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MEA with methoxyacetone using the Ir-xyliphos catalyst

Abstract: The enantioselective reductive alkylation of 2-methyl-5- in presence of iodide ions and acid.

ethyl-aniline (MEA) with methoxyacetone - using a catalyst gener-

ated in situ from [Ir(cod)Cl], and (R)-(S)-PPF-P(3,5-xyl), - to give o
enriched  (S)-N-(2-ethyl-6-methylphenyl)-N-(1-methoxymethyl)- )J\/o\
ethyl-amine is described. At 80 bar and 50 °C in the presence of PYC, H,80,

" o/ CI\_{O O/
dide and methane sulfonic acid and with cyclohexane as solve ;H 507G, 6 bar CN{ creoona 2 EN(
complete conversion is reached within 14 h with a substrate to ¢ ?
alyst ratio of 10'000 and an ee of 76-78 %. The effect of solvent a
acid type were found to be important. To our knowledge, thisistt  ea NAA rac-melotachlor
first enantioselective reductive alkylation ever reported. S

reductive alkylation
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Ir-xyliphos
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Cl o]
Metolachlor is the active ingredient of Dua®, one of the " {0/ 50°C,80bar 'y _(0/ ceoenel ML 4-0/
most important grass herbicides for use in maize and a @_\ m A @_\H
number of other crops. It is an N-chloroacetylated, N-
alkoxyalkylated ortho disubstituted aniline. The commer-
cial product was introduced to the market in 1976 as a
mixture of four sterecisomersandisproducedviaaPtcat-  Scheme
alyzed reductive akylation of 2-methyl-5-ethyl-aniline
(MEA) with agueous methoxyacetone in the presence of
traces of sulfuric acid followed by Chloroacetylaﬂonl (see Table1 Reaction of MEA with methoxyacetone in presence of |r-
upper part of the Scheme). A!ready '_n _1982 it was found xyliphos, acetic acid, and iodide ions: Ef)f/ect of solvepnts on reaction
that about 95% of the herbicidal activity of metolachlor  time, conversion and ee.
liesin thetwo (1'S)-diastereomers?. In 1997, after years of
intensive research®, Dual Magnum® with a content of ap-
proximately 90% (1'S)-diastereomers and with the same
biological effect at about 65% of the use rate was intro- 1 MEA imine 13 100 772 reference™
duced in the USA. To make this ‘chiral switch’ possible

hydrogenation

MEA-Imin enriched (S)-NAA enriched (S)-metofachlor

Entry Solvent Time (h) Conv. (%) ee (%) Remarks

. 2 HO0@3ml) 24 47 76 2 phases
a new technical process had to be found that allowed f
economical production of the enantiomerically enriche 3  nore 2 87 76 2 phases
precursor of metolachlor. Key step of this new synthes 4 gon@om 18 24 15 1 phase
is the enantioselective hydrogenation Nf(2-ethyl-6-
5  cyclohexane (10 ml) 21 92 71 2 phases

methylphenyl)N-(1'-methoxymethyl)-ethylidene-amine
(See |OW€r part Of the Scheme)_ The Optimized process 'Reaction .condilions"': O.IDm(zl)M}?A; 0.12 m(‘)l MOA (dry); 2.5 ml AcOH; 20
erates at 80 bar hydrogen and 50 °C with a catalyst ger TBAL 80 bar Har 30 7. sfe 8000, 50 bar

ated in situ  from [Ir(cod)Cl, and the

ferrocenyldiphosphine ligand xyliphos at a substrate {yen though metal catalyzed reductive alkylation is a
catalyst ratio (s/c) of >1'000°000. Complete CONVersion {fethod with a large preparative potential, no literature re-
reached within 3-4 h, the initial tof exceeds 1'800'080 Nyorts on a successful enantioselective version could be
and enantioselectivity is approximately 80%. found. Therefore, in a first attempt, MEA and aqueous
It would be a further improvement to combine the advamethoxyacetone were used as in the racemic process and
tages of both production processes and to use the chiesction conditions close to the optimized enantioselec-
homogeneous catalyst for carrying out a reductive alkyltive process with an s/c ratio of 10'000. In presence of ace-
tion without isolating and purifying the imine. This papetic acid and TBAI (tetrabutyl ammonium iodide), the
describes the investigation of the reductive alkylation afesired reaction indeed took place with a remarkably high
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eeof 76% (Table 1, entry 2) but compared to the reference
reaction with theisolated imine (Table 1, entry 1), the cat-
alyst activity was quite low. When dry methoxyacetone
was used, conversion increased significantly (Table 1, en-
try 3). Since it was noticed that in both cases two liquid
phases were formed, the effect of ethanol addition wasin-
vestigated. However, the resulting activity in a one-phase
situation was even lower and the ee dropped to 15% (Ta
ble 1, entry 4). Asaconsequence, cyclohexane was added
to the reaction mixture and the expected increase in con-
version and aso a dightly better enantioselectivity was
observed (Table 1, entry 5).

From these results it was concluded that best effects
would be obtained when as little water and MEA as pos-
sible were present in the organic phase. Since acetic acid
can also act as solvent mediator and is used in large
amounts, it was replaced by stronger acids that are effec-
tive at much lower concentrations. Thus, as shownin Ta-
ble 2, the catalyst activity was further improved. Best
results were achieved with small amounts of trifluoroace-
tic acid or of methane sulfonic acid while sulfuric acid
was not effective probably due to its low solubility .

Table2 Reaction of MEA with methoxyacetonein presence of
cyclohexane, Ir-xyliphos, acetic acid, and iodide ions: Effect of acid
type on reaction time, conversion and ee.

acid time (h)  conv. (%) ee (%)
AcOH (2.5 ml) 21 92 77
CF;COOH (0.1 ml) 16 99 78
H,S04(0.2 ml) 19 42 72
CH;SO;H (0.2 ml) 14 99 76

Reaction conditions*: 0.1 mol MEA; 0.12 mol MOA (dry); 10 ml
cyclohexane; 20 mg TBAI 80 bar Hy; 50 °C.

These results are quite remarkable because thisis the first
enantiosel ective reductive alkylation of an aniline with a
ketone and the ee values and especially the s/c ratio of
10°000 are respectable. However, we clearly missed our
objective to find a more economical process for the pro-
duction of the (1'S)-diastereomers of metolachlor because
the catalyst productivity is far too low compared to the
imine hydrogenation process. It seems that even in pres-
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ence of cyclohexane thereis still too much MEA and wa-
ter present that are known to deactivate the Ir
ferrocenyldiphosphine catalyst. The reason for this behav-
ior could either be a strong complexation, thereby block-
ing the access of the imine, or a slow dimerization of the
Ir xyliphos complex to give an inactive species as ob-
served for other Ir catalysts®.
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