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Abstract

In this paper, we introduce arylphosphinic acid aminoquinoline amides as competent substrates for
cobalt-catalyzed sp? C-H bond functionalization. Specifically, the feasibility of their coupling
with alkynes, alkenes, and allyl pivalate has been demonstrated. Reactions are catalyzed by simple
Co(NO3), hydrate in ethanol or mixed dioxane/BuOH solvent in the presence of Mn(OAc)3-2H,0
additive, sodium pivalate, or acetate base and use oxygen from the air as an oxidant. Directing
group removal affords ortho-functionalized A P-diarylphosphinic acids.
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Transition-metal-catalyzed coupling of sp2 C-H bonds with alkenes and alkynes has been
extensively investigated.! In most cases, these transformations are promoted by second-row
transition-metal complexes.? Relatively few papers describe the use of abundant first-row
transition metals in these reactions.3 Among base metals, cobalt catalysis shows perhaps the
highest versatility in coupling of sp2 C-H bonds with alkenes and alkynes and in other C-H
bond functionalization reactions.*-8 An early example showing low-valent cobalt catalysis
was reported by Brookhart.> Yoshikai has disclosed a series of relevant low-valent cobalt-
catalyzed reactions.® Cyclopentadienylcobalt(111) complexes were introduced by Kanai as
effective catalysts in the coupling of sp? C—H bonds with alkynes.” We recently reported
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aminoquinoline- and picolinamide-directed coupling of alkynes, alkenes, and carbon
monoxide with sp2 C—H bonds catalyzed by simple cobalt salts.83C Dimerization of
aminoquinoline benzamides was also described.8d Excellent functional group tolerance was
observed, the reactions employed oxygen as a terminal oxidant, and silver additives were not
required. In these transformations, the aminoquinoline auxiliary is attached to the aryl group
via a carbonyl linkage, which allows the removal of the directing group after the
functionalization step and increases the synthetic versatility of the methodology.? After the
directing group was cleaved, a benzoic acid derivative was obtained.

A successful bidentate, monoanionic auxiliary requires a coordinating group and an acidic
NH group that can bind to transition metals in a bidentate fashion to form a five-membered-
ring chelate (Figure 1).% This requirement is met in aminoquinoline amides (1). It is
conceivable that the amide functionality in these complexes could be replaced with a
phosphinic amide group (2). A related 2-pyridylsulfonyl group is efficient in directing the
functionalization of amino acid sp® C—H bonds.10 Since phosphorus-containing compounds
are important as pesticides, as organocatalysts, and in materials chemistry,1! we decided to
investigate C—H bond functionalization of phosphinamides possessing an aminoquinoline
directing group. Relatively few examples of phosphorus-containing directing groups in
catalytic sp2 C—H bond functionalization have been disclosed, and nearly all of these employ
second-row transition metals.12 A rare example of cobalt-catalyzed intramolecular C-H
amination with phosphoryl azide has been reported.13

We show here that aminoquinoline-containing phosphinic amides are competent substrates
in C-H bond functionalization. Cobalt-catalyzed, aminoquinoline-directed couplings of sp?
C-H bonds with alkynes and ethylene as well as vinyl and allyl pivalates have been reported.

Gratifyingly, minor modification of the conditions that were successful for our previous
cobalt-catalyzed reactions® worked for phosphinic amide functionalization. Reaction
optimization with respect to the ligand and control experiments are presented in Table 1. The
use of Co(acac), catalyst, Mn(OAc)3-2H,0 cocatalyst, and Na pivalate (NaOPiv) base in
ethanol at 80 °C gave a respectable 69% yield of 4 (entry 1). If Co(NO3),-6H,0 was used
instead of Co(acac),, a 30% yield of product was obtained (entry 2). Addition of
dipivaloylmethane ligand to Co(NO3),-6H,0 increased the yield to 99% (entry 3). If Co
catalyst was omitted, 4 was not formed (entry 4). Omission of Mn(OAc)3-2H,0 reduced the
yield to 49% (entry 5). If the reaction was run in degassed solvent under argon, less than 5%
of 4 was formed (entry 6). Diketones other than dipivaloylmethane afforded lower yields
(entries 7 and 8). Addition of a catalytic amount of Mn(OAc)3 also lowered the conversion
(entry 9). Similarly, use of Co(acac), with added acetylacetone afforded a lower yield (entry
10).

The reaction scope with respect to alkyne coupling partner is presented in Table 2. Nearly all
products exist as atropisomer mixtures that likely equilibrate by rotation about the A-
quinoline bond. Coalescence of their 1H NMR signals is observed above 85 °C. The
coupling reaction is successful for simple, dialkyl-substituted alkynes such as 2-butyne and
3-hexyne, affording products in good yields (entries 1 and 2). Scaling the reaction up from
0.5 to 3 mmol affords the product in nearly the same yield (entry 1). Diphenylacetylene
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gives the coupling product in 78% yield (entry 3). An ester functionality is tolerated (entry
4). Arylacetylenes are competent coupling partners (entries 5-8). Steric hindrance in the
case of mesitylacetylene lowers the yield of the product to 24% (entry 8). The thiophene
functionality is compatible with the reaction conditions (entry 9). Aliphatic terminal alkynes
afford products in good yields (entries 10-12). 1-Phenyl-1-propyne gives the coupling
product in 72% yield (entry 13). Terminal alkynes and 1-phenyl-1-propyne form
regioisomeric mixtures. However, selectivities are reasonably good, ranging from about 9:1
for aryl alkynes (entries 5-7) to >20:1 for 1-hexyne and cyclopentylacetylene (entries 10 and
12).

Substituted diarylphosphinamides are also reactive (Scheme 1). Thus, 2-methyl- and 4-
methoxyphenyl derivatives 5 and 7 were reacted with 2-butyne under standard conditions to
afford products 6 and 8 in 56 and 75% yields, respectively. Ethoxy-substituted 9 gave 10 in
41% vyield.

Reactions with alkenes were also investigated (Scheme 2). Thus, substrate 3 was allylated
with allyl pivalate, affording noncyclic 11 in 55% yield. Vinyl pivalate reacted with 3, giving
the product of pivalate elimination 12. These transformations do not require oxidant;
however, omission of Mn(OAc), gave products in lower yields. Finally, ethylene was
coupled with 3, affording 13 in 51% yield. Reactions with monosubstituted alkenes were not
pursued due to the formation of complicated diastereomer mixtures.

The directing group can be cleaved under basic conditions, giving ortho-functionalized
phosphinic acids (eq 1). The p-fluorophenyl derivative 14 was treated with NaOH in ethanol
to afford 15 in 58% vyield.

2 M NaOH/EtOH

80°C,2h
F 58%

0]

In conclusion, a method for cobalt-catalyzed, aminoquinoline-directed functionalization of
phosphinic acid amide sp2 C—H bonds has been developed. Specifically, the feasibility of
their coupling with alkynes, alkenes, and allyl pivalate has been demonstrated. Reactions
proceed in ethanol or mixed dioxane/BuOH solvent in the presence of Mn(OAc)3 additive,
sodium pivalate, or acetate base and use oxygen from air as an oxidant. Good to excellent
regioselectivities are observed for unsymmetrical and terminal alkynes. Directing group
removal gives ortho-functionalized arylphosphinic acids.
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Figurel.

Aminoquinoline directing group.
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Co(NO3),*6H,0 (20 mol %)
Me NaOPiv (2 equiv)

Q/ 0 Mn(OAc)3*2H,0 (1 equiv) Me Ar ,,O
P\N/Q Dipivaloylmethane (50 mol %) P\
@ N CH5CH,OH, 80 °C, 16 h
Me Me——

Q
\//

0O P\

p\ _Q conditions as above

j: "

MeO 7 8, 75%

EtO,
\p/< _Q  conditions as above P\
o5 P
9

10, 41% e

Scheme 1.
Substituted Phosphinamides
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Co(NO3),*6H,0 (20 mol %)

Ph. O NaOPiv (2 equiv) Ph\P//O a
P<N/Q Mn(OAc), (1 equiv) N7
> H
©/ H Dipivaloylmethane (50 mol %) 11 55%
3 CH3CH,0H, 80 °C, 5 h U
allyl pivalate X

Co(NO3),*8H,0 (20 mol %)

3 NaOAc (2 equiv)
+ Mn(OAc), (1 equiv) Phag” q
Z>0Piv Dipivaloylmethane (50 mol %) N7
1,4-Dioxane/tBuOH 10/1 _
80 °C, 24 h
12, 60%
Co(NO3),*6H,0 (20 mol %)
NaOAc (2 equiv) Ph. O
3 Mn(OAc)3*2H,0 (1 equiv) P\N/Q
+ >
_ Dipivaloylmethane (50 mol %)
CHz=CH; 1,4-Dioxane/tBuOH 10/1
80 °C, 22 h 13, 51%

Scheme 2.
Reaction with Alkenes
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Optimization of Reaction Conditions and Control Experiments?

Table 1

| N catalyst (20 mol %) o
N NaOPiv (2 equiv) Ph\P// Q
Ph_ //O Mn(OAc)3*2H,0 (1 equiv) N7
PN CHaCHZOH, 80 °C e
H ——Me
35h . Me
entry catalyst cooxidant yield of 4, %
1 Co(acac), Mn(OACc)3-2H,0 69
2 Co(NO3),-6H,0 Mn(OAc)3-2H,0 30
30 Co(NO3),-6H,0 Mn(OAc)3-2H,0 >99
40 none Mn(OACc)3-2H,0 0
5b Co(NOg3),:6H,0 none 49
gbc Co(NO3),-6H,0 Mn(OAc)3-2H,0 <5
7d Co(NO3),-6H,0 Mn(OAc)3-2H,0 74
G Co(NO3),-6H,0 Mn(OAc)3-2H,0 53
obf Co(NO3),-6H,0 Mn(OAc)3-2H,0 82
109 Co(acac), Mn(OAc)3-2H,0 76

Page 9

aConditions unless specified otherwise: amide (0.1 mmol), alkyne (0.12 mmol), catalyst (0.02 mmol), Na pivalate (0.2 mmol), CH3CH20H (1

mL), air. Yields were determined by NMR of reaction mixtures, with triphenylmethane internal standard.

bDipivanyImethane (50 mol %) added.
cDegassed ethanol, under an Ar atmosphere.
dPhCOCHzCOtBu (50 mol %) added.
PhCOCH2COPh (50 mol %) added.

an(OAc)3-2H20 (50 mol %).

gAcetyIacetone (10 mol %) added. Q = 8-quinolinyl.
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Table 2
Reaction Scope with Respect to Alkynes?
Co(NO3),*6H20 (20 mol %)
NaOPiv (2 equiv)
Ph_ 0O Mn(OAc)3*2H,0 (1 equiv) Ph\F;/ Q
4 Na 7
PS\-@  Dipivaloyimethane (50 mol %) N
H CH3CH,0H, 80 °C, 16 h = R
3 R——R, R
entry alkyne product yield, %
1 2-butyne ph. P 78
P 79%
7~ Me
Me
2 3-hexyne 0 87
Y Phel a
N
©;/Aa
Et
3 diphenylacetylene Fe 78
Ppl a
N
Ph
4 butyne-1,4-dioldipivalate Ph. 0 61

-~ /O
P N
7 CH,0PiV

CH,OPiv

5¢ phenylacetylene Ph‘F;p

Q

6¢ 4-F-phenylacetylene

7¢ 3-Cl-phenylacetylene

gd mesitylacetylene
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Co(NO3),*6H,0 (20 mol %)

NaOPiv (2 equiv) o
Ph_ O Mn(OAc)3*2H,0 (1 equiv) Ph\F;/ Q
v a7
PS\-@  Dipivaloyimethane (50 mol %) N
H CH3CH,0H, 80 °C, 16 h = Ry
3 R——Rq R
entry alkyne product yield, %
- i (o]
g€ 3-ethynylthiophene ph\ﬁ: Qa 80
N
%S
- O
10f  l-hexyne Phs” g 74
)
nCaHg
119 prop-2-ynylpivalate Ph.. 0 Q 65
Z CH,0Piv
12f cyclopentylacetylene Ph. 2 76
\P—\N/Q
=
131 1-phenyl-1-propyne ph. P2 72

PL Q

Ph

E\ 2

Me

aConditions: phosphinic amide (0.5 mmol), alkyne (0.6 mmol), Co(NO3)2:6H20 (0.1 mmol), Na pivalate (1 mmol), Mn(OAc)3-2H20 (0.5 mmol),
dipivaloylmethane (0.25 mmol), ethanol (5 mL), air. Yields are isolated yields. Please see the Supporting Information for details.

bScaIe: 3 mmol, 24 h.
C, . .
Isolated as a 9:1 regioisomer mixture.
d . .
Isolated as a 14:1 regioisomer mixture, 1 mmol scale.
e . .
Isolated as a 10:1 regioisomer mixture.
.. .
Regioisomer ratio: >20:1.
g,

Isolated as a 14:1 regioisomer mixture.

h . .
Isolated as a 20:1 regioisomer mixture.

Piv = pivalate.
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