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Acrylate 4, prepared from diacetylrhamnal, underwent intramolecular Diels—Alder cycloaddition to give the thermodynamically disfavored
trans-fused y-lactone 15 as the major product, along with two stereoisomeric cycloadducts. A computational analysis of each of the four
transition states arising from 4 and the corresponding cycloadducts permits an understanding of the contrasting requirements for kinetic
versus thermodynamic control of the reaction.

A key step in our approach to the synthesis of pillaromyci- fusion with ring B, stereocontrol in the intramolecular Diels
none (1) the aglycone of the anthracycline antibiotic Alder process which elaborates the AB substructure becomes
pillaromycin A (2)2 is an intramolecular DielsAlder a critical factor in our progress toward an asymmetric
reaction which establishes the A ring and sets in place thesynthesis ofl.

components necessary to fabricate ring*&ince all of the

stereochemical features dfreside in either ring A or at its  OH

OH
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can exert a powerful influence on the course of the reaétion.
In the case 0B, we observed that three of the four possible
stereoisomeric cycloadduct pairs were produtéd; ac-

Table 1. Relative Energies of Transition States and
Diels—Alder Products Derived from Reacting Conformations of

curate quantitative evaluation of the reaction mixture was 10 Using Becke3LYP/6-31G*//MM3* and Becke

complicated by the fact that epimers 8f as well as

stereoisomers of the products were inseparable. Furthermore,

3LYP/3-21G//IMM3*

’ ] - Relative Energy Relative Energy
no clear-cut rationale could be derived from the reaction of of TS of Product
3 which allowed predictive assessment of the stereochemical  Conformation (kcal/mol) Product (kcal/mol)
outcome of related intramolecular Dieldlder cycloaddi-
tions® Nevertheless, it was evident that stereochemical HOH R soﬂe
information was being transmitted from existing centers in R, — / 2 042 (0.0)°
the substrate3 to new centers in the cycloadducts. This Hd\/ (1:4)b o) } (O:O)b
process, which we have termed “stereochemical transcrip- o\ 4 H Re
tion”,% is a valuable means for augmenting stereochemical ° 1
content in synthesis. In principle, it should operate with good Pendo
fidelity in reactions such as the intramolecular Diefdder
reaction which proceed via a compact transition state. ’°

Two recent studies of conformational effects on the o—\1__ / Re 0.02 6.12
intramolecular Diels—Alder reaction of hexadienyl acry- R1“")/:\ (0.0 79"
late® prompt us to report our results with pentadienyl H
acrylate4. With this substrate, the ambiguity present in the p-exo
cycloaddition of the stereoisomeric mixtuBeis removed,
thus permitting a more accurate assessment of products from H
the cycloaddition. Acrylatd was synthesized from diacetyl- g, o /°>X\ 2.42 4.9
rhamnal b), obtained from -rhamnosé,as shown in Scheme )—_§= Ro (23)° (50"
1. After conversion o6 to dienones, the secondary alcohol Ho oy H
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was protected as its silyl ethérKetalization in the presence
of 2,2-dimethylpropane-1,3-diol gav@, from which the
acetyl group was removed to yield alcol®lEsterification
with acryloyl chloride then afforded.

To simplify computational analysis of the intramolecular
Diels—Alder reaction o4, thetert-butyldimethylsilyl residue
was replaced with SiMgas in10 (Table 1). Then, each of

aBecke3LYP/6-31G*//MM3*.> Becke 3LYP/3-21G//IMM3*.

of 10 depicted in Table 1 was subjected to a Monte Carlo
MCMM conformational search in MacroModel8%8! em-
ploying the MM2* parameters of Raimondi and co-workérs
and the GBSA/CHGIsolvation modet? Single point ener-
gies of the respective global minima were obtained by density
functional theory (DFT) at the Becke3LYP/3-21G and
Becke3LYP/6-31G* levels with Gaussian 98The 5-exo
conformation is predicted to correspond to the lowest energy
cycloaddition pathway, whereas tleeexo corresponds to
the highestf-Endo ando-endo pathways are computed to
have similar energies and to fall between the two extremes
(Table 1). Relative Boltzmann populations of the products
estimated by relative Becke3LYP/6-31G* TS energies for
p-exo, f-endo,a-endo, andx-exo conformations at 25TC
are 2.3:0.2:0.2:0.06, respectively.

As shown for theg-exo TS in Figure 1, the four transition
states sustain a relatively long bond at the incipient lactone

the exo and endo transition states implied by the rotamersring and a shorter separation at the ketal substitution site
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Figure 1. The MM2* optimizedj-exo transition state fotO.

(i.e., 2.339—2.349 and 2.113—2.115 A). Isomer energy
differences appear to be largely due to steric effects. All of

the transition structures are crowded, containing a number

of short atomic contacts (2.2—2.6 A) between the exocyclic
substituents and the forming bicycdfeHowever, the3-exo

structure has fewer and longer contacts that apparently endow

it with the greatest stability.

The calculated energies for the MM2* conformational
global minima for the four cycloadductd—14 arising from
10 are also given in Table 1. The data in this table leads to
the clear prediction that cis-fused lactahk, the product of
p-endo cycloaddition ofl0, should be the most stable of
the four cycloadducts. While structulid experiences one
short H—H contact from the bridgehead, both bridgehead
protons ofl12 engage in similarly short H—O interactions.
If the reaction is under kinetic control, the less stabexo
trans-fused isomet2 should be the favored product. It is
also apparent from these data that trans-fuseco lactone
14 should be highly disfavored on steric grounds.

An experimental test of these predictions was carried out
by heating4 in toluene at 250C in the presence of BHT.
This resulted in the formation of three cycloadducts in the
ratio 2.3:1.4:1.0 which were identified d%, 16, and17,
originating from g-exo, f-endo, ando-endo modes of
cycloaddition, respectively (Scheme 2).

Scheme 2
4
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All three adducts were stable under the reaction conditions.
No trace of a fourth DielsAlder product from a-exo
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Figure 2. Calculated minimum energy conformations (MM2*) of
p-endo ands-exo productsl1 and 12.

cycloaddition was found in the reaction mixture, in agreement
with the prediction from computational analysis. The crystal-
line cis-fused lactonel6 readily yielded to an X-ray

crystallographic determination of its structure (Figure 3)

S

Figure 3. X-ray crystal structure ol6. Elllipsoids are drawn at
the 30% probability level.

which is characterized by an anti,anti arrangement of
hydrogens at C8, C10, and C11. Trans-fused lacidneas
isomerized quantitatively to the cis-fused structi@ainder
basic conditions (NaH,j{Pr),NEt), supporting the configu-
rational assignments made to C3 and C8lbfas well as
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the calculated thermodynamic stabilitiesldfand12 shown

in Table 1. Confirmation of the relative stereochemistry of
15was obtained after osmylation, which occurred exclusively
from the  face of the alkene, followed by ketalization of
the resultant diol8 (Scheme 3). X-ray analysis of crystalline

Scheme 3
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ketal 19 revealed the structure shown in Figure 4. Bath

and19displayed a large (14 Hz) coupling constant between

the ring fusion protons, whereas cis-fused isonigsnd

17 showed a smaller coupling (9 Hz) between these

hydrogens. Although the trans-fused isor@@corresponding

to 14 was not observed among the cycloadducts fegnt

was detected byH and3C NMR as a minor component in

a mixture with17 after equilibration of the latter with base.
In summary, the ratio of producis—17obtained from4

is closely matched by the combined force field and DFT

calculations. The latter predict both the major kinetic and
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Figure 4. X-ray crystal structure ol9. Elllipsoids are drawn at
the 30% probability level.

thermodynamic products froshand provide a rationale for
the differences. Importantly, lactord®, which can also be
obtained by isomerization af5, has the desired absolute
configuration for advancement towatd
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