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ABSTRACT

COLAllyl COLAllyl

H(H)w + Reon PATU.NMM HB%OCOR
HO' OH MeCN, 20°C HO

43-66%
R = aryl, alkyl; B:0. = 95 : 5 or better

Acyl glucuronides are vital metabolites for many carboxylic acid containing drugs. We report an efficient new method for the chemical synthesis
of these molecules by selective 1  S-acylation of allyl glucuronate with carboxylic acids catalyzed by HATU and then mild deprotection through
treatment with Pd(PPh 3), and morpholine. The method is effective for a range of aryl and alkyl carboxylic acids, including important drugs.

Glucuronidation is a vital phase 2 metabolic proééss

whereby a wide range of drugs and xenobiotics may be Scheme 1. Reactions and Rearrangements of Acyl
rendered water-soluble, detoxified, and excreted. While Glucuronides

O-glucuronides of alcohols and phenols are well-known and Pathway 1 COH e
generally behave as stable organic molecules, acyl (ester) COH Nu-H HOH%OH * T
glucuronides of carboxylic acids have received less attention.  +o Po R / /

Typically, acyl glucuronides are much less stable than those  Ho T

of alcohols or phenols, being subject to facile reaction with

nucleophiles and rearrangement at acidic or basic pH Apy\?’wﬁy?

(Scheme 1§. moreter COM COLH

. . o) X-NH; OH
Many important drug classes, notably the widely used RCO:%OH RCOZ%NH_X
HO [e] 1

nonsteroidal antiinflammatory drugs (NSAIDs), contain i
carboxylic acids and are metabolized as their acyl glucuron- ¢

ides. Whether acyl glucuronides cause adverse reaetions  aPathway 1: direct acylation (“glycation”). Pathway 2: Amadori
rearrangement. The nucleophilic residues may be those present in
T University of Liverpool. body proteins.
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1 4%) Kaspersen, F. M.; van Boeckel, C. A. Xenobiotical 987 17, 1451 immune response or direct toxicitys still a matter of lively

(2) Stachulski, A. V.; Jenkins, G. Blat. Prod. Reportd998 15, 173— debaté For instance, the current consensus is that the acyl

186. ; ; 5 ;
(3) Vanderhoeven, S. J.; Lindon, J. C.; Troke, J.; Tranter, G. E.; Wilson, glucuronides of |puprofer1 _and naproxerg are benign,
I. D.; Nicholson, J. K Xenobiotica2004 34, 73-85. whereas that of diclofena®® is suspect. It has been shown
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that some acyl glucuronides, e.g., that of diflunidalcan the free acyl glucuronide. We have employed this method
cause binding of the parent drug to plasma protein (Figure to synthesize up to 200 mg of the acyl glucuronide of
1) diclofenac3, but our experienéé emphasized some short-
comings of the method. In particulgo mixtures from 5:1
to 2:1 were obtained in all caségwe observed 4%).
Satisfactory purification required both column chromatog-
: CORH OH raphy and preparative HPLC: our best yield was 20%.
COH COM HOLL We considered that instead of the Mitsunobu reaction,
Bui/©/\ MeO ©5 0 proceeding ultimately by an\@ reaction at the anomeric
cn\©/m O F center'® selective acylation might be a superior method,
F
4

exploiting the kinetic anomeric effééto favor J5-acylation,

; ) s Scheme 2. There was some precedent in a ré&poft

Figure 1. NSAIDs metabolizing as their acyl glucuronides. _

Scheme 2. Acyl Glucuronide Synthesis via Mitsunobu (M) or

As shown (Scheme 1), both direct acyl transfer (hydrolysis Acylation (A) Routes
COAIll M COAIll A COAIl

or reaction with other nucleophiles) and acyl migration o 0 M o 0 Ao o —8 ~
followed by imine formation, then tautomerism (Amadori ”05(\"7;“ " T HO\HZD\LLO ()?:3
rearrangement) can occur. Recently, there has been an pPn?”

attempt to quantify the acyl donor ability of acyl glucuronides
compared to other bioconjugates such as thioeéters.

It is therefore important to synthesize acyl glucuronides selective B-acylation of glucose derivatives using activated
pure and in quantity as singlggdanomers, as they occur in  esters of the carboxy component. We now report the
vivo, for thorough evaluation. Previously, two main ap- successful realization of this concept in an effective synthesis
proaches have been employed: either a fully protected of several B-acyl glucuronides.
derivative such a$§ (Figure 2) has been prepared, followed  We simplified the synthesis df by using a resin-bound
fluoride basé& instead of DBU! This greatly eased the
workup (we had found it very difficult to remove DBU traces
completely) and afforded crystallirias ano/s mixture in

Q 70% yield, containing variable amounts (from 5 to 20%) of

. Q/Q\\LZ%BH ! Q/Q\\AZ%H ., %OA" a coeluting impurity by comparison with previous NMR
BnO on HO OH HO OH data!® The impurity does not affect the efficiency of the
B "o HO following steps or the purity of the final products; recrys-

tallization from MeOH affords essentially puié whose
Figure 2. Glucuronic acid intermediates. At CH,CH=CH,. preparation we are continuing to optimize.

We then studied various combinations of carbodiimides,

. . . . ) imid active ester-forming reagents, and base catalysts to activate
by conjugation to the carboxylic acid (e.g., via the imidate and couple the carboxylic acid component, using 4-bro-

method),.or unprotected glucuronic adichas been used. mobenzoic acid8 as the model substrate (Figure 3).
Intermediates such &stake many steps to prepare, and the y v qroxyhenzotriazole (HOB) in conjunction with DIC
use of unprotected glucuronic acid has been restricted to(superior to DCC) was effective: later we found that the

some special cases, e.g., retinoic acfs. uronium reagent HATY was the reagent of choice.

A plr orn|||5||n9| alternattlée (')s t'o e:npllr? ya mc:noeste:ﬁg:‘ In early experiments, the active ester was preformed and
namely allyl giucuronatg. Ywing 1o the greater reactivity oy vaacted withv and a base catalyst in acetonitrile. We

of f[he anomeric hydroxy gr_ouﬁ,wnl r_eact V\_/lth_carboxyllc later found that combining all reagents from the start gave
acids in a Mitsunobu reactiéhto deliver fair yields of the

desired conjugates. Deprotection with Pd(R)Pthen releases

(11) Juteau, H.; Gareau, Y.; Labelle, Nletrahedron Lett1997 38,
1481-1484. The original report of the use of the Mitsunobu procedure for

(4) Bailey, M. J.; Dickinson, R. GChemico-Biological Interaction2003 glycosyl ester synthesis was by: Smith, A. B.; Hale, K. J.; Rivero, R. A.
145 117-137. Shipkova, M.; Armstrong, V. W.; Oellerich, M.; Wieland, = Tetrahedron Lett1986 27, 5813-5816. Smith, A. B.; Hale, K. J.; Vaccaro,
T. H. Ther. Drug Monit.2003 25, 1-16. H. A.; Rivero, R. A.J. Am. Chem. S0d.991, 113 2092-2112.
(5) Tan, S. C.; Patel, B. K.; Jackson, S. H. D.; Swift, C. G.; Hutt, A. J. (12) Kenny, J. R.; Maggs, J. L.; Meng, X.; Sinnott, D.; Clarke, S. E.;
Xenobiotica2002 32, 683-697. Park, B. K.; Stachulski, A. VJ. Med. Chem2004 47, 2816-2825.
(6) Grillo, M. P.; Knutson, C. G.; Sanders, P. E.; Walden, D. J.; Hua, E. (13) Recent investigations have shown that, for some hindered secondary
M.; Ware, J. A.Drug Metab. Dispos2003 31, 1327-1336. alcohols, the Mitsunobu reaction may proceed via an acyloxyphosphonium
(7) Wang, M.; Dickinson, R. GDrug Metab. Dispos1998 26, 98— intermediate: Ahn, C.; Correia, R.; De Shong JPOrg. Chem2002 67,
104. 1751-1753. Scheme 2 posits the “normal” alkoxyphosphonium intermedi-
(8) Li, C.; Benet, L. Z.; Grillo, M. P.Chem. Res. ToxicoR002 15, ate; we consider the anomeric position is not particularly hindered. See
1309-1317. also: Hughes, D. L.; Reamer, R. A. Org. Chem1996 61, 2967-2971.
(9) Schmidt, R. R.; Grundler, GSynthesisl981, 885-887. (14) Schmidt, R. RAngew. Chem., Int. Ed. Endl986 25, 212-235.
(10) Barua, A. B.; Huselton, C. A.; Olson, J. Bynth. CommuriL996 (15) Plusquellec, D.; Roulleau, F.; Bertho, F.; Lefeuvre,Idtrahedron
26, 1355-1361. 1986 42, 2457-2467.
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I (ypically 0 5.8 (1H, d.) = 7.8 Hz) for thef-anomer; any

traces ofo-anomer show 6.3 (d,J = 3.5 Hz)318 As noted

oM co COHMeO, .COH weo. above, essentially puygproduct was obtained by a simple
é é HOLC P o silica column; preparative HPLC was unnecessary.
o © " . L, On° Mycophenolic acid13" affords a most interesting ex-
o ample: thisPenicillium metabolite has valuable antibiotic
Ne and immunosuppressant activity. We believe this is the first
2N Ncos Cl@ti\JAC"z“ chemical synthesis of its acyl glucuronide, which had
“ s previously been obtained by preparative HPLC separation

_ o o _ of an enzymatically synthesized mixture of its aryl and acyl
Figure 3. Carboxylic acids used in this study (witf). glucuronide€2L|t was not necessary to protect the phenolic
group in13, though the yield was slightly lower here than

an equally good yield. TheKy of the base used proved in most other examples.
critical: we found the optimum value was around 7.5 to 8.  Inthe cases of ibuprofenSt1, and R)-O-methylmandelic
DABCO andN-methylmorpholine (NMM) were particularly ~ acid 12 the acyl glucuronides were formed as separable
effective, the latter being marginally superior. Weaker bases, epimeric mixture¥ in a 4:1 ratio. The most diagnostiél
e.g., pyridine, gave very slow reaction, while stronger ones, NMR signals for the conjugates are those of @t&;CH(Ar)-
e.g., DMAP or triethylamine, led to overreaction. CO-unit for (§-1 and of the CH(OMe) unit fol 2. It is well-
The base was removed by neutralization with Amberlyst known that §)-1 racemizes at physiological pH. Zomepirac
A-15 (H*); the product was then isolated by filtration, 15is another significant clinical example: this antiinflam-
evaporation, and silica gel chromatography. For the reactionmatory agent was withdrawn following serious allergic

of 8, we obtained the desired prod@tn 52% yield using  reaction& which, it was postulated, could be due to its acyl
HATU (1 molar equiv) and NMM (2 molar equiv), with 1 glucuronide.

equiv each off and8, and then employed the method for a
series of carboxylic acidsand10—15. Table 1 summarizes

Finally, we confirmed the deprotection procedure using
Pd(PPBR)4 in conjunction with pyrrolidiné or morpholiné*

_ in THF: morpholine gave cleaner and higher yielding
products. For example, using the Pd(BEhmorpholine

Table 1. Yields anda/f Ratios of Acyl Glucuronides by the combination, the acyl glucuronide allyl estersidfand13
_ b .
HATU—NMM Proceduré were deprotected to afford the free acyl glucuronidés
Mitsunobu and16bin 80% yield following brief silica chromatography
method'! (Figure 4)%
carboxylic equiv of yield yield®  plo In summary, we have demonstrated a convenient synthesis
acid (equiv) HATU,NMM (%) plaratio (%) ratio of 18-O-acyl glucuronides by selective acylation that admits
8 (1) 1.2 52 19:1 48 5:1 a wide variety of structural types. Conditions are mild and
8(2) 2.4 59 B only
12 24 65 p only (16) Available from Sigma-Aldrich Co. Glucuronic acid in DMF was
10 (1) 1.3 52 8 only 30 5:1 stirred with allyl bromide (1.1 equiv) and the resin-bound base aCAfor
11 (1) 1.3 66 p only 31 3:1 16 h followed by filtration, evaporation and chromatography.
12 (1) 1.3 65  Bonly 38 21 (17) Carpino, L. AJ. Am. Chem. S0d.993 115 4397-4398.
13 (1) 94 44 19:1 1O$()18) Ruhl, R.; Thiel, R.; Lacker, T. S. Chromatogr2001, B757, 101
14 (1) 1.2 43 B only (19) Florey, H. W.; Gilliver, K.; Jennings, M. A.; Sanders, A. IGancet
15 (1) 1.3 52 S only 1946 (i), 46. Shipkova, M.; Voland, A.; Grone, H. Jher. Drug Monit.
2003 25, 206. Holt, D. W.; Johnston, ATher. Drug Monit.2004 26, 244—
a All reactions were carried out at Z&b0C in acetonitrile? Reaction 247.
time o 2 h usually sufficient (monitored by TLC}.In the Mitsunobu (20) Kittleman, M.; Rheinegger, U.; Espigat, A.; Oberer, L.; Aichholz,
procedure, 2 equiv of carboxylic acid was always used. R.; Francotte, E.; Ghisalba, @dv. Synth. Catal2003 345, 825-829.

(21) Covalent binding of the deprotected product to monophosphate
dehydrogenase has been demonstrated, with superior response to enzymati-
. . . cally prepared material. Further details will be published elsewhere.
the yields obtained by the HATU procedure: using the  (22) Ikegawa, S.; Murao, N.; Ooashi, J.; GotoBibmed. Chromatogr.
HOBt-DIC method, yields were generally around 20% less. 1998 12, 317-321.

. . . (23) Levy, D. B.; Vasilomanolakis, E. @rug Intell. Clin. Pharm.1984
In many cases a very satisfactory yield of conjugate was ;g 983 9g4.

obtained using just 1 equiv of HATU, but as noted in Table _ (24) Kunz, H.; Dombo, BAngew. Chem., Int. Ed. Endl98§ 27, 711~

f ;L 713.
1, the use of extra base or 2 equiv of HATU was beneficial (25) It was difficult to exclude completely small traces of Pd(®Pinom

in some cases, €.68,(59%). It is also noteworthy that the  the final product, even after chromatography. We have found very recently
presence of an ortho substituent, as in 2-bromobenzoic acidEPat a polystyrene-bound form of the Pd reagent (available from Argonaut
. . . echnologies Ltd.) affords reagent-free product at4HeNMR detection

10, does not appreciably lower the yield, in contrast to the |imit. The commercial resin was stirred in THF for 16 h, then filtered off
Mitsunobu procedure_ and_add(_ed to_a‘solution of the_aIIyI ester in THF cor_ltaining morpholine (1

In all cases, thes/o: ratio was excellent, 95:5 or better, ¥ Hi o 00 2o and ehromatography (ED% EOH in C.
the key'H NMR signal being that of the anomeric proton, Cl,, silica) then afforded the free acyl glucuronide, ela

y 9 g p
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Figure 4. Acylation product and free acyl glucuronides after
deprotection.

a satisfactory rate is obtained at 20.2¢ We believe this
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Supporting Information Available: Full characterization
of new compounds described and copiedbfind**C NMR
spectra of all compounds made. This material is available
free of charge via the Internet at http://pubs.acs.org.
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(26) General Acylation Procedure.4-Bromobenzoic aci@ (0.101 g,
0.5 mmol), allyl glucuronat& (0.117 g, 0.5 mmol), and HATU (0.190 g,

method should be extremely useful for the preparation of 0.5 mmol) were stirred in dry acetonitrile (5 mL) witrmethylmorpholine
acyl glucuronide metabolites of many marketed and prospec-(0.110 mL, 0.101 g, 2 equiv) under nitrogen at ZD. The reaction was

tive carboxylic acid containing drugs.
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