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lizes readily available dibromocyclopropanes. Reaction of
diene 1a with 1 equiv of CHBr; and 1.2 equiv of KO-¢-Bu
in pentane (0-25 °C, 15 h ) produced 7 in 73% yield.” This

OH

4a, R=H
9, R=CH,

dibromocyclopropane was converted to 4a in one pot in
45% yield by sequential treatment in THF with (a) 1 equiv
of n-butyllithium (=100 °C, 0.5 h), (b) 1 equiv of methanol
(=100 to —78 °C, 2 h), (c) 2 equiv of tert-butyllithium (-78
°C, 2 h), and (d) anhydrous CO,-free oxygen (-78 °C,
slowly bubbled through reaction mixture for 2 h), followed
by stirring at 25 °C for 2 h. The tertiary cyclopentenol
9 was produced (40% yield)!? by substituting 1 equiv of
methyl iodide!® for methanol in the above procedure.
Several mechanisms may be postulated for the alkoxy-
accelerated vinylcyclopropane rearrangement: (a) homo-
lytic cyclopropane cleavage to a stabilized diradical in-
termediate (10), followed by internal coupling; (b) initial

Q QHO

0_
10 1

heterolytic cleavage to an aldehyde (11), followed by aldol
cyclization; (c) a concerted [1,3] sigmatropic rearrange-
ment. Dramatic acceleration of [3,3]'¢ and [1,3]'7 sigma-
tropic shifts by alkoxide substituents in other systems have
been observed recently, although these rearrangements
commonly involve the reaction of potassium alkoxides in
highly dissociating media. Richey'® has previously noted
the accelerating effect of methoxyl and dimethylamino
substituents on the thermal vinylcyclopropane rear-
rangement. Perhaps significant is the exclusive formation
of the anti isomer 6, as expected for a concerted reaction
controlled by orbital symmetry'® and subjacent orbital®
effects.

"Further studies are underway to clarify the mechanism
of this rearrangement, to define the scope and limitations
of the process, and to develop improved methodology for
the synthesis of 2-vinylcyclopropanols.
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Perturbed Pericyclic Reactions: Stereochemical
Consequences of Heterosubstitution. A Qualitative
Mechanistic Model Based on the Nonpreservation of
Orbital Topology!

Summary: The CNDO/B potential energy surfaces for
ring closure of 1- and 2-hetereosubstituted butadienes leads
to results unexpected from a naive application of the
Woodward—Hoffmann rules; however, the deviations are
rationalizable in terms of nodal shifts within the highest
occupied 7 molecular orbital of the dienoids as ring closure
sets in.

Sir: The idea implied by orbital symmetry conservation
for analyzing the course of reactions, first proposed by
Woodward and Hoffmann? and others,®* has been ex-
pressed in a variety of ways.®® The isomorphism has
been demonstrated rigorously for a few of the cases!® as
well as extended to a hierarchy of symmetry rules.® The
conceptual simplicity of the various methods coupled to
their efficacious application to molecular systems con-
taining no symmetry has had a profound effect on recent
theoretical and experimental developments. Two of the
currently more popular expressions of the orbital sym-
metry principle due to Dewar® and Zimmerman® postulate
that molecules without symmetry survive the analysis
because orbital topology is conserved across the potential
energy surface for reaction.?! Indeed, a wide variety of
presumably concerted heterocyclic transformations have
been rationalized as being consistent with this postulate.
In the present contribution semiempirical MO calculations
are presented to show that this is not necessarily the case
for certain heteroelectrocyclic reactions which are iso-
electronic with the butadiene/cyclobutene interconversion.
One prediction of particular importance concerns the
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stereochemically dependent course of the reaction as a
function of the heteroatom substitution site. Specifically,
strong heteroasymmetry can remove the energetic dis-
tinction between conrotatory and disrotatory ring opening.
A single determinant model for analyzing these and related
rearrangements in terms of nodal properties of the key
molecular orbitals is described.

Structures isoelectronic with butadiene/cyclobutene
considered here are 1- and 2-heterosubstituted derivatives

1-4.
/N = [\

X———CHap
2

+ +
X: CHp NH NH; O OH s SH
a b ¢ d e f g

/N = [T\

CH CH CHy— CH.
2 3 2 A 2
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In all cases the ground-state end points have been fully
geometry optimized with CNDO/B,? and in several in-
stances with MINDO/3% and CNDO/2 as well. Reactions
la-c/2a—c were investigated (CNDO/B) both by a con-
tinuous deformation of end points into one another and
by a partial geometry optimization of 9-17 of the inter-
vening potential surface points. Reactions 1d-g/2d—g were
considered only by the former procedure and transfor-
mations 3b,c/4b,c by the latter. The energy-optimized
paths were constructed by regarding the internal heavy-
atom angles as reaction coordinates. The stepwise po-
tential surface behavior produced by MINDO paramet-
erizations? and by extended basis set ab initio calcula-
tions?®® was mimicked by the CNDO/B surfaces con-
structed here.?

For each of the numerical reactions an MO correlation
diagram was constructed. In accord with orbital symmetry
rules and explicit calculations, the antisymmetric high-
lying 7, MO of butadiene and 3b,c are transformed into
occ and ooc* for the conrotatory and disrotatory changes,
respectively (cf. Figure 1a). For reactions le,e,g/2c,e,8
both stereochemical paths are accompanied by 75 — 7cc
correlations as exemplified by Figure 1b, and thus both
are genuine “allowed” processes. Closures of acrolein and
thioacrolein (1d,f/2d,f) behave similarly, although it
should be noted that the question of con vs. dis closure
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Figure 1. Deformation of the » HOMO of butadiene and the
immonium salt l¢ as the diene is closed to the corresponding
four-membered ring (CNDO/B). Circle diameters are proportional
to the squares of the eigenfunction coefficients: (a) butadiene,
a w5 — occ correlation; (b) salt le, a w4 — w¢c correlation.

is not applicable here. Significantly, the conrotatory route
of 1-azabutadiene involves a w4 — o interchange, whereas
disrotation shows a w4 — 7 correlation.?3!

Within single-determinant MO theory, the calculated
transformations are nicely rationalized by considering the
changes in nodal structure for 7, across the potential en-
ergy surface. Figure 2 depicts the CNDO/B 74, MO’s for
the heterodiene end points. With increasing electroneg-
ativity of the heteroperturbation and with replacement of
the 2-position and then the 1-position, the node shifts
continuously in the direction of the heteroatom. For
N-protonated 1-azabutadiene, the node has in fact crossed
C-2. The end-point nodal restructuring in response to
heterosubstitution is manifested further as ring closure sets
in. For simply substituted butadienes, 2-aza derivatives
3b,c, and the 1-aza species 1b, the orbital topology is
preserved in the conrotatory transformation as the node
moves about between positions 2 and 3, analogous to the
symmetric parent (Figure la). A m, — ¢CC correlation
results. The disrotatory closure of 1-azabutadiene and the
reactions of 1d,f involve a nodal shift across an atomic
center as product is formed. Orbital topology is not con-
served as a 4 — m¢c correlation takes place. The charged
species lc,e,g utilize the same orbital deformation pattern,
but in these cases the node already resides between pos-
itions 1 and 2 in the end-point structures. Figure 3 sum-
marizes the nodal displacements,

The stereochemical consequence of a w4 — m¢( corre-
lation can be appreciated by reference to Figure 1b. As
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Figure 2. End point 7, MO’s (CNDO/B) for the isoelectronic
diene series 1a, 3b, 3¢, 1b (ex0), and 1le. Circle diameters are
proportional to the squares of the eigenfunction coefficients.
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Figure 3. Nodal disposition for the HOMO of 1,3-dienes. The
dotted lines represent the nodal positions for the planar ground
states. The shift of the node as ring closure occurs is indicated
by arrows. For 1-azabutadiene conrotation and disrotation cause
opposite shifts, leading to w4 — ¢ and 7, — wcc correlations,
respectively. To the right, the subscripts in X*-(H), , refer to
OH*/SH* and NH,*, respectively.

the node moves toward NH,*, the # MO follows behind,
along the heavy-atom framework. In the transition state
the atomic orbital contributions at the termini are very
small by comparison with the corresponding butadiene
transition state (cf. Figure 1a, IV and V). Consequently,
whereas for the latter the termini direct the stereochemical
outcome, for the former the key 7-type MO is uninfluenced
by the geometric disposition of the end atoms.

Accordingly, while cyclobutene and the 2-aza species
3b,c exhibit a frontier-orbital crossing in their disrotatory
openings characteristic of a relatively high-energy process,
the highly unsymmetrical structures substituted in the
1-position, 1b,c,e,g, vield a comparable energy barrier for
both rotational motions.? The ease with which certain
fused 2-azetines open by a disrotatory path may be sup-
portive.® The role of substitution has yet to be unraveled,
however, since counter examples are known.??* Further,
an unsymmetrical 2-azapentadienyl anion delivers a 50:50
mixture of stereoisomeric ring-closed products in strong
contrast to the behavior of the symmetrical 2,4-diaza
species.?

Comparison of the preliminary calculated activation
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barriers reveals that substitution of the 1-carbon in bu-
tadiene by a heteratom causes a predicted drop of 7-11
kecal/mol in AE* for ring closure. Protonation (le,e,g/
2¢,e,g) augments the fall by 12-18 kcal/mol.® Experi-
mentally, oxetes® and thietes®® persistently ring open
thermally at room temperature or below. In the former
case, tetramethyloxetane has been shown to ring cleave
with a nearly 10 kcal/mol lower energy expenditure than
that in the corresponding cyclobutene.?®® Likewise, de-
struction of the heterocyclic four-membered rings is found
to be strongly acid catalyzed 3?3435 Within the CNDO/B
scheme, the AE* differences do not appear to be a response
to thermochemical factors,3334a3637 hut further work is
needed to fully evaluate this point.

In conclusion, we note that molecular symmetry is a
significant restriction, and relaxation of it may permit
nodal shifts to occur within reaction-determining molecular
orbitals on the slopes of the potential energy surface.
Formally “forbidden” hydrocarbon processes can be ex-
pected to proceed by perfectly “allowed” pathways as
unanticipated orbital correlations are utilized by the
transforming molecules.®*® In such a circumstance orbital
topology is not conserved, with the consequence that the
orbital symmetry derived selection rules are inapplicable.
Heterocycles amenable to formation and disruption by
concerted ring-closure and ring-opening reactions, re-
spectively, ought to be particularly susceptible to this
analysis, exhibiting considerably enhanced rates and de-
viant stereochemical behavior relative to the all-carbon
analogues. Furthermore, the mechanistic model outlined
here should apply to perturbed pericyclic transformations
of all types.*?
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Chiral Models of the Furenone Moiety of
Germacranolide Sesquiterpenes

Summary: A procedure is outlined for converting
2,3:5,6-di-O-isopropylidene-D-mannose (4, diacetone man-
nose), by a series of simple, efficient steps, into the un-
saturated hydroxy esters 14 and 15, which are then oxi-
dized by Fetizon’s reagent to afford the dienones 3a and
3b, these being analogues of the furenone system found
in many germacranolide sesquiterpenes.

Sir: The plant metabolites known as the germacranolide
sesquiterpenes are among some of the most intriguing
natural products.! Many are of special interest because
of their biological? and specifically antitumor® activity, and
the majority possess structures which pose daunting
challenges to the synthetic organic chemist. Eremano-
tholide A32 (1) and ciliarin!® (2a) and its recently isolated

congener'® 2b typically exemplify their structural com-
plexity. The origin of their biological activity is still a
matter of speculation. This is particularly so in relation
to antitumor activity, since most members of the family
possess a-methylene lactone and dienone functionalities,
each of which could conceivably act as an alkylating agent

for terminating DNA synthesis, in the context of Kup-
chan’s hypothesis.®

In spite of the foregoing there have been very few® re-
ported synthetic ventures related to these substances. In
order to acquaint ourselves with the idiosyncracies of such
complex molecules, we have divided the molecules into
upper and lower halves, noting that we thereby separate
the two alkylating moieties. In this communication we
describe the synthesis of a model of the lower half by a
route which gives the material 3 in the chiral form that
is congruent with most germacranolides.” Interestingly,
the procedure can be adapted for preparing the enantiomer
of 3 corresponding to the unnatural series.

For our approach the furenone 3 was viewed as a highly
modified C-glycofuranoside, a class of sugar derivatives
that has received much attention recently since they
provide ready access to the pharmacologically important
C-nucleosides.? It would obviously be judicious to intro-
duce the angular methyl group at an early stage so as to
avoid aromatization of the furan ring.

The model substance 3 is seen to have a two-carbon
fragment at each end, one (C4—C,) being saturated and the
other (C,~C;5) unsaturated. One of these could conceivably
be derived from the Cs~C; moiety of a hexofuranose, while
the other could be elaborated from the anomeric center.
For the latter objective 2,3:5,6-di-O-isopropylidene-b-
mannofuranose (4, diacetone mannose) seemed a logical
choice since the anomeric center is not protected.

We therefore had two alternatives for proceeding from
4 to 3 (Scheme I). In pathway a, 4 — 5 — 6 — 3, the
anomeric center of 4 becomes the unsaturated “end”
(C4—C,—Cys) of 3, while the C5—C; unit of 4 ends up as Cs-Cy
of 3. In pathway b, 4 — 7 — 3, the C;;—Cy—C;g moiety of
3 is elaborated from the anomeric center of 4, while the
unsaturated “end” is derived from Cs;—Cs In either
pathway, the addition of the two-carbon unit at the
anomeric center could be carried out by means of tandem
Wittig and Michael reactions developed by Moffatt and
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