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Organocatalyzed Decarboxylative Trichloromethylation of Morita-

Baylis-Hillman Adducts in Batch and Continuous F

Martin V. Enevoldsen,”® Jacob Overgaard,™ Maja S. Pedersen,? Anders T. Lindhar

Abstract: Two protocols for the organocatalyzed decarboxylative
trichloromethylation of Morita-Baylis-Hillman (MBH) substrates have
been developed. Applying simple sodium trichloroacetate, as the
trichloromethyl anion precursor, in combination with an
organocatalyst, and acetylated MBH-alcohols the desired
trichloromethylated products were obtained in good yields at room
temperature in batch. The method was next extrapolated into a two-
step continuous flow protocol, starting directly from the MBH
alcohols, in combination with tributylamine acting both as base and
catalyst. The flow process proved superior to the batch approach,
reducing the reaction time from 16 hours to only 20 minutes, with
increased yields for all investigated entries. Two examples were also
taken to scale-up in flow producing more than 10 grams of both
trichloromethylated targets. Finally, substitution of the organocatalyst
to (DHQ).PHAL or (DHQD),PHAL induced chiral transfer to the
generated stereocenter in the reaction attaining selectivities with
nearly 90% ee.

Introduction

To date, thousands of naturally occurring and bi
active compounds, carrying a halogen in its structure,
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chlorinated trichloromethyl-group (CCl;) hold
interest. Besides being observed in natural occ
compounds, the CCl; group is also found within th
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Furthermore, the CCl;-functionality serves as a versatile
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Figure 1. Trichloromethylation of Morita-Baylis-Hillman Derivatives in Batch
and Continuous Flow.

The idea was to apply simple acetylation as means of
activating the Morita-Baylis-Hillman starting materials (Figure 1).
Upon reaction with an organocatalyst, such as DMAP, the
known intermediate A would be in equilibrium with the starting
material. ®*® Towards introduction of the nucleophile, it was
decided to wupgrade trichloroacetate precursors to their
corresponding trichloromethyl anions through decarboxylation.”
This was done in order to avoid the use of stoichiometric
amounts of strong base to deprotonate chloroform.®
Alternatively, one could have considered the application of the
chlorinated version of the Ruppert-Prakash reagent, namely
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TMS-CCl;. However, this reagent only has limited commercial
availability and along with reports on poor stability it was
deemed unsuitable.” Hence, exchange of the acetate counter
ion with trichloroacetate would lead to intermediate B.
Substitution of the cation on trichloroacetate from sodium to
complex B provides a more solvated trihaloacetate ion, a setup
previously shown to enhance decarboxylation."” Extrusion of
carbon dioxide (CO;) generates the nuchleophilic trichloromethyl
anion that upon addition to B, forms the product and
regenerates the organocatalyst. If successful, this approach
would provide straightforward access to trichloromethyl
functionalized MBH-derivatives, applying simple trichloroacetate
as synthons for trichloromethyl anoins.

In this manuscript we wish to report on the development of
the organocatalyzed decarboxylative trichloromethylation of
Morita-Baylis-Hillman acetates. The protocol operates under
mild conditions and with good functional group tolerance. The
method was extended into a two step telescoped continuous
flow protocol allowing the direct application of MBH alcohols by
an in situ activation sequence. When operating in continuous
flow, an increase in isolated yields of all trichloromethylated
products were observed, and two examples were taken to scale-
up isolating more than 10 grams of each product. Finally,
substitution of the organocatalyst to (DHQD),PHAL provided
access to enantioselective trichloromethylation attaining ee’s of
87% at the installed stereo center.

Results and Discussion

trichloroacetate (NaTCA) and DMAP (40 mol %) in
as the solvent.

Table 1. Decarboxylative Trichloromethylation Optimizatiou

j\(X equiv)

OAc O Cl,c” “ONa ccl; 0

| X OMe Catalyst (40 mol %) MOME
1 N 2
al = Solvent, 25 °C cl

CA Conversio

Entry Catalyst Solvent (Yiel d)b /9
1 DMAP DMF 2

2 DMAP MeCN

3 DMAP Dioxane

4 DMAP

5 DBU

6 DABCO

7 Pyridine

8 TEA

9 DMAP 78 (78)
10° 80 (79)
119 42

—
.1 (0.5 mmol), catalyst (40 mol %), NaTCA (2
hours. ! Conversion was determined by "H-
oxybenzene as internal standard. Yields in
column chromatography. I DMAP (20
remained.

Performing the reaction at 50 °C afforded a complex reaction
mixture with no detection of the desired trichloromethylated
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product (2). Decreasing the temperature to 25 °C still provided a
complex product mixture, but with roughly 15% conversion into 2.
With this lead in hand the reaction conditions were optimized,
the results of which is shown in Ta

solvent, was attributed to the high
Decarboxylation of NaTCA occurs mo

rbenes and byproducts
as DMF, acetonitrile,
entries 1-4).1"2
Next, the nature
standard organoc
inferior with 11%,
5-7). Triethylami

and pyridine all proved
on, respectively (entries
nd failed to afford any

sible without deterioration of yield,
whereas 10 mol % o only provided 42% conversion to 2
(entries 10 and 11). With optimal reaction conditions in hand the

ope of th carboxylative trichloromethylation was studied
the res are shown in Scheme 1.
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Scheme 1. Decarboxylative Trichloromethylation of MBH-Acetates. Reaction
conditions: MBH-Acetate (4 mmol), NaTCA (6 mmol), DMAP (0.8 mmol) in
dioxane (10 mL) stirred at 25 or 40 °C for 20 hours, see Supporting
Information for each entry.

The non-substituted MBH-acetate resulted in isolation of 3 in
76% yield. Next, different substitution patterns on the aromatic
moiety were investigated. Bromide substitution in 2- or 4-position
reacted similar to 1 providing 4 and 5, both in 71% isolated yield.
The MBH-acetate derivative carrying  2-fluoro-6-chloro
substitution afforded 6 in a 57% isolated yield. Decomposition
occurred with nitro-group substitution leading to a low 17% and
52% isolated yields of 7 and 8, respectively. Turning to electron
donating substituents restored the reactivity with 9 and 10 being
isolated in 65% and 74% isolated yields. One pyridine derived
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MBH-substrate was also tested and 11 was obtained in a
reasonable 65% isolated yield. Replacement of the aromatic
moiety with the vinylic MBH-acetate, derived from cinnamyl
aldehyde, caused a drop in yield to 32% of 12. Finally, an
aliphatic MBH-acetate was tested, but due to severe
decomposition of either the starting material or the product only
a mere 31% yield was secured upon column chromatography.

Although most of the compounds 3 — 13 were obtained in
reasonable yields, all reactions suffered from decomposition
events leading to dark brown slurries upon completion. It was
suspected that decomposition pathways could be the result of
slow and nonselective formation of intermediates A and B
(Figure 1).P2131 Fyrthermore, if the intermediate B salt
precipitated from solution, the result would be an additional
slowing factor towards product formation. A possible solution to
this scenario would be the direct formation of B from the more
reactive MBH-trichloroacetates. However, subjecting 14, seen in
scheme 2, to the developed conditions only provided a low 18%
NMR-yield of 2 (See supporting information). Instead another
round of optimization was undertaken to develop suitable
reaction conditions for the decarboxylative trichloromethylation
of 14 to form 2, the result of which is shown in Scheme 2 (see
supporting information for full optimization). A few things are
worth mentioning in relation to the optimization of the reaction
conditions seen in Scheme 2. Tributylamine proved to be the
superior organocatalyst, which could be explained by better
solubility of the formed intermediate with this base. Also,
addition of 20 mol % of NaTCA increased the NMR-yield ofg 2
from 71% to 87% (80% isolated yield, see Suppog
Information). Higher loadings of NaTCA did not have any fi
impact on the yield of the reaction.!*

o)
PN (n-Bu)3N (40 mol %)
cL,e” 0 0 NaTCA (20 mol %)
OMe HCClg, 30°C, 20 h
cl
al 14
OH O ‘'one-pot" Approach
OMe
(n-Bu)sN (1.5 equiv) OMe
Cl —_—
oo HCClg, 30°C,20h Cl 2
Py NMR Yield 79%
Cl;¢” 07 ~ccly

(1.1 equiv)

Scheme 2. Redefined Conditions for the Decarbo:
of MBH-Adducts.

At this stage it was realjged that
converted into a tele
directly from the MBH-al
pot approach applying trib
trichloroacetylation step,
subsequent de i

Iso as the catalyst in the
fforded 2 in a comparable
dride was chosen as the
monium trichloroacetate
ble salt to compensate for otherwise
le NaTCA additive. An enhanced
ers, such as temperature, reaction
when performing a reaction in
continuous flow."® Decarboxylative reactions often hold the
potential to create run-away scenarios, especially when
performed on large scale. However, under continuous flow
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conditions only a small fraction of the entire reaction mixture is
present in the reactor eliminating this potentially dangerous
situation "M Tywo stock solutions were prepared, the first
containing the Morita-Baylis-Hillmagyalcohol (0.2 M) mixed with
tributylamine (0.3 M, 1.5 equiv) 1 oform. Stock solution
number two would only be the trichloroa
1.2 equiv) also in chloroform. The t
pumped through 1/16” stai
(0.150 mL/min) through a

ing at eq¥al flow-rates
nd onto a small tubular
entering the second
heated tubular react ) flow setup was
pressurized using i S| back-pressure
regulator (BPR) to w by forcing all carbon
dioxide, expelled step, into solution. A
hown in Scheme 3 (The

described in t n).

Reactor
70°C
20 min

500 psi

ccl; 0 ccl; 0
OMe Morwe Mow
A a2 Br 86% - 5
ccl; 0 ccl; 0
Me Mom MOMe
OaN 81%-8 N g1
(88% - 13.8 g) (85% - 11.7 g)

e 3. Telescoped Decarboxylative Trichloromethylation of MBH-
ols in Continuous Flow. See Supporting Information for reaction details.

Increasing the reaction temperature to 70 °C allowed the
reaction time to be reduced from 20 hours in batch to only 20
minutes on the reactor (22 minutes total retention time including
premixing). Collection of reaction mixture was initiated after
running the setup for 1.5 times the total retention time thereby
ensuring operation under steady state conditions. The results of
this study are shown in Scheme 3. Gratifyingly, this two-step
continuous flow decarboxylative trichloromethylation
outperformed the in Scheme 1 developed batch protocol.
Compound 3, being the simplest and without further
functionalization, was isolated in an improved yield of 83%.
Model substrate 2 was obtained in a comparative 84% isolated
yield whereas 5 was secured in a good 86% yield. Next,
substitution with nitro-groups was revisited as these substrates
proved problematic in batch mode. Decomposition was
diminished in continuous flow leading to the isolation of 7 and 8
in greatly improved 61% and 81% isolated yields, respectively.
Compound 13 was also isolated in an enhanced 80% yield.

As the last part of the continuous flow approach, compounds 8
and 13 were selected for scale-up. Towards this purpose the
volume of the tubular reactor was increased three-fold to 18.5
mL, keeping the same premixing unit, and the flow-rates were
adjusted to maintain a 20 minute reactor retention time (0.463
mL/min). Collection of material under steady state conditions for

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

501 minutes afforded and excellent 13.8 grams (88% yield) of 8
after silica plug filtration. Repeating this setup for 13 resulted in
a similar 11.7 grams (85% yield) isolated material (Scheme 3,
results in brackets).

Finally, we turned our focus towards the enantioselective
installment of the trichloromethyl group onto the Morita-Baylis-
Hillman substrates. In the manuscript published by the group of
Shibata they found that the chiral pool derived catalysts
(DHQ),PHAL and its pseudo-enantiomer (DHQD),PHAL
performed with the highest selectivity.”! As test substrate the L-
menthyl-ester 15 was prepared, allowing direct determination of
diastereomeric excess of the formed products by 'H-NMR
analysis (Scheme 4).

o B
A cCl; 0
Clc” 0 O Chiral Cat. (20 mol %) £ .
PN o NaTCA (20 mol %) O
| CHCIg rt. cl 16
cl 15 .
(DHQ),PHAL : 79% (89% de) - R
(DHQD),PHAL : 71% (84% de) - S
)OI\ ccl; 0
ci,c” 0 0 N
s Chiral Cat. (20 mol %) = OMe
OMe NaTCA (20 mol %) al = 2
cl 14 CHClj, r.t. (DHQ),PHAL : 63% (60% ee) - R
(DHQD),PHAL : 71% (87% ee) - S

Scheme 4. Enatioselective Decarboxylative Trichloromethylation of
Trichloroacetylated-MBH Derivatives. See Supporting Information for reaction
details.

Subjecting 15 to the in Scheme 2 developed conditions, 'using
(DHQ),PHAL and (DHQD),PHAL as the organo
afforded 16 in 78% and 71% isolated yield, resp
Recrystallization of the product obtained from the (
allowed determination of the R-configuration at
stereocenter by X-ray crystallography, which is
with the findings made by the group of Shibat
Information).”!” Stereo-inversion was obtained in
(DHQD),PHAL with a good 84% de. Next, the same se
experiments were repeated for methyl ester derivative 14. Thi
afforded 2 in isolated yields of 63% and 71% for theyfwo
catalysts. Application of (DHQ),PHAL ofily revealed a 60%
the R-enantiomer upon UPC analy;
was restored when the reaction

(DHQD),PHAL as the chiral catalyst with a h
the S-configuration as determingg by UPCC.

Conclusions

derivatives ha
studied in batcl
trichloromehyl anio
tested substrates.

trichloroacetate as the
0 moderate yields of the

was achieved using simple tributylamine both as base and
organocatalyst. Improved yield were obtained for all entries
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tested under continuous flow. Finally, the enantioselective
trichloromethylation was investigated under the novel conditions
leading to ee’s as high as 87% favoring a S-configuration.

Experimental Section

A detailed description of all ge
experimental details including
reported compounds.

The following fi i of
Experimental det 0scopic data
X-ray structure of R -

charge.
(PDF)
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Decarboxylative trichloromethylation of Morita-Baylis-Hillman substrates occurs
readily in the presence of an amine-based organocatalyst. Applying simple

trichloroacetates, as the trichloromethyl anion precursors, this transformation takes
place both in batch and under continuous flow. :

49,
&
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