), 4 11 (r, J2 3 6 3 Hz, H-3), 4 25 (dd, Jr a 2 3 Hz, H-2), 4 6 (d, H-l) 

4 (CDC13) 6 1 28 (d, JSB6 6 Hz, H-6), 1 35, 1 54 (2s, CMe,), 2 96 (m, H-4), 
3 36 (s, O-Me), 3 50 (s, OMe), 3 50-3 62 (m, H-5), 4 084 13 (complex, H-2,3), and 
4 84 (s, H-l) 

4 (C,D,) 6 1 23, 1 47 (2s, C-Me,), 1 36 (d, J5,6 6 3 Hz, H-6), 3 05 (s, OMe), 
3 05-3 2 (m, H-4), 3 45 (s, OMe), 3 63-3 79 (m, J4 5 10 Hz, H-5), 4 16 (t, J3,4 6 Hz, 
H-3), 4 25 (d, J2,3 6 5 Hz, H-2), 4.91 (s, H-l) 

10 (acetone-d,) 6 3 55 (m, J1 l s 4 61 Hz, H-3), 3 81 (m, Jz 3 - 9 06 Hz, H-2), 

4 15 (m. J,,,. 5 74, J, ,f 5 45 Hz, H-l) 
Tns(2-methoxyethyZ) orthoformate (9) - Trrethyl orthoformate (16 4 ml) and 

2-methoxyethanol(l6 2 ml) were heated at 80” m the presence of p-toluenesulphomc 
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acid (0 1 g) for 24 h Ethanol (- 11 ml, theory, 17 4 ml) formed m thus reactron was 
then drsttlled from the mixture The residue was dzstrlled at 12 mmHg, and after a 
fore-run of -8 ml, marerzal of b p 131-140” was collected The n m r spectrum 
(60 MHz, neat liquid) showed two smglets at 6 5 2 and 5 15, mdlcatmg mcomplete 
reaction To tlus matenal was added 2-methoxyethanol (16 ml), and the reaction 
and rsolatton procedure were repeated The product had b p 145-148”/12 mmHg, 

n m s (neat) 6 3 3 (s, 3MeO), 3 4-3 8 (complex, -CH2 CH,-), 5 2 (s, H-C-) 

Anal Calc for C1 ,,HZ206 C, 50 4; H, 9 3 Found C, 50 3, H, 9 1’ 
Measurement of mduced cJzetwcaJ shafts - The followmg procedure was 

generally used To the substrate (- 50 pmoles) in an n m r tube was added acetone-d, 
(0 5 ml) The capped tube and contents were werghed, and the n m r spectrum was 
recorded A small portron (-0 5 molar eqmvalent) of prevrously dried sodium 
iodide was then added and the tube reweighed to yield the accurate weight of lodrde 
added The n m r spectrum of the solutton was measured Further addmons of 
known weights of sodmm rodtde were made, and a spectrum was run after each 
addrtron In the case of 10 the followmg procedure was used. Ahquots (0 I ml) of a 
solution of 10 (99 mg) m acetone-d, (1 ml) were added to cahbrated (volume) n m r 
tubes contammg weighed portions of sodmm iodide so as to achreve a range of 
molar rattos of salt/substrate between 0 4 and 6 Further acetone-d, was added to 
make up the final volume to 0 7 ml The n m r spectrum of each solutton was then 
determined 

For 10 and cyclopentane-czs-1,2-dlol, slmphficatlon 01 spectral analysts was 
achieved by exchange of the hydroxyl protons by treatment with deutermm oxide 
For example, 10 (-0 1 g) was dissolved m D20 (1 ml), and the solutron was then 
concentrated to dryness using an 011 pump Thts process was repeated four times, 
after which the residue was stored over phosphorus pentaoxtde m a vacuum desiccator 
I r spectroscopy confirmed the conversion of -OH to -0D groups 

Equdrbrnrm constants for complex f&matron by 10 - In the Scott modification 
of the Benest-Hrldebrand analysts for calculation of the eqmhbrmm constant for 
complex formatron by 10, usmg the programme SHEBA, the values obtained from 
the chemical-shaft data for H-l, H-2, and H-3 were 6 &O 6, 1 3-0 2, 2 5 +O 3 M- ’ 

The error ranges are based on standard devlatrons m computed line-positrons for 
H- 1, H-2, and H-3 of approxtmately 0 13, 0 05, and 0 05 Hz, respectively 
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