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Abstract 
Amines  are  ubiquitous  in  medicinal  compounds  and  essential   to  human  health.  

We   have   addressed   the   limitations   of   amine   synthesis   by   significantly   expanding   the  

utility  of  2-­‐‑azaallyl  anions  and  2-­‐‑azaallyl  anion-­‐‑like  reagents  in  the  production  of  imine-­‐‑

protected  amines  (Scheme  1).        

Scheme  1:  2-­‐‑Azaallyl  Anions  and  2-­‐‑Azaallyl  Anion-­‐‑Like  Reagents  
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Chapter  Two  

We  have  developed  the  first  intermolecular,  stereoselective  reactions  that  directly  

generate   1,3-­‐‑amino   alcohols   bearing   three   contiguous   stereogenic   centers   through   a  

coupling   of   2-­‐‑azaallyl   anions   with   substituted   epoxides.   This   method   tolerates   an  

expansive   range   of   substrates,   including   variations   on   the   substitution   patterns   of   the  

epoxide   and   the   azaallyl   anion   nucleophile.   Both   cis-­‐‑   and   trans-­‐‑1,2-­‐‑disubstituted  

epoxides,   electron-­‐‑rich   and   electron-­‐‑poor,   readily   react.   Alkyl   groups,   including  

heteroatom   containing   ones,   α-­‐‑branching,   and   aromatic   groups   are   tolerated   within  

styrenyl   epoxides.   Terminal   epoxides   are   also   effective   coupling   partners,   providing  

wide   access   to   a   range   of   primary,   secondary,   and   tertiary   alcohol   products.   Several  

azaallyl   anions,   including   those  with   aryl,   heteroaryl,   vinyl,   and   alkynyl   substituents,  
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are   excellent   partners   for   transformations   with   trans-­‐‑disubstituted   epoxides.  

Importantly,   these   products   can   be   further   functionalized   through   deprotection   and  

Mitsunobu  reaction  to  access  highly-­‐‑substituted  azetidines.    

Scheme  2:  Azaallyl  Anion  Ring-­‐‑Opening  of  Epoxides  
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Chapter  Three  

Fluorine   is   known   to   enhance   the   pharmacology   of   compounds   in   several  

important   ways,   including   improving   pharmokinetics,   lipophilicity,   cell   permeability,  

and  metabolic  rates.  To  improve  access  to  these  crucial  compounds,  we  have  developed  

a  method  for  chiral  α-­‐‑CF3  amines   through  generation  of  an  α-­‐‑CF3-­‐‑substituted  azaallyl–

Ag   intermediate   that   is   coupled  with  aryl   iodides   through  a  Pd-­‐‑catalyzed  process.  We  

were  able  to  expand  this  method  to  over  twenty  examples  of  electron-­‐‑rich  and  electron-­‐‑

poor   aryl   iodides   with   various   substitution   patterns   as   well   as   one   heteroaromatic  

compound.  These  products  are  immensely  useful  and  we  have  explored  their  utility  by  

developing   a   concise,   3-­‐‑step   synthesis   of   an  HDAC6   inhibitor.   Through   spectroscopic  

studies,  we  were  also  able  to  elucidate  the  structure  of  the  intermediate  in  this  reaction,  



  

  

vi  

demonstrating   that   the   likely  species   is  an  azaallyl–Ag   intermediate  and  the   formation  

of  this  intermediate  is  likely  catalyzed  by  XPhos.    

Scheme  3:  Pd-­‐‑Catalyzed  Fluoroarylation  of  2-­‐‑Azadienes  
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Chapter  Four  

Chiral   α-­‐‑amino   boronates   are   found   in   medicinal   compounds   with   great  

significance   to  human  health,  such  as  bortezomib  and   ixazomib,  proteasome  inhibitors  

used  for  treatment  of  cancer.  We  have  begun  to  develop  a  method  for  hydroboration  of  

2-­‐‑azadienes   to   afford   α-­‐‑amino   boronates.   Utilizing   our   2-­‐‑azadiene   substrate,   we   can  

access   these   moieties   regioselectively,   enantioselectively,   and   in   high   yield.   Ongoing  

work  will   expand   substrate   scope   through  broadening   the   substitution  patterns  of   the  

azadiene.  

Scheme  4:  Hydroboration  of  2-­‐‑Azadienes  
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1. Introduction 

1.1 Diastereo - and Site -Selective Synthesis of 1,3 -Amino 
Alcohols via Azaallyl Anion Ring -Opening of Epoxides  

Amino   alcohols   are   ubiquitous   in   natural   products   as   well   as   in   synthetic  

medicinal   compounds,[1]   including   antibiotics,   anti-­‐‑HIV   medicines,   and   antifungal  

agents   (Figure   1.1).[2]   In   addition   to   their   medicinal   relevance,   1,3-­‐‑amino   alcohols   are  

useful  chirality  transfer  agents  in  asymmetric  synthesis,  as  ligands  or  chiral  auxiliaries  in  

transformations   such   as   hydride   reductions,   aldol   reactions,   and   transition   metal  

catalysis.[3]   Furthermore,   these   types  of  methodologies  utilizing  1,3-­‐‑amino  alcohols  has  

been   applied   to   the   total   synthesis   of   biological   molecules   such   as   11a-­‐‑

hydroxyprogesterone,  a  precursor  to  hydrocortisone  acetate.[4]    
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Figure  1.1:  Prevalence  of  1,3-­‐‑Amino  Alcohols  in  Medicinal  Compounds  

Despite   this  ubiquity  and   importance,   few  methods  that  are  redox  efficient  and  

rapidly  build  complexity  through  generation  of  multiple  stereogenic  centers  in  sterically  

congested  molecules   are   available   to   synthetic   chemists.   In   chapter   two,  we   report   an  

intermolecular,  stereoselective  reaction  that  directly  generates  1,3-­‐‑amino  alcohols  in  the  
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desired   oxidation   state   through   the   coupling   of   2-­‐‑azaallyl   anions   with   epoxides   of  

varying  substitution  patterns  (Scheme  1.1).    

Scheme  1.1:  Stereoselective,  Regioselective,  and  Stereospecific  Addition  of  2-­‐‑Azaallyl  
Anions  to  Epoxides  
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1.2 Palladium -Catalyzed Synthesis of ! -Trifluoromethyl Benzylic 
Amines via Fluoroarylation of gem -Difluoro -2-azadienes Enabled 
by Phosphine -Catalyzed Formation of an Azaallyl ÐSilver 
Intermediate  

Fluorine  is  commonly  observed  in  bioactive  molecules  and  pharmaceuticals  as  it  

is   known   to   enhance   desirable   medicinal   properties   in   several   ways,   including  

improving  pharmacokinetics,  lipophilicity,  cell  permeability,  and  metabolic  rates.[20]  For  

this   reason,   synthetic   methods   for   the   installation   of   fluorine   are   highly   desirable.   In  

particular,  amines  with  α-­‐‑CF3  groups  are  exciting  targets  as  these  moieties  are  important  

components   of  many  medicinal   compounds,   including   treatments   for   cancer,   anxiety,  

and  osteoporosis  (Figure  1.2).[21]    
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Figure  1.2:  Bioactive  Molecules  Containing  an  α-­‐‑CF3  Amine  Moiety  
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To  access   these  essential  molecular   structures,  we  explored  a   fluoroarylation  of  

gem-­‐‑difluorostyrenes  to  afford  protected  α-­‐‑CF3  amines.  (Scheme  1.2).  

Scheme  1.2:  Pd-­‐‑Catalyzed  Fluoroarylation  of  Difluoroazadienes  
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1.3 Catalytic, Enantioselective, and Regioselective 
Hydroboration of 2 -Azadienes: A Strategy for Assembly of 
Protected ! -Amino Boronates  

Chiral   α-­‐‑amino   boronates   are   found   in   naturally   occurring   and   synthetic  

medicinal  compounds  such  as  bortezomib  and  ixazomib,  proteasome  inhibitors  used  for  

treatment  of  cancer  (Figure  1.3).[33]  

N

N
O

N
H

H
N

O

B OH

OH Cl

Cl

O

N
H

H
N

O

B O

O

HO O

O O

OH

bortezomib
multiple myeloma

ixazomib
multiple myeloma   

Figure  1.3:  Chiral  α-­‐‑Amino  Boronate  Moeties  in  Anticancer  Drugs  

Furthermore,   these   compounds   are   synthetically   useful   as   reagents   and  

intermediates  in  the  synthesis  of  various  useful  target  molecules  because  C–B  bonds  can  

be   readily   transformed   into   C–C   bonds.   The   cross-­‐‑coupling   of   boronic   acids   with  

electrophiles  is  a  powerful  method  for  the  formation  of  C–C  bonds,  providing  access  to  

many   pharmaceuticals   and   materials.[34]   Additional   methods   of   homologation   with  
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boronic   acid   derivatives   have   been  developed   by  Matteson   and  Aggarwal   that   enable  

coupling   of   boronic   esters   with   aryl   electrophiles   in   the   absence   of   transition   metal  

catalysts.[33d,  35]  

Despite   their   significance,  methods   for   the   preparation   of   this  motif   are   scarce  

and  limited.  To  further  expand  access  to  α-­‐‑amino  boronates,  we  are  developing  a  regio-­‐‑  

and  enantio-­‐‑selective  hydroboration  of  2-­‐‑azadienes  (Scheme  1.3).    

Scheme  1.3:  Hydroboration  of  2-­‐‑Azadienes  

Ph2CN
Ph2CN
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>98% regioselective
>98% yield   
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2. Diastereo- and Site-Selective Synthesis of 1,3-Amino 
Alcohols via Azaallyl Anion Ring-Opening of Epoxides  

Portions  of   this  chapter  have  been  submitted  for  publication.  Data  presented   in  

Sections  2.27  and  2.28  are  in  collaboration  with  Alexandria  Weber.  

2.1 Introduction  

Amino   alcohols   are   ubiquitous   in   natural   products   as   well   as   in   synthetic  

medicinal   compounds,[1]   including   antibiotics,   anti-­‐‑HIV   medicines,   and   antifungal  

agents   (Figure   2.1).[2]   In   addition   to   their   medicinal   relevance,   1,3-­‐‑amino   alcohols   are  

useful  chirality  transfer  agents  in  asymmetric  synthesis,  as  ligands  or  chiral  auxiliaries  in  

transformations   such   as   hydride   reductions,   aldol   reactions,   and   transition   metal  

catalysis   (Scheme  2.1).[3]  Furthermore,   these   types  of  methodologies  utilizing  1,3-­‐‑amino  

alcohols   has   been   applied   to   the   total   synthesis   of   biological   molecules   such   as   11a-­‐‑

hydroxyprogesterone,  a  precursor  to  hydrocortisone  acetate.[4]    
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Figure  2.1:  Prevalence  of  1,3-­‐‑Amino  Alcohols  in  Medicinal  Compounds  

Despite   this  ubiquity  and   importance,   few  methods  that  are  redox  efficient  and  

rapidly  build  complexity  through  generation  of  multiple  stereogenic  centers  in  sterically  

congested  molecules   are   available   to   synthetic   chemists.   In   this   chapter,  we   report   an  
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intermolecular,  stereoselective  reaction  that  directly  generates  1,3-­‐‑amino  alcohols  in  the  

desired   oxidation   state   through   the   coupling   of   2-­‐‑azaallyl   anions   with   epoxides   of  

varying  substitution  patterns  (Scheme  2.2).    

Scheme  2.1:  Amino  Alcohols  as  Sources  of  Chirality  in  Organic  Synthesis  
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Scheme  2.2:  Stereoselective,  Regioselective,  and  Stereospecific  Addition  of  2-­‐‑Azaallyl  
Anions  to  Epoxides  
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2.1.1  Synthesis  of  1,3-­‐‑Amino  Alcohols  

Few   stereoselective   methods   are   currently   available   for   the   synthesis   of   1,3-­‐‑

amino   alcohols   that   generate   this  motif  within  molecules   bearing  multiple   contiguous  

stereogenic   centers.[1,   5]  Many   of   these  methods,   such   as   the  Mannich   reaction,   require  

additional  transformations  to  achieve  1,3-­‐‑amino  alcohols  in  the  desired  oxidation  state.[6]  
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Mannich  reactions  utilize  an  electrophilic  imine  that  is  attacked  by  an  enol  nucleophile,  

resulting  in  a  1,3-­‐‑amino  alcohol  in  which  the  carbonyl  must  be  reduced  (Scheme  2.3).[4,  7]    

Scheme  2.3:  Current  Synthetic  Limitations  in  the  Synthesis  of  1,3-­‐‑Amino  Alcohols  
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Intramolecular   C–H   amination   is   an   efficient,   stereoselective   tactic   for  

preparation   of   1,3-­‐‑amino   alcohols   (Scheme   2.3).[8]   A  major   limitation   of   this   particular  

pathway   is   the   required   preassembly   of   the   hydrocarbon   backbone.   As   the   amine   is  

installed  in  the  final  step,  all  but  one  stereogenic  center  must  be  preset  within  the  alkyl  

backbone.  

Lewis   acid-­‐‑mediated   conjugate   addition   of   amines   to  α,β-­‐‑unsaturated   carbonyl  

compounds   also   provides   an   attractive   strategy   for   synthesis   of   1,3-­‐‑amino   alcohols  

(Scheme   2.3).[9]   Similarly   to   the   Mannich   method,   amine   conjugate   addition   is   also  

limited   in   its   requirement   of   an   additional   reduction   step   of   the   carbonyl   within   the  

product  in  order  to  obtain  the  amino  alcohol.  
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Many  of  the  methods  available  for  production  of  1,3-­‐‑amino  alcohols  are  limited  

in  major  ways,   including   requiring   oxidation   state   adjustment   of   the   product   and   the  

ability  to  quickly  build  complexity.[10]  Furthermore,  these  methods  customarily  provide  

access  to  primary  and  secondary  alcohols  and  rarely  result  in  tertiary  alcohols.  [11]  

Scheme  2.4:  Transition  Metal-­‐‑Catalyzed  Couplings  of  2-­‐‑Azaallyl  Anions  
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2.1.2  Imine  Reactivity  

While   imines   are   more   commonly   known   as   electrophiles,   generation   of   an  

azaallyl  anion  from  an  imine  through  deprotonation  allows  for  umpolung  reactivity.[12]  

This  chemistry  has  been  pioneered  in  various  laboratories.  Prior  to  the  developments  in  

modern   chemistry,   azaallyl   anions  were   first   reported   by   Emil   Erlenmeyer   in   1899.[13]  

Erlenmeyer   generated   an   azaallyl   anion   through   KOH   deprotonation   of   an   imine  
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accessed   through   condensation   of   benzylamine   with   benzaldehyde.   Walsh   has  

developed   Pd-­‐‑catalyzed   cross-­‐‑couplings   of   azaallyl   anions   to   aryl   halides   to   furnish  

diarylmethyl  amines  (Scheme  2.4).[14]  The  2-­‐‑azaallyl  anion,  generated   in  situ,   is  coupled  

to  an  aryl  chloride  through  initial  addition  to  the  metal  center  and  subsequent  reductive  

elimination  with   the   aryl  moiety.   Deng   has   developed   an   asymmetric,   base-­‐‑catalyzed  

conjugate  addition  of  azaallyl  anions  to  α,β-­‐‑unsaturated  aldehydes,  affording  1,4-­‐‑amino  

alcohol  precursors   (Scheme  2.4).[15]  Through   this  method,  Deng  can  access   these  amino  

alcohols   in   good   yield   (up   to   84%),   high   diastereoselectivity   (up   to   93:7)   and  

enantioselectively   (up   to   97.5:2.5   er).   Kobayashi   has   shown   that   1,2-­‐‑diamines   can   be  

synthesized   by   the   couplings   of   fluorenone-­‐‑derived   azaallyl   anions   with  

diphenylphosphinoyl-­‐‑protected  imines  as  electrophiles.  This  is  a  base-­‐‑catalyzed  process  

that   directly   affords   diamines   in   the   correct   oxidation   state.   Utilizing   a   cinchonine-­‐‑

derived  chiral  catalyst,  Kobayashi  found  the  reaction  proceeds  in  good  enantioselectivity  

and  diastereoselectivity  (up  to  >98%  yield,  >99:1  dr,  Scheme  2.4).[16]  Buchwald  established  

an   enantioselective   Pd-­‐‑catalyzed   arylation   of   imines   (Scheme   2.4).[17]   A   fluorenone-­‐‑

derived  imine  is  first  deprotonated  by  NaOtBu  to  generate  a  2-­‐‑azaallyl  anion,  which  can  

be   coupled   with   aryl   bromide   through   a   Pd-­‐‑catalyzed   asymmetric   arylation.   This  

process   occurs   in   high   yields   and   high   enantioselectivity   with   the   help   of   a   biaryl,  

monodentate  phosphate  ligand.    
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2.2 Research Design  

We   have   developed   an   intermolecular,   diastereoselective   and   stereospecific  

method  for  generating  1,3-­‐‑amino  alcohols  through  the  combination  of  2-­‐‑azaallyl  anions  

with   substituted   epoxides.   The   azaallyl   anion,   generated   through  deprotonation   of   an  

imine  reacts  exclusively  at  one  position  of   the  epoxide  through  an  SN2   inversion  at   the  

point  of  C–C  bond  formation.  These  reactions  occur  in  high  yield  (up  to  >98%)  and  high  

diastereoselectivity   (up   to   >20:1)   and   are   applicable   to   a   diverse   substrate   scope,  

allowing  variation  on  both  the  azaallyl  nucleophile  and  the  epoxide  electrophile.    

2.2.1  Preliminary  Findings  

In   our   initial   explorations,   we   found   that   we   could   achieve   coupling   of   the  

benzophenone-­‐‑derived   imine   2.1   and   stilbene   oxide   2.2   at   –45   °C   in   THF   for   24   h,  

resulting   in  a  mixture  of  10:1  syn:anti  mixture  of  diastereomers  at   the  N-­‐‑bearing  center  

(57%   combined   yield   of   syn-­‐‑2.3   and   anti-­‐‑2.3   by   1H   NMR   analysis)   (Scheme   2.5).   The  

azaallyl  anion,  generated  through  imine  deprotonation  with  LiHMDS,  reacts  exclusively  

through  its  least  substituted  nucleophilic  position  and  adds  to  the  epoxide  to  afford  the  

desired   amino   alcohol.  We   continued   our   optimizations   with   trans-­‐‑β-­‐‑styrene   oxide   in  

order  to  test  site-­‐‑selectivity  with  respect  to  the  epoxide.  

Scheme  2.5:  Initial  Findings  in  Azaallyl  Anion  Addition  to  trans-­‐‑Stilbene  Oxide  
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2.2.2  Reaction  Optimization  

Scheme  2.6:  Reaction  Optimization  of  Azaallyl  Anion  Addition  
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THF, temp, time Ph

OH

MePh

Ph2CN

syn-2.6

or
Ph

OH

MePh

Ph2CN

anti-2.6

or

2.5   

During  the  process  of  reaction  optimization,  we  explored  variations  on  the  imine  

tautomer,  base,   temperature,   additives,   and   reaction   time   (Scheme  2.6).  We   found   that  

we  can  achieve  coupling  through  the  use  of  either   imine  tautomer,  2.1  or  2.4,   to  access  

the  resonance-­‐‑stabilized  2-­‐‑azaallyl  anion.  Due  to  the  sterically-­‐‑hindered  acidic  proton  in  

aldimine  2.4,  a  stronger  base  (LDA)  is  needed  for  deprotonation.  This   is   likely  because  

LDA  is  a  kinetically  faster  reacting  base  and  the  benzylic  proton  in  2.4  is  less  accessible  

than   in   2.1   (Table   2.1,   entry   10).  Whereas   LiHMDS  was   ineffective   for   aldimine   2.4,   it  

was  essential   for  ketimine  2.1.  Of   the  bases  examined,  LiHMDS  was   the  most  effective  

base  for  deprotonation  of  2.1,  which  has  a  pKa  of  24.3  in  DMSO.  Similar  bases,  KHMDS  

and   NaHMDS   were   inefficient   under   the   reaction   conditions,   offering   <2%   and   19%  

conversion,  respectively  (Table  2.1,  entries  1–3  and  4–6).  These  bases  are  strong  enough  

for  deprotonation  of   imine,  but   result   in   a  poor   coupling   reaction.  For   this   reason,  we  

believe  Li  acts  as  a  Lewis  acid,  activating  the  epoxide  for  attack  through  coordination  of  

both  reaction  partners.  

Two   equivalents   of   ketimine   were   found   to   be   optimal.   Lower   reaction  

temperatures   offered   higher   diastereoselectivity   but   at   the   cost   of   lower   rates   of  
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conversion   (Table   2.1,   entries   1,   4,   7–8).   For   some   substrates,   these   lower   conversion  

rates  were  prohibitive,  so  temperature  was  optimized  for  each  substrate.  We  picked  the  

temperature   that   offered   the   highest   diastereoselectivity   with   reasonable   rates   of  

conversion.   In   cases   where   lower   temperatures   offered   significantly   higher  

stereoselectivity  despite  poor  rates,  we  opted  to  run  reactions  for  a  longer  period  of  time  

(up  to  48  h)  to  achieve  higher  yield.    

Table  2.1:  Evaluation  of  Reaction  Conditions  

entry imine base temp (°C) conv (%)[a] d.r.[a] syn:anti

1

2

3

4

5

6

7

8

9

10

2.1 LiHMDS 0 >98 3.5:1

2.1 NaHMDS 0 66 3.0:1

2.1 KHMDS 0 13 2.5:1

2.1 LiHMDS –20 87 4.0:1

2.1 NaHMDS –20 19 3.5:1

2.1 KHMDS –20 <2 –

2.1 LiHMDS –45 65 6.0:1

2.1 LiHMDS –60 47 6.5:1

2.1 LiHMDS –45 >98 (79)[b] 5.5:1

2.4 LDA –45 >98 (74)[b] 5.5:1

[a] Determined by 500 1H MHz spectroscopy of the unpurified mixture. Values rounded to nearest 0.5. [b] Isolated 
yield of the diastereomeric mixture after purification.

Ph

NCPh2

2.1
Ph

NCHPh2

2.4

i.) 2.0 equiv LiHMDS, THF, 22 °C, 10 min
ii.) O

Ph
Me

THF, temp, time Ph

OH

MePh

Ph2CN

syn-2.6

or
Ph

OH

MePh

Ph2CN

anti-2.6

or

2.5

time (h)

4

4

4

3.5

3.5

3.5

4

24

4

4

  

A  variety  of  Lewis   acids  were   examined  and  none  were   effective   in   enhancing  

reactivity.   This   was   surprising,   especially   in   the   case   of   Li-­‐‑containing   Lewis   acids,  

because  of  the  essential  nature  of  LiHMDS  in  the  reaction.  Adding  LiCl  to  the  reaction  

results   in   lower   yields   when   used   in   increasing   amounts.   One   equivalent   of   LiCl  
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decreased   the   yield   from   80%   (no   additive)   to   69%,   while   four   equivalents   of   LiCl  

reduced  the  yield  to  58%.  We  hypothesize  that  while  Li  is  essential  to  the  reaction,  one  Li  

atom   from   LiHMDS   offers   a   desirable   solution   state   assembly   to   the   imine–epoxide–

Li•solvent   framework   that   leads   to   greatest   reaction   efficiency.   Additional   additives,  

even  those  containing  additional  Li-­‐‑sources,  disrupt  this  solvent–reactant  matrix.  Other  

additives   tested,   including   a   salen–Co   complex,   BF3•OEt2,   aluminum   isopropoxide,  

trimethylaluminum,  and  titanium  isopropoxide,  all  resulted  in  little  to  no  reaction.    

Under   our   optimized   conditions,   we   found   that   azaallyl   addition   to   trans-­‐‑β-­‐‑

methyl  styrene  oxide  delivers  2.6  in  79%  yield  and  5.5:1  dr  (Table  2.1,  entry  10).  

2.2.3  Trans  Epoxides  

A   wide   range   of   trans-­‐‑1,2-­‐‑disubstituted   epoxides   react   with   the   azallyl   anion  

generated   from   ketimine   2.1,   affording   a   multitude   of   1,3-­‐‑amino   alcohols   in   an  

enantiospecific,   regioselective,   and   high   yielding   process.   Many   substitution   patterns  

and  electronic  variations  are  tolerated  in  this  reaction  (Scheme  2.7).    

Ortho-­‐‑,  meta-­‐‑,  and  para-­‐‑substitution  aromatic  rings  are  effective  reaction  partners  

in   this   method.   Para-­‐‑substituted,   electron-­‐‑poor   epoxides   undergo   reaction   at   lower  

temperatures   and   provide   higher   diastereoselectivities   as   a   result   (14.5:1   to   >20:1).  

Electron-­‐‑rich  para-­‐‑methoxy  amino  alcohol  2.18  is  formed  with  lower  diastereoselectivity  

because  the  addition  to  form  it  must  be  run  at  higher  temperature  (–45  °C  rather  than  –

78  °C  for  electron-­‐‑poor  substrates).  Meta-­‐‑substituted  substrates  2.22  and  2.23  offer  good  
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regioselectivity  and  yield  at  –60  °C  regardless  of  electronics.  Ortho-­‐‑substituted  substrates  

are  reacted  in  good  yield  and  diastereoselectivity  (2.24  and  2.25).    

The   alkyl   substitution   pattern   can   also   be   varied.   More   sterically-­‐‑hindered  

isopropyl  amino  alcohol  2.28  is  afforded  in  high  diastereoselectivity  and  lower  yield  as  it  

is  slower  to  react.  Furthermore,  heteroatom-­‐‑containing  silyl  ether  substrate  2.27  provides  

excellent   yields   and   diastereoselectivity.   For   every   substrate,   we   see   perfect  

regioselectivity   for   benzylic   ring-­‐‑opening   at   the   epoxide   and   attack   from   the   least  

hindered  carbon  of  the  azaallyl  anion.  

2.2.4  Cis  Epoxides  

cis-­‐‑Epoxides   are  much   less   reactive   than   trans-­‐‑epoxides   in   this   transformation,  

offering   good   to   excellent   yields,   but   only   at   higher   temperatures   and   longer   reaction  

time   (24   h   at   room   temperature).   For   this   reason,   the   diastereoselectivities   for   cis-­‐‑

epoxides  are  significantly   lower   (Scheme  2.8).  We  examined  cis-­‐‑β-­‐‑methylstyrene  oxide,  

cis-­‐‑stilbene  oxide,  and  cyclohexene  oxide  coupling  partners.  At  temperatures  lower  than  

room   temperature,   all   of   these   reactions   were   prohibitively   slow.   Potentially,   the   cis-­‐‑

epoxides   are   slower   to   react   because   the   Li   coordinates   from   the   least   hindered   side,  

leaving   the   nucleophile   to   attack   solely   from   the   face   of   the   epoxide   blocked   by   its  

substituents.    
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Scheme  2.7:  2-­‐‑Azaallyl  Anion  Addition  to  Trans  Epoxides  

OH

Me

2.18
94% yield, 9:0:1 d.r.

–45 °C, 4 h

OMe

OH

Me

2.19
73% yielda, 16.0:1 d.r.

–78 °C, 24 h

CF3

Ph

Ph2CN Ph2CN

Ph

OH

Me

2.20
>98% yield, >20.0:1 d.r.

–78 °C, 24 h

CN

Ph2CN

Ph

OH

Me

2.21
77% yielda, 14.5:1 d.r.

–78 °C, 48 h

Br

Ph2CN

Ph

OH

Me

2.22
67% yield, 11.0:1 d.r.

–60 °C, 24 h

Ph

Ph2CN

Me

OH

Me

2.23
81% yield, 8.0:1 d.r.

–60 °C, 27 h

Ph

Ph2CN

Br

OH

Me

2.24
78% yield, 9.5:1 d.r.

–45 °C, 48 h

Ph

Ph2CN

Me

OH

Me

2.25
73% yielda, 7.0:1 d.r.

–45 °C, 24 h

Ph

Ph2CN

Br

Ph

OH

n-Bu

2.26
57% yield, 7.0:1 d.r.

–60 °C, 24 h

Ph

Ph2CN

Ph

OH

2.27
92% yield, 13.5:1 d.r.

–45 °C, 24 h

Ph

Ph2CN
OTBS

Ph

OH

i-Pr

2.28
43% yield, >20:1 d.r.

–45 C, 48 h

Ph

Ph2CN

OH

Ph

2.3
67% yielda, 16.5:1 d.r.

–60 °C, 24 h

Ph

Ph2CN

Ph

NCPh2

LiHMDS (4.0 equiv)

2.1
(2.0 equiv)

O

Ar R
THF, temp, time

Ar

OH

RPh

Ph2CN

2.2, 2.5, 2.7–2.17
(1.0 equiv)

2.3, 2.6, 2.18–2.28

OH

Me

2.6
79% yield, 5.5:1 d.r.

–45 C, 4 h

Ph

Ph2CN

[a] Isolated yield of the major diastereomer.   
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Scheme  2.8:  Azaallyl  Anion  Addition  to  cis-­‐‑Epoxides  

Ph

NCPh2
LiHMDS (4.0 equiv)

O

R1

THF, 22 °C, 24 h R1

OH

Ph

Ph2CN

2.1
(2.0 equiv)

R2 R2

Ph

OH

Ph

Ph2CN

Me
Ph

OH

Ph

Ph2CN

Ph

OH

Ph

Ph2CN H

2.32
51% yielda

3.0:1 d.r.

2.33
89% yield
3.0:1 d.r.

2.34
83% yield
2.5:1 d.r.

2.29–2.31
(1.0 equiv) 2.32–2.34

[a] Isolated yield of the major diastereomer.   

2.2.5  2,2-­‐‑Disubstituted  Epoxides  

In  addition  to  the  amino  alcohol  substitution  patterns  achieved  through  reaction  

of  our  2-­‐‑azaallyl  anion  to  1,2-­‐‑disubstituted  epoxides,  we  can  also  access  tertiary  alcohols  

through   reaction   of   imine   2.1   with   2,2-­‐‑disubstituted   epoxides   (Scheme   2.9).   All   these  

substrates   afford   product   in  modest   (61%   for   2.39)   to   excellent   yields   (up   to   >98%   for  

2.40).  For  these  epoxides,  diastereoselectivity  was  modest.  Aryl  epoxides  (2.39,  2.40,  2.42)  

as  well  as  alkyl  epoxides  (2.41)  were  effective.    

Scheme  2.9:  Azaallyl  Anion  Addition  to  2,2-­‐‑Disubstituted  Epoxides  

Ph

NCPh2 LiHMDS (4.0 equiv), THF, –45 °C, 24 h
O

R2

R1

Ph

Ph2CN

Me

HO Ph

2.39
61% yielda

4.0:1 d.r.

Ph

Ph2CN

Et

HO Ph

2.40b
>98% yield
3.5:1 d.r.

Ph

Ph2CN HO Ph

2.42
89% yieldc

2.5:1 d.r.

Ph

Ph2CN

Me

HO Cy

2.41
95% yield
2.0:1 d.r.

OTBS

2.1
(2.0 equiv)

2.35–2.38
(1.0 equiv)

2.39–2.42

[a] Isolated yield of the major diastereomer. [b] Reaction for 19 h. [c] Yield calculated from a 
mixture that contains residual 2.1.

Ph

Ph2CN

R2

HO R1
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2.2.6  Terminal  Epoxides  

Terminal   epoxides   are   also   effective   coupling   partners   with   2-­‐‑azaallyl   anions  

derived  from  imine  2.1.   Interestingly,  styrene  oxide  affords  the  primary  alcohol  2.44   in  

58%   yield   and   5.0:1   d.r.   with   exclusive   benzylic   attack   (Scheme   2.10).   In   contrast,   a  

terminal   alkyl   epoxide   affords   the   secondary   alcohol   with   exclusive   terminal   ring-­‐‑

opening   in   71%   yield   and   2.0:1   d.r   (Scheme   2.10).   The   styrene   is   more   electronically  

favored  to  ring  open  at  the  benzylic  position.  In  the  case  of  the  alkyl  epoxide  2.46,  there  

is   no   electronic   advantage,   so   ring-­‐‑opening   occurs   at   the   terminal,   least   hindered  

position.    

Scheme  2.10:  Reaction  of  2-­‐‑Azaallyl  Anions  with  Terminal  Epoxides  

Ph

NCPh2

LiHMDS (4.0 equiv), THF, –60 °C, 24 h
O

Ph Ph

OH

Ph

Ph2CN

2.44
58% yield
5.0:1 d.r.

2.1
(2.0 equiv)

Ph

NCPh2

LiHMDS (4.0 equiv), THF, –60 °C, 24 h
O

n-Bu

OH

Ph

Ph2CN

2.46
71% yield
2.0:1 d.r.

2.1
(2.0 equiv)

n-Bu

2.43
(1.0 equiv)

2.45
(1.0 equiv)

  

2.2.7  Nucleophile  Scope  

A   variety   of   azaallyl   anion   nucleophiles   were   derived   from   the   ketimine  

structure  and  provided  excellent  yields  (up  to  96%).  Highest  diastereoselectivities  were  

achieved  with  the  para-­‐‑substituted  aryl  groups,  both  for  electron-­‐‑rich  and  electron-­‐‑poor  
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aryl  rings.  Ortho  and  meta-­‐‑substituted  imines  provided  much  lower  diastereoselectivities  

(4.5:1  for  2.56  and  7.0:1  for  2.57).    

Alkyne-­‐‑substituted   imine   2.52   provided   2.59   in   high   yield   (94%)   and   modest  

diastereoselectivity   (4.0:1).  Alkenyl-­‐‑substuted   imine  2.53  reacted  with  2.9   to  afford  2.60  

in  high  yield  (95%)  and  modest  diastereoselectivity  (3.5:1).    

We   explored   several   varieties   of   nucleophile   derived   from   ketimines,  with   the  

exception   of   2.51,   which  was   the   only   substrate   that   allowed   for   generation   of   the   2-­‐‑

azaallyl   anion   from   the   aldimine   with   the   LiHMDS   conditions   (Scheme   2.11).   This   is  

likely   because   the   pyridine   allowed   for   Li-­‐‑coordination,   facilitating   deprotonation   to  

afford  2.58  in  high  yield  (94%)  and  modest  diastereoselectivity  (3.5:1).    
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Scheme  2.11:  Nucleophile  Scope  

R
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Me
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OH

2.60
95% yield, 3.5:1 d.r.

–45 °C, 24 h

Me

Ph2CN
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OH
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94% yield, 4.0:1 d.r.

–45 °C, 48 h

2.47–2.53
(2.0 equiv)

TBS
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(1.0 equiv)

2.54–2.60
CN

  

2.2.8  Deprotection,  Scale  Up,  and  Functionalization  of  1,3-­‐‑Amino  Alcohol  Products  

Our  1,3-­‐‑amino  alcohol  products  can  be  easily  deprotected  by  a  simple  hydrolysis  

under   mildly   acidic   conditions,   affording   the   free   amine   2.61   in   high   yield   (90%)  

(Scheme  2.12).  Furthermore,   large  quantities  of   this  material  can  be  accessed  through  a  

scale  up  of  the  azaallyl  anion  coupling  with  the  epoxide.  We  can  prepare  2.6  on  a  gram  

scale  with  high  diastereoselectivity.    
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Scheme  2.12:  Deprotection  of  1,3-­‐‑Amino  Alcohol  Product  

OH

MePh

Ph2CN 2.0 M aq. HCl, THF, 22 °C, 4 h

(1.0 M aq. NaOH workup)

OH

MePh

H2N

2.61
90% yield

2.20
>20:1 d.r.

1.0 g prepared
91% yield

CN CN

  

Free   1,3-­‐‑amino   alcohol   2.61   can   be   further   transformed   in   two   steps   to   afford  

highly  substituted  azetidine  2.63.  Initial  tosylation  of  2.61  can  be  subjected  to  Mitsunobu  

conditions   to   efficiently   synthesize   2.63   in   81%   yield   over   two   steps.   Azetidines   are  

useful  and  difficult  to  access  compounds[18]  that  have  shown  biological  activity[19]  and  is  

found  in  many  natural  products.      

Scheme  2.13:  Formation  of  Azetidine  from  1,3-­‐‑Amino  Alcohol  Product  

TsCl, NEt3, DMAP

CH2Cl2, 0 °C, 18 h

TsN
Me

Ph

2.63
81% yield
(2 steps)

OH

MePh

H2N

2.61

PPh3, DEAD

CH2Cl2, 22 °C, 24 h

OH

MePh

TsHN

2.62
CN CN

CN

  

2.3 Conclusions and Future Work  

Despite   the  prevalence  of  1,3-­‐‑amino  alcohols   in   important  biological  molecules,  

there   are   few   methods   currently   available   for   the   preparation   of   these   essential  

compounds  that  are  both  redox  efficient  and  stereoselective.  We  have  found  that  we  can  
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diastereoselectively   and   enantiospecifically   generate   1,3-­‐‑amino   alcohols   through   the  

attack  of  2-­‐‑azaallyl  anions  upon  epoxides.    

Trans-­‐‑1,2-­‐‑disubstituted  epoxides,  both  electron-­‐‑rich  and  electron-­‐‑poor,  of  varying  

substitution  patterns,  readily  react  with  the  azaallyl  anion  to  afford  1,3-­‐‑amino  alcohols  in  

high  yield  and  diastereoselectivity.  The  epoxide’s  alkyl  substituent  can  be  varied  as  well,  

tolerating  heteroatoms  and  branching.    

Cis-­‐‑1,2-­‐‑disubstituted   epoxides   are   less   reactive,   but   nevertheless   furnish   amino  

alcohols  as  do  2,2-­‐‑disubstituted  epoxides,  the  latter  allowing  for  direct  formation  of  1,3-­‐‑

amino   tertiary   alcohols.   Terminal   aryl-­‐‑substituted   epoxides   undergo   benzylic   attack,  

whereas   terminal   alkyl-­‐‑substituted   epoxides   react   at   their   less-­‐‑hindered   position,  

furnishing   secondary   alcohols.   Several   azaallyl   anions,   including   those   with   aryl,  

heteroaryl,  vinyl,  and  alkynyl,  are  excellent  partners  for  transformations  with  trans-­‐‑1,2-­‐‑

disubstituted  epoxides.    

Our   amino   alcohol   products   can   be   readily   prepared   on   gram   scale   and  

hydrolyzed  under  mildly  acidic  conditions  to  generate  the  free  amine,  which  and  can  be  

further  cyclized  to  access  highly-­‐‑substituted  azetidines.    

This  method   is   a   simple,   expedient,   and   redox-­‐‑efficient   process   for   generating  

1,3-­‐‑amino  alcohols  from  readily  accessible  starting  materials.    
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2.4 Experimental Information  

General   Procedures.  All   reactions  were   carried   out   in   oven-­‐‑   (120   °C)   or   flame-­‐‑

dried   glassware   under   an   inert   atmosphere   of   dry   N2   unless   otherwise   noted.   Oven-­‐‑

dried   (60   °C   or   120   °C)   stainless   steel   cannulas   and/or   glass   syringes   (or   N2-­‐‑flushed  

plastic   syringes)   were   used   for   reagent   transfer.   Organic   solutions   were   concentrated  

under   reduced   pressure   using   a   rotary   evaporator   (Büchi).   Flash   column  

chromatography  was  performed  using  SiliCycle  SiliaFlash®  P60  Silica  Gel.  

Reagents.   NEt3   (Acros)   was   purified   by   distillation   over   calcium   hydride.   p-­‐‑

Toluenesulfonyl  chloride  (Alfa  Aesar)  was  recrystallized  from  hot  hexanes/toluene  prior  

to   use.   The   following   chemicals   were   used   as   received:   acetone   (Fisher);   allylamine  

(Sigma-­‐‑Aldrich);   trans-­‐‑anethole   (Sigma-­‐‑Aldrich);   benzaldehyde   (Sigma-­‐‑Aldrich);  

benzhydrylamine   (Alfa   Aesar);   benzophenone   imine   (Chem-­‐‑Impex);   benzylamine  

(Acros);   boron   trifluoride   diethyl   etherate   (Alfa   Aesar);   2-­‐‑bromobenzaldehyde   (Ark  

Pharm);   3-­‐‑bromobenzaldehyde   (Chem-­‐‑Impex);   4-­‐‑bromobenzylamine   (Ark   Pharm);   t-­‐‑

butyldimethylsilylchloride   (Sigma-­‐‑Aldrich);   3-­‐‑chloroperoxybenzoic   acid-­‐‑50%   (Alfa  

Aesar);  cinnamyl  alcohol  (Alfa  Aesar);  copper  iodide  (Alfa  Aesar);  4-­‐‑cyanobenzaldehyde  

(Chem-­‐‑Impex);   cyclohexene   oxide   (Sigma-­‐‑Aldrich);   diethyl   azodicarboxylate   (Sigma-­‐‑

Aldrich);   dilithium   tetrachlorocuprate   (II)   solution,   0.1   M   in   THF   (Sigma-­‐‑Aldrich);  

dimethoxypropane   (Acros);  4-­‐‑dimethylaminopyridine   (Alfa  Aesar);  dimethoxymethane  

(Sigma-­‐‑Aldrich);   1;2-­‐‑epoxyhexane   (Fisher);   ethylenediaminetetraacetic   acid   (TCI  
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America);   ethylmagnesium   bromide,   3M   in   THF   (Sigma-­‐‑Aldrich);   D-­‐‑fructose   (Acros);  

imidazole   (Sigma-­‐‑Aldrich);   isobutylmagnesium   bromide,   2M   in   Et2O   (Acros);   lithium  

bis(trimethylsilyl)amide   (Sigma-­‐‑Aldrich);   4-­‐‑methoxybenzylamine   (Sigma-­‐‑Aldrich);   2-­‐‑

methylbenzylamine   (Sigma-­‐‑Aldrich);   2-­‐‑methyl-­‐‑2-­‐‑butene   (TCI);   α-­‐‑methyl   styrene   (Alfa  

Aesar);   trans-­‐‑β-­‐‑methyl   styrene   (Acros);   Oxone®;   50%   (Sigma-­‐‑Aldrich);   pentane-­‐‑3-­‐‑one  

(Sigma-­‐‑Aldrich)  perchloric  acid  (Acros);  phenylmagnesium  bromide,  1M  in  THF  (Sigma-­‐‑

Aldrich);   potassium   carbonate   (Alfa   Aesar);   propargyl   alcohol   (Alfa   Aesar);   3-­‐‑

pyridinecarboxaldehyde   (TCI  America);  pyridine  chlorochromate   (Alfa  Aesar);   sodium  

acetate  (Sigma-­‐‑Aldrich);  sodium  bicarbonate  (BDH);  sodium  hydroxide  (BDH);  sodium  

perborate   tetrahydrate   (Sigma-­‐‑Aldrich);   sulfur   trioxide   pyridine   complex   (Sigma-­‐‑

Aldrich);   styrene   (Sigma-­‐‑Aldrich);   tetrabutylammonium   hydrogen   sulfate   (TCI  

America);o-­‐‑tolualdehyde   (Sigma-­‐‑Aldrich);   p-­‐‑toluenesulfonic   acid   (Alfa   Aesar);   trans-­‐‑

stilbene   (Alfa   Aesar);   cis-­‐‑stilbene   oxide   (Sigma-­‐‑Aldrich);   trans-­‐‑stilbene   oxide   (TCI  

America);   3-­‐‑trifluorobenzylamine   (Sigma-­‐‑Aldrich);   4-­‐‑trifluoromethylbenzaldehyde  

(Matrix);   triphenylcarbenium   tetrafluoroborate   (Acros);   triphenylphosphine   (Alfa  

Aesar).  

Solvents.   Solvents   were   sparged   with   dry   N2   and   purified   under   a   positive  

pressure  of  dry  N2  by  an  Innovative  Technologies  PureSolve  solvent  purification  system:  

tetrahydrofuran   (Sigma-­‐‑Aldrich),   dichloromethane   (Sigma-­‐‑Aldrich),   and   diethyl   ether  

(Sigma-­‐‑Aldrich)  were   passed   through   two   consecutive   alumina   columns,   and   toluene  
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(Sigma-­‐‑Aldrich)   was   passed   consecutively   through   an   alumina   and   copper/alumina  

column.  Anhydrous  benzene  (Sure/Seal™)  was  purchased  from  Sigma-­‐‑Aldrich  and  used  

as   received.   Dimethyl   sulfoxide   was   purchased   from   Acros   and   used   as   received.  

Acetonitrile   and  methanol  were   purchased   from   Sigma-­‐‑Aldrich   and   used   as   received.  

Hexanes   (Fisher),   pentane   (Fisher),   diethyl   ether   (Sigma-­‐‑Aldrich)   and   ethyl   acetate  

(Fisher)  were  used  for  flash  column  chromatography  and  used  as  received.  HPLC-­‐‑grade  

hexanes  (Sigma-­‐‑Aldrich)  and  isopropanol  (Sigma-­‐‑Aldrich)  were  used  as  received.  

Instrumentation.  1H-­‐‑NMR  spectra  were  recorded  on  a  Varian  INOVA  (400  MHz),  

Varian  Unity  (500  MHz)  or  Varian/Agilent  VNMRS  (500  MHz)  spectrometer.    Chemical  

shifts   are   reported   in   ppm   from   tetramethylsilane   with   either   the   solvent   resonance  

resulting   from   incomplete   deuteration   (CDCl3:   δ   7.26)   or   added   standard   (1,3,5-­‐‑

trimethoxybenzene:   δ   6.09)   as   the   internal   reference.      Data   are   reported   as   follows:  

chemical  shift,  integration,  multiplicity  (s  =  singlet,  d  =  doublet,  t  =  triplet,  q  =  quartet,  br  

=  broad,  m  =  multiplet),  coupling  constant(s)  (Hz).    13C-­‐‑NMR  spectra  were  recorded  on  a  

Varian   Unity   (125   MHz)   or   Varian/Agilent   VNMRS   (125   MHz)   spectrometer   with  

complete   proton   decoupling.      Chemical   shifts   are   reported   in   ppm   from  

tetramethylsilane  with   the   solvent   resonance   resulting   from  chloroform  as   the   internal  

reference  (CDCl3:  δ  77.16).  19F-­‐‑NMR  spectra  were  recorded  on  a  Varian/Agilent  VNMRS  

(470  MHz)  spectrometer.  Enantiomer  ratios  were  determined  by  HPLC  (Phenomenex™  

Lux®   Amylose   I,   Lux®   Cellulose   I,   or   Lux®   Cellulose   II   in   comparison   with   authentic  
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racemic  materials   on   a   Shimadzu   Prominence  Modular  HPLC.      High-­‐‑resolution  mass  

spectrometry  was  performed  on  an  Agilent  (1200  Series)  LCMS-­‐‑TOF-­‐‑DART  at  the  Duke  

University   Mass   Spectrometry   Facility.[1]   Melting   points   were   measured   on   an  

Electrothermal   MelTemp®   capillary   melting   point   apparatus   and   are   uncorrected.[2]  

Infrared   (IR)   spectra  were  collected  on  a  Nicolet  6700  FT-­‐‑IR  spectrometer,  υmax   in   cm-­‐‑1.  

Bands   are   characterized   as   broad   (br),   strong   (s),   medium   (m),   or   weak   (w).      X-­‐‑ray  

crystallography  was   performed   at   the  North   Carolina   State  University  Department   of  

Chemistry  X-­‐‑ray  Structure  Facility.  

NMR  Spectra:  Please  see  supporting  information  of  reference  30a.  

2.4.2  Preparation  of  ketimine  substrates  

General  Method  A  

NCPh2

RPh Ph

NH
R NH2

CH2Cl2
reflux, 12! 18 h   

A   flame-­‐‑dried   round-­‐‑bottom   flask,   equipped   with   stir   bar,   was   charged   with  

benzophenone   imine   (1.0   equiv),   dichloromethane   (2.5   mL/mmol),   and   amine   (1.0  

equiv),  and  fitted  with  a  reflux  condenser.  The  mixture  was  allowed  to  heat  under  reflux  

for  12−18  h.  Upon  cooling  to  room  temperature,   the  mixture  was  concentrated  and  the  

resulting  solid  purified  by  recrystallization,  unless  otherwise  noted.  

  

                                                                                                                

[1] HRMS data values reported are an average of 4 runs.   
[2] Melting point values are an average of 3 runs.  
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NCPh2

Ph   

N-­‐‑(Diphenylmethylene)benzenemethanamine   (2.1).   Prepared   according   to  

General  Method  A   (13  h,   recrystallization:  dissolved   in  hot  hexanes,   cooled   to   –20   °C,  

filtered)  and  the  title  compound  was  isolated  as  a  white  solid  (7.09  g,  28.8  mmol,  95.3%  

yield)   with   spectral   data   in   agreement   with   literature   values.[3]   1H   NMR   (400   MHz,  

CDCl3)  δ 7.59 (2H, d, J = 6.9 Hz), 7.45−7.08 (13H, m), 4.51 (2H, s).   

NCPh2

Br   

4-­‐‑Bromo-­‐‑N-­‐‑(diphenylmethylene)benzenemethanamine   (2.47).   Prepared  

according  to  General  Method  A  (15  h,  recrystallization:  dissolved  in  hot  hexanes,  cooled  

to   –20   °C,   filtered)   and   the   title   compound  was   isolated   as   a  white   solid   (1.51   g,   4.33  

mmol,  86.0%  yield).  m.p.  =  61.3−64.3  °C;  IR  (thin  film)  3027  (w),  2900  (w),  1618  (m),  1592  

(w),   1572   (m)   cm-­‐‑1;   1H  NMR   (500  MHz,  CDCl3)  δ 7.75–7.64   (2H,  m),   7.50–7.45   (5H,  m),  

7.42–7.40  (1H,  m),  7.38–7.35  (2H,  m),  7.26–7.17  (4H,  m),  4.56  (2H,  s); 13C NMR (125 MHz, 

CDCl3)[4] δ 169.2,   139.7,   139.5,   136.5,   131.3,   130.2,   129.3,   128.6,   128.5,   128.1,   127.6,   120.2,  

56.7; HRMS (ESI+) [M+H]+ calc’d for C20H16BrN : 350.0539, found: 350.0540. 

  

                                                                                                                

[3] M. J. O’Donnell, W. D. Bennett, W. A. Bruder. W. N. Jacobsen, K.  Knuth, B. LeClef, R. L. Polt, F. G. 
Bordwell, S. R. Mrozack, T. A. Cripe, J. Am. Chem. Soc. 1988, 110, 8520−8525.  
[4] Unable to identify one carbon due to overlap in aromatic region.  
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NCPh2

MeO   

N-­‐‑(Diphenylmethylene)-­‐‑4-­‐‑methoxybenzenemethanamine   (2.48).   Prepared  

according   to   General   Method   A   (18   h,   recrystallization:   dissolved   in   hot   ethyl  

acetate/hexanes,   cooled   to   –20   °C,   filtered)   and   the   title   compound   was   isolated   as   a  

white  solid  (1.33  g,  4.41  mmol,  88.0%  yield).  m.p.  =  67.0−67.6  °C;  IR  (neat)  3058  (w),  3000  

(w),  2962  (w),  2905  (w),  2836  (w),  1612  (m),  1576  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ 

7.65 (2H, d, J = 7.1 Hz), 7.51−7.47 (2H, m), 7.44−7.31 (4H, m), 7.28−7.20 (4H, m), 6.84 (2H, d J 

= 8.7 Hz), 4.52 (2H, s), 3.77 (3H, s); 13C NMR (125 MHz, CDCl3) δ 168.8, 158.6, 140.1, 137.0, 

133.1, 130.3, 129.0, 128.9, 128.8, 128.8, 128.3, 128.1, 114.1, 57.2, 55.6; HRMS (ESI+) [M+H]+ 

calc’d for C21H19NO : 302.1539, found: 302.1544.  

NCPh2

CF3   

N-­‐‑(Diphenylmethylene)-­‐‑3-­‐‑trifluoromethylbenzenemethanamine   (2.49).   Prepared  

according  to  General  Method  A  (18  h,  no  recrystallization)  and  the  title  compound  was  

isolated   as   a   low-­‐‑melting   point  white   solid/liquid   (1.70   g,   5.01  mmol,   99.8%  yield).   IR  

(thin   film)   3057   (w),   2890   (w),   1623   (m),   1595   (w),   1576   (w)   cm-­‐‑1;   1H  NMR   (500  MHz,  

CDCl3)  δ 7.71  (2H,  d,  J  =  7.3  Hz),  7.63  (1H,  s),  7.57  (1H,  d,  J  =  7.7  Hz),  7.55–7.41  (6H,  m),  

7.38  (2H,  dd,  J  =  7.5,  7.5  Hz),  7.25–7.19  (2H,  m),  4.65  (2H,  s); 13C NMR (125 MHz, CDCl3) δ 

169.6, 141.7, 139.4, 136.5, 131.0, 130.6 (1C, q, JCF = 32.0 Hz), 130.3, 128.7, 128.6, 128.5, 128.1, 
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127.6, 127.6, 126.4 (1C, q, JCF = 272.0 Hz), 124.4, 123.4, 56.8.; 19F NMR (470 MHz, CDCl3) δ 

−62.5; HRMS (ESI+) [M+H]+ calc’d for C21H16NF3 : 340.1308, found: 340.1316.  

NCPh2

Me   

2-­‐‑Methyl-­‐‑N-­‐‑(diphenylmethylene)benzenemethanamine   (2.50).   Prepared  

according  to  General  Method  A  (18  h,  recrystallization:  dissolved  in  hot  hexanes,  cooled  

to   –20   °C,   filtered)   and   the   title   compound  was   isolated   as   a  white   solid   (1.26   g,   4.42  

mmol,  88.4%  yield).  m.p.  =  96.0–98.0  °C;  IR  (thin  film)  3050  (w),  3014  (w),  2977  (w),  2908  

(w),  1612  (m),  1594  (m),  1573  (m),  1489  (m)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ 7.70  (2H,  

d,  J  =  7.1  Hz),  7.56–7.12  (12H,  m),  4.58  (2H,  s),  2.27  (3H,  s); 13C NMR (125 MHz, CDCl3) δ 

168.7,  139.8,  138.8,  136.7,  136.0,  130.0,  129.9,  128.6,  128.5,  128.5,  128.1,  127.8,  127.8,  126.6,  

125.9,  55.6,  19.3; HRMS (ESI+) [M+H]+ calc’d for C21H19N : 286.1590, found: 286.1591. 

NCPh2

TBS   

N-­‐‑(3-­‐‑(tert-­‐‑butyldimethylsilyl)prop-­‐‑2-­‐‑yn-­‐‑1-­‐‑yl)-­‐‑1,1-­‐‑diphenylmethanimine   (2.52).  

Prepared  according   to  General  Method  A  (13  h,  not  purified  prior   to  use)  and  the   title  

compound  was   isolated  as  an  amber  oil   (2.76  g,  8.29  mmol  88.5%  yield).   IR   (thin   film)  

3086  (w),  3057  (w),  3022  (w),  2952  (m),  2927  (m),  2884  (m),  2854  (m),  2175  (m),  1617  (m),  

1596  (m),  1575  (w),  1489  (m)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ 7.68–7.62  (2H,  m),  7.50–

7.33  (6H,  m),  7.27–7.22  (2H,  m),  4.19  (2H,  s),  0.95  (9H,  s),  0.12  (6H,  s); 13C NMR (125 MHz, 

CDCl3) δ 171.1, 139.5, 136.0, 130.3, 128.7, 128.6, 128.3, 128.0, 127.8, 104.3, 85.4, 44.3, 26.1, 
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16.6, -4.6; HRMS (ESI+) [M+H]+ calc’d for C22H27NSi : 334.1986, found: 334.1993.  Note:  3-

(tert-butyldimethylsilyl)prop-2-yn-1-amine  was  prepared  by  an  established  procedure.[5]    

NCPh2

  

N-­‐‑(Diphenylmethylene)-­‐‑2-­‐‑propen-­‐‑1-­‐‑amine  (2.53).  Prepared  according  to  General  

Method  A   (18   h,   not   purified   prior   to   use)   and   the   title   compound  was   isolated   as   a  

colorless   oil   (1.04   g,   4.70   mmol,   94.0%   yield)   with   spectral   data   in   agreement   with  

literature   values.[6]   1H  NMR   (500  MHz,   CDCl3)   δ 7.59–7.54 (2H, m), 7.42–7.35 (3H, m), 

7.33–7.29 (1H, m), 7.29–7.23 (2H, m), 7.13–7.08 (2H, m), 6.08–5.92 (1H, m), 5.18–4.98 (2H, 

m), 3.97 (2H, ddd, J = 5.0, 1.5, 1.5 Hz).   

                                                                                                                

[5] I. E. Valverde, A. F. Delmas, V. Aucagne, Tetrahedron, 2009, 65, 6202–7597.  
[6] A. R. Ickes, S. C. Ensign, A. K. Gupta, K. L. Hull. J. Am. Chem. Soc. 2014, 136, 11256−11259.  
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2.4.3  Preparation  of  aldimine  substrates  

General  Method  B  
  

NCHPh2

RPh Ph

NH2

R

CH2Cl2, Na2SO4

22 °C, 6−18 h

O

  

A   flame-­‐‑dried   round-­‐‑bottom   flask,   equipped   with   stir   bar,   was   charged   with  

benzhydrylamine   (1.0   equiv),   aldehyde   (1.0   equiv),   sodium   sulfate   (0.40   g/mmol),   and  

dichloromethane  (2.0  mL/mmol).  The  mixture  was  allowed  to  stir  at  room  temperature  

for   6–18   h.  Upon   completion,   the   reaction  mixture  was   filtered   and   concentrated.   The  

resulting  solid  was  purified  by  recrystallization  unless  otherwise  noted.  

NCHPh2

Ph   

α-­‐‑Phenyl-­‐‑N-­‐‑(phenylmethylene)benzenemethanamine   (2.4).   Prepared   according  

to  General  Method  B   (12   h,   recrystallization:   dissolved   hot   hexanes,   cooled   to   –20   °C,  

filtered)  and  the  title  compound  was  isolated  as  a  white  solid  (2.55  g,  9.41  mmol,  94.0%  

yield)   with   spectral   data   in   agreement   with   literature   values.[7]   1H   NMR   (400   MHz,  

CDCl3)  δ 8.41 (1H, s), 7.85−7.77 (2H, m), 7.42−7.17 (13H, m), 5.58 (1H, s).    

  

  

                                                                                                                

[7] C. A. Krueger, K. W. Kuntz, D. D. Dzierba, W. G. Wirschun, J. D. Gleason, M. L. Snapper, A. H. 
Hoveyda, J. Am. Chem. Soc. 1999, 121, 4284−4285.  
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NCHPh2

N   

N-­‐‑[(3-­‐‑Pyridyl)methylene]-­‐‑α-­‐‑phenylbenzenemethanamine   (2.51).   Prepared  

according   to   General   Method   B   (18   h,   recrystallization:   dissolved   in   hot   ethyl  

acetate/hexanes,   cooled   to   –20   °C,   filtered)   and   the   title   compound   was   isolated   as   a  

white  solid  (1.14  g,  4.19  mmol,  83.8%  yield).  m.p.  =  93.8−94.5  °C;  IR  (neat)  3075  (w),  3053  

(w),  3037  (w),  3022  (w),  2839  (w),  2827  (w),  1644  (m),  1588  (w),  1573  (w)  cm-­‐‑1;   1H  NMR  

(500  MHz,  CDCl3)  δ 8.92 (1H, d, J = 1.9 Hz), 8.65 (1H, dd, J = 4.8, 1.7 Hz), 8.46 (1H, s), 8.26–

8.24 (1H, m), 7.45−7.16 (11H, m), 5.63 (1H, s); 13C NMR (125 MHz, CDCl3) δ 158.3, 151.9, 

150.8, 143.7, 135.1, 132.1, 128.8, 127.9, 127.5, 123.9, 78.4. HRMS (ESI+) [M+H]+ calc’d for 

C19H16N2 : 273.1386, found: 273.1386. 

2.4.4  Preparation  of  racemic  epoxides  

General  Method  C  

R1

R2

O

R1 R2
m-CPBA, NaHCO3

CH2Cl2, H2O, 22 °C, 3–16 h   

A   round-­‐‑bottom   flask,   equipped   with   stirbar,   was   charged   with   alkene,  

dichloromethane   (5.0   mL/mmol   alkene),   and   deionized   water   (5.0   mL/mmol   alkene).  

Sodium  bicarbonate  (6.0  equiv)  was  added,  followed  by  3-­‐‑chloroperoxybenzoic  acid  (1.1  

equiv).   The   reaction  mixture  was   allowed   to   stir   at   room   temperature   until   complete  

(monitored  by  thin  layer  chromatography).  After  completion,  the  reaction  was  quenched  

with   saturated   aqueous   sodium   thiosulfate.   The   aqueous   layer  was  washed  with   two  
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portions   of   dichloromethane.   Combined   aqueous   layers   were   washed   with   saturated  

aqueous   sodium   bicarbonate.   The   combined   organic   layers   were   dried   over   Na2SO4,  

filtered  and  concentrated.  The  residue  was  purified  by  flash  column  chromatography  or  

vacuum  distillation.  

  

General  Method  D  

R1

R2

O

R1 R2
Oxone®, NaHCO3, acetone

CH3CN, H2O, 0 °C, 2–72 h  

A   round-­‐‑bottom   flask,   equipped   with   stirbar,   was   charged   with   alkene,  

acetonitrile   (10.0   mL/mmol),   and   acetone   (20.0   mL/mmol).   A   saturated   solution   of  

aqueous  sodium  bicarbonate  (10.0  mL/mmol)  was  added  and  the  reaction  mixture  was  

allowed   to   cool   to   0   °C.      Oxone®   (2.2   equiv),   dissolved   in   deionized   water   (10.0  

mL/mmol),  was  added  to  the  cooled  reaction  mixture  in  one  portion.  Upon  completion,  

as   determined   by   thin   layer   chromatography,   the   reaction   mixture   was   diluted   with  

deionized  water.   The   aqueous   layer  was  washed  with   three   portions   of   ethyl   acetate.  

The   combined   organic   layers   were   dried   over Na2SO4, filtered and concentrated. The 

residue was purif ied by flash column chromatography.  
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General  Method  E  

H

O

R1

R2(CH2)MgBr

THF, 0 ¡C, 1 h
R1

OH
R2 p-TsOH, benzene

Dean-Stark, reflux, 3 h

Oxone¨ , NaHCO3, acetone

CH3CN, H2O, 0 ¡C, 2Ð72 h

R1

R2

R1

O

R2

 
Procedure  modified  from  reported  conditions.[8]  A  round-­‐‑bottom  flask,  equipped  

with   stir   bar,   was   charged   with   aldehyde   (1.0   equiv)   and   THF   (1.0   mL/mmol).   The  

reaction  mixture  was   allowed   to   cool   to   0   °C  and   ethylmagnesium  bromide   (3.0  M   in  

THF,   1.5   equiv)   or   isobutylmagnesium   bromide   (2.0  M   in   Et2O)  was   added   dropwise  

over  10  min.  The  reaction  mixture  was  allowed  to  warm  to  room  temperature  and  stir  

for  1.5  h  whereupon  it  was  quenched  slowly  with  1.0  M  aqueous  HCl  and  then  diluted  

with  ethyl  acetate.  The  layers  were  partitioned  and  the  aqueous  layer  washed  with  two  

portions  of  ethyl  acetate.  The  combined  organic  layers  were  dried  over  Na2SO4,  filtered  

and  concentrated. 

The   resulting   oil   was   dissolved   in   anhydrous   benzene   (5.0   mL/mmol)   and  

transferred  to  a  round-­‐‑bottom  flask,  equipped  with  stir  bar.  p-­‐‑Toluenesulfonic  acid  (1.0  

equiv)   was   then   added   and   the   flask   was   fitted   with   a   Dean-­‐‑Stark   trap   and   reflux  

condenser   and   allowed   to   stir   under   reflux   for   3   h,  whereupon   it  was   quenched  with  

excess   NEt3,   diluted   with   H2O   and   washed   with   three   portions   of   ethyl   acetate.   The  
                                                                                                                

[8] P. Batsomboon, W. Phakhodee, S. Ruchirawat, P. Ploypradith, J. Org. Chem., 2009, 74, 4009–4012.  
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combined  organic  layers  were  dried  over  Na2SO4,  filtered  and  concentrated.  The  residue  

was  purified  by  flash  column  chromatography  to  yield  the  alkene.  

A   round-­‐‑bottom   flask,   equipped  with   stirbar,  was   charged  with   the  alkene   (1.0  

equiv),  acetonitrile   (10.0  mL/mmol),  and  acetone  (20.0  mL/mmol).  A  saturated  solution  

of   aqueous   sodium   bicarbonate   (10.0  mL/mmol)   was   added   and   the   reaction  mixture  

was  cooled  to  0  °C.    Oxone  (2.2  equiv)  dissolved  in  deionized  water  (10.0  mL/mmol)  was  

added  to  the  cooled  reaction  mixture  in  one  portion.  Upon  completion,  as  determined  by  

thin  layer  chromatography,  the  reaction  mixture  was  diluted  with  deionized  water.  The  

aqueous  layer  was  extracted  with  three  portions  of  ethyl  acetate.  The  combined  organic  

layers  were  dried  over  Na2SO4,   filtered  and  concentrated.  The  residue  was  purified  by  

flash  column  chromatography. 

Me

O

 

(trans)-­‐‑2-­‐‑methyl-­‐‑3-­‐‑phenyloxirane  (2.5).  Prepared  according  to  General  Method  C  

(14.5  h,   purified  by  distillation)   and   the   title   compound  was   isolated   as   a   colorless   oil  

(630   mg,   4.69   mmol,   55.5%   yield)   with   spectral   data   in   agreement   with   literature  

values.[9]   1H  NMR  (400  MHz,  CDCl3)  δ  7.35–7.21   (5H,  m),  3.56   (1H,  d,   J   =   2.1  Hz),   3.03  

(1H,  qd,  J  =  5.1,  2.1  Hz),  1.44  (3H,  d,  J  =  5.1  Hz).  

                                                                                                                

[9] Z. Wang, Y. Tu, M. Frohn, J. Zhang, Y. Shi, J. Am. Chem. Soc. 1997, 119, 11224–11235.  
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Me

O

MeO  

(trans)-­‐‑2-­‐‑(4-­‐‑methoxyphenyl)-­‐‑3-­‐‑methyloxirane   (2.7).  Title   compound  prepared  by  

according   to  published  methods[10]   (4  h,  used  without   further  purification)   to  yield   the  

title   compound  as   a  yellow  oil   (194  mg,   1.18  mmol,   87.5%  yield)  with   spectral  data   in  

agreement  with  literature  values.[10]  1H  NMR  (400  MHz,  CDCl3)  δ  7.18  (2H,  d,  J  =  8.8  Hz),  

6.87  (2H,  d,  J  =  8.8  Hz),  3.80  (1H,  d,  J  =  1.2  Hz),  3.04  (1H,  qd,  J  =  5.2,  1.2  Hz),  1.44  (3H,  d,  J  

=  5.2  Hz).    

  

Me

O

F3C  

(trans)-­‐‑2-­‐‑methyl-­‐‑3-­‐‑(4-­‐‑(trifluoromethyl)phenyl)oxirane   (2.8).   Title   compound  

prepared  by  General  Method  E  (16  h,  used  without  further  purification)  to  yield  the  title  

compound   as   a   colorless   oil   (235   mg,   1.16   mmol,   80.0%   yield)   with   spectral   data   in  

agreement  with  literature  values.[11]  1H  NMR  (400  MHz,  CDCl3)  δ  7.59  (2H,  d,  J  =  8.0  Hz),  

7.37  (2H,  d,  J  =  8.0  Hz),  3.63  (1H,  d,  J  =  2.1  Hz),  3.01  (1H,  qd,  J  =  5.2,  2.1  Hz),  1.48  (3H,  d,  J  

=  5.2  Hz).    

                                                                                                                

[10] L. Guo, C. Yang, L. Zheng, W. Xia, Org. Biomol. Chem. 2013, 11, 5787–5792. S. Koya, Y. Nishioka, 
H. Mizoguchi, T. Uchida, T. Katsuki, Angew. Chem. Int. Ed. 2012, 51, 8243–8246.  
[11] A. J. Cresswell, S. G. Davies, J. A. Lee, P. M. Roberts, A. J. Russell, J, E. Thomson, M. J. Tyte, Org. 
Lett. 2010, 12, 2936–2939.  
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Me

O

NC  

4-­‐‑((trans)-­‐‑3-­‐‑methyloxiran-­‐‑2-­‐‑yl)benzonitrile   (2.9).   Title   compound   prepared   by  

General   Method   E   (2.5   h,   first   purification,   flash   column   chromatography:   4:1  

hexanes:dichloromethane;   second   purification,   flash   column   chromatography:   100%  

hexanes  to  95:5  hexanes:ethyl  acetate)  to  yield  the  title  compound  as  a  colorless  oil  (401  

mg,  2.52  mmol,  29.4%  yield  over  3  steps).   IR   (thin   film)  3103   (w),  3066   (w),  2983   (w),  

2965  (w),  2928  (w),  2226  (m),  1738  (w),  1608  (m),  1507  (m),  1434  (m)  cm-­‐‑1;  1H  NMR  (500  

MHz,  CDCl3)  δ  7.63  (2H,  d,  J  =  8.0  Hz),  7.37  (2H,  d,  J  =  8.1  Hz),  3.63  (1H,  d,  J  =  2.1  Hz),  

3.04–2.92   (1H,  m),   1.49   (3H,   d,   J   =   5.1  Hz);   13C  NMR   (125  MHz,  CDCl3)  d   143.4,   132.3,  

126.2,   118.7,   111.7,   59.7,   58.6,   17.8;  HRMS   (ESI+)   [M+H]+   calc’d   for  C10H9NO   :   160.0757,  

found:  160.0754.  

Me

O

Br  

(trans)-­‐‑2-­‐‑(4-­‐‑bromophenyl)-­‐‑3-­‐‑methyloxirane   (2.10).   Title   compound   prepared  

according   to   General   Method   E   (first,   used   without   further   purification,   second  

purification,   flash  column  chromatography:  100%  hexanes  to  9:1  hexanes:diethyl  ether)  

and  the  title  compound  was  isolated  as  a  colorless  oil   (332  mg,  1.56  mmol,  40.0%  yield  
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over   3   steps)   with   spectral   data   in   agreement   with   literature   values.[12]   1H   NMR   (400  

MHz,  CDCl3) δ 7.46  (2H,  d,  J  =  8.4  Hz),  7.13  (2H,  d,  J  =  8.4  Hz),  3.53  (1H,  d,  J  =  2.1  Hz),  

2.98  (1H,  qd,  J  =  5.2,  2.1  Hz),  1.45  (3H,  d,  J  =  5.2  Hz).   

Me

OMe

 

(trans)-­‐‑2-­‐‑methyl-­‐‑3-­‐‑(m-­‐‑tolyl)oxirane  (2.11).  Title  compound  prepared  according  to  

General   Method   D   (2.5   h,   flash   column   chromatography:   100%   pentane   to   39:1  

pentane:ethyl   acetate)   and   the   title   compound  was   isolated   as   a   colorless   oil   (508  mg,  

3.43   mmol,   68.6%   yield)   with   spectral   data   in   agreement   with   literature   values.[12]   1H  

NMR  (400  MHz,  CDCl3) δ 7.25–7.18  (1H,  m),  7.12–7.03  (3H,  m),  3.53  (1H,  d,  J  =  2.1  Hz),  

3.02   (1H,   qd,   J   =   5.2,   2.1   Hz),   1.43   (3H,   d,   J   =   5.1   Hz).   Note:   Alkene   was   prepared  

according  to  an  established  procedure.[13]  

 

Me

OBr

 

(trans)-­‐‑2-­‐‑(3-­‐‑bromophenyl)-­‐‑3-­‐‑methyloxirane   (2.12).   Title   compound   prepared  

according  to  General  Method  D  (2.5  h,  flash  column  chromatography:  100%  hexanes  to  

9:1  hexanes:ethyl  acetate)  and  the  title  compound  was  isolated  as  a  colorless  oil  (105  mg,  

0.493  mmol,   59.6%  yield)  with   spectral   data   in   agreement  with   literature   values.[12]   1H  

                                                                                                                

[12] S. Koya, Y. Nishioka, H. Mizoguchi, T. Uchida, T. Katsuki, Angew. Chem. Int. Ed. 2012, 51, 8243–
8246.  
[13] V. R. Naidu, J. Bah, J. Franzén, Eur. J. Org. Chem. 2015, 1834–1839.  
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NMR  (400  MHz,  CDCl3) δ  7.41–7.38  (2H,  m),  7.19–7.17  (2H,  m),  3.52  (1H,  d,  J  =  1.6  Hz),  

3.00-­‐‑2.95   (1H,   qd,   J   =   5.2,   1.6),   1.43   (3H,   d,   J   =   5.2   Hz).   Note:   Alkene   was   prepared  

according  to  an  established  procedure.[14] 

Me

O
Me

 

(trans)-­‐‑2-­‐‑methyl-­‐‑3-­‐‑(o-­‐‑tolyl)oxirane   (2.13).  Title   compound  prepared  according   to  

General  Method  D  (18  h,   flash  column  chromatography:  9:1  hexanes:ethyl  acetate)  and  

the  title  compound  was  isolated  as  a  colorless  oil  (760  mg,  5.13  mmol,  67.9%  yield)  with  

spectral  data  in  agreement  with  literature  values.[12]  1H  NMR  (400  MHz,  CDCl3)  δ  7.19–

7.13  (5H,  m),  3.72  (1H,  d,  J  =  2.1  Hz),  2.92  (1H,  qd,  J  =  5.2,  2.1  Hz),  2.40  (3H,  s),  1.49  (3H,  d,  

J  =  5.2  Hz).  Note:  Alkene  was  prepared  according  to  an  established  procedure.[13]  

Me

OBr

 

(trans)-­‐‑2-­‐‑(2-­‐‑bromophenyl)-­‐‑3-­‐‑methyloxirane   (2.14).   Title   compound   prepared  

according   to  General  Method  D   (16   h,   used  without   further   purification)   and   the   title  

compound  was  isolated  as  a  colorless  oil  (162  mg,  0.760  mmol,  87.4%  yield)  with  spectral  

data  in  agreement  with  literature  values.[15]    1H  NMR  (400  MHz,  CDCl3) δ 7.52  (1H,  d,  J  =  

                                                                                                                

[14] T. Takesue, M. Fujita, T. Sugimura, H. Akutsu, Org. Lett. 2014, 16, 4634–4637.  

[15] E. Akgun, M. B. Glinski, K. L. Dhawan, and T. Durst, J. Org. Chem. 1981, 46, 2730–2734.  
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7.9  Hz),  7.31–7.13  (3H,  m),  3.86  (1H,  d,  J  =  2.1  Hz),  2.88  (1H,  qd,  J  =  5.2,  2.1  Hz),  2.88  (3H,  

d,  J  =  5.2  Hz).  Note:  Alkene  was  prepared  according  to  an  established  procedure.[14] 

Ph
(CH2)3CH3

O

 

(trans)-­‐‑2-­‐‑butyl-­‐‑3-­‐‑phenyloxirane   (2.15).   Title   compound   prepared   according   to  

General   Method   C   (4.5   h,   flash   column   chromatography:   89:10:1   hexanes:diethyl  

ether:NEt3   to   26:3:1   hexanes:   diethyl   ether:NEt3)   to   yield   the   title   compound   as   a   pale  

yellow  oil  (135  mg,  0.766  mmol,  76%  yield).  IR  (thin  film)  3030  (w),  2956  (m),  2930  (m),  

2859   (w),   1605   (w)   1H  NMR   (400  MHz,  CDCl3) δ 7.37–7.27  (5H,  m),   3.62   (1H,   d,   J   =   2.1  

Hz),  2.96  (1H,  td,  J  =  5.9,  2.1  Hz),  1.76–1.65  (2H,  m),  1.57–1.37  (4H,  m),  0.95  (3H,  t,  J  =  7.2  

Hz);   13C  NMR   (125  MHz,  CDCl3)  d  137.8,   128.3,   127.8,   125.4,   63.1,   58.5,   32.0,   28.0,   22.4,  

13.9;   HRMS   (ESI+)   [M+H]+   calc’d   for   177.1274,   found:   177.1271.   Note:   Alkene   was  

prepared  according  to  an  established  procedure.[16] 

CH2OTBS

O

 

(trans)-­‐‑tert-­‐‑butyldimethyl(((2S,3S)-­‐‑3-­‐‑phenyloxiran-­‐‑2-­‐‑yl)methoxy)silane   (2.16).  

Title   compound   prepared   according   to   General  Method  D   (3   d,   used  without   further  

purification)   and   the   title   compound  was   isolated   as   a   pale   yellow   oil   (236  mg,   0.892  

mmol,   89.2%  yield)  with   spectral  data   in   agreement  with   literature  values.[17]   1H  NMR  

                                                                                                                

[16] S. Serra, Eur. J. Org. Chem. 2015, 6472–6478.  
[17] K. Suda, T. Kikkawa, S. Nakajima, T. Takanami, J. Am. Chem. Soc. 2004, 126, 9554–9555.  
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(400  MHz,  CDCl3) δ 7.35–7.25   (5H,  m),  3.85–3.75   (1  H,  m),  3.85–3.75   (3H,  m),  3.13   (1H,  

ddd,   J   =   4.3,   3.1,   2.1),   0.91   (9H,   s),   0.1   (3H,   s),   0.09   (3H,   s).  Note:  Alkene  was  prepared  

according  to  an  established  procedure.[18] 

i-Pr

O

 

(trans)-­‐‑2-­‐‑isopropyl-­‐‑3-­‐‑phenyloxirane   (2.17).   Title   compound   prepared   according  

to  General  Method   E   (first   purification,   flash   column   chromatography:   100%  hexanes,  

second,   used   without   further   purification)   and   the   title   compound   was   isolated   as   a  

yellow   oil   (152   mg,   0.937   mmol,   22.0%   yield   over   3   steps)   with   spectral   data   in  

agreement  with  literature  values.[19]  1H  NMR  (400  MHz,  CDCl3) δ 7.33–7.22  (5H,  m),  3.63  

(1H,  d,  J  =  2.1  Hz),  2.73  (1H,  dd,  J  =  6.9,  2.1  Hz),  1.74–1.57  (1H,  m),  1.07  (3H,  d,  J  =  6.9  Hz),  

1.00  (3H,  d,  J  =  6.9  Hz).  

Me

O

 

2-­‐‑isopropyl-­‐‑3-­‐‑phenyloxirane   (2.29).   Title   compound   prepared   according   to  

General   Method   C   (6   h,   flash   column   chromatography:   100%   hexanes   to   9:1  

hexanes:ethyl  acetate)  and  the  title  compound  was  isolated  as  a  yellow  oil  (770  mg,  5.75  

mmol,   74.7%  yield)  with   spectral   data   in   agreement  with   literature   values.[12]   1H  NMR  

                                                                                                                

[18] J. Yu, S. Y. Ko, Tetrahedron: Asymmetry 2012, 23, 650–654.  
[19] Y. Liu, H. Lin, Z. Wu, Tetrahedron: Asymmetry 2011, 22, 134–137.  
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(400  MHz,  CDCl3)  δ 7.44–7.24   (5H,  m),   4.07   (1H,  d,   J   =   4.2  Hz),   3.41–3.28   (1H,  m),   1.09  

(2H,  d,  J  =  5.4  Hz).    

Me

O
Ph

 

2-­‐‑methyl-­‐‑2-­‐‑phenyloxirane   (2.35).   Title   compound   prepared   according   to  

published  methods[20]  and  the  title  compound  was  isolated  as  a  colorless  oil  (4.27  g,  31.8  

mmol,   75.8%  yield)  with   spectral  data   in   agreement  with   literature  values.[21]   1H  NMR  

(400  MHz,  CDCl3) δ 7.37–7.25  (5H,  m),  2.96  (1H,  d,  JAB  =  5.4  Hz),  2.79  (1H,  d,  JAB  =  5.4  Hz),  

1.71  (3H,  s). 

Et

O
Ph

 

2-­‐‑ethyl-­‐‑2-­‐‑phenyloxirane  (2.36).    Title  compound  prepared  according  to  published  

methods  [22]  and  isolated  as  a    colorless  oil  (606  mg,  4.09  mmol,  40.9%)  with  spectral  data  

in  agreement  with   literature  values.[21]   1H  NMR  (500  MHz,  CDCl3)  δ 7.40–7.25   (5H,  m),  

2.99  (1H,  d,  JAB  =  5.4  Hz),  2.76  (1H,  d,  JAB  =  5.4  Hz),  2.25–2.17  (1H,  m),  1.86–1.79  (1H,  m),  

0.96  (3H,  t,  J  =  7.4  Hz). 

                                                                                                                

[20] M. W. Robinson, A. M. Davies, R. Buckle, I. Mabbett, S. H. Taylor, A. E. Graham, Org. Biomol. 
Chem. 2009, 7, 2559–2564.  
[21] B. Wang, O. A. Wong, M. Zhao, Y. Shi, J. Org. Chem. 2008, 73, 9539–9543.  
[22] D. J. Vyas, E. Larionov, C. Besnard, L. Guenee, C. Mazet, J. Am. Chem. Soc. 2013, 135, 6177–6183.  
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O
Ph

OTBS

Ph

OH

Ph

OH

m-CPBA, NaHCO3

CH2Cl2, H2O, 22 oC, 3 h

TBSCl, imidazole

DMF, 22 oC, 16 h

O

  

tert-­‐‑Butyldimethyl((2-­‐‑phenyloxiran-­‐‑2-­‐‑yl)methoxy)silane  (2.37).  Epoxide  prepared  

according   to  General  Method  C   (3  h,  used  without   further  purification).  The   resulting  

clear  oil  was  dissolved  in  DMF  (16  mL)  and  transferred  to  a  50-­‐‑mL  round-­‐‑bottom  flask.  

Imidazole   (851  mg,   12.5  mmol,   2.50   equiv)   and   TBSCl   (1.13   g,   7.50  mmol,   1.50   equiv)  

were  added,  and  the  reaction  mixture  was  allowed  to  stir  at  22  °C  for  18  h,  whereupon  it  

was  diluted  with  H2O   (100  mL)   and  washed  with  dichloromethane   (3   x   100  mL).   The  

combined  organic  layers  were  washed  with  H2O  (5  x  50  mL),  dried  over  Na2SO4,  filtered  

and   concentrated.   The   resulting   colorless   oil   was   purified   by   flash   column  

chromatography   (98:2  hexanes:ethyl   acetate)   to  yield   the   title   compound  as  a   colorless  

oil  (456  mg,  1.73  mmol,  34.5%  yield  over  2  steps).  IR  (thin  film)  3061  (w),  2953  (m),  2928  

(m)  2886  (m),  2856  (m),  1496  (m)  cm-­‐‑1;   1H  NMR  (500  MHz,  CDCl3)  δ  7.45–7.41   (2H,  m),  

7.39–7.27  (3H,  m),  4.10–3.98  (2H,  m),  3.17  (1H,  d,  JAB  =  5.7  Hz),  2.69  (1H,  d,  JAB  =  5.7  Hz),  

0.88   (9H,   s),   0.05   (6H,   s);   13C  NMR  (125  MHz,  CDCl3)     δ   138.2,   128.2,   127.8,   126.5,   65.1,  

60.5,   52.3,   25.8,   18.3,   -­‐‑5.4;  HRMS   (ESI+)   [M+H]+   calc’d   for   C15H24O2Si   :   265.1618,   found:  

265.1615.  
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2-­‐‑cyclohexyl-­‐‑2-­‐‑methyloxirane   (2.38).   Title   compound   prepared   from   cyclohexyl  

methyl   ketone   according   to   a   published   procedure[23]   and   the   title   compound   was  

isolated  as  colorless  oil  (283  mg,  2.02  mmol,  20.2%  yield  with  spectral  data  in  agreement  

with  literature  values.[24]  1H  NMR  (400  MHz,  CDCl3)  δ 2.61  (1H,  d,  JAB  =  5.0  Hz),  2.54  (1H,  

d,  JAB  =  4.9  Hz),  1.82–1.66  (4H,  m),  1.27–1.06  (9H,  m).  

  

2.4.5  Preparation  of  enantioenriched  epoxides  

General  Method  F  

R1

R2

R1

R2O
Shi catalyst, Bu4NHSO4, Na2EDTA, oxone

K2CO3, water, CH3CN, DMM, -10 °C, 2 h
  

Procedure  modified  from  reported  conditions.[9]  A  round-­‐‑bottom  flask,  equipped  

with   stirbar,   was   charged   with   alkene   (1   equiv),   acetonitrile   (5   mL/mmol),  

dimethoxymethane   (10   mL/mmol),   and   tetrabutylammonium   hydrogen   sulfate   (0.04  

equiv)  dissolved  in  aqueous  Na2B4O7  buffer  (10  mL/mmol  of  0.05  M  Na2B4O7  in  4  x  10-­‐‑4  M  

Na2EDTA).  Shi  catalyst   (0.3  equiv)  was  added   in  one  portion  and   the  reaction  mixture  

was  cooled  to  –10  °C.  Over  two  hours  by  syringe  pump,  a  solution  of  oxone  (1.04  equiv)  

in   aqueous   disodium   ethylenediaminetetraacetic   acid   (6.5   mL/mmol   of   4   x   10-­‐‑4   M   aq  

Na2EDTA)   and   a   solution   of   potassium   carbonate   (5.8   equiv)   in  water   (6.5  mL/mmol)  

                                                                                                                

[23] B. J. Albert. K. Koide, J. Org. Chem. 2008, 73, 1093–1098.  
[24] K. Hara, S. Y. Park, N. Yamagiwa, S. Matsunaga, M. Shibasaki, Chem. Asian. J. 2008, 3, 1500–1504.  
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were  added  simultaneously.  After  2  h,  the  mixture  was  diluted  with  pentane  and  water.  

The  aqueous   layer  was  washed  with   three  portions  of  pentane.  The   combined  organic  

layers   were   washed   with   brine,   dried   over   Na2SO4,   filtered   and   concentrated.   The  

resulting  residue  was  purified  by  flash  column  chromatography.    

  

General Method G  

H

O

R1

R2(CH2)MgBr

THF, 0 °C, 1 h
R1

OH
R2 p-TsOH, benzene

Dean-Stark, reflux, 3 h

Shi catalyst, Bu4NHSO4, Na2EDTA, Oxone®

K2CO3, water, CH3CN, DMM, –10 °C, 2h

R1

R2

R1

O

R2

  

A   flame-­‐‑dried   round-­‐‑bottom   flask,   equipped   with   stir   bar,   was   charged   with  

aldehyde  (1.0  equiv)  and  THF  (1.0  mL/mmol).  The  reaction  mixture  was  allowed  to  cool  

to  0  °C  and  ethylmagnesium  bromide  (3.0  M  in  THF,  1.5  equiv)  or   isobutylmagnesium  

bromide   (2.0  M   in   Et2O)  was   added   dropwise   over   10  min.   The   reaction  mixture  was 

allowed to warm to room temperature and stir for 1.5 h whereupon it was quenched slowly with 

1.0 M aqueous HCl and then diluted with ethyl acetate. The layers were partitioned and the 

aqueous layer washed with two portions of ethyl acetate. The combined organic layers were dried 

over Na2SO4, filtered and concentrated. 

The resulting oil was dissolved in anhydrous benzene (5.0 mL/mmol) and transferred to a 

flame-dried round-bottom flask, equipped with stir bar. p-Toluenesulfonic acid (1.0 equiv) was 

then added and the flask was fitted with a Dean-Stark trap and reflux condenser and allowed to 
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stir under reflux for 3 h, whereupon it was quenched with excess NEt3, diluted with H2O and 

washed with three portions of ethyl acetate. The combined organic layers were dried over 

Na2SO4, filtered and concentrated. The residue was purified by flash column chromatography to 

yield the alkene. 

A   round-­‐‑bottom   flask,   equipped   with   stirbar,   was   charged   with   alkene   (1.0  

equiv),   acetonitrile   (5.0   mL/mmol),   dimethoxymethane   (10.0   mL/mmol),   and  

tetrabutylammonium  hydrogen  sulfate  (0.04  equiv)  dissolved  in  aqueous  Na2B4O7  buffer  

(10.0  mL/mmol  of  0.05  M  Na2B4O7  in  4  x  10-­‐‑4  M  Na2EDTA).  Shi  catalyst  (0.3  equiv)  was  

added  in  one  portion  and  the  reaction  mixture  was  cooled  to  –10  °C.  Over  two  hours  by  

syringe   pump,   a   solution   of   oxone   (1.04   equiv)   in   aqueous   disodium  

ethylenediaminetetraacetic   acid   (6.5   mL/mmol   of   4.0   x   10-­‐‑4   M   aq   Na2EDTA)   and   a  

solution   of   potassium   carbonate   (5.8   equiv)   in   water   (6.5   mL/mmol)   were   added  

simultaneously.  After  2  h,  the  mixture  was  diluted  with  pentane  and  water.  The  aqueous  

layer  was  washed  with   three   portions   of   pentane.   The   combined   organic   layers  were  

washed  with  brine,  dried  over  Na2SO4,  filtered  and  concentrated.  The  resulting  residue  

was  purified  by  flash  column  chromatography.  

O

 

(2S,3S)-­‐‑2,3-­‐‑diphenyloxirane   ((2S,3S)-­‐‑2.2).  Title  compound  prepared  according   to  

General  Method   F   (3   h,   flash   column   chromatography:   99:1   hexanes:NEt3   to   38.5:1:0.5  

hexanes:ethyl   acetate:NEt3)   and   the   title   compound   isolated   as   a  white   solid   (342  mg,  
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1.74  mmol,   58.1%   yield)   with   spectral   data   in   agreement   with   literature   values.[9]   The  

enantiomeric   purity   of   (2S,3S)-­‐‑3m   (99:1   e.r.)   was   determined   by   HPLC   analysis  

(Phenomenex   Lux   Amylose-­‐‑I,   96:4   hexanes:i-­‐‑PrOH,   1.0   mL/min,   λ   =   254   nm)   in  

comparison  with  authentic  racemic  material.  
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(2S,3S)-2-methyl-3-phenyloxirane   ((2S,3S)-2.5).  Title compound prepared  according  to  

General  Method   F   (2   h,   flash   column   chromatography:   99:1   hexanes:NEt3   to   98.5:1:0.5  

hexanes:ethyl   acetate:NEt3)   and   the   title   compound   isolated   as   a   yellow   oil   (95.0   mg,  

0.708  mmol,   70.8%  yield)  with   spectral  data   in   agreement  with   literature  values.[9]  The  

enantiomeric   purity   of   (2S,3S)-­‐‑3a   (91:9   e.r.)   was   determined   by   HPLC   analysis  

(Phenomenex   Lux   Amylose-­‐‑I,   98:2   hexanes:i-­‐‑PrOH,   1.0   mL/min,   λ   =   220   nm)   in  

comparison  with  authentic  racemic  material. 
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(trans)-2-(4-methoxyphenyl)-3-methyloxirane   ((2S,3S)-­‐‑2.7).[25]  Title compound prepared  

according   General   Method   F   (2.5   h,   used   without   further   purification)   and   the   title  

compound  isolated  as  a  colorless  oil  (447  mg,  2.72  mmol,  69.7%  yield)  with  spectral  data  

in  agreement  with  literature  values.[10]  The  enantiomeric  purity  of  (2S,3S)-­‐‑3b  (81:19  e.r.)  

was   determined   by   HPLC   analysis   (Phenomenex   Lux   Cellulose-­‐‑2,   99.5:.5   hexanes:i-­‐‑

PrOH,  1.0  mL/min,  λ  =  220  nm)  in  comparison  with  authentic  racemic  material.  
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UV/Vis Channel 1 220nm

<Sample Information>
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Analysis Report

Sample Name : PD-VI-117-subs9ee-cell2-99.5-2
Sample ID : PD-VI-117-subs9ee-cell2-99.5-2
Data Filename : PD-VI-117-subs9ee-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 10:55:57 AM Acquired by : chemist
Date Processed : 2/23/2017 3:22:24 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 10.436 
 23.558 

Area
 10261370 
 2388833 

 12650203 

Area%
 81.116 
 18.884 

 100.000 

<Sample Information>
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Ret. Time
 10.789 
 24.684 

Area
 4667642 
 4734029 
 9401671 

Area%
 49.647 
 50.353 

 100.000                      
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Analysis Report

Sample Name : PD-VI-117-subs9ee-cell2-99.5-2
Sample ID : PD-VI-117-subs9ee-cell2-99.5-2
Data Filename : PD-VI-117-subs9ee-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 10:55:57 AM Acquired by : chemist
Date Processed : 2/23/2017 3:22:24 PM Processed by : chemist
 

<Chromatogram>

min

mAU
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 10.436 
 23.558 

Area
 10261370 
 2388833 

 12650203 

Area%
 81.116 
 18.884 

 100.000 

<Sample Information>

  
  
                                                                                                                

[25]  The   absolute   stereochemistry  of   the   epoxide  has  not   been   experimentally  determined.  The  
stereochemistry  shown  is  presumed  based  on  the  stereochemistry  of  epoxide  3a.  
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Me

O

F3C   

(trans)-2-methyl-3-(4-(trifluoromethyl)phenyl)oxirane   ((2S,3S)-­‐‑2.8).[25]   Title compound 

prepared   according   to   General   Method   F   (3.5   h,   flash   column   chromatography:   100%  

hexanes  to  99:1  hexanes:ethyl  acetate)  and  the  title  compound  isolated  as  a  colorless  oil  

(75.0   mg,   0.353   mmol,   35.5%   yield)   with   spectral   data   in   agreement   with   literature  

values.[11] The  enantiomeric  purity  of   (2S,3S)-­‐‑3c  (97.5:2.5  e.r.)  was  determined  by  HPLC  

analysis   (Phenomenex   Lux   Cellulose-­‐‑2,   99.5:0.5   hexanes:i-­‐‑PrOH,   1.0   mL/min,   λ   =   220  

nm)   in   comparison   with   authentic   racemic   material.   Note:   Alkene   was   prepared  

according  to  an  established  procedure.[12] 
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Analysis Report

Sample Name : PD-VI-68-subs10rac-cell2-99.5-2
Sample ID : PD-VI-68-subs10rac-cell2-99.5-2
Data Filename : PD-VI-68-subs10rac-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 12:10:28 PM Acquired by : chemist
Date Processed : 2/23/2017 3:26:12 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.155 
 4.437 

Area
 6360834 
 6423969 

 12784804 

Area%
 49.753 
 50.247 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-255-subs10ee-cell2-99.5-2
Sample ID : PD-VI-255-subs10ee-cell2-99.5-2
Data Filename : PD-VI-255-subs10ee-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 1:03:34 PM Acquired by : chemist
Date Processed : 7/12/2016 1:16:33 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.145 
 4.422 

Area
 12356279 

 286065 
 12642344 

Area%
 97.737 
 2.263 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-68-subs10rac-cell2-99.5-2
Sample ID : PD-VI-68-subs10rac-cell2-99.5-2
Data Filename : PD-VI-68-subs10rac-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 12:10:28 PM Acquired by : chemist
Date Processed : 2/23/2017 3:26:12 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.155 
 4.437 

Area
 6360834 
 6423969 

 12784804 

Area%
 49.753 
 50.247 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-255-subs10ee-cell2-99.5-2
Sample ID : PD-VI-255-subs10ee-cell2-99.5-2
Data Filename : PD-VI-255-subs10ee-cell2-99.5-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/12/2016 1:03:34 PM Acquired by : chemist
Date Processed : 7/12/2016 1:16:33 PM Processed by : chemist
 

<Chromatogram>

min

mAU

3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50

0

500

1000

1500

2000

2500 UV/Vis Channel 1 220nm

 4
.1

45
 

 4
.4

22
 

<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.145 
 4.422 

Area
 12356279 

 286065 
 12642344 

Area%
 97.737 
 2.263 

 100.000 

<Sample Information>
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(trans)-2-(3-bromophenyl)-3-methyloxirane   ((2S,3S)-­‐‑2.12).[25]   Title compound prepared 

to  General  Method  F  (2.5  h,  SiO2  plug)  and  the  title  compound  isolated  as  a  yellow  oil  

(141   mg,   0.662   mmol,   66.2%   yield)   with   spectral   data   in   agreement   with   literature  
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values.[11]   The   enantiomeric   purity   of   (2S,3S)-­‐‑3g   (98:2   e.r.)   was   determined   by   HPLC  

analysis  (Phenomenex  Lux  Cellulose-­‐‑I,  98:2  hexanes:i-­‐‑PrOH,  1.0  mL/min,  λ  =  220  nm)  in  

comparison  with  authentic  racemic  material. 
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Analysis Report

Sample Name : PD-VI-33-racconc-subs6-cell1-98-2
Sample ID : PD-VI-33-racconc-sbs6-cel1-98-2
Data Filename : PD-VI-33-racconc-subs6-cell1-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/24/2016 5:08:17 PM Acquired by : chemist
Date Processed : 2/23/2017 3:04:52 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.883 
 5.179 

Area
 7301050 
 6618976 

 13920026 

Area%
 52.450 
 47.550 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-116-subs6-ee-cellI-98-2
Sample ID : PD-VI-116-subs6-ee-cellI-98-2
Data Filename : PD-VI-116-subs6-ee-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/29/2016 2:51:16 PM Acquired by : chemist
Date Processed : 6/29/2016 3:03:45 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.892 
 5.189 

Area
 12178066 

 219368 
 12397434 

Area%
 98.231 
 1.769 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-33-racconc-subs6-cell1-98-2
Sample ID : PD-VI-33-racconc-sbs6-cel1-98-2
Data Filename : PD-VI-33-racconc-subs6-cell1-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/24/2016 5:08:17 PM Acquired by : chemist
Date Processed : 2/23/2017 3:04:52 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.883 
 5.179 

Area
 7301050 
 6618976 

 13920026 

Area%
 52.450 
 47.550 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-116-subs6-ee-cellI-98-2
Sample ID : PD-VI-116-subs6-ee-cellI-98-2
Data Filename : PD-VI-116-subs6-ee-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/29/2016 2:51:16 PM Acquired by : chemist
Date Processed : 6/29/2016 3:03:45 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.892 
 5.189 

Area
 12178066 

 219368 
 12397434 

Area%
 98.231 
 1.769 

 100.000 

<Sample Information>
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(2R,3R)-2-methyl-3-(o-tolyl)oxirane   ((2R,3R)-­‐‑2.13).[25]   Title compound prepared 

according  to  General  Method  F  (2  h,  flash  column  chromatography:  100%  hexanes  to  9:1  

hexanes:diethyl   ether)   and   the   title   compound   isolated   as   a   colorless   oil   (394  mg,   2.66  

mmol,  66.5%  overall  yield)  with  spectral  data  in  agreement  with  literature  values.[13]  The  

enantiomeric   purity   of   (2R,3R)-­‐‑3h   (96.5:3.5   e.r.)   was   determined   by   HPLC   analysis  

(Phenomenex   Lux   Cellulose-­‐‑I,   98:2   hexanes:i-­‐‑PrOH,   1.0   mL/min,   λ   =   220   nm)   in  

comparison  with  authentic  racemic  material.  
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 C:\LabSolutions\Data\Paige Daniel\PD-VI-22conc-rac-subs5-cell1-98-2.lcd 

Analysis Report

Sample Name : PD-VI-22conc-rac-subs5-cell1-98-2
Sample ID : PD-VI-22cn-rac-subs5-cell1-98-2
Data Filename : PD-VI-22conc-rac-subs5-cell1-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/24/2016 3:18:29 PM Acquired by : chemist
Date Processed : 6/24/2016 3:44:34 PM Processed by : chemist
 

<Chromatogram>

min

mV

4.0 4.5 5.0 5.5 6.0 6.5 7.0

0

250

500

750

UV/Vis Channel 1 220nm

 4
.6

9
4
 

 5
.6

7
7
 

<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.694 
 5.677 

Area
 5016327 
 5013159 

 10029487 

Area%
 50.016 
 49.984 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-58-f28-32-cellI-98-2
Sample ID : PD-VI-58-f28-32-cellI-98-2
Data Filename : PD-VI-58-f28-32-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 3/15/2016 5:18:47 PM Acquired by : chemist
Date Processed : 3/15/2016 5:35:30 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.685 
 5.752 

Area
 9348284 
 342166 

 9690451 

Area%
 96.469 
 3.531 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-22conc-rac-subs5-cell1-98-2
Sample ID : PD-VI-22cn-rac-subs5-cell1-98-2
Data Filename : PD-VI-22conc-rac-subs5-cell1-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 6/24/2016 3:18:29 PM Acquired by : chemist
Date Processed : 6/24/2016 3:44:34 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.694 
 5.677 

Area
 5016327 
 5013159 

 10029487 

Area%
 50.016 
 49.984 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-58-f28-32-cellI-98-2
Sample ID : PD-VI-58-f28-32-cellI-98-2
Data Filename : PD-VI-58-f28-32-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 3/15/2016 5:18:47 PM Acquired by : chemist
Date Processed : 3/15/2016 5:35:30 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.685 
 5.752 

Area
 9348284 
 342166 

 9690451 

Area%
 96.469 
 3.531 

 100.000 

<Sample Information>
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(trans)-2-(2-bromophenyl)-3-methyloxirane   ((2S,3S)-­‐‑2.14).[25]   Title compound prepared  

according  to  General  Method  F  (2  h,  flash  column  chromatography:  100%  hexanes)  and  

the  title  compound  isolated  as  a  yellow  oil  (503  mg,  2.36  mmol,  59.0%  overall  yield)  with  

spectral  data  in  agreement  with  literature  values.[15]  The  enantiomeric  purity  of  (2S,3S)-­‐‑3i  

(91.5:8.5   e.r.)   was   determined   by   HPLC   analysis   (Phenomenex   Lux   Cellulose-­‐‑I,   98:2  

hexanes:i-­‐‑PrOH,   1.0   mL/min,   λ   =   220   nm)   in   comparison   with   authentic   racemic  

material. 
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Analysis Report

Sample Name : PD-VI-69(2)-Subs16-rac-cellI-99.5
Sample ID : PD-VI-69(2)-Subs16-rac-cellI-99
Data Filename : PD-VI-69(2)-Subs16-rac-cellI-99.5.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/2/2016 2:31:54 PM Acquired by : chemist
Date Processed : 3/2/2017 6:43:52 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.402 
 4.693 

Area
 18396814 
 17312779 
 35709593 

Area%
 51.518 
 48.482 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-169other-CellI-98-2
Sample ID : PD-VI-169other-CellI-98-2
Data Filename : PD-VI-169other-CellI-98-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/16/2017 10:06:27 AM Acquired by : chemist
Date Processed : 3/2/2017 6:46:56 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.264 
 4.506 

Area
 11103583 
 1054919 

 12158502 

Area%
 91.324 
 8.676 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-69(2)-Subs16-rac-cellI-99.5
Sample ID : PD-VI-69(2)-Subs16-rac-cellI-99
Data Filename : PD-VI-69(2)-Subs16-rac-cellI-99.5.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 7/2/2016 2:31:54 PM Acquired by : chemist
Date Processed : 3/2/2017 6:43:52 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.402 
 4.693 

Area
 18396814 
 17312779 
 35709593 

Area%
 51.518 
 48.482 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-169other-CellI-98-2
Sample ID : PD-VI-169other-CellI-98-2
Data Filename : PD-VI-169other-CellI-98-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/16/2017 10:06:27 AM Acquired by : chemist
Date Processed : 3/2/2017 6:46:56 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 4.264 
 4.506 

Area
 11103583 
 1054919 

 12158502 

Area%
 91.324 
 8.676 

 100.000 

<Sample Information>
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2.4.6  Reaction  Optimization  

General  Method  H  

In  an  N2-­‐‑filled  glovebox,  an  oven-­‐‑dried  (120  °C)  2-­‐‑dram  vial,  equipped  with  stir  

bar,   was   charged   with   imine   and   base.   A   second   oven-­‐‑dried   (120   °C)   2-­‐‑dram   vial,  

equipped  with  stir  bar,  was  charged  with  epoxide   (0.100  mmol,  1.00  equiv).  Both  vials  

were   sealed   with   septum-­‐‑containing   caps   and   transferred   to   a   fume   hood.   The  

imine/LiHMDS-­‐‑containing   vial   was   charged   with   THF   (0.5   mL)   and   allowed   to  

stir/deprotonate   for   10   min   at   room   temperature.   (The   solution   turns   a   vibrant   color  

immediately  upon  solvent  addition/azaallyl  anion  formation.)  Meanwhile,  the  epoxide-­‐‑

containing   vial   was   charged   with   THF   (0.5   mL)   and   allowed   to   stir   at   the   room  

temperature.   After   10   min,   the   azaallyl   anion   solution   was   cooled   to   the   specified  

temperature  and  the  epoxide  was  transferred  to  the  azaallyl  anion  solution  via  cannula  

addition.   Residual   epoxide   was   rinsed   with   THF   (0.5   mL),   cooled   to   the   specified  

temperature,  and  transferred  similarly.  The  reaction  mixture  was  allowed  to  stir  for  the  

specified  time  at   the  specified  temperature  whereupon  it  was  quenched  by  injection  of  

MeOH  (0.25  mL)  and  the  mixture  allowed  to  warm  to  room  temperature.  The  solution  

was   filtered   through   a   silica   plug   (1   cm),   eluting   with   Et2O   (5   mL),   and   then  

concentrated.   Trimethoxybenzene   was   added   as   standard,   the   sample   diluted   with  

CDCl3,  and  an  aliquot  was  removed  and  diluted  for  analysis  by  1H  NMR  (500  MHz).  
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2.4.7  Azaallyl  anion  ring  opening  of  epoxides[26]  

General  Method  I  

In  an  N2-­‐‑filled  glovebox,  an  oven-­‐‑dried  (120 °C)  2-­‐‑dram  vial,  equipped  with  stir  

bar,   was   charged  with   imine   (0.200  mmol,   2.00   equiv)   and   base   (LiHMDS   or   LDA[27],  

0.400  mmol,  4.00  equiv).  A  second  oven-­‐‑dried   (120 °C)  2-­‐‑dram  vial,  equipped  with  stir  

bar,  was   charged  with   epoxide   (0.100  mmol,   1.00   equiv).   Both   vials  were   sealed  with  

septum-­‐‑containing  caps  and  transferred  to  a  fume  hood.  The  imine/LiHMDS-­‐‑containing  

vial  was  charged  with  THF  (0.5  mL)  and  allowed  to  stir/deprotonate  for  10  min  at  room  

temperature.   (The   solution   turns   a   vibrant   color   immediately   upon   solvent  

addition/azaallyl  anion  formation.)  Meanwhile,  the  epoxide-­‐‑containing  vial  was  charged  

with   THF   (0.5   mL)   and   allowed   to   stir   at   the   room   temperature.   After   10   min,   the  

azaallyl   anion   solution  was   cooled   to   the   specified   temperature   and   the   epoxide  was  

transferred   to   the   azaallyl   anion   solution   via   cannula   addition.   Residual   epoxide  was  

rinsed  with  THF  (0.5  mL),  cooled  to  the  specified  temperature,  and  transferred  similarly.  

The   reaction   mixture   was   allowed   to   stir   for   the   specified   time   at   the   specified  

temperature   whereupon   it   was   quenched   by   injection   of   MeOH   (0.25   mL)   and   the  

                                                                                                                

[26] The yield and d.r. values presented in the manuscript are an average of 2–3 experiments. The yield and 
d.r. values presented in the Supporting Information are reported from a single representative experiment. 
The diastereomeric ratios were determined by 500 MHz 1H NMR spectroscopy. All products were isolated 
as a mixture of diastereomers unless otherwise noted. Spectral data are only reported for the depicted major 
diastereomer unless otherwise noted. 1H NMR data are always reported for the major diastereomer only. 
For some compounds, all peaks in the 13C NMR spectra are reported for both diastereomers because they 
are indistinguishable due to low diastereoselectivity.  
[27]  LDA  was  a  solution  of  0.2  M  in  THF.  
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mixture   allowed   to   warm   to   room   temperature.   The   solution   was   filtered   through   a  

silica  plug  (1  cm),  eluting  with  Et2O  (5  mL),  and  then  concentrated.  The  resulting  residue  

was  purified  by  flash  column  chromatography  to  yield  the  protected  1,3-­‐‑amino  alcohol  

product. 

General  Method  J  

In   glovebox,   an   oven-­‐‑dried   (120 °C)   2-­‐‑dram   vial,   equipped   with   stir   bar,   was  

charged  with   imine   (0.200  mmol,   2.00   equiv)   and  epoxide   (0.100  mmol,   1.00   equiv).  A  

second   oven-­‐‑dried   (120   °C)   2-­‐‑dram   vial,   equipped   with   stir   bar,   was   charged   with  

LiHMDS  (0.400  mmol,  4.00  equiv).  Both  vials  were  sealed  with  septum-­‐‑containing  caps  

and   transferred   to   a   fume  hood.   THF   (0.5  mL)  was   added   to   each   vial   and   both   vials  

were  cooled  to  –45  ˚C  and  allowed  to  stir  for  5  minutes.  Then  the  imine/epoxide  solution  

was   transferred   to   the  LiHMDS  solution  via   cannula  addition.  Residual   imine/epoxide  

was  rinsed  with  THF  (0.5  mL),  cooled  to  –45  °C,  and  transferred  similarly.  The  reaction  

mixture  was  allowed  to  stir  for  24  h  at  –45  °C,  whereupon  it  was  quenched  by  injection  

of  MeOH  (1  mL)  and  allowed  to  warm  to  room  temperature.  The  solution  was  filtered  

through  a  silica  plug   (2  cm),   rinsing  with  CHCl3,  and   then  concentrated.  The  resulting  

residue  was  purified  by  flash  column  chromatography  to  yield  the  1,3-­‐‑diamine  product. 

Ph

Ph2CN

Ph

OH

Ph
 

3-­‐‑((diphenylmethylene)amino)-­‐‑1,2,3-­‐‑triphenylpropan-­‐‑1-­‐‑ol   (syn-­‐‑2.3).   Title  

compound  prepared  according   to  General  Method  I   (reaction  at  –-­‐‑60  °C  for  24  h,   flash  
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column   chromatography:   100%   hexanes   to   19:1   hexanes:ethyl   acetate)   and   the   title  

compound  was   isolated   as   a  white   solid   (31.1  mg,   0.0665  mmol,   66.5%  yield,   >20.0:1.0  

d.r.  after  chromatography,  16.6:1.0  d.r.  before  chromatography).  IR  (thin  film)  3566  (w),  

3059  (w),  3027  (w),  2974  (w),  2919  (w),  1622  (w),  1601  (w),  1576  (w)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3) δ 7.42  (2H,  d,  J  =  7.4  Hz),  7.40–7.20  (11H,  m),  7.20–7.15  (6H,  m),  7.14–7.06  

(2H,  m),  7.02–6.91  (2H,  m),  6.69  (2H,  d,  J  =  8.0  Hz),  4.94–4.84  (2H,  m),  3.54  (1H,  dd,  J  =  7.8,  

4.8  Hz),  1.83  (1H,  d,  J  =  4.5  Hz);  13C  NMR  (125  MHz,  CDCl3)[28]  δ  167.6,  143.8,  142.8,  140.3,  

137.6,  136.7,  130.7,  129.6,  128.4,  128.1,  127.9,  127.8,  127.8,  127.7,  127.6,  127.4,  127.0,  126.7,  

126.4,  126.1,  74.1,  67.9,  61.7;  HRMS  (ESI+)  [M+H]+  calc’d  for  C34H29NO  :  468.2322,  found:  

468.2318.   The   enantiomeric   purity   of   syn-­‐‑4m   (99:1)  was  determined  by  HPLC  analysis  

(Phenomenex  Lux  Cellulose-­‐‑I,  96:4  hexanes:i-­‐‑PrOH,  1.0  mL/min,  220  nm)  in  comparison  

with  authentic  racemic  material. 

 2/23/2017 1:18:00 PM  Page 1 / 1 

 C:\LabSolutions\Data\Paige Daniel\PD-V-141-f54-59-celluloseI-96-4-hex-iproh.lcd 

Analysis Report

Sample Name : PD-V-141-f54-59-celluloseI-96-4-hex-iproh
Sample ID : PD-V-141-f54-59-celluloseI-96-4
Data Filename : PD-V-141-f54-59-celluloseI-96-4-hex-iproh.lcd
Method Filename : Hex_iPrOH_96_4_1ml_min.lcm
Batch Filename : 
Vial # : 1-20 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 11/24/2015 10:54:21 PM Acquired by : chemist
Date Processed : 11/24/2015 11:18:29 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 7.514 
 9.319 

Area
 7363522 
 7368524 

 14732046 

Area%
 49.983 
 50.017 

 100.000 

<Sample Information>
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 C:\LabSolutions\Data\Paige Daniel\PD-V-273clean-celluloseI-96-4.lcd 

Analysis Report

Sample Name : PD-V-273clean-celluloseI-96-4
Sample ID : PD-V-273clean-celluloseI-96-4
Data Filename : PD-V-273clean-celluloseI-96-4.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 1/24/2016 3:27:12 PM Acquired by : chemist
Date Processed : 1/24/2016 3:48:38 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 7.756 
 9.511 

Area
 76602 

 8615003 
 8691605 

Area%
 0.881 

 99.119 
 100.000 

<Sample Information>
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 C:\LabSolutions\Data\Paige Daniel\PD-V-141-f54-59-celluloseI-96-4-hex-iproh.lcd 

Analysis Report

Sample Name : PD-V-141-f54-59-celluloseI-96-4-hex-iproh
Sample ID : PD-V-141-f54-59-celluloseI-96-4
Data Filename : PD-V-141-f54-59-celluloseI-96-4-hex-iproh.lcd
Method Filename : Hex_iPrOH_96_4_1ml_min.lcm
Batch Filename : 
Vial # : 1-20 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 11/24/2015 10:54:21 PM Acquired by : chemist
Date Processed : 11/24/2015 11:18:29 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 7.514 
 9.319 

Area
 7363522 
 7368524 

 14732046 

Area%
 49.983 
 50.017 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-V-273clean-celluloseI-96-4
Sample ID : PD-V-273clean-celluloseI-96-4
Data Filename : PD-V-273clean-celluloseI-96-4.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 1/24/2016 3:27:12 PM Acquired by : chemist
Date Processed : 1/24/2016 3:48:38 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 7.756 
 9.511 

Area
 76602 

 8615003 
 8691605 

Area%
 0.881 

 99.119 
 100.000 

<Sample Information>

 
 

                                                                                                                

[28] Unable to identify one carbon due to overlap in aromatic region.  
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Ph

Ph2CN OH

Me

  

4-((diphenylmethylene)amino)-3,4-diphenylbutan-2-ol (syn-2.6).   Title compound 

prepared   according   to   General   Method   I   (reaction   at   –45   °C   for   4   h,   flash   column  

chromatography:   100%   pentane   to   19:1   pentane:ethyl   acetate)   and   the   title   compound  

was   isolated   as   a   white   solid   (32.0   mg,   0.0789   mmol,   78.9%   yield,   3.1:1.0   d.r.   after  

chromatography,  5.6:1.0  d.r.  before  chromatography).   IR  (thin  film)  3337  (w),  3059  (w),  

3026  (w),  2969  (w),  2926  (w),  1624  (w),  1599  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.45–

7.14  (18H,  m),  6.77–6.72  (2H,  m),  4.88  (1H,  d,  J  =  8.5  Hz),  3.89–3.79  (1H,  m),  3.14  (1H,  dd,  J  

=  8.5,  4.0  Hz),  1.21  (1H,  d,  J  =  6.0  Hz),  0.90  (3H,  d,  J  =  6.3  Hz);  13C  NMR  (125  MHz,  CDCl3)  

δ  166.9,  143.6,  140.3,  138.6,  136.8,  130.5,  130.2,  129.5,  128.4,  128.3,  128.2,  128.1,  127.8,  127.8,  

127.7,   126.7,   126.4,   68.4,   67.0,   61.0,   22.1;   HRMS   (ESI+)   [M+H]+   calc’d   for   C29H27NO   :  

406.2165,   found:   406.2159.   The   enantiomeric   purity   of   syn-­‐‑4a   (94.5:5.5   e.r.[29])   was  

determined   by  HPLC   analysis   (Phenomenex   Lux  Amylose-­‐‑I,   98:2   hexanes:i-­‐‑PrOH,   1.0  

mL/min,  254  nm)  in  comparison  with  authentic  racemic  material.   

                                                                                                                

[29] Ratio of enantiomers is higher in the product than in the starting epoxide, possibly due to peak overlap 
from the minor diastereomer.  
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 C:\LabSolutions\Data\Paige Daniel\PD-V-175B-recrystallized-amyloseI-98-4.lcd 

Analysis Report

Sample Name : PD-V-175B-recrys-amyloseI-98-2
Sample ID : PD-V-175B-recrys-amyloseI-98-2
Data Filename : PD-V-175B-recrystallized-amyloseI-98-4.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 12/17/2015 2:47:13 PM Acquired by : chemist
Date Processed : 2/23/2017 5:03:21 PM Processed by : chemist
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<Peak Table>

UV/Vis Channel 2 254nm
Ret. Time

 14.459 
 30.734 

Area
 3851285 
 3776519 
 7627804 

Area%
 50.490 
 49.510 

 100.000 

<Sample Information>

          

 2/27/2017 5:59:10 PM  Page 1 / 1 

 C:\LabSolutions\Data\Paige Daniel\PD-VI-87B-flashed-amyI-98-2.lcd 

Analysis Report

Sample Name : PD-VI-87B-flashed-amyI-98-2
Sample ID : PD-VI-87B-flashed-amyI-98-2
Data Filename : PD-VI-87B-flashed-amyI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/27/2017 5:19:24 PM Acquired by : chemist
Date Processed : 2/27/2017 5:56:03 PM Processed by : chemist
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time
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 2427642 
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 2563020 

Area%
 94.718 
 5.282 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-V-175B-recrys-amyloseI-98-2
Sample ID : PD-V-175B-recrys-amyloseI-98-2
Data Filename : PD-V-175B-recrystallized-amyloseI-98-4.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 12/17/2015 2:47:13 PM Acquired by : chemist
Date Processed : 2/23/2017 5:03:21 PM Processed by : chemist
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<Peak Table>

UV/Vis Channel 2 254nm
Ret. Time

 14.459 
 30.734 

Area
 3851285 
 3776519 
 7627804 

Area%
 50.490 
 49.510 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-87B-flashed-amyI-98-2
Sample ID : PD-VI-87B-flashed-amyI-98-2
Data Filename : PD-VI-87B-flashed-amyI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/27/2017 5:19:24 PM Acquired by : chemist
Date Processed : 2/27/2017 5:56:03 PM Processed by : chemist
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<Peak Table>
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 100.000 

<Sample Information>

  
  

Ph

Ph2CN OH

Me

OMe  

4-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑(4-­‐‑methoxyphenyl)-­‐‑4-­‐‑phenylbutan-­‐‑2-­‐‑ol   (syn-­‐‑

2.18).  Title  compound  prepared  according  to  General  Method  I  (reaction  at  –45  °C  for  3.5  

h,   flash   column   chromatography:   100%  hexanes   to   19:1  hexanes:diethyl   ether)   and   the  

title  compound  was  isolated  as  a  white  solid  (41.0  mg,  0.0941  mmol,  94.1%  yield,  10.0:1.0  

d.r.   after   chromatography,  9.2:1.0  d.r.  before   chromatography);   IR   (thin   film)  3453   (w),  

3059  (w),  3028  (w),  2969  (w),  2927  (w),  1611  (w),  1578  (w),  1511  (m)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3) δ 7.44–7.17  (13H,  m),  7.12  (2H,  d,  J  =  8.6  Hz),  6.83–6.74  (4H,  m),  4.84  (1H,  d,  

J  =  8.2  Hz),  3.84–3.81  (1H,  m),  3.77  (s,  3H),  3.08  (1H,  dd,  J  =  8.2,  4.1  Hz),  0.90  (3H,  d,  J  =  6.3  

Hz);  13C  NMR  (125  MHz,  CDCl3)   [30]  δ  167.0,  158.3,  143.9,  140.4,  136.9,  131.5,  130.6,  129.6,  

128.5,  128.4,  128.3,  128.2,  127.9,  127.8,  126.8,  113.2,  68.5,  67.3,  60.3,  55.2,  22.1;  HRMS  (ESI+)  

[M+H]+  calc’d  for  C30H29NO2  :  436.2271,  found:  436.2275.  The  enantiomeric  purity  of  syn-­‐‑

                                                                                                                

[30] Unable to identify one carbon due to overlap.  



  

  57  

4b   (82:18   e.r.)   was   determined   by   HPLC   analysis   (Phenomenex   Lux   Cellulose-­‐‑2,   98:2  

hexanes:i-­‐‑PrOH,  1.0  mL/min,  254  nm)  in  comparison  with  authentic  racemic  material.   
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Ph

Ph2CN OH

Me

CF3  

4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenyl-­‐‑3-­‐‑(4-­‐‑(trifluoromethyl)phenyl)butan-­‐‑2-­‐‑ol  

(syn-­‐‑2.19).  Title  compound  prepared  according  to  General  Method  I  (reaction  at  –78  °C  

for  24.5  h,  flash  column  chromatography:  100%  hexanes  to  9:1  hexanes:ethyl  acetate)  and  

the   title   compound  was   isolated   as   a  white   solid   (34.5  mg,   0.0729  mmol,   72.9%   yield,  

>20.0:1   d.r.   after   chromatography,   16.0:1.0   d.r.   before   chromatography).   IR   (thin   film)  

3061  (w),  2972  (w),  2926  (w),  1618  (w),  1577  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.56–

7.18  (17H,  m),  6.69  (2H,  d,  J  =  7.1  Hz),  4.89  (1H,  d,  J  =  8.8  Hz),  3.94–3.82  (1H,  m),  3.25–3.14  

(1H,  m),  1.27  (1H,  d,  J  =  4.9  Hz),  0.89  (3H,  d,  J  =  6.3  Hz);  13C  NMR  (125  MHz,  CDCl3)[31]  

δ  167.5,   143.5,   143.3,   140.0,   136.6,   130.9,   129.9,   128.8,   128.5,   128.4,   128.4,   127.94,   127.1,  

                                                                                                                

[31] Unable to identify two carbons due to overlap.  
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125.9,  125.4,  124.5,  68.5,  67.1,  60.7,  22.1;  19F  NMR  (470  MHz,  CDCl3)   δ  -­‐‑62.3;  HRMS  (ESI+)  

[M+H]+  calc’d  for  C30H26F3NO:  474.2039,  found:  474.2035  The  enantiomeric  purity  of  syn-­‐‑

4c   (94.5:5.5   e.r.)  was  determined  by  HPLC  analysis   (Phenomenex  Lux  Cellulose-­‐‑I,   98:2  

hexanes:i-­‐‑PrOH,  1.0  mL/min,  254  nm)  in  comparison  with  authentic  racemic  material.  
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Ph

Ph2CN OH

Me

CN   

4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑phenylbutan-­‐‑2-­‐‑yl)benzonitrile  

(syn-­‐‑2.20).  Title  compound  prepared  according  to  General  Method  I  (reaction  at  –78  °C  

for  24  h,  flash  column  chromatography:  100%  pentane  to  19:1  pentane:ethyl  acetate)  and  

the   title   compound   was   isolated   as   a   white   solid   (43.5   mg,   0.100   mmol,   >98%   yield,  

16.7:1.0   d.r.   after   chromatography,   20.0:1.0   d.r.   before   chromatography).   IR   (thin   film)  

3425  (w),  3059  (w),  3029  (w),  2970  (w),  2926  (w),  1619  (w),  1576  (w)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3)  δ  7.52  (2H,  d,  J  =  7.1  Hz),  7.43–7.18  (15H,  m),  6.70  (2H,  d,  J  =  8.1  Hz),  4.88  

(1H,  d,  J  =  8.3  Hz),  3.94–3.81  (1H,  m),  3.19  (1H,  dd,  J  =  8.4,  3.8  Hz),  0.89  (3H,  d,  J  =  6.6  Hz);  
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13C  NMR  (125  MHz,  CDCl3)  δ   167.6,  145.2,  142.9,  139.6,  136.4,  131.3,  131.2,  129.9,  128.5,  

128.4,   128.3,   127.9,   127.8,   127.8,   127.6,   127.0,   119.1,   110.1,   68.3,   66.9,   60.9,   22.0;   HRMS  

(ESI+)  [M+H]+  calc’d  for  C30H26N2O  :  431.2118,  found:  431.2116.    

Ph

Ph2CN OH

Me

Br   

3-­‐‑(4-­‐‑bromophenyl)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenylbutan-­‐‑2-­‐‑ol   (syn-­‐‑2.21).  

Title   compound   prepared   according   to   General  Method   I   (reaction   at   –78°C   for   48   h,  

flash   column   chromatography:   99:1   hexanes:NEt3   to   95:4:1   hexanes:ethyl   acetate:NEt3)  

and   the   title   compound   was   isolated   as   a   colorless   oil   (37.0   mg,   0.0766   mmol,   76.6%  

yield,  >20.0:1.0  d.r.  after  chromatography,  14.5:1.0  d.r.  before  chromatography).  IR  (thin  

film)  3078  (w),  3054  (w),  3027  (w),  2919  (w),  2852  (w),  1741  (w),  1613  (w),  1596  (w),  1574  

(w)  cm-­‐‑1;   1H  NMR  (500  MHz,  CDCl3)  δ  7.54–7.20  (15H,  m),  7.13  (2H,  d,   J  =  8.0  Hz),  6.76  

(2H,  d,  J  =  7.4  Hz),  4.86  (1H,  d,  J  =  8.4  Hz),  3.88–3.84  (1H,  m),  3.12  (1H,  dd,  J  =  8.3,  4.0  Hz),  

1.26  (1H,  d,  J  =  5.3  Hz),  0.91  (3H,  d,  J  =  6.3  Hz);  13C  NMR  (125  MHz,  CDCl3)  δ  167.2,  143.3,  

140.0,  137.9,  136.6,  132.2,  130.6,  129.7,  128.4,  128.3,  128.3,  127.9,  127.9,  127.8,  127.7,  126.8,  

120.4,  68.3,  67.0,  60.3,  22.0;  HRMS  (ESI+)  [M+H]+  calc’d  for  C29H26BrNO  :  484.1271,  found:  

484.1275.  
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Ph

Ph2CN OH

Me

Me   

4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenyl-­‐‑3-­‐‑(m-­‐‑tolyl)butan-­‐‑2-­‐‑ol   (syn-­‐‑2.22).   Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –60   °C   for   24  h,   flash  

column   chromatography:   19:1   hexanes:ethyl   acetate)   and   the   title   compound   was  

isolated   as   a   white   solid   (28.0   mg,   0.0667   mmol,   66.7%   yield,   11.0:1.0   d.r.   after  

chromatography,  11.0:1.0  d.r.  before  chromatography).  IR  (thin  film)  3448  (w),  3058  (w),  

3027  (w),  2970  (w),  2924  (w),  1623  (w),  1577  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.47–

7.08  (14H,  m),  7.05–6.90  (3H,  m),  6.78–6.69  (2H,  m),  4.87  (1H,  d,  J  =  8.8  Hz),  3.86–3.74  (1H,  

m),  3.14  (1H,  dd,  J  =  8.8,  3.8  Hz),  2.29  (3H,  s),  1.17  (1H,  d,  J  =  6.5  Hz),  0.88  (3H,  d,  J  =  6.3  

Hz);   13C  NMR   (125  MHz,   CDCl3)   δ   166.6,   143.6,   140.4,   138.4,   136.9,   136.8,   130.8,   129.4,  

128.4,  128.3,  128.2,  128.1,  127.9,  127.8,  127.8,  127.6,  127.6,  127.2,  126.7,  68.4,  66.9,  60.9,  22.2,  

21.4;  HRMS  (ESI+)  [M+H]+  calc’d  for  C30H29NO:  420.2322,  found:  420.2326.  

Ph

Ph2CN OH

Me

Br   

3-­‐‑(3-­‐‑bromophenyl)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenylbutan-­‐‑2-­‐‑ol   (syn-­‐‑2.23).  

Title   compound   prepared   according   to   General  Method   I   (reaction   at   –60°C   for   27   h,  

flash  column  chromatography:  100%  hexanes   to  9:1  hexanes:ethyl  acetate)  and   the   title  

compound  was  isolated  as  a  colorless  film  (39.0  mg,  0.0805  mmol,  80.5%  yield,  >20.0:1.0  
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d.r.   after   chromatography,  7.9:1.0  d.r.  before   chromatography).   IR   (thin   film)  3362   (w),  

3058  (w),  3028  (w),  2969  (w),  2924  (w),  1618  (w),  1595  (w),  1564  (w)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3)  δ  7.49–7.01  (17H,  m),  6.80–6.69  (2H,  m),  4.83  (1H,  d,  J  =  8.9  Hz),  3.79  (1H,  

m),  3.12  (1H,  dd,  J  =  8.8,  3.6  Hz),  1.16  (1H,  d,  J  =  5.6  Hz),  0.88  (3H,  d,  J  =  6.3  Hz);  13C  NMR  

(125  MHz,   CDCl3)   [32]δ   167.1,   143.2,   141.4,   140.0,   136.7,   132.9,   129.6,   129.5,   129.1,   128.3,  

128.0,  128.0,  127.8,  127.7,  126.9,  121.9,  68.4,  66.7,  60.6,  22.2;  HRMS  (ESI+)  [M+H]+  calc’d  for  

C29H26BrNO  :  484.1271,  found:  484.1272.  The  enantiomeric  purity  of  syn-­‐‑4g  (98:2  e.r.)  was  

determined   by  HPLC   analysis   (Phenomenex   Lux  Cellulose-­‐‑I,   98:2   hexanes:i-­‐‑PrOH,   1.0  

mL/min,  220  nm)  in  comparison  with  authentic  racemic  material.    
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Sample Name : PD-VI-49I-f29-49-cellI-98-2
Sample ID : PD-VI-49I-f29-49-cellI-98-2
Data Filename : PD-VI-49I-f29-49-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 3/9/2016 3:32:32 PM Acquired by : chemist
Date Processed : 3/20/2017 8:56:17 AM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 6.038 
 6.617 
 7.305 

 12.654 

Area
 649265 
 600350 

 4939591 
 4568461 

 10757666 

Area%
 6.035 
 5.581 

 45.917 
 42.467 

 100.000 

<Sample Information>

                    

 3/20/2017 2:00:29 PM  Page 1 / 1 

 C:\LabSolutions\Data\Paige Daniel\PD-VI-121C-f5-8-cellI-98-2.lcd 

Analysis Report

Sample Name : PD-VI-121C-f5-8-cellI-98-2
Sample ID : PD-VI-121C-f5-8-cellI-98-2
Data Filename : PD-VI-121C-f5-8-cellI-98-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 7:33:43 PM Acquired by : chemist
Date Processed : 3/20/2017 11:14:48 AM Processed by : chemist
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 5.692 
 6.159 
 6.770 

 11.514 

Area
 56116 

 1308615 
 355426 

 17294094 
 19014251 

Area%
 0.295 
 6.882 
 1.869 

 90.953 
 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-49I-f29-49-cellI-98-2
Sample ID : PD-VI-49I-f29-49-cellI-98-2
Data Filename : PD-VI-49I-f29-49-cellI-98-2.lcd
Method Filename : Hex_iPrOH_98_2_1ml_min.lcm
Batch Filename : 
Vial # : 1-19 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 3/9/2016 3:32:32 PM Acquired by : chemist
Date Processed : 3/20/2017 8:56:17 AM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 6.038 
 6.617 
 7.305 

 12.654 

Area
 649265 
 600350 

 4939591 
 4568461 

 10757666 

Area%
 6.035 
 5.581 

 45.917 
 42.467 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-121C-f5-8-cellI-98-2
Sample ID : PD-VI-121C-f5-8-cellI-98-2
Data Filename : PD-VI-121C-f5-8-cellI-98-2.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 7:33:43 PM Acquired by : chemist
Date Processed : 3/20/2017 11:14:48 AM Processed by : chemist
 

<Chromatogram>

min

mAU

5.0 7.5 10.0 12.5 15.0

0

250

500

750

UV/Vis Channel 1 220nm

 5
.6

9
2
  6

.1
5
9
 

 6
.7

7
0
 

 1
1
.5

1
4
 

<Peak Table>
UV/Vis Channel 1 220nm
Ret. Time

 5.692 
 6.159 
 6.770 

 11.514 

Area
 56116 

 1308615 
 355426 

 17294094 
 19014251 

Area%
 0.295 
 6.882 
 1.869 

 90.953 
 100.000 

<Sample Information>

  
  

Ph

Ph2CN OH

Me
Me

  

4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenyl-­‐‑3-­‐‑(o-­‐‑tolyl)butan-­‐‑2-­‐‑ol   (syn-­‐‑2.24).   Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –45   °C   for   48  h,   flash  

                                                                                                                

[31] Four carbon peaks could not be identified due to overlap.  
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column   chromatography:   100%   hexanes   to   3:1   hexanes:diethyl   ether)   and   the   title  

compound  was  isolated  as  a  white  solid  (32.5  mg,  0.0775  mmol,  77.5%  yield,  8.3:1.0  d.r.  

after  chromatography,  9.3:1.0  d.r.  before  chromatography).  IR  (thin  film)  3447  (w),  3059  

(w),  3026  (w),  2969  (w),  1623  (w),  1600  (w),  1577  (w),  1490  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  

CDCl3)  δ  7.45–7.02   (17H,  m),  6.70   (2H,  d,   J  =  6.6  Hz),  4.86   (1H,  d,   J  =  8.4  Hz),  3.89–3.80  

(1H,  m),  3.56  (1H,  dd,  J  =  8.4,  4.4  Hz),  2.30  (3H,  s),  1.23  (1H,  d,  J  =  5.9  Hz),  0.89  (3H,  d,  J  =  

6.3   Hz);   13C  NMR   (125  MHz,   CDCl3)[33]   δ   166.6,   143.9,   140.2,   138.4,   137.5,   136.8,   129.9,  

129.6,  129.0,  128.4,  128.3,  128.2,  128.0,  127.9,  127.8,  126.9,  126.1,  125.6,  69.3,  67.6,  54.5,  21.7,  

20.6;   HRMS   (ESI+)   [M+H]+   calc’d   for   C30H29NO   :   420.2322,   found:   420.2318.   The  

enantiomeric   purity   of   syn-­‐‑4h   (89:11   e.r.)   was   determined   by   HPLC   analysis  

(Phenomenex   Lux   Cellulose-­‐‑I,   99.9:0.01   hexanes:i-­‐‑PrOH,   1.0   mL/min,   254   nm)   in  

comparison  with  authentic  racemic  material.  
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Analysis Report

Sample Name : PD-VII-97A-f8-16-cellI-99.9-.1
Sample ID : PD-VII-97A-f8-16-cellI-99.9-.1
Data Filename : PD-VI-97A-f8-16-cellI-99.9-.1.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 10:54:40 AM Acquired by : chemist
Date Processed : 2/23/2017 4:23:47 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>

UV/Vis Channel 2 254nm
Ret. Time

 9.707 
 15.575 

Area
 2512532 
 2074334 
 4586866 

Area%
 54.777 
 45.223 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-253B-cellI-99.9-.1
Sample ID : PD-VI-253B-cellI-99.9-.1
Data Filename : PD-VI-253B-cellI-99.9-.1.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 5:35:34 PM Acquired by : chemist
Date Processed : 2/23/2017 4:31:57 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time

 9.603 
 14.533 

Area
 1102135 
 8925941 

 10028076 

Area%
 10.990 
 89.010 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VII-97A-f8-16-cellI-99.9-.1
Sample ID : PD-VII-97A-f8-16-cellI-99.9-.1
Data Filename : PD-VI-97A-f8-16-cellI-99.9-.1.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 10:54:40 AM Acquired by : chemist
Date Processed : 2/23/2017 4:23:47 PM Processed by : chemist
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<Peak Table>

UV/Vis Channel 2 254nm
Ret. Time

 9.707 
 15.575 

Area
 2512532 
 2074334 
 4586866 

Area%
 54.777 
 45.223 

 100.000 

<Sample Information>

           

 2/23/2017 6:46:49 PM  Page 1 / 1 

 C:\LabSolutions\Data\Paige Daniel\PD-VI-253B-cellI-99.9-.1.lcd 

Analysis Report

Sample Name : PD-VI-253B-cellI-99.9-.1
Sample ID : PD-VI-253B-cellI-99.9-.1
Data Filename : PD-VI-253B-cellI-99.9-.1.lcd
Method Filename : Hex_iPrOH_99.5_.5_1ml_min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 9/7/2016 5:35:34 PM Acquired by : chemist
Date Processed : 2/23/2017 4:31:57 PM Processed by : chemist
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time

 9.603 
 14.533 

Area
 1102135 
 8925941 

 10028076 

Area%
 10.990 
 89.010 

 100.000 

<Sample Information>

  
  
  
  
  

                                                                                                                

[33] Unable to identify one carbon due to overlap in aromatic region.  
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Ph

Ph2CN OH

Me
Br

  

3-­‐‑(2-­‐‑bromophenyl)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenylbutan-­‐‑2-­‐‑ol   (syn-­‐‑2.25).  

Title   compound  prepared   according   to  General  Method   I   (reaction   at   –45   °C   for   25   h,  

flash  column  chromatography:  100%  hexanes   to  9:1  hexanes:ethyl  acetate)  and   the   title  

compound  was  isolated  as  a  yellow  oil  (35.5  mg,  0.0733  mmol,  73.3%  yield,  >20.0:1.0  d.r.  

after  chromatography,  6.9:1.0  d.r.  before  chromatography).  IR  (thin  film)  3430  (w),  3059  

(w),  3027  (w),  2969  (w),  2926  (w),  1623  (w),  1599  (w)  1577  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  

CDCl3)  δ  7.53  (1H,  d,  J  =  8.0  Hz),  7.48–7.09  (15H,  m),  7.07–6.94  (1H,  m),  6.72  (2H,  d,  J  =  7.2  

Hz),  4.91  (1H,  d,  J  =  9.1  Hz),  4.06  (1H,  dd,  J  =  9.2,  3.4  Hz),  3.85–3.77  (1H,  m),  1.21  (1H,  d,  J  

=   5.7  Hz),   0.91   (3H,   d,   J   =   6.4  Hz);   13C  NMR   (125  MHz,  CDCl3)[34]  δ   166.7,   143.2,   140.1,  

138.7,   136.6,   132.4,   130.8,   129.5,   128.5,   128.3,   128.2,   128.0,   127.8,   127.7,   127.0,   126.8,   69.1,  

67.3,   57.3,   21.7;  HRMS   (ESI+)   [M+H]+   calc’d   for  C29H26BrNO   :   484.1271,   found:  484.1265.  

The   enantiomeric   purity   of   syn-­‐‑4i   (92.5:7.5   e.r.)   was   determined   by   HPLC   analysis  

(Phenomenex  Lux  Cellulose-­‐‑I,  98:2  hexanes:i-­‐‑PrOH,  1.0  mL/min,  254  nm)  in  comparison  

with  authentic  racemic  material.    

  

                                                                                                                

[34] Unable to identify three carbons due to overlap in aromatic region.  
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Analysis Report

Sample Name : PD-VI-75C-f27-37-cellI-98-2
Sample ID : PD-VI-75C-f27-37-cellI-98-2
Data Filename : PD-VI-75C-f27-37-cellI-98-2.lcd
Method Filename : Hex_iPrOH_95_5_1ml_min_40min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/20/2017 3:17:22 PM Acquired by : chemist
Date Processed : 2/23/2017 5:25:17 PM Processed by : chemist
 

<Chromatogram>
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time

 7.684 
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Area
 1545506 
 1547987 
 3093492 

Area%
 49.960 
 50.040 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-243A-f45-64-cellI-98-2
Sample ID : PD-VI-243A-f45-64-cellI-98-2
Data Filename : PD-VI-243A-f45-64-cellI-98-2.lcd
Method Filename : Hex_iPrOH_95_5_1ml_min_40min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/20/2017 3:53:46 PM Acquired by : chemist
Date Processed : 2/23/2017 5:26:46 PM Processed by : chemist
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time
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Area
 172884 

 2191038 
 2363922 

Area%
 7.313 

 92.687 
 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-75C-f27-37-cellI-98-2
Sample ID : PD-VI-75C-f27-37-cellI-98-2
Data Filename : PD-VI-75C-f27-37-cellI-98-2.lcd
Method Filename : Hex_iPrOH_95_5_1ml_min_40min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/20/2017 3:17:22 PM Acquired by : chemist
Date Processed : 2/23/2017 5:25:17 PM Processed by : chemist
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time

 7.684 
 11.220 

Area
 1545506 
 1547987 
 3093492 

Area%
 49.960 
 50.040 

 100.000 

<Sample Information>
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Analysis Report

Sample Name : PD-VI-243A-f45-64-cellI-98-2
Sample ID : PD-VI-243A-f45-64-cellI-98-2
Data Filename : PD-VI-243A-f45-64-cellI-98-2.lcd
Method Filename : Hex_iPrOH_95_5_1ml_min_40min.lcm
Batch Filename : 
Vial # : 1-1 Sample Type : Unknown
Injection Volume : 5 uL
Date Acquired : 2/20/2017 3:53:46 PM Acquired by : chemist
Date Processed : 2/23/2017 5:26:46 PM Processed by : chemist
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<Peak Table>
UV/Vis Channel 2 254nm
Ret. Time

 7.510 
 10.845 

Area
 172884 

 2191038 
 2363922 

Area%
 7.313 

 92.687 
 100.000 

<Sample Information>

  

  

Ph

Ph2CN

Ph

OH

n-Bu
  

1-­‐‑((diphenylmethylene)amino)-­‐‑1,2-­‐‑diphenylheptan-­‐‑3-­‐‑ol   (syn-­‐‑2.26).   Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –60   °C   for   24  h,   flash  

column   chromatography:   100%   hexanes   to   19:1   hexanes:ethyl   acetate)   and   the   title  

compound  was   isolated  as  a  colorless   film  (25.5  mg,  0.0570  mmol,  57.0%  yield,  19.6:1.0  

d.r.   after   chromatography,  7.2:1.0  d.r.  before   chromatography).   IR   (thin   film)  3059   (w),  

3027  (w),  2954  (w),  2928  (w),  2857  (w),  1621  (w),  1600  (w),  1578  (w)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3)  δ  7.55–7.13  (18H,  m),  6.75  (2H,  d,  J  =  8.1  Hz),  4.94  (1H,  d,  J  =  8.8  Hz),  3.71–

3.53  (1H,  m),  3.29  (1H,  dd,  J  =  8.9,  3.4  Hz),  1.29–1.06  (6H,  m),  0.80  (3H,  t,  J  =  7.1  Hz);  13C  

NMR   (125  MHz,   CDCl3)[35]   δ  167.0,   143.7,   140.4,   139.0,   136.9,   130.6,   129.5,   128.4,   128.4,  

128.2,  128.0,  127.9,  127.8,  127.8,  126.8,  126.4,  71.3,  68.7,  59.2,  35.7,  28.1,  22.6,  14.0;  HRMS  

(ESI+)  [M+H]+  calc’d  for  C32H33NO  :  448.2635,  found:  448.2634.  

                                                                                                                

[35] Unable to identify one carbon due to overlap in aromatic region.  
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Ph

Ph2CN

Ph

OH
OTBS

  

1-­‐‑((tert-­‐‑butyldimethylsilyl)oxy)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑3,4-­‐‑

diphenylbutan-­‐‑2-­‐‑ol  (syn-­‐‑2.27).  Title  compound  prepared  according  to  General  Method  I  

(reaction   at   –45   °C   for   24   h,   flash   column   chromatography:   99:1   hexanes:NEt3   to   19:1  

hexanes:ethyl  acetate)  and  the  title  compound  was  isolated  as  a  colorless  film  (49.2  mg,  

0.0919   mmol,   91.9%   yield,   9.0:1.0   d.r.   after   chromatography,   13.5:1.0   d.r.   before  

chromatography).   IR   (thin   film)   3576   (w),   3060   (w),   3027   (w),   2953   (w),   2927   (w),   2856  

(w),  1624  (w),  1600  (w),  1578  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.51–7.09  (18H,  m),  

6.76–6.70  (m,  2H),  4.94  (1H,  d,  J  =  9.1  Hz),  3.65  (1H,  ddd,  J  =  7.8,  4.2,  4.2  Hz),  3.39  (1H,  dd,  

J  =  9.1,  3.5  Hz),  3.30  (1H,  dd,  JAB  =  10.0,  JBX  =  4.6  Hz),  3.13  (1H,  dd,  JAB  =  10.0,  JAX  =  7.7  Hz),  

0.80  (9H,  s),  –0.10  (3H,  s),  –0.12  (3H,  s);  13C  NMR  (125  MHz,  CDCl3)  δ  166.9,  143.5,  140.5,  

139.0,  137.0,  130.5,  129.5,  128.6,  128.5,  128.3,  128.2,  128.2,  127.9,  127.7,  127.6,  126.9,  126.4,  

70.9,   68.5,   65.8,   55.9,   25.8,   18.2,   –5.5;   HRMS   (ESI+)   [M+H]+   calc’d   for   C35H41NO2Si   :  

536.2979,  found:  536.2954.    
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1-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑methyl-­‐‑1,2-­‐‑diphenylpentan-­‐‑3-­‐‑ol  (syn-­‐‑2.28).  Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –45   °C   for   48  h,   flash  

column   chromatography:   19:1   pentane:ethyl   acetate)   and   the   title   compound   was  

isolated   as   a   white   solid   (18.5   mg,   0.04267   mmol,   42.7%   yield,   >20.0:1.0   d.r.   after  



  

  66  

chromatography,  >20.0:1.0  d.r.  before  chromatography).  IR  (thin  film)  3473  (w),  3049  (w),  

3026   (w),   2957   (w),   2926   (w),   2869   (w),   1660   (w),   1622   (w),   1600   (w),   1577   (w)   cm-­‐‑1;   1H  

NMR  (500  MHz,  CDCl3)  δ  7.60–7.20  (18H,  m),  6.66  (2H,  d,  J  =  6.6  Hz),  4.88  (1H,  d,  J  =  8.9  

Hz),  3.49  (1H,  dd,  J  =  8.8,  3.2  Hz),  3.12  (1H,  ddd,  J  =  9.1,  6.2,  3.2  Hz),  1.41  (1H,  d,  J  =  6.2  

Hz),   1.30–1.20   (1H,  m),   0.78   (3H,  d,   J   =  6.6  Hz),   0.73   (3H,  d,   J   =   6.6  Hz);   13C  NMR   (125  

MHz,   CDCl3)   δ   167.0,   143.6,   140.4,   139.3,   137.0,   132.4,   130.7,   130.1,   129.5,   128.4,   128.3,  

128.1,   128.0,   127.8,   127.7,   126.9,   126.4,   69.3,   56.2,   31.5,   19.3,   18.8;   HRMS   (ESI+)   [M+H]+  

calc’d  for  C31H31NO  :  434.2478,  found:  434.2474.  
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4-­‐‑(1-­‐‑(4-­‐‑bromophenyl)-­‐‑1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxybutan-­‐‑2-­‐‑

yl)benzonitrile  (syn-­‐‑2.54).  Prepared  according  to  General  Method  I  (reaction  at  –78  °C  for  

24  h,   flash  column  chromatography:  9:1  hexanes:ethyl  acetate)  and   the   title   compound  

was   isolated   as   a   white   solid   (42.4   mg,   0.0835   mmol,   83.5%   yield,   16.5:1.0   d.r.   after  

chromatography,  16.5:1.0  d.r.  before  chromatography).  IR  (thin  film)  3479  (w),  3084  (w),  

3057  (w),  3025  (w),  2967  (w),  2924  (w),  2360  (w),  2340  (w),  2226  (m),  1620  (m),  1606  (m),  

1575  (m),  1484  (s)  cm-­‐‑1;   1H  NMR  (500  MHz,  CDCl3)  δ  7.55   (2H,  d,   J  =  8.0  Hz),  7.46–7.33  

(10H,  m),  7.27  (2H,  dd,  J  =  8.5,  6.6  Hz),  7.19  (2H,  d,  J  =  8.2  Hz),  6.70  (2H,  d,  J  =  7.4  Hz),  

4.87  (1H,  d,  J  =  8.3  Hz),  3.91–3.85  (1H,  m),  3.15  (1H,  dd,  J  =  8.4,  3.9  Hz),  1.31  (1H,  br),  0.92  
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(3H,  d,  J  =  6.4  Hz);   13C  NMR  (125  MHz,  CDCl3)  δ  168.2,  145.0,  142.1,  139.6,  136.4,  131.6,  

131.4,  131.3  130.2,  129.5,  128.8,  128.4,  128.2,  128.0,  127.8,  120.9,  119.1,  110.4,  67.7,  66.9,  60.9,  

22.3;  HRMS  (ESI+)  [M+H]+  calc’d  for  C30H25BrN2O  :  509.1223,  found:  509.1223.  
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4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑(4-­‐‑methoxyphenyl)butan-­‐‑2-­‐‑

yl)benzonitrile  (syn-­‐‑2.55).  Prepared  according  to  General  Method  I  (reaction  at  –60  °C  for  

24  h,  flash  column  chromatography:  100%  hexanes  to  4:1  hexanes:ethyl  acetate)  and  the  

title  compound  was  isolated  as  a  white  solid  (43.4  mg,  0.0943  mmol,  94.3%  yield,  >20:1.0  

d.r.   after   chromatography,   >20:1.0   d.r.   before   chromatography).  mp   =   81.5–84.0   °C;   IR  

(thin  film)  3493  (br),  3054  (w),  2959  (w),  2925  (w),  2834  (w),  2225  (m),  1607  (s),  1575  (m),  

1508  (s),  1460  (m)  cm-­‐‑1;   1H  NMR  (500  MHz,  CDCl3)  δ  7.54   (2H,  d,   J  =  8.0  Hz),  7.45–7.31  

(8H,  m),  7.28–7.19  (4H,  m),  6.84  (2H,  d,  J  =  8.4  Hz),  6.72  (2H,  d,  J  =  6.7  Hz),  4.85  (1H,  d,  J  =  

8.4  Hz),  3.94–3.90  (1H,  m),  3.81  (3H,  s),  3.18  (1H,  dd,  J  =  8.3,  3.8  Hz),  1.34  (1H,  br),  0.91  

(3H,  d,  J  =  6.3  Hz);  13C  NMR  (125  MHz,  CDCl3)[36]  δ  167.4,  158.6,  145.5,  139.8,  136.5,  135.1,  

131.4,  131.3,  130.0,  128.7,  128.6,  128.4,  128.0,  127.9,  119.2,  113.8,  110.2,  67.8,  67.0,  61.1,  55.2,  

22.2;  HRMS  (ESI+)  [M+H]+  calc’d  for  C31H28N2O2  :  461.2224,  found:  461.2225.  

  

                                                                                                                

[36]  Unable  to  identify  one  carbon  signal  due  to  peak  overlap.  
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4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑(3-­‐‑(trifluoromethyl)phenyl)butan-­‐‑

2-­‐‑yl)benzonitrile  (syn-­‐‑2.56).  Prepared  according  to  General  Method  I  (reaction  at  –60  °C  

for   24   h,   flash   column   chromatography:   85:15   hexanes:ethyl   acetate)   and   the   title  

compound  was  isolated  as  a  white  solid  (47.0  mg,  0.0944  mmol,  94.4%  yield,  4.6:1.0  d.r.  

after  chromatography,  4.6:1.0  d.r.  before  chromatography).  IR  (thin  film)  3084  (w),  3058  

(w),  3027  (w),  2924  (w),  2227  (m),  1617  (m),  1607  (m),  1596  (m),  1576  (w),  1504  (w),  1490  

(s)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.60–7.55  (3H,  m),  7.53–7.49  (3H,  m),  7.44–7.37  (8H,  

m),  7.31–7.24  (2H,  m),  6.69  (2H,  d,  J  =  7.0  Hz),  4.98  (1H,  d,  J  =  8.4  Hz),  3.90–3.82  (1H,  m),  

3.20  (1H,  dd,  J  =  8.4,  3.9  Hz),  1.01  (1H,  d,  J  =  6.4  Hz),  0.93  (3H,  d,  J  =  6.4  Hz);  13C  NMR  (125  

MHz,  CDCl3)[37]  δ   168.6,  144.9,  144.1,  139.4,  136.4,  131.4,  131.3,  130.4,  130.3,  128.9,  128.7,  

128.6,  128.3,  128.2,  128.0,  127.7,  126.8,  124.1  (1C,  q,  JC–F  =  272.3  Hz),  119.1,  110.4,  68.0,  66.9,  

60.9,   22.3;   19F   NMR   (470   MHz,   CDCl3)   δ   –62.44;   HRMS   (ESI+)   [M+H]+   calc’d   for  

C31H25F3N2O  :  499.1990,  found:  499.1992.  

  

                                                                                                                

[37]  ipso-­‐‑CF3  carbon  signals  unable  to  be  identified  due  to  C–F  splitting  and  peak  overlap.  
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4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑(o-­‐‑tolyl)butan-­‐‑2-­‐‑yl)benzonitrile  

(syn-­‐‑2.57).   Prepared   according   to  General  Method   I   (reaction   at   –45   °C   for   24   h,   flash  

column   chromatography:   100%   pentane   to   4:1   pentane:diethyl   ether)   and   the   title  

compound  was  isolated  as  a  white  solid  (36.6  mg,  0.0832  mmol,  83.2%  yield,  6.8:1.0  d.r.  

after  chromatography,  6.8:1.0  d.r.  before  chromatography).  IR  (thin  film)  3516  (br),  3059  

(w),  3019  (w),  2964  (m),  2925  (w),  2228  (m),  1620  (m),  1606  (m),  1576  (m),  1488  (m)  cm-­‐‑1;  

1H  NMR  (500  MHz,  CDCl3) δ  7.59–7.53   (3H,  m),  7.50   (2H,  d,   J  =  7.7  Hz),  7.44–7.31   (7H,  

m),  7.10–7.01  (3H,  m),  6.98–6.93  (1H,  m),  6.72  (2H,  d,  J  =  7.3  Hz),  5.04  (1H,  d,  J  =  6.4  Hz),  

4.06  (1H,  br),  3.10  (1H,  br),  2.01  (3H,  br),  1.55  (1H,  br),  1.04  (3H,  d,  J  =  6.3  Hz);  13C  NMR  

(125  MHz,  CDCl3)  δ  168.1,  145.2,  139.5,  137.0,  131.8,  131.7,  131.3,  130.7,  130.2,  130.1,  128.6,  

128.5,  128.3,  128.1,  127.4,  126.7,  126.6,  125.9,  119.2,  110.3,  67.8,  66.6,  60.1,  22.0,  19.0;  HRMS  

(ESI+)  [M+H]+  calc’d  for  C31H28N2O  :  445.2274,  found:  445.2278.  
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4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑(pyridin-­‐‑3-­‐‑yl)butan-­‐‑2-­‐‑

yl)benzonitrile  (syn-­‐‑2.58).  Prepared  according  to  General  Method  I  (reaction  at  –45  °C  for  

48  h,  flash  column  chromatography:  90:5:5  hexanes:ethyl  acetate:triethylamine)  and  the  

title  compound  was  isolated  as  a  white  solid  (40.6  mg,  0.0942  mmol,  94.2%  yield,  3.0:1.0  

d.r.  after  chromatography,  3.0:1.0  d.r.  before  chromatography).  Upon  recrystallization  in  

hot  ethyl  acetate,  4q  was  isolated  as  a  single  diastereomer  (21.1  mg,  0.0490  mmol,  49.0%  

yield).  IR  (thin  film)  3215  (br),  3055  (w),  2970  (w),  2927  (w),  2227  (m),  1610  (m),  1593  (m),  

1576  (m),  1478  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  8.54–8.39  (2H,  m),  7.72  (1H,  d,  J  =  

8.0  Hz),  7.56  (2H,  d,  J  =  8.0  Hz),  7.49–7.31  (8H,  m),  7.30–7.21  (3H,  m),  6.67  (2H,  d,  J  =  7.3  

Hz),  4.98  (1H,  d,  J  =  8.5  Hz),  3.91–3.82  (1H,  m),  3.19  (1H,  dd,  J  =  8.6,  3.8  Hz),  2.02  (1H,  d,  J  

=  3.4  Hz),  0.93  (3H,  d,  J  =  6.3  Hz);  13C  NMR  (125  MHz,  CDCl3)  δ  168.6,  149.3,  148.5,  144.8,  

139.4,  138.8,  136.3,  135.6,  1314,  130.3,  128.9,  128.4,  128.3,  128.0,  127.6,  123.6,  119.1,  110.5,  

98.1,   66.6,   66.0,   60.7,   22.4;  HRMS   (ESI+)   [M+H]+   calc’d   for  C29H25N3O   :   432.2070,   found:  

432.2068.  See  S41A  for  X-­‐‑ray  crystallographic  data.  
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4-­‐‑(6-­‐‑(tert-­‐‑butyldimethylsilyl)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑2-­‐‑hydroxyhex-­‐‑5-­‐‑yn-­‐‑

3-­‐‑yl)-­‐‑benzonitrile   (syn-­‐‑2.59).   Title   compound   prepared   according   to   General  Method   J  

(reaction  at  –45  °C  for  24  h,  flash  column  chromatography:  9:1  hexanes:ethyl  acetate)  and  

the   title   compound  was   isolated   as   a  white   solid   (47.4  mg,   0.0963  mmol,   96.3%   yield,  

4.0:1.0  d.r.  after  chromatography,  4.0:1.0  d.r.  before  chromatography).  IR  (thin  film)  3499  

(br),  3081  (w),  3058  (w),  3022  (w),  2951  (m),  2927  (m),  2886  (m),  2854  (m),  2227  (m),  2171  

(m),  1608  (m),  1574  (w),  1503  (w),  1490  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.57  (2H,  d,  

J  =  8.4  Hz),  7.47–7.36  (9H,  m),  7.32–7.28  (1H,  m),  7.14  (2H,  d,  J  =  6.9  Hz),  4.69–4.54  (2H,  

m),  3.15  (1H,  dd,   J  =  8.0,  3.6  Hz),  2.03  (1H,  s),  1.07  (3H,  d,  J  =  6.4  Hz),  0.91  (9H,  s),  0.09  

(6H,  s);  13C  NMR  (125  MHz,  CDCl3)  δ  170.9,  144.5,  139.5,  136.0,  131.5,  131.2,  130.5,  129.1,  

128.7,   128.4,   128.1,   128.0,   119.1,   110.6,   105.3,   88.9,   67.9,   58.3,   57.3,   26.1,   21.7,   16.5,   -­‐‑4.7;  

HRMS  (ESI+)  [M+H]+  calc’d  for  C32H36N2OSi  :  493.2670,  found:  493.2675.    
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4-­‐‑(4-­‐‑((diphenylmethylene)amino)-­‐‑2-­‐‑hydroxyhex-­‐‑5-­‐‑en-­‐‑3-­‐‑yl)benzonitrile   (syn-­‐‑2.60).  

Prepared   according   to   General   Method   F   (reaction   at   –45   °C   for   24   h,   flash   column  
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chromatography:   100%   pentane   to   4:1   pentane:diethyl   ether)   and   the   title   compound  

was   isolated   as   a   yellow   oil   (34.9   mg,   0.0920   mmol,   92.0%   yield[38],   3.0:1.0   d.r.   after  

chromatography,  3.0:1.0  d.r.  before  chromatography).   IR  (thin  film)  3081  (w),  3058  (w),  

3022  (w),  2970  (w),  2902  (w),  2226  (m),  1626  (m),  1606  (m),  1573  (m),  1503  (m),  1489  (m)  

cm-­‐‑1;   1H  NMR  (500  MHz,  CDCl3)  δ   7.61–7.51   (3H,  m),  7.48–7.40   (5H,  m),  7.38–7.34   (2H,  

m),  7.30–7.26  (2H,  m),  6.98–6.94  (2H,  m),  5.97  (1H,  ddd,  J  =  17.4,  10.3,  7.2  Hz),  5.15  (1H,  d,  

J  =  10.4  Hz),  5.07  (1H,  d,  J  =  17.3  Hz),  4.42  (1H,  dd,  J  =  7.5,  7.5  Hz),  4.31  (1H,  dd,  J  =  6.5,  4.2  

Hz),  2.97  (1H,  dd,  J  =  7.7,  3.9  Hz),  1.66  (1H,  br),  1.00  (3H,  d,  J  =  6.4  Hz).;   13C  NMR  (125  

MHz,   CDCl3)   δ   168.8,   145.0,   139.8,   138.8,   136.3,   131.5,   131.4,   130.2,   128.8,   128.4,   128.2,  

128.1,   127.9,   119.2,   116.3,   110.3,   67.6,   67.5,   58.5,   21.9;   HRMS   (ESI+)   [M+H]+   calc’d   for  

C26H24N2O  :  381.1961,  found:  381.1960.  

Ph

Ph2CN

Ph

OH

Me
  

4-­‐‑((diphenylmethylene)amino)-­‐‑3,4-­‐‑diphenylbutan-­‐‑2-­‐‑ol   (syn-­‐‑2.32).   Title  

compound   prepared   according   to   General  Method   I   (reaction   at   22   °C   for   24   h,   flash  

column   chromatography:   100%   hexanes   to   9:1   hexanes:ethyl   acetate)   and   the   title  

compound  was   isolated   as   a  white   solid   (20.5  mg,   0.0505  mmol,   50.5%  yield,   >20.0:1.0  

d.r.   after   chromatography,   2.8:1   d.r.   before   chromatography).   IR   (thin   film)   3317   (w),  

3059  (w),  3026  (w),  2971  (w),  2925  (w),  1622  (w),  1598  (w),  1576  (w)  cm-­‐‑1;   1H  NMR  (500  

                                                                                                                

[38]  Contains  ca.  11%  aminal  product  from  alcohol  cyclization  onto  imine.  
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MHz,  CDCl3)  δ  7.61  (2H,  d,  J  =  7.8  Hz),  7.47–7.29  (6H,  m),  7.25–7.20  (4H,  m),  7.11  (2H,  d,  J  

=  6.8  Hz),  7.00  (4H,  dd,  J  =  8.3,  8.3  Hz),  6.64  (2H,  d,  J  =  7.0  Hz,  2H),  4.70  (1H,  d,  J  =  3.9  Hz),  

4.50  (1H,  dq,  J  =  10.2,  6.2  Hz),  3.03  (1H,  dd,  J  =  10.0,  4.0  Hz),  0.99  (3H,  d,  J  =  6.0  Hz);  13C  

NMR   (125  MHz,   CDCl3)[39]   δ   167.7,   139.7,   138.8,   135.6,   130.5,   129.4,   128.9,   128.7,   128.6,  

128.2,  128.2,  127.7,  127.4,  127.1,  126.4,  77.3,  67.9,  59.9,  22.1;  HRMS  (ESI+)  [M+H]+  calc’d  for  

C24H25NO:  406.2165,  found:  406.2168.  

Ph

Ph2CN

Ph

OH

Ph

  

3-­‐‑((diphenylmethylene)amino)-­‐‑1,2,3-­‐‑triphenylpropan-­‐‑1-­‐‑ol   (syn-­‐‑2.33).   Title  

compound   prepared   according   to   General  Method   I   (reaction   at   23   °C   for   24   h,   flash  

column   chromatography:   100%   hexanes   to   97:3   hexanes:ethyl   acetate)   and   the   title  

compound  was  isolated  as  a  white  solid  (41.5  mg,  0.0885  mmol,  88.5%  yield,  3.6:1.0  d.r.  

after   chromatography,[40]   3:1  d.r.   before   chromatography).   IR   (thin   film)  3059   (w),   3027  

(w),  2954  (w),  2928  (w),  2857  (w),  1621  (w),  1600  (w),  1578  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  

CDCl3)  δ  7.72  (2H,  d,  J  =  7.3  Hz),  7.44–6.88  (21H,  m),  6.61  (2H,  d,  J  =  6.1  Hz),  5.36  (1H,  d,  J  

=  10.2  Hz),  4.90  (1H,  d,  J  =  3.6  Hz),  3.50  (1H,  dd,  J  =  10.2,  3.6  Hz),  1.31  (1H,  br  s);  13C  NMR  

(125  MHz,   CDCl3)[41]   δ   168.3,   142.9,   139.9,   138.8,   138.4,   135.5,   130.6,   129.7,   129.0,   128.7,  

                                                                                                                

[39] Unable to identify two carbons due to overlap in aromatic region.  
[40]  Minor  diastereomer  cyclizes  to  aminal  upon  chromatography.  
[41] Unable to identify one carbon due to overlap in aromatic region.  
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128.3,   128.2,   127.8,   127.6,   127.4,   127.3,   127.1,   126.8,   126.1,   125.2,   75.3,   72.0,   59.2;  HRMS  

(ESI+)  [M+H]+  calc’d  for  C34H29NO  :  468.2322,  found:  468.2321.  

Ph

Ph2CN OHH

  

2-­‐‑(((diphenylmethylene)amino)(phenyl)methyl)cyclohexan-­‐‑1-­‐‑ol   (syn-­‐‑2.34).   Title  

compound   prepared   according   to   General  Method   I   (reaction   at   22   °C   for   24   h,   flash  

column  chromatography:  99:1  hexanes:NEt3  to  99:9:1  hexanes:ethyl  acetate:NEt3)  and  the  

title   compound   was   isolated   as   a   colorless   film   (30.5   mg,   0.0825   mmol,   82.5%   yield,  

4.8:1.0   d.r.   after   chromatography,[40]   2.4:1.0   d.r.   before   chromatography).   IR   (thin   film)  

3324   (w),   3058   (w),   3026   (w),   2926   (w),   2854   (w),   1623   (w),   1598   (w),   1577   (w)   cm-­‐‑1;   1H  

NMR  (500  MHz,  CDCl3)  δ  7.62–7.49  (2H,  m),  7.43–7.23  (11H,  m),  6.94  (2H,  d,  J  =  6.3  Hz),  

4.46  (1H,  d,  J  =  3.5  Hz),  3.59  (1H,  ddd,  J  =  10.3,  10.3,  4.5  Hz),  2.06–1.94  (1H,  m),  1.79–0.58  

(8H,  m);   13C  NMR   (125  MHz,   CDCl3)[42]   δ   167.4,   140.4,   138.9,   135.5,   130.4,   128.6,   128.5,  

128.4,  128.2,  128.1,  127.9,  127.9,  127.5,  127.3,  127.0,  126.9,  72.2,  71.3,  50.3,  35.0,  28.0,  25.5,  

23.8;  HRMS  (ESI+)  [M+H]+  calc’d  for  C26H27NO:  370.2165,  found:  370.2164.  

Ph

Ph2CN

Ph

OH

  

(2S,3S)-­‐‑3-­‐‑((diphenylmethylene)amino)-­‐‑2,3-­‐‑diphenylpropan-­‐‑1-­‐‑ol   (2.44).   Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –60   °C   for   24  h,   flash  

                                                                                                                

[42] Three extra carbons in aromatic region due to diastereomeric mix.  
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column   chromatography:   99:1   hexanes:NEt3   to   9:1   hexanes:ethyl   acetate)   and   the   title  

compound  was   isolated   as   a  white   solid   (22.5  mg,   0.057  mmol,   57.5%  yield,   >20:1   d.r.  

after  chromatography,  5.2:1.0  d.r.  before  chromatography).  IR  (thin  film)  3399  (w),  3059  

(w),  3027  (w),  2924  (w),  1623  (w),  1600  (w),  1577  (w),  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  

7.53  (2H,  d,  J  =  7.1  Hz),  7.44–7.14  (14H,  m),  6.93  (2H,  d,  J  =  7.9),  6.81  (2H,  d,  J  =  6.6  Hz),  

4.67  (1H,  d,  J  =  6.5  Hz),  3.95  (1H,  dd,  JXY  =  11.0,  JAY  =  6.5  Hz),  3.75  (1H,  dd,  JXY  =  11.0,  JAX  =  

6.4  Hz),   3.50   (1H,  dd,   JAX,   JAY  =   6.7  Hz),   3.1   (1H,  br   s);   13C  NMR  (125  MHz,  CDCl3)[43]  δ  

167.3,  141.1,  139.6,  139.4,  136.2,  130.0,  128.8,  128.4,  128.0,  128.0,  127.9,  127.6,  127.1,  126.6,  

70.8,  63.7,  54.9;  HRMS  (ESI+)  [M+H]+  calc’d  for  C28H25NO  :  392.2009,  found:  392.2012.  

Ph

OH

n-Bu

Ph2CN

  

1-­‐‑((diphenylmethylene)amino)-­‐‑1-­‐‑phenylheptan-­‐‑3-­‐‑ol   (2.46).   Title   compound  

prepared   according   to   General   Method   I   (reaction   at   –60   °C   for   24   h,   flash   column  

chromatography:  99:1  hexanes:NEt3  to  9:1  hexanes:ethyl  acetate)  and  the  title  compound  

was   isolated   as   a   colorless   film   (26.5   mg,   0.0713   mmol,   71.3%   yield,   2.1:1.0   d.r.   after  

chromatography,  2.1:1.0  d.r.  before  chromatography).   IR  (thin  film)  3377  (w),  3059  (w),  

2930  (w),  2857  (w),  1624  (w),  1599  (w),  1576  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.65  

(2H,  d,  J  =  7.7  Hz),  7.50–7.21  (11H,  m),  7.03  (2H,  d,  J  =  6.9  Hz),  4.82  (1H,  dd,  J  =  4.3,  4.3  

Hz),  3.81  (1H,  m),  2.04–1.78  (2H,  m),  1.63–1.14  (6H,  m),  0.87  (3H,  t,  J  =  6.8  Hz);  13C  NMR  

(125  MHz,  CDCl3)  δ  168.2,  143.6,  138.9,  135.8,  130.4,  128.6,  128.5,  128.3,  128.2,  128.1,  127.4,  
                                                                                                                

[43] Unable to identify three carbons due to overlap in aromatic region.   
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126.6,   125.0,   68.5,   64.6,   44.9,   37.3,   27.7,   22.7,   14.0;   HRMS   (ESI+)   [M+H]+   calc’d   for  

C26H29NO  :  372.2322,  found:  372.2320.  

Ph

Ph2CN

Me

HO Ph

  

4-­‐‑((diphenylmethylene)amino)-­‐‑2,4-­‐‑diphenylbutan-­‐‑2-­‐‑ol   (2.39).   Title   compound  

prepared   according   to   General   Method   I   (reaction   at   –45   °C   for   24   h,   flash   column  

chromatography:   100%   pentane   to   19:1   pentane:ethyl   acetate)   and   the   title   compound  

was   isolated   as   a   colorless   oil   (24.6  mg,   0.0606  mmol,   60.6%   yield,   >20.0:1.0   d.r.   after  

chromatography,  3.7:1.0  d.r.  before  chromatography).   IR  (thin  film)  3345  (w),  3058  (w),  

3025   (w),   2969   (w),   2925   (w),   1661   (w),   1598   (w),   1618   (w),   1598   (w),   1576   (w)   cm-­‐‑1;   1H  

NMR  (500  MHz,  CDCl3)  δ  7.57  (2H,  d,  J  =  7.1  Hz),  7.47–7.07  (12H,  m),  7.00  (2H,  t,  J  =  7.6  

Hz),  6.85  (2H,  dd,  J  =  7.0,  2.5  Hz),  6.00  (2H,  d,  J  =  6.8  Hz),  5.90  (1H,  br),  4.22  (1H,  dd,  JBX  =  

11.4,  JAX  =  3.6  Hz),  2.71  (1H,  dd,  JAB  =  14.5,  JBX  =  14.4  Hz),  2.41  (1H,  dd,  JAB  =  14.5,  JAX  =  3.7  

Hz),  1.47  (3H,  s);   13C  NMR  (125  MHz,  CDCl3)[44]  δ  171.1,  148.1,  145.0,  138.6,  135.9,  130.6,  

128.2,   128.1,   128.0,   127.8,   127.6,   126.6,   126.5,   125.9,   125.1,   75.0,   63.3,   50.9,   32.9;   HRMS  

(ESI+)  [M+H]+  calc’d  for  C29H27NO  :  406.2165,  found:  406.2159.  

Ph

Ph2CN

Et

HO Ph

  

1-­‐‑((diphenylmethylene)amino)-­‐‑1,3-­‐‑diphenylpentan-­‐‑3-­‐‑ol   (2.40).   Title   compound  

prepared   according   to   General   Method   I   (reaction   at   –45   °C   for   19   h,   flash   column  

                                                                                                                

[44] Unable to identify two carbons due to overlap in aromatic region.  
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chromatography:   99:1   hexanes:NEt3   to   95:4:1   hexanes:ethyl   acetate:NEt3)   and   the   title  

compound  was   isolated  as  a  colorless  solid   (41.5  mg,  0.0988  mmol,  98.8%  yield,  6.7:1.0  

d.r.   after   chromatography,  3.6:1.0  d.r.  before   chromatography).   IR   (thin   film)  3344   (w),  

3058  (w),  3025  (w),  2966  (w),  2919  (w),  1661  (w),  1598  (w),  1575  (w)  cm-­‐‑1;   1H  NMR  (500  

MHz,  CDCl3)  δ  7.70–7.65  (2H,  m),  7.59–7.53  (2H,  m),  7.49–7.43  (2H,  m),  7.40–7.09  (8H,  m),  

7.00  (2H,  dd,  J  =  7.8,  7.8  Hz),  6.89–6.82  (2H,  m),  5.97  (2H,  dd,  J  =  8.1,  1.4  Hz),  4.25  (1H,  dd,  

JBX  =  11.6,  JAX  =  3.6  Hz),  2.70  (1H,  dd,  JAB  =  14.4,  JBX  =  11.6  Hz),  2.35  (1H,  dd,  JAB  =  14.4,  JAX  =  

3.6  Hz),  1.94–1.59  (2H,  m),  0.77  (3H,  t,  J  =  7.4  Hz);  13C  NMR  (125  MHz,  CDCl3)[45]  δ  171.5,  

169.2,  147.1,  145.6,  141.0,  140.1,  139.1,  137.1,  136.4,  131.0,  130.4,  128.9,  128.9,  128.9,  128.7,  

128.7,   128.6,   128.5,   128.4,   128.2,   128.2,   128.1,   128.0,   127.1,   126.9,   126.9,   126.3,   63.6,   57.8,  

50.2,  38.4,  7.9;  HRMS  (ESI+)  [M+H]+  calc’d  for  C30H29NO  :  420.2322,  found:  420.2323.  

Ph

Ph2CN

Me

HO Cy

  

2-­‐‑cyclohexyl-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑4-­‐‑phenylbutan-­‐‑2-­‐‑ol   (2.41).   Title  

compound  prepared  according   to  General  Method   I   (reaction   at   –20   °C   for   25  h,   flash  

column   chromatography:   19:1   hexanes:ethyl   acetate)   and   the   title   compound   was  

isolated   as   a   white   solid   (39.0   mg,   0.0948   mmol,   94.8%   yield,   1.9:1.0   d.r.   after  

chromatography,  2.2:1.0  d.r.  before  chromatography).   IR  (thin  film)  3419  (w),  3059  (w),  

3025   (w),   2922   (m),   2850   (w),   1616   (w),   1597   (w),   1575   (w)   cm-­‐‑1;   1H   NMR   (500  MHz,  

CDCl3)  δ  7.70–7.66  (2H,  m),  7.44–7.28  (6H,  m),  7.30–7.14  (3H,  m),  7.11–7.05  (2H,  m),  6.93–
                                                                                                                

[45] Extra carbon peaks due to two diastereomers.  
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6.86  (2H,  m),  4.66–4.61  (1H,  m),  4.14  (1H,  br  s),  2.35  (1H,  dd,  J  =  14.4,  10.9  Hz),  2.03  (1H,  

dd,   J   =   14.7,   3.5  Hz),   1.95–1.52   (5H,  m),   1.39–0.86   (6H,  m),   1.03   (3H,   s);   13C  NMR   (125  

MHz,  CDCl3)[46]  δ   169.8,  145.9,  138.9,  136.5,  130.5,  129.9,  128.5,  128.3,  128.3,  128.3,  128.2,  

128.2,  128.2,  128.2,  128.0,  127.2,  127.0,  126.7,  126.6,  126.4,  74.5,  63.1,  49.2,  47.6,  46.5,  28.7,  

26.9,  26.7,  26.4,  23.5;  HRMS  (ESI+)  [M+H]+  calc’d  for  C29H33NO  :  412.2635,  found:  412.2632.  

Ph

Ph2CN HO Ph
OTBS

  

1-­‐‑((tert-­‐‑butyldimethylsilyl)oxy)-­‐‑4-­‐‑((diphenylmethylene)amino)-­‐‑2,4-­‐‑

diphenylbutan-­‐‑2-­‐‑ol   (2.42).   Title   compound   prepared   according   to   General   Method   I  

(reaction  at  –45  °C  for  24  h,  flash  column  chromatography:  4:1  hexanes:dichloromethane  

to  1:4  hexanes:dichloromethane)  and   the   title  compound  was   isolated  as  a  colorless  oil  

(47.7  mg,  0.0889  mmol,  88.9%  yield,  4.5:1.0  d.r.  after  chromatography,  2.5:1.0  d.r.  before  

chromatography).   IR   (thin   film)   3344   (w),   3059   (w),   3026   (w),   2953   (w),   2927   (w),   2856  

(w),  1662  (w),  1620  (w),  1599  (w),  1576  (w)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.92–6.81  

(18H,  m),  5.98  (2H,  d,  J  =  7.4  Hz),  4.34  (1H,  dd,  J  =  11.0,  3.9  Hz),  3.59  (1H,  d,  JAB  =  9.7),  3.47  

(1H,  d,  JAB  =  9.7),  2.71–2.49  (2H,  m),  0.77  (9H,  s),  –0.17  (3H,  s),  –0.19  (3H,  s);  13C  NMR  (125  

MHz,  CDCl3)[47]  δ   170.4,  145.7,  145.1,  144.5,  138.7,  136.0,  132.3,  130.4,  129.9,  128.4,  128.4,  

128.3,  128.2,  128.1,  128.0,  127.9,  127.9,  127.7,  127.7,  127.6,  127.5,  127.3,  126.9,  126.7,  126.5,  

                                                                                                                

[46] Extra carbon peaks due to two diastereomers.  
[47] Extra carbon peaks due to two diastereomers.  
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126.4,  126.4,  126.2,  125.5,  72.1,  63.1,  57.3,  45.6,  25.8,  18.3,  –5.7;  HRMS  (ESI+)  [M+H]+  calc’d  

for  C35H41NO2Si  :  536.2979,  found:  536.2975.  

Large-­‐‑scale  preparation  of   2.20:   In   an  N2-­‐‑filled  glovebox,   a   flame-­‐‑dried   100-­‐‑mL  

round-­‐‑bottom  flask,  equipped  with  stir  bar,  was  charged  with  ketimine  1.1  (1.36  g,  5.00  

mmol,   2.00   equiv)   and  LiHMDS   (1.67   g,   10.0  mmol,   4.00   equiv).  A   flame-­‐‑dried   25-­‐‑mL  

round-­‐‑bottom  flask,  equipped  with  stir  bar,  was  charged  with  epoxide  1.9  (398  mg,  2.50  

mmol,  1.00  equiv).  Both  flasks  were  sealed  with  rubber  septa  and  transferred  to  a  fume  

hood.   The   imine/LiHMDS-­‐‑containing   round-­‐‑bottom   flask   was   charged   with   THF   (15  

mL)  and  allowed  to  stir/deprotonate  for  10  min.  (The  solution  turned  a  vibrant  purple-­‐‑

red  color  immediately  upon  solvent  addition/AAA  formation.)  Meanwhile,  the  epoxide-­‐‑

containing  vial  was   charged  with  THF   (15  mL)  and  allowed   to   stir   at   –78   °C.  After  10  

min,  the  AAA  solution  was  cooled  to  –78  °C,  and  the  epoxide  solution  was  transferred  to  

the   AAA   solution   via   cannula   addition.   Residual   epoxide  was   rinsed  with   THF   (17.5  

mL),   cooled   to   –78   °C,   and   transferred   similarly.  The   reaction  mixture  was   allowed   to  

stir   for  24  h  at  –78  °C,  whereupon  it  was  quenched  by  injection  of  MeOH  (15  mL)  and  

allowed  to  warm  to  room  temperature.  The  solution  was  filtered  through  a  silica  plug  (5  

cm   long   x   3   cm  wide),   rinsing  with   CHCl3,   and  was   then   concentrated.   The   resulting  

residue  was  purified  by  flash  column  chromatography  (9:1  to  7:1  hexanes:ethyl  acetate)  

to   yield   the   protected   1,3-­‐‑amino   alcohol   product   2.20   as   a   white   solid   (0.977   g,   2.27  
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mmol,   90.8%   yield,   >20:1.0   d.r.   after   chromatography,   >20:1.0   d.r.   before  

chromatography).  

2.4.8  Hydrolysis  of  Imines  

General  Procedure  K  
Ph2CN

Ph

OH i) 2.0 M aq. HCl

THF, 22 °C, 4 h;
ii) 1.0 M aq. NaOH

NH2

Ph

OH

R1

R3 R3

R1R2 R2

  

A  2-­‐‑dram  vial,  equipped  with  stir  bar,  was  charged  with  imine  (1.00  equiv),  THF  

(20  mL/mmol),  and  2.0  M  aq.  HCl  (2  mL).  The  mixture  was  allowed  to  stir  for  4  h  at  22  

°C  whereupon  it  was  brought  to  pH  =  11  with  1.0  M  aq.  NaOH.  The  solution  was  diluted  

with   dichloromethane   (10   mL)   and   the   layers   partitioned.   The   aqueous   layer   was  

washed  with  additional  dichloromethane  (2  x  10  mL).  The  combined  organic  layers  were  

dried  over  MgSO4,  filtered  and  concentrated.  The  resulting  white  solid  was  purified  by  

recrystallization  (dissolved  in  hot  pentane/ethyl  acetate,  cooled  to  –20  °C,  and  filtered).  

NH2

Ph

OH

Me

CN   

4-­‐‑((1-­‐‑amino-­‐‑3-­‐‑hydroxy-­‐‑1-­‐‑phenylbutan-­‐‑2-­‐‑yl)benzonitrile   (2.61).   Title   compound  

prepared  according  to  General  Method  K  (4  h)  and  the  title  compound  was  isolated  as  a  

white  solid  (49.5  mg,  0.186  mmol,  93.0%,  >20:1.0  d.r.).  mp  =  168.5–170.5  °C;  IR  (neat)  3363  

(m),  3295  (w),  3182  (br),  2970  (w),  2929  (w),  2855  (w)  2224  (m),  1602  (m),  1579  (m),  1500  

(m),  1459  (m)  cm-­‐‑1;  1H  NMR  (500  MHz,  CDCl3)  δ  7.57  (2H,  d,  J  =  8.0  Hz),  7.42  (2H,  d,  J  =  
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7.9  Hz),  7.35–7.21  (3H,  m),  7.14  (2H,  d,  J  =  7.3  Hz),  4.57  (1H,  d,  J  =  6.5  Hz),  4.24–4.16  (1H,  

m),  2.82–2.73  (1H,  m),  0.96  (3H,  d,  J  =  6.4  Hz);  13C  NMR  (125  MHz,  CDCl3)  δ  143.8,  143.3,  

131.7,   131.4,   128.5,   127.5,   126.4,   118.9,   110.8,   69.8,   59.2,   58.9,   21.9;  HRMS   (ESI+)   [M+H]+  

calc’d  for  C17H18N2O  :  267.1492,  found:  267.1488.  

Ph

NH2

Ph

OH

Ph

  

4-­‐‑amino-­‐‑3,4-­‐‑diphenylbutan-­‐‑2-­‐‑ol   (A).   Title   compound   prepared   according   to  

General  Method  K  (3.5  h)  and  the  title  compound  was  isolated  as  a  white  solid  (140  mg,  

0.461  mmol,   46.1%,   18.8:1.0  d.r.).   IR   (thin   film)   3027   (w),   2875   (w),   1601   (w),   1492   (w),  

1451  (w);  1H  NMR  (500  MHz,  CDCl3)  δ    7.44  (2H,  d,  J  =  7.2  Hz)),  7.34  (2H,  dd,  J  =  7.6,  7.6  

Hz),  7.27–7.13  (7H,  m),  7.03  (2H,  d,  J  =  7.8  Hz),  6.85–6.81  (2H,  m),  5.33  (1H,  d,  J=4.4  Hz),  

4.52  (1H,  d,  J=3.0  Hz),  3.25  (1H,  dd,  J  =  4.4,  3.0  Hz),  1.58  (1H,  br  s);  13C  NMR  (125  MHz,  

CDCl3)[48]  δ  144.9,   143.4,   138.3,   129.9,   128.1,   128.1,   127.8,   127.1,   126.9,   126.8,   126.7,   125.8,  

57.6,  55.8;  HRMS  (ESI+)  [M+H]+  calc’d  for  C21H21NO  :  304.1696,  found:  304.1697.  See  S49A  

for  X-­‐‑ray  crystallographic  data.  

Ph

H2N

Et

HO Ph

  

1-­‐‑amino-­‐‑1,3-­‐‑diphenylpentan-­‐‑3-­‐‑ol   (B)   Title   compound   prepared   according   to  

General  Method  K  (3.5  h)  from  crude  mixture  and  the  title  compound  was  isolated  as  a  

white  solid  (18.0  mg,  0.0705  mmol,  70.5%  over  2  steps,  20.0:1.0  d.r.).   IR  (thin  film)  3853  

                                                                                                                

[48] Unable to identify one carbon due to overlap with solvent peaks.  
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(w),  3734  (w),  3628  (w),  3059  (w),  2927  (w),  1734  (w),  1700  (w),  1684  (w),  1653  (w),  1559  

(w),  1540  (w),  1507  (w);  1H  NMR  (500  MHz,  CDCl3)  δ    7.54–7.50  (2H,  m),  7.43–7.37  (2H,  

m),  7.36–7.21  (5H,  m),  7.13-­‐‑7.09  (1H,  m),  3.61  (1H,  dd,  JAX  =  11.6,  JBX  =  2.4  Hz),  2.20  (1H,  

dd,  JAB  =  14.4,  JBX  =  2.3  Hz),  2.10  (1H,  JAB  =  14.4,  JAX  =  11.7  Hz),  1.84–1.74  (2H,  m),  1.51  (1H,  

br  s),  0.79  (3H,  t,  J  =  7.4  Hz);  13C  NMR  (125  MHz,  CDCl3)  δ  149.8,  149.7,  131.4,  130.7,  129.7,  

128.7,  128.5,  127.8,  80.1,  56.2,  50.4,  40.3,  10.2;  HRMS  (ESI+)   [M+H]+  calc’d  for  C17H21NO  :  

256.1696,  found:  256.1699.  See  S56A  for  X-­‐‑ray  crystallographic  data.  

2.4.9  Functionalization  of  diamine  products  

TsCl, NEt3, DMAP

CH2Cl2, 0 °C, 18 h

TsN
Me

Ph

OH

MePh

H2N

PPh3, DEAD

CH2Cl2, 22 °C, 24 h

OH

MePh

TsHN

CN CN
CN

  

4-­‐‑(2-­‐‑methyl-­‐‑4-­‐‑phenyl-­‐‑1-­‐‑tosylazetidin-­‐‑3-­‐‑yl)benzonitrile   (2.63).   A   flame-­‐‑dried   10-­‐‑

mL   round-­‐‑bottom   flask,   equipped  with   stir   bar,  was   charged  with   1.61   (215  mg,   0.808  

mmol,   1.00   equiv),   p-­‐‑toluenesulfonyl   chloride   (162   mg,   0.848   mmol,   1.05   equiv),   4-­‐‑

(dimethylamino)pyridine    (9.90  mg,  80.8  µmol,  0.100  equiv),  and  dichloromethane  (3.00  

mL).  The  reaction  mixture  was  allowed  to  cool  to  0  °C  and  triethylamine  (0.340  mL,  2.43  

mmol,   3.00   equiv)   was   added   dropwise   over   5   min.   The   reaction   mixture   was  

transported  to  a  4  °C  cold  room  and  allowed  to  stir  for  18  h  at  which  time  it  was  diluted  

with  dichloromethane  (10  mL)  and  then  saturated  aqueous  Na2CO3  (15  mL).  The  layers  

were  partitioned  and  the  aqueous  layer  washed  with  dichloromethane  (3  x  20  mL).  The  
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combined  organic  layers  were  dried  over  Na2SO4,  filtered  and  concentrated.  The  mixture  

was  purified  by  flash  column  chromatography  (9:1  to  2:1  hexanes:ethyl  acetate)  to  yield  

1.62  as  a  white  solid  (286  mg,  0.680  mmol,  84.1%  yield,  >20.0:1.0  d.r.).  IR  (neat)  3459  (w),  

3261   (m),   3034(w),   2964   (w),   2232   (m),   1598   (m),   1495   (m)   cm-­‐‑1;   1H   NMR   (500  MHz,  

CDCl3)  δ  7.45  (2H,  d,  J  =  7.8  Hz),  7.32–7.24  (4H,  m),  7.21–7.17  (3H,  m),  7.14–7.11  (2H,  m),  

7.02  (2H,  d,  J  =  7.9  Hz),  5.06  (1H,  d,  J  =  7.5  Hz),  4.84  (1H,  dd,  J  =  10.1,  7.5  Hz),  3.71–3.59  

(1H,  m),  2.72  (1H,  dd,  J  =  10.1,  3.2  Hz),  2.39  (3H,  s),  1.25  (1H,  d,  J  =  5.4  Hz),  0.83  (3H,  d,  J  =  

6.4   Hz);   13C   NMR   (125   MHz,   CDCl3)  

δ   143.1,  142.3,  139.5,  136.9,  131.9,  130.8,  129.2,  128.6,  127.8,  127.2,  126.9,  111.2,  110.0,  66.1,  

59.7,      58.6,  22.3,  21.5;   HRMS   (ESI+)   [M+Na]+   calc’d   for   C24H24N2O3S   :   443.1400,   found:  

443.1398.  

An  oven-­‐‑dried  (120  °C)  2-­‐‑dram  vial  equipped  with  stir  bar  was  charged  with  1.62  

(42.0  mg,  0.100  mmol,  1.00  equiv),  triphenylphosphine  (53.0  mg,  0.200  mmol,  2.00  equiv)  

and   dichloromethane   (1   mL).   The   reaction   mixture   was   allowed   to   cool   to   0   °C   and  

diethyl  azodicarboxylate   (31.0  µL,  0.200  mmol,  2.00  equiv)  was  added  dropwise  over  5  

min.  The  reaction  mixture  was  allowed  to  warm  to  room  temperature  and  stir  for  24  h  

whereupon   it   was   concentrated.   The   mixture   was   purified   by   flash   column  

chromatography   (100%   hexanes   to   93:7   hexanes:ethyl   acetate)   to   yield   1.63   as   a  white  

solid  (39.1  mg,  0.0973  mmol,  97.3%  yield,  >20:1.0  d.r.).  mp  =  55.5–57.5  °C;  IR  (neat)  3069  

(w),  3034  (w),  2972  (w),  2925  (w),  2226  (m),  1744  (w),  1611  (m),  1598  (m),  1495  (m)  cm-­‐‑1;  
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1H  NMR  (500  MHz,  CDCl3)  δ  7.58  (2H,  d,  J  =  8.1  Hz),  7.36  (2H,  d,  J  =  8.2  Hz),  7.20  (2H,  d,  J  

=  8.0  Hz),  7.05  (2H,  d,  J  =  8.2  Hz),  7.03–6.94  (3H,  m),  6.89  (2H,  d,  J  =  7.2  Hz),  5.69  (1H,  d,  J  

=  9.3  Hz),  4.85–4.74  (1H,  m),  3.65  (1H,  dd,  J  =  9.3,  4.8  Hz),  2.40  (3H,  s),  1.73  (3H,  d,  J  =  6.3  

Hz);   13C  NMR   (125  MHz,   CDCl3)   δ   143.6,   142.1,   136.8,   134.8,   131.7,   129.4,   129.1,   127.8,  

127.7,  127.2,  118.6,  110.7,  110.0,  67.9,  64.4,  49.2,  21.5,  19.7;  HRMS  (ESI+)  [M+Na]+  calc’d  for  

C24H22N2O2S  :  425.1294,  found:  425.1294.  
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2.4.10  X-­‐‑ray  crystallographic  data  for  syn-­‐‑2.58  

OH

CN

Me

N

Ph2CN

                    

A  colorless  block-­‐‑like  specimen  of  C29H25N3O,  approximate  dimensions  0.172  mm  

x  0.377  mm   x  0.454  mm,   was   used   for   the   X-­‐‑ray   crystallographic   analysis.  The   X-­‐‑ray  

intensity  data  were  measured.  The  total  exposure  time  was  6.76  hours.  The  frames  were  

integrated  with   the   Bruker   SAINT   software   package   using   a   narrow-­‐‑frame   algorithm.  

The  integration  of  the  data  using  a  triclinic  unit  cell  yielded  a  total  of  64073  reflections  to  

a   maximum   θ   angle   of  36.47°   (0.60  Å   resolution),   of   which  11272  were   independent  

(average   redundancy  5.684,   completeness   =  99.4%,   Rint  =  3.60%,   Rsig  =  3.19%)  

and  8571  (76.04%)   were   greater   than   2σ(F2).  The   final   cell   constants  

of  a  =  10.6907(11)  Å,  b  =  11.1788(11)  Å,  c  =  11.7080(12)  Å,   α   =  112.885(3)°,   β   =  105.439(3)°,  

γ   =  102.793(2)°,   volume   =  1156.4(2)  Å3,   are   based   upon   the   refinement   of   the   XYZ-­‐‑

centroids  of  666  reflections  above  20  σ(I)  with  4.085°  <  2θ  <  72.55°.  Data  were  corrected  

for  absorption  effects  using  the  Multi-­‐‑Scan  method  (SADABS).  The  ratio  of  minimum  to  

maximum   apparent   transmission   was  0.957.   The   calculated   minimum   and   maximum  

transmission   coefficients   (based   on   crystal   size)   are  0.9660  and  0.9870.   The   final  

anisotropic  full-­‐‑matrix  least-­‐‑squares  refinement  on  F2  with  303  variables  converged  at  R1  
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=  4.51%,   for   the   observed   data   and   wR2   =  12.97%   for   all   data.   The   goodness-­‐‑of-­‐‑fit  

was  1.027.  The  largest  peak  in  the  final  difference  electron  density  synthesis  was  0.513  e-­‐‑

/Å3  and   the   largest   hole   was  -­‐‑0.216  e-­‐‑/Å3  with   an   RMS   deviation   of  0.057  e-­‐‑/Å3.   On   the  

basis  of  the  final  model,  the  calculated  density  was  1.239  g/cm3  and  F(000),  456  e-­‐‑.  

Sample and crystal data for rds583  

Identificati on code rds583 
Chemical formula C29H25N3O 
Formula weight 431.52 g/mol 
Temperature 100(2) K 
Wavelength 0.71073 • 
Crystal size 0.172 x 0.377 x 0.454 mm 
Crystal habit colorless block 
Crystal system triclinic 
Space group P -1 
Unit cell dimensions a = 10.6907(11) • !  = 112.885(3)¡ 

 
b = 11.1788(11) • "  = 105.439(3)¡ 

 
c = 11.7080(12) • # = 102.793(2)¡ 

Volume 1156.4(2) •3 
 

Z 2 
Density (calculated) 1.239 g/cm3 
Absorption coefficient 0.076 mm-1 
F(000) 456 
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Data collection and structure refinement for rds583  

Theta range for data 
collection 2.05 to 36.47° 

Index ranges -17<=h<=17, -18<=k<=18, -19<=l<=19 
Reflections collected 64073 
Independent reflections 11272 [R(int) = 0.0360] 
Coverage of independent 
reflections 99.4% 

Absorption correction Multi-Scan 
Max. and min. 
transmission 0.9870 and 0.9660 

Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-2014/7 (Sheldrick, 2014) 
Function minimized Σ w(Fo

2 - Fc
2)2 

Data / restraints / 
parameters 11272 / 0 / 303 

Goodness-of-fit on F2 1.027 
Δ/σmax 0.001 

Final R indices 8571 data; 
I>2σ(I) 

R1 = 0.0451, wR2 = 
0.1166 

 all data R1 = 0.0655, wR2 = 
0.1297 

Weighting scheme w=1/[σ2(Fo
2)+(0.0674P)2+0.2318P] 

where P=(Fo
2+2Fc

2)/3 
Largest diff. peak and hole 0.513 and -0.216 eÅ-3 
R.M.S. deviation from 
mean 0.057 eÅ-3 
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Atomic coordinates and equivalent isotropic atomic displacement parameters (Å2) for 
rds583 

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 
x/a y/b z/c U(eq) 

O1 0.78208(6) 0.64400(7) 0.03223(6) 0.01919(12) 
N1 0.53460(6) 0.34486(7) 0.62472(6) 0.01234(11) 
N2 0.10285(9) 0.71302(10) 0.84446(10) 0.02837(18) 
N3 0.99438(7) 0.33687(8) 0.75978(7) 0.01676(12) 
C1 0.86191(9) 0.82303(9) 0.97133(9) 0.01983(15) 
C2 0.81754(8) 0.66883(8) 0.93187(7) 0.01353(12) 
C3 0.69126(7) 0.57708(7) 0.79603(7) 0.01133(11) 
C4 0.66759(7) 0.41957(7) 0.74268(7) 0.01168(12) 
C5 0.55944(7) 0.60282(7) 0.80304(7) 0.01137(11) 
C6 0.48321(8) 0.54580(8) 0.86200(7) 0.01294(12) 
C7 0.36307(8) 0.56961(8) 0.86942(8) 0.01422(13) 
C8 0.31760(8) 0.65310(8) 0.81764(8) 0.01426(13) 
C9 0.39087(8) 0.70941(8) 0.75668(8) 0.01477(13) 
C10 0.51075(8) 0.68347(8) 0.74924(8) 0.01392(12) 
C11 0.19762(9) 0.68504(9) 0.83138(9) 0.01896(15) 
C12 0.78493(7) 0.38770(8) 0.70412(7) 0.01195(12) 
C13 0.79752(8) 0.38200(9) 0.58687(8) 0.01571(13) 
C14 0.90800(9) 0.35243(9) 0.55688(8) 0.01835(14) 
C15 0.00394(8) 0.33083(9) 0.64602(8) 0.01754(14) 
C16 0.88638(8) 0.36412(8) 0.78647(8) 0.01486(13) 
C17 0.44180(7) 0.23974(7) 0.61160(7) 0.01197(12) 
C18 0.46832(8) 0.16846(8) 0.69556(7) 0.01328(12) 
C19 0.56800(9) 0.10587(8) 0.69099(9) 0.01707(14) 
C20 0.60206(10) 0.04683(9) 0.77432(10) 0.02199(16) 
C21 0.53687(11) 0.05053(9) 0.86282(9) 0.02295(17) 
C22 0.43548(11) 0.10965(9) 0.86578(9) 0.02207(16) 
C23 0.40005(9) 0.16776(9) 0.78189(8) 0.01761(14) 
C24 0.29835(8) 0.19087(8) 0.51006(7) 0.01261(12) 
C25 0.19826(8) 0.06011(8) 0.46327(8) 0.01705(14) 
C26 0.06348(9) 0.02073(9) 0.37162(9) 0.02006(15) 
C27 0.02756(8) 0.11141(9) 0.32669(8) 0.01818(14) 
C28 0.12650(8) 0.24217(9) 0.37352(8) 0.01666(14) 
C29 0.26067(8) 0.28180(8) 0.46455(8) 0.01465(13) 
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Bond lengths (Å) for rds583 
O1-C2 1.4303(9) O1-H1 0.877(17) 
N1-C17 1.2849(10) N1-C4 1.4689(9) 
N2-C11 1.1547(11) N3-C15 1.3396(11) 
N3-C16 1.3407(10) C1-C2 1.5204(12) 
C1-H1A 0.98 C1-H1B 0.98 
C1-H1C 0.98 C2-C3 1.5423(10) 
C2-H2 1.0 C3-C5 1.5160(10) 
C3-C4 1.5548(10) C3-H3 1.0 
C4-C12 1.5096(10) C4-H4 1.0 
C5-C10 1.3985(10) C5-C6 1.3994(10) 
C6-C7 1.3859(10) C6-H6 0.95 
C7-C8 1.3996(11) C7-H7 0.95 
C8-C9 1.3958(11) C8-C11 1.4375(11) 
C9-C10 1.3923(11) C9-H9 0.95 
C10-H10 0.95 C12-C13 1.3932(11) 
C12-C16 1.3938(10) C13-C14 1.3897(11) 
C13-H13 0.95 C14-C15 1.3912(11) 
C14-H14 0.95 C15-H15 0.95 
C16-H16 0.95 C17-C24 1.4889(10) 
C17-C18 1.4974(10) C18-C23 1.3967(11) 
C18-C19 1.3999(11) C19-C20 1.3922(12) 
C19-H19 0.95 C20-C21 1.3874(14) 
C20-H20 0.95 C21-C22 1.3901(14) 
C21-H21 0.95 C22-C23 1.3919(12) 
C22-H22 0.95 C23-H23 0.95 
C24-C25 1.3979(11) C24-C29 1.4028(11) 
C25-C26 1.3964(12) C25-H25 0.95 
C26-C27 1.3897(12) C26-H26 0.95 
C27-C28 1.3926(12) C27-H27 0.95 
C28-C29 1.3881(11) C28-H28 0.95 
C29-H29 0.95   
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Bond angles (°) for rds583 
C2-O1-H1 109.1(11) C17-N1-C4 120.10(6) 
C15-N3-C16 117.56(7) C2-C1-H1A 109.5 
C2-C1-H1B 109.5 H1A-C1-H1B 109.5 
C2-C1-H1C 109.5 H1A-C1-H1C 109.5 
H1B-C1-H1C 109.5 O1-C2-C1 111.05(6) 
O1-C2-C3 108.02(6) C1-C2-C3 112.65(6) 
O1-C2-H2 108.3 C1-C2-H2 108.3 
C3-C2-H2 108.3 C5-C3-C2 112.28(6) 
C5-C3-C4 110.81(6) C2-C3-C4 111.72(6) 
C5-C3-H3 107.2 C2-C3-H3 107.2 
C4-C3-H3 107.2 N1-C4-C12 110.88(6) 
N1-C4-C3 105.59(5) C12-C4-C3 111.06(6) 
N1-C4-H4 109.7 C12-C4-H4 109.7 
C3-C4-H4 109.7 C10-C5-C6 118.55(7) 
C10-C5-C3 120.39(6) C6-C5-C3 121.06(6) 
C7-C6-C5 121.34(7) C7-C6-H6 119.3 
C5-C6-H6 119.3 C6-C7-C8 119.31(7) 
C6-C7-H7 120.3 C8-C7-H7 120.3 
C9-C8-C7 120.34(7) C9-C8-C11 119.75(7) 
C7-C8-C11 119.88(7) C10-C9-C8 119.53(7) 
C10-C9-H9 120.2 C8-C9-H9 120.2 
C9-C10-C5 120.92(7) C9-C10-H10 119.5 
C5-C10-H10 119.5 N2-C11-C8 178.74(11) 
C13-C12-C16 117.37(7) C13-C12-C4 121.94(6) 
C16-C12-C4 120.68(6) C14-C13-C12 119.30(7) 
C14-C13-H13 120.3 C12-C13-H13 120.3 
C13-C14-C15 118.82(7) C13-C14-H14 120.6 
C15-C14-H14 120.6 N3-C15-C14 122.84(7) 
N3-C15-H15 118.6 C14-C15-H15 118.6 
N3-C16-C12 124.10(7) N3-C16-H16 117.9 
C12-C16-H16 117.9 N1-C17-C24 117.19(6) 
N1-C17-C18 123.99(7) C24-C17-C18 118.76(6) 
C23-C18-C19 119.40(7) C23-C18-C17 121.59(7) 
C19-C18-C17 118.96(7) C20-C19-C18 120.52(8) 
C20-C19-H19 119.7 C18-C19-H19 119.7 
C21-C20-C19 119.65(8) C21-C20-H20 120.2 
C19-C20-H20 120.2 C20-C21-C22 120.16(8) 
C20-C21-H21 119.9 C22-C21-H21 119.9  
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Anisotropic atomic displacement parameters (Å2) for rds583 

 U11 U22 U33 U23 U13 U12 
O1 0.0130(2) 0.0315(3) 0.0146(2) 0.0143(2) 0.0043(2) 0.0059(2) 
N1 0.0108(2) 0.0145(3) 0.0123(2) 0.0068(2) 0.0044(2) 0.0051(2) 
N2 0.0213(4) 0.0397(5) 0.0344(4) 0.0213(4) 0.0134(3) 0.0192(3) 
N3 0.0143(3) 0.0209(3) 0.0176(3) 0.0101(2) 0.0059(2) 0.0096(2) 
C1 0.0202(4) 0.0158(3) 0.0180(3) 0.0048(3) 0.0072(3) 0.0035(3) 
C2 0.0108(3) 0.0170(3) 0.0132(3) 0.0075(2) 0.0053(2) 0.0045(2) 
C3 0.0106(3) 0.0135(3) 0.0121(3) 0.0072(2) 0.0055(2) 0.0048(2) 
C4 0.0106(3) 0.0140(3) 0.0122(3) 0.0075(2) 0.0043(2) 0.0053(2) 
C5 0.0112(3) 0.0129(3) 0.0111(3) 0.0064(2) 0.0042(2) 0.0050(2) 
C6 0.0123(3) 0.0160(3) 0.0146(3) 0.0097(2) 0.0062(2) 0.0068(2) 
C7 0.0122(3) 0.0183(3) 0.0156(3) 0.0100(3) 0.0066(2) 0.0066(2) 
C8 0.0114(3) 0.0173(3) 0.0148(3) 0.0076(3) 0.0046(2) 0.0072(2) 
C9 0.0151(3) 0.0166(3) 0.0149(3) 0.0090(3) 0.0048(2) 0.0080(3) 
C10 0.0152(3) 0.0158(3) 0.0149(3) 0.0098(3) 0.0069(2) 0.0070(2) 
C11 0.0155(3) 0.0237(4) 0.0202(4) 0.0116(3) 0.0067(3) 0.0098(3) 
C12 0.0110(3) 0.0132(3) 0.0119(3) 0.0061(2) 0.0040(2) 0.0052(2) 
C13 0.0155(3) 0.0216(3) 0.0132(3) 0.0092(3) 0.0061(2) 0.0101(3) 
C14 0.0185(3) 0.0259(4) 0.0150(3) 0.0101(3) 0.0089(3) 0.0121(3) 
C15 0.0153(3) 0.0211(3) 0.0181(3) 0.0085(3) 0.0076(3) 0.0101(3) 
C16 0.0134(3) 0.0188(3) 0.0147(3) 0.0095(3) 0.0050(2) 0.0077(3) 
C17 0.0124(3) 0.0130(3) 0.0119(3) 0.0062(2) 0.0053(2) 0.0059(2) 
C18 0.0141(3) 0.0125(3) 0.0133(3) 0.0066(2) 0.0049(2) 0.0048(2) 
C19 0.0186(3) 0.0161(3) 0.0207(3) 0.0107(3) 0.0086(3) 0.0089(3) 
C20 0.0249(4) 0.0185(4) 0.0259(4) 0.0137(3) 0.0074(3) 0.0110(3) 
C21 0.0322(5) 0.0174(3) 0.0191(4) 0.0117(3) 0.0061(3) 0.0080(3) 
C22 0.0319(4) 0.0196(4) 0.0178(3) 0.0111(3) 0.0120(3) 0.0081(3) 
C23 0.0208(3) 0.0172(3) 0.0178(3) 0.0093(3) 0.0099(3) 0.0073(3) 
C24 0.0117(3) 0.0138(3) 0.0124(3) 0.0060(2) 0.0048(2) 0.0052(2) 
C25 0.0152(3) 0.0138(3) 0.0191(3) 0.0067(3) 0.0046(3) 0.0046(3) 
C26 0.0150(3) 0.0155(3) 0.0213(4) 0.0053(3) 0.0030(3) 0.0024(3) 
C27 0.0135(3) 0.0204(3) 0.0149(3) 0.0052(3) 0.0026(3) 0.0058(3) 
C28 0.0148(3) 0.0214(3) 0.0159(3) 0.0103(3) 0.0056(3) 0.0083(3) 
C29 0.0129(3) 0.0174(3) 0.0152(3) 0.0093(3) 0.0054(2) 0.0055(2) 
  



  

  92  

Hydrogen atomic coordinates and isotropic atomic displacement parameters (Å2) for rds583 

 
x/a y/b z/c U(eq) 

H1 0.8586(18) 0.6610(17) 1.0970(17) 0.044(4) 
H1A 0.7856 0.8551 0.9824 0.03 
H1B 0.8845 0.8371 0.9006 0.03 
H1C 0.9442 0.8763 1.0564 0.03 
H2 0.8976 0.6388 0.9239 0.016 
H3 0.7130 0.6035 0.7292 0.014 
H4 0.6602 0.3924 0.8132 0.014 
H6 0.5144 0.4896 0.8977 0.016 
H7 0.3121 0.5297 0.9092 0.017 
H9 0.3592 0.7650 0.7205 0.018 
H10 0.5602 0.7211 0.7070 0.017 
H13 0.7313 0.3982 0.5280 0.019 
H14 0.9178 0.3471 0.4769 0.022 
H15 1.0795 0.3109 0.6253 0.021 
H16 0.8785 0.3676 0.8665 0.018 
H19 0.6128 0.1037 0.6305 0.02 
H20 0.6696 0.0042 0.7706 0.026 
H21 0.5616 0.0126 0.9215 0.028 
H22 0.3901 0.1104 0.9255 0.026 
H23 0.3297 0.2068 0.7833 0.021 
H25 0.2220 -0.0022 0.4939 0.02 
H26 -0.0040 -0.0685 0.3398 0.024 
H27 -0.0642 0.0843 0.2642 0.022 
H28 0.1021 0.3044 0.3431 0.02 
H29 0.3275 0.3713 0.4963 0.018 
  

 
Hydrogen bond distances (Å) and angles (°) for rds583 

 Donor-H Acceptor-H Donor-Acceptor Angle 
O1-H1...N3 0.877(17) 1.957(17) 2.8209(9) 167.8(15) 
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2.4.11  X-­‐‑ray  crystallographic  data  for  A  

 

  
Ph

NH2

Ph

OH

Ph

                

A  colorless  tablet-­‐‑like  specimen  of  C21H21NO,  approximate  dimensions  0.110  mm  

x  0.256  mm   x  0.573  mm,   was   used   for   the   X-­‐‑ray   crystallographic   analysis.  The   X-­‐‑ray  

intensity  data  were  measured.  The  total  exposure  time  was  7.31  hours.  The  frames  were  

integrated  with   the   Bruker   SAINT   software   package   using   a   narrow-­‐‑frame   algorithm.  

The   integration   of   the   data   using   a  monoclinic  unit   cell   yielded   a   total  

of  40516  reflections   to   a   maximum   θ   angle   of  33.24°   (0.65  Å   resolution),   of  

which  6271  were   independent   (average   redundancy  6.461,   completeness   =  99.8%,  

Rint  =  3.36%,   Rsig  =  2.23%)   and  5017  (80.00%)   were   greater   than   2σ(F2).  The   final   cell  

constants   of  a  =  11.6546(13)  Å,  b  =  6.1830(5)  Å,  c  =  23.033(3)  Å,   β   =  100.630(6)°,   volume  

=  1631.3(3)  Å3,   are   based   upon   the   refinement   of   the   XYZ-­‐‑centroids   of  9905  reflections  

above  20  σ(I)  with  5.891°  <  2θ  <  66.34°.  Data  were  corrected  for  absorption  effects  using  

the   Multi-­‐‑Scan   method   (SADABS).   The   ratio   of   minimum   to   maximum   apparent  

transmission   was  0.958.   The   calculated   minimum   and   maximum   transmission  

coefficients  (based  on  crystal  size)  are  0.9580  and  0.9920.  The  final  anisotropic  full-­‐‑matrix  
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least-­‐‑squares   refinement   on   F2  with  217  variables   converged   at   R1   =  5.69%,   for   the  

observed  data  and  wR2  =  16.76%  for  all  data.  The  goodness-­‐‑of-­‐‑fit  was  1.044.  The  largest  

peak  in  the  final  difference  electron  density  synthesis  was  0.720  e-­‐‑/Å3  and  the  largest  hole  

was  -­‐‑0.531  e-­‐‑/Å3  with  an  RMS  deviation  of  0.066  e-­‐‑/Å3.  On  the  basis  of  the  final  model,  the  

calculated  density  was  1.235  g/cm3  and  F(000),  648  e-­‐‑.  

Sample and crystal data for rds612 

Identification code rds612 
Chemical formula C21H21NO 
Formula weight 303.39 g/mol 
Temperature 100(2) K 
Wavelength 0.71073 • 
Crystal size 0.110 x 0.256 x 0.573 mm 
Crystal habit colorless tablet 
Crystal system monoclinic 
Space group P 1 21/n 1 
Unit cell dimensions a = 11.6546(13) • !  = 90¡ 

 b = 6.1830(5) • "  = 100.630(6)¡ 

 c = 23.033(3) • # = 90¡ 
Volume 1631.3(3) •3 

 
Z 4 
Density (calculated) 1.235 g/cm3 
Absorption coefficient 0.075 mm-1 
F(000) 648 
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Data collection and structure refinement for rds612 

Theta range for data 
collection 1.80 to 33.24° 

Index ranges -17<=h<=17, -9<=k<=9, -34<=l<=35 
Reflections collected 40516 
Independent reflections 6271 [R(int) = 0.0336] 
Coverage of independent 
reflections 99.8% 

Absorption correction Multi-Scan 
Max. and min. 
transmission 0.9920 and 0.9580 

Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-2014/7 (Sheldrick, 2014) 
Function minimized Σ w(Fo

2 - Fc
2)2 

Data / restraints / 
parameters 6271 / 3 / 217 

Goodness-of-fit on F2 1.044 
Δ/σmax 0.002 

Final R indices 5017 data; 
I>2σ(I) 

R1 = 0.0569, wR2 = 
0.1557 

 all data R1 = 0.0719, wR2 = 
0.1676 

Weighting scheme w=1/[σ2(Fo
2)+(0.0896P)2+0.7588P] 

where P=(Fo
2+2Fc

2)/3 
Largest diff. peak and hole 0.720 and -0.531 eÅ-3 
R.M.S. deviation from 
mean 0.066 eÅ-3 
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Atomic coordinates and equivalent isotropic atomic displacement parameters (Å2) for 
rds612 

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 
x/a y/b z/c U(eq) 

O1 0.47085(7) 0.27754(14) 0.99427(4) 0.01757(16) 
N1 0.52657(11) 0.95374(18) 0.11667(6) 0.0281(2) 
C1 0.37873(9) 0.21259(17) 0.02395(5) 0.01530(19) 
C2 0.41080(9) 0.29000(17) 0.08849(5) 0.01439(18) 
C3 0.52967(9) 0.19136(18) 0.11923(5) 0.0173(2) 
C4 0.26074(9) 0.29399(18) 0.99242(5) 0.01585(19) 
C5 0.24358(10) 0.50686(19) 0.97271(5) 0.0203(2) 
C6 0.13379(11) 0.5746(2) 0.94354(6) 0.0243(2) 
C7 0.04029(11) 0.4324(2) 0.93468(5) 0.0252(3) 
C8 0.05650(11) 0.2215(2) 0.95405(6) 0.0272(3) 
C9 0.16639(11) 0.1529(2) 0.98252(5) 0.0226(2) 
C10 0.31474(9) 0.25664(17) 0.12384(5) 0.01494(18) 
C11 0.25751(10) 0.05842(19) 0.12550(5) 0.0198(2) 
C12 0.17095(11) 0.0336(2) 0.15949(5) 0.0237(2) 
C13 0.13993(10) 0.2049(2) 0.19237(5) 0.0238(2) 
C14 0.19681(10) 0.4017(2) 0.19165(5) 0.0216(2) 
C15 0.28320(9) 0.42685(19) 0.15745(5) 0.0180(2) 
C16 0.56441(9) 0.27492(18) 0.18184(5) 0.01575(19) 
C17 0.54015(10) 0.1636(2) 0.23083(5) 0.0206(2) 
C18 0.57404(11) 0.2475(2) 0.28744(5) 0.0261(3) 
C19 0.63099(11) 0.4454(3) 0.29567(6) 0.0281(3) 
C20 0.65529(10) 0.5582(2) 0.24754(6) 0.0252(3) 
C21 0.62289(10) 0.47235(19) 0.19093(5) 0.0197(2) 
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Bond lengths (Å) for rds612 

O1-C1 1.4325(13) O1-H1 0.920(13) 
N1-C3 1.4705(16) N1-H1A 0.915(15) 
N1-H1B 0.899(15) C1-C4 1.5176(15) 
C1-C2 1.5408(15) C1-H1C 1.0 
C2-C10 1.5150(15) C2-C3 1.5590(15) 
C2-H2 1.0 C3-C16 1.5150(16) 
C3-H3 1.0 C4-C9 1.3892(16) 
C4-C5 1.3945(16) C5-C6 1.3953(17) 
C5-H5 0.95 C6-C7 1.3859(19) 
C6-H6 0.95 C7-C8 1.380(2) 
C7-H7 0.95 C8-C9 1.3929(18) 
C8-H8 0.95 C9-H9 0.95 
C10-C15 1.3953(16) C10-C11 1.3993(15) 
C11-C12 1.3948(16) C11-H11 0.95 
C12-C13 1.3879(19) C12-H12 0.95 
C13-C14 1.3873(19) C13-H13 0.95 
C14-C15 1.3968(16) C14-H14 0.95 
C15-H15 0.95 C16-C17 1.3944(16) 
C16-C21 1.3950(16) C17-C18 1.3913(18) 
C17-H17 0.95 C18-C19 1.388(2) 
C18-H18 0.95 C19-C20 1.383(2) 
C19-H19 0.95 C20-C21 1.3939(18) 
C20-H20 0.95 C21-H21 0.95 
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Bond angles (°) for rds612 

C1-O1-H1 110.6(11) C3-N1-H1A 107.8(13) 
C3-N1-H1B 106.9(13) H1A-N1-H1B 106.3(17) 
O1-C1-C4 111.80(9) O1-C1-C2 107.67(8) 
C4-C1-C2 113.32(9) O1-C1-H1C 108.0 
C4-C1-H1C 108.0 C2-C1-H1C 108.0 
C10-C2-C1 113.86(8) C10-C2-C3 112.68(9) 
C1-C2-C3 110.72(9) C10-C2-H2 106.3 
C1-C2-H2 106.3 C3-C2-H2 106.3 
N1-C3-C16 112.28(10) N1-C3-C2 111.07(9) 
C16-C3-C2 110.98(9) N1-C3-H3 107.4 
C16-C3-H3 107.4 C2-C3-H3 107.4 
C9-C4-C5 118.53(11) C9-C4-C1 119.35(10) 
C5-C4-C1 122.12(10) C4-C5-C6 120.25(11) 
C4-C5-H5 119.9 C6-C5-H5 119.9 
C7-C6-C5 120.45(12) C7-C6-H6 119.8 
C5-C6-H6 119.8 C8-C7-C6 119.67(12) 
C8-C7-H7 120.2 C6-C7-H7 120.2 
C7-C8-C9 119.95(12) C7-C8-H8 120.0 
C9-C8-H8 120.0 C4-C9-C8 121.15(12) 
C4-C9-H9 119.4 C8-C9-H9 119.4 
C15-C10-C11 118.02(10) C15-C10-C2 119.47(9) 
C11-C10-C2 122.49(10) C12-C11-C10 120.62(11) 
C12-C11-H11 119.7 C10-C11-H11 119.7 
C13-C12-C11 120.70(11) C13-C12-H12 119.7 
C11-C12-H12 119.7 C14-C13-C12 119.31(11) 
C14-C13-H13 120.3 C12-C13-H13 120.3 
C13-C14-C15 120.02(11) C13-C14-H14 120.0 
C15-C14-H14 120.0 C10-C15-C14 121.32(11) 
C10-C15-H15 119.3 C14-C15-H15 119.3 
C17-C16-C21 118.49(10) C17-C16-C3 122.91(10) 
C21-C16-C3 118.59(10) C18-C17-C16 120.62(12) 
C18-C17-H17 119.7 C16-C17-H17 119.7 
C19-C18-C17 120.17(12) C19-C18-H18 119.9 
C17-C18-H18 119.9 C20-C19-C18 119.92(12) 
C20-C19-H19 120.0 C18-C19-H19 120.0 
C19-C20-C21 119.85(12) C19-C20-H20 120.1 
C21-C20-H20 120.1 C20-C21-C16 120.93(11) 
C20-C21-H21 119.5 C16-C21-H21 119.5 
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Torsion angles (°) for rds612 

O1-C1-C2-C10 173.09(8) C4-C1-C2-C10 48.91(12) 
O1-C1-C2-C3 -58.74(11) C4-C1-C2-C3 177.08(8) 
C10-C2-C3-N1 71.86(12) C1-C2-C3-N1 -56.95(12) 
C10-C2-C3-C16 -53.79(12) C1-C2-C3-C16 177.40(9) 
O1-C1-C4-C9 133.40(11) C2-C1-C4-C9 -104.70(12) 
O1-C1-C4-C5 -46.41(14) C2-C1-C4-C5 75.49(13) 
C9-C4-C5-C6 -0.26(17) C1-C4-C5-C6 179.56(11) 
C4-C5-C6-C7 1.04(19) C5-C6-C7-C8 -1.01(19) 
C6-C7-C8-C9 0.2(2) C5-C4-C9-C8 -0.55(18) 
C1-C4-C9-C8 179.63(11) C7-C8-C9-C4 0.6(2) 
C1-C2-C10-C15 -131.61(10) C3-C2-C10-C15 101.23(11) 
C1-C2-C10-C11 50.08(14) C3-C2-C10-C11 -77.08(13) 
C15-C10-C11-C12 0.50(17) C2-C10-C11-C12 178.83(10) 
C10-C11-C12-C13 -0.05(18) C11-C12-C13-C14 -0.64(19) 
C12-C13-C14-C15 0.87(18) C11-C10-C15-C14 -0.27(16) 
C2-C10-C15-C14 -178.65(10) C13-C14-C15-C10 -0.42(17) 
N1-C3-C16-C17 -29.83(15) C2-C3-C16-C17 95.14(12) 
N1-C3-C16-C21 150.41(11) C2-C3-C16-C21 -84.62(12) 
C21-C16-C17-C18 -0.27(17) C3-C16-C17-C18 179.98(11) 
C16-C17-C18-C19 1.01(19) C17-C18-C19-C20 -0.74(19) 
C18-C19-C20-C21 -0.25(19) C19-C20-C21-C16 1.00(18) 
C17-C16-C21-C20 -0.73(16) C3-C16-C21-C20 179.03(10) 
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Anisotropic atomic displacement parameters (Å2) for rds612 
The anisotropic atomic displacement factor exponent takes the form: -2π2[ h2 a*2 U11 + ... + 2 h k 

a* b* U12 ] 

 U11 U22 U33 U23 U13 U12 
O1 0.0182(4) 0.0192(4) 0.0166(3) -0.0018(3) 0.0065(3) -0.0022(3) 
N1 0.0334(6) 0.0178(5) 0.0294(6) 0.0021(4) -0.0038(5) 0.0050(4) 
C1 0.0162(4) 0.0144(4) 0.0152(4) 0.0009(3) 0.0026(3) -0.0019(3) 
C2 0.0137(4) 0.0139(4) 0.0151(4) 0.0010(3) 0.0013(3) -0.0017(3) 
C3 0.0163(4) 0.0179(4) 0.0169(4) 0.0009(4) 0.0011(3) 0.0018(4) 
C4 0.0161(4) 0.0175(4) 0.0134(4) 0.0004(3) 0.0014(3) -0.0019(3) 
C5 0.0212(5) 0.0185(5) 0.0200(5) 0.0026(4) 0.0006(4) -0.0014(4) 
C6 0.0266(6) 0.0240(6) 0.0205(5) 0.0021(4) -0.0001(4) 0.0059(4) 
C7 0.0197(5) 0.0399(7) 0.0145(5) -0.0017(4) -0.0010(4) 0.0039(5) 
C8 0.0205(5) 0.0378(7) 0.0214(5) 0.0009(5) -0.0015(4) -0.0084(5) 
C9 0.0221(5) 0.0222(5) 0.0218(5) 0.0018(4) -0.0002(4) -0.0069(4) 
C10 0.0134(4) 0.0164(4) 0.0140(4) 0.0014(3) -0.0001(3) -0.0007(3) 
C11 0.0225(5) 0.0185(5) 0.0184(5) 0.0007(4) 0.0037(4) -0.0047(4) 
C12 0.0225(5) 0.0275(6) 0.0206(5) 0.0037(4) 0.0032(4) -0.0093(4) 
C13 0.0178(5) 0.0359(7) 0.0175(5) 0.0028(4) 0.0028(4) -0.0030(4) 
C14 0.0180(5) 0.0301(6) 0.0163(5) -0.0024(4) 0.0021(4) 0.0021(4) 
C15 0.0160(4) 0.0202(5) 0.0169(5) -0.0018(4) 0.0006(3) -0.0004(4) 
C16 0.0121(4) 0.0187(5) 0.0153(4) 0.0002(3) -0.0004(3) 0.0027(3) 
C17 0.0185(5) 0.0236(5) 0.0198(5) 0.0030(4) 0.0039(4) -0.0012(4) 
C18 0.0236(5) 0.0389(7) 0.0161(5) 0.0022(5) 0.0047(4) 0.0038(5) 
C19 0.0205(5) 0.0397(7) 0.0222(5) -0.0106(5) -0.0010(4) 0.0048(5) 
C20 0.0171(5) 0.0226(5) 0.0336(6) -0.0068(5) -0.0017(4) 0.0009(4) 
C21 0.0156(4) 0.0186(5) 0.0239(5) 0.0030(4) 0.0012(4) 0.0011(4) 
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Hydrogen atomic coordinates and isotropic atomic displacement parameters (Å2) for rds612 

 x/a y/b z/c U(eq) 
H1 0.4649(15) 0.207(3) -0.0413(6) 0.021 
H1A 0.5944(13) -0.097(3) 0.1389(8) 0.034 
H1B 0.4688(14) -0.089(3) 0.1351(9) 0.034 
H1C 0.3761 0.0509 0.0241 0.018 
H2 0.4232 0.4497 0.0868 0.017 
H3 0.5904 0.2409 0.0967 0.021 
H5 0.3069 0.6061 -0.0208 0.024 
H6 0.1231 0.7192 -0.0703 0.029 
H7 -0.0346 0.4798 -0.0846 0.03 
H8 -0.0072 0.1232 -0.0520 0.033 
H9 0.1770 0.0071 -0.0046 0.027 
H11 0.2778 -0.0604 0.1033 0.024 
H12 0.1328 -0.1019 0.1601 0.028 
H13 0.0804 0.1875 0.2151 0.029 
H14 0.1770 0.5193 0.2144 0.026 
H15 0.3212 0.5626 0.1571 0.022 
H17 0.5001 0.0292 0.2255 0.025 
H18 0.5582 0.1692 0.3206 0.031 
H19 0.6532 0.5032 0.3343 0.034 
H20 0.6940 0.6939 0.2530 0.03 
H21 0.6409 0.5494 0.1581 0.024 
  

Hydrogen bond distances (Å) and angles (°) for rds612 

 Donor-H Acceptor-H Donor-Acceptor Angle 
O1-H1...N1 0.920(13) 2.018(14) 2.9331(15) 172.9(16) 
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2.4.12  X-­‐‑ray  crystallographic  data  for  B  

  Ph
H2N

Et

HO Ph

           

A  colorless  block-­‐‑like  specimen  of  C17H21NO,   approximate  dimensions  0.174  mm  

x  0.194  mm   x  0.341  mm,   was   used   for   the   X-­‐‑ray   crystallographic   analysis.  The   X-­‐‑ray  

intensity  data  were  measured.  The  total  exposure  time  was  12.00  hours.  The  frames  were  

integrated  with   the   Bruker   SAINT   software   package   using   a   narrow-­‐‑frame   algorithm.  

The  integration  of  the  data  using  a  triclinic  unit  cell  yielded  a  total  of  48311  reflections  to  

a   maximum   θ   angle   of  36.41°   (0.60  Å   resolution),   of   which  6911  were   independent  

(average   redundancy  6.990,   completeness   =  100.0%,   Rint  =  3.28%,   Rsig  =  2.25%)  

and  5665  (81.97%)   were   greater   than   2σ(F2).  The   final   cell   constants  

of  a  =  7.8871(4)  Å,  b  =  9.2527(5)  Å,  c  =  10.7496(6)  Å,   α   =  70.765(3)°,   β   =  76.025(3)°,   γ  

=  77.074(3)°,  volume  =  709.81(7)  Å3,  are  based  upon  the  refinement  of  the  XYZ-­‐‑centroids  

of  213  reflections   above   20   σ(I)   with  8.447°   <   2θ   <  69.53°.  Data   were   corrected   for  

absorption   effects   using   the  Multi-­‐‑Scan   method   (SADABS).   The   ratio   of   minimum   to  

maximum   apparent   transmission   was  0.952.   The   calculated   minimum   and   maximum  

transmission   coefficients   (based   on   crystal   size)   are  0.9750  and  0.9870.   The   final  

anisotropic  full-­‐‑matrix  least-­‐‑squares  refinement  on  F2  with  185  variables  converged  at  R1  
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=  4.16%,   for   the   observed   data   and   wR2   =  12.23%   for   all   data.   The   goodness-­‐‑of-­‐‑fit  

was  1.036.  The  largest  peak  in  the  final  difference  electron  density  synthesis  was  0.572  e-­‐‑

/Å3  and   the   largest   hole   was  -­‐‑0.187  e-­‐‑/Å3  with   an   RMS   deviation   of  0.056  e-­‐‑/Å3.   On   the  

basis  of  the  final  model,  the  calculated  density  was  1.195  g/cm3  and  F(000),  276  e-­‐‑.    

Sample and crystal data for rds609 

Identification code rds609 
Chemical formula C17H21NO 
Formula weight 255.35 g/mol 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal size 0.174 x 0.194 x 0.341 mm 
Crystal habit colorless block 
Crystal system triclinic 
Space group P -1 
Unit cell dimensions a = 7.8871(4) Å α = 70.765(3)° 

 b = 9.2527(5) Å β = 76.025(3)° 

 c = 10.7496(6) Å γ = 77.074(3)° 
Volume 709.81(7) Å3  
Z 2 
Density (calculated) 1.195 g/cm3 
Absorption coefficient 0.073 mm-1 
F(000) 276 
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Data collection and structure refinement for rds609 

Theta range for data 
collection 

2.04 to 36.41° 

Index ranges -13<=h<=13, -15<=k<=15, -17<=l<=17 
Reflections collected 48311 
Independent reflections 6911 [R(int) = 0.0328] 
Coverage of 
independent reflections 

100.0% 

Absorption correction Multi-Scan 
Max. and min. 
transmission 0.9870 and 0.9750 

Refinement method Full-matrix least-squares on F2 
Refinement program SHELXL-2014/7 (Sheldrick, 2014) 
Function minimized Σ w(Fo

2 - Fc
2)2 

Data / restraints / 
parameters 6911 / 0 / 185 

Goodness-of-fit on F2 1.036 
Final R indices 5665 data; I>2σ(I) R1 = 0.0416, wR2 = 0.1130 

 
all data R1 = 0.0539, wR2 = 0.1223 

Weighting scheme 
w=1/[σ2(Fo

2)+(0.0682P)2+0.1275P] 
where P=(Fo

2+2Fc
2)/3 

Largest diff. peak and 
hole 

0.572 and -0.187 eÅ-3 

R.M.S. deviation from  
mean 

0.056 eÅ-3 
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Atomic coordinates and equivalent isotropic atomic displacement parameters (Å2) for 
rds609 

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 
x/a y/b z/c U(eq) 

O1 0.37432(7) 0.18224(6) 0.08670(5) 0.01321(9) 
N1 0.72690(8) 0.03368(7) 0.99807(6) 0.01339(10) 
C1 0.73671(8) 0.99404(7) 0.14097(6) 0.01109(10) 
C2 0.55409(8) 0.96877(7) 0.22709(6) 0.01109(10) 
C3 0.41028(8) 0.11472(7) 0.21960(6) 0.01064(10) 
C4 0.24165(9) 0.06232(7) 0.31673(7) 0.01397(11) 
C5 0.08126(10) 0.18919(9) 0.31843(8) 0.02083(14) 
C6 0.87226(8) 0.85091(7) 0.18327(7) 0.01206(10) 
C7 0.94062(9) 0.74588(8) 0.10856(7) 0.01504(11) 
C8 0.06863(10) 0.61858(8) 0.15150(8) 0.01862(13) 
C9 0.12917(10) 0.59467(8) 0.26866(8) 0.01998(13) 
C10 0.05916(10) 0.69726(9) 0.34522(8) 0.01943(13) 
C11 0.93212(9) 0.82404(8) 0.30246(7) 0.01557(12) 
C12 0.47864(8) 0.23636(7) 0.25369(6) 0.01076(10) 
C13 0.54838(9) 0.35871(7) 0.15238(7) 0.01414(11) 
C14 0.62140(10) 0.46485(8) 0.18217(7) 0.01708(12) 
C15 0.62663(10) 0.44988(8) 0.31419(8) 0.01776(12) 
C16 0.55675(10) 0.32913(8) 0.41610(7) 0.01806(13) 
C17 0.48349(10) 0.22358(8) 0.38597(7) 0.01497(11) 
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Bond lengths (Å) for rds609 

O1-C3 1.4283(8) O1-H1 0.900(13) 
N1-C1 1.4744(8) N1-H1B 0.905(13) 
N1-H1C 0.886(13) C1-C6 1.5193(9) 
C1-C2 1.5331(9) C1-H1A 1.0 
C2-C3 1.5504(8) C2-H2A 0.99 
C2-H2B 0.99 C3-C12 1.5266(8) 
C3-C4 1.5422(9) C4-C5 1.5222(10) 
C4-H4A 0.99 C4-H4B 0.99 
C5-H5A 0.98 C5-H5B 0.98 
C5-H5C 0.98 C6-C7 1.3967(9) 
C6-C11 1.3986(9) C7-C8 1.3981(10) 
C7-H7 0.95 C8-C9 1.3866(11) 
C8-H8 0.95 C9-C10 1.3943(11) 
C9-H9 0.95 C10-C11 1.3902(10) 
C10-H10 0.95 C11-H11 0.95 
C12-C13 1.3954(9) C12-C17 1.3967(9) 
C13-C14 1.3958(9) C13-H13 0.95 
C14-C15 1.3896(10) C14-H14 0.95 
C15-C16 1.3891(11) C15-H15 0.95 
C16-C17 1.3942(10) C16-H16 0.95 
C17-H17 0.95   
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Bond angles (°) for rds609 

C3-O1-H1 109.7(8) C1-N1-H1B 109.3(8) 
C1-N1-H1C 108.0(8) H1B-N1-H1C 105.0(11) 
N1-C1-C6 111.92(5) N1-C1-C2 109.74(5) 
C6-C1-C2 110.00(5) N1-C1-H1A 108.4 
C6-C1-H1A 108.4 C2-C1-H1A 108.4 
C1-C2-C3 116.49(5) C1-C2-H2A 108.2 
C3-C2-H2A 108.2 C1-C2-H2B 108.2 
C3-C2-H2B 108.2 H2A-C2-H2B 107.3 
O1-C3-C12 106.93(5) O1-C3-C4 109.68(5) 
C12-C3-C4 113.17(5) O1-C3-C2 110.65(5) 
C12-C3-C2 109.20(5) C4-C3-C2 107.23(5) 
C5-C4-C3 115.12(5) C5-C4-H4A 108.5 
C3-C4-H4A 108.5 C5-C4-H4B 108.5 
C3-C4-H4B 108.5 H4A-C4-H4B 107.5 
C4-C5-H5A 109.5 C4-C5-H5B 109.5 
H5A-C5-H5B 109.5 C4-C5-H5C 109.5 
H5A-C5-H5C 109.5 H5B-C5-H5C 109.5 
C7-C6-C11 118.59(6) C7-C6-C1 123.23(6) 
C11-C6-C1 118.19(5) C6-C7-C8 120.29(6) 
C6-C7-H7 119.9 C8-C7-H7 119.9 
C9-C8-C7 120.58(6) C9-C8-H8 119.7 
C7-C8-H8 119.7 C8-C9-C10 119.51(6) 
C8-C9-H9 120.2 C10-C9-H9 120.2 
C11-C10-C9 119.94(7) C11-C10-H10 120.0 
C9-C10-H10 120.0 C10-C11-C6 121.08(6) 
C10-C11-H11 119.5 C6-C11-H11 119.5 
C13-C12-C17 117.99(6) C13-C12-C3 120.66(5) 
C17-C12-C3 121.23(5) C12-C13-C14 121.05(6) 
C12-C13-H13 119.5 C14-C13-H13 119.5 
C15-C14-C13 120.30(6) C15-C14-H14 119.9 
C13-C14-H14 119.9 C16-C15-C14 119.25(6) 
C16-C15-H15 120.4 C14-C15-H15 120.4 
C15-C16-C17 120.28(6) C15-C16-H16 119.9 
C17-C16-H16 119.9 C16-C17-C12 121.12(6) 
C16-C17-H17 119.4 C12-C17-H17 119.4 
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Torsion angles (°) for rds609 

N1-C1-C2-C3 -69.84(6) C6-C1-C2-C3 166.61(5) 
C1-C2-C3-O1 62.15(7) C1-C2-C3-C12 -55.29(7) 
C1-C2-C3-C4 -178.26(5) O1-C3-C4-C5 -56.91(7) 
C12-C3-C4-C5 62.40(7) C2-C3-C4-C5 -177.11(6) 
N1-C1-C6-C7 -17.07(8) C2-C1-C6-C7 105.20(7) 
N1-C1-C6-C11 162.46(6) C2-C1-C6-C11 -75.28(7) 
C11-C6-C7-C8 -1.21(10) C1-C6-C7-C8 178.31(6) 
C6-C7-C8-C9 0.12(11) C7-C8-C9-C10 1.12(11) 
C8-C9-C10-C11 -1.24(12) C9-C10-C11-C6 0.13(11) 
C7-C6-C11-C10 1.10(10) C1-C6-C11-C10 -178.45(6) 
O1-C3-C12-C13 -20.53(8) C4-C3-C12-C13 -141.41(6) 
C2-C3-C12-C13 99.23(7) O1-C3-C12-C17 163.46(6) 
C4-C3-C12-C17 42.57(8) C2-C3-C12-C17 -76.79(7) 
C17-C12-C13-C14 0.24(10) C3-C12-C13-C14 -175.90(6) 
C12-C13-C14-C15 0.30(11) C13-C14-C15-C16 -0.66(11) 
C14-C15-C16-C17 0.49(11) C15-C16-C17-C12 0.05(11) 
C13-C12-C17-C16 -0.41(10) C3-C12-C17-C16 175.70(6) 
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Anisotropic atomic displacement parameters (Å2) for rds609 

The anisotropic atomic displacement factor exponent takes the form: -2π2[ h2 a*2 U11 + ... + 2 h k 
a* b* U12 ] 

 U11 U22 U33 U23 U13 U12 
O1 0.0164(2) 0.01207(19) 0.01181(19) -0.00227(15) -0.00525(16) -0.00240(15) 
N1 0.0130(2) 0.0147(2) 0.0115(2) -0.00293(17) -0.00016(17) -0.00373(18) 
C1 0.0109(2) 0.0105(2) 0.0123(2) -0.00418(18) -0.00137(18) -0.00201(17) 
C2 0.0110(2) 0.0097(2) 0.0116(2) -0.00278(17) -0.00104(18) -0.00108(17) 
C3 0.0113(2) 0.0096(2) 0.0103(2) -0.00228(17) -0.00190(18) -0.00124(17) 
C4 0.0116(2) 0.0127(2) 0.0163(3) -0.0041(2) 0.0004(2) -0.00249(19) 
C5 0.0133(3) 0.0188(3) 0.0274(4) -0.0078(3) 0.0010(2) 0.0001(2) 
C6 0.0099(2) 0.0113(2) 0.0153(3) -0.00485(19) -0.00108(19) -0.00206(18) 
C7 0.0138(3) 0.0135(2) 0.0187(3) -0.0075(2) -0.0013(2) -0.0015(2) 
C8 0.0162(3) 0.0141(3) 0.0257(3) -0.0092(2) -0.0016(2) 0.0001(2) 
C9 0.0152(3) 0.0146(3) 0.0286(4) -0.0058(2) -0.0055(3) 0.0017(2) 
C10 0.0161(3) 0.0186(3) 0.0235(3) -0.0057(2) -0.0077(2) 0.0013(2) 
C11 0.0137(3) 0.0160(3) 0.0182(3) -0.0071(2) -0.0046(2) 0.0005(2) 
C12 0.0113(2) 0.0095(2) 0.0111(2) -0.00333(17) -0.00168(18) -0.00059(17) 
C13 0.0183(3) 0.0116(2) 0.0122(2) -0.00264(19) -0.0014(2) -0.0044(2) 
C14 0.0209(3) 0.0133(3) 0.0177(3) -0.0045(2) -0.0016(2) -0.0060(2) 
C15 0.0205(3) 0.0158(3) 0.0206(3) -0.0083(2) -0.0048(2) -0.0042(2) 
C16 0.0238(3) 0.0182(3) 0.0151(3) -0.0066(2) -0.0058(2) -0.0042(2) 
C17 0.0197(3) 0.0138(2) 0.0115(2) -0.00299(19) -0.0030(2) -0.0039(2) 
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Hydrogen atomic coordinates and isotropic atomic displacement parameters (Å2) for rds609 

 x/a y/b z/c U(eq) 
H1 0.3398(18) 0.1119(15) 0.0608(13) 0.031(3) 
H1B 0.8297(17) 0.0636(14) -0.0525(12) 0.025(3) 
H1C 0.6458(17) 0.1171(15) -0.0208(12) 0.026(3) 
H1A 0.7724 0.0832 0.1560 0.013 
H2A 0.5687 -0.0789 0.3217 0.013 
H2B 0.5100 -0.1068 0.2005 0.013 
H4A 0.2106 -0.0216 0.2925 0.017 
H4B 0.2684 0.0182 0.4085 0.017 
H5A 0.0562 0.2371 0.2275 0.031 
H5B 0.1056 0.2680 0.3514 0.031 
H5C -0.0214 0.1442 0.3775 0.031 
H7 0.9000 -0.2390 0.0282 0.018 
H8 1.1145 -0.4522 0.1000 0.022 
H9 1.2177 -0.4910 0.2966 0.024 
H10 1.0982 -0.3195 0.4265 0.023 
H11 0.8852 -0.1064 0.3551 0.019 
H13 0.5461 0.3699 0.0617 0.017 
H14 0.6677 0.5477 0.1119 0.02 
H15 0.6774 0.5214 0.3345 0.021 
H16 0.5589 0.3184 0.5067 0.022 
H17 0.4361 0.1416 0.4566 0.018 
  

Hydrogen bond distances (Å) and angles (°) for rds609 

 
Donor-H Acceptor-H Donor-Acceptor Angle 

O1-H1...N1 0.900(13) 1.879(13) 2.7791(8) 178.3(13) 
N1-H1C...O1 0.886(13) 2.229(13) 2.8989(8) 132.1(11) 
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3. Palladium-Catalyzed Synthesis of α-Trifluoromethyl 
Benzylic Amines via Fluoroarylation of gem -Difluoro-2-
azadienes Enabled by Phosphine-Catalyzed Formation 
of an Azaallyl–Silver Intermediate    

Portions  of   this  chapter  have  been  submitted  for  publication.  Data  presented   in  

Sections  3.2.1–3.2.3  and  3.2.5  are  in  collaboration  with  Chibueze  Onyeagusi.  

3.1 Introduction  

Fluorine  is  commonly  observed  in  bioactive  molecules  and  pharmaceuticals  as  it  

is   known   to   enhance   desirable   medicinal   properties   in   several   ways,   including  

improving  pharmacokinetics,  lipophilicity,  cell  permeability,  and  metabolic  rates.[20]  For  

this   reason,   synthetic   methods   for   the   installation   of   fluorine   are   highly   desirable.   In  

particular,  amines  with  α-­‐‑CF3  groups  are  exciting  targets  as  these  moieties  are  important  

components   of  many  medicinal   compounds,   including   treatments   for   cancer,   anxiety,  

and  osteoporosis  (Figure  3.1).[21]    
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Figure  3.1:  Bioactive  Molecules  Containing  an  α-­‐‑CF3  Amine  Moiety  
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3.1.1  Methods  for  Preparation  of  α-­‐‑Trifluoromethyl  Benzylic  Amines    

Existing   methods   for   preparing   α-­‐‑trifluoromethylamines   mostly   rely   on  

nucleophilic   additions   to  CF3-­‐‑substituted   imines   (Scheme   3.1)[22]   or   the   combination   of  

imines   with   a   trifluoromethyl   nucleophile.   Shibata   has   disclosed   an   enantioselective  

nucleophilic   trifluoromethylation   of   aldimines   catalyzed   by   a   chinchona   bromide   salt  

(Scheme  3.2).[23]  

Scheme  3.1:  Nucleophilic  Addition  to  CF3-­‐‑Substituted  Imines  
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The  Deng[15,   24]   and  Wang[25]   labs  have  developed  a  method  of  diversifying  CF3-­‐‑

containing   imines   by   generating   a   2-­‐‑azaallyl   anion   in   substrates   with   a   CF3   group  

already   installed.   This   azaallyl   anion   can   then   be   trapped   with   a   Michael   acceptor  

(Scheme  3.2).  
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Recently,   the   Wang   lab   at   Sun   Yat-­‐‑Sen   University   has   developed   the   use   of  

fluorinated  alkenes  in  the  synthesis  of  α-­‐‑CF3  amines.  This  method  utilizes  SelectFluor®  

as   an   electrophilic   fluorine   source   to   generate   a   carbon-­‐‑centered   cation,   which   is  

subsequently   trapped   by   the   solvent,   aceotonitrile,   through   a   Ritter-­‐‑type   amination  

process  (Scheme  3.2).[25]  

Scheme  3.2:  Methods  for  α-­‐‑CF3  Amine  Synthesis  
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3.1.2  Azadienes  and  Mechanistic  Significance  

gem-­‐‑Difluoroazadienes   are   fairly   novel   in   their   use   as   reagents   for   synthesis   of  

protected  amines.  In  fact,  there  is  only  one  example  reported  for  use  of  these  interesting  
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frameworks.   Huang   reported   a   method   of   synthesizing   fluorovinyl   azole   derivatives,  

proceeding  through  an  azaallyl  anion  intermediate  (Scheme  3.3).[26]    

Scheme  3.3:  Huang’s  Method  of  Azole  Derivatives  from  Difluoroazadienes  
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Hu[27]   and   Loh[28]   labs   have   developed   a   method   of   fluorofunctionalization   of  

gem-­‐‑difluorostyrenes   (Scheme   3.4),   providing   access   to   benzylic   CF3-­‐‑containing  

products.   Building   off   this   work,   the   reactivity   of   gem-­‐‑difluorostyrenes,   and   our  

previously   disclosed   azadiene   [29]   and   azaallyl   anion[30]   chemistry,   we   explored   a  

fluoroarylation  of  gem-­‐‑difluorostyrenes  to  afford  protected  α-­‐‑CF3  amines.  (Scheme  3.5).  

Scheme  3.4:  Difluorostyrene  Functionalizations  through  Benzyl–Ag  Species  
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Scheme  3.5:  Proposed  Pd-­‐‑Catalyzed  Fluoroarylation  of  Difluoroazadienes  
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3.2 Research Design  

We  have   developed   a   Pd-­‐‑catalyzed   fluoroarylation   of   gem-­‐‑difluoro-­‐‑2-­‐‑azadienes  

to   form  α-­‐‑trifluoromethyl   benzylic   amines,   including   a   short   synthesis   of   an   HDAC6  

inhibitor.   We   also   explored   the   nature   of   the   silver   catalytic   intermediate   through  

spectroscopic  studies.    

3.2.1  Preliminary  Findings  

Inspired   by   Loh’s   work,[28a]   our   initial   findings   for   the   coupling   of  

difluoroazadiene   3.1   and   4-­‐‑iodoanisole  with  AgF  used   2.5  mol%   [(allyl)PdCl]2,   and   10  

mol%  XPhos   in   cyclohexane   (0.1  M)   and   resulted   in   35%  yield   as  measured   by  NMR.  

Covering  the  vial  with  foil  increased  the  yield  to  51%  as  AgF  is  light-­‐‑sensitive  (Scheme  

3.6).  Additional  optimizations  of  reaction  conditions  were  necessary.    

Scheme  3.6:  Preliminary  Findings  

[(allyl)PdCl]2 (2.5 mol%), XPhos (10 mol%)
4-iodoanisole (2.0 equiv), AgF (1.2 equiv)

cyclohexane (0.1 M), 80 ¡C, 15 h
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F
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Ph2CN

F F
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35% yield by NMR (no foil)
51% yield by NMR (foil)
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3.2.2  Reaction  Optimization  

Based  on   these   initial   results,  we   changed   several  parameters   to   increase  yield.  

We   found   that   cyclohexane   was   indeed   the   optimal   solvent   (51%   yield)   (Table   3.1.  

Further   increasing   the   concentration   to   0.3  M  at   80   °C   increased   the  yield   to   78%.  We  

found  also  that  higher  temperatures  are  essential.  Running  the  reaction  at  60  °C  reduces  

the  yield  to  9%  (Table  3.1,  entry  8).    

Table  3.1:  Optimization  of  Solvent,  Temperature,  and  Time  

[(allyl)PdCl]2 (2.5 mol%)
XPhos (10 mol%)

4-iodoanisole (1.0 equiv)

AgF (1.2 equiv)
solvent (0.15 M), temp, time

Ph2CN F

F
3.1

(1.0 equiv)

Ph2CN

F FF

OMe
3.2

1 CH2Cl2 14
2 51
3 1,4-dioxane 40
4 toluene 43

cyclohexane

5 THF 37

entry solvent yield of 2.2 (%)

6a

7a

8a

9a

10
11
12

temperature (¡C) time (h)

80

80
80
80
80

15

15
15
15
15

[a] Solvent concentration of 0.3 M.

cyclohexane

cyclohexane

cyclohexane

cyclohexane

22

40

60

80

15

15

15

15

<2

<2

9

78

cyclohexane
cyclohexane
cyclohexane

80
80
80

1
6
15

17
68
80

  

Shortening   the   reaction   time  also   reduces   the  yield   (Table  3.1,   entries  10–12)  as  

does  changing  the   identity  of   the  aryl  halide  coupling  partner  (Table  3.2).  Aryl   iodides  

and  longer  reaction  times  (15  h)  are  essential  to  reaction  efficiency.    
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Table  3.2:  Optimization  of  Aryl  Coupling  Partner,  Fluoride  Source,  and  Pd  Source  

[(allyl)PdCl]2 (2.5 mol%)
XPhos (10 mol%)

4-haloanisole (1.0 equiv)

AgF (1.2 equiv)
cyclohexane (0.3 M), 80 ¡C, 15 h

Ph2CN
F

F
3.1

(1.0 equiv)

Ph2CN

F F
F

OMe
3.2

1a 4-chloroanisole <2

2a 39

3a 4-iodoanisole 78

4-bromoanisole

entry 4-haloanisole yield of 2.2 (%)

4

5

6b,c

7b

8b,c

[a] Solvent concentration of 0.15 M. [b]Reaction was performed using [(cinnamyl)PdCl]2. [c] 
Reaction performed at 100 ¡C.

fluoride source

AgF

AgF

AgF

KF

CsF

CuF2

4-iodoanisole

4-iodoanisole

4-iodoanisole

<2

<2

<2

AgF

AgF

4-iodoanisole

4-iodoanisole

80

84

  

We   next   examined   several   control   experiments   and   found   that   Pd,   AgF,   and  

phosphine   ligand   are   absolutely   essential.   Removing   any   of   these   three   components  

abolishes  reactivity.  Attempting  to  replace  AgF  with  another  fluorine  source  is  similarly  

detrimental  (Table  3.2).    

A   change   in   palladium   source   did   not   provide   as   dramatic   results.   Both  

[(allyl)PdCl]2   and   [(cinnamyl)PdCl]2   produced   yields   within   error   of   each   other,  

although  [(cinnamyl)PdCl]2  at  100  °C  was  the  most  efficient  (Table  3.2).    

Varying  the  phosphine  ligand  is  also  problematic.  XPhos  is  uniquely  effective  in  

this  reaction.  The  majority  of  ligands  screened  were  unsuccessful  (Table  3.3).    
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Table  3.3:  Ligand  Screen  

Ph2CN F

F

[(allyl)PdCl]2 (2.5 mol%)
phosphine (10 mol%)

4-iodoanisole (1.0 equiv)

AgF (1.2 equiv)
cyclohexane (0.3 M), 80 °C, 15 h

Ph2CN

F FF

OMe

entry phosphine yield of 2.2 (%)

2.1
(1.0 equiv) 2.2

1

2

3

4

Xantphos <2

SPhos 7

BrettPhos <2

XPhos 78

5

6

7

8

9a

10b

11

Ruphos 4

TrixiePhos <2

PCy3 <2

PPh3 <2

PCy2Ph 17

(R)-BINAP <2

(R)-SEGPHOS <2

12

13

14

15

(R)-(+)-MeO-BiPHEP <2

(R,R)-QuinoxP <2

(R,R)-Me-DUPHOS <2

(R)-SYNPHOS <2

16c PEPPSI-iPr <2

[a] Reaction performed using [(cinnamyl)PdCl]2 at 100 °C. [b] 
Reaction performed at 0.15 M. [c] Reaction performed with 
[(allyl)PdCl]2.   

3.2.3  Substrate  Scope  

Having  established  our  ideal  reaction  conditions,  we  next  examined  the  scope  of  

aryl   iodides.   Electron-­‐‑rich   and   neutral   molecules   were   successful   and   high-­‐‑yielding  

coupling  partners  (Scheme  3.7).  Naphthyl  3.20,  biphenyl  3.19,  phenyl  3.21,  and  anisoles  

3.15  and  3.25  were  particularly  effective,  affording  the  highest  yields  of  benzylic  amines.  

Acidic   protons   were   not   tolerated   in   these   reactions,   including   enolizable   ketones.  

However,  carbonyls  with  no  acidic  protons,  such  as  3.22  and  3.23,  were  isolated  in  72%  
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and   75%  yield,   respectively.   Ethyl-­‐‑substituted   3.18,   although   electron-­‐‑rich,   results   in   a  

lower  yield  of  65%.  

Scheme  3.7:  Benzophenone-­‐‑Derived  Azadiene  Substrate  Scope  

N F
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AgF (1.2 eq)
cyclohexane, 80–100 °C, 15 h3.1 3.15–3.26
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CF3
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CF3
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ClO

Ph

Ph2CN

CF3

Ph2CN

CF3
OMe CF3

3.15a

80% yield
3.16b

67% yield
3.17c

45% yield
3.18b

65% yield

3.20a

87% yield
3.21

78% yield
3.22b

72% yield

3.23b

75% yield
3.25a

88% yield
3.26d

68% yield
3.24d

68% yield

3.19c

82% yield

[a] 2.5 mol% Pd dimer, 10 mol% XPhos, 100 °C. [b] 2.5 mol% Pd, 10% XPhos, 80 °C. [c] 5.0 mol% Pd, 20 mol%, 100 °C. [d] 5.0 mol% Pd, 20 mol%, 80 °C.

Electron-­‐‑withdrawing   groups   on   the   aryl   iodide   are   also   successful   in   these   reactions,  

although   they  provide   lower  yield   than  other  aryl   iodides.  Chloro-­‐‑containing  3.24  and  

trifluoromethyl-­‐‑substituted   3.26   both   provided   68%   isolated   yield.   Lower   yields   were  

observed  with   furanyl   substrate   3.16   and  morpholine-­‐‑substituted   3.17   (67%   and   45%).  

For   particularly   challenging   substrates,   such   as   more   sterically-­‐‑encumbered  

substitution-­‐‑patterns,   we   examined   the   less-­‐‑sterically   hindered   azadiene   3.28,   derived  
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from  benzaldehyde.  This  allowed  higher  reactivity  for  more  challenging  substrates  and  

also  prevented  formation  of  hydrofluorination  product  3.27.    

Scheme  3.8:  Benzophenone  and  Benzaldehyde-­‐‑Derived  Azadiene  Substrate  Scope  

N
F

F

[(cinnamyl)PdCl]2 (2.5Ð7.5 mol%)
phosphine (10Ð30 mol%)

AgF (1.2 eq)
cyclohexane, 80Ð100 ¡C, 15 hR = Ph  3.1

R = H    3.28

R
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R
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CF3
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N
Ts

R = Ph
R = H

R = Ph
R = H

3.37a  81% yield
3.38a  77% yield

3.39d  63% yield
3.40a  87% yield

3.41b  85% yield
3.42b  87% yield

3.43d  54% yield
3.44a  87% yield

3.45c  37% yield
3.46a  82% yield

3.51d  17% yieldf

3.52d  45% yield
3.47b  40% yield
3.48a  80% yield

3.49b  56% yield
3.50a  81% yield

[a] 2.5 mol% Pd dimer, 10 mol% XPhos, 100 ¡C. [b] 5.0 mol% Pd, 20 mol%, 100 ¡C. [c] 5.0 mol% Pd, 20 mol%, 80 ¡C. 
[d] 7.5 mol% Pd, 30 mol% XPhos, 100 ¡C.

R = Ph
R = H

  

Electron-­‐‑poor   para-­‐‑cyano-­‐‑   and   para-­‐‑nitroaryl   iodides   resulted   in   much   lower  

yields  when  coupled  with  benzophenone-­‐‑derived  azadiene  3.1  (3.43  and  3.45,  54%  and  

37%  yield,   respectively)   (Scheme   3.17).  When   coupling   these   same   substrates  with   the  

benzaldehyde-­‐‑derived  azadiene  3.28,  yields  increased  to  87%  for  3.44  and  82%  for  3.46.    
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Similarly,   for   sterically-­‐‑hindered   ortho-­‐‑substituted   substrates,   yields   increased  

from   40%   (3.47)   to   80%   (3.48)   for   ortho-­‐‑anisole   and   56%   (3.49)   to   81%   (3.50)   for   ortho-­‐‑

toluoyl  substrates  when  the  less  sterically-­‐‑hindered  benzaldehyde-­‐‑derived  azadiene  3.28  

was  used.  For  the  challenging  indole-­‐‑derived  aryl  iodide,  the  yield  increased  from  17%  

(3.51)  to  45%  (3.52)  with  azadiene  3.28.    

In  addition   to  providing  higher   isolated  yields   for  more  challenging  substrates,  

the  benzaldehyde-­‐‑derived  azadiene  3.28  also   resulted   in  cleaner  product   formation   for  

several   substrates   (3.37–3.42),  which   previously   formed   larger   quantities   of   undesired  

hydrofluorination  product  3.27  with  the  benzophenone-­‐‑derived  azadiene.  With  3.28,  this  

was  not  an  issue,  as  the  hydrofluorination  product  was  not  observed,  and  the  products  

could  be  isolated  more  cleanly.    

We   also   found   that   several   azadienes  were   not   effective   in   this   fluoroarylation  

process.  Benzaldehyde-­‐‑derived  azadienes  with  substitution  on  the  alkene  (3.53)  resulted  

in   arylation   of   the   imine   rather   than   the   desired   regioselectivity   (Scheme   3.9).   To  

mitigate   this   issue,   we   used   the   benzophenone-­‐‑derived   azadiene   but   found   it   to   be  

entirely  unreactive  (3.54).  Similarly,  the  monofluoroazadiene  3.55  was  unreactive,  likely  

due  to  its  decreased  electrophilicity.    
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Scheme  3.9:  Failed  Azadiene  Substrates  
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3.2.4  Imine  Hydrolysis  and  Synthesis  of  a  Reported  HDAC6  Inhibitor  

Our   fluoroarylation   products   contain   a   protected   amine   that   can   be   readily  

deprotected  under  mildly  acidic  conditions:  ammonium  salts  3.56  and  3.57  are  obtained  

from  3.22  and  3.50  (Scheme  3.10)  with  1.0  M  aq  HCl  at  room  temperature.    

Scheme  3.10:  Imine  Hydrolysis  

3.22
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This   process   allowed   us   to   prepare   a   reported   HDAC6   inhibitor   3.58   rapidly  

(Scheme  3.11).  Initial  coupling  followed  by  in  situ  deprotection  afforded  ammonium  salt  

3.56,  which   can   be   subsequently   acylated   and   converted   to   the   hydroxamic   acid   3.58.  
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This  three-­‐‑step  synthesis  reduces  the  number  of  steps  from  three  to  six  (as  compared  to  

previous   methods[31])   and   can   be   completed   without   additional   column   purification.  

Each  step  affords  clean,  desired  product  after  a  simple  workup.    

Scheme  3.11:  Synthesis  of  HDAC6  Inhibitor  
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3.2.5  NMR  Studies:  Characterization  of  Azaallyl–Silver  Intermediate  

We   further   sought   to   understand   the   nature   of   the   azaallyl   anion   species.  We  

hypothesized  that  either  3.59  or  3.60  were  the  most  likely  structures  of  the  azaallyl  anion  

intermediate  (Figure  3.2)  and  we  conducted  a  series  of  NMR  experiments  to  gain  greater  

understanding.    

N

Ph

Ph

CF3

[AgL]
Ph N

Ph

CF3

[AgL]
3.59 3.60   

Figure  3.2:  Potential  Azaallyl–Silver  Intermediates  

We   found   that  XPhos   is   essential   to   reactivity   in   the   formation   of   3.61   and   the  

azaallyl  species  does  not  form  with  AgF  alone.  In  its  absence,  AgF  is  insoluble  in  toluene  
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and  no  reaction  occurs.  The  31P  NMR  spectrum  of  3.61  has  a  107Ag31P  coupling  (673  Hz)  

and   109Ag31P   coupling   (769  Hz)   (Figure   3.3).   If   this  mixture   is   combined  with  azadiene  

3.1,  a  new  compound  is  formed,  presumably  3.59.[32]    

AgF XPhos
toluene-d8

80 ¡C
AgF XPhos

3.61

!  (ppm)

31P {1H} NMR at 25 ¡C
109Ag31P = 769 Hz

107Ag31P = 673 Hz

J Values:

  

Figure  3.3:  Characterization  of  XPhos–Ag–F  Complex  3.61  

Further  tests  proved  the  structure  3.59.  A  new  set  of  doublets  formed  in  the  31P  

NMR   spectrum.   These   peaks   have   smaller   coupling   constants   of   460   and   402  Hz   (for  

109Ag31P   and   107Ag31P,   respectively)   due   to   the   trans   influence   of   the   carbon   in   3.59   as  

compared  to  3.61.  The  1H  NMR  spectrum  shows  a  complex  multiplet  corresponding  to  

the  methine  proton   of   3.59   (Figure   3.4).  When   this   1HNMR   is   decoupled   from   19F,   the  

spectrum   simplifies   dramatically   to   a   doublet   of   doublets.  When   decoupled   from   31P,  

this  proton   simplifies   somewhat.  The   clear   coupling  of   1H   to   19F   (12.9  Hz)   and   31P   (5.0  
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Hz)  suggests  the  proximity  of  the  XPhos  and  the  CF3  group  to  the  proton,  which  is  likely  

the   case   in   3.59.   Furthermore,   the   19F  NMR   showed   similar  decoupling  patterns.  A   19F  

spectrum  also  showed  simplification  when  decoupled  from  both   1H  and   31P.  From  this  

data,  we  were  able   to   conclude   the   structure  of   the  azaallyl   anion   intermediate   is   3.59  

rather  than  3.60.    
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Figure  3.4:  Characterization  of  Ag–Azaallyl  Intermediate  3.59  

3.3 Conclusions and Future Work  

Despite   the   significance   of  α-­‐‑CF3   amines   in  medicinal   compounds,  methods   of  

preparation   often   depend   on   nucleophilic   addition   to   a   CF3-­‐‑substituted   imine   or   CF3  

addition   to   an   imine.  We   have   demonstrated   that   gem-­‐‑difluoroazadienes   are   excellent  
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building   blocks   for   the   synthesis   of   chiral   amines   bearing   α-­‐‑trifluoromethyl   groups.  

Over   twenty   examples   of   electron-­‐‑rich   and   electron-­‐‑poor   aryl   iodides   in   varying  

substitution   patterns   as   well   as   one   indole   substrate   have   proven   effective   in   this  

transformation.    

We  also  demonstrated  that  both  the  ketimine  products  and  the  aldimine  variants  

may   be   hydrolyzed   to   their   ammonium   salts   under   mildly   acidic   conditions.  

Furthermore,   this   method   allows   us   to   synthesize   a   useful   HDAC   inhibitor   in   three  

steps.  

Mechanistically,   we   propose   Pd-­‐‑catalyzed   fluoroarylation   with   the   aryl   iodide  

was  enabled  by  AgF  addition   to   the  difluoroazadiene,  a  process  catalyzed   in  nonpolar  

solvent   by   XPhos.   The   resulting   azaallyl-­‐‑Ag   species,   the   likely   organometallic  

intermediate  in  the  cross-­‐‑coupling,  has  been  characterized  by  NMR  spectroscopy.    

3.4 Experimental  

3.4.1  General  Information  

General   Procedures.  All   reactions  were   carried   out   in   oven-­‐‑   (120   °C)   or   flame-­‐‑

dried  glassware  under   an   inert   atmosphere  of  dry  N2  unless  otherwise  noted.  Organic  

solutions  were  concentrated  under  reduced  pressure  using  a  rotary  evaporator  (Büchi).  

Flash   column   chromatography   was   performed   using   a   Teledyne   Isco   Combiflash  

autocolumn  or  by  hand.  Silica  gel  was  deactivated  in  some  cases  by  washing  with  two  
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column   volumes   of   5:1:1   ethanol:methanol:NEt3   followed   by   5   column   volumes   of  

diethyl  ether  and  drying  under  vacuum.    

Reagents.   The   following   chemicals   were   used   as   received:   acetic   acid   (Alfa  

Aesar);   [(allyl)PdCl]2   (Sigma  Aldrich);  benzophenone   imine  (Chem-­‐‑Impex);   [1,3-­‐‑bis(2,6-­‐‑

diisopropylphenyl)imidazol-­‐‑2-­‐‑ylidene](3-­‐‑chloropyridyl)palladium(II)   dichloride   (Sigma  

Aldrich);   (R)-­‐‑(−)-­‐‑5,5′-­‐‑Bis[di(3,5-­‐‑di-­‐‑tert-­‐‑butyl-­‐‑4-­‐‑methoxyphenyl)phosphino]-­‐‑4,4′-­‐‑bi-­‐‑1,3-­‐‑

benzodioxole   (Strem);   (R)-­‐‑(+)-­‐‑2,2′-­‐‑bis(diphenylphosphino)-­‐‑1,1′-­‐‑binaphthalene  (Alfa  

Aesar);   (R)-­‐‑(+)-­‐‑2,2′-­‐‑bis(diphenylphosphino)-­‐‑6,6′-­‐‑dimethoxy-­‐‑1,1′-­‐‑biphenyl   (Strem);   4,5-­‐‑

bis(diphenylphosphino)-­‐‑9,9-­‐‑dimethylxanthene   (XantPhos)   (Strem);   (R)-­‐‑(+)-­‐‑5,5′-­‐‑

bis(diphenylphosphino)-­‐‑4,4′-­‐‑bi-­‐‑1,3-­‐‑benzodioxole   (Strem);   (R,R)-­‐‑(–)-­‐‑2,3-­‐‑bis(tert-­‐‑

butylmethylphosphino)quinoxaline   (Strem);   4-­‐‑bromoanisole   (Alfa   Aesar);  

bromobenzene   (Alfa   Aesar);   cesium   fluoride   (Sigma   Aldrich);   4-­‐‑chloroanisole   (Sigma  

Aldrich);   chlorodifluoroacetic   acid   (TCI);   [(cinnamyl)PdCl]2   (Sigma);   copper(II)fluoride  

(Beantown);   dicyclohexylphenylphosphine   (Sigma   Aldrich);   2-­‐‑Dicyclohexylphosphino-­‐‑

2′,6′-­‐‑diisopropoxybiphenyl   (RuPhos)   (Sigma  Aldrich);   2-­‐‑dicyclohexylphosphino-­‐‑2’,4’,6’-­‐‑

triisopropylbiphenyl   (XPhos)   (Sigma   Aldrich);   2-­‐‑(Dicyclohexylphosphino)3,6-­‐‑

dimethoxy-­‐‑2′,4′,6′-­‐‑triisopropyl-­‐‑1,1′-­‐‑biphenyl   (BrettPhos)   (Sigma   Aldrich);   2-­‐‑

Dicyclohexylphosphino-­‐‑2′,6′-­‐‑dimethoxybiphenyl   (SPhos)   (Sigma   Aldrich);   4-­‐‑

ethyliodobenzene   (Alfa   Aesar);   iodine   (Sigma   Aldrich),   3-­‐‑iodoanisole   (Alfa   Aesar);  

iodobenzene   (TCI);   3-­‐‑iodobenzotrifluoride   (Sigma   Aldrich);   4-­‐‑iodobiphenyl   (Sigma  
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Aldrich);   2-­‐‑iodonapthalene   (Sigma   Aldrich);   1-­‐‑iodo-­‐‑4-­‐‑nitrobenzene   (Alfa   Aesar);   4-­‐‑(4-­‐‑

iodophenyl)morpholine   (Sigma   Aldrich);   1-­‐‑(4-­‐‑iodophenyl)-­‐‑pyrrole   (Alfa   Aesar);   2-­‐‑

iodotoluene   (TCI);   4-­‐‑iodotoluene   (TCI);   4-­‐‑iodothioanisole   (Oakwood);   1-­‐‑iodo-­‐‑4-­‐‑

chlorobenzene   (Oakwood);   5-­‐‑iodo-­‐‑2,3-­‐‑dihydrobenzofuran   (Matrix);   4-­‐‑

iodobenzophenone  (Matrix);  lithium  bis(trimethylsilyl)amide  (Sigma  Aldrich);  methyl  4-­‐‑

iodobenzoate   (Alfa   Aesar);   N,N-­‐‑dimethylformamide   (Alfa   Aesar),   N,N-­‐‑

dimethyltrifluoroacetamide   (Oakwood);   potassium   fluoride   (Alfa  Aesar);   rac-­‐‑2-­‐‑(di-­‐‑tert-­‐‑

butylphosphino)-­‐‑1,1′-­‐‑binaphthyl   (TrixiePhos)   (Sigma);   silver   fluoride   (>98%)   (Alfa  

Aesar);   sodium   hydride   (Strem);   (2R,2’R,5R,5′R)-­‐‑2,2′,5,5′-­‐‑tetramethyl-­‐‑1,1′-­‐‑(o-­‐‑

phenylene)diphospholane   (Strem);   toluene-­‐‑d8   (Acros);   tosyl   chloride   (Millipore  Sigma);  

tricyclohexylphosphine   (Acros);   2,2,2-­‐‑trifluoroethylamine   hydrochloride   (TCI);  

triphenylphosphine  (Alfa  Aesar).    

Solvents.   Solvents   were   sparged   with   dry   N2   and   purified   under   a   positive  

pressure  of  dry  N2  by  an  Innovative  Technologies  PureSolve  solvent  purification  system:  

tetrahydrofuran   (Sigma-­‐‑Aldrich),   dichloromethane   (Sigma-­‐‑Aldrich),   diethyl   ether  

(Sigma-­‐‑Aldrich),  1,4-­‐‑dioxane  (Sigma-­‐‑Aldrich),  and  toluene  (Sigma-­‐‑Aldrich)  were  passed  

through   two   consecutive   alumina   columns.   Anhydrous   benzene   (Sure/Seal™)   was  

purchased   from   Sigma-­‐‑Aldrich   and   used   as   received.   Cyclohexane   was   dried   over  

calcium   hydride   and   distilled.   Hexanes   (Fisher),   diethyl   ether   (Sigma-­‐‑Aldrich),  
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triethylamine   (Sigma-­‐‑Aldrich),   methanol   (BDH),   ethanol   (Fisher),   and   ethyl   acetate  

(Fisher)  for  flash  column  chromatography  were  used  as  received.    

Instrumentation.  1H-­‐‑NMR  spectra  were  recorded  on  a  Varian  INOVA  (400  MHz),  

Varian  Unity  (500  MHz)  or  Varian/Agilent  VNMRS  (500  MHz)  spectrometer.    Chemical  

shifts  are  reported   in  ppm  from  tetramethylsilane  with   the  solvent  resonance  resulting  

from   incomplete   deuteration   (CDCl3:   δ   7.26).      Data   are   reported   as   follows:   chemical  

shift,  integration,  multiplicity  (s  =  singlet,  d  =  doublet,  t  =  triplet,  q  =  quartet,  br  =  broad,  

m  =  multiplet),  coupling  constant(s)  (Hz).    13C-­‐‑NMR  spectra  were  recorded  on  a  Varian  

Unity   (400  MHz),  Varian/Agilent  VNMRS  (500  MHz),  or  Bruker  Avance   III   (700  MHz)  

spectrometer  with  complete  proton  decoupling  but  with  fluorine  coupling  except  where  

indicated.  Chemical  shifts  are  reported  in  ppm  from  tetramethylsilane  with  the  solvent  

resonance  resulting  from  chloroform  as  the  internal  reference  (CDCl3:  δ  77.16).  Data  are  

reported  as  follows:  chemical  shift,  integration,  multiplicity  (s  =  singlet,  d  =  doublet,  t  =  

triplet,   q   =   quartet,   br   =   broad,   m   =   multiplet),   coupling   constant(s)   (Hz).   19F-­‐‑NMR  

spectra  were   recorded  on  a  Varian/Agilent  VNMRS   (376  MHz)   spectrometer.  Data  are  

reported  as  follows:  chemical  shift,  integration,  multiplicity  (s  =  singlet,  d  =  doublet,  t  =  

triplet,   q   =   quartet,   br   =   broad,   m   =   multiplet),   coupling   constant(s)   (Hz).   31P-­‐‑NMR  

spectra   were   recorded   on   a   Varian/Agilent   VNMRS   (500   MHz)   spectrometer.   NMR  

yields   were   determined   by   internal   standard   (2,2,2-­‐‑trifluoro-­‐‑N,N-­‐‑dimethylacetamide  

and  toluene).  19F-­‐‑NMR,  1H-­‐‑NMR,  and  31P-­‐‑NMR  experiments  examining  the  structure  of  
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azaallyl–silver   Intermediate   were   conducted   on   a   Varian/Agilent   VNMRS   (500   MHz)  

with   coupling   and   decoupling   as   indicated.   High-­‐‑resolution   mass   spectrometry   was  

performed  on  an  Agilent   (1200  Series)  LCMS-­‐‑TOF-­‐‑DART  at   the  Duke  University  Mass  

Spectrometry  Facility  (HRMS  data  values  reported  as  an  average  of  four  runs).  Infrared  

(IR)  spectra  were  collected  on  a  Nicolet  6700  FT-­‐‑IR  spectrometer,  υmax  in  cm-­‐‑1.  Bands  are  

characterized   as   broad   (br),   strong   (s),   medium   (m),   or   weak   (w).      Teledyne   Isco,  

Nextgen  300+  system  was  used  for  automated  column  chromatography.  

For   characterization   of   azaallyl–silver   intermediate   as   well   as   [(XPhos)AgF],  

NMR   spectra  were   obtained   on   an  Agilent  Direct  Drive   500  MHz  NMR   spectrometer  

equipped  with   two  high  band  RF  channels.  A  5  mm  HFCN  probe  with  high-­‐‑band  coil  

double-­‐‑tuned  for  500  MHz  and  470  MHz  was  used  for  1H,  19F,  19F-­‐‑decoupled  1H  and  1H-­‐‑

decoupled  19F  NMR   experiments.  The  1H   90°  pulse   was   ~9.2   us   at   58   db   and   the  19F  

90°  pulse  was   ~14  us   at   58   dbpower.  A   5  mm   indirect   detect   probe  with   tunable   high  

band   coil   was   used   for  1H,  1H-­‐‑decoupled  31P,  19F,  19F-­‐‑decoupled  31P,   and  31P-­‐‑

decoupled19F  NMR   experiments.  The  1H   90°  pulse  was   ~8   us   at   58   db,   the  19F   900  pulse  

was  ~13  us  at  58  db  power  and  the  31P  90°  pulse  was  ~24  µs  at  58  db  power.  Experiments  

were  carried  out  at  25  °C.  

NMR  Spectra:  Please  see  supplementary  information  in  submitted  publication.  
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3.4.2  Preparation  of  Azadiene  Substrates  

CH2Cl2

reflux, 12Ð18 hPh Ph

NH
H3N CF3Cl

LiHMDS, THF

Ð78 ¡C, 1.5 hN

Ph

F3C

Ph N

Ph

Ph
F

F  
N-­‐‑(2,2-­‐‑difluorovinyl)-­‐‑1,1-­‐‑diphenylmethanimine   (3.1).   A   flame-­‐‑dried   250-­‐‑mL  

round-­‐‑bottom  flask,  equipped  with  stir  bar,  was  charged  with  benzophenone  imine  (8.39  

mL,   50.0   mmol,   1.00   equiv),   dichloromethane   (50   mL),   and   2,2,2-­‐‑trifluoroethylamine  

hydrochloride   (8.13   g,   60.0  mmol,   1.20   equiv)   and   fitted  with   a   reflux   condenser.   The  

mixture   was   allowed   to   stir   and   heat   under   reflux   for   17   h.   Upon   cooling   to   room  

temperature,   the49   mixture   was   filtered   and   the   filtrate   was   washed   with   one   equal  

portion  of  saturated  brine,  dried  over  Na2SO4,  filtered  and  concentrated  to  afford  4a  as  a  

white  solid  (10.5  g,  39.7  mmol,  79.0  %).  1H  NMR  (400  MHz,  CDCl3).  δ 7.65  (2H,  d,  J  =  6.8  

Hz),  7.46–7.56  (3H,  m),  7.41  (1H,  d,  J  =  7.3  Hz),  7.34  (2H,  t,  J  =  7.3  Hz),  7.15  (2H,  dd,  J  =  

2.1,  7.7  Hz),  3.85  (1H,  q,  J  =  9.4  Hz). Spectral  data  matched  those  previously  reported.[1]  A  

portion  of  the  solid  (3.90  g,  15.0  mmol,  1.00  equiv)  was  dissolved  in  THF  (45  mL)  and  the  

mixture   cooled   to   –78   °C.  A   solution  of  LiHMDS   (45  mL,   45  mmol,   1.0  M   in  THF,   3.0  

equiv)  was  transferred  by  cannula  to  the  cooled  solution  and  the  reaction  mixture  was  

allowed  to  stir  at  –78  °C  for  1.5  h.  The  mixture  was  then  filtered  through  celite   (rinsed  

with  ethyl  acetate).  The  filtrate  was  concentrated  and  the  resulting  oil  purified  by  flash  

column  chromatography  (100%  hexanes  to  49:1  hexanes:ethyl  acetate)  to  afford  the  title  

                                                                                                                

[49]  Billard,  T.;  Langlois,  B.  R.  Reactivity  of  Stable  Trifluoroacetaldehyde  Hemiaminals.  2.  Generation  and  
Synthetic  Potentialities  of  Fluorinated  Iminiums.  J.  Org.  Chem.,  2002,  67,  997–1000.  
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compound  as  a  white  solid  (2.45  g,  10.1  mmol,  67.0%  yield).  1H  NMR  (400  MHz,  CDCl3)  

δ 7.67  (2H,  d,   J  =  6.8  Hz),  7.53–7.43  (3H,  m),  7.41–7.28  (4H,  m),  7.18  (1H,  dd,   J  =  7.6,  2.0  

Hz),  5.97  (1H,  d,  J  =  17.3  Hz).  Spectral  data  matched  those  previously  reported.[50]  

NEt3, CH2Cl2

reflux, 15 hPh H

O
H3N CF3Cl

LiHMDS, THF

Ð78 ¡C, 1.5 h
N

Ph

F3C

H N

Ph

H
F

F  
(E)-­‐‑N-­‐‑(2,2-­‐‑difluorovinyl)-­‐‑1-­‐‑phenylmethanimine   (3.28).   A   flame-­‐‑dried   250-­‐‑mL  

round-­‐‑bottom  flask,  equipped  with  stir  bar,  was  charged  with  benzaldehyde   (5.10  mL,  

50.0   mmol,   1.00   equiv),   dichloromethane   (25   mL),   2,2,2-­‐‑trifluoroethylamine  

hydrochloride   (8.13  g,   60.0  mmol,   1.20   equiv),   triethylamine   (8.36  mL,   60.0  mmol,   1.20  

equiv)  and  fitted  with  a  reflux  condenser.  The  mixture  was  allowed  to  heat  under  reflux  

for  17  h.  Upon  cooling  to  room  temperature,  the  mixture  was  filtered  and  the  filtrate  was  

washed   with   one   equal   portion   of   saturated   brine,   dried   over   Na2SO4,   filtered   and  

concentrated  to  afford  4b  as  a  yellow  oil  (5.44  g,  29.1  mmol,  58.2%  yield).  1H  NMR  (400  

MHz,  CDCl3).  δ  8.34  (1H,  s),  7.77  (2H,  d,  J  =  6.8  Hz),  7.41–7.47  (3H,  m),  4.11  (1H,  q,  J  =  9.1  

Hz).   Spectral   data  matched   those   previously   reported.[51]   A   portion   of   4b   (1.90   g,   10.0  

mmol,   1.00   equiv)  was  dissolved   in  THF   (30  mL)   and   cooled   to   –78   °C.  A   solution   of  

LiHMDS   (30  mL,   30  mmol,   1.0  M   in  THF,   3   equiv)  was   transferred   by   cannula   to   the  

cooled  solution,  which  was  allowed  to  stir  at  –78  °C  for  1.5  h.  The  mixture  was  filtered  

                                                                                                                

[50]   Zhang,   D.;   Liu,   H.;   Zhu,   P.;   Meng,   W.;   Huang,   Y.   One-­‐‑pot   syntheses   of   N-­‐‑(α-­‐‑fluorovinyl)   azole  
derivatives  from  N-­‐‑(diphenylmethylene)-­‐‑2,2,2-­‐‑trifluoroethanamine.  RSC  Adv.,  2016,  6,  73683–73691. 	
  
[51]  Wu,  Y.;  Sun,  Q.;  Deng,  J.;  Tian,  W.  Synthesis  of  fluorinated  imines  and  carbodiimides  from  azides  via  
aza-­‐‑Wittig  reaction.  J  Fluor  Chem.,  2006,  127,  1152–1157.  
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through  celite  (rinsed  with  ethyl  acetate).  The  filtrate  was  concentrated  and  purified  by  

vacuum  distillation,  affording  3.28  as  a  yellow  oil  (736  mg,  4.40  mmol,  44.0%  yield).  IR  

(thin   film)  3066   (w),  2998   (w),  2876   (w),  1720   (s),  1609   (w),  1577   (w)  cm-­‐‑1   1H  NMR  (400  

MHz,  CDCl3)  δ  8.17  (1H,  s),  7.77  (2H,  dd,  J  =  7.2,  2.3  Hz),  7.47–7.35  (3H,  m),  6.12  (1H,  dd,  

J  =  16.9,  1.4  Hz).     13C  NMR  (176  MHz,  CDCl3)  δ  159.4  (dd,  J  =  12.4,  2.9  Hz),  157.8  (d,  J  =  

16.9   Hz),   135.8,   131.2,   128.7,   128.3,   101.0   (dd,   J   =   42.9,   12.6   Hz);   19F   NMR   (376   MHz,  

CDCl3)  δ  –85.27  (dd,  J  =  24.3,  17.0  Hz),  98.24  (d,  J  =  24.4  Hz);  HRMS  (ESI+)  [M+H]+  calc’d  

for   C9H7F2N:   168.0619,   found:   168.0622.   Spectral   data   matched   those   previously  

reported.[52]  

3.4.3  Preparation  of  Aryl  Iodide  Substrates  

 

N
H

I

N
Ts

ITsCl, NaH, DMF

23 °C, 43.5 h
 

5-­‐‑iodo-­‐‑1-­‐‑tosyl-­‐‑1H-­‐‑indole   (3.36).   A   flame-­‐‑dried   100-­‐‑mL   round-­‐‑bottom   flask,  

equipped  with  stir  bar,  was  charged  with  5-­‐‑iodoindole  (972  mg,  4.00  mmol,  1.00  equiv)  

and   DMF   (10.2  mL).   NaH   (60%   in  mineral   oil)   (240.   mg,   6.00  mmol,   1.50   equiv)   was  

added  and   the   reaction  mixture  was  allowed   to  stir  40  min  at  ambient   temperature.  A  

solution  of  tosyl  chloride  (991  mg,  5.20  mmol,  1.30  equiv)  in  DMF  (5.2  mL)  was  added  by  

cannula   and   the   mixture   was   allowed   to   stir   at   ambient   temperature   for   44   h.   The  

reaction  was  quenched  with  5  mL  of  deionized  water  and  diluted  with  ethyl  acetate  (10  
                                                                                                                

[52]  Ono,  T.;  Kukhar,   P.V.;   Soloshonok,  V.  A.  Biomimetic  Reductive  Amination  of   Fluoro  Aldehydes   and  
Ketones  via  [1,3]-­‐‑Proton  Shift  Reaction:  Scope  and  Limitations.  J.  Org.  Chem.,  1996,  61,  6563–6569.  
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mL).   The   organic   layer  was  washed  with   five  portions   of  deionized  water,   dried  over  

MgSO4,  filtered  and  concentrated  to  afford  3.36  as  an  orange  solid  (695  mg,  1.75  mmol,  

43.7%  yield).  1H  NMR  (400  MHz,  CDCl3)  δ 7.84  (1H,  s),  7.72  (3H,  t,  J  =  8.0  Hz),  7.54  (1H,  

d,  J  =  8.7  Hz),  7.50  (1H,  d,  J  =  3.4  Hz),  7.20  (2H,  d,  J  =  7.9  Hz),  6.55  (1H,  d,  J  =  7.9  Hz),  2.32  

(3H,  s).  Spectral  data  matched  those  previously  reported.[53]  

3.4.4  Fluoroarylation  of  Difluoroazadienes  

F

F

N

Ph

R I
R1

2.5–7.5 mol % [(cinnamyl)PdCl]210
–30 mol % XPhos1.2

 
equiv AgFcycl

ohexane, 80–100 °C15 h F3C

N R

Ph

R1

 

General  Method  A.  In  an  N2-­‐‑filled  glovebox,  an  oven-­‐‑dried  (120  °C)  microwave  

vial,   equipped   with   stir   bar,   was   charged   with   [(cinnamyl)PdCl]2,   XPhos,   and  

cyclohexane   (250  µL).  The  mixture  was  allowed  to  stir  15  min  at  ambient   temperature.  

Azadiene  (0.15  mmol,  1.00  equiv),  aryl  iodide  (0.15  mmol,  1.00  equiv),  and  silver  fluoride  

(0.18  mmol,   1.20   equiv)  were  added   sequentially,   followed  by   cyclohexane   (250  µL)   to  

rinse  the  sides  of  the  vial.  The  vial  was  sealed,  removed  from  the  glovebox  and  heated  at  

the   indicated   temperature   for   15   h  while   covered   in   aluminum   foil.   The   reaction  was  

then   allowed   to   cool,   filtered   through   a   celite   plug   and   rinsed   with   three   volume  

portions   of   ethyl   acetate.   The   solution   was   concentrated   and   the   residue   purified   by  

                                                                                                                

[53]  Kapoor,  M.;  Liu,  D.;  Young,  M.  C.  Carbon  Dioxide-­‐‑Mediated  C(sp3)-­‐‑H  Arylation  of  Amine  Substrates.  J.  
Am.  Chem.  Soc.,  2018,  140,  6818–6822.  
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flash   column   chromatography   with   deactivated   silica   gel   or   by   combiflash   column  

chromatography  with  silica  gel.  

Ph N

Ph CF3

OMe  

1,1-diphenyl-N-(2,2,2-trifluoro-1-(4-methoxyphenyl)ethyl)methanimine   (3.2).   Title  

compound  3.2  prepared  according  to  general  method  A  (reaction  at  100  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10  mol  %  XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  yellow  solid  (44.2  mg,  0.120  mmol,  79.7%  yield).  IR  (thin  

film)  3061  (w),  2905  (w),  2837  (w),  2158  (w),  1625  (m),  1249  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  

CDCl3)  δ  7.73–7.69  (2H,  m),  7.45–7.38  (3H,  m),  7.34  (2H,  dd,  J  =  8.3,  6.6  Hz),  7.28–7.24  (3H,  

m),  6.97   (2H,  d,   J  =  6.9  Hz),  6.86–6.82   (2H,  m),  4.74   (1H,  q,   J  =  7.5  Hz),  3.78   (3H,  s);   13C  

NMR  (176  MHz,  CDCl3)  δ  172.1,  156.6,  139.1,  136.3,  130.7,  130.3,  129.4,  128.9,  128.5,  128.2,  

128.1,  127.5,  125.5   (q,   JCF  =  280.6  Hz),  124.6,  120.7,  110.4,  59.3   (q,   JCF  =  29.4  Hz),  55.3;   19F  

NMR   (376  MHz,  CDCl3)   δ −74.11   (3F,   d,   JHF   =   7.5  Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C22H18F3NO:  370.1413,  found:  370.1416.  

Ph N

Ph CF3

O  

N-(1-(2,3-dihydrobenzofuran-5-yl)-2,2,2-trifluoroethyl)-1,1-diphenylmethanimine (3.16).  

Title  compound  3.16  prepared  according  to  general  method  A  (reaction  at  80  °C  with  2.5  

mol   %   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   deactivated   silica   gel   column  
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chromatography:   100%   hexanes)   and   isolated   as   a   white   solid   (38.3   mg,   0.100   mmol,  

66.9%   yield).   IR   (thin   film)   3060   (w),   2896   (w),   1625   (m),   1156   (m)   cm-­‐‑1;   1H  NMR   (400  

MHz,  CDCl3)  δ  7.74–7.68  (2H,  m),  7.46–7.39  (4H,  m),  7.37–7.32  (2H,  m),  7.27  (1H,  2),  7.02–

6.95  (3H,  m),  6.69  (1H,  d,  J  =  8.2  Hz),  4.72  (1H,  q,  J  =  7.4  Hz),  4.56  (2H,  t,  J  =  8.8  Hz),  3.18  

(2H,   t,   J   =  8.7  Hz);   13C  NMR  (126  MHz,  CDCl3)  δ   171.7,  160.4,  139.0,  135.6,  130.8,  129.0,  

128.9,   128.7,   128.5,   128.1,   127.6,   127.6,   127.3,   125.3,   125.1   (q,   JCF  =   280.3  Hz),  109.0,   71.4,  

67.5   (q,   JCF   =   28.6   Hz),   29.6;   19F   NMR   (376   MHz,   CDCl3)   δ   –74.10   (3F,   q,   JHF   =   7.5  

Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  C23H18F3NO:  382.1413,  found:  382.1418.    

Ph N

Ph CF3

N
O   

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑morpholinophenyl)ethyl)methanimine   (3.17).  

Title  compound  3.17  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  

mol  %   [(cinnamyl)PdCl]2,   20  mol  %  XPhos,   combiflash  column  chromatography:  100%  

hexanes)   and   isolated   as   a   yellow   solid   (28.5  mg,   0.0670  mmol,   44.8%   yield).   IR   (thin  

film)  3674  (br),  2971  (br),  2160  (br),  2056  (br),  1613  (w),  1517  (w)  cm-­‐‑1;  1H  NMR  (400  MHz,  

CDCl3)  δ  7.73–7.66  (2H,  m),  7.46–7.29  (6H,  m),  7.27–7.22  (2H,  m),  7.01–6.94  (2H,  m),  6.87–

6.81  (2H,  m),  4.72  (1H,  q,  J  =  7.5  Hz),  3.84  (4H,  t,  J  =  4.8  Hz),  3.15  (5  H,  dd,  J  =  5.9,  3.4  Hz);  

13C  NMR   (126  MHz,  CDCl3)  δ 171.7,   151.3,   139.0,   135.7,   130.7,   129.6,   129.0,   128.9,   128.5,  

128.1,   127.6,   126.8,   125.1   (q,   JCF  =   280.3  Hz),  115.1,   67.4   (q,   JCF   =   28.9  Hz),   66.9,   48.9;   19F  
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NMR   (376  MHz,  CDCl3)   δ −74.03   (3F,   d,   JHF   =   7.5  Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C22H18F3N:  425.1835,  found:  425.1833.  

Ph N

Ph CF3

Et  

N-­‐‑(1-­‐‑(4-­‐‑ethylphenyl)-­‐‑2,2,2-­‐‑trifluoroethyl)-­‐‑1,1-­‐‑diphenylmethanimine   (3.18).   Title  

compound  3.18  prepared  according  to  general  method  A  (reaction  at  80  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   combiflash   column   chromatography:   100%  

hexanes)  and  isolated  as  a  white  solid  (35.2  mg,  0.0977  mmol,  65.1%  yield).  IR  (thin  film)  

3059  (w),  2966  (w),  1713  (w),  1625  (s)  cm;  1H  NMR  (400  MHz,  CDCl3)  δ  7.73  (2H,  dd,  J  =  

8.3,  1.5  Hz),  7.46–7.41  (4H,  m),  7.37–7.33  (2H,  m),  7.29  (2H,  d,  J  =  8.3  Hz),  7.15  (2H,  d,  J  =  

8.0  Hz),  7.00  (2  H,  dd,  J  =  7.5,  1.8  Hz),  4.79  (1H,  q,  J  =  7.5  Hz),  2.64  (2H,  q,  J  =  7.5  Hz),  1.23  

(3H,   t,   J  =   7.5  Hz);   13C  NMR  (126  MHz,  CDCl3)  δ   171.9,  144.7,  139.0,  135.6,  132.9,  130.8,  

129.0,  128.9,  128.7,  128.5,  128.1,  127.9,  127.6,  125.1  (q,  JCF  =  280.6  Hz),  67.8  (q,  JCF  =  28.5  Hz),  

28.6,  15.4;  19F  NMR  (376  MHz,  CDCl3)  δ −73.80  (3F,  d,  JHF  =  7.5  Hz); HRMS  (ESI+)  [M+H]+  

calc’d  for  C22H18F3N:  368.1625,  found:  368.1625.  

Ph N

Ph CF3

Ph  

N-­‐‑(1-­‐‑([1,1'ʹ-­‐‑biphenyl]-­‐‑4-­‐‑yl)-­‐‑2,2,2-­‐‑trifluoroethyl)-­‐‑1,1-­‐‑diphenylmethanimine   (3.19).  

Title  compound  3.19  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  

mol  %   [(cinnamyl)PdCl]2,   20  mol  %  XPhos,   combiflash  column  chromatography:  100%  
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hexanes)  and  isolated  as  a  yellow  oil   (51.0  mg,  0.123  mmol,  81.8%  yield).   IR  (thin  film)  

3059  (w),  1968  (w),  1626  (w)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ  7.82–7.75  (m,  7H),  7.52–

7.35   (m,   10H),   6.97   (2H,   d,   J   =   7.4  Hz),   4.97   (1  H,   q,   J   =   7.5  Hz);   13C  NMR   (126  MHz,  

CDCl3)   δ   172.2,   141.5,   140.6,   138.9,   135.6,   134.7,   130.9,   129.2,   129.2,   129.0,   128.8,   128.6,  

128.2,  127.6,  127.5,  127.2,  127.11,  125.0  (q,  JCF  =  280.7  Hz),  67.7  (q,  JCF  =  28.6  Hz);  19F  NMR  

(376   MHz,   CDCl3)   δ −73.67   (3F,   d,   JHF   =   7.4   Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C27H20F3N:  416.1621,  found:  416.1622.  

Ph N

Ph CF3

 

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(naphthalen-­‐‑2-­‐‑yl)ethyl)methanimine  (3.20).  Title  

compound  3.20  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  mol  

%   [(cinnamyl)PdCl]2,   20   mol   %   XPhos,   combiflash   column   chromatography:   100%  

hexanes)  and  isolated  as  a  yellow  oil   (51.0  mg,  0.131  mmol,  87.3%  yield).   IR  (thin  film)  

3059  (br),  1713  (w),  1625  (w);  1H  NMR  (400  MHz,  CDCl3)  δ  7.86–7.68  (5H,  m),  7.58–7.31  

(10H,  m),  6.97  (2H,  d,  J  =  7.3  Hz),  4.96  (1H,  q,  J  =  7.9  Hz);  13C  NMR  (176  MHz,  CDCl3)  δ  

172.4,  138.9,  135.6,  133.4,  133.2,  133.1,  130.9,  129.1,  129.0,  128.6,  128.5,  128.3,  128.2,  128.2,  

127.7,  127.6,  126.4,  126.2,  125.8,  125.1  (q,  JCF  =  280.6  Hz),  68.11  (q,  JCF  =  28.8  Hz);  19F  NMR  

(376   MHz,   CDCl3)   δ −73.51   (3F,   d,   JHF   =   7.4   Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C25H18F3N:  390.1464,  found:  390.1460.  
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Ph N

Ph CF3

 

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑phenylethyl)methanimine   (3.21).   Title  

compound  3.21  prepared  according  to  general  method  A  (reaction  at  80  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   combiflash   column   chromatography:   100%  

hexanes)   and   isolated   as   yellow   crystals   (39.7   mg,   0.117  mmol,   78.0%   yield).   IR   (thin  

film)  3063  (w),  1626  (m)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ 7.89–7.61  (2H,  m),  7.46–7.30  

(11H,  m),  6.98  (2H,  d,  J  =  6.1  Hz),  4.81  (1  H,  q,  J  =  7.4  Hz);  13C  NMR  (176  MHz,  CDCl3)  δ  

172.2,  138.9,  135.7,  135.6,  130.9,  129.0,  129.0,  128.8,  128.7,  128.6,  128.4,  128.2,  127.5,  125.0  

(q,  JCF  =  280.7  Hz),  67.98  (q,  JCF  =  28.5  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ −73.77  (3F,  d,  JHF  

=  7.4  Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  C22H18F3N:  340.1308,  found:  340.1314.  

Ph N

Ph CF3

O

OMe  

methyl   4-­‐‑(1-­‐‑((diphenylmethylene)amino)-­‐‑2,2,2-­‐‑trifluoroethyl)benzoate   (3.22).  

Title  compound  3.22  prepared  according  to  general  method  A  (reaction  at  80  °C  with  2.5  

mol  %   [(cinnamyl)PdCl]2,   10  mol  %  XPhos,   combiflash  column  chromatography:  100%  

hexanes)  and  isolated  as  a  yellow  oil   (43.0  mg,  0.108  mmol,  72.2%  yield).   IR  (thin  film)  

2341  (m),  1726  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ  7.99  (2H,  d,  J  =  8.3  Hz),  7.73  (2  H,  d,  

J  =  6.9  Hz),  7.45–7.36  (8H,  m),  6.95  (2H,  d,  J  =  6.7  Hz),  4.86  (1H,  q,  J  =  7.3  Hz),  3.91  (3H,  s);  

13C  NMR  (126  MHz,  CDCl3)  δ   172.9,  166.7,  140.5,  138.6,  135.4,  131.1,  130.5,  129.7,  129.1,  
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129.0,  128.9,  128.7,  128.2,  127.4,  124.7   (q,   JCF  =  280.9  Hz),  68.7   (q,   JCF  =  29.5  Hz),  52.2;   19F  

NMR   (376  MHz,   CDCl3)   δ −73.58   (3F,   d,   JHF   =   7.4  Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C23H18F3NO2:  398.1362,  found:  398.1358.  

Ph N

Ph CF3

Ph

O

 

 (4-(1-((diphenylmethylene)amino)-2,2,2-trifluoroethyl)phenyl)(phenyl)methanone  

(3.23).  Title  compound  3.23  prepared  according  to  general  method  A  (reaction  at  80  °C  

with   2.5   mol   %   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   combiflash   column  

chromatography:   100%   hexanes)   and   isolated   as   a   white   solid   (49.6   mg,   0.112   mmol,  

74.6%   yield).   IR   (thin   film)   3060   (w),   2361   (w),   1660   (m),   1126   (s)   cm-­‐‑1;   1H  NMR   (400  

MHz,  CDCl3)  δ  7.81–7.71  (6H,  m),  7.60–7.56  (1H,  m),  7.50–7.44  (8H,  m),  7.38–7.34  (2H,  m),  

7.02–6.96  (2H,  d,  J  =  6.3  Hz),  4.90  (1H,  q,  J  =  7.3  Hz);  13C  NMR  (126  MHz,  CDCl3)  δ  196.2,  

172.9,  139.9,  138.7,  137.8,  137.3,  135.4,  132.6,  131.1,  130.12,  130.1,  129.1,  129.1,  128.8,  128.7,  

128.3,   128.2,   127.4,   124.7   (q,   JCF  =  281.0  Hz),   67.7   (q,   JCF   =   28.6  Hz);   19F  NMR   (376  MHz,  

CDCl3)   δ −73.43   (3F,   d,   JHF   =   7.3   Hz); HRMS   (ESI+)   [M+H]+   calc’d   for   C28H20F3NO:  

444.1570,  found:  444.1574.  

Ph N

Ph CF3

Cl  

N-­‐‑(1-­‐‑(4-­‐‑chlorophenyl)-­‐‑2,2,2-­‐‑trifluoroethyl)-­‐‑1,1-­‐‑diphenylmethanimine   (3.24).   Title  

compound  3.24  prepared  according  to  general  method  A  (reaction  at  80  °C  with  5  mol  %  
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[(cinnamyl)PdCl]2,  20  mol  %  XPhos,  combiflash  column  chromatography:  100%  hexanes)  

and  isolated  as  a  white  solid  (38.2  mg,  0.102  mmol,  68.0%  yield).  IR  (thin  film)  3061  (w),  

2907  (w),  1625  (m),  1126  (s)  cm-­‐‑1;   1H  NMR  (400  MHz,  CDCl3)  δ  7.78–7.69  (2H,  m),  7.52–

7.33  (7H,  m),  7.31  (3H,  s),  6.98  (2H,  d,  J  =  6.2  Hz),  4.79  (1H,  q,  J  =  7.3  Hz);  13C  NMR  (126  

MHz,   CDCl3)   δ   172.6,   138.7,   135.4,   134.6,   134.1,   131.0,   130.4,   130.1,   129.1,   129.0,   128.7,  

128.2,  127.4,  124.7  (q,  JCF  =  280.4  Hz),  67.3  (q,  JCF  =  28.7  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ  –

73.91  (3F,  d,  JHF  =  7.3  Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  C21H15ClF3N:  374.0918,  found:  

374.0922.  

Ph N

Ph CF3
OMe

 

1,1-diphenyl-N-(2,2,2-trifluoro-1-(3-methoxyphenyl)ethyl)methanimine   (3.25).   Title  

compound  3.25  prepared  according  to  general  method  A  (reaction  at  100  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10  mol  %  XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  yellow  solid  (48.6  mg,  0.131  mmol,  87.6%  yield).  IR  (thin  

film)   3062   (w),   2837   (w),   1626   (m),   1260   (s),   1125   (s)   cm-­‐‑1;   1H  NMR   (400  MHz,  CDCl3)  

δ  7.75–7.71  (1H,  m),  7.47–7.32  (7H,  m),  7.27–7.18  (1H,  m),  7.01–6.95  (3H,  m),  6.91  (1H,  d,  J  

=  7.6  Hz),  6.87  (1H,  ddd,  J  =  8.3,  2.8,  1.0  Hz),  4.78  (1H,  q,  J  =  7.4  Hz),  3.78  (3H,  s);  13C  NMR  

(126  MHz,  CDCl3)  δ  172.2,  159.5,  138.9,  137.0,  135.6,  130.9,  129.4,  129.0,  129.0,  128.6,  128.1,  

127.6,  124.9   (q,   JCF  =  280.7  Hz),  121.1,  114.5,  114.1,  67.9   (q,   JCF  =  28.2  Hz),  55.2;   19F  NMR  
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(376   MHz,   CDCl3)   δ −73.64   (3F,   d,   JHF   =   7.5   Hz).; HRMS   (ESI+)   [M+H]+   calc’d   for  

C22H18F3NO:  370.1413,  found:  370.1416.  

Ph N

Ph CF3
CF3

 

1,1-diphenyl-N-(2,2,2-trifluoro-1-(3-(trifluoromethyl)phenyl)ethyl)methanimine   (3.26).  

Title  compound  3.26  prepared  according  to  general  method  A  (reaction  at  80  °C  with  5  

mol  %   [(cinnamyl)PdCl]2,   20  mol  %  XPhos,   combiflash  column  chromatography:  100%  

hexanes)  and  isolated  as  a  yellow  oil  (40.6  mg,  0.0997  mmol,  66.3%  yield).  IR  (thin  film)  

3725   (w),  3628   (w),  2341   (s),  1626(m),  1166   (s)  cm-­‐‑1;   1H  NMR  (400  MHz,  CDCl3)  δ  7.74–

7.72  (2H,  m),  7.59  (3H,  m),  7.47–7.41  (5H,  m),  7.39–7.35  (2H,  m),  6.96  (2H,  d,  J  =  6.4  Hz),  

4.87   (1H,   q,   J   =   7.3  Hz);   13C  NMR   (176  MHz,  CDCl3)  δ   173.2,   138.6,   136.6,   135.4,   132.2,  

131.2,  130.9  (q,  JCF  =  32.5  Hz),  129.2,  129.2,  129.0,  128.8,  127.3,  125.7  (dq,  JCF  =  22.8,  3.9  Hz),  

124.7  (d,  JCF  =  281.0  Hz),  124.7,  123.1,  67.5  (q,  JCF  =  29.0  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ  

–73.76   (3F,   d,   JHF   =   7.2   Hz),   –62.65   (3F,   s); HRMS   (ESI+)   [M+H]+   calc’d   for   C22H15F6N:  

408.1182,  found:  408.1190.  

Ph N

Ph CF3

Me  

1,1-diphenyl-N-(2,2,2-trifluoro-1-(p-tolyl)ethyl)methanimine   (3.37).   Title   compound  

3.37   prepared   according   to   general   method   A   (reaction   at   100   °C   with   2.5   mol   %  

[(cinnamyl)PdCl]2,   10   mol   %   XPhos,   deactivated   silica   gel   column   chromatography:  
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100%  hexanes)  and  isolated  as  a  white  solid  (43.0  mg,  0.122  mmol,  81.1%  yield).  IR  (thin  

film)  3059  (w),  2924  (w),  1626  (m),  1160  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ  7.73  (2H,  d,  

J  =  8.0  Hz),  7.46–7.41  (4H,  m),  7.37–7.34  (2H,  m),  7.26  (2H,  d,  J  =  8.0  Hz  ),  7.13  (2H,  d,  J  =  

8.0  Hz),  7.00  (2H,  d,  J  =  6.3  Hz),  4.78  (1H,  q,  J  =  7.5  Hz),  2.34  (3H,  s).  13C  NMR  (126  MHz,  

CDCl3)   δ   171.9,   139.0,   138.4,   135.6,   132.7,   130.8,   129.1,   129.0,   128.9,   128.6,   128.5,   128.1,  

127.6,  125.1  (q,  JCF  =  279.5  Hz),  67.7  (q,  JCF  =  27.8  Hz),  21.2;  19F  NMR  (376  MHz,  CDCl3)  δ  –

73.86   (3F,   d,   JHF   =   7.5  Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  C22H18F3N:   354.1464,   found:  

354.1462.    

Ph N

CF3

Me  

  (E)-­‐‑1-­‐‑phenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(p-­‐‑tolyl)ethyl)methanimine   (3.38).   Title  

compound  3.38  prepared  according  to  general  method  A  (reaction  at  100  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10  mol  %  XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  yellow  oil  (32.0  mg,  0.115  mmol,  76.9%  yield).  IR  (thin  

film)  3031  (w),  2925  (w),  2867  (w),  1647  (m),  1581  (s),  1513  (s)  cm-­‐‑1;   1H  NMR  (400  MHz,  

CDCl3)  δ  8.36  (1H,  s),  7.82  (2H,  dd,  J  =  7.8,  1.6  Hz),  7.46–7.40  (5H,  m),  7.19  (2H,  d,  J  =  8.0  

Hz),  4.76  (1  H,  q,  J  =  7.6  Hz),  2.35  (3H,  s);  13C  NMR  (126  MHz,  CDCl3)  δ  165.6,  138.8,  135.4,  

132.04,  131.6,  129.3,  128.8,  128.6,  124.7  (q,  JCF  =  281.2  Hz),  74.8  (q,  JCF  =  28.5  Hz),  21.2;  19F  

NMR   (376   MHz,   CDCl3)   δ −74.00   (d,   JHF   =   7.7   Hz); HRMS   (ESI+)   [M+H]+   calc’d   for  

C16H14F3N:  278.1151,  found:  278.1149.  
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Ph N

Ph CF3

N

  

N-(1-(4-(1H-pyrrol-1-yl)phenyl)-2,2,2-trifluoroethyl)-1,1-diphenylmethanimine   (3.39).  

Title  compound  3.39  prepared  according   to  general  method  A  (reaction  at  100  °C  with  

7.5   mol   %   [(cinnamyl)PdCl]2,   30   mol   %   XPhos)   and   not   isolated   (63%   conversion   by  

internal  standard).    

Ph N

CF3

N

 

  (E)-­‐‑N-­‐‑(1-­‐‑(4-­‐‑(1H-­‐‑pyrrol-­‐‑1-­‐‑yl)phenyl)-­‐‑2,2,2-­‐‑trifluoroethyl)-­‐‑1-­‐‑phenylmethanimine  

(3.40).  Title  compound  3.40  prepared  according  to  general  method  A  (reaction  at  100  °C  

with   2.5   mol   %   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   deactivated   silica   gel   column  

chromatography:   100%  hexanes)   and   isolated   as   a   yellow   solid   (43.0  mg,   0.131  mmol,  

87.3%  yield).  IR  (thin  film)  2872  (br),  1646  (w),  1522  (m)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  

δ  8.41  (1H,  s)  7.85  (2H,  dd,  J  =  7.9,  1.5  Hz),  7.62  (2H,  d,  J  =  8.4  Hz),  7.48–7.40  (5H,  m),  7.09  

(2H,  t,  J  =  2.2  Hz),  6.35  (2H,  t,  J  =  2.2  Hz),  4.82  (1  H,  q,   J  =  7.5  Hz);  13C  NMR  (126  MHz,  

CDCl3)  δ  166.0,  141.1,  135.2,  132.2,  131.8,  130.0,  128.8,  128.7,  124.5  (q,  JCF  =  281.0  Hz),  120.4,  

119.2,  110.7,  74.7   (q,   JCF  =  28.8  Hz);   19F  NMR  (376  MHz,  CDCl3)  δ −73.99  (3F,  d,   JHF  =  7.4  

Hz)  ; HRMS  (ESI+)  [M+H]+  calc’d  for  C22H18F3N:  329.1260,  found:  329.1258.  

Ph N

Ph CF3

SMe  
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1,1-diphenyl-N-(2,2,2-trifluoro-1-(4-(methylthio)phenyl)ethyl)methanimine   (3.41).   Title  

compound  3.41  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  mol  

%   [(cinnamyl)PdCl]2,   20   mol   %   XPhos)   and   not   isolated   (85%   conversion   by   internal  

standard).    

Ph N

CF3

SMe  

  (E)-­‐‑1-­‐‑phenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑(methylthio)phenyl)ethyl)methanimine  

(3.42).  Title  compound  3.42  prepared  according  to  general  method  A  (reaction  at  100  °C  

with   5   mol   %   [(cinnamyl)PdCl]2,   20   mol   %   XPhos,   deactivated   silica   gel   column  

chromatography:   100%   hexanes)   and   isolated   as   an   orange   oil   (40.5   mg,   0.131  mmol,  

87.3%  yield).   IR   (thin   film)  2924   (br),   1626   (s),   1560  cm-­‐‑1;   1H  NMR  (400  MHz,  CDCl3)  δ  

8.36  (1H,  s),  7.82  (2H,  dd,  J  =  8.0,  1.7  Hz),  7.52–7.37  (5H,  m),  7.25  (2H,  d,  J  =  8.2  Hz),  4.75  

(1H,  q,  J  =  7.5  Hz),  2.47  (2  H,  s);  13C  NMR  (126  MHz,  CDCl3)  δ  165.8,  139.6,  135.3,  131.7,  

131.6,  129.1,  128.8,  128.7,  126.4,  124.6   (q,   JCF  =  281.5  Hz),  74.6   (q,   JCF  =  28.7  Hz),  15.6;   19F  

NMR  (376  MHz,  CDCl3)  δ −74.020   (3F,  d,   JHF  =  7.6  Hz); HRMS  (ESI+)   [M+H]+  calc’d   for  

C22H18F3N:  310.0872,  found:  310.0869.  

Ph N

Ph CF3
CN

 

3-(1-((diphenylmethylene)amino)-2,2,2-trifluoroethyl)benzonitrile   (3.43).   Title  

compound  3.43  prepared  according  to  general  method  A  (reaction  at  100  °C  with  7.5  mol  
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%   [(cinnamyl)PdCl]2,   30   mol   %   XPhos,   combiflash   column   chromatography:   100%  

hexanes)  and  isolated  as  a  yellow  oil  (29.6  mg,  0.0812  mmol,  54.1%  yield).  IR  (thin  film)  

3062   (w),   2926   (w),   2231   (w),   2032   (w),   1626   (m),   1171   (m)   cm-­‐‑1;   1H   NMR   (400  MHz,  

CDCl3)  δ  7.73–7.68  (3H,  m),  7.64–7.60  (2H,  m),  7.48–7.42  (5H,  m),  7.39–7.35  (2H,  m),  6.95  

(2H,  d,   J  =  6.4  Hz),   4.83   (1H,  q,   J   =   7.2  Hz);   13C  NMR  (176  MHz,  CDCl3)  δ   173.6,   138.4,  

137.2,  135.3,  133.2,  132.5,  132.4,  131.4,  129.4,  129.3,  129.1,  128.9,  128.3,  127.3,  124.5  (q,  JCF  =  

280.8  Hz),  118.4,  112.8,  67.2  (q,  JCF  =  29.2  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ  –73.75  (3F,  d,  

JHF  =  7.2  Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  C22H15F3N2:  365.1260,  found:  365.1265.  

Ph N

CF3

CN

 

 (E)-3-(1-(benzylideneamino)-2,2,2-trifluoroethyl)benzonitrile   (3.44).   Title   compound  

3.44   prepared   according   to   general   method   A   (reaction   at   100   °C   with   2.5   mol   %  

[(cinnamyl)PdCl]2,   10   mol   %   XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  yellow  oil  (37.0  mg,  0.130  mmol,  86.7%  yield).  IR  (thin  

film)  3065  (w),  2873  (w),  2231  (m),  1646  (s),  1127  (s)  cm-­‐‑1;   1H  NMR  (400  MHz,  CDCl3)  δ  

8.41  (1H,  s),  7.92  (1H,  s),  7.86–7.80  (3H,  m),  7.64  (1H,  dt,  J  =  7.8,  1.4  Hz),  7.52–7.43  (4H,  m),  

4.81   (1H,   q,   J   =   7.3  Hz   ).13C  NMR   (126  MHz,  CDCl3)  δ   166.9,   136.5,   134.9,   133.2,   132.5,  

132.5,  132.1,  129.41,  129.0,  128.8,  125.2,  124.0  (q,  JCF  =  281.1  Hz),  118.4,  112.9,  74.4  (q,  JCF  =  

29.1  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ  –74.02  (3F,  d,  JHF  =  7.3  Hz); HRMS  (ESI+)  [M+H]+  

calc’d  for  C16H11F3N2:  289.0947,  found:  289.0944.  
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Ph N

Ph CF3

NO2  

1,1-diphenyl-N-(2,2,2-trifluoro-1-(4-nitrophenyl)ethyl)methanimine   (3.45).   Title  

compound  3.45  prepared  according  to  general  method  A  (reaction  at  80  °C  with  5  mol  %  

[(cinnamyl)PdCl]2,  20  mol  %  XPhos,  combiflash  column  chromatography:  100%  hexanes)  

and  isolated  as  a  yellow  oil  (21.3  mg,  0.0552  mmol,  36.8%  yield).  IR  (thin  film)  3061  (w).  

2907  (w),  1625  (w),  1169  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ  8.18  (2H,  d,  J  =  8.9Hz),  7.72  

(2H,  m  ),  7.56  (2H,  d,  J  =  8.5  Hz),  7.50–7.41  (4H,  m),  7.39–7.35  (2H,  m),  6.95  (2H,  d,  J  =  7.2  

Hz),  4.91  (1H,  q,  J  =  7.2  Hz);  13C  NMR  (126  MHz,  CDCl3)  δ  173.7,  148.2,  142.5,  138.4,  135.2,  

131.4,  129.8,  129.3,  129.1,  128.9,  128.3,  127.3,  124.4  (d,  JCF  =  280.7  Hz),  123.6,  67.3  (q,  JCF  =  

29.2  Hz);  19F  NMR  (376  MHz,  CDCl3)  δ  –73.47  (3F,  d,  JHF  =  7.2  Hz); HRMS  (ESI+)  [M+H]+  

calc’d  for  C21H15F3N2O2:  385.1158,  found:  385.1167.    

Ph N

CF3

NO2  

  (E)-­‐‑1-­‐‑phenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑nitrophenyl)ethyl)methanimine   (3.46).   Title  

compound  3.46  prepared  according  to  general  method  A  (reaction  at  100  °C  with  2.5  mol  

%   [(cinnamyl)PdCl]2,   10  mol  %  XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  yellow  oil  (38.0  mg,  0.123  mmol,  82.2%  yield).  IR  (thin  

film)  3064  (br),  2876  (br),  2209  (w),  2039  (w),  1976  (w),  1646  (m),  1604  (m),  1526  (s)  cm-­‐‑1;  

1H  NMR  (400  MHz,  CDCl3)  δ 8.42 (1Η, s),  8.25  (2H,  d,  J  =  8.2  Hz),  7.86–7.83  (2H,  m),  7.78  
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(2H,  d,  J  =  8.6  Hz),  7.56–7.39  (3H,  m),  4.88  (1H,  q,  J  =  7.2  Hz);  13C  NMR  (126  MHz,  CDCl3)  

δ 167.0,  148.3,  141.7,  134.8,  132.2,  129.8,  129.0,  128.8,  124.1(q,  JCF  =  281.1  Hz),  123.7,  74.5  (q,  

JCF   =  29.2  Hz);   19F  NMR  (376  MHz,  CDCl3)  δ −73.700   (3F,  d,   JHF   =  7.3  Hz); HRMS   (ESI+)  

[M+H]+  calc’d  for  C15H11F3N2O2:  309.0845,  found:  309.0846.  

Ph N

CF3

MeO

Ph

 

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(2-­‐‑methoxyphenyl)ethyl)methanimine   (3.47).  

Title  compound  3.47  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  

mol  %   [(cinnamyl)PdCl]2,   20  mol  %  XPhos,   combiflash  column  chromatography:  100%  

hexanes)  and  isolated  as  an  off-­‐‑white  solid  (25.0  mg,  0.0600  mmol,  40.1%  yield).  IR  (thin  

film)  3060  (w),  2935  (w),  1625  (w)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ 7.74–7.69  (3H,  m),  

7.41–7.30  (7H,  m),  6.96–6.87  (3H,  m),  6.75  (1H,  d,  J  =  8.4),  5.47  (1H,  d,  J  =  7.6  Hz),  3.50  (3H,  

s);  13C  NMR  (176  MHz,  CDCl3)  δ  172.1,  156.6,  139.1,  136.3,  130.7,  130.3,  129.4,  128.9,  128.5,  

128.2,  128.1,  127.5,  125.5  (q,  JCF  =  280.6  Hz),  124.6,  120.7,  110.4,  59.4  (q,  JCF  =  29.3  Hz),  55.3;  

19F  NMR  (376  MHz,  CDCl3)  δ −74.08  (3F,  d,  JHF  =  7.6  Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  

C22H18F3NO:  370.1413,  found:  370.1424.  

Ph N

CF3

MeO  

  (E)-­‐‑1-­‐‑phenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(2-­‐‑methoxyphenyl)ethyl)methanimine   (3.48).  

Title  compound  3.48  prepared  according   to  general  method  A  (reaction  at  100  °C  with  
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2.5   mol   %   [(cinnamyl)PdCl]2,   10   mol   %   XPhos,   flash   column   chromatography   with  

deactivated   silica   gel:   100%   hexanes)   and   isolated   as   a   yellow   solid   (39.5   mg,   0.135  

mmol,  89.8%  yield).  IR  (thin  film)  2938  (w),  2160  (br),  2028  (br),  1975  (br),  1645  (m),  1602  

(s),  1585  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  CDCl3)  δ 8.30  (1H,  s),  7.73  (2H,  dd,  J  =  7.8,  1.8),  7.66  

(1H,  d,  J  =7.7  Hz),  7.37–7.30  (3H,  m),  7.24  (1H,  ddd,  J  =  8.8,  7.6,  1.8  Hz),  6.92  (1H,  t,  J  =  7.1  

Hz),  6.84   (1H,  d,   J   =  8.3  Hz),  5.44   (1H,  q,   J   =  7.7  Hz),  3.79   (3H,   s);   13C  NMR  (126  MHz,  

CDCl3)  δ  165.7,  157.0,  135.6,  131.4,  130.0,  129.7,  128.7,  128.6,  123.4,  125.1  (q,  JCF  =  281.0  Hz),  

120.9,   110.7,   66.3   (q,   JCF   =   28.5  Hz),   55.7;   19F  NMR  δ –73.63   (3F,   d,   JHF   =   7.7  Hz);  HRMS  

(ESI+)  [M+H]+  calc’d  for  C22H18F3N:  294.1100,  found:  294.1095.  

Ph N

Ph CF3 Me

 

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(o-­‐‑tolyl)ethyl)methanimine   (3.49).   Title  

compound  3.49  prepared  according  to  general  method  A  (reaction  at  100  °C  with  5  mol  

%   [(cinnamyl)PdCl]2,   20   mol   %   XPhos,   combiflash   column   chromatography:   100%  

hexanes)  and  isolated  as  a  yellow  oil  (31.0  mg,  0.0830  mmol,  55.5%  yield).  IR  (thin  film)  

3734   (w),   3061   (w),   2931   (w),   2159   (w),   2025   (w),   1625   (w)   cm-­‐‑1;   1H   NMR   (400   MHz,  

CDCl3)  δ 7.79–7.69  (3H,  m),  7.44–7.31  (6H,  m),  7.23–7.14  (3H,  m),  7.07–7.01  (1H,  m),  6.90  

(1H,   d,   J   =   7.1  Hz),   5.08   (1H,   q,   J   =   7.4  Hz),   1.76   (3H,   s);   13C  NMR   (176  MHz,   CDCl3)  

δ 171.9,  138.8,  136.3,  136.3,  134.5,  130.8,  130.1,  129.7,  128.9,  128.8,  128.7,  128.2,  128.1,  127.3,  

126.2,  125.6   (d,   JCF  =  280.7  Hz),  63.2   (q,   JCF  =  28.9  Hz),  18.9;   19F  NMR  (376  MHz,  CDCl3)  
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δ −73.78 (3F, d,   JHF   =   7.3); HRMS   (ESI+)   [M+H]+   calc’d   for   C22H18F3N:   354.1464,   found:  

354.1472.      

Ph N

CF3 Me

 

 (E)-1-phenyl-N-(2,2,2-trifluoro-1-(o-tolyl)ethyl)methanimine   (3.50).   Title   compound  

3.50   prepared   according   to   general   method   A   (reaction   at   100   °C   with   2.5   mol   %  

[(cinnamyl)PdCl]2,   10   mol   %   XPhos,   deactivated   silica   gel   column   chromatography:  

100%  hexanes)  and  isolated  as  a  white  solid  (33.6  mg,  0.121  mmol,  80.7%  yield).  IR  (thin  

film)  3854  (w),  3750  (w),  2872  (w),),  2049  (s),  1646  (m),  1129  (s)  cm-­‐‑1;  1H  NMR  (400  MHz,  

CDCl3)  δ  8.35  (1H,  s),  7.81  (2H,  dd,  J    =  7.5,  1.3  Hz),  7.75  (1H,  m),  7.45–7.39  (3H,  m),  7.24–

7.21   (3H,  m)  5.13   (1H,  q,   J  =  7.5  Hz),   2.45   (3H,   s);   13C  NMR   (126  MHz,  CDCl3)  δ   165.5,  

136.4,  135.4,  133.5,  131.6,  130.6,  129.5,  128.7,  128.6,  128.5,  126.3,  125.1  (q,   JCF  =  280.9  Hz),  

70.6   (q,   JCF   =   28.2   Hz),   19.9;   19F   NMR   (376   MHz,   CDCl3)   δ −73.46   (3F,   d,   JHF   =   7.4  

Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  C22H18F3N:  278.1151,  found:  278.1143.      

Ph N

CF3

N
Ts

Ph

  

1,1-­‐‑diphenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(1-­‐‑tosyl-­‐‑1H-­‐‑indol-­‐‑5-­‐‑yl)ethyl)methanimine   (3.51).  

Title  compound  3.51  prepared  according   to  general  method  A  (reaction  at  100  °C  with  

7.5   mol   %   [(cinnamyl)PdCl]2,   30   mol   %   XPhos)   and   not   isolated   (17%   conversion   by  

internal  standard).    
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Ph N

CF3

N
Ts  

  (E)-­‐‑1-­‐‑phenyl-­‐‑N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(1-­‐‑tosyl-­‐‑1H-­‐‑indol-­‐‑5-­‐‑yl)ethyl)methanimine  

(3.52).  Title  compound  3.52  prepared  according  to  general  method  A  (reaction  at  100  °C  

with   7.5   mol   %   [(cinnamyl)PdCl]2,   30   mol   %   XPhos,   deactivated   silica   gel   column  

chromatography:  100%  hexanes)  and  isolated  as  a  colorless  film  (31.0  mg,  0.0679  mmol,  

45.3%   yield).   IR   (thin   film)   2924   (br),   2362   (br),   1646   (m),   1597   (w),   1581   (w)   cm-­‐‑1;   1H  

NMR  (400  MHz,  CDCl3)  δ 8.36  (s,  1H),  7.97  (1H,  d,   J  =  8.6  Hz),  7.82  (2H,  dd,  J  =  7.8,  1.5  

Hz),  7.76–7.74  (3H,  m),  7.57  (1H,  d,  J  =  3.7  Hz),  7.50–7.38  (4H,  m),  7.21  (2H,  d,  J  =  8.2  Hz),  

6.65  (1H,  d,  J  =  3.6  Hz),  4.84  (1H,  q,  J  =  7.5  Hz),  2.32  (3H,  s);  13C  NMR  (126  MHz,  CDCl3)  

δ 165.8,  145.1,  135.3,  135.2,  134.9,  131.7,  130.8,  130.1,  130.0,  128.8,  128.7,  127.0,  126.8,  125.1,  

124.7  (q,  JCF  =  280.9  Hz),  121.9,  113.5,  108.9,  75.0  (q,  JCF  =  28.7  Hz),  65.87,  21.56;  19F  NMR  

(376   MHz,   CDCl3)   δ −73.92   (3F,   d,   JHF   =   7.4   Hz)   ; HRMS   (ESI+)   [M+H]+   calc’d   for  

C24H19F3N2O2S:  457.1192,  found:  457.1191.  

3.4.5  Hydrolysis  of  Imines  In  Products  

ClH3N

CF3

N

CF3

Ph

Ph
1.0 M aq HCl

THF, 22 °C, 2 hO

OMe

O

OMe  

2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑(methoxycarbonyl)phenyl)ethan-­‐‑1-­‐‑aminium  chloride  (3.56).  A  

2-­‐‑dram  vial,  equipped  with  stir  bar,  was  charged  with  imine  (59.6  mg,  0.150  mmol,  1.00  

equiv),  THF  (0.75  mL),  and  1.0  M  aq  HCl  (0.750  mL).  The  mixture  was  allowed  to  stir  for  
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2  h  at  22  °C  whereupon  it  was  diluted  with  an  additional  0.750  mL  of  1.0  M  aq  HCl.  The  

solution  was  diluted  with  diethyl  ether  (2  mL)  and  the  layers  partitioned.  The  aqueous  

layer   was   washed   with   additional   diethyl   ether   (2   x   2   mL).   The   aqueous   layer   was  

collected  and  concentrated   to  afford  3.56  as  a  white   solid   (33.0  mg,  0.122  mmol,  81.6%  

yield).  IR  (solid)  2798  (br),  1726  (m),  1573  (w),  1519  (m);  1H  NMR  (400  MHz,  CD3OD)  δ  

8.16  (2H,  d,  J  =  8.4  Hz),  7.71  (2H,  d,  J  =  8.1  Hz),  5.52  (1H,  q,  J  =  7.4  Hz),  3.92  (3H,  s);  13C  

NMR  (126  MHz,  CD3OD)  δ 165.9,  132.8,  132.4,  130.0,  128.6,  123.2  (q,  JCF  =  280.6  Hz),  54.9  

(q,  JCF  =  33.0  Hz),  51.6;   19F  NMR  (376  MHz,  CDCl3)  δ −74.61  (3F,  d,  JHF  =  7.4  Hz); HRMS  

(ESI+)  [M+H]+  calc’d  for  C10H11F3NO2:  234.0736,  found:  234.0735.  

ClH3N

CF3

N

CF3

Ph

H
1.0 M aq HCl

THF, 22 ¡C, 2 h

Me Me

 

2,2,2-trifluoro-1-(m-tolyl)ethan-1-aminium chloride   (3.57).   A   2-­‐‑dram   vial,   equipped  

with  stir  bar,  was  charged  with  imine  (33.1  mg,  0.119  mmol,  1.00  equiv),  THF  (0.750  mL),  

and   1.0   M   aq   HCl   (0.750   mL).   The   mixture   was   allowed   to   stir   for   2   h   at   22   °C  

whereupon   it  was  diluted  with   an   additional   0.750  mL  of   1.0  M  aq  HCl.  The   solution  

was  diluted  with  diethyl  ether  (2  mL)  and  the  layers  partitioned.  The  aqueous  layer  was  

washed  with  additional  diethyl  ether   (2  x  2  mL).  The  aqueous   layer  was  collected  and  

concentrated   to   afford   3.57   as   a   white   solid   (21.3   mg,   0.0944   mmol,   79.3%   yield).   IR  

(solid)  2965  (w),  2107  (br),  1498  (w);   1H  NMR  (400  MHz,  CD3OD)  δ  7.57  (1H,  d,  J     =  7.1  

Hz),  7.38–7.46  (3H,  m),  5.55  (1H,  q,  J  =  7.3  Hz),  2.48  (3H,  s);  13C  NMR  (126  MHz,  CD3OD)  
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δ 138.1,  131.3,  130.5,  126.8,  126.6,  126.5,  123.7  (q,  JCF  =  281.4  Hz)  51.4  (q,  JCF  =  32.4  Hz),  18.2;  

19F  NMR  (376  MHz,  CD3OD)  δ −76.26  (3F,  d,  JHF  =  7.4  Hz); HRMS  (ESI+)  [M+H]+  calc’d  for  

C9H11F3N:  190.0838,  found:  190.0834.    

3.4.6  Synthesis  of  HDAC6  Inhibitor  

 

ClH3N

CF3

O

OMe

F

F

N

Ph

H
1. 2.5 mol % [(cinnamyl)PdCl]2, 10 mol % XPhos

methyl 4-iodobenzoate, 1.2 equiv AgF
cyclohexane, 100 °C, 15 h

2. 1.0 M aq HCl, THF, 22 °C, 2 h  

2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑(methoxycarbonyl)phenyl)ethan-­‐‑1-­‐‑aminium  chloride  (3.56).  In  

an  N2-­‐‑filled   glovebox,   an   oven-­‐‑dried   (120   °C)  microwave   vial,   equipped  with   stir   bar,  

was   charged  with   [(cinnamyl)PdCl]2   (51.8  mg,   0.100  mmol,   0.0250   equiv),   XPhos   (191  

mg,  0.400  mmol,  0.100  equiv),  and  cyclohexane  (6.67  mL).  The  mixture  was  allowed  to  

stir  15  min  at  ambient  temperature.  Azadiene  (669  mg,  4.00  mmol,  1.00  equiv),  methyl  4-­‐‑

iodobenzoate   (1.05   g,   4.00  mmol,   1.00   equiv),   and   silver   fluoride   (609  mg,   4.80  mmol,  

1.20   equiv)   were   added   sequentially,   followed   by   cyclohexane   (6.67   mL)   to   rinse   the  

sides  of  the  vial.  The  vial  was  sealed,  removed  from  the  glovebox  and  heated  at  100  °C  

for  15  h  while  covered  in  aluminum  foil.  The  reaction  was  then  allowed  to  cool,  filtered  

through  a   celite  plug,  and   rinsed  with   three  portions   (3  x  10  mL)  of   ethyl  acetate.  The  

solution  was  concentrated  and  the  residue  was  dissolved  in  THF  (10.0  mL)  and  1.0  M  aq  

HCl  (10.0  mL).  The  mixture  was  allowed  to  stir  for  2  h  at  22  °C  whereupon  it  was  diluted  

with  an  additional  10.0  mL  of  1.0  M  aq  HCl.  The  solution  was  diluted  with  diethyl  ether  
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(10   mL)   and   the   layers   partitioned.   The   aqueous   layer   was   washed   with   additional  

diethyl   ether   (2  x   20  mL).  The  aqueous   layer  was   collected  and  concentrated   to  afford  

3.56  as  a  yellow  solid  (912  mg,  3.38  mmol,  84.6%  yield).  

N
H

O CF3

OMe

O

ClH3N

CF3

O

OMe

O

Cl NEt3

CH2Cl2
 22 °C, 12 h

 

methyl  4-­‐‑(1-­‐‑([1,1'ʹ-­‐‑biphenyl]-­‐‑4-­‐‑carboxamido)-­‐‑2,2,2-­‐‑trifluoroethyl)benzoate  (A).  An  

oven-­‐‑dried   (120   °C)   microwave   vial,   equipped   with   stir   bar,   was   charged   with  

ammonium   salt   5a   (912   mg,   3.38   mmol,   1.00   equiv),   NEt3   (1.40   mL,   10.2   mmol,   3.00  

equiv),  and  CH2Cl2  (11.3  mL).  To  this  solution  was  added  the  acid  chloride  (732  mg,  3.38  

mmol,  1.00  equiv)  and  CH2Cl2  (11.3  mL).  Upon  completion,  the  mixture  was  dissolved  in  

water   (10.0  mL)   and   dichloromethane   (10.0  mL).   The   organic   layer  was  washed  with  

saturated   aqueous   ammonium   chloride   (2   x   10.0  mL),  water   (2   x   10.0  mL),   and   brine  

(10.0  mL).  The  organic  layer  was  dried  over  MgSO4,  filtered,  and  concentrated  to  afford  

A  as  an  off-­‐‑white  solid  (1.09  g,  2.63  mmol,  77.8%).  IR  (thin  film)  2360  (m),  1533  (w),  cm-­‐‑1;  

1H  NMR  (400  MHz,  CDCl3  +  1  drop  of  CD3OD  for  solubility)  δ  8.08  (2H,  d,  J  =  8.2  Hz),  

7.87  (2H,  d,  J  =  8.2  Hz),  7.69  (2H,  d,  J  =  8.3  Hz),  7.59  (2H,  d,  J  =  7.2  Hz),  7.55  (2H,  d,  J  =  8.1  

Hz),  7.46  (t,  2H,  J  =  7.4  Hz),  7.39  (1H,  t,  J  =  7.3  Hz),  6.72  (1H,  d,  J  =  9.5  Hz),  6.08–5.96  (1H,  

m);   13C  NMR   (176  MHz,  CDCl3   +   1  drop  of  CD3OD   for   solubility)  δ 167.7,   166.7,   145.0,  

139.7,  137.9,  131.7,  130.7,  130.0,  128.9,  128.2,  128.1,  128.0,  127.1,  127.1,  124.4  (q,  JHF  =  281.0  

Hz),   54.6   (q,   JHF   =   31.6   Hz),   52.3;   19F   NMR   (376  MHz,   CDCl3   +   1   drop   of   CD3OD   for  
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solubility)   δ −73.16   (3F,   d,   JHF   =   8.0   Hz); HRMS   (ESI+)   [M+H]+   calc’d   for   C23H18F3NO3:  

414.1312,  found:  414.1311.  
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O
OH

N
H

O CF3
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O

   aq NH2OH, 1.0 M aq NaOH

   MeOH, H2O, CH2Cl2
  0 °C to 23 ºC, 3.5 h

 

N-­‐‑(2,2,2-­‐‑trifluoro-­‐‑1-­‐‑(4-­‐‑(hydroxycarbamoyl)phenyl)ethyl)-­‐‑[1,1'ʹ-­‐‑biphenyl]-­‐‑4-­‐‑

carboxamide   (3.58).  A   flame-­‐‑dried  100-­‐‑mL  round-­‐‑bottom  flask,  equipped  with  stir  bar,  

was  charged  with  ester  A  (207  mg,  0.500  mmol,  1.00  equiv),  dichloromethane  (5.0  mL),  

and  methanol  (6.5  mL).  The  mixture  was  allowed  to  cool  to  0  °C  and  hydroxylamine  (2.0  

mL,   0.030  mol,   60.   equiv)   and   sodium  hydroxide   (100.  mg,   2.5  mmol,   5.0   equiv)  were  

added.   The  mixture  was   allowed   to   stir   15  min   at   0   °C   and   then   allowed   to  warm   to  

room  temperature.  After  1.5  h,   the  mixture  was  concentrated  and  the  resulting  residue  

partially  dissolved  in  ethyl  acetate  (10.0  mL)  and  diluted  with  1.0  M  aq  HCl  (10.0  mL).  

The   layers   were   separated.   The   organic   layer   was   washed   with   brine   and   then  

concentrated.   The   solid  was   rinsed  with   dichloromethane   and   3.58  was   collected   as   a  

pale   pink   solid   (95.5  mg,   0.229  mmol,   45.9%).   IR   (solid)   3281   (br),   2468   (w),   1641   (m),  

1610  (m),  1573  (m),  1536  (m),  1511  (w)  cm-­‐‑1;  1H  NMR  (400  MHz,  DMSO-­‐‑d6)  δ  11.23  (1H,  

s),  9.56  (1H,  d,  J  =  8.9  Hz),  9.08  (1H,  s),  7.98  (2H,  d,  J  =  8.4  Hz),  7.82–7.74  (6H,  m),  7.73–

7.68   (3H,  m),  7.47   (2H,  dd,   J   =  6.6  Hz),  7.39   (1H,  dd,   J   =  8.6  Hz),  6.26–5.98   (1H,  m);   13C  

NMR  (126  MHz,  DMSO-­‐‑d6,  1H  and  19F  decoupled)  δ166.7,  163.7,  143.5,  139.0,  136.1,  133.5,  

132.0,  129.1,  128.8,  128.7,  128.2,  127.2,  127.0,  126.6,  124.8,  53.7,  40.0,  39.9,  39.7,  39.5,  39.4,  
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39.2,   39.0 ;   19F  NMR   (376  MHz,  DMSO-­‐‑d6)   δ −71.75   (3F,   d,   JHF   =   8.9  Hz); HRMS   (ESI+)  

[M+H]+  calc’d  for  C22H17F3N2O3:  415.1264,  found:  415.1260.  

3.4.7  NMR  Studies:  Characterization  of  Azaallyl–Silver  Intermediate    

 

toluene-d8, 80 ¡C, 45 min
AgF      +      PCy2Ar F Ag PCy2Ar

 

Procedure  for  generation  of  Silver  Fluoride  Monophosphine  Complex  3.61:  In  an  

N2-­‐‑filled  glovebox,  an  oven-­‐‑dried  (120  °C)  microwave  vial,  equipped  with  stir  bar,  was  

charged  with  AgF   (6.3  mg,  0.050  mmol,   1.0   equiv),  XPhos   (23.8  mg,  0.0500  mmol,   1.00  

equiv)  and  toluene-­‐‑d8   (500  µL).  The  vial  was  sealed  and  covered  in  aluminum  foil.  The  

mixture  was  then  heated  to  80  °C  for  45  min.  The  reaction  was  then  allowed  to  cool  and  

transferred  to  an  NMR  tube,  which  was  sealed  for  analysis  at  25  °C.    

Ph N CF3

Ag

XPhos

PhPh N

Ph
F

F

AgF, XPhos 

toluene-d8, 80 ¡C, 45 min

 

Procedure   for   generation   of   Azaallyl-­‐‑Silver   Intermediate   3.59:   In   an   N2-­‐‑filled  

glovebox,  an  oven-­‐‑dried  (120  °C)  microwave  vial,  equipped  with  stir  bar,  was  charged  

with  AgF  (6.3  mg,  0.050  mmol,  1.0  equiv),  XPhos  (23.8  mg,  0.0500  mmol,  1.00  equiv)  and  

toluene-­‐‑d8   (250   µL).   The  mixture   was   allowed   to   stir   15  min   at   ambient   temperature.  

Azadiene  (12.3  mg,  0.050  mmol,  1.00  equiv)  and  toluene-­‐‑d8  (250  µL)  were  added.  The  vial  

was  sealed  and  covered  in  aluminum  foil.  The  mixture  was  then  heated  to  80  °C  for  45  

min.  The  reaction  was  then  allowed  to  cool  and  transferred  to  an  NMR  tube,  which  was  

sealed  for  analysis  at  25  °C.    
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Procedure   for   in-­‐‑situ   NMR   monitoring   of   reaction   progress:   In   an   N2-­‐‑filled  

glovebox,  an  oven-­‐‑dried  (120  °C)  microwave  vial,  equipped  with  stir  bar,  was  charged  

with  [(cinnamyl)PdCl]2  (1.9  mg,  0.0040  mmol,  0.025  equiv),  XPhos  (7.2  mg,  0.015  mmol,  

0.10  equiv)  and  toluene-­‐‑d8  (250  µL).  The  mixture  was  allowed  to  stir  15  min  at  ambient  

temperature.  Azadiene  (36.5  mg,  0.150  mmol,  1.00  equiv),  3-­‐‑iodoanisole  (35.1  mg,  0.150  

mmol,   1.00   equiv),   and   silver   fluoride   (22.8  mg,   0.180  mmol,   1.20   equiv)   were   added  

sequentially,  followed  by  toluene-­‐‑d8  (250  µL)  to  rinse  the  sides  of  the  vial.  The  vial  was  

sealed  and  covered  in  aluminum  foil.  The  mixture  was  then  heated  to  100  °C  for  1  h.  The  

reaction  was  then  allowed  to  cool  and  transferred  to  an  NMR  tube,  which  was  sealed  for  

analysis  at  25  °C.  
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4. Catalytic, Enantioselective, and Regioselective 
Hydroboration of 2-Azadienes: A Strategy for Assembly 
of Protected α-Amino Boronates 

4.1 Introductio n 

Chiral   α-­‐‑amino   boronates   are   found   in   naturally   occurring   and   synthetic  

medicinal  compounds  such  as  bortezomib  and  ixazomib,  proteasome  inhibitors  used  for  

treatment  of  cancer  (Figure  4.1).[33]  
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Figure  4.1:  Chiral  α-­‐‑Amino  Boronate  Moeties  in  Anticancer  Drugs  

Furthermore,   these   compounds   are   synthetically   useful   as   reagents   and  

intermediates  in  the  synthesis  of  various  useful  target  molecules  because  C–B  bonds  can  

be  readily  transformed  into  C–C  bonds  (Scheme  4.1).  The  cross-­‐‑coupling  of  boronic  acids  

with   electrophiles   is   a   powerful   method   for   the   formation   of   C–C   bonds,   providing  

access   to  many  pharmaceuticals  and  materials.[34]  Additional  methods  of  homologation  

with   boronic   acid   derivatives   have   been   developed   by   Matteson   and   Aggarwal   that  

enable   coupling   of   boronic   esters   with   aryl   electrophiles   in   the   absence   of   transition  

metal  catalysts  (Scheme  4.1).[33d,  35]  
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Scheme  4.1:  Synthetic  Uses  of  Boronic  Esters  
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Despite   their   significance,  methods   for   the   preparation   of   this  motif   are   scarce  

and  limited.  To  further  expand  access  to  α-­‐‑amino  boronates,  we  are  developing  a  regio-­‐‑  

and  enantio-­‐‑selective  hydroboration  of  2-­‐‑azadienes  (Scheme  4.2).    

Scheme  4.2:  Hydroboration  of  2-­‐‑Azadienes  

Ph2N Ph2N

Cu(II), ligand

pinacol borane B(pin)

Me enantioselective
regioselective
high-yielding   

4.1.1  Synthetic  Access  to  α-­‐‑Amino  Boronates  

Suginome   developed   an   asymmetric   Matteson   homologation   to   access  

enantioenriched   amino   boranes   for   his   invertive   Suzuki   couplings.   Using   a   (–)-­‐‑

pinanediol   deriviative,   Suginome   could   access   these   products   (Scheme   4.3)   on   large  

scale  (10.0  mmol),  but  in  low  yield  (up  to  55%).[36]  More  recently,  Scheidt  has  disclosed  a  

method   of   hydroboration   of   alkyl-­‐‑substituted   aldimines   to   access   α-­‐‑amino   boronates  

(Scheme  4.3).[37]    
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Scheme  4.3:  Synthesis  of  α-­‐‑Amino  Boronic  Esters  
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Rh-­‐‑catalyzed  hydroboration  of  α-­‐‑arylenamides  (Scheme  4.4),  developed  by  Tang  

lab   provides   access   to   chiral   α-­‐‑amino   boronic   esters   in   high   yield   and   high  

enantioselectivity.[38]   Similarly,   Morken   lab   has   developed   a   Pt-­‐‑catalyzed   strategy   for  

conversion   of   aldehydes   to   α-­‐‑amino   boronic   esters   through   a   silylimine   intermediate  

(Scheme   4.4).[39]   These   methods   are   limited   in   the   products   that   they   may   form.   The  

aforementioned  chemistry  by  Tang  and  Morken  labs  provide  access  to  α-­‐‑amino  boronic  

esters,  however,  they  are  aryl-­‐‑substituted  only.    

Cu-­‐‑catalyzed   hydroamination   of   alkenyl   dan   boronates   developed   by   Miura  

offers   access   to   alkyl   α-­‐‑amino   boronate   compounds   in   a   regio-­‐‑   and   enantioselective  

process  but  is  limited  to  formation  of  tertiary  amines  (Scheme  4.5).[40]  Since  this  method  

does   not   lead   to   primary   amines   it   is   not   useful   in   the   preparation   of   bioactive  

peptidomimetics.    
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Scheme  4.4:  Synthesis  of  Aryl-­‐‑Substituted  α-­‐‑Amino  Boronic  Esters  
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Ellman   has   established   a   Cu-­‐‑catalyzed   borylation   of   sulfinyl   imines   that   is  

amenable   to   both   alkyl-­‐‑   and   aryl-­‐‑substituted   α-­‐‑amino   boronate   esters.   Despite  

furnishing  these  products   in  high  yield  and  diastereoselectivity,   this  process   is  entirely  

dependent  on  the  use  of  a  chiral  auxiliary  (Scheme  4.5).[41]  

These  novel  methods   and  others[42]   each  offer   a  way   to   access  α-­‐‑amino  boronic  

esters,  but  are  limited  in  either  the  substitution  pattern  availability,  amine  accessibility,  

or   reagent   requirements.  We   are   developing   a  method   to   address   these   shortcomings  

with  a  Cu-­‐‑catalyzed  enantioselective  and  regioselective  hydroboration  of  2-­‐‑azadienes  to  

afford  alkyl-­‐‑substituted  imine-­‐‑protected  amines.    
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Scheme  4.5:  Synthesis  of  Alkyl-­‐‑  and  Aryl-­‐‑Substituted  α-­‐‑Amino  Boronic  Esters  

R1 B(dan) N
OBz

Cu(OAc)2 (10 mol %)
(R)-DTBM-SEGPHOS (10 mol %)

LiOtBu, PMHS, THF, rt, 4 h

R B(dan)

N
R2 R3

R1 = alkyl, aryl
R2, R3 = alkyl

R3R2

up to 81 % yield and 98% ee

a. Miura, 2015

b. Ellman, 2014

R1

N S
tBu

O + B2(pin)2

CuSO4 (1.2 mol %)
PCy3·HBF4 (1.2 mol %), BnNH2 (5 mol %)

5:1 toluene/H2O, rt, 3 h
R1

HN S
tBu

O

B(pin)

R1 = alkyl, aryl up to 88 % yield and 94% ee   

4.1.2  Uses  of  2-­‐‑Azadienes  

The   use   of   2-­‐‑azadienes   as   a   protected   amine   source   is   currently   an  

underdeveloped   field.   Initially   these   reagents   were   explored   for   preparation   of   N-­‐‑

heterocycles  through  cyclization  methods.[43]  

More   recently,   developments   in   the  uses   of   2-­‐‑azadienes   are   progressing   in   our  

laboratory.  A  Cu–catalyzed  reductive  coupling  of  2-­‐‑azadienes  with  ketones  to  access  1,2-­‐‑

amino   tertiary   alcohols   has   been   developed   by   Li   et   al.   This   method   generates   a   2-­‐‑

azaallyl–Cu   intermediate   through   a   Cu–H   migratory   insertion   pathway   that   then  

undergoes   addition   to   an   electrophilic   ketone.   This   process   is   enantioselective,  

diastereoselective  and  high  yielding  (Scheme  4.6).[29b]  Shao  et  al.  subsequently  discovered  

a   similar   Cu-­‐‑catalyzed   coupling   of   2-­‐‑azadienes   which   primarily   differed   in   its  

electrophile   source.   In   this  case,   the  electrophile  was  an  N-­‐‑diphenylphosphinoyl   imine  

to  furnish  anti–1,2-­‐‑diamines  (Scheme  4.6).[29a]  
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Scheme  4.6:  Cu-­‐‑Catalyzed  Reductive  Couplings  of  2-­‐‑Azadienes  

NCPh2

Ar

O

Me

(i)  Cu(OAc)2 (5 mol %), (S,S)-Ph-BPE (6 mol %)
Me(OMe)2SiH, THF, 0 to 22 ¡C, 1.5 h

(ii) NaBH4, then NH4F, MeOH
Me

NHCHPh2

HO Ar

Me
up to 87% yield

>20:1 dr, and
 >98% ee

a. Reductive Coupling with Ketone

b. Reductive Coupling with Imine

NCPh2

Ar

NP(O)Ph2 Cu(OAc)2 (5 mol %), (S,S)-Ph-BPE (6 mol %)

Me(OMe)2SiH, tBuOH, THF, 5 ¡C, 1 h
Me

NHCHPh2

HO Ar

Me
up to 96% yield

>20:1 dr, and
 >98% ee

  

4.1.3  Cu–H  Chemistry  and  Cu-­‐‑Catalyzed  Hydroboration  

Cu-­‐‑catalyzed   reactions   of   2-­‐‑azadienes   such   as   those   developed   in   our   lab   are  

thought   to   proceed   by   a   Cu–H   mechanism.   Work   in   the   Buchwald   laboratory   has  

illustrated   similar   methods   for   the   coupling   of   styrene   with   allyl   phosphates,  

anhydrides,  and  silanes.    

Cu-­‐‑catalyzed  hydroborations  are  also  known  and  have  been  reported  by  Zhang,  

Hoveyda,   Yun,   and   Hartwig   (Scheme   4.7).[44]   Through   these   methods,   both   aryl   and  

alkyl  boronates  are  accessible.  
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Scheme  4.7:  Cu–Catalyzed  Hydroboration  

CuCl (5.0 mol %), ligand (5.0 mol %)
B2(pin)2, NaBArF (5.0 mol %), NaOtBu

MeOH, rt, 24 h
Ar Ar Ar

B(pin)
up to 98% yield
and 96% ee

d. Zhang, 2017

CuNHC (0.5–5.0 mol %)
NaOtBu(0.5–5.0 mol %), B2(pin)2,  MeOH

toluene, rt, 24 h
Ar

up to 98% yield

a. Hoveyda, 2009

R Ar B(pin)

R

CuCl (5.0 mol %)
KOtBu(20 mol %), HB(pin)

toluene, rt, 12 h

c. Yun, 2017

R2

R1

R2

R1/R2 = alkyl

R1

B(pin)
up to 96% yield
and >99% ee

CuCl (2.5–10 mol %), KOtBu(5.0–20 mol %)
(S)-DTBM-SEGPHOS (3.0–11 mol%)

HB(pin), cyclohexane, rt, 36 h

b. Hartwig, 2016

R

R = alkyl

up to 99% yield
and >99% eeDG R DG

B(pin)

  

Mechanistically,   it   is   thought   that   alkenes   undergo  migratory   insertion   at   their  

lest-­‐‑hindered   π-­‐‑bond   with   Cu–H   to   generate   a   Cu–C   intermediate.   The   Cu–C  

intermediate   then   acts   as   a   nucleophile,   attacking   an   electrophile   that   is   generally  

coordinated  to  the  metal  center.  Cu–C  catalyzed  reductive  couplings  with  azadienes  are  

thought  to  proceed  through  a  similar  mechanism.    

The   hydrosilylation   initially   proceeds   through   identical   mechanistic   steps,   but  

rather   than   undergo   nucleophilic   attack,   the   hydrosilylation   achieves   a  Markovnikov-­‐‑

selective   hydrosilylation   with   the   alkyl–CuL*   species.   Hartwig   has   studied   this  
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mechanism   of   Cu–H   catalyzed   hydroboration   and   reports   that   initial   insertion   of   the  

alkene   into   Cu–H   forms   a   Cu–alkyl   complex   (Scheme   4.8).   This   species   subsequently  

undergoes  borylation  with  pinacol  borane,  releasing  the  product  and  regenerating  Cu–

H.[45]  We  believe  that  our  hydroboration  will  go  through  this  mechanism  as  well.  Initial  

formation  of  Cu–H  (I)  that  undergoes  migratory  insertion  with  the  2-­‐‑azadiene  (Scheme  

4.8).   2-­‐‑Azaallyl–Cu   (II)   then   tranmetallates  with   pinacol   borane   to   release   the   desired  

product  IV  and  regenerate  Cu–H,  allowing  for  catalytic  turnover.    

Scheme  4.8:  Proposed  Catalytic  Mechanism  of  the  Hydroboration  of  2-­‐‑Azadienes  

L*CuÐH Ph2CN

Ph2CN Me

CuL*

I

II

N H
Me

PhPh

(pin)B
H

CuL*

Ph2CN Me

B(pin)

III

IV

HB(pin)

i

ii

  

4.2 Research Design  

We  are  developing  a  regio-­‐‑  and  enantioselective  hydroboration  of  2-­‐‑azadienes  to  

furnish   protected   α-­‐‑amino   boronates   in   high   yield,   extending   both   the   use   of   2-­‐‑

azadienes  and  the  accessibility  of  α-­‐‑amino  boronates.    
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4.2.1  Preliminary  Findings  

Our   initial   efforts   toward   the   development   of   a   regioselective   and  

enantioselective   hydroboration   of   2-­‐‑azadienes   utilized   diphenylazadiene   4.1.  

Preliminary   investigations  provided  73%  conversion   to  product  3.3  at   40   °C,   requiring  

only  4.0  mol  %  Cu(OAc)2,  4.4  mol  %  (S,S)-­‐‑Ph-­‐‑BPE,  3.0  equiv  pinacol  borane  and  solvent-­‐‑

free   conditions   in   3   h.   Protodeboration   from   4.2   to   4.3   likely   occurred   through   the  

aqueous  workup,  we  later  discovered  water-­‐‑free  conditions  are  required  for  the  isolation  

of  4.2  (Scheme  4.9).    

Scheme  4.9:  Preliminary  Findings  in  the  Hydroboration  of  2-­‐‑Azadienes  

Ph2CN
Ph2CN

Cu(OAc)2 (4 mol%) 
(S,S)-Ph-BPE (4.4 mol%)

pinacol borane (3.0 eq), 40 ¡C, 21 h
B(pin)

Me

NCPh2 H

Me

4.1 4.2 4.3
73% NMR yield by 
internal standard

H2O workup

  

4.2.2  Product  Stabilization  

Early   in   our   studies   of   this  process,  we   found   that   the  desired  product   readily  

and  quickly   transformed  from  desired  compound  4.2   to  4.3   through  a  protodeboration  

process   (Scheme   4.10).   Our   initial   attempts   to   optimize   this   process   centered   on  

transforming   the   product   into   a   stable,   isolable   compound.  We   attempted   to  mitigate  

this  issue  through  a  simple  distillation  of  solvents  used  in  the  workup  and  oven-­‐‑drying  

of   the  silica  gel  used  for  purification,  but  we  found  that  desired  product  4.2  so  readily  

protodeboronated   that   it   could   only   be   handled   in   a   glovebox   atmosphere.   The   only  

workup  tolerated  is  a  simple  celite  filtration  in  the  glovebox,  with  only  oven-­‐‑dried  celite.  
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Simple   workups,   purifications   or   even   preparation   of   NMR   samples   could   not   be  

conducted   outside   of   a   glovebox.   Compound   4.2   is   incredibly   sensitive   to   any   protic  

source,  including  methanol,  ethanol,  and  isopropanol  (Scheme  4.9).  

Scheme  4.10:  Protodeboration  of  Desired  Product  4.2  

N
"H" Source

B

Me

N H

Me

4.2 4.3

Ph

Ph

H
Ph

Ph

HO

O

  

Due   to   this   instability,   we   first   addressed   the   boron   pinacol   ester   moiety,  

attempted  to  transform  it  to  a  more  stable  species.  Attempts  to  convert  the  pinacol  ester  

have   been   unsuccessful.   We   examined   the   potential   conversion   to   the   BF3K   salt   4.4.  

However,  these  reactions  are  typically  conducted  in  methanol,  which  is  problematic  for  

this  compound.  Only  formation  of  4.3  was  observed,  indicating  protodeboration  is  faster  

than  BF3K  formation  (Scheme  4.11).    

We  also  attempted  conversion  of  4.2  to  the  MIDA  complex  4.5,  which  is  known  

to  be  a  stable  compound.  This  resulted  in  protodeboration  product  as  well,  even  when  

using  freshly  distilled  DMSO,  suggesting  that  MIDA  was  not  incorporated  and  4.3  was  

formed  upon  workup.  Similarly,  the  reaction  in  acetonitrile  resulted  in  degradation  (4.1,  

4.2,  and  4.3  not  present)  (Scheme  4.11).    

Our   third   attempt   at   stabilization   of   4.2,   conversion   to   the   diethanolamine-­‐‑

protected  α-­‐‑amino  boronic  ester  4.6  was  also  unsuccessful,  resulting  in  conversion  to  4.3.  
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After   these   unsuccessful   explorations   of   conversion,   we   next   turned   our   attention   to  

reduction  of  the  imine.    

Scheme  4.11:  Conversion  of  Unstable  Pinacol  Ester  4.2  

Ph2CN Bpin

Me

DMSO or CH3CN,  100 °C, 10 h

KHF2, MeOH, 65 °C, 3 h
Ph2CN BF3K

Me

Et2O, rt, 20 h
HO

N
H

OH

Ph2CN B

Me

O N

O

4.2

4.4

4.5

4.6

HO

O
N
CH3

OH

O

Ph2CN B

Me

O N

O
O

O
Me

  

We  hypothesized  that  the  presence  of  the  imine  was  a  problematic  contributor  to  

the   instability   of   our   desired   product.   Previous   research   suggests   that   the   secondary  

amine  would  be  isolable.  [37-­‐‑42]  However,  none  of  the  reductions  attempted  have  resulted  

in  the  desired  reaction  (Scheme  4.12).    

We  attempted  reduction  of   the   imine  with   traditional  methods,   such  as  Pd-­‐‑and  

Pt-­‐‑catalyzed   reductions.   However,   these   reactions   are   generally   conducted   in   protic  

solvents,  which  are  not  viable  in  these  reactions  because  of  the  inherent  instability  of  4.2.  

Ethyl  acetate  was  the  solvent  chosen  for  our  reductions,  potentially  limiting  the  viability  

of   these   transformations.   We   found   that   protodeboration   product   was   returned   with  

imine  still  intact,  potentially  because  protic  solvent  is  necessary  for  this  reaction  (Scheme  

4.12).    
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Scheme  4.12:  Pd-­‐‑  and  Pt-­‐‑Catalyzed  Imine  Reduction  

PtO2, H2, EtOAc, rt, 9 h

Pd/C, MeOH, H2, rt, 9 hPh

Ph

N Bpin

Me

Ph

Ph

N
H

Bpin

Me

4.2 4.7   

   We   found   that   reduction   using   standard   DIBALH   conditions   affords  

desired   product,   but   it   is   unstable   to   purification   conditions.   The   same   is   true   for  

reduction  conditions  established  by  the  Crudden  laboratory  (Scheme  4.13).    

Scheme  4.13:  Successful  Imine  Reductions  

Ph

Ph

N Bpin

Me
DIBALH, THF, Ð78-rt, 9 h

Ph

Ph

N
H

Bpin

Me

DABCO, Ph3PB(C6F5)4

HBpin, PhCF3, CH2Cl2, 23 ¡C, 21 h
Crudden Conditions

4.2 4.7

  

Previous   successful   isolates   employ   an   N-­‐‑acyl   or   N-­‐‑sulfinyl   group   that   can  

coordinate  to  boron.  For  this  reason,  we  attempted  additional  protection  of  4.7  with  Boc,  

Cbz,   pivaloyl,   and   acetyl   protecting   groups,   but   found   this   resulted   in   degradation  

(Figure   4.14).   As   a   result,   we   attempted   initial   protection   followed   by   reduction.  

Unfortunately,  this  inversion  of  reaction  sequence  also  resulted  in  degradation.    

Scheme  4.14:  Imine  Reduction  and  Amine  Protection  

Ph N

Ph

Me

B(pin)
Ph N

Ph

Me

Bpin

PG

1. DIBALH, THF, –78-rt, 9 h

2. Boc2O, CbzCl, acetyl chloride or pivalyl chloride

1. Boc2O, CbzCl, acetyl chloride, or MsCl

2. NaBH4
4.2 4.8
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4.2.3  Product  Derivatization  

Due   to   the   instability   of   the   reaction   product,   several   methods   of   its  

derivatization  were  sought.  We  found  that  reaction  of  4.2  with  benzaldehyde  resulted  in  

an   addition   to   the   azaallyl   boronic   ester,   suggesting   either   a   residual   Cu-­‐‑catalyzed  

addition  or  1,3-­‐‑boron  shift  followed  by  addition  to  the  aldehyde  through  a  Zimmerman-­‐‑

Traxler  transition  state  (Scheme  4.15).    

Scheme  4.15:  Reaction  of  α-­‐‑Amino  Boronic  Ester  with  Benzaldehyde  

Ph2CN Bpin

Me 1. benzaldehyde, CH2Cl2, rt, 16 h

2. 2 N aq HCl
H2N

Me
OH

Ph

70% NMR yield by 
internal standard

4.2 4.9   

Additionally,   product   4.2   can   be   further   functionalized   through   coupling  with  

furan   in   a   homologation-­‐‑type   process   first   reported   by   Aggarwal.[5c]   This   reaction  

affords  up   to  43%  yield  by   internal   standard.  However,   the  products  are  unstable  and  

were  not  isolated  (Scheme  4.16).    

Scheme  4.16:  Coupling  of  4.2  with  Furan  

Ph2CN

Me
1. furan, nBuLi, THF, Ð78  to 23 ¡C, 1 h

2. NBS, THF, Ð78  to 23 ¡C, 1 h OPh2CN Bpin

Me

4.2 4.10

43% NMR yield by 
internal standard

  

4.2.4  Enantioselectivity  

In  order  to  assess  the  enantioselectivity  of  our  reaction,  we  found  that  isolation  of  

the  product  requires  a  three-­‐‑step  workup  due  to  instability  of  intermediate  compounds.  

An   initial   Matteson   homologation   provides   the   1,2-­‐‑amino   boronic   ester,   which   is  
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unstable   to  column  chromatography.  Subsequent  reduction  of   the   imine  and  oxidation  

of   the   pinacol   boronic   ester   affords   a   1,2-­‐‑amino   alcohol,   which   has   been   isolated,  

characterized,  and  assayed  for  enantioselectivity  (Table  4.1).    

Several   ligands   were   screened   and   the   best   initial   conditions   for   high  

enantioselectivity  were   (S,S)-­‐‑Ph-­‐‑BPE   in  THF   (1  M)   for   3  h   at   room   temperature   (Table  

4.1,  entry  5)  affording  79:21  er.  We  further  explored  (S,S)-­‐‑Ph-­‐‑BPE  as  a  ligand,  focusing  on  

optimization  of  solvent  and  temperature.    

Table  4.1:  Ligand  Optimization  

Ph N

Ph
1. Cu(OAc)2 (10 mol%), ligand (11 mol%)
HBpin (6.4 eq), temp, solvent, 3 h
2. CH2Br2, nBuLI, THF

3. (i) NaBH4, MeOH, (ii) H2O2, NaOH, THF

Entry ligand temp solvent e.r.

5 (S,S)-Ph-BPE RT none 79:21

4 JOSIPHOS RT none 54:46

conv.a

1 (R)-DTBM-SEGPHOS RT none n/ab>98%

2 (R)-SEGPHOS RT none n/a7.4%

3 (R)-DUPHOS RT none n/a<2%

[a] Conversion is based on the initial Cu–catalyzed process and determined by NMR analysis with internal 
standard. [b] The product from this screen could not be isolated cleanly. [c] Conversion was not determined 
prior to workup.

>98%

7

7

6

6

6

time (h)

n/ac

Ph N
H

Ph Me
OH

4.114.2

  

We   found   that   the  enantioselectivity  of   the   reaction   is   temperature  and  solvent  

dependent  (Table  4.2).  The  best  conditions  for  enantioselectivity  and  reactivity  required  

increasing  the  catalyst  loading  for  95:5  er  with  (S,S)-­‐‑Ph-­‐‑BPE  at  room  temperature  for  6  h  

(Table  4.2,  entry  7).    
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Table  4.2:  Solvent  and  Temperature  Optimization  

RT

40

60

82:18

82:18

55:45

Et2O 86:1440

THFRT

tolueneRT

Et2ORT

THF40

toluene40

86:14

85:15

82:18

85:15

95:5

toluene 94:6RT

0 none n/a1

none3

none4

none2

6

7

9

5

8

10

11

80%

61%

36%

1%

>98%

72%

>98%

>98%

>98%

>98%

65%b

Ph N

Ph
1. Cu(OAc)2 (10 mol%), (S,S)-Ph-BPE (11 mol%)
HBpin (6.4 eq), temp, solvent, 3 h
2. CH2Br2, nBuLI, THF

3. (i) NaBH4, MeOH, (ii) H2O2, NaOH, THF

Entry temp solvent e.r.conv.a

Ph N
H

Ph Me

OH

4.114.2

[a] Conversion is based on the initial CuÐcatalyzed process and 
determined by NMR analysis with internal standard.
[b] This reaction was run at 0.5 M of solvent while all others were at 
1 M solvent concentration.   

4.2.5  Substitution  Patterns  of  the  2-­‐‑Azadiene  

Substitution  of   the  azadiene  dramatically  reduces  the  reactivity  of   the  substrate  

(Scheme  4.17).  Branched  azadiene  3.12b  and  phenyl-­‐‑substituted  4.12e  are  unreactive  at  

room   temperature   and  at   elevated   temperature   (40   °C).   Some   reactivity   is   observed  at  

elevated  temperature  for   less  bulky  azadienes  4.12a,  4.12c,  and  4.12d.  Additionally,   for  

azadiene  4.12a,  the  trans  alkene  is  significantly  more  reactive  than  the  cis  alkene.    
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Scheme  4.17:  Substrate  Scope  
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Ph

N Bpin

Ph
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4.13a 4.13b 4.13c

4.13d

4.12aÐe 4.13aÐe

23 °C    <2% conv
40 °C    <2% conv

4.13e

[a] Conversion is based on the initial Cu–catalyzed process and determined by NMR analysis with internal standard.   

4.3 Conclusions and Future Work  

Despite  the  presence  of  the  α-­‐‑amino  boronic  ester  in  medicinal  compounds  and  

its   utility   in   synthetic   transformations,   synthetic   accessibility   of   these   compounds   is  

limited.   To   address   these   shortcomings,   we   are   developing   a   hydroboration   of   2-­‐‑

azadienes   to   afford   α-­‐‑amino   boronates.   Utilizing   our   2-­‐‑azadienes   substrate,   we   can  

access  these  moieties  regioselectively,  enantioselectively,  and  in  high  yield.    

However,  our  method   is   limited  both   in   its   substrate  applicability  and  product  

stability.   Future   efforts   will   focus   on   expanding   the   methods   viability   with   sterically  

congested  substrates  and  establishing  a  manner  of  stabilization  of   the  α-­‐‑amino  boronic  

pinacol  ester.    
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4.4 Experimental  

4.4.1  General  Information  

General   Procedures:  All   reactions  were   carried   out   in   oven-­‐‑   (120   °C)   or   flame-­‐‑

dried   glassware   under   an   inert   atmosphere   of   dry   N2   unless   otherwise   noted.   Oven-­‐‑

dried   (60   °C   or   120   °C)   stainless   steel   cannulas   and/or   glass   syringes   (or   N2-­‐‑flushed  

plastic   syringes)   were   used   for   reagent   transfer.   Organic   solutions   were   concentrated  

under   reduced   pressure   using   a   rotary   evaporator   (Büchi).   Flash column  

chromatography  was  performed  using  SiliCycle  SiliaFlash®  P60  Silica  Gel.  

Reagents:  Triethylamine   (Sigma-­‐‑Aldrich)  and  dibromomethane   (Sigma-­‐‑Aldrich)  

were   dried   over   calcium   hydride   and   distilled.   Pinacol   borane   (Sigma-­‐‑Aldrich)   was  

distilled.   The   following   chemicals  were   used   as   received:   benzophenone   imine   (Chem  

Impex),   2-­‐‑chloroethylamine·∙HCl   (Alfa   Aesar),   Cu(OAc)2   (Strem),   dimethylformamide  

(Acros),   hydrogen   peroxide   (35%   aqueous   solution)   (Alfa   Aesar),   n-­‐‑butyllithium   in  

cyclohexane   (Sigma-­‐‑Aldrich),   sodium   borohydride   (BDH),   sodium   hydride   (Strem),  

sodium  hydroxide  (BDH),  (S,S)-­‐‑Ph-­‐‑BPE  (Alfa  Aesar),  sodium  thiosulfate  (Mallinckrodt).  

Solvents:   Solvents   were   sparged   with   dry   N2   and   purified   under   a   positive  

pressure  of  dry  N2  by  an  Innovative  Technologies  PureSolve  solvent  purification  system:  

tetrahydrofuran   (Sigma-­‐‑Aldrich),   dichloromethane   (Sigma-­‐‑Aldrich).   DMF   (Fisher)   and  

methanol   (Sigma-­‐‑Aldrich)  were   used   as   received.  Hexanes   (Sigma-­‐‑Aldrich)  was   dried  

over  calcium  hydride  and  distilled.  
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Instrumentation:  1H-­‐‑NMR  spectra  were  recorded  on  a  Varian  INOVA  (400  MHz),  

Varian  Unity  (500  MHz)  or  Varian/Agilent  VNMRS  (500  MHz)  spectrometer.    Chemical  

shifts   are   reported   in   ppm   from   tetramethylsilane   with   either   the   solvent   resonance  

resulting   from   incomplete   deuteration   (CDCl3:   d   7.26)   or   added   standard   (1,3,5-­‐‑

trimethoxybenzene:   d   6.09)   as   the   internal   reference.      Data   are   reported   as   follows:  

chemical  shift,  integration,  multiplicity  (s  =  singlet,  d  =  doublet,  t  =  triplet,  q  =  quartet,  br  

=  broad,  m  =  multiplet),  coupling  constant(s)  (Hz).    13C-­‐‑NMR  spectra  were  recorded  on  a  

Varian   Unity   (125   MHz)   or   Varian/Agilent   VNMRS   (125   MHz)   spectrometer   with  

complete   proton   decoupling.      Chemical   shifts   are   reported   in   ppm   from  

tetramethylsilane  with   the   solvent   resonance   resulting   from  chloroform  as   the   internal  

reference  (CDCl3:  δ  77.16).  Enantiomer  ratios  were  determined  by  HPLC  (Phenomenex™  

Lux®   Amylose   I,   Lux®   Cellulose   I,   or   Lux®   Cellulose   II   in   comparison   with   authentic  

racemic  materials  on  a  Shimadzu  Prominence  Modular  HPLC.      

4.4.2  Azadiene  Preparation  

Ph2CN
Ph Ph

NH Cl
NH2áHCl

NEt3, CH2Cl2, reflux, 19 h
Ph2CN

Cl NaH, DMF, 23 ¡C

  

A   250-­‐‑mL   round-­‐‑bottom   flask,   equipped   with   stirbar,   was   charged   with  

benzophenone   imine   (3.40   mL,   20.0   mmol,   1.00   eq),   dichloromethane   (20   mL),   2-­‐‑

chloroethylamien  hydrochloride  (2.60  g,  22.4  mmol,  1.12  eq),  and  triethylamine  (3.40  mL,  

24.4  mmol,  1.22  eq)  and  fitted  with  a  reflux  condenser.  The  mixture  was  allowed  to  heat  

under  reflux  for  19  h.  Upon  cooling  to  room  temperature,  the  solid  was  filtered  off  and  
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washed  with  CH2Cl2  (20.0  mL).  The  filtrate  was  washed  with  brine,  dried  over  Na2SO4,  

the   solution   was   concentrated,   and   the   material   carried   directly   into   the   next   step  

without  purification.  The   residue  was  dissolved   in  DMF   (40.0  mL)   in   a   250-­‐‑mL   round  

bottom  flask,  equipped  with  stirbar.  Sodium  hydride  (60%  in  mineral  oil)  (880  mg,  22.0  

mmol,  1.10  eq)  was  added  and  the  reaction  was  allowed  to  stir  at  room  temperature  for  

21  h.  The  reaction  was  quenched  with  water  (20.0  mL)  and  ethyl  acetate  (20.0  mL)  was  

added  and  the  layers  separated.  The  organic  layer  was  washed  with  water  (20.0  mL  x5).  

The   organic   layer  was   dried   over  Na2SO4,   filtered   and   concentrated   to   afford   4.1   as   a  

yellow   oil.   The   residue   was   purified   by   silica   gel   flash   chromatography   (19:1  

hexanes:ethyl  acetate)  to  afford  4.1  as  a  yellow  solid  (2.61  g,  12.6  mmol,  25.2  %  yield  in  

two  steps)  with  spectral  data  in  agreement  with  literature  values.[46]  1H  NMR  (400  MHz,  

CDCl3)  δ  7.75–7.67  (2H,  m),  7.52–7.43  (3H,  m),  7.43–7.40  (1H,  m),  7.39–7.33  (2H,  m),  7.24–

7.19  (2H,  m),  6.95  (1H,  dd,   J  =  14.7,  7.3  Hz),  5.61  (1H,  dd,   J=14.7,  1.1  Hz,),  5.04  (1H,  dd,  

J=7.3,  1.1  Hz).  

4.4.3   Hydroboration   of   1,1-­‐‑diphenyl-­‐‑N-­‐‑(1-­‐‑(4,4,5,5-­‐‑tetramethyl-­‐‑1,3,2-­‐‑dioxaborolan-­‐‑2-­‐‑
yl)ethyl)methanimine  to  afford  4.2.  

In  an  N2-­‐‑filled  glovebox,  an  oven-­‐‑dried  (120  °C)  2-­‐‑dram  vial,  equipped  with  a  stir  

bar,  was  charged  with  Cu(OAc)2  (7.00  mg,  0.040  mmol,  0.040  eq)  and  (S,S)-­‐‑Ph-­‐‑BPE  (22.0  

mg,  0.044  mmol,  0.044  eq)  in  pinacol  borane  (290  µL,  3.00  mmol,  3.00  eq)  and  the  mixture  

was  stirred  15  min  at  23  °C.  Azadiene  (207  mg,  1.00  mmol,  1.00  eq)  was  added  and  the  

vial  was  capped  and  heated  at  40  °C  for  3  h.  The  mixture  was  concentrated  by  hivac  at  
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50   °C   to   remove   residual  pinacol  borane  and   filtered   through  oven-­‐‑dried   celite  with  a  

hexanes   rinse.   The   solution  was   concentrated   to   afford   4.2   as   brown   crystals   (350  mg,  

1.04  mmol,  >98%  yield).   1H  NMR  (400  MHz,  CDCl3)  δ 7.59  (2H,  dd,  J=7.4,  1.7  Hz),  7.43–

7.35  (3H,  m),  7.32–7.26  (3H,  m),  7.18   (2H,  dd,   J=7.2,  1.6  Hz),  3.28   (1H,  q,   J=7.2  Hz),  1.35  

(3H,   d,   J=7.2  Hz),   1.21   (12  H,   d,   J=7.0  Hz).   13C  NMR   (126  MHz,  CDCl3)   δ   165.6,   140.5,  

137.7,   129.3,   128.4,   128.4,   128.0,   127.9,   127.9,   83.5,   24.9,   24.6,   18.4.      11B  NMR   (160  MHz,  

CDCl3)  δ 28.7.  

4.4.4   Stepwise  Transformation   of  Azadiene   for   Enantioselectivity  Assays   (Synthesis  
of  4.11)  

Ph N

Ph
1. Cu(OAc)2 (10 mol%), (S,S)-Ph-BPE (11 mol%)
HBpin (6.4 eq), temp, solvent, 3 h
2. CH2Br2, nBuLI, THF

3. (i) NaBH4, MeOH, (ii) H2O2, NaOH, THF

Ph N
H

Ph Me

OH

  

2-­‐‑(benzhydrylamino)propan-­‐‑1-­‐‑ol   (4.11).   In   an  N2-­‐‑filled  glovebox,   an   oven-­‐‑dried  

(120   °C)   2-­‐‑dram   vial,   equipped  with   a   stir   bar,  was   charged  with  Cu(OAc)2   (4.00  mg,  

0.020  mmol,  0.100  eq)  and  (S,S)-­‐‑Ph-­‐‑BPE  (11.0  mg,  0.022  mmol,  0.110  eq)  in  THF  (187  µL)  

and  stirred  for  15  min  at  23  °C.  Pinacol  borane  (187  µL,  1.29  mmol,  6.40  eq)  was  added  

followed  by  azadiene  (41.0  mg,  0.200  mmol,  1.00  eq).  The  vial  was  capped  and  stirred  at  

23  °C  for  3  h.  Hexanes  (0.5  mL)  was  added  and  the  solution  was  filtered  through  celite  

and  concentrated  by  hivac.  In  the  glovebox,  this  residue  was  dissolved  in  THF  (1.0  mL)  

in  an  oven-­‐‑dried  (120  °C)  2-­‐‑dram  vial,  equipped  with  stirbar.  Dibromomethane  (17.5  µL,  

0.250  mmol,   2.50   eq)  was  added,   the  vial  was   sealed  and   removed   from   the  glovebox,  

and   the   mixture   was   cooled   to   –78   °C   for   20   min.   n-­‐‑Butyllithium   was   added   slowly  
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down   the   sides   of   the   vial   and   the   mixture   was   allowed   to   warm   to   23   °C   and   stir  

overnight.  The  mixture  was  quenched  with  saturated  aqueous  ammonium  chloride  (0.5  

mL)   and   extracted   with   diethyl   ether   (3   x   0.5   mL),   dried   over   Na2SO4,   filtered,   and  

concentrated.  The  residue  was  dissolved  in  methanol  (1  mL),  cooled  to  0  °C,  and  sodium  

borohydride  was   added   (15.0  mg,   0.400  mmol,   4.00   eq).   The   reaction  was   allowed   to  

warm  to  room  temperature  and  stirred  15  min  at  23  °C  and  subsequently  concentrated.  

The   residue  was  dissolved   in  THF   (1.0  mL),   cooled   to   0   °C,   and  3  N  aqueous   sodium  

hydroxide   (1.0  mL)  was   added.  Aqueous  hydrogen  peroxide   (35%)   (0.5  mL)  was   then  

added  and  the  reaction  was  allowed  to  warm  to  room  temperature  and  stir  for  4  h.  The  

reaction   was   quenched   with   1M   aqueous   Na2S2O3   (0.5   mL)   and   saturated   aqueous  

NH4Cl   (0.5   mL)   was   used   to   neutralize   the   aqueous   layer.   The   aqueous   layer   was  

extracted  with  ethyl  acetate   (3  x  0.5  mL),  dried  over  Na2SO4,   filtered  and  concentrated.  

The   residue   was   purified   by   flash   silica   gel   chromatography   (98:1:1   hexanes:ethyl  

acetate:triethylamine   to   95:4:1   hexanes:ethyl   acetate:triethylamine)   to   afford   4.11   as   a  

orange  film  (3.0  mg,  0.0124  mmol,  6.22%  over  4  steps)  with  spectral  data   in  agreement  

with  literature  values.[47]   1H  NMR  (400  MHz,  CDCl3)  δ 7.44–7.13  (10  H,  m),  4.99  (1H,  s),  

3.54  (1H,  dd,  J=10.6,  4.1  Hz),  3.26  (1H,  dd,  J=10.6,  7.3  Hz),  2.83–2.69  (1H,  m),  1.06  (3H,  d,  

J=6.4  Hz).  
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5. Conclusions 

5.1 Diastereo - and Site -Selective Synthesi s of 1,3 -Amino 
Alcohols via Azaallyl Anion Ring -Opening of Epoxides  

Despite   the  prevalence  of  1,3-­‐‑amino  alcohols   in   important  biological  molecules,  

there   are   few   methods   currently   available   for   the   preparation   of   these   essential  

compounds  that  are  both  redox  efficient  and  stereoselective.  We  have  found  that  we  can  

diastereoselectively   and   enantiospecifically   generate   1,3-­‐‑amino   alcohols   through   the  

attack  of  2-­‐‑azaallyl  anions  upon  epoxides.    

Trans-­‐‑1,2-­‐‑disubstituted  epoxides,  both  electron-­‐‑rich  and  electron-­‐‑poor,  of  varying  

substitution  patterns,  readily  react  with  the  azaallyl  anion  to  afford  1,3-­‐‑amino  alcohols  in  

high  yield  and  diastereoselectivity.  The  epoxide’s  alkyl  substituent  can  be  varied  as  well,  

tolerating  heteroatoms  and  branching.    

Cis-­‐‑1,2-­‐‑disubstituted   epoxides   are   less   reactive,   but   nevertheless   furnish   amino  

alcohols  as  do  2,2-­‐‑disubstituted  epoxides,  the  latter  allowing  for  direct  formation  of  1,3-­‐‑

amino   tertiary   alcohols.   Terminal   aryl-­‐‑substituted   epoxides   undergo   benzylic   attack,  

whereas   terminal   alkyl-­‐‑substituted   epoxides   react   at   their   less-­‐‑hindered   position,  

furnishing   secondary   alcohols.   Several   azaallyl   anions,   including   those   with   aryl,  

heteroaryl,  vinyl,  and  alkynyl,  are  excellent  partners  for  transformations  with  trans-­‐‑1,2-­‐‑

disubstituted  epoxides.    
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Our   amino   alcohol   products   can   be   readily   prepared   on   gram   scale   and  

hydrolyzed  under  mildly  acidic  conditions  to  generate  the  free  amine,  which  and  can  be  

further  cyclized  to  access  highly-­‐‑substituted  azetidines.    

This  method   is   a   simple,   expedient,   and   redox-­‐‑efficient   process   for   generating  

1,3-­‐‑amino  alcohols  from  readily  accessible  starting  materials.  

5.2 Palladium -Catalyzed Synthesis of ! -Trifluoromethyl Benzylic 
Amines via Fluoroarylation of gem -Difluoro -2-azadienes Enabled 
by Phosphine -Catalyzed Formation of an Azaallyl ÐSilver 
Intermediate  

Despite   the   significance   of  α-­‐‑CF3   amines   in  medicinal   compounds,  methods   of  

preparation   often   depend   on   nucleophilic   addition   to   a   CF3-­‐‑substituted   imine   or   CF3  

addition   to   an   imine.  We   have   demonstrated   that   gem-­‐‑difluoroazadienes   are   excellent  

building   blocks   for   the   synthesis   of   chiral   amines   bearing   α-­‐‑trifluoromethyl   groups.  

Over   twenty   examples   of   electron-­‐‑rich   and   electron-­‐‑poor   aryl   iodides   in   varying  

substitution   patterns   as   well   as   one   indole   substrate   have   proven   effective   in   this  

transformation.    

We  also  demonstrated  that  both  the  ketimine  products  and  the  aldimine  variants  

may   be   hydrolyzed   to   their   ammonium   salts   under   mildly   acidic   conditions.  

Furthermore,   this   method   allows   us   to   synthesize   a   useful   HDAC   inhibitor   in   three  

steps.  

Mechanistically,   we   propose   Pd-­‐‑catalyzed   fluoroarylation   with   the   aryl   iodide  

was  enabled  by  AgF  addition   to   the  difluoroazadiene,  a  process  catalyzed   in  nonpolar  
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solvent   by   XPhos.   The   resulting   azaallyl-­‐‑Ag   species,   the   likely   organometallic  

intermediate  in  the  cross-­‐‑coupling,  has  been  characterized  by  NMR  spectroscopy.    

5.3 Catalytic, Enantioselective, and Regioselective 
Hydroboration of 2 -Azadienes: A Strategy for Assembly of 
Protected ! -Amino Boronates  

Despite  the  presence  of  the  α-­‐‑amino  boronic  ester  in  medicinal  compounds  and  

its   utility   in   synthetic   transformations,   synthetic   accessibility   of   these   compounds   is  

limited.   To   address   these   shortcomings,   we   are   developing   a   hydroboration   of   2-­‐‑

azadienes   to   afford   α-­‐‑amino   boronates.   Utilizing   our   2-­‐‑azadienes   substrate,   we   can  

access  these  moieties  regioselectively,  enantioselectively,  and  in  high  yield.    

However,  our  method   is   limited  both   in   its   substrate  applicability  and  product  

stability.   Future   efforts   will   focus   on   expanding   the   methods   viability   with   sterically  

congested  substrates  and  establishing  a  manner  of  stabilization  of   the  α-­‐‑amino  boronic  

pinacol  ester.    
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