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Theoretical study on the reaction of benzaldehyde and Z2-aminopyridine
with Cu(l)-catalyzed
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Abstract: The reaction mechanism of benzaldehyde and 2-aminopyridine Cu(I)-catalyzed to form N-(pyr-
idin-2-yl) benzamide was studied by density functional theory. The geometries of the reactants, transi-
tion states, intermediates and products were optimized at the PW91/DNP level. Vibration analysis was
carried out to confirm the transition state structure. Four possible reaction pathways were investigated
in this study. The result indicates that the Cul is better suitable catalyst for producing N-(pyridin-2-yl)
benzamide through Cul and Cu; O of Cu(D)-catalyzed. By comparison, the reaction Re=>IMA1—->TSAl—
IMA2—TSA2—>IMA3—TSA3—>IMA4—IM6—TS4—P is the main pathway, its activation energy is the
lowest. IM6—TS4—P is the rate-limiting step, with the activation energy being 260. 12 kJ « mol™' and
the reaction heat being 93. 01 kJ » mol™!. The dominant product predicted theoretically is in agreement
with the experimental results.
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2 WHEAZE

LB T AEAE Materimals Studio 5. 0 {4
L 8 97 R B8 (DET) J 56 ) Dmol’ 72 )7
TSR AT. A AR R T SOR B T
(GGA) i) PWOL %L s R DNP 341 ; J5
FFEUNT 21 IR a2 51, BRIk
2l T H72H (all electron) ,Cu M1 1 JE TR effec-
tive core potentials(ECPs) JE#, {4k W SIOKS B HL
FEFF M A s 2 i Al R vk, i JEAS
THAf 58 A 2R 1 R) 25 i R [R) 25 28 48 (complete
LST/QSD™ Jrik.

3 HRMITiE

Sy BIBRGE T 2R R 2-2 S ke 7E Cu (D 4
AR Y Cal F1 Cu, O AL B4 S B ALERL L 2 37 Ty
FEUNA 2 Ff7R.

- cul - Cu0
IMA1 NH NH NH
CrmestCpmsneCrm
Cu—
u—| Re2 C —0—Cu
TSA1 CHO—@ Ret @
CHO— Ret
e G Qw0
AN '
_O_CH_O cu_ o SO IMB2
TRAR TSB1
IMA3 @ NH NH— cu
O o
c s \ ¢ o=
tsas| || Cu__cu

<—

I H

Z

IMA4 | \Q

c 120
M6 @NH—‘CH—@

A

M7 @ N= C_Q =

Q NH‘CH— OH NH— CH
e @ Yo Cy
\ 7/ o— H IMBS

oo IMB4 N ]

/ o Ct
Cu0
Ts4

Hy

N—— c— P

B2 N-(wbrg-2-30) 3K W Bh i 09 KR 71 A2
Fig. 2 Processes for synthesis of N-(pyridin-2-yl) benzamide



11

20 WOl K FEF/OE RAF % 56 &

*®1

Tab

Cul U BERR L S M RIE F RIS REEE E, 83T
B2 Eo MIRBIINZE »

. 1 Total energies E, relative energies E,q and frequen-
cies v of the stationary points on the reaction paths of

Cul catalytic amidation

Species - E/a.u.  Eq/(k] *mol™) y/em!
Rel + Re2 + Cul 858.027 117 0 —
Rel + IMA1 858. 091 949 —170. 15 —
TSA1 858. 087 520 —158. 52 71. 901
IMA2 858. 279 867 —663. 34 —
TSA2 858. 252 990 —592. 81 690. 961
IMA3 858. 264 440 —622. 85 —
TSA3 858. 262 910 —618. 83 83. 73i
IMA4 858. 269 540 —636. 24 —
IM6 + Cul 858. 007 809 50. 67 —

*2 CuOfiBtRERARABEE FRESHEREE E,H

Tab

JHEEE E.o FAHRBNIAE »
. 2 Total energies E, relative energies E,q and frequen-
cies v of the stationary points on the reaction paths of

Cuz O catalytic amidation

Species - E/a. u Ew/(k] *mol™') y/em™!
Rel + Re2 + CupO 1 119. 427 220 0 —
Rel + IMBI1 1 119. 495 560 —179. 36 —
IMB2 1 119. 538 583 —292. 27 —
TSB1 1 119. 432 200 —13.19 126. 721
IMB3 1 119. 497 647 —184. 84 —
TSB2 1 119. 484 600 —150. 51 204. 501
IMB4 1 119. 495 866 —180. 16 —
TSB3 1 119. 464 100 —96. 91 40. 32i
IMB5 1 119. 466 216 —102. 35 —
IM6 + CuzO 1 119. 418 500 22.89
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Tab. 3 Total energies E, relative energies E. and frequen-

cies y of the stationary points on the dehydrogenation

reaction paths

Species - E/au. Ew/(k]+mol™") y/em !
IM6 649. 039 606 0 —
TS4 648. 940 494 260. 12 2 018. 001
TS5 648. 910 097 339. 90 1 990. 601

IM7 + H» 649. 013 988 67.23 —
TS6 + H» 648. 970 087 182. 45 1 728. 301
P+ H; 649. 004 165 93.01
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Fig. 3 Geometric parameters of the reactants and products

Bond length in nm and bond angle in degree
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Fig. 4 Geometric parameters of the intermediates

Bond length in nm and bond angle in degree
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Bond length in nm and bond angle in degree

3.1.3 %#Z2CHRBIELSN WXL, i

A IM6 i A ™= 9 P asd B A7 W 2% 5w 4 )
PR IR 1o M E P RS H mE A C=0
i BEAR 1o SEM A SIE R C=C 8, Pl A7 i+ 7%
I C=0 f.

FEREAR T, 1 IM6 H g CCD B HOD Al
BRI O B HOZ5 6 &R A TS B
—A~ C=0 g, [FR B P dsi— 207 H A5 20724 P.
HE 3 AT, 2P i B i el 260. 12 K -
mol ', WA 93, 01 k] ¢ mol !, WL N,
b A ME— AT IR BN —2 018 em .

TEBEAR 1o, B 5E M IM6 Hify C(D) Fg H
(DFTEE N(2) | H(2) 454, RS ES
TS5 R —A~ C=N g, [Al i P d— 201 He B Ak
HTE R IM7. |y 36 3 o] S, Be A R 9 76 1R RE S
339.90 kJ « mol ™', R Wi # K 67. 23 k] » mol ', K
W AR R b U S ME — RO Y IR 3 AR
—1990. 60 cm™'. #RJ5 IM7 FERMML, I OCD
B HOEER R N(2) , 5 A TS6 1593 H AR
Y Py AR TG AL RE SN 115. 22 K] mol ', [A] i
WG 25, 88 kJ « mol ' YL, 1o I Al — K
W RRE SRR —1 728. 30 cm 1.

SN SRR T A S S EOLE 3~ 5 R, H
FRIME R B PR A
3.2 BEENW

FRIER 1~3 AT BEAS AL BT 1 1Y R RE R 7
K LIE 6., Horh () A CulDAELHIZ 5I0EESUR
B, (b)) J& B &R W i H bR 7= ) 1 BE s &
K. & 6Ca) AT LIE . 2k H Cal FEAE LIRS,
BN AR i A AP B IMA2—>TSA2—>IMA3, H
S Ak BRI TR AL R R 70. 53 KT« mol ' T R
Cuy O VEREAN I, 520 #6422 1Y) 3 428 20 B IMB2—~
TSB1—~IMB3, HF%{b 13 #1915 fL B 4 279. 08 K]
F A R R A D BRTE AL RE , IMA2—~
TSA2—IMA3 7% 1k BB AHXT AR, i Cul 141k
BT Cu, O, Re—>IMA1—> TSA1—>IMA2 —~
TSA2—>IMA3—>TSA3—> IMA4 —~>IM6 k4 It i
X 58 U Cul AEAL I Y 77 2w Tl
i Cu, O fEFRET 0 = R 4508 — 8. R E 6 (b 1]
DI, N alA IM6 Az 7= P 4G 6 25 N [ A
@lﬁ,/ﬁ\:qﬂ Iy E"Jli?iﬁ%% IM6—TS4—>P, I, E/‘J
B BRIE IM6—>TS5—~>IM7, H Ak 72 1 1 4k
RE4> 5k 260. 12 1 339. 90 kJ » mol ™", #H H 44 1fi
—ﬁ ’ Eﬁ%ﬁ%ﬁ]ﬁﬁp I E@E*ﬁﬂ:@% IM6—~TSA—P
(A3 Ak REAH X BAIC, e o AR . £ Tk, AR

mol !,



% 64

RABZ, F: CulDEAR T B A 2-RRnbue B 09 AT 5T

1123

PRSI 2-3 FE N IEAE Cul 1 Cu, O 4L R SR
fEfL ) Cul 2 5 193 8 Re—IMA1—> TSAl —>
IMA2—>TSA2—>IMA3—>TSA3—>IMA4—~>IM6—

Relative Energy (kJ/ mol)

TS4—P BAHXHEAR 8975 AL RE - 2 SN AY 32 258
18 A2 R 7 R N-CHlk BE-2-58) 2% F I Jie ,
55 SCHRLLS T8 A S B 45 R — 2.

A
100.0 + (22.89) (50.67)
(0.00) (-1319) IMg+Cu;0 IME+Cul
- Re1+Re2+Cul O—— —
0.0 TSB1 ) " !
m“‘Re1+Re2+Cu20 p— (9691 (10235 .7 ;
005 (158.22) . L MB5 ./
-100.0+ s (-170.15) TSA1 ‘ T —
“ Re1+|MI_\:I___-—‘ o —
20001 -\ \, — TsB2 ~-- —
i Re1+IMB1 . _ ¥ IMB3 (-150.51) IMB4
(17936) o | (HE654) (-180.16)
-300.0 +— IMB2 “
(292.27)
-400.0 :
-500.0
(-592.81) (-618.83)
TSA2 TSA3
-600.0 - —. o — :
v L ~ E— - —
— IMA3 IMA4
-700.0 ( ::::4) (-622.85) (-636.24)
(a)
Relative Energy (kJ/ mol)
A
(339.90)
400.0+ TS5
] (260.12)
300.0 T84
l' ,—\
200.0+ : .
K l—~ ‘\
; J TSBHH,
1000+ v, S (182.45) e
(0.00):." IM7+H, P+H,
0.0 —
— (67.23) (93.01)
-100.0—+
)
A6 REEAERZEEIMATILFTER
Fig. 6 The diagrams of relative energies along the channels of the reactions
4 & w kJ « mol ' ; A B Bo s 2 40 B IM6—TS4—>P #%
Zm Tk

AR % 17 R BRS A5 T A5 A 2-4
FmrEE Cu(D L H Cul. Cu, O AL T BE I
AN A il N- (b -2 ) 28 B Bz %) OO AL B
HRIE T VUSRI RE Y RN AR, 25 R AP Cu
(DRI, Cul AR IET Cu, O, i
SRR AR AR AL R G 1R BE LU AR B3 N B = N
W K Re—>IMAL > TSA1 > IMA2 > TSA2 —~
IMA3—>TSA3—~>IMA4—~>IM6—>TS4—~P, H ELA
XPEARATEALRE. Horb iz i A Cul 4L T EE
MeAk I Be s 4 B IMA2—>TSA2—~>IMA3 4k 3
FEEYTEALAE A 70. 53 kJ » mol ', A= iKY 40. 49

A FE BTG AL BE A 260. 12 k] » mol ™', A i34 H
93.01 kJ » mol™'. Wiy k34 iz 1, BB 1T
B H P IR SR I T A BB A R T 92 B B R AN
1R s T — R B RN A, X 5 S0 P R AE 80 °C
SR IR — 2. BISHEI A T Z Y N-Cilt
WE-2-J0) R e R . 5 5200 25 SR W) &

Sk
(L] #Elh, BRI, WML & 4 i ST i 5 2 F

LJ]. Bk, 2017, 37, 267.
Z=e, A, mipat. b T Ia A A B b A
Y oS BN ) ). ALk, 2015, 35 655.

[2]



1124

Wl KFFH/CA RFAF R % 56 %

[3]

[4]

[6]

7]

(8]

[10]

2y, L. DN, . SISk EE S
AFL I 0 A iz 1 4P I e Ak B I LT ). Ak 2 2= 4T
2015, 73: 1311.

Bringmann G, Gunther C, Ochse M, er al. Biaryls
in nature: a multi—facetted class of stereochemical-
ly, biosynthetically, and pharmacologically intrigu-
ing secondary metabolites [C]// Herz W, Falk H,
Kirby G W, et al. Progress in the chemistry of or-
ganic natural products. New York: Springer, 2001.
Evano G, Blanchard N, Toumi M. Copper—media-
ted coupling reactions and their applications in natu-
ral products and designed biomolecules synthesis
[J]. Chem Rev, 2008, 108; 3054.

Dai W, LiuY, Tong T, et al. Rh(II]) — catalyzed
oxidative amidation of aldehydes: an efficient route
to N— pyridinamides and imides[ J]. Chin J Catal,
2014, 35. 1012.

Ghosh S C, Ngiam ] SY, Seayad A M, et al. Cop-
per— catalyzed oxidative amidation of aldehydes with
amine salts: synthesis of primary, secondary, and
tertiary amides [ J]. J Org Chem, 2012, 77 8007.

Suresh Kumar A, Thulasiram B, Bala Laxmi S, ez
al. Magnetic CuFe, O, nanoparticles: a retrievable
catalyst for oxidative amidation of aldehydes with a-
mine hydrochloride salts [J]. Tetrahedron, 2014,
70: 6059.

XUESE, TR, BRARAS, 5. Ak Sl bt
AR v Re B AR [T, oAb 2 TR 2= 4R,
2013, 27, 425.

Sambiagio C, Marsden S P, Blacker A J. et al.

Copper catalysed Ullmann type chemistry: from

mechanistic aspects to modern development [ ] ].

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chem Soc Rev, 2014, 43. 3525.

MR, X2AR, B, 4. e Ullmann C-N {HH5E
SRR g e SR LT . & A A% T AR 27 4k, 2018,
32: 243.

EHE . /N, B, 5. Cul AL TCH—k
B T AFEM RS Y] AHUE, 2017,
37: 954.

Pebk. Cul fiAb Bt e 5 b AR A IR 52 iy 7 L .
A, 2016, 275. 119.

SR, AR, L, S A (DA S N
TG4 A 5 R I TR i R AL S AL 2 —
BELJ]. fbsFeddf, 2014, 72 914,

Hareesh H N, Minchitha K Y, Nagaraju N, ez al.
Catalytic role of Cu(I) species in Cu, QO/Cul suppor-
ted on MWCNTs in the oxidative amidation of aryl
aldehydes with 2 — aminopyridines [ J]. Chin ]
Catal, 2015, 36. 1825.

AR 2 THEEA 1.1, 1— =90 —2 — N EEAE Ni
(100 REM RN ] JRF 50 FH R,
2016, 33: 20.

Delley B. An all—electron numerical method for sol-
ving the local density functional for polyatomic mol-
ecules [ J]. J Chem Phys, 1990, 92: 508.

Delley B. From molecules to solids with the DMol®
approach [J]. J Chem Phys, 2000, 113; 7756.
Perdew ] P, Wang Y. Accurate and simple analytic
representation of the electron—gas correlation ener-
gy [J]. Phys Rev B, 1992, 45, 13244,

Halgren T A, Lipscomb W N. The synchronous—
transit method for determining reaction pathways
and locating molecular transition states [ ] ]. Chem

Phys Lett, 1977, 49, 225,

3

t Bl AAER: |
TR Sceo Se. BkEEE, X MG, BN, 25 CuCD AL AT 2- S SEN I ST R RO B BT D ], DU, T
ﬁ HSRBHERT . 2019, 56 1118. +

HE

lkb'%

+

i

3C: Zhang F L, Liu Y, Z hao X H, et al. Theoretical study on the reaction of benzaldehyde and 2-aminopyridine +
+ with Cu(D) —catalyzed [J]. J Sichuan Univ: Nat Sci Ed, 2019, 56 1118, 1

o P D S A A S S U G G S S SN SN U WP U SN SIS SN SN U D G U U S U SO U U U U U S U U U S S e



