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Studies on a Novel Type of B(C4F5); and Aromatic Ammonium Chloride
System
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(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 facile route to
the aromatic amine based FLPs starting from aromatic amine hydrochloride/tri(pentafluorophenyl)borane (BCF) as a com-
bined active couple and hydridosilane as a source of the hydride. The reaction characteristics have been studied for a set of
the stoichiometrical reactions. The difference between the alkyl amine hydrochloride/BCF and aromatic amine hydrochlo-
ride/BCF systems is that after reacting with the silanes the formed aromatic ammonium hydridoborates [Ar,NH,] [HBCF]
are not thermally stable and immediately release H, with formation of the corresponding amine and BCF. However, it is pre-
cisely because of this fact making this system applicable for a catalytic reaction—a novel efficient chlorination reaction of
hydridosilanes, which could be considered as the first example of the nonmetal catalytic reactions of the type, with the aro-
matic amine hydrochloride as a function of the chlorination reagent and BCF as a catalytic activator. The chlorination prod-
ucts and reaction mechanism have been also explored in detail under different ratios of silanes and aromatic amine hydro-
chlorides. Remarkably, if required, the initial aromatic amine hydrochloride can be regenerated and recycled by a simple
reaction with gaseous HCI. This makes the reaction rather attractive from the viewpoint of “green chemistry”.

Keywords frustrated Lewis pairs; tris(pentafluorophenyl)boron; aromatic ammonium chlorides; hydridosilanes; silane
chlorides
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Figure 1 Activation of H, by FLPs
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Figure 2 Reaction of BCF/alkyl ammonium chloroborates with silanes
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Figure 3 Activation of H, by aromatic amine based FLPs
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Figure 4 Reaction of BCF/aromatic ammonium chlorides with silanes
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Figure 5 BCF catalyzed hydridosilane chlorination reaction with aro-
matic amine hydrochlorides
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Table 1 Catalytic chlorination of hydridosilanes

Sliane Ratio®  Product Time/h Conversion’/%
1 PhSiH; 1:1 PhSiH,Cl 2 75
2 PhSiH; 1:2 PhSiHCl, 12 72
3 Ph,SiH, 1:1 Ph,SiHCI 2 77
4 Ph,SiH, 1:2 Ph,SiCl, 12 70
5 PhsSiH 1:1 Ph;SiCl 2 68
6 Et;SiH 1:1 Et;SiCl 12 80

7 (EtO);SiH 1:1  (EtO)SiCl 12 7

“ Silane : Amine hydrochloride molar ratio; ” Reactions typically performed on
0.1 mmol scale in 0.5 mL of CDCl; with 5 mol% of catalyst under room tem-

perature (capillary insert containing C¢Meg used as Internal standard).

22 ERSKREHAR

T SRR T TE A ML B oy 1 Dy e v M F2 R
i B B LA A0 AR R0 T A2 232 S 20, 3 STk
FH T R P SRR B 0 ) 2% T vk — R AR A — o SR TR
P, T B O SONER FE  BE SSE R ] A AN A
B St e R AL B B Atk A e R AR,

DL 5 Wik BCF AE AT, 405 F ik 5
Tk ot S o ) 4 RAREERE RO TV, R — Rl L AR & Jm i
. FATXE BCF AR R RE e 5 — 2K I 2 R &
Ph,NH-HCI () s BiEAT T VEENRIRE 7S, Wil 6 Fiow, &
PR S ORI ERRR S OB LA L (R K R E) Y
FAERATEE, ONTFFURI A EAZ RS RIE 6 5.24 AL BT
R[] Jgy=236 Hz g, XFR TR L(3);
W I S HIBEAT, 7E 6 5.80 AbxWiEE|— AN B
Jsin=268 Hz [ 5, Il EIREIE &SR 1R 1%
e of 7 T B AR e 5 R R — B A PR AR
TG (4); 2470 FEIINSE B 1) 2R SR B i, B
MR S T RRERER IR DL 1 L 2R IR EL) Rk

) Cat: BCF )
PhoNH-HCI + PhSiHg PRSTH,CI
-Hp 3
‘ PhoNH
.H2
T
614: 5.80, s; Ph,s‘i—CI
5. -17.7, d; N
Ph™ “Ph
Jain = 268 Hz 4
JthNH-HCl
Cat: BCF
2Ph,NH-HCI + PhSiHz PhSiHCI,
_H2 5

B 6 BCF fitfb ™ R Ehme #h 5 e i S AU
Figure 6 BCF catalyzed phenylsilane chlorination reaction with diphe-
nyl amine hydrochlorides
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4 SKEERSY

ARSI 1 BT A R AR & 7E oK B A A A T AT 1.
FT AT I v 70 BT AR A S E R AR P N & TR
FKALEE,
4.1 ZHFBRERFRE S KR REERRR ERAVHI &
53K 5 mL R E R A 10 mL CH,Cly I
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42 BERFERAHIE
EEAARYF, K 20.5 mg (0.1 mmol) —ZE % £ R
EIMNTARE AL, SRJE I 5.10 mg (0.01 mmol) = (7L
FIEIL) L 10.8 mg (0.1 mmol) Tk, IR/ 2 h, fiE
BERIFEALT= 5 75%. S5MRMEEHRER: "TH NMR (400
MHz, 298 K, CDCLy): 5.24 (s, Js.n=236 Hz, SiH).
43 ZERFERHIE
EEASRYF, K 41.0 mg (0.2 mmol) - ZEHE R
EIMNTARE AL, SRJE I 5.10 mg (0.01 mmol) = (7L
FIEIL) L 10.8 mg (0.1 mmol)EFEkE, HIR/MN 2 h, i
BERIFEALT= 5 72%. S5MRAEEHER: "TH NMR (400
MHz, 298 K, CDCL): 5.97 (s, Jsi.n=290 Hz, SiH)).
4.4 BSROFKERERHIE
EEARYF, K 20.5 mg (0.1 mmol) - ZEHE £ R
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ERIMNTARE AR, ZRJF I 5.10 mg (0.01 mmol) = (7L
FIEIL)M . 18.4 mg (0.1 mmol) — A HERER:, =N 2
h, BEGERIEALFE 3 77%. SMRIESSR R 'TH NMR
(400 MHz, 298 K, CDCly) d: 5.75 (s, Jsi.n=236 Hz, SiH);
¥Si NMR (79.5 MHz, 298 K, CDCl;) 6: —5.6.
45 ZERITFEERNHIE

ERSAAYF, K 41.0 mg (0.2 mmol) - FKEE £ R
EINTARE T, SRIE A 5.10 mg (0.01 mmol) = (7L
A, 18.4 mg (0.1 mmol) "IEIERERE, FiRRN
12 h, EEGERIEAL P F 70%. S/ RMAEE I T *Si
NMR (79.5 MHz, 298 K, CDCl;) 6: 1.8.
4.6 SR=FEERTHFIE

ERSRYT, ¥ 20.5 mg (0.1 mmol) K% Eh iR
EINTARE T, SRIEIMA 5.10 mg (0.01 mmol) = (7L
FEOEIHM. 26.0 mg (0.1 mmol)=ZKFrEk:, =i KM
12 h, TELERHEAL 5 68%.
47 SRZ=ZZEERHIE

EEASARYF, K 41 mg (0.2 mmol) - ZEf% Eh B2 £h
IINTARE AR, 4RJE I 5.10 mg (0.01 mmol) = (FL4
ZKIEV . 11.6 mg (0.1 mmol) = ZFEFerENE, =i M
12 h, BERERIEA P E 72%. SHRMEHENT: 'H
NMR (400 MHz, 298 K, CDCl3) d: 1.26 (t, J=7.3 Hz,
CH;), 4.05~3.85 (m, CH,).
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