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Summary: The unsaturated aldehyde 1, a key interme-
diate in our approach to erythronolide A seco acid (2), has
been prepared from the simple tetronic acid 6 by its se-
riatim transformations into the vinylogous urethanes 5, 9,
and 11 concluding with reductive conversion of the latter
into 1.

We have been engaged in attempts to develop a simple
means of securing the aldehyde 1 in nonracemic form, since
it plays a pivotal role in our approach (outlined below) to
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erythronolide A seco acid (2).1 Indeed, we had secured
a route to chiral 1 starting from the vinylogous urethane
lactone (VUL) 3,2 but concluded that realizing sufficient
quantities of 1 would be limited by our ability to prepare
inslarge quantities the C, symmetric pyrrolidine derivative
4.

To circumvent this problem, we chose to examine the
behavior of the VUL 5, a substance prepared from the
tetronic acid 6 and the readily available amino alcohol 7.4
The lithium enolates derived from vinylogous urethane
lactones such as 3, and less elaborate analogues, are known
to react at C-4.25 Calculations show this regioselectivity
to result when the nitrogen lone pair interacts with the
w-system of the lactone ring enolate enhancing the C-4
orbital coefficient.? This electronic circumstance requires
the pyrrolidine ring of 3 to be relatively coplanar to the
lactone ring enolate—hence, we held the hope that reac-

(1) For a detailed outline of this strategy together with the preparation
of racemic 1, the proof of structure of 1, and subsequent transformations
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Lett. 1988, 29, 1489-1492.
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573-574.
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tions of 5, as its lithium enolate, might be highly diast-
ereoselective, since the only reasonable geometric form to
exhibit C-4 reactivity for this species would be that de-
picted in structure 8.

Condensation of a mixture of 6 and 7 in xylenes (120 °C)
followed by protection of the tertiary alcohol residue of
the crude product with tert-butyldimethylsilyl trifluoro-
methane sulfonate gave the VUL 5 in 74% yield (two
steps). Deprotonation of 5 using tert-butyl lithium in THF
at —-78 °C gave the enolate 8, and this species upon al-
kylation with methyl iodide afforded 9 as a single diaste-
reomer, [a]p —183.8° (¢ = 0.85, CH,Cl,) (mp 89-90 °C), in
93% yield.” Treatment of 9 with ter¢-butyllithium in THF
at —78 °C generated the enolate 10,8 which on treatment
with propionaldehyde, followed by trapping of the resulting
lithium adolate with tert-butyldimethylsilyl chloride, gave
11 as a single diastereomer, [a]p -207.6° (¢ = 2.3, CH,Cl,),
in 97% yield. 1, as a single diastereomer, [a]p 17.55 (c =
7.50, CH,Cl,), was obtained in 57% yield by a dissolving
metal reduction of 11 followed by elimination of the 8-

amino lactol residue using silica gel suspended in
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(Zl) Full experimental details are available in the supplementary ma-
teri

(8) Protonation of this enolate affords an epimeric mixture of 9 at C-4.
Similar behavior was observed for materials derived from the VUL 3, ref
2,
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The unsaturated aldehyde 1, prepared from 5 by the
protocol outlined above, was compared to that obtained
from the optically active VUL 3. Both aldehyde samples
were found to be idential with respect to optical rotation
and the retention time using chiral stationary-phase HPLC
analysis. Racemic 1 was prepared from the pyrrolidine
analogue of 3, again by the same experimental protocol as
used for the conversion of either 5 or 3.! This racemic

(9) The low-yield step in this two reaction sequence is the amine
elimination—a subject of further experimental effort.

(10) Watson, S. C.; Eastman, J. F. J. Organomet. Chem. 1967, 9,
165-166.

(11) Pasto, D. J.; Johnson, C. R. Organic Structure Determination;
Prentice-Hall: Englewood Cliffs, NJ, 1989; p 72.

(12) Silverstein, R. M.; Bassler, G. C.; Morrill, T. C. Spectrometric
Identification Of Organic Compounds, 4th ed.; John Wiley: New York,
1981; p 190.

substance was used as a standard for the HPLC evalua-
tions of optical purity of 1 as obtained from either 5 or
3—in both of these cases the optical purity of 1 was greater
than 99:1. Lastly, a single-crystal X-ray determination of
9 was carried out, and its structure demonstrated to be that
as shown in 9.
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Summary: A number of 3,4-pentadien-1-yllithium reag-
ents were obtained by metal-halogen exchange. Certain
of these intermediates undergo facile cyclization to the
isomeric 1-cyclobutenylmethyllithium derivatives.

Recent advances in the methodology for lithium-iodine
exchange! have enabled the smooth formation and sub-
sequent cyclization of a number of olefinic? and acetylenic?
organolithium derivatives without interference from com-
peting radical processes. Our long-standing interest in the
utilization of the allene function as a site for intramolecular
reactions of organometallic and radical intermediates*®
has prompted an examination of this potential route to
allenic alkyllithiums.” We describe herein the chemistry
of 3,4-pentadien-1-yllithium intermediates.? The only
prior report in the literature on a homoallenyl main-group
organometallic concerns the formation of the parent
Grignard reagent 1 from the corresponding bromide in
modest yield and the slow, but complete conversion of this
species into its cyclopropyl isomer 2 upon heating in THF.?
For comparison, the analogous 3-butenyllithium reagents
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(6) Crandall, J. K.; Mualla, M. Tetrahedron Lett. 1986, 27, 2243.
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M.-L. J. Chem. Res., Synop. 1978, 416. Roumestant, M.-L.; Arseniyadis,
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Table I. Reactions of Organolithium Reagents 4 and 6 with

Electrophiles

t-BuLi _products® (%)
RI  equiv E additive 5 7 8
3a 1.6° CHOHPh 92
3a 2.05 COHBuy; TMEDA 62
3a 2.05 SnPh, 59¢
3a 2.05 CHOHPh TMEDA 708 309
3a 2.05 CHOHPh Ti(0-i-Pr), 68
3b 1.6° CHOHPh 82
3b 2.05 COHE, 61 16
3b 2.05 CHOHPh  Ti(0-i-Pr), 82
3c 2.056 CHOHPh 75
3d 1.6 TMS 80
3e 2.05 COHBu, 39

s]solated yields based on iodide. ®Reaction not warmed to room
temperature. ©4:1 mixture of 8:7 in crude product. ¢Not isolated,
product ratio.

interconvert with the isomeric cyclopropylcarbinyl species
in a number of instances, although the acyclic form is
ordinarily favored at equilibrium owing to the strain as-
sociated with the cyclopropyl ring in the cyclic isomer.1°

MgBr

1 B e —_— %L
N \/\MgBr
1

2

Fortunately, the rapid metal-halogen exchange induced
by treating allenic iodides 3 with ¢-BuLi was not usually
complicated by direct metalation of the allene function,
which is also a facile process.!! Thus, the parent iodide

(10) Hunter, D. H.; Stothers, J. B.; Warnhoff, E. W. In Rearrange-
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Intermediates; Abramovitch, A. R., Ed.; Plenum: New York, 1982; Vol.
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