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Research of B(C4F;),/Aromatic Ammonium Chloride Systems Catalyzed
Hydroamination/Reduction Reaction

Zhang, Luwen Wen, Zhiguo Borzov, Maxim Nie, Wanli*

(Sichuan Province Key Laboratory of Natural Products and Small Molecule Synthesis, Chemical Department of Leshan
Normal University, Leshan 614000)

Abstract Although in recent years the frustrated Lewis pairs (FLPs) reactivity towards small molecule activation has been
widely concerned, the reports on the FLPs derived from aromatic amines are few. This paper describes a new method of an
one-pot hydroamination/reduction reaction of terminal alkynes with aromatic amines catalyzed by the B(CgFs)s/aromatic
ammonium chloride systems with a hydridosilane as a source of the hydride. We consider that the active intermediate
[AerH2]+[H-B(C6F5)3]7 which formed by the aromatic ammonium chloride/B(C¢Fs); reaction with silanes plays a very
important role on the formation and reduction of the mediate product imines. The hydroamination reaction is firstly induced
by the trace amount amines produced by the dissociation of the borohydride aromatic amine salt, which then reacts with the
alkynes and forms the imines. Then the borohydride intermediate [Ar,NH,]'[H-B(C¢Fs);]_ reduces the imines to amines. It
has been proved that the borohydride intermediate [Ar,NH,]'[H-B(C¢Fs);]” could successfully reduce the corresponding
imines to amines in an in-sifu reaction condition. However it has been found that the usually most active mono-substituted
hydridosilane, such as PhSiH; shows the poorest reactivity in this case. And the less active trisubstituted silanes such as
Et;SiH or Ph;SiH exhibit the highest reactivity. To explain this abnormal phenomenon the different reaction speeds of the
cascade hydroamination/reduction reaction and the dissociation of the borohydride aromatic amine salt should be concerned.
Since the dissociation of [Ar,NH,] [H-B(C4¢Fs);]~ to H, is comparably quicker than the hydroamination reaction. By react-
ing with the less active trisubstituted silanes could not only slow down the formation and dissociation of [Ar,NH,]"
[H-B(C¢Fs)s] , but could also let the hydroamination and reduction steps proceeded completely. Moreover by slowly adding
the diluted hydrosilanes to the reaction systems could also improve the reaction. The reaction yield is affected by the substit-
uent on the terminal alkynes, too. The alkynes with the electron withdrawn group show comparably higher reactivity than
with the electron donating ones.

Keyword frustrated Lewis pairs; aromatic ammonium chloride; B(C¢F5s)s; silanes; hydroamination/reduction reaction

Jilll

1 35l

Sk ) B (Hydroamination) i i /&K N—H %1
BBk o 5 FH R 26 & A C—N B iz st &
Yt s BL. TR TR N 100%, B E AL
RLAEAT HLA B2 — AR E R N L BT

KEMA SN B SRR S, 32 S E bR 5 R G 2R 1)
WD VA AL E Z A0 /I8 5 % B (Hydroamination/reduction)
AR, B 1A IR, Horh i KA 2 i
&g, HtEERkERTRSERGYY O, EEA—&
RNEAR FAEEE YA RS, s, UKL P

* E-mail: niewl126@126.com
Received April 6, 2017; published May 23, 2017.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 21542011) and Scientific Research Fund of Leshan Normal University (Nos.
Z1414,71308).
[ 5% A SRR 23 4 (No. 2154201 DA AR L i 22 B BHF(Nos. Z1414, Z1308) % B H .

Acta Chim. Sinica 2017, 75, 819—823 © 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 819



¥ F R

5y Wil B(CFs)s 5 KA A MBI (L0 PhsP, #-BusP or TMP
) FIT 2H B B2 PR 2 B R B (FLPs) AR R M HE 48
LTINS N T H AL B A b S B BF 7T 4% 32 oyl 1L,
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Figure 1 Reductive hydroamination of phenylacetylenes with amines
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Figure 2 The reaction of B(C¢Fs);/ammonium systems
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Table 1 Optimization of the reaction conditions”
R"SiH;
5~ 10 mol% B(CgFs5)3
CDCl3, 50 °C, 24 h

PhoNH,CI + R-CgH,-CC-H

1 2
Ph_ H
N
| R'
Ph
3a~3c

Entry  Alkyne Silane Yield/%
1 C¢H,-CCH Et;SiH 3a 62.6%"
2 P-CH;-C¢Hs-CCH Et;SiH 3b 58.61%
3 p-F-C¢H,-CCH Et;SiH 3¢ 100.0
4 C¢H,-CCH Ph;SiH 3a70.1
5 P-CH;-C¢Hs-CCH Ph;SiH 3b37.6
6 p-F-C¢H,-CCH Ph;SiH 3¢82.9
7 p-F-C6H4-CCH thSlH3 3¢ 60.0
8 p-F-C¢H,-CCH PhSiH; 3¢38.7
9 p-F-C¢H,-CCH (EtO);SiH 3¢19.3

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“NMR Yield; Molar ratio of alkyne to silane=1 : 3.
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Table 2 Reductive hydroamination of phenylacetylenes with ammoni-
ums’

Et,SiH
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Q
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“NMR Yield; Molar ratio of alkyne to silane=1 : 1.5.
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Figure 3 Mechanism of the one-step reductive hydroaminations
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Figure 4 Reduction of imines by the B(C¢Fs);/aromatic ammonium
system
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RN Ali i R 3h. F UL 7V & ORGSR AL . XL
(A-1ROR I G R AL . N-H 362 HRIZ 3R Eh . 4-1R-N-
AR FE TR 2.

4.2 N-(1-(4-fluorophenyl)ethyl)-N-(phenyl)benzen-
amine (3c)iVEI&

FERSARS T, ¥ 205.0 mg (1.0 mmol) — HE ik 5L
THE T RMNF, RJEIA 41.0 mg (0.1 mmol) = (L9
I SN, B 9.0 mL &AM, BN 120.0
mg (1.0 mmol)X A L5, w5 ZIBIMAZiFRE 10
%1 180.0 mg (1.5 mmol) = ZJ&hE ¢, 50 C K[ 24 h.
fE RO A PR 204 S (Ve By VA E) ¢ V(LR LTR)
=6:1], 7B F N 51.5%. '"H NMR (400 MHz, CDCl;,
298 K) 0: 1.49 (d, J=7.01 Hz, 3H, CH;-CH), 5.29 (q, J=
6.95 Hz, 1H, CH;CH), 6.83 (d, J=8.52 Hz, 4H, o-Ph),
7.01~6.92 (m, 4H, p-Ph/F-Ph), 7.20 (t, J=7.33 Hz, 4H,
m-Ph), 7.34~7.17 (m, 2H, F-Ph); “C {'"H}NMR (100
MHz, CDCls, 298 K) o: 19.11, 56.75, 114.96, 115.21,
128.54, 128.62, 122.97 (o-Ph), 121.75 (p-Ph), 129.02
(m-Ph), 139.45 (d, “Jr.c=2.92 Hz), 146.74, 160.45/160.91
(d, 'Jr.c=245.14 Hz); GC-MS (EI) m/z: 291.16 (M"). "°F
{'"H'NMR (376 MHz, CDCl;, 298 K) §: —116.23.

4.3 4-Bromo-N-(1-(4-fluorophenyl)ethyl)-N-(p-
bromophenyl)benzenamine (3d)RYH &

RSP T, % 361.5 mg (1.0 mmol)XL(4-TR 7
B E R E T RS, A5 MA 41.0 mg (0.1
mmol) = (FLH AT T SN, F 9.0 mL &7 1,
PN 120.0 mg (1.0 mmol) X 54 250, R Ja &I
SR 10 £51 180.1 mg (1.5 mmol) = ZFEREHE,
50 ‘CFRM 24 h. FERCIEAESRAE[BEBECN V(A
fit) : M(HERZTR)=6 © 1], BN 46.5%. '"H NMR
(400 MHz, CDCls, 298 K) 6: 1.44 (d, 3H, 'Jey=127.6 Hz,
3Jun=7.1 Hz, CH3), 5.19 (q, 1H, *Jyy=7.1 Hz, CH;CH),
6.67, 7.27 (d, 8H, *Jx;x=8.9 Hz, H2, 6 and H3, 5 in
4-BrC¢H,, respectively), 6.94~7.24 (m, 4H, 4-FC¢H,);
BC{'H}NMR (100 MHz, CDCls, 298 K) §: 19.11 (s, CH3),
56.99 (s, CH;CH), 114.98 (s, CBr), 115.28 (d, %Jpc=21.3
Hz, 4-F-C¢Hy), 124.59, 132.08 (s, 4-BrCgHy), 128.46 (d,
3Jec = 8.0 Hz, 4-F-C¢Hy), 13847 (d, “Jyc = 3.4 Hz
4-FC¢H,), 145.46 (s, 4-BrC¢H,), 161.76 (d, 'Jpe=245.7
Hz, CF); "’F NMR (376 MHz, CDCls, 298 K) §: —115.07
(tt, *Jey=28.3 Hz, *Jyy=5.5 Hz).

4.4 N-(1-(4-fluorophenyl)ethyl)-N-(p-bromophenyl)
benzenamine (3e)E0% &

FERART, 45 285.0 mg (1.0 mmol) 4-J5-N-7
BREHRR I E T RN F, SREMA 41.0 mg (0.1
mmol) = (LRI T N F, H 9.0 mL &A% #,
FAION 119.8 mg (1.0 mmol)XH 7K 20, e A
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SRR 10 50 180.2 mg (1.5 mmol) = Z &Lz,
50 CF =M 24 h wER IR AN VA
i) : (LR ZTR)=6 1], B E2F AN 404%. 'H
NMR (400 MHz, CDCls, 298 K) 6: 1.46 (d, 3H, 'Joy=
127.6 Hz, *Jyy=7.0 Hz, CHs), 5.22 (q, 1H, 'Jey=136.0
Hz, *Jyn=7.0 Hz, CH;CH), 6.60 (d, *Jax=9.1 Hz, 2H,
4-Br-C¢Hy), 7.21 (d, *Jax=9.1 Hz, 2H, 4-BrC¢H,), 6.94~
7.26 (m, 4H, *Jax~>Jar=8.8 Hz, *Jxr=5.4 Hz, 4-FC¢H,),
6.90~7.23 (m, 5H, Ph); *C {'"H}NMR (100 MHz, CDCls,
298 K) 6: 19.34 (s, CH3), 57.01 (s, CH;CH), 112.97 (s,
CBr), 11521 (d, “Jyc =213 Hz, 4-F-C¢Hy), 122.27,
131.77, 146.46 (all s, C2, 6, C3, 5 and C1 in 4-Br-C4H,,
respectively), 129.29 (d, 3J:c=8.0 Hz, C2, 6 in 4-F-CgHy),
123.54, 125.28, 129.29, 145.82 (all s, C4, C2, 6, C3, 5, and
CI1 in Ph, respectively), 138.96 (d, *Jec=3.4 Hz, C1 in
4-F-C¢Hy), 161.75 (d, 'Jec=245.2 Hz, CF); "’F NMR (376
MHz, CDCl3, 298 K) 0: —115.58 (tt, *Jyy=8.8 Hz, “Jpy=
5.4 Hz).

4.5 2-Fluoro-N-(1-(4-fluorophenyl)ethyl)-N-(methyl)-
benzenamine (3f)&YHI &

RS, % 161.6 mg (1.0 mmol) N-FFFE-2 %
RGBT RN F, SREMA 41.0 mg (0.1
mmol) = (F AR E) M T RN, 9.0 mL S5 5,
BN 119.8 mg (1.0 mmol) X 54 250, i Ja &I
SRR 10 150 179.8 mg (1.5 mmol) = Z 3Lz,
50 CF =M 24 h wER IR AN VA
i) : (LR ZTR)=6 1], B E5F AN 355%. 'H
NMR (400 MHz, CDCls, 298 K) 6: 1.43 (d, 'Jey=123.7
Hz, *Juy=6.9 Hz, 3H, CHCH,), 2.49 (s, 3H, 'Joy=135.1
Hz, NCH;), 4.72 (q, 1H, "Jey=137.4 Hz, *J;yy=6.9 Hz,
CH;CH), 6.99~7.33 (m, 4H, 4-FC¢H,), 6.89~7.03 (m,
2-FC¢H,); “C {'"H}NMR (100 MHz, CDCl;, 298 K) ¢:
15.90 (s, CHCHj3), 33.31 (s, NCH3), 59.56 (d, “Jpc=5.5
Hz, CH;CH), 114.85 (d, “J;c =213 Hz, C3, 5 in
4-F-C¢Hy), 11620 (d, “Jec=21.2 Hz, C3 in 2-F-C¢H,),
121.56 (d, *Jsc=2.8 Hz, C4 in 2-F-C¢Hy), 122.01 (br. d,
3Jec=7.6 Hz, C6 in 2-F-C¢H,), 124.25 (d, *Jpc=3.8 Hz,
C5 in 2-F-C¢Hy), 129.00 (d, *Jpc = 8.0 Hz, C3 in
2-F-C¢Hy,), 137.97 (d, “Jpc=2.7 Hz, Cl in 4-F-C¢H,),
139.94 (br. d, %Jsc=8.3 Hz, C1 in 2-F-C¢H,), 156.25 (d,
'Jic=244.9 Hz, CF in 2-F-C¢H,), 161.88 (d, 'Jpc=244.8
Hz, CF in 4-F-C¢H,); "°F {'H}NMR (376 MHz, CDCl,
298 K) & — 121.86 (m, 2-FC¢Hy); — 116.12 (m,
4-FC¢H,).
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