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(—)-Quinic acid: configurational (stereochemical) descriptors
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Abstract:  The configurational descriptors at C(1) and C(4) of (—)-quinic acid are
given incorrectly in at least four reference compendia. The stereogenic centers C(1)
and C(4) as a pair are reflection invariant and are thus not chiral centers. The
correct name, according to the 1982 amendment to the CIP system, is (1s,,3R 4s,,5R)-
tetrahydroxycyclohexanecarboxylic acid. © 1997 Elsevier Science Ltd

(—)-Quinic acid (1, Scheme 1) is found in a variety of plant materials ranging from Cinchona bark
to tobacco leaves to cranberries. It was first isolated in 1790 and its empirical formula was established
in 1838,2 but nearly 100 years passed until its correct constitution — first suggested by Emde* but not
initially accepted — was established by Fischer and Dangschat.* The same investigators proved the
relative configuration® and a few years later’ the absolute configuration of the (—) acid — the latter
by correlation with shikimic acid and thence D-glucose.
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Examination of the planar formula (1) according to the Cahn-Ingold-Prelog (CIP) system®
immediately establishes the configuration at C(3) and C(5) as R. It is also evident that neither C(1)
nor C(4) are chiral centers, since two of the branches attached to either of these carbon atoms are
identical. Thus no R/S chirality descriptor can be assigned to these atoms.”'%!!

Before addressing the confusion in this regard that has arisen in a variety of reference compendia'?
we need to decide how to number compound 1. Even on this point there is no unanimity in
the literature, even though, constitutionally, the compound is universally named as a 1,3,4,5-
tetrahydroxycyclohexanecarboxylic acid. If one then uses the &,B system?® to denote configuration
of the hydroxyl groups relative to CO,H, with ligands cis to that group being denoted B and those
trans &,' one can either denote the configuration as 1&,3,4x,5B or 1,384,501 According to
the Dictionary of Organic Compounds'? .. the C atom carrying the OH which is cis to the CO,H is
normally numbered 3...’. This is also in accord with the Beilstein convention,®!7 but if one makes
the equivalency B=cis (c), ot=trans (r} and notes that ¢ precedes t in the numbering one would
use the desciptors 1,3B,40,5a (cf. 1). The fact that two of the above compendia‘z'13 as well as
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Chemical Abstracts'> use the opposite (10(,3t,4X,5B) notation, suggests however that in them, the
oU/B designation is opposite to that defined above, which is in itself a source of confusion.

We have already noted that C(1) and C(4) are not chiral centers, even though, in the terminology of
Mislow and Siegel!® they are both chirotopic and stereogenic. The chirotopicity results from the chi-
rality of the molecule as a whole; it is similar to that of C(1) in, say, trans-3,5-dimethylcyclohexanone.
The stereogenicity of C(1) and C(4) results from the possibility of having two relative configurations:
the OH(4) can be cis or trans to the CO;H(1). We note that change of configuration of either C(1)
or C(4) leads to the (known)’ epiquinic acid (2, Scheme 1) but simultaneous change at both of these
centers leads back to the original (—)-quinic acid, as shown by formula 1" which is superimposed
with 1 by a 180° rotation around an axis passing through C(1) and C(4). Also, if (—)-quinic acid is
mirror-imaged to (+)-quinic acid (3, Scheme 1), the configuration at C(1) and C(4) remains the same.
In other words, C(1) and C(4) are reflection-invariant, they are rot chiral centers. In fact, the situation
with respect to C(1) and C(4) is analogous to that in 1,4-dihydroxycyclohexanecarboxylic acid which
is achiral but displays cis—trans isomerism.'”

Since C(1) and C(4) are not chiral centers we must reject all names that assign capital-R/S
descriptors to these atoms: 1R-(1at,3¢,40,58),!*!13 (1R)-1,3¢,4¢,52% (note that locant 3 is here given
to the OH cis to CO;H), 1R,3R,45,5R,?! and 1R,3R,4R,5R™ (note the inconsistency between the
last two designations!). The 4th (latest printed) supplement of Beilstein’s Handbuch?® gives the
name as (3R)-1,3r,4t,5¢-tetrahydroxycyclohexane-c-carboxylic acid. This name would appear correct
if somewhat unconventional in that the reference (r) atom is C(3) rather than C(1) and the CIP
symbol for C(5) is not explicitly indicated. We would have preferred the name to be (3R,5R)1,3¢,4¢,5¢-
tetrahydroxycyclohexane-r-carboxylic acid.

It is preferable, however, to name the compound entirely according to the CIP system as extended
by Prelog and Helmchen.?28d To apply their procedure to C(1), we expand 1 into a Fischer projection
formula (4, Scheme 2) and note the hypothetical priority of the two branches (Ry, Sp) thereby
induced. The symbol for C(1) thus becomes s, (the subscript » standing for the fact that this is novel
nomenclature as compared to the original CIP system). If we turn formula 1 180° (1”’) we can then
expand it into Fischer formula 4’ (Scheme 2) which, in the same manner, leads to the descriptor s,
for C(4). Thus the complete name is (1s,,3R,4s,,5R)-tetrahydroxycyclohexanecarboxylic acid. In this
system the question as to which carbon is C(3) and which C(5) is immaterial (the same descriptor would
have been obtained if we had numbered counter-clockwise) and the carbon bearing the functional
(carboxylic acid) group not only is C(1) but comes first in the descriptor.

HQ‘ COH H ] O.H H Ii'l
/‘ CO—CHZ_(’:““?—'?—CHz_?—CHT‘(E_(E—?—Cﬂz_CO C(1) expansion
% H OHOH H OHOH
HO" Y "OH 1 2 3 4 5 ¢ (D 2 3 4 5 6 1
OH So n Ry
1 4
(_}H ?021‘1 ?H ﬁl '1{ (FOgH ?Hﬁ
HO OH Co—?—CHz—?‘—CHz—'?—‘('" —?—CH:—(E—CH:—(E—‘CO C(4) expansion
a H OHOH
3 4 5 6 1 2 3 @ 5 6 l 2 3 4
HO COH So . Ro
l" 4'
Scheme 2.

Finally, we note that quinic acid can exist in two equilibrating chair conformations (Scheme 3); this
does not affect the descriptors, however. It was postulated quite some time ago?? that conformer Se
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would predominate and this was the only conformer detected in an early 3C NMR investigation.'’
However, a later more detailed study?* involving proton—proton coupling constants disclosed that
quinic acid actually exists as two conformers in rapid equilibrium, in a ratio Se:5a of 73:27, as might
perhaps have been predicted from the fact that the syn-axial interactions in the two conformers are
not energetically greatly different, if one assumes that a CO,H/OH syn-axial interaction is somewat
smaller then the known CH3/OH one.3¢
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