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Abstract: Dianions derived from N-Cbz and N-Boc glutamic acid esters undergo highly stereoselective anti
allylation reactions at C-4. The roles of protecting groups and of the electrophile were studied. Synthetic
applications and potential utility in peptidomimetic design are also described.
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Xcitatory synapses of

eceptors has been

Glutamic acid is released as a chemical messenger in most €
the mammalian CNS.! Excessive activation or disturbance of glutamat

C

antagonist interactions.® The conformational flexibility of glutamic acid* has led to the
of constrained analogs to identify and map out the roles of the different receptors.” In this
regard, little is known about the effects of the substituted glutamates,® largely due to the limited
variety of such compounds in enantiomerically pure form.

In the preceding Letter, we reported on the highly anti stereoselective allylation of
dianions of N-protected aspartic esters using 1,2-asymmetric induction. The orthogonally
functionalized anti aspartates were also used for the creation of versatile constrained scaffolds.
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alkylation of y- and &-hydroxy carboxylic acid esters.° We have previously demonstrated
examples of stereoselective a-alkylations® in dianions of y-amino acids, of 4-hydroxylation of
glutamates,'® and o-radical allylation of B-, y-, 8- and @-amino acid derivatives through H-bond
control.!!

The enantiospecific enzymatic methylation at C-4 of glutamates has been described.!? The
stereoselectivities reported in the limited examples of direct chemical alkylations of glutamates
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appear to differ from one alkyl halide to another'*, or to be highly dependent on the nature of
the N-substituents'* and the ester.*3¢ In view of this, we deemed it of interest to extend our
LA PAVE T TR PHVE Uy SR T ——— AN ____ % _ - = PR = Vo4& o seme b
dienolate allylations’ to the readily available'* N-Boc and N-Cbz glutamates as practical
prospects for 1,3- asymmetric induction, and to explore the utility of the 4-allylated products.
Table 1.
NHP 1. LiHMDS, E NHP
Pl . THF,-78°C A .+ syrrisomer
RO,C”™ ™ “CO,R! RO,C” ™~ “CO,R' 7
Entry R r' p E* E Anti/Syn ratiod  Yieldb (%)
1 Me Me Chz methyl iodide Me >99:1° 73
2 Me Me Cbz allyl bromide X >99:1° 93
3 Me Me Cbz crotyl bromide Ve 2 >99:1° 82
4 Me Me Cbz methallyl bromide Y >99:1° 82
5 Me Me Cbz cinnamyl bromide P >99:1° 80
6 Me Me Cbz cyclohcxenyl bromide Q— 75:25° 60
Xy Br T S .
1 i .§€
7 Me Me Cbz COaMe CooMe >99:1 65
8 Me Me Cbz benzyl bromide P >99:1° 77
9 Me Me Boc allyl bromide 7 >99:1° 92
10 Me Me Boc cinnamyl bromide P >99:1° 89
S
11 Me Me Boc S o~ >99:1° 86
CO2Me COz2Me
12 Me Me Boc benzyl bromide P >99:1° 75
13 Me TMSE  Boc allyl bromide A >99:1° 39
. 2 - o
14 Me TMSE Boc methallyl bromide ‘T >99:1 84
15 Me TMSE Bac cinnamy! bromide P >99:1° 75
, Ny e N .
16 Me TMSE  Boc COzMe ¢0oMe >99:° 78

a. Anti/syn ratios determined by *H NMR of the products after chromatographic puniication. For a ypicai procedure see ref 15.
b. Yield of pure isolated product after chromatography. c. Only one isomer could be detected by IH NMR. d. Inseparable by
chromatography, see however ref. 7. The anti-configuration is assumcd.

As seen in Table 1, allylation of dianions of N-Boc and N-Cbz glutamates with a variety of
allylic halides'® proceeded with remarkable stereoselectivity in the absence of additives to give
the corresponding anti isomers essentially as single products. The anti configuration was

Yy . 1 1g
ascertained by complete deprotection of the 4-methyl derivative (Table 1, entry 1) in refluxing
6N HCI and comparison to literature data ."** The result of these interesting examples of 1,3-
asymmetric inductions can be rationalized by a general transition state that could involve Z(O)
or E(O) enolate geometries similar to previous proposals.®

Complete hydrolysis of ester groups could be achieved by treatment with LiOH (3 equiv.)
in THF/water, while selective cleavage of the TMSE group could be easily accomplished with

TBAF/THF thus affording end-group differentiated intermediates.
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Scheme 1, A). Unlike 4-anti alkyl derlvatlves of L-pyroglutamxc amd whxch are the
thermodynamic products of direct alkylations of the precursor enolates,'® the 4-syn-substituted
products are only available indirectly through an aldol condensation, elimination, and reduction
sequence.'’ Clearly, access to synthetically useful unsaturated carbon branching (Scheme 1, A)
cannot be considered by this protocol, hence the utility of the methods described herein.
Modification of the allyl side-chain offers an easy access to 4-syn-methoxycarbonyl
pipecolic ester derivatives.'® For example, dihydroxylation and oxidative cleavage of the double
bond of 3 furnished the versatile carbinol lactam 4. Oxidation with the Jones reagent resulted in
6-ox0-483- methoxvcarbnnvl pipecolic ester 5 in 80% overall yield (Scheme 1, B). Alternatively
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- b 4
methoxycarbonyl pipecolic ester by simple hydrogenation in 64% overall yield (Scheme 1, C).
N-Deprotection with TFA resulted in the constrained giutamate 9 as a singie isomer.
Scheme 1

O2R = O2R rC (O2Me
BocHN:» CbzHN-
. a-d N/k

~ 0y Neosm ~ N"CO,R 0P N COR
= }:OzMB éOC = COzMQ (Ebz
1 2 3 4 5
R= Me, TMSE. Conditions: a) TFA / CH,Cl,. b) NaHCO, . ¢) A, R= Me, TMSE. Conditions: a) OsO, (cat.), NalO, (2.2 equiv.).
toluene. d} (Boc);0, TEA, DMAP (cat.). (Overall 60-70%). b} Jones Oxid. (Overall 75-80%).
O, TMSE CIZOzMe ?OgMe ?OgMe
Bo" CHN'"
ab | c d
c P —_— B
N“ “CO.TMSE N~ “CO,TMSE N~ “CO,TMSE
=/ \ 1 < 1 “
COMe Boc Boc H
6 7 8 9
Conditions: a) 0s0, (cat.), NalQ, (2.2 equiv.). b) QCS, A toluene. ¢) H,, PUC 10%. d) TFA, CHLCl,. (Overall 60%)
In conclusion. we have develgnnd aaneral and cterencontroalled eunthecee Co4 anti allvlated
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aminoacids with a wide range of applications in medicinal chemistry where glutamates™ ™~ ™

are involved. The option to selectively mampulate the ester groups and to maintain the useful
allyl and diversely substituted allyl functionality in constrained analogs of pyroglutamic acid 1s
particularly noteworthy (Scheme 1, A). Access to orthogonally functionalized pipecolic acids
and related motifs (Scheme 1, B and C) further highlights the utility of the methodology
reported in this Letter.
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