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Abstract : Previous studies by several groups on the alkylation of pyroglutamic acid derivatives have led to a consensus that the
stereoselectivity of alkylation at C-4 is invariably trans to the ester group at C-2. We have now discovered that this generalisation is
not invariably correct and that, although for Sy1-type electrophiles stercosclectivity is in fact trans, Sy2-type electrophiles can give
the thermodynamically less stable cis products with high diastereoselectivity. Use of the bulky proton source 2,6-di-fert-butylphenol

to quench these reactions yields cis isomers as the only products in good yield, thus making direct alkylation of pyroglutamic acid
derivatives a useful starting point for the synthcsis of homochiral target compounds. © 1998 Elsevier Scicnce Lid. All rights reserved.
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variety of interestine natural products. For reactions involving functionalisation at C-4, derivatives in which the
y of interesting natural progucts. bor reactiong involving functionalisation at (-4, derivatives in which the
ester at C-2 had been converted to a protected alcohol were traditionally used, presumably due to fears that this

centre might prove configurationally unstable under the reaction conditions used. Subsequent work using the
esters themselves has shown that these fears are groundless and reactions have been carried out using the anion
at C-4 of protected pyroglutamate esters without loss of stereochemical integrity at C-2.  Alkylation has been
successfully carried out at C-4 but, with the exception of benzylation which gave only the diastereoisomer with
the C-4 benzyl group trans to the bulky ester at C-2,' these rcactions proved not to be 100% diastereoselective,
although the trans isomer has always been reported to be the major one.’

Our interest in assaying for the diastereotopic methyl groups of leucine residues in proteins® led us to use
the protecled pyrogiutamic ester (1) to develop a synthesls of the amino acid leucine in which one of the
dlastereotoplc mcthyl groups was labelled with deuterlum The comple dlﬂS[ﬁI'COSClC(.[lVlty achieved in this

reaction with DIBALH4 or Gngnard reagents gave a vanely of a]kyhdene denvauves (3). Catalytic reduction
of these compounds then afforded single diastereoisomers (4) from which diastereoisomerically pure (2S,4S)-
4-alkylglutamic acids and (28,4S)-4-alkylprolines were prepared. Cuprate addition to the enone (3, R = H),
although only 80% diastercoselective,’ afforded access to the (2S,4R)-epimeric series (5).
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In extending our work to the use of ’F NMR spectroscopy to study protein conformation, we have
adapted our general synthesis of 4-alkylpyroglutamate derivatives to provide stereochcmica.‘ﬂy pure 5-
fluoroleucine®”® which we have mcorporan,d into a protx,m for conformauonal studles Although useful
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pyroglutamate (1) with the costly edcreck’s reagent to obtain the enaminone (2) followed by reduction to the
cis-methyl derivative (6) using large quantities of catalyst, we decided to reinvestigate direct alkylation of the
protected pyroglutamic ester (1) as a way of preparing our key synthetic intermediate (6) or its frans cpimer
(7). Reports of direct methylation of protected pyroglutamate esters were not promising as Baldwin' had no
success when a pyroglutamate enolate was reacted with methyl iodide and Ezquerra® obtained yields of less than
10% when this electrophile was used. However, when we treated the protected cster (1) with lithium
hexamethyldisilazide in THF at -78 °C, followed by reaction with methyl iodide, we obtained a 67 % yield of
monoalkylated products together with 10 % of the dialkylated compound (8)".
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The monoalkylated products were present in a diastereoisomeric ratio of 5 : 1 and were separated by
chromatogr apby To our m_;rpr'js,ei the mnior isomer was identical in all respects to the cis isomer (6)* which we
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had prepared by the route outlined in Scheme 1. Although we had assigned stereochemistry to this product on
the basis of nOe studies, and the coupling constants were in keeping with the considerable number of examples
in the literature, the alkylations reported by Ezquerra had all resulted in the trans isomer as the major product.
We therefore decided to confirm our assignment by single crystal X-ray structure determination, the result of

which is shown in Figure 1.° %)Q
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Figure 1 : X-ray crystal structure of the major product (6) from reaction of the
anion of the nrotected nvmolnmm;ms (1) with methyl iodide

on of the protected pyroglutamate (1) with methyl iodide.

On careful re-examination of the literature, we noted a report by Langlois and Rojas’ indicating that
treatment of the protected pyroglutamate (9) with LHMDS followed by reaction with methyl or tert-butyl
bromoacetate, had given mixtures, the major product of which they assigned as the trans isomer (10).
Assignment of stereochemistry was based on incomplete nOe experiments and indeed the spectral characteristics
of these compounds were more in keeping with those of a cis-alkylated compound (11). Ezquerra investigatcd
a very similar reaction’ and found a 2 : 1 ratio in favour of the trans isomer, and comparison of his spectrai data
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As improving the yxeld and dxastereoselecﬂvuy of the methylatlon reactlon had been our first objective, we
now used methyl triflate as the electrophile in the reaction. This resulted in monoalkylation in increased yield
(75%) and no dialkylation was observed. The cis : trans ratio of 5 : 1 was unaltered. A possible explanation of
the unusual cis stereoselectivity might be formation of a lithium complex (15) involving the methyl iodide as
shown. This would hold the clectrophile preferentially on the same face as the ester at C-2. Such an explanation
would imply an S,2 mechanism and might not apply to electrophiles which are more likely to operate in an S1
manner. indeed when we used benzyl bromide in the reaction the sole product observed was the trans product
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chelate such as (17). The ninggen N1 in ou X-ray structure of the
planar but 1nvolvemen[ of its lone pair in the coleex cannot be ruled
pyrimidalised in amide enolates.”® Unusual endo selectivity has also been observed in methylation of blcychc
enolatcs which however are benzylated with exo selectivity and this was ascribed to the steric demand of the
electrophile.'* The suprafacial result for the bromoacctates in our study, however, is more in keeping with a
chelation controlled result, although, on changing the counter-ion by using KHMDS in THF in the methylation
reaction, the cis : trans ratio was again 5 : 1. Further, the ratio was not affected by the lithium ion effect noted

by Scebach'® when LiCl was added to a methylation reaction.
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improved cis diastercoselectivity by using solvents of low dielectric constant, we had yet to achieve complete

diastereoselectivity in these reactions except in the case of the trans specificity previously discovered by Baldwin
for the benzylation reaction.! We were finally able to achieve total cis diastereoselectivity by recourse to the
hindered proton source 2,6-di-tert-butylphenol.'*'” When the trans-methylpyroglutamate (7) ' was reacted with
LHMDS at -78 °C and quenched with 2,6-di-tert-butylphenol, then the sole product was the cis epimer (6) in



2202

89% yield. Amending the conditions of the trans-specific benzylation reaction was now investigated and the
pyroglutamate (1) was treated with 1.15 equivalents of LHMDS and 1.2 cquivalents of benzyl bromide
followed by addition of a further 1.3 equivalents of LHMDS. 2,6-Di-rerr-butylphenol was finally added and the
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