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Palladium-catalysed addition of potassium phenyltrifluoroborate to
dinitriles: synthesis of diketone compounds
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Pd(OAc),/1,10-phenanthroline-catalysed addition of potassium phenyltrifluoroborate to aliphatic dinitriles in 2-MeTHF
has been developed, achieving diphenyl diones in moderate to excellent yields. The scope of the developed approach
was successfully explored toward the addition of potassium phenyltrifluoroborate to aromatic dinitriles. Addition-
ally, a plausible pathway for the formation of the diones has been proposed.
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It is well-known that transformations of nitriles play an impor-
tant role in both the laboratory and industry due to their well-
recognised chemical versatility.! However, the nitrile group is
generally inert in organometallic reactions and thus acetoni-
trile or benzonitrile usually participate as solvents or ligands?
in many metal-catalysed reactions. The insertion into nitrile
groups by Grignard reagents® and organolithium reagents* is a
powerful tool for the construction of arylketones and heterocy-
clic compounds, but the rigorous conditions of these reactions
have restricted their applications and the variety of substrates.
Compared to the reactions using Grignard reagents and organ-
olithium reagents, organoboron reagents are highly regarded
due to their advantages of stability to air and moisture as well
as good functional group tolerance.>” Although transition
metal-catalysed addition reactions of organoboronic acids and
aromatic nitriles or activated nitriles had been well-studied,® ">
palladium-catalysed coupling of organoboron reagents with
aliphatic dinitriles has not been reported thus far, which
may be ascribed to the fact that aliphatic nitriles tend to be
deprotonated in the presence of palladium catalysts leading
to a-arylation products.'®” Thus, the addition reaction of
aliphatic dinitriles is generally more challenging than that of
aromatic nitriles.

As part of the continuing efforts in our laboratory towards
the development of novel transition-metal-catalysed addition
or coupling reactions with organoboron reagents,'s we
report here a new method for the synthesis of diketones (or
benzophenones) by palladium-catalysed addition reaction
of organoboron reagents with aliphatic dinitriles (or aromatic
dinitriles).

We began our study by examining the reaction between
malononitrile (1a) and potassium phenyltrifluoroborate (2) to
obtain the optimal reaction conditions including catalysts,
ligands and solvents (Table 1). Initially, several palladium
sources, including PdCl,, PdCl,(PPh;),, Pd(PPh,),, Pd(acac),
Pd(TFA),, and Pd(OAc), were investigated (Table 1, entries
1-6). Screening revealed that Pd(OAc), exhibited the highest
catalytic reactivity, affording the desired product 1,3-diphenyl-
propane-1,3-dione (3a) in 67% yield (Table 1, entry 6). The
choice of ligand was also vital to the success of the catalytic
reaction (Table 1, entries 6—9). We found that the use of 1,10-
phenanthroline (I.4) as ligand achieved the best result (Table 1,
entry 9). Subsequently, the effect of solvents was examined
(Table 1, entries 9-15). The results showed that various
solvents, including 1,4-dioxane, toluene, xylene, EtOH, and
DMEF, were less effective than THF and 2-methyl-tetrahydro-
furan (2-MeTHF). We were delighted to find that the yield
could be improved to 84% when the combination of Pd(OAc),
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and L4 was employed in 2-MeTHF under an N, atmosphere
(Table 1, entry 15). It is worth noting that the expected
product 3a could not be detected in the absence of palladium
catalysts.

Having the optimised reaction conditions in hand, we next
investigated the scope and generality of the addition reaction
using various dinitriles and potassium phenyltrifluoroborate
(Table 2).

As shown in Table 2, palladium-catalysed addition of other
aliphatic dinitriles, such as glutaronitrile (1b), succinonitrile
(1c) and adiponitrile (1d) to potassium phenyltrifluoroborate
(2) was examined (Table 2, entries 2—4). The transformations
of substrates 1c¢ and 1d with potassium phenyltrifluoroborate
also proceeded successfully to provide the corresponding
products 1,5-diphenylpentane-1,5-dione (3c) and 1,6-diphe-
nylhexane-1,6-dione (3d) in 91% and 89% yields respectively
(Table 2, entries 3 and 4). However, 1,4-diphenylbutane-1,4-
dione (3b) was produced in moderate yield accompanied by
a small amount of N-phenylpyrrole when glutaronitrile (1b)
was treated with potassium phenyltrifluoroborate (Table 2,
entry 2). Next, the scope of the developed approach was

Table 1 Optimisation of reaction conditions?

Pd source o 0
NC._CN + KPhBF; —M8M ™
~ Ligand, solvent ph)J\/U\ph

1a 2 3a
) S A Y B Ye
<—_I\>_(N_—> =N }\l / =N N / =N N=
L1 L2 L3 L4

Entry  Pd source Ligand Solvent Yields/%®
1 Pd(PPh,), L1 1,4-Dioxane Trace
2 PdCl,(PPh,), L1 1,4-Dioxane Trace
3 Pd(acac), L1 1,4-Dioxane 43
4 PdCl, L1 1,4-Dioxane Trace
5 Pd(TFA), L1 1,4-Dioxane 65
6 Pd(OAc), L1 1,4-Dioxane 67
7 Pd(OAc), L2 1,4-Dioxane 57
8 Pd(OAc), L3 1,4-Dioxane 56
9 Pd(OAc), L4 1,4-Dioxane 72

10 Pd(OAc), L4 Toluene 12

11 Pd(OAc), L4 Xylene 18

12 Pd(OAc), L4 EtOH 43

13 Pd(OAc), L4 THF 82

14 Pd(OAc), L4 DMF 21

15 Pd(OAc), L4 2-MeTHF 84

16 none L4 2-MeTHF 0

2Reaction conditions: 1a (0.2 mmol), 2a (0.8 mmol), Pd source
(10 mol %), ligand (20 mol %), solvent (2 mL), TFA/H,0
(0.4 mL/0.4 mL), 80 °C, 48 h, N,. "Isolated yield.



Table 2 Palladium-catalysed synthesis of diketones?
Pd(OAc),/L4, TFA-H,O

dinitriles + KPhBF; o diketones
1 2 2-MeTHF, 80 °C, 48 h, N, 3
NCWnCN NC nyq
NC CN CN
n=1(1a) ny n o
n=2(1b) 2
n=3(1c) ng=ny= 1 (1e) ny =0;n2= 1 (1f)
n=4(1d) ny=ny=0(1h) ni=ny=1(19)
Entry Dinitrile (1) Product (3) Yield/%P
1 1a 3a 84
2 1b 3b 57
3 1c 3c 91
4 1d 3d 89
5 1e 3e 91
6 1f 3f 93
7 19 3g 95
8 1h 3h 93

2Reaction conditions: 1 (0.2 mmol), 2 (0.8 mmol), Pd(OAc),
(10 mol %), L4 (20 mol %), 2-MeTHF (2 mL), TFA/H,0 (0.4 mL/
0.4mL), 80 °C, 48 h, N,.

b|solated yield.

explored toward the addition of potassium phenyltrifluorobo-
rate to aromatic dinitriles. For example, 2,2'-(1,3-phenylene)-
diacetonitrile  (le),  4-(cyanomethyl)benzonitrile  (1f),
terephthalonitrile (1g) and isophthalonitrile (1h) bearing two
nitrile groups on different positions of the phenyl ring afforded
the corresponding products 3e—h in 91%, 93%, 95% and 90%
yield, respectively (Table 2, entries 5-8).

A tentative pathway for the formation of diketones is pro-
posed in Scheme 2. The first step may involve the transmetal-
lation of Pd(II) with organoboron reagent 2 to afford an
organopalladium intermediate A, which gives the intermediate
B by the coordination of aliphatic dinitrile 1. Next, carbopal-
ladation of the aliphatic dinitrile 1 forms the corresponding
imine—Pd(I) complex C. Finally, protonation of the imine—
Pd(IT) complex C by TFA affords the diketimine intermediate
D and regenerates the Pd(II) catalyst. Hydrolysis of the diketi-
mine intermediate D delivers the corresponding diketones 3 as
the products.

KArBF3 Pd(Il)

2

ArPd(ll)
A
NC._CN
1 Af'Pd  Pd"Ar
N N
11 11
c._¢C
B
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Conclusion

In summary, we have developed a palladium-catalysed addi-
tion of organoboron reagent with aliphatic dinitriles, achieving
diketone compounds in moderate to good yields. Moreover,
this process also tolerated several aromatic dinitriles to con-
struct benzophenone derivatives in excellent yields. Further
efforts to expand the scope of the chemistry are currently
underway in our laboratory.

Experimental

Chemicals were either purchased or purified by standard techniques
without special instructions. 'H NMR and C NMR spectra were
measured on a 500 MHz Bruker spectrometer (‘H 500 MHz and *C
125 MHz), using CDCIl; or DMSO-dj as the solvent with tetramethyl-
silane (TMS) as the internal standard at room temperature. Chemical
shifts are given in d relative to TMS, the coupling constants J are given
in Hz. Column chromatography was performed using EM silica gel
60 (300-400 mesh). All compounds are known. For analytical spectra
("H and "*C NMR) of all compounds see E;lectronic Supplementary
Information (ESI).

Synthesis of diketone compounds; general procedure
Under N, atmosphere, dinitrile 1 (0.2 mmol), potassium phenyltrifluo-
roborate 2 (147 mg, 0.8 mmol), Pd(OAc), (4.49 mg, 10 mol %), L4
(7.2 mg, 20 mol %), TFA/H,0 (0.4 mL/0.4mL), and 2-MeTHF (2 mL)
were successively added into a Schlenk reaction tube. The reaction
mixture was stirred vigorously at 80 °C for 48 h. After the completion
of the reaction, the mixture was poured into ethyl acetate, which
was washed with saturated NaHCO; (2 x 10 mL) and then brine
(1 x 10 mL). After the aqueous layer was extracted with ethyl acetate,
the combined organic layers were dried over anhydrous Na,SO, and
evaporated under reduced pressure. The residue was purified by flash
column chromatography (hexane/ethyl acetate) to afford the desired
products 3. The physical and spectroscopic data of compounds 3a—h
follow.

1,3-Diphenylpropane-1,3-dione (3a): Yellowish powder, m.p.
78-79 °C (lit." 77-78 °C). 'H NMR (CDCl;, 500 MHz) & 7.99 (d,
J=17.1Hz,4H), 7.55 (t,J =7.4 Hz, 2H), 7.48 (t, J = 7.4 Hz, 4H), 6.86
(s, 2H); *C NMR (CDCl;, 125 MHz) ¢ 185.8, 135.6, 132.5, 128.7,
127.2,93.2.

1,4-Diphenylbutane-1,4-dione (3b): White powder, m.p. 142—
143 °C (lit.*® 145-146 °C). '"H NMR (CDCl,, 500 MHz ) § 8.02 (d,
J=8.6Hz,4H), 7.58 (t, /= 7.4 Hz, 2H), 7.47 (t, J = 7.7 Hz, 4H), 3.46
(s, 4H); “C NMR (CDCl;, 125 MHz) $ 185.8, 135.6, 132.5, 128.7,
127.2,93.2.

1,5-Diphenylpentane-1,5-dione (3c): Yellowish powder, m.p.
65-66 °C (lit.*' 65-66 °C). 'H NMR (CDCl;, 500 MHz) & 7.98 (d,
J=73Hz,4H), 7.55 (t, J=7.4 Hz, 2H), 7.45 (t, J = 7.5 Hz, 4H), 3.12

NHNH po § @
2
AI'MAI’ AI‘MAr
D 3
Pd"
o
Ar/k)\Ar
c
Pd(Il)

Scheme 1 A tentative pathway for the formation of diketones.
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(t, J = 7.0 Hz, 4H), 2.23-2.17 (m, 2H); *C NMR (CDCl,, 125 MHz)
6199.9, 136.9, 133.1, 128.6, 128.1, 37.6, 18.8.

1,6-Diphenylhexane-1,6-dione (3d): Yellowish powder, m.p.
116117 °C (lit.> 122—123 °C). '"H NMR (CDCl;, 500 MHz) & 7.96
(d, J=8.3 Hz, 4H), 7.55 (t, J = 7.4 Hz, 2H), 7.46 (t, J = 7.7 Hz, 4H),
3.04 (t, J = 7.0 Hz, 4H), 1.87—-1.83 (m, 4H); '*C NMR (CDCl,, 125
MHz) § 200.0, 137.0, 133.0, 128.6, 128.0, 38.4, 23.9.

2,2'-(1,3-Phenylene)bis(1-phenylethanone) (3e): Yellowish powder,
m.p. 84-85 °C (lit.”® no report). 'H NMR (CDCl;, 500 MHz) & 8.99
(d, J=7.2Hz,4H), 7.55 (t, J = 7.4 Hz, 2H), 7.44 (t, J = 7.7 Hz, 4H),
7.28 (t, J = 7.6 Hz, 1H), 7.19-7.15 (m, 3H), 4.26 (s, 4H); *C NMR
(CDCl,, 125 MHz) & 197.6, 136.6, 135.0, 133.2, 130.7, 129.0, 128.7,
128.6, 128.1, 45.4.

2-(4-Benzoylphenyl)-1-phenylethanone (3f): Yellowish powder,
m.p. 122-123 °C (lit.** 126 °C). '"H NMR (CDCl,, 500 MHz) § 8.03
(d,J=17.6 Hz, 2H), 7.80-7.78 (m, 4H), 7.60-7.56 (m, 2H), 7.50-7.45
(m, 4H), 7.39 (d, J = 8.1 Hz, 2H), 4.38 (s, 2H); '*C NMR (CDCl;, 125
MHz) 6 196.8, 196.3, 139.4, 137.7, 136.4, 133.5, 132.4, 130.5, 130.0,
129.6, 128.8, 128.6, 128.3, 45.3.

1,4-Phenylenebis(phenylmethanone) (3g): Yellowish powder, m.p.
156—-158 °C (lit.” 160-161 °C). '"H NMR (CDCl,, 500 MHz) & 7.89
(s, 4H), 7.85 (d, J = 7.2 Hz, 4H), 7.62 (t, J = 7.4 Hz, 2H), 7.52 (t,
J =17.7 Hz, 4H); *C NMR (CDCl;, 125 MHz) § 196.0, 140.7, 137.0,
133.0, 130.2, 129.8, 128.5.

1,3-Phenylenebis(phenylmethanone) (3h): Yellowish powder, m.p.
98-99 °C (1it.>> 100 °C). 'H NMR (CDCl,, 500 MHz) & 8.19 (s, 1H),
8.03 (d, J=7.7Hz, 2H), 7.82 (d, J = 8.4 Hz, 4H), 7.65-7.59 (m, 3H),
7.50 (t, J = 7.7 Hz, 4H); *C NMR (CDCl;, 125 MHz) § 195.8, 137.9,
137.1,133.5, 132.9, 131.2, 130.1, 128.6, 128.5.

Electronic Supplementary Information

NMR spectra of the products have been deposited in the ESI
available through stl.publisher.ingentaconnect.com/content/
stl/jer/supp-data.
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