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ABSTRACT: Organonitriles (RC=N) were selectively converted into the corresponding
diborylamines (RCH2N(Bpin)2) in reactions with pinacolborane (pinBH) in the presence of a
catalytic amount of iron-indium complex [Fe(MeCN)s][cCis-Fe(CO)4(InCls)2]. The catalytic
reaction mechanism was tentatively proposed. In addition, this catalytic system was found to be
applicable for the synthesis of borylsilylamine in high yield when organonitrile was treated with

hydroborane and hydrosilane simultaneously.



B INTRODUCTION

Selective bond formation among heteroatoms (E—E') is becoming important from the point of
synthetic chemistry. In particular, the addition reaction of an E—H bond to an unsaturated bond
between two elements involving at least one heteroatom is one of the most atom-economical
synthetic methods to create an E—E' bond because it does not involve any by-products such as
unnecessary inorganic salts or H2 gas.! Among unsaturated bonds, the carbon-nitrogen triple
bond in organonitrile is thought to be extremely stable because of its relatively high bond

dissociation energy.? The inertness of the C = N triple bond toward hydroboration and

hydrosilylation under typical reaction conditions was reported.>* However, it is expected that RC

=N would be converted into double hydroboration product, RCH2N(BR’2)2, and double

hydrosilylation product, RCH2N(SiR’3)2, with the help of an appropriate catalyst. Recently, some

double hydroboration reactions® and double hydrosilylations® at the C=N triple bond were

achieved by using a transition metal catalyst (Scheme 1).
Scheme 1. Double hydroboration and double hydrosilylation of organonitriles.
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Those compounds bearing an N—B or N—Si bond are expected to exhibit an unusual function
not displayed by organic compounds composed of carbon and hydrogen. For example,

borylamine has a unique reactivity as an iminium ion generator.” Although the examples are few,



it has already been reported that disilylamines are useful as precursors for the production of
Si/N-containing polymers,® new types of amine ligands in organometallic chemistry,” and
silylating agents for the syntheses of silicon compound.'” Moreover, hydroboration and
hydrosilylation of C=N bonds are effective methods to reduce organonitriles.!! In addition, it was
found that borylsilylamines are advantageous precursors to obtain the B/Si/N/C ceramics which
has highly heat-resistant property.'?

We previously demonstrated an unprecedented double hydrosilylation of organonitriles
catalyzed by an ionic iron-indium complex ([Fe(MeCN)s][cis-Fe(CO)4(InClz)2] (Felncy)),
prepared by the reaction of Fe3(CO)i2 with InCls.!>!'* Herein, we pursued the possibility of
selective double hydroboration using the Fe/In catalyst. In addition, we challenged to achieve
single-step synthesis of borylsilylamine by an unprecedented dihydroborylsilylation of

organonitrile using Felnc catalyst.

B RESULTS AND DISCUSSION

Selective double hydroboration of organonitriles catalyzed by Felnc.

Our previous report that Felnc) exhibited a catalytic activity for the double hydrosilylation of a
C=N bond inspired us to examine the double hydroboration. A reaction of pinacolborane
(pinBH) with an excess amount (5 equiv) of acetonitrile (MeCN) in the presence of 5 mol% of
Felnc) with respect to pinBH was examined at 80 °C for 24 h under a dry argon atmosphere
(Scheme 2). Quantitative conversion of pinBH into diborylamine EtN(Bpin): took place
according to the 'H NMR spectrum of the reaction mixture. No signals corresponding to the
borylimine (mono hydroboration compound) were observed. The reaction mixture obtained was

distilled using a Kugelrohr apparatus in a glove box to afford the corresponding diborylamine as



colorless crystals in 87% yield. The double hydroboration reaction did not proceed when the
reaction mixture was not heated at 80 °C, when only InCIs or only Fe3(CO)i2 was used as a

catalyst.

Scheme 2. Double hydroboration of MeCN in the presence of Felncy.

5 mol% Felng, (vs. pinBH)

. 10 equiv MeC=N _Bpin
2 pinBH > MeCH,N
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87%: 1a

The results of the reactions of pinacolborane (pinBH) with several organonitriles in the
presence of Felnc catalyst are shown in Table 1. Various aliphatic and aromatic nitriles (RC=N,
for which R = Me, 'Pr, 'Bu, 'Bu, Ph, Bz, p-Tol, m-Tol or o-Tol) were converted into the
corresponding double hydroboration products; pure diborylamines RCH2N(Bpin)2 1a—1i were
obtained in good to excellent yields by distillation using a Kugelrohr apparatus in a glove box.
Some organonitriles with electron-withdrawing substituents, such as CCl3 and Ce¢Fs groups, were
not converted into the corresponding hydroboration products. Although the tendency of the
double hydroboration was similar to that of the double hydrosilylation, the following differences
were observed: (i) 'BuCN was reactive in the double hydroboration but not in the double
hydrosilylation, (ii) 4-PyCN did not react in the double hydroboration but reacted in the double
hydrosilylation.

Regarding hydroborane used in double hydroboration of organonitriles, most of the reports are
research on pinBH. Quite recently, the double hydroboration with catechol borane (catBH) have

been reported using Mo catalyst®* and Ni catalyst.’’ In both catalytic systems, the double



hydroboration proceeds at room temperature within 18 h. Therefore, we examined the reaction of
MeCN with catBH in the presence of Felncy at room temperature for 18 h, and found that the
double hydroboration product EtN(Bcat)2 2 was obtained in 81% yield. Therefore, it was found
that Felnc serves as a catalyst for both pinBH and catBH. To our best knowledge, Felnc is the
first transition metal complex showing catalytic activity in the double hydroboration of
organonitirle with both pinBH and catBH. We also examined the catalytic activity of Felnci
toward 9-borabicyclo[3.3.1]nonane (9-BBN), and found that no catalytic activity was observed

in this case.

Table 1. Double hydroboration of organonitriles in the presence of FeInc;.2®

cat. Felng
_ 10 equiv RC=N ~Bpin
2 pinBH > RCH,N
80°C, 24 h \Bpin
, N(Bpi N(Bpin)
~_N(Bpin), )\/N(Bpin)z \(\/ (Bpin), @/\/ 2
87%: 1a 71%: 1b 58%: 1c 58%: 1d
SN, ©\/N(Bpin)z \©\/N(Bpin)z /©\/N(Bpin)2
51%: 1e 65% (81%)°: 1f 64%: 1g 47%: 1h
: F i N7 i
N(Bpin),  cl,c._N@Bpin), 'S N(Bpin), N N(Bpin),
59%: 1i 0% 0% 0%
N(9-BBN) N(Bcat) L owr oy 7 5
Rk A s e R A
0, o/.d. E \O \O /B :
0% 81%": 2 ; Bpin Bcat 9-BBN

3See the experimental section for details of the reaction conditions. Isolated yield. °10 mol%
Felnc) was used. %Catechol borane was used at room temperature for 18 h.



The molecular structures of EtN(Bpin)2 1a and PhCH2N(Bpin)2 1f were confirmed by X-ray
analysis. The ORTEP drawings of these compounds are depicted in Figure 1 with the atomic
numbering scheme. The selected bond lengths and angles are listed in Table 2. The B-N bond
lengths of 1a (1.423(3) and 1.425(3) A) and 1f (1.4246(18) and 1.4291(19) A) resemble those of
previously reported compounds (1.407(6)-1.436(2) A) and the B-N-B bond angle of 1a
(126.93(18)°) and 1f (126.29(12)°) are slightly broader than those of previously reported

compounds (122.97(14)-125.51(10)°) because of steric repulsion between two Bpin groups and

51,15

less bulky substituent on the N atom.

Figure 1. ORTEP drawings of EtN(Bpin): 1a (left) and PhCH2N(Bpin)2 1f (right) with 50%
thermal ellipsoidal plots. All hydrogen atoms are omitted for clarity.



Table 2. Selected bond lengths (A) and bond angles (°) for 1a and 1f

1a 1f
N1-BI 1.425(3) 1.4246(18)
N1-B2 1.423(3) 1.4291(19)
N1-C2(C7 for 1f) 1.484(3) 1.4765(18)
B1-N1-B2 126.93(18) 126.29(12)
B1-N1-C2(C7 for 1f) 116.01(18) 117.03(11)
B2-N1-C2(C7 for 1f) 116.83(18) 116.56(11)

A tentative catalytic cycle for the double hydroboration of organonitriles promoted by Felnci
was proposed (Scheme 3). First, one InCl3 of Felnc dissociates to give the mono-indium iron
complex A, and then a CO ligand in A is substituted by the organonitrile to give B. The reaction
was examined in which 5 equiv of InCls to Felnc) was added under same conditions in Scheme 2,
and it was found that no double hydroboration product was generated. This result suggests that
the reaction mechanism involves the dissociation of InCl3 from the iron center in Felnci. We also
examined the reaction of pinBH with InCls in acetnitrile-d3 and confirmed the formation of
pinBC1'® by the NMR measurement of the reaction mixture. These experimental results support
the process where the released InCls reacts with pinBH to give HInCl2!” and pinBCl. HInCl2 thus
formed reacts with RCN in B, which is more reactive than free RCN,'® to produce indylimine
iron complex C, which then reacts with pinBH to yield borylimine iron complex D. Complex D
undergoes a similar reaction to B and C to produce diborylamine iron complex F through E.
Finally, dissociation of the diborylamine from the iron center in F and recoordination of an
organonitrile to the iron center takes place to regenerate the catalytic intermediate B. As the
diborylamine is selectively formed over borylimine, we believe that D reacts with HInClz to give

E faster than the dissociation of the borylimine ligand from D.



Scheme 3. Presumed catalytic cycle for the double hydroboration of organonitriles in the

presence of Felnc;.
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Selective dihydroborylsilylation of organonitrile catalyzed by Felnci.
We have described the double hydrosilylation of organonitriles using the Fe/In catalyst in

the previous paper'?

and the double hydroboration in this paper. As the extension of these
reactions using Fe/In cooperative catalytic system, we examined the reaction of organonitrile
with both of hydroborane and hydrosilane in the presence of Felncy catalyst with the hope of the
formation of borylsilylamine. Several combinations of organonitrile, hydroborane, and

hydrosilane were examined, and it was found that the reaction of CH3CN with both of pinBH

and Me2PhSiH in the presence of Felncy catalyst showed excellent results: the corresponding



ethylborylsilylamine, EtN(Bpin)(SiMe2Ph) was the main product (Scheme 4), and that
EtN(Bpin)2 was formed in only 6% yield (according to NMR). Purification of the product by
distillation using a Kugelrohr apparatus in a globe box afforded pure EtN(Bpin)(SiMe2Ph) 3 in
81% yield. This reaction is the first single-step synthesis of a borylsilylamine via the catalytic

hydroboration and hydrosilylation of an organonitrile.'

Scheme 4. Dihydroborylsilylation of MeCN in the presence of Felnci.

0.1 equiv Felng,

pinBH 10 equiv RC=N _Bpin
+ > MeCH,N
Me,PhSiH 80°C, 24 h NSiMe,Ph
81%: 3

B CONCLUSION

We have developed selective double hydroboration and dihydroborylsilylation of
organonitriles catalyzed by an iron-indium cooperative complex. The iron-indium cooperative
reaction is an unprecedented catalytic system in double hydroboration. It should be noted that we

have achieved the first single-step synthesis of a borylsilylamine.

B EXPERIMENTAL SECTION
General considerations

All manipulations were performed using standard Schlenk techniques or in a glove box under
a dry argon atmosphere. The iron-indium complexes [Fe(CH3CN)s][cis-Fe(CO)s(InCls)2]
(Felnc)) was prepared according to the literature methods.!* The other chemicals were
commercially available. Solvents were purified employing a two-column solid-state purification

system or were distilled from appropriate drying agents under nitrogen. NMR spectra ('H,



UB{H}, 1*C{'H}, and #’Si{'H}) were recorded at ambient temperature using a JEOL JNM AL-
400 spectrometer. 'H and "*C{!H} NMR data were referred to residual peaks of solvent as an
internal standard. Peak positions of the 'B{'H} and ?’Si{'H} NMR spectra were referenced to
an external BF3-Et20 (6 = 0 ppm) and MesSi (6 = 0 ppm), respectively. Elemental analysis data
were obtained on a Perkin-Elmer 2400 CHN elemental analyzer. GC/MS analyses were carried
out by SIMADZU-QP2010 Plus, equipped with a Rtx-5MS capillary column and an ion trap
detector. ESI-MS imaging experiments were performed on a 7.0 T solariX FT-ICR MS (Bruker

Daltonics) in positive-ion mode.

General method for synthesis of diborylamines
Organonitrile (4.0 mmol) was treated with pinBH (0.80 mmol) in the presence of Felnc (36.5
mg, 0.040 mmol) at 80 °C for 24 h. The reaction mixture was distilled using a Kugelrohr

apparatus in a glove box to obtain the corresponding diborylamine.

Spectroscopic data of 1a

"H NMR (400 MHz, CDCl3, ppm): § 1.02 (t, Juu = 7.2 Hz, 3H, CH2CH3), 1.22 (s, 24H, Bpin),
3.05 (q, Jun = 7.1 Hz, 2H, NCH2CH3). ""B{'H} NMR (79.3 MHz, CDCls, ppm): § 25.49 (br).
BC{'H} NMR (100.4 MHz, CDCls, ppm): & 18.79 (s, NCH2CH3), 24.65 (s, Bpin-CH3), 38.73 (s,
NCH:CH3), 82.14 (s, Bpin-ipso). Elemental analysis (%) calcd for Ci4aH20BoaNOs: C, 56.62;
H,9.84; N, 4.72; found: C, 56.27; H, 9.80; N, 4.66%. GC/MS (EI) m/z (% relative intensity):

[M]* 297 (2), [M-CHs]" 282 (100), 254 (1), 240 (9), 182 (14), 156 (24), 112 (67).

Spectroscopic data of 1b
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"H NMR (400 MHz, CsDs, ppm): & 0.82 (d, 6H, J = 6.8 Hz, NCH2CH(CH3)2), 1.21 (s, 24H,
Bpin), 1.62 (tsep., 1H, J = 6.8 Hz, NCH2CH(CH3)2), 2.84 (d, 2H, J = 7.0 Hz, NCH2CH(CH3)z).
"B {'H} NMR (79.3 MHz, CDCls, ppm): & 25.51 (br). *C{'H} NMR (100.4 MHz, CsDs, ppm):
S 20.05 (s, NCH2CH(CH3)2), 24.62 (s, Bpin-CH3), 30.91 (s, NCH2CH(CHs3)2), 51.16 (s,
NCH2CH(CHa)2), 82.16 (s, Bpin-ipso). Elemental analysis (%) calcd for Ci6H33B2NO4: C, 59.12;
H, 10.23; N, 4.31; found: C, 58.47; H, 10.26; N, 3.83%. HRMS (ESI) m/z (% relative intensity):

[M+Na]" Caled. for C16H33B2NNaO4: 348.2493; Found: 348.2486.

Spectroscopic data of 1c

"H NMR (400 MHz, CDCl3, ppm): & 0.86 (d, 6H, J = 6.8 Hz, NCH2CH2CH(CH3)2), 1.21 (s, 24H,
Bpin), 1.25-129 (m, 2H, NCH2CH:CH(CHs)2), 1.56 (tsep., 1H, J = 6.8 Hz
NCH2CH2CH(CHs)2), 3.03 (t, 2H, J = 7.0 Hz, NCH2CH2CH(CH3)2). ''"B{'H} NMR (79.3 MHz,
CDCl;, ppm): & 25.49 (br). “C{'H} NMR (100.4 MHz, CDCl;, ppm): & 22.95 (s,
NCH:CH2CH(CH3)2), 24.62 (s, Bpin-CHs), 25.20 (s, NCH:CH2CH(CHs)2), 41.85 (s,
NCH2CH2CH(CH3)2), 42.50 (s, NCH2CH2CH(CH3)2), 82.11 (s, Bpin-ipso). Elemental analysis
(%) caled for C17H35B2NO4: C, 60.22; H, 10.40; N, 4.13; found: C, 59.65; H, 10.53; N, 3.72%.
HRMS (ESI) m/z (% relative intensity): [M+Na]" Calcd. for C17H3sB2NNaO4: 362.2650; Found:

362.2655.

Spectroscopic data of 1d
"H NMR (400 MHz, CDCl3, ppm): & 1.17 (s, 24H, Bpin), 2.70 (t, J = 7.0 Hz, 2H, NCH2CH>),
3.29 (t, J = 7.0 Hz, 2H, NCH2CHy) 7.12-7.19 (m, 3H, Ph), 7.22-7.26 (m, 2H, Ph). "'B{'H} NMR

(79.3 MHz, CDCLs, ppm): & 25.40 (br). 3C{'H} NMR (100.4 MHz, CDCls, ppm): & 24.62 (s,

11



Bpin-CH3), 39.56 (s, NCH2CH>2), 45.31 (s, NCH2CH2), 82.21 (s, Bpin-ipso), 125.78 (s, Ph),
128.21 (s, Ph), 129.42 (s, Ph), 140.62 (s, Ph-ipso). Elemental analysis (%) calcd for
C20H33B2NO4: C, 64.38; H, 8.92; N, 3.75; found: C, 64.03; H, 9.04; N, 3.75%. HRMS (ESI) m/z

(% relative intensity): [M+Na+CH3CN]" Calcd. for C20H33B2NOa: 396.24934; Found: 396.24975.

Spectroscopic data of 1e

"H NMR (400 MHz, CDCls, ppm): & 0.81 (s, 9H, NCH2C(CH3)3), 1.21 (s, 24H, Bpin), 2.87 (s,
2H, NCH2C(CH3)3). '"B{'H} NMR (79.3 MHz, CDCls, ppm): & 25.45 (br). 3C{'H} NMR
(100.4 MHz, CDCls3, ppm): & 24.59 (s, Bpin-CH3), 27.41 (s, NCH2C(CHs)3), 33.30 (s,
NCH2C(CHs)3), 54.58 (s, NCH2C(CH3)3), 82.27 (s, Bpin-ipso). Elemental analysis (%) calcd for
C17H35B2NOs: C, 60.22; H, 10.40; N, 4.13; found: C, 60.02; H, 10.55; N, 3.88%. HRMS (ESI)

m/z (% relative intensity): [M+Na]" Calcd. for C17H3sB2NNaOa: 362.2650; Found: 362.2649.

Spectroscopic data of 1f

'"H NMR (400 MHz, CDCls, ppm): § 1.20 (s, 24H, Bpin), 4.23 (s, 2H, NCH>), 7.13-7.18 (m, 1H,
Ph), 7.22-7.25 (m, 2H, Ph), 7.29-7.31 (m, 2H, Ph). "B{'H} NMR (79.3 MHz, CDCls, ppm):
§25.51 (br). BC{'H} NMR (100.4 MHz, CDCls, ppm): & 24.65 (s, Bpin-CH3), 47.39 (s, NCH>),
82.46 (s, Bpin-ipso), 126.18 (s, Ph), 127.64 (s, Ph), 127.92 (s, Ph), 143.20 (s, Ph-ipso). Elemental
analysis (%) calcd for Ci9H31B2NOa4: C, 63.55; H, 8.70; N, 3.90; found: C, 63.26; H, 8.80; N,
3.85%. HRMS (ESI) m/z (% relative intensity): [M+Na+CH3CN]" Calcd. for C21H34B2N2NaOa:

423.2602; Found: 423.2602.

Spectroscopic data of 1g

12



"H NMR (400 MHz, CDCls, ppm): § 1.20 (s, 24H, Bpin), 2.30 (s, 3H, p-(CH3)CsHa), 4.19 (s, 2H,
NCH2), 7.05 (d, 2H, Ju-n = 8.0 Hz, p-(CH3)CeéH4), 7.19 (d, Ju-n = 8.0 Hz, 2H, p-(CH3)CeHa4).
"B{'H} NMR (79.3 MHz, CDCls, ppm): & 25.65 (br). *C{'H} NMR (100.4 MHz, CDCls,
ppm): & 21.20 (s, p-(CH3)CeHa), 24.65 (s, Bpin-CH3), 47.03 (s, NCH2) , 82.41 (s, Bpin-ipso),
127.57 (s, p-Tol), 128.60 (s, p-Tol), 135.52 (s, p-Tol-ipso), 140.19 (s, p-Tol-ipso). Elemental
analysis (%) calcd for C20H33B2NOa: C, 64.38; H, 8.92; N, 3.75; found: C, 64.12; H, 9.02; N,
3.59%. HRMS (ESI) m/z (% relative intensity): [M+Na+CH3CN]" Calcd. for C22H36B2N2NaOa:

437.2756; Found: 437.2755.

Spectroscopic data of 1h

"H NMR (400 MHz, CDCls, ppm): § 1.20 (s, 24H, Bpin), 2.30 (s, 3H, m-(CH3)CsHa), 4.20 (s, 2H,
NCH>), 6.96-7.15 (m, 4H, m-(CH3)CeHa4). ''B{'H} NMR (79.3 MHz, CDCl3, ppm): & 25.53 (br).
BC{'H} NMR (100.4 MHz, CDCI3, ppm): & 21.54 (s, p-(CH3)CsHa), 24.65 (s, Bpin-CH3), 47.26
(s, NCH2) , 82.44 (s, Bpin-ipso), 124.63 (s, m-Tol), 126.86 (s, m-Tol), 127.82 (s, m-Tol), 128.42
(s, m-Tol), 137.35 (s, m-Tol-ipso), 143.08 (s, m-Tol-ipso). Elemental analysis (%) calcd for
C20H33B2NOs: C, 64.38; H, 8.92; N, 3.75; found: C, 64.13; H, 9.05; N, 3.46%. HRMS (ESI) m/z

(% relative intensity): [M+Na]" Calcd. for C20H33B2NNaOa: 396.2493; Found: 396.2483.

Spectroscopic data of 1i

'"H NMR (400 MHz, CDCls, ppm): § 1.21 (s, 24H, Bpin), 2.33 (s, 3H, m-(CH3)CsHa), 4.25 (s, 2H,
NCH>), 7.09-7.16 (m, 3H, 0-(CH3)CsHa), 7.25-7.30 (m, 1H, 0-(CH3)CsHa). "B{'H} NMR (79.3
MHz, CDCls, ppm): §25.55 (br). 3C{'H} NMR (100.4 MHz, CDCIlz, ppm): & 19.53 (s, o-

(CH3)CsHa), 24.80 (s, Bpin-CHs), 45.17 (s, NCHa), 82.68 (s, Bpin-ipso), 125.73 (s, o-Tol),

13



126.04 (s, 0-Tol), 126.50 (s, 0-Tol), 129.81 (s, 0-Tol), 135.54 (s, 0-Tol-ipso), 141.01 (s, o-Tol-
ipso). Elemental analysis (%) caled for C20H33B2NO4: C, 64.38; H, 8.92; N, 3.75; found: C,
63.63; H, 8.92; N, 3.51%. HRMS (ESI) m/z (% relative intensity): [M+Na]" Caled. for

C20H33B2NNaO4: 396.2493; Found: 396.2493.

Synthesis of EtN(Bcat); 2

Acetonitrile (418 uL, 8.0 mmol) was treated with catBH (170 xL, 1.6 mmol) in the presence of
Felnc (73 mg, 0.08 mmol) at room temparature for 18 h. The reaction mixture was dried under
vacuo and then extracted with CsHe (4 mL X 2). The solution was concentrated to dryness to give
EtN(Bcat)2 2 (182 mg, 81%) as a white powder. Compound 2 was identified by comparing their

'H and ''B NMR data with those previously reported.’"

Synthesis of silylborylamine EtN(Bpin)(SiMe,Ph) 3

Acetonitrile (209 uL, 4.0 mmol) was treated with pinBH (58 4L, 0.40 mmol) and Me2PhSiH (62
4L, 0.40 mmol) in the presence of Felnc (36.5 mg, 0.040 mmol) at 80 °C for 24 h. The reaction
mixture was distilled using a Kugelrohr apparatus in a glove box to obtain the corresponding
borylsilylamine (98.9 mg, 0.324 mmol, 81%) as a colorless oil. '"H NMR (400 MHz, CsDs, ppm):
0 0.56 (s, 6H, Si-CH3), 1.06 (s, 12H, Bpin), 1.11 (t, Ju-u = 7.2 Hz, 3H, NCH2CH3), 3.11 (q, Ju-n
= 7.1 Hz, 2H, NCH2CH3), 7.16-7.28 (m, 3H, Ph), 7.66-7.69 (m, 2H, Ph). '"B{'H} NMR (79.3
MHz, CsDs, ppm): & 25.68 (br). *C{'H} NMR (100.4 MHz, CsDs, ppm): & -0.19 (s, Si-CH3),
19.73 (s, NCH2CH3), 24.64 (s, Bpin-CH3), 39.41 (s, NCH2CH3), 81.78 (s, Bpin-ipso), 127.94 (s,
Ph), 129.22 (s, Ph), 134.13 (s, Ph), 140.28 (s, Ph-ipso). ¥Si{'H} NMR (79.3 MHz, CsDs, ppm):

§ 1.57 (s). GC/MS (EI) m/z (% relative intensity): [M]" 305 (5), [M—CHs]" 290 (84), 232 (10),
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208 (100). HRMS (DART) m/z (% relative intensity): [M+H]" Calcd. for CisH2sBNO:2Si:

306.2061; Found: 306.2053. Elemental analysis was not obtained due to its incombustibility.

X-ray crystallography measurements

X-ray intensity data were collected on a Rigaku/MSC Mercury CCD diffractometer with graphite
monochromated Mo-Ka radiation. Calculations were performed with the CrystalClear software
package of Molecular Structure Corporation. The structures were solved by direct methods and
expanded using Fourier techniques. The structures were refined by full matrix least-squares
technique using the program ShelXL-97?° or ShelXL-2014%'. The non-hydrogen atoms were

refined anisotropically. All hydrogen atoms were placed in calculated positions.

ASSOCIATED CONTENT
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NMR spectra of the obtained compounds and crystal data for 1a and 1f are given in Supporting

Information.

AUTHOR INFORMATION

Corresponding Author

*E-mail: nakazawa@sci.osaka-cu.ac.jp

15



Notes

The authors declare no competing financial interest.

ACKNOWLEDGMENT

This work was supported by a Challenging Exploratory Research Grant (No. 15K13662), a
Grant-in-Aid for Science Research Japan (C) (No. 16K05728 and 25410073), a Grant-in-Aid for
Scientific Research on Innovative Area “Stimuli-responsive Chemical Species for the Creation
of Function Molecules (No. 2408)” (JSPSKAKENHI Grant Number JP15H00957) from MEXT

Japan, and the Sasakawa Scientific Research Grant from The Japan Science Society.

REFERENCES

(1) Olah, G.; Molnar, A. Hydrocarbon Chemistry, 2nd ed.; Wiley: Hoboken, NJ, 2003; pp 341-
345.

(2) J.J.Cuomo, J.J.; Leary, P. A.; Yu, D.; Reuter, W.; Frisch, M. J. Vac. Sci. Technol. 1979,

16, 299-302.

(3) Dhnillon, R. S. Hydroboration and Organic Synthesis. 9-Borabicyclo-[3.3.1]Nonane (9-
BBN); Springer-Verlag: Berlin, 2007.

(4) Marciniec, B; Gulinski, J; Urbaniak, W.; Kornetka, Z. W. Comprehensive Handbook on
Hydrosilylation; Pargamon: Oxford, 1992.

(5) (a) Matsumi, N; Chujo, Y. Macromolecules 2000, 33, 8146-8148. (b) Arowsmith, M; Hill,
M. S.; Hadlington, T.; Kociok-Kohn, G. Organometallics 2011, 30, 5556-5559. (¢)

Khalimon, A. Y.; Farha, P.; Kuzmina, L. G.; Nikonov, G. I. Chem. Commun. 2012, 455-

16



457. (d) Geri, J. B.; Szymczak, N. K. J. Am. Chem. Soc. 2015, 137, 12808-12814. (e)
Khalimon, A. Y.; Farha, P. M.; Nikonov, G. 1. Dalton Trans. 2015, 44, 18945-18956. (f)
Weetman, C.; Anker, M. D.; Arrowsmith, M.; Hill, M. S.; Kociok-Ko6hn, G.; Liptrot, D, J.;
Mahon, M. F. Chem. Sci. 2016, 7, 628-641. (g) Kaithal, A.; Chatterjee, B.; Gunanathan, C.
J. Org. Chem. 2016, 81, 11153-11161. (h) Nakamura, G.; Nakajima, Y.; Matsumoto, K.;
Srinivas V.; Shimada, S. Catal. Sci. Technol. 2017, 7, 3196-3199. (i) Ibrahim, A. D.;
Entsminger, S. W.; Fout, A. R. ACS Catal. 2017, 7, 3730-3734.

(6) (a) Fuchigami, T.; Igarashi, 1. Jpn Patent Appl. JP11228579, 1999. (b) Khalimon, A. Y_;
Simionescu, R.; Kuzmina, L. G.; Howard, J. A. K.; Nikonov, G. I. Angew. Chem. Int. Ed.
2008, 47, 7701-7704. (c) Peterson, E.; Khalimon, A. Y.; Simionescu, R.; Kuzmina, L. G.;
Howard, J. A. K.; Nikonov, G. 1. J. Am. Chem. Soc. 2009, 131, 908-909. (d) Gutsulyak, D.
V.; Nikonov, G. I. Angew. Chem. Int. Ed. 2010, 49, 7553-7556. (¢) Corriu, R. J. P.; Moreau,
J. J. E.; Pataud-Sat, M. J. Organomet. Chem. 1982, 228, 301-308. (f) Murai, T.; Sakane, T.;
Kato, S. Tetrahedron Lett. 1985, 26, 5145-5148. (g) Murai, T.; Sakane, T.; Kato, S. J. Org.
Chem. 1990, 55, 449-453. (h) Reddy, N. P.; Uchimaru, Y.; Lautenschlager, H.-J.; Tanaka,
M. Chem. Lett. 1992, 45-48. (i) Campos, J.; Rubio, M.; Esqueda, A. C.; Carmona, E. J.
Label Compd. Radiopharm 2012, 55, 29-38. (j) Huckaba, A. J.; Hollis, T. K.; Reilly, S. W.
Organometallics 2013, 32, 6248-6256. (k) Gandhamsetty, N.; Park, J.; Jeong, J.; Park, S.-
W.; Chang, S. J. Org. Chem. 2015, 80, 7281-7287. (1) Gandhamsetty, N.; Park, J.; Jeong,
J.; Park, S.-W_; Chang, S. Angew. Chem. Int. Ed. 2015, 54, 6832-6836.

(7) (a) Suginome, M. Uehlin, L. Murakami, M. J. Am. Chem. Soc. 2004, 126, 13196-13197.

(8) For examples, see: (a) Birot, M.; Pilot, J.-P.; Dunogues, J. Chem. Rev. 1995, 95, 1443-1477

and references therein. (b) Colombo, P.; Mera, G.; Riedel, R.; Sorau, G. D. J. Am. Ceram.

17



Soc. 2010, 93, 1805-1837 and references therein. (c) Meng, L.; Zhang, X.; Tang, Y.; Su,
K.; Kong, J. Sci. Rep. 2015, 5, 7910. (d) Viard, A.; Miele, P.; Bernard, S. J. Ceram. Soc.
Jpn. 2016, 124, 967-980 and references therein.

(9) (a) Jansen, M.; Jaschke, T. Z. Naturforsch., B: J. Chem. Sci. 2000, 55, 763-767. (b) Ayed,
T.; Barthelat, J.-C.; Tangour, B.; Pradere, C.; Donnadieu, B.; Grellier, M.; Sabo-Etienne, S.
Organometallics 2005, 24, 3824-3826.

(10) Tanabe, Y.; Misaki, T.; Kurihara, M; lida, A.; Nishii, Y. Chem. Commun. 2002, 1628-
1629.

(11) Hydroboration: (a) Nixon, T. D.; Whittlesey, M. K.; Williams, J. M. J. Tetrahedron Lett.
2011, 52, 6652-6654., Hydrosilylation: (b) Laval, S.; Dayoub, W.; Favre-Reguillon, A.;
Berthod, M.; Demonchaux, P.; Mignani, G.; Lemaire, M. Tetrahedron Lett. 2009, 50,
7005-7007. (c) Das, S.; Wendt, B.; Mdller, K.; Junge, K.; Beller, M. Angew. Chem. Int. Ed.
2012, 51, 1662-1666. (d) Bornschein, C.; Werkmeister, S.; Junge, K.; Beller, M. New J.
Chem. 2013, 37, 2061-2065.

(12) For examples, see: (a) Baldus, P.; Jansen, M.; Sporn, D. Science 1999, 285, 6991-703. (b)
Weinmann, M.; Kroschel, M.; Jaschke, T.; Nuss, J.; Jansen, M.; Kolios, G.; Morillo, A.;
Tellaeche, C.; Nieken, U. J. Mater. Chem. 2008, 18, 1810-1818.

(13) Ito, M.; Itazaki, M.; Nakazawa, H. ChemCatChem 2016, 8, 3323-3325.

(14) Itazaki, M.; Ito, M.; Nakazawa, H. Dalton Trans. 2016, 45, 1327-1330.

(15) (a) Kaithal, A.; Chatterjee, B.; Gunanathan, C. J. Org. Chem. 2016, 81, 11153-11161. (b)
Liptrot, D. J.; Arrowsmith, M.; Colebatch, A. L.; Hadlington, T. J.; Hill, M. S.; Kociok-
Kohn, G.; Mahon, M. F. Angew. Chem., Int. Ed. 2015, 54, 15280-15283. (c¢) Miiller, M.;

Maichle-Mossmerb, C.; Bettinger, H. F. Chem. Commun. 2013, 49, 11773-11775.

18



(16) (a) Cui, Y.; Li, W.; Sato, T.; Yamashita, Y.; Kobayashi, S. Adv. Synth. Catal. 2013, 355,
1193-1205. (b) Bettinger, H. F.; Filthaus, M.; Bornemann, H.; Oppel, I. M. Angew. Chem.,
Int. Ed. 2008, 47, 4744-4747. (c) Herberich, G. E.; Fischer, A. Organometallics 1996, 15,
58-67. (d) Schlecht, S.; Hartwig, J. F. J. Am. Chem. Soc. 2000, 122, 9435-9443. (e)
Mendoza, A.; Matteson, D. S. J. Organomet. Chem. 1978, 156, 149-157.

(17) (a) Inoue, K.; Sawada, A.; Shibata, I.; Baba, A. J. Am. Chem. Soc. 2002, 906-907. (b)
Ranu, B. C.; Samanta, S. Tetrahedron 2003, 7901-7906. (¢) Inoue, K.; Sawada, A.; Shibata,
I.; Baba, A. Tetrahedron Lett. 2001, 42, 4661-4663. (d) Takami, K.; Yorimitsu, H.; Oshima,
K. Org. Lett. 2002, 4, 2993-2995. (e) Ranu, B. C.; Das, A.; Hajra, A. Synthesis 2003, 1012-
1014. (f) Abernethy, C. D.; Cole, M. L.; Davies, A. J.; Jones, C. Tetrahedron Lett. 2000, 41,
7567-7570.

(18) For examples, see: (a) Michelin, R. A.; Mozzon, M.; Bertani, R. Coord. Chem. Rev. 1996,
147, 299-338. (b) Kaim, W.; Moscherosch, M. Coord. Chem. Rev. 1994, 129, 157-193. (c)
Tanabe, Y.; Seino, H.; Ishii, Y.; Hidai, M. J. Am. Chem. Soc. 2000, 122, 1690-1699.

(19) Other combinations resulted in the formation of several kinds of amines, causing
difficulty of isolation and identification of these products.

(20) Sheldrick, G. M. ShelXL-97: Program for the Refinement of Crystal Structures,
University of Gottingen, Germany, 1997.

(21) Sheldrick, G. M. ShelXL-2014: Program for the Refinement of Crystal Structures,

University of Gottingen, Germany, 2014.

19



BRIEFS: Iron-indium complex, [Fe(MeCN)e][cis-Fe(CO)4(InCl3)2], catalyzes double
hydroboration selectively in the reaction of organonitrile with hydroborane to give diborylamine.
The complex catalyzes also dihydroborylsilylation in the reaction of organonitrile with

hydroborane and hydrosilane to give borylsilylamine.
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