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2 General Experimental Details

All required fine chemicals were used directly it purification unless stated otherwise.
All air and moisture sensitive reactions were earout under nitrogen atmosphere using
standard Schlenk manifold technique. THF was thstifrom sodium/benzophenone, &H,
and was distilled from Cafi CHsCN was distilled from activated 4A molecular sigves
EtN(i-Pr), was distilled over KOH'H and**C Nuclear Magnetic Resonance (NMR) spectra
were acquired at various field strengths as indit@nd were referenced to CHCI.26 and
77.0 ppm forH and®*C respectively)'H NMR coupling constants are reported in Hertz and
refer to apparent multiplicities and not true cangplconstants. Data are reported as follows:
chemical shift, integration, multiplicity (s = sileg br s = broad singlet, d = doublet, t =
triplet, g = quartet, qi = quintet, sx = sextet, sseptet, m = multiplet, dd = doublet of
doublets, etc.), proton assignment (determinedWNRIR experiments: COSY, HSQC and
HMBC) where possible. High-resolution mass speetege obtained using a JEOL JMS-700
spectrometer or a Fissions VG Trio 2000 quadrupnbess spectrometer. Spectra were
obtained using electron impact ionization (El) afeemical ionization (CI) techniques, or
positive electrospray (ES). Infra-red spectra wereorded using a JASCO FT/IR 410
spectrometer or using an ATl Mattson Genesis F€FIR spectrometer as evaporated films
or liquid films. Analytical TLC: aluminum backedgiks pre-coated (0.25 mm) with Merck
Silica Gel 60 F254. Compounds were visualized hyosure to UV-light or by dipping the
plates in permanganate (KMpCstain followed by heating. Flash column chromeapty
was performed using Merck Silica Gel 60 (40+63). All mixed solvent eluents are reported
as v/v solutions. UV/Vis spectra were obtained gisin Agilent 6453 spectrometer and 1 mm
High Precision Cell made of quartz from Hellma Ayigls. The LEDs used are Kessil H150-

blue. All the reactions were conducted in CEM 10 giss microwave tubes.
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3 Starting Material Preparation

General Procedure for Oxime Preparation — GP1

Me,

CO,H
Meﬁ/ 2
. (0]
0 _O_ _CO,H NaOAc (3.0 equiv.) N”
Pg ¥ HCIHNTTY z >
R” “R1 Me" Me MeOH, reflux R” "R?

A solution of the ketone (1.0 equiv.) in MeOH (M) was treated with 1-carboxy-1-
methylethoxyammonium chloride (1.5 equiv.), anhydrdNaOAc (3.0 equiv.) and heated
under reflux until the reaction was judged completelLC analysis (1 to 6 h). The mixture
was cooled to room temperature and diluted witlC®s(aq) and EO. The layers were
separated and the organic layer washed wigE@(ag) (x 2). The combined aqueous
extractions were then acidified with HCI (30% in@®) and extracted with Gi€l, (x 3). The

combined organic layers were dried (Mg$Q@itered and evaporated.

2-((Cyclobutylideneamino)oxy)-2-methylpropanoic Aail (1)
M
Me‘i'/COZH
.0
N

&

Following GP1, cyclobutanone (1.0 g, 14.3 mmol) gavél.757 g, 72%) as an ofiH NMR
(400 MHz, CDC}) & 2.95 (4H, ddJ = 12.5, 7.8 Hz), 2.03 (2H, g,= 8.1 Hz), 1.50 (6H, s);
3C NMR (101 MHz, CDGJ) § 178.2, 162.2, 81.2, 32.2, 31.7, 24.6, 14.9. Daaccordance
with the literature.

2-(((3-(Benzyloxy)cyclobutylidene)amino)oxy)-2-metjipropanoic Acid (S1)

Me
CO,H
Meﬁ/ 2
.0
N

e

OBn

Following GP1, 3-(benzyloxy)cyclobutan-1-one (200 mg, 1.14 mngdye S1 (252 mg,
80%) as an oil'H NMR (500 MHz, CDC}) § 7.39-7.28 (5H, m), 4.48 (2H, s), 4.26-4.20
(1H, m), 3.29-3.21 (1H, m), 3.20-3.13 (1H, m), 3285 (2H, m), 1.50 (3H, s), 1.49 (3H,
s); °C NMR (126 MHz, CDGJ) 6 178.7, 149.8, 130.2, 128.7, 127.8, 127.3, 81.B,78.2,
71.2,37.7, 35.0, 24.1; HRMS (ASAP) Found M2¥8.1385, GH2oNO, requires 278.1387.
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2-(((7-(ert-Butoxycarbonyl)-7-azaspiro[3.5]nonan-2-ylidene)anmo)oxy)-2-
methylpropanoic acid (S2)

Me,
CO,H
Meﬁ/ 2
.0

N

N

Boc
Following GP1, tert-Butyl 2-oxo-7-azaspiro[3.5]nonane-7-carboxylate5(@, 2.1 mmol)
gave S2 (654 mg, 92%) as an oil. FT-IRnax (film)/cm‘1 3015, 1682, 1435, 1355, 1215,
1173;*H NMR (400 MHz, CDCJ) & 10.97 (1H, br s), 3.41-3.27 (4H, m), 2.67 (2H,2553
(2H, s), 1.58 (4H, t) = 5.6 Hz), 1.48 (6H, s), 1.43 (9H, $fC NMR (101 MHz, CDG)) &
179.1, 156.4, 155.0, 80.8, 79.8, 41.9, 41.2, 3834, 28.5, 24.2; HRMS (ESI) Found MH
339.1925, @H2gN,0s requires 339.1920.

2-(((2,2-Dimethylcyclopentylidene)amino)oxy)-2-metylpropanoic Acid (S3)
M
Me3|/C02H
.0
N

Me

Me
Following GP1, 2,2-dimethylcyclopentanone (0.22 mL, 1.79 mmadveyS3 (381 mg,
quant.) as an oitH NMR (400 MHz, CDCJ) & 2.54 (2H, tJ = 7.5 Hz), 1.82-1.74 (2H, m),

1.64 (2H, t,J = 6.9 Hz), 1.49 (6H, s), 1.16 (6H, é?c NMR (101 MHz, CDGJ) 6 176.6,
175.1, 81.1, 42.8, 40.7, 27.7, 26.4, 24.3, 20.8aDmaccordance with the literature.

2-((Cyclohexylideneamino)oxy)-2-methylpropanoic Ad (S4)
M

Me;/COZH

.0
N

Ph\é
Following GP1, 2-phenylcyclohexan-1-one (500 mg, 2.87 mmol) ga&€552 mg, 70%) as
an oil.'"H NMR (500 MHz, CDGJ, E/Z isomers)s 7.34-7.14 (5H, m), 4.74 (0.4H, br s), 3.56
(0.6H, dd,J = 8.4, 6.7 Hz), 2.82-2.71 (0.6H, m), 2.39-2.22l.m), 2.16-1.88 (2H, m),
1.84-1.66 (2H, m), 1.61-1.41 (2H, m), 1.32 (1.2},1s3 (1.8H, s)°C NMR (101 MHz,
CDCl) 6 180.7, 180.6, 162.6, 162.3, 141.3, 140.1, 12&8,5] 128.3, 127.4, 126.5, 126.1,
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82.3, 82.3,47.2, 37.7, 33.5, 26.7, 25.9, 25.54,285.1, 24.9, 24.5, 23.8. Data in accordance
with the literature.
2-(((1-ert-Butoxycarbonyl)azetidin-3-ylidene)amino)oxy)-2-mehylpropanoic acid (S5)

Me ﬁ/COZH

.0

&

N
Boc

Following GP1, tert-butyl 3-oxoazetidine-1-carboxylate (0.5 g, 2.3 niingave S5 (450 mg,
86%) as an oil. FT-IRmax (film)/cm™ 2995, 1690, 1532,1171, 974, 7%8;NMR (400 MHz,
CDCls) 6 11.20 (1H, br s), 4.63 (4H, dd= 8.2, 2.9 Hz), 1.51 (6H, s), 1.45 (9H, ¥ NMR

(101 MHz, CDC}) 6 179.0, 156.4, 149.0, 81.6, 80.9, 58.38, 28.4,;4RMS (ESI) Found
MH™ 271.1298, GH»0N,Os requires 271.1294.

(E)-2-(((2-(Hex-5-yn-1-yl)cyclobutylidene)amino)oxyR2-methylpropanoic Acid (44)

M
HozC\ﬁfAe

(ON
N

af

This compound was prepared using the following edoce:

HOZC\FMe
HoN-NMe, (1.5 equiv.) NMez n-BulLi (1.0 equiv.)
% TFA (cat) THF, -5°C, 1 h Q
%5 benzene, reflux > é M M
S6 then K/Iéequw) s7
rt, 6h

2-Cyclobutylidene-1,1-dimethylhydrazine (S6)

A solution of cyclobutanone (3.2 mL, 42 mmol, 1due.) in benzene (75 mL) was treated WitiN-
dimethylhydrazine (2.7 mL, 64 mmol, 1.5 equiv.) arféA (5 drops). The mixture was heated under
reflux in a Dean-Stark apparatus for 16 h. The wnxtwas cooled to r.t. and diluted with,@t(50
mL) and HO (30 mL). The aqueous layer was extracted wid©OHR x 30 mL). The combined
organic phases were washed NaCl(aq) (20 mL), dMg0Q,), filtered and evaporated. Distillation
under reduced pressure (76 °C, 10 mbar) g@&¢3.8 g, 84%) as a liquidH NMR (400 MHz,
CDCly) & 2.95 (2H, tJ = 8.0Hz), 2.89 (2H, t) = 8.0 Hz), 2.55 (6H, s), 1.94 (2H, dt= 8.0 Hz, 4.0
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Hz); 3C NMR (101 MHz, CDGJ) 6 160.4, 46.8, 35.7, 35.2, 14.4. Data in accordamite the

literature?

2-(Hex-5-yn-1-yl)cyclobutan-1-ongS7)

S6 (1.5 g, 13.3 mmol, 1 equiv.) was dissolved in @iyF (30 mL), cooled to -5 °C and treated,
dropwise, witm-BuLi (8.0 mL, 1.5 equiv., 2.5M in hexane). The tope was stirred for 1 h at -5 °C
and 6-iodo-1-hexyne (2.6 mL, 20.0 mmol, 1.5 equivas added. After 1 h, the mixture was warmed
to r.t. and stirred for 6 h. The mixture was ditltgith HCl(aq) (15 mL, 10%) and stirred overnight.
The aqueous layer was extracted with EtOAc (5 mB). The combined organic layers were washed
with NaHCQ(aq) (30 mL), NgS;0s(aq) (30 mL) and NaCl(aq) (30 mL). The combinedamig
layers were dried (MgSQ filtered, and evaporated. The crude product usesd in the next step

without further purification.

(E)-2-(((2-(Hex-5-yn-1-yl)cyclobutylidene)amino)oxy2-methylpropanoic Acid (44)
Following GP1, S7(0.4 g, 2.6 mmol) gavé4 (448 mg, 67%) as an oil. FT-Wax (film)/cm™
13095, 2241, 1710, 1131, 836, 744 NMR (400 MHz, CDCJ) & 10.47 (1H, br s), 2.65-
2.38 (7H, m), 2.01 (1H, 1= 2.6 Hz), 1.92-1.82 (2H, m), 1.66-1.42 (8H, m20%+1.10 (2H,
m); **C NMR (101 MHz, CDGJ) § 177.9, 172.0, 82.3, 80.9, 69.3, 38.6, 34.1, 331,
24.5, 24.3, 22.6, 17.1, 14.2; HRMS (ESI) Found M&4.1418, GH»10sNNa requires
274.14109.

SI-6



4 Ring-Opening—-Arylation Cascades

General Procedure for Ring-Opening—Arylation Cascads — GP2

PC4 (5 mol%)

RO~N NiCIz-gI_yme (10 mol%)
TMG (2.0 equiv.), dtbbpy (10 mol%)
+ Ar—Br o /\Hi
g EtOAc (0.1 M), r.t., 16 h NC n CAr
blue LEDs

To an oven dried microwave vial, was added the ex{in5 equiv.), [Ir(dtbbpy)(pp¥XPFs)

(5 mol%), and, if solid, the aryl bromide (1.0 equi The microwave vial was sealed and
evacuated and back-filled with nitrogen (3 cycleés)separate microwave vial was charged
with NiClzsglyme (10 mol%) and ligand (10 mol%). This vialsvavacuated and back-filled
with nitrogen (3 cycles) then the solvent (0.1M)svealded and the mixture stirred for 10-15
mins. The Ni mixture was then added to the otharamvave vial along with TMG (2 eq.),
and this resulting solution was degassed with géro If liquid, the aryl bromide (1.0 equiv)
was added, the lid sealed with parafilm and thé iviadiated with a blue lamp and cooled
with a fan for 16h. The reaction was diluted witinb (5 mL), and extracted with EtOAc (3
x 15 mL). The layers were separated and the cordbanganic layers were dried (Mg9Q

filtered and evaporated. The residue was purifigdolumn chromatography on silica gel.

4-(4-Acetylphenyl)butanenitrile (3)

NC
Me

(0]
Following GP2 running the reaction in EtOAc, 1-(4-bromophenyigat-1-one (20 mg, 0.1
mmol) gave3 (11 mg, 59%) as an oiftH NMR (400 MHz, CDCJ) § 7.92 (2H, dJ = 8.3
Hz), 7.30 (2H, d)J = 8.2 Hz), 2.85 (2H, 1) = 7.5 Hz), 2.59 (3H, s), 2.36 (2H,}t= 7.0 Hz),
2.06-1.98 (2H, m)**C NMR (101 MHz, CDGCJ) § 197.6, 145.3, 135.5, 128.7, 128.6, 119.1,
34.2, 26.5, 26.4, 16.3. Data in accordance witHiteeture®

4-(4-Benzoylphenyl)butanenitrile (4)

NC
Ph

(0]
Following GP2 running the reaction in EtOAc, (4-bromophenyl)(pyigmethanone (26 mg,
0.1 mmol) gavet (18 mg, 73%) as a solid. FT-WR. (film)/lcm™ 2921, 2851, 1655, 1606,
1279;*H NMR (400 MHz, CDC}) § 7.82—7.75 (4H, m), 7.60 (1H,&= 7.4 Hz), 7.49 (2H, t,
J=7.5Hz), 7.31 (2H, d] = 7.9 Hz), 2.88 (2H, 1) = 7.5 Hz), 2.37 (2H, t] = 7.0 Hz), 2.09—
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1.99 (2H, m);*C NMR (126 MHz, CDGJ) § 196.3, 144.7, 137.6, 136.0, 132.4, 130.6, 130.0,
128.4, 128.3, 119.2, 34.4, 26.6, 16.5; HRMS (ESiurl MNd 272.1042, ¢H;sONNa
requires 272.1046.

Methyl 4-(3-cyanopropyl)benzoate (5)

0
CO,Me

Following GP2 running the reaction in DME, methyl 4-bromobeneogl mg, 0.1 mmol)
gave5 (12 mg, 58%) as an oitH NMR (400 MHz, CDCJ) 6 8.01-7.97 (2H, m), 7.28-7.24
(2H, m), 3.91 (3H, s), 2.84 (2H, 1,= 7.2 Hz), 2.06-1.96 (2H, m}*C NMR (101 MHz,
CDCl;) 166.8, 145.0, 129.9, 128.4, 119.2, 52.0, 34.3%,2%.5. Data in accordance with the

literature?

4-(3-Cyanopropyl)benzonitrile (6)

QL
CN

Following GP2 running the reaction in DME, 4-bromobenzonitril$ (mg, 0.1 mmol) gavé
(13 mg, 76%) as an oitH NMR (400 MHz, CDC}) § 7.61 (2H, dJ = 8.1 Hz), 7.31 (2H, d,
J=7.9 Hz), 2.85 (2H, d] = 7.7 Hz), 2.36 (2H, 1) = 7.0 Hz), 2.06-1.93 (2H, m)’C NMR
(101 MHz, CDC}) & 145.3, 132.5, 129.2, 118.9, 118.7, 110.5, 34.43,266.5. Data in

accordance with the literatufe.

4-(4-Formylphenyl)butanenitrile (7)

g e
CHO

Following GP2 running the reaction in DME, 4-bromobenzaldehyb® g, 0.1 mmol) gave
7 (12 mg, 67%) as an oitH NMR (400 MHz, CDCJ) & 9.96 (1H, s), 7.84 (2H, dd,= 8.2,
2.4 Hz), 7.37 (2H, d) = 7.9 Hz), 2.88 (2H, t] = 7.5 Hz), 2.36 (2H, t) = 7.0 Hz), 2.07-1.98
(2H, m); °C NMR (101 MHz, CDGJ)  191.8, 147.0, 134.9, 130.1, 129.1, 119.1, 34.4,26

16.4. Data in accordance with the literattire.
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4-(4-(Methylsulfonyl)phenyl)butanenitrile (8)

0
SO,Me

Following GP2 running the reaction in EtOAc, 1-bromo-4-(meth¥fisnyl)benzene (23 mg,
0.1 mmol) gave? (13 mg, 57%) as an oil. FT-IRua (film)/cm™ 2957, 2924, 2849, 1305,
1148;"H NMR (400 MHz, CDCY) & 7.90 (2H, dJ = 8.4 Hz), 7.41 (2H, d] = 8.3 Hz), 3.05
(3H, s), 2.90 (2H, t) = 7.5 Hz), 2.37 (2H, ) = 7.0 Hz), 2.08-1.97 (2H, m)*C NMR (101
MHz, CDCE) 6 146.3, 139.0, 129.4, 127.9, 118.9, 44.6, 34.3,26.6; HRMS (ESI) Found
MNa" 246.0557, @H130.NSNa requires 246.0559.

4-(4-(Trifluoromethyl)phenyl)butanenitrile (9)

ge!
CF

Following GP2 running the reaction in DME, 1-bromo-4-chlorobemzé22 mg, 0.1 mmol)
gave9 (13 mg, 59%) as an oitH NMR (400 MHz, CDCJ) 6 7.56 (2H, dJ = 8.0 Hz), 7.30
(2H, d,J = 8.0 Hz), 2.85 (2H, 1) = 7.6 Hz), 2.35 (2H, t] = 7.2 Hz), 2.04-1.96 (2H, m)*C
NMR (126 MHz, CDC}) & 143.8, 129.5, 128.8, 125.7 (= 3.7 Hz), 124.1 (o) = 271.0
Hz), 119.1, 34.2, 26.6, 16.5%F NMR (376 MHz, CDGJ) 5 —62.4. Data in accordance with
the literaturé'

3

4-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)penyl)butanenitrile (10)

g
B(pin)

Following GP2 running the reaction in EtOAc, 2-(4-bromophenyW-8,5-tetramethyl-1,3,2-
dioxaborolane (56 mg, 0.2 mmol) ga¥® (11 mg, 38%) as an oitH NMR (400 MHz,

CDCl) § 7.76 (2H, dJ = 8.0 Hz), 7.20 (2H, d] = 8.0 Hz), 2.79 (2H, t) = 7.4 Hz), 2.31
(2H, t,J = 7.1 Hz), 2.07-1.92 (2H, m), 1.34 (12H, ¥ NMR (126 MHz, CDGJ) § 143.0,

135.2,132.5, 127.9, 119.4, 83.8, 34.6, 26.8, 24b6%; HRMS (APCI) Found MH272.1809,

C16H230:NB requires 272.1816.
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4-(4-Chlorophenyl)butanenitrile (11)

L
Cl

Following GP2 running the reaction in DME, 1-bromo-4-(trifluorethyl)benzene (19 mg,
0.1 mmol) gavell (5 mg, 25%) as an oitH NMR (400 MHz, CDC}) § 7.30-7.25 (2H, m),
7.15-7.10 (2H, m), 2.76 (2H,3,= 7.2 Hz), 2.32 (2H, tJ = 7.2 Hz), 2.20-1.90 (2H, m}°C
NMR (126 MHz, CDCJ) & 138.0, 132.3, 129.7, 128.7, 119.3, 33.6, 26.73.1Pata in
accordance with the literatufe.

4-(3,5-Bis(trifluoromethyl)phenyl)butanenitrile (13)

CF
NC/\/\Q/ 3

CFy
Following GP2 running the reaction in EtOAc, 1-bromo-3,5-bislgoromethyl)benzene (29
mg, 0.1 mmol) gavd3 (17 mg, 62%) as an oil. FT-IRnax (film)/cm™ 2928, 1381, 1278,
1173, 11311 NMR (400 MHz, CDCJ) § 7.77 (1H, s), 7.66 (2H, s), 3.00-2.90 (2H, m),
2.41 (2H, tJ = 6.9 Hz), 2.10-2.00 (2H, m)°C NMR (126 MHz, CDGJ)) § 142.2, 132.0 (q]
= 33.2 Hz), 128.5, 123.2 (d,= 272.6 Hz), 120.8 (al = 3.9 Hz), 118.7, 34.2, 26.6, 16}7F
NMR (471 MHz, CDCJ) 6 —-62.9; HRMS (ESI) Found M280.0567, GHgNFs requires
280.0566.

4-(1-Oxo0-1,3-dihydroisobenzofuran-5-yl)butanenitrie (14)

NC/V\@:;"

(0]

Following GP2 running the reaction in EtOAc, 5-bromoisobenzofui#3H)-one (21 mg, 0.1
mmol) gaveld (11 mg, 56%) as an oil. FT-IRnax (film)/cm™ 2916, 2851, 1759, 104244
NMR (400 MHz, CDC}) & 7.88 (1H, dJ = 7.8 Hz), 7.37 (1H, d) = 7.9 Hz), 7.33 (1H, s),
5.31 (2H, s), 2.94 (2H, fl = 7.4 Hz), 2.38 (2H, 1) = 6.9 Hz), 2.09-2.00 (2H, m)*C NMR
(126 MHz, CDCY}) 6 170.7, 147.4, 146.9, 129.6, 126.1, 124.4, 12218,9, 69.4, 34.7, 26.7,
16.6; HRMS (ESI) Found MN&224.0681, @H1:0.NNa requires 224.0682.
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4-(2-Methylpyridin-4-yl)butanenitrile (16)
Me

X
|

N

NC

In this case, the reaction was run usg2 but using (If[dF(CE)ppyl(dtbpy))(PFk) as the
photocatalyst, NiGkglyme as the nickel catalyst, 4,4’-dimethyl-2,2pgridyl as the ligand
in DMF, 4-bromo-2-methylpyridine (17 mg, 0.1 mmgBvel6 (8 mg, 47%) as an oil. FT-IR
Vmax (film)/cm™ 2925, 2852, 1606, 12144 NMR (400 MHz, CDCJ) 6 8.42 (1H, dJ = 5.2
Hz), 7.00 (1H, s), 6.93 (1H, d,= 5.4 Hz), 2.75 (2H, t) = 7.6 Hz), 2.54 (3H, s), 2.35 (2H, t,
J = 7.0 Hz), 2.04-1.96 (2H, m}*C NMR (126 MHz, CDGJ) & 158.8, 149.4, 148.8, 123.3,
120.8, 119.0, 33.6, 25.9, 24.4, 16.5; HRMS (ESlurieb MNa 183.0892, gHi.N,Na
requires 183.0893.

4-(2-Fluoropyridin-4-yl)butanenitrile (17)

NC &
N

F

In this case, the reaction was run usg2 but using (If[dF(CE)ppyl(dtbpy))(PFk) as the
photocatalyst, NiGkglyme as the nickel catalyst, 4,4’-dimethyl-2,2p¢gridyl as the ligand
in DMF, 4-bromo-2-fluoropyridine (18 mg, 0.1 mmag@vel7 (11 mg, 62%) as an oil. FT-IR
Vmax (film)/lcm™ 2921, 2851, 1613, 14134 NMR (400 MHz, CDC}) 5 8.16 (1H, dJ=5.1
Hz), 7.08-6.98 (1H, m), 6.86-6.71 (1H, m), 2.9082(ZH, m), 2.39 (2H, tJ = 7.0 Hz),
2.07-1.97 (2H, m)**C NMR (126 MHz, CDGJ) 5 164.2 (dJ = 239.0 Hz), 154.6 (dl = 7.5
Hz), 147.9 (dJ = 15.3 Hz), 121.5 (d] = 4.0 Hz), 118.7, 109.2 (d,= 36.8 Hz), 33.5 (d] =
3.1 Hz), 25.7, 16.6!°F NMR (471 MHz, CDGJ) & —-68.0; HRMS (ESI) Found MH
165.0820, GH1oN2F requires 165.0823.

4-(5-(Trifluoromethyl)pyridin-2-yl)butanenitrile (1 8)

NC N

In this case, the reaction was run usg2 but using (If[dF(CE)ppyl(dtbpy))(PFk) as the
photocatalyst, NiGkglyme as the nickel catalyst, 4,4’-dimethyl-2,2gridyl as the ligand
in DMF, 2-Bromo-5-(trifluoromethyl)pyridine (22 md@.1 mmol) gavel8 (12 mg, 56%) as
an oil.'"H NMR (400 MHz, CDCJ) & 8.80-8.65 (1H, m), 7.80 (1H, ddi= 8.1 Hz), 7.30 (1H,
d,J=8.1 Hz), 3.04 (2H, t] = 7.4 Hz), 2.44 (2H, t] = 7.0 Hz), 2.24-2.09 (2H, m)C NMR
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(101 MHz, CDC$) 6 161.2 (gJ = 1.4 Hz), 147.3 () = 4.0 Hz), 133.7 (¢ = 3.5 Hz), 124.5
(g, J = 33.1 Hz), 123.6 (¢ = 272.3 Hz), 122.9, 119.2, 36.2, 24.4, 16.6. Dataccordance
with the literaturé.

4-(Quinolin-6-yl)butanenitrile (19)

NC X

/\/\C(Nj

Following GP2 running the reaction in EtOAc but using,®0; as the base, 6-
bromoquinoline (21 mg, 0.1 mmol) ga¥® (10 mg, 51%) as an oil. FT-1Rnax (film)/cm™
2931, 2855, 1610, 121%4 NMR (400 MHz, CDC}) & 8.89 (1H, dd,) = 4.3, 1.7 Hz), 8.12
(1H, dt,J = 8.4, 1.2 Hz), 8.07 (1H, d,= 8.7 Hz), 7.63 (1H, s), 7.56 (1H, dbs 8.6, 2.0 Hz),
7.41 (1H, ddJ = 8.3, 4.2 Hz), 2.99 (2H, § = 7.4 Hz), 2.37 (2H, t) = 7.0 Hz), 2.15-2.05
(2H, m); *C NMR (126 MHz, CDGJ) & 150.2, 147.3, 138.0, 135.6, 130.4, 129.9, 128.3,

126.7, 121.4, 119.3, 34.3, 26.7, 16.5; HRMS (ESiurfl MNd 219.0890, GHi-NoNa
requires 219.0893.

4-(Benzof]thiazol-2-yl)butanenitrile (20)

NC/\/\’\}(\SQ

Following GP2 running the reaction in EtOAc, 2-bromoberdjtjiazole (21 mg, 0.1 mmol)
gave20 (15 mg, 75%) as an oitH NMR (400 MHz, CDCJ) 7.96 (1H dJ = 8.1 Hz), 7.81

(1H, t,J = 8.2 Hz), 7.50-7.44 (1H, m), 7.40-7.35 (1H, mR73(2H, t,J = 7.2 Hz), 2.55 (2H,

t, J = 7.1 Hz), 2.33-2.24 (2H, my*C NMR (101 MHz, CDG)) 5 168.5, 152.9, 134.7, 125.9,
124.8,122.4, 121.3, 118.8, 32.1, 24.4, 16.2. Datecordance with the literatufe.

4-(1H-Benzo[]imidazol-2-yl)butanenitrile (21)
H

Nc/\/\g\'\'@

In this case, the reaction was run usg2 but using (If[dF(CE)ppyl(dtbpy))(PFk) as the
photocatalyst, NiGkglyme as the nickel catalyst, 4,4’-dimethyl-2,2pgridyl as the ligand
in DMF, 2-bromo-H-benzofl]imidazole (20gm, 0.1 mmol) ga&l (10 mg, 55%) as an oil.
FT-IR vmax (film)/cm™ 2923, 2854, 1456, 12144 NMR (500 MHz, CDC}) & 9.03 (1H, br
s), 7.71 (1H, br s), 7.42 (1H, br. s), 3.09 (2H] £ 7.1 Hz), 2.56 (2H, 1) = 6.9 Hz), 2.34—
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2.25 (2H, m);13C NMR (126 MHz, CD{) 6 151.8, 119.2, 118.7, 27.5, 23.3, 16.6; HRMS
(ESI) Found MN&208.0845, @H1;NsNa required 208.0845.

4-(1,3,7-Trimethyl-2,6-dioxo-2,3,6,7-tetrahydro-H-purin-8-yl)butanenitrile (22)
Me
NC/\/\W\N/Z—(O
N N-Me
N

Following modifiedGP2 running the reaction in DME but using Nj&itbbpy S7, 8-bromo-
1,3,7-trimethyl-3,7-dihydroHi-purine-2,6-dione (27 mg, 0.1 mmol) ga22 (12 mg, 46%)

as an oil'H NMR (400 MHz, CDCY) & 3.94 (3H, s), 3.55 (3H, s), 3.40 (3H, s), 2.89,(2H

= 7.1 Hz), 2.59 (2H, t) = 6.9 Hz), 2.22 (2H, p] = 7.0 Hz);"*C NMR (126 MHz, CDG) 5
155.3, 151.6, 151.5, 147.7, 118.9, 107.5, 31.67,287.9, 24.8, 22.5, 16.8; HRMS (ESI)
Found MN& 284.1113, @HisO,NsNa requires 284.1118. Data in accordance with

literature’

4-(4-Acetylphenyl)-3-(benzyloxy)butanenitrile (23)

NC
OBn Me

(0]
Following GP2 running the reaction in EtOAcS1 (56 mg, 0.2 mmol) gave3 (12 mg, 20%)
as an oil'H NMR (400 MHz, CDCY) 6 7.91 (2H, dJ = 8.2 Hz), 7.36—7.29 (5H, m), 7.26—
7.22 (2H, m), 4.59 (1H, dl = 11.7 Hz), 4.51 (1H, dl = 11.7 Hz), 3.91 (1H, p] = 5.9 Hz),
3.08 (1H, ddJ = 13.9, 6.8 Hz), 2.98 (1H, dd,= 13.8, 5.9 Hz), 2.61 (3H, s), 2.53 (1H, dd,
= 16.8, 5.4 Hz), 2.47 (1H, dd,= 16.8, 5.5 Hz)**C NMR (126 MHz, CDGJ) § 197.7, 142.2,
137.0, 136.0, 129.8, 128.7, 128.6, 128.1, 127.8,2175.0, 72.2, 40.3, 26.6, 22.7; HRMS
(ESI) Found MN&316.1304, @H190,NNa requires 316.1308.

tert-Butyl 4-(4-acetylbenzyl)-4-(cyanomethyl)piperidinel-carboxylate (24)

NC
Me
N

éOC ©
Following GP2 running the reaction in EtOAc,-dromoacetophenone (20 mg, 0.1 mmol)
gave24 (22 mg, 62%) as an oil. FT-Rnax (film)/cm™ 2941, 2836, 2232, 1780, 1730, 1621,

1587, 1325, 974H NMR (400 MHz, CDCJ) § 7.91 (2H, dJ = 7.8 Hz,), 7.29 (2H, dl = 7.9
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Hz), 3.64 (2H, dtJ) = 12.1, 5.0 Hz), 3.29 (2H, ddd= 13.6, 8.6, 3.9 Hz), 2.87 (2H, s), 2.59
(3H, s), 2.23 (2H, s), 1.61 (2H, t#l= 8.5, 2.9 Hz), 1.52 (2H, ddd= 13.8, 6.4, 4.0 Hz), 1.45
(9H, S);13C NMR (101 MHz, CDQ) 6 197.7, 154.8, 141.6, 136.1, 130.7, 128.6, 11107,,8
43.3, 39.5, 35.8, 34.2, 28.5, 26.7, 25.0.; HRMSIYE®und MH 357.2183, GH29N,0s3
requires 357.2178.

6,6-Diphenylhexanenitrile (26)
Ph

NCN\)\Q

Following GP2 running the reaction in EtOAc, bromobenzene (16 thfy mmol) gave26

(11 mg, 41%) as an oitH NMR (400 MHz, CDCY) & 7.32-7.18 (8H, m), 7.12-7.09 (2H,
m), 3.88 (1H, tJ = 7.8 Hz), 2.26-2.09 (2H, m), 2.03—1.95 (2H, m32+1.76 (2H, m), 1.39-
1.34 (2H, m);13C NMR (101 MHz, CDGJ) 6 143.6, 128.5, 128.4, 126.9, 126.2, 119.2, 51.1,
35.1, 27.8, 25.3, 16.6. Data in accordance witHitbeature®

6-(4-Acetylphenyl)-6-phenylhexanenitrile (27)
Ph

NCA/\)\@\W
Me

O
Following GP2 running the reaction in EtOAc,-Bromoacetophenone (20 mg, 0.1 mmol)
gave27 (17 mg, 56%) as an oil. FT-IRnax (film)/cm™ 2928, 2232, 1740, 1131,8384
NMR (400 MHz, CDC}) & 7.85 (2H, dJ = 8.6 Hz), 7.38-7.28 (4H, m), 7.18-7.15 (3H, m),
3.93 (1H, tJ = 7.8 Hz), 2.61 (3H, s), 2.42-2.28 (2H, m), 2.09422H, m), 1.89-1.82 (2H,
m), 1.51-1.38 (2H, m)**C NMR (101 MHz, CDG)) § 197.2, 149.0, 143.1, 132.0, 129.9,
128.6, 128.5, 127.0, 119.2, 51.1, 35.2, 27.9, 2B5/5, 17.2; HRMS (ESI) Found MNa
314.1517, GH21NONa requires 314.1521.

6-(3,5-Bis(trifluoromethyl)phenyl)-6-phenylhexanenirile (28)
Ph

NC/\/\)\Q/CFS

CF4
Following GP2 running the reaction in EtOAc, 1-Bromo-3,5-bis(@romethyl)benzene (30
mg, 0.1 mmol) gav@8 (24 mg, 58%) as an oitH NMR (400 MHz, CDCY) 5 7.87 (2H, s),
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7.85 (1H, s), 7.31-7.27 (2H, m), 7.22-7.17 (3H, 4000 (1H, tJ = 7.8 Hz), 2.40 (2H, t] =
6.7 Hz), 2.42-1.39 (2H, m), 1.75-1.61 (2H, ME NMR (101 MHz, CDGJ) § 146.7, 140.3,

132.3 (q,J = 33.5 Hz), 129.3, 129.2, 128.3, 125.4, 122.4 &,16 Hz), 121.7, 119.6, 51.2,
33.0, 31.9, 27.4, 24.8, 21.6, 17*%E NMR (471 MHz, CDGJ) § —62.9. Data in accordance

with the literaturé
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5 Ring-Opening-Vinylation Cascades
General Procedure for Ring-Opening—Vinylation Cascdes — GP3

4CzIPN (5 mol%),

RO<\ NiCl»dtbbpy (10 mol%)
Cs,CO3 (0.5 equiv.), H,0 (20 equiv.)
+ =0 NC
4 CH4CN, rt., 60 h n
blue LEDs

To an oven dried microwave vial, was added the ex{thO equiv.), 4CzIPN (5 mol%),
NiCl,edtbbpy (10 mol%), C£O; (0.5 equiv.) and, if solid, alkyne (1.3 equiv.)heT
microwave vial was sealed and evacuated and bHe#-fwith nitrogen (3 cycles).
Acetonitrile (0.1M) and water (20 equiv.) were addand the mixture degassed for 10 mins.
Next, if liquid, the alkyne (1.3 equiv.) was addd¢ice lid sealed with parafilm and the vial
irradiated and cooled with a fan for 60 h. The teacwas diluted with brine (5 mL), and
extracted with EtOAc (3 x 15 mL). The layers wesparated and the combined organic
layers were dried (MgSA filtered and evaporated. The residue was puariia silica gel
chromatography.

5-Methylenedecanenitrile (30)

NC/\/\H/\/\/Me
Following GP3, hept-1-yne (12 mg, 0.13 mmol) ga%@ (12 mg, 73%) as an oil. FT-HRax
(film)/cm™ 2930, 2851*H NMR (400 MHz, CDCJ) 6 4.80 (1H, s), 4.75 (1H, s), 2.34 (2H, t,
J=7.2 Hz), 2.16 (2H, t) = 7.4 Hz), 2.03-1.95 (2H, m), 1.80 (2H,Jps 7.2 Hz), 1.48-1.20
(10H, m);*C NMR (126 MHz, CDGJ) 5 147.5, 119.8, 110.6, 35.9, 34.8, 31.9, 27.8, 23.5,
22.8, 16.7, 14.3; HRMS (ASAP) Found MH65.1512, @HoN requires 165.1517.

5-Methylenenonanenitrile (31)

NC/\/\"/\/\Me
Following GP3, hex-1-yne (11 mg, 0.13 mmol) ga8é (10 mg, 64%) as an oitH NMR
(500 MHz, CDC}) & 4.80 (1H, s), 4.75 (1H, s), 2.34 (2HJt= 7.2 Hz), 2.17 (2H, t) = 7.5
Hz), 2.00 (2H, tJ =7.6 Hz), 1.80 (2H, pl = 7.3 Hz), 1.37-1.28 (4H, m), 0.91 (3HJ & 7.2
Hz); 3C NMR (126 MHz, CDQJ) 6 147.2, 119.4, 110.3, 35.4, 34.6, 29.9, 23.4, 2634,

13.8. Data in accordance with literatdre.
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5-Cyclohexylhex-5-enenitrile (32)

e

Following GP3, ethynylcyclohexane (14 mg, 0.13 mmol) g&259 mg, 49%) as an oil. FT-
IR vmax (film)/lcm™ 2925, 2853;H NMR (500 MHz, CDCJ) & 4.81 (1H, s), 4.71 (1H, s),
2.34 (2H, tJ = 7.0 Hz), 2.18 (2H, t) = 7.6 Hz), 1.84-1.72 (10H, m), 1.31-1.23 (4H, 1,
NMR (126 MHz, CDC}) 6 152.7, 119.7, 108.4, 44.0, 33.6, 32.4, 26.7, 2838, 16.6;
HRMS (ASAP) Found MH 178.1588, GHoN requires 178.1596.

5-cyclopropylhex-5-enenitrile (33)

PO

Following GP3, ethynylcyclopropane (12, 0.13 mmol) gave33 (33%). 'H NMR (400
MHz, CDCk) & 4.68 (s, 1H), 4.67 (s, 1H), 2.36 (2HJt= 7.2 Hz), 2.22 (2H, t) = 7.4 Hz),
1.92-1.83 (2H, m), 1.40-1.32 (1H, m), 0.68-0.64, (@h 0.46—-0.41 (2H, m).

4-Methyleneoctanedinitrile (34)

Nc/\/\"/\/CN
Following GP3, pent-4-ynenitrile (10 mg, 0.13 mmol) ga®4é (5 mg, 35%) as an oil. FT-IR
Vmax (film)/cm™ 2928, 2859'H NMR (400 MHz, CDCJ) & 4.98 (1H, s), 4.95 (1H, s), 2.54—
2.49 (2H, m), 2.42-2.36 (4H, m), 2.22 (2H,Jt= 7.6 Hz), 1.89-1.79 (2H, m); HRMS
(ASAP) Found MH 149.1072, GH1aN, requires 149.1073.

tert-Butyl (5-cyano-2-methylenepentyl)carbamate (35)

NC n-BOC
H

Following GP3, tert-butyl prop-2-yn-1-ylcarbamate (20 mg, 0.13 mmayeg35 (10.5 mg,
45%) as an oil. FT-IRmay (film)/lcm™ 3347, 2927, 1702, 1509, 1367, 1214, 1167 NMR
(400 MHz, CDC}) § 4.99 (1H, s), 4.89 (1H, s), 4.64 (1H, br s, NH})3-3.61 (2H, m), 2.36
(2H, t,J = 7.1 Hz), 2.20 (2H, 1) = 7.6 Hz), 1.84 (2H, p] = 7.2 Hz), 1.45 (9H, s)*C NMR
(126 MHz, CDC}) 6 155.9, 144.3, 119.4, 111.6, 79.6, 44.8, 32.4,,28342, 16.6; HRMS
(ESI) Found MN&247.1412, GH»00,N.Na requires 247.1417.
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8-Chloro-5-methyleneoctanenitrile (36)

NC/\/\"/\/\CI
Following GP3, 5-chloropent-1-yne (13 mg, 0.13 mmol) g&&(6 mg, 35%) as an oil. FT-
IR vmax (film)/cm™ 2923, 2852, 1456, 1215, 756/ NMR (400 MHz, CDCY) & 4.86 (1H, s),
4.84 (1H, s), 3.55 (2H, fl = 6.5 Hz), 2.35 (2H, t) = 7.1 Hz), 2.18 (4H, m), 1.96-1.87 (2H,
m), 1.82 (2H, pJ = 7.2 Hz);"*C NMR (126 MHz, CDG)) & 145.5, 111.6, 44.4, 34.6, 32.6,
31.0, 23.3, 16.6; HRMS (ASAP) Found MH72.0883, gH1sNCl requires 172.0888.

8-(1,3-Dioxoisoindolin-2-yl)-5-methyleneoctanenitte (37)
(o]

s

Following GP3, 2-(pent-4-yn-1-yl)isoindoline-1,3-dione (28 mgl® mmol) gave37 (16
mg, 57%) as an oil. FT-IRmax (film)/lcm™ 2921, 2851, 1710, 1467, 1396, 1218; NMR
(400 MHz, CDC}) § 7.85 (2H, dd,) = 5.4, 3.1 Hz), 7.72 (2H, dd,= 5.5, 3.0 Hz), 4.86 (1H,
s), 4.81 (1H, s), 3.69 (2H, d,= 7.3 Hz), 2.34 (2H, t) = 7.2 Hz), 2.18 (2H, t]) = 7.5 Hz),
2.11-2.05 (2H, m), 1.89-1.73 (4H, M§C NMR (126 MHz, CDGJ) 5 168.4, 145.6, 134.0,
132.1, 123.2, 119.6, 111.2, 37.6, 34.6, 32.9, 2B43, 16.5; HRMS (ASAP) Found MH
283.1432, GH19N,O, requires 283.1441.

tert-Butyl (cyanomethyl)(2-methyleneheptyl)carbamate (8)

Me
go/c\n/\/\/
Following GP3, 1-heptyne (13 mg, 0.13 mmol) ga®8(12.0 mg, 41%) as an oil. FT-NR,ax
(film)/cm™ 2855, 2347, 2198, 1624, 1587, 1345, 954, 64BNMR (400 MHz, CDC)) &
4.96 (1H, s), 4.88 (1H, s), 4.13 (1H, br s), 4.081,(br s), 3.99 (2H, s), 1.95 (2H,X~= 7.6
Hz), 1.53-1.43 (11H, m) 1.33-1.25 (4H, m), 0.89 ,(&HJ = 7.0, 2.2 Hz).}*C NMR (126
MHz, CDCk) é 154.8, 143.9, 119.7, 116.0, 113.2, 81.8, 51.83,331.6, 28.3, 28.3, 27.4,

22.6, 14.2; HRMS (ESI) Found MN289.1887, GH2c0.N.Na requires 289.1892.

NeTY
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tert-Butyl (cyanomethyl)(5-(1,3-dioxoisoindolin-2-yl)-2methylenepentyl)carbamate (39)

(@]
NC/\I}I/\"/\/\N
Boc
(0]

Following GP3, N-(4-Pentynyl)phthalimide (28 mg, 0.13 mmol) ge8&(24.0 mg, 48%) as
an oil. FT-IR vmax (film)/cm™ 3085, 2997, 2245, 2202, 1786, 1760, 1630, 13355:1'H
NMR (400 MHz, CDC}) & 7.84 (2H, dd,) = 5.5, 3.0 Hz), 7.71 (2H, dd,= 5.4, 3.0 Hz), 5.03
(1H, s), 4.95 (1H, s), 4.14-4.02 (2H, m), 3.92 (3},3.69 (2H, tJ = 7.1 Hz), 2.05-2.02
(2H, m) 1.88-1.84 (2H, m), 1.55-1.44 (9H, 1L NMR (126 MHz, CDGJ) 5 168.5, 156.3,
149.8, 134.1, 132.2, 123.4, 115.9, 113.7, 82.8,51.6, 30.4, 28.3, 26.3, 24.1; HRMS (ESI)
Found MN4 406.1740, @GH»s0sN3sNa requires 406.1743.

tert-Butyl 4-(cyanomethyl)-4-(2-methyleneheptyl)piperidne-1-carboxylate (40)

Nc?ﬂ/\/\/Me

N

Boc
Following GPX, 1-heptyne (13 mg, 0.13 mmol) ga#@ (26 mg, 58%) as an oil. FT-1Rnax
(film)/cm™ 2963, 2845, 2213, 2178, 1780, 1582, 1344, 1165; §94NMR (400 MHz,
CDCls) & 5.02 (1H, s), 4.87 (1H, s), 3.56-3.30 (4H, m)222H, s), 2.24 (2H, s), 2.07-2.01
(2H, m) 1.54-1.53 (4H, m), 1.48 (9H, s), 1.36-1(8A, m), 0.91 (3H, tJ = 6.8 HZ);*C
NMR (126 MHz, CDC§) § 154.9, 145.0, 118.0, 115.6, 80.0, 42.8, 41.0,,38544, 31.6,
28.5, 25.7, 24.0, 22.7, 17.4, 14.2; HRMS (ESI) FbiMNa" 357.2511, GyH3.0.N-Na

requires 357.2518.

3-(2-Methylenecyclohexyl)propanenitrile(45)

ch\é

Following GP3, 44 (200 mg, 0.8 mmol) gav@7 (55 mg, 46%) as an oil. FT-IRmax
(film)/cm™ 3009, 2198, 1750, 1620, 1235, 985, 7$5NMR (400 MHz, CDCJ) & 4.75 (1H,
s), 4.61 (1H, s), 2.41-2.29 (2H, m), 2.27-2.15 (&4, 2.10-1.94 (2H, m), 1.81-1.70 (1H,
m), 1.69-1.48 (5H, m), 1.40-1.32 (1H, MjC NMR (101 MHz, CDG) & 150.2, 120.0,
107.3, 42.0, 33.9, 33.3, 28.4, 27.6, 23.5, 15.2M3RESI) Found MH 150.1277, GH1eN
requires 150.1283.
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3-(1-Oxaspiro[2.5]octan-4-yl)propanenitrile (S8)

0]
6/\/CN

A solution of45 (50 mg, 0.33 mmol, 1.0 equiv.) in GEl; (2 mL) at room temperature was
treated withm-CPBA (70 mg, 0.4 mmol) and NaHG@4 mg, 0.4 mmol). The mixture was
stirred for 2 h, and then NaGO; (5%) aqueous solution was added. The organic lesger
dried (MgSQ), filtered and evaporated. The crude was purifigccolumn chromatography
on silica gel, eluting with hexane—EtOAc (90:1®),dive S8 (46 mg, 92%) as an oil as a
mixture of diastereomers. FT-WR.a (film)/cm™ 2978, 2745, 2260, 1680, 1356, 1245, 1132,
835;'H NMR (400 MHz, CDCY) § 2.67—2.64 (1H, m), 2.50 (1H, ddi= 6.1, 4.5 Hz), 2.42—
2.28 (2H, m), 1.93-1.87 (1H, m), 1.86-1.21 (10H; ME NMR (101 MHz, CDGJ) 5
119.9", 119.7", 61.0", 60.7", 53.2", 50.8", 40.2", 39.4", 33.4", 31.4", 30.4", 29.4", 25.¢",
25.1", 25.M 25.0" 23.8" 21.9" 15.8" 15.3"; HRMS (ESI) Found MNa 188.1046,
Ci0H1sONNa requires 188.1051.

7a-(Hydroxymethyl)octahydro-1H-inden-1-one(46)
o _OH
D
A mixture of CpTiCl, (150 mg, 2.50 mmol) and Zn (110 mg, 1.6 mmol) @éoxi/genated
THF (4 mL) was stirred at r.t. until the solutiamried green. In a separate flaSi,(40 mg,
0.24 mmol) was dissolved in deoxygenated THF (5.nill)e green Ti(lll) solution was
slowly added via syringe t88 After 30 min, an excess of NaPlO;(aq) was added, and the
mixture was stirred for 20 min. The aqueous layeas vextracted with ED (x 3). The
combined organic layers were washed with NaBH@g and NaCl(aq), dried (MgSP
filtered and evaporated. Purification by columnorhatography on silica gel, eluting with
hexane—EtOAc (90:10), gav (35 mg, 88%) as an oil. FT-Rna (film)/cm™ 2978, 2745,
2260, 1680, 1356, 1245, 1132, 838;NMR (400 MHz, CDC}) 3.66 (1H, d,J = 11.2 Hz),
3.56 (1H, dJ = 11.2 Hz), 2.63 (1H, br s), 2.41-2.33 (1H, m2021.87 (2H, m), 1.88-1.78
(2H, m), 1.60-1.27 (8H, m)°C NMR (101 MHz, CDGJ) & 224.0, 63.6, 52.6, 36.6, 36.5,
25.2, 24.1, 22.8, 21.5, 21.1; HRMS (ESI) Found NMN#®1.1043, GH:s0:Na requires
191.1048.
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6 Ring-Opening—Alkylation Cascades
General Procedure for Ring-Opening—Alkylation Cascdes — GP4

Ir[dF(CF 3)ppyl(dtbpy)(PFe) (5 mol%
RO~y Cs,CO3 (2.0 equiv.)
NiClsdtbbpy (10 mol%
+ Br\/O 2 d ( 0) >NC/\i/O
g CH4CN, 1t., 2h
blue LEDs

To an oven dried microwave vial, was added the exin{l.5 equiv.),
Ir[dF(CRs)ppyl(dtbpy)(PF) (5 mol%), NiCledtbbpy complex (10 mol%) and &30 (2
equiv.). The microwave vial was sealed and evaduared back-filled with nitrogen (3
cycles). The solvent (0.1M) was added and the méxtlegassed for 10 mins. The alkyl
bromide (1.0 equiv.) was added, the lid sealed wiinafiim and the vial irradiated and
cooled with a fan for 2h. The reaction was diluteith brine (5 mL), and extracted with
EtOAc (3 x 15 mL). The layers were separated aedctimbined organic layers were dried
(MgSQy), filtered and evaporated. The residue was puarifia silica gel chromatography.

7-Phenylheptanenitrile (48)

N Y
Following GP4, (3-bromopropyl)benzene (20 mg, 0.1 mmol) gd8€12 mg, 66%) as an oil.
'H NMR (400 MHz, CDC}) 6 7.32-7.26 (2H, m), 7.22-7.14 (3H, m), 2.62 (2H] £ 7.5
Hz), 2.32 (2H, tJ = 7.0 Hz), 1.72-1.58 (4H, m), 1.52-1.33 (4H, ME NMR (126 MHz,
CDCls) 6 142.5, 128.5, 128.3, 125.6, 119.9, 35.7, 31.04,28.2, 25.2, 17.0; HRMS (ESI)
Found MNd 210.1247, @Hi-NNa requires 210.1253. Data in accordance with the

literature®

Ethyl 7-cyanoheptanoate (49)

NGNS COEL
Following GP4, ethyl 4-bromobutanoate (20 mg, 0.1 mmol) gd9€10 mg, 55%) as an oil.
'H NMR (400 MHz, CDCY) 4.12 (2H, gJ = 7.1 Hz), 2.35-2.28 (4H, m), 1.70-1.60 (4H, m),
1.51-1.44 (2H, m), 1.42-1.32 (2H, m), 1.26 (3H,%,7.1 Hz):**C NMR (126 MHz, CDGJ)
173.5, 119.7, 60.3, 34.1, 28.3, 28.2, 25.2, 24K1,114.2; HRMS (ESI) Found MNa
206.1146, GoH1/NO,Na requires 206.1152. Data in accordance withiteeature
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Decanedinitrile (50)

o Tl S g Vet
Following GP4, 6-bromohexanenitrile (18 mg, 0.1 mmol) g&@(11.0 mg, 64%) as an oil.
H NMR (400 MHz, CDCY) § 2.55 (4H, tdJ = 6.9, 1.2 Hz), 2.40 (4H, §, = 6.9 Hz), 1.88—
1.43 (8H, m);**C NMR (101 MHz, CDG)) § 119.4, 42.9, 27.0, 24.9, 21.1, 17.2. Data in

accordance with the literatut®.

6-Chlorohexanenitrile (51)

N Y S
Following GP4, 1-bromo-2-chloroethane (28 mg, 0.2 mmol) gatg16.0 mg, 60%) as an
oil. 'H NMR (400 MHz, CDCJ) § 3.56 (2H, tJ = 6.5 Hz), 2.38 (2H, t) = 6.9 Hz), 1.88-
1.77 (2H, m), 1.75-1.67 (2H, m), 1.66-1.59 (2H, M NMR (101 MHz, CDG) & 119.4,
43.4, 31.6, 26.0, 24.7, 17.1. Data in accordante the literaturé>

9-(1,3-Dioxoisoindolin-2-yl)nonanenitrile (52)

O
NI S S
O

Following GP4, 2-(5-bromopentyl)isoindoline-1,3-dione (30 mgl @nmol) gave52 (15.0
mg, 52%) as an oil. FT-1Rmax (film)/cm™3019, 2253, 1690, 1650, 1375, 1038, 917, 785;
NMR (400 MHz, CDC}) 6 7.77 (2H, ddJ = 5.4, 3.1 Hz), 7.65 (2H, dd,= 5.5, 3.1 Hz), 3.63
(2H, t,J = 7.1 Hz), 2.28 (2H, t) = 7.1 Hz), 1.69-1.62 (2H, m), 1.47-1.34 (10H, M
NMR (101 MHz, CDCY) ¢ 168.4, 134.1, 132.1, 123.3, 119.6, 41.0, 37.48,227.0, 25.9,
25.0, 17.1; HRMS (ESI) Found MN&07.1419, GH200,N,Na requires 307.1422,

8-(1,3-Dioxolan-2-yl)octanenitrile (53)

O

e~
Following GP4, 2-(4-Bromobutyl)-1,3-dioxolane (21 mg, 0.1 mmgéve53 (10.0 mg, 46%)
as an oil. FT-IRvmax (film)/cm™2975, 2836, 1611, 1583, 1552, 1099, 921, 884, 663,'H
NMR (400 MHz, CDC}) 6 4.73 (1H, tJ = 4.5 Hz), 3.85-3.82 (2H, m), 3.74-3.70 (2H, m),
2.40 (2H, tJ = 7.0 Hz), 2.28-2.21 (4H, m), 1.68—1.53 (6H, m39%+1.43 (2H, m)**C NMR
(101 MHz, CDCY) 6 119.6, 103.9, 64.9, 42.8, 32.8, 25.3, 24.8, 2810, 17.1; HRMS (ESI)
Found MN4 220.1315, ¢H:s0:NNa requires 220.1313.
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6,9-Diphenylnonanenitrile (56)
Ph

NC/\/\)\/\/Ph

Following GP4, (3-bromopropyl)benzene (20 mg, 0.1 mmol) g&@419.0 mg, 65%) as an
0il. FT-IR vmay (film)/cm™2997, 2226, 1698, 1337, 1284, 7TM;NMR (400 MHz, CDC}) &
7.36-7.31 (4H, m), 7.26-7.20 (6H, m), 2.73-2.67,(81, 2.43-2.35 (4H, m), 2.05-1.97
(2H, m), 1.86-1.68 (4H, m):*C NMR (101 MHz, CDGJ) & 141.4, 141.3, 128.6, 128.6,
128.5, 128.4, 126.2, 126.1, 119.7, 40.3, 35.1,,3804, 30.3, 26.3, 24.9, 17.1; HRMS (ESI)
Found MH 292.2069, gH.6N requires 292.2065.

Ethyl 9-cyano-5-phenylnonanoate (57)
Ph

/\/\)\/\/COZEt
NC

Following GP4, ethyl 4-bromobutanoate (20 mg, 0.1 mmol) g&v€19.0 mg, 68%) as an
oil. FT-IR vmax (fiIm)/cm_l 3251, 2854, 2264, 1766, 1622, 1389, 1145, 965, HMINMR
(400 MHz, CDC4) & 7.38-7.26 (3H, m), 7.18-7.15 (2H, m), 4.17 (2H) g, 7.1 Hz), 2.58—
2.44 (5H, m), 2.32-2.16 (4H, m), 2.08-1.82 (6H, ;}9 (3H, tJ = 7.1 Hz);*3C NMR (101
MHz, CDCk) 6 171.1, 141.2, 128.5, 128.4, 126.3, 126.1, 1197%4,611.0, 35.0, 30.3, 25.0,
24.9, 21.1, 17.1, 14.2; HRMS (ESI) Found MN&10.1778, GH,s0.NNa requires
310.1783.

Methyl (S)-2-((tert-Butoxycarbonyl)amino)-6-cyanohexanoate (59)

e L
Boc<

N~ >Co,Me
H

Following GP4, L-Br-serine58 (28 mg, 0.1 mmol) gavg9 (10.0 mg, 36%) as an oil. FT-IR
vmax (film)/cm™ 3257,2998, 2278, 2146, 1785, 1702, 1521, 1470, 13239,1941, 825;H
NMR (400 MHz, CDC}) & 5.04 (1H, dJ = 8.5 Hz), 4.31-4.26 (1H, m), 3.73 (3H, s), 2.67
(2H, t,J = 6.8 Hz), 1.83-1.77 (2H, m), 1.67-1.59 (2H, m}31(9H, s), 1.44-1.42 (2H, m);
¥C NMR (101 MHz, CDGCJ) 5 173.5, 155.5, 79.8, 53.6, 51.2, 32.6, 31.0, 304, 23.5,
18.5; HRMS (ESI) Found MH271.1658, @H,3N>04 requires 271.1652.
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Methyl (S)-7-Amino-2-((tert-butoxycarbonyl)amino)heptanoate (60)

HoN

N7 >co,Me
H

A solution of CoCJe6H,0 (5 mg, 0.02 mmol) an89 (27 mg, 0.1 mmol) in THF (6 mL) and
H,O (3 mL) was stirred vigorously and cooled intetamtly with an ice-water bath while
NaBH, (53 mg, 1.4 mmol) was added in portions over 8.rfime reaction was exothermic,
producing black precipitate and ample quantitieshpfirogen. After a total time of 2h,
aqueous NKOH solution (2 ml) was added and the mixture was thiltered through Celite
and washed with methanol. The combined supernataete concentrated at reduced
pressure, then the aqueous residue was extracted4vk 10 ml) of DCM. The combined
DCM layers were dried (MgSpand concentrated to affofd (16.5 mg, 59%) as an oil. FT-
IR vimax (film)/cm™ 3526, 32142989, 2265, 1764, 1780, 1724, 1556, 865, THANMR (400
MHz, CDCk) 6 5.10 (1H, d,J = 8.5 Hz), 4.28-4.22 (1H, m), 3.69 (3H, s), 3.24(t,J = 7.1
Hz), 1.96 (2H, tJ = 1.4 Hz),1.80-1.75 (2H, m), 1.64-1.56 (2H, mA0L(9H, s), 1.42-1.34
(4H, m);**C NMR (101 MHz, CDGQ) § 173.5, 155.5, 80.0, 53.5, 52.4, 42.0, 33.3, 32171,
28.4, 22.7; HRMS (ESI) Found MN&97.1793, GH260sN2Na requires 297.1790.
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7 Flow Procedures

Flow equipment set up
The flow process was performed using a standandpseh the commercially available

VapourTech E series 3-pump EasyMedchem fitted witiphotochemical 450 nm LED
reactor [Part number 50-1319, 10 mL internal volpare a heating mode at 40°C. A single
pump fitted with a blue pump tube [Part number 304] was used to transfer the
homogeneous batch solution through the photochémgazctor. The output of the flow
reactor was a homogenous solution of a darker wéliange compared to the input solution

which was yellow.

General Flow Procedure — GP5
To a 1 neck 100 ml flask open to the air, was add¢tl5 equiv), [Ir(dtbbpy)(ppy)(PFe)

(5.0 mol%) and the bromoarene (1.0 equiv.). Thekflavas sealed with a septum and
evacuated and backfilled with,Nx 3). A separate flask was charged with M6H,O (10
mol%) and dtbbpy (10 mol%) and a magnetic stiraar Bhe flask was sealed with a septum
and evacuated and backfilled with [ 3). Anhydrous DME and DMF (5:2, 0.05M) were
added and the solvent stirred and degassed by ibgbbith N, for 10 min. The green
solution was then added to the first flask, followley TMG (1.7 equiv.) and the septum
sealed with parafilm. Prior to the pumping of tleagent the reactor was fully liquid filled
with DME:DMF (5:2) from the solvent reservoir. Theaction solution was pumped at 0.35
mL/min (input flowrate on control interface) resaf in a theoretical residence time of 28.5
min within the photochemical reactor. Once therentontents of the flask had been pumped
from the flask DME:DMF mixture (5:2) was pumpedrfrahe solvent reservoir until it was
deemed all the reaction solution had been collectbd resulting solution was diluted with
water (20 mL) then extracted with ethyl acetatex (300 mL). The combined organic layers
were dried (MgSG@), filtered and evaporated. The residue was purifiiy FCC with
5%>20% EtOAc:hexane to give desired product.

4-(4-Acetylphenyl)butanenitrile (3)
Following GP5, 4’bromoacetophenone (796 mg, 4 mmol, 1 equiv)eday41l7 mg, 2.24

mmol, 56%) at a flow rate of 0.35mL/min and read¢tanperature of 40 °C.
4-(3-Cyanopropyl)benzonitrile (6)

Following GP5, 4-bromobenzonitrile (364 mg, 2 mmol, 1 equiv) @&\{195 mg, 1.14 mmol,

57%) at a flow rate of 0.35mL/min and reactor terapgre of 40°C.
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The temperature was monitored during the flow rerwall as NMR samples of aliquots of
the reaction solution. The temperature within thetpchemical reactor was set at’@with

minimal deviation from this observed during the is&uof the run.
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Figure S1.Graph showing % product (NMR) during the run.

To aliquots of the reaction solution was added TN#&SBa standard in EtOAc. The resulting
solution was diluted with water and EtOAc. The amgelayer was washed with EtOAc (3x5
mL) and the combined organics were dried over Mg3idered and the solvent removed in
vacuo. ThéH NMR data shows a gradual decrease in yield asethetion progresses.

A reaction was ran after the pre-mixed reactiontsmh had been stored overnight and there

was no significant drop in yield, suggesting thetonie does not decompose over time.
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8 Safety Tests
(Aminooxy)-2-methylpropanoic Acid Hydrochloride

HCIeH,N O LOM

Me Me

This chemical was purchased from Fluorochem (CasiNt946, Lot:FCBO16818).

The heat of decomposition for this sample (Figu2¢ iS above the 800 J/g threshold value
which would indicate potential explosive properfiéghus, indicating that the material may
have explosive properties. Subsequent high-rateu€anbe test results indicated that the
material does not have explosive properties. Aigfionot explosive this energetic material
could be hazardous depending on usage.

*exo E19-000798-A 21.01.2018 14:14:23

1]2[E19-000798-A
E19-000798-A, 5.8500 mg
Method Name: :1) 0-500°C Au 5 K/min

Integral 5740.59 ml i E .
normalized 981.20 Jg~-1 Integral : 914.67 m1
Onset normalized 1 a5
Posk Onset E
Ls Left Limit ek £
] (et LeftLimit  450.
Right Limit - &

Right Limit ~ 500.19 °C

104 f

Tntegral -541.34 mJ I

normalized -92.54 Jg~-1

h Onset 161.07 °C l
asll| Peak 169.09 °C ¢
\ LeftLimt  129.32°C
[ \ Right Limit  17261°C |

i
\ il =
- : A ’ ’IMW e W"'
Integral 1017.39 mJ Integral -29.42 mJ
normalized 173.91 Jg~-1 normalized -5.03 Jg™-1
Onset 2B3.29 °C Onset 425.03 °C
i i Peak 328.21 °C Peak 425,66 °C
i Left Limit 248.80 °C Left Limit 42444 °C
i Right Limit ~ 423.55 °C Right Limit ~ 432.36 °C

104
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Lab: METTLER STAR® SW 14.00

Figure S2.DSC result for (Aminooxy)-2-methylpropanoic aciddngchloride

2-[(Cyclobutylideneamino)oxy]-2-methylpropanoic aad (1)
M
Me;/COZH
.0
N

&

The heat of decomposition for this sample (Figug iS above the 800 J/g threshold value
which would indicate potential explosive propertiéghus, indicating that the material may

have explosive properties. Subsequent high-rateu€anbe test results indicated that the
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material does not have explosive properties. Aigfionot explosive this energetic material

could be hazardous depending on usage.

Aexo E19-000798-B 21.01.2019 14:16:27
w1
359
1]2[E19-000798-8
3.0 E19-000798-8, 3.0700 mg
Method Name: :1) 0-500°C Au 5 K/min
25
204
154 Integral -406.67 m)
normalized -132.47 Jg™-1
Onset 103.06 °C
18 Peak 105.47 °C
Left Limit 81.63 °C
us\ Right Limit  118.00 °C
IIIIIJIIIIlUIIllllllllllIlIIIlIlHHIlIIIIIIIIIIIIIIIlIlIIHMMIIIIII[WIMmmmW,_mmmmmmﬂmH]HﬂMUlUlMMUﬂlUlUJH
00’
? Integral 886.11 m)
05 Integral 4848.05 mJ normalized 288.63 Jg”-1
normalized 1579.17 Jg~-1 Onset 409.94 °C
Onset 210.54 °C Peak 499,99 °C
bt Peak 238.94 °C Left Limit  382.38°C
Left Limit 137.40 °C Right Limit ~ 499.99 °C
as] Right Limit  377.16 °C
|
207
259
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_ Lab: METTLER STAR® SW 14.00

Figure S3.DSC result for 2-[(cyclobutylideneamino)oxy]-2-mefropanoic acid 1.
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9 NMR Spectra
S2'H NMR (400 MHz, CDC})
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S5'H NMR (400 MHz, CDCY)
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S8'H NMR (400 MHz, CDCY)
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44'H NMR (400 MHz, CDCY)
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4*H NMR (400 MHz, CDCJ)
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8 'H NMR (400 MHz, CDCY)
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10*H NMR (400 MHz, CDCY)
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13'H NMR (400 MHz, CDCY)
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13'°F NMR (471 MHz, CDGJ)
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14*H NMR (400 MHz, CDCY)
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16 *H NMR (400 MHz, CDCY)
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17 *H NMR (400 MHz, CDCY)
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17 *%F NMR (471 MHz, CDGJ
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19'H NMR (400 MHz, CDCY)
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21 *H NMR (500 MHz, CDC})
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23'H NMR (400 MHz, CDC})
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24*H NMR (400 MHz, CDC})
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(400MHz, CDCY)
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30 *H NMR (400 MHz, CDC})
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32 'H NMR (500 MHz, CDC})
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35'H NMR (400 MHz, CDC})
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36 *H NMR (400 MHz, CDC})
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37 *H NMR (400 MHz, CDC})
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38H NMR (400 MHz, CDC})
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39'H NMR (400 MHz, CDC})

SI-53

60 50 40 30

70

ea
OQH S¥'L 3
i 0
L Fo
6v'L |
05k
05k Lo
15l
<3 b AN
€51 . 0£'9Z ~
rsl Faze 2 1e'8z—
ss17 Leoe””
v~ L
o8t 7 Fooz | o 1578 —
88'L Feee o
20 L
voC
voe ke Z81s —
50
o
Fe
g9'c r
8@% Lo
e
eLe Rovz t e
T6E_ oz | o €128
20~ e b S
807 F
[n% 3
Ly 0
viy r
56~ 80 |
€06~ z60 | ©
L oreLL~
£6°GLE—
w0
Fo
8£'€z) —
o
Fo 1zZeL ~
LveL =
e}
Fo
r @ 58'6v1L —
Le QO
~ O e —
0LL [ -
VL Lle N
eLr . T evsoL—
eLL 190 |
€L 00z | o >
ve'L Fa
vmsN ©
58, F AN
e
[~
o
i 9 W
o O
fo ™
—
r )]
(92]

210 200 190 180 170 160 150 140 130 120 110 100 90 80

220




40*H NMR (400 MHz, CDC})
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45*H NMR (400 MHz, CDCJ)
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46*H NMR (400 MHz, CDCJ)
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52 *H NMR (400 MHz, CDC})
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53H NMR (400 MHz, CDC})
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56 *H NMR (400 MHz, CDC})
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57 *H NMR (400 MHz, CDC})
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59 'H NMR (400 MHz, CDC})
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