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From Humble Beginnings. ..

Born in Lynbrook, New York on 17 June 1953

Obtained an S. B. degree from M.L.T. in 1975

— Conducted research with both Richard H. Holm (ferredoxin analogs) and
Daniel S. Kemp (functionalized cyclophanes).

Received D. Sc. Tech degree in 1980

— Prof. Dr. Albert Eschenmoser (“On the Stereochemistry of the S N’
Reaction”).

1980—- Independent career as assistant professor at the University of
lllinois at Urbana-Champaign.

1986 — Associate Professor
1987 — Full Professor

1991—-Reynold C. Fuson Professor of Chemistry.
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To A Thriving Career In Organic Chemistry: QOutline

Silicon-Directed Nazarov Cyclization
SiMe;

QBn BF3‘OEt2

o
CeHsEL, 125 °C

thexylMe,SiO
thexylMe,SiO

Inter/Intramolecular [4+2]/[3+2] Cycloaddition of Nitro Olefins

NO CN
2 Me 1. SnCl,
CH,CIl,, -78 °C
Me R / + Me\%\Me 2~72 »
2. toluene, 80 °C
Me

Lewis-Base Activation of Lewis Acids — Enantioselective Carbon-
Carbon Bond Formation

SiCl,
OTBS . > OH

. /\/CHO H
EtOM BnMe,Si OO e BnMe,Si RN COsEL

N'P\N/\/'CHZ
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To A Thriving Career In Organic Chemistry: Qutline

 Silicon-Directed Nazarov Cyclization
SiMe;

an BF3'0Et2

>
CgHsEt, 125 °C

H
thexylMe,SiO
thexylMe,SiO

Inter/Intramolecular [4+2]/[3+2] Cycloaddition of Nitro Olefins

Lewis-Base Activation of Lewis Acids — Enantioselective Carbon-
Carbon Bond Formation



Nazarov Cyclization — Background

Named after the Russian chemist |. N. Nazarov (1900-1957)

(0 (o)
N MeOH, H,0 Me .
= HgSO,, H,SO, > = U
X
Me
Proved later that the cyclization proceeds through a divinyl
ketone

(0 (0

H,;PO,4, HCO,H
'
| 90 °C
Me

Me

Incorporation of nucleophile gave further insight into mechanism

o OH

H,S0, NaOH
' - 0]
| | Ac,0, 25-30 °C

Ph Ph
Ph Ph

Org. React. 1994, 45, 1-158



Nazarov Cyclization — Mechanism

0]
H+
R —_—
-
ﬁ
R

-  Promoted by thermal or photochemical initiation

H
254 nm, CGHG
>
0
H
RR AcOH, H;PO,
>
50 °C :

Org. React. 1994, 45, 1-158




Nazarov Cyclization — Mechanism

0]
H+
R —_—
-
ﬁ
R

* Remote substituents can cause changes in the forquoselectivity
of the cyclization

0 H
clockwise :
' +
: QL - QL
T H
H
counterclockwise < | ]: :> < I 1i §

Org. React. 1994, 45, 1-158
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Silicon-Directed Nazarov Cyclization

OH 0
CHO MgBr 1 THF,-20°C -
’ N|02
* | 2. NH,CI > l Et,O, 0 °C |
MesSi SiMe; SiMes
(0] y o
FeCl; (1.05 equiv)
| o
CH,CI,
SiMe,
H
0] 0]
:I:Q/ ( :I:/f Me a ; 5
H H H Me
55%, 100% cis 84%, 100% cis 74%, 85/15 cis/trans 95%, 59/41 cis/trans

‘ Use of Si functionality directs collapse of cation I

J. Am. Chem. Soc. 1982, 104, 6242.



SDNC — Effect of Allylic Position

- Larger substituents promote increased levels of torquoselectivity
(presence of vinyl silane)

0 H 9 H O
FeCl, o .
| _ CH,Cl,
SiMe, H i H
R R R
(C,T) (C,C)
R (C,T) (C,C) yield, %
Me 78 22 99
CH,=CH, 70 30 66
Ph 94 6 76
-Bu 94 6 63

OCH,Ph 90 10 76

Tetrahedron 1986, 48, 2821



SDNC — Effect of Silicon Functionality

(0]
FeCl;
Me

R (C,T) (C,C) yield, %
Me 78 22 99
Me,PhSi 84 16 63
MePh,Si 86 14 83
Ph,Si 87 13 15
I-Pr,Si 90 10 70

H

Me
(C,T)

Me

(0

H O
+ l

i H

Me

(C,0)

H O

For SiMe; = 54/46
for Si(i-Pr); = 79/21

Tetrahedron 1986, 48, 2821



Formation of Enantioenriched Carbocycles Via

SiMe; O

SiME3O
FeCl,

CH,Cl,, -50 °C

>

SDNC

o
Br O
H Br|| Br
Br, : :
—>
H CC|4 R
H H H b

70% yield
58°/o, 88% ee

_MX
SiMe,0” " o
anti
()
H |=_| H H
SIMe3o/ n 0 H
—>
(1 )— O)iﬁ )
|=_| H H H

J. Org. Chem. 1990, 55, 5544



Total Synthesis of Silphinene: Application of
SDNC

OHC OBn HO
T MqgBr
Mn02 \ ME3S|/\/ g
- Me » Me
CH,Cl,, 20 °C Me THF, -30 °C Me
ro H 98% yield ro H 80% yield ro H

R = SiMe,thexyl

Mn02

>

CH,Cl,, -40 °C

o
BF;-OEt, Me% ——>» silphinene
> —
CgHsEt, 125 °C Me
rRo M
‘ Presence of silicon functionality directs formation of cyclopentenone I

Tetrahedron 1997, 53, 2103




To A Thriving Career In Organic Chemistry: QOutline

« Inter/Intramolecular [4+2]/[3+2] Cycloaddition of Nitro Olefins

Me
NO, CN

Me 1 sncl, O—=N" “—Me
Me AN / + Me\%\Me CH2C|2, -78 °C > NC \ Me
2. toluene, 80 °C H Me
Me




Intramolecular Cycloaddition of Nitrosoalkenes

- Reactivity of Nitrosoalkenes

_OH [ o | ,
NI base™ . N -0 Nuc™ NI OH
R' i R _ R'
— Intermediate nitrosoalkene can act as 2x or 4w cycloaddition
component
M92t'BUSiO . OMe

CsF (3.0 equiv)
CH5CN, 20 °C
Me 3
75/25 E/Z 70% vyield + 13% isomer E&q%& -
50/50 E/Z 32% yield (3.4/1 ratio of isomers f ;{}EE )

J. Org. Chem. 1984, 49, 4714



Nitroolefins as 4t Components in Cycloadditions

-0\ N""'O Me
| SnCl,

Me™ ™ toluene, -29 °C

80% yield

> 98/2 trans/cis
J. Am. Chem. Soc. 1986, 108, 1306

 Nitro groups serve as useful functionality for further elaboration

Me
SnCl,
CH,Cl,, -70 °C
O\Nﬁ Me
SnCl,
Me™ ™S CH,Cl,, -70 °C

Helv. Chim. Acta. 1986, 69, 1971



Intramolecular [3+2] Cycloaddition

-o\Nﬁo
1. SnCl
Z y 4 Ve Me toque‘he, -78 °C
Me” X + :[ .
| Me Me 2. toluene, 70 °C
Z Z time, h time, h ds yield, %
[4+2] [3+2]
H CO,Et 7 0 >100:1 72
CO,Et H 8 3 20:1 78
O 0 Z
1. SnCl
A N Me IME CIITIZC?IZ, .78 °C _
e
Me Me 2. toluene, 80 °C
Z Z time, min time, h ds yield, %
[4+2] [3+2]
H CO,Et 25 7 >100:1 93
CO,Et H 10 14 2.6:1 90

J. Am. Chem. Soc. 1990, 112, 311



Tandem Double Intramolecular [4+2]/[3+2]
Cycloaddition

- Fused/bridged C(6)

(I)-
Me Ni\o 1.SnCl,
I toluene, -78 °C Ra-Ni
X _CO,Me H, (160 psi)
2. NaHCO3
— toluene, 80 °C MeOH, rt
82% yield 71% yield
- Fused/bridged C(5)
H
1. SnCl, < 1. Ra-Ni
CH,Cl,, -78 °C H, (160 psi) Me
T MeOH, rt AcO
2. NaHCO, €0 >
toluene, 100 °C 2. Ac,0, py AcN
, MeO
79% yield 82% yield

Cycloaddition can be rendered diastereoselective by presence of chiral
auxiliary
Org. Lett. 2001, 3, 2907



Total Synthesis of (+)-Crotanecine

NO, MeAl °
A CO,i-Pr fo) o
+ O, | » L-selectride -
“Ph “SiMe,Ph toluene,-14°C CH,CI, -78 °C
0 73% yield 91% yield

. 1. CH(OMe)3

«OG

) Ra-Ni SiMe,Ph ,, 1SOH

2 2. MestZCI, Et3N Me03S
: 200 psi H2 b
SiMe,Ph 208 3. HOOAc, KBr
HO HOAC, NaOAc
58% yield 94.9% ee 4.90% TFA

Et:N., MeOH
BH;, THF 3
3 '

120-130 °C

N N

HO
H H
HO OH HO J. Am. Chem. Soc.

rosmarinecine (intra) hastanecine (inter) macronecine (inter) 1997, 119, 125



1-Azafenestranes: Planarization of sp® Carbon Center

NO, " cu(CN)znl

'

then PhSeBr

N+©

\ /\Ot-Bu
NO; H,0, NO,
SePh —— 3 -
AlMe;
CH,Cl,, -78°C

OH BH;™

Ra-Ni, H, PPh;, DIAD
. Hue: Lo . Hu:- aiH
10% H,0 in then BHy THF
EtOAc -78 °C to rt
H H

X-ray quality

C(8)-C(1)-C(2)

N-C(1)-C(5)

120.7°
121.2°
121.9°

119.8°
119.2°
121.8°
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EtO

Lewis-Base Activation of Lewis Acids — Enantioselective Carbon-

Carbon Bond Formation

OTBS
N

X

+

CHO
BnMe,Si %

SiCl,

oF
,
O N o

e

| CH,

OH
g CO,Et
BnMe,si ~ X N0



Lewis-Base Activation of Lewis Acids

o  Mell-Me  iable Adduct
PME3 + BH3 ~— I ,H mp=100 °C
H'B\H stable in H,0
Preparative Examples
Mel
0 . Mel OLi dioxolane 0
dioxolane >
Me < Me _~ Me
Ph Ph 4 eq. HMPA Ph
Me Me Me Ve
Me ti2 =80 min ti,=<1min
O,NHTf
OH "NHTf OH
ZnEt, CHO ZnEt,
Et =& — — Et
Ti(Oi-Pr)4 (1.2 equiv) Ti(Oi-Pr)4 (1.2 equiv)
23°C,12h -20°C,15h
98% ee

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



Lewis-Base Activation of Lewis Acids — Principles

-  Gutmann Analysis

L
:DO Lewis Base B 7
L4 o - +
L L & X 'X L /X
L 7 A
+ -y L‘\“D A+\ ‘ L L\l‘D—A\ X_
X X L o X L‘ X
\AI\’ Lewis Acid ) )
X cationic Lewis Acid
increased increased
e.g. BR; negative positive
charge charge
L\
.DC) Lewis Base B -
L4 ot & +
L L\ & )S 'X L IX
y N\
+ = ] L“"D___'_?_x = M L\"D—A"X X-
X L 9y ¢ X
I _ _
LAy Lewis Acid
X | 3
X cationic Lewis Acid
e.g. SiCl, increased increased
negative positive
charge charge

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



Lewis-Base Activation of Lewis Acids — Principles

- Hybridization of Silicon T ] i ] ]
= I._.--L L= |...-L
ST T s (=SS,
L L
E' sp
2

— 5 ()
— hypervalent Spi— gﬁf(’/:" p{& )

antibonding () o DO O — LUMO — covalent "\_?sp" p‘|.:|‘
nonbonding () o . O % HOMO ‘-S-D
bonding (') O DQ O % po— P =
" 5] Cl

d =
s5p—
Sik, Siks SiL.
tetrahadral TEP octahedral
enhanced sp” hybridized sp® hydridized sp hybridized
electrophilic character
'-...-' =+
L, ¥ L K‘ " L
LU. D‘.‘: + T,M‘JK L P f Ee———— [+ JD_FIIE“\'" W=
A Y ooy ) N
Group 14 ! )
enhancad hyperreactive  hyperreactive REVIEW: Angew. Chem

Lewis base is aci
Lewis acid nucleophilic character electrophile  nucieophile  |nt Fo 2008,47, 1560



Aldol Reaction of Silicon-Substituted Enolates

« Uncatalyzed

0SiCl; o] 1. CH,Cl,, 0 °C OH O
OMe ! RJ\H 2. sat. aq NaHCO; > R;)\/”\
R yield, %
Ph 98
Cy 96
-Bu 99
(E)-cinnamyl 89

Me .
1.Ph, o 0-1equiv
Nl

L
0SiCl; Ph “\'\U o OH
(o) Me ;
=8 R
© + RJ\H CH,Cly, -78 °C é/\

R = Ph 2. sat. aq. NaHCO; )
(E)-cinammy| Ph, a_ntllsyn 65/1 , 93% ee
(E)-cinnamyl, anti/syn >99/1, 88% ee

J. Am. Chem. Soc. 1996, 118, 7404



Addition to Ketones — Silyl Ketene Acetals

" t-Bu
OBu BuO
OSiCl, (0] 1. CH,Cl,, 0 °C OH O
* > M
)\OMe RJkRI 2. sat. aq NaHCO3 R R’
0 o)
0 o o)
)l\ Me Me W
Ph Et Me
F3C MeO
95%, 83% ee 91%, 76% ee 94%, 68% ee 97%, 49% ee
o o
(0] (o)
Me Me
©¢ /
Ph
86%, 8% ee 91%, 32% ee 90%, 80% ee 94%, 35% ee

J. Am. Chem. Soc. 2002, 124, 4234



Vinylogous Aldol

L
N0
[P\N/\/'CHZ
OO N Me OH R, O
Me s
0 R, OTBS B 12 R1WI\OR2
A, * A =
R “H OR, SiCl,, CH,Cl,, -78 °C Rs Rs
R3
2" i ?H I /\/(E)i)Mi/ﬁ\
PhWI\OEt PhWLOMe Ph X0kt
Me
89%, >99:1 y/a, 98% ee 93%, >99:1 y/a, 99% ee 73%, >99:1 y/a, 95% ee
OH o] OH o]
PhWLOt-Bu Ph” X NX~"NotBu
Me Me
92%, >99:1 y/a,, 89% ee, 98% de 71%, >99:1 y/a,, 82% ee, 98% de
Me Me Me Me
0 + o o chiral phosphoramide OH O o)
A _ - 1
Ph™ "H OTBS SiCl,, CH,Cl,, -78 °C Ph o

92% yield, >99:1 y/a, 74% ee
J. Am. Chem. Soc. 2003, 125, 2800



Formation of Quaternary Centers — Silyl Ketene Imines

_N 5 mol% chiral OH
C’ ~“TBS phosphormaide :
CN
2 SiCl, < .
CH,Cl,, -78 °C ©/F?/R
OH OH
‘~_CN CN
Ph” Ph” 2
pr e Et Et
Me

87%, 95/5 dr, 97% ee 73%, 97/3 dr, 99% ee

74%, 87/13 dr, 89% ee

F3
5 mol% chiral
N CHO Ph\(c’/ ~TBS phg;?ohofm:;le
R_T_/ ' Me S|C|4
CH,Cl,, -78 °C
R dr ee, % yield, %
4-CF, >99:1 99 88
2-Me >99:1 99 84
1-naphthyl >99:1 97 76
2-furyl 99:1 90 92

CN
> R I \ "
) Ph Me

J. Am. Chem. Soc. 2007, 129, 14864



N-Silyl Oxyketene Imines — Aldol Surrogates

OH

oo L —

OPg R

cross-benzoin ;
- R \n/L R2

glycolate-Aldol

OH



N-Silyl Oxyketene Imines — Aldol Surrogates

KHMDS (1.2 equiv)

NC_ _R  iPr3SiCl (1.1 equiv) NP R
\|/ (FPr)sSi— ~C where R = Me, Er, i-Bu, Bn, allyl
OBu THF, -78 °C OrBu
L
\/,o
IP\N/\/'CHZ
N Me
0 T oH
Ns u 12
(i'Pr)3Si \CYR + 7 AN H . R Aryl
| ‘Al 2
y SiCly, i-Pr,EtN . 2
Ot-Bu CH,Cl,, -78 °C t+BuO CN
OH OH OH
Me
" Ph B X "
+BuO CN +-BuO CN +-BuO CN

84%, 96:4 dr, 99% ee

OH

Ph

+BuO CN
COZMe

91%, 98:2 dr, 97% ee

93%, 99:1 dr, 99% ee 90%, 99:1 dr, 99% ee

OH Me

t-BuO CN

93%, 99:1 dr, 97% ee

OH

Ph” 7 \0
+BuO CN U_7

91%, 99:1 dr, 99% ee

Nat. Chem. 2010, 2, 937



Total Synthesis of RK-397
« Synthesis of Polyol Fragment

SiCl
, ] OTBS 4
BnMezsl 1. Red-Al .
= i /\/CHO * /\)\ B T
\/OH 2.DMsO (cocly2 ~ BnMeSi N
Et;N OO Me
N0
lP\N/\/fCHz
N Me
O
OH o/\o - -2
. - S _CO,Et PhCHO - = =
. /\/\/\/ 2 /\/\/\/CO Et
BnMe,Si KHMDS BnMe,Si ~ X 2
75%, 96% ee 74%, 19/1 dr

1. TMSOTf, DIPEA

Ph -
1. MeNHOMe-HCI /’\ 2 SiCly, Hg(OAc),
i-PrMgCI - 8. oPMB
/\/\/\/C(O)Me X~ CHO N p?°
2. MeMgBr BnMe,Si N \O
Ph 1. NaBH,
i . PhC(OM
P 2. PhC(OMe),

O O O OH OPMB CSA

BnMezsi BnMeZSi




Total Synthesis of RK-397

« Synthesis of Polyene Fragment

1. NaH
_ SiMe,OH NZ OTHP . AN NN
BnMe,Si T NN 2 NI 2. Pdy(dba);*CHCI;  BnMe,Si - X7 X7 OTHP

77%, 3/1 dr

X _CO,Et
Y »O X XXX N0THP

Pd(dba), OEt 79%, 5/1 dr
1. TsOH, I, ©=p(oEY),
2. PBr3, py o
' NN
3. P(OE); OFt

93%

8 of 10 stereocenters were generated by substrate control



Awards/Recognition

Eli Lilly Research Grantee, 1983

Beckman Endowment Research
Award, 1983

University of lllinois Center for
Advanced Study, Beckman Fellow,
Spring 1985

A. P. Sloan Foundation Fellow,
1985-1987

NSF Presidential Young
Investigator Award, 1985-1990

Procter and Gamble University
Exploratory Research Program
Award, 1986-89

University Scholar, University of
lllinois, 1986-1989

School of Chemical Sciences
Teaching Award, University of
lllinois, 1986

Stuart Pharmaceuticals Award in
Chemistry, IClI Americas, 1987

A. C. Cope Scholar Award,
American Chemical Society, 1989

Fellow, American Association for
the Advancement of Science, 1990

Reynold C. Fuson Professor of
Chemistry, 1991

Pedler Medal (Royal Society of
Chemistry), 2002-2003

ACS Award for Creative Work in
Synthetic Organic Chemistry, 2003

Yamada-Koga Prize (Japan
Research Foundation for Optically
Active Compounds), 2006

Fellow, Royal Society of Chemistry
(FRSC), 2006

Prelog Medal (ETH-Zrich,
Switzerland), 2007

Robert Robinson Medal and
Lectureship (Royal Society of
Chemistry), 2009-2010

H. C. Brown Award for Creative
Research in Synthetic Methods
(ACS), 2009

Fellow, American Chemical Society,
2009 (inaugural year)
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