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Abstract: B-Acyl glucuronides are readily prepared in two steps from allyl D-glucuronate 1 in 14 to 29%
overall yields. © 1997 Elsevier Science Ltd. All rights reserved.

Xenobiotics containing carboxylic acid groups are often readily metabolized to acyl glucuronides in vivo.!
As part of our LTD, antagonist program, we needed substantial amounts of the acyl glucuronide of MK-476
(Montelukast,? Singulair™) for use as a chromatography standard. The preparation of this class of compounds
has been reported by enzymatic® and chemical* methods. In the event where a small amount of B-acyl
glucuronide is required, the enzymatic approach is the method of choice. This method becomes tedious and
difficult to use on larger scales since decomposition and acyl migration often occur during the isolation step,
mainly due to the high pH sensitivity’ of the desired material. Therefore, when multimilligram amounts of p-
acyl glucuronide are needed, a synthetic approach should be envisioned. The syntheses of acyl glucuronides
described in the literature* require many steps with several protections and deprotections. This prompted us to
seek a shorter route and we disclose herein a two-step synthesis of the title compounds without protection of the
four hydroxyl groups of the starting allyl glucuronate 1° (Scheme 1).
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The first step consists in a selective coupling reaction between carboxylic acid substrate and the allyl
glucuronate 1.7 In 1986, Smith and co-workers® reported a regio and stereoselective synthesis of glycosyl
esters from glycoside and carboxylic acid using the Mitsunobu coupling reaction.’ In the same manner, we are
taking advantage of the higher reactivity of the anomeric hydroxyl in the Mitsunobu reaction.' The allyl
glucuronate 1 was added to a mixwre of the desired aromatic carboxylic acid, triphenylphosphine and
diisopropylazodicarboxylate (DIAD) in THF at 0 °C for 1 hour."? Aromatic carboxylic acids gave mixtures of
o and B isomersina 1 : 5 ratio (entries 1, 2, 3, 4). The B-isomer 2 could be isolated in 25%-40% yield after
HPLC purification.” The lower yield obtained for 2-bromobenzoic acid (25%, entry 2) may be attributed to
steric factors.
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Table 1. Mitsunobu Reaction and Removal of the Protecting Group.

Compound 2 Compound 3"
Entry RCOOH g atio of B : a® Yield of B-isomer® P
OOH
1 5:1;40%° 70%*
Br
OOH
Br
2 5:1;25%° 74%*
OCH
3 Z 5:1;33%° 88%°
OOH
4 N 5:1;35%° 50%°
N®
5 P COOH 3:1;23%¢ 73%°
X
6 P~ “COOH 2:1;25%° 69%°
NH-BOC
7 : o1 - d e
P ™ C00H 2:1:;23% 63%

Ri_~
8 2:1: 20%° 76%¢
HO

MK-476

*Ratio determined by 'H NMR on the crude reaction mixture. *Isolated yields by HPLC. To a mixture of carboxylic acid and
PPh, in THF at 0 °C was added DIAD, followed by allyl glucuronate 1. “To a mixture of carboxylic acid, PPh, and allyl
glucuronate 1 in THF at 0 ° C was added DIAD. °To a mixture of allyl ester 2, Pd(PPh,), in THF at 0 °C was added
pyrrolidine. ‘R= 7-Chloroquinolinyl.

When this method was applied to aliphatic carboxylic acids, no reaction was observed. We could however
get the reaction to proceed by changing the order of mixing of the reagents, namely by adding DIAD to a mixture
of aliphatic carboxylic acid, triphenylphosphine and allyl glucuronate 1 in THF at 0 °C.!* This reaction gave the
desired compound 2 although the selectivity for the B-isomer was lower (entries 5, 6, 7, 8). The lower yields
(20-25%) obtained for aliphatic carboxylic acids relative to those of the aromatic acids in the Mitsunobu reaction
have been previously rationalized" by a different reactivity of the carboxylate intermediates.

The last step of the sequence was the removal of the allyl protecting group. This could be readily
accomplished with palladium (0) and pyrrolidine in THF at 0 °C for 1 hour'® to give 3 which is difficult to
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handle, because it is acid and base sensitive.’ The purification was performed by reversed-phase HPLC using
acetonitrile and aqueous acetic acid as the eluent. No acyl migration has been observed during the isolation
under these conditions. In the case of the acyl glucuronide of MK-476, the structure was further confirmed by
comparaison with an authentic sample isolated from a rat microsome incubation mixture.* The nature and
stereochemistry of the acyl glucuronide was also ascertained by cleavage with B-glucuronidase, which gave a
rate of cleavage similar to that of other known glucuronides."”

In conclusion, B-acylglucuronides were prepared in only two steps from 1 and an aliphatic or aromatic
carboxylic acid. The methodology uses a single protection of glucuronic acid carboxylic group which is
deprotected under neutral conditions.
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Coupling reaction of aromatic carboxylic acids 2: To a solution of 4-bromobenzoic acid (206 mg, 1.02
mmol), PPh, (270 mg, 1.02 mmol) in 4 ml of THF at 0 °C was added DIAD (200 pL, 1.02 mmol). After
5 min, a solution of allyl glucuronate 1 (120 mg, 0.51 mmol) in 1 ml of THF was added slowly (over 10
minutes). The solution turned dark. After 1h at this temperature, the solvent was removed under vacuum.
'H NMR spectrum on the crude reaction mixture showed a 5 : 1 ratio of B : a isomers. The product was
purified by filtration over silica gel (35 CH,CL,/5 MeOH) and by HPLC (Novapak C-18, 25 x 100mm, 12
ml/min, 35% CH,CN/65% H,0, rt= 14.7 min). This reaction yielded the desired product 2 (80 mg, 40%
yield). [a]®p: +2.5 (c= 0.96, MeOH); 'H NMR (400 MHz, acetone): § 3.65 (m, 2H); 3.74 (m, 1H); 4.13
(d, 1H, J=9.5 Hz); 4.64 (d, 2H, J=5.5 Hz); 5.18 (dd, 1H, J= 1.2 and 10.5 Hz); 5.34 (dd, 1H, J=1.5
and 17.2 Hz); 5.81 (d, 1H, J=7.6 Hz); 5.93 (m, 1H); 7.73 (d, 2H, J= 8.5 Hz); 8.00 (d, 2H, J= 8.5 Hz).
*C NMR (100 MHz, acetone): § 70.3, 76.7, 77.6, 81.1, 81.3, 100.2, 122.5, 133.2, 133.6, 136.6,
136.9, 137.1, 168.9, 172.9. IR (neat, cm™): 3400, 1725, 1675, 1585, 1420, 1315, 1290, 1255, 1175,
1125, 1065, 1010, 850, 755; HRMS FAB (C,(H,,0,Br + Na) calc.: 439.0005; found: 439.0004.
Changes in the stochiometry of the reagents, temperature and time of the reaction afforded no better resuit.
Different phosphines and azodicarboxylates were also used but did not provide any improvement on the
yield of the reaction.

A third major product could be isolated during the reaction, in a 1 : 1 ratio 2

with the a-isomer. We tentatively assign the following structure for 4 /@Jk 0 0y 0
based on NMR analysis: [a]*p: +33.6 (c=0.72, MeOH); 'H NMR (400 Br lvr
MHz, acetone): & 4.55 (s, 1H); 4.67 (d, 1H, J= 6.0 Hz); 5.01 (d, 1H, J= 4 O(')H

4.2 Hz); 5.13 (dd, 1H, J= 6.0 and 4.2 Hz); 6.46 (s, 1H); 7.67 (dt, 2H, J= OH
8.8 and 2.3 Hz); 7.88 (dt, 2H, J= 8.8 and 2.0 Hz). '*C NMR (100 MHz, acetone): 8 70.3, 78.6, 81.4,
82.9, 103.7, 128.7, 129.8, 132.3, 132.5, 164.6, 175.4. IR (neat, cm™): 3400, 1800, 1715, 1705, 1590,
1265, 1130, 1120, 1110, 1070, 1060, 1030, 1010, 980, 940, 750; HRMS FAB (C,H,,O,Br + Na) calc..
380.9586; found: 380.9587. We also ran 'H, *C, HMQC, HMBC and NOE NMR experiments on the
acetylated analogue.

Coupling reaction of aliphatic carboxylic acids 2: To a solution of 2-bromophenylacetic acid (1.08 g, 5.0
mmol), PPh, (1.31 g, 5.0 mmol) and allyl glucuronate 1 (585 mg, 2.5 mmol) in 25 ml of THF at 0 °C was
added DIAD (1.0 ml, 5.0 mmol) over 10 minutes. The dark solution was stirred 1 h at this temperature.
The isolation and purification are the same as described for aromatic carboxylic acids.
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Deprotection of allyl ester 3: To a solution of allyl-(4-bromophenyl-1-O-acyl)-B-D-glucuronate 2 (100 mg,
0.24 mmo}) in 1 ml of THF at 0 °C was added Pd(PPh,), (28 mg, 0.024 mmol) followed by pyrrolidine
(19 uL, 0.23 mmol). The mixture was stirred 30 minutes at this temperature and the solvent was removed
under vacuum. The product was first purified by filtration over silica gel (8 CH,CL,/2 MeOH/0.1% HOACc)
followed by HPLC (Novapak C-18, 25 x 100mm, 12 ml/min, 20% CH,CN/80% H,0/0.1% HOAc, n=
8.8 min). This gave 60 mg (69% yield) of the acyl glucuronide of 4-bromobenzoic acid 3. {e)®p: -5.5
(c=0.70, MeOH); 'H NMR (400 MHz, CD,CN): 8 3.54 (m, 3H); 4.00 (d, 1H, J=9.5 Hz); 5.72 (d, 1H,
J=17.5 Hz); 7.70 (d, 2H, J= 8.6 Hz); 7.97 (d; 2H, J= 8.6 Hz). 'C NMR (100 MHz, CD,CN}. & 72.1,
72.9, 75.8, 76.4, 95.7, 129.3, 129.4, 132.6, 133.0, 165.2, 169.9. IR (neat, cm™): 3350, 1720, 1695,
1590, 1480,1400, 1270, 1065, 1010, 840, 750; HRMS FAB (C,;H,,0,Br + Na) calc.: 398.9691; found:
398.9690.

Levvy, G.A.; Marsh, C.A. The Enzymes. Academic Press, New York, 2*ed., Vol. 4, 1960, p.397-407.

(Received in USA 2 December 1996; accepted 13 January 1997)



