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Abstract. An iodine-promoted, metal-, base-, and solverg-freross-coupling reaction was
developed for the synthesis of various useful sgapnamides via aaryl N-addition reaction of
aryl groups to cyano groups. This aryl transfectiea proceeds with arylhydrazine hydrochlorides
serving as the aryl donors. A labelling experimgmws that thé&l atom in the product comes from
the cyano group of the nitriles, which are low o8t A plausible radical-driven mechanism is also
proposed.

Keywords: Arylhydrazine hydrochlorides; Nitrile N-additioAryl transfer reaction; Cross-coupling;

lodine; Secondary amides

1. Introduction
C-N triple bond$ are versatile functional groups in organic synith&3he cyano group of nitriles
can undergaC-addition andN-addition reactions leading to C-C bond and C-N ddormation

(Scheme 1)C-addition to the cyano group of nitriles has beadely observed in reactions with

1



various aryl donors, such as arylsulfinic acidaylboronic acid$, aryl iodides’ benzoic acid$,
arenes, and hydrazine$ frequently in the presence of Ni, Pd, Rh, or Gansition-metal catalysts
(Scheme 1l1a). However, tid-addition reaction has rarely been achieved bysecosipling of the
aryl and nitrile portion to produce amides or thamialogs via C-N bond formation (Scheme 1b). To
the best of our knowledge, only two examples o$ tlype of reaction have been described, both
involving Cu catalysts. In 2013, Chen and co-woskeiescribed, in two separate publications, the
concise construction of polycyclic quinolines viatramolecular [2+2+2] annulation of
diaryliodoniums, nitriles, and alkynes. The keyemtediateN-phenyl nitrilium salt, which was
produced by tethering the aryl and nitrile portma a N-addition reaction, was involved in these
regioselective processes. Furthermore, very recenwtt developed a useful intermolecular phenyl
transfer reaction for the synthesis Mphenyl amides, which, for the first time, were thasized
starting from hydrazides and nitriles. The protopalceeded via an oxidative cleavage reaction of
spf C-N bonds of phenylhydrazides to form a phenyia@dand the subsequeNtaddition to the
cyano group (Scheme 1H).This metal-freeN-phenylated reaction proceeded in the presence of
[bis-(trifluoroacetoxy)iodo]benzene (PIFA) under laniand solvent-free conditions. Despite the
considerable accomplishments achieved so far, uhtber development of practical, diverse, and
flexible N-addition reactions of cyano groups, hence leatbngore functional molecules, is highly

desirable.

via C-C bond formation via C-N bond formation

O(NH) a b Q

61 -— Ar~N/C R
Ar” TR Ar—LG Diaryliodoniums H
Arylhydrazides
LG =-SO,Na; -SO,H; -CO,H; -BF5K; -B(OH),; -I; -H; -NHNH,
R =alkyl, aryl.

O-A

Z

Scheme 1The addition reactions of aryl donors to cyanaugso
Phenylhydrazine and its derivatives are an impontamiety of various natural compounds with a
rich diversity of structures and bioactiviti€sin synthetic organic chemistry, these derivatisesh
as nitrilimines, are useful in addition reactionsggenerate nitrogen-containing heterocycles because
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of their high reactivity, low cost, and easy awvaility.'* Additionally, they often serve as
PhNH-group donors to access small organic moleoults desired functionality® such as in the
Fischer indole synthest8.Furthermore, many studies have reported that phedazines can be
decomposed into a phenyl group by expulsion puNder mild conditions, thence participating in
various coupling reactions to afford biaryfsHowever, to date, the phenyl donor chemistry of
phenylhydrazines toward the triple bonds of unsaégt compoundd®*®has been far less explored
than that toward other bond typ€sA noteworthy example with arylhydrazines servirsgtiae aryl
donor was reported by Jiang's group in 26They established a simple approach for the syigthes
of aryl ketones in the presence of a palladiumlgstta?,2’-bipyridine, trifluoroacetic acid, anding
molecular oxygen as the sole oxidant starting froitnles and arylhydrazines via @-addition
reaction to the cyano group (Eq 1). Here, we dbsasur successful cross-coupling of arylhydrazine
hydrochlorides with nitriles in the presence ofired andtert-butyl nitrite (t-BuONQO) to produce
secondary amides under metal-, base-, and solk@mtebnditions with a broad substrate scope (Eq
2). Obviously, the advantage of the dirdisdddition to the cyano group is to allow the introtion

of an aryl directly to the nitrogen atom and fdat various useful amid&swithout the need for
pre-prepared carbonyl-containing starting mateaals metal catalysts.

Jiang's work:
b2 ¢ Pd(OAC),/O,/TFA/

H,0/2,2"-bipyridine 1)
Ar-NHNH, + NEC-R ————=  J_ )
Dioxane, 90 °C A R

This work:
I,/t-BuONO o
Ar—NHNH, HCl + NEC-R —————> Ars )KR ©)]
Solvent-free, 25 °C H

2. Results and discussion

We began our study with the selection of phenylayoire hydrochloridel@ and benzonitrile
(2a) as model substrates to optimize the reactionitond (Table 1). Initially, we treateth and2a
(10 equiv) with 2 equiv of iodine and 2 equivtdBuONO at 25 °C (Table 1, entry 1). To our delight,

N-phenylated produc3a was isolated in 62% vyield as a white solid, alenth a trace amount of



by-productd4a after 5 h. Further investigation indicated tha #mount of iodine had little effect on
the yield of producBa (Table 1, entries 2-5). It should be emphasizadl tthe reaction showed a
very low efficiency in the absence of iodine BBUONO (Table 1, entries 6 and 7). These
observations show that both of those reagents radispensable to this aryl transfer reaction.
Experimentally, the reaction was found to be impwhen we increased the amount-BuONO,
and the reaction performance was optimized wheredv oft-BuONO was employed (Table 1,
entries 8—-12). The amount of starting mate2alserving as both aryl acceptor and solvent, was al
screened. It was found that using more than 5 egfjucompounda allowed the reaction mixture to
form a homogeneous solution and gave a higher we&h than when using a lower loading 24
(Table 1, entries 13 and 14). However, increadiegréaction temperature was unable to improve the
yield of 3a (Table 1, entries 15 and 16). Other commerciallgilable nitrites, such as isopropyl
nitrite  (-PrONO), isobutyl nitrite iEBUONO), isopentyl nitrite i{PenONO), n-butyl nitrite
(n-BuONO), andn-hexyl nitrite f-HexONO), were also tested in the reaction. Althedm showed a
lower efficiency than that adiBuONO (Table 1, entries 17-21). Next, other pheygtazines were
also investigated systematically. Under the optadizconditions, various phenylhydrazide
derivatives phenylhydrazindlf), N'-phenylacetohydrazid€el€), N'-phenylbenzenesulfonohydrazide
(1d), and 4-methyN’-phenylbenzenesulfonohydrazidég gave the amid8a in 39-48% vyield, as
well as 9-27% vyield of by-produdt (Table 1, entries 22-25).

Table 1

Survey of the reaction conditiofis.

onditions %
PhNHNH,-HCl + NZC-Ph L Ph~NiPh + NkPh
H NO H
1a 2a 3a “4a
Entry 1 Il)Jequiv RONO/equiv t/h 3a/% 4al%
1 la 2 t-BUONO/2 5 62 Trace
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& Unless otherwise indicated, all reactions wereiearout withla (0.3 mmol),2a, I, and nitrites
under solvent-free and open-air conditions.

b 3.0 equiv oRawas used.

5.0 equiv oRawas used.

450°C was used.

€75°C was used.

The optimized conditions were identified as 1 equfih. and 10 equiv of in the presence of 0.5
equiv of iodine and 1.5 equiv 8BuONO under solvent-free conditions at 25 °C (€ablentry 11).
The scope of this intermolecular cross-couplingtiea using various starting materi@dsvas then
investigated (Table 2). The phenyl groupa)( and a variety of substituted phenyls with an
electron-donating group (EDG) (e.g., —OM2p<d) or an electron-withdrawing group (EWG) (e.g.,
—CO)Et) (2e-f) at theortho-, meta, or para-position could be well tolerated for the reactiamd
gave the amide produc8& in the yields of 34-73%. Except for the desiredduoict 3f, 15% of
N-(2-nitrophenyl)-3-(methoxycarbonyl)benzamid#) (was isolated simultaneously in the reaction
betweenla and 2f. However, we found that the nitrification produtt could be suppressed
completely if the reaction was carried out underainosphere. It was deduced that the NO radicals
derived from the-BuONO were oxidized to nitro radicals (-NO) by, diwhich served as the nitro
group donor of the nitrificatiof’. The reaction proceeded well for the starting niale2-furonitrile
(29) and 2-thiophenecarbonitril@lf) and afforded two commercialized produ@&g,and3h, in 47%
and 57% vyields, respectively. Interestingly, sikestfunctionalized nitrile substrat@sn smoothly
afforded usefuBi—n as the sole products in 45-66% vyields, under fitenal conditions, without
affecting the active cyclopropyl moiety, active lgéne moiety, and C=C double bond functional
groups of these substrates. These observationsatedi the flexibility and controllability of this
iodine-mediated aryl transfer reaction. To verlig tonvenience and flexibility of this approach and

obtain structurally diverse amides, several randmmmercially available hydrazines (or their
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hydrochloride) 1, including tert-butylhydrazine hydrochloride 1f), 4-hydrazinylpyridine
hydrochloride 19), 2-chloro-3-hydrazinylpyrazine hydrochloride  1hj, and
3-chloro-6-hydrazinylpyridazine hydrochloridéi), were employed in the reaction. All of them
could react witla and gave the corresponding ami8esr in 46—68% yields. Despite the relatively
low yields, this is a new and alternative approtchccess these types of amides. In addition, other
aryl donors including sodium benzenesulfinate, benacid, phenylboronic acid, and iodobenzene
were also employed to the reaction, lthe reaction did not occur, and starting matenaése
recovered.

Table 2

Extension of the reaction scope.

1, (0.5 equiv)
t-BuONO (1.5 equiv) le)
Ar—NHNH,-HCl + NSC-R —— Ar J
Solvent-free, 25 °C ﬂ R
1 2 3
Entry 1 2 t/h 3
1 1a (rovpg) 6 3a 64%
2 1a weo{_)-on (2b) 5 3b:73%
3 1a b, 9 6 3c58%
OMe
4 1a I 2d) 5  3d: 45%
5 la weoc—(_)-on (29 6 3e35%
6 1a . Ll (o 6 3f:34%
7 1a Cr™ g 6 39 47%
8 la (U™ 6 3n57%
9 la enen (2i) 6 3i: 65%



Ph

10 la X

c

" ) 5 3j:66%

11 la MeOL CN (2k) 5  3k:65%

(0]

12 1a Mg o) 5 3:64%

13 1a e 2m) 5 3m:50%

EtO,C._CN

14 1a I o 9 3n45%
15  1f 2a 5.5 3c: 68%
16 1g 2a 6 3p:46%
17 1h 2a 6 3q:53%
18 1 2a 6 3r:51%

& Unless otherwise indicated, all reactions wer@@aout withl (0.3 mmol),2 (3 mmol),t-BuONO
(53 puL, 0.45 mmol), 4 (38 mg, 0.15 mmol) under solvent-free conditionsl air atmosphere at
25 °C.

P Along with 10% ofN-(4-iodophenyl)-3-methoxybenzamidsd).

¢ Along with 15% ofN-(2-nitrophenyl)-3-(methoxycarbonyl)benzamidk)(

4 Along with 18% ofN-(4-iodophenyl)furan-2-carboxamidgg).

It was found that a mixture dd-phenylamides3s—U andpara-iodine-substituted amideSg-U
was generated when starting materials acetoni2dg pentanenitrile Zt), and pivalonitrile 2u)
reacted withla, respectively’ and the product8s—u could be completely converted to the
N-(4-iodophenyl)amides5s—u when the reaction time was prolonged to 12 h (TaB)e
Advantageously, the strategy of prolonging the tieactime to obtain a single product avoided the
need for isolation of the mixture of compoun8s-u and 5s—y which proved to have the same
polarity in TLC. Furthermore, we found that theirmation reaction — unlike the nitrification reactio
— could not be inhibited under,Mitmosphere. Interestingly, a particular nit@ke reacted withla

and smoothly afforded the usefdl as the sole product with the yield of 48% in 6 Tinis
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observation also discloses that the iodination xcetiter the aryl transfer reaction. Moreover, the
obtained iodine-substituted amides are suitablefddher functionalization, such as by the Heck
reaction, and the Suzuki and Stille cross-coupleagtions.

Table 3

Extension of the reaction scope.

1, (0.5 equiv)
1

t-BuONO (1.5 equiv) fe}
la + NSC-R ——M L
Solvent-free, 25 °C ﬂ R
2 5
Entry Substrat€ t/h Products

1 MecNey 12 L%

55 65%
2 "BUCN @t) 12 I\Q\Hﬁ”m 5t: 57%
3 'BUCNQu) 12 I\Q‘ui “ 5u 60%
4 PhOCN2v) 6 I\Q\uio”':h 5v: 48%

& Unless otherwise indicated, all reactions werei@drout with 1a (0.3 mmol), 2 (3 mmol),
t-BUONO (53 uL, 0.45 mmol), 4 (38 mg, 0.15 mmol) under solvent-free conditiomsl aair
atmosphere at 25 °C.

The synthesis of chiral amides via the aryl transéaction was also investigated (Eq 1). It was
found that the desired chiral amidd’)-@-oxo-1-phenyl-2-(phenylamino)ethyl acetat&w) and
(R)-2-((4-iodophenyl)amino)-2-oxo-1-phenylethyl adetddw) could be isolated in 38% and 11%
yield, respectively, whefia and optically pure substratB){cyano(phenyl)methyl acetatev) were
employed in the reactioif.Thea value of §-3w in the literature isd]*® = +74.9° ¢ = 3.65, CHCJ),

while in our experiment, thex]>> value of3w was observed as -64.5°% 0.2, CHCl.), revealing



that the R)-configuration was mainly formed (Eq %) These observations also disclosed that the
absolute configuration in the transformation remadiessentially unchanged.

1, (0.5 equiv)
OAc {-BuONO (1.5 equiv)
+ N=C—
1a N C(R—)\
Ph Solvent-free, 25 °C

Lo T
Ph. ~OAc + WOAc (3)
2w 3w: 38% Sw: 11%

Finally, to demonstrate the synthetic potentialttos reaction, an intramolecular generation of
phenanthridin-6(H)-one B8x) was conducted. Starting material
2’-hydrazinyl-[1,1’-biphenyl]-2-carbonitrile ) was readily converted to phenanthridini8jsone
(3x) in 47% vyield under the optimal conditions, alongwith  by-product
2'-iodo-[1,1'-biphenyl]-2-carbonitrile3x’) (Eq 4)*

E\ I, (0.5 equiv)
NH2 HCI tBuONO(ISeqUIV)
Solvent-free, 25 °C
NC NC
6 3x: 47% 3x*: 24%

Radical trapping experiments were conducted tafglauhether a radical process was involved in
the transformation. It was found that compoual was not formed when 1 equiv of radical
scavengers, including 2,2,6,6-tetramethyl-1-pigagidxy (TEMPO), N-tert-butyl-a-phenylnitrone
(PBN), and galvinoxyl were added in the reactiorxtore, in separate experiments, under the
standard conditions. Under these conditions, thevesion was completely inhibited and none of
the desired producB was formed. These results implied that radicalsewiavolved in the
transformation (Table 4). In addition, a separa&&ction fromN-phenylacetamide t&s was also
inhibited by adding 1 equiv of TEMPO, which suggest radical pathway maybe involved from
N-phenylacetamide t®s Moreover, in our recent work, we have demondtrdig a labelling
experiment that the nitrogen source of the prod@ct®mes from the nitrile, rather than the
hydrazines? In the present work, the labelling experiment shovthat the N atom in the final

products likewise came from the cyano group ofrtiiéles ) (Eq 5). In addition, no target product
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3a was generated in reactions performed in the aleseheither 4 or t-BuONO (Table 1, entries 6
and 7). These facts indicated that betaridt-BuONO are indispensable to the transformation.

1, (0.5 equiv)

£-BuONO (1.5 equiv) ]\(:L 0
la + ISNEC_Me )I\ (3)

15
Solvent-free, 25 °C I\.I

H
B3N.2s: 12h I3N-5s: 63%
Table 4
Radical trapping experimerits.
Radical scavenger (1.0 equiv)
1, (0.5 equiv), ~BuONO (1.5 equiv) (0]
la + 2a Ph \N/U\ v,
Solvent-free, 25°C, 5 h H

3a

Radical scavenger (1 equiv)ield of 3a/%

No Scavenger 64
TEMPO 0
PBN 0
Galvinoxyl 0

& Unless otherwise indicated, all reactions wergi@drout with 1a (0.3 mmol), 2a (3 mmol),
t-BUONO (53puL, 0.45 mmol), 4 (38 mg, 0.15 mmol), and radical scavenger (0.3 mMmoder
solvent-free conditions and air atmosphere at 25 °C

Based on the results of these control experiments iaformation from previous works, a
plausible mechanism is proposed in Scheme 2. Itemassioned that the homolysis BBUONO
under the reaction conditions gatest-butoxyl radicals and NO radical$.Then, thetert-butoxyl
radicals reacted with the initiator iodine to affaert-butyl hypoiodité® and iodine radical®® Next,
thein situ-generated iodine radicals reacted with the phemlydzine hydrochloridesl) to form the
aryl radicalsA with the release of Nand HI***?” Subsequently, the addition of the aryl radicalg to
produced intermedia®.?® We speculate that the steric hindrance of the $itioa is less than the C

position in the nitrile group, which resulted inetN-addition of the transformation. Finally, this
11



intermediate was trapped by thert-butoxyl radicals to generate the intermedi@teultimately
leading to the amid® in the presence of a prot8h'° After this desired reaction, an iodinatfdor a
nitrification”® were possible, resulting in the production péraiodinated product5 or

ortho-nitrogenated produe via a radical process.

t+-BuONO —= -BuO- +-NO

12 \/1/_‘ I
+-BuOH 4% +BuOl

HI
‘1 N -1 N 1
T 75 A 'NH, ~V A7 NH TN AT ON- L
HI HI HI
+-BuO * _t-Bu +
(6] H
Ar — Ar\N//\R At 2 — 3
N R
A B C

Scheme 2Proposed mechanism.

3. Conclusion

In summary, an iodine-promoted anBuONO-assisted intermolecular cross-coupling ieact
was developed via relatively a raxeaddition reaction to the cyano group of nitril@se protocol
allows the introduction of an aryl, derived fromylaydrazine hydrochlorides, directly to the
nitrogen atom of the nitriles, avoiding the pregamtion of carbonyl-containing starting materials.
In addition, this reaction proceeded under metase-, and solvent-free conditions and produced
structurally diversé&-aryl amides with a broad substrate scope.
4. Experimental section
4.1. General methods

All reactions were carried out under air atmosphentéess otherwise indicated. Other all reagents
were purchased from commercial sources and usdabutitfurther treatment, unless otherwise
indicated. The petroleum ether (PE) used refethedraction of petroleum with a boiling point of
60—90 °C. Ethyl acetate is abbreviated as Hhand**C NMR spectra were recorded on a Bruker

Avance/600 H: 600 MHz,**C: 150 MHz at 25 °C) or Bruker Avance/40®1( 400 MHz,**C: 100
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MHz at 25 °C) spectrometer using TMS as an intestahdard. Data are represented as follows:
chemical shift, integration, multiplicity (br = bad, s = singlet, d = doublet, dd = double doulilet,
triplet, g = quartet, m = multiplet), coupling cdéasts in Hertz (Hz). All high-resolution mass spact
(HRMS) were measured on a mass spectrometer usctyospray ionization (ESI-oa-TOF), and the
purity of all samples used for HRMS (>95%) were faomed by'H and**C NMR spectroscopic
analysis. Melting points were measured on a melpioigt apparatus equipped with a thermometer
and were uncorrected. All reactions were monitdmngdhin layer chromatography with GF254 silica
gel coated plates. Flash chromatography was cawtiedn silica gel (200—-300 mesh).

4.2. Typical Experimental Procedure

4.2.1. For3 (3aas an example)

To a round-bottom flask (25 mL) was added phenyiaguhe hydrochloridéa (43 mg, 0.3 mmol),
benzonitrile2a (0.3 mL, 3 mmol){-BuONO (53uL, 0.45 mmol), 4 (38 mg, 0.15 mmol), the mixture
was well stirred for 6 h at 28C (the whole process was closely monitored by TLT)en the
reaction mixture was purified by a flash silica gelumn chromatography (eluent: Petroleum ether
(PE)/Ethyl acetate (EA) = 10:1) to giephenylbenzamid8aas a white solid (38 mg, 64%).

4.2.2. For2r¥®

To a round-bottom flask (50 mL) was added acetitydnde (188uL, 2 mmol), DMAP (67uL,

0.5 mmol), (R)-2-hydroxy-2-phenylacetonitrile (112, 1 mmol) in tetrahydrofuran (5 mL), the
mixture was stirred for 10 h at room temperatuttee (vhole process was closely monitored by TLC).
The reaction was poured into water (5 mL), andntirgure was stirred vigorously for 30 min. The
aqueous phase was extracted with EtOAc (3x15 mhg dombined organic phases were washed
with 1 M ag HCI (15 mL), saturated aqg NaHEQ@5 mL), water (15 mL) and brine (15 mL), and
dried over anhydrous N&QO,. The solvent was evaporated under reduced pressugive the
(R)-cyano(phenyl)methyl aceta®e as a colorless oil (149 mg, 85%).

4.2.3. For5*t

13



To a round-bottom flask (50 mL) was added 1-iodoitBsbenzene(249 mg, 1 mmol),
(2-cyanophenyl)boronic acid (220 mg, 1.5 mmol),®4i¢), (1 mg, 0.5% mmol), kPO, (425 mg, 2
mmol) in ethylene glycol, the mixture was well stit for 5 h at 80C (the whole process was
closely monitored by TLC). After cooling, the mix¢uwas added to brine. The mixture was
extracted with diethyl ether. The organic phase exagorated under reduced pressure, the reaction
mixture was purified by a flash silica gel columnhra@matography to give
2’-nitro-(1,1’-biphenyl)-2-carbonitril& as a gray soli§101 mg, 45%).

To a round-bottom flask (50 mL) was added 2’-nittgl’-biphenyl)-2-carbonitrileg(224 mg, 1
mmol), Fe (336 mg, 6 mmol) in acetic acid, the migtwas well stirred for 13 h at 4G (the whole
process was closely monitored by TLC). After coglinhe mixture was added to brine. The
production of slag was filtered off and washed w@hki,Cl, and EtO. The organic phase was
evaporated under reduced pressure to give 2’-adifid-biphenyl]-2-carbonitrile8 as a gray solid
(126 mg, 85%).

To a round-bottom flask (50 mL) was added NaN83 mg, 1.2 mmol) in water (0.5 mL),
2’-amino-[1,1’-biphenyl]-2-carbonitrile (118 mg, hmol) in concentrated HCI (2 mL), the mixture
was well stirred for 1 h at @C. Then, solution of Sng(450 mg, 2 mmol) inconcentrated HCI (1.5
mL) was added at 0 °C and the resulting mixture stased for 2 h at room temperature. The formed
precipitation was filtered off and washed with Et@rd E£O. The finalcompound was dried under

the vacuum to give 2'-hydrazinyl-[1,1’-biphenyl]€arbonitrile6 as a white solid (84mg, 45%).

4.3. Analytical Data
4.3.1. (R)-cyano(phenyl)methyl aceta2e)
The product was isolated by flash chromatographye(d: PE/EA = 10/1) as a white solid (148

mg, 85%);*H NMR (400 MHz, CDCY) & 7.46-7.40 (m, 2H), 7.40-7.32 (m, 3H), 6.32 (s, 12D7 (s,

14



3H). 3c NMR (150 MHz, CDQJ) ¢ 168.9, 131.8, 130.4, 129.3, 127.9, 116.1, 62.%.20RMS
(ESI), m/zcalcd. for GoHgNNaO, ([M+Na]*) 198.0525, found: 198.0529.
4.3.2. N-phenylbenzamideaj*°

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (38 mg,
64%);*H NMR (400 MHz, CDCY) 6 7.88 (d,J = 7.2 Hz, 2H), 7.80 (s, 1H), 7.65 @@= 7.6 Hz, 2H),
7.56 (t,J = 7.2 Hz, 1H), 7.50 (] = 7.6 Hz, 2H), 7.38 (t] = 7.8 Hz, 2H), 7.16 (] = 7.4 Hz, 1H).
4.3.3. 4-methoxy-N-phenylbenzamidb)

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (50 mg,
73%);*H NMR (600 MHz, CDCY) 6 7.85 (d,J = 8.4 Hz, 2H), 7.71 (s, 1H), 7.63 @@= 7.8 Hz, 2H),
7.37 (t,J=7.8 Hz, 2H), 7.14 (] = 7.2 Hz, 1H), 6.99 (d] = 8.4 Hz, 2H), 3.88 (s, 3H).

4.3.4. 3-methoxy-N-phenylbenzamide)

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (39 mg,
58%);*H NMR (400 MHz, CDCY) 6 7.77 (s, 1H), 7.64 (d} = 8.0 Hz, 2H), 7.45 (d] = 1.5 Hz, 1H),
7.40 - 7.36 (m, 7.2 Hz, 4H), 7.16 Jt= 7.4 Hz, 1H), 7.12-7.07 (m, 1H), 3.88 (s, 3H).

4.3.5. 2-methoxy-N-phenylbenzamidd)l

The product was isolated by flash chromatographue(d: PE/EA = 50/1) as a white solid (31 mg,
45%); *H NMR (400 MHz, CDC}) 5 9.80 (s, 1H), 8.30 (d] = 8.0, 1H), 7.68 (dJ = 7.6 Hz, 2H),
7.54-7.46 (m, 1H), 7.36 (8,= 7.6 Hz, 2H), 7.15-7.12 (m, 2H), 7.04 (= 8.4 Hz, 1H), 4.07 (s, 3H).
4.3.6. methyl 4-(phenylcarbamoyl)benzo&®*f

The product was isolated by flash chromatographue(d: PE/EA = 20/1) as a white solid (27 mg,
35%);*H NMR (600 MHz, CDCY) 6 8.16 (d,J = 7.8 Hz, 2H), 7.94 (d] = 7.8 Hz, 2H), 7.82 (s, 1H),

7.65 (d,J = 7.8 Hz, 2H), 7.39 () = 7.2 Hz, 2H), 7.18 ({] = 7.2 Hz, 1H), 3.96 (s, 3H).
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4.3.7. methyl 3-(phenylcarbamoyl)benzo&®"{

The product was isolated by flash chromatographue(d: PE/EA = 20/1) as a white solid (26 mg,
34%);*H NMR (400 MHz, CDCY) 6 8.49 (s, 1H), 8.22 (d] = 7.2 Hz, 1H), 8.15 (d] = 7.2 Hz, 1H),
7.90 (s, 1H), 7.67 (d] = 7.9 Hz, 2H), 7.60 (t) = 7.9 Hz, 1H), 7.40 (t) = 7.9 Hz, 2H), 7.18 (] =
7.2 Hz, 1H), 3.97 (s, 3H).

4.3.8. N-phenylfuran-2-carboxamidagj*°

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (26 mg,
47%);'H NMR (400 MHz, CDCJ) 6 8.06 (s, 1H), 7.65 (d} = 8.0 Hz, 2H), 7.52 (d] = 0.8 Hz, 1H),
7.37 (t,J = 7.8 Hz, 2H), 7.25 (d] = 3.6 Hz, 1H), 7.15 () = 7.6 Hz, 1H), 6.57 (dd] = 3.4, 1.8 Hz,
1H).

4.3.9. N-phenylthiophene-2-carboxamiga)t°

The product was isolated by flash chromatographue(d: PE/EA = 30/1) as a white solid (34 mg,
57%);*H NMR (600 MHz, CDCY) 6 7.67 (d,J = 7.8 Hz, 2H), 7.62 (s, 2H), 7.56 (s, 1H), 7.41X¢
7.8 Hz, 2H), 7.14 (s, 1H).

4.3.10. N,2-diphenylacetamidgi)-°

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (41 mg,
65%); *H NMR (400 MHz, CDCJ) 6 7.40 (d,J = 7.6 Hz, 4H), 7.34 (d] = 7.6 Hz, 3H), 7.29 (d] =
7.6 Hz, 2H), 7.08 (t) = 7.4 Hz, 1H), 7.00 (s 1H), 3.75 (s, 2H).

4.3.11. N,1-diphenylcyclopropane-1-carboxamigig’{

The product was isolated by flash chromatographue(d: PE/EA = 10/1) as a white solid (47 mg,

66%); mp: 122-125C;'H NMR (600 MHz, CDCJ) § 7.50 (d,J = 7.8 Hz, 2H), 7.44 (J = 7.8 Hz,

2H), 7.38 (t,J = 7.2 Hz, 1H), 7.31 (d] = 8.4 Hz, 2H), 7.24 () = 7.8 Hz, 2H), 7.04 () = 7.2 Hz,
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2H), 1.72-1.71 (m, 2H), 1.17-1.16 (m, 2HJC NMR (150 MHz, CDG) 5 172.2, 139.5, 138.0,
131.3, 129.5, 129.0, 128.5, 124.3, 119.7, 31.43.1BRMS (ESI), m/z calcd. for GgHisNONa
(IM+Na]*) 260.1046, found: 260.1047.

4.312. methyl 3-ox0-3-(phenylamino)propanoadi)f°

The product was isolated by flash chromatographue(e: PE/EA = 10/1) as a white solid (38 mg,
65%); 'H NMR (400 MHz, CDCJ) § 9.14 (s, 1H), 7.55 (dl = 7.6 Hz, 2H), 7.34 (t] = 7.8 Hz, 2H),
7.13 (t,J = 7.6 Hz, 1H), 3.81 (s, 3H), 3.49 (s, 2H).

4.3.13. 2-ox0-N,2-diphenylacetamic@){°

The product was isolated by flash chromatographue(e: PE/EA = 40/1) as a white solid (43 mg,
64%); 'H NMR (400 MHz, CDCJ) 5 8.93 (s, 1H), 8.46-8.40 (m, 2H), 7.70Jt= 6.2 Hz, 2H), 7.66
(d,J=7.6 Hz, 1H), 7.52 (] = 7.8 Hz, 2H), 7.41 (1 = 8.0 Hz, 2H), 7.21 (] = 7.6 Hz, 1H).

4.314. N-phenylcinnamamiden)*°

The product was isolated by flash chromatographue(d: PE/EA = 10/1) as a white solid (34 mg,
50%); *H NMR (600 MHz, CDCJ) 6 7.76 (d,J = 15.6 Hz, 1H), 7.63 (s, 2H), 7.54 (s, 2H), 7.4337
(m, 6H), 7.14 (tJ = 7.2 Hz, 1H), 6.56 (d] = 15.6 Hz, 1H).

4.3.15. ethyl (Z)-3-phenyl-2-(phenylcarbamoyl)aatg!(3n§

The product was isolated by flash chromatographue(d: PE/EA = 20/1) as a white solid (40 mg,
45%); mp: 150-158C; *H NMR (600 MHz, CDCJ) 5 7.81 (s, 1H), 7.59 (dl = 6.6 Hz, 2H), 7.57 (s,
1H), 7.52 (d,J = 7.8 Hz, 2H), 7.35 (m, 5H), 7.16 {&= 7.5 Hz, 1H), 4.34 (g] = 7.2 Hz, 2H), 1.35 (t,

J = 7.2 Hz, 3H). HRMS (ESIn/zcalcd. for GgH1zNOsNa ([M+Na]') 318.1101, found: 318.1103.
4.316. N-(tert-butyl)-4-methoxybenzamidzof**

The product was isolated by flash chromatographue(d: PE/EA = 40/1) as a white solid (36 mg,

17



68%); mp: 112-113C;*H NMR (600 MHz, CDCJ) 6 77.71 (d,J = 7.8 Hz, 2H), 7.46 () = 7.8 Hz,
1H), 7.40 (tJ = 7.2 Hz, 2H), 5.95 (s, 1H), 1.47 (s, 9f)C NMR (150 MHz, CDGJ) 6 167.0, 136.1,
131.2, 128.6, 126.8, 51.7, 29.0. HRMS (ESi)z calcd. for G;HisNONa ([M+Na]) 200.1042,
found: 200.1046.

4.3.17. N-(pyridin-4-yl)benzamid8)*

The product was isolated by flash chromatographye(d: PE/EA = 1/2) as a white solid (27 mg,
46%); mp: 208-216C; *H NMR (600 MHz, CDCY) 6 8.56 (s, 2H), 8.03 (s, 1H), 7.88 (= 7.2 Hz,
2H), 7.63 (dJ = 4.2 Hz, 2H), 7.60 (4 = 7.8 Hz, 1H), 7.52 (§ = 7.2 Hz, 2H)*C NMR (150 MHz,
CDCl) ¢ 166.3, 150.8, 145.3, 134.2, 132.7, 129.1, 127.3,011HRMS (ESI),m/z calcd. for
C12H1N,O ([M+H]") 199.0866, found: 199.0868.

4.3.18. N-(3-chloropyrazin-2-yl)benzamids)

The product was isolated by flash chromatographye(d: PE/EA = 5/1) as a white solid (37 mg,
53%); mp: 195-197C; *H NMR (600 MHz, CDC)) § 8.59 (s, 1H), 8.43 (s, 1H), 8.18 (s, 1H), 7.95
(d,J = 7.8 Hz, 2H), 7.62 () = 7.2 Hz, 1H), 7.54 () = 7.8 Hz, 2H)*C NMR (150 MHz, CDG)) &
164.8, 145.5, 141.5, 139.5, 139.3, 133.7, 133.19.22127.7. HRMS (ESI)m/z calcd. for
C1HsCINsONa ([M+Na]’) 256.0244, found: 256.0248.

4.3.19. N-(6-chloropyridazin-3-yl)benzamidz)

The product was isolated by flash chromatographue(d: PE/EA = 3/1) as a white solid (36 mg,
51%); mp: 193-196C; 1H NMR (400 MHz, CDCI3) 9.06 (s, 1H), 8.67 (d) = 9.6 Hz, 1H),
7.98-7.93 (m, 2H), 7.67-7.60 (m, 1H), 7.53-7.58 @hl).13C NMR (150 MHz, CDCI3y 166.5,
159.5, 154.7, 152.6, 133.2, 130.1, 129.2, 127.5,3lHRMS (ESI), m/z calcd. for C11H8CIN3ONa

([M+Na]+) 256.0249, found: 256.0248.
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4.3.20. (R)-2-0x0-1-phenyl-2-(phenylamino)ethyl taiee Bw) and
(R)-2-((4-iodophenyl)amino)-2-oxo-1-phenylethyl tate Gw)

The product was isolated by flash chromatographue(e: PE/EA = 7/1) as a white solid (31 mg,
49%) with a 3 : 1 08w : 5w; *H NMR (400 MHz, CDCY)) § 7.78 (s, 1H), 7.64-7.60 (m, 1H),
7.55-7.46 (m, 5H), 7.43-7.35 (m, 5H), 7.35-7.29 8H), 7.13 (tJ = 7.4 Hz, 1H), 6.20 (s, 1H), 2.25
(s, 3H).13C NMR (151 MHz, CDG) 6 169.1, 166.3, 138.0, 136.9, 135.2, 129.3, 1228,9, 127.5,
125.0, 121.8, 120.1, 75.7, 21.1. HRMS (ES8ijzcalcd. for GeH1sNOsNa ([M+Na]') 292.0944,
found: 292.0949.

4.3.21. phenanthridin-6(5H)-on8x)*°

The product was isolated by flash chromatographue(e: PE/EA = 15/1) as a white solid (27 mg,
47%); mp: >300C; *H NMR (400 MHz, CDC}) 6 8.64 (d,J = 8.4 Hz, 1H), 8.58-8.54 (m, 1H), 8.50
(d, J = 8.4 Hz, 1H), 8.13-8.09 (m, 1H), 7.96-7.90 (m,)1RA.81-7.67 (m, 3H). HRMS (ESljn/z
calcd. for GsHgNONa ([M+Na]) 218.0576, found: 218.0576.

4.3.22. 2'-iodo-[1,1'-biphenyl]-2-carbonitrile3x’)*’

The product was isolated by flash chromatographue(e: PE/EA = 25/1) as a white solid (22 mg,
24%);*H NMR (400 MHz, CDC}) ¢ 8.62 (d,J = 8.4 Hz, 1H), 8.54 (dd} = 8.0, 1.6 Hz, 1H), 8.49
(dd,J = 8.4, 0.8 Hz, 1H), 8.10 (dd,= 8.2, 1.0 Hz, 1H), 7.92 (m, 1H), 7.74 (m 3H). HBRNESI),
m/zcalcd. for GaHgIN ([M+H] ) 305.9774, found: 305.9781.

4.3.23. N-(2-nitrophenyl)benzamides)®

The product was isolated by flash chromatographye(e: PE/EA = 25/1) as a yellow solitH

NMR (400 MHz, CDC}) 5 11.36 (s, 1H), 9.02 (d,= 8.4, 1H), 8.29 (d] = 8.4, 1H), 8.01 (dJ = 7.2

Hz, 2H), 7.76-7.69 (m, 1H), 7.62 (= 7.2 Hz, 1H), 7.55 (i = 7.4 Hz, 2H), 7.25-7.19 (m, 1H).
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4.3.24. methyl 3-((2-nitrophenyl)carbamoyl)benzqaf*

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (14 mg,
15%); *H NMR (600 MHz, CDCJ) § 11.41 (s, 1H), 8.99 (d, = 8.4 Hz, 1H), 8.67 (s, 1H), 8.32-8.27
(m, 2H), 8.18 (dJ = 7.2 Hz, 1H), 7.77-7.73 (m, 1H), 7.65 Jt= 7.8 Hz, 1H), 7.54 (s, 1H), 3.99 (s,
3H). HRMS (ESI)m/zcalcd. for GsH1aN»0s ((M+H] ) 301.0819, found: 301.0815.

4.3.25. N-(4-iodophenyl)-3-methoxybenzami*{

The product was isolated by flash chromatographue(e: PE/EA = 20/1) as a white solid (11 mg,
10%); mp 92-93C; *H NMR (600 MHz, CDCJ) 5 7.79 (s, 1H), 7.67 (dl = 8.4 Hz, 2H), 7.43 (d] =
9 Hz, 3H), 7.37 (ddJ = 9.7, 8.2 Hz, 2H), 7.09 (d,= 7.2 Hz, 1H), 3.87 (s, 3H). HRMS (ESHyz
calcd. for G4H12INO,Na ([M+Na]') 375.9805, found: 375.9805.

4.3.26. N-(4-iodophenyl)furan-2-carboxamida)(*

The product was isolated by flash chromatographue(e: PE/EA = 10/1) as a white solid (17 mg,
18%); *H NMR (600 MHz, CDC}) 6 7.98 (s, 1H), 7.59 (f] = 7.8 Hz, 2H), 7.45 (s, 1H), 7.37 @z=
7.8 Hz, 1H), 7.30 (t) = 7.5 Hz, 1H), 7.18 (d] = 7.3 Hz, 1H), 6.50 (s, 1H)

4.3.27. N-(4-iodophenyl)acetamidss)(*

The product was isolated by flash chromatographye(e: PE/EA = 7/1) as a white solid (50 mg,
65%); mp: 184-186C; *H NMR (400 MHz, CDCJ) 6 7.61 (d,J = 8.4 Hz, 2H), 7.28 (d] = 8.4 Hz,
2H), 7.21 (s, 1H), 2.17 (s, 3HC NMR (150 MHz, CDGJ) ¢ 168.3 (s), 137.9 (s), 137.6 (s), 121.6

(s), 87.5 (s), 24.7 (s). HRMS (ESH)/zcalcd. for GHeINO ([M+H]*) 261.9723, found: 261.9722.
|
QO
NJL”BU
H
4.3.28. N-(4-iodophenyl)pentanamigs)*®
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The product was isolated by flash chromatographye(e: PE/EA = 10/1) as a yellow solid (52
mg, 57%);*H NMR (400 MHz, CDCJ) 6 7.61 (d,J = 8.4 Hz, 2H), 7.30 (d] = 8.8 Hz, 2H), 7.06 (s,
1H), 2.37-2.32 (m, 2H), 1.74-1.66 (m, 2H), 1.40,(de 15.0, 7.4 Hz, 2H), 0.95 ({@,= 7.0 Hz, 3H).
HRMS (ESI),m/zcalcd. for GiH14NONa ([M+Na]') 326.0012, found: 326.0010.

4.3.29. N-(4-iodophenyl)pivalamidéu)*

The product was isolated by flash chromatographye(d: PE/EA = 20/1) as a yellow solid (55
mg, 60%); mp: 148-148C; *H NMR (400 MHz, CDC}) 5 7.61 (d,J = 8.8 Hz, 2H), 7.32 (d] = 8.8
Hz, 2H), 7.28 (s, 1H), 1.31 (s, 9HYRMS (ESI),m/zcalcd. for GiH1ANONa ([M+Na]’) 326.0012,
found: 326.0010.

4.3.30. phenyl (4-iodophenyl)carbamae)t®

The product was isolated by flash chromatographue(e: PE/EA = 10/1) as a white solid (49 mg,
48%); mp: 158-159C; 'H NMR (400 MHz, DMSO) 10.38 (s, 1H), 7.66 (d, = 8.4 Hz, 2H), 7.43
(t, J=7.8 Hz, 2H), 7.34 (d] = 8.4 Hz, 2H), 7.25 (dd] = 19.6, 7.6 Hz, 3H). HRMS (ESi}/zcalcd.
for CraH10INO,Na ([M+NaJ") 361.9648, found: 361.9649.

4.3.31. 2’-hydrazinyl-[1,1’-biphenyl]-2-carbonitel ©)

The product was isolated by flash chromatographue(d: PE/EA = 1/1) as a white solid (84 mg,
45%); *H NMR (600 MHz, DMSO)s 14.61 (s, 1H), 8.85 (d} = 8.4 Hz, 1H), 8.80 (d] = 8.4 Hz,
1H), 8.64 (dJ = 7.8 Hz, 1H), 8.09 () = 7.5 Hz, 1H), 7.86 () = 7.5 Hz, 1H), 7.71 () = 6.9 Hz,
2H), 7.56-7.52 (m, 1H)%3C NMR (150 MHz, DMSO) 154.9, 135.5, 134.1, 131.2, 129.5, 127.2,
125.6, 124.1, 119.4, 118.4, 118.0. HRMS (EBi)zcalcd. for GaH1oN3 ([M+H]*) 210.1026, found:
210.1028.

4.3.32. 2'-nitro-(1,1’-biphenyl)-2-carbonitrile7}
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The product was isolated by flash chromatographye(e: PE/EA = 10/1) as a gray solid (101 mg,
45%); '"H NMR (400 MHz, DMSO)s 8.23 (dd,J = 8.2, 1.1 Hz, 1H), 7.98 (d = 8.0 Hz, 1H),
7.92-7.87(m, 1H), 7.83-7.77 (m, 2H), 7.67-7.59 @H), 7.55 (d,J = 7.6 Hz, 1H)°C NMR (150
MHz, DMSO)¢ 148.3, 141.9, 134.4, 133.9, 133.0, 132.9, 13120,9, 129.4, 125.3, 117.9, 111.5.
HRMS (ESI),m/zcalcd. for GsHgN3O, ([M+H] *) 225.0659, found: 225.0661.

4.3.33. 2’-amino-[1,1’-biphenyl]-2-carbonitrile8}

The product was isolated by flash chromatographye(e: PE/EA = 10/1) as a gray solid (126 mg,
85%);*H NMR (600 MHz, DMSO) 9.24 (d,J = 6.0 Hz, 1H), 9.11-8.90 (m, 2H), 8.43 (s, LHR®.

(s, 1H), 8.14 (dd) = 20.3, 6.1 Hz, 2H), 7.88 (s, 1H), 7.78 (s, 2%). NMR (150 MHz, DMSO)
172.6, 156.1, 145.4, 133.9, 131.0, 129.1, 127.6,0,A425.0, 123.0, 122.8, 122.2, 120.7, 119.1.

HRMS (ESI),m/zcalcd. for GsH1iN2 ([M+H] ") 195.0917, found: 195.0917.
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