©
2013 2016

Development of addition reaction of an E-H bond (E = main group elements having
lone pair electrons) to alkynes catalyzed by an iron complex

ITAZAKI, Masumi
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- (Si-H) 2

Iron complex-catalyzed regioselective single hydrophosphination of terminal
arylalkyne with secondary phosphine was achieved. Unsymmetric 1,2-bis(phosphino)ethanes with
different phosphino groups were obtained by using our catalytic systems. The structures of obtained
vinylphosphine, unsymmetric 1,2-bis(phosphino)ethane, and iron catalyst precursors were confirmed by

single crystal X-ray diffraction studies. In addition, Selective double hydrosilylation was
achieved by using tertiary and secondary silanes with an excess amount of an organonitrile (RC= N; R
= alkyl, aryl) in the presence of a catalytic amount of triirondodecacarbonyl [Fe3(C0)12] and
indium trichloride (InCI3). This reaction was also catalyzed by an iron complex containing indium
trihalide [Fe(MeCN)6][Fe(C0)4(InCI3)2], prepared by the reaction of Fe3(C0)12 with InCI3. This is a
novel report of the combination of a transition-metal complex and an indium source in organic
synthesis.
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Table 1 Reaction of secondary phosphines with terminal alkynes
catalyzed by a methyl(pyridine)iron complex
Cp*Fe(CO)(py)(Me).*

Re=t + r-Py 110 moi% Fe cat R}:<PR'2 e
R oluene, 110 °C H H § \b
' Fe cat.

Entry R R Time/ NMR yield %’ lsolated

h (E/z)° yield %°
1 Ph Ph 48 90 (10/90) 65 la
2 p-Me-CgH, Ph 48 79 (20/80) 59 1b
3 p-MeO-CgH, Ph 48 73 (15/85) 25 1c
4 p-NH,-CoH, Ph 48 72 ( 9/91) 65 1d
5 p-F-CgHs Ph 48 74 (12/88) 30 1e
6 p-'Bu-CeH, Ph 48 85 (17/83) 42 1f
7 2-pyridyl Ph 48 42(28/72)  221g
8 3-thiophenyl Ph 72 69 (13/87)  321h
9 Ferrocenyl Ph 72 72 (28/72) 46 1i

10 p-NH-CeH, p-Me-CgH; 48 75 (10/90) 65 1j

1 p-NH-CeH;  p-MeO-CgH, 48 72( 9/91) 60 1k
12 Alkyl® Ph 48 NR? -

13 Ph Alkyl’ 48 NR® -

®Reaction conditions: 110 °C, 10 mL Schlenk tube. [PHR’;] : [Acetylene] :
[Cp*Fe(CO)(py)(Me)] : [Toluene] =1 :1.5:0.1:10. “Based on *'P NMR
using triphenylphosphine oxide P(=O)Ph; as an internal standard. ‘Based
on ¥'P NMR. 9Z isomer only. ®Alkyl = "Hex, “Hex, 'Bu. "Alkyl = °Hex, "Bu. °No
reaction.
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Fig. 1 ORTEP drawings of (a) 1b, (b) 1d, (c) 1i and (d) 1j with
50% thermal ellipsoidal plots. Hydrogen atoms except vinyl
protons and amine protons were omitted for simplicity.
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Scheme 1 Synthesis of the phosphine complex A and the
phosphine(phosphide) complex G.
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Fig. 2 ORTEP drawings of (a) Cp*Fe(CO)(py)Me, (b) A, and (c)
G with 50% thermal ellipsoidal plots. Hydrogen atoms except the
hydrogen on P atom are omitted for simplicity.
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Scheme 2 Catalytic activity for hydrophosphination of
complexes A, E, and G.
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Table 2 Synthesis of unsymmetric diphosphine catalyzed by
CpFe(CO),Me.?

: =
R__ PRz WP 5 mol% Fe cat. RPR: 1
>:< +R”"JH —m8mm Lo NV Me
H H R" neat R',P " : c
110 °C, 24 h D recat
Entry vinylphosphine R" Isolated yield %
L 1a Ph 84 2a
2 1a p-Me-CoHs 85 2b
8 la p-MeO-CoH, 83 2¢
4 1a p-F-CeHs 69 2d
5 4 Ph 88 2e

®Reaction conditions: 110 °C, 10 mL Schlenk tube, [PHRj]
[Vinylphosphine] : [Fe cat.]=1:1:0.05.



0.068 equiv Fe3(CO);,

0.2 equiv InCl3
. 10 equiv. MeC=N SiMe,Ph
2 Me,PhSiH MeCH,N
80°C, 24 h NSiMe,Ph  78%

[Fe(NCMe)s][Cis-Fe(InCls),(CO)4]

NCMe CcoO
o) 3equivInCly 3 [MeCN,, | aNCMe || ocC,, | .CO
Fes 12 > €. Fe
MeCN 2 | \ecN” | INCMe | | cii? | inct
80 °C, 30 min NCMe C 8%
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Table 3 Double-hydrosilylation of various nitriles with
hydrosilanes catalyzed by an iron-indium complex.®

5 mol%
[Fe(MeCN)g][Fe(CO)4(InCls),] (vs. R'3SiH)

2 RySH 10 equiv RC=N RCHZN/SiRla

80°C,24h N\SiR';
entry RC=N R'3SiH RCH,N(SiR'3), isolated

yield (%)

1 MeCN Me,PhSiH ~ MeCH,N(SiMe,Ph), 853
2 EtCN Me,PhSiH  EtCH,N(SiMe,Ph), 65°4
3 'BUCN Me,PhSiH  'BuCH,N(SiMe,Ph), 755
4 'PrCN Me,PhSiH  'PrCH,N(SiMe,Ph), 66 6
5 ‘BUCN Me,PhSiH - -
6 PhCN Me,PhSiH  PhCH,N(SiMe,Ph), 547
7 (p-Tol)CN Me,PhSiH  (p-Tol)CH,N(SiMe,Ph), 558
8 (m-Tol)CN Me,PhSiH  (m-Tol)CH,N(SiMe,Ph), 499
9 (0-Tol)CN Me,PhSiH  (o-Tol)CH,N(SiMe,Ph), 41 10
10 (4-Py)CN Me,PhSiH  (4-Py)CH,N(SiMe,Ph), 2111
11 CCI,CN Me,PhSiH - -
12 (C6Fs)CN Me,PhSiH - -
13 NC(CH,),CN  Me,PhSiH - -
14 (p-Tol)CN Me,FcSiH (p-Tol)CH,N(SiMeyFc), 4312
15 MeCN MePhSiH,  MeCH,N(SiMePhH), 76 13

3See supporting information for details of reaction conditions. “The
relatively low reaction yield of EtCH,N(SiMe,Ph), is caused by the difficulty
in the removal of MeCH,N(SiMe,Ph), produced as a by-product in this
reaction, by distillation because of the similar boiling points.

5 mol% [Fe(MeCN)g][Fe(CO)4(InCl3),],
25 mol% InClj3 (vs. Me,PhSiH)

10 equiv MeC=N SiMe,Ph

2 MeyPhSiH MeCH,N_
80°C, 24 h \SiMe,Ph
TEMPO
5 mol% [Fe(MeCN)g][Fe(CO)4(InCl3),],
20 mol% TEMPO (vs. Me;PhSiH)
10 equiv MeC=N .~ SiMe,Ph
2 Me,PhSiH MeCH,N__
80°C, 24 h NSiMe,Ph

trace
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