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General Considerations.

All manipulations of metal complexes were carried out in the absence of water and dioxygen using
standard Schlenk techniques, or in an MBraun inert atmosphere drybox under a dinitrogen
atmosphere. Ligand and ligand precursors were synthesized as previously reported.* All glassware
was oven dried for a minimum of 1 hour and cooled in an evacuated antechamber prior to use in
the drybox. Benzene, n-hexane, toluene, and dichloromethane were dried over 4 A molecular
sieves (Strem) prior to use. Chloroform-d and deuterium oxide (D.O) were purchased from
Cambridge Isotope Labs and used as received. Benzene-de and pyridine-ds were purchased from
Cambridge Isotope Labs and were degassed and stored over 4 A molecular sieves prior to use.
Methylmagnesium bromide solution (3.0 M in diethyl ether), isopropylmagnesium chloride
lithium chloride complex solution (1.3 M in THF), azidotrimethylsilane, palladium on carbon (10
wt%), benzaldehyde, trimethylamine, thionyl chloride, sodium  borodeuteride,
chlorodiphenylphosphine, 4-iodobenzotrifluoride, methyl-3-butenoate, tri(o-tolyl)phosphine, 4-
phenylbutanoic acid, 4-(p-tolyl)butanoic acid, 4-(4-methoxyphenyl)butanoic acid, and 2-
methylhexan-2-ol were purchased from Aldrich and used as received. 2,5-dimethylhexan-2-ol and
3-methyl-3-trimethylsiloxy-1-butyne were purchased from Alfa Aesar and used as received. Boron
trifluoride diethyl etherate, palladium(ll) acetate, and cobalt(l1l) acetylacetonate were purchased
from Strem and used as received. Methoxybenzoquinone (MBQ) was purchased from TCI-
America and used as received. Pyridine, 4-tert-butylpyridine and 4-trifluoromethylpyridine were
purchased from Aldrich, degassed and stored over 4 A molecular sieves prior to use. 4-
Dimethylaminopyridine was purchased from Aldrich and recrystallized from toluene prior to use.
Anhydrous cobalt(Il) bromide was purchased from Aldrich and used as received. Celite® 545 (J.
T. Baker) was dried in a Schlenk flask for 24 h under dynamic vacuum while heating to at least
150 °C prior to use in a drybox. Silica gel 32-63 u (AIC, Framingham, MA) was used as received.

1 King, E.R.; Hennessy, E.T.; Betley, T.A. J. Am. Chem. Soc. 2011, 136, 10940
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Characterization and Physical Measurements.

!H and 3C NMR spectra were recorded on Varian Unity/Inova 500 MHz- or Agilent DD2 600
MHz spectrometers. *H and **C NMR chemical shifts are reported relative to SiMes using the
chemical shift of residual solvent peaks as reference. Gas chromatography/mass spectrometry
(GC/MS) was performed on an Agilent GC/MS 5975 Turbo system. High-resolution mass
spectrometry was performed on a Bruker microTOFII ESI LCMS. Elemental analyses (%CHN)
were obtained on a PerkinElmer 2400 Series Il CHNS/O Analyzer.
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Metal Complexes Syntheses.

A. Synthesis of cobalt synthons.

Mes Mes Mes

1.1 equiv 1.1 equiv
CoBr, g
Ph Ph —————> Ph Ph
Toluene Benzene
125°C,15h 25°C,3h
Ph Ph Ph Ph

0 ()

(ArL)CoBr, (1): In an oven-dried 50 mL pressure vessel, (*"L)Li (0.5 g, 0.57 mmol) and CoBr;
(0.137 g, 0.627 mmol, 1.10 equiv) were dissolved in 20 mL toluene and stirred for 15 hours at 125
°C. The dark maroon mixture was filtered through a coarse glass frit with Celite to remove lithium
chloride and excess cobalt. The Celite was washed with an additional 20 mL benzene. The
collected filtrate was frozen and benzene was removed by sublimation in vacuo to afford 1 as a
maroon powder (0.52 g, 90%). Crystals suitable for X-ray diffraction were grown from a 2:1 n-
hexane/benzene mixture at —35 °C. 'H NMR (600 MHz, 295 K, CsDs): 8/ppm 94.31, 91.62, 26.23,
24.02, 18.59, 13.83, 13.27, 12.64, 12.41, 2.12, —27.85, —36.76, —41.50. Anal. Calc. for
CesH49CICON2: C 82.19, H 5.12, N 2.90; Found: C 81.89, H 5.29, N 2.95.

(A"L)Co, (2): Ina 20 mL vial, 1 (0.5 g, 0.496 mmol) was dissolved in 10 mL of benzene and added
to a frozen benzene solution of potassium graphite (KCs, 0.074 g, 0.545 mmol, 1.1 equiv). The
reaction mixture was slowly warmed up to room temperature and stirred for 3 hours at room
temperature. The dark purple mixture was filtered through a coarse glass frit with Celite. The Celite
was washed with an additional 20 mL benzene. The collected filtrate was frozen and benzene
removed by sublimation in vacuo to afford 2 as a dark purple powder. (0.4 g, 87%). Crystals
suitable for X-ray diffraction were grown from a 2:1 n-hexane/benzene mixture at —35 °C. 'H
NMR (600 MHz, 295 K, C¢Ds¢): 8/ppm 45.11, 14.12, 13.68, 12.41, 8.16, 7.58, 5.13, 1.35, —1.55,
—16.71. Anal. Calc. for CesH49CoN2: C 85.33, H 5.32, N 3.02; Found: C 84.96, H 5.50, N 3.07.



B. Synthesis of cobalt imido species.

Mes

General procedure: A solution of azide (1.0 equiv) in benzene was added to a stirring solution of
(A"L)Co (2) (50 mg, 1.0 equiv) in benzene to observe an immediate color change from dark purple
to grayish purple. After stirring for 10 minutes at room temperature, the reaction mixture was

concentrated in vacuo to afford the corresponding cobalt imido complex.

(A'L)Co(NR’), R’ = C(CHz3)2(CH2)3CHs (3): 52 mg, 92%. 'H NMR (600 MHz, C¢Ds): 6/ppm
24.82 (s), 20.97 (s), 11.21 (s), 11.14 (s), 11.00 (s), 10.37 (s), 8.01 (s), 7.82 (), 7.67 (M), 5.20 (5s),
4.88 (s), 3.95 (s), 3.37 (s), 0.89 (s), —9.32 (s). Anal. Calc. for C73HesCoNz: C 84.12, H 6.19, N
4.03; Found: C 84.20, H 6.09, N 4.36. Crystals suitable for X-ray diffraction were grown from a

n-hexane:benzene solution at —35 °C.

(A"L)Co(NR’), R’ = C(CHas)2(CH2)2CH(CH?3)2 (4): 51 mg, 90%. *H NMR (500 MHz, CsDs):
d/ppm 25.26 (s), 20.92 (s), 11.34 (s), 11.14 (s), 10.62 (s), 8.02 (s), 8.01 (s), 7.84 (1), 7.68 (M), 5.12
(s), 4.96 (s), 3.87 (s), 3.27 (), 2.56 (d), 1.02 (s), —9.91 (). Anal. Calc. for C7sHesCoN3: C 84.14,
H 6.30, N 3.98; Found: C 84.03, H 6.35, N 4.30. Crystals suitable for X-ray diffraction were grown

from a n-hexane:benzene solution at —35 °C.

(A"L)Co(NAd) (10): 50 mg, 87%. *H NMR (600 MHz, CsDs): 8/ppm 19.88 (s), 15.01 (s), 11.97
(s), 11.84 (s), 11.54 (s), 11.29 (d), 8.75 (d), 8.11 (d), 7.93 (t), 7.78 (t), 5.26 (s), 4.91 (5), 3.71 (s),
2.85 (t), 0.34 (s), —11.64 (s). Anal. Calc. for C76HesCoN3: C 84.65, H 5.98, N 3.90; Found: C
84.95, H5.99, N 3.76. Crystals suitable for X-ray diffraction were grown from a n-hexane:toluene

solution at —35 °C.
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C. Synthesis of cobalt tetrazene species.

General procedure: A solution of azide (2.0 equiv) in benzene was added to a stirring solution of
("L)Co (2) (50 mg, 1.0 equiv) in benzene to observe an immediate color change from dark purple
to reddish purple. After stirring for 6 hours at room temperature, the reaction mixture was

concentrated in vacuo to afford the corresponding cobalt tetrazene complex.

(A"L)Co(x?-N4R’2), R> = C(CHz3)2(CH2)3CHs (5): 56 mg, 88%. 'H NMR (500 MHz, CsDe):
d/ppm 31.13 (br. s), 24.61 (s), 20.78 (s), 16.30 (s), 13.05 (s), 12.02 (s), 10.30(S), 7.74 (s), 5.37 (8),
2.26 (s), 0.35 (s), 0.33 (s), —3.45 (s), —5.55 (br. s), —6.17 (br. s), —6.89 (br. s), —7.13 (br. s), —9.16
(s), —10.60 (br. s), —34.98 (br. s), —42.87 (br. s). Anal. Calc. for CgoH79CoNs: C 81.19, H 6.73, N
7.10; Found: C 80.89, H 6.57, N 6.98. Crystals suitable for X-ray diffraction were grown from a

n-hexane:benzene solution at room temperature.

(A'L)Co(x?-N4R’2), R’ = C(CHa)2(CH2)2CH(CHs3)2 (6): 61 mg, 93%. *H NMR (500 MHz, CsDs):
d/ppm 30.57 (br. s), 20.98 (br. s), 16.14 (s), 11.94 (s), 9.43 (br. s), 5.71 (s), 5.52 (s), 3.89 (s), 0.09
(s), —3.95 (br. s), —4.45 (br. s), —6.18 (br. s), —7.54 (br. s), —9.83 (br. s), —14.00 (br. s), —65.09 (br.
s). Anal. Calc. for Cg2HgsCoNs: C 81.29, H 6.91, N 6.94; Found: C 81.05, H 6.54, N 6.58. Crystals

suitable for X-ray diffraction were grown from a n-hexane:benzene solution at room temperature.

(A'L)Co(x?-NsAd2) (11): 61 mg, 91%. *H NMR (500 MHz, CsDs): 8/ppm 30.57 (br. s), 20.98 (br.
s), 16.14 (s), 11.94 (s), 9.43 (br. s), 5.71 (s), 5.52 (s), 3.89 (s), 0.09 (5), —3.95 (br. s), —4.45 (br. s),
—6.18 (br. s), —7.54 (br. s), —9.83 (br. s), —14.00 (br. s), —65.09 (br. s). Anal. Calc. for CgsH79C0ON6:
C 82.27, H 6.34, N 6.69; Found: C 82.19, H 6.40, N 7.06. Crystals suitable for X-ray diffraction

were grown from a n-hexane:benzene solution at room temperature.
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Organoazide Syntheses.

General procedures for preparation of organoazides.

/@N\H/OH cat. H,S0, /@AAWO\
0 - 0
X MeOH X

R.T.,12h

Procedure A: Catalytic amount of concentrated H.SOs was added to a solution of the
corresponding 4-phenylbutanoic acid (1 equiv) in 50 mL methanol. The reaction mixture was
stirred at 25 °C for 12 hours. Upon completion, the reaction mixture was concentrated and diluted
in Et,O. The aqueous phase was extracted three times with Et,O and the combined organic phases
were washed with brine, dried over MgSOs, filtered and concentrated. The product was used

without further purification.

/@/\/\’(0\ 3 equiv MeMgBr /@/\/YOH
) Et i *
X 20 X

0°C >RT,3h

Procedure B: An oven-dried Schlenk flask was charged with 3 g of the corresponding methyl 4-
phenylbutanoate in dry EtO and placed under N2. The solution was cooled in an ice-bath and a
diethyl ether solution of methylmagnesium bromide (3.0 M in diethyl ether) was added slowly at
0 °C. The reaction mixture was stirred at room temperature for 3 hours before it was quenched
with a saturated aqueous solution of NH4Cl and diluted with water. The aqueous phase was
extracted three times with diethyl ether. The combined organic phases were washed with brine,

dried over MgSQyg, filtered and concentrated. The product was used without further purification.

SI-10



1.2 equiv TMSN;

/@/\/70” 1.2 equiv BF5(Et,0) /©/\/7(N3
x ‘ CeHg X i

R.T., 24 h

Procedure C: (adapted from literature procedure)?: An oven-dried Schlenk flask was charged with
atertiary alcohol (15 mmol, 1 equiv) and azidotrimethylsilane (1.2 equiv) in benzene (0.5 M) under
N2. Boron trifluoride diethyl etherate (1.2 equiv) was added dropwise at 25 °C to the stirring
solution. After 24 hours, the mixture was poured into water and extracted three times with Et20.
The combined organic phases were washed with brine and dried over MgSOs, filtered, and
concentrated. The crude products were purified via silica gel chromatography (100% hexanes as

an eluent) and stored over molecular sieves for further use.

A. 2-Methyl-2-azidohexane: Synthesized following Procedure C. 67%

1.2 equiv TMSN,

/\/7(0“ 1.2 equiv BF;(Et,0) /\/7("'3

CeHg
RT.24h

IH NMR (600 MHz, CDCls): 8/ppm 1.47-1.50 (m, 2 H), 1.31-1.34 (m, 4 H), 1.25 (s, 6 H), 0.90
(d, 6 H). 3C{*H} NMR (125 MHz, CDCl3): 8/ppm 61.9, 41.3, 26.6, 26.1, 23.2, 14.2. HRMS
(ESI*) m/z Calc. 159.1604 [C7H1sN3+NH4]*, Found 159.1604 [M+NHa]".

B. 2,4-Dimethyl-2-azidohexane: Synthesized following Procedure C. 73%

1.2 equiv TMSN;
OH 1.2 equiv BF;(Et;0) N
%, CeHg ",

R.T., 24 h
IH NMR (600 MHz, CDCls): &/ppm 1.46-1.50 (m, 4 H), 1.25 (s, 6 H), 1.20-1.23 (m, 1 H), 0.81
(d, J = 6.6 Hz, 6 H). 3C{*H} NMR (125 MHz, CDCls): 8/ppm 61.9, 39.3, 33.3, 28.5, 26.2, 22.7.
HRMS (ESI*) m/z Calc. 173.1761 [CsH17Ns+ NH4]*, Found 173.1760 [M+NHa]".

2 Hennessy, E.T.; Betley, T.A. Science. 2013, 340, 591
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C. Synthesis of (4-azido-4-methylpentyl)benzene.

1.2 equiv TMSN;

OH 42 equiv BF,(Et,0) ©/\/7_/N3
CeHg - *
(3)

RT.24h

b

OH cat.H,80, N
o} MeOH - o}
R.T.,12h 1)
0\. 3 equiv MeMgBr . OH
(o] Et20 - -"'
0°C »>R.T,3h (2)

(1) Methyl 4-phenylbutanoate: Synthesized following Procedure A. Spectral data were

consistent with previously reported characterization of the product.®

(2) 2-Methyl-5-phenylpentan-2-ol: Synthesized following Procedure B. Spectral data were
consistent with previously reported characterization of the product.*

(3) (4-azido-4-methylpentyl)benzene: Synthesized following Procedure C. 76% H NMR (600
MHz, CDClg): é6/ppm 7.28-7.31 (m, 2 H), 7.18-7.21 (m, 3 H), 2.63 (t, 2 H), 1.67-1.73 (m, 2 H),
1.51-1.55 (m, 2 H), 1.25 (s, 6 H). 23C{*H} NMR (125 MHz, CDCls): 8/ppm 142.2, 128.5, 126.0,
61.7,41.2,36.2,26.3, 26.1. HRMS (ESI") m/z Calc. 221.1761 [C12H17N3+NH4]", Found. 221.1763
[M+NH.]*.

3 Faisal, S.; Zang, Q.; Maity, P. K.; Brandhofer, A.; Kearney, P. C.; Reiser, O.; Grass, R. N.; Stoianova, D.;
Hanson, P. R. Org. Lett. 2017, 19, 2274
4 Cui, L.-Q.; Liu, K.; Zhang, C. Org. Biomol. Chem. 2011, 9, 2258
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D. Synthesis of (4-azido-4-methylpentyl-1,1-d2)benzene.

OH H, (balloon) b P OH
10% Pd/C (10 wt%)
(o} D,0 0

y

50°C, 24 h (1)
D D DD
OH cat. H,50, - 0\
o MeOH i 0
R.T., 12h (2)
D D D D
0\ 3 equiv MeMgBr . OH
o Et,0 - %
0°C >R.T,3h (3)
b p o 1.2 equiv TMSN; o N
~OH 1.2 equiv BFy(E1,0) AN
K CeHg i *
RT.,24h (4)

(1) 4-phenylbutanoic-4,4-d2 acid: The procedure was modified from a previously reported
preparation.’ A 50 mL Schlenk flask was charged with 4-phenylbutanoic acid (3 g, 1.0 equiv) and
10 % Pd/C (0.3 g, 10 wt%) with 12 mL D»O. The reaction flask was fitted with a balloon full of
H> and purged with Hz three times. The resulted black suspension was heated at 50 °C for 24 hours.
After 24 hours, the reaction mixture was filtered through Celite to remove Pd/C and washed with
diethyl ether. The aqueous phase was extracted three times with diethyl ether. The combined
organic phases were washed with brine, dried over MgSQOyg, filtered, and concentrated. The product
was used without further purification. The deuterium content (93%) was determined by *H NMR
integration of methyl groups to the benzylic hydrogens. *H NMR (600 MHz, CsD¢) 8/ppm: 12.1
(br, s, 1 H) 7.13 (t, 2 H), 7.06 (t, 1 H), 6.97 (d, 2 H), 2.01 (t, 2 H), 1.70 (t, 2 H). 3*C{*H} NMR
(125 MHz, CDClIs) 8/ppm: 179.9, 141.2, 128.6, 128.5, 126.2, 34.4 (quint, Jc.o = 18.1 Hz), 33.3,
26.2. HRMS (ESI*) m/z Calc. 167.1036 [C10H10D202+H]*, Found. 167.1011 [M+H]".

(2) methyl-4-phenylbutanoate-4,4-d2: Synthesized following Procedure A. *H NMR (600 MHz,
CDClz) 8/ppm: 7.27-7.30 (m, 2 H), 7.17-7.21 (m, 3 H), 3.67 (s, 3 H), 2.33 (m, 2 H), 1.95 (m, 2
H). ¥C{*H} NMR (125 MHz, CDCls3) 8/ppm: 174.0, 141.4, 128.6, 128.5, 126.1, 51.6, 34.5 (quint,

® Kurita, T.; Hattori, K.; Seki, S.; Mizumoto, T.; Aoki, F.; Yamada, Y.; lkawa, K.; Maegawa, T.; Monguchi,
Y.; Sajiki, H. Chem. Eur. J. 2008, 14, 664
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Je-o = 19.3 Hz), 33.4, 26.4. HRMS (ESI*) m/z Calc. 181.1192 [C11H12D202+H]*, Found. 182.1190
[M+H]".

(3) 2-methyl-5-phenylpentan-5,5-d2-2-ol: Synthesized following Procedure B. *H NMR (600
MHz, CsDs) 8/ppm: 7.18-7.20 (m, 2 H), 7.08-7.10 (m, 3 H), 1.55-1.58 (m, 2 H), 1.26-1.29 (m, 2
H), 0.98 (s, 6 H). *C{*H} NMR (125 MHz, CDCls3) 8/ppm: 142.2,128.2, 128.1, 125.5, 70.5, 43.2,
35.7 (quintet, Jco = 19.2 Hz), 28.9, 26.0. HRMS (ESI*) m/z Calc. 181.1556 [C12H16D20+H]",
Found. 181.1517 [M+H]".

(4) (4-azido-4-methylpentyl-1,1-d2)benzene: Synthesized following Procedure C. 70% ‘H NMR
(600 MHz, CDCl3) &/ppm: 7.29-7.31 (m, 2 H), 7.19-7.22 (m, 3 H), 1.68-1.71 (m, 2 H), 1.52-1.55
(m, 2 H), 1.26 (s, 6 H). 3C{H} NMR (125 MHz, CDCl3) 8/ppm: 142.1, 128.5, 126.0, 61.7, 41.1,
35.4 (quintet, Jcp = 19.4 Hz), 26.1. HRMS (ESI") m/z Calc. 223.1886 [Ci2H15D2N3+NHa]",
Found. 223.1883 [M+NHa]".

E. Synthesis of (4-azido-4-methylpentyl-1-d)benzene.

o} D SOCl,

D
0.5 eq. NaBD, Pyridine
H > >
EtOH OH Et,0 cl
R.T.,4h Reflux, 2 h
)

(1)

D , D
1.3 M PrMgCI(LiCI)
Co(acac)
cl o+ :—% P> Xx_ _omms
OTMS THF
5h
(3)

D H, (balloon) D
10 % Pd/C (10 wi%) OH
X _omms MeOH
RT.,12h
4)
b ) D
1.2 equiv TMSN;
OH 1.2 equiv BF3(EL0) AN
CeHs ke
R.T.,24h
(5)
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phenylmethan-d-ol: Synthesized following previously reported procedure.” Spectral data were
(1) phenylmethan-d-ol: Synthesized followi iousl d dure.® S I d

consistent with previously reported characterization of the product.®

(2) (chloromethyl-d)benzene: Synthesized following previously reported procedure.” 'H NMR
(600 MHz, CDCl3) 8/ppm: 7.32-7.41 (m, 5 H), 4.59 (d, 1 H). 3C{*H} NMR (125 MHz, CDCl5)
d/ppm: 137.6, 128.9, 128.7, 128.5, 46.1 (t, Jc.0 = 23.1 Hz). GCMS (EI) tr = 4.95 min m/z: 130.03,
129.03, 128.03, 127.03, 126.02, 125.02.

(3) trimethyl((2-methyl-5-phenylpent-3-yn-2-yl-5-d)oxy)silane: ~ Synthesized following
previously reported procedure.® An oven-dried Schlenk flask was charged with 3-methyl-3-
trimethylsiloxy-1-butyne (1.5 equiv) in dry THF. The solution was cooled to 0 °C and
'PrMgCI(LiCl) (1.6 equiv) was added. The reaction mixture was stirred for 2 hours at room
temperature. Then the reaction mixture was Cannula-transferred to a solution of (chloromethyl-
d)benzene (1.0 equiv) and Co(acac)s (0.03 equiv) in THF at 0 °C. The reaction mixture was stirred
for another 5 hours and quenched with a saturated aqueous solution of NH4Cl and diluted with
water. The aqueous phase was extracted three times with diethyl ether. The combined organic
phases were washed with brine, dried over MgSOs, filtered and concentrated. The product was
purified by flash column chromatography on silica gel with hexanes as an eluent. *H NMR (600
MHz, CDCls) 8/ppm: 7.32-7.41 (m, 5 H), 4.59 (d, 1 H). ®C{*H} NMR (125 MHz, CDCls) &/ppm:
136.7, 128.6, 128.0, 126.7, 87.8, 80.7, 66.8, 33.4 24.9 (t, Jc.0 = 19.9 Hz ), 2.03. HRMS (ESI*) m/z
Calc. 248.1575 [C15H2:DOSi+H]", Found. 248.1572 [M+H]".

(4) 2-methyl-5-phenylpentan-5-d-2-ol: Synthesized following previously reported procedure.®
An oven-dried Schlenk flask was charged with trimethyl((2-methyl-5-phenylpent-3-yn-2-yl-5-
d)oxy)silane in MeOH and the solution was purged with N2 three times. 10% of Pd/C (10 wt%)
was added and a balloon of Hz was attached to the flask. The reaction mixture was stirred for 12
hours at room temperature, filtered through Celite, and washed with Et2O. The product was

purified by flash column chromatography on silica gel with 10:1 (hexanes:ethyl acetate) as an

6 Wang, L.; Shang, S.; Li, G.; Ren, L.; Lv, Y.; Gao, S. J. Org. Chem. 2016, 81, 2189

" Popoff, N.; Macqueron, B.; Sayhoun, W.; Espinas, J.; Pelletier, J.; Boyron, O.; Boisson, C.; Merle, N.;
Szeto, K. C.; Gauvin, R. M.; De Mallmann, A.; Taoufik, M. Eur. J. Inorg. Chem. 2014, 5, 888

8 Quinio, P.; Frangois, C.; Escribano Cuesta, A.; Steib, A. K.; Achrainer, F.; Zipse, H.; Karaghiosoff, K,;
Knochel, P. Org. Lett. 2015, 17, 1010

9 Nicolaou, K. C.; Reingruber, R.; Sarlah, D.; Brase, S. J. Am. Chem. Soc. 2009, 131, 2086
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eluent. 'H NMR (600 MHz, CDCls) 8/ppm: 7.32-7.41 (m, 5 H), 4.59 (d, 1 H). 3C{*H} NMR (125
MHz, CDCls) §/ppm: 142.4, 128.3, 128.2, 125.6, 70.6, 43.4, 35.9 (t, Jc.0 = 19.4 Hz), 26.2. HRMS
(ESI*) m/z Calc. 180.1493 [C12H17DO+H]", Found. 180.1478 [M+H]".

(5) (4-azido-4-methylpentyl-1-d)benzene: Synthesized following Procedure C. 53% *H NMR
(600 MHz, CDCl3) 6/ppm: 7.29-7.31 (m, 2 H), 7.19-7.22 (m, 3 H), 1.68-1.71 (m, 2 H), 1.52-1.55
(m, 2 H), 1.26 (s, 6 H). *C{*H} NMR (125 MHz, CDCls3) &/ppm: 142.1, 128.5, 126.0, 61.7, 41.1,
35.8 (t, Jc-p = 19.5 Hz), 26.1. HRMS (ESI") m/z Calc. 222.1823 [C12H1sDN3+NH4]", Found.
222.1823 [M+NH.]".

F. Synthesis of 1-(4-azido-4-methylpentyl)-4-methylbenzene.

OH cat H;80, N

MeOH (0]
RT.,12h H;C ™)

O\ 3 equiv MeMgBr N . OH
Et,0 -
H,;C

0°C»RT,3h

H,C

H;C

1.2 equiv TMSN,

OH 4.2 equiv BF4(Et,0) /©/\/>/N3
CeH -
& HyC (3)

R.T.,24h

133

HsC

(1) methyl 4-(p-tolyl)butanoate: Synthesized following Procedure A. Spectral data were

consistent with previously reported characterization of the product.°

(2) 2-methyl-5-(p-tolyl)pentan-2-ol: Synthesized following Procedure B. Spectral data were

consistent with previously reported characterization of the product.!

(3) 1-(4-azido-4-methylpentyl)-4-methylbenzene: Synthesized following Procedure C. 56% 'H
NMR (600 MHz, CsDs) 8/ppm: 6.98-7.03 (m, 4 H), 2.39 (t, 2 H), 1.50-1.54 (m, 2 H), 1.23-1.26
(m, 2 H), 0.90 (s, 6 H). 3C{H} NMR (125 MHz, CDCls) &/ppm: 139.1, 135.4, 129.2, 128.4,

10 shimogaki, M.; Fujita, M.; Sugimura, T. Angew. Chem. Int. Ed. 2016, 55, 15797
11 Benoit, Gerard: Gronemeyer, Hinrich; Lanotte, Michel; Gottardis, Marco. U.S. 6624154, 2003
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61.73, 41.21, 35.74, 26.37, 26.13, 21.15. HRMS (ESI*) m/z Calc. 235.1917 [CisH1oN3+NH4]*,
Found. 235.1914 [M+NHJ]*.

G. Synthesis of 1-(4-azido-4-methylpentyl)-4-methoxybenzene.

OH cat. H,S0, ol
MeOH \0 (0]

R.T.,12h

/@N\g/
mo\ 3 equiv MeMgBr . OH
o Et,0 -
~o 0°C >R.T.,3h ~o

1.2 equiv NEt;
0.2 equiv DMAP
1.1 equiv PPh,CI
~o

THF
RT.2h

OPPh, 1.0 equiv MBQ

X N;
1.0 equiv TMSN; /©/\/7/
~o : CH,Cl, ~o *

_45°C »R.T.,24h (4)

(1) methyl 4-(4-methoxyphenyl)butanoate: Synthesized following Procedure A. Spectral data
were consistent with previously reported characterization of the product.!?

(2) 5-(4-methoxyphenyl)-2-methylpentan-2-ol: Synthesized following Procedure B. Spectral

data were consistent with previously reported characterization of the product.!

(3)  ((5-(4-methoxyphenyl)-2-methylpentan-2-yl)oxy)diphenylphosphane: Adapted from
previously reported procedure. ¥ An oven-dried Schlenk flask was charged with 5-(4-
methoxyphenyl)-2-methylpentan-2-ol (1.0 equiv) and DMAP (0.2 equiv) in THF. To the stirring
solution were added NEts (1.2 equiv) and PPh.Cl (1.1 equiv). The reaction mixture was stirred for
2 hours at room temperature, filtered through a pad of alumina, and concentrated. The isolated

material was used for azidation without further purification.

12 Bunce, R. A.; Cox, A. N. Org. Prep. Proced. Intl. 2010, 42, 2010
13 Kuroda, K.; Hayashi, Y.; Mukaiyama, T. Tetrahedron. 2007, 63, 6358
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(4) 1-(4-azido-4-methylpentyl)-4-methoxybenzene: Adapted from previously reported
procedure.”®> An oven-dried Schlenk flask was charged with ((5-(4-methoxyphenyl)-2-
methylpentan-2-yl)oxy)diphenylphosphane (1.0 equiv) in dry dichloromethane and the solution
was cooled to—45 °C. MBQ (1.0 equiv) and TMSN3 (1.0 equiv) were added to the stirring solution.
The reaction mixture was slowly warmed up to room temperature and stirred for 24 hours. The
product was purified by preparative TLC to afford the product. *H NMR (600 MHz, CDCls)
d/ppm: 7.10-7.09 (d, 2 H), 6.84-6.83 (d, 2 H), 3.79 (s, 3 H), 2.56 (t, 2 H), 1.66 (m, 2 H), 1.52 (m,
2H), 1.24 (s, 6 H). 3C{*H} NMR (125 MHz, CDCl3) &/ppm: 157.9, 134.3, 129.4, 113.9, 61.73,
55.40, 41.14, 35.26, 26.47, 26.14. HRMS (ESI*) m/z Calc. 251.1886 [C13H19N3O+NH4]*, Found.
251.1883 [M+NH.]".

H. Synthesis of 1-(4-azido-4-methylpentyl)-4-(trifluoromethyl)benzene.

I (o}
/©/ + /\)LO/
FsC
H, (balloon)
A ol 10 % Pd/C (10 wt%) -
[o) MeOH
F4C 25°C,12h FiC
/@/\/\H/O\ 3 equiv MeMgBr
0
1.2 equiv TMSN;
. OH 1.2 equiv BFy(E,0)
CgHg
FsC R.T., 24 h F5C

(1) methyl (E)-4-(4-(trifluoromethyl)phenyl)but-3-enoate: Synthesized following previously

2.5 mol% Pd(OAc),
10 mol% Tri(o-toyl)phosphine _

NEt,
100°C, 18 h F3C )

/4
oj
o
/

O
o
/

2

Et,0

Y
]
X

0°C >RT.,3h F\C 3)

o é
=
w

(4)

reported procedure.!* Spectral data were consistent with previously reported characterization of

the product.**

(2) methyl 4-(4-(trifluoromethyl)phenyl)butanoate: An oven-dried Schlenk flask was charged
with methyl (E)-4-(4-(trifluoromethyl)phenyl)but-3-enoate in MeOH and the solution was purged

14 each, Colin Andrew and Smith, Stephen Allan, WO 2003042206, 2003
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with N2z three times. 10% of Pd/C (10 wt%) was added and a balloon of H> was attached to the
flask. The reaction mixture was stirred for 12 hours at room temperature after which it was filtered
through Celite. The Celite was washed with Et2O and the combined filtrate was concentrated in
vacuo. The concentrated material was used for the next step without further purification. Spectral

data were consistent with previously reported characterization of the product.t!

(3) 2-methyl-5-(4-(trifluoromethyl)phenyl)pentan-2-ol: Synthesized following Procedure B.
Spectral data were consistent with previously reported characterization of the product.!

(4) 1-(4-azido-4-methylpentyl)-4-(trifluoromethyl)benzene: Synthesized following Procedure
C. 62% 'H NMR (600 MHz, CDCls) 6/ppm: 7.54-7.55 (d, 2 H), 7.29-7.30 (d, 2 H), 2.68 (t, 2 H),
1.68-1.74 (m, 2 H), 1.50-1.52 (m, 2 H), 1.25 (s, 6 H). 3C{*H} NMR (125 MHz, CDCl3) &/ppm:
146.23, 128.79, 128.56 (q, Jc-r = 32.4 Hz), 128.05 (q, Jc-r = 3.78 Hz), 121.25 (q, Jc-r = 271.7
Hz), 61.55, 41.09, 35.95, 26.12, 25.91. HRMS (ESI*) m/z Calc. 289.1635 [Ci3H16F3Na+NH4]",
Found. 290.1568 [M+NH.]".
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Mechanistic Studies.

General considerations for kinetic experiments. All kinetic experiments were run in J Young
nmr tubes at the noted temperature. Stock solutions of (*'L)Co 2, azide substrate 7, and pyridine-
ds were prepared in benzene-ds and were added separately with a micro-syringe to the J Young
tube. The reaction mixture was frozen prior to NMR analysis. The frozen reaction mixture was
thawed and placed into a thermally stabilized NMR instrument. Reactions were monitored to less
than 10% of product (2,2-dimethyl-5-phenylpyrrolidine) 9 formation. *H NMR data collection was
done by using the array command, collecting spectra every 15 or 30 seconds. The resulting data
points were analyzed using the initial rate method assuming the concentration of the cobalt imido
8 is constant during early stages of catalytic reactions. Each experiment was conducted in triplicate
and average rates are reported with error bars corresponding to standard errors of those three
experiments. 1,3,5-trimethoxybenzene was used as internal standard for *H NMR integration.
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A. Order in imido. The reaction order in imido 8 was determined using the initial rate method
with four different [2] and constant [7] at 50 °C in benzene-ds. A plot of rate versus [8] gave a

straight line (R? = 0.9988), indicating first order dependence on [8].

2.5 - 20 mol%
Nj (*L)Co' (2) +
50 °C
[7] = 85.0 mM (9)
®
1.0 - 4
: /
/
£0.38 ’
£ 0o /
§ ’
/
Eo6- ’
5 2
o /7
T 0.4 s
/
0.2 - 7

'4

1 T T T T 1

2 6 8 10 12 14 16

[("L)Co(NR"), 8] (mM)

Figure S-1. Rate of formation of 9 (mM/min) versus concentrations of imido 8 (mM).

Table S-1. Averages and standard errors for the observed initial rates with varying concentrations

of imido. The concentrations of imido 8 were calculated based on the initial amount of 2 assuming

a quantitative conversion of 2 to 8.

Entry | (A"L)Co' (mol%) [8] (mM) Rate (mM/min)
1 2.5 2.13 1.15(4) x 10~
2 5.0 4.25 2.81(45) x 10"
3 10 8.50 5.57(25) x 10"
4 20 17.0 1.09(3)
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B. Order in azide substrate. The order in the azide substrate, (4-azido-4-methylpentyl)benzene
7 was determined using the initial rate methods with four different [7] and constant [2] at 50 °C in

benzene-ds.

N:  [2]=425mM H
©/\/>:" C6D6 = \“._.

50 °C
[7]1=21.3-85.0 mM (9)

1.0

o o
o ©
1 1

d[9]/dt (mM/min)
[=)
B
|

- - - —a__ _5

o
(%)
1

0.0 -

T T T T T T T
20 30 40 50 60 70 80
[7] (mM)

Figure S-2. Rate of formation of 9 (mM/min) versus concentrations of azide 7 (mM).

Table S-2. Averages and standard errors of the observed initial rates with varying concentrations

of azide. [2] and [7] are the initial concentrations of the catalyst and the azide, respectively.

Entry [2] (mM) [7] (mM) Rate (mM/min)
1 4.25 21.3 2.65(17) x 10"
2 4.25 42.5 2.52(9) x 10"
3 4.25 63.8 2.61(14) x 101
4 4.25 85.0 2.33(28) x 10"
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C. Proposed catalytic cycle for intramolecular C—H amination in the absence of pyridine.

9)

Radical
recombination

Direct _
C—-H insertion

Ph N 'N R
L co' amide . W ; \R h.hf .,
(Int) \
alg_tf;g!%n Not catalytically
competent

Figure S-3. Proposed catalytic cycle in the absence of pyridine.
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D. Formation of cobalt tetrazido complex as a function of [pyridine-ds]. The rate of formation
of 11 as a function of [pyridine-ds] was measured at 25 °C in benzene-ds with [10] = 8.50 mM,

[NsAd] = 85.0 mM, and varying concentrations of pyridine-ds.

N3 krel
oh [py-ds]
* 25°C
CeDs
85.0 mM
@ | ===—_— - = = = = = (b)
8 — 5
6 - 4 = o
E —_—
E Z 3-
= 45 =
[py-ds] = 0 mM =2 [py-ds] = 0 mM
24 § ® [py-ds] =85 mM [py-ds] = 85 mM
° ® [py-ds] =170 mM 1 - ® [py-ds] =170 mM
® [py-ds] =510 mM ® [py-ds] =510 mM
0 ® [py-ds] = 850 mM 0 — ® [py-ds] = 850 mM
T T | T T T T T 1 |
0 200 400 600 800 0 100 200 300 400
Time (min) Time (min)

Figure S-4. Formation of cobalt tetrazido complex as a function of [pyridine-ds] (a) Each reaction
was monitored up to >75% formation of 11. Black dashed line represents the [11] at full conversion
indicating an empirically determined constant infinity point. (b) Averages of triplicate results
measured up to 60% formation of 11. Error bars depict standard errors. Black lines represent
fittings to a 6" polynomial, where co, C1, C2 ... Cs are constants, to obtain the overall rates at 50%
formation of 11.%°

[11] = f(t) = co + 1t + ct% + c5t3 + cut* + cst® + ct®

15 Kennedy, C. R.; Lehnherr, D.; Rajapaksa, N. S.; Ford, D. D.; Park, Y.; Jacobsen, E. N. J. Am. Chem.
Soc. 2016, 138, 13525
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The rate of formation of 11 was obtained from the derivative of f(t) as following.

rate = % = %(tt) = ¢ + 2¢,t + 3c3t? + 4yt + 5est? + 6cgtd

Table S-3. Averages and standard errors of the rates at 50% formation of the cobalt tetrazido
complex 11 as a function of [pyridine-ds].

Entry | [pyridine-dg] (mM) Rate (mM/min) Re'atz’r: rates
1 (] 2.03(6) x 10" 1.00 (def.)
2 85 1.33(6) x 10" 0.659(40)

3 170 9.06(2) x 102 0.447(17)
4 510 3.12(1) x 102 0.157(8)
5 850 2.21(3) x 1072 0.109(4)
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E. Saturation Kinetics in pyridine. The rate of formation of 9 (< 10%) as a function of [pyridine-

ds] was measured at 25 °C in benzene-de with [2] = 4.25 mM and [7] = 85.0 mM.

[2] = 4.25 mM
N; [py]=0-429mM _ 4
©/\/7/‘ CeDs w’
25°C
[7]=85.0 mM ©)
1.8 — _ 9
—
1.6- _-¥
7
T 1.4 5
= 7
£
= 7
2 1.2
E” {
o /
g 1.0 /
/
08— ©
;/
0.6 —
&
T T T T T
0 100 200 300 400

[pyridine-ds] (mM)

Figure S-5. Rate of formation of 9 (mM/min) versus [pyridine-ds] (mM).

Table S-4. Averages and standard errors of the observed initial rates of amination as a function of

[pyridine-ds].

Entry [pyridine-ds] (mM)  Rate (mM/min)
1 0 N/A
2 4.25 5.17(27) x 10~
3 8.50 7.00(45) x 101
4 25.5 8.13(5) x 10"
5 89.3 1.12(2)
6 174 1.45(4)
7 302 1.63(4)
8 429 1.77(3)
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F. Job analysis.

N K
N 2
+ | —

Z
5 015 *T e
g &
£ I
8 ; ®
-
Z_ 0.10 - 4 I n
S I
| =
S I
S £
© |
& 0.05-
o & 1 L 2
g (""L)Co(NAd):py = 1:1
% I
S 000 @ &

] L 1 " 1 L 1 L) 1 L 1
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Mole fraction of (*'L)Co(NAd)

Figure S-6. Job plot obtained at 25 °C in benzene-ds with [10] + [pyridine] = 4.25 mM.

Table S-5. Chemical shifts (ppm) of 10 as a function of [pyridine] at 25 °C in benzene-de.

Entry [10] (mM) [pyridine] (mM) Chemical shift (ppm)
1 4.250 0 19.88
2 3.825 0.425 19.83
3 3.400 0.850 19.77
4 2975 1.275 19.70
5 2.550 1.700 19.64
6 2125 2.125 19.57
7 1.700 2.550 19.50
8 1.275 2975 19.43
9 0.850 3.400 19.36
10 0.425 3.825 19.28
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G. 'H NMR titration experiments. A solution of (*"L)Co(NAd) 10 was prepared in benzene-ds
and its concentration was maintained constant throughout the titration with pyridines. The
chemical shifts corresponding to 10 as a function of the concentration of pyridines were fitted with
a 1:1 binding isotherm by solving the following equations: (1)—(4); [M]o is the total concentration
of 10 and the corresponding pyridine-bound imido 10-py; [L]o is the total concentration of
pyridine; [ML] is the concentration of 10-py; [M] is the concentration of 10; [L] is the
concentration of free pyridine. &ree is the chemical shift of 10; dbound is the chemical shift of 10-
pYy. dhound is estimated and obtained by fitting the titration curve.®

k. - ML
¢ [M][L]

[ML] = [M]o — [M]

(M]o + [Llo + Keq ") = J (IMlg + [Llo + Keq )" = 4[MJo[LI,
2

obs — [M]O bound [M]O free

[ML] =

8.1
® py
it { 4-'Bupy
g 804 s S ", ® 4-Me,Npy
g g S O 4-F;Cpy
£ 3 ~ ?
c 7.9- ¥ N
b \ Y »
© -~
é \ - T
S 7.8- Q .b\ ol
N o=
(3 N\ 2N
N <
. N
7.7 - i -
n ]

T T T T
0.00 0.05 0.10 0.15
[pyridine] (M)

Figure S-7. *H NMR titration curves of 10 with substituted pyridines. Chemical shifts (ppm) for
10 as a function of concentration of substituted pyridines at 25 °C in benzene-ds. Each black dashed

line depicts a nonlinear regression fit to a 1:1 complexation model.

16 Fielding, L. Tetrahedron. 2000, 56, 6151
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Table S-6. Calculated binding constants (Ka) for 4-substituted pyridines using a nonlinear
regression fit to a 1:1 complexation model.

Substituted A
Entry pyridine Ka (M7)
1 H N
\ 8.04
2 B N
u \ 12.9
3 \N — N
/ N\ / 41.8
F5C N
4 3 N 12.5
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H. Initial rate kinetics with 4-substituted pyridines. The rate of formation of 9 (< 10%) in the

presence of 4-substitued pyridines was measured at 25 °C in benzene-ds with [2] = 4.25 mM and
[7] = 85.0 mM.

[2] = 4.25 mM
N, X —<\://\N 21.3mM y
. > N
©/\/>/ -y
25°C
[7] = 85.0 mM (9)

Table S-7. Averages and standard errors for the observed initial rates of C—H amination in the
presence of substituted pyridines.

Substituted . Relative rate : :
Entry pyridine Rate (mM/min) P Final yield (%)
1 H \ /N 7.59(8) x 10~1 1.00 (def.) 36.4
2 Bu N 1.26(3) 1.66(36) 89.4
N\ /

3 \N - N

N\ 2.36(2) 3.11(68) 90.8
4 F30—<\:/>N 2.71(50) x 101 0.357(16) 20.4
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I. Intermolecular kinetic isotope effect (KIE) study.
(A) The intermolecular KIE was determined by comparing the first order rate constants of the

amination at 50 °C in benzene-ds.

H H H
N; [2]1=4.25mM N H
‘ CeDs
50 °C
[7]1=85.0 mM 9)
D D
N; [21=4.25mM B iy
’ CeDs -
50 °C
[7-d,] = 85.0 mM (9-d,)
61 o [9] v
® [9-d,] » ¢
5 — 5
s B ’
E 4- s
= A
3 A
o, 34 ‘/.
.§. ./'/
2 2 -1 /7
‘l
L $ssglon’s
— Y ) 3

| T T T T T T T
6 8 10 12 14 16 18 20
Time (min)

Figure S-8. Intermolecular KIE at 50 °C in benzene-ds.
kn = 7.4(6) x 102 (mint)

ko = 9.7(5) x 103 (min'Y)
KIE = ku/ko = 7.6(2)
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(B) The intermolecular KIE in the presence of pyridine was determined by comparing the first

order rate constants of the amination at 25 °C in benzene-ds.

H H [2] = 4.25 mM H
N, [py]=42.5mM N H
: CeDg S
25°C
[71=85.0 mM (9)
D D [2] = 4.25 mM b D
N;  [pyl=42.5mM N
; CeDs -
25°C
[7-d,] = 85.0 mM (9-d,)
2
”
5- e [9] _
® [9-d;] »
”~
PP .
= ”
E L 2
XTI
o, '3
1SS
o
& 27
1 -
= -
- —0— —— 00—~ ©
T T T T T T T
25 3.0 35 40 45 50 55

Time (min)

Figure S-9. Intermolecular KIE at 25 °C in benzene-de with [pyridine] = 42.5 mM.

kn =2.16(9) x 102 (mint)
ko = 2.1(8) x 103 (min‘Y)
KIE = kn/kp = 10.2(9)
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J. Intramolecular kinetic isotope effect.

(A) The KIE obtained upon the intramolecular competition was determined by measuring the ratio

between the Py and Pp using *H NMR integration. In order to completely exclude the off-cycle

reaction (i.e., formation of the tetrazido complex) this experiment was performed using a

stoichiometric amount of (*'L)Co 2. A KIE value of 2.70(7) was found.

H D

N, 1 equiv (2)
‘—, CeDg
25°C

(a) Trial 1
Py:Pp = 2.57:1

(b) Trial 2
Py:Pp = 2.70:1

®
-~

(c) Trial 3
Py:Pp = 2.85:1

[ ]
.y

3

f

o

T T T T T T T T T T T T T T T T T T T T
46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 1.0 0.8 0.6
Chemical Shift [ppm]

Figure S-10. *H NMR spectra showing the distributions of Pu and Pp. The highlighted peak at

4.10 ppm corresponds to Pp and was used for the quantification of each of the products.
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(B) The intramolecular competition KIE in the presence of 10 equivalents of DMAP was
determined by measuring the ratio between the Py and Pp using *H NMR integration. In order to
completely exclude the off-cycle reaction (i.e., formation of the tetrazido complex) this experiment
was performed using a stoichiometric amount of (*'L)Co 2. A KIE value of 2.87(6) was found.

H D 1 equiv (2) H b
Ns 10 equiv DMAP . N D . N H
%, CeDs
Pp

25°C

Py
(a) Trial 1
Py:Pp = 2.85:1 J
I
: NN N
(b) Trial 2
Py:Pp = 3.00:1 i
S L\JL_A._
(c) Trial 3
Py:Pp = 2.57:1
. J LA PP N

T T T T T T T T T T T T T T T T T T T T T
46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 0.8 0.6
Chemical Shift [ppm]

Figure S-11. *H NMR spectra showing the distributions of Pu and Pp. The highlighted peak at
4.10 ppm corresponds to Pp and was used for the quantification of each of the products. The singlet
at 2.23 ppm is from the —CHz groups of DMAP.
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K. Initial rate kinetics with para-substituted azide substrates. The initial rates of amination for
para-substituted azide substrates (7-X) were measured at 25 °C in benzene-de with [2] = 4.25 mM
and [pyridine] = 42.5 mM.

[2] = 4.25 mM X
N = H
3 [pyl=425mM N
X 25°C
[7-X] = 85.0 mM (9-X)

Table S-8. Averages and standard errors of the observed initial rates for para-substituted azide

substrates.
Entry subsgtatlreant (X) Rate (mM/min)
1 H 9.18(9) x 10~
2 p—CH;, 1.02(3)
3 p-OCH;, 1.28(2)
4 p-CF;4 1.29(5)
@ p-OMe p-CF, @
0.30 -
0.25 -
< 020
x
8 015~
0.10 - ® p-Me
0.05 -
0.00 - o pH
1 T 1 T T r I .
-0.8 0.4 0.0 0.4

Figure S-12. Free-energy correlation of log(krer) vs. c™.
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p-OMe &
0.3+
EE 0.2 p-Me @
o
3 :
0.1+
004 e pH
1 1 1 1
0.0 0.1 0.2 0.3

PmbTmb + P10y
Figure S-13. Linear-free-energy correlation of log(krer) vs. (omb and 633). pmb = —0.25 and p*jj =
0.72.17

17 Jiang, X.-K. Acc. Chem. Res., 1997, 30, 283
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L. Solution magnetic moment. The magnetic moment of imido 10 was measured as a function of
[4-Me2Npy] at 25 °C in benzene-dg using (trifluoromethyl)benzene as a reference for °F NMR.
The individual magnetic moments, glert and sers resulting from 10 and 10-(4-MezNpy),
respectively were calculated based on the following equation using the binding constant (K,) of 4-
Me2Npy at 25 °C. y10 and y1o-@4-me2npy) represent mole fractions of 10 and 10-(4-Me2Npy),

respectively at certain concentrations of 4-MexNpy.

Total seff = glef(y10) + "eff()(10-(4-Me2Npy))

+ 4-Me,;Npy
Ph o Ph =—————— Ph Co Ph
— 4-Me;Npy 0 - . Q
K,=41.8 M
Ph @ Ph L2 Ph @ ’\\ /2 Ph
NMBZ
(10) (10-4-Me,Npy)
D
3.8 B
G °
= 3.6- L6
é P
s 3.4 - 2
E 'S
L 3.2- ’
a::» Ve
2 30+ /"
€ ./
E - [}
E 28 Het = 2.5 py
26 7/ Hies = 4.0 sy
O
T T T T T
0 50 100 150 200

[4-Me,Npy] (mM)

Figure S-14. Solution magnetic moments of a mixture of 10 and 10-(4-Me2Npy) as a function of

[4-Me2Npy] at 25 °C in benzene-ds.
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Characterization of Substituted Pyrrolidines.

Catalytic reactions. Under N2 atmosphere, (*'L)Co (8.50 mM in benzene) and the desired 4-
phenyl substituted azide (10 equiv, 85.0 mM in benzene) were added to an oven-dried pressure
vessel. The reaction mixture was heated to 80 °C for 12 hours. The crude reaction mixture was
concentrated via rotary evaporation and the desired substituted pyrrolidine was isolated via a flash
silica chromatography using (EtOAc:MeOH:NH4OH = 10:1:0.1) as an eluent. Since the purpose
of such catalytic runs was to characterize the desired pyrrolidines from the corresponding azide
substrate which are used for the kinetic analysis, the reactions were not conducted under the

optimized conditions (i.e., in the presence of pyridie).

(1) 2,2,5-trimethylpyrrolidine
H

O

Spectral data were consistent with previously reported characterization of the product.8

(2) 2,2,5,5-tetramethylpyrrolidine
H

N_ o
.
m

Spectral data were consistent with previously reported characterization of the product.®®

(3) 2,2-dimethyl-5-phenylpyrrolidine

H
N

IH NMR (600 MHz, CDCls) 8/ppm: 7.37 (m, 2 H), 7.31 (t, 2 H), 7.21 (t, 1 H), 4.31 (t, 1 H), 2.22—
2.27 (m, 1 H), 1.79-1.85 (m, 1 H), 1.71-1.77 (m, 2 H), 1.29 (s, 3 H), 1.25 (s, 3 H). 3C{*H} NMR

18 Moffett, R. B.; White, J. L. J. Org. Chem. 1952, 17, 407
19 Hodgson, D. M.; Bray, C. D.; Kindon, N. D.; Reynolds, N. J.; Coote, S. J.; Um, J. M.; Houk, K. N. J.
Org. Chem. 2009, 74, 1019
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(125 MHz, CDCls) 8/ppm: 145.37, 128.46, 126.84, 126.70, 62.23, 59.34, 40.36, 35.28, 30.77,
29.70. HRMS (ESI*) m/z Calc. 176.1434 [C12H17N+H]*, Found. 176.1433 [M+H]".

(4) 2,2-dimethyl-5-(p-tolyl)pyrrolidine

H
N

IH NMR (600 MHz, CDCls) 8/ppm: 7.25 (d, 2 H), 7.13 (d, 2 H), 4.27 (t, 1 H), 2.32 (s, 3 H), 2.19—
2.25 (m, 1 H), 1.77-1.83 (m, 1 H), 1.69-1.76 (m, 2 H), 1.28 (s, 3 H), 1.24 (s, 3 H). *C{'H} NMR
(125 MHz, CDCls) 8/ppm: 142.28, 136.37, 129.13, 126.60, 62.01, 59.31, 40.41, 35.30, 30.77,
29.72, 21.18. HRMS (ESI*) m/z Calc. 190.1590 [C13H1sN+H]*, Found. 190.1588 [M+H]".

(5) 5-(4-methoxyphenyl)-2,2-dimethylpyrrolidine

0)
W\

1H NMR (600 MHz, CDCls) 8/ppm: 7.32 (d, 2 H), 6.86 (d, 2 H), 4.35 (t, 1 H), 3.79 (s, 3 H), 2.21—
2.26 (m, 1 H), 1.87-1.94 (m, 1 H), 1.74-1.83 (m, 2 H), 1.30 (s, 3 H), 1.28 (5, 3 H). *C{'H} NMR
(125 MHz, CDCls) 8/ppm: 142.28, 136.37, 129.13, 126.60, 62.01, 59.31, 40.41, 35.30, 30.77,
29.72, 21.18 HRMS (ESI*) m/z Calc. 206.1539 [C13H1sNO+H]", Found. 206.1537 [M+H]".

(6) 2,2-dimethyl-5-(4-(trifluoromethyl)phenyl)pyrrolidine

H CF
N 3

IH NMR (600 MHz, CDCl3) 8/ppm: 7.49-7.56 (m, 4 H), 4.39 (t, 1 H), 2.26-2.30 (m, 1 H), 1.70—
1.78 (m, 3 H), 1.28 (s, 3 H), 1.27 (s, 3 H). 3C{!H} NMR (125 MHz, CDCls) 8/ppm: 150.06,
128.56 (q, Jo—r = 32.3 Hz), 126.92, 125.25 (q, Je—r = 3.77 Hz), 121.21 (q, Je—r = 271.8 Hz), 61.51,
59.36, 40.08, 35.34, 30.81, 29.67. HRMS (ESI*) m/z Calc. 244.1308 [CisHisFsN+H]*, Found.
244.1303 [M+H]".
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'H NMR Spectra of Metal Compounds.

(a) (A'L)Co(NR") (3)
R’ = C(CHj3)2(CH3)3CH3 ‘ IL
T WAL l

(b) (*"L)Co(NR’) (4)
R' = C(CHj3)5(CH3);CH(CH3);
. A .l I L...J l |

(©) (A"L)Co(NAd) (10) ‘l
| I IL || I ]

T 11T 11 T 1T 7 T1T7 1 1 1~ 1 1T T =71 LA B | T 1~ 11— 1~ 1 1T 1 L
4 32 30 28 26 24 22 20 18 16 14 12 10 8 €6 4 2 0 -2 -4 -6 -8 -10 12 -14 -16 -18 -20 -22
Chemical Shift [ppm]

Figure S-15. *H NMR spectra of a series of cobalt alkyl imidos in benzene-ds.
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Figure S-16. Variable temperature *H NMR spectra of imido complex 3 in toluene-ds exhibiting

a similar temperature dependent feature with the one observed from the previously reported Co'"

imido (A'L)Co(N'Bu).%

2 King, E.R.; Sazama, G.T.; Betley, T.A. J. Am. Chem. Soc. 2012, 134, 17858
S1-40



(a) (A"L)Co(x2-N4R',) (5)
R' = C(CH3)2(CH2)3CH3

(b) (A"L)Co(x2-N4R",) (6)
R' = C(CH3)2(CH2),CH(CH3),

() (AL)Co(x*-N4Ady) (11)

T T T T T T T

80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80
Chemical Shift [ppm]

Figure S-17. *H NMR spectra of a series of cobalt tetrazido complexes in benzene-ds.

(a) (*"L)Co(py) | N
(b) (A"L)CO! (2) | J N
80 70 6 80 40 30 20 10 0 40 20  -30  -40  -60

Chemical Shift [ppm]

Figure S-18. *H NMR spectra of (*'L)Co(py) and (*'L)Co 2 in benzene-de.
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(c) o
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Chemical Shift [ppm]

Figure S-19. 'H NMR spectra of ('L)Co(py) and (*'L)Co(py)z2. (A) *H NMR spectrum of a
catalytic reaction (5 mol% of 2 at 80 °C) in benzene-de after full consumption of 7 in the presence
of 10 equiv of pyridine-ds. Blue markers indicate peaks from (“'L)Co(py) and green markers
indicate peaks from the corresponding cobalt tetrazido complex (A'L)Co(x*-N4R2). (B) 'H NMR
spectrum of a catalytic reaction (5 mol% of 2 at 80 °C) in benzene-de after full consumption of 7
in the presence of 100 equiv of pyridine-ds. (C) *H NMR spectrum of (*'L)Co in the presence of
100 equiv of ds-pyridine in benzene-ds. Red markers indicate peaks from (“"L)Co(py)a.
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NMR Spectra of Organoazides and Substituted Pyrrolidines.
g
K
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Figure S-20. *H NMR spectrum of 2-azido-2-methylhexane in chloroform-d.
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Figure S-21. BC{*H} NMR spectrum of 2-azido-2-methylhexane in chloroform-d.
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Figure S-22. 'H NMR spectrum of 2-azido-2,5-dimethylhexane in chloroform-d.

CDCl3
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Figure S-23. ®C{*H} NMR spectrum of 2-azido-2,5-dimethylhexane in chloroform-d.
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Figure S-24. 'H NMR spectrum of (4-azido-4-methylpentyl)benzene in chloroform-d.
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Figure S-25. ¥C{*H} NMR spectrum of (4-azido-4-methylpentyl)benzene in chloroform-d.
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Figure S-26. *H NMR spectrum of (4-azido-4-methylpentyl-1,1-d2)benzene in chloroform-d.
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Figure S-27. ¥*C{*H} NMR spectrum of (4-azido-4-methylpentyl-1,1-d,)benzene in chloroform-
d.
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Figure S-28. 'H NMR spectrum of (4-azido-4-methylpentyl-1-d)benzene in chloroform-d.
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Figure S-29. BC{*H} NMR spectrum of (4-azido-4-methylpentyl-1-d)benzene in chloroform-d.
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Figure S-30. 'H NMR spectrum of 1-(4-azido-4-methylpentyl)-4-methylbenzene in chloroform-
d.
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Figure S-31. BC{*H} NMR spectrum of 1-(4-azido-4-methylpentyl)-4-methylbenzene in

chloroform-d.
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Figure S-32. 'H NMR spectrum of 1-(4-azido-4-methylpentyl)-4-methoxybenzene in chloroform-

d.
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Figure S-33. BC{*H} NMR spectrum of 1-(4-azido-4-methylpentyl)-4-methoxybenzene in
chloroform-d.
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Figure S-34. 'H NMR spectrum of 1-(4-azido-4-methylpentyl)-4-(trifluoromethyl)benzene in

chloroform-d.
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Figure S-35. 3C{*H} NMR spectrum of 1-(4-azido-4-methylpentyl)-4-(trifluoromethyl)benzene

in chloroform-d.
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Figure S-36. 'H NMR spectrum of 2,2-dimethyl-5-phenylpyrrolidine in chloroform-d.
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Figure S-37. 3C{*H} NMR spectrum of 2,2-dimethyl-5-phenylpyrrolidine in chloroform-d.
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Figure S-38. 'H NMR spectrum of 2,2-dimethyl-5-(p-tolyl)pyrrolidine in chloroform-d.

CDCls

~-129.13
~126.60

14228
L 136.37
~59.31
—40.41
/3530
30.77
29.72

— 62.01

L/

———21.18

3 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
Chemical Shift [ppm]

Figure S-39. BC{*H} NMR spectrum of 2,2-dimethyl-5-(p-tolyl)pyrrolidine in chloroform-d.
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Figure S-40. *H NMR spectrum of 5-(4-methoxyphenyl)-2,2-dimethylpyrrolidine in chloroform-
d.
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Figure S-41 *C{*H} NMR spectrum of 5-(4-methoxyphenyl)-2,2-dimethylpyrrolidine in
chloroform-d.
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Figure S-42. 'H NMR spectrum of 2,2-dimethyl-5-(4-(trifluoromethyl)phenyl)pyrrolidine in

chloroform-d.
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Figure S-43. BC{*H} NMR spectrum of 2,2-dimethyl-5-(4-(trifluoromethyl)phenyl)pyrrolidine in

chloroform-d.
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X-Ray Diffraction Techniques.

All structures were collected on a Bruker three-circle platform goniometer equipped with an Apex
I1 CCD and an Oxford cryostream cooling device. Radiation was from a graphite fine focus sealed
tube Mo Ka (0.71073 A) source. Crystals were mounted on a cryoloop or glass fiber pin using
Paratone N oil. Structures were collected at 100 K. Data was collected as a series of ¢ and/or ®
scans. Data was integrated using SAINT?2! and scaled with either a numerical or multi-scan
absorption correction using SADABS?®. The structures were solved by direct methods or Patterson
maps using SHELXS-97%2and refined against F? on all data by full matrix least squares with
SHELXL-97%°. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were
placed at idealized positions and refined using a riding model. The isotropic displacement
parameters of all hydrogen atoms were fixed to 1.2 times the atoms they are linked to (1.5 times

for methyl groups). Further details on particular structures are noted below.

(A"L)CoBr (1). The structure was solved in the monoclinic space group C2/c with 8 molecules per
unit cell. Benzene solvent molecules exhibited positional disorder and were modeled using

similarity constraints.

(A"L)Co (2). The structure was solved in the triclinic space group P I with 2 molecules per unit
cell. One of the phenyl rings in the molecule exhibited positional disorder and was refined using
similarity constraints. One of the benzene solvent molecules exhibited positional disorder and was

refined using similarity constraints.

(A"L)Co(NR’), R’ = C(CHBa)2(CH2)3CHBz (3). The structure was solved in the triclinic space group
P 1 with 2 molecules per unit cell. One of alkyl groups in the molecule exhibited positional
disorder and was refined using similarity constraints. Benzene solvent molecules exhibited

positional disorder and were modeled using similarity constraints.

21 APEX2 Software Suite; Bruker AXS: Madison, WI, 2014.
22 Sheldrick, G. M. Acta Crystallogr., Sect. A: Found. Crystallogr. 2008, 64, 112-122

SI-55



(A"L)Co(NR’), R’ = C(CHs3)2(CH2)2CH(CHs3)2 (4). The structure was solved in the triclinic space

group P 1 with 2 molecules per unit cell.

(A"L)Co(NAd) (10). The structure was solved in the triclinic space group P 1 with 2 molecules per
unit cell. One of the adamantyl substituents exhibited positional disorder and was refined using
similarity constraints. One of the phenyl rings in the molecule exhibited positional disorder and

was refined using similarity constraints.

(A"L)Co(x?-N4R’2), R’ = C(CHB3)2(CH2)3CHz (5). The structure was solved in the monoclinic

space group P2,/c with 4 molecules per unit cell.
(A"L)Co(x?>-N4R’2), R’ = C(CHa)2(CH2)2CH(CHas)2 (6). The structure was solved in the
monoclinic space group P2;/c with 4 molecules per unit cell. One of alkyl groups in the molecule

exhibited positional disorder and was refined using similarity constraints.

(A"L)Co(x?-N4Ad2) (11). The structure was solved in the monoclinic space group C2/c with 8

molecules per unit cell.
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Table S-9. X-ray diffraction experimental details®®

(A"L)Co(NR’)

(A"L)Co(NR’)

(A"'L)CoBr (1) (A"L)Co (2) R’ = C(CH3)2(CH2)sCHs R’ = C(CH3)2(CHz2)2CH(CH3)2
3) (4)
Moiety ~ CesHa9BrCoNy; CesHagCONo; C73He4CONG; CruHecCON
Formula 3%(CeHs) 3%(CsHs) 1x(CeHs) e
FW 1243.31 1163.40 1120.38 1056.30
Crystal monoclinic triclinic triclinic triclinic
System
Space _ _ _
Group C2/c (8) P1(2) P1(2) P1(2)
(V4]
a (A) 15.9671(16) 12.594(9) 11.9404(10) 12.0205(16)
b (A) 22.041(2) 14.092(10) 16.2194(13) 16.024(2)
c(A) 18.9148(18) 20.413(16) 16.2288(14) 16.411(2)
a (%) 90 75.348(11) 87.845(2) 87.612(3)
B ©) 106.561(2) 84.047(10) 87.553(2) 72.643(3)
v ©) 90 64.970(12) 72.424(2) 88.139(3)
V‘Z%”e 6380.6(11) 3176(4) 2992.5(4) 3013.8(7)
Calc. p 1.294 1.217 1.243 1.166
(mg/m?)
2 (mm') 0.94 0.32 0.34 0.33
Crystal
Size  0.20x0.15x0.09  0.18x0.16x0.15 0.15x0.10x0.07 0.25x0.12x0.07
(mm)
Refr'g“o 5707 11197 10583 10696
Corr]”egl‘ate 98.7% 99.6% 99.5% 99.6%
cOLon 111 1.04 1.02 0.96
C
RLWR2® 089 0219 0085, 0273 0.073, 0.163 0.090, 0.235
[I>20(D)]
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(A"L)Co(x2-NaR’2)

. (A"L)Co(x2-NaR’2) .
(*L)Co(NAd) R’ = C(CH3)2(CH2):CHs R’ = C(CH3)2(CH2)2CH(CHs)2 (ML)Co(x*-NaAdy)
(19 ©) ©) -
Moiety C76Hs4CONG; Cs2Hs3CoNe
Formula  1x(CsHsCH) CaoH7sCONe 1%(CoHze) CaeHrsCONe
FW 1170.44 1183.49 1297.72 1255.55
Crystal triclinic monoclinic monoclinic monoclinic
System
Space B
Group P1(2) P2i/c (4) P2i/c (4) C2/c (8)
2
a(A) 16.068(1) 12.7287(7) 13.4875(7) 47.858(10)
b (R) 16.5966(10) 16.2170(9) 16.1414(8) 18.405(4)
c(A) 24.9849(15) 33.8667(19) 33.4198(17) 18.553 (4)
a (%) 74.791(2) 90 90 90
B () 73.522(2) 95.843(2) 98.765(2) 103.82(3)
v () 85.350(2) 90 90 90
V‘(’}g)"e 6165.2(7) 6954.5(7) 7190.8(6) 15869(6)
calc. p 1.261 1.130 1.199 1.051
(mg/m?)
u (mm) 0.33 0.29 0.29 0.26
Crystal
Size'  0.15x0.06x0.04  0.40x0.20x0.07 0.40x0.19x0.06 0.25x0.10x0.09
(mm)
Ref;‘f“o 21790 12335 12739 14112
Corr:;'z;em 99.5% 99.5% 99.7% 99.7%
coLon 1.01 1.06 1.07 1.05
C
RLWR2® 111 0207 0.049, 0.117 0.073, 0.168 0.044, 0.105
[1>26(D)]

a1 =0.71073 A; ® T = 100(2) K; ¢ R1 = X||Fo|-|Fell/Z|Fo|, WR2 = {Z[W(Fo2-F2)2)/Z[W(Fo2)2} 2
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Figure S-44. Solid-state molecular structure for (*'L)CoBr (1) with thermal ellipsoids at 50%
probability level. Hydrogens omitted for clarity.
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Figure S-45. Solid-state molecular structure for (*'L)Co (2) with thermal ellipsoids at 50%

probability level. Hydrogens omitted for clarity.
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Figure S-46. Solid-state molecular structure for (*'L)Co(NR’), R’ = C(CH3)2(CH2)sCHs (3) with
thermal ellipsoids at 50% probability level. Hydrogens omitted for clarity.
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Figure S-47. Solid-state molecular structure for (*'L)Co(NR’), R’ = C(CH3)2(CH2)2CH(CHs3)2 (4)
with thermal ellipsoids at 50% probability level. Hydrogens omitted for clarity.
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Figure S-48. Solid-state molecular structure for (*'L)Co(NAd) (10) with thermal ellipsoids at 50%
probability level. Hydrogens omitted for clarity.
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Figure S-49 Solid-state molecular structure for (*'L)Co(x*>-N4R’2), R> = C(CH3)2(CH2)3CHs (5)
with thermal ellipsoids at 50% probability level. Hydrogens omitted for clarity.
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Figure S-50. Solid-state molecular structure for (*"L)Co(x?>-N4R’2), R’ = C(CH3)2(CH2)2CH(CH3)2
(6) with thermal ellipsoids at 50% probability level. Hydrogens omitted for clarity.
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Figure S-51. Solid-state molecular structure for (*"L)Co(x*-N4Ad>) (11) with thermal ellipsoids at
50% probability level. Hydrogens omitted for clarity.
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Computational Methods.

Computations were carried out utilizing the ORCA 4.0.1.2 program package.?® All calculations
employed the def2-TZVP? (Co, N) and def2-SV(P)% (C, H) basis sets. Further, the def2-TSVP/J
(Co, N) and def2-SV(P)/J (C, H) auxiliary basis sets were employed to utilize the RIJCOSX?®
approximation for accelerating the calculation. The B3LYP? functional was chosen based on good

agreement of the optimized structure of 10 with its crystallographic data.

Table S-10. Summary of the geometry optimized results of 10-py.

S =0 model S =1 model S =2 model
Co—Nimido (A) 1.70 1.82 1.79
Co—Naipyrrin (A) 2.04/2.05 2.07/2.07 2.07/2.11
Co—Npyridine (A) 2.07 2.15 2.18
Co—Nimido—C (°) 176.4 143.7 152.5
7428 0.77 0.75 0.76
Relative energy (kcal/mol) +7.7 +1.6 0

23 Neese, F. The ORCA program system, Wiley Interdiscip. Rev.: Comput. Mol. Sci., 2012, 2, 73.

24 Weigend, F.; Ahlrichs, R. Phys. Chem. Chem. Phys. 2005, 7, 3297

% Weigend, F. Phys. Chem. Chem. Phys. 2006, 8, 1057

% Neese, F.; Wennmohs, F.; Hansen. A.; Becker, U. Chem. Phys. 2009, 356, 98

27 (a) Becke, A. D. J. Chem. Phys. 1993, 98, 5648 (b) Lee, C. T.; Yang, W. T.; Parr, R. G. Phys Rev. B,
1988, 33, 785

2ZYang L.; Powell D. R.; Houser R. P. Dalton Trans. 2007, 955
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Figure S-52. Geometry optimized molecular structure of (*'L)Co(py)(NAd) (10-py) with an S =

0 spin state. Hydrogens omitted for clarity.
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Figure S-53. Geometry optimized molecular structure of (*"L)Co(py)(NAd) (10-py) with an S =
1 spin state. Hydrogens omitted for clarity.
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Figure S-54. Geometry optimized molecular structure of (*'L)Co(py)(NAd) (10-py) with an S =

2 spin state. Hydrogens omitted for clarity.
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Figure S-55. Frontier molecular orbital diagram of (*"L)Co(py)(NAd) (10-py) primarily based on
Co atan S = 2 spin state. The z-axis is oriented parallel to the bond vector of Co—Nimido.
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Table S-11. Coordinates of optimized molecular structure for (*'L)Co(NAd) (10).

Singlet (S =0)

Co
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15.
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14
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. 752576
929432
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867713
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435783
.408228
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534616
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.583751
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.471315
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21.
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15.
17.
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15.
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20.
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18.
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17
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14

17
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306561
668615
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013733

528232
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.602671
.156868
.155818
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.022395
.820704
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Table S-12. Coordinates of optimized molecular structure for (*"L)Co(py)(NAd) (10-py).
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Table S-13. Coordinates of optimized molecular structure for (*'L)Co(py)(NAd) (10-py).
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Table S-14. Coordinates of optimized molecular structure for (*"L)Co(py)(NAd) (10-py).
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