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A highly diastereoselective intramolecular nitrone cycloaddition onto a chiral ketene equivalent, obtained by Horner—Wadsworth—Emmons
olefination of either enantiomer of bis-sulfinyl phosphonate 6, is described. Cycloaddition gave 5,5-disubstituted isoxazolidine 10 in good
yield as a single diastereomer. Catalytic hydrogenolysis of 10 furnished either enantiomer of optically pure cis-2-aminocyclopentane-1-carboxylic

acid.

Although there are numerous chiral auxiliaries and chiral
catalysts for Diels-Alder reactions,there are only a limited
number of effective chiral controllers for [3- 2] cyclo-
addition reactiond.The auxiliaries for these cycloaddition

processes are invariably based on chiral acrylate derivatives.
We have investigated reagents for the more difficult to access

cycloadditions as welfl As 1 can be easily made in racemic
and enantiomerically pure form in four high yielding steps
and the bis-sulfinyl moiety can be converted into a carbonyl
group, its merits as one of the most effective chiral ketene
equivalents available have been demonstrated.

In this paper we report on the further application of

chiral ketene equivalents and have discovered that the ketengulfoxide-based ketene thioacetals as dipolarophiles in an

dithioacetall is highly effective. This auxiliary shows high
reactivity and excellent diastereoselectivity in not only a
range of Diels-Alder cycloadditions but also in nitrone
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setonif®d and was found to exhibit potent in vivo activity —enantioselectivity? Attempts to carry out a HorneiWads-
against severaCandidaspecies in micé.As a result of its worth—Emmons olefination with glutaraldehyde (as a 25%

biological activity and the inactivity of the unnaturalS2R) aqueous solution) under a variety of conditions only led to
enantiomep? several asymmetric syntheses have been re-low yields of the mono- and bis-olefinated products. To avoid
ported® the possibility of bis-olefination we decided to employ the

We have previously studied intermolecular nitrone cyclo- terminally differentiated aldehyd&, which was readily
additions withl and found that the 4,4-disubstituted isoxa- available by ozonolysis of cyclopentene using the Schreiber
zolidine 2 was formed exclusively in high yield and with ~ proceduré? In the event the HornerWadsworth-Emmons
>18:1 diastereoselectivity (Scheme 1). None of the 5,5- reaction occurred smoothly with this aldehyde on small scale,

but on scale-up, the bond isomerized out of conjugation with

_ the sulfoxides to givé.13¢ The problem was solved using a

. . slight deficiency of base (Scheme 2).
Scheme 1. Diastereoselective Inter- and Intramolecular 9 Y ( )
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disubstituted regioisomer was observed, which was unusual o~ =+9 .
as nitrone cycloadditions with 1,1-disubstituted olefins ~ ¢1.14inH0 d b ]

. : . . S
bearing electron-withdrawing groups normally furnish 5,5- )O\Me/\/?L \W'S\j
disubstituted isoxazolidin€s. MeO H =" 0

We reasoned that a 5,5-disubstituted isoxazolidine could ’ 8
be accessed by linking the two components with a suitable  a (j) (a) NCS, benzene, 1t, 24 h, (b) P(OE0 °C, 4 h, 78%
tether. A three-carbon tethes)f should result in diastereo-  vyield. (i) PhC(CH,),O0H (4 equiv), Ti(GPr), (0.5 equiv), )-
selective formation of theis-fused 5,5-disubstituted isoxa- DET §2|_eg|li|iv|2’boD%oM§943%'y)i8|1‘-j|':|§8§g Ceezi ﬂii)sglgehy?f ((_1-)5
Py 9 ; ; _ equiv), LiOH- .99 equiv), , ,4h, 6 yield. (iv
ilo—hgl:: ebiﬁdzouﬁ\éw?r%ogzgzggﬂgilgassggl}&e c’c\)llla([:))sea ne(ljnd PACKCHCN), (1 mol %), acetone, 6CC, 1 h then BANKOH-Cl
. T . (1.3 equiv) and NaHC¢X3 equiv), 60°C, 4 h, 70% vyield. (v) Pd/C
directly furnish cispentaci (Scheme 1). (10 mol %), AcOH, H (100 psi), 48 h, 65% yield. (vi) Pd(OHL
Our synthesis began with dithiane, which was converted (10 mol %), NEt (10 mol %), EtOH, 40C, H, (1 atm), 4 h, 85%
into the 2-phosphonateand oxidized to the bis-sulfoxide ~ Yield-
6%2using the Modena protocdlin good yield and very high
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s ides, which all show the same conformatidriThe face
Scheme 3. Competing Transition States in the Cycloaddition selectivity of the nitrone is opposite to what we had expected
on the basis of the diastereoselective epoxidations of related

COM ketene dithioacetafé.In epoxidation the nucleophilic per-
,s\j s&2 oxide attacks the top face of the ketene thioacetal to ttve
) OanHz (Scheme 4), whereas in the intramolecular nitrone cyclo-

N-en e "

Scheme 4. Diastereoselective Nucleophilic Epoxidation
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high AM-strain  CiSPERLACIR 92% d.e.
2 PO addition the nitrone attacks the lower face, as showh3n
ES‘ (Scheme 3). In this case the facial selectivity is controlled
ds\j """" - /s N_H2 by the destabilizing steric and electrostatic interactions
Cispentacin between the negatively charged oxygen atom of e (

nitrone and the axial sulfinyl oxygen, as depicted in the
disfavored TS14 (Scheme 3}819

By using (+)-DET in the Modena oxidation, an asym-
metric synthesis of the natural product has been achieved
using identical chemistry ([¢p —9, ¢ = 1.1 in H,0).

In conclusion, a highly diastereoselective, intramolecular
nitrone cycloaddition onto a chiral ketene equivalent has been
used as the key step in an asymmetric synthesis of both
enantiomers ofis-2-amino-cyclopentane-1-carboxylic acid.
A3 strain and repulsive electronic interactions between the
electronegative oxygen atoms of the nitrone moiety and axial
sulfinyl group are minimized in the preferred transition state.

more, this sequence of reactions occurred in high yield (70%)
and with complete diastereoselectivity.

We had hoped to be able to reductively cleave theON
and N—Bn bonds together to furnish cispentacin. However,
this was not possible, and so we had to resort to a two-step
protocol. Thus hydrogenation df0 with Pd/C gave the
N-benzyl amino acid 1. This was followed by debenzylation
using Pearlman’s catalyst, but initially this step was not
straightforward. Under standard reaction conditions, a mix-
ture of 2-amino-cyclopentane-1-carboxylic acid and its
N-ethyl derivative was obtained in a 1:1 ratio. TReethyl Acknowledgment. We thank the EPSRC and Celltech
derivative presumably originates from palladium-catalyzed R+D Ltd for CASE Awards to S.J.R. and J.K.B.
oxidation of ethanol to acetaldehyde followed by reductive
amination. However, using 5 mol % triethylamine deben-
zylation was faster, and none of theethyl byproduct was
observed?® Enantiomerically puresntcispentacinl2 was
obtained after a single recrystallization from water/acetone
and was spectroscopically identical to literature dataThe OL025665F
absolute stereochemistry of the product was ascertained as - - - - )
being (15,2R) from the sign of the optical rotation]tfy (O, /ovew on aiic 13stan as & convoling factor i
+9, ¢ = 1.1 in HO) and this provided evidence for the 89, 1841-1860. S _
relaive stereochemisty of the cycloadde: () B, 3, P, sk, ivorsiy of Sk 999, s i
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