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Quinic 1, 5-dehydroquinic 2 and shikimic 3 acids have long been recognized as inter-

(2)

mediates in the biogynthesis of aromatic acids' . Despite the importance of these acidps,
little is known about the reactivity and modification of their hydroxyl groups. As an "entry"
into a series of analogues of methyl quinate, we decided to investigate the selective esterifi-
cation of methyl quinate 4.

We report in this communication the preparation of partially substituted derivatives
of methyl quinate and the order of reactivity of their hydroxyl groups towards the acylating
agents, benzoyl chloride and toluene-p-sulphonyl chloride.

Selective benzoylation of hydroxyl groups of the carbohydrates has been the subject of

(3-5)

several recent papers , but benzoate esters of quinic acid have not been previously re-
ported.

Reaction of methyl quinate 4 with 2.2 molar equivalents of benzoyl chloride in pyri-
dine at - 20° to - 30° for 16 hours gave a mixture of products. From this mixture a sirupy tri-
benzoate (5%), two crystalline dibenzoates (3.6 % and 10%), and two crystalline monoben-
zoates (20% and 10%) were isolated by silica gel column chromatography. The structure of
the tri- O-benzoate [a ]D -81° 5 was supported by its mass spectrum and N.M.R. data (Table 1).
The presence of the molecular ion peak at m/e 518 and another peak at m/e 500 (M-18) corres-
ponding to dehydration at C-1 in the mass spectrum of the tri- O-benzoate 5 establishes, that
3-0OH, 4-OH and 5-OH are benzoylated. In the N.M.R. spectrum of 5 the three protons at
carbons 3, 4 and 5 adsorb in the region §= 5,45 - 6.10. The quartet of equal intensities cen-
tered at 8 = 5.60 could be attributed to H,, for which J is 10.0 (axial-axial coupling) and

J4, 5 is 4.0 c/s (axial- equatorial couplinz). The complz;:4signals undoubtedly belong to H3
(6=26.1) and H5 (6= 5.95). The same tribenzoate 5 was prepared in 85% yield from methyl
quinate using an excess of benzoyl chloride.

A second crystalline compound, m.p. 98-100°, [a ]D -66.5°, isolated in 3.6% yield
had a molecular weight {(determined by mass spectroscopy) of 414, and elemental analyses
corresponding to a di- O-benzoate of methyl quinate. In its N.M_.R. spectrum (Table 1) the H4
proton appears, as quartet of equal intensities centered at § = 4.10. That the proton at H
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(6 = 4.10) does not exhibit a paramagnetic (downfield) shift suggest structure 6 for the di-O-
benzoate.

Another crystalline benzoate ester, m.p. 118-120°, [a,]D -67.5°, isolated in 10%
yield, turned out to be methyl 4, 5-di- O- benzoyl-quinate 7 on the basis of its mass and
N.M.R. spectra (Table 1 and Figure 1). The next crystalline substance isolated by chroma-
tography on silica gel, in 20% yield, m.p.120-122°, [a]D -59.2°, was identified as methyl
4-O-benzoyl-quinate 8 by the following evidence. It had a molecular weight 310 and its N.M.R.

spectrum (Table 1) had the expected quartet of H, centered at § = 4.9, which was clearly iso-

lated from the rest of the protons. The low field :ignal of the ring proton at C4 is entirely
consistent with the 4-O-benzoate 8. The last crystalline substance, m.p., 130-132°, [a}D- 47°,
isolated in 10% yield, was identified as methyl 5- O-benzoyl-quinate 9, on the basis of its
elemental analyses, N.M.R.spectrum (Table 1) and mass spectrum,

Unimolar benzoylation of methyl quinate gave a mixture, which was shown by TLC
to contain at least 6 minor components. Five of them were identified as 5-9, respectively.
The monobenzoylation appeared to be completely non-selective, therefore it was abandoned.

The isolation of the 4 5-di-O-benzoate 7 (10% yield) and 3, 5-di- O-benzoate 6
(3.6% yield) in the dimolar benzoylation of methyl quinate clearly shows that the 3- OH is the
least reactive. The preponderance of the 4- O-benzoate 8 (20% yield) over 5-O-benzoate 9
(10% yield) suggest that the 4-OH group is the most reactive ; thus the decreasing order of
reactivity of the hydroxyl groups to benzoylation in methyl quinate is 4>5 >3,

Few systematic studies have been reported on selective sulphonylation of carbohy-

(6-8)

by the availability of partially substituted sulphonyl derivatives. Accordingly we have inves-

drates and cyclic polyols . Chemical modification of methyl quinate would be facilitated
tigated the toluene-p-sulphonylation of 4.

Reaction of methyl quinate with 8 molar equivalents of toluene-p-sulphonyl chloride
in pyridine at 0° over 18 hours gave a mixture of products. From this crude mixture a crys-
talline tri- O-toluene- p- sulphonate A (56 %) and two di- O-toluene-p-sulphonate B and C (4.5 %
and 18% yields.) were separated by chromatography on silica gel. Product A, m.p.70-72°,
[a}) +29°, was identified as methyl 3, 4, 5-tri- O-toluene-p-sulphonyl-quinate 10, on the basis
of its mass and N.M.R. spectra {(Table 1) and its 1- O-p-nitrobenzoyl derivative 11. The pre-
sence of the molecular ion peak at m/e 668 and another important peak at m/e 609 (M-59) in
the mass spectrum of 10 establishes that the toluene-p-sulphonates are located at C3-C4-C5.
The remaining tertiary hydroxyl group was very smoothly converted to its 1- O-p-nitrobenzoate
11, m.p. 155-157°, [cc]D -9°. The product B (45% yield), m.p.100-102°, [« ]D-3°, was 3, 5-
di- O-toluene-p-sulphonate 12 (Table 1).
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Fig.l - Signals of H-3, 4 and 5 of methyl-
4, 5-di- O- benzoyl quinate 7 in deuterio-
chloroform-deuterium oxide at €0 MHz.
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Fig.2 - Signals of H-3, 4 and 5 of methyl-
3-0O-benzoyl-4, 5-di- O-toluene- p- sulfonyl
quinate 14 in deuteriochloroforn: at 60 MHz.

Table 1

N.M.R. data for derivatives of methyl quinates

Chemical shifts (6§ values)

Compounds H 3 H4 H5 l Co:npounds HS H4 HS
5 5.95 | 5.55 | 5.9¢C 10 4.90 {4.35 |5.0
6 5.65 | 4.05 } 5.6C 11 4.90 {4.40 }15.0
7 4.6 .25 | 5.8C 12 4.80 | 4.20 }5.0
8 4.30 | 4.9 4.45% 13 5.0 4,40 [4.30
9 4.30 | 4.3 5.5 14 5.52 |5.15 |4.62
I
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The third product C (18% yield), m.p.85-87°, [a ]D- 21°, had a molecular weight
514 and elemental analyses corresponding to a di- O-toluene-p-sulphonate of methyl quinate. -
Although its N.M.R. spectrum did not provide clearcut evidence of the location of the sul-
phonate esters, after treatment with benzoyl chloride, it was readily converted to its crys-
talline monobenzoate 14, m.p.173-175°, [cx]d-30°, and dibenzoate 15, m.p.90-92°, [o,]D- 10.7°
The N.M.R. spectrum of the monobenzoate 14 (Table 1, Figure 1) is entirely consistent with
structure 14 ; consequently, compound C must be methyl 4, 5-di- O-toluene-p-sulphonyl
quinate 13.

In contrast with the toluene-p- sulphonylation of 4 using a great excess of reagent,
unimolar and dimolar toluene-p-sulphonylation is a very poor procedure from a preparative
viewpoint. The preponderance of the 4, 5-di- O-toluene-p-sulphonate 14 (18%) on 3, 5-di-O-
toluene- p-sulphonate 12 (4.5%) clearly suggests again that the 3- OH is the least reactive. Un-
fortunately we were unable to isolate a mono-O-sulphonate derivative of methyl quinate. From
these results we can only deduce, that the 4- and 5- OH groups have greater reactivity than
the 3- OH towards toluene-p-sulphonylation.

The above results are in discordance with the generally accepted generalization that
the acylation of axial hydroxyl groups in a chair conformation proceeds less rapidly than
that of the equatorial hydroxyl groups. N.M,R. data of the examined esters unequivocally
show that these derivatives have a conformation as shown in 4 ; the carboxyl group occupies
an :equatorial and the hydroxyl groups at C1 and C 5 an axial orientation. The ready acylation
of the 1, 3-diaxial hydroxyls in 4 can be explained by strong hydrogen bonding between the 1-
hydroxyl and 5-hydroxyl groups which renders these functions more reactive.

The intermediates described above should provide the basis for the preparation of

quinic acid analogues of biological interest.

References
1) Part XIX. Part XVIII "Modifications on cyclic polyol systems', A.M.Sépulchre, J. Cléo-
phax, J.Hildesheim and S.D.Géro, C.R.Acad.Sci., 268, Ser.C, 849 (1969).
2) B.A.Bohm, Chem_.Rev., 65, 435 (1965).
3) J.M. Williams ’and A.C.Richardson, Tetrahedron, 23, 1369 (1967).
4) A.C.Richardson and J .M, Williams, Tetrahedron, 23, 1641 (1967).
5) T.Sivakumaran and J.K.N.Jones, Can.J.Chem., 45, 2493 (1967).
6) A.K.Mitra, D.H.Ball and L.Long,Jr., J.Org.Chem., 27, 160 (1962).
7) R.C.Chalk, D.H.Ball and L.Long, Jr., J.Org.Chem. 31, 1509 (1966).
8) D.H.Ball and F.W.Parrish, Advan, Carbohydrate Chem., 23, 233 (1968).

Acknowledgment : The authors wish to express their sincere gratitude to Professor E.
Lederer for the constant encouragement with which he supported this work. This work has
been supported by a research grant from the Délégation Générale A la Recherche Scientifique
et Technique auprés du Premier Ministre, n° 67-0192.



