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One- and Two —Component Domino reactions

Domino reaction: two or more bond-forming in one reaction vessel, and no
additional reagents, catalysts, or additives can be added during the reaction.
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Anionic primary step

Synthesis of Salvinorin A through Domino Michael/Michael Reaction

BOMOy, -78°C to 5°C BOMO,,
TBAF ‘
(OMe).CH MeDQE -
1 2 salvinorin A
99%
de = ee >99%

second Michael

H

first Michael
o i Li |
0 0
(Meo)zHC Me Me O

— -

(OMe),CH

Evans, D. A. J. Am. Chem. Soc. 2007, 129, 8968. 4



Anionic primary step

Synthesis of (-)-Chokol A through Domino Michael/Dieckmann Reaction

0
T O (D' ="""0Bn
Ph 8 “115°Ctort. DMDME

OBn EizD f""h o

()/j—CuLiz{CN}-Eﬁ
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o Y f o
| h e,
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9 (-}-chokol A
939, ee >95%
de >98%

Kreye, P. Synlett 2006, 2223



Anionic primary step

Synthesis of Key Intermediate in the Synthesis of Himbacine
through Domino Michael/Dieckmann Reaction

H
MeO,C< LITMP/ITHF
H 78°C
t-BuO0” ~0O 11
(dJ) -

McCarthy, R. Synlett 2011, 801
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Anionic primary step

Domino Michael/Acetal Ring-Opening Reaction

proposed mechanism:

2 ﬁﬂ 2l o R'B(OH); + (CFiCO)R0O —
~0 (CFEDQ}QG o, -
G\)\%\W/Ph (3 equiv) Ph
| § IH_H
CHCly, r.t. 0" M2
26 0 e R rR!' 0o

27 5
+ R'B(OH), HDTTLW
il EI'
o W}

R' = PhCH=CH, R? = R® = Me: 80%, de >96%
R' = p-FCqH4, R? = R® = Me: 85%, de >96%
R' = p-Tol, R? = R® = Me: 70%, de >96%

R' = p-CIC4H,, R? = R? = Me: 75%, de >96% ‘

R! = PhCH=CH, R? R” = (CH,)s: 75%, de >96%

R' = p-FCqHs, R%R® = (CH,)s: 75%, de >96% 1
R! = PhCH=CH, R? = Me, R® = Et: 80%, de = 80%

R' = p-FCqH4, R? = Me, R® = Et; 65%, de = 90% /M?‘-/

f
X-BO
R! = p-Tol, R? = Me, R® = Et; 75%, de = B0% 2 H

31

Csaky, A. G. Org. Lett. 2012, 14, 1187
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Anionic primary step _ _
Intra- and Intermolecular Domino Michael/

Ylide Epoxidation Reactions

+| Br | Br
S K»CO3 ¥
on T N e H\‘”\ﬁcozm-a MeO,C
K,COs 0
S L
32 MeCN R

0 de >98%

R?
+ r.t.
(0] 35

R = Ph, n = 1: 45%, ee = 93%
R = Ph, n = 2: 65%, ee = 96% R1/“*\x)\Hz de >98%
R = p-BrCgH4, n = 2: 64%, ee = 94%

R' = H, R? = p-BrCgH,: 52%, ee = 92%
R' = p-BrCgH,, R? = Ph: 58%, ee = 91%

- |
+ | | CO,Me
S, __ O . S+ - 2
G_ND O“MH
'EI;H T I - 9 1LR2 - :R‘L
R

Tang, Y. J. Am. Chem. Soc. 2008, 130, 5408



Anionic primary step

Domino Michael/Ylide
Cyclopropanation Reaction

Br

+ | o)
S
OH\/\_/CO;gMe * R"/\“)J\Rz
33
COR?
t-BuOK P
THF, -78°C RN 7 COMe

major 36

R R2 Ph: 77% de >92%, ee = 99%

= p-CICgH,, R? = Ph: 57%
R1 = p-BrCgH,, R® = Ph: 61%
R' = p-Tol, R? = Ph: 87%
R' = p-MeOCgH,, R? = Ph: 78%
R' = Ph, R? = p-Tol: 75%
R" = Ph, R? = p-CICgH,: 56%

Tang, Y. J. Org. Chem. 2010, 75, 3454

2
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(minor)
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- 3 3R
H.I\I.'E'Ed "f:-?’-ﬂCDEME
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~=. COR?
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gt A, CO-Me
0 ep ST_ % -COzMe
___ZE!H Br
1
— S'J%CDQME
MeO,C fﬁz"'o
4 -
N
|, COR? R™ 56 R
\( é+ jﬁycgzme yllde[epﬂxldallﬂﬂ
0. o +H SJ CO.Me
-~ w“ Y
HE
“ RZ R

CO-Me proton CD:ME
(I _ transfer_ ‘{: 17’;:: e



Anionic primary step
Domino Michael/Wittig Reaction

proposed mechanism:

3
Br R O)
‘ + O )k/\
MeO™ N P(m-MeOCgHg), s 2/U\/\R1 R2 \\// R
MeO R? Br R™ R
e __P(m-MeOCgHy)s I /R3
+
‘ 39 Cs2CO03 (R*)3P _
"'/R" 39 * +
+ THF, r.t. s (R*)aP 44
R
R1\f\mR2 40
o)

R' = R? = Ph, R® = CO,Me: 64%, ee = 84%

R' = R? = Ph, R® = CO,t-Bu: 55%, ee = 79%

R'! = p-BrCgH,4, R? = Ph, R® = CO,Me: 73%, ee = 80%
R' = 0-BrCgH,, R? = Ph, R® = CO,Me: 60%, ee = 80%
R' = p-MeOCgH,, R? = Ph, R® = CO,Me: 65%, ee = 90%
R' = Me, R? = Ph, R® = CO,Me: 53%, ee = 78%

R' = Me, R? = H, R® = CO,Me: 67%, ee = 25%

10

Zhou, Y.-G. Chem. Commun. 2009, 3092



Anionic primary step

Synthesis of Oseltamivir through Domino Michael/Horner-

Wadsworth-Emmons Reaction

i-Pent—0O,, _CHO E‘GE DBU, LiCl i-Pent—0,,
LNG + , COEt  MeCN
AcHN : RO o AcHN

-15°C to 0°C
44 L

P

CHO CO,Et
N »-OFt

I
o OEt

NO,

i-Pent—0Q,, CO,Et i-Pent—0,, CO,Et
Horner-Wadsworth- O/ +
Emmons AcHN

B AcHN
- NDE NDE
major 45 minor
61% (3:1)
i-Pe nt—G,.:@/COg Et
— AcHN Y
NH;
oseltamivir

Lu, G. J. Org. Chem. 2010, 75, 3125
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Anionic primary step
Synthesis of ABT-341 through Domino Michael/
Horner-Wadsworth-Emmons Reaction

CSQ Cog
CH,Cl,
COyt-Bu

EtO’ \ﬂj o

47

' CO,t-Bu

then EtOH F O
NO
F Fooo2

48

87%, de >99% ABT-341

Hayashi, Y. Angew. Chem., Int. Ed. 2011, 50, 2824
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Anionic primary step
Synthesis of Precursor of (-)-Pumiliotoxin C through
Domino Aza-Michael/Michael Reaction

- T & . P :
ji‘“ / N CDEJ-PEﬂt _78°C Ph N D‘;l
Ph™ "N * . _CO,i-Pent ' Z0i-Pent
H THe L coyipent
e 2l-Fen
49 50

(1.2 equiv) L -
51

/
Phﬁﬂ COsi-Pent y
~_sCO,i-Pent @/ 2i-en
O:;CDEJ-Pent g N "“n-Pr

53 H H
52 (-;pumiliotoxin C
80%
de >99%

Davies, S. G. Tetrahedron: Asymmetry 2006, 17, 2183
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Anionic primary step
Domino Thia-Michael/Aldol Reaction of Chiral 3-
Cinnamoyloxazolidine-2-thione with Aromatic Aldehydes

S ‘i\\/\ BF4eEt,0 Ar ig o) Ar
,/ ,
D}\\N Ph (3 equiv) w8 N?Ph ‘K\Ph
),,\ +  ArCHO +
Ph O

CH-Cl,, r.t.
Ph e
54
- I"I"I_E.Ile‘ minor
o Ph _ Bh .
5 4
)J\./?\Pn BF4Et,0 s ) .
g N e I M $7 BF,
ia-Mi 0" N7, st
thia-Michael O BF3 o N "OBF;
Ph addition H e -
54 PH Ph} N
- 56 — - 57 -
A
ArCHO PR Ar
S ? N H S
aldol .
condensation D/LE N o BF; Ph
Ph BFs 55 55"
— 58 - major minor

14

Tanabe, G. Chem.—Eur. J. 2006, 12, 3896



10B

RCHO

S 0
o)LNJ\/\Ph +  RCHO

Ph Me
5 (2 equiv) 2 (1 equiv)
]BFa-EtQD
Ph p
Me =
Al —o. i
o an ) |
o~ "N” TOBF, H—<Z, >0
H™ s
Ph 10B
57
Ph R

O N
: 0, Ph  Me
Pph BF; 11A 6
14A
Ph Ve ] Ph R R
O
/. j’\)\:/'\q " 1O
~N OBF —_— Nt oA ‘\...BF —_ = S N:{\Ph
o R H H Me
YNEH Ph  Me Ph O 15
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Ph BFz 11B




Intramolecular Domino Hetero-MichaeI/Mannich-type Reaction

gf\ o TiCly (3 equiv) | ( ’ ?\ 0
. o \.
Nw O TBAI (1.5 equiv) i: J N
B O
éOEt N o  ACOEVCHCI wrr( | L
R arcdre iR R = Ph: 60%, de = 30%
a N R = Bn: 58%, de = 80%
62 63 64
b i
O I O 'lO 0 o) J:l}\
i N J o \_# -,
RA (rapid equilibrium) Ff

() iodo titanium enclate

|

reface ||
attack 0
Ta

major

(75.8R,Bas)-

7.8a-cis-2A

si-face |
attack H

next major

(75,8R.8aR)-
7.Ba-trans-2B

(R) iodo titanium enolate

siHface ) Ti#eQ
. attack I\Q}Elf /"\\
R “N— ' _
HE i — R TN o
—ty iR = H» -;;’"“j__,.f
:,“ Y\ F N fr
—
O NowTiLn 4
Te Ta'
O O
i | H 1'. H
0%y Q o//\;ﬂa\--ﬂ“‘u
H ~H 9
Rl Rl Q=-N"0
minor -]
(TR85,8aR)- 7,8-cis-isomer R
7.Ba-cis-2

16

Nagasaka, T. Tetrahedron: Asymmetry 2007, 18, 1533



Anionic primary step
Domino Imino-Aldol/Aza-Michael Reaction

O H
S. _
p_TGI.-" \N/J‘\Ar
OLi O iminoaldol
+ m LDAITHF O H C condensation
T X f [ OEt I
0 0 -50°C p_Tgr"' “N Ar
Ph
Jﬁca
Ph 72
O OLi ]

OLi O

[ Ar O O
g’S\ ) aza-Michael = OEt T OEt
p-To Lk i Ar™ “N" "Ph Ar” >N Ph

P N
/ 9) p-T°| 0\ S \"p-TDI

|

OH O

=S OEt Ar = Ph: 55%
— Ar = p-NO5CgHy4: 58%
Ar |T«| Ph

Ar = P—C|C.BH4,: 62%

de = ee =98%

Das, R. K. J. Org. Chem. 2010, 75, 7061



Domino Imino-Aldol/Aza-Michael Reaction

Ph7\QHE" PO
. PR VLA .- ,
N N ' Path B
Ts Ts CO,Et w attack from
Ba' - 16a' - . re face
not formed disfavored '
< 0
O
Ph"f“\*/(_\;\ ’} CO,E COoEt Ph [0
WNTs [ ——~ PhJ | = P AL
Ph TsN” Ph ;-
3a 2 ) Ts 45 COE
Ts ) o - Path A
HO E I‘I\I o attack from
Ph OH ,CO.Et W\ CO,Et si face
e — N=. " g |Ph "
N/\F'“ /" Ph
strong —n | A3 Ts
interaction 17a 'S interaction 16a )

Ba
favared

Das, R. K. J. Org. Chem. 2010, 75, 7061
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Anionic primary step

Synthesis of (-)-PNU-286607 through Domino
Knoevenagel/[1,5]-Hydrogen Shift/Cyclization Reaction

0
(Q,N cHo |
’ \@ n.; + HNJ\NH n-BuOH
N/\( OMO

117°C

Knoevenagel
reaction

1,5-shift

)

HN—{

NO, 0 NH
H
O
N Me
9]
PNU-286607 e

74%, ee >98%

cyclization l l

O
HN'JLNH
0“ > o
OsN
NZ Me
O
_ 7 Me  —

19

Kamilar, G. M. J. Am. Chem. Soc. 2009, 131, 3991



Synthesis of (+)-Chinensiolide B through Domino
Allylboration/Lactonization Reaction

- —OTBDPS-
TBDPSD CDEME BF €10
Bpln (2.5 mol%)

o
TBSO (3.5:1 Z: E} toluene, 0°C

880" ¢ OH{
80 81 - \)

_OTBDPS

82

LA

Hall, D. G. J. Am. Chem. Soc. 2010, 132, 1488

20



Synthesis of Alkaloids through Domino Horner-Wadsworth-
Emmons/Isomerization/Claisen Rearrangement Reaction

v

R=H, X =0C0,% = Br. (-Hustramide B
R =Me, X =C0O, ¥ =Br: (-)-flustramide A
R =H, X =CHg, ¥ = Br: (-}-lustramine B
R = Me, X = CHy, Y = Br: (-)-flustramine &

R

JR NC "\
. O (‘R:?-Hex t-BuOK ) d
|,-f = /ng H DME A ___.n' a=Hex
e /[\j \> o H
WM 78°Ciort |
83 hc 84 ]

+ (EtORP{O)CHLCN

o Claisen
rearrangement

Y . 86

I
!
|

R=H, Y% =EBr 70%, ee = 98%
F=Me ¥ =8r 70%, es = 96%
R =Me, ¥ =H: 89%, ee = 99%

N\

. =
R NTea L
) N0
R X l’t N
P 1 N
v~ N H Ac

J

X

Kawasaki, T. J. Org. Chem. 2010, 75, 1126

(-)-5-N-acatylardeemin

\isumerizatinn

— ,, O
x{%p\ WK
b:[\ N -I-|N “‘g’l‘ Bn
Ac

(- Fructigenine A



Domino Amidation/Cyclization Reaction Followed by

Intramolecular Electrophilic Aromatic Substitution

EtO / —%\\QEN

1. AlMe; (2 equiv)

0 }::D IN(OTf)5 (15 mol%)
? o MeO MeCN, r.t.
+
domino amidation/
SiMe,Ph  MeO cyclization
a7 88
_ _ MeQ
MeQ
@A'” e
MEO -'—‘-«‘ /N"\f’ BUDC MED
Q' " aromatic
substitution
L SiMe;Ph

80

major

MeO"
(+)-B-erythroidine (2)

2. TfOH
(3.5 equiv)

91

92% (4:1)

Stalke, D. Org. Lett. 2009, 11, 5230
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Domino Ethanolysis/Dehydrobromation/
Aziridination Reaction

(o EtO

oo Bos O (ar OEt
BOC~N Et  NaOEt ar. HN __ MesO, A
— fH
EtOH, 0°C BocHN” ™~ “— -of
MesO NHAlloc MesO NHAlloc NHAlloc
92
CO,Et i-Pent—0,,, CO,Et
R Q —=  AcHN" ™
BocN NHAIloc NH,
NHAIIDG
93 oseltamivir

87%, ee >99%

23

Fukuyama, T. Tetrahedron 2009, 65, 3239



R

Domino SN2/Michael Reactions

1 2
E~_E" 106a-e

( . Cs5C0; 3 .
12
0 DMF, r.t R/(E;Eimzﬂ R"-;(QL
f I > G H™H Copt
108a-p
107a-h .
H
O | Cs,CO;
- D"_’%CDEEt . NCVSDEF"h : L
H DMF, 80°C A9 H Got
109 106e 110

64%, de >90%

Reddy, S. R. B. Org. Lett. 2009, 11, 2519
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Domino Intramolecular Azetidine
RingOpening/Closing Reaction

TMSOTf
(2 equiv) Bn
CO,Me TEA N
(2.5 equiv) ’/ o
N CO,Me : o,
Bn CH,Cl, "COMe
111 r.t. or reflux 112
75% de >98%
] TMSOTf
_ C%E _
OTMS
{N+ SR
. BN OMe
T™S
- i - "OTf
oTf _ +0,TMS _
\ }-om
™S . ©
N—""[>"coMe
Bn
) 113 B

Compain, P. Eur. J. Org. Chem. 2011, 6619
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Domino Elimination/1,6-Addition Reaction

0 THF, Et,0, hexane
E}::"IE;"""* F/ + FEtLi -78°Ctor.t.
I‘D,-""T—u ] :
h-Pr (2 equiv) then NH,Cl, H,0
114
_ OH - OH
Et
f_".‘Et
05 . os
Li* O O 115
A-Pr n-Pr

36%, de = ee >99%

Metz, P. Chem.—Eur. J. 2011, 17, 13334



Cationic sequence

Synthesis of (-)-Dysibetaine PP through
Domino Cyclization Reaction
)

0
TsOH r 1
(10 mol%) , Y
. _—
HN GDQME‘ toluene Cbﬁu{ G N CDEME Chz— NL_K CGEM'E
R o reflux \i_/‘&‘\b F‘f o 117a-d
NHCbz  116a-d R

- - R = H: B2%, trans:cis = 5:1
R = i-Pr: 76%, trans:cis = 9:1
R = Bn: 87%, trans:cis = 13:1
R = Allyl: 78%, trans:cis = 15:1

D.
>
(10 mol%) Cbz“‘N\_‘z CO.Me N
~

\ N+ N COs
toluene g o L
| HN™COMe reflux 2 H ©
0 \ -
-}-dysibetaine PP
NHCbz  116e 117e G-y

92%, trans:cis = 10:1

Blaauw, R. H. Org. Lett. 2006, 8, 239

27



Cationic sequence

Synthesis of Schweinfurthin G through Domino
Epoxide-Opening/Cyclization Reaction

MOM
| OMOM EFTEth - OMOM ? o OMOM
1;0 (4 equiv) ;
| - ¥
= 78°C HO MOMO M
) OTBS OTBS OTBS
118 119 120

52%, de >99% 30%, de >99%

schweinfurthin G

28

Wiemer, D. F. J. Org. Chem. 2008, 73, 7963



Cationic sequence
Synthesis of (+)-Stachyflin through Domino Epoxide-
Opening/Rearrangement/Cyclization Reaction

CgH3-3,4-(OMe);

0 o}
( 0 HN HN HN
N L.
OMe OMe OH
=
| g\ g\ k
HO™

I BF 4+Et;0
HO OMe 3 g
(10 equiv)

Tl
I|I||

-40°C to r.t. 122 122
66%, de >99% 9%, de >99%
121 (+)-stachyflin
96% I
1. Dess-Martin periodane
2. LIAIH(t-BuO),
— CeHy-3,4-(OMe), CgH3-3,4-(OMe), CgHz-3,4-(OMe), —
N

123 124 125

Katoh, T. Chem. Commun. 2010, 46, 4055
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Cationic sequence

CHO

Prins\

reaction

Domino Prins/Friedel-Crafts Reaction

Al(OTf)5
(1.1 equiv)
MeNQO,, -20°C
127
65%, a:p = 1.5:1)
Friedel-Crafts
reaction

H
O

Aub’e, J. Org. Lett. 2011, 13, 2614

128

key intermediate to
(-)-haouamine A

Haouamine A
H Hacuamine B

30



Cationic sequence
Oxidative Domino Prins/Pinacol Reaction

R HFIP/CH,Cl,

~ . _
HO PhI(OAc),
1 R® R3 (1.1 equiv RORZ 4
Lras -15°Ctort. R
(oTBs
129 - 131 -
R" R?

3
o R » R'=R®=R% = H, RZ = R* = Me: 50%
\< R'=R?=R’=H, R® = allyl, R* = CH=CH,: 55%
R® O R'=RZ=R%=H, R®=R*= Me: 30%

130
de >90%

Canesi, S. J. Org. Chem. 2011, 76, 9460
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Initiated by a pericyclic primary step

Domino Intramolecular Diels-Alder Cycloaddition/1,3-
Dipolar Cycloaddition Reaction

O ., —OMOM
L e
{ N / G-C|2C3H4 =
¥ e
N | N BnO
Me | —N [4+2]
MeO,C cycloaddition
135
MOMO
O

Et
H - OBn
CDEME
137
57%, de = 82%

O

MOMO

4, Vinblastine R = CHy
5, Vincristine R = CHO

Boger, D. L. J. Am. Chem. Soc. 2010, 132, 13533
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Initiated by a pericyclic primary step
Domino Intramolecular Ynamide
Benzannulation Reaction

Bnl.'L‘.L_‘_l
- ,OTBS
==
[ N
COztBu 138 toluene ,
—_— OMe CO5t-Bu
+ -]
0 110°C
| & 140
88-94%
MeO 139 ee >99%
4 electron 6 electron
electrocyclic electrocyclic
cleavage cleavage
BnO
o H o ) > OTBS
j\/orwe MeO ] ~
= N,mf/
1
[2+2) COot-Bu
chluaddition
4 electron
BnO electrocyclic
™~ cleavage
E OTBS
fo)j(t
MeO /= NN
COzt—BLI

Danheiser, R. L. J. Org. Chem. 2011, 76, 1852.

61 R=CHO FRO00482
62 R=CH,OH FRB6979

33



Initiated by a pericyclic primary step

Domino Oxy-Cope/Claisen/Ene Reaction

/_//

ZIN L%

OH OH
\0
101 |
Lfg%ﬁ Teucrolivin A

LL-S4913

oxy-Cope/
0: Claisen/ene
R ——
Fg—= 4 microwaves [97-
R, 200 °C
} OHOH ,
10 |
O_
Myrocin C
= .
microwave >
D’f toluene f
[\%b( 220°C o Claisen
" — - I}, -
i oxy-Cope =
R R
141 -

142 major

34

Barriault .J. Am. Chem. Soc. 2007, 129, 2112



Initiated by a pericyclic primary step
Domino Retro-Diels-Alder Cycloaddition/
Diels-Alder Cycloaddition Reactions

i-Pr - o) . R'=H, R?= Ac: 85%
o) K /i;\ I ipr R' = H, R = p-MeOCgH: 98%
mesitylene OH R' R? = -CO-N(Ph)-CO-: 98%
H OHO . - i-Pr R' R? = -0-(CH,),-: 85%
-Pr SiC,188°C | i R2 de >99% R'R?=.0-(C0O)-0-: 76%

microwave

143

(+)-chamaecypanone C (1)

35

Porco, J. A., Jr. J. Org. Chem. 2011, 76, 8944



Carbene sequence

Domino Carbonyl Ylide Formation/1,3-
Dipolar Cycloaddition Reaction

z Q
/\r\r\%q OH z 6 o OAc
6L QAc HO,C -0\

Ph
HO,C -0\ HO,C»=0
HO,C-}» 10 Ph Lo COH

zaragozic acid A (1) zaragozic acid C (2)

o OMOM
Q
N, QM 7 [Rh,(OAC)]
B, N OTBDPS |‘ (5 mol%)
L, +
; OTMS
t-BuO,C H benzene, 80°C
154 155

Ac

TMSO

TMSO OTBDPS 156
- | 72%, de >99%

(= +Bu,C- -\ ~OMOM
t-BuO,C—¢. * OMOM o, 0
- Eﬁf - OTBDPS

Hashimoto, S. Chem.—Eur. J. 2006, 12, 8898 *



Carbene sequence

Domino Carbonyl Ylide Formation/1,3-Dipolar
Cycloaddition Reaction

R‘N’U\NMDME [Rh(OAC),]
= (5 mol%)
NP2 + }:}:D .
MeO 0o \ benzene, 80°C

O
R=Bn: 91%
157 158 R = Et: 93%
ee >99%
1,3-dipolar
carbonyl ylide -
formation /I:>:D
o N
— - 158
0, Ph O
MED} %\lu/HILLDME
O D”J\‘N
R
R 160 -

Schaus, S. E. J. Org. Chem. 2007, 72, 9998 37



Carbene sequence

Domino Carbonyl Ylide Formation/1,3-Dipolar Cycloaddition Reaction
and Total Synthesis of Pseudolaric Acid A

l/ 1/
Rh—Rh

7| 7]

R = Bn: Rhy(S-PTPA),4
R = Me: Rhy(S-PTA),
R = Pr’ Rhy(S-PTV),
R = Bu": Rhy(S-PTTL),

161

0O
O
O—™0
l/ 1/
Rh—Rh
A7
HhE{S‘BPTPA}d
HhE{S-BPTA:lq,
Rha(S-BPTV),
Rho(S-BPTTL),

_OPMB
[Rhy{(S)-bptv},] B
(3 mol%) \]éj?>:0
- H - " -
+
PhCF5, -40°C O

MeOECjE-; CO:Me
] + .

Ph JI O \1
u
0

3a

pseudolaric acid A

Chiu, P. Angew. Chem., Int. Ed. 2006, 45, 6197



Palladium catalyzed domino reaction

Domino Carbopalladation/Heck Reaction and Domino
Carbopalladation/Stille Reaction

o-Tol
o-Tol.\ |
P OO — -
Pd B N0
0:=:0
O (0] T |\0—T0| I - XO '
OH o-Tol | Pd
de >=99%
Br LiOAC:2H;0 = B/ ’
I I Y = 0: 80%
MeCN/DMF/H,;0 Y. Y = CHs: 92%
Y- +BusNOAc
120°C - -
174
X ~ N Q’IH ]
OH
O Pd,dba f =L O=
o CsF, dioxane I Pd
| r : s BrL de >99%
SnBug P(t-Bu)ssHBF SnBu; I/
X=0:70%
0 o \ O
80°C / X = CH,: 55%
176 178

Herbst-lmmer, R. J. Am. Chem. Soc. 2009, 131, 17879 39



Palladium catalyzed domino reaction

Domino Heck/Lactonization Reaction

OBn OH
OBn | | Pd(OAc),
BnO— ?5)\ +
BnO- CO;Me NaHCO3
TBABr, DMF
180 181
\ / 86%, de >99%
Heck reaction lactonization

Domino Heck/Aza-Michael Reaction

OTBS - -
NHTSs PA(OAC),/PPhs OTBS OTBS
Br (10 mol%) ¢ NHTs NTs
188 K2COs4, toluene hl
. 110°C R R
0 - 04 - 0

MR 189

R = Me: 68%, de = 85%
Roy, R. J. Org. Chem. 2009, 74, 8480 R = n-Bu: 73%, de = 92%
Pfeffer, F. M. Tetrahedron Lett. 2012, 53, 1468
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Palladium catalyzed domino reaction
Domino Wacker/Heck Reaction

OH O Q
Bn. - (MeCN),PdCl, *y -COE
N Cu(OAc)#H,0 |
190 R PPhs (10 mol%) o R
. - = Bn 191
LiBr (20 mol%)
FﬂCUQEt DME, O,, 65°C R = Me: 45%, ee = 96%
. R = Ph: 47%, ee = 96%
(20 equiv)
Et
OH O I . .
Pd", co-oxidant, additives X . COsEL
Ph Q\\\ - O
et ligand, ethyl acrylate (20 eq), Ph o
1a DME, O, 65°C 2a

=+

[Ox]
L,PdX, ==— L,Pd ?-< HPdLX
HX

Et H

OH O
. mcoza
N ]
S X Et Ph o PaknX
Ph o
3

HX%PdLnxz B 7

e gt S ACOE!

Ph 0 Ph 0

AN O

e} -

Y

Gouverneur, V. J. Org. Chem. 2006, 71, 8390



Palladium catalyzed domino reaction
Syntheses of (+)-Lysergic Acid, (+)-Lysergol, and (+)-
Isolysergol through Domino Cyclization Reaction

TsHN
H .
HO™ ™
pro Pd(PPhy),
O he e
\ H

N KoCO4/DMF

| ] [

L 100°C s

195
— aqo (+)-lysergol
de = 88% 76%, de = B4%
HO,C
(+)-lysergic acid
HO ©
Pd(0) H™ e M

I ——— "r'..[/;- NHTS S——— -?:} —_— Pd [E——
oxidative | . oH L Pd = amino- reductive
addition Ili.l NTs palladation elimination

Ts

D E

Ohno, H. J. Org. Chem. 2011, 76, 2072



Palladium catalyzed domino reaction
Domino Oxa-Michael/Tsuji-Trost Reaction

/. 203
+

OH

RN
202
(9,

[{Pd(ally)ClI},]

LIHMDS/THF

oxa-Michael
addition

allylic substitution

H |
J'F'FH

| +

major

. bhase
u’D“wﬁia
o-g s *Fr
‘aH =
P37 PhWL
H iPr
H [PdL,]
26 27
l *

H 1
Ph 2 NO
H H 5
H H

206

PdLJ

r-allyl-complex
formation

.

"”NOE
T /

'

minor

Menche, D. Angew. Chem., Int. Ed. 2010, 49, 9270
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Ruthenium catalyzed domino reaction

Domino Olefin Cross-Metathesis/Intramolecular Aza-Michael Reaction

MesN__NM
es as
T
Cln. RLI
NHCbz CI” =
R Pr’ /&I)f /lk () R = i-Pr: 97%, de = 50%
207 (5 mol%) N "R R =Ph: 98%, de = 72%
* Cbz Cbz R = p-MeQCgHg4: 78%, de = 60%
BEB'F?SE,} 208 R = CF4: 76%, de = 66%
fY ’ _ major minor
D -
CH,Cl,, 45°C

Domino Olefin Cross-Metathesis/Intramolecular Oxa-Michael Reaction
MesN;HNMes 0 p R2 ] R' = (CH,);OTBDPS, R? = Me: 97%
oH Clin. SRu= R' = (CH,);0TBDPS, R? = Ph: 77%
*
K/&/” . f//\ﬂfﬁz CI” boy,Ph | RY%. titl,f >, F{; = (CH,);OTBDPS, a
o ( 10 mol%) R* = (CH2)30-(p-MeQCgH,): 94%
210

R' = CH,OBn, R? = Me: 95%

R1M,

209
de >90%

CH,Cl,, 100°C

Pozo, C. J. Am. Chem. Soc. 2007, 129, 6700

44

Sasaki, M. Org. Lett. 2010, 12, 1636



Ruthenium catalyzed domino reaction

Domino Ring-Opening/Ring-Closing Metathesis Reactions

=
"'dlﬁxh"'o- E:Ru:\ H
CI” by, Ph
(2.5 mol%) '
213 — Y
N CH,Cl,
214
Csz'GHE

(1 atm) \ / S e
ring-opening ring-closing

aburatubolactam A (1)

45

Phillips, A. J. Angew. Chem., Int. Ed. 2008, 47, 8499



Ruthenium catalyzed domino reaction
Domino Ring-Opening/Ring-Closing Metathesis Reactions

Clie
PCy, Ph
(3 mol%)

= 215

toluene, r.t. H 216 | [ R=We,50

+ CHa=CH; \ 71% R = H, norhalichondrin B, 1

{1 atm)

Phillips, A. J. Angew. Chem., Int. Ed. 2009, 48, 2346

H H
cli F’C}I"3 =
/ _ = [I.Tsz I;RU:\ =
0 * CH, ' ey, Ph NS
Vi HH
@]

N\ (4 mol%) °
220

94%, ee >99% 1 Rl — CHg R2 - H

schintrilactones

219 CH,Cly, r.t.

Ghosh, S. Tetrahedron Lett. 2010, 51, 2754
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Ruthenium catalyzed domino reaction

Synthesis of Kempene-2, Kempene-1, and 3-epi-Kempene-1

through Domino Enyne Metathesis Reaction

A
MEENYNMES
| E/ €l Ru=
E CI”™ L. Ph

( 5 mol%)

———

H z CHECI:Z, reflux O H H
OTBS OTBS

221 222
92%, ee >99%

kempene-2 kempene-1 3-epi-kempene-1

Metz, P. Angew. Chem., Int. Ed. 2011, 50, 2954
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Miscellaneous domino reactions

Domino 1,3-Migration/[2 + 2]-Cycloaddition Reaction

(t-Bu)o,P—Au-NCMe

BzO :‘RB

4
Ezf’ R3 236 wR
BzO ( 5 mol%) iy
(CH,Cl),, 80°C
RSNt — 237
Ts 235 4A mol sieves Ts
de = ee >99%
, R3 Ph\r,/o ™~ g3 Ph\ﬁp&} .
2R A R SR
I - (A R (au)
o Ts
Ts
v v
I
l ~[Au]
if:l Bz iﬂu! t ji OBz OBz
R?__# \’lfﬁ Eff/' ‘R? [Aul* H?:(! ‘R3
NM R4 R1 Nde R'l N"%Rll
Ts [Au)* Ts Ts
1} nr 3
favored unfavored
l Q BzQ R3
R R @0}__ H T R R’
}' JRM\ R3 “ H
by Tu RN 48
Chan, P. W. H. J. Am. Chem. Soc. 2011, 133, 15248

'H"l



Miscellaneous domino reactions

Domino Oxidation/Intramolecular Hetero-Diels-Alder Cycloaddition Reaction

6'_10 0
f
HO.,, PhI(OAc); fix
N 0
HO MeCN, 25°C ’ 3/, :
OTBS OTBES d OH
257 258

\ / 72%. de >99% 1-epi-pathylactone
oxidation .
hetero-Diels-Alder

cycloaddition

Arseniyadis, S.0rg. Lett. 2007, 9, 1351 49



Miscellaneous domino reactions

Domino Epoxide-Opening/Oxidative Cleavage/Cyclization Reaction

OH PhI(OCOCFs), R? R

1 -
7 e Q o (\,\l\
o - 1.
R? R \”‘ 0" o

]
MeCN/H,O (4:1) " " o7 oH H20 I
264 © 265 266
R' = Me, R? = H: 55% 39-95%
R'=n-Bu, R?=H: 81% de = ee >99%
} R' = Me, R% = C(Me)=CH,: 64%
R' = Me, R? = i-Pr: 94%
cyclization
oxidative
epuxide— " Ph = cleavagg ) )
opening ‘o of 1,2-diol 0)

— d’i —_— R.. _O "
R .
X R2 HO" R

Kita, Y. Chem.—Eur. J. 2007, 13, 5238
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Miscellaneous domino reactions

Synthesis of Hirsutellone B through Al-Catalyzed
Domino Epoxide-Opening/Diels-Alder Reaction

Et,AICI
(5 equiv)

-78°Cto 25°C [
CH,Cl,

50%, ee >99%

1b: hirsutellone B

Nicolaou, K. C.; Sarlah, D.; Wu, T. R.; Zhan, W. Angew. Chem., Int. Ed. 2009, 121, 706’5



Miscellaneous domino reactions

Domino 1,3-H-1,7-H Shift/6z Electron Pericyclic Ring-
Closure/[4 + 2]-Cycloaddition Reaction

P
O N N xylene, 135°C
-y - o N 286
Bn o 1,3-H-1,7-H shift i_}"”ﬂn
/ [4+2] cycloaddition
284 R =H: 55%
R R = Ph: 48%
de >90% -
P 0 1 6n-elect 2
£ e ACKC o | ke |
LN@ 137G 200 | ¥Ny# | _sirt Ky ~ | —> |~
/ 1.3-H shift | Ph ] ; | Bn ¥ 0
: \ o : Ph N
Ph ) 7z .
10a: a-prenyl - 11a H 12a . i

HT—I:_;\D [4+3]

[
||_-_‘.'

] 0 - -|
‘\r—' M fifli \T_;N Ma
"'BI'I iy
> dr 201 DJ Bn

Hsung, R. P. Org. Lett. 2010, 12, 1152
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Palladium catalyzed domino reaction

Synthesis of 1a,25-Dihydroxyvitamin D3 through
Domino Cyclization/Suzuki Coupling Reaction

1. [PdCl,(PhsP)s]

H (5 mol%)

KsPO4/H;0O/THF
r.t.

A TESO"|
\Tﬂi}
W \f +
TIPSO" OTIPS
O-g 2. TBAF/THF
199 5 200

HO" OH

81%, de >99%

1, 25-dihydroxyvitamin [
cyclizatih Azuki coupling
oTf
TIPSO" OTIPS
: [

54

Mourino, A. Chem.—Eur. J. 2010, 16, 1432



Miscellaneous domino reactions

Domino bromination/Cyclization Reactions

M
- E(CDEME 10% TFA/CH,Cl Br 43 COMe
J;’ A -. HN-—$ NBS (1 equiv) N
— L - -40°C N
N e
H N HN
\ . 282
281 91%
ee >99%
.-’ _ -
H{ Br electrophile Br COzMe
bromation
™ fox HNe >
CO,Me —={ *) 7</
/ N
H N
N
H
Br CDEM& Br GOQME'
cyclization H cyclization N H
N 7% Z N
H 1l
- N - HN
282
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Herranz, R. J. Org. Chem. 2007, 72, 5395



1a: R=01Bu
1b: B=H

Phl(OAc),
—h..

PhMe

1
7 N>

Pb(OAc)s

{lzmﬁ
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