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a b s t r a c t

We report the first total synthesis of 3,5-O-dicaffeoylquinic acid and its derivatives, 3,5-O-diferuloylqui-
nic acid and 3,5-(3,4-dimethoxycinnamyl)quinic acid, in a nine-step sequence. The key step involves
Knoevenagel condensations between vanillin, 3,4-dimethoxybenzaldehyde or 4-hydroxy-3-methoxy-
benzaldehyde and the dimalonate ester of quinic acid.

Crown Copyright � 2011 Published by Elsevier Ltd. All rights reserved.
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Dicaffeoylquinic acids (DCQAs) are constituents of coffee, and
artichoke extracts. DCQAs possess a wide range of pharmacologi-
cal properties including antiviral, antioxidant, antibacterial and
antihistamic.1–5 Their metabolism has never been studied in de-
tail, however there is evidence that caffeoylquinic esters in gen-
eral are hydrolysed to caffeic acid which is subsequently further
metabolised.6 In rats, 1,5-dicaffeoylquinic acid has been shown
to be metabolised into glucuronide conjugates.7 However, the ex-
act nature of these conjugates remains unclear in the absence of
fully characterised standard compounds. It is likely that similar
metabolism occurs for the isomeric 3,5-O-dicaffeoylquinic acid.

DCQAs are formed by esterification of hydroxycinnamic acids
with quinic acid.1 There has been significant interest in the syn-
thesis and metabolism of DCQAs and their derivatives. In 2001,
Sefkow et al.8 described the synthesis of 1-, 4-, and 5-caffeoylqui-
nic acids based on the esterification of quinic acid by cinnamic
acid derivatives. This methodology required the protection of
both precursors until the final step of the synthesis. Recently
Smarrito et al.9 developed a new method for the synthesis of 5-
O-feruloylquinic acid and 5-O-feruloylquinic methyl ester in
which the (E)-double bond was formed in the final step of the
synthesis using a Knoevenagel condensation reaction. The advan-
tage of this method was that neither the aldehyde nor the quinic
acid fragment required protection for the final step of the
synthesis.
011 Published by Elsevier Ltd. All

x: +44 1334 463808.
em).
Herein, we have applied the Knoevenagel method to achieve the
first total synthesis of 3,5-O-dicaffeoylquinic acid (1), 3,5-O-diferu-
loylquinic acid (2) and 3,5-(3,4-dimethoxycinnamyl)quinic acid (3)
(Scheme 1), such that they were available as pure compounds for
OH
O OH OHO
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Scheme 1.
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Scheme 2. Reagents and conditions: (a) p-TsOH, toluene, DMF, reflux, 12 h, 99%; (b) imidazole, DMF, TBSCl, 0 �C for 30 min and 1 h at rt 83%; (c) NaH, DMF, 0 �C, 30 min, then
BnBr, DMF, 60 �C, 12 h, 60%; (d) NaOH, THF–H2O (4:1), rt, 40 min, 93%; (e) Cs2CO3, MeOH–H2O, rt, 20 min, then BnBr, DMF, rt, 12 h, 95%; (f) HF-pyridine, THF, 0 �C to rt, 12 h,
93%; (g) Meldrum’s acid, toluene, 60 �C, 4 h, 79%; (h) Pd(OH)2, H2, MeOH, rt, 36 h, 94%; (i) 5a–c, DMAP, piperidine (cat.), DMF, rt, 8 d, 1 (68%), 2 (72%), 3 (81%).

7176 K. S. Raheem et al. / Tetrahedron Letters 52 (2011) 7175–7177
metabolism studies. This method involved the double condensa-
tion of a bis-malonic acid ester (4) with two equivalents of
the appropriate benzaldehyde 5 followed by decarboxylative
dehydration.

The synthesis of 1 and its derivatives commenced with the
preparation of bicyclic trihydroxy lactone 7 from commercially
available (�)-quinic acid (6) (Scheme 2). The selective protec-
tion (C-3) of 7 as the TBS ether 8 was achieved in good yield.10

The remaining free hydroxy groups (C-1 and C-4), were then
subjected to benzyl ether protection to provide 9 in 60% yield.11

Hydrolysis of 9 with NaOH in THF–H2O at room temperature,
followed by esterification of the resulting carboxylate by treat-
ment with Cs2CO3 and benzyl bromide afforded the benzyl ester
10 in 55% yield over the two steps.12 Removal of the TBS pro-
tecting group was achieved using HF-pyridine in THF at 0 �C
and furnished diol 11 in a good (93%) yield.13 Diol 11 was then
subjected to a double acylation by treatment with 2.2 equiv of
2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum’s acid) in toluene
at 60 �C. This gave diester 12 in 79% yield.14 Cleavage of the
benzyl protecting groups was achieved in 94% yield by hydrog-
enolysis [Pd(OH)2, MeOH] to give the deprotected diester 4 as
the immediate precursor to three dicaffeoylquinic acids. The
final step of the syntheses involved a double Knoevenagel con-
densation without any protecting groups. Accordingly, treatment
of 4 with aldehydes 5a–c, DMAP and piperidine in anhydrous
DMF afforded the target compounds in moderate to good yields
[3,5-DCQA (1)15 (68%), 3,5-diferuloylquinic acid (2)16 (72%) and
3,5-(3,4-dimethoxycinnamyl)quinic acid (3)17 yield (81%)].

In conclusion, the development of a protocol for the synthesis of
3,5-DCQA (1), 3,5-diferuloylquinic acid (2) and 3,5-(3,4-dimeth-
oxycinnamyl)quinic acid (3) is described, exploiting a Knoevenagel
strategy. This protocol should be amenable to a wide range of sym-
metrical difunctionalised derivatives.
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