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!  Selected	
  topics	
  

Iminium	
  Enamine	
   Lewis/	
  Brønsted	
  Base	
   Brønsted	
  Acid	
  

All	
  of	
  these	
  topics	
  are	
  of	
  direct	
  relevance	
  to	
  contemporary	
  synthe7c	
  chemistry	
  

This	
  is	
  a	
  very	
  selec7ve	
  treatment	
  of	
  topics	
  	
  
that	
  are	
  not	
  a	
  focus	
  of	
  most	
  undergraduate	
  courses	
  

N N O
P
O

Ar

O

OH

Ar

N

N Me

O Me
Me

Ph

R
Nu:

N

N Me

O Me
Me

Ph

R
E



!  Course	
  outline	
  and	
  contents	
  

1.	
  General	
  considera7ons:	
  types	
  of	
  reac$on,	
  scope	
  and	
  focus	
  of	
  this	
  (truncated)	
  course	
  

2.	
  N-­‐heterocyclic	
  carbenes:	
  This	
  course	
  will	
  focus	
  on:	
  

	
  (i)	
  background	
  and	
  history	
  of	
  carbene-­‐mediated	
  reac$ons	
  

	
  (ii)	
  applica$on	
  in	
  catalysis	
  (both	
  asymmetric	
  and	
  racemic	
  examples)	
  

This	
  is	
  a	
  very	
  selec7ve	
  treatment	
  of	
  what	
  is	
  a	
  large	
  and	
  complex	
  area:	
  the	
  
aim	
  is	
  to	
  focus	
  on	
  contemporary	
  developments	
  in	
  (mostly)	
  cataly7c	
  
reac7ons	
  and	
  understand	
  how	
  and	
  why	
  these	
  processes	
  are	
  effec7ve	
  



!  N-­‐Heterocyclic	
  Carbenes	
  

!  What	
  is	
  a	
  carbene?	
  

!  Two	
  possible	
  ground-­‐state	
  electronic	
  structures::	
  

A	
  neutral	
  molecule	
  containing	
  a	
  divalent	
  carbon	
  atom	
  with	
  six	
  electrons	
  in	
  its	
  valence	
  shell	
  

C C

Filled sp2 hybridised orbital 
Empty p-orbital 

Nucleophilic and electrophilic (ambiphilic) 
Most important ground state for catalysis 

Two singly occupied orbitals 
React as diradicals 

More reactive, but less stable 
Of less direct relevance to synthetic chemistry 

Singlet	
  Carbene	
   Triplet	
  Carbene	
  

Stability	
  and	
  reac7vity	
  of	
  carbenes	
  depends	
  on	
  electronic	
  and	
  steric	
  factors	
  



!  Carbene	
  stabiliza$on	
  

!  Isola7on	
  and	
  prepara7on	
  of	
  a	
  free	
  carbene	
  

N N

H

Cl
N NKOtBu

THF

96%
Stable solid (m.p. 240˚C) 
in absence of H2O and O2 

Use bulky groups to stabilize carbene 

!  Electronic	
  Stabiliza7on	
  operates	
  in	
  both	
  σ-­‐	
  and	
  π-­‐	
  framework	
  
J. Am. Chem. Soc. 1991, 113, 361  

X
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XR

R

R1

σ-withdrawal by adjacent 
electronegative atoms stabilizes  

nucleophilic reactivity 

π-donation into empty p-orbital 
from adjacent heteroatoms  

stabilizes electrophilic reactivity 

"Push-Pull" synergistic effect stabilizes singlet carbenes 

N N

N

N NN S

N N

diaminocarbenes imidazol-2-ylidenes

1,3-thiazol-2-ylidenes 1,2,4-triazol-3-ylidenes

Aldrichimica Acta 2009, 42, 55; Chem. Rev. 2000, 100, 39  



!  NHC	
  reac$vity	
  

!  Nucleophilic	
  character	
  of	
  NHCs	
  makes	
  them	
  good	
  Lewis	
  base	
  organocatalysts	
  

Chem. Rev. 2009, 109, 3612  

X
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R2

N SR1

R2
Many variations possible – 
sterics and electronics of 
substituents are important 

!  Typical	
  modes	
  of	
  reac7vity:	
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!  Thiamine	
  catalysed	
  benzoin	
  reac$on	
  

!  1943:	
  Ugai	
  demonstrates	
  that	
  vitamin	
  B1	
  catalyses	
  the	
  Benzoin	
  reac7on	
  (unknown	
  mech.)	
  

J. Pharm. Soc. Jpn. 1943, 63, 296; J. Am. Chem. Soc. 1958, 80, 3719   

Other related salts also effective: 
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!  1958:	
  Breslow	
  shows	
  that	
  the	
  C2	
  proton	
  of	
  thiamine	
  undergoes	
  H/D	
  exchange	
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N-Heterocyclic Carbene

Suggests that 
“Zwitterion” (aka a carbene) 
is responsible for catalysis 



!  Proposed	
  mechanism	
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X
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Breslow 
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SNR

HO Ph
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This (postulated) 
intermediate acts as an 
acyl anion equivalent 

Umpolung reactivity 

All steps reversible to some extent 
No single step fully rate-determining 



!  Isola$on	
  of	
  the	
  Breslow	
  intermediate	
  

!  2012:	
  First	
  direct	
  (spectroscopic)	
  evidence	
  for	
  Breslow	
  intermediate	
  

NN Ph

O

H NN

PhHO
d8-THF

Breslow intermediate can be observed under strictly anhydrous 
conditions; requires very specific carbene 

Angew. Chem. Int. Ed. 2012, 51, 12370; Angew. Chem. Int. Ed. 2013, 52, 11158; Nat. Prod. Rep. 2003, 20, 184   

X-ray 

!  Pyruvate	
  decarboxylase	
  

3
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Cofactor mediates a range of reactions 
via a Breslow type intermediate 
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!  Asymmetric	
  benzoin	
  condensa$on	
  

!  First	
  examples	
  using	
  chiral	
  NHC	
  reported	
  by	
  Sheehan	
  (1966	
  &	
  1974)	
  

Ph
Ph

OH

O

Ph H

O

2

SN

Me
Br

O

Et3N (10 mol%)
MeOH

PhO

(10 mol%)

9% yield
22% ee

SN

Me
Br

Me

Higher ee at the expense of 
yield (6% yield, 52% ee) 

!  Other	
  thiazolium	
  salts	
  examined	
  but	
  yield	
  and	
  selec7vity	
  s7ll	
  a	
  problem	
  

SN

Me
Br

Me

Zhao (1988)
up to 30% yield

up to 57% ee

SN

Me
Cl

Me

Me

Me

Takagi (1980)
up to 20% yield

up to 35% ee

N N

S S

II

López-Calahorra (1993)
21% yield

27% ee

SN
TsO

OTBS

Leeper (1997)
up to 50% yield

up to 21% ee

Acc. Chem. Res. 2004, 37, 534  



!  Asymmetric	
  benzoin	
  condensa$on	
  

!  Breakthrough	
  using	
  enan7ometrically	
  pure	
  triazolium	
  salt	
  (Enders,	
  1996)	
  

Helv. Chim. Acta 1996, 79, 1217; J. Chem. Soc., Perkin Trans. 1 1998, 1891  

Ph
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O

Ph H

O

2 K2CO3, THF

(1.25 mol%)

66% yield
75% ee

N
NN

ClO4

PhO

O
PhMe

Me

!  A	
  bicyclic	
  variant	
  can	
  also	
  be	
  used	
  to	
  give	
  high	
  enan7oselec7vity	
  (Leeper,	
  1998)	
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80% ee

N
NN

Cl

Ph

O

Ph



!  Asymmetric	
  benzoin	
  condensa$on	
  

!  Evolu7on	
  of	
  bicyclic	
  triazolium	
  (pre)	
  catalyst	
  gives	
  improved	
  yield	
  and	
  enen7oselc7vity	
  

Angew. Chem. Int. Ed. 2002, 41, 1743; J. Org. Chem. 2009, 74, 9214  

!  ….and	
  incorpora7on	
  of	
  a	
  direc7ng	
  group	
  gives	
  excellent	
  overall	
  yield	
  and	
  selec7vity	
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90% ee
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Stereochemistry	
  determined	
  
during	
  
aaack	
  of	
  Breslow	
  
intermediate	
  onto	
  
the	
  aldehyde	
  

!  Stereochemical	
  ra$onale	
  (for	
  bicyclic	
  catalysts)	
  

Ph H

O

Ph H

O

Ph
Ph

OH

O

±H

±H

Breslow Intermediate

N
NN Ph

O

tBu

N
NN Ph

O

tBu

OHPh

N
NN Ph

O

tBu

OHPh

N
NN Ph

O

tBu
HO O

Ph
Ph

*

N
NN

O

O H

O

H

Me
Me

Me
Steric block

π-stacking H-bonding

Stereochemistry determined during 
attack of Breslow intermediate onto 

the aldehyde 

Stereochemistry obtained from Re face 
attack of the Breslow intermediate onto 

the Re face of the aldehyde 

However, E/Z geometry of 
 Breslow intermediate  is unknown 

 
Computational work suggests an  
alternative transition state with  

no π-stacking 



!  Crossed	
  Benzoin	
  

!  Use	
  electrophilic	
  components	
  of	
  differing	
  reac7vity	
  to	
  get	
  selec7vity	
  	
  

H

O

O

Me

O
Me

OH

N
NN

BF4

OTIPS

90% yield
84% ee

Ph

(10 mol%)
DBU (10 mol%)

PhMe, 5˚C

Ph

O

H Ph

O

CF3

N
NN

BF4

Ph

(10 mol%)
DBU (10 mol%)

THF

+ Ph

O
Ph

CF3HO

93% yield

Angew. Chem. Int. Ed. 2006, 45, 1463; Adv. Synth. Catal. 2009, 351, 1749  



!  Ste[er	
  reac$on:	
  another	
  acyl	
  anion	
  equivalent	
  

!  Intramolecular	
  Steaer	
  reac7on	
  

O

O

O OR
azolium salt
precatalyst

O

O

O OR

(20 mol%)

N N
N

PhO

O Ph

Me
Me ClO4

 R = Me 60% ee
Helv. Chim. Acta,  1996, 79, 1899

Me N
H

O
H
N

O
NHBoc

MeBnO

S
N

Et

I R = t-Bu 73% ee
Chem. Comm., 2005, 195

N N
N

C6F5

O

BF4

R = t-Bu, 94%, 97% ee
JACS 2002, 124 , 10299

!  Triazolium	
  salts	
  are	
  very	
  effec7ve	
  (pre)catalysts	
  



!  Ste[er	
  reac$on:	
  another	
  acyl	
  anion	
  equivalent	
  

!  Intermolecular	
  Steaer	
  reac7on(s):	
  Glyoxaldehydes	
  and	
  alkylidene	
  malonates	
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(20 mol%)

i-Pr2NEt
(100 mol%)

MgSO4
CCl4, -10 °C

N
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R

up to 91% ee

Ph
+

(20 mol%)

KHMDS 
(20 mol%)
toluene, rt
Ar = PMP
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Me Me
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O
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 up to 99% ee
>20:1 dr

O
Me Me

Me N
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O
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O

stereoselective
protonation

!  Desymmetrisa7on	
  of	
  cyclohexadienones	
  

J. Am. Chem. Soc., 2008, 130, 14066 J. Am. Chem. Soc., 2006, 128, 2522 



!  Alterna$ve	
  acyl	
  anion	
  equivalent	
  applica$ons	
  

!  Cross-­‐coupling	
  of	
  aldehydes	
  and	
  acyl	
  imines	
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O
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+

JACS 2001, 123, 9697 

!  Recent	
  Progress:	
  Hydroacyla7on	
  of	
  Unac7vated	
  Double	
  bonds	
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JACS 2009, 131, 14191 



!  Alterna$ve	
  acyl	
  anion	
  equivalent	
  applica$ons	
  

!  Extension:	
  Cascade	
  catalysis	
  involving	
  hydroacyla7on	
  of	
  unac7vated	
  alkynes	
  

S N Mes
ClO4
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OHK2CO3 
(10 mol%)

THF
70 ˚C

5 mol%
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JACS 2010, 132, 5970 



!  Alterna$ve	
  acyl	
  anion	
  equivalent	
  applica$ons	
  

!  Hydroacyla7on	
  of	
  arynes	
  

Angew. Chem. Int. Ed, 2010, 49, 9761 

S N Mes
ClO4

K2CO3 
(20 mol%)
KF (2 eq)

18-crown-6 (2 eq)
THF, rt

10 mol%
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!  Homoenolate	
  Reac$vity	
  

!  Principle:	
  

J. Am. Chem. Soc., 2008, 130, 2416 
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!  In	
  prac7ce:	
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!  Homoenolate	
  Reac$vity	
  

!  Homoenolate	
  equivalents:	
  mechanis7c	
  pathway:	
  

J. Am. Chem. Soc., 2008, 130, 2416 
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O
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!  Homoenolate	
  Reac$vity	
  

!  Other	
  homoenolate	
  examples:	
  

JACS	
  2008,	
  130,	
  2740;	
  Adv.	
  Synth.	
  Catal.,	
  2008,	
  350,	
  1885;	
  JACS,	
  2008,	
  130,	
  2416. 
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!  Enolates	
  from	
  NHCs	
  

!  Can	
  the	
  reac7vity	
  of	
  enals	
  be	
  controlled	
  by	
  NHCs	
  to	
  allow	
  homoenolate	
  or	
  enolate	
  reac7vity?	
  

N N
X

R R
R

OH

N X

N
R

R

R

OH

N X

N
R

R
R

O

H

H

R

OH

N X
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N X

N
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R
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homoenolate



!  Enolates	
  from	
  NHCs	
  

!  Can	
  the	
  reac7vity	
  of	
  enals	
  be	
  controlled	
  by	
  NHCs	
  to	
  allow	
  homoenolate	
  or	
  enolate	
  reac7vity?	
  

RO2C

O

H
N N

N

Mes

O
BF4

i-Pr2NEt 
(10 mol%)

toluene/THF 10:1
rt

(10 mol%)

RO2C

O

N N

N O

Mes

N N

N O

Mes

>20:1 dr
up to 99% ee

OH
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N
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N

H
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NTs

NTs
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endo [4+2] NTs

R1
O

RO2C

Ts

RO2C

H

JACS 2006, 128, 8418 



!  Enolates	
  from	
  NHCs	
  

!  The	
  base	
  (or	
  its	
  conjugate	
  acid)	
  can	
  play	
  a	
  determining	
  role	
  in	
  the	
  mode	
  of	
  reac7vity	
  	
  

PNAS 2010, 107, 20661  

O

MeO2C

O

Ph

Ph H

O

MeO2C Ph

O

(10 mol%)

DBU
(0.2 -1 eq)

N N
N

Mes

O Cl

PhMeO2C

Ph

+

99% ee
5:1 dr

up to 95% yield

CH2Cl2
40˚C

24 hours

Ph

DMAP or i-Pr2NEt
(0.2 eq)

Ph

OH

N X

N
R

R

Ph

O

N X

N
R

R

H

enolate equivalent homoenolate equivalent

99% ee
>20:1 dr

up to 98% yield



!  Enolates	
  from	
  NHCs	
  

!  The	
  base	
  (or	
  its	
  conjugate	
  acid)	
  can	
  play	
  a	
  determining	
  role	
  in	
  the	
  mode	
  of	
  reac7vity	
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R R

R
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N X

N
R

R

R
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N X

N
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R

R

O

H

R

O

N X

N
R

R

H

R

O

N X

N
R

R

H

enolate

homoenolate

N N
X

R R

H

NR3

acyl anion

H NH2R3

H NR3

acyl azolium
(activated carboxylate)

Product distribution is
determined by relative rates of

C-C bond formation and protonation
steps

homoenolates

Favoured by strong bases (DBU) 
Weaker conjugate acid 
Protonation relatively

disfavoured

enolates

Favoured by weak bases 
(DMAP, i-Pr2NEt) 

Stronger conjugate acid 
Protonation relatively

favoured

H

PNAS 2010, 107, 20661  



!  Enolates	
  from	
  NHCs	
  

!  Alterna7ve	
  Strategy	
  :	
  From	
  aldehydes	
  containing	
  an	
  adjacent	
  leaving	
  group	
  	
  

Chem. Comm. 2011, 47, 373. 
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OH

N

N
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indirect azolium 
enolate formation 

Bode, Scheidt, Rovis
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O
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stable
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N
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indirect azolium  
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!  Enolates	
  from	
  NHCs	
  

!  Applica$ons:	
  asymmetric	
  protona$on	
  of	
  azolium	
  enolates	
  	
  

JACS 2005, 127, 16406 

R
Cl Cl

O

H R

O

OPh
Cl

N N
N

C6F5

O
BF4

KH (1 eq), PhOH (10 eq) 

ArOH (1.2 eq)
18-crown-6 (0.5 eq)

(10 mol%)

R

O

Cl N N

N O

F5C6

R

O

Cl N N

N O

F5C6

asymmetric
protonation

up to 93% ee
OH

N

N
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R'

Cl

R
Cl

OH
Br Br

Me



!  Enolates	
  from	
  NHCs	
  

!  Applica7ons:	
  asymmetric	
  [4+2]	
  cycloaddi7ons	
  	
  

JACS 2006, 128, 15088; Org. Lett. 2008, 10, 3817 
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Mes

O
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Et3N (1.5 eq)
EtOAc, rt

(0.5 mol%)
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O
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N O
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>20:1 dr
up to 99% ee
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O
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O

R3

O

R2

O

R3

R1

[4+2] O

R3

R2
O

R1

R2

O

R3

bisulfite
adducts

R1K2CO3(aq) 
(3.2 eq)

toluene, rt



!  Enolates	
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  NHCs	
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N N
X

R R

OAr
OH

NX

N
R

R

NHCacylation

H

O
ArO

OH

NX

N
R

R

elimination

addition /
tautomerisation

OAr
rebound activation

enol

electrophile
E

O

NX

N
R

R

Eacyl-
azolium

O
E

ArO

O

NX

N
R

R

enolate

or

!  “Rebound	
  catalysis”:	
  Strategy	
  incorporates	
  a	
  leaving	
  group	
  that	
  can	
  regenerate	
  NHC	
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  NHCs	
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!  Applica$on	
  of	
  “rebound	
  catalysis”	
  -­‐	
  asymmetric	
  Mannich	
  reac$on	
  

rebound

(10 mol%)

NaOC6H4NO2 (1 eq)
CH2Cl2, 0˚C

N N
N

Mes

O BF4

72%, ee 95%

Ph
H

O
O

O2N
Ph

N

H

Ts

Ph

O

OAr

NH
TsBnNH2

Ph

ONH
Ts

NHBn

+
O

N X

N
R

R

Ph

N

H

Ts

O

N X

N
R

R

Ph

NH
Ts

OAr



!  Enolates	
  from	
  NHCs	
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!  Co-­‐opera7ve	
  catalysis	
  -­‐	
  can	
  a	
  Lewis	
  acid	
  and	
  an	
  NHC	
  be	
  beneficial	
  to	
  a	
  cataly7c	
  system?	
  

Ph H

O

Ph Ph

O
(10 mol%)

DBU (15 mol%)
Ti(Oi-Pr)4 (20 mol%)
i-PrOH (20 mol%)

CH2Cl2, rt

Ar = 2,6-Et2C6H4

N N
N

Ar

O BF4

PhPh

Ph

single diastereoisomer
ee 99%

+

N N
X

R R

late
metal

early
metal M-NHC

strong binding

NHC Lewis
acid

weak association
copoperative catalysis?
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!  Ra7onale:	
  

N N
X

R R

Ph

O

NX

N
R

R

Ti(OR)n

Ti(OR)4

Ph

O

NX

N
R

R

Ti(OR)n

Ph

O

Ph

organizes
reactants

Ph

O

NX

N
R

R

Ti(OR)n

Ph

O

Ph

Ph

O

NX

N
R

R

Ti(OR)n

Ph

O

Ph

O

H Ph

C-C bond 
formation

protonation/
tautomerisation/

aldol

acylation

O

O

Ph

Ph

Ph

(homoenolate)

PhPh

Ph

CO2
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!  Homoenolate	
  vs	
  cross-­‐benzoin	
  -­‐	
  a	
  mechanis7c	
  ambiguity?	
  

Ph H

O

MeO2C Ph

O
(10 mol%)

DBU
(15 mol%)

DCE, rt

N N
N

Mes

O BF4

PhMeO2C

Ph

dr 91:9
ee 99%

+

Ph

OH

O

N N
N

Mes

homoenolate
equivalent

cross-
benzoin

Ph

O

N N
N

Mes

OH

CO2Me

O

Ph

oxy-
Cope

Ph

O

N N
N

Mes

Me2OC

O
Ph

O

direct homoenolate attack

O

N N
N

Mes

OPh

Me2OC
O

lactonise and 
decarboxylation

Ph



!  Enolates	
  from	
  NHCs	
  

O
O

CCl3

N

N
HO

H

OMe

O
H

H

H CCl3

O

95% yield
98% e.e.

N

N
HO

H

OMe

O

ammonium enolate

!  Genera7on	
  of	
  enolates	
  from	
  Ketenes	
  (via	
  ammonium	
  enolates,	
  for	
  comparison)	
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!  Genera7on	
  of	
  enolates	
  from	
  Ketenes	
  (via	
  ammonium	
  enolates,	
  for	
  comparison)	
  

O

Cl
R1

O

NR3

Y/H

X

O

RO
Cl

Ar R1

O

O O

FeN

N
RO

H

N

N

R R
R R

R

or

mono-substituted
in-situ generated 
"ketene enolates"

di-substituted enolates
from isolable carbenes

For reviews 
1. "ketene enolate" chemistry 

Lectka et al. Tetrahedron, 2009, 
65, 6771

2. For ammonium enolates 
Gaunt and Johansson,

Chem. Rev., 2007, 107 , 5596

up to 94% ee
Fu et al. 

Angew. Chem. Int. Ed.,
2007, 46, 977

O
N

O

Ar
R1

Ar

ammonium enolateR1

O

RO
F

R1

O
Ar

R1

up to 96% ee
Fu et al. 

Angew. Chem. Int. Ed.,
2009, 48, 2391

N
N

O

Ar
R1

CO2Me

CO2Me

up to 93% ee
Fu et al. 

Angew. Chem. Int. Ed.,
2008, 47, 7048

up to 99% ee
Lectka et al. 

J. Am. Chem. Soc.,
2008, 130 , 17260

J. Org. Chem. 2010,
75, 969

up to 99% ee
Lectka et al. 

J. Am. Chem. Soc.,
2006, 128,  1810

O
O

R2

up to 93% ee
Nelson et al. 

J. Am. Chem. Soc.,
2004, 126,  5352 R1
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!  Similar	
  reac7vity	
  from	
  azolium	
  enolates	
  

N N
X

R' R'O
R

R'

O

N

N
R'

R'
R'

R

azolium enolate

asymmetric
catalysis
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!  Similar	
  reac7vity	
  from	
  azolium	
  enolates	
  

Org. Biomol. Chem., 2008, 6, 1108
Tetrahedron: Asymmetry, 2010, 21, 582
Tetrahedron: Asymmetry, 2010, 21, 601

Ph H

N
Ts

N
O Ts

PhPh
Ph

1 hourthen

O

Ph Ph

1.3 eq
Et2O

 90%
76% e.e.

>99% e.e.

N N

PhPh

(i). KHMDS

toluene 

0 ˚C

O
Ph

Et

CCl3H

O

10 mol%

O
O

CCl3
Et

Ph

anti

N N
N

OTBS
Ph Ph

Ph

O
O

CCl3
Et

Ph

+

syn

then

dr 75:25
ee (anti) 92%, 61%
ee (syn) 88%, 16%

BF4



!  Enolates	
  from	
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O
O

CCl3
R
Ar

CCl3H

O

ArOH

OAr

O
Ar

R
H

OC6Cl5

O
Ar

Cl
R

O
Cl

Cl
Cl

Cl

Cl
Cl

[4 + 2]

up to 60% ee
Eur. J.Org. Chem., 

2010, 5863

up to 84% ee
Adv. Synth. Cat., 
2009, 351, 3001

up to 92% ee

N
N

O

Ar
R CO2Et

CO2Et

up to 91% ee
Ye et al, J. Org. Chem.,

2009, 74, 7585

N
N

OO

COPh

Ph

R
Ar

up to 97% ee
Ye et al, Angew. Chem. Int Ed,

2009, 48, 192

N
N

R'

R'

O

N

N
R'

R'
R

Ar

azolium enolate

O

Ar1 CF3

O
O

R Ar1
Ar CF3

dr 4:1 to >20:1
93-99% ee

Org. Lett., 2009, 11 , 4029

N
Bz

EtO2C

O

N
Bz

O

EtO2C

O

Ar
R

dr up to 10:1
up to 91% ee

Ye et al,J. Org. Chem., 
2010, 75, 6973

O
NTs

Ar

O

NTs
O

Ar
R

Ar
H

up to 95% ee
Ye et al, Angew. Chem. Int Ed,

2010, 49, 8412

R' = CO2Et

R' = COPh
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