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The ideal chemical process is that which a
one-armed operator can perform by pouring
the reactants into a bath tub and collecting
the product from the drain hole.

-Sir John Cornforth



A Catalysis Dogma

Only Metal Complexes and Enzymes can be Asymmetric Catalysts.

\ WILEY-VCH
Nicolaou - Sorensen

Classics
in Total Synthesis

Targels, Strategies, Methods

"In a catalytic asymmetric reaction, a
small amount of an enantiomerically
pure catalyst, either an enzyme or a
synthetic, soluble transition metal
complex, is used to produce large
guantities of an optically active
compound from a precursor that may
be chiral or achiral."



About Half of all Known
Enzymes are Metal-Free



Metal-free Catalysis of the Direct Aldol Reaction in Nature
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Shibasaki's Direct Asymmetric Aldol Reaction

o j)\ Cat’ (20%) O OH
+ > z
RlJ\ H”  R? THF, -20°C RlJ\/\RZ
72-277 h

R Y

53% Yield, 73% ee 28% Yield, 52% ee 71% Yield, 94% ee 59% Yield, 54% ee

“Li

Shibasaki et al., Angewandte Chemie 1997 Masakatsu Shibasaki



The Hajos-Parrish-Eder-Sauer-Wiechert Reaction

O @) (S)-Proline
(3 mol%)

>
99%

O Enantiogroup
Differentiating

O

Enamine Mechanism?
(Jung, Eschenmoser, Agami)

Hajos, Parrish DE 2102623, July 29, 1971

o) O

H+
—
@) @)

OH
93% ee

O

Wieland-Miescher-Ketone
(71% ee)

Eder, Sauer, Wiechert DE 2014757, Oct. 7, 1971



The Proline-Catalyzed Direct Asymmetric Aldol Reaction

@) (S)-Proline
O O OH
(5-30 mol%)
Rl& i )J\ 3 > 1M 3
H R RT R - R
2 -
R R2
exs.
O OH
O OH O OH O OH List*, Lerner, Barbas
M JACS 2000, 2395;
List et al. Org. Lett 2001,
573.
97%, 96% ee 81%, >99% ee 62%, 72% ee 31% , 67% ee

O OH O OH O OH O OH |
W List et al. JACS
: ; H _ 2000, 7386;
OH

= JACS 2003, 2475.
OH

68%, >20:1 dr 41%, 7:1 dr 62%, >20:1 dr 38%, 1.7:1 dr
96% ee 86% ee >99% ee 97% ee

O OH

List et al. Angew. Chem.
Int. Ed. 2003, 2785.

MacMillan et al.
H : JACS 2002, 6798.

82%, 24:1 dr, >99% ee 95%, 10:1 dr, 99% ee



Mechanism of the Proline-Catalyzed Aldolization
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The Enamine Catalysis Cycle
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Other Electrophiles (X=Y)

i o S g wew
)k + OHC.__i-Pr 2_ Mi'Pr List JACS 2000, 9336-7.
90%
93% ee
OHC BnOL~\ (S)-Proline NHCO,Bn
ﬁ + $ > OHC._ _N. List JACS 2002, 5656-7.
n-Bu N ~CO,Bn 94% 7 "CO,Bn Also see: Angew. 2002, 1868
n-Bu
97% ee
Ph< S)-Proline Zhong (MacMillan, Hayashi,
OHCw + Ihl ( ) > OHCYONHPh Cordova) 2003
n-Pr O 71% n__Pr
99% ee

Ph
OHC 0 N Ph 3

N H  OMe OHc\r/\v)L\
+ NN - Gellman 2005
L . -

Et
97% ee




Enamine Catalysis of Nucleophilic Substitution Reactions

-All previous reactions were nucleophilic additions. Alkylation is first example of a nucleophilic substitution.

O ‘\Meo O O Ph’Q’IPh
N l O tBu t-Bu H O
I H” . *BzQH Br
! H H OH C Y + —_— H
C BnO,C:. > BnO,C" B : 87%

i-Pr
BnO,C 94% BnO,C -Pr Br’ Br
96% ee
/ 95% ee
@) 3
o Cl cl N - TFA o O H BzOH
C Cl Bn N N—I * I
]G T Ae [ - G =
Cll H Cl Cl 71% 0 i-Pr 5 78% I-Pr
e Cl X 89% ee
95% ee
Ar N \HAr
O—QOTMS . ) N Ar
o) PhO,S, N Ar N 0 N~N H otms @
N + - H F \ .
| N-F ——— H + S —_— S_Ph
F| H ' g S| H H ~
PhO,S 95% ( 81% .
Pr .
Pr I-Pr Ph I-Pr
96% ee 98% ee

Alkylation: Vignola, N.; List, B. J. Am. Chem. Soc. 2004, 126, 450-451. Chlorination: (a) Brochu, M. P.; Brown, S. P.;
MacMillan, D. W. C. J. Am. Chem. Soc. 2004, 126, 4108-4109. (b) Halland, N.; Braunton, A.; Bachmann, S.; Marigo, M.;
Jargensen, K. A. J. Am. Chem. Soc. 2004, 126, 4790-4791. Fluorination: (c) Beeson, T. D.; MacMillan, D. W. C.; J. Am. Chem.
Soc. 2005, 127, 8826-8828. (d) Steiner, D. D.; Mase, N.; Barbas, C. F., lll. Angew. Chem. Int. Ed. 2005, 44, 3706-3710. (e)
Marigo, M.; Fielenbach, D.; Braunton, A.; Kjeersgaard, A.; Jgrgensen, K. A. Angew. Chem. Int. Ed. 2005, 44, 3703-3706. (f)
Enders, D.; Huttl, M. R. M. Synlett 2005, 991-993. Bromination, lodination: Bertelsen, S.; Halland, N.; Bachmann, S.; Marigo,

M.; Braunton, A.; Jgrgensen, K. A. Chem. Comm. 2005, 4821-4823. Sulfenylation: Marigo, M.; Wabnitz, T. C.; Fielenbach, D.;
Jargensen, K. A. Angew. Chem., Int. Ed. 2005, 44, 794.



The First Proline-Catalyzed Asymmetric Mannich-Reaction

O H,N (S)-Proline O  NHPMP
N ‘ji , 2 5-35 mol% e
RY H” RS ~  RUYTR
OMe DMSO :

R2 R2
wP O NHPMP
56%, 70% ee 80%, 93% ee

(Reaction in Acetone)

NHPMP _PMP

90%, 93% ee
(Reaction in Acetone)

92%, >20:1 dr, >99% ee 57%, 17:1 dr, 65% ee

JACS 2000, 9336-7. JACS 2002, 827-33. Synlett 2003, 1903-5.



Proline-Catalyzed Mannich-Reaction of Aldehydes

0O o H,N l. (S)-Pro(!me NHPMP
+ J\ + 10 mol% :
H 5 > NN R2
H R i NaBH HO : R
R1 OMe 1. NaBH,4 1

NAPMP NHPMP NHPMP

HO : HO : HO = | X
= /: = _N

90%, dr >95:5, 98% ee 85%, dr >95:5, 97% ee 84%, dr >95:5, >98% ee

NHPMP

Ho/\_/w Y. Hayashi et al. Angew. Int. 2003, 3677.

70%, dr >95:5, 96% ee



Proline-Catalyzed Mannich-Reaction of Aldehydes

0 PI\/IP\N (S)-Proline NHPMP
5 mol% :
+ -
> OHC
HJ\ HJ\COZEt . " Co,Et
R Dioxane R
2-24h
R Yield® dr  ee?
i-Pr 81%  >10:1 93%
(19:1)°
Me 72% 1.1:1 99%
(3:1)°
Et 57% 1.5:1 99%
(7:1)%
n-Bu 81% 31 99%
(>19:1)°
n-Pent 81% >18:1 >08%
(>19:1)°

Barbas et al. JACS 2002, 1866.



Anti-Selective Mannich-Reaction of Aldehydes

@) PMP\N Cat. lI NHPMP
0.2-5 mol% :
+ L OHC_ -
H)H 2 > 2
. H™ COzR Dioxane \(\COZR
5 0.5-22h R
catalyst time
R? R? (mol %) (h) % vield® antilsyn® % eed
Me Et 1 0.5 03 13/1 =099
Me Et 0.2 22 82 11/1 07
NHTY Bu Et 1 4 03 >20/1 99
Bu Et 0.5 8 02 =20/1 07
Bn Et 1 4 02 11/1 =99
NH i-Pr Et 2 0.5 93 >20/1 >99
-Bu Et 5 16 42 =>20/1 =99
i-Pr allyl 2 0.5 09 16/1 =99
i-Pr -Bu 2 0.5 09 16/1 =99

Cat. 1

Maruoka et al. JACS 2005, 16408.



Proline-Catalyzed Mannich Reaction with N-BOC-Imines

(S)-Proline

S
lt
;

H R? (cat.) = =

Would be a powerful reaction for the synthesis of 3?2-amino acids



Proline-Catalyzed Mannich Reaction with N-BOC-Imines

(S)-Proline

H)S + L T ~ H~ Y Tph 84% Yield, >99:1 er, >99:1 dr
H  Ph E =

Bu CH3CN Bu

Product precipitates from the reaction mixture!

?' ; 1Dat.8 Chi —— ey B 1DetAChi
150 i o %
{ M 150-|
100-| ] {
100-| |
50| | {
| S50+
L=} ™
£ :
A = - | | &
] S o SN T 0 | b L . | —
0 : 10 20 0 40 50 e ' 10 20 an a0 50
min min

rac-Proline, rt (S)-Proline, 0°C



Proline-Catalyzed Mannich Reaction with N-BOC-Imines

9] Boc (S)-Proline ') I;lHBoc

"N (20 mol%)
P - W

H R2 CH3CN, 0°C
8-12 h

OMe
91%, >99:1 er, >99:1 dr 88%, >99:1 er, >99:1 dr 80%, >99:1 er, >99:1 dr
O NHBoc O NHBoc
H : //
i-Pr O
82%, >99:1 er, >99:1 dr 74%, 98:2 er, >99:1 dr <5% 73%, >99:1 er

For one example with a ketone, see: Enders et al. Synthesis 2006, 2155



Proline-Catalyzed Mannich Reaction with N-BOC-Imines




Proline-Catalyzed Mannich Reaction with N-BOC-Imines

O  NHBoc _ O NH,"TFA
R i. NaClO, NaH,PO,4 R

: HO :
= ii. TFA, CH,Cl, :

95%, >99:1 er, >99:1 dr

[0]p2° (HCl-salt) = +4.7 (c 0.91, H,0)
lit.5 [a]p2° (HCl-salt) = +1.7 (c 1.06, H,0)



Enamine Catalysis

N
= 1 OYO
- i
R “H-
0 Y f\'('ﬁ\ 4
I X ‘3
’)J\Rl X L R2 ]
> “H.O Brgnsted Acid
R 2 Catalysis
CO,
O‘CO H + HZO N
- H\ /X
T Y %Rl
Lewis Base R?
Catalysis
O



Enantioselective Specific Brgnsted Acid Organocatalysis

HO HO
OTMS
:@ 1 (10 mol%) :@
N - HN

+ %\oa
tol. -78°C “___CO,Et
o 24h Ph™ "7
1 eq 1.5 eq quant. =

dr 87:13, 96% ee

Akiyama et al. Angew. Chem. Int. Ed. 2004, 1566.

@)
\-BOC ) Pl n-BOC
> < A
Ph)LH . CH,Cl, RT R ¢
€q 1.1 eq
95% ee

Terada et al. JACS 2004, 5356
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Developing a Catalytic Asymmetric Pictet-Spengler Reaction

In Nature: Pictet-Spenglerases

CH3CHO
Enzyme-H
| - N ’ |
N«

NH2 N / N\

No chemical direct, catalytic asymmetric Pictet-Spengler reactions have been described



Developing a Catalytic Asymmetric Pictet-Spengler Reaction

In Chemistry: Acyl-Iminium lon Pictet-Spengler Reaction

I. RCHO Cat (5-10%)
ii. AcCl Et,0
| > | + > |
NH, 2,6-lutidine N 78 -> -60°C
H

N._O
N ~ \f N N O
H (1eq) 5 H .
R Yield ee
)\ ~L 0 nPent 65% 95%
: Py CH,CH(CH3), 75% 93%
NWAN N CH,CH,OTBDPS 7% 90%
)/\ | | Ar low reactivity -
O H H

Cat Jacobsen et al. JACS 2004, 10558.



Developing a Catalytic Asymmetric Pictet-Spengler Reaction

H TFA (1 eq)

CH2C|2 rt

(>90%)

Aldol Condensation

CO,Et EtCHO CO,Et
COZEt COZEt
TFA (1eq)
CH,Cl, 1t

(>90%
Pictet-Spengler-Reaction




Developing a Catalytic Asymmetric Pictet-Spengler Reaction

COzEt  Cat (20 mol%) CO,Et
| COZEt N32804 | i COZEt
NH> N NH

H Tol., rt, b :
+ EtCHO 1-3h Et
Catalyst R Yield [%] ee [%]
H a 91 5
NO,
E©/ b 80 14
CF3
SosJNCUNNL I
O\ //O - CF3
P

/ TOH
¢ AN ORNTIE
R
i-Pr i-Pr
g@/f 90 66




Developing a Catalytic Asymmetric Pictet-Spengler Reaction

MeQO
MeO COEt
CO,Et TRIP (20 mol%) —CO,Et
| CO,Et + RCHO =
N NH, CH,Cl,, Na,SOy,, -10°C, 3-6d
H
R Yield ee
Cy 64% 94%
Et 96% 90%
p-O,NCgHa 98% 96%
3,3'-bis-(2,4,6-tris-isopropylphenyl)-1,1-binaphthyl With Jayasree and Abdul Seayad

hydrogen phosphate (T RIP) JACS 2006, 1086-1087.
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Brgnsted Acid-Catalyzed Reductive Amination




Bragnsted Acid-Catalyst Screening

R
PMP 2 (10 mol%) -PMP Oe
HN
N 3 (1.4 equiv) 0P
N
- O OH
©)\ CHZC'QI RT ©)\ OO

1a 4a R
2
Entry R Conversion [%4] (1) ee [%]
1 H 2a 58 (6h) 6
| =
2 - 2b 59 (17h 40
=
3 5 P 2c 34 (17h) 44
4 S 2d 80 (17 h) 51
}‘1. -
5 2e 10 (20 h) 32
6 2f 7 (20h) 30

2h 4 (22h) n.d.B

iPr iPr
9 “-3@/ 2i 10 (20 h) 81

7 ;@ 2g 28 (17h) 65
;@




Organocatalytic, Asymmetric Reductive Amination

PMP-NH,, MS 4A, Toluene, RT, 9 h; then

H H
EtO,C CO,Et
TRIP N

1 mol% I _PMP
( ) H HN

1.4 eq

Toluene, 35°C, 71h, 98%
93% ee

I [ :/OMe ﬂ
OMe 7 L A
HN s

HN

W/k

80%, 90% ee 88%, 92% ee

Sebastian Hoffmann

Hoffmann, Seayad Angew. Int. 2005, 7424.



Organocatalytic, Asymmetric Reductive Amination

E EtO,C CO,Et
OO o

o SiPhg
PMP-NH, (1 eq), MS 5A, C¢Hg, 50°C, 96 h
87%
3eq

MacMillan et al. JACS 2006, 84-86.

I (20 mol%) CF4 1.4 eq

MS 5A, CgHg, 60°C, 96 h, 76%

Ruping et al. OL 2005, 3781;

_PMP
HN

94% ee

-PMP
HN

74% ee



Organocatalytic, Asymmetric Reductive Amination

Extension to Aldehydes

o HoNR® NHR®

PN

a-branched
chiral amines

Rl “R2 [H] R “R2

1
Rl\)l\ H2NR3= K ﬁ*/\NHR3 B-branched
H 2
R

[H] chiral amines



Organocatalytic, Asymmetric Reductive Amination

Dynamic Kinetic Resolution

O
Rl\)L + H2NR3 1% _— Rl _— Rl
o -H>0O
1 /&racemlzatmn
H.*.R3
N

HX* S A
H

R* 2
N NHR3 R
R2

3
H H
EtO,C.__~~_-CO,Et EtO,C____CO,Et
N N
H



Organocatalytic, Asymmetric Reductive Amination

Catalyst Screening

Cat (10 mol%)
Ph _CHO H2N Hantzsch Ester o, (R)
T ¥ \©\ (L2eq) _ Y ONHPMP

OMe dioxane, 50°C, -
(H,NPMP) 72h

Catalyst R Yield [%] er
a H - 0

b 31 48 57:43

|OO C 72 55:45
O\ O }?_
_— /
O
OO d icL 55 60:40

e %, SiPhg 7 61:39

i-Pr i-Pr
f :g;j/ 50 84:16




Organocatalytic, Asymmetric Reductive Amination

Ri_CHO 3
YT T+ HAR
R2

SO

7 'NHPMP NHPMP 7 'NHPMP
87%, 98:2 er 88%, 99:1 er 89%, 97:3 er
\ = -
92%, 99:1 er 78%, 97:3 er 77%, 90:10 er

Sebastian Hoffmann, Marcello Nicoletti



Hydrogenation in Nature

Ho H ¢ HQ
N C.
fj/c NH, | ~ NH,
+
— O—CH
O C‘ EO«T A ‘4£044T
_O/I —O/I
0.9 H H 0.¢ H H
Sp OH OH —— R OH OH
_ / _ /
O o—cH Adenine O o0-cH Adenine
HHEO\H\ H-0-H
H H H| )H
OH OH OH OH
reduced nicotinamide nicotinamide adenine dinucleotide
adenine dinucleotide (NAD™)

(NADH)



Concept of an Organocatalytic Conjugate Reduction
of a,B-Unsaturated Aldehydes

\+/

hs oy

Rt
o

H

Hantzsch esters as
Chemist's NADH



A Metal-Free Transfer Hydrogenation of a,-Unsaturated

Aldehydes
R 1 (1.1 eq) R
R,)\/CHO 2 (5 mol%) _ R,)\/CHO
THF, rt, 5-6 h
CHO

NO, 94%
CHO

O
N
Z g

96%

NC 93%
Bn\I:I,Bn CHO
H. CF3CO,
22 Me,N 81%

CHO

¥

BnO 92%
CHO

-

MeO 92%

CHO

CHO
@)
90%
CHO
94%
O5N
AN _-CHO Jung Woon Yang

List et al. Angew. Int. 2004,
6660. (Highlighted in Nature,
Angew., and C&EN)

86%
MCHO

92%



Organocatalytic Conjugate Reduction of a,B-Unsaturated
Aldehydes

-A Metal-Free Catalytic Asymmetric Transfer Hydrogenation

0 Ph
H
’ | 1 (1.02 eq)
| _H,0 Ar LEs
Ar 5 MeOZC = COzMe
2 ]
(1 eq) Q / o) N
Dioxane, N N/ 7
13°C, 48h . )\é //%
+
N N)\é
Ph H H Ph
TCA 3 H
(10 mol%) TCA
Ar
+ Hzo 6
Ar er
(a) Ph 95:5 O
(b) 4-NCCgH, 98:2
(c) 4-NO,CgH, 97 : 3 H _
(d) 4-BrCgH, 97 - 3 Lls_t et_ al. Angew. Int. 2005, 108.
(e) 4-F3CCgH, 97:3 Ar (Highlighted in Nature, Angew., and
(f) 2-Naphtyl 96 : 4 4 C&EN)

77-90% Yield



Developing a new Strategy for Asymmetric Catalysis

[ III | Cat |
=+
-+
Substrate\/’ Substrate Substrate\_/> Substrate
X*_ B X*_
HX* Chiral lon Pair catx* Chiral lon Pair
A [ AC[E
+
=+
Product ProduEt Product Product
L X* i i X*_ ]

Asymmetric Brgnsted Acid Catalysis = Asymmetric, Counteranion-Directed Catalysis

Asymmetric Brgnsted acid catalysis may be a special case of a far more general catalysis strategy:
Asymmetric, Counteranion-Directed Catalysis (ACDC)



Asymmetric, Counteranion Directed Catalysis:

X
©/\ + PhINTs

Previous Attempts

Cat. 1

(3 mol%)

86% vyield, 7% ee

B. A. Arndtsen et al. OL 2000, 2, 4165-4168.

Ph

+ OXONE

Cat. 2

(5 mol%)

Ph

69% vyield, 0% ee

J. Lacour et al. TL 2002, 43, 8257-8260.

Other attempts by A. Nelson and A. Pfaltz

Cat. 1

cl
Cl c
Cl o) Cl
cl 07| 0
/P\
Cl O | o)
cl 0 Cl
sl
cl



Asymmetric, Counteranion-Directed Catalysis:
Application to Iminium Catalysis

R
U o~
0.0 N

CHO P

/7 \ -
X 994 ﬁ )
R
\f R R
Chiral lon Pair

R Nu-H
L
0 0 N~

N
X - H,

L

R R
OO0
CHO O _.O N
/P\ =
* O O H
: Ik
Nu
R Ry

u




Asymmetric, Counteranion-Directed Catalysis:
Catalyst Synthesis and Screening

MeOZC COzMe
CHO | CHO
Model Reaction: /@)/\ H /@j
O,N Cat. (20 mol%) O,N

Dioxane, 50°C, 24h

0,
+
Et,0, RT 00 SN

Catalyst Synthesis:

R'\N/R'
H

1 (60%, 12% ee)

2 (78%, 47% ee)

3 (62%, 89% ee) 4 (90%, 99% ee)



2 MeOZC/\f'\ICOZMe
I- N i-Pr
. H
J/\ 1 (20 mol%) 4 (1.1 eq) J/CHO
R B 0,

Dioxane, 50°C, 24h Ar

CHO

/@)/CHO /@)/CHO /@)/
NC 02N Br F3C

98:2 er 99:1 er 99:1 er 98:2 er 99:1 er 199:1 er

CHO CHO CHO



Asymmetric, Counteranion-Directed Catalysis: Citral

CHO CHO
| Hantzsch ester (1.1 eq) )
Catalyst (20 mol%) Y

| THF, r.t., 24h

(R)-Citronellal

Previous Catalysts:

N
+
N
Ph Ha
TFA
30:70 er 30:70 er
95:5 er
(highest so far achieved for
hydrogenation of Citral)
1 (20 mol%)
Hantzsch
ester (1.5 eq)
N N Xx._CHO > N N CHO
THF (R)
Farnesal 20°C, 96h

77% 96:4 er



Asymmetric, Counteranion-Directed Catalysis:
Ketone Substrates

EtO,C CO,Et Catalyst salt
II (20 mol%)
1,4-dioxane,

60°C, 48 h

O
j\:N *TFA

Bn

j: )—=tBu ACDC-Catalyst:
*TFA

Bn
<30%, <57:43 er

MacMillan Catalysts

Pom el

40%, 75:25 er




Asymmetric, Counteranion-Directed Catalysis:

Ketone Substrates

Catalyst salt
(20 mol%)

EtO,C CO,Et
P

N 1,4-dioxane,
H 60°C, 48 h

I-Pr

<

0
pC ™ HgN._COt-Bu

o O 2
-Pr I-Pr

I-Pr

Catalyst-Cation -Anion Conv. [%] er
+
NH3
Me/\COZt-Bu CF3CO0 23 75:25
+
NH3 _
: CF3;C00 66 77:23
i-Pr” > CO,t-Bu
"NH3
2 CF;CO0 72 76:24
t-Bu” CO,t-Bu 3
+
NH3
: CF;CO0 42 64:36
t-Bu” CO,Me 3
CIOX.
"NH3 Q o
= R) - 25 87:13
c N ,P\ -
i-Pr COZt-BU OO 9] (@)
R
N R = Ph
NH3
: R = 2,4,6-(i-Pr)3CgH 14 95:5
i-Pr/\COZt-Bu (-PrsCeHtz
+
NH3
R R = 2,4,6-(i-Pr)3CsHo 81 97:3
i-Pr” > CO,t-Bu
+
NH3
R = 2,4,6-(i-Pr)3CsH 66 7426
COt-Bu (i-Pr)3CeH2
H R = 2,4,6-(i-Pr)3CgH, 5 40:60
+
NH3 .
H R = 2,4,6—(|—Pr)3C6H2 45 58:42

i-Pr/\COZt-Bu (S)-Enantiomer

in Bu,O

in Bu,O

in BUzo

in BUzo



Highly Enantioselective Transferhydrogenation of Enones

R

R= Me

R=Et

R=1i-Bu
R=1i-Pr
R=CH,CH,Ph
R=Ph

R?2 RS
Yield [%] er
99 97:3
98 08:2
89 098:2
94 99:1
99 08:2
99 92:8

I-Pr
@) o +

o O -
i-Pri-Pr

P _HgN ~COt-Bu

\J

(5 mol%)
I-Pr
HE (1.2 eq), Bu,0O, 60°C
48h
0O
R Yield [%] er
R= Me 78 99:1
R=Et 71 98:2
R=CH,CH,Ph 68 98:2

R= CO,Et
R= Ph

Yield [%]
>99

>99
81

er
98:2

92:8
85:15
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