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Highly Selective Dehydrogenation of Primary Amine to Nitrile over
Bifunctional Co@NaKETS-10 Catalyst

Zhu, Chaojie™ Wang, Lele

Wang, Cheng

Meng, Rong

Wang, Yongji

Wang, Xiaodong

(School of Chemical and Materials Engineering, Chaohu University, Hefei 238024)

Abstract Basic zeolite NaKETS-10 was used as a support for Co metal catalyst in the double dehydrogenation reactions of
various benzylamines under mild conditions, leading to the high selective formation of nitriles. The -Ti-O-Ti- chain within
NaKETS-10 crystal possesses an electron transport function, resulting in the oxygen atom possessing a high electron density
and thus acting as an effective electron donor. Research indicates that the electron-rich oxygen in the NaKETS-10 framework
is the adsorption and activation site for benzylamine. This study also reveals that the Co metal site coordinates with the
activated benzylamine molecule, working in conjunction with the electron-rich oxygen to facilitate the dehydrogenation
process of benzylamine. Furthermore, as a heterogeneous catalyst, the Co@NaKETS-10 demonstrates a remarkable stability
and maintains its activity even after being recycled at least five times. Combining the results of parallel experiments and
controlled experiments, the elementary reaction steps of benzylamine double dehydrogenation on the Co@NaKETS-10
catalyst were investigated, and a possible mechanism was proposed.

Keywords Co@NaKETS-10; primary amine; dehydrogenation reaction; electron-rich oxygen
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Scheme 1 Reaction protocols of primary amine dehydrogenation to nitrile
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Figure 1 (a) XRD spectrums and (b) N2 adsorption-desorption curves of NaKETS-10 and Co@NaKETS-10; (c) HAADF-STEM and

(d)~(h) EDS images of Co@NaKETS-10 catalyst

1270

http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2025, 45, 1268~1275



Chinese Journal of Organic Chemistry

F1 BENEETINARS . SRAERERERNES

Table 1 Texture parameters, metal loading and metal valence of support and catalyst

Sample Ser?/(m?eg 1) Vmic?/(m3eg 1) Sext/(m?eg 1) Vmes?/(meg 1) Co loading®/% Co valence state/
NaKETS-10 335 0.12 0.12 — —
Co@NaKETS-10 324 0.12 0.12 2.76 +2
“BET surface area. ® Microporous volume. ¢ External surface area, including mesoporous surface area. “ Mesoporous volume. ¢ Measured by ICP-OES. /Measured by
XPS.

%2 RNAMRIC 26) RIRE(20), HHE AR AT M 2%, 5 T 25 0 S 7

Table 2 Condition optimization ?EE(ZjNZk, 2p). K- 1 ) R ] (2n, 2q~2t)§2%£ (1

NH, 2N il Qu~2v). EAERRE, ZEAR R TR0

(™" ceweren (" BRI RE S R B L u2v), R T -4

1a 2a HOAR IR T RS BRI AR S . R, AR

— — 72 Ru-4 JB AL RUE PR A A1 i e S 25 G e 2 o £

o n.d. . N . e N

Y NKETS.I0 o > PRSI, 2B S BB LG

3 Co(NOs):6H:0 90 2 nd. J5, VISR BERAR LT o He 25 2y); BRI, iR 71 S

4 KNO; 90 2 nd. BUARHEE, BEFE 120 "CRPLS h, FIARRIIEI=4). X

2 Igagc;; CETS-10 Zg § n'j’ IRA T RE SRR EE LA S JET-BHAS 1 NH, LIPS AUR 1

] a -10¢ n.d. . . - S TR Y D ;

g > FITE-O-Tic e 0 F SRR, JLSH, AU 1a

8  Co@NaKETS-10 90 3 100 AU, *F Co@NaKETS-10 Ak i) B 4 P kAT T

9 Co@NaKETS-10 80 3 59 YR (33, 3a). AR SLI0LE T 1 Co@NaKETS-10 ff

10 Co@NaKETS-10 100 2 95 TR A AR, AR R 5t S 28 MG 1) S R o e s
11  Co@NaKETS-10 100 3 100

@ Reaction conditions: 1a (0.3 mmol), air, catalyst (10 mg), cyclohexane (1.0
mL). ” n.d.=no detected. ¢ N, atmosphere.
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NaKETS-10 %} 1a ()i &0 NI H T B 5 0 (b v 1,
L2305 P R s S R [A) 20 (3% 2, Entries 7~11). 7£90 C
SN2 h, 2a FIRCRSE 94%(3R 2, Entry 7); ZE-K 8 i []
F|3 hith, 2a R THE 2 100%(% 2, Entry 8). 247£ 80 C
N3 h R, 2a RICRAUA 59%(3 2, Entry 9). TH i [N
EEF 100 °C, RMADTE 3 h A RE3RGHAR = PlcR
(£ 2, Entries 10, 11). [, #5E AL B & 1F A
90 ‘CJZ¥ 3 h.
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Table 3  Substrate scope of primary amine dehydrogenation reaction
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N _N
O~~~ S \M/\ X _Z" X=C,2x 100% (98%)
\ \ | Sy ©/ X =0, 2y, 100% (99%)
X=8,nd9

2w, 100% (92%)

2u, 94%€ (90%) 2v, 89%° (86%)

@Reaction conditions: 1 (0.3 mmol), cyclohexane (1 mL), catalyst (10 mg) at 90 “C for 3 h, the yield detected by GC instrument. *Isolated yield. €100 ‘C.< 5 h.
¢ Catalyst of 20 mg./ Trace amount of amide product was detected and the GC yield was less than 1%.¢ At 150 °C for 5 h.
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Figure 2 (a) Dehydrogenation kinetics of 1a and 1a' (the yield was obtained by GC instrument), and (b) dehydrogenation experiment of
the substituted substrates
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100), 118 (26), 92 (13).
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(s, 3H). MS (70 eV) m/z (%): 117 (M, 100), 118 (15), 92
(6).

3-HEERHE a7 HiE ik, 33.6 mg, 77 E
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4-HEEE K H I Qe!: B AR AR, 39.0 mg,
ITEFEE 98%, GC F5% 100%. 'H NMR (400 MHz,
CDCl;) 0: 7.58~7.46 (m, 2H), 6.94~6.87 (m, 2H), 3.79
(s, 3H); MS (70 eV) m/z (%): 133 (M", 100), 134 (8), 77
).

3SR FEQh): ERARE K, 33.6 mg, E
P F 95%, GC 7&K 100%. m.p. 48~54 °C; 'H NMR (400
MHz, CDCl;) &: 7.15 (ddd, J=8.1, 7.5, 0.6 Hz, 1H), 6.94
(ddd, J=17.6, 1.4, 1.2 Hz, 1H), 6.85~6.82 (m, 1H), 6.80
(ddd, J=8.2, 2.4, 1.0 Hz, 1H), 3.83 (s, 2H); MS (70 eV)
milz (%): 118 (M", 100), 119 (22), 77 (9).

4R FEIRHEQD: B (LA, 33.4 mg, 7B E
%R 94%, GC 7*# 100%. m.p. 83~85 ‘C; 'H NMR (300
MHz, CDCly) 6: 7.33 (d, J=8.3 Hz, 2H), 6.57 (d, J=8.3
Hz, 2H), 4.13 (s, 2H); MS (70 eV) m/z (%): 118 (M, 100),
119 (43), 77 (16).

4-IRFEIRHIF))I: R AWK, 37.9 mg, 77
F=E 98%, GC =% 100%. '"H NMR (400 MHz, CDCl;) 6:
7.61 (d, J=8.4 Hz, 2H), 7.48 (d, J=8.3 Hz, 2H), 6.73 (dd,
J=17.6, 10.9 Hz, 1H), 5.88 (d, J=17.6 Hz, 1H), 5.45 (d,
J=10.9 Hz, 1H); MS (70 eV) m/z (%): 129 (M", 100), 130
(24),76 (11).

A-RFEIEHE K B AE A, 37.7 mg, 5B
% 99%, GC % 100%. m.p. 155~160 ‘C; "H NMR (300
MHz, CDCls) 6: 7.52 (q, J=8.2 Hz, 4H), 3.23 (s, 1H); MS
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(70 eV) m/z (%): 127 (M, 71), 129 (100), 101 (22).

4-WOR RS 2017 3 4 44, 66.0 mg, 73 BS /=
96%, GC ;=3 99%. m.p. 124~128 ‘C; 'H NMR (300
MHz, CDCLs) d: 7.78 (d, J=8.1 Hz, 2H), 7.30 (d, J=8.1
Hz, 2H); MS (70 eV) m/z (%): 229 (M", 77), 230 (100), 76
(19).

4-FARHECQm): [k, 35.6 mg, 4 EEE
98%, GC 77 100%. m.p. 32~34 “C; 'H NMR (300
MHz, CDCL3) 6: 7.61 (dd, J=8.3, 5.4 Hz, 2H), 7.11 (t, J=
8.5 Hz, 2H); MS (70 eV) m/z (%): 121 (M", 100), 122
(11), 76 (9).

4-FRF B R AE A, 37.8 mg, 4B~
H 92%, GC F“& 94%. m.p. 90~93 C; 'H NMR (300
MHz, CDCL) d: 7.53 (d, J=8.6 Hz, 1H), 7.40 (d, J=8.6
Hz, 1H); MS (70 eV) m/z (%): 137 (M", 100), 139 (32),
138 (6).

-EAHME o) R ME A, 39.1 mg, 7B
K 95%, GC F“% 98%. m.p. 38~40 ‘C; 'H NMR (300
MHz, CDCl3) 6: 7.57 (s, 1H), 7.51 (t, J=8.8 Hz, 2H), 7.36
(t, J=7.9 Hz, 1H); MS (70 eV) m/z (%): 137 (M", 100),
139 (54), 138 (16).

2-FHAHE@p): R A, 39.9 mg, R
% 97%, GC 773 100%. m.p. 43~46 ‘C; 'H NMR (300
MHz, CDCL) o: 7.61 (d, J=7.7 Hz, 1H), 7.47 (q, J=17.1
Hz, 2H), 7.31 (t, J=7.1 Hz, 1H); MS (70 eV) m/z (%): 137
(M", 100), 139 (11), 138 (5).

2-IREH 2! s A A, 502 mg, 4rE
K 92%, GC F“& 96%. m.p. 53~57 ‘C; 'H NMR (300
MHz, CDCls) d: 7.69~7.54 (m, 2H), 7.46~7.30 (m, 2H);
MS (70 eV) m/z (%): 182 (M™, 100), 183 (51), 181 (25).

-G o7 E (O E 4k, 52.4 mg, 77 ES”
# 96%, GC 7% 100%. m.p. 38~40 C; 'H NMR (300
MHz, CDCL3) 6: 7.73 (s, 1H), 7.68 (d, J=8.3 Hz, 1H),
7.54 (d, J=17.7 Hz, 1H), 7.29 (t, J=7.9 Hz, 1H); MS (70
eV) m/z (%): 182 (M", 100), 183 (31), 181 (7).

A-JRIRH G 29)17): 3R T EIEA, 52.5 mg, 3B R
96%, GC ;%3 100%. m.p. 110~112 C; 'H NMR (300
MHz, CDCLy) d: 7.57 (d, J=8.7 Hz, 1H), 7.46 (d, J=8.7
Hz, 1H); MS (70 eV) m/z (%): 182 (M*, 100), 183 (67),
181 (21).

4-THFERHE oI RO K, 43.1 mg, 75~
£ 97%, GC F*# 100%. m.p. 144~147 C; '"H NMR (400
MHz, CDCl;) 6 8.35~8.24 (m, 2H), 7.90~7.78 (m, 2H);
MS (70 eV) m/z (%): 148 (M, 100), 149 (21), 77 (7).

2- BRI (2u)1 7 M B A, 25.1 mg, B
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# 90%, GC 772 94%. m.p. 146~149 C; 'H NMR (300
MHz, CDCly) 0: 7.52 (d, J=1.7 Hz, 1H), 7.04 (d, J=3.6
Hz, 1H), 6.56~6.39 (m, 1H); MS (70 eV) m/z (%): 93
(M", 100), 94 (37), 67 (36).

2-FAFEMEWy 2v)7) R A, 28.1 mg, B FE
% 86%, GC 73 89%. 'H NMR (400 MHz, CDCls) 6:
7.57 (dd, J=3.8, 1.2 Hz, 1H), 7.55 (dd, J=5.1, 1.2 Hz,
1H), 7.07 (dd, J=5.1, 3.8 Hz, 1H); MS (70 eV) m/z (%):
109 (M", 100), 111 (41), 83 (39).

ZEREQwW)IT: RIS G, 42.2 mg, 7 EFEER 92%,
GC F*#% 100%. 'H NMR (400 MHz, CDCl3) 6: 2.33 (t, J=
7.2 Hz, 2H), 1.73~1.60 (m, 2H), 1.53~1.39 (m, 2H),
1.38~1.18 (m, 10H), ¢ 0.88 (t, J/=6.8 Hz, 3H); MS (70
eV) m/z (%): 153 (M", 100), 154 (67), 155 (45).

1RG0 k3 Gk, 38.5 mg, 7 &~
# 98%, GC *% 100%. 'H NMR (400 MHz, CDCL3) 6:
7.37~7.30 (m, 2H), 7.29~7.25 (m, 1H), 7.25~7.19 (m,
2H), 2.94 (t, J=17.4 Hz, 2H), 2.60 (t, J=7.4 Hz, 2H); MS
(70 eV) m/z (%): 131 (M, 100), 133 (74), 132 (14).

2-REFECHEQy)M: T ERSHAR, 39.5 mg, 4
B % 99%, GC 773 100%. '"H NMR (300 MHz, CDCl3)
d:7.28 (t, J=17.8 Hz, 2H), 7.02 (t, J=7.4 Hz, 1H), 6.92 (d,
J=8.1 Hz, 2H), 4.69 (s, 2H); MS (70 eV) m/z (%): 133
(M", 100), 135 (21), 134 (7).

4 BTkl (Supporting Information) L&) 2a~2y [
'H NMR J5 46 1% K. 3 2o 4L a] DL A 9% A T 199 3
(http://sioc-journal.cn/) I N %K.
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