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traditional methodology. In fact, the results shown in Table 1
indicate that the surfactant—3-CD complexes fundamentally
display a stoichiometric ratio of 1:1. From data in Table 1 we
can derive the concentration of complexed $-CD in the
presence of OTACI as Cyypyerancpcp = 0.65 X 107°M (¢pepror =
Cp.cpfF Coutactani-p-cp)-  Because  cmc,,, is smaller than
Courtactantp.c0 W€ can suggest that there are OTACI-g-CD
complexes with stoichiometries of both 1:1 and 1:2. Therefore
one of the main conclusions to be drawn from this study is the
necessity to revise the stoichiometries of the existing surfac-
tant— CD complexes referred to in the library, derived from

the values of cmc,,,.
Received: December 2, 1999
Revised: April 14, 2000 [Z14350]

[1] E. Fenyvesi, L. Szente, N. R. Russell, M. McNamara, Comprehensive
Supramolecular Chemistry, Vol. 3, Cyclodextrins (Eds.: J. Szejtli, T.
Osa), Pergamon, Oxford, 1996.

[2] K.J. Sasaki, S. D. Christian, E. E. Tucker, Fluid Phase Equilib. 1989,
49, 281-289.

[3] N.J. Turro, P. C. Kuo, Langmuir 1985, 1, 170-172.

[4] T. Tominaga, D. Hachisu, M. Kamado, Langmuir 1994, 10, 4676 — 4680,
and references therein.

[5] L. Garcia-Rio, J. R. Leis, J. C. Mejuto, J. Pérez-Juste, J. Phys. Chem. B
1998, 102, 4581 -4587.

[6] A.R. Alvarez, L. Garcia-Rio, P. Hervés, J. R. Leis, J. C. Mejuto, J.
Pérez-Juste, Langmuir 1999, 15, 8368 -8375.

[7] L. Garcia-Rio, J. R. Leis, J. C. Mejuto, J. Pérez-Juste, J. Phys. Chem. B
1997, 101, 7383 —7389.

[8] If the length of the hydrocarbon chain of the surfactant is increased,
the hydrophobicity and consequently the equilibrium constant of the
surfactant—CD complex would also increase. This increase in the
complexation equilibrium constant would imply a reduction in the
concentration of free cyclodextrin in equilibrium with the micellar
system once the latter had formed.

[9] In mixed surfactant—CD systems the critical micellar concentration
can be defined as: CMCqpp = Csurfactant-CD =+ Csurfactant monomer = Csurfactant-cD T
cmc,.,, where cmc,, represents the concentration of free surfactant
monomers in equilibrium with the micellar system and ¢ foctanicp 1S
the concentration of surfactant monomers complexed with the CD.

[10] C. A. Bunton, G. Savelli, Adv. Phys. Org. Chem. 1986, 22, 213 -310.

[11] J. H. Fendler, E. J. Fendler, Catalysis in Micellar and Macromolecular
Systems, Academic Press, New York, 1975.

[12] a)J. W. Park, H. J. Song, J. Phys. Chem. 1989, 93, 6454-6458; b) T.
Okubo, Y. Maeda, H. Kitano, J. Phys. Chem. 1989, 93, 3721-3723.

2948

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

Domino Michael Aldol and Domino Michael
Mannich Reactions: Highly Stereoselective
Synthesis of Functionalized Cyclohexanes**

Christoph Schneider* and Oliver Reese

Efficiency and elegance are valued characteristics of
domino transformations.! Even more appealing are those
domino processes which form carbon—carbon bonds and
thereby generate new chiral centers stereoselectively. We
report here on domino Michael aldol and domino Michael
Mannich reactions which in a single step give rise to highly
substituted and functionalized cyclohexanes with very high
stereocontrol.’! The 7-oxo-2-enimides 2 used as substrates for
the domino reactions were easily obtained in good yields and
stereoselectivity by a thermal [3.3]-sigmatropic rearrange-
ment of silylated syn-aldols 1 [Eq. (1)].F! Compounds 2 have
been sucessfully employed by us in syntheses of enantiopure
tetrahydropyrans,*! piperidines,®! terpenols,[® and polyol
structures.”)
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We have already been able to show that chemoselective
nucleophilic additions to the aldehyde moiety in 2a are
feasible and lead to oxygen and nitrogen heterocycles by
intramolecular hetero Michael additions.>1 We have now
found that this sequence can be reversed when organocopper
and -aluminum reagents are employed. Thus, the Lewis acid
assisted addition of monoorganocuprates (Yamamoto cup-
rates)® to 2a gave rise to the cyclohexanol 3al! in moderate
yield but complete stereocontrol (Table 1). The reaction is
assumed to proceed by an initial, highly stereoselective
Michael addition!'” of the cuprate reagent to the aluminum
chelate complex Al'l and then formation of an imide enolate
which is trapped intramolecularly by the aldehyde. The
homogenous syn-stereochemistry of the aldol reaction results
from the intramolecular transposition of the metal ion from
the enolate oxygen atom to the aldehyde oxygen atom in the
presumed transition structure B. As principal side product we
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Table 1. Domino Michael aldol reactions.?!

o {Bu
. /g R2M, _RM, Me,AICI, THF
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Compound R’M Product (R?) Yield [%]
2a nBuCu/Lil 3a (nBu) 41
2b nBuCu/Lil 3b (nBu) 83
2b EtCu/MgBr, 3¢ (Et)) 71
2b allylCu/MgBr, 3d (allyl) 81
2a Me,AlSPhi"! 3e (SPh) 77
2a Me,AISEtl] 3f (SEY) 57
2b Me,AlSPhi"! 3g (SPh) 76
2b Me, AINGC;H; ! 3h (piperidinyl) 40

[a] The stereoselectivity in all cases was >20:1. This value was determined
by '"H NMR (300 MHz) spectroscopy, and means that no other signal of an
additional stereoisomer was detected in the 'H NMR spectrum. X, = chiral
auxiliary. [b] Without additional Lewis acid Me,AIClL.

isolated the product of the double addition of the organo-
cuprate to the aldehyde and the conjugate double bond in 15—
20% yield. The chiral auxiliary was cleaved with lithium
benzylate.['?]

When the reactivity of the carbonyl group was attenuated
through conversion to the ketone 2b,[! the yields of the
domino Michael aldol reactions increased substantially. A
competing nucleophilic addition to the ketone did not occur
here and the tertiary cyclohexanols 3b—d were obtained in
good to very good yields and high stereoselectivity (Table 1).
The use of Grignard reagents as cuprate precursors broad-
ened the scope of the method considerably.['!

Hetero-substituted cyclohexanols 3e—h were prepared
easily by using aluminum thiolates and amides. In particular,
the aluminum thiolates Me,AISPh and Me,AISEt introduced
by Nozaki et al.l¥] furnished sulfur-substituted cyclohexanols
3e-gin good yields as single stereoisomers. Considering the
high oxophilicity of aluminum these reagents presumably
attack the aldehyde moiety of 2a reversibly giving rise to
aluminum S,0-hemiacetales which are known to be good in
situ protecting groups for aldehydes.['"]

In an extension of this work we envisioned the synthesis of
amino-substituted cyclohexanols by reaction of 2a with
aluminum amides. Instead of the expected cyclohexanols we
obtained diamino cyclohexanes 4a—d in good yields as single
stereoisomers (Table 2). Evidently, aluminum N,O-hemiace-
talsl'! were initially formed, and these collapsed to the
iminium salts C which after the Michael addition of a second
equivalent Me,AINR, were trapped by the imide enolate in a
Mannich reaction.'”? A complete reversal of stereoselectivity
was observed compared to the aldol reaction. Because the
iminium nitrogen atom cannot coordinate to the aluminum
ion due to the lack of vacant coordination sites, the intra-
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Table 2. Domino Michael Mannich reactions.®!

0 NR; O ”\
H/U\/'\/\/U\ /g MeAICl, 2 HNR, _ /@\
2a )\ T CHch 0C NR,
4

| !

+

RM = x
X — o
H Xe (& ’ij OAIMe,
C D

Product Amine Yield [%]

4a morpholine 69

4pl! piperidine 57

4c (Bn),NH 65

4d Et,NH 46

[a] The stereoselectivity in all cases was >20:1. This value was determined
by '"H NMR (300 MHz) spectroscopy, and means that no other signal of an
additional stereoisomer was detected in the '"H NMR spectrum. X, = chiral
auxiliary. [b] The 5-phenyl-substituted 7-oxo-2-enimide was used as
substrate.

molecular transposition of the metal ion as in B is prohibited
here. Thus, the large iminium group occupies the sterically
more favorable proequatorial position in the transition
structure D, which eventually results in the anti configuration
of the Mannich products.

We have reported two very efficient and highly stereo-
selctive domino transformations for the synthesis of function-
alized cyclohexanes. Just three synthetic operations (aldol
reaction, Cope rearrangement, domino reaction) are neces-
sary to prepare the enantiopure carbocycles from simple
precursors. This substantiates the synthetic value of the
silyloxy-Cope rearrangement of chiral syn-aldols for organic
synthesis.
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Deoxygenative Cycloaddition of Aldehydes
with Alkynes Mediated by AICI; and
Zirconium: Formation of Cyclopentadiene
Derivatives**

Zhenfeng Xi* and Pixu Li

Cleavage or deoxygenation of C—O double bonds in
carbonyl compounds is of significant general interest for
organic transformations.l' Metal-promoted cycloaddition of
unsaturated organic substrates has attracted much attention,
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because such reactions provide a straightforward route to
useful cyclic compounds.’! Although novel methods for
constructing cyclic compounds could be developed by cyclo-
addition of an aldehyde with alkynes and deoxygenation of
the carbonyl group, to the best of our knowledge, such
reactions are unprecedented.

Although aldehydes are among the most common unsatu-
rated substrates, transition metal-mediated cycloaddition
reactions of aldehydes with alkynes are rare.l Tsuda, Saegusa
et al. reported the first cycloadditions of diynes with alde-
hydes to give six-membered oxacycles such as pyrans with
catalysis by Ni’.[%l The reaction proceeded with a formal
[2+242] pattern. Here we report the first cyclization of two
alkyne molecules with an aldehyde and deoxygenation of the
C=0O bond to give multiply substituted cyclopentadiene
derivatives; the reactions are mediated by AICl; and zirco-
nocene compounds [Eq. (1); Cp =#’-CsHs].

——  [Cp21] = 2 RCHO/AICI
e R Q)
T CIAI=0
1 [f ] 9

Two molecules of the same or different alkynes readily
underwent cycloaddition on a low-valent zirconocene com-
plex to afford zirconacyclopentadienes 1.[* 81 Addition of two
equivalents of benzaldehyde and two equivalents of freshly
sublimed AICI; to a solution of 1a, prepared in situ in toluene,
led to a rapid reaction [Eq. (2)]. Gas chromatographic (GC)
analysis showed that the reaction was complete within 30 min

R= 1) 2 PhCHO o @
ZICpy ————>
R 2) 2 AICl3 R
la-c 2a-c
a:R=nPr 89% (65%)
b:R=Me (45%)
c:R=Ph (47%)

and 2a was formed in 89% yield (yield of isolated product:
65%). Similarly, 2b was isolated in 45% yield from the
reaction of 1b with benzaldehyde in the presence of AICl;.
Different regioisomers of cyclopentadiene derivatives can be
obtained, depending on the reaction conditions and work-up
procedures, but under our reaction conditions, only the isomer
shown in Equation (2) was obtained. The reaction of 1¢ with
benzaldehyde proceeded comparatively slowly at room tem-
perature to give 2¢ as colorless crystals in 47 % yield. The
NMR spectroscopic data and m.p. of 2¢ are consistent with
those reported earlier.’! Reactions of metallacyclopenta-
dienes with C, units or C; unit equivalents to form cyclo-
pentadiene derivatives are rare.'”! Reaction (2) is the first of
this kind in which an aldehyde behaves formally as a C, unit. It
is noteworthy that, when zirconacyclopentadienes were
prepared from [Cp,ZrCl,|/EtMgBr/alkynes,'!l the above re-
action was not observed, even at an elevated temperature.
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