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Abstract

Diverse libraries of biaryl-amides bearing - and _ groups were synthesized in
two steps by the Ritter reaction of aryl-nitriles, using tBuOH and AdaOH as carbocation

precursors, and employing [BMIM(SO;H)][OT{] (neat or with [BMIM][PF¢] as co-solvent) or
tetramethyl guanidinium-ILs [TMG][X] (X = CF;COO, EtOSO;) as dual catalyst/solvent,
followed by a Pd-catalyzed directed regioselective ortho-C-H arylation of the Ritter amides with
Ar-X (X =1, Cl). The feasibility to perform the two-steps in sequence is also demonstrated, and
potential for recycling/reuse of the ILs is also shown. Preference for [Pd] coordination to the

amide carbonyl versus amide nitrogen is borne out by DFT computations.

Keywords: Biarylamides from arylnitriles; Ritter reaction; Pd-catalyzed directed ortho-arylation;

imidazolium and guanidiniumILs

Functionalized biaryls are high value small molecules that serve as building blocks in
medicinal and natural products chemistry as well as in material science.!” There is a vast
literature on transition-metal catalyzed cross-coupling reactions in which Ar-M couples to ArX
to yield biaryls.!Another strategy for the synthesis of biaryls is direct arylation involving
coupling of ArH to ArX.!-?
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Metal-mediated directed C-H arylation enables the biaryl moiety to be assembled in a
regioselective manner by introducing the aryl moiety selectively ortho to a directing substituent
to which the metal pre-coordinates. Among various directing groups that have been employed,
the amide functionality has played an important role.*® Apart from simple primary benzamides
and aryl-acetamides,*> bidentate versions of sec-benzamides in which -CO-N(H)-Ph-NHR or -
CO-N(H)-Ph-pyrazole moieties provide additional metal coordination sites have also been
utilized.®® Reactions were catalyzed by Pd(OAc), with Ag or Mn salts as additive in acetic acid
or toluene as solvent at high temperatures. The PIP (2-pyridylisopropyl) group in -CO-N(H)-PIP
acted as a removable auxiliary for directed ortho-arylation in Ni (II) catalyzed reactions using

triethoxy(aryl)silanes, KF and other additives.’

In continuation of our studies on metal-mediated cross-coupling reactions in ILs!*-!® and
our earlier report on synthesis of amides via the Ritter chemistry in ILs,'” we report here a facile

method for the synthesis of diverse libraries of biaryl-amides from arylnitriles.

Expanding upon our earlier report,'® libraries of arylnitriles were synthesized by the
Ritter reaction, using tBuOH and AdaOH as carbocation precursors, in imidazolium as well as in

tetramethylguanidium (TMG) ILs (Figure 1 and Table 1).
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Figure 1. Synthesis of Ritter amides in ILs

Isolated yields of the amides when using fresh [BMIM(SO;H)][OT{], [TMG][CF;COO],
and [TMG][EtOSO;] were in 92% to 89% range (for R = tBu), and 90% to 84% range (for R =
Ada) respectively. Slightly lower yields were obtained by using
[BMIM(SO;H)][OTf])/[BMIM][PF¢]. The use of this IL mixture was advantageous allowing
lesser quantities of the Bronsted acidic IL to be used. The isolated yields gradually decreased

when recycled/reused ILs were employed in subsequent runs (Table 1). The feasibility to
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employ recycled BMIM-ILs and TMG-ILs was gauged by repeating selected model reactions

from Tables 1 and 2, and the data are shown in graphical format in Figures S1-S3.

With a library of the arylamides at hand, attention was then focused on the ortho-
arylation step. Reactions were carried out in [BMIM(SO;H)][OTT],
[BMIM(SO;H)][OT{]/[BMIM][PFs], [TMG][CF;COOQO], and [TMG][EtOSO;] solvents, with
aryl-iodides and aryl-bromides, and with Pd(OAc), as catalyst and AgOAc as additive, under
mild heating (Figure 2 and Table 2), with isolated yields in 67%-54% range when fresh ILs were

used. Use of recycled/reused ILs resulted in gradual decrease in conversions.
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Figure 2. Synthesis of biarylamides by regioselective ortho-arylation

The next phase of the study focused on developing a sequential version (Figure 3). At the
onset, a comparative study was undertaken to determine relative efficacy of various IL systems
in a model reaction (Table 3), showing neat [BMIM(SO;H)][OT{] to be most effective (run 1).
Adding small volumes of [BMIM][PFs] to [BMIM(SO;H)][OT{] resulted in small yield
reductions (runs 6-7), but use of excess [BMIM][PF¢] resulted in drastic drop in yields (runs 9-
12). Based on this survey, [BMIM(SO;H)][OTf]/[BMIM][PFs] (2:1) was selected for the
sequential reactions, allowing the recovered [BMIM][PF¢] from the Ritter step to be used in the
arylation step. Table 4 summarizes these reactions, with isolated yields based on two steps in the

47% to 39% range.
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Figure 3. Scquential Ritter reaction/ortho arylation in ILs
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To shed light on the relative preference for Pd coordination to carbonyl oxygen versus
amide nitrogen, structures of the corresponding complexes and the intermediates were studied by
density functional theory (DFT) computations using N=£=butyl-benzamide as model (Table 1, run
1). For both pairs, Pd coordination to carbonyl oxygen was favored (Figure 4). This preference
increased when acetic acid was used as solvent by polarized continuum model (PCM)
calculations. These findings are in line with those reported for aryl-acetamides (ref.5). The DFT-

optimized structures are shown in Figure S4.

In summary, the N=f=butyl- and N-adamantyl-arylamides prepared from aryl-nitriles by
the Ritter reaction in imidazolium and guanidinium ILs undergo Pd-catalyzed directed ortho-
arylation to furnish libraries of biaryl-amides in good yields. A sequential version of this
chemistry is feasible albeit in moderate yields. The recycling and reuse of the ILs employed in
this study was also demonstrated. DFT computations using N—htyl-benzamide as model
suggested that the complex formed by Pd coordination to the carbonyl oxygen and the resulting
Pd-insertion intermediate are energetically favored over those arising from amide-nitrogen

coordination.
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Figure 4. Computed relative energiesfor the [Pd] coordination complexes and the resulting

intermediates.

Table 1:Scope of the Imidazolium and Tetramethylguanidium ILs Catalyzed Ritter Reaction®
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aReaction Condition: Nitrile (1 mmol), tert-Alcohol (2 mmol), IL (6-7 mL), Oil bath temperature
(50-70 °C), bIsolated yield of pure product, °Yield employing fresh IL; 4Yield using recycled IL

(2 cycle);

°Yield wusing recycled IL (3" cycle),

mL)/[BMIM][PF4](2-3 mL).
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Table 2: Regioselective Directed Ortho-Arylation of Benzamides#

Benzamide Aryl Halide Product IL Time Yield?
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aReaction Condition: Benzamide (1 mmol), Aryl Halide (1.2 mmol), IL (5-7 mL), - (2
equiv.), Pd(OAc), (5 mol %), Oil bath temperature (80-90 °C),PIsolated yield of pure product,
°Yield employing fresh IL; 9Yield using recycled IL (2" cycle);*Yield using recycled IL(3"¢
cycle).*| BMIM(SO;H)][OTf] (5-6 mL) + [BMIM][PF¢](2-3 mL).

Table 3: Survey of ILs Efficacy for the ortho-arylation step

(o) I o J<
N>< Pd(OAc), N
H + AgOAc \ O H
: C

Entry BrenstedAcidic IL(%) [BMIM][PF4](%) ' '
9 67

[BMIM(SO;H)][OTf] (100) -

[

2 [TMG][CF5€00] (100) - 13 52
3 [TMGI[EOSO3] (100) - 12 55
4 - 100 10 NR
5 - 100 19 NR
6 [BMIM(SO;H)|[OTf] (80) 20 11 60
7 [BMIM(SO;H)|[OT] (60) 40 11 60
8 [BMIM(SO;H)][OTI] (50) 50 11 52
9 [BMIM(SO;H)][OTT] (30) 70 11 39
10 [BMIM(SO;H)][OTI] (20) 80 11 31
11 [BMIM(SO;H)][OTI] (10) 90 11 19
12 [BMIM(SO;H)][OTI] (10) 90 15 19




Table 4: Sequential Ritter Reaction/ortho-Arylation?
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aReaction conditions: Ar-CN (I mmol),ROH (2 mmol),Ar-X (1.2 mmol), Pd(OAc), (5 mol %),
AgOAE (2 equiv.),0il bath temperature (80-90°C), [BMIM(SO;H)][OTf] (5-6 mL),
[BMIM][PF] (2-3 mL), PIsolated yield of pure product by using BMIM-PF¢ recovered from the

15t step.
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Supplemental Information

Experimental procedures, analytical and spectral data for the products, recycling feasibility
graphs, and DFT optimized structures for this article are gathered in the supplemental

information file.
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