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Scheme 2

N-O
Recently we have reported a new and general process that CoR cHO Hsl 5
provides easy access to the pyrrolo[B]gyridine ring systent. ©: ab_ @[ <. Ty
The synthetic protocol consists of the preparation of alkylidenecy- NH NT>=] N
clopropaned by palladium(0) catalyzed substitution of 1-tosyl- z z z
. . . . s (2=Ts) 7a 8a 86% 9a 91%
oxy-1-vinylcyclopropane using-amino acid derivatives as nucle- Z=Ns) 7b 8b 67% 9b 90%

ophiles,_ foIIowc_ad by simpl_e conversion of the alkoxycarbonyl aa i, NaH, THE:ii. 1-tosyloxy-1-vinylcyclopropane, Pd(dbdp mol
moiety into a nitrone. Alkylidenecyclopropangspontaneously %), dppe (7.2 mol %), THRY: i. DIBAL (3 equiv), CHCly; ii. DMSO,

undergo intramolecular cycloaddition to spirocyclopropane isoX- (cocly, CH,Cl,, TEA; c: MeNHOH-HCI, TEA, toluene, reflux tem-
azolidines?2 that rearrange to octahydropyrrolo[3¥pyridin-4- perature, 2 h.

ones3 upon heating in xylenes at 13640 °C (Scheme 1}.
In this contribution we report a completely different and novel Scheme 4
behavior of the same isoxazolidin@s which afford valuable

\
f-lactam compounds when treated with strong acids. N A H\N_O Hio=CH, _ HeN»=0
To explore the extension of the thermal rearrangement of °. . M / *ITH
5-spirocylopropane isoxazolidines to the synthesis of pyrido[3,4- N N TFA N
b]pyridones4 starting fromp-amino acid derivatives (Scheme z z ‘ri‘ﬂ“fx",io- z
2), we considered utilizing the readily available and inexpensive L s 1 72%

anthranilic acid as starting material.
Tosyl (Ts) as well as nosyl (2-nitrobenzenesulfonyl, Ns) groups |oss of ethylene (Scheme 4). The structuredbd (Z = Ts) and

were used to protect the amino acid nitrogen aton¥.iThe 11b (Z = Ns) were unambiguously established by spectroscopic
synthetic sequence occurred with total regio- and diastereoselecyneans. Especially diagnostic weres, (1752 and 1750 crri for
tivity affording the cis-fused tetracyclic isoxazolidine$ in 11aand for11b, respectively)3C NMR resonancedco (166.9
excellent yields (Scheme 3). . and 166.2 ppm fol.1laand for11b, respectively), anéH NMR

The ring-fused structure of cycloaddud@scould readily be resonances of ¢ (6 = 4.29 ppm, d,J = 5.1 Hz for1laandd
assigned on the basis #fl and**C NMR data. Diagnostic res- = 4 45 ppm, d,J = 5.1 Hz for 11h).
onances of &—H (ou = 2.54 ppm,dc = 43.7 ppm), Gy—H The -lactamslla,bcould be similarly obtained fror@ia,bin

(0w = 3.52 ppm,dc = 66.5 ppm) and & (0c = 64.2 ppm)  toluene in the presence pitoluenesulfonic acid and in refluxing
characteristic of 5-spirocyclopropane isoxazolidiieave been  athanol with HCI, or directly from the aldehyd8swith MeNH-
reported for compounéa as an example. Compout®h shows OH-HCl in refluxing toluene or ethanol in absence of triethyl-
analogous values. The value of the vicinal coupling constant amine. In any case, when the reaction conditions were not com-

between the two bridged hydrogens of 6.5 Hz $ar and 9b pletely anhydrous, the ethylketord® was also obtained in 1:2
suggests @is relationship between the two atoms. molecular ratio with1 1.

When subjected to the same thermal conditions used to induce

the rearrangement @ the adduct®a,b failed to give pyridones o)
10a,b (Scheme 4), but they were stable up to 12D and N
decomposed at higher temperatures. Whether the starting materials

9a,bor the pyridoned0a,bdecomposed at this temperature was g
the object of an investigation; however, an unequivocal conclusion 12

could not be reached. We found that a clean reaction occurred 2=Ts.Ns

when compound9a,bwere heated in toluene in the presence of

a small excess of trifluoroacetic acid (TFA) (Scheme 4).
Under these conditions the unexpecfethctamslla,bwere

obtained in good yield (72%) by ring contraction followed by

To establish the exact structure of theféagment eliminated
in the acid-induced reorganization of isoxazolidBea solution
of 9a (Z = Ts) and TFA in CRCN was heated in a screw cap
NMR tube in an oven at 7€C. After 1 h thelH NMR spectrum
* Universitadegli Studi di Firenze. of the mixture revealed the complete disappearanc@acdénd
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strong basic conditions and an electron-withdrawing group at the
five-position of the isoxazolidine ring were required for the rear-
rangement to occur. The analogy with the present case, therefore,

is only minimal.
The double bond fission of the cyclopropane rin@ito give

ethylene is reminescent of the enzymatic conversion of 1-ami-
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Scheme 7

Scheme 8
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A support to the second proposed mechanism might derive from

nocydopropane Carboxy"c acid (ACC) into ethy|ene during the the result of the rearrangement of isoxazolidi®obtained from

plant growth regulation and the maturation of friit¥he bio-

2,3,4,5-tetrahydropyridine-1-oxide and 1-methylene-2-phenylcy-

synthesis of the phytohormone ethylene from ACC is believed clopropane. In CECl/TsOH isoxazolidinel9 gave a complex

to occur through a stepwise oxidative procé#sCC and other

mixture of thes-lactam20,* styrene 21), the enon&2, and the

aminocyclopropyl derivatives have been degradated to ethylenequinolizidinone23 as the major product already at room temper-

also by chemical oxidation under different conditidns.
The rationalization of the formation dfl and ethylene from

ature (Scheme 7). The newly discovered process, confirmed by
the formation ofg-lactam20 and extrusion of styrene, is clearly

9in the presence of non-oxidative acidic conditions is puzzling. accelerated by the presence of the phenyl substituent. Formation

Pyridones10 as intermediates for the formation o1 could be

of the enone&22 (and of quinolizidinone23 deriving from?22 by

excluded, as model compounds tested under the same reactio§onjugated intramolecular additighderived likely by hydrogen
conditions proved to be stable. The key role of the acid must in- abstraction, occurred in this case in competition with cyclization
volve the protonation of the isoxazolidine nitrogen atom, resulting &nd fragmentation of the proposed diradical intermediates (Scheme

in an easier cleavage of the-MXD bond that can occur thermally

6). Due to the peculiar nature of the phenyl ring, however, no

either in hetero- or homolytic manner. In the first hypothesis, the 9eneral conclusion on the mechanism of this new reaction can
increasing electron deficiency on the cyclopropyloxy moiety can P€ drawn at this level of study.

induce a concomitant rearrangementlth by analogy with the
cyclopropylcarbinyl catiohbehavior (Scheme 5). The transient
oxetane catiori4 can be intramolecularly trapped by nitrogen to
form the spiro oxetané5 that can evolve tg-lactam11 and
ethylene by a formal retro-Patern@ichi reactiont®

In the case that an NO bond homolysis occurs, by analogy
with the Hofmann-Loffler—Freytag reactiol1? of the related
protonatedN-haloamines, the diradical catid® would be formed
(Scheme 6). The oxoethyl diradical cati@f, originating from

From the synthetic point of view, this nefivlactam synthesis
proved to be a general process, as other 5-spirocyclopropane iso-
xazolidines underwent identical ring contraction when heated un-
der acidic conditions. For example, the enantiomerically pure ad-
ducts2a—c,! obtained from.-alanine L-valine, and.-tryptophan,
respectively, gavg-lactams24a—c'® in good yields (5763%)
(Scheme 8).

The compound24a—c are characterized hf-lactam distinc-
tive spectral data such ago anddco (24a veo = 1753 cni?,

16in a manner similar to the rearrangement of the parent neutral 9co 165.9 ppm;%4b: veo = 1756 cn, dco 165.4 ppm;24c
species, does not undergo the usual intramolecular diradicalVco = 1753 ¢, dco 165.8 ppm). Furthermore, the values of

coupling® or 1,5-hydrogen shift because of the presence of a

the coupling constants between vicinat-B are consistent with

strong intramolecular hydrogen bond. This might stabilize the the depicted stereochemist@4@ H,—Hs J = 4.0 Hz and H—

intermediate conformation with the radical carbon atom far away

Hs J = 0 Hz; 24b; H—Hs5 J = 3.7 Hz and H—Hs J = 0 Hz;

from the nitrogen atom, settling the carbonyl moiety in the proper 24¢ Hi—HiaJ = 3.7 Hz and H—H,. J = 0 Hz).

position to form a new N-C bond to give the diradicdl8. The
product11 and ethylene derive, then, froi8 through a radical
fragmentation and proton loss.
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In conclusion, a novel chemoselective reaction of 5-spirocyclo-
propane isoxazolidines has been reported. When heated in neutral
conditions these compounds generally undergo ring expansion
to tetrahydropyridones, whereas in the presence of protic acids
they undergo ring contraction fo-lactam derivatives. This last
process, which proceeds with extrusion of ethylene, mimics the
biosynthesis of ethylene from ACC. Further studies are in progress
to establish the wider scope of this new approaclf-tactams
and to verify the mechanistic proposals.
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