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1.1-General-Information-

Reactions# involving#moisture4sensitive# reagents#were# carried#out#under# a#nitrogen# atmosphere#

using# standard# vacuum# line# techniques# and# glassware# that#was# oven4dried# and# cooled# under#

nitrogen#before#use.#Solvents#were#dried#according#to#the#procedure#outlined#by#Grubbs#and#co4

workers.1#Water#was#purified#by#an#Elix®#UV410#system.#Reagents#were#used#directly#as#supplied#

by# major# chemical# suppliers,# or# following# purification# procedures# described# by# Perrin# and#

Armarego.2#Thin#layer#chromatography#was#performed#on#aluminium#plates#coated#with#60#F254#

silica.# Flash# column# chromatography#was# performed# on#Kieselgel# 60# silica# on# a# glass# column.#

Melting#points#were#recorded#on#a#Gallenkamp#Hot#Stage#apparatus#and#are#uncorrected.#Optical#

rotations# were# recorded# on# a# Perkin4Elmer# 241# polarimeter# with# a# water4jacketed# 10# cm# cell.#

Specific#rotations#are#reported#in#1041#deg#cm2#g41#and#concentrations#in#g/100#mL.#IR#spectra#were#

recorded#on#a#Bruker#Tensor#27#FT4IR#spectrometer#using#an#ATR#module.#Selected#characteristic#

peaks# are# recorded# in# cm41.# UV# spectra# were# recorded# on# a# Perkin4Elmer# Lambda# 2# UV/Vis#

spectrometer# in# MeOH.# NMR# spectra# were# recorded# on# Bruker# Avance# spectrometers# in# the#

deuterated#solvent#stated.#The#field#was#locked#by#external#referencing#to#the#relevant#deuteron#

resonance.# Low4resolution# mass# spectra# were# recorded# on# either# a# VG# MassLab# 204250# or# a#

Micromass#Platform#1#spectrometer.#Accurate#mass#measurements#were#run#on#either#a#Bruker#

MicroTOF#internally#calibrated#with#polyalanine,#or#a#Micromass#GCT#instrument# fitted#with#a#

Scientific#Glass#Instruments#BPX5#column#(15#m#×#0.25#mm)#using#amyl#acetate#as#a# lock#mass.#

Analytical# chiral#HPLC#was#preformed#on#a#Dionex#Ultimate#3000#HPLC#system#comprising#a#

Dionex# LPG43400A# pump,# WPS43000SL# autosampler,# TCC43000SD# column# compartment# and#

DAD43000# diode4array# detector,# equipped# with# the# appropriate# Daicel# Chiralpak# column#

(dimentions:#4.6#mm#×#250#mm)#and#corresponding#guard#column#(4.0#mm#×#10#mm).-
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1.2-General-Experimental-Procedures-

General-Procedure-1:-Nitroarylation-of-Acetonitriles-

To# a# vigorously# stirred# mixture# of# the# requisite# acetonitrile,# the# requisite# nitrobenzene# and#

tetrabutylammonium#bisulfate#in#toluene,#was#added#50%#aqueous#NaOH#in#one#portion.#Once#

the#reaction#was#complete,#the#reaction#mixture#was#acidified#with#10%#HCl#and#then#extracted#

with# CH2Cl2# (×3).# The# combined# organic# extracts# were# dried# over# Na2SO4,# filtered# and#

concentrated#in'vacuo'to#give#a#crude#reaction#product.#

General-Procedure-2:-Reduction-of-Nitrobenzenes-

Zinc#powder#and#NH4Cl#were#added#to#a#stirred#solution#of# the#requisite#nitrobenzene# in#a#5:1#

mixture# of# acetone/H2O.# Once# the# reaction# was# complete,# the# reaction# mixture# was# filtered#

through#a#pad#of#Celite®,#and#concentrated#in'vacuo.#The#residue#was#extracted#with#EtOAc#and#

water# (×3),#washed#with# sat.# aq.#NaCl,# dried# over#Na2SO4,# filtered# and# concentrated# to# give# a#

crude#reaction#product.#

General-Procedure-3:-Formylation-of-Aminobenzenes-

To# a# stirred# solution# of# the# requisite# aminobenzene# in# formic# acid# at# 0# °C# was# added# acetic#

anhydride# dropwise# (typically# over# 142# hours# via# syringe# pump).# Once# complete,# the# reaction#

mixture#was#concentrated#in'vacuo,#washed#with#sat.#aq.#NaHCO3#and#extracted#with#CH2Cl2.#The#

combined#organic#extracts#were#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#

a#crude#reaction#product.#

General-Procedure-4:-Dehydration-of-Formamides-

To#a#solution#of# the#requisite# formamide#and#Et3N#in#anhydrous#CH2Cl2#at#−30#°C#under#argon#

was#added#phosphoryl#chloride#dropwise.#The#resulting#mixture#was#stirred#at#−30#°C#until#the#

reaction# was# complete,# after# which# sat.# aq.# NaHCO3# was# added# and# the# mixture# was# then#
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extracted#with#CH2Cl2#(×3).#The#combined#organic#extracts#were#dried#(MgSO4)#and#concentrated#

in'vacuo#to#give#a#crude#reaction#product.#

General-Procedure-5:-Phase'Transfer-Catalyzed-Racemic-Cyclization-of-Isocyanides-

To# a# solution# of# the# requisite# isocyanide# and# tetrabutylammonium# bromide# (10# mol%)# in#

anhydrous# PhMe# under# argon# was# added# aqueous# KOH# (30%# w/w)# at# 0# °C.# The# resulting#

mixture#was#stirred#at#0#°C#until#the#reaction#was#complete,#after#which#MgSO4#was#added#and#

the#mixture#was#then#filtered#through#a#short#pad#of#silica#contained#within#a#pipette.#Following#

washing#with#Et2O#and#concentration#in'vacuo,#the#residue#was#dissolved#in#anhydrous#THF#and#

sodium# triacetoxyborohydride#was# added# in# one#portion.# The# resulting#mixture#was# stirred# at#

room#temperature#until# the#reaction#was#complete#and#was#then#quenched#with#H2O,#extracted#

with#Et2O#(×3),#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#a#crude#reaction#

product.-

General-Procedure-6:-Phase'Transfer-Catalyzed-Asymmetric-Cyclization-of-Isocyanides-

The#requisite#phase4transfer#catalyst#(5#mol%)#was#added#to#a#solution#of#the#requisite#isocyanide#

in# the# requisite# anhydrous# solvent# under# argon.# The# resulting# mixture# was# stirred# at# room#

temperature# for# thirty# minutes,# after# which# the# requisite# base# was# added# at# the# requisite#

temperature.# Once# the# reaction# was# complete,# MgSO4# was# added# and# the# mixture# was# then#

filtered# through#a# short#pad#of# silica# contained#within# a#pipette.# Following#washing#with#Et2O#

and# concentration# in' vacuo,# the# residue# was# dissolved# in# anhydrous# THF# and# sodium#

triacetoxyborohydride# was# added# in# one# portion.# The# resulting# mixture# was# stirred# at# room#

temperature#until# the# reaction#was#complete#and#was# then#quenched#with#H2O,#extracted#with#

Et2O# (×3),# dried# (MgSO4)# and# concentrated# under# reduced# pressure# to# give# a# crude# reaction#

product.-
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1.3-Experimental-Procedures-

1.3.1-Catalyst-Synthesis-

Catalysts# that# were# not# commercially# available# were# prepared# following# well4established#

literature#procedures.#This#reaction#has#not#been#optimized.-

Preparation- of- (1S,2S,4S,5R)'1'benzyl'2'((S)'(6'methoxyquinolin'4'yl)(3'(4'

nitrophenyl)ureido)methyl)'5'vinylquinuclidin'1'ium-bromide-12-

N

NH
Ph

N

OMe
H

H

O NH

NO2

Br

12 -

To#a# solution#of# 14((S)4(64methoxyquinolin444yl)((1S,2S,4S,5R)454vinylquinuclidin424yl)methyl)434

(44nitrophenyl)urea3#(389#mg,#0.797#mmol)#in#PhMe#(5#mL)#was#added#benzyl#bromide#(0.10#mL,#

0.837#mmol)#at#rt.#The#reaction#mixture#was#heated#to#65#°C#and#stirred#overnight.#The#resulting#

mixture#was#concentrated#under#reduced#pressure#and#purified#by#flash#chromatography#(silica;#

10:1#CH2Cl2/MeOH)#to#yield#12#as#an#orange#solid;#mp#1764179#°C;#

€ 

[α]D
20 #417.0#(c#0.7#in#MeOH);#νmax#

(film)#3009,#2359,#1696,#1620,#1559,#1507;#δH# (500#MHz,#CD3OD)#1.1641.28# (1H,#m),#1.93# (1H,#d,# J#

1.9),#2.0342.25#(3H,#m),#2.74#(1H,#q,#J#7.9),#3.4943.65#(2H,#m),#3.7143.83#(1H,#m),#4.02#(2H,#s),#4.4044.55#

(1H,#m),#4.86# (3H,#s),#4.9845.32#(5H,#m),#5.8545.99#(1H,#m),#6.44# (1H,#d,# J#8.2),#7.45# (1H,#dd,# J#9.2,#

2.6),#7.4747.51# (3H,#m),#7.5447.67# (4H,#m),#7.74# (1H,#s),#7.81# (1H,#d,# J#4.7),#7.98# (1H,#d,# J#9.2),#8.04#

(2H,#d,# J#6.4),#8.77#(1H,#s);#δC# (126#MHz,#CD3OD)#25.7,#28.2,#28.8,#38.7,#51.0,#51.5,#56.7,#62.0,#67.4,#

68.8,# 102.5,# 118.4,# 118.9,# 120.8,# 124.3,# 125.9,# 128.9,# 130.5,# 131.8,# 132.1,# 134.7,# 137.6,# 143.7,# 145.3,#

145.6,# 146.7,# 148.6,# 160.7;# m/z# (ESI+)# 578# (M+,# 100%);# HRMS# (ESI+)# C34H36N5O4
+,# (M+)# requires#

578.2762;#found#578.2783.##
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1.3.2-Substrate-Synthesis#

Substrates#were#prepared#following#the#general#four4step#sequence#given#below.4#

CN
R1

Ar1

NO2

CN
R1

Ar1

NH2

CN
R1

Ar1

NH

OH

CN
R1

Ar1

N
C

F

R1

NO2

Et3N
POCl3
CH2Cl2
−30 °C

Ac2O
HCO2H

0 °C

Reduction

Zn/NH4Cl 
or

Pd/C/H2

Ar1CH2CN
TBAHS

50% NaOH (aq.)

PhMe
rt

-
Scheme-1:#Substrate#synthesis.#

1.3.2.1-Nitroarylation-of-Acetonitriles-

These#reactions#have#not#been#optimized.#

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'phenylacetonitrile-40-

Cl
CN

NO2
40 #

Following# General- Procedure- 1,# phenylacetonitrile# (1.17# g,# 10.0# mmol),# 44chloro424

fluoronitrobenzene#(1.75#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#in#

toluene# (32.0# mL)# and# 50%# aqueous# NaOH# (4.00# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#8:1#40460#petrol/Et2O)#gave#40#

as#a#white#solid#(2.39#g,#87%);#mp#60462#°C;#νmax#(film)#3029,#1739,#1601,#1570,#1523;#δH#(400#MHz,#

CDCl3)#6.19#(1H,#s),#7.3147.36#(2H,#m),#7.3747.43#(3H,#m),#7.52#(1H,#dd,#J#8.8,#2.1),#7.70#(1H,#d,#J#2.1),#

8.05# (1H,#d,# J#8.8);#δC# (101#MHz,#CDCl3)#38.2,#118.1,#127.3,#127.9,#129.0,#129.5,#129.9,#131.0,#132.6,#

133.4,# 140.9,# 145.8;# m/z# (ESI+)# 295# ([M+Na]+,# 100%);# HRMS# (ESI+)# C14H9ClN2NaO2
+,# ([M+Na]+)#

requires#295.0245;#found#295.0241.#
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Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(2'chlorophenyl)acetonitrile-41-

Cl
CN

Cl

NO2

41 #

Following# General- Procedure- 1,# 24chlorobenzyl# cyanide# (5.46# g,# 35.9# mmol),# 44chloro424

fluoronitrobenzene#(6.32#g,#35.9#mmol)#and#tetrabutylammonium#bisulfate#(12.2#g,#35.9#mmol)#in#

toluene#(72#mL)#and#50%#aqueous#NaOH#(72#mL)#yielded#a#crude#reaction#product.#Purification#

via# flash# column# chromatography# on# silica# gel# (silica;# 90:10# 40460# petrol/EtOAc)# gave# 41# as# an#

orange#solid#(9.89#g,#90%);#mp#1284130#°C;#νmax#(film)#3457,#3016,#2970,#2947,#2132,#1773,#1705;#δH#

(400#MHz,#CDCl3)#6.43#(1H,#s),#7.3847.44#(3H,#m),#7.4647.52#(2H,#m),#7.57#(1H,#dd,#J#8.8,#2.2),#8.14#

(1H,#d,#J#8.8);#δC#(101#MHz,#CDCl3)#36.6,#117.0,#127.4,#127.9,#129.4,#130.2,#130.7,#130.8,#130.9,#131.2,#

131.4,# 133.7,# 140.9,# 146.2;# m/z# (ESI+)# 329# ([M+Na]+);# HRMS# (ESI+)# C14H8Cl2N2NaO2
+,# ([M+Na]+)#

requires#328.9855;#found#328.9854.#

Preparation-of-(±)'2'(3'bromophenyl)'2'(5'chloro'2'nitrophenyl)acetonitrile-42-

CN

Br

NO2

Cl

42 #

Following# General- Procedure- 1,# 34bromophenylacetonitrile# (5.00# g,# 25.5# mmol),# 44chloro424

fluoronitrobenzene#(4.49#g,#25.5#mmol)#and#tetrabutylammonium#bisulfate#(8.67#g,#25.5#mmol)#in#

toluene#(51#mL)#and#50%#aqueous#NaOH#(51#mL)#yielded#a#crude#reaction#product.#Purification#

via#flash#column#chromatography#on#silica#gel#(silica;#85:15#40460#petrol/EtOAc)#gave#42#as#a#pale#

yellow#solid#(8.50#g,#95%);#mp#64466#°C;#νmax#(film)#1770,#1524;#δH#(400#MHz,#CDCl3)#6.18#(1H,#s),#

7.2847.32#(2H,#m),#7.4747.49#(1H,#m),#7.5147.54#(1H,#m),#7.58#(1H,#dd,#J#8.8,#2.2),#7.70#(1H,#d,#J#2.2),#
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8.11# (1H,#d,# J#8.8);#δC# (101#MHz,#CDCl3)#37.9,#117.6,#123.5,#126.6,#127.6,#130.3,#130.9,#131.0,#131.0,#

131.8,# 132.3,# 135.5,# 141.2,# 145.7;# m/z# (ESI+)# 373# ([M+Na]+);# HRMS# (ESI+)# C14H8BrClN2NaO2
+,#

([M+Na]+)#requires#372.9350;#found#372.9344.#

Preparation-of-(±)'2'([1,1\'biphenyl]'3'yl)'2'(5'chloro'2'nitrophenyl)acetonitrile-43-

NO2

Cl
CN

Ph

43 #

Following# General- Procedure- 1,# [1,1n4biphenyl]434acetonitrile# (1.93# g,# 10.0# mmol),# 44chloro424

fluoronitrobenzene#(1.75#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#in#

toluene# (32.0# mL)# and# 50%# aqueous# NaOH# (4.00# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/Et2O)#gave#43#

as# a# yellow#oil# (3.24# g,# 93%);#νmax# (film)# 3102,# 3035,# 2362,# 2341,# 1601,# 1571,# 1526;#δH# (400#MHz,#

CDCl3)#6.27#(1H,#s),#7.32#(1H,#d,#J#7.8),#7.3747.43#(1H,#m),#7.4447.54#(4H,#m),#7.5547.63#(4H,#m),#7.76#

(1H,#d,#J#2.2),#8.06#(1H,#d,#J#8.8);#δC#(101#MHz,#CDCl3)#38.3,#118.2,#126.7,#126.7,#127.2,#127.4,#127.9,#

128.0,# 129.0,# 130.0,# 130.0,# 131.0,# 132.5,# 134.0,# 139.9,# 140.9,# 142.7,# 145.9;#m/z# (ESI+)# 371# ([M+Na]+,#

100%);#HRMS#(ESI+)#C20H13ClN2NaO2
+,#([M+Na]+)#requires#371.0558;#found#371.0570.--

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(3'(naphthalen'1'yl)phenyl)acetonitrile-44-

44

Cl

NO2

CN

#

Following#General-Procedure-1,#24(34(naphthalen414yl)phenyl)acetonitrile#(1.28#g,#5.26#mmol),#44

chloro424fluoronitrobenzene#(0.924#g,#5.26#mmol)#and#tetrabutylammonium#bisulfate#(1.78#g,#5.26#

mmol)#in#toluene#(15.0#mL)#and#50%#aqueous#NaOH#(2.10#mL)#yielded#a#crude#reaction#product.#
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Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/Et2O)#gave#44#

as#a#yellow#powder#(1.68#g,#82%);#mp#1344136#°C;#νmax#(film)#3058,#2361,#2248,#1602,#1571,#1524;#δH#

(400#MHz,#CDCl3)#6.29#(1H,#s),#7.3747.57#(9H,#m),#7.76#(1H,#d,#J#8.4),#7.81#(1H,#d,#J#2.2),#7.91#(2H,#dd,#

J# 11.9,# 8.1),# 8.06# (1H,#d,# J# 8.8);#δC# (101#MHz,#CDCl3)# 38.4,# 118.1,# 125.3,# 125.5,# 126.0,# 126.4,# 126.8,#

127.1,# 127.4,# 128.2,# 128.4,# 129.5,# 129.5,# 130.0,# 130.8,# 131.0,# 131.3,# 132.4,# 133.5,# 133.8,# 138.8,# 140.9,#

142.2,# 145.9;#m/z# (ESI4)# 397# ([M4H]4,# 100%);# HRMS# (ESI+)# C24H15ClN2NaO2
+,# ([M+Na]+)# requires#

421.0714;#found#421.0711.-

Preparation-of-(±)'2'([1,1\'biphenyl]'4'yl)'2'(5'chloro'2'nitrophenyl)acetonitrile-45-

45

Cl

NO2

CN

Ph

#

Following# General- Procedure- 1,# 44biphenylacetonitrile# (0.910# g,# 5.45# mmol),# 44chloro424

fluoronitrobenzene#(0.956#g,#5.45#mmol)#and#tetrabutylammonium#bisulfate#(1.84#g,#5.45#mmol)#in#

toluene# (23.0# mL)# and# 50%# aqueous# NaOH# (2.15# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#15:1#40460#petrol/EtOAc)#gave#

45#as#a#yellow#oil#(1.47#g,#88%);#νmax#(film)#3101,#3032,#2858,#2359,#2337,#2248,#1602,#1571,#1525;#δH#

(400#MHz,#CDCl3)#6.25#(1H,#s),#7.3747.43#(3H,#m),#7.46#(2H,#t,#J#7.6),#7.5247.59#(3H,#m),#7.62#(2H,#d,#J#

8.3),#7.76#(1H,#d,#J#2.2),#8.08#(1H,#d,#J#8.8);#δC#(101#MHz,#CDCl3)#40.0,#118.1,#127.1,#127.4,#127.9,#128.2,#

128.3,# 128.9,# 130.0,# 131.0,# 132.3,# 132.6,# 139.8,# 141.0,# 142.0,# 145.8;#m/z# (ESI+)# 371# ([M+Na]+,# 58%);#

HRMS#(ESI+)#C20H13ClN2NaO2
+,#([M+Na]+)#requires#371.0558;#found#371.0554.--
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Preparation-of-(±)'2'(4'bromophenyl)'2'(5'chloro'2'nitrophenyl)acetonitrile-46-

Cl
CN

NO2

46

Br

#

Following# General- Procedure- 1,# 44bromophenylacetonitrile# (5.00# g,# 25.5# mmol),# 44chloro424

fluoronitrobenzene#(4.49#g,#25.5#mmol)#and#tetrabutylammonium#bisulfate#(8.67#g,#25.5#mmol)#in#

toluene#(51#mL)#and#50%#aqueous#NaOH#(51#mL)#yielded#a#crude#reaction#product.#Purification#

via# flash# column#chromatography#on# silica#gel# (silica;# 80:20#40460#petrol/EtOAc)#gave#46# a#pale#

yellow#solid#(8.31#g,#93%);#mp#84486#°C;#νmax#(film)#2980,#2962,#1768,#1754,#1737,#1711,#1603,#1571,#

1524;#δH#(400#MHz,#CDCl3)#6.16#(1H,#s),#7.2147.25#(2H,#m),#7.5047.57#(3H,#m),#7.70#(1H,#d,#J#2.2),#8.08#

(1H,#d,#J#8.8);#δC#(101#MHz,#CDCl3)#37.9,#117.8,#123.4,#127.6,#129.6,#130.2,#130.9,#132.0,#132.5,#132.7,#

141.1,#145.7;#m/z#(ESI4)#348#([M4H]4);#HRMS#(ESI+)#C14H8BrClN2NaO2
+,#([M+Na]+)#requires#372.9350;#

found#372.9340.#

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(thiophen'2'yl)acetonitrile-47-

47

Cl

NO2

CN

S

#

Following# General- Procedure- 1,# 24thiopheneacetonitrile# (4.32# mL,# 40.7# mmol),# 44chloro424

fluoronitrobenzene#(7.15#g,#40.7#mmol)#and#tetrabutylammonium#bisulfate#(13.8#g,#40.7#mmol)#in#

toluene#(81#mL)#and#50%#aqueous#NaOH#(16#mL)#yielded#a#crude#reaction#product.#Purification#

via# flash# column# chromatography# on# silica# gel# (silica;# 20:80# EtOAc/40460# petrol)# gave# 47# as# a#

blood#red#oil#(5.29#g,#47%);#νmax#(film)#3457,#2971,#1760,#1712;#δH#(400#MHz,#CDCl3)#6.45#(1H,#s),#7.01#

(1H,#dd,#J#5.2,#3.6),#7.16#(1H,#d,#J#3.6),#7.33#(1H,#dd,#J#5.2,#1.2),#7.54#(1H,#dd,#J#8.8,#2.2),#7.78#(1H,#d,#J#
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2.2),# 8.09# (1H,# d,# J# 8.8);# δC# (101#MHz,#CDCl3)# 33.9,# 117.5,# 127.3,# 127.4,# 127.9,# 130.3,# 130.5,# 132.5,#

135.3,# 141.2,# 145.2;#m/z# (ESI+)# 300# ([M+Na]+,# 100%);# HRMS# (ESI+)# C12H7ClN2NaO2S+,# ([M+Na]+)#

requires#300.9809;#found#300.9812.#

Preparation-of-(±)'2'(4'methyl'2'nitrophenyl)'2'(2'methylquinolin'6'yl)acetonitrile-48-

Me NO2

CN

N

Me

48 #

Following#General-Procedure-1,#24(24methylquinolin464yl)acetonitrile#(1.75#g,#9.6#mmol),#44fluoro4

34nitrotoluene#(1.49#g,#9.6#mmol)#and#tetrabutylammonium#bisulfate#(3.25#g,#9.6#mmol)#in#toluene#

(30.0#mL)# and# 50%# aqueous#NaOH# (3.8#mL)# yielded# a# crude# reaction# product.# Purification#via#

flash# column# chromatography#on# silica# gel# (silica;# 3:1# 40460#petrol/EtOAc)# gave#48# as# a# yellow#

powder#(2.52#g,#86%);#mp#984100#°C;#νmax#(film)#3035,#2925,#2359,#2245,#1603,#1530;#δH#(400#MHz,#

CDCl3)#2.46#(3H,#s),#2.74#(3H,#s),#6.28#(1H,#s),#7.32#(1H,#d,#J#8.4),#7.4847.54#(2H,#m),#7.60#(1H,#d,#J#

8.0),#7.81#(1H,#d,#J#2.0),#7.90#(1H,#d,#J#0.8),#7.99#(1H,#d,#J#8.8),#8.03#(1H,#d,#J#8.5);#δC#(101#MHz,#CDCl3)#

20.9,#25.4,#38.0,#118.6,#122.9,#126.2,#126.3,#126.8,#127.3,#128.6,#130.1,#130.9,#131.5,#135.0,#136.2,#140.8,#

147.4,#147.5,#160.2;#m/z#(ESI+)#340#([M+Na]+,#58%);#HRMS#(ESI+)#C19H15N3NaO2
+,#([M+Na]+)#requires#

340.1056;#found#340.1044.#
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Preparation-of-(±)'2'(naphthalen'2'yl)'2'(2'nitrophenyl)acetonitrile-49-

CN

NO2
49 -

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.19# g,# 7.12# mmol),# 14fluoro424

nitrobenzene# (1.00# g,# 7.12# mmol)# and# tetrabutylammonium# bisulfate# (2.41# g,# 7.12# mmol)# in#

toluene# (30.0# mL)# and# 50%# aqueous# NaOH# (2.80# mL)# yielded# a# crude# reaction# product.#

Purification#via# flash# column#chromatography#on# silica#gel# (silica;# 10:1# to#5:1#40460#petrol/Et2O)#

gave#49#as#a#yellow#powder#(1.30#g,#64%);#mp#84486#°C;#νmax#(film)#3059,#2360,#2245,#1603;#δH#(400#

MHz,#CDCl3)#6.35#(1H,#s),#7.35#(1H,#dd,#J#8.6,#1.8),#7.5047.60#(3H,#m),#7.6647.77#(2H,#m),#7.8147.89#

(4H,#m),#8.10#(1H,#d,#J#8.2);#δC#(101#MHz,#CDCl3)#38.4,#118.6,#125.1,#125.8,#127.0,#127.0,#127.2,#127.7,#

128.1,# 129.5,# 129.8,# 130.6,# 131.2,# 131.4,# 132.9,# 133.2,# 134.2,# 147.8;#m/z# (ESI+)# 311# ([M+Na]+,# 100%);#

HRMS#(ESI+)#C18H12N2NaO2
+,#([M+Na]+)#requires#311.0791;#found#311.0787.#

Preparation-of-(±)'2'(4'methyl'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-50-

Me NO2

CN

50 #

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.67# g,# 10.0# mmol),# 44fluoro434

nitrotoluene#(1.55#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#in#toluene#

(32.0#mL)#and#50%#aqueous#NaOH#(4.00#mL)#yielded#a#crude#reaction#product.#Purification#via#

flash#column#chromatography#on#silica#gel# (silica;#4:1#40460#petrol/Et2O)#gave#50#as#a#yellow#oil#

(2.70#g,#89%);#νmax#(film)#3058,#2925,#2360,#2244,#1601,#1530;#δH#(400#MHz,#CDCl3)#2.47#(3H,#s),#6.29#
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(1H,#s),#7.34#(1H,#dd,#J#8.6,#1.9),#7.49#(1H,#dd,#J#8.1,#1,2),#7.5147.55#(2H,#m),#7.60#(1H,#d,#J#8.0),#7.814

7.87# (4H,#m),#7.91# (1H,#d,# J#0.9);#δC# (101#MHz,#CDCl3)#20.9,#38.2,#118.8,#125.1,#126.1,#126.9,#127.1,#

127.6,# 127.7,# 128.1,# 129.4,# 131.0,# 131.6,# 132.9,# 133.2,# 134.9,# 140.6,# 147.5;#m/z# (ESI+)# 325# ([M+Na]+,#

100%);#HRMS#(ESI+)#C19H14N2NaO2
+,#([M+Na]+)#requires#325.0947;#found#325.0942.#

Preparation-of-(±)'2'(naphthalen'2'yl)'2'(2'nitro'4'(trifluoromethyl)phenyl)acetonitrile-51-

F3C

CN

NO2
51 #

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.67# g,# 10.0# mmol),# 44fluoro434

nitrobenzotrifluoride#(2.15#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#

in# toluene# (32.0# mL)# and# 50%# aqueous# NaOH# (4.00# mL)# yielded# a# crude# reaction# product.#

Purification#via# flash# column#chromatography#on# silica#gel# (silica;# 10:1# to#8:1#40460#petrol/Et2O)#

gave#51#as#a#yellow#solid#(2.60#g,#73%);#mp#88490#°C;#νmax#(film)#3061,#2357,#2247,#1738,#1629,#1542,#

1507;#δH#(400#MHz,#CDCl3)#6.38#(1H,#s),#7.33#(1H,#d,#J#8.8),#7.56#(2H,#dd,#J#6.1,#3.2),#7.8247.89#(4H,#

m),#7.9047.97#(2H,#m),#8.36#(1H,#s);#δC# (101#MHz,#CDCl3)#38.5,#117.9,#122.4# (q,# J#268.6),#123.2# (q,# J#

3.8),#124.8,#127.2,#127.3,#127.4,#127.8,#128.1,#129.8,#130.4,#130.7#(q,#J#3.4),#132.2,#132.5#(q,#J#34.8),#133.1,#

133.2,# 134.4,# 147.7;# δF# (377# MHz,# CDCl3)# 463.0;# m/z# (ESI+)# 379# ([M+Na]+,# 100%);# HRMS# (ESI+)#

C19H11F3N2NaO2
+,#([M+Na]+)#requires#379.0665;#found#379.0654.--
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Preparation-of-(±)'2'(5'methyl'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-52-

CN

NO2

Me

52 #

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.67# g,# 10.0# mmol),# 34fluoro444

nitrotoluene#(1.55#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#in#toluene#

(32.0#mL)#and#50%#aqueous#NaOH#(4.00#mL)#yielded#a#crude#reaction#product.#Purification#via#

flash#column#chromatography#on#silica#gel#(silica;#5:1#to#3:1#40460#petrol/Et2O)#gave#52#as#a#yellow#

oil#(2.93#g,#97%);#νmax#(film)#3058,#2955,#2855,#2245,#1602,#1519;#δH#(400#MHz,#CDCl3)#2.44#(3H,#s),#

6.40#(1H,#s),#7.31#(1H,#d,#J#8.4),#7.37#(1H,#dd,#J#8.6,#1.8),#7.4947.57#(3H,#m),#7.8147.87#(3H,#m),#7.88#

(1H,#s),#8.02#(1H,#d,#J#8.4);#δC#(101#MHz,#CDCl3)#21.6,#38.4,#118.9,#125.1,#126.1,#126.9,#127.0,#127.1,#

127.8,# 128.1,# 129.4,# 130.3,# 130.5,# 131.6,# 132.9,# 133.2,# 145.4,# 146.0;#m/z# (ESI+)# 325# ([M+Na]+,# 96%);#

HRMS#(ESI+)#C19H14N2NaO2
+,#([M+Na]+)#requires#325.0947;#found#325.0940.#

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-53-

53

Cl

NO2

CN

#

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.20# g,# 7.18# mmol),# 44chloro424

fluoronitrobenzene#(1.26#g,#7.18#mmol)#and#tetrabutylammonium#bisulfate#(2.40#g,#7.18#mmol)#in#

toluene# (28.0# mL)# and# 50%# aqueous# NaOH# (2.80# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#gave#53#

as#a#yellow#solid#(1.69#g,#74%);#mp#91493#°C;#νmax#(film)#3026,#2361,#2247,#1601,#1571,#1524;#δH#(400#
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MHz,#CDCl3)#6.36#(1H,#s),#7.35#(1H,#dd,#J#8.5,#1.9),#7.4947.59#(3H,#m),#7.71#(1H,#d,#J#2.2),#7.8247.90#

(4H,#m),#8.06#(1H,#d,#J#8.8);#δC#(101#MHz,#CDCl3)#38.4,#118.1,#124.9,#127.1,#127.2,#127.3,#127.4,#127.8,#

128.2,# 129.7,# 130.0,# 130.6,# 131.1,# 132.6,# 133.0,# 133.2,# 140.9,# 145.9;#m/z# (ESI+)# 345# ([M+Na]+,# 100%);#

HRMS#(ESI+)#C18H11ClN2NaO2
+,#([M+Na]+)#requires#345.0401;#found#345.0394.#

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(6'methoxynaphthalen'2'yl)acetonitrile-54-

54

Cl

NO2

CN

OMe

-

Following#General- Procedure- 1,# 24(64methoxy424naphthyl)acetonitrile# (0.698# g,# 3.54# mmol),# 44

chloro424fluoronitrobenzene#(0.621#g,#3.54#mmol)#and#tetrabutylammonium#bisulfate#(1.20#g,#3.54#

mmol)#in#toluene#(14.0#mL)#and#50%#aqueous#NaOH#(1.40#mL)#yielded#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#15:1#40460#petrol/Et2O)#gave#54#

as#a#yellow#oil#(1.06#g,#91%);#νmax#(film)#3101,#2938,#2843,#2343,#1632,#1604,#1571,#1526;#δH#(400#MHz,#

CDCl3)#3.93#(3H,#s),#6.32#(1H,#s),#7.13#(1H,#d,#J#2.4),#7.21#(1H,#dd,#J#9.0,#2.5),#7.30#(1H,#dd,#J#8.6,#2.0),#

7.51#(1H,#dd,#J#8.8,#2.2),#7.70#(1H,#d,#J#2.2),#7.74#(1H,#d,#J#3.0),#7.77#(2H,#dd,#J#6.0,#1.9),#8.06#(1H,#d,#J#

8.8);# δC# (101#MHz,# CDCl3)# 38.2,# 55.4,# 105.7,# 118.2,# 120.0,# 125.4,# 127.1,# 127.3,# 128.2,# 128.4,# 128.6,#

129.6,# 129.9,# 131.0,# 132.8,# 134.4,# 140.9,# 145.9,# 158.6;#m/z# (ESI+)# 375# ([M+Na]+,# 55%);#HRMS# (ESI+)#

C19H13ClN2NaO3
+,#([M+Na]+)#requires#375.0507;#found#375.0504.--
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Preparation-of-(±)'2'(4'bromo'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-55-

55
Br NO2

CN

#

Following#General-Procedure-1,#24naphthylacetonitrile# (1.67#g,#10.0#mmol),#44bromo414fluoro424

nitrobenzene# (2.18# g,# 10.0# mmol)# and# tetrabutylammonium# bisulfate# (3.39# g,# 10.0# mmol)# in#

toluene# (32.0# mL)# and# 50%# aqueous# NaOH# (4.00# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#7:1#40460#petrol/Et2O)#gave#55#

as#a#yellow#oil#(3.22#g,#88%);#νmax#(film)#3059,#2246,#1600,#1530;#δH#(400#MHz,#CDCl3)#6.27#(1H,#s),#

7.32#(1H,#dd,#J#8.7,#1.7),#7.55#(2H,#dd,#J#6.4,#3.2),#7.60#(1H,#d,#J#8.4),#7.81#(1H,#dd,#J#8.4,#2.0),#7.8347.87#

(4H,#m),#8.24#(1H,#d,#J#2.0);#δC#(101#MHz,#CDCl3)#38.2,#118.1,#123.3,#124.9,#127.1,#127.2,#127.2,#127.8,#

128.1,# 128.8,# 129.6,# 129.6,# 130.7,# 132.5,# 133.0,# 133.2,# 137.2,# 148.0;#m/z# (ESI+)# 388# ([M+Na]+,# 98%);#

HRMS#(ESI+)#C18H11BrN2NaO2
+,#([M+Na]+)#requires#388.9896;#found#388.9883.#

Preparation-of-(±)'2'(4'chloro'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-56-

56
Cl NO2

CN

#

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.67# g,# 10.0# mmol),# 54chloro424

fluoronitrobenzene#(1.75#g,#10.0#mmol)#and#tetrabutylammonium#bisulfate#(3.39#g,#10.0#mmol)#in#

toluene# (32.0# mL)# and# 50%# aqueous# NaOH# (4.00# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#8:1#40460#petrol/Et2O)#gave#56#

as#a#yellow#oil# (2.80#g,#87%);#νmax# (film)#3059,#2946,#2871,#2249,#1601,#1531;#δH#(400#MHz,#CDCl3)#
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6.28#(1H,#s),#7.32#(1H,#dd,#J#8.7,#1.8),#7.55#(2H,#dd,#J#6.4,#3.1),#7.6547.67#(2H,#m),#7.85#(4H,#dt,#J#5.9,#

3.1),# 8.09# (1H,# d,# J# 1.7);# δC# (101#MHz,#CDCl3)# 38.1,# 118.2,# 124.9,# 126.0,# 127.1,# 127.2,# 127.2,# 127.8,#

128.1,# 129.1,# 129.6,# 130.8,# 132.3,# 133.0,# 133.2,# 134.3,# 135.8,# 148.0;#m/z# (ESI+)# 345# ([M+Na]+,# 100%);#

HRMS#(ESI+)#C18H11ClN2NaO2
+,#([M+Na]+)#requires#345.0401;#found#345.0389.--

Preparation-of-(±)'2'(5'fluoro'2'nitrophenyl)'2'(naphthalen'2'yl)acetonitrile-57-

57

F

NO2

CN

#

Following# General- Procedure- 1,# 24naphthylacetonitrile# (1.00# g,# 6.00# mmol),# 2,44difluoro414

nitrobenzene# (0.954# g,# 6.00# mmol)# and# tetrabutylammonium# bisulfate# (2.03# g,# 6.00# mmol)# in#

toluene# (20.1# mL)# and# 50%# aqueous# NaOH# (2.40# mL)# yielded# a# crude# reaction# product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/Et2O)#gave#57#

as#a#yellow#solid#(1.93#g,#80%);#mp#88491#°C;#νmax#(film)#3056,#2361,#2246,#1618,#1590,#1527;#δH#(400#

MHz,#CDCl3)#6.40#(1H,#s),#7.24#(1H,#ddd,#J#12.3,#6.7,#3.2),#7.35#(1H,#dd,#J#8.6,#1.5),#7.41#(1H,#dd,#J#8.8,#

2.6),#7.56#(2H,#dd,#J#6.2,#3.2),#7.8247.90#(4H,#m),#8.20#(1H,#dd,#J#9.1,#5.0);#δC#(101#MHz,#CDCl3)#38.6,#

116.8,# 117.0,# 118.1,# 118.3,# 118.6,# 124.9,# 127.1,# 127.2,# 127.3,# 127.8,# 128.1,# 128.9,# 129.0,# 129.7,# 130.6,#

133.0,#133.2,#134.2,#134.3,#143.7,#165.0;#δF#(377#MHz,#CDCl3)#4100.1;#m/z#(ESI+)#329#([M+Na]+,#100%);#

HRMS#(ESI+)#C18H11FN2NaO2
+,#([M+Na]+)#requires#329.0697;#found#329.0685.#

1.3.2.2-Reduction-of-Nitrobenzenes##

These#reactions#have#not#been#optimized.#
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Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'phenylacetonitrile-58-

Cl

NH2

CN

58 #

Following#General-Procedure-2,#zinc#powder#(5.55#g,#85.4#mmol),#NH4Cl#(6.78#g,#128#mmol)#and#

40# (2.33#g,#8.54#mmol)# in#a#5:1#mixture#of#acetone/H2O#(170#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#gave#58#

as#a#yellow#solid#(1.98#g,#96%);#mp#88490#°C;#νmax#(film)#3452,#3374,#2360,#2244,#1630;#δH#(400#MHz,#

CDCl3)#3.55#(2H,#br#s),#5.13#(1H,#s),#6.67#(1H,#d,#J#8.5),#7.17#(1H,#dd,#J#8.5,#2.4),#7.29#(1H,#d,#J#2.3),#

7.3347.45# (5H,#m);#δC# (101#MHz,#CDCl3)# 38.9,# 118.4,# 118.7,# 121.5,# 124.2,# 127.7,# 128.9,# 129.1,# 129.6,#

129.6,#133.2,#142.5;#m/z#(ESI+)#265#([M+Na]+,#74%);#HRMS#(ESI+)#C14H11ClN2Na+,#([M+Na]+)#requires#

265.0503;#found#265.0498.#

Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(2'chlorophenyl)acetonitrile-59-

Cl
CN

Cl

NH2

59 #

Following#General-Procedure-2,#zinc#powder#(19.2#g,#294#mmol),#NH4Cl#(23.6#g,#441#mmol)#and#

41#(9.02#g,#29.4#mmol)#in#a#5:1#mixture#of#acetone/H2O#(490:98#acetone/H2O)#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)#gave#59#as#an#orange#oil# (8.09#g,#99%);#νmax# (film)#2245,#1764,#1758,#1714,#1631;#δH#

(400#MHz,#CDCl3)#3.65#(2H,#br#s),#5.50#(1H,#s),#6.70#(1H,#d,#J#8.5),#7.17#(1H,#dd,#J#8.5,#2.4),#7.26#(1H,#

d,#J#2.3),#7.3047.40#(3H,#m),#7.4647.51#(1H,#m);#δC#(101#MHz,#CDCl3)#35.6,#117.8,#118.5,#120.4,#124.2,#
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128.1,# 128.5,# 129.6,# 129.7,# 130.4,# 130.5,# 131.1,# 133.7,# 142.4;#m/z# (ESI+)# 277# ([M+H]+);#HRMS# (ESI+)#

C14H10Cl2N2Na+,#([M+H]+)#requires#299.0113;#found#299.0104.#

Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(3'bromophenyl)acetonitrile-60-

CN

Br

Cl

NH2
60 #

Following#General-Procedure-2,#zinc#powder#(15.3#g,#235#mmol),#NH4Cl#(18.8#g,#352#mmol)#and#

42#(8.26#g,#23.5#mmol)#in#a#5:1#mixture#of#acetone/H2O#(390:79#acetone/H2O)#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)#gave#60#as#a#yellow#oil#(6.98#g,#92%);#νmax#(film)#3458,#3375,#3027,#2245,#1774,#1752,#

1734,#1723,#1717,#1708,#1630,#1592,#1572;#δH#(400#MHz,#CDCl3)#3.49#(2H,#br#s),#5.02#(1H,#s),#6.60#(1H,#

d,#J#8.5),#7.09#(1H,#dd,#J#8.5,#2.4),#7.1547.23#(3H,#m),#7.3847.45#(2H,#m);#δC#(101#MHz,#CDCl3)#38.4,#

117.9,#119.0,#120.7,#123.6,#124.4,#126.3,#129.2,#130.0,#130.7,#131.0,#132.2,#135.5,#142.4;#m/z# (ESI+)#321#

([M+H]+);#HRMS#(ESI+)#C14H10BrClN2Na+,#([M+Na]+)#requires#342.9608;#found#342.9603.#

Preparation-of-(±)'2'([1,1\'biphenyl]'3'yl)'2'(2'amino'5'chlorophenyl)acetonitrile-61-

61

Cl

NH2

CN

Ph

#

Following#General-Procedure-2,#zinc#powder#(5.85#g,#90.5#mmol),#NH4Cl#(7.08#g,#135#mmol)#and#

43# (3.15#g,#9.05#mmol)# in#a#5:1#mixture#of#acetone/H2O#(168#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/EtOAc)#gave#61#

as#a#yellow#oil#(2.80#g,#97%);#νmax#(film)#3454,#3375,#3060,#3033,#2244,#1629,#1600,#1575;#δH#(400#MHz,#

CDCl3)#3.60#(2H,#br#s),#5.20#(1H,#s),#6.68#(1H,#d,#J#8.5),#7.18#(1H,#dd,#J#8.5,#2.3),#7.3147.36#(2H,#m),#
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7.3747.42#(1H,#m),#7.48#(3H,#q,#J#8.0),#7.57#(3H,#d,#J#7.2),#7.61#(1H,#d,#J#7.9);#δC#(101#MHz,#CDCl3)#39.0,#

118.4,# 118.8,# 121.4,# 124.3,# 126.4,# 126.5,# 127.2,# 127.7,# 127.9,# 129.0,# 129.1,# 129.7,# 130.0,# 133.8,# 140.0,#

142.5,# 142.7;# m/z# (ESI+)# 341# ([M+Na]+,# 33%);# HRMS# (ESI+)# C20H15ClN2Na+,# ([M+Na]+)# requires#

341.0816;#found#341.0816.#

Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(3'(naphthalen'1'yl)phenyl)acetonitrile-62-

62

Cl

NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(2.67#g,#41.1#mmol),#NH4Cl#(3.23#g,#61.6#mmol)#and#

44#(1.64#g,#4.11#mmol)#in#a#5:1#mixture#of#acetone/H2O#(72.0#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#4:1#40460#petrol/Et2O)#gave#62#

as#a#yellow#solid#(1.50#g,#98%);#mp#47449#°C;#νmax#(film)#3458,#3376,#3057,#2362,#2244,#1628;#δH#(400#

MHz,#CDCl3)#3.64#(2H,#br#s),#5.22#(1H,#s),#6.68#(1H,#d,#J#8.5),#7.17#(1H,#dd,#J#8.5,#2.4),#7.35#(1H,#d,#J#

2.3),#7.3947.58#(8H,#m),#7.81#(1H,#d,#J#8.4),#7.92#(2H,#dd,#J#12.9,#8.2);#δC#(101#MHz,#CDCl3)#38.9,#118.4,#

118.7,# 121.4,# 124.3,# 125.4,# 125.5,# 126.0,# 126.4,# 126.5,# 127.1,# 128.2,# 128.5,# 129.1,# 129.3,# 129.5,# 129.7,#

130.6,# 131.3,# 133.4,# 133.8,# 138.9,# 142.2,# 142.5;# m/z# (ESI+)# 391# ([M+Na]+,# 44%);# HRMS# (ESI+)#

C24H18ClN2
+,#([M+H]+)#requires#369.1153;#found#369.1147.#
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Preparation-of-(±)'2'([1,1\'biphenyl]'4'yl)'2'(2'amino'5'chlorophenyl)acetonitrile-63-

63

Cl

NH2

CN

Ph

-

Following#General-Procedure-2,#zinc#powder#(2.84#g,#43.7#mmol),#NH4Cl#(3.44#g,#65.5#mmol)#and#

45#(1.41#g,#4.37#mmol)#in#a#5:1#mixture#of#acetone/H2O#(82.0#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#10:1#40460#petrol/EtOAc)#gave#

63#as#a#white#powder#(0.920#g,#78%);#mp#1384140#°C;#νmax#(film)#3458,#3375,#3031,#2244,#1739,#1629;#

δH#(400#MHz,#CDCl3)#3.60#(2H,#br#s),#5.18#(1H,#s),#6.69#(1H,#d,#J#8.5),#7.19#(1H,#dd,#J#8.5,#2.3),#7.35#

(1H,#d,#J#2.3),#7.43#(5H,#tt,#J#15.3,#7.5),#7.59#(2H,#d,#J#7.3),#7.63#(2H,#d,#J#8.3);#δC#(101#MHz,#CDCl3)#

38.6,# 118.4,# 118.8,# 121.4,# 124.3,# 127.1,# 127.9,# 128.1,# 128.2,# 129.0,# 129.1,# 129.7,# 132.1,# 139.9,# 141.9,#

142.5;#m/z# (ESI+)# 341# ([M+Na]+,# 37%);#HRMS# (ESI+)#C20H15ClN2Na+,# ([M+Na]+)# requires# 341.0816;#

found#341.0809.--

Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(4'bromophenyl)acetonitrile-64-

Cl
CN

NH2

64

Br

#

Following#General-Procedure-2,#zinc#powder#(13.3#g,#203#mmol),#NH4Cl#(16.3#g,#304#mmol)#and#

46#(7.13#g,#20.3#mmol)#in#a#5:1#mixture#of#acetone/H2O#(338:67#acetone/H2O)#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 70:30# 40460#

petrol/EtOAc)#gave#64#as#an#orange#oil#(6.12#g,#94%);#νmax#(film)#2980,#2243,#1775,#1767,#1762,#1725,#

1713,#1704,#1629;#δH#(400#MHz,#CDCl3)#3.61#(2H,#br#s),#5.11#(1H,#s),#6.68#(1H,#d,#J#8.5),#7.17#(1H,#dd,#J#
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8.5,#2.4),#7.2147.27#(3H,#m),#7.54#(2H,#d,#J#8.4);#δC#(101#MHz,#CDCl3)#38.3,#118.1,#118.9,#120.9,#123.1,#

124.3,# 129.1,# 129.4,# 129.9,# 132.3,# 132.7,# 142.5;# m/z# (ESI+)# 321# ([M+H]+);# HRMS# (ESI+)#

C14H10BrClN2Na+,#([M+Na]+)#requires#342.9608;#found#342.9600.#

Preparation-of-(±)'2'(5'chloro'2'nitrophenyl)'2'(thiophen'2'yl)acetonitrile-65-

65

Cl

NH2

CN

S

#

Following#General-Procedure-2,#zinc#powder#(11.7#g,#179#mmol),#NH4Cl#(14.4#g,#268#mmol)#and#

47#(4.99#g,#17.9#mmol)#in#a#5:1#mixture#of#acetone/H2O#(298:60#acetone/H2O)#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 20:80# EtOAc/40460#

petrol)#gave#65#as#a#yellow#oil#(3.48,#78%);#νmax#(film)#3457,#3020,#1783;#δH#(400#MHz,#CDCl3)#3.68#

(2H,#br#s),#5.35#(1H,#s),#6.67#(1H,#d,#J#8.5),#7.00#(1H,#dd,#J#5.2,#3.6),#7.10#(1H,#dt,#J#3.6,#1.1),#7.17#(1H,#

dd,#J#8.5,#2.4),#7.32#(1H,#dd,#J#5.2,#1.2),#7.35#(1H,#d,#J#2.4);#δC#(101#MHz,#CDCl3)#34.3,#117.8,#118.9,#

121.2,# 124.1,# 127.2,# 127.4,# 127.5,# 128.5,# 130.0,# 136.0,# 142.7;#m/z# (ESI4)# 247# ([M4H]4,# 100%);# HRMS#

(ESI+)#C12H9ClN2NaS+,#([M+Na]+)#requires#271.0067;#found#271.0060.#

Preparation-of-(±)'2'(2'amino'4'methylphenyl)'2'(2'methylquinolin'6'yl)acetonitrile-66-

66
Me NH2

CN

N

Me

-

(±)424(44methyl424nitrophenyl)424(24methylquinolin464yl)acetonitrile- 48# (1.53# g,# 4.82# mmol)# and#

Pd(OH)2/C#(240#mg)#were#stirred#in#anhydrous#MeOH#(240#mL)#under#an#atmosphere#of#H2.#The#

reaction#was#monitored#by#TLC.#Once#complete,#the#mixture#was#filtered#through#Celite®,#eluted#
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with#CH2Cl2# (200#mL)#and#the#solvent#removed# in'vacuo.#The#resulting#residue#was#purified#by#

column#chromatography#(silica;#2:1#40460#petrol/EtOAc)#to#afford#66#as#a#yellow#powder#(0.845#g,#

61%);-mp#1264128#°C;#νmax#(film)#3368,#2921,#2241,#1628,#1603,#1580,#1507;#δH#(400#MHz,#CDCl3)#2.30#

(3H,#s),#2.75#(3H,#s),#2.52#(2H,#br#s),#5.32#(1H,#s),#6.57#(1H,#s),#6.71#(1H,#d,#J#7.8),#7.19#(1H,#d,#J#7.8),#

7.33#(1H,#d,#J#8.5),#7.57#(1H,#dd,#J#8.8,#2.1),#7.83#(1H,#d,#J#1.7),#8.02#(2H,#t,#J#8.1);#δC#(101#MHz,#CDCl3)#

21.2,#25.4,#38.7,#117.0,#118.3,#118.9,#120.6,#122.9,#126.2,#126.4,#128.6,#129.6,#130.1,#131.5,#136.2,#140.0,#

143.8,# 147.5,# 160.1;#m/z# (ESI4)# 286# ([M4H]4,# 100%);#HRMS# (ESI+)#C19H17N3Na+,# ([M+Na]+)# requires#

310.1315;#found#310.1314.#

Preparation-of-(±)'2'(2'aminophenyl)'2'(naphthalen'2'yl)acetonitrile-67-

67
NH2

CN

-

Following#General-Procedure-2,#zinc#powder#(2.81#g,#43.3#mmol),#NH4Cl#(3.44#g,#64.9#mmol)#and#

49#(1.24#g,#4.33#mmol)#in#a#5:1#mixture#of#acetone/H2O#(84.0#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#gave#67#

as#a#yellow#oil#(1.10#g,#97%);#νmax#(film)#3449,#3373,#3056,#2241,#1626;#δH#(400#MHz,#CDCl3)#3.58#(2H,#

br#s),#5.35#(1H,#s),#6.74#(1H,#dd,#J#8.0,#0.9)#6.91#(1H,#td,#J#7.5,#1.1),#7.24#(1H,#td,#J#7.7,#1.4),#7.3647.42#

(2H,#m),#7.54# (2H,#dtdd,# J#0.0,#2.4,#5.5,#3.3),#7.8247.88# (3H,#m),#7.90# (1H,#s);#δC# (101#MHz,#CDCl3)#

39.3,# 117.6,# 119.0,# 119.6,# 120.0,# 125.1,# 126.7,# 126.9,# 126.9,# 127.8,# 128.0,# 129.5,# 129.7,# 129.8,# 131.3,#

133.0,# 133.3,# 144.1;#m/z# (ESI4)# 257# ([M4H]4,# 96%);# HRMS# (ESI+)# C18H14N2Na+,# ([M+Na]+)# requires#

281.1049;#found#281.1043.#
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Preparation-of-(±)'2'(2'amino'4'methylphenyl)'2'(naphthalen'2'yl)acetonitrile-68-

68
Me NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(5.52#g,#85.4#mmol),#NH4Cl#(6.69#g,#128#mmol)#and#

50# (2.58#g,#8.54#mmol)# in#a#5:1#mixture#of#acetone/H2O#(156#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#4:1#40460#petrol/EtOAc)#gave#68#

as#a#yellow#oil#(1.88#g,#81%);#νmax#(film)#3455,#3373,#3056,#3018,#2920,#2361,#2240,#1739,#1629,#1580,#

1508;#δH#(400#MHz,#CDCl3)#2.32#(3H,#s),#3.52#(2H,#br#s),#5.32#(1H,#s),#6.57#(1H,#s),#6.73#(1H,#s,#J#7.8),#

7.25#(1H,#d,#J#7.8),#7.40#(1H,#dd,#J#8.6,#1.8),#7.5147.57#(2H,#m),#7.8247.88#(3H,#m),#7.90#(1H,#s);#δC#(101#

MHz,# CDCl3)# 21.2,# 39.0,# 117.2,# 118.2,# 119.1,# 120.5,# 125.1,# 126.6,# 126.8,# 126.9,# 127.8,# 128.0,# 129.5,#

129.6,# 131.6,# 133.0,# 133.3,# 139.9,# 143.9;#m/z# (ESI+)# 295# ([M+Na]+,# 72%);#HRMS# (ESI+)#C19H16N2Na+,#

([M+Na]+)#requires#295.1206;#found#295.1200.-

Preparation-of-(±)'2'(2'amino'4'(trifluoromethyl)phenyl)'2'(naphthalen'2'yl)acetonitrile-69-

69

F3C NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(4.47#g,#68.8#mmol),#NH4Cl#(5.42#g,#103#mmol)#and#

51# (2.45#g,#6.88#mmol)# in#a#5:1#mixture#of#acetone/H2O#(126#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/Et2O)#gave#69#

as#a#yellow#solid#(1.85#g,#82%);#mp#1224124#°C;#νmax#(film)#3468,#3380,#3059,#2245,#1739,#1631,#1510;#

δH#(400#MHz,#CDCl3)#3.78#(2H,#br#s),#5.35#(1H,#s),#6.98#(1H,#s),#7.14#(1H,#d,#J#8.0),#7.36#(1H,#dd,#J#8.6,#
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1.8),#7.49#(1H,#d,#J#8.0),#7.56#(2H,#dtdd,#J#0.0,#2.4,#5.5,#3.3),#7.8247.91#(4H,#m);#δC#(101#MHz,#CDCl3)#

39.2,#114.0#(q,#J#3.8),#115.9#(q,#J#3.8),#118.3,#122.9,#123.8#(q,#J#268.3),#124.8,#126.8,#127.1,#127.8,#128.0,#

129.8,#130.2,#130.2,#132.1# (q,# J#32.4),#133.1,#133.3,#144.4;#δF# (377#MHz,#CDCl3)# 462.9;#m/z# (ESI+)#349#

([M+Na]+,#25%);#HRMS#(ESI+)#C19H13F3N2Na+,#([M+Na]+)#requires#349.0923;#found#349.0923.--

Preparation-of-(±)'2'(2'amino'5'methylphenyl)'2'(naphthalen'2'yl)acetonitrile-70-

70

Me

NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(5.81#g,#89.4#mmol),#NH4Cl#(7.03#g,#134#mmol)#and#

52# (2.70#g,#8.94#mmol)# in#a#5:1#mixture#of#acetone/H2O#(168#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/EtOAc)#gave#70#

as#a#yellow#oil#(1.87#g,#80%);#νmax#(film)#3437,#3368,#3055,#3021,#2923,#2860,#2240,#1717,#1631,#1601,#

1508;#δH#(400#MHz,#CDCl3)#2.32#(3H,#s),#3.44#(2H,#br#s),#5.35#(1H,#s),#6.66#(1H,#d,#J#8.0),#7.04#(1H,#dd,#

J#8.0,#1.8),#7.22#(1H,#d,#J#0.8),#7.41#(1H,#dd,#J#8.5,#1.8),#7.54#(2H,#dtdd,#J#0.0,#2.4,#5.6,#3.3),#7.8347.88#

(3H,#m),#7.90#(1H,#s);#δC#(101#MHz,#CDCl3)#20.6,#39.2,#117.9,#119.2,#120.2,#125.2,#126.7,#126.8,#126.9,#

127.8,# 128.0,# 129.2,# 129.5,# 130.0,# 130.3,# 131.6,# 133.0,# 133.3,# 141.5;#m/z# (ESI+)# 295# ([M+Na]+,# 31%);#

HRMS#(ESI+)#C19H16N2Na+,#([M+Na]+)#requires#295.1206;#found#295.1209.#
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Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(naphthalen'2'yl)acetonitrile-71-

71

Cl

NH2

CN

-

Following#General-Procedure-2,#zinc#powder#(3.16#g,#48.7#mmol),#NH4Cl#(3.83#g,#73.0#mmol)#and#

53#(1.57#g,#4.87#mmol)#in#a#5:1#mixture#of#acetone/H2O#(90.0#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#gave#71#

as#a#yellow#powder#(1.03#g,#74%);#mp#1184121#°C;#νmax#(film)#3455,#3374,#3057,#2242,#1629;#δH#(400#

MHz,#CDCl3)#3.59#(2H,#br#s),#5.28#(1H,#s),#6.66#(1H,#d,#J#8.5),#7.18#(1H,#dd,#J#8.5,#2.4),#7.3347.39#(2H,#

m),#7.56# (2H,#dtdd,# J#0.0,#2.4,#5.5,#3.3),#7.8147.90# (4H,#m);#δC# (101#MHz,#CDCl3)#39.1,#118.4,#118.8,#

121.3,#124.2,#124.9,#126.8,#127.1,#127.1,#127.8,#128.0,#129.2,#129.7,#129.8,#130.5,#133.1,#133.3,#142.7;#m/z#

(ESI+)# 315# ([M+Na]+,# 50%);# HRMS# (ESI+)# C18H13ClN2Na+,# ([M+Na]+)# requires# 315.0659;# found#

315.0657.#

Preparation-of-(±)'2'(2'amino'5'chlorophenyl)'2'(6'methoxynaphthalen'2'yl)acetonitrile-72-

72

Cl

NH2

CN

OMe

#

Following#General-Procedure-2,#zinc#powder#(1.88#g,#28.9#mmol),#NH4Cl#(2.27#g,#43.4#mmol)#and#

54#(1.02#g,#2.89#mmol)#in#a#5:1#mixture#of#acetone/H2O#(54.0#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#5:1#40460#petrol/EtOAc)#gave#72#

as#a#yellow#powder#(0.816#g,#87%);#mp#55458#°C;#νmax#(film)#3377,#1631,#1606;#δH#(400#MHz,#CDCl3)#

3.58#(2H,#br#s),#3.93#(3H,#s),#5.25#(1H,#s),#6.66#(1H,#d,#J#8.5),#7.15#(1H,#d,#J#2.3),#7.19#(2H,#ddd,#J#13.4,#
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8.7,#2.4),#7.3147.36#(2H,#m),#7.75#(3H,#dd,#J#14.0,#8.9);#δC#(101#MHz,#CDCl3)#39.0,#55.4,#105.7,#118.5,#

118.7,#119.9,#121.5,#124.2,#125.4,#126.6,#128.0,#128.5,#128.7,#129.2,#129.5,#129.6,#134.4,#142.6,#158.5;#m/z#

(ESI+)# 345# ([M+Na]+,# 46%);# HRMS# (ESI+)# C19H15ClN2NaO+,# ([M+Na]+)# requires# 345.0765;# found#

345.0763.--

Preparation-of-(±)'2'(2'amino'4'bromophenyl)'2'(naphthalen'2'yl)acetonitrile-73-

73
Br NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(5.52#g,#85.0#mmol),#NH4Cl#(6.69#g,#127#mmol)#and#

55# (3.11#g,#8.50#mmol)# in#a#5:1#mixture#of#acetone/H2O#(156#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#6:1#40460#petrol/EtOAc)#gave#73#

as#a#yellow#oil#(2.54#g,#89%);#νmax#(film)#3466,#3376,#3249,#3057,#2243,#1626,#1593,#1571,#1508;#δH#(400#

MHz,#CDCl3)#3.64#(2H,#br#s),#5.27#(1H,#s),#6.88#(1H,#d,#J#1.9),#7.01#(1H,#dd,#J#8.2,#1.9),#7.20#(1H,#d,#J#

8.2),# 7.35# (1H,#dd,# J# 8.6,#1.7),# 7.55# (2H,#dtdd,# J# 0.0,#2.4,#5.5,#3.3),# 7.8147.89# (4H,#m);#δC# (101#MHz,#

CDCl3)# 39.0,# 118.5,# 118.7,# 120.0,# 122.3,# 123.5,# 124.9,# 126.7,# 127.0,# 127.1,# 127.8,# 128.0,# 129.7,# 130.6,#

131.0,# 133.1,# 133.2,# 145.3;#m/z# (ESI+)# 337# ([M+H]+,# 21%);#HRMS# (ESI+)# C18H13BrN2Na+,# ([M+Na]+)#

requires#359.0154;#found#359.0143.#
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Preparation-of-(±)'2'(2'amino'4'chlorophenyl)'2'(naphthalen'2'yl)acetonitrile-74-

74
Cl NH2

CN

#

Following#General-Procedure-2,#zinc#powder#(5.22#g,#80.4#mmol),#NH4Cl#(6.33#g,#121#mmol)#and#

56# (2.59#g,#8.04#mmol)# in#a#5:1#mixture#of#acetone/H2O#(150#mL)#gave#a#crude#reaction#product.#

Purification#via#flash#column#chromatography#on#silica#gel#(silica;#5:1#40460#petrol/EtOAc)#gave#74#

as#a#yellow#oil#(2.13#g,#91%);#νmax#(film)#3465,#3378,#3058,#2243,#1629,#1600,#1575,#1508;#δH#(400#MHz,#

CDCl3)#3.66#(2H,#br#s),#5.28#(1H,#s),#6.73#(1H,#d,#J#2.1),#6.86#(1H,#dd,#J#8.2,#2.1),#7.27#(1H,#d,#J#8.2),#

7.35#(1H,#dd,#J#8.6,#1.8),#7.55#(2H,#dtdd,#J#0.0,#2.4,#5.5,#3.3),#7.8147.89#(4H,#m);#δC#(101#MHz,#CDCl3)#

38.9,# 117.1,# 118.2,# 118.5,# 119.4,# 124.8,# 126.7,# 127.0,# 127.1,# 127.8,# 128.0,# 129.7,# 130.7,# 130.8,# 133.1,#

133.2,#135.4,#145.1;#m/z#(ESI+)#315#([M+Na]+,#37%);#HRMS#(ESI+)#C18H13ClN2Na+,#([M+Na]+)#requires#

315.0659;#found#315.0655.#

Preparation-of-(±)'2'(2'amino'5'fluorophenyl)'2'(naphthalen'2'yl)acetonitrile-75-

75

F

NH2

CN

#

(±)424(54fluoro424nitrophenyl)424(naphthalen424yl)acetonitrile#57#(1.54#g,#5.00#mmol)#and#10%#Pd/C#

(154#mg,#10#wt#%)#were#stirred# in#anhydrous#MeOH#(150#mL)#under#an#atmosphere#of#H2.#The#

reaction#was#monitored#by#TLC.#Once#complete,#the#mixture#was#filtered#through#Celite®,#eluted#

with#CH2Cl2# (200#mL)#and#the#solvent#removed# in'vacuo.#The#resulting#residue#was#purified#by#

column#chromatography#(silica;#4:1#40460#petrol/Et2O)# to#afford#75#as#a#yellow#oil# (1.13#g,#75%);#
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νmax#(film)#3437,#3367,#3058,#2360,#2243,#1632,#1601,#1502;#δH#(400#MHz,#CDCl3)#3.45#(2H,#br#s),#5.33#

(1H,#s),#6.70#(1H,#dd,#J#8.7,#4.8),#6.95#(1H,#td,#J#8.3,#2.8),#7.10#(1H,#dd,#J#9.0,#2.8),#7.3547.40#(1H,#m),#

7.55# (2H,# dq,# J# 6.3,# 3.2),# 7.8147.91# (4H,#m);# δC# (101#MHz,#CDCl3)# 39.0,# 116.0,# 116.2,# 116.3,# 116.5,#

118.5,# 118.8,# 118.9,# 121.8,# 121.9,# 125.0,# 126.9,# 127.0,# 127.0,# 127.8,# 128.0,# 129.7,# 130.7,# 133.1,# 133.3,#

140.0,# 156.7;# δF# (377# MHz,# CDCl3)# 4124.1;# m/z# (ESI+)# 299# ([M+Na]+,# 100%);# HRMS# (ESI+)#

C18H13FN2Na+,#([M+Na]+)#requires#299.0955;#found#299.0945.-

1.3.2.3-Formylation-of-Aminobenzenes-Followed-by-Dehydration#

These#reactions#have#not#been#optimized.#

Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'phenylacetonitrile-1-

1

Cl

N

CN

C

#

Following#General-Procedure#3,# aminobenzene#58# (1.74#g,#7.19#mmol)# in# formic#acid# (19.0#mL)#

and# acetic# anhydride# (10.0# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 3:1# 40460# petrol/EtOAc)# gave# (±)4N4(44chloro424

(cyano(phenyl)methyl)phenyl)formamide# (1.67# g,# 86%).# Following# General- Procedure# 4,# this#

formamide# (1.66# g,# 6.13# mmol)# and# Et3N# (2.43# mL,# 16.5# mmol)# in# CH2Cl2# (45.0# mL)# and#

phosphoryl#chloride#(0.628#mL,#6.74#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 10:1# 40460# petrol/Et2O)# gave# 1# as# a# light# green#

powder# (0.650#g,#42%);#mp#87489#°C;#νmax# (film)#3066,#3034,#2357,#2248,#2118,#1594,#1572;#δH# (400#

MHz,#CDCl3)#5.50#(1H,#s),#7.3547.46#(7H,#m),#7.61#(1H,#s);#δC#(101#MHz,#CDCl3)#38.7,#117.7,#127.8,#

128.9,#129.1,#129.2,#129.6,#130.0,#132.9,#134.1,#136.5,#171.1;#m/z# (ESI+)#275# ([M+Na]+,#100%);#HRMS#

(ESI+)#C15H9ClN2Na+,#([M+Na]+)#requires#275.0346;#found#275.0341.#
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Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'(2'chlorophenyl)acetonitrile-76-

Cl
CN

Cl

N

76
C

#

Following#General-Procedure-3,#aminobenzene#59#(7.81#g,#28.2#mmol)#in#formic#acid#(74#mL)#and#

acetic# anhydride# (41# mL)# gave# (±)4N4(44chloro424((24

chlorophenyl)(cyano)methyl)phenyl)formamide# that# was# used# without# further# purification.#

Following#General- Procedure- 4,# this# formamide# (1.00# g,# 3.28# mmol)# and# Et3N# (2.28# mL,# 16.4#

mmol)# in#CH2Cl2# (10#mL)#and#phosphoryl#chloride# (0.37#mL,#3.93#mmol)#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 95:5# 40460#

petrol/EtOAc)#gave#76# as# a#dark#green# solid;#mp#1144116# °C;# νmax# (film)# 3457,# 3016,# 2971,# 2947,#

2117,#1734;#δH#(400#MHz,#CDCl3)#5.77#(1H,#s),#7.24#(1H,#s),#7.3047.36#(4H,#m),#7.3847.45#(2H,#m);#δC#

(101#MHz,# CDCl3)# 36.3,# 116.5,# 127.9,# 128.9,# 129.4,# 129.6,# 130.2,# 130.5,# 130.6,# 130.8,# 132.6,# 133.7,#

136.4,# 171.4;#m/z# (ESI4)# 285# ([M4H]4);# HRMS# (ESI+)# C15H8Cl2N2Na+,# ([M+Na]+)# requires# 308.9957;#

found#308.9951.#

Preparation-of-(±)'2'(3'bromophenyl)'2'(5'chloro'2'isocyanophenyl)acetonitrile-77-

Cl

N

CN

Br

C
77 #

Following#General-Procedure-3,# aminobenzene#60# (6.77#g,#21.0#mmol)# in# formic#acid# (55.4#mL)#

and# acetic# anhydride# (30.7# mL)# gave# (±)4N4(24((44bromophenyl)(cyano)methyl)444

chlorophenyl)formamide' that# was# used# without# further# purification.# Following# General-

Procedure#4,#this#formamide#(1.00#g,#2.86#mmol)#and#Et3N#(1.07#mL,#7.71#mmol)#in#CH2Cl2#(20#mL)#
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and# phosphoryl# chloride# (0.29#mL,# 3.14#mmol)# gave# a# crude# reaction# product.# Purification# via#

flash# column# chromatography# on# silica# gel# (silica;# 95:5# 40460# petrol/EtOAc)# gave# 77# as# a# dark#

green#solid;#mp#1084112#°C;#νmax#(film)#2980,#2117,#1769,#1751,#1735,#1715,#1711,#1702,#1592;#δH#(400#

MHz,#CDCl3)#5.38# (1H,#s),#7.1847.37# (4H,#m),#7.4147.47# (2H,#m),#7.51# (1H,#d,# J#1.6);#δC# (101#MHz,#

CDCl3)#38.3,#117.2,#123.6,#126.6,#129.0,#129.2,#130.4,#130.7,#131.1,#132.5,#133.3,#134.9,#136.7,#171.6;#m/z#

(ESI+)#353#([M+Na]+);#HRMS#(ESI+)#C16H12BrClN2NaO+,#([M+Na+MeOH]+)#requires#384.9714;#found#

384.9702.#

Preparation-of-(±)'2'([1,1\'biphenyl]'3'yl)'2'(5'chloro'2'isocyanophenyl)acetonitrile-78-

78

Cl

N

CN

Ph

C

#

Following#General-Procedure#3,# aminobenzene#61# (2.67#g,#8.39#mmol)# in# formic#acid# (22.0#mL)#

and# acetic# anhydride# (12.0# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 2:1# 40460# petrol/EtOAc)# gave# (±)4N4(24([1,1n4biphenyl]434

yl(cyano)methyl)444chlorophenyl)formamide# (2.40# g,# 84%)#Following#General-Procedure#4,# this#

formamide# (1.90# g,# 5.49# mmol)# and# Et3N# (2.06# mL,# 14.8# mmol)# in# CH2Cl2# (60.0# mL)# and#

phosphoryl#chloride#(0.563#mL,#6.04#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 10:1# 40460# petrol/Et2O)# gave# 78# as# a# light# green#

powder#(0.600#g,#40%);#mp#1084110#°C;#νmax#(film)#3063,#3034,#2360,#2248,#2117,#1595,#1574;#δH#(400#

MHz,#CDCl3)#5.56#(1H,#s),#7.3647.43#(4H,#m),#7.4547.53#(3H,#m),#7.5647.63#(4H,#m),#7.66#(1H,#s);#δC#

(101#MHz,# CDCl3)# 38.9,# 117.7,# 126.5,# 126.6,# 127.2,# 127.9,# 128.0,# 129.0,# 129.0,# 129.2,# 130.0,# 131.1,#

133.5,#134.0,#136.6,#139.9,#142.7,#171.2;#m/z#(ESI+)#351#([M+Na]+,#80%);#HRMS#(ESI+)#C21H13ClN2Na+,#

([M+Na]+)#requires#351.0659;#found#351.0646.#
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Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'(3'(naphthalen'1'yl)phenyl)acetonitrile-79-

79

Cl

N

CN

C

#

Following#General-Procedure#3,# aminobenzene#62# (1.41#g,#4.11#mmol)# in# formic#acid# (11.0#mL)#

and# acetic# anhydride# (5.8# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 2:1# 40460# petrol/EtOAc)# gave# (±)4N4(44chloro424(cyano(34

(naphthalen414yl)phenyl)methyl)phenyl)formamide# (1.20#g,#80%).#Following#General-Procedure#

4,# this# formamide# (1.13#g,# 3.08#mmol)# and#Et3N# (1.16#mL,# 8.32#mmol)# in#CH2Cl2# (35.0#mL)# and#

phosphoryl#chloride#(0.315#mL,#3.39#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column#chromatography#on#silica#gel#(silica;#10:1#40460#petrol/Et2O)#gave#79#as#a#light#green#solid#

(0.450#g,#43%);#mp#1574160#°C;#νmax#(film)#3060,#2117,#1593;#δH#(400#MHz,#CDCl3)#5.59#(1H,#s),#7.394

7.58#(10H,#m),#7.70#(1H,#s),#7.82#(1H,#d,#J#8.4),#7.92#(2H,#dd,#J#11.5,#8.1);#δC#(101#MHz,#CDCl3)#38.8,#

117.8,# 125.4,# 125.5,# 126.0,# 126.5,# 126,7,# 127.1,# 128.3,# 128.4,# 129.0,# 129.3,# 129.4,# 129.5,# 130.1,# 130.9,#

131.3,#133.1,#133.8,#134.0,#136.6,#138.8,#142.2,#171.3;#m/z# (ESI+)#401#([M+Na]+,#100%);#HRMS#(ESI+)#

C25H15ClN2Na+,#([M+Na]+)#requires#401.0816;#found#401.0806.--

Preparation-of-(±)'2'([1,1\'biphenyl]'4'yl)'2'(5'chloro'2'isocyanophenyl)acetonitrile-80-

80

Cl

N

CN

Ph

C

#

Following#General-Procedure#3,#aminobenzene#63#(0.874#g,#2.99#mmol)#in#formic#acid#(8.00#mL)#

and# acetic# anhydride# (4.2# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#
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chromatography# on# silica# gel# (silica;# 3:1# 40460# petrol/EtOAc)# gave# (±)4N4(24([1,1n4biphenyl]444

yl(cyano)methyl)444chlorophenyl)formamide#(0.850#g,#89%).#Following#General-Procedure-4,#this#

formamide# (0.816# g,# 2.55# mmol)# and# Et3N# (0.959# mL,# 6.88# mmol)# in# CH2Cl2# (25.0# mL)# and#

phosphoryl#chloride#(0.261#mL,#2.80#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography#on# silica# gel# (silica;# 20:1# 40460#petrol/EtOAc)# gave#80# as# a# green# solid#

(0.450#g,#60%);#mp#1084110#°C;#νmax#(film)#2110,#1739,#1593;#δH#(400#MHz,#CDCl3)#5.54#(1H,#s),#7.364

7.42# (3H,#m),# 7.4447.50# (4H,#m),# 7.5647.60# (2H,#m),# 7.6247.67# (3H,#m);#δC# (101#MHz,#CDCl3)# 38.5,#

117.8,#127.1,#127.9,#128.2,#128.2,#128.9,#129.2,#130.0,#131.8,#134.1,#136.6,#139.8,#142.1,#171.2;#m/z#(ESI4)#

327#([M4H]4,#100%);#HRMS#(ESI+)#C21H13ClN2Na+,#([M+Na]+)#requires#351.0659;#found#351.0655.#

Preparation-of-(±)'2'(4'bromophenyl)'2'(5'chloro'2'isocyanophenyl)acetonitrile-81-

Cl
CN

N

81

Br

C

#

Following#General-Procedure-3,# aminobenzene#64# (7.39#g,#23.0#mmol)# in# formic#acid# (60.4#mL)#

and# acetic# anhydride# (33.5# mL)# gave# (±)4N4(24((44bromophenyl)(cyano)methyl)444

chlorophenyl)formamide' that# was# used# without# further# purification.# Following# General-

Procedure-4,#this#formamide#(1.00#g,#2.86#mmol)#and#Et3N#(1.07#mL,#7.71#mmol)#in#CH2Cl2#(20#mL)#

and# phosphoryl# chloride# (0.29#mL,# 3.14#mmol)# gave# a# crude# reaction# product.# Purification# via#

flash# column# chromatography# on# silica# gel# (silica;# 95:5# 40460# petrol/EtOAc)# gave# 81# as# a# dark#

green#solid;#mp#1244126#°C;#νmax#(film)#3016,#2971,#2118,#1770,#1756,#1738,#1722,#1708,#1703;#δH#(400#

MHz,#CDCl3)# 5.46# (1H,# s),# 7.2647.32# (2H,#m),# 7.3947.46# (2H,#m),# 7.5447.63# (3H,#m);#δC# (101#MHz,#

CDCl3)#38.3,#117.3,#123.5,#129.0,#129.1,#129.5,#130.3,#132.0,#132.8,#133.5,#136.7,#171.4;#m/z# (ESI4)#328#

([M4H]4);#HRMS#(ESI4)#C15H7BrClN2
4,#([M4H]4)#requires#328.9487;#found#328.9488.#
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Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'(thiophen'2'yl)acetonitrile-82-

82

Cl

N

CN

S

C

#

Following#General-Procedure-3,# aminobenzene#65# (2.00#g,#8.03#mmol)# in# formic#acid# (21.1#mL)#

and# acetic# anhydride# (11.7# mL)# gave# (±)4N4(44chloro424(cyano(thiophen424

yl)methyl)phenyl)formamide# that# was# used# without# further# purification.# Following# General-

Procedure#4,#this#formamide#(2.05#g,#7.40#mmol)#and#Et3N#(2.78#mL,#20.0#mmol)#in#CH2Cl2#(20#mL)#

and# phosphoryl# chloride# (0.76#mL,# 8.14#mmol)# gave# a# crude# reaction# product.# Purification# via#

flash#column#chromatography#on#silica#gel#(silica;#95:5#to#90:10#40460#petrol/EtOAc)#gave#82#as#a#

dark#green#solid#(248#mg);#mp#76480#°C;#νmax# (film)#3106,#2248,#2117,#1594;#δH#(400#MHz,#CDCl3)#

5.72#(1H,#s),#7.02#(1H,#dd,#J#5.2,#3.6),#7.19#(1H,#d,#J#3.6),#7.35#(1H,#dd,#J#5.1,#0.9);#δC#(101#MHz,#CDCl3)#

34.3,# 117.0,# 127.3,# 127.4,# 127.8,# 128.9,# 130.3,# 133.6,# 134.8,# 136.6,# 171.5;#m/z# (ESI+)# 280# ([M+Na]+,#

100%);#HRMS#(ESI+)#C13H7ClN2NaS+,#([M+Na]+)#requires#280.9911;#found#280.9914.#

Preparation-of-(±)'2'(2'isocyano'4'methylphenyl)'2'(2'methylquinolin'6'yl)acetonitrile-83-

83

Me N
C

CN

N

Me

#

Following#General-Procedure#3,#aminobenzene#66#(0.850#g,#2.96#mmol)#in#formic#acid#(10.0#mL)#

and# acetic# anhydride# (4.00# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 1:2# 40460# petrol/EtOAc)# gave# (±)4N4(24(cyano(24

methylquinolin464yl)methyl)454methylphenyl)formamide# (0.840# g,# 87%).# Following# General-
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Procedure#4,#this#formamide#(0.725#g,#2.30#mmol)#and#Et3N#(0.865#mL,#6.21#mmol)#in#CH2Cl2#(26.0#

mL)#and#phosphoryl#chloride#(0.233#mL,#2.50#mmol)#gave#a#crude#reaction#product.#Purification#

via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/EtOAc)#gave#83#as#a#white#

solid# (0.400#g,#58%);#mp#1024104#°C;#νmax# (film)#3057,#2923,#2245,#2116,#1603,#1567;#δH# (400#MHz,#

CDCl3)#2.37#(3H,#s),#2.75#(3H,#s),#5.66#(1H,#s),#7.2547.31#(2H,#m),#7.33#(1H,#dd,#J#8.4,#2.3),#7.51#(1H,#d,#

J# 8.0),# 7.56# (1H,#dd,# J# 8.8,# 1.8),# 7.88# (1H,# s),# 8.01# (1H,#d,# J# 8.8),# 8.06# (1H,#d,# J# 8.5);#δC# (101#MHz,#

CDCl3)#20.8,#25.4,#38.4,#118.3,#123.0,#126.3,#126.7,#128.2,#128.3,#128.9,#129.0,#130.2,#131.0,#131.3,#136.2,#

140.5,# 147.5,# 160.2;#m/z# (ESI+)# 320# ([M+Na]+,# 100%);# HRMS# (ESI+)# C20H16N3
+,# ([M+H]+)# requires#

298.1339;#found#298.1336.#

Preparation-of-(±)'2'(2'isocyanophenyl)'2'(naphthalen'2'yl)acetonitrile-84-

84

CN

N
C

-

Following#General-Procedure#3,# aminobenzene#67# (1.02#g,#3.95#mmol)# in# formic#acid# (10.4#mL)#

and# acetic# anhydride# (5.70# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography#on#silica#gel#(silica;#2:1#40460#petrol/EtOAc)#gave#(±)4N4(24(cyano(naphthalen424

yl)methyl)phenyl)formamide#(1.33#g,#95%).#Following#General-Procedure-4,#this#formamide#(1.20#

g,#4.19#mmol)#and#Et3N#(1.57#mL,#11.3#mmol)#in#CH2Cl2#(30.0#mL)#and#phosphoryl#chloride#(0.428#

mL,#4.61#mmol)#gave#a#crude#reaction#product.#Purification#via#flash#column#chromatography#on#

silica#gel#(silica;#10:1#40460#petrol/Et2O)#gave#84#as#a#light#green#solid#(0.707#g,#63%).#mp#84486#°C;#

νmax#(film)#3058,#2252,#2117,#1599,#1506;#δH#(400#MHz,#CDCl3)#5.71#(1H,#s),#7.3847.58#(6H,#m),#7.66#

(1H,#d,#J#7.8),#7.8147.90#(3H,#m),#7.94#(1H,#s);#δC#(101#MHz,#CDCl3)#38.9,#118.3,#124.8,#127.0,#127.1,#
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127.8,# 127.8,# 128.1,# 129.2,# 129.5,# 129.7,# 130.4,# 130.9,# 132.3,# 133.0,# 133.2,# 169.7;# m/z# (ESI+)# 291#

([M+Na]+,#68%);#HRMS#(ESI+)#C19H12N2Na+,#([M+Na]+)#requires#291.0893;#found#291.0892.--

Preparation-of-(±)'2'(2'isocyano'4'methylphenyl)'2'(naphthalen'2'yl)acetonitrile-85-

85

Me N

CN

C

-

Following#General-Procedure#3,# aminobenzene#68# (1.43#g,#5.25#mmol)# in# formic#acid# (14.0#mL)#

and# acetic# anhydride# (7.5# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography#on#silica#gel#(silica;#3:1#40460#petrol/EtOAc)#gave#(±)4N4(24(cyano(naphthalen424

yl)methyl)454methylphenyl)formamide# (1.30# g,# 82%).# Following# General- Procedure# 4,# this#

formamide# (1.10# g,# 3.66# mmol)# and# Et3N# (1.38# mL,# 9.88# mmol)# in# CH2Cl2# (40.0# mL)# and#

phosphoryl#chloride#(0.376#mL,#4.03#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column#chromatography#on#silica#gel#(silica;#10:1#40460#petrol/Et2O)#gave#85#as#a#green#oil#(0.800#g,#

77%);#νmax#(film)#3057,#2924,#2245,#2116,#1602,#1504;#δH#(400#MHz,#CDCl3)#2.38#(3H,#s),#5.67#(1H,#s),#

7.28#(2H,#d,#J#9.0),#7.40#(1H,#dd,#J#8.6,#1.9),#7.4947.59#(3H,#m),#7.8247.89#(3H,#m),#7.93#(1H,#s);#δC#(101#

MHz,# CDCl3)# 20.9,# 38.6,# 118.5,# 124.8,# 126.9,# 127.0,# 127.7,# 128.1,# 128.1,# 128.9,# 129.3,# 129.5,# 131.2,#

131.2,# 132.9,# 133.2,# 140.3,# 169.1;# m/z# (ESI+)# 305# ([M+Na]+,# 97%);# HRMS# (ESI+)# C20H14N2Na+,#

([M+Na]+)#requires#305.1049;#found#305.1046.--
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Preparation-of-(±)'2'(2'isocyano'4'(trifluoromethyl)phenyl)'2'(naphthalen'2'yl)acetonitrile-86-

86

CN

N
C

F3C

#

Following#General-Procedure#3,# aminobenzene#69# (1.75#g,#5.36#mmol)# in# formic#acid# (15.0#mL)#

and# acetic# anhydride# (7.5# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography#on#silica#gel#(silica;#3:1#40460#petrol/EtOAc)#gave#(±)4N4(24(cyano(naphthalen424

yl)methyl)454(trifluoromethyl)phenyl)formamide# (1.30# g,# 70%).# Following#General-Procedure- 4,#

this# formamide# (1.00# g,# 2.82# mmol)# and# Et3N# (1.05# mL,# 7.56# mmol)# in# CH2Cl2# (32.0# mL)# and#

phosphoryl#chloride#(0.276#mL,#2.96#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 10:1# 40460# petrol/Et2O)# gave# 86# as# a# brown# foam#

(0.300#g,#35%);#mp#32435#°C;#νmax#(film)#3060,#2120,#1601,#1509;#δH#(400#MHz,#CDCl3);#δC#(101#MHz,#

CDCl3)# 39.0,# 117.6,# 124.6,# 125.0# (q,# J# 3.8),# 127.1# (q,# J# 3.6),# 127.2,# 127.3,# 127.4,# 127.8,# 128.1,# 129.9,#

130.0,#133.1,#133.2,#136.1,#172.3;#δF#(377#MHz,#CDCl3)#463.1;#m/z#(ESI+)#359#([M+Na]+,#100%);#HRMS#

(ESI+)#C20H11F3N2Na+,#([M+Na]+)#requires#359.0767;#found#359.0778.#

Preparation-of-(±)'2'(2'isocyano'5'methylphenyl)'2'(naphthalen'2'yl)acetonitrile-87-

87

Me

N

CN

C

#

Following#General-Procedure#3,# aminobenzene#70# (1.75#g,#6.43#mmol)# in# formic#acid# (17.0#mL)#

and# acetic# anhydride# (9.1# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography#on#silica#gel#(silica;#3:1#40460#petrol/EtOAc)#gave#(±)4N4(24(cyano(naphthalen424
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yl)methyl)444methylphenyl)formamide# (1.50# g,# 80%).# Following# General- Procedure# 4,# this#

formamide# (1.24# g,# 4.13# mmol)# and# Et3N# (1.55# mL,# 11.2# mmol)# in# CH2Cl2# (45.0# mL)# and#

phosphoryl#chloride#(0.423#mL,#4.54#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 10:1# 40460# petrol/Et2O)# gave# 87# as# a# light# green#

powder#(0.600#g,#53%);#mp#96498#°C;#νmax#(film)#3057,#2924,#2244,#2117,#1602,#1509;#δH#(400#MHz,#

CDCl3)#2.40#(3H,#s),#5.69#(1H,#s),#7.20#(1H,#dd,#J#8.1,#1.0),#7.34#(1H,#d,#J#8.1),#7.42#(1H,#dd,#J#8.6,#1.9),#

7.45#(1H,#s),#7.5147.58#(2H,#m),#7.8147.91#(3H,#m),#7.95#(1H,#d,#J#0.7);#δC#(101#MHz,#CDCl3)#21.5,#38.8,#

118.5,# 124.8,# 127.0,# 127.0,# 127.5,# 127.8,# 128.1,# 129.5,# 129.6,# 130.3,# 131.1,# 132.0,# 133.0,# 133.2,# 141.2,#

168.9;#m/z# (ESI+)# 305# ([M+Na]+,# 100%);# HRMS# (ESI+)# C20H14N2Na+,# ([M+Na]+)# requires# 305.1049;#

found#305.1048.#

Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'(naphthalen'2'yl)acetonitrile-88-

88

Cl

N
C

CN

-

Following#General-Procedure#3,#aminobenzene#71#(0.960#g,#3.28#mmol)#in#formic#acid#(10.0#mL)#

and# acetic# anhydride# (4.7# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 3:1# 40460# petrol/EtOAc)# gave# (±)4N4(44chloro424

(cyano(naphthalen424yl)methyl)phenyl)formamide# (0.845#g,#82%).#Following#General-Procedure#

4,#this#formamide#(0.800#g,#2.50#mmol)#and#Et3N#(0.940#mL,#6.75#mmol)#in#CH2Cl2#(20.0#mL)#and#

phosphoryl#chloride#(0.256#mL,#2.75#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 8:1# 40460# petrol/Et2O)# gave#88# as# a# green#powder#

(0.453#g,#60%);#mp#36438#°C;#νmax#(film)#3058,#2116,#1572,#1509;#δH#(400#MHz,#CDCl3)#5.67#(1H,#s),#
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7.3747.43#(3H,#m),#7.5347.59#(2H,#m),#7.63#(1H,#d,#J#1.0),#7.8347.92#(3H,#m),#7.94#(1H,#s);#δC#(101#MHz,#

CDCl3)# 38.8,# 117.7,# 124.6,# 127.2,# 127.2,# 127.3,# 127.8,# 128.2,# 128.9,# 129.3,# 129.8,# 130.1,# 130.1,# 133.1,#

133.2,#134.0,#136.6,#171.2;#m/z#(ESI+)#325#([M+Na]+,#100%);#HRMS#(ESI+)#C19H11ClN2Na+,#([M+Na]+)#

requires#325.0503;#found#325.0498.#

Preparation-of-(±)'2'(5'chloro'2'isocyanophenyl)'2'(6'methoxynaphthalen'2'yl)acetonitrile-89-

89

Cl

N

CN

OMe

C

#

Following#General-Procedure#3,#aminobenzene#72#(0.787#g,#2.44#mmol)#in#formic#acid#(6.50#mL)#

and# acetic# anhydride# (3.50# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 2:1# 40460# petrol/EtOAc)# gave# (±)4N4(44chloro424(cyano(64

methoxynaphthalen424yl)methyl)phenyl)formamide#(0.650#g,#77%).#Following#General-Procedure#

4,#this#formamide#(0.668#g,#1.90#mmol)#and#Et3N#(0.715#mL,#5.13#mmol)#in#CH2Cl2#(20.0#mL)#and#

phosphoryl#chloride#(0.184#mL,#2.09#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column# chromatography# on# silica# gel# (silica;# 20:1# 40460# petrol/EtOAc)# gave#89# as# a# light# green#

solid#(0.330#g,#52%);#mp#1464148#°C;#νmax#(film)#2118,#1632,#1607;#δH#(400#MHz,#CDCl3)#3.93#(3H,#s),#

5.62#(1H,#s),#7.14#(1H,#d,#J#2.3),#7.21#(1H,#dd,#J#8.9,#2.5),#7.36#(1H,#dd,#J#8.6,#2.0),#7.39#(2H,#d,#J#1.3),#

7.6047.63#(1H,#m),#7.76#(1H,#d,#J#1.8),#7.78#(1H,#s),#7.84#(1H,#s);#δC#(101#MHz,#CDCl3)#31.0,#38.7,#55.4,#

105.7,# 117.9,# 120.0,# 125.2,# 127.0,# 127.7,# 128.5,# 128.6,# 128.9,# 129.3,# 129.6,# 130.0,# 134.2,# 134.4,# 136.5,#

158.6,# 171.1;#m/z# (ESI+)# 355# ([M+Na]+,# 100%);#HRMS# (ESI+)# C20H13ClN2NaO+,# ([M+Na]+)# requires#

355.0609;#found#355.0607.--
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Preparation-of-(±)'2'(4'bromo'2'isocyanophenyl)'2'(naphthalen'2'yl)acetonitrile-90-

Br N
C

CN

90 #

Following#General-Procedure#3,# aminobenzene#73# (2.27#g,#6.75#mmol)# in# formic#acid# (18.0#mL)#

and# acetic# anhydride# (9.5# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography# on# silica# gel# (silica;# 3:1# 40460# petrol/EtOAc)# gave# (±)4N4(54bromo424

(cyano(naphthalen424yl)methyl)phenyl)formamide-(2.00#g,#82%).#Following#General-Procedure#4,#

this# formamide# (1.62# g,# 4.45# mmol)# and# Et3N# (1.68# mL,# 12.0# mmol)# in# CH2Cl2# (50.0# mL)# and#

phosphoryl# chloride# (0.456#mL,# 4.89#mol)# gave# a# crude# reaction# product.# Purification# via# flash#

column#chromatography#on#silica#gel# (silica;#10:1#40460#petrol/Et2O)#gave#90#as#a#green#powder#

(1.0#0#g,#65%);#mp#28430#°C;#νmax#(film)#3061,#2246,#2118,#1591,#1509;#δH#(400#MHz,#CDCl3)#5.64#(1H,#

s),#7.37#(1H,#dd,#J,#8.6,#2.0),#7.51#(1H,#d,#J#9.0),#7.5447.58#(2H,#m),#7.6047.65#(2H,#m),#7.8347.90#(3H,#

m),#7.92#(1H,#d,#J#1.2);#δC#(101#MHz,#CDCl3)#38.7,#117.8,#123.0,#124.6,#127.1,#127.2,#127.8,#128.1,#129.7,#

130.3,# 130.4,# 130.6,# 131.4,# 133.0,# 133.2,# 133.7,# 171.5;#m/z# (ESI+)# 347# ([M+H]+,# 18%);# HRMS# (ESI+)#

C19H11BrN2Na+,#([M+Na]+)#requires#368.9998;#found#368.9990.#

Preparation-of-(±)'2'(4'chloro'2'isocyanophenyl)'2'(naphthalen'2'yl)acetonitrile-91-

Cl N
C

CN

91 #

Following#General-Procedure#3,# aminobenzene#74# (2.06#g,#7.05#mmol)# in# formic#acid# (19.0#mL)#

and# acetic# anhydride# (10.0# mL)# gave# a# crude# reaction# product..# Purification# via# flash# column#
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chromatography# on# silica# gel# (silica;# 2:1# 40460# petrol/EtOAc)# gave# (±)4N4(54chloro424

(cyano(naphthalen424yl)methyl)phenyl)formamide#(1.50#g,#70%).#Following#General-Procedure#4,#

this# formamide# (1.20# g,# 3.75# mmol)# and# Et3N# (1.41# mL,# 10.1# mmol)# in# CH2Cl2# (40.0# mL)# and#

phosphoryl#chloride#(0.385#mL,#4.12#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column#chromatography#on#silica#gel#(silica;#10:1#40460#petrol/Et2O)#gave#91#as#a#dark#green#foam#

(0.500#g,#45%);#mp#28430#°C;#νmax# (film)#3060,#2246,#2119,#1598,#1571,#1509;#δH# (400#MHz,#CDCl3)#

5.66#(1H,#s),#7.38#(1H,#dd,# J#8.6,#1.9),#7.4547.50#(2H,#m),#7.5247.61#(3H,#m),#7.8247.90#(3H,#m),#7.92#

(1H,#d,#J#1.0);#δC#(101#MHz,#CDCl3)#38.6,#117.9,#124.6,#127.2,#127.7,#127.8,#128.1,#129.7,#130.3,#130.4,#

130.8,#130.9,#133.0,#133.2,#135.5,#171.4;#m/z#(ESI+)#325#([M+Na]+,#100%);#HRMS#(ESI+)#C19H11ClN2Na+,#

([M+Na]+)#requires#325.0503;#found#325.0499.#

Preparation-of-(±)'2'(5'fluoro'2'isocyanophenyl)'2'(naphthalen'2'yl)acetonitrile-92-

92

F

N
C

CN

#

Following#General-Procedure#3,# aminobenzene#75# (1.10#g,#3.98#mmol)# in# formic#acid# (21.0#mL)#

and# acetic# anhydride# (5.3# mL)# gave# a# crude# reaction# product.# Purification# via# flash# column#

chromatography#on#silica#gel#(silica;#2:1#40460#petrol/EtOAc)#gave#(±)4N4(24(cyano(naphthalen424

yl)methyl)444fluorophenyl)formamide# (1.10# g,# 95%).# Following# General- Procedure# 4,# this#

formamide# (1.08# g,# 3.55# mmol)# and# Et3N# (1.33# mL,# 9.58# mmol)# in# CH2Cl2# (43.0# mL)# and#

phosphoryl#chloride#(0.364#mL,#3.90#mmol)#gave#a#crude#reaction#product.#Purification#via# flash#

column#chromatography#on#silica#gel#(silica;#8:1#40460#petrol/Et2O)#gave#92#as#a#blue#gum#(510#mg,#

50%);#νmax#(film)#3056,#2120,#1611,#1592;#δH#(400#MHz,#CDCl3)#5.68#(1H,#s),#7.0947.15#(1H,#m),#7.35#
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(1H,#dd,#J#8.5,#2.7),#7.41#(1H,#dd,#J#8.6,#1.8),#7.47#(1H,#dd,#J#8.8,#4.9),#7.5347.59#(2H,#m),#7.8347.92#(3H,#

m),# 7.95# (1H,# s);# δC# (101#MHz,# CDCl3)# 39.0,# 116.5,# 116.7,# 117.0,# 117.2,# 117.8,# 124.6,# 127.2,# 127.2,#

127.3,#127.8,#128.2,#129.7,#129.8,#129.8,#130.1,#133.1,#133.2,#134.9,#135.0,#162.5,#170.1;#δF# (377#MHz,#

CDCl3)# 4105.4;#m/z# (ESI+)# 309# ([M+Na]+,# 100%);# HRMS# (ESI+)# C19H11FN2Na+,# ([M+Na]+)# requires#

309.0798;#found#309.0788.#

1.3.3-Phase'Transfer-Catalyzed-Cyclization-of-Isocyanides-

Preparation-of-(±)'5'chloro'3'phenylindoline'3'carbonitrile-93-

93

N
H

CNCl

-

Following#General-Procedure#5,# isocyanide#1# (10.0#mg,#0.0400#mmol)#and#tetrabutylammonium#

bromide#(1.30#mg,#0.00400#mmol)#in#PhMe#(0.400#mL)#and#aqueous#KOH#(7.50#µL)#gave#a#crude#

reaction#product.#Purification#via#preparative#TLC#gave#93#as#a#yellow#oil;#νmax#(film)#3376,#3062,#

2876,#2360,#2341,#2238,#1627,#1603;#δH#(400#MHz,#CDCl3)#3.86#(1H,#dd,#J#9.7,#1.0),#4.02#(1H,#br#s),#4.27#

(1H,#dd,#J#9.7,#1.7),#6.73#(1H,#d,#J#8.4),#7.09#(1H,#d,#J#1.9),#7.17#(1H,#dd,#J#8.4,#2.1),#7.3347.47#(5H,#m);#

δC# (101#MHz,#CDCl3)# 50.2,# 62.3,# 111.8,# 120.8,# 124.8,# 125.3,# 126.2,# 128.6,# 129.2,# 129.8,# 130.2,# 138.3,#

149.1;#m/z# (ESI+)# 277# ([M+Na]+,# 74%);#HRMS# (ESI+)#C15H11ClN2Na+,# ([M+Na]+)# requires# 277.0503;#

found# 277.0502.# Daicel# CHIRALCEL# OD4H,# 4.6# mm# ×# 250# mm,# 92:8# 24propanol/hexane,# 1.0#

mL/min,#retention#times#of#enantiomers:#17.71#min,#21.42#min.-
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Preparation-of-(R)'5'chloro'3'phenylindoline'3'carbonitrile-3-(Table-1,-Entry-13-and-Table-2)-

N
H

CNCl

3 -

Following#General-Procedure-6,#catalyst#12#(4.00#mg,#0.00600#mmol)#and#isocyanide#1#(15.0#mg,#

0.0600#mmol)# in#PhMe#(0.600#mL)#and#30%#aq.#CsOH#(60.0#µL)#at#−40#°C#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)# gave# 3# as# a# yellow# oil# (81#mg,# 80%),#which#was# shown# by# chiral#HPLC# {Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#92:8#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 17.51# min# (major),# 21.54# min# (minor)}# to# have# 89:11# er# with# identical# 1H# NMR#

spectroscopic#properties#to#93;#

€ 

[α]D
20 #444.0#(c#1.1#in#CHCl3).#

Preparation-of-(±)'5'chloro'3'(2'chlorophenyl)indoline'3'carbonitrile-94-

94

N
H

CNCl

Cl

#

Following#General-Procedure-5,# isocyanide#76# (100#mg,#0.348#mmol)#and# tetrabutylammonium#

bromide# (11#mg,# 0.0348#mmol)# in# PhMe# (3.74#mL)# and# aqueous#KOH# (0.32#mL)# gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#94#as#a#yellow#oil;#νmax#(film)#3368,#2980,#

2962,#2362,#1763,#1758,#1748,#1715,#1605;#δH#(400#MHz,#CDCl3)#3.89#(1H,#br#s),#4.02#(1H,#d,#J#10.0),#

4.23#(1H,#dd,#J#10.0,#1.9),#6.62#(1H,#d,#J#8.4),#6.91#(1H,#dd,#J#7.9,#1.5),#7.1047.17#(2H,#m),#7.2047.29#(2H,#

m),#7.41#(1H,#dd,#J#7.9,#1.3);#δC#(101#MHz,#CDCl3)#48.9,#59.8,#112.0,#120.0,#124.6,#126.1,#127.2,#127.7,#

128.9,#130.3,#130.6,#131.7,#133.3,#134.5,#149.7;#m/z#(ESI+)#289#([M+H]+);#HRMS#(ESI+)#C15H10Cl2N2Na+,#
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([M+Na]+)#requires#311.0113;#found#311.0123;#Daicel#CHIRALPAK#AD4H,#4.6#mm#×#250#mm,#10:90#

24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#13.25#min,#16.32#min.#

Preparation-of-(S)'5'chloro'3'(2'chlorophenyl)indoline'3'carbonitrile-18-(Table-2)-

18

N
H

CNCl

Cl

#

Following#General- Procedure- 6,# catalyst# 12# (11#mg,# 0.0174#mmol)# and# isocyanide# 76# (100#mg,#

0.348#mmol)# in#PhMe# (3.48#mL)# and# 30%#aq.#CsOH# (0.35#mL)# at# −40# °C#gave# a# crude# reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)#gave#18# as#a#yellow#oil# (61#mg,#61%),#which#was# shown#by#chiral#HPLC# {Daicel#

CHIRALPAK#AD4H,#4.6#mm#×#250#mm,#10:90#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 13.27# min# (minor),# 16.41# min# (major)}# to# have# 85:15# er# with# identical# 1H# NMR#

spectroscopic#properties#to#94;#

€ 

[α]D
20 #+68.8#(c#0.5#in#CHCl3).#

Preparation-of-(±)'3'(3'bromophenyl)'5'chloroindoline'3'carbonitrile-95-

N
H

CN

Br

Cl

95 #

Following#General-Procedure-5,# isocyanide#77# (100#mg,#0.301#mmol)#and# tetrabutylammonium#

bromide# (10#mg,# 0.0301#mmol)# in# PhMe# (3.23#mL)# and# aqueous#KOH# (0.28#mL)# gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#95#as#a#yellow#oil;#νmax#(film)#2240,#1762,#

1742,#1713,#1593;#δH#(400#MHz,#CDCl3)#3.77#(1H,#d,#J#9.8),#3.91#(1H,#br#s),#4.20#(1H,#dd,#J#9.7,#1.4),#

6.66#(1H,#d,#J#8.4),#7.02#(1H,#d,#J#2.0),#7.11#(1H,#dd,#J#8.4,#2.1),#7.19#(1H,#t,#J#7.9),#7.31#(1H,#ddd,#J#7.9,#

1.9,# 1.0),# 7.42# (1H,#ddd,# J# 7.9,# 1.8,# 1.0),# 7.50# (1H,# t,# J# 1.9);# δC# (101#MHz,#CDCl3)# 49.8,# 62.1,# 112.0,#
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120.2,# 123.3,# 124.9,# 125.1,# 125.2,# 129.2,# 130.5,# 130.7,# 131.9,# 140.6,# 148.9;#m/z# (FI)# 332# ([M],# 77%);#

HRMS#(FI)#C15H10BrClN2,#([M])#requires#331.9716;#found#331.9722;#Daicel#CHIRALCEL#OD4H,#4.6#

mm#×#250#mm,#10:90#24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#13.85#min,#

19.30#min.#

Preparation-of-(R)'3'(3'bromophenyl)'5'chloroindoline'3'carbonitrile-19-(Table-2)-

N
H

CN

Br

Cl

19 #

Following#General- Procedure- 6,# catalyst# 12# (10#mg,# 0.0151#mmol)# and# isocyanide# 77# (100#mg,#

0.301#mmol)# in#PhMe# (3.01#mL)# and# 30%#aq.#CsOH# (0.30#mL)# at# −40# °C#gave# a# crude# reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)#gave#19# as#a#yellow#oil# (79#mg,#79%),#which#was# shown#by#chiral#HPLC# {Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#10:90#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 13.80# min# (major),# 19.26# min# (minor)}# to# have# 95:5# er# with# identical# 1H# NMR#

spectroscopic#properties#to#95;#

€ 

[α]D
20 #445.4#(c#0.5#in#CHCl3).#

Preparation-of-(±)'3'([1,1\'biphenyl]'3'yl)'5'chloroindoline'3'carbonitrile-96-

96

N
H

CNCl

Ph

#

Following#General-Procedure#5,# isocyanide#78# (32.8#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.22#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#96# as#a#yellow# foam;#mp#38440#°C;#νmax#

(film)#3378,#3061,#3033,#2928,#2874,#2360,#2342,#2240,#1601;#δH#(400#MHz,#CDCl3)#3.93#(1H,#d#J#9.8),#
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4.04#(1H,#br#s),#4.31#(1H,#d,#J#9.7),#6.74#(1H,#d,#J#8.3),#7.1547.21#(2H,#m),#7.3947.44#(2H,#m),#7.4547.51#

(3H,#m),#7.5747.64#(3H,#m),#7.72#(1H,#s);#δC#(101#MHz,#CDCl3)#50.4,#62.4,#111.9,#120.9,#124.8,#125.0,#

125.1,#125.2,#127.3,#127.5,#127.9,#129.0,#129.6,#129.8,#130.3,#138.9,#140.3,#142.3,#149.2;#m/z# (ESI+)#331#

([M+H]+,#36%);#HRMS#(ESI+)#C21H15ClN2Na+,#([M+Na]+)#requires#353.0816;#found#353.0804;#Daicel#

CHIRALPAK# IA,# 4.6#mm# ×# 250#mm,# 12:88# 24propanol/hexane,# 1.0#mL/min,# retention# times# of#

enantiomers:#9.87#min,#12.43#min.#

Preparation-of-(R)'3'([1,1\'biphenyl]'3'yl)'5'chloroindoline'3'carbonitrile-20-(Table-2)-

20

N
H

CNCl

Ph

#

Following#General-Procedure-6,# catalyst#12# (9.87#mg,#0.015#mmol)#and# isocyanide#78# (98.0#mg,#

0.300#mmol)# in#PhMe#(3.00#mL)#and#30%#aq.#CsOH#(0.300#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave# 20# as# a# yellow# foam# (82.7# mg,# 83%# over# two# steps),# which# was# shown# by# chiral# HPLC#

{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#

of# enantiomers:# 9.86# min# (major),# 12.45# min# (minor)}# to# have# 93:7# er# with# identical# 1H# NMR#

spectroscopic#properties#to#96;#

€ 

[α]D
20 #452.6#(c#3.2#in#CHCl3).#
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Preparation-of-(±)'5'chloro'3'(3'(naphthalen'1'yl)phenyl)indoline'3'carbonitrile-97-

97

N
H

CNCl

#

Following#General-Procedure#5,# isocyanide#79# (34.8#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#97#as#a#yellow#solid;#mp#1274129#°C;#νmax#

(film)#3379,#3059,#1603;#δH#(400#MHz,#CDCl3)#3.96#(2H,#d,#J#9.5),#4.33#(1H,#d,#J#8.5),#6.70#(1H,#d,#J#

8.4),#7.16#(1H,#dd,#J#8.4,#2.1),#7.21#(1H,#d,#J#2.1),#7.42#(1H,#dd,#J#7.0,#1.1),#7.4447.56#(6H,#m),#7.5747.59#

(1H,#m),#7.82#(1H,#d,#J#8.4),#7.91#(2H,#dd,#J#13.1,#7.9);#δC#(101#MHz,#CDCl3)#50.3,#62.4,#111.9,#120.7,#

124.9,# 125.1,# 125.2,# 125.4,# 125.5,# 126.0,# 126.4,# 127.1,# 127.9,# 128.1,# 128.4,# 129.1,# 129.9,# 130.2,# 130.4,#

131.3,# 133.8,# 138.5,# 139.1,# 141.8,# 149.1;# m/z# (ESI+)# 403# ([M+Na]+);# HRMS# (ESI+)# C25H17ClN2Na+,#

([M+Na]+)#requires#403.0972;#found#403.0965;#Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#

24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#16.37#min,#19.15#min.#

Preparation-of-(R)'5'chloro'3'(3'(naphthalen'1'yl)phenyl)indoline'3'carbonitrile-21-(Table-2)-

21

N
H

CNCl

#

Following#General-Procedure-6,#catalyst#12# (9.87#mg,#0.0150#mmol)#and#isocyanide#79# (104#mg,#

0.300#mmol)# in#PhMe#(3.00#mL)#and#30%#aq.#CsOH#(0.300#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#

gave# 21# as# a# yellow# solid# (87.2# mg,# 85%# over# two# steps),# which# was# shown# by# chiral# HPLC#
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{Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#

times# of# enantiomers:# 16.43#min# (major),# 19.28#min# (minor)}# to# have# 94:6# er# with# identical# 1H#

NMR#spectroscopic#properties#to#97;#

€ 

[α]D
20 #447.7#(c#2.5#in#CHCl3).#

Preparation-of-(±)'3'([1,1\'biphenyl]'4'yl)'5'chloroindoline'3'carbonitrile-98-

98

N
H

CNCl

Ph

#

Following#General-Procedure#5,#isocyanide#80#(18.0#mg,#0.0600#mmol)#and#tetrabutylammonium#

bromide#(1.6#mg,#0.00600#mmol)# in#PhMe#(0.600#mL)#and#aqueous#KOH#(20.0#µL)#gave#a#crude#

reaction#product.#Purification#via#preparative#TLC#gave#98# as# a#yellow#solid;#mp#50452# °C;#νmax#

(film)#3379,#3031,#2875,#2238,#1603;#δH#(400#MHz,#CDCl3)#3.90#(1H,#d,#J#9.7,#0.9),#4.03#(1H,#br#s),#4.30#

(1H,#d,#J#9.7,#1.8),#6.75#(1H,#d,#J#8.4),#7.16#(1H,#d,#J#1.8),#7.20#(1H,#dd,#J#8.4,#2.0),#7.39#(1H,#t,#J#7.3),#

7.47#(2H,#t,#J#7.5),#7.53#(2H,#d,#J#8.4),#7.5747.65#(4H,#m);#δC#(101#MHz,#CDCl3)#50.0,#62.3,#111.9,#120.8,#

124.9,#125.3,#126.7,#127.1,#127.8,#127.8,#128.9,#129.8,#130.3,#137.2,#140.0,#141.6,#149.1;#m/z# (ESI+)#331#

([M+H]+,#14%);#HRMS#(ESI+)#C21H15ClN2Na+,#([M+Na]+)#requires#353.0816;#found#353.0805;#Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#15:85#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:#25.02#min,#33.15#min.#
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Preparation-of-(R)'3'([1,1\'biphenyl]'4'yl)'5'chloroindoline'3'carbonitrile-22-(Table-2)-

22

N
H

CNCl

Ph

#

Following#General-Procedure-6,#catalyst#12#(6.60#mg,#0.0100#mmol)#and#isocyanide#80#(65.0#mg,#

0.200#mmol)# in#PhMe#(2.00#mL)#and#30%#aq.#CsOH#(0.200#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave# 22# as# a# yellow# solid# (49.5# mg,# 75%# over# two# steps),# which# was# shown# by# chiral# HPLC#

{Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#15:85#24propanol/hexane,#1.0#mL/min,#retention#

times# of# enantiomers:# 24.61#min# (major),# 32.98#min# (minor)}# to# have# 93:7# er# with# identical# 1H#

NMR#spectroscopic#properties#to#98;#

€ 

[α]D
20 #48.1#(c#2.1#in#CHCl3).#

Preparation-of-(±)'3'(4'bromophenyl)'5'chloroindoline'3'carbonitrile-99-

99

N
H

CNCl

Br

#

Following#General-Procedure-5,# isocyanide#12# (100#mg,#0.301#mmol)#and# tetrabutylammonium#

bromide# (10#mg,# 0.0301#mmol)# in# PhMe# (3.23#mL)# and# aqueous#KOH# (0.28#mL)# gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#99#as#a#yellow#oil;#νmax#(film)#2980,#2362,#

1764,#1758,#1714,#1633;#δH#(400#MHz,#CDCl3)#3.73#(1H,#d,#J#9.7),#3.93#(1H,#br#s),#4.18#(1H,#d,#J#9.7),#

6.64#(1H,#d,#J#8.5),#6.99#(1H,#d,#J#2.1),#7.09#(1H,#dd,#J#8.4,#2.1),#7.2147.26#(2H,#m),#7.4047.46#(2H,#m);#δC#

(101#MHz,#CDCl3)#49.8,#62.1,#112.0,#120.4,#122.9,#125.0,#125.1,#127.9,#129.4,#130.4,#132.3,#137.5,#149.0;#

m/z# (ESI+)# 333# ([M+H]+);# HRMS# (ESI+)# C15H10BrClN2Na+,# ([M+Na]+)# requires# 354.9608;# found#
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354.9592;#Daicel#CHIRALCEL#OD4H,# 4.6#mm#×# 250#mm,# 10:90# 24propanol/hexane,# 1.0#mL/min,#

retention#times#of#enantiomers:#13.72#min,#21.99#min.#

Preparation-of-(R)'3'(4'bromophenyl)'5'chloroindoline'3'carbonitrile-23-(Table-2)-

23

N
H

CNCl

Br

#

Following#General- Procedure- 6,# catalyst# 12# (10#mg,# 0.0151#mmol)# and# isocyanide# 81# (100#mg,#

0.301#mmol)# in#PhMe# (3.01#mL)# and# 30%#aq.#CsOH# (0.30#mL)# at# −40# °C#gave# a# crude# reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 80:20# 40460#

petrol/EtOAc)#gave#23# as#a#yellow#oil# (83#mg,#83%),#which#was# shown#by#chiral#HPLC# {Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#10:90#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 13.70# min# (major),# 22.10# min# (minor)}# to# have# 92:8# er# with# identical# 1H# NMR#

spectroscopic#properties#to#99;#

€ 

[α]D
20 #422.2#(c#0.5#in#CHCl3).#

Preparation-of-(±)'5'chloro'3'(thiophen'2'yl)indoline'3'carbonitrile-100-

100

N
H

CNCl

S

#

Following#General-Procedure#5,#isocyanide#82#(19.0#mg,#0.0730#mmol)#and#tetrabutylammonium#

bromide#(2.20#mg,#0.00700#mmol)#in#PhMe#(0.700#mL)#and#aqueous#KOH#(30.0#µL)#gave#a#crude#

reaction#product.#Purification#via#preparative#TLC#gave#100#as#a#yellow#oil;#νmax#(film)#3375,#3108,#

2869,#2361,#2239,#1603;#δH#(400#MHz,#CDCl3)#3.93#(1H,#d,#J#9.7),#4.06#(1H,#br#s),#4.25#(1H,#d,#J#9.6),#

6.71#(1H,#d,#J#8.4),#7.01#(1H,#dd,#J#5.1,#3.6),#7.17#(1H,#dd,#J#8.4,#2.1),#7.2147.24#(2H,#m),#7.31#(1H,#dd,#J#

5.1,#1.2);#δC#(101#MHz,#CDCl3)#46.7,#62.6,#112.0,#120.0,#124.8,#125.0,#126.4,#126.6,#127.1,#129.7,#130.5,#

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013



 S51#

141.2,# 148.4;# m/z# (ESI+)# 283# ([M+Na]+,# 49%);# HRMS# (ESI+)# C13H9ClN2NaS+,# ([M+Na]+)# requires#

283.0067;# found# 283.0072;# Daicel# CHIRALCEL# OD4H,# 4.6# mm# ×# 250# mm,# 12:88# 24

propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#14.70#min,#16.60#min.#

Preparation-of-(S)'5'chloro'3'(thiophen'2'yl)indoline'3'carbonitrile-24-(Table-2)-

24

N
H

CNCl

S

#

Following#General-Procedure-6,#catalyst#12#(9.80#mg,#0.0150#mmol)#and#isocyanide#82#(77.2#mg,#

0.300#mmol)# in#PhMe#(3.00#mL)#and#30%#aq.#CsOH#(0.300#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#4:1#40460#petrol/Et2O)#

gave#24#as#a#yellow#oil#(57.1#mg,#73%#over#two#steps),#which#was#shown#by#chiral#HPLC#{Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 14.72# min# (major),# 16.66# min# (minor)}# to# have# 96:4# er# with# identical# 1H# NMR#

spectroscopic#properties#to#100;#

€ 

[α]D
20 #410.8#(c#1.0#in#CHCl3).#

Preparation-of-(±)'6'methyl'3'(2'methylquinolin'6'yl)indoline'3'carbonitrile-101-

101

N
H

CN

N

Me

Me

#

Following#General-Procedure#5,# isocyanide#83# (29.7#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#101# as# a#white# solid;#mp#38441# °C;#νmax#

(film)#3366,#3260,#2921,#2362,#2238,#1618,#1603;#δH#(400#MHz,#CDCl3)#2.34#(3H,#s),#2.75#(3H,#d,#J#0.9),#
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3.91#(1H,#d,#J#9.7),#3.98#(1H,#br#s),#4.32#(1H,#d,#J#9.6),#6.67#(2H,#d,#J#7.9),#7.03#(1H,#d,#J#7.5),#7.32#(1H,#

dd,# J#8.5,#0.8),#7.67#(1H,#dd,# J#8.9,#2.1),#7.92#(1H,#s),#8.00#(1H,#d,# J#8.9),#8.05#(1H,#d,# J#8.4);#δC# (101#

MHz,#CDCl3)#21.7,#25.4,#50.0,#62.0,#111.8,#121.4,#121.4,#122.8,#124.8,#125.0,#125.3,#126.0,#127.4,#129.8,#

136.3,# 136.4,# 140.7,# 147.4,# 150.7,# 159.9;#m/z# (ESI+)# 300# ([M+H]+,# 89%);#HRMS# (ESI+)# C20H17N3Na+,#

([M+Na]+)#requires#322.1315;#found#322.1314;#Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#20:80#

24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#10.02#min,#17.99#min.#

Preparation-of-(R)'6'methyl'3'(2'methylquinolin'6'yl)indoline'3'carbonitrile-25-(Table-2)-

25

N
H

CN

N

Me

Me

#

Following#General-Procedure-6,#catalyst#12#(8.20#mg,#0.0125#mmol)#and#isocyanide#83#(75.0#mg,#

0.250#mmol)# in#PhMe#(2.50#mL)#and#30%#aq.#CsOH#(0.250#mL)#at#−40#°C#gave#a#crude#reaction#

product.# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 2:1# 40460#

petrol/EtOAc)#gave#25#as#a#white#solid#(60.0#mg,#80%#over#two#steps),#which#was#shown#by#chiral#

HPLC# {Daicel# CHIRALCEL# OD4H,# 4.6# mm# ×# 250# mm,# 20:80# 24propanol/hexane,# 1.0# mL/min,#

retention# times# of# enantiomers:# 10.11# min# (major),# 18.11# min# (minor)}# to# have# 95:5# er# with#

identical#1H#NMR#spectroscopic#properties#to#101;#

€ 

[α]D
20 #498.9#(c#0.8#in#CHCl3).#

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013



 S53#

Preparation-of-(±)'3'(naphthalen'2'yl)indoline'3'carbonitrile-102-

102

N
H

CN

#

Following#General-Procedure#5,# isocyanide#84# (26.8#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.22#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#102#as#a#yellow#solid;#mp#27429#°C;#νmax#

(film)#3375,#3056,#2971,#2874,#2360,#2341,#2238,#1739,#1629,#1603,#1506;#δH# (400#MHz,#CDCl3)#3.92#

(1H,#d,#J#9.7),#4.05#(1H,#br#s),#4.31#(1H,#d,#J#9.7),#6.8246.90#(2H,#m),#7.17#(1H,#d,#J#7.1),#7.25#(1H,#td,#J#

7.7,#1.0),#7.4547.58# (3H,#m),#7.8147.91# (3H,#m),#8.01# (1H,#d,# J#1.4);#δC# (101#MHz,#CDCl3)#50.5,#61.8,#

111.1,# 120.4,# 121.5,# 125.2,# 125.4,# 126.8,# 126.8,# 127.6,# 128.2,# 128.3,# 129.2,# 130.2,# 132.9,# 133.0,# 136.2,#

150.6;# m/z# (ESI+)# 293# ([M+Na]+,# 50%);# HRMS# (ESI+)# C19H14N2Na+,# ([M+Na]+)# requires# 293.1049;#

found#293.1042;#Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#

retention#times#of#enantiomers:#11.53#min,#18.74#min.#

Preparation-of-(R)'3'(naphthalen'2'yl)indoline'3'carbonitrile-26-(Table-3)-

26

N
H

CN

#

Following#General-Procedure-6,#catalyst#12#(6.60#mg,#0.0100#mmol)#and#isocyanide#84#(53.0#mg,#

0.200#mmol)# in#PhMe#(2.00#mL)#and#30%#aq.#CsOH#(0.200#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#4:1#40460#petrol/Et2O)#

gave# 26# as# a# yellow# solid# (48.1# mg,# 89%# over# two# steps),# which# was# shown# by# chiral# HPLC#
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{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#

of# enantiomers:# 11.47#min# (major),# 18.85#min# (minor)}# to# have# 93:7# er# with# identical# 1H#NMR#

spectroscopic#properties#to#102;#

€ 

[α]D
20 #4139.8#(c#2.3#in#CHCl3).#

Preparation-of-(±)'6'methyl'3'(naphthalen'2'yl)indoline'3'carbonitrile-103-

103

N
H

CN

Me

#

Following#General-Procedure#5,# isocyanide#85# (34.0#mg,#0.120#mmol)#and#tetrabutylammonium#

bromide# (3.80#mg,# 0.0120#mmol)# in#PhMe# (1.20#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#103#as#a#yellow#oil;#νmax#(film)#3372,#3056,#

3024,#2970,#2922,#2867,#2360,#2236,#1739,#1616,#1595;#δH#(400#MHz,#CDCl3)#2.36#(3H,#s),#3.91#(1H,#d,#J#

9.7),#3.95#(1H,#br#s),#4.31#(1H,#d,#J#9,5),#6.69#(2H,#d,#J#9.4),#7.06#(1H,#d,#J#7.6),#7.50#(1H,#dd,#J#8.7,#2.0),#

7.5247.55#(2H,#m),#7.8247.89#(3H,#m),#8.01#(1H,#d,#J#1.5);#δC#(101#MHz,#CDCl3)#21.7,#50.3,#62.1,#111.8,#

121.3,# 121.6,# 123.9,# 124.9,# 125.4,# 125.5,# 126.7,# 126.8,# 127.6,# 128.3,# 129.2,# 132.9,# 133.0,# 136.3,# 140.5,#

150.8;#m/z#(ESI+)#285#([M+H]+,#53%);#HRMS#(ESI+)#C20H16N2Na+,#([M+Na]+)#requires#307.1206;#found#

307.1197;#Daicel#CHIRALCEL#OD4H,# 4.6#mm#×# 250#mm,# 12:88# 24propanol/hexane,# 1.0#mL/min,#

retention#times#of#enantiomers:#12.74#min,#18.92#min.#
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Preparation-of-(R)'6'methyl'3'(naphthalen'2'yl)indoline'3'carbonitrile-27-(Table-3)-

27

N
H

CN

Me

#

Following#General-Procedure-6,#catalyst#12#(11.0#mg,#0.0170#mmol)#and#isocyanide#85#(95.0#mg,#

0.330#mmol)# in#PhMe#(3.30#mL)#and#30%#aq.#CsOH#(0.330#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#7:3#40460#petrol/Et2O)#

gave#27#as#a#yellow#oil#(65.0#mg,#70%#over#two#steps),#which#was#shown#by#chiral#HPLC#{Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 12.78# min# (major),# 19.14# min# (minor)}# to# have# 94:6# er# with# identical# 1H# NMR#

spectroscopic#properties#to#103;#

€ 

[α]D
20 #4117.3#(c#1.9#in#CHCl3).#

Preparation-of-(±)'3'(naphthalen'2'yl)'6'(trifluoromethyl)indoline'3'carbonitrile-104-

104

N
H

CN

F3C

#

Following#General-Procedure#5,# isocyanide#86# (33.6#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#104#as#a#yellow#solid;#mp#38440#°C;#νmax#

(film)#3058,#1617,#1601,#1506;#δH#(400#MHz,#CDCl3)#4.02#(1H,#dd,#J#9.8,#1.8),#4.23#(1H,#br#s),#4.39#(1H,#

dd,#J#9.8,#2.2),#7.05#(1H,#s),#7.10#(1H,#d,#J#7.9),#7.24#(1H,#d,#J#7.9),#7.46#(1H,#dd,#J#8.7,#1.8),#7.5347.59#

(2H,#m),#7.8447.91#(3H,##m),#8.01#(1H,#s);#δC#(101#MHz,#CDCl3)#50.1,#61.9,#107.4#(q,#J#3.9),#117.1#(q,#J#

3.9),#120.8,#123.5,#124.0# (q,# J#272.6),#125.4,#125.6,#127.0,#127.0,#127.7,#128.3,#129.5,#131.7,#132.6# (q,# J#
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32.1),# 132.9,# 133.0,# 135.3,# 150.8;# δF# (377#MHz,#CDCl3)# 462.6;#m/z# (ESI+)# 339# ([M+H]+,# 6%);#HRMS#

(ESI+)#C20H13F3N2Na+,#([M+Na]+)#requires#361.0923;#found#361.0909;#Daicel#CHIRALCEL#OD4H,#4.6#

mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#11.06#min,#

17.48#min.#

Preparation-of-(R)'3'(naphthalen'2'yl)'6'(trifluoromethyl)indoline'3'carbonitrile-28-(Table-3)-

28

N
H

CN

F3C

#

Following#General-Procedure-6,#catalyst#12#(8.20#mg,#0.0125#mmol)#and#isocyanide#86#(84.0#mg,#

0.250#mmol)# in#PhMe#(2.50#mL)#and#30%#aq.#CsOH#(0.250#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave# 28# as# a# yellow# solid# (67.7# mg,# 80%# over# two# steps),# which# was# shown# by# chiral# HPLC#

{Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#

times# of# enantiomers:# 11.19#min# (major),# 17.66#min# (minor)}# to# have# 92:8# er# with# identical# 1H#

NMR#spectroscopic#properties#to#104;#

€ 

[α]D
20 #4123.6#(c#2.8#in#CHCl3).#

Preparation-of-(±)'5'methyl'3'(naphthalen'2'yl)indoline'3'carbonitrile-105-

105

N
H

CNMe

#

Following#General-Procedure#5,# isocyanide#87# (28.2#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#105#as#a#white#solid;#mp#1574158#°C;#νmax#
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(film)#3371,#3056,#3022,#2920,#2865,#2360,#2236,#1617;#δH#(400#MHz,#CDCl3)#2.26#(3H,#s),#3.92#(1H,#d,#J#

9.8),#4.31#(1H,#d,#J#9.8),#6.77#(1H,#d,#J#8.0),#6.98#(1H,#s),#7.06#(1H,#d,#J#8.0),#7.49#(1H,#dd,#J#8.7,#1.9),#

7.5147.56#(2H,#m),#7.8247.90#(3H,#m),#8.01#(1H,#d,#J#1.3);#δC#(101#MHz,#CDCl3)#20.8,#50.7,#62.0,#111.2,#

121.5,# 123.8,# 125.3,# 125.6,# 126.7,# 126.8,# 127.6,# 128.3,# 128.7,# 129.2,# 130.2,# 130.8,# 132.9,# 133.0,# 136.2,#

148.2;#m/z#(ESI+)#285#([M+H]+,#34%);#HRMS#(ESI+)#C20H16N2Na+,#([M+Na]+)#requires#307.1206;#found#

307.1197;#Daicel#CHIRALCEL#OD4H,# 4.6#mm#×# 250#mm,# 12:88# 24propanol/hexane,# 1.0#mL/min,#

retention#times#of#enantiomers:#12.49#min,#24.37#min.#

Preparation-of-(R)'5'methyl'3'(naphthalen'2'yl)indoline'3'carbonitrile-29-(Table-3)-

29

N
H

CNMe

#

Following#General-Procedure-6,#catalyst#12#(8.20#mg,#0.0125#mmol)#and#isocyanide#87#(70.0#mg,#

0.250#mmol)# in#PhMe#(2.50#mL)#and#30%#aq.#CsOH#(0.250#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave#29#as#a#white#solid#(52.5#mg,#74%#over#two#steps),#which#was#shown#by#chiral#HPLC#{Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 12.63# min# (major),# 25.04# min# (minor)}# to# have# 95:5# er# with# identical# 1H# NMR#

spectroscopic#properties#to#105;#

€ 

[α]D
20 #4110.8#(c#0.7#in#CHCl3).#
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Preparation-of-(±)'5'chloro'3'(naphthalen'2'yl)indoline'3'carbonitrile-106-

106

N
H

CNCl

#

Following#General-Procedure#5,# isocyanide#88# (30.4#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.22#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#106#as#a#yellow#solid;#mp#40442#°C;#νmax#

(film)#3379,#3058,#3022,#2874,#2360,#2342,#2238,#1632,#1603,#1507;#δH#(400#MHz,#CDCl3)#3.97#(1H,#d,#J#

9.8),#4.05#(1H,#br#s),#4.34#(1H,#d,#J#9.8),#6.76#(1H,#d,#J#8.4),#7.11#(1H,#d,#J#1.8),#7.19#(1H,#dd,#J#8.4,#1.8),#

7.46#(1H,#dd,#J#8.7,#1.8),#7.55#(2H,#dt,#J#5.0,#2.3),#7.8347.90#(3H,#m),#8.00#(1H,#s);#δC#(101#MHz,#CDCl3)#

50.5,#62.1,#111.9,#120.8,#123.5,#124.9,#125.3,#125.4,#126.9,#127.0,#127.6,#128.3,#129.4,#129.8,#130.3,#132.9,#

132.9,#135.3,#149.1;#m/z#(ESI4)#303#([M4H]4,#100%);#HRMS#(ESI+)#C19H13ClN2Na+,#([M+Na]+)#requires#

327.0659;# found#327.0654;#Daicel#CHIRALPAK#IA,#4.6#mm#×# 250#mm,#12:88#24propanol/hexane,#

1.0#mL/min,#retention#times#of#enantiomers:#10.92#min,#16.54#min.#

Preparation-of-(R)'5'chloro'3'(naphthalen'2'yl)indoline'3'carbonitrile-30-(Table-3)-

30

N
H

CNCl

#

Following#General-Procedure-6,#catalyst#12#(6.60#mg,#0.0100#mmol)#and#isocyanide#88#(60.0#mg,#

0.200#mmol)# in#PhMe#(2.00#mL)#and#30%#aq.#CsOH#(0.200#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#

gave# 30# as# a# yellow# solid# (40.7# mg,# 67%# over# two# steps),# which# was# shown# by# chiral# HPLC#
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{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#

of# enantiomers:# 10.90#min# (major),# 16.64#min# (major)}# to# have# 94:6# er# with# identical# 1H#NMR#

spectroscopic#properties#to#106;#

€ 

[α]D
20 #40.3#(c#1.8#in#CHCl3).#

Preparation-of-(±)'5'chloro'3'(6'methoxynaphthalen'2'yl)indoline'3'carbonitrile-107-

107

N
H

CNCl

MeO

-

Following#General-Procedure#5,#isocyanide#89#(20.0#mg,#0.0600#mmol)#and#tetrabutylammonium#

bromide#(1.60#mg,#0.00600#mmol)#in#PhMe#(0.600#mL)#and#aqueous#KOH#(20.0#µL)#gave#a#crude#

reaction#product.#Purification#via#preparative#TLC#gave#107#as#a#yellow#solid;#mp#34436#°C;#νmax#

(film)#3376,#2937,#2238,#1739,#1633,#1606,#1505;#δH#(400#MHz,#CDCl3)#3.93#(3H,#s),#3.95#(1H,#s),#4.03#

(1H,#br#s),#4.31#(1H,#d,#J#9.7),#6.74#(1H,#d,#J#8.4),#7.13#(2H,#dd,#J#9.6,#2.1),#7.20#(2H,#ddd,#J#10.4,#8.6,#

2.0),#7.42#(1H,#dd,#J#8.6,#1.9),#7.76#(2H,#d,#J#8.8),#7.90#(1H,#d,#J#1.4);#δC#(101#MHz,#CDCl3)#50.3,#55.4,#

62.2,# 105.6,# 111.9,# 119.8,# 121.0,# 124.1,# 124.8,# 125.2,# 125.3,# 128.2,# 128.3,# 129.7,# 130.0,# 130.2,# 133.0,#

134.3,#149.1,#158.4;#m/z#(ESI+)#335#([M+H]+,#42%);#HRMS#(ESI+)#C20H15ClN2NaO+,#([M+Na]+)#requires#

357.0765,# found# 357.0756;# Daicel# CHIRALCEL# OD4H,# 4.6# mm# ×# 250# mm,# 15:85# 24

propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#15.28#min,#19.93#min.#
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Preparation-of-(R)'5'chloro'3'(6'methoxynaphthalen'2'yl)indoline'3'carbonitrile-31-(Table-3)-

31

N
H

CNCl

MeO

#

Following#General-Procedure-6,#catalyst#12#(6.60#mg,#0.0100#mmol)#and#isocyanide#89#(66.4#mg,#

0.200#mmol)# in#PhMe#(2.00#mL)#and#30%#aq.#CsOH#(0.200#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave# 31# as# a# yellow# solid# (58.0# mg,# 88%# over# two# steps),# which# was# shown# by# chiral# HPLC#

{Daicel#CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#15:85#24propanol/hexane,#1.0#mL/min,#retention#

times# of# enantiomers:# 15.29#min# (major),# 20.04#min# (minor)}# to# have# 94:6# er# with# identical# 1H#

NMR#spectroscopic#properties#to#107;#

€ 

[α]D
20 #430.4#(c#2.0#in#CHCl3).#

Preparation-of-(±)'6'bromo'3'(naphthalen'2'yl)indoline'3'carbonitrile-108-

108

N
H

CN

Br

#

Following#General-Procedure#5,# isocyanide#90# (34.5#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#108#as#a#yellow#oil;#νmax#(film)#3382,#3058,#

3025,#2970,#2928,#2871,#2361,#2239,#1739,#1601,#1507;#δH#(400#MHz,#CDCl3)#3.94#(1H,#dd,#J#9.8,#1.5),#

4.09#(1H,#br#s),#4.33#(1H,#dd,#J#9.8,#2.0),#6.9347.01#(3H,#m),#7.45#(1H,#dd,#J#8.7,#2.0),#7.5247.57#(2H,#m),#

7.8247.89# (3H,#m),# 7.98# (1H,# d,# J# 1.7);# δC# (101#MHz,#CDCl3)# 49.9,# 62.0,# 113.9,# 120.9,# 123.1,# 123.6,#

124.2,#125.4,#126.4,#126.9,#127.0,#127.2,#127.6,#128.3,#129.4,#132.9,#135.5,#151.8;#m/z#(ESI+)#349#([M+H]+,#
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34%);# HRMS# (ESI+)# C19H13BrN2Na+,# ([M+Na]+)# requires# 371.0154;# found# 371.0140;# Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:#15.08#min,#22.44#min.#

Preparation-of-(R)'6'bromo'3'(naphthalen'2'yl)indoline'3'carbonitrile-32-(Table-3)-

32

N
H

CN

Br

#

Following#General-Procedure-6,#catalyst#12#(8.20#mg,#0.0250#mmol)#and#isocyanide#90#(86.0#mg,#

0.250#mmol)# in#PhMe#(2.50#mL)#and#30%#aq.#CsOH#(0.250#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#

gave#32#as#a#yellow#oil#(62.0#mg,#71%#over#two#steps),#which#was#shown#by#chiral#HPLC#{Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 15.16# min# (major),# 22.58# min# (minor)}# to# have# 94:6# er# with# identical# 1H# NMR#

spectroscopic#properties#to#108;#

€ 

[α]D
20 #4125.1#(c#2.1#in#CHCl3).#

Preparation-of-(±)'6'chloro'3'(naphthalen'2'yl)indoline'3'carbonitrile-109-

109

N
H

CN

Cl

#

Following#General-Procedure#5,# isocyanide#91# (30.2#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.20#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#109# as#a#white# foam;#mp#40442#°C;#νmax#

(film)#3383,#3058,#2973,#2873,#2361,#2239,#1700,#1603,#1507;#δH#(400#MHz,#CDCl3)#3.97#(1H,#d,#J#9.8),#
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4.36#(1H,#d,#J#9.8),#6.7846.85#(2H,#m),#7.05#(1H,#d,#J#8.5),#7.45#(1H,#dd,#J#8.7,#1.9),#7.5147.57#(2H,#m),#

7.8247.90# (3H,#m),# 7.98# (1H,# d,# J# 1.4);# δC# (101#MHz,#CDCl3)# 49.9,# 62.1,# 111.0,# 120.3,# 121.0,# 123.6,#

125.4,#126.1,#126.7,#126.9,#126.9,#127.6,#128.2,#129.4,#132.9,#135.6,#136.1,#151.6;#m/z#(ESI+)#305#([M+H]+,#

37%);# HRMS# (ESI+)# C19H13ClN2Na+,# ([M+Na]+)# requires# 327.0659;# found# 327.0651;# Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:#14.32#min,#21.15#min.#

Preparation-of-(R)'6'chloro'3'(naphthalen'2'yl)indoline'3'carbonitrile-33-(Table-3)-

33

N
H

CN

Cl

#

Following#General-Procedure-6,#catalyst#12#(6.58#mg,#0.0100#mmol)#and#isocyanide#91#(60.0#mg,#

0.200#mmol)# in#PhMe#(2.00#mL)#and#30%#aq.#CsOH#(0.200#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#2:1#40460#petrol/Et2O)#

gave#33#as#a#white#foam#(45.2#mg,#75%#over#two#steps),#which#was#shown#by#chiral#HPLC#{Daicel#

CHIRALCEL#OD4H,#4.6#mm#×#250#mm,#12:88#24propanol/hexane,#1.0#mL/min,#retention#times#of#

enantiomers:# 14.35# min# (major),# 21.35# min# (minor)}# to# have# 93:7# er# with# identical# 1H# NMR#

spectroscopic#properties#to#109;#

€ 

[α]D
20 #4161.2#(c#1.5#in#CHCl3).#
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Preparation-of-(±)'5'fluoro'3'(naphthalen'2'yl)indoline'3'carbonitrile-110-

110

N
H

CNF

#

Following#General-Procedure#5,# isocyanide#92# (28.6#mg,#0.100#mmol)#and#tetrabutylammonium#

bromide# (3.22#mg,# 0.0100#mmol)# in#PhMe# (1.00#mL)# and#aqueous#KOH# (40.0#µL)#gave# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#110#as#a#yellow#solid;#mp#1054108#°C;#νmax#

(film)#3373,#3059,#2874,#2238,#1601;#δH#(400#MHz,#CDCl3)#3.66#(1H,#br#s),#3.96#(1H,#d,#J#9.9),#4.34#(1H,#

d,#J#9.9),#6.79#(1H,#dd,#J#8.6,#4.2),#6.89#(1H,#dd,#J#7.8,#2.5),#6.97#(1H,#td,#J#8.7,#2.6),#7.47#(1H,#dd,#J#8.7,#

1.9),#7.5147.58#(2H,#m),#7.8247.90#(3H,#m),#7.99#(1H,#d,#J#1.3);#δC#(101#MHz,#CDCl3)#50.9,#62.4,#111.9,#

112.0,# 112.3,# 112.6,# 116.9,# 117.2,# 120.9,# 123.6,# 125.5,# 126.9,# 126.9,# 127.6,# 128.3,# 129.4,# 129.7,# 129.7,#

132.9,#135.3,#146.7,#154.7,#156.4,#158.8;#δF#(377#MHz,#CDCl3)#4123.0;#m/z#(ESI+)#311#([M+Na]+,#100%);#

HRMS#(ESI+)#C19H13FN2Na+,#([M+Na]+)#requires#311.0955;#found#311.0950;#Daicel#CHIRALPAK#IA,#

4.6#mm# ×# 250#mm,# 18:82# 24propanol/hexane,# 1.0#mL/min,# retention# times# of# enantiomers:# 8.20#

min,#12.00#min.#

Preparation-of-(R)'5'fluoro'3'(naphthalen'2'yl)indoline'3'carbonitrile-34-(Table-3)-

34

N
H

CNF

#

Following#General-Procedure-6,#catalyst#12#(8.90#mg,#0.0135#mmol)#and#isocyanide#92#(78.3#mg,#

0.270#mmol)# in#PhMe#(2.70#mL)#and#30%#aq.#CsOH#(0.270#mL)#at#−40#°C#gave#a#crude#reaction#

product.#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#3:1#40460#petrol/Et2O)#
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gave# 34# as# a# yellow# solid# (70.0# mg,# 90%# over# two# steps),# which# was# shown# by# chiral# HPLC#

{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#18:82#24propanol/hexane,#1.0#mL/min,#retention#times#

of# enantiomers:# 8.21# min# (major),# 12.04# min# (minor)}# to# have# 96:4# er# with# identical# 1H# NMR#

spectroscopic#properties#to#110;#

€ 

[α]D
20 #4132.4#(c#1.1#in#CHCl3).#

1.3.4-Derivatizations-

Preparation-of-(2R*,3R*)'2'(1H'indol'3'yl)'3'(naphthalen'2'yl)indoline'3'carbonitrile-111-

111

N
H

CN

NH

#

To#a# solution#of# isocyanide#84# (100#mg,# 0.373#mmol),# and# tetrabutylammonium# iodide# (14#mg,#

0.0373#mmol)#in#anhydrous#PhMe#(4#mL)#under#argon#was#added#aqueous#KOH#(0.34#mL,#30%#

w/w)# at# 0# °C.# The# resulting#mixture#was# stirred# at# 0# °C#until# the# reaction#was# complete,# after#

which#MgSO4#was#added#and#the#mixture#was#then#filtered#through#a#short#pad#of#cotton#wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was# dissolved# in# AcOH# (1.5# mL)# and# indole# (48# mg,# 0.410# mmol)# was# added.# The# resulting#

mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#was#extracted#

with# CH2Cl2# (×3),# dried# (MgSO4)# and# concentrated# under# reduced# pressure# to# give# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#111#as#a#white#solid;#mp#2034205#°C;#νmax#

(film)#3356,#3055,#2237,#1738,#1696,#1603;#δH#(400#MHz,#(CD3)2CO)#5.68#(1H,#s),#5.83#(1H,#s),#6.514

6.58#(2H,#m),#6.84#(1H,#t,#J#7.5),#6.9447.03#(3H,#m),#7.29#(1H,#t,#J#7.6),#7.38#(1H,#d,#J#8.2),#7.5347.67#(4H,#

m),#7.89#(1H,#d,# J#7.7),#7.9748.04#(3H,#m),#10.38#(1H,#s);#δC# (101#MHz,# (CD3)2CO)#59.4,#71.8,#110.8,#

111.8,# 112.5,# 119.0,# 119.4,# 119.8,# 119.8,# 121.8,# 124.9,# 125.4,# 125.5,# 126.9,# 127.1,# 127.4,# 128.1,# 128.6,#

128.9,# 129.1,# 130.4,# 133.4,# 133.5,# 136.2,# 137.2,# 152.1;#m/z# (ESI+)# 386# ([M+H]+,# 100%);#HRMS# (ESI+)#
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C27H19N3Na+,#([M+Na]+)#requires#408.1471;#found#408.1468;#Daicel#CHIRALPAK#IA,#4.6#mm#×#250#

mm,#30:70#24propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#10.41#min,#13.68#min.#

Preparation-of-(2R,3R)'2'(1H'indol'3'yl)'3'(naphthalen'2'yl)indoline'3'carbonitrile-36-(Scheme-

1)-

36

N
H

CN

NH

36

-

Catalyst#12#(12#mg,#0.0187#mmol)#was#added#to#a#solution#of#isocyanide#84#(100#mg,#0.373#mmol)#

in#anhydrous#PhMe# (3.73#mL)#under#argon.#The# resulting#mixture#was#stirred#at# rt# for#30#min,#

after# which# 30%# aq.# CsOH# (0.37# mL)# was# added# at# −40# °C.# Once# the# reaction# was# complete,#

MgSO4# was# added# and# the# mixture# was# then# filtered# through# a# short# pad# of# cotton# wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was# dissolved# in# AcOH# (1.5# mL)# and# indole# (48# mg,# 0.410# mmol)# was# added.# The# resulting#

mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#was#extracted#

with#CH2Cl2#(×3),#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#crude#36#(>98:2#

dr).# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 100:0# to# 95:5# CH2Cl2/24

propanol)#gave#36#as#a#white#solid#(137#mg,#95%#over#two#steps,#>98:2#dr),#which#was#shown#by#

chiral#HPLC#{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#30:70#24propanol/hexane,#1.0#mL/min,#

retention# times# of# enantiomers:# 10.36# min# (major),# 13.85# min# (minor)}# to# have# 93:7# er# with#

identical#1H#NMR#spectroscopic#properties#to#111;#

€ 

[α]D
20 #+20.0#(c#0.5#in#CHCl3).-
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Preparation- of- (2S*,3R*)'2'(4'(dimethylamino)'2'hydroxyphenyl)'3'(naphthalen'2'yl)indoline'

3'carbonitrile-112-

112

N
H

CN

HO

NMe2

#

To#a# solution#of# isocyanide#84# (100#mg,# 0.373#mmol),# and# tetrabutylammonium# iodide# (14#mg,#

0.0373#mmol)#in#anhydrous#PhMe#(4#mL)#under#argon#was#added#aqueous#KOH#(0.34#mL,#30%#

w/w)# at# 0# °C.# The# resulting#mixture#was# stirred# at# 0# °C#until# the# reaction#was# complete,# after#

which#MgSO4#was#added#and#the#mixture#was#then#filtered#through#a#short#pad#of#cotton#wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was#dissolved#in#AcOH#(1.5#mL)#and#34(dimethylamino)phenol#(56#mg,#0.410#mmol)#was#added.#

The#resulting#mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#

was#extracted#with#CH2Cl2#(×3),#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#

a# crude# reaction#product.#Purification#via#preparative#TLC#gave#112# as#a#pale#yellow#solid;#mp#

1654167#°C;#νmax#(film)#3457,#3016,#2971,#2574,#2245,#2128,#1760,#1722;#δH#(400#MHz,#CDCl3)#2.90#(6H,#

s),#4.56#(1H,#d,#J#3.7),#4.97#(1H,#s),#5.97#(1H,#dd,#J#8.6,#2.3),#6.04#(1H,#d,#J#8.6),#6.35#(1H,#d,#J#2.3),#6.954

7.09#(3H,#m),#7.2947.41#(2H,#m),#7.5147.60#(2H,#m),#7.8147.91#(3H,#m),#7.95#(1H,#s),#9.44#(1H,#s);#δC#

(101#MHz,#CDCl3)#40.2,#58.0,#77.7,#100.8,#103.8,#105.5,#113.0,#118.5,#122.6,#124.7,#126.1,#126.8,#126.9,#

127.7,#127.8,#128.4,#128.8,#129.3,#129.9,#130.3,#132.9,#132.9,#134.1,#148.7,#152.2,#158.4;#m/z# (ESI4)#404#

([M4H]4,# 100%);# HRMS# (ESI+)# C27H24N3O+,# ([M+H]+)# requires# 406.1914;# found# 406.1901;# Daicel#

CHIRALPAK# IA,# 4.6#mm# ×# 250#mm,# 50:50# 24propanol/hexane,# 1.0#mL/min,# retention# times# of#

enantiomers:#10.18#min,#20.56#min.#

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013



 S67#

Preparation- of- (2S,3R)'2'(4'(dimethylamino)'2'hydroxyphenyl)'3'(naphthalen'2'yl)indoline'3'

carbonitrile-37-(Scheme-1)-

37

N
H

CN

HO

NMe2

#

Catalyst#12#(12#mg,#0.0187#mmol)#was#added#to#a#solution#of#isocyanide#84#(100#mg,#0.373#mmol)#

in#anhydrous#PhMe# (3.73#mL)#under#argon.#The# resulting#mixture#was#stirred#at# rt# for#30#min,#

after# which# 30%# aq.# CsOH# (0.37# mL)# was# added# at# −40# °C.# Once# the# reaction# was# complete,#

MgSO4# was# added# and# the# mixture# was# then# filtered# through# a# short# pad# of# cotton# wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was#dissolved#in#AcOH#(1.5#mL)#and#34(dimethylamino)phenol#(56#mg,#0.410#mmol)#was#added.#

The#resulting#mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#

was#extracted#with#CH2Cl2#(×3),#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#

crude#37#(>98:2#dr).#Purification#via#flash#column#chromatography#on#silica#gel#(silica;#80:20#40460#

petrol/EtOAc)#gave#37#as#a#pale#yellow#solid#(146#mg,#97%#over#two#steps,#>98:2#dr),#which#was#

shown#by#chiral#HPLC#{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#50:50#24propanol/hexane,#1.0#

mL/min,# retention# times# of# enantiomers:# 10.34#min# (major),# 21.05#min# (minor)}# to# have# 93:7# er#

with#identical#1H#NMR#spectroscopic#properties#to#112;#

€ 

[α]D
20 #440.0#(c#0.5#in#CHCl3).#
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Preparation-of-(2S*,3R*)'3'(naphthalen'2'yl)'2'(1H'pyrrol'2'yl)indoline'3'carbonitrile-113-

113

N
H

CN

N
H

#

To#a# solution#of# isocyanide#84# (100#mg,# 0.373#mmol),# and# tetrabutylammonium# iodide# (14#mg,#

0.0373#mmol)#in#anhydrous#PhMe#(4#mL)#under#argon#was#added#aqueous#KOH#(0.34#mL,#30%#

w/w)# at# 0# °C.# The# resulting#mixture#was# stirred# at# 0# °C#until# the# reaction#was# complete,# after#

which#MgSO4#was#added#and#the#mixture#was#then#filtered#through#a#short#pad#of#cotton#wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was# dissolved# in#AcOH# (1.5#mL)# and# pyrrole# (0.23#mL,# 3.36#mmol)#was# added.# The# resulting#

mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#was#extracted#

with# CH2Cl2# (×3),# dried# (MgSO4)# and# concentrated# under# reduced# pressure# to# give# a# crude#

reaction#product.#Purification#via#preparative#TLC#gave#113#as#a#pale#yellow#solid;#mp#1034105#°C;#

νmax#(film)#2971,#2128,#1766,#1721;#δH#(400#MHz,#CDCl3)#4.37#(1H,#d,#J#2.3),#5.14#(1H,#d,#J#2.7),#5.87#

(1H,#s),#6.18#(1H,#q,#J#2.9),#6.86#(1H,#d,#J#1.4),#6.93#(2H,#dd,#J#13.8,#7.6),#7.08#(1H,#d,#J#7.4),#7.31#(1H,#

td,#J#7.7,#0.7),#7.47#(1H,#dd,#J#8.6,#1.8),#7.5347.60#(2H,#m),#7.8447.93#(3H,#m),#7.98#(1H,#s),#8.89#(1H,#s);#

δC# (101#MHz,#CDCl3)# 57.7,# 72.1,# 108.5,# 108.7,# 111.0,# 118.8,# 119.5,# 121.1,# 124.6,# 125.7,# 125.9,# 126.8,#

126.9,# 127.1,# 127.2,# 127.7,# 128.4,# 128.9,# 130.4,# 133.0,# 133.0,# 134.1,# 150.1;#m/z# (ESI+)# 336# ([M+H]+,#

100%);# HRMS# (ESI+)# C23H17N3Na+,# ([M+Na]+)# requires# 358.1315;# found# 358.1302;# Daicel#

CHIRALPAK# IA,# 4.6#mm# ×# 250#mm,# 30:70# 24propanol/hexane,# 1.0#mL/min,# retention# times# of#

enantiomers:#7.43#min,#21.05#min.#
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Preparation-of-(2S,3R)'3'(naphthalen'2'yl)'2'(1H'pyrrol'2'yl)indoline'3'carbonitrile-38-(Scheme-

1)-

38

N
H

CN

N
H

#

Catalyst#12#(12#mg,#0.0187#mmol)#was#added#to#a#solution#of#isocyanide#84#(100#mg,#0.373#mmol)#

in#anhydrous#PhMe# (3.73#mL)#under#argon.#The# resulting#mixture#was#stirred#at# rt# for#30#min,#

after# which# 30%# aq.# CsOH# (0.37# mL)# was# added# at# −40# °C.# Once# the# reaction# was# complete,#

MgSO4# was# added# and# the# mixture# was# then# filtered# through# a# short# pad# of# cotton# wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was# dissolved# in#AcOH# (1.5#mL)# and# pyrrole# (0.23#mL,# 3.36#mmol)#was# added.# The# resulting#

mixture#was#stirred#at#rt#overnight,#after#which#NaHCO3#was#added.#The#mixture#was#extracted#

with#CH2Cl2#(×3),#dried#(MgSO4)#and#concentrated#under#reduced#pressure#to#give#crude#38#(>98:2#

dr).# Purification# via# flash# column# chromatography# on# silica# gel# (silica;# 90:10# to# 80:20# 40460#

petrol/EtOAc)#gave#38#as#a#pale#yellow#solid# (87#mg,#70%#over# two#steps,#>98:2#dr),#which#was#

shown#by#chiral#HPLC#{Daicel#CHIRALPAK#IA,#4.6#mm#×#250#mm,#30:70#24propanol/hexane,#1.0#

mL/min,#retention#times#of#enantiomers:#7.43#min#(major),#21.13#min#(minor)}#to#have#93:7#er#with#

identical#1H#NMR#spectroscopic#properties#to#113;#

€ 

[α]D
20 #444.0#(c#0.5#in#CHCl3).#
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Preparation-of-(2R*,3R*)'3'(naphthalen'2'yl)'2'(phenylethynyl)indoline'3'carbonitrile-114-

114

N
H

CN

Ph

-

To#a# solution#of# isocyanide#84# (100#mg,# 0.373#mmol),# and# tetrabutylammonium# iodide# (14#mg,#

0.0373#mmol)#in#anhydrous#PhMe#(4#mL)#under#argon#was#added#aqueous#KOH#(0.34#mL,#30%#

w/w)# at# 0# °C.# The# resulting#mixture#was# stirred# at# 0# °C#until# the# reaction#was# complete,# after#

which#MgSO4#was#added#and#the#mixture#was#then#filtered#through#a#short#pad#of#cotton#wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was#dissolved#in#PhMe#(5#mL)#and#cooled#to#−60#°C.#Phenylethynylmagnesium#bromide#solution#

(1.0#M#in#THF,#1.49#mL,#1.49#mmol)#was#added#and#the#resulting#mixture#was#stirred#at#−60#°C#

overnight.# The# mixture# was# then# quenched# with# NH4Cl,# extracted# with# CH2Cl2# (×3),# dried#

(MgSO4)#and#concentrated#under#reduced#pressure#to#give#a#crude#reaction#product.#Purification#

via#preparative#TLC#gave#114# as#a#yellow#oil;#νmax# (film)#3016,#1781,#1702;#δH# (400#MHz,#CDCl3)#

4.44#(1H,#s),#4.92#(1H,#s),#6.90#(1H,#d,#J#7.9),#6.95#(1H,#td,#J#7.6,#0.7),#7.20#(1H,#d,#J#7.6),#7.2847.37#(4H,#

m),#7.5247.61# (5H,#m),#7.8547.92# (3H,#m),#8.13# (1H,# s);#δC# (101#MHz,#CDCl3)#58.0,#64.4,#84.4,#88.3,#

111.6,# 119.0,# 121.2,# 121.9,# 124.1,# 125.7,# 126.6,# 126.9,# 127.0,# 127.7,# 128.4,# 128.4,# 129.0,# 129.2,# 130.6,#

132.1,#133.0,#133.2,#134.4,#149.4;#m/z#(ESI+)#371#([M+H]+,#100%);#HRMS#(ESI+)#C27H18N2Na+,#([M+H]+)#

requires# 393.1362;# found# 393.1360;# Daicel# CHIRALPAK# IA,# 4.6# mm# ×# 250# mm,# 20:80# 24

propanol/hexane,#1.0#mL/min,#retention#times#of#enantiomers:#13.80#min,#15.69#min.#
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Preparation- of- (2R,3R)'3'(naphthalen'2'yl)'2'(phenylethynyl)indoline'3'carbonitrile- 39-

(Scheme-1)-

39

N
H

CN

Ph

-

Catalyst#12#(12#mg,#0.0187#mmol)#was#added#to#a#solution#of#isocyanide#84#(100#mg,#0.373#mmol)#

in#anhydrous#PhMe# (3.73#mL)#under#argon.#The# resulting#mixture#was#stirred#at# rt# for#30#min,#

after# which# 30%# aq.# CsOH# (0.37# mL)# was# added# at# −40# °C.# Once# the# reaction# was# complete,#

MgSO4# was# added# and# the# mixture# was# then# filtered# through# a# short# pad# of# cotton# wool#

contained#within#a#pipette.#Following#washing#with#PhMe#and#concentration#in'vacuo,#the#residue#

was#dissolved#in#PhMe#(5#mL)#and#cooled#to#−60#°C.#Phenylethynylmagnesium#bromide#solution#

(1.0#M#in#THF,#1.49#mL,#1.49#mmol)#was#added#and#the#resulting#mixture#was#stirred#at#−60#°C#

overnight.# The# mixture# was# then# quenched# with# NH4Cl,# extracted# with# CH2Cl2# (×3),# dried#

(MgSO4)# and# concentrated#under# reduced#pressure# to# give# crude#39# (>98:2#dr).# Purification#via#

flash#column#chromatography#on#silica#gel#(silica;#90:10#40460#petrol/EtOAc)#gave#39#as#a#yellow#

oil# (105# mg,# 76%# over# two# steps,# >98:2# dr),# which# was# shown# by# chiral# HPLC# {Daicel#

CHIRALPAK# IA,# 4.6#mm# ×# 250#mm,# 20:80# 24propanol/hexane,# 1.0#mL/min,# retention# times# of#

enantiomers:# 13.78# min# (major),# 15.70# min# (minor)}# to# have# 92:8# er# with# identical# 1H# NMR#

spectroscopic#properties#to#114;#

€ 

[α]D
20 #4216.0#(c#0.5#in#CHCl3).-

1.3.5-Additional-Synthesis-

This#reaction#has#not#been#optimized.#
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Preparation- of- (R)'1'((4'bromophenyl)sulfonyl)'5'methyl'3'(naphthalen'2'yl)indoline'3'

carbonitrile-115-

##############
115

N

CNMe

S
O

O
Br

115
#

To#a# solution#of#29# (97.0#mg,# 0.340#mmol,# >98:2# er)# in# anhydrous#CH2Cl2# (6.00#mL)#was#added#

Et3N#(95.0#µL,#0.680#mmol),#44bromobenzenesulfonyl#chloride#(0.130#g,#0.512#mmol)#and#DMAP#

(4.10#mg,#0.0340#mmol).#After#stirring#for#24#h,#the#reaction#mixture#was#quenched#with#H2O#and#

extracted#with#CH2Cl2# (×3).# The# combined# organic# layers#were# dried# (MgSO4),# concentrated# in'

vacuo#and#purified#by# flash#chromatography# (silica;#8:1#40460#petrol/Et2O)# to#yield#115# (150#mg,#

87%)#as#white#crystals;#mp#1684170#°C;#

€ 

[α]D
20 # 4100.5# (c#1.0# in#CHCl3);#νmax# (film)#2970,#2360,#2251,#

1739,#1574;#δH#(400#MHz,#CDCl3)#2.31#(3H,#s),#4.33#(1H,#d,#J#11.8),#4.66#(1H,#d,#J#11.8),#6.9647.03#(2H,#

m),#7.2347.29#(1H,#m),#7.43#(2H,#d,#J#8.6),#7.5147.59#(5H,#m),#7.73#(3H,#dd,#J#11.6,#8.7),#7.8147.86#(1H,#

m);#δC#(101#MHz,#CDCl3)#21.0,#48.7,#63.5,#115.7,#120.1,#122.9,#125.7,#126.4,#127.2,#127.3,#127.6,#128.2,#

128.6,# 129.1,# 129.6,# 130.7,# 131.7,# 132.5,# 132.7,# 132.8,# 135.3,# 135.4,# 135.8,# 139.0;# m/z# (ESI+)# 525#

([M+Na]+,#84%);#HRMS#(ESI+)#C26H19BrN2NaO2S+,#([M+Na]+)#requires#525.0243;#found#525.0241.#
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Appendix(I:(Further(Reaction(and(Catalyst(Optimization(

N

N

R3

OR1
R2

H

H

X

N

CNCl

N
C

CN
Cl Catalyst (5 mol%)

Conditions
(see table)

Reduction

N
H

CNCl

N

N
OH

Ph

H

H

Br

116 R1 = H, R2 = anthranyl, R3 = H, X = Cl
117 R1 = H, R2 = 4-CF3C6H4, R3 = H, X = Br
118 R1 = H, R2 = 2-naphthyl, R3 = H, X = Br
119 R1 = H, R2 = 4-BrC6H4, R3 = OMe, X = Br
120 R1 = H, R2 = 4-OMeC6H4, R3 = OMe, X = Cl 
121 R1 = H, R2 = C6F5, R3 = OMe, X = Br
122 R1 = CONH(4-NO2C6H4), R2 = Ph, R3 = OMe, X = Br

123

Catalysta

116
117
118
119
120
121
122
123

Basea

KOH (s)
CsOH⋅H2O (s)
CsOH⋅H2O (s)

30% CsOH (aq.)
30% CsOH (aq.)
30% CsOH (aq.)
30% CsOH (aq.)
CsOH⋅H2O (s)

Solventa

PhMe
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)
PhMe/CHCl3 (9:1)

Temp (°C)a

−78 to −50
−40
−40
−40
−40
−40
−40
−40

era

62:38
53:47
58:42
78:22
83:17
57:43
57:43
50:50

1 2 3

(
Table(1:$Further$reaction$and$catalyst$optimization.$a$er$established$by$chiral$HPLC$analysis.$

$

N

CNCl

N
C

CN
Cl

12 (5 mol%)
30% CsOH (aq.)

PhMe
−40 °C

Reduction

N
H

CNCl

Conc (mmol/mL)a

0.05
0.10
0.20

era

88:12
89:11
85:15

1 2 3

(
Table(2:(A$concentration$study$with$catalyst$12.$a$er$established$by$chiral$HPLC$analysis.$
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