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Abstract: A ditopic nitrogen ligand (E)-N'-(pyridin-4-ylmethylene)isonicotinohydrazide (L) con-
taining both divergent pyridyl coordination sites and a hydrogen-bonding hydrazide-hydrazone
moiety was synthesized. The Co(NCS)2-mediated self-assembly of L has resulted in the synthesis of
a novel 3-dimensional (3-D) supramolecular framework (1) that features both coordination and hy-
drogen bonding interactions. X-ray structural analysis reveals the formation and coordination mode
of 1 in the solid state. The rational utilization of coordination bonds and hydrogen bonding interac-
tions is confirmed and responsible for constructing the 3-D materials. Catalytic studies using 1 in
the presence of an activator are performed for the hydroboration (or hydrosilylation) reactions of
ketones and aldehydes, and the results are compared with previously reported cobalt-based poly-
meric catalysts.

Keywords: Hydrazide-hydrazone ligand; Cobalt(II); 3-D coordination network; Hydrofunctionali-
zation; Ketones; Catalysis

1. Introduction

The design and synthesis of metal-organic materials with well-defined structural to-
pology and intriguing properties are attracting tremendous attention in recent years [1-
3]. Among the driving forces responsible for the formation of novel materials between
organic ligands and metal ions, the coordination and hydrogen-bonding interactions are
considered to be most important. In general, robust 1-D or 2-D networks can be first con-
structed by strong metal-organic coordination bonds and then higher dimensional struc-
tures will be assembled by hydrogen-bonding interactions [4]. Indeed, such concept has
been implemented to the construction of a number of functional metal-organic framework
materials that have displayed fascinating properties in gas absorption/storage and catal-
ysis in the past decades [5-8].

Metal-catalyzed hydroboration of unsaturated organic functionalities is one of the
most attractive methods for synthesis of alkylboronate esters that could be readily con-
verted into the corresponding alcohols or used for C-C bond coupling reactions [9]. Alt-
hough stoichiometric methods existed for a long time for the hydroboration of some of
functional groups such as carbonyls, nitrile, alkenes and alkynes by borohydride reagents,
the chemoselective hydroboration has been a challenge [10,11]. Except the earlier contri-
butions using noble metal catalysts, recent progress has stressed on nonprecious, earth-
abundant metals, such as Fe, Co, Ni, Cu, Zn, Mn, V, Al, Mg, etc., and thus far, numerous
well-defined molecular complexes based on such base metals have been reported, includ-
ing those showing good chemo- and regio-selectivity [9,12-24]. In addition, simple based-
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catalyzed and non-catalytic hydroboration of carbonyl compounds have been recently
disclosed [25,26]. It has been also reported that in the hydroboration of alkenes and al-
kynes some species of boranes and borohydrides have played a hidden role in the catalytic
cycles [27].

We are particularly interested in the design and synthesis of base metal complexes
using pincer-type PNP and NNN ligands and their applications in critical catalytic hy-
droboration reactions of alkenes, alkynes and carbonyl compounds [22-24]. Although su-
perior catalytic performance using well-defined, discrete complexes of Co, Mn, V and Al
as catalysts have been revealed, recent work has indicated that polymeric metal-organic
materials assembled from ditopic, purely nitrogen ligands such as 4'-pyridyl-2,2";6',2"-ter-
pyridine (tpy) and 4,2";6',4"-tpy upon coordinating with cobalt or iron salts can be used as
highly efficient precatalysts for hydroboration of various C=X (X =C, N or O) functional-
ities [28-31]. Significantly, it was revealed that the 1-D polymeric chain assembled by 4'-
pyridyl-2,2;6",2"-tpy and CoClz2 was an excellent precatalyst for the hydroboration of var-
ious carbonyl compounds in the presence of a base activator, potassium tert-butoxide
(KOBu), for the hydroboration of various carbonyl compounds, alkenes and alkynes with
high turnover efficiency and notable chemo- and regio-selectivity [28-30]. In addition, a 2-
D coordination network of FeCl> with a 4,2';6',4"-tpy derivative was found to catalyze the
hydroboration of ketones and aldehydes in air [31]. In general, such metal precatalysts
utilize the rigid tpy ligands to form 1-D polymeric chains and 2-D coordination network,
yet the synthesis of higher dimensional materials based on tpy-type ligands have been
unsuccessful thus far in our group.

Intrigued by the fascinating catalytic properties of 3-D metal-organic framework ma-
terials assembled by both coordination and hydrogen bonds, we continued on our catalyst
design by moving from tpy ligands to semi-rigid Schiff base ligands that contain both
pyridine coordination sites and hydrogen bonding moiety. Thus, the structurally simple
and synthetically facile ligand, L (Scheme 1), was designed in order to obtain novel metal-
organic framework structures upon coordinating with octahedral metal ions such as co-
balt(Il). We have previously studied the fundamental coordination chemistry of similar
ligands containing a hydrazide-hydrazone structural unit that can potentially form hy-
drogen bonding networks [32,33]. Herein, we report the synthesis and structural charac-
terization of a 3-D supramolecular framework (1) assembled by L and Co(NCS)2 and its
catalytic applications in chemoselective hydroboration and hydrosilylation of ketones and
aldehydes.

H-bonding region

- Co
— e P IN/'
| 1
Co =Co(scN), N: NN NaN
NS T
NP =
| =

Scheme 1. Schematic representation of the assembly of 2-D grid-like network found in 1 from ligand
L and Co(NCS)a.

2. Materials and Methods
2.1. Materials
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Anhydrous grade solvents and liquid reagents used were obtained from Sigma-Al- 85
drich and Fisher Scientific and stored over 4 A molecular sieves. FT-IR spectra were rec- 86
orded on a Shimadzu 8400S instrument with solid samples under N2 using a Golden Gate 87
ATR accessory. Elemental analysis was performed by the Midwest Microlab LLC at Indi- 88
anapolis, US. Powder X-ray diffraction (PXRD) was performed with a Bruker D8 Discover 89
microdiffractometer with the General Area Detector Diffraction System (GADDS) 90
equipped with a VANTEC-2000 2D detector. GC-MS analysis was obtained using a Shi- 91
madzu GCMS-QP2010S gas chromatograph mass spectrometer. Ligand L was prepared 92
according to the literature procedure [34,35]. 93

2.2. Synthesis of 1 94

A solution of (E)-N'-(pyridin-4-ylmethylene)isonicotinohydrazide (L, 113 mg, 0.5 95
mmol) in CH2Cl/MeOH (2 : 1, v/v, 15 mL) was placed in a test tube. MeOH (5.0 mL) was 96
layered carefully on the top of the first solution, followed by a layer of a solution of 97
Co(SCN)2 (87.5 mg, 0.5 mmol) in MeOH (10 mL). The tube was capped and allowed to 98
stand for one week at room temperature, during which period pale pink crystals suitable 99
for single-crystal X-ray diffraction had formed on the walls of the tube and were isolated 100
by decanting the solvent. The crystals were washed with MeOH and then dried in the air. 101
Yield: 134 mg (86% based on L). FT-IR (solid, cm): 3207m, 2049s, 1657s, 1613s, 1548s, 102
1493w, 1293s, 1223m, 1147w, 1115w, 1066s, 1014s, 948m, 816s, 657s. Anal. Calc. for 103
C26H20CoN100:252CH30H, C 49.17, H 3.67, N 21.24%; Found C 49.07, H 3.99, N 20.95%. 104

2.3. General Procedure for 1-Catalyzed Hydroboration of Ketones and Aldehydes 105

In a glovebox under nitrogen atmosphere, 1 (0.63 mg, 1.0 pumol, based on 106
Co(L)2(NCS)2) and KOBu (1.1 mg, 10 pmol) was placed in a 1.8 mL disposable vial 107
equipped with a stir bar. Ketone or aldehyde (1.0 mmol) and pinacolborane (HBpin, 140.8 108
mg, 1.1 mmol) were then added. The reaction mixture was allowed to stir at room tem- 109
perature for 2 h. At completion of the reaction, the reaction was exposed to the air and 110
diethyl ether (10 mL) was added. The crude mixture was treated with 2N NaOH (1 mL) 111
and 30% H20: (1 mL) stirred at room temperature for 1 h. The solution was extracted with 112
ethyl acetate and washed with brine and water. The organic phase was concentrated un- 113
der reduced pressure and then purified through a flash column chromatography with 114
SiO:2 using ethyl acetate/hexane as an eluent. The products were characterized by 'H and 115
13C NMR spectroscopies. 116

2.4. General Procedure for 1-Catalyzed Hydrosilylation of Ketones and Aldehydes 117

In a glovebox under nitrogen atmosphere, 1 (0.63 mg, 1.0 pmol, based on 118
Co(L)2(NCS)2) and KOBu (1.1 mg, 10 pmol) was placed in a 1.8 mL disposable vial 119
equipped with a stir bar. Ketone or aldehyde (1.0 mmol) and phenylsilane (PhSiHs, 119.0 120
mg, 1.1 mmol) were then added. The reaction mixture was allowed to stir at room tem- 121
perature for 2 h. At completion of the reaction, the reaction was exposed to the air and 122
diethyl ether (10 mL) was added. The crude mixture was treated with 2N NaOH (1 mL) 123
at room temperature for 2 h. The solution was extracted with ethyl acetate and washed 124
with brine and water. The organic phase was concentrated under reduced pressure and 125
then purified through a flash column chromatography with SiO2 using ethyl acetate/hex- 126
ane as an eluent. The products were characterized by 'H and 3*C NMR spectroscopies. 127

2.5. General Procedure for 1-Catalyzed Chemoselective Hydroboration 128

In a glovebox under nitrogen atmosphere, 1 (0.63 mg, 1.0 umol, based on 129
Co(L)2(NCS)2) and KOBu (1.1 mg, 10 umol) was placed in a 1.8 mL disposable vial 130
equipped with a stir bar. Ketone (1.0 mmol), another reducible substrate (1.0 mmol) and 131
HBpin (128 mg, 1.0 mmol) were then added. The reaction mixture was allowed to stir at 132
room temperature for 2 h. At completion of the reaction, the reaction was exposed to the 133
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air and the solvent was evaporated. The hydroborated product was analyzed by GC-MS 134
using hexamethylbenezene as an internal standard to determine the yield. 135

2.6. X-ray crystallography 136

A grey-pink crystal of 1 was mounted on a Cryoloop with Paratone-N oil and data 137
were collected at 100 K with a Bruker APEX II CCD using Mo Ka radiation generated 138
from a rotating anode. Data were corrected for absorption with SADABS (Version 2012/1) 139
and the structure was solved by direct methods. All non-hydrogen atoms were refined 140
anisotropically by full matrix least squares on F2 with SHELXL (Version 2018/3) [36,37]. 141
Hydrogen atom H3 on nitrogen atom N3 was found from a Fourier difference map. Uiso(H) 142
was set to 1.20 of Ueq(N), and the N3-H3 distance was refined using a DFIX command set 143
to 0.87(1) A [final distance refined to 0.867(10) A]. All other hydrogen atoms were placed 144
in calculated positions with appropriate riding parameters. The unit cell contained anun- 145
known number of CH2Cl> and/or MeOH molecules in two separate voids in the unit cell 146
(each was 325 A3 with 75 electrons). These were treated as a diffuse contribution to the 147
overall scattering without specific atom positions by SQUEEZE/PLATON [38,39]. The 148
crystal structure was drawn with XP, and packing figures were drawn with the program 149
Mercury v. 3.10.3. Crystallographic data for 1: C2sH20CoN10O252, M = 627.57, grey-pink 150
block, monoclinic, space group P2i/c, a = 8.1335(12), b = 24.670(3), ¢ = 9.4320(13) A, p= 151
91.608(5), U = 1891.8(4) A3, Z =2, Z' = 0.5, Dc = 1.102 Mg m, u(Mo-Ka) = 0.597 mm, A= 152
0.71073 A, T = 100(2) K. There were 22705 measured, 3583 unique, and 2817 observed [I 153
>20(I)] reflections. Refinement of reflections with I >20(I) (190 parameters, 1 restraint) con- 154
verged at R1=0.0395 (R: all data = 0.0572), wR2=0.858 (wR2 all data =0.0919), GOF =1.029. 155
CCDC No. 1978581 contains the supplementary crystallographic data for this paper. These 156
data can be obtained free of charge via https://www.ccdc.cam.ac.uk/structures/, or from 157
the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; 158

fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. 159
3. Results 160
3.1. Synthesis and structural characterization. 161

The synthesis of ligand L was readily carried out in high yield by using a simple 162
Schiff base condensation between isonicotinoyl hydrazide and pyridine-4-carbaldehyde. 163
Previously, this ligand has been utilized for the construction of mixed-ligand Zn and Cd 164
metal-organic frameworks where the hydrazide-hydrazone moiety played an important 165
role for fluorescent metal ion sensing and CO: absorption [34,35]. The cobalt-directed self- 166
assembly of L with Co(NCS)2 was conducted by a layering method in a CH2Cl/MeOH 167
solution. The block-like crystalline materials of 1 was obtained in 86% yield after one week 168
and the product was isolated by decanting the solvent and then washed with methanol 169
and dried in the air. It was found that the large blocks of 1 tended to lose co-crystallized 170
solvents readily upon exposure to the air, while being cracked into microcrystalline ma- 171
terials. Single-crystal X-ray diffraction analysis was, therefore, carried out with a crystal 172
collected rapidly from the solution and covered with paratone oil to avoid solvent loss 173
from the lattice. Indeed, although its main structure could be unambiguously determined, 174
there are a number of solvent molecules (CH2Cl> and MeOH) in the unit cell that could 175
not be well refined and hence treated with the program SQUEENE/PLATON [38,39]. The 176
as-dried micro-crystalline sample was characterized by FT-IR and elemental analysis, as 177
well as PXRD analysis. A comparison of the IR spectra between L and 1 revealed slight 178
shifts of major absorptions upon coordination, except for the appearance of the character- 179
istic absorption of NCS group at 2053 cm-! (see SI). Elemental analysis confirmed the com- 180
position of 1 with an empirical formula of Co(L)2(NCS)2 containing one molecule of MeOH 181
in each repeating unit. The PXRD measurement of the as-dried crystals revealed the par- 182
tial loss of its crystallinity and a pattern distinct from that simulated from single-crystal 183
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diffraction data, indicating the possibility of a phase transition, which are frequently ob- 184
served in porous metal-organic framework [40-42]. 185

In our strategy, the octahedron-coordinating cobalt(Il) ions are expected to bind with 186
the terminal pyridyl-N atoms to form a 2-D supramolecular architecture, while leaving 187
the bridging hydrazide-hydrazone area available for the further assembly by 2-D coordi- 188
nation sheets via hydrogen bonding interactions (Scheme 1). Accordingly, X-ray struc- 189
tural analysis of 1 confirms that a novel 3-D framework is constructed through 2-D sheet- 190
like assembly by coordination bonds between L as linkers and octahedral CoN4(NCS)2as 191
the nodes followed by anticipated hydrogen bonds of the hydrazide-hydrazone regions. 192

s1C
cic /
NIC
ColB
~N
N2C | H3C
N~ N s
oic
/NS
Y-
Ry o1
N1B
B
I s18
193
Figure 1. The ORTEP representation of 1 with thermal ellipsoids plotted at the 30% probability level. = 194
Hydrogen atoms bound to carbon are omitted for clarity. 195

1 crystallizes in the monoclinic space group P2(1)/c and its ORTEP structure showing 196
the metal coordination environment is represented in Fig. 1. The asymmetric unit contains 197
one independent ligand molecule, 0.5 cobalt centers and one of the thiocyanate ions. Struc- 198
tural expansion around the metal center leads to the formation of a hexa-coordinate Co™ 199
center. Each Co'! is surrounded by four ligand molecules to form a CoNs sphere, and the 200
resultant Co-Npyriay distances are 2.1760(18) and 2.2203(17) A, while the Co-Nncsbond is 201
slightly shorter (2.058(2) A). The adjacent N-Co-N angles are in the range between 87.04(7) 202
and 92.96(7)°, with the cobalt ion residing at an almost perfect octahedral coordination 203
environment (Fig. 1). Further inspection of the structure found that each ligand bonds to 204
two cobalt centers by the end pyridyl sites, thus linking the metal centers to form a 2-D 205
sheet-like network that contains large grids (Fig. 2a). In each grid structure, the adjacent 206
Co...Co distance is 15.440 A, while the diagonal Co...Co distances are 24.670 and 18.573 207
A, respectively, due to the slightly bending conformation of L. Interestingly, the 2-D net- 208
work was further assembled to a 3-D architecture through inter-layer hydrogen bonding 209
interactions using the hydrazide-NH as an H-bonding donor and C=O as the H-bonding 210
acceptor (N...O = 2.827(2) A, < N-H...O = 167(2)°), as shown in Fig. 2b. Such a hydrogen 211
bonding packing mode using the central zone of the ligands results in more condensed 3- 212
D molecular stacking, while forming small channels in the crystals with a dimension of 213
ca.7 x 7 A, which are mainly occupied by diffused solvents that rapidly evaporate in the 214
air and can be further removed under vacuum. 215
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Figure 2. (a) The capped-stick representation of the partial 2-D sheet-like coordination network. (b) 218
The local ball-stick representation showing the interlayer N-H...O hydrogen bonding interactions 219
drawn in green dashed lines. The grid in mid-layer is shown in blue. (c) The The 3-D packing mode 220
of 1 along the crystallographic ¢ axis showing the void molecular channels (diffused solvents are = 221
removed for clarification). 222

3.2. Catalytic applications. 223

Next, we evaluated the catalytic performance of the 3-D material 1 as a precatalyst 224
for the hydroboration of ketone and aldehyde. First, acetophenone was chosen as amodel =~ 225
substrate to react with the hydride source, pinacolborane (HBpin), in the presence of 1 226
and a base additive, the conditions adopted from the 1-D Co coordination polymer ([Co(4- 227
pytpy)Clz]n) catalyzed hydroboration previously reported [28]. The results for the screen- 228
ing of reaction conditions are summarized in Table 1. It was revealed that the reaction of 229
acetophenone with HBpin (1.1 eq.) did not proceed in the presence of 1 (0.1 mol% based 230
on one Co(L)2(NCS): unit) without the addition of an activator (entry 1). Likewise, the 231
reaction gave only a trace amount of product in the presence of KO'Bu (1 mol%) alone as 232
detected by GC-MS analysis (entry 2). In contrast, when the Co(NCS)2 salt combined with 233
KOBu was used, moderate yield was observed (entry 3). The combination of 1 and KO'Bu 234
was, therefore, crucial for the formation of active catalytic species and to this end, a quan- 235
titative yield of the desired boronate ester was obtained in THF at room temperature (en- 236
try 4). The results are identical to those obtained with [Co(4-pytpy)Clz]n as a precatalyst 237
(entry 5). The reactivity of the present catalyst is comparable to the reported 1-D cobalt 238
coordination polymer. We further studied the effect of different solvents for this reaction 239
(entries 6-9). It was found that although benzene and toluene were less ideal solvent, pen- 240
tane and diethyl ether are viable solvents that rendered the reaction with slightly lower 241
yield. It was also delightfully observed that the reaction can proceed equally well without 242
the use of solvent (entry 10), indicating the promising applications of this catalystin green 243
chemistry [13,31]. We also investigated the effect of additives as it is necessary for the 244
present catalysis. Replacing KO'Bu with KOH, K2COs NaBFsor NaBHs generally resulted 245
in lower yields of the boronate ester (entries 11-14). However, the strong base, lithium 246
bis(trifluoromethane)sulfonimidate (LiNTf2), was found to facilitate the reaction with 247

comparable results (entry 15). 248
Table 1. Catalytic test for 1-catalyzed hydroboration of acetophenone with HBpin.> 249
o OBpin
: Il ) catalyst ©)\
+ HBpin
solvent, rt
250
Entry Catalyst Activator Solvent Yield /%"
1 1 - THF 0
2 none KOBu THF <6

3 Co(NCS)2 KOBu THF 68
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4 1 KOBu THEF 99
5 [Co(4-pytpy)Cl2]n KOBu THEF 99
6 1 KOBu Et2O 95
7 1 KOBu toluene 80
8 1 KOBu benzene 86
9 1 KOBu pentane 95
10 1 KOBu none 929
11 1 KOH none 58
12 1 K2COs none 67
13 1 NaBHa4 none 85
14 1 NaBFs none 18
15 1 LiNTf2 none 96

2Conditions: acetophenone (1.0 mmol), HBpin (1.1 mmol, 1.1 eq.), 1 (0.1 mol%), activator (1 mol%) 251
and solvent (0.5 mL), rt, 2 h. ?Determined by GC-MS analysis with hexamethylbenzene as an inter- 252
nal standard. 253

Encouraged by the high catalytic activity found for the combined catalyst of 1/KO'Bu 254
under neat and mild conditions, we explored its application for a range of ketones and 255
aldehydes. The results are shown in Table 2. Acetophenone bearing electro-withdrawing 256
and -donating groups, or the bulkier phenyl isopropyl ketone furnished the reaction with 257
high yields of the corresponding boronate esters under neat conditions and secondary 258
alcohols could be readily obtained by hydrolysis (entries 2-5). In addition, a, f-unsatu- 259
rated ketone and heterocyclic ketone are both suitable substrates for hydroboration, af- 260
fording the corresponding alcohols with 90% and 82% yield, respectively (entries 6 and 261
7). Furthermore, aldehydes are also found to hydroborated effectively in the presence of 262
1/KOBu under neat conditions (entries 8-10). Primary alcohols could be isolated upon 263
hydrolysis of the boronate esters with 86-90% yields. We are also interested to see whether 264
other hydride sources can be used for the reduction of ketone and aldehyde. Thus, the 265
popularly used hydride, phenylsilane (PhSiHs), was tested for the relevant hydrosilyla- 266
tion catalysis. It was delightful to find that both ketones and aldehydes proceed well for 267
hydrosilylation with PhSiHs under neat conditions, and the corresponding alcohol prod- 268
ucts were isolated in 84-92% yields after hydrolysis (entries 11-15). Finally, we tried to 269
expand the applications of this catalyst system for the hydroboration or hydrosilylation 270
of alkenes and alkynes. Unfortunately, the results reveal that the present catalyst is almost 271
inactive for such substrates for both types of hydrofunctionalizations (entries 16-18). This 272
is, however, in contrast with the previously reported tpy-based cobalt(Il) coordination 273
polymer that is highly efficient catalyst for the regioselective hydroboration of both polar 274
and non-polar unsaturated bonds [28,29]. These results indicate that the influence of the 275
ligand on the catalytic activity/selectivity. Despite the polymeric nature of 1, the catalyst 276
system appeared to be homogeneous solution under the catalytic conditions (in the pres- 277
ence of KO'Bu and HBpin) and we were unable to recycle the catalyst as a solid by filtra- 278
tion or centrifugation of the reaction mixture, indicating the polymeric structure might 279
have decomposed. At this point, the hidden role played by a borane formed in the reaction 280
mixture and borohydride could not be excluded [27]. 281

Table 2. Catalytic hydroboration or hydrosilylation of ketones and aldehydes using 1 as a precata- 282

lyst.> 283
0 1 (01 Il’lOl%) OH
KO'Bu (1 mol%)
+ HBpin (or PhSiHj3) >
R1 H/R? neat, rt R H/R?
workup 284

Entry Substrate Hydride Product Yield (%)P
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3.3. Chemoselectivity
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Chemoselectivity is a critical issue when a catalyst is considered to be used in practi- 288
cal process. To establish the chemoselectivity of the present catalyst for ketone and other 289
reducible chemicals, we conducted several additional experiments to evaluate the present 290
catalyst. Thus, several parallel reactions were set up while using two mixed substrates 291
under the standard catalytic conditions as shown in Scheme 2. First, equimolar acetophe- 292
none and benzaldehyde was used to react with 1 equiv. of HBpin in the presence of 293
1/KO"Bu under neat conditions, and it was found that hydroboration selectively occurred 294
on the aldehyde with 90% yield and the ketone was fully recovered. Likewise, competing 295
experiments using equimolar acetophenone and other reducible chemicals such alkene, 296
alkyne, nitrile, ester and amide were performed. The results reveal that in all cases the 297
hydroboration was chemoselective for ketone over other functional groups. Interestingly, 298
while the presence of other reducible substrates affected the reaction of ketone hydrobo- 299
ration with lower yields, the tertiary amide was found not to interrupt the reaction at all ~ 300
(Scheme 2). 301

1 (0.1 mol%)

BN KOBu (1 mol%) OBpin
—_—

+ HBpin

Y
Q.

neat, rt, 2 h

80% 98% (recovered)
OBpin

O %
o
+

1 (0.1 mol%)
KO'Bu (1 mol%)
—_—
neat, rt, 2 h

+ HBpin .

4
3

Qi

o
/// 1 (0.1 mol%)
(o]

95% (recovered) 65%
(0] OBpin
/
_ KO'Bu (1 mol%) 7
+ + HBpin ———* — 7o
neat, rt, 2 h +
94% (recovered) 67%
o OBpin
1 (0.1 mol%) //N
1) 0,
+ + HBpin KO'Bu (1 mol%) .
neat, rt, 2 h
99% (recovered) 60%
o .
1.(0.1 mol%) o OBpin
OCH; KO™Bu (1 mol%
+ % Hpin KOBu I mol%) OCHs
neat, rt, 2 h
98% (recovered) 61%
o] o OBpin
P 1.(0.1 mol%) 0
KO'Bu (1 mol% ~
+ T + HBpin ( ) NT
neat, rt, 2 h |
1eq. 1eq 1eq 99% (recovered) 99%

302

Scheme 2. Chemoselective hydroboration between ketone and other reducible substrates. Condi- 303
tions: acetophenone (1.0 mmol), reducible substrate (1.0 mmol), 1 (0.1 mol%), KOBu (1 mol%) and 304
HBpin (1.0 mmol), neat, rt, 2 h. 305

4. Conclusions 306

In conclusion, we have synthesized and characterized a novel supramolecular frame- 307
work (1) by the self-assembly of a pyridine-based hydrazide-hydrazone ligand (L) and 308
Co(NCS)2. X-ray structural analysis has determined the molecular structure to be a 3-D 309
framework resulting from the hydrogen-bonding packing between 2-D sheets of the ex- 310
tended coordination between L and metal ions. The catalytic applications of the as-syn- 311
thesized polymeric materials in combination with an activator for hydroboration (and hy- 312
drosilylation) reactions of ketones and aldehydes were explored. The results suggest that 313
1 can be employed for both hydroboration and hydrosilylation catalysis for ketones and 314
aldehydes under mild conditions, albeit it is not a viable catalyst for alkene and alkyne 315
hydrofunctionalization. Good chemoselectivity of this catalyst system was also observed 316
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for aldehyde over ketone as well as ketone over other reducible groups such as alkene,
alkyne, nitrile, ester and amide.

Supplementary Materials: Supplementary data (catalytic details and NMR spectroscopy of isolated
products) are available online at https://www.mdpi.com/. Crystallographic data for this paper have
been deposited with the CCDC, accession numbers 1978581. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/data request/cif or by emailing data request@ccdc.cam.ac.uk.
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