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Abstract: The BuzSnH mediated cyclisation of a serine-derived dehydroalanine was shown to provide an
efficient approach toa protected 4-phenylpyroglutamate which was elaborated (o 4-phenylglutamic acid

in good yield. Cyclisation reactions of this type were shown to proceed via an intermediate captodative
radical which could be trapped intermolecularly using an alkene ¢ .g. styrene or methyl methacrylate
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This method has potential for the synthesis of various 4 and/or 2-substituted glutamic acids.
© 1998 Elsevier Science Ltd. Al rights reserved.

Radical cyclisation of haloamides to form substituted pyrrolidinones of biological importance has
attracted considerable attention in recent years. A variety of radical initiators including Bu3SnH, ! BE13,2 Fe0-
FeCls,3 Mn(OAc)3,4 CuClL3 (Ph3P)3RuCl126 and Ni/fCH3CO2H7 have been employed and these reactions
generally involve cyclisation of the intermediate carbamoylmethyl radical on to an N-allyl double bond in a
favoured 5-exo-trig manner. Recently however, Ikeda and co- -workers8 demonstrated that pyrrolidinones could

also be prepared from the corresponding N-vinyl precursors. This remarkable reaction was reported to result

from the carbamoylmethyl radical undergoing a geometrically disfavoured 5-endo-rrig mode of cyclisation.%:10
ML 4 enclneplastiuity f thic ran~ti . : 12 .
The regioselectivity of this reaction could be attributed to the high stability of the product o-acylamino radical

We have recently demonstrated the application of this method in pyrogiutama
dehydroalanine (1) with Bu3SnH resulted in the formation of (3) (Scheme 1).11 This reaction could proceed
via the captodative radical (2) and these type of radicals are known to be relatively stable and comparatively
easy to form.12
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SCHEME 1

It was envisaged that this method could be applied to the preparation of various medicinally important
glutamic acids via intermediate 4-substituted pyroglutamates (4). This is indeed possible, as exemplified in
Scheme 2, where the synthesis of 4-phenylglutamic acid (10) from serinc (5) is reported for the first time.13
The key radical cvclisation reaction to give pyrrolidinone (7) proceeded in 77% yield when Bu3SnH (1.1
equivalents)/AIBN (0.1 equivalents) was added slowly (over 5 h) to a boiling solution of (6) [prepared in good
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yield from (5)] in benzene (0.02 M). This was found to be the optimum addition time and the use of altcrnative
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was then oxidatively removed to afford (8) which was then converied to the N-BOC derivative
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(9). The 1H NMR spectrum of the pyrrolidinone (9) showed the formation of both trans- and cis- isomers in
the ratio of 2.8:1. The lactam and ester groups of (9) were then hydrolysed under basic conditions (which can
epimerise the C-4 centre) and N-deprotection gave rise to the desired amino acid (10). Although eight
reactions are employed in this synthesis, the overall yield is very respectable (26%). The method thus offers a
novel approach to 4-aryl glutamic acid derivatives which are problematic to preparel® using previously
reported methods e.g. by electrophilic quenching of the C-4 anion of pyroglutamic acid.17
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SCHEME 2

We then explored the application of this cyclisation reaction in the formation of C-2 or ¢-substituted
pyroglutamates/glutamic acids. There are few approaches to these types of compound even though, as
conformationally restricted amino acids, they have the potential to induce structural modifications in peptides
and proteins.!18 As mentioned earlier, the 5-endo cyclisation reaction was thought to proceed via radicals of

IBN. It was found that when 0.6 equivalents of AIBN was used [in addition to the

>

>(.1 equivalents of
formation of methyi N-benzyi-4-phenyipyrogiutamate in 75% yicid]j the C-2 substituted pyrogiutamaie (i1)
was formed in 18% yield. This arises from a radical termination reaction involving coupling of the C-2
pyroglutamate radical [of type (2)] with the radical produced on decomposition of AIBN. The formation of
(11) confirms that the cyclisation does indeed proceed via radicals of type (2) and further highlights the
importance of radical processes to construct carbon-carbon bonds in sterically hindered environments. Other
precursors and radical initiators could be employed and, for example, reaction of (1, X=Cl) with ACN (0.6
quivalents) produced [in addition to (1, X=H) and (3) in 17 and 38% yield respectively] the cyclohexane
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slow addition of a solution of BuzSnH/AIBN to a mixture of iodide (i, X=I) and meihyi acrylaiec (3
equivalents) in boiling benzene gave rise to three compounds after column chromatography.19 These were the
N-acetyl derivative (1, X=H) derived from simple reduction (in 17% yield), the pyroglutamate (3) in 20% yield
and the desired methyl propanoate derivative (13) in 12% yield (Scheme 3). The formation of (13) was
expected to arise from regioselective 1,4-addition of the pyroglutamate radical (2) to methyl acrylate followed
by H-atom abstraction from Bu3zSnH. Reaction of (1, X=I) with methyl methacrylate (MMA) followed a
similar course and the substituted pyroglutamate (14) was isolated in 22% yield. Unexpectedly, the reaction

also produced the seven-membered lactam (15) (as one diastereomer) in 23% v eld. This remarkable result
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could be attributed to an intermolecular reaction of the initial carbamoylmethy! radical (16) followed by an
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as tandem (or domino) radical reactions generally employ a rapid (entropically favoured) intramolecular
cyclisation followed by subsequent intra- or intermolecular reactions.2! This is an unusual example of the
reverse situation. Indeed this reaction was found not to be specific to MMA and reaction of (1, X=I) with
stryene produced the desired pyroglutamate (19) in 9% yield and the seven-membered lactam (20) (as one

diastereomer22) in 13% yield.
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Similar tandem reactions were attempted using iso-butyl vinyl ether, an electron-rich alkene. However,
no products derived from the intermolecular trapping of radical (2) using this acceptor could be isolated.
These results can be understood if radical (2) is considered to be nucleophilic in character and hence adds more
rapidly to electron-poor alkenes.23
The intermediacy of radicals of type (2) has also been supported using ESR to investigate the reaction of

" .

(1 ¥=T) with R11-CSna/hv in hanzene Althanoh the initial carhamovlmethvl radical conld not be obhserved. the
\‘, A—‘l, VY AU APUNWRILJTILY 111 UwilLvilw 4L uul\lu&ll SAAW AARALAGAL Wik lel\l} llllvtll)‘ AAVIVIAAL VU MLW 11UV UV VU UWE Wby iAW
R U RURRUE S S, il tartine o Hanl N 24 Tha camea radical wwne ganeratad hy ranntine ~F (2)
bpmlrufn SNHowea uic [ CHCNCL UL LN WolLldly 1daUlt \&«).~ 11HC >dillIC TaUlL. was pllicialcu vy 1 CUULL UL (J)

This work has demonstrated the importance of the 5-endo-trig cyclisation of dehydroalanines in the
formation of 4- and/or 2-substituted pyroglutamates. The haloamide cyclisation followed by reaction of the
intermediate captodative radical allows the formation of C-2 substituted pyroglutamates in a one-pot reaction.
Future work will investigate the intramolecular trapping of radicals of type (2).
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