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ABSTRACT 

Complexes between borate ion and cyclohexane-cis-l,Zdiol, cyclohexane- 
cis,cis-1,3,5-trio& and myo- and epi-inositol have been investigated by l*B-n.m.r. 
spectroscopy. Three different complexes of myo-inositol have been identified. 
Formation constants have been determined for the borate complexes of each 
cyclitol. Where the complex is formed from the less-stable chair conformer, MNDO 
calculations have been performed to determine the enthalpies of inversion, For 
myo-inositol, an iterative method of calculation gave a set of constants which 
provided a good match with experimental data and supported the proposed 
formulation of its borate complexes. 

The formation of complexes of borate ions and hydroxy compounds has been 
studied on the basis of the changes in conductivity’ or pH2p3 that occur when boric 
acid and hydroxy compounds are mixed in solution, and by using electrophoresis4,5, 
ionophoresis6, and llB-n.m.r. spectroscopy7. 

According to Boesekenr, the reaction between boric acid and polyols is: 

=c-OH 

=c---OH 

f ~$0~ i===== [ ==]=;I?+<]- H+ + Hz0 

Angyal and McHugh6 found that 1: 1 complexes were formed from myo-, 
epi- , and cis-inositols and boric acid, and they defined the relevant equilibrium 
constant as K = [C-]/[B-][C], where [Cl, [B-l, and [C-] are the concentrations of 

the inositol, borate, and complex, respectively. These authors stressed that their 
definition of K did not imply that ~mplexation actually involved borate ions and 
they considered that, over the pH range used (&O-9.1), it was much more likely 
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that the reacting species was boric acid, not borate ion. The K values reported6 
were 25 for myo-inositol, 7 X 103 for epi-inositol, and 1.09 X lo6 for cis-inositol. 

cis-Inositol exists in the chair conformation having the 1,3,5-hydroxyl groups 
axial. The large K value for its 1: 1 borate complex shows that this arrangement is 
particularly favourable for complexation, and the complex is tridentate involving 
three 6-membered rings. In their stable chair conformations, myo- and epi-inositol 
have one and two axial hydroxyl groups, respectively, and form similar 1: 1 com- 

plexes only after inversion to their less-stable conformers, each of which has the 
required axial 1,3,5hydroxyl groups. Although the K values for these complexes 
reflect the extent of complexation in solution, they are not strictly formation con- 
stants, the determination of which requires a knowledge of the concentration of the 
unstable conformer in the reaction mixture. 

Posternak et cd.*, using data of Angyal et d9, estimated the difference in free 
energy between the more- and less-stable conformers of scyllo-, myo-, and epi- 
inositol as 38.9, 25.9, and 13.0 kJ.mol-l, respectively. From the last two values, 
equilibrium constants for inversion were calculated, and thence the following 
formation constants between the unstable conformers and boric acid: myo-inositol, 
1.0 X 106; epi-inositol, 1.4 X 106. A value of 1.1 X lo6 was found for the cis-inositol 
complex. 

Complexation by axial 1,3,.Shydroxyl groups has been found in the 2: 1 
borate complex of scyllo-inositol isolatedlo as a solid and subjected” to X-ray 
analysis. The more-stable chair conformation of scyllo-inositol has six equatorial 
hydroxyl groups and the less stable has two sets of axial 1,3,5-hydroxyl groups, 
each of which can form a tridentate complex. Another kind of borate complex 
involves vicinal cis-hydroxyl groups and a 5-membered ring. Many polyols form 
such 1: 1 complexes and, for some compounds, a second polyol molecule is involved 
to form a 2: 1 (Spiro) complex. 

“B-N.m.r. spectroscopy affords a direct measure of the amounts of boron in 
different environments’ and we have applied this technique to study the borate 
complexes of cyclitols in aqueous solution. The interactions have been studied at 
pH -12, where the preponderant ion is B(OH), and the equilibrium is 

=c-OH 

I 
=C-OH 

+ [&OH), I 

RESULTS AND DISCUSSION 

I + 2 Hz0 

The “B-n.m.r. spectrum of a solution of sodium borate at pH >ll shows the 
characteristic narrow resonance at 6 1.7 due to B(OH); (6 = 0 for the external 
standard, Et,OBF,). In order to minimise possible complications due to the 
presence of polyborates, which co-exist’2 with B(OH); in the pH range 5-11, 
complexation in solutions of pH -12 was studied. 
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Cyclohexane-cis-1,2-diol. - The presence of a 1: 1 complex was indicated by 
the llB resonance at 6 5.2 and, in solutions with a high diol-borate ratio, that of a 
2: 1 diol-borate Spiro complex by a second resonance at 6 8.6-8.8. 

The following equilibria are involved: 

D + B(OH), = DB(OH)i + 2 H,O, 

and 

2D + B(OH), = D,B- + 4 H,O, 

where D, DB(OH):, and D,B- represent the diol, mono complex, and Spiro 
complex, respectively. 

From the above equilibria, it follows that 

K = P’,B-ID-W14 PB(owzlw2012 
s P12P(OW,1 

andK,,, =- 
PIP(Ow-iI 

As there is no significant change in either [H20]* or [H2014 on complexation, then 

w-1 
Kl = ~D]~[B(oH),] 

and K; = W(OW?I 
PIMOW, ’ 

Experimental data and K values are given in Table I. The mean value (1.8) 
for Kk agrees well with that (1.9) reported7. The value (0.32) of Kb calculated from 
data obtained with the highest diol-borate ratio is close to that (0.3) reported3. Our 
data for the other mixture that shows evidence for the presence of the Spiro 
complex are less reliable because of the likely error in measuring accurately its low 
percentage (1.4%). 

TABLE I 

EQUILIBRIUM CONCENTRATIONS (M) AND FORMATION CONSTANTS FOR COMF’LEXATION OF CYCLOHEXANE- 

CiS-1,2-DIOL BY BORATE’ AT pH -12 
- 

Diol-borate 
molar ratio 

IWOW ~1 PI PWOWil [W-l K: KLb 

15:l 0.027 0.72 0.017 0.0063 0.32 0.9 
5:l 0.040 0.24 0.0089 0.0007 0.07 0.9 
1:l 0.047 0.047 0.0026 1.2 

1:5 0.049 0.0086 0.0014 3.3 
1:lO 0.049 0.0044 0.0006 2.8 

.- 

“All solutions were 0.05M with respect to boron. *Mean value of K’ = 1.8. m 
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OH OH 
2 3 

Cyclohe~~ne-cis,cis-2,3,5-trial. - This trio1 formsI a crystalline 1: f borate 
complex, and an ionophoretic study6 gave a value of 32 for the equilibrium constant 
for its formation in aqueous solution. The stable chair conformation of the trio1 has 
three equatorial hydroxyl groups and it is the axial 1,3,5hydroxyl groups in the 
less-stable chair conformer which are involved in a 1: 1 tridentate complex 
(“cleisto” structure 1). This gives rise to the 9 resonance at 6 0.76-0.85 [cJ 6 
1.7-1.77 for B(OH),]. 

Two equilibria represent the reactions in solution, namely, the inversion 
process whereby the stable conformer, T,, is converted into the unstable con- 

former, T,, 

and complexation, 

T, + B(OH), = T,,B(OH)- + 3 H,O. 

Hence, 

The constant, K;, is defined as K,j[H20]3; the data and values for K,Ki are given in 
Table II. 

In order to calculate KS, the formation constant of the cleisto complex, an 
estimate of Ki is needed and this has been obtained from MNDO calculations, which 
give directly the enthalpies of formation of T, and T,. The difference (AW, - AH,) 
is the enthalpy of inversion of the two conformers as isolated molecules. If it is 
assumed that the enthalpies of hydration and the entropies of formation of the 
conformers are identical, then (AH, - Al&) may be equated with the free-energy 
change, AG,, accompanying inversion, and K, can then be calculated. The results 
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TABLE II 

EQUILIBRIUM CONCENTRATIONS (M) AND FORMATION CONSTANT FOR COMPLEXATION OF CICLOHEXANE- 

CiS,CiS-1.3,5-TRIOL BY BORATE0 AT pH -12 

Trio&borate 
molar ratio 
- 

IBCOWiI ITJ P-$(OW-1 K,Kib 

2.11: 1 0.046 0.231 0.120 11.3 
1.52: 1 0.059 0.144 0.102 12.0 

1:l 0.069 0.070 0.092 19.0 
1:1.46 0.094 0.042 0.070 17.7 

1:2.01 0.112 0.029 0.053 16.3 
1:4.79 0.139 0.010 0.024 17.3 

“All solutions were 0.16~ with respect to boron. bMean value 15.6. 

of the MNDO calculations are given in Table VI; for the triol, Ki = 0.0267 and, 
since K,Ki = 15.6, K; = 584. 

The reported6 value of 32 for the formation constant should be properly com- 
pared with the value of KiKf. The difference is almost certainly due to different 
concentrations of Na,B,O, (2.5mM by Angyal and McHugh and 0.16~ in the 
present work). The values represent the conditional constants defined in terms of 
concentration, and their magnitude is expected to vary with concentration. 

myo-Znositol. - The “B-n.m.r. spectra of a series of mixtures in which the 

inositol-borate molar ratio varied between 15 : 1 and 1: 5 showed four resonances 
(Fig. 1). On the basis of the work of Henderson ef aL7, three complexes can be 
identified as monocyclic (6 5.27-5.69), spirocyclic (6 9%9.5), and cleisto (6 
-0.33-0.0); B(OH), gave a resonance at S 1.44-1.78. 

Cleisto 

Fig. 1. “B-N.m.r. spectrum (28.75 MHz) of an aqueous solution of myo-inositol-borate (ratio 12: 1) at 

pH 12. 
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The percentage of total boron in each species, calculated from the peak area, 
was used to determine the formation constants. A set of self-consistent constants 
from which experimental percentages could be matched well with those calculated 

could be determined only if it was assumed that the cleisto complex was a 1:2 
inositol-borate complex. The nature of this complex is discussed later, but for the 
purpose of analysing data, it was formulated as M,B,(OH)$ , where M, represents 
the less-stable conformer of myo-inositol. The mono- and Spiro-cyclic complexes 
are formed from the stable conformer, M,, with boron co-ordinated in bidentate 
fashion with the vicinal cis-hydroxyl groups of one and two molecules of myo- 

inositol, respectively, and formulated as M,B(OH); (2) and (M&B- (3). 
For the formation of the three complexes, four equilibria can be considered, 

namely, 

M, + B(OH), z$ M,B(OH): + 2 H,O, 

2M, + B(OH); e (M&B - + 4 H,O, 

and 

M, +2B(OH), G= M,B,(OH):- + 5 H,O. 

Using these equations, the percentage of boron in various forms can be expressed 

as: 

%B asB(OH); = 100 K PI K P I2 2K w41PP~),1 ~+m._s+s..L+._..S 
[H,O]” [H,O]j [HzO15 

%B as M,B(OH); 

l~oKm]Ms]W1012 

= 

1 + KnlWl I K,lNJ + ~2~cKlMsIIB(OH),I ____- .._ 
[H2012 [H2014 F-WI5 

%B as (M,),B = 

100KS[MJ2/[H,0]4 

%B as M,B,(OH)i- = 

~~~~~~,t~,lZ~~~~~,l~[H,0l5) / 
KD41 WV I ‘WJ,P4IP(OHhI 

1+ m + --.-~- ~.._ ___ 
Fw14 [H,O Is 
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TABLE III 

COMPOSITION OF myo-INOSITOL-BORATE’ MIXTURES AT pH -12’ 
-. 

Inositol-borate 
molar ratio 

%Bas 

B(OW ; M,B(OH); (W,B- M,B,WW 5 
- 

15:l 5.0 29.0 23.7 42.3 

1O:l 6.4 25.4 12.0 56.2 

3:l 8.5 22.3 7.2 62.0 

1:1..5 35.0 6.7 58.2 

1:2 44.7 6.9 - 48.4 

1:3 49.1 6.0 - 44.2 

1:3.5 56.8 6.0 - 37.2 

1:4 61.9 2.3 - 35.8 

1:.5 62.5 2.8 - 34.6 
~- ~_. 

“Concentrations in the range 0.4-0.67~ with respect to boron. bCalculated equilibrium constants: KA = 
0.75; K; = 0.069; K,K; = 17.93. 

TABLE IV 

COMPOSITION OF ??lyO-INOSITOL-BORATE’ MIXTURES AT pH - 126 
- 

Inositol-borate 
molar ratio 

12:l 
1O:l 

8:l 
7:l 

3.5:1 
2.5:1 
1.5:1 

%BaS 

B(OH), M,B(OW, (MJ,B- M,B,(OW, 

8.7 19.2 13.2 59.0 
9.2 17.0 9.7 64.1 

10.5 16.4 8.7 64.3 
12.2 15.6 8.1 64.0 

19.3 15.2 4.1 61.4 
21.7 11.9 2.7 63.7 

27.0 6.4 0.5 65.6 

“All solutions were 0.081~ with respect to boron. bCalculated equilibrium constants: Kk = 0.31; Ki = 
0.027; K,K; = 7.758. 

As for the triol, KA = KJ[H,015, KA = K,,,/[H2012, and Ki = KJ[H,O]. Experimen- 

tal results for relatively high (0.4-0.67~) and much lower (0.081~) concentrations 

of borate are given in Tables III and IV, respectively. Computer-calculated values 

of KhK,, Kk, and Ki are also given. 

MNDO calculations showed (AH, - AH,) for myo-inositol to be -13.46 

kJ.mol-’ (Table VI). With the same assumptions as before, Ki = 4.11 x 103. 

Experimental values and theoretically computed curves for the components present 

in these solutions at different polyol-borate ratios are shown in Fig. 2. For the more 

dilute borate solutions, Ki = 1.78 X 103. Fig. 3 shows a comparison between experi- 

mental and theoretical data. There is generally satisfactory agreement, and the 

proposed equilibria provide a self-consistent set to explain experimental observa- 

tions. 
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\ 
t 2 ?O 

Inositol- borate ratio 

Fig. 2. Comparison of calculated and experimental values of the amounts of different species present in 

myo-inositol-borate mixtures as a function of inositol-borate ratio (boron concentration in the range 

0.4-0.67~): 0, Spiro; 0, cleisto; B, mono; x , borate; -, theoretical. 

Inositol-borate ratio 

Fig. 3. Comparison of calculated and experimental values of the amounts of different species present in 

myo-inositokborate mixtures as a function of inositol-horate ratio (all solutions were 0.081~ with re- 
spect to boron): 0, Spiro; ‘Q cleisto: B, mono; X , borate; --, theoretical. 
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The formulation of the cleisto complex as a 1: 2 inositol-borate species was 
necessary because, when the data were processed on the assumption that this was 
a 1: 1 complex, no constancy was reached for the equilibrium constants as defined. 
In the cleisto complex, one boron would be expected to be in tridentate co-ordina- 
tion with the less-stable conformer of myo-inositol, as with cyclohexane-ci.s,cis- 
1,3,5-triol. The manner of co-ordination of the second boron is open to speculation. 
Bidentate co-ordination involving the 4,6-positions is sterically possible as in the 
borate complexes of 1,3-diols. The boron atom would then be in a 6-membered 
ring. The 1: 1 complexes’ between propane-1,3-diol or butane-1,3-diol and boron 
have chemical shifts in the range 6 1.6-1.9, i.e., close to the region where resonance 
due to the cleisto boron occurs. The llB resonance of the myo-inositol cleisto com- 
plex is much broader than that found for the cleisto complex of cyclohexane-cis,cis- 
1,3,5-trio1 and could result from two nearly coincident resonances. If this is so, then 
it would not he possible to determine from our spectra the proportions of the 1: 2 
complex and its precursor, the 1: 1 cleisto structure. 

Comparison of our results with published data on myo-inositol-borate 
systems is not fruitful because the pH and borate concentrations were much lower 
than those used here and the reactions involved boric acid, not borate ion. Also, 
we have identified three complexes, whereas only the formation of a 1: 1 cleisto 
complex was considered hitherto. 

epi-Inositol. - Angyal and McHugh6 proposed that epi-inositol gave a 1: 1 
complex with boric acid, in which its less-stable conformer forms a tridentate 
complex. The “B-n.m.r. results, summarised in Table V, reveal only the cleisto 
complex (S -0.07 to -0.14) with B(OH), resonating at S 1.70. 

TABLE V 

EQUILIBRIUM CONCENTRATIONS AND EQUILIBRIUM CONSTANTS FOR COMPLEXATION OF fyi-INOSITOL’ BY 

BORATE AT pH -12 

Inositol-borate 
molar ratio 

PPW,I I&J [E,B(OH)-J K,K: 

9.71:1 
4.78:l 
1.94:1 
1:1.04 
1:1.71 
1:2.07 
1:3.13 
1:4.14 
1:5.52 
1:8.3 
1:16.6 

- 
- 
0.002 
0.013 
0.026 
0.033 
0.050 
0.061 
0x73 
0.089 
0.112 

0.030 0.0035 
0.026 0.0069 
0.017 0.014 
0.012 0.016 
0.008 0.018 
0.008 0.015 
0.008 0.012 
0.006 0.012 
0.005 0.010 
0.004 0.008 
0.003 0.004 

411 
103 
88.9 
56.8 
34.3 
32.8 
27.4 
22.5 
11.9 

“Initial concentration 0.034-O.OU7~ (and 0.0035~.116~ for boron). 
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The equilibria to be considered are similar to those for complexation with 
cyclohexane-cis,cis-1,3,5-triol, namely, 

and 

Kc 
E, + B(OH); = E,B(OH)- +3 H,O, 

from which 

[E B(OH)--1 

$& = [Ej[B(OH);] ’ 

where E, and E, represent the more- and less-stable conformers of epi-inositol. 
respectively. 

As before, KA = K,j[H,O]“, and the values of K,KL shown in Table V increase 

monotonically as the proportion of inositol in the mixture increases and as the total 
molarity of the solute decreases. There are several possible explanations for this 
finding. First, the total molarity (mol of epi-inositol plus mol of borate) was not 

maintained constant because of solubility restrictions, so that the changing concen- 
tration may affect the magnitude of KL. Second. the proposed model of a 1: 1 
complex may be incorrect. However, when other chemically feasible compositions. 
e.g.. 2: 1 or 1:2 inositol-borate ratios, were used to calculate K,KA. the variation in 
its value was much greater. Third, no allowance was made for the possible forma- 
tion of polyborates. Although these are absent from solutions of borate alone at 
such a high pH. it is possible that some polymeric structures involving epi-inositol 
may develop during complexation. 

From MNDO calculations, (AH, - AH,) was shown to be -4.097 kJ.mol- ’ 

and so K, = 1.92 x 10 I. Estimates of KL varied from 2140 (K,Ki = 411) to 62.0 

(K,KL = 11.9), and there is no meaningful single value for this formation constant. 
Probably, the reaction scheme is too simple and other. more complicated reactions 
such as polyborate formation also occur. 

MNDO Calcuhations. - The heats of formation of the more- and less-stable 
chair conformers of cyclohexane-ci.s,cis-1,3.5-trio1 and of sc~llo-, myo-, and epi- 

inositol have been determined by MNDO LCAO SCF MO calculations with 
complete geometry optimisation’4, and the results are summarised in Table VI. 
The difference between the heat of formation for the more-stable (Al,) and less- 
stable (AH,) conformer is a measure of the overall energy change accompanying 

inversion of the molecule, whereby axial and equatorial hydroxyl groups are inter- 

converted. 
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TABLE VI 

HEAT OF FORMATION (AH/kJ.mol-I) FOR STABLE Ah’D UNSTABLE CONFORMERS OF sC~~IKOSITOL, myo- 

INOSITOL, CYCLOHEXANE-Ci.7,Ci.V1,3,5-TRIOL. AND +INOSITOL, FROM MNDO CALCULATIONS 

4 “*u (AH, - AH3/k.l.mol- ai 

scyllo-Inositol -1156.49 -1120.98 -35.51 
myo-Inositol -1151.15 -1137.69 -13.46 
Cyclohexane-c&c&1,3,5-trio1 -645.44 -636.46 -8.98 
epi-Inositol -1152.43 -1148.33 -4.1 

For scyllo-inositol, (AH, - A&) is 35.5 kJ.mol-I. This is the energy required 
to convert all six equatorial into axial hydroxyl groups. For myo-inositol, inversion 
generates four axial hydroxyl groups and the (AH, = AH,) value (- 13.46 kJ.mol-‘) 
is much smaller. For cyclohexane-cis,cis-1,3,5-triol, inversion generates three axial 
hydroxyl groups, which requires -8.98 kJ.mol-‘. For the inversion of epi-inositol, 
there is a net increase of two axial hydroxyl groups, which requires -4.1 kJ.mol-I. 

The estimates of Posternak et aL8 quoted above represent a linear relation- 
ship between the free energy of inversion for scyllo-, myo-, and epi-inositol and the 
net increase in the number of axial hydroxyl groups. Provided that the assumptions 
made earlier about enthalpies of hydration and entropies of formation are valid, 
the MNDO calculations show that the relationship is not linear (Fig. 4). The values 
of the inversion energies of myo- and epi-inositol are much lower than hitherto 
supposed. Consequently, relatively little energy may be required for the formation 

, 
0 1 2 3 4 5 6 

Net increase IP number of OXIQI OH groups On inversion 

Fig. 4. Relationship between (AH, - AHu)ikJ.mol-l and the net change in number of axial hydroxyl 
groups on inversion; 0, scyllo-inositol; E:, myo-inositol; A, cyclohexane-c&c&1,3,5-trio]; X, eppi- 

inositol; *, ci.s-inositol. 
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of their borate complexes and this may be of some significance in plants where 
borate<yclitol interactions are likely. However, MNDO data relate to isolated 
molecules and must be used with caution to interpret energy changes in solution. 

EXPERIMENTAL 

myo-Inositol (Sigma) and cyclohexane- 1,2-diol (Aldrich) were commercial 
materials. The latter was shown by g.1.c. to consist of a mixture in which the cis- 

truns ratio was 1.082: 1. epi-Inositol was prepared by oxidation15 of myo-inositol to 
epi-inosose followed by reduction16 with NaBH,. Cyclohexane-cis, cis- 1,3,5-trio1 
was prepared by a modified high-pressure hydrogenation’“,” of phloroglucinol in 
the presence of a rhodium/alumina catalyst. 

“B-N.m.r. spectra at 28.75 MHz were recorded at 30” with a Jeol FX 90Q IT 
spectrometer, and the Et,OBF, complex was used as the external reference. 

Solutions of weighed quantities of boric acid and the polyol in distilled water 
were mixed, the pH was raised to -12 by the addition of aqueous sodium hydroxide, 
and the final volume was adjusted to 20 mL. 

Calculation of equilibrium constants for myo-inositol-borate complexes. - 
The sum of the squares of the errors between experimental and calculated points 
for each of the four curves was taken as the parameter to be optimised when cal- 
culating equilibrium constants. Initial, guessed values were assigned to the three 
constants KS, KA, and KLK,, and the error sum was calculated. A random number 
generator was then used to select one of these constants and the estimate was in- 
creased by a small amount, Ak, the error sum calculated and, if this led to a reduc- 
tion in the sum, the new value of the constant was stored. If not, the value of the 
constant was reduced by a small increment, Ak, and the error sum checked. If there 
was an improvement, the new value of the constant was stored. If not, the constant 
was set at its original value and a new constant (to be varied in the manner 
described above) was picked out by the random number generator. This procedure 
was carried out iteratively until there was no further change >O.OOOl in any of the 
three constants generated. 

The resulting constants provided the best fit of experimental data, in a least- 
squares sense, to the proposed model, Convergence to a unique set of equilibrium 
constants was checked by inputting initial (guessed) constants which were both 
greater and smailer than the converged value. This algorithm was implemented in 
BASIC on a microcomputer. 

ACKNOWLEDGMENTS 

We thank the S.E.R.C. for allocation of time on the low-field, multinuclear 
n.m.r. spectrometer at the City of London Polytechnic, Professor W. McFarlane 
and Dr. B. Wood for the “B-n.m.r. measurements, and Dr. J. W. Akitt (University 
of Leeds) for some preliminary “B-n.m.r. spectra. 



BORATE-CYCLITOL COMPLEXES 203 

REFERENCES 

1 J. BOESEKEN, Adv. Curbohydr. Chem., 4 (1949) 189-210. 
2 G. L. ROY, A. L. LAFERRIERE, AND J. 0. EDWARDS, J. Znorg. Nucl. Chem., 4 (1957) 106-114. 

3 J. M. CONNORAND V. C. BULGRIN, J. Inorg. Nucl. Chem., 29 (1967) 1953-1961. 
4 A. B. FOSTER, Adv. Carbohydr. Chem., 12 (1957) 81-115. 

5 H. WEIGEL, Adv. Curbohydr. Chem., 18 (1963) 61-97. 
6 S. J. ANGYAL AND D. J. MCHUGH, J. Chem. Sot., (1957) 1423-1431. 
7 W. G. HENDERSON, M. J. How, G. R. KENNEDY, AND E. F. MOONEY, Carbohydr. Res., 28 (1973) 

l-12. 
8 T. PO~TERNAK, E. A. C. LUCKEN, AND A. SZENTE, Helv. Chim. Acta, 50 (1967) 326-330 
9 S. J. ANGYAL, P. A. J. GORIN, AND M. E. PITMAN, J. Chem. Sot., (1%5) 1807-1816. 

10 A. WEISSBACH, .I. Org. Chem., 23 (1958) 329-330. 
11 C. T. GRAINGER, Actu CrystaZZogr., Sect. B, 37 (1981) 563-568. 
12 N. INGRI, Acta Chem. Scund., 17 (1963) 581-594, and references therein. 
13 J. DALE, J. Chem. SOL, (l%l) 922-930. 
14 W. THIEL, QCPE PROG. No. 438; modification for CRAY IS by H. S. RZEPA. 
15 T. POSTERNAK, Methods Carbohydr. Chem., 1 (1962) 289297. 
16 D. REYMOND, Helv. Chim. Acta, 40 (1957) 492-494. 
17 H. STHTER AND K. B. STEINACKER, Chem. Bar., 85 (1952) 451454. 


