
Note 

Specific rotation of a-D- and p-D-iructoforanose 

It is IION known. by k irlue of pas-lrquld chromaro~rsphlc’ (g.1.c.) and nuclear 

magnetic resonance (n.m.r.) studs”-“. that muiarolalrd solutions of D-irucrosz 

contain three isomers present in measursb!e conczntratlon l-he) i~vc heen 

identifiedzS3 as /?-D-fructop~ranose, ,8-D-fruClofuranoS.e. and ,r-D-fructo~ursnose In 
the ratio of6.5:2.7:1.0 r?~pcctl~ely. In ~atzr, at about 36.. 

By application of 2.1.~. techniques prc\ lously dcxrlhed (ha\ 1ng also prrt iousl) 
established condirrons under N hrch trimeth} Ijilj lnrion does not signilicantlg alter the 

tsutomeric composirlon of an aqueous sugar jolutlon) and aljo optical-rotator> 

tecbntqucs to the tsutomeric composition of sugar solutions’. tie hate now ken ahk 

to calcnla~e the probabk jpeelfic rotations of the t\\o furrlnose forms of D-fructose. 

The mole percent of’ the three fructose tautomers at equllibrlum in itate; at iarwus 
temperatures (thermal mutarotatlon’) b\as determined by 2.1.~. separation of their 
pertrimethglsll~l rthers’j. The optiCa rotation of the <olutions In water (c IO) was also 

recorded. fi-D-Fructopgranose was idcntltird as that compound found thy g.1.c.) 
Immediately upon the dissolution of crystalline D-fructose. 

The compound hewn described as /3-D-fructofurancw 15 Idcntal to that form 

of fructose initially liberated (and monitored b) ’ e.l.c.) upon the hbdrolbsis ol~wcro~e _ 

\vlth !eajt invertasc. The third isomer is presumed 10 be r-D-~rucrofurnnose. in i*iew 

of rccent2’3 n.m.r. data and alto the finding that the molecular rotation ( + 120.5 
in chlorolbrm) of the isolared (by prepsrari\e s.1.c.) perrrimethylsilyl ether iz, In accord 

~iiih that of methyl I-D-fructofur3noslde. The molecular rotation of per-O-rrimeth>l- 
silq’l-$-D-fructofuranoside (- 139.3) is also in accord with reported valuei for methyl 

j?-D-fructofuranoside. 

As the regression equations for each isomer of D-fructose (and also the okned 

specific rotations) versus the +qulltbrium remprrature yielded linear correlatiorl- 
coefficients greater than 0.99, the data shown in Fig. I \rere programmed for computsr 

solution of the simultaneous equation: 

(nl,,)([‘~lD,ap)+(“/ls,.)([~X]D.P,-) +(lrf,,.>([‘zlD.z,~ = Iri,D 

where M = mole percent. The equation (A% =J) was solved by the method of 
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Fig. I. The mole perseDL of \J~IOUS o-f-~~c[orc Ialrtomers, and also rhe specrric rotntlon or rhe 
iOlUtiOtl3. 31 d&‘ereni tcmperaturcs. 
?o& = - O.JYr +56.72 (r = 0.99s) 
,?.>/I’ = 0.36r + l-f.32 (r = 0993) 
“,.lj = 0.131 -0.55 (r = 0.9PS) 
IZlD = 0.56r - 102.6 (r = 0.999,. 

TABLE I 

SPECIFIC ROTATIOhS OF /?.D-FRLICTOPb R_\hOSE, &I?-FRUCTOFLIIW~OSE, AND IX-D-FRtJCTOFLiRANDSE. 

CALCLILATED FROV Tni DBSER\ED VOLE-PERCENT 06 E9CH TXUTOMER AT \ 4RIOl,S TE\IPERATL,W 

AhD THE DBSER\ED SPECIFIC RDTATlOhr OF ThE hW.TL’RI, 

EI’ ME %NS OF 5lClt~LTANuiObi EOLIATII~NS CONTAJIUING THREE LINKNOWN \‘ALUES 

20. 30, 50 - 137.6 + 107.6 - 179.7 

20, 30, 70 - 110.6 t 129.1 - 223.6 

20. 30. 90 - 133.7 i-80.7 - 1x7 
20. 50. 70 - 133.2 f82.l - 141.7 

20. 50. 90 -51.9 - 396.2 + 569.1 

20. 70, 90 - iZJ.9 t 29.4 -50.1 

30, 50. io - l.l?.J f 66.0 - 150.0 
30, 50. 90 - 203. I +-l-$7.6 - 633.3 
30, 70, 90 - 122.9 + 23.4 -43.3 
50. 70, 90 - 131.6 +-19.9 - 72.5 

hleao -131 -ill f6-! zk6J - I06 f92 
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GU.Aafl elimination.‘The P row of the X matrix contained the observed mole- 

percent at the i”’ temperature, and Ihe Ph element of the vector p contained the specific 

rotation obsened at the i” temperature. 

Solutions to the ten powble jets of simultaneous equations containing the three 

unknowns are sho!+n in Table 1. Ahbough the standard deviation about the linear 
regressions as shown in Fig. I is euperimcntally acceptable, the deviation obtained, 

coupled with the near co-linearity of Tao of the parameters. leads to several “absurd” 

solutions to the equation and a very high standard-dewation about the mean values. 
Nebenhcless, the aLerage result obtained for the specific rotation of /3-D-fructo- 

pyranose is in cxeilent agreement (L- 1%) with values reported m the literature’. 

Consequently, it seems to us that the mean values obtained for fl-u-fructofuranose 
(+64-) and r-D-fructofuranose (- 106”) are accurate to within + 10%. 

To test the accuracy of these specific rotations, it was calculated that the specific 

rotation of the mutsrotated solutions of D-fructose. determined by n.m.r. spcctro- 

scopy” to contain /I-pyranose, /I-furanose, and a-furanose irl the ratios of 6.kZ.7: I at 

36’. should be - 77’ +8’. E\perlmentally, ibe found the specific rotation at 36” to be 
- 82.4’. 
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