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&8&&g: A =B NNR study &manstrated that the four pentoaes, lfka h4xoaee, form 
concurrently-t:1 and 1:2 borate co~pl4x44 fn aqucsous salutfm, contrary to earlier 
reporta. It rloo l hou4d timt in both apbcies, ths borate ion wan bound to a vicinal dial 
aita. Ths corr4mptmdfng stability constants ware detet&ed by a potentiowtric method. 
Tbs structurea of nest 1:2 coupl4x4s v4re preeised by '4C NRR spectroscopy, since the 
carbon aeons which bear tba chelating diol group v4r4 clearly deshielded and had 
increased 'Ja values. The results were ratfoualiaed by grouping the sugars in series of 
related configurationa. All maget were coxplexed in furanosa form. Thoss of tha arrabfnc- 
g&s&~-&g&~ ssrfes and of the &~-g&~g-g&& series gave the sax4 type of complex 
involving the anomric hydroq1 group and th4 nearest rfng CBOH. The very stable 1:2 
complex of D-ribose was shown to be a mixture of two species in constant ratio, borate 
being bound sithar at C-l,C-2 or at C-2,C-3. T'ha sams result was obtalnbd wfth the sugars 
of the &~Q-B~DDR-M series, vhfch also poSS444bd tvo Efn CHOH groups. 

In equeoue aolutfon, borate ions react with polyhydroxy coupounds to form ionlzsd 

complexss which have received neveral applications in carbohydratb chemistry, for example in 

the chromatographfc determination of nfxtureo of sugars using anion-exchange r4eins1*2 and 

for possible protection3 against ionizing radiatioy. Moreover. borate ions are known to 

catalyea' the iaoawtrizstfon of aldoaes to ketosaa in alkaline media. 

The very stable borate complexes of ketosea and aldftols (especially D-mannitolJ) have 

bean the eubject**' of numerous studies. The classical schema of co~plax form&ion is : 

in which B‘ l tazuim for 

In contrast, much 

conflicting r4sultae-" 

B- + L e SL- 8% - (BL-)/W)(L) 

8‘ f 2 Le Bh- 82 - (84-)/@‘)tL)a 

the borate ion and 8l,,- for the L:n complexes fotxed with a ligrnd L. 

1~8 iS hOWI cbout ebb W4lbr al&s4 CompleXeS. SeV4rUl papers report 

on ths stability constants 4 and aven on the compoaittona of 
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psntoss complexes. In some cases, the selective formation of 1:l or 1:2 species vas claimed" 

to depend on the configuration of the ligand. We therefore undertook a comprehensive study of 

the stability of borate complexes of simple sugars, using the improved potentioaetric 

method" recently developed for the study of oligosnccharide complexes. 

The structures of borate complexes have been discussed from comparisons of 

thermodynamical data'0-'2 within series of ligands possessing related configurations. 

Recently, a combination of “B,and ‘k Stir spectroscopies has proved to be a powerful tool 

for the elucidation of the nature of complex formation between borate and polyhydroxy 

1igandP" in aqueous solution. In the present study, these methods were applied to the 

pentose series in order to relate the stabilities of the complexes to the structures of the 

sugars. When available, related hexoses (aldoses or ketones) were studied for comparison. Cur 

main goals were the determination of the form, pyranoae or furanose, in which the sugar was 

complexed and the identification of the chelating hydroxyl groups. 

RRFZRIIENTAL 

All the sugars were cormsercial compounds (FL&A or Aldrich) of the highest 
available grade, used without further purification. The preparation of boru solutions 
and the determination of stability constants have been previously described." 

rlB NMR.- The spectra were recorded at 28.88 HIIs using a BRURgR Uli 90 C 
multinuclei spectrometer. The temperature was about 26-C. The sample concentrations were 
1 m01.1~' (borax) and 0.5 nol.l-' (spar) i n D,O (1 cm'). The chemical shifts have been 
measured by the substitution method' , with boric acid as reference. 

1% NNR.- The measurements were made at 20.11 HHs using a gRDRRR UP 80 
spectrometer. The samples were those prepared for the % lWR study and were used within 
a veek (the spectra did not vary during this interval). The temperature wss about 28'C. 
The spectra were referenced externally to the CsD, signal at 128 ppn. 

For decoupled spectra, a pulse angle of 90' and a relaxation delay of 3 s were 
used. The proton-coupled spectra were obtained with nuclear Overhauser enhancement by 
gating off the &coupler during data acquisition. The resolution was improved by applying 
an apodisation function to the free-induction signal before Fourier traruformwtion. . 

RRSIJLTS AND DISCDSSION 

"B The prfnciple') lies on the fncts that hydroxyl exchange between boric acid 

and borate is fast on the llB tine scale and gives only one mean signal for uncomplexed 

boron. On the contrary, boron exchange between boric acid and its complexes is SOW on the 

'rB time scale and a separnte signal can be observed for each species. 

Table 1 displays "B chemical shift data for borate complexes of a series of ketones 

and aldoses. The signals corresponding to the 1:l complexes (6 - -13 ppm, sharp) and the 1:2 

complexes (6 I -8.5 ppm, broad) could be assigned in agreemant with previous studies"-". 

The values of the llB chemical shifts in both series of complexes, which varied little with 

the nature of the sugar, allowed us to conclude that the chelating site was always a vicinal 

diol group, forming a five-membered ring with the boron atom. Complexes of /9-dfol groups 

would have give# signals at 6 < -18 ppm. 

The large differences in the linewidths (Table 1) of the two series'of complexes can be 

attributed to their different molecular radii. Accordingly, the signals given by the 

disaccharide lactulose were found to be particularly broad. 

e Despite several potentiometric studies'-lo uhi&h.'clalmed that 

pentoses form only one borate complex, with 1:l or 1:2 stoichioaetries d&plndfng on the sugar 



Structure of borate cmplues of pcntowa and related sugma 

TABLG 1 - llg chemical shifts and linerldtha for borate complaxes of sugars 
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6 
ligand 
;_._..__________._._________~~~__ 

D-lyxose -12.7 
D-xylose -12.8 
D-arsbinose -13.1 
D-rlbose -12.9 
D-galactose -13.0 
D-glucose (*) -12.9 
D-msnnose -12.4 
D-tagatose -13.0 
L-sorbose -12.5 
D-fructose (*) -12.9 
lactulose -12.3 

(PPIP). AV (Hx) 

._.__._~~~_._..____________B~:_.__._..~~-_.._ 

-8.1 32 48 
-8.3 70 = 140 
-9.1 24 80 
-7.9 36 57 
-8.8 15 - 110 
-8.4 64 m 150 
-8.0 48 60 
-8.8 ND LI 150 
-8.5 45 81 
-8.9 ND 70 
-8.3 = 100 = 140 

’ chemical shifts with boric acid ss externsl reference. ND : not determined. 
t PI 26-C ; concentrations : borax 0.5 nol.l-‘; ligend 1 n01.1~’ 
(*) literature” values for BLs- : -8.7 ppm (D-glucose), -9.5 ppm (D-fructose). 

TABLE 2 - Overall stabflity constants. of borste complexes of sugars 

Thls work litersture (rsf) 
1 igand log B, log 8s log 8, log 8s 

~_________~~~______~~~~~~~~~~___~______~~~~~~~~~~_~~______~~~~~~~~~~~~~~~~~~~ 

D-rlbose 2.26 4.80 ND 7.20 (9) 
ND 3.01 (17) 

D-xylose 1.95 3.74 ND 4.01 (a) 
D- lyxose 2.15 3.39 4.82 ND (9) 
D-arebinose 2.14 2.99 ND 3.28 (a) 

2.19 3.02 (7) 
L-arabinose 2.10 2.97 I 

2% 
3.55 (8) 
2.83 (6) 

------_~__~_~_~~~__----------~~~~~~~~~------~~~~~_________~~~~~~~~~~~~~~~~~~~ 

L- rhemnose b 1.58 2.14 ND 2.61 (8) 
deoxy-2-ribose c 0.92 1.60 3.85 ND (10) 
~_~~~~~~__~_~~_~~__~~~~~~~~~~~~_______~~~~~~~~~~~_~_______~~~~~~~~~~~~~~~~~~~ 

D-glucose 1.80 3.05 d 
D-galnctose 1.99 2.56 d 
D-msnnose 2.01 2.74 d 
__________~~_______~~~~~~~~~__________-----~~~~~~~~~~~~~------------~~~.~~~ 

D-fructose 2.82 4.97 d : 
L-sorbose < 3.5 5.75 ND 5.80 (a) 

. determined by potentiometry” ; accuracy : log jll + 0.08 ; log 73, ?I 0.08 
t - 25.C ; I - 0.1 mo1.1-’ (KCl) ; ND : not determined. 
b : 6-deoxy-L-msnnose ; c : 2-deoxy-D-m-panto6e 
d : tsken from ref.11. in which literature results vsre discussed. 

configuration, the “B NhR results presented above show unsmbiguously that both 1:l and 1:2 

species are formed concurrently in every borate-sugar system, including those of pentoses. 

Accordingly, other pottntiometric proceduress*‘*” were shown to allow the determination of 

both stability constents. 

An exception wes found in thfs work for L-sorbose. Although this ketose formed two 

complexes detected in the “B NM8 study (Table 1) the stsbility constant ,91 of the BL- 

complex could not be determined by potentlomstry, probably because. et low concentrations of 

ke tose , the reaction vith borate wss slov and precluded the obtention of accurate pH values. 

Nevertheless, we performed simulated computetions whfch showed that the log jll value could 

not be > 3.5, since such e stable 1:l complex would have been detected. The failure of the 

method to detect the 1:l species is therefore s consequence of the large stebility 

difference between the 1:l end the 1:2 species. 
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For all other compounds investigated, values of the stability constants fli and ,9, of 

the 1:1 ad 1:2 complexes were determined (Table 2) by our origin81 potentiometric procedure. 

the characteristics of vhich have been discussed" slsewhere. us beforei the slow 

squilibration of borate-sugar mixtures was attributed to sugar rsactions like mutarotation 

or pyranose-furanose interconversions. Some results are now cemented. 

- Both ketoses, D-fructoao and L-sorbose. formod 1:2 complexes of higher stability thsn 

any aldose. Pentose complexes vsrs also found more stable than those of C, aldoses. It gives 

the stability sequence of borate complexes : C, ketoses > C, aldoses > C, aldosos. 

- We vere unable to find any significant difference betveen the stability corutants of 

the complexes of both arabinose enantiowrs, which soems more logical than the contrary 

result of another papers. Arabinose complexes were studied earlier and our results agree 

nicely with those of two other studies e*' which used a similar potentiometric method. 

- Cur values for pentose complexes are very different from those of other workers8-1D 

who used a differential potentiometric method based on measurenents of the buffer capacity of 

the solutions. In such studies, the oversimplifying sssumptlon that only one complex was 

formed may have biassed the calculations of the stability constants. 

- The remarkable stability of the 1:2 complex of D-ribooe compared to other pentoses" 

is confirmed. However, earlier paperrio*" reported very different values for its stability 

constant. A possible reason for the discrepancy could be that D-rlbose formed a mixture of 

two 1:2 complexes, as is shown below. Besides, we found that the valws calculated fron 

several experiments were perfectly reproducible. 

- The involvement of the C-2 hydroxyl of D-ribose in complex formation is &tented by 

(i) the much lover stabilities of the homologous complexes of deoxy-2-D-ribose and (if) the 

lover stability of the 1:2 D-arabinose complex, in which the C-2 configuration is reversed. 

"C Voelter and ~011.'~ sssm to have been the first to use DC NM! in the study of 

borate complexes of carbohydrate derivativel. These authors determined the variations of the 

chemical shifts for each carbon of the ligand and observed that those bearing the complexing 

hydroxyl groups were the most deshielded. A similar procedure vas applied to the borate 

complexes of polyols" and fructose"*'s. 

Since in our experimental conditions, the proportions of the 1:l complexes were 

generally low, the investigations were limited to solutions prepared by mixing the sugars and 

borax in llgcmd/borate ratio - 2. The solutions were thus acidic and, because of their higher 

stabilities, Bh- complexes vere the prevailing species. 

In addition, ve neasured the direct coupling constants 'JCD for all carho-, except 

when the spectra were too complicated. ti expected, they were found to increase for the 

carbons bearing the chelating hydroxyls, and remained almost unchanged for other carbons. 

The study was rationalized by classifying the sugars into series (Table 3) of -logous 

configurations at C-l to c-4 (.ldoses) or c-2 to C-S (ketoaes). In each series. the "C 

signals of these carbons had similar v~lues~~-~'. in pyranose forms a* well as in furanose 
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forms. Moreover, we obssrvsd that tbr spectra of tbe E$- corplexo~ in l given sortas were 

also very sirflar. Conssquantly, the variations of chenicel shifts should be the aem6 wftbfn 

e seriso, suggesting that the corroeponding eomplaxes had id6ntical. structures. 

TABLg 3 - LLst of sugars forming series of analogoun configurations. 

D-arabinose D-riboee DlyxO!b6 D-xylose 

CHzOH-r-+-CHO CH,OH~-T-T--+HO %OFQ cHtOh-+-+=J 

D-galactose D-telose(*) D-msnnolrs D-glucose 

CH,Qw CH,OH-+CHO CVWO cHao_ 

D-fructose D-psicose(*) D-tagetosa D-sorbose 

CH*O~~~-~~OH C?IeOWT-r-+O-CHeOD U$OD+~-CH60H CE$OH+--+O-QIeOH 

(*) sugars not investigated 

a) complexes of D-fructose and darivativso 

Two "C NMR studfso'"*"* of the Bh- cornplax of D-fructose aetablfsh6d tbo aistanca of 

a his (2,3-@-furanoes) complex, although tbs uncouplexad sugar existed mainly in the fl- 

pyranoas form. Additional NHR evi&nce wss providrd by a comparlaon" with a dimxharida 

(isomaltulose) in which the fructose moiety was blocked in the j9-furanos6 form, and on6 of us 

shoved by a potentiomstric study If that fructose-containing disaccberidss nsadad free 

hydroxyls et C-2 and C-3 to giv6 borate compfexas es stable as those of D-fructose. 

Us began this work by comparing th6 B$- complexes of D-fructose and l~ctuloss 

(4-0-~-D-ga~e~topyra~osyl-~-D-f~ctofura~ose). ‘The results (Table 4) gave conclusiva evfdsnca 

that in lactulosa, the borate snion was not bound to the galactose ring, but to tbo C-2 and 

C-3 hydroxyls of the @-fructofursnoss ring. l'ba corresponding variations of chaPicaf shifts 

were found very close to thoss obsarvsd for D-fructose itself. 

b) conrplsxas of D-arabinoae and rslatad sugars 

As indicated above, D-arabi- and D-galactose hav6 configurations related to that of 

D-fructose. Tbeae aldoses exist tn solution as the four possible forno : o and # py'ranoe@s 

( >97a ) and furanosas ( <3t. ). After borax addition, the spsotrr indicat6d tb6 Pr6s6m6 of 

only one 1:2 complex for both sugars. The complexes could not involvs the ligends in either 

pyrenose fonr, since too many carbons would be strongly dsshiold6d (sspecia‘Lly C-4) contrary 

to the fact that boreta is cbaleted by two hydroxyls only. An rumple of calculation is @en 

(Table 5) for D-erabfnose. 'l%a analogy with the D-fructose complex spectrum (Tablo 4) 

suggested instead that all three sugars vere complexed in furanoas fans. One of thasa forms 

(a-D-arabixiofutanoao and #-D-gslactofuranoss) could bs alfninstsd because th6 calculated 

deshlslding 6'ffaCts (Table 5) would have bean very 8~11. Basides, adrmming t&t lfgands to b6 

B-D-arabinofuranoas and o-D-galactofuranoss, calcuXations of the variatfonrr of chemical 

shifts gava viluer close to those obtaitid for D-fructose and lactuloss. 'I%6 teost d6rhfefdad 
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TABLE4 - % chemical 8hift8 in 
4 

* borate eonplexea of la~tulose 
(4-O-B-D-g8lactopyrmnoryl-@-D-fructo urmooe) and fl-D-fmctofurmo8e. 

---------.-------- *-.*--.------------.----*.-*------*-.*------~------*----*-----_-- 
moiety-L carbon po8ftfon 

P-D-galactopyrmoayl 
6 (ppm) in L 10: 9 
6 (ppd in B&- 101.9 
As (PPN 0 
----.---.*.c---.----.-“-“---“.---------.---- 

B-D-fructofuranosyl 1 
6 (pPm> in L 63-7 
6 (PP@ in Bh- 65.1 
A6 (PPN 1.4 
--*-*----*--*-*--*-------*.*------*---*--*-- 
P-D-fructofumnose 1 
6 (ppm) in L 63.9 
6 (PI@ in 8%' 64.4 
A6 (PPN 0.5 
A6 (ppm) 1itt'8 1.5 
A6 (pP8) lit@' -0.5 

7: a 
3 

7i.b 
73.6 
73.4 

0.1 -0.2 
-.-------.---.--- 

2 3 
103.8 75.9 
112.2 83.2 

a.4 7.3 
---*---.*----.-.- 

2 3 
102.5 76.6 
112.1 84.9 

9.6 8.3 
9.2 8.0 
9.2 3.2 

4 5 6 
69.7 76.4 62.2 
70.0 76.4 62.2 
0.3 0 0 

..---.--.-..--..-.---- 

8541 8151 
6 

as.; 
64.0 

85.0 63.2 
1.6 3.9 -0.8 

-.-_----*---*--------- 

75&7 
5 6 

7S.3 
81.7 63.3 
86.0 62.3 

2.6 4.3 -1.0 
2.7 6.6 -0.3 
2.8 5.0 ND 

Aa&nments for ligaud8 from ref 20-24. ND : not determined. 

TABLE 5 - '*C chenfcal 8hift8 8nd coupling coa8tURt8 l.7~1 of al&as8 
having the m configurrtion and of their Dh- borate complexes. 

------.-~---.-----*-_I__________________----*------***----~.--~--*-*-~"**-~--*----- 
ligend - L carbon po8ltion 

D-nrebLno8s 1 2 3 4 5 

6 (ppm) in Bh- 104.3 83.9 78.0 86.7 63.2 
---.-----.--~.*--.-.--.-~-.."...__.----.__."-.-----.~----.-"-*.-_---~...*.~----.--- 
6 <PP~) in LWfu) 95.2 76.8 75.7 82.8 63.5 
A5 (PP80 9.1 7.1 2.3 3.9 -0.3 
--.*-"-*-----.-----~_________________cI_---.--------*~---*~""---.-----"-*~-*------- 
6 (ppm) in L(a-fuu) 102.1 82.1 76.3 82.8 62.8 

"f_f?'l"t.___._______**__.*______________~~~_____~~~___"_~~~"_*__~~~___~_________~:~ 
6 (PP~) fn L(o-PY) 97.8 73.1 73.7 69.6 67.1 

""_'"?"I..__.___________.__________.____":".___'":"_.___":3____11:1__._______._~~:~ 
6 (PP@ in L(&PY) 93.7 69.7 69.7 69.7 63.5 
A6 (PP& LO.6 14.2 8.3 17.0 -0.3 

D-galrctcea 1 2 3 4 5 6 

6 (PP~> in Bh- 103.8 84.0 77.9 85.5 71.9 63.9 
___.-_____.._________..-.---*-_._...-.-.*.-.-----..---....--.-.-----"..-."-.-~.---- 
6 (ppm) in L(o-fu) 96.0 77.4 75.3 82.3 72.7' 63.5 

4f_""""t_________________.~__*__________~~~_____~~~_____~~~_____~:~___.:~~~-_-._~~4 -- 

5 fppra) in LWW 102.1 81.9 76.6 83.1 72.7 63.8 
A.6 &'m) I.7 2.1 1.3 2.4 -0.8 0.1 

Aldose assfgments from rsf 20-24. l uncertain as8iguaent. 

carbons were those of ttm a-dtol system iuvolving the momrfc hydroxyl at C-l md its 

neigbbour at C-2. It in of tnurrrt to note tlwt @-D-arabinose wu &lso raported= to react 

in furanose form w%Ph Bz03 in (CDJ),SO. 

o) conplexe8 of D-riboa8 

Unlike other pan&O8bB, D-rfbo8e could iwt be ecnpared to 8tructurally rel8ted sugar8 a8 

they are not corrPsrc$ally 8v8ilable. Tbe =C ?MR ispectrum of D-ribo8e iudic~tea that all f@uX 

forms (a and # pyranosw md fureno8ea) are premnt at equilibrium. After the addition of 

borax, 811 the 8ignals of free D-riboae almoat dl8apperrod 8nd 10 new re8onmms appeared, 



TA8LF.6- "C chemical l hlfts and coupling constant* lJcH 
of D-riboae and of its two B$- borate complexss. 

ligand carbon position 

D-ribose - L 1 2 3 4 5 

6 (ppo) in complex R, 103.0 77.2 72.2 79.9 61.7 
QC" (Hz) in complex R, 180 154 146 148 142 
__~~~____~~~______~~~_____~~~~~~_~_~~~~~~__._~______~________~~~_____~~~~~~~~~----- 
6 (ppm) in L(o-fu) 97.4 72.2 71.1 84.2 62.5 
b6 (PPm) 5.6 5.0 1.1 -4.3 -0.8 
'JcH (Hz) in L(o-fu) 169.5 P 142 = 142 = 142 141 
AJ (Hz) 10.5 12 4 6 1 

6 (ppm) in complar s 104.3 83.8 78.6 88.3 64.2 
lJcH (Hz) in complex R, 170 156 154 142 140 
_____________.________________________________________________________________----- 

6 (ppm) in 102.1 
A6 (PP=) 2.2 
lJCH (Hz) in L(@-fu) 169.5 142.5 145.5 142.5 141 
AJ (Hz) 0.5 13.5 8.5 -0.5 -1 

6 (ppm) 

_~~______~________~_______~~~~~____~~~~~~~_~~~~~~~~~~~~~~~~~~~~.~~~~~----~~~------- 

6 (PP~) in LWPY) 94.9 72.2 70.3 68.4 64.2 
‘JCH (Hz) in UB-PY) 160 142.5 142 144 141 

Assignments for D-riboas from ref 20-24. 

which could be attributed (Table 6) to two different 1:2 borate complexes formed in unequal 

ratio, denoted hereafter R, (I 7Ot) and s (P 306) on the basis of signal intensities. It 

should nevertheless be recalled chat only one signal (6 - -7.9 ppm) in the llB spectrum could 

be attributed to thexo 1:2 species, indicating that both vmre epirocomplexes in which boron 

was chelated by two a-diol groups. 

In the R, complex rpectrum. the momeric carbon at 103 ppm and the CHDH group at 77.2 

ppm shoved increased 'Ja values (AJ > 10 Hz), whatever the form of the free ligmd. Thus we 

deduced that the anomerlc hydroxyl was chelated and that the second chelated hydroxyl was 

located at C-2. It excluded that the ligand could be in the @-furanose form, in which C-l and 

C-2 would be &shielded by 1 ppm only. If the R, complex involved a pyranose form, the 

variations of chemical shifta (Table 6) would ba - 8 ppa at C-l and = 6 ppm at C-2, but the 

79.9 ppm signal would correspond to a Ai value of = 10 ppm at C-3 or C-4, which is not 

reasonable. Thus in complsx R,, the ligand had necessarily the o-D-rfbofuranose structure, 

with the boron atom chelated by the C-l,C-2 &g-diol system. 

Complex R, displayed a "C R'MR xpsctrum vlth 3 xignala above 80 ppm, including the 

anoneric carbon signal. Besides, the direct coupling conwants of two CHOH groups ware 

increased by nearly 10 Hz. Since only two carbons can be complexed, it implicated that the 

signal of the C-l anoneric carbon should not be edified. It excluded that the ligand could 

be in any pyranoaa form, in which the anoneric carbon would be strongly daahleldad. 

The varlationa of chemical shifts wera thus compared (Table 6) for both furmose forms. 

Since Al - 0 at C-l, the a-rfc carbon muat be little daahielded. which would not be 

possibla if tha ligand was in o-furmow fern. On the contrary, it agreed parfsctiy with the 
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assumption of the /3-furanoss form, showing two equally dsshielded carbons at C-2 and C-3. The 

finding that Rs was a bis (2,3-,9-furanose) chelate was not unprecedented, since the borate 

complex'* of adcnosins (a D-ribofuranose nucleoside) had a similar structure. 

d) complexes of D-xylose and related sugars 

Makkee and ~011." compared the BLs- complexes of D-glUC0.W and D-fructose, but could 

not find clear signals due to the complex in the "C spectrum of D-glucose. By analogy with 

other ligands, they suggested that D-glucose should form a bis (1.2-o-furanose) complex. 

pursuing our investigations, we studied the series of D-glucose, D-xylose and L-sorbose. For 

the three uncomplexed compounds, the "C spectra shov the presence of only the o- and ,9- 

pyranose forms at equilibrium (no p-form for L-sorbose). After the addition of borax, we 

could identify for each compound 5 '(pentose) or 6 (hexose) new signals which were attributed 

to the BLr- complexes. Ths three spectra show striking analogies and probably correspond to 

complexes of closely related structures. 

In the aldose complexes (Table 7). two carbons displayed increased 'JcH values (a 176 

Hz for C-l and = 153 Hz for a CHOH group), whatever the assumed form of the free llgand. The 

complexing a-diol group of aldoses was thus situated at C-l,C-2. For L-sorbose, only one CHOH 

group shoved an increased 'JCH value, because the C-2 anomeric carbon bore no hydrogen. Ths 

high 6 value obtained for C-2 shoved nevertheless that this carbon was deshielded. Since the 

CHrOH group at C-l was obviously not complsxed, the a-diol chelating group of L-sorbose was 

TABL!?.7 - 'sC chemical shifts and coupling constants 'JcH of sugars 
having the xyl~ configuration and of their BLs‘ borate complexes. 

_-_-_______________________________________--____~----~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~_ 

liynd - L carbon position 

L-sorbose 1 2 3 4 5 6 

6 (ppm) in Bh- (a) 65.0 111.5 84.5 77.1 81.5 60.9 
'JcH (Hz) in Bh- 141 --- 153 145.5 144 142.5 

6 (ppm) in L(o-fu) 64.3 102.5 77.0 76.2 70.6 61.6 

"f.'""'___________.____________~~~_____~~~_____~~~_*___~~~_____~~~____________:~~~___ 

6 (ppm) in BLs- (b) 65.0 111.5 04.5 81.5 77.1 60.9 

6 (ppm) in Ua-py) 64.7 98.3 71.5 74.9 70.6 62.9 
A6 (ppm) 0.3 13.2 13.0 6.6 6.5 -2.0 

Al l""1 Hz) 
(Hz) in L(o-PY) 142 --- 142 145 144 144 

-1 ___ 11 -1 1.5 -1.5 

D-xylose 1 2 3 4 5 

'.la (Hz) in BLs- 177 156 149.5 145.5 144 
6 (ppm) in 8%‘ 103.4 83.8 77.0 80.5 61.0 
6 (ppo) in L(o-fu) 96.0 77.0 76.2 79.3 61.6 
A6 (PPP) 7.4 6.0 0.0 1.2 -0.6 

D-glucose 1 2 3 4 5 6 

'Ja (Hz) in Bh- 175.5 153 138 141 139.5 141 
6 (ppm) in gLs- 103.7 03.4 76.9 79.2 69.8 64.9 
6 .(ppm) in L(o-fu) 97.0 77.7 76.6 78.8 70.7 64.2 
AA (ppm) 6.7 5.1 0.3 0.4 -0.9 0.7 

L-sorbose aasignmentr from raf 21. The spectra of D-xylose and D-glucosa Vera 
aasignad by :carpr+$son vi&h thosa I1 of the correapondlng fuxanoafdes. 
(a) daflnitiva utiigxnmnt. (b) attempted assignment, found incorrect (see text). 
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TABLE 8 - "C chemical shifta and coupling constants rJCg of sugars 
having the Imp configuration and of their Bh- borate complsxs~. 

D-lyxoae 1 2 3 4' 5 

6 (ppm) in complex Lr 103.0 03.5 77.4 82.1 61.6 
'Ja (Hz) in complex Lr 173(a) 153 152 142 142 
____________________.________~~~~__~~_~~_~________.___._______________~_~_~~~~~~~~~~~ 

6 (ppm) in L(o-fu) 101.5 77.8 71.9 80.7 61.9 

""_'"'~_____________________....._..._.':1_____1:'_____':I_....':'r..._________:":'__ 

6 (ppm) in complex 4 103.0 77.4 69.6 75.7 61.6 
rJcH (Hz) in complex L.r 173(a) 152 144 ND 142 
__~_~.__~__~_______~~~~r__~~~___l_______~~~~~~~~~~~~~~~~~~.~~~~~~---.~~~~~~~~~~~~---- 
6 (ppm) in W-fu) (b) 96.3 73.2 71.0 82.1 62.7 
AS (ppn) 6.1 4.2 1.4 -6.4 -1.1 
____________________________________~~~~~~________________________~~~~~~~~~~~~~~~~~~~ 

6 (PP~) in L(o-PY) 95.2 71.2 71.7 68.6 64.2 
6 (PP~) in W-PY) 95.2 71.2 73.6 67.7 65.2 

D-mannose 1 2 3 4 5 6 

6 (ppm) in complex h, 103.3 83.4 77.0 al.0 75.5 64.6 
?lCR (Hz) in complex n, 173(a) 152 152 144 144 142 
~~~~~___~~~~~~~~~~~~~_____________~~~~~~~~________~____~_~~~~~~~~~~~~~~~~~~~~~~------ 
6 (ppm) in L(o-fu) (b) 102.7 77.9 72.5 80.5 70.6 64.5 
A6 (ppm) 0.6 5.5 4.5 0.5 -4.9 0.1 
_______________________.___________._____________~_______~____~~~~~~~~~~~~~~~~~~~---- 
6 (ppm)'in 7-Wfu) (b) 96.6 73.1 71.2' 80.7 71.0= 64.4 

D-tagatosa 1 2 3 4 5 6 

6 (ppm) in complex T, 62.3' 103.6 83.6 78.0 al.5 61.7' 
________________________________.~____________.________~__~~~~~~~~~~~~~~~~~~~~-~~---- 
6 (ppm) in L(a-fu) 7 105.7 77.6 71.9 80.0 2 
A6 (ppm) -2.1 6.0 6.1 1.5 
____________________________________-----. ____________________________-__---------.-- 
6 (ppm) in complex T, 62.3' 111.1 78.0 70.6 74.7 61.7' 
______________________________________________________________-_--------------------- 
6 (ppm) in 7-Wfu) 63.5 103.3 71.7 71.8 80.9 61.9 
A6 (ppm) -1.2 7.8 6.3 -1.2 -6.2 -0.2 

(a) intermediate value for the NO overlapping atpls. 
(b) usfgnmenta made from the furanoside spactra . 
Free liganda aaaignments from ref 20-24. c these assignments may be reversed. 

centres, and both pyranooe forma of the ligands (in vhich the C-l signals appeared at 95 ppm) 

could ba excluded, because the C-l of the complexes at 6 - 103 ppm (which are not bound to 

boron) would be abnormally deshielded by 7-g ppm. The rama conclusion held for the fl-furanose 

forma of both ligandn, in which the C-l signala were found at II 96 ppm. In contrast,the 

a-furanose forma possessed C-l signals near 102 ppm, corresponding to A6 values = 0 for the 

chelation. The corresponding variations of chemical shifta are given in Table 10. The most 

deshielded carbons, C-2 and C-3, bore a a-diol group which was the 1iRely chelating site of 
, 

boron in complexes h and H,. 

Returning now to D-tagatoaa, the signal.@ of complex T, were ansigned by analogy with 

those of 4 and M, (Table a). Tha results were in agreement with a 3.4-a-furanosa complex. 

Cur assignments for complexes 4 and T, were guided by the finding of an anomeric 

carbon signal at 6 - 111.1 ppm in the T, spectrum. It was the name range aa for the complexed 

anomeric carbons of D-fructose and L-rorbose. Since the aaaumption of the ligand in pyranosa 

form vould imply a very strong and unruual deahielding of this carbon, the,only reasonable 
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choice was to attribute this signrl to the complexed anomeric carbon of a tagatofuranoae. The 

second complexed carbon could obviously not be the C-l CI$OH &roup, which was not doahielded, 

and was thua C-3. Since the chelating a-dial group muat be &. the lipand must be in 

fl-furanose form, in which the C-3 signal appears at 71.7 ppm. The corresponding A6 value was 

assumed to be I 8 ppm, as for C-2. 'Ihue the signal of complexed C-3 vaa expected at 6 = 80 

ppm and we assigned it at 78.0 ppm. This signal had been already attributed to the C-4 of T,. 

but vas of higher intensity than the other T, signals. 

It seemed then that, 8s in thc'case of D-ribose. two complexes could be formed by the 

sugars of this series, The T,, L, and N, complexes involved the anomeric hydroxyls of the 

a-furanose ligands and the nearest ring CHOH. The Ts and 4 complexes were formed by the 

@-fursnose ligands and did not involve the anomeric hydroxyla, which were a to the 

nearest ring CHOH. but they complexed boron by the a-diol group borne by the furanose ring. 

Additional support to this conclusion was given by the 'JcH value, 173 Hz, of the 

103 ppm signal of the complexed D-lyxose, which was assumed to be the sum of the overlapping 

C-l signals of both complexes. In Li, C-l is a complexed carbon and would have a 'JcH value 

> 175 Hz, aa for D-ribose or D-xyloae. In Ls, C-l is not complexed and vould exhibit a value 

of 165-170 Hz, as in most free furanoses. Ue verified that the decoupled signal vas indeed a 

broadened doublet, as expected if tvo a@als with close 'Jm values overlapped. The same 

phenomenon was observed in the case of D-mannose. 

f) influence of the sugar configuration 

It was shown" that in polyhydroxy compounds, rip-o-d101 groups complexed borate more 

strongly than any other dial system. This study demonstrated that in all BLs- complexes of 

sugars, borate was bound to two vlcinal hydrtixyls borne by a furunose ring, in agreement with 

the earlier result" that,&-1,2-cyclopentanediol formed more stable complexma than its C,, 

homolog. This effect is'so important thnt the sugars are forced into furanoai form by 

complexatlon, though they mainly adopt the pyranose structure vhan uncomplexed. Such a 

behaviour contrasta with that of inositols's. which complex borate'by axial hydroxyla borne 

by their cyclohexane rings. 

Sugars in which the NO ring CHOH groups are B (series of xylose and arabinose) 

react with borate by their anomeric hydroxyl groups, which adopt the P or p configuration 

forming a rLp-dlol system with the neighbour CHOH. Thus only one complex can be observed. 

On the other hand, sugars in which the two ring CHOH groups are & (series of ribose and 

lyxose) can chslate borate in an additional way implying this diol system. rh the latter 

case, it can be remarked that when the l nomeric hydroxyl is & to the nearest CHOH group 

(creating thus a h,&-trio1 system) borate only reacts with the a-diol ayetea involving 

the anomeric OH group. Accordingly, the complexes in which borate is bound to the S&-d101 

system formed by both ring CHOH groupa always possess an anomeric hydroxyl ~lyu to the 

nearest QIOH group. It illuatratea the higher reactfvlty of the l nomeric hydroxyl group 

compared to &et of the CHOH ring groups. 
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g) structure-stability relationshipa in borate conpleum 

The atability d1ffermc.o~ between the BL‘ complexen are generally amall (Table 2) and 

appear to depend little on the sugar l tructurea. On the contrary, the log ,8, values shov 

large variations, particularly in the pentose *cries, indicating that the l tabilitiea of the 

1:2 complexes are very n enaitive to the ligand structures. Previous attempts" to ralata the 

complex stabilities to the configurations of the pantosos caamot be further considered, first 

because most stability corutants vare of poor accuracy. and second because the pontoaer were 

assumed to react in pyranose form. A representation of the various BLe- complexes, grouped in 

series having the aam configuration, ir uivan in IQ. 1. For s-try rewons. D-sorboae and 

L-galactose vere drawn inatead of the actually studied enantiowra. 

PXDRRl - Structures of the ligands in borate-sugar Bh- complexes 

_______________________._______________.___________________________.____-_-__--__ 

1,2-a-D-xylofuranoss '4-Q$OH; Re-H 

I,2 -a-D-glucofuranoae R, - cRoH-cl$oli; 14 - H 

2.3-o-D-sorbofuxanose Bi-%-OR 

1.2-j-D-arabinofuranoso R, - Ci$OH; %-R 

1,2-o-L-galactofuranose a, - CROH-CyaR: a, -'H 

2,3-fl-D-fructofuranoae a,-R,-QVJR 

__________________.__~~_~~____.__~~_~~~~~~~~~~.~~-~~~ 

HOW2 o 

%? 9 
0-y - 

complex rq 

1,2-a-D-ribofuranose 

HOa 0 

Yy. 

0. l 
/ B. 

complex a, 

2,3-p-D-ribofurano8s 

Rl ,-h-0 

K-3 0 

R2 

complexes \,$,T1 complexes $&(P),T* 

2,3-a-D-lyxofuranose rq - CRJJR; % -H 1,2-#-D-lyxofuranose 

2.3-a-D-unnofurano#e R,-CHOH-%OR; 5-R 1.2-fl-D-mannofuranose 

3,4-a-D-tagatofuranoae R, - 14 - -OR 2,3-fl-D-tagatofuruKW 
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in inportant result ia that 6~~ cooplere~ are a, an often postulated, mixtures of 

interconverting quiet in which boron ir bound to several a or f9 diol groups of tha ligurd. 

Depending on tha structure of the chelating sugar. only one or two 1:2 spociu could be 

identified in significant amounts. It nevertheless 1init.s ths possibilitfes of diacrusing the 

relationships between the conplax stabilities and the ligand structure, since the 

potentionetric method cannot afford the individual constants relative to both species. 

Hovever, the different 1:2 species were always formed in constant ratio (which ia equivalent 

to * single species), allowing the determination of a maan Btability constant for tha' 

apparent complexation equilibriun. 

?he relative stabilities of the complexes can be accounted for by consi&ring the 

natures of the R, and R, substituents and their orientations with respect to the borate 

group. Among sugars of the same type ( pentosoa, aldobexoaes, ketoaes ) the more stable 

complexes are thora in which the borate ion ia m to both R, and Rr groupa (ribone and 

&~-plyEp-& series), Complexes in which R, and the borate ion are &I are weaker 

(a and &IQ series). The nature of the Rr substituent also has a clear effect, aa shorn 

by comparing the ketoses L-sorbose and D-fructose (s - CRrOH) and the related pentoses, 

D-xyloss and D-arabind;e (s - H), which form conplexes of lower stabilities. Thua a 

hydroxymethyl group borne by the anoneric carbon increases the complex stability when &X.NMI 

to the borate group. 

The influence of the nature of the R, group ia probably the main reason for the large 

stability differences between the complexes ef pent-as and ketosea (RX - CI$OH) and the much 

weaker complexes of aldohexoses (Ri - CHOH-%OH). A possible interpretation would call upon 

Some Sort of stedc hindrance by bulky Ri groups. but muat be rejected since : 

(i) examination of models revealed that'the spire BLa- coxplexer had l 8andwich-like' 

structures in which the furanose rings were roughly parallel. Hovever. the interval between 

the corresponding planer appeared too large to allow a steric repulsion between two R, groups 

orientated fi to the borate moiety. 

(ii) similar stability differences between conplexes of pentoserr and hexoses were found 

in the ~~yl~-gl!d~ series, in which R, was ~g,g~g to the borate moiety. so that no ateric 

interaction between both \ groups could be expected. 

Besides, the R, hydroxyl(s) could interact with the hydroxyls bound to borate when they 

happened to be in & orientation. Such an effect was considared to have a de~tabiliring 

influenceae in the case of unconplexed furanoses. In contraat, the removal of the D-mannose 

C-6 hydroxyl to give its deoxy derivative, L-rhamnose, strongly decreased the correspondfng 

stability constants, demonstrating that the presence of this non-bonding hydroxyl group could 

be favourable to complex formation. 

In conclusion, the hypothesislo that borate cooplex atabilities were related to the 

number of possible chelating sites in the Liganda was not verified, since some augara which 

gave two complexen, i.e. D-lyxoae and ita series, fomd maker complexes than othera, 
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i.e. D-xyloao and itm asties, which gwe ona complex only. Nor0 Bemarally. the 

lnterpr8tationa baaed on the competitive complexationn of o and fl dial groups and thome 

considering the axial or oquatorlal confiyratfonm of the chelatin(l hydroxyls in pyranom 

ring8 wra not mpported by our experimmtil resulta. 

w.- The 500 NH2 exporlnnt~ war0 udo at the Contre de Spectroacopfo 
da l'Uniwmr8lt6 Pierre at EUrfe Curls (Paris VI) and aro gatefully acknowledged. 
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