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1. General Details

All experiments were carried out under a dry nitrogen atmosphere using Schlenk techniques or
an MBraun glovebox unless otherwise stated. Hexane, diethyl ether, and THF were dried on
columns of activated alumina using a J. C. Meyer solvent purification system. Benzene-d® (CgDe)
was dried by standing over activated alumina (ca. 10 wt %). All solvents were stored over
activated (heated at ca. 250 °C for >10 h under vacuum) 4 A molecular sieves, except ethanol
which was stored over activated 3 A molecular sieves. Glassware was oven-dried at 160 °C for
>1 h. The following chemicals were obtained commercially, as indicated: zinc chloride (Alfa
Aesar, 99.98%), dichloromethane (HPLC grade, 299.8%, contains amylene as stabilizer),
ethanol (anhydrous, <0.005% water) and Li[N(SiMe3),] (Sigma Aldrich, 97%). 'H, 3C, "B, and
HSQC NMR spectra were recorded on a 300 MHz Bruker Avance |l instrument at room
temperature. 'H and '3C{'H} NMR spectra were referenced to residual protons and solvent
carbons (CgDg, 8 7.13, 127.66 ppm; CDClI3, 5 7.26, 77.02 ppm). Proligands HL' and HL2 and Zn
bis(alkoxide) complex 1 were prepared according to literature procedures.'-3! For electron
impact (El), solid samples were prepared by drying products under vacuum, and spectra
obtained using a Kratos Concept S1 instrument (Hres 7000-10000). X-ray diffraction data were
collected on a Bruker Smart or Kappa diffractometer equipped with an Apexll CCD detector and
a sealed-tube Mo K source (A = 0.71073 A).

2. Synthesis and Characterization

2.1 Preparation of [Zn(k2-SMeN-SMe),], (Zn(L"),)

/,:" Me = A 42 mL vial was charged with 2-(2-methylthiobenzyl)-

N] /: methylthioaniline, [SMeNHSMe] (0.201 g, 0.73 mmol), Li[N(SiMes),]
C[ & (0.122 g, 0.73 mmol) and 15 mL of THF, and then a solution of
7 \N ZnCl, (0.05 g, 0.37 mmol, in 5 mL of THF) was added gradually,

\ yielding a yellowish solution that was stirred overnight at room

temperature. Afterward, the solvent was pumped off under vacuum
and the residue extracted into benzene and filtered. After removing
Me the benzene under vacuum the resulting precipitate was washed
with diethyl ether multiple times and then crystallized from DCM at -35 °C. The crystalline
product was then filtered and dried in vacuo. Yield: 0.156 g, 69% based on ZnCl,. Crystals of
Zn(L"), suitable for X-ray crystallography were obtained by layering a DCM solution of Zn(L'),
with hexane.
TH NMR (300 MHz, CDClI; at 25 °C): 5 2.18 (s, 6H, S—Me), 2.43 (s, 6H, S-Me), 4.19 (s, 4H, N-
CH,), 6.34 (m, 4H, Ar-H), 6.91 (td, 2H, Ar-H), 7.12 (m, 8H, Ar-H), 7.3 (dd, 2H, Ar-H). 13C{'H}
NMR (75 MHz, CDCl3, 25 °C,): 15.1 (s, 2C, S—-CH3); 21.9 (s, 2C, S—-CH3); 51.4 (s, 2C, N-CH2);
111.0 (s, 2C, ArSNS-C); 111.7 (s, 2C, ArSNS-C); 113.6 (s, 2C, ArSNS-C); 124.3 (s, 2C,
ArSNS-C); 124.5 (s, 2C, ArSNS-C); 127.4 (s, 2C, ArSNS-C); 128.0 (s, 2C, ArSNS-C); 131.9
(s, 2C, ArSNS-C); 135.0 (s, 2C, ArSNS-C); 137.4 (s, 2C, ArSNS-C); 138.7 (s, 2C, ArSNS-C);
156.5 ppm (s, 2C, ArSNS-C) (Figures S1 and S2).
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2.2 Preparation of [Zn(k2-SNSMe),], (Zn(L?2),)

A 42 mL vial was charged with 2-(2-methylthiophenyl)-

1M
/’;7 € benzothiazolidine (0.190 g, 0.73 mmol), Li[N(SiMe3);] (0.122 g,

N,_ / 0.73 mmol) and 15 mL of THF, and then a solution of ZnCl;, (0.05
@: (Z"\ g, 0.37 mmol, in 5 mL of THF) was added gradually, giving a red
N solution. The resulting solution was stirred overnight at room

temperature, yielding a red precipitate that was filtered, washed
with THF (2 times) and diethyl ether (multiple times) and then
Me recrystallized from hot THF. Finally, the recrystallized product was
filtered and dried under vacuum. Yield: 0.158 g, 74% based on
[ZNnCly]. Crystals of Zn(L?), suitable for X-ray crystallography were obtained by layering a DCM
solution of Zn(L?), with hexane.
TH NMR (300 MHz, CDCI; at 25 °C): 5 2.47 (s, 6H, S-Me), 6.49 (td, 2H, Ar-H), 7.02 (m, 6H,
Ar-H), 7.28 (m, 4H, Ar-H), 7.44 (dd, 2H, Ar-H), 7.61 (dd, 2H, Ar-H), 9.06 (s, 2H, N=CH).
13C{'H} NMR (75 MHz, CDCl;, 25 °C): 17.1 (s, 2C, S—CH3); 119.2 (s, 2C, ArSNS-C); 122.7 (s,
2C, ArSNS-C); 1254 (s, 2C, ArSNS-C); 127.5 (s, 2C, ArSNS-C); 128.7 (s, 2C, ArSNS-C);
129.5 (s, 2C, ArSNS-C); 132.9 (s, 2C, ArSNS-C); 133.0 (s, 2C, ArSNS-C); 133.7 (s, 2C,
ArSNS-C); 141.4 (s, 2C, ArSNS-C); 144.4 (s, 2C, ArSNS-C); 146.4 (s, 2C, ArSNS-C); 163.1
ppm (s, 2C, N=C) (Figures S3 and S4).

2.3 Preparation of [Zn(k2-SMeN-SMe)(k2-S-NSMe)], Zn(L")(L?)

)= Me = A 42 mL vial was charged with ZnCl, (0.138 g, 1.02 mmol) in 5 mL
i of THF and then a solution of 2-(2-methylthiobenzyl)-
N,  / methylthioaniline (0.280 g, 1.02 mmol) and Li[N(SiMe3),] (0.170 g,
C[ rzn\N 1.02 mmol) in 15 mL of THF was added gradually, giving a

yellowish solution. The resulting solution was stirred for 3 h at room

temperature. Then a solution of 2-(2-methylthiophenyl)-

benzothiazolidine (0.263 g, 1.02 mmol) and Li[N(SiMe3),] (0.170 g,

Me 1.02 mmol) in 15 mL of THF was added, yielding an orange

solution with precipitate after 1 h. The mixture was stirred for 2 h

and filtered, washed with diethyl ether and dried under vacuum. Yield: 0.458 g, 75% based on

ZnCl,. Crystals of Zn(L")(L2) suitable for X-ray crystallography were obtained by layering a DCM
solution of Zn(L")(L2) with hexane.

TH NMR (300 MHz, CDCl3;, 25 °C): 6 2.27 (s, 3H, S-Me), 2.35 (s, 3H, S-Me), 2.52 (s, 3H, S—Me)

4.06 (dd, 2H, N-CH,), 6.29 (td, 1H, Ar-H), 6.43 (dd, 1H, Ar-H), 6.84 (td, 1H, Ar-H), 7.02 (m,

7H, Ar-H), 7.16 (dt, 2H, Ar-H), 7.29 (m, 2H, Ar-H), 7.45 (d, 2H, Ar-H). 13C{'H} NMR (75 MHz,

CDCl;, 25 °C): 15.6 (s, 1C, S—CH3); 16.9 (s, 1C, S—-CH3); 22.3 (s, 1C, S—CH3); 51.5 (s, 1C, N-

CH2); 111.4 (s, 1C, ArSNS-C); 111.5 (s, 1C, ArSNS-C); 114.2 (s, 1C, ArSNS-C); 119.0 (s, 1C,

ArSNS-C); 122.7 (s, 1C, ArSNS-C); 124.8 (s, 1C, ArSNS-C); 125.4 (s, 1C, ArSNS-C); 125.5

(s, 1C, ArSNS-C); 126.8 (s, 1C, ArSNS-C); 127.8 (s, 1C, ArSNS-C); 128.6 (s, 1C, ArSNS-C);

129.0 (s, 1C, ArSNS-C); 129.5 (s, 1C, ArSNS-C); 132.0 (s, 1C, ArSNS-C); 132.3 (s, 1C,
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ArSNS—C); 132.8 (s, 1C, ArSNS—C); 133.3 (s, 1C, ArSNS—C); 135.4 (s, 1C, ArSNS—C); 138.2
(s, 1C, ArSNS—C); 138.7 (s, 1C, ArSNS—C); 141.4 (s, 1C, ArSNS—C); 143.4 (s, 1C, ArSNS—C);
146.5 (s, 1C, ArSNS—C); 156.1 (s, 1C, ArSNS—C); 161.8 ppm (s, 1C, N=C) (Figures S5 and
S6).

3. Catalysis protocols

A stock solution of Zn(L")(L?) was prepared by dissolving 6 mg Zn(L")(L?) in 5 mL of CgDs. A vial
containing the appropriate amount of catalyst [Zn(L"'), (6 mg, 1 mol%), Zn(L?), (6 mg, 1 mol%),
Zn(L")(L?) (6 mg, 1 mol%), or 0.5 mL of stock solution of Zn(L")(L2) (0.6 mg, 0.1 mol%)], was
charged with 0.5 mL C¢Dg, 1.0 mmol of carbonyl substrate (102 uL of benzaldehyde or 116 pL
of acetophenone), and subsequently with 1.0 mmol of pinacolborane (145 L), resulting in a
color change from red Zn(L?),, pale-yellow Zn(L'), or orange Zn(L")(L?) to colorless. The rate of
color change for Zn(L')(L?) was extremely fast, for Zn(L"), was relatively fast, and for Zn(L?),
was slow. The solution was charged to an NMR tube for further analysis. Reaction times varied
slightly from 5-30 minutes. Yield was determined by "H NMR in reference to internal standard
mesitylene.

3.1 Hydroboration of benzaldehyde
OBpin  Following the general procedure, benzaldehyde (102 ul, 1.0 mmol),
pinacolborane (145 uL, 1.0 mmol), and either Zn(L'), (6 mg, 1 mol%), or Zn(L?),
(6 mg, 1 mol%), or Zn(L")(L?) (6 mg, 1 mol%) were used. 'H NMR showed
quantitative conversion to hydroboration product after 5 min for Zn(L"), and

Zn(L?),, and 15 sec for Zn(L")(L?) at room temperature. "B and '"H NMR shifts matched with
literature values (Figure S17).14

3.2 Hydroboration of 4-trifluoromethylbenzaldehyde
OBpin  Following the general procedure, 4-trifluoromethylbenzaldehyde (137 L,
1.0 mmol), pinacolborane (145 ul, 1.0 mmol), and either Zn(L'), (6 mg, 1
mol%), or Zn(L?), (6 mg, 1 mol%) were used. 'H NMR showed quantitative
F4C conversion to hydroboration product after 5 min, at room temperature
(Figure S18).
3.3 Hydroboration of cinnamaldehyde
Following the general procedure, cinnamaldehyde (126 ul, 1.0 mmol),
OBpin  pinacolborane (145 pL, 1.0 mmol), and either Zn(L"), (6 mg, 1 mol%),
or Zn(L?), (6 mg, 1 mol%) were used. '"H NMR showed quantitative
conversion to hydroboration product after 5 min at room temperature (Figure S19).

3.4 Hydroboration of acetophenone
OBpin  Eollowing the general procedure, acetophenone (116 pL, 1.0 mmol),
©)\ pinacolborane (145 pL, 1.0 mmol), and either Zn(L"), (6 mg, 1 mol%), or Zn(L?),
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(6 mg, 1 mol%), or Zn(L")(L?) (6 mg, 1 mol%), or 0.5 mL of stock solution of Zn(L")(L?) (0.6 mg,
0.1 mol%) were used. '"H NMR showed quantitative conversion to hydroboration product after
25 min for Zn(L'), and Zn(L?),, 15 sec for Zn(L")(L?) (1 mol%), and 16 min for Zn(L")(L?) (0.1
mol%) at room temperature. "B and 'H NMR shifts matched with literature values (Figure
S20).14

3.5 Hydroboration of 5-hexen-2-one

©Bpin Following the general procedure, 5-hexen-2-one (116 uL, 1.0 mmol),
N pinacolborane (145 pL, 1.0 mmol), and either Zn(L'), (6 mg, 1 mol%), or
Zn(L?), (6 mg, 1 mol%) were used. 'H NMR showed quantitative

conversion to hydroboration product after 20 min, at room temperature (Figure S21).

3.6 Hydroboration of benzophenone
OBpin Following the general procedure, benzophenone (182 mg, 1.0 mmol),
pinacolborane (145 uL, 1.0 mmol), and either Zn(L"), (6 mg, 1 mol%), or

O Zn(L?), (6 mg, 1 mol%) were used. 'H NMR showed quantitative
conversion to hydroboration product after 28 min, at room temperature

(Figure S22).

3.7 Hydroboration of 1-adamantyl methyl ketone

oBpin Following the general procedure, cinnamaldehyde (178 mg, 1.0 mmol),
pinacolborane (145 pL, 1.0 mmol), and either Zn(L"), (6 mg, 1 mol%), or
Zn(L?), (6 mg, 1 mol%) were used. 'H NMR showed quantitative conversion

to hydroboration product after 25 min, at room temperature (Figure S23).

4. Mechanistic Studies

4.1 Stoichiometric reaction of Zn(L'), with HBpin: Formation of N-borylated L'

A pale-yellow solution of Zn(L'), (0.05 g, 0.08 mmol) in CgDe was

Me charged with pinacolborane (11.5 yL, 0.08 mmol), resulting in a

fast color change to almost colorless. The crude '"H NMR spectrum

Bpin"N showed half of Zn(L'), was converted into a new compound and

half remained as Zn(L'),, and also a light grey precipitate was

N-Borylated L' formed. Increasing the amount of pinacolborane to 2 equiv (23 L,
Me 0.16 mmol) gave full conversion of Zn(L'),. The light grey

precipitate was filtered off and the filtrate evaporated slowly. After
2 days colorless crystals were formed. The "H and "B NMR spectra and X-ray diffraction study
revealed the product to be N-borylated L' (Figures S7 and S8).
TH NMR (300 MHz, C¢D¢ at 25 °C): d 1.17 (s, 12H, Bpin Me), 1.83 (s, 3H, S-Me), 1.97 (s, 3H,
S-Me), 5.07 (s, 2H, N-CH,), 6.68 (td, 1H, Ar-H), 6.80 (td, 1H, Ar-H), 6.88 (dd, 1H, Ar-H), 6.96

S5



(m, 3H, Ar-H), 7.03 (dd, 1H, Ar-H), 7.62 (m, 1H, Ar-H). ""B{'H} NMR (96 MHz, C¢Ds, 25 °C,):
24.1 ppm (s).

4.2 Stoichiometric reaction of Zn(L2), with HBpin: Formation of Zn(L2-HBpin),

A red suspension of Zn(L?), (0.05 g, 0.085 mmol) in C¢Dg was
2 charged with pinacolborane (12.5 pL, 0.085 mmol), giving a
N/\\\\Bpi" homogeneous light orange solution after 3 h. The crude 'TH NMR
D spectrum showed half of Zn(L?), was converted into a new species
N and half remained as Zn(L?),. Increasing the amount of
Bpin pinacolborane to 2 equiv (23 L, 0.16 mmol) resulted in a slow
decolourisation and complete conversion of Zn(L2), was confirmed
by 'H NMR. The solvent was then removed under vacuum and the
residue washed with hexane and filtered. The '"H NMR spectrum
of Zn(L2-HBpin), showed broad resonances that sharpened significantly at 45°C (Figure S9). All
attempts at growing a crystal of Zn(L2-HBpin), were unsuccessful.
TH NMR (300 MHz, C¢D¢, 45 °C): 5 1.24 (s, 24H, Bpin Me), 2.00 (s, 6H, S—Me), 4.91 (s, 4H, N-
CH,), 6.68 (m, 4H, Ar-H), 6.83 (m, 6H, Ar-H), 6.98 (m, 4H, Ar-H), 7.75 (s, 2H, Ar-H). 13C{'H}
NMR (75 MHz, C¢Dg, 45 °C):15.9 (S-Me); 24.3 (Bpin Me); 50.3 (N-CH,); 82.4 (Bpin); 110.9
(ArSNS—-C); 118.5 (ArSNS-C); 124.5 (ArSNS-C); 125.5 (ArSNS-C); 127.0 (ArSNS-C); 129.9
(ArSNS-C); 130.9 (ArSNS-C); 134.6 (ArSNS-C); 136.1 (ArSNS-C); 137.1 (ArSNS-C); 144.5
ppm (ArSNS-C). ""B{'H} NMR (96 MHz, C¢Dg, 45 °C): 21.1 ppm (Figures S10 and S11). EI-MS
showed (L2-HBpin)* Calc’d for [C21H,7BNO,S,] 387.15, Found 387.2 (Figure S12).

Zn(L2-HBpin),
Me

4.3 Stoichiometric reaction of Zn(L2-HBpin), with benzaldehyde: Formation of P1

After the reaction in 4.2 (1 equiv of Zn(L?), and 2 equiv of
©—< pinacolborane in CgDg) became colorless and Zn(L?-HBpin), was
N formed, 2 equiv of benzaldehyde (17 uL, 0.17 mmol) was added to

the reaction mixture, resulting immediately in a pale yellow solution.
After 3 h the solvent was evaporated under vacuum and the residue
was washed with hexane and filtered. '"H NMR of both solid and
Me filtrate showed no hydroborated product, but the latter showed a new
product (P'). This benzothiazoline product was isolated using column chromatography and
characterized by 'H and '3C NMR, and X-ray crystallography (Figures S13 and S14)
TH NMR (300 MHz, CDCI; at 25 °C): 6 2.45 (s, 3H, S-Me), 4.31 (q, 2H, N-CH,), 6.24 (s, 1H, N-
CHR-S), 6.29 (dd, 1H, Ar-H), 6.73 (td, 1H, Ar-H), 6.96 (td, 1H, Ar-H), 7.11 (m, 2H, Ar-H); 7.30
(m, 6H, Ar-H), 7.48 (m, 2H, Ar-H). 13C{'H} NMR (75 MHz, CDCl3, 25 °C): 15.8 (S-Me); 48.5
(N-CH,); 74.3 (N-C-S); 107.7 (ArSNS-C); 119.1 (ArSNS—-C); 121.4 (ArSNS-C); 125.0 (ArSNS—
C); 125.5 (ArSNS-C); 125.7 (ArSNS-C); 125.7 (ArSNS—-C); 127.2 (ArSNS-C); 127.3 (ArSNS-
C); 127.7 (ArSNS-C); 128.7 (ArSNS-C); 128.9 (ArSNS—-C); 134.3 (ArSNS-C); 136.9 (ArSNS-
C); 140.3 (ArSNS-C); 147.0 ppm (ArSNS-C).

P1
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4.4 Stoichiometric reaction of Zn(L2-HBpin), with cinnamaldehyde: Formation of P2

After the reaction mentioned in section 4.2 (1 equiv of Zn(L?),

\ D and 2 equiv of pinacolborane in CgDg) became colorless and

Zn(L2-HBpin), was formed, 2 equiv of cinnamaldehyde (21 pL,

N 0.17 mmol) was added to the reaction mixture, resulting

immediately in a very pale yellow solution. After 3 h the solvent

p2 was evaporated under vacuum and the residue was washed

Me with hexane and filtered. '"H NMR of both solid and filtrate

showed no hydroboration product, but the latter showed a new

product (P2). This benzothiazoline product was isolated using column chromatography and
characterized by 'H and '3C NMR (Figures S15 and S16).

TH NMR (300 MHz, CDCI; at 25 °C): 0 2.45 (s, 3H, S-Me), 4.40 (s, 2H, N-CH,), 5.80 (dd, 1H, N-

CHR-S), 6.26 (dd, 1H, Ar-H), 6.44 (m, 2H, Ar-H), 6.68 (td, 1H, Ar-H), 6.91 (td, 1H, Ar-H), 7.07

(dd, 1H, Ar-H), 7.14 (m, 1H, Ar-H), 7.30 (m, 7H, Ar-H). 13C{'H} NMR (75 MHz, CDCl;, 25 °C,):

15.1 (S-Me); 48.5 (N-CH,); 73.1 (N-C-S); 107.8 (ArSNS-C); 118.9 (ArSNS-C); 121.8 (ArSNS-

C); 125.0 (ArSNS-C); 125.0 (ArSNS—-C); 125.6 (ArSNS-C); 125.7 (ArSNS—-C); 126.89 (ArSNS—

C); 127.0 (ArSNS-C); 127.4 (ArSNS-C); 127.8 (ArSNS—-C); 128.2 (ArSNS-C); 128.6 (ArSNS—-

C); 129.6 (ArSNS-C); 132.3 (ArSNS-C); 135.8 (ArSNS-C); 137.0 (ArSNS-C); 146.8 ppm

(ArSNS-C).

4.5 Stoichiometric reaction of Zn(L")(L2) with benzaldehyde and HBpin

In order to find out which one of L' and L? plays the dominant role in catalysis, an orange
suspension of Zn(L")(L2) (0.01 g, 0.02 mmol) in CsDg was charged with benzaldehyde (3.5 L,
0.03 mmol), and then pinacolborane (2.5 uL, 0.02 mmol) was added, giving a homogeneous
light orange solution after 3-5 min. The crude 'H NMR spectrum showed free benzaldehyde,
hydroborated benzaldehyde, N-borylated L' and P'. After addition of the second equivalent of
pinacolborane, the "H-NMR spectrum showed hydroborated benzaldehyde, N-borylated L' and
P (Figure S26).
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5. NMR and EI-MS Spectra
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Figure S1. "H NMR spectrum (300 MHz) of Zn(L"),. * indicates protic impurity in CgDe.
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Figure S2. 3C{'H} NMR spectrum (75 MHz) of Zn(L"),. * indicates protic impurity in C¢De.

S8



e A
Q)i

& s
c /‘,I"‘Zn/ c
RN
N
|
B
B c
J lﬁes A
| . l
| ,'lc c ‘
B A }.\i‘ r! ¢ |
\ ’s I [: J} | I | “ﬁ‘ T | I
et AR S T L T 1 T . T
g g g 3 g 5
T T v T T T T 4 r Fr v T [ v r T T T
: s ‘ ' ' ‘ 2 topm]
Figure S3. "H NMR spectrum (300 MHz) of Zn(L?),. * indicates protic impurity in CDCls.
S c
SMe
/yB
| ‘ /
l ‘
VA \4"} \W\« A Vi l\f‘ ‘
‘133
‘NMJ‘\WW‘MW‘JW 'J W WWL\&(‘ AJ\«‘
145 140 135 1:m 125 * lPPm]
B
u
T | T T T | | T T | T T T | T T T | T T T | T T | T T T ‘ T I
160 140 120 100 30 60 40 20 [ppm]

Figure S4. 3C{'H} NMR spectrum (75 MHz) of Zn(L?),. *

indicates protic impurity in CDCl5.

S9



D
B
Qm

||
l D _

| L ’Lb A w i
) bl 5 % &
, AU ") R -
| R T I % 3 . ”
B 8 BN B % s .
9.0 .715 T TTB 8‘.5 A }] \l‘\ “
/\ A I o

PR LN LW L W . N

: 5 1o

T T | T T T | T T T [ T T T W
8 6 4 [ppm]
Figure S5. '"H NMR spectrum (300 MHz) of Zn(L")(L?). * indicates protic impurity in CDCls.

LAWMNJLJ w-,uﬁmw.ﬁrv"v WW @E/\:@

140 o " s [ppm]
* D
/ A
MeS
B8 AA
c
T | T T | T T | T I T T ‘ T T | T T I T T | T T I
160 140 120 100 80 60 40 20 [ppm]

Figure S6. *C{"H} NMR spectrum (75 MHz) of Zn(L")(L?). * indicates protic impurity in CDCl.

S10



O\B/O D
|
o |
. s
8 |
B
I ¥ .
om0 e i /I
Il 1
[ _,JLJ‘"‘“P\. JUU,J"J‘J W\MJM\JLI‘GJNL‘I-IL_*JMJL _JLL #/%_J‘ S I\,
‘—-7‘5‘ = 7.0 = . s: — 5|IN.‘ 5.‘0 2‘0 = “”V 1.8 1sz 10 [ppm]
J;_J i, JL__

T T T T T T T T T T T T T T T T T T

7 6 5 4 3 2 [ppm]
Figure S7. '"H NMR spectrum (300 MHz) of N-borylated L'. * indicates protic impurity in CgDs.

50 0 -50 [Ppm]
Figure S8. ""B{'H} NMR spectrum (96 MHz) of N-borylated L'. * indicates boron in probe.

S11



]
10 8 6 4 2 [ppm]

Y N LJ _

10 8 6 4 2 0 -2 [ppm]

Figure S9. 'H NMR spectra (300 MHz, 45°C top, room temperature bottom) of Zn(L?-HBpin), * indicates
protic impurity in CgDsg.

S12



J | O ¥
AR
: An 7
128 126 124 A "ées

T T T T T | T T T T T T | T T T | T T T I T T T T T T T |

T T
140 120 100 80 60 40 20 [ppm]

Figure $10. "3C{'H} NMR spectrum (75 MHz, 45°C) of Zn(L2-HBpin), * indicates protic impurity in CgDe.

Q “'SMe
g

Zn’
N,

100 50 0 - 50 -100 [ppm]

Figure S11. ""B{'"H} NMR spectrum (96 MHz, 45°C) of Zn(L2-HBpin),.

S13



387.2

100
50
137.0 386.1 388.2
100
413.2 385.1
389.1
384.1
275.1 B i
185.1 i 9
384 386 388 390 192
SH
50 @ 5/
1 /
N
84.1 |
B.
‘ 0/ \0
328.1 /&}—{,
45.0 | 7.2
| 212.0 24
544.2
0 Lo Bl b8 i " L . AT 4
200 300 400 500 600

100

Figure S12. EI-MS spectrum of Zn(L?-HBpin), showing [L?>-HBpin]*
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Figure S13. "H NMR spectrum (300 MHz) of P'. * indicates protic impurity in CDCI3
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Figure S$15. "H NMR spectrum (300 MHz) of P2. * indicates protic impurity in CDCls.
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Figure S17. "B NMR spectrum (96 MHz)of Zn(L?),-catalyzed hydroboration mixture showing O(Bpin)s.
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Figure S18. '"H NMR spectrum (300 MHz) of benzaldehyde hydroboration product. * indicates protic
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Figure S19. '"H NMR spectrum (300 MHz) of 4-trifluoromethylbenzaldehyde hydroboration product. *
indicates protic impurity in CgDs.
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Figure S20. '"H NMR spectrum (300 MHz) of cinnamaldehyde hydroboration product. * indicates protic
impurity in CgDg

OBpin

o

-

&
=
i

1.000

4 3.061

| W

1

I

; o 6 a 3 o J 1 [pprn]
Figure S21. '"H NMR spectrum (300 MHz) of acetophenone hydroboration product * indicates protic
impurity in CgDs.
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Figure S22. '"H NMR spectrum (300 MHz) of benzophenone hydroboration product. * indicates protic
impurity in CgDs.
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Figure S23. 'H NMR spectrum (300 MHz) of 5-hexen-2-one hydroboration product. * indicates protic
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Figure S24. 'H NMR spectrum (300 MHz) of 1-adamantyl methyl ketone hydroboration product. *
indicates protic impurity in C¢De.
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Figure 825. '"H NMR spectra (300 MHz, C¢D¢) of L', N-Borylated L' and Zn(L"), in catalyzed
benzaldehyde hydroboration.
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Figure $26. 'H NMR spectra (300 MHz, CsDg) of P! and Zn(L?), in catalytic benzaldehyde
hydroboration.
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Figure S27. 'H NMR spectra (300 MHz) of P, and N-borylated L', and stoichiometric reaction of
Zn(L")(L?) with benzaldehyde (2eq) and HBpin (1eq) in CgDe.
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6. Monitoring Acetophenone Hydroboration Reactions Using Zinc Complexes

To monitor the reaction progress, a vial was charged with acetophenone (116 uL, 1.00 mmol)
and either Zn(L"), (6.1 mg, 1 mol%), Zn(L?), (5.8 mg, 1 mol%), or Zn(L")(L?) (5.9 mg, 1 mol%),
or 0.5 mL of stock solution of Zn(L")(L?) (0.59 mg, 0.1 mol%), then 0.3 mL of CsD¢ was added
and the solution transferred to an NMR tube and capped with a rubber septum. Another vial was
charged with pinacolborane (144.5 uL, 1.00 mmol) and 0.3 mL CgDg, and the solution was
transferred to a 1 mL syringe. Then, the syringe was capped by poking into the rubber septum.
The NMR tube containing the reaction mixture and the syringe were removed from the glovebox.
The HBpin was injected into the NMR tube, shaken quickly, and immediately inserted into the
NMR spectrometer. A 'TH NMR spectrum was taken every 15-25 sec for 25 min at room
temperature. Concentration of the product was calculated based on the characteristic signals of
the product and acetophenone.

For the reactions carried out in THF, the conditions and procedures are the same but the solvent
was THF intead of C¢Dg, and the concentration of the product was calculated based on the
characteristic signals of the product and HBpin by "B NMR.
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Figure S28. Profiles of acetophenone hydroboration using HBpin catalyzed by Zn(L")(L?) with 0.1 mol%
loading in CsDg and THF.

Isolation of Zn alkoxide using bipyridine ligand

To a vial containing a solution of acetophenone (1160 uL, 10.00 mmol) and Zn(L"), (61 mg, 1
mol%) or Zn(L?), (58 mg, 1 mol%), in 2 mL of benzene was added pinacolborane (1445 pL,
10.00 mmol) and the mixture stirred for 40 mins in room temperature. Then, 15 mg of bipy (15
0.1 mmol) was added and the final mixture stirred for 2h. Afterward, the solvent was evaporated
under vacuum and EI-MS analysis was performed, but no (Bipy)Zn(alkoxide), was detected.
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7. EI-MS spectra of complexes
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Figure S29. EI-MS spectrum of Zn(L?), showing [M*].
322.1
100 597.04909 10.02 3 P 47 5 2 4 0
0.44 44 9 2 1 o
_ -2.93 41 13 2 0
RS -0.46 42 15 0 1
-3.84 39 19 1 1
1.99 32 25 2 3 1
Cizs 29 25 2 O |
28.0
137 | @ [-CH:]
’
i Me:_.
‘ N
L I'Zn/
v \N
b
|
| | b
| [ Me
I | | T
| 109.0 \ 212.1 ‘
! | | 597.0
I &) 0 16
0 i
100 200 300 400 500 600

Figure S30. EI-MS spectrum of Zn(L'), showing [M-CHa]*.
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Figure S31. EI-MS spectrum of Zn(L')(L?) showing [M*].
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8. X-ray Diffraction Data

Crystallographic data were collected from single crystals mounted on MiTeGen dual thickness
MicroMounts using Parabar oil. Data were collected on a Bruker Smart Apexll single crystal
diffractometer equipped with a graphite monochromator. The instrument was equipped with a
sealed tube Mo K& source (A = 0.71073 A), an Apexll CCD detector and a dry compressed air
cooling system. All samples were cooled to 203(2) K during data collection. Raw data collection
and processing were performed with the Apex3 software package from Bruker.[®! Initial unit cell
parameters were determined from 36 data frames from select @ scans. Semi-empirical
absorption corrections based on equivalent reflections were applied.lfl Systematic absences in
the diffraction data-set and unit-cell parameters were consistent with the assigned space group.
The initial structural solutions were determined using ShelxT direct methods 7], and refined with

full-matrix least-squares procedures based on F? using ShelXL or ShelXle.[®l Compound N-
borylated L' exhibited minor positional disorder which was refined in ShelXle. Hydrogen atoms

were placed geometrically and refined using a riding model.

Table S1. X-ray crystallographic data collection and refinement details.

Zn(L"), Zn(L?), Zn(L")(L?) N-Borylated L' P?
(S0707) (S0699) (S0811) (S0733) (S0927)
empirical formula C30H32st4zn C28H24N284Zn ngH28N4S4Zn C21HngN0282 C21H19N82
formula weight 614.18 582.10 598.14 401.37 349.49
(g3«-mol)
crystal system orthorhombic monoclinic triclinic Monoclinic orthorhombic
space group Pbcn P 2i/c pl P 2i/c Pna2
a(A) 21.2905(10) 7.1899(7) 10.7382(9) 10.9771(4) 18.558(3)
b (A) 7.6279(4) 8.1002(8) 11.2465(11) 11.5337(4) 9.2607(14)
c (A) 17.5124(8) 44.714(4) 12.8901(12) 17.6262(6) 10.3515(16)
[+ (deg) 90 90 68.170(3) 90 90
L (deg) 90 94.341(3) 68.707(3) 104.460(1) 90
L (deg) 90 90 87.560(3) 90 90
V (A3) 2844.0(2)(7) 2596.7(4) 1338.7(2) 2160.90(13) 1779.0(5)
V4 4 4 2 4 4
T (K) 203(2) 203(2) 203(2) 203(2) 203(2)
1A caca (gac...cm) 1.434 1.489 1.484 1.234 1.305
L (mm-) 1.180 1.288 1.252 0.262 0.301
2lmax (deg) 61.012 55.298 55.444 52.844 51.408
total/unique reflections 25606/4339 63086/6027 28566/6216 16576/4421 10688/3304
Reflections [/, a%0¥ 2853 3745 4286 3121 2681
215(1o)]
R1, WR; [, 4%0¥ 21f(1,)] 0.0408, 0.0821 0.0441,0.685 0.0419, 0.0748 0.0502,0.1280 0.0588, 0.1415
goodness of fit 1.022 1.005 1.005 1.055 1.034
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Figure S32. Molecular structure of N-borylated L' with 50% probability thermal ellipsoids and hydrogen
atoms omitted for clarity.

Figure S33. Molecular structure of P'" with 50% probability thermal ellipsoids and hydrogen atoms
omitted for clarity.
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Table S2. Bond lengths for Zn(L"),.

Atom
Zn1
Zn1
Zn1
Zn1
S1
S1
S2
S2
N1
N1
Cc2
Cc2
C3
C4
C5
C6
C8
C9
C9
C10
C11
Cc12
C13
S1
S1
S2
S2
N1
N1
Cc2
Cc2
C3
C4
C5
C6
C8
C9
C9
Cc10
C11
Cc12
C13

Atom Length/A

S1 2.4663
N1 1.925
S1 2.4663
N1 1.925
C1 1.818(2)
c2 1.780(2)
C14 1.771(2)
c15 1.789(3)
c7 1.361(3)
c8 1.453(3)
c3 1.386(3)
c7 1.422(3)
c4 1.377(4)
C5 1.382(4)
C6 1.375(3)
c7 1.423(3)
c9 1.511(3)
c10 1.393(3)
C14 1.398(3)
C11 1.376(4)
C12 1.372(4)
c13 1.388(4)
C14 1.390(3)
C1 1.818(2)
c2 1.780(2)
C14 1.771(2)
c15 1.789(3)
c7 1.361(3)
c8 1.453(3)
c3 1.386(3)
c7 1.422(3)
c4 1.377(4)
C5 1.382(4)
C6 1.375(3)
c7 1.423(3)
c9 1.511(3)
C10 1.393(3)
C14 1.398(3)
C11 1.376(4)
C12 1.372(4)
c13 1.388(4)
C14 1.390(3)
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Table S3. Bond lengths for Zn(L?),.

Atom Atom Length/A
Zn1 S1 2.273(1)
Zn1 s3 2.246(1)
Zn1 N1 2.085(2)
Zn1 N2 2.109(2)
S1 C14 1.755(3)
S2 C1 1.784(4)
S2 c2 1.755(3)
S3 C28 1.757(3)
S4 c15 1.798(3)
S4 C16 1.755(3)
N1 c8 1.281(4)
N1 c9 1.434(4)
N2 c22 1.284(4)
N2 c23 1.430(4)
c2 c3 1.386(5)
c2 c7 1.405(5)
c3 ca 1.369(6)
ca C5 1.390(6)
C5 Cé 1.390(5)
Cé c7 1.392(5)
c7 c8 1.462(4)
c9 c10 1.387(5)
c9 C14 1.405(4)
C10 C11 1.376(4)
C11 c12 1.385(4)
c12 C13 1.383(5)
C13 C14 1.398(4)
C16 c17 1.385(4)
C16 c21 1.417(4)
c17 c18 1.382(5)
c18 c19 1.385(5)
c19 C20 1.383(5)
C20 c21 1.381(5)
c21 c22 1.465(4)
c23 C24 1.391(4)
c23 C28 1.414(4)
C24 c25 1.382(5)
C25 C26 1.381(5)
C26 c27 1.375(5)
c27 C28 1.393(4)
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Table S4. Bond lengths for Zn(L")(L?).

Atom Atom Length/A
Zn1 S1 2.4793(7)
Zn1 s3 2.256(1)
Zn1 N006 1.923(3)
Zn1 N0O7 2.106(2)
S1 C1 1.817(3)
S1 c2 1.780(4)
S2 C14 1.771(3)
S2 c15 1.789(4)
S3 C16 1.763(3)
S4 c28 1.765(4)
S4 C29 1.790(3)
N006 c7 1.364(3)
N006 c8 1.460(3)
N007 c21 1.430(5)
N007 c22 1.287(4)
c2 c3 1.386(4)
c2 c7 1.422(4)
c3 ca 1.379(6)
c4 Cc5 1.391(4)
Cc5 C6 1.376(4)
Cé c7 1.418(5)
c8 c9 1.504(3)
c9 C10 1.390(4)
c9 C14 1.406(5)
c10 C11 1.380(5)
C11 c12 1.374(5)
c12 C13 1.381(4)
c13 C14 1.396(4)
c16 c17 1.387(6)
c16 c21 1.404(5)
c17 c18 1.383(5)
c18 c19 1.385(5)
c19 C20 1.373(6)
C20 c21 1.395(5)
c22 c23 1.453(6)
c23 C24 1.397(5)
c23 c28 1.413(4)
C24 c25 1.385(6)
c25 C26 1.384(4)
C26 c27 1.373(5)
c27 c28 1.390(6)
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Table S5. Bond lengths for N-Borylated L'.

Atom Atom Length/A
S1 C14 1.763(2)
S1 c15 1.794(3)
o1 C16 1.459(4)
o1 B1 1.370(4)
N1 c7 1.436(3)
N1 c8 1.468(3)
N1 B1 1.408(4)
c2 c3 1.394(4)
c2 c7 1.398(3)
c2 S2A 1.78(1)
c3 ca 1.378(3)
c4 C5 1.375(3)
Cc5 C6 1.384(4)
Cé c7 1.385(3)
c8 c9 1.502(3)
c9 C10 1.414(4)
c9 C14 1.403(3)
c10 C11 1.364(4)
C11 c12 1.370(5)
c12 C13 1.383(5)
c13 C14 1.404(4)
c16 c17 1.557(5)
c16 c18 1.473(6)
c16 C19A 1.596(8)
B1 02A 1.424(8)
02A C19A 1.46(1)
C1A S2A 1.79(2)
C19A C20A 1.54(2)
C19A C21A 1.51(1)
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Table S6. Bond lengths for P'.

Atom Atom Length/A
S1 C14 1.764(6)
S1 c15 1.838(6)
S2 C1 1.789(8)
S2 c2 1.773(6)
N1 c8 1.451(7)
N1 c9 1.393(7)
N1 c15 1.480(7)
c2 c3 1.383(9)
c2 c7 1.407(8)
C3 ca 1.40(1)
c4 C5 1.350(9)
C5 Cé 1.418(8)
C6 c7 1.374(8)
c7 c8 1.502(8)
co C10 1.391(8)
co C14 1.395(8)
c10 C11 1.398(8)
C11 c12 1.347(9)
c12 C13 1.40(1)
c13 C14 1.379(8)
c15 C16 1.497(8)
c16 c17 1.375(8)
c16 c21 1.387(8)
c17 c18 1.375(8)
c18 c19 1.371(9)
c19 C20 1.37(1)
C20 c21 1.381(9)
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