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Abstract: Heteroatom substitution within the zileuton nucleus led to a congener series which was evahrated for 

potency and rate of glucuronidation, a major route for eliiination of zileuton. Subtle changes in structure were 

found to sinewy effect glu~~~tion rate. 

For the past several years, the focus of attention on the arachidonate 5-lipoxygenase @LO) pathway has 

given rise to a broad range of structums for inhibiting the enzyme, its products or its activation. 1 Hydroxamates 

were demonstmted as S-LO inhibitors some time ago by Corey* and refuzement of this basic approach has led to a 

number of interesting compounds. Zileuton3a (A-~~7, 1), BWA4Cab and Ly-2335693~ are representative 

structures. While zileuton displayed good efficacy in several models, its duration of action was limited primarily 

by rapid ghtcuronidation4 and elimination. Notable work by the Abbott group has proceeded ultimately from 

zileuton to A-787733$ a more potent and metabolically mom durable compound. Promising clinical results have 

recently been reported for the Abbott compounds.~ With knowledge of the glu~o~~~n problem and its / \ 42, - I 
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effect on the duration of action of hydroxyurea S-LO inhibitors, we examined a series of heteroaromatic congeners 

of xileuton (1 - 5) as individual enantiomers for potency and resistance to glucuronidation. We specifically were 

interested in the effect of placement of different heteroatoms in the intact benxothiophene nucleus. 

The synthesis of these compounds is outlined in Scheme 1. For compounds 1,3,4 and 5 the patent 

heterocycles 6s were lithiated and trapped with acetaldehyde to afford the alcohols in good yield after puritication 

by chromatography. Although the starting alcohol for 2 could also be prepared in this manner, we found it more 

convenient to prepare as shown below in Scheme 2. Acetylation under standard conditions led to the racemic 

acetates 7. Lipase catalyzed hydrolysis7 to the point of consumption of one acetate enantiomer led to 

enantiomerically pure acetates (-)-8 in 30 - 35% yield. These were subsequently converted to alcohols (-)-9 in 

quantitative yield. The recovered alcohols were macetylated and submitted to limited hydrolysis using the lipase 

to obtain the alcohols (+)-9. After this recycle, the (+)-alcohols were obtained in 15 - 30% yield. Chii chemical 

shift reagents or chiral HPLC could be used to conveniently monitor the progress of the hydrolyses. Displacement 
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(a) n-BuLi, THF, -78% then CHsCHO; (b) AcsO, pyr, rt; (c) C. Cylindracea lipase, pH = 6.9 
phosphate buffer, 4OT, 3 - 48 h; (d) KsCOs, MeOH, HsO; (e) PPhs, diethyl azodicarboxylate, 
AcONHAc, C,&, THF, 1O’C. 30 min; (f) K&Os, MeOH, H&, rt, 1 h; g - 6N aqueous HCl, 
MeOH, rt, 24 h; (h) NaOCN, CFsCOsH, MeOH, C&CHs, 1OT 
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of the alcohols under controlled Mitsunobu conditions similar to those repotteds and careful hydrolysis gave the 

hydroxyureas in 15 - 20% yield. Use of 5 - 20% THP in benzene as solvent was critical. More polar solvent 

mixhues led to signifknt racemixation. Under our conditions a small amount of racemixation invariably occurred 

at this step. aenerally, the enantiomeric purity could be upgraded by simple recrystallization. After 

recrystallization to constant enantiomeric purity, the hydroxamates were hydrolyzed to the hydroxylamines. 

Conversion to the hydroxyuresss was accomplished in a straightforward manner. Overall yield for these last two 

steps was 55 - 75%. 

ah 
c 

(a) KOH, HzO, DMSO then MeI, lh. tt (68%); (b) LiAlH.t, THF, -10 - 0°C (92%); (c) pcc/A1203, 
CH2C12. fl, 2Ok W DBU, HSCHaCO2Me, PhCHs, 45 min, rt (80%); (e) LiAIH4, THF, -lO°C 
(65%); (f) pcc/A12Cs, CICHzCHfl, rt, 6h (74%); (g) MeMgBr, Et20, THF, -WC, 45 min (100%) 

Compounds were screened for potency in human whole blood using several donors by multiple 

radioimmunoassay determination of LTEt4 production 30 minutes after stimulation with A23187 ionophore.*2 

Susceptibility to glucuronidation was determined by I-PLC determination of glucuronidation rates over a 90 

minute incubation period using human microsomal protein obtained as a pool from five donors.13 These 

glucuronidation rates agreed with those observed for individual donors. The results of these assays are outlined in 

Table 1. 

Although signifiisnt gains in potency were not observed, potency itself is not sufficient for successful in 

vivo showing with hydroxyureas given the problems associated with rapid elimination of the derived 

gluctnonides. With respect to the sterecchemistry at the hydroxyuma bearing carbon, the dextrorotatory isomers 

were genemlly the more potent. This contrasts with earlier reports from the Abbott group. Wii their series the 

stereochemistry at the hydroxyurea bearing carbon has little effect on potency. Effects on glucuronidation rates 
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within the series were more pronounced. When compared with the parent compound 1, minor changes in the 

heterocycle resulted in significant changes in the observed glucuronidation rates. As expected&, one hydroxyuma 

enantiomer was glucuronidated more rapidly. In general, the addition of a heteroatom to the six-membered ring of 

the parent system (1) produced compounds more resistant to glucuronidation than 1. Compounds 3 as the 

exceptions demonstrate the effect of subtle structural changes on glucuronidation rates. 

2 

. . 
Table 1 Km-ad Glucumudat~on of N--thy1 Hydroxv Ureas _ 

I& Human Whole Bloodt Glucuronidation Rate’i 

D 
(LTB4, FM (95% CL)) (nmole/min/mg protein (95% CL)] 

CH 1.88 (1.13 - 2.62) 0.155 (0.085 - 0.226) 

CH 0.64 (0.39 - 0.89) 0.025 (0.005 - 0.045) 

CH 3.70 (3.67 - 3.92) 0.058 (0.047 - 0.069) 

CH 0.95 (0.92 - 0.98) 0.012 (0.012 - 0.013) 

CH 2.00 (1.82 - 2.19) 0.241 (0.185 - 0.296) 

CH 1.50 (1.45 - 1.55) 0.053 (0.047 - 0.059) 

N 6.62 (6.54 - 6.70) 0.037 (0.031 - 0.043) 

N 3.12 (3.00 - 3.24) 0.0060 (0.003 - 0.009) 

CH 11.3 (10.4 - 12.1) not deteetedv 

CH 2.78 (2.54 - 3.02) not detectedv 

t-n=7forlaandlb;n=4for2-7. 
‘I - Results shown represent data obtained from a single experiment using microsomes pooled from five donors. 
Results are representative of multiple determinations (n = 3) using microsomes from individual donors. 
v - Niether disappearance of the parent compound with time nor UDGPA dependent appearance of the product was 
observed (limit of detection 0.001 nmol/min/mg). 

Although the role of glucuronidation in effecting the in viva efficacy of many specific therapeutic agents is 

known, general SAR studies of glucuronidation within series of compounds have not been widely published.14 

In refining series for in viva potency, one is often faced with the need to minimize this mode of metabolism while 

retaining potency. Alteration of the steric environment at the glucuronidation site, more fundamental structural 

changes or substitution of the offending functional group with a bioequivalent surrogate can sometimes offer a 

solution. The Abbott group has reported a number of fascinating examples of the first two approaches within their 

series of 5-lipoxygenase inhibitors. 4a In our particular study, we have demonstrated that it is possible to 

significantly alter glucuronidation rates with small effects on potency by using simple heteroatom substitution in an 
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existing aromatic ring. While it is impossible to know if such an approach will be useful to minimize 

glucuronidation in other classes of molecules, we hope that these examples will stimulate further work to 

&ermine what subtle structural changes can be useful in this context. 
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