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3.1 NUCLEOPHILIC SUBSTITUTION OF

CHIRAL ACETAL

9 HQ H
- >
R)tH R%KR'(NU)
92
TiCly . l
\.ﬂ -
R><H Lewis acid O/H_\ OH
- -
\ HR' (Nu) R)K R'(Nu)
Nu
93 Sp2 M

Scheme 2-38




3.1 NUCLEOPHILIC SUBSTITUTION OF

CHIRAL ACETAL

Mostly used chiral diols

HQ, OH HO OH HOHQH
>_\ A Me;NOC  CONMe,
HO OH HQ OH HO OH
Me“"v PhHO M"
WSiM% R——SiMe;, NC-SiMey/TiCl,
R,CuLi/BF; MeMgCIITiCl, ;\R ITICly

OSiMe,




3.1 NUCLEOPHILIC SUBSTITUTION OF

CHIRAL ACETAL

R'\f%\\.fi Me  BugAlH e
e\ Me

] h R"I‘.‘/ O OH
Et,0,-78°C %,
Nu 64-95% R'/%.D
R R de (%)
c-CsH1q Me 92
Ph Me 06
H-Csng Me 77

Scheme 2-39




3.1 NUCLEOPHILIC SUBSTITUTION OF

CHIRAL ACETAL
Application
N W
OEt OEt PTsOH 4 /j\ |
95% .9 Me
______________________ 95%
: N | 0. _CH,OR
Keystep | _OH_ Me H @ O Me H CN
70 - 90% 80 - 90%
ificati LiAIH
1. Purrﬁutlnn]_ HOXCHZOR 4 ROMNHz
2. H'/dioxane H CN OH
D
25% 95 95%

Scheme 2—-40. A route to amino alcohol.




3.1 NUCLEOPHILIC SUBSTITUTION OF

CHIRAL ACETAL

Herada, kinetic resolution

SR oI ULy oy

Ph / Ph :QSiMazPh
(4R)-97 (485)97 98 (43) 97
Scheme 2-41




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

The first catalytic example by Oguni:

Me  NH,

: OH
| /J\/\/OH g
Me :
0 (2 mol%) Et
v ly modest ee!!
ZnEt; (1 equiv) only modest ee!!
toluene, 20 °C, 43 h 96% yield; 49% ee

171984 25, 2823.

SO,CF

v P “ o
X XL o or

NH 0~ OH O‘

SO,CF, F,thh
103 104 105
OH
rJ OH
NHSOZQR H
SO,NHR
106a: R = CH,

106b: R = OCH; 107 ;




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

R'Y R"

_RH 1 1}

R;M ——» RMX" = © -—R%R
HX R™ “OMX*

108 109

Figure 2-5. Enantioselective alkylation catalyzed by protonic auxiliary HX*. M =
Metallic species; X* = chiral heteroatom ligand.

To get high enantioselectivity:
1) Control the competative pathway
2) Release the chiral auxiliary for the next catalytic cycle




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Noyori, 1986
" Ph Me N(CHs), ™
\H’
I-|!|0 NEII.IE \@(JH
110 (1S, 2R)-DBNE 111 (-)-DAIB

\ V,N-di-n-butylnorephedrine 3-exo-(dimethylamino)isoborneol /

CHO
O/ + EtZn (>DAIB ©>/

yield 97%, ee 98%

(n-C4Hg)eSn. . _H ()FDAB ("-C4H9)33"\/\/\/\/
\/\W (ﬂ-CaHH)zZ" OH

112 113S/R=93:7

Scheme 2—-43




2.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Mechanism
Me O Me
Me I\I/Ie )t Me I\Ifle
ZnMe, N\/Me Ph H N\/Me
- ——
(-)-DAIB Om==Zn—Me ) O==Zn—Me
Me Me /
Zn . oM
07 Me o
)\ ‘\ ZnMe;
Ph Me
i
Me Me
Me Me Me Me
Ome—7n—Me B Om—7Z7n—Me
Me \ / Me
ZI"I"_"O ‘\\\H Zn ------ O H
IVIe/ Mea. Me e
Ph Ph

> BCAAR R E AT IR M SN R N T R4 S )
> THEOR. B

Noyori, R.; Kitamura, M. ACIE 1991, 30, 49.
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

g oH Ph\ OH
N Ph
CH, O R
(9114 113
R Ph 4-C1-Ph | 2-MeO-Ph | 4-MeQ-Ph | 4-Me-Ph | (E)}PhCH=CH
ee (%) 98% 100% 94%; 100% 99% 80%
config. S § § S S S

Scheme 2—-44
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

chemoselectivity 1 o, O
HPh (nBu,N  OH (mBu},N ©OH
N Ph HYY — fo H',?_é:H
éHs OH HsC Ph HsC Ph
(SH(+)>119 (1S, 2R)-(-)-120 (LR, 25)<+)-120

Entry R>Zn Substrate Catalyst ee (%)
1 BtZn | m/@cm (5119 93
o)
) BuZn | @cno (15,2R)-120 91
o]
3 | (-BukZn | \”/QCHO (5)-119 92
o]
4 Et,Zn o (1S.2R)-120 87
Phk/\CHO
5 Et,Zn 0 (1R,25)-120 85
Ph)k‘/\CHO
6 Et,Zn o) (18,2R)-120 81
PhCHz)J\/\CHO
7 Et,Zn ¢, CHO (5)-119 88
Ph@
o]
cl

12

Scheme 2—46. Chemo- and enatioselective alkvlation of ketoaldehydes.




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

/o H H_
5 Ph Z_Ph
3
1 *:;th N Ph
OH
\_(1R, 3R, 5R)-121 (5122 )
OH

Catalyst | Cat. mol% Temp. (°C) ee (%)
121 10 -20 100 (R)
121 5 20 99 (R)
122 5 20 24 (5)
121 1 20 45 (R)
121 10 40 or 50 93 {R)

Scheme 2-47. Application of a new bicyclic catalyst.
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Schlagl

Me H CHa

HO Me~y H v,
Ph R N(CHS)Q
Ph
et @5
Fe
o <&
(+)-123 124
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Noyori & Butsugan, XX H .04 k REN & B AL

Atack the Si-face of the
aldehyde

Figure 2—6. Transition state of the reaction.
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Seebach

OH

i 127 T

- -
R™“H [Ti(OPA)J(12eq) R~ R
ZnR'5(1.2 eq.) 90-98% ecc

Ar r Ar \

I_f\r
RXOiOH R Xoji;m THOPY
K O OH R O o~ ?
Ij\rA H

-~

r Ar Ar
TADDOL 127
104: R = Me, Ar=Ph,
\126: R = Me, Ar =2-naphthyl -/

Scheme 2-49. TADDOL and its analogs as titanium ligands in enantioselective addition
of diethylzinc reagents to benzaldehyde.

16




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Seebach

R
/J-} -:-"-"L“H Arg

Ar, %:‘ 'II'I'\OA Ti

Arg Ale Ar,

Atack the Si-face of the
aldehyde
0
Ro —» )L - S
”
R H

Figure 2—7. The role of [Ti(OPr')4] in dialkylzinc addition reactions. The dioxolane in

the rear 1s deleted for claritv.
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Walsh

H OH

O 1
. 125 E
@')kH + Et;Zn + T|(0Pr')4 mﬁ-— OA

(1.2eq.) {(1.2eq.)
90% yicld, 92% cc

\H <pn
0,8
CHs

\_ 125

Scheme 2—-48
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Chan & Nakal

(R)- or (5)-132 (X = O-i-Pr or CN)
i TIOPF)J(S)}BINOL ¢ j’\"'

H T EbIn T catalyst (S)132 ” Ph Rt

Ph

19




3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Chan & Nakal

TABLE 2-14. Asymmetric Alkylation of Aromatic and Aliphatic Aldehydes

Entry Aldehyde BINOL  Condition Yield (%) ee (o)
l PhCHO 0.2 0°C, 20 min 100 (conversion)  91.9 (S)
2 2-Naph-CHO 0.2 0°C, 20 min 100 (conversion)  93.6 (S)
3 m-MeOPhCHO 0.2 0°C, 20 min 100 (conversion) 94 (§)
4 m-CIPhCHO 0.2 0°C, 20 min  98.7 (conversion) 88.2 (S)
5 n-CgH7CHO 0.2 —BUDC: 40h 94 86 ()
6 n-CgH13CHO 0.2 —30°C, 40 h 75 85 ()
7 Ph/\\\/( HO 0.2 0°C, 1 h 97 82 (S)
8 TMS CHO 0.2 °C, 1 h =98 56 (S)
9 TBS CHO 0.2 }‘3( I h =98 79 (S)

ee — Enantiomeric excess.
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Nakal

132 (A) Et,Zn
133 (F)

Ti(OPr'),

OH OTi(O--Pr)y

-—

R Et R Et

2Ti(OPr),

Scheme 2-51 21
GGG



3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

Ti(OPr'),, (R)-BINOL HO, Et
L -

PhCHO + Et
A THF, 0°C, 5 h Ph>\H
81% ee (R)
Ti(OPr)4, (S)}Ha-BINOL
PHCHO + Et,Al i(OPr)4, { )— 8 L Et, OH
THF, 0°C, 5 h PR H
96% ec ()

Scheme 2-52
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3.2 CHIRAL CATALYST-INDUCED ALDEHYDE ALKYLATION:

ASYMMETRIC NUCLEOPHILIC ADDITION

TABLE 2-15. Newly Developed Ligands for Alkylation Reactions

Chiral Auxiliary

Chiral Auxiliary Chiral Auxiliary

Chiral Auxiliary

{D\.ﬁ _3\.“--*{:}'
CH, CH,
-CH-CHz) -
CHs
HaC— I;J}_EZH
CH,

0 Ph, CH,

p:N i
(L, = )
Ph
OH

}’;}

P Yon -
(LR '.
“NRR" P NRR'
R =R"=Me HO. | e
R'=80:sCF; R"=H
o, X
R=H,R'=Me
R=R'=Me
HikN  OH
(m-CgHirk R =R'=n-Bu

LA
Ph Ph
Ho NH HN  oH
EH! 3
X
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3.3 Addition of sp C-Nucleophiles to C=0

o OH
J'\ chiral ligand /LQ'” 3
R1” R? R3-M TR RQR
prOChile(I ?Idehyde R3 = sp hybridized carbon chiral 2° or 3°
or ketone M = Zn, Al, Mg, Li alcohol

1. Alkynylmetal reagents generally start with terminal alkynes which undergo
metalation (pKa ~ 25) with strong bases such as n-BuLi, EtMgBr, LHMDS, etc.

2. The acidity of the C(sp)-H bond in terminal alkynes can be significantly
increased in the presence of Cu(l) or Ag()

3. Alkynylzinc reagents react only slowly with aldehydes and ketones in the

absence of a Lewis base.

Reviews: (a) Tetrahedron 2003, 59, 9873. (b) Chem. Rev. 2008, 108, 2853. (c)
Adv. Synth. Catal. 2009, 5351, 963.
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3.3 Addition of sp C-Nucleophiles to C=0

Ph Ph
HN. O
_ Np .
Q i OH
L "
H 25 mol%
(25 mol%) N B /
Ph BMe; Ph (B.
. Me* 7
(1.3 equiv) 72% yield, 97% ee Me
toluene, -78°C transition state model
Corey JACS 94, 116, 3151
1 (1.3 equiv) OH Me
Ph——————~-H
CHO (1.3 equiv) . AN NMe;
O/ Zn(OTf), (1 equiv) Ph OH
Eth (1 2 equiv) 99% yield, 96% ee 1
0,
toluene, 23°C, 1h Carreira, E. M. Acc.hemRes 00, 33, 373 _
Aromatic aldehydes are
2 (22 mol% difficult substrates sice
Ph——=—=—
S
c oo 13eq equw) ttley. undergc th;
Y Fpp——— ) Canizzaro reaction under
n > equiv _ . o
E ‘ . . X
t EtN (0.5 equiv) base reaction conditions!

95% vield, 939
toluene, 25°C, 2 h %o yield, 93% ee

Jiang, B. CC 02, 1524 & 2098 (Zn(ODf),)
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3.4 Addition of sp and sp2 C-Nucleophiles to C=N

NR3 NR®
Jj\ chiral ligand /[\ )
1 2 = 17" \"R
R R R4-M R R2
prochiral .alc.limine R4 = sp or sz carbon chiral 2° or 3°
or ketimine M = Zn, Cu, Li amine

Reviews for imine alkynylation, alkenylation, arylation:

1. (a) Eur. J. Org. Chem. 2004, 4095:(b) Chem. Commun. 2006.4263;

(¢) Curr. Org. Chem. 2009, 13,1498

2. (a) Top. Curr. Chem.2007, 279, 77:(b) Acc. Chem. Res. 2007, 40, 1394.
3. (a) Chem. Rew. 2008, 108, 2903; (b) Chem. Soc. Rew. 2009, 38, 2190.

26




3.4 Addition of sp and sp2 C-Nucleophiles to C=N

Ph - ligand (10 mol%)

~ ~
/’I“l\ Cu(OTH) (10 mol%) HI I N \
H H—=—Ph > Ph)\ §,N N
Ph Ph ligand

Li, C.-J. JACS 02, 638.

toluene, 22 °C, 4 d
73%, 94% ee

PMPHN
cat. 10 mol%

N/
I v o® e ||
M Ph AgOAc, 5 mol%
602C
toluene, 10-12 h, 30 °C
CPA o_ o = Ar Ag——
poone mme | (N | — "%
- AcOH o g CPA

COzMe

Ar

Rueping, M., ACIE 07, 6903.
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3.5 CATALYTIC ASYMMETRIC ADDITIONS OF DIALKYLZINC TO KETONES:

ENANTIOSELECTIVE FORMATION OF TERTIARY ALCOHOLS

More challenging substrates: ketones
Fu, G. C.

Q 15 mol% 135, toluene HO Ph
M+ znPh,

¥
1.5 eq. MeOH R1"7* ™ R2

60-91% ee

1
R 3.5eq.

R; = aryl, s-alkyl
R? = n-alkyl
/MazN \

ya

Me

\_ 135
Scheme 2-53
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3.5 CATALYTIC ASYMMETRIC ADDITIONS OF DIALKYLZINC TO

KETONES: ENANTIOSELECTIVE FORMATION OF TERTIARY ALCOHOLS

Fu, G. C.
TABLE 2-16. Enantioselective Alkylation of Ketones
Yield Yield
Lntry Substrate ee (o) (Y0) Entry Substrate ee (Vo) (V)

0

72 90 83

“ (++)-(R)- 58 5 (—)-

Br

0
) 0
80 53 6 >—4< 60 63
Br .

Q)OK/

(+)-

91 91 7 75 76
(=)- (+)-

0
4 86 79
(—)-(R)-
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3.5 CATALYTIC ASYMMETRIC ADDITIONS OF DIALKYLZINC TO KETONES:

ENANTIOSELECTIVE FORMATION OF TERTIARY ALCOHOLS

Ramodn
OH
023| H
o
O
136
0 20 mol% 1386, Z"R'zh_ HO R
Ph R toluense, Ti(OPr’)4 Ph R’

5 up to 89% ee
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3.5 CATALYTIC ASYMMETRIC ADDITIONS OF DIALKYLZINC TO KETONES:

ENANTIOSELECTIVE FORMATION OF TERTIARY ALCOHOLS

Nakamura
ZnBr 0 o 1. O
%\D R1)\ OH
O%TO | s/m\ N~y R? R1 e
g/N\,NJ_ > R R A TR,
% 2. H ( R
R R |
137
Scheme 2-55

31




3.6 ASYMMETRIC CYANOHYDRINATION

A I
R’ R2 chiral IlgaTnd - 1/&“"CN
HCN/R3Si-CN RTY %o

prochiral aldehyde
or ketone R =Me, alkyl chiral 2° or 3°
alcohol

1. Cyanohydrin formation is readily reversible under basic conditions, it is
essential to conduct enantioselective addition of HCN under irreversible
conditions.

2. An mmpressive number of approaches have been described using a wide
range of chiral catalysts including metal-containing and metal-free catalytic
molecules.

North, M.; Usanov, D. L.; Young, C. Chem. Fev. 2008, 108,
5146.
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3.6 ASYMMETRIC CYANOHYDRINATION

Oguni
4 I
N, O
FPro. 77N _
ﬁo}Ti(OPH)Z
\_ 138
0 OH
H 138 CN
TMSCN, -80 °C
CH50 CH,0
91% ee

Scheme 2-56
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3.6 ASYMMETRIC CYANOHYDRINATION

Bolm
4 OCHj; O OCH; 1. O-mesitylenesulfonyl NH OH)
' hydroxylamine (MSH
CH5S Kagan's . CHS ydroxy ( ):--Hac‘“ns
Asym. Ox. O 2. BBry 0
N (R)139 /
)OL 1. (R)-139, Ti(OPr), H>$0H
. 4 :
R H + Me,SIiCN > HF R+ CN
up to 91% ee

Scheme 2—-57
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3.6 ASYMMETRIC CYANOHYDRINATION

Bolm
q\\ ‘CH3 O*x CH3
N RCHO
NH + TI(OF’IJ)4 — ‘\O-I-PI' — -
OH
O-r-Pr
140
0O R 0]
CHag N O0=X,  MeySiCN CHavg N 0O .,ﬁ,
i | - Ti
@0"“\00 or HCN @—0" ~o_CN
141 142
Figure 2-8. Proposed reaction mechanism for Ti(OPr')4-mediated asymmetric silylcya-
nation.
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3.6 ASYMMETRIC CYANOHYDRINATION

Utilizing o
Organocatalysts OH H
CHO . H < I NH
catalyst 1 (2 mol%) _ CN \N HN Ph
HCN (1 equiv)
benzene, 35°C, 30 min catalyst 1 O
40% vyield, 90% ee JCS CC 81, 229
X @)
o OTMS
catalyst 2 (10 mol%) EtO CN
EtO >
TMSCN (1 equiv) OFt
_ 0]
OEt DCM, -247C, 4 h 98% yield, 90% ee X O X =[(DHQ),-AQN]
catalyst2 JACS 03, 9900

(@]
catalyst 3 (5mol%)

Me -
TMSCN (1 equiv)
CF3COOH, DCM, -78 °C 98% yield, 97% ee catalyst 3
JACS 05 8964
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3.6 ASYMMETRIC CYANOHYDRINATION

Nakal

OH

+ TMSCN —» :
t—Bu)J\H tBu” “CN

OTMS
A

(R)-BINOL-Ti(CN),

CN )J\

| ! CN

O 11
QO

TMSCN O, %CN
SO

Scheme 2-58.

R
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3.6 ASYMMETRIC CYANOHYDRINATION

Utilizing metal-

ligand 1 (10 mol%)
Me Ti(O"Pr), (10 mol%
CHO

X

S

\ S

Cl

) MB/IEFMS
- H
TMSCN (1 equiv)
DCM, -40°C, 48 h

97% vyield, 97% ee

ligand 2 (10 mol%)
o PaP=0 (40 mol%) oTMS
4 AMS
- CN
TMSCN (1 equiv)
toluene, -20°C, 8 h Cl
OL 02, 15
CN
catalyst 3 (30 mol%) S
> \ // | ““Me
TMSCN (1 equiv)

OTMS
Q
i-PrOH, THF, -45 °C, 66 h 98% vyield, 97%

—_—

N

X | OH
S COH
CN
N
CEJ 08, 2223

| ~ Et,N
o

~
SA—c
=

O O

N

Activation of Organosilicons by Nucleophlllc Catalysts

NH,
©/\ CO;Na \ %
R. é.i R Cat

JACS 05, 12224

Cat = RCOOQ", ArO", HMPA, DMF, R3N-O
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3.7 ASYMMETRIC CYANOHYDRINATION

_ NR3 3pd hydrolysis .
J\ chiral ligand or catalyst RR & deprotection Nz
R R2 » 1*"’CN 1-"\""COOH
R4-CN R R R
prochiral aldimine R*=H or TMS chiral 2° or 3° chiral
or ketimine o-amino-nitrile a-amino acid

~ The efficiency of cat. varies with substrates and steric properties of substituent

on the imine N.

» Asymmetric Strecker rxn can be carried out as a three-component process.

» Two types of cats: chiral metal complexes or proton-donating chiral oganic molecules

=z o A
cat. (5 mol%) )l\

NI HCN (1.2 equiv) FsC

H toluene > (:S) CN /Al‘l\
-70°C, 15 h tBu 0c¢ O tBu
Me then TFAA Me

99%. 94% ee fBu

Jacobsen

iz
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3.7 ASYMMETRIC CYANOHYDRINATION

HO
ligand A (5 mol%)

ligand B (2.5 mol%)
Zr(Ot-Bu)4 (10 mol%) HN
»>
HCN (1.1 equiv) Me
(R) CN

Me DCM, -45°C, 12 h

Preparation of Chiral Zirconium Catalyst 95%, 94% ee
Zr(O'Bu) + + oL
2 equiv OO Q >
L = N-Methylimidazole
ligand A 2 equiv ligand B 1 equiv

A key catalyst in
the three-component
reactions

Kabayashi, S. JACS 00, 762.
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3.7 ASYMMETRIC CYANOHYDRINATION

0 ligand (1 mol%) o F A
L"Ph Gd(O'Pr); (0.5 mol%) J:'/Ph
NI/ \Ph 3 \Y. 0’. \e HN” \Ph o F
o TMSCN (5 mol.%) Phy(O=)P
HCN (1.5 equiv) O
EtCN, -40°C, 1.3 h OH OH
95%, 93% ee \ %

Shabasaki, M. 77 04, 3147.

0 ( A
O ligand (10 mol%) cg, F)eh
Et,AICN (5 mol%) Z N(i-Pr “0
| X N(i-Pr), > | (P2 OH
P TMSCN (2 equiv) o™ Sy on
N FmocCl (1.4 equiv) L. &
DCM, -60 °C, 5 h Be
98%, 96% ee S\ph
L S/

» new Lewis acid-Lewis base asymmetric bifunctional catalysts. Such bifunctional
catalysts contain additional chiralities on the sulfur atoms, which might enhance the
enantioselectivity if it is matched with the axial chirality of the BINOL core

Shibasaki, M. JACS 04, 11808.
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3.7 ASYMMETRIC CYANOHYDRINATION

NCHzPh NHCH,Ph [ )

cat. (10 mol%) <\N’>_
- CN Phums- J‘-\\N Ph

HCN (2 equiv) N
R toluene, -40°C R cat.
R =4-TBSOCgH, 98%, 88% ee S .
Mechanism
NHCH,Ph (\N/>__
/QH Ph J"\"" o
Ph”” NCN N N

3 N H—C=N
Corey, E. J. OL 99, 157, \\\(\

Lo ) o
PhH,C._: o H A
l"L ICII PhHC |C:|
oh |L N

pre-TS assembly (4) 2 Ph 1-HCN complex
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3.7 ASYMMETRIC CYANOHYDRINATION

NTs zNHTs
cat. (2 mol%) 3

Me  1-adamantanol (1 equiv)
>

| (.S) CN

TMSCN (1.5 equiv)
toluene, 0 °C, 72 h

86%, 95% ee

Feng, X. CEJ 08, 4484.
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3.8 ASYMMETRIC a- HYDROXYPHOSPHONYLATION

R~ “P—OR?

146

44




3.8 ASYMMETRIC a- HYDROXYPHOSPHONYLATION

H OH

_OMe 1. base A\ p-OMe
P<OMe — - F-OMe
o 2. oxidant o)

ecup to 93%
X
N
S0/
o]

(H)-147a X =H
(+)-147b X =Cl

Scheme 2-60
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3.8 ASYMMETRIC a- HYDROXYPHOSPHONYLATION

Shibasaki
0 (R)-LLB 10 mol% /?\H
RCHO + HP({OMe -
(OMe), THF, 78 °C R E(C)Me)z

Scheme 2-61

(R)-LLB: LaCl;7H,0 (1 eq), (®-BINOL-Li (2.7 eq), NaOBu (0.3)

*

AN

Li;--Q O~~~ Li-P(OMe),
bln..Lé:-o
QP ‘O ~,,_ . less favored
Li %\"'H £ route (B)
R
favored
route (A)

Figure 2-9. Proposed mechanism for the asymmetric hydroxyphosphonylation cata-
lyzed by LLB.
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3.8 ASYMMETRIC a- HYDROXYPHOSPHONYLATION

/Qfom
OH
(S, $)-148
O
0 Et,0, -10 °C MeO-p
MeO. Tl . _CHO 2 - >P__~_Ph
meo-TH T PR o0 moi% Tiorr),  MeO \g\/
20mol% (S,S)-148
(8:5) 60-70% ee

Scheme 2-62
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3.8 ASYMMETRIC a- HYDROXYPHOSPHONYLATION

Ph .3
T n-BuLi, HP(=0)(OEt),
N\/\ > H'%l X\OME
- A
O
149 150

Scheme 2-63

L|

toN A / "P(OEY),

H
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