
Tetrahedron Letters 51 (2010) 1252–1253
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
An ionic Diels–Alder route to cis-fused octalins containing an all-carbon
quaternary stereocenter in an angular position

Jun Hee Lee a,*, Woo Han Kim b, Samuel J. Danishefsky a,b,*

a Department of Chemistry, Columbia University, 3000 Broadway, New York, NY 10027, USA
b Laboratory for Bioorganic Chemistry, Sloan-Kettering Institute for Cancer Research, 1275 York Avenue, New York, NY 10065, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 18 December 2009
Accepted 21 December 2009
Available online 4 January 2010
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.12.127

* Corresponding author. Tel.: +1 212 639 5501; fax
E-mail addresses: jl3315@columbia.edu (J.H. Lee),

(S.J. Danishefsky).
We describe herein the development of efficient and stereoselective synthetic routes to a series of cis-
octalins possessing an all-carbon quaternary center in an angular position.

� 2009 Elsevier Ltd. All rights reserved.
E

E = CHO, CO2R, CN

R1
R2

R3
R4

+

E

H

R1

R4

R2

R3

poor
reactivity

harsh conditions
typically required

• cis-fused octalin system
• angular quaternary carbon

1 2 3

R1
R2

R3

+

CHO
R1

R2

R

H
O O

1) ionic Diels-Alder

2) hydrolyze acetal
Polycyclic cis-fused octalin systems bearing angular quaternary
carbon centers, of the type 3, can be of considerable value in
organic synthesis.1 In principle, this type of functionality could
be rapidly reached through Diels–Alder cycloaddition between a
substituted butadiene (cf. 1) and a cycloalkene dienophile, conju-
gated to an exocyclic activating group (E). However, we and others
have observed that cyclic dienophiles of the type 22,3 generally ex-
hibit poor reactivity in the Diels–Alder cycloaddition, necessitating
exposure to harsh reaction conditions (such as high reaction tem-
perature and prolonged reaction time) or the use of a highly reac-
tive diene. In the course of a program underway in our laboratory,
focused on the investigation of new applications of Diels–Alder
strategies, we sought to gain ready access to generic octalin motifs
of the type 3.

In the light of the difficulties associated with applying the tradi-
tional Diels–Alder reaction to the problem at hand, we considered
the possibility of adopting the ionic variation en route to 3. Gass-
man et al. were the first to describe the ionic Diels–Alder reaction
of a,b-unsaturated ketals, as a useful means by which to prepare
cycloadducts under mild reaction conditions.4 More recently,
Grieco et al. developed a modified protocol, which allows
a,b -unsaturated ketals to undergo facile ionic Diels–Alder cycload-
dition, in the presence of 4.0 M LiClO4 in Et2O containing 1.0 mol %
camphorsulfonic acid (CSA).5 As described below, we sought to ex-
tend the Grieco ionic Diels–Alder protocol to encompass acetal
substrates of the type 4.6 The development of this capability could
well be a useful method for the preparation of highly substituted,
cis-fused octalin systems of the type 3 (Scheme 1).7

In the event, it was found that, upon exposure to 4.0 M LiClO4 in
Et2O and 1.0 mol % CSA, diene 5 and dienophile 4 underwent the
desired ionic Diels–Alder cyclization to afford a �3:1 mixture of
the direct acetal cycloadduct and the aldehyde product (9), which
presumably arises through hydrolysis of the acetal intermediate. In
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situ hydrolysis of the acetal was suppressed through the use of
freshly distilled dienes in the Diels–Alder step. Subsequent hydro-
lysis of the acetal cycloadduct delivered the target aldehyde, 9, in
53% yield over two steps (Table 1, entry 1). This protocol was read-
ily extended to a series of acyclic dienes, as shown in Table 1, and
moderate overall yields were obtained (41–58% over two steps).
When diene 7, possessing a weakly directing group at the 2-posi-
tion, was investigated, moderate regioselectivity was observed
(4:1, para:meta). By contrast, diene 8, possessing substitution at
the 1-position, demonstrated very high regioselectivity, and affor-
ded adduct 12 with 10:1 endo selectivity. It is of note that each of
the reactions presented in Table 1 were conducted at ambient
temperature and pressure. A control experiment, performed in
the absence of CSA, resulted only in the recovery of unreacted
starting material, confirming the critical role played by Brønsted
acid in the reaction sequence.8

In an effort to further explore the utility of this approach to cis-
fused octalin motifs, we sought to further functionalize aldehyde
adducts 9 and 10. As shown in Scheme 2, the aldehydes were
readily converted to the corresponding nitriles (13 and 14, respec-
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Scheme 1. A proposed route to cis-fused octalins bearing an angular substituent.
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Scheme 2. Derivatization of angular aldehydes. Reagents and conditions: (a)
H2NOH�HCl, NaOAc, THF, reflux, 2 h; (b) SOCl2, DMF, 0–23 �C, 4 h, 60% over two
steps (cis-13), 56% over two steps (cis-14); (c) NaClO2, NaH2PO4, 2-methyl-2-
butene, t-BuOH/H2O (4:1, v/v), 23 �C, 2.5 h; (d) TMSCHN2, benzene/CH3OH (3:1, v/
v), 0–23 �C, 1.5 h, 99% over two steps (cis-15), 88% over two steps (cis-16).
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R1
R2

R3
H

+

CHO

H

R1
R2

R3

4

H
O O 1) 4.0 M LiClO4•Et2O

    1.0 mol% CSA

2) 2.7 M HCl, acetone

5-8 9-12

Entry Diene Product Yieldb (%)

1

Me

Me
5

CHO

H

Me

Me
9

53

2
6

CHO

H10

58

3 Me
7

CHO

H
Me

11

56c

4

Me

8

CHO

H

Me

12

41d

a Diels–Alder reactions were carried out with 1.0 mmol of 4, 5.0 mmol of diene in
4.0 M LiClO4 (16.0 mmol) in Et2O (4.0 mL), in the presence of 0.5 M CSA in THF
(20 lL, 1.0 mol %) at room temperature for 15–17 h.

b Isolated yields of the cycloadducts over two steps.
c p-Directed/m-directed = 4:1.
d Endo/exo = 10:1.
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tively), in a two-step protocol, via the intermediate formation of an
aldoxime function.9 In another demonstration of the synthetic ver-
satility of these cycloadducts, aldehydes 9 and 10 were advanced
to the octalin esters, 15 and 16, through Pinnick oxidation10 fol-
lowed by esterification of the resulting carboxylic acids.

In summary, we have described herein the development of a
method which is superior to those currently in use for the prepara-
tion of a series of cis-fused octalin derivatives containing an all-car-
bon quaternary stereocenter at the ring-junction carbon.
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