MONTANA

STATE UNIVERSITY

Synthesis of C2-symmetric P-chiral bis(phosphine borane)s and their application in thodium(I)
catalyzed asymmetric transformation
by Holly Ann Heath

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor of
Philosophy in Chemistry

Montana State University

© Copyright by Holly Ann Heath (2001)

Abstract:

A new development for the synthesis C2-Synnnetric P-Chiral Bis(phosphine borane) ligands is
reported, These ligands are based on the asymmetric induction of prochiral phosphine ligands with
organolithium/chiral diamine complexes. These ligands have been evaluated in asymmetric rhodium(I)
catalyzed hydrogenation and [4 + 2] cycloisomerization reactions. Enantiomeric excesses as high as
99% were obtained for ene-diene cycloadditions.



Synthesis of Co-Symmetric P-Chiral Bis(phosphine borane)s and Their
Application in Rhodium(I) Catalyzed Asymmetric Transformation

by

Holly Ann Heath

A dissertation submitted in partial fulfillment
of the requirements for the degree

of
Doctor of Philosophy
in

Chemistry

Montana State University
Bozeman, Montana

March 2001




% % *0% % *

* * % * *
% 1 2
&2 1) % 3
*
1
) &
&2 21
&  #
) % 1
&2 2'/



ii

STATEMENT OF PERMISSION TO USE .

In presenting this dissertation ,in‘ partial fulfillment of th'e
requirements for a doctoral degree at Montan;a State University-Bozeman, I agree
that the Library shall make it available to borrowers under rules of the Library. I
further agree that copying of the dissertation is allowable only for scholarly
purposes, consistent with “fair use” as prespribed in the U. S. Copyrighf Law.
Requests for extensive copying or reproduction of this dissértation should be
referre'd to University Microfilms International, 300 North Zeeb Road, Ann
Arbor, Michigan. 48106, to whom I have granted “the exclusive right to reproduce
and distribute my dissertation in and from microform along with the
non-exclusive right to reproduce and distribute miy abstract in any format in whole

or in part.”

Si gnature o m

Date _Y /25 o/




iv

TABLE OF CONTENTS
. INTRODUCTION . .c.ovttevii e seeeanieeanitesee et venee e e 1
. BACKGROUND......vevoteeeeeeeeeeeeseeeeeeeoeeie s [ 3
Organolithium/Chiral Diamine COmPIEXES. ... .o.oiviviiiiiviiiiiniineeeeeen. 3
Chiral Phosphine Ligands...........couvviiiiiiiiiiii e 8
Catalytic Asymmetric Hydrogenation..............cooviviviiiniiiiiiinenn 16
Transition Metal-Catalyzed [4 + 2] Cycloadditions.............coooevviiiiinnn 22
. RESULTS AND DISCUSSION....cccouvniiiiniiiiiiiiiiiireenes e 33
Organolithium/Chiral Diamine Complexes...........coovvrviiiiniiinn 33 |
Chiral Bisphosphine Ligands..........oovviviiiiiiiniiin 39
Asymmetric Rhodium(I) Catalyzed Hydrogenation...................oooeen 50
Asymmetric Rhodium(I) Catalyzed [4 + 2] Cycloaddition....................... 54
. CONCLUSION. .ttt itte ittt it e 69
s B XPERIMENT AL . ...ttt et et et 70
PHOSPHINE LIGAND SYNTHESIS....cuiteitiiiieieeieeniiiiainiaenianenans 72
Chloro-P,P-dimethylphosphinoborane (100).............coooevviiiiiiienines 72
P,P-Dimethyl(bisethylammino)phosphinoborane (101)............. A 73
P,P-Dimethylphenylphosphine borane (57)........coveerininiriiiiiniinnn 74
P,P-Dihalide-2- (tnﬂuoromethyl)phenylphosphlne borane
(halide =Bror C1) (102)........ooviviiiiiiiei 76
P,P-Dimethyl-2-(trifluoromethyl)phenylphosphine borane (C2) T 77
P,P-Dimethylferrocenylphosphine borane (62)...........cooovueeveiininnnn 79
' P,P-Dimethy1-2,6-(dimethoxyphenyl)phosphine borane (60)............... 80
(Rp,Rp)-Bis[(ferrocenylmethylphosphine borane)-
methyl]dimethylsilane (83)..........ooverivieiiiii 82
(Rp,Rp)-Bis[methyl-2-(trifluoromethyl)phenyl-
phosphine borane]ethane (80)............cocovevviiiiiiii 83
(Rp,Rp)-Bis {[methyl-2-(trifluoromethyl)phenyl-
phosphine borane]methyl} dimethylsilane (85)..............cooeeiiiinnnn 85

(Rp,Rp)-Bis{[methyl-2-(trifluoromethyl)phenyl-
phosphine borane]methyl} diisopropylsilane (87)..............cooooeviiin, 87




(Rp,Rp)-Bis{[methyl-2-(trifluoromethyl)phenyl-

phosphine borane]methyl}dicyclohexylsilane (88)...........................89
(Rp,Rp)-Bis {[methyl-2-(trifluoromethyl)phenyl- -
phosphine borane]methyl}diphenylsilane (89).............................0..90
(Rp,Rp)-2,6-Bis{[methyl-2-(trifluoromethyl)phenyl-
phosphine borane]ethyl} pyridine (76)..........cooovviiiiiiiiiiniiinnn 93
(Rp,Rp)-Bis{[methyl-2,6-(dimethoxy)phenyl-
phosphine borane]methyl}bis(dimethylsilane) (103)......... e 95
Deprotection of Phosphine Boranes............cocovvvveiiiinnn TP 97
P,P-Dimethyl-2- (tnﬂuoromethyl)phenylphosphme (104)............. e 98
(Rp,Rp)-Bis[methyl-2-(trifluoromethyl)phenyl-
phosphine]ethane (105).........ccoovviriiiiii 98
(Rp,Rp)-Bis{[methyl-2-(trifluoromethyl)phenyl- '
phosphine]methyl} dimethylsilane (106)......c..c.oooeriiiiiiiiiiniiriinnee 99
(Rp,Rp)-Bis{[methyl-2-(trifluoromethyl)phenyl-
phosphine]methyl}diisopropylsilane (107)........ccoeeereniiiiiiiiiin 100
(Rp,Rp)-Bis {[methyl-2-(trifluoromethyl)phenyl-
phosphine]methyl} dicyclohexylsilane (108).............ccoovvviiininn 101
(Rp,Rp)-Bis{[methyl-2-(trifluoromethyl)phenyl-
phosphine]methyl} diphenylsilane (109)...........oeiiiiiiiiis 102
(Rp,Rp)-2,6-Bis{[methyl-2-(trifluoromethyl)phenyl-
phosphine]ethyl} pyridine (110).........ovvveniiiiiiiiiin 103
Substrate Synthesis; Ene-dienes and Dien-ynes...............cc.ooeeen e 104
2-Methyl=(E)-2,4-pentadien-1-ethyl ester (111). e 104
N-(E,E)-2,4-hexadienyl-N-[(E)-but-2-enyl]-
4-methylbenzenesulfonamide (92)........c.coevvveieiiiinn 105
N-[2-methyl-(E)-2,4-pentadienyl]-N-(prop-2-enyl)- 4-
methylbenzenesulfonamide (96).........oooveveiiiiiiiiiiii 106
N-(E,E)-2,4-hexadienyl-N-(prop-2- yny1-3—trimethylsi1yl)-4—
methylbenzenesulfonamide (98):.........oooviiiiiiii e 108
4-Oxo-(E,E)-6,8-decadien-1-yne (52)......cooveviiviiiinnin 109
4-0x0-1,6(E),8(E)-decatriene (49).........ocoovviiivieiiiiiniin, 110
Rhodium(I) Catalyzed [4 + 2] Cycloadditions.............cooeviiiiiiiiainnn 112
Catalyst SYNHESIS. ... ..oviivtiiriiete e 112
Cyeloaddition........cvvveiuiiniiei e 112 .
Cis-2,3,3a-(R,S)-6,7,7a-hexahydro-6- trans-methyl 2-
(4-methy1benzenesulfonam1do) -1H-isoindole (47).....covvvvinuiiininnanns 113
Cis-2,3,3a-(R,S5)-6,7,7a-hexahydro-6-trans-7-cis-dimethyl-
2-(4-methylbenzenesulfonamido)-1H-isoindole (93).............coovvvnn 114

REFERENCES CITED.........cocoviviiiiiiiens PR ERIPRRERES 116




Table

1.

10.

11.

12.

vi

LIST OF TABLES

Enantioselective Ortho Lithiation of Phenylcarbamate

Chromium COmPleXeS......couoivuiinniiniivii i aaneees

Asymmetric Hydrogenation of Dehydro-o-Acylamino Acids.......

Enantioselective Rh(I) Catalyzed [4 + 2] Cycloisomerization

Using (+)-DIOP Related Ligands.........o.oovvvvvenvniinenien,
Counterion Effect of Enantioselective Cyclization....................
. Asymmetric Induction of Triene 49...........cooooeeiiiiiiin

Asymmetric Induction of Dienyne 52............coovvviiiiiin

Benzophenone Trapped Asymmetric Lithiation using

Chiral Diamines 54 — 56 of Dimethylphenylphosphine borane......

Benzophenone Trapped Lithiation Using of Phosphine boranes

59 — 62 Using (-)-Sparteine. ......oouvriiinrrrrenrienieneeiiiinns

Asymmetric Hydrogenation of Z-a-Acylaminoacrylic Acid

Derivative 77 with Catalyst Complex 79........ccoovviviiiiiiinin

Asymmetric Rhodium(I) Catalyzed Cycloaddition of

Ene-diene 46 with Cl™ as the Counterion...........cooeveveen.. B

Asymmetric Rhodium(I) Catalyzed Cycloaddition of

Ene-diene 46 with SbFs as the Counterion...........cocoveevuviennenns

Asymmetric Rhodium(T) Catalyzed Cycloaddition of

Ene-diene 92 with SbFs as the Counterion............coceevvnvinnnnn.




vii

LIST OF FIGURES
Figure Page

1. Prochiral Aryldimethylphosp'hine ..................................... R 2
2. Chiral Diamine (-)-Sparteine (1)3
3. Proposed Prelithiation Complexes of(l) ............. 5
5. Chiral BisphoSphines.........ovouiiiiniieniniiiiiiiiiieeeenn — 6
6. (+)-DIOP Derivatives... R I RMETTIILIE 25
7. T mns-cyolbhexanediamine Derivatives and Their Antipodes............ .. .35
8. General Type of P-Chiral Bisphosphine Ligands......................... 43
9. Geheral Type of P-Chiral Tridentate Ligands........ e 46
10. C,-Symmetric P-Chiral Bis(phosphine borane)s............c...ccooviinnn, 51
11. Ene-diene and Diene-yne Substrates :

for Metal Catalyzed Cycloadditions...........ovvvvreniiiiin 54
12. Disubstitued Silyltethered C,-Symmetric

P-Chiral Bis(phosphine borane)s.......... T Y 55
13. Possible Conformation of Rhodium(I)/Ligand Complexes :

80a and 85a, Front VIEW.....ccevriieiiiiiiininin i 59
14. Possible Conformation of Rhodium(I)/Ligand Complexes

802 and 852, S1de VIEW .. .viriveireit i 60

15.

Possible Conformation of Rhodium(I)/Ligand Complexes
872 — 892, Front VIEW.....ovviiiiiiiiiiiiiiiiiiieeneniaens S 62




viii

LIST OF SCHEMES
Scheme ~ Page
1. Asymmetric Deprotonation of Boc-Pyrroliding (2)...........ccoevvevininnnnn 4
2. Asymmetric Synthesis of P-Chiral Phosphine
Using Oxazaphospholidine Borane......................ooe0s e 10
3. Synthesis of C,-Symmetric P-Chiral Phosphines 26 and 27................. 11
4. Introduction of Dilithioaryl Species to Cleave P-O Bond
of an Oxazaphospholidine Derivative 28..ee...ooviviiiiinin, 12
5. Synthetic Pathway Toward Ferrocenyl Tethered
P-Chiral Phosphine Ligands...........cooooiiiiiiiiii 13
6. Two Step Process Approach to C,-Symmetric
P-Chiral DiphoSphines. ... ...oviuuinruitiiiieiinneeae 14
7. Preparation of 1,2-Bis(trialkylphosphino)ethanes....................c.ooovi 14
8. Mechanistic Scheme for Olefin Hydrogenation......... e peesaeessiares 17
9. Asymmetric Catalytic Cycle for Hydrogenation of Olefins.................. 18
10. Parallel Reaction Paths for Asymmetric Hydrogenation ,
O Ol ITIS. . et r ittt e e e e 20
11. Possible Paths of Metal Catalyzed [4 + 2] Cycloisomerization............. 23
12. Benzophenone Trapped Asymmetricly Lithiated
Dimethylphosphine Borane with Chiral Diamines 54 —56............. .....36
13. Benzophenone Trapped Asymmetricly Lithiated

14.

Phosphine Boranes 59 — 62 with (-)-Sparteine............cc.cooveinnininn 42

Oxidative Coupling to Give C,-Symmetric .
P-Chiral Bis(phosphine borane)s.............ccocovvvvvinny e FEUI 44




15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

ix

Silylative Coupling to Give C,-Symmetric

P-Chiral Bis(phosphine borane)s...........cocoviviiiiiiiiiiiiniiinnnn, 45
Bonding Property of Tridentate Ligand with Mo(CO)g............coovnnnnn. 47
Bis-Alkylations Invovling Dynamically Resolved i

t-Butylphenylphosphine Borane...........cccoovviiiiiiiiiniiic s 48
Bis-Alkylation to give PNP Ligand 76................ S RRTRT RS 49

Asymmetric Hydrogenation of Z-o-Acylaminoacrylic Acid
Derivative 77 with Catalyst Complex 79........ccoovviiiiiiiiiniiinn. 50

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Ene-diene 46 with Cl™ asthe Counter Ion......oovvvviivvreerreneieeiininnnnnn 56

Asymmetric Rhodium(I) Catalyzed Cycloaddition of

Ene-diene 46 with SbFs as the Counter Ion...........cocoveiiiiiiinnnnn. 57

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Ene-diene 92 with SbFs as the Counter Ion............covve it 63

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Ene-diene 96 with SbFs as the Counter Ion........oveevveneiiiviiiiinninn 66

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Diene-yne 98 with SbFs  as the Counter Ion..........ovvvveninniiiinnin 66

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Ene-Diene 49 with SbFs as the Counter Ion............c.ooviviiiiinnnnn, 67

Asymmetric Rhodium(I) Catalyzed Cycloaddition of
Diene-yne 52 with SbFs as the Counter Ion.........ooovvvernenniniin 67




ABSTRACT

A new development for the synthesis C,-Symmetric P-Chiral Bis(phosphine
borane) ligands is reported. These ligands are based on the asymmetric induction
of prochiral phosphine ligands with organolithium/chiral diamine complexes.
These ligands have been evaluated in asymmetric rhodium(I) catalyzed
hydrogenation and [4 + 2] cycloisomerization reactions. Enantiomeric excesses
as high as 99% were obtained for ene-diene cycloadditions. ~




CHAPTER 1

INTRODUCTION

Enantiomerically pure substances are of economic Aimportance in industry. The
need for efficient enantioselective syntheses remains a constant challenge. One of the
most common methods to obtain stereoisomerically pure compounds involves the use of
a stoichiometric quantity of a chiral resolving agent. This method, however, requires the
recovery of the resolving agent which can be time consuming and cc;stly. Hence, the
development of chiral catalysis is of great interest because of its potential to be more
economically feasible and efficient. |

Chiral phosphine ligands have been used in transition metal complexes as-
catalysts for production of enantiomerically pﬁre compounds. There are a variety of
~ reactions where these ligands are not efficient in their reactivity or selectivity’and a
continued search for well designed chiral ligands remain an important goal. The
objective of the research described herein was to design new Cz-symmétriC'P-chiral
phosphine ligands for use as enantiocontrollers in asymmetric thodium(l) catalyzed [4 +
2] cycloisomerizaﬁqns of olefins. Thesenew ligands were also evaluated to determine
their efficacy in asymmetric reduction of C=C linkages.

The synfhesis and applfcation of new chiral diphosphine ligands are reported
herein. A key feature of these ligands is that the chirality is at the phosphorus atom. In

catalytic processes involving phosphine ligands reactivity can be fine-tuned by altering
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Uemura and co-workers later found that 10 gave good to excellent yields for the
enantioselective ortho lithiation of phenylcarbamate chromium complex (11) with 41 and
59% ee (Table 1, entry 1 and 2). Furthermoré, Uemura determined that (-)-sparteine gave
the opposite absolute configuration in 62% yield and 17% ee (entry 3). fhey also found

solvent could affect both the yield and enantioselectivity (entry 1 and 2).7

Chiral Phosphine Ligands

Optically active phosphines‘ with the chirality in either the framework of the
phosphine (13 - 15)8"9"10"11 or at the phosphorus atom (16)*? have found wide use as
ligandé for transition metals (Figure 5). Until recently, there have been few examples of
P-chiral diphosphine ligands in-the literature. Their absence is due to the difficulty in the

synthesis and purification of the enantioenriched phosphorus stereocenter.
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Imamoto? also showed the versatility of this method in the preparation of 1,2-
bis(trialkylphosphino)ethanes. Treating PCl; with two consecutive Grignard reactions,
followed by protecting with BH3'SM62 provided alkyldimethylphosphine boranes 33a-e.
Asymmetric deprotonation using sec-BuLi/(-)-sparteine complex and subsequent
copper(I)-mediated coupling yielded the desired products 34a-e with the meso-
diastereomer (Scheme 7). Purification to separate the enantiomers from the meso-
compound was accomplished by HPLC and enantioenrichment was improved by

recrystallization.

Catalytic Asymmetric Hydrogenation

The discovery of catalysts bearing chiral phosphine ligands has become
significant in the development of organotransition-metal chemistry. Most notably is the
catalyzed asymmetric hydrogenation of prochiral olefins where optical yields approach
100% ee.

Rhodium complexes with chelating chiral phosphine ligands have been used as
catalysts for hydrogenation. Complexes using chelating chiral diphosphine ligands with
rhodium, such as DIOP (13),%° CHIRAPHOS (14),'° PROPHOS (15)," and DIPAMP
(16),"* are used as catalyst précursors in asymmetric hydrogenation of various
dehydroamino acids and their mefhyl esters. Many groups have actively carried out
mechanistic studies of the asymmetric hydrogenation during the last three decades. A
discussion of all the efficient systems that are available for asymmetric hydrogenation is

beyond the scope of this thesis. Instead, an examination in detail of a well-studied
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fully reduced product 40 regenerates the catalyst 35 and completes the cyé]e. As each
new chiral center is created, the substrate remains as part of the chiral complex, which
provides an efficient asymmetric synthesis. This cyclic representation in Figure 6 is not
the only poésible mechanism; however, it most generally represents the mechanism of the
broad spectrum of most homogeneous asymmetric hydrogenations.

Knowles and colleagues,” of the Monsanto Company, developed one of the most
studied systems for asymmetric hydrogenation. Their goal was to design phosphine
ligands to control selectivity in the hydrogenation of acetamidocinnamic acid to give the
precursor of r-dopa (3,4-dihydroxyphenylalanine), a drug used in the treatment of
Parkinson’s disease. Detailed kinetic experiments were carried out to determine the
catalytic cycle for hydrogenation of the dehydroamino acid with a rhodium complex
containing DIPHOS. Further experiments were performed using the chiral diphosphine
ligand, DIPAMP (16). The catalytic cycle giving the chiral product was found to be

closely similar to that of Scheme 9.
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reactant. The complexation of the substrate to the catalyst gives two diastereoisomeric
complexes that are in rapid equilibrium. The oxidative addition of the molecular ‘
hydrogen was found to be irreversible and rate determining. The stereoselectivity of the
overall reaction depended on the relative rates of oxidative addition to the two
complexes. The predominant product resulted from the minor isomer pathway by virtue
of a much higher reactivity of the reactant-catalyst adduct wifh-hydrogen. It was found
that the ratio k”,:k’, was 573:1, and the equilibrium ratio of the complexation of the
substrate to the catalyst was 1:11. These values taken together provides a ﬁroduct ratio of
~52:1 in favor of the minor isomer. In consequence, the minc;r catalyst-substrate

complex provided the major enantiomer of the product,
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2.4 Transition Metal-Catalyzed [4 + 2] Cycloadditions

Reactions that deal with stereo- and enantiocontrol and are compatible Wifh a
variety of functional groups are important tools in applications for organic chemistry.
Some of the most important reactions are bond, ring, and stereocenter formations.
Among the most powerful reactions for forming multiple bonds and stereogenic centers
in a single synthetic operation are the cycloaddition reactions. Heat, light, Lewis acids,”
high pressure,3l, sonication, special solvent effects,” and more recently, metal catalys'ts,33 ,
have all been used to promote these reactions.

The most widely used method for preparation of six-membered ﬁngs is the Diels-
Alder [4 + 2] cycloaddition.34’35 The versatility of the Diels-Alder reaction has made this
one of the most widely studied methods in organic chemistry and is the standara by
which other cycloadditions are compared. The Diels-Alder [4 + 2] cycloaddition is very
useful in ring formation where chemo- and stereoselectivity are dictated by the diene and
dienophile substrates. However, the Diels-Alder reaction is often restricted to the
electronic requirements that govern this concerted process: an electron rich diene and an
electron deficient dienophile. The reaction of unactivated olefins, dienes and acetylénes

is inefficient and strenuous conditions are necessary to obtain good yields of the

cycloadducts. The cycloaddition of two unactivated species proved to be difficult since
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the diene and the dienophile give rise to the formation of the 7-complex. There are two

3641 or the formation

ways oxidative coupling could occur: by generating a n',7°>-complex
of the metallacyclopentene (Scheme 11).% Both could be precursors to the formation of
the metallacycle that could then give the carbocycle and regenerate the active catalyst by
reductive elimination. To date, Rh, Ni, Ti, Fe, and Pd have been reported to catalyze the
[4 + 2] cycloaddition.38

Mortreux and co-workers® have studied the chemo- and enéntioselectivity of the
Diels-Alder reaction between 1,3-butadiene and methyl sorbate. Using a low-valent
nickel complex in the presence of chiral aminophosphine-phosphite and diphosphine
ligands, the yield and the chemoselectivity were only moderate, and the enantioselectivity
was unfortunately low (5% ee). Previously, Garratt®® showed that low-valent nickel
complex (generated by reduction of Ni(acac), with EtzAl) influenced the selectivity '_of
this reactién. Under thermal conditions methyl sorbate was the “diene” component and
the 1,3-butadiene was the “dienophile”. However, the low-valent nickel complex
reversed the reactivity rendering 1,3-butadiene as the “diene” component and methyl
sorbate as the “dienophile” component.

Previous work done in the Livinghouse laboratories has shown that a variety of
Rh(I) catalysts can accelerate intramolecular [4 +2] cycloisomerization reactions at low
temperatures.‘”’42’43 Furthermore, it has been determined that bisphdsphines that form

7-member chelates are effective ligands for the intramolecular [4 +2] cycloaddition

reaction.*! A series of bisphosphine ligainds 41 and 42 (Figure 6), related to (+)-DIOP,
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The counterion effect was examined with the use of an electron-rich ligand,
(+)-DIOP, for use in the rhodium catalyzed [4 + 2] cycloaddition of the tosyl-protected
azatriene 46 (Table 4).*> The bromide as the counterion showed similar ee but a decre?ase
in the rate relative to the chloride while the iodide and trichlorostannyl anions
demonstrated low activity. The cationic triflate species led to the bicycloadduct with
similar reaction rates but reduced enantioselectivity.‘

When using the weakly ligating counterion, hex\aﬂuoroan'timonate, milder
conditions were utilized (a weakly coordinating solvent dichloroethane [DCE] and lower
temperature (40 °C)). It was found that complete isomerization of the bicycloadduct 47
was observed with the more polar solvent (trifluoroethanol [TFE]). The
hexaﬂuoroantimopate anions resulted in a lower reaction rate and a slight decrease in
enantioselectivity. However, a cationic species generated by hydrogenation of a pre-
formed Rh—pho,s’phine complex enhanced the rate and maintained the degree of
enantioselection. "f‘he cétalyst generated from [(NBD),Rh]SbF; is the preferred method
for screerling chiral phosphine ligands due to the mild conditions, similar reactivity and

enantioselectivity.
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* reported the use of commercially available chiral

Recently, Gilbertson®
bisphosphine ligands to catalyze the [4 + 2] cycloisomerization reaction in which both
triene and dieneyne substrates were investigated. Table 5 shows the results of
asymmetric induction of triene 49. Both CHIRAPHOS and DIOP provided cyclization
product in good ee. Their enantioselectivity is comparable to our aforementioned catalyst
system employing DIOP. Consequently, their most selective ligand was BINAP. Their
initial attempts to utilize this system only resulted in the isomerization of the triene um'%.

This result also is comparable to our system using BINAP; however, they reexamined

this catalyst in EtOAc instead of CH,Cl, and obtained cycloisomerization product in

98% ee.
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Gilbertson** then found that BINAP, CHIRAPHOS, and DIOP did not work well
in the catalysis of the cycloisomerization of dieneyne 52. The reactions using these
ligands gave the cyclic product with low selectivity (9 ~ 43% ee). DUPHOS- gave a low
yield (15%) with good selectivity (81% ee); however, the major product was the dimer
54. They studied a variety of reaction conditions in an attempt to decrease the reactivity
of the catalyst precursor. Under these conditions (3% catalyst with a (6/1) mixture of
CH,CL,/EtOAc and excess ligand) the product was obtained in good yield (85%) and high
selectivity (95% ee). It seems when EtOAc was added as part of the solvent system that
higher enantioselectivities were obtained. To this point, the role of EtOAc in enhancing

the enantioenrichment is unclear.
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CHAPTER 3

RESULTS AND DISCUSSION

Organolithium/Chiral Diamine Complexes

Asymmetric deprotonation from complexes formed between organolithium
reagents and enantioenriched ligands can afford highly enantioenriched products.

Hoppel’z’3

was the first to report the use of s-BuLi/(-)-sparteine to provide Ci-oxygen .
substituted dipole stabilized carbanion products with high enantioenrichments in a
lithiation-substitution sequence. Beak® later established that s-BuLi/(-)-sparteine can be
used with N-Boc-pyrrolidine in an asymmetric deprotonation-electrophilic sqbstitution
sequence to provide highly enantioenriched 2-substituted N-Boc-pyrrolidines.
Asymmetric deprotonation using organolithium/chiral diamine complexes show promise
for the synthesis of homochiral phosphine ligands.

One of the objectives for the research herein was to design a beneficial sequence
for asymmetric synthesis of P-chiral phosp}ﬁne ligands. Sparteine has been known to be
an effective external chiral ligand for asymmetric induction and was perceived as a
potential route towards the synthesis of P-chiral phosphine ligands. It was also
speculated that other chiral diamines might be useful in asymmetric deprotonation -

reactions to provide P-chiral phosphine ligands. Combinations of the following criteria

prove to be essential in providing an effective ligand in the asymmetric deprotonation
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reaction. It is advantageous for highly enantioselective deprotonation reactions that the
chiral ligand bind the organolithium species strongly enough to keep tirie concentration of
reactive racemic species low. The ligand must also have proper steric interactions and
provide sufficient flexibility to allow the substrate to adopt the proper diastereomeric
transition state in order to introduce enantioselectivity. Furthermore, the ligands should
accelerate the lithiation reaction compared to the ligand-free reaction.

Based on the criteria listed above the goals put forth for this part of the research
were to determine if the s-BuLi/(-)-sparteine complex would be effective in the
asymmetric deprotonation of dimethylphenylphosphine-borane and to provide other
synthetically useful ligands in both enantiomeric forms. Accordingly, the efficacieé of
selected ligands for the organolithium/chiral diamine ligand complexes as reagents for
asymmetric deprotonation of dimethylphenylphosphine-borane were evaluated.
Asymmetric lithiation of dimethylphenylphosphine-borane was investigated using (-)-
sparteine and chiral diamine ligand systems of tmns-cyclohexanediamine derivatives and
their antipodes (Figure 7).

In order to determine ligand structure-enantioselectivity relationships, each ligand
was assayed for reaction sequence 57 to 58 (Scheme 12). A 1:1 organolithium/chiral
diamine ligand complex was formed at —78 °C then dimethylphenylphosphine boraﬁe
was added and allowed to stir at =78 °C for 4 h before the addition of benzophenone.
Once the addition was complete the reaction mixture was warmed to =20 °C and allowed
to stir for 17 h. The reaction was quenched with saturated NH,*CI then the enantiomeric

excess of 58 was determined by chiral HPLC and compared to the racemic product.
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The initial attempt towards the asymmetric deprotonation was using s-BuLi/chiral
diamine complex in Et,O. The first ligand examined, (-)-sparteine, provided a 77% ee.
Encouraged by this result, the other three‘l.igands were investigated. Chiral ligand 54
gave a 37% ee with good yields. A negligible selectivity was obtained when the reaction
was run with ligand 55. It was initially hoped that as steric interactions increased so
would the enantiomeric excess of the product. These interactions are clearly not present
in 55, éuggesting that the methyl on the. ethyl substituents are situa?:ed away from the
binding sites and that the methylene group of the ethyl does not have as much steric
interactions as the methyl substituent of ligand 54. However, replacement of the alkyl
substituents with a cyclic substituent, 56, allowed enough steric interactions along with
sufficient flexibility to provide the desired product in 81% ee.

Since (-)-sparteine and 56 were the most effective i gandé in the initial
investigation for the asymmetric deprotonation of dimethylphenylphosphine borane,
these ligands were examined under other conditions. The results described in table 7
show that 56 did not continue to provide useful enantiomeric excess un‘d‘er any of the
other conditions. The most successful of the ligands assayed was (-)-sparteine, which
afforded the highest enantioselectivity (87% ee) when using s-Bul.i as the organolithium
and ‘BuOMe as the solvent.

In conclusion, although ligand 56 provided substantial enantioselectivity in the
asymmetric lithiation of dimethylphenylphosphine' borane, it did not provide

enantioselectivities as high as (-)-sparteine. The combination of binding, rigidity, and the
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specific steric features of (-)-sparteine contribute to its effectiveness as a chiral ligand.
Indeed, the other ligands investigated did possess the binding modes and some of the

rigidity of (-)-sparteine but did not provide an adequate steric environment for effective

asymmetric deprotonation.
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Chiral Diphosphine Ligands

It has long been recognized that changing substituents on phosphorus ligands can
cause noticeable changes in the behavior of the free ligands and of their transition metal
complexes. In 1970, quantitative measures of electronic and steric effects were proposed

_based on A; carbonyl stretching fréquencies (v) in Ni(CO);L complexes, and ligand cone
angles (0) of space-filling CPK molecular models.* Since then a large number of papers
have appeared which show that both steric and electronic effects are equally as important.

Previous work done in the Livinghouse laboratories have demonstrated that slight
alterations in the steric and/or electronics of the phosphorus. ligand can change the
absolute stereochemistry of the rhodium(I) catalyzed {4 + 2] cycloisomerization product
and the reacﬁvity of the rhodium(l) catalyst. Altering the backbone of the bisphosphine
ligand (+)-DIOP derivatives * with stericly encumbered and/or electronically
differentiating substituents markedly changed the reactivity and selectivity of the
rhodium(I) catalyst. These ligands gave cycloaddition products with molderate selectivity
and in good yields, With the chirality of the (+)-DIOP derivatives existing on the
backbone of the ligands and not near the reaction site may account for the moderate to
low selectivity.44

It was hoped that creating a ligand with chiral phosphorus would increase the
asymmetric induction of the rhodium(I) catalyst by allowing the chirality to be in closer
proximity to the metal center. The focuses of the studies were to understand the

importance of steric and electronic effects that were investigated by studying the
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conformational variances within the phosphorus ligand. This study was geared towards
the modification of the phosphine; in particular, making the ligand chiral at phosphorus in
order to fully define the scope of the asymmetric cycloisomerization reaction and
improve the level of asymmetric induction.

Advances towards the synthesis of chiral monophosphines were made in
Livinghouse laboratories via the  precursor, 2-substituted-3,4-dimethyl-5-
phenyloxazaphospholidine. =~ This method provided P-chiral diarylmethylphosphine
ligands in >99% ee. The process to obtain the desired ligands is laborious due to multiple
synthetic steps and the necessity to purify at several key steps by recrystallization to
induce high enantioenrichment. The desired P-chiral diphosphines were achieved by
treatment of these diarylmethylphosphines with an organolithium reagent and subsequent
copper-mediated coupling. |

While these ligands may independently incorporate the chirality on either the
linking carbon chain or the phosphorus centers, comparatively few P-chiral ligands have
received attention due to the difficulties associated with the synthesis of enantiomerically
enriched phosphorus stereocenters. This thesis discloses a convenient method to the
synthesis of a variety of C,-symmetric P-chiral bis(phosphine borane)s whiéh can be
directly prepared from prochiral aryldimethylphosphine boranes. As discussed in section
‘3.1, high enantioselective deprotonation of dimethylphenylphosphine borane has been
achieved using s-BuLi/(-)-sparteine complex. The approach taken herein involves
asymmetric deprotonation of aryldimethylphosphineborane with s-Bul.i/(-)-sparteine

complexes followed by oxidative or silyative coupling.
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The electronic effect of the aryldimethylphosphine borane depends considerably
on the nature of the substituent atoms on the phosphorus. .Since the proposed ligands
have two methyl and one aryl as substituents it was necessary to create the steric and
electronic environment with the aromatic ring. Based on CO stretching frequencies of
Ni(CO);L, Tolman found that more electron withdrawing substituents give higher CO
stretching frequencies. The order of electron withdrawal for some substituents of interest
was found to be CF3>>p-CgH4F>Ph>O—T01yl‘>2,4,6-(CH3)3C6H2>Z‘—B11.46 |

Both the steric and electronics of tﬁe bis(phosphine borane)s are important for
transition metal chemistry. The design for the trival‘en_t phosphines incérporates the
electron donor and acceptor properties while containing steric interactions. Phosphorus
ligands containing the right proportions of these properties might be achieved by placing
different electronic substituents on the ortho position of the aromatic ring. The
investigation of the phosphine ligands begun with the following aryl substituents: 2,6-
(CH30),C¢Hs, 2,4,6-(CH;3)3C6H,, 2-(CF3)CgHa, anci 1-Fefrocenyl. The 1-ferrocenyl aryl
group is different from the others in the series; however, it is electron donating and
possesses large steric interactions, all of which should make an interesting ligand.

Treatr-nent of the corresponding dichlorophosphines with CH3;MgCl (2.51 equiv)
followed by complexation with H3B-S(CHs), afforded the aryldimethylphosphine
boranes (59 — 62). Asymmetric metalation of the aryldimethylphosphine boranes with
the s—BuLi/(—)—sﬁarteine complex (1.1 equiv) in Bt,O at —78 °C for 5 h, followed b)j
trapping with benzophenone (1.1 equiv) in THF at —20 °C, afforded the comasponding;r

alcohols (Scheme 13). The enantiomeric ratios of the alcohols were determined by




















































































































































































































































