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Abstract: Alloxanic acid (3) was resolved by means of brucine and converted into its enantiomorphic esters 8 and 
amides 9; ethyl (-)-alloxanate whose absolute (.Y)-coofiguration was established by X-ray analysis served as configur&nal 
standard for the corn&ion of (+)-(R)-(3) and its precursor (-)-(S)+hydroxyisoumk (2). the key micolytic in&media&. 

There are two stereochemical ambiguities in the uricolytic pathway to allantoin (a).’ The first problem is 

met in the facial selectivity of the uricase-mediated fonnation of the key 5-hydroxyisourate (2). The next stemo 

chemical question arises as to whether non-enzymic decarboxylation 5 +6 proceeds with retention or inversion 

of configuration.2 One way of overcoming this limitation might be to take advantage of Vogels’ observation 

that, when borate was present, the uricase yielded (+)-alloxanate (3). instead of the natural product (+)-6.3 The 

transient appearance of a laevorotatory intermediate was detected in both cases. Tracer studies have confirmed 

that 3 was derived by pyrimidine ring-contraction.4 The reaction is reminiscent of the alloxan + alloxanate 

rearrangement, specifically catalysed by borau~~ This remarkable transformation thus provide8 a convenient 

relay for the configurational correlation of 2, as a necessary precursor with an alloxan-like structute. The con- 

figuration of (+)-a has already been shown to be (S)$s7 and considerations of conformational asymmetry8 

indicate that (R)-3 should be dextrorotatory (Scheme 1). Accordingly, we report here the resolution of ahoxanic 

acid (3). synthesis and characterization of its related optically active esters and amides (Scheme 2). and theX- 

ray determination of the absolute con@uration of ethyl (-)-alloxanate (8). 

preparation of diastereomeric brucine salts of 3 was achieved in a variety of ways. We found the most 

favonrable method involved refluxing equimolar alloxan (7) and bmcine in HzO/MeOH for 30 min, followed by 

removal of MeOH. This gave brucine salts in 80-85% overall yields. After initial unsuccessful attempts we 

developed a simple and reliable method for resolution. The best conditions were found to be fractional crystal- 

lization from DMSO/EtOH.9 The hemiaminal functionality at the chiral centre presented a special problem in 

subsequent work with optically active alloxanic acids and their derivatives. A suspension of finely powdered 

brucine salt of (-)-3 (3.3 g) in water (30 ml) was therefore decomposed by stirring it with Dowex 5OW resin 

(15 g). After 1 h, this was filtered and the filtrate passed through a Dowex column. The eluates were lyophilixed 

and dried ( 10s3 Torr, 24 h). This product was dissolved in dry acetone and filtered. The clear filtrate was 

evaporated in vr.zcuo and dried to yield configurationally homogenous (-)-alloxanic acid (3,878 mg, 91%) as a 

hygroscopic crystalline powder, m.p. 138-14O’Cdec, [a]g -42.1 (c 12, EtOH).ro 

#Taken in part from the Ph.D. Thesis of N. M., University of Zagreb, 1991. 
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Scheme 1. Regio- and stereochemical course of uricase reaction. 
a) enzyme-mediated step: i, 9, b) non-enzymic decay: ii, OH-, iii, [-CO& iv, borate [-urea]. 

Scheme 2. i, brucine[HzO/MeOH],A; [DMSO/EtOH]; H+; ii, EtOH(SOCl2); iii, mOH.t” 

The esterification of (-)-3 (696 mg) was carried out in dry EtOH (15 ml, OT) with thionyl chloride (0.2 ml). 

After removal of the solvent, the residue was repeatedly treated with dry EtOH and evaporated to dryness in 

vucm. Recrystallization from acetone/chloroform afforded the (-)-ester 8 (700 mg, 86%) as colourless prisms, 

m.p. 136-137’C, [a]: -5O.O(c6,EtOH). IR(KBr) 1802,1762,1743,1728cm-1. NMR@MSOx&): 6(tH) 11.00 

(s,NH),8.91 (~,NH),7.45(bs,OH),4.17(q,CHz), 1.180,Me); WC) 171.9(s,C4), 167.1 (&CO), 156.7(s, 

C2), 84.2 (s, CS), 62.3 (t, CH2), 14.2 (4, Me).10 Three recrystallizations gave crystals suitable for X-ray analysis. 

The crystal structure revealing the absolute (S)-con@uration of the ethyl (-)-alloxanate is presented in Fig. 1. 
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Crystal data for (-)-8: C6HsN20s. hf, = 

188.140, monoclinic, space groupP2r (No. 4), 

0=7.156(l), b=6.466(1),~=8.419(2)A, g= 

91.69(l)” (from least squares fitting of setting 

angles for 22reflections 28.2S8<45.9’), V= 

389.4 As, Z= 2, Dx = 1.605 gem-3. u(Cu&) = 

11.85 cm-t. Data were collected on a CAD-4F 

diffractometer in ~28 scan mode, O< 20<72’ 

(-8<h<8.-1<k <7,-1<1<10); 2758 

reflections measured, 1502 unique (Rmerge = 

0.035) of which 1478 were observed (12 3o1). 

No significant variation in intensity of 3 check 

reflections was observed. Data were corrected 

for Lorentz and polarization effects11 and for 

absorption (min. and max. corrections of 1.55 

and 2.03, respectively).12 

ea ---- -’ 

Fig. 1. The molecular structure of (-)-8 

The structure was solved by direct methods (S~~LXS~).~~ Refinement of the model was undertaken using 

the CRYSTALS program package.” Full matrix least-squares refinement of positional and anisotropic thermal 

parameters for all non-hydrogen atoms was continued until convergence, the hydrogen atom coordinates were 

geometrically calculated for those attached to carbon and were as observed for those on oxygen and nitrogen. 

A Flack enantiopoler4 was refined using all Friedel pairs and converged to a value of -0.25(17) consistent with 

the absolute (S)-stereochemistry. An extinction correction was applied and a 3-term Chebychev polynomial 

weighting scheme was employed. At convergence R = 0.027. R, = 0.032 for 120 parameters.? 

Ethyl (-)-(S)-alloxanate (8) thus serves as a primary configurational standard for the correlation of other 

uricolytic products. The (R)-amide 9 has been correlated through reaction of (-)-8 (201 mg, 1 .l mmol) with 

concentrated ammonia (1.5 ml). After 15 min at room temperature, the solution was evaporated in vucuo and the 

residue passed through a Dowex column. The eluates were lyophilized and recrystallization from EtOH yielded 

the (-)-amide (9,107 mg, 61%) as colourless prisms, m.p. 174176°C dec, [a]:: -18.3 (~4, H20).to*ts 

In conclusion, the X-ray data have allowed determination of the absolute (R)-configuration of the enzymic 

(+)-alloxanate (3). Since the observed labelling pattern4 places some important constraints on the steric course 

of the ring contraction, we can now establish the Q-configuration for the elusive (-)-5-hydroxy-isourate (2). 

This is consistent with (5%) facial attack (Scheme 1, a), following the uricase-catalysed oxidation of urate (1). 

The complete correlation network for the uricolysis to (+)-(S)-allantoin (6). must therefore correspond to the 

ring opening of the common precursor 2, suprafacial 1,Zshift of carboxylate (s)-4 + (Q-5, and to inversion of 

configuration in the final decarboxylation step, as shown in Scheme 1. 1.2 Studies are currently in progress to 

delineate fully the mechanism(s) of borate-mediated ring transformations of 2. 

Acknowledgement - This work was supported in part by the Ministry of Science of the Republic Croatia. 
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