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Objectives

1. Demonstrate the effectiveness of an
ephedrine based synthesis.

2. Demonstrate the ability o$parteineto
create Rstereogenic centers that
complement an ephedrine based synthesis.

3. Briefly discuss applications ofskereogenic
ligands as they relate to nemydrogenation
processes.




Nomenclature

A In the literature, a phosphorus atom bonded
to three different substituents is also called
Gt 0 SNB 2 FIQiyosedc = DNIA NG
LU0 aK2dzZ R -QRANGR £0 KAl
correct because the chirality is a property of a
molecule as a whole.

P'o _Pl\\‘“‘

/ *’l \
Phosphane A°-Phosphane
Phosphine Phosphorane

Muller, G., et. al. Coord. Chem. Rev. 2007, 251, 25.
IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book").
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History

Meisenheimerat Berlin, 1911
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Meisenheimer, J., et. al. Chem. Ber. 1911, 44, 356. Meisenheimer, J., et. al. Liebigs Ann. Chem.. 1926, 213.
Horner, L. et. al. Tetrahedron Lett., 1961, 2, 161.
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DIPAMP

Knowles at Monsanto, 19687
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Knowles, W, et. al. J. Am. Chem. Soc. 1977, 99, 5946.
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DIPAMP Synthesis

Knowles at Monsanto, 19687
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Mislow, K., et. al. J. Am. Chem. Soc. 1968, 90, 4842.
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Why Were P-Stereogenic Ligands
lgnored?

A ¢ChiraphosBINAPDUPhoX a4 K2 6SR 0 KI 1
phosphorus atoms were not required to obtain high
SYlFyiGA2aSt SOUAGAGASAXE (1
P-stereogenic systems, leaving them in the shadow fi
RS Ol RArmléGrabulosa

Ad/ KANIf LIK2ALIKAYSAa 0SSk NJ
FG2Ya | NB LINZ Yy SQuiintbachBHraes

Ad Ly 0 S NSBeeagenicgmpounds felaway
0SOlIdzaS 2F OUKS aeyiaKSOA
Guillermo Muller




Configurational Stabllity of

Phosphorus
. R4
R3\\\“/"”P\ 1 = — RSIII ,,,,,,, F)/R1
R2 R Pyramidal h

Inversion
A Amines have an inversion barrier typically quoted as 7
12 kcal/mol.

A Phosphines have an inversion barrier that is much
higher, 3540 kcal/mol.

I Steric effects increases this barrier.

I Delocalization of the lone pair lowers this batrrier.
A In practical terms an inversion barrier of

approx. 29 kcathol hast,, of 7h at 95C

Mislow, K.: J. Am. Chem. Soc. 1971, 93, 6507.
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Phosphorus Stabilizing Groups

Imamoto at Chiba University, 1990 BH
3
A The borane group quenches the lone pair, preventing oxidation and *
inversion. P
A Phosphineboranesare airstable and usuallgrystalline. R / \R1
A Hydrogen and methyl groups on phosphorus are activated. R?

(Discussed in part Il of the talk)
A Protection withBH, wTHF oBH, wSMe, occurs with retention of
configuration.
A Easilydeprotectedg A G K Hx | YAYySa 2NJ5!./h 6AGK N
configuration.
A Deprotectionis not always required; phosphirimranescan
prepare metal complexes from metal salts, 2gCl R @
(Juge S.et. al.J.Organomet Chem 2001 624, 333)
A Can be converted to the phosphine oxiteGBP} phosphine
ddzZf FTARS ophosphdhiungsalt(aky iboiie).!

Imamoto, T, et. al. J. Am. Chem. Soc. 1990, 112, 5244.
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Phosphorus Stabilizing Groups
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Imamoto at Chiba University, 1985

Corey at Harvard, 1993
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Imamoto, T, et. al. Chem. Lett. 1985, 14, 1491.

Corey, E. J., et. al. J. Am. Chem. Soc. 1993, 115, 11000.

11



https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
https://www.jstage.jst.go.jp/article/cl1972/14/10/14_10_1491/_article
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115
http://pubs.acs.org/doi/abs/10.1021/ja00076a072?journalCode=jacsat&quickLinkVolume=115&quickLinkPage=11000&selectedTab=citation&volume=115

Jugé-Stephan Method

Jugéat CNRS, 1989 & 1990

- i Ph O—_wPh
- (-)ephedrine (1 eq) BH; ¢ SMe, (1 eq) .
Et,NW"" P\ y 3 2 . \‘p/
2 / Ph toluene, 105 °C toluene, rt H3B‘\\ \ ’
Et,N O/N | 12 h }\‘ “Me
Me
25.2g, 0.1 mol 0.2M

ozazaphopholidine 1

A The PO and PN bonds irl have
differentiated bond strengths ergo, they have
differentiated reactivity toward nucleophiles.

A Intermediates in this process can be purified
and/or recrystallized.

Jugé, S., et. al. Tetrahedron Lett. 1989, 30, 2783.
Jugé, S., et. al. Tetrahedron Lett. 1990, 31, 6357.
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Alkyl or Aryl Lithium Cleavage of

Jugéat CNRS, 1989&1990The P'O BOnd
Ph O PP HOw_ WPh
\\p/ MelLi (1 eq) - Prl]\/le”' /\l
H;B" \N ", THE, -78 °C \"P—N e
/ Me 30 min S e
Me HB
™ d.r. >92:8

A In general, both alkyl and aryl substituents will
produce good yields andiastereoselectivities
Bulky Li nucleophiles remain a challenge for this
method.

A Manyaminophosphinesire obtained optically
pure after purification.

Jugé, S., et. al. Tetrahedron Lett. 1990, 31, 6357.
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Retention In The P-O Cleavage
Step
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Jugéat CNRS, 1993
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Jugé, S.. et. al. J. Chem. Soc., Chem Commun. 1993, 6, 531. 14
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P-N Bond Cleavage by Acidolysis

Jugéat CNRS, 1989 & 1990

HO_wPh Me Me,
Me, conc. H,SO, (1 eq) S _4Ph oAnLi(1 eq) Phal>
PhalZ J.,, > \MeO—P - > p
P—N Me MeOH, rt \ THF, -20 °C to rt /
I O/N 30 min
/ Me BH3 H3B MeO
HsB
0.125 M 2 1M

A S2@P substitution with an inversion of
configuration forming ghosphinite

A Does not proceed if bulky groups were
Introduced In the first FO cleavage step.

A Typicallyphosphinite2 istreated as an
Intermediate. Followed by secondP-O cleavage
step with inversion.

A Ephedrine is released with the formationaf £ ==

Jugé, S., et. al. Tetrahedron Lett. 1989, 30, 2783.
Jugé, S., et. al. Tetrahedron Lett. 1990, 31, 6357.
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Stereodivergent Phosphine
Synthesis

Jugéat CNRS, 1990
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Jugé, S., et. al. Tetrahedron Lett. 1990, 31, 6357. 16
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Oxidative Coupling

Mislow at Princeton, 1973

BH4 BH; BH3
* sBuLi (1.1 eq) * *
! CuCl, (1.5 eq) - P . EtoNH (xs)
oAn“y ™, THF -78°Ctor oAn“y NS Y""Ph
Ph 4.5h Ph OAN
0.3 M 85% 01 M

(R) (R)
OA”“yP\_/ PQ""Ph
Ph oAn

64 %

Conditions Reproduced From: Imamoto, T.; J. Am. Chem. Soc. 1990, 112, 5244.

Mislow. K.: J. Am. Chem. Soc. 1973. 95. 5839. 17
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What About The Addition of Bulky
Groups?

Han atBoehringeringelheim 2013
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What About The Addition of Bulky
Groups?

Han atBoehringeringelheim 2013
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Group Problem

Bickelhauptat Amsterdam, 2013

(l) MeLi OH  BH,

|_BH, > P/
N~ = If R= H Inversion @P N~ ,\

/ Ph /" Me Ph

R If R= Me Retention @P R

Propose a mechanism that accounts for
the experimental observations.

Bickelhauptet. al. J. AmChem Soc2013 135 4483.
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Group Problem

Scheme 6. Computed Backside and Frontside Sy2@P
Pathways of MeLi + MePh
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Group Problem

Scheme 8. Computed Backside and Frontside Sy2@P
Pathways of MeLi + HPh, Starting from Reactant Complex
after Lithiation
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What about Bulky Groups Further
White at University of Away’?

Western Australia, 1989

Evans at Harvard, 1995
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