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1. General methods.

Solvents were purified with an MB SB® purification system. Pyrrole was dried with gaH

and distilled prior to use. CQx@QVas filtered through alumina and stored under argon over
molecular sieves. All the other employed chemicals were purchased from commercial sources
and used as received. Unless otherwise specified, reactions were cauiaghder argon
atmosphere by employing standard Schlenk and vaclinentechniques!H and**C NMR
spectra were recorded with a Bruker GPX (400 MHz) spectromi#ieNMR spectra were
referenced to residual protiated solvent/E 7.26 ppm for CD£JI 13C NMR spectra were
referenced to CD€(d= 77.0 ppm)1 1°FNMR spectra were referenced axternal OFCk (d'=

0 ppm)2? Abbreviations for signal couplings are: br, broad; s, singlet; d, doublet; t, triplet; m,
multiplet; dd, doublet of doublets; dt, triplet of doublets; td, doublet of triplets; tt, triplet of
triplets; tdd, doublet of doublet of triplets. Coupling constaniswere reported in hertz unit

(Hz). The reactions were monitored by using a Shimadzu 2014 gas chromatograph equipped
with an EquityTML Fused Silica capillary column (30 m x 0.25 mm xn@6and an FID
detector; conversion and selectivity were determad by using dodecane as internal standard.
UV/Vis absorption spectra were recorded with a Specord 205 UV/Vis/NIR spectrophotometer
and quartz cuvettes of 1 cm path length. Mass spectroscopy and microanalysis were
performed in the laboratories of the Ce&r wS3aA 2yl f RS aSadiNBa t Ké
(CRMPO, Université de Rennes 1, Rennes, FraP&semiempirical rolecular modeling
calculations were performed with the Spartan molecular modeling progima. ligand4.1-

L6 andL1*2* were prepared asescribed in the literaturé
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2. Synthesis and characterization of ttehemicalspreparedin this study.

Synthesis and characterization akzidopyridines AP:

Cul

R R
SN L-asc X
E = + Nals N,N'-DMEDA E =
N"Br EtOH/H,0 N" Ns
reflux AP

General procedure for the synthesis of&idopyridine AP:In a twonecked dried round
bottom flask, 2bromopyridine derivative (1 equiv.), sodium azide (2 equiv.), Cul (0.1 equiv.),
sodium ascorbate (0.05 equiv) and,N&imethylethylenediamine (0.15 equiv.) were
dissolved in a mixture of EtOR®I (v/v 7:3). The reaction mixture was stirred for 2 hours at
reflux under air atmosphere. Then, the mixture was evaporated to dryness. A mixture of EtOAc
and HO were added and the aqueous/é&a was extracted with EtOAc three times. Then the
combined organic layers were washed with water two times and once with brine solution.
After drying over MgS£and filtration, the solvents were evaporated under reduced pressure.

If needed, the product wa further purified by column chromatography (&in-
heptane:EtOAC).

Important Note: Azide are sensitive compound that are prone to explosion or decomposition
dzy RSNJ KI NEK O2yRAGAZ2Y A OKAIK GSYLISNI GdzZNBz f 2
to prevent any unwanted reactivity as well as safety incident. In the same regard,gqngnc

the remaining aqueous sodium azide at the end of reaction should be carried out for safety
and toxicity reason.

Synthesis and characterization ot@ido-4-methylpyridine (AP3):According to
N the general procedure,-Bromo-4-methylpyridine (0.314 mL, 0.485 g, 2.66 mmol,
NG Ns lequiv.), sodium azide (0.345 g, 5.32 mmol, 2 equiv.)(GB0 g, 0.27 mmol, 0.1

equiv.), sodium ascorbate (0.026 g, 0.13 mmol, 0.05 equiv.) HidR
dimethylethylenediaming(0.04 mL, 0.033 g, 0.40 mmol, 0.15 equwere dissolved in a
mixture of EtOH:kD (12 mL, v/v 7:3)[he final product was isolated as analytically pure
white powder(0.362 g, 85% yielddH NMR (400 MH£DG): d=8.69 (dJ= 7.0 Hz, 1H), 7.77
(dd,J= 1.4, 1.1 Hz 1H), 7.03 (di 7.1, 1.4 Hz, 1H), 2.56 (& 1.1 Hz, 3H) ppr*H} NMR
(101 MHzCDG)): d=1437, 135.5,124.3, 119.2, 14.0, 217 ppm.HRMS (ESI, MeOH/DCM :
95/5): m/z calcd for @HsNs : 157.04847 [M+N4&] found: 157.0486 (1 ppm).

XN Synthesis and characterization of&ido-6-methylpyridine (AP4)According to
| _ the general procedure, -Bromo-6-methylpyridine (0.321 mL, 0.485 g, 2.66

N" N mmol, 1 equiv.), sodium azide (0.345 g, 5.32 mmol, 2 equiM.Y0@50 g, 0.27
mmol, 0.1 equiv.), sodium ascorbate (0.026 g, 0.13 mmol, 0.05 equiv.) NgN@
dimethylethylenediaming(0.04 mL, 0.033 g, 0.40 mmol, 0.15 equweére dissolved in a
mixture of EtOH:kD (12 mL, v/v 7:3)[he final product wassolated as an analytically pure
white powder(370 mg, 886 yield)*H NMR (400 MH£DG): ¢=7.91 (dt,J= 9.1, 1.0 Hz, 1H),
7.60 (dd,J= 9.0, 6.8 Hz, 1H), 7.00 (dt 6.8, 1.0 Hz, 1H), 2.95 t 1.0 Hz, 3H) pprmsd H}
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NMR (101 MHLDQ): ¢=1527, 1368, 131.7, 115.2, 113.1, 17.4 ppm. HRMS (ESI, D@¥):
calcd for GH/N4: 135.06652 [M+HY found: 135.0664 (1 ppmJhe spectral data match those
found in literature?

OMe Synthesis and characterization of&ido-4-methoxylpyridine (AP5)According to
the general procedure, -Bromo-4-methoxypyridine (0.324 mL, 0.500 g, 2.66
| mmol, 1 equiv.), sodium azide (0.345 g, 5.32 mmol, 2 equiv.), Cul (0.050 g, 0.27

N" N3 mmol, 0.1 equiv.), sodium ascorbate (0.026 g, 0.13 mmol, 0.05 equiv i
dimethylehylenediamine(0.04 mL, 0.033 g, 0.40 mmol, 0.15 equwere dissolved in a
mixture of EtOH:kD (12 mL, v/v 7:3)[he final product was isolated as analytically pure
white powder(0.390 g, 90% yieldH NMR (400 MH£,DGJ): ¢=8.61 (ddJ= 7.5, 0.6 Hz, 1H),
7.16 (d,J= 2.4 Hz, 1H), 6.86 (diE 7.5, 2.4 Hz, 1H), 3.97 (s, 3H) ppia{H}NMR (101 MHz,
CDQ@): = 162.3, 150.4, 125, 112.0, 91.8, 564 ppm. HRMS (ESI, MeOH/DCM : 90/hiYy
calcd for @HsN4O : 173.04338 [M+Ng]found: 173.0435 (1 ppmhhe spectral data match
those found in literaturé.

CF, Synthesis and characterization of -&ido-4-trifluoromethylpyridine (AP6):
N According to the general procedure;bh2omo-4-trifluoromethylpyridine (0.255
| _ mL, 0.465 g, 2.66 mmol, 1 equiv.), sodium azide (0.345 g, 5.32 mmol, 2 equiv.), Cul
N" N3 (0.050 g, 0.27 mmol, 0.1 equiv.), sodium ascorbate (0.026 g, 0.13 mmol, 0.05
equiv.) andN,N&imethylethylenediaming0.04 mL, 0.033 g, 0.40 mmol, 0.15 equivere
dissolved in a mixture of EtOH®I (12 mL, v/v 7:3). The reaction mixture was stirred at reflux
for 45 minutes. It is important to note that longer reaction time induce partial to full
decomposition of the expected product. Tfieal product was isolated as amalytically pure
white powder (0.320 mg, 56% yieldHd NMR (400 MHX,DGJ): d= 9.00 (dJ= 7.2 Hz, 1H),
8.37 (d,J= 1.7 Hz, 1H), 7.43 (d#= 7.2, 1.7 Hz, 1H) pprPG*H}NMR (101 MHz, CREld=
147.8, 1343 (q,J= 35.2 Hz), 126, 121.9 (d, J= 273.5 Hz), 114.4 (4= 4.8 Hz), 118.(q,J=
2.8 Hz) ppm*K*H}NMR (376 MHz, CRElg=-64.3 (s) ppm. HRMS (ESI, DGM}calcd for
GsHaNsFs: 211.020D [M+Na]; found: 211.0203 (0 ppmJ.he spectral data match those found
in literature 8

General procedure for L3t6* synthesisinto a dried Schlenk tube charged with a stirring
bar,azidopyridine AP (1 equiv.), Cu(BgBr (0.1 equiv.) and dry toluene were added followed
by phenylacetylene (1.2 equivgddition. The reaction mixture was stirred for 24 hours at
120°C. Back at room temperature, the solvents were evaporated andrtltee mixture was
purified by column chromatography (Si@-heptane:EtOAC).
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Y, Synthesis and characterization tifand L3: According to the general procedure,
LN 2-azido4-methylpyridineAP3(0.228 g, 1.7 mmol, 1 equiv.) and Cu(B#r (0.158

N.y g, 0.17 mmol, 0.1 equiv.) were suspended in ttyene (12 mL) in a dry Schlenk
tube. Then, phenylacetylene (0.208 mg, 0.224 mL, 2 mmol, 1.2 equiv.) was
introduced and the reaction mixture was stirred at 120°C immediately for 24 hours.
Back at room temperature, the solvent was evaporated under redyredsure
and the crude mixture was purified by column chromatographyxSi@eptane:EtOAc, 1:0
to 7:3) to affordL3* (0.145 g, 36% yieldjH NMR (400 MHz, CR! =8.79 (s, 1H), 8.37 (dd,
J=5.1, 0.8 Hz, 1H), 8.08 (dt; 1.6, 0.8 Hz, 1H), 7.87.92 (m, 2H), 7.5¢V.44 (m, 2H), 7.4
7.33 (m, 1H), 7.17 (ddd,= 5.1, 1.6, 0.8 Hz, 1H), 2.50 (s, M. *q*H} NMR (101 MHz,
CD@): + =150.9, 149, 1482, 148.0, 130.3, 128.9, 128, 125.9, 124.6, 116.9, 1144.21.3
ppm. HRMS (ESI, MeOH/DCM, 95M)z calcd for @HioN4: 259.09542 [M+N4] found:
259.0955 (0 ppm).

~y” Synthesis and characterization of Ligand‘LAccording to the genergrocedure,
LN 2-azido6-methylpyridineAP4(0.228 g, 1.7 mmol, 1 equiv.) and Cu(§#8r (0.158
N., 0, 0.17 mmol, 0.1 equiv.) were suspended in dry toluene (12 mL) in a dry Schlenk
\ N tube. Then, phenylacetylene (0.208 mg, 0.224 mL, 2 mmol, 1.2 equiv.) was
introduced and the reaction mixture was stirred at 120°C immediately for 24 hours.
Back at room temperature, the solvent was evaporated under reduced pressure
and the crude mixture was purified by column chromatographyxSi@eptane:EtOAc, 1:0
to 7:3) to affordl4* (0.164 g, 41% yieldH NMR (400 MHz, CR)! =8.82 (s, 1H), 8.03 (d,
= 7.9 Hz, 1H), 7.99.93 (m, 2H), 7.80 (8= 7.9 Hz, 1H), 7.8@.43 (m, 2H), 7.4¢¥.33 (m, 1H),
7.20 (d,J= 7.5 Hz, 1H), 2.62 (s, 3pPm. 13G*H} NMR (101 MHz, CDER =1582, 1486,
147.8, 132, 1304, 1289, 128.3, 125.9, 120, 116.8, 110/, 242 ppm HRMS (ESI,
MeOH/DCM, 95/5)m/z calcd for @Hi2Ns: 259.09542 [M+N4]j found: 259.0954 (0 ppm).

MeO_ -~ Synthesis and characterization ofigand 5*: According to the general
LN procedure, 2azido4-tertbutylpyridine AP5(0.255 g, 1.7 mmol, 1 equiv.) and
N, Cu(PPHsBr (0.158 g, 0.17 mmol, Oequiv.) were suspended in dry toluene (12
\ 1, mL) in a dry Schlenk tube. Then, phenylacetylene (0.208 mg, 0.224 mL, 2 mmol,
1.2 equiv.) was introduced and the reaction mixture was stirred at 120°C
immediately for 24 hours. Back at room temperature, the solvevas
evaporated under reduced pressure and the crude mixture was purified by column
chromatography (Si)n-heptane:EtOAc, 1:0 to 7:3) to affokf* (0.192 g, 45% yieldHd NMR
(400 MHz, CDg)i+ =8.80 (s, 1H), 8.31 (d= 5.7 Hz, 1H), 8.@3.87 (m, 2h, 7.78 (dJ= 2.4
Hz, 1H), 7.47 (dd= 8.4, 6.9 Hz, 2H), 74B34 (m, 1H), 6.88 (dd= 5.8, 2.4 Hz, 1H), 3.99 (s,
3H)ppm. *C{H} NMR (101 MHz, CRC! =168.1, 151.0, 149.5, 148.2, 130.4, 129.1, 128.6,
126.0, 117.2, 111.4, 98.9, 5pm.HRMS (ESI, MeOH/DCM, 95#5)z calcd for @H:12N4O:
252.10111 [M+N4d] found: 252.1011 (0O ppm).
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Synthesis and characterization of Ligand*L According to the general
| _~ procedure, 2azide4-tertbutylpyridine AP6(0.320 g, 1.7 mmol, 1 equiv.) and
Cu(PPH)sBr (0.158 g, 0.17 mmol, 0.1 equiv.) were suspended in dry toluene (12
\ + mL)in a dry Schlenk tube. &t phenylacetylene (0.208 mg, 0.224 mL, 2 mmol,
1.2 equiv.) was introduced and the reaction mixture was stirred at 120°C
immediately for 24 hours. Back at room temperature, the solvent was evaporated
under reduced pressure and the crude mixture was pedifioy column
chromatography (Si)n-heptane:EtOAc, 1:0 to 7:3) to affokf* (0.262 g, 53% yieldHd NMR
(400 MHz, CDg}i+ =8.82 (s, 1H), 8.72 (d= 5.2 Hz, 1H), 8.52 (d#+ 1.6, 0.8 Hz, 1H), 7.99
7.93 (m, 2H), 7.58 (d= 5.2 Hz, OH), 7.48 (dds 8.3, 6.9 Hz, 2H), 74237 (m, 1Hppm.
B3JH}INMR (101 MHz, CRER =1499, 148.5, 145, 129.8, 12.0, 128.7, 126.0, 122.2 (d,
= 273.5 Hz), 119.1 (d= 4.1 Hz), 118, 110.2 (dJ= 4.0 Hzppm. 1°*F'H} NMR (376 MHz,
CDQ@):t =-649 (s) ppm HRMS (ESI, MeOH/DCM, 95f8)z calcd for @HoN4Fs: 313.06715
[M+Na]; found: 313.0673 (0 ppm).

Synthesis of norcommercial starting materials 1:

General methodTo an oven dried round bottom flask was added carboxylic acid (10 mmol, 1
equiv.), DMF (10 mL). Then freshly distillated RQA(33 g, 0.930 mL, 10 mmol, 1 equiv.) was
slowly added and the reaction mixture was heated to 120°C for 16h.theaeaction mixture

was quench by addition of a saturated solution of Nakl@@il no bubbling was noticed.
EtOAc was added, and the aqueous layer was extracted 3 times with EtOAc. The combined
organic layer was washed with a saturated solution #8@& and then brine solution. After
drying over MgS&and filtration, the solvents were evaporated under reduced pressure. The
crude mixture was further purified by column chromatography {3ieptane:EtOAc (1:0 to

2:8).

F O Synthesis and characterization of-fRioro-N,NQimethylbenzamide (1f):
©/U\N/ According to the general method,-fRioro-N,NQimethylbenzamide was

I isolated as a yellow oil (1.57 g, 94% yielt).NMR (400 MHLDG)): 1 = 7.4@

7.32 (m2H), 7.2%7.13 (m,1H), 7.1@7.03 (m,1H), 3.11 (g)= 1.3 Hz3H), 2.91

(g, J= 1.3 Hz3H) ppm. B3GH}NMR (101 MHZCDG): ¢ = 1667, 1582 (d, J= 247.5 Hz), 131.

(d,J= 8.0 Hz), 120 (d, J= 3.9 Hz), 124.7, 124.5 (it 3.4 Hz), 115.6 (d= 21.6 Hz), 38.(d, J
= 2.8 Hz), 34.ppm. °*F{H} NMR (376 MHz, CR)C =-115.3 (s) ppmThe spectral data match

those found in literature.

Cl O Synthesis and characterization of-¢hloro-N,NQimethylbenzamide (19):
N~ According to the general method,-chloro-N,NQimethylbenzamide was
| isolated as a yellow oil (1.67 g, 91% yielt).NMR (400 MHz, CRCI = 7.3%
7.31 (m, 1H), 7.3L7.22 (m, 3H), 3.09 (d= 0.9 Hz, 3HR.81 (d,J= 0.9 Hz, 3H)
ppm.13C{H} NMR (101 MHz, CR! = 1682, 1362, 130.0, 129, 129.3, 127.5, 120, 37.8,
34.4 ppm.The spectral data match those found in literatdre.
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Br O Synthesis and characterization of-lfomo-N,NQdimethylbenzamide (1h):

N~ According to the general method,-t#omo-N,N&imethylbenzamide was

| isolated as a yellow oil (1.98 g, 87% yielth NMR (400 MHz, CRCI = 7.56
(dd,J=7.7, 1.0 Hz, 1H), 7.35 (d&; 7.7, 1.0 Hz, 1H), 7.€B.20 (m, 2H), 3.13 (s,

3H), 2.85 (s, 3H) pprfC{H} NMR (101 MHz, CRC!I = 169.2, 138.6, 132.7, 130.1, 127.7,

127.7,119.1, 38.2, 34.6 pprhe spectral data match those found in literatdre.

a

Synthesis and characterization of-fBioro-N,NQimethylbenzamide (1i):
_ According to the general method,-rBethoxyN,NQdimethylbenzamide was

isolated as a yellow oil (1.49 g, 89% yield) NMR (400 MHz, CRCI = 7.36

(td, J= 7.7, 5.6 Hz, 1H), 7.17 (& 7.7 Hz, 1H), 7.10 (ddt= 10.9, 8.4, 4.0 Hz,

2H), 3.09 (s, 3H), 2.96 (s, 3H) ppi@{H} NMR (101 MHz, CR! = 170.1 (d,
J=2.4 Hz), 163.7, 161.2, 138.4J¢,6.9 Hz), 130.1 (d= 8.1 Hz), 122.7 (d= 3.2 Hz), 116.5
(d,J=21.1Hz), 114.3 (@5 22.8 Hz), 39.4, Bppm.1°F{H} NMR (376 MHz, CRCI =-112.1
(s) ppm.The spectral data match those found in literatufe.

N
I

Synthesis and characterization of-¢hloro-N,NQimethylbenzamide (1j):
N~ According to the general method,-@loro-N,NQimethylbenzamide was
| isolated as a yellow oil (1.76 g, 96% yielH)NMR (400 MHz, CRCI = 7.4%
Cl 7.22 (m, 4H), 3.09 (s, 3H), 2.96 (s, 3H) pa{H} NMR (101 MHz, CRCI =
170.0, 138.1, 134.4, 129.8, 129.6, 127.3, 125.1, 39.5, 35.4 Ppenspectral
data match those found in literatur.

.

Synthesis and characterization of-tomo-N,NQdimethylbenzamide (1k):
According to the general method,-lBomo-N,N@dimethylbenzamide was
isolated as a yellow oil (1.84 g, 81% yielth NMR (400 MHz, CRCI = 7.6Q
7.48 (m, 2H), 7.37.23 (m, 2H), 3.09 (s, 3H), 2.96 (s, Ppin. *GH} NMR

Br (101 MHz, CDg}i+ = 1699, 1383, 132.6, 130.1,30.0, 1256, 1225, 395, 354
ppm. The spectral data match those found in literatute.

’\ll/

.

Synthesis and characterization of-rBethoxy-N,NQdimethylbenzamide (1I):

N~ According to the general method,-fBethoxyN,NQdimethylbenzamide was

| isolated as a yellow oil (1.49 g, 83% yielt#) NMR (400 MHz, CBC} = 7.30
(t,J=7.7 Hz, 1H), 6.€8.90 (m, 3H), 3.82 (s, 3H), 3.10 (s, 3H), 2.97 (s, 3H) ppm.
13C{H} NMR (101 MY CDG): 1 = 171.4, 159.6, 137.7, 129.43, 119.2, 115.4,

112.4, 55.3, 39.5, 35.3 pprihe spectral data match those found in literatdfe.

.

OMe
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o Synthesis and characterization ofmethyl-N,NQimethylbenzamide(1n):
/©)LN/ According to the general method,-methylN,NQimethylbenzamide was
| isolated as a white solid (1.50 g, 92% yiéld)NMR (400 MHz, CRCL =
7.34¢7.15 @, J= 52 Hz, 4H), 3.08 (s, 3H), 2.98 (s, 3H), 2.36 (p@H }°*G*H}
NMR (101 MHz, CBEI = 1718, 1396, 133.4, 128.9, 122, 39.6, 3X4, 214 ppm The
spectral data match those found in literatute.

o) Synthesis and characterization of -(phenylmethoxy}N,NQ
/©)J\N/ dimethylbenzamide (10). According to the general method, - 4
| (phenylmethoxy)N,N&imethylbenzamide was isolated as a whsielid
BnO (1.58 g, 62% yield)!H NMR (400 MHz, CRCk = 7.4%7.29 (m, 7H),
7.0056.94 (m, 2H), 5.09 (s, 2H), 3.05 (s, pptn. 13 H} NMR (101 MHz, CREH = 171.4,

159.7, 1365, 1291, 1287, 1286, 128.0, 127.4, 118, 70.0ppm. The spectral data malc
those found in literature?

NO, O Synthesis and characterization of -rdtro-N,NQimethylbenzamide (1p):
N~ According to the general method, -rittro-N,NQimethylbenzamide was
| isolated as a yellow solid (0.99 g, 52% yiéldNMR (400 MHz, CRCI = 8.18
(dd,J=8.3, 1.2 Hz, 1H), 7.70 (i 7.5, 1.2 Hz, 1H), 7.55 (it 8.3, 7.5, 1.5
Hz, 1H), 7.39 (ddl= 7.5, 1.5 Hz, 1H), 3.16 (s, 3H), 2.83 (sppH) 1*G*H}NMR (101 MHz,
CD@):+ = 1679, 145.1, 134, 133.3, 129.6, 128, 1247, 382, 349 ppm The spectral data
match those found in literaturé?

General method fothe borylation catalysis experimentTo an oven dried round bottom flask
was added [Ir(OD)(CI)} (1.7 mg,2.43x16°* mmol, 0.015 equiv.)ligandL (4.86x1G° mmol,
0.03 equiv.), Bpin2 (61.7 mg, 0.243 mmoll.5 equiv.). Therp-xylene (1 mL) and the
corresponding benzamid#& (0.162 mmol, 1 equiv.) and cyclohexerie (mg, 16ni, 0.162
mmol, 1 equiv.) were introduced and the reaction mixture was heatedGQ °C during 30
hours. Back at room temperature, the crude mixture was analyzed biyiIS@nd evaporated
under vacuum until full evaporation gfxylene. Heptane (1 mL) was added and the mixture
was filtrated on celite. The solid was washed with heptane and the filtratduvtteer purified

by column chromatography (SiOn-heptane:EtOAcv/v 1:0 to 1:1) to afford the pure
borylatedproducts 2.

Bpin O Synthesis and characterization of(@,4,5,5tetramethyl-1,3,2dioxaborolan
N~ 2-yl)-N,N&dimethylbenzamide (2a)Followingthe generalprocedure, N,NQ
| dimethylbenzamidela (24 mg,0.162mmol, 1 equiv.) wadorylated at 100°C
during 30 hours using cyclohexene (13 mg, 16 @L1.62mmol, 1 equiv.) as a
pinacolborane scavenger. A conversion of 99% and a selectivity of 97% towaodttibe
derivative were detected by G®IS and G&ID. Theortho-GH borylatedproduct 2a was
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isolated as a solid (39 mg, 87% yielt) NMR (400 MHz, CRCl = 7.81 (ddJ= 7.5, 1.4 Hz,
1H), 7.46 (tdJ= 7.5, 1.2 Hz, 1H), 7.37 (itk 7.5, 1.2 Hz, 1H), 7.30 (dts 7.5, 1.2 Hz, 1H),
2.98 (s, 6H), 1.33 (s, 12phm. P*G*H}INMR (101 MHz, CDCI8)= 1725, 142.7, 135.0, 130.9,
128.1, 125.5, 83.6, 248pm. 1'B{*H} NMR (128 MHz, CREHK = 29.6(s) ppm The spectral
data match those found in literatur®.

Bpin O Synthesis and characterization of -(,4,5,5tetramethyl-1,3,2
N dioxaborolan2-yl)-benzoylpiperidine (2b)Following the general procedure
Q A, benzoylpiperidinelb (31 mg,0.162mmol, 1 equiv.) was borylated 400
°Cduring 30 hours using cyclohexene (13 mg, 16 pL, 0rhéal, 1 equiv.)
as a pinacolborane scavengér conversion 089% and a selectivity 0if8% toward theortho
derivative were detected by GKS and G&ID.The ortho-GH borylated product 2b was
isolated as a solid (46 mg, 91% yieltQ.NMR (400 MHz, CR! = 7.82 (dd,J= 7.5, 1.3 Hz,
1H), 7.45 (tdJ= 7.5, 1.3 Hz, 1H), 7.35 (i 7.5, 1.3 Hz, 1H), 7.25 (dt 7.5, 1.3 Hz, 1H), 3.73
(t, J= 5.4 Hz, 2H), 3.17 = 5.4 Hz, 2H), 1.€¢4.62 (m, 4H), 1.53.46 (m, 2H), 1.34 (s, 12H)
ppm. B3G*HNMR (101 MHz, CRELR =170.84, 143.28,135.41, 130, 127.76, 125.42, 83.81,
48.31, 42.61, 25.76, 25.15, 24.94, 248n. M B{*H} NMR (128 MHz, CREN =30.32(s)
ppm. The data match those found in the literatut®.

Bpin O Synthesis and characterization of -(@,4,5,5tetramethyl-1,3,2
NN dioxaborolan2-yl)- NZ bd{ethylbenzamide (2c):Following the general
K procedure N,N&iethylbenzamidelc (29 mg,0.162 mmol, 1 equiv.) was
borylated at100 °Cduring40 hours using cyclohexene (13 mg, 16 uL, 0.162
mmol, 1 equiv.) as a pinacolborane scavendeconversion 092% and a selectivity of686
toward the ortho derivative were detected by GKIS and G&ID.Theortho-GH borylated
product2cwas isolated as a solid (40 mg, 82% yielt) NMR (400 MHz, CRC!I =7.80 (dd,
J=17.5, 1.5 Hz, 1H), 7.41 (tts 7.5, 1.3 Hz, 1H), 7.35 (it 7.5, 1.3 Hz, 1H), 7.26 (d&; 7.5,
1.3 Hz, 1HB.57 (qJ= 7.1 Hz, BR), 3.21 (9J= 7.1 Hz, 2H}.31 (m, 3 H)1.30 (s, 12H), 1.06 (t,
J=7.1 Hz, 3H)pm. BHINMR (101 MHz, CREk =1717,142.4, 138, 130.5, 128, 125.4,
83.4, 43.0, 3R, 24.9, 137, 12.5ppm. 1'B{*H}NMR (128 MHz, CQH =28.35(s) ppm The
data match those found in the literaturé.

dioxaborolan2-yl)- N,NQdiisopropylbenzamide (2d)Following the general
)\ procedure N,NQdiisopropybenzamideld (33 mg0.162mmol, 1 equiv.) was
borylated at100 °Cduring48 hours using cyclohexene (13 mg, 16 uL, 0.162
mmol, 1 equiv.) as a pinacolborane scavengeconversion 099% and a selectivity of 77%
toward the ortho derivative were detected by GKIS and G&ID.Theortho-GH borylated
product2d was isolated as a sol{@d6 mg, 91% yield:H NMR (400 MHz, CR)Cl =7.82 (dd,
J=7.5, 1.3 Hz, 1H), 7.42 (its 7.5, 1.3 Hz, 1H), 7.34 (itk 7.5, 1.3 Hz, 1H), 7.18 (d& 7.5,
0.8 Hz, 1H), 3.75 (diF= 13.0, 5.9 Hz, 1H), 3.53 {¢; 13.0, 5.9 Hz, 1H), 1.60 {d&; 6.8 Hz, 6H),

Bpin O J\ Synthesis and characterization of -@,4,5,5tetramethyl-1,3,2
N
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1.33 (s, 12H), 1.14 (d= 6.8 Hz, 6H)pm. *F*H}NMR (101 MHz, CREH =1713, 14.0,
135.5, 130.5, 127.3, 12.838, 509, 45.7,249, 20.4, 20.2opm. 'B{*H} NMR (128 MHz,
CDGJ)): 1 =30.0(s) ppm The data match those found in the literatufe.

Bpin O Synthesis and characterization of(@,4,5,5tetramethyl-1,3,2dioxaborolan
N~ 2-Yl)-6-fluoro-N,NQdimethylbenzamide (2): Following the general procedure
| without cyclohexeng 2-fluoro-N,N&imethylbenzamide1f (27 mg, 0.162
mmol, 1 equiv.) was borylated 400 °Cduring 30 hours. A conversion of 99%
and a selectivity of 94% toward tloetho derivative were detected by GK2S and G&ID.The
ortho-GH borylatedproduct2e was isolated as a solid (46 mg, 91% yiéld NMR (400 MHz,
CDGQ): 1 =7.60 (ddJ= 7.4, 1.1 Hz, 1H), 78832 (m, 1H), 7.18 (td,= 8.2, 7.4, 1.1 Hz, 1H),
3.13 (s, 3H), 2.85 (s, 3H), 1.33 (s, I@bth. *C{H} NMR (101 MHz, CBCI =167.2, 157.8
(d,J=246.7 Hz), 131.0 (d= 3.2 Hz), 130.3 (d= 17.9 Hz), 129.6 (d= 7.3 Hz), 118.2 (d=
21.6 Hz), 84.0, 38.3, 34.5, 248m.'B{*H}NMR (128 MHz, CQEk =303 (s) ppm P°F{H}
NMR (376 MHz, CRCk =-117.5 (s) ppmThe data matchhose found in the literaturé’

Bpin O Synthesis and characterization of(@,4,5,5tetramethyl-1,3,2-dioxaborolan
N~ 2-yl)-6-chloro-N,NQdimethylbenzamide (8): Following the general procedure
without cyclohexene 2-chloro-N,NQimethylbenzamidelg (30 mg, 0.162
mmol, 1 equiv.) was borylated 400 °Cduring 72 hours. A conversion of 85%
and a selectivity of 77% toward tleetho derivative were detected by GRS and G&ID.The
ortho-GH borylatedproduct 2gwas isolated as aofid (35 mg,70% yieldd NMR (400 MHz,
CDQ@:+ =7.72 (ddJ= 7.4, 1.2 Hz, 1H), 7.47 (dt; 8.1, 1.2 Hz, 1H), 7.30 Jt 8.1, 7.4 Hz,
1H), 3.12 (s, 3H), 2.80 (s, 3H), 1.33 (s, ppir). 13C{H} NMR (101 MHz, CBCl = 168.8,
142.0, 133.8, 132.0, 130.2, 128.9, 84.1, 38.1, 34.4, 24 ' H{tH}NMR (128 MHz, CDEHh
= 30.5(s) ppm HRMS (ESI, MeOH/DCM, 95/8)z calcd for GsH1NO:3SCHB: 332.11952
[M+Na]; found: 332.1198 (1 ppm).

Cl

Bpin O Synthesis and characterization ot(#,4,5,5tetramethyl-1,3,2dioxaborolan
2-yl)-6-bromo-N,N&imethylbenzamide (8): Following the general procedure

|  without cyclohexeng 2-bromo-N,NQdimethylbenzamidelh (37 mg, 0.162
Br mmol, 1 equiv.) was borylated 400 °Cduring72 hours. A conversion of 30%
wasdeterminedby GEGMS and G&ID Theortho-GH borylated produc2h was isolated as a
solid 6 mg, 28% yieldfH NMR (400 MHz, CB)CI =7.56 (ddJ= 8.1, 1.2 Hz, 1H), 7.35 (td,

J=7.5,1.2 Hz, 1H), 7€R19 (m, 1H), 3.13 (s, 3H), 2.85 (s, 3H), 1.25 (s,d2H}*CLH} NMR

(101 MHz, CD¢}i+ =169.2, 138.6, 132.7, 130.2, 127.7, 127.7, 119.1, 83.5, 38.2, 34.7, 25.0

ppmIB{H} NMR (128 MHz, CRCk = 30.5(s) ppm.The data mech those found in the
literature '8
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Bpin O Synthesis and characterization of(@,4,5,5tetramethyl-1,3,2-dioxaborolan

~ 2-yl)-5fluoro-N,NQimethylbenzamide (2i)Following the general procedure,

| 3-fluoro-N,NQimethylbenzamideli (27 mg, 0.162 mmol, 1 equiv.) was
borylated at 100°C during30 hours using cyclohexene (13 mg, 16 pL, 0.162
mmol, 1 equiv.) as a pinacolborane scavengerconversion of 99% and a

selectivity of 98% toward thertho derivative were detected by G&S andGGFID.Theortho-

GH borylatedproduct2i was isolated as a solid (48 mg, 94% yiéINMR (400 MHz, CRCI

1 =7.56 (ddJ= 7.3, 1.1 Hz, 1H), 78627 (m, 1H), 7.14 (td= 8.3, 7.3, 1.1 Hz, 1H), 3.08 (s,

3H), 2.80 (s, 3H), 1.29 (s, 13pm. 13C{H} NMR (101 MHz, CRCL =171.2, 165.9 (dJ=

248.3 Hz), 142.0, 131.6 (@ 8.4 Hz), 121.7 (d~= 3.1 Hz), 117.0 (d= 24.7 Hz), 83.2, 25.0

ppmMB*H} NMR (128 MHz, CREHK =30.3(s) ppm *°*R*H}NMR (376 MHz, CQEHK =-

102.9(s) ppm HRMS (ESI, MeOH/DCM, 95/6)/z calcd for @GH1NOs'°F1B: 293.15985

[M+Na]; found:293.15990 ppm).

Bpin O Synthesis and characterization ot(@,4,5,5tetramethyl-1,3,2dioxaborolan
N~ 2-Y)-5-chloro-N,NQimethylbenzamide (2j)Following the general procedure
| , 3-chloro-N,N&imethylbenzamidelj (30 mg, 0.162nmol, 1 equiv.) was
borylated at 100 °C for 48 hours using cyclohexene (13 mg, 16 pyLnh@ni@2
1 equiv.) as a pinacolborane scavenger. A conversion of 99% and a selectivity
of 90% toward theortho derivative were detected by GK&S and G&ID. The ortho-GH
borylatedproduct2j was isolated as a solid (36 mg, 72% yieliNMR (400 MHz, CRC! =
7.76 (d,J= 8.0 Hz, 1H), 7.36 (dds 8.0, 2.0 Hz, 1H), 7.80.27 (m, 1H), 3.08 (s, 3H), 2.85 (s,
3H), 1.33 (s, 12H)pm.23qH}NMR (101 MHz, CREKR =170.9, 1447, 137.4, 136.7, 128,
1259, 83.9,24.9 ppm. B{*H} NMR (128 MHz, CREIL = 30.1 (s) ppm HRMS (ESI,
MeOH/DCM, 95/5)m/z calcd for @HiNO:**CHB: 332.11952 [M+N&]found: 332.1198 (1

ppm).

Cl

Bpin O Synthesis and characterization of(2,4,5,5tetramethyl-1,3,2dioxaborolan

_ 2-yl)-5-bromo-N,N&imethylbenzamide  (2k): Following the general

| procedure 3-bromo-N,NQimethylbenzamidd k (37 mg0.162mmol, 1 equiv.)

was borylated atL00 °C for 9 hours using cyclohexene (13 mg, 16 pL, 0.162

Br mmol, 1 equiv.) as a pinacolborane scavengerconversion of 95% and a

selectivity of 87% toward the ortho derivative were detected byNe&Cand G&ID . Theortho-

GH borylated produc2k was isolated as a solid (48 mg, 84% yiéldiNMR (400 MHz, CRCI

1 =7.65 (d,J= 8.0 Hz, 1H), 7.48 (ddi= 8.0, 1.8 Hz, 1H), 7.42 (5 1.8 Hz, 1H), 2.97 (s, 6H),

1.29 (s, 12Hppm 2CEH} NMR (101 MHz, CRCI =170.7, 144.8, 136.8, 131.1, 128.7, 125.9,

84.0, 24.9pm.1'B{H} NMR (128 MHz, CR! =30.4 (s) ppm.The data match those found

in the literature?®
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Bpin O Synthesis and characterization of (4,4,8&ramethyl-1,3,2dioxaborolan2-yl)-5-
methoxy-N,N&dimethylbenzamide (2l)Following the general proceduresBethoxy
N N,NQdimethylbenzamidell (29 mg,0.162 mmol, 1 equiv) was borylated at 100C
during 40 hoursusing cyclohexene (13 mg, 16 pL, 0.16&ol, 1 equiv.) as a
OMe pinacolborane scavengeA conversion of 99% and a selectivity of 76% toward the
ortho derivative were detected by GKES and G&ID. Theortho-GH borylaed
product2l was isolated as a solid (33 mg, 67% yiéldINMR (400 MHz, CQCI = 7.74 (dJ= 8.3 Hz,
1H), 6.86 (ddJ= 8.3, 2.5 Hz, 1H), 6.79 (& 2.5 Hz, 1H), 3.81 (s, 3H), 3.06 (s, 3H), 2.78 (s, 3H), 1.29 (s,
12H) ppmBC{H} NMR (10MHz, CD@):1 =172.2, 162.1, 145.3, 137.4, 113.7, 111.1, 83.5, 55.3,
24.9 ppm. B{*H} NMR (128 MHz, CDCI3)= 30.72 (s) ppmThe data match those found in the
literature X’

0 2-(4,4,5,5tetramethyl-1,3,2dioxaborolan2-yl)-3-methoxy-b X Joli@ethylbe-

N~ Nzamide (2m)Thisortho-GH borylated isomer product was isolated as a solid
| (7 mg, 13% yield) during the synthesi2btH NMR (400 MHLDC)):1 =7.34
Bpin(t, J= 8.1 Hz, 1H), 6.99 (dd= 8.1, 0.8 Hz, 1H), 6.89 (& 8.1 Hz, 1H), 3.83 (s,

3H), 3.10 (s, 6H), 1.37 (s, 12H) ppHCEH} NMR (101 MHz, CRC! =172.0,
163.0, 141.0, 130.5, 118.2, 111.5, 83.1, 55.7, gpr0.1'B{H} NMR (128 MHz, CBCI =27.69
(s) ppm HRMS (ESI, MeOH/DCM, 95/6)/z calcd for @sHaNOMB: 305.17984[M+Naf;
found: 305.1798(0 ppm).

OMe

Bpin O Synthesis and characterization of -(@,4,5,5tetramethyl-1,3,2
N~ dioxaborolan2-yl)-4-methyl-N,Ndimethylbenzamide (2): Following the
| general procedure4-methykN,NQdimethylbenzamideln (26 mg, 0.162
mmol, 1 equiv.) was borylated &i00 °Cduring 24 hours using cyclohexene

(13 mg, 16 pL, 0.168mol, 1 equiv.) as a pinacolborane scavendeconversion of 99% and
a selectivity of 97% toward thertho derivative weredetected by G@AS and G&ID.The
ortho-GH borylatedproduct2n was isolated as a solid (44 mg, 94% yiehINMR (400 MHz,
CDQ): 1 =7.59 (s, 1H), 7.82.12 (m, 2H), 2.99 (s, 6H), 2.35 (s, 3H), 1.31 (s,d&2H}>qH}
NMR (101 MHz, CREK = 172.68, 139.13, 138.29, 135.25, 131.31, 125.59, 83.26, 24.98,
21.18.1'B{1H} NMR (128 MHzCDG@): 1+ =285 (s) ppm The data matchhose found in the
literature.t’

Bpin O Synthesis and characterization of -(&,4,5,5tetramethyl-1,3,2

~ dioxaborolan2-yl)-4-(phenylmethoxy}N,NQimethylbenzamide (2):

| Following the general procedure, 4-(phenylmethoxydN,NQ
BnO dimethylbenzamidelo (41 mg,0.162mmol, 1 equiv.) was borylated at
100 °C during 48 hours using cyclohexene (13 mg, 16 pL, O.@680l, 1 equiv.) as a

pinacolborane scavengeA conversion of 82% aral selectivity of 97% toward thertho

derivative were detected by GKS and G&ID.The ortho-GH borylatedproduct 2o was
isolated as a solid (39 mg, 61% yield) NMR (400 MHz, CRIC! = 7.4%7.32 (m, 7H), 6.97
(dd,J= 8.6, 2.6 Hz, 1H), 5.14 (s, 2H), 3.19 (s, 6H), 1.35 (spA@HYPC{H} NMR (101 MHz,
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CDG@): 1 =172.4 160.4, 136.7, 130.8, 128.6, 128127.6, 127.4, 118.3, 116.5, 82.1, 70.0,
38.6, 25.1ppm. “B{'H} NMR (128 MHz, CREHK = 22.5(s) ppm HRMS (ESI, MeOH/DCM,
95/5): m/z calcd for GHsNQiH1B:381.21114M+Nal; found:381.2112(1 ppm).

Bpin 0  Synthesis and characterization of(#,4,5,5tetramethyl-1,3,2dioxaborolan2-

yl)-acetophenone 2p): Following the general proceduracetophenong19 mg,
0.162 mmol, 1 equiv.) was borylated at 80 °C during Bdurs without
cyclohexene. A conversion of 55% and a selectivity of 93% toward the ortho

derivative were detected by GKS and GID. The ortho-GH borylated product7a was

isolated as a solid (20 mg, 49% yielt§.NMR (400 MHz, CRCI = 7.82 (dJ= 7.7 Hz, 1H),

7.557.48 (m, 2H), 7.45.42 (m, 1H), 2.62 (s, 3H), 1.40 (s, 12H) PpBLH} NMR (101 MHz,

CDG):+ =199.9, 140.7, 137.5, 132.6, 132.4, 129.0, 128.5, 83.8, 25.6, 25.0'Bfi} NMR

(128 MHz, CDgi1 = 31.6 (s) ppniThe data match those found in the literatufe.

Bpin O Synthesis and characterization of(2,4,5,5tetramethyl-1,3,2-dioxaborolan
o~ 2-yl)-methylbenzoate 2q): Following the geeral proceduremethylbenzoate
(22 mg, 0.162 mmol, 1 equiv.) was borylated at 80 °C during 24 hours without
cyclohexene. A conversion of 55% and a selectivity of 93% towardrtihe
derivative were detected by GKS and G&ID.The ortho-GH borylated product’b was
isolated in as adadid (19 mg, 49% yielddd NMR (400 MHz, CRCI = 7.93 (dtJ= 7.8, 1.0 Hz,
1H), 7.587.48 (m, 2H), 7.45.38 (m, 1H), 3.91 (s, 3H), 1.42 (s, 12H) p#RfH} NMR (128
MHz, CD@GJ): 1 = 3.7 (s) ppm.The data match those found in thigerature.*®

Bpin Synthesis and characterization of -(2,6-bis(4,4,5,5tetramethyl-1,3,2
@CN/ dioxaborolan2-yl)phenyl)}>N,N-dimethylmethanamine (5): This compound
| was obtained during the purdation of 2a (vide supra. *H NMR (400 MHz,
BN cpQ):+ = 7.63 (dJ= 7.3 Hz, 2H), 7.20 (= 7.3 Hz, 1H), 4.14 (s, 2H), 2.60 (s,
6H), 1.29 (s, 24H) ppAiB{H} NMR (128 MHz, CRCI = 22.7 (s) ppniThe data match those
found in theliterature 8
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3. Catalytic studies.

Optimization of ligand and kinetic enhancement effect evidence:

e) [I(COD)(Cl]; 1.5 mol% Bpin O Bpin O

L 3.0 mol% P
N/ . N/ + N~ +
| Bypin, (1.5 equiv.) | - |

p-xylene (1 mL), T°C, 18 h mono pis PPN
R\\
R
B
LN \\&\ .
_N L1 or L1%,
N. L2 or L2%,
LN ph Ny L3orL3s,
N N\ L4 or L4*,
Ph L5 or L5%,
Q L6 or L6%,
Ph L*

Table S10ptimization of ligand choice and kinetic enhancement evidence.

Entry| L | T(°C)| Conversion (%) Mono (%) Bis (%) 5 (%) Ortho selectivity (%)
1 L1 80 83 64 15 <5 96
2 L2 80 26 22 2 - 90
3 L3 80 50 37 13 Traces 90
4 L4 80 83 73 8 <5 97
5 L5 80 50 38 12 Traces 92
6 L6 80 41 30 11 Traces 91
7 L1* 80 39 33 6 Traces 95
8 L2* 80 7 6.7 0.3 - 96
9 L3* 80 7.4 5 24 - 90

10 | L4* 80 52 46 6 <5 95
11 | L5 80 25 22 3 traces 93
12 | L6* 80 15 12 3 - 89
13 L1 | 100 89 60 10 19 97
14 | L1* 100 73 56 4 13 94
15 L1 | 120 854 53 8 24 95
16 | L1* 120 73 47 6 20 94

@RIl conversion of Biny, >30% estimated yield of mixture of borylateeylene.
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Kinetic isotope effect study.

Reactions in parallel:

General procedure]Ir(COD)(CH] ligandLl Bpin YR R2RSOFYS o0ndup

dimethylbenzamide derivative were introduced in an oven dried Schlenk fiagkene was
added and the reaction mixture was séd at 100°C. Small aliquots were taken from the flask
under argon flow every 1 hour using a dry pipette. Conversion and yield were estimated by
GCMS/GCFID using dodecane as the internal standard. Fitting of the experimental data was
done using sigmoidd@oltzmann function.

S

~ /O
0 [Ir(COD)(CI)], B> O
~ L1 _
O O
p-xylene, 100°C, t
A B

Reaction at standard conditions with ligand L1Following the general procedure,
[Ir(COD)(CR](16.5 mg, 2.43 x TOmol, 0.015 eq.), ligand1 (41 mg, 4.86 x 1®mol, 0.03
eq.), Bpinz (617 mg,2.43x 1Y 2t = mdp SHihethylbehzgnide (RZ20mg, 1.62 x 10
3mol, 1 eq.) were dissolved pmxylene (10 mL)The reaction mixture was stirred at 100 for
10 hours. Formation abrtho-borylated product [B1] versus time (h) is plotted below (fitted
values are shown in red, amkperimental values are shown litack squares highlighting the
error of the measurement

[B] (M) vs t (h)

0 1 2 3 4 5 6 7 8 9
Time (h)

Reaction at standard conditions with ligand LI1Following the general procedure,
[Ir(COD)(CI](16.5 mg, 2.43 x T0Omol, 0.015 eq.), ligand L1 (41 mg, 4.86 ® hfol, 0.03
eq.), Bpinz (617 mg, 2.43 x T®mol, 1.5 eq.) and 2,3,4,5Bs-b X difethylbenzamide (250
mg, 1.62 x 18mol, 1 eq.) were dissolved pxylene (10 mL)The reaction mixture was stirred
at 100°C for 10 hours. Formation of orthorylated product [Bds] versus time (h) is plotted
below (fitted values are shown in blue, and experimental values are showedisquares
highlighting the error of the measurement
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[B-DJ (M) vs t (h)

[B2] (mol.L)

0,04
0,02
0

0 1 2 3 4 5 6 7 8 9

Time (h)
Summary of kinetic profil
[B] (M) vs t (h)

0,12
0,1

0 1 2 3 4 5 6 7 8 9
Time (h)

Summary of kinetic profé: The kinetic profles N8 LI 2G0SR Fa F2¢
dimethylbenzamide kinetiprofile in red and 2,3,4,5;68s-b > Wifdethylbenzamide kinetic
profile in blue.
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Intermolecular competition:

5 o Synthesis and characterization of 2,3,4,506-N,NQimethylbenzamide (1a
5®)LN/ ds): According to the general method, 2,3,4,56N,Ndimethylbenzamide
= was synthesized starting from 2,3,4,5l8benzoic acid and isolated as a white
solid upon cooling (1.51 g, 91% yielt).NMR (400 MHLDG): d=3.10 (s, 3H), 2.97 (s, 3H)
ppm.

KIE evaluatiorby substrate competition]Ir(COD)(CR]1.65 mg, 2.43 x 10mol, 0015 eq.),
ligandL1 (4.1 mg, 4.86 x 1®mol, 0.03eq.), Bpin2 (41.1 mg, 1.62 x ¥Omol, 1 eq.),N,NQ
dimethylbenzamiddla (48.4 mg, 1.62 x ¥tmol, 1 eq), 2,3,4,5;8s-N,NQimethylbenzamide
la-ds (49.8 mg, 1.62 x 1Omol, 1 eq.) and dodecane (0.25 eq.) were introduagedn oven
dried Schlenk flask-xylene (1 mb) was added and the reaction mixture was stirred at 80 °C
for 16 hours before full conversion of both benzamide starting materials. The reaction mixture
was then cooled at room temperature, evaporated and the mixture of borylated product was
purified by column chromatography (SpOn-heptane:EtOAc, v/iv 1:0 to 1:1) affording the
mixture as a colorless oll.

The KIE was calculated as it follows:

Relative number of non deuterated mo#mmrylated product (based on aromatic hydrogen):
N=1.19 + 1.25 + 1.291121 = 4.94.

Relative number of deuterated moruworylated product: N= (8- 4.94) = 3.06.
KIE = N/M= (4.94/3.06) = 1.61

See details in the NMR spectra below.
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7.26
—3.10
—2.97

0.06

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
f1 (ppm)

'H NMR (CDg1400 MHz) spectrum of-@,4,5,5tetramethyt1,3,2dioxaborolan2-yl)-3,4,5,6 Ds-N,NQimethylbenzamidel a-ds.
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'H NMR (CDg1400 MHz) spectrum of the mixture of(2,4,5,5tetramethyt1,3,2dioxaborolar2-yl)-3,4,5,6Ds-N,Ndimethylbenzamide?a-ds
and 2(4,4,5,5tetramethyt1,3,2dioxaborolanr2-yl)-N,NQdimethylbenzamida
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4. X%ray crystallographic data for ZnTE®MF.

(Ca7H3sNs O Zn,CH2 Cl2); M = 836.09. APEXII, Bruke’AXS diffractometer, MeKU
radiation 6= 0.71073 A)T=150(2) K; TriclinicP -1 (1.T.#2), a = 11.1934(5), b = 12.5189(6),

c = 14.5833(6) A= 98.996(2)p = 94.719(2)p = 103.136(2) °V = 1950.79(15) AZ=2,d

= 1.423 g.cri¥, € = 0.812 mmt. The structure was solved by direct methods usingtRe7
program'® and then refined with fulinatrix leastsquare methods based Bh(SHELX1-97).20

All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H
atoms were finally included in their calculated positions. A final refinéraeifr? with 8916
unique intensities and 516 parameters converge®@?) = 0.0917 R(F) = 0.0370) for 7536
observed reflections with> 20(1).
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Structural data
Empirical formula
Extended formula
Formula weight
Temperature
Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Crystal color

Theta range for data collect
h_min, h_max

k_min, k_max

[_min, |_max

Reflections collected / unique
Reflections [I> 20]
Completeness to theta_max
Absorption correction type
Max. and min. transmission

864

red

Refinement method

Data/ restraints / parameters
bGoodness - of - fit

Final R indices [I>2 ]|

R indices (all data)

Largest diff. peak and hole

R = x  [oF - <Fo?> |
S = {xw(fe? - Fe?)?]/(
‘RL = x R -||Fe| |
WR = {W(Ff - Fe?)?]
w=1/[ G(Fe2)+a P2 +b P]where

1950.79(15) A

0.812 mm

Cis Hs7 Cl2 Ns O Zn

Ciz Hes Ns O Zn, C H Cl»
836.09
150(2) K
0.71073 A
Triclinic, P -1

a=11.1934(5) A,
b = 12.5189(6) A,
c = 14.5833(6) A,

U =98.996(2) °
b =94.719(2) °
5 =103.136(2) °

2,1.423 (g.cm -3)
-1

0.370 x 0.250 x 0.210 mm

ion 2.914t0 27.543 °
-12,14
- 16, 16
- 18, 16
21741/ 8916 [R(int) a =0.0294]
7536
0.992
multi - scan
0.843, 0.795
Full - matrix least -squareson  F2
8916/0/516
1.051
R1¢ =0.0370, wR2d =0.0917
R1¢ = 0.0461, wRzd =0.0962
0.544and -0552e -.A-3
I X[ F
n - p)} 1/2
I Fq |
/ ’W( FBZ) 2]} 1/2

P =[2 F2 +MAX(Fo2, 0)]/3
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Atomic coordinates, site occupancy (%) and equivalent isotropic displacement
parameters (A2). U(eq) is defined as one third of the trace of the orthogonalizedjU

tensor.

Atom
Znl
C1
C2
C3
C4
H4
C5
H5
C6
c7
C8
C9
H9
Cc10
H10
C1l1
C12
C13
C14
H14
C15
H15
Cl16
C17
C18
C19
H19
C20
H20
c21
C22
H22
C23
H23
C24
H24
C25
H25
C26
H26
C31
C32
H32
C33
H33
C34
H34
C35
H35

X
0.57107(2)
0.69589(17)
0.79886(17)
0.82101(17)
0.92887(17)
0.9956
0.91732(17)
0.9749
0.80126(16)
0.75307(16)
0.63990(16)
0.58498(17)
0.6186
0.47679(18)
0.4198
0.46411(16)
0.36460(16)
0.35002(16)
0.25376(17)
0.1925
0.26691(17)
0.2161
0.37295(16)
0.41701(16)
0.52281(17)
0.57507(18)
0.5413
0.68112(17)
0.7357
0.89460(17)
0.8692(2)
0.7902
0.9578(2)
0.9391
1.0725(2)
1.1334
1.0996(2)
1.1788
1.01046(18)
1.0291
0.26488(16)
0.29163(17)
0.3739
0.19941(18)
0.2191
0.07848(18)
0.0154
0.05040(17)
-0.0324

y
0.43779(2)

0.25101(15)
0.32578(16)
0.44260(15)
0.51834(16)
0.4984
0.62310(16)
0.6905
0.61303(15)
0.70346(15)
0.69423(15)
0.78645(16)
0.8622
0.74499(15)
0.7860
0.62670(15)
0.55245(15)
0.43656(15)
0.36266(16)
0.3836
0.25798(16)
0.1914
0.26650(15)
0.17555(15)
0.18307(15)
0.09015(16)
0.0141
0.13201(16)
0.0908
0.27648(16)
0.21693(19)
0.2073
0.1711(2)
0.1301
0.1855(2)
0.1549
0.24400(19)
0.2534
0.28953(17)
0.3296
0.59928(15)
0.67791(16)
0.7021
0.72123(17)
0.7756
0.68588(16)
0.7160
0.60627(16)
0.5804

zZ
0.77875(2)
0.70736(12)
0.68562(13)
0.70462(13)
0.68374(14)
0.6547
0.71324(14)
0.7097
0.75110(12)
0.78647(12)
0.82283(12)
0.84928(13)
0.8454
0.88067(14)
0.9026
0.87454(12)
0.90142(12)
0.89176(13)
0.92725(14)
0.9626
0.90092(14)
0.9136
0.84985(13)
0.80954(13)
0.76331(13)
0.73178(14)
0.7347
0.69735(14)
0.6714
0.64016(14)
0.54948(15)
0.5155
0.50759(17)
0.4455
0.55642(17)
0.5277
0.64663(18)
0.6801
0.68897(15)
0.7514
0.94258(13)
1.02479(13)
1.0554
1.06247(14)
1.1183
1.01931(14)
1.0452
0.93818(%)
0.9088
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Q
1%

U(eq)
0.01677(7)
0.0191(4)
0.0195(4)
0.0197(4)
0.0239(4)
0.029
0.0230(4)
0.028
0.0188(4)
0.0184(4)
0.0184(4)
0.0222(4)
0.027
0.0228(4)
0.027
0.018Q4)
0.0185(4)
0.0184(4)
0.0230(4)
0.028
0.0228(4)
0.027
0.0189(4)
0.0189(4)
0.0191(4)
0.0233(4)
0.028
0.0226(4)
0.027
0.0225(4)
0.0314(5)
0.038
0.0412(6)
0.049
0.0404(6)
0.048
0.0363(5)
0.044
0.0263(4)
0.032
0.0188(4)
0.0214(4)
0.026
0.0247(4)
0.030
0.0249(4)
0.030
0.0245(4)
0.029



C36
H36
c41
C42
H42
C43
H43
C44
H44
C45
H45
C46
H46
C51
C52
H52
C53
H53
C54
H54
C55
H55
C56
H56
061
C62
H62
N63
C64
HB4A
H64B
H64C
C65
HB5A
H65B
HB5C
C101
H10A
H10B
N1
N2
N3
N4
cl1
Cl2

0.14358(17)
0.1240
0.82842(16)
0.85198(18)
0.8212
0.91949(18)
0.9350
0.96444(19)
1.0118
0.9402(2)
0.9692
0.8732(2)
0.8579
0.34681(17)
0.3371(2)
0.3800
0.2661(2)
0.2592
0.2052(2)
0.1556
0.2170(2)
0.1775
0.28630(19)
0.2924
0.46635(13)
0.3857(2)
0.3740
0.31549(18)
0.3254(3)
0.3924
0.3431
0.2474
0.2213(3)
0.2223
0.1401
0.2381
0.4900(3)
0.5595
0.4886
0.59774(14)
0.74467(13)
0.56354(14)
0.42261(14)
0.35036(6)
0.51350(9)

0.56427(15)
0.5108
0.81921(15)
0.85971(16)
0.8125
0.96755(17)
0.9937
1.03739(17)
1.1112
0.99934(18)
1.0475
0.89050(17)
0.8645
0.06216(15)
0.03452(17)
0.0865
-0.06719(18)
-0.0840
-0.14458(17)
-0.2143
-0.11985(18)
-0.1738
-0.01672(16)
0.0000
0.43070(12)
0.4841(2)
0.5277
0.48496(17)
0.4194(3)
0.3819
0.4678
0.3634
0.5476(3)
0.5878
0.4963
0.6011
0.1792(2)
0.1503
0.2477
0.27980(12)
0.50255(13)
0.59760(12)
0.37619(12)
0.07889(7)
0.21186(6)

0.89980(13)
0.8435
0.78766(13)
0.70577(14)
0.6470
0.70858(15)
0.6519
0.79327(15)
0.7951
0.87558(16)
0.9341
0.87227(14)
0.9290
0.82041(14)
0.90879(15)
0.9624
0.91968(16)
0.9806
0.84258(17)
0.8501
0.75425(17)
0.7008
0.74292(15)
0.6819
0.64573(10)
0.64143(16)
0.6979
0.56533(13)
0.47825(18)
0.4865
0.4318
0.4566
0.5657(2)
0.6292
0.5450
0.5232
0.51183(19)
0.5358
0.5556
0.74697(10)
0.74574(11)
0.83740(11)
0.84619(11)
0.50755(5)
0.40039(6)
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0.0212(4)
0.025
0.0195(4)
0.0234)
0.029
0.0268(4)
0.032
0.0296(5)
0.035
0.0343(5)
0.041
0.0289(4)
0.035
0.0211(4)
0.0279(4)
0.034
0.0329(5)
0.040
0.0338(5)
0.041
0.0343(5)
0.041
0.0277(4)
0.033
0.0304Q)
0.0368(5)
0.044
0.0379(4)
0.0575(8)
0.086
0.086
0.086
0.0641(9)
0.096
0.096
0.096
0.0530(7)
0.064
0.064
0.0178(3)
0.0185(3)
0.0184(3)
0.0183(3)
0.05400(18)
0.0677(2)



Anisotropic displacement parameters (A

The anisotropic displacement factor exponent takes the form:

a*?2 Uy +..+2hka*b*U

Atom

Znl
C1

Cc2

C3

C4

C5

C6

c7

C8

(01°]

c10
Cl1
Ci12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
Cc21
C22
c23
Cc24
C25
C26
C31
C32
C33
C34
C35
C36
C41
C42
C43
C44
C45
C46
C51
C52
C53
C54
C55
C56
061
C62
N63
Co64
C65

ull

0.01554(11)
0.0191(9)
0.0178(9)
0.0188(9)
0.0184(9)
0.0178(9)
0.0171(9)
0.0193(9)
0.0191(9)
0.0234(10)
0.0240(10)
0.0171(9)
0.0161(8)
0.0143(8)
0.0187(9)
0.0189(9)
0.0158(9)
0.0181(9)
0.0194(9)
0.0237(10)
0.0216(9)
0.0221(9)
0.0322(11)
0.0503(15)
0.0408(13)
0.0222(11)
0.0225(10)
0.0184(9)
0.0199(9)
0.0291(10)
0.0229(10)
0.0149(9)
0.0202(9)
0.0150(8)
0.0257(10)
0.0277(10)
0.0271(11)
0.0393(12)
0.0362(12)
0.0179(9)
0.0357(11)
0.0398(12)
0.0268(11)
0.0287(11)
0.0272(10)
0.0319(8)
0.0337(12)
0.0334(10)
0.0594(18)
0.0458(16)

uz22

0.01495(11)
0.0197(9)
0.0233(10)
0.0216(9)
0.0266(10)
0.0220(10)
0.0197(9)
0.0169(9)
0.0162(9)
0.0166(9)
0.0174(9)
0.0180(9)
0.0190(9)
0.0201(9)
0.0212(10)
0.0207(10)
0.0186(9)
0.0151(9)
0.0159(9)
0.0164(9)
0.0192(9)
0.0210(10)
0.0401(13)
0.0526(16)
0.0504(15)
0.0397(13)
0.0243(10)
0.0175(9)
0.0231(10)
0.0246(10)
0.0259(10)
0.0264(10)
0.0186(9)
0.0173(9)
0.0226(10)
0.0247(10)
0.0182(10)
0.0232(11)
0.0224(10)
0.0164(9)
0.0213(10)
0.0287(11)
0.0201(10)
0.0231(11)
0.0220(10)
0.0315(8)
0.0473(14)
0.0471(12)
0.079(2)
0.100(3)

12 ]
uU33

0.01942(12)
0.0183(9)
0.0188(9)
0.0193(9)
0.0277(10)
0.0285(10)
0.0177(9)
0.0171(9)
0.0177(9)
0.0256(10)
0.0271(10)
0.0177(9)
0.0196(9)
0.0206(9)
0.0307(10)
0.0304(10)
0.0216(9)
0.0223(9)
0.0203(9)
0.0287(10)
0.0269(10)
0.027§10)
0.0260(11)
0.0297(12)
0.0460(14)
0.0557(15)
0.0337(11)
0.0218(9)
0.0205(9)
0.0216(10)
0.031911)
0.0330(11)
0.0240(10)
0.0259(10)
0.0235(10)
0.0324(11)
0.0417(13)
0.0322(12)
0.0237(10)
0.0301(10)
0.0287(11)
0.0392(12)
0.0568(15)
0.0453(13)
0.0315(11)
0.0274(8)
0.0266(11)
0.0334(10)
0.0339(14)
0.0560(18)

)

u23

0.00280(8)
0.0021(7)
0.0033(7)
0.0048(7)
0.0072(8)
0.0069(8)
0.0028(7)
0.0040(7)
0.0016(7)
0.0029(7)
0.0024(8)
0.0011(7)
0.0021(7)
0.0043(7)
0.0069(8)
0.0086(8)
0.0041(7)
0.0038(7)
0.0014(7)
0.0015(8)
0.0006(8)
0.0083(8)
0.0054(9)
0.0065(11)
0.0199(12)
0.0228(11)
0.0087(9)
0.0058(7)
0.0045(8)
0.0037(8)
0.0107(8)
0.0103(8)
0.0035(7)
0.0043(7)
0.0043(8)
0.0127(9)
0.0096(9)
0.0029(9)
0.0064(8)
0.0055(8)
0.0050(8)
0.017710)
0.0152(10)
0.0042(10)
0.0058(8)
0.0047(6)
0.0068(10)
0.0094(9)
0.0030(14)
0.0127(17)
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U13

0.00501(8)
0.0030(7)
0.0053(7)
0.0046(7)
0.0079(8)
0.00558)
0.0022(7)
0.0023(7)
0.0024(7)
0.0063(8)
0.0070(8)
0.0029(7)
0.0036(7)
0.0036(7)
0.0106(8)
0.0096(8)
0.0025(7)
0.0025(7)
0.0021(7)
0.0051(8)
0.0060(8)
0.0110(8)
0.0081(9)
0.0183(11)
0.0273(11)
0.0127(10)
0.0056(8)
0.0060(7)
0.0015(7)
0.0084(8)
0.0141(8)
0.0042(8)
0.0038(7)
0.0045(7)
0.0068(8)
0.0101(9)
0.0025(9)
-0.0040(9)
0.0010(8)
0.0074(7)
0.0087(9)
0.0179(10)
0.0109(10)
0.0003(10)
0.0027(8)
-0.0006(6)
-0.0017(9)
0.0007(8)
-0.0035(12)
-0.0001(14)

-2°2 [h 2

Uiz

0.00211(8)
0.0047(7)
0.0069(7)
0.0045(7)
0.0045(8)
0.0013(7)
0.0013(7)
0.0001(7)
0.0005(7)
0.0025(7)
0.0051(8)
0.0029(7)
0.0032(7)
0.0030(7)
0.0043(7)
0.0028(7)
0.00247)
0.0015(7)
0.0021(7)
0.0041(7)
0.0059(7)
0.0067(8)
0.0160(10)
0.0270(12)
0.0286(12)
0.01299)
0.0058(8)
0.0046(7)
0.0039(7)
0.0074(8)
0.0109(8)
0.0031(8)
0.0032(7)
0.0024(7)
0.0050(8)
0.0076(8)
-0.0004(8)
-0.0049(9)
-0.0022(9)
0.0043(7)
0.0089(9)
0.0140(10)
0.0027(8)
-0.0028(9)
0.0009(8)
0.0086(7)
0.0059(11)
0.0099(9)
0.0233(16)
0.0395(17)



C101  0.0528(17) 0.0557(18) 0.0461(16) -0.0003(B)  -0.0100(13)  0.0163(14)

N1 0.0165(7) 0.0163(8)  0.0200(8)  0.0025(6) 0.0052(6) 0.0026(6)
N2 0.0169(7) 0.0178(8)  0.0208(8)  0.0028(6) 0.0056(6) 0.0036(6)
N3 0.0172(7) 0.0166(8)  0.0205(8)  0.0033(6) 0.0049(6) 0.0016(6)
N4 0.0171(7) 0.0161(8)  0.0220(8)  0.0032(6) 0.0052(6) 0.0037(6)
cl1 0.0432(4) 0.0780(3  0.0434(4)  0.0092(3) 0.0078(3) 0.0203(3)
cl2 0.0896(6) 0.0502(4)  0.0589(5) 0.0017(3) 0.0246(4) 0.0082(4)

Bond lengths [A]

Zn1-N1  =2.0543(15)
Zn1-N2  =2.0554(15)
Zn1-N4  =2.0608(15)
Zn1-N3  =2.0723(15)
Zn1-061 =2.1609(14)
Cl-N1 =1.375Q2)
Cl-C2  =1.403(3)
Cl-C20 =1.444(3)
C2-C3  =1.403
C2-C21 =1.503(2)
C3-N2 =1.374(2)
C3-C4 =1.442(2)
C4-C5 =1.353(3)
C4 -H4  =0.9500
C5-C6  =1.440(2)
C5-H5  =0.9500

C6 -N2  =1.371(2)
C6-C7  =1.407(3)
C7-C8  =1.401(2)
C7 -C41  =1.499(2)
C8 -N3  =1.371(2)
C8-C9  =1.443(3)
C9 -C10 =1.351(3)
C9 -H9  =0.9500
C10-C11 =1.443(3)
C10-H10  =0.9500
C11-N3  =1.373(2)
C11-C12  =1.405(2)
C12-C13 =1.406(3)
C12-C31 =1.499(2)
C13-N4  =1.373(2)
C13-Cl4  =1.440(2)
Cl14-C15 =1.351(3)
Cl4-H14 =0.9500
C15-C16 = 1.445(2)
C15-H15 =0.9500
C16-N4  =1.371(2)
C16-C17 =1.407(3)
C17-C18 =1.402(2)
C17-C51 = 1.497)
C18-N1  =1.374(2)
C18-C19 =1.447(3)
C19-C20 =1.354(3)
C19-H19 =0.9500
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C20-H20
C21-C22
C21-C26
C22-C23
C22-H22
C23-C24
C23-H23
C24-C25
C24-H24
C25-C26
C25-H25
C26-H26
C31-C36
C31-C32
C32-C33
C32-H32
C33-C34
C33-H33
C34-C35
C34-H34
C35-C36
C35-H35
C36-H36
C41-C46
C41-C42
C42-C43
C42-H42
C43-C44
C43-H43
C44-C45
C44-H44
C45-C46
C45-H45
C46-H46
C51-C56
C51-C52
C52-C53
C52-H52
C53-C54
C53-H53
C54-C55
C54-H54
C55-C56
C55-H55
C56 - H56
061 -C62
C62-N63
C62-H62
N63 - C64
N63 - C65
C64 - H64A
C64-H64B
C64-H64C
C65- H65A

= 0.9500
= 1.385(3)
= 1.389(3)
= 1.391(3)
= 0.9500
= 1.376(4)
= 0.9500
= 1.375(4)
= 0.9500
= 1.397(3)
= 0.9500

= 0.9500
= 1.389(3)
= 1.391(3)
= 1.384(3)
= 0.9500
= 1.387(3)
= 0.9500
= 1.385(3)
= 0.9500
= 1.390(3)
= 0.9500
= 0.9500
= 1.386(3)
= 1.390(3)
= 1.382(3)
= 0.9500
= 1.380(3)
= 0.9500
= 1.384(3)
= 0.9500
= 1.389(3)
= 0.9500
= 0.9500
= 1.390(3)

= 1.392(3)
= 1.379(3)
= 0.9500
= 1.379(3)
= 0.9500
= 1.381(3)
= 0.9500
= 1.389(3)
= 0.9500
= 0.9500

1.243(3)

1.309(3)

0.9500

1.427(3)

= 1.450(3)

= 0.9800

= 0.9800
=0.9800

= 0.9800
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C65-H65B  =0.9800
C65-H65C  =0.9800
C101-Cl1  =1.757(3)
C101-Cl2 =1.763(3)
C101-H10A =0.9900
C101- H10B =0.9900
Angles [°]
N1 -Znl -N2
N1 -Znl -N4
N2 -Znl -N4
N1 -Znl -N3
N2 -Znl -N3
N4 -Znl -N3
N1 -Znl -061
N2 -Znl -061
N4 -Znl -061
N3 -Znl -061
N1 -C1 -C2
N1 -Cl1 -C20
C2 -Cl1 -C20
ci -C2 -C3
Cl1 -c2 -c21
c3 -C2 -c21
N2 -C3 -C2
N2 -C3 -C4
c2 -C3 -C4
C5 -C4 -C3
C5 -C4 -H4
C3 -C4 -H4
C4 -C5 -C6
C4 -C5 -H5
C6 -C5 -H5
N2 -C6 -C7
N2 -C6 -C5
C7 -C6 -C5
c8 -C7 -C6
cg8 -C7 -Cc41
cC6 -C7 -Cc41
N3 -C8 -C7
N3 -C8 -C9
C7 -C8 -C9
C10 -C9 -C8
C10 -C9 -H9
C8 -C9 -H9
C9 -Cl0 -Cl1
C9 -Cl0 -H10
Cl1 -C10 -H10
N3 -Cl1 -C12
N3 -Cl1 -C10
C12 -Cl1 -C10
Cl11 -C12 -C13
Cl1 -C12 -C31
C13 -Cl2 -C31

= 89.81(6)
= 89.47(6)
= 164.75(6)
= 168.17(6)
-88.92(6)
= 88.67(6)
= 95.17(6)
= 98.52(6)
= 96.72(6)
= 96.66(6)
= 125.61(16)
= 109.44(15)
= 124.82(17)
= 125.45(17)
= 117.05(16)
= 117.49(16)
= 125.87(16)
409.41(16)
= 124.72(17)
= 107.20(17)
= 126.4
= 126.4
= 107.03(17)
=126.5
=126.5
= 125.57(16)
= 109.71(15)
= 124.71(17)
= 125.00(17)
= 116.67(16)
418.32(15)
= 125.98(16)
= 109.54(15)
= 124.48(16)
= 107.23(16)
= 126.4
= 126.4
= 107.01(16)
=126.5
= 1265
= 125.20(16)
= 109.58(15)
= 125.21(16)
425.05(16)
= 117.99(16)
= 116.95(15)
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N4

N4

C12
C15
C15
C13
C14
C14
C16
N4

N4

C17
C18
C18
C16
N1

N1

C17
C20
C20
C18
C19
C19
C1

Cc22
C22
C26
C21
C21
C23
C24
C24
C22
C25
C25
C23
C24
C24
C26
Cc21
C21
C25
C36
C36
C32
C33
C33
C31
C32
C32
C34
C35
C35
C33

-C13
-C13
-C13
-C14
-Cl4
-C14
-C15
-C15
-C15
-Cl16
-C16
-Cl6
-C17
-C17
-C17
-C18
-C18
-C18
-C19
-C19
-C19
-C20
-C20
-C20
-C21
-C21
-C21
-C22
-C22
-C22
-C23
-C23
-C23
-C24
-C24
-C24
-C25
-C25
-C25
-C26
-C26
-C26
-C31
-C31
-C31
-C32
-C32
-C32
-C33
-C33
-C33
-C34
-C34
-C34

-C12
-Cl14
-C14
-C13
-H14
-H14
-Cl6
-H15
-H15
-C17
-C15
-C15
-Cl6
-C51
-C51
-C17
-C19
-C19
-C18
-H19
-H19
-C1
-H20
-H20
-C26
-C2
-C2
-C23
-H22
-H22
-C22
-H23
-H23
-C23
-H24
-H24
-C26
-H25
-H25
-C25
-H26
-H26
-C32
-C12
-C12
-C31
-H32
-H32
-C34
-H33
-H33
-C33
-H34
-H34

= 125.86(16)
= 109.60(16)
= 124.53(16)
= 107.20(16)
= 126.4
=126.4

= 107.00(16)
= 1265

= 1265

= 125.60(16)
= 109.54(15)
= 124.86(17)
= 125.39(17)
= 117.93(16)
= 116.65(15)
= B72(16)

= 109.42(15)
= 124.71(17)
= 107.07(17)
= 1265

= 1265

= 107.25(16)
= 126.4
=126.4
418.80(18)
= 120.92(18)
= 120.28(18)
=120.92)
=119.6
=119.6
=119.8(2)
=120.1
=120.1

= 120.4(2)
=119.8
=119.8

= 120.02)
=120.0
=120.0

= 120.3(2)
=119.9
=119.9

= B61(17)
= 120.66(17)
= 120.73(17)
= 120.58(18)
=119.7
=119.7
420.46(19)
=119.8
=119.8

= 119.45(17)
=120.3
=120.3
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C34 -C35
C34 -C35
C36 -C35
C35 -C36
C35 -C36
C31 -C36
C46 -C41
C46 -C41
C42 -C41
C43 -C42
C43 -C42
C41 -C42
C44 -C43
C44 -C43
C42 -C43
C43 -C44
C43 -C44
C45 -C44
C44 -C45
C44 -C45
C46 -C45
C41 -C46
C41 -C46
C45 -C46
C56 -Cb1
C56 -Cb1
C52 -Cb1
C53 -C52
C53 -C52
C51 -Cb2
C54 -C53
C54 -Cb53
C52 -C53
C53 -C54
C53 -Cbh4
C55 -C54
C54 -Cb5
C54 -C55
C56 -C55
C55 -Cb6
C55 -C56
C51 -Cb56
C62 -061
061 -C62
061 -C62
N63 -C62
C62 -N63
C62 -N63
C64 -N63
N63 -C64
N63 -C64
H64A -Co64
N63 -C64
H64A -Co64

-C36
-H35
-H35
-c31
-H36
- H36
-C42
-C7

-C7

-c41
-H42
-H42
-C42
- H43
- H43
-C45
- H44
- H44
-C46
- H45
- H45
-C45
- H46
- H46
-C52
-C17
-C17
-Cc51
-H52
- H52
-C52
- H53
- H53
-C55
- H54
- H54
-C56
- H55
- H55
-C51
- H56
- H56
-zZnl

-N63
-H62
-H62
-C64
-C65
-C65
- H64A
-H64B
-H64B
-H64C
-H64C

= 119.90(18)
=120.1
=120.1
= 120.98(18)
= 1195
=1195
= 118.14(18)
= 119.83(17)
= 122.00(17)
= 120.99(19)
=1195
= 1195
420.31(18)
=119.8
=119.8
= 119.62(19)
=120.2
=120.2
419.8(2)
=120.1
=120.1
= 121.16(19)
=119.4
=119.4
= 118.36(18)
= 120.92(17)
= 120.68(18)
=121.0(2)
=1195
=119.5
=120.3(2)
=119.8
=119.8
= 119.41(19)
=120.3
=120.3
= 125(2)
=119.7
=119.7
= 120.3(2)
=119.8
=119.8
419.75(14)
=125.2(2)
=117.4
=117.4
=120.7(2)
=122.3(2)
= 116.9(2)
= 109.5
=109.5
=109.5
=109.5
=109.5
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H64B -C64 -H64C =109.5
N63 -C65 -HG65A #4095
N63 -C65 -H65B =109.5
H65A -C65 -H65B =109.5
N63 -C65 -H65C =109.5

H65A -C65 -H65C =109.5
H65B -C65 -H65C =109.5
Cll -C101 -Cl2 =111.32(15)
Cll -C101 -H10A =109.4
Cl2 -C101 -H10A =109.4
Cll -C101 -H10B =109.4
Cl2 -C101 -H10B =109.4
H10A -C101 -H10B =108.0
C18 -N1 -Cl1  =106.81(14)
C18 -N1 -zZnl 426.72(12)
Cl -N1 -Znl =126.45(12)
C6 -N2 -C3 =106.64(14)
C6 -N2 -Znl =126.94(12)
C3 -N2 -zZnl =126.10(12)
C8 -N3 -Cl1 =106.61(14)
C8 -N3 -zZnl =125.35(12)
C1l -N3 -zZnl =125.75(12)
C16 -N4 -C13 =106.63(14)
C16 -N4 -zZnl =126.73(12)
C13 -N4 -Znl =126.56(12)

Torsion angles [°]

NI -Cl1 -C2 -C3 =3.0(3)
C20 -Cl1 -C2 -C3 =172.46(18)
NI -Cl -C2 -C21 =178.46(17)
C20 -Cl1 -C2 -C21 =6.1(3)
Cl -C2 -C3 -N2 =14(3)
C21 -C2 -C3 -N2  =179.91(17)

Cl -C2 -C3 -C4 =178.47(18)
c2l1 -C2 -C3 -C4 =0.1(3)
N2 -C3 -C4 -C5 =062

C2 -C3 -C4 -C5 =179.26(18)
C3 -C4 -C5 -C6 =1.0(2)

C4 -C5 -C6 -N2 =11(2)

C4 -C5 -C6 -C7  =177.85(18)
N2 -C6 -C7 -C8 =0.8(3)

C5 -C6 -C7 -C8 =1797(18)

N2 -C6 -C7 -C4l =179.53(17)
C5 -C6 -C7 -C41 =1.7(3)

cC6 -C7 -C8 -N3 =6.1(3)

C4l -C7 -C8 -N3  =172.66(17)
cC6e -C7 -C8 -C9 =172.79(18)
c4l -C7 -C8 -C9 =85(3)
N3 -C8 -C9 -C10 =0.8(2)

C7 -C8 -C9 -Cl0 =179.77(18)
C8 -C9 -CI10 -Cll =0.4(2)
C9 -C10 -Cl1l1 -N3  =1.4(2)
C9 -Cl0 -Cll -CL =179.28(18)
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N3 -Ci1l -Cl2 -Cl13 =2.0(3)
C10 -Cll1 -Cl2 -C13 =177.22(18)
N3 -Cll -Cl2 -C31 =178.82(16)
C10 -Cl1 -Cl12 -C31 =2.0(3)
Cll -C12 -C13 -N4  =7.3(3)
C31 -Cl2 -C13 -N4 =171.95(17)
Cll -C12 -C13 -Cl4 =174.05(18)
C31 -Cl12 -Cl13 -Cl4 =6.8(3)

N4 -C13 -Cl4 -Cl5 =15(2)
C12 -C13 -Cl4 -Cl15 =177.38(18)
C13 -Cl4 -C15 -C16 =0.8(2)
Cl4 -C15 -Cl6 -N4 =0.1(2)
Cl4 -C15 -Cl6 -Cl17 =179.30(18)
N4 -C16 -C17 -Cl18 =3.5(3)
C15 -C16 -Cl17 -Cl18 =177.10(18)
N4 -C16 -C17 -C51 =178.76(17)
C15 -C16 -Cl17 -C51 =0.6(3)
C16 -C17 -C18 -N1  =25(3)
C51 -Cl17 -C18 -N1  =179.81(17)
C16 -C17 -Cl18 -Cl19 =172.46(18)
C51 -Cl17 -C18 -C19 =5.2(3)

N1 -Cl8 -C19 -C20 =0.3(2)
C17 -C18 -Cl19 -C20 =17533(18)
C18 -Cl19 -C20 -Cl1 =0.1(2)

NI -Cl -C20 -C19 =0.6(2)

C2 -Cl -C20 -Cl9 =175.49(18)
Cl -C2 -C21 -C22 =69.1(2)
C3 -C2 -C21 -C22 =112.3(2)
Cl -C2 -C21 -C26 =110.6(2)
C3 -C2 -C21 -C26 =68.1(2)
C26 -C21 -C22 -C23 =0.2(3)

C2 -C21 -C22 -C23 =179.8(2)
C21 -C22 -C23 -C24 =0.4(4)
C22 -C23 -C24 -C25 =0.6(4)
C23 -C24 -C25 -C26 =0.2(3)
C22 -C21 -C26 -C25 =0.5(3)
C2 -C21 -C26 -C25 =179.81(18)
C24 -C25 -C26 -C21 =0.3(3)
Cil -Cl2 -C31 -C36 =119.7(2)
C13 -Cl12 -C31 -C36 =596(2)
C1l -Cl2 -C31 -C32 =60.9(2)
C13 -C12 -C31 -C32 =119.81(19)
C36 -C31 -C32 -C33 =0.8(3)
C12 -C31 -C32 -C33 =179.81(17)
C31 -C32 -C33 -C34 =0.8(3)
C32 -C33 -C34 -C35 =0.3(3)
C33 -C34 -C35 -C36 =1.3(3)
C34 -C35 -C36 -C31 =1.3(3)
C32 -C31 -C36 -C35 =0.2(3)
C12 -C31 -C36 -C35 =179.19(17)
C8 -C7 -C4l -CHB =63.4(2)
C6 -C7 -C4l -C46 =115.4(2)
C8 -C7 -C4l -C42 =114.4(2)
C6 -C7 -C4l -C42 =66.8(2)

S32



C46 -C41 -C42 -C43 =0.8(3)
C7 -C41 -C42 -C43 =178.60(17)
C4l -C42 -C43 -C44 =0.3(3)
C42 -C43 -C44 -C45 =0.9(3)
C43 -C44 -C45 -C46 =15(3)
C42 -C41 -C46 -C45 =0.2(3)
C7 -C4l -C46 -C45 =178.03(19)
C44 -C45 -C46 -C41 =0.9(3)
C18 -C17 -C51 -C56 =66.0(2)
C16 -C17 -C51 -C56 =116.1(2)
C18 -C17 -C51 -C52 =116.2(2)
C16 -C17 -C51 -C52 =617(2)
C56 -C51 -C52 -C53 =2.0(3)
C17 -C51 -C52 -C53 =175.85(18)
C51 -C52 -C53 -C54 =1.3(3)
C52 -C53 -C54 -C55 =0.7(3)
C53 -C54 -C55 -C56 =2.1(3)
C54 -C55 -C56 -C51 =1.3(3)
C52 -C51 -C56 -C55 =0.7(3)
C17 -C51 -C56 -C55 =177.17(18)
Znl -061 -C62 -N63 =178.99(18)
061 -C62 -N63 -C64 =1.6(4)
061 -C62 -N63 -C& =178.8(2)
C17 -C18 -N1 -Cl1  =174.91(17)
C19 -C18 -N1 -Cl1 =0.7(2)
C17 -C18 -N1 -Znl =3.6(3)
C19 -C18 -N1 -zZnl =179.21(12)
C2 -Cl -N1 -Cl8 =175.24(18)
C20 -C1 -N1 -C18 =0.8(2)
C2 -C1 -N1 -znl =3.3(3)
C20 -Cl1 -N1 -znl =179.31(12)
C7 -C6 -N2 -C3 =178.23(17)
C5 -C6 -N2 -C3 =0.7(2)

C7 -C6 -N2 -zZnl =45(3)

C5 -C6 -N2 -zZnl =174.43(12)
C2 -C3 -N2 -C6 =1793(17)
C4 -C3 -N2 -C6 =01(2)

C2 -C3 -N2 -zZnl =6.3(3)

C4 -C3 -N2 -zZnl =173.88(12)
C7 -C8 -N3 -Cl1 =179.39(17)
C9 -C8 -N3 -Cl1 =1.6(2

C7 -C8 -N3 -zZnl =17.0(3)
C9 -C8 -N3 -Znl =161.96(12)
C12 -Cl11 -N3 -C8 =178.83(18)
C10 -C11 -N3 -C8 =1.9(2)
C12 -C11 -N3 -zZnl =17.7(3)
C10 -C11 -N3 -Znl =161.63(12)
C17 -C16 -N4 -C13 =178.37(18)
C15 -C16 -N4 -C13 =1.1(2)
Cl17 -C16 -N4 -zZnl1 =1.7(3)
C15 -C16 -N4 -zZnl =177.78(12)
C12 -C13 -N4 -C16 =177.30(18)
Cl4 -C13 -N4 -C16 =1.6(2)
C12 -C13 -N4 -Znl =0.6(3)
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Cl4 -C13 -N4

Structure visualisation

-Znl

= 178.29(12)

24 Y

- (100912)

:42 2015

7 16:36

PLATON-Jul

N

-50 I P -1

R =0.04

Prob
Temp

0

oo
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5. PM3minimized molecular modelling.

HETATM 1 N UNK 0001 1-23560 -1.984
HETATM 2 C UNK 0001 1-38D3 -3.325
HETATM 3 C UNK 0001 2-341A7 -1.294
HETATM 4 C UNKO1 2.7131.942 -3.451
HETATM 5 C UNK 0001 3-3MP4 -2.196
HETATM 6 C UNK 0001 2-25%3 0.073
HETATM 7 C UNK 0001 1-8318 0.904
HETATM 8 N UNK 0001 0-26228 0.631
HETATM 9 C UNK 00010.363-3.478 1.774

HETATM 10 C UNK 0001 0-83&313 2.896
HETATM 11 C UNK 0001 1-33D8 2.314
HETATM 12 C UNK 00011.786 -3.640 1.981
HETATM 13 C UNK 00012.510-3.888 0.886
HETATM 14 N UNK 00032.167 -3.902 -0.474
HETATM 15 C UNK 00013.315-4.217 -1.211
HETATM 16 C UNK 00013.904 -4.293 0.985
HETATM 17 C UNK 00034.360 -4.540 -0.240
HETATM 1& UNK 0001 -3.613-4.221 -2.512
HETATM 19 C UNK 00012.603 -3.705 -3.401
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HERTM

HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

20
21
22
23
24
25
26
27
28
29
30
31

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

O O o o o o o o o0 o0 0o 2

O 0O 0 000000000 oo o0o0?©

UNK
UNK
UNK
UNK
UNK
UNK
UNK

00011.418 -3.188 -3.104
00010.795 -2.860 -4.238
00042.839 -3.673 -4.853
00041.718 -3.133-5.324
0001 0-25882 -4.396
0001 2-8069 -7.781
0001 0-698)7 -6.474

UNKRO1 1.6093.248 -6.471

UNK
UNK
UNK
UNK

0001 1-8852 -8.436
0001 1-04831 -7.785
0001 0-224.8 -5.805
00017.198 -4.171 -3.726

UNK 0001-5.131 -6.010-3.351

UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK

00047.395-5.517 -4.034
00035.967 -3.741 -3.229
00034.924 -4.659 -3.039
00036.364 -6.435 -3.848
00042.358 -3.627 3.339
00013.443 -3.795 5.916
00012.469 -4.868 4.002
00012.799 -2.444 3.970

UNKRO1 -3.336-2.559 5.270

UNK
UNK
UNK
UNK

00013.010-4.950 5.281
0001 4-B5368 1.256
0001 6-0838 1.111
0001 32850 0.651

UNK 0001 584360 1.785

UNK
UNK

0001 6-24b0 1.713
0001 4-81010 0.579
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

49 C
50 C
51 H
52 N
53 N
54 N

5& UNK 0001 -2.911

56 C
57 C
58 C
59 C
60 N
61 Ir

UNK 00012.686 -1.115 3.356

UNK 00013.449 -0.000 3.751

UNK 00034.246 0.122 4.470

UNK 00011.740-0.756 2.363

UNK 00011.872 0.543 2.292

UNK 00012.832 1.035 3.105

2.407 3.291

UNK 00012.736 5.117 3.657

UNK 00013.804 3.019 4.164

UNK 00011.871 4.444 2.800

UNK 00013.714 4.3974.340

UNK 00011.987 3.121 2.629

UNK 000%0.564 1.970 1.181

62 Zn UNK 00010.605 -3.032 -1.091

63 H
64 B
65 B
66 O
67 O
68 C

% C UNK 0001

70
71
72
73
74
75
76

O O O O O O O O

77

UNK 0001 0.070

0.448 0.971

UNK 00010.629 1.816 3.075

UNK 0001 0.698 3.870 0.963

UNK 0001 1.343 4.536 2.053

UNK 0001 0.963 40323

UNK 0001 2.005 S=04@30
3.345 4.893G91

UNK 0001 1.784 e06922

UNK 0001 1.850 5.778 1.498

UNK 0001 3.149 6.121 2.227

UNK 0001 0.810 618%KD

UNK 0001 1.997 1.388 3.108

UNK 0001 0.094 2.068 4.386

UNK 0001 2.232 1.054 4.496

UNK 0001 1.243 1.985 5.266
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

000D.776 1.445 6.616
0001 1.751 3.422 5.441
0001 3.707 1.286 4.813
0001 1-06BI0 4.634
00015.830 -2.691 -2.992
00018.008 -3.461 -3.874
00018.355 -5.852 -4.422
00016.520 -7.484 -4.090
00034.334 -6.739 -3.212
00034.552 2.457 4.716
00034.396 4.910 5.020
00012.649 6.193 3.793
00011.107 4.942 2.235
0001 2.100 3.840 4.492

HUNK 0001 2.570 3.478 6.165

0001 0.944 4.079 5.785
0001 0.084 2.148 7.095
0001 1.617 1.276 7.294
0001 0.213 0653@5
0001 2:0%7 5.648
0001 2:307 3.944
0001 0-868b0 4.369

UNK 0001 4.340 0.604 4.234

UNK 00014.027 2.294 4.528

UNK 0001 3.918 1.132 5.875

UNK 0001 3.548 3.963 0.237

UNK 0001 4.178 51381

78 C UNK
79 C UNK
80 C UNK
81 C UNK
82 H UNK
83 H UNK
84 H UNK
85 H UNK
86 H UNK
87 H UNK
88 H UNK
89 H UNK
90 H UNK
91 H UNK
92

93 H UNK
94 H UNK
95 H UNK
96 H UNK
97 H UNK
98 H UNK
99 H UNK
100 H

101 H

102 H

103 H

104 H

105 H

UNK 0001 3.338 414889

1061 UNK 0001 2.483 7.502/12
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HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

107
108
109
110
111
112
113
114
115
116
117
118
119

Ir * T T T T T T T I I I =T

HERTM 120 H

HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM
HETATM

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001

1.916 61924
0.760 ZMD&30
3.632 7.003 1.796
3.8584 2.213
2.956 6.320 3.288
1.173 7.861 1.537

UNK 00010.129 6.686 1.277

UNK 0001

0.564 6.871 2.878

UNIKO1 -3.696 -4.021 -5.403

UNK 00011.524 -2.984 -6.376

UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNK 0001
UNKO1

UNK 0001

0-06104 -5.992
0.966 081866
2:17105 -9.458
2.58872-8.290
14987 -5.971
3:21683 -4.373
4:3%8B9 -1.975
44969 0.107
6-4/484 1.053
7:318%/5 2.123
5937 2.253
3-6887 1.318

2.6953.447 2.834

0-3a87 3.924

UNK 00013.668 -1.684 5.824

UNK 00013.860-3.853 6.919
UNK 00013.089-5.913 5.781

UNK 000%2.129 -5.783 3.516

UNK 00034.476 -4.432 1.890
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HETATM 136 H UNK 00015.360 -4.885 -0.459
HETATM 137 C UNK 0001 0.656 102432
HETATM 138 C UNK 0002.188 1.3742.721
HETATM 139 C UNK 0001 2.018 10s327
HETATM 140 C UNK 0001 0.115 ©1/BY5
HETATM 141 C UNK 0001 0.882 ©28p41
HETATM 142 C UNK 0001 2.773 116489

HETATM 143 @WNK 0001 -1.092-0.132-1.639

HETATM 144 O UNK 00011.313-1.043-0.758
HETATM 145 H UNK 0001 0.528 0>H434
HETATM 146 H UNK 0001 2.787 131897
HETATM 147 H UNK 0001 3.828 118427
HETATM 148 H UNK 0001 2.486 1.681 0.638
HETATM 149 B UNK 00032.009 3.143-0.085
HETATM 150 O UNK 00011.958 4.603-0.208
HETATM 151 O UNK 00013.116 2.580-0.804
HETATM 152 C UNK 00013.949 3.7291.126
HETATM 153 C UNK 00012.936 4.914-1.226
HETATM 154 C UNK 00034.943 3.859 0.039
HETATM 155 C UNK 00034.731 3.456-2.408
HETATM 156 C UNK 00042.158 4.977-2.546

HETATM 15T UNK 0001 -3.530 6.287-0.922

HETATM 158 N UNK 000%2.171 0.161-2.494
HETATM 159 C UNK 00012.099 1.024-3.661
HETATM 160 C UNK 00013.426 -0.555 -2.332
HETATM 161 H UNK 00011.461 1.8883.478
HETATM 162 H UNK 000313.098 1.377-3.926
HETATM 163 H UNK 00011.705 0.440-4.497
HETATM 164 H UNK 00034.227 0.1782.195
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HETATM 165 H UNK 00013.629
HETATM 166 H UNKO1 -3.420
HETATM 167 H UNK 00011.350
HETATM 168 H UNK 00011.671
HETATM 169 H UNK 000%12.801
HETATM 170 H UNK 00015.372

HERTM 171 H
HETATM 172 H

UNK 0001-5.674
UNK 00034.429

HETATM 173 H UNK 00034.340
HETATM 174 H UNK 000%12.762
HETATM 175 H UNK 00013.908
HETATM 176 H UNK 000315.360
HETATM 177 H UNK 00035.489
HETATM 178 H UNK 000%4.068
CONECT 1 2 3 62
CONECT 2 1 4 24
CONECT 3 b 6

CONECT 4 2 5 122
CONECT 5 3 4 123
CONECT 6 3 7 45
CONECT 7 6 8 11
CONECT 8 7 9 62
CONECT 9 8 10 12
CONECT 10 9 11 130
CONECT 11 7 10 129
CONECT 12 9 13 37

CONECT13 12 14 16

CONECT
CONECT

14 13 15 62
15 14 17 18

-1.129 -3.238
-1.213-1.462

5.7152.482
4.022-2.766
5.250-3.388
4.303-2.673
4.655-0.136
4.063 0.983
6.537-1.615
7.067-0.995
6.346 0.104
2.566-2.298
2.920 0.187
3.252-3.252
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

13
16
15
18
19
20
123
22
21
28
29
30
25
28
26
34

17 135
15 136
19 35
20 22
21 62
23 24
115

21 116
2 30
27 120
30 117
25 121
29 119
26 118
27 24
33 83

CONET 32 35 36 86

CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

33
34
35
36
37
38
39
40
41
42
43
44

36
31
34
32
40
41
42
37
488
38
46
47

31 84
35 82
32 18
33 85
39 12
42 132
37 134
41 49
131

39 133
45 128
48 125
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
QONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
61
62
62
63
64
65
66
67
68
69
70
71

48 43 6

43 47 127
46 44 126
44 45 124
40 50 52

49 51 54

50

49 53

52 54 61

53 50 55

57 54 60

58 59 89

59 55 87

56 60 90

56 57 88

58 55 61

53 60 63 64
65 137 149

8 14 20 1
144

61 137

61 74 75

61 66 67

65 71

65 68

67 69 70

68 103 104 105
68 106 107 108
68 72 73 66
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

72
73
74
75
76

71 109 110 111
71 112 113 114
64 76

64 77

77 80 81 74

776 78 79 75

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

77 94 95 96
77 91 92 93
76 100 101 102
76 97 98 99
34

31

33

36

32

57

59

56

58

79

79

79

78

78

78

81

81

81

CONECT 100 80
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
GONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

80
80
69
69
69
70
70
70
12
12
72
73
73
73
22
23
26
29
28
25
27

48
44
47
46
43
11
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

10

41

38

42

39

16

17

140 139 61 63
141 142 146

142 137 148

137 141 143

140 138 145

138 139 147

140 14388

143 62

141

138

142

139

61 151 150

153 149

149 152

151 153 154 155
152 150 156 157
152 17712 177
152 170 176 178
153 167 168 169
153 173 174 175
143 159 160
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CONECT 159 158 161 162 163
CONECT 160 158 164 165 166

CONECT 161 159

CONECT 162 159

CONECT 163 159

CONECT62 160

CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
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166
167
168
169
170
171
172
173
174
175
176
177
178

160
160
156
156
156
155
154
154
157
157
157
155
154
155
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6. Computational details.

All the DFT calculations were performed with tBaussian 16 set of prograsisGeometry optimizations werperformed
without symmetry constraints. Analytical frequency calculations were then carried out &bratlaeterization of the located
stationary points. These frequencies were used to calculate unscalpdintenergies (ZPEs) as well as thermal corrections
and entropy effects at 353.15 K. For this calculations, we us&P®@ functional of Becke arféerdew?>?*together with the
Grimme D3 correction term to the electronic enefgyhe electronic configuration of the molecular systems was described
with the doublez basis set with polarization of Ahlrichs for mainoup atoms (Def2SVP keyword in Gaussi#&nyhereas for

iridium the smalcore quasielativistic Stuttgart/Dresden effective core potential, with an associated valence basis set
(standard SDD keywords iGaussian16) were employ&t® Energies were obtained by singleint calculations on the
optimized geometries with the MO6L functiorfaboupled with the Def2TZVP basis séSolvent corrections were considered
using the polarization continuum solvatimodel (PCM}?2% using pxylene as the solverithe reported free energies in this
work include energies obtained at the MO6L/Def2TZVP~sdd level of theory (with solvent corrections included) corrected with
zeropoint energies, thermabrrections and entropy effects evaluated at 353.15 K, achieved at theDBAB&2SVP~sdd

level. Other four functionals B3LYP-D3//SMD, B3LYP-D3//PCM, PBEPBED3BJ//SMD and MO6L//SMD) led to less
accurate data.
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Table S2NClplots for a selected list of intermediates and transitions states. The isosurface represents
a value of 0.5 with a color scale for the reduced density gradient f€o@® to 0.05.

A TSas

B TSsc
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Table S3xyz coordinates and absolute energies (in a.u.) of all optimized geometries.
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Table 4. Key parameters involved in the coordination of carbonyl groups from amides to
tetra-arykzincporphyrin derivativescurrent work versus precedents from theerature.

(Angew. Chem. Int. Ed. 2013, 52, 720)

=

SPh

TSas
(this work)

qHxx

(Dalton Trans. 2011, 40, 10833)

(Cryst. Growth Des. 2009, 9, 1444-1451)

TSgc

Jrrn
(Inorg. Chem. 2017, 56, 10204)

Entry | duyxb| Ouyxy Owyx/| dnxy dr xw d; x» | angle(®) | angle(®) | angle(®) | angle (°)
(A (A (A) (A) (A) (A) N-ZnO | ZnOC | OGCR O-GN
1 2.054 | 2.161| 2.980 | 1.243 0.950 | 1.309 | 95.16 | 119.74 | 117.39 | 125.20
(Xray) | 2.055 (R=H) 98.52 (R=H)
2.061 96.65
2.072 96.72
TSs 2.085 | 2.090| 3.138 | 1.249 1502 | 1.358 | 90.33 | 138.66 | 119.74 | 123.19
2.100 (R =Ph) 108.26 (R =Ph)
2.073 103.49
2.088 88.55
TSc 2.088 | 2.127| 3.176 | 1.254 1514 | 1.355 | 89.36 | 138.39 | 117.51 | 123.04
2.112 (R = Ph) 95.37 (R =Ph)
2.069 111.18
2.099 103.25
1* 2.077 | 2.107| 2.968 | 1.241 0.950 | 1.320 | 98.37 | 122.76 | 117.84 | 124.14
(Xray) | 2.067 (R=H) 101.29 (R=H)
2.065 100.49
2.071 97.25
1x* 2.060 | 2.102| 3.090 | 1.247 1483 | 1.365 | 92.65 | 133.02 | 120.70 | 119.48
(Xray) | 2.060 (R =Me) 95.90 (R =Me)
2.077 108.17
2.093 102.88
Lxxx 2.216 | 2.325| 2.857 | 1.306 1.375 | 1.463 | 96.19 99.98 | 124.11 | 113.17
(synch | 2.073 (R =Ph) 100.83 (R =Ph)
roton 1.991 107.54
Xray) | 2.172 100.90
Ir*x* 1 2065 | 2.246| 3.149 | 1.232 1495 | 1.353 | 98.30 | 127.32 | 121.53 | 123.59
(Xray) | 2.054 (R = Ph) 87.77 (R = Ph)
2.054 97.63
2.047 105.50
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8. NMR data.
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