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Abstract:

ABSTRACT With the increasing importance of asymmetric transition metal catalysis using scalemic
(non-racemic) phosphine ligands in organic synthesis, there has been an increase in demand for
enantiomerically pure phosphine ligands with phosphorus centered chirality (P-chiral). However, due
to the difficulty of preparation of P-chiral phosphine ligands, there are a limited number of general
methods for their synthesis. Three efficient methods for the preparation of P-chiral phosphine-borane
ligand precursors were developed that take advantage of the high nucleophilicity and stereointegrity of
lithiated scalemic P-chiral secondary phosphine-boranes. The first method involves the reductive
elimination of enantiomerically pure P-chiral secondary phosphine-boranes from esters derived from
asymmetric deprotonation of aryldimethylphosphine-boranes. The second method, involves preparing
scalemic P-chiral phosphine-borane ligand precursors directly from enantiomerically pure secondary
phosphine-borane surrogates via a novel nucleophilic vinyl ipso substitution reaction. The final
approach is an unprecedented- direct synthesis of P-chiral phosphine-boranes via dynamic
thermodynamic resolution of lithiated tert-butylphenylphosphine-borane with (-)-sparteine. The three
approaches are among the most efficient known methods for the preparation of enantiomerically pure
P-chiral phosphine-borane ligand precursors and are well suited for rapid ligand screening in
asymmetric transition metal catalysis.

if,



NEW METHODS FOR PREPARING SCALEMIC P-CHIRAL
SECONDARY PHOSPHINE-BORANES AND ENANTIOMERICALLY

PURE PHOSPHINE LIGAND PRECURSORS

by

Bradley H. Wolfe

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

of
Doctor of Philosophy
| in
Chemistry
Montana State Unive;sity
Bozeman, Montana

February, 2000




&&

3456
7
1" #$ %8&Y% %' (S
(& #1) 1"
$8% #$ %8&% $ % ) S 1"HS #S %W -I((&HHE ) $% )"
HO% H&Y" #I | &), -DH#)HO ), &%$'% , 0" (#0 -&# #&1)%0 & &!, *$& %# 0 )
N%&Y%H)-0 ) &% " %' (&%%&) #HHS |, 1" '# #8&%
I( &.&),$"% 9!
"
B ES * #O# I $ (8%#H
&-! 88888888
"
wLUHE L1 H # &%

<&)# = #



ii

STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requirements for a doctoral degree
at Montana State University-Bozeman, I agfee that the Library shall make it available to
borrowers under rules of the Library. I further agree that copying of this thesis is allowable
only for scholarly purposes, consistent with “fair use” as prescribed in the U.S. Copyright
Law. Requests for extensive copying or reproduction of this thesis should be referred to
University Microfilms International, 300 North Zeeb Road, Ann Arbor, Michigan 48106, to
whom [ have granted “the exclusive right to reproduce and distribute my dissertation in and
from microform along with the non-exclusive riéht to ‘reproduce and distribute my abstract

" in any format in whole or in part.”

Signature //%QL;/&%

Date 2 — /) — 2.0 0 %




iv

TABLE OF CONTENTS
INTRODUCTION . .ottt et e ettt et et i it aans 1
BACKGROUND .......... L e e e e e 3
Resolution of Racemic P-Chiral Monophosphines
and Preparation of Diphosphines . ............ ... ... i, 3
Direct Resolution of Enantiomers ................cooviiiinean... 3
Resolution of Phosphine-Boranes ............. ... ... oo .. 6
Resolution of Secondary Phosphine-Boranes ...................... 8
Asymmetric Synthesis of P-Chiral Phosphine Ligands. . ................... 12
Systematic Displacement of Phosphorus Heterocycles .............. 12
Asymmetric Deprotonation ................ccoviiinn... e 17
Crystallization-Induced Dynamic Resolution ..................... 18
RESULTS AND DISCUSSION ...ttt it et ettt 20
Preparation of Scalemic 2°-Phosphine-Boranes ......................... 21
Pursuit of Crystalline Derivatives ............ccouiiienvinennnn.. 22
Derivatives of Benzophenone and Benzoyl Chloride ......... 22
Direct Acylation . ...ttt 23
Alkylative Trap with 9-Fluorenone ............ e 24
* Alkylative Trap with 10,10-Dimethylanthrone .............. 25
Pivaloyl Esters of the Benzophenone Adduct .............. .28
Reductive Elimination of Scalemic 2°-Phosphine-Boranes .......... 29
Preparation of P,S Bidentate Monophosphine Ligand Precursors ... ... 31
Secondary Phosphine-Borane Surrogates ............. ... iiiiiiin... 33
Preparation of Enantiomerically Pure P-Chiral Bidentate
PN-Ligands ........couniiiiiiii it inenaenn 37
Nucleophilic Vinyl Ipso Substitution of Ortho _
Substituted Aryl Phosphines ............................40
Dynamic Resolution of Racemic P-Chiral 2°-Phosphine-Boranes ........... 42

Dynamic Thermodynamic Resolution (DTR)




CONCLUSION

v

of #-Butylphenylphosphine-Borane .......................

- Scalemic Bidentate Monophosphine P,N- and

P,S-Ligand Processors . ........ooeueiiieennerineennnnn.

Enantiomerically Pure C,-Symmetric Bisphosphine-Boranes . .......
DTR with Other P-Chiral 2°-Phosphine-Boranes ..................
DTR of Racemic #-Butylphenylphosphine-Borane

with Other Scalemic Chiral Diamines .........oovvvennn...

Racemic 2°-Phosphine-Boranes to be Studied

in the DTR Protocol .. ..... S

.........................................................

ABBREVIATIONS ... e e

EXPERIMENTAL . ..o e e e ettt et

(2-Isopropylphenyl)dimethylphosphine-borane (69b) . ........
(Sp)-2-(Methylphenylphosphino-borane)-
1,1-diphenylethyl 2,2-Dimethylpropionate (70a) ......
(Sp)-2-(Methyl-o-tolylphosphino-borane)-
1,1-diphenylethyl 2,2-Dimethylpropionate (70c) . . ... ..
(Sp)-2-(Methyl-2-methoxyphenylphosphino-borane)-
1,1-diphenylethyl 2,2-Dimethylpropionate (70d) ......
(Sp)-2-[Methyl-(2-i-propylphenyl)phosphino-
borane}-1,1-diphenylethan-1-0ol (108) ...............
(Sp)-2-(Methyl-2-i-propylphenylphosphino-borane)-
1,1-diphenylethyl 2,2-Dimethylpropionate (70b) ......
(Sp)-Methylphenylphosphine-borane (71a) .................
(Sp)-Methyl(2-methylphenyl)phosphine-borane (71¢) .........
(Sp)-Methyl(2-methoxyphenyl)phosphine-borane (71d) .......
(Sp)-Methyl(2-i-propylphenyl)phosphine-borane (71b) ........
(Sp)-Benzo[b]thiophene-2-ylmethylphenylmethylphosphine-
borane (77a) ......ciiiiii i
(Sp)-Benzo[b]thiophene-2-ylmethyl(2-methylphenyl)-
methylphosphine-borane (77¢) . . ...................
(Sp)-Benzo[b]thiophene-2-ylmethyl-
(2-methoxyphenyl)methylphosphine-borane (77d) ... ..
(Sp)-benzyl(2-i-propylphenyl)methylphosphine-borane (109) .
(Sp)-Benzo[b]thiophene-2-ylmethyl-
(2-i-propylphenyl)methylphosphine-borane (77b) . . . . ..




vi

Nucleophlhc Vinyl Ipso Substitution . ........................... 76
Methyl 2-Benzylbenzoate (110) . ......................... 76
10,10-Dimethylanthrone (61) .. ........... ... ... 77
2-(2-Methoxyethyl)-6-methylpyridine (111) ................ 77
2-(2-Bromoethyl)-6-methylpyridine (C, Table4) ............ 78

(Sp)-9-[(-+-Butylmethylphosphino-borane)methyl]-
10,10-dimethyl-9,10-dihydroanthracene-9-ol (62a) ....79

(Sp)-9-[(Phenylmethylphosphino-borane)methyl]-
10,10-dimethyl-9,10-dihydroanthracene-9-ol (62b) . ... 80

(Sp)-(10,10-dimethyl-10-hydroanthrocene-9-ylidenemethyl)-

t-butylmethylphosphine-borane (67a) ............... 82
(Sp)=(10,10-Dimethyl-10-hydroanthracene-9-ylidenemethyl)-
phenylmethylphosphine-borane (67b) ............... 83
(Sp)-2-[(-Butylmethylphosphino-borane)methyl]-
6-methylpyridine 88a) .......................... 84
(Sp)-Benzylmethylphenylphosphine-borane (87) ............. 85
(Sp)-2-[(Methylphenylphosphino-borane)methyl]-
6-methylpyridine (88d) .......................... 86
(Sp)-2-[2-(#-Butylmethylphosphino-borane)ethyl]-
pyridine (88b) ........ ... . ... L. e 87
(Sp)-2-[2-(t-Butylmethylphosphino-borane)ethyl]-
6-methylpyridine (88¢) . ............ ... ... ... ..., 89
(Sp)-2-[2-(Phenylmethylphosphino-borane)ethyl]-
6-methylpyridine (88g) .......................... 90
(SpSp)-1,3-Bis(phenylmethylphosphino-borane)propane (89) .. 91
Dynamic Thermodynamic Resolution ...................ovveeeennnn... 92
General Information . ....... .. . i 92
(Rp)-(2-Methoxyphenylmethyl)-z-butylphenylphosphine-
borane (95¢€) ....... .. 93
(Rp)-t-Butylmethylphenylphosphine-borane (96) ............ 94
(Rp)-[2-(4,4-Dimethyloxazoline)methyl]-z-butylphenyl-
phosphine-borane (97a) .......................... 96
(Rp)-(2-Thiophenemethyl)-z-butylphenyl-
phosphine-borane (97b) ............. ... . ... ... 97
(Rp)-2-[2-(t-Butylphenylphosphino-borane)-
ethyllpyridine (97¢) .........c i, 99
(Rp, Rp)-Bis[(#-butylphenylphosphino-borane)methyl]-
dimethylsilane (98a) ........................... 100
(RP,RP) o,0’-Bis(z-butylphenylphosphino-
borane)xylene (98b)........ e, 102
(Rp,Rp)-2,6- B1s[(t-butylphenylphosphmo-borane)
methyl]pyridine (98¢) .. ......... ... ..., ... 103

(Rp,Rp)-1,8-Bis [(t—butylphenylphosphjno-




vii

borane)methyl]-dibenzothiophene (98d) ............
(Rp, Rp)-1,8-Bis[(#-butylphenylphosphino-
borane)methyl]dibenzofuran (98e) . ................
General Procedure for the Removal of the Borane Protecting
Group(s) with Pyrrolidine .............................
Deboronation of (R,)-(2-Thiophenemethyl)-
t-butylphenylphosphine-borane (97b) ..............
Deboronation of (Rp,Rp)-2,6-Bis[(z-butylphenyl-
-phosphino-borane)methylpyridine (98¢) ...........
- . Deboronation of (Rp,R,)-1,8-Bis[(z-butylphenyl-
phosphino-borane)methyl]dibenzo-thiophene (98d) . . .
Deboronation of (Rp, Rp)-1,8-Bis[(z-butylphenyl-
phosphino-borane)methyl]dibenzofuran (98e) . . ... ...




viii

LIST OF TABLES

Table 1. Yield of Enantiomerically Pure Pivaloyl ESters . . . .. ..vvoveennnnnnn. .. 28 -

Table 2. Reductive Elimination of Enantiomerically Pure P-Chiral :
(S)-2°-Secondary Phosphine-Boranes. .. ..........ouueureeeennnnnnnn. 29

Table 3. Alkylation of Enantiomerically Pure P-Chiral 2°-Phosphine-
Boranes 71a-d with 2-Chloromethylbenzo[b]thiophene. .................. 32

Table 4. Scalemic P-Chiral P,N-Ligands Precursors Prepared from
67a and 67b by the Nucleophilic Vinyl Ipso Substitution Reaction. . ......... 38

Table 5. Monoalkylations of Dynamically Resolved t-Butylphenyl-
phosphine-Borane.. ............. i 46

Table 6. Bisalkylations Involving Dynamlcally Resolved #-Butylphenyl-
phosphine-Borane ............c.. . . . . L. 47

Table 7. DTR of 2°-Phosphin,e-Boranes With Various
Substitutions on Phosphorus. ..................... e e 48




X

LIST OF FIGURES

Figure 1. Three major types of P-chiral phosphine ligands ........................ 3
Figure 2. The Trans effect of the P,S ligands 77a-d ............... e 33
Figure 3. Mechanism of direct elimination of metalated 2°-phosphine-borane from

surrogates with acidic beta hydrogens. ............. e e .34
Figure 4. Energy diagram of the DTR pProcess. ... ........uuveueeeenunnnnnannn.. .43
Figure 5. 2°-Phosphine-boranes that should be tested in the DTR prodical. ".......... 50
Figure 6. "H NMR spectrum of (2-Isopropylphenyl)dimethylphosphine-

borane (69b) . ... ... 121
Figure 7. ®C NMR of (2-Isoi)ropylphenyl)dimethy’lphosphine—borane (69b) ........122
Figure 8. *'P NMR of (2-Isopropylphenyl)dimethylphosphine-borane (69b) ... ..... 123

Figure 9. "H NMR of spectrum of (Sp)-2-(methylphenylphosphino-borane)-
1,1-diphenylethyl 2,2-dimethylpropionate (70a) ........................ 124

Figure 10. C NMR spectrum of (S,)-2-(methylphenylphosphino-borane)-
1,1-diphenylethyl 2,2-dimethylpropionate (70a) ..............c.couu.... 125°

Figure 11. *'P NMR spectrum of (S,)-2-(methylphenylphosphino-borane)-
1,1-diphenylethyl 2,2-dimethylpropionate (70a) .................c.o..... 126

Figure 12. '"H NMR spectrum of (Sp)-2-(methyl-o-tolylphosphino-borane)-
1,1-diphenylethyl 2,2-dimethylpropionate (70¢) ....... e 127

Figure 13. C NMR of (S,)-2-(methyl-o-tolylphosphino-borane)-
1,1-diphenylethyl 2,2-dimethylpropionate (70¢) ................c..o.... 128




X

Figure 14. *'P NMR spectrum of (S,)-2-(methyl-o-tolylphosphino-borane)-

1,1-diphenylethyl 2,2-dimethylpropionate (70¢) ........................ 129
Figure 15. "TH NMR spectrum of (Sp)-2-(methyl-2-methoxyphenylphosphino-
borane)-1,1-diphenylethyl 2,2-dimethylpropionate (70d) ................. 130
Figure 16. °C NMR spectrum of (S,)-2-(methyl-2-methoxyphenylphosphino-
borane)-1,1-diphenylethyl 2,2-dimethylpropionate (70d) ................. 131
Figure 17. *'P NMR spectrum of (S,)-2-(methyl-2-methoxyphenylphosphino-
borane)-1,1-diphenylethyl 2,2-dimethylpropionate (70d) ................. 132
Figure 18. 'TH NMR spectrum of (Sp)-2-[methyl-(2-i-propylphenyl)phosphino-
borane]-1,1-diphenylethan-1-0l (108) ...................... ... ... 133
Figure 19. ®C NMR spectrum of (S,)-2-[methyl-(2-i-propylphenyl)phosphino-
borane]-1,1-diphenylethan-1-01 (108) .................c.vuuuuuero.... 134
' Figure 20. *'P NMR spectrum of (Sp)-2-[methyl-(2-i-propylphenyl)phosphino-
borane]-1,1-diphenylethan-1-01 (108) .................. et 135
Figure 21. '"H NMR spectrum of (Sp)2~(methyl-2-i-propylphenylphosphino-
borane)-1,1-diphenylethy! 2,2-dimethylpropionate (70b) ................. 136
Figure 22. *C NMR spectrum of (Sy)-2-(methyl-2-i-propylphenylphosphino-
borane)-1,1-diphenylethyl 2,2-dimethylpropionate (70b) ................. 137
Figure 23. *'P NMR spectrum of (Sp)-2~(methyl-2-i-propylphenylphosphino-
borane)-1,1-diphenylethyl 2,2-dimethylpropionate (70b) ................. 138
Figure 24. '"H NMR spectrum of (Sy)-methylphenylphosphine-borane (71a) ........ 139
Figure 25 >C NMR spectrum of (S;)-methylphenylphosphine-borane (71a) ........ 140
Figure 26 *'P NMR spectrum of (S,)-methylphenylphosphine-borane (71a) ........ 141

Figure 27 "H NMR spectrum of (Sp)-methyl(2-methylphenyl)-
phosphine-borane (71€) ...ttt 142

Figure 28. °C NMR spectrum of (S,)-methyl(2-methylphenyl)-
phosphine-borane (71¢) ............ . 143




xi

Figure 29. *'P NMR spectrum of (S,)-methyl(2-methylphenyl)-
phosphine-borane (71€) .............. . 144

Figure 30. 'TH NMR spectrum of (Sp)-methyl(2-methoxyphenyl)-
phosphine-borane (71d) . . ..... e et e 145

Figure 31. ®C NMR spectrum of (S,)-methyl(2-methoxyphenyl)-
phosphine-borane (71d) . ........ ...t 146

Figure 32. *'P NMR spectrum of (S,)-methyl(2-methoxyphenyl)-
phosphine-borane (71d) . .............. . . 147

Figure 33. "TH NMR spectrum of (Sp)-methyl(2-i-propylphenyl)-
phosphine-borane (71b) .. ............ . .. i 148

Figure 34. C NMR spectrum of (S,)-methyl(2- z—propylphenyl)
phosphine-borane (71b) . ... i 149

Figure 35. *'P NMR spectrum of (S,)-methyl(2- z—propylphenyl)
phosphine-borane (71b) .. .......... . it 150

Figure 36. "H NMR spectrum of (S;)-benzo [b]thiophene-
2-ylmethylphenylmethylphosphine-borane (77a) ....................... 151

Figure 37. C NMR spectrum of (S,)-benzo[b]thiophene-
2-ylmethylphenylmethylphosphine-borane (T7a) ... 152

Figure 38, 31P NMR spectrum of (Sy)-benzo[b]thiophene-
2-ylmethylphenylmethylphosphme—borane (TTa) ..o 153

Figure 39. '"H NMR spectrum of (Sj)-benzo[]thiophene- -2-ylmethyl-
(2-methylphenyl)methylphosphine-borane (77¢) . . ...................... 154

Figure 40. °C NMR spectrum of (S,)-benzo[b]thiophene-2-ylmethyl-
(2-methylphenyl)methylphosphine-borane (77¢) ... ........ e 155

Figure 41. >'P NMR spectrum of (S,)-benzo[b]thiophene-2-ylmethyl-
(2-methylphenyl)methylphosphine-borane (77¢) .. ........ccoveverean... 156

Figure 42. "TH NMR spectrum of (Sp)-benzo[b]thiophene-2-ylmethyl-
(2-methoxyphenyl)methylphosphine-borane (77d) ...................... 157




xii

Figure 43. ®C NMR spectrum of (S,)-benzo[s]thiophene-2-ylmethyl-

(2-methoxyphenyl)methylphosphine-borane (77d) ...................... 158
Figure 44.*'P NMR spectrum of (S,)-benzo[b]thiophene-2-ylmethyl-

(2-methoxyphenyl)methylphosphine-borane (77d) .......... e 159
Figure 45. "TH NMR spectrum of (S,)-benzyl(2-i-propylphenyl)methyl-

phosphine-borane (109) . ......... ittt e 160
Figure 46. °C NMR spectrum of (S,)-benzyl(2-i-propylphenyl)methyl-

phosphine-borane (109) . ... ... e 161
Figure 47.*'P NMR spectrum of (S,)-benzyl(2- z-propylphenyl)methyl-

phosphine-borane (109) . ...ttt i i, 162
Figure 48. "H NMR spectrum of (SP)-benzo[b]thiophene-2-y1methy1-(2-i—

propylphenyl)methylphosphine-borane (77b) .......................... 163
Figure 49. °C NMR spectrum of (S,)-benzo[b]thiophene-2-ylmethyl-(2-i-

propylphenyl)methylphosphine-borane (77b) .......... ... ... ... ..... 164
Figure 50.*'P NMR spectrum of (S,)-benzo[b]thiophene-2-ylmethyl-(2-i-

propylphenyl)methylphosphine-borane (77b) .................ooia... 165
Figure 51. "TH NMR spectrum of 2-(2-methoxyethyl)-6-methylpyridine (112) . ...... 166
Figure 52. PC NMR spectrum of 2-(2-methoxyethyl)-6-methylpyridine (112) ...... 167

Figure 53. "TH NMR spectrum of 2-(2-bromoethyl)-6-methylpyridine (Table 4, C) ... 168

Figure 54. *C NMR spectrum of 2-(2-bromoethyl)-
6-methylpyridine (Table 4, C) .. ...... ... ittt 169

Figure 55. "TH NMR spectrum of (Sp)-9-[(-z-butylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracene-9-ol (62a) . ... ..... 170

Figure 56. >C NMR spectrum of (S;)-9-[(--butylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracen-9-ol (62a) ......... 171

Figure 57.°'P NMR spectrum of (S,)-9-[(--butylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracen-9-0l (62a) ......... 172




xiii

Figure 58. '"H NMR spectrum of (S,)-9-[(phenylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracene-9-ol (62b) ........ 173

Figure 59. >C NMR spectrum of (S,)-9-[(phenylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracene-9-ol (62b) ........ 174

Figure 60. *'P NMR spectrum of (S,)-9-[(phenylmethylphosphino-
borane)methyl]-10,10-dimethyl-9,10-dihydroanthracene-9-ol (62b) ........ 175

Figure 61. "H NMR spectrum of (S)-(10,10-dimethyl-10-hydroanthrocene-
9-ylidenemethyl)-#-butylmethylphosphine-borane (67a) .................. 176

Figure 62. ®C NMR speétrum of (S,)-(10,10-dimethyl-10-hydroanthrocene-
9-ylidenemethyl)-z-butylmethylphosphine-borane (67a) .................. 177

Figure 63. *'P NMR spectrum of (S)-(10,10-dimethyl-10-hydroanthrocene-
9-y11denemethy1) t-butylmethylphosphine-borane (67a) . . . .. e 178

Figure 64. "TH NMR spectrum of (S)-(10,10-Dimethyl-10-hydroanthracene-
9-ylidenemethyl)-phenylmethylphosphine-borane (67b) .. ................ 179

Figure 65. >C NMR spectrum of (S,)-(10,10-Dimethyl-10-hydroanthracene-
9-ylidenemethyl)-phenylmethylphosphine-borane (67b) . ... .............. 180

Figure 66. *'P NMR spectrum of (S5)-(10,10-Dimethyl-10-hydroanthracene-
9-ylidenemethyl)-phenylmethylphosphine-borane (67b) . ................. 181

Figure 67. "H NMR spectrum of (S,)-2-[(-butylmethylphosphino-
borane)methyl]-6-methylpyridine (88a) . .. ............ .. ... ... ....... 182

Figure 68. *C NMR spectium of (S,)-2-[(z-butylmethylphosphino-
borane)methyl]-6-methylpyridine (88a) . ................. e e 183

Figure 69. *'P NMR spectruin of (Sp)-2-[(t-butylmethylphosphino-
borane)methyl]-6-methylpyridine (88a) . .............. ... ... i 184

Figure 70. "TH NMR spectrum of (Sy)-benzylmethylphenylphosphine-borane (87) . .. . 185

Figure 71. ®C NMR spectrum of (SP)-benzylmethylphenyl-
phosphine-borane (87) .................. DT, e e 186

Figure 72. *'P NMR spectrum of (S,)-benzylmethylphenyl-
' PhoSphine-borane (87) . . ... vvurre ettt e e i 187




Xiv

Figure 73. "TH NMR spectrum of (Sp)-2-[(Methylphenylphosphino-
borane)methyl]-6-methylpyridine (88d) ................. ...,

Figure 74. ®C NMR spectrum of (S,)-2-[(Methylphenylphosphino-
borane)methyl]-6-methylpyridine (88d) ................. ... oo ..

Figure 75.*'P NMR spectrum of (S,)-2-[(Methylphenylphosphino-

borane)methyl]-6-methylpyridine (88d) ...................... ...

Figure 76. "H NMR spectrum of (S,)-2-[2-(-butylmethylphosphino-
borane)ethyllpyridine (88b) ......... ... i

Figure 77. PC NMR spectrum of (S,)-2-[2-(z-butylmethylphosphino-
borane)ethyl]pyridine (88b) ............ ... ... ....... e

Figure 78. *'P NMR spectrum of (S,)-2-[2- (t—butylmethylphosphmo-
borane)ethyl]pyridine (88b) ... ......ccoiiiiiii

Figure 79. '"H NMR spectrum of (S)-2-[2-(z-butylmethylphosphino-
borane)ethyl]-6-methylpyridine (88¢) ...........viiiiiiiiii.,

Figure 80. "C NMR spectrum of (S,)-2-[2-(z-butylmethylphosphino-
borane)ethyl]-6-methylpyridine (88¢) .......... ...,

Figure 81. >'P NMR spectrum of (S,)-2-[2-(z-butylmethylphosphino-

borane)ethyl]-6-methylpyridine (88¢) ................cciiiiiiiin.. :

Figure 82. '"H NMR spectrum of (S,)-2-[2-(phenylmethylphosphino-
borane)ethyl]-6-methylpyridine (88g) ..................... e

Figure 83. *C NMR spectrum of (S5)-2-[2-(phenylmethylphosphino-
borane)ethyl]-6-methylpyridine (88g) ........... ... .. ... . ... ...

Figure 84. °'P NMR spectrum of (S,)-2-[2-(phenylmethylphosphino-
borane)ethyl]-6-methylpyridine (88g) ..............ciiviiiii...

Figure 85. "H NMR spectrum of (Sp,S5)-1,3-bis(phenylmethylphosphino-
borane)propane (89) . ...

Figure 86. >C NMR spectrum of (S5, Sp)-1,3-bis(phenylmethylphosphino-
borane)propane (89) . ... i e e




XV

Figure 87. *P NMR spectrum of (Sp,Sp)-1,3-bis(phenylmethylphosphino-
borane)propane (89) . ...t 202

Figure 88. '"H NMR spectrum of (Rp)-(2-methoxyphenylmethyl)-
t-butylphenylphosphine-borane (95¢) ...............ooi i, 203

Figure 89. >C NMR spectrum of (R)-(2- -methoxyphenylmethyl)-
t-butylphenylphosphine-borane (95¢) ............ccovirriinn 204

Figure 90. >'P NMR spectrum of (R,)-(2-methoxyphenylmethyl)-
t-butylphenylphosphine-borane (95€) ..............ouiiiii 205

Figure 91. 'TH NMR spectrum of (Rp)-t-butylmethylphenylphosphine-borane (96) . . . . 206
Figure 92. °C NMR spectrum of (R)-t-butylmethylphenylphosphine-borane (96) . .. 207
Figure 93. *'P NMR spectrum of (Rp)-t-butylmethylphenylphosphine-borane (96) ... 208

Figure 94. "H NMR spectrum of (R,)-[2-(4,4- dlmethyloxazohne)methyl]
t-butylphenylphosphine-borane (97a) ..........0c..ouiiui . 209

Figure 95. °C NMR spectrum of (Rp)-[2-(4,4-dimethyloxazoline)methyl]-
t-butylphenylphosphine-borane (97a) ..............coiiiii i 210

Figure 96. *'P NMR spectrum of (R,)-[2-(4,4-dimethyloxazoline)methyl]-#-
butylphenylphosphine-borane (97a) ...t 211

Figure 97. "H NMR spectrum of (R p)-(2-thiophenemethyl)-z-butylphenyl-
phosphine-borane (97b) .. ...ttt 212

Figure 98. ®C NMR spectrum of (R,)-(2-thiophenemethyl)-z-butylphenyl- .
phosphine-borane (97b) . ...ttt 213

Figure 99. *'P NMR spectrum of (R P)—(2—thiophenemethyl)-t—butylphenyl—
phosphine-borane (97b) ................. e e 214

Figure 100. "H NMR spectrum of (R »)-2-[2-(¢-butylphenylphosphino-
borane)ethyl]pyridine (97€) . ...ttt 215

Figure 101. 13C NMR spectrum of (R P)-2-[2-(t-butylpﬁenylphosphino‘-
borane)ethyl]pyridine (97¢) ...... ... 216




xvi

Figure 102. *'P NMR spectrum of (R)-2-[2-(z-butylphenylphosphino-
borane)ethyl]pyridine (97€) ..........coo it 217

Figure 103. "H NMR spectrum of (R, Rp)-bis[(z-butylphenylphosphino-
borane)methyl]dimethylsilane (98a) ................. ... ... 218

Figure 104. “C NMR spectrum of (R, R,)-bis[(-butylphenylphosphino-
borane)methyl]dimethylsilane (98a) ................ 0o, 219

Figure 105. *'P NMR spectrum of (R, P)—bls[(t-butylphenylphosphmo-
borane)methyl]dimethylsilane (98a) ....................c.. oo, 220

Figure 106. "H NMR spectrum of (Rp,Rp)-00,00°-bis(z-butylphenylphosphino-

borane)xylene (98b) .............. ... e 221

Figure 107. ®C NMR spectrum of (Rp,R)-0,0’-bis(z-butylphenylphosphino-
borane)xylene (98b) . ... ... 222

Figure 108. *'P NMR spectrum of (Rp.Rp)-00,00°-bis(#-butylphenylphosphino-
borane)xylene (98b) ... ..o 223

Figure 109. '"H NMR spectrum of (Rp:Rp)-2,6-bis[(z-butylphenylphosphino-
borane)methyl]pyridine (98€) ...t 224

Figure 110. ®*C NMR spectrum of (Rp.Rp)-2,6-bis[(t-butylphenylphosphino-
borane)methyl]pyridine (98€) ............oii i 225

Figure 111. *'P NMR spectrum of (Rp,Rp)-2,6-bis[(¢-butylphenylphosphino-
borane)methyl]pyridine (98¢) .............i i 226

Figure 112. "H NMR spectrum of (R,,R »)-1,8-bis[(#-butylphenylphosphino-
borane)methyl]-dibenzothiophene (98d) ........... ... oo 227

Figure 113. ®C NMR spectrum of (R,,R,)-1,8-bis[(z-butylphenylphosphino-
borane)methyl]-dibenzothiophene (98d) .............................. 228

Figure 114. *'P NMR spectrum of (Rp,R,)-1,8-bis[(z-butylphenylphosphino-
borane)methyl]-dibenzothiophene (98d) ..............cceveerroni. ... 229

Figure 115. '"H NMR spectrum of (Rp, Rp)-1,8-bis[(#-butylphenylphosphino-
borane)methyl]dibenzofuran (98€) . ...... ...t 230




xvii

Figure 116. "C NMR spectrum of (R, R,)-1,8- -bis[(#-butylphenylphosphino-
borane)methyl]dibenzofuran (98e) ....................................

Figure 117. °'P NMR spectrum of (Rp, Rp)-1,8-bis[(#-butylphenylphosphino-
borane)methyl]dibenzofuran (98€) . ... ...

Figure 118. "H NMR spectrum of deboronated of (Rp)-(2-thiophenemethyl)-
t-butylphenylphosphine-borane (97b) .............. ... 0o,

Figure 119. ®C NMR spectrum of deboronated of (R ,)-(2- ~thiophenemethyl)-
t-butylphenylphosphine-borane (97b) ...............c o

Figure 120. *'P NMR spectrum of deboronated of (Rp)~(2-thiophenemethyl)-
t-butylphenylphosphine-borane (97b) ................ ..

Figure 121. '"H NMR ‘spectrum of deboronated (Rp,R,)-2,6- b1s[(t—butylphenyl—
phosphino-borane)methyl]pyridine (98€) .............coivuronnoon. ...

Figure 122.*C NMR spectrum of deboronated (Rp,Rp)-2,6-bis[(¢-butylphenyl-
phosphino-borane)methyl]pyridine (98¢) ................cooooo. .. U

Figure 123. *'P NMR spectrum of deboronated (Rp,Rp)-2,6-bis[(t-butylphenyl-
phosphino-borane)methyl]pyridine (98¢) . ............c.oouroeoni. ..

Figure 124. '"H NMR spectrum of deboronated (Rp.Rp)-1,8-bis[(z-butylphenyl-
phosphino-borane)methyl]dibenzo-thiophene (98d) .. ...................

Figure 125. °C NMR spectrum of deboronated (Rp,R,)-1 ,8-bis[(z-butylphenyl-
phosphmo-borane)methyl]dlbenzo-thlophene 98d) .....................

Figure 126. *'P NMR spectrum of deboronated (R,,R,)-1 8-bls[(z‘-butylphenyl-
phosphmo-borane)methyl]dlbenzo-thlophene 98d) ....... e

Figure 127. "H NMR spectrum of deboronated (R (Rp,Rp)-1,8-bis[(t-butylphenyl-
phosphino-borane)methyl]dibenzofuran (98e) ..........................

Figure 128. ®C NMR spectrum of deboronated (R, R,)-1,8- ~bis[(z-butylphenyl-
phosphino-borane)methyl]dibenzofuran (98e) ..........................

Figure 129. *'P NMR spectrum of deboronated (RpRp)-1 8-b1s[(t-buty1phenyl-
phosphino-borane)methyl]dibenzofuran (98€) . . ............oo.oon.. ...




xviii

ABSTRACT

With the increasing importance of asymmetric transition metal catalysis using scalemic
(non-racemic) phosphine ligands in organic synthesis, there has been an increase in demand
for enantiomerically pure phosphine ligands with phosphorus centered chirality (P-chiral).
However, due to the difficulty of preparation of P-chiral phosphine ligands, there are a limited
number of general methods for their synthesis. Three efficient methods for the preparation of
P-chiral phosphine-borane ligand precursors were developed that take advantage of the hi gh
nucleophilicity and stereointegrity of lithiated scalemic P-chiral secondary phosphine-boranes.
The first method involves the reductive elimination of enantiomerically: pure P-chiral
secondary phosphine-boranes from esters derived from asymmetric deprotonation of
aryldimethylphosphine-boranes. The second method, involves preparing scalemic P-chiral
phosphine-borane ligand precursors directly from enantiomerically pure secondary phosphine-
borane surrogates via anovel nucleophilic vinyl ipso substitution reaction. The final approach
is an unprecedented- -direct - synthesis of P-chiral phosphine-boranes via dynamic
thermodynamic resolution of lithiated zerz-butylphenylphosphine-borane with (-)-sparteine.
The three approaches are among the most efficient known methads for the preparation of
enantiomerically pure P-chiral phosphine-borane ligand precursors and are well suited for
rapid ligand screening in asymmetric transition metal catalysis.




INTRODUCTION

Over the past fwenty five years there has been a virtual explésfon in the number of
methodologies for asymmetric induction in chemical synthesis. This is illustrated by the recent
publication of numerous book§ and periodicals entirely devoted to the subject.! The interést
is due to several factors, the 'foremost being the superior economic efficiency of asymmetric
synthesis over racemic m‘ethods.2 For example, in the pharmaceuticél .ir;d.ustry ﬂ;e mixturél Iof
enantiomers produced by racemic methods can make drugs-less effectivé and possibly éven
dangerous.>* In addition; resolution of the enantiomers is often costly and time consuming.
In contrast, many asymmetric syntheses can produce products that are virtually free of the
unwanted enantiomer. For this reason,the development of asymmetric methods is making
racemic synthesis obsolete in the pharmaceutical industry.

Although a large variety of asymmet;'ic transformations now exiét, many require a
stoichiometric amount of a chiral auxiliary. The recovery of the auxiliary. upon completion of
the reaction is not always cost-effective or practical. Conversely, asymmetric catalytic
transformations réquire only substoichiometric amounts of chiral auxiliary, alleviating the need
to recover the chiral auxiliaries upon completion of the reaction.

A large proportion of asymmetric .catalytic transformations employ transition metals

with scalemic (non-racemic) phosphine ligands as chiral auxiliaries. > Despite the widespread
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use of chiral phosphines, it is often necessary to match a scalemic phosphine ligand to a given
substrate to optimize enantioselectivity and yield.® Thus, a variety of scalemic phosphine
ligands negd to be screened to optimize a particular reactiqn. Extensive optimization is not
always possible because there are only a few enantiomerically pure phosphine ligands
commercially available, and the preparation of scalemic ligands is often quite lengthy.” It is,

- therefore, desirable to develop efficient and general methods for the preparation of
enantiomerically pure phosphine ligands.

There are three general classes of scalemic phosphine ligands; those that have chiral
carbon skeletons (C-chiral phosphine ligands), those that have phosphorus centered chiralit:y
(P-chiral phosphine ligands), and finally, those that have both a chiral backbone and
phosphorus centered chirality (C,P-chiral‘ phosphine ligands).”® In catalytic systems it is
anticipated that P-chiral phosphine ligands would provide superior stereoinduction because
the ligand’s chirality would be very close to the site of stereogenesis. However, many more
examples of C-chiral and C, P-chiral phosphine ligands are used in asymmetric transition metal
catalysis than P-chiral phosphine ligands due to the difficulty involved in stereoinduction
around phosphorus.®

With the recent success of many asymmetric transformations employing known P-
chiral phosphine ligands, there has been an increased emphasis on the discovery of more
general and efficient syntheses of these types of ligands.'®®** Described herein are three
approaches for the rapid preparation of P-chiral phosphine ligands that can be readily

screened in asymmetric transition metal catalyzed reactions.
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ethylmethylphenylphosphine oxide and benzylmethylphenylphosphine oxide by fractional
crystallization with (+)-bromocamphorsulfonic acid and (+)-camphorsulfonic acid,
respectively. With one exception, this method has not been successful for the preparation of
any other monophosphine oxides.® It was not until the early 1960's that a general approach
to the synthesis of scalemic P-chiral phosphines was discovered.

Recently, resolutions of P-chiral phosphines have been primarily accomplished By
coupling a racemic mixture of phosphinates with an optically pure natural product.
Subsequent separation of diastereomers by fractional crystallization and removal of the chiral
resolving agent provides the scalemic P-chiral phosphine oxide.

One of the first preparations -of optically pure phosphines, in which
menthyloxymethylphenylphosphinate (1) was prepared from methylphenylphosphinyl chloride,
menthol (Meg) and pyridine (Scheme1), was reported by Mislow and coworkers in the early
1960's.%° isolati.onn' of both (Sp)-1 and (R)-1 diastereomers was achieved by fractional
crystallization, although the (Rp)-1 isomer could be only obtained after much effort and in a
lowyield. Disblacement ofthe menthyloxy moiety of both (Sp)-1 and (Rp)-1 with the Grignard
reagent of 2-bromoanisole yielded phenylanisolemethylphospine (PAMP) oxide with inversion
of stereoconfiguration at phosphorus ((Sp)-2, (Rp)-2, respectively). The (R)-2 and (S)-2
phosphine oxides were subsequently reduced to PAMP with CL,SiH and tributylamine,

yielding (Rp)-3 and (S;)-3 with inversion of the configuration at
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RESULTS AND DISCUSSION

Enantiomerically pure P-chiral 2°-phosphine-boranes have been demonstrated to be
versatile starting materials for the synthesis o!f scalemic transition metal ligands."
Unfortunately, there are a limited number of preparations of scalemic 2°-phosphine-boranes

in the literature.''® In order to further advance asymmetric transition metal catalysis with

- scalemic P-chiral phosphine ligands, it is necessary to develop methods for the rapid and

general preparatibn of enantiomerically pure 2°-phosphine ligands. The Livinghouse group
has been working toward the development of efﬁéient routes to scalemic P-chiral 2°-
phosphine-boranes that can be used for the synthesis of a variety of enantiomerically pure P-
chiral phosphine ligands for rapid screening in transition metal catalysis.*

In this discussion, three approaches to the preparation of enantiomerically pure
phosphine-borane ligand precursors from scalemic lithiated P-chiral 2°-phosphine-boranes will
be examined. The first method is to directly prepare enantiomerically pure P-chiral 2°-
phosphine-boranes and subsequently convert them to scalemic phosphine-borane ligand
precursors. The second approach utilizes novel chemistry to prepare stable scalemic 2°-
phosphine-borane surrogates that can be converted directly into enantiomerically pure P-

chiral phosphine-borane ligand precursors. The final approach is to prepare scalemic P-chiral
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In Kumaraswamy’s method, the enantiomerically enriched lithiated
aryldimethylphosphine-boranes 42 from asymmetric deprotonation were trapped with
benzophenone (Scheme 23). Next, the resulting alcohols 43 were deprotonated with #-
butyllithium and subsequently.acylated with benzoyl chloride. The esters 44 were then
reduced with lithium in ammonia, forming the scalemic P-chiral 2°-phosphine-boranes 46
upon collapse of the intermediate benzylic anion 45 and proton quench.

While all the reactions in the syntheﬁc pathway were high-yielding and took place with
fotal conservation of stereointegrity, there were limited opportunities for enantiomeric
enrichment due to the scarcity of crystalline intermediates. The ee provided by asymmetric
deprotonation had to be carried through to the scalemic P-chiral 2°-phosphine-borane -
products (70% to 95% ee depending on the Ar group). Thus, it was necessary to prepare
crystalline derivatives along the pathway so that the enantiomeric purity could be improved

by fractional crystallization. This goal proved to be more difficult than originally anticipated.

Pursuit of Crystalline Derivatives

Derivatives of Benzophenone and Benzoyl Chloride. Numerous approaches to

forming crystalline derivatives originating from the asymmetric deprotonation of aryl and
alkyldimethylphosphine-boranes were attempted. Originally, changes made to
Kumaraswamy’s method to improve the crystallinity of the intermediate phosphine-boranes
included variations of the ketone and acylating group. The enantiomerically enriched lithio
derivative from the asymmetric deprotonation o-tolyldimethylphosphine-borane 47 was

trapped with bis(4-methylphenyl)methanone. The resulting alcohol 48a was then acylated
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