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Abstract A practical protocol has been developed here for the Mn(ll)-
catalyzed N-acylation of amines with high yields using N,N-dimethylfor-
mamide and other amides as the carbonyl source. The protocol is sim-
ple, does not require any acid, base, ligand, or other additives, and en-
compasses a broad substrate scope for primary, secondary, and
heterocyclic amines.
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Metal-catalyzed reactions have recently been well de-
veloped, with reliance on the noble metals for major ad-
vances.! There is great interest in using earth-abundant, in-
expensive, and non-toxic metals to replace the noble metals
in catalytic reactions due to their sustainable development
and economic considerations. However, it is a considerable
challenge to use non-toxic metals because of their relatively
lower catalytic activity. In this respect, manganese, which is
known as the twelfth most abundant element in the Earth’s
crust and the third most abundant transition metal, has ex-
hibited low toxicity? and low cost,? and is strongly competi-
tive with traditional noble metal catalysts.*

Recently, many Mn-catalyzed organic reactions have
been developed, resulting in an upsurge in Mn-catalyzed
chemistry. Among them, the Mn-catalyzed C-H activation
reactions are some of the most widely investigated (Scheme
1, A).%5 Other Mn-catalyzed reactions, such as oxidation
(Scheme 1, B),® reduction (Scheme 1, C),” polymerization
(Scheme 1, D),® and other types of reactions® have also been
reported. Despite the considerable development of Mn-cat-
alyzed chemistry, the N-acylation of amines has not yet
been reported (Scheme 1, E).
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Scheme 1 Mn-catalyzed reactions

N-Acylation of amines is a very important organic reac-
tion.'® Moreover, the amide building block is widely present
in pharmaceuticals, such as formoterol,''® lacosamide,!'
tetrahydrolipstatin,'' leucovorin,''¢ natural products,'’
and functional materials''f (Figure 1). Several carbonyl
sources, such as N,N-dimethylformamide (DMF)/N,N-di-
methylacetamide (DMA),'? formic acid/formate,’> metha-
nol,' esters,'®> and others'® have been applied to the N-acy-
lation of amines. DMF is widely used as an inexpensive and
readily available solvent in the organic synthesis industry
and laboratory research. As a compound that contains an al-
dehyde and an amino group, DMF has been widely applied
as a versatile precursor in forms such as -NMe,, -CHO, -CO,
-CONMe,, and -Me.!” N-Acylation of amines has been re-
ported using DMF as a carbonyl source in the presence of
various catalysts, such as Pd,'® Nj,'22 Ce,!2b Fe,12¢d Cy,!2 L-
proline,'?® boronic acid'?¢ and its derivatives,'?™ imidaz-
ole' and its derivatives,'?* and hydroxylamine hydrochlo-
ride.’? However, these reactions frequently suffer from
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drawbacks: the use of complex and costly catalysts or stoi-
chiometric catalysts, requirement of additives, limited sub-
strate scope, difficulty in isolation and purification, or
lengthy preparation. Thus, a more optimal reaction consists
of using the earth-abundant metal manganese to catalyze
the N-acylation of amines.
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Figure 1 Amide-containing biologically active molecules and polymers

Herein, a highly efficient MnCl,-4H,0-catalyzed strategy
for the N-acylation of amines using DMF and other amides
as a carbonyl sources is reported (Scheme 1, E). This strate-
gy is simple and cost-effective because the reagents and
catalyst are inexpensive and do not require any acid, base,
ligand, or other additives. A broad substrate scope is given,
and primary, secondary, and heterocyclic amines with vari-
ous functional groups can be converted into the desired N-
acylation product with moderate to excellent yields. Fur-
thermore, other amides such as formamide, N-methylfor-
mamide, N-ethylformamide, and acetamide can also serve
as carbonyl sources to achieve the N-amidation reaction
with excellent yields.

Initially, the reaction of benzylamine with DMF in the
presence of MnCl,-4H,0 was selected as the model reaction
(Table 1). Various reaction conditions were confirmed, in-
cluding the type and the amount of Mn catalyst, reaction
temperature, reaction time, and the reaction atmosphere.
The results indicated that the conversion rate is very poor
in the absence of Mn catalyst (entry 1). An excellent yield of
91% was achieved when using MnCl,-4H,0 (15 mol%) as the
catalyst (entry 4). Other metal salts, such as CoCl,, Cu-

Cl,-2H,0, FeCl;, PdCl,, and NiCl,-6H,0 were also investigated
as catalysts, and only moderate yields were achieved (en-
tries 7-11). Decreasing the reaction temperature (entry 12)
or reducing the reaction time (entry 13) proved to be unfa-
vorable to this transformation. Additionally, the presence of
air is harmful to this reaction (entry 14).

Table 1 Selected Optimization Results?

CHO
| Xy ONH, [Mn] (x mol%) ©/\H’
RN S
Z DMF (1.0 mL), T°C, th, Ar

Entry [Mn] (mol%) Temp (°C)  Time (h) Yield (%)
1 - 150 10 23
2 MnCl,-4H,0 (5) 150 10 66
3 MnCl,-4H,0 (10) 150 10 73
4 MnCl,-4H,0 (15) 150 10 91
5 Mn(OAc);-2H,0 (15) 150 10 73
6 Mn(OACc),-4H,0 (15) 150 10 76
7 CoCl, (15) 150 10 41
8 Cu(Cl,-2H,0 (15) 150 10 48
9 FeCl, (15) 150 10 55

10 Pdcl, (15) 150 10 43
11 NiCl,-6H,0 (15) 150 10 57
12 MnCl,-4H,0 (15) 130 10 58
13 MnCl,-4H,0 (15) 150 6 60
140 MnCl,-4H,0 (15) 150 10 62

2 Reaction conditions: benzylamine (0.2 mmol), catalyst (x mol%), DMF (1.0
mL), under argon unless otherwise indicated. Yields were determined by 'H
NMR spectroscopy using nitroethane as an internal standard.

b Under an atmosphere of air.

After optimization, N-formylation of various amines,
such as primary, secondary, and heterocyclic amines, using
DMEF as the reagent was conducted (Scheme 2). The reac-
tion proceeded well when using tetrahydroisoquinoline or
its analogues as secondary amine substrates giving 2a-g in
good to excellent yields. Different functional groups on the
benzene ring such as methoxy, bromide, and nitro were
compatible with this reaction. However, the nitro group,
which is known as an electron-withdrawing group, has a
negative influence on this transformation, i.e. the reaction
of 7-nitro-1,2,3,4-tetrahydroisoquinoline with DMF gave
2d in only 68% yield. When using heterocyclic amines as
substrates, excellent yields were also achieved, i.e. the for-
mation of 2f,g. Other secondary amines, including circular
and linear amines, smoothly underwent the transformation
to give products 2h-p in moderate to excellent yields in
most cases. In particular, N-formylfluoxetine (20), which
has been applied as a marker for fluoxetine,!® was obtained
in a good 68% yield. However, the alkyl substitution on ni-
trogen resulted in obvious steric hindrance and subsequent
lower 45-74% yields in the formation of 2j-o.
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Scheme 2 Substrate scope of amines. Reagents and conditions: amine (0.2 mmol), MnCl,-4H,0 (15 mol%), DMF (1.0 mL), sealed tube, argon atmo-
sphere, 150 °C, 10 h. Isolated yields are given (NMR vyield is given in brackets, nitroethane as internal standard).  H,NCHO as carbonyl source.

This successful protocol for the N-formylation of sec-
ondary amines was expanded to primary amines, and an ef-
ficiency greater than that for secondary amines was ob-
tained i.e. for 2q-y. This efficiency was likely the result of
the less alkyl substituent on nitrogen, and subsequently, a
smaller steric hindrance, which resulted in an increased
yield. However, the methyl substituent at the a-position of
nitrogen also results in obvious steric hindrance, e.g. in the
formation of 2t. Remarkably, a substrate with an acid/base
sensitive ester group also proceeded well to give 2u.

Additionally, a hydroxy group in the substrate had no
adverse effect on this reaction, e.g. the formation of 2w. The
N-formylation of primary amines is a valuable organic reac-
tion. For instance, the natural molecule homoveratrylamine
(3,4-dimethoxyphenethylamine) was converted to N-
formylation product 2y, which can then be applied as a pre-
cursor for preparing the natural products pseudopalmatine,

8-oxopseudopalmatine, and ilicifoline B.?° Phenylglycine
methyl ester also was examined as substrate, however, only
decarboxylation product 2q was isolated in 59% yield.

To validate the practicability of the strategy, further ex-
trapolation for the N-acylation of tetrahydroisoquinoline
using various carbonyl sources was conducted (Table 2).
The results indicated that formamide, N-methylformamide,
and N-ethylformamide can also serve as carbonyl sources to
achieve the N-acylation reaction in excellent yields (entries
1-3). Moreover, when acetamide and propanamide were
used, the N-acetylation and N-propanoylation products
were obtained in excellent 86% and 87% yields, respectively
(entries 4 and 5). Benzamide was also tested as the carbonyl
source, but the product 2zb was obtained in only 25% yield,
which may be due to the steric hindrance of the carbonyl
source.
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Table 2 Substrate Scope of Amides?

1 1
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N Pl S + N=H

Ney 20 B 150°C, 10h, A N RS
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Entry Amide Product Yield (%)
(0]
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3 Reaction conditions: amine (0.2 mmol), MnCl,-4H,0 (15 mol%), amide
(1.0 mL; entries 4-6, 1 g), sealed tube, argon atmosphere, 150 °C, 10 h.
Isolated yields are given.

b NMR yield with nitroethane as an internal standard.

Based on the good results of N-acetylation and N-propa-
noylation of 1a, the N-acylation and N-propanoylation were
extrapolated to several amines (Scheme 3). As expected,
both the primary and secondary amine are converted into
the desired products 2z,za,zc-zl in good to excellent yields.

Importantly, the gram-scale reaction of natural com-
pound 1y using only 5 mol% MnCl,-4H,0 as catalyst was
conducted (Scheme 4), and an excellent yield of 84% was
achieved with a slightly extended reaction time (20 h). The
gram-scale N-acetylation reaction of benzylamine (1q) also
achieved with an excellent yield of 85%. To examine the re-
action mechanism, radical inhibition experiments were
conducted using benzylamine/DMF/MnCl,-4H,0 together
with 1 equiv butylated hydroxytoluene (BHT) or 2,2,6,6-te-
tramethylpiperidine-1-oxyl (TEMPO) as blocker, resulting
in the desired product 2q in 42% and 56% yield (NMR yield),
respectively. In our opinion, this reaction is not a radical
process, but instead, is a nucleophilic process.

Based on the radical inhibition experiments and the re-
ported metal-catalyzed N-formylation reactions,'?? a rea-
sonable mechanism is proposed (Scheme 5). First, the car-
bonyl group of DMF is activated by MnCl, via coordination.
Subsequently, the activated DMF undergoes nucleophilic at-
tack by the amine, which results in the formation of a tetra-

1 1
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/N-H + J\ —_— N—< + NH;3
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Scheme 3 Substrate scope of acetylation and propanoylation of
amine. Reagents and conditions: amine (0.2 mmol), MnCl,-4H,0 (15
mol%), amide (1 g), sealed tube, argon atmosphere, 150 °C, 10 h. Isolat-
ed yields are given.

hedral intermediate I. Afterward, with a proton transfer, the
sterically congested intermediate I eliminates dimethyl-
amine to give intermediate II. Finally, the target molecule
T.M. in intermediate II is replaced by DMF to finish the cata-
lytic cycle.

(A) Gram-scale reaction:

MeO MeO
\ MnClj - 4H,0 (5 mol%)
NH, * /N—CHO _— NH
MeO 2 150 °C, 20 h, Ar MeO one”

homoveratrylamine (1y) 15 mL N-formylhomoveratrylamine (2y)
1 g (5.52 mmol, 0.931 mL) Isolate yield: 972 mg (84%)

|
NH, /P NMInCly - 4H,0 (5 mol%) ) N)\
+ HzN—< — = | H
150 °C, 48 h, Ar Z

N-benzylformamide (2q)

benzylamine (1 5
Y (1a) 59 Isolate yield: 1.18 g (85%)

1.9 (9.33 mmol, 1.02 mL)

(B) Radical inhibition experiments:

CHO
N NH; //o Condition 1 and 2 N”
| + N=C ————— H
= / \H

Condition 1: Standard reaction conditions, BHT 1 equiv, NMR yield 42%;
Condition 2: Standard reaction conditions, TEMPO 1 equiv, NMR yield 56%.

Scheme 4 Gram-scale reactions and radical inhibition experiments

In summary, an efficient manganese-catalyzed N-acyla-
tion of amines using DMF and other amides as carbonyl
sources was developed. The advantages of this strategy are
the use of a metal as the catalyst that is richly abundant and
inexpensive, the unencumbered availability of various in-
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Scheme 5 Proposed mechanism for N-formylation using MnCl,-4H,0
as catalyst

expensive amides as the carbonyl source, the lack of re-
quirement for any acid, base, ligand, or other additives,
broad substrate scopes, and high yields.

Preparative TLC was performed for product purification using Sorbent
Silica Gel 60 F254 TLC plates and visualized with UV light. IR spectra
were recorded on a new FT infrared spectrometer. 'H, 3C, and '°F
NMR spectra were recorded on 400, 100, and 377 MHz NMR spec-
trometers using CDCl; as solvent unless otherwise stated. HRMS were
made by means of ESI. Melting points were measured on micromelt-
ing point apparatus and uncorrected. Unless otherwise noted, all re-
agents were weighed and handled in air, and all reactions were car-
ried out in a sealed tube under an atmosphere of argon. Unless other-
wise noted, all reagents were purchased from reagent company, and
used without further purifications.

In NMR spectra ** indicates the major rotamer and * indicates the mi-
nor rotamer.

N-Substituted Formamides 2; General Procedure

A solution of amine (0.2 mmol) and MnCl,-4H,0 (5.9 mg, 15 mol%) in
DMEF (1.0 mL) was stirred in a sealed microwave reaction tube under
an atmosphere of argon at 150 °C for 10 h. The mixture was cooled to
r.t., and water (10 mL) was added; the mixture was extracted with
EtOAc (3 x 15 mL). The combined organic layers were dried (anhyd
Na,S0,), the solvent was evaporated under vacuum, and the crude
product was purified by preparative TLC (silica gel, petroleum
ether/EtOAc) to obtain the pure product.

N-(3,4-Dimethoxyphenethyl)formamide (2y); Gram-Scale Synthe-
sis

A solution of homoveratrylamine (1y; 1 g, 5.52 mmol) and MnCl,-4H,0
(54.3 mg, 5 mol%) in DMF (15 mL) was stirred in a sealed microwave
reaction tube (120 mL) under an atmosphere of argon at 150 °C for 20
h. The mixture was cooled to r.t., and water (50 mL) was added; the
mixture was extracted with EtOAc (3 x 20 mL). The combined organic
layers were dried (anhyd Na,SO,), the solvent was evaporated under
vacuum, and the crude product was purified column chromatography
(silica gel, petroleum ether/EtOAc 2:1 with 1% Me;N) to obtain the
pure product; yield: 972 mg (84%).

N-Benzylformamide (2q); Gram-Scale Synthesis

A solution of benzylamine (1q; 1 g, 9.33 mmol), MnCl,-4H,0 (92.4 mg,
5 mol%) in acetamide (5 g) was stirred in a sealed microwave reaction
tube (120 mL) under an atmosphere of argon at 150 °C for 48 h. The
mixture was cooled to r.t., and water (30 mL) was added; the mixture
was extracted with CH,Cl, (4 x 20 mL). The combined organic layers
were dried (anhyd Na,SO,), the solution was evaporated under vacu-
um, and the residue was purified by column chromatography (silica
gel, petroleum ether/EtOAc 3:1 with 1% Me;N) to obtain the pure
product; yield: 1180 mg (85%).

1,2,3,4-Tetrahydroisoquinoline-2-carbaldehyde (2a)*!

Purified by TLC; yellow oil; isolated yield: 25.8 mg (80%); 'H NMR
yield: 89%.

IR (neat): 3151, 1672, 1584, 1498, 1282, 1164, 1049, 930, 882, 751
cm,

'H NMR (400 MHz, CDCl;): § = 8.25 (s, 0.38 H)*, 8.19 (s, 0.62 H)**,
7.22-7.08 (m, 4 H), 4.68 (1.24 H)**, 4.54 (0.75 H)*, 3.78 (t, ] = 6.2 Hz,
0.74 H)*, 3.64 (t, ] = 5.8 Hz, 1.27 H)**, 2.92-2.85 (m, 2 H).

13C NMR (100 MHz, CDCl;): 8§ = 161.6*, 161.1%, 134.3*, 133.4**
132.1%,131.6", 129.1%, 128.8**, 127.0, 126.6-126.4 (m), 125.8, 47.2%,
43.1**,42.2**,37.9%, 29.6**, 27.8*.

HRMS (ESI): m/z [M + Na]* calcd for C;oH;;NNaO: 184.0733; found:
184.0733.

6-Methoxy-1,2,3,4-tetrahydroisoquinoline-2-carbaldehyde (2b)?
Purified by TLC; yellow solid; yield: 30.9 mg (81%); mp 63-64 °C.

IR (neat): 3140, 1672, 1612, 1508, 1402, 1312, 1277,1241,1119 cm™".
'H NMR (400 MHz, CDCl;): 8 = 8.22 (s, 0.40 H)*, 8.17 (s, 0.60 H)**,
7.04-6.99 (m, 1 H), 6.78-6.74 (m, 1 H), 6.65 (d, ] = 10.0 Hz, 1 H), 4.60
(s, 1.24 H)**, 4.47 (5,0.77 H)*, 3.77-3.73 (m, 3.76 H), 3.61 (t, ] = 5.8 Hz,
1.24 H)**, 2.87-2.81 (m, 2 H).

13C NMR (100 MHz, CDCl;): 8§ = 161.5**, 161.1*, 158.4* 158.1**,
135.6%, 134.7**, 127.5™, 126.8%, 124.3%, 123.7**, 113.6%, 113.4**,
112.9*,112.7%,55.2 (s), 46.7%, 43.1**, 41.7**, 37.8%, 29.9**, 28.1*,
HRMS (ESI): m/z [M + HCO,H - H] calcd for C;,H;,NO,: 236.0917;
found: 236.0921.

7-Bromo-1,2,3,4-tetrahydroisoquinoline-2-carbaldehyde (2c)
Purified by TLC; yellow solid; yield: 42.5 mg (89%); mp 58-60 °C.

IR (neat): 3140, 1672, 1402, 1191, 1157, 1116, 1075, 932, 829 cm-.
'H NMR (400 MHz, CDCl3): § = 8.24 (s, 0.37 H)*, 8.19 (s, 0.63 H)**,
7.34-7.26 (m, 2 H), 7.02 (t, ] = 8.8 Hz, 1 H), 4.66 (s, 1.31 H)**, 4.52 (s,
0.72 H)*, 3.78 (t, ] = 6.2 Hz, 0.72 H)*, 3.65 (t, ] = 5.8 Hz, 1.32 H)**, 2.86
(t,J=5.8 Hz, 1.28 H)**, 2.82 (t, ] = 6.0 Hz, 0.80 H)*.

13C NMR (100 MHz, CDCl;): & = 161.6, 161.0%, 134.2*, 133.8**
133.3%, 132.4**, 130.8%, 130.5**, 130.1%, 129.7**, 129.3**, 128.7%,
120.2**,119.9%, 46.8%, 42.9**, 41.7**, 37.6", 29.2**, 27.4".

HRMS (ESI): m/z [M + NH,4]* calcd for C;oH;4BrN,0: 257.0284; found:
257.0275.

7-Nitro-1,2,3,4-tetrahydroisoquinoline-2-carbaldehyde (2d)
Purified by TLC; brown oil; yield: 28.0 mg (68%).
IR (neat): 3129, 1672, 1525, 1402, 1347, 1088, 855, 744, 531 cm™".
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H NMR (400 MHz, CDCl,): § = 8.29 (s, 0.37 H)* 8.24 (s, 0.63 H)*,
8.08-8.04 (m, 2 H), 7.33 (t,] = 9.0 Hz, 1 H), 4.79 (s, 1.25 H)**, 4.66 (s,
0.74 H)*, 3.85 (t, ] = 6.0 Hz, 0.72 H)*, 3.72 (t, ] = 6.0 Hz, 1.27 H)**, 3.03
(t.J = 6.0 Hz, 1.23 H)**, 2.99 (t, ] = 6.0 Hz, 0.76 H)".

13C NMR (100 MHz, CDCl;): § = 161.5*, 161.0%, 146.7**, 146.5%
142.1%, 141.1*, 133.7% 133.4*%, 130.3% 130.0**, 122.1%, 121.9*%
121.6%%,121.2% 47.0%, 42.4**, 42.0**, 37.2%,29.9**, 28.1*.

HRMS (ESI): m/z [M + CH3CO,H - H]- calcd for C;,H;3N,05: 265.0819;
found: 265.0824.

1,3-Dihydro-2H-isoindole-2-carbaldehyde (2e)*

Purified by TLC; black oil; yield: 23.8 mg (81%).

IR (neat): 3140, 1668, 1465, 1402, 1159, 1092, 747 cm™".

'H NMR (400 MHz, CDCl;): 8 = 8.42 (s, 1 H), 7.31-7.27 (m, 4 H), 4.89
(s,2 H),4.76 (s, 2 H).

13C NMR (100 MHz, CDCl3): & = 161.5, 135.9, 135.2, 128.0, 127.6,
123.2,122.8,51.4,49.8.

HRMS (ESI): m/z [M + Cl]- calcd for CoHoCINO: 182.0367; found:
182.0368.

4,5,6,7-Tetrahydrothieno[3,2-c]pyridine-5-carbaldehyde (2f)!
Purified by TLC; yellow oil; yield: 31.1 mg (93%).

IR (neat): 3129, 1705, 1670, 1433, 1402, 1314, 1176, 1043, 1018 cm™".
'H NMR (400 MHz, CDCl3): § = 8.24 (s, 0.38 H)*, 8.20 (s, 0.62 H)**,
7.17-7.15 (m, 1 H), 6.80 (t, ] = 4.4 Hz, 1 H), 4.60 (s, 1.28 H)**, 447 (s,
0.74 H)*, 3.86 (t, ] = 5.8 Hz, 0.74 H)*, 3.69 (t, ] = 5.8 Hz, 1.28 H)**, 2.93
(t,J=5.8 Hz, 1.26 H)**, 2.88 (t, ] = 5.8 Hz, 0.75 H)".

13C NMR (100 MHz, CDCly): § = 161.7**, 161.4%, 133.8*, 132.1",
130.8**, 130.7%, 125.0**, 124.3*, 123.8 (s), 45.7%, 43.7**, 40.6**, 37.9%,
25.8**, 24.4%,

HRMS (ESI): m/z [M + NH,4]* caled for CgH;3N,SO: 185.0743; found:
185.0735.

5,7-Dihydro-6H-pyrrolo[3,4-b]pyridine-6-carbaldehyde (2g)
Purified by TLC; black oil; yield: 28.4 mg (96%).

IR (neat): 3140, 1668, 1584, 1469, 1387, 1262, 1159, 1110 cm™.

TH NMR (400 MHz, CDCl;): & = 8.55-8.52 (m, 1 H), 8.48 (s, 0.60 H)**,

8.44 (s, 0.40 H)*, 7.67-7.62 (m, 1 H), 7.29-7.23 (m, 1 H), 4.95 (s, 0.79
H)*, 4.93 (s, 1.22 H)™, 4.81 (s, 2 H).

13C NMR (100 MHz, CDCl5): § = 161.6, 157.1%, 156.5**, 149.7%, 149.4**,
131.4**, 130.9% 129.7**, 129.0*, 122.8**, 122.4*, 51.8™*, 50.4%, 49.9%,
48.5**,

HRMS (ESI): m/z [M + HJ* caled for CgHoN,0O: 149.0709; found:
149.0710.

4-Phenylpiperazine-1-carbaldehyde (2h)**
Purified by TLC; yellow solid; yield: 30.8 mg (81%); mp 86-87 °C.
IR (neat): 3131, 1664, 1402, 1152, 1115, 529 cm™1.

H NMR (400 MHz, CDCL,): § = 8.08 (s, 1 H), 7.30-7.27 (m, 2 H), 6.94-
6.90 (m, 3 H), 3.69 (t, J = 5.2 Hz, 2 H), 3.51 (t, ] = 5.0 Hz, 2 H), 3.15 (dt,
J=152,5.2 Hz, 4 H).

13C NMR (100 MHz, CDCl3): § = 160.6, 150.8, 129.1, 120.7, 116.9, 50.3,
49.2,45.4,39.8.

HRMS (ESI): m/z [M + K]* caled for C;;H;4,N,KO: 229.0738; found:
229.0742.

4-Phenylpiperidine-1-carbaldehyde (2i)*

Purified by TLC; yellow solid; yield: 37.4 mg (99%); mp 98-99 °C.

IR (neat): 3140, 1675, 1653, 1402, 1170, 1064, 759, 699, 529 cm.

H NMR (400 MHz, CDCly): & = 8.06 (s, 1 H), 7.31 (t, ] = 7.4 Hz, 2 H),
7.24-7.18 (m, 3 H), 4.56 (d, ] = 13.6 Hz, 1 H), 3.73 (d, J = 13.2 Hz, 1 H),
3.19(td,J=12.9,2.6 Hz, 1 H), 2.81-2.67 (m, 2 H), 1.92 (t,J= 15.8 Hz, 2
H), 1.67-1.54 (m, 2 H).

13C NMR (100 MHz, CDCls): 8 = 160.8, 144.8, 128.5, 126.6, 126.5, 46.4,
42.8,40.1, 33.8, 32.3.

HRMS (ESI): m/z [M + Na]* calcd for C;,H;sNNaO: 212.1046; found:
212.1048.

N-Benzyl-N-methylformamide (2j)%¢

Purified by TLC; yellow oil; yield: 13.4 mg (45%).

IR (neat): 3122, 1664, 1402, 1379, 1140, 1066, 1081, 705, 529 cm™".
H NMR (400 MHz, CDCl;): & = 8.29 (s, 0.57 H)**, 8.17 (s, 0.43 H)*,

7.40-7.20 (m, 5 H), 4.53 (s, 0.84 H)*, 4.40 (s, 1.16 H)**, 2.85 (s, 1.30
H)*, 2.79 (s, 1.75 H)*™.

13C NMR (100 MHz, CDCl;): 8§ = 162.8**, 162.6*, 135.9*, 135.6**,
128.9**, 128.7%, 128.2**, 128.1% 127.6%, 127.4**, 53.5**, 47.7*, 34.0%,
29.4*,

HRMS (ESI): m/z [M + CH5CO,H - H]- calcd for C,;H,,NO;: 208.0968;
found: 208.0971.

N-Benzyl-N-ethylformamide (2k)?’

Purified by TLC; yellow oil; yield: 14.0 mg (43%).

IR (neat): 3140, 1672, 1497, 1402, 1109, 1079, 740, 703, 528 cm-.

'H NMR (400 MHz, CDCl3): § = 8.26 (s, 0.50 H)*, 8.23 (s, 0.50 H)**,
7.39-7.21 (m, 5 H), 4.56 (s, 1.05 H)**, 4.40 (s, 1.00 H)*, 3.29 (q, J = 7.2
Hz, 0.99 H)*, 3.21 (q, ] = 7.2 Hz, 1.08 H)**, 1.15 (t, ] = 7.2 Hz, 1.54 H)**,
1.07 (t,J=7.2 Hz, 1.49 H)".

13C NMR (100 MHz, CDCl,): 8 = 162.6, 136.4**, 136.1%, 128.8%, 128.6*",
128.1**, 128.00%, 127.5%, 127.4**, 50.8%, 44.7**, 41.4**, 36.7%, 14.3**,
12.1%

HRMS (ESI): m/z [M + CH;CO,H - H]- calcd for C;,H;¢NO5: 222.1125;
found: 222.1119.

N-(4-Methoxybenzyl)-N-methylformamide (21)

Purified by TLC; yellow oil; yield: 19.3 mg (54%).

IR (neat): 3140, 1671, 1612, 1515, 1402, 1303, 1176, 1079, 1032 cm-".
H NMR (400 MHz, CDCl,): & = 8.22 (s, 0.58 H)**, 8.08 (s, 0.42 H)*, 7.14
(d,J=8.4Hz,0.86 H)*, 7.08 (d,] = 8.4 Hz, 1.15 H)**, 6.86-6.81 (m, 2 H),
441 (s, 0.86 H)*, 4.28 (s, 1.20 H)**, 3.76 (s, 1.78 H)**, 3.75 (s, 1.23 H)*,
2.78 (s, 1.30 H)*, 2.71 (s, 1.75 H)*.

13C NMR (100 MHz, CDCl,): 8 = 162.5**, 162.4%, 159.3**, 159.0%, 130.3,
129.5% 128.7*%,128.0%, 127.5**, 114.1*%,113.9%,113.5,55.2 (d, ] = 4.4
Hz)™, 52.8%,47.0**, 44.7%, 33.8*,29.1*".

HRMS (ESI): m/z [M + NH,]* calcd for CoH;7N,0,: 197.1285; found:
197.1304.

N-Methyl-N-phenethylformamide (2m)?®
Purified by TLC; yellow oil; yield: 24.1 mg (74%).
IR (neat): 3140, 1666, 1402, 1152, 529 cm™.
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H NMR (400 MHz, CDCl,): & = 8.02 (s, 0.37 H)¥, 7.80 (s, 0.63 H)*™,
7.33-7.22(m, 4 H), 7.14 (d, ] = 7.2 Hz, 1 H), 3.56 (t, ] = 7.6 Hz, 0.79 H)*,
347 (t,] = 7.0 Hz, 1.25 H),"* 2.90-2.82 (m, 5 H).

13C NMR (100 MHz, CDCl;): & = 162.6**, 162.4*, 138.5% 137.6*,
128.7*%, 128.7%, 128.6™, 128.5%, 126.7**, 126.4%, 51.2**, 45.9%, 35.0%,
34.7*%,33.1%,29.7%.

HRMS (ESI): m/z [M + H]" caled for C;,H;3NO: 164.1070; found:
164.1071.

N-Methyl-N-(naphthalen-1-ylmethyl)formamide (2n)

Purified by TLC; yellow oil; yield: 21.9 mg (55%).

IR (neat): 3140, 1672, 1510, 1402, 1258, 1161, 1081, 803, 779, 529
cm.

'H NMR (400 MHz, CDCls): & = 8.39 (s, 0.40 H)*, 8.17 (s, 0.60 H)**, 8.11
(d,J=8.0Hz, 0.64 H), 7.91-7.82 (m, 2.46 H), 7.55-7.30 (m, 4 H), 4.98
(s, 1.22 H)**, 4.88 (s, 0.78 H)*, 2.86 (s, 1.23 H)*, 2.75 (s, 1.78 H)**.

13C NMR (100 MHz, CDCl,): 8 = 163.2%, 162.2**, 133.7, 131.4, 131.2**,
131.1%, 131.0%, 130.9**, 129.0%, 128.8**, 128.7%, 128.6**, 127.6%,
126.6%, 126.0*, 125.4%, 125.3%, 125.0*%, 123.7%, 122.20, 50.9%, 45.8*,
33.9%,29.9%

HRMS (ESI): m/z [M + H]" caled for C;3H;4,NO: 200.1070; found:
200.1069.

N-Formylfluoxetine (20)
Purified by TLC; yellow oil; yield: 45.8 mg (68%).
IR (neat): 3140, 1675, 1616, 1519, 1329, 1251, 1161, 1113, 1068 cm™".

TH NMR (400 MHz, CDCl,): 8 = 8.02 (s, 0.41 H)*, 7.99 (s, 0.59 H)**, 7.43
(d,J=8.8 Hz, 2 H), 7.37-7.27 (m, 5 H), 6.90-6.86 (m, 2 H), 5.20 (dd, J =
8.8, 4.4 Hz, 0.42 H)*, 5.14 (dd, ] = 8.8, 4.0 Hz, 0.61 H)**, 3.59-3.52 (m,
1.42 H)**, 3.42-3.35 (m, 0.62 H)*, 2.94 (s, 1.21 H)*, 2.90 (s, 1.84 H)"*,
2.27-2.17 (m, 1.06 H), 2.15-2.04 (m, 1.15 H).

13C NMR (100 MHz, CDCL): & = 162.7**, 162.6*, 160.1%, 159.8**,
1403*, 139.8**, 129.0*, 128.8* 128.2**, 128.0%, 126.9-126.7 (m),
125.6%,125.5**,123.3-122.7 (m), 115.7*, 115.6**, 78.1*, 76.8**, 45.9**,
41.5%,36.9*, 35.8*, 34.8*, 29.5"",

19F NMR (377 MHz, CDCl,): § = —61.52 (s)*, -61.59 (s)**.

HRMS (ESI): m/z [M + Na]* calcd for C;gH,gF;NNaO,: 360.1182; found:
360.1178.

1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-1,2,3,4-tetrahydroiso-
quinoline-2-carbaldehyde (2p)*°

Purified by TLC; white solid; yield: 73.5 mg (99%); mp 147-148 °C.
IR (neat): 3138, 1664, 1517, 1402, 1260, 1236, 1113, 1027 cm™".

H NMR (400 MHz, CDCL,): § = 8.13 (s, 0.39 H)*, 7.69 (s, 0.61 H)**,
6.83-6.56 (m, 4.76 H), 6.33 (s, 0.37 H), 5.52 (t, J = 6.2 Hz, 0.39 H),
4.60-4.56 (m, 0.61 H), 4.49-4.45 (m, 0.62 H), 3.87-3.84 (m, 9.71 H),
3.76 (s, 1.23 H), 3.69 (s, 1.28 H), 3.58-3.54 (m, 0.41 H), 3.31-3.24 (m,
0.40 H), 3.17-2.77 (m, 3.76 H), 2.73-2.59 (m, 1 H).

13C NMR (100 MHz, CDCl): § = 161.4**,161.3%, 149.1**, 148.7%, 148.3,
148.1, 147.9, 147.8, 147.6**, 147.3%, 130.0%, 129.7**, 127.4**, 127.1%,
126.2**, 125.4%, 122.0%, 121.8*, 112.8, 112.5, 111.6, 111.4, 111.3,
110.9, 110.4, 109.9, 59.0, 56.1, 56.0, 55.9, 55.9, 55.8, 55.8, 52.1, 43.1,
41.5,40.9,34.2,29.1, 27.7.

HRMS (ESI): m/z [M + H]*" calcd for C,;H,sNO5: 372.1806; found:
372.1812.

N-Benzylformamide (2q)'4¢

Purified by TLC; yellow solid; yield: 24.6 mg (91%); mp 54-58 °C.

IR (neat): 3140, 1666, 1402, 699, 526 cm™".

H NMR (400 MHz, CDCl,): & = 8.25 (s, 0.87 H)**, 8.16 (d, J = 12 Hz,
0.13 H)*, 7.35-7.27 (m, 5 H), 6.08 (br s, 1 H), 4.48 (d, ] = 6.0 Hz, 1.73
H)**, 4.41 (d, ] = 6.4 Hz, 0.34 H)*.

13C NMR (100 MHz, CDCl3): & = 164.7%, 161.0**, 137.5**, 137.4%
128.9%, 128.7**,127.9%,127.7**, 127.6**, 126.9%, 45.6%, 42.1**.

HRMS (ESI): mjz [M + HJ]* calcd for CgH;,NO: 136.0757; found:
136.0747.

N-Phenethylformamide (2r)?*'

Purified by TLC; yellow oil; yield: 24.1 mg (81%).

IR (neat): 3140, 1670, 1402, 1154, 689, 527 cm™.

H NMR (400 MHz, CDCl,): & = 8.10 (s, 0.84 H)**, 7.89 (d, ] = 12 Hz,
0.16 H)*, 7.32-7.20 (m, 5 H), 5.83 (br s, 1 H), 3.59-3.46 (m, 2 H), 2.86-
2.82 (m, 2 H).

13C NMR (100 MHz, CDCl3): & = 164.5%, 161.2**, 138.4**, 137.5%
128.8-128.6 (m), 126.8*, 126.6**, 43.1%, 39.1**, 37.6%, 35.4**.

HRMS (ESI): m/z [M + NaJ* calcd for CgH;;NNaO: 172.0733; found:
172.0741.

N-(3-Phenylpropyl)formamide (2s)!4®

Purified by TLC; yellow oil; yield: 29.7 mg (91%).

IR (neat): 3122, 1666, 1402, 1154, 1113, 749, 701, 529 cm™.

H NMR (400 MHz, CDCl,): & = 8.13 (s, 0.82 H)**, 7.99 (d, ] = 12 Hz,
0.18 H)*, 7.32-7.17 (m, 5 H), 6.04 (br s, 1 H), 3.31 (q, ] = 6.8 Hz, 1.64
H)**, 3.20 (q,J = 6.8 Hz, 0.36 H)*, 2.68-2.64 (m, 2 H), 1.89-1.82 (m, 2
H).

13C NMR (100 MHz, CDCly): & = 164.8%, 161.3**, 141.1**, 140.5%,
128.5%, 128.4**, 128.3**, 126.2*, 126.0", 41.0%, 37.7**, 33.0**, 32.4*,
32.4%,31.0".

HRMS (ESI): m/z [M + Na]* calcd for C;oH;3NNaO: 186.0889; found:
186.0897.

N-(1-Phenylethyl)formamide (2t)°

Purified by TLC; yellow oil; yield: 18.2 mg (61%).

IR (neat): 3100, 1662, 1534, 1497, 1402, 1238, 1118 cm™".

'H NMR (400 MHz, CDCl;): 6 = 8.11 (s, 1 H), 7.38-7.25 (m, 5 H), 6.33
(brs, 1H),5.22-5.15 (m, 0.82 H)**, 4.71-4.64 (m, 0.19 H)*, 1.55 (d, ] =
6.8 Hz, 0.53 H)*, 1.50 (d, ] = 6.8 Hz, 2.47 H)**.

13C NMR (100 MHz, CDCly): § = 160.3, 142.5, 128.8*, 128.6**, 127.7",
127.4**,126.0%%,125.7%, 51.6%, 47.5**, 23.5%, 21.7*".

HRMS (ESI): m/z [M + HJ* caled for CoH;,NO: 150.0913; found:
150.0912.

Methyl 4-(Formamidomethyl)benzoate (2u)

Purified by TLC; white solid; yield: 28.2 mg (73%); mp 119-120 °C.

IR (neat): 3153, 1731, 1655, 1400, 1280, 1101, 1019, 766, 705 cm™".
'H NMR (400 MHz, CDCl;): & = 8.30 (s, 0.87 H)**, 8.19 (d, J = 12 Hz,
0.13 H)*, 8.04-7.98 (m, 2 H), 7.36-7.32 (m, 2 H), 6.21 (br s, 1 H), 4.53
(d, J = 6.0 Hz, 1.79 H)**, 4.48 (d, ] = 6.4 Hz, 0.27 H)*, 3.92 (s, 0.40 H)*,
3.91 (s, 2.68 H)*".
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13C NMR (100 MHz, CDCl,): 8 = 166.8™*, 164.7%, 161.2, 142.8"*, 142.6",
130.2% 130.0"*, 129.9%, 129.5**, 127.5**, 126.8%, 52.2%, 52.2**, 45.3%,
41.8",

HRMS (ESI): m/z [M + Li]* calcd for C;yH;NLiO5: 200.0894; found:
200.0892.

N-Dodecylformamide (2v)2

Purified by TLC; gray solid; yield: 34.9 mg (82%); mp 33-34 °C.

IR (neat): 3122, 1670, 1401, 1150, 1113, 529 cm™".

H NMR (400 MHz, CDCl,): & = 8.15 (s, 0.82 H)**, 8.03 (d, J = 12 Hz,
0.18 H)*, 5.63 (br s, 1 H), 3.28 (q,J = 6.8 Hz, 1.66 H)**, 3.20 (q, ] = 6.8
Hz, 0.44 H)*, 1.53-1.48 (m, 2 H), 1.29-1.24 (m, 18 H), 0.87 (t, ] = 6.8
Hz, 3 H).

13C NMR (100 MHz, CDCl;): 6 = 164.7*, 161.0**, 41.8*, 38.2**, 31.9**,
31.2%,29.6-29.1 (m), 26.8**, 26.3*, 22.6, 14.1.

HRMS (ESI): m/z [M + K]* calcd for C;3H,;NKO: 252.1724; found:
252.1724.

N-(2-Hydroxy-2-phenylethyl)formamide (2w)3!
Purified by TLC; yellow oil; yield: 30.7 mg (93%).
IR (neat): 3140, 1670, 1523, 1495, 1402, 1239, 1198, 1096, 915 cm™.

H NMR (400 MHz, CDCl,): & = 8.09 (s, 0.83 H)**, 7.86 (d, J = 12 Hz,
0.17 H)*, 7.34-7.27 (m, 5 H), 6.35 (br s, 1 H), 4.80 (dd, J = 8.6, 3.4 Hz,
0.84 H)**, 4.70 (dd, J = 7.4, 3.8 Hz, 0.18 H), 3.73-3.67 (m, 1.80 H)**,
3.45-3.37 (m, 0.19 H)*, 3.33-3.27 (m, 1 H).

13C NMR (100 MHz, CDCly): § = 165.4%, 162.2*%, 141.4**, 140.8",

128.7%, 128.5"*, 128.2%, 128.0**, 125.8*, 125.8**, 73.3%, 72.9"*, 49.2%,
45.7*%,

HRMS (ESI): m/z [M + H]" calcd for CqH;,NO,: 166.0863; found:
166.0860.

N-Indan-1-ylformamide (2x)3?
Purified by TLC; yellow solid; yield: 28.3 mg (88%); mp 109-110 °C.
IR (neat): 3118, 1640, 1547, 1402, 1154, 1115, 751,529 cm".

H NMR (400 MHz, CDCl;): & = 8.24 (s, 0.89 H)**, 8.21 (s, 0.11 H)*,
7.30-7.19 (m, 4 H), 6.00 (br s, 1 H), 5.55 (q,J = 8.0 Hz, 0.80 H)**, 4.99
(q,J =8.0 Hz, 0.19 H)*, 3.03-2.96 (m, 1 H), 2.92-2.84 (m, 1 H), 2.64-
2.55(m, 1 H), 1.92-1.79 (m, 1 H).

13C NMR (100 MHz, CDCl;): 8§ = 163.8% 160.9**, 143.3**, 142.5%
128.4%,128.1**,127.0%, 126.8**, 125.0%, 124.8**,123.9**,123.7*,57.4%,
53.2**,35.1% 33.9*%,30.2**, 29.8".

HRMS (ESI): m/z [M + CH3CO,H - HJ- calcd for C;,H;4,NO5: 220.0968;
found: 220.0971.

N-(3,4-Dimethoxyphenethyl)formamide (2y)>3
Purified by TLC; yellow oil; yield: 38.0 mg (91%).
IR (neat): 3140, 3006, 2941, 1668, 1593, 1467, 1400, 1265, 1029 cm.

'H NMR (400 MHz, CDCl;): & = 8.09 (s, 0.85 H)**, 7.87 (d, J = 12 Hz,
0.15 H)*, 6.79-6.65 (m, 3 H), 5.93 (br s, 1 H), 3.83 (s, 3.73 H)**, 3.82 (s,
2.25 H)*, 3.51 (q, J = 6.4 Hz, 1.64 H)**, 3.41 (q, ] = 6.4 Hz, 0.36 H)*,
2.77-2.71 (m, 2 H).

13C NMR (100 MHz, CDCl;): & = 164.5%, 161.2**, 148.9%, 148.8**,
147.7%, 147.5**, 130.8**, 128.0%, 120.8%, 120.5**, 111.8% 111.6™,
111.3% 111.1%%, 55.8**, 55.7%, 43.2%, 39.2**, 37.2*%, 34.9**,

HRMS (ESI): m/z [M + H]* caled for C;;H;¢NO5: 210.1125; found:
210.1122.

N-Acetyl-1,2,3,4-tetrahydroisoquinoline (2z)3*

Purified by TLC; yellow oil; yield: 30.1 mg (86%).

IR (neat): 3159, 3029, 2933, 1661, 1634, 1456, 1403, 1299, 1034 cm™!.
H NMR (400 MHz, CDCl;): & = 7.21-7.09 (m, 4 H), 4.72 (s, 1.13 H)**,
4.61(0.87 H)*, 3.81 (t,] = 5.8 Hz, 0.85 H)*, 3.67 (t, ] = 5.8 Hz, 1.15 H)**,
2.90 (t,J = 5.8 Hz, 1.22 H)**, 2.84 (t, ] = 5.8 Hz, 0.89 H)*, 2.18 (s, 1.26
H)*, 2.17 (s, 1.67 H)*.

13C NMR (100 MHz, CDCl3): & = 169.5**, 169.5%, 135.0%, 133.9**
133.4*, 132.4% 128.9%, 128.2**, 126.9%, 126.6**, 126.5**, 126.5%,
126.3**, 126.0%, 48.0%, 44.0**, 43.9**, 39.4%, 29.4**, 28.434* 21.9%
21.6**.

HRMS (ESI): m/z [M + HCO,H - H]- calcd for C;,H;4,NO: 220.0968;
found: 220.0981.

N-Propanoyl-1,2,3,4-tetrahydroisoquinoline (2za)*>

Purified by TLC; yellow oil; yield: 32.9 mg (87%).

IR (neat): 3120, 2983, 1694, 1646, 1454, 1401, 1310, 1053 cm™".

H NMR (400 MHz, CDCl;): & = 7.21-7.08 (m, 4 H), 4.73 (s, 1.16 H)**,
461 (s, 0.94 H)*, 3.83 (t, ] = 6.0 Hz, 0.96 H)*, 3.67 (t, ] = 5.8 Hz, 1.12
H)**, 2.89 (t, J = 6.0 Hz, 1.30 H)**, 2.84 (t, J = 5.8 Hz, 0.88 H)*, 2.47-
2.40 (m, 2 H), 1.21-1.16 (m, 3 H).

13C NMR (100 MHz, CDCl;): 8 = 172.8**, 172.8%, 135.2*, 134.1**,
133.7*, 132.7%, 128.9%, 128.2**, 126.9, 126.7, 126.5, 126.5, 126.3,
126.0, 47.2%, 44.2**, 43.1*, 39.7%, 29.5**, 28.5% 27.0%, 26.8"**, 9.4**,
9.3%

HRMS (ESI): m/z [M + HCO,H - H]- calcd for C;3H;gNO;: 234.1125;
found: 234.1125.

N-Benzoyl-1,2,3,4-tetrahydroisoquinoline (2zb)3¢

Purified by TLC; yellow oil; yield: 11.9 mg (25%).

IR (neat): 3153, 2363, 2345, 1633, 1402, 1299, 1258, 1107, 934 cm™.
'H NMR (400 MHz, CDCl;): 8 = 7.44 (m, 5 H), 7.22-7.17 (m, 4 H), 4.90
(s, 1.13 H)**, 4.59 (s, 0.87 H)*, 4.00 (s, 0.83 H)*, 3.65 (s, 1.20 H)**,
2.98-2.88 (m, 2 H).

13C NMR (100 MHz, CDCl;): & = 171.0, 136.1, 132.9, 129.8, 128.5,
127.1-126.6 (m), 49.8, 45.3, 44.9, 40.5, 29.6, 28.3.

HRMS (ESI): m/z [M + HJ" calcd for CigH;gNO: 238.1226; found:
238.1222.

N-(4-Phenylpiperazin-1-yl)acetamide (2zc)*’

Purified by TLC; white solid; yield: 38.4 mg (94%); mp 80-82 °C.

IR (neat): 3138, 2822, 1655, 1500, 1402, 1232, 1158, 999, 760, 695
cm,

H NMR (400 MHz, CDCl,): 5 = 7.31-7.27 (m, 2 H), 6.94-6.89 (m, 3 H),
3.77(t,J = 5.2 Hz, 2 H), 3.62 (t, ] = 5.2 Hz, 2 H), 3.19-3.13 (m, 4 H), 2.14
(s,3H).

13C NMR (100 MHz, CDCl3): 8 = 169.1, 151.0, 129.3, 120.6, 116.7, 49.8,
49.4,46.3,41.4,214.

HRMS (ESI): m/z [M + NaJ* calcd for C;,H;¢N,NaO: 227.1155; found:
227.1157.

N-Methyl-N-phenethylacetamide (2zd)
Purified by TLC; pale yellow oil; yield: 34.1 mg (96%).
IR (neat): 3029, 2935, 1651, 1402, 1202, 1129, 1079, 1033, 1005 cm-.
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H NMR (400 MHz, CDCL,): § = 7.33-7.15 (m, 5 H), 3.58 (t, ] = 7.6 Hz,
0.98 H), 3.51 (t, ] = 7.2 Hz, 1.02 H), 2.95 (s, 1.50 H), 2.88 (s, 1.50 H),
2.84(t,] = 7.4 Hz, 2 H), 2.07 (s, 1.45 H), 1.85 (s, 1.48 H).

13C NMR (100 MHz, CDCl,): 8 = 170.5, 170.4, 139.1%, 138.1**, 128.7,
128.7, 128.6, 128.4, 126.7, 126.2, 52.5**, 49.6%, 36.8", 34.6™, 33.6*%,
33.3% 21.8%,20.8"".

HRMS (ESI): m/z [M + Na]* calcd for C;;H;5sNNaO: 200.1046; found:
200.1039.

N-Methyl-N-(naphthalen-1-ylmethyl)acetamide (2ze)*®

Purified by TLC; yellow oil; yield: 35.4 mg (83%).

IR (neat): 3140, 1655, 1402, 1262, 1163, 792 cm.

'H NMR (400 MHz, CDCl,): 6 = 8.09 (d, J = 8.0 Hz, 0.66 H), 7.86-7.79

(m, 2.39 H), 7.58-7.21 (m, 4.17 H), 5.06 (s, 1.28 H)**, 4.98 (s, 0.72 H)",
3.05 (s, 1.12 H)*, 2.83 (s, 1.89 H)**, 2.17 (s, 1.99 H)**, 2.12 (s, 1.23 H)*.

13C NMR (100 MHz, CDCl,): 8 = 171.6%, 170.4**, 133.8™*, 133.7%,132.6,
131.6, 131.3, 130.6, 129.0, 128.5, 128.4, 128.0, 126.9, 126.5, 126.4,
126.0,125.9, 125.5, 125.1, 123.8, 122.3%, 121.9**, 52.0%, 48.3**, 34.8"*,
34.3%,22.0%%,21.2%.

HRMS (ESI): m/z [M + Na]* calcd for C;4H;sNNaO: 236.1046; found:
236.1041.

5-Acetyl-4,5,6,7-tetrahydrothieno|[3,2-c]pyridine (2zf)>°

Purified by TLC; pale yellow oil; yield: 30.8 mg (85%).

IR (neat): 3111, 3014, 2928, 2850, 1634, 1403, 1241, 1217, 1010 cm™".
H NMR (400 MHz, CDCl;): & =7.16-7.13 (m, 1 H), 6.81-6.78 (m, 1 H),
4.67 (s, 1.05 H)**, 4.55 (s, 0.95 H)*, 3.91 (t,] = 5.6 Hz, 0.95 H)*, 3.74 (t,
J=5.6 Hz, 1.07 H)**, 2.92 (t, ] = 5.6 Hz, 1.08 H)**, 2.86 (t, J = 5.6 Hz,
0.93 H)*, 2.19 (s, 1.59 H)**, 2.17 (s, 1.38 H)*.

13C NMR (100 MHz, CDCl;): & = 169.6%, 169.4**, 134.3%, 132.3*,
132.0%, 131.0*%, 125.1*%, 124.3%, 123.5%, 123.3*%, 46.3%, 44.1**, 42.3**,
39.4%,25.5*%,24.6%, 21.9%, 21.5*".

HRMS (ESI): m/z [M + Na]* calcd for CgH;;NSNaO: 204.0454; found:
204.0452.

N-Benzylacetamide (2zg)*°
Purified by TLC; colorless solid; yield: 25.6 mg (86%); mp 62-63 °C.
IR (neat): 3282, 1651, 1556, 1402, 1290, 1079, 1031 cm™.

H NMR (400 MHz, CDCl): 8 = 7.34-7.25 (m, 5 H), 6.13 (br s, 1 H),
4.39(d,J = 6.0 Hz, 2 H), 1.99 (s, 3 H).

13C NMR (100 MHz, CDCl3): § = 170.0, 138.2, 128.6, 127.8, 127.4, 43.6,
23.2.

HRMS (ESI): m/z [M + Na]* calcd for CiH;;NNaO: 172.0733; found:
172.0728.

1-(4-Phenylpiperazin-1-yl)propan-1-one (2zh)
Purified by TLC; yellow oil; yield: 40.2 mg (92%).
IR (neat): 3137, 1653, 1601, 1498, 1402, 1230, 1157, 1029 cm™".

H NMR (400 MHz, CDCl,): § = 7.31-7.27 (m, 2 H), 6.94-6.89 (m, 3 H),
3.78(t,J = 4.8 Hz, 2 H), 3.62 (t, ] = 4.6 Hz, 2 H), 3.18-3.14 (m, 4 H), 2.39
(q.) =7.6 Hz, 2 H), 1.18 (t, ] = 7.6 Hz, 3 H).

13C NMR (100 MHz, CDCl3): § = 172.2, 150.9, 129.1, 120.4, 116.5, 49.6,
49.3,45.2,41.3,26.4,9.4.

HRMS (ESI): m/z [M + Na]* calcd for C;3H;sN,NaO: 241.1311; found:
241.1305.

N-Methyl-N-phenethylpropanamide (2zi)

Purified by TLC; yellow oil; yield: 36.3 mg (95%).

IR (neat): 3152, 1649, 1402, 1152, 531 cm™.

H NMR (400 MHz, CDCl,): & = 7.31-7.15 (m, 5 H), 3.58 (t, ] = 7.6 Hz,
1.08 H)**, 3.50 (t, J = 7.4 Hz, 0.92 H)*, 2.96 (s, 1.39 H)*, 2.87 (s, 1.58
H)**, 2.84 (t,] = 7.4 Hz,2 H), 2.30(q, J = 7.2 Hz, 1.06 H)**, 2.12 (q,] =
7.6 Hz, 0.91 H)*, 1.14 (t, ] = 7.4 Hz, 1.61 H)**, 1.03 (t, ] = 7.4 Hz, 1.38
H)*

13C NMR (100 MHz, CDCl;): 8 = 173.7%, 173.5*, 139.3**, 138.2%,
128.8% 128.7*%, 128.4, 126.7%, 126.2**, 51.5%, 50.0*, 35.9%, 34.9**,
33.8"*,33.5% 26.8**,25.9%, 9.5%,9.2**,

HRMS (ESI): m/z [M + HJ* caled for C;,H;gNO: 192.1383; found:
192.1379.

N-Methyl-N-(naphthalen-1-ylmethyl)propanamide (2zj)
Purified by TLC; yellow oil; yield: 37.3 mg (82%).
IR (neat): 3144, 1651, 1510, 1403, 1256, 1120, 1066, 794 cm™.

'H NMR (400 MHz, CDCl;): 6 = 8.09 (d, J = 8.0 Hz, 0.64 H), 7.92-7.78
(m, 2.39 H), 7.58-7.50 (m, 3.11 H), 7.32 (d, ] = 7.2 Hz, 0.64 H), 7.20 (d,
J=7.2Hz,0.37 H), 5.07 (s, 1.27 H)**, 4.99 (s, 0.73 H)*, 3.07 (s, 1.06 H)*,
2.82 (s, 1.89 H)**, 2.44-2.32 (m, 2 H), 1.22 (t, ] = 7.4 Hz, 1.90 H), 1.14
(t,J = 7.6 Hz, 1.19 H).

13C NMR (100 MHz, CDCl;): & = 174.7%, 173.6**, 133.8**, 133.7%,
132.9*, 131.7**, 131.6%, 130.6%, 129.0%, 128.5**, 128.3**, 127.9%
127.0%, 126.4**, 126.0%, 125.9**, 125.6%, 125.1**, 123.9, 122.3%
121.9**, 51.0% 48.5**, 34.5%, 34.0**, 26.9**, 26.1*, 9.5%,9.4**,

HRMS (ESI): m/z [M + Na]* caled for C;sH;;NNaO: 250.1202; found:
250.1196.

1-(4,5,6,7-Tetrahydrothieno[3,2-c]pyridin-5-yl)propan-1-one

(2zk)

Purified by TLC; pale yellow oil; yield: 23.4 mg (60%).

IR (neat): 3122, 1648, 1429, 1402, 1264, 1224, 1046, 889, 706 cm™".
'H NMR (400 MHz, CDCl;): § = 7.16-7.13 (m, 1 H), 6.82-6.78 (m, 1 H),
4.68 (s, 1.06 H)**, 4.55 (s, 0.94 H)*, 3.93 (t,J = 5.6 Hz, 0.96 H)*, 3.75 (¢,
J =5.8 Hz, 1.05 H)**, 2.91 (t, ] = 5.6 Hz, 1.11 H)**, 2.86 (t, ] = 5.6 Hz,
0.95 H)*, 2.48-2.39 (m, 2 H), 1.22-1.16 (m, 3 H).

13C NMR (100 MHz, CDCly): & = 172.9, 172.7, 134.5, 132.6, 132.1,
1312, 1252, 1244, 123.5, 123.3, 45.4*, 43.3*, 42.6", 39.7*, 27.0%,
26.8**, 25.7*, 24.7%, 9.5** 9.3%.

HRMS (ESI): m/z [M + Na]* calcd for C,oH;3NSNaO: 218.0610; found:
218.0603.

N-Benzylpropanamide (2z1)*'
Purified by TLC; yellow oil; yield: 21.2 mg (65%).
IR (neat): 3289, 1651, 1554, 1402, 1236, 1105, 1031, 732, 699 cm™".

H NMR (400 MHz, CDCl): 8 = 7.34-7.27 (m, 5 H), 5.93 (br s, 1 H),
4.42(d,J=5.6Hz, 2 H),2.24(q,J= 7.6 Hz, 2 H), 1.17 (t,] = 7.4 Hz, 3 H).
13C NMR (100 MHz, CDCly): & = 173.6, 138.3, 128.6, 127.7, 127.4, 43.5,
29.6,9.8.

HRMS (ESI): m/z [M + Na]* calcd for C;oH;3NNaO: 186.0889; found:
186.0890.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2018, 50, A-K

Downloaded by: University of Liverpool. Copyrighted material.



Synthesis J-Ma et al.

Funding Information

Financial support from the National Natural Science Foundation of
China (No. 21402168), Scientific Research Foundation of Hunan Pro-
vincial Education Department (No. 15B232) is gratefully acknowl-
edged.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0037-1610267.

References

(1) (a) Fechete, I.; Wang, Y.; Védrine, J. C. Catal. Today 2012, 189, 2.
(b) Li, Y.; Shen, W. Chem. Soc. Rev. 2014, 43, 1543. (c) Zaera, F.
Chem. Soc. Rev. 2013, 42, 2746.

(2) (a) Tchounwou, P. B.; Yedjou, C. G.; Patlolla, A. K.; Sutton, D. J.
Molecular, Clinical and Environmental Toxicology, In Experientia
Supplementum; Springer: Basel, 2012, 133. (b) Gilani, S. H;
Alibhai, Y. J. Toxicol. Environ. Health. 1990, 30, 23.

(3) In March 2016, the prices for manganese, platinum, palladium,
rhodium, iridium, and ruthenium were 0.00206, 29.9, 31.70,
4244, 3119, and 2.57 USD/g, respectively, see:
http://www.infomine.com/investment/metal-prices/.

(4) (a)Liu, W.; Ackermann, L. ACS Catal. 2016, 6, 3743.
(b) McGarrigle, E. M.; Gilheany, D. G. Chem. Rev. 2005, 105,
1563.

(5) (a) Huang, X.; Zhuang, T.; Kates, P. A.; Gao, H.; Chen, X.; Groves,
J. T.J. Am. Chem. Soc. 2017, 139, 15407. (b) Chakraborty, S.; Das,
U. K.; Ben-David, Y.; Milstein, D. J. Am. Chem. Soc. 2017, 139,
11710. (c) Oderinde, M. S.; Nuhant, P.; Genovino, J.; Juneau, A.;
Gagné, Y.; Allais, C.; Chinigo, G.; Choi, C.; Sach, N.; Bernier, L.;
Bundesmann, M.; Khunte, B.; Frenette, M.; Fadeyi, O. O.; Fobian,
Y. Angew. Chem. Int. Ed. 2017, 56, 15309. (d) Wang, H.; Pesciaioli,
F.; Oliveira, |. C. A.; Warratz, S.; Ackermann, L. Angew. Chem. Int.
Ed. 2017, 56, 15063. (e) Mastalir, M.; Pittenauer, E.; Allmaier, G.;
Kirchner, K. J. Am. Chem. Soc. 2017, 139, 8812. (f) Liang, Y.-F.;
Miiller, V.; Liu, W.; Miinch, A.; Stalke, D.; Ackermann, L. Angew.
Chem. Int. Ed. 2017, 56, 9415. (g) Wang, H.; Lorion, M. M,;
Ackermann, L. Angew. Chem. Int. Ed. 2017, 56, 6339. (h) Wang,
C.; Wang, A.; Rueping, M. Angew. Chem. Int. Ed. 2017, 56, 9935.
(i) Ly, Q.; GreRies, S.; Klauck, F. J. R.; Glorius, F. Angew. Chem. Int.
Ed. 2017, 56, 6660. (j) Sato, T.; Yoshida, T.; Mamari, H. H. A;
Ilies, L.; Nakamura, E. Org. Lett. 2017, 19, 5458. (k) Zell, D.;
Dhawa, U.; Miiller, V.; Bursch, M.; Grimme, S.; Ackermann, L.
ACS Catal. 2017, 7, 42009. (1) Gebauer, K.; ReuR, F.; Spanka, M.;
Schneider, C. Org. Lett. 2017, 19, 4588. (m) Liu, S.-L.; Li, Y.; Guo,
J-R.; Yang, G.-C.; Li, X.-H.; Gong, ].-F.; Song, M.-P. Org. Lett.
2017, 19, 4042. (n) Ni, ].; Zhao, H.; Zhang, A. Org. Lett. 2017, 19,
3159. (o) Liu, W.; Zell, D.; John, M.; Ackermann, L. Angew. Chem.
Int. Ed. 2015, 54, 4092. (p) Zhou, B.; Chen, H.; Wang, C. J. Am.
Chem. Soc. 2013, 135, 1264.

(6) (a) Sharma, R. K.; Yadav, M.; Monga, Y.; Gaur, R.; Adholeya, A,;
Zboril, R.; Varma, R. S.; Gawande, M. B. ACS Sustainable Chem.
Eng. 2016, 4, 1123. (b) Sfrazzetto, G. T.; Millesi, S.; Pappalardo,
A.; Toscano, R. M.; Ballistreri, F. P.; Tomaselli, G. A.; Gulino, A.
Catal. Sci. Technol. 2015, 5, 673. (c)Rich, J.; Manrique, E.;
Molton, F.; Duboc, C.; Collomb, M.-N.; Rodriguez, M.; Romero, I.
Eur. J. Inorg. Chem. 2014, 2663. (d) Saisaha, P.; Boer, J. W.;
Browne, W. R. Chem. Soc. Rev. 2013, 42, 2059. (e) Lane, B. S,;

Vogt, M.; DeRose, V. ].; Burgess, K. J. Am. Chem. Soc. 2002, 124,
11946. (f) Wu, M.; Wang, B.; Wang, S.; Xia, C.; Sun, W. Org. Lett.
2009, 11, 3622. (g) Maayan, G.; Christou, G. Inorg. Chem. 2011,
50, 7015.

(7) (a) Vasilenko, V.; Blasius, C. K.; Wadepohl, H.; Gade, L. H. Angew.
Chem. Int. Ed. 2017, 56, 8393. (b) Bauer, J. O.; Chakraborty, S.;
Milstein, D. ACS Catal. 2017, 7, 4462. (c) Bruneau-Voisine, A.;
Wang, D.; Dorcet, V.; Roisnel, T.; Darcel, C.; Sortais, J.-B. Org.
Lett. 2017, 19, 3656. (d) Ma, X.; Zuo, Z; Liu, G.; Huang, Z. ACS
Omega 2017, 2, 4688. (e) Elangovan, S.; Garbe, M.; Jiao, H.;
Spannenberg, A.; Junge, K.; Beller, M. Angew. Chem. Int. Ed.
2016, 55, 15364.

(8) (a) Yliheikkild, K.; Axenov, K.; Rdisdnen, M. T.; Klinga, M;
Lankinen, M. P.; Kettunen, M.; Leskeld, M.; Repo, T. Organome-
tallics 2007, 26, 980. (b) Nabika, M.; Seki, Y.; Miyatake, T.;
Ishikawa, Y.; Okamoto, K.; Fujisawa, K. Organometallics 2004,
23,4335.

(9) (a) Liu, W.; Huang, X.; Cheng, M.-].; Nielsen, R. ].; Goddard, W. A.
II.; Groves, J. T. Science (Washington, D. C.) 2012, 337, 1322.
(b) Fu, S.; Shao, Z.; Wang, Y.; Liu, Q. J. Am. Chem. Soc. 2017, 139,
11941. (c) Espinosa-Jalapa, N. A.; Kumar, A.; Leitus, G.; Diskin-
Posner, Y.; Milstein, D. J. Am. Chem. Soc. 2017, 139, 11722.
(d) Kumar, A.; Espinosa-Jalapa, N. A.; Leitus, G.; Diskin-Posner,
Y.; Avram, L.; Milstein, D. Angew. Chem. Int. Ed. 2017, 56, 14992.
(e) Andérez-Fernandez, M.; Vogt, L. K.; Fischer, S.; Zhou, W.;
Jiao, H.; Garbe, M.; Elangovan, S.; Junge, K.; Junge, H.; Ludwig,
R.; Beller, M. Angew. Chem. Int. Ed. 2017, 56, 559. (f) Deibl, N.;
Kempe, R. Angew. Chem. Int. Ed. 2017, 56, 1663. (g) Mastalir, M.;
Glatz, M.; Pittenauer, E.; Allmaier, G.; Kirchner, K. J. Am. Chem.
Soc. 2016, 138, 15543. (h) Milan, M.; Carboni, G.; Salamone, M.;
Costas, M.; Bietti, M. ACS Catal. 2017, 7, 5903. (i) Li, P.; Zhao, J.;
Li, X.; Li, F. J. Org. Chem. 2017, 82, 4569. (j) Huang, X.; Bergsten,
T. M.; Groves, ]. T. J. Am. Chem. Soc. 2015, 137, 5300.
(k) McMahon, C. M.; Renn, M. S.; Alexanian, E. J. Org. Lett. 2016,
18, 4148. (1) Pefia-Lopez, M.; Piehl, P.; Elangovan, S.; Neumann,
H.; Beller, M. Angew. Chem. Int. Ed. 2016, 55, 14967. (m) Huang,
X.; Liu, W.; Hooker, J. M.; Groves, J. T. Angew. Chem. Int. Ed. 2015,
54, 5241. (n) Liu, W.; Groves, J. T. Angew. Chem. Int. Ed. 2013, 52,
6024.

(10) (a) Pattabiraman, V. R.; Bode, J. W. Nature (London) 2011, 480,
471. (b) Lundberg, H.; Tinnis, F.; Selander, N.; Adolfsson, H.
Chem. Soc. Rev. 2014, 43, 2714. (c) Humphrey, J. M.; Chamberlin,
A. R. Chem. Rev. 1997, 97, 2243. (d) Cupido, T.; Tulla-Puche, ].;
Spengler, ].; Albericio, F. Curr. Opin. Drug Discovery Dev. 2007,
10, 768. (e) Deming, T. J. Prog. Polym. Sci. 2007, 32, 858. (f) Chen,
B. C.; Bednarz, M. S.; Zhao, R.; Sundeen, J. E.; Chen, P.; Shen, Z,;
Skoumbourdis, A. P.; Barrish, ]J. C. Tetrahedron Lett. 2000, 41,
5453,

(11) (a) Hett, R.; Fang, Q. K.; Gao, Y.; Wald, S. A.; Senanayake, C. H.
Org. Process Res. Dev. 1998, 2, 96. (b) Choi, D.; Stables, J. P.; Kohn,
H. J. Med. Chem. 1996, 39, 1907. (c) Ma, G.; Zancanella, M;
Oyola, Y.; Richardson, R. D.; Smith, J. W.; Romo, D. Org. Lett.
2006, 8, 4497. (d) Forsch, R. A.; Rosowsky, A. J. Org. Chem. 1985,
50, 2582. (e)Batchelor, F. R.; Doyle, F. P.; Nayler, J. H. C;
Rolinson, G. N. Nature (London) 1959, 183, 257. (f) Polyimides
Fundamentals and Applications; Ghosh, M. K.; Mittal, K. L., Eds.;
Marcel Dekker: New York, 1996.

(12) (a) Sonawane, R. B.; Rasal, N. K.; Jagtap, S. V. Org. Lett. 2017, 19,
2078. (b) Wang, Y.; Wang, F.; Zhang, C.; Zhang, ].; Lia, M.; Xu, ].
Chem. Commun. 2014, 50, 2438. (c) Becerra-Figueroa, L.; Ojeda-
Porras, A.; Gamba-Sanchez, D. J. Org. Chem. 2014, 79, 4544.
(d) Thale, P. B.; Borase, P. N.; Shankarling, G. S. RSC Adv. 2016, 6,
52724. (e) Zhang, M.; Imm, S.; Bdhn, S.; Neubert, L.; Neumann,

© Georg Thieme Verlag Stuttgart

- New York — Synthesis 2018, 50, A-K

Downloaded by: University of Liverpool. Copyrighted material.



Synthesis J-Ma et al.

H.; Beller, M. Angew. Chem. Int. Ed. 2012, 51, 3905. (f) Rao, S. N.;
Mohan, D. C.; Adimurthy, S. Org. Lett. 2013, 15, 1496.
(g) Nguyen, T. B.; Sorres, ].; Tran, M. Q.; Ermolenko, L.; Al-
Mourabit, A. Org. Lett. 2012, 14, 3202. (h) El Dine, T. M.; Evans,
D.; Rouden, J.; Blanchet, J. Chem.-Eur. J. 2016, 22, 5894.
(i) Lanigan, R. M.; Starkov, P.; Sheppard, T. D. J. Org. Chem. 2013,
78, 4512. (j) Suchy, M.; Elmehriki, A. A. H.; Hudson, R. H. E. Org.
Lett. 2011, 13, 3952. (k) Chikkulapalli, A.; Aavula, S. K.; Rifahath,
M. N. P.; Karthikeyan, C.; Vinodh, K. C. H.; Manjunatha, S. G;
Shanmugam, S. Tetrahedron Lett. 2015, 56, 3799. (1) Allen, C. L,;
Atkinson, B. N.; Williams, ]. M. ]. Angew. Chem. Int. Ed. 2012, 51,
1383.

(13) (a) Hosseini-Sarvari, M.; Sharghi, H. J. Org. Chem. 2006, 71,
6652. (b) Chen, Z.; Fu, R.; Chai, W.; Zheng, H.; Sun, L.; Ly, Q,;
Yuan, R. Tetrahedron 2014, 70, 2237. (c) Das, B.; Krishnaiah, M.;
Balasubramanyam, P.; Veeranjaneyulu, B.; Nandankumar, D.
Tetrahedron Lett. 2008, 49, 2225. (d) Brahmachari, G.; Laskar, S.
Tetrahedron Lett. 2010, 51, 2319. (e) Aleiwi, B. A.; Mitachi, K;;
Kurosu, M. Tetrahedron Lett. 2013, 54, 2077. (f) Rahman, M.;
Kundu, D.; Hajra, A.; Majee, A. Tetrahedron Lett. 2010, 51, 2896.
(g) Reddy, P. G.; Kumar, G. D. K.; Baskaran, S. Tetrahedron Lett.
2000, 41, 9149.

(14) (a) Chakraborty, S.; Gellrich, U.; Diskin-Posner, Y.; Leitus, G.;
Avram, L.; Milstein, D. Angew. Chem. Int. Ed. 2017, 56, 4229.
(b)Kang, B.; Hong, S. H. Adv. Synth. Catal. 2015, 357, 834.
(c) Ortega, N.; Richter, C.; Glorius, F. Org. Lett. 2013, 15, 1776.
(d) Tanaka, S.; Minato, T.; Ito, E.; Hara, M.; Kim, Y.; Yamamoto,
Y.; Asao, N. Chem.-Eur. J. 2013, 19, 11832. (e) Xu, B.; Madix, R. ].;
Friend, C. M. Chem.-Eur. J. 2012, 18, 2313.

(15) (a) Hie, L.; Fine Nathel, N. F.; Hong, X.; Yang, Y.-F.; Houk, K. N.;
Garg, N. K. Angew. Chem. Int. Ed. 2016, 55, 2810. (b) Sharley, D.
D. S.; Williams, J. M. ]J. Chem. Commun. 2017, 53, 2020.
(c) Gnanaprakasam, B.; Milstein, D. J. Am. Chem. Soc. 2011, 133,
1682. (d) Muiioz, J. de. M.; Alcazar, J.; de la Hoz, A.; Diaz-Ortizb,
A.; de Diego, S.-A. A. Green Chem. 2012, 14, 1335. (e) Ohshima,
T.; Hayashi, Y.; Agura, K.; Fujii, Y.; Yoshiyama, A.; Mashima, K.
Chem. Commun. 2012, 48, 5434.

(16) (a) Zhang, L.; Han, Z.; Zhao, X.; Wang, Z.; Ding, K. Angew. Chem.
Int. Ed. 2015, 54, 618. (b) Das, S.; Bobbink, F. D.; Bulut, S.;
Soudani, M.; Dyson, P. J. Chem. Commun. 2016, 52, 2497.

(17) (a) Ding, S.; Jiao, N. Angew. Chem. Int. Ed. 2012, 51, 9226.
(b) Muzart, J. Tetrahedron 2009, 65, 8313. (c) Ohtaki, H. Pure
Appl. Chem. 1987, 59, 1143. (d) Kobayashi, S.; Sugiura, M;
Ogawa, C. Adv. Synth. Catal. 2004, 346, 1023. (e) Pastoriza-
Santos, I.; Liz-Marzan, L. M. Adv. Funct. Mater. 2009, 19, 679.

(18) Gu, D. W.; Guo, X. X. Tetrahedron 2015, 71,9117.

(19) Wirth, D. D.; Baertschi, S. W.; Johnson, R. A.; Maple, S. R.; Miller,
M. S.; Hallenbeck, D. K.; Gregg, S. M. J. Pharm. Sci. 1998, 87, 31.

(20) Stubba, D.; Lahm, G.; Geffe, M.; Runyon, ]. W.; Arduengo, A. ]. IIL.;
Opatz, T. Angew. Chem. Int. Ed. 2015, 54, 14187.

(21) Lv, H.; Xing, Q.; Yue, C,; Lei, Z.; Li, F. Chem. Commun. 2016, 52,
6545.

(22) Shinohara, T.; Takeda, A.; Toda, J.; Ueda, Y.; Kohno, M.; Sano, T.
Chem. Pharm. Bull. 1998, 46, 918.

(23) Lewin, A. H.; Frucht, M. Org. Magn. Reson. 1975, 7, 206.

(24) Nguyen, T. V. Q.; Yoo, W.-J.; Kobayashi, S. Angew. Chem. Int. Ed.
2015, 54, 92009.

(25) Zhao, Y.; Cai, S.; Li, ].; Wang, D. Z. Tetrahedron 2013, 69, 8129.

(26) Zhang, L.; Han, Z.; Zhao, X.; Wang, Z.; Ding, K. Angew. Chem. Int.
Ed. 2015, 54, 6186.

(27) Ke, Z.; Zhang, Y.; Cui, X.; Shi, F. Green Chem. 2016, 18, 808.

(28) Katritzky, A. R.; Yao, G.; Lan, X.; Zhao, X. J. Org. Chem. 1993, 58,
2086.

(29) Nancy, B.; Till, 0. J. Org. Chem. 2011, 76, 9777.

(30) Nakamura, T.; Tateishi, K.; Tsukagoshi, S.; Hashimoto, S.;
Watanabe, S.; Soloshonok, V. A.; Acefia, J. L.; Kitagawa, O. Tetra-
hedron 2012, 68, 4013.

(31) Akikusa, N.; Mitsui, K.; Sakamoto, T.; Kikugawa, Y. Synthesis
1992, 1058.

(32) Singh, T.; Stein, R. G.; Hoops, ]. F.; Biel, ]. H.; Hoya, W. K.; Cruz, D.
R.J. Med. Chem. 1971, 14, 283.

(33) Bélanger, G.; Darsigny, V.; Doré, M.; Lévesque, F. Org. Lett. 2010,
12, 1396.

(34) Henry, C.; Bolien, D.; Ibanescu, B.; Bloodworth, S.; Harrowven,
D. C.; Zhang, X.; Craven, A.; Sneddon, H. F.; Whitby, R. ]. Eur. J.
Org. Chem. 2015, 1491.

(35) Aubert, C.; Huard-Perrio, C.; Lasne, M.-C. J. Chem. Soc., Perkin
Trans. 11997, 2837.

(36) Zhang, M.-Z.; Guo, Q.-H.; Sheng, W.-B.; Guo, C.-C. Adv. Synth.
Catal. 2015, 357, 2855.

(37) Bouasla, R.; Bechlem, K.; Belhani, B. Orient. J. Chem. 2017, 33,
1454.

(38) Ueno, R.; Shirakawa, E. Org. Biomol. Chem. 2014, 12, 7469.

(39) Master, H. E.; Khan, S. I.; Poojari, K. A. Indian J. Chem. 2008, 47,
97.

(40) Toshimichi, O.; Tomotsuguy, A.; Michinori, S. J. Am. Chem. Soc.
2010, 132,13191.

(41) Funder, E. D.; Trads, ]. B.; Gothelf, K. V. Org. Biomol. Chem. 2015,
13,185.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2018, 50, A-K

Downloaded by: University of Liverpool. Copyrighted material.



