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"If our experience in general...has taught
us anything, it is never become too
enamored with your own hypotheses;
always experiment fervently and then
listen carefully."

JOC, 2009, 74, 2915
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- Phosphorous-Stabilized Anions

- Silicon-Directed Nazarov Cyclization
- Nitroalkene and Related Cycloadditions
- Asymmetric Cyclopropanation

- Catalytic Epoxidation with Dioxiranes
- Asymmetric 1,2 Additions

- Organosilicon cross-coupling

- Catalytic Asymmetric Aldol Reactions
- Lewis Base Activation of Lewis Acids
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Carbanion-Accellerated Claisen Rearrangement Phosphorous-Stabilized Anions

0 RZ O Base RZ O
PhO,S PhOZS E* i
Ho/j\ 0.05 eq NaH | R iQ/P\/Ph L RiQ//P\'/Ph
1 RZ N N
3 ~t-Bu 40-90% gl E
45-90% R 3:1->99:1 d.r.
KH, HMPA, 50 °C E* = R-X, trisyIN3, ketone, aldehyde, enone
50-90%
JOC, 1990, 55, 5926
PhO,S i _ 0 ROR JATCeSt"11§:§ ’ 14 18%21119 8179
2 Phozsw ’ y s
87% R1 R2
H 0 . H 0] OH
JACS, 1982, 104, 4972 tBuLi

n 1}
_P
Me o'\T,F’\/ Ph Me ON' . tBu

0 \
t-Bu \I\:)\ tBu N H
tBu l PhyOTY, Lutidine

JOC, 1987, 52, 4031

Asymmetric induction possible with phosphorous auxiliary
96% 68-80%, >99% e.e.

>99:1 d.r.
tBU—<:>=\
Ph

1) PCl3, NMM
OH

/\Me
OH NHBu Z H E O/W
: — > _
Me/\) 2) tBuONa Mei\ON’ \)ﬁ
S t-Bu

/\/OH SPh R
H 0]
54% KDMSO, LiCl B _sph Above | RMgBr |
P 78% 9:1d.r. Me O~/ — > —_—
Mechanism? N Ni(dppp)Cl,
H 0] (0] t-Bu
MeO,C i
€0, \:/\COzM steps e o/,lg\)]\/\/ tBu tBu
Me ~t-Bu |\E/|e JACS, 1992, 114, 10674

JOC, 1987, 52, 5742
JOC, 1991, 56, 5063

S,




Steven McKerrall

Scott E. Denmark

Baran Lab
Group Meeting

Phosphorous-Stabilized Anions (cont.)

0 CO,Me
" KA
[\Ij 'O' THF
O/‘I:\/CO2Me R L2
78-86% e.e.

Chiral HWE reagent
JOC, 1994, 59, 6887

o 1) n-Buli o o
Me . RCOMe Me i DIBAL
0-PNR )@'.P%L RS —» RI N,
Me N Me N R
! 2) KOt-Bu R! R? then, A
t-BU 2 'Bu H
R?|
50-70% 80-95%

24:1to>145:1d.r. 21:1to 160:1 E/Z

JACS, 1993, 7115, 10386

Silicon Directed Nazarov Cyclization

Typical Nazarov Cyclization

~__R2

”-R1 b
:\‘ | | - —R2

In addition to making C-C bond the above
reaction would also set 2 stereocenters

~_,R2

o) OLA a1 2
,_-R% Lewis Acid | ,--R1 Rb
: — |/ —> !
T . ‘ .

e

Y

MgBr

1) J 0 H
--"RL_CHO ™S R FeCl; --"R!
L0 i T —

. 2) MnO2 . N

~_,R2

R T™S R

H
27-95%
high cis selectivity

50-90%

JACS, 1982, 104, 2642
OH

Jl/CHO: | |

CHO
0
— (Z TMS
™
! S

JOC, 1985, 50, 4037 Org Syn., 1985, 64, 182

0
FeCI3, DCM o
TMS 30° to - 20°c
| 59%

Mechanism?
(supported by isotope labeling)

Helv. Chim. Acta, 1988, 71, 195

0
™S O FeCI3, DCM H
m -50° C, 58% -
H H
88% e.e.

88% e.e.

High level of stereocontrol in synthesis of tricyclic systems and
Si atom controls torquoselectivity
JOC, 1990, 55, 5543
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Nitroolefin and Related Cycloadditions

1) HNO3, Ac,0 NI "H  base, Rl NaBH,4
> Z NCy —> ~Z NCy
2) CyNH;0Ac 54-80% CeClg
78-90% R
JOC, 1988, 53, 1251

; _ H
1] +/
Preliminary Studies Me*f\]l'o | M‘I‘?MSOTf R-& O KCN Me. ’(I-)I .\Me
B . ' —> | i —
TBSO~N OMe N’O N'O OMe . H o NC
I o CsF | H : TMSO” R HO™
—> —> ; H
83% 5.5:1d.r. ' JOC, 1987, 52, 877 60% 1:1d.r.
Me MeR Me bbb
B - ' Synthesis of Nitroolefins
JOC, 1984, 49, 798 '
JOC, 1984, 49, 4714 Lo 0.+.0 O.%-0- NO,

O.+.0_ Me O.+.0_ ,Me
NOUN N
SnCI4 'y 'y
H™ N +
1:1 d r. H

Tandem Inter[4+2]/Intra[3+2]

Me . :
O.*r.0_ .\Me '
NO2 Il sncl NN : NO, A\
Me” X — &) 5 co,et 1) SnCla
80% >98:2 d.r. Me ; Me™ | —® Et0
: 2) PhMe, 70°C
: 72% >100:1 d.r.
. 4 bonds and 4 stereocenters
Me - .
0.*+.0 ' M
O~ ., KotAmyl N ; Me"®
D 1 o}
H then HCl H : F
; NO OCH,tBu
Mechanism? 2 Me
CMeT Z>CO,Me —————»
JACS, 1986, 108, 1306 : 1) TiCly(OiPr),
; 2) PhMe, 40°C
: 75% 61 dr. JACS, 1990, 112, 311

Tet. Lett., 1990, 46, 4857
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Nitroolefin Cycloadditions (cont.) Unusual Lewis Acid Dependant Stereoselectivity

Relcy ] :
H,, Raney-Ni N '
— - HO™ + G'OH NO, OG*
then PhMe, A H H : CO.,Me "/
88% 91%  + MeT | 2
99% e.e TiCly(OiPr), gives 1, 73%
-------------------------------------------------------------------- 4 MAPh gives 2, 85%
Stereochemical Considerations _
: Me +.0 >
SnCl, 5 R o : T Y0G*
- * - ' ) ,' : “‘ 2
O~+$O OG : ‘|H ) M ,' +° -
N | - L .0G* f :
MeO,C : = 7NN
Me” X CO,Me —> 2 : R 6] both 1 and 2 can be
e | [4+2] T H converted to the
favors endo ' TiCl,(OiPr), gives MAPh gives cooresponding latams
modest Endo, re face Exo, si face with ~98% e.e.
JOC, 1991, 56, 6738
e e o e e e et eee e eeaaaaan
Diversity of Structures Accessable with Nitroolefin Tandem Cycloadditions
SnCl,
oG*

: Ph H
' \6 1) MAPh N +94% rec. of
' (o] .
5 ™ ..
Me”™ ™ Z “CO,Me —> N I‘I\TJ [3+2] Ph [ 2) %22, 0fto2 ol o auxiliary
T sy MeOLT YN high d.r. : ° 09% o0
favors endo 2 ' JOC, 1995, 60, 3221 0 &.C.

NO, W 0.+.0_.0G*

modest
NO
2 OnBu

MAPHh MeOzC'- H2, Raney- N| />
/\OnBu 75%
84%

A coMe

JOC, 1998, 63, 1604

JACS, 1990, 712, 311
Tet. Lett., 1990, 46, 4857
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Diversity of Structures Accessable with NO,
Nitroolefin Tandem Cycloadditions (cont.)
1] H
;. Me 1) SnCl, 1) Hp, Ra-Ni
- R? R2 Ac<|3 RZ R? L ——» 0 0 —
NO2  RUR® 4ysncl, 1) Hy, RaNi ' PN OAC! 2)PhMe, rt. N7 2) Ac,0 N
' o)
Me” Xy + —>O ) e — ' ; z 87% € OMe 81% Me Ac
. I 2)Pame, a O 2)Ac0  ACHN® : OMe AcO
R Me- '
Me Rt R’ :
' NO,
AcO '
Oz 4 st , o) P MeT s
)\ 0G* SepS ; 1) SnCl, ' 1) Ho, Ra-Ni AcO Me
(\ﬂ/ 40% yield ’ > 0, »
AcHN® B> Al 2) PhMe, A Me™\-O 2) Ac0 AcN
JACS, 1995, 117, 2100 Ph : ¢ 9% OMe o2
AR >99% e.e. i OMe Org. Lett., 2001, 3, 2907
AcO Total Synthesis with Nitroolefin Tandem Cycloadditions

oG~ i \
2 G*O 1) SnCl, N-~o NaBH, S Pyrrolizidine and Indolizidine Natural products
y )\ .\ \U = g H 8 ACHN D made by the Denmark lab with their methodology
e 2)PhH, A\ Ph 2)Ac,0 O N

(11 total made)

Ph 93%  Me | 70% Mer 2o N
AcO” HO®- OH
JOC, 1997, 62, 7086 >99% e 0. | : ,
T H H HOY 4
' OH OH H 5y
: OH OH OH OH
MeO,C OH \ (-)-hastanecine  (-)-rosemarinecine (+)-crotanecine (+)-castanospermine
FH :
| : : OH OH
1) SnCl, ‘ :
—_— '
NOz2 " 2)Phme L ol N Howd N MeuoH
Me” X 82% brsm =~/ )
; HO H OH HO H OH HO ™ OH
(+)-7-epiaustraline (+)-australine (*)-casuarine
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Total Synthesis with Nitroolefin Tandem Cycloadditions (cont.) 1) DisiamyIBH;
L Noe 0-OTES NaBOj,
NO, 0G* : N 1) LDA, AcOtBu H coymu 2 T80
" : ' — >
kl oPr " MeO,C 1) Li(s-Bu)3BH ; | CO,Me 2) TESCI 3) Hy, Ra-Ni
' 98% 6:1 d.r. B 50%
MAPh 2) Hy, Ra-Ni ' COMe ’ r MeO,C COMe ’
75% 95:1 d.r. o 59% '
! TBSO™ steps NH
8 steps 4 steps i 1) Pd(OAc), - o H CO,tBu
14% overall yield - ; -
40% + |2) Hy, PdIC
JOC, 1995, 60, 3574 OH '
(-)-rosemarinecine '
KO
.0__OG*
N\—= 1 \\\\NO o oD
—_ 2 -
Me‘Si'O - Y/ (N (DHQD),-AQN
Me” " g 2) MAPh, 3 O...-0 93%
3) PhH, A y ,S'M scandine
45% 44:1 d.r. e Me *
’ HO H O~N-O~0C Adv. Synth. Catal., 2006, 348, 2397
HO — e
8 steps HO H : : ,
18% overall v / 0...0 MeO,C NO2 2 ogn MeO,Cr:-
H - /S! ' = EE—— Hi,
OH OH Me Me ' MesAl
- - 1) TsCl ' 67%
(+)-castanospermine 2) H,, Ra-Ni lTBSCL 93% ! o
HO 3) HF L An H,, Ra-Ni
x gew. Chem. Int. Ed., 2
9 steps ‘ HO, H 0~N-ON0C ' 2002, 41, 4122 o Y 72%
17% overall HO™ _ TBSO 1~ y
(+)-australine Me Me

JACS, 1999, 121, 3046

azafenestrane
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Catalytic Asymmetric Cyclopropanation

“NHSO,Me

10 mol%

JOC, 1997, 62, 584
JOC, 1997, 62, 3390
ACIEE, 1998, 37,1149

Ph A~ OH Ph > OH

EtZZn, Zn|2
then, Zn(CHsl),

Catalytic Asymmetric Epoxidation

catalyst
] oxone (4 eq.)
R\/\ R2
CH3CN/H,0O
@)

Me” +\—"*"Me
10 mol%
80-90% yield

10 mol %
JOC, 1998, 63, 2810 70-95% yield
JOC, 2002, 67, 3479 60-95% e.e.

Asymmetric 1,2 Additions

R2Li, CeCls
NI,N HN’N
R1J\H OMe R1JR\2H OMe

1 60-85% yield
R" = aryl, alkyl, alkenyl 9.1 t0 >99:1 d.r.

CeClj is crucial for high yield and diastereoselectivity

99% yield

JACS, 1987, 109, 2225

RLi OMe
1eq. Ilgand

70- 99% yield : ,
71-90% ee. R R

Sparteine
JACS, 1994, 116, 8797

Cross-Coupling with Organosilanes

0 R, Pd(dba), ,
s > iR
TBAF (3 eq)

75-94% yield

R2=aryl, vinyl JACS, 1999, 121, 8521

M M Above
e\ . e ’ 1/\/R2

S
R'"7""0H R2=aryl, vinyl
Me

@ TBAF 2
i Me

1RSI -
R Me R1/\/SI"OH

KOSiMes, Arl
Org. Lett., 2000, 2, 565 R? Me F’d(dba)

Org. Lett., 2000, 2, 2491
JACS, 2001, 723, 6439

J\/S' “OH 80- 30-95% yior yield R1J\/Ar
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Cross-Coupling with Organosilanes (cont.)
iPr OH

rings in good yield (55-72%)

JACS, 2002, 124, 2102 Q:D _____________________________________________________________________
. Me

. E tB
Pred o DHPCl ; o Me\s i'V'e 1) ;dggi)ﬁ, 3 N S.f BnO,
H ) 2)TBAF, A ; Q | e g OBn
Me— Pd(dba) Ar i (tBu)oSi TESO
2 ' (0} 3) mCPBA HO
70-88% Org. Lett., 2001, 3, 61 OTES 62% e
I _ l Steps
~ _ Schrock cat. OPiv I Denmark Allylation -
— > ; n
93% ' HO
O‘/Si\/\ : b\ i:/\)\/ SRt OBn
' 3 HO o)
TBAF, APC BnO
0.1M ; .
Synthesis of 9-12 membered 72% yield 5 JACS, 2007, 129, 2774 (+)-papulacandin D

OH — Me HSiMe,Ph, CO
TsN Rh(acac)(CO), 7~ SiMe,Ph
I )_\ TsN
O — —» . MeO,C
: 61%
-\Me ° lsteps
PMBO M Me
JACS, 2002, 124, 15196 S /\)\
______________________________________________________________________ FZ CO,H
SRR ; JACS, 2009, 131, 14189 TeN z
e N Inexpensive Vinylation e y_CO,H
1.0 _Me Si(OMe); .
f,& S{ Z B'O Me ' HO,C
0 0 ¥ $58/mol : . o
,‘Si Slj O ' isodomoic acids G and H
Me= =0 Z BFK A snBu; !
K\ Me Me Me 3 nbuz .

$103/mol vinyl
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Lewis Base Activation of Lewis Acids:
A New Paradigm for Asymmetric Catalysis

Catalytic Asymmetric Aldol Reactions

Humble Beginnings: Uncatalyzed Aldol Reactions

X L X - 1
A~ L_/D Q X A\\NX
XX K X gy Slg  PPCHO BuZsi, 94% Q OH
wSho PG -
Group 13 Lewis Acid Group 14 Lewis Acid then HCI A I\ 95:5 MeO Ph
MeO™ X MeO Ph ) Me
syn/anti
1» 1» LT
)_( L X L. &+ MeQ Me Enoxysilacyclobutanes react through
\Aé?*' oL 5 x-AZ L closed, boat-like transition states
Xo 8 X¥x &1L Y O0—+—Ph
X Lo+ X & ¥ JOC, 1993, 58, 988
ﬂ ﬂ | N JACS, 1994, 116, 7026
+ X 2N
. _ U ~ _D . .
A D\‘L cationic lewis acid | v/ 'L Trichlorosilyl Enolates
X L L
OSiC|3 O| cond. 0] OH
+

-Lewis base binding to lewis acids results in a net
increase in the positive charge on the lewis acid center
-The results is that a lewis acid with a base bound is a
stronger lewis acid — lewis base catalysis

MeO tBu

Common examples:

MeOJ\/ktBu

CDCl,, -80 °C - 50% conv in 120 min
CD,Cl,, 10 mol% HMPA, -80 °C - 100% conv in <3 min

Me

DMAP OSO4 Ph,l. N‘ 0

O (0] O .0 ): N
J JU+ Os Ozd-lsf'o osicl, Vie O OH

DA i
R">Cl R r\@\ SHRNS RN ° 10 mol% :
Z R > Ph

NMe, PhCHO

St Lewis Acid more electrophilic 95% vield

ronger Lewis Aci oxidant o yie

JACS, 1996, 118, 7404
JACS, 1997, 119, 2333

X
—
x
-

Angew. Chem. Int. Ed., 2008, 47, 1560

65:1 anti/syn
93% e.e.

10
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Catalytic Asymmetric Aldol Reactions (cont.) First Asymmetric Crossed Aldol Reactions

JACS, 2007, 129, 14864
Nat. Chem., 2010, 2, 937

Unusual Mechanistic Duality OH ?
. ' B T R2 .
OSiCl O OH O OH ' Cl ¢l =
3 10 mol% cat. : ' OSiCl (2:at 6 g a) THF, R
> Ph + Ph : R2CHO oS TEA, H,0
PhCHO ' — > —_— >
E R R2 J\-/kcn or b) MeOH OH OMe
anti syn R’
Ph, ' _ — - R2" Y “OMe
L e ¢
4 SN 95% yield, 60:1 anti/syn, 92% e.e. : 80-99% yield
PH O ° ° ! NMe 18:1 0 99: d.r.
; O=P—-(CH)s 80-90% e.r.
' NMe
0 6 ACIEE, 2001, 40, 4759
5 ): ,N 94% yield, 1:97 anti/syn, 51% e.e. ' L 42 PNAS, 2004, 101, 5439
P O E Direct Catalysis with SiCl,
..................................................................... : o
: oTES g oFle/é:o OH
Stereochemical and Mechanistic Considerations ' H\ 4 :
' z — >
HJ% *l_o : Me 96:4 t0 99:1 d.r. Me
Rl Yo7\ H ; 84:1610>99:1er. | 1cs 2002, 124, 13405
\ O L _{ \ +IE :
i RO sicC ; 5 mol% 6 on o
oot : OTBS SiCly, PhcHO & >99:1 y:a
: Me\MOEt ——> X “oEt 9941 dur.
boat-like TS chair-like S ' 89% Me 991 err.
L=Cl, 5 L=4 v JACS, 2003, 125, 7802
' 5 mol% 6 OH
Ligand 5 and uncatalyzed proceed through a boat- ' 1 . SiCl,, ArCHO =
like TS with a pentacoordinate Si while 4 proceeds R\/ TBS 4—> /yCN 82 ‘61' :g zgg ] g ;
through a chair-like TS and octahedral Si 2 78-93% R R?

JACS, 1998, 7120, 12990

11
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Asymmetric Lewis Base Catalysis

2 1.0eq.9 2
10 mol% 7 R 10mol% 10 4= O
R3CHO OH 1N .
Hi-N, O R! SiCl, R WOH 36-04% yield ~ R°=
Pl W — = 3J\(\ 3 -94% yie .
. CH R X R : 4d.r. PhS
H~N '\N/Ie (CHas 001% R 70:30 to 96:4 d.r
7 JACS, 2001, 123, 9488  80-96% e.e. 10 mol% 10 sPh
MsOH, MeOH ,
--------------------------------------------------------------------- R1/\/R > R1/YR
tBuNC, SiCl, oH 58-93% yield
0 cat. 6 : 82:1810 92:8 d.r. OMe
J\ R/\n’NHtBu for unsymmetrical olefins:
ROSH  72-93% yield JACS, 2011, 133, 15308 y ;

4:1 to 10:1 ratio of regioisomers
70:30 to 99:1 e.r. o JACS, 2003, 125, 7827 9

SiCly
OO NMe cat 8 C;:I
NM 87-95% “oresn R
e o =
OO up to 87% e.e. OH

JOC, 1998, 63, 2428

0
Se:?‘NQ N-SPh
SO
g O

@
A
B i el e L I e R A R e i I T I R

OTf OCHO
Activation of Lewis Acidic Reagents nPr HCO2Na nPr
0 nPr Y BnO OB nPr Y
- n n -
cond. Ph.._o X _\=/_ X
Ph/\/\COZH + N-SePh ———> O x=Cl, Br 100% enantiospecificity
3h, rt. PhSe for Cl and Br
no catalyst: 8% 0 JACS, 2010, 132, 1232
7Y Org. Lett., 2007, 9, 3801 Org. Lett., 2011, 14, 256
cat. HMPA(Se) : 95% . 5 ’ T 1.2 eq. NBS
JACS, 2010, 132, 15752
5mol% (S)}-TRIP o'
+Ar  racemization +Ar RTNA"N"0H > R
Se _, ——» Se , 5 mol% Ph3P=8 /\O
R1’<1/R or =2 R1’<1/R O
high e.e. R ow e.c. (S)-TRIP = chiral phosphoric acid up to 97:3 er.

12
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Miscellaneous Chemistry

MeOH, r.t. R

JOC, 2007, 72, 9630

.................................................................... « FIGURE 1. Rapid Injection NMR apparatus. (A) Optical sensors
forinjector travel stops. (B) Pneumatic valve system to actuate injec-
tor piston. (C) Ivek metering pump. (D) Reservoir flask and inert

)

)

- - - )
Rapld Injectlon NMR ! atmosphere valves. (E) Electronics module. (F) Metering pump

)

!

controller. (G) Injector tip. (H) Injector rinse adapter.

100@40-4-4 Injecting 200@500-1-1

Ph., _P
Ph ~ Ble hV B H y
Ph/ \l — Ph\&
Ph H” ~Ph
JACS, 1991, 113, 6675 Mechanism?
Q . trace 9 (+ptartaricacid —\J % ELCUNE 3. Aighaic g of e maion o § 730 e
—> ca. 30 min. In this example, the reaction #; 5 is ca. 3 min.
N N N N
7d H H H H
Org. Syn., 2006, 83, 121 (S,S) also accessable
'''''''''''''''''''''''''''''''''''''''''''''' ' < 2s between injection and first scan
5 mol% Co,(CO)g '
o 1 atm CO OH ; JOC, 2010, 75, 5558
ot S . B '
R/\I A_-COMe :

Notable Contributions Not Covered

- Transition state geometry of allyl metal and aldol reactions
' - Structural studies on phosphorous stabilized anions

' - Structure of lewis acid - aldehyde complexes

- Stereochemistry of dioxolane openings

' - Asymmetric phase-transfer catalysis
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