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(-)-MENTHYL ETHERS OF THEIR BICYCLIC TAUTOMERS
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Summary - Availability of both diastereomers of 1-{-}-menthoxy-2,4-dimethyl-3,7-dioxo-2,4,6,8~
tetraazabicyclo[3.3.0]Joctane (5) through decarboxylative rearrangement of 5-(-}-menthoxy-1,3~
dimethyl-isouric acid (1) allowed the access to both enantiomers of 1,3-dimethylallantoin (6};
circular dichroism spectra of the related homologues (~)-6a and (-)-allantoin proved their cor-
responding R-configurations.

In 1934, Fosse and his coworkers obtained (-)-allantoin by allantoinase-mediated destruc-
tion of racemate which, besides the examples of isolation of the dextrorotatory natural product,
thenceforth became the exclusive access to optically active allantoins.! These pioneering studies
set the stage for a number of subsequent investigations dealing with the stereochemistry of
the uricase reaction.2~5However, mechanistic ambiguities in uricolysis to allantoin and chiral
elaboration of this small molecule represent substantial challenges. A strategy emerges from
the possibility that a 5-adduct of uric acid, such as 5-hydroxy-isouric acid (1'), may be a
precursor of allantoin.® This suggestion led us to consider a sequence starting from an ap-
propriate chemical model bearing {-)-menthy! ether unit as a chiral auxiliary. Diastereomeric
5-(-}-menthoxy-1,3~dimethyl-isouric acids (1a/1b) have been prepared by reaction of 5-chloro-
1,3-dimethyl-isouric acid? with (-)J-menthol in pyridine.8

We have now developed a route which converts 1 into optically active 1,3=dimethylallantoins
(8} in two simple steps (Scheme 1). Gradual addition of water (15ml) to a solution of 1 (5.0g, 14
mmol} in dioxane (10mi), with boiling at reflux for 1h, provided 5a/5b (4.1-4.4g,90-97%) in a
7:3 ratio.? This ratio was independent of the diastereomeric composition of the starting (-)-
menthyl ether 1, pure 1a giving rise to an identical mixture of products. The bulk of the
dominant isomer crystallized from the hot solution and recrystallization from alcohol gave the
pure 5a as colourless prisms; m.p. 277-8°, [a13° -28° (c1.6, DMSO). 1HNMR (DMSO~dg), § 8.21
(s.1H), 7.54 (bs,1H}, 4.84 (d,1H,J=1.8), 3.50 (m,1H), 2.68 (s,3H), 2.62 (s,3H), 2.4-0.7 (um,18H).
13CNMR (DMSO-dg), 6 158.7 (s),156.4(s),98.9(s),73.0(d),71.8(d), 47.7(d), 41.8(1),33.6(t),
30.6(d}, 27.0(q). 28.7 (d), 24.5(q), 22.6 (1), 21.7(q), 20.8(q), 15.7 (q) .10

Mixture 5a/5b, obtained on cooling, was readily separated by recrystallization from alcohol
to yield the remainder of 5a. Evaporation of the solvent and recrystallization from ether/light
petroleum afforded the minor isomer 5b: m.p. 213-4% [aJ3° ~72° (c2.6, DMSO). ‘H NMR (DMSO-
dg), s 8.42(s,1H), 7.74(bs,1H), 4.75 (d,1H,J=0.9), 3.306(m,1H), 2.68(s,3H), 2.62(s,3H), 2.3-0.7
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(um,18H). 13CNMR (DMSO-dg), § 158.7(s),156.3(s), 99.0(s), 72.7(d), 71.9(d), 47.4(d), 42.7
(t), 33.6(t),30.8(d),27.3(q),24.9(d),24.5(q),22.4(t),22.1(q),21.2(q),15.8(q}.10
Preliminary X-ray data confirm the structure of 5a (Figure 1)11 being the first example
/orf a derivative of the putative bicyclic tautomeric form in allantoin series. A possible mech-
anism for conversion 1+5, based on related uricolytic transformations % is shown in Scheme 1.
That the product distribution is independent of configuration of 1 constitutes strong evidence
for the common, enoclic intermediate 3. The stereoselectivity observed suggests that the chiral
auxiliary influences the direction of approach of the neighbouring urea to the diastereotopic
faces of 3. The facile ring closure can be looked at as a 5-Exo-Trig allowed process,l?due to
the resonance structure 4; whether a true iminol ether or a urea-assisted oxazolium variant
of 4 could intervene in the hydrogen shift reaction is an unanswered but important questionl3
it would be expected, however, that the ring-chain tautomeric equilibria could be drastically
affected by N-substituents.l* Further evidence on this point is furnished by regiospecific
cleavage of the ester aminal function of 5 which completed the sequence to optically active

allantoins 6.
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Scheme 1. R=(-}-menthyl. (i} HyO/dioxane, &4 ; (ii} HCI/55%EtOH,A.
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A typical procedure is as follows: to a boiling EtOH (120ml) solution of 5a (3.24g, 10mmol),
S53HCI (100ml) was gradually added. After 10 min, the solution was concentrated, extracted with
chloroform to remove menthol, and evaporated in vacuo. The residue was recrystallized from
ethanol to yield (R)-(-)-1,3-dimethylallantoin (6a,1.82g, 98%) as colourless prisms; m.p. 210-1°,
[oa]%-f -75° (¢3,H20). LHNMR (DMSO-dg), § 6.90(bs,1H), 5.93(s,2H}, 5.19(d,1H,J=8.0), 2.83 (s,
3H}, 2.72(s,3H). Similarly, reaction of 5b provided cleanly the dextrorotatory ($)-enantiomer

6b; m.p.210-1°, [a]1® +75°(c2, Hp0).15
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Figure 1. The skeletal array of 5a Figure 2. The CD spectra of (-)~6a in MeOH
(at R=0.106),11showing the (R,R)- ( ) and (-)-allantoin: pH8.32 (----};
configuration of the bicyclic system. pH3.38 (=== ), shown on a Ae scale.*

As a corollary, the availability of the R-configurational standard (-}-6a permitted an in-
dependent assignment of the absolute configuration of (-)-allantoin. A tentative, and, as it now
turns out, correct, assignment of the Z-configuration has already been made on the basis of
chirospectral correlations with (R)-carbamoylalanine and (5)-hydantoin-5-acetic acid*'6in a
protic solvent like MeOH (-)-6a exhibits three CD Cotton effects: 242.0 (Ac=+1.3), 216.5 {4e=
-10.3), and ~196 (2e=+4,5) nm; comparison with the CD spectra reported for the laevorotatory

allantoin® [Figure 2) provides an unambiguous evidence of its corresponding A-configuration.
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