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General considerations

The chemicals 2,6-bis(di-tert-butylphosphinomethyl)pyridine (Strem Chemicals, 99%),
carbonylchlorohydridotris(triphenylphosphine)ruthenium(ll) (Strem Chemicals, 99%), [2-(di-tert-
butylphosphinomethyl)-6-(diethylaminomethyl)pyridine]ruthenium(ll) chlorocarbonyl hydride
(precatPNN,  Sigma-Aldrich, 99%), potassium tert-butoxide (Sigma-Aldrich, >98%), 2-
fluorobiphenyl (Sigma-Aldrich, 96%), 4-fluorobenzonitrile (1b, Sigma-Aldrich, 99%), 4-
chlorobenzonitrile (1c, Sigma-Aldrich, 99%), bromobenzonitrile (1d-f, Sigma-Aldrich, 99%), 4-
(trifluoromethyl)benzonitrile (1g, Sigma-Aldrich, 99%), 4-formylbenzonitrile (1h, TCl, >98%),
tert-butyl 4-cyanobenzoate (1i, Enamine Ltd, 95%), 1-naphthonitrile (1j, TCl, >95%), 2-
naphthonitrile  (1k, TCI, >98%), 4-methylbenzonitrile (1l, Sigma-Aldrich, 98%), 4-
methoxybenzonitrile (1m, Sigma-Aldrich, 99%), 4-(dimethylamino)benzonitrile (1n, TCl, >98%),
4-aminobenzonitrile (10, Sigma-Aldrich, 98%), pyridinecarbonitrile (1p-r, Sigma-Aldrich, 98%), 2-
furonitrile (1v,TCI, >98%), 3-furonitrile (1w, Sigma-Aldrich, >97%), terephthalonitrile (1lag,
Sigma-Aldrich, 98%), 4-acetoxybenzonitrile (Fisher Scientific, 97%), 4-nitrobenzonitrile (Sigma-
Aldrich, 97%), 4-hydroxybenzonitrile (Fluka, 98%) and ethyl 4-cyanobenzoate (TCl, >98%) were
obtained commercially and used without further purification. The substrates benzonitrile (1a,
Sigma-Aldrich, 99%), pyrazinecarbonitrile (1s, Sigma-Aldrich, 99%), 2-thiophenecarbonitrile (1t,
Sigma-Aldrich, 99%), 3-thiophenecarbonitrile (1u, TCI, >98%), benzyl cyanide (1x, Sigma-Aldrich,
98%), 2-phenylpropanitrile (1y, Sigma-Aldrich, 96%), 3-phenylpropanitrile (1z, Sigma-Aldrich,
99%), cinnamonitrile (1aa, Sigma-Aldrich, 97%), n-pentanenitrile (1ac, Sigma-Aldrich, 99.5%),
cyclohexanecarbonitrile (1ad, Sigma-Aldrich, 98%), pivalonitrile (lae, Sigma-Aldrich, 98%),
adiponitrile (1af, TCl, >98%), were obtained commercially, degassed and passed over columns of
Al,O; prior to use. The complex [2,6-Bis(di-tert-butylphosphinomethyl)pyridine]ruthenium(Il)
chlorocarbonyl hydride (precat”™P) was prepared according to a literature procedure.ltl2l
Toluene was passed over columns of Al,0;5 (Fluka), BASF R3-11-supported Cu oxygen scavenger,
and molecular sieves (Aldrich, 4 A). THF (Aldrich, anhydrous, 99.8%) was dried by percolation
over columns of Al,05; (Fluka). Tert butanol (Boom, >99%), isopropanol (Boom, >99%), 1,4-
dioxane (Boom, >99%) and acetonitrile (1ab, Boom, >99%) were dried with calcium hydride and
distilled under N, atmosphere prior to use. Doubly distilled water was obtained from the
Microanalytical Department of the University of Groningen and degassed prior to use. d8-THF
and d8-toluene (Aldrich) were vacuum transferred from Na/K alloy and stored in the glovebox.
NMR spectra were recorded on Varian 400, Agilent 400 or Varian Inova 500 spectrometers and
referenced using the residual solvent resonance. Gas chromatography measurements were
performed on HP6890 series equipped with a Rxi-5Sil column for GC/MS and HP5890 series |l
equipped with Rtx-1701 column for GC-MS/FID. Enantiomeric excess (ee) was determined by
chiral HPLC analysis using a Shimadzu LC-20AD HPLC equipped with a Shimadzu SPD-M20A
diode array detector. Elemental analysis and high resolution mass spectra (HRMS) were
performed at the Microanalytical Department of the University of Groningen.
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Optimization of reaction conditions

Table S1: Solvent screening for hydration of acetonitrile. Conditions: 3 mol% of catalyst APNP at
room temperature in the presence of 5 equiv. of water.

Me—CN + H,0 AT (3moi%) y /('é\NH
0.25 mmol 5 eq. SOIV;Th(,Of ml) Ve 2
entry solvent conversion (%)?

1 toluene -

2 THF 37

3 Isopropanol <10
4 dioxane -

S ‘BuOH 63(82°)

a) Conversions were detected by 'H NMR. b) Reaction
for 2.5 days.

Table S2: Effect of the amount of added water on the hydration of acetonitrile

Me—CN + H,0 AT mol%) i
0.25 mmol 'BUOH (0.5 ml) Me™ ~"NH;
' 24h, rt

entry water (eq.) conversion (%)?

5 5 63(82°)
6 1 25
7 2 44
8 3 56
9 8 42
10 20 4

a) Conversions were detected by "H NMR. b) Reaction
for 2.5 days.
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Table S3: Influence of catalyst structure and reaction temperature on the hydration of
acetonitrile

@)
cat I
Me—CN + Hzo - " /C\NH
0.25 mmol 5 eq. solvent (0.5 ml) € 2
24h
entry solvent cat (mol%)  temperature  conversion (%)?
o ‘BUOH APNP (3) rt 63(82)
11 ‘BUOH APNN (3) rt 56
12 tBUOH APNP (3) 50 °C 99
14 ‘BUOH 'BUOK (3) rt 0

a) Conversions were determined by "H NMR.
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Synthetic procedures

Preparation of stock solutions of catalysts and reagents

APNP catalyst (stock solution 1): In the glovebox, the catalyst precursor (PNP)Ru(Cl)(H)(CO)RI
(precatPNP, 28.0 mg, 0.050 mmol) was dissolved in 5 mL of toluene in a 20 ml vial, and then
cooled in the freezer to -32 °C. Subsequently, ‘BuOK (5.6 mg, 0.050 mmol, 1 eq.) was added and
the vial was stored at -32 °C for 1 hour, after which it was allowed to warm to room
temperature and stirred for another 3 hours. The solution was filtered and toluene was added
to achieve a total volume of 10 mL. This stock solution (0.0050 mol/L) was stored at -32 °C for
later use.

APNP catalyst (stock solution 2, used for reactions on larger scale): In the glovebox, the catalyst
precursor (PNP)Ru(Cl)(H)(CO)[2I (precatPP, 0.375 mmol, 213.0 mg) was dissolved in 25 mL of
toluene in a 25 ml vial, and then cooled in the freezer to -32 °C. Subsequently, ‘BuOK (42.0 mg,
0.375 mmol, 1 eq.) was added and the vial was stored at -32 °C for 1 hour, after which it was
allowed to warm to room temperature and stirred for another 3 hours. The solution was filtered
and the filtrate was dried under vacuum for 1 hours. Then the green solid was dissolved in 25 ml
'‘BuOH and the stock solution (0.0150 mol/L) was used immediately.

APNN catalyst stock solution: In the glovebox, the catalyst precursor (PNN)Ru(CI)(H)(CO)
(precatPN, 14.7 mg, 0.030 mmol) was dissolved in 4 mL of toluene in a 20 ml vial, and then
cooled in the freezer to -32 °C. Subsequently, ‘BuOK (3.4 mg, 0.030 mmol, 1 eq.) was added and
the vial was stored at -32 °C for 1 hour, after which it was allowed to warm to room
temperature and stirred for another 3 hours. This stock solution (0.0075 mol/L) was stored at -
32 °C for later use.

4-fluorobenzonitrile stock solution: A stock solution (0.30 mol/L) was prepared by dissolving
18.2 mg of 4-fluorobenzonitrile in 0.5 ml d8-THF.

4-fluorobenzamide stock solution: A stock solution (0.24 mol/L) was prepared by dissolving
16.7 mg of 4-fluorobenzamide in 0. 5ml d8-THF.

Water stock solution: A stock solution (1.70 mol/L) was prepared by dissolving 9.2 ul of H,0 in
300 ul of anhydrous d8-THF.
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General procedure for catalytic nitrile hydration experiments

In the glovebox, 1.5 mL of a 0.0050 mol/L stock solution of APNP catalyst (0.0075 mmol) was
added to a 20 mL vial. After removal of all volatiles under vacuum, 0.5 ml 'BuOH was added to
dissolve catalyst again. After ca. 2 min, water (22.5 ul, 1.25 mmol) was added to the catalyst
solution, and then the mixture was transferred into a 2 mL GC vial (equipped with a Teflon-lined
screw cap and additionally sealed with parafilm) containing the nitrile (0.25 mmol). The reaction
mixture was taken out of glovebox and stirred for 16 h to 1 day at rt or 50/80°C. After this time,
the reaction mixture was exposed to air to deactivate the catalyst. The procedure for
subsequent workup depended on the nature of the reaction mixture:

Procedure a) If precipitated solid product was precipitated during the reaction, 3 mL of ether
was added into the vial and the solid product was isolated by filtration and washed with ether.
The filtrate was concentrated under vacuum to a viscous oil, then washed with ether/pentane
(5:1, 3x2 ml) precipitating the second portion; collecting all the white solid and drying under
vacuum gave >99% yield;

Procedure b) If no solid was precipitated during the reaction, the solvent was removed under
vacuum to give a viscous oil and the residue was washed with ether/pentane (5:1 or 10:1) to
precipitate a solid product; collecting all the white solid and drying under vacuum gave 90-99%
yields.
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Reactions performed on larger scale

Catalytic hydration reactions for a series of representative nitriles were performed on 2.5 mmol
scale. For nitriles 1a, 1b, 1i and 1ad, 5 mL of a 0.0150 M stock solution of APNP catalyst (0.0750
mmol, 3 mol%) was added to a 20 mL vial containing the nitrile. For nitrile 1r, 0.8 mL of a 0.0150
M stock solution of APNP catalyst (0.0120 mmol, 0.5 mol%) was diluted with 4.2 mL of tBuOH and
added to a 20 mL vial containing the nitrile. Water (225 pl, 5 equiv relative to nitrile) was added
to each of the vials and the mixtures were stirred at 50°C (1ad) or rt (1a, 1b, 1i and 1r) inside the
glovebox. To monitor reaction progress, samples for GC analysis were taken at regular time
intervals from each of these reaction mixtures. After the reaction went to completion, workup
was carried out as described above.

benzonitrile (1a): 257.5 mg (2.5 mmol) of 1a afforded 287.4 mg (2.38 mmol, 95%) of benzamide
(2a). Elemental analysis for C;H;NO: Calculated: C, 69.41; H, 5.82; N, 11.56; Found: C, 69.44; H,
5.75; N, 11.42.

4-fluorobenzonitrile (1b): 302.5 mg (2.5 mmol) of 1b afforded 336 mg (2.42 mmol, 97%) of 4-
fluorobenzamide (2b). Elemental analysis for C;HgFNO: Calculated: C, 60.43; H, 4.35; N, 10.07;
Found: C, 60.64; H, 4.44; N, 9.97.

4-methylbenzonitrile (1i): 292.5 mg (2.5 mmol) of 1i afforded 335.8 mg (2.49 mmol, 99%) of 4-
methylbenzamide (2i). Elemental Analysis for CsHgNO: Calculated: C, 71.09; H, 6.71; N, 10.36;
Found: C, 71.26; H, 6.67; N, 10.24.

Cyclohexanecarbonitrile (1ad): 272.5 mg (2.5 mmol) of 1ad afforded 305.0 mg (2.40 mmol, 96%)
of cyclohexanecarboxamide (2ad). Elemental Analysis for C;H;3NO: Calculated: C, 66.11; H,
10.30; N, 11.01; Found: C, 66.09; H, 10.18; N, 10.83.

4-pyridinecarbonitrile (1r): 260.0 mg (2.5 mmol) of 1r afforded 304.0 mg (2.49 mmol, 99%) of 4-
pyridinecarboxamide (2r). Elemental Analysis for CgHgN,O: Calculated: C, 59.01; H, 4.95; N,
22.94; Found: C, 58.87; H, 4.84; N, 22.93.

100
- ‘l ye *
L 4
80 =,
(=] #
E;‘ 60 W 4-F-Ph
= ] - o
§ 40 4-Me-Ph
O Cy
20 ¢ Ph
0O m -y
0 4 8 12 20 24
t/h

Figure S1. Conversion vs. time plot for hydrdation of nitriles using APNP as catalyst in tBuOH (3
mol%, 5 eq of H,0). Reaction progress monitored at room temperature, except for cyclohexane
carbonitrile (Cy), which was monitored at 50 °C.
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Reactions performed at 70 °C

Reactions were carried out using the standard procedure described above, but the reaction mixture was
heated to 70 °C for 24 h.

H2N>/_ O
(CH2)4 F XN
APNP o) NH, I
O N~ O
x mol% HoN
24h,70C }—(CH2)4—CN NH, NH>
0]
X 0.5 mol% 0.5 mol% 0.1 mol%
conversion > 99% 98% > 99%
TON 307 196 1000
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Characterization of amide products

All isolated amide products were characterized by 'H and 3C NMR spectroscopy as well as high-
resolution mass spectrometry. For the following compounds, these data are in agreement with
the literature: 2a-2cf3, 2eB3], 2f 14, 2g13], 2h13] 241 2ji3] 2kB] 2181, 2mB], 2nBl, 2005, 2p-2rl7], 2s8],
2tB], 2ul®], 2yl 2x13], 2yl10] 220111 233l12] 2a¢l3] 2ad!!3], 2aec, 2afl1%], 2agl3l.

Spectral assignment of amide products for which no NMR data in DMSO-dg has been reported in
the literature are provided below.

4-bromobenzamide (2d) 4

Br
T

NH,
'H NMR (400 MHz, DMSO-d6) & 8.04 (s, 1H, NH), 7.81 (d, J = 8.2 Hz, 2H, Ph), 7.66 (d, J = 8.2 Hz,
2H, Ph), 7.45 (s, 1H, NH); 3C NMR (101 MHz, DMSO-d6) & 166.9(CONH,), 133.4 (1-Ph), 131.2
and 129.6 (o, m-Ph), 125.0 (p-Ph). HRMS (ESI) calcd. for C;HgBrNO [M+H*] 199.97055, found
199.97005.

4-formylbenzamide (2h) (161

CHO
.

NH,
1H NMR (400 MHz, DMSO-dg) & 10.08 (s, 1H, CHO), 8.17 (s, 1H, NH), 8.05 (d, J = 8.0 Hz, 2H, Ph),
7.98 (d, J = 8.0 Hz, 2H, Ph), 7.60 (s, 1H, NH).13C NMR (101 MHz, DMSO-dg) 6 192.9 (CHO), 167.1
(CONH,;), 139.3 and 137.8 (Ph, quaternary C), 129.4 and 128.2 (o, m-Ph). HRMS (ESI) calcd. for
CgH;NO, [M+H*] 150.05496, found 150.05477.

tert-butyl 4-cyanobenzoate (2i)
CONH,

COO'Bu
1H NMR (400 MHz, DMSO-d) & 8.12 (s, 1H, NH), 7.97(d, J = 9.1 Hz, 2H, Ph), 7.95(d, J = 9.1 Hz, 2H,
Ph), 7.55 (s, 1H, NH), 1.55 (s, 9H, tBu); 13C NMR (101 MHz, DMSO-ds) & 167.1(CONH,),
164.4(COO0tBu), 138.0 and 133.5 (Ph, quaternary C), 128.9 and 127.7 (o, m-Ph), 81.2 (C(CHs)s),
27.7 (C(CHs)3). HRMS (ESI) calcd. for C1,H1sNO3 [M+H*] 222.11247, found 222.11229.
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4-(dimethylamino)benzamide (2n)1"!

N

-

0]

NH,
1H NMR (400 MHz, DMSO-dg) & 7.74 (d, J = 8.7 Hz, 2H,0-Ph ), 7.63 (s, 1H, NH), 6.93 (s, 1H, NH),
6.67 (d, J = 8.7 Hz, 2H, m-Ph), 2.95 (s, 6H, N(CHs),); 3C NMR (101 MHz, DMSO-d6) & 168.0
(CONH,), 152.1 (p-Ph), 128.9 (0-Ph), 121.0 (1-Ph), 110.7 (m-Ph), 39.7(CHs). HRMS (ESI) calcd. for
CoH1,N,0 [M+H*] 165.10224, found 165.10172.

3-furanamide (2w)"
(0]

'H NMR (400 MHz, DMSO-dg) 6 8.15 (s, 1H, 1-furan), 7.69 (dd, J = 1.7 Hz, 1H, 4-furan), 7.64 (s,
1H, NH), 7.18 (s, 1H, NH), 6.80 (d, J = 1.9 Hz, 1H, 3-furan); 3C NMR (101 MHz, DMSO-d6) & 163.4
(CONH,), 145.3 (1-furan), 143.9 (4-furan), 122.9 (2-furan), 109.3 (3-furan). HRMS (ESI) calcd. for
CsHsNO, [M+H*] 112.03930, found 112.03902.

Acetamide (2ab)!*>!
(@]

)J\NHz

1H NMR (400 MHz, D,0) & 2.01 (s, 1H, CH3); 13C NMR (101 MHz, D,0) & 180.0(CO), 23.9(CHs).
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Stoichiometric NMR scale reactions for PNP complexes

Reaction of APN? with 4-fluorobenzonitrile (1b)

B ey |PBu2
\__NTRuTCO & N-Ru-CO
\_pig,, H \ ./ “H

PtBUZ

Z=2X

APNP BPNP

A solution of APNP was prepared as described above from precat?P (15.6 mg, 0.028 mmol) and
‘BuOK (3.1 mg, 0.028 mmol, 1 eq.) in 5 mL of toluene. After the toluene was evaporated, 0.5 mL
of THF-dg was added to the catalyst, followed by 93 pl of 0.30 mol/L 4-fluorobenzonitrile stock
solution (0.028 mmol, 1 eq.), and the solution was transferred into a J. Young NMR tube.
Analysis of the NMR spectral data shows the formation of an equilibrium mixture of BPNPin rapid
exchange with the starting materials APNP + 4-fluorobenzonitrile.[18]

NMR data for the equilibrium mixture [APNP + 1b = BPNP]:

F NMR (376 MHz, THF-d8) & -102.8;

31p NMR (162 MHz, THF-d8) 6 84.8 (d, J = 219.9 Hz), 78.7 (d, J = 219.9 Hz).;

1H NMR (500 MHz, THF-d8) & 7.73 (dd, J = 8.8, 5.0 Hz, 2H, 0-Ph), 7.29 (dd, J = 8.3 Hz, 2H, m-Ph),
6.23 (t,J = 7.7 Hz, 1H, Py-4H), 6.01 (d, J = 8.8 Hz, 1H, Py-5H), 5.39 (d, J = 6.4 Hz, 1H, Py-3H), 3.43
(d, J = 4.0 Hz, 1H, Py-2-CH), 3.16 (d, J = 8.7 Hz, 2H, Py-5-CH,), 1.37 — 1.27 (m, 36H, tBu), -19.06 (s,
1H, RuH).

O
TOANATAN MANOODN TMONORONGOON <
NRNNROANWNNOSTH TEa—mmmnian o
NNNNNNNOGOOOWUIA mmmmeoa oo -~ -
T N — e |
Vs A r - v
I
‘ “‘ Jl JJ
A)l * f\‘LA L
o = S P e —_——
— - [= )] m < n —
e < Qo NN @ 5 !
8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.5 -17.0 -18.0 -19.0 -20.0 -2
f1 (ppm

Figure S2A. 'H NMR spectrum of reaction mixture APNP + 4-fluorobenzonitrile (1b) in THF-ds.
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Figure S2B. °F NMR spectrum of reaction mixture APNP + 4-fluorobenzonitrile (1b) in THF-ds.
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Figure S2C. 3P NMR spectrum of reaction mixture APNP + 4-fluorobenzonitrile (1b) in THF-dg.
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Reaction of APNP with 4-fluorobenzonitrile (1b) and water

R ?
.C. .H
|’L| R N
t pt -P'Bu
_ /P BU2 RCN _ ' P BU2 H20 J < __R‘/_C02
\__ NTRu7CO Q_N-Ru;CO — NRu>
\pigy,H \_pigy, PBu,H
PNP R=4-F-Ph
A BPNP DPNP

Subsequent addition of 16.4 ul of H,0 stock solution (1.70 mol/L, 0.028 mmol, 1 eq.) to the
mixture described above resulted in the slow appearance of a new set of NMR signals that is
attributed to the Ru-carboxamide species DPNP as the major product.

NMR data for DPNP:

19F NMR (376 MHz, THF-d8) -118.3 (DPNP);

31p NMR (162 MHz, THF-d8) 82.3(DPVP);

1H NMR (500 MHz, THF-d8) & -13.05 (t, J = 19.8 Hz, 8H, RuH of DPNP),

RuH of DPNP
R Apnp+| nitrile+water(3day)

Apnp+ nitrile+water(30hour)

Apnp+ nitrile+water(2 hour)

Apnp+ nitrile

2
& j RuH of APNP+nitrile
D

Apnp

Fl
h L | RuH ofAPNP
[N,

py-H of AFNP
T T

9 8 7 6 5 4 3 2|1 -12-13 -14-15-16 -17 -18 -19 -20 -21 22 -23 -24 -25 -26 -27
fil (ppm)

Figure S3A. 'H NMR spectra for the stoichiometric reaction of APNP with 4-fluorobenzonitrile (1b)
and water
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DPAP np+ nitriletwater(3day)
| r4
F 4-fluorobenzamide
Apnp+ nitriletwater(30hour)
Il r3
Apnp+n\itr‘&£+water(2 hour)
4-fluomabenzonitrile 5
\ L
Apnp+ nitrile
1
-80 -85 -90 95 -100 -105 / -110 |-115 -120 “1P5 130 -135| r140 -145

f1 (ppm)

Figure S3B. 1°F NMR spectra for the stoichiometric reaction of APNP with 4-fluorobenzonitrile (1b)

and water.

—82.30

DPNP

Apnp+ nitri

e+water(3day)

180 170 160 150

140 130 120 110 100 90

f1 (ppm)

80

Figure S3C. 3P NMR spectrum for the stoichiometric reaction of APNP with 4-fluorobenzonitrile
(1b) and water, recorded after standing at room temperature for 3 days.
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Characterization of DPNP

Assignment of the major product from the above NMR scale reaction (APNP+ 1b + H,0) as
compound DPNP was corroborated by an independent synthesis as described below.

Q@
C.,-H
R N
t _pf
o FBY%  reonm, < '/P Buy
\pigy,H PBu, H
APNP DPNP  RE4FPh

In a glovebox, 1 ml of APNP stock solution (0.017 mol/L, 0.017 mmol) was added to a vial. After
removal of all volatiles, 0.5 mL of d8-THF was added to dissolve the catalyst. Then 70 ul of 4-
fluorobenzamide (2b) stock solution (0.24 mol/L, 0.017 mmol) was added. The solution was
transferred into a J. Young NMR tube and taken out of the glovebox. NMR characterization data
are consistent with formation of DPNP as the major species (> 90%). In addition to compound
DPNP the Ru-H resonance of APNP as well as amide 2b are visible, which shows that these are in
equilibrium.

NMR data for DPNP:

19F NMR (376 MHz, THF-d8) 6 -118.3.

31p NMR (162 MHz, THF-d8) & 82.3.

1H NMR (400 MHz, THF-d8) & 7.56 (dd, J = 8.8, 5.9 Hz, 2H, 0-Ph), 7.51 (t, J = 7.7 Hz, 1H, Py-4H),
7.21(d, J = 7.7 Hz, 2H, Py-3,5H), 6.82 (dd, J = 8.8 Hz, 2H, m-Ph), 4.66 (s, 1H, NH), 4.16 (d, J = 16.3
Hz, 2H, py-2,6-CH,), 3.52 (dt, J = 16.3, 3.9 Hz, 2H, py-2,6-CH,), 1.35 (dd, J = 6.4 Hz, 18H, PtBus,),
1.29 (t, J = 6.4 Hz, 18H, PtBu,), -13.04 (t, J = 19.9 Hz, 1H, RuH).

13C NMR (101 MHz, THF-d8) § 209.8 (RuCO), 172.3 (CONH), 165.3 (py-2,6C), 163.45 (d, J = 243.7
Hz, p-F-ph-4C), 140.9 (p-F-ph-1C), 137.7 (py-4C), 129.32 (d, J = 8.1 Hz, p-F-ph-oC), 120.1 (py-
3,5C), 114.17 (d, J = 21.0 Hz, p-F-ph-pC), 39.4 (py-2,6-CH,), 37.50 (dd, J = 5.3 Hz, C(CHs)3), 36.56
(dd, J = 10.6 Hz, C(CHs)s), 30.5 and 30.0 C(CHs)s).
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Reaction of DPNP with water

— 9 _
R/C\N,H HO t
"PtBUZ /PtBUZ Hzo < ‘}P BU2
Z \N—RG_CO‘: \_ N—Ru'—CO B /— N_/RU’,_CO + RCONH2
— / "’// RCON H2 \ / "’/H ' ’/,H
P'Bu, H P'Bu, PBu, R=4-F-Ph
DPNP APNP RuOH

An NMR solution of DPNP, prepared as described above, was treated with increasing amounts of
water by sequential addition of a 1.70 mol/L stock solution (0.5, 1, 2, 5, 10, 20 eq). After each
addition, NMR spectra were recorded.

Before addition of water, the mixture of APNP + amide 2b shows the formation of DPNP as the
major product, with a small amount of APNP|eft in the equilibrium mixture.

Addition of water results in broadening and ultimately disappearance (> 10 equiv H,0) of the
signals due to APNP, with concomitant appearance of a new Ru-H triplet at -14.68 ppm. In the 31P
NMR spectrum, a new resonance at 86.3 ppm appears. These signals are attributed to the Ru-
hydroxide species shown in the scheme (RuOH) by comparison to the literature values reported
this compound.?120] The changes in the °F NMR spectrum upon addition of increasing
amounts of water show that the amount of free amide 2b in solution (relative to that bound in
DPNP) increases ca. twofold upon addition of 20 equiv of water, and the data indicate that the
deromatized species APNP is involved in dynamic equilibria with nitrile, amide and water.
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Figure S5B. Effect of water amount on the equilibrium of DPNP with APNPand 4-fluorobenzamide
(2b) followed by °F NMR
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Figure S5C. Effect of water amount on the equilibrium of DPNP with APNP and 4-fluorobenzamide
(2b) followed by 3P NMR
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Stoichiometric NMR scale reactions for PNN complexes

Reaction of APNN with 4-fluorobenzonitrile (1b)

R
NEt - -
2 ReN JNEL ‘/ _ ‘/NEt2
N RU ,CO N Ru CO = L NRY; N—RU7CO
P‘Bu P‘ § PBu,
R=4-F-Ph
APNN BPNN CPNN

In a glovebox, 2 ml of APNN stock solution (0.0075 mol/L, 0.015 mmol) was added to a vial. After
removal of all volatiles, 0.5 mL of d8-THF was added to dissolve the catalyst. Then 50 pl of 4-
fluorobenzonitrile stock solution (0.30 mol/L, 0.015 mmol) was added. The solution was
transferred into a J. Young NMR tube and taken out of glovebox. NMR characterization data are
consistent with formation of an equilibrium mixture of CPNN and C’PNN in a ratio of 1 : 3.84. In
addition, resonances due to the equilibrium [APNN + 1b =2 BPNN] were observed (e.g., Ru-H at -

25.24) that account for ca. 7% of the total Ru-H concentration.

selected NMR data for CPNN gand C’PNN:

19F NMR (376 MHz, THF-d8) 6 -109.6(C’ PNN), -118.0(CPNN).

31p NMR (162 MHz, THF-d8) & 117.6 (CPNN), 102.1 (C’PNN).

1H NMR (500 MHz, THF-d8) & 11.65 (s, 3.2H, NH of C’PNN), -10.47 (d, J = 25.7 Hz, 1H, RuH of CP\N),
-13.75 (d, J = 32.8 Hz, 3.8H, RuH of C’PNN).
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Figure S6A. 'H NMR spectrum of reaction mixture APNN + 4-fluorobenzonitrile (1b) in THF-ds.
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Figure S6B. °F NMR spectrum of reaction mixture APNN + 4-fluorobenzonitrile (1b) in THF-ds.
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Reaction of APNN with 4-fluorobenzonitrile (1b) and water

Q
_C. _H

R™N
‘-NEt2
ic\{(—l}ﬁ—co

pBu,H
R=4-F-Ph
DPNN

Subsequent addition of 8.8 pl of a H,0 stock solution (1.7 mol/L, 0.015 mmol) to the mixture
described above resulted in the slow appearance of a new set of NMR signals that is attributed
to the Ru-carboxamide species DPNN as the major Ru-containing product.

NMR data for DPNN:

19F NMR (376 MHz, THF-d8) 6 -117.7
31p NMR (162 MHz, THF-d8) § 105.3
1H NMR (400 MHz, THF-d8) & -13.06 (d, J = 26.9 Hz, RuH)

RuH qf [DPNN

APNN+ nitrile+water(4 weeks)
NH |of CPNN

APNN+ nitrile+water(27 hour)| g

APNN+ nitrile+water(4 hour)

| H \
\A{ N+ nitrile
RuH of C* PN L2
ﬁ

* RuH ofA PN APNN- -

RUH of CPNN
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Figure S7A. *H NMR spectra for the stoichiometric reaction of APNN with 4-fluorobenzonitrile (1b)
and water.
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Figure S7B. °F NMR spectra for the stoichiometric reaction of APNN with 4-fluorobenzonitrile (1b)
and water.
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Figure S7C. 3P NMR spectra for the stoichiometric reaction of APNN with 4-fluorobenzonitrile
(1b) and water.
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Characterization of DPNN

Assignment of the major product from the above NMR scale reaction (APNN + 1b + H,0) as
compound DPNN was corroborated by an independent synthesis as described below.

9
_C.-H
R N
NEt .
—< /2 RCONH, < '/NEtZ
\pigy,H PBu, H
APNN pPNN  RE4-F-Ph

In glovebox, a small vial was added with 2 ml of 0.0075 mol/L APNN stock solution (0.0150 mmol,
1 eq.). After under vacuum for 0.5 hour, 0.5 ml d8-THF was added to dissolve the catalyst (dark
red). Then 63 pl of 0.24 mol/L 4-fluorobenzamide (0.0150 mmol, 1 eq.) was added forming
amide adduct DPNN (light yellow). The solution was then transferred into a J. Young NMR tube

and taken out of glovebox to characterize by NMR spectroscopy, which shows full conversion to
DPNN.

19F NMR (376 MHz, THF-d8) 6 -117.7.

31P NMR (162 MHz, THF-d8) & 105.3.

1H NMR (400 MHz, THF-d8) 6 7.70 — 7.64 (m, 2H,p-F-Ph-oH ), 7.61 (t, J = 7.7 Hz, 1H,Py-4H), 7.32
(d, J = 7.8 Hz, 1H, py-3H), 7.14 (d, J = 7.2 Hz, 1H, py-5H), 6.92 — 6.81 (m, 2H, p-F-Ph-mH), 5.21 (s,
1H, NH), 4.75 (d, J = 14.3 Hz, 1H,py-6-CH,), 3.87 (dd, J = 14.4, 2.6 Hz, 1H, py-6-CH,), 3.81 (dd, J =
16.8, 9.5 Hz, 1H, py-2-CH,), 3.41 — 3.19 (m, 3H, py-2-CH, and N(CH,CHs),), 2.96 — 2.85 (m, 2H,
N(CH,CHs); ), 1.29 (d, J = 12.9 Hz, 9H,PtBus,), 1.28 (t, J = 7.0 Hz, 3H, N(CH,CHs),), 1.23 (d, J = 12.9
Hz, 9H, PtBu,), 1.06 (t, J = 7.2 Hz, 3H, N(CH,CHs),), -13.06 (d, J = 26.9 Hz, 1H, RuH).

13C NMR (101 MHz, THF-d8) 6 209.2 (d, J = 16.3 Hz, RuCO), 172.3 (CONH), 163.3 (d, J = 244.1 Hz,
p-F-ph-4C), 162.4 (d, J = 3.9 Hz, py-2C), 161.6 (py-6C), 140.2 (d, J = 2.9 Hz, p-F-ph-1C), 137.0 (py-
4C), 129.2 (d, J = 8.0 Hz, p-F-ph-oC ), 120.3 (d, J = 9.7 Hz, py-3C), 119.1 (py-4C), 114.0(d, J = 21.1
Hz, p-F-ph-mC), 66.5 (py-6-CH,), 55.6 and 50.6 (N(CH,CHs),), 38.1 (d, J = 20.1 Hz, py-2-CH,), 36.7
(d, J = 12.6 Hz, C(CH3)s), 36.4 (d, J = 25.5 Hz, C(CHs)3), 29.9 (d, J = 3.1 Hz, C(CH5)3), 29.5 (d, J = 4.5
Hz, C(CH3)3), 11.6 and 8.6 (N(CH,CHs),).
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Figure S8D. 3P NMR spectrum of DPNN in THF-dg
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Stoichiometric reaction of DPNNwith 4-fluorobenzonitrile (1b)

? R :
R/C\N/H \C\\N \C\\N/H
-NEt ) }
— | NEt, RCN \ ‘/NEt2 _ e
_NTRUZCO ——={_ N=RU=CO + (_ N—Ru-CO *+ RCONH;
P'Bu, H P‘Bqu \ PBu, |
R=4-F-Ph
DPNN CPNN C'PNN

To a NMR solution of DPNN, prepared as described above, was added 50 pl of a 0.30 mol/L stock
solution of 4-fluorobenzonitrile (0.015 mmol, 1 eq.), resulting in a color change to light brown.
Analysis of the NMR spectral data showed immediate conversion (ca. 13%) of DPNN to the C=N
addition products CPNN and C’PNN. This demonstrates that compounds CPNN are kinetically

accessible from DPNN and nitrile.

19F NMR (376 MHz, THF-d8) 6-109.7(C’PNN), -117.7(DPNN), -118.0(CPNN);

31p NMR (162 MHz, THF-d8) & 117.6(CPNN), 105.3(DPNN), 102.1(C’ PNN);

1H NMR (400 MHz, THF-d8) 6 11.65 (s, 1H, NH of C’PN), -10.47 (d, J = 25.8 Hz, 0.22H, RuH of
CPNN), -13.06 (d, J = 26.9 Hz, 8H, RuH of DPNV), -13.76 (d, J = 32.8 Hz, 1H, RuH of C’"NN).
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Figure S9A. 'H NMR spectra for the stoichiometric reaction of DPNN with 4-fluorobenzonitrile (2b).
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Figure S9B. 1°F NMR spectra for the stoichiometric reaction of DPNN with 4-fluorobenzonitrile

(2b).

—117.57

CPNP

m.-m
— 1UD. 25
102.11

C'PNP

128 126 124

122 120 118 116 114 112 110 108 106

OZ/Y{N) 98 96 94 92 9C

Figure S9C. 3P NMR spectra for the stoichiometric reaction of DPNN with 4-fluorobenzonitrile

(2b).
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Catalyst inhibition

a) Hydration of 4-fluorobenzonitrile (1b) under standard conditions, with addition of a new
batch of substrate after completion

In a glovebox, 0.5 mL of a stock solution of APNP (0.0015 mol/L, 0.0075 mmol, 3 mol%) was
added to a vial. After removal of volatiles under vacuum for 0.5 hour, 0.5 mL of tBuOH and 22.5
ul of water (5 eq.) were added to dissolve the catalyst. The solution was then transferred into
another vial containing 4-fluorobenzonitrile (30.3 mg, 121, 0.25 mmol) and an internal standard
(2-fluorobiphenyl, 5 mg). The solution was quickly transferred to a J. Young NMR tube and
measured by 1°F NMR spectroscopy for 10h. After this time, 1°F NMR spectroscopy indicated >
98% conversion of nitrile 1b to the corresponding amide 2b. The tube was taken into the
glovebox and another batch of 4-benzonitrile (30.3 mg, 1 eq.) and water (5.4 ul, leq.) were
added into the J. Young NMR tube. The reaction was monitored by °F NMR again for another
15h. Figure S10 shows the conversion vs. time plot of the two sequential nitrile hydration
reactions, indicating that a second batch of substrate is converted with a somewhat lower
reaction rate.

B standard condition

€ second batch

- - | ' t/h

0 5 10 15 20 25

Figure $10. Conversion vs. time plot for hydration of 4-fluorobenzonitrile (3mol% APNP catalyst),
followed by addition of a second batch of nitrile substrate.

b) Catalysis with additional amide present from the start.

To test whether the decreased rate in experiment (a) above is due to decomposition of the
catalyst, or due to product inhibition, we subsequently carried out a catalytic nitrile hydration
reaction under identical conditions, but now with 0.075 mmol amide 2b present at the start (0.3
equiv. with respect to nitrile 1b).
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The catalyst solution in tBuOH (prepared as described above, 3 mol% APNP + 5 eq. of water) was
transferred into a vial containing a mixture of 4-fluorobenzonitrile (30.3 mg, 121, 0.25 mmol), 4-
fluorobenzamide (10.4 mg, 139, 0.075 mmol, 0.3 eq.) and internal standard (2-Fluorobiphenyl, 5
mg). The solution was quickly transferred to a J. Young NMR tube and measured by °F NMR
spectroscopy for 10 h. A comparison of the data with and without amide 2b added at the start
(Figure S11) shows that product inhibition takes place.

100 7
90 1
80 1
70 1
60 7
50
40
30
20
10 1

0 T T T T T 1 t/m i n
0 100 200 300 400 500 600

conv/%

[l standard condition

© inhibition by product

Figure S11. Conversion vs. time plot for hydrdation of 4-fluorobenzonitrile (1b) inhibited by 4-
fluorobenzamide (2b)
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c) Effect of nitro group on hydration of nitrile

To test whether the catalyst is deactivated by nitro-groups (as suggested by the lack of catalytic
turnover for p-nitrobenzonitrile), the hydration of 1b was carried out in the presence of an
equimolar amount of nitrobenzene.

In a glovebox, a small vial was charged with 0.0015 mol/L APNP stock solution (0.5 ml, 0.0075
mmol, 3 mol%). After removal of the volatiles under vacuum for 0.5 hour, 0.5 ml of tBuOH and
22.5 ul of water (5 eq.,) were added to dissolve the catalyst. The solution was transferred into
another vial containing a mixture of 4-fluorobenzonitrile (30.3 mg, 0.25 mmol), nitrobenzene
(30.8 mg, 0.25 mmol, 1 eq.) and internal standard (2-Fluorobiphenyl, 5 mg). The solution was
quickly transferred to a J. Young NMR tube and measured by °F NMR spectroscopy for 10 h. A
comparison of the data collected in the presence/absence of nitrobenzene is shown in Figure
S12, indicating that the catalyst is not deactivated by the -NO, functional group.

100 7
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80 7
70 7
60 1
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30 r nitrobenzene
20

10 1
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0 100 200 300 400 500 600
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Figure S12. Conversion vs. time plot for hydration of 4-fluorobenzonitrile (1b) with additive of
nitrobenzene
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Preliminary DFT calculations

Geometry optimizations were carried out using density functional theory with the TPSSTPSS functional(21l
and def2-TZVP basis set??l on all atoms. The W06 density fitting set was employed. Calculations were
carried out with a SMD solvation model!?3! with isopropanol, and an empirical dispersion correction using
Grimme’s D3 damping function.?* The calculations converged on minima on the potential energy
surface, as confirmed by a frequency analysis (no imaginary frequencies). Gibss free energies of the
nitrile-MLC activation products C (all with PhCN bound) shown below are relative to the dearomatized
precursors A and PhCN computed at the same level of theory.

APNP APNN
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CPNP CPNN (addition to P-arm) CPNN (addition to N-arm)

AG 7.2 kcal/mol 9.4 kcal/mol -2.7 kcal/mol
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Absolute Gibbs free energies and Cartesian coordinates for PhCN and complexes A and C.

PhCN (-324.616336)
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1.861744000
0.481137000
-0.352957000
1.624970000
1.811309000
2.865464000
1.557839000
1.210775000
1.900909000
2.952536000
1.282293000
1.722809000
2.636579000
2.552516000
2.485238000
3.658109000
-1.516043000
-1.464917000
-0.705390000
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2.790261000

4.096806000
4.732948000

5.287910000

4.560313000

5.370232000
2.579137000

1.697549000

2.245545000

3.204116000
-3.175764000
-2.851983000
-3.232349000
-3.320265000
-1.772122000
-3.239750000
-4.538264000
-4.971240000
-4.355193000
-5.286163000

3.303801000
-2.290079000
-2.266214000
-1.366667000
-1.960299000
-2.766417000
-3.540847000
-3.912156000
-4.309927000
-2.642839000
-2.588312000
-2.868053000
-1.495923000
-2.986067000
-4.698055000
-5.110899000
-5.186368000
-4.961539000

-2.685622000
-2.421612000
0.186711000
-0.162760000
1.260981000
0.034431000
-0.289561000
-0.934559000
0.754462000
-0.468224000
-0.011988000
-1.263591000
-2.182033000
-1.158858000
-1.372512000
-1.193591000
-0.556060000
-1.221238000
0.411313000
-0.417737000
2.318047000
-0.132155000
-1.381292000
-1.927576000
-0.425654000
-1.964344000
-2.576455000
-3.238735000
-2.523152000
-3.035884000
1.220880000
2.157990000
1.172471000
1.248738000
0.165291000
0.354432000
-0.730148000
1.019193000

APNN (-1404.493034)

Ru

T OITO0O0OZ20%9xT

-0.438089000
-0.419397000
1.746354000
0.123345000
-2.680430000
-0.769736000
1.555986000
0.271796000
-0.081172000
0.703915000
-1.382421000
-1.630942000

-0.548063000
-0.634083000
0.136155000
-3.509744000
-0.461628000

1.506591000
1.835960000
2.367697000
3.739418000
4.433978000
4.162676000

5.203604000

-1.268277000
-2.436286000
-1.609058000
-2.490506000
-1.730660000
-0.733884000
-2.782473000
-2.847791000
-2.802954000
-3.667998000
-1.611549000
-2.450463000
-1.995563000
-3.438124000
-2.594147000
1.302306000
1.829347000
2.588773000
2.308508000
1.046089000
-0.175523000
0.053857000
2.487192000
2.180403000
2.929382000
3.271843000
0.697842000
1.491164000
-0.078264000
0.270866000
-2.331768000
-1.839505000
-2.392593000
-3.354603000
-1.492116000
-2.492224000
-1.097538000
-0.858243000

0.039221000
-1.520355000
-0.059029000
0.007573000
0.106724000
-0.099235000
-0.536698000
-0.456672000
-0.697246000
-0.983751000
-0.571813000
-0.768144000
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-2.404748000
-3.432519000
-2.038604000
-2.979654000
-2.838441000
-4.023149000
-0.102177000
2.442783000
2.543932000
2.733545000
1.611723000
3.359343000
3.784635000
4.020748000
4.605505000
3.751384000
1.360175000
1.233823000
0.388197000
1.643137000
2.985114000
3.562586000
4.276215000
2.778347000
4.101108000
4.138299000
4.828833000
3.772038000
4.710258000
2.209143000
1.470644000
1.689553000
2.919446000
-3.285712000
-2.792662000
-4.350034000
-3.135018000
-3.720791000
-3.501346000
-2.087610000
-3.216439000
-2.898134000
-2.697005000
-4.730113000
-4.980952000
-5.081877000
-5.281190000
2.392979000

3.261642000
3.583675000
1.949956000
0.917088000
0.885704000
1.189641000
-2.350982000
0.130392000
-1.288805000
-1.211909000
-1.847959000
-1.870256000
0.860639000
0.980792000
0.298813000
1.859957000
0.887476000
1.915237000
0.377999000
0.917003000
-0.612583000
-1.944566000
-1.793417000
-2.628354000
-2.435066000
0.361282000
-0.124605000
1.277397000
0.636339000
-0.874315000
-1.671973000
0.027123000
-1.180246000
-0.578037000
0.183646000
-0.309559000
-1.948879000
-2.715179000
-1.891739000
-2.264032000
-1.492580000
-2.467260000
-1.324076000
-1.479710000
-2.261780000
-0.524763000
-1.692860000
2.491243000

-0.178134000
-0.048769000
0.058921000
0.624461000
1.712119000
0.427829000
0.048977000
1.724750000
2.314580000
3.394548000
2.176445000
1.879902000
1.872802000
2.939865000
1.416004000
1.423840000
2.525550000
2.170855000
2.447957000
3.586328000
-1.280103000
-0.773364000
0.041963000
-0.432351000
-1.595534000
-1.593097000
-2.295903000
-2.066900000
-0.702934000
-2.586971000
-2.461998000
-2.932146000
-3.367262000
-1.265201000
-1.876107000
-1.201180000
-1.908565000
-1.390725000
-2.939781000
-1.933243000
1.058949000
0.683163000
2.008356000
1.279754000
2.005245000
1.683219000
0.358263000
-0.757398000
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CPVP (-2172.990129)

C
C
C
N
C
C
C
C

c

O ITITITOIOITOOO0O0 I I I I I IIIIIIIIIIIIIITIOOOOOZOOOO00O=X

1.674569000
2.029515000
1.059271000
-0.244263000
-1.241510000
-0.948742000
0.385237000
1.400274000
-0.634305000
-1.030108000
-1.313173000
-2.643740000
-2.809276000
2.663156000
4.104235000
0.592549000
-4.311031000
1.757843000
1.764204000
-4.102738000
-4.154352000
-1.384633000
-3.327160000
-2.985565000
-4.059454000
-4.431044000
-4.970056000
-3.757559000
-3.382205000
-5.068875000
2.445017000
3.063299000
0.626417000
0.868649000
1.769238000
2.649474000
-1.759627000
4.710755000
4.171367000
4.552426000
2.617454000
3.531301000
2.584415000
4.374679000
3.575329000
3.432792000
1.880891000
4.332472000
5.065232000
3.397836000
4.993576000
1.495804000

1.126584000
-0.003032000
0.214996000
0.033426000
0.344941000
0.801533000
0.952929000
0.672130000
-0.658668000
-1.140777000
-1.425225000
0.188055000
2.222228000
-1.900012000
-2.260138000
1.052210000
-0.507476000
-2.952475000
-4.348111000
-2.034499000
2.875807000
-1.993793000
0.872788000
-0.836377000
3.961835000
2.699046000
2.534753000
-2.381269000
-2.367567000
-2.514325000
0.802478000
0.008420000
1.301870000
-4.513958000
-5.100255000
-4.521110000
1.041698000
-2.329617000
-3.223843000
-1.490470000
2.278190000
2.618736000
3.073291000
3.723867000
2.034207000
4.167138000
2.808986000
4.501315000
3.976413000
4.761302000
5.357140000
-1.589724000

-0.267468000
0.764435000
1.881805000

1.528764000
2.393795000
3.676269000
4.064081000
3.156042000

-0.452907000

-2.179681000
-3.287423000
1.879488000

-0.306565000

-1.580134000

-1.177983000

-0.930945000
-0.447927000
1.220931000
0.567750000
-0.405710000
0.048302000
0.151717000
2.390562000

2.079254000

-0.089033000
1.093493000
-0.594835000

0.573791000
-1.156376000
-0.613719000
3.418309000
1.113686000
5.064333000
-0.040701000
1.367380000
-0.048480000
4.356201000
-2.090986000
-0.667348000
-0.540620000

-0.381368000
0.630020000

-1.541927000
0.491239000
1.544111000

-1.685698000
-2.326631000

-0.666696000
1.292459000
-2.595961000
-0.777167000

-0.105272000
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2.724608000
1.730517000
3.260393000
3.274530000
2.051454000
2.648411000
2.056735000
1.023103000
0.588260000
0.581148000
-0.380793000
0.715827000
3.060619000
3.164026000
3.953978000
3.031839000
-2.679340000
-5.462729000
-5.692834000
-6.366056000
-5.251330000
-4.705763000
-3.884569000
-5.551864000
-5.021600000
-1.712450000
-0.732006000
-1.658948000
-1.938291000
-2.469910000
-3.228534000
-2.411389000
-1.499831000

-0.643959000
-0.291850000
0.179900000
-0.917050000
-3.025023000
-3.111589000
-3.998920000
-2.788720000
-2.942580000
-2.048329000
-3.027896000
-3.807494000
-2.741387000
-3.566660000
-2.734189000
-1.809577000
0.353437000
-0.169927000
0.895567000
-0.691785000
-0.517608000
-0.127042000
-0.302134000
-0.754887000
0.916177000
2.892759000
2.445022000
3.953718000
2.843410000
2.465720000
2.059400000
3.548412000
2.024084000

-2.473825000
-2.761326000
-1.996175000
-3.384362000
-2.445557000
-3.362826000
-1.955192000
-2.734996000
2.230475000
2.857442000
1.731846000
2.894931000
2.019018000
2.736444000
1.391920000
2.592868000
0.019394000
0.521765000
0.561111000
0.178629000
1.538295000
-1.887930000
-2.590879000
-2.196969000
-1.970982000
0.547971000
0.363994000
0.269210000
1.618675000
-1.791480000
-2.465667000
-1.968050000
-2.041265000

CPNN (addition to P-arm; -1729.094415)

OOO0O0OZ2000

Ru

OoOo0OzZ200 TO0O0O

-2.087735000
-2.087676000
-1.322277000
-0.012815000
0.819688000
0.334630000
-1.009597000
-1.854475000
0.553566000
1.117951000
1.506005000
2.233836000
2.295377000
2.029928000
0.794645000
-1.287599000
-1.938886000
-3.331432000

-0.245503000
0.898333000
0.337637000
0.153817000

-0.493347000

-0.967750000

-0.760873000

-0.105581000
0.854590000
1.435636000
1.811155000

-0.650313000

-0.570300000

-2.373752000

-2.888646000
2.025684000
2.524363000
3.132911000

-0.393910000
0.675429000
1.835936000
1.546331000
2.393620000
3.609782000
3.938640000
3.045494000
-0.338304000
-1.986289000
-3.034416000
1.911694000
0.039552000
-0.510830000
0.258832000
0.050647000
-1.212962000
-1.047999000
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-1.000642000
4.090983000
4.441545000
-1.143646000
-0.428696000
5.111950000
4.213377000
3.196975000
1.686470000
1.480830000
-0.582390000
-2.142126000
5.112002000
4.945035000
6.115570000
2.697804000
2.819594000
2.876973000
3.481270000
4.081147000
-1.977240000
-1.248785000
3.919161000
3.603907000
5.265732000
4.518504000
5.416854000
3.706022000
-2.903244000
-3.077889000
-1.395104000
0.515348000
-0.204768000
-1.039861000
1.428802000
2.524166000
0.823684000
1.000036000
0.522737000
-0.063982000
0.997976000
-3.679290000
-3.333867000
-4.056719000
-3.332100000
-4.439351000
-3.405058000
-5.577630000
-4.421049000
-4.541124000
-2.549287000
-5.636595000
-6.419332000

-0.459339000
-0.041382000
-0.320438000

3.131701000

4.364971000
-0.737875000

1.477367000
-3.335062000
-2.370317000

1.990311000

2.713746000
3.401956000

-1.823638000
-0.487878000
-0.379868000
-1.552605000

0.211988000
-4.353347000
-3.340026000
-3.106108000

1.678605000
3.255512000

1.764831000

2.048717000

1.759490000
-1.390028000

0.132970000

0.120190000

0.055217000

1.246295000
-1.118249000
4.087442000
5.030797000

4.925252000
-3.393587000
-2.038911000
-1.725886000
-1.493269000
-3.873591000
-2.223362000
-3.013824000

3.461986000

4.005394000

2.405410000
-1.043453000
-0.958657000
-1.939088000
-1.739772000
-0.290276000
-2.711495000
-2.011472000
-2.617135000
-1.660632000

-1.021576000
-0.302779000
-1.776956000

1.059145000

0.524377000

0.620845000
-0.066727000
-0.233826000
-2.014356000

0.415450000

1.898037000

1.430158000

0.519122000

1.673698000

0.354969000

2.321455000

2.257698000
-0.494523000

0.824154000
-0.834778000
-1.899806000
-1.638507000

0.948159000
-0.771134000
-0.207628000
-1.989491000
-1.998034000
-2.457865000

3.272495000

0.980522000

4.889384000

0.044185000

1.365363000
-0.190005000
-2.320271000
-2.634048000
-2.208714000

4.287008000
-0.143745000

0.129254000

1.327935000
-2.033774000
-0.386657000
-0.669212000
-0.589073000

0.273020000
-1.673123000

0.058113000

1.128534000

-1.891236000
-2.338862000
-1.024706000

0.742014000
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-4.576592000
-6.524045000

-3.390600000
-3.221648000

-2.739971000
-1.193884000

CPNN (addition to N-arm; -1729.113682)

OO0 Z2000

Ru

OITOIT OO0 I T I I I IIIIIIIIIIIIIIOOOOOZOOOOO0ODO

-1.463286000
-1.394339000
-0.410065000
0.835659000
1.802239000
1.578061000
0.327354000
-0.682253000
1.195606000
1.532074000
1.781335000
3.062882000
2.018780000
-1.703902000
-2.945007000
-0.467881000
3.963183000
-0.260125000
0.069403000
4.748133000
2.807460000
2.375782000
3.688605000
3.629893000
2.141665000
3.128101000
3.684381000
5.093693000
4.166736000
5.636940000
-1.669936000
-2.349480000
0.135044000
0.910041000
0.359177000
-0.785604000
2.359162000
-3.607701000
-2.696801000
-3.508393000
-2.697913000
-3.575287000
-2.999546000
-4.708310000
-3.368061000
-4.134316000
-2.325650000
-4.995558000

-0.846914000
0.181396000
-0.461007000
-0.542231000
-1.296484000
-1.947369000
-1.805383000
-1.075775000
0.328951000
0.959160000
1.310738000
-1.336183000
-2.637356000
2.480415000
3.129651000
-0.955903000
-1.233380000
2.860925000
4.284046000
0.066096000
-3.934852000
1.318013000
-2.193892000
-0.418803000
-4.766984000
-4.081616000
-4.001713000
0.256876000
0.927102000
-0.024328000
-0.992786000
0.394782000
-2.291134000
4.285044000
4.888216000
4.776751000
2.553934000
3.472114000
4.001271000
2.417066000
-1.677074000
-1.897703000
-2.276741000
-2.700507000
-1.458576000
-3.067429000
-2.102519000
-3.286416000

-0.297718000
0.895967000
1.822333000
1.288305000
1.848668000
3.054978000
3.670478000
3.046463000
-0.570172000

-2.262712000

-3.359893000
1.033344000

-0.797281000

-1.139289000

-0.501248000
-1.081362000

-1.262674000
1.605159000
1.115300000

-1.144326000

-0.606239000
0.043332000
1.304128000
1.219979000

-0.863252000
0.430495000

-1.256863000

-0.123326000

-1.479563000

-1.780684000
3.487719000
1.377517000
4.623039000
0.413060000
1.984970000
0.646595000
3.501637000

-1.307250000
0.109334000
0.110608000

-0.418006000
0.657116000

-1.654853000
0.504445000
1.628528000

-1.810435000

-2.489217000

-0.728994000
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-5.367150000
-4.353683000
-5.881248000
2.715596000
1.100231000
1.719754000
4.624501000
3.639092000
-0.519497000
-2.194178000
-1.367844000
-2.883971000
-2.737167000
-0.911217000
-1.557573000
-0.611176000
-0.016701000
0.940459000
0.753733000
1.853109000
1.105940000
-1.491206000
-1.290674000
-2.405248000
-1.671169000

-2.867015000
-3.512158000
-3.905058000
-1.348050000
-2.673776000
-2.523263000
-2.069814000
-1.376094000
1.671405000
1.425199000
0.874299000
0.707006000
1.958569000
3.533311000
3.897464000
4.395724000
3.099165000
2.396119000
1.446220000
2.302310000
3.153898000
2.895844000
3.609969000
3.215088000
1.919459000

1.353434000
-2.778385000
-0.849438000
-0.431186000
-0.208653000
-1.841779000
-1.000170000
-2.298151000
0.116508000
-2.152078000
-2.608345000
-1.702246000
-2.943633000
-1.946249000
-2.755550000
-1.350472000
-2.401558000
2.459146000
2.964871000
1.865908000
3.236622000
2.534392000

3.344484000

2.031318000

2.995655000

543



References

(1]
(2]
(3]
(4]
(5]

(6]

(7]
(8]
(9]
(10]
(11]
(12]

(13]
(14]
(15]
(16]

(17]
(18]
(19]

(20]
[21]
[22]
(23]
[24]

X. J. Dai, C. J. Li, J. Am. Chem. Soc. 2016, 138, 5433-5440.

B. Gnanaprakasam, J. Zhang, D. Milstein, Angew. Chem. Int. Ed. 2010, 49, 1468-1471.

S. Zhang, H. Xu, C. Lou, A. M. Senan, Z. Chen, G. Yin, Eur. J. Org. Chem. 2017, 2017, 1870-1875.
J. Lee, M. Kim, S. Chang, H. Y. Lee, Org. Lett. 2009, 11, 5598-5601.

R.S. Ramdn, J. Bosson, S. Diez-Gonzélez, N. Marion, S. P. Nolan, J. Org. Chem. 2010, 75, 1197-
1202.

M. Takasaki, Y. Motoyama, K. Higashi, S. H. Yoon, |I. Mochida, H. Nagashima, Org. Lett. 2008, 10,
1601-1604.

C. Criséstomo, M. G. Crestani, J. J. Garcia, Inorganica Chim. Acta 2010, 363, 1092—-1096.
K. Singh, A. Sarbajna, I. Dutta, P. Pandey, J. K. Bera, Chem. A Eur. J. 2017, 23, 7761-7771.
W. Ren, M. Yamane, J. Org. Chem. 2010, 75, 8410-8415.

C. Liu, C. He, W. Shi, M. Chen, A. Lei, Org. Lett. 2007, 9, 5601-5604.

J. M. ConcelloAn, R.-S. Humberto, Chem. Eur. J. 2001, 4266—4271.

A. Schnyder, M. Beller, G. Mehltretter, T. Nsenda, M. Studer, A. F. Indolese, J. Org. Chem. 2001, 66,
4311-4315.

G. E. Veitch, K. L. Bridgwood, K. Rands-Trevor, S. V. Ley, Org. Lett. 2008, 3623—3625.
D. Kaufmann, M. Bialer, J. A. Shimshoni, M. Devor, B. Yagen, J. Med. Chem. 2009, 52, 7236—7248.
M. G. Crestani, J. J. Garcia, J. Mol. Catal. A Chem. 2009, 299, 26—36.

D. U. Nielsen, R. H. Taaning, A. T. Lindhardt, T. M. Gggsig, T. Skrydstrup, Org. Lett. 2011, 13, 4454~
4457.

R. R. Gowda, D. Chakraborty, European J. Org. Chem. 2011, 2226-2229.
L. E. Eijsink, S. C. P. Perdriau, J. G. de Vries, E. Otten, Dalt. Trans. 2016, 45, 16033-16039.

S. W. Kohl, L. Weiner, L. Schwartsburd, L. Konstantinovski, L. J. W. Shimon, Y. Ben-David, M. A.
Iron, D. Milstein, Science 2009, 324, 74--77.

R. Zeng, M. Feller, Y. Ben-David, D. Milstein, J. Am. Chem. Soc. 2017, 139, 5720-5723.
J. Tao, J. P. Perdew, V. N. Staroverov, G. E. Scuseria, Phys. Rev. Lett. 2003, 91, 146401.
F. Weigend, R. Ahlrichs, PCCP 2005, 7, 3297-3305

A. V. Marenich, C. J. Cramer, D. G. Truhlar, J. Phys. Chem. B 2009, 113, 6378-6396

S. Grimme, J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010, 132, 154104.

S44



545



NMR spectra of products (2a-2ag)

X
Il A
NH,
A (s)|| D (t)
7.97|| 7.52
B (d)| C (t)
7.87|| 7.44
E (s)
[7.35

55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

o
o

=X
8.5 8.0 7.5 7.0 6.5

_167.87
134.26
131.19

2 128.19

\127.44

/
7

| | WWWWW ! | ' ‘\ “' b oy

190 180 170 160 150 140 130 |120 110 100 90 |80 70 60 |50 4‘0 30 20 10
f1 (ppm)

Figure S13. NMR spectra of benzamide (2a): 'H NMR(top) and 13C NMR(bottom)
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Figure S38. NMR spectra of 3-phenylpropanamide (2z): 'H NMR(top) and 3C NMR(bottom)
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Figure $39. NMR spectra of cinnamamide (2aa): *H NMR(top) and 3C NMR(bottom)
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Figure S40. NMR spectra of acetamide (2ab): 'H NMR(top) and 3C NMR(bottom)
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Figure S41. NMR spectra of pentanamide (2ac): 'H NMR(top) and 3C NMR(bottom)

S76



6T°T
1T
[4ay
YT T
ZA%
ST
Ty

F (dtd)
1.26

LCT
mm.i —
6T ———
0T
ZET ~—
LE°T
8T
0b'T 1
11
£
bb'T
9T
b1
S9'1
99'1
89'T
69'T
b1
LT
LLT
8/'1
641
08T
181
181

S/

NH,

88'T O

68T
16°T
6T
T1°¢
€1°¢
144
ST'¢
LT°¢C

Tm.m

1.42

E (qd)

D (dd
1.67

B (dd)

1.90
C (m)
1}78

A (tt)

2.14

H (s)

5.47
G (s)
5.60

e
JOT'T
S'¢
T'C

Too

Too't

Tm.o

S77

L

f1 (ppm)

7.0

7.5

78'ST
ow.va i
€867 E
2
€6bh— —
; "
o
o
N
o
©
o
(o)}
SE
S
=l
i
o
LN
i
o
9
(o)
L <
i
o | 2
N i
|3
i
I
=
€8'8/T— | &
i
&
i
o
o
[o\]

Figure S42. NMR spectra of cyclohexanecarboxamide (2ad): 'H NMR(top) and 3C NMR(bottom)
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Figure S43. NMR spectra of pivalamide (2ae): 'H NMR(top) and 3C NMR(bottom)
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Figure S44. NMR spectra of adipamide (2af): 'H NMR(top) and 3C NMR(bottom)
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Figure S45. NMR spectra of terephthalamide (2ag): *H NMR(top) and 3C NMR(bottom)
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Figure S46. NMR spectra of 2-methylbutanamide: 'H NMR(top) and

13C NMR(bottom)
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