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221Research Area Ch@dmiad ydiiphwspgthat eso ( B.

Involved: J . H. Ki m, l . Loril , S. Liao, S. Vell al

O b J e C T h é e e I d 0 f 7previou‘s acid catalysts confined acid catalysts
acid catalysis

Q
popul arity and 9 Q g “

y e a- r S . H O W e \) e r y large substrate small substrate small substrate large substrate
aliphatic Ssubst l l l l

. high er low er high er low er
p o S S e S S S t e r | C (insufficient interaction) (substrate cannot fit)
protecting gr ou Figure 1. Schematic comparison of the expected

performance of chiral confined acids and phosphoric a

or planar surf type catalysts witharge and small substrates.
substituente. afl .. ... .. Coe
mi ght be due to the inability of current s
truly compact chiral mi croenvironment. We
Aconfined acid )chheal gsmsof ( Rihguwr eprloj ect W
synt hesi ze novel confined Br B@-S y endhe tarciicd (
i mi dodi phosphoric aci d, possessing an e X

mi croenvironment

ResulCtS¢gmmetric i midodiphosphoric acids, b a
i deanlt iBl NOL subunits, wWeScehedmeesilggned and pre

CIx.,
Q0

2

{ NH
a) POCl, OO o NH
pyridine
A DINH; Ar
/ A OO . .
OO OH NaH, THF ‘O
r.t O\ /,O O\ /O
1:1.2 (NH,/CI) P
OO W /
POCI,
Ar - byridine OO Ar
Q0
P

Tye e
Ar

B

Scheme 1Synthetic strategy fo€,-symmetric imidodiphosphoric acids.



Homogeneous Catalysis i B. List

Starting from resdbsyi taveadl aBaBOLE2S3O6 syn
i nter magdgin®8taese obtained in a single step.
conditions directkhd wmmdtfroirdsi miheddieghosghor i

A)O,@®cet al s

As part of our Jiamttermeészatmoasymmmeti oas, we
enantioselective synthe®eg®cedtfal spifrrocanc et bhtls
Alt hQOQu®ketals are among the most common st
their catalytic asymmebeieao syghilkoeseds rieaeat |
associated with asymmetric additions to o0Xx:
catalysts.

Spiroacetalization

Spiroacet al natur al products are widely f.¢
mari neesouand display a diverse set of bi
subunit is not only essential for the bioac
drug discovery. An extensive screening of &
gaev only disappointing resul t-sanidn tthlee 69g é&n
spiroacetal. Extremely stericahbadfyf idemandiyr

catalyzed the asymmetric conversion of S ma
enol et mdare ss uISsthre me

0 1a (0.1-5 mol%) 0.0
G s | 654
N solvent, molecular sieves [t ny
0.025 M
Olean
77% yield 62% yield 81% yield 69% yield 78% yield 88% yield
er =98:2 er =964 er=95.5:45 er =96:4 er = 96:4 er=98.5:1.5
o
g o d  Me g g
Me O O
0 (0] (0] Me (9] Me
Me Me
nonthermodynamic dr =100:1 nonthermodynamic dr =1:65 nonthermodynamic dr =1:50
spiroacetal 86% yield spiroacetal 89% yield spiroacetal 70% yield
dr=7:1, 76% yield dr = 5:1, 83% vyield dr = 23:1, 70% yield
(thermodynamic dr = 1:60) (thermodynamic dr = 1:124) (thermodynamic dr = 1:9)

Scheme 2Catalytic asymmetric spiroacetalization.
Various spiroacetals wer e obbyt atime df avri mat ihoi
either-m&mbered rihaastsoCenabysed the first c
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synthesis of the naturalk hprondbdgytnami ears.pi Ac
could be formed with diaste3:elomeagai msatt i @ s
thermodynamic preference of up to 1:124.

Asymmetric acetalization

Al t hough our | aboratory has pursued the di
with alcohols for many years now, aandd has

catalysts, unfortunately, very I|little succe
the newly developed class of <chiral conf i ne
transformation with excell entr esaedteican vaft yd i

and aldehydes Iimikdedi phbo®décentiaclashciind hi gh vy
with high enantioselectivity (Scheme 3).

QOH o 1b (5 mol%) {\o
+
OH A, RIS _J,

R H™ "R toluene (1.0 M) 0~ "R?
MS 5 A (10 mg/0.05 mmol)

COLL OO D AN

r.t., 48h r.t., 4 days rt., 48 h 0°C,22h
86% yield 82% vyield 86% vyield 72% yield
er=96:4 er =955 er=97.5:25 er=99.8:0.2

(0]
] ? Q 7( pe >
7()/,,, 7() 7() o
O O O
Cl
Br
r.t., 10 days r.t., 2 days rt., 62h 50 °C, 6 days
82% yield 89% vyield 79% vyield 83% yield
er =99.5:0.5 er =95.5:4.5 er =98:2 er =99.5:0.5

Scheme 3Catalytic asymmetric acetalization.
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B) Sul foxidation

Despite signific@ntn efsfyarmed rti@ wtxiildiaze oH c
gener al systems work well with this abundar
and relatively safe oxi daJsih.asl nbeasny nenmeptl roiyce
the epoxU,dimtsiad ma@mlyd@ampoundsV, | Bagyeer reacti o

i n oxidations catalyzed by ketones, I mi ni u
reactions rely on t heOynutcd ebphm|l covalremper &
el ectrophilic Subestrates or catal ysts. W
envisioned an alt HX : i n
whi c kOZ cHoul d be el Nu: + HyO, Hi* H/O(\(S\’H Nu—O + H,0
cat.
activated t owar ds Nu trates
wi t h a chiral Br | scheme 5Activation of HO, with a chiral yst
(Scheme 5). Bragnsted acid catalyst.
1a (2 mol%)
aq. H,O, (1.05 equiv) (on
~S._, .
R R ST
MgSOy,, cyclohexane R? R2
rt,2h
o o o o o o _
é+\ é"\ é"'\ S+\ S+\/ S+\ (:J
o OO OO =
MeO NC O,N
98% yield 96% yield 92% yield 95% yield 90% vyield 96% vyield 96% vyield
er =99:1 er=97.5:25 er=97.5:25 er =99.5:0.5 er =955 er=97:3 er=95.545

Scheme 6Catalytic asymmetric sulfoxidation

|l mi dodi phosphdrai ovha cihd pa aetsalmadtl y binds hyd

its chiral cavity, was found to catalyze a
(Scheme 6). Ot BarBnkntewin acdammormgave much | owe
The methodology has bee —s o

applied to the enantioselectiv O —° O

synthesis of the nesteroidal 142 (2 mot), aa. H20;

MgSO,, CCly, 2 h, 96%
antkinflammatory drug Sulindac, _ O’ 2 LIOH, THE/H,0, 99% O’
F

which has recently founc CO,Me

. - . COH
additional utility in @ncer (Ry-Sulindac
treatmen{Scheme 7) er. 99:1

Scheme 7Enantioselectiveynthesis ofSulindac

In summary, we have developed

chiral imidodiphosphates to be of use in tackling current challenges with reactions that
include small volume and/or loosely organized transitions states. With our new catalysts,
we have developethe first catalytic asymmetric spiroacetalization, direct acetalization

of aldehydes with diols, and asymmetric sulfoxidation with hydrogen peroxide.
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2.22Re s e ar c Prgahotextde Céatalysis (B. List)

Involved: J-W. Lee T. James

Objective: Homogeneous catalysis plays a central role in modern chemistry at both
research and production scales, facilitating the synthesis of molecules which were once
considered an insurmountable challendg®owever, in contrast to heterogeneous
catalysis,many homogeneous processesjuire significant effort to recover catalytic
components from reaction media. Approaches which utilize the exquisite control of
homogeneous catalysts with the practicality amyakability of heterogeneous systems
are highly sought after. To date there is no general approgechwiole inexpensive and
accessible solid materials on which a desired organic moleamebemounted To
address this challengee developed a facilenmobilization of variousfunctionalized
organocatalysts onto textile material by irradiatwith ultra violetlight (UV) (Figure

1). This processllows immobilizationof a desired molecule on the solid suppbst
covalentCi C bondformation,to generate rganotextile catalysts, which can be used for
various transformations witlnprecedentedumbers of cycles.

inexpensive and covalently modified
abundant textile organotextile catalyst

Figure 1. Schematic representation of approach taken towards the functionalization of textile st
with organic catalysts.

Results: To showthe generality of our methodologthe CTNMe ST ;

Me., A~

immobilization of different organocatalysts was | @ 7
investigated;a Lewis bas catalyst1, a Bensted acid | .S°3H |
catalyst2 and bifunctional chiral cataly® (Figure2). | g
The immobilization process was conducted byv | OMSH/NBJ
irradiation of a solution of an organic catalyst in the AN H‘élo’o
presence of a textile materigNylon 6,6, which N A Qca
facilitated covalent bond formation between the textile FoC

structure (Schemd). The inclusion of a crosdinker Figure 2. Examples of
) organocatalystinvestigated in
(pentaerythritol tetracrylate PETA) allowed controlof these studies.

catalyst loading on #hsolid surface. The variation of the
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amount of PETA could affect
the immobilization pathway
by changing the degree of

_ . | ultraviolet light ||
branching points. Further ™ 1 @

Z

OrganoTexCat-1a
0.011 mmol/g

optimization of  catalyst
loading and catalytic activity Schemel.Immobilization of DMAP derivativelaon textile

was simply conducted by

changing UV irradiation timeLewis basic catalysia, Brgnsted acid cataly& and
bifunctional organocatalysBa were equallywell tolerated under the photochemical
reaction conditionsyielding textile catalystsDMAP derivativela was successfully
immobilized on the textilesupportto generate cataly$drganoTexCatla. The SEM

image of the obtained catalyst showed irreversible polymerization of organic substances
on the surface again without significant physical damage the textile material.
Catalyst loading was determined by dbake titration.

The atalytic activity ofOrganoTexCat-1a was evaluated ithe acylation of sterichl
demanding phendal with anhydrideb (Scheme2). In the absence @rganoTexCat-1a,
or in the presence of blank

polyamide, almost no conversion
iy

was observed under otherwise AN
. _ . - +(COI-Pr),0 — & mo%) o
identical reaction conditions. NEts (2.5 eq)

(25eq) DCM, RT
However, the employment of 4 5
OrganoTexCat-la in this

transformation led to the formation | ™ e

of the esters in near quantitative | s HI

yields. After full conversion of ZZ |

phenol 4, the catalyst wasimply ;ESO I

recoverd by decanting the liquid . i

phase washing with i’) I

dichloromethane and  drying. 0 |

Several recycling experiments S % i

showed the robustness  of Scheme2. Acylation of phenoH to ester5 and
OrganoTexCat1a, for more than demonstration of catalyst recycling.

10 cyclesno significant erosion of the catalytic activity was observed. It is noteworthy
that the catalyst could be deseted by forming an acibase complex with the
carboxylic acid byproduct. However, the catalytic activity could simply be recovered
by washing the catalyst withEt; to regeneraté with good activity(recycle 4 to 5)
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\ ~ ~N
s N N SN e N/\©\/
A > A A A
/ /

| 2) halides |

1b, 80% 1c, 77% 1d, 81% 1e, 83% 1, 98%
| (EIZ = 4:1)

OrganoTexCat-1b OrganoTexCat-1c  OrganoTexCat-1d OrganoTexCat-1e OrganoTexCat-1f
(0.0088 mmol/g) (0.0065 mmol/g) (0.0087 mmol/g) (0.0079 mmol/g) (0.0059 mmol/g)

Acylation
reaction 29% 35% 64% 24% 26%
(conversion)

Scheme3. Evaluation of formation and catalytic ability of various immobilized DMAP derivativ

To investigatethe effect of thelefin-containingside chain, wecreenedarious DMAP
derivatives (1b-1f) which wereimmobilized onto the textile material under identical
immobilization conditions a direct comparison of the relative catalyst activity is
presented Scheme3). A longer side chain and higher substitution on the olefin are
beneficial in terms of catalytic activity adserved in the case @frganoTexCat-1d.

This effect is quite general in heterogeneous catalysis due to a more efficient mass
transfer and higher flexibility of the catalytically active site. Olefins with higher
substitution canin principle provide a mee stable radical intermediate, which
facilitates selectiveimmobilization without any side reaction. However, inferior
catalytic activity was observed withOrganoTexCat-le, although the catalyst
immobilization wafficient

Catalyst OrganoTexCat-1d also showed good
activity and recyclability in cyclic carbonate
o formation (Scheme4). The treatment of styrene

N W »
©/<‘ — @/k/o oxide 6 with supercritich carbon dioxide in the

. 75°C, 100 aim , presence oDrganoTexCat-1d led to the formation

o to 8% of carbonatée’ in good vyield.This resulthighlights
the high stability of catalyst OrganoTexCat-1d

Schemes. Organotextile catalyzed Under high pressures (100 atm) and temperatures
cyclic carbonate formation (up to 75 €).
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A facile immobilization of a
commercially available Brgnsted # - :
acid the sulfonic acid 2, was , o ulmoletignt °B?3?§L°$§.7;’2803H;
achieved giving OrganoTexCat-2

with good catalyst loadings (Scheme

5). OrganoTexCat2 showedgood PhJ\/\/OH %)' Ph>(i7
activity in the intramolecular 8 50"9‘;/15“ 9
hydroetherification affording the

] Schemes. Intramolecular hydroetherification of
corresponding  tetrahydrofurans, alcohol8 catalyzed byOrganoTexCat-2.

from the alcohoB, in excellent yield.

No background reaction was observed in the absefhdbe catalystunder reaction
conditions It is noteworthythat he immobilizedcatalyst is easy to handle adidplays

robust stability for the transformatiorihe primary advantages o$olid-supported
catalysts.

Finally, we aimed to develop a textile matefiatnishedwith a chiral organocatalyst.
Cinchona alkaloids have beendely used in the area of asymmetric organocatalysis
and naturally bear an olefin group appended to the molecular scaffold. It was postulated
that this alkene could be utilized as a handle to allow immobilization onto the textile
support. As shown the quinine
derived sulfonamide 3 was
successfully immobilized under

. L. L. N N_”o=o ultraviolet light ,90
uv irradiation, giving uoJoH Q% (220 nm) 1 : N-SZ o5,
OrganoTexCat3 (Scheme 6). iy

. 8 FsC
The obtained catalyst showed 3 OrganoTexCat-3
comparable enantioselectivity to e ‘
the homogeneousunsupported g H P organoTexcat:3 H coMe
systemin the desymmetrization of CH[‘é MeOH (10 equiv) oo

. ! [e]

the anhydride 10a to the : 108 MTBE, rt 1a .
hemiesterlla althougha longer { OrganoTexCat-3 (10 mol%): 99%, 96.5:3.5 er (14 h)

. . ) : Unsupported catalyst 3 (5 mol%): 99%, 97:3 er (2 h) :
reaction timewas required The LS :

robustness othis approach was Scheme6. Immobilization of bifunctional catalysg and
demonstration of catalytic ability in the desymmetrizatio

investigated by the recycling of of meseanhydridel0a

OrganoTexCat-3 through

numerous iterative cycles of catalytic desymmetrizatiohQafto 11a (Schemer). The
asymmetrt methanolysiscould be repeated more than 300 times without significant

erosion of catalytic activity and enantioselectivitThese recycling experiments
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i"UStrate the re B Enantiomeric ratio (er)

60 1 —Cat. Loading (mol%) T

£

8515

80:20

w
=)

75:25
70:30

65 35

60 40

bustness of the Less
clearly demon
organocatalysis. Number of cycies

50 90:10
textile supported .
catalyst and
strate the power ‘ H ‘
of heerogeneous I\‘HH{ Hl H Hl
91 106 121 136 151 166 181 196 211 226 241 256 271 286 301

Scheme7. Recycling ofOrganoTexCat-3 in the desymmetrizatioaf 10afor

over300cycles.

Further application of the chiral textile catalyst was conducted by investigdiing
substrate scopESchemeB). Various meseanhydrides were smoothly transformed into
enantieenriched hemiestensith excellent yields (up to 99%) and enantioselectivities
(er up to 97:3). Biand tricyclic compounds could also be used to affordekyeected
products with high enantioselectivitieshowing a comparable seledtyv to the
homogeneous catalytic systs. Due to
the flexibility, compatibility and
robustness of textile catalysts, we
envisioned a continuous reactor system
with our catalyst material.Enantio
enriched productllh was obtained in

CO,Me wCOzH CO,Me CO,Me
i ° L., @, &, A&
excellent  vyield (>99%) and com come con

CO,H
enantioselectivity (up to 97:3 ey 11b, 99% yield 11c, 94% yield 11d, 82% yield 11, 88% yield
. . . . . 96.5:3.5 er 96:4 er 96.5:3.5 er 96:4 er

using an iterative continuous fixed
i i CO,H CO,H ?i‘Buth
batch approach. The textile-filled I w
CO,M CO,Me
column was reused fomore thani0 ° sHo OMe
. 11f, 98% yield 119, 80% vyield 11h, 99% yield**
cycles, on multiple gram scales, 95:5 er 88:12 er 97:3 er

showing identical  activity and  Schemes.Scope of desymmemation ofmese
enantioselectivity anhydrides catalyzed yrganoTexCat-3.
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2.2.3 Research Area fAActivation of Carboxyl

Involved: M. R. Monaco, S Prévost, B Poladura M. Diaz de los BernardosM.
LeutzschR. Goddard

Objective: During the last years, organocatalysis has become a generahelp to
asymmetric synthesis. Its success is arguably due to the detailed codification of general
activation modes for some classes of substrates. Enamine and iminium ion catalysis,
hydrogen bonding catalysis and Brgnsted acid or base catalysis repmserftl tools

for the transformations of certain imine, carbonyl or closely related substrates.
Interestingly however, well-definedand general activation mode for carboxylic acids,

a useful and abundant chemical class, has not yet been establiseeaimrbf this
project is to identify a novel, simple and efficient system for the enhancement of their
reactivity and for the control of their asymmetric reactions.

Results: Carboxylic acids, as well as phosphoric acid diesfeegure both a hydrogen

bond acceptor and a hydrogeand donorSince intramolecular stabilizatioim apolar

mediai s structurally not possi bl eas stohce yatri enancoft
in an apolar environmenThis dimerization was firsbbserved at the beginning of the

20" century and is nowadays accepted as a general phenomenon. Faisesibly is

presumably sterically hampered for bulky binaphtol derived phosphoric acid diesters,

which have recently raised the attention of the sifiecommunity due to their role as

privileged organocatalysts in the field of asymmetric Brgnsted acid catalysis.

1933: Carboxylic acid dimers

Oy OH O—H--0Q

2 Y L R‘< >~R
R O----H—0

[ —

1957: Phosphoric acid diester dimers

O, ,OH RO O—H-—-0Q, OR
2 = > =g
\ .\ s

RO OR RO oo.y—g OR

TRIP-RCO,H

Scheme 1Heterodimeric setassembly for the activation of carboxylic acids in organocatalysis.

On this basis, we hypothesized that a small carboxylic acid molecule could enter the
catalytic pocket in the absence of repulsive forces and a heterodimeric species may be
established. This interaction may additionally influence the electronic structure of
carbxylic acids, thus representing a strategy for their activation.
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The formation of the heterodimer was investigated by NMR analysis.*HH¢MR
spectrum reveals that the addition of carboxylic acid in apolar media reduces the
rotational freedom of the 3, 3ubstituents offRIP phosphoric acid, suggesting its
presence in the catalytic pocket. DiffusiOmdered Spectroscopy (DOSY)
measurements showed the change of the translational diffusion coefficients of both
species upon sedssembly, thus confirming thvariation of the hydrodynamic volumes.

| |:!‘| | .”__.l__

L | . _I_.‘U. TR T - AL
Dosy Dosy T m2's Dosy
benzoic acid ! benzoic acid:TRIP 1:1 «0¢ TRIP
L] - =
(o) ,_..L AT 0.50 i i i
Ph ) |
OH 1.00

By '
i‘ I T O"'"H_O\ o/ 150 HO\ O/
: Ph_< < : //P:o .
- N 0-H—0d ©O~ o O~

750 5.00 250 0.00 7.50 5.00 250 0.00 ppm 7.50 5.00 250 0.00

Figure 1.DOSY measurements of benzoic acid aRdP phosphoric acid mixtures.

The strength of the association could be evaluated. As for 1:-ghest complexes, the
binding isoherms of TRIP with benzoic acid and acetic acid were plottgtbwing the
shift of the phosphorous signal in tf#® NMR spectrum and the association constants,
Ka were determinedia a nonlinear regression approachRIP -BzOH Ka = (3981 +

98) M*, TRIP-AcOH Ka = (1948 + 26) M.

host-guest
1:1 complex

host + guest

Shitt upon addition of carboxylic acid

il ; v K, PhCO,H=(3981+98) M !
' KaMeCO,H = (1948 +26) M .

- oins agie I Crystal structure
Cone. Carbaxylic acd (M) . of TRIP-AcOH

Figure 2. Determination of binding constanti& *'P NMR titration and crystal structure BRIP-AcOH.

Final confirmation of the heterodimer formation was then obtained by cocrystallizing
acetic acid andRIP, which gave a crystal suitable forrdy analysis.
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The upfield shift of the proton signals of carboxylic acid in the NMR spectrum
fascinatingly suggested that the ssdsembly with phosphoric acid raises the energy of

its HOMO orbtal. Thisleadsto the somewhat counterintuitive possibility that, despite
being a stronger acid, the phosphoric acid is formally behaving like a base within the
dimer due to the strong effect of the P=0O bond. Therefore we started to investigate the
role d the heterodimeric system as a source of nucleophilic carboxylic acids. The ring
opening of aziridines has been chosen as ideal testing ground for our concept since an
asymmetric catalytic conversion leading to amino alcohols has not yet been reported.

The novel system turned out to be effective in the desymmetrizatioesdaziridines
with benzoic acid. The scope of the reactonfirmsgenerality of the approach. Indeed,
several different cyclic and acyclic substrates successfully reacted affottaiéng
expected producta-k. The reactions with acetic acid gave comparably high syaeid
enantioselectivitiealbeit with the need of longer reaction time and higher nucleophile
concentration, which confirms the importance of the affinity betwBeP ard the
carboxylic acid for the reacting system.

Ar\fo o o
N (S)-TRIP (8 mol%) >LNH o~
BzOH or AcOH (7 equiv.)  Af N R

R R
R1R CHCl,, rt 2
Ar = 2,4-NO,Ph, Arl = 2-NO,Ph
(0]
(@) NH :OBZ o) o) [e)
>\*NH 0Bz A \ NH OBz >\—NH 0Bz Y-NH OBz
Ar O Ar }:/ Ar N Ar' N
2e
2a 2b 2c 2d -10°C
98%, e.r. >99.5:0.5 99%, e.r. =98.5:1.5 83%, er. =99:1 98%, err. =96.5:3.5 96%, e.r. =98:2

(o) Q o) Q ?
Ar>\;NH o8z AF>LNH [el:2 Ar>\; B2 Ar>¥NH Ohc Ar>¥NH Ohe
P

NH O
h>—\Ph <\:>

2f 2g 2h 2j 2k
94%, e.r. =94:6 99%, e.r. =93.5:6.5 70%, e.r. =96:4 94%, e.r. =97.5:2.5 88%, e.r. =92.5:7.5

Scheme 2Scope of the ring opening desymmetrizatiomefseaziridines with carboxylic acids.

Next we turned our attention to the kinetic resolution of terminal azisdirmvering
the temperature te30 °C, high selectivity factors could be reached both for linear
substrates as well as for branched org&fsgm 37 to 51). Thenigh regioselectivity of
the reaction is remarkable and probably due to a partial positiveecbarthe aziridine
fragment in the reaction transition state.
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Ar! Ar!
>:o (S)-TRIP (4 mol%) >:o
PhCO,H (7 equiv.) N OBz H
—_— o
R/Q RN * R/\/NT
rac 3 CHCl, 3 4
1 -30 °C o
Ar! = 2-NO,Ph
9Bz S)-4a, 48%, e.r. = 92.5:7.5 0Bz
\/\/\/\/NHCOAr1( )-4a, 48%, e.r. = 92.5:7. S NHCOa/! (5)4b.46% er =95545
A
S=48 S=50
1
e NCOAT (5).32, 42%, €1 = 98:2 e NCOAT (5)-3b, 49%, e.r. = 946
OBz OBz
: : ;
(j/\/\/"“"COA'1 (S)-4c, 44%, er. = 98.5:1.5 (j/\/"""'coAr (5)-4d, 58%, e.r. = 71.5:28.5
S=51 S$=37
NCOAr! NCOAr
©/\/\l (S)-3¢, 51%, er. = 92.5:7.5 (S)-3d, 30%, e.r. = 96:4

Scheme 3Scope of the ring opening kinetic resolution of terminal aziridines with carboxylic acids.

A catalytic cycle can be proposed. The chiral nucleophilérss generated by self
assembly and then the aziridine is engaged in the nucleophilic attack, which possibly
occurs through a concerted transition state in which the electrophile benefitsrfrom a
additional Bensted acid activation. A highly asynchrondag® pathway is suggested

by the exclusivity otrans-products in the desymmetrization strategy and by the perfect
regioselectivity of the kinetic'chamsal uti on.
the reacting centre.

4 "R R
TRIP oy s >

o) 0
—Ar
O HN
2 R>- N _/<Ar - ©

kasynchronous Sn2 transition state |

R R

Scheme 4Proposed mechanism for the activation of carboxylic acids in organocatalysis.

Encouragedy the results achieved in the ring opening of aziridin
we turned our attention to the reaction of carboxylic acids w
epoxides. Our systerindeed proved to be suitableHowever the
enantioselectivity achieved witiRIP phosphoric acid was only
modest. A novel binaphtol derived phosphoric acid catalysin

which the 3,3substituents are fused polycyclic moieties, ga

Catalyst 5
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significantly improved results, delivering monoprotected glycol8 from the
correspondingneseepoxides in good yields and enangelectivities.

5 (10 mol%)

A PhCO,H (3 equiv.) HO) OBz
—_—
R 6 R toluene R R
7
HO OBz
N HO OBz
HO OB HO OB: {
2 S 2 S HO} 50 Bz t HO, OBz
()
7a, -40 °C 7b,-5°C 7c,-5°C 7d, -20 °C 7e,-5°C 7,10 °C
85% vyield 86% yield 73% yield 64% yield 78% yield 84% yield
e.r.=96.5:3.5 e.r.=93.5:6.5 er.=94.555 er.=9554.5 er.=95.545 er. =955
HO OBz HO, 0Bz HO OB HO OBz
Z N Nes HO, OBz N
: i RO T e Ba
Cbz
79,25 °C 7h,-5°C 7i,-5°C 7j,-20 °C 7k, 25 °C
83% yield 55% yield 60% yield 76% yield 85% yield
e.r.=94:6 er.=955 e.r.=96:4 er.=955 er.=91:9

Scheme 5Scope of the ring opening desymmetrizatiomeseepoxides with carboxylic acids.

In summary, the first approach to the activation of carboxylic acids in organocatalysis
has been developed. Thelfassembly between chiral phosphoric acids and carboxylic
acids has been observed by analytical methods and has been applied to interesting
methodologies, such as the asymmetric ring opening of aziridines and epoxides. A
cooperative mechanism has bemmggestedthe carboxylic acid prevents the catalyst
degradation by limiting the direct interaction with the electrophile, while the phosphoric
acid activates and directs the nucleophilic attack of the carboxylic acid partner.



Homogeneous Catalysis i B. List

2.2.4 Research Area fALewis Acid Organo

Involved: S. Gandhi, P. Garci@arcia, J. Guin, M. Leutzsch, C. dakos, M. van
Gemmerer{(né Mahlau) Q. Wang

Objective: Organocatalystsunction by donating or removing electrons or protons,
defining four distinct activation modes: Brgnsted base catalysis, Brgnsted acid catalysis,
Lewis base catalysis, and Lewis acid catalysis. Whileaitkas olewis base, Brgnsted

acid and base orgarmalysis are relatively well developedprganic Lewis acid
catalysiswas until recently almost unexploredur group has developed chiral analogs

of trifimide (Tf,NH), whichis a powerful achiraMukaiyamaaldol precatalystthat
generges the highly reative Lewis acid TANTMS as the actual catalysThese
catalysts exploit the concept asymmetric counteraniedirecied catalysis ACDC)
developed by our groupy pairing the catalytically active silylium ion equivalent with

a chiral disulfonimide anionwhich is responsible for the stereoinduction. Based on
these results we were interested in the application of this type of catalysts to further
reactions known to be challenging for metaked Lewis acid catalysts. Additionally,

the very low catalyst loangs achieved in our work on the Mukaiyama aldol reaction
spurred our interest in developing new, even more active variants of our disulfonimide
catalysts, in order to equal the extremely low catalyst loadings sometimes achieved in
transition metal or biatalysis.

Resullnsspite of some progress in the devel
Di eAllsd er reactions (HDA) these reactions a
di ermemdd, bot h Ssubstituted and funcitghlnyal i ze
chall enging substrateshi sl(nsilp,af3l teiRgdWhr ¢ch sub

are readily synthesized in one step- from c
di ket ones, had not been reported i n asym
conceivably due to a competing achiral sil
rendered them i deal mo d e | Ssubstrates to exp:
I n order t o achieve hi gh enantiosel ecti on
perfluoroi sB8mfoptyhe vensiobally introduced d
pr omoted the highly enanrnands didtenwld we HDA aorfi
of products in good to excellent enanti osc¢

found to be suitable for tetrasubsé6ituted
trisubstitut eddeeidn htyidglo pyiraldd smeasnd excel |l ent
the aldehyde side, electronrich or electror
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cinnamal dehyde derivatives wereesdsfni hbabl e e
excell ent yields and enantioselectivities.
demonstrated by the first asymmetric synth
was achieved 4yo otxhied aa ri cbmantd fcs upbresoedoucatin t o fr
the benzyl group to give the déenditrheoditp H aorsme
of enantiopurity (Scheme 1).

[e) Me3SiO  OSiMe; 3a (1 mol%) ﬁJIRZ
+
R1J]\H %\)/\RS Et,0, —78°C, 4 d 1 | 3

R2 then TFA, 45 °C REWOR
1 2 4
(2 equiv)
(0] [e] [e] o (0]
Ph Cl
| | [ oo | Iy Iy
2-Naph O 2-Naph” ~O 2-Naph O (0] 0" 'Bu Ph O~ 'Bu
F
OMe
4a 4b 4c 4d 4f 49 4h
95% 87% 88% 97% 96% 95% 93%
99:1 er 98:2 er 96:4 er 97:3 er 98:2 er 93.5:6.5 er 96.5:3.5 er

OBn

o} o}
| DDQ O Pd/C, Hy, rt O
—_—
sgaacirEaE oI TENE OO E
56%
OBn OH
5 6

4e
94%
98:2 er

Scheme 1Disulfonimide catalyzed asymmetric hetelDoelsi Alder reactions.

98:2 er

Another reaction, whth has traditionally posed great difficulties to enantioselective
Lewis acid catalysis is the HosoiBakurai reaction, whiclshares anumber of
mechanistic features with thdukaiyamaaldol reaction.Thus, prior to our studies,
only a limited number of emdioselective methodologies were known for this
reaction and we reasoned that our ACDC approach using disulfonimides as
catalysts should allow for the enantioselective catalysis of this reaction. Imgeed
realized the catalytic asymmigt methallylation & aldehydes utilizing the nitro
substituted catalys3b.

A variety of aldehyded and allylsilane nucleophile8, bearing both aliphatic and
aromatic substituents¢could be employedand he allylation products9 were
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obtained inhigh yields andenantioselectivitieScheme 2)As in many metal
based systemssimple allyltrimethyl silanecould not be employeddue toits
dramaticallylower reactivity. The optimized conditiongor this reactioninvolved

the use ofsilyl ketene acetaBa in catalytc amountswhich accelerated thiaitial
silylation of the precatalyst.

o) SiMe3 3b (5 mol%)
+
R11LH 2 OSiMe;

R2
M
1 7 OMe .
(1.5 equiv) 8a (10 mol%),
toluene, =78 °C, 3d
then aq. HCI work-up
OH
9a 9b 9c 9d
96% 93% 97% 95%
98:2 er 96.5:3.5 er 97:3 er 93.5:6.5 er

Scheme 2The asymmetric counteraniatirected catalytic Hosorffbakurai reaction.

Just as chiral enantiopure homoallylic alcohols, the correspondargoallylic
amines are valuable intermediates in the synthesis of natural products and
pharmaceutically active compounds. Despite the elegafhdbis strategy direct
asymmetric reactionbetweenaldehydes, carbamates or amines and allyltrimethyl
silanewere unknown prior to our studiekistead, he corresponding homoallylic

amines were accessed by stereoseledilydations of preformed imines or other,
indirect methods.

Possible intermediates:
Brensted acid catalysis:
H\O+ X+
o 3¢ (10 mol%) L
+ ; N~ "OR
L+ A~ SiMes N SiMe
R" "H HoNFmoc R )J\H N 3
] 7a (10, 1.5 equiv) A
(3 equiv) CHCI3, 18 °C, 10d
Lewis acid catalysis:
NHFmoc NHFmoc B
ieaaloshg e
MeO N~ "OR )
11a 11b 11c 11d R1ﬂ\:\/\/3"\"63
84% 80% 71% 83%
92:8 er 96:4 er 96:4 er 92.5:7.5er B

Scheme 3Disulfonimide catalyzed enantiosetae threecomponent aminoallylations.
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The development opara-substituted catalys3c and the optimization ohitrogen
source and reaction conditions allowed us to develop a highly enantiogelecti
direct aminoallylation of aldehydes (Scheme 3).

The reaction between aldehydgsallyltrimethyl silane {a) and 9fluorenylmethyl
carbamate (PNFmoc,10) gaveboth aromatic 11a and11b) and aliphatic 11c and

11d) products with high yield and enantioselectivifys one equivalent of water is
released in the catalytic cycle of this thhe@mponent reactignve were interested
whether this reaction proceeds through Brgnsted acid catalysis (intermaAgliate
Lewis acid catalysis (intermediaB). As silylium ion equialents are highly water
sensitive, the reaction mixture would have to be completely dry, in order for
intermediateB to be involved. Considering the sdiéaling capability of our
disulfonimide catalysts (using up two equivalents of nucleophile per maeuiul
water) and the observed necessity for three equivalents of nucleophile in our
reaction, we assume that this reaction is in fact Lewis acid catalyzed. This
interpretation is further corroborated by the fact that identical enantioselection was
obtained, when presilylated catalyst and preformed imine were reacted with
trimethylallyl silane7a.

Having discovered the ability of the disulfonimide catalysts to activatesitu
generated) imines, we became interested in the generatiomedf-amino ester
scaffold whichis present in a large number of synthetically valuable intermediates,
and can be generated by thaantioselective Mannich reaction between an ester
enolate equivalent and an imine. However, methods known for this transformation
often suffer from the instability of the imine substrates. As these iminas anany
casesprepared by elimination from amino sulfones, we reasoned that it should be
possible to combine the Mannich reactiand the in situ generation of the imine
using Lewis acid organocatalysis. Indeed, using the sterically demanding catalyst
3d, the reaction ofN-Boc-amino sulfonesl2 with commercially available silyl
ketene acetaBb could be catalyzed to give-amino esterd3.

Aromatic substratewith different sulstitution patterns were found to give excellent
yields and enantioselectivitieander the optimized reaction conditiorf$3ac,
Scheme 4). Although currently achieved stereoselections are motlest,
methodology washownto beapplicableto aliphaticN-Boc-amino sulfonesgiving

for example13d. These products are usualtifficult to access, as tlreimine
precursorsare even less stable than their aromatic counterparts.
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Ar Ar =
o N g
NHBoc OsiMe By >4 (2 M%) NHBoc ¥ CFs
ot > A_COMe NH
R'" ~S0,Ph }\OMe toluene, 10°C, 2-4d R N"""2 OO SO,

12 8b 13 Ar
(3 equiv)
3d FsC CF3

NHBoc NHBoc NHBoc NHBoc
©/=\/C02Me A_CO,Me Me0\©/=\/C02Me ™~ COzMe
13a 13b 13c 13d
99% 97% 99% 91%
95:5 er 97:3 er 96.5:3.5 er 75.5:24.5 er

Scheme 4Enantioselective Mukaiyamslannichreactions starting directly fromd-Boc-amino sulfones.

We proceeded to investigate the mechanism of thisstep process anfdund that
the elimination from théN-Boc-amino sulfone to give the proposed imine substrate
Is rate limiting, as the reactiorf a preformed imine under identical conditionas
significantly fastergiving nearly identical selectivityThe rate limiting step was
also determined from NMR measurements
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2.2.5 Research Area AnSecondary Amine

Involved: I. Coril, P. S. J. Kaib, ALee,M. LeutzschS. C. Pan, M. van Gemmerame
Mahlau)

Objective: Asymmetric Sy2-U-alkylations of carbonyl compounds with alkyl halides

are powerful transformations that commonly involve chiral auxiliaries or phase transfer
catalysts. Despite some progress towards organocatalytic variants, such as an
intramolecular proline catalyzed reaction of haldehydes developed by our group,
and several studies combining enamine catalysis with radic&bpathways, the
intermoleculaiSy2-reaction of aldehydes and alkyl halides has remairiesivee and has
been t eiromheyd gar afi | A oThe goal @ thia eseadh prbjectswiassto
develop a system capable of catalyzing this reaction.

ResuWhen devel oping sm,cht hae cpalteatlhyotriac osfy su r
eactions has to be consi daleddl i zAartoinogns t o ft

-~

substrate, racemi zation of the product, ar
crudimaclh.i eve this gdlblrawle e hdeshey dtecs , +tt thduys g e
guaternary product s and avoiding the i sSsu
designed our catalytic system based on the
acid and base additives armi gghdtv alne aaglelse otf o ard:
while eliminating some of the undesired si
should accelerate enamine formation and p

throughout the course of atlkeg |l raeaotni ¢, at mu s
catalyst 3 (50 mol%)

Ph. _CHO iProNEt, p-anisic acid CHO
T + P Br PRy
4A MS, 50°C, CHCl; Ph ~
1a 2a 120 h 4a
. Ph
E>—002H EX 7 . EHPh
CO,H
N N 2 /\ N  OTMS
H Hel
3a 3b 3d
12%, 51:49 er 10%, 51:49 er no reactlon no reaction
{ Q HNb h
N TtoH HO,C Ho2

3e
20%, 62.5:37.5er  22%, 90 5 95er  25%, 93 5 6.5er

Schemel. Catalyst evaluation.
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commenced our study by screening variou
wly devel oped, stemiogbkl {Sbheder &y . prolin
prelimin Table 1. Influence of the bas®.
g of cat
veal ed t HNZOH 3(";0m0m
Ph CHO o~ 2 ° Ph CHO
t al y St S \r . B base, p-anisic acid, 4 A MS /P?(
omi sing 1a 2a 50 °C, CHCl3 144 h 4a
reening Entry Base Yield [%]® e.r
nditions 1 DMAP 30 65:35
K . 2 imidazole 33 61:39
en I n 3 DBU 20 79:21
hi eve ca 4 1,3-diphenylguanidine 60 88:12
5 1,3-di-(o-tolyl)-guanidine 63 90:10
er . As 6 1,1,3,3tetramethylguanidine 80 95.5:4.5
ditive we/? 2',2(naphthalend.,8-diyl)- 80 53:47
] bis(1,1,3,3tetramethylguanidine)
cbaci al , [a] Conditions: aldehydda (0.1 mmol) andbenzyl bromide2a (0.5 mmol), catalyst3l
. (0.08 mmol), p-anisicacid (0.5 mmol), base (0.5 mmol), 4 A MS (80 mi) chloroform
edicted (0.5 mL) at 50 °C for 44 h. [b] Determined byGC-MS usingn-dodecane as internal
standard[c] Determined byGC analysis on a chiral stationary phase
t we epmr ott loe
se and the <carboxylate moiety of t he
entified tetramethylguanidine as the bas
rnover and optimal enantioselectivity (Ta
al so studied
oichi ometry wit ;e
d al kyl ating a
l ecul ar sieves
fect on Thbactekece
st conducted us of
ffer and al ky
| orof orm at 50
| ecul ar sieves.
i ng our opti 4 famdedtebob ke detat B acid (equiv)
nditions we exp 3] " base (equn)
wly d&e84lolpeldalk [
anched al dehyde 0
mb e r o f substr a 12345 6 7 89101112 (TZ’,‘,‘,;V4)
ving moder at e Figure 1. Evaluation of the amount of acid and base
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enantioselectivities (Scheme 2). The use of
also confirmed toedilanpoaschéed. alAdelrewpesttu
unsuitable as substrates, giving predomine
al dolization product s.
/}
HNCOH *
2 (30 mol%)
Ar'__CHO AR By — : Arz/YCHO
tetramethylguanidine (5 equiv.) Arl =
1 2 p-anisic acid (5 equiv.) 4
(5equiv.) 4AMS,50°C,CHCI3 144 h

CHO CHO

4a 4b 4c 4d 4e
80% 82% 7% 70% 72%
95.5:4.5 er 95:5 er 95.5:4.5 er 92:8 er 90:10 er
4 CHO 2 CHO Ph 5 cHo /@/yCHO CHO CHO
F o | § )
Br
4f 49 4h 4i 4j 4k
71% 70% 68% 80% 80% 65%
91:9er 86:14 er 86:14 er 94:6 er 91.5:8.5 er 88:12 er

Scheme2. Substrate scope.

The absolute confi gurata sondeotfe romd)rn endoddt el e bper
could rationalize this by analogy to our |
transi Bwas sbmpe- t
deter mi ned. Thus S N <o
transitiAofnor s toaure ) © gxwﬁ(N/ E}‘\g@@
catalytic system soH 1/ y HNEt;

E0,C—) I ®
I n order to gges F10:C B
roles of acid an Figure 2. Proposed transition state of the on,
we conduct ed NM i nt er mo lalkytatioh @) Caldulated transition

using di fferent state of the-alkylattom(ﬁ)molase

with p&dpolame dqur odPgi Mheseaetanapgsit ments con
reaction between catal ysecedandy stulbpst adtdet i @
and/ or base and that the base additionally
oxazolidinone towards the enamine inter medi
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Thus, we concluded that the buffer utili zec
Theol e of ttohes oblaushei liisnel tlwe imatr@&lapet t he 1 at
enamine intermediate is formed.

Table 2. Equilibrium between catalysts and aldehyde in CP@th various equivalents of

additives.
{ X"'R Q‘R
N" "COOH N" “coOH
\% Ph\%
Ph
catalyst (100 mol%) E-enamine Z-enamine
Ph CHO E-E Z-E

\r y eq tetramethylguanidine,
1a X eq p-anisic acid,

50 °C, CDCl, <R oR
30 umol N O N (0]
o 0
Pho Ph

oxazolidinone 1 oxazolidinone 2
Ox-1 Ox-2
Entry x y Catalyst Ratio Ratio Intermediates
aldehyde : intermediate: E-E : Z-E : Ox-1: Ox-2
1 0 O 3a >99:1 -
2 0 1 3a 74 : 26 46:5:0:0
3 1 0 3a 71:29 0:0:5:4
4 1 1 3a 87:13 4:1:4:4
5 2 2 3a 89:11 5:1:6:5
6 5 5 3a 84:16 9:2:2:2
7 0 O 39 98:2 0:0:1:2
8 1 O 39 96:4 0:0:1:1
9 0 1 39 84:16 19:6:21:28
10 1 1 39 93:7 0:0:3:4
11 2 2 39 89:11 3:1:7:8
12 5 5 39 88:12 12:1:14.5:17

The role of the acid is to prevent undesired side effects of the base. As tetramethyl
guanidine is a strong base and stabilizes the more nucleophilic anionic form of the
catalyst, alkylation could potentially deactivate the catallise dkylated catalyst was

in fact observed by GMS even under optimal conditions. The alkylati@ould be
prevented by the acid, which can reduce tl
strong bases such as guanidines are known to promote enolate alkylatiethelacid

may also act by preventing a competing-emantioselective reaction.

In summeardevel oped the fiUas ky lcalbarbayntcchée da sy
aldehydes wutilizing a buffer system and a &
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catalytic system is rather complicated andc
current state, we belignvegtitodveesr dosu rt hdei sdeceovved r
of universaNUygl mplpatiicams eofS car bonegyd. compou
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226Resear ch Ar ©mzadpd Rearfargyenntin Asymmetric
Catalysio ( B. Li st)

Involved: S. Miller, M. J. WebbeA. Martinez L. Kotzner, F. Pesciaioli, C. K. De

Objective: The [3,3}sigmatropicrearrangement is a wedistablished versatilpericyclic
reaction which has been successfully utilized anganic synthesi Interestingly, the utility

of the [3,3}diaza Cope reaangement remained limited. Thigsarrangement is a powerful
synthetic pmciple utilized to generate a C bond at the expense of aiifbond. It forms

the basis of important and fundamental ezathlyzed transformations such as the Fischer
indolization, its associated reactions and the benzidine rearrangement, of which tigymme
versions despite their synthetic and scientific relevance have remained elusive to date.
Chiral Brgnsted acids, which have been established as a powerful tool in organocatalysis,
may be capable of catalyzing these [3J&za Cope rearrangements legdio enantio
enriched indole derivatives and aromatic diamines.

ResuAlttshough numerous methods are known for

mo s t abundant heterocycl intedd ampau nFdss cihrer n a tnu

remai ns henenosft wi delNewesretdh epladoséeydtuire sasy mmet r

i ndahtions hdv éf ireulati ndoéd an @Qplr e setnrtat egy r el
indoli zasulbat idfutdd-deyicVvedexarecryd hydr azones
tetrahydrwicaliB8as8dhefLope reartangamadhte. t Hewa s
chiral BrBnsted acid aatasupst dp® atnomengi c
formation during the course of tthheseMNatti on
benpybt ect ed ahiytdhr as omaet al yti ¢ amount (5 mol %)
dramatic decrease in the reaction rate. Unf o
gi ve any iWhpereosvteinmegn tdi f f e rdednitt i aodnd i & G G/Belsh, e rtlhiet
a weakly acidic cation exchange resin, was
reactivity and itnhcureevaessetd gtahtee dy itehled .scVWdepe of
optimized cNmaenn-pylwenassch yTdieamdnéehe i1 odilbated an
both gave the corresponding products in 94%
and 95: 5, respectivel y. Despite the differen
bot h hydr azomsetsi tqgyaveel @ etrahydrocarbazol es
enantioseltzegti Phemeglshydrazones with substitue
were also found t ®i2bhe. sHiyid rraabzl cen’essu hisiit @ wmls ieohd (R
Ssubstitutrad2gappormadtni chatdp2ygmaveg ¢ he desired

typically good yields and with  hsiugbhstli & we led
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substrates

wer e

al so wel |l suited2®nrd agmalve t h

wi thhi gh sbéveelnanti osel ectiv2tlbyearTeitgr adayduacar

stereogenic

center

proved t ot bhey dar aczhoanlel ednegrii nve

from cyclopentanone 2gav eb 2t% ey i dod sdi raemdd t pdr@o. d5u: cot.
temperatures and after a prolonged reaction t
x 3 (5 mol%) RS
R4 Amberlite® CG50 RIZ N\

= N,N // \

éz U benzene, 4 A MS N

R®  0.1M,30°C,4-5d R2

1 2

PIB = 4-jodobenzyl

catalyst 3: Ar = 9-

R’ Ph ant:;r;zcenyl R3
N \ Me \
R2 N N
2a: R? = Bn: 94%, 94:6 er 1 PIB PIB PIB
. R1 = Me- 000 .
2b: R2 = PIB: 99%, 95:5 er 2c: R1 = Me: 99 A); 92.5:7.5er 2f: R' = Me: 90%, 88:12 er 2h: R3 = 2-naphthyl:
. 2d: R1 = OMe: 96%, 87.5:12.5 er 2g: R' = H: 91%, 96:4 er 91%, 96:4 er
R 2e: R' =Br: 82%, 87.5:12.5 er

O

N
PIB

2i: R® = 4-1Bu-CgHy4: 89%, 4.5:5.5 er

2j: R® = 4-OMe-CgHy: 94%, 96:4 er

2k: R® = 4-F-CgHy: 99%, 94.5:5.5 er

21: R® = 3,5-(Me),-CgHy: 88%, 94:6 er

2m: R® = 3,5-(OMe),-CgHy4: 98%, 94.5:5.5 er

2n: R® = 3-CI-CgHj,: 97%, 94:6 er

20: R® = 2-naphthyl: 99%, 94.5:5.5 er

(6:1 regioisomers) (6:1 regioisomers)

2s: R® = OBz: 99%, 98.5:1.5 er

2t: R® = N-phthal, 6 d: 99%, 93.5:6.5 er
2p: R® = Me: 70%, 95:5 er

2q: R3 = cyclohexyl: 98%, 91.5:8.5 er
2r: R® = 'Bu: 90%, 80:20 er

2v,50°C,6d
62%, 90.5:9.5 er

2u: 11%, 80.5:19.5 er

Scheme 1Catalyticasymmetric Fischer indolization.

As

proceeded wi

appl itcheeevehopéd
antagoni st6Ramat aobgened.
t hout
cat adlwesrteecover ed.

met hod, a for mal synt hesi
| nddolni zaat2 .oOn nonio | h ysdc
ng the yield

Starting2itf raosttherpetesebhy@emacear

compr omi si or

depr otoefcttitoem pht hal i mi de, debenzyl ation wunde
sul fonyl ati on -lgrmvwn tihret7eirimteegroaatderever al | yi el
di mini shing the initial optical purity.

(o} 2. Li, NH,
Q;Q ” 3. 4-F-CgH,-SO,CI (4 K/CO H E

b (9356.5er) 5: 73% (from 2t), 93:7 er 6: (S)-Ramatroban

Scheme 2Application d the catalyticasymmetric Fischer indolization.
3B substituted fused indolines are privileg
and biologically acti vei ammd eCape sr danrr avrhd erher
compl ement arty as egtyheésaiseds on the FisNher i nd
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benkphenyl hyldaw aamphe Dyl cycl®hekandrme (presence
variety of chiral phosphoricEcaCﬁ\,SiOdsasa,naiddtihteiv
i ndodnanm® aveas obtained in promising yields ai
tunomige reactircenvetadetdi t henbki ndered SPI NOL phoc
ADbi $she best catal yst for this transformati on
undtae optimized co9ncdoiutlidontse dmtdaoilne®stypical
yields and with high | evels of enanti osel ect
(9 a9 9 p .

10, (5 mol%)

3
= 3 Amberlite® CG50 R
\ + R AN
1 N/NHz 45°C, 24 h ‘
R R2 toluene, (0.1 M) R1/ Z N
RZ

7 8

3
catalyst 10: Ar =

=3 9
P () ,
O Ph 2,4,6-(Pr)3-CgHy
@ g N
N\ Bn R1T
R2 Z N
Bn N H

, 9c: R? = 3,5-(Me),-CoHg: 96%, 94.5:5.5 er
9a: R =Bn: 98%, 94.55.5er g4. R3 = 3-OMe-CgH,: 98%, 95:5 er
‘R =Bn: . : : 98%, 95
9b: R” = Me: 83%, 55:45 61 gq: R2 = 4.OMe-CgHy: 98%, 95.5:4.5 er

9f: R' = 7-Me: 82%, 96.5:3.5 er Bn

9g: R = 6-Br: 71%, 95:5 er 9h [: 56%, 8.5:1 dr
93:7 er
[a] After in situ reduction of the unstable enamine with NaBH3;CN.
Scheme 3alnterruptedasymmetridc i s ¢ h e r i n d-substitatedtcyclonexanenet h U
Remar kably | ower er was obtained when the

modi fied fré&m. BhrtesmMect(ive of the electro
substilttuheentdse sR r%fd cmpmud dudtes i sol ated in goo
high | evel of -Alnlayltd yosledlreexadanwaornegs Were four
thus the reaction was perfor @ehdasatoletl @ivrad ck
aftiemr seduction of the correspon@Nngnunst a
moderate yield and good enantioselectivity
maj or diastereoi sarmresus evdh ss ff otuenrd wiot tbhean heer

I nspired byatbesmel arndragshsostrmati ed aoydclho@Re
was pur sued behbcHhohavwedt e t o be chall enging
i ndolizatiohhel nteac htynnm wlxw,ild3e drlaitnheesr t han
correspond-engmiiBreedstihl i anlek y | and benzyl subst
tol end8tadad (By 1 ncorporatingaahineevieoc €1 ¢ adl e
product and Ii®©®cceasbdbethaedyoglierdti on was | uc
addi ti onCNhfgaWaeBHan ionip rtohvee dr eydletleedd oil h @ avli iny e
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this reaction sequencéddhdddwereal o mtdail n ence ip
yields and high enantioselectivities.

2
I 10 (5 mol%) N R NaBH3CN
R1/ = NH2 + \é Amberlite® CG50 | (5 eq.)
Y [
tomene(o1 M) R' E OH 50°C,1h N H
25°C,72h
RZ
o @fé?
N H
Br. Bn
. 14a: R? = Me: 84%, 96.5:3.5 er
N ou NOH 14b: R2 = "Bu: 80%, 96.5:3.5 er
13a: 54%, 96.5:3.5 er Bn 14c: R? = allyl: 62%, 94:6 er
13b: 84%, 96:4 er 13c: 64%, 99.5:0.5 er 14d: R? = Ph: 87%, 99.5:0.5 er

Scheme 3binterruptedasymmetric Fischer indolizatiomi t -$ubstituted cyclopentanone.

Encouraged by these results, this method wa
mo | e cuusliensqu i ddaebsliegn of the starting ketone v
nucl eophmnlel eoplpirloei.ndlolhe zRits omerpat hway cou
by the attack of a nucleophile on the i min
of aN H

R
N NuH 10 R A
R N (cat.) 1\\ -’ />)n
Bn Bn Nu

" HNu: OTIPS, BhNHCO,

16-18
N-Me-indole
N~X/ i .

N a

Bn O N :\ Bn N

Bn O Bn
16a [

80%, 94:6 er 16b 2 60%, 91:9 er 17a ) 18a: R' = H: 84%, 98.5:1.5 er 18b: R' = H: 94%, 97:3 er

78%, 92.5:7.5 er 18c: R' = 5-Br: 64%, 97.5:2.5er  18d: R' = 5-Br: 62%, 95:5 er
[a] TBAF addition; [b] 70 °C for 3 h after indolization.

Scheme 3cSynthesis of theadycyclic indolinesvia interruptedasymmetric Fischer indolization.

Ketones coaxitlayylniemtghear on the side l1dRadnpn wer e

af tiemr d$irteat ment wi t h TBAF, |l ed and {-Be 3 .cdo]r r
oxapropel |l anlebafnid6ion nga@dddsnywisned enanti osel ectiyv
containing ketones, an elevated reaction tem
indolization to accelerate the ringtaomhosure
Foll owing this r @a&lc/taacsn oshea qqu enrecde iinndnoodder at e
good enantioselectivity. Fi Namethyl i ndoflrpomai

i ntlssei de chain gave th&a§ddlbyeaydlIlnigc tiwod ovliicn ensa |
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stereocenter sanidn egoaond i psel ésti vities. To th
i nterrupted Fischer ibnadsoeldi znautcil oeno pfhei a teu rwiansg uan

Mol ecul es exhibiting helical chirality have
as di vealsyesiass, cnaatt er i al sasseimdn ge ,anmo lbe od logry . s
in the field was sti mulalocwentydoenveed o pmoemt @i
catalytic asymmetric variant of the Eischer
with the established mechanism of the Fische
promot e an enasigmaéerepicver ep8rahgement upo
phenyl hydr abi mem appropri at2d®anpdo ! fywr oimah i e n &r
enriched azaBeélicenes of type

(0] 21 (5 mol%)

PiB Amberlite® CG50
N. + _
RIC L \/Rz CH,Cl, (0.1 M)
Pz h -7°C,72h

catalyst
21: Ar=1-
pyrenyl pig_

22a: 74UAL 95545 er 22b: 98%), 96:4 er 22c: 66%, 96:4 er 22d[a]: 91%, 83.5:16.5 er 22e: 560/0, 89.5:10.5 er

22f: 61%, 90:10 er 22g: 54%, 87.5:12.5 er 22h: 75%d, 76:24 er 22i: 40%,
87.5:12.5 er
[a] slow racemisation at rt

Scheme 4Synthesis oknantieenriched azaheliceneg& asymmetric Fischer indolization.

By evaluating various chiral phosphoric aci
ot hesur face -odb gthiet Bem3tébs | ed t o higher enan
reaction conditions?2ilint . Citaiy fACu mgd vteh dth ec ati
enantioselectivity in our reactiont.hewWe st a
optimized <conditions, combi nithygd r iz tneer e n t
reacted smoothly wi t h di fferent pol-ycyclic
azahel2 XZeinnresgood yields and enantli9obsaed ecti vi
reacted with the same ketones | ower2&@anti os:¢

h.Most synthesized compounds were sensitive t
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air. Since fully oxidized hel i 22maess osxhiodw zend
to the corresp23nad Ahgenzabeki ceaeti on screeni
23ian the presence of tetrachlorobenzoquinone

CHG&t 50n Aglood yields

In light of the mechanistisimilarities betweerfFischer indole synthesiand benzidine
rearrangement, we envisioned that a catalytic enantioselective benzidine rearrangement of
N, Midaphthylhydrazines could potentially be a powerful and general approach towards
BINAM derivatives catalyzed by a chiral phosphoric acia [3,3]-diaza Cope
rearrangement. We started our studies by reacting hydr&Ziaewith different chiral
Brgnsted acid catalysts. Spirocyclic phosphoric acid catalydteeh provided excellent
results in all three nevious projects, gave inferior results in terms of both yield and er.
Evaluation of binaphthybased phosphoric acids gave only moderate results except for
catalyst25, which gave produ@6ain promising yield and enantioselectivity. Screening of
standad reaction parameters showed that pro@éetcould be obtained in good yield and
with high level of enantioselectivity at 0.025 M airsD °C.

N O Ar
" 1

X 25 o,
R_C@ f __2sEmon) AP, o o
Z NN O Amberlite® CG50 P NH, Pl

H R CHCl, (0.025 M) R OO
A
Ar

26

-50°C,3-4d
catalyst 25: Ar

= 3,5-(CF3),-
R 3)2
CO o co = 0

E:Z NH, NH, MeO NH,
OO 2 NH, NH, MeO NH,

R ! i R g : g g

26a: 85%, 3.7:96.3 er 26b: R = Me: 85%, 4.8:95.2 er 26dl: R = Br: 76%, 4.3:95.7 er 261l!

26c: R = OMe: 65%, 3.2:96.8 er 26e: R = TMS: 90%, 4.6:95.4 er 91%, 8.3:91.7 er

[a] Reaction was run at —30 °C with 10 mol% catalyst loading. [b] Reaction was run at —45 °C with 10 mol% catalyst
loading.

Scheme 5Catalyticasymmetric benzidine rearrangement.

The scope of the reaction was explomngader the optimized conditionsThe reaction
showed good generality towards different hydrazines allowing the syntbiesirious
BINAM derivatives with electronically diverse substituents at different ring positions
Hydrazines with substituents at the 6r 7-position gave the corresponding BINAM
derivatives 26a 26f) irrespective of their electronic nature with good yields and with high
level of enantioselectivity.
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2.2.7 Research ArediOxidative Coupling Reactionsi Met hods and Mechani
(M. KluBmann)

| nvolEvedB° C, P. oKnaersi,erT. KHi IM.riJnghaus, C. Sc
SchweChaput , N. Gulzar, N. Uemiya

ObjecfTheetransforihabondsoliCbooadCaawni e ed
by oxidative coaplcianoggleytshtegrt whiyt hu sdi®weger mi nal
aim to develop sustainable oxidative <coup
catal ysts and | ow mol ecul ar westghgatoexi dh.
mechani sms of these reactions to gain insfg
i mproved met hods:

[cat]

P Sub 1
H [cat], O, Nu
i) § ?
R°R  H-Nu RTR ’
Sub 2 Int

methods
mechanisms

Scheme 1Research interests of the KluBmann group

ResuOtes:area which has enjoyead or anpitdr ogremw ti

t aratr y ,amhpepesmost successful beinNepr wi del vy
tetrahydroi sodiiThmel inmmeecshanTKHIMQ)dfnct uaels evgr & &
nature of i ntermedi at es and the role of |
essentially unknown.
[catalyst]
1 Nu

Scheme 20xidative coupling reactions with-phenyltetrahydroisoquinoline.

We have provided the first dedicated mecha
cat al yz e’ Tnheet hfoidrss.t,* 2@ sasgc&u&lyst and oxyg

wasveaeleoped in our own group and still rep.
sustainable methods for this type of reac
reported nucleophile scope. We 2cacsul kdeyobse

i ntermedisatfear mehd cthylwo x hd ®uil othhefpresence o
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or met hanol (a preferred solvent) 3ot has spe
hemi amt Mawlhhi ch provide a reservairAdodrtide
o f nutkeseopgli the iminium provides the desi

coupling. pRedyctdation of Cu(l) to Cu(ll) by

The second met hod, UebdogyChBdrnepoxaiabhg st wa
reported by-Jt.heLigrammup hoafsi @leeby moss$pi mif h g em
research gwroepsWevocduwl d establish a mechani
clarified the role of ca6bl pkeyotx,i dex ifdanmmte da n ¢
a radical pathwayebuiyibyeddbpgr €xBdeand

2 CuCl, 1 CuBr
17,0, ‘)/( cucl t-BuOH
u
- t-BuOOH +H,0

Scheme 3Proposedeaction mechanisms of €atalyzed oxidative coupling reactions with
phenyltetrahydroisoquinolines.

The discover gcarmuatdo tpselreo xn @a@&cti ve i minium i
Lewis acid catalysis inspiredNuogsar b @amadteev el
protected THI Qd6s by Threres tceodnpaaind sc ataal ybsei
deprotect edNairff Hd Qrotsr. ast t o

tBuOOH + Nu(H)

©\/> (3 equiv.) CH3SO03H (10 mol%)
[E——— -
N.r 105 °C N.g ACOH, r.t. N.p
0, -
2h, 73% 00¢Bu 30s-24h Nu

R = Cbz, Boc
26 products

H H H
MeO OMe HO OH H N
Nu(H): Ggo CN—tBu Eh
OMe OH OH

Scheme 40xidative coupling witiN-carbamoyltetrahydroisoquinolingg intermediate peroxides.
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Recenthldd,i sweaseurrepd i si rcg u@XA ii phegd cteheadsa nwyi t hout
redaocxt i ve.tFoat elxyamp hesppeuxpl ed whygh mpétyose s rri
the subsdemategyagebient t e mparnattuhree parneds emrce
catalytic amount sciodf la kset rnoentgh aBirefsnusttEeadat ¢ 0 A
mostly | imited ntexs,x adrutthene hamgd kpetra i al pr e
can be “xtended.

Nu

5-7 mol% R-SO3;H
+ Nu-H > \
5-10 bar O, 25-90 °C |/ “4Bproducts

|
Cbz

Scheme 5Autoxidative coupling at elevated partial pressure of oxygen.

A mechanistic study o f t his red onti it din, Wi
cyclopentanone as mod el reaction, reveal
hydr op eracx itdnee “Rleny tshtee ppr es eBr ®n sotiedda het r on
hydroperoxide group i s substi tvuxaendt oyl ituhne |
i ol nterestingly, the reaction proceeds f as
waste product hydrogen peroxide accelerate
Br Bnsctieddd ketones that genmeabhaesi smdhotl ye
undset ood) .

N

7
e .
& KXO
oho’ b=

Scheme 6Proposed mechanism of the autoxidative coupling of xanthene with cyclopentanone.
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We assume that under these conditions, per
decompose into radical s, whiam X an tthuernne . a bTst
resulting xanmdarmenyui cglldy ctad apped by oxygen,
autoxidation to form8more of the key intern
This discovery has inspired sever al still
have dcavea oprogiHanimencofi v@ Bh i & a tPeedrincaxtied e S

termed CHIPS, which wil!l provi déHmeamds t o ¢
in a sustainable manner, only requiring cat
reagent f-odbhsiacpmpde, we have deBrelnapteadd a ph
catal yzsedept woet hod t o functionali xéatetra

hydr opelrloxwhdiecsh enabl es the syntheslizs of po
and3?®

i) rose bengal (1 mol%)

i) HoN-R

MeOH/TFA or ACOH, r.t. HN-r
25 products

Cd(

H\Q ~s0, HN
% QQ

Scheme 7Ci H amination of indolederivativesvia intermediate hydroperoxides.

In a related project, we have used hydrope:
with singlet oxygen‘Andspyt mepil zyé ngpithel adt
synergfifseadtc o fpehrydkria(eg eBk)@ nachiedddt ahgsi s, we [
devel oped novel ways of performing oxidati:
of r-adtoixve *2atal ysts.

These studies are expected deor shtaavred ibrrgo aadfe rr
and autoxidation chemistry.
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\ [MeSO;H], t-BuOOH \
; + Nu-H > K
acetone, 40 °C

MeO. ! OMe
(cyclopentanone

as solvent) OMe OMe

Scheme 80xidative coupling reactions by the synergistic action of a Brgnsted acid catalyst,
hydroperoxide and ketone solvents.

Future directions

Our growepntwindde wi t h a combinati on of me c |
devel opment , wi t h t he goal of deveilHopi ng n
functionalization of various organic compoun:
the under !l yihragmirsensct il oan pragd i cul ar, we wil |l f
(H functi omnlardti eramhme dinat e Peroxi deS) and on th
insight into the synergistic action of acid,

Using the CHidiPBci pvlee wafn tp ott o nkd vheoldosp tibinef unct i

bonds by visible 1| ight iHnkdo nsdismpilre alcliyl iccatarl
compownamsg (the | ines of Scheme 7).

The mechanistic insight ftrioomn t (h®c haeunteo x6 )d ah & &
all ousvetdto devel op oxidative coupadchigve eaa&t aloyns
(Scheme 8). We have found indications that tF
ket-daei ved, t his knotw edgeelwip | nooveel usreaddi c a
functionalize ketones. We have already achi
di functionalization of olefins with ketones,
are remini sccadnte daef@tOii®d sso Furt her studies tov
these methods as well as an elucidation of l

focus of our groupods future research activiti
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228Resear ch Ar e aDomiBd Rearrangemertsof Keteniminium

Derivativeso (N. Maul i de)

| nvolLvedCarval hG., MadBluab@e®mgnovan, PRt kPemrag,

V.

Ob
ac
We
o f

pr

Re
pr
ob
ac
un
ge
k e
cy
bu
Me
ca
t a
nu

j
c

o —+ o —+ 5 o —“+ »n 0O »

-

k
Cc

Val eri o, M. Wi nzen

eciheesel ective actiwvabl eneloédctamoplisl we t

€es

s to novel reactiinvtirtigeumamae ¢ toil dess ainm D)

have previ o bdeil syc aveeprog w em® nmirieryacnisifcor mat i or

ket eni mi ni wirealseadittirsogghearcd ri astdtedr @ m nofwea miegp ®
gress made since the original observatio
ullhs s area 0 y/

di cated on /\/o\/\jj)\N Tf,0, collidine

ervation t h. DCE, A, 7h OO

i vat i ganl kaoofx yh | 1 60%2yield

er t he typic Scheme 1

eration ofli aa® I nt er me

eni minium sal-‘t (triflic anhyatredle[] 2a2vn2] a
| oadduct . Il nstead, we x wlefr #r weautraqaalnl ye@fd t o
y r o2(aSccthoennee 1)

hani 656chamtywe) itenvaef t er ini tial activati
bonyl by the elechnrophfbrom Bepagbhamj pielm
esThkeaeehanced electrophilicity of this
|l eophili dhaddigenermattgxdopn.dpon sed t o under

[ 35s3jgmatropic reareamgamaentsho8ludhlzzacad t o t
carbenbunhyidornol ysi s of which then2account s

0O

Tf,0, collidine NS
/\/O\/\)LN __ 1120, colidine \/\Q/\/\.\\r':?“\
DCE, A, 7h N @

3

=2
o H,O ® N Claisen 7 Te N
2 O O

2 5 4

Scheme 2
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I n this r epoar tiibnegn zpyelr i Wldaiias etnrda nrsd i et g eome n
been scarcely invesitiwagatddvelroped t ®t arutri nwc
available benzyl 6et Asr dwip e odxeylsymsniaetesd rhil &yl s
rear r amagreydl atoed | arfcatnomo der ad ec tt ©S celx&)ed | ent
Particularly interesting was the beneficia
position, |l eading to much?7aempTloivsef driienpdoted Id s
arylation process woul d slualtpgehawsréetasrpriarneg eurse ntt «
sequemnfc.esSgeatisahf Ar2area) .

R'
(0] -
Tf,0, collidine
"D DCM
R
6

o
o
7
I MeO,C MeO,C, F MeO,C
o] 0 0 o o

¢} o] o] (] o

7a 7b 7c 7d 7e

41% 45% 84% 90% 60%

Scheme 3

I n addition, wet wagny ei natlrsi-og madmlgeH®tH&B t i on f r o
simple prot&icntteod caol ntcpol heoxl €l la ¢ trbenasc(t @ cobnd met s

4) an otherwise innocuous and benign protec
handl e foilC domidvdtoalmi @g transformati on.

P
)
R—/j\ Q Tf,0, collidine ©
N N 2
0" o —_—
/\/\g/ DCM, yW o)
o
8 9
fe) (0]
Me
0
o o)
o o o o
9a 9 9c ad
75% 60% 40%

76%
(d.r. 2.5:1) (d.r. 1.3:1) (d.r. 1.3:1) (d.r. 1.3:1)

Scheme 4
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1 \/ Further investigations on
Y_/‘bul .;__La\
\/;\./:{( that, if the hydrolysis ste
7 ' 5 (as thealBH i s possi bl e
5.BF, unambi guously el-arcy ¢l eraaleyd Xah
Scheme 5 (Scheme hibs) . sulggested oppo
functionalizati on.
We were guided b5pat pbeintbe cdeegirti teilcenctafophi | i c

or4s4 Cthe former beizad Wwhaboubphdhpdeaol yeias i (f
wat en apaSChheane ®he r and@ laovfaiplraobdl eeatdsy o fe al
t his bassicemitf i c @dthley udtxhdea rfody i @fi n a l reacti on.

©

TfO =
Claisen @ \b/// (a)
rearrangement \5//4 ]
: o)

L, § Q o Q Q

102 H,0 10b NaBH, 10c NaBH, 5 1a  NaCN PPhs 11¢ PhSNa
71%, d.r. = 5:1 72% 41% : 62% 58% 72%

l

Scheme 6

We al so acknowl édgadi dihtey idfanidmseedh@&taded

mi glheand i tself to depr ot onSacthieoTeea’/maitoedufe ct r o
such a reactmew iwmiuhidBari ¢ eotWhenrg ws ntse caid hivev
el ectrophilic/ nucl edplminl cseefgiiuee mfdiema If umrca d v o t
obtained are highly decor at ed aduil gwvaptliev e(su ps
to thirefedCelmdowd neivnegnt s -piort anacomer t hrough th
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©
TfO

f
1N| = base
—_—
O
H
4

5 12

1) i. Tf,0, 2,4,6-collidine
120 °C, yW, 5 min
NJ\/\/O\/\ —_— > N / ]
ii. NaH, BnBr o)
DMF, 75 °C Ph
16 h
1 14

Scheme 7

©
X

)

N _— E* 1NI _—
—>
o 0
E
4

13
O

iii. aq. Na,CO3 X
,2h \/P‘:Zfo
—

Ph

15
51% overall

o CN
Ph

Y

16

46% overall

iii. NaCN, DMF

120 °C, pW, 1 h
—»

Final Weg rdeecveenl tol pyeadv e | met hodoliotgayo nf oaf dda trheecr
and al cohol,s hdmotgd nagmi adeesa It hat t he laaoti vat.
the absence of a base smololadl yheedi hgl eense
prodt afte(Sbkhkdmel 8§¥%i s
Through t h,i swiptrioicredu
/ 1 hour at room tem
Tf,0, collidine .
DCM, pw o rings as | arge as 1
then sat. (e}
9 NaHCO, 2, 90% yiold can be smoothly f
o :
/\/\/\)L'D— Mechanistic studies
! DOr o pat hway consisting
then sat. NaHCO; . . .
o activandoni ntramol ecu
17, >90% yield (NMR) . . )
nucl eophilic attack i
Scheme 8
et her Ssubstrates. T
| a citzoano n all ows t

synt hesi sl®@fomattubhgesprotected
vaen uasdevfaunlt aigre

deprotection steps,
t arogreite nt e d( Sscyhnetnhee s9i)s

precursors v
theat cacamtue
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R o
1NLD Tf,0, DCM, 1h, rt - R g
OR, !

then sat. NaHCO3

18
(0]
© \/\/\/E>=O /\/\)\/l
(0] Me
0”0 0 9
18a: R,=H, 97% 18b: Ry=H, 94% 18c: R,=H, 82% 18d: Ry=H, 80%
R.=TBS, 76% R,=TBS, 73% R,=TBS, 84% R,=TBS, 80%
CA °
o O (0]
18e: Ry=(-CPhy), 66% 18f; R,=TBS, 37%
Scheme 9
Continuously gui ded by i ntuition and ser e
described herein forsnymat  tedhies eaft lappromedh i
wor k wi |l focus on broadening the scope

asymmetric variants that enabl e the prepar
tracel es®¥! manner



Homogeneous Catalysis i N. Maulide

2.29Re s e ar c RatalyticStereoSelective Synthesis and Chemistry of
Cyclobutene® ( N. Maul i de)

|l nvolLve dG. DAl VAad,i sFalfst i Fm®baul A, Mi shlbpar Se¢
Ni yomamhonda, oI i Wwaidmanaban, C. Souri s, E. We°.

ObjectiTlevereparation of smal | rings has be
synt hesi s ever zwdntecbechphomiesnt $ alrietail & s and
associated with their inherent ring strain.
met hodel d@ir the preparati ore dfc yocplaonbduat! d nye &
cycloderen@ahi seprmgededvel opment of a cataly
synt hesi s dfuidylé¢Iingb btlocchkygr sbharandgt heomt ad
chemi stry

Resul2tPsrordei s known t

. . | hv 0
phot omedi aitze&@oni stoanert | “other
o~ ~O
oxabicycl 0[22 S2 h@JHe esxX Ppr quantitative ©
. : 1 .
Iy, t his reacti on h ¢ 2 Ibject
considscabtéeny, since Scheme 1 st l |

constitswtregssthhéeéo the synthesis of t he
el usi-aeomati c compouwidaecyalboxd)tl.aad ii oeme off

This project hadzuaitosn otrhiaglii reso noprio manurt urr ead Il vy,
ester suscepatoarbl| ey od-vabiatnd b-t eeclleectrt caoms i t i on
We have previously achieved caamhyltoyxi rsg er
sever al nucingo phyntelse s ieseadbfl ci yf culnocht u toenmad s i n
oper at i epnysr ¢fGrechne nke 2) .

MeOZC
N @ CO,Me CO,Me
Q o Q + Na O 2 cat. Pd(PPhs), 2
o0 X0 ether CO,Me >
(O] >90% yield from 1 OH
o}
1 2 3a
Scheme 2

The translation of this chemistry to a cat e
to establis&doa ¢@gepbaesan. | nndeeteadl, @ Thoep hpeudt at i Vv
on interact2iwdn hoft hleagptadneadi um canywl yBat has
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effectively erases the stereochemical i nf c
starting materi al By employing optdically |
inscription ofupcomiclaé op mifloiranaat teamdk oan d,f t
>50% yields of optical I5 Sermreimehe3d .cycl obut e
o M° Bl o NuH M
mo chiral ligand* o OH
0 0
2 4 5
Racemic Symmetrical Enantio-enriched
Scheme 3
The reduction of this plan to practice inv
l' i brary of chiral |l igands and |l ed to the s
dependent stereochemical out comel Iwfes eshown
hghly effective i n c2o0 mvteoc ttstnegf | rgaua eerdi cc ylcd ootb
prodéct §he attainment of yi el ds consi sten
enantioselectivities confirinkeaddonhe operatio

Ar. Ar Ph

Oj)(o\,;,_)_
><o .,Ko/ ~
Ar Ar Ph
Ar = (3,5(—’g'i;€BR:J’-;;:8:\/Ie)-Ph Ny COOH
[ 7
[Pd(allyl)Cl], 2.5 mol%
P L 7.5 mol% 6
o “Nu (soft)
4
rac-2 COOH
R
7
Scheme 4
To our surprise (Scheme 4),
selective for t he opposite
cyclobutenes in equally high

9 examples
60 - 85% yields
d.r.>95:5
er.>955

7 examples
62 - 82 % yields
d.r.>95:5
er.>96:4

L2peovMedand ba
t d ida sstuebrset oi it suot nee
yields and exqg
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i@ (@
Diastereodivergent Deracemisation
COOEt COOEt
R/ NCOOEt /" ~COOEt
Neoor 5 00H This nove
(S,R)}-4.15a \ BRPPE L2 (S,5)-4.16a enon was
-96% e.e. o : . -98% e.e. —— .
- Emi - plane of DI aster ec
[ oo e Pon o gnt-42 LSRR b6t aiczeamo n
(S) COOEt SI:?.C.). i 1 R) COOEt
COOEt COOEt
e R1\o N 7R
: :P—N N
ent-(R,S)-4.15a RO — [ O ent-(R,R)-4.16b
+96% e.e. ! 1 PhH +98% e.e
Scheme 5
Through this processqQnweer thaa er abceeenmi ca bsl veb stt
numbremO 2) o f st erienotgoe né &#c hceamnacr svbtry one
stereoisomers of the product, at wi || and
empl paynedunprecedented observation in allyli

Subsequently, we havtehe xhemaweamohi spcmacept
epiimea on.DiTahset eff e 0o dei pviamegréonnp oDeér ayed i n Sche
novel type of transformation allowing the
product regardless ofntdhentsdiemedcihrermi cal si g
i a rarecamat gked asymmetric transformati o
di astemeameriesc of racemic compounds as sub
- (e} . . . . . f‘ &
Diastereodivergent De-epimerisation Q
(R), OH |T_LT)\OH
() COOEt (R, ~COOEt
COOEt @ @ ////<COOEt
ent-(R,S)4.15a, 78%\ e gy 00r / (5.5)-4.16a, 60%
d.r. > 95/5 ' EL : d.r. = 88/12
ee =+92% ; Z(Z)o/u el ee =-94% A
E—— T T el {', """"""""" _ plane
(R),
o e s
1 / EK R) COOH (©~COOEt
-25%
(S) OH = Temmmmmmseeeeememeeiiiennt \ B) OH
© o}
(S,R)-4.15a, 67% ent-(R,R)-4.16a, 47%
d.r. > 95/5 d.r.=92/8
ee =-93% ee = +87%

Scheme 6
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Mor e recent

uncovered

o

NHR Pd(dba), (1eq.)
Ligand (1 eq.)
—_—

structur al

y

seyv

f ea

I n this contex

cyclisel | yl p
Cl THF, 30min, 0 °C
R = pTol compl exes wer
and the fir-sta"
and reacti vity
S p e conieerse repor
Scheme 7 7)_
Asymmetric allylations of t hese and ot her
r ezldi.
I n addition, we have exploited the potenti e
starting mat eri al s fmoircalhley spyunrtehedii eneof s ugk
enabl ed us t eanpd emzaibbdea iatr ytl @k ydi ene s, i ntere
for synthetic and biological applications (
OH
R1|\ Ry
X Q—o HO 2 steps MeOOC,,,Q\D
R — — —»
Pd cat R \_\=)=O Ry =ally! o KR
o) 22 examples 5 examples
EE( up to quantitative yields up to 65% yield
(o]
R
Pd cat oAl oH 2steps \/\/\n,N Ycoouau
81% yield 0 R
Scheme 8
The use ofcyal openanesl as starting materi
versatile scaddplidsg folheneirsotsrsy . This | eads

synthesis of polyenic natural product s,

as
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Cl/\/j\ X BN
I n R
R 9 o e R oN
-1 0 @ H H
IE'E( 5 examples
o

n=1,2
up to 73% yield

o~ {7 7§
—_—

BTWLXRZ o N N NH,
R4 R;=Me

Inthomycin C

\-b
Y
AN

Scheme 9

I n summary, we have developed a novel cat al
|l eading to serendipitous discoveries of re
We have t hus Dlieavsetl eorpeeodd iaviedrageeemd tDhee afciernst e X
of Da astereodiepeimp@on MeDehani stic studi es
unprecedented structur al features and addi't
Furthermore, the potentiadl off cryctl odbupeapa
di enes has just barely been tapped as we ¢
concise ampltiodgatli srysnt hesi s.
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2.210R e s e ar ¢ NewAergpactivas in SulfuflV) Chemistryo ( N. Maul i de)

|l nvollv.edGonesHua®g KIlimczyk, F. Kul ewei , M.
Sabbatani

ObjecTheeaim of t hdiesv ed ro@pjmemtiiC iod o nndoesfed r nd n g
transformatthheasurxplei p{dpgeriineermedsalk esr

Resul hspiredBdebxyldihegen transform developed
Ami de Activation project, we specul ated th
enol cont emket (o€umd femi agsh t be amenable to fo
Ssubstitutedupone amdédrvoiatthe a s (@il Vabled estirpbpt
(depi cS(eldVhasSc helmmee 1v)i.nyl al | yl|2 seéhtoludrd nmdieent
eventual ly raarmrylantgediviipait eod d dzéed omat €3r medi at e

O O
0O o y R OR?
R1lj\/U\OR2 . S(V) conditions SPh
1a 4
Ph
O
ORE” S
OH o s 03
R! \ R2 R1J> R
2
OR 07 0R2
1b 3

Scheme 1

This simple yet conceptually appeal3 ng hypc
as a commer ci addiyt aabviaei | caifplee)n yéla¢ edr ospuh iplheu
perform the reaction depicted blekletw e sAtsers h
lavi th Marti bhlébesd stud faranegl e producti in ess
the swulefaur vyl i de
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0 o o o ‘"8( X
Et,0,0.1 M )H/U\
__EO,01M Me OEt iﬁ'
Me)J\/U\OEt + 5 2550 S|
Ph”~~Ph
1a 6a, quantitative yield
I?h
RO-S-ORr
Ph R = CgH5(CF3),C—
5
Martin's sulfurane
Scheme 2

This fortuitous observation paved the way |

Ayltirdensfero, as already communicated in th
Sever al |l ater al observations madtheauyl indge t |
transferfurebetiorfor one, the wuse of a sub
various orcondietsul t ed I n t he formati on of
consumption5ofl nsuddadirtainen, the selboiaeéy

stimulated a search for surrogates.

Tr eat ment of a mi xt & eendofdi ethreylfalwa ¢ dartl d2s0c0e tdae
equivalents of triflic anhydr iéaien |neodd etroa tteh e
51% i solated yield along with ¢c68vkemé 3adpi
However, and to ouax caylrdsex alowaesanr dedpioydlead2e
to similar aeaornydiattieod@sla stoheesbéated i n 66% vy
structure was unambi guowsdlay XXqréftiiremmesd 3y si

o o o o
o DCM, 0.5 M
+ d + T ————————» Me OEt
Me)l\/u\OEt Ph” S Ph 2 25°C, 0.5h A @
Ph”~~Ph
1a 7a 6a, 51% yield
Q Q co,Et 3
2
CO,Et 0 DCM, 0.5 M G
. 8 4 T ———» . .‘
Ph”>Ph 25°C,0.5h af*/ Y ()
PhS > s \:}g }\;
1b 7a 8a, 66% yield i

Scheme 3
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I n addi t-memb etroe d b-koxyt coleigch eir s U S ot her active

compounds can be emp-lamyediiarstteien slkei gltlty vrec
(Scheme 4).

0 ] 0

I 2
2 S MeCN, rt R
~ _
31JI\(R + Ph”TPh + TFAA R’
LR ‘. R’ SPh
1b-e 7a 8b-e
Selected examples:
(0] O (0]
COR Me CO,Et
I &
( SPh
n (¢}
PhS o tBFl:hs
n= 1, R = OEt: 8b, 80% 8d, 60% 0,
n =0, R = OEt: 8¢, 91% o Be, 75%

Scheme 4

Ar y | al kyt eulstioodiled esanp | d gTehder sup b e oy | met hyl
sul f @dvliedda rtyl at e 8 aapsr otdhuectmaj or adduct of th
with traces of t he fnOdremealaod & Bhuemnreeraecrt i porno dm
(Scheme 5a)

SPh
o ? CcoEt Q
(0]
CO,Et
= 8 4 Tean MeCN.OSM_ + ijzcoza @
Ph™ "Me 25°C,2h
MeS
1b 7b, 1.2 eq 9a 10a
56% yield
(9a/10a = 96/4)
(I? MeCN, 0.5M JOL
S. + TFAA — > _Ph
Ph”""Me 25 °C, < 5 minutes FiC” 0 s ®)
7b 11, 90% yield
Scheme 5
This result 1s all the more notewofbhy t aki

to the actiinont heef abkfeMad most niolséeaphialne ous |
the trifliior vecsc &t @3aghhe mei 5 ad)e. melcdharmnli ys,m tof t
arylations is fundamental | yr edaicftfieoorne.nt fr om

We recently discovered that the stabl e, e a
ylide transfer methoddlhegywyresrenibe a&d¢t igwdtde
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6)l.n particul ar, it i's possible to 6merform
with alkynes sudi2aalsephiemy | tac ed @threineub st i t u

o O

Au catalvst EtO,C, Ph
u catalys
Me OEt i S I\
I + Ph iy
S. conditions Me: o
Ph” " ~Ph
6a 12a 13a

Ph
EtO,C
| 13a
o
M
° Au (1) T
A
CO,Et 12a

Me
JIN_pp
@0 g
Au AuL
Ph—=2=
Me O o 0 0O O
o ot Me)Ke(lLOEteMe [ OEt
\‘| Ph F\ o 0 Ph/g‘Ph ph” S ph
Au o OFt 6a
Ph,S ths® {
J Ph
Au
Scheme6

We furtdZeaer trheadl ichanging t he ester moi ety
allyl oxycar bo@iyhdups esupb seaqu einn consecutive

the allyl resi duddegaern enrga tai nggu aat efrunraar nyo ncee n t
shown, t hi s r3edaicsttiiorAcor ebaodingd @ ent s (hi ghl i
typeset) and holds promise as a gener al me t
t +
IBUEH: i
O O P/_—Au—NCMe 0 o
R1J\(U\O/\/ _ Pr,, _ SbFg DCE, 0.2 M 1
| + 2//+ &_—'Pr : » R
S R . . o)
Ph” " ~Ph ipr 100 °C J 2 ~
6 12 0.01 mmol 14

Selected examples:

. o Y Q o S Q o
o N o) NN NN
N O 0 0 0
7S
Ph Me Et
cl

14a, 68% 14b, 60% 14c, 66% 14d, 77%
Scheme 7
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Dumg these studies, we made another

Scheme 8, t he use of | ess react.i

vV e

ser en

aliphat

synthesis | eads to lsd&boweVyl elad aphr odnuécap e e d

theopyolh8&ace

0
10 Ny
\/\O)Hl)ko/\/
I‘B + / =~
Ph > Ph Buo L Ph
BUSE_A 0
—Au—NCMe 14e, 32%
0.2 mmol Py, SbFg DCE, 0.2 M
i — > +
o A Yo —
+ 'Pr

(0]
> o« 2
o~ P!

0.01 mmol

15a, 63%

Scheme 8

Omi tting the alkyne from the equadabion
-ground
catalysed cgttamobeaunbaron of sulfonium yli

guantitative yield. Thi s |l ai d

0O

0 0O R R 7 Nl 2
Au cat. X =
R Y X . . i
n 3 4
propn Fe Rs R, B
34 examples

67-99% yields

Scheme 9

Mechani stic studies revealed that

t hi

S

abov

reacd

an unconvenhismali mmeghag ol efinylaicka vat.

decompo®i anicmetoain e .

I n summary, we have develnoepdeidataend e mrsaennshfloer r
t hat yield very diverse proadugtatdascanmleo
derivatives), yet proce.edSuwlyseiguteentt ¢ yn n etcht

structur al features of the ylide

products
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catalysed timhheasftoramatfioomati ons rgepomitnegd he
synthetic utility among the community.
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2.211Re s e ar ¢ RedéxdNeutwal Gi C bond forming reactionsd ( N. Maul i de)

l nvollved:. Jurberg, B. Peng, S. Shaaban, M.

ObjecTheeemer gealle dnfdustordaolxd transformati on
i ntramol ecutarphygdesses shas | ed tolsever al
this project, we aim t-eheiHpla@itti vtalt e omotpe mtci
achi eve siimuletranmodaencdu,l facr mati on en route t
synt hesesnat ubabapriodect s.

ResulCiHs : funtctao@omali s an attnaetfifve i esntr ataag
environmentally forgadiy poepavatdson Wef wet
intrigued by the possibiliHt fesncdfmfommed ed t hr

nitrogen (Scheme 1).
If Nu is tethered to a suitable functional group:
e C-H functionalizati ron [ A ot I\ H
,\ )‘(H unctionalization _ ;\ /‘(Nu : \NX:U Cyclization \N/<Nu
H H Nu u H : H
Scheme 1
As shown, j udiizca mru so ffcuomidttaiiagiearlgy het erocycl e
the rapid assembly of bicyclic structures

al kal oi ds.

Wi th thini nali, m wien de sneuterdala iCraogred efdo rCmi n g
strategy. Thi s conceaspgtagevo sledmeemicdsainlg a e d
I soimead on and afuwcd ctopéhmali c

R’ R functionalized ami
~ )\ redox Nu R1’\N)\NU (unczona:ze amme)
R ™N” H )

—_—

k_/CHO K-/\H\OH removable tether
sacrificial oxidant

Scheme 2
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R R 1 The Hporoifnci p4
L - A fD
RINNTH @R1 NJ\O @ N™ tion of this
CHO Y OH .
., ©)\—> ©/|L\ designed -toent h
) 3 aminoal dehydels
(Scheme 3)

Scheme 3
We rzeal t hat the interedulady iom prinxoiz@lze n
for mataif amcadaze b n@ad dtdlurcawgit wcl eophi Il i c additio

Afteri D@onm we estab-heshedilzdabmebel deldexbr
about by thldakéwion msdadhiumiddhtas flate. Di.i
of a Grignard reagzedtpteductos tihe Mmoadet atom a

(Scheme 4) . )
1) Sc(OTf)3 (10 mol%) RZ’Z )"

1,2-DCE, 80 °C o N
RIS 2) R2MgX, 0 °C RIS oA
2 5
3a-e

Selected examples:

e

DD -
©/\OH ©/\OH @/\OH ©/\OH ©/\OH
3a, 94% 3b, 75% 3c, 76% 3d, 67% 3e, 31%

Scheme 4

Al ternativel y, istpbeoncdosn swasucalison pds ssippl e by

al kynyltrifluoroborates as nucl eofweirlees. TF
formed in a smooth and efficient manner ( Sc

[ ) 1) Sc(OTf); (10 mol%) D\

N 12-DCE, 80 °C N T

A\ ~CHO s

RUL 2) R2—==—BF,Li R1IC Xy~ “OH
= -78°C tor.t. '/
1

4a, 82% 4b, 92% 4c, 71% 4d, 62% 4e, 84%

Scheme 5
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This strategy was exploited in a short tot
As depicted, t h-eunecie drialac |dei oopxhoillaen ydet s t he
depr otod ctnhestnh-®oxlyst i t uted aromatic tether un

() ()

N

F
D ©/CHO 1) KaCOs DMF, 150 °C CHO 2) 8¢(0T);3 (20 mol%), 1,2-DCE, 80 °C
Nt -~ >
H
OMe

[gram-scale, 76% yield] [gram-scale, 65% yield]
OMe OMe

- D0

o__0o
3) BrMg _~_><_~_.0°C
> HO >
96% yield 5) HCI/MeOH, H,, Pd-C, rt
[57% yield, 2 steps] (+)- indolizidine 167B

4) CAN, 0 °C, CH5CN/ H,0

OMe

5 steps, 29% overall yield
Scheme 6

Simple reductive amination wunder agueous
natur al product in only 5 steps from pyrrol

I n summary, we have devk |l fopmadt ta@ mowv el yiampg r @
LewAsi d catahgestedaireddemmemMhis method opens
perspectives for the direct synt hesi s of

towards advancing this strategygg tot mesry mmet
neutral transformations are currently wunder
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2212Resear c h ar emralogs BfiCispaiindGanbaplatih,and Oxal i pl at i
(K.-R. Porschke)

l nvolHve diui , \\W.. &aomdrdaad d

ObjecCiivywl:atin i s the |l eading antitumor dru
effects associated with its administration
platinum resistance (esp., t oowfardncatquoi ca

platinum resistance of refractory tumor s.
oxal i ptrasremstearch -based atdrongm i s directed &
si-defects and the enl ar ge®entdhpearf e nth eb isgppeicd il
(3 ,d7i &t & B¢ IPndln amaesg become available to us f
haveiaspassfichdrer i earndlyind &areds® zedrresponding a
cisplatin, carboplatin, and oxaliplatin.

ResuReact ilo-hbediben(eWwPt &I bi sHolN)di ne DMF aff ord
| arge pale yellow cr¥shh)aPt8CMEL Kt he BF% widdl

Recrystallization Nmeomylt hé orlmeasnsi d & a sgiacv e :
(i N) Pob @l and from wat esHy Ni) Pe@CHOr 10s hwds at e
obtai ned. Sitmi bprdyne t healPotgs of -f rceaeg bopl e

(@hN) PtLICHs 2 and the pHabld bLgoPRIGeO ( C
2b, and the analswoliwvetth)CRAA)@P)I(,atwenr e prepar e

Ago,C,,
", H //o
Ago,C N, WO—Co)
"y e
/’ H,0 N/ N
\ '
N_ N s
|:,, «Cl H™ H N Cl 2a solvent free
1y 1 "ty
Pt T S Pt 2b +5H,0
|/ e DMP N/ N
70°C,3h \

H

1a solvent free & z
N, wO—C
1b + OMF AN ]
C,

1c + 3H,0 1)2 AGNO, N/ \0_
-2 AgCl \ o
2) Na,C,0, Hooy
Of particular interest laanibt hhen stthreu cstoulrieds c

l1cthe complex molecul e$H@AIr ehydmkegemni o npdasr a
infinite bands, whi ch are -alckapenp asiti ridn g df
mol equwlege I n contrast,jcynol obysaak2dd oé&ar bobryl



Homogeneous Catalysis i K.R. Pdrschke

compl ex mol ecules are monomeric aatercompl ¢
mol ecul es, easily explaining tieiohanced w

Figure 2. Crystal structure of (€114N,)Pt{(0,C),CsH¢} BH,O (2b).

Cytotoxlzi tBwaof tested against human <cancer

myeloid | eukemia), A2780 {rewaritamtcamnuddr )n,e
CisR. AlilPtbicomipdiexes showed significant cyt
Whil e t he ccyyt octoonxpi acr epdo tteon t heir parent anal

ex cepltt ofwar d A2780 CisR, 1floe ARIIBOt amae i ft&dcC
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A2780 CisR was significantly smaller (more
rel evant t opltaitei mpum brleesmi sotfance and encour ag

Subsequently, two hydroxy grotppsiweroea iorft rt
bi spidine to improve solubility.-9dm# s was
with gl ycol-dailntyo BX,gidn, oB[i]3d,i )x odmdhed| gavage o
Substituents at N t o -9gij2vle 3¢ dy otxall laipred sipihty
which was dehydrate@édato anhydrous crystall:i

o__ O
HOC,H,OH CICO,Et
TsOH Nal KOH
/ s /
N N 5°/

70°/ 78%

\ N\
CO,Et EtO c CO,Et
é %\ /$ 2\ /s 2 6a : anhydrous

6b : dihydrate

The Kewaaslct ed whetehadilegthe ) Pb Cimn svall,elbwhei c h

excludes i ts application as a possible an
glycolic provtgavengelghowpneadl| e -difolaynhydr
platinum( 18 whHiich| dirs el (es mo&tehreatcedryb opnl ana
deri Wat ifwe mi n§bdahddt ateox all@ rpd aa d me deirh lvea.t

AgOzC

0/ 0\ AgOZC
HZO / \
-2 AgCl

9a: anhydrous 75%

.Cl 6NHCI Ho, N'" .Cl 9b: dihydrate
E % VAN
/ \ DMF / \ 1ooc HO N el
100 °C y
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In the crystalBareh@eamoWwesal ass @bi abedr dgen w
bonds between the FgghrealThdsel dgmeups €ntit
associated by hydrogen bonds to form infinit
crystals of9bwhesai Wgtdent enmol ecul esFi @iy ecl ust e
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Whi 16 s virtually insoluble in water, precl
anticance8anm@btse npcryesogntly under investigation

Figure 3. Crystal structure of {(HQ)C;H1o(NH)}PtCl, (8)
(shown is the dimerizatiovia twofold OH@D* hydrogen bonds)

Figure 4. Crystal structure of {(HQIC;H1o(NH)2}Pt{(O »,C),CsHe} QH,0 (9b)
(shown is the association of complex molecules around the water pockets)
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2.213Researchar ea fAStructure-Oxmoepi Pelrulki ni uyn &fl
(K.-R. Porschke)

l nvolAve D:We i &a,nrR.d Goddar d
Object®OBvepi dinone, which pcperaidosastiwvoyn g su,s

undergoes hydrbaitsipoinditnod icdodlr.emt It9e r% udaerertst and
hydration, we tu#pne@decrouwn natntee mtyidomatteo hiy4 r o c

chemical feedstock in the pharmaceuti cal i n
actua-di phydrdxypiperibecamen ichit er e sieednidn t h
render this quite simple geminal diol stabl

ResuCammer cpiaperiddi none hydWatese kxdmreamkel gr is
i n water, but insoluble in all organic so
mitxur e s-c sy & gAheasv eo fb e e n -ralyt asitmreudc.t uX At anal ysi
be -di,dydroxypiperidinium chlorid@2li nanwlhi ch
O Ham | hydrogen bonded to cliHiogrlijdeeDedryidormag i iom
wi tSlOGhf forded tokxkeopkeeondi By umwicih¢lrgdee (si
crystals from anhydmnoums DMFKF-3s nCr s sflolabil me | e
which ar eviasHID@iNatkerdi dges, whereas the ket
i nvo(Fvega)y eSBil $ dstrongly hygrosco@BifYAofand the
the <iryghteal s can be foll owed luntderg ud mngid cyr o
solutiomodfi neiptumer wat er (where chloride be:
only partially hydrat ad otld kgitwwemeami xh aute. 9:

that it i s @B&lsemytdradden tbhheenddsH whi ch stabili

Figure 1. 3D-Structure of the diol
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Figure 2. Linear association of the ketoBe

By ani on exoOkkaomgernihcki nd dHgN B]sxal wst hf ( @ep &I
coordinating aGli@ihé§, XrmeaweB RbTéfen prepared. Th
nomygroscopic and their aprreo ptelret i seamB na sa qfucerc
For [sHsNB]) @TE) (and sHsNH)aNTMD) chain structures
thatBhave been deter mined. Thus, in these ¢
ammonium groups by acting as fAhydrogen bo!
proton® QMNMHrogen bonds). The anions are a
stabilize al si@ tgleeni cal r@s ghdysldribyge MHbonds,
therefore are not for med.

The anion Xsxi Al dW0O&€{ CIFess basi c. When t he
out i n either d.Cktabyla eddilewvenodr CHe sol
[ ( OsHINGH( OBt [I| A OCHlalF  E)( and sHsN H =CpaQ) -]

[ Al { OLBYJCH( can be <crystallkEeedsi sTthe aofocsgp
cations and aluminate anions, and two ethe
gr owipiH@ et her ) hydrogen bonds. I nterestingl
appear to béCHD@hbetlt oze) bEFEdMNBYyen bonds

Figure 3. Structure of the piperidinium bis(etherakefshown are two cations)
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2214Research arelaexi®ds () FEFolmpunsaturated A
(K.-R. Porschke)

l nvolWw e dGamr ad, R. Goddard

ObjecThere is an enduvualegd)i NPE(O3t amdz &t ¢ 0)
since these are active precursor compl exes

(e. g. COD) have -epqudnmnneti wes hame 1sbudi ed

pol yunsaturated aza mol goel & 11nlk & ¥sicemguietmed sén &
and used them as I|igands for nickeldwoge Mi X i
di fferent carbon shgbesdiizna o t he l i gands an
conformations of the chain, Tadogepgther i dhe ratsi
detailed conformational analysis was perfor me

Resulns:ithe first pEEEYX-1 , &-f r4d sb(ely,| o, djtey @t o (

pent 88d e8¢ ai3Anewds coordinated to Ni (0), suppl
Pd(0) and Pt @c0) Tihe Atr Rogluaer of tAltenurbeoor di
t hought of Cessy mmed aa4d lci@2aexdi)wi tplastsheng t hrough th
C=C bond and-the popposite, N

at om. The NMR g%‘pectra: \\\\

indicate rotat.i of t NN C2 2

moi eties abI0|u¢\\fthe\L jﬁ/ﬁy\CL )/ \L
CiC bonds, resu1t‘r\'{— "R RN
j umps Cgafx itsh.e A

R

1,,l

WheAis coordinated to &), mertcatlatmeoﬁ?\tser such a
about t héC vbonryds carCe no | on-ger po si% 1 e. Th
cyclotrieBéotimgantdr ea forhma(lana%nl\it‘kelacyclo
rings withnt hedlaawigdct, c, t ) confotr i onal

combinati on, resul()2$y1rgmdtnriacnaT Mlturrlegld
and the presence of a pair of enaBhti omer s.

Re ac tEi,#g, 6 riidso(sdy,l 6t rmilazacycd ap eindeadsd c(awi t h

Ni (Dhomds mdOhowhictlkeacan accept a fwErthbe Ni (C
structbuir€ssypmmetri cal and r esenmdmiserae dc hraii mg
providing the seat, €heGNH wee ptresyelntgm@upg s ea
and the other tosyl (Fgrgdaype forming the back
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Figure 1. Structure oD.

| sol abDaoHdHr aifsed the question

as to how the structure a4n€l ‘T opeNot i es of
these coampé e xafsf ect e byN_ e N T HT!
replacing the acyclife-{ 1| isgand By

7 . 7

anad.og For mal excifiom ofN a
CHN( TS)&mt ity camwosdc gg’\pf‘-n?t% k
sites to Fain@de filogawhkdgch N

complHikkeave been synthesized.™

Ni(0) Ni(0)
—» J —» K
G

CompHsxow&sywmmetrical structure and packs |
of I dé&stymmaeltri cal mol ecul es havi nMRi glwtree s a me
2)These are stacked ssiacfth adjaac etnhte npoh eencyll eg
paral |l el t o one Kn@Ei geBrer ylshtea | ¢ i-faaersrhesicanr  we
spher(di gaxs

Figure 2. Structure oH. Figure 3. Structure oK. Figure 4. Spherulites oK.



