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Objectives

1. Demonstrate the effectiveness of an
ephedrine based synthesis.

2. Demonstrate the ability of sparteine to
create P-stereogenic centers that
complement an ephedrine based synthesis.

3. Briefly discuss applications of P-stereogenic

ligands as they relate to non-hydrogenation
processes.




Nomenclature

* In the literature, a phosphorus atom bonded
to three different substituents is also called
/(] |II.

“P-stereogenic”, “P-chirogenic”, or “P-chira
It should noted that “P-chiral” is not strictly
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. 4
IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book").
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Meisenheimer at 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, 1968-77
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Knowles, W, et. al. J. Am. Chem. Soc. 1977, 99, 5946.
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DIPAMP Synthesis

Knowles at Monsanto, 1968-77
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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?

* “Chiraphos, BINAP, DuPhos... showed that stereogenic
phosphorus atoms were not required to obtain high
enantioselectivities...attention was shifted away from
P-stereogenic systems, leaving them in the shadow for
decades” — Arnald Grabulosa

e “Chiral phosphines bearing stereogenic phosphorus
atoms are prone to racemization” — Quirmbach Boérner

* “Interest in P-stereogenic compounds fell away
because of the synthetic difficulties encountered” —
Guillermo Muller




Configurational Stabllity of

Phosphorus
. R%
R3\\\“/“"P 1 = — R3um ,,,,, P/R1
R2 R Pyramidal h

Inversion

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

* Phosphines have an inversion barrier that is much
higher, 35-40 kcal/mol.

— Steric effects increases this barrier.
— Delocalization of the lone pair lowers this barrier.

* |n practical terms an inversion barrier of
approx. 29 kcal/mol has t, , of 7h at 95°C

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

Imamoto at Chiba University, 1990

BH;

* The borane group quenches the lone pair, preventing oxidation and *
inversion. g P
* Phosphine boranes are air-stable and usually crystalline. R / \R1
* Hydrogen and methyl groups on phosphorus are activated. R?
(Discussed in part Il of the talk)
* Protection with BH; ® THF or BH; ® SMe, occurs with retention of
configuration.
» Easily deprotected with 2° amines or DABCO with retention of
configuration.
* Deprotection is not always required; phosphine boranes can
prepare metal complexes from metal salts, e.g. PdCl, to Pd°.
(Juge, S. et. al. J. Organomet. Chem., 2001, 624, 333.)
e Can be converted to the phosphine oxide (mCBPA), phosphine
sulfide (S2), or into a phosphonium salt (alkyl iodide).

Imamoto, T, et. al. J. Am. Chem. Soc. 1990, 112, 5244.
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Phosphorus Stabilizing Groups
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Imamoto, T, et. al. Chem. Lett. 1985, 14, 1491. 11

Corey, E. J., et. al. J. Am. Chem. Soc. 1993, 115, 11000.
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Jugé-Stephan Method

Jugé at CNRS, 1989 & 1990

- Ph
. -)ephedrine (1 e BH; ¢ SMe, (1 e w
LN \ (-)ep (1eq) o 3 2(1e0) o \/
/ toluene, 105 °C toluene, rt H,B™ \
Et,N O/N | 12 h / ’Me
Me
25.2g, 0.1 mol 0.2M

ozazaphopholidine 1

* The P-O and P-N bonds in 1 have
differentiated bond strengths ergo, they have
differentiated reactivity toward nucleophiles.

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

Jugé at CNRS, 1989 & 1990 The P'O BOnd
Pha P~ HO_.wPh
\\p/ MeLi (1 eq) - Prl]\/le”' /\l
H3B\ \N "I, THF, _78 oC \"P_N 'l,Me
| Me 30 min S e
Me H4B
1M d.r. >92:8

* |n general, both alkyl and aryl substituents will
produce good yields and diastereoselectivities.
Bulky Li nucleophiles remain a challenge for this
method.

* Many aminophosphines are 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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Jugé at CNRS, 1993
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Jugé, S.. et. al. J. Chem. Soc., Chem Commun. 1993, 6, 531. 14



http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/1993/c3/c39930000531#!divAbstract

P-N Bond Cleavage by Acidolysis

Jugé at CNRS, 1989 & 1990

HO_ Ph Me Me,
Me, conc. H,SO, (1 eq) S _4Ph oAnLi(1 eq) Phal>
(! o 2
D Me MeOH, rt THF, -20 °C to rt
P l}l O/N 30 mi
¥ e BH; min HB™  Med
HsB
0.125 M 2 1M

* S\ 2@P substitution with an inversion of
configuration forming a phosphinite.

* Does not proceed if bulky groups were
introduced in the first P-O cleavage step.

* Typically, phosphinite 2 is treated as an

intermediate. Followed by a second P-O cleavage
step with inversion.

 Ephedrine is released with the formation of 2.

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

Jugé at 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; BH;
* sBuLi (1.1 eq) * *
! CuCl, (1.5 eq) - P . EtoNH (xs)
oAn\‘y ™, THF.-78°Ctort oAn“y NS ""'Ph
Ph 4.5h Ph OoAn
0.3 M 85% 0.1 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. v
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What About The Addition of Bulky
Groups?

Han at Boehringer ingelheim, 2013

'i's
X X X
N\“ R*M > | RM »> ” ™,
* P Ts P NH OH
- . P +
O/ \R1 Direct P-N NH o \\R1 Direct P-O RZ\\‘ \\R1 d
Cleavage \j R? Cleavage R3 *
X=S, O, BHj; M= Li, Mg *

----------------------------------------

Z/
<<:3E
T
o
A
@

-----------------------------------------

Han. Z.S.. et al. J. Am. Chem. Soc. 2013. 135. 2474. 18
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What About The Addition of Bulky
Groups?

Han at Boehringer ingelheim, 2013

) NaH (1.5) ,
Cl TSC| (1 046(2]) Cl /TS
NH, CDI(1.1e N
W@% P Cole, @% o :
OH EtOAC rt THF, rt OH

2h
1.16 mmol ~0.7M 97% vyield ~0.55 M 94% vyield
0
(1.2 eq)
CI/ Ph
Cl N~TS  1-Me-Imidazole (2.5 eq)> Cl NH
: DCM, -10 to -5 °C P
OH 2.5h 0" °©
308 mmol ~0.26 M

Han, Z.S., et. al. J. Am. Chem. Soc. 2013, 135, 2474.
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OMe
MgBr Cl

NH o
Cl (1.1 eq) 2 1 OMe ”
NH 0 R'M
| > O\ // —_— \\“P\
Px o MeQO P N R’
o" 5o THF, -20 °C § THF
) O
8.9 mmol ~0.22 M 91% yield > 99.5:0.5 dr
Entry RiM Product Yield (%) er Entry RiM Product Yield (%) er
OMe O OMe O
A R L Bore 82  99.6:04
1 MeMgBr v 91 >995:.05 Fe
—
1d
OMe O OMe O
2 >—Li @\PP'{ 63  >99.5:0.5 5 _~MgBr @ﬂ_ﬁ_/ 70 >995:0.5
OMe (Ifl;" OMe 9
3 _\5 L N < 84 98.2:1.8 5 Ph—— i f —=—Ph 62 95:5
: 1f : P
7 A
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Group Problem

Bickelhaupt at Amsterdam, 2013

o OH

MeLi BH;
A,‘BH3 - vl
N~ = If R= H Inversion @P N~ ,\
/ Ph i [ Me Ph
R If R= Me Retention @P R

Propose a mechanism that accounts for
the experimental observations.

Bickelhaupt. et. al. J. Am. Chem. Soc. 2013, 135, 4483.
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Group Problem

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

| HsC Ph
Ph EHE-"'||-' Ph  BH-:Li 2
# Me ~BH
k CH P—CH N~ Ohs
Me—, »~ —""" #SN2 Me__ N j‘ N '.
N O E— N° s S '.
\ / \ / k/DLl
Li il
.!/ o Li il H.C
H;C v :| Ph
3 H.C & Me ~BH
P 3b—_
Mo\ b-Sy2 | b (e
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Group Problem

Scheme 8. Computed Backside and Frontside Sy2@P
Pathways of MeLi + HPh, Starting from Reactant Complex
after Lithiation

CHEHBB ‘:-L'-Ph Fh ‘S;-.EHE-
L—N" S0 Kl i Y 3
(Rl
H8  Fh
T I TR P
% -P i f_SNE \PQ;_-."‘
x ~
s SN Lin_ /' ~CH,

Bickelhaupt. et. al. J. Am. Chem. Soc. 2013, 135, 4483. 23
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What about Bulky Groups Further
White at University of Away’?

Western Australia, 1989

H
H
N
0 g H 0 0
| (1.0 eq) I Et—I (2.4 eq) I
SR = \“P\/ Li  hexanes, -95 °C > \\‘P\/Et
P L SMe nBuLi (1.02 eq) YA | : ek
Me I, Me Me
18 h
5.2 mmol 57% yield 0.62 M 57:43 er
Evans at Harvard, 1995
H
H 3 Q
: q O O BH3
BH,
) H 11 eq) (1.1 eq) é, OH
W P\ > > Ph\‘\\ \ \/Ph
P b Me sBuLi (1.1 eq) Et,0, -20 °C Me Ph
e Et,O, -78 °C (quench)
3h
1 mmol 0.13 M 88% yield 90:10 er
White, A.-H., et. al. J. Chem. Soc., Dalton Trans. 1989, 1, 105. 24

Evans, D.A., et. al. J. Am. Chem. Soc. 1995, 117, 9075
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Versatility of Enantioselective
Deprotonation
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Ph‘\\‘ \ /1P Evans
Me Ph
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Ph” “Ph A A
P P. Mislow
Imamato R %/‘ “'Me
Cu(ll) e R
?H3 BH; 1) R'PCl, >+(
b B <2iMemger b
VA 3.)BHj RN
e R Me 02
| t
. \ . Imamato y
2 Ii KOH. A g
R\\\\‘ \\/OH -HCHO R\\“ \\H
X Me Me
A O X= BH,4
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Allylic Substitutions

Imamoto at Chiba University, 2003

-------------------------

[Pd(C3H5)Cl], (0.5 mol%)
Ligand (1.2 mol%) N e e e mmmmmm—aaa
OAc NuH (2 eq), BSA (2 eq) MeO OMe

S K,COs (0.1 eq) ~ _ < J\ |
ph/\)\ph THE. 1t v Ph Ph BSA /SI\ NS ,SI\

O
1h
O

- Nu-H =
1 mmol ™ 99 % vyield, 98:2 er
oY MeO)l\/u\OMe

Imamoto, T. et. al. Tetrahedron Asymmetry. 2003, 14, 2171 26
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Versatility of Enantioselective
Deprotonation
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Halophosphanylboranes

Imamoto at Chiba University, 2007

Imamoto, T, et. al. Angew. Chem Int. Ed. 2007, 46, 8636.

BH BH BH BH
‘,i 1.) nBuLi, -78 °C ‘é\ RM__ \,ﬁ\ -OR ‘é\
g™ A 2.) X(CHy),X g™ M g™ b g™ b
B Mo H ) X(CH2), Bu Mo X Bu b Me Bu Mo
inversion retention
Entry X RM Yield (%) ee (%)
1 Br PhCCL1 83 97 (inv.)
2 I PhCCLi 12 32 (inv.)
3 Br r-BuCCLi1 82 98 (inv.)
4 Br TMSCCLi 81 99 (inv.)
5 Br (i-Pr);SiCCLi1 86 98 (inv.)
6 Br PhMgBr 28 83 (1nv.)
7 I PhMgBr 0“ -
8 Br o-AnMgBr 68 93 (inv.)
9 Br BuLi1 63 91 (ret.)
10 I BuLi 79 89 (ret.)
11 Br BnMgCl 94 96 (ret.)
12 | BnMg(Cl 92 93 (ret.)
Imamoto, T. et. al. J. Org. Chem. 2000, 65, 4185 28
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Application of Alkynyl Ligands

Imamoto at Chiba University, 2007

------------------------------

:' Ph
] tBu,,, // :
O O ' "'p p‘\\ ;
* 0 ' / \_/ \tB ]
[Rh(nbd),]BF4/ L* (2 mol%) ] & u :
+ ArB(OH)2 KOH (50 mol%) ' ph :
f dioxane/water 10:1, 40 °C VA Nmmmmosmosmmsmossossosnoees
we g7
Entry n Ar t (hours) | Yield (%) ee
1 1 Ph 2 93 99.4 (R)

2 0 Ph 2 90 91.0

3 1 p-CF3CgH4 2 96 96.0

4 1 | p-MeOCgHa 2 99 98.4

Imamoto, T, et. al. Angew. Chem Int. Ed. 2007, 46, 8636. 29
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Catalytic Deprotonation of a
Phosphine Borane

O’Brien at York University, 2011

________________________________________________

: H i :

1.) 0.2 eq sBulLi ' H = : M H :

BH, 0.2 eq diamine BH, ' °SN :

) Et,O -78°C, 36 min A OH ; P : :

\.Fi\ 2.) 0.4 eq sBuLi, 72 min oh o ' |f| H : N E
Bu™ } “Me  3.)0.4 eq sBuLi, 72 min g™ ' : : !
Me ) Y. ’ > Ph - L+ i :

4.) Benzophenone quench Me :\ (-)-Sparteine : (+)-Sparteine Surrogate ;

94% vyield, 86:14 er (-)-Sparteine
84% yield, 12:88 er (+)-Sp Surrogate

tB \\\/“P\/ .'u,IM tB \\yp\/ &utB
Mini-PHOS Trichickenfootphos
40% vyield, 99:1 er 71% yield, 93:7 er

O’Brien, P. et. al. J. Org. Chem. 2011, 76, 4794. 30
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