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amides
1. Introduction e
R
Amides are extremely important compounds with extensi

applications in both the industrial and academimmminities: 1 Ho e
As a class of important amidds;arylcarboxamides are present [Pd)/PivOH/BF3-Et,0 1K = \”’
in many pharmaceuticals. In 2009, more than 1theftop 200 * high yields = o)
pharmaceutical products by worldwide sales wehe R O broad substrate scope
arylcarboxamide$.For example, formoterol is a long-actifig _N—< 8
agonist used in the treatment of asthma and chmistructive rRY R
pulmonary diseaseParacetamol is a widely used non-narcotic 2

analgesic and antipyretic drightorvastatin is a cholesterol and

triglyceride regulator marketed for the treatmehtgslipidemia H O H H
and the prevention of cardiovascular dis€asédocaine is a N NTH N\[rme
common local anesthetic and class-1b antiarrhythihiag m 0 o)
(Scheme 15. MeO HO

As an efficient method for the construction of armside

transamidation reaction has attracted much attentiSome formoterol paracetamol
novel protocols involving the use of boric aBidenzoic acid,L- F
proline® hydroxylamine hydrochlorid€, hypervalent iodiné?
cerium oxide'® copper acetat¥,other Lewis acid$’ and even in O
the absence of a catalySthave been developed. Although the O COzH
transamidation reactions proceed well, substratpese® limited — ‘/\/J\ Me
to active primary amides and aliphatic amines. H <N SH OH NY\NAME

Although several synthetic protocols have been tedofor ©’ o l\
the synthesis o-arylcarboxamides, the reactions suffered from 0 me” - Me Me Me
disadvantages of using hazardous and toxic readfefitss led

atorvastatin lidocaine

Scheme 1Transamidation of DMF with anilines, and seledtagortant
pharmaceuticals derived froNrarylcarboxamide.

* Corresponding author. E-mail address: xunxiang_guo@sijtu.edu.cn  (X.-
X. Guo).
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us to focus on the development of a new protocol tfar
preparation of N-arylcarboxamides. In order to effectively
prepare N-arylcarboxamides, the direct transamidation of
dimethylformamide (DMF) with anilines should be ofesjal
importance because DMF is inexpensive,
available, low toxic, and easily separated from teaction
mixture. However, due to the low reaction activity DMF,
successful examples concerning the transamidafi@Mi- have
only been reported by using active benzylamines tlaes
nucleophile$:’*'**® The direct transamidation of DMF with
anilines, which are weakly nucleophilic agents, as tfar been
unsuccessful. The reported transamidations gaveyjelds > **°
or suffered the harsh reaction conditibfis® °(>150°C, and
use of cerium oxide or hydrous zirconium oxide @trang acid
as a mediator). Furthermore, DMF was used as ngteordagent
but also a solvent in almost all the reactions, Whiesulted in
low atom economy of the reactiofisBecause of the low cost
and easily availability of the starting materidlse development
of a convenient and efficient protocol for the samidation of
DMF with anilines is highly desired.

Herein, we report an efficient synthesis oN-
arylcarboxamides via the transamidation of DMF drires
with anilines. Under the optimized catalytic systethe
transformation of DMF and its derivatives with andiin was
realized giving the desired products in good toeizat yields.
This protocol also has a broad substrate scope(eil).

2. Results and discussion

Initially, we selected aniline and DMF as the modalting
materials to test the reaction. The reaction ofirmi(la) and
DMF (2a) in the presence of 5 mol% of Pd(OAadyith 2
equivalents of PivOH in toluene at 120 for 24 hours gave the
desired producBaain 21% yield (Table 1, entry 1). The addition
of 5 mol% of PPk 1,10-phenanthroline (phen), or 2,2'-
bipyridine (bpy) as a ligand to the reaction immd\he yield of
3aa (Tablel, entries 2-4). Bpy proved to be the bégind,
giving 3aa in 59% vyield (Table 1, entry 4). In order to fueth
increase the yield oBaa several Lewis acids were examined.
Although both ZnGl and Zn(OTf) afforded lower yields oBaa
(Table 1, entries 5-6), the addition of 1.5 equewés of B ELO
greatly improved the yield aato 90% (Table 1, entry 7). We

used BE- ELO to examine other reaction conditions. The addition

of benzoic acid and TFAfforded3aa in lower yields, however

commercially

Tetrahedron

Table 1.

Optimization of the reaction conditidfls

©/ NHz . ME\N _{0 Pd(?Ac)zfligand @/ \n/H
Me/ H :Siddltlve (o]
1a 2a toluene, temp., 24 h 3aa

Entry Ligand Additive Acid Yield®™ (%)
1 - - PivOH 21

2 PPh - PivOH 41

3 Phen - PivOH 50

4 bpy -- PivOH 59

5 bpy ZnCl, PivOH 53

6 bpy Zn(OTf), PivOH 28

7 bpy BFs E£O PivOH 90

8 bpy BF: E£O PhCQH 69

9 bpy BF: E£O TFA 34

10¢ bpy BF: E&O PivOH 45

114 bpy BF: E&O PivOH 71

12¢ bpy BF: EtO PivOH 74

131 bpy BF: EtO PivOH 73

149 bpy BF: EtO PivOH 77

15" bpy BF: EtO PivOH 69

16" bpy BF: EtO PivOH 42

17 bpy BF: EtO PivOH 61

18X bpy BF: EtO PivOH 64

19" bpy BF: EtO PivOH 83

20™ bpy BFs-Et,O PivOH 93

21 bpy BF: E&O PivOH 83

PivOH proved to be the best acid in this reactiorbl@d, entries
7-9). We carried out the reaction in different solts and found
that toluene gave the highest yield3afa (Table 1, entries 10-12
vs entry 7). Additionally, we altered the amount of iigtd, acid,
and DMF, and found that this had no significant iotpan the
yields of3aa(Table 1, entries 13-16). The reaction proceeded i
air although the yield adaawas somewhat lower (Table 1, entry
17). We also investigated the effect of reactiangerature, and
found that the best yield was obtained when the imaatas
carried out at 126C (Table 1, entries 18-18s entry 7). To our
delight, the reaction provide2hain 93% vyield when the catalyst
loading was decreased to 3 mol% (Table 1, entry l20yvever,

[a] Unless otherwise noted, the reactions wereopméd in a sealed tube
with 1a (0.2 mmol), DMF (2.0 mmol), Pd(OAc€)0.01 mmol), ligand (0.01
mmol), additive (0.3 mmol), and acid (0.4 mmol)siolvent (2.0 mL) at 120
°C for 24 h under ©(1 atm).

[b] Isolated yields.

[c] 1,4-Dioxane.

[e]'amyl alcohol.

[f] Additive (0.2 mmol).
[9] Acid (0.2 mmol).
[h] DMF (1.0 mmol).

[i] DMF (0.4 mmol).

[i] In air.

[k] 110°C.

the yield of3aa descreased to 83% when 1 mol% of catalysfl] 130°C.

loading was used in the reaction (Table 1, entry 21)

With the optimal reaction conditions in hand (Takleentry
20), we investigated the aniline scope, the resfltashich are
summarized in Table 2. It was found the reactiord@t@mns were
suitable for a variety of substituted anilines, \pding the
corresponding transamidation products in good tcekant
yields (Table 23aa-ra). For example, the reaction of aniline and

[m] Pd(OAc) (0.006 mmol), bpy (0.006 mmol).
[n] Pd(OACc) (0.002 mmol), bpy (0.002 mmol).

DMF in the presence of 3 mol% of Pd(OA&nd bpy, with 1.5
equivalents of BEFELO and 2 equivalents of PivOH in toluene at
120°C for 24 hours, afforded produdaain 93% vyield. A wide
range of functional groups are tolerated in thes@mé reaction,
including halogens 3ka-na), ethers 3eaia), ester oa), and



nitrile (3pa). Anilines bearing electron-donating and electron-Table 3.

withdrawing substituents are also tolerated. Genesalyaking, Pd-catalyzed transamidation of DMF derivatives vaitfiline®
PA(OAC), (3 mol%) H

anilines bearing electron-donating substituentedagher yields NH, R O N_ _RS
. . . . \ bpy (3 mol%)
than their electron-withdrawing substituted countdsp@able 2, ©/ + ’N—‘q - ©/ T
3baja vs 3la-pa). Treatment of di-substituted anilines with DMF RT ~ R® PIVOH (2equiv) 0
afforded the corresponding transamidation prodtintsgood 1a 5 BF3 Et,0 (1.5 equiv) 3
K . . - . toluene, 120 °C, 24 h
yields (Table 2,3ia and 3ja). Furthermore, transamidation o
reactions with naphthyl substituted amines and DMBo al ‘ —
proceeded smoothly giving the produ@sa and 3ra in good Entry Amides Products Yield™ (%)
yields. 1 Me, © Ho 03
Table 2. /N_< T
Transamidation of DMF with anilinBs” Me H o
Pd(OAc); (3 mol%) H 2a
, x NH> Me\ _{O bpy (3 mol%) . SN N\H/H 3aa
R P * Me/N ., PIVOH (2 equiv) T o 21 Et o 3aa 57
BF3-Et,0 (1.5 equiv) \N_<
1 2a toluene, 120 °C, 24 h 3 e H
Oz
2b
H H o]
e e YT O )
©, 0 /©/ o . /©/ o] H
Me Pr 2c
3aa, 93% 3ba, 93% 3ca, 94%
4 /SN P 3aa 80
H H H
N_ _H N _H N._ _H C N‘(
JORINORENNOR =
"Bu ° EtO MeO © 2d
3da, 89% 3ea, 95% 3fa, 93% 5 3 80
a a g Me\N_<Q aa
H OMe MeO N _H TR Y
MeO. N _H N _H hg
b T o 2e
o} o} c °
OMe 6 t 3 o1
3ga, 95% 3ha, 80% 3ia, 86% :N—q o
H
Me N. _H
H H 2f
il NeH  F N _H
H
S 65 S & & SHRIE TR
Me F N \ﬂ/
! o}
3ja, 88% 3ka, 95% 3|a. 68% H Me
H H 2g 3ag
e e g
g 3 55
oY oY O " o
Br cl MeO,C N
3ma, 74% 3na, 69% 30a, 52%l°l Me Me
2h
don Ui, i
9 H 81
\“/ \ﬂ/ Me (o] N
oY oY o < oY
Ne me’ cl o
3pa, 44% 3qa, 63% 3ra, 58% i
2i 3ai
[a] Unless otherwise noted, the reactions wereopexéd in a sealed tube [a] Reaction conditions: unless otherwise noteel réactions were performed
with 1 (0.2 mmol), DMF (2.0 mmol), Pd(OAc}0.006 mmol), bpy (0.006 in a sealed tube witha (0.2 mmol),2 (2.0 mmol), Pd(OAg)(0.006 mmol),
mmol), B E£O (0.3 mmol), and PivOH (0.4 mmol) in toluene (D) at bpy (0.006 mmol), BEEO (0.3 mmol), and PivOH (0.4 mmol) in toluene
120°C for 24 h under X1 atm ). (2.0 mL) at 120C for 24 h under €1 atm).
[b] Isolated yields. [b] Isolated yields.
[c] 130°C. [c] Pd(OAC) (0.01 mmol), bpy (0.01 mmol).
DMF substrate scope was also examined. As shown ire Tabld] 130°C.
3, several DMF derivatives can be employed to teigction
giving the corresponding products in moderate todggields Pd(OAC); (3 mol%) H
(Table 3, entries 1-9). To our delight, DMF derivat bearing NH; Me, O bpy (3 mol%) N\H/H
formyl groups and ketone groups were suitable ferrésmction ©/ + /N—< PIVOH (2 equiv) - o
conditions. For example, amid&s-2f, and 2i provided their Me  H  Br, ELO (1.5equiv)
corresponding transamidation products in good gi€ltable 3, 1a 2a toluene, 120 °C, 24 h 3aa
entries 3-6 and entry 9). These results demonsttatehigh 0,
0.93 g (10 mmol) 1.11 g, 92% yield

efficiency of the present methodology, and alsovig® an
alternative and efficient method for the protectifranilines. Scheme 2Gram-scale synthesis 8ha
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To further show the synthetic utility of the pres@nbtocol,
we performed a gram-scale experiment using anilinewith
DMF under the optimal reaction conditions. As highted in
Scheme 2, the reaction proceeded well to affords&nanidation
product3aain 92% yield.

NH Me\ (o] \rr H
* N—( PIVOH (2 equi @
Me/ H iv (2 equiv) 0

toluene, 120 °C, 24 h
1a 2a 0, 3aa

50% yield

H
N

NHz  Me 0 YH
N—4 > (2)
©/ * wd BFYEtO (15 equiv) © o

toluene, 120 °C, 24 h
1a 2a 0, 3aa

42% yield

NHz  Me o] H
\
—4 > (3
©/ L PivOH (2 equiv) © \ﬂ/

BF3-Et,0 (1.5 equiv)
1a 2a toluene, 120 °C, 24 h 3aa
Oz

54% vyield
Pd(OAC), (3 mol%)
NH2  Me O bpy(3mol%) WH
e - @)
Me/ H PivOH (2 equiv) 0
toluene, 120 °C, 24 h
1a 2a 0, 3aa

Pd(OAG); (3 mol%)

H
NHz  Me O bpy (3 mol%) N\H/H )
* N BF3-Et,0 (1.5 equiv) o

toluene, 120 °C, 24 h
1a 2a 0, 3aa

W

50% yield

Pd(OAc); (3 mol%)

H
NH;  Me O bpy (3 mol%) N\H/H .
PivOH (2 equiv) 0
BF3-Eto0 (1.5 equiv)

1a 2a toluene, 120 °C, 24 h 3aa
0,

+
S
\Z/
:I:/‘K

93% vyield
Scheme 3Control experiments.

Although precise mechanistic details are not clédnia stage,
a series of control experiments were carried outlétect the
information on the reaction mechanism. The trandation of
DMF with aniline proceeded in the presence of eithequivents
of PivOH or 1.5 equivents of BFELO to give the corresponding

Tetrahedron

of BF;:EbO (Scheme 3, eq 6). These results suggested that it
might be the synergistic effect of palladium compl@ivOH,

and BR-EtO that promoted smoothly the present reaction.
Further investigations are ongoing to determine etaitéd
mechanism.

3. Conclusion

In conclusion, we have developed an efficient metliwdhe
transamidation of DMF with weakly nucleophilic anilsmeThe
transamidation products were obtained in good teles yields
by using a catalytic amount of Pd(OA&nd bpy with PivOH
and BR-EtO as the additives. A wide range of functional groups
including halogens, ethers, ester, and nitrile talerated in the
present reaction. The use of low cost and commér@ahilable
anilines and DMF derivatives as the starting matenmovide
great potential for future transamidation reactions

4. Experimental section
4.1. General experimental methods

Toluene was distilled over benzophenone ketyl under
DMF was distilled over Cajunder reduced pressure. All
commercial reagents were used without further putito.
NMR spectra were recorded on a 400 spectrometerN#QOfor
'H, 100 MHz for**C) with deuterated chloroform (CDlor
hexadeuteriodimethylsulfoxide (DMSQ)das a solvent at 298K.
Chemical shifts are reported énppm referenced to an internal
SiMe, standard forH NMR, CDCk (6 77.16) and DMSO-(5
39.52) for®C NMR: the following abbreviations are used; s:
singlet, d: doublet, t: triplet, g: quartet, m; iipiet.

4.2. General procedure for the synthesis of produ@

Under molecular oxygen atmosphere, to a mixture of
Pd(OAc) (1.3 mg, 0.006 mmol) and bpy (0.9 mg, 0.006 mmol),
toluene (2.0 mL) was added. Then aniline (0.2 mnaoh)ide (2.0
mmol), PivOH (40.9 mg, 0.4 mmol), and BEtO (42.6 mg, 0.3
mmol) were added to the mixture. The mixture wasdtbtd 120
°C and it stirred at 120 °C for 24 h. After comat the mixture
was cooled to room temperature and diluted with eftdtate.
Washed with ag NaHCQ water, and aq NaCl. Dried over
MgSQ, and filtered. After evaporation of the solvent, thsidue
was purified by preparative thin-layer chromatogsaph silica
gel with PE/EtOAc (1/1) as an eluent to give the pod@u

4.2.1. N-Phenylcarboxamide (3aa).” Yellow solid; 22.5 mg (93%
yield); mp 46-47°C; 'H NMR (400 MHz, CDCJ, mixture of two
rotamers, ratio: 1/0.9%: 8.70 (d,J = 11.4 Hz, 1H), 8.39 (s, 0.9H),
8.07 (brs, 1H), 7.55 (d] = 8.1 Hz, 1.8H), 7.39-7.32 (m, 4.2H),
7.20-7.09 (m, 4H)}*C NMR (100 MHz, CDGJ): § 118.95,
120.12, 124.96, 125.42, 129.24, 129.88, 136.83,983d.59.19,
162.84.

4.2.2. N-(4-Methylphenyl)formamide (3ba).?? White solid; 25.1
mg (93% yield); mp 48-49C; 'H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 1/0.8):8.62 (d,J = 11.5 Hz,
1H), 8.35 (d,J = 1.5 Hz, 0.8H), 7.98 (brs, 1H), 7.42 = 8.4

transamidation produ@aa in moderate yields (Scheme 3, eq 1 Hz, 1.6H), 7.26 (brs, 0.8H), 7.15 = 8.9 Hz, 4H), 6.98 (d] =

and 2). The use of 2 equivents of PivOH and 1.5 eis$vof
BF;- ELO slightly increased the yield &faa (Scheme 3, eq 3).
We also found that the use of 3 mol% of Pd(QAm)d bpy with
2 equivents of PivOH or 1.5 equivents of ;BE,0 gave the
desired transamidation product in moderate yieBthéme 3, eq
4 and 5). However, the high yield of transamidatioodpct was
obtained in the presence of a combination of 3 mao
Pd(OAc) and bpy with 2 equivents of PivOH and 1.5 equivents

8.3 Hz, 1.6H), 2.34 (s, 3H), 2.32 (s, 2.4K¢ NMR (100 MHz,
CDCL): 6 20.93, 21.02, 119.35, 120.15, 129.72, 130.38, 534.1
134.38, 134.67, 135.34, 158.99, 162.77.

4.2.3. N-Formyl-p-cumidin (3ca). Yellow liquid; 30.7 mg (94%
yield); 'H NMR (400 MHz, CDC{, mixture of two rotamers,
ratio: 1/1):0 9.00 (brs, 1H), 8.64 (dl= 11.4 Hz, 1H), 8.31 (d]

= 1.4 Hz, 1H), 8.23 (brs, 1H), 7.46 @= 8.5 Hz, 2H), 7.24-7.09
(m, 4H), 7.03 (dJ = 8.4 Hz, 2H), 2.91-2.82 (m, 2H), 1.33-1.09



(m, 12H);“C NMR (100 MHz, CDGJ): 6 24.09, 33.68, 33.73,
119.34, 120.30, 127.08, 127.76, 134.48, 134.68,6049.46.34,
159.19, 163.03.

4.2.4. p-Butyl-formanilide (3da). Yellow liquid; 31.5 mg (89%
yield); '"H NMR (400 MHz, CDCJ, mixture of two rotamers,
ratio: 1/0.8):0 8.75 (brs, 1H), 8.64 (dl = 11.4 Hz, 1H), 8.33 (s,
0.8H), 7.84 (brs, 0.8H), 7.45 (4~ 8.2 Hz, 1.6H), 7.16-7.11 (m,

3.6H), 7.01 (dJ = 8.1 Hz, 2H), 2.60-2.54 (m, 3.6H), 1.61-1.52

(m, 3.6H), 1.39-1.28 (m, 3.6H), 0.94-0.89 (m, 5.4 NMR

4.2.11. N-(4-Fluorophenyl)formamide (3ka).”® White solid; 26.4
mg (95% yield); mp 63-64C; '"H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 0.7/1):8.63 (brs, 1.4H), 8.35 (s,
1H), 7.76 (brs, 1H), 7.53-7.50 (m, 2H), 7.11-6.99 &8H):*C
NMR (100 MHz, CDCJ): 6 115.88 (d,J = 22.0 Hz), 116.67 (d]
=23.0 Hz), 121.27 (dl = 8.0 Hz), 121.98 (d] = 8.0 Hz), 132.87
(d, J = 3.0 Hz), 132.99 (dJ = 3.0 Hz), 159.28, 159.72 (d,=
243.0 Hz), 160.56 (d] = 243.0 Hz), 163.15.

4.2.12. N-(3-Fluorophenyl)formamide (3la). White solid; 18.9

(100 MHz, CDCJ): § 14.02, 22.34, 33.71, 35.04, 35.14, 119.15,mg (68% vyield); mp 56-57C; *H NMR (400 MHz, CDC},

120.19, 129.01, 129.67, 134.43, 134.64, 139.61,264059.33,
163.18

4.2.5. N-(4-Ethoxyphenyl)formamide (3ea).!’® White solid; 31.4
mg (95% yield); mp 66-67C; '"H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 0.9/1):8.52 (brs, 1.8H), 8.29 (s,
1H), 7.84 (brs, 1H), 7.43 (d,= 8.7 Hz, 2H), 7.02 (d] = 8.6 Hz,
1.8H), 6.88-6.82 (m, 3.8H), 4.03-3.97 (m, 3.8H), 11427 (m,
5.7H); *C NMR (100 MHz, CDG): § 14.86, 14.88, 63.78,
63.89, 114.87, 115.53, 121.57, 121.91, 129.60,0R30156.10,
157.01, 159.29, 163.42.

4.2.6. N-(4-MethoxyphenylYformamide (3fa).”® White solid; 28.1
mg (93% yield); mp 78-79C; '"H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 1/1.1)8.65 (brs, 1H), 8.52 (d}
=11.4 Hz, 1H), 8.28 (s, 1.1H), 8.01 (brs, 1.1H), 7d5] = 8.9

Hz, 2.2H), 7.04 (dJ = 8.8 Hz, 2H), 6.83-6.89 (m, 4.2H), 3.79 (s,

3H), 3.77 (s, 3.3H)"C NMR (100 MHz, CDCJ): 6 55.52, 55.60,
114.24, 114.93, 121.53, 121.95, 129.76, 130.16,7156.57.61,
159.38, 163.46.

4.2.7. N-(3-Methoxyphenyl)formamide (3ga). Yellow liquid; 28.7
mg (95% yield);"H NMR (400 MHz, CDCJ, mixture of two
rotamers, ratio: 1/0.9%: 8.70 (d,J = 11.3 Hz, 1H), 8.37 (s, 0.9H),
8.28 (brs, 1H), 7.46 (brs, 0.9H), 7.30-7.20 (m, 3H)17(d,J =
8.0 Hz, 0.9H), 6.74-6.68 (m, 2.7H), 6.62 (s, 1H), 3(813H),
3.80 (s, 2.7H);°C NMR (100 MHz, CDCJ): ¢ 55.46, 55.52,
105.05, 105.99, 110.53, 110.69, 111.04, 112.14,9129.30.74,
138.06, 138.19, 159.16, 160.29, 160.82, 162.69.

4.2.8. N-(2-Methoxyphenyl)formamide (3ha).* White solid; 24.2
mg (80% yield); mp 81-82C; '"H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 1/2.2):8.74 (d,J = 11.6 Hz,
1H), 8.45 (dJ = 1.6 Hz, 2.2H), 8.36 (dd} = 8.0, 1.5 Hz, 2.2H),
7.85 (brs, 2.2H), 7.73 (brs, 1H), 7.22-7.17 {d; 7.9 Hz, 1H),
7.16-7.04 (m, 3H), 7.00-6.87 (m, 6.6H), 3.88 (s, 6,63486 (s,
3H); *C NMR (100 MHz, CDCJ): § 55.83, 110.15, 111.39,
116.74, 120.56, 121.17, 121.21, 124.38, 125.32,3126.26.86,
147.89, 148.84, 158.85, 161.57.

4.2.9. N-(3,5-Dimethoxyphenyl)formamide (3ia).** White solid:
31.2 mg (86% yield); mp 88-8&; 'H NMR (400 MHz, CDC},
mixture of two rotamers, ratio: 1/0.79:8.70 (d,J = 11.3 Hz,
1H), 8.59 (brs, 1H), 8.34 (d,= 1.9 Hz, 0.7H), 7.73 (brs, 0.8H),
6.79 (d,J = 2.2 Hz, 1.4H), 6.28 () = 2.1 Hz, 1H), 6.25 () =
2.2 Hz, 0.7H), 6.24 (d) = 2.1 Hz, 2H), 3.78 (s, 6H), 3.77 (s,
4.2H); ®C NMR (100 MHz, CDGCJ)): § 55.49, 55.56, 96.85,
97.06, 97.24, 98.40, 138.66, 138.76, 159.36, 1611K1.75,
162.77.

4.2.10. Formic acid-(3,5-dimethyl-anilide) (3ja). White solid;
26.3 mg (88% yield): mp 67-6€; 'H NMR (400 MHz, CDC],
mixture of two rotamers, ratio: 1/0.6):8.68 (d,J = 11.4 Hz,
1H), 8.60 (brs, 1H), 8.33 (d,= 1.8 Hz, 0.6H), 7.54 (brs, 0.6H),
7.17 (s, 1.2H), 6.82 (s, 1H), 6.77 (s, 0.6H), 6.712$), 2.30 (s,
6H), 2.29 (s, 3.6H)°C NMR (100 MHz, CDGJ): ¢ 21.38, 21.43,
116.60, 117.85, 126.62, 127.03, 136.73, 136.87,9438.39.70,
159.23, 163.01.

mixture of two rotamers, ratio: 1/1.2):8.73 (d,J = 11.1 Hz,
1H), 8.64 (brs, 1H), 8.38 (s, 1.2H), 7.71 (brs, 1.ZH30 (d,J =
10.6 Hz, 1.2H), 7.38-7.23 (m, 2.4H), 7.20 {d5 8.1 Hz, 1.2H),
6.98-6.72 (m, 4H)}*C NMR (100 MHz, CDGJ): 6 106.05 (d,J =
25.0 Hz), 107.74 (dJ = 26.0 Hz), 111.73 (dJ = 21.0 Hz),
112.16 (dJ = 21.0 Hz), 114.18 (dl = 3.0 Hz), 115.30 (d] = 3.0
Hz), 130.39 (dJ = 9.0 Hz), 131.29 (d] = 10.0 Hz), 138.42 (d]
=11.0 Hz), 138.52 (d] = 10.0 Hz), 159.28, 162.60, 163.03 {d,
=244.0 Hz), 163.49 (d,= 245.0 Hz).

4.2.13. N-(4-Bromophenyl) formamide (3ma).”* White solid; 29.6
mg (74% yield); mp 111-113C; 'H NMR (400 MHz, CDC},
mixture of two rotamers, ratio: 0.7/1):8.67 (brs, 1.4H), 8.37 (s,
1H), 7.70 (brs, 1H), 7.52-7.39 (m, 5.4H), 6.99 Jd; 8.4 Hz,
1.4H);"*C NMR (100 MHz, CDCJ)): § 117.62, 118.39, 120.44,
121.66, 132.22, 132.92, 135.94, 136.02, 159.14.5862

4.2.14. N-(4-Chlorophenyl)formamide (3na).”® White solid; 21.5
mg (69% yield); mp 98-99C; 'H NMR (400 MHz, CDCJ,
mixture of two rotamers, ratio: 1/1.49:8.65 (d,J = 11.3 Hz,
1H), 8.38 (s, 1.4H), 8.06 (brs, 1H), 7.50 {d= 8.7 Hz, 2.8H),
7.35-7.29 (m, 5.8H), 7.04 (d, = 8.6 Hz, 2H);®*C NMR (100
MHz, CDCL): 6 120.24, 121.33, 129.29, 130.00, 130.92, 135.39,
135.51, 159.06, 162.54.

4.2.15. N-Formyl p-aminobenzoic acid methyl ester (30a). White
solid; 18.6 mg (52% vield); mp 121-13¢: 'H NMR (400 MHz,
CDCls, mixture of two rotamers, ratio: 1/1.3):8.87 (d,J = 9.9
Hz, 1H), 8.66 (brs, 1H), 8.44 (s, 1.3H), 8.03)(t 9.2 Hz, 4.6H),
7.83 (brs, 1.3H), 7.65 (d,= 8.4 Hz, 2.6H), 7.15 (d] = 8.3 Hz,
2H), 3.92 (s, 3H) , 3.91 (s, 3.9HJC NMR (100 MHz, CDG)): ¢
52.24, 52.33, 117.31, 119.25, 126.26, 126.73, B31131.68,
141.09, 141.18, 159.28, 162.17, 166.46, 166.67.

4.2.16. N-(4-Cyanophenyl)formamide (3pa).'™ White solid; 12.9
mg (44% yield); mp 185-18%C; *H NMR (400 MHz, DMSO-¢,
mixture of two rotamers, ratio: 0.33/%):10.64 (brs, 1H), 10.52
(d, J=10.3 Hz, 0.33H), 8.99 (d,= 10.6 Hz, 0.33H), 8.37 (d,=
1.3 Hz, 1H), 7.92-7.65 (m, 4.62H), 7.38 (= 8.5 Hz, 0.66H);
®¥C NMR (100 MHz, DMSO-g): 6 105.44, 117.06, 118.93,
119.30, 133.42, 133.80, 142.30, 160.42, 162.67.

4.2.17. N-(1-Naphthyl)formamide (3ga).® White solid; 21.6 mg
(63% vyield); mp 137-138C; 'H NMR (400 MHz, CDC],
mixture of two rotamers, ratio: 1/0.49: 8.64-8.62 (m, 1.4H),
8.45 (brs, 1H), 8.03-7.99 (m, 1.4H), 7.91-7.85 (m,,ZHJ9 (d.J

= 8.2 Hz, 1H), 7.73 (dJ = 8.2 Hz, 0.4H), 7.62-7.45 (m, 4.4H),
7.32 (d,J = 7.3 Hz, 1H)**C NMR (100 MHz, CDGJ): ¢ 119.07,
120.59, 121.01, 121.53, 125.62, 125.80, 126.23,3026.26.60,
126.78, 126.91, 127.09, 127.12, 127.88, 128.62,9928.31.18,
132.37, 134.18, 134.39, 159.90, 164.45.

4.2.18. N-(2-Naphthyl)formamide (3ra). White solid; 19.9 mg
(58% yield); mp 124-126°C; 'H NMR (400 MHz, CDC},

mixture of two rotamers, ratio: 1/19:8.85 (d,J = 10.5 Hz, 1H),
8.84 (brs, 1H), 8.43 (s, 1H), 8.22 (s, 1H), 7.83-7(@5 7H),

7.51-7.38 (m,
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6H), 7.24 (d,J = 6.5 Hz, 1H)*C NMR (100 MHz, CDG): 6 9.
115.25, 117.23, 118.85, 119.77, 125.40, 125.61,7126.27.23,
127.36, 127.70, 127.79, 127.91, 129.03, 130.05,9830131.20,

133.82, 133.89, 134.36, 134.43, 159.45, 163.09. 11.

4.2.19. N-Phenylacetamide (3ag).”” White solid; 13.0 mg (48% ,,

yield); mp 113-114C; *H NMR (400 MHz, CDC)): 5 8.34 (brs, 13,

1H), 7.51 (dJ = 8.2 Hz, 2H), 7.27 (t} = 7.7 Hz, 2H), 7.08 () =

7.2 Hz, 1H), 2.13 (s, 3H}*C NMR (100 MHz, CDG)): 6 24.41, 14

120.27, 124.33, 128.93, 138.14, 169.20.

4.2.20. 2-Chloro-N-phenylacetamide (3ai).”? White solid; 27.5
mg (81% vyield); mp 134-13%; 'H NMR (400 MHz, CDCJ): 6
8.27 (brs, 1H), 7.54 (d} = 7.7 Hz, 2H), 7.35 (t) = 7.9 Hz, 2H),
7.17 (t,J = 7.4 Hz, 1H), 4.18 (s, 2H}°C NMR (100 MHz,
CDCL): ¢ 43.01, 120.26, 125.39, 129.27, 136.79, 163.92.

15.

4.3. Gram-Scale experiment for the synthesis of pduct 3aa

Under molecular oxygen atmosphere, to a mixture of
Pd(OAc) (67.3 mg, 0.3 mmol) and bpy (46.9 mg, 0.3 mmol),
toluene (20.0 mL) was added. Then aniline (0.930g0 Inmol),
DMF (7.31 g, 100.0 mmol), PivOH (2.04 g, 20.0 mmohda
BF;-ELO (2.13 g, 15.0 mmol) were added to the mixture. The
mixture was heated to 120 °C and it stirred at 120dr 24 h.
After completion, the mixture was cooled to room tenagure
and diluted with ethyl acetate. Washed with aq NaklG@ter,
and aq NaCl. Dried over MgS@nd filtered. After evaporation
of the solvent, the residue was purified by columnthwi

PE/EtOAc (2/1) as an eluent to give the proda=(1.11 g, 92%  16.

yield).
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