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ABSTRACT

A copper-catalyzed three-component coupling of organoindium reagents with imines and acid chlorides is described. This mild carbon -
carbon bond forming reaction requires only one-third of an equivalent of indium reagent to proceed in high yield, with the sole byproduct

being indium trichloride. The reaction demonstrates broad generality, with aryl-,
o-substituted amides or N-protected amines in a single step.

imines and acid chlorides, all providing

heteroaryl-, vinyl-, and alkylindiums, as well as functionalized

Metal-catalyzed cross-coupling reactions between organicnostannanes, organoboranes), including the facile coupling
electrophiles and organometallic compounds represent onewith sp*-hybridized alkylindium groups, the low toxicity

of the more important current methods to construct carbon

indium byproducts, and the important ability to transfer more

carbon bond$.The performance of these reactions with a than one of the organic substituents from the indium reagent.
diverse variety of substrates, as well as with high conversion, Although organoindiums have been successfully employed
selectivity, and atom economy, remains the focus of intensein reactions with a range of traditional cross-coupling partners
research efforts One class of reagents that has recently been (e.g., organohalidesjand a number of other metal-catalyzed
shown to be beneficial in these reactions is tri- and processe$,® their application to carboncarbon bond for-
tetraorganoindium$These compounds have overcome sev- mation with G=N electrophiles such as imines is much more
eral of the limitations associated with the organometallic limited.? Barbier and Reformatsky-type reactions have been
reagents commonly employed in cross-coupling (e.g., orga-applied to imines? 14 however, these processes are typically
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limited to the addition of allylic- oro-ester-indium func- reagent is used without any catalyst (entry 1) nor does a
tionalities. To our knowledge, there is no general method palladium catalyst lead to a reaction. The latter is in contrast
available to couple organoindium reagents with imines, as ato our results with organostannanes and imines and is
mild route to importanti-substituted amine building blocks.  potentially the result of a slower transmetalation between
We have recently reported that multiply bonded electro- indium and the palladium cent&® It has previously been
philes such as imines can be activated toward a Stille-like reported that unreactive tin reagents can be induced to
cross-coupling reaction with organostannanes by the simpleundergo cross-coupling through the addition of copper ¥alts.
addition of acid chlorides, to form-substituted amide's. Similarly, the addition of 10 mol % of CuCl to this reaction
This presumably occurs via the in situ conversion of imine provided the desired-substituted amide product in 29%
into N-acyl iminium salt for reaction with the metal catalyst. yield. Under optimized conditions, this coupling is nearly
Nevertheless, we were unable to transfer masshgpridized guantitative (98%, entry 4). Although a number of copper
groups from organostannanes, and the reaction leads to thealts proved to be competent catalysts, simple, commercially
formation of stoichiometric amounts of toxic tin byproducts. available CuCl is the most efficient.
We report herein that this approach can be used to generate A notable feature of this chemistry is the ability of the
what is to our knowledge a novel general method to couple organoindium reagent to transfer all of its organic groups to
organoindium reagents with imines. This reaction occurs with the imine carbon. Thus, the use of only one-third of an
a broad range of organoindium, imine, and acid chloride equivalent of P§in is required to generatda in near
substrates and provides overall a mild multicomponent quantitative yield, with the sole byproduct being IaCAs
method to construoit-substituted amides and N-protected shown in Table 2, this reaction is not limited to phenyl group
amines.

Our initial studies toward this coupling are outlined in _
Table 1. The model system involved the coupling of Taple 2. Copper-Catalyzed Three-Component Coupling of
Imines, Acid Chlorides, and Organoindium Reagénts

| 2
N,R2 o 113 In(R%;, 10%CuCl RS/U\N,RZ
Table 1. Catalytic Coupling ofN-Benzyltolylaldimine, i Rt or o
ole 1. Cal }/d dp 'gh oer yltoly R™H T RC T 4 InRYMgBr  CHSCNTHF RINRe
p-Anisoyl Chloride, and Triphenylindiuin 45-70°C 1
(0]
-Bn KLy -Bn 7 imi R’ R ield (%)
)r\{\ . i + 113 In(Phs metal catalyst  p-An 51\ 1m1ni3n yield (%)
p-Tol”"H p-An" Cl solvent p-Tol PN 1a o “|H p-An Ph 95 (96)
p-To
N,Et
entry catalyst solvent yield 1a (%)° b I H BnO Et 92 (94)°
1 - CH;CN 0 U4
-Bn
2 5% Pda(dba)s CHsCN 0 le N BnO - 89 91)
3 10% CuCl CHsCN 29 p-Tol” H
4 10% CuCl CH;CN/THF 98 e
5 10% CuCl THF 45 1d /ﬂj/k § ol AT 81 (87)
6 10% CuCl toluene/THF 69 Br -
7 10% CuCly CH;CN/THF 55 i .
8 10% Cul CH,CN/THF 95 le Q:f H (- o-Tol 79 (84)
9 10% Cu(OTf)r CH3;CN/THF 84 +s
~Bn
20.50 mmol of imine, 0.60 mmol of acid chloride, 0.167 mmol of 1f NIH CH; S 89 (95)
triorganoindium, and 0.05 mmol of CuCl in 1:1 @EN/THF (6 mL) for
14 h at 45°C. P NMR yields. ¢ Cu(OTf) benzene complex used. QOMe
1g N EtO s-Bu 77 (758
p-To])\H
. . . N~ B
N-benzyltolylaldimine p-anisoyl chloride (p-Ar= 4-CeHy- h PhO Et 84 (34)
OCH;, p-Tol = 4-CsH4CHj), and triphenylindiunt® As can ) \BR e
be seen, no coupling is observed when the triorganoindium i pTor p-An e 84009
. NBn
(10) Barbier, PCompt. Rend1899,128, 110. L p-An o-An 86 (90)
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even sterically encumbered aryllindium reagetis {i). The || A
latter includes a 2,6-dimethylphenyl substrate in 84% yield. 1 pie 3 1 2- vs 1.4-Addition witho B-Unsaturated Iminés

Even primary and secondary alkyl groups undergo reaction 0 ml %
maol 7

in good yields at slightly elevated temperatures. This level 0 0

) ) ) X Cucl M LEt M LEt
of diversity far surpasses that which we previously observed N E o, " Ligand pTol” "N""" p-Tol” "N~
in Stille-type couplings with imines. A variety of imines and Ph/\/KH‘Lp_To[ Aol (//7; CHZCN/THF [ Z " \/ﬁ
acid chlorides can also be employed in this coupling, 45°C,14h Ph NP
including N-aryl andN-alkyl substituents, as well as imines 1l 2
derived from aryl, heteroaryl, and nonenolizable alkyl ligand %1l %21 ratio 1/21

aldehydes. Both alkyl and aryl acid chlorides, as well as a
range of chloroformates, provide thesubstituted amides - 81 1:>20

and N-protected-substituted amines, respectively, in high bipy 41 16 2.5:1
. . ; . dppe 21 25 1:1.2
yield. This chemistry also demonstrates good functional phen 94 19 91
group cor'npatlbll.lty, with even aC.IdIC' substrqtes (e.g., €N0- 3 4 9 10-tetramethylphenanthroline ~ 49 20 9.4:1
lizable acid chlorides, glycine derivatives) being compatible ¢, 61 16 3.8:1
with coupling. Cul® 73 11 7:1
It has been previously demonstrated that tetraorganoindium BuyNBr¢ 31 23 1.3:1
reagents can also behave as cross-coupling partners in aBuNI° 13 32 1:2.5

fashion similar to triorganoindium and provide an atom- 20,13 mmol of imine, 0.16 mmol of acid chloride, 0.042 mmol of
economical method to transfer all four organic groups on triorganoindium, and 0.013 mmol of CuClin 1:1 GEN/THF (6 mL) for
the indium2¢3cThese reagents can also be employed in this 14 " @ 45°C. " Used as catalyst instead of Cu€ll equiv.
reaction with imines (Table 2) and require only one-fourth
of an equivalent of indium for the reaction to proceed in
generally even higher yields than those observed with
triorganoindium compounds.

The use of am,3-unsaturated imine in this coupling leads
to the clean formation of the 1,4-addition pronb(Table _
3). Interestingly, this Michael addition product contrasts with

the previously reported mixture of 1,2- and 1,4-addition

catalyst-based method to influence 1,2-addition (Cul) vs 1,4-
addition (CuCl), by simply modifying the copper salt
employed.

products in reactions with vinylstannanes under identical RsiN.RZ c

conditions!®2 Although the mechanism of this process is still 1R u=cl InClyRés s
under investigation, these data suggest a distinct carbon 1”

carbon bond forming step with organoindium reagents, N,Rz

potentially with an interaction between the indium compound R1J'\ H ?:\ PI_Z = INClisR%.
and copper catalygt (Figure 1) or coordination of the Lewis 5= R ONR 4

acidic indium with an in situ generateédtacyl iminium salt J R1”\H

(3) prior to nucleophilic attack® At present, these possibili- R®” Cl 3

ties cannot be distinguished, although it is notable that the Figyre 1. Proposed mechanism of the copper-catalyzed multi-
addition of ligands to catalysis, which could presumably component coupling.
coordinate to copper and displace any indium association,
leads to the favored formation of the 1,2-addition product
11. This selectivity is similar to that observed with orga-  In conclusion, we have developed a general, copper-
nostannane¥. Importantly, this also provides a useful catalyzed method for coupling organoindium reagents with
: imines and acid chlorides. This provides an efficient method
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