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1) Introduction
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The theme is restricted within ...

1) Molecules containing chiralities on only heteroatoms.

2) Tetrahedral chiralities.

3) Although stereogenic centers on other heteroatoms (e.g. As, Se, Te...) have been reported, | will cover B-, N-, Siz
, P-, S-chiral centers. !
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2) Group-2 atom chirality

2-1) N-chirality . \ _____ wiC
Characters of Nitrogen atom N... Rapid
1) Rate of inverkion is 5 x 10%s™! | 25 °C. (17~30 kJ/mol) il \C
i ; A
2) Rapid inversion can be prevented by ... B

a) Construction of rigid ring structure around nitrogen atom.
b) Lowering s-character of nitrogen lone pair. (inversion occur through sp2 hybridised orbital transition state.)

c) Cordinating to metal. \1

a) Troger's base... first separated N-chiral center. :
) Trod 4 s, N

*N Me N\ N
NH,

/©/ HCl M N &

Me e * .

Troger's base

ant

+ In 1887, Troger synthesized. But the structure was not confirmed.
+1n 1935, Spielman confirmed the structure.
+1n 1944, Prelog and Wieland thought thatTrogers base had the N-chirality and separated the

enantiomers by chiral column.
+ Optically pure Trogers base is stable at room temperature, but racemization occur under acidic condition.
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c) Persistent N-Chirality as the Only Source of Asymmetry in Nonracemic N2PdCI2 Complexes
Gagne et. al. Organometallics 2004, 23, 3210.
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i ; ‘?" Table 2. Application of N-Chiral Catalysts to the

; Diels—Alder Reaction (eq 4)
~N 1 dro N, O
" p cong, HCH .
s L, L )
;m ) ks o © {\/‘; 7
{ ’ ’ ( ‘ \\\//I'k )J\ ‘:\ }f O
Ar Ar N G o /(( (4)
(RR(R4a (RR)-2a _/ NePd o NN
(RRVRMb bt CH;Cly, 50 °C 1\/0
(RARY{R)-4c diffreso-2¢ (3:1)
%6
Racemization of 4¢ occured. _ activation conversion endo
. entry catalyst® temp® th)*  endoexo % eed
Scheme 1
1 1a-Pd(OTH2* rt 98 (5) 97:3 21
SN NaH a 2 1a-Pd(OTf)2* ~78 RO (20)  96:4 23
. At N N 3 1b-Pd(OTH)z#* ot 100 (4) 955 17
ol 7 A 4 1b-PA{OTH 2 —~78 100 (22)  93.7 20
DMF, 80 G)C’ 2.5h 5 1C-Pd(0mzz+ rt 87 (6) 17:23 9
? fac 6 1c-Pd(OTAHZ -78 100 (12)  93:7 25
o il il 7 {(RR)-2alAgShF; rt 96 (6} 96:4 18
2, Bt o t 8 {(RFA)-2alAgSbFy T8 98 (6) a5:5 17
o ""} f ) 9 (RR)-2blAgSbF,  rt 75(6) 955 9
= L N = 10 di/mesce-2elAgShFg rt 95 (6) 90:10 15
1a b fe # The ditriflate catalysts were obtained by first treating the
NPd(3,3"Me,BINOL) complex with HOTF (1.9 equiv) at the
+ The reason of low ee was thought to be... indicated temperature and then cooling to —50 °C to carry out
a) Racemization of N-chirality at high temperture. the reaction. " Activation was carried out for 15 min pror to

: librating at —50 °C and adding CpH. © Conversion was
— . Compared entry 1 (high temperature) and 2 (low Preedut B & -p :
tam Ft)eratur e) ﬂs;ere( Wgés fit ghan & O)f a Th(is monitored by passing an aliquot through a plug of silica gel, eluting
P ! = I 9 ) with EtOAc to remove the catalyst, then assaying by HPLC.
suggested that no racemization had occured. d Chiracel OD-H.

b) Racemization of N-chirality during preparation of active catalyst.

— After addition of brine to active catalyst (R,R)-2a/AgSbFg and (R,R)-2b/AgSbFg, 2a and 2b
were recovered free of the meso isomer, suggesting that N-epimerization had not occurred.

@ conclusion

c) A poor stereochemical transfer of information.

2-2) B- Chirality
Imamoto et. al. J. Am. Chem. Soc. 2000, 722, 6329.
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CraP 1;‘_| B CyaP \BH Az H = 8Ph (0% og)
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- - - _ due to the generation of radical or dianionic
#Conditicns: (a) (1) LDBB (2.5 equiv)— TMEDA, THF, =78 °C. (i} jntermediate.
{(Me0),C0, 66%. (b) Bra, MeOH, 0 °C to room temperatare, 88%. (c) -

aq 48% HBr, THF, room temperature, 12 b, 57% after recrystallization :
from AcOEt. (d) ($)-(—)-1-Phenylethanol, 120 °C, 10 min_ fractional Li
recrystallization from hexane, ($8,5)-5, 24%; (Rg,$)-5, 24%. (e) Ha80« o

(cat.), MeOH—THF, room temperature, 4 h, 96—98%. 3




3) Group 3 atom chirality

Back ground for construction of chiral centers
1) Low overlap of s- and p-orbitals
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| e ! 0 Characters of Sulfoxides

i | : ’ + Inversion energy 35~42 kcal/mol. At 200 °C, inversion occurs at significant
: S, : S, rate. (Benzyl sulfoxides (130~150 °C) allyl sulfoxides (150~170 °C))
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________________
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b) Chiral auxiliaries (Review: Tetrahedron 2006, 62, 5559.)
i) Coordination of the oxygen atom of a sulfoxide to a metal ion or a proton.
i) Electronic and steric repulsions between nucleophiles and the substituents of a sulfoxide.
iii) As an electron-withdrawing group--activation of a carbon—carbon double bond for conjugate addition and
stabilisation of the corresponding c«-carbanion.

Toru et. al. Tetrahedron 2001, 57, 8469.
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c) Chiral ligands
i) Sulfur -- poor c-donor and poor n-acceptor. (phosphine ligands are better o-donors and n-acceptors.

il) Sulfur of the@ns—ff@g}is lower than that of the phosphine, but higher than nitroqgn and oxygen.

iii) Easily available and stable compared to phosphine.

iv) Sulfoxide ligands have two coordination modes, O- and S- coordination modes. It is influenced by the
hardness or softness of metals. S-coordination mode seems to be favored in d® and d® transition metal ion
complexes. (Rh, Ru, Pt...) But steric factors also work. Bulky ligands favor O-coodination mode.
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Hetero-Diels-Alder reaction using N
coordinating catalyst
Bolm et. al.
J. Am. Chem. Soc. 2001, 123, 3830.

Allylic substitution using S coordinating

catalyst Diels-Alder reaction using O coordinating catalyst
Shibasaki et. al. Khiar et. al.
Terrahedron Lerters 1995, 36, 8035. Tetrahedron Letters 1993, 34, 123.



Construction of S-chirality (Review: Chem. Rev. 2003, 103, 3651.)

1) Enantioselective sulfoxidations .
a) Enzyme-catalyzed -- Walsh et. al. (1982) | i 0

S.,”-- _— = * S

R1‘ sz R1-

b) Metal catalyzed -- Kagan et. al. (1984) R?

+ The condition was Ti(Oi-Pr)4/(R,R)-DET/H,0 (1:2:1) and TBHP.

+ Ti(Oi-Pr)4 was stoichiomeric.

+ Later, It was reduced to 10 mol % under modified condition Ti(O/-Pr)4/(R,R)-DET/i-PrOH (1:4:4) and MS 4A..

OH
c) By chiral oxaziridines -- Davis et. al. (1988) %OOH E10,c~ - COZEt
2 z
TBHP OH
2) Nucleophilic substitution on diastereomerically pure chiral sulfur derivatives DET
a) Anderson (1962) Cl o
, SO,Ph
0 RM e o
R-S\OMenthyl | o R-ONR N - S
: nversion : chiral oxaziridine
b) Wudl and Lee (1973)
° 9
HO  NHCHg _ 8.
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CeHs  CHy CH,Cly, 0°C, 24h
T Ao Sk C5H5 CHy CgHs CHy
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Me, Me .
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146 145
Recent advance on asymmetric sulfoxidation
Fe(salan)-Catalyzed Asymmetric Oxidation of Sulfides with Hydrogen Peroxide in Water
Katsuki et. al. J. Am. Chem. Soc. 2007, 129, 8941.
Table 1. Oxidation of Methyl Phenyl Sulfide Using Fe(salan) Scheme 1. Oxidation of Racemic Sulfoxide Using the 4/H.0;
Complexes as Catalyst? System
i 4 (1 moi%) 14 9 .0
e gt JSAIEBla L sl
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Informaiwu.‘ﬂss:?edasmportedeuppoﬂmghfommﬁm ¢ The reac- o i i ¢ ) spectoacopic
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Supporting Information. ? Assigned as reported in ting Informati

on
# The reaction ma on a 10 mmo! scale with 0.01 mof % of 4 for 6 h in the
presence of 30% H20: (1.2 equiv).



3-2) Si-chirality

Construction of Si-chirality
First synthesis of optically pure Si-chiral center -- Kipping et.al. (1907)

1) Nucleophilic substitution
Sommer et. al. (J. Am. Chem. Soc. 1959, 87, 1013.)

Me
T1 KOH T R
. —R3 ; R3 separation
R2/Sl\ + HO' T Q/Si“ R * Sli“‘O{"' Men ———
OMe RZ™ NoCMen  R27 N
Racemic Me™ Me "
(= )-menthol
R! 1
- LiAlH, i Cl R iy LiAH i
N Invertion sirH retenti SI - LoD —— -
27N - ention _Si s :
R O(- )Men R Mg R N RZ” N retention RQ/SI\RB
Klebe et. al. (J. Am. Chem. Soc. 1968, 90, 7255.)
Ph Ph
ME\T/COZH Sli/c' 2 equiv Et;N * Sli" *-Me separation
-~ T <N B ———
NH, Me \Cl Me 0
0
diastereomixtures
F[)h Ph l,’h Fl’h
Dok J ‘ONP ON
/Si;\.'N Me 1 naph.thof _si, * NHPh __MeOH _si P
Me 0 retention Me O—<<Me retention Me \OMe
.. 0 or
inversion inversion

Np = naphthalene

Stereochemistry of nucleophilic substitution at tetracoodinated silicon (Review: Chem. Rev. 1990, 90, 17.)

fa) A . B TABLE VIII. Energy Barriers to Retention for
; LU Y Y w7 [NueSIH((LG)] (keal/mol)®
/ e’ L~ | | apicophilicity pseudorotation apicophilicity
T Ky Nue' LG* of LG (AE,f* barrier (AE;)°  of Nuc (AE;)
< - b L]
wvession  H g‘ 22,2 Igvfd
SH 9.7 12.1¢4
b} f ; ] [ k8 1 OH 4.3 1174
W Swd e | H 7.2
g, g = | s F 20.6¢ 12.2 37
7 . Ll . F 19 1.5¢ 19
l ‘ SH 15 11.5¢ 3.4
T Tl-w  oH O 19.9¢ 18.6 6.0
z F 1.9 10.0¢ 2.6
i SH 24.8¢ 24‘74 10.2
225 : 4 8 7.5
o . F 3 11.3 7.5
¢Nue = nucleophile. *LG = leaving group. *AE,;, AE,, and
RETENTION - AR, are defined in reference to structures 1, 2, 3, and 4. These
structures are as follows: (1) TBP, LG, Nuciaxial); (2) TBP, Nue-
y LG - LG - He {axial}, LG{equatorial); (3) SP, LG, Nuc{cis basal); (4) TBP, Nuc-
k) : i . E — ! (equatorial), LG{axial). ¢Determines total barrier height for re-
ke s | T _NJI —— tention mechanism 1b of Figure 1.
o . -~
RETENTION

Figure 1. Mechanisms for nucleophilic substitution reactions _ .

of silicon: {a) inversion; (b) retent?fn involving axial attack and @) Apicophilicity -- CI > SH > F > OH
pseudorotation to give axial departure; (c) retention involving b) Leaving group (LG) _
equatorial attack and axial departure. ¢ symbolizes a pseudo- Inversion: Cl > SH, F > OH > H : Retention
rotational process.

c¢) Nucleophile effect on apicophilicity of LG

Softer nucleophiles tend to promote an inversion process and harder nucleophiles tend toward retention of
configuration.

d) The reactivity of an electronegative leaving group is increased when the equatorial positions are occupied by
ligands of low electronegativity and, of the atoms studied, the opposite apical position is occupied by an
electronegative atom (Cl > F),



Kinetic resolution (Holt et. al. J. Chem. Soc., Perkin Trans. 2 1973, 114.)

R LiAlH, and chiral alkaloid or chiral alcohol complex R’ R?
ZJV 3 2’1\' e : 2&'
R* e R* e R*

racemic

2) Metal catalyzed
Hydrosilylation (Kumada et. al. Tetrahedron Lett. 1974, 4, 331.)

a-N a-Np
ngp . /?L [RhL,H,S5]*CIO, sl| 2 PhMgCI &
Me” Et” Et Me”™ gt retention Me™ “Pp
S = solvent, L = (R)-(PhCH,)MePhP A
Alcoholysis (Corriu et. al. J. Organomet. Chem. 1976, 120, 337.)
a-Np a-Np a-Np
_Si, + (- }-menthol  (PPMa)aRRCI i MeMgCl &
Fh I's-l Me” '(ﬂllenthyl retention Me™” g

+ Utilisation of enantiopure ligands gave no improvement of selectivity.
+ The configulations of alcohols and the subsituents of the silicon atom effected tne selectivities, greater than the
influence of the structures of the catalysts .

+ Stereochemistry was determined during addition of alcohols to silicon atom.
+ Interaction between the catalysts and alcohols was weak.

SCHEME 1
r' R
H & H g
& 2 7 1
ThgfaRT tast g =R
st e
LaCIRh——H Lol IR~
53] {m
# P
slow] RTOH stow | #°on Alcohols directly added to silicon atom.
¥
H bt
* *
RO = Siiau, L S
c \ g RO 5‘\\-*.92
R w!

3) Enzymatic esterification (Blanco et. al. Tetrahedron Lett. 1991, 32, 6325.)
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OH OH



Application
Chiral auxiliaries
Bienz et. al. Tetahedron: Asymmetry 1996, 7, 69.

Leighton et. al. J. Am. Chem. Soc. 2003, 125, 1190.

1
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Oestreich et.al. Angew. Chem. Int. Ed. 2005, 44, 1661.
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Scheme 1. Silicon-to-carbon chirality transfer in the hydrosilylation of 0 5 | : T - - v 1 |
norbornene (2). 0 20 40 &0 4] 100

e [%] of (R)-5 eemim

Figure 1. Pasitive nonlinear effect in the hydrosilylation of 2 with (R)-5 (@) in compari-

™

sen with the hydrosilylation of 9 with (R}-5 (a).

®
oS, - .
{5R)-36a (R = iPr) [Pd] P 29 or 30 Positive nonlinear effect
(¥5)-36b (R = -Bu) = Two silicons are involved.
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Scheme 14 A two-silicon cycle for the palladium-catalyzed hydro-

silvlation



3-3) P-chirality

. Characters
R4 0 + Small overlap between s and p orbitals give high
I ‘ inversion energy of phosphine. (t{,, = 2~3 hours at 115
P g P... X p... 3°C) K812 PUAFAFPILEMIAFIEART 1 OB
R1/+ R2R R1 -~ +\F;§ R1/ ng P, eV BRSO pK,  FUEREE kI mol !
. . , . : (CHs)sN 8.4 9.76 34
Phosphonium cation  Phosphine oxide Phosphine (CH.).P 50 - i3
Construction of chirality on phosphine (Review: Coord. Chem. Rev. 2007, 25.)
1) Resolution 2) Using chiral auxiliary
a) Nudelman, Cram (1968), Mislow et. al. (1967)
@]
MeOH Mel 1l
PhPCl,  — v PhP(OMe), -~y s /P;{P\OMe
3
{(=)-menthol = d PCl,
: OH
AN
ﬁ ﬁ (~}-menthal ﬁ
phn""P\ * M-ev""p\ T Me/t?\clr ________ e B
sl e el oW pi ¢ OMen group can be !
. removed by substitution |
g ) * 1 using Grignard reagents!
Scheme 2, Synthesis of menthylphosphinates. I‘ (inverSiOI'l) or red UctantS:
' (e.g. LDBB). ;
L =
2 {-)-mentholipyridine Biﬂg Eli\Hg
eBPCl, 2) B, THF ! A

P ¥ i
PR/ “OMen AT £ S OMen
O Ph

(Spp10 (Re)-10

Equation 1. Synthesis of menthylphosphinite-boranes.

Imamoto et. al. J. Am. Chem. Soc. 1990, 112, 5244, (first example of
application of borane as protecting group of phosphine)

B e mnt o o S S T
.
Me  Me
(\ )I‘ 2 T ! . wPh
R“PC{;, B R — :K M ] kR‘, ;I,\ ) '
A R Retention CL'B/ SRt Reten| BEY N ! SH
B % 8 E o OH
Sl ! MeHN Me g
17 18 19 20 : Me H
4 £ H
' MeOH | Inversion
; \__ ta {1R.28)-(~)-ephedrine
7 Juge, Brown Corey
X X | ettt BBt e e A S S
Bl " Deprotection 1 =M 5 |
2 G oy e e t
R g' \R' Refention R / Sgi Inversion R! Vs gz ! BH,
R R4 MeO ; ;
. RPN
2 2 21 ! we” CHaE
1
Scheme 7. Prepuration of P-stereogenic phosphines using a chiral bifunctional auxiliary. i E* 81
e e e e e e e e e e e e e e e 1
BH BH;
Fl’ sec-Buli, (-}-sparieine Fl’
12 oo i, W S s
e ve -78°C e oHau
1.1 equiv %
CuCl,
(30 equV) BH, ?H;
i i
i P..,
RN N Me
wd %
62

(~}-sparteine Scheme 16. Stereoselective deprotonation of an enantiotopic methyl group. 10



d) Dynamic resolution

Flectruphile (8)

Pronlent (7) &

g of

Fodn icrof 7 Mé &

(Livinghouse et. al. J. Am. Chem. Soc. 1998, 120, 5116.) -
A T e L T e N I f&eUy 0 110 A : L
Scheme 1 g e ! 00 @
0 ! Ph, ESU
i} FBukdgCl ?H" ; i L i f”: IS0 141-148 X & d
PHPCH; P i W gy Mo;s‘ Bl (099, CHCL)
0y LIAH 4 P M : L L
iily BMS By =\ B
rae-1 ! i
1
aH 1) mBud |, E350, ! 200 183090 43R 58 54
i i e i tBuli, Et,0 )‘,).mm:f: ?Ha ! fdecomp.i (103, CHCl) )J
?ﬁ"}P = - a1 PR 1
+Bu o~ MaCl 4 |
. 2 iy o-AnCHEE  apd do
o2 i) BuL, Bty 2 (80%; ! R 191198 a5 7 499
{-j-spaﬂair,‘:uo e = 95% : ecomp (101, CHCh)
i CHal !
1
o !
Py |
Pf&f CHs ! 1841 2020 a % %
; idecompy (O3, CHAL
3(B8a%) '
€8 =93% "
I:rhg 2.1 hBis&lkglaﬁ;ﬂ; In;oiving Dynamically Resolved . Llou g - . W
fert-. 1 v b — P EH 2z +101*
tert-Butylphenylphosphine—Borane - ooy €1.01,CPCT)
BHs
Ph,, FBu ""'a.Pt"B"' B
™, Ph

it -Bull, {-}Spartaing
ED), 890 ~ rh {1 h) ™ B0
Pl-B-H _

' :
g { ®
X

RS
({ o5 +
LMy
£}

P T L W

@ Diastereomeric ratios were determined by NMR. ¥ Melting points
and yields determined after recrystallization or chromatography,
¢ Percent ee determined before recrystallization by HPLC fitted with a

T @ CHIRALPAK AD column ¢ No resolution could be obtained by HPLC
fitted with a CHIRALPAK AD column.
3) Metal catalyzed racemic
Glueck et. al. ?H:Z
Using phosphine-boranes e
J. Am. Chem. Soc. 2003, 125, 1180. /’ e \
base base
S .
No o P P 7 M 1
¥/Ph "R pte M| very fast [
i Pd e [P Yyl + P VBh I C Lol L WO
Wb g N RO © o Noan” g Vo g e
Phy g4 [Pd] = Pd((S.8)-Chiraphos) (Sp23 | ketfas  ksislow) ihradd
5 3 1
Table 1. Stersochemistry of Pd—P Bond Formation ?Hz 8 [Pd;< 8Hs
(Transmetalation) in the Reaction of 3 with 1 and NaOSiMes onrPo, o-An LY
i THF-c§ e’ ipa) Iwm {F’di< e
temparature peof ¥ do of 4% o-An o-An
entry C (%) % {Rp}-24 \‘_, Pd] {8p)-24
1 —-78 95 (R) 94 (S, day’ .;H“ Bty
§ —78 99 () 94 (R, 4'?.1 |~ PampBH; |
‘ 21 95 (R) 86 (5. 4a P ol Peupn
S n_o 97 () 63 (R 4b) M ohn S TA
' 5_ ___________ 2 _1 ____________________ P _3_@,“4}2{\: favored product {Re)

enanfioenriched

2 From chiral HPLC (Chiralcel OJ-H). > From integration of the 'H NMR
spectruny; the ee and de values obtained at —78 °C (entries 1—2} are the
satne, within experimental error. ¢ Average of two mns. ¢ Average of three

mns.

Scheme 12 Proposed mechanism of the palladium-catalyzed asym-
metric cross-coupling of a secondary phosphine—borane with an aryl
iodide {[Pd] = Pd(diphos*), M" = counterion, such as Na* or ami-
ne-H', 0-An = o-anisyl}

Phosphido intermediates strateqy
hydrophosphination

CN o,

- - ~PreHaCHCN

ee up to 22% R

. phosphination

Arl, base
*Pd

alkylation

P.. enantio-
R A enriched
R products

ArCHA 3 o
rGHa8r, bas&: o KP\”{BHQAF
Pt R
i
I ; R e =~ !
Lt M ” N rerE
i phosphido |
! :

| intermediales

Characters of phosphido

+ Barriers of P-inversion is low (10 to 16 kcal/mol, phosphine -
30 kcal/mol)

+ nucleophilic

Merits

+ Bulky substituents are thought to be introduced to P atom.
Hurdles for developing these reactions

1) The background reaction of a secondary phosphine with an
electrophile must be much slower than the metal-catalyzed
reaction.

2) The equilibrium ratio of phosphido diastereomers and their
relative reactivities with the electrophile must be controlled.

3) Product inhibition must be avoided.

4) The chiral ancillary ligand must resist displacement

from the metal by the excess phosphine substrate and

products. 11



Phosphination (J. Am. Chem. Soc. 2002, 124, 13356.)

R Ph
.‘ ?Pd:P Me-Duphos c10 g
P — ‘..,'. Rigit structure
1 . o overcome the ce {
, racemic 2, enantioennchod 3, catalyst hitrdle ( 4)_

ee up to 78%
Small.

+ NaOSiMe3 was chosen to minimize the concentration of the free
phosphido anion [PMels]-, which might reduce the Pd catalyst or

undergo other side reactions.

11
_ 18 L
PPhlelis
) [Pal- Pal
o t 2L
e pp PR P
(PA]—PTPh ~— [Pl P,
15 Me ReMe 2
s
Nal N pr ’
™ Ph
A I
HOTMS [pd}i PHMe(ls)
NaOTMS  * PR-Me 10
13 e

Scheme 8 Proposed mechanism for the patladium-catalyzed asym-
metric cross-coupling of a secondary phosphine {[Pd] = Pd[(R R)-
Me-Duphos], L = PHMe(Ts) (10), L’ = (R R)}-Me-Duphos}

X ray structure of 14. s s

Scherme 8. Erec();dm_ate Rate and Equilibrium Constants for
ion an luctive Elimination of 5a {As) and 5b (A) at

Inversion a

—10 °C in THF ([Pd] = Pd((R,Rj-Me-Duphos)}
A2 act {Hp major)
P Pes
M (P B (Pl WME
& 7x10% & K Kag 1 axi0™t o1
I"'P P-n,
Moo “pn PR e
A, Ay
(S major)
k(A
Koo sl = 9 27
M ke TAgl
[Ag) kaq
F= = Ky w82
(A~ ke

Table 2. Pt-Catalyzed Asymmetric Phosphination of Benzylic
Substrates?

s PhCHaBr kR

eniry substrate product yield ee (%)
i-Pr Phggﬁ?j i-Pr I # 8r & =
Ma £, ; Phigls
Py AOSME, A RCHPH C/’\C OF\A ¥ M
ﬁ\m Pt catalyst ‘Me P ] Sy 8 -
iPr P ipy I-Pr” -Pr 2 . AN Brsis
4, racemic 5, anantioenriched ' @: 86 50
GN CN
’ 27 3
TMSOH Pem - =] Phiels
Pyl p;\ - PhCHaBr Ig\/j @i%(:] 77 66
PHMz(ls) nutc):Ietlcthplllc E o
10 2s Subslitution 4 PhCHBr  PMe(PhesCHPR) 86 81
o OTMS NaQTMS [Pti,ar+ Pne 5 PhCH,Br PMe(Mes)(CH Ph) 86 69
T e il " e 6 PhCHBr  PMe(PhICH Ph) 84 35
29 7 PhCHBr  PMe(Men}CH Ph) §7 360 de
28 CHzPh 8 PhCH Br PPhic- AnCH,Phi 85 9
o PMe e 9 PRCH.Br  PPh(Cy)(CH,Ph) 93 48
S Serapn fptl(pﬁfe 10 PRCHBr  PPh(-Bu)(CH Ph) 90 42
e = e 00 X
NaOTMS 5 TS PRCHBr  PPHeOs/ T afn 1 47% de
sebr v o P’ TCHPh 1% ee |
Scheme 15 Proposed mechanism of the platinum-catalyzed asym- i ™ E
metric alkylation of a secondary phosphine {[Pt] = Pt[(R.R)-Me- vz PhCH Br FibeCa p  LaPh 87 9% de ¢
Duphos]} 1 o CH.Pn 9% cc
1 1
Keq bidentate Iigand| 13 o " 5 454 m:
g / 55% de !
MesPu K1 B ; % o f 69% ce!
is/ ,/[pl} L m [F":I\F\gg E W Phisls :
PhH 4 Fh N B (,“"Mﬂi :
1 * po—
14 {{, e’ 90 17% de |
1

P ' P,
W cHPh PrHaC” WS

{8p)-28, minor {Rpi-28, major

Scheme 16 Proposed origin of enantioselectivity in the platinum-
catalyzed asymmetric alkylation of a secondary phosphine {[Pt] =
Pt[(R.R)-Me-Duphos)]

\—z\# 72% ec !
Plialy ]I

“ Catalyst precursor = Pt{Me-Duphos)(Ph)CI) (5 mol %), base =
i pitles il skt e’ it R
iso of >97% puri
for entries 13 and 14 (87 and 90% pm%). For experimental dei);ils, see
Supporting Information. Phes = 2.4,6-PlaCeHy, Mes = 2.4.6-Me;Cel:,
o-An = o-MeOCgHy, Cy = cyclo-CgHy;, Men = (—)-menthyl de =
diasterecmeric excess. # Catalyst precursor = complex 3, in toluene. ¢ With
2.5 mol % catalyst precursor, at —3 °C for 4 h, then —15 °C for 4 days.
The catalyst precursor Pi(i-Pr-Duphos)(PR)(CI) (5 mol %, 21 °C) gave the
opposite enantiomer in 98% vield (48% de, 86% ee).1®
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Toste et. al

Alkylation (J. Am. Chem. Soc. 2008, 128, 2786.) Table 2. Enantioselective Alkylation with Alkyl Chlorides
+ < e FTTRNGE 5 10 mal% 10 BHy
p— Mo i | e il Y O ... W
TR 3 Pon  kewDs Foph ¢y Mo LM THF -a0°C, B0n PR R
[dmr;m;.:x_u\H v-wp;;a;ww— fdmpelRu’ . S e [dmm};ﬁmH (i 3 then BHy THF e
THF — 4 entry product Yovield™ % ee’
62% averall yinld - i o, /A\I R g :-{Hi(';i g1 75 (924
. . ; _ ¥ F== () 96 41
+ sodium fert-amyloxide was selected as the most 3 P’;‘?P\/L) =Me 80 83
suitable base with regard to two critical criteria: = 7z=<"~ 5= ¢ - R~ ONe B 5
1) Its ability to regenerate a Ru phosphido complax g & @ g3 57
2) Its noncompetitive background reaction. : ak T g ) ’
: §’| T R2 : ?H}, /-‘E;e
1
! I
' N PPh, | & ,JP\/E‘T/\; 96 59
'R : P:!la/ e A
1
. 1. 2 gy ! 7%
1R =iPLR : 7 He ’__/ BH, 47 749
g {__I-Pr-PHOX 10; i ;{\
S e L7 it i e
e H. » b M-E }( Ma Ph
: { R BH, - BH, ;
Fph (\_ Fopp R X=CH 86 95¢
Ruk,, = [Ru 9 MR (=N 89 84/
A B B
i Me'Pwﬁ 10 F?.;?p N 94 48
: e P
g +
B M‘?,ﬂ » 11 P“h:;”p - §0 68
Y i (Rul i B,
i \) H 12 . 70 57
b Mz c
,Fb_H 2 Isolated yields. * Measured by chiral HPLC. ¢ The % ee after a single
Pr recrystallization. ¢ A 33:67 smxtnr?{ of Crmeso diastereomers determined
Proposed mechanism by HPLC. ¢ A 7426 Chmeso dr. /A 58:42 Cymeso dr. ¥ Reaction with
______________________________________ ethyl bromide.
Arylation of Silylphosphines (J. Am. Chem. Soc 2007, 129, 15122.)
Scheme 1. Proposed Catalytic Cycle
i Table 2. Enantioselective Arylation with lodobenzamides
WL 0 5 On NPr
Pn,e,sr?rs " : , ey & o 2 .
s Loz WP 80°C 28n M | .
a ! then Sy “a
1 5
entry Ar-l product % vield*  %heet
o
1 g iy, M 3a 61 97
2 ? R=ql sb 83 47
L"Pd e m—= wd L‘E’d |
p.-a—!f“h ;}.--*Me | 3 ] R=10Mec Se¢ 35 a7
4 ’qknm R=CF, 5d 7% 57
i R I R=C1 Se 80 95
L ir= o
& R = Me 5F 67 97
e~ *s; Pra 1 RON'PF’ R=-CHy  $g° 66 y7
= -CHy-
I—Si{Pr N RO | :
Et-F roTANE i
Table 1. antnsefechve Arylation with lodoarenes 8 Oj NP, Sh §49 93
BHg ok
?,Srﬁre . _1 5mci% 2 T o E
e ‘: Y DMPUEOSC,1h ‘ N, 7
" e ] thee: BH,- THF 9 é{j\)LN‘i‘fn Si 73 G4
ety Ar-l product % }m!d" % oe® :
1 R R=OMe 4a ™ S5(R) 10 Q‘{w 5§ 44 92
2 ﬂ\% R=S5Me 4b 73 63 () 1
3 © R=NMe; de 71 43 Mo B
4 J% R='Bu 4d 83 78 ‘ 1 i NP 5k 52 93
5 @ OR R=26-MeyPh  de 76 82 i
6 ) R =2,6-Pra-Ph 4F L 75 UYH,,,,Z
7 o R= Me(OMe)  dge 63 81 12 51 62 86
8 dLNR; R~ Et 4b° 63 79 w—'
9 R=Pr 4 33 98
NP “Isolated yield of the pho sulfide. # Measured by chiral HPLC.
r/\ \( e * 7
4j §2 32 ¢ Reaction mixture heated at 60 °C for 4.5 h ¢ Reaction proceeded to
e e completion after § h at 60 °C.
“ Tsolated yield of the protected phosphine. # Measured by chiral HPLC. 13

¢ Phesphine protected as the sulfide after heating at 60 °C for 254



Construction of chirality on phosphonium salt (Juge et. al. Tetrahedron Lett. 1997, 38, 3405.)

BH, g
P RX 2a-h /! @ x©
R” O\ 'R e - \ NS
R T-octene,/ THE, reflux 7

Ry Ry By, R, ¢ alkyl, aryl
Application of P-chiral phosphine or phosphine oxide
1) Chiral ligands
These ligands are useful in mechanistic study.

b, OMe M°°© [ 0
PhvPuc P Ph.,, i ,
N T O M‘a\© Pon ™ o Lnow <3

N ars (90591 2667) + The different substituents at phosphorus atoms can be
, - Dl‘;::w o (Jacs 190571, easily distinguished in the NMR spectra of the
intermediates.
eh Bn + The stereochemical assignment of any intermediate
”“’\@ o Q—F’ complexes is a much easier task compared to that of the
o E“”/\:IEP o O complexes of tetraphenyl-substituted ligands.

[
L b S
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| - "0 ~

L L
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M ¢ . e, !Me !'{:Iu l.o "Pr g-—:-z e Q
prh\n/-.r' “o—rh-p Y
e Pa e’ Fau e’ \:\r
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Rap  polle n,,__ LMe aR=tBy Joseae 9 - e 7 10 5.7 bubtios g
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MinIPHOS
15 d:A=Ph L s L Cto wmb
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M w 4 o e o g (et
gt Mo pridation | opi mrzatin —M—p] el =
! oh Moy, pho N ph‘\_ &
@ I < inde- air , pf piem tekpertuig S e o LoLr mo- g
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2) Hydrogen-bonded self-assembled molecules (Imamoto et. al. J. Am. Chem. Soc. 2000, 122, 12659.)

O/"\b . o salf-assembily

Scheme 1
r =
Ma.wpo
recrystallization from J
8 9 CHCl-AcOR Ad”
Ad"‘l S\ Me
Me Ad - (Pw
1 ) Me BF,”
R L]
+ 2 (linear)
CHCl,
HBF, ad P e
< =
”"'fivﬁj‘““
from CHCl;~AcOEL
AdffE-:‘Ma
Me BE Ad
3 {eyelic)
Scheme 2
. 20rd O
4 - Me, SO
2.295& ?, y BF; Me {1.1 eq) Me
aMe
<9‘<‘ Ad“"’\___\ @s CH,Cl, 11, 3h
~Ad
P"l 4 °
6 Me
H* _ 2{linear)  71% es
i BF, Bloyclic)  <5% ee
5"-( ad-R
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Figure 2. (a) ORTEP diagram of 2, showing 30% probability CHzCh 1.3h
ellipseids. The solvent molecule (CH2CLy) is omitted for clarity. Selected 5 7
bond lengths (A): P1—01 = 1.558(7), P2—02 = 1.529(6). (b) Packing .
diagram of complex 3 looking down the ¢ axis. The distance between 2 (fnear)  48% ee

two intermolecular oxveen atoms is 2.296(9) A. 3 (cyclic)  <5% ve 14



