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(-)-Tatarinoid C

Trifluoromethanesulfonic acid in acetonitrile was found to efficiently catalyze Friedel —Crafts alkylations of 1,2,4-trimethoxybenzene with a variety
of simple or functionalized aldehydes to provide di- or triarylmethanes in high yields. The operationally simple protocol allowed a short synthesis
of the phenylpropanoid natural product (—)-tatarinoid C establishing its absolute configuration. Under the developed reaction conditions a
benzylic alcohol instead of an aldehyde also underwent reactions with 1,2,4-trimethoxybenzene and other nucleophiles to afford unsymmetrically

substituted compounds.

As part of our research program toward the synthesis of
rubromycins,' we studied the spiroketalization of ketone 1
and unexpectedly isolated diarylmethane derivative 3asan
inseparable mixture of two diastereomers (Scheme 1). Notably,
the formation of 3 only started at slightly elevated tempera-
tures (~0 °C), converting rac-2 into 3. It is likely that this
transformation involves a Friedel—Crafts type alkylation
of spiroketal rac-2 with the methoxy-substituted carbe-
nium ion as an electrophile generated from the MOM-
ether moieties. Formation of compound 3 very likely
proceeds via benzylic ether 4a, with subsequent displace-
ment of methanol under generation of reactive intermedi-
ate 4b which undergoes a regioselective Friedel—Crafts
type alkylation with the second equivalent of rac-2 by 4b to
afford “dimer” 3.

Motivated by this observation we had a closer look to
reactions of this type leading to diarylmethanes. Generally,
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the structural motif of symmetrically substituted di- and
triarylmethanes is of great interest since they are part of
several biologically active compounds® and dyes.” Various
protocols for the synthesis of methoxy-substituted di-
and triarylmethanes have been reported so far; however,
they often depend on multistep synthesis or require either
stoichiometric amounts of promoters (e.g., Lewis or
Bronsted acids) or harsh reaction conditions, hence lead-
ing to reduced functional group tolerance.* Recently, an
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Scheme 1. Unexpected Formation of Bisspiroketal 3 from rac-2
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iodine catalyzed Friedel-Crafts alkylation has been
reported;> however, long reaction times (usually 72 h) are
needed for full conversion. We here report an operationally
simple protocol for the double arylation of a variety of
functionalized aldehydes with 1,2.4-trimethoxybenzene
employing trifluoromethanesulfonic acid as the catalyst,
which has already been recognized as an efficient promoter
for Friedel—Crafts type acylations of arenes.®

The screening of the reaction conditions disclosed that as
little as 0.1 mol % of F3CSO;H was sufficient to promote
the formation of bis(1,2,4-trimethoxy)phenylmethane (5)
in excellent yield from 1,2,4-trimethoxybenzene and para-
formaldehyde (Table 1).

We then evaluated the scope of this Friedel—Cralfts re-
action with respect to the aldehyde component (Table 2).
The reactions were generally run in acetonitrile with
10 mol % of F3CSO;H; although the conversion was com-
plete within several hours in many cases, the reactions were
routinely quenched only after 24 h by the addition of a
saturated aqueous sodium bicarbonate solution.

Electron-poor and -rich aromatic aldehydes were well
tolerated giving compounds 6a—e generally in high yields.
Notably, vanillin, 4-formylphenylboronic acid, and nico-
tinaldehyde were also suitable electrophiles thus affording
the triarylmethane derivatives 6f—h in excellent yields
and with high purity. The reaction also proceeded with
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Table 1. Screening of the Catalyst Loading”

OMe

MeO l

OMe (o0, (0.7 equiv)
MeO FaCSO3H

_— OMe
MeCN (c=02M)  MeO
OMe it O
MeO OMe
5
F3CSOsH t yield
entry (mol %) (h) (%)
1 10.0 1 99
2 1.0 16 96
3 0.1 16 96
4 — 16 _

“Conditions: 1,2,4-Trimethoxybenzene (2.00 mmol), paraformalde-
hyde (1.40 mmol), acetonitrile (5.0 mL). * Yield of purified product.

enolizable aliphatic aldehydes, albeit slightly lower yields
were obtained for 7a and 7b. Even cyclohexyl- and pival-
aldehyde as sterically fairly demanding precursors furn-
ished diarylalkanes 7¢ and 7d in acceptable yields.
a-Functionalized acetals instead of aldehydes can also be
applied: bromo-, diethoxyphosphono-, and cyanoalkyl-
substituted diarylalkanes (7e—g) were isolated in moderate
yields. These compounds are suitable starting materials for
further transformations. Most importantly, ketones do not
react under the conditions employed as exemplified with
4,4-dimethoxybutan-2-one (8) affording diarylated butan-
2-one 7h in good yield. We also used donor—acceptor-
substituted cyclopropane 9,” serving as a masked 4-oxo-
butane acid equivalent, which cleanly provided the
diaryl-substituted methyl butanoate 7i in excellent yield
(Scheme 2).

Scheme 2. Synthesis of Functionalized Diarylalkanes
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By employing a-chiral aldehyde (—)-10, easily prepared
from (S)-methyl lactate in two steps,® we could obtain the
phenylpropanoid natural product (—)-tatarinoid C’ in a
single step with moderate yield. The simultaneous desilyla-
tion was unavoidable and may partially occur prior to the
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Table 2. Scope with Respect to the Aldehyde Component

OMe

MeO !
RTTH  F3CSCH (10mol %) peg

MeCN, rt, 24 h O R
MeQ OMe

6,7

1,2,4-Trimethoxy-
o} benzene
OMe

(0.7 equiv)

MeO

MeO

6a, R = 2-Br (97%)
Gb R =4-Br (96%)
6¢c, R = 4-NO, (97%)
6d, R = 2,3,4,5,6-F5 (92%)
6e, R = 3,4-(OMe), (63%)?

OMe

O OMe
MeO
ne O

MeO OMe

‘ OMe O OMe
MeO MeO
MeO O R

MeQ OMe MeO OMe
7a R=nBu  (89%) 7e (76%)°
7b, R = 1-C4Has (79%)

7¢,R=c-CgHqyqy (8 3%

7d.R=tBu = (5 ) OMe

OMe
OMe O
OMe MeO
O MeO CN
MeO e} O
OMe

MeO P\\OEt
OEt
MeQO OMe

7 (60%)°

“Incomplete conversion. © 1.1 equiv of F3CSO;H was used. ¢ Instead
of aldehydes the corresponding acetals were used as precursors.
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Friedel—Crafts alkylation. This may lead to oligomeriza-
tion of the aldehyde and hence to a reduced yield of the
product (Scheme 3). Remarkably, no racemization was
noticed as confirmed by derivatization of (—)-tatarinoid C
as a Mosher ester.'

Scheme 3. Synthesis of (—)-Tatarinoid C
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On the basis of quantum mechanical calculations it was
originally proposed that (—)-tartarinoid C should have an
R-configuration.'" A previous report'? on the synthesis of
(—)-tatarinoid C assumed an R-configuration; however,
we suggest that the stereogenic center of this natural
product has to be correctly assigned as S-configured due
to the agreement of the sense of optical rotation of our
synthetic sample with the originally reported value for the
natural product.

As demonstrated above in many examples, 1,2,4-tri-
methoxybenzene readily reacts with a variety of alde-
hydes or acetals. As expected, 1,2-dimethoxybenzene
was already significantly less reactive: the reaction with
p-bromobenzaldehyde remained incomplete after 24 h and
triarylmethane derivative 11 was isolated only in 34% yield
(Scheme 4). Following this trend of decreased nucleophi-
licity, the conversion of anisole into 12 proceeded to be less
than 25%, even after a prolonged reaction time (48 h).
Harsher reaction conditions have not been examined,
but may lead to a reasonable yield. Currently, the stan-
dard protocol seems to be limited to electron-rich arenes
such 1,2.4-trimethoxybenzene or (hetero)arenes of similar
nucleophilicity."?

The described double arylation of aldehydes proceeds
via an intermediate benzylic alcohol, and we therefore
also studied anisaldehyde derived benzylic alcohol 13.
Numerous methods for the alkylations and arylations of
benzylic alcohols are known, frequently relying on Lewis
acid catalysis.'* Therefore, precursor 13 was reacted with
various nucleophiles, such as 1,2,4-trimethoxybenzene and
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73, 1160-1163.
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Scheme 4. Reactions with other Alkoxy-Substituted Benzene
Derivatives
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indole, furnishing the arylated products 14a and 14b,
respectively (Scheme 5)."° Acetylacetone as well as allyl-
trimethylsilane and tosylsulfonamide were found to be
suitable nucleophiles (14c—e) under the reaction condi-
tions employed. These examples demonstrate that trifluoro-
methanesulfonic acid should also be a suitable promoter of
many other Friedel—Crafts type alkylations.

In conclusion, a mild protocol was developed for the
double arylation of aldehydes and for substitutions of
benzylic alcohols promoted by trifluoromethanesulfonic
acid in acetonitrile."®
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Scheme 5. Reactions of Benzylic Alcohol 13 with Nucleophiles
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Supporting Information Available. Experimental pro-
cedures and full spectroscopic data for all new com-
pounds. This material is available free of charge via the
Internet at http://pubs.acs.org.
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