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Overview:	
  Selected	
  Rearrangements	
  
•  Carboxylic	
  Acid	
  Deriva0ves	
  

–  X	
  =	
  Br	
  (Hoffmann),	
  N2	
  (Cur0us)	
  

•  Baeyer-­‐Villiger	
  Oxida0on	
  

•  Beckmann	
  Rearrangement:	
  	
  
–  Can	
  never	
  form	
  primary	
  amides	
  	
  
–  Harsh	
  reac0on	
  condi0ons	
  
–  Isomeriza0on	
  of	
  oxime	
  can	
  occur.	
  

E.	
  Beckmann,	
  Chem.	
  Ber.,	
  89,	
  998	
  (1886).	
  
Kür0,	
  Czakó.	
  Strategic	
  Applica0ons	
  of	
  Named	
  Reac0ons	
  in	
  Organic	
  Synthesis.	
  Burlington:	
  Elsevier,	
  2005.	
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Discovery	
  of	
  the	
  Schmidt	
  Reac0on	
  

•  Classic	
  Schmidt	
  Condi0ons:	
  Strongly	
  Acidic	
  

	
  
	
  

R R'

O conditions

R N

O
R' +

R' N

O
R

H H

R OH

O conditions
R NH2

R H

O conditions
R CN

(conditions = HN3 (1.0 eq.), conc. H2SO4 (cat.), benzene)

K.F.	
  Schmidt.	
  Z.	
  Angew.	
  Chem.,	
  1923,	
  36,	
  511.	
  
K.F.	
  Schmidt,	
  Ber.,	
  1924,	
  57,	
  704.	
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Early	
  Mechanis0c	
  Proposal	
  

•  Schmidt:	
  Hydrazoic	
  acid	
  cleaved	
  into	
  [NH]	
  
radical	
  and	
  dinitrogen	
  
– This	
  nitrene	
  mechanism	
  was	
  ruled	
  out	
  in	
  favor	
  of	
  
the	
  accepted	
  pathway,	
  which	
  involves	
  an	
  
azidohydrin.	
  

Koldobskii,	
  et.	
  al.	
  Russian	
  Chemical	
  Reviews,	
  40	
  (10),	
  835.	
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Modern	
  Understanding	
  of	
  Mechanism	
  

•  Two	
  possible	
  decompos00on	
  pathways	
  of	
  
azidohydrin	
  

•  Direct	
  loss	
  of	
  dinitrogen	
  from	
  A	
  likely	
  occurs	
  
when	
  R’	
  ≠	
  H	
  

R R

O
R' N3+

H+

R R

HO N R'
N2

A

A
- H2O

R R

N N2

R'=H
R

N
R

R N

O
R

H

- N2

R N

O
R

R'

- N2

Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
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AKempts	
  to	
  use	
  Alkyl	
  Azides	
  
•  Almost	
  all	
  alkyl	
  

azides	
  
unreac0ve	
  
under	
  classical	
  
Schmidt	
  
condi0ons	
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Briggs, Smith (1940s)

O
1. MeN3, H2SO4 (cat.)

2. Br2, H2O N
H

O
(0.9-2.6 %, No N-methyl
amides detected)

Boyer (1950s)

H

O

N
H

OPhCH2CH2N3, 
H2SO4 (cat.) Ph (10 %)

H

O

O

NHOCH2CH2N3, 
H2SO4 (cat.) (77 %)

Br



Evolu0on	
  of	
  the	
  Reac0on	
  up	
  to	
  the	
  
1990s	
  

•  Barton	
  (1971)	
  
•  Jeffs	
  (1973)	
  
•  Wasserman	
  (1971,	
  1973)	
  
•  Hoffmann	
  (1989)	
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Barton	
  and	
  Jeffs	
  
•  Barton:	
  α,β-­‐unsaturated	
  cyclic	
  hydroxylamines	
  to	
  generate	
  N-­‐

methylamides.	
  

•  Jeffs	
  extended	
  this	
  method	
  to	
  generate	
  N-­‐methyloctahydroindoles	
  
and	
  2-­‐azabicyclo[3.3.0]octan-­‐3-­‐ones	
  from	
  cyclobutanones.	
  
–  Same	
  reagents	
  as	
  above	
  

O

Me
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O
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(R = Me, Ph, H)
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Wasserman	
  
•  Wasserman,	
  et.	
  al.	
  generated	
  β-lactams	
  from	
  
cyclopropanones	
  

R	
  =	
  n-­‐propyl,	
  iso-­‐propyl,	
  n-­‐butyl,	
  isobutyl,	
  Ph	
  

R’	
  =	
  n-­‐hexyl,	
  n-­‐butyl,	
  sec-­‐butyl,	
  	
  
α-(ethyl	
  propionate)	
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Hoffmann	
  	
  

•  Hoffmann	
  used	
  N-­‐nosylmethylamines	
  to	
  
generate	
  N-­‐methyl	
  lactones	
  with	
  ring	
  sizes	
  
from	
  5	
  to	
  8	
  in	
  high	
  yields	
  (n=1	
  to	
  n=4).	
  

•  R	
  is	
  only	
  variable	
  when	
  n=1	
  (R	
  =	
  allyl,	
  
propargyl,	
  butyl,	
  benzyl)	
  

12	
  
R.V.	
  Hoffmann,	
  et.	
  al.	
  Tet.	
  LeK.	
  1989,	
  30,	
  4207.	
  	
  	
  



Schultz	
  
•  Azidoenone	
  chemistry	
  

–  Both	
  ring	
  expansion	
  and	
  
contrac0on	
  possible	
  
•  Outcome	
  is	
  substrate-­‐
dependent	
  

•  Ring	
  contrac0on	
  via	
  acyl	
  
migra0on	
  

–  Authors	
  propose	
  a	
  [3+2]	
  
cycloaddi0on	
  pathway	
  
•  Control	
  experiments	
  rule	
  
out	
  possibility	
  of	
  direct	
  
intramolecular	
  Schmidt	
  
reac0on	
  
–  1c	
  simply	
  decomposed	
  to	
  

the	
  corresponding	
  
aldehyde	
  in	
  concentrated	
  
H2SO4	
  (RSCH2CHO)	
  

S

N3

O
S

O
N N

N N

O

S O
N

S
+

O
S

N3

N S
O

O
S

N3

N
O

S

heat

heat

40 o C

xylenes

(1:1 ratio)
1c 9

2
3

10 11

12 13
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Schultz	
  (cont.)	
  
•  (Azidoalkyl)-­‐1,4-­‐
benzoquinones	
  
– Authors	
  propose	
  that	
  
dinitrogen	
  loss	
  occurs	
  
in	
  the	
  same	
  step	
  as	
  
ring	
  expansion	
  or	
  
contrac0on.	
  
•  6	
  is	
  not	
  an	
  
intermediate	
  in	
  the	
  
transforma0on	
  of	
  5	
  to	
  
8	
  or	
  5	
  to	
  7a/7b	
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Intramolecular	
  Schmidt	
  Reac0on	
  with	
  
Cyclic	
  Ketones	
  

•  Tethered	
  azide	
  will	
  
necessarily	
  have	
  smaller	
  
entropy	
  change	
  upon	
  
azidohydrin	
  forma0on.	
  

•  Aubé	
  establishes	
  
reac0on	
  condi0ons	
  and	
  
importance	
  of	
  tether	
  
length	
  (m=1).	
  

•  Variety	
  of	
  ring	
  sizes	
  lead	
  
to	
  high	
  yields	
  (n=0	
  to	
  
n=8)	
  for	
  cyclic	
  ketones.	
  

Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1991,	
  113,	
  8965.	
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Intramolecular	
  Schmidt	
  Reac0on	
  with	
  
Azido	
  alkenes	
  and	
  azido	
  alcohols	
  

•  Pearson	
  built	
  upon	
  Aubé’s	
  work	
  to	
  generate	
  
bridged	
  and	
  fused	
  bicyclic	
  amines	
  
– Lewis	
  acid	
  (TfOH	
  or	
  TfOH/Tf2O)	
  typically	
  present	
  in	
  
superstoichiometric	
  amounts	
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Pearson	
  (cont.)	
  

	
  

•  d.r.	
  and	
  
regioselec0vity	
  
generally	
  low	
  

17	
  



Cyclic	
  Ketone:	
  Migra0onal	
  Possibili0es	
  

•  Azidoalkyl	
  group	
  in	
  the	
  posi0on	
  α to	
  the	
  carbonyl	
  leads	
  to	
  two	
  
possible	
  migra0ons	
  

N3O NHO
N2 proximal (red)

bond migrates N

O

(fused)

distal (blue)
bond migrates

N
O

(bridged)

18	
  Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  



β-(azidoalkyl)ketones	



•  Only	
  bridged	
  lactams	
  possible	
  	
  
–  Intermediate	
  is	
  automa0cally	
  bridged	
  

•  Selec0vity:	
  which	
  bridged	
  lactam	
  is	
  formed	
  

– Familiar	
  quinuclidone	
  prepared	
  by	
  Stoltz	
  

19	
  

Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235.	
  
Tani,	
  K.;	
  Stoltz,	
  B.M.	
  Nature	
  2006,	
  441,	
  731.	
  



Migra0onal	
  result	
  on	
  Cons0tu0on	
  
•  Fused	
  product	
  can	
  form	
  from	
  either	
  axial	
  or	
  equatorial	
  

azidoalkyl	
  group	
  
•  Bridged	
  can	
  only	
  form	
  from	
  axial	
  orienta0on.	
  

20	
  Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  



Unexpected	
  Bridged	
  Products	
  
•  Unexpected	
  

bridged	
  lactam	
  
(stenine	
  
synthesis).	
  

•  Key	
  insight:	
  
consequence	
  of	
  
axial/equatorial	
  
leaving	
  group	
  

21	
  

Aubé,	
  et.	
  al.	
  Angew.	
  Chem.	
  Int.	
  Ed.	
  2002,	
  41,	
  4316.	
  
Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235.	
  



Extensions	
  

•  Aubé	
  puts	
  i-­‐Pr	
  at	
  R2	
  to	
  disfavor	
  conformer	
  A	
  
– Selec0vity	
  unchanged	
  

•  Ph	
  tested	
  at	
  R2	
  on	
  the	
  basis	
  of	
  A	
  values	
  
– Drama0c	
  increase	
  in	
  fused:bridged	
  ra0o	
  
– Ca0on-­‐pi	
  interac0on	
  invoked	
  

22	
  Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235	
  



Development	
  of	
  a	
  Model	
  System	
  
•  Goal:	
  Dissect	
  what	
  factors	
  

govern	
  bridged	
  selec0vity	
  
•  Cyclohexanones	
  as	
  model	
  

substrates	
  
–  Aryl	
  group	
  alone	
  is	
  insufficient	
  

(entry	
  1)	
  
–  4-­‐tert-­‐butylcyclohexanones	
  used	
  

to	
  favor	
  axial	
  azidoalkyl	
  
conforma0on	
  

•  Conclusion:	
  	
  
–  Both	
  the	
  axial	
  azidoalkyl	
  tether	
  and	
  

a	
  1,3	
  diaxial	
  interac0on	
  between	
  
the	
  leaving	
  group	
  and	
  an	
  aryl	
  
group	
  are	
  required.	
  

–  Azido	
  alkyl	
  must	
  also	
  be	
  in	
  the	
  2-­‐
posi0on	
  

23	
  
Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235	
  



Conforma0onal	
  Ra0onale	
  of	
  ca0on-­‐pi	
  
Interac0on	
  

24	
  Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235	
  



Other	
  Ca0on-­‐stabilizing	
  groups	
  
•  Thioalkyl	
  (SR)	
  group	
  stabilizes	
  

ca0ons	
  in	
  a	
  through-­‐space	
  
interac0on	
  with	
  ca0onic	
  leaving	
  
group	
  

•  Sulfone	
  apparently	
  allows	
  for	
  
ca0on-­‐pi	
  interac0on	
  	
  

•  Tether	
  length	
  important	
  

25	
  
Aubé,	
  et.	
  al.	
  Org.	
  LeK,	
  2009,	
  11,	
  4386.	
  



Stereochemistry	
  of	
  the	
  Migra0ng	
  
Carbon	
  

•  Model	
  substrate	
  shows	
  reten0on	
  of	
  
stereochemistry	
  

26	
  Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  



Stereochemistry	
  
•  No	
  epimeriza0on	
  takes	
  place	
  under	
  reac0on	
  
condi0ons.	
  

•  Few	
  asymmetric	
  variants	
  developed	
  
– One	
  diastereoselec0ve	
  variant	
  discovered	
  in	
  the	
  
total	
  synthesis	
  of	
  (±)-­‐demethoxy-­‐1,2-­‐
dihydrocomosidine	
  

27	
  
Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  



(±)-­‐demethoxy-­‐1,2-­‐dihydrocomosidine	
  
	
  

O

H N3

MeO

MeO

TFA MeO

MeO N
O

MeO

MeO N
LAH

•  Jean	
  d’Angelo,	
  et.	
  al.	
  were	
  looking	
  for	
  new	
  routes	
  to	
  Homoerythrina	
  
Alkaloids	
  
•  All	
  stereocenters	
  are	
  set	
  prior	
  to	
  the	
  intramolecular	
  Schmidt	
  reac0on	
  

via	
  tandem	
  alkyla0on/Michael	
  addi0on	
  of	
  2-­‐tetralone	
  to	
  7-­‐iodo-­‐tert-­‐
butylhept-­‐2-­‐eneoate	
  

28	
  d’Angelo,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  1993,	
  58,	
  2933.	
  



Op0miza0on	
  of	
  the	
  Reac0on	
  
•  Choice	
  of	
  Lewis	
  Acid	
  is	
  substrate-­‐specific	
  
–  Few	
  general	
  trends	
  	
  
–  Typically	
  1.0-­‐4.0	
  eq.	
  

•  TiCl4,	
  TFA,	
  TfOH	
  (cyclic	
  ketones,	
  linear	
  RCHO)	
  
•  MeAlCl2	
  (tandem	
  Diels-­‐Alder/Schmidt)	
  
•  BF3	
  (orthoamides):	
  bridged	
  selec0vity	
  

•  Use	
  of	
  orthoamides	
  
– Moderate	
  to	
  high	
  yields	
  of	
  exclusively	
  bridged	
  
lactams	
  

29	
  

Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  
	
  Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2010,	
  75,	
  1235.	
  
Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  2010,	
  132,	
  2530.	
  



Role	
  of	
  Lewis	
  Acid:	
  Thiomethyl,	
  
methoxy	
  

	
  

30	
  Aubé,	
  et.	
  al.	
  Org.	
  LeK,	
  2009,	
  11,	
  4386.	
  



Reac0on	
  Scope	
  
•  Aldehydes	
  
– Variable	
  tether	
  
lengths	
  (n=0	
  to	
  n=3)	
  

– R1:	
  allyl,	
  benzyl	
  
– R2:	
  H	
  
– No	
  
enan0oselec0vity	
  	
  

	
  

31	
  
Aubé,	
  et.	
  al.	
  Tetrahedron	
  2007,	
  63,	
  9007.	
  



Scope	
  (cont.)	
  
•  Acyclic	
  Ketones	
  

–  N-­‐acylaze0dines	
  generated	
  
from	
  acyclic	
  keto	
  azides	
  
(yields	
  0-­‐81	
  %),	
  m=2	
  

–  Yields	
  of	
  lactams	
  generally	
  
low	
  (0-­‐29	
  %)	
  

•  Cyclic	
  Ketones	
  
–  Facile	
  access	
  to	
  indolizidine	
  

and	
  pyrrolizidine	
  scaffolds	
  
–  Limita0on	
  of	
  tether	
  length	
  (4-­‐

carbon	
  separa0on)	
  
–  Incompa0bi0es	
  

•  2-­‐(azidoalkyl)-­‐1,3-­‐diones	
  
•  2-­‐(azidoalkyl)-­‐cyclohex-­‐2-­‐en-­‐1-­‐

ones	
  
–  Thiomethyl	
  is	
  versa0le	
  

synthe0c	
  handle.	
  

32	
  

Aubé,	
  et.	
  al.	
  Org.	
  LeK,	
  2009,	
  11,	
  4386.	
  
	
  Aubé,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1995,	
  117,	
  10449.	
  



Applica0ons	
  to	
  Natural	
  Products	
  
•  (+)-­‐Sparteine	
  

–  First	
  asymmetric	
  total	
  synthesis	
  

•  Group	
  Problem:	
  
Draw the bridged and fused lactam products of the following Schmidt reaction, including the key
tetrahedral intermediate.

O

O
ON3

TiCl4

33	
  
Aubé,	
  et.	
  al.	
  Org.	
  LeK.	
  2002,	
  4,	
  2577	
  



Solu0on	
  

O

N
O

N
O

OO

N
O

N2

TiCln

+

34	
  



Noteworthy	
  Steps	
  

•  A	
  photo-­‐Beckmann	
  rearrangement	
  is	
  required	
  
to	
  install	
  the	
  second	
  piperidine	
  moiety.	
  

N
N
O

h! (254 nm)

benzene
N

NO

N
N

O

LAH, THF
reflux

N
N

(+)-Sparteine

35	
  



(+)-­‐Aspidospermidine	
  

(+)-­‐Aspidospermidine	
  6	
  

36	
  



Synthe0c	
  Route	
  (Stork)	
  

	
  

6

•  10	
  steps	
  to	
  reach	
  
the	
  key	
  
intermediate,	
  7	
  

•  Yields	
  not	
  
reported	
  for	
  most	
  
steps	
  

37	
  Stork,	
  et.	
  al.	
  J.	
  Am.	
  Chem.	
  Soc.	
  1963,	
  85,	
  2872.	
  

O

H 1. Pyrrolidine, H+

2. Methyl acrylate
3. H+, H2O O

H

CO2CH3

HOAc

O

CO2CH3

1. ketalization
2. NH3 (aq.)

H2N(O)C

O

2. H+ (aq.)

3. NaOH (aq.)

HN

O

H
ClCH2C(O)Cl, 
base

1.KOtBu, 
benzene
2. LiAlH4

N

O

H

Cl O

N

O

H

Phenylhydrazone,
HOAc N

N

H

(racemic)

1. LiAlH4

(67 %)

(48 %)



Synthe0c	
  Route:	
  Aubé	
  

•  Similar	
  to	
  Stork’s	
  pathway	
  
– Common	
  ketoamide	
  6	
  as	
  Fischer	
  indoliza0on	
  
substrate	
  

•  Route	
  

(+)-­‐Aspidospermidine	
  6	
  7	
  

HO
OH

1. NaH, BnBr, DMF

MgBr
3. (THF)

4. CrO3, H2SO4, acetone

OBn
2. PCC, DCM O

10
(23 % overall)
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Aubé,	
  et.	
  al.	
  Org.	
  LeK.	
  2000,	
  2,	
  1625.	
  
Aubé,	
  et.	
  al.	
  J.	
  Org.	
  Chem.	
  2005,	
  70,	
  10645.	
  



Synthe0c	
  Route	
  (cont.)	
  
O

1. (S)-!-methylbenzylamine
2. Hydroquinone, 10, fused ZnCl2, 
Et2O, reflux

3. AcOH
4. NaOMe, MeOH, reflux

O

BnO

1. isopropenyl acetate
2. Oxone, acetone

O

BnO HO
bis(trimethylsilyl)
neopentyl glycol, TMSOTf,
DCM

O

BnO HO

O

O

BnO O

O

H 1. H2, Pd/C (93 %)

2. HN3, PPh3, DEAD, PhH 
(82 %) O

N3 O

O

H

(28)

O

N3 O

O

H

(28)

LiBF4

N3 O
H

O
(major, confirmed
by NOE)

TiCl4 H

O

N
O

H

1. bis(TMS)neopentyl
glycol, TMSOTf, DCM
2. LAH, THF, reflux

3. LiBF4
4. PhNHNH2
5. AcOH, reflux

N

N
H

H

H

(49% overall, 84-86 % e.e.)

(74 %)

(69 %)

(89 %) (82 %)

1-3, 67 %
4-5, 64 %
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Schmidt	
  Methodology	
  

•  Deprotec0on	
  
before	
  Schmidt	
  
reac0on	
  prevents	
  
bridged	
  product	
  
forma0on	
  

40	
  



Summary	
  of	
  Aubé’s	
  Synthesis	
  

•  15	
  steps	
  to	
  reach	
  key	
  intermediate	
  6	
  
– Greater	
  step	
  count	
  than	
  Stork,	
  but	
  Aubé’s	
  route	
  is	
  
enan0oselec0ve	
  

41	
  



(±)-­‐Stenine	
  
•  A	
  formal	
  synthesis	
  from	
  Aubé	
  
•  Numerous	
  other	
  syntheses	
  of	
  the	
  core	
  
structure	
  exist	
  (Hart,	
  Wipf,	
  Morimoto,	
  Padwa,	
  
Sun	
  Hoh	
  Jung)	
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Synthe0c	
  Route:	
  Jung	
  

43	
  Jung,	
  et.	
  al.	
  Bull.	
  Korean	
  Chem.	
  Soc.	
  2000,	
  21,	
  159.	
  



Summary	
  of	
  Jung’s	
  Synthesis	
  

•  10	
  steps	
  to	
  reach	
  key	
  intermediate	
  3	
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Synthe0c	
  Route:	
  Aubé	
  
•  12	
  steps	
  to	
  reach	
  key	
  

intermediate	
  5	
  (5	
  is	
  
equivalent	
  to	
  Jung’s	
  
“3”).	
  

45	
  Aubé,	
  et.	
  al.	
  Angew.	
  Chem.	
  Int.	
  Ed.	
  2002,	
  41,	
  4316.	
  



Review	
  of	
  Key	
  Migra0on	
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(-­‐)-­‐Indolizidine	
  209B	
  

•  First	
  non-­‐auxiliary-­‐based	
  endeavor	
  
•  Clever	
  use	
  of	
  the	
  chiral	
  pool	
  (pulegone,	
  4)	
  to	
  
carry	
  out	
  a	
  diastereoselec0ve	
  Favorskii	
  
rearrangement	
  

47	
  
Aubé,	
  et.	
  al.	
  Heterocycles	
  1993,	
  35,	
  1141.	
  



Synthe0c	
  Route:	
  (-­‐)-­‐Indolizidine	
  209B	
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Conclusions	
  
•  Methodology	
  toward	
  understanding	
  strained	
  amides	
  is	
  of	
  

theore0cal	
  and	
  prac0cal	
  interest	
  
–  Understanding	
  cis/trans	
  isomeriza0on	
  of	
  amides	
  in	
  pep0des	
  	
  
–  Insight	
  into	
  intermediates:	
  enzyma0c	
  cleavages,	
  amide	
  addi0on	
  reac0ons	
  

•  Natural	
  Products	
  
–  Schmidt	
  methodology	
  oxen	
  contrived	
  
–  More	
  steps,	
  oxen	
  circuitous	
  transforma0ons	
  

•  Reac0on	
  Scope	
  
–  Impressive	
  selec0vity	
  for	
  bridged	
  versus	
  fused	
  in	
  many	
  cases	
  
–  Tether	
  length	
  is	
  a	
  major	
  limita0on	
  

•  Overall,	
  a	
  good	
  lesson	
  on	
  choosing	
  a	
  research	
  problem	
  
–  Curiosity	
  versus	
  applica0ons-­‐driven	
  research	
  

49	
  


