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Exploring and Exploiting New Reactivity with Novel Classes
of High-Performance Multifunctional Cooperative Catalysts
Ischia Advanced School of Organic Chemistry
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Enantioselective Bifunctional Organocatalysis

R2
HNu + Y
R‘f— chiral scaffold
" acid group for activation of
electrophile through hydrogen
R bonding interactions

X
~ v
r—N H J
t basic nitrogen for activation

t of pro-nucleophile
JRe

H
H {(\ —
\Nu )\ > l\iu Q R! upto three new stereocentres
RIAR? formed in the product

*YH

For recent selected reviews of bifunctional organocatalysis see: (a) Berkessel, A.; Groger, H. A c Or is: From
Biomimetic Concepts to Applications in Asymmetric Synthesis; Wiley-VCH: Welnhelm 2005. b) Taylor, M.’S; Jacobsen, E. N.
Angew Chem. Int. Ed. 2006, 45, 1520; c) Takemoto, Y. Org. Biomol. Chem. 2005, 3, 4299 d) Doyle, A. G.; Jacobsen E. N. Chem.
Rev. 2007, 107, 5713; e) Connon S. J. Chem. Commun. 2008, 22, 2499; (f) Dondom A.; MaSS| A. Angew. "Chem. Int. Ed. 2008, 47,
4638. (9) Melch|orre, P.; Marigo, M Carlone, A.; Bartoli, G. Angew Chem Int. Ed. 2008 47, 6138 (h) Pihko, P. M.; Rahaman H.
Bifunctional Acid-Base Cataly5|s in Enanti Or R i 1, 2011, 185- 207; (i) Glacalone, F.; Gruttadaurla,
M.; Agrigento, P.; Noto, R. Chem. Soc. Rev. 2012, 41, 2406; (j) Wende C.R; Schrelner P. R. Green Chem. 2012, 14, 1821.

A Versatile Design for a New Family of Bifunctional Catalysts
From Cinchona Alkaloids
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Rapid Synthesis of a New Family of Bifunctional Catalysts

Scope of the Dimethyl Malonate Michael Addition to Nitro Alkenes

i
H.N ‘s h o o
H,N,§s SN

o o 10%  meo OMe
X NO, e CF. NO.
MsCl, N MeOJl\/u\OMe * R T 2)0"0 R 2
_ N Et°3N = ,Cl, -
& HN3, PPhg, DEAD 75% " ) ) .
i N ~N N R time/Hr yield/% ee/%
then PPh; and HCI 2 | | _%0, | _N Ph 30 95 94
=z HyC -
cinchonine 9-amino (9-deoxy) cat4 2-naphthyl 48 83 89
epi-cinchonine TsCl, EtsN 2-Cl phenyl 30 99 94
BzCl, Et;N SCN 91% 2-Br phenyl 30 95 92
84% 3-Br phenyl 30 85 90
Im:, 0 —DRT, cF, 4-Br phenyl 48 87 920
83% 4-Me phenyl 48 82 92
NN FoC | N 3-Mephenyl 52 92 91
Hey Q SO, =N 2-MeO phenyl 30 96 97
| N 2-furyl 30 93 95
0o F cat3 2-thienyl 30 87 24
n-pentyl 72 81 87
cat 1 c-hexyl 31 82 82 (atRT)
J. Ye, D. J. Dixon and P. Hynes, Chem. Comm. 2005, 4481
(thiophenol to enones) B. J. Li, L. Jiang, M. Liu, Y. C. Chen, L. S. Ding and Y. Wu, Synlett, 2005, 603
(nitromethane to chalcones) B. Vakulya, S. Varga, A. Csampa and T. Sods, Org. Lett., 2005, 7, 1967
(malonate to nitroolefins) S. H. McCooey and S. J. Connon, Angew. Chem. Int. Ed, 2005, 6367
5
Possible Explanation for Enantiocontrol in Michael Addition Reaction Newly Developed Catalytic Asymmetric Methodologies
B o NHBoc
P :
e [,N* .. R Ho
o--f4 o CO,Me PN
Activated ammonium | /Ng‘ - up to 97% ee | R
enolate > “ o6, o g cF O 0 Chem Comm, 2006, 1191 07 NF
- % ee
i H ON™ ‘o Tet: Asymm 2011, 22, 1147 0 g
Ar i |
. Mannich up to 86% ee
up to 88% ee Michael P i
U Org Lett 2007, 9, 2107 Mannich Synthesis 'gm, 3880
° o _— L FsC MeO,C.__CO,Me Michael oxidation oBu
+ K
bifunctional _ L NO, arylation R
catalyst ] R Michael A !
o up to 97% ee enantioselective
0 [ + Chem Comm, 2005, 4481 ) catalysis HO OH
Z -N NHBoc Mannich Michael up to 81% ee
| A _o-H Org Lett 2007, 9, 4901
FsC CF; X iz R? . 0 o
d 5“ R? Mannich alkylation OR
| > \Q up to 95% ee NO, g
- NO, ' Org Lett 2012, 14, 2492 aldol ene o gr —
©/\/ DPP~N"Sy ﬁ\ o ) : 96%
1 up to 96% ee
Ar..ﬂH OAN R \ OtBu Chem Comm,
L FsC CF3 _ 10 557 o COLR? LPh . 2008, 3798
ACIE, 2014, 53, 3462 Ar CO,Me up to 97%2::',
up to 97% ee upto93%ee  JACS, 2008, 130, 10076

For theoretical studies on the mechanism and the bifunctionality of chiral thio urea-based organocatalysts see:
A. Hamza et al J. Am. Chem. Soc. 2006, 128, 13151

JACS, 2011, 133,1710 yacCsS, 2009, 131, 4090 ACIE, 2010, 49, 568




New Opportunities in Bifunctional Asymmetric Catalysis

Reactive Electrophiles Challenging Electrophiles
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Reactive Pronucleophiles Challenging Pronucleophiles
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Escaping the Limits of Enantioselective Bifunctional Organocatalysis

R Re ' ) catalyst?
= + EWGL_ EWG >
2 4
R R catalyst system?
low reactivity ! hil .
electrophile pro-nucleophile addition product
General proposal
* Base
* Acid
» Enamine activation
+ Nucleophilic cat. New
Enantioselective
Transformations
Transition « Lewis Acid
Metal * Redox catalysis

For sel d revi /highlights on the combination of organocatalysis and transition-metal catalysis, see: a) Z. Shao,
H. Zhang, Chem. Soc. Rev. 2009, 38, 2745-2755; b) C. Zhong, X. Shi, Eur. J. Org. Chem. 2010, 2999-3025 ; c) M. Rueping,
R. M. Koenigs, I. Atodiresei, Chem. Eur. J. 2010, 16, 9350-9365; d) N. T. Patil, Angew. Chem. Int. Ed. 2011, 50, 1759-
1761; e) K. Albrecht, H. Jiang, K. A. Jorgensen, Angew. Chem. Int. Ed. 2011, 50, 8492-8509 ; f) N. T. Patil, V. S. Shinde,
B. Gajula, Org. Biomol. Chem. 2012, 10, 211-224; g) L. Stegbauer, F. Sladojevich, D. J. Dixon, Chem. Sci., 2012, 3, 942-
958; h) C. C. J. Low, D. Enders, Chem. Eur. J. 2012, 18, 10212-10225.

Au(l) and Chiral Bronsted Acid Cascade

COH H,N Ph3PAUOTf (0.5%) o
rt 1 hr then
/ / + 7 N\ '
— \ e SIPhs
N ©..';:0‘ 0
. A 07 on 96% yield, 95% ee
Au(l) | cyclization (\:k I ey, (0 mo%) 1 of 9 examples
s
(HB*) 48 hr reflux
(o]
N-acyliminium
(o] cyclization

amanIySls
B*e @ L
* N
HB Y X
H

M. E. Muratore, C. A. Holloway, A. W. Pilling, R. I. Storer, G. Trevitt, D. J. Dixon J. Am. Chem. Soc. 2009, 131, 10796

Au(l) and Bifunctional Organocatalyst Cascade

Boc H)\ ’O @
N” F3C
| + 02N/\/\\\ 5 mol%) PUN Lj/

then dpp and AuLSbF; (5 mol%) O2N

66% yield, 98:2 dr, 92% ee
1 of 14 examples

bifunctional
organocatalysis exo/endo

Boc
I
+Au]* @ N AN +H+ N
—) N u —»
[AU]* - LJ/\ A Lf
0,N

Boc\

f\

D. Barber, H. Sanganee, D. J. Dixon, Org. Lett. 2012, 14, 5290




Combination Iminium, Enamine and Copper (I) Cascade Catalysis

o]
COOMe and [Cul*
+ (5 mol%)
MeOOC (20 mol%)
>
| I MeOH, RT, 3 Hr

MeOoOC COOMe

85% yield
1 of 15 examples

iminium h Ivsi
catalysis Also with Au*, Ag*, Hg2* ydrolysis
protonolysis
isomerise
D Cu]
[cul < | .
| = | Ao | — [

enamine and
metal ion catalysis

MeOOC COOMe Me0OC COOMe

MeOOC COOMe

T. Yang, A. Ferrali, L. Campbell and D. J. Dixon, Chem. Commun. 2008, 2923

Dual Amine and Palladium Catalysis in Allene Carbocyclisation Reactions

g

MeO,C CO,Me

condensation
complexation
[Pd]°

I
God
Z V3 Mo 2| deprotonation
w
. S

MeO,C CO,Me

Tol, 60°C, 20 Hr

L
O/
H'Pd -
N

Me0,C” CO,Me

(o]
and [PdI® H §=
(5 mol%)
(30 mol%)
>
- Me0,C* "CO,Me

72% yield, 82% ee
13:1dr, 1 of 5 examples

C-C bond
formation
hydrolysis
decomplexation

hydro-
palladation

M. Li, S. Datta, D. M. Barber and D. J. Dixon, Org. Lett. 2012, 14, 6350
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Escaping the Limits of Enantioselective Bifunctional Organocatalysis . . . . . . .
ping 9 4 Bronsted Base / Lewis Acid Enantioselective Bifunctional Catalysis
f Inactive Lewis Inactive Lewis _Active
1 3 basic precatalyst acid complex bifunctional
R R catalyst? catalyst
— + EWGL__EWG? >
R2 R ” /\ .
low reactivity . catalyst system? - chiral
electrophile pro-nucleophile addition product scaffold -
M] = =&
R’N R’.N IL
hard ) Q soft M
base ligand cat )
Bronsted Base / Lewis Acid Enantioselective Bifunctional Catalysis
f Inactive Lewis Inactive Lewis _Active =
basic precatalyst acid complex bifunctional
catalyst
/\ N N
chiral X NH A NH P\z:
scaffold ] | |
= =& NS A N
At =N L X7 "NH o
R R ;
hard ) Q soft I
base ligand cat )
F3C F3C CF3
For a relevant examples see; Casarotto, V.; Li, Z.; Boucau, J.; Lin, Y. -M. Tetrahedron Lett. 2007, 48, 5561. precatalysts?
For reviews see; (a) lkariya, T.; Murata, K.; Noyon R. Org Biomol. Chem. 2006 4, 393. (b) Muhiz, K. Angew Chem Int.
Kato, N.; Ichikawa, E.; Shibasaki, M. Pure ppl Chem. 2005, 77 047. (d) Kanai, M.;
16

Ed. 2005, 44, 6622. (c) Kanai, M
Kato, N.; Ichlkawa E.; Shlbasakl M. SynlettZDOS 1491. (e) Ma, J. A.; Cahard, D. Angew. Chem. Int, Ed. 2004, 44, 4566.




Application to the Catalytic Asymmetric Isocyanoacetate Aldol Reaction

?

Organocatalyst fo)

-
v

"Soft" Lewis acid “CO,R

transition metal
ion activation

For Au catalysed examples see: (a) Ito, Y.; Sawamura, M.; Hayashi, T. J. Am. Chem. Soc. 1986, 108, 6405.
(b) Pastor, S.D.; Togni, A. J. Am. Chem. Soc. 1989, 111, 2333.

Proof of Principle Studies and Catalyst Identification

H o Organocatalyst 0/§ N
PR > /
RO,C” °N $c® H "Soft" Lewis acid “CO,R

conditions

i A

)
Ph,P  HN | ) 7 NH PPh,
0 SN NA
5 mol% 5 mol%
FsC CFy FoC CF, FsC CF3
No metal Cu(l) salts Ag()) salts Ag,0 (2.5 mol%) Ag,0 (2.5 mol%)
traces of product poor reactivity good reactivity EtOAc, —20 °C EtOAc, -20 °C
ees 20-30% 100% conv, 24 hr 100% conv, 24 hr

dr 21:1, ee 96% dr 21:1, ee -91%

17 18
Scope of the Catalytic Asymmetric Isocyanoacetate Aldol Reaction Scope of the Catalytic Asymmetric Isocyanoacetate Aldol Reaction
A N A N
0 Organocatalyst (5 mol %) O&N — )Fi o Organocatalyst (5 mol %) O&N -
> >
/\® + > )—l Ph,P  HN A ® + > w-R1 Ph,P  HN S
Bu0,C” Ny c@ HJ\RZ Ag,0 (2.5 mol %) g cO,Bu ; L Me0,C” Ny, éa HJ\ R2 Ag50 (2.5 mol %) R CO,Me , |
EtOAc, —20 °C, 4A MS TBME, -20 °C, 4A MS
Organocatalyst Organocatalyst
24-36 hr 17-48 hr
O&N 0 O&N

s Ph v Ph s Ph v Ph

"CO,Bu coszu “co,Bu "CO,Bu COMe COzMe COMe CO,Me
MeO,C
o vi . o o, o 90% yield, 10:1 dr F 78% yield, 11:1 dr 93% yield, 15:1 dr Br 85% yield, 18:1 dr
81% g1e‘l:/(:,egeg.1 dr 89% )g1elt: e1e6 1dr 72% Vlgl/l: e2e1 dr MeO 60% yleld e1e3 1dr 7% ee 94% ee 97% e 08% ee

e Ph & Ph & Bn

CO,Me OzMe CO,Me CO,;Me
COz'Bu COZ’Bu
MeO,C
F 77% yleld 15:1dr 69% yield, 10:1 dr 50% yield, 12:1 dr 6% yield, 11:1 dr 57% yield, 8:1 dr 72% yield, 4:1 dr
% ee 92% ee 93% ee 96% ee 93% ee 71% ee
Sladojevich, F.; Trabocchi, A.; Guarna, A.; Dixon, D. J. J. Am. Chem. Soc. 2011, 133, 1710 Sladojevich, F.; Trabocchi, A.; Guarna, A.; Dixon, D. J. J. Am. Chem. Soc. 2011, 133,1710
19 20




Synthetic Utility of the Isocyanoacetate Aldol Reaction

a-aminoester and o-amino acid synthesis

o HO  NH, HO  NH,
MeOH, SOCI, A HCI (6 M) =
~ - CO,H
€0,/Bu —_— CO,BU —— 2
85% quant.
a-aminoalcohol synthesis o
NaH O
N A
[oPh LiAlH, Cl;C0” ~0CCl, [o-Ph
—>
CO,Me 75% 85%
OH
Br Br X-ray

Sladojevich, F.; Trabocchi, A.; Guarna, A.; Dixon, D. J. J. Am. Chem. Soc. 2011, 133, 1710

Extension to the Catalytic Asymmetric Isocyanoacetate Ketimine
Mannich Reaction

?

H o Organocatalyst [e) N
)\ + > -,
RO,C $c@ H "Soft" Lewis acid “COR

P Organocatalyst PN

H
PN L

R10,C NSC R2” “R3 "Soft" Lewis acid R2 CO,R!

a,p-diamino acids

For Au catalysed examples see: (a) lto, Y.; Sawamura, M.; Hayashi, T. J. Am. Chem. Soc. 1986, 108, 6405.
(b) Pastor, S.D.; Togni, A. J. Am. Chem. Soc. 1989, 111, 2333.

21 22
Scope of the Catalytic Asymmetric Isocyanoacetate Mannich Reaction Loading Studies in the Catalytic Isocyanoacetate Mannich Reaction
o _P Organocatalyst DPP\N SN /hj
%Ph Organocatalyst (20 mol %) Dpp\N N’P Ph (X mol %) N
N” “Ph > | Py > (
1 . ,,N/\COZRz Ag,0 (5 mol %) Ar"" NH PPh2 Me+ CN COZCHPh AgZO (Y mol %) 'CO,CHPh, I : NH PPh,
A R, -C ACOEt, —20 °C, 4A MS R, CO»R? AcOEt, Temp, 0
24-60 hr 4A MS Time
Organocatalyst Organocatalyst
DPP—\ "Xy DPP— "N DPP<\ "N DPP<\ "X\
) 1 ) A ) 1| ) \{
@ C0,Bu o NQ CO,'Bu C'/® CO,Bu Me’@ CO,'Bu entry X Y Tec) Time(h) VYield(%) Drel  Eeldl
1 10 25 20 60 87 94:6 96
92% yield, 98:2 dr 87% yield, 8:2 dr 96% yield, 96:4 dr 78% yield, 9:1 dr 2 5 1.25 -20 120 78 93:7 92
96% ee 95% ee 94% ee 99% ee
3 1 025 -20 160 77 92:8 95 €« ——
DPP_ Xy DPP_, DPP_,, DPP_ "Ny 4 1 0.25 0 60 58 87:13 94 -——
@ ) 'CO,'Bu @ 2 'CO,'Bu @ ) 'CO,CHPh, F’@ } 'CO,CHPh,
87% yield, 75:25 dr 85% yield, 88:12 dr 70% yield, 84:16 dr 95% yield, 83:17 dr
99% ee 96% ee 94% ee 96% ee
1. Ortin and D. J. Dixon, Angew. Chemie. Int. Ed. 2014, 53, 3462-3465 1. Ortin and D. J. Dixon, Angew. Chemie. Int. Ed. 2014, 53, 3462-3465
23 24




Synthetic Utility of the Isocyanoacetate Mannich Reaction

Mild DPP removal and hydrolysis of imidazoline

PPN Ph IMHCI Ny ph  50% KOH in H,0 HZN NH,
@Wo)\% “ongcn, @Wo*mw Q \__S—OH
Br O 70% yield gr O 65% yield Br O

96% ee

1. Ortin and D. J. Dixon, Angew. Chemie. Int. Ed. 2014, 53, 3462-3465

Newly Developed Catalytic Asymmetric Methodologies

o Bu~p o S
><CF3 \ up to 97% ee | -—R
cF, 0 2 Chem Comm, 2006, 1191 0~
O,N =0 3 95% ee
2 Y pn  Tet:Asymm 2011, 22,1147 0" X0
Ar . I
9 i Mannich up to 86% ee
Org Lett 2007, &, 2107 Yichael Mannich Synthesis 2011, 1880
,9, s
Michael oxidation
MeO,C. CO,Me Aoy
NO, arylation R
R Michael y |
up to 97% ee enant:osele_ct:ve
Chem Comm, 2005, 4481 . catalysis HO OH
NHBoc  Mannich Michael up to 81% ee
© Org Lett 2007, 9, 4901
2 0
R? Y R Mannich o

H alkylation
up to 95% ee NO,

Org Lett 2012, 14, 2492 aldol ene gr -
N
DPP~ "X \/)

N O upto96% ee

Ar,.n}—{ O/%N Chem Comm,
R, CO.R? [~Ph gt 2008, 3798
up to 99% ee ! A 0. Me
ACIE, 2014, 53, 3462 2 up to 97% ee
up to 97% ee 093%ee  JACS, 2008, 130, 10076

JACS, 2011, 133,1710 JACSPZOOQ 131, 4090 ACIE 2010 49 568
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Multifunctional Catalysts Developed in the Dixon Group Nakadomarin A - Structure and Biological Activity
o~
4
superbase
\ 0,
N
= P@/ ( o
N N 2
Hbond ~  NH LN H
donor Sﬁ/
o] He
NH / \
FsC 2013
2009 Nakadomarin A
CF;
exchangeable Br- Struct
ructure:
Me Hexacyclic alkaloid, consisting of an 8/5/5/5/15/6 ring system
Br 4 stereogenic carbons
Ph
I'Lg:gf Biology:
- Found to be cytotoxic (murine lymphoma L1210, IC50 1.3 ug/ml)
HN Inhibits cyclin dependent kinase 4 (CDK4) (IC50 9.9 pg/mil)
Also antifungal and antibacterial (MIC 23 and11 pug/ml respectively)
F3C CF;
2012
27 28




Diastereoselective Michael Addition of 8,5-Bicyclic Pronucleophile
to 2-Butenyl-Substituted Furanyl Nitro Olefin

%
toluene, 9d, 30 °C

(1.6 eq) (1eq)

57% isolated
yield dr 10:1

29

Development of a Nitro Mannich / Lactamisation Cascade to the A Ring

C NH2 (2eq)

CHZO (2eq)
MeOH, reflux, 15h

68% yield
single diastereoisomer

Early studies: a) Muhlstadt, M; Schultze, B. J. Prakt. Chemie. 1975, 317, 919-925. b) Bhagwatheeswaran, H.; Guar,
S. P.; Jain, P.C. Synthesis, 1976, 615. Recent developments: Jakubec, P.; Helliwell, M.; Dixon, D. J. Org. Lett.,
2008, 10, 4267 and S. M.-C. Pelletier, P. C. Ray and D. J. Dixon, Org. Lett. 2009, 11, 4512
30

Z-Selective Ring Closing Metathesis

C NHZ (2eq) (

CH20 (2eq)
MeOH, reflux, 15h

68% yield
single diastereoisomer

Grubbs 1 (0.4 eq)

3eq (+)-CSA,
CH,Cl,, reflux, 20H
70% yield \

Nakadomarin A
65:35, Z:E

P. Jakubec, D. M. Cockfield, D. J. Dixon J. Am. Chem. Soc., 2009, 131, 16632

single diastereomer

31

Route 2 Revisited: Z-Selective Catalyst Control in the Macrocyclic Alkene RCM

Ar = 2,4,6-(i-Pr)3CqH,

Cl Cl
N
i
= -
VX
(o]
= Ar. Ar Smol%
>

toluene (1.0 mM)
1.0 torr, 22 °C, 8hr

\ 63% yield, 94% Z \

M. Yu, C. Wang, A. F. Kyle, P. Jakubec, D. J. Dixon, R. R. Schrock, A. H. Hoveyda, Nature, 2011, 479, 88-93

32




Total Synthesis of Nakadomarin A

organocatalytic highly
/ nitro-Mannich/  stereoselective stereoselective
lactamisation  Michael addition alkene RCM
= - cascade
(o)
Y
ON"™S \
CH,0 v H
S5steps _~ N
NN NH,
2 ——>=
MeOOC
(0]
N \ \

furan/iminium

cyclisation nakadomarin A

longest linear sequence: 12 steps
total step count: 16

a) Jakubec, P.; Cockfield, D. M.; Dixon D. J. J. Am. Chem. Soc. 2009, 131, 16632.
b) Yu, M.; Wang, C.; Kyle, A. F.; Jakubec, P.; Dixon, D. J.; Schrock, R. R.; Hoveyda, A. H. Nature 2011, 479, 88.
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Diastereoselective Michael Addition of 8,5-Bicyclic Pronucleophile
to 2-Butenyl-Substituted Furanyl Nitro Olefin

toluene, 9d, 30 °C

(1.6 eq) (1eq)

57% isolated
yield dr 10:1

34

Limitations of Tertiary Amine Bifunctional Organocatalysts

HN Y S
A S
HN" s
/@\ 20 mol%
F5C CF;
>

THF, -20 °C

\Z
pe
L]
%
9
/

14 days, 95% yield
2:1dr, 91% ee

P. Jakubec, M. Heliwell, D. J. Dixon, Org. Lett. 2008, 10, 4267-4270

35

Possible Explanation for Enantiocontrol in Michael Addition Reaction

Activated ammonium
enolate '
(o] [o]
< AN~
(o) (o) - L F,C CF,
+ -~
bifunctional —
catalyst /
(o)
o
AL
A\ _o-H
FsC CF,4 2N .
N
I ¢
- \ 0.
L FsC CF;

For theoretical studies on the mechanism and the bifunctionality of chiral thio urea-based organocatalysts see:

A. Hamza et al J. Am. Chem. Soc. 2006, 128, 13151

36




Common Bifunctional Bronsted basic / H-bond Donor Organocatalysts

Nitro-Mannich Reaction of Nitromethane to DPP-Ketimines

CF _P(O)Ph.
ﬁw ¢ n-P(OPh, 10 mol% hn- POPh2
>
S )I\ - 4\/"‘02
HN S J Ph 2 mL MeNO, PH
|
/& _N F3C NN 0.1 mmol RT
Deng HN s N
R =Bn, Bz Takemoto
9-phenanthryl Tertiary amine Guanidine P1-phosphazene
F3C CF
¢ ¢ R2  Bu S NH _tBu
n A - CI)
R" \H/\N N . Js N—P —N
Chen, Connon H H N N N N N 1
Dixon, Soos o NG had | | | 7N
F3C ’ R3 R* SN
No reaction 14 h, 91% 15 h, 90% 8 h, 89%
1= -R2=H:R3=R% = n-
R'= CHj3; R? = H; R®=R* = n-Pr (Jacobsen) ™G MTED +Bu-P1
CF3 . R'= Bn; R2= CH3; R3= R*= CHj, (Berkessel)
Hiemstra
N. K. Pahadi, H. Ube, M. Terada, Tetrahedron. Lett. 2007, 48, 8700-8703
37 38
; Design of New Class of Superbase Bifunctional Bronsted
Organic Superbases 9 Basi P
asic / H-bond Donor Organocatalysts
.R Staudinger reaction 1
Ns , 'PQ » -Ns& R . . ) .
R' 1 R = Pl catalytically catalytically potent bifunctional
R -N, |R R inactive inactive organocatalyst?
Superbase? m
m :-R i | |
e N N, ¥ 'f\ R Staudinger e N .N *‘p’ R
H R reaction H IR
R
~o
Tertiary amine Guanidine P1-phosphazene variable scaffold and variable
_tBu H bond donor group phosphine
p NGOy
L s N—P—N
2R SN 2R N° N /1N
N N [ | LN
NN ¢y Cy
¢}
18.82 27 233 50 [ 25.49 26.98
PKan. (CHsCN) ™G MTBD t-Bu-P1
M. G. Nuiiez, A. J. M. Farley, D. J. Dixon, J. Am. Chem. Soc. 2013, 135, 16348
Ishikawa, T. Superbases for Organic Sy H idil Amidi
P and Related Or (Wiley, 2009).
39 40




Synthesis of New Superbase Bifunctional Iminophosphorane
(BIMP) Organocatalysts

Catalyst Scaffold Screen

- POPh; 10 mol% BIMP - FOPh,
ph)'\ MeNO; (20 eq), INNo:
Ns j\(\ P RT,24h Pn
N
PPhy A @
S#NH E4,0 > Sk( N2PPhs N2PPhs ,PPhg Ph N2PPhs
NH 739 Ph
. ° Ph
isolated yield AN_ N CF,4 WN_ N CF, H CF,
o g bl T T
CF, s S S
94% conv CF3 93% CF; 95% CF3 93% CF;
/©/ 0\ 77% ee 78% ee 77% ee* 70% ee*
<P,
>‘YN NZPPhs PhsP\N Pt
S NH ﬂ\H /\/Ph H
o H Ph N CF3
NH / HN N CF3
88% \[f S
amino acid isolated yield CF,
starting material 98% CF, 48% oF 98%
CF3 85% ee 34% ee* 3 20% ee*
41 42
H-Bond Donor Screen Effect of Basicity on Reaction Rate .
N=PPha
10 mol% /@,R
y-P©OPh
NI,P(o)th HN 2 >l\l/\N"P
Ph)\ MeNO, (20 eq), )\/Noz 100 HN. _S
RT,24 h \?
o ——F.=0Me, ee81% FiC NH R
H H H
Nt AN AN Yo A £ o
3 60 - —rF, = Cl, ee B8%
o s —_— NO, o” ? -
3 2
CF; g p = TH NMR kinetic experiments
98% conv 97% 98% 98% 98% S performed on 0.161 mmol of
85% ee 79% ee 79% ee 84% ee 70% ee ketimine, 20 eq MeNO, and
20 - 10 mol% catalyst in THF-d8,
CF N
3 =
H H o - T 4
N J,x‘" N f o =
.“g\ﬂ/ \©\ hig @ A ;‘e\S/@/ hg \ﬁ 0 100 200 300 400 500 1 L\
s S \I CF3 & o ° Time (min) HN" =S
o)
99% 98% 98% 92% 99%
68% ee 73% ee 11% ee 0% ee 0% ee
FiC CF,
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Scope of the BIMP Catalysed Nitro-Mannich Reaction to Ketimines

( NPPhs h
H
HN\n/N CF;
N’P(O)Ph2 s HN’P(O)PhZ
| 2,,
- 10mol% ¢, . RR1)\/ NO,
MeNO, (20 equiv)
L 20-96 h, -15 - 0 °C )
.P(O)Ph
- POPh2 - POPh - POPh2 - POPh2 \ o 2

O,N

yield 86%, ee 95% lyield 95%, ee 91%  yield 92%, ee 90%  yield 92%, ee 87%  Yield 95%, ee 92%

_P(O)Ph
HN (O)Ph,

~P(O)Ph _P(O)Ph
- POPh2 HN 2 un- FOPh, P(O)Ph;

HN, ,~no,

yield 84%, ee 90%  yield 97%, ee 82% yield 97%, ee 84% yield 71%, ee 78%  Yield 40%, ee 92%
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Preparative Scale of Nitro-Mannich Reaction

: @ o it NiCl,.6H,0,
>|\/\N NaBH,,
HN_S Q MeOH, 84%
? o
F3C NH s
; 1 mol % (231 mg) - FOPhy

N'P(O)th CF; ~
I >  pp” NO,
Ph)\ 17 mL MeNO,, (10 eq),
21°C,21h, 8.3 g, 70% yield
10.0g recrystallisation (propan-2-ol) 98 % ee

99.7% ee in 63% yield

NH,

NHCbz
Ph

55% over 3 steps
ee >99%

ii: CbzCl, Na,CO,,
H,O/dioxane, 90%,
iii: HCI, MeOH, 73%

i: KMnOy4, KOH, KH,PO,, ‘BuOH;
ii: HCI, MeOH, 57% over 2 steps

Ph” COOH
ee >99%
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