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Organocuprate-Initiated Domino Michael-Intramolecular Aldol Reaction —
Application to the Formation of Ring B of the Aglycon of Landomycins
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Keywords: Conjugate addition / Cyclization / Domino reactions / Landomycins / Cuprates

An innovative access to a B,p-disubstituted Morita-Baylis—
Hillman motif, which is a potential intermediate en route to
the synthesis of the aglycon of landomycins, is presented. It
consists of a finely optimized organocuprate-initiated domino

Michael-intramolecular aldol reaction. The use of TMSCI
and DMAP as additives proved essential to ensure the suc-
cess of this reaction sequence.

Introduction

The amine- or phosphane-catalyzed condensation of an
acrylate with an aldehyde is a powerful catalytic transfor-
mation that enables access to the ubiquitous Morita—
Baylis-Hillman ester motif.l'! However, an intrinsic limita-
tion of this method is that it cannot afford B,B-disubstituted
products. An alternative strategy to prepare them consists
of the conjugate addition of a nucleophile to an electron-
poor alkyne followed by the trapping of the intermediate
allenolate by an aldehyde.**! Even though the stepwise gen-
eration of the allenolate, followed by trapping with the alde-
hyde has been a widely used approach [Scheme 1, Equa-
tion (1)], there are only a few reports on the intramolecu-
lar variant of this reaction, in which the Michael acceptor
and the aldehyde are both present in the same reactant
[Scheme 1, Equation (2)].0-7]

Basically, this strategy requires conditions in which the
highly reactive aldehyde function does not interfere with the
first step of the process. Success has already been achieved
with different heteroatom-centered nucleophiles such as lith-
ium tellurophenolate,*® or iodide.>>4 The synthetic use-
fulness of these transformations has been illustrated with
an iodide-triggered key cyclization en route to the synthesis
of kibdelone C, as recently reported by the group of Por-
0.’ To the best of our knowledge, there is only one exam-
ple with a carbon-centered nucleophile: the group of Lu de-
scribed the palladium-catalyzed enantioselective cyclization
of arylboronic acids and salicylaldehyde butynoate.>®>81 We
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Domino Michael-intermolecular aldol: a commonly used strategy
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Scheme 1. Different strategies for the domino Michael-aldol reac-
tion.

surmised that utilizing a dia/kylorganocuprate in a compar-
able reaction would significantly increase the scope of this
transformation.

Herein, we wish to report how the aforementioned dom-
ino Michael-intramolecular aldol reaction has been used to
efficiently construct ring B of landomycinone (1) (Figure 1).
This fused tetracycle is the aglycon characterizing the mem-
bers of the landomycin family 2, which are natural products
isolated from the fermentations of different strains of acti-
nobacteria of the genus Streptomyces.[! All these molecules
exhibit interesting in vitro anticancer activityl'” and have
therefore drawn the attention of several research groups,
whose efforts could be divided into three main categories:
genetic engineering approaches,!'!l syntheses of the polysac-
charides,*?! and synthetic studies of the aglycon.['*] Very
recently, these efforts have culminated in the first total syn-
thesis of landomycin A.['*1 We contributed to this field by
devising an original approach to an advanced intermediate
to landomycinone (1), based on transition-metal-catalyzed
cyclizations to create aromatic rings.['3?1 However, this ini-
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tial strategy was plagued with a long linear multistep se-
quence and with problems to reach the desired oxidation
state at a late stage of the synthesis.

g

R = H, landomycinone (1)
R = polysaccharide, landomycins 2

Figure 1. Landomycinone (1), the aglycon of landomycins 2.

Our alternative retrosynthetic plan relies on the construc-
tion of the East part of the molecule by a Diels—Alder reac-
tion with p-benzoquinone, similar to the one used by Kraus
et al. for the synthesis of G-2N (Scheme 2).['>] The pivotal
step would be the domino Michael-intramolecular aldol re-
action to close ring B, starting from a bis-electrophile ob-
tained from commercially available orcinol 3.

OoP O OH OP [0}
‘QO Diels—Alder
Me
domino
Michael—
intramolecular
aldol
Me

Scheme 2. Retrosynthetic plan for the synthesis of landomycinone

).

Results and Discussion

Dimethylation of orcinol 3 followed by ortho-lithiation
and trapping of the resulting aryllithium with DMF af-
forded aldehyde 4 as described in the literature
(Scheme 3).1°1  Selective ~ mono-demethylation  with
Mgl,-Et,O in toluene heated to reflux gave phenol 5,117
which was quantitatively transformed into triflate 6. A Su-
zuki-Miyaura cross-coupling with potassium vinyltrifluoro-
borate then afforded styrene 7 in excellent yield.["® This
first key intermediate served as starting point for the elabo-
ration of bis-electrophile 11. At first, the Michael acceptor
was installed by using the Corey—Fuchs reaction. The modi-
fied procedure, with Zn, yielded the moderately stable di-
bromoolefin 8 more efficiently.['” The second step afforded
methyl propiolate 9, even though the yield decreased as the
reaction was scaled up. This phenomenon is explained by
side reactions occurring on the styrene function. After-
wards, hydroboration with 9-BBN followed by oxidation
with hydrogen peroxide yielded homobenzylic alcohol 10,
which was oxidized into the corresponding aldehyde 11 by
using Dess—Martin periodinane.*’l In summary, this nine-
step sequence with 19% overall yield delivered bis-electro-
phile 11, with which the key domino Michael-intramolecu-
lar aldol reaction was optimized.
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Scheme 3. Preparation of bis-electrophile 11 from orcinol 3.

A thorough study of the addition conditions of dimeth-
ylcuprate to bis-electrophile 11 was conducted (Table 1).
However, pathways concurrent to this domino Michael-in-
tramolecular aldolization are possible, for example, direct
addition of the organometallic species to the aldehyde func-
tion or even its enolization. A certain number of parameters
needed to be adjusted to obtain a productive transforma-
tion: (1) utilizing CuBr-Me,S as copper(I) source; (2)
choosing THF as solvent; (3) proceeding by direct addition
of the solution of bis-electrophile into the dimethylcuprate
solution;?! (4) using various additives. It is well-known
that TMSCI accelerates 1,4-additions and causes them to
be favored over 1,2-additions.??) Moreover, this effect is fur-
ther amplified when additives increasing the electrophilicity
of the chlorosilane are concomitantly added.?3! With
DMAP as second additive, cyclized product 12 was pro-
duced in encouraging yield (Table 1, Entry 1). Gratifyingly,
in these conditions, neither the product of direct addition
to the aldehyde nor that of Michael addition without cycli-
zation could be detected.?* HMPA and N-methylimidazole
as additives gave lower yields than DMAP (Entries 2 and
3). We then tested the influence of the nature of the organo-
metallic reagent, but organomagnesium proved less effective
(Entry 4), whereas only starting material was recovered with
organomanganese (Entry 5).[>’ In addition, the use of a less
nucleophilic methylcopper(I) (Entry 6) or a bulkier chlo-
rosilane such as TBSCI (Entry 7) only resulted in complex
mixtures. The results presented in entry 3 were encouraging,
although they suffered from low reproducibility. At this
stage, we hypothesized that these problems might result
from the possible acid sensitivity of the product, which
could aromatize by elimination of water.l?® Therefore, fur-
ther improvements of the protocol were undertaken: quan-
tities of the reagents were adjusted to avoid any trace of
acid during the reaction (an excess of DMAP with respect
to TMSCI was used) and the acidic quench (AcOH in
MeOH) previously used to cleave the TMS group on the
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alcohol was replaced by a basic one (K,CO; in MeOH).
All this allowed the isolation of key intermediate 12 with a
reproducible 59% yield (Entry 8).

Table 1. Formation of ring B of landomycinone (1) by the domino
Michael-intramolecular aldol reaction.[?!

(0] OH O

[e} a) Me[M] (2.5 equiv.)
CuBr-Me,S (1.3 equiv.) ‘ OMe
Me

H// OMe  Additives (2.5 equiv.)

THF,-78 °C O
OMe b) ACOH, MeOH OMe
1 12

Entry  Me[M] Additives Results
1 MeLi TMSCI, DMAPP®! 12 (47%)
2 MeLi TMSCI, HMPAF! 12 (32%)
3 MeLi TMSCI, NMIM 12 (20%)
4 MeMgBr TMSCI, DMAP 12 (15%)
5 MeMnCl TMSCI, DMAP starting materiall®!
6 MeLilfl TMSCI, DMAP complex mixture
7 MeLi TBSCIl, HMPA complex mixture
glel MeLi TMSCI, DMAP 12 (59 %)M

[a] Reactions were carried out in THF at —78 °C with dropwise
addition of the solution of bis-electrophile into the dimethylcuprate
solution. [b] 4-Dimethylaminopyridine. [c] Hexamethylphos-
phoramide. [d] N-Methylimidazole. [e] Even at room temperature.
[f] Use of 1.3 equiv. of MeLi. [g] Quantities of the reagents were
slightly modified: MeLi (4.0 equiv.), CuBr-Me,S (2.2 equiv.),
TMSCI (2.0 equiv.), and DMAP (2.5 equiv.). The reaction was car-
ried out at —50 °C. [h] AcOH was replaced by K,COj5 at the second
stage.

The high acid sensitivity of alcohol 12 was confirmed
when its protection as silyl ether was attempted. Classic
conditions (TBSCI, imidazole or TBSOTTf, 2,6-lutidine in
CH,Cl,) gave disappointing results, as only low yields of
desired product 13 were obtained and the formation of
naphthalene derivative 16 (Scheme 4) was observed. Fortu-
nately, a twofold excess of the neutral tert-butyldimethylsil-
ylimidazole allowed a slow but clean and efficient protec-
tion.l?7]

TBS-\ "N TBSO O TBSO OTMS
\=/ a) LDA
(2 equiv.) ‘ OMe THF, —78 °C, 30 min 7 “OMe
27— —_— \
CH,Cly, rt,, 48 h O b) TMSCI
88% OMe —78 °C to r.t., 30 min OMe

14

(e} [0} O~ "OMe
-78°Ctort.,2h reflux, 14 h -78°Ctort,10h
no reaction 57% no reaction

TBSO OR OH

Lol nmi
OMeo

15
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OMe OMe
[ ! OMe
OMe OMe °
16 17

Scheme 4. Attempts to construct ring C of landomycinone (1) by
a Diels—Alder reaction.
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Having validated the strategy of the elaboration of ring B
of landomycinone (1) by a fairly efficient domino Michael—-
intramolecular aldol process, we studied the possibility of
setting up ring C by a Diels—Alder reaction (Scheme 4). Fol-
lowing the procedure described by Kraus et al. for the syn-
thesis of G-2N,[!] the y position of the a,B-unsaturated
ester was deprotonated with LDA at —-78 °C, and the re-
sulting vinylogous enolate was trapped with TMSCI in or-
der to obtain diene 14. The formation of the latter could
not be proved even when a bulkier silane was used, and
adding HMPA during the deprotonation did not seem to
have any influence on the process. Freshly sublimated p-
benzoquinone was added, but no reaction occurred at room
temperature and only starting material 13 was partly reco-
vered after quenching. When the reaction mixture was
heated to reflux, tetracyclic product 15 was not observed,
and naphthalene 16 was isolated in 57% yield. The use of
B(OACc); as a mild Lewis acid to promote the cycloaddition
also proved ineffective.[*8] Alternatively, freshly distilled di-
methyl acetylenedicarboxylate (DMAD) was tested as the
dienophile, but once again no Diels—Alder product 17 was
formed. We also tried to add DMAD directly after depro-
tonation, without trapping with TMSCI, to effect the same
cyclization by a domino Michael-Claisen sequence, but this
last attempt also failed.[*’]

Conclusions

We have demonstrated that the domino Michael-intra-
molecular aldol sequence is a useful tool for the elaboration
of the Morita—Baylis—Hillman ester motif. For this purpose,
the conjugate addition of dimethylcuprate to a methyl pro-
piolate followed by intramolecular trapping of the interme-
diate allenolate with an aldehyde allowed the efficient con-
struction of ring B of landomycinone (1). TMSCI and
DMAP were essential additives to ensure a selective pro-
cess, in which no direct addition of the organometallic rea-
gent to the aldehyde was observed. Further implementation
of this innovative strategy to obtain the B,B-disubstituted
Morita—Baylis—Hillman ester in the field of natural product
synthesis, including the development of an asymmetric vari-
ant, is currently ongoing in our laboratory.

Experimental Section

Methyl  3-Hydroxy-8-methoxy-1,6-dimethyl-3,4-dihydro-naphthal-
ene-2-carboxylate (12): MeLi (1.90 mL of a 1.6 m solution in Et,O,
3.03 mmol, 4equiv.) was added dropwise to a suspension of
CuBr-Me,S (343 mg, 1.67 mmol, 2.2 equiv.) in THF (2mL) at
—50 °C. The reaction mixture was stirred for 2 h before slow ad-
dition of a solution of DMAP (232 mg, 1.90 mmol, 2.5 equiv.) in
THF (3 mL) and TMSCI (192 uL, 1.52 mmol, 2 equiv.). A solution
of aldehyde 11 (187 mg, 0.758 mmol, 1 equiv.) in THF (3 mL) was
then added dropwise over 15 min, and the reaction mixture was
stirred for 1 h at —50 °C. It was then quenched with 28% aqueous
NHj; (15 mL), stirred vigorously until the aqueous layer became
blue, diluted with water (15mL), and extracted with Et,O
(3 X 15mL). The combined organic layers were washed with water
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(15mL) and saturated aqueous NaHCO; (15mL), dried with
Na,SO,, filtered, and the solvents were removed under reduced
pressure to yield a yellow oil. This oil was treated with K,CO;
(105 mg, 0.758 mmol, 1 equiv.) in MeOH (8 mL) for 15 min at
room temperature to ensure complete cleavage of the TMS group
on the secondary alcohol. The reaction mixture was then diluted
with water (15mL) and extracted with Et,O (3 X15mL). Com-
bined organic layers were washed with water (15 mL) and brine
(15mL), dried with Na,SO,, filtered, and the solvents were re-
moved under reduced pressure. Purification by flash chromatog-
raphy (neutralized silica gel; heptane/EtOAc, 3:1 to 2:1) afforded
Morita—Baylis—Hillman ester 12 (117 mg, 0.446 mmol, 59%) as a
colorless amorphous solid.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, characterization data, and copies of
the NMR spectra.
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