
10.1021/ol203118t r 2011 American Chemical Society
Published on Web 12/07/2011

ORGANIC
LETTERS

2012
Vol. 14, No. 1

366–369

Access to Polyfunctionalized Diquinanes,
Hydrindanes, and Decalines via TiCl4
Promoted Michael�Aldol and
Baylis�Hillman Reactions

Blandine Ressault, Alexis Jaunet, Philippe Geoffroy, S�ebastien Goudedranche, and
Michel Miesch*

Universit�e de Strasbourg, Institut de Chimie, UMR UdS-CNRS 7177, Laboratoire de
Chimie Organique Synth�etique, 1 rue Blaise Pascal, BP296/R8 67008, Strasbourg,
France

m.miesch@unistra.fr

Received November 21, 2011

ABSTRACT

The addition of 0.5 equiv of TiCl4 to (cyclo)alkanones tethered to r,β-unsaturated ketones afforded polyfunctionalized diquinanes,
hydrindanes, and decalines. These products, resulting from a Michael�aldol or a Baylis�Hillman reaction, can be obtained with high or
total diastereoselectivity in moderate to high yields. These scaffolds represent interesting building blocks for the synthesis of complex
natural products.

Fused ring systems, especially diquinane and hydrindane,
bearing a hydroxyl group at the ring junction represent im-
portant substructures of numerous bioactive natural pro-
ducts. For example, sesquiterpenes or triterpenes, belonging
respectively to the capnellene1 or to the 14β-hydroxy preg-
nane family,2 are characterized by such bicyclic fused ring
substructures (Figure 1).
The access to this type of substructures stimulated the

development of a large panel of methodologies. Among
these, the Hajos�Parrish�Eder�Sauer�Wiechert reaction

is one of the most representative examples readily affording
5-5 and 5-6 fused ring systems bearing (or not) a hydroxy
group at the ring junction.3 Many other reactions were
explored to afford such bicyclic ring systems including:

Figure 1. Natural products bearing diquinane, hydrindane, and
decaline substructures.
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reduction�aldolization tandem reaction,4 Lewis acid pro-
moted cyclizations,5 radical cyclizations,6 TBAF promoted
intramolecular cyclizations,7 and organocatalyzed reac-
tions.8 On the other hand, the tandemMichael�aldol reac-
tion promoted by Lewis acids was pioneered by Taniguchi,9

and chalcogenide-TiCl4, TiCl4, or TiCl4/n-Bu4NI mediated
inter- and intramolecular reactions between aldehydes and
electron-deficient alkenes were studied.10�14 Particularly,
Li13 and Oshima11a,c showed respectively that the addition
of TiCl4/n-Bu4NI to a mixture of aldehyde and R,β-unsatu-
rated ketone yielded either compound 1 or Michael�aldol
adduct 2. An intramolecular version of this reactionwas also
carried out by Oshima et al. starting from an aldehyde
tethered to an R,β-unsaturated ketone to deliver the
corresponding Michael�aldol product 3 (Scheme 1).11b

However, to the best of our knowledge, intramolec-
ular Michael�aldol reactions promoted by TiCl4 were

never reported starting from (di)ketones tethered to
R,β-unsaturated ketones. Being already involved in
the synthesis of polyfunctionalized 5-5 and 5-6 fused
ring systems bearing a hydroxyl group at the ring
junction,15 we report herein efficient tandem Michael�
aldol and (or) Baylis�Hillman16 intramolecular reac-
tions promoted by TiCl4. A large variety of polyfunc-
tionalized 5-5, 5-6, and 6-6 fused ring systems were
prepared starting from ketones and 1,3-diketones
tethered to an R,β-unsaturated ketone. The latter are
readily available via a two-step reaction sequence (Michael
addition of acrolein followed by aWittig reaction) starting
from commercially available ketones.
The tandem Michael�aldol reaction was first studied

starting from the triketone derivative 4. Our first trial was
carried out according to the conditions developed by
Oshima et al.,11 which is the addition of a combination
of TiCl4/n-Bu4NI to 4 in dichloromethane at 0 �C. Thus,
the iodo derivative was isolated in 75% yield (entry 1).
Indeed, according to Oshima et al., the addition of ammo-
nium halide was essential because, in its absence, the Mi-
chael�aldol product was only isolated in poor yield
(<10%). However, we observed that the Michael�aldol
reaction readily took place at rt when TiCl4 was utilized
alone, leading to the chloro derivative 6, isolated in 89%
yield (entry 2). Moreover, the reaction smoothly took place
in the presence of 0.5 equiv of TiCl4 (6: 74% yield; entry 3)
and in the presence of 0.25 equiv of TiCl4 (6: 44% yield;
entry 4). This result differs also from the observation made
by Li et al.: indeed, these authors obtained always the halo
R,β-unsaturated keto derivative 1 and not the corresponding
Michael�aldol product. Switching to THF as solvent did
not improve the yield when less then 3 equiv of TiCl4 were
utilized (entries 5�7). However, in the presence of 3 equiv
of TiCl4, the yield of 6 increased to 84% (entry 8). The
Michael�aldol reaction could also be carried out in ether
or dioxane, but the yields were moderate (entries 9�10).
The formation of 5 and 6 took place with total diastereos-
electivity (Table 1). The structure of 6 was confirmed by
X-ray analysis.17

These results prompted us to extend the Michael�
aldol reaction to other substrates by focusing first of all
on the formation of diquinanes. Compounds 7�10

were respectively treated with 0.5 or 1.2 equiv of TiCl4
in dichloromethane (Table 2). As indicated by TLC

Scheme 1. Previous Michael�Aldol Reactions between Alde-
hydes and Enones
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analysis of the crude reaction mixtures, the chloro

derivatives 11�14 were the major products which were

very unstable, except for 13. Indeed, when silica gel

column chromatography was run, an important loss of

material was observed and the yields dropped dramat-

ically. During the chromatography, the formation of

the R,β-unsaturated ketones 15�18 took place. How-

ever, these compounds were isolated in poor to good

yields. In the presence of 3 equiv of TiCl4 in THF, the

formation of 15�18, resulting from a Baylis�Hillman

type reaction, took place directly and exclusively except

when 7 was used as starting material (Table 2)
Based on these results, ketones 19�26were subjected to

the same reaction conditions, leading exclusively to the

corresponding chloro derivatives 27�34 in 51%�89%

yields. In general, theMichael�aldol reaction readily takes

place in the presence 0.5 equiv of TiCl4. No products

arising from a Baylis�Hillman type reaction were ob-

tained (Table 3).
The addition of TiCl4 to the keto derivatives 19, 21, and

22 took place with total diastereoselectivity leading exclu-
sively to the cis-hydrindanes 27, 29, and 30. However,
starting from compound 20, the cis-hydrindane 28 was
isolated along with the corresponding trans isomer
(cis/trans ratio: 8.5/1). For the decaline derivatives, the
formation of compounds bearing a trans and a cis ring junction always took place. The trans-derivatives were the

major products except for compound 34. The structures of
compounds 27, 32, and 34a (cis ring junction) and 34b

(trans ring junction) were confirmed by X-ray analysis.18

It should be noted that the addition of TiCl4 to acyclic
ketones 35 tethered to R,β-unsaturated ketones readily
afforded the correspondingpolyfunctionalized cyclohexanes

Table 1. Optimization of Reaction Conditions for TiCl4 Pro-
moted Michael�Aldol Reaction Starting from Triketone 1

entry conditions solvent

compd

(yield %)

1 TiCl4 (1.2 equiv þ
n-Bu4NI 1.2 equiv)a

CH2Cl2 5 (75)

2 TiCl4 (1.2 equiv) CH2Cl2 6 (89)

3 TiCl4 (0.5 equiv) CH2Cl2 6 (74)

4 TiCl4 (0.25 equiv) CH2Cl2 6 (44)b

5 TiCl4 (1.2 equiv) THF 6 (40)

6 TiCl4 (1.5 equiv) THF 6 (54)

7 TiCl4 (2.0 equiv) THF 6 (62)

8 TiCl4 (3.0 equiv)c THF 6 (84)

9 TiCl4 (3.0 equiv) Et2O 6 (63)

10 TiCl4 (3.0 equiv) dioxane 6 (59)

aOshima’s reaction conditions (see ref 11b). b 36% starting material
was recovered. cWhen the reaction was carried out in dichloromethane
in the presence of 3 equiv of TiCl4, 6 was isolated in 30% yield.

Table 2. Optimization of Reaction Conditions for TiCl4 Pro-
motedMichael�AldolReaction Starting fromKetoDerivatives
7�10

aCrude yield: quant. bThe yields referred to isolated compounds
(silica gel column chromatography). cIn the presence of 0.5 equiv of
TiCl4, the reaction proved to be sluggish.

c In the presence of 0.5 equiv of
TiCl4, the reaction proved to be sluggish.

(18) Compounds 27, 32, 34a, 34b, 36, and 37: see respectively CCDC
843422, CCDC 843424, CCDC 796191, CCDC 796192, CCDC 843425,
and CCDC 843426 which contain the supplementary crystallographic
data. A copy of the data can be obtained free of charge on application to
CCDC, 12UnionRoad,CambridgeCB2 1EZ,UK (Fax:þ44-1223/336-
033; E-mail: deposit@ccdc.cam.ac.uk).
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36and37bearing twovicinal quaternary stereogenic centers.
The stuctures of both compounds were confirmed by X-ray
analysis (Scheme 2).18

To explain our results, it is reasonable to postulate that
the formation of the Michael�aldol products takes place
via the formation of aZ-titanium enolatewhich undergoes
an intramolecular aldol reaction via a chelated six-mem-
bered transition state A (cis ring junction) or B (trans ring
junction).11b,14 The fact that 0.5 equiv of TiCl4 is sufficient
to promote theMichael�aldol reaction could be explained
by the putative formation of dimers C or D. In general,
cis-diquinanes, cis-hydrindanes, and trans-decalines (the
most stable compounds) were obtained asmajor products.
The formation of the corresponding trans and cis isomers
as minor products is probably due to subtle conforma-
tion changes induced by either the presence of different

substituents at the ring junction or the presence of two
carbonyl groups (Figure 2).

In summary,we report herein an efficient intramolecular
Michael�aldol reaction starting from (di)ketones tethered
to R,β-unsaturated ketones. The starting material is easily
available (two steps starting from commercially available
ketones; no protecting groups are necessary), and 0.5 equiv
of TiCl4 is sufficient to promote at rt the Michael�aldol
reaction with high or total diastereoselectivity. Further
development of our tandem Michael�aldol reaction will
be reported in due course.
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Table 3. Formation of Hydrindanes andDecalines Starting fom
Triketones 19�26

a 13% starting material was recovered. b 15% starting material
was recovered. cThis reaction has to be carried out in the presence
of 1.2 equiv of TiCl4.

d In the presence of 1.2 equiv of TiCl4, 6
was isolated in 89% yield. e In the presence of 3 equiv of TiCl4, 33
was isolated in 79% yield. fTrans ring junction compounds are
major compounds. gCis ring junction compounds are major
compounds.

Scheme 2. TiCl4 Promoted Michael�Aldol Reaction Starting
from Diketone 35

Figure 2. Proposed intermediates for the formation of Mi-
chael�aldol products.


