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ABSTRACT: The tetracarbocyclic framework of the nicandre-
none natural products is formed in one step from a linear pre-
cursor via a domino intramolecular Diels−Alder/intramolecular
furan Diels−Alder/aromatization sequence. The approach
represents a new 0 → ABCD strategy for the preparation of
aromatic steroids.

The nicandrenone natural products are a structurally
unusual group of ring-D aromatic homosteroids that are

responsible for the insect repellent and antifeedant properties
of Nicandra physaloides, a member of the Solanaceae plant
family.1 Corey and Stoltz reported the enantioselective total
synthesis of nicandrenone-1 and nicandrenone-10 (1) in 2000
employing a Diels−Alder reaction beween a tetralone-derived
diene 2 and substituted cyclohexanone dienophile 3.2 This
A + CD → ABCD approach remains the only reported syn-
thesis of any ring-D aromatic homosteroid (Scheme 1).3

The nicandrenones clearly represent a significant synthetic chal-
lenge, as evidenced by the step count from Corey’s landmark
synthesis. Herein we describe a new approach that permits
rapid synthetic access to the core tetracyclic framework of the
nicandrenones with both the potential for elaboration into the
natural products and broader application in aromatic steroid
synthesis.
Our strategy focuses on an early stage assembly of all four

rings of the tetracarbocyclic framework of the nicandrenones
through a domino, triple reaction sequence (Scheme 2). This
0 → ABCD method for aromatic steroid synthesis builds upon
our double intramolecular Diels−Alder (IMDA) approach to
nonaromatic tetracyclic systems.4 Specifically, we anticipated
that linear precursor 4 might undergo a domino sequence of

two Lewis acid promoted IMDA reactions,5,6 the latter (5→ 6)
involving a furan diene and alkynic dienophile, followed by an
in situ aromatization of the thus formed oxabicyclonorbornene
ring system to afford tetracycle 7.
Specifically, an initial endo-selective 1,7,9-decatrien-3-one-

type IMDA reaction6 between the internal, acyclic 1,3-
butadiene residue and acyl-activated olefin would form bicycle
5, and a subsequent IMDA reaction between the furan diene
and carbomethoxy-activated alkyne7 would generate oxabicyclo-
norbornene-containing pentacycle 6. Under Lewis acidic
conditions, the doubly allylic, tertiary C−O bond of the
strained oxa-bridged ring system should cleave and aromatize to
phenol 7.7 This unprecedented tetracyclization sequence would
also install useful functionality for further manipulation into the
natural product. Thus, the same phenolic residue was used by
Corey and Stoltz to introduce the C-17 side chain by cross-
coupling,2 and the cyclohexene generated in the initial Diels−
Alder reaction would also serve as a convenient handle for
incorporation of the epoxyalcohol.
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Scheme 1. Corey−Stoltz Synthesis of Nicandrenone-10

Scheme 2. Proposed One Step 0 → ABCD Aromatic Steroid
Synthesis
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IMDA reactions involving furan dienes and olefinic
dienophiles have enjoyed widespread use.8 The corresponding
processes involving alkynic dienophiles, however, have received
relatively little attention.9 Furthermore, whereas the Brønsted
acid mediated formation of phenols from 7-oxanorbornadienes
is a well established process,7 the deployment of Lewis acids has
not found widespread application. There have been several
reports describing a furan−alkyne IMDA reaction followed by
an aromatization.9c,g,h,10 Since none matched the structure of
our intended intermediate, it was considered pertinent to
model the furan−alkyne IMDA−aromatization sequence, viz.
5 → 6 → 7, prior to embarking upon the synthesis of domino
reaction precursor 4. Pleasingly, exposure of readily prepared11

alkyne−furan 8 to Et2AlCl (a Lewis acid commonly used to
promote IMDA reactions5) gave bicyclic phenol 10 in 72% yield,
by way of putative oxa-bridged intermediate 9 (Scheme 3).

The intramolecular union of alkynes and furans to form
bicyclic phenols is the basis of the Hashmi AuCl3-catalyzed
phenol synthesis (Scheme 3, 11 → 12).12 The Lewis acid pro-
moted furan−alkyne IMDA−aromatization reaction (8 → 10)
delivers a hydroxytetralin product with complementary
regiochemistry to that of Hashmi’s useful transformation.
Building upon this encouraging model study, we embarked

upon the synthesis of fully armed linear precursor 4. A short
and highly convergent synthesis of this compound, with a longest
linear sequence of six steps, and allowing the preparation of
multigram quantities of 4, is depicted in Scheme 4. Known
aldehyde 13 (available in two steps from δ-valerolactone)13

underwent a Wittig reaction with the semistabilized phosphorane

derived from phosphonium salt 14 (made in two steps from
furfural)4b to form ester 15 as a 3:2 (E:Z) mixture of geometrical
isomers about the newly formed bond. This ratio was improved
to 6:1 (E:Z) by equilibration with catalytic elemental iodine in
sunlight. Transformation into phosphonate 16, by way of
phosphono-Claisen condensation, proceeded in good yield and
was followed by a Roush−Masamune Horner−Wadsworth−
Emmons14 reaction with aldehyde 17 (available from 4-pentyn-1-
ol 18 in four steps) affording desired linear precursor 4.
With precursor 4 accessible in useful quantities, attention

turned to the key domino sequence. We were delighted to find
that certain Lewis acids proved effective for the transformation
of precursor 4 into a mixture of two diastereomeric tetracycles,
7 and 19. Of the Lewis acids investigated (ZnCl2, SnCl4,
MeAlCl2, Me2AlCl, EtAlCl2, Et2AlCl, Me3Al, AlCl3), 2.5 mol
equiv of Et2AlCl gave the highest yield of 53% (Scheme 5). An

initial substrate concentration of ca. 10 mM was also needed for
optimal yield, delivering a 2.5:1 mixture of products in refluxing
CH2Cl2. Stereoisomeric tetracycles 7 and 19 (structures
secured by single crystal X-ray analyses) are the result of an
initial endo- and exo-mode cycloaddition, respectively, between
the acyclic 1,3-butadiene and olefinic dienophile of substrate 4,
presumably through boatlike transition states 7-TS and 19-TS.15

In summary, all four rings of the nicandrenone homosteroid
framework have been accessed in a single step transformation
from a readily prepared precursor.16 This striking increase in
molecular complexity was accomplished through a new, Lewis
acid promoted, domino IMDA/IMDA/aromatization se-
quence.17 Applications and extensions of this strategy for step
economic natural product synthesis are underway.
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