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It has long been recognized that, in a molecule containing a system of
conjugated double linkages, the influence of a functional group may some-
times be propagated along the chain and make itself apparent at a remote
point in the molecule. For example, the methyl group in ethyl erotonate
behaves in some respects as it does when it is attached directly to the ester
group as in cthyl acetate.
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Fuson, R. C. Chem. Rev. 1935, 16, 1-27
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The Principle of Vinylogy

“It has long been recognized that, in a molecule containing a system of
conjugated double linkages, the influence of a functional group may sometimes
be propagated along the chain and make itself apparent at a remote point in
the molecule...”

... the generalization takes the following form: When in a compound of type A—
E=E, or A-E,=E,, a structural unit of type ((CH=CH),— is interposed between A
and E, the function of E, remains qualitatively unchanged, but that of E, may
be usurped by the carbon atom attached to A. The resulting compound will
have the form of A-(CH=CH) -E,=E, ... and in a any given series of this type
the members will differ from each other by one or more vinylene residues. It is
proposed to term such a group of compounds a vinylogous series. The
members of a vinylogous series will then be vinylogs of one another.”
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Vinylogous Series
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Claisen, R.L. Chem Ber. 1926, 59, 144; Angeli, A. Atti Acad. Lincei 1926, 3, 371
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...anomalies cease to be anomalous...




Vinylogous Series in the Michael and Aldol Domains:

-Donor Swap

N CHj; N N
Koenigs, W. Chem. Ber. 1901, 34, 4326

CN CN CN
.CN
HC ™ e SN eSS O O
CHj; A
Angeli’s rule: “In ortho- and para-disubstituted benzene O

derivatives (A-C¢H,-B), the substituents (A and B) react
as though the benzene ring were not present (as A-B).”

Angeli, A. Sammlung Prof. Ahrens, Stuttgart 1926, 28, 1
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Vinylogy: a Domain as Wide as the Organic Synthesis

The Evolution of the Aldol-Mannich Chemistry:
t Complex
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function —> Normal e Vinylogous —> Hypervinylogous
«alkylation *halogenation
m eamination Claisen condensation
['aldol additionjcondensation *Reformanski addition
*Mannich addition |

Aldol/Mannich
OM reaction two stereocenters
normal X
(many examples) R'\)\H " Rz\/\R ARIMR no double bonds

vinylogous

. X OM
VAR/VMHR
| 2
(several examples) R'\)\H + R \/\/\R
A

hypervinylogous
(few examples)

(1,3-relationship)

A D
W two stereocenters

one double bond
VD (1,5-relationship)

oM
X oM
R'\/Ik + R A~ HVAR/HVMnR R1 two stereocenters
H n several double bonds
A HVD

(1,7, 1,9,...relationship)
Critical Issues:
*enolate production and geometry

ereactivity and chemoselectivity
eregio- and stereocontrol
« double-bond(s) positioning and geometry




Michael Reaction 1
Q oM o R O two st ters
normal | 2 McR I o 0 stereocen
(many examples) HJ\/\W + R\/\R H SR no double bonds
"R2 (1,5-dicarbonyl)
VA D
; o oM o R! o
vinylogous | 2 VMcR ] , I two stereocenters
(several examples) HJ\/\R1 + R\/\/\R —_— RN NR one double bond
VA vD " R2 (1,7-dicarbonyl)
R1
hypervinylogous ? Z\)O\M HVMcR ? . ? two stereocenters
(few examples) HWW + RA R — > 4 x N R several double bonds
n n'R2 (1,7, 1,9,...dicarbonyl)
HVA D

hyper-hyper ? OM  LHVMGR ? , ? two stereocenters
vinylogous H)WW ¥ RZ\/\W\R — NN PN | many double bonds
(no examples) n m
HVA HVD

" R2 m 7 (1,7+2m+2n dicarbonyl)

Critical Issues:

eenolate production and geometry
ereactivity and chemoselectivity

eregio- and stereocontrol

« double-bond(s) positioning and geometry

Full mastery of these issues
gives the measure of the
evolution of vinylogy in the
aldol/Mannich/Michael domains

stoichiometric HOMO-raising activation

pro-nucleophile

nucleophile
base, R;SiX

« From y-enolizable a,B-unsaturated carbonyls (and higher homologues)

o ' OSiR
| base, R;SiX 3
(\)\R —— MR +  B-HIX

H
R=H, alk, OH, OR', NR,

OMe OMe Me
& /\0‘)\ /\“/\ )
YMOU 12 F  0siMes 1 2 0SsiMes
14’/ v \:/ v 1;" Lil \:/ v IL/ v \:/ v
0.C. 0.289 0.042 0.311 0.130 0.C. 0.302 0.090 0.230 0.219 0.C. 0.280 0.083 0.243 0.235
E.S. 0.572 0.084 0.614 0.257 E.S. 0.502 0.177 0.451 0.429 E.S. 0.550 0.165 0.478 0.461

0.C.: HOMO orbital coefficients; E.S.: electrophilic susceptibility

Denmark, S.E. et al. ACIE. 2005, 44, 4682

)\/\ Et;N, Me;SiCl,
benzene, 70°C )\/\ I
X 70°C = OH
o 5% 7 OSiMe;  —»
Vitamin A

Mukaiyama, T. et al. Chem. Lett. 1975, 1201

NaHMDS,
| TBSCI, N
THF, -78°C —
N\n/O = X N\r(o
° TBSO 0O onf
Khafrefungin
Kobayashi, S. et al. JACS. 2004, 126, 13604; OL. 2007, 9, 849
o) LDA/DMPU, oTBS oTBS o)
TBSCI, THF, -78°C to rt /\y/\u)\ /\/\/\)J\
/WI\OMe — T &~ P 2 OMe_.—> Ar NP oM
0.11 0.07 0.07
E/Z mix 37-75% yield; 1.2:1-9:1 &/a;
¢ 10/
List, B. et al. ACIE. 2011, 50, 754 52-90% ee

TBSOTH,

. :
/= 2,6-lutidine or Et3N, rt i
PRl iy
07 x 90-95% TBSO™ "X
(X=0, S, N-PG) O see later

Yoshii, E. et al. Heterocycles 1976, 4, 1663; Takei, H. et al. Bull. Chem. Soc. Jpn. 1979, 52, 1953; Ricci,
A.; Taddei, M. et al. Heterocycles 1982, 19, 2327; Boukouvalas, J. et al. Tele 1987, 28, 4037; Brown,
D.W. et al. Tele 1987, 28, 985; Casiraghi, G.; Rassu, G. et al. Tele 1989, 30, 5325; Synlett 2009, 1525

The TAKEI-CASIRAGHI reaction

Organic Syntheses
Based on Name
Reactions

Organic Syntheses Based on Named Reactions, A.
Hassner and I. Namboothiri Eds., Third Edition, 2011,
Elsevier

R'" R? R'" RZ OH
TBSOTf, Et;N, DCM ®
7N —_— . NP F R
o n 65-85% o n
[¢) n=0,1,2 TBSO o see later

OL 2011, 13, 4738
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TBSOTAEN_ i ™ \
0TBS =R
DCM rt Z N
I

EurJOC 2012, 466

1. sec-BuLi, TMEDA

see Iater

2. TMSCI, THF, rt @o
= > C| 0
MeO

OTMS

~

TMSO ? LDA, TMSCI, THF, -78°C~ TMSO  OMe
R
)\/kom OTMS
Chan
> >
o o oo . oo
b9 LDA, TMSCI, THF, -78°C
—> e
MOMe — Mo Nkows
Sato
Mjo\j\ LDA, TMSCI, THF, -78°c ~ MeO  OMe
Y
OMe ~ > 0TMS
Brassard

Reviews: Scettri, A. et al. Curr. Org. Chem. 2004, 8, 993; Denmark, S.E. et al. ACIE 2005, 44, 4682

OTBS TnmsO  OMe BF;OEt,

Silva Santos, L. TeLe 2010, 51, 1770

+
OPMB

;

tol, -90°C

OTMS 88%

—>- callipeltoside A

Evans, D.A. et al. Tetrahedron 2008, 64, 4671

o8

Ns
\Cj/\

Me

e} R
B | a-enolization-silylation
Y /\)\H >

LDA, THF,

TMSCI, -78°C —_—
—_—

OTMS

Denmark, S.E. et al. JOC 2007, 72

LDA, TIPSCI,
-78°C, THF N,
TIPS™ SCAy

Me

70%

Denmark, S.E. et al. JACS 2012, 51

= O,

95% de
95% ee

, 5668

OH

NC.
—D R

Me
92:8-99:1 y/a; 86-98% E/Z;
55-97% ee

, 3236

2
"o

% From 1,4-dicarbonyl equivalents.

..lessons from Natural Products

Io OTMS
bis-enolsilylation
H )\/\|( H Oy H )\/\( H
(¢}

OTMS

?7?

taxinine anhydrotaxininol
o TMSZQ o
TMSOT, <
N Et;N, CDClj, rt N \: N o)
_—
~ TMSZN oTms | — oTMS
OH o= TMSO quant. OTMS
MeO,C [¢] OMe OMe
14:1dr

Hoye, T.R. et al. OL 2006, 8, 5191




Routes to in Sltu Generated Subst0|ch|ometrlc Extended

eLessons from the past centuries
OH

H
i H /\)M
X X0 H
N A S
O |/ o selfVAR/1,2 (1907) /\,N;\/J%O
selfVAR/HVAR/1,2 (1937)

selfVAR/1,2/Electrocycl/isom (1936) \ KZCOST pipeW n=135
EtOMgCI
M OCHO
Hal, )I-V \
CH,0, piperidine
AcOl

X
NaOAc
\OO\(/O < OM seIfVARIHVARIcrossHVAR (1951)

H

ElAdd/Michael/aldol/isom (1910)
crossAR/DA (1953)

sLessons from the past centuries

S base S base
—_— R ——
~o ~o

HVAR (1895) HVAR
(1895)
PN
H base =z = ase
AS
o T | K| C. K-
o o No
Dautwitz (1906) Kekule (1872)

Routes to in Sltu Generated Subst0|ch|ometr|c Extended

(o]V]

covalent and/or non-
i covalent activation i
pro-nucleophile ~———— [ nucleophne]
HOMO-raising activation

R R
RoNH Y fo A+ Y,
R\/\/MO —_— RWNHRZ R NR,
01 n covalent activation n n
n=0,
Review: Ramachary, D.B. et al. EurJOC 2012, 865
O H
Ph
CHO j/ NO,

— N Ph
' H ™! wR?
>3 B (20 mol%)

3

X PhCO,H (20 mol%), N 54-96%y;

R tol, 70°C R 10:1->20:1 dr

90-93% ee
Melchiorre, P. et al. JACS 2011, 133, 15212
? Ph ph NR,

i H  PhO,S._SO,Ph N OTMS A H VMcR vs

+ \[ H (20 mol%) Ay HVMCR!

Ph oFBA, CDClj, rt

48% Y

Jorgensen , K.A. et al. JACS 2012, 134, 122943

Routes to in Sltu Generated Substonchlometrlc Extended
ou

NC. CN NC & _C”
RN RaNH

R! ion pair activation Ry Y

R R?

H,,,, (e}
NC. CN CN
5 W
+ Ph
(20mol%) TFA,
DIPEA, -20°C
98% ee

Chen, Y.-C.; Deng, J.-G. et al. ACIE 2007, 46, 389




Routes to in Sltu Generated Subst0|ch|ometrlc Extended

ou

Routes to in Sltu Generated Subst0|ch|ometr|c Extended

R R
/= R3N ® R3N
J\“/') v . _ [/ & RaNH* 2 /‘>
07 x ion pair activation o7 XY ion pair activation
(X =0, N-PG) (X=0)
z
OiBu /%
Ha [N
1 A NH
N £
S)\NH iBu R?
N R! ® ‘\'\kn/lll-ieu 7 NO,
- NO. N 8
g TR (qomol%) o o R
—_— Y =
o CHCls, -36°C o 59-97%y

>20:1 dr; 88-94% ee
Mukherjee, S. et al. Chem. Commun. 2012, 5193

covalent and/or non-
covalent activation

pro-nucleophile I nucleophile]
HOMO-raising activation
2 2
R/ Me R Y
RsN ‘
RE Y =0 — " o [RE ] Ho R
S r;l ion-pair activation l}l
PG PG
e
R H K R )
/ CHs VeO, \/ E : R2
3 N
o *+ R NO, (5 mol%) ©F /
1
R Y toluene, -15°C-rt , N
PG R " seelater
PG

ACIE 2012, 51, 6200

Five- and Six-Membered Carbasugars: Retrosynthesis

Variable Synthesis of Hydroxylated Aminocyclopentane and

Carboxylic Acid

OPG
HO_. . OH 02 & _OPG
2 3 5
VMAR <~ "N cycloaldolization ) (' 4a‘>
HX™1 4 CH,OH _ 1 4
48" (or CO,M) X=0,NPG, S % 5/
OTBS
OH OPG
HO. OH ,cycloaldolization 028 4 OPG
SRS —— F
wwmar 258 5 s,
HX CH,OH X=0,NPG, S el
or CO,H X
(or coz 6 0TBS
Key-steps sequence

1. vinylogous Mukaiyama-aldol reaction, C1-C2 bonding
2. silylative cycloaldolization, C3-C4 or C4-C5 bonding
3. reductive or hydrolytic C5-X or C6-X bond fission

) N

JOC. 2000, 65, 6307; JOC 2001, 66, 8070; EurJOC 2002, 1956;
JOC. 2002, 67, 5338; JOC 2003, 68, 5881; JOC 2004, 69, 1625

9% Sncl4 Et,0, -80°C

+ i
o, o
0TBS 71/\/ 80 A,

Bn 7 TBSOTY, Y A
H N DIPEA, rt O. = ?/
H _— = 7 —
o 98% N oTBS

1. aq AcOH SiRs
2. NalO4
92% y
oTBS Bn H
1. aq AcOH o TBSOTf,

2. TESOTf,
3. Swern

Bn
py 0. d DIPEA,
—_ H —
9 TESO’ 84%

5%

0C

S

X

>99:1dr (5,1 syn:anti)

/H

’,

1. NiCl, NaBH,
2. TBSOTY, 2,6-lut.
3. TBSOT, DIPEA

vz S

youe,

4.BnCl, KH
74% OTBS

1. Na, NH, liq
2. aq LIOH, THF

3. aq HCI; DowexH" | J2Nm wCO,H
otBs > 29 MCl DowexT
%

829
°TBS % HO OH

80:20 dr (2,3 trans)

HH

O,
7’ OTBS

/N 2
BnH i \-OTES

H
70:30 dr (3,4-trans)

JOC. 2002, 67, 5338

1. Na, NH; liq
2. aq LiOH, THF
3. aq HCI; DowexH*
—_—

65%




Medium-Sized Aminocyclitols

Synthesis of Aminocyclitols

Morita-Baylis-Hillman ¢~ --==""\\ vinylogous
reaction aldol ( 2 _\H‘
) Ox) /—\2 o
4 3
o]

o O,
intramolecular )<O O7Q
pinacol coupling

Key-steps sequence
vinylogous Mukaiyama-aldol reaction, C1-C2 diastereoselective bonding
Morita-Baylis-Hillman reaction, C5-C6 diastereoselective bonding
bilateral oxidative diol fragmentation
intramolecular pinacol coupling
N1-C7 hydrolytic fission

JOC 2006, 71, 225

TBSO. !

o
Boc

1. TBSOTY, 2,6-ut;
HO, ,O\A CAN, MeCN, 80°C

2. Ac0, EtsN,
Oﬁ-‘-" O “'MecN, 70°C
N o 1%
Boc
HO ©

Q ~\\
. SnCly, Et,0, -90°C O, b
= H o 2 N HH
ng * /Y _—
) o

"ol
— 1. Hy, PIC, EOAC

TMSCI, pyridine O, 2. citric acid, MeOH
N5 ~o0 > 90%
80% Boc ) PhSeLi, THF,90°C N, o o
™SO O 80% Boc )(
>99:1 dr (5,1 syn:anti) T™™sO O
76:24 dr
TBSQ, o TBSO, O
& Smly, oTBS
o o MeOH, ngF H aq. HCI, 100°C: [HO,C, &
ﬁ"‘“ H5|Os uu .go to -50°C ﬁ“‘“ OH then DowexH*
P o Toon e /N‘h “OH 89%
Ac Ac
8BS0 0 850 b oTBs

JOC 2006, 71, 225

Direct VMAR/VMMCcR Modalities of Pyrrolinone Donors

TMSO R i
R TMSOTf(2eq), Ets;N (1.5€q), R” R a{;ﬂ H™ R
-— N
N \
\ :1), -78 ° Boc
J Boc DCM/Et,0 (9:1), -78 °C o g
7:0>99:1 R,R" = Alk, Ar 7:0>99:1
OoTMS TMSQ, TMSO T™MSO . O
7 J J Ph
N‘ N\ N\
4 4 4 I 4 Boc Boc Boc
95% y; >12:1 dr 98%y; 6.4:1 dr 61%y; 3.21dr 96%y;5.0:1dr 90%y; 0.8:11dr 75% Yy 62% y 70% y; >30:1 dr

JOC 2008, 73, 5446

MeQ o MeQ BN MeQ MeQ  GOEt
) ocHcRs ) NO, COE AN CosEt
223

NH NH NH  CO.Et NH

-z
@

o 54%y O 73%y;>13:1dr  O98%y; >30:1 dr O 83%y

MeQ MeQ

R1
T
Y TMSOT (2 eq), EtsN (2.0 eq), <
a{r\"\“ + R e ) X
s S
4 PG R DCM, -78 °C T™MSO PG
PG=H, PMB

Tetrahedron 2008, 64, 11697

brine/MeOH, 38-40°C, )))

brine/MeOH, 38-40°C, )))

- / Ar

X = NBoc; SiRy = TMS RS20 X=0;8

o
y:0= 95:5 to 98:2

iRy = TBS

y:0=98:2 to >99:1

o
75%y; 83:17 dr

OMe

(o] (o]
74%y; 82:18 dr 80% y; 93:7 dr 90% y; >99:1 dr

TS2
Stacking Antiperiplanar model

JOC 2010, 75, 8681

TS1
Stacking Synclinal model

OH OH
cacateans
o] o]

o] o]

65% y; >99:1 dr




Pyrrole -/[Furan-Based Silyl Dienolates and Water:

AR/VMMCcR Proce

H,0, 38-40°C, )))

<\;}'( + Eiozc/\(N“N’CONHZ

Me

X=NBoc: 96% y; 80:20 dr
X=0:53%y; >99:1 dr
X=8:87%y; 63:37 dr

o 1
(. 10, 38-40°C.)) Boc H_COR' BocaH FOR
g_Rz 2. Na,CO3, Hy0, 1t N R2 D { no chrom.  NHBoC {
L+ N o [ —= O R? —_— | R
Boc N = ‘/ N\N N (0] ’i‘
o= |

One-Pot Three-Step Entry to Functionality-Rich Pyrroles

HO
1
COR o o

1 4.0 38-40°C )} R

Z 3
AR HO | NHCONHR® NHCONHR
41-57%y

Adv. Synth. Catal. 2011, 353, 1966

Catalytic, Asymmetrlc VMAR of Pyrrole- and Furan-Based

OH
= i (R.R)-(I3.0 mol%), SiCl (1.1 equiv) R
\X+HJ\R, - 0'4'q’=/x or
TBSO conditions
o
X =NBocor O

Optimized conditions: aldehyde (1.0 equiv); diene
substrate (2.0 equiv); DIPEA (10.0 mol%); 0.25 M
in CH,CIl, at -78 °C; reaction time 20 h

Tele 2009, 50, 3428; Adv. Synth. Catal. 2010, 352, 2011

Substrate Scope for the Asymmetric VMAR of Pyrrole-Based

(R.R), SiCl,, DIPEA,
_—

o+ H” "R N
TBSO Boc CH,Cl,, -78 °C Y ‘Boc
v:o >99:1
OH
4
N\
o Boc
97% yield 96% yleld 92% yleld 77% yield
>99:1 syn:anti >99:1 syn:anti >99:1 syn:anti 8;{ 16 syn:anti
>99% ee (syn) >99% ee (syn) 96% ee (syn) 74% ee (syim)
OH
4
N\
o 0 o Bee 0 _
87% yield 93% yield 85% yield 94% yield
>99:1 syn:anti >99:1 syn:anti >99:1 syn:anti >99:1 syn:anti
75% ee (syn) 88% ee (syn) 99% ee (syn) 45% ee (syn)

Tele 2009, 50, 3428; Adv. Synth. Catal. 2010, 352, 2011

Substrate Scope for the Asymmetric VMAR of Furan-Based

= 0 (R.R), SiCls, DIPEA
flavat) 4 3
\ 0 + HJLR —_— i R
TBSO CH,Cl, -78 °C

y o>99:1

OH OH

N
Omn
O\
Om
e}
S
]
SESEN
Qum
e}
I
z
@

95% yield 80% yield 51% yield
77:23 anti:syn 74:26 anti:syn 83:17 anti:syn
>99% ee (anti) >99% ee (anti) 89% ee (anti)
OH OH Me
] 2
0} 0]
O gsy
95% yield 95% yield 95% yield 90% yield
77:23 anti:syn 86:14 antizsyn 80:20 anti:syn 85:15 anti:syn
93% ee (anti) 88% ee (anti) 96% ee (anti) 82% ee (anti)

Tele 2009, 50, 3428; Adv. Synth. Catal. 2010, 352, 2011




Proposed Transition State Models for the Asymmetric

e 2CI
NMe MeN
o,.,,,s \unO' N OH
v °"‘° . = (T
4
N
N
B
o OC

R3$IO A\ |
TS-syn
(Re-Re face trajectory)

/\‘, RI/\‘. * /\ *
I\ LN N I‘ I‘{ ,I‘J NQ N I‘| I\ CI I\ l\ C"
¢ 'P‘O""S.""‘O’P\ ) ( b \O,““S ..\\O‘P*ND o, él\“\\o/a
a” Lo o C|/I\o - a1 >0

R;SIO

r-’|| H’Ib cl

OSiR,

H
TS-anti-A TS-anti-B TS-anti-C

(Si-Re face trajectory)

Tele 2009, 50, 3428; Adv. Synth. Catal. 2010, 352, 2011

Catalytic, Asymmetric Vinylogous Mannich Reactions of

=
Protocol A \_N

TMso  Bo¢

~ 0]

Protocol B N

TMSO

Conditions A:
i-PrOH/H,0 (1.5 equiv),

undistilled THF, 0 °C, 16 h,

in air

N [1}10 moi%), AgOAC (10 mol%),
| £
H)\R conditions

NH,
MeS
[11}(5 mol%), AgOAC (5 mol%),
+
conditions
OMe

Conditions B:

tB
MgSO,, i-PrOH/H,0, THF, §
= i
PPh, OMe

R = mainly Aliphatic

JOC 2011, 76, 2248; JOC 2011, 76, 10291

Substrate Scope for the Asymmetrlc Two-Component

o8
N 11 (10 mol%), AgOAc (10 mol%),

+ |
Boc 4~ >R -PrOH/HZ0 (1.5 equiv), undistilled

THF, 0 °C, 16 h, in air

Zm
/

o

80% yield
99:1 anti:syn
90:10 er (anti)

@EOMe @om @OMe @iOMe : OMe
NH NH NH NH NH

] 2 /i 2 OO /Tt = )
N N N N, N O
“Boc OMe I “Boc Br “Boc NO, “Boc “Boc
94% yield 98% yield 99% yield 65% yield 90% yield
98:2 anti:syn 99:1 anti:syn 99:1 anti:syn 99:1 anti:syn 99:1 anti:syn
78:22 er (anti) 71:29 er (anti) 71:29 er (anti) 75:25 er (anti) 83:17 er (anti)

JOC 2011, 76, 2248

Substrate Scope for the Asymmetrlc Three-Component

o 11 (5 mol%), AgOAC (5 mol%),
+ + >
Y MgSQ,, i-PrOH/H,0, THF, -30 °C
TMso  CP?
OMe
7:0>99:1
Me0\©iSMe Me0\©[SMe Meo\©:SMe M50\©:SM5
NH NH NH NH
/% 2 25 &
N N N N
“Cbz Cbz Cbz Cbz
[e] o o
90% yield 92% yield 75% yield 69% yield
>95:5 dr anti:syn >95:5 dr anti:syn >95:5 dr anti:syn >95:5dr
98:2 er (anti) 97:3 er (anti) 98:2 er (anti) anti:syn
98:2 er (anti)

Me0\©iSMe MeO\@SMe MeO\@SMe MeO\CESMe
NH NH NH NH

&
N\
Cbz
o
66% yield
>95:5 dr anti:syn
97:3 er (anti)

Zmm

oTBS
4 21 2 o
“Cb: Nsobz ™ O7§
Z
I d Chz

[e]

79% yield 51% yield 66% yield

>95:5 dr anti:syn >95:5 dr anti:syn 89:11 dr
97:3 er (anti) 91:9 er (anti)

JOC 2011, 76, 10291




Asymmetrlc Three -Component VMMnR of Pyrrole Silyl
tal Elaboration

1. NiCl, NaBH,
2.CAN

44%

MeS H
@/ 1. aq AOH oA tof oH
HN 2.0BU, THE, 1t [P=X o=(I)’—\
— a3 0T~ Ph
30% LN OMe .

JOC 2011, 76, 10291

Proposed Catalytlc Cycle for the Asymmetrlc VMMnR

N SiMe;
ph (N( )¢ ¢
M\ re Bu
A C OAc o
PG ~Ar
=N Me
(D PPN
p-AQ, ﬂ Si—Me;
/N /
Ph NQ)
SN2
Cc R H N\
n PG
i-ProSiMe;
MeO.
ne
N i-PrOH
4 ’%‘ R
I E
0 PG

JOC 2011, 76, 2248; JOC 2011, 76, 10291

Catalytic, Asymmetrlc Hypervmylogous Mukaiyama

Scope of the Catalytic, Asymmetrlc Bis-Vinylogous

R' R?
A R" R? OH
=~ Q N~
n (R.R)-113.0 mol%), SiCl, (1.1 equiv), R3
\_0 . HJ\R3| l o) 4 ( q )= / ) N
TBSO conditions
n=123 o

Conditions: Furan substrate (100 mg),
aldehyde (1.1 equiv), DIPEA (10.0
mol%), 0.1 M in CH,Cl,, -78 °C, 12 h

NP

|
e

2

N\
N N—T(CH)s
Me M

(RRH

OL 2011, 13, 4738

R
o (R,R)-1 (3 mol%), SiCl4 (1.1 equiv),
eSS J\ DIPEA (10 mol%), / N CH)
N0 + H ar -
H,Cly, -78 °
TBSO ChaCly, -78°C 4
OH OH OH Me
ad ad
o
© Br
. : o . o .

88% yield 84% yield 92% yield 96% yield
>90:10dr (Z:E) 80:20 dr (Z:E) O 57:43dr (E:2) O 63:37dr(E:2)

98:2 er (Z) 97:3 er (2) 99:1/95:5 er (E,Z) 99:1/89:11 er (E,2)

OH OH
oH OH
ad Z ~ ~
o Y 2 Me Br i Ph Br a tBu Br
I} o o] 0o
77% yield 81% yield o 75% yield 83% yield

67:33 dr (Z:E) 61:39 dr (E:2) 56:44 dr (Z:E) >95:5 dr (Z:E)

98:2/99:1 er (Z,E) >99:1/97:3 er (E/Z) >99:1/95:5 er (Z:E) >99:1 er (Z)

OL 2011, 13, 4738




Further Scope of the Catalytic, Asymmetrlc HVMAR of

’

015
011 XN \ N SICI4,-60 C AN A
\ o017 o1s “n o yd 2 .
.

Yield = 70(75)%

nia,y,e >99:1

dr (5Z,2'E:other isomers) >91:9
er (5Z,2'E) >98:2

TBSO

O

OH
‘ 0 (RRY,
. 11; 1 SV \5 N+ SiCly, -60 °C
N 0.17 0.17 B 16 h
r

TBSO O vield% = 73(80)
n:ay,e >99:1
dr (52,2'2:52,2E) = 56:44
er (52,2'2/52,2'E) >98:2/>98:2

(RRH,

|
PG
"electron poor"

Introducing 3-Alkenyl Indole Dienolates:

Et;N, TBSOTf

stoichiometric
HOMO-raising
activation

RN

catalytic
HOMO-raising
activation

(indirect executions)

v—Z
o %

"electron rich"

R? R?
__~E
(direct executions)

R

X
et T N0 *RyNH?
)
PG
"electron rich"

FON SICly, 50°C_
0.09 m " “aon

TBSO

__________________________________________ Yleld% = 42(50)

y Y vayyen >99:1
o o € 3 U= H = .
y0.32 N dr (6Z,2'E 4'E:other isomers) = 87:13
o.zz@ o1s§ Joar~ o0z OS2 PE AE) 2062
TBSO TBSO
Atomic Fukui Indices in red OL 2011, 13, 4738

“While 3-alkylidene oxindoles are well known for their electrophilic reactivity at C-/ position, the
nucleophilic properties of the related dienolate-type intermediates at C-y position in vinylogous

functionalization reactions is rarely disclosed”

SiCl4-Assisted VMAR of Olefinic Indole Silyl Dienolates

4, 9
CH,Clp, —20° C

+ ArCHO

1 I 1
Boc Boc Boc

Yield = 59% Yield = 62% Yield = 61% Yield = 61%
oy <1:.99 oy < 1:.99 oy < 1:.99 oy < 1:99
dr(Z:E)=92:8 dr(Z:E) = 90:10 dr(Z:E)=92:8 dr(Z:E) = 95:5

| |
Moc Moc

Yield = 60% Yield = 63% Yield = 68% Yield = 70% Yield = 50%
oy < 1:99 oy < 1:99 oy < 1:99 oy < 1:99 oy < 1:99
dr(Z:E) = 99:1 dr(Z:E) = 95:5 dr(Z:E) = 95:5 dr(Z:E) = 95:5 dr(Z:E) =99:1

Eur. J. Org. Chem. 2012, 466

Catalytic, Asymmetric VMAR of Olefinic Indole Silyl

(RRH (3 mol%)
\ oBS _ SiCly DIPEA
.
CHZCIZ -78°C, 8h
(RR) (3 mol%)
\ ores SiCl,, DIPEA
+ e e AN
CH,Cl,, -78 °C, 18h

O Yield = 68%
aly < 1:.99
dr(ZIE) = 84:16
er =955

Moc
HsC
CHO (RR) (3 mol%)
SiCl,, DIPEA
N—otBS + e T .
a N CH,Cly, -78 °C, 18h o Yieki=70%
NO, a aky < 1:99
oo dr(ZIE)=90:10
er =94:6; >99:1

after recrystallization

Eur. J. Org. Chem. 2012, 466




Direct, Enantloselectlve Vinylogous Michael Addltlon of

indoles to Nitroole

R2 R3
CH, R
] o Emiemm A
+ —_—
0 \/\NOZ conditions
R! ’;l e}
PG R N
PG
Optimized conditions (PG = Boc, Moc): /Z]
Nu:El molar ratio 1.2:1; 4 mL of toluene; N
0.4 mmol scale; -15 °C for 24 h followed by H H
12 hat RT MeO. e CFs
J s
N
CFy

ACIE 2012, 51, 6200

Generality of the Direct, Organocatalytlc Asymmetrlc VMcR

Catalyst Ill (5 mol %),
A

toluene (0.1Mm),
-15°C to RT

\ \
Moc Boc Moc Moc
98% yield 98% yield 95% yield 90% yield
>20:1dr, >98% ee >20:1d.r, >98% ee >20:1 d.r., >95% ee >20:1 d.r., 98% ee

O

NO, NO,

\
Moc

\
Moc Moc Moc
93% yield 91% yield 92% yield 89% yield
>20:1d.r., 97% ee >20:1d.r., >99% ee >20:1d.r., 98% ee >20:1d.r., 97% ee

ACIE 2012, 51, 6200

Generality of the Direct, Organocatalytlc Asymmetrlc VMcR

Catalyst Il (5 mol %),
_——

toluene (0.1M),
-15°C to RT

\
Moc

Moc Moc Moc
90% yield 94% yield 96% yield 89% yield
>20:1 d.r., >99% ee 16:1 d.r., >99% ee 19:1d.r., >99% ee >20:1 d.r., >99% ee

NO.
NO, NO, z

\
Moc

Moc
95% vyield 79% yield 72% yield
18:1d.r.,, >99% ee 10:1d.r., 97% ee 10:1d.r., >99% ee

ACIE 2012, 51, 6200

Possible Models of Dual Activation of the Nucleophlllc

ACIE 2012, 51, 6200
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