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Table 1. Acyl glucuronides 7 synthesised by selective acylation of benzyl glucuronate 6a.

Carboxylic
Acid

Equiv. HATU,b NMM Yield
%

Yield %
with 3

8 1,3 58
9 1,2 62 59
10 1,3 62
11 1,3 68c 65
12 1,2 67c

13 1,3 55 44
14 1,2 59 52
15 1,3 82 66

a In all cases the  ratio of the product was at least 19:1 (1H NMR). b Using TBTU (1 eq.), rather that
HATU, yield was 10-20% lower.c Combined epimers, see text.
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Scheme 1. Hydrolysis and rearrangement of acyl glucuronides.
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Schem e 2  Acy l glucu ron ide synthes is  by  se lective acy lation .
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Scheme 3 . Prepar ation  of ben zyl glucu rona te.

Deprotection

 Intermediates 7 can be debenzylated using catalytic transfer hydrogenation (CTH) or

conventional hydrogenation, Scheme 4.

 Using CTH and phenylacetic acid as a model (R = PhCH2 in 7), 10% Pd-C and

cyclohexa-1,4-diene at 60°C in EtOH-THF or PriOH-THF give complete reaction in 1h.

Cyclohexene requires 80°C for a reasonable rate.

 Compatible with Ar-Cl (4-chlorobenzoic acid 10); the trisubstituted C=C in

mycophenolic aci d 13 is unaffecte d. Ar-Br (in 4-bromobenzoic acid 8) is lost. Yields are

from 90-100%.
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Scheme 4. Deprotection of benzy l esters.

Conditions: 1. H2(g), EtOH or PriOH; 2. Cycloh exene , PriOH, 80°C; 3. Cyclohexa-1 ,3-

diene , PriOH, 60°C .

Illustrative Examples

 Benzoic acids 8-10 all couple well. Slower reaction observed for acid 8 with electron-

donating group.9 2-Br benzoic acid also couples in good yield.  6

 From the 2-arylpropionyl class of NSAIDs, ibuprofen 11 and naproxen 12 react well.

(2R, 2S)-Epimers are separable by chromatography; 11 is known to racemise at

physiological pH. 10

 Mycophenolic acid 1311 was satisfactorily coupled without phenol protection. Previously

obtained by enzymic synthesis and prep. HPLC separation.12

 Zomepirac 14, 13 whose acyl glucuronide has a half-life at physiological pH of < 30mins,

was successfully prepared by our method.

 Phenylacetic acid 15 affords a good model example, and to date has given the best

coupled yield of any carboxylic acid studied.

Introduction

Acyl glucuronides are key phase 2 metabolites for many carboxylic acid-containing drugs,

notably of non-steroidal anti-inflammatory agents (NSAIDs).1 It is important to synthesise acyl

glucuronides in pure form, and especially as single 1-anomers, for bioevaluation during drug

discovery and development. Acyl glucuronides are reactive species: they may react by hydrolysis

or displacement with other nucleophiles or by acyl migration followed by condensation with

amines (Amadori rearrangement), Scheme 1.2,3

Previous acyl glucuronide syntheses were long and low-yielding. Fully protected

intermediates such as 14 require multi-step preparation prior to coupling to RCO2H, while

unprotected glucuronic acid 2 can be successfully coupled only in some special cases.5

Discussion and results

We recently reported6 a new acyl glucuronide synthesis ( Scheme 2), relying on selective

acylation of allyl glucuronate 3 obtained from glucuronic acid 2.7 Previously 3 had been coupled

with RCO2H using the Mitsunobu reaction.7 Although this method was satisfactory, it led to

variable yields (usually 20-40%) and mixedproducts, requiring preparative HPLC separation.

Selective acylation (Scheme 2) gave highly satisfactory yields (43-66%) of intermediates

4 with excellent selectivity, 19:1 or better, for a range of carboxylic acids. In the acylation

step, the strength of the base used and degree of carboxyl activation were key variables. We

eventually found the HATU-NMM procedure shown to be generally suitable. In general the Pd

(0) deallylation was reliable, but traces of Pd reagent sometimes persisted in the products 5, even

after chromatography. It was possible to use a resin-bound Pd (0) reagent, but a logical

alternative was to employ another ester removable under very mild conditions. We therefore

investigated the benzyl ester 6.
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Co m m e n ts a nd  Co n c lu s ions

  Th e  se lecti v e a cy lat io n met hod is  a g ain s ho w n to  b e  a  go od met hod  f o r t h e s y n th es is

o f  a cy l g lu cu ro nid es  o f  a  v a riet y of car bo x y lic ac id s .

  Th e  u se  o f b en zyl g lu cu ro na te  a llow s m i ld d ep ro tecti on  b y  co nv en ti on a l or tr a n s fer

h y d ro ge na ti on.  C o mp ar ed t o  a lly l e sters (re qui ri ng  P d( 0 ) d ep ro tecti on ), Pd  re sidu es

a re  m ini m ise d an d w or kup gre a tl y s im pl if ie d .

  R ele v a n t  d r u g  e xa mp le s a re i n c lud ed  in th e  e x a mp le s st ud ied : w e are n o w in a

p o sit io n to  e v a lu ate re arra ng eme n t kin etic s  and p rote in  in teract io n o f  k ey a cy l

g lu c u ro nid es  a s s in g le  1 - iso me rs .

A ck n o w le d g eme n ts  W e  are  g ratef u l t o th e  EPSRC  for  fu n d in g (D T A a w ard t o E RB ).

Use of Benzyl Glucuronate

Alkylation of glucuronic acid 2 with PhCH2Br using the resin-bound fluoride gave benzyl

ester 6 in satisfactory yield after chromatography, Scheme 3. We are continuing to optimise this

step. Previously 6 was obtained8 in three steps from glucose.

Using 6, the HATU-NMM method again gave good yields of the acylation products 7, slightly

higher than those obtained with 3. (Table 1, reagents as Scheme 2).
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