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Barry M. Trost

Birthplace & Date: Philadelphia, PA; June 13, 1941
Marital Status: Married; wife Susan, sons Aaron, Carey

Education:

Undergraduate - B.A. University of Pennsylvania, 1962
Philadelphia Board of Education Scholarship 1959-1962
Graduate - Ph.D. Massachusetts Institute of Technology, 1965 &
Thesis Title: The Structure and Reactivity of Enolate Anions g2
Thesis Advisor: H.O. House

National Science Foundation Predoctoral Fellow 1963-1965

Appointments: University of Wisconsin:
Assistant Professor of Chemistry, 1965
Associate Professor of Chemistry, 1968
Professor of Chemistry, 1969

Appointments: Stanford University :
Professor of Chemistry, 1987. i :
Job and Gertrud Tamaki Professor in the School of Humanities and S |ences 1990 R
Chair, 1996 — 2002
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Top 10 Citations

MICHIGAN STATE
UNIVERSITY

THE ATOM ECONOMY - A SEARCH FOR SYNTHETIC EFFICIENCY SCIENCE 1991 2148 89.50
Asymmetric transition metal-catalyzed allylic alkylations CHEMICAL REVIEWS 1996 1944 102.32
ATOM ECONOMY - A CHALLENGE FOR ORGANIC-SYNTHESIS
- HOMOGENEOUS CATALYSIS LEADS THE WAY AEEANVE 1EEE 2585 VY
Asymmetric transition-metal-catalyzed allylic alkylations:
Applications in total synthesis CHEMICAL REVIEWS 2003 1134 94.50
On inventing reactions for atom economy ACCOUNTS OF CHEMICAL RESEARCH 2002 747 57.46
NEW RULES OF SELECTIVITY - ALLYLIC ALKYLATIONS
CATALYZED BY PALLADIUM ACCOUNTS OF CHEMICAL RESEARCH 1980 726 20.74
ON THE USE OF THE O-METHYLMANDELATE ESTER FOR
ESTABLISHMENT OF ABSOLUTE-CONFIGURATION Joc 1986 671 23.14
OF SECONDARY ALCOHOLS
NEW SYNTHETIC REACTIONS - SULFENYLATIONS AND
DEHYDROSULFENYLATIONS OF ESTERS AND KETONES JACS 1976 628 16.10
Non-metathesis ruthenium-catalyzed C-C bond formation CHEMICAL REVIEWS 2001 565 40.36
ORGANOPALLADIUM INTERMEDIATES IN ORGANIC-SYNTHESIS TETRAHEDRON 1977 505 13.29
H= —
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Category of Trost’s Research Topics

Categorize @

1. Select a heading and category.
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2. Select index terms of interest.

All

General chemistry
Catalysis

Physical chemistry
Technology

Genetics & protein
chemistry

Polymer chemistry
Biotechnology
Environmental chemistry
Biology

Analytical chemistry

Prepared substances
(17697)

Reactants & reagents
(12907)

Reactions (228

Bio-prepared substances
(44)

Manufactured substances
(34)

Purified substances (21)

4 4 Page: 1 of3p M
Select All Deselect All
| Stereoselective synthesis 220
Alkylation 175
Stereochemistry 175
| Cyclization 121
Cycloaddition reaction 87
Regiochemistry 86
| Addition reaction 61
Enantioselective synthesis 58
Isomerization 40
| Coupling reaction 35
Diastereoselective 32
synthesis
~ Ring opening 30
Diels-Alder reaction 28
Organic synthesis 26
~ Rearrangement 26

Scifinder



Alkylation in 70-80’s




Alkylation of Unsymmetrical Ketone

— +
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JOC, 1965, 30, 1341; JOC, 1965, 30, 2502
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Alkylation of Unsymmetrical Ketone MICHIGAN STATE

UNIVERSITY
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Transfer Alkylation

CO,H
CHO.CT Y
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JACS, 1972, 94, 1970
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Transfer Alkylation UNIVERSITY
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CH:,OQC COICHJ
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JACS, 1972, 94, 1970



Secoalkylation
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JACS, 1972, 94, 4777



Secoalkylation

O
0 0=
o 887% 0 100% 0
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JACS, 1972, 94, 4777
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Br Br
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[>=sPh, i Br O NaocHy
(92%) (100%) (90%)
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Br 0
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JACS, 1973, 95, 2038



Geminal Alkylation

0 0 Br Br
[Swee SPh, Br, O NaocH,
(97%) (100% ) (97%)
5
Br Br CH;0 OCH;
CO,CH; AgNO,/CH,OH CO,CH; go
(98%) 96%
8
CHO
OOZCH;; CH3 COQCH3
( Ph,P);RhC]
(86%)
9
o= e

JACS, 1973, 95, 2038



Dimethylsulfonium Phenacylide

+ KOC(CHy), +
Phgs-—/\{— BY,” ths—<k BF,”
DMSO
Cl CH,
81% 87%
0
+ KOH + NaCH,SCH +
Ph,8—<| = Ph.S—<] BF,” = Ph,§—<]
1 !
1 —> Ph8—4 -+ [@l
i
+ KOH +
ths—<k BF,” == PhS—<]
CH, \CHK
2

Accounts Chem. Res, 1974, 7, 85



Dimethylsulfonium Phenacylide

Trost, JACS, 1967, 89, 138



New Alkylation Methods

Formation of Selected 6x;spiropentanes and
Cyclobutanones Utilizing 1

En- Aldehyde
try or ketone

Over-
Oxaspiro- Cyclo- all 9,
pentanes butanones  yield

o)

0
0
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0
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)\/CHO 0 (59)
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0 0 0
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(R=H, 87)
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MICHIGAN STATE
UNIVERSITY

Accounts Chem. Res, 1974, 7,

85
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New Alkylation Methods UNIVERSITY

R
an e G
NaOH

Representative Examples of Lactone Annelation

Over-
En- Ketone or al.l %
try aldehyde Cyclobutanone Lactone yield

85

& ob oo
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o AP A
P ST

0

Accounts Chem. Res, 1974, 7, 85



Nue:

New Alkylation Methods

2 steps

O
0 H /\a/lk
NaOCH, OCH
CH,0H
72.'99% reflux 95%

Accounts Chem. Res, 1974, 7, 85
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Oxidative Decarboxylation UNIVERSITY

Entry Sulfenylation2 Oxidation
no. Acid temp (°C), time (min) Sulfenylated acid time (hr) Ketone % yieldo
SCH,
1 COH -20,20b
0, 30 CO,H’ 1.25i o 64m
SCH;
-20, 250 ) .
2 Ph,CHCO,H 0,25 Ph,CCO,H* 1.57 Ph.CO 57m
3 / 0, 40¢ Z 1.5-2.5i / 44n
’ COH ’ :
COH SCH, 0
0 0 SCH.f ) 0
0 0 COH 0
CH,O -20, 30b SCH" .
CHO p,3 COH
CH,0 CH,0 CH,;0
6 0,50¢ / 2 ’ 62-76"
SCH;
CO.H CO,H 0
<D —

JACS, 1975, 97, 3528



Oxidative Decarboxylation

@
SCH *SCH
{><COZI-; _> §/ o rye — )=SOH, —
(ll) 3
2

JACS, 1975, 97, 3528



Geminal and Reductive Alkylations

N O
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JACS, 1975, 97, 2218
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ref 4 8
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0
1
—_— (95%)
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ref 10

O
_:,
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ref 5

JACS, 1975, 97, 2218
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Geminal and Reductive Alkylations UNIVERSITY

| _cocH,

F
7
B d
Br Br r 0
CO.CH, CO,CH, 0
(n-C;H,);SnH NaQOH
———— —_—
(83%) H.0
then
HCl
(73%)
25 4
CH,
CO.CH;,
(n-C,Hy);SnH
(819%)
27

JACS, 1975, 97, 2218
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Geminal Alkylation via a-Trimethylenedithiocyclobutanones v~ iversity

Aldehyde annel- (% dithiocyclo- (%
or ketone ation¢ Cyclobutanone (% yield)d Enamide yield)€ butanone yield)d

0 0 S/j
v N(CH,
O_ CHO A Oj] (70)/:8 Oir\ (CHox (98) @jj\ s (19)
10 15
O (0]
(0] S
SO o Lo @ G
S
11

16
N(CH,), (\|
S-S
1-Tetralone A @ (99)/.¢ i)% 95 0 (62)

]
2
(0]
3
(0]
4
o= >\ o=y
A 2%\6) (99)/8 i (100) s O1)
O H o=k N(CH,, N
5 13
N(CH,), S
d% (12)h 4 ©7) / S} (53)
o 0 o
6 14

aG. Stork and A. Burgstahler, J. Am. Chem. Soc., 73, 3544 (1951). & R. K. Smith, M.S. Thesis, University of Wisconsin, 1972. ¢ Method A:
diphenylsulfonium cyclopropylide, reversible conditions. Method B: 1-lithiocyclopropyl phenyl sulfide. @ Yield of isolated pure product.
€ Yield of solid before recrystallization. Recrystallization unnecessary for further transformation. f This work. & See also reference 5. 7 Ref-
erence 6.

JACS, 1975, 97, 2224
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Geminal Alkylation via a-Trimethylenedithiocyclobutanones v~ iversity

CH:,LL H3 Na ocu
DME OH GHJOH

100% 91%

\aOH
0 CHACN

100’

NH,CN E ]&i HC]
——-—-—-»

37

CH;OH
67 %

CO,CH,

JACS, 1975, 97, 2224




_,'\ 0O
0 25 .
H
CH,Li
24, 25 — —
98% 83%
0 OH

OH

0

37
e —

JACS, 1978, 100, 5512
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Oxasecoalkylation via Cyclobutanone Intermediates uvniversiTy

0
OH . I
C—C—C—Nuc
52
/ 61
RO 89%
0
\2%
50a, R = H
b,R = Ac
ACO - O"
0 O
—_ o
' 0 !
L B ‘ ‘l
53 54
1%
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secoalkylation~- Robinson
annelation annelation

55
o= .

JACS, 1978, 700, 5512



Allylic Alkylation




Allylic Alkylation

Cl
/ e A \ , N
\\Cl/ /
(1)

Formation of the [l-allyl complex directly from the olefin can be

accomplished in high yields (80-100 %) by either treatment with
palladium chloride in methylene chloride containing sodium
carbonate (method A) or with palladium chloride and sodium
chloride in acetic acid containing sodium acetate (method B ).

JACS, 1973, 95, 292



Allylic Alkylation MICHIGAN STATE
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CH(CO.CHy, CO.CH; +

CO,C.H;

CO.CH; 4 /\)i\
~ C,H,0.C” ~CO,C.H,

12
1

/CH3
SCH 0—S
CO,
14

0
4
cul
CO,CH,
€ —————— 0,CH,
AN

SO.CH,

/\/‘5:3) o
A
13

JACS, 1973, 95, 292




Allylic Alkylation

PR,

/, /
(v
\PR3

18

Although no definitive statements regarding the course of the
alkylation can be made, the requirement of 4 equiv of

of a soft anion led us to
suggest the ionic complex 18 as an inter- mediate

phosphine per dimer and the use

JACS, 1973, 95,

292



Regio- and Stereoselectivity of Allylic Alkylation

hgand
R
1
R;P P
R.P PR AN 8
N Pd/R
Pd
N
Nuc 5 He
4
o= -

JACS, 1975, 97, 2534



Regio- and Stereoselectivity of Allylic Alkylation

JACS, 1975, 97, 2534



Sterochemistry Allylic Alkylation

JACS, 1975, 97, 1611



Sterochemistry Allylic Alkylation

> B

i | i C0oCH
CHs Nozﬁhs Chg 7T ’
H
C0yCHs 3 ) 3
53 ! s o
(50,0~ ~TCHs Chg0p(n ™ CHz
radh !
CH30C
0 % st
<= —

JACS, 1975, 97, 1611
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Generation and Alkylation of the Dianion of 1-Indanone ¢y~ versity

. PhCH,OCH,CH.! OCH.FPh

-
-

CH,0
OLi

OCH,Ph

PhSSPh SPh

CH,0
10

JOC, 1977, 42, 3212



Asymmetric Induction in Catalytic Allylic Alkylation  MICHIGAN STATE

Decarbo-
methoxyl-
ation or
desulfony- Rotation of 7 Optical
Entry Ligand4 Nucleophile ~lenesh At-erlation lation (C,CClL) yield
1 (+) DIOP¢ NaCH(CO,CH,), 57 94 +0.833 (3.85) 21
2 (+) DIOPC NaCH(CO,CH,), O 98 60 -1.5(1.0) 37
3 (+) DIOPS.S NaCH(CO,CH,), /’\ 82 74 +1.55 (2.75) 38
4 (=) DIPAMP4 NaCH(CO,CH,), S X PPh; 62 87 -0.65 (1.2) 16
5 (+) CAMPHOS?® NaCH(CO,CH,), 99 80 -1.50 (1.2) 37
6 (+) CAMPHOS? SO,Ph
NacH_ X=HCamPHOS ¢ 78 ~1.60 (2.25) 39
CO,CH,
SO,Ph
7 (+) DIOP¢ NaCH\ DME 84 87 -1.86 (2.25) 46
CO,CH,
DIOP - \ DIPAMP

[
o o!

@
PPh, S/J(‘F'Ph2 QP/_\

P
PPh '
2 X=HCamPHOS ©

JACS, 1977, 99, 1649




Allylic Alkylation: Nature of the Nucleophile

CO;CH; COxCH3

+

s Na COxCHs
~ Lngond QHS (FH3
/N\ /N\

HsC™ P~ “CHs

HsC™  “CHs
%
X Y Ligand yield 7 8
HMPT
2 CO,CH; HMPT® 74 79¢  21¢
2 CO,CH;, TOTY 57 26¢  T74¢
2 PhSO, HMPT 73 95 5 ©\
2 PhSO, TOT 78 16 84
2 CH1S0, HMPT 90 100¢ ¢ CHs CHa
2 CH,SO0, TOT 90 15¢  85¢ P
2 PhSO HMPT 71 100 j@
1 PhS HMPT 70 90 10 HsC
2 PhS HMPT d 52 43
2 PhS TOT 15 <l >99
2 CH3S HMPT € Tor
o= =

JACS, 1978, 100, 3426



Nuc

Nuc
folL . [ L L
(TPl = (TP = (P —> ProoueT
N v L L

22 L 23

First, it is possible that kinetically reaction occurs initially at palladium. Subsequent C-
alkylation then requires this initial reaction to be reversible. The lower the stability of the anion,

the poorer the reversibility.

S ;
L‘! + Q Culil =————p
S
2

As the nucleophile becomes harder, charge distribution becomes more important in
determining the regiochemistry. Since more positive charge resides at palladium rather than

carbon, attack occurs there-ultimately leading to decomposition.

=
JACS, 1978, 100, 3426



Allylic Alkylation: Nature of the Nucleophile

CHz(COaCHg),
or

> cH
~ COCHy adh

CHpZ SOLR
PhSCH,COR
- AT
0
,CO,CH
cHy 0,CHy
SO,R
> AN S0R
A
0
H PhSCH,CO,CHy
evve
> Ao, cH,
,CO,CH
RCH 2773
SO2R AR
Ncoch,
SOzR

> N\ N\F

JACS, 1978, 100, 3426



Allylic Alkylation: Nu attack on m-Allyl-Pd Complexes

)
NoCH(COzR)z cvq,so,caco,cn,

PyC
E/JEC‘ CO,CH3 X
A [{CHy),N];P
22 CO,CHy
THF or DMSO

16
+2 (70%, X = CO,CH,) 79% 21%
+6 (58-90%) 100% 0%
X
 pdci 0,CH; N
i 2 — |
~ pth pphz + COZCHS
THF or DMSO
9 20 2
+2 (100%, X = CO,CH,) 47% 53%
+6 (54%, X = SO,CH,;) 50% 50%

JACS, 1978, 700, 3461



Allylic Alkylation: Nu attack on t-Allyl-Pd Complexes

CeHi7

\

e
CH(CO,CoHg)2
OMSO

o -
“H
HgC20,C  CO,CoHg

R“

’ + ,pR3

R— —Pd_ ol

W PRy

R
a3
o= -

JACS, 1978, 100, 3461



Allylic Alkylation

NaCH(CO,CH,),
16 - 17 + 18
Me,SO X = CO,CH, X = CO,CH,
HMPT (70%) 79% 21%
TOT (57%) 26% 74%
R
“SPdL, Q " CHQ Chs 10T
° 0
R R
45
% ~ HaC
SQ,R
CO,CHy | SaR
6 + Rsoﬁncozcn,, -%- + CO,CH;
a b
R = CH, 15% 85%
R = Ph 26% 74%

JACS, 1978, 100, 3461
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Pd-Mediated Cycloaddition Approach to Cyclopentanoids '~ iversity

R
C . EWe _Peo EWG
TMS | —>

R

C. Cycloaddition/Alkylation

1ADIC 11, NTAVLIVII Ul LU WILL AL pLuLd

entry trap product®f (yield)d 4 (30)
A. Alkylation®? phﬁ,(
1 - . ¢ (74) 0 0
-< Ne "AS\/LK/\S DhM 24
S * 0
| - (15)
21 I)J\/\f
2 W . e (90) - :
4 S N (1)L
H s Me » S 25
22 D. Carbonyl Addition
B. Cycloaddition 5 TMSO (58)

CHO/\M/A
e N OAe

3 . /6D . <
26
= S " @ Reactions are carried out with 1 equiv of 20, 1.7-2.6 equiv of
< X A the trap, $-9 mol % (Ph,P),Pd, 1.7-2.8 mol % dppe in refluxing _
) 0" >0 THF. P This reaction was performed in toluene at 110 °C. € This
23

reaction was carried out at room temperature. ¢ Isolated yields
are based on amounts of 20 used. ¢ *—carbon atom containing
deuterium label. / Deuterium content of products was deter-
mined by mass spectroscopy. £ E=CO,CH,, S =SO,Ph.

JACS, 1983, 705, 2326
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Pd-Mediated Cycloaddition Approach to Cyclopentanoids '~ iversity

Scheme III. Distal Approach Mechanism of Cycloaddition

R EWG R EWG R EWG
./ Homt—aH Homy—ceaH
. —> 7 . —> ! N —> _gj-
- L | ]
| 27a |,
*Pd ~~s Pd
/ A\ Iy
N\ “ L L
R H R H
Hom _':\EWG Hesy—iwEWG  Scheme IV. Proximal Approach Mechanism ot Cycloaddition
< —Q;_ (EWG
27b Pld\‘ 1_—————>-—\N/R —>'-\| s
/ Pd; P!
L L
C L < L
R 28
EWG
- H — L\
’ /Pdi 1 EWG 290 EWG 300 EW
.L‘.‘.
p%: ka 2,
L~ Y. ¥R
W EWG EWG EWG
298 300
= —

JACS, 1983, 705, 2326; JACS, 1983, 105, 5942



I'Br
+ NaCH(ICOLH,) HE /\/J\E

oc | >pPh 232 dppe
Ph SR "2 reflux

1 2

Five factors may be envisioned to affect the regioselectivity. (1) steric
demands of the nucleophile, (2) steric demands of the [l1-allyl substituents, (3)
charge distribution of the Tr-allyl intermediate, (4) steric and electronic
demands of the metal template, and (5) reactivity of the nucleophile.
Rationalizing that factors 3 and 4 favor attack at the more substituted end, we
envisioned that the steric demands imposed by a tungsten template may favor
alkylation at the more substituted end.

JACS, 1973, 95, 292
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Tungsten-Catalyzed Allylic Alkylation UNIVERSITY

Table I. Tungsten-Catalyzed Alkylation of Aryl-Bearing Allylic Substrates

entry allyl substrate nucleophile? time, h product® %°
o Ph
1 Pha o~ 0L0CH, NaCHE, 4 \I: 914
E
s €
Ph
2 4 NaCH,CE, 17 pe 924
e
Na Oh
3 4 Q 15 g\ g7d.e
Ph o
N th\/\n
PhsOs R
4 4 NacHZS02" 5 R=E 72/ 28 78
N 4 NaCH(S0,Phl, 9 R=PhSO, 53 47 67
Ph A CHy Ph~CHs
CH3C,IV e F’"\/\/i{
6 0 NaCHE, 4 CHy 88
90
10
% d
7 RS NaCHE, 6 e 81
'R
8 5 NaCHE, 2 SN 86

)
r¢5
oG e
9 CBI;CHS NaCHE, 4 C?j:? 708

ONa \
10 6 s 16.5 Q\,: Oy 7%

84h 16

N S €
|
11 W NaCH,CE, 14.5 WA O\NLE 60
OCHy e 17
83
@ The nucleophile was generated by treating the carbon acid with sodium hydride in THF. All reactions were run with 15 mol %

(CH,CN),W(CO), and 15 mol % bpy® in refluxing THF. ® All products have been fully characterized. € Isolated yields of pure products.
4 >98% a single regioisomer. € Threo/erythro 38/62. f Threo/erythro 42/58. € »95% a single regioisomer. " Threo/erythro 60/40.

JACS, 1983, 7105, 7757



MICHIGAN STATE

Regiochemical Control in Molybdenum Allylic Alkylation gy~ vers ity

638|

A s 4

25% mol% MO(CO)6, PhCH3, reflux, 72h  60%

€3Si

Organometallics, 1983, 2, 1687



MICHIGAN STATE

Regiochemical Control in Molybdenum Allylic Alkylation gy~ vers ity

entry allylic acetate nucleophile time, h product® % yield ¢
’ | MeySi N
1 MesSio _~_OAc CH,E, 9 MQ!S.WE . I\ 35
£ ¢
1:1.2
MeySi MeySi” MeySi MeySi”
2 NN CH.E, 2.5 VIE 49
OAc € R
R =Hor Me
3 CH,CHE, 2.5 58 (80)¢
MenSt C0uBu’ MeyS 0,84°
4 N CHLE, 12 f/ 43
Oac £ £
MesSin_2 €0,8:°
5 CH,CHE, 7 \/:’i 57
€
Ohc P>/E e
6 CH,E 4 . 33 (66)¢
W:o;w 12 /\E/\//\C%m
R = H or Me
7 CH,CHE, 2 60
OAc ’ ~ CO;Me ’
8 O\/\:ozm CH,CHE, 1.5 O/IE r 52
6:1
E £ ‘
NG
9 CH,E, 2.5 62
“ Co;Me

¢ All products have been identified by spectroscopic methods and by high resolution mass spectrometry. b Isolated
yields of pure products. ¢ These represent unoptimized yields. ¢ Yield based on recovered starting material, longer reac-
tion times led to destruction of product. ¢ Only the trans stereoisomer was detected. f Seeref 5. # Seeref 9. h See ref
10. ! Seeref11.

Organometallics, 1983, 2, 1687



On the Stereo- and Regioselectivity of Mo-Catalyzed Allylic AlkyfgH N> 1A

0
e e
= s ar(CH2}7CH=CHCH2-\Q
OAc NaH, 700, 4
BF(CH2)7 CHCH:CHZ Mo(c), PhCH3
7
- s BriCHp,CHCHCH) + BrlCHo)7CH=CHCH,CHE
“raEy CHE
BSAD Z
70% 5 1
<E OAC _<E
N R <:—E—--6 a —-E———-> ] N s (2)
NaH or BSA NaH | i
Mo(c) Mo(c)
0 13 73%
£
NS
£
~¢ 3
NR TNl
Moic)
50% 154
o= -

JACS, 1983, 705, 3343



A Model for Metal —-Templated Catalytic Asymmetric MICHIGAN STATE
Induction via [1-Allyl Fragments

UNIVERSITY

L* = opticaily active lrganrd

Organometallics, 1985, 4, 1143



A Model for Metal —-Templated Catalytic Asymmetric MICHIGAN STATE
Induction via [1-Allyl Fragments

UNIVERSITY

‘ ;? Q 4
/ o S "\ ‘ /
) ; O SI(CH,)
O>} 0 Q o = y \ 33 2
(~i-CHIRAPHOS +1-DICP lw)~BINAP {(—=)-BINAPD
4 5 5 7
CO CH 3CO C
Y L Pd\O
+ O

THF

reflux

then CH N

recemic

L Y %9a % 9b %ee % yield

4 SO,Ph 59 41 18 73
5 SO,Ph 58 42 16 82
6 SO,Ph 65 35 31 92
7 SO,Ph 69 31 38 66
11 SO,Ph 85 15 69 82
pre -

Organometallics, 1985, 4, 1143



Unusual Chemoselectivity Using Difunctional MICHIGAN STATE

UNIVERSITY

Allylic Alkylation Agents

ath'q'
P U and/or

/)\/\/ )\’/\
| (1)
1 path'b’ W "
R )WY andAr g &/L/Y
M
b

or:ozcn3
3-
Smd%::bc?g%z CHO3.doe
0CO,CH, NaCHE, THF, 50° i
R o~ 0C0LH,

65%
Z \ ExE
2md% G~ CNIME D) . R \/\I//\/ OCO,CH; o QV\X\F\ (3)

B opTHE, S0-A° 5
R=}:i‘ 6% R=H 70%
R=0Ac 6% £2C0,CH;

JACS, 1987, 109, 2176



Unusual Chemoselectivity Using Difunctional

Allylic Alkylation Agents

OCOZCH3 Nu
o I 0cogH, W A ococn,
8 a g
: CO,CH, :
NU= O < 7%
50,Ph
o0

CO.CH
///\ﬁ S
CO,CH,

JACS, 1987, 109, 2176



A Modular Approach for Ligand Design for

Asymmetric Allylic Alkylations

//palladlum-Catalyzed Allylic A'kylation\

o

oy Py

X

(S)-Nu ) L(m-Nu N o

Kinetic
Resolution Regioselectivity

- N
li

Complexation lonization Isomerization Alkylation

JACS, 1992, 114, 9327



A Modular Approach for Ligand Design for
Asymmetric Allylic Alkylations

PPh, "M (+)-11 (+)-11 (e
O ° o
NH Q s Ph,

JACS, 1992, 114, 9327



A Modular Approach for Ligand Design for

Asymmetric Allylic Alkylations

@ (+)-2
X . X . =|x0
o O :

LIGANDS 6,10, (+)-11,13 LIGANDS 7,8,9,(-11,12
Figure 13. Correlation of absolute stereochemistry of the product with that of the variable chiral linker.

P \ f
clockwise counterclockwise
orientation orientation

Ligand

ﬂ stereochemistry ... ﬂ

RO, e OR

o
clockwise C
ﬂ ... correlates with ﬂ
product
stereochemistry

Nua, A 4OR . . RO, A oM
Q" Q?LO ‘%’@ o« D

(-)-2 (¢)-2

(-)-2 &

irL] =

RO, enrOR

_) counterclockwise
ionization

Figure 14. Mnemonic rule for ionization.

MICHIGAN STATE
UNIVERSITY

JACS, 1992, 114, 9327



A Modular Approach for Ligand Design for MICHIGAN STATE

UNIVERSITY

Asymmetric Allylic Alkylations

Scheme V. Kinetic Enrichment 0t Enantioselectivity

™na ﬁ ™nc
PhC N
& %@ u _N
39
o O.
I i | ' +  PdO)

h
PhCOI,,‘.Q““OCPh QN\H PP 2 Nu‘h.@.‘\\Nu
M o,

i
o\ 12 NUs, A\_~OCPh &
~n b xnd
CH:, o
O, A0 on Il II,Dh
pBuU-H® @ " CQ'Q'OC o
12
1.2 eq. 1.0 eq.
(ﬁ) (o)
Ph
CO.,‘_Q.__‘ (12)
84% le'd
98% ee
== =

JACS, 1992, 114, 9327



Asymmetric Alkylation of B-Ketoester

0
C 02CH2Ph R
O e
A 4 5
a) X=H a) R=H
b) X = OCHgy b) R =CHg
c) R=CH,0Ac
0.9 mol% 2 0 1.2 mol%
0.4 mol% [n3-C4H5PdCl], CO,CH,Ph
TMG 3 ¢
PhCHy 0°C m ?—N —f
X 6
a) X=H, R=H PPh2 Ph2P
b) X = OCHz, R=H
©) X=H,R =CH, TMG: N,N,N',N'-tetramethylguanidine.
) d) X= I:|. = CH,0Ac
entry tetralone allylic ester time product % yield dr ee (er)?
1 4a Sa 0.25 6a, 94% 89(94.5: 5.5)
2 4b Sa 1 6b, 98% 91 (95.5:4.5)
3 4a Sb 3 6¢,81% 95 (97.5:2.5)
4 4a Sc 1.5 6d, 80% 94 (97:3)
5 4a 7 3 8,71% 94.6 97° (98:2)
6 4a 9a 2 10a, 87% 99:1 96¢ (98:2)
7 4a 9b 3 10b,91% 98:2 99¢(99.5:0.5)
o= =

JACS, 1997, 119, 7879



On the Effect of the Nature of lon Pairs

As Nucleophile in Metal-Catalyzed Substitution Reaction

OAc OAc OAc

7 8 9
R. CO,Me R. CO,Me R. CO,Me
COs,Me CO,Me CO,Me
X AN g N
11a R=H 12a R=H 13a R=H
11b R=Bn 12b R=Bn 13b R=Bn
1 Rl
MeO,C_ R MeO,C |
Y Na* + R%N'Br "R%NY + Na'Br
MeO,C MeO,C
10a R'=H R® = CHy, (TMAB)
10b R'=Bn R? = n-CgH 3 (THAB)
o= -

JACS, 1998, 720, 70



On the Effect of the Nature of lon Pairs

As Nucleophile in Metal-Catalyzed Substitution Reaction """

Table 2. Alkylations of 7—9 with Dimethyl Benzylmalonate
Nucleophiles (10b) and Triphenylphosphine Ligands for Palladium

reactn  yield product ratio (%)
entry substr® counterion’ time,h (%) 11b 12b 13b

1 7 Na* 1.5 81 78 20 2
8 Na* 1.5 79 70 28 2

3 9 Na* 1.5 87 57 33 10
! 7 TMA* 4 75 80 18 2
5 8 TMA* 4 80 60 38 2
6 9 TMA* 4 96 56 36 8
7 7 THA* 4 89 76 21 3
8 8 THA* 4 99 72 25 3
9 9 THA* 4 94 77 20 3
10 7 Cs* 4 82 52 45 3
11 8 Cs* 4 85 53 44 3
12 9 Cs* 4 84 53 43 4

@ Reaction conditions: 5% (Phs;P),Pd, THF, 67 °C. » TMA, tetram-
ethylammonium; THA, tetrahexylammonium.

JACS, 1998, 720, 70



Asymmetric O- and C- Alkylation of Phenols el

3% {3)
10% Eu{fod};
PPhz PhoP CHClg, 12

(1)

W P O
OCO,R 1% (dba)yPd,+CHCI, (4) 500 /@’
CH,Cl, R

R

DDV

w

W

Wuan O
RileleTe)

000

LITT

[A)

aooco
>o353
oo
DIOD
U

’Bwnn
PO -
P~

1aple 1. Enantoselecuive rnénol AlKylations*

allyl
O-alk. ether rearr. C-alk.
allyl temp (isol % temp  (isol  product
entry phenol carb. (°C) vyield, %) ee® (°C) yield, %) ee (%)

1 1 2a 25 5a(96) 60
2 1 2a —40 5a(85) 85
94¢ 50 11a(86) 93

3 2a —78 5a(82) 78
4 2b 25 5b(88) 97 50 11b(79) 97
5 2c 25  5¢(89) 92
6 2c 0 S5¢(85) 93 50 11c(77) 96
7 1b 2b 25  5d (88) 80 11d (83) 94*
8 6a 2b 25 7a(89) 94 50 13a(81) 93
9

10

11

12

Pk

6b 2b 25 7b(90) 77
6b 2b 0 7b(83) 8 80 13b(84) 80
6c 2b 25 7c¢(90) 95 50¢ 13ce(91) 93
9 8 25 10(89) 85 50 1497y  91#

JACS, 1998, 720, 815



Chiral Recognition for Control of Alkene Geometry

In Allylic AIkyIation

?—N HH N—‘f
\(E PPh, PhoP

2.5% [n°3-C3HsPdCl],
PhCH,, (C,Hg)sN

ww

isolated
entry ligand yield, % E.Z°
1 R,R-3 88 50%:50¢
2 S,5-3 97 554.45¢
3 R,R-3 + §,5-3 83 15:85
4 Ph;P 85 84:16
pre -

JACS, 1999, 721, 8667



Chiral Recognition for Control of Alkene Geometry  MICHIGAN STATE
In Allylic Alkylation

UNIVERSITY

Figure 1. Cartoon representing the reaction of racemic allyl esters with
enantiomerically pure catalyst.

JACS, 1999, 721, 8667



Chiral Recognition for Control of Alkene Geometry  MICHIGAN STATE
In Allylic Alkylation

UNIVERSITY

A,R-LIGAND

S,8-LIGAND

Figure 2. Cartoon representing the reaction of racemic allyl esters with
racemic catalyst.

JACS, 1999, 721, 8667



Regio- and Enantioselective Mo-Catalyzed MICHIGAN STATE

UNIVERSITY

Alkylations of Polyenyl Esters

R\M
Nu
R~ A~X 3 o\
1 NH HN
+ - RN + Z | | N (CH3CH2CN)3MO(CO)3
Nu- 2 N Nz
’ AN 11 (8)
Nu
4
Entry Time Yield® Ratio® ee (er)”
3:2 3
1 P "X"0C0,CH, 3h 95 6.1:1 98 (99:1)
2 Ph/\/W\OCOZCHa 4 h* 58 (92) 5.3:1 97 (98.51 15)
35h 68 6.1:1 >99 (>99:1)
3 O/\AOCOeCHa 3h 91 115:1 94 (97:3)
4 )/\/\ococh3 3h 89 (94) 49:1 98 (99:1)
6 he 87 (95) 15.7:1 97 (98.5:1.5)
5 Y ococH, 3h 81 (89) 8.1:1 80 (90:10)
6 @jf;c”s 2h 94 1151 87(93.5:6.5)
1.5h' 88 13.3:1 86 (7:93)
7 /E\/\ocochs 2h 96 15.7:1 86 (93:7)
2 hf 94 15.7:1 91 (4.5:95.5)
g C’J/vocom 15h 93 13.3:1 96 (98:2)
9 TN T0C0,CH;, 2h 70 (79) 11.5:1 97 (98.5:1.5)
10 NN N"N060,CH, 3h 81 (85) 10.1:1 98 (99:1)
== =

JACS, 1999, 727, 10416



1able 1.

Asymmetric Alkylation of Ketone Enolates

o)

2.5 mol % [{n3-C5HsPdCl),} 4

1 2

5 mol %
(5,5)3 Q

NH HN

Base, Additive, Solvent

@dﬁw

Selected Optimization Studies?

entry base (eq no.) additive® time (h) % yield® % ee?
1 LDA(1) (C4Ho)3SnOSOCF3 3 21 32
2 LDA(1) (C4Hy)3SnCl 2 53 65
3 LDA(1) (CH3)3SnCl 3 65 69
4 LDA(125) (CHa)SnCl 2.5 78 78
5 LDA@S5) (CH3)SnCl 2.5 99 80
6 LDA(2) (CH3)3SnCl 0.5 99 88
7 LDA (3) (CH3)3SnCl 1.75 61 84
8 LiHMDS (2) (CH3);SnCl 2 94 71
9 LiTMP (2) (CHs3)3SnCl 0.5 99 86
10 LDA (2) none 1 96 85
JACS, 1999, 721, 6759



AAA in KAT/DYKAT Processes

KINETIC KINETIC DYNAMIC KINETIC ASYMMETRIC
RESOLUTION ©°" ASYMMETRIC TRANSFORMATION (DYKAT)
TRANSFORMATION
OR
RO™ “OR \
OR
4 Nu_ 2 OR
L* a) R=H § .
+ - b) R=COR' Nu* ‘OR
Pd° OR

+
oW joul -
RO” > “OR RO OR

6R 6R

2 3 (ent-2)
a) R=H
b) R =COR!'
o= e

Chem. Eur. J., 2001, 7, 3768



AAA in KAT/DYKAT Processes MICHIGAN STATE

UNIVERSITY

B Kinetic Resolution B Dynamic Kinetic Resolution
OH ke i OH ke X
—_—
_—
R”™ "R Ry R R~ R R )\H
2 1 fast 2 1 fast 2 1
A A
* krac lT
2 ks : H ks X
N e P P —_ z
R~ Ry slow Ry™ Ry R Ry slow Ry PRy
B B
50% theoretical yield of A If ka0 > ke>> kg 100% theoretical yield of A

B In a DKR, as with a classical KR, one enantiomer reacts slowly under the reaction conditions
B In a DKR, the rate of racemization of SM is fast relative the rate of the asymmetric transformation

B Thus, using DKR, possible to convert 100% of racemic SM to enantiopure product due to

equilibrating racemization of SM
=

g

JACS, 1973, 95, 292



AAA in KAT/DYKAT Processes MICHIGAN STATE

UNIVERSITY

B Enhanced diastereomeric ratio after internal trapping suggests rapid equilibration of Pd complexes

0] 0] 0 0 Ph
Pdo
I N, =2 L. — L. | — A
Ph N 0 Ligand Ph N Pdln —-—— Ph '}' PdLn  —— \_h
Bnc‘\_(: —CO, Bn/\//l\\ Bn” NN B —
Low DR Higher DR
== =

Cook, ACIEE, 1999, 38, 110



Synthesis of Quaternary Amino Acids

Using Mo-Catalyzed AAA

O
Ph\fN\/U\OCH:; 8NH HN‘lg\:>
Ph
1
¥ 4) C;HgMo(CO)a, THF, LDA, o°c
Ph/\/\OP(O)(OCQHS)z 2) 1N HCI
2 3) (Boc),0, (CoHs)3N (2)
Quant. yield
AN
NHBoc 6 NHBoc
2:1
098% ee
o= .

JACS, 2002, 724, 7256; Angew, 2002, 41, 1929



MICHIGAN STATE
UNIVERSITY

Pd-Catalyzed Asymmetric Addition of Pronucleophiles to Allene

Q entry 2(R) isolated yield 5 ge’

NH Il @ 0 1 CH; (2) 75% (a) 99%

%Pncmo G\ 0 ; A 2 (CH3),CHCH, (b) 61% (b) 889%

PPhg PhyP ' N ><+ phot0”\ >< 3 CH,=CHCHj, (c) 82% (c) 96%

(RCHPE @ R )—0 A" 4 PhCH; (d) 90% (d) 91%

0 . 0 5 2-C;sH;0CH, (e) 81% (e) 94%

) R= CHS )R=CH, 6 HO (f) 63% (f) 82%
0 9 N entry 7(R) isolated yield 8 dr 8° ge 8¢
o ph R \A Pd(OCCF3), Ph™ O 7 1 CH; (a) 85% (a) 201 93%
e N _0 igand 4 NNy @2 (CH3),CHCH, (b) 83% (b) 20:1 94%
N N 3 CH,=CHCH, (c) 85% (c) 20:1 90%

CHyCly R N_<

4 PhCHj (d) 87% (d) 16:1 93%
7 8 Ph 5 CH3S(CHy)s (¢) 67% (e) 131 85%

o= -

JACS, 2003, 725, 4438



Nu Nu PdL* Nu-H
Nu Nu
R b
N +
NS H-PdL* |
PdL*

JACS, 2003, 725, 4438



Dynamic Kinetic AAA of Allenes

NH HN
PPh, Ph,P

(S,S) 2

Pd(0), Nuc-H, Base

Nuc

(1

RZ .R
R/\/\OAC N 3

Base

2.5 mol % Pd,dbaz;CHCI3 /\/\
R
N°

RZ (3)

H 7.5mol % (S,S) 2, \
1 17 5 mol % THACI, THF 18 R3
b
entry Product Condition” ( erf fie) yield"
S G A 95% (S)-(+)  98%
19 | B 65% (R)-(-)  91%
, RNy A 89% (S)-(+)  86%
20 Q B 28% (R)-(-) 90%
BnO
. ><\/\ &n A 90% (S)-(+)  89%
21 HO B 35% (R)-(-) 85%
4 ?N \p C 84% (R)-(-)  88%
5 W;\ N Af ~90% (S)-(+)¢  56%

MICHIGAN STATE
UNIVERSITY

2 Conditions: A. 1.1 equiv of amine to allene, 3 equiv of CsyCO3, room
temperature, 1 day. B. 2.2 equiv of amine to allene, room temperature, 1
day. C. 1.1 equiv of indoline to allene, 60 °C, 1 day. ? Enantiomeric excess

JACS, 2005, 727, 14186



Regio- and Enantioselective Pd-Catalyzed MICHIGAN STATE

UNIVERSITY

AAA of ketones through Allyl Enol Carbonates

(0]
OkO/\/ o )
Pd,(dba)sCHCl; 2 NS
2(dba);CHCI5 i‘}/\/ . it( (2)
Ln, Solvent, Temp.
1 3 4
entry ligand solvent ee’ yield® of 3 yield® of 4
1 L1 DME 66 81 8
2 L3 DME 76 87 2
3 L1 toluene 31 73 0
4 L2 toluene 61 73 2
5 L3 toluene 60 85 1
6 L4 toluene 85 88 0
7 L4 CH,Cl, 84 64 26
8 L4 dioxane 80 99 0
9 L4 DME 84 87 7
10 L4 THF 81 85 1
11 L4 DME (1%H,0) NA 20 3.7
12 L3 DME (1%H,0) NA 1.5 0

NH HN—% NH HN NH HN?
PPh, Ph,P PPh, Ph PPh, Ph,P

(R.R)-L1 (R.R)-L2 (S.9)-L3

JACS, 2005, 727, 2846



entry

Regio- and Enantioselective Pd-Catalyzed

product

Zd

X'f

()f

10

Q
o o
o -
N
2 0 a N\ °

o™

)

//é
s v @

2
|
o 0

«
N
X

=

@

Q
EN

£

o}
Lo} (o]

%o S
s = 8\

MICHIGAN STATE
UNIVERSITY

(R, R)-1

AAA of ketones through Allyl Enol Carbonates
yield” ee 0O
(0]
78%  78%"° /U\ =
077" Pd,(dba)sCHCl, 2 R /U\(\/
~_R . A
R4 & 1, Dioxane, r. t.
88%  >99%
R, R Z/E'  time  yield e
1 Ph Me >98/2 2h 94% 94%
04%  91% 2 Ph Et >98/2 2h 94% 94%
3 Ph CsHy, >98/2 16 h 93% 92%°
4 Ph i-Pr >98/2 24h 30% 32%°
98%  76% 5 Ph CH,Ph  >98/2 1h 75% 88%
6 Meo Me >982 1h  90%  95%
64% 82% 7 2’-F-Ph Me >98/2 1h 80% 94%
8 3'-Cl-Ph Me >98/2 lh 97% 93%
9 4’-Br-Ph Me >98/2 1h 94% 93%
99% 95% 10 2’-OMe-Ph Me >98/2 16h 99% 98%°
11 Pyridyl Me >98/2 1h 95% 73%¢
12 3°-NO,-Ph Me >98/2 1h 83% 82%
89% 939 13 Furyl Me >98/2 4h 89% 88%
14 2’-CF3-Ph Me >08/2 2h 94% 92%
15 Mesityl Me 5/95 6h 99% 96%°
920%  >99% 16 Mesityl Me 96/4 16 h trace NA
17 @" Me  >982 Sh  94%  88%
97%  97% 18 PN Me 251 03h  93%  91%
NS f
87%  81%
(0] O
N N—/f
H H
93%  99% PPhy PhyP

JACS, 2005, 727, 2846; JACS, 2005, 727, 17180



Total S

New Class of Nu for AAA

nthesis of Agelastatin A

MICHIGAN STATE
UNIVERSITY

Bocoﬁosoc
+

BocO
H "Pd" (x%)
N o,
Br COOMe (R,R)-4 (1.5x%)
R B
U Cs,CO; f | N coome (1§
CH,Clj, rt Y

OQO

1.0eq 1.0 eq
0
~»-NHHN 83 /0,
PPh,Ph,P 920/0 ee
(R.R)-4
N,Ts OH
a .: b
7 — H:.! L.aH -_—
52%  Br 84%
Y
BocO 10 O 7
Pd,(dba);CHCly (5%) °
a) 86% “(RR)4 (15%) dl 91%
—— - ~ Br Hes aH
b)85% Br N C8,C05, CH,Cly, 1t N N-OCH, 0 HO, "\(
Ucouuom | ) «NHTs «NTs
. o]
o 91% ; . OCH
N 0CH3 3
70-80% ® 535, M
12 O 1’30
¢ HO N =\
W «wNH  (+)-agelastatin A (1) NYN
-H [ &]p?® = +53.2° (c= 0.13 MeOH) Cu
N (o]
/ catalyst 14
= —

JACS, 2006, 728, 6054



Strategy for Employing Unstabilized Nu in AAA

LiHMDS, BF5-OEt,
[(n-C3H3)PdCI],

ligand, solvent

MICHIGAN STATE
UNIVERSITY

temp, 10 h
entry ligand solvent temp (°C) yield (%)® ee (%)°
1 L1 THF 25 13 —30¢4 NH HN NH HN NH HN
2 L1 THF 40 11 1.0
PPh, Ph,P PPh, PhoP PPhz PhoP
3 L1 THF 4 68 —8.4
4 L1 THF —25 18 —4.0 (R,A)-L1 (S$,SyL2 (RA)LS
5 L2 THF 25 55 —20 S /
6 L3 THF 25 15 —43
7 L4 THF 25 70 86
8 L4 DME 25 50 94 NH HN
9 L4 toluene 25 31 59 PPh; PhyP
10 L4 dioxane 25 86 95
(R.RYL4
3.0 mol % 0s0, OH
1.3 equiv NMO HO,, A
. X g
/ 1:2 acetone:H,0 |
25 °C,42h NG
% yiel
| N 976/:1y£ .
N/
0
\ 2.2 equiv m-CPBA X
- [,
PhH, 10t0 25 °C, 3 h N/
c'>"
78% yield
Single diastercomer]
== =

JACS, 2008, 730, 14092



MICHIGAN STATE

Pd-Catalyzed allylation of 2-Substituted Pyridines

UNIVERSITY

. 3.0 equiv LiHMDS
N OPiv 1.3 equiv BF3+OEt,
| 1.0 equiv n-BuLi
Z + >
N @ 2.5 mol % [(n3-C3Hz)PdCI],
R n 6.0 mol % L1, 25 °C
dioxane (0.08 M), 12 h

1.5 equiv 1.0 equiv

3b (n=0)
95% yield, 11:1 dr
94% ee 88% ee
3¢ (n=1) 3d
99% yield, >19:1 ar

99% yield, 6:1 dr
96% ee 94% ee ‘
/ 0 (0]

3a
85% yield, >19:1 dr

%
NH HN
PPh, Ph,P
3e
95% yield, 8:1 dr af
98% ee . , 3g
89% yiela, 15:1 dr 90% yield, >19:1 dr
96% ee 98% ee
sV RS
Z ~Z
N N
H H
NMeBoc
® y
Br 70% yield, 13:1 dr
3i 98% ee

3h
66% yield, >19:1 dr
99% ee

90% yield, 4:1 dr
98% ee

JACS, 2009, 737, 12056



Pd-DKAT of Vinyl Aziridines with N-Heterocycles

H
N i N
N (: )
Ri Rz \ /
R'=PMB; 1a
R'=Bn; 1b

2 mol % Pd(dba)3*CHCl,,

6 mol % (R,R)-L2

DCE, rt

Lo

/\l/\ﬁ'm
N
92%_?

3a-3j

/Y\u_PMB

N

NCU

3a
99% yield, 89% ee

.PMB
A/\”

Me0,C N
\ /

3d
86% yield, 94% ee

NE.Bn

F4COC

3g
95% yield, 93% ee

Nﬂ.an

N

Y

3b
77% yield, 89% ee

/Y\H,Bn

N

£

MeO,C

3e
86% yield, 94% ee

85% yield, 90% ee®

/\'/\u.Bn

N

MeO,C @

3c
76% yield, 96% ee

N”_PMB

N

()

FsCOC

3f
92% yield, 93% ee

y .PMB
\_/

3i, R = Et: NR
3j, R = H: NR

MICHIGAN STATE
UNIVERSITY

(RR)-L2

JACS, 2010, 132, 15800



Dual Catalysis by Coupling Highly Transient MICHIGAN STATE

UNIVERSITY

Nu and E Intermediates Generated in Situ

Ph

0
OH 0=V(OSiPhs)s (1.5 mol%)

By—— R\ ~_ _OBoc 3131 - ¢

Bu 2N Pdy(dba)g*CHCl5 (05 mol%) ~ "BU” Y R

7 DPPM (1.2 mol%) Ph
1.2 equiv. allyl carbonate DCE (1 M), 80°C, 16 h product
entry  product yield (%) |entry?  product yield (%)
1 o o 1,1-bis(diphenylphosphino)methane
5
"Bu)‘\(\/ 98 "Bu” Y 7 ), o«
Ph Ph 0
EZ=7A1 E:Z=10:1
2 Q 6 0 I':;/\P
"By > ph 92 "By NS, 76 -
| | |
Ph Ph
EZ=7:A1 E:Z=6:1
Boc.
3 (0] NH 7 0
nBu)l\(\/\© 85 nBu)j\(\( 88
Ph Ph
EZ=T7:A1 EZ=T7A1
4 Q Bb 0]
By | = 57 "By | = 66
Ph Ph
EZ=T7A1 EZ=12:1

“Using 1.5 mol % Pd,(dba);* CHCl;, 3.6 mol % DPPM, and 4.5 mol %
O=V(0SiPh4). ? Using 1.5 equiv of 7 and a reaction time of 48 h.

JACS, 2011, 133, 1706



Dual Catalysis by Coupling Highly Transient MICHIGAN STATE
Nu and E Intermediates Generated in Situ

UNIVERSITY

[V]l[Pd]
Desired Product
L1
|
Pdo
N LG
Cycle B
L1 LG
|
Pd*
N RO-
1
Cycle B
Side Product
LG A A U
N ,lo o : // \O '
5R3%(--IR2
' R1
L
== =

JACS, 2011, 133, 1706



MICHIGAN STATE

Pd-AAA of Polynitrogen-Containing Aromatic Heterocycles ¢ ~iversity

)l\ 2.5 mol % [(n®-C3Hs)PdCI],
0”7 “Mes 5.0 mol % (R,R)-L*
Nucleophile  + » R )
3.0 equiv LIHMDS g

THF (0.125 M)
1.5 equiv n 25°C, 16 h

1.0 equiv

N HaC N N
A B A
N H N H H3C N H
H H H

1, 71% yield, 97% ee 2, 66% yield, 99% ee 3, 83% yield, >99% ee

N N_ _CH, ~ 3
0 0 CLO N
N? : N? : i
H H H

PPh, Ph,P

4, 55% yield, 93% ee 5, 92% yield, 98% ee 6, 79% yield, 80% ee

N/ H Z z Nk/@
H H Bn H

7, 44% yield, 97% ee 8, 74% yield, 75% ee 9, 93% yield, 85% ee

10, 84% yield, 97% ee 11, 93% yield, 99% ee

JACS,2011, 133, 12439



Alkylation via A Dinuclear Zn Catalyst




MICHIGAN STATE
Asymmetric Aldol Reaction via a Dinuclear Zinc Catalyst vniversity

Ph.__-OH H Ph 0\?
2 eq.
P | Ph (CpHglpZn D Z"/
N H N

CH, CH;, CHs

(iD O H O
d*@——»@if“@
5 a 6

JACS, 2001, 723, 3367



MICHIGAN STATE

Asymmetric Aldol Reaction via a Dinuclear Zinc Catalyst vniversity

isolated
entry R Ar Major Product® yield (%) drf ee (%)°

1 a Ph Oj\H‘i 83 30:1 9
b
( j OH 97 5:1 90
2a Y§ Ph \Ni 89 13:1 93
bt o 03 51 86
o
Ph

2

H

[¢]
72 6:1 93
3a thg Ph o W 74 ONLY ONE 96
b Fh 97 13:1 81

Ph OH
4 Ph
s

65 35:1 94
96 3:1 88
79 4:1 93

Ph 78 9:1 91

98 3:1 90

Ph 62 35:1 9

89 5:1 86

H O
P
OH
H
Pn/\i(iph
OH
H
F(\/R/&Ph
OH
A
f Ph
OH
H
g | At Ph 91 5:1 87
s 7 Ph
OH
H O
0
L \ 7
H 0
Ph%
& W

90 6:1 96
77 6:1 98

97 341 95

JACS, 2001, 723, 3367



MICHIGAN STATE

Asymmetric Henry Reaction via a Dinuclear Zn Catalyst vniversity

Ph.__Ou. /., ~O._Pnh
U+ CH3NO . A _NO, N O N
R™ H THF, -78 then -35°C R
24 h

3
— R .- s
Entry R Product Yield [°C]  ee %] /Et 2
Ph.__Oqn _O._Ph
OH g
} i NO Ph ) /n Ph
AN ot NI
; 1§
2lel \r W/-\/Noz 4 58 88
OH CH3NO2
36l i ANO2 5 88 93 }(
>|/ >|/\/ CH4CH;
i oH —0\,:I¢
4 /j/ /:l/\/NOZ 6 9% ) s
Ph.__Ouf.. _O._Ph o
5 /L/

o Ph Zn /Z" Ph L
OH .
§ POV AN 87 N0z INCO NG R™H
6al OH g1 56 85
o P~ P 2 59 84
OH

71 Bno’\/§ eno’\/E\/N°29 56 86 -0~~~ R —o\lw

i S i g
NO2 10 75 91 Ph7) Zn\ :_.-Z" | Ph P n /n |Ph
N O NG N O N

o]
L T
ANO2 2 NS “
10 /Q/ 2 6 78 N O N
MeO MeO
OMe OMe
Boc ; Boc OH CH,NO,
11 N NOANO, 1300 79 90
o O
R g

Angew, 2002, 41, 861



MICHIGAN STATE

Desymmetrization of Meso Diols UNIVERSITY
Ar A
0 % Ar=OH '
OH 153 mo||4/°12b H OCOPh r o HO+Ar
Ar + /\ JL r%(i—la . /)<: @) N N’
OH O Ph 15°C Ar OH ; @Ar=Ph
Ar = —@-P
Entry Ar Mol% cat Time  Yield" ee’
1 @—é 5 24h 94% 91%¢
2 CHg_@_ 5 24h 98% 91%
3 cwp-@—é 5 24h 99% 93% Ry H o
=070
4 @ 2 10 18h  89% 90% CHaCHG% A O 2O A 7
¢ 5 24h  70% 83% - g AZNZ!L(?'N W )
5 10 18h 83% 86% ¥, ° o
5 2h 48% 83% m (/ \(;) ol _1%)_ N
6 10 18h 99% 59% At Ondn 75LO AT oI T W
zi. 4, A Sl % | A
5 30h  68% 38% 2N~”\d e Tl
f
7 @ 10 18h 97% 93% Atz Oz O QAT / ;
) 5 24h 60% 86% 2 s, L L
7,
8 10 20h  88% 74% N \(;) PRCO, OH
S= 5 24h 45% 63% HO OH
9 S 10 20h 78% 70%
== =

JACS, 2003, 725, 2410



O

RXCHO /u\
+
Et0 OEt Me™ N

1 (5 mol%), OH
Et,Zn (10 mol%)

R?(\)j\
- X
4 AMS, THF EtO OEt S

Entry R Equiv4 T (°C) Time (h) Yield (%)® ee (%)°
PN 2.5 0 175 76 > 98

2 A 2.0 25 4 75 > 98

M

3 Jw 25 0 14 79 >98

4  TBSOCH, 25 0 6 84 >95
51 TBSOCH, 12 25 5 73 > 98
6____EtO,C 2.5 0 4.25 68 37

Ph
Ph§0H Iph
N OH N

% IPh
Et,Zn Zn
(2 equuv /

o

Me

JACS, 2004, 726, 2660




MICHIGAN STATE

Asymmetric Mannich-type Reaction via a Dinuclear Zinc Catalyst ;' ~ i vers i1y

Ar,, _OH HO_ .Ar Ar, O/t JAr
o O catalyst 2a T AEE E‘\' (2Eet;i:/) AL :Zn,:“/z’iOE':r
1 _on- N-PPhz _ 4AMS o nn PPN N OH N e N OON
Ar - THE, 30°%C , A Ag
3 s 24n o 5
1a Ar = phenyl 2a
yield® dre ee? (%)
entry Ar R product (%) (antisyn)  (ant)
1 Ph 3a cyclo-hexyl 4a Sa 86 5:1 94
2 Ph 3a cyclo-propyl b Sb 79 5:1 83
3 Ph 3a i-propyl 4¢c Sc 83 6:1 >99
4 Ph 3a i-butyl 4d 5d 80 5:1 96
5 Ph 3a PhCH,CH, 4e Se 76 4:1 96
6 Ph 3a n-hexyl 4 St 71 4:1 96
7 2-furyl 3b cyclo-hexyl 4a S5g 73 3:1 83
8¢ 3b 4a 5g 85 4:1 90
9 2-MeOCgHs 3¢ cyclo-hexyl 4a Sh 65 2:1 56
10¢ 3c 4a 5S5h 70 1:1 57
11  1-naphthyl 3d i-propyl 4c Si 71 3:1 87
12¢ 3d 4c Si 74 4:1 88
13 2-naphthyl 3e i-propyl ¢ §5j 69 3:1 (—)-86
14¢ 3e " T | 77 4:1  (—)-95
15/ 3e " T | 74 4:1  (+)-95
o= o

JACS, 2006, 728, 2778



O

1 (10 mol%

Et
Ph

O‘l-z‘
Phj ‘Zn/[‘\o Ph

Lo N EPh

N O N

4AMS
THF, rt me V(10 mol%)
entry R product  yield (%)® dre ee (%)°
1 2-Me-Ph (3b) 4b 74 8:1 92
2 4-Me-Ph (3c¢) de 70 17:1 95
3 4-MeO-Ph (3d) 4d 78 20:1 96
4 4-Cl1-Ph (3e) de 70 9:1 90
5 3-Br-Ph (3f) 4f 72 7:1 87
6 1-naphthyl (3g) 4g 75 >20:1 94
7 2-furanyl (3h) 4h 77 18:1 95
8 3-furanyl (3i) 4i 65 14:1 95
9 2-thiophenyl (3j) 4j 69 >20:1 94
10 3-thiophenyl (3Kk) 4k 71 17:1 95
11" N-Boc-3-indolyl (31) 41 73 6:1 85
12°¢ PhCH,CH, (3m) 4m 47 4:18 83
13°¢ PhCHCH (3n) 4n 52 3:1 91
=

JACS, 2009, 737, 4572



- - - . MICHIGAN STATE
Asymmetric Michael Addition to Nitroalkenes UNIVERSITY

JACS, 2009, 737, 4572



Mg-Catalyzed Asymmetric Aldol Addition of EDA

s A

5 mol% (S, S)-1 _ Ph., OH HO. .Ph
' Ph Ph
10 mol % Bu,Mg Q/N OH N\S
5 mol% 8
THF, -20 °C U
entry R product time (h) yield® % ee’ Me
1 Ph (3a) 4a 18 92 95 ProPhenol 1
2 m-CH;0CgH, (4b) 4b 18 83 90
3 p-CH50C¢H4 (3¢) 3c 18 70 87
4 0-CIC¢H, (3d) 4d 18 91 89
5 m-CIC¢H, (3e) 4e 18 88 98
6 p-CIC¢H, (3f) 4f 18 78 93
7 2-furyl (3g) 4g 18 83 96
84 (CH3),CH (3h) 4h 24 56 97
94 CH;(CH,); (3i) 4i 24 50 97
104 PhCH,CH, (3j) 4j 24 76 90
11 PhCHCH (3k) 4k 18 50 94
o= -

JACS, 2009, 731, 1647



Some Other Reactions




Ru-Catalyzed Dimerization of Propargyl Alcohols

-+

CpRUINCCH,);' PFg (2}
HO}%

1

Entry  Propargyl Alcohol ~ Method Product Yield"|

T =Lon A WH TT%

o]

2 R=R’=H B* R=R'=H 55%
3 R,R"=O0CH,CH,0 C R, R’ = OCH,CH,0 65%
4 R=Ph R'=H C R=Ph,R"=H 76%
5 R=CN,R’=H D* R=CN,R’=H 60%
6 R=H,R’=CN D! R=CN,R’=H 55%
7 R,R"=0 C R,R'=0 70%
8 = < " A 55%

b © ¢
9 B 65%

Oyl
o
B® M 65%
=/ H
o)

I
x

—
<
Yll'\
=
I

c ¢ 63%
02K e

2C
CH:04

12 c 70%

f
= H HO,
b MOH
HO D)

2 Reaction performed at 3 M using 7 mol % 2 in 10 vol % acetone
in THF, 1 equiv HO, —20°, 4 h. ® As in footnote a, but using 10 mol
% 2. © As in footnote a, but using 10 mol % 2 at 0°. ¢ As in footnote
a, but using 10 mol % 2 at 60° and 0.1 M. ¢ A 1:1 E :Z mixture at the
y,0 double bond. / A 2:1 E :Z mixture at the y,0 double bond. ¢ Isolated
yield of pure product.

MICHIGAN STATE
UNIVERSITY

JACS, 2001, 723, 8862



Ru-Catalyzed Dimerization of Propargyl Alcohols S xiyerors

ERSITY

Cycle A

Cycle B
Cp
+ +
oH | on |
~-— B H,0
Rllj OH
Cp Ht

JACS, 2001, 723, 8862



Three-Carbon Chain Extension of Alkynes MICHIGAN STATE
To form E-Enol silanes

UNIVERSITY

+
! - RUN=CCH )3—| PF.
3 6
RWOTBMDS (2) 3
R'
2
asineq3
F{/\ . 1 —q>
7
8 (only E) 9 (2:1 E:Z)
QO
a) R= [ )—CHCH, 76% 8:9 3.4:1
O
b) R =NCCH,CH, 82% 8:9 3.6:1
¢) R =CHsCOCH, 51% 8:9 3.6:1
d) R=TsNHCH, 83% 8:9 2.3:1
Boc
|
e} R=TsNCH, 79% 8:9 3.4:1
== =

JACS, 2001, 723, 2897



Three-Carbon Chain Extension of Alkynes

To form E-Enol silanes

asineq3
R— + 1
10
OMOM
a) R= nCyHzs )\g
>

Q0
b) R= TBDMSO\)%g

95 OF

R\M/OTBDMS (5)
11

65%

61%

63%

oy
T
=
+
]
S~
—
X

|

-~

X
branched

linear

(8)

JACS, 2001, 723, 2897




. . . MICHIGAN STATE
Ru-Catalyzed Enyn Cycloisomerization UNTVERSITY

( Pd — Ru
= -« ((n —
. & ~
OTBDMS  catalysis OTBDMS

OTBDMS catalysis
1,3- diene

1,4-diene (1

MeO,C ><j:/\ 1 (10 mol%) MeO,C ><:/(/\ o
>
Z
MeO,C A MeO,C OTBDMS

OTBDMS acetone [0.1]

rt, 0.4h
6 32(93%)E:Z 13 |
n— 1 (10 mol%)
> ~ (17
X-"0oTrBDMS  acetone [0.1], it OTBDMS
30an= 43n=1(93% yield) only E
30b n=2 n =2 no reaction
e —

JACS, 2004, 726, 15592



MICHIGAN STATE

Allylic Alkylation UNIVERSITY

OTBDMS

R —|+
2 Q
X' ortBDM™S
0

6

+
< '
u
R
58
OTBDMS

R _l+ J - ry
_ & OHC Hydroxylative
R

Knoevenagel reaction
g ~ CHO

OTBDMS Intramolecular  #7
59 nd aldol condensation

19 > 1
1. R4 = R, = H, (+)-allocyathin B,
2. Ry =H, Ry, = OH, sarcodonin A

3. Ry = 1-p-D-xylose, R, = H, (+)-erinacine A ﬂ Ru-catalyzed
T™S cycloisomerization
o ” Pd-catalyzed
Aﬁ reaction
t-Bu0” — ‘f\/ ¢
7 6
==

JACS, 2004, 726, 15592; JACS, 2005, 727, 10259



JACS, 2005, 727, 10259



Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition TS

R LnPd
TMS OAc + \=\ —

EWG solvent

1

nucleophilic
addition

R il
isomerization

JACS, 2006, 728, 13328



Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition TS

5 mol% Pd(dba),
10 mol% L

O
MS\)‘!\/OAC + Ph/\)LOCH:; >

toluene, 23 °C PH "7/._ OCHs
(1.6 equiv) (1.0 equiv) O

N

L1 R) L2- R,R, R) -78% Y., 29% ee L4-(rac-S,S)
0% vyield L3- (rac,R, R) “77%Y., 4% ee 0% yleld

| \

S

/

\
L5-(R—

L6-( S-S S)
0% yleld 80%y., 58% ee

JACS, 2006, 728, 13328



MICHIGAN STATE

Pd-Catalyzed Asymmetric [3+2] Trimethylenemethane Cycloaddition ;v versity

)’k/OH —> Me3Si\/U\/OSiMe3 —> 1

65% 92 %
¢eOAc
1 .
—~ ‘P’SI Me3 5 .<;]“ ____ < ‘ |:
T e )
N FEE /N / \
Pa L, VAN L L L L
L L
2
3
o= -

JACS, 1979, 701, 6429; JACS, 1979, 101, 6433;



Pd-Catalyzed Asymmetric [3+2] Cycloaddition of Trimethylenemeth}{f#!lCAN STATE

I
VERSITY

With Imines

5 mol% Pd(dba), f<

10 mol% L10
TMSJK/OAc toaSN B —_— N

toluene, T°C Boc

T(°C) Yield (%)%ee(%)

»

Entry Substrate

g

1 84 9

5 mol% Pd(dba); , 2

10 mol% L10 '\’>=
.

Ar'! J toluene, T°C A"

n
8 C:g
&
g
5 n
&
gevs g Q
8
8
—
=
-
]
3
+
-

o 73 90 Entry Substrate Product T(°C) Yield (%)?ee(%)

I?
fﬁ

g

H,CO

x
(2]
(o]

g

-m
-

88

83

g

{2

9,
()
Q
§’Z

3

7

Qg
O
GQOQQQ
(2
OO’
%

HC S O
9 ©/\ HiC goc -15 65 a0 /@/\ 83 83
CHy . -
Ny B CH,
10 | N 4 75 86
N “ | Bee
N
~,, Boc
"mno o J" . 4 719
o | Bec
Boc
12 SN N -15 60 90
= S~ ke
- g

JACS, 1973, 95, 292



CpRU(CH,CN)sPF;
(5 mot %)

acetone (0.1 M)
23°C

yield, time

entry R R? %, h)? dr®

1 CO,Me CO,Me 1 90, 3 >19:1

82, 3¢ >19:1
2 CHO CO,Me 1 88, 2 >19:1
3 CON(OMe)Me CO,Me 1 79, 3 >19:1
4 CO,H CO,Me 1 95,3 >19:1
5 CH,OH CO,Me 1 86, 6% >19:1
6 CO,Me CO,Me 2 99, 3 >19:1
7 CHO CO,Me 2 87, 5¢ >19:1
8 CON(OMe)Me CO,Me 2 99, 4 >19:1
9 CO,Me COi-Pr 1 70, 6 >19:1
10 CO,Me CONEt, 1 70, 3%/ >19:1

JACS, 2008, 730, 16176



szd baa‘CHc |3
(4 mol %)

( @/\/\ HCO,H (2 equiv)
R®  DCE/CH,CN (49:1, 0.025 M)

40°C

Rl

entry R R? ylﬁ,l/od” ;')T © dr?
1 CO,Me CO,Me 1 92,4 >19:1
2 CHO CO,Me 1 73,5 >19:1
3 CON(OMe)Me CO,Me 1 68, 15 >19:1
4 CO,H CO,Me 1 NR --
5 CH,OH CO,Me 1 83, 2.5 >19:1
6 CO,Me CO,Me 2 95,3 >19:1
7 CHO CO,Me 2 92,4 >19:1
8 CON(OMe)Me CO,Me 2 95, 2.5 >19:1
9 CO,Me COi-Pr 1 67, 12 >19:1
10 CO,Me CONEt, 1 NR -~
pre -

JACS, 2008, 730, 16176



. . . MICHIGAN STATE
Ru- and Pd-Catalyzed Enyne Cycloisomerizations  {~iversity =l

CO,Me

JACS, 2008, 730, 16176



Ru-Catalyzed Cross-Coupling of Tertiary Propargyl Alcohols st ELE LT

NIVERSITY

With w-Alkynenitriles

R OH
R
R R — R R _
B o S L O
R = alkyl R H
1 3 55-77% yield 4
R idem R —
HO == =\ -reeeeeeeeeena- - —
R R R>_/_O>/_\R'
1 5 6
R R
HO > = | = CN 10 mol% cat. 2 /= Non
R \(\-,n_/ 20 mol% Tartaric acid R o
1 9a n=0; 9b n=1; 9¢ n=2 acetone/water 10
Entry R Nitrile Product Yield“”
1 Me (1a) 9a 10a 65%
2 9b 10b 69%
3 9¢ 10c¢ 75%
4 <:><* - 9b 10d 70%
5 AN 9¢ 10e 68%
6 OH o 9a 10f 60%
7 AN 9c 10g 52% (63)
8 ° 7<:><' e, 9b 10h 68%
N
9 r0><:><| e 9a 10i 50% (62)
)
- N
10 9¢ 10j 63%
<= —

JACS, 2009, 737, 420



Ru-Catalyzed Cross-Coupling of Tertiary Propargyl Alcohols st ELE LT
With w-Alkynenitriles

IVERSITY

JACS, 2009, 737, 420



Allylic Alkylation

R O
Acow)k/TMS . R"% (1)
R
R=HorCN
TsN
AcO NTs
Nc-\)l\/“"s S G > @
R R™ H NG R
1 2 3 R oN
or TSNTAN_ or qu\)'§=
R' CN R'
o= -

JACS, 2006, 728, 13328; JACS, 2013, 135, 2459



Pd-Catalyzed Asymmetric [3+2] Cycloaddition of Trimethylenemeth3 et n oAt

5 mol% CpPd(n3-C3Hs)

AcO ™S NTs 6 mol% Ligand
NC +
R™ "H toluene, 60 °C
1a
o ol
o O O, el A
MeO OMe Me Me ‘P—O D-F{
3a 3b 3c 3d 3e M N*
L2 L2 L3 L2 L3 L2 L2 L3 l |
73%y 87%y 68%y 7%y 47%y 86% y 88%y 40%y Ph Ph
8:1dr 10:1dr 11:1dr 10:1dr  7:1dr 17:1dr 14:1dr 9:1dr
89% ee 90% ee -92% ee 87% ee -91% ee 91% ee 83% ee -73% ee ( S, SRRS S)-Lz
1 1 r L]
oL O O g o
cl ON Nig @ sg
3f 3 3h 3i 3j
L2 L3 L3 L2 L3 L3 L2 L3
90%y 68%y 81% y 86%y >97%y 73%y 92%y 70%y Ph Me Me Ph
19:1dr 13:1dr 19:1dr >19:1dr 8:1dr >19:1 dr 12.1dr 7:1dr
90% ee -93% ee 92% ee 82% ee -90% ee 93% ee 91% ee -91% ee N h
K % Me % I P-0 O'F’ |
, A~ 7 "
\/M?Me O Ve Ph TMS/\/ Ph I;‘ b[" Ph
3k 3l 3m 3n 30 Ph Ph
L2 L2 L2 L2 L2
67%y 94% y 54% y 70%y 62% y (R.R.S,5,R,R)}L3
>19:1dr 6:1dr 6:1dr 3:1dr 3:1dr
92% ee 89% ee 84% ee 81% ee 74% ee
== =

JACS, 2013, 735, 2459



MICHIGAN STATE UNIVERSITY

THE END

THANK YOU

MICHIGAN STATE UNIVERSITY



