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Abstract

This PhDthesis is divided into three chaptelrstroduction Results and Discussia@and

Experimental Part

First part ofchapteroneis a review of compounds incorporatingiamine moieties.
Nowadaysit is one of thanost investigatedreaof studies in several field3heir uses
in medicineand in chemistry will bediscussedHowever, attentionwill be refunded
mainly onthe use ofliaminesin organic synthesis as chiral auxiliaries, as chiral ligands
in asymmetric synthesis or as organocatalysts. Additionallyse¢hertedmethods for

their preparation will be given.

In the second part of chapter oribe research area tiie phosphorusheteroatm
heterocyclic ompoundswill be the main focusThis part of chaptesnewill presentthe
cyclisation process of chiral diamines around the phosphorus at@ntytlisation step
affordsheterocycles @ntaining a trivalent or pentaleamt stereogenic phosptus atom.
Finally, the application of these compounds watalyzed transition metal

transformations will be discussed.

The investigation, presented in terms of the current thesis in chapter two, covers the
preparation of various diamine ligds based onamphoric acid. The chiral diamine
ligands with nitrogen atoms containing the same or different substituents will be
described and their application in to the nitroaldol reagti@sentedvhich provides an

easy access to chirbinitroalcoholsin high enantioselectivity up 4% and excellent

yield in up t093%. The further transformations ¢fie secondarychiral diaminesnto
heterocycles containing phosphorus atom in quantitative yields in up to 97% without
any purification ad their application as ligands or as versatile chiral shift reagents will

be also discussed in the second chapter.

Lastly, the third chapter is the collection ekperimental procedures and data of the

presented work.



Kurzzusammenfassung

Die vorgelegé Doktorarbeit ist in drei Hauptkapitel geglieddftnleitung Ergebnisse
und Diskussiomnd Experimenteller Teil

Der erste Teitler Einleitunggibt einen Uberblick tiber Verbindungen mit einer Diamin
Komponente, die in den unterschiedlichsten Bereichd@nsiv untersucht werden.
Dabei wird deren Verwendung in der Medizin und Chemie diskutiert. Hauptsachlich
werden siejedoch als chirale Auxiliare in der organischen Syntheaks chirale
Liganden in der asymmetrischen Synthese und afgar@katalysatoremringesetzt
Zusatzlich werden ausgewaéhlte Synthesemdglichkeiten der DMenrindungen
aufgefiuhrt.

In dem zweiten Teilder Einleitungliegt der Fokus auf dem Forschungsfeld der
Phosphotbasierten heterozyklischen Verbindungen. Dieser Teil beschreibt die
Zyklisierung von chiralen DiaminVerbindungen zu IRosphofbasierten Heterozyklen
mit einem drei oder finfbindigen stereogenen Phosphoratom. Abschlie3end wird die
Anwendung dieser Verbindungen in Ubergangsm&tdhlytischen Reaktionen
diskutiert.

Die Synhese und darauffolgende Untersuchung unterschiedlicher Diamin
Verbindungen basierend auf Camphersaure werden im zweiten Kapitel dargestellt.
Dabei werden die chiralen Diamlnganden, deren Stickstoffatome entweder gleiche
oder unterschiedliche Substituenttragen, beschrieben und deren Anwendung in der
NitroaldolReaktion vorgestelltUber diese Reaktion konneahiraleR-Nitroalkohole

mit hoher Enantioselektivitat von bis zu 84% und hervorragenden Ausbeuten von bis zu
93% unter Verwendung der neuen Lighkem erhalten werden. Anschliel3end wird die
Umsetzung der hierbei dargestellten chiralenusdiéren DiamifVerbindungen zu
Phosphotbasierten Heterozyklen beschrieben, die mit einer Ausbeute von bis zu 97%
ohne weitere Aufreinigung erhalten werden Zudemderrsie als Liganden und als

vielseitig einsetzbare chirale ShReagenzien diskutiert und untersucht.

Abschlie3end sind im letzten Kapitel die Synthesen und experimentellen Daten der im
Rahmen dieser Arbeit dargestellten Verbindungen aufgefihrt.
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1. Introduction

The phenomenon of chirality, common in nafusean inseparable feature of various
levels of matter. Chirality plays a huge roleniany areas such as biology and material
science’ Chiral recognition and differentiation of the enatiomers are indeed a
fundamental goal in chemistrythis point affects theclimax of many branches of
chemstry and industy, in particular pharmacy’ Chiral separationof isomersin
medicine and pharmacplays a keyrole. One of the enantiomes may not have
therapeutic propertiesvhile the secon@nantiomemay beinactive and in the worst
case,one may be toxic® One of he example of the importance of separation of two
isomers and the relation betwemolecular chirality and pharmacological activity is the
tragedies of the thalidomide babies in the 1960s, when the drug was used for a treatment
of nausea in pregnant womém the case of thalidomid¢S)-enantiometl demonstrate
teratogenic and inttesfetal malformations, whil¢R)-enantiomer2posseds desirab
sedative propertiesUnfortunately, latettests showed thaR)-(+)-thalidomide2 can
racemize inthe liver. Thus another example of the significance of separation of two
isomers is ethambutolhe (S,3-enantiomer3 is a frontline antituberculous drug, while
(R,R-enantiomed can cause blindnésgigure 1).

H
OH HO

o) 0
OH HO
0 GO PGS
II o) I\/L o) /ﬁi\N\/\N‘“‘" Me  Me ”"'N/\/N"'J/\
0”7 NS0 0" N"So H
H H

1 (S)-(-)-Thalidomide 2 (R)-(+)-Thalidomide 3 (S,S)-Ethambutol 4 (R,R)-Ethambutol

Figure 1. The Absolute Configuration of Thalidomide and Ethambutol.

Despite many accidensassociged with racemateuntil 1992, the Food and Drug
Administration in the U.S. introduced | ear rul es call ed Aracemic
synthesesingle enantiomersSince that time, progress in the separation of enantiomers

is impressive Nowadays it hetbeen an essgal challenge for chemists academia and

industry. Racemates have large importance not only in medicine but also in such areas

like cosmetics and food industry. Onesestial example is limonene afhich the
(R)-enantiomei5 smellslike orange andhe (S-enantiome6 smellslike lemon!® The

same situation is witlthe (S-enantiomer7 of the amino acidasparaginesvhich is

2
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responsible fom sweet taste whiléhe (R)-enantiome8 is responsible foa bitter taste

(Figure 2)?
HO OH
e} o
HoNum “NH,
: : o) o
X N NH, HoN

5 (R)-Limonene 6 (S)-Limonene 7 (S)-Asparagine 8 (R)-Asparagine

Figure 2. Examples of Enantiomers.

1.1 Chiral Diamines

Chiral damines contain in their structure two amigimups, whichcan be attached to
different atoms in a chain of carbon ator@gcemany yearshiral diamine derivaties
are investigated by many research groups. Some examples of them which are the most

widely used and reported are geated in Figure.¥’

Ph Ph
— SO
K NH

H,N  NH, H,N  NH,

iPr OO NH,

iPr

LY

12 13 14
Figure 3. Examples ofChiral Diamines

Since enantigpure diaminesare constitents of many natural produttghey play an
important role in various areas atience such as pharmaceutical or medicinal
chemistry'® Also chiral diamines found huge interest in stereoselective organic
synthesi&® wherethey can be successful used as chiral catalysts, chiral reagents an

chiral ligands. &king intoaccount thevide use of thee compounds is not asurprise
3
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thatdevelopment of novel synthetic methodologies to obtain enantiopure diamines has

been a subjeof intense researc.

1.1.1.  Diaminesin Natural Products®®

Nowadays many natural produase knownwhere we can findliamino moiées in
their structures. One of the best examp@espeptides which contain, n+1 diamino
carboxylic acid15,* like diaminopopanoic acid which is part of the composition of
antibiotics such as edeines and tuberactomycin derivativeBi&@ino carboxylic acid

is a part ofwell known antibioticslike penicillin 16'° discovered byAlexander Fleming

in 1929 and cephalosporinl7*® found by Giuseppe Brotzu in 1948he vitamin H

also called biotiror coenzyme R8" contairs al,2-diamino unit(Figure 4)"

NH, ¥ s
HZN\)\MCOZH R N\)<
| n2 o
' CO,H

15 16
o  H Q
YN s H—NH

D HN, 2
R N o,o\m\/\/cozH

o} R IS
CO,H
17 18

Figure 4. Natural Products Containing Diamino Moieties

1.1.2. Diamines in Medicinal Chemistry

Diamines arean essential part of biologically active compounds. Chiral diamines such
as 1,4diamines have found application as intermediates in the synthesis of potent HIV
protease inhibitors. Howevel,2-diamines play a keyole in applicatiors in meadicinal
chemistry.These compounds have been reported for instagamst antiarhythmics,
antidepressant agerdstipsychotics, analgesics, antianxiety agents, antiparasitic agents
and anticancer druds Cisplatin 19 is one of the most weknown cancedrugs.In the

mid 1960s Rosenberg discoveradtitumoral propertie®f cisplatin, whichstarteda
4
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new beginning othe synthesis of novel diaminglatinum complexeike DWA 2114R
20, NK 121 21, oxaliplatin 22 and NDDP 23 (Figure 5. 1,2-Diaminoplatinum
complexes are used in antitumor chemotherapy because they have high antitumoral

activity and less toxity.*?

||||| \ 5_\
Cl Q NH, HoN. NH,

, .
—P{— ,Pt\ NN
CI—Pt-NH; oo <0
NH;
0 o 0 o
19 20 21
HN. NH H,N._NH
2Pt Q2P 29
o Moo
RsC CRs
0 o)

R3C(CO)O = Neodecanoate

22 23
Figure 5. Diamine i Platinum Complexes

EDTA 24 is anotherexample ofa compound which possesiis structue a 1,2-diamine
moiety (Figure 6)*° From a medical point view, EDTA has the ability to chelate metal

ions to generate stable complexes which can be usedfielthef nuclear mediciné"

(@]
HO\EO Hk on
~N
D
HOWH HO (@]
(e}

24

Figure 6. Structure of EDTA.
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1.1.3. Diamines in Organic Chemistry

Organic chemistry is an area whexgral diamines are widely used as auxiliaries or
ligands in stereoselective synthesis. Diamines also have found appBcasiamovel

reagentdor enantioselective synthesis.

One of thetypesof importantdiamines which areoften used in organic transformations

is TMEDA 25. It plays a key role as a ligand which is able to generate stable complexes
with many metal halide¥. Nextinterestingexample is DABC®6. This compound can

be aLewis basecatalystfor polyurethane for th®aylis-Hillman reaction, oit can be

used as 8renstedbase(Figure 7)*

S (D)

N

25 26

Figure 7. TMEDA and DABCO as Examples of Diamines in Organic Chemistry

1.1.3.1. Resolution of Racemates and Detanination of Enantiomeric

Excess$®

Resolution is one of the oldest methods used for the separation of racemic compounds
into their enantiomerically pure fos*?® The most common example afresolution
of trans1,2-cyclohexadiamine9 by crystallization vas described by Larrovand

Jacobsen which is illustrated in Schentfé 1.

HO, OH H,O/HOAC *HyN  NHa*  KpCOs2eq
+ y _— . - T .
HO,C  COH 90°Cto5°C 0,c  coy HOEOH -\
HN  NHp — HN  NH,
HO  ©OH
rac- 27 28 29 9
Yield = 40% - 42% > 98%

Scheme 1. Resolution afac-27.
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The R,R-1,2-cyclohexadiamine9 and (R,R-1,2-diphenylethylenediamindl0 were

used to resolvbinaphthol atropisoers30 (Figure 9.2

Ph Ph

H,N  NH, Ho,N  NH, OO
X Y

9 10 30
Resolution Agents X=Y=H
X=Br,Y=H
X=H,Y=CHO

Figure 8. 1,2Diamines Used to Resolve Atropisomeric Baphthols.*®

Diamines havefound also application as resolving agents for chiral aldehydes.
Mangeney, Alexacis ando-workers proved that theenantiopure aldehydes can be
determined by NMR oisolated bychromatographic methods after converting them into
diastereomeric imidazolidinegamirals) by condensation withN,NG&dimethyl1,2-
diphenylethylenediamine (DMPEDAJ’ which wasthe most efficiendiamine in this

case(Scheme 2%

enantiopure diamine 1. separa’uon
R'-CHO R R'-CHO
_< l 2 hydrolysis
Racemate Diastereomeric Aminals Enantiopure Adehyde

Scheme 21 2-Diamines as Resolving Agents for lehydes.

1.1.3.2. Diamines asChiral Auxiliaries

Chiral auxiliaries are enantiomerically pure compounds that are connected to a substrate
in order to control the stebehemical course of a reactiGhEspecially for asymmetric
transformations these of chiral auxiliaries is fiexible and weltestablished methot.
Several examples of chiral auxiliaries based on diamines have tiogindvayin highly

stereoselective synthesis.



Introduction

Chiral bicyclic phosphonamide®l were reportedrom diaminocyclohexanas chiral
auxiliaries by Hanessidns  g*t*oandmlso inspired by thevork of Blazis et al*®
The processs shown h Scheme 3The anion derigd from 31, which was prepared
from (R,R)-1,2-bis-N-methylaminecyclohexane32 with a base such asBuLi or LDA,
was treated byan alkyl halide and after hydrolysis dhe resulting product33 the
correspondind)substituted phosphonic aci@4 were obtainedh excellent yields?

'Yle |\I/|e 'YIe
NH  clLP(0)CH,Y N0 1. Base N, O 0.1N HClI HO_ O
— e B PR e~ PR
“NH EtsN, CeHg N j 2.RX N _Am N \(H 25°C HO \ﬁ,,H
Ve 25°C Me Y Me Y Y
(RR)-32 31 33 34
Y= Me, Ph, CI, N, Y= Me, Ph, CI, NH,

Yield: 88% - 98%

Scheme3. Chiral Bicyclic Phosphonamides Prepared froma C, Symmetrical

Diamine.

Corey describedthe bororcontaining chiral auxiliaries, derived fom 1,2
diphenylethylenediamirtd 35 which was applied iran enantioselectivaldd reactions
aspresentedn Scheme 4or the synthesis o$ynaldol product36 and theanti aldol
product37 with excellent diareoselectivity and enantioselectivifyThe investigation
shows that thedifference in stereochemistry ofnolate constructionfrom 1,2
diphenylethylenediamine35 as a function of ester formation can be due to a
fundamental mechanistic dichotomythe initial complex of 35 with Sphenyl
thiopropiona¢ 40 may undergo sulfupromoted dissociation of bromide iam CH,Cl,

to generateion pair 41 more rapidly than direct deprotonation by the hindered base
diisopropylethylaminePEA). Deprotonation ofil in the conformation shown would
then favor the "cisid" enolate39. Theless polar solvent should slow the dissociation of
40 to ion pair 41 while the sterically smaller TEAtr{iethylaming is supposed to
accelerate the direct deprotonatiord6fto generatehe transoid eolate. In contrasthe
bulky tert-butyl group prefers an owtf-plane orientation which disfavors ionization to
45t h at Otlse comiplgx of35 andtert-butyl propionate4d2 shouldlose bromide ion
slowly compared to deprotonation by TEA generatehe transoid enolatg.
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o) _BR,’
\)J\ ) . o2 PhCHO OH O
sph * ReBBr + NEt(iPr) ——— > —>78 o
CH,Cl,, -40°C ZSsph Ph SPh
38 35 39 36
Yield = 93%
ee=97%
NEt(i-Pr), syn/anti = 99:1

Ph
. s - . S—Ph
0=C R;B—0-C -
RyB - \—CH, Br
Br HsC
40 /1
Reagent: CF3 CFs
SR sus!
FsC =N N~ CF
3 SO; g’ SO, 3
|
Br
35
0 ) oBRe PhCHO OH O
\)]\O gy T ReBBr+EN ————— o :
tBu hexane/toluene '/kOtBu -r8°c Ph/\l)J\OtBu
-78°C
42 35 43 37
Yield = 93%
ee = 94%
syn/anti = 2:98
Et;N
t-Bu\ t-Bu\
+ _
. 0 O Br
/O:C /O—C
RyB - \—CH, Ry \—CH,
Br
44 45

Scheme 4EnantioselectiveSynor Anti Aldol Reactions of Boron Enolates [@rived

from a C,-Symmetric Diazaborolidine.

1.1.3.3 Diamines as Ligandsn Asymmetric Synthesis

Asymmetric synthesis is one of the most developing areasrganic chemistry.
Therefore,it is very important nowadays to design external chiral ligdhdne of

them are chmineswhich play a huge role as ligands for organometallic catalysis.
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The group of Knochel reported a successful examplileesddditionof dialkylzinc 46 to
aldehydesA7 in the presence othe diamine 48 linked chiral T{IV) complex as the

catalyst’ which affords functionalized secondary alcoholdd with high

: o 3840
enantioselectivityScheme b
Ti(OiPr) NHSO,CF3
0 44, PhH OH O’
R,z + K
24N RzJ\H _50°C - 0°C R2J>R1 NHSO,CF3
1-48h (RR)48
46 47 49
R' = alkyl R2 = aryl, alkyl Yield = 80% - 99%

ee = 68% - 99%

Scheme 5EnantioselectiveAddition of Dialkyzinc to Aldehydes inthe Presence of
1,2-Diamine.

Evanset al. described the influence @,-symmetricbis(oxazoline)coppecomplexes
from diamineas catalysts fothe Diels-Alder reactions Cycloadductsynthesized from
adiene andan oxazolidinone were achieved in excellent yields and enantioselectivities
(Scheme $*! In addition,Corey has proved that the same ligands linké&t Mg(l1)*

and F¢lll) * complexes as chiral Lewis acid catalysts sbdthe successful agization

in the Diels-Alder reaction of usubstituted acrylimide$

o o
e oy By i
/ HJ{

50 51 53

R =H, Me, Ph, CO,Et Yield = 85% - 93%
ee (endo) = 30% -98%
ds (endo:exo) = 94:6 to 98:2

Me_ Me
ow)ﬁ/o
| \\)
N N—/
R R

52

S ©
S)LNMR . @ 52/ Cu(OTf), ; ES
-/ HJ(

54 51 55
Yield = 82% - 88%
ee (endo) = 94% -97%
ds (endo:exo) = 84:16 to 96:4

Scheme 6 Enantioselective DielsAlder Reaction.
10
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Chiral diamines foundalso applicatiors in the catalytic transfer hydrogenatioising
formic acid as fdrogen source which ia well known, inexpensive reducing agéht.
Noyori were successful in the asymmetric reduction of racehrieo-b-hydroxy-U-
amino acid$6 applying this hydde donorto furnishthreo57 isomerin 94%eeusing

a chiral rhodium catalysts and vicinal diambBgas ligandScheme Y.*> More recently,
foll owed by, MbgtkowskiGsdcowarkerds provedthat intoducing a
better electroswithdrawing perfluorobutylsulfonategroup on the TsDPEN N-tosyk
1,2diphenylethylenediamine) ligand increaske catalyst activity and stereoselectivity

up to > 99%eein transfer hydrogenativia dynamic resolutiof®

0 OH
Meo:©)k(COZMe [RuCly(f-arene)], / 58 Meojg)YCOZMe Ph INHTS
e NMeZ HCO,H-Et;N, 45 °C oo NMeR Ph” “NH,

58

56 57

Scheme 7Asymmetric Transfer Hydrogenation Using Chiral Ru-Diamine

Complex as a Gtalyst.

1.1.3.4. Diamines as Qganocatalysts

The phrase organocatalyst is a connection
In connedbn with the use of-proline as organocatalysts for the intramolecular aldol
reaction by two independent pharmaceutical companies HoffmaRoché&’ and
Schering AG® in the early 1970%, proline started to be a goasymmetriccatalyst.

There are manyeasons why it has become a significant, chiral molecule in asymmetric
catalysis. First of all, proline is avable in both enantiomeric form$:rom the
chemistry side, proline is bifunctional, igh me a n s i n prolineds
carboxylic acid and ame portion, which can both act as an acid or base and also can
facilitate chemical transformations in concert, similar to enzymatic catélysis.
Surprisingly, thisidea was not exploited untilately>® In 2000 a breakthrough for
organocatalytic reactionswas achevied MacMillan proposed theconcept of
organocatalysisvhich defines itself as the acceleration of chemical reactions with a

substoichiometric amount @in organic molecule which does not include a matam
11
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in the catalytic active centéf The field of asymmetric organocatalysis &s rapidly
progressing area arghtalysts havéeen used in mangifferent reactions such ate
Michael reactior?” aldol condensatigrt and others.

Nowadays many groups are foced on prolinederived diaminesAlexakis et al
described h e -bbyrr@lidine derivatives59 a-h which can be compared teproline
due to its pyrrolidine backborfeas @ organocatalysts for the asymmeteddition of
ketonego nitroolefins 60 (Schemed).>* Change of the additive fromTSAH,O to HCI
in MeOH and from acetone to cyclohexane afforded much higher enantioseétivit
up to 81%ee™

59 a-h

X NOz p-TSA* Hy0 o Ph
——— N Ao,
Acetone, rt
60 61

SIS S el

N N
H H

¥y Nt %

59 a 59 b 59¢c 59d
Yield = 88% Yield = 79% Yield = 91% Yield = 76%
ee=17% ee = 20% ee=17% ee =25%

<0 DD O

N N N N
H H/K H:(

59 e 599 59 h
Yield = 25% Yield = 74% Yield = 89%
ee =3% ee =23% ee = 30%

Scheme 8Asymmetric Michael Addition of Ketones to Nitroolefins.

The group of DeolChan Ha reported successful example of a bisammonium salt of
monoN-alkylated chiral 1,aliaminal,1l-diphenylethane (DPENK the DielsAlder
reaction between cyclopentadieb and crotonaldehyd62 (Scheme9). It is the first

case where chiral 1,2diamine formed ammine intermediate3 which is activated for

the cycloaddition by an internal ammonium Brgnsted acid in wet solvent. Interesting is
that solvents having more than 10% (by volume) of water indicatel@creased

endoéxoselectivity ancendeenantioselectivit.”
12
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Ph,  Ph Ph,  Ph
CHO H,N  NH, " 2HCI N. _NH, @
" f// H S| B/ CHy + / CHO
B -
dioxane / H,0O CHO CH,
62 63 endo-64 exo0-64
ee =79% ee=31%

Yield = 96%
dr (endo : ex0)=4.8:1

Schemed. Diels-Alder Reaction.

DMEDA was examined by Lei ancb-workers as catalyst to promote the direeHC
arylation of unactivated benze®8 with aryl iodides66 in the presence of potassium
tert-butoxide (Sckme 10. The novel methodis believed toinvolve an arylradical
anion as an intermediate. This discovery suggastoptiontoward establishing a new

horizon forthedirect GH/crosscouplingreactions®

H

\N/\/N\
H

Ar—l  + H s Af@
KOtBu, 80 °C

66 65 67

Yield = 30% - 92%

Scheme 10DME DA-Catalyzed GH Arylation .

1.1.4. Methods of DiamineSyntheses

Due to the huge interests in the use of diamimemany areas of chemistry, many
researchers have beeevelopednovel and effectivemethods for their preparation
Recently severalways have beerdescribed using differentompounds as a starting
material, such as double substitution of diols, reduction and addition of organometallic
reagentsto diimines, reductive couplingf imines andN-sulfinylimines, and diaza

Cope rearrangemeh{(Scheme 113

13
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\ ~“NR'R?
X X R z O,N
1R2N~ -NR1R2 —
RRN" ¢ R N'?R " R R
Ta
&~
g 2R'RN NR®
____________ ~ | DIAMINES| . ... ____ 4 )
R 7NR1R2 R \/R
i ~
A
1 2 ! ZN. Nz
RZNV:_\/NR .
R R' R_A »_R
'|\1R1 ,\IIRZ
+
R) kR

Scheme 11Routesfor the Synthesis of Damines.

1.1.4.1. Synthesis of DPEN

DPEN (1,2diphenylethylenediaminay one of the most recognized and common used
substances a diaminemoiety. Racemic DPENLO can be synthesized iwo ways. It
can be obtaied through the hydrolysis ofaamirine synthesized from ammarand
benzaldehyd&8 (Scheme 12)® or from the reduction of the intermediate imidazole
generated by the reductive ammination of cyclohexanor8® and benzyl
(Scheme 18).*° The eantiomerically pure form of§,3-10 and R,R-10 can be

obtainedby theresolution of the racemic produetth L- or b-tartaric acicf®

14
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a) Ph Ph Ph
o)
| L. X A
H NHs(liq.) )'N le HN™ SN NaCH (ag.) HN™ SN
Ph P 120°C P Ph 15°C p! ph
68 70 7 72
Al/Hg, H,0 Ph\[ NH;
L-tartaric Ph\\“' NH2

acid
Ph\[NHz (R,R)-10

Ph"" “NH,
NH,

rac-10  p-tartaric P,
acid Ji
Ph” “NH,

1) Li, THF-NH,, EtOH

2) HCI S,5)-10
b) 3) NaOH (58)
+ _—
reflux S
Ph” >0 pn” N
73 69 74

Schemel2. Synthesis of DPEN.

1.1.4.2. The Development of Diaminaion of Alkenes

Sharples®t al have reportedhe diamination omonosubstituted and disubstituted
olefins through a stereospecifais addition inthe presenceof the tiimidoosmium
complex77 (Scheme 1B% Although the desire products were obtainegdod yields,
the reaction is only possible witk-alkenes. In additiancomplex 75 has to be
synthesized from OsQ which is expensive and has to be used in stoichiine

amounts:3

15
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PI’IBU3 1 tBu
\ tBu. _tB R ~p2 1
0, .0 _ NtBu NN . R Os e IR
o 0" N BuN" "
O (6] ~(Bu ccl, tBu ’T‘ g2
tBu
76 75 77

R'=Ph, RZ = H: Yield = 89%

R' = CgH47, R? = H: Yield = 63%
RT  R? R' = R2 = nBu: Yield = 69%
R'=R2? = CO,Me: Yield = 72%

1)LiAH,, Et,O  tBUHN  NHtBu
_——
2) NaOH, H,0

78

Scheme 13Asymmetric Diamination of Alkenesin the Presence othe

Triimidoosmium C omplex.

Nowadaysthe diaminations an established metho8hi andco-workers proposed the
regioselective diamination of dieneBhey suggested in their report that conjugated
dienes 79 can be regioseleetely diaminated by Cu(l) as a catalyst andtedi-
butyldiazaridone80 as a nitrogen sourceThe desird chiral diamines R,R-81 and
(S,9-81 were obtainedvia the diaminabn at the internal double bondnd the
resolution ofthe racemic diamine with.- and D-tartaric acidin the last stepwith high
regio and diastereoselectivity in good yie{8cheme 1%% The CuBr asthe catalyst

provided ahigher regioselectivity than Cu€i®

(0]
o Q\ H,N  NH
CuBr conc. HCI 2 2
Cortri N+ >\ A % > N Nk > >_<_
N=N CHCly \_&; reflux, 30 h CsHiq __
-10°C,30h CeHyy =
79 80 82 83
1) L-tartaric acid HzN §NH2
2) NaOH
CsH14
(RR)-81
Yield = 76%
E— ee = 99%
1) D-tartaric acid
2) NaOH Hz’\L NH,
CsHi4 —
(S,S)-81
Yield = 73%
ee =99%

Scheme 14CuBr-Catalyzed Regioseletive Diamination.
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1.1.4.3. Diamines from Imines

The reductive coupling of imines is a straightforward method for generating vicinal
diamines> In principle, the reductive coupling lesitb variable proportions cénti-

andsyndiamines™®

Pederson andRoskamp esearched a convenient methéat the preparation of
unsubstituted vicinal diamines froht(trimethylsilyl) imines with d niobium reagent
(NbCIy(THF),) 84 (Scheme 1p The presentegrocessis able to give the desirel
diamines with good vyield and diasteeoselectivities. fie dialkyl products show
howeverlower result§® and the resolution of racemic diamines can require the use of

complicated method¥.

Method a
A

NH,
KOH R

RCN, KF; KOH
BuzSnH

84 N ) 85
Y

Method b

NbCl,(THF),
NH,

Scheme 15Vicinal Diamines by Pederson.

More recently,Xu et al® have investigated a practical way for the preparation of
diamines by the reductive homocoupling of aromiitiert-butanesulfinyl imines in the
presence of Smland HMPA (Scheme 16 The authors were able to prepare
enantimerically enriched C,-symmetrical diamines in excellent vyield and
diastereoselectivities. Howevéehe electrondonating substituted imines were relatively

less reactive and gave a lower yield of homocoupling products.
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% o Q
N/S\é —s/L S H,N  NH
| 2 Smly/ THF =57 NH N \ﬁ HCI. MeOH N, 2
B H —_— _—  »
R/ R
86 87 88
R=H, F, Cl, Br, Me, Yield = 25% - 99%

OAc, OMe

Scheme 16Preparation of Diamine by Reductive Homocupling.

1.1.4.4. Diamines from b-Amino Alcohols

Taking into account the development effective methods forthe preparation D
diamines, amines substituted at firposition by a hydroxyl grouprewidely used as
starting material Many optially active b-amino alcohols can be synthesized from
natural compounddgrom the chiral poolsuch asalkylated amino acids through

reduction3°8

Kokotos andco-workers have develped the method to reach diamiB@ with 62%

yield using L-glutamic acid90 by reduction of theamino acid, replacement of the
hydroxyl group by an azido group and selective redudt8aimeme 1) The presented
procedure reported for the conversion of glutamic acid into diamine is free of

racemizatiort?

o o 1. N-methylmorpholine, CICO,Et o 1. MeSO,CI, Et3N
H 2. NaBH,, MeOH H 2. NaN3, DMF
MeOWOH MeO ~Son ————
NHZ NHZ
90 91
Z = Cbz = PhCH,0CO-
o o 1. NaBH,, Pd-C, H,0, MeOH o
H NaOH H 2. ZCl, NaHCO;4 H
MeO "Ny 7 - HO T Ns HO Y~ "NHZz
NHZ NHZ NHZ
92 93 89
Yield = 62%

Scheme 17Diamines from Amino Acids.
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Syntheses of chiral diamines haleenreportedby O & B r eit @ %’ They proposed a
onepot method to obtain homochiral diamin®€d from commercially available
(R)-styrene oxidé5 in high yields.Unfortunately the reaction wasnly possible when
reactive amines such as pyrrolidine and pipeedirere used in the first stegence,in
further work they investigatedew strategs where they used phenylglycin® which

is available in two enantioenic forms as a precursor to diamil®g{Scheme 18**°

i, OH L) (?
H, O Pyrrolidine /3 N EtN,MsCl 4. N*
_Pyrrolidine \ .
Ph)\/N + >\l

Ph/<‘ oh _~_OH Et,0 Ph
95 98 929 100
R

Et;N NH ,3
RNH, ph/'\/N

94
Yield = 74% - 93%

Me,_

R
NH, NR, EtN, MsCl N+ 29 MeNH, R
- . BN MSCL -y, Ntg ———2- s
Ph)*\/OH ph-~~OH Et,0 Ph/Q EtsN o~ Nog
96 101 102 97

Yield = 62% - 76%

Scheme 18Preparation of Diamines from [R)-Styrene Oxide or (R)-Phenylglycinol

1.1.5. Summary

Compounds incgporating diaminomoiety in their structures plagignificant role in
synthesis The diamines can bderived fromnatural products ofrom synthesisThis

fact let to use diamines in many scientific fieldgking into account their biological
propertiessome of them found applications as medicinal agents. Morechéegl
diaminederivatives are useful compounds in organic synthesis. @tesgleally suited

as chiral auxilries or as ligands especially in catalytic asymmetric reactions.
Additionally, thee are manydifferent routesfor the synthesis of diamineslowever,

few examples are of broad scofpdost of them are able to form specific classés
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primary, secondary, and tertiary diaminesymn anti products Othersare suited fothe
preparation bCy-symmetrical desiiddiamines.These dgs the challenge is to develop
new way to preparechiral diamines selectively either from the chiral pool aral

asymmetric catalysis.
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1.2. Organophosphorus Compounds

Arabian alchemists havdiscosered phosphorus in the "ilZentury nonethelesthe
whole success othe discovery ofthe element belongs to a German physician and
alchemist who first isolated in 1669 by distillation from urine. Nowadays phosphorus
has found huge interest in many aseof research. Especialthe development of

organophosphorus compounds has found huge attghtiatays’>

Since the early 1970s, chiral ligands and their application to several transition metal
catalyzed asymmetric transformations has been the subfeattention 6r several
research group$.Desirableligands, from a practical vievshould be aistable, easily
accessible and inexpensive. On the other hand, from a functional view a new ligand
shouldgive the desiredproduct in a highly regioand @éantioselective mannerhere

are many examples of organophosphorus compounds which have found huge
applications for example in agriculture, medicine or organic synthesis the
Mitsunobu, Wittig and Staudinger reaction and as ligands in catalysis or as
organocatalyst§ They play a importantrole in the growth, reproduction and
sustenance of life. Fagxample,esters and thioesters of phospbacid are used as
pesticides. Rosphate esters are known as precursors ibithgynthesis of many macro
moalecules. Diazophospholes, diazophosphirinanes and certain phosphinyl carbamates
have applications in the field of medicine and chemistry. Some of them have
demonstrated to possess antitumor, antiviral, bactericidal andcaaoinogenic
activity.”® Organofosphorus combinations are very ong@nt chiral auxiliaries in
synthesizingnany organic compound5 Those compounds asésoapplied as chiral or
achiral ligands tothe nowadays rapidly growing field dfansition metatatalyzed

transformationg®

1.2.1 Phosphines

Since phosphines and derivatives are known texzellentligand precursorgheyhave
found huge applications as stabligands in numerous transitianetalcatalyzed
asymmetric reactionS. Significantly, ligand play an important role m activating the

transition metal as an efficient catalyst. Despite the vaoétygandsavailable, the
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large number of phosphine ligands with different functions and structural forms
nowadays are the most essential type of ligands in transitedal c#alyzed

transformation&? The most common and useful phosphines are presented in Biéfiﬁjéw

@) 0
On ™ pph P OO <o O
2 PPh PPh
>< /CPPhZ HsCO [ OCH; 2 2
o P, PPh, o O PPh,
g OO )
103-(S,S)-DIOPS? 104-(S,S)-DIPAMPS2 105-BINAPS3 106-SEGPHOS®*

R

\(j S=X_ "M
H P—, CR/ © OO PPh
R
9

PoH P == _)
BG4 ‘Bu A
R\
R= Me, Et, iPr R=Cy, R'=Ph
107-(S,S,R,R)-TangPhos?® 108-DuPHOS®® 109-(R)-(S)-JosiPhos™  110-(R)-QUINAP®

Figure 9. Examples of the Most Usd Phosphines.

The development of novel chiral ligands containing heterodonor atéthsnitrogen

and phosphorus functional moietieB,NHigands) are widly investigated in metal
cataly2d asymmetric reactiofi& The P,N-ligands are extremely attractive compounds
because they can stabilize metal ions in a variety of oxidation statepametries®
These hemilabile ligands in their structure have the well balanced combination of hard
and soft donor atoms whicls resulting unsymmetrical coordination to transition
metals®’ Another advantage of this class of ligands is that they cafaglisfifferent
coordination modes compared wihR andN,N- ligands®® The " -acceptor character of
the phosphoroubgand can stabilize a metal center in a low oxidation state, while the
metab more ssceptible to oxidative additioreactions’® Furthemoe, their chelating
effect confers stability to the catalyst in the absence of substfates.
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1.2.2 PhosphorusHeteroatom Heterocyclic Compounds

In the late years of the T9century phosphorusontaining heterocycles were
synthesizedor the first time Although phosphorus heterocyclic compounds have been
studiedfor many years, it is onlgincethe middle ofthe 20" century that researchers

have realized the importance of these compounds especially in biological Hnea

fact started the developmenf new varis of functionalized phosphorusontaining
heterocycles, especially structures containftpsphoruseteroatom bong which

can be abbreviated as SP®econdary phosphine oxides) or according to the
suggestionof AckermannHASPO (heteroato-substituted phosphine oxide€$)First
heterocyclic compounds having both phosphorus and nitrogen atoms were prepared by
Liebig and WéhleP?

Enantiopure or enantioenriched heterocycles containing a trivalent or pentavalent
P-stereogenic phosphas atomcan be easily generate by cyclisation of diamines, amino
alcohols or diols around phosphorus moietidaother advantage of this class of
compounds is that they can be preggdn aninexpensiveeasy way in high yields and
optical purities. Phosphous-heteroatom heterocycles are extremely attractive
compounds becauge contrast to the classic phosphitiesy presented marked siaty
towards moisture and ain addition they can be used as organocatalysts or as ligands

in transition metal transfmations(Figure10).**

g ! i i
|
2 P 2 P P P
RENTN-R? RE“N" N0 o o o s
/ \/ \_/

111 112 113 114
Diazaphospholidines Oxazaphospholidines  Dioxaphospholidines = Oxathiaphospholidines
R! R R

| |
RZ P

115 116 117
Oxazaphosphorinanes Dioxaphosphorinanes  Oxathiaphosphorinanes

Figure 10. PhosphorusHeteroatom Heterocycles.
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1.2.2.1.Diazophospholidines

1.2.21.1. PhosphorusTertiary Diazophospholidines

Five-membered ring diazophospholidines called also diaminophuwsplvhich contain
in their structureN,PN atoms are nowadaygery desird compounds in chemistry.
These stablé>-compoundscan beeasily synthesizedn two possible pathways which
are depending on the phosphorus precursors. fleeedurs are based on th
displacement of two leaving groups (chlorine or dimethylamino grouvpsa chiral

secondary diamm(Schemel9).

FIRST ROUTE
RPCl,, Et;N R'OH, R'SH, RR"NH, NEt,
/ \ R=Cl f \
R _NHR® 2Et;NHCI EtsNHCI
\/E ] Rt NR3 RU_NR?
SP-R I _P-X
2 4 Ve
R2NHR e N e R
X= OR', SR’, NRR"
2NHMe, NHMe,
M R=NMe, }
RP(NMe;), R'OH, R'SH, RR"NH

SECOND ROUTE

Schemel9. Possible Pathways to Obtain fDiazophospholidines.

The frst route describedin Scheme 2 shows the preparation of P(lll)
diazophospholidines with phosphorus trichloride or a dichlorophosphine in benzene or
toluene at low temperature fhe presence of a triethylamine as a Bagallowed by the
filtration of the resulting BN'HCI.%

Many exanples of diazophospholidines were achieved through the first lBatelarev
et al proposed thepreparation ofchlorodiaminophospanédl18 which marked the
beginning ofa series ofdesiral derivativesof phosphoprus triame&s. The compound

118 contairs a chiral P atomand was achievedas ananti isomer through the
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diastereoselective phosphorylation &-2-(anilinomethyl)pyrrolidine119. The latter

waseasily prepared from-glutamic acidl20 (Scheme20).%"%®

m PCl; EtsN
T — % 7Y . _
HO OH EH MN-Ph

2. AlLH N HN-Ph N-P

NH, 4 H o

120 119 118
Yield = 71%

Scheme20. Preparaton of Chlorodiaminophospane.

Furtherresearch has begperformedby Leitner Francio anado-workers. They obtained
compoundl18 as a mixture of the two diaséeisomers in which theyndiastereome
predominated*®® Additionally, they noted thathe presence of a base accelerates the
epimerization process. In further studies they obtained novel ligands in good to
excellent yields and with high diastereomeric purities by treating the diastereomeric

mixture 118 with various secondary amines (FigurB.*

Ph Ph
PN _PaiN _PaiN
RN VN M AP Me/kl}l N

e N N
PH Me/KPh/ Me ph
Ph
121 122 123
R = i-Pr, n-Bu, Bn, Ph Yield = 95% Yield = 70%

N PN PN
= pH PH

o
o] rif
124 125 126
Yield = 61% Yield = 90% n =1, Yield = 59%
n =2, Yield = 58%
Figure 11
Gavr i | opvfdllswingy theofust procedurafforded many various ligand©ne

group of novel P,Nigandswere synthesized througl one step phosphorylation of

amino alcohol¥” or terpene alcohst™ with chlorodiaminophospantl8 (Figure 12).
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The synthesis of stable compounaas highly stereoselective, yielding only epimers
with exocyclic substituents at the phosphorus atom in a pssmttorial locatiori®

_PuiN M _PaiN _PuiN
erf‘xd\o ‘N e ﬁ/ko ‘ll\l Me" K'/\o \N

PH NMe, PH NMe, PH
A\ 127 128 129

Yield = 90% Yield = 92% Yield = 89%

‘0" N A 0" N

PH o P
130 131
Yield = 89% Yield = 75%
Figure 12

Inspired from previously synthesized BINARS, they also discovered very promissing

phosphitetype ligandswith P*-stereogenic phosphoramidites derived framtho-
substituted BINOL(Figure13).1%%*%

O O O o °
O &)Me @ O\P\ﬁu

P
T z
o N Ph—N N: 7
Ph
132 133
Yield = 84% Yield = 75%
Figure 13.

Tsarev et al proposed the synthesis of novel Ridentate diamidophosphites
possesing a Pstereocentre and a distant ferrocenylimino gr¢igure 14).*°* Chiral
ligands containing in their structure ferroceare its derivativefiave been theubject

of increasing attention in organometallic chemi¢tyThis sandwich structure has
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perfect properties such as: thermal stability or high tolerance to moisture and many

kinds of reagentgqalomog

Me I;’h
Me\\ﬁo/ RN R j/\o’ P\-;N Ph,, (-\o’ P\;-\IIIN

Nﬁ PH Nﬁ PH Nﬁ PH
Fc Fc Fc
134 135 136
Yield = 92% R = (S)-s-Bu, Yield = 90% Yield = 85%

R =t-Bu, Yield = 91%

Figure 14.

A second route habeen performed through the reaction between the diamine and
bis(dimethylamino)phosphines aris(dimethylmino)phosphindHMPT) in toluene at
reflux to obtain usuallythe pureanti diastereoisome{Scheme 19Second Routef® In
contrastto the first pathwayno base is required ithe second caseAlthough the
second pathway is limited to thermally stable compodhdscelent results were

obtained.

An examplefor the preparation ofigand (SEMEPHOS)137 by the second routevas
presaited by Buono andco-workers'? following the initial work of Wills.*** They
obtained SEMEPHOSligand 137 as a single isomer 9% yield(Scheme21) 110111

N, N
Po P.
OO+ Qe 2 O
N~ ~N=Ph Ph
OMe |l| H toluene OMe
138 139 137
Yield = 69%

Scheme21. Preparation of SEMI-EPHOS Ligand.

An importantclass of unsymmetrical P;Nyandswas proposedby Buonoet al. The

corresponding chiral quinolinghosphine ligandsl40 (QUIPHOS) were prepared,
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respectivelyby the exchange reaction betwegrs(dimethylamino)phosphinand a
chiral auxiliary Eigure 15 in good to excellent yieldg***3

2 R 2 Ph
N
[N N N
P;I“N 9 g
N _PaN _PaN
PH 0" 0 ‘/N
PH Ph

140 141 142
Yield = 61% R =Me, Yield=49% Yield = 51%
R = t-Bu, Yield = 35%

R=Ph, Yield=45%
R=CN, Yield=71%

= x_Ph
N
PeiN
o~ ‘Ng
Ph
143 144
Yield = 22% Yield = 46%

Figure 15.

Very interesting are diphosphorus ligands, which can be prepared in both ways.
ESPHOSI145 can be synthesized in 76% yield as a single diastereoid@uieeme22).
Unfortunately, ESPHO%igand 145was not as effective as SEMSPHOS137 for the

catalysis of asymmetric allylic substitution reactiofs.

H Ph Y H

(Me;N),P HN toluene, reflux < /N, %
* E—— N—P. PN

Me,N),P

(Me;N), PhHN @ Ph

146 139 145
Yield = 76%

Scheme22. The Synthesis of ESPHOS.

In the literature onlya few examplesof similar bi- or polyphosphorus ligandare
known which are showbelow (Figurel6).**
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Ph «H H Ph «H -
R IS AR
N- P—N N-R P—N N-R=" 5 =P-N

Ph Ph Ph

@ b)Fe @ @

145-ESPHOS 147-FerriESPHOS 148-DiphenESPHOS
Yield = 76% Yield = 77% Yield = quant.
Me

149 , 150 Et—
Yield = 73% PH Yield = 95% Me

Figure 16.

1.2.21.2. P(V) Diazaphospholidines

Diazophospholidines haveound huge attention these days asarigs in transition
metatcatalyzd transformationsSome of them play also a key role as precursors to
generate novel diazophospholidine boranes, and few classes of P(V) compounds such as
oxides, sulfides or iminophosphines (Sche2Se An important fact is that ost of the
reactions havdeen found to proceed with complete retention of configuration at the

phosphorus atortf.

PN
X ‘,\9
Ar/
BH\yTHF}
$ Ss tBuOOH O
x’lFl"'@ x‘P"}'\Q T X'B‘"‘"N
/ / /N
Ar Ar Ar

PhN; \

Ph

PN
X ‘N

Ar/

Scheme23. Preparation of DiazaphospholidineDerivatives **
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Buonoet al. proposed th@reparation o series of diazophospholidérderivatives from
the P(lIl) precursorgFigure 17). They obtainedthe desirel products in good yields
ranging from 63% to 87%. Additionally, the corresponding diazophosphelidin
derivatives were achieved asne diastereomer, which was characterized a&s th

theromodynamianti diastereomet**1

R
R t-Bu
T O OB QWY
_PuiN _PaiN _PaiN _PaN
o™ o™ o ™Y o ™Y
PhH tBu  py PH PH

151 152 153 154
R = OMe, Yield = 84% Yield = 63% R = OMe, Yield = 75% Yield = 77%
R=F, Yield = 83% R=F, Yield = 75%
R=CI, Yield=81% R=CI, Yield=70%

R =t-Bu, Yield=63%

N R R
i QLD ULy CLED w8
Ph. __PmN X _PaiN _PmiN _PaN Ph___PmN
O™ SN SN 0" ST

PH PH Me  py Ph py PH
155 156 157 158 159
Yield = 87% Yield = 63% R=H, VYield=55% R=H, VYield=70% Yield=65%

R = SiEt, Yield = 55% R = SiEt3, Yield = 63%

Figure 17.

BesidesP (V) oxides achieved from P(lll) precursors akbe design ofsulfides and

iminophosphinesas been the subject of attention from a number of reseafétguse
18) 113,115,116

Ph N
_PaN PN _PaiN
R™M N Q\o N

PH PH R PH
160116 161113 162115
R = NMe,, Yield = 48% R=0, Yield=100% R =H, Yield =78%
R=Ph, Yield=61% R=S, Yield=95% R =Br, Yield = 69%

R = NPh, Yield = 85%

Figure 18.

30



Introduction

More recently chiral Rstereogenic phosphorus ligands have been developed owing to
the application of borane as protecting groupg’’ The diazaphospholidireorane

complexes were ppared in diastereomerically pure form in good to excellent yields
(Figure19).t+7118

Ph Ph
R2
163117 164118
X =lone pair, R=H,  Yield=94% X=BHs;, R=H, Yield=90% R'=H, R2=H, Yield=86%
R=F, Yield=95% R=F, Yield=283% R? = Me, Yield = 71%
R=Me, Yield=91% R=Me, Yield=285% R2? = Ph, Yield = 76%
R = t-Bu, Yield = 85% R = t-Bu, Yield = 85% RZ2=Cl, Yield =76%
R=Ph, Yield=285% R=Ph, Yield=285% R'=Me,R2=H, Yield=76%
R = OMe, Yield = 96% R = OMe, Yield = 92%
Figure 19.

The phosphine oxide ligands prepared from P(V) precursoss \gysion ofthe first
strategy obtain the diazophosphatidswith low stereoselectivity whicls equal tothe

prior formation ofthe corresponding®(l1l) products(Scheme24).%*

Il NEtz;, THF :”
HN
_P-Cl + —————= _ _PyN
Cl Cl Cl N

PhHN PH
165 139 166
Yield = 76%

Scheme24. Preparation of 166.

An exception is the relarely stereoselective reactiarf the chloo derivativel66 at
0 °C. This concept was used by Fiaatlal'*® Their pioneering work was followed by
Basavaiahan@nd co-workers whoyielded a series of diazaphospholidirexidesfrom
chloro derivativel 66 with alcohols and amind&igure 20.1%1#
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PN, H
o Me ll_,
Me,N PN Mo Q‘EN NE"@
e \/\H N - o " H N NI \N "H
NI | |
Ph/ H
167119 168120 169120
Yield = 61% Yield = 76% Yield = 88%
o Me
Me, oH @ N i_N Ph_< Q
L0k HN-R™ ™y HN—#&’N o
A A il
|
Ph Ph Ph
170121 171122 172122
Yield = 65% R = t-Bu, Yield = 55% Yield = 81%

R = allyl, Yield = 58%

Figure 20.

The synthesis ofa new class ofchiral o-hydroxyaryl phosphine oxides by the
rearrangement of a® to a PC bond wth abifunctionalfeature a basic (P=0) and an
acid side (OH) has beenreportedby Buono andco-workers'?® Due to the work of
Melvin et al. lithium diisgpropylamide(LDA) has been the most common base used in
therearrangement of arylphdsate too-hydroxyarylphosphonatand derivatives which
resultedin good vyields and total diasterecsdivity. Only a few examples of this
reaction with lower selectivityra mentioned with butyllithiumBuonoet al. achieved
the o-hydroxyphenyl diazaphospholidinexide 173 in 94% yieldthrough the treatment

of compoundL55 with LDA followed by an aqueousork-up (Schemes).**

o) 0
W 1.LDA HO Q
PN _ LA PN
(6] ) 2. NH,Cl sat. )
@ Ph Ph
155

173
Yield = 94%

Scheme25. Preparation of Hydroxyphenyl Diazaphospholidine Oxidel73 with
LDA.

32



Introduction

The diazgphospholidine oxide group hatayedanexcellent role as an activator for the
direct metallation of theortho position in aromatic system generating the stabilised
carboanionl74. Additionally, the driving force of anionic [1,3] rearrangement is the
formation of the stable chelate complex in which both oxygen atoms can interact with
the lithium atom(Scheme26).***

- Li
X N Li N(iPr), X N XN
,\F’L(N% ) P~y

Vg
o \ Li o I)l E—— \
@ Ph @ Ph Ph

175 174 176
X=0,8

Scheme26. Metalation of the ortho Position.

Buono et al presented in further work a new general procedure for the first ring
expansion reaction of diazophospholidine oxides involving a stereospecific migration
P from N to C*'**The anti-177 compoundcan be synthesizeith 94% vyield inthe
presence of 2 eqf LDA. However, the synthesis of the produci8 was readily
achieved with 8 equivalents of LDA in 89% vyield. This compound is a product of two
diasereeelective 1,3nigration rearrangements (first@® to PCSp2 followed by RN to
P-Cs7).**1?* Additionally, treatment ofnti-177 with 8 equivalents of LDAed to the
diastereoselective generationtbé correspondinginti-178.1%* This fact shows that-R

to P-C only exists once the-® to RCg, step has beerompleted Scheme 2)°****
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"9 oH O
/'l:,‘.“\\\N 2 eq LDA R H_.,‘_ \\\\\
O N N

anti-155, R =H anti-177, R=H
anti-181, R = Ph anti-179, R = Ph
8 eq LDA
8 eq LDA
R q
anti-178, R=H

anti-180, R = Ph

Scheme 27Pi O to PiC and Pi N to Pi C Rearrangements in a Diazaphospholidine
Oxide **

1.2.21.3. P(V) Secondary Diazaphospholidines

One relevant class of -gtereogenic diaminophosphine oxddeas discovered by
Hamada, Nemoto ando-workers. They synthesized a new class ethRPogenic
phosphine oxides based achiral asymmetric diamine framework, callegirogenic
diaminophosphinexades: DIAPHOXs'*

These chiral ligands with a stereogenic centeragshosphorus atoff® have been
prepared from commercially available acid anhydd@2, which can be synthesized
from (S-aspartic acidl83'?® which was easily converted to triamid®4 over four
steps?” The triamine was reacted with phosphorus trichloride to obtain
triaminophosphinel85™%” which was converted into DIAPHOXS86 by an Sy*type
hydrolysis?® upon purification by silica with wet ethyl acetatein 60% vyield

(Scheme 2p1%51%9
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lo) (o]
5 1. aniline, DMF, rt NHPh 1. Pd-C, H, [e) NHPh
[ ———— _—
2. aniline, EDC 2. BzCl, NEt. NHPh
Z‘N V4 H NHPh 3 Ph )J\H
H e} o
183 182 187
Yield = 87% Yield = 95%
.Ph Ph ©
N .
LAH H PCl, K H SiOo,
~ PN N N T HN N
THF H NEts3 " Ph H,0, AcOEt V Y H
reflux HN\Ph toluene N H N’P\\O
Ph
184 185 186
Yield = 73% Yield = 60%

Scheme28. Preparation of Ph-DIAPHOX.

The analogue of DIAPHOXs which are show below were preparedlia the same
synthetic route as compou86 (Figure21),12>128.13432

Ph NHPh

, Ph Ph Ph
PhRNL\[N% ! L\[N ’ PhVN% H Bn\[N@ ’
N g N g Elrp\\o EVP\\O
Ph <Ph Ph Ph

188128125 189125 190125 191130
R=H, Yield=60% Yield = 35% Yield = 71% Yield = 20%
R = Me, Yield = 86%
R=Ac, Yield = 69%

t-Bu t-Bu OMe

{ {
Ph Ph
192130,131 193132
Yield = 49% Yield = 44%

Figure 21. DIAPHOX Ligands.
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DIAPHOXs area class of ligands whiclare air- and moisturestable pentavant
phosphorus compounds. &fchiral diaminghosphine oxides exist in equilibrium
between pentavent forms( RR 6 P ( an }triMalent tautomeric formR R6 P OH)
(Scheme29).1% In this process, the secondary phosphine oxides are activateB S#-
induced tautomerization, resulting a trivalent diamidophosphite forfi>*** The
interesting penomenonis that the P(\P(IIl) equilibrium does not affect &
stereochemistry around the phosphorus céftdrhis effect allows for the apjsation

of the DIAPHOXs analoguesas ligands in many reactionrsuch as PRtatalyzed
hydrolysis or Ptatalyzed hydroformylatiorbut the most popular are Pd and Ir
enantioseletive allylic substitution reactiong\dditionally, it has to be mentioned that
tautomeric phosphinous acid coordinates to the metal center through a phosphorus

atom?*?®

O OH
11 > |
R' \\\\\' ~ H R' \\\\\'P

Scheme29. Equilibrium between P(V) and P(lll).

1.2.3. PhosphorusNitrogen Atom Heterocyclic Compounds

as Ligands forAsymmetric Reactions

1.2.3.1. Asymmetric Hydrovinylation

The @ncept of hydrovinylation defines itself as the addition of ethylene across a double
bond or as @o-dimerisation of thylene ad an activated alkene (Scheme).50 The
hydrovinylation reaction was first discovered in 1965 by Aldersoncandorkers by

using hydrated ruthenium and rhodium salts under high ethane pressure with a range of
substrates. rbn, cobalt, nickel,and palladiumhave been also used, but nowadays

studies have focusexbpeciallyon nickel and palladiurt®
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X
[m]7Lr
X
O
194 196 195
Scheme30.

Folowed by theearly studies ofwilke et al,**” Francio, Leitner ancto-workers
investigated the eaction of 1,&yclooctadienel94 with ethane 195 by using
[Ni (allyl)Br], with NaBARFas an activatoin combination withthe chiral monodetate
phosphines derived from monoterpeaesl resulting th@roduct1%4 in 77% yield and
63%ee(Scheme 31%°

[Ni(allyl)Br],/L-123
X NaBARF A
+ = _— |
CH,Cl,
194 196 197

Yield = 77%
ee =63%

Scheme 31

1.2.3.2. Asymmetric Hydroformylation

The hydroformylation reaction has been kndenmore than 70 years and is one of the
most essential industrial processes for the production of aldehydes #@niddDble
bonds (Scheme 3p'*® Hydroformylationis based on the application af transition
metal, which providethe formation of metatarbonyl species. The reduly complex
can be modified by the ligand and the structug{CO)L, can be obtainetf®
Several meta like cobalt, rhodium or platinum were applied as a catalyst in

hydroformylatiors but the most attentiowaspaid to rutheniuni?
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CHO

SN CO/H, ©NCH0
EE——— +
[RhJL*

194 198 199

Scheme 32

Phosphans compounds are one of the most widely accepted ligands whicibkr¢o
form the complex and coordinate to hydrofgtation reactiols. ColeHamilton et al
reported theapplication of ESPHOS345 and SEMIESPHOS137 in the asymmetric
hydroformyldion of vinyl acetate200 (Scheme33). They showedthat bidentateC,-
symmetic ESPHOSligand 145 obtained better results than thronadlentate analogue
SEMIESPHOS137.1°

H__O
(/OAC [Rh(acac)CO,)/L-137 or L-145 /\/[
COM, OAc

200 201
L-145, Yield = 90%
ee = 89%
L-137, Yield < 15%
ee <2%

Scheme 33Asymmetric Hydroformylation of Vinyl Acetate.

1.2.3.3.Allylic Substitution

The dlylic substitution is one ofhe most powerful methods for introducing chirality on
anallylic carbon, catalyzed by a transition metal complex (Sch@#é** The allylic
substitution can be used to createCCCGN or C=0 bond formation with transition
metabk mainly including palladim, iridium and ruthenium and involving electrophilic

“-allylmetal intermediate¥’
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OAc Nu

NuH/base
_— =
PhA\}\ Ph Ph/\/'\ Ph

[Pd)/L*
202 203

Scheme 34Allylic Substitution.

Recently afew groups proved that diazaphospholidines with two different donor atoms
(P, N) are brilliant ligands fothese allylic transformation®©ne of the reasns is that

this kind of ligands able to impart an electronic distortion upon the allyl moiety of the
palladium complex anthe nucleophilic attack is predicted to ocduansto the better

" acceptor:*®

One of the most investigatedASPO ligand for Pdcatalyzed asymmetric allylic
substitution reactiamwith carbon nucleophiles is DIAPHOX. Nemoto, Hamada and
co-workers obtained the desit@roduct205in 94% yield andan excellentee of 99%
from 1,3diphenylallyl acetat02 with dimethyl malonate (Scheme B5This type of
reaction is one of the most important benchrrerstem to examine the ability of novel
chiral ligands:**

Pd cat. MeOOC.__COOMe
OAc DIAPHOX-176
N o N
O O CH,(COOMe), O O
CH,Cl,
202 204

Yield = 94%, ee = 99%

Scheme 35 Asymmetric Allylic Alkylation using DIAPHOX as a Ligand.

1.2.3.4 Diels-Alder Reaction

The formation of a cyclic adductsom two unsaturated molecules plays an important
role in organic chemistry. Frorthe cycloaddition reactions one of the most important
and weltknown reactionis the Diels-Alder reaction (4+2 cycloadibn), which can be

catalyzd by chiral Lewis acid¥. Also P-ligands found applications in such reaction
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Buono et al empbyed the QUIPHOSL40 in the Cucatalyzd enantioselectivel+2
cycloaddition ofN-acrylamide dienophile205 and cyclopentadiengl (Scheme 3p
They obtained two isomers with very higimdo/exoratios and excellenyields and

enantioselectivies if the reagents were mixeat - 78 °C and slowly warmed to room

temperaturé**+
o O 0 j‘]\
HVLNXO . @ QUIPHOS-140/ Cu(OTf), , . MN o
\_J o \_J
AL
205 51 206 L 207

206/207 = > 98/2
Yield = Quant.
ee (206) = > 99% (S)

Scheme 36 Catalytic Diels-Alder Reaction.

1.2.4.Summary

Phosphorugompositionsplay an essential role in chemist@nd especialy in organic
chemistry wherdhe attention is devoted to organophosphorus compounds. This stems
from the fact thaphosphorus has the ability form bonds with many other elements.
Phosphorus compounds haveumd applications in many areas of life, such as

agriculture, medicine or organic synthesis.

Due to the interesh organophosphorus compoungéosphorus derivatives have been
investigatel by many researchersThere are many examples of thEhosphorus
compositions which are subsequentlgxamined. One of the most desirend
investigated groupof organophosphorus compounds are phosphift@s.large group
canbe synthesized by many metho@®neral preparations of phosphines are Rsip
processes which involve tetrar pentacoordinated intermediatdsrom phosphine
derivatitives Pheterocycles are not less interesting compouadpecially when
phosphorusheteroatom heterocyclegre concmed Nowadays the most important
direct precursors of free phosphines are phospbikides and phosphine boranest
many yearschiral phosphinesare one of the most widely accepted ligands wiaich
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able to generate complex#sat aresuccessfully appdd in transition metatatalyzed

asymmetriqorocesses
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2. Results and Discussion
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2.1. Aim of the Work

The aim ofthework wasthe developmenof novel chiral ligands which arthe essential

part of asymmetric catalysis. One img@ort class of chiral ligandsrediamines, which

have attracted substantial attention over the last years. Hence, a good amount of chiral
diamine ligands has beerisdovered One significant starting material from the chiral

pool is camphor and several dig@ ligands have been prepared from camaimat the
number of chiral 1,&liamines are limitedHowever, ligands from camphoric acid are

still rare. Thereforethe preparation o& new class of ligands from camphoric acid, a

cheap, common chiral buildingdak derived from camphas desirable

The purpose of this work was the preparation of novel ligands and their application in
asymmetric transformations. iBhncludes the investigation of primary and secondary
1,3-diamine ligandswhich found applicationin the asymmetric Henry or nitroaldol

reaction The lateris one of the most useful methods for the formation & Gonds in

organic synthesid ater on,special attentioshould bepaid to theHASPO (heteroatom

substitied secondary phosphine oxidiggands which exis in equilibrium between

pentavhi ent s form [ RROP( O) H] and trTheyadreent t a

synthesized from the new chiral diamines derived from camphoric acid.

2.1.1. Synthesis of Camphoric 1;Biamine

Therigid camphoric 1,3diamine208 was synthesized from («©amphoric acid209, a
cheap, common chiral building block derived from campfidf’ via a Schmidt
reaction™*®'*°To a reaction mixture dft)-(1R,3S)-camphoric aci®09 in concentrated
sulfuric acidand ethanol fre chloroform was added sodiuazde. The reaction was
carried outfor 20 h at 50 °C. The destgroduct208 was obtained as a white solid in
71% yield (Schema87).

CHCl,, H,SO,4, NaN
COOH e TS NH,
COOH 50°C,20h NH,

209 208

Scheme 37
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The camphor diamin@08 was used irthe next steps as a stamg material for the
preparation ofa new class ofdiamine ligands which have been applied the
asymmetric nitroaldol Henryeaction and also for synthesizing HASPi@téroatom
substituted secondary phosphine oxide) ligafRdsm diamine208 two types of ligands

can be prepare®ne class of ligands in the structure includes both nitrogensawith

the same substituenthile the secondclasscontairs only one arylsubstituted nitrogen

atom These two different types of diamine ligands designed tanduce different
chirality in asymmetric reactions. From later research can be deduced that ligands
include nitrogen atoms with different substituted aryl groups in the structure provides
higher enantiomeric excess while secondary diamindstiwt same substituent affords

lower enantioselectivities.

2.1.2. Preparation of Diamine Ligands with the Same

Substituent on Both Nitrogen Atoms

Enantiopure diamines with two secondary amine groups were prepared thapugh
alkylation by treating theamphor diamine208 with arylmethylene chloride or with an

aldehyde, followed by the reduction of the corresponding ifSeeeme 38"°

O
i) AI'J rAr
NH, if) NaBH,4 NH
NH, or ’ NH
208 cl (
ArJ , EtzN Ar

Scheme 38

Following the first stragégy, the enantiopure diamin210 was performed wter dry
conditions with diamin€08 and 2,4,érimethylbenzylchloride211 in the presence of
the triethylamine in acetonitrileinder reflux. The corresponding produ@l0 was

obtained asoloress oil in 57% yield (Scheme B9
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Cl ;@/
NH, EtsN, CH,CN NH
NH, reflux, 20 h NH

208 211 210

Scheme 39

Similarly, product 212 was prepared by the reaction ofliamine 208 and
9-bromofluorene213 under reflux in acetonitrile. The desicecompound212 was
purified by flash column chromatography to afford a yellow csafi 59 % vyield
(Scheme 4D

L )
NH . Et;N, CHsCN N Q
2+ _—
NH, Q O reflux, 20 h NH

Scheme 40

In both caseshe products were obtained as disubstitued compowtaisosubstitued
productwasnot observedlespite the reactions were performed with the use of 1 equiv.
of aryl halde.

Furthemore as shown below the diamir#d4 formationwas performedin two steps.
First benzaldehydé8 and camphor diamin@08 were refluxed in toluene ithe
presence oé catalytic amount op-toluenesulfonic acid, followed by the reductioh
imine 215 which is an efficient method for the preparation of dian@ib&in 75 % yield
(Scheme 41
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Nl NaBH, MeOH NH
N N

o) toluene,
NH, @ H camphor sulfonic acid
+
NH reflux, 24 h

208 68

_
H

2 5h,rt

Scheme 41

2.1.3.Selective Monoalkylation

Enantiopure diamines with a primary amine function were prepared a

monoalkyhtion reaction by treating the diami@88 with anaryl halide216-224 in the

presence oPd(dba}, BINAP and N®tBu according tca modified procedure reported

by Dortal>! After purification by acid basextractiontreatment productd25-233 were

obtainel in good to excellent yieldShe results are summarized in TabE?**>*

Tabele 1. Monoalkylation Reaction by Treating Diamine 208 with Aryl H alide via

a Buchwald-Hartwig A mination.

NH,
NH,

208

Pdy(dba)s

BINAP
NaOitBu 'Ar
NH
toluene, 48 h, 100 °C NH;

225 -233

Entry Arene

Product Yield [%]

1 Q
Br

216

Br OMe
217

;@ Q 82
NH
NH,

225

;@ Q 99
NH OMe
NH,

226
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3 >/: Q 60
Br NH
218 NH;

227

NH,

B

228

0 o
NH,
2

o
219
Br
22
0 29
v, &, 73
NH
O v ()
221 230
49
Br NH
NH,
222 231

8 }NH 48
B 223 NH2232

9 Br ;@N 33
OO NH2233

224

B

s
o

The resuis which are summarized in Table 1 show that rthaction accepd arenes
with various substitutin patterns. For examplee 2bromaanisole217 (Table 1,Entry
2) gave a brilliant yield of 99%. ko the most sterically hinder&dbromomesitylene
219 (Table 1, Entry 4) esulted excellent yield of 97%while 1-bromao2-
isopropylbenzen@22 (Table 1,Entry 7) gaveless than 50% yieldBromobiphenyls
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such as dromol , -highenyl221 (Table 1,Entry 6) and dromobiphenyR23 (Table
1, Entry 8)resulted in aryield of 73% and 48% respectivel®n the other handug to
the axial chirality of 1(2-bromophenyl)naphthalene the proddss (Table 1,Entry 9)
wasobtainedas a mixture of diastereomers3a%.> The resulted produ@33 of two
diastereomersvhich doe not possess a stereogenic center couldbacteparate by
column chromatography?

Additionally, it is remarkable that the arylation is highly selective despite the high
reaction temperaturdn all caseshe other possible regioisonsewere not observd.

This fact results from sterical hirmhce aroundertiary carbon.Only the desired
monoalkylated productsvhich wereidentified by 'H-, *C-NMR and 2D spectra
HMBC were present’? As an examplehe HMBC spectrunfor 232 provedthat the
proton at the (1)-atom appears at Hppm and coupled with theugternary aromatic
carbon at 149.09pm. A coupling of this aromatic carbon with the protons of the
methyl group attached to the ¢(&om was not observed, which excludes the other

regioisomes (Figure 23.

-0

20

NH\ r30
149.04 Fao

NH,
~50

[60
[70
[80
[90
[ 100
~110
~120
3.75,149.04 [130

/ F140
[ 150

[ 160
~170
[ 180
[ 190

L

ni

T T T T T T T T T T T T T T T T T T T T T T
4.40 4.30 4.20 a.10 4.00 3.90 3.80 3.70 3.60 3.50 3.40 3.30 3.20
f2 (ppm)

Figure 22
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2.1.4.Alkylation of Monosubtitu ted Diamines

A series of enantiopure secondary diamines with two diffesettstitutednitrogen
atomswere synthesizedia an alkylation of monosubstiied diamire by aryl halides
such as mesitmethylere chloride211,"*° 9-(chloromethyl)anthracen234 or benzl

bromide 235 in the presence of the triethylamine in acetonittileder reflux. The

correspondingesults are summarized in Tal2e

Tabele2. Alkylation Reactionof Monosubstituted Diamines

Ar
NH
NH,

Cl
Cl Et3N Br
EtsN CH4CN EtsN
CH5;CN reflux CH3CN
reflux 20h reflux
20 h 20 h

Ar Ar
NH NH
NH NH

/Ar
NH
“NH

Entry Arene Alkyl halide Product Yield [%]

Cl
1 } Q r%( ;E Q 64
N N4
NH, NH
211 237

225
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NH,

226

;@P

227

5

228

229

NH
e ()

230

NH
NH,

231

211
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0
;;J§;~N£%\\ 57
NH

|
8 }NH
NH,

Cl
236 211
<:::Zz cl

Q Br Q
10 }\INH é ;\EﬁH O
235 é 246

The results are summzed in Table 2 and present those prodts with
mesiyimethylene chlorid&211 and diamine225-231 or acetylated diamin@36 gave
yieldsbetweerb0-70 %.The TLC plate and NMR spectra of the crude products showed
that staring material did not react completetlespite thdengthening ofthe reation

time to 48 hours An attempt was madéor secondary diamireeby alkylation of
monosubstitted diamine225 with 9-(chloromethyl)anthracen224 (Table 2,Entry 9)

and benzyl bromid235(Table 2 Entry 10) but expected products were not isolated.

Additionally, the secondarydiamine formation®48 was attemptedo beperformed in
two steps. First benzaldehy@® and monosubstitutedliamine 225 were refluxed in
toluene inthe presence of a catalytic amountpmfoluenesulfonic acid, followed by the

redudion of product247 in methanol (Scheme %aNo product was achieved.

}NH E camphor sulfonic acid é]\g\NH E NaBH,4 }NH z
—_—H—
NH N NH
toluene 7 MeOH
reflux, 24 h 24 h, rt
247 248

Scheme 42.
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Furthemore, the preparation of secondary dian24@ was also triedoy Buchwald

Hartwig amination. Enantiopure diamines with secondaryamne function vas
preparedvia a monoalkylation reaction by treating the diam®2& with an aryl halide
216 in the presence of Rdlbak, BINAP and N&®tBu (Scheme 48 No product was
obtained.

Pd,(dba),
Br BINAP Q
NH OMe ©/ NaOBu NH  OMe
NH
2 toluene, 48 h, 100 °C NH
226 216 < § 249
Scheme 43

2.2. Application of Primary and Secondary Diamines

to the Henry Reaction

2.2.1.Nitroaldol Henry Reaction

The addition reaction between a nitroalkane and a carbonyl compound in the presence
of a chiral metal complex and addivitegas discovered by Louis Henry in 1885°’

The asymmetric Henry or nitroaldol reaction is one of the most useful methods for the
formation of GC bonds in organic synthes& The nitroaldol reaction provides an easy
access to chirab-nitroalcohols, which can be converted into chiral buildings blocks,
such as 1;aminoalcohols,U-hydroxy acids, 1,2liaminesand other precursors of

biologically active compounds/ %1%

The Henry reactiorhas found huge applications in synthesisnatural products,
polyaminoalcohols, polihydroxylated amides and especially in pharmaceutical
industries:® for example: HIV protease inhibitors, antifungal or antibacterial peptides
and Ub-adrenergic agonists or antagoni€fsEven though the applidahs are very

important, theasymmetricnitroaldol reaction was unknown the world until 1992,
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when Shibasaket al. reported the first example @f highly asymmetric additiorof
nitroalkene and aldehyde catalyzed bimetallic complex of lanthanugtl ), lithium
and -bl-2-naphthol (BINOL)*"*®3Also Trost andco-workersdiscoveredchew chiral
dinuclear zinc sermizacrown complexeswhich are found to be successful catalysts
for inducing high enantioselectivity in the addition of nitromethane toriouas
aldehyded®

Since this time, many chiral metal complexes have been developed for nitroaldol

reactions, for example copper complexemddnseret al),*’

which have lowtoxicity
and perfect chelating properti#s. Among the ligands which have beaised in
Cu(ll)-catayzed asymmetric Henry reaction abN-donor ligands, such abis
oxazolines, bis-pyridines, bis-imine, and chiral diamin€$>'®® Also many other
efficient metalbased catalysts like Zn triflatghiral amino alcohol complex®$ or

salencobalt complexe$§® have found applicatiarfor this reactiort®*

In the present workhe potential of variousliamine ligands vasexploredin the copper
catdyzed asymmetric Henry reactioRirst, 10 mol%secondaryigand (210, 214, 237,
244) with 10 mol%Cu(OAc»Ad,0 was applied as a catalyst by using benzaldebgde
and 10 equiv. of nitromethane the presence of 3 mol%DABCO 252 as abasein

methanokt 0°C. The results are summarized in Table
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Table 3.The Nitroaldol Reaction with Secondary Diamine Ligands.

l 210, 214, 237 or 244
o igand or OH

Cu(OAc), * H,0
Ho, CHANO DABCO N0z
s MeOH, 0°C, 24 h

68 250

Entry Ligand Yield [%0] ee [%] Config.

1 }NH 26 11 R
NH

2 } 57 7 R
3 }NE“ \ 4 Rac ]
: 237
(o}
4 3 Rac -

&

From Table 3 it can be concluded that tihest results were obtained with ligagii4
(Table 3,Entry 2) which resulted 57% yield and 7é& Ligand210 (Table 3,Entry 1)

increased the enantioseletdly up to 11% but the yield decreasdd. the other two

cases the products were obtained as racemates.

54



Results and Discussion

Due to the best result which gave liga2il, a series of experiments were prepared in
order to further optimizéhe reaction conditions with variousfluenceslike impact of

copper alts, bases, solvenémd temperature. The gt are summarized in Table 4

Table 4.Henry Reaction with Ligand 214 under Different Reaction Conditions.

0 Kot on
H DABCO ~NO2
©)L T CHaNO: et 0°C, 241 ©)\/
68 250

Entry  Solvent Copper Salt T[°C] Yield[%] ee[%]
1 MeOH Cu(OAcyH,0 0 57 7
2 EtOH Cu(OACyH20 0 57 6
3 i-PrOH Cu(OACyH20 0 45 7
42 MeOH Cu(OAcyH,0 0 55 rac
5 MeOH Cu(OACyH,0 rt 77 3
6 MeOH CuCl 0 74 6
7 MeOH CuCl, 0 50 4
8 MeOH Cu(OTf) 0 0 -
9 EtOH Cu(OTH, 0 4 2
10 i-PrOH Cu(OT: 0 0 -
11 THF Cu(OTH, 0 0 ;

23 mol% EgN

FromTable 4can be concluded that changing the solvent did not increased the yield and

enantioselectivity either. Different copper salts wereo allsvestigated. Copper(l)
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chloride (Table 4,Entry 6) and copper(ll) chloridgTable 4,Entry 7) gave yield
around 5670% but no improvement inee was observed, while copper
trifluoromethansulfonate(Table 4, Entries 811) decreasedthe vyields to 0%.

Additionally atroom temperaturélable 4,Entry 5)a yield of77%was obtained

Following the general procedyrdifferentdiamineligandswere applied under the same
conditions. A complex formed witlhO0 mol% ligand 225233 and 236 or 251) and 10
mol% Cu(OAc)M,0 was estimated as a catalyst by using benzaldet8/ds a mdel
substrate and 10 equief nitromethanes reagenin the presence of 3 mol% DABCO

252as a basa methanokt 0°C. The results are summarized in Tahle

Tabele5. Henry Reaction with theMonosubstituted Diamine Ligands.

ligand 225-233, 236 or 251
o igan or OH

Cu(OAc), * H,O NO
H o, CHANO DABCO . 2
32 MeOH, 0 °C, 24 h

68 250

Entry Ligand Yield [%] ee [%] Config.

7 N\

1 =N 18 4 S
NH
NH,

251
2 Q 82 45 S
NH
NH,
225

3 ;@ Q 60 38 S
NH OMe
NH,

226

4 Q 78 31 S
NH
NH,

227
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5 }N” \ 34 47 S

NH,

228

3\%““ 41 37 S

NH
7 ;E,H 56 69 S
230
8 } Q 64 45 S
NH
NH,
231

9 ;@N 32 30 S
N

H;
232

10 " 84 48 S
NH
(@]
11 }Ng&\ 6 Rac -
NH,

236

The highesee of 69% gaveiband230 (Table 5,Entry 7) while the best yield of 82%
was obtained with ligané25 (Table 5,Entry 2). On the other handjamine251 with
heteroaromatisubstituentwas also tested. The liga2$1 (Table 5,Entry 1) resulted
18% vyield and 4%ee Acetyated diamine236 (Table 5, Entry 11) obtainedthe
nitroaldol product as a racemate with 6% vyidtds a significant fact that in general a

sterically demanding substituent at ooreho position of the arene ring increases the
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enantiomeric excess. On toéher hand, if an arene substituent is too latige yield

reduces.

Diamines with a primary amine group afford thenantiomer with good results, while
diamines with two secondary amine functions providedRteantiomer, although in

low enantioseledtities.

A series of experiments were performed in order to further optithieereaction
conditions with ligand225 with various influences of copper salts, bases, solvents,

reaction time and temperature. The results are summarized in6l'able

Tabele 6. The Nitroaldol Reaction with Ligand 225 under Different Reaction

Conditions.
0 o
68 250
Entry  Solvent Copper Salt T[°C] Yield [%] ee[%)]

1 MeOH Cu(OAcyH,0 0 82 45
2 EtOH Cu(OAcyH,0 0 53 49
3 iPrOH Cu(OAcyH,0 0 47 46
4 MeOH CuCl 0 65 34
5  MeOH Cu(OAcyH,0 0 69 47
6° MeOH Cu(OAcyH,0 0 75 41
7 MeOH Cu(OAcyH,0 0 60 47
8 MeOH - 0 68 rac
9 MeOH Cu(OAcyH,0 rt 63 38
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10 MeOH - 0 59 rac
11 MeOH Cu(OAcyH:0 -25 39 53
1 MeOH Cu(OAcyH,0 -25 42 54
13 THF Cu(OAcyH20 -25 11 73
14 H,0 Cu(OAcyH,0 rt 21 31
15 THF Cucl 0 56 36
16  MeOH CuCk 0 60 16
17  MeOH Cu[CeH11(CH,)sCO;] 0 92 52
18 THF Cu[CeH11(CH,)sCO;] 0 26 72
19  CHuCl, Cu[CsH11(CH2)3CO3]» 0 9 56
20 MeOH  Cu[CHs(CH,)sCH(C,Hs)COy2 0 93 77
21°  MeOH Cu(OAcyH,0 0 69 46

43 mol% EtN

® 15 mol% diamine225

¢ Cu(OAC)H,0 15 mol%
4 Reaction time 48 h
€200 equiv. MeNQ@

From Table 6can be concluded that methanol is the most appropriaterdolVwo
others alcohols like ethan@lable 6,Entry 2)andiso-propanol(Table 6,Entry 3)were
tested, whichresulted lower yields. Different copper salts were also investigated.
Coppe(l) chloride(Table 6,Entry 14)and copp€il) chloride (Table 6,Entry 16)gave
yields around 60% butdid not improve theee Longer reaction time and lower
temperaturadid notresultsatisfactoryyields ande& .Also water (Table 6,Entry 14)

did not give better yield ande However using THF (Table 6,Entry 13)increased
significantly the ee but reducedthe yield. Additionally, the influence oh variety

of carboxylate counteanions was examined. By comparing the results
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coppe(ll) -2-ethylnexanoatgTable 6, Entry 20) with a racemicchiral stereocenter
resultedan excellent yieldof 93% and enantiomeric excesk77%, while copp€il)

cyclohexanebutyratedecreasedhe ee (Table 6,Entry 17). Interestingly the racemic
stereocenter could form two diastereomeric complexes imprbgentcase where one

carboxylate ligand is replaced with the diamine ligand.

Also ligand 230 was tested under different conditions (Taldle Neverthelessthe
obtainedenantioselectivities were highandthe yields decr@sed comparkto ligand
225.

Tabele7. The Copper Catalyzed Henry Reaction with Ligand230 under Different
Reaction Conditions.

ligand 230

Q copper salt .
©)LH DABCO @)VNOZ
+ CHNO, —————————*
solvent, 0 °C, 24 h
68 250
Entry Solvent Copper Salt Yield [%] ee[%)]

1 MeOH Cu(OACkpH0 56 69
2 THF Cu[CsH11(CH,)3CO3]2 21 84
3 MeOH Cu[CsH11(CH,)3CO3]2 74 72
4 CH,Cl, CU[CsH11(CH,)sCO3] 5 76
5 MeOH CU[CHs(CH,)sCH(C;Hs)CO,]» 59 74

Following the reslts obtained with ligand225 the reactions of nitromethane with

electronrich and electropoor benzaldehydes were investigated (T&hle
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Tabele8. The Nitroaldol Reaction with Various Aldehydes.

ligand 225
oo TEE 2
Entry Ar T [°C] Product Yield [%0] ee [%0]
1 Ph 0 250 93 77
2 3-Cl-CeH4 0 253 65 63
3 2-NO,-CgH4 0 254 68 82
4 3-NO,-CgHa4 0 255 57 59
5 2-MeO-CgH4 0 256 65 83

It canbe seen from the table that aldehydes inatfiieo position are obtaining the best
enantiomeric excess up to 83%(Table 8,Entry 5) but unfortunatelythe yield is
reduced

Ultimately, the electronic effect on benzaldehyaéh nitroghanewas then exmired.

The results are summarized in Table 9
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Tabele9. The Henry Reaction with Nitroethane and Various Aldehydes.

ligand 225
Cu[CH3(CH3)3CH(C,H5)CO2],
)oL . DABCO OH
A7 H CHsCHoNO, MeOH, 0 °C, 24 h Ar
NO,
Entry Ar T[°C] Product Yield[%] ee[%)] dr
synanti  syn/anti
1 Ph 0 257 41 58/27 28/72
2 2-NO,-CgH4 0 258 73 57/53 62/38
3 2-MeO-CgH,4 0 259 30 63/39 47/53

The resultingsynanti selectivities of diastenisomers were determined By-NMR.
Benzaldehyde obtained the prod@&F with nitroethanol in 41% yield and 58&e of
syndiastereomer and 24 eeof anti diastereomerTable 9,Entry 1).By comparing the
results between ortho-nitrobenzaldehyde (Table 9, Entry 2) and ortho
methoxybenzaldehydérable 9,Entry 3) the first one provided significantly higher
yield 73% with 57%ee of syndiastereomeand 53%ee of anti diastereomer thathe

second aldehyde.

2.3. Cyclization of Diamines with Phosphorus

Trichloride

Heteroatormsubstitutedphosphine oxidesire simply accessible from diaminé¥. A
new class of chiral HASP(heteroatorrsubstituted secalary phosphine oxide)
ligands>®>"%or transitionmetatcatalyzed reactionwaspreparedn two stepsrom the
new diamines by treating the secondary diamine wRICk and EtN at - 60 °C. The
temperature was slowly raised to room temperatutteluene After filtration through
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MgSQy, the keterocyclic chloride derivative asobtained.In the second ste;1,0 and

EtsN were addedo the chloride derivativaat - 60 °C. The temperature was slowly
raised to room temperature in toluene. After filtration throMgfsO, the desire product
was obtained®” The pesence oEt:N as abasewasrequired because of the formation

of HCI'®? The desird products were characterized by mass spectrometry and
multinuclear NMR spectroscopy:P-NMR chemical shiftswere respetively in the
same range as those reported for analogous ligantdhe results with selected
3IP.NMR data are shown in Tabi®.

Table 10 Heteroatom-Substituted Phosphines.

,/Arz rAr2 rAr2
NH PCl3, EtzN N H,0, EtzN N H
NH N—P-CI N—F’\(O

( ( (
Ar, Ar, Ar,
Ar Ar Ar
NH PCls, EtsN N H,0, EtsN N
(NH (N—\P—CI (N—‘P\”\O
Ary Ary Ary
Entry Diamine Product Yield [%] 3P, t [ppm]

1 }NH }N\ H 94 101
NH N-R{
(6]

2% }NH }N\ ,H 85 10.1
NH N-RG,
é 214
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From Table 10it is possite to concludethat excellentyields can be obtainedThe

products were obtained as one diastereoisohels remarkable that the reactions

carried out on a larger scale gasleanerdesiral products which did ot need any

purification. Only one product obtained from diamin240 was achieved as two
diatereoisomer®65a (Table 10,Entry 7) and 265b (Table 10,Entry 8) which were

separated bgolumn chromatography (Figure 23 he reason of the formation of two

diastereoisomers can be due to the structure of the corresponding ligand, which is steric

hinderance. Followed by the Ackerman suggestidothe HASPO ligan®60 was also

prepared irCH,Cl, but the yield was lower than in toluene.
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Figure 23

The absolw# configuration of the HASPO ligandsasestablisied by NOESYNMR
spectra. It can be assume tth@@HASPO ligands containing the same substituent on the
nitrogen atoms hav8& configuration on the phosphorus atom while ligandth o
different substituets on the nitrogen atoms sholR configuration on the phosphorus

atom?!’!

Furthermore,®P-NMR resonances for the HAPSO ligands were in the raoige

U = 1.910 ppm whereas, the ligan®)-265 appeared ati = - 4.2 ppm(Figure 23.
Additionaly, the 'H-NMR spectra ofthe HASPO ligands present some interesting
characteristics. The proton attachedth@ phosphorus appeared as a characteristic
doubletwith a couplingbetweenJe.y = 617.0649.9 Hz. Additionally, NOESY-NMR
studies revealed th#te P-H bondin theligandsis on the same side as the J@édridge
(Figure 25. The exception isvith oneof the two diastereocisome?&5. In this casehte

P-H bond ofligand265b is on the otheside as the M£ bridge(Figure 2§.
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Figure 26.

The preparation of trivalent phosphorus compounds was also téstéattunately
subsequent treaent of chlorodiaminophosphites with sodium methanolate, sodium
phenoxide or commercially available alcohols such as methanoplaeabl did not
result thecorresponding productsTéble 11). Probably the products were not stable

because of their sensitivity to oxygen and moist{fre.
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Table 11 The Preparation of Trivalent Phosphorus @mpounds.

Ar, Ary Ary
}r@ PCl3, EtsN }Nr ROH, EtzN }N(
—_— \ —H— N
NH rN—P—CI (N_P\OR

Arz( Ary Ar,
it PCly, EtN N ROH, EtN Vel
NH N-P—Cl N-P<
( ( (
AI'1 AI'1 AI'1
Entr Diamine ROX Product Yield
y

[%]

1 } p MeOH } K@ 0
NH N
NH N—‘P\OMe
2 é 214 NaOMe é 269 0

: }NQ VeOH }Q 0

NH

OMe
4 NaOMe 270 0
5 (@ PhOH (@ 0
NH N,
NH N—P\OPh
6 é » NaOPh - 0
7 } Q PhOH } Q 0
NH N
NH N=P~opn
8 NaOPh 272 0
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Moreover, it was attempted to prepar&ivalent phosphorus derivativedrom
hexamethylphosphorus trianeidand chiral diamine$®*"3*"*Although the reactions

were carried outinderreflux for 5 days no product was achievé@iable 13.*7°

Table 12 The Preparation of Trivalent Phosphorus Compounds from
Hexamethylphosphorus Triamide.

rArz //Ar2
NH toluene N,
NH +  P(NMey); —_—H— N_P\NMe
2

( reflux (
Ary Ar,
Ar Ar
7 /
NH toluene N,
NH +  P(NMe,)s —H— N—P\NM
( reflux ( €2
Ary Arq
Entry Diamine Product Yield [%]

“NMe,

273

2 }“EH %T\P\NMe 0
\é/ 237 \é/ 274

T I ©
5

On the other handamother group b organophosphorus compoundss synthesized.
The product275 was obtaineds a pair of diastereomedr®m secondary diamin214
with o-phenyl phosphorodichloridaia the presence of BN in CH,Cl, (Schane 49.
The two diastereomers were separated by column chromatography resufipound
275ain 27% yield and compoun#75b in 43% vyield. The absolute configuration of the
P*-stereocentre in the structure @75 diastereomers were kpared with the

literaturet™>1"’
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( : 0 /[ ]
Et:N
NH + C—P-0 s N
NH & @ CHaCly, 96 h, rt N—P-0

214 275

Scheme 44

Also N,N-dimethylphosphoramic dichloride was tested with diamiit in the

presence of BN in CH,Cl, (Scheme 4B No product was achieved.

[ Q Et;N (o :

NH + CI_lID_N —_— N\|| /

NH &\ CH,Cl, 96 h, rt N—P-N
é 214

Scheme 45.
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2.4. Metal-Catalyzed Asymmetric Transformations

2.41. Pd-Catalyzed Asymmetric Allylic Substitution

Reactions Using Carbon Nucleophiles

2.4.1.1. Asymmetric Allylic Alkylation of 1,3 -Diphenylallyl A cetate

Recenly, special attentiohas beemevoted ¢ studies included the investigation of the
chiral ligands with a stereogenic center on the phosphorus atom, followed by the

formationof an effective asymmetric environment arowrmentral metaf”

Thus, chiral HASPO ligands were digd to someimportant typeof reactions First the
asymmetricallylic alkylation was investigatedThe Pdcatalyzed asymmetric allylic
alkylation of (E)-1,3-diphenylallyl acetate202 with the stabilized cadmion derived
from keto ester irthe presence oN,O-bis(trimethylsiyl)acetamide (BSA) is one of the
most important benchmawdystens to examine the ability of novel chiral ligands
(Schemet6).144

oA ROOC. _COOR
¢ Pdgat/L*

N BSA ~
R —
keto ester
base
202 solvent, T, t R = Me, Et, Ph

Scheme 46

First, the HASPO ligan@58 with the same substituent dioth nitrogen atomsand
dibenzyl malonate witljE)-1,3-diphenylallyl acetat02 were tested ithe presence of
BSA andan additive(Table 13.
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Table 13 Asymmetric Allylic Alkylation of 1,3-Diphenylallyl Acetate with
Dibenzyl Malonate.

OAc (73-C3H5PdCl), / ligand 260 ©/\o o/\®

BSA

base,
solvent, rt, 48 h

Entry Additive  Solvent Yield [%)]

1 Zn(OAc) Toluene 0
22 NaOAc  Toluene 0
3 NaH  Toluene 0
3 KOAc Toluene 4
4 KOAc THF 0

& After 24 h AgBR was added anthhereaction
was carried oufurther24h
® Without BSA and KOAc

From the Table 1& can be concluded that the influence of different additives such as
NaOAc, KOAc, Zn(OAc) was tested. The potassium salts are obviously better than
sodium salts, and sodium salts ateonger bases than zinc salts. Additionaly
reaction occws whena strong base suds sodium hydride Table 13,Entry 2) was
used The desir@ product did not givesatisfactory results. The produg?7 was
obtained in the presence of KOAc below 5%ldi(Table 13,Entry 3).In other cases

the product was not achieved. Moreover, using THF did not give the prdduate (13,
Entry 4).

The same reaction was investigated with HASPO lig&6@sor 264 containing in the
structure two different substied nitrogen atoms. Following the best result from the
table above KOAc was applied as an additive. During the readiff@ment conditions

were optimizeé which are presented Table 14 No yield was obtained.
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Table 14 Asymmetric Allylic Alkylation of 1,3-Diphenylallyl Acetate with
Dibenzyl Malonate under Different Reaction Conditions.

OAc (173-C3HsPdCl), /ligand 262 or 264 @ﬂo o/\©
BSA

KOACc,
solvent, T, t

Entry Ligand Solvent T [°C] t[h]  Yield
1 Q rt 48
2 }NT‘P\% Toluene 40 24 0
3 204 100 24

42 Q Toluene rt 120 0
%T\P’H
\\O
262

5P Toluene rt 120 0
6° Toluene rt 48 0
7 CHsCN rt 48 0

& After 96 h 0.1 equiv. of pyridine was added
® After 96 h 0.1 equiv. of BN was added
©0.1 equiv. of Pd catvas used

Subsequently, the novel HASPO ligar2B80 or 264 were also applied to the original
reaction betweenH)-1,3-diphenylallyl acetate202 and dimethyl malonate as ti&
nucleophile!™ As seen from Tablel5, similar to the reactiorof 1,3-Diphenylallyl

acetatewith dibenzyl malonateno product was observed.
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Table 15 Asymmetric Allylic Alkylation of 1,3-Diphenylallyl Acetate with
Dimethyl Malonate.

OAc (17°-C3H5PdCl), / ligand 260 or 264
BSA
0

o O

202 oA~
KOAc,

solvent, T, t

Entr Ligand Solvent T[°C t[h Yield [%
y g

1 (@ Toluene rt 48 0
2 é THF ot 48 0

3 } Toluene nyY 40 40Y 24 0
N— P\

42 CH2C|2 rt 48 0

2 Instead of Pg, Ircar Was used and NaR®as added

Consequentlyanalogous reactions wereeniormedwith diethyl malonate as the€-

nucleophile. M product was achievédable 16.
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Table 16 Asymmetric Allylic Alkylation of 1,3-Diphenylallyl Acetate with
Diethyl Malonate.

o ©o
OAc (73-C3HsPdCl), / ligand 260 or 264 0 o
BSA
0 ¢
o ©o
202 279
A~
KOAc,
solvent, rt, 48 h
Entry Ligand Solvent Yield

1 (@ Toluene 0
N

}NP@:
2 (5 260

THF 0

}N

v _H

3 N"Ro Toluene 0
264

Similarly as in the substitution reactiomsing the substrate with phenyl group also
HASPO ligands wereinvestigatedin the Pdcatalyzd construction of quernary

stereocenters (Scheme)4?

2 9 0 COOR
e OR Pdeat/L” T SN
i f RINNope T i R
S ) n Base R ) n
Scheme 47

The HASPO ligand 260, 264 or 268 and methyl 2oxocyclopentanecarboxylateith

cinnamyl acetat@80 wereappliedin the presence of BSA and an additivehe desird
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product was not achieved although the reactions were carriedinolgr different

conditiors with various irffluences like impact gballadium catalysts, bases as additives

solvents, temperatus@nd reaction time The resultsare presented in Table .17

Table 17. Asymmetric Allylic Alkylation of Cinnamyl Acetate with Methyl 2 -

Oxocyclopentanecarboxylate.

0 i 0}
Pdc4t. / ligand 260, 262 or 268 COOCH;

)J\o/\/\© BSA —
O o0
280 281
OCHs

additive, solvent,
T, t

Entry Ligand Additive Pdcat. Solvent T t Yield
[°C] [h] [%0]
1 Zn(OAc: (d*-CsHs-  Toluene  rt 20 0
PdCI)
2 Zn(OAc), (d*-CsHs- Toluene 40 18 0
PdCI)
3 Zn(OAc), (d*-CsHs- Toluene  rt 48 0
p PdCly
4 ;EN@P,H Zn(OAc), (d*-CsHs-  Toluene  rt 72 0
N
é ° PACI),
260
5 NaOAc (d®-CsHs- Toluene  rt 72 0
PdCl)
6 Zn(OAc), Pd(dbay  Toluene rt 72 0
7 NaOAc Pd(dbay  Toluene rt 72 0
8 KOAc  (d®CsHs-  CH.Cl, rt 72 0
PdCl)
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N i
9 }N—F«H Zn(OAc) (f-CsHs- Toluene Rt 48 0

O
é:( 2 PdCI)

10 }I—P\\g Zn(OAc) (d-CeHs- Toluene rtY 40 24Y 18 0

PdCI),

aWithout BSA,n-BuLi and TMSClwere used

2.4.1.2. Other Nucleophiles

P-stereogenic ligands nareact in Ir or Pdcatalyzd allylic substitutioa with non
carbon nucleophiles. Ardnsitionmetatcatalyzed asymmetric allylic amination &
powerfulmethodfor the formation @N of bonds (Schemet8).%*

Scheme 48

The HASPO ligand262 and €)-1,3-diphenylallyl acetat02 with benzylamine were

tested irthe presence of BSA RE desird product was not observg8cheme 4P

OAc (73-C5HsPdCl), / ligand 262 HNBn
BSA
ShA® SRS
BnNH,
202 CH,Cly, rt, 24 h 282
40°C,72h
Scheme49.
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2.4.1.3. Preparation of Trivalent Phosphorus Ligands from

Pentavdent PhosphorusSpecies

During the preliminary studies oa newseres of HASPO ligands, the pewtent
phosphorus species were activated in sitiN}&-bis(trimethylsilyl)acetamide (BSAYo
induced P(V)- P(lll) tautomerization(a comnonly used abbreviations for valendy)
afford trivalent phosphorus compounds, which @agle as the actual ligan@&cheme
50)."*1%The generation of a trivalent phosphorus compounds were monitorég-by
NMR spectroscopy.The principal investigationwas performed with symmetric
secondary Higand 260 and BSA inaratio of 1:4 in tolueneDg. The experimentwvas
controlledat different timeshoweverthe best resulivas obtained afte24 h. *P-NMR
showed thapentavient ligand260 (chemical shift: 8.Jppm, tolueneDg) reacted with
BSA to providethe formation of a trivalent phosphorsgecieschemical shift: 117.4
ppm, blueneDg) (Figure27).

\z} )
.z
=0
T

-
\z} )
.z
o=
o

—

=

[z

T™S
““N4kMe R o
N ms.. JU
N—PZ~ H N~ "Me
\® H

R, O-TMS

Schemeb0. ReactionMechanism of BSAInduced P(V)-P(lll) Tr ansformation of
HASPO Ligand 260
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Figure 27. *'P-NMR of BSA andLigand 260after 24 h.

Further investigation rewted that when asymmetric HASPIand 264, with a
chemical shiftof 2.40 ppmwas reacted with BSA in toluefigs, the generation of the
trivalent phosphorus speciesith a chemical shifted04.9 ppm, was observed similar

to the case of symmetric HASRiQand 260 (Figure28).

Q otvs Q
L H - - . ‘
N"'?(\j toluene-Dg, 24 h NP~ o1wis
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Figure 28, **P-NMR of BSA and Ligand 264 after 24 h.

2.4.1.4. Preoaration of Allylic Palladi um(ll) Complexes with Trivalent
Phosphorus Ligands

Following the Nemoto, Hamada amd-workers investigations, the neutral palladium
complexes were prepared with the new corresponding ligand with the well known
bridged chloride complé® (d3-CsHs),P&:Cl, in dry toluene ina ratio: ligand: BSA :

Pd.a. = 1:4:1. To obtainnformation about the fomation ofthe Pd complex (Scheme

51), anexperiment was also examined Bp-NMR.

R BSA R (7°-C3Hs),PdCl, R Pd(O) R
NH @ —— N N "~ N
'/\I_P\\O toluene-Dg '/\I_P\O I_\[/\I—P\o O/P—l\\l

R1 R1 | 1 I | R1
TMS TMS TMS

Scheme 51Preparation of Pd-Ligand Complex.

First the Pecomplex was achieved with trivalent phosphorus compound which contains
in the structure two nitrogen atoms with the same substitu8RtSIMR suggests that

complex PeR60 was formed, but the reagents did not react completdig. resulting
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3IP.NMR spectra showed two sharp signals, with approximately the samelratio
from the tworotamers-’® For the complexPd-260 spin system at 102.9 and 102.5 ppm
appeared witdi= 79.3Hz (Figure 29.
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Figure 29 *P-NMR of Pd-260 Complex.

Further examination wasarried out undetthe same conditions with asymmetric
trivalent ligand264. *'P-NMR spectra showed that change of the substituent from the
ligand containing tB same substituent on both nitrogéonasto the compound which

has in the structure nitrogen atoms with different substituted aryl groups has a huge
influence on the formation ofotamers In this case the asymmetric chiral trivalent
ligand led to some derimination between the two rotameiBhe ratio of the deside
rotamersobtained from thé'P-NMR spectra was 1:2. For this complex spin system at
92.4 and 91.8 ppm appeared wibi= 116.7 Hz (Figure 30). Additionally, the
experiment was prepared with other catalysts such ggld2g, Pd(OAc) and CuCl.

No stable complex was achieved.
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Figure 30. *'P-NMR of Pd-264 Complex.

Detdled investigations into the reaction mechangecomplex Pd264 did not give the
satisfactoryanswer for the question witlge final product could not be obtainedhere
aretwo possibilities toexplainthis fact Oneoption could be the high stability of the
complex andhe second optiorsithatthe mrresponding complex camot be recycled
after the reactionThe whole general reactionechanisnprocedurgScheme 52f°was
repeated ira NMR tube in dry conditionand every step of the reaction was controlled
by *}P-NMR. The cycle begins by generatiofitrivalent ligand264 by BSA andin the
next stegformation ofthe complex Pd(G264 (Scheme 51)Oxidative addition of Pd(0)

t o f or rallyl tspeeieswith 1,3-diphenylallyl acetate202 then occurs with
ionization of aleaving group center, providintpe keyd>" -allyl-Pcf* complex. This
intermediate has been observed spectroscopiaatihe **P-NMR study permitted to
prove thatthe signalsdid not change whichmeans thathe complexis very stable
(Figure31). Nucleophilic addition to the reactianixture showed ori'P-NMR thatthe
signals did not changeprior to the addidion of diphenylallyl acetate (Figure 32).
Additionally, the use of potassium acetate as an added catalyst has advantages in the
reactions which involve a wide range oflwan nuclephiles because BSA does not
convert the dienzy malonate into its related silyl ketene acetal then it casubgested
that the catalytic activity of the potassium acetate servesttatenthe formation of a
dibenz! malonate nucleophil®® Falowing the®*P-NMR spectrum after addition of

KOAC as an additive it is possible to conclud tthetcomplex is very stable and it does
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not react with other reagents resulting the ddgreduct, orthe product is generated in
small quantitiesvhat canbe corluded from newsignalsat 96.2 and 95.3 HgFigure
33). Summarizing, the whole experiment provedt tthee complex P&€64 was not an
active catalyst for the Pchtalyzed asymmetric allylic alkylatioof 1,3-diphenylallyl

acetate202with dibenzyl malonate

NN \/ PdL, \R/\)\R,
© o “oa
D Nu” ¢
Fl’dLZT TdLZT
RN Rk
®
Psz—‘ (\NS|M93 o
< g ~Ac
O R/\/\R, @
P ] SiMes .
NHSiMe. 1 KOAc NSiMe;
3 OF%/Me
(N 0-SiMes,
o 7 AcOSiMe Sies
NuH ®  (_NSiMe, cooiVes
FI'dL27 =
RMR' (’O

Scheme 52Mechanism of Asymmetric Allylic Substitution.
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Figure 31 *P-NMR of BSA + Pd-264 Complex + 1,8iphenylallyl Acetate.
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Figure 32. 3'P-NMR of BSA+Pd-264 Complex + 1,iphenylallyl Acetate +
Dibenzyl Malonate.
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Figure 33.*'P-NMR of BSA + Pd-264 Complex + 1,8iphenylallyl Acetate +
Dibenzyl Malonate +KOAc.
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2.4.2.Copper-Catalyzed Conjugatel Borylation Reactions

In organic synthesis one of the most significant chiral building blocks are
enantioenricad chiral organoboron compound$.Several transition metals catalyze
the b-boration, but the most convenient and efficient metal to mediate the
chemoselective formation @fborated esterketones, nitriles, and amidisscopper-

The first applicatio of a coperl) salt modified with chiral diphosphines 1d ,- b
unsaturated carbonyl compounds was investigated by Yuocandrkers:®?

2.4.2.1. Borylation of a C-C Double Bond Catalyzed by Chiral
HASPO-Copper(l) Complex

The mechanism for the conjugateration of enones shows that the protonated product
and a copper alkoxide are achiewad an intermediate copper enolate that undergoes
protolytic cleavage by an alcohol. Additionally, the copper alkoxide reacts with diboron

to regenerate the actigeppe boryl complex (Scheme 53*

L
CuCl + KO'Bu T L*CuO'Bu

B,Pin,

o5
o) R4
B(OMe); L*Cu'-B,
pinacol o
B,Pin,
o. O

o
XN R,

L*Cu'OMe

‘B0 = 'B" ocu*

B" O MeOH

Scheme 53Mechanism ofBorylation of a C-C Double Bond
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Following the previous studies, the HASPO ligar282 or 266 were applied to the
enantioselectiveb-boration of endate A pentavéent ligand (0.11 equiv.) was
transformed by BSA (0.09 equiv.) the trivalent phosphorus compourid toluene.A
complex oftrivalent ligandwith CuCl (0.1 equiv.) was estimated as a catalyst by using
methyl cinnamat@80 (1 equiv.)as a model substraséad addingis(pinacolato)diboron
(1.1 equiv.) inthe presence oNaOBu (0.3 equiv.)as a basand MeOH (2 equiv.3s a

proton sourcén toluene at 55 °C. The reslts are summarized in Table.18

Table 18 Borylation of a C-C Double Bondin the Presence oBSA.

o. O
(e} ligand 262 or 266, BSA B (0]

o. 0O cucl
X o~ o+ ? o~
B, NaOtBu, MeOH
{;i% toluene, —55 °C, 24 h 283

Entry Ligand Yield [%0] ee[%]

ESe
1 NRS 51 Rac
262

:Jiin
} \ H
N—R¢
~o

266

37 Rac

From the Rble18it can be concluded thtlASPO ligand262 (Table 18 Entry 1)gave
higher yield than HASPO ligan266 (Table 18,Entry 2) Unfortunatellyboth of them

obtainecthedesiral product as racemate
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Also ligands 262 and 266 weretested under different conditionspecifically without
BSA (Table19). Neverthelessesultedyields decreased comparergsults fromTable

18 andsimilarly asin the aboveasethe desire product was obtained as a racesnate

Table 19 Borylation of a C-C Double Bondwithout Tautomerisation of HASPO

Ligands.
o. 0
B (0]
0 %_é ligand 262 or 266, CuCl
A o~ + ‘|?’ o
_B. NaOtBu, MeOH
280 Q@ ©° toluene, =55 °C, 24 h 283
Entry Ligand Yield [%0] ee[%]
}qT‘P’H
1 o 18 Rac
262
2 }wl i 11 Rac
N—R¢

_H
o
266

A series of experiments were performed in order to further optithieereaction
condiions with HASPO ligandand theampact of copper salind BSA. No product was
obtained. The re#ts are summarized in Table .20
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Table 20 Borylation of a C-C Double Bondwith the impact of BSA and CuCl.

Entry Ligand CuCl [mol%] BSA[mol%] Yield [%] ee[%]
}NQ 0 9 0 -
1 NRo
262 0 O 0 _
0 9 0 -
2 ;&T‘P\’“
© 0 0 0

266

2.4.2.2 Asymmetric Synthesis ofU-Amino Boronate Esters

The HASPO ligands were applied to the asymmetric synthesisaofino boronate
estersvia organocatalytic piacolboryl additiorto tosydimines'®* A pentavéent ligand

262 (0.04 equiv.) was transformed by BSA (0.09 equiv.) to trivalent ligand@Hifr. A
complex of trivalent liganavith CuCl (0.04equiv.) was estimated as a catalyst by using
tosylaldimines284-287 (1 equiv.)as a nodel substratandbis(pinacolato)diboror(1.2
equiv.) in the presence of GE€O; (0.15 equiv.)and MeOH (2 equiv.) as a proton
source inTHF at 70 °C. A series of experiments were performed in order to further
optimize reaction conditions with HASPO ligh262 with various influencesf copper

salt and BSANo products were obtainefihe resilts are summarized in Table. 2
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Table 21 Asymmetric Synthesis of -/Amino Boronate Estersin Various Reaction

Conditions.
ligand 262 / BSA
CuCl, B,Pin,
NTs MeOH / Cs,CO; /NQS
R H THF, reflux, 24 h R™1,Bpin
284-287 288-291
Entry Tosylaldimines CuCl BSA Product Yield
[mol%]  [mol%] [%0]

ICIJ (0]
1
=0 =0
N~ HN/ |
1 | o o
-
o 284 CI/©/LO72/ 288
(@] (o]
O O
Cl N71 Cl HN7I
2 NS S
-
©) 285 07* 289

O,N
2 ?
N/ﬁ N02
e}
©) 286

o

4 pi@
©) 287

o O O b O pp O O O » O B»
O O © O O O © . O O v v o o v ©
OO O O O O O O O O O O 0o o o o o
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2.4.3.Michael Addition

The Michael addition ats cdled conjugaté addition reactionis an addition of a
nucleophile to aJ ,-umsaturated carbonyl compouid the presence of a transition

metal to avoid direct attack on the carbonyl group oMiehael acceptot®

2.4.3.1.Michael Addition of T hiophenol

The HASPOligand 267 (0.05 equiv.) andhe catalyst (0.08quiv.) were applied tthe
Michael addition withthiophenol292 (1 equiv.) and chalcori#93 (1 equiv.)in toluene
A series of experiments were performed in order to further optimize reactioniaosd
with HASPO ligand with various influence®f impact of catalysts. The nelés are

summarized in Table 22°

Table 22 Michael Addition Reaction with Different Reaction Conditions.

©/SH ‘/\)‘\‘ Ca( / ligand 267 @\ f6)
t I 24 h
oluene, rt, s O
292 294

Entry M cat. Yield [%0] ee[%]
1 Sc(SQCR);3 91 rac
2 Y(SOsCRs)s 32 6
3 HoCls 49 9
4 - 61 rac

From the THRble 22 it can be concluded thatcandiunglll) trifluoromethanesulfonate

gavethe corresponding produ@®4 as a racemate in excelledi% vyield (Table 22,
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Entry 1) Holium(lll) chloride resulted the produ284 in 9% enantioselectivity while
theyield decreasetb 49%(Table 22 Entry 3)

2.4.3.2 Michael Addition of Carbonyl Compound

TheHASPO ligand267 (0.18equiv.) andK,COs (3 equiv.) were applied to the Michael
addition wth diethyl malonate(1.5 equiv.) and chalcon@90 (1 equiv.)in toluene
(Scheme 5% No correspoding product was obtainéd®

o o
7 o O ligand 267, K,CO Et0 OFt
igan: s
S c oA
EtO OEt  toluene, rt, 24 h O o) O
295 296
Scheme 54

2.5.Chiral HASPO Ligands as Chiral Shift Reagents

Nowadaysit is very importantto find efficient methods for the easy and fast
measurement of the enantiomeric excess of chiral compdtfhiike application of

chiral shift reagent, also called chiral solvating reagent for NMR spectroscopy is one of
the mostuseful method to achieveetermination of the enantiomeric excesseshiral
organic moleculesThe advantage of this convenient method is an easy performance
without using any chiratlerivatization of the analyt&’ Many different kinds of shift
reagents, such as lanthanide ctewps, crown ethers, cyclodextrins, porphyrins,
macrocycles, and others have been investigated by many rese&fthers.

The nové chiral HASPO ligands werevaluated as chiral resolving agents in dry

toluene.The chiral shift experiments were carried outrbgasuring théH-NMR and

F-NMR spectraof a mixtureof HASPO ligand262 with two different substituted

nitrogen atoms oHASPO ligand258 with the same substituted nitrogen atoms With

(trifluoromethyl)benzyl alcohoin aratio 1:1 in toluene at room temperature. Tate
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shows the splitting wittHASPO ligand 262 and260 did not changéor the CF group.
In both cases, the signals shifted properly.

Table 23 Resolution of U-(Trifluo romethyl)benzyl Alcohol in the Presence of
HASPO Ligands (°F-NMR).

Entry Ligand U (ppm) YF D (Hz)

1 - -78.16-78.13 0

=
2 3\%‘% -77.89/77.86 7

262

1

R -77.73+77.70 0

¢}
260

—-78.13
78.16

2 -77.3 -77.4 -77.5
f1 (ppm)
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Figure 34.

The 'H-NMR spectra were also recorded for the mixture of compounds which are
mentioned above. The results are presented in T2déleThe HASPO ligand260
interacted with the methine proton Bftrifluoromethyl benzyl alcohol and showed a
splitting of 7 Hz,while no stereodiscrimination for the €group was observed from

the more symmetricdigand 260.
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Table 24 Resolution of Alcohol inthe Presence of HASPO Ligands'H-NMR).

Entry Ligand U (ppm) 'H DU (Hz)
1 - 4.45/4.42 0
e
2 N"Ro 4.63/4.61 7
262
N H
3 }N_‘p\;o 4.91/4.88 0
é 260
H
CF;
OH
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qqqqqqqq

4.78 4.74
f1 (ppm)

5.50 5.46 5.42 5.38 5.34 5.30 5.26 5.22 si8 (5.14 ) 5.10 5.06 5.02 4.98 4.94 4.90 4.86 4.82
ppm.

Figure 35.

The mandelic acid interacted with HASPO liga289 and262, and thesignalsshifted
from singlet to doubletddditionaly, the proton attached to the chiral center of mandelic

acidinteracted with ligan@62 showed a baseline separation of 6(Hable 25)
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Table 25 Resolution of Carboxylic Acid in the Presence of HASPO Ligands

(*H-NMR).
Entry Ligand 'H DU (Hz)

1 - 0

N‘ H i
2 AK\N_P\\O 6

262

N‘ H

3 4\%\1—&\0 1

é 260

HO_ H HO, | o0

00000

5.45 5.40 5.35 5.30 5.25 5.20 5.15 5.10 505
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Figure 36.

Both ligards were tested also with BINOL which interacted with both compounds.
Ligand 260 and the aromaticCH showed a baseline separation of 18 While ligand

262 showed 9 Hz However, in both caseimpurities are visible on NMRpectra
(Table 26)
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