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The chemistry of the a-hydroxycarbonyl compounds, glycolaldehyde, DL-glyceraldehyde 

and 1,3-dihydroxyacetone has been adequately documented (1,2). The crystalline forms of 

these compounds are dimerio with the 1,+dioxan structure and the dimers dissociate into 

monomeric forms in aqueous solution. Less information is available about D-(+)- and 

L-(-)-glyceraldehyde. Baer and Fischer (3) have observed that refrigeration of aqueous 

solutions of D-(+)- or L-(-)-glyceraldehyde substantially reduces the optical rotation. 

The original rotation can be regenerated by suitsble treatment. These authors conclude 

that the "mutarotation" is not due to racemisation but may be attributed to one or more 

of three possible equilibria. 

We have examined the circular dichroism of D-(+)-glyceraldehyde in a number of 

solvents (Figures 1, 2) Table I). In aqueous and in methanolic solution at room temper- 
ature only one peak at ca. 290 nm. is apparent. With increasing temperature, a second 

band appears near 330 nm. In aqueous solution buffered at pH 4 and pH 6 the trends are 
similar; at pH 12 condensation occurs leading to total loss of optical activity. When 

dioxan, dimethyl sulphoxide or N-methylformamide are employed as solvents both bands are 

present over the whole temperature range. 

The presence of two peaks in the range 280 nm. to 330 nm. on the dichrogram of a 

compound containing only a carbowl chromophore may be interpreted (4, 5, 6) as involv- 

ing an equilibrium between (a) a solvated and an unsolvated species, (b) an associated 

and an unassociated molecule, or (c) two conformations. The distinction between these 

two possibilities will be difficult unless conformational homogeneity is required as in 

the case of the bridged bicyclics or unless temperature dependent circular dichroiam 

measurements are inconsistent with the solvational equilibrium hypothesis. 

In the case of D-(+)-glyceraldehyds, the 330 nm. peak may be assigned to the 

unsolvated monomeric form and the 290 nm. peak to the solvated species. An inspection 

of Table I reveals that as the temperature is raised the ellipticity of both bands 

increases. This may be attributed to the dissociation of the dimer to the solvated and 

unsolvated monomeric forms. That the dimer is initially present is indioated by 

molecular weight measurements (Table II); this species dissociated into monomer during 

the course of several days. However, it is not possible to determine the degree of 

solvation from the molecular weight determinations. Since we are dealing with an 

equilibrium between three species, it is understandable that the peak due to the aolvsted 

form grms with rise in temperature since its actual concentration increases. At the 
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Table I 

The C.D. of D-(+)-Glyceraldehvde 

Solvent, and 'Iloc 330 nm. 290 Ml. 
cont. of Extremum Extremum 

solute g./l. AC x lo3 AC x lo3 
---- 

Water 25 - -42-S 

11.221 31 +0.905 -52.5 
43 +l.51 -108 

61 +3.67 -219 

78 +5.86 -291 

29x Q.48 -97 

Methanol 22 - -5.39 

27.564 34 +0.991 -5.95 

54 +l.Ol -7.6 

25x +0.739 -5.91 -- 
Dimethyl 25 +3.72 -19.4 

Sulphoxide 41 +8.29 -52.8 

18.19 60 +14.6 -93.6 
80 +29.0 -184 

90 +43.5 -243 
22x +26.8 -200 

-- -------- -- 
N-methyl 22 +7.2 -97.9 

Formamide 28 +5.a -97.8 
18.76 43 +5.87 -80 

68 yellow decomposing 

Dioxan 22 +l.9 -17.1 

3.568 41 +2.9 -30 

59 +4.94 -48.4 

72 +5.52 -49.1 

85 +6.11 -53.9 

25x +2.54 -43.1 
l________--_-____ ____.._-__-.---__ 
X >Lfter cooling the heated solution for 

at least 12 hours, 

Table II 

8.W. in Water at 37oC 

of D-(+I-Glvceraldehvde 
Time Cont. Calcd.X.?t,. 

(days) mole/l. Actual ii,Plt. 
-- 

0 0.102 1.82 

3 n 1.33 
4 n 1.21 

5 n 1.08 

Table III 

The C.D. of D-(+I-Glvceraldehvde in 

Water-Dimethyl Sulohoxide Mixture 

at 220C 
H2O:DUSO. Cont. 330 nm. 290 nm, 
Ratio g,/l. Extremum Extremum 

vol./vol. AC X 103Ac x 103 
_-_--.-_--.-__ _------~... ~ --. - 

2:8 10.67 +1.41 -16.5 
4:6 15.82 +0.593 -12.6 

6:4 11.75 +0.479 -14.7 

8:2 9.8 - -14 

Table Iv 

The C --1 D. of D-Erythrose 

Solvent, and ToC 330 nm. 290 Ml. 

cone. of Extremum Extremum -- --- 
solute g./l. AC X IO3 AC x 10’ 

Dimethyl 22 +3.35 -26.8 

Sulphoxide 57 M.62 -93,1 
10.754 72 t10.5 -124 

some decomposition 
-- _~__ __---- 
Water 

10.086 22 - -41.1 
32 - -66.2 

54 - -97.5 
71 - -129 

75 - -144 

22x - -71.4 
______-__-__-_--_~~---~- 
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FIG. 1 
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Circular dichroism of D-(+)-glyceraldshyde in Circular dichroism of D-(+)-glyceralde- 

water: -t- (25*5O), -*- (310), - (43O), hyde in DMSO: -+- (25'), -*- (410), 

. . . (61') and ---(77'). - (600), l . . (SO') and --- (90'). 

same time, of course, the population of the free aldehyde increases. 

CHO 
= H-&OH 

6 H,OH 
Table I, also, shows that on cooling heated solutions of D-(+)-glycereldehyde, the 

value of the ellipticity does not return to its original point. J'urthermore, unheated 

solutions on standing display increased circular dichroism with time4 the exact position 

of the equilibrium has not been detc!rmined. The circular dichroism of D-(+)-glyceralde- 

hyde in water-dimethyl sulphoxide mixtures is summarised in Pl'able III. It may be 

observed that as the concentration of water is increased, the ellipticity of the longer 
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wavelength band decreases, apparently due to the complete solvation of the free monomer. 

It ie well known (7) that aldehydee are strongly hydrated in aqueous solutions. ',!he 

behaviour of D-(+)-glyceraldehyde in mixed solvents supports the view that the longer 

wavelength band is not due to a decomposition product. The circulsr dichroism of synth- 
etic L-(-)-glyoeraldehyde gives mirror image results as is to be expected. 

Table IV demonstntea that the circular dichroism of D-erythrose in aqueous solution 

ia characterised by a single peak, whereas in dimethyl sulphoxide solution two peaks are 

present. These preliminary observations are indicative of a solvational equilibrium. 

However, since in dimethyl sulphoxide solution both bands increase in intensity upon 

elevation of temperature, it appears that a form other than solvated or unsolvated monomer 

is present. Work is in progress to determine its nature. 

In conclusion, although as in other literature (4, 5, 6) we use the terms solvated 

and unsolvated monomer, we do so with some reservation, since an equilibrium between two 

differently solvated species cannot be excluded. 

Experimental. Circular dichroism measurements were carried out on a Roussel-Jouan 

Dichrograph. Molecular weight determinations were performed on a lechrolab Osmometer, 

Model JOlA. D-(+)-glycersldehyde was purchased from Koch-L&ght Laboratories. 

L-(-)-glyoeraldehyde was obtained from Fluka Ltd. We found that some samples of 

D-(+)-glyceraldehyde from other sources had properties inconsistent with literature 

values and therefore had different circular dichroio properties. 

REFERENCES 

1. D. Gardiner, Carbohydrate Res. 2, 234 (1966). 

2. L. D. Hall, Carbohydrate Res. 4, 429 (1967). 

3. E. Beer and H. 0. L. Fischer J. Am. Chem. Sot. 6l, 761 (1939). 
- 

4. A. Yoscowitz, k. M. Wellman and C. Djerassi Proc. Natl. Acad. Sci.U. S. A. 

Z, 799 (1963). 
- 

5. X. 1. Wellman, P. H. A. Laur, W. S. Briggs, A. Moscowitz and C. Djerassi, 

J. Am. Chem. SOC., Si', 66 (1965). 
- 

6. A. Rassat, Optical Rotatorg Dispersion and Circular Dichroism in Organic Chemistry, 

p. 314. Heyden and Son, London (1967). 

7. R. P. Bell, Advaneesin Physical organic ChemistrV, Vol. 4, p. 1. Academic Press, 

London (1967). 


