The Thin Red Line

Acidity and Activity in Silicon-Thiourea Catalysis

Giellen
AG Seminar

17.06.2011

Gergely Jakab

Institut fir Organische Chemie
Justus-Liebig-Universitat
35435 Gielen, Germany




Introduction

14 Irel)

Highlights

» Rearrangement of epoxides

* Structure & reactivity

* Search for chiral application



Introduction

An interesting observation

O
‘ i MgBr, RMgBr OH

Unexpected sideproducts!

[1]N. G. Gaylord, E. I. Becker Chem. Rev. 1951, 49, 413
[2] H. O. House J.Am.Chem.Soc. 1955, 77, 3070.



Introduction
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The more stable cation 1is
favoured, substituents of the
other carbon atom will migrate

R. E. Parker, N. S. Isaacs Chem.Rev. 1959, 59, 737.

Acid catalyzed rearrangement of epoxides

R3
\ R4R3
oﬁ/kR‘l
R?
Often low selectivity
" F

e Solvent

* Temperature
e Lewis-acid
 Substituents



Introduction

Rearrangements via Alkyl-shift

o Cr(TPP)OTf ?
y OTBS > .
DCE < \—OTBS
83°C, Sh
99+% ee 99+% ee; <2% ketone

Ph Al and B complexes also favouring alkyl shift:
bulky catalyst is a prerequisite
i ‘Ph\
Even the counter ion
Ph plays an important role

K. Suda, T. Kikkawa, S. Nakajima, T. Takanami J.Am.Chem.Soc. 2004, 126, 9554.



Introduction

o L 8

Rearrangements via H-shift

10 min
96% 1solated yield,
no aldehyde detected
O
: R . R7OP—R'
Supports H-shift: R
Bi, Ir, In, V, Er, Fe, Cu Ar Ar

No reaction in the absence of B-H

S. Kulasegaram, R. J. Kulawiec J.Org.Chem. 1997, 62, 6547.



A new approach

Radim and the silicon

DIPEA 10% Ph

SiCl, 5% CHO
[ : ; 2
CFs rt 18h
Ring opening when a
nucleophile 1s present

* Polar aprotic solvents:
DCM, Chloroform, Acetonitrile

Fsc NMR AR EEMBCABES urements
supggg;lgqglg)roposed structure

c.*-‘b. - Sslestivg G3shifb ugn

'y halohydrine formation
Cl
Reﬂanmnent

R. Hrdina, C. E. Miiller, R. C. Wende, K. M. Lippert, M. Benassi, B. Spengler, P. R. Schreiner J.Am.Chem.Soc. 2011, 133, 7624.



A new approach

The case of enantioenriched starting materials

o Ir 5% load CHO
Me H - &Pr
o DCM, 1h Me” %o

CF3 CF3
95% ee 93% ee, 86% yield i S i
FsC NJ\N CF3
Pr, H \ /
)éo----s.i <«
ve °

Pr 5% load CHO Ph cl :é|

(@)
H -
Ph7l>l- DCM, 18h Ph” ‘ME’ Six valent silicon
Me as active species

79% ee 76% ee, 85% yield
only 3% ketone

Enantiopurity increases over conversion!

R. Hrdina, C. E. Miiller, R. C. Wende, K. M. Lippert, M. Benassi, B. Spengler, P. R. Schreiner J.Am.Chem.Soc. 2011, 133, 7624.



Search for chiral catalysts

Binaphtyl amine framework 1.

(P

s oey
NH  THF s)_ NH

@»Cﬁ,

F3C
g T\ 1: 69% overall yield
el
N &CI
.,.:fsi"“"oﬂ |
)’N CF3 Rearrangement reaction: x
S 11% conversion after 3 days (10% load)

C. Rampalakos, W. D. Wulff Adv.Synth.Catal 2008, 350, 1785.



Search for chiral catalysts

(L, aes oo

oo

F3C

2: 47% yield

C. Rampalakos, W. D. Wulff Adv.Synth.Catal 2008, 350, 1785.

e s)rNb*% oo

Binaphtyl amine framework 2.
F3C

S CF3

(™

CF3

FaC
3: 48% yield
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Search for chiral catalysts

Binaphtyl amine framework 2.

F3G
‘0 S CF3
oW,
NH
NH NH
k—NH
RaSteoey™
3
S
Fal CF3
2 3
F3C
Catalyst? Base (DIPEA)  SiCl, Conversion (GC)
2 l eq 1l eq 12%
2 2 eq 1 eq 13%
3 4 eq 1 eq 10%
3 4 eq 2 eq 28%

210% load, r.t., DCM, 18h
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Search for chiral catalysts

CF5

QL

3

CF3

oS NeW

Catalysts from the shelf 1.

CFs
o8 Vel
Y "N” N CFs
s 1 H
FsC NH
5
CFj
Catalyst2 Conversion (GC)
4 8%
5 11%
6 10%

5% load (10% DIPEA, 5% SiCl,), r.t., DCM, 18h

12



Search for chiral catalysts

HQ/%
\Q, 3

CF3
S.._NH
Y H K

HI\__I:N NQ,CFs

CF3

/ N
N
é :
_o \ S
-5
N
.
FaC CF
H

Catalysts from the shelf 2.

Catalyst2 Conversion (GC)
7 trace
8 10%

5% load (10% DIPEA, 5% SiCl,), r.t., DCM, 18h

13



Window of opportunity

Testing slightly different thioureas

R1

R3 R? R3
c O — O
R2 NH, SCN R4 THF  R2 NN R4

73-93% vyield

Catalyst RI R2 R3 R4 Conversion (GC/NMR)
9 H H H H 11%
10 CF; H H H 26%
11 CF; CF; H H 71%
12 CF; H CF; H 75%
13 cil Cc1 1 c 80%
14 NO, H NO, H 93%
15 CF; CF; CF; H 99+%
16 CF; CF; CF; CF; 95+%

14



Window of opportunity

Performance related to N-H chemical shifts

Spectra were obtained in d,-DMSO

NO, NO,
o8 Ne
N)LN
100% - H H \.15
. ’
CFs oFs 1, 16
80% - s /@ ® 3
QNJLN _>: 12
o H H 11
,% 80% - oFs
: Q.
g 40% - s N)LN’O
@\ X /O HOR N
20% A * 0
1 1
\0

0%

6.0 6.5 7.0 7.5 8.0 &85 2.0 25 10.0 105 11.0
Chemical shift of less acidic N-H (ppm)

15



Window of opportunity

Previously tested chiral catalysts

[rel]

e QAL |
0 QLD |

e JUJMJL
SO L

8 [Ppm]
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Window of opportunity

Mild nitration of aromatic amines

N 1 N
H2 NH4N°3' TFAA O NH Na,CO4 He NO,
CHC, rt., 1h NO, MeOHH,0
rt,
75% overall yield,

small amounts of para-
and dinitro derivative

NO,

OO, e, O

L

NH> Z NH> At least 5 isomers!
9¢ Q)

NO,

J. V. Crivello J.0Org.Chem. 1981, 46, 3056. 17



Start from sketch

Designing a new framework

Requirements:
e Sufficient acidity
 Available enantiopure starting material

* Derivatization in late stage of synthesis

"

CF3
L0
J\N CFs
H
n=1,2
R: Et, iPr, Ph, 1Bu

18



Start from sketch

The synthetic route

g% L, = e =

n=1,2
R: Et, 'Pr, Ph, 'Bu

19



Start from sketch

Proof of concept
CF4
. — A
SCN CF3
n n
n=1,2 17:n=1;70% yield

1
||

) 18: n=2; 92% yield

1 18 JL
| S L Jﬂ\
Catalyst? Conversion (GC)

‘1 17 JL
- 17 52%
| M jt A

C 18 61%

5% load (10% DIPEA, 5% SiCl,), r.t., DCM, 18h

10

1 10 i
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Start from sketch

Oxidation of the benzylic position

Ac,0 j’j\ KMnO, i e
NHy Comes N > N — NH,
EtOH H acetone/H,0 H H
MgSO, o o
91% 48% 72%
Overall: 31%
BOC,0 KMnO
NH Boc \-BOC ‘. N-BOC
2 THF H acetone/H;0 H
MgSO, o
quantitative yield 32% (+10% dioxide)

P. Nguyen, E. Corpuz, T. M. Heidelbaugh, K. Chow, M. E. Garst J.Org.Chem. 2003, 68, 10195. 21



Start from sketch

CBS cat.
BHs-DMS
N e
Mz THF N,
o OH
FaC
CF3
CF,
"
N oH
CFs

Enhanced separation properties

Z. Dalicsek, F. Pollreisz, T. So6s Chem.Commun. 2009, 7587.

Asymmetric reduction

Key step of synthesis! Stereoselectivity?

S. o
(9\ NH2V g\ﬁj\ok
(o) (o)
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Summary and Outlook

» Synthesis and investigation of various T1 analogues
 Study of N-H acidity and reactivity relationship
 Design of two chiral platforms

* Proof of concept experiments

Results and future plans

23
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