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Abstract

Glycinyl radicals can be generated using a simple protecting/radical translocating group and used in the

preferential formation of trans-3,4-disubstituted y-lactams via a radical cyclisation reaction.
© 1998 Elsevier Science Ltd. All rights reserved.
Keywords: cyclisation; lactams; peptide analogues/mimics; radical reactions.
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e {7] nrecursors. These radical intermediates have also been produce

--,olccular hydrogen atom transfer reactions. Examples of mtermole(,uldr processes
generatmg glycinyl radicals include photoalkylation of pepudes [8], and radical bromination
[9], benzoylation [10] and carboxylation [11] of glycine derivatives. Most intramolecular
approaches involve photocyclisation reactions of amino acid or peptide derivatives [1,3,4].

In this paper we describe an intramolecular access to glycinyl radicals based on the use of a
protecting/radical translocating group (PRT) [12] (Scheme 1) and its application to the

formation of y-lactams.
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Scheme 1

This PRT approach offers the advantage of avoiding chemically unstable radical precursors
such as, for example, o-halo amino acid derivatives. The PRT group used can survive a variety
of different reaction conditions, thus ailowing for more synthetic fiexibiiity. As a first
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illustration of our methodology, unsaturated amide ia was prepared from ethyl glycine
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cine amides. The results obtained for the lactam formation are collected in

g
=
]
=+
5
ot
=
=
x|

|

@]

<
le]

Table 1.

Table 1
Tandem 1,5-Hydrogen Atom Transfer-Cyclisation Reaction of Unsaturated Glycine

Amides’

(N\’AN'R‘ 1. HSnBu,, AGCN ﬁ\/kN'R'

henzene, 80 °C Bn”

. HrRnLene , OV
’)\./Br K‘/H
2 .
N - 2. 4N HCl/dioxane;

}

. 4
1 2
Entry R, R, R, R, trans/cis®  yield (%)P
a allyl H H H 7/ 60
b PMB H H H 8/1 58
c PMB H H COEt 10119 72°
d PMB H CH, CH, 101 75
e CHCOBn H H H 8/1 59
f PMB CH, H H - 58
g C,H; CH, H H — 61

Ratio obtained by weight of isolated trans and cis compounds.

! The starting materials presented in Table 1 were prepared by coupling an unsaturated amine with N-2-bromobenzyl N-tert-
butoxycarbonyl glycine using TBTU and N-methylmorpholine in CH,Cl,. In turn, the requisite N-protected glycine residue was
prepared in 3 steps (66 % overall yield) from ethyl glycine hydrochloride by 1) introduction of the 2-bromobenzyl group with 2-

bromobenzylbromide and K,CO, in EtOH, 2) protection of the nitrogen atom using (Boc),0 and DMAP in CH,CN and 3)
saponification of the ethyl ester with LiOH in a mixture of MeOH, THF and water.

: The cis and trans lactams were easily separated by flash chromatography on silica gel. The relative configurations at C3 and C4 werc
established by comparing the results of nOe experiments carricd out on each isomer separately.

* Consistent spectral data ("C NMR and/or '"H NMR, IR) and correct EA and/or HRMS were obtained for all new compounds.
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t limited to di-unsaturat . ping R
looked at the e ect of varying the n ture of the substltuent on the allyl g;oup As 111uqtrated in
Table 1, electron deficient (entry c) or electron rich (entry d) olefins can be used as radical
acceptors with similar efficiency, suggesting that the glycinyl radical intermediate is ambiphilic.
In all cases, the trans-3,4-disubstituted y-lactam was formed as the major product of the

reaction. A possible rationalization for this preference is presented in Scheme 2.
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When a more functlonallzed R: substltuent was used (entry e), we were able to prepare a
rigidified, racemic, dipeptide fragment that contains a benzyl glycinate unit. This example
increases the scope of this transformation and offers an alternative approach to various
peptidomimetics [14, 15].

Interestingly, quaternary centers can also be produced in reasonable yield using this
methodology (entries f and g). Thus, the 5-exo-trig pathway is still favored even when an alkyl
group, such as methyl is present at R, . The 4,4-disubstituted y—lactams 2f and 2g were isolated.

Six-membered nng o-lactams are aiso accessible using the above reaction (eq. 1). Contrary
to the formation of y-lactams, no trans/cis selectivity was observed in this case (frans/cis=
1T /1N
1.4/1).
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| P . aq. NaHCO,
N ~

66%

The cyclisation reaction is not limited to olefins. We found that a 1-trimethylsilyl alkyne
group can also be used to intercept the intermediate glycinyl radical, as illustrated below (eq. 2).

Boc O
.?. Il . Boc 9
NN VR HSnBu,, ACCN N N-PMB o 2
X B N benzene, 80 °Cb Bri / *
[T X . 4
l\/ SiMe3 74/0 &'c\:nn-
DIIVIEs

In conclusion, we have shown that glycinyl radicals can be formed using a N-2-bromobenzyl
group and that these intermediates can be used to produce a variety of trans-3,4-disubstituted y-
lactams in fair to good yields.
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