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Copper-Catalyzed Asymmetric Arylation of N-Heteroaryl

Aldimines via an Elementary Step of 1,4-Insertion

Chunlin Wu,™ Xurong Qin,™ Adhitya Mangala Putra Moeljadi,b Hajime Hiraob and

Zhou™*

Abstract: Copper complexes of monodentate phosphoramidites
efficiently promote asymmetric arylation of N-azaaryl aldimines with
arylboroxines. DFT calculations and kinetic isotopic experiments
support an elementary step of 1,4-insertion in the reaction pathway,
in which an aryl-copper species adds directly across four atoms
C=N-C=N in N-azaaryl aldimines.

Chiral alkylamines are important motifs in modern medicines
and they are present in about 15% of blockbuster drugs.
Therefore, efficient stereoselective synthesis of these
compounds has received much attention amongst synthetic
chemists.I"! Of particular interest to us, chiral N-azaaryl
alkylamines are present in quite a number of medicines and
drug candidates (Figure 1). For example, ontazolast is a drug
currently used for the treatment of inflammation.” Chiral amine-
substituted thiazole, pyrazole and imidazopyridazine are also
found in many therapeutic agents that target depression,
Alzheimer’s disease and malaria.’! Moreover, aminopyrimidines
are present in an isocitrate dehydrogenase (IDH) inhibitor™ and
difulmetorim. The latter is a new-generation fungicide to pro,
wheat and barley.®
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Initially, we attempted copper-catalyzed arylation of
aldimines with arylboroxines and searched for chiral ancillary
ligands (Scheme 1).'® Among a dozen of aldimines carrying
different groups on the nitrogen atom that we have tested (see
Schemes 5 and 6¢), aldimine 1a bearing an N-3-picolyl ring
afforded the desired product in both good yield and excellent
stereoselectivity. Thus, 10 mol% copper catalyst ligated by
spiro-1,1'-diindanyl phosphoramidite L""! promoted arylation of
p-tolylboroxine 2a to deliver benzhydryl amine 3a in 90% ee and
90% yield. Modification of the amine fragment of L failed to
improve the stereoselectivity further unfortunately (S1-4). Later,
we prepared ligand L' with inverted spiro chirality, which led to
the opposite enantiomer of 3a as the major isomer (-84% ee).
Therefore, the spiro-backbone is the dominant stereo-
determining element in the catalyst. Furthermore, two Feringa
ligands N1-2 only provided 3a in moderate ee values. 0.5 equiv
of p-tolylboroxines also gave 3a in 85% yield after 2 days. Other
arylboron regents were also tested such as PhB(OH),, PhBF;K,
PhBpin and PhB(cat), which provided no desired product. As a
note of caution, the reaction was sensitive to trace amounts of
added water, so dry solvents must be used.
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Scheme 2. Organoboroxines in asymmetric addition to 1a.
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boroxine (Scheme 3). Moreover, heterocycles such as thiophene,
furan and benzofuran (3n'-q') were tolerated. We found that sec-
and tert-alkyl aldimines (3r'-s") reacted well, but linear
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Scheme 4. Streamlined arylation of aromatic aldimines.
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Insertion barrier of TS-S: 7.3 kcal/mol.
Energy gap between TS-S and TS-R: 1.7 kcal/mol

(b) Effect of N-directing groups on arylation of aldimines (10 mol% Cu, 80 °C, 48 h in Scheme 2)
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