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Abstract: Herein, a two-step procedure for the preparation of oxygenated ortho-methylbenzaldehyde deriva-
tives, starting from commercially available bromoarenes, is described. The synthesis features the simultaneous
and highly regioselective installation of both the methyl and the formyl group onto the benzene core via benzyne
[2+2] cycloadditions with acetaldehyde lithium enolate to give the corresponding benzocyclobutenols in high
yields. Bond-selective ring opening of the benzocyclobutenols under basic conditions in methanol delivers the

title compounds.
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1. Introduction

In connection with our synthetic stud-
ies on the pyranonaphthoquinone-class an-
tibiotics,!'! we were in need of an efficient
method for the preparation of ortho-methyl-
benzaldehydes, particularly of highly oxy-
genated derivatives, as building blocks
(Fig. 1).
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Fig. 1. Core structures of ortho-methylbenzal-
dehydes and pyranonaphthoquinones.

The pre-existing methodologies for
preparing ortho-methylbenzaldehydes can
be divided into two categories: a) installa-
tion of the formyl group and b) installation
of the methyl substituent (Scheme 1).

The formylation of simple toluene deriv-
atives is, naturally, not the method of choice
due to regioselectivity issues. However, by
employing pre-functionalized ortho-halo-
toluene derivatives, selective formylation
can be achieved via halogen—metal exchange
followed by trapping with a formylating
agent,[! or under palladium catalysis.[!

On the contrary, the installation of the
methyl substituent onto the ortho-position
of benzaldehyde derivatives is the method of
choice and commonly employed for simple
arenes. Derivatization of the formyl group
into an ortho-metalation director,#! followed
by lithiation and trapping with a methyl elec-
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Scheme 1. Prepara-
tion of ortho-methyl-
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trophile allows access to the targeted struc-
tures. This can be achieved in a stepwise
mannerP! or with a transient ortho-metala-
tion directing group.[®! As the result of recent
progress in transition metal catalyzed C-H
activation,!”! the ortho-methylation of benz-
aldehydes can be accomplished under Pd-
catalysis using a transient directing group.[8!

Herein, we wish to report our approach
for the preparation of ortho-methylbenzal-
dehydes — with particular focus on highly
oxygenated derivatives — starting from
commercially available bromoarenes. The
present methodology features the simulta-
neous installation of both the methyl and
the formyl group onto the arene in a single
step via aryne chemistry followed by se-
lective ring opening of the benzocyclobu-
tenols under basic conditions.

2. Working Hypothesis

For our purpose we planned to utilize
1-bromo-3-methoxyarenes 1 — cheap com-
mercially available compounds — as start-
ing materials (Scheme 2). Reaction of the
benzynes,®! generated from bromo-me-
thoxyarenes 1 by deprotonation, yielded in
the presence of acetaldehyde lithium eno-
late as the arynophile, the corresponding
benzocyclobutenols 2 via thermal [2+2]
cycloadditions. These compounds have
found broad utility among the synthetic
community as viable precursors for ortho-
quinodimethanes!!9 that can be generated
via the thermally-allowed conrotatory ring
opening. It has been known since 1988[11]
that the ring opening of benzocyclobu-
tenols is significantly facilitated — in fact,
occurring even below room temperature —
when quantitatively deprotonated to the
alkoxide.[12] Despite Cavas and Muth’ re-
port on the clean formation of ortho-tolual-
dehyde from the parent benzocyclobutenol
upon exposure to dilute NaOH solution,[!3]
the preparation of ortho-methyl-benzalde-
hydes 3 from the corresponding benzocy-
clobutenols has not been addressed.!!415]

MeO base MeO
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= Z 0L z
R g ——— RrRE |
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base-induced
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% NF
N protonation S
3 ortho-quinodimethane

Scheme 2. Working hypothesis.

3. Results and Discussion

We started screening for optimal reac-
tion conditions for the projected two-step
synthesis of ortho-methylbenzaldehydes
using bromoarene 1a as the model substrate
(Scheme 3). Concerning the first step, the
cyclobutenol formation, we initially fol-
lowed a literature-known procedure.[16]
Upon deprotonation of la with freshly
prepared lithium 2,2,6,6-tetramethylpi-
peridide (LiTMP, 1.25 equiv.), the reaction
of the generated benzyne with coexisting
acetaldehyde lithium enolate (1.5 equiv.;
conveniently prepared by fragmentation
of THF with nBuLi at room temperature)
gave benzocyclobutenol 2a in 72% yield
(entry 1).

The major byproduct obtained was
compound 4 as the result of competing ad-
dition of the protonated base to the aryne,
despite the fact that 2,2,6,6-hexamethyl-
piperidine is known to be arather poor aryne
trap.[1”] Hence, by increasing the amount of
the enolate arynophile from 1.5 equiv. to
3 equiv. the desired benzocyclobutenol 2a
was obtained in 98% yield on a 100 mg test
scale (entry 2). For the preparative aspect,
we were pleased to find that slightly low-
er but still excellent yields were obtained
under the same conditions on a 50 g scale
(entry 3). Benzocyclobutenol 2a was easily
isolated in a total yield of 91% (80% by
trituration and 11% by column chromatog-
raphy of the concentrated filtrate). Only mi-
nor amounts of the base adduct 4 (7%) were
obtained from the column chromatography.

For the base-induced ring opening, we
chose sodium methoxide as a mild base
and methanol as a protic solvent to imme-
diately trap the ortho-quinodimethane by
protonation.l'$:191 Upon heating under gen-
tle reflux of a methanol solution of 2a (0.2
M) in the presence of sodium methoxide
(2.0 equiv.), the desired ortho-methylbenz-
aldehyde 3a was obtained almost quantita-
tively after evaporation of the solvent and
simple workup.[20]

With the optimal conditions in hand we
assayed the generality of this two-step pro-
tocol and prepared a small library of ortho-
substituted benzaldehydes 3.12!1 Pleasingly,
the commercially available bromoarenes
1b-1f all reacted smoothly to give the re-
spective benzocyclobutenols 2b—2f in high
yields (85-86%, Scheme 4).

All benzocyclobutenols were obtained
as a single isomer as a result of the rigorous
regioselectivity in the thermal [242] cyclo-
addition event(?2] dictated by the inductive
electron withdrawing effect (-1 effect) of
the proximal methoxy substituent.23]

The base-induced ring opening pro-
ceeded smoothly for substrates 2b, 2¢ and
2f and furnished the ortho-methylbenzal-
dehydes 3b, 3¢ and 3f in nearly quantita-
tive yields (Scheme 5) under the reaction
conditions developed for substrate 2a (vide
supra). Thus, this protocol allows an easy
andrapid access to oxygenated ortho-meth-
yl-benzaldehydes 3. Benzocyclobutenols
2d and 2e, bearing vicinal methoxy sub-
stituents at the benzene core, did not re-
act as cleanly. Partial decomposition was

Scheme 3.
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observed, and thus benzaldehydes 3d and
3e were obtained in moderate yield (80%
and 75% respectively) after purification by
preparative TLC, beside a plethora of polar
byproducts.

The impact of the oxygen substitution
pattern [especially at the C(3) position,
vide infra] at the benzene core on the ring
opening of benzocyclobutenones under ba-
sic conditions has been reported.[24] Distal
vs. proximal bond scission strongly de-
pends on the electronic properties of the
benzene moiety, which influences the re-
action pathway (Scheme 6). Furthermore,
Olofson and co-workers reported the clean
formation of arylacetaldehyde 6 from ben-
zocyclobutenone 5 upon NaBH, reduc-
tion followed by aqueous acidic workup,
whereas other derivatives of 5 gave the re-
spective benzocyclobutenols.?>] The fact
that substrate 2¢, cyclobutenol derivative
of 5, reacted cleanly (see Scheme 5) led us
to the assumption, that, in the present case,
the reason for the side reactions of benzo-
cyclobutenols 2d and 2e might be of other
nature and not dependent on the electronic
properties of the benzene core. Rather the
preferred conformation of the vicinal me-
thoxy groups!20] in substrate 2d (and 2e)
may cause deleterious steric repulsion
with the alkoxide, and thus interfere with
the outward motion of the conrotatory ring
opening (as depicted for anions of 2d [R' =

H] and 2e [R' = OMe]).[271

o 1. NaBH,
o8N

MeO™ 3

proximal

sz HsC )

distal ]

Scheme 6. Proximal bond scission of a ben-
zocyclobutenone observed by Olofson and
co-workers.? (top); rational for observed
reactivity of substrates 2 with vicinal methoxy-
substitution pattern (bottom).

4. Conclusion

In summary, we have developed an effi-
cient synthetic route to access oxygenated
ortho-methylbenzaldehydes via a two-step
procedure, including: (1) a benzyne [2+2]
cycloaddition, and (2) a base-induced
benzocyclobutenol ring opening, starting
from simple, commercially available bro-
moarenes. The present approach features
the simultaneous installation of both the

Scheme 5. Ring

. MeO MeO O
opening of benzo- OH NaOMe (2 eq.) |
cyclobutenols to | 70 °C, MeOH = |
ortho-methylbenz- Rz E— =
aldehydes. N =

2 3
MeO MeO ?
MeO
3b, 99% 3¢, 99%
MeO O MeO O MeO O
MeO ! MeO ! !
MeO
80% 3e, 75% 3f, 99%

methyl and the formyl group — disguised
as the cyclobutenol moiety — onto to the
benzene ring with excellent regiocontrol.
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