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A structural unit common to sweet-tasting com- sweetness varies with either configuration or ring 
pounds is an A H  and a B unit where H is a n  acidic conformation. The probable AH,B units for amino 
proton and B is an electronegative atom or center. acids and a variety of sweet-tasting organic and in- 
The distance between the proton and B is about 3 A. organic compounds are given. Although there are 
There are a variety of functional groups which other chemical features associated with the ability of 
satisfy these requirements. In the sugars, this group a compound t o  elicit sweet taste, the AH,B unit is a n  
is the glycol unit, in the gauche conformation, to  essential requirement. 
satisfy the distance requirement. Hence, sugar 

vv 'hen the structure of the sugars is related to  their 
chemical reactivity, the conformation of the 
sugar molecule plays a n  important role. The 

shape of pyranoid and furanoid rings is manifested in the 
stereostructure of vicinal O H  (glycol) groups and this 
structure is the feature which governs not only the pos- 
sibility for reaction of a sugar with many inorganic, organic, 
and biochemical compounds, but also, the rate of the reac- 
tion; and if the reaction is reversible, it governs the position 
of the equilibrium. The sweet taste-eliciting structure of 
the sugars is the glycol group (Shallenberger, 1963). We 
believe that the initial chemistry of the reaction whereby 
sugars elicit sweet taste is also affected by the stereochem- 
ical attributes of the sugars, and that this structural varia- 
tion serves to explain the variance in the sweet taste of the 
sugars. 

A pyranoid sugar molecule may exist in two chair-like 
conformations, and in a cycle of skew boat-like forms 
(Bhacca and Horton, 1967). In these various ring con- 
formations, the conformation of the substituent glycol O H  
groups is vastly altered. Figure 1 shows this feature of D- 

glucose pyranoid conformational structure where the con- 
formation and perspective of the glycol group at carbon 
atoms 1 and 2 is emphasized. These O H  groups for both 
the CY-D- and the /%I>- anomer in the favored CI conforma- 
tion have a projected angle of 60°, and this arrangement is 
known as the gauche glycol conformation. 

From a study of ring conformations. we have deduced 
that the gauche glycol conformation is the sugar structure 
which is best suited to  elicit sweet taste. A projected angle 
of 120' may be attained by trans-vicinal OH groups on  a 
furanoid ring. P-D-Fructofuranose is an example of this 
situation, and this compound is much less sweet than the 
P-D-pyranose tautomer (Tsuzuki and Yamazaki, 1953). 
The trans-vicinal O H  groups of levoglucosan have the anti- 
glycol conformation (projected angle 180"). and this com- 
pound is void of sweet taste. Hence, projected angles of 

New York State Agricultural Experiment Station, 
Cornel1 University, Geneva, N. Y .  14456 

greater than 60 O for vicinal glycol OH groups appear to  be 
too far apart to elicit sweet taste. Other model compounds 
could be cited, but only these two are shown to illustrate 
this tenet. 

y 2 -  Q 

H o H ' c ~ c H 2 0 "  HO -L"1% 
Hb ' HO O H  

8-o-Fructofuranose Levoglucosan 

Eclipsed vicinal O H  groups (projected angle, 0') are: on  
the other hand, sterically disposed to  participate in a fairly 
strong intramolecular hydrogen bond (Kuhn, 1952), and 
this situation appears to  restrict the ability of a compound 
to  elicit sweet taste (Shallenberger, 1963. 1964a,b). p-D- 
Fructofuranose can serve as the example for this case also. 
The vicinal OH groups at  carbon atoms 2 and 3 are nearly 
eclipsed (depending upon the furanoid conformations), but 
this is probably true of cis-vicinal O H  groups on any fu- 
ranoid ring. In general, as the projected angle between 
vicinal OH groups decreases from the 60" angle of the 
gauche conformation, the OH groups become more prone 
to  participate in an intramolecular hydrogen bond. 

A third example of how the stereodisposition of a sugar 
OH group affects sweetness is when an OH group is able to 
hydrogen bond the ring oxygen atom. The O H  group at  
carbon atom 4 of a-D-galactose, and at  carbon atom 2 of 
oca-mannose is so positioned (Foster, 1961), and these 
sugars are only about one-half as sweet as a-D-glucose. 

a-D-Galactopyranose 

The corollary to the thesis that sugar sweetness varies 
with the conformation of vicinal OH groups, and also, with 
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Figure 1. Glycol conformations of D-glycose in various ring conformations 
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Figure 2. Representative compounds which taste sweet, and the 
AH,B system responsible 

Projected vicinal OH1 - OHz angles for CY-D- and @-D-gluco- 
pyranose in selected conformations 

the degree with which a n  OH group may participate in an 
intramolecular hydrogen bond, is that the initial chemistry 
of the sweet taste response is probably due to intermolecu- 
lar hydrogen bond formation (Shallenberger, 1964a). In 
other words, the gauche sugar glycol group can be viewed 
as an A H  and a B system (Shallenberger and Acree, 1967). 
The symbols used are those which are conventionally used 

(Pauling, 1960; Pimentel and McClellan, 1960) to define 
and describe the hydrogen bond. The fact that an AH,B 
system is a dual “hard” acid and “hard” base unit, which 
would be particularly prone to react with another hard acid- 
hard base unit (Pearson, 1963) a t  the taste bud receptor site 
is particularly pertinent to this discussion. 

l-A--H _ _ - _ _  - - B- 
Re:eptor 1 site 

.f 

i 

:” 
Sweet 

compound 
-B _ - - - _ -  H-A- 

If that is indeed the case, then the great variety of other 
compounds which taste sweet must meet the requirements 
defined for the sweet sugar glycol group. In particular, 
other sweet compounds need to  possess an AH,B system 
analogous to  the glycol group. They must have an AH 
proton, which is slightly acidic, within a B orbital distance 
of 3 A .  Calculations made from molecular models sug- 
gest that this is the case for a number of diverse. but sweet- 
tasting compounds (Shallenberger and Acree, 1967). 
Selected compounds which taste sweet are shown in Figure 
2, where the AH,B unit is shown in brackets. A number of 
different AH,B systems are illustrated. Briefly, for the 
sugars. it is a hydroxyl proton and a vicinal hydroxyl oxygen 
atom. The unit shown for P-D-fructopyranose is probably 
the most effective in this respzct. 

In  saccharine and the cyclamates, A H  is the imino group 
and B a sulfoxide oxygen atom. For a-anisaldehyde oxime, 
it is the oxime OH group and the w-bonding cloud of the 
benzene ring. McClellan (1968) suggested that the ben- 
zene ring might serve as a B moiety in an AH,B saporous 
unit. That suggestion resolved the anomaly of why a- 
anisaldehyde oxime tasted sweet whereas the $-isomer is 
tasteless. In the latter instance, the A H  proton. B dis- 
tance is in considerable excess of 3 A.  

Halogenated acyclic carbon compounds taste sweet 
when they contain an acidic proton. The methine group 
of chloroform is the A H  moiety, and the halogen atom is 
the B moiety. In the case of unsaturated alcohols, sweet 
taste occurs when the OH group is alpha to a double bond 
(Murahashi, 1938). Here again, AH is OH, but the un- 
saturated center serves as the B moiety. An amine proton 
and a carboxyl group oxygen atom serve as the system for 
the sweet-tasting amino acids. 

The alkoxy-2-amino-4-nitrobenzene series of compounds, 
which vary in their sweet taste depending upon the identity 
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of R (Figure 2 ) ,  are an example where A H  is probably a n  
aromatic ring and ring proton, and the B moiety is a nitro 
oxygen atom. Here, the other end of the molecule may 
also be an AH,B unit. 

Inorganic molecules which taste sweet are dilute solu- 
tions of potassium and sodium chloride, and sodium and 
potassium hydroxide. Dzendolet (1968) has proposed 
that the ability of the sodium and potassium ion to elicit 
sweet taste is probably related to the formation of hydra- 
tion shells. but every ion in water probably has hydrated 
structure. We cannot, of course, describe a n  AH,B system 
for such complexes since knowledge of the structure of 
hydrated metallic ions is very limited. 

However, two other “inorganic” molecules which taste 
sweet. but which are very toxic, d o  appear to possess the 
postulated AH.B unit. These are lead acetate (sugar of 
lead) and compounds of beryllium (glucinium). Com- 
pounds of beryllium and lead acetate d o  not dissociate in 
the usual manner (Britton and Meek, 1931; Kakihana 
and Sillen: 1956). Instead they form complex hydroxo 
ions. A simplified structural description of the manner in 
which lead acetate probably dissociates is shown below, 
where two “unfilled” lead tetrahedral orbitals are occupied 
by the orbitals of the hydroxyl ion 

O A c  
\ i;> 

2 -  

+ 2H’  

It is possible that this lead acetate-hydroxo ion has an O H  
group as AH, and B is a n  oxygen atom belonging either to a 
second O H  group. or  to a n  acetate oxygen atom. Kaki- 
hana and Sillen (1956) showed that when beryllium chloride 
is dissolved in water, the polynuclear ion Be(OH)3; is the 
predominant form, and that the most likely structure would 
be that it forms a hydrated six-membered ring. 

The hydrated six-membered ring contains in itself a proba- 
ble AH,B system, but since the hydrated ring structure 
shown above needs to  be in equilibrium with the hydroxo- 

chloride complex (these solutions are acidic), this complex 
is shown in Figure 2, along with the AH,B unit. Not all 
bonds shown for these cyclic beryllium complexes are single 
covalent bonds, of course, but rather a n  overlapping of 
complete and unfilled orbitals, as suggested for the lead 
acetate-hydroxo complex. 

This AH,B theory of sweet taste fits the energetic require- 
ments of the Beidler (1963) taste equation, and has been 
used by Dastoli (1968) to demonstrate how a protein iso- 
lated from bovine taste buds may complex with sweet- 
tasting compounds. It has also been employed to explain 
why the sensation of sweetness is a lingering sensation 
(Deardon, 1968) and has been used by McClellan (1968) to 
predict that benzyl alcohol (with O H  as A H  and the T -  

bonding system of the benzene ring as B) should taste 
sweet. A chief criticism of the theory has been that the 
AH,B model is not tripartite, to account, in part, for the 
“stereospecificity” of the taste bud receptor site. Com- 
ments to indicate that the third-dimensional feature of the 
site is probably a spatial barrier are discussed elsewhere 
(Shallenberger et a/ . ,  1969). 
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