LIRBERIFEN

JRZ& ( %) Jie Jack Li
== EDE ¥

%+ T £

AUABRE
*JIEE&E m CBASSEPYRR )

Name Reactions

A Collection of Detailed Mechanisms

and Synthetic Applications

Fourth Edition

&2 M 4 & K




HRRBLAFEN

AP AR

—HLHE K
(5 A5 )

Name Reactions

A Collection of Detailed Mechanisms and Synthetic
Applications

Fourth Edition

FZ (%) Jie Jack Li
RENE 7
$R+1FE &

4 & & K &



B : 01-2010-4571

NEBH N

E NS RA LA 2 BN dL A — 28, (AR R A FF A —Rh,
EIFRIERFF S, AEANARR, FRFREE TR AA SR AMNE. £
FoWELE T 300 BN HLALSRL, BRI 4 — 2 P IR M AL F 4%
BV . BRSO RE— LN T A A2 B A I B, FF b
T RIS % S, T AR ERR A 3, AFE B i S A P
FOAVUE HLBRE, IR TR ARE A HLRRERR 3 7 5 (8., X PSR 7l
BESHME, Fil, EAE 2002 FEFRURTIE R T 350GE , SO FRA
WHEITH# 7S, A BRI 200947 F HARHEE 4 R BRITAL.

AP R RER A ER A ARVE B E A R A YL BAR R
BB R A S EZMER .

Translation from the English language edition:

Name Reactions by Jie Jack Li

Copyright © Springer-Verlag Berlin Heidelberg 2002,2003,2006,2009
Springer-Verlag is part of Springer Science+Business Media,LLC

All Rights Reserved

BBERRE (CIP) MR

AHLNG R —YE RN/ (%) 4 (Li, 1)) BE;
FREGE, — RS, —Jest: BHEHREE, 20117

Name Reactions A Collection of Detailed Mechanisms and
Synthetic Applications

ISBN 978-7-03-031606-6

IO T.O%F @5 MOAHLLS—k
RN V. (D0621.25

o AR A B B CIPEAE /%7 (2011) 551163535

TfEBE . EETF 1 e 2 mm
FroEerl, 2 F 7 HEEi B R

44 3 x K oa R
JERR SR #1643
HRECEREY: 100717

http://www._sciencep.com
LA A THEEN BN
BENMEET KBHFEBESH
*
20114F 7 A% — M JFA&: B571720x71000)

20114F 7 BS —KEB BI: 39 3/4
¥ 1—2 800 F¥: 772 000

EHr. 88.00 T



(AARBEAFMINEF

FABE S, 5IA SR RRZR Al L SRS ER
B R THE, (APREA A ABRATREBHREEEA
SRR A BT R 2%, Wik T B APT RIS, H
LAALFIRE RN, 1B BRI AR — RIS #bF0
FHITTERL

245 B BT 25 TF & A BRZA ] B 20004E BT LK, —H DL “As g 26 0F
K .ERARER s, EETHATERS  BEREN—FKAE ‘&
B YRR RS, AR BB AT R BTh R  FH 45 m B 2B R R ™ i
. AT HEHANTE4 R T, H%kERER TR B ER
K 50058 T P X “Red Herring 10058” L5, B2 L BE AN T MM
BE K. 2K BRBARMF AT RE RSN, B EFRNZ MR R
Finwl. IR ( NYSE: WX ) T 200748 A 9 H BRI AEA AE S5
5 FT b, 2008 4402 BA SRS AL T T 3% B AppTec LR E AR 5523 Al
2009 4F- 24 B FR P2 7E 5 }H@ﬁmwﬂﬁjt%%%-ﬁéﬂim Hul, 20114E4 A,
ZHE RS BB BRI 1041237t

AT RAGVREBRERNVE . A TIiLARARERIINERZES T,
B RIELIENA 2 BRAL NS . ZTEARRT SN R R R E PR A £
Fnt, dfe 2 EHE N2 RARMEWBBOEE, REUTHWEL LSS
R — WP ERE . 7EHE SN A B BA Dottt 55 2590 =k AR 2R
TIRRE R, A R F RIS MRS BN TR BT R TR feflk
RERET, BRITEEMRES— O &FTER. AFKRE: &
W ARZ—BRAB A RMA, B CER EIHR L2, 5 A KRR
BT NR, A SFFLRSEE A T —ER—TaE—
WRERR" WAL EERGE. IRAFHTREENTR, ERKEK
B, s,

2] AR — HAE A T3t 38 R 2 R R BT ST A 2K S T8 2t 1 5780 A
R, RlRH55 B EER AR R 445 E AU FEAT, DItRER
BNy AU R RRAOKY . TER, SHRERBRSRFHFTER
BEA R ASE#HWRBTR &, B R BB R B A IR % SRR 2 2
A HARIE T (5B R MR ) A NTE &



ii

RONH B (P REE N ) AW IR 8 ENFH AP
Bl AABIESR, D E AL EN RBA TR, BEIC 2 HRE

BE
2006 4F
2008 4E
2008 4F
20104F

(EYL S HBEERT )
(HEHEWEARD
(CEPLEA RO R AR RE R )
(AYLER—YIHEE )

TR T R AL
IR TR AL
HRB TR At
Bhez it



ERERIE

AR -ITBEE N ARENRERSENER. 2R KA
TR S IAF VRN, RPAEHYRENRU-TREMMFERTN
AR FH LN . FEAVAL N K RINE AL HE IUREE,

A LA 2 B R A HAL2E B — KA T o5 A B YU N B O 3
BETEE KR, B AT, BRENA G N —REAE R, EMiFE
UL RIBF S TR, BB E Z WA VAL KRR REK,

E RSN BB VLAL R R EVEH7 —28, B Jie Jack Li & # “Name
Reactions” W 2 A B EK—F, BHRERFL, HEN KEEX KR
N RIEARS R &, mEROR, FRTEMME: . NS 8N
MESES RS IR RN —E4 B TSR, 8BE T4
R S WL AR, OB AR T A et R R UL T REFrT 15
BIARZ BRI FIR % S0, A5 TR P SORA (B YL B R AL )
£ 2003 E IRAVENR RRB TR MK, %P BRI R
IR, BEREE, FRJLE, LERGE TABENR. BantEs
WRCBIE” SRITRBIN, FOREM T EL A BSH, BB R B (T
REHLERAE BN LR ), (BT A 3L A E R e SRR

PRI B T 302 MR EEN—EAS RN ANA VLRI ERN, 4
AMRNSIANEEY B, B REIRJUEA R ZBAH RN SR ; tsh
A 2 900 55 B % 2009 4F [ LALHA SN F A £ B JUIR . FTARE 75—
ANEE S R T R A YA G R R IE R, TR an A s A
RS BRAREK |, 2 N A ZH 2R

RAVE 2B BFAR (FBUUAR ) BT B TP IHEER
— B T OE ; — SISO | AL RIEBNR; — L E AR
f40 Example . Figure . or. reflux . yield & anti , cis- . dr . ee. etc. syn . trans- 3
W RIS BB IR A W RIERIE, HEFRP AR E N REAE
B3R T AE & R 3T 3 BTkl i By — Rl AR I B 25 TRAS,

# B (R T K% ronggb@ecust.edu.cn )
% - & (P ERER EE PALEISE BT zhusz@mail.sioc.ac.cn )
20111 ATF LI



FF

BASHEBRYAFHR SRAMATHEME L,
—Heidi Klum

FBERR A “ A48 " B 2R 76— A HL40 2 2R 1N 4 4% B Heidi
Klum FrEFRIGARMED ? 2 MAZRED LR, 5 “AGRN BRRTE—
BENEEHARLEBE. W, Amdt-Eistert [T ¥ 55 Arndt 5 Eistert 20 %
B, Pummerer ¥ % 3 Pummerer T HE 2 13, BI{d R 4% B Birch 8 JE 2 b
111,37 3% 3 F Charles Wooster( % —/~7E DuPont & | P18 ), 7] L3
W&,

B2 B I BT TR AT A 2 R HI s B A A& R RTINS
ki s Tk E R EBRBEEIS. B L, 5 “ABRAN BREATE—
T2 A TRER A KB A2, R B0 30 i I F0 /8RS L 97
B EE TS — DA, RE—E AL RNA TR, EIHDL
2R EENES — BABRIMARSZMB L, Jack LI L ERETH
BFX— A REERT BF AN “ABRE” —F.

BOA R B E R GA B R SARMNE, JUE AR RN HIHE
BEGL R — AR B A FE 28 ML F REREE AR, JLA
AL R TERYLIE R — 7 St IR RSB A S5 AME C 44, X
A U TERR AR BIE N R E AR IR 2 B4 R ML &R
FHE,

Phil S. Baran
20094E 5 A F La Jolla, California



T

B

AHR =R —EEAVER Z R AGIE, FEiRE wk, Ml
AEEMBE U REUA TR TE. AREETBAEE,
EZHRIBRAS S B, S-SR E GO SO CGER ML
AR SR Yo TEREFHARR AT, 775K AB2A 2 00k 7T 6B15 21 B £ 20094
BRI, AL, Vivien, —PMEBBIR K% ( University of Michigan )
ETAERM R EEARRRLE AR RET . REEMEERBI AT
TR T & A R _

REEEEFARBHBIOHER B A& 1R FERAF
H HRANERSEY, X BWEFERZHER, 2HE _HEERUE
FURIE, FRERGHTE Ash Stevens Inc. TYEMIFAH & Derek A. Pflum, {44+
Y2 SCIRE T A MM PIRIERH T IF 2 TMEDN, ZERIRILRERE
( University of Alberta. ) T#Ef Derrick L. J. Clive ZFHF T B AIRT 4
#RAr I A A R TEE . FRIE B RIBH7E Scripps Research Institute T./E Y
Phil S. Baran #{ B¢ F1{t )24 Tanja Gulder. Yoshi Ishihara. Chard A. Lewis.
Jonathan Lockner, Jun Cindy Shi#Shilan B. Seiple k1745 52 & # AT A0
el MTRMIRAMTER B R RRA T ABHREE. MRENE
R A AR

—NBEAE , RAGBARE TS !

Jie Jack Li
20094 5 A F Killingworth , Connection



BRI E PR R

QV

3CC
4CC
9-BBN
A

Ac
ADDP

AIBN
Alpine-borane

AOM
aq
Ar
atm
B

[bimim]Cl - 2AICL,

BINAP

Bn
Boc
BT
Bz
cat
Chz
CuTC
d
DABCO
Dba
DBU

DCC
DDQ

de
DEAD
(DHQ),-PHAL

(DHQ),PHAL

DIAD
DIBAL
DIPEA
DMA
DMAP

REvE&k

three-component condensation =ZL7}48 &

four-component condensation VY4H 73455

9-borabicyclo[3.3.1]nonane 9- BN [3.3.1] £4%

adenosine FRHE

acetyl Z®i3k

1,1'-(azodicarbonyl)dipiperidine 1,1'-({B& —~¥k3)
WRBE

2,2'-azobisisobutyronitrile 2,2-fRE -7 THE

B-isopinocamphenyl-9-borabicyclo[3.3.1]-nonane f-3o.-
TRM 9- WA ANIA [3.3.1] bt

p-anisyloxymethyl X 48 XS A5

aqueous /KAH

aryl %

atmosphere K=}k

generic base &M,

1-butyl-3-methylimidazolium chloroaluminuminate 1-
T H:-3- ARk AL R

2,2"-bis(diphenylphosphino)-1,1'-binaphthyl 2,2'-X{ (-
FERE) -1,1- B

benzyl

t-butoxycarbonyl U]

benzotriazol #FFBEME

benzoyl #FBEE

catalysis or catalyst 4L (5)

benzyloxycarbonyl “FEEHE

Copper(I) thiophene-2-carboxylate 2- BEW} F BR4H

day X

1,4-diazabicyclo[2.2.2)octane = Z 3 %

dibenzylideneacetone ¥ ZE A i

1,8-diazabicyclo[5.4.0Jundec-7-ene 1,5- ~H&F4XF
[5.4.0] T8k -7-%&

dicyclohexylcarbodiimide ¥ CL3EhR — W h%

2,3-dichloro-5,6-dicyano-p-benzoquinone 2,3- —.5 -5,6-
TEHREERE

diastereomeric excess FEXTEREIL &

diethyl azodicarboxylate {B{% B _ ZH

1,4-bis(9-0-dihydroquinine)phthalazine 1,4-X{(9-0-
SET)-2,3- RS

1,4-bis(9-0-dihydroquinidine)phthalazine 1,4- X (9-O-
—HEREE)-23 T ERE

diisopropyl azodicarboxylate fB%E — FE_ R KR

diisobutylaluminium hydride 57T Z& L5

diisopropylethylamine — 5N R

N,N-dimethylacetamide N,N- — 5 Z, BEf&

4-dimethylaminopyridine 4- -~ FF & Zntng



DME
DMF
DMFDMA

DMS
DMSO
DMSY
DMT
DNP
DPPA

dppb
dppe
dppf
dppp

dr
DTBAD
DTBMP

El
Elcbh

E2
EAN
EDDA
ee

Ei
eq(ui)
Et
EtOAc
g gas

h hour
HMDS
HMPA

HMTTA

IBX

imd
KHMDS
LAH
LDA
LHMDS
Liq
LTMP

1,2-dimethoxyethane 1,2- ~HFE R

N,N-dimethylformamide N,N- & P B i

dimethylformamide dimethyl acetal - F&:FHERRE —
4HmE

dimethylsulfide — FIAREE

dimethyl sulfoxide —FIEH

dimethylsulfoxonium methylide — FEA4h4R W HH

4,4'-dimethoxytrityl 4,4'- —HEIE=KPH

dinitrophenyl —HYHEFE

diphenoxyphosphinyl azide —ZFEEBBBEA)

1,4-bis(diphenylphosphino)butane 1,4- — ( ZZ 5k
)Tk

1,2-bis(diphenylphosphino)ethane 1,2- —( Z& %k
BRk) 2.5

1,1'-bis(diphenylphosphino)ferrocene 1,1'- — ( —#%
L ) — R4k

1,3-bis(diphenylphosphino)propane 1,3- = ( —2XZ:HB
) HKe

diastereomeric ratio JEXJ BR M A LY

di-tert-butylazodicarboxylate % —FEE T s

2,6-di-tert-butyl-4-methylpyridine 2,6- —#{ T Z— 4-
R BEmE e

Entgegen E 3\

unimolecular elimination .4 HE

unimolecular elimination via carbanion £5 1K T #
ST

bimolecular elimination XX 4F i K&

ethylammonium nitrate R %%

ethylenediamine-N, N’-diacetic acid N,N'- & f&— V.

enantiomeric excess X7HBR{AIT &

intramolecular elimination 4+ P {HE&

equivalent &

ethyl ZZt

ethyl acetate Z.FR Z.Big

A

/NEF

1,1,1,3,3,3-hexamethyldisilazane 7~ F & _REf%

hexamethylphosphoric triamide (hexamethylphosphoram
ide) 7\ HEBEEL (=)

1,1,4,7,10,10-hexamethyltriethylenetetramine
1,1,4,7,10,10- /N FEE =W Z & U

o-iodoxybenzoic acid ABMEBEEL X F R

imidazole BKM

potassium hexamethyldisilazide 7 ¥ & R H

lithium aluminium hydride VY8245

lithium diisopropylamide 5Lz 34

lithium hexamethyldisilazide 73k — kb &

liquid Witk

lithium 2,2,6,6-tetramethylpiperidide 2,2,6,6- /4 F &0k



Me
m-CPBA
MCRs
Mes

min

MVK
NBS
NCS
NIS

Nos
N-PSP
N-PSS
Nu
PCC
PDC
Ph

Piv
PMB
PPA
PPTS

PyPh,P
pyr
quant
Red-Al

Salen

SET
SIBX
SM
SMEAH

S.1
8.2
S Ar

solv
TBABB
TBAF
TBAO

TBDMS
TBDPS

Xi

e 4R

methyl FZE

m-chloroperbenzoic acid RIS E K FIR

multicomponent reaction %45 K

mesityl 2,4,6- = REIER

minute 7+ ($1)

microwave irradiation ¥ #K

methyl vinyl ketone FF 3 Z. 45 K

N-bromosuccinimide N-RACHEHAWE WL

N-chlorosuccinimide N-$ACHTHIBETE ik

N-iodosuccinimide N- BURBIHIBET &

N-methyl-2-pyrrolidinone N- B & -2- It g i

2- or 4-nitrobenzenesulfonyl 2- 5§ 4- i3 A R BEEE

N-phenylselenophthalimide N- AAfiZE4TH — FIBL A

N-phenylselenosuccinimide N- FffizE T — FBERZ

nucleophile %A

pyridinium chlorochromate 4% HRMEE £

pyridinium dichromate ZE&% BN B £

phenyl ZRKZ:

pivaloyl ¥ BEE

p-methoxybenzyl XfFEETE

polyphosphoric acid % R

pyridinium p-toluenesulfonate X} F ZXEEERMLIE £h

phenyl tetrazolyl K&k [YMEEL

diphenyl 2-pyridylphosphine 2<% 2- nthie ALk

pyridine LA

quantitative E&

sodium bis(2-methoxyethoxy)aluminum hydride —(2-
REECE)AHEM

room temperature i

N,N'-disalicylidene ethylenediamine N,N- ¥ Z.FEXK
LR R

single electron transfer A FHH

stabilized IBX &% IBX

starting material #2246 FE

sodium bis(2-methoxyethoxy)aluminum hydride —(2-
REELEE) FED

unimolecular nucleophilic substitution 7 FEZHAR
RN

bimolecular nucleophilic substitution K43 F FRAAEUAR Y

nucleophilic substitution on an aromatic ring ¥ Eff]
SEREAR R

solvent ¥

tetra-n-butylammonium bibenzoate BXFKERIY T Hikih

tetra-n-butylammonium fluoride P T ZFALIE

1,3,3-trimethyl-6-azabicyclo[3.2.1]octane 1,3,3-=H
B -6- WA [3.2.1] F 4t

tert-butyldimethylsilyl #X ] 2 — FEERESE

tert-butyldiphenylsilyl ] # — K FREH
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TBS
t-Bu
TDS
TEA
TEOC
Tf
TFA
TFAA
TFP
THF
TIPS
TMEDA

™G
TMP

T™MS
TMSC1
TMSCN
TMSI
TMSOTf
Tol
Tol-BINAP

TosMIC
Ts

TsO
UHP

VA

A

tert-butyldimethylsilyl T3 — HERER

tert-butyl T

thexyl dimethyl silyl —F & (TR Z3)

triethylamine =Z.}&

2-(trimethylsilyl)ethoxycarbonyl 2- = AR 2 2 KkE

trifluoromethanesulfonyl = % F#BLEE

triflucroacetic acid = 2./

trifluoroacetic anhydride =% Z BT

tris(2-furyl)phosphine = (2- Bk £ ) Jj

tetrahydrofuran Y& Rk

triisopropylsilyl =5 REAER

N,N,N’,N'-tetramethy] 1,2-ethanediamine N,N,N',N"-[{
HEZ I

1,1,3,3-tetramethylguanidine 1,1,3,3- P1 F A

2,2,6,6-tetramethylpiperidine 2,2,6,6- /1 H BLURLE

trimethylsilyl = FECRER:

trimethylsilyl chrolide = 5B RESE

trimethylsilyl cyanide = R

trimethylsilyl iodide = FFEEAHEELT

trimethylsilyl triflate = A 3 = 58 FF BRI ZE Rkt

toluene or p-tolyl R KB 2R3

2,2-bis(di-p-tolylphosphino)-1,1'-binaphthyl 2,2'- — (X}
FZEELRBE) -1,1- k2%

(p-tolylsulfonyl)methyl isocyanide X FF 2B REH: A &L
R

tosyl % FA A RHBEE

tosylate X} FUERAERAS (3h)

urea hydrogen peroxide complex JRERIHALELEY
Zusammen Z 3

Solvent heated under reflux N [E] 5 K & 57
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Alder 55 % ¥

Alder BBV, SUFFRE - N EINBUR R, B— 1 RIB AL RN RS
BB — MR LRI, BE— R w @ABHEC—Ho BH R T
ERS SRR, DR EEBIFTE RN C—He @HIC—Co &,

( .X A or HOMO «
Y | l +
Y 9/8 LUMO H”

H LewisEg
X=Y: C=C, C=C, C=0, C=N, N=N, N=0, S=0, etc.

& B 13

Example 1°
Q ¥
g8
_ARSTO ATEATHES
reflux, 31% 7& H )
%ﬁﬁ:
Q ¥
Q o
,t/&o Alderi#h K R
L o
. o
Example 2’
(o}
H2N N /\O)j\[( H o

O.  KOHPUM+t, 35% o o
W) DY ° . AU
H

(Kishner £ Ji7 ) 0 °C, CH,Cl,, 89% OH
(Alder i S F7 )

Example 3, £r T Alder- 4% 5% ®

Ox
1{)\ H EF‘* reflux %

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_1,
© Springer-Verlag Berlin Heidelberg 2009



Example 4, CoffLH#Y Alder 4% & B2 °

Et (Co(dppp)Brgl, Zn, Znl,, CH,Cl, Et
I+ _~_OTMS

25°C, 8 h, 95% (GC yield)
Ph

Example 5, IHY Alder- 5 B Bz '

CHs HE Q\CN
$ ne S
N 120-130°C,5h )W
70% '€
Example 6''
OAc
OAc
CeHia T CPRU(CH4CN);+PFg CsH1/3 |
+
\/\ x A, it 81% x
SiEtg SiEt,
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Aldol g5 & U

Aldol R REIFFREERE 48 & R I, B— MERE THRELE YR ST
—A B-BESRAAY, B EEEBIKA E— N ERRN RN, — T
ig%@]ﬁﬂ/l\ﬁ REAL 5t — N ( Aldehyde ) il 44 Hi—MB% ( alcohol ),

A].d()lo

\)OL 1.8 R2 OHO A RZ O
R R! 0 R3MR1 R
2 JL R

R R
3
Example 1
o LDA, THF, # H O
MgBr,, —110 °C,
\/U><OTMS Go BTy ome
Bno” 07 Y :
: 85% vield
Example 2°
LDA, THF, 78 — —40 °C, B
8%, 1h,43%, 3:2dr
o OTeS

O OTBS
22% 6S,7R-AExT BRI
1 10% R EIY

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 2,
© Springer-Verlag Berlin Heidelberg 2009



Example 3, X Bk B Mukaiyama-aldol K Rz '

ULy
oA o
Phed I N Y —Ph
}N N /
oTMS 0 osiip % osipr, j\){""
" ii-Prs
Ppn )kCOZCHth Ph CO,CHPh,

Sc(OTf)z, 4 A MS, CH,Clp, —40 °C 83% yield, 98% se

Example 4, 8 HLIELHY aldol K B 12
S0
NH
" (o] o @;(,N (o] H
folha oRuE <y o)
¢t DMSO, 10 equiv H0, rt g o

72 h, 57%, 46% ee, 95% de

Example 5, B5%R#Y aldol K F7

1. LIN(SIMegPh);, THF
-105°C, 74%, 10:1, dr

2. Mglz, Et20, 57%
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BRR R T — B AR BRI Y . B BRI 5 REAER

SE R BRI SOR RS — ML IR B,
2. Nielsen, A. T.; Houlihan, W. J. Org. React. 1968, 16, 1-438. (Review).
3. Still, W. C.; McDonald, J. H., IIl. Tetrahedron Lett. 1980, 21, 1031-1034.
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10.

11.

12.

13.
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Mukaiyama, T.; Kobayashi, S. Org. React. 1994, 46, 1-103. (Review on Tin(II)
enolates).
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Algar-Flynn-Oyamada Ji )i
2- R R /RIGEEAAEEE R 2- 55 -3- BEe -4H- 2R 3F ki EEEE ),

Ry OH _Ar Ry O.__Ar Ry O Ar
[ H0, NaOH . |
- " OH OH

R, O R, O R, ©

OH «CH o
— O Z ) _we
Q A ® on &‘O@ H20, I 0) B

o T OH
o)
]
R Rz
T 9
2- 7k PR R IR
Example 1°
H P
(:C;/ 1. PhCHO, NaOH, E1OH, rt C(:I h
2. HyOz, 15— 50 °C, 54% OH
o) o}
Example 2°
CHO
N 1. , aq. NaOH, EtOH
(o] OH OMe

2. aq. NaOH, 30% H,0,
bs) ZEWREKATY%
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Example 3, B FZ45 3R H R Fa e fif ety . °

MeO OH _Ph MeO O__OMe
| aq. NaOH Ph
OMe  H,0,, 80% 2o H

OMe O cee Ome © OH

Example 4'

BnO OH Fre NaOH BnOOMe
\CE"/ * © EtOH, 54%
O OMe
OMe
o

H202, NaOH BnO. O
I
EtOH, ZH& 3%

76% OH
° 0
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11.

12,

Eds.; Academic Press: New York, 1975, /, pp 127-213. (Review).
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Allan-Robinson i i/

BERFEMARFAESRATAIREN (2 RAE2T LW
Kostanecki LR )

T 1
O._R
R R
R1CO;Na, A
(o} 2Na o]
oH OH R1 OHR! P
- 1
©[nﬁ  mm @%/ﬁ;o o BB CocoR, _~ %2R
R
R! 5
R‘c:o2
_ mE |
R
0.CR! Y
OZCR1
Example 1°
OMe O O
Ho .o @A Jk@
* (o]
\@[(\OM‘? MeO QOMe
OMe O
OMe OMe
PhCOzNa, 170-180°C  Ho. 0
8 h, 45% O \ oMo
OMe O
Example 2°

pyr., 40°C, 72 h, 85%

e Qo
\ S
N o '\}\/Z
Me
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Example 3!

OMe \/U\ )l\/ (o] OMe
L
Et3N, reflux, 12 h, 87%

o 0 o
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W, AHLHEIBRENHTANRIUNERE G P BEMELA A S K H
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Arndt-Eistert [5] R348RI N
RRZBA P HeabHE i —A W Rk,

i soC, O 1.CHN, \)OL
R
R” "OH R” Cl 2. Ag*, H0, hv OH

& e L 1
R . — /C::C:O —_— /C:< —_— R\)J\OH

H R R OH

CBELE mmeng

Example 1

BnO O2H 4. CICO,EL, EtN, THF, -10°C, 15 min  BnO

HN{

BnO Boc 2. CHgNz, Et20, o°C#irt, 18 h, 78% BnO Boc

PhCO,Ag, Et;N, MeOH/THF Bz BnO COMe

-25°CEir, 31, 61% BnC HN\BOC
Example 2, —/~A & XI5’
1. Fmoc-Cl, B8E , 0 °C
=3
Ph/\gCOZH 2. H TR THER, EtN Ph/\fj\;Nz
H T CH,N,, 0 °C, 39% Fmoc

CONH,

Ph -
NH, H

7
PhCO,Ag. AR Ph/vT CONH,
15 min, 50 °C, 72%
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Example 3'°
H

H 1. LiIOH, MeOH/H,0, reflux
/H\Ar/j\H/ 2. CICO,Et, Et;N, THF, 0 °C /\H:tj\pq/
. BD —~ Me0,C._~> _-OTBDPS
Meo,G” N OTBDPS 2 N

3. CHaNy, Et;,O !
2N2, Bty Chz

Cbz 4. PhCO,Ag, Et;N, MeOH, rt
4 Bl it 69%
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B E L BRE R IR T Amde-Eistert B REBRER . ALAMERERR, XA
e REFH—NEER ., FRRAIEL 4547 ( Bernd Eistert, 1902~1978 ) i
A= 76 B PG W £ Ohlau,, 5 3E#E A 1.G.Farbenindustrie Tk, /A R REHHE
AL BEARBER A AV T4 9 BASFAH],
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2007, 17, 5872—-5875.

11. Fuchter, M. J. Arndt-Eistert Homologation. In Name Reactions for Homologations-
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Baeyer-Villiger B 7

e -
,cl)l\ H’O\OJ\ R? o] 0
R'” "R? or H,0, R! JJ\0’ RZ * HO)I\ RY

BERTHEEZ(ZBRARET)ETB. IBEANUEE >
E>PrE>TESFESARESFES S

B % B 9 1 B BB /1 I p-MeO-Ar > p-Me-Ar > p-Cl-Ar > p-Br-Ar >
p-NO,-Ar

Example 1:
o H
o AcO®
o]
HOAc O)& o
[ j H-o cl
,Q)N/© i O/ - HO)‘\Q
o}
Example 2*
UHP, o
Zr-salen (5 mol%) Zr-salen:
CHyCl, 1t
PR 68%, 87% 06 P =N N—-
0 Q
CLF Q
UHP,
O Zr-salen (5 mol%) O,\o): O:I(/
0
(I Lo
261'32%;:'2@99 12%, > 99% ee
Example 3°
H o] H
j _mceea L, )<
, o X {
CHzC’z NH NH
o 100% o 0%

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_6,
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Example 4°

o] Ac
0
Q m-CPBA, NaHCO, ,

v —— . 0
2 0 CHCL0°C.4h =
-\< 60% o)

Example 5°

O
i m-CPBA, CF3SO3H o
OAc » V3DV OAc
CH2C|2, 45 min, 90%
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REERTERENHLER, H—MIBRENELLEZROA R, KR

%%k q KL & Barbara, fBEiAHINBHELREE, LB HFEZREER

SEBEBRRHHE, K, IR ERREBRREEREL RN, BE

B3, RO HRBEEBE, EV—ER%R, BEEXEREL, MBI

RHCAY INZE Lo 7 IR BBl 2 K R RE, M08 R il S A B 4k, AbIBTH %

ZRRPRENETRRKEPFRURFN—RBF, SRETBINFLESY

B, LM FIEMAERE EX R AR, 70 5 03K 1905 4 B R IRIL#

%, b4 PeBK/R ( Emil Fischer ) 78 50 % i both B2 =4E4K48 1902 4E B3 ILUR

ﬁﬁb%%ﬁ&ﬂ#& ('Victor Villiger, 1868~1934 ) 3zt A\, ERER 5FH —ET
T 114,

Krow, G. R. Org. React. 1993, 43, 251-798. (Review).

Renz, M.; Meunier, B. Eur. J. Org. Chem. 1999, 4, 737-750. (Review).

Wantanabe, A.; Uchida, T.; Ito, K.; Katsuki, T. Tetrahedron Lert. 2002, 43,

4481-44385.

Laurent, M.; Ceresiat, M.; Marchand-Brynaert, J. J. Org. Chem. 2004, 69, 3194-3197.

Brady, T. P.; Kim, S. H.; Wen, K.; Kim, C.; Theodorakis, E. A. Chem. Eur. J. 2005,

11,7175~7190.

Curran, T. T. Baeye-Villiger oxidation. In Name Reactions for Functional Group
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Baker-Venkataraman S HER
WAL TR o -BEEEY B - BN EHER R,

o}
OH O O

h O (o]
_.i, wph

(o] Ph Ph 9)
Ph)J\O 0 B Q%\ 0
we T
8 0o 0 OH O O
Ph

Example 1, 83 It & Baker—Venkataraman E#E’

Oﬁ,NEtZ
O Y NaH THF o
O reflux, 2 h, 84% NE,
o)

Example 2, 3 FEt# Baker—Venkataraman % #t: °

NEt2
2.5 eq. NaH, PhMe, reflux, 2 h 00
m/\ T 6 equivTFA, reflux, 1 h,93% MeO &
OH

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_7,
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Example 3, fi§# Baker—Venkataraman FHE®

(o]

>\—/— O OH O ©
o O o~
e I
O‘O CHs reflux, 12 h, 50% CH, :
CH3 O

(0]

Example 4, fi§i% Baker—Venkataraman ZEHE 1

(0]
o) al 2 equiv DBU oH O O
cl o
+ e L
90% OH
OH al o &
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4 T2 = ¥ Buncorn, fE 2 MIETRFIRAI KT, A RBP BHRE I, 1943
F, NFEE-NRARBTEKRPEERIET. FREY M mik, IBERAL
1 EAIPE, N IR BHTFER A University of Bristol P iz BRI 2E4 I,
HTF 1965 FFEEBE B KM R 7 LBk, MR —(EAMBE S LER, BREE
TEHEIR 47 4R,
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Bamford-Stevens 2 i/

Bamford-Stevens 2 % F1 Shapiro i i % 8 R M0 L3, B0 ¥ {3 A I Na,
NaOMe. LiH, NaH , NaNH, AN &4, J5 & Rl ke SR SR FIS FC IR
M., 4% = Bamford- Stevensﬁf“4§§'l§mﬁﬂ‘ﬁ“j]"$ﬁﬁﬂ‘lﬁ EE—E
BB S .

1
2 R q NaOMe , R
Ny
\(J\N'N\Ts - \?l\H
Ra R3
)
MeO Rl
e Lok % Ny — AR
H'Rs R
B+ (S-H):
S W R R
RANE = R e
H R? (_Ne H R3 N
R R? R!

R?J?H_aaz/ + R AN, + 81

9/’H R3 R3 R
e FiEE e
R R!
RzY‘&N@ —_— R%@ Bl
H L Oy Hlg 7N
R! R
R?J_. 12-HEH R%H + Ra\/\
H R3 R3

Example 1, H#% Bamford-Stevens #figRlE Claisen HHE>

Fh Rhy(OAC),

N& ccheH,e § © P
il 130°C HJ\J/\/
0._~_Ph h
Ph)\/ RN 879 (> 2001)

JEEHy N- & 24 3R P9 3 T2 % X FR Eschenmoser B,

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_8,
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Example 2, #Bamford-Stevens i ¢

Oy
N,Nil,Ph Tol., 145 °C MesSI”™~pn
-
MesSi Ph HE, 65% E:Z=9%0:10

Example 3’
o reflux, 83% 0
Example 4°
N@ Rhy(OAC),
@] a
- o U EY: Q R
X, - N
R H  RZN™Ts  BnEtN'Cr MeoN, R
40°C, 3 h, 59%-97%
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Barbier [BEX R B

Barbier BN AL BB AR LU BRSO ( LSS 266 71 ) B —A4F 44k, (H5C
Br_E FIA P SR R R i B

0 RaX, M OH

R,)LR [ R_M] - R1/FL\R2

2

ETEFSHE IR, SR Mg, Li. Sm. Zn. La% 4§14 8 o a4z B
BHREAS Y, HRITNERMBLPIITEREY, Barbier (8B K N 58
i B RS BT SE B

Grignard iX 3 il %,
SET-1 . — MX SET-2
Ry~ X [ R-x| w® [R] ROMM ——— RM
EHLE,
+
Rz d Os— R1 RZ Hao@ R1 RZ
0 W4 P
R% -%x R™ "OMgX R” "OH
& &
B THBILE ,
R R2.. ®
RN "0 RE S e
QJ(ng RC. Max R™ "OMgX RXOH
Example 1°

o Sm, THF, rt = O
+ /\/Br U —
20 min, 70%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 9,
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Example 2°
" o Zn, THF, aq. NHCI _I‘_‘I.\Ph
© Ph+ BT ¢ =
NHCO,Et 0 °C, 82%, 95% de NHCO,Et
Example 3'°

Mg
20 mol% CuCN n-CaMo

n-C4HoBr + ch/\/\m HaC X" n-CHg * &
HsC
10:90

THF, rt, 1.5 h, 86%

Example 4!

n-BuLi, THF
MeO OBn -78°C,96% mMeO
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Bartoli BIWE A BRI B
AR L 2 s s PG IR FR) SR A AR, 7- B RS g

NO; 2 H,0® N

R R

BrMg . \ BrMg .
®.0 _— 0, — 7 OMgBr + =0
N4 N N3
R O
=3

R Comger R
TEERE Rk
o
*/\?l BaFo K HJ
o o
: R  MgBr . R  MgBr
BrMg
H
H<' @
a0 oM v
OMgBr ==~ —
=N ekt INi H
R R
Example 1°
1. ZMgBr (3eq) \
-40°C, THF
NO N
2 2 aq.NH,Cl, 67%
Example 2°
Me Me
MgCl
NO, THF, -40°C N
Br 87% Br H
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Example 3'°
4 equiv
MgCl
M N
MeO NOz  THF, 66% 20 H
Br Br
Br Br
4 equiv
MeO. = MeO. \
MgCl
" MeO N
MeO NO2  TF, 38% © H
Br Br
Example 4'!
2 equiv
==
MgCl A
Br No, THF,-40°C  Br N
Br 52% Br
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Barton H H1ZEIEFE R
BRI ENT Y 24 B HEBRRK N,

HO. )j\ n-BuzSnH
+ — ~H
J\ K)‘:‘ :;I TaBN,a R

Barton §§ S

.A
_ N s 2 -écn
NC%—@%CN ey 2

e “ ] a
N

Na + -
c Y _* Q &‘L'k@

-~
. SnBuy BuzSn

COo,T + R-(-‘(H\-rénBu3——> R—H + BusSn*

Example 1°

OAc

OAc
OAc

1. m-CPBA, -78 °C

2.100 °C, 78%
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Example 2°
Ph._s™ (C(S);
Cllies N
HO C>_LOTBDPS T
z BusP, THF, PhH
— PEZ——\— MesSiH, AIBN -
: N-O OTBDPS =
<;:% o PhH,80°C, 75% PH  \-~OTBOPS
s

Example 3°

HO. DCC, CH2C|2 N
MeOzc/\/COZH . r\@ MeOZC/\)J\O’
.

Ph

Oxp N 20
i o @ 5equivU

hv
15°C, 30 min, 82%

/®
$~N\.=/ 1.m-CPBA, CH,Cl,, 0°C
MeO,C 22 MeOZC —a 0
o 2. 1%, 110 °C, 1 h, 90% g NPh
N

0" ph

n,2h s
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Barton- McCombie 2258 X
BRI A n] R A B eh R E RN,

R'" § n-BugSnH, AIBN R!
J_ + nBusSnSMe + 0=C=8T
RZJ\O/U\S/ PhH, reflux R2"H
A
Ncyrm%{cn o 2 'écw

N

n-BuaSn—H

n-Bu:;Sn . "\

L,

R ~O

1
n—Bu:,Sg)U };I\/ . <R
R2

R1

n-BuzSn<,
s

o)\s/

Example 1

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_12,
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WA

H

n-BusSnSMe  +

(1.5 equiv)
10 mol% AIBN

The, 80 °C
2h, 85%

"\-<CN — = nBugSne *+ H4<CN

,SnBua

s
TRty

X n—Bu;:,Sn\s R!

o)\s/ * RZJ'

+ n-BusSne

o=c=sT

I



Example 2°

0
"Q AIBN, A, 74% 7( o
X Q\Q"
N

0 @ (CHy)eBu,SnH
S)*OPh

Example 3"

o—,

"OBn 1. NaH, CS,, Mel, 80% 0"'9"'05"
2. Bu;SnH, AIBN, 70% X

S.__S
g Y Ts\N
NaH,CS,  T5N 0 _BusSnH, AIBN H
_—
/ \| Mel, THF AR refux oo o /
N S = R
) (¢} Boc
Boc
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Barton \ERIERHR YCAR B b
¥ EERTR YEAR SN A R v - 5B

OAc

o)
NOCI

PIRTE LS

Example 1

o]
7
NG
Ho O

—EMRE hmERREN
KA A b

hv
Pyrex, 250-W Hg 4T

PhH, reflux, 2 h, 67%
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Example 2°
Example 3’
HO, .
HO\N ., RN
1. NOCI, CH,Clp, —20 °C, 100%
2. 350 nm #%& 5 h, PhH,
0°C, 50% Ac
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Batcho-Leimgruber WM& KR B
SR AH 2 B R A Y A0 P BR R R R S N B B W trans- B - AR -2- TR
RN YR IS A B BT 49
R1 QRs R
ANGOR "
3 ~ N-R, 1.Pd/C,H; R E Ijl
‘@"‘02 DMF, 130 °C, 86% R NO, z 5;‘2"'2,(:' N

Example 1*
———e
NO, DMF, A NO; N
MeQ (7, MeO e, o
>—N —_— =N_ ome
MeS O )
/eOMe
’ Meo MeOJ__NMe,
CH, uk e L
- . 3 09 N H
) Na
N” S NO,
0 o
— MeOH X NMey MH] Q\QMGZ
—_—
¥
NO, NH,
®
%NMez [)\j _ ~NHMe, I
QNHQ N
Example 2*
COMe
COH 1. Mel, NaHCO;, ¢OMe Pd/C, H
- . v IMe2 2 |
2. MezNCH(OMG)z PhH, 82% N
NO;  —gpei aos NO, H

3.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 14,
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Example 3°
0OBn Me,NCH(OMe), OBn OBn
O —mom . O™ OO
+
DMF, 110°C NO.
N02 2 N02
3h, 95% 151
OBn OBn
SN NMez Rﬂ'Ni, NHzNHz |
—————————————e e
[ I THF, MeOH t: :
NO, 96% N
Example 4'°
NOz NOZ
/@\/ Me,NCH(OMe),, Cul, DMF @E\Vwez
Me0,C NO, f3E, 180°C, 10 min.  MeO,C NO,
76%
NH,
PA/C, H,
—— . AN
MeOH,
689%3 d MeO,C u
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Baylis-Hillman J% Ji}

7 ] B 7R FR Morita-Baylis-Hillman 257, J&— e FHRRF-—/ 35 B 1
BRYIFREI A C — C BB B . BReE TSR AR RRREE . RIS . 2R, 2
%ﬁﬂﬂgﬁﬂo%—4%%%%%WWWH%@J%%%&%W&HHHH
Michael 52185,

X

X EWG R{_XH
Lo+ g Pt B ews
B

X =0, NR;, EWG = CO,R, COR, CHO, CN, SO,R, SO;R, PO(OEt),, CONR,,
CH2=CHC02MC

Hth A RBUR -

Example 1:

% :

O [=) (o] O
Ph"A’H O

W;a SEHEAR .\Jg\ aldol Ph)jg\

Zﬁ;) £N§7 [N§7
OH/%) o o
— " =
NS/

E2 HLE AR AT 7Y
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P

Example 2, 571-N Baylis—Hillman [ 7 ¢

OH O
N
Ph/HHJ\)(Z N\7

PMB PMB COzMe MB OzMe

Os_N 32'\\'16 N N g SRS
OBn "OH
P DME, 0 °C, 7 d

o 90% (dr = 9:1)
i?"%

Example 37

e o o>< Q

o o & DABCO \_Roﬂ

(c —HAHR, A (111
HO 24 b, 72%, de §60 H

Example 4°

°Y°J<

\‘/ o )

Ox© OZN—Q—( ) o
TiCly, TBAI

fo) H

o o HO— " OCH(CHa),
il CH,Cly, ~78— —30 °C H

OCH(CHj3), 85%, dr>99:1

Example 5°

o ° [N(\E7 OH O
H + OMe
| M MeoH, rt, 8 h, 79%
ci CREERTE
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Example 6'°
A
NN
OO O  NHTs
OH :
0 Ts OH (10 mol%) )H]/\R
. N O R = p-Ch-CgHs
| /“\ R= P’0M8-05H5
W R FREFER / FE, ~15°C R=pNOzCHs
87%-100%, 88%—95% ee R=2-%X
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F52EBRSr IR B vIAL M BERE
JRFER -
_OH ] o)
o R /U\Rz
R "R? H
R! 1
o o e BT
N ﬁ\ —— e ~— |
L R2 R RZ R2 R;\=0H2
Sy ERAL TR TR
N'R1 ® R R!
— JL H —H N HERA HN”
R "0 R2” “OH RS0
H
R PCls:
Vi PCl jj)\
5 1
R‘JLRZ " H R?
cl
Cl R! 1
(P R (orey, C'ﬁfm ﬁ*’)
,O\ —— — e
Jf\ RJLRZ R? R2 :OHz

TR G EFEALTRAWRARETHS

R1

N’ ® .R! 1

ZJL H ~-H N TTRY HN'R

R i{b Rz OH R2 (o)

Example 1, f8i ROR 3

t O
] BICl;
N
MW, 90% H
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Example 2*
H
NOH FeCly N o
TCiEHl
81%
Example 3°
0
N’OH H o HO\N
PPA N PPA / NH
/bv 72% / 21%
Example 4°
el o
l p-TsCIEt;N
W Yokt
THF, 10% K,CO;q
OEt 80%
syn

o SR ABUREER (RY) A EE L ERRTE T — MR RE YR &
KA RCE B Beckman EBHER B .

JOH @
N H O ®
A, — R=NR' — R*—=N+ R
R'” "R2

Example 1°

Hac NOH

HC(OMe),

A F3CCOOH

| THF, 60 °C
i 40 min, 79%
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Benzilic ( A& Z 888 ) ik
TR _HHFEIREN N R BB
Q KOH 0
AFYJ\A'_ ::>(U\OH
;ﬁ#ﬁ :*235&
\ﬁ W?A\rOH buiz: 2 })ok
Ar Ar N 3 Ar
Ar 0 OH
T kGOH @ & Ar :
s X
Ar Janba A
AT OH g\vHQ)H A:ﬁoﬁLOH
b 7100w
Ba—S % R T R RS R R IE M3ET,
Example 1°
KOH, MeOH/H,0
130-140 °C, 3 h, 2%
o
Example 2°

OO, e OO
0O 30 min, rt, 74% ke COOH
o

Example 3, iﬁ:*l@@iﬁy

?oc
BOC"N [o] OMe

wOTBS K;COj3, MeOH

rt, 2 h, 98%

H
N~ ~0
H
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Benzoin ( {5 ) 458 R

FRE TR T S ERESNRBHENRN ., TR T oEnkiy
HRE ., B 525 ) Stetter KW o

OH

()
AF\WH cat. CN  Ar
—_— Ar

o 0

S CN

oo AW om0
AHO]/H \é/ \(LH\_H/:{r

Ar Ar
H OH
vo, Ko BTHE Nl K8, .9
Ar b Ar Ar * CN

OH 9 5
Example 12
0 cl 0 0 O
EtO
EtoD)kH X ©)LH NaCN, EtOH O
cl
MeO 81% MeO oH
Example 2’
@N/\CHa
CHO /\/(\ o 0
HO 4 s) Br CHy
CH; OH
I EtsN, t-BuOH, 60 °C, 24 h, 40%
Example 3’
(0] H3C e/\CH:;

N
2 o4 Y e
S
O Et,N, DMF, 60 °C, 96 h, 69%
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Example 4°
Ar Ar
(o]
Me /o
5% e>< ) |24
1) 0 o oH
Ar” Ar
20% n-BuLi
OMe THF
Ar = 2-FPh 87% yield; 91% ee
Example 5'
jﬁ _Ph
4 ©
N BFa
10mol% =
CHO OTMS
G
10 mol% KHMDS
B3, i, 16 h 66% yield, 95% ee
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Bergman LR B
IR e IRE I B A iR 1,4- B HEE %,

< EE; O

p J
I 7 sERfL .0 @
Q\F ATy
7 : ( ?j
1A XX WHhE
Example 1°
l Z Ns__s " Ph
| (X
N sIs P DMSO, 180 °C, 24 h, 60%
Example 2’

HsC HsC

1 [}
N — hv N
Ny BT
N\ THF, 45% N\

NS N

Example 3, Wolff EHE/&5 T Bergman 3{t.°

? N, OH CO,R
= COsR OH
) 0 oo
hvar A, ROH 7-4

===

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_19,
© Springer-Verlag Berlin Heidelberg 2009



41

Example 4
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Biginelli W £ BUR B

T REM B - —HEMSYTEREBIE B —RENBE A TR, i
KA RNIERBEY R, BT LA 53R (MCRs ) —i,

OO~
o o o} A N AT
Ar—CHO + +
Mo/\ HZN/U\NHZ HC!, EtOH HNYNH
o
H.
o o
Hg S~ "o
o R o™ aldol MR
)J.\Q/U\o/\ Ar o —=
- H H’\QO\ A OH
<]
H
Ho o Ho
/’j:U\o/\ L, - NG o/\ R
. o
Ar” OH Ar H2N
o
OH O ®
N (0’” o] O O
O/\ ] HO H
+H j o Ar
HN" SAr —  HN: — L
N Ar \n/
0% “NH, d H T
H
+H@ H2Q Ar ~H,0 / Ar
HN\H/NH HNTNH
0
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Example 1*

: @
s (o]
* F—QCHO o g oohe
o HN"NHz  Eron A ‘ NH
N
H

81% S

Example 2°

OMe

NH2 EtOH, A, 2.5h |
95% N/KO
H

OMe
o 0 o) CeCly *7H,0
i * " . MeQOC
MeO/U\/U\ ; HZNJ\ NH
o7 TH

Example 3, B V0 Biginelli £ & KR

OMe

OMe
o o 0 Bi(NO2)s, MW
* 9 . S :
" . Eooc
EtO)J\/u\ HNT “NH, EtOH, A,5h | NH
A 80% A
H
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Birch JBJE R B

Birch 3 J5 [ W2 P T A A8 4 )8 Li. Na, KTEBZERE P W— AN 550
£ 1,4- B AN A SRR .

W TFRAREAER .

\O \O
Na, liq. NH3
ROH

~, ~,

\O QO
©

SET
H . \' H'(“OR

B T
™~ o H ~o
iijﬂH_LéL gi:ﬁH _*[i)

H
H k HCBR
R BRI IR
CO.H COzH

i Na, lig. NH3 i
COe
2
CO,H . COze P
—_— -~ —_ .
H

AmEAET
; COLH
92 e2 H@ 2

(S
H\.HfﬁHz H H
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Example 1*

/OMe
. 1. Na, NHy, THF, 78 °C —
N AN
O 2. Mel, 98%, 30:1 dr o :
o} o}
OMe

OMe
Example 2’
\
- Na, NH3 THF
N -78 °C quant.
=
Example 38
Ph Na, NH,
THF, EtOH
ph/©\Ph -33°C,1h
16.3%
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Bischler-Mohlau 5|W& & B

Bischler-Mohlau |4 L5 i IR FR Bischler BIWE4S BRI . M o - RADS
B EAF B AR A B 3- 5 03|k,

D D0 D=

Example 13

\/k(j? NaHCO3, EtOH
reflux, 4 h

230-250 °C
0\ 0-25 R \ S 3
N = &, 10-15 min N
Ho§ 35%-80% H
Example 2°
N
/ A\
OMe —
OTBS DME, H,SO, e
x + = z Y F
I NS 0,
N o HaN N NH, reflux, 53% HN \N H
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Example 3'°

OMe MeO
LiBr, NaHCO4 O OMe
-
Br EtOH, reflux |
o HzN OMe 6h, 74% H

Example 4, {3 (€I TCIA 7 Bischler 514 5K "

cl neat c
Dy O 0
Br N
HoN
3 2 n,3h 6 H
cat. DMF, fi&v}: 54ow
60

S,
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Bischler-Napieralski [z i
B-EZEBBEAERBMEARMBEEATHAEN SR EMKE R

RBLo
POCl
HNYO —_— =N

R R

: Cl—P@ _ CI
H@YO‘POCIZ _(%N )
R

oPOCI,

0
@‘H —— HCl + SH — ©:;NH+ HCl + O=R
o MR opoci, R O F‘/’ cl
o
2
Example 1
OzMe
|
Oy N 1. POCl3
N H —_—
H

2. NaBH,

Example 2*

gn POCl; P,O MeO
M . 3,F2Ys
eO. N COMe m\B
96% n

Example 3°

POCI;

80°C, 81%
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Example 47
B CO
C }
0 HN. 20 POCI, 0 7
F%, 95% O
MeO OMe MeO OMe
OMe OMe
Example 5°

% ad
Oy N POCI3, PhH, B, 3 h N N
H LiAIH,, THF, 1.5 h
64%
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Blaise [ B/

FES a- ) UBTE Zo Ve F AR B - BRER I B R, (2 L5 456

¥ Reformatsky &2 1 )

"

~

+

R—CN

R! 2, H0*

2 1. 2Zn, THF, reflux
. Br\(COZR

o]

R)f\(cozR2

R!

R—n"
BI'\/COZR2 Zn(o) ) OR?
R BrZn o
R!

IR

@
HoO7H
‘»}Z”B' JEabE

R)K(cosz :

R!

Zn B RBEALYILE S 7S R — A C- IR BEAL Y, (B R & A B SE 455 R O-

HELY)

H.®.H

)K(cosz - -
Hzo: j

R1

X

Example 1°

TMS
cl cN * Br_ COyt-Bu

1. cat. Zn, THF, reflux

2. H;0*, 85%

Example 2°

Br\/C()zEt

e

. N\ HCI, 72%
Y
Cl N Cl
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o O
F.
N
N™ °Cl

Cl

053-8_24,



51

0
Me OMe

ey n
NC O8n 3 equiv Zn, 1 mol% MeSO3H
THF, reflux, 78%

Example 4, 55— >Blaise R P EMAGHATHo 27 BE R i) ER BRBEREAL IR

2n’ Br ) NH, O
Ph—CN BreH,COH ™o B A0 ok SN okt
- | 9
THF, reflux, 1 h ph/l\/koa . 3, 82% 0% “CH,
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Blum-Ittah Z %A KR i

WA BRI E B 20 B RBE T RA -2 PPh, 34 JFUA F I Y
RAELEY

o) Nz
(/_\.f\ Sh2 RL_A .z
R' R? o ; R

N3 CH

Fib— B BACHIHAT S,2 R B4 B PER AT, BB RN I YIHISL
HAL2E B RE R

R‘ R1 R1
o HO'
HO' HO o) e %
%....S_‘ZEN’\, — gu--N)N:Nf\lppm == DUN=N-N=PR;
R? v :PPhy RZ R?
PR, PR,
11
NrFRs ¥ N N2
—_— LAY =)
N -_— NzT + R1\./\R2 HO g2
X OH R!
e
4 R/ NH
Rrse  f [ y
3 ‘HRZ — kA 7 —> N
@ R 1: 2
R! PPh; R" R
Example 1°
o s 1. NaNg, NH,Cl, MeOH, reflux. 4~ —OTr
L0 73 Phyp. CHLCN, reflux, 30 min
60%-75%
Example 2°

\/\/\/d/\ NaN3, NH,Cl, MeOH
OTBS reflux, 4 h, 50%
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iy \/\/\L
\/W\!)Aoras + ~otas
H N3

PhyP, CH3CN NH
M\
reflux, 98% oTB8S
Example 3’
H
H 8 H\/A
N~ N
\/_A 1. NaN3, NH,CI, MeOH, 3 h, 64 °C  Cbz” Y
\© 2. PPhg, MeCN, 1 h, reflux \©
66%
Example 4°

OH
0 NaNg, NH,CI N3
ik, 15 min
93%

H

PPhy N
CH3CN, reflux
2 h, 95%
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Boekelheide JZ i/

B e Y MBI 2 = L IRBT L Z PR T AL LA 1) 2- 128 B it e py 56
HERRE .

SO
\N OH

®o—zé~) N

@ 5
® 0,CCF x
X olad e CL
0 Ao N

8

—_—

FsC ) O._-CF. MR 6\(0 61%6
& : CF CF3
Y s

@\/0 CF. Ui ~ |
> P 3 «
N \[O]/ N OH

Example 1*
Ac,0, CH,Cl,
—_—— -
—N = reflux, 1 h, 90%
J\‘ OAc
Example 2°
Ot-Bu Ot-Bu
| Y 1. TFAA, CHQCIZ X
_———
N 2. NayCOs, 3h N
5 89% o
<]
Example 3°
OTBDPS OTBDPS
— 1. Ac,0, 100°C, 18 h =
axe { )
_Nb J« 2. K,CO3, MeOH-H,0, 1, 2 h N N 9y
3% HO 0
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Example 4°
NO, NO,
P | Ac,0, HOAc, 90°C, 3 h / '
SN F HCl, 79% SN ~OH
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Boger ML & B i
1,2,4- =M SR BURIK (NS RE ) 220 7T Diels-Alder 5 -5 8L A B

E B9 SR o
P
o =N

) B
g% JFF Diels-Alder " 7\
=N

CJ REL,— Ny l:) =N

Example 1°

EtOzCIN\ CO,Et \ CHCl5, 60°C  Et0;C. Ny _-COEt
oo Or -

EtO,C 26 h, 92% Et0,C

Example 2, 53T N Boger "the & 51°

Ph
N 2~ Ph _ NP N PP
) YT s oY ®
Ph™ " Na N N~ ~Ph N "Ph
232°C, 36 h
\)ic:Ha CHs 209 2%
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Example 3"

|
LN 1. manttus H¥, A
h £
2. E}BE 5h,67%

Example 4’
N —N
’y \ v
e, 2
p-S:F¥, 30 h, 150 °c
\ / 67%
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Borch JRIESE AL B

Fh PR AR AL & M T A 134 0 Jie A JER (6 FH NaCINBHL, ) 45 H AR i A 38 IR
FALRLRL

H
a . H [ HG] R1\{/R2

N —_—
R R; Ry Ry _N
Ri™ R4

R Ry
R{ MRy N.
Ry Ry R,

Example 1*

0 © 1. TiCla, EtsN, CHyCla, rt, 18 h HN/@

.
©)k°“3 2. NaCNBHj, MeOH, rt, 15 min cH
NH2 94% 3

Example 2’

. 5N HCI, NaCNBH; N
MeOH, 1, 72 h, 75% @
Example 3°

0 .
. ) O 0.3 equiv InCl3 N m\@
H R X
u -HCl 2 equiv Et3SiH

MeOH, it, 48 h, 66%
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Example 4°

2. BnNH,, MeOH, HOAc
NaCNBH3, 3 A 9 FF, -78 °C
| ri, 64% Bn

OBn
o 0OBn —(0
0//( 1. NalO,, 8:2 Al -H,0, rt N
\‘N >
i'] 0 °
"o N

OH
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Borsche-Drechsel ML
MR T B S R vk ( 9- 8BS ) WIMLR N . 2RE2275 EH

Fischer BN & BRI i o
o oD
ax — U5
¥ i
H
@\9 _%; (3.3 o HHk ®
©\ NH NH

NH

x

N
®
H
Example 1°
CH,
HCI, NaNOy, NaOAc
HaCO. . HO\/Q/ 2
H,0, MeOH, 54%
NH, o
CH,
_HOAc, HO, reflux reflux HaCO
H3CO N
T tomin, 44% N o
H
Example 2"

o
O N\)
KOAg, H,0 S Clai A
COZEt 2 )ﬂ Claisen ﬁ (=1 fﬁﬁ
* —4°CHint Japp-Klingemannpg & B
N®

Z
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0
N
HyO", 100 °C COH
20,
nNH Q S—co,Et
| P 3t 68% N
E10,C
COH
Example 3'°
CO.E
COH z
7 HC, EtOH
N _— N—co,Et
ﬁ = reflux, 85% N
CO,E H
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Boulton-Katritzky S HER i
—MNHITHANE T EHEN S — N FITA R R o

X. JA
T —
N \H Hf ~

Example 1¢.

. ®
N: N )
iy A asoee . TN ) N o
NN N N A
4 a0 N"ph
Ph

/N
Ph

Example 2, g’

o Ph
NHoNH,, DMF ‘H\
N e ety
F3C /O/N I't, 1h F3C O/N NH2
FiC HO.
0}’”"' Ph NJ\/Ph
7\ + |
N_ N AN
N FiC7 N
H = H
5% 92%
Example 4°
CFs
N~(NH +BuOK, DMF O/A(N ,Q‘g\\(CFa
A reflux, 2 h, 75% H N
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Bouveault B & 5 i

B R X UL IR Y Li Mg . Na . K 42 B A YL 5 5 DMF

F2 17 4 PR AL T LR TR AR A R R o

. DMF
R-X % R—CHO
3.H

D
oM @
R-X Mo MeéN/ M MeN—( 2. RrcHo
KM R

Comins fBIEH: *

Example’

Li, DMF, THF, 10 ©
@/\Br i H C @\CHO
#E 5 min, 85%
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Bouveault-Blanc ¥R J5 2 b7

FRARTE R ol W 5 B A S
0 Na, EtOH
N
R)kOEt R™ OH
o) )
R)J\oa o "™ e — )o\H
o ) SET R)'\OEt R OEt
e
BHERET
=)
OH OEt
H o <]
+e° roort = & — I e,
HTQEt R” ["OEt R™ "H
OH
o “hCbEt OH +é° A
— — RTH — R OH
R™™H R™H \
HTQE
Example’
o) Na, Al,O3

+-BuOH, Tol.
oFt ©/\0H
reflux, 6 h, 66%
References

1. Bouveault, L.; Blanc, G. Compt. Rend Hebd. Seances Acad. Sci. 1903, 136,
1676—1678.

2. Bouveault, L.; Blanc, G. Bull. Soc. Chim. 1904, 31, 666—672.

3. Rihlmann, K.; Seefluth, H.; Kiriakidis, T.; Michael, G.; Jancke, H.; Kriegsmann, H. J.
Organomet. Chem. 1971, 27,327-332.

4, Seo, B.-L; Wall, L. K; Lee, H.; Buttrum, J. W.; Lewis, D. E. Synth. Commun. 1993,
23, 15-22.

5. Singh, S.; Dev, S. Tetrahedron 1993, 49, 10959-~10964.

6. Schopohl, M. C.; Bergander, K.; Kataeva, O.; Foehlich, R.; Waldvogel, S. R. Synthesis
2003, 2689~2694.

1.). Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_32,
© Springer-Verlag Berlin Heidelberg 2009



66

Bradsher 2 i}

FRAE AL T SRBERE =I5 B B b 2 4 4 F X Bradsher BRME U 22 B K T R4
HERBERIRRL . 5B—J5 T, 4376 Bradsher ML B8 B 418 — L BE FIES 1L
A B IR ZEARAL 27 Y Diels-Alder F2RY .

(D =
R —_—
CH3CO,H
(o} R

Example 1, 57 Bradsher & Joz2?

(o U wmoneon I
O Br 150°C, 7 h, 21% O Br

Example 2, %N Bradsher & fz°

HaC CH,
AcOH 0 74 N
CI/\ /\CI cn/\ ’\CI__.CIS SC|
) S PPA s
07 “CH,
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Example 3, 5> [A] Bradsher 3F AN o7 8

0CO,Et Et0,coGH° . OEtO
@ H.__OEt CaCOj; MeOH !
- T :
~=N. t,2d N.
DNP . DNP
cl© 19%  NHDNP 66%
Example 4, 5> [A] Bradsher R0 K Rz 10
®
DNP DNP
cl® e N
e
| H. _SPh CaCOj3, MeOH Phe cl®
+ _
NHAc NHACc

Hy0
80%
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Brook HHER ¥

o -BEEAETE-NLRANEDEEESTESBREHY « -BKE
EWRABFIRRL . BB X HR(1,2] -Brook HHER 5K (1,2] - REEETEB BT,

[1,2]-Brook HHE
OH RLi O,SiRg
R’ N —_—— R
R, SiR; 1;z\u
1)
/ R 3 Qo
B .
8H — R1 ) —_— R1‘7€SIR3
| R, SiRy Rz
e/ TSRy -
2 FEATRE P
~SiPhy SiPh
O o 3
=yl ]
. P Ph,,
H~OH PH
N
[1,3]-Brook B
OLi e . OISiRa
O—SiR;; Li
R SiRy — — R
! R, R} Rz R,
[1,43-Brook EHE
® RaSinn .
OLi SiRj 0-SiR3 O Li
— ——
R1/K/kR2 R1/k)\R2 R1)\)\R2
Example 1°
0 CN 1- 4 eq. NaHMDS, -30 — 15 °C — CN
r-auMeZSi/Q/\/ t-BuMeZSiO/_\+\
Ph 2. PhCH,Br, -10 °C, 75% PhPh
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Example 2, [1,2]-Brook EHEF 1#-[1,5]-Brook HHE®

i o Ph
t-BuLi, EL,0 Me,Si”~ “Ph
B i
PN 80 h' Ph | " 78°CEIt, 30 min, "
FENH,CL, H,0, 44% SiMe;
Example 3, [1,5]-Brook EH#}°
SS KHMDS, THF S S
TMSMVB" 78°C, 1 h, 93% HK/YBU
OH P T IS OTMS

Example 4, 1¥ -[1,4]-Brook EHE 10

TES ™S n-Bulli, THF TEM . M MS
Me ™S Me TES

Me SnBu; — 78 °C, 30 min.
91% 11% [1,2]-Brook gs% l£1 Al
100l
K4 K4y
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Brown SlE 1L W
W SRR A R A VU 2t S AL A BRI B o

1. RL.BH

R R/\/OH

2. H202, NaOH

HR WO R sy H R H R g
ey — (PR Ot — e
R

R/ hiilo
O-OH
SN » O-OH . _OR'
RETH R/\/O\?,R R/\/O ? OR!
R OR’
Son
rR-OH  + B(OH)
Example 12
1. BH*SMe,, LiAIH,, Et,0
2.NaOOH
Example 2’
OMe OMe
Me!
NO,  BH;-SMe,, NaOOH NO;
B OMe o
Me THF, 85%, dr8:1~11:1  Me'
~0Bn ~OBn

H
HO HO
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Example 3*

1. PyridinesBHg, I, CH,Clp, 2 h OH P

Ph X

2. Hy0p, NaOH, MeOH, 92%  Ph sy ON

Example 4, X FRIISL

o}
Ph. )K/\/\
N X CHj
H 0.5 mol% Rh(nbd),*BF 4
0 1.1% cat., 2 equiv PinBH cat. = ‘
Ph.. - F
N = "
HJ\/\L THF, 40°C, 2 h o °
CHj
B(OCMe;), H,02, aq. NaOH Phay
Ph< - CH3
N CH, 80% N
99% ee
Example 5"
oy fB PH
FBY~gi NH BHgSMp, THF;  (1BUS| i,
ekl el A~ Ph
HTNAASPP NaOH, H0, H
0,
NS 85% Ph OH
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Bucherer M2y B B
SRR B e NaHSO, JRtt T A RIS S B

OH NaHS03 O
a,,, = |

H H
\) on
\_, :NH,NHPh
OSO;H QSOyH 0OSOH
@
A Hon B NHNHPh
— NHNHPh ] NH
"
OSO,H 0502” e

B3 o&#
B

Example 1°
NaHSO;, NaOH O
A - O, 2 A0
COzH NHNH, JLR, 46% O N
H
Example 2’
OH
/@ 1. aq. NaHSO3, A O O
.
HaNHN 2.H® O N
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Example 3’

NI &
ol S

Example 3*

Y
HO OH HN
. D\ 1. NaHSO,, A O
O e T

0.5% yield!
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Bucherer JZ i/
B -FE7E (NH,), SO, /ERI T A B - ZEME M

OH (NH,),S043°NH3 NH,
H,0, 150 °C

@
@ HH H HH
0
0 i O‘H
OO B -
e
OSO,NH, OSO2NH,
fo) OH ®
HERH “—:NH; NHy o
OSO,NH, OSO,NH,
@D
Hy NH2 NH,
OSOZNH.,,

0SO,NH,4

Example 1 B SRZ I Bucherer 2 I 75 7E =5 18 T 4T , (AR ( 150W ) {2
T ZIRNUREHAT 7,

OH NHa, (NH,),S03, H0, rt NHz
4k 30 min, 93%

Example 2 i Bucherer R’

5 mol% Nagszos

O ( o
/ ' N HZO reflux, 4 h;
x P 10 mol% NaOH
N reflux, 24 h
NH2

46%
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Example 3*
a0, wem QOO
OH NHa, H,O NH,
OH
OO 200°C, 5 d, 91% OO OH
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Bucherer-Bergs 2B/

BRI & WAIKCN & (NH,),CO, B 1 , RBHAL & 9141 (NH,),CO, KR

e RZ N BRE S BRI, R ot 414 SR ( MCRs ).

H
1
R! KCN RN \fo
=0 R§
R (NH);CO3 NH

(o)

(NH4)2003 = 2 NHj3 + 002 + Hzo

N =N
HaN NG R2
y Cor M - A H
RI_N R. N R ?: e R NYo
0 - ———
R">§\'/~ rR? ) €3 R2>§ N'}H R% M—NH
N 2 o}
HN 4
SEEAER R
Example 1°
CHA0 CH30
o N KON.(NHaCOs o\
48h, 60°C, 83%
o
Example 2°
0
KON, (NH,),CO3 o%
COLEL
X "M EfOH/H,0, 70°C, 50% C/\
: H E

J.J. Li, Name Reactions, 4th ed., DOL 10.1007/978-3-642-01053-8_38,
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Example 37
o)
o N
! an, H
CHs
KCN, (NH,),CO. o
(NH,4),CO5 CH,
EtOH/H,0 (1:1)
60°C, 4 h, 83%
B(OH
(OH), B(OH),

1. 1 M NaOH, EtOH, rt, 30 min

2. KCN, (NH),CO03, 60 °C, 5 d
77%
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Biichner 3 3f 2 bf

EAEBERLBEBEATER246-FHESHBENRN. 2FHEH
Buchner 52 W & T, ( £ W, Pfau-Platter 5V )

N7 “CO,CHy
O O
[Rh]

N7~ “CO,CHs

NoT+ [Rh[Z “CO,CHs

Rh %K%

rCOgCHa [2+2] Ffmsk COCHs  ZBIHIKE:
~— [thl @m]

@>—COZCH3 AR ©—0020H3

Example 1, 2N Biichner I FZ’

e}
_N, Rhy(OAc),
CHLCl, Ho

Example 2, 53PN Biichner X iz ®

1 Br |
cat. Rhy(OCOt-Bu),, DMAP Q
o AC0, CHoCly, 73% O OAG
N

Example 3, Fl Grubbs (L7375 F N Biichner < 7 ° |

NA/N
1 atm CO NUN
Cl "
i CH,Cly, 90% Phe }u co
c’| Pn
PCys PCy3

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_39,
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Example 4'°
)C\Pha CO,Et
= A 0.5 mal% N9, o/ (Rh]
Rh e

0
—Rh*
0 O
E10,C CH,Cl,, 78 °C, 49%—66%

Ar,_~COE Ar CO,Et Ar
[Rh] —_— — COzEt
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Buchwald-Hartwig ZE1LR

A RN AT B AR R MR i R A S R E A k. B H
PR R R B AR B A R R TRUAR LA, #AFRIE
LIRS T B — SRR AL

X RZ cat LPKO) N,
R +HN, ————— Rt R
R3 NaOt-Bu

X =1, Br, Cl, 0S0;R

PLEE .
=
O Pd(OAc),, dppf 'Q
)/Q/ NaQtBu, Tol., A
Br PA(O) Pd(ll)———Br
L Eﬂﬁi
— HBr
e -
Pd(ll)——N@ MR @
>’/© —Pd(0) ﬁ
BALTEAILE 81 71
Example 1°

0.5 mol% Pdy(dba)s R2

i R2 2 mol% P{o-tol)s ]
R + HN N-gs
‘R® NaOt-Bu, “E\% R‘-E)/
65-100 °C, 2-24 h
& = EWG or EDG 18%-79% yield
=2°
K = 1° e, K, BEER AL T4

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_40,
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PEALTEER .
LnesPd(0)
“-11, ky
R? LPd(O
AI’-N/\ 3 nPd(0) ArX
Ar—H R
Ln1Pd(0) ke kz
H NRZ(R?) X
LPd L Pd L pd
n “Ar "‘7'—— n “Ar n Ar
iy e
R3 H R2
NaX+ HOt+-Bu HN, ;- NaOt-Bu
R
PA(BINAP), f{Liy
—d[ArX kek
X _ Kk )
dt k4Ll
Example 2*

2
5 mol% (DPPF)PACl, R
X g 15 mol% DPPF N.gs =N
R1 + HN R R1 - Pphz
R NaOt-Bu, THF
100 °C (#&), 3 h @/F’th

X=Brorl 80%—96% yield
R'= EWG or EDG (MAE1F) DPPF

B = 2° 4635 (— 1T )
B = 1° RS E

Example 3, %5 F#Y Buchwald-Hartwig & &1t & Bz °

RZ
1-2 mol% Pd(dba), )

Br g2 (t-Bu)sP (P/Pd = 0.8/1) N.s
R! + HN R!
‘R3 NaOt-Bu, tol.
22°C,1-6 h
o/ 00, vi
R'= EDG or EWG 81%-99% yield

Be =2 B8R, R, BRAGER. WEK. e
B = 1R, TIRIK
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Example 4'°

Me

Me 0.25 mol% Pd,(dba)s H
Br 0.75 mol% rac-BINAP N
+ n-HexNH» n-Hex
i - 1.4 i
MeO NaOt-Bu (1.4 equiv) MeO

tol., 80 °C, 18-23 h
94%

Example 5"

0.5 mol% Pd,(dba),

I\ 1 moi% fti o N/_\o
/0—@—0 + HN © £ ~< >—

1.4 eq. NaOt-Bu, Tol,
100 °C, 24 h, 82%

i-Bu

/
Kok i—Bu\N/ IIN\]/"‘Bl"
N,

N

Example 6"
NH,
CO,Me PA(OAC), Cs,C05 MO H
I
©/ ' DPE-Phos, Tol., 95 °C ©/ \©\
95% OCF,4
OCF,
PPh, PPh,
o
DPE-Phos =
Example 7 & MRAIEEL
5 equiv R{NHRz
>L j\ 5 mol% Pd(OAc), o
10 mol% dppp N\
N

° /\ 2 equiv NaOt-Bu O)LN/\ R

X /N Br K/ N & 1

X -

X =N, CH U 80°C, 14 h, H& 7Y R
Ve 55%-98% N
Example 8"
OgOt-Bu 0. OtBu

1 mol% Pd(OAc),

Q\ . y | 2 mol% XPhos p
1.4 equiv NaOt-Bu X
MeO NH SN el g MeQ” : N7 N

2 W, 1,44 67%




83

U
O

XPhos =
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Burgess iK1

e Qo
CH3020—N—S—NE13
)

Burgessik fl, — PR M BGELE 2 EEZ R ER/BL K
BB K P B s BB L M R . RRL 2T

[C,H,0,CN- SON*( C,H,) ],
N EIBLE, PR LE I R T St .

e
2 0
o::rh—ﬁ—0| MeOH, PhH CH302C\N g_c| NEts, PhH
rt, 88%-92% H §  1.84%-86%
H;,C-OH
CHO.C @
ON—fxC 0 9e
W O TINEa o p0,c-N-S-NEt
‘NEt3
YL
© Qe
|~/|<=.02c~rq-cs)3t=_(3 . 0\('5? NICOgMe
M Ne @
HO D d D HNEtg —
Hs Ph SN2 H'H"Ph
P : P H
0. M 9 coMe
S5 B H ph QSN
G P _ =+ (o}
wp APh | o B pi W @
P! HNEt; HNE;
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Example 1, {ABE£E IR F7 b TCIHBR & AL AR

OH
= NP Me
Burgess &
Oy NH
H.) THF, 21°C, 9 h, 71%
o
p—: N Me
(o}
H, N
L,,H
Example 2°
. >
>l\l /@/\N,OH 1.5 eq. Burgessit#il, THF j\l /@N
AShg reflux, 1h, 97% ~Sisg
Example 3’
N N
wH ; oM
H o Burgess i 7] o]
Nopn  F¥, 50°C, 60% NoBn
Example 4°
OBn QBn COMe
2,5 equiv Burgess i 7l '5z°
L g0
THFICH,Clp (4:1) BnO ©
reflux, 6 h, 86% Bn
. a/f = (8:1)
AN
[o]
g
Z N NHBoc 5 g equiv Burgess ik I 0,8
| 7\
X THF, reflux, 30 min, 86%

| N NHBoc
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Burke FBERER

MeN

Me/Nl MeN el % MG}‘IK
Br_-S B\—oko /\/Béc:ko B:Oo C)o \/B\—cko
)00 BTN 0o o 0" o

B- (R 44y o R  BEmE R R

Burke BiERFE FI 23] 5 B- R IR — R E I A F AR EZERZX
BB RIS, R A1EG 7K A NaOH . NaHCO, 35 T R H A8 BL A B R
“Burke FIBRER FI3EA14 24 BN, BB AT 77K 7 BLE0) & WS 1R JFORES 1L O
BREAYS S, TATRAEATRE K& BRI A T3 BB SN, Wn7ER Al
AR 7K AR TP R B AR R AT RR I R b 5 5 BRI B, 37 Burke fRRERAE 2
— A BERRNEE, EXRLSRSOEE, ERPREFELEE ERRR
R R A RERE R I PR 136,

1
il 124
!\Iﬂe
N
MeN
! 2NN
S.__B(OH) B e O ot
Br
U 2 PhH:DMSO 10:1 U o0
Dean-Stark 437k 2% Burke TEZEE
99%
l\]Ae
™
MeN
NaQ,C COyNa
BBry 2 2 I'4 %
. TMS X -BBr, —O\0
S Chon| Y CH{CN SN0
86%
30 mmol 40 Burke FHRCNE

Burke TS ES E] 7 (8 30 M AR R O TRBR A N- I 3 N, N- —Z 8 ( MIDA'*)
Ao S &8 , B — IR BLE R MIDA 9 —ghtb B hr G Hil18 > 5. ST &8
it Burke FIRRBE B A R ML BER .
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Example 1’

" £ Fh S R B 1 B VE BB R BL7E B- 4R 37 1) 00 W AR b o JRUT BT E B — ot
T

B{OH); ™MS—=
P X
M"}‘% PA(OAC), PA(PPh;),, Cul MeN
Ve U 2N WY WeRE B-OX O
Ph Ry SPhos, KF T
90 PhMe, 23°C THE ms/\/ oo
Suzuki R 92 % 23°C, 73% Sonogashira B
MeN
MeN
MeN PAClz(GHaCN), %
\/\/B{&o ~ onts ar/\/l{“o%o SPhos, KOAg  Mes, Ovg SN
NN07N0  Pdydvag, FursP 0°70 T We o Me”
DMF, 45 °C, 91% j): s "
Stille {5 M‘Zﬂ o 2 prMe e Miyaura {8I%
®  45°C, 7%
MeN MeO.
MaO :/ o%o jt]>/\ BusSN~ #2001 M‘}N%
e S .
Bl i PP 0 )
TS0 Pd(OAC), PPh, Pd(OAC),, SPhos  BWSN 7 7 "0" o
Heck 5 EtsN, DMF, 45 °C THF, 0°C "
B 90% 66% Negishi {85
Example 27

INGYT-RIRFEY AT 1 B- (R4 B o AR 22 2 T A SUAB R SR Rl 45 o

AP
B-OX O
Me_ Me Me BN \O/KO Me_ Me Me MeN%
A B(OH), S e A B:OO' c?
Pd(OACc),, SPhos
Me KaPOg4 B % Me
23°C, 78%

1. ag. NaOH, THF, 23 °C

2. M Me Me H
Me_ Me
x Pd(OAc)
Br o " SPros SN0
M

KaPO,, THF, 23 °C e SRR
H R 66%
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Example 3’

Burke FiRREE AT SRAELIERR | JERAEE . EALR]  BIRA | YRR
EEYRERFZ S REN . ERAEEHT AT AR AN SHERE
FIFACATRRE S Y2 SR AR,

357
MeN: Ma 7— r-BuOTf MeN:
4 CrO3, H,S04 kn’"ﬁro Et;N, DCM n B{O%O
B:OO Oo Eat 7] o o -78°C—0°C, 2h;/—f Me R )
O__N__A~
H°p 23 °C, 30 min H;02, MeOH A H
s 90% pH6.0&rE, 79% o0 O On
MeN. MeN
F4 . MeiN o o /
B-OX-0 TBSC, Imid, THF / Q B-OALSO
070 23°C,9h, 98% 800 EA A oo
—ms o0 oW BN
4| a t
TBSO Dy, THE 23°C,30min, 1% O
83% HO
PMBOC(NH)CCH
MeN TIOH, THF - ok Meft
B0 0-23°C,5h,64% NaBH(OAC), B—& 0
& N

o [e)
DDQ, DCM DCE, 23 °C, 8 h, 76% /\N\/Q’ o

PMBO 23°C,15h,79%
Example 4°

Burke PR 7E /K MR HEABIR 1 451 T BB AR HE /K , amphoericin B %
WERNARA LR — .

Pd{OAc),, XPhos
1 N ag. NaOH
THF, 45 °C, 48%
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Cadiot-Chodkiewitz {BEX 5L b

MR B B AR F bR 3L 4R A BAUR AL A . (£ W55 98 BT _E i Castro-
Stephens iV )

[R‘:X+Cu =—R? R——==—=R?
E= i) 1) X
R——X + Cu—=—R? » Rl—=Cu—=R?
Cu(I1l) e fi] 5
TR THR
CuX + RI——=—R?
Example 1°
cat. CuCl, NH,OH-HC! \
%—___‘—Br + =\ ==
OH EtNH,, MeQH / OH
30-40 °C, 70%—80%
Example 2’
cat. CuCl, NH,OH-HCI
TBS—= + Bpr—=—A OH — TBS—==—==—( OH
30% n-BuNHz, Hy0, 92%
Example 3°
MeQ OMe MeO OMe
O n=1to7
Y 4 A\ / \ n=1,8%
H W CuBr, NH,OH¢HCI n=211%
- n=3,32%
Br. Br PRAE , MeOH \ / n=4,8%
\ / i, 3.5 h, 80% - n=g,;g%
n=6,
N 2 MeG OMe| =~ n=7.8%
MeC OMe

Exampled , rotaxane F1P 2 43[1 55 A B4 F T RE 2F AR AR SR (M1 B B9 TF %
A3FH-4 T8 i Cadiot-Chodkiewitz [ 18 B B AR, 10

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 43,
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O 1. 1 equiv n-Buli
- THF, -78°C
——H

O O © 2. 1 equiv Cul, 0 °C

3. 1 equiv3

1 iv 2
1 equiv

O U
O (@é%@*\f OO0
) AUy ¢

R »
BiEHT 3= (5 ’;5 Ve °/_\—@‘:73’
[/
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2- ZBEE AR (1) 7ERAEIL T 460 2- (0] 3- ) Bk -4-B%(2)
F14- (W T] 3- ) BURmEmk-2- 8 (3) sNETINESY.
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NH - A __R?
J_re N N"OH
o
1 2 3
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Q
0
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H
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NH N N R* -H,0
O)\,R2 1 H o H OH
#BEB:

H
1
\‘/GOR
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Q OH
)Ni 104 °C N” oH N
o 69% 20%
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o) Me Me
References

1.

(a) Camps, R. Chem. Ber. 1899, 32, 32283234, B ¥ (Rudolf Camps) T 1899—1902
4F fH) 7£ #8 E Karlsrube #) Technische Hochschule JR Engler #38 T &,
(b) Camps, R. Arch. Pharm. 1899, 237, 659-601.

Elderfield, R. C.; Todd, W. H.; Gerber, S. Heterocyclic Compounds Vol. 6, Elderfield,
R. C,, ed.; Wiley and Sons, New York, 1957, 576. (Review).

Clemence, F.; LeMartret, O.; Collard, J. J. Heterocycl. Chem. 1984, 21, 1345-1353.
Hino, K.; Kawashima, K.; Oka, M.; Nagai, Y.; Uno, H.; Matsumoto, J. Chem. Pharm.
Bull. 1989, 37, 110-115.

Witkop, B.; Patrick, J. B.; Rosenblum, M. J. Am. Chem. Soc. 1951, 73, 2641-2647.
Barret, R.; Ortillon, S.; Mulamba, M.; Laronze, J. Y.; Trentesaux, C.; Lévy, J. J. Hete-
rocycl. Chem. 2000, 37, 241-244.

Pflum, D. A. Camps Quinolinol Synthesis. In Name Reactions in Heterocyclic Chemis-
try; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 386-389. (Re-
view).



94

Cannizarro X i}

TSRS PR o -HAIRIR R NELR A, WA
T AR R AR

HQ 0° OH 0 0
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OH
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%9) R)LOJH\/G == R7OH *+ R)kOQ
R” OH
fe— RN R s R P IE R T .
BREEB:

(0]

gL o]

RH SER Q o MMtRELA ~
&‘)46 e RO L

o]
rR”Toe
Example 1*
CHO sk kOH COzH
100 °C, 5 min
T 41% 38%
Example 2°

CHO o N
Na
THF, 0°C, 5 h, 76% 76%
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OzN CHO 1equivTMG O2N OH O2N CO.H
+

42% 43%

Example 4, &3 H-1LH45r T A Cannizzaro 7 °

CHO CH,OH

o) 0
%\ 1M BaCl, %

Q . (o]
\% H,0, reflux \%
2 quant.

O

Yo

CHO CO,H

References

1.

oA wN

=R

9.

Cannizzaro, S. Ann. 1853, 88, 129~130. FEJE#.F ( Stanslao Cannizarro, 1826-1910 )
WA T CH 79 B .5 ) 8 2E ( Palermo ), 184742 ST BUREL M T
B, EIEARGMAERRTEA L HFEAKOHAHER, REHT X MNBIR
BB, G EEAFSU R I SN 84

Geissman, T. A. Org. React. 1944, 1,94—-113. (Review).

Russell, A. E.; Miller, S. P.; Morken, J. P. J. Org. Chem. 2000, 65, 8381-8383.
Yoshizawa, K.; Toyota, S.; Toda, F. Tetrahedron Lett. 2001, 42, 7983-7985.

Reddy, B. V. S,; Srinvas, R.; Yadav, J. S.; Ramalingam, T. Synth. Commun. 2002, 32,
219-223.

Ishihara, K.; Yano, T. Org. Lett. 2004, 6, 1983—1986.

Curini, M.; Epifano, F.; Genovese, S.; Marcotullio, M. C.; Rosati, O. Org. Lett. 2005,
7,1331-1333,

Basavaiah, D.; Sharada, D. S.; Veerendhar, A. Tetrahedron Lett. 2006, 47,
5771-5774.

Ruiz-Sanchez, A. J; Vida, Y.; Suau, R.; Perez-Inestrosa, E. Tetrahedron 2008, 64,
11661-11665.

10. Yamabe, S.; Yamazaki, S. Org. Biomol. Chem. 2009, 7, 951-961.



96

Carroll EHHER M

B - FRBRAVE S B DR 2 1 B TR 3EHY Claisen EHER M AL v - Al
FIBH, X2 Claisen EHERL (B WH 17T ) B—AESR S

N~

0 o oo oo

N OM paokl S
=
H o

)
-Co, [ R L @
> HERY B Y/

Example 1, 7"%¢#R Carroll H # A5

C\“«\OMe o \OMe C\o“\OMe
- LI N.
N‘N o 24 equlv LiTMP N~ o N
&5 el
é/u\oﬂ 100G H R J oM

de > 96%

Example 2, Z4J/F Carroll HHES

0 0 0
ch/U\N’o\i(; Hac/U\N Oy -OH HgCJ\NH
0 110°C CHa | _ 0
CH, CHg,

CH,

Example 3’

o}
I i Me, !
S. ' HyC H .
oPh ! TES:O %“ﬁ EsozPh :
' b ONa !

H [¢)
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o}

/U\i 2eq. NaH, —F%
"o

reflux, 96%

Carroll EHE
Example 5°
0 o0 HOG  Me
OM LDA THF CC|4
MeO F 78 °c Bt reﬂux 86%
OMe MeO~ "OMe MeO~ "OMe
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Castro-Stephens BB i

FEPUREA BB , 2 W55 90 T _E 49 Cadiot-Chodkiewitz BBk i i F1Z5
519 70 I/ Sonogashira fREX SN, 4% N7 FIAL2ETTHR4E , TT Sonogashira {&
BRI NG e R RAE R

BERE ., A

R—=-cu + X%

or:
1: gl 2:sp’ gz DMFEL A 3:—mRspk
T=REXFE R2=FE, HE, X=1,Br

L
8tk (M) Cu.,
R-C=c-Cu f

1
CunpnzC—R
R2 I~y

5 — /A HLE 5 Cadiot-Chodkiewicz {BIB: & 7 L1 :

n X B
Ar—X + Cu—=—R RiCIA Ar—Cu———R HR o+ A—=R

Cu(IIT) o ]

Example 1, — /2R R B, 7FFR Rosenmund-von Braun ERE LR

Br. CuCN NG
A~ -0, 1-F % -2- ms Z5—0
CI; Sl
\N N N N

170 °C, 3 h, 55%

Example 2*
CuS0y, NH,0H+HC!

C — aq. NHa, EtOH </:\\[ — ey
ca. 95% —
OH
(I 0
P

ﬂttﬂ;t A N
75%
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Example 3°

O
ome g
N —_—
)I\ 7 c———— 87% NS
MeO™ N

A~

MeO”™ N

Example 4°

o] (o]

cat. Cul, PhaP, K2003 Io)
O
0O
A Il DMF, 120 °C, 37% AN

Example 5, 5t #h 3£ 17 #J Castro—Stephens & Ji7'°
MeOZCW . MeOZC\@I
© OH
/ COzMe
CuzOthE Meozc
o

100 °C, 43%
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Chan 3BJ5 R o

FIX(2- FEBELEE ) S0 (SMEAH, XU HRLE ) s S ikt
B R FUREERN E- BTN AR R R,

H
NaAIH,(OCH,CH,OCHj), in PhH /\j\“
= R R "R,

R Et0, i

R R
H o H-ALO R R H
AlH2Rz \Nl workup /\i
= Ry HT + /[—>H‘ — = R R,
x
8

R vz R
R R R,
Example 1°
OH
: LiAIH, OH
Y T ~NTY
Example 2*
)oH\ 1.5 eq. Red-Al, -72 °C, 25 min. OH |
Ph =
N coMe F5eq. 1 728 -10°C, THF, 2h PhMCOZMe
78%
Example 3°

-

. Red-Al, THF/PhMe

_78 9
/\/\/\OTBDPS 78°C®[rt, 4 h WOTBDPS

2.NCS, -78 °Cto it OH d
65%

Red-Al, Et,0

0°C, 80%

J.J. Li, Name ‘Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_48,
© Springer-Verlag Berlin Heidelberg 2009



101

References

1.

Now s W

Chan, K.-K.; Cohen, N.; De Noble, J. P.; Specian, A. C., Jr.; Saucy, G. J. Org. Chem.
1976, 41, 3497-3505. Ka-Kong Chan & i T 3% & %7 ¥ 7 #} Netley i) Hoffmann-La
Roche, A FI—BER .

Blunt, J. W.; Hartshorn, M. P.; Munro, M. H. G.; Soong, L. T.; Thompson, R. S.;
Vaughan, J. J. Chem. Soc., Chem. Commun. 1980, 820—821.

Midland, M. M.; Gabriel, J. J. Org. Chem. 1988, 50, 11431144,

Meta, C. T.; Koide, K. Org. Lett. 2004, 6, 1785-1787.

Yamazaki, T.; Ichige, T.; Kitazume, T. Org. Lett. 2004, 6, 4073—4076.

Xu, S.; Arimoto, H.; Uemura, D. Angew. Chem., Int. Ed. 2007, 46, 5746-5749.
Chakraborty, T. K.; Reddy, V. R.; Gajula, P. K. Tetrahedron 2008, 64, 5162-5167.



102
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AW NH/OH/SHNRY TER . P SHREALE CRE K
SR (M) FET28AS X BHREEFRAR N . R TEH
TR B K BRALY . B B BEE B L R L RS EfL S . ik
R TR L LB | e, R BB U WREERE R EE B o
ARMNBE—-NENO LEXEREAKNBN TS, MR LHERR
BB R, B RN & H AR T Buchwald-Hartwig S AL B 38
/X\ﬁ;ﬁéﬁmo 2 2 B £ X Suzuki-Miyaura C — C 8232 X ABEK 2 i i —
l o

cat. Cu(AcO),
Ar—M *+ H-XR —— = Ar—XR
air
=B(OH)2 B(OR),, B(OR);™, BF3~, SnMe;, Si(OMe);.
X=N,0Q,S§, Se, Te.

N

N v
= t. Cu(AcO), /
B(OH), + HS / ca NO
R air>90% R
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74%
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HaC B(OH » C”" ¢
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3
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J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_49,
© Springer-Verlag Berlin Heidelberg 2009



103

Example 2*
o
OH o~ BOH),
1.1 eq Cu(OAc),, TEA
rt, 24 h, air -
52%
Example 3°
OH o}
B(OH),
OMe OMe
Cu(OAc),
o} TEA, 255 0
+-BuO,C : ﬁ CO,Me 54% t-BuO,C ? E‘ CO,Me
E 13
xample 4
BnO o

Y (HO)ZB—@N J:N
o o T
NH Cu(OAc),/EtsN/Py ==
93% {c-ester assistance,
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1?? :1%/ 3 &q acetal lower yield,
» ar e.g., dimethyl acetal, 23%)
Example 5
CO,M : COZMG
Ve D>—B(OHY
Q N
N NaHMDS, Cu(AcO), N
H DMAP, 22, 95 °C h
93%
Example 6"
0.1 eq Cu.0 NH
B(OH MeOH, .t 2
(OH)2 NH,OH eOH, X /Ei
92%
References

1. (a) Chan, D. M. T.; Monaco, K. L.; Wang, R.-P.; Winters, M. P. Tetrahedron Leit.
1998, 39, 2933-2936. (b) Lam, P. Y. S.; Clark, C. G.; Saubern, S.; Adams, J.; Win-
ters, M. P.; Chan, D. M. T.; Combs, A. Tetrahedron Lett. 1998, 39, 2941-2949.
. (Dominic Chan) &£ T3 E Wilmingion, DE K} DuPont Crop Protection {4
K, {LERZE IR RS A% (University of Wisconsin, Madison) f4% 5 4
(Barry Trost) #4247 Ph.D BFR L. Hit (Patrick Lam) &7 T BEHFEAM
LR HHIFAY Bristol—Myyers Squibb 2 BRI EF A, &4 DuPont Pharmaceuticals



104

©

10.

11.

12.
13.

14.

18.

16.
17.

Company I_fEit, fhERBEIiA% (University of Rochester) Louis Friedrich £}
34T Ph.D BFR THE, B Michael Jung & M B L /GMA TE, ek XHm
FiRRLAFEEILOE (UCLA) MR (Donald Cram) i M1 L f50F
P ILAHE, (c)Evans, D.A.; Katz, J. L.; West, T. R. Tetrahedron Letr.1998,39,2937
2940. Evans /AR5 M T3 B R (vancomycin) 24 R RHH 0- FH
LR B AEE BT, (d) Lam,P.Y.S.;Clark,C.G.;Saubern,S.; Adams, J.; Averill, K. M.;
Chan, D. M. T.; Combs, A. Synlerr 2600, 674-676. (¢) Lam, P. Y. S.; Bonne, D.; Vin-
cent, G.; Clark, C. G.; Combs, A. P. Tetrahedron Lett. 2003, 44, 1691--1694.

Reviews: (a) Chan, D. M. T.; Lam, P. Y. S., Book chapter in Boronic Acids Hall, ed.
2005, Wiley-VCH, 205-240. (b) Ley, S. V.; Thomas, A. W. Angew. Chem., Int. Ed.
2003, 42, 54005449,

Catalytic copper: (a) Lam, P. Y. S.; Vincent, G.; Clark, C. G.; Deudon, S.; Jadhav, P.
K. Tetrahedron Lett. 2001, 42, 3415-3418. (b) Antilla, J. C.; Buchwald, S. L. Org.
Lent. 2001, 3, 2077-2079. (c) Quach, T. D.; Batey, R. A. Org. Lett. 2003, 5, 4397-
4400. (d) Collman, J. P.; Zhong, M. Org. Lett. 2000, 2, 1233-1236. (e) Lan, J.-B
Zhang, G.-L.; Yu, X.-Q.; You, J.-S;; Chen, L.; Yan, M.; Xie, R.-G. Syniett 2004,
1095-1097.

Vinyl boronic acids: Lam, P. Y. S.; Vincent, G.; Bonne, D.; Clark, C, G. Tetrahedron
Lett. 2003, 44,4927-4931.

Intramolecular: Decicco, C. P.; Song, Y.; Evans, D.A. Org. Lert. 2001, 3, 1029-1032.
Solid phase: (a) Combs, A. P.; Saubern, S.; Rafalski, M.; Lam, P. Y. S. Terrahedron
Lett. 1999, 40, 1623-1626. (b) Combs, A. P.; Tadesse, S.; Rafalski, M.; Haque, T. S.;
Lam, P. Y. S.J. Comb. Chem. 2002, 4, 179~182.

Boronates/borates: (a) Chan, D. M. T.; Monaco, K. L.; Li, R.; Bonne, D.; Clark, C. G.;
Lam, P. Y. S. Tetrahedron Lett. 2003, 44, 3863-3865. (b) Yu, X. Q.; Yamamoto, Y_;
Miyuara, N. Chem. Asian J. 2008, 3, 1517-1522.

Siloxanes: (a) Lam, P. Y. S.; Deudon, S.; Averill, K. M,; Li, R,; He, M. Y.; DeShong,
P.; Clark, C. G. J. Am. Chem. Soc. 2000, 122, 7600-7601. (b) Lam, P. Y. S.; Deudon,
S.; Hauptman, E.; Clark, C. G. Tetrahedron Lett. 2001, 42, 2427-2429.

Stannanes: Lam, P. Y. S.; Vincent, G.; Bonne, D,; Clark, C. G. Tetrahedron Lett.
2002, 43, 3091-3094.

Thiols: (a) Herradura, P. S.; Pendola, K. A.; Guy, R. K. Org. Ler. 2000, 2, 2019-2022.
(b) Savarin, C.; Srogl, J.; Liebeskind, L. S. . Org. Lert. 2002, 4, 4309-4312.

Sulfinates: (a) Beaulieu, C.; Guay. D.; Wang, C.; Evans, D. A. Tetrahedron Lett. 2004,
45, 3233-3236. (b) Huang, H.; Batey, R. A. Tetrahedron. 2007, 63, 7667-7672. (c)
Kar, A.; Sayyed, L. A.; Lo, W. F; Kaiser, H. M.; Beller, M.; Tse, M. K. Org. Lett.
2007, 9, 3405-3408.

Suifoximines: Moessner, C.; Bolm, C. Org. Lett. 2005, 7, 2667-2669.

B-Lactam: Wang, W.; Devsathale, P.; et al. Bio. Med. Chem. Lett. 2008, 18, 1939~
1944,

Cyclopropyl boronic acid: Tsuritani, T.; Strotman, N. A.; Yamamoto, Y.; Kawasaki,
M.; Yasuda, N.; Mase, T. Org. Lett. 2008, /0, 1653—1655.

Ammonia: Rao, H.; Fu, H.; Jiang, Y.; Zhao, Y. Ang. Chem., Int. Ed. 2009, 48, 1114-
1116.

Alcohol: Quach, T. D.; Batey, R. A. Org. Lest. 2003, 5, 1381-1384.

Mechanism: (a) Huffman, L. M.; Stahl, S. S. J. Am. Chem. Soc. 2008, 130, 9196~
9197. (b) King, A. E.; Brunold, T C.; Stahl, S. S. J. Am. Chem. Soc. 2009, 131, 5044
5045.



Chapman B HER 7
O- S E T RERE A EH B .

A
| — . A N Ar
N 7

oPh Ph

o)
Ar'C Arl @
N: SnAr N 1
I 2 Yl — e
A0 N Ph

1,3— SR AT Herb |l

Example 12

NaO

Cl

Wit 28% N

H
Q” "Ph

Example 2

Ph.__0O
Ph 300 °C T en
—— = Ph”’
30 min., 87%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_50,
© Springer-Verlag Berlin Heidelberg 2009

Cl

cl
MeO,C.
MeO,C M90\©\ a NaOEt, EtOH/Et;0 2 Kj
+
NP~p  0°CHM 48h Meo\@\ 0

N/J\ Ph

Cl

MeO,C
MeO HO.C
210-215 °C, 70 min © \@\ Kj Meo\©\ Z/@
X

A

105



106

Example 3, & Chapman & $'°
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N 0 O N MezN N N NMe.
Y 7 70-74% hig Y
MezN NMez ) o)
MeO,C CO,Me MeO,C COMe
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Chichibabin Mt 2B R i

BB 45 A 4 ke
R R
=
3R7CHO + NHg R
N
. H3N:\
R (o] H -~ R/\(NHZ yNH
N R H H
NH
2 W 0 Bk
r:NH3 H H H
H R AQ Aldol 45 & rRH R._ALY
—— Roe o —H0 | 0 R
0 H
RAfﬁ_) R OH R
N b j
H Co)) H 7
HaN
N H OH
Michael L& :\(/??‘H H‘D :\fﬁ/R
=} R — R —_—
R N:/L < N R AL
N7 |
H
H OH H
H R
RA ™ O RN
Example 1*

0 ‘
©/CH0 NH4OAc, HOAC
+ =
reflux, 1 h, 68% \N |
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Example 2
Hm O 1. AcOH, 1t, 1d, 49%
+
N
Me” N N(CHcHO 2. Zn, HCl, MeOH, 65 °C, 72%

Troc
I)ﬁc%
ij\(cm)

Example 3°

0 CH4CO,NH,, MeOH
02N—®—o©—< + OHC—@-CFg
reflux, 4 h, 45%

oo (oo
-
CF;

Example 4, — > 5 ¥ i Chichibabin X bz "°

Br 1 equiv BANH,CI A AN A
0 0.5 equiv Yb(OTf, o)
N e
H H0/ A, 1t, 65% gn TO
Jii A I [O]
¥R
Ar- Zx Ar Ar X Ar
d 6n |
N N
Bn Ar Bn Ar

References

1. Chichibabin, A. E. J, Russ. Phys. Chem. Soc. 1906, 37, 1229. % % B = ( Alexei
E. Chichibabin, 1871-1945) i 4 F & & #f i Kuzemino, B /R B R BB R
( Markovnikov) BT B BRI £ £, HI/RBR B R I 9k A& F 5 Ak 25 ( Hell-
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Chugaev [ i}
HIEREERMER AR,

1. CS,, NaOH s A
2 RSN o o+ 0CS + CHySH

2. CHyl *EMEE S

R/\/OH

R
R/\/O\n,s\ .i. 27 a\o
S
S

s
o)
Y + A & —> 0=C=ST + CH,SHT
H Ss—
Example 1*
OH
1. NaH, CSj; Mel, 90%
A
l@ OH 2. HMPA, 230 °C, 90%
N
Example 2°

CS,, Mel, NaH B
THF, t, 2 h, 51% reflux (216 °C)
48 h, 74%

Example 3, Chugaev syn-{8§& K F7 J& B 4> T U Iz ®

0( 7 CS,. Mel, NaH o
o} 7( R

by —\=< THF, 92% o
cbZ ‘\=<
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280°C, 25 min | w- Alder 3 K Ff

NCbz J

NaHCO,, Phy0 (( 72% D\C
b 3 L )<
Chugaev &5z 0\‘/ Cbz

References

1.

Chugaev, L. Ber. 1899, 32, 3332. 8kt % ( Lev A. Chugaev, 1873-1922 ) H&:F
BB ISR, YR BEEHREINILEHIR, 185X ( Dimitri Mendeleyev )
MBL/R% ( Paul Walden ) BEES KIRAL, BB R H —ETRERE, B
%gg%ﬁﬁ%ﬁ Nifi P, HIFRZEMITHEERRAGR4 A ZHEE
Ho, T.-L.; Liu, 8.-H. J. Chem. Soc., Perkin Trans. I 1984, 615-617.

Fu, X.; Cook, J. M. Tetrahedron Lert. 1990, 31, 3409-3412.

Meulemans, T. M.; Stork, G. A.; Macaev, F. Z_; Jansen, B. J. M.; de Groot, A. J. Org.
Chem. 1999, 64, 9178—9188.

Nakagawa, H.; Sugahara, T.; Ogasawara, K. Org. Letz. 2000, 2, 3181-3183.
Nakagawa, H.; Sugahara, T.; Ogasawara, K. Tetrahedron Lett. 2001, 42, 4523-4526.
Fuchter, M. J. Chugaev elimination. In Name Reactions for Functional Group Trans-
Jformations; 14, J. J., Corey, E. J., Eds.; John Wiley & Sons: Hoboken, NJ, 2007, pp
334-342. (Review).

Ahmed, S.; Baker, L. A.; Grainger, R. S.; Innocenti, P.; Quevedo, C. E. J. Org. Chem.
2008, 73, 8116-8119,



112

Ciamician-Dennstedt EHER Bi

M FE A SR 475 1 NaOH S RL T R 3 — R R A B R E R HL, B R

HEAE AR 3- SRALBE

0 -2 oy
N NaOH N
H a

N

o °
CISQH\_QOH_> HO + Cglc'ﬂ =2 . cop

cl
] cl
~cel cl
. N m
H P
N
H N
Q
HO
Example 14
2 eq. PhHgCCl
A eq gCCl, A
PhH, A, 54% O _
N N
H
Example 2°
ci. .Cp
cR o
Na0,CCly
26% ¥ o
c” cP
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Claisen 45 & U
WAL TEE AN B - BER.
[o] JL s o O
R\/U\OR‘ R ;R RZMOW
R

[
0 0
R\é‘kow HRFH R\/()Om .

H R2 Y OR®
- ¢
o
R2 9) [e] (o] 0
N
R R
Example 1*
o) +-BuOK, Fei s o a9
Ph \)k A~ Ph\)H/Ik N
0" "Ph ggoc, 20 min., 84% 0 Ph
Ph
Example 2°
’ 35 eq. LDA, THF L, o o
0 ~45 ] -50 °C
N . Cbz,N\:)K)ko,t-Bu
P o~ B HY, 97% :
Ph ‘ Ph”
Example 3, ¥ Claisen &5 &°
@ o o 5 equiv H,0
5 mol% In(OTf3 j’\/\/\i
é/“\ 80°C, 24 h OH

85%

In
LN
H,0: 03'"‘0’H HO. lj
N
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Example 4, T-i5 77| Claisengg 4 '°

] KOt-Bu, 100 °C, 30 min. o O

e =13¢
OBn MOBn

LEHl, 51%
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Claisen SREM: £ 5%
B - FABE R S IR LY 3- S5 R |

0 a NH,OH R on
R —m
RKk(u\o’ —H.0 A
Rz z Ri O’N
<]
o (o 9 (g @ o
R{ o’R -/ R u’OH _>R1/U\HL OH
Ry Rz R, N
NH,0H
R, R
-H0 A O Rz oM
— e _
Ry ~NH R /z_,{m R /Z_,\i.
HO 10 1 0
3- R
BB :
R oR NH,0H \ -H,0
1 _R
RZ R1 0
R
NH,OH 2
o
_ O"H__, gy o
)\P‘? R Ry oR
5- E%uﬁeﬁ
Example 1,5 [ % #°
o 0 SH

O)k)koa 1. 74 NHg, 67% O/‘\)(NHz
M‘*OYN 2. M58, HCI, E1OH, 53% Meo\n/N

9. o]
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R OH
/B
l2, K2CO3, 59% s,N
Meo\n,N
[o]
Example 2’
o Q HN,OBoc
>< R cl.pyr.0°C H 0>< Boc
T 7a100% R o 53-91%
R =Ph: o)
Meldrum 7] (PnCO);0, DMF
o O OH
RJJ\/U\IT‘,OBoc LC'___. [\{l ;r. =a ng' FE’:IJ-BF:\', g@g ,
Boc 76-99% R o
Example 3°
O O
OMe NH20H-HCl, NaOH
OH
MeOH, -50°C, 2 h JN
85°C, 1h, 65% O’N
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Claisen HHER

Claisen EHEF 7 , %17 Claisen EHEZ B | Bellus-Claiso BHER M . Corey-
Claisen E 3 & i . Eschenmoser-Claisen & HE 2 Ji] . Ireland-Claisen 2 H 2 R
Kazmaier-Claisen E HE ¥ . Saucy-Claisen E HE /7 5 . Johnson-Claisen JFE SRR E
HE IR F Carroll B HES LB [F] /B F [3,3]- 0 EHER ML, Claisen EHER N £1d
— AR, AL BR RS S HES R T 5 E 8,

R 2.3 12 R
N°  ABIoEH { R\/A\s} \©
T oy

o) ; 3 Cl)~\v/‘3
1 2 1 2
2 4 28 4 I} 2 :
s A o?s 2 ! olr/“\n" o oF S
’ 3 1 L A8 NPy +,.z
s s P Y i ~
SRR, e ’
Example 1’
BnO 0Bn OBn
BnO BnO.

o) . Bnof(\f
5:1
it oy E#EE/ F¥ o
" 180 °C, 70%
5 1

PN d
Example 2°
N =
o I ELAICI T4z e x
Jilo -78°C, 81% OH
Example 3°

+ OHC .
Q/\/\SiMeg 1 mol% Ir(PCyz)s /\J/\SlMes
B~ pn PPhg, A, 50% yield gt~ " “Ph

syn:anti 95:85, 91% ee
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Example 4, A~ %f#R Claisen % HE 1°

o CH; O

cat, 7.5 mol% H
MeOJK'/\CHs _CF3CH,0H /\/\(u\ome %
CHClp, 11, 121 o } \) 2SbFg”
\/\L BnO' cat. = +-Bi

98%, > 90% de, 99% ee

N

H,0 OH2 *Bu

Example 5, /s X1 Claisen B HE!!

20 mol%, &%z, 8 X, 35°C 0 Hz CHg3
0" N CH, _
o) NH, CF - MeO
j\ )LN 0
H
HaC ph\(b N _Pn 73%, 96% ee
: \_/ W/
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Xt Claisen EHER W7
£BAI Claison EHER I )5 4k 6 FHELS H XT AL Claison FEHER N 724 o

OH
R

O/\/ R
=

PLEL:
o OH
NS R R
o (0] o ortho- R\ﬂj\\ Cope
\© ClaisenE # == B
— &
YL 2:
0 OH
o ~F R._AR R R
A o oo | —
\©/ —> H,C™SCH,
Dewar 5 {@} ¢ &
PLE3:

O/\/ OM
R. i R _.R UR [33-c&E#E
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Example 1°
f HO.
o 160-170 °C
Ho. CHO
58% 255% 4.8%
Example 2’
j\ T reflx 0 0 HO 0 o
Me” ~Me 80% 12%
Example 3°
=
TBSO o> 220 oc TBSO (o]
o )
IK/ —H%,70% o
0 OH
Example 4'°

MGMO OMOM I
PhNMe,, reflux
MOMO. OMOM

200 °C, 64%

OH O
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R Claisen BFER B
IE Claisen EHER M7=k S BHES Y B - BREERIIR L AOP=Y),

ou B oH §
| A P

B
[3,3)-0c E#E b HEHE R
IE##Claisen & HE H

'@

P omEm CO“”’ SHHES
s
Example 13
oA oH OH
PhNEt,, 230 °C /
" 55h,63%

Me Me Me
E¥Y, 58% R4, 42%

O g equiv HSiNMe), O [F OH
PhNEt,, 230 °C &
.
BOh 70%
Me Me Me

E%P4,>99% R, <1%

Example 2, %85 3% 435 % i Claisen HHE*

\Q\ _N_ ,N\ J:
i/\ S 1 S \: OH
A OH
EtzN, -23°C,2d

92%, 95% ee
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Example 3°

CHO

MeO. CHO )
~ U PhNEt,
——» MeO
MeO 40%  Mmeo

OMe kodsurenin M
Example 45
o}
0
Tol., 180 °C d “
e =3¢
24 h, 65% o
Example 5’
0/\.)\/\/‘\
AlM3, CH,Cl,
OH
z > Z #
50% * 50%
OH
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[Eschenmoser-Claisen ( BEREAER ) BHER I

NO- /& HAT33l-c BEHERMEEM v, 6 - A AMBERE. %
2% F Meerwein % Bt % 38 # 5 5% ) ) £ , Eschenmoser-Claisen 2 i 52 i X #K
Meerwein- Eschenmoser-Claisen EHER i ,

CONMe,

OH MeQ OMe A /\/E
+ —_—
R)\/\Fv )(NMez X

RrR!

OMe o
Qio OMe OMe
NMe:
U NMe> 2

/ﬂ”% | & rﬁw &,

82 —~“ome
B, _j NMe; Me;”)@!?.‘ 9(\/(
R)\/\R‘ R)\/\w R/v\R‘

NMez

oj\ 3.3} BH ,\/E
R Y

R R?

CONMe,

R1

Example 1*

CH4C (OMe),NMe; CF, O

F3C P
Z o Fh Ph\/c)\/\/‘\/lk
\/\oj\ PhH, 100 °C, 2 h, 75% o~ NMe,

Example 2°

90 I ]
OMe OO _CHg Ha

OO LiNEt,, THF O\L, AN X
e —_— z
N _78 %a{ t CO N O CHy
, 18 % 7
A _cH, SMT% 3{7&7 (dr97:3)
o CHs
HsC J

K/\cns -
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Example 3°

MeO,_ OMe
NMe2

ZH¥, 150 °C
18 h, 91%

Example 4°

NMe,

5 eq. C H3C(OM8)2NMEZ

T H#, reflux, 48 h, 50%

H CO,Me oMo
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Ireland-Claisen ( BEVFBRG ) BHER W

HAEARSEEN = AR ERMRNANE = R ERRENE
HRMGER v,0 -AHEAR, EEZHHAEHRBMAORNESHE,
Ireland-Claisen B HE S B H HA IS A Claisen EHER N B4F

o]
/U\ LDA, B CO,H
(o]
/\) Me;SiCl /E/

o] OSiMe; 0OSiMe,
M, oam 5 ABIoEHE 5 M & COM
S Mesia P #

Example 12
S._$S Cs Ho9 s
LDA, TBSCl | Ng
o VY . ores [—
o o THF, reflux g lo) HH o
7% o) ==
\\/0 \) 0,TBS

Example 2’

=
_ TIPSOTE, BN
N~ CO,TIPS

PhH, rt, 62% én

Example 3, 3t ¥ 4% Claisen 1 BZEEE HE°

3

CHa 110 mot% Q N N- 8/@ H3C Ha —
3 O, CFs =
Br OoH
A o) ﬁﬁﬁﬁm -84 104°C

86%, dr>98:2, >98% ee
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Example 4, & TF ) Ireland—Claisen % H®

F
:@\/\/ 0 BBrj, Et3N, PhMe
F = j(\@ FHRG
0 F-783Ir, 63%, > 99% ee

Example 5°
OPMP
l KHMDS, TMSCI, THF PMP
' ’ e COH
00 78%( 25 °C, 1 h, 81% ;
\ﬁ - BT AP0
OW
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Johnson-Claisen ( JFPERE ) BHER b7

A IR A BB ) = e B [ A R A S RRATAE T IN3R4A H— MBS
MERRAE. WHLELEE , [RRRAR R S A BURTRES &4 (3,3]- o EHER N
AR v, & - NFAIEE

CO,R?

OH CH(OR?), N[
R/‘\/\R1 R S R1

H*

OH CH(OR?), R2O: 3R2 g I ‘B
R/K/\R1

H* O
R /R1

2
OR CO,R?

o /& B.3lo&EHE /\):
RM\R1 R ~ R1

Example 12

CH4C(OEt),
7 “CHs E{CO,H (cat)
—H%,A3h
72%
Example 2*
TBSQ TBSO
A H CH3C(OEt)s X
e P 3 _
NS MeCO_H (cat.) - COzE
HO 170°C, 30 min  THPG' H
THPO =\ C. 3 \
THPG  OFh THPG  OPh
Example 3*
OH ol
cl CH3C(OCHg)s, TSOH ¢ 0
cl 170 °C, 55% OMe

OTBS
OTBS
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Example 4°
OMe
OMe
=
N CH3C(OCH3)s AN
. cat. CH3CH,CO,H |
) - N
N reflux, 77% o
\ OMe
OH
Example 5'°
TBS., QTBS EtO,C
OHG
(EtO)acCH:,

— wAm o 0
“‘EFi 140°C
@ @ G Ersess [V 1§
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Clemmensen 3B 5 2 i
RS IAE Zo/Hg VE R T 3 DR B B LI R 1

o Zn(Hg) H H
R” "R HCI R” ~R!
3
Zn X REYLE:
=) @
Q Zn{Hg) HCl  § znol
Ph CHj3 SET PH CH3
HHERETF
0zZnCl Zn H® H
o L —— N
PRI CH3 Ph” “CH3 Ph7 [ "CHy
Zn .
AR 5
HEERE FHLE:
<]
e © H oznci
o] Zn(Hg), HCI O 2ZnCl e@, He 0znCl ne
EEE——— : = Ph7XCH;
Ph” “CHj SET Ph”*“CHs Ph” ) "CH, H
cie
HHEAET
Sp2 ‘i ° i~ e H® HH
N: '
Ph al CH,3 Ph™*CHy —_— PhXCHg
Example 1°
Zn(Hg), HCI +
o MeOH, refiux, 1 h =°
C())H e , refiux, OH oH
18% 67%
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Example 2°
fo) : H I H
) Zn{Hg), HCl (j\/j )
Hj\ Et,0, -5 °C, 57% Hj\ -
O™ "Ph 07 Ph
Example 3
9o
Zn dust
37% HCI, EtOH
_—m

reflux, 15 min.
%
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Combes B3 &7 BRI B
KW B - _HAFE ML T A4 ek, 2 W Conrad-Limpach 2 i ( 55

1331 ),
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O O He
+ — . AN
©\NH2 R1’U\)LR2 A @\)Nj\w
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N R1gH:
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o @
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i N R
H
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H
H R2 H. *o
@I\ HOR2 RZ
Py ey — @é‘k —
> ~@ 1
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H ) H
H
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tl —_ X _— =
(<
PR N R! N R!
H H
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HO_ R? oty R
8 RTFiEH Wl pz  -H0 \
SNTOR! o z
[ N R1 N R1
Example 1°
PPA, 110 °C /
MeO O O _PPATIOTC | eo )
M O N
35% H
Example 27
2 9 N—co,Et
N—coz AN Ph 2
N ~_Ph | N
H . N
cat. p-TsOH, 220 °C Z
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Conrad-Limpach [ i

BREA B -FAERTE R AEIL TR RS i 4- 0B, 2B 131 LM
Combes i

O

NH, AN e o N

H

@\ (o | EXis ] COoEt  _ Ha0
G ; %
OH

N
EO,C H

OEt OEt

CO,Et o 8
QL e 0y |
P P aY .

N N N

Schiff i

- HOEt
—

Example 1°

o o CHCly, HC) (cat.)

| OEt 60%

N¥ I
OH

HN™ ™ Ph,0, reflux
COEt — ™
S z 60% FS
N~

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_59,
© Springer-Verlag Berlin Heidelberg 2009



134

(o]
i, N |
280 °C = CO,Et
75% NN T,
Example 3
NH,
MeO,C  NHPhRNO.
H c [e) 2 2
2 s OI OMe el MeOH 2
MeO,C™ >0 64% N" " COMe
NO,
o H
Dowtherm A ON mN NO,
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N-EACI TR A M 0 N- 250

o
v Q 3
@ { 8 RO R, on
Ei i 2 N
R™ Ly p2Rs Rl R

Example 1, & #f Cope {H°

o
o{_\
(* Y m-CPBA, CHCl,

S

t, 67%
OH
0
0 Ho
F,l\ 0 N
Y SRS
T ="
OH
OH
Example 2°
OBn QOBn QBn
BnO~y” m-CPBA  BnO 1459C  BnOe
Oq\omops o OTBDPS . OTBDPS
N o K
BnO  N(CHa), CHCL, 0°C  BnO"  N(CHa): 63%  Bng
83% 4
=]
Example 3*

rt, 100%

G-
m-CPBA, CH,Cly ﬁ
ISR
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Example 4, Retro-Cope %%°

0 / o
pr Mo OTBOPS oo\ o, pr~Me OTBOPS|
N. NS ,
/[ Me —78°C,3h, Ft oave iR
NC”H NG HY
=~ MeOH, A, 5d Ph", O. Ph ‘, O.
I N
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N #-Cope M Me‘N‘g M Ma/q 9
HO™ "Me e OTBDPS OTBDPS
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Cope EHHER ¥

Cope HHER N . & 4 Cope EHER N 14 38 T & & Cope EHE R M AR F) /B
[3,3]-c BHR A, XR— I HREERE, WKLz REN T HEHRHA.
AR AR, 2058 117 71 _L M Claison EHER R

R\@ A, [33lo&E#H [R\l/'\l R\©
>z S ~x

Example 1*
H H
Wcozcm 160°C CO,CH, NaCl
7 ;
{# I DMSO o]
OTMS Coqaﬁ).jz Br oTMS reflux Br
pe Krapcho i Bf 71%
Example 2°
Ccone 100°C, 12 h = wCOMe
. o] ,
A TMs 84% =/ ""TMS
Example 3°
@:icone — 43k, EtN, 60 °C ,“Cone
= CO,Me 22 h, 1 bar, 92% "'COMe
Example 4'°

HH PH
HeCO™ 74— 1a0°c  MsCO
#94%
H “on
‘OH

Q OMOM
12- 8K =\
\ OMOM
TBDPSO, M0

reflux, 95%
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1. HCI, MeOH

_
2.12- /%
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H L1 F Cope FHER W
AN kA O
SN
N THF =
OH OK - OK
SRR C
x THF us?
O
0K H0 NcOH  HAEFH
D OR — R T R
Example 1!

OH o
HF,
NN KHTHE
I~  TEH,0,88%
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OHC

KH, THF

70%

KHMDS
18-% -6, THF

FENH,CI, H,0

X = OCH,CH,TMS 0°C;71%
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NaH, THF, reflux Cg
oy 000 .
22 h, 88% ‘.,
P ’
r
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B F& 4 Cope BHERRLFIFEIGR T R, &4 Cope B M MTAER
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@% 1331 o [/\AR]

Example 17
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=
H
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(™S a0 2a0°c H Q HO, H
e DMF.19h Me
H
2. CsF, DMF me ™" oue

Me
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E10,C E10,C
SR RE
! / oH
Q ’/'_._
1. 170%C PhMe,Si 0 . Bu
OHC §
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Example 4°
H —H#, Ace® F 0

=z
X 225°C, 24 h, 49%
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3. Clive, D. L. J; Sun, S.; Gagliardini, V.; Sano, M. K. Tetrahedron Lett. 2000, 41,
6259-6263.

4. Bio, M. M;; Leighton, J. L. J. Org. Chem. 2003, 68, 1693—1700.

5.  Mullins, R. J.; McCracken, K. W. Cope and Related Rearrangemenis. In Name Reac-

tions for Homologations-Part II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken,
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Corey-Bakshi-Shibata ( CBS )i&3f)

Corey-Bakshi-Shibata ( CBS ) &R — 1K B &R FHMAR,
[E] BB Corey IR TR FHMRARRE , AT A8 6 X BOE B IR TR RSB
B4 Diels-Alder 52 R 1 [3+2] ¥ 0L B

il

H 2 1. PhMgCl
MeOH 2 o— 2. BHgTHF
NH

3B 50%

MeB(OH) Fi% 2 LPh

reflux, 3 h, 86%

HUEFME(LAER

Cf*
S

Ph

H

H |Ph i 5 U
= <THF

o} ._3_ ® 0

N-g’ B

H A
g R

HBO, H R
S

Ph 9
CH
HCI, MeOH B S}

b H/(CHa
\B'
B"t;/ Huoon
HO. m Ph, Ph,
“ScHy , éqe'fé CHy o R CHs
Ph ‘B'O"_'(< PR B:b=<
H, H Ph 2°"H" by

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_62
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144

Example 1°

o 0.1 eq. (S)-CBS OH

N $0,CeH4CHyp 1.0 eq. i~Pr(Et)NPheBH; N H SO,CeH4CHs-p
\_4 THF. it, iR m

1.5 h, 98%, 97% ee

P
H en
(S)}-Me-CBS = NP
8
CH3
Example 2°
o o] BH3‘SM92 HQ o]
oﬁr cat. (R}-Me-CBS : 0‘/4
w4 o/
@O CHzC'z. 30°C (o]
84%, > 99% ee
Example 3"’
Ph
o
oC  TEN o] H 0
7 B I§ ac
[+ | o-Tol “NOCH,CF, “ o
~ T s e 9.
CO,CH,CF3 10 mol% >97% 6 —= HPOs H3N CO.Et
' o 86
23°C, 30 h, 97% i&3E (Tamiflu®)
Example 4, RHHR [3 + 2]-Fhhmk '
H Ph OH
Ph
® 6 MeO
o g0 TN
MeO. L
L o-Tol o 5
o] CHyCN-CH,Clp 92% ee
o 65% 99% oe EIAS
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1992, 605-617. (d) Deloux, L.; Srebnik, M. Chem. Rev. 1993, 93, 763-784. (¢)
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Corey-Chaykovsky

Corey-Chaykovsky R M 2FI I —HEE/RERE (1), —HEHTHE
(2) —EMM S AEMERE: MR WARSR R E— R R Y™ (3) R4 H 4
ARRE B ALY AR B RAL SRR SRR AR EN I e e S o

CH, X X
CH
HC/ISII:O i 2 Py , _ftor2 R/I21
3 CHa H3C/ \CH3 R R ——™ R
1 2 3 4
X =0, CH,, NR?, S, CHCORS,
CHCO,R3, CHCONR,, CHCN
il !
g@ Ie NaH $SI:H<2)
H,C T CH TTrea
3 (]:H3 3 DMSO H3C CH3
Pl
(o}
o FfR_. l/gw .8
@g H3C ] R1 Hac/ \CH3
H3C | CH2
CHy
Example 1M
o o
Me;S(0)*I
NaH DMSO
60 °c; 35h
79%
Example 2°
OAc
OAc @ /9\
Me,S CO,Et o
0 o OEt
Ogt  PhH..8h,62% v
COLEt

Example 310
-~ 0 /o
Me,SCl
50% aq. NaOH N
N BuyNHSO,
H H
CH,Cl,, 84%
v
o o

~

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_63,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4"
H 2.5 equi
® .5 equiv t-BuzGa o]
Wi
X Ho PhCLtt, 3h, 66% X
8> SiEty CHO Z:E=946 N SiEty
E 15
xample 5
©
o} 4 equiv o) Ph Ph
(CH3)sSO! P X, \. @[\(
Ph @ O — g o I-P
n-Buli, THF o,
OH  “gooc 4h Q 50% 20%
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J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 3782. (c) Corey, E. J.; Chaykovsky,
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Corey-Fuchs

- }@&%Eﬁtﬁ~ﬁﬁ%:?ﬁ%ﬁ, FAT 845 4 BUREE R IE &
B o

B R Br " i
R-CHO CBr,, PPhy ‘_ n-Buli R—==_H
n H B

Sn2 o (<]
———+ CBr3 + Br—PPhy

Brac’:\—Br‘/\ :PPhy

Opr
® '
Brrlpph;, Sn2 Br o Sn2
—— er-4-ppn,
9C8r3 Br
I
Br.. @ R TH R Br
Brp + PPh; >= + O=PPhy
Br H Br

Wittig (LA ST8 T _L L)

R Br
R—=="8r _ B
H Br —— A eB——R——e-———>R—_————H
u
Bu®
Example &

CBI’4, Phap, CHzC.z

C
OH rt, 35 min., 90%

3.0 eq. n-BuLiigsz, THF

-78°C, 1 h;rt, 1 h, 99%

1.J. Li, Name Reactions, 4th ed., DOl 10.1007/978-3-642-01053-8_64,
© Springer-Verlag Berlin Heidelberg 2009
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Example 2’
Br,
: / Br .
@« CBrq, Zn nBuli  SFT—H
re Fe
@ PPh;, quant. 75% @
Example 3°
; o - OBra, PhaP, Zn, CHiCly EA AL
X
2. n-Buli, FF NH,CI, 90% TBS
Example 4'°
4 equiv CBry
8 equiv PPh;y H
(ICHO 8 equiv Zn n-Buli, EC4E A
Y
CHO  cH,Cp, 0°Clort —78°CH1t, 1 h, 96% S
3h, 94% Ny
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Corey-Kim B 4L it

B HFINCSDMS £k G R WAL B R AR (B ER, 2 W E538 T L 19
Swern EAL IV .

OH NCS, DMS o)
R!" "R2 ¥ NEt; R1J\R2

)
o cCi o

0
o)
Nc, | . P A o H NH +
N Ne T  STA O™
o] 0 2 .0

o} R! R

Cl

\
(?}S\{)H\_/ :NEt; — Et;N-HC CS\ (CHaysT + JOL
H -
R14\ / 3)2 R!

R "R? R?

Example 1, & Corey—Kim & 7>

NC, N NO,
on - CHO
NCS, %, -25 °C, 2 h
FELN, 86% '

Example 2, TEU5k A Corey—Kim &z

(\N/\/\/\/S\

0.5 eg. NCS, CH,Cl,, 40 °C, 2 h
FEtN, 40°C Frt, 8 h

g (\N/\/\/\/S
86%

45% ©

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_65,
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Example 3°
\GHo
NCS, Me,S :
_—
EtaN, CH,Cl,
~78 °C El rt, 90%
Example 4'°
N
|
X

NCS, DMS

EtsN, CH,Cl,
> 300 Kg £
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Jormations; Li, J. 1., Corey, E. J. (eds), John Wiley & Sons: Hoboken, NIJ, 2007, pp
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Corey-Nicolaou KN ELI B

w-FBEMA2,2- "k R AT KIFAEEL RN . JFFR Corey-
Nicolaou "G/,

¢ Q¥
H
A N s i oPPhs
x
QLSQ@ L > .
| T ONTSs o
P
Phapz_/ H >H
(
OH

N/‘
H. 4
s [ = N PPh3 Z H
2 a
H (o]

H

2- ke B
Example 1°

Ph "

Ph °

Ph u ;OH (2-pyr-8), PPhy o
HO,C TN CHCly, A, 75% 4
N N

N

1.J. Li, Name Reactions, 4th ed., DOL 10.1007/978-3-642-01053-8_66,
© Springer-Verlag Berlin Heidelberg 2009
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Example 2°

(2-pyr-S),, PPhy 0

AgCIO,, A, 33% H ‘0

Example 3°
CsH11
Bno (PyS)2, PPhy
HO H3¥, reflux
OH 7d, 69%
HO,G
C5H11 CSH11
+ BnO:mj
HO
58% 11%
References
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2. Nicolaou, K. C. Tetrahedron 1977, 33, 683-710. (Review).
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1121.
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Corey-Seebach i %

%@Jéﬂﬁﬁéﬁi*ﬁ% BRh, B MEEREIRES Y . R MR

CH,(OMe), s  1.Buli
_— —_—
Et,0-BF; g 2. CH(CHy)sl

80%

<: HgCl,, 50°C  QHC
>_\_¥ 50% cl

Cl/\/\/\)

C ( —“C> C>_\—L

Example 12
CHO 5 n-Buli, THF
GRS
Ph 0°c, 30 min., 99%
S. .8 PhI(Q,CCCly)p H0: 20,
HO~Z<ph CH3CN, H,O, it, 5min., 95%  Ph Ph
Ph
Example 2*

OH !
Q_o cio R Qo 57
\©/ n-BuLi, THF, -78 — 0 °C Ph

Example 3, &M 5P HEERAAR

L e

Me Me

OxOMe S Et
L/\\S/ i S S\Tﬁs
\/\/
nBull, THE  ho cm s\J
;3 2

,
COH 80%-90%

1.1, Li, Name Reactions, 4th ed., DO! 10.1007/978-3-642-01053-8_67,
© Springer-Verlag Berlin Heidelberg 2009
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M

S.__8
(43(
Et Et
Et _SET m/s .
\sj HO,C
HOLC s

(oJ0)]

o Et It Et
SN S\/\/s\f/s
+ S § — Et S\)
HO,C Et L HO,C
Example 4°
M "o
S._S W
Bn OBn § RBULLTHE o O<oNHTr B0 si>
+ "
o . Bno™ B BnO' ., 3
OBn NHTfa -10 C 8% n : n Bn NHTfa
OBn  54% 23%
Tfa: ZHLEGE
HQ HQ
BnO.,, ~ S ) BnO.,,
Ra-Ni, EtOH
BnO™ N, S refux, 71%  BnO"
Bn NHTfa Bn NHTfa
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Corey-Winter 3592 & B 5 i

TR L-BEE —kek ( TCDI) FEBEER = H ERR R b TS 44 A
% ﬁ 1%, IRFR Corey—Winter i J I Bk |2 i 8% Corey—Winter #& & B 4
AT

R-OH P(OMe);, R _H
+ N -
BURES: 6 T
s)
)k N
7NN \‘ (/j
@ Q Q/ % " o\g‘ RI g-H
R._OH IO o I ( imd R’ m
R‘IOH R "o
R<_Q ) R_o (. ?;(OMe)3
I o £ POMe)y I >9—s’ .
170
1,3-;%-2-‘%@ e
CRBiER B ER)

( :P(OMe); R

0 o, @

I S —~ S=P(OMe); * IbfaP(OMe)a
R1

a1 ~0 P(OMe)3
—_ I (->‘QB(0M6)3 — —+ 0=c=0T + P(OMe);

WA —MuFE R R PRI YLE , A BIRERTIURSR .

R0 R -0 ®
:P(OM E)
,l\: - , ™ :P(OMe); - I > SaP(OMe); —
0O R O

R1

R -0 RO @
S=P(0Me)3 + :/\ :P(OMe)3 JRE— gp OM —_—
R1IO> R.‘Ir‘o ( 3)3
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R.__H o @
I . (QH(OMek — :P(OMe); + 0=C=07T

R “H
Example 1°
Ph
i HC-p-Pon-CHs 0)(
o > - oY °
CH,Cl,, DMAP °C, 88¢ )(o
CHizCly OMAP 40 °C, 88%
o o}
N__OMe Imd,CS, % Ns,-OMe
HO. //\ - o0~ o) 4 /\
reflux, 79% S=<
HO™ G OMOM 0~ OMOM
3 3
o
P(OMe)s
7 Ny, -OMe
92% F3C-F ==
OMOM
BRI Rt

Example 3°

OMe OMe

OAc CSCl,, DMAP

OAc
CHCly, rt, 96%

P(OEt),;, reflux
76%
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Example 4°
HaC~ OCH;
P(OMe); :Z___/
o A S\
CH; 120 °C, 66% ""CH,
o

Example 5'°

Ph
OAc HsCu P\ N-CHa OAc

WOH ¢l OAr(F)5
WERE , DMAP >§ $  THR.40°C
Ac OH  23°C,5h,78% 4h, 65% Ac

Example 6!

L
CDZHN\:/?\AA:NHCbz TRV T CbzHN
: . -
o’ OH 70°C L
_Ph

P(OEt),, 160 °C :
(OEt),, CbzHN NNHCbZ
7%, ZHWELTT%  pp”
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Criegee 88 _REIMR R BE
48 M PbAc, ( Lead tetraacetate, LTA ) EALAHIRI I 3B E

HO OH
Pb(OAC)s o o
R‘-—)—k—Ra _
I aRw R1,lkR2 - JLR4t_ Pb(OAc); + 2 HOAc

@Pb)(OAc)a

OAc
(AcO),PE
HO OH  —= HOAc + S T —
R! R3

R14+R3
RZ R* RZ RS

AcO. /OAC
&° o 0
Hoae + QQP —— J_+ Jl_ *+ Pb(OAcy
R 7 5 R! RZ R3 R4
R R

$1§¥|$ﬁ§%ﬁi~’l\%%*l‘ﬁﬂ¢ﬂi FEFPLEBA 6, H L IMRYLB A E

@
P
or
oBb(OAC),

H\O:/_\‘ oY
Y
(0 —— Hoac ~+
OH 0

"
o—"
AcO

(o]
- * + Pb'(OAc), + HOAc
(o}

Pb(OAC)3

Example 17

CO,Et COLEt
N Pb(OAC)s, KzCO3 N

7\ wo AN

Ph 0 PhH, 0 °C, 80% 0

OH
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Example 2°

Pb(OAc)s, CH,Cly, K,C05
-15°CEirt, 1 h, F

Ph3P=CHCO,Me, CH3CN, 80%

pho,s 1
Example 3%
H
Ar Pb(OAC)4. PhH
HO™ oMt 15h, quant, OHCT O GA
Example 4''
OMe H OH \o _ PPIOAG), EIOAC OMe H O
HO S © — HO X H
Me Me Me MeMeOH 0°C.5min., 89% Me Me Me Me
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0; 0-0

2 S0k

o7 1,3 W& mO
§=2 T >“—C’<
F—TAE

(1,2,3- =8%)

%’8\/}( 1,3-184% 0-0
~_ -0 ek 7ko)<
P i S E_ARE Y

(Criegee W85 1) (1,24- =855
TRER S Sy

Example 1’

H 03, EtOAc, -78°C, i) o
R o] AC
HO" Ac;0, EtsN, DMAP, o
~78°C®lint, 75% H

Example 2¢

O3, CH2012 MeOH COZME
O —
. -OMe -70 oc 5 quant. CO,Me
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Curtius T HER B

ERHENT, bk S EMBERRB BRI EE 1,2- BB R ATHIF
B RS R RRE ., REREY %R AREY T4 B ER
PRER JIRFECAL 9 N- BERERT A Yy sUK M A UK

o
Nu-H ’U\
o # ,/0 R—N Nu
C
R” N3  Curtius R-N’ O™ RNH
i &S 2
A HE
0 fo) H,0
)J\ NaN, )L A | N,T + R—-N=C=0 z R—NH; + CO,t
R” cl R™ "Ny
2]
—— —_— = @ ro ®
R ‘\ec:\, R7CLe R”Ns R)]N\TL—NQI9 R%NIL‘EN
3
H@l
NT + R-N—C(O R/YS)T]/Q;H —= R-NH, + CO,T
:OH, (o} \:B
FREEEE PR
FeEHE:
)O]\e @D _hL. NoT + )c-])\
R”NTNEN 2T RN

"z

(o}
R'&EN.\_ —— = R-N=C=0 — R—NHp * COzT
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Example 1, Shioiri-Ninomiya—Yamada & IE ;2

o~ H

HO™ S NS
o

NO2 DPPA, Et;N
PhH, A

Example 2°

DPPA, EtsN, t-BuOH

0 CO,Me
HO,C:

80°C, 16 h, 64%

O

Example 3*

EtO(CO)CI, 7 NaN,
EtOH, PhH, reflux,55%

COH

0-0
Example 4, Curtius 2 k) Weinstock 28 5% 7 ©

0

OOH /Lk

cI” “OEt
LPINE,, 1, 0°C

N
O NH  NaNg, rt, 12 h
N H 75%

Example 5’

1. n-Bu,SnNg
PhBr, 0 °C F rt
30 min., 97%

2. tBUOH/SE —HI %
A6h TT%

AN H NOZ

B MeOH, A O NH O
89%

OMe

O COzMe
BocH
68
NHCO,Et
0-0
o
HN)LOEt
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Example 6, Lebel f£1F*

OMPM 2equvDPPA  OMPM |, O_OMe
O ~COzH 0.1 equiv Ag,CO3 O N O
* 2 equivi,CO;3 \Ig L,
- ., & “, BnO ‘OBn
BnO 0Bn PhH, A, 16 h, 81% B ©oBn gn
Bn (2 equiv) Bn
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Dakin EfLR iz

FEBEAMESEAISELAIB. S HE 127 L3R K Baeyer-
Villiger &AL R,

H203, NaOH

e

‘@‘ HO—@—OH + HCO,
45-50 °C

<

O

o]

S

Example 1°
OBn OBn OBn
oo 2.5 eq. 30% H;0; O\CHO NH3, MeOH oH
cor &E Loom M [ oo
NHCO,#-Bu NHCO,t-Bu NHCO,t-Bu
Example 2

HO FiE#, 55 °C, 3 h, 83% HO

Example 3, BERI Toi i Dakin E4L 5 R°

Me0:©/CHO 1.5 equiv m-CPBA, 5 min. Me0:©/OH
Y . H
BnO 7 10% aq. NaO BnO
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Example 4'°
OMe o]
H,0,, HCI
N e N\
MeO N Moy T MeO N
CHO 0
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Dakin-West JZ i/

o - SRR NI o [ R LR AL AR Y o - BEE SR B B, R
RIFE Z BT FIME —J$AE7E T AT IF I €O,

O

RY002H Ac,0 R
—_— * copt
NH,

NHAc

R COH H
(\!"‘./Hz R,_m/\l;o: Rﬁ

N S Hu.%o
Y} \f o° e

Ac

ﬁ\ O
R 0 ol R (o 7 OH R g
N§< N§< He J

WM § RN

H
G 0 0 0
RMO -C0; R IERE R W)K
1

HN.__O H NTOH NHAc
Example 1°
Me\rcozH Ac;0, AcOH, Et:N " 9
e
NH; DMAP, 50 °C, 14 h, > 90% Me
' e . NHAc
Example 27

Ac0, pyr.

HO,
PP h
[j)(ﬂ OBn  ggoc, 2 h, 58% @A
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}ir_Example 3, FARZ BT, BE 8 SR Y BE4T B9 4% 48 Dakin-West
N, ®

9 CH3CN, HaPW,;,040 Ph CN
CHO PR ——
@’ * CH3COCI
NC rt, 60 min., 75% NHAc O

Example 4, ZR$1E4 R Bty '

0 CH3CN Ry Rz
cHo 10 mol% Ln(OT); O O
/©/ * CH3COCI, reflux
R1 RZ

78-87% NHAc O
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FFAL KRR o - BEREMB RN . A IR, Levene Fll Steiger ZE 7% 10 3CH 1
BB —AE AR BB R o - RN EAMAMR R AT SEAH “RIERE” W=,
VBREE, iSRS T RIKE RS SR, ATikETHANMREE
PN A oL [
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o - FAREFS A A YERMAL T AR o , B - SREHE (ZH7K HHARE: ),

X o ) o}
._i_, Rl R
R? R?  CO.Et

~ost R P A
" oBt e z R1—/A¢2 R
)P,OEt COzEt Sp2 R

Example 1*

o o
U +  CI_COjEt £-BuOK, t-BuOH CO,Et
10°C, 85-95%

COEt

Example 2°
o) LDA, THF, Q Q',,,H
H3C Br ~78°C 1t HC 3 Ph
————
t-BuMeZSi PhCHO, 90 °C ,-BUMezsl
66%, 90% de
Example 3°
o)
N N A" SCONPh,
Ye ee 7% 50%
O/ \o
o 0 Q
X\)kan ' Ar)j\ H _MeO 2 mol% OMe Ar““L\CONth
2 - _
X = Cl, Br, | *ﬁcﬁ‘_"‘gi M= e K Ro o6 T3k 43%
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Example 4, A BACE FEFmiL0

QO PO(OMe
MeO PO(OMe),
Oy Do moe 7Y
Br 0 6 h, 48% OMe
Br
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Delepine & R M

P HC B W S A7 Hh J 2 i A0S UK BR B DO oz S 1 A A ER 20 (B R
55247 7 & [F) R A= AL 2 69 Gabrial 52 o F1 S8 S1S T E 4 AL B2
zo%;liggﬁio Delepine R X G R RILE, R BREK A o - KR
el o

N
AT+ ,L/(\/ I/( \|® A — A NHg X
LN/

ZE P

[ArCH,CgHaNgI™X~  + 3 HCI  +6H0

—» ACHNHyHX + BCH0 + 3NH,CI

HzO:

N
7 D
N(\/N: N @ \)
NN S2 NV( \,\Q Ar M .
A~ N/ @\/ r\/N\/Ar
ATX, N N
s H
N H N /\Q
Uon 8 [ n = "
[ |
N8 CH2 N »®
Example 1°
1. (CH2)6N4, NaHC03
o] 15 h, EtOH, H,0 ,\j.l\
Br/\)kOH 2. HCI, E1OH, reflux, 15 h, 85%  H2N OH
Example 2’
3 . AP ER
Y
B N T CH,Cly, refux, 5 h, &
ANBr -30°C
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=
<N conc. HC, EtOH 7]
N N
Br N ~ Br N X
| wo | reflux, 1d |
= N4CegH12 Br Fi BRI 78% P NH;

Example 3°

= Br = NH;
0 0770 1w EME ? oo
CHCly, reflux, 8 h )
O
o 0
0O
o}

(0]

2. 2 N HCI, EtOH, 100 °C, 15 min. {o 0
00O
0

o]

Example 4°
Br o NH, Br
o) ® 48% HBr o
FSlE R 3 U B o (6] CH3OH, i1, 5d
NO Br - NO
2 CHCly, t, 18 h NO, FHHH89% 2
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De Mayo T
s %ﬁ%ﬁﬁﬁﬁﬁ%ﬁ?ﬁ T (2421 RIS 5 88—/ Aldol S2 45 1
15 = — a
0
? . ”/cozr\ne hy Q
OH OH COzMe Cone
SLEHEFAH Y-
0 0
hv, 12+ 2]
@ GL I bk
o COzMe oW COzMe
ot
0
¥ aldol
BT REAR
cDH COMe 0  CoMe CO.Me
SKLHEFIEA Ik 4 «
o
coMe coMe hvi2+2]
< ff - | T EmR
OH
o}
COMe ialdol
KT CO,Me CO,Me
0J
H
Example 13
0 0
Ph/u\o 1. hv, Fd sz, 83%

2. H, (3 atm), Pd/C (10%)
HOAC, rt, 18 h, 83%

Q,
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Example 2°
o]
(o] o M H
[> hv, MeOH
+ - . I
> 90% 1
OH
HO H o]
Example 3°
o]
0.
7 o
S NP hv, Pyrex ik 2%
@4 CH4CN, 1t, 1.5 h, 72% N
o 0
Example 4'°
.
0
50
100
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Demyanov EHER i
AREERAE SR ER TF/EEC— CRBIBMEHE VI

O e O Do
NHy OH

2 HO” N“o

0 (O, -0
: “/N N _HNO, O—\N

NH, W

H
O.
*H —Ng
/ =,
or _H@ OH
oN,
Example &
NaNO,, HOAc
Ph 100°C, 2 h Ph
30% 16%
Example 2°

NHz  NaNOy AcOHMH0 O
100-110°C, 2 h, 61%

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_77,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3’
Q ° o
; NaNO,, 0-4 °C
4 + <
0.25 M H,S0,4/H,0
NH, HoH

Example 4°

5 equiv NaNO, HQ

5 equiv AcOH 3 0/>

(8]
HOMMHF (1) ooy H
MeO 0°C,2h,61%
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Tiffeneau- Demyanov EHER
B-BEMEARMERREE FEEC—CEIRMEHCRELSY,

o
OH N3N02
—
OL\NHZ H®

1’ N203 E"JFLH:‘:

Hea N
oMo H® © (OD —H:0 ENPRP
H,0 ‘O -H®

e
1

2, BEBAERS

on 000 o
e —HONO OL\,NJ NED —=
H

NH,

OH ® OH ~H,0 oH
P P
N=N—OH NSNTOH, Y
3, EHEY 3
o e S
Example 1°

NaNO,, H,0
2 + O
HO AcOH, 0 °C, g
H,N 90 : 6

B r-60°C 76% yield
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Example 2°
AcOH<H,N CONEL,
'OH e
NaNO,, AcOH @ \-NEt,
\MNz@
H,0, 0-5 °C
o~ N “60% =
" Me
CONEt,
e}
o
Me
Example 3’
NaNO,, AcOH/H,0,0°C, 1 h
OH
HFireflux 1 h, 98%
NH, : 0
Example 4°
0 0
HO,
2 NH: NaNO, .
AcOH SiMea
SiMes 72% SiMe;  28%
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Dess-Martin A8 RLESAR B A5 ]

B A Dess-Martin 7 €46 MR OB B4 &4 . Dess-Martin ¥ RBR S
BH, B1,1L,1- S ZBE-1,1- = -1,2- k-3 ( 1H) -8, BBA ArEA
B fRBEEL AR BN AU EE EL A AL Z —,

OAc
AGO\ II/ OAc
AY
o]
OH (o]
R1 J\ R2 o R 1 JJ\ R2

H14& 12 BN B H 4 B KBO, MRl & W B RZ 2, HEEH EAk
(IBX ) LB IERATR R EHE, 2

€] OAc
I KBrO;, HaS0, 93% HO®,0 | Ac,0, 0.5% TsOH °\ I—OAc
S o (D [ ;
or 1.3 equiv Oxone 0 o N
o g0ec 3 80°C, 2 h, 91% {
79%-81% IBX ©

Oxone: it BEsg S A

(B3R 5 Bk Bk A EAL PSR A AR B P IR (IBX ), °

®
AcO_ OAC H,0 HO@ 0
I-OAc 2 '\o
0 CH,Cl
% BX ©
PLEE!
S R,
: Sa2 H
\6\_/ >_R2 N: % 1R2‘\/GOAC
R1 R
o] o}
pAc
0 I
— 0 *  AcOH
R Ry
o]

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_78,
© Springer-Verlag Berlin Heidelberg 2009
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Example 1°

OAc
AcO_ II\’ OAc

OH 0" O 0 o><o
X S 2 S
S O cHen2hE7% O 0
o \_¢

Example 2, —/~{E#%Y Dess-Martin i iSRS I K R

OAc
20, “oac
N\
CHO
=
« | 0 = | N3
N . NaN,, CH2C|2 N
0°C, 3 h, 86% N
Example 3'°
o]
S N
s On "
o H Dess—Martin it ##5Kq
"Buozcjo“\NJ\N N CH,Cly, 11, 1 h, 70%
NHBO‘(‘: H (o] COZt-BU
0
?Ykﬂ
s O
Q H
t'Buoﬂcj\“‘\NkN’g(Nj
NHBO}: H (o] Cng—BU
Example 4'!
BnO PMBO Dess—Martin it MIBEAS
BnO e o 3 omws
B0 AllO GH,Cly, 1, 2 h, 90%
OH NHAc

PMBO

BnO
0
o
5;,%&,;/ AllO OTDS
NHAG

o}
o



181

References

1.

bW

Al

(a) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155-4156. & T ( James
Cullen Martin, 1928-1999 ) ZE{i “F Urbana-Champaign B4 34K K5 ( University
of Ilinois ) F University of Vanderbilt # 36 4E ) 3 T HBM R L E., a5
£ University of Vanderbilt FI1 5/ 2#8R Don Person & P. D. Bartlett #2113
ARG, M EBNTIR TSRS FRIERS TR E Bk b B
MEBRRIERRLERARRNE, FIRAXEHETEOEMLEY. BT/H
HHAE 20 BAEF R B & H AR ATR A S P Si. Br TR MBI RML &Y, 3F
BABIMUEEHEEN 2 HREH AR, SMEXEHEERRS
TA AN SRR, EHFARRALANMEN. HIENLEY,
Martin i 4% ( 2 K55 339 ], i F K ) fl Dess-Martin i BB BE C. £ & A L
BB Z R . BT Al % A 830 ( Dess ) 7£ i T Urbana-Champaign
PR FIEAR K2 ( University of Illinois ) & J8 T 3% — 7 . ( Martin HI4E 15 i Scott
E.Denmark# 12 k& IF # {it)(b) Dess, D. B.; Martin, J. C. J.Am. Chem Soc.
1991,113, 727-7287.

Ireland, R. E.; Liu, L. J. Org. Chem. 1993, 58, 2899.

Meyer, S. D.; Schreiber, S. L. J. Org. Chem. 1994, 59, 7549-7552.

Speicher, A.; Bomm, V.; Eicher, T. J. Prakt. Chem. 1996, 338, 588-590. (Review).
Nicolaou, K. C.; Zhong, Y.-L.; Baran, P. S. Angew. Chem. Int. Ed. 2000, 39,
622-625.

Bach, T.; Kirsch, S. Synlett 2001, 1974-1976.

Bose, D. S.; Reddy, A. V. N. Tetrahedron 2003, 44, 3543—3545.

Tohma, H.; Kita, Y. Adv. Synth. Cat. 2004, 346, 111-124. (Review).

Holsworth, D. D. Dess—Martin oxidation. In Name Reactions for Functional Group
Transformations; Li, J. I., Corey, E. J., Eds.; John Wiley & Sons: Hoboken, NJ; 2007,
pp 218-236. (Review).

10. More, S. S.; Vince, R. J. Med. Chem. 2008, 51, 4581-4588.
11. Crich, D.; Li, M.; Jayalath, P, Carbohydrate Res. 2009, 344, 140—144.
12. Frigerio, M.; Santagostino, M.; Sputore, S. J. Org. Chem. 1999, 64, 4537—4538.



182

Dieckmann 45 & 5L i

Dieckmann B§4% 4 & 7 2 Claison BE4 & R R 7E 4 T W HEAT IS 5.

NaOEt

CO,Et
CO,Et

o)

CO,Et

(o

CO,Et °
OEt  wmure [ o 5-exo-trig O okt Q;o
pER

H O, A\ _OEt
A

COLEt

(o}
OFEt
Example 1°
H _an H :‘OBn
E NaHMDS, THF 7 .
MeOZC/\'Li>"'OTBS (o} N mQTBS
r -78 °C, 58%
MeO,C : MeO,
Example 2°
1. t-BuOK, Tol., reflux, 5 min.
2. 18 N H,SO,4, THF, 4 h
PSWEI61%
Example 3’

o}

3 equiv KO#-Bu, DMF

OH

Af1/\HJ\OCH2CF3

o\n/\Ar2 0°C, 30-90 min., 75%—88%
o}

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_79,

© Springer-Verlag Berlin Heidelberg 2009
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Example 4"

oY 1. K,CO3, DMSO, 24 h
N N 2.60°C, 48 h

Q/ o \\Cone NH <] COgMe
CO.Me 3.5°C,2MHCL1h
2 63%

H P H P
N 483
= =
S JTQ — N
fo) CO,Me HO CO,Me
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Diels-Alder JZ i/

Diels-Alder 2 I , 3% B8, FE 5K i) Diels- Alder 52 K 2% F Diels-Alder 2 3
2{?;2@1&“&&%[44] FMBRN . WA BRI LHESIRR T H
‘L [}

EDG EDG ¥ Homo | ¥ EDG
EWS 4 | . EWG| ‘ . O\“EWG
r (] R LUMO
_ﬂ% FBURR i

EDG = fits, 75 J; EWG = B iy 3 i

Example 1°
ome |*¥
Megsic\g\(
J COgEt - K
' Q2B
Me3SiO AcO 180 °C, 1.5 h, 62% W AH
Danishefsky — 4% OAc
Alder endo #0Y
OMe

OMe

Et0;
J|/ AcO™ OSiMes

MesSi0” o 4:1 o-OMe : B-OMe
Example 2, 43 F PN Diels-Alder < Ji’

o]

0 F
%o Br,-BIPOL, AlMe; Qi‘}
F
CH.Cly, 1, 8 h, 65% :
/\/\) 2v2 ° A

1.1, Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_80,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3, 75 %t R Diels-Alder 53 **

H Ph
: | -Ph
®
¢\N\B/O
BrsAl'g (o]
CH3 .Ik
o] " “OCH,CF;
YR -
CO,CH,CF
2¥T2¥T3 4 mol%, CHCly 94% ee

-78°C, 12 h, 99% 80:10 endo:exo

Example 4, 1 Diels-Alder & Fi

MeAICl,, B RFERT
- Meozc/\/\/\M\é

CH,Cly, p-i, 110 °C _
1 min., 74%-84%

Example S, 5y P Diels-Alder [Z BZ "

9 o MezAIC!, CHoCl,
P4
: o 78 ¥|-30°C, 71%
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REEHL-T-ZR Y Diels-Alder T

o

\

EWG EWG * umo | ¥ EWG
N r EDG 4 .| 2. . EDG EDG
| @ —
= - ) HOMO

{

TR Rk ks
Example 12
Me
/_\_>7 Cat. =
|
N._..0
[/‘ 3 mol% Cat., BaO, it, 5 h @ e,
AYle}
S0 0 Et
OHCJ\/CozEt
EtOZC P4 >
110°C, 48 h T o
BB HEHTC% OH' 989% ar, 95% ee
Example 2°
@ Mes o
0 :( «
5 mol% R7 R3

HJ\rm * 70-90% yield
| 1.5 equiv NEt,, EtOAC, 1t, 6 h 95-99% ee



Example 3, fl (L A7 % 5K K s BT B 3K 9 Diels—Alder | J ¢

OEt
o, N7 | 5 equiv —/ $OA
Ph. _N-S 10 mol% Ni(CIOg)6H,0 Ph ~OEt
2 10 mol% DBFOX-Ph
X >
Ph

| H a7:
CH,Cly, rt, 73% yield - 02 gzda/exo

0
DBFOX-Ph = O U

N “f

Ph h

Example 4°

MeQ OMe 0

o
o EWG >
QL™ e OO
(0] 7, 135 °C o

OMe

EWG = CONEt,, CO,Et,
COR, SO,Ph, ON, Aryl 2. EO"BF3, CHoCla, 1t OMe

0 MeQ o
SO E. NG S o4k

— -

0 PhH, A O

EWG = CONEt,, CO,Et, OMe

COR, SO,Ph, CN, Aryl
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S5HMEE T2 5% Diels-Alder W o
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I\
|
x
7a)
|

/A
|
<=—>>
7\

:+-<
|
X<

eg.:
0PN BOC o o 1 SO,Ph
Et0,C. N OEt N 2 Et0,C._ N OEt
cr—] f¢ | — U
\ A 1
PH \,\ ' OFt E
Ph

\‘/LH Ph

Example 1, ZeJ8 730U gk

MeO_2—~ 'rcoza W¥ MeOOCOzE*
0 110 °C, 60% 0

Example 2, 5485977 LAY Boger HLIE 2 AL

Joe
OMe CHCl3, reflux
MeO >—/=< « N7 E 3

— OMe NY 5% ,65%
MeO COMe

Example 3, Fi Rawal —#&#9 & 74
NMe,

CHClg, ~40 °C 0
SO ik
[) (¢}
Me COMe Z o 7% MeO,C

TBS
Rawal —##

Example 4, X — 4+ k5 Boger M & HARLIY  57°

N.
2NN N W ) n=1,75%
i AorM = n = 2
ﬁ([\N SCH, ' | n= §j gi"/f
o N7 >SCHy n=4,30%
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Example 57

<]
OTf
(o}

7 OEt Mes} CMe3 Ho o| OEt
OTf Zmol%

:  24:1 endo/exo
3 A5rF¥, THF, 0 °C, 87% Me 97% ee
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Dienone-Phenol ( —J%8 -8y ) SHHER B
BRAZHET 4,4- “BURIHAC /S EREHER 3.4- “BURE.

ol OH
e
R
R R R
®
H
H{C’@ OH OM
ks 1.2-5e 2 H®
H i + R R
R R R R
R R
Example 1*
0 o}
o
50% aq. H2804 O
reflux, 80% O
OH
Example 2°
0 OH
HO WH,s0, HO
Et,0, 95%
Example 3°

OH
0

o ‘ # HCI, CHyCON ‘

g O 1.5h, t, 73% o O NH
NBoc Lo

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_81,
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Example 4'

loon Pece
ACzO

© H2S04 \\ OAc  (1.9)

0°C Firt \ OAc \‘\k

62% AcO
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Di-w-( —.-mw-) BSREHER
LA4- AR B N B IR 5 i SURE , PR Zimmerman B HER [ .

1
R R w2 . 2 Rt
| -
R4 R3 | R:SR3
1,4-Z 4% WA A
R R1 1 2 R R1
R2 R2 R
|é§( ;:iq " I k.l - R{Ra
R4 R3 R4 R3 R‘ R3 I R‘
pra=]::E - bid=::b 3

Example 1, &2« —-n- e EHE

hv KT8 P"\XV
No
N~0Ac ¥, 86% p > OAc

x

PN oy
Example 2*
CN CN
hv, K%
CN
Example 3°

)

X
hv, 300 nM
. U CH3COCH;
0, X 23%—64% S
X = CHa, CH,Ph, COCMe3, CQ,CHZzPh
SiMe;, SnBug, SePh, —== (CH2)3CHs
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Example 4, 87« — -n- FkzHEHE®

Me

Meo
Pyrexitﬂ!i?% 76% E
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Doebner H &R R 7
AR BRI = MBS S 4- BB R,

COH

S
A oD A /
NH, OHC CozH N O

CoH Ho_ )
NHz @ @\u OH H,0 ©\Nﬁ\(>co H

H®od_COH
S
%
H
CO,H
—H,0 X LRELL

N -2H
H

Example 17
CO,H
H MeO.
MeO 0 © =
Tl o 2™ 22T e
NH COH A, 95% z
2
Example 2°
COZH

+ o EtOH reflux
NH; COzH 3h, T ahoo%
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Example 3, 214 Doebner K57’

R;
e
R RN
Rs; O 2
iy PN _ PR 2 e
@' ” +R1{j/ OHC refiux, 8 h 3N
o 0 = o H)W(N\@
(o}

References

L.

% N

Docbner, O. G. Ann. 1887, 242, 265. #8144 ( Oscar Gustav Doebner, 1850-1907 ) i
H FIEE /) Meininggen, IR FHZ S, FRMBER SN T HEKF. REER
B4E ( Otto ) FIZEFR & ( Hofmann ) 2 T JLEESSFE University of Halle FFE§ M 37 ()
MIRAE,

Mathur, F. C.; Robinson, R. J. Chem. Soc. 1934, 1520-1523.

Elderfield, R. C. Heterocyclic Compounds; Elderfield, R. C., Ed.; John Wiley & Sons,
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Jones, G. In Chemistry of Heterocyclic Compounds, Jones, G., ed.; John Wiley &
Sons, Inc.: New York, 1977, Vol. 32; Quinolines, pp. 125-131. (Review).
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Pflum, D. A. Doebner quinoline synthesis. In Name Reactions in Heterocyclic Chemis-
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Doebner-von Miller JZ ¥/

Doebner-von Miller 2 37 & Skraup #Ebbk& B I ( 2 058 509 T ) (AR R,
& Skraup R H1# 3% F T Doebner-von Miller LA, F RHLELE B Denmark
FIR BCHRiEX a , B -AMEMEBITHIZEATE A, °

(o}
x HCl or
+
NH, chlg

[o] [o]
)\é\ AT SeHE R
NH,

AAEEE Al
*@ y
N/ = Fe&E R

N
H NH,

Example 1°
NH, o CO_Me
. A TsOH, CH,Cly \
MeO,C™ X COMe
2 2 reflux, 24 h N COpMe
Example 2°

F

@ e SOy
NHAc 100 °C,2 h, 70% N/ Me
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Example 3, —/AM§THIE 55 p7

R;
B(OH) Ry 3% [RhCl(cod)]2 3
O o R K
NH. #10% Pd/C P
2 equi 2 Ry 255, reflux, 4 h N
equv 42%-96%
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Dorz X
MRS E R R R B R RE A YFTES M Cr(Co), B SR

OR
oc
S e (P —
R' R? R? \\Rs
OR Cr(CO)s
OR ‘ OR Ru _—l~ ong
(OC)scr:g__\ -co (ocpcr:&_\ bRt (oc)4c,:,g_<Ra
R1 B R2 R1 Rz R1 RZ
1
R% OR
BisHEA N COHA
—_— Re | s —
oc-§t-co
o¢ Co
fo) OH
R2 RL Rz RL
HLIRLEHIER HirqK
R! Rs R! \Rs
IR cricon OR Cr(CO)
Example 1°
o}
2 Me
(OC)5Cr 1 THF, reflux Se/©
T2.CAN 2% NO;,
o}
Example 3°
VOMO  OM H MOMO  OMe
e
N\ CICH,CHaCi
Cr(CO)s _ T

QO 70°C,1h, 76%

o}
’ MOMO OH O
MOMO >< f
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Example 3°
BnO
Cr(CO)s
MOM &
4 MeO’
BnO b Ome
: THF, 50 °C, 61%
MeO
OMe
Example 3°

1. 1.5 equiv t-Buli, THF, -78 °C

fo) 2. 1.02 equiv Cr(CO)g, THF
Meon ~78°Ctont
MeO™ F -
© 3. 1.02 equiv Et;0+FB,, 1t

OMe 20%

o}
OE
L ercomn
CAN-HNO; MeO

pn  PASWCRIEE4%  MeO”

5 equiv Ph———H MeO

THF, 80 °C MeO"
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Dowd-Beckwith § IR 57
2- R R ERZ 5 2GS B MY RN

[o) o}

Br BuaSnH, AIBN
COLHs ™ oy, refux COLCH,
}’lﬁwﬂécn

NzT + 2. éCN

n-BuasQDﬂ-ﬂ<CN — n-BuySne + H—%CN

*SnBugy (6
(e} f\‘./ CO .
F-Br Bugner I <1
COCH, COCH, CO,CHs
0 0

~
—_— (“@‘SHBUQ - + BU3SI’I .
*-CHO,CH; CO,CH;,

Example 14
H
1.2 eq. BusSnH
o cat. AIBN
2 H - . COzEt
CO4Et Tol., refiux, 23 h 02‘5t o
| 86% 13%
Example 2°
? 0
CO,Me Q
2 CO,Me
&CO{M}\ AIBN, BuzSnD + H . &2\/\0
PhH, 80 °C CO,Me 15%

7% 8%
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Dudley A7

CHs
» 0
o
0" Ng g 0" N”
CH3OTf
CO

Ha
Dudley ¥ i& Dudiey PMB &7

Dudley i3 Fl TR M &4 TR BT ERE s PMB BF2, BRBMR
KB, Dudley i Z:E HiE0/G BV OGBS0 b Bril it s 2L Bk, T3
I BT N3] 80~85°C,, PMB XA =W Z B HE ( CH.OTf ) Bilf ¥8%
EZERMAIEL, * FEERAN (ZRAPERERH) KA EBRESR. MgOoE
H—TBREBRAZE LT RABEYHH, STERR TR, B NAEER
MgO, 3

g
AN
\ = CH,OTf, B ¥ I P
“ 0 Neo
(:'/\0 N 0°Ctort, 1h,99% CH,OTF
Dudley &1
CHa
CH;
/©/\OH I KOH, 18-5E-6 m
o
R 0~ N
HaCO P H3, reflux (-H,0)
¢ N 90%-93% HCO
3 Dudley PMB B3

Dudley {718 5 il & H £ — AT HERI LB B R T LA RAFMIALER, T
ERCARR SR 40N

Exampie 16

O\\\\\OH Dudley 13451, MgO O\.\\\OBH
.,OAC  PhCF,, 85 °C, 24 h, 96% v, LOAG
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B 1 BB Z B AL — B N LR © Dudley “FEEALIEXFIX R B
BAMP RIS BAST IR LBERENTIBM/ BN E.

Example 2°
OH Dudley PMB iA#

CH,OTf, MgO OPMB
AN SICHs)s Si(CH
Ph PhCFs, 1, 1 h, 80% Ph/\A/ (CHals

B - BREAEE#H1T PMB R H R LB R S5 i b b R g sk
B TSk 41 Peterson THER LI (612 ), 2

Example 3*
0 (o]
o Dudiey PMB i #l, CSA ;ji
Y OH CH,Cly, 1t, 72 h, 85% T OPMB
< <

Dudley PMB 3 th 8] DIZE IR AR MR 514 T oRIEIL, REMEREAERY
BRI T FR =R BRP B (F13 )0 *

B4, BEA2- A MBE TSRS WA =R 2 B P EE AL 3 BN AT AR 7 A
Dudley F#&AbiEH], 7

OH =
>L )oj\ @ CHyOTS, MgO 4 o O8N
OCHj * o SN ﬂ\
N ? ©/\ 0—85 °C, 24 h, 84% o)kN/((rOCHs
) N
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Erlenmeyer-Plochl BEW:REE B

5-HEMAEE ( 2k — SR ) 7T DL B B R £ R AE Z BT AR AE TS 5 F 4R
FIRSE

@ o AcOe‘\
o)
o — R 0 e

0 o)

H AT
Example 17
0
NaOAc, Ac,O

HN—\
Ph/&o CoM +

o~ 110°C, 69%-73%

O\
Example 2°
N é:j\/‘;;/\ Pb(OAC), AcyO
OH +
Ph/go S \@ THF, reflux, 15 h
H o]
OW _ BuNH; WNH Bu
)( N=<( e )V
551 ZE
Example 3°
o]
HN—\ i opn  NaOAc,Ac,o  BnO SN
/& COxH + H " N\0
Ph™ =0 95% F ‘(
F Ph
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Eschenmoser £

Eschenmoser ££, — & AL & R — MBI — R & & 24
#, HTH#RCHN( CH,) ,—XkEY. HELY)  HEERERE R E R B
EnT A R k4T — F &5 R 240 B T Mannich 5

plLE
A
o LDA oLi _N@
R1)J\/ Re TTHF - R MR ke
Ligo\/
xRz 0
Ry \C R1)jﬁ/\’}rCH3
GH2 Ry CHj
N2
HaC“® CHs
Example 1°
- —BH&E, BB HE—E R L, BEAERB T FHERA PR

1. 15 equiv NaN(SiMe3),, THF
—78 °C, 45 min.
F15 equiv Me{CH,)N*I™
0°C, 15 min.

2. 20 equiv Mel, MeOH, 0.5 h
3, 10 equiv DBU, PhH, rt, 1 h
W 51%
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Example 2*
o}
CH, © H
Q A N (o-s-0°
H n o _NT I
[N>: 0-§-0 HaC™ "CHy >:N) )
N — —— +~ [N
N et EtN, DMt i EtsNH
H 13NH 12 h, 64% | "CH3
CH3
o}
H H
N 0-8-0° 0 N
[ =N 0 1 o0 E>§N
N 0 o N 0-8-0 Ne)
N Et,NH [ N O \—N-CHs
H CH,
Example 3°
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Eschenmoser-Tanabe ¥ b5 i
a ,B-AEFE o , B - FEPIEREBERE  EHRTIHAT B9 LU

1. Hy0,, "OH

q;o 2. H;NNHSOAr, H
3.70H

0

N SOLAr

®0-0H (BH
g;o @ @ HZNNHSOZAr g;@
Co

QO
Q@ @O @ SO,Ar + NpT
N SHOZAr NESOAr
Example 1*
NN

Tol-SONHNH;
CHClg-AcOH (1:1)

t, 5 h, 73%

Example 2

;L 1. TsNHNH,, rt
o i\ Me 2.55°C, 2 h, 50% | ‘ o Me
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Example 3°

1. NsNHNH,, AcOH, THF;
'@ , 60 °C, NaBH,,
AcOH, THF, 0 °C

OMe

2. TESOTY, 2,6- - #nipmz NNs
NNs CH,Cly, tt
FE R 60%
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Eschweiler-Clarke BB R B AL R B
G Pz Bl e e P PR BT P R A i TR B A R T

/
R-NH, + CH,0 + HCOH —= R—N\

3 JR ] R R L RISk IR

®
H\]QO\H /—OH 4@ faHz
S A
R*NHQ H H
H (08,
nH ® 8
R—Nﬁ\;.)=o o=c=0T * / H H™ oy OH,
(4 R-NH RN
\
mh -n® /
— e ROy — 0=c=0T+ RN-H v RN
Hlo

(O oo
DCOD, DCO,D, DMSO O TN

HsC (':H3
P (120 W)

=
1-3 min
O dz-tamoxifen

Example 2°

c
1.2 equiv 37% CH,0 in H,0 N

H .
NS R
5 equiv 85% HCO,H in H,O &
&, 84%

OH OH
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Example 3"

SN Nee

varenicline (Chantix)

S — WO
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Evans aldol [
B AR b Evans A48 6-30) 5 o0 Bk LB R S A2 AN %R aldol J2 0 o

(o] o OH
Lewi ~
R,)H + HJ\R- e"g & R*)l\:/\R'
Me . Me
T Evans syn /=4y
FHEs

LA A A &

R'=Q N N o°N 9N Q \_{J
\_<Bn PH Me \_(Ph \_{-Bu i-Pr
Example 1
Ho O
\)k 1.BuBOTL RN )J\O
\‘—/ 2. PhCHO, - 78 °C \_/
\\ 79%, 80:20 de \\
Bu,B /—\' Bu, Bu I/

Lo
B o >:
i Z-(0)- LY \/k )\ PhCHO o)\NH Bu
\Oﬂ\ Mot 2 st
=

\i Ph
Bu,_ Bu

’B‘Io 0 Ho O

aldol Ph NJLO Jaiba Ph N)LO

P J ~

I M\
Example 2°

0

) N N O
TiCl,, DIPEA | \ /
Q ©\)k )L CHyCly,-78°C, 1.5h  MeOC ~

" o
COzMe \\ e, 4, 52%

OMe
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Example 3°
1 eq. Bu,BOT;

S o H
8§ 0 A 1.1 eq. EN
)iy o” LA N oTES
o N + Q N B
v/ PhMe, 0.15M /A, :
K Bn

B OBn OTES -50%-30°C
n 2h, 72%

Example 4, Crimmins £2)5'°

o] )CL TiCly
- Eiﬂ\ =1
TBDPSO\J\ * /\/U\N ———— -~ TBDPSO
CHO A " o6%, 96% do

Bn’
References

1. (a) Evans, D. A,; Bartroli, J.; Shih, T. L. J Am. Chem. Soc. 1981, 103, 2127-2129.

David Evans "8k #0183%, (b) Evans, D. A.; McGee, L. R. J. Am. Chem. Soc.

1981, 103, 2876-2878.

Danda, H,; Hansen, M. M.; Heathcock, C. H. J. Org. Chem. 1990, 55, 173—181.

Ager, D. J.; Prakash, I; Schaad, D. R. Aidrichimica Acta 1997, 30, 3—12. (Review).

Braddock, D. C.; Brown, J. M. Tetrahedron: Asymmetry 2000, 11, 3591-3607.

Matsumura, Y.; Kanda, Y.; Shirai, K.; Onomura, O.; Maki, T. Tetrahedron 2000, 56,

7411-7422.

Williams, D. R.; Patnaik, S.; Clark, M. P. J. Org. Chem. 2001, 66, 8463—8469.

Guerlavais, V.; Carroll, P. J.; Joullié, M. M. Tetrahedron: Asymmetry 2002, 13,

675-680.

8. Li, G.,; Xu, X,; Chen, D.; Timmons, C.; Carducci, M. D.; Headley, A. D. Org. Lett.
2003, 5, 329-331.

9. Zhang, W.; Carter, R. G.; Yokochi, A. F. T.J. Org. Chem. 2004, 69, 25692572,

10. Ghosh, S.; Kumar, S. U.; Shashidhar, J. J. Org. Chem. 2008, 73, 1582—1585.

11. Zhang, J. Evans aldol reaction. In Name Reactions for Homologations-Part II; Li, J.
J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 532-553. (Review).

VR W

=N o



214

Favorskii FHHER W

H%T%@%%a o AR 22 0 S | R 2 U M A 43 B RS ML N TR . R

Q H o
Ry Rs  Nuc-H R1>S%L X =Cl, Br, |
X H —™ R{ Nuc - :
R, R, ik R, R, Nuc = OH, OR, NRR
47 ¥ W Favorskii EHE:

o] (o]
(
R, R, Nuc-H N _os
X H ﬁ > Rj
n Ry H
o O._OR

SREE Lo

/—‘H CI—> HOR +

©0oRrR

%JGOR

FAm D

2
O, OR 0 OR/‘ HT)R 0._ _OR
. HOR
—_— ’} —— Q —_— + OOR
Example 1

H COH
M Brz, CH3COH W KOH, DMSO >{j\:
0, 0,
50°C,1h, 97% Br Br 100°C, 1 h

47%
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Example 2, [d]Favorskii HHE*

) o) 0
TS0 @ 4.96eq. NaOH
* +
AR AR HR0

90 °C, 3 h, 86%
51:40:9

Example 3°

Q o Br 7
CoMe g, Br COMe  \20Me,MeOH ~ MeO
Et,0 “iegiary,  MeO

0

Example 4, J:{&-Favorskii FHE’

O 300 nm ¥ 0
ol d O s
5% aq. CH3CN B
SRR H H
4h,81%
H H ~© OH
2 ®| 12mn of H,0
S I °
H H = Y
Example 5°
0
NC® N
Br KCN, o- Shfise . \ Br
MeCN, H,0

= 10-15°C, 12 h =
80%
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Example 6'°
o}
NaOMe “, OMe
—_— 7
MeOH THPO\\‘
0°C, 15 min.
96%
References

1. (a) Favorskii, A. E. J Prakt. Chem. 1895, 51, 533-563. #:ikBi#(Aleksei E.

Favorskii, 1860—1945)H{H: TP AySelo Paviova, 7ER{EISE K ZE(St. Petersburg
University ¢ X1 3T 19004EA2F 1240 %, (b) Favorskii, A. E. J. Prakt. Chem. 1913,
88, 658.

2.  Wagner, R. B.; Moore, J. A. J. Am. Chem. Soc. 1950, 72, 3655-3658.

3. Wenkert, E.; Bakuzis, P.; Baumgarten, R. J.; Leicht, C. L.; Schenk, H. P. J. 4m. Chem.
Soc. 1971, 93, 3208-3216.

4. Chenier, P. J. J. Chem. Ed. 1978, 55, 286-291. (Review).

5. Barreta, A.; Waegell, B. In Reactive Intermediates; Abramovitch, R. A., ed.; Plenum
Press: New York, 1982, 2, pp 527-585. (Review).

6. White, J. D.; Dillon, M, P; Butlin, R. J. J. Am. Chem. Soc. 1992, 114, 9673-9674.

7. Dhavale, D. D.; Mali, V. P.; Sudrik, S. G.; Sonawane, H. R, Tetrahedron 1997, 53,
16789-16794.

8. Kitayama, T.; Okamoto, T.J. Org. Chem. 1999, 64, 2667-2672,

9. Mamedov, V. A,; Tsuboi, S.; Mustakimova, L. V.; Hamamoto, H.; Gubaidullin, A. T.;
Litvinov, I. A.; Levin, Y. A. Chem. Heterocyclic Compd. 2001, 36, 911. (Review).

10. Pogrebnoi, S.; Saraber, F. C. E.; Jansen, B. J. M.; de Groot, A. Tetrahedron 2006, 62,
1743-1748.

11. Filipski, K.J.; Pfefferkomn, J. A. Favorskii rearrangement. In Name Reactions for Ho-
mologations-Part IT; i, 1. 1., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp
238-252. (Review).



217

{Ul Favorskii EaHER W

HRA AR S, 200 Favorskii EHER M BMABE & 2. BT
RZ MR R — AR AR B LBEHE, AT N2 Favorskii HHER i

1% Rs O
5 _
R1H)H<R3 Nuc &M X=Cl.Brl
X Rk — > R Nuc Nuc = OH, OR, NRR'
Rz Rs - R> Ry Ress#H

Example 1, Arthur C. Cope B:#I11y %!

O OEt OEt
60
:3 _ Hg(OAc) é q:>
EtOH reflux CO,Et

4h,71% Bj) z
ToAREZ LRI

NHLi
Et,0, aﬁ%
25°C, 67%
Ve

Example 2°

Example 3¢
THF, ~78 3 -30 °C, 90% W
References
1. Cope, A. C.; Graham, E. S. J. Am. Chem. Soc. 1951, 73, 4702-4706.
2. Smissman, E. E.; Diebold, J. L. J. Org. Chem. 1965, 30, 40054007,
3. Sasaki, T.; Eguchi, S.; Toru, T. J. Am. Chem. Soc. 1969, 91, 3390-3391.
4. Baudry, D.; Begue, J. P.; Charpentier-Morize, M. Tetrahedron Lett. 1970, 2147-2150.
5. Stevens, C. L.; Pillai, P. M.; Taylor, K. G. J. Org. Chem. 1974, 39, 3158-3161.
6. Harmata, M.; Wacharasindhu, S. Org. Lett. 2005, 7, 2563-2565.
7. Harmata, M.; Wacharasindhu, S. J. Org. Chem. 2005, 70, 725-728.
8. Filipski, K.J.; Pfefferkorn, J. A. Favorskii rearrangement. In Name Reactions for Ho-

mologations-Part II, Li, 1. J., Corey, E. I., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp
438-452. (Review).
9. Harmata, M.; Wacharasindhu, S. Synthesis 2007, 2365-2369.



218

Feist-Benary W &5 X it
a - KAREAAT B - FRBEFETRAELE T A A

o.
ol 0 o0 EtsN, 0°C, 52 h
* \ /
)J\/CI M —>
OFEt 54%-57% COLEt
EtaN: Bt H oH
COzEt \:Q . 1o 2Et
CO,Et W/F .
‘\ | k H‘\
O‘) 0 :NEt
@ COEt CO,Et
H @ 2
%fzﬂ Etehi—H H0) co,Et ﬁ}:\j\ Z_g\
\ —_— — of) —
o
o 0 EtsN: S e
Example 1>°
H3C02C O,
KOH, MeOH | P
d Hsco
4
Example 2
o}
Q 9 o ridine, 1t £ 50 °C, 4 h
Aoe - AL 2t o
H \E 0,
i, d%, 86% co,Et
Example 3, B {2 #E0 i Bk Feist-Benary J i7"
Ri0C HQ R{OC,  COEt
M M [bmum]OH /Z—fOzEt [pmim]Br 1/z_§\ 2
T RT0OTR 7500 RN TR
jl &k )
Feist-Benary Feist-Benary
=4y 4
Ry = CHg, Et, Ph, n-Pr, efc. eOH eBr
Rz = CH3, OCHj, PEt , _ JTe) e [a\
Ri =H, r?-Bu, C?)zEt bmimjOH = _N.Z N~ H, lpmimiBr=" N2 N-c,H,
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Ferrier BR¥L I Wi

B PLARFR “Ferrier I B , B UEHA A — 2578 ZUH0KF 5,6- 7 11 o Ak
iAW o B AR AL A0 PR OB, SR T &% AR e dn LB — 2 X B 2l iy £k &
Y1 R eI ZEH AR AL O- BURMITTAE Y, FRALEB R
FERIEHAMERN. Wi, XEFATYEESE A EHEYNYEE

XHRRED, 2

SR e

HgCl

BzO 0 Bz0—\.0°

Bz0 reflux, 4.5, 83% | BZO

TsO OMe TsO OMe
1

HgOCl HgCl
BzO
BzO
BzO Q — —— BZO
Bzoﬁlﬁ BzO }

HO O
2 Ts OMe

HgCl, Me;CO, H,0

TsO OH

OBZ 0
BZOZ OBz BZO BzO S : \
20

BzO";~ OMe
o |
B2Q 5 0Bz /MOH
ﬁ% 83%8 0Bz 80%"

O OH 93%4

% B \)Ln/
AcO
ACO OMe é

OCeH4OMe( )

0 on m%\*{\/&i&@

83°/o 75%7 86% (2 1)8 OCBH4OMe(p)

R AT R T PRS- R A B s a4
HO, _NH

HO

OH O

Paniculide A® Pancratistatin®®  Calystegine B,
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fEIEAIC -5~ IR AR REHE B R L

OAc HO
BnO OA
BBn% \ O ab BnO ¢
n BnO OH
BnO OMe 85%14

H m\
c HO O
Bn0 \ o / 79913 Bn OMe
BnO
0,
BnO OMed\*

98%13 BnO ome

a, Hg(OCOCF;),, Me;CO, H,0, 0 °C; b, NaBH(OAc);, AcOH, MeCN, tt; c, i-
Bu;Al, PhMe, 40 °C; d, Ti(Oi-Pr)Cly, CH,Cl,, —78 °C, 15 min. ( {E . ¥ it s 75
Al-F1 Ti- BRI R A RLUEE)

References

L.
2.
3.

~ o

o0

10.
1.
12.
13.
14.
15.
16.

Ferrier, R. J.; Middleton, S. Chem. Rev. 1993, 93, 2779-2831. (Review).

Ferrier, R. J. Top. Curr. Chem. 2001, 215, 277-291 (Review).

Ferrier, R. J. J. Chem. Soc., Perkin Trans. 1 1979, 1455-1458. &% & PR 19774 %
7 22 (g B R B4 2 F I K2 ( Victoria University of Wellington ) RYH Pk 12
$# K (R. J. Ferrier ) R TI 7R T BAFENAERITMA. MHERFTEZ
Industrial Research Lhd.,Lower Hutt FJiifa] ,

Blatiner, R.; Ferrier, R. I.; Haines, S. R. J. Chem. Soc., Perkin Trans. I, 1985,
2413--2416.

Chida, N.; Ohtsuka, M.; Ogura, K.; Ogawa, S. Bull. Chem. Soc. Jpn. 1991, 64,
2118-2121.

Machado, A. S.; Olesker, A.; Lukacs, G. Carbohydr. Res. 1985, 135, 231-239.

Sato, K.-i.; Sakuma, S.; Nakamura, Y.; Yoshimura, J.; Hashimoto, H. Chem. Lett.
1991, 17-20.

Ermolenko, M. S.; Olesker, A.; Lukacs, G. Tetrahedron Lett. 1994, 35, 711-714.
Amano, S.; Takemura, N.; Ohtsuka, M.; Ogawa, S.; Chida, N. Tetrahedron 1999, 55,
3855-3870.

Park, T. K.; Danishefsky, S. J. Tetrahedron Lett. 1995, 36, 195-196.

Boyer, F.-D.; Lallemand, J.-Y. Tetrahedron 1994, 50, 1044310458,

Das, S. K.; Mallet, J.-M.; Sinay, P. Angew. Chem., Int. Ed. 1997, 36, 493—496.
Sollogoub, M.; Mallet, J.-M.; Sinay, P. Tetrahedron Lett. 1998, 39, 3471-3472.
Bender, S. L.; Budhu, R. I. J. Am. Chem. Soc. 1991, 113, 9883-9884.

Estevez, V. A.; Prestwich, E. D.J. Am. Chem. Soc. 1991, 113, 9885-9887.

Yadav, J. S.; Reddy, B. V. S.; Narasimha Chary, D.; Madavi, C.; Kunwar, A. C.
Tetrahedron Lett. 2009, 50, 81-84.



222

Ferrier R AL B HER B

e LewisBBRHE T, O-BUR I BIERTAE YW 55 0- . §-. C- &0 WK
N-. P- MR AL )25 S A% Y Rp B B 28 1 2. 3- NI FAE B =0, 2 X AMETR 5
B O PR A Ferrier OB , BN #ERIRELTMAR “Ferrier 1 5L " 5 “Ferrier HHE
R o {HIZ RN SRR b B B /REAKH i = 0- Z. Bt 3 -D- Sk
B 3 MR RBCGEZ YR B 85K “BK Ferrier M , 4 /R4 Ferrier />
HEXNMBAREN T Z0- Z8% -D-CBHAERMELT —R4AH -/t
B N . STERKR N LU O- 2B -D- O a5 0-.5-.C-5%
B Fh SR 25 H AL G 2,3- N FTE R PR R . Lewis BRI & B F Ve
L), BF, B % R, R Py R0 T3 Gk 07 B, BORE =41 7 28 AR
Eﬂﬁf;%%i(iﬁ#, a,B-ZHAT1), 4 HHEE s B R SUIRR
B! iU

i) HOCH,CCHS
iiy HSPh? i) OCH,CCH®

OAc on7
Ag&j Lewis /8 AcONS " SPh
Ac > — ii
Ac 4

@

OAc
0

OAc
SnBry, CgHis, EtOAc  ACOTNTT\
AcO -
AcO t, 5 min, 94%

B IRA T My e] B A FL A . B il -

(o]
OAc
O‘O‘ "OH A°@r o NHC(0)CCl;

OMe O OH O

EtO
AcO 0 0O 0O
K 5 B KM ZEL
. PhCOCH,COEt, %iégw ,ﬁaH,
%, BF+OEt, E;’?SE‘?A Cl,CON i#tf7 ok,
5°C, 10min, (67%, {00 ';"5_%*%) o (78% a-53k).10
o- B k4) B ° :
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TR T A B4 .

(R
DEAD, PhzP , DbQ "
(80%, o~ 3k4) (88%, F#a) N-FRESER AT ) T
ﬁﬁﬂ'} C-3 }i‘a‘;% - ;;‘265% j:ga‘ji)wﬁi@
B LR e
X -4- BB
&I AR E B A TR R B :
© <% ey
OBn cl
Ph
% 4@« f)
BF3*OEt; CH,Cl, 0° AgNO3 Na,COs, reflux MeNO,,
(70%, EZouy* 6 h (58%, o,B 1:1).%°
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Fiesselman "Wy £ 5 IR B

BAZ ALY o, B - FRRE AR R £ 486 R A AL 3- 3258 -2
B AT

CO,Me

0
NaOMe
MeO,C—==—C0.Me + Hs. I oMe T § y~OH

MeO,C

e
. OCH; \ 0:‘)
) g (. OMe © —
o8 H co—( _
\)kom 200~ H s\))\OMe

O
Meozc(;_@—g‘

te M802C S
MeOG, )—OMe N QL
' -
MaO,C K Q 1 coMe H-S OM
os \/U\ MeQ5C
OMe
© OMe
%) / 5 phe COMe,
H 0
$ oMe — S OMe —— NG
JS Soe MeO,C S—
Meozc// coMe Me0,C 2 coMe
H COzMe Meoe\-'H COzMe COzMe
P S 0] - HOMe g o e s R OH
H-_/e OMe — =
MeO,C S—\co Ve Me0,C MeQ;C
2
Example 15

20 42 equiv HSCH,COzH 8. COR3 NaOR,, RyOH S
— [ [ )—cOoRs
tt, 24 h, 46%—98%

CO;R3 R3OH, HCI(g).—10°C, th CORy
OR
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Example 2°
N-CHs CH,
o)
HSCH,CO,H
HCI, MeOH
Example 3’
o}
N_CI Hs A Ny-8
s Wcoza
& NaH, DMSO, 899
CN 3 % NH,
Example 4°
> S coM
HSCH,CO,Me \ / oMe
=—CN
NaOMe, 68% NH,
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FF BRI B e Sk
1 R! R
R 2
R @
©\ NH,* Rz_.@\Klf L@RZ
N N N N
3 E3i
1
2 2 0] R2
@\w LQ(R [3,3]- &4k d\r A Rk
%Hz LA
g H
H
T H-H LA B
R 1
2 —
@F’R ® @% S H—R?
NH, ’\] NH2 N %H:i N
N, @ HH :
Example 1°
N
l
3 Ph 0
L O 1.160°C, 24 h —
@\i\:\/ " O NH \
N NN Y2 2 NMNH, 120°C, 120
H H 71% N
H
Example 2"
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@\ NH ¢ o AoH.a5h
NH CO,Et 57% - COgEt
Example 4 (P& SMEIEL)
H
mozm o 0 Me - PANHNH,
- N 2. AcOH
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16% 6%
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22%

O. Me

0,
5% - %
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Fischer BEM: £ BB b

HFRKHBRRNBRA S ERETKBER D T THRHCHFET
4RE UG o

OH R
it -0,
Aoy * REHO — e T g+ 40 + Hel
H H
H
oH H® (y\ | 6 R
07 YR, R O._Rz R 2
HCI 1
O N T | " B
NH HO 2
c® Ri ¢l & cl
cl
Ry R, R,
H
sy2 0_: st wg N oA
so AN e oo m o,
Cl CD R1
Example 1*
OH
TsOH, Tol.
Hac)ﬁfNHz + ﬂ
re
5 CHO ux
©\r POCl;, 80-85 °C
o - . )
HN{ CHs 15 min., 40% '\}jCHa
o)
Example 2°

Cl

" NH
~HCI 4,
/©)\ N 1;.om :: m
124
HO HO
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N /N
~ | X I
X (o]
CHO
oo TR O

T-HCI*{fk, 16.5%
¢ ° halfordinal
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Fleming-Kumada B L i
Kot Bk Pt SR A o R B b S Ak A R B BB

' 1. HX
iMezPh 2. ArCO3H, # r
R "R 3.kt R” R
WEIRY

L e A ol 8
§7 (e Xe\,«j\' — R)\R1 h
R™ R

i O/&O
L H
R™ "R
B-BIEE THREEAMRE
L2 .
RN L. r
\ Oo/lr ArCOY lo/” @ N__ I; \[01/
T HX g T AL ~Sisg o
R R1 R)\R1 R R1
s 1.
o o M Y 00" Ar
—ATC02 0 Ar ‘/
® L JONR<
O-Si.y — 85,0 — o’s"o —_—
e oL S
R R‘l R R1 R R‘1
0
Q e
C)J\ H°>8) e Ho™ A on
g, e gw ¢ — X,
_Si. P R R
c[) (0] OH ?/SI\’&\ R R1
1
R” R R)\R1
E 4
xample 1
o] 0 ..o
o] oH S o) OH
CgH1s N m-CPBA, KHF,, DMF ~ CgHis N NG
NBoc NBoc
(EtO),PhSi Z 0 to 25 °C, 55%—-70% Hi B
~o0T1BS ~OTBS
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Example 2°

Hy05, KHCO4

TBSO N P
iPr—§i-H-6 THF, H,0
o 55 °C, 90%
Example 3®
Hscjsf,c e Ho e
He, 9@ HC, %/
3, : Hy H202 KF,KHCOs ! . Hs
7 l" e s o ——rere—— t, “ H
"H CH3 DMF, 93% Bn H CHs
Bn
Hol H,C
Example 4°
SiMe,(OMe OH
Me0,C, 2AOMe)  xr, kHCO, MeO,C,
THF/MeOH
1y Oy
CO,Me 30% Hy0z 77% COMe
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Tamao-Kumada S

Iﬁﬁ%ﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁ@ Mbe B, JZ Fleming-Kumada $ 4k K& 5 ¥

F
\ .F KF, HO,
&S 2ROH
R KHCO3 DMF
* e e F £l®
RF 1w ‘f R, L .F
si RA '5- ~ "IN
R’tR—*QFR—» ;a—»(HBfR
] ] H
E W \O’H
|I: F ° ] wF °
— | oSy | T P 88,| — 2RoH
R R R F 3

Example 1}

0
NaCO;:, CH3003H
Me,FSi
eFSi COMe T anoa% CO,Me
o

Example 2*
Et._ Et ]
“af H,0,, KF, KHCO H  SiELF
, THF-MeOH T
“OSiMe;  51%-85% OH R ©
OH
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Friedel-Crafts JZ ¥/
Friedel-Crafts BEFEALIR W7

F%ELems@ﬁET%‘tﬁﬁ%f”% 55 Wt R B BR I S por A R e L 37 B R

o)
® R/g

0

O e [SEGCY <]

L AICIa—ﬂL—— )gc/NCIa ACl, + ([T,

R” ~Cl-” R | R

@
BEET

Cl
]

CI—/I\I—CI
FRBIRA CIK 0 Tt
’ H —_—HCI’ R * ACl
o

Example 1, 5> F-IA]Friedel-Crafts Bt 3/t

g ©

: o,
AICI CH Cl.
N\CHO 3 Gl

Example 2, 4> Friedel-Crafts Bt 34t

OMe
Me  (COCl),, DMF OMe
FACI;, 84%
o
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Example 3, 45N Friedel-Crafts Bt {t.®

PPSE, CHNO, O O

refiux, 10 min., 44% N
H o]

PPSE == Hlrk & BB R

Example 4, ¥ A Friedel-Crafts Ef3#: {4’

GONMe; 0
POCl,, K;CO4

A\ R

N CH4CN, 60 °C NH

74%

0
PPA 80°C
MeO
A N
N 5% NH
H
o 4
>( 20 mol% BF30Et2
o - =0
MeNO,, 100 °C N
15 min., 98% N

Ns
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Sobonne BRI A2, B/ R AB VAL ZHBHT 18845 /7. Mt BEE
Ll RRE, BT 408 X%, FEhikk (James Mason Crafts, 1839-1917)
A TFRE M8, FRABALAREET, BEBRAER/RKEMMIT
M VAL EEEE., N 18744E3] 1891 4F, fa7E B ZR ) Ecole de Mines Fl{& A 4
REVEH—RB KRBT Friedel-Crafts I, FPLRZET 18924 F B MITHER
RHEH K —H, Friedel-Crafts [ i 2 HLi8 A S0 0 H 451, 18774F,
A ERELRE T/E, T H&RER, TR RER . SRR E
FIFATAT, ERIRERLEB, HED T RERE) M WG KN RE
THEEBA, A TFHRERTERN ., KFET S0ELEA X Lewis BELKRE
ArFBE AL R MRS SR EFl, Friedel-Crafts R MW A BA HHAE VAR
R Z—
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Friedel-Crafts $E3:ALR B
7E Lewis BRAFHE T A BRRY S R | e fisesg e i R
NAE AR S BT
U
G—AIG R
<] mkm
FHift
e
R\CIZ,,A'C'a_.R@gA'C'L_. Acy + R® =— R™ —wa @
SeE E T ®
Example 1!
o]
SnCly, CHLCI
o o nClg Gl
m * 0°C, 1h,84%
_o Br
Example 2*

10 mol%

Rs =%5%. ”ﬁ 32%-96% yield, 83%-98% ee
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o}
£/ >\ } “cm
Nt ORI Tfo OTf &3
Me 10 mol%

Re =7k *’“’* 80%—95% yield, 68%-97% ee

Example 3°

N
Bu-N 7 Me

|

H)\ﬁHCI Fo) 20
molY . M
mB(OH)Z + MeWo 20 mol% e

DME, 1t, 36 h

1 equiv HF 51% yield, 92% ee
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Friedlander Wbk & 55 b7

a-BREEN o -BERAAS —NBEHES E D —MREN o - T FHESE
BB, SR TR FRE R

CHO . ) R
QU7 e, o O
NH; R! N OR!

& o 0 OH
-
R%R1 (oj R1 Aldol H‘/OH
H I 1
S (I “H e NHOR
o
HO NH,
H R
N 1
1 —»
NHP " " VR
HO
Example 1°
@CHO+ ):)NBH NaOMe, EtOH men
NH, O reflux, 3 h, 90% N
Example 27
H N
o o I _AcOH, 100°C
=
* 88%
NHBcc

OBn
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Example 3°
| = CHO Me | AN | RN Me
N7 NH, O)\/\Me N i Me N” N “Me
S3c% il HiLg Ll
~ NaOH, it > 99% 37:63
M SERE, 5% HaSQ4, tt 97% 86:14
TBAO, 5% H,S0,, 1t >99% 8713
TBAO, 5% H,S0y, {48 A 65 °C > 99% 94:6
H
Me N
TBAO = Me/%&
Me
Example 4'°

Mes—N_ N—Mes

ClRum

ClI” )
0 h
(I ~OH 1mol%  PCyf Rz
NH, 1 (IN/I

KOH, 1.4- 4555 R
80°C, 1h
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Fries EHHER
Lewis P ftE £k i B Fi A o B A 22 HE 0 2- B 4- 3 S B0 19 ) 17, IR #K Frries-
FianEﬁFﬁE‘Zo
[o) OH
OH O
o R AICH; s R
0" R
AICl3
o C'aA' Oﬁch ®
OJ\R Kefir C-O il . |(|)|
J @ “
MEE B
Ly EET
AICI3 o
G Ej* o
AICI3 OH
o9 R ?&

Example 1°

OH O OH
OMe O 2rCl,, PhCI
o Br 160 °C, 3 h, 63° O O
©)j\ % Br Br
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Example 2°
o
o . OH O
10% Bi(OTN3, PhMe
110°C, 15 h, 64%
OAc OAc
Example 3, J{& Fries EHE’

0O

HNJk/Ph NH; O

€ Hg 4T Ph -
254 nm, MeCN, 36 h, 65% OO

Example 4, ortho-Fries EHE®

MeO. OMe

MeO OMe
o] 2.1 equiv LTMP o
. CONEt,
| OFON®t  _zgocsin, or% O
Example 5, BiZ%i)- FriesE#HE
H ()\\ /CFa
s,
o] LDA, THF, -78 °C b,
Lcry ©
S #H30", 80% OH
cl cl
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Fukuyama B & BN
— —H
F2,4- R E R BE B SURBRIE A B 55 40 0 (P EE A S, IR FR Fukuyama-
Mitsunobu &,
50.Cl 1. R'NHj, pyr. 57 CO,H
NO; 2, R20OH, PPh,, DEAD u NO,
Ne L+ + 80,
3. HSCH,CO.H RTTR?
NO, NO,
@ | H\_S_/\COZH
SO,NHR!
/T80, 2 &AsoervR2
R, No, - H® NQ, RZOH,PPh, NO,
DEAD
NO
NO, 2 NO,
20553657 _AIMitsunobu R HLEE,
6;1,;2 S/\COZH
S50
SpAr - 2 H NO,
_L. HO.C @ NO; —» N, + * S0,
o R R
H
NO,
NO,
Meisenheimer &L &4
Example 1°
f_Q _Ns—NH;, _ \eHN Cs2C03  \sN
Br DEAD, PPh,
6T%-74% m-BugNI
n O0%Y n 62%66% n
Example 2’
Et
OH
NsNH,
N DEAD, PPh
N
MsO' Eoc MsO Boc CcO,Me
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KoCO3
DMF

MsO

Example 3

HaN P
SO
\/L OH + ’ NG, PYPhoP, DTBAD HN\SOZ KzCO3, PhSH \/\
= g o . -
©/ CH,Cl,, 84% ©/N02 CHZCN, 80%  NHy
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Fukuyama XBJ5 b7
Bifis F B, SiH 78 PA/C L FITELE T BB FUARE
0 Et;SiH, Pd/C 0
R “SEt THF, ot R” H
BEA
i Pa(0) 0 Et,SiH o} R 0
R” “SEt .SEt " /U\ """ . )]\ + Pd(0)
Et,Si—SEt
B#%B
Et3SiH + Pd(0) ——— Ef;SiPdH
OSiEt ;
j\ EtySiPdH /‘\' s _ . OSEs
R SEt R Pd‘fiEt Pd(0) R SEt Et;Si—SEt R H
Example 1!
Et,SiH, 10% Pd/C
P, 1, 92%
Example 2
EtS
HOZC/Y\COZMe EtSH, DCC, DMAP COMe
NHBoc CH4CN, 1t, 1 h, > 70% O NHBoc
EtySiH, 10% Pd/C H\H/\I/\C oMo
P, rt, 30 min., >74% O NHBoc
Example 3°

COSEt 0.5 mol% Pd/C /@/\/CHO
Me0/©/\/ 2 equiv Et3SiH MeO

rt, 2 h, 892%
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Gabriel 2
LR 2% — B B W B A R Fobe i o S I il (AR o

o}

CO,H
1. R—X 2
N K@ HaN-R  + @
2.Nuor ROH CO,H

o)
0 ~RIXY 5 Qo €
IS oH
e N-R @N—R —
o] o] o]
)
OH
H<
O =)
) €O, cof
H — B — HNR +
N R co®
N g on 2
CoH
Example 17
Br 0] Zke4F  DMF NPhth o]
o)
/O\ﬂ)\/\(u\(’/ 90 °C, 40 min g Mo/
o] Br 30% 0 NPhth
NH; 0
HaNNHz CHOH g MO P
reflux, 1 h, 80% 0 NH,
Example 2°
DIAD, PPh, ”
4 _ R 1
R1\ A;gfma?a 1\ NH,H, or CH3NH, /RK\
R o THE.m4h Ry N GO R NHz
., R
Ra 76%-98% R 76%88% 3
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Example 33
0 0
A
Br-"co CO,Et
NK r HEt N—/ .
DMF, 90 °C, 3 h, 77%
o 0
o /
o Q o Q
6 M HCl, reflux }_}—OH
o =13
N Uh93% Loy ¢
o}
Example 4°
ARAETHINE NPht NH,
Tk, PPhs 1. NHaNHp#H,0, THF, refiux, 8 h
DEAD, THF 2. Pd/C, Hy, THF, 95%, 2 steps
54%
NPht NH,
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Gabriel K5 B — M AE St B M 7 14 SR K — B Bk 0 B A 0 BB 448 114
y[5):-8
o o}
o @ 1RX . NH
©E§N 2NN, VR @:NH
o]
0 Jva)-(\' :NH,NH, SNHNHZ
N k® Sn2 Cn-R
o] o}
o]
NHNHg NH
— NH — HoN-R + lllH
0
Example 1°

w Br _ POEY, _pooey, AN EOH | HoNNH,, EtOH ~ POloE,
tt,18h,97%  HeN
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Gabriel-Colman BHER i/

N- B SR BE W0 SR A BEEL I D40 HY 1,4- S bk — B,

2 Q OH O
A}"R NaOR
Al N _— RS R
G ROH
&

AL N
G =CO0, SO,
e
(o]
O Come O omMe
N OMe O
> _—— (=) —_—
_>_R _>_R n Al
0O O 0o O (o]
(o} Me
OM e o] OH O
e o &) O (o]
H >R
No — R—— NH R N
) )\ NH
OH
O o 0
Example 1°
OH O
@\)( )—O: -Pr 4 equiv i-PrONa N OiPr
S5 -PrOH, reflux NH
d 5 min., 85% Olis\\O
Example 2°
[o] OH
NaOMe, MeOH - COEL
N
CO,Et reflux, 24 h NH
0 91%
(o]}
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Gassman B[V ERIR i

WRBEL | B - BERBT A YIRS B R BUR R b %, —
WAL ) 3- BB, #i1R 5 i Raney Ni BREURER 2

\S
t-BuOCI ~ R Et;N
QL e ) eyt o
NHa NH o} N
Cl H
Et,N
S/ﬁf s KHq it
NH R ~
CC| N/ss
H
HET
Eth \
@59 _ 23omik (o HCNEt
@ Sommelet—Hauser -
S
v R @;@* |

Eth '\ \

Ng Ng
N N

3

I

Example 1'

@ 1. t-BuOC! CU[S\
NH, 2. sy Ot N Me
o} H

3. EtsN, 69%

SCH4
@ 1. BuOCI @\_jg LiAlHg, Et,0 m
NH; &SCH, NZ 0°C, 48% X—.’.{l&$
2.

3. EtsN
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Example 2°
MeS £BuOC|, PhNH,
EtyN, 93%
Ra-Ni p-TsOH, PhH, reflux
EtOH PRI TI%
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Gatermann-Koch J% ¥/

75 1% F CO FHCIAE AICL FFE T RS FE S R & A FR AL

AICl3 CHO
+ CcO + HOI ———
CuzCly
cl
. e Ve ®
%"g -~ -C:&j/\"mcI3 :c:o\e ——»HC] o \"C:(").@ - ec O\Aécb
. = . . . N
:C=0: > ALCl3 Gk P Wi
(=]
]
e @ rQ
_AICI, o 0 0 o _ If
-— ©0 o LAl — e acy — A
L Cl) H H
CI” TH @ H

[T g

CHO

Cle\
H CHO
— o = CHO o . ©/ + HCl + AIChL
AlCl, e MCu >

Example, ¥ sz 5

OH HZO OH

OH
Zn(CN)y, AICls @ 0 $1100 °C CHO
NH2 —_—
HO HCI (g), 0 °C HO cl® 95% HO

Hb <y
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Gewald RN &K
B B o - FEIR T B R R 3 T & RS EE RN

RO COR? - R COR?
P

R' CN R'"Ng” NH,

R!
Q 2 GO) Knoevenagel HO "
y OR ® {0y R Y—OR? 98 PN “or?
~ #H H

BH + —Y—1 PN
B: CN R CN AN
b2 _oRr?
05 OR? |
R! R © R R CN
- R! - S+-8
NC  OR? R! H $ S
B s, S
S8
S7 +

Ylidene- B
Example 1*
HaC.-CHa COEt
N, fOE s « ;S\ NH;
SN oN  THR82% ‘
P
N
Example 27
M CO,Et
Sl j\)ok <COZEt e, E1OT T et
o CN 60°C,5h, 74% tBu0,C” 8”7 "NH;
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Example 3°
o HN(TMS)3, HOAc
M Fi%, 65 °C, 90%
® 4+ NC._CN
OzN Knoevenagel
e
NH2
. NC
NC CN 1.2 E?‘é’li SB -
| 1 equiv NaHCO; S
THF, H,0, 80%-85%
O,N O,N
Example 4*°
o o
3 equiv MRk NH
. o 1 equiv S8, 55 °C, 24 h = 2
{ o " Ne L~ % P!
o} 85% §4{L.3
o 64% yield 0
o}
Example 5"
/
. o}
3 equiv Fmk (o]
@Y\ o N 2 equiv Sg, MeOH
+ # A\
~ = | NH
Sy oJ\/ 20-45°C, 24 h S 2
o] Z
72% N
A
ylidene-
pillln% 2]
#iL
/
o}
(o]
=
8

N7




256

References

1.

Db

(a) Gewald, K. Z. Chem. 1962, 2, 305-306. (b) Gewald, K.; Schinke, E.; Béttcher, H.
Chem. Ber. 1966, 99, 94-100. (¢) Gewald, K.; Neumann, G.; Boticher, H. Z. Chem.
1966, 6, 261. (d) Gewald, K.; Schinke, E. Chem. Ber. 1966, 99, 271-275.

Mayer, R.; Gewald, K. Angew. Chem., Int. Ed. 1967, 6, 294-306. (Review).

Gewald, K. Chimia 1980, 34, 101-110. (Review).

Bacon, E. R.; Daum, S. J. J. Heterocycl. Chem. 1991, 28, 1953-1955.

Sabnis, R. W. Sulfur Reports 1994, 16, 1-17. (Review).

Sabnis, R. W.; Rangnekar, D. W.; Sonawane, N. D. J. Heterocycl. Chem. 1999, 36,
333~-345. (Review).

Giitschow, M.; Kuerschner, L.; Neumann, U.; Pietsch, M.; Loser, R.; Koglin, N.; Eger,
K. J. Med. Chem. 1999, 42, 5437.

Tinsley, J. M. Gewald Aminothiophene Synthesis. In Name Reactions in Heterocyclic
Chemistry; Li, J. )., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp
193-198. (Review).

Barnes, D. M.; Haight, A. R.; Hameury, T.; McLaughlin, M. A_; Mei, J.; Tedrow, J. S.;
Dalla Riva Toma, J. Tetrahedron 2006, 62, 11311-11319,

Tormyshev, V. M.; Trukhin, D. V.; Rogozhnikova, O. Yu.; Mikhalina, T. V.; Troit-
skaya, T. L; Flinn, A. Synlett 2006, 2559-2564.

. Puterova, Z.; Andicsova, A.; Végh, D. Tetrahedron 2008, 64, 11262—11269.



Glaser BRI W
U U e E S AP A R A AR R

Rec=cy —2x& | e
- NH,OH, EtoH ¢ C=CTC=CR
+2 +2
L
N N A
R——= + 4 - . cu T
o X't"c:u/ * T R%’C - o’
o SN 2V
U L T L
<
or Cu* L L +2
L= \CU/ Cu*Z
X =Cl, OAc y ",,/R R—=—=— R
R ”"Cu
L/ \L + 20u®
ZHmENADE TN :

@—%H + CuCl i Q—}CU“)
)
2 @—:ﬁféu(n) </_\> = + Ccu(l)

C:<> R 7N - . [

0.
=t  O=—=)
= NH4OH, EtOH

90%

1.J. Li, Name Reactions. 4th ed., DOI 10.1007/978-3-642-01053-8_111,
© Springer-Verlag Berlin Heidelberg 2009

287



258
Example 2, [5]{B %>

/__//—E Cu, NH,Cl / ==\

HO 0, 90% HO OH
Example 3’
R R
S8
P X
R_s s_7 Cucl s7s
I> 9 TMEDA
RS ST
' 0, CHyCly, 0°C
- 47%
R=n-L K&
s S
R§/S S\/g'R
R
References

1. Glaser, C. Ber. 1869, 2, 422424,
Bowden, K.; Heilbron, 1.; Jones, E. R. H.; Sondheimer, F. J. Chem. Soc. 1947, 1583—
1590.

3. Hoeger, S.; Meckenstock, A.-D.; Pellen, H. J. Org. Chem. 1997, 62, 4556-4557.

4. Siemsen, P.; Livingston, R. C.; Diederich, F. Angew. Chem., Int. Ed. 2000, 39, 2632~
2657. (Review). ’

5. Youngbiood, W. J.; Gryko, D. T.; Lammi, R. K.; Bocian, D. F.; Holten, D.; Lindsey, J.
S.J. Org. Chem. 2002, 67,2111-2117.

6. Moriarty, R. M.; Pavlovic, D. J. Org. Chem. 2004, 69, 55015504,

7. Andersson, A. S.; Kilsa, K.; Hassenkam, T.; Gisselbrecht, J.-P.; Boudon, C.; Gross,
M.; Nielsen, M. B.; Diederich, F. Chem. Eur. J. 2006, 12, 8451-8459.

8. Gribble, G. W. Glaser Coupling. In Name Reactions for Homologations-Part I; Li, J.
J., Corey, E. J., Eds.; Wiley & Sons; Hoboken, NJ, 2009, pp 236—257. (Review).



259

Eglinton 18Ik

AR AR B LR B E5E B A Cu(OAc), 1R 3 & A4 E AL BBk
R, & Glaser 1BEX RN HAE R

Cu(OAc),
AiEvE /MeOH
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— % . R————R
R———
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= %
Il Cu(QAC),
H pyr., 25 °C
20%
P
Example 2, 38 X8
= SPh
= Cu(OAc),
HERE /MeOH (1:1)
7/ , 72%
CO,Me

Example 3, RI{EHL
Cl

C.
N N/\ NC.

Cu(OACc)y, e ©
MeOH, 1.5 h, 68% © CN
cl

Cl

4

V4
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Example 4°
™S R
= 7 #
Z Cu(OAc), <
K,CO X
R ™ 2C0;, TIPS
= TIPS pyr., MeOH I
. 51-70% 1. TBAF
' I 2. Cugl,
I Cu(OAc),
— pyr.
A
RN/ — — —=<_ )R I 51-64%
I TIPS
I o Z
It Il 7
R
Ry VYm== = — ¥ N g
Example 5"
CN = 2 equiv Cu(OAc)s*H,0
i = O\// 22
fe 1:1Pyr: MeOH
VN 70°C, 12 h, 41%
CN @
%/O e — Fe
= == s
@ CN
12
Example 6

s =N
0 Cu(OAc),
Pyr./MeOH/Et;0
62%
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Gould-Jacobs X Ji

Gould-Jacobs [ 5 #5 B 30 F M- 520 <
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— H 3
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c. BAL A
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ROL, _CO,R
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NH, - _R'OH
OH OH Q
—_—
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N R NTR N R
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EtO,C Et02C ) EtO O
@\ B OEt - EtOH N\ CORE
NH; \/ OEt H @ @N |
2 H
o}
o) OH
H CO,Et
CO,Et 2
ik @ﬁjcoﬁ A @f\j . dj/
" . W P -
S N ;
Example 1°

EtO,C_ CO.Et
CO,Et
><J©\ j Ph,0, reflux 0, COLE
75% 10:1
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Example 2*
EtO.__H "
HoN I H N
N A PhOPh
l Et0,C7 “CO,Et | [
‘N —_— - N
L EOH, reflux 502 “coer L 250°C
. O POCI T
N~ -
EtO,C l o N-R 3 EtOC._~ MR
70°C \
N
N N

Example 3, {#% % & B Gould-Jacobs & 7 °

R NH, HN/\rCOZEt
EtO,C COzEt Ph—-O-Ph
/ X )N I S~ CO,Et
Et 130 140°c NN
R1 3
Ph-0O-Ph
250 °C
. N/ICOZE
|
(5813
10-12 min, 64%-75% N N/)
Ry
Example 4"
Ar EtO,C.__CO,Et
EtO,C.__CO,Et
' R G W L,
N\N NH, OFt reflux
|
Ph
POCl3
reflux
Ar G Ar ci
Ph-0-Ph % COEL pocy, / o=
NI PO N
ik /N N reflux /N N _
Ph H Ph
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Grignard [V

. HAVKAEMESBHBRANELEY (B KRR ) X E Ry
MO

o]
Mg(0) J 1 g2
R-X R-MgX R "R? RA
R” “OH
FE&ECBRSRIE A K
£2/MaAg 21y 44/_"('3/4'%/_/4
- Lo
R-X bex
2L MG 1
B FH5H R-MgX
R- .« MgX

MR B, BFHLE:

@ o +
R3 RZ R! R?
R1>§0 . |: R1>,"9 ] - - X

R+Mgx R -MgX R” “OMgX
® @
H 2 HLE
R2 R
0 2 R! R? H® R R?
" Ry —= — & on
1 R™ "OMgX
IRU(MgX R hIIIgX
Example 1*

0
NOH reflux, tol./ %, 76%

H

2 i X #R Hoch-Cambell B AR bE & AL AL, BT 5 3 Bk Bl = BL
BEKEE RS
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Example 2°
/0
0
/—0
o
o7 ° O
Br Mg O(ﬁ
* PR —— Ph
6 0
OMe oi 5% Meo \Oj
MeO. = ““| N,
N ome MeO ‘ 7
MeO
MeO OMe
OMe
Example 5'°
% OH
'S S . )\V\»T
* N MgBr o}
CHO 0°Cto rt, 91% 7&
Garner fi§
Example 6''
OH
0
3 equiv BngJ/ . o
o V4
THF, 55 °C, 1 h, 85%
HO
52% 28% 5%
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Grob B L i
FEAFE N R AR TR U E R C — CEB MR .

f?%%ﬁ\—» @D%+7///+ L°

D=07,NR,; L =0H,", OTs, I, Br, Cl

Example 1°

OMOM OMOM OMOM

NaH
MsQ 15-5£-5 MsQ,

0°C to rt, 85%
OH Q o

Example 2, & % - Grob B B-1E°

m 15 eq. NaBH,, THF OH
N" o

- - N/\/\/SH
ds 70 °C., 31 h, 53% H

Example 3’

TS

NaH, DMSO, 40°C, 1 h;
OH MgEREfL, 40°C, 1h
MeO 52% MeO

Example 4

1.1 equiv KHMDS

THF, 0 °C, 15 min 4
93% H
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Guareschi-Thorpe 458 R i

W8 B - _BtE R T4 A A A 2- DEEH .

R R
CN
]
R o R'0” 0 R N0

@
H e
H;N: HSN/-\ CN 5" -
3 —n
HN R1OH R
‘—1\ R’O —_— \ oN T
RO HzN R0 /[
A
H,N" 08

R (oK R HaN:my - R R
(<]
oN —"0OH X ON Ho N — H0 A\ ~CN
H :NH3 \ I |
RY e © " 0) iy ol ° N
2 H3N_H !
NS H
Example
CcN NHy NC CN
/\n/\ . ( -
fe) CO,Et 75% o) H o)

Guareschi 1B
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(8)-(-)-HERMEILHAIIFR Robinson B3R S b .

N
& ﬁ = 8
CHLCN
o] g 3Cl o
HOZC’U
Michael

AR
0]
%ﬂ: H,0:
J; e
4Kz aldol O Y H KR
¥ co2 © “c0o°

o] o o)
E1cB )/iig
o — —_—
OH S o

% —
© coz B=)

Example 1"
0 o}
3 mol% (S)-FhE KR Q:g
oy CHACN, 100%, 93.4% ee
Example 2°
o)
9 o) 1 equiv L-¥ 7 8%

\)\/ﬁ D-CSA, DMF, t, 24 h, 5
O 4524 hEFHE10°C, 5K

79%, 91% ee
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Example 3*
0 0
KWK, PPTS
DMSO,50°C,24h ¢
0" Yo B, 94%, 73% ee
OBn OBn
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0 Q 1 equiv L H X 4R
\% 0.5 equiv 1 N HCIO,
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Haller-Bauer JX %}
WA S M T ABAL B R A B RE AT A P A— DR R S BURE B

(o} (o]
R RS NaNH, R N . H\‘<R5
—_ . H 4
R! R? RaR“ PhH, reflux ~ R' R2 2 R3R
TARE LA AR
O NH
R 2 5 5
R1 })LNH h © KR4 - H\K§4
R2 R’ 3 R3R ]R3
© NH,
Example 1*
COyH
1-BuOK, +-BuOH
—_—
43%
(0]
Example 2°

OMe
i O N8
1. KOH, _ L./ 56
U e, - O CL,

3 OMe WL AR TT% e

Example 3, #b & i {£.'°

0.
H
LINHCgH 4
0] ————
PhH, 80 °C
H

46%

NHCgH44
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Hantzsch — ZE0e &0 5L vz

B, B -FERFIE A R 1,4- S M0E. Hantzsch S MIETER HLEMLK
R RSB A

)OJ\ ZCOZE‘ NH3 EtO;CfICOQEt
+ —_—

HaN::
TN _cokt M A

] R7{H
&ccza aldol
A
g HaN: | e

o~ "R’

OH ,—NHg

CO,Et
)icoza ~—R’>rco Et — /I

CO,Et

CO,Et
L SN (. R
1 HO 1
o R NP R

. NH.
HN7H, R HF s
o H__CO,Et EtO.C EtO,C CO,Et
HaN/ 2 Michael
3N ; \g CO,Et i i
HN"R? 1 R
® RY COun R 8 E

SN
EtO,C COLEt
A \ __EOC é/‘\)j:cozr;t Etozcﬁcoza
1
AR RT\NH-P R!

"R

COEt  NH, NO,
H O+ L Et0,C COEt
NO, o ||

N
H

nifedipine
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Example 2°

R

0 [¢]
. )I\H + M _coRr,* NH,0A

O
H03S\/\/<o R H
(0]

| ]
(Si02-SO3H), T i% 5l N

60 °C, 83-95%

I

Example 3, Hantzsch 1,4- " & it 5 1 2% & 1 fit 44"

EtO,C. CO,Et

T
N
L : Q)
o
N” "R Oe N7 R
H

(o}

\P”O 84-99% ee

CO d OH
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Hantzsch WY AR
o - EHF RN | B - BB ME LSS B 4 S

0 COEt COaEt
\]f : L B
cl N
H
CO,Et ) CO,Et
/\:NH:; M —H,0 HaN/\H CO,Et l CO,Et
o HO _— -
HzN: HéN HzN
OH

Oft @ co,et ~HO

H
H2N5( '\:N
CO,Et COgEt
Ol A COE 1,2——3/\ 2—§\
Y Haner ™ H

HN
Example 1*
Fgc /E DME, 87-140 °C \
/
CO,Me  25h, . 25n60% | FiC N~ COxMe
H
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O,
N COEt  NH,, EtOH COEt
°. [ B
¢ o 48h, 48% N
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Heck R
Pd- (L IR IR B BRI B R R

H R? Pd(0) (f#1t) R! R?
R-X + — » —
R R4 7 RS R¢

RY= 3535 48 % « 52 (EB-H)
X =Cl, Br, |, OTf, OTs, N,*

1L 78 35:
Pd(0) or Pd(II) fi fit 1t 71
BieHX l
1

\> L,Pd(0) R=X
X X

LPd(ll) LPd(l)

' H Rt
R1 RZ
Rr3 R4 '* y/—\

H Pd(ll)L,X R! Pd(IDL,X

ReP R~ re (R
R? R* H R*

A AL g D: syn-p-iH k&

Bi L B4 A (syn) E: LR

C: st hesk

Example 1, 7~ %} $k 43 ¥ il Heck & f%°
Pd[(R)-BINAP], EI0,C
@ CO,Et 3 mol% 7\,
-
N AR, N
(IZOZMe oTt P?Hﬁasmoi orC 602Me

95%, > 99% ee
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Example 2, 4y - PaHeck X J7’

N/Y\/OTBS

BuNCI, DMF, K,CO,
70°C, 3 h, 74%

Example 3®

o}
Cl \)J\ - 9
9 o YN
MeO 1.5% Pdy(dba)s, 6% P(t-Bu); 5

1.1. eq. Cs,CO3, — & X 3 Me
120 °C, 24 h, 82%

Example 4, 4y 7 A Heck X 2°

@:N\j:c' 10 mol% Pd(OAc), ij\g
NT NN @[ N
H H

BuyNCI, K2003
DMF, 100 °C, 67%

Example 5, 4> F M Heck X f7"

M°>(j<Me

Me N~ Me
Me

Pd(OAc),

(R)-Tol-BINAP
MeCN, 80 °C
(62%, 90% ee)

Example 6, 35 J& Heck JX J7 !

Me Me
Me . Hl 7 Me H =
5mol% Pd(P(o10l)3(0AC)  Me
(o) -
NaOCHO, TBAB, Et;N 3
NH DMF, 80 °C, 65% ,’:1

Br. S o]
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ZeF 4 Heck [
SFHNBDFERAEAEIIFE E Heck UM

[N Pd(Ph3P)s, PhaP, Cul S\\\,
s e
s) Cs,CO03, DMF, 140 °C N

3 @
s H

ALk WA g—" Qc_’i“)
i
Cs,CO S
i @—@ + Pd(0) + Csl + CsCHO;

Example 12
N
| N
Br \N» Pd(OAc),, NaHCO3 <N
©:N N n-BuyNC|, DMA ( INIO
sl 0 150 °C, 24 b, 83% By
Example 2°
(o
\ /)
o
“f L
Z | - =~ fo)
\/E\ PA(PhsP)s, KOAG N" Y
N ¢ DMA, reflux, 65% N
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Hegedus B[WkEB 5

TR MPd (1 ) R KRR & £ RS EBSIREK R, &

55 564 71 I B Wacker E AL .

& PACi{CH3CN)y, THF N
: CH;
MeO,C NH; EBN, 84% MeQ,C N
/@(\/ PdCIl,(CH3CN), /\/\ EtN
cHf ——
MeO,C NH it NH P

2 MeO,C

cl
¢, o
EtaN'Pd E‘3N
d )
»7 h~pa® el
../‘ ‘@ c T N
MeO,C NH, MeO,C ﬂz —"PdH" MeO,C N
H
"PyH" mpmn B- il mcm
MeO,C N
MeO,C N s e0; H

Example 1"

10 mol% (CH3CN),PdCl,

@\/\/ 100 mol% #:Ri E;\[/\>7CH3
N
H

NH, 10 eq. Et3N, THF, reflux, 84%

Example 2"

Br

10 mol % (CH,CN),PdCl, Br
SN 100 mol% F:At @
NHTs 10 €q. LiCl, THF, reflux, 77% N
Ts

References

1.

ha

(a) Hegedus, L. S.; Allen, G. F.; Waterman, E. L. J Am. Chem. Soc. 1976, 98,
2674-2676. Lou Hegedus £+ %} B hi £ M 37 K ¥ #I# 4% . (b) Hegedus, L. S;
Allen, G. F.; Bozell, J. J.; Waterman, E. L. J. Am. Chem. Soc. 1978, 100,
5800—5807. (c) Hegedus, L. S.; Winton, P. M, Varaprath, S. J. Org. Chem. 1981, 46,
2215-2221. (d) Harrington, P. J.; Hegedus, L. S. J. Org. Chem. 1984, 49, 2657-2662.
(e) Hegedus, L. S. Angew. Chem., Int. Ed. 1988, 27, 1113~1126. (Review).

Brenner, M.; Mayer, G.; Terpin, A ; Steglich, W. Chem. Eur. J. 1997, 3, 70-74.
Osanai, Y. Y.; Kondo, K.; Murakami, Y. Chem. Pharm. Bull. 1999, 47, 1587-1590.
Kondo, T.; Okada, T.; Mitsudo, T. J. Am. Chem. Soc. 2002, 124, 186—187. A ruthe-
nium variant.

Johnston, J. N. Hegedus Indole Synthesis. In Name Reactions in Heterocyclic Chemis-
try; Li, J. J., Corey, E. J., Eds,; Wiley & Sons: Hoboken, NJ, 2005, pp 135-139. (Re-
view).

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_122,
© Springer-Verlag Berlin Heidelberg 2009



282

Hell-Volhard-Zelinsky JX i

R X, /PX, 1T @ - AR Lo

0 PBr, . 0 H,0 . o}
R OH Br, Br - \KU\OH
Br Br
a-{8 R
Br. o Br 9 R Q
/P—Br R fi’ \S-i)\(‘ ?r o . “} "Br
Br o “Br—R P, — O=P-Br H
\)O&\ / Bro \B_/‘ )
R H o
© Br Br
H ®
(€% H BN
i o)
LA R%Br \/(?L W Mo .
BrBr ) R I Br R - OH
N Br :OH, Br Q|-P Br
Example 1°
cl
COxH Cl,, cat. PCl3 O/COQH
O/ 97°C,6h, 77%
Example 2°
CO.H
PBrs Bri 402
| | T H
o Bro, 57% o
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Henry f5Z4L &P aldol J 7
BEFIRE EL bR 20835 R FJa i AS B4k & 4 aldol FLAV .

j\ . R3><H W HO——¢-NO,
R{” Ry Ri{” "NO; Ry Ry
2-f1ILHE

] R R, 0o
R B 1o 1 .
1>—N02 —— )—NO2 -— ):N\@
R HB R2 R, P
A bets FE e P
o (RN RS

NO, R3

R, ©OH
2- i) e Hi¥

Example 1*

MCHO
HO.

Amberlyst A-21 ()
NO, rt, 62%

Example 2, ¥ -Henry &} °

OH

CuSQ,, Si0 O
é/Noz : : )J\/\/\/ NO,

PhH, reflux
67%

Example 3, & % Henry [ 57*

Q . o _R—Ph
_ on 5 mol% TMG, 100 °C M
+ ~oN -
NO
y Z  0imBar,26h PN Y "Ph
95%, anti:syn = 98:2 NO,
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Example 4, 57-{-[" Henry K J%'"°
HO.,,
of\w[;\&o DBU, MeCN ’CQ
~ Ao, 62% ON"
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Hinsberg MWy it 4= 99 & B B

BRI MR T ZERA o - ZEERMER G T A EHBIN BT 2R
oK A i 3,4- IR -2,5- 3REAL S Y.

o} o 0
O .EtO)K/S\/U\OEt HO s 0

|
O NaOEt, EtOH ¢ on
Ph
2.H0*

o
Ph
M OTCDJ;LW
Et
K COLEt %\90 PhO s Tcozt

s Ph j
CO.Et e
COzEt Et0
Ph_  Ph
ozc _HYHO
reﬂ 8
HO,C CO,Et ux HOoC™ ~g” ~COH
Example 12
o]
HsC o] o] o] 0
%cm s SOCl, pyr. s
o} Ar Ar Ar v Ar
NaOMe HsC CHg 95%
0% H H HsC CHs
s
81% (o] (o) [o] (o]
NaOMe o Ar S Ar SOCly, pyr. Ar \S / Ar
Ph Ph Ph Ph 89%
H OH Ph Ph
o] !
4
Example 2

(0]

(CHO)3, NaOMe
MeOH, 42%

W )
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Example 3°
1. © o} Ph
M _s N
o Ph Ph o
KOH =
Y 2. SOCIy, pyr. NS
ZE#39% P g
Example 4°
C. CH
HQ  CHs NeOH,MeOH ° 3
+ Nc” 87 “CN 7\ NH,
d © 94% NCNg

Example 5, 58 2 4 11#: 9 Hinsberg mEwy & 5’

J,
) O . /U\/svm . OHO KOt-Bu

CO,i-Pr R R

R1 =
O CONEt,
PPh;*

o)
o s
_10%TFA _ HO R
LR oo Ly
/ CH,Clp R;
Rg R2
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Hiyama 28 3B R

Pd AL AR MRk b = BT AL a] A9 38 BB RN . R F .
OH FIENFHE. HEXRKEUNS S, B BAAR ST, BILERS
L% 325 71 _+ Y Kumada {BBE R o

Pd it
—qi 2_ —_— - RLRZ
R-8iY + R%-X e

RU=#4k. 50k, B, etk

RZ= 3% posk, WM

Y = (OR)3, Mey, Me,OH, Me 1\F a3
X = Cl, Br, |, OTf

G{L#l = TBAF, Wk

Pd(0)

Ar'—Pd(Il)— Ar? Ar'—Pd(lly—X

Heaiaft

£
Example 1"
(
D 7
@Si(Et)Fz M’ =~
S el woo )
82%
Example 2°

Br\/

K _
05H11‘M5i(OMe)3 CsHny \
BUINF, PA(OAC),, PhaP

DMF, reflux, 72%

Zx
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Example 3’

{4 A APACH, (7.5 mol%) HO'

CH; TBAF, THF,25°C,60h
61% PMBO

Example 4°

MOM MOM

U#NIEPACT,  pe
TBAF (12 mol%)

3 = THF, 60 °C, 20 h
l ", 20%
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Hofmann HEHER W

{AmERE FAK o SR A0 L 2 B WOBR R h A T A A — DR IR F ARk .
IRFX Hofmann F&£# [T K

0 Br, H20
N ——— R-N=C=0
R”"NH,  NaOH

R‘—NHz + COzT

0 0
C)l\ C

_ o _
R (o g la _,R*\n* . 93
H RN R rRNEV
xe G

OH OH

R-N=C=0
— K —_— R"‘)\H/‘Q\H — R—-NH, + COZT
o

OH
FEmET Iﬁlﬁi

Example 1, NBS % &2
[0}

H
NBS, DBU, MeOH N._ 0.
NH, \ﬂ/ o
reflux, 25 min, 70% (o]
ON ON

Example 2, TFplEE % — . BE R L4’

ococn=3

0
)
O/K or:,ocF3 H’J%)LCF;;
CHsCN/H20, 4.5 h, 100% “"OH

@

— o |~ O

Example 3, {2 F15e A (Lig°

NH Br,, NaOMe

o MeOH, rt — reflux
75%
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Example 4, & E

OH NaoCl OH
HO o HO o)
HO
CONH;  ag. NaOH HO NH

50°C, 81%

Example 5, JF#41 %4 Br,/OH®

pn Ph
%N:N Br, aq. KOH N~N
Ne [\ /—CONH
N \N'N\e\ 2 0°C %l reflux N NH,
Me 80%
Example 6, [YZ 55"

0 Pb(OAC), 0
CONH, NHBoc
£-BUOH, Et;N
NO. NO

2 reflux, 75% 2
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Hofmann-Loeffler-Freytag Ui
FRFAE ) N- 5 AR Ak 7 3l Ao D0 S M g e DR B

cl 1.HY A /O
1 . R1

N AR RNZ

¢ H® @ ((9 o H
+
15 R1J\/\/

R1/\/\/N Rz R1/\/\/@ R2
RN

0z

H
'R,

AHMEERT

J/\"‘le N JH
. R1/\/\/ ~R2

=
R M, Re )
R’/\/\/@‘RZ

S e, 9 L)
mH (»F\TQH - Néyo OH— R7%y
Cll RZ R2

Example 12

1. NaOClI, 95%

2. TFA, hv, 87%
3. NaOH, MeOH, 76%

HO
E 4
xample 2
o] N/\Ph 84% H,S0, N/\Ph
JE )E “Br 65 °C, 30 min @
/N /N 25% /N
Example 3°

NCS, 5, EtsN
m #hv, (Hg ) C{\
NH N N._N
0°C,35h,Ny
O 100% U
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Example 4’

PhI{OAc),
or Pb(OAc),

1o, hv, 99%
N——P(O)(OEt)
AcO H

HN-——P(O)(OEt),

AcO : 5
¢ A
Example 5'
)OL )CFs 1.0 equiv CBry, hv j’\ )CF3
Me OFON 0.05 M PhCF, Me O N
A B 100W Flood Lameiz kT NG NS
Me MeMe rt, 7 min. Me
) o]
1.25 equiv Ag,CO3 /U\
CHoCla 11, 1 h Me O O
- ACOH, 15 min g
> 6% ik Me®
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Horner-Wadsworth-Emmons Ji i/

MEEFIBERRERR BRI BP0 Rk B M B, kR DT 34 oAl
BB Wittig RN 8, B HE BB trans- EL Y, cis- RIZ ,

o O NaH, then CO,Et 0
Eo-p I ~ .+ EOp
EtO OEt RCHO g Et0” “ONa

e
0 0 o o) 0O O
EtO-p EtO-! EtO~{
Et0” vEOEt EtO” F;?J)\oa — | EtO7 FlfLOE:
H
'\ \}\ eO R

H
SEERALEE Y R G ) SN #)
Q
e/\?goet Q okt —
) GDR == YO ~ R Cost
0,Et R COEt
R, A
o
] 0|/0Et 9,0Et CO,Et
Q P0Et ——= OxP~or —/ 7
H.g——(ﬂcoza HoP R COEL K
H R
H, BOENRY
Example 1°
/\N\
0/\/\/\ . g \i 0 o
CHO Et0” OEt z
NaH, THF, 95%
OMe OMe
Example 2*
E (o}
EtO- X CO,Et
/@’ CHO ko \/Lkoa 2
BnO KOH, THF, 85%  BnO
Example 3’

NaH, THF
92%
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Example 4, 4y F N Homer—Wadsworth-Emmons % Jo7°

MeO...
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Houben-Hoesch 2
By R BBk SHETE BRI T R e B R AL R N

OH
©\ HCI, AICI3
OH

NH=HCI

¢0H
ACl Mt LR AR
R—=N: —" OH
)
R—==N-AICl,
® o
OH oH
- ) K OH
HQO.—\ OH . NH, H@
R KEH'HCI (o]
H
Example 1, 4> T-WHouben—Hoesch KRz
O.

1. ZnCly, HCI(g), Et,0

2. Hy0, refiux, 89%

\(O OMe
CN ;
OMe

O OMe
Example 2°
F OH
P“’O\@‘:N . /@C"?Me SOCs, A
OMe MeO OH CH.Cly, tt, 2 h, 95%
Example 3*
N el A~ NH;
A NHZHCE  BCILeCHLCY, Znel, 1 &)
“e,—4— | = CI
\ % ag. HCI

o]

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_130,
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Example 4°
cl
o "
HCI (@), THF, il #
OMe . -
2% aq. HCI
I N\ reflux, 3 h, 43%
MeO H
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Hunsdiecker-Borodin JiZ
ERMRAR I o RAL B A 155 042

ie GL R-X + CO,T + AgX
R OAQ > g

XX o
- . B
R)J\g AgGB AgX * R)J\BG(
(e]
T .

(o}
o plg et T R

Example 1°

HgO, Bry, A
CI—<>—COZH c
CCly BE 7R , 35%—46%

Example 2°
COLH

|—<>—Br
Br
= NBS, n-BuyN*CF3CO5~ -
CICH,CH,CI, 96%
eO
Br

MeO

Example 3*
cl
CO.H N@

— [%] 2 BF,

QE "Select fluor"

M
HO KBr, CH,CN, 82%  HO

Example 4, — &% i3k 1R 4 Y Hunsdiecker—Borodin F Suzuki J ji7'°

™ COZH X _Br
/Q/\/ NBS, LIOAC
BnO CH.CN— 9:1 BnO
JON-H:0 OMe

OMe MW 1 min

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_131,
© Springer-Verlag Berlin Heidelberg 2009
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PhB(OH),, KoCO3
Pd(PPhs)q \
CHLCNIH,0 2:1 O
24k, 5 min BnQ
TH R I 64% OMe
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B & B Y B AL T — /il il #yHunsdiecker - Borodin & f7 8¢ Hunsdiecker 75 4 .
ST RMEME, (T RES, FUBEE: T F(Prince Egor) T H ABHIHY,
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Jacobsen-Katsuki &AL
Z- IBREMn (T ) -salen #E4L T BRI FRIFE AL B

R R

é?}m

AR, R

L BhRIBSEELTS (cis- RALLAD):

o/ \ost R ;
R Ry . Y s e X/

(0]
R R
\—/ " * Mn(v) " (ﬁo ~Q
i Mn(V)
Mn({V})

3. ZERIRIL PR R RS (cis- R (LAy):

R RO Riw o 2+2  Rin_q R Ri
N A V0 B N ok Mn(V)

M)k o

Example 1*

cat, 4- % Kk -N- S tay o
CO,Et COEL
— NaOCI, CH,Cly. 4 °C, 12 h

56%, 95%—97% ee o
H

—N  N=
M
cat. = By o | O t-Bu
Cl

tBu &Bu

1.1, Li, Name Reactions, 4th ed., DOL 10.1007/978-3-642-01053-8 _132,
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Example 2°

O oue L o

(@] cat., NaOCi 0

58% yield, 89% ee Y

Ph Ph

Example 2°

OH
cat. NaOCI <I> H :
8°/u {lte]

88% ee 0 ZNH!-Bu
Crixivan
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Japp-Klingemann B# & B B
B - FREE A E AL 7E R SRR 7E T A U & UL .

° KOH 0
AN o, CoR——— N /J\ e I
o Ar N~ "COs;R OH

R B-8iRE Bx

N H
1 H
f N o —p By
g{,ECOZR )J\OH aMNSoor AT N TCOR
Example 1*

CO,Et CO,Et

LN NaNO N <]
Me //S\\ ———2 | Me P Cl
00 #HCI, H0 00 <]
NH N

2 0°c N

o]
COzEt NMe,
Me NMe,
CO,Et p: \\/\©\
NaOAc (pH 3-4)

0—50 °C COzEt
72%

/Q/ 0.5 NKOH, THF, rt, 1 h a %\:ﬁ
N
HO,C @[
z OBn °
Ny*CI ™

62% yield

Example 2°

OBn

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 133,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3"
NR;R,
0 0 KOAc, H,0
é)LOE‘ * —4°CHnt
oN 60%—85%
I'lll
NR;R;
CO,H
H*, 100 °C NR4R;
HN —_—
/\/\)\H/OEt 70%-85% I > CORE
N
HO,C N
0
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Jones FALF

Collin-Sarett & A5 ( CrO,-MLKERL &4 ) . Corey PCC &AL (mthe - 54k
Rk ) . PDC AL (I - 5 4 i ) 1l Jones S A3 ( Cr0,-H,50,-Me,CO )
SR A E S HFE TR, XEEAREETE —ﬂﬁzﬁﬁjﬁ@
KCr( V1), iR ABRERCr(IV ),

A o, Geost (), e

@ 1] CrO4Cl Cr0

CrOyH,S0, < |>2 Crog SN ) o Pl
N

~
I )
H H
Jones Collins/Sarett PCC PDC

Jones AALIR pi
Jones EAL KN 1A BEAE E AL A HH D RIS BB R , RS S AL A AH R AR

OH CrO,4 o
R1)\R2 H,SO4, kil R R
CI'O3 + Hgo — HzCI'O4
®
Q O\\CCOHZ
Cr(vI) of%o o<"oH 9 cr(iiny
H. T )L +
O: H " R R 0° OH g
Mt )\ R, Ha\ 1 2 Eh(n
Ry R, 2 ‘B
sr-F LB A R A
O, JOH
029/[}) )(J)\ OH
- + /,Cr
R; /ka R R, O OH
Rz
Example 1°
H OH
O ~ S 1. Jones {5l
\f |}.]m 20 min 2(0\17
)/1\ 0 /g
e "96% 2 steps
~CO,t-Bu ‘COZH (-)-CP-263114

1.J. Li, Name Reactions, 4th ed., DO! 10.1007/978-3-642-01053-8_134,
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Example 27

Example 3"

CrO3, Hy80,
1A /Ho0

t, 74%

CI'O:;, H2304

fifH, 6 °C
1-2h, 86%
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Collin-Sarett &AL

5 Jones E ALK WA [A] , Collin-Sarett 544 2 N e {A BB S AL AR R B8 .

Example 1°

0. 0. HO
OH 8 eq CrO3+2P! "l
eq CrO3*
P (o) O> : 3. T N P 0 0>
o CH4Cly, 15 min, 86% o
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Example 2’
M
OMe QMe
. e
e 7 equiv CrO3+Py,
CH,Cl,, 30 min, 75% CHO
- OH Me0,C |
Me0,c’ Me 0L Me
Example 3°
Ry Rg R R R
Rs CrO3, Pyr. I [ O
ol b e LI
N R4 50-60 °C, 48 h &
PhO,S 50%65% PhOS O
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PCC SfLE

Example 1, —4%# PCC-Wittig R 5% °

t-Bu. Sli PCC, Celite, CHyClo, 1,30 1 Sli \/\j\
~
“PN"0H T g php=CHCO,CH, IR0
80%

95:5E:2
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Example 2°
0
EtO;C\ - H 15 £q PCC, CHzC'Q EtOZC\N.
)y rt, 3 h, 75%
Example 3*
PCC, pyr.
—_——— -
P CH,Clp, reflux
Ac 8h, 64%
Example 4°
HO 0
Q O
PCC, CH,Cl, .
75%, 93.7 er
c o'}
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PDC &5

Example 1°

; PDC, CH,Cl, Q
EN S,
0 24 h, 68% P

. CHO

OH S
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Example 2, {fi5% -5l s 340w

Example 3*

References

—

PDC, DMF

,24 h
75%

TBDMS
/\H\/L/OH PDC, DMF
: t, 24 h, 56%
OH OTBDMS o 0o

o~ ~-B(OH),

\/\/\COZH
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Julia-Kocieneski & 3EAL R i

18 IE 9 — 8 1 Julia i ZEAL SN , 45 2057 BEDURIBR 55 AR AR I Y E- I 28
BRI B F SN P RATER.

N
’,‘, >\ /\R1 1. KHMDS

R+ ” \>~OH + SOz

2. RyCHO
Ph Ph
O N(TMS 9
( (TMS), o R, «
R4 )H .)o)“g\ N’ o Ra
-N N-
VL L L /) S
. %S&‘ U S—s, Ny 50 M As g,
w2 ; ph Oz
\ Ph
Ph Ph
N-N
N N\ S0)_R, r,v’N\>\
- R OH
—_— ,\,hR\E(“e Ry X2 + N/\N t 80,
I Ph
0
Pam Rk A
N—N N N
o N 7\ n >——
o O W
Ph
PT BT PYR BTFP

o7 P 200 K BR B 4 K B ML X B F I DME AR B AR MR IR R A A T — A5
ﬁﬁ(iiiﬁu%ﬂiﬁi( PT ERSEINME ):

(o]
i S
Ry
~ R o
R. 1 -
H 2 oK

SOPT
Example 1,
NaHMDS, DMF oTl
WSOZBT . OHc\q\/OTtPs T, Z PS
-78 °C 9 rt, 90% E:Z (78:22)
Example 2°
OTBS
RSN Me

KHMDS, THF, -78 °C, 85%

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_135,
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Example 3’
/% KHMDS, %
)\/\J\/\ * %
CHO =N OH 25°C, 64%
oTIPS
oTIPS TIPSO
+
= AN 88:12 F &
Example 4°
MeQ OMe
—f-| _ o]
FG oMe 1) PA-t-Bu, THF, -78°C
?S? 2) CeHO OMe
I 74%, yield
e (¢] MeO MeO E/Z = 9812
3
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Julia-Lythgoe 535405 Wi
MIRFEERE A SR Z- S8 0%

1. n-Buli OAr
. 2.R'CHO Na(Hg)
R s RirR1 . RN
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T5,0, DTBMP, CH,Cl,
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8
R2 : X
Lawesson A, /!
R',R?=H, R, OR, NHR

=0

/
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'U-U)

S

ZP
(@]
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Lawesson J.jf

Iz

Example 14
H
. EpLe}
Lawesson %1 Y
(MeoN),C=8 jS]/\/
-~ %, 160 °C, 47% . S,
OMe
Example 2°

O:(iﬁ sﬁﬂ
Lawesson
MeO,C, N—=H Wl MeO,C N—2

p—4

A :
( quant. (
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Example 3, )\ /15 Zwmy b

R | | | O R Lawesson i il
N HI%, reflux

88%-99%

A
2z
w
Z
A
00
T
00T
Z0
o

X

]
SO,Ph SO,Ph R=Br

Example 41

Lawesson &
Me HK, reflux, 100%
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Leuckart-Wallach &2/

FRApEE T BAA Y THREAT - MM SRR R BRAE T R e FEE
%%fim?%fiﬂﬁo FARACEEAT, 312 Eschweiler-Clarke R JE & EAL R M (£
Re210m ),

R3 R! R3

} HCOH
=0+ HN _ 27 >—N + COT + HO
2 R4 R4

(]
H
R1 R R3
4 HO -H;0
R, f‘}‘é&’ — R1+N RS —= R%.Q,-_Ra —2. »Ne
-N: R2 R o a RZ R*
R® R*R
FEEE . ERETHRREE
R1 @/Ra @ R1 R3
HCOH R2Z<N-r* _co - H /
2 RH, 1\H 2 Rzé—N R‘ ) N \
3 RZ R
o)
Example 1
H HCO3H
N 2 (o}
)\ * E )\/r‘(\)
CHO o B0°C.57%
Example 2°
0 HCOH, H,0 N—
[ 190 °C, BIEE
N
+ N
OHe 16 h, 75%
Example 3’

N—
mo . Nl/ﬁ HCO,H, reflux E\>—|—}N_<\Ni/>
l A~ 7 h, 45% g

s HoN” N
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Example 4°

HNCHO

HCOH
0" NHCOCH; OHCHN  NHCOCH;

— /AR 2 Leuckart~Wallach & 7 5 £ Wagner-Meerwein TR RIEE (L R FL

HNCHO, HCOH

0
0" NHCOCH,3 150 °C CHsCOHN  NHCHO
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FEEAL I Mitsunobu R 244K 1516, Lossen BHER I A7) S B BR S AT 38 it
R ARG EE IR R A — BRI — B L N IR B

0
© Hs0
R1JLN'OTR2 OH _ Rri-n=c=0 - RI-NH, + CO.%
H
0
o
R1JLN'O R2 o o HoH
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OH SRR A

H .
— RVN S\H B R'-NH, + co,T
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Examplel6
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MsO <° BnOH, CH4CN, 85 °C, 78%
Example 2’

o] B 20

N CO,Et _c*
/@AC' EtO,C° 072 N*C EtOH, H,0 /©/NH2
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FﬁC*{<:3>~NH2 NHCONHAr
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ooﬁ% PhH, rt, 6 h, 54% CONHAr
ArNH,
u ANH, 11
0
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Ha
Example 4°
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McFadyen-Stevens JX ¥

R TR Ak FH AL FEL 43 H R D ERI S
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NOY 5] o Q
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McMurry 1B

BB I8 E TiCL-LiAIH, A9 HN Ti ( 0) — 28R4k 34T B Bs T LB IR 5L
LR .

R! 1.TiCls, LAH, Rl R’
0 ——— + TiO
R2 2. H,0 RZ R?

Ti(ll)Cls + LiAIHg — Ti(0)

. LAl TU T
SET =
YR i) '—T T_ . s
R2 R s o —R
R2 R2
B hE A E T EE
O V7 R Y i (V774

00 00 RU R T T
1 1 — i_® { —= L T TR
R——-R R-—-R ant

RZ R?Z RZ R2
i EENRE

Example 1, & X -McMurry {8k 7

MeO,S
MeO;S
Zn, T|C|4 reflux O Q
4.5h,75%, > 99%
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Zn. TiCl,, THF,110 °C )
SO-CHO S O / S
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87% 7<
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H H‘> \l H ———— é
R’NR R R

24 R = Me, "Me,N=CH, ;R Eschenmoser’s £h (£ W 206T1)
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R R
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- N/\HLRz
P
7 R

R1
Mannich &

Example 1, A%t %R Mannich & 7 2

o
35 mol% L-Na% s j\H/,N\@\

NH,
0 OHC B
)J\ * * \©\ 0, o,
NO, DMSO, rt, 50%, 94% ee
oL

Example 2, A %1 5% Mannich ¢ 5 F7.°

NO,

,oTs O -Ts\

| In(Oi-Pr);, Bk
20 NS Q
o J OH 5 A4y 0%, THF, rt, 80% OH
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Example 3, A% %% Mannich & 7 '
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R1)Jl * )\H N = H 10mol % Ry R4
Ry Yo A0S Na,COs, NaCl, ~15 °C Rs o
72%-98%, 99:1 er
Example 4!}
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n-PMP L% &, DMSO
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Ph_Ph
Ph Ph 0
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o 1t, 81%
0
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Martin G5 K

A AUEE IR K 25 B, TR K G e B, S84 T B/
Burgess ik,

OH Ph,S[OC(CF3),Phl,

)k + thS:O + HOC(CF3)2Ph

<]
( r(OtBu oy SO-CIOFa)2Ph
2
OC(CF3),Ph
PhaST HOC(CF3)Ph + ‘\% _—
(-_ OC(CF3),Ph B R /1\
H~QC(CF3),Ph
C N HCBC%C(CF)Ph
OC(CFPh  FF o S v
PhS ————— TOC(CF3}Ph + @ —

o}

D
PhaS. - {H s
2% 0 /GOC(CF:;)zPh p-iHkR /u\ + PhyS=0 + HOC(CF3)Ph
H E1cB

©Bn OH Martin§ft.4

WO, -
mo)\ &'”OPMB EtsN, CHClg, 50 °C
M O

85%

OBn

W0, =
O)‘\ )11 OPMB
!

Example 2°

OBn

|
. H .
Martin
B
&’ " e
" PhH, refux
fo) 6 OBn 85%
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Example 3’
O 02Me COzMe
1.5 eq. Martinfifé (b4
880" Me CH:Cltt 24h,84% TBSO' H Q oMe
Me MeO'
Example 4°
o oMOM i-PrO OMOM

N, Martin
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PhH, rt

83%
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Masamune-Roush 2

& F#£ Horner-Emmons [ I A % B R OB FOBE R ER . B’ B « -
BRI o - b BRI BEARTS
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AcO NN CHO + Eoppe L

)

N
DBU /\/\/\/\/C02E\

LiCl, CH4CN, 70%

(‘? o
(EtO),P-
OEt LiC!
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M £WHE o 0
( — (EtO)zF"l\/\OEt [ 228
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Example 1°
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Meerwein £

IRFR Meerwein I, B = A 4400 T IO AL SR = 2 L 403 7 U
{%‘g;ﬂj 7 4% % B H AP Hans Meerwein, X8 =S B EE T RIRGER

R F R,
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Hi?
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4 BFOEl, + 6 Me0 3 Me,Q'BF,” + 4 ELO

o — + BHfO _Me
+3 o< \(\o
ol 3

+ -
4 BF#OEt, + 2 ELO 3 ELO'BFa

— + gfo Bt
v 3 a <7 ( f\o )
Cl 3

Example 1, Meerweitid 7.8 — Rk % 4F 00 0- be LIk #l 5

Et. 0
i ‘ J\ Et,0-BF,, NaHPO, O\NJ\ 1O /Ej)ko’Et
/g‘)\“ CH;CN, 1, 6 h 8% o
cl cl
YERERRFE 1L A 3L AE RL I 4 B AR R
Example 2, 4:J&- F#t*

OH
1. PhLi, E;0, 0 °C OMe  ==—t.8u, +BuOMe -Bu
CO(COY — s Co(OC)= OO
2. Me;O-BF, Ph 45°C, 79%
Dotz K 57 OMe
Example 3, M- ekt F%?’%%’?‘]ﬁ?ﬁs
=\ MeyO-BF, GBF =\ -
Na N — 4. N N_CH3
¥ EBO, 94% HCN N~
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Meerwein-Ponndorf-Verley &5 2 i

£ 'PrOH % F ] Al Oi -Pr ) NS BRRFURARARN BB . 3305 NEFR Oppernaver
AL

0o Al(Oi-Pr), OH o)
—_— +
R‘JJ\RZ HOI-Pr R1J\R2 /LK

Al(O-Pr), l-PrO Ol-Pr
(' Kt R Oi-Pr
it 1 N —
Jol\ e szélp’f"*owr = /HI’\%\
R R2 H O R!
kit 2
paw o o MNOP w® £
)K R1J\R2 R TR?
Example 12
AI(OI-Pr)y
HOI-Pr, 90%
Example 2*
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R R 30%-80% ee
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Me, Me Me, Me
Mg Me 8 s
MeO, o MeO.,, H MeO,,, OH
” 4 equiv MesAl, i-PrOH
o 0 + 0
0°Ctort, 24 h
OTBDPS OTBDPS OTBOPS
84% 15%

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978- 3-642-01053 8 154,
© Springer-Verlag Berlin Heldelberg 2009



346

Example 4°
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Example 3
o OH

Vi (R)-Alpine-borane &

TBSO t, 74% yield, 93% ee TBSO
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Minisci JZ B

B TSRS YIIT AR EC—CBYHHARN, RNFEE—
SR H B T A5 E B A7 TR N k.

2 AgNO,
= =
R-COgH + @ (NHq)2S;05 @
N H,S0, N" R
~
\@I
N N
2 AgNO3;, (NH4)2S,05, HoSO,
R-COH gNO3, (NH,)2S5,0g, H2504 CO, + R* H \3 R
L AR A F: A H2S0, U
E 4
xample 1
S,05 + CHs0H CH,OH + H' + SO7 + SO,
CN
CN
2N © (NH,4),S,04
o) Bf¢  MeOH, H0 &
N —_—— '
g reflux, 1 h, 40% \N OH
CHj
Example 2°
/l 1.6 equiv m-CPBA /@ |  (CHa)0-BF,
S
< M, 1t, 1.5 1 N CH,Cly, t
N 75% i
<]
Meerweinit 7
z (NH4);8708
e MeOH, H,0 7
\ﬁ BF4 - ~ I OH
6 ~reflux,1h N
CHj M IE40%
= I 1.6 equiv m-CPBA “ ]
x> @
N P, 1, 1.5 N
78% é
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OH
(CH3)30-BF N © {NH4)2S205
i Caninh NG ] BFs  MeOH, H,0
@ =
CHoCly, rt N —_— |
90 min., 85% 6 reflux, 1 h, 41% >~
CHs N

Example 3, 43 P4 Minisci [Z

Et0,C | N o N - COEt
= O, AgNO3, (NH,),S;05 Yy
O CH,Cl,, H;0, AcOH, TFA A
[ rt, 4 h, 46% l
N NH
H

Example 4’
H
M
Me BzN._CO,H Me e
Z>N BzN Z "N
Z (NH,),S,05, AgNO. H b h
“ 'E e ’ BN Nt H N
TFA, H,0, 75 °C )
53% a 010 cl
c
Example 5'
N7
. B
OH Ny 10 equiv FeS047H,0 ~N
. [ /j Hz0,, Hy0, HyS0,4
N
HO, O,H CH,Cl,, 0 °C, 15 min. N N
; 10 equiv 24% A =
1 equiv q o | P ! P
N N
References

1.

“nh WD

0 %0~

11.

Minisci, F, Bernardi. R, Bertini, F, Galli, R, Perchinummo, M. Tetrahedron 1971, 27,
3575-3579.

Minisci, F. Synthesis 1973, 1-24. (Review).

Minisci, F. Acc. Chem. Res. 1983, 16, 27-32. (Review).

Katz, R. B.; Mistry, J.; Mitchell, M. B. Synth. Commun. 1989, 19, 317-325.

Biyouki, M. A. A.; Smith, R. A. J.; Bedford, J. J.; Leader, J. P. Synth. Commun. 1998,
28, 3817-3825.

Doll, M. K. H. J. Org. Chem. 1999, 64, 1372-1374.

Cowden, C. J. Org. Lett. 2003, 5, 4497-4499.

Kast, O.; Bracher, F. Synth. Commun. 2003, 33, 3843-3850.

Benaglia, M.; Puglisi, A.; Holczknecht, O.; Quici, S.; Pozzi, G. Tetrahedron 2005, 61,
12058-12064.

Palde, P. B.; McNaughton, B. R.; Ross, N. T.; Gareiss, P. C.; Mace, C. R.; Spitale, R.
C.; Miller, B. L. Synthesis 2007, 2287-2290.

Brebion, F.; Najera, F.; Delouvrié, B.; Lacéte, E.; Fensterbank, L.; Malacria, M. J.
Heterocycl. Chem. 2008, 45, 527-532.



363

Mislow-Evans BHER
[2,3]- 0 EHER B L IGTRREE,

JERETWE
o A Ars . P(OCHy); HO
x
ety SO PO S
2
RS2 RAoEk AL A3
A ST
2 £ AT R
1 :P(OCHg)s
SN2 @ 8 H® HO A~y
Mo Ao -P(OCHa) ~ 2. WR/\
Example 1°
Nal04
:i?‘;fNHZO
50%  1BsO

Example 2’
OMe
= X OMe
Meo—',>\c_> o W
2 MeO—1" 0
A _OTBS

~OTBS  (Eioy.P, EtOH

o
reflux, 16 h, 98%
H
5
Ph
Example 3, Seleno-Mislow-Evans & 5 ®
TBDPSO.

JOH

1. PhSeCN, BuzP, THF

2. Hy0,, pyr., THF, =30 °C
62%
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Mitsnobu JZ iV

RAZBARAMERE —RREE CREME B 28, DEAD ) M =Bk
(2 H PPh, ) fHEEAEHEAT S 2. BT R AR S 4%

H LCOE
7
! N H
R OR2 + HNue _E1O2C /\u R W
1° or 20 fi7 PPh, R "R Et0,C H
COEt, H
H--Nuc NN
Néﬁzcoza IR co,et ( Phafy~  E10,C
EtOZC’& NN . (
:PPhy PhePg EtO,C :QH
R{” "Ry
®
fHGlE  EO,c  H OyPPhy SN2 Nue
- . NN K, A T 0PN
H cog RAR ROR
Nuc
Example 12
CH,OAc PhCOH CH,0AC
o DIAD, PPh;, THF 0o
OAc H Py " OAc ,CPh
O -50°CHltt, 21, 80% QA 21 B
OAc OAc 7
Example 2°

DEAD, PPhg, Tol. ,‘k

4-0,NPhCO!
/\/(E)ii’/t ' ozNO-COZH 2/\11/0
v -30°C#H|0°C, 1h,90% =
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Example 3, Bk A 5% *

Example 47

o]

™s—=— _/—OH  PPhj, DIAD, PhCH;

HN

Example 5°

MeO

OMe

\“‘

Ph/

OBn

PBuj3, ADDP, THF,
0°CEirt, T8 100%

reflux, 60%

n-BuLi

CH; H PhyPCl

DEAD, PPh;

U ——

PhH, 92 %
R=CH(OMe),
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Miyaura 812E4L R
PA A A4 55 F 5 AU R i B A D5 SRR . 7P Hosomi-Miyaura

PEAL KR
. Pd(0) ,oi
Ar—X + ) Ar—B_
O
X =1, Br,Cl, OTf.
Al A L
Ar—X + LPd(0) ———— Pl
v
o 0 " et
BB, — 'e Tk
o O \ f\?
K
\ /L
2 o B0 B 0
B, 7{< Ar—E + LoPd(0)
o}
Example 1
0
/
OAc 0 ji B, :@ ph/\fK
P B0
CuCl, LiCl, KOAc, DMF, 92% 07i<
Example 2°

@iia

N™ OTF 30, (PhyP),PdCI,, 6% PhyP ¢bz O
Cbz 1.5eq. K;CO,, MR, 80 °C

85%
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o\ Io
CbzHN.__COBn B8,
: (o} 07\,

Pd(dppf)Cl,, KOAC
DMSO, 80°C, 24 h

X7
BnQO

85%
CszNYCOZBn
: :
U BnO
BnO
Pd(dppf)Cl,, K,CO3 2
DMSQ, 80°C,24 h b
85% BnOZC/\

Example 4, -—#4 % & IR

>?L o CbzHN._CO2Bn
B :

0

BnQO :

CbzHN_ _CO,Bn

)

O OBn

NHCbz

1. 1 mol% Pdz(dba)s, 4 mol% XPhos

3 equiv HB(pin), 3 equiv Et;N

AANER, 100 °C

MeO
l \>
N
MeO th
Br
MeO.

Iz /é

MeO
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Moffatt FHILX i
F DCC # DMSO X BT8R B . X 4 Pfitzener-Moffatt &AL o
OH DcC o]
R1J\R2 DMSO, HX R1J\R2
O “
N=C=N ”_@, @ N=C=N HN-CN
ie &s/ _—
O\S/ @‘\ MH
| <]
R1 R2
\
@ H e
0 /S\%H X CS\G Q
M O + 9 O ) piige + (CHaS
NN R’)\ 2 R‘);—
1,3- 23 &R
Example 12
QGH DCC, DMSO, CsHsNHCF3C07” CEO
OH PhH, rt, 70% (o)
Example 2°
A ) OH A o CHO
DCC, DMSO, Cl,CHCOH
O><O 1t, 90 min., 90% O><O
A=[3HF
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Morgan-Walls [ i/
N-BREEAPE R F POCL ZERS B I & AL SR BK T A& B IERE o

R
>—NH POCIy N

3O wave

T-P<Cl POCI,
é@f o, 2
059G — RO
: SO

R )

©POCI

HR NH HOPOCI, =N
O 00
Example 1°
S @ S
HN Wik, POCl, N
o]
6 SnCly, 98% O

CN

R

Pictet-Hubert R

Morgan-Walls [ J3 /2 Pictet-Hubert [ i 975 52 , J5 % FUFERE S B N- BEEEAT
B ZaCL IIAF 250 ~ 300°CR A FIFRBUK TS & RAY o

R

o7 N zncl, =N
1
D) e L
O ZnCly, 250-300°C O
O =N

O H/N\(\ 80%

S

Example 2*
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Mori-Ban W5|NE& R 5 7

3 1o U 2 A AR SRR HEA T ) 43F- P Heck R R & ARSI o

COZMe
@EB? Pd(OAc),, PhyP w COMe
N NaHCO;, DMF, 130 °C N
Ac Ac

HIPh,Pi% JE Pd(OAc), 4 Pd(0):

@Pd—OAc J\' < _GA\'
C

AcO  PhyP—Pd
- pph, D,

9
ej\, <
PAO) * aco OYPPh,

Mori—Ban "5{%E & 1% :

o 0

O=PPh; + )LO P

CO,Me CO,Me MeQ,C

@[B'ﬁ Pd(o) PdL" | H PdBrL,
N ’fx‘ftbnhlz (INJ

| |
Ac Ac

B-Hips b / ~COMe
=——= H-PdBr, * | PAH AR,
N -

COMe ﬁ_Hiﬁ'@; 7 COMe COMe
PdBr n | . P
" N
Ac Ac

Pd(0) Fy 7=k -
H—PdBrL, + NaHCO; — Pd(0) + NaBr + H,0 + CO,T
Example 1"

Pd(OAC), Me

@ f EtaN MeCN l

110 °C 87%

Iz
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Example 2*
N._.Cl
\:[ 10 mol% Pd(OAc); N
NG N/\/ C[ TN
BuyNBr, K,CO3, N/ N
DMF, 100 °C 7
| 67%
Example 3’
SO,NHMe
Br
\COCFa  Pd(OAc)z Bu,NCI
Br Cbz EtsNy DMF
N ik, DME, 76%
References

1. Mori—-Ban indole synthesis, (a) Mori, M.; Chiba, K.; Ban, Y. Tetrahedron Lett. 1977,
18, 1037—-1040; (b) Ban, Y., Wakamatsu, T.; Mori, M. Heterocycles 1977, 6,
1711-1715.

2. Reduction of Pd(QAc), to Pd(0), (a) Amatore, C.; Carre, E,; Jutand, A.; M’Barki, M.
A.; Meyer, G. Organometallics 1995, 14, 5605-5614; (b) Amatore, C.; Carre, E.;
M'Barki, M. A. Organometailics 1995, 14, 1818-1826; (c) Amatore, C.; Jutand, A.;
M’Barki, M. A. Organometallics 1992, 11, 3009-3013; (d) Amatore, C.; Azzabi, M.;
Jutand, A. J. Am. Chem. Soc. 1991, 113, 8375-8384,

3. Macor, J. E,; Ogilvie, R. J.; Wythes, M. J. Terrahedron Lett. 1996, 37, 4289-4293.

4. Li, J.J.J. Org. Chem. 1999, 64, 8425-8427.

5. Gelpke, A. E. S.; Veerman, J. J. N.; Goedheijt, M. S.; Kamer, P. C. J.; van Leuwen, P.
W. N. M.; Hiemstra, H. Tetrahedron 1999, 55, 66576670,

6. Sparks, S. M.; Shea, K. J. Tetrahedron Lett. 2000, 41, 6721—-6724.

7. Bosch, J.; Roca, T.; Armengol, M.; Fernandez-Forner, D. Tetrahedron 2001, 57,
1041-1048.

8. Ma,J.; Yin, W.; Zhou, H,; Liao, X.; Cook, J. M. J. Org. Chem. 2009, 74, 264-273.



Mukaiyama aldol T M
Lewis BRAE (b AR FIRE B4 B 8] 4T 9 aldol SN

R? Lewis Q
R—CHO + R1 - —_— )\/LL 2
\)\OS'IMea s R R

j\)‘"'u\ MesSIO O
R ‘QRz {( —_— X—SiMe;; + R R2

1
RvLQE)»SiMeg R! R

Example 1, 53 F N Mukaiyama aldol J< 7

CH(OMe); CH(OMe),
0 1. LDA, THF, -78 °C, 10 min. oTMS
EtO,C ] Et0,C
EtO,C 2.1.8 equiv TMSCI, -78°C, 4 h Eézc
92%
0
Me
: o
TICl4, CH2C|2 .
-78°CHrt, 15h
E10,C CO,Et Et0,C CO.Et
12% 40%

Example 2, Mukaiyama aldol /% ¥’

N
[o]

0
O . I P BF3*OEt,, DTBMP

OHC
L CH,Clp, —78 %I —50 °C, 73%
O N —oTBDMS Boc T2 *
N
A}
Bn

Example 3, % % {L. A Mukaiyama aldol JZ i 8

4

o><o 1.PRGOH.t OH 0" 9
%\/\OS,M% 2.TFA 60% °

NC
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Example 4, A% FR Mukaiyama aldol % 7 '

0O

cat. _ o)
OTMS Ts N‘B’

BUaSnW + — H
CHO

OMe

Bu sn/\/\( BusSn” " 0o
3 .
8% Nomys 5% HOT JE OMe

Example 5, Mukaiyama aldo] i i 2

Br. : 10 mol% Bi(OTf),
\©/\CH° CH,Cly, 40 °C
76% yield, 56%

Hfe
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Lewis BRAMCIIBERRBERERT o , B - AMEAUAZHAFTH Michael fINBLUR L.

0 R? Lewis

R/\)k ' R%OSiMe-_g T

RZ

o

R1
o}

R

Example 17
OSiMe;  1.0.1 mol% TBABB, THF, 3 h

)\i
-
\ +
\H\OMe 2.1 N HCI, THF, 0 °C, 0.5 h
87%

_\OW

Example 2°
o]
e} OSiMe3
P 1. DBU, 1, 24 h
+ QMe P
2.1 N HCl, THF, 68%
O’—
Example 38
OMe
OMe ~__OMe
oe A _OMe 10 mol% Sc((JOTf)a /\/
TBSO\/ , : CHCl, 78 °Ctort )(U.::ﬁ”
J d 10% HFICH,CNIR K Me0” 77 o
SNy 85%, 20 : 1 (syn/anti) 5M'l
Example 4
o OTBS 0.5 mol% Zn{OTf),
R, . )\[(cowe
| CH,Cl;, 0-25 °C
Ry Ry N, 78%-81%
oTBS 2
R, o 4NHCl R; 9
Ry CO.Me  THF Rz COMe
R3 R
N, N2

1.1, Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_171,

© Springer-Verlag Berlin Heidelberg 2009



378

References

1. (a) Mukaiyama, T.; Narasaka, K.; Banno, K. Chem. Lett. 1973, 1011-1014. (b)
Mukaiyama, T.; Narasaka, K.; Banno, K. J. Am. Chem. Soc. 1974, 96, 7503=7509. (c)
Mukaiyama, T. Angew. Chem., Int. Ed. 2004, 43, 5590-5614. (Review).

2. Gnaneshwar, R.; Wadgaonkar, P. P.; Sivaram, S. Tetrahedron Lett. 2003, 44,
6047-6049.

3.  Wang, X,; Adachi, S.; Twai, H.; Takatsuki, H.; Fujita, K.; Kubo, M.; Oku, A.; Harada,

T. J. Org. Chem. 2003, 68, 10046—10057.

Jaber, N.; Assie, M.; Fiaud, J.-C.; Collin, J. Tetrahedron 2004, 60, 3075-3083.

Shen, Z.-L.; Ji, S.-1.; Loh, T.-P. Tetrahedron Lett. 2005, 46, 507—508.

Wang, W.; Li, H.; Wang, J. Org. Lett. 2008, 7, 1637-1639.

Ishihara, K.; Fushimi, M. Org. Letr. 2006, 8, 1921-1924.

Jewett, J. C.; Rawal, V. H. Angew. Chem., Int. Ed. 2007, 46, 6502—6504.

Liu, Y.; Zhang, Y.; Jee, N.; Doyle, M. P. Org. Lett. 2008, 10, 1605-1608.

0. Takahashi, A.; Yanai, H.; Taguchi, T. Chem. Commun. 2008, 2385-2387.

oV Na LA



379

Mukaiyama i3]

H@E}lj\éukaiyamaﬁm, BP2- - 1- FF L nE SRRt — KB, FI TR AL sk BERE

LEN
=
)
3
RyCOzH * R,0H R1/U\O,Rz "o N
1 Rs
X=F,ClBr
Example 1'°
=
\@l
N Br
o
@\ * Ho/\© e [ ) o\/©
0" ~COM BusN, CH,Cl, o I
Z N @ = |
: DA
I\ {0 N SpAr Z e 0NN
Fu 1\ ,\__| Br lo]
LN e~ 0 O N \ %
H ’ ) HO-Bn
NBu3
) =
I\Ca/l /A ¥ /|—-—Ho\s|
—_— & OBn N
0" 0 OTONT ° o2 /’f _J %,
Bn BF, 0 H

F Mukaiyama 38575 & RRBEREA AP EE, 1

Example 2, B &4 1 # ) Mukaiyama i 51 °

Z 0" Q
Q_Q—/OH (Nj\c' o—@j a cl

Tf,0, CH,Cly, 16 h, it
1.25 mmol/g
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o]
NHB
NHBoc /H)ko/ Sl
NH NH
N WOt L

N -
Mukaiyamai# 7| H /O
H Et;N, CH,Cly, 1t 0
16 h, 88%

Example 3°

NHFmoc OW\S
e

CO,TMSE NHBoc

Mukaiyama i£ #|

DIPEA, CH,Cl,, 91%

Example 4, %1 A Mukaiyama I& 77"

1. #LA81Y Mukaiyama (A 71
1 equiv DMAP, 3 equiv Et;N
-DMF, rt. th

RCO,H + R'NH, or R20H RCONHR' or RCO,R?
2. H,0, 1t, 5 min., 87%-100%
=
\ﬁ| ci
SHARRY Mukaiyama i 31 o
TO
CioFas
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Myers-Saito SMER B

2 2L 40 T _E i) Bergman 38K SR FT Schmittel FR4L AT

Cé Aor
g .
~Z hv . Higt

Example 1°

Z pn PhH, reflux .O‘O
96 h, 40%
’] _#Ph °

PH Ph

l

H

Example 2, & & fy-Myers—Saito [T 7 ®

y

MeOH

Ph X 0°C, 14 h py X 10°C,12h ph
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Nazarov ML
AL T S SERRZ BRIk Sy A IR A T

% o}
SR oal
H. @ HO
-0
2 e a0 o C@i
O/kk - | s
OH [¢]

@D

Example 1
H O
(j/uj\ ZrCI4 CH,Cl,
SiMe; 60 °c 36h76% N H
COzMe COzMe
Example 2°
HCIO, (1072 M)
Ac;0 (1 M)
—_————
EtOAc, 9 h, 75%
E 9
xample 3
Ph
Me .~
MeQ,C._~ 5 moi% Cu(ClOy4),

OTIPS  DCE, 45°C, 8 h, 80%

OTIPS

OTIPS
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Example 4'°
OAc
| A\
(¥
s
MeO °
o]
OAc
10 moiSh Sc{OTf)3 —
LiCIO,, 80 °C MeO
A
CICH,CH,CI (0.3 M) o> N
65% d Ts
Example 5"
Me><°"' 1. hv(350 nm), CH3CN, rt
Me" o
2.i-PryNH, MeOH, 50 °C
60%, 2 steps
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Neber kR

%g?ﬁ%%ﬂﬁﬁ@ﬂﬁﬂwﬁgmo@%k%&mﬁ%%k%
@- il

_OTs NH;
1. KOEt
R? 2.H,0 o
LTlin o-F
N,OTs N@s
/w?k LS L
ets Rg e(u\R2
R1 R1
® NH
H OHy d 2
e 2 kiR N o JWRZ
N H
TsO  + % " AQF{ — R!
R’ R2 2 o)
AR
Example 1°
.OTs
o] N EtO OEt
@AM‘S 1. NHOH-HCI e 1. KOEt m
P P 2. HCI ~ NH
Example 2, LRI S (bR °
Ph Ph Ph  NH,
k/\ﬂ/ost Hoc! Woa 1. KOEBU v\n/OH
0,
NH-HC)  100% el 2. ;'19:} I
Example 3°
ITs
TSON . N
N | gy - KOH. Hz0, EtOH, 0°C, 3h
l OMe 2. 6NHCI,60°C, 10 h

3. K,COg, THF, H,0, 10 min.
96%
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Example 4°
R R; 1. H;NOH R
oY ey 2 (S
2. MsCl, Et3N; N 9 F
DBU, Bup N 41-89% N
70%-91%
References
1. Neber, P. W.; v. Friedolsheim, A. Ann. 1926, 449, 109-134.
2. O’Brien, C. Chem. Rev. 1964, 64, 81-89. (Review).
3. LaMattina, J. L.; Suleske, R. T. Synthesis 1980, 329-330.
4. Verstappen, M. M. H.; Ariaans, G. J. A.; Zwanenburg, B. J. Am. Chem. Soc. 1996,

118,8491-8492,
. Oldfield, M. F.; Botting, N. P. J. Labelled Cpd. Radiopharm. 1998, 16, 29-36.

6. Palacios, F.; Ochoa de Retana, A. M.; Gil, J. 1. Tetrahedron Lett. 2002, 41, 5363—
5366.

7. Ooi, T.; Takahashi, M.; Doda, K.; Maruoka, K. J. Am. Chem. Soc. 2002, 124, 7640~
7641.

8. Garg, N. K.; Caspi, D. D,; Stoltz, B. M. J. 4m. Chem. Soc. 2005, 127, 5970-5978.

9. Taber,D.F.; Tian, W. J. Am. Chem. Soc. 2006, 128, 1058-1059.

10. Richter, J. M. Neber rearrangement. In Name Reactions for Homologations-Part I; Li,
J.J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 464—473. (Review).



Nef [ ¥/
AR PR Se IR AL o HE R R L B

NC,  1.NaOH o]
— . Jj\ + 1/2N,0 + 12 H0
R"SR? 2 480, R' "R?

)
0.8(d o 6 HO.®_oH @q
N7 0 o\ﬁ,o H® H™ Ho N -H0
RVPRz 1/Lk ) — = R¢{R?
H R "R 1 2
Y :OH, RUOR
HO™ ALy R
@
A»)
Osy @ HowN o o
= J_+HNO ——= _J|__+ 12N,0 + 112H0
r"TR2 R R? R! 2 R!” TR?
6!
OH H
Example 1*
0 [o]
é/\( 1. NaOH, EtOH, 0 °C, 30 min. W
“ NO2 5 3MHCL0—20°C, 12 h, 68% © 0
Example 2’
no oz o ©
1.2 M NaOH, MeOH
A 2. k& HIKMNO, 2
H 45% H
Example 3°

S, t-Bu
oTBS d t-Bu/O/ S’O/

o
NO, 2.2 equiv PMes, THF, rt, 30 min.
oTBS o/\(lj HO it 5min.  C1B° 0/\5
FEP BRI 94% o
NH
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Example 4'°
RS HOAc,HCI R
CO,H \ \T/A\COZH
NO, reflux, 2 h COH
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[m B 3% B 5 B R . B K% ( Clark University ) FIZ N8 K22 H# R,
Nef 2RI AE EBETE ZEM Worcester TR RF RN . HRZIEH I ZLHD
o, MR, B S hah . MR RS ATHAA, ARFUBA SRR,
A B NE30
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Negishi 22 BB

Negishi 32 SUBBE 52 Ry 78 Ni 8k PAfL T A VIEHL S A& R 012
HER R ARRES (5 R REBE ) 2 R B RN o

R1-X 27n—y NiL, or PdL,, o2

+ R“Zn -—.ﬁﬁf‘l R™-R
RZ=34k, o5, W%, MR, Bn, GUARE. FRBRE
X=Cl,Br, |, OTf
Y =Cl, Br, |
L, = PPhj, dba, dppe

Pd(0) or Pd(ll) E:‘. (ML)

R'\_RZ
Pd(O)L R-X
TR \Q;mm
RZ-Pd(II)~——Ln Ln”‘l\“) 1
X
L2234
trans/cis M
ZnX, ¢ R%Znx
X—Zn \Pd(l
2’ \
R l\
2
Example 1°
A~ | A~ CHICOZE!
N N
"o BrZnCHCO.EL, Pd(PhP)s  po
o HMPA/(CH,0CH3); (1:1) %
o )—Ph 3.5h,40% 0,0 Fh
d>—Ph O>P"
e o
Example 2*
i B )(L/\/
I g Znl
B“O)J\;/\/ Zwcune | B0
NHTY NHTr
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Boc

N

/Z/\>\/B\HBOC o B, NHB
: N NHBoc
SN CO,t-Bu /U\/\/\\’-\>\/=\

BnO N CO,t-Bu

IEJHTr

PACI,(Ph4P),, DMA
40°C, 79%

Example 3°

Boc—NQ‘I

1. Zn, DMA, TMSCI, BrCH,CH,Br, 65 °C

> Boc—N/\__—>* Ar

2. ArX (X = Br, OTf), PdCly(dppf) (3 mol%)
Cul (6 mol%), DMA, 80 °C
41%-97%

Example 4°

1. t-BuLi, ZnCly, Et,0, -78 °C

: /\ﬁ)M\e
e Me PivO 2 e Me Me Me
[ OTBS —+ PO # OTBS

Pd(PPhs)s, THF, 0 °C
85%
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Nenitzescu W& & B B
SHARERAN B - BIPIBRRAAE & A 5L 5- BRIV,

H._ CO,R® CO,R?
o HO
ISR e s s
R 0 H§2 R! N
RZ
CO.R?
o 3 . H
TGACORT s HO
1 -f-‘l ’/\N
R O HN R! 0 "R?
2 <]
R H
H COZRS COzRa
HO HO.
— " — -
R! N 1 N
@
H
Example 1°
o
Q T
N/U\/\ 1. mﬁ ft, 48h
H 2. 20% TFA, CHyCla
86%
Example 2°
H.__CO,CHj3 CO,CH;
I HO 4
011 + HN CH3NO,, Tt N
——
0 H 95% \j
Example 3’

ey
Q ReNH | Resy

R)J\/R1 . R1

2 rt Ry HOAC, 1t
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hllle
R4 Me’N Ry
HO A\ HCHO, HNMe,  HO
| R, i AN R,
N .84, 50 °C N
Ry Re
Example 4'°
0
HO. OEt
o -~ OFt A\
NH O N
. [ ZnCly, CH,Cly H
NH O reflux, 80% N
0
X NoEt /
HO OFEt
0
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Newman-Kwart [ i/
W EYE AL BB N . %5 513 T 1 (¥ Smile M BAE R,

s S 0
OH SH
CI)LNMez O/U\NMez A S/U\NMez S,

Newman-Kwart 2 HE 2 37 Fl Schonberg T HE & b & 55 105 7T L #9357 FAE 4
AHARIE T a] & A= B9 43 PN Chapman B HE 5 R 5] /& — 1 & %, Schonberg HHE
RS R BB, RS 3 AR AR P T BN T4 1,3-1F
%%@ﬁg%ﬁﬁo Chapman EH R N AR YUMNTEE , RATER - THE

Schénberg Tk Chapman Tifl:
S [e] NAr
O/U\OAr A S/U\OAr 0 Ay

Example 1°
_NaH, DMF, 78% _ Pn,0,208°C O
50 h, 55% O §” "NMe,
oH \N 0 Me,
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Example 2°
A, A i
) 275°C
“OH C! NMe, "O)J\NMez 0.8 mmHg
OH -

OH NaH, DMF
O 85°C, 1 h, 45%

55%

Example 37

OH Me,N
CI” “NMe,

O O
1. KOH, MeOH, reflux, 2 h
B 2. Mel, KoCOy, 90% Br

MeoN TS
0

, o)
/O\Q 1. Bry, CH,Cly, 5 ¥ 20 °C, 90 min. ~ \Q\ R
2. g CHyCl, 20°C, 16 h, 37.4% ) BT 2189C. 7h, 65.7%
s
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Nicholas

NI _HRENRNEER PR REYFEE, #FELEeR
AL BRI AL T o

OR? 1. Coy(CO)g 1. NuH Nu
R‘%é-Ra RI—=—(R?
R* 2. H'orlewis 2.[0] R*
o
co
_co (CONCoCO(CO)s  +H®

CO),Co— _
(CO)Co j)O(CO)a €O (c0),Cq—Co(COY, - 1 2 —
2 R OR
°R R‘Mﬁv— OR? R* R

R‘—"_——QR3 R R3

RA
C0)3Co—Co(CO _ —
( )a1 ~Co( 023’ y St (CONCoCo(CO)x 1y (COKCOLO(CO)s
R y ?‘RZ R! @ R? Nu
R* R R4 R3 R4 R3

P B A R (R gk R A diasE)

o1 (CO)Co-Co(CO), Nu
0=C=0T + 1 l2§| . R‘———é: RS
Lt R R R

Example 1, Nicholas K B7 %5 & °

OH
: 1. HBF4-E,0, CH,Cl,, —60 °C
Z l 2.5 eq. X, CH,Cl,, -60 °C, 86%
\| cl o
Cr(CO); X = HN N—\—O
LCOzn-BU
Cl
cl
— .Y
N Pl ,—\ 2Hel
\| / \—002n-Bu — (@]
Gy o
Cr(CO), Zyrtec
Example 2, A Nicholas-Pauson—Khand Jifi 5 *
(COy.
Co : Q

7(\ 1. Coz(CO)g
2. EAICI, 82%

MG3SI
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Example 3, 4>FH Nicholas & iz

Cr(CO
N (CO)
X _OAc

BF3°OEt,, CH,Cly
- o,
/\

0°C,3.5h,49% Cr(CO);
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Nicholas IBX [BiE % bt

BAEY o , 8- AWML b B HABEE R PR ( IBX) 505
482 T | 49 Saegusa W 3 3LHL,

ll:i:
0
o] Rz o (s} R2

R1/U\/‘\Ra

iBX

RN R SET L, REFAR BBt 2 T HI R

0 R Hsafe  HO R Ho
) G- N S
R1 R3 R1 R3
o]
o £ ,‘Q)H 0 R?
(ol (,;\0 R2 R1/U\/\R3
R1%R3
Example 1
IBX
#;E
DMSO
65°C, 24 h
80%
Example 2’
o)
IBX

TBS

DMSO, Tol.
2 H  80°C,3h 52%
MeO; COMe

1.). Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_181,
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Example 3’

T H
O o IBX
MeO <

Tol., DMSO  MeO
70°C

o]

Me
b
'\
o]
MeO o}
[e}

S.
R1/

CH3CN, reflux
40%-90%

Example 5, 8 E 1 IBX (SIBX)'

OH

SIBX, THF
rt, 98%

MeO OMe
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BIEAHEEZ R (1T ) -BINAP Bl A YL #EAT ARSI RREALE IR B .

0 H
Rk Hy, (R)- or (S)}-BINAP R).\R1
Ra, Rs 2 RuorRA()] Ry "Ry
Ri™ Ry P

RPh2
(R)-BINAP-Ru = RuCl,L,
" PPhy
[RuCla(binap)(soiv)z] [RuHCI(binap)(soiv)s]

ALTES
OR!
0

binap)CHRY. H*
Al (binap) uoi
R
o 0
R/U\/U\OR1

0
O=
[RuHCl(binap)(soiv),] (binap)CIRU,

k\ j\)k

R1

[RuCl(binap)(solv),]"

llb

/L/\/I\/\ Ru[(S)-BINAP](CF3CQ5), )\/\)\/\
. X"0oH X oH

30 atm Hy, rt, 96% ee

Example

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_182,
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Example 2'°
@ELO RU[(R)-BINAPICI, oH
Br 100 atm Hy, rt, 92% ee Br
Example 3°
o} 5 bar H, O
o} o o0 3.2 mol% Ru(ll)-(+)-(R>-BINAP o H O
il A A A A, —m N ’ 0
W Sy e OMe  MeoH, 70 °C, 24 h, 90% H (TR Me
Example 4'°
100 atm H,
o o Ru[(S)-BINAPICI, OH O
e
CaHai OMe  EOH, rt, 75% CsHi OMe
98% ee
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IR RS, £ EAEEFEL (K.Barry Scharpless, 1941 ) B £
RALRIE L R R T e 200 4 55— IS TURILZ AL E . (b) Takaya, H;
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Nozaki-Hiyama-Kishi J ¥
Cr-Ni XU4&: B AEAV A2 28 B 2 o I X TR () AR SR S BE

0
Cr(l)Cl 2’U\ 3 OH
1 R
R=X protic solvent [ RLC"(”')C'X] RA\ZR:’
AHLCT(INiHA) R
Wik
_ o _ IRIAE 8 A
=44, W N, LR, NHEUE MU B
R2=R3 =374, sk, #%. H
X =Cl, Br, |, OTf
& #l= DMF, DMSO, THF
RILIEIR
OCr(I)Xy 2CHINCl
R1 RZRS N|(")C|2
2Cr(1)Cly
1
R? R*‘j Ni(0)
[ R-Crgmcty Rl-x
Cr{iil)Cly
Example 1°
THP
+ X "0TBDPS
ACO\)\iCHO
10 eq CrCly, cat. NiCl, THP
AcO
DMSO, 25 °C, 12 h, 80% OH\ OTBDPS
Example 2°

0
4eqCrCl
O/OTf . OHC\[\kO 0.008 eq NiCl, O/Kf‘\
O/O DMF, t, 15 h /O

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_183,
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Example 3, 5 F M Nozaki-Hiyama—Kishi & F7 ®

5 equiv CrCl,, NiCl;

7/ \

CHO THF, 84%
OTBDMS

Example 4, 4> ¥ M Nozaki-Hiyama—Kishi % F/ °

1. HCI, THF, 0.003 M dark

HO
2. CrCly, NiCly, DMSO ﬁ
0.0025 M, 50 °C

WA R I 37%
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Nysted X7

Nysted 537, BI3F IR — - W 2 ( - DOEUK IR ) =KL o] I TREBAY
RBALBLN

Example 1, Wittig i #1477 4 &g . ¢

TBDPSO,,, TBDPSO,,,
Ul
Zn(CHLZnBr),»THF
TiCly, THF
reflux, 64%
Example 28
1.5 equiv ~OTBS QOTBS
Zn(CHZZnBr)z-THF
Q T isequvTCl cH "
THF, reflux OH 42% 14%
Example 3°
2 equiv
Zn(CH,ZnBr),* THF Mz
2 equiv TiCl4 BnO /
THF, 0°C %l rt ‘OH
1h,74% TBDPSO
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Oppenauer FE LR W7

S~ EE B RMERNEILR N, & Meerwein-Poundorf-Vorley fz i )33
.DLQ

OH Al(O-Pr)3 )OL . OH
R{ "Ry o R{ Ry

A

0i-Pr o
Al(OiPr i
( R OH o ANOI-Pr), )]\
OH )\ * /‘\
R{” Ry A
Ri7 Ry
I Oi-Pr PO OiPr PSR o o

& Al i
s~ Al = ~ ——— +
AN ~Oi-P = 0
H%\oo’ sl 0|) transfer |a1)J\F{2 /‘\
RZ )‘ H R»
Ry

Example 1, Mg-Oppenauer & {t.’

OH 1. EtMgBr, i-Pry,0
/\)\/\/ /\)J\/\/

2. PhCHO, 60%

o
OH  (iPrORAIO,CCF,

@\ p-OzN-Ph-CHO
on  PhH.M24n,70% OH

Example 3, Mg-Oppenauer 4&,{t.*

Example 2°

RMgCHLICI
—20°C | RCHO
R PhCHO R
Yomgs T .)=0 +  PhCH,OMgCl
R 0°Ctort R
H 1 i
" R
Ph/‘J\\ Mg e P ~o—Mo—¢,
s e/ H™ =0
H (0] R
Al

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_185,
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Example 4'°
N,/
H_OH ? EtOAIEL Al N o) H_ OH
X e A EOARe R g 0 e g+ X
RORT - HC R ot 1h | o RTTRT HC CFy
2 equiv 2 R 'H H3C” "CFy
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1. Oppenauer, R. V. Rec. Trav. Chim. 1937, 56, 137-144. B 7% i# /K ( Rupert V.
Oppenauer, 1910- ) H:}i—t._:l:ﬁj(ﬂiﬂﬂﬂBurgstall, TETF R BB 0 3 RIS B
JEFFE A M R o S S FE RN & M 3122 AR BIF 9T 1 #E Hoffman-La Roche T
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265-373. (Review).
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Overman SHER
SRR SRR R PR YE M 22 = S Ml P R AL BT R =R L BRE,

CCig CCl,
H
/\i cat. NaH HNJ\ A N o
R R! d or Hg(Il) or Pd(ll
Cl;CCN e (i (n RJ\/\w
ZHB Rt
0013
S+, P sre
- - +
/\j\ 1 HzT /\/t /\i 1
R R ™
R R!

H
co ©
A [3.3]-0 & i e =N Y HN™ "0
HN 1
_— - y V\ 1
< o R R

ClyCCN, DBU

R

CH,Cl,, -78 °C

KoCO3, i %
reflux, Bzt 90%

Example 2°

TBDMSO TBDMSO

ClC o)
O KeCOy L,
NH -, _— ‘0

o reflux, 7% CIaCY H
)

1.J. Li, Name Reactions, 4th €d., DOl 10,1007/978-3-642-01053-8 186,
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Example 3’
(:)Bn
«OH  CF,eN, n-BuLi;
H1%,120 °C
30%
Example 4°
0O O H o O NHC(Q)CCl3
DBU, CCl,CN X
N “ (CH,);OTBDPS N (CH)s0TBDPS
/ Me F X, reflux ' Me F
"Bn 51% Bn
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Paal B3 AR B
I—ANBRET 2] 1,4- R B S5k A SR 11 & FRUR R

0 Q P,Ss, ME2% HiC_s

H3CUCH3 —_— | p—cH
reflux Y 3

U FRTE H FH Lawesson iR IDRHRME . SRILELAL A BB EL A R AL 2 af L
#5328 71 _I By Lawesson il .

o S
CH
H C)j\/\ﬂ/CH:; P,Ss Hack/Y P EaRw
? X=0ors X

o}

ZSH’\ HC s XH  _px  HCe_g

C —_— —_—
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NH,OAC \ 4
HOAc 1\
110 °C N O
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@ NH,OAc, CSA @
—_——
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MeOH, 50 °C NH

[e) %0 MeO o

MeO

Example 3°

93%

Example 4"
RNH,, AcOH, MeOH, 40 °C; or R
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0
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0
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n-BuLi
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0 THF, -78°c ~ MeO |
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Example 4°
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Me
CHzclz, 0°C-nt
—_— FmocNH CO2Bn

3-5d, 80%
Cb NH\/\I
z NHBoc
Example 47
N. oBn(Cl
HZNY NO, (Cl,)
NH o O_/{o
+ CN + N OH
J)kﬂ COMe Alloc
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HzN No2 OBN(Cl,)
CHoCly, 0 °C - 1t ’él
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¢ CO,Me
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Example 3, 4> Pauson—Khand JZ 7 °

V4
. Coz(CO)a DMSO
N THF, 65°C 94%
H N

Example 4, 4> ¥ Pauson—Khand FZ 7 '°

\J\‘ Cox(CO)s . H
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NO, 0 O Ny,
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=\

Qo ——
Ph>= AcONa, 46% Ph CO,H
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Petasis i i/

HETR. REMEN AR N R BREK, FRBLY2S
i Mannich- JZ Jii 3 Petasis #14t412 5 f Mannich [ i, £ WE337H L #Y

Mannich JZ ¥ .

o Ro~

Ry
N + H)H —_—
N R OH

R—B(OH), + Ra~

0
To
R—NH~ OH

R;

Example 17
P N

OH CeH EtOH, rt
C NG A H o f
: + 0 + PN M . CsH
H  84%,99% de Ph/\)\/ s

MeNHBn, EtOH, rt S

HOLCHO HO—
24 h, 72%, 99% de Q

HO
oM
© OMe

Example 3°

§
Ry "
OHC-CO,H, PhB(OH), 3
NZ | Ry

s 50-94%
BnS” "N” "R Bns” N” R,

Rz

Example 4, NX4F5 Petasis KRz '

RZ\N,Ra

H o)
15 mol% (S)-VAPOL
A RK\)\cozEt

R~ .~ + N. +
“TTBOER, T ORSTR, o Scogm
3AMS, -15°C, Tol.  70%-92% yield

R4 =5 ik R2=Bn,mﬁ%
Rs = $2 4t 89:11t0 98:2 er
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Petasis A7
55 Tebbe i 7 111, Petasis iX 7], BJ —F 3 — 334k [ ( CH, ) TiCp

SBEEAL S Y TR N o EALIEZENIER B B A 4 5 Tebbe W36 {5 By
HRKER, 5 BERGLRIGEEY, X MR N2 R — TR, 2
UGk B 2L T TE R o RS HLE, © Petasis 3 %1% L. Tebbe i

HE,
H H
Cp._C_MeLior ﬁ O ik \T.\\\\@H -CH,} Ccp
 — Tit i _—
Cr’ Cl MeMgCI % i, % \c\si: Cp
H

Example 1°
o} o}
OJ\N‘) “Ph  CppTiMe; OJ\N‘) "'Ph
MeOZC/’"'CHa THF,65°C  Me0,c—| 'CHa
CHO 8 h, 52% o
Example 2°
A\/ﬂ\/&
X
0" "0 pnMe,50°C, 67% o
Example 3°
CF3 CF;
o o]
CF3 0.75eq )koXph CF3

0.0

[oju‘o 2.4 eq MelLi
N 6 mol% Cp,TiCly

ey
@\ PhMe, 80 °C, 6.5 h @\
91% F
250kg- T
©)(474 mol) 227 kg
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o - FEELBR A B TR L S Y RO A 2 . DRFR Si-Wittig AV .

o] H HO SRy mas R H
M7 MPeCsiRg —— R
R R

R' R? R2 R?

R1

Bk 2
o) o’ (O—giR R H
1 2 o] SiR: /] 3 syn-
R RH s R‘”' ||;H3 — R1” .'H .
ol s R2; ;Ra R2 R iR rRZ RS
@ 3

M R3 EEsA T G

FRMEAR A

HO SiR3 HO R @ . R' R®
R1-) (--H ek H E2 anti

) 3
R"?—('S-H L. R MH —_— =
R¢ RS R iRy R "R\s HBE R W

2P 335

Example 1°
OH SiMe,Ph KHMDS, H
O/@; HSO4 THF 4 A OH 18-C-6 THF
HO” Y N0Bn  23°c,24h ZI)\O HOT e oBn
3°C, 2 H Bn —78°C.1h

B . B
OBn 95% 99%, > 20:1 dr OBn

6Bn

Example 2’
F 1. n-BuLl, Et,0, —78 °C A
PhOzS)\TBS 2. T¥M,63% Phozs)\gfh
Example 3°
(+BuO)PhySi” CN - KHMDS, THF, T787¢ “1 ™
2 ) SN
Weeo S
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Example 4'°

O  OMOM

1. LICH,TMS, THF 0 °C, 15 min.
O 2.KHMDS, 0°C#rt, 1.5 h

3. HCI, MeOH/Et,0, 5 min.
— 74%
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Pictet-Gams SHESHA B B

SR AT AR G B - $R - B - % 2 Bk 2 AT A 45 P,0, B POC,
BRI R i M L AL B

4

P05 I N3
reﬂux =N

R

P,0Os EFs ELLP,O T, GG,

SEVoa @QM G

K(oro:

O\
H\O:/ZP O OP02
0
/N
~N
R

Example 1*

POCI3, P4Oqq, T-%(%%

180°C, 6 h, 14%

H
Os NH
N N
©/‘\/ I I \/©

Example 2
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Pictet-Spengler VY= M & B I i
DU RS SR T AN Y B - R BRI S YR & R LB B,

R2
Rbm o R'O
- @ ——
R'O H NSOz R'0 \'(/B"H
R2 R2
R'0 @ R'O ® R'O
Rb”“ -— R‘OmH — R0 NH
H RZ H R2 RZ
Example 14
0 HO
MeO
: : 3E7kElOH Me
80%
o
0
Example 2’
(CHZ0),
aq. HCI, EtOH

75%
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Example 3, 5% BREIEEE Pictet—Spengler [z i °

OHC
] ~~"N0TBDPS l N | _N

CH,CIy/Et,0 (3 : 1) H
H Na,SO,, 23°C, 2h
OTBDPS
1 ]
I—BUzNj]/\{:l| H“\ N NAc
J
\ OTBDPS
AcCl, 2,6- - H1 ez, Et,O PRI 81%
_78°C#|-60°C, 23 h 94% g6

Example 4, &%/ Pictet-Spengler [ i 1°

O/

CHO
LS
BF3OEt,, CH,Cl,

Z 0°C % rt, 88%, 88% d
P 0 O‘< # o b ae
[¢]
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Pinacol (3FimiiZ ) HHE
B AL T 48 —B% ( Pinacol, SANAEE ) EHEN LS.

HO  OH

H 2
R—R — R)J\KR
R" RS JR3

R

B THRE( BRRRE) BE5EH, IR IR
B> E S P> FTESEE SRS FHE>H,

BACF HRT R RE I R/D—M R
p-MeOAr > p-MeAr > p-ClAr > p-BrAr > p-NO,Ar,

®
®
HO OH  H° Ho (OH, —H0
RI—R ——= R RZ — 2
R' R® R' R®
HO I o 0
R R2 hidl R? ® R2
R3 TH R“® == H +R R3
R1 4 R1 R3 R1
Example 1*
OMe
OMe MeO
MeO O
QH OTBOMS BFeOE, Moo CHO

OTBDMS ——— ———— H

OMe O
OTBDMS
OMe
Example 2°

o]

Ph OH 1. MsCl, EfsN, CH2C|2 Ph

0°C, 10 min.
Ny OH 2 EtAl CHLCl, -78°C =
N 10 min., 90% N,
80,Ph SOzPh
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Ph OH O O Ph -
PR\ _OH  caTsOH " N\ Ph .
' O.Q CcDCly O.Q Q O
3:1
Example 4°
OBn N—0 0Bn N=—0 R =4k, 92%
BF3OEty ~ R= m’g’;t ow bo8% ee
— R =Rk L. 94%
CH,Cl,, 0 °C L) Ik
o}
References
1. Fittig, R. Ann. 1860, 114, 54-63.
2. Magnus, P.; Diorazio, L.; Donohoe, T. I.; Giles, M.; Pye, P,; Tarrant, J.; Thom, S. Tet-

rahedron 1996, 52, 14147-14176.

Razavi, H.; Polt, R. J. Org. Chem. 2000, 65, 5693—5706.

Pettit, G. R.; Lippert I1I, J. W.; Herald, D. L. J. Org. Chem. 2000, 65, 7438-7444.

Shinohara, T.; Suzuki, K. Tetrahedron Lett, 2002, 43, 6937-6940,

Overman, L. E.; Pennington, L. D. J. Org. Chem. 2003, 68, 7143-7157. (Review).

Mladenova, G.; Singh, G.; Acton, A.; Chen, L.; Rinco, O.; Johnston, L. J.; Lee-Ruff,

E. J. Org. Chem. 2004, 69, 2017-2023.

Birsa, M. L.; Jones, P. G.; Hopf, H. Eur. J. Org. Chem. 2005, 3263-3270.

Suzuki, K.; Takikawa, H.; Hachisu, Y.; Bode, J. W. Angew. Chem., Int. Ed. 2007, 46,

3252-3254.

10. Goes, B. Pinacol rearrangement. In Name Reactions for Homologations-Part I, Li, J.
J., Corey, E. J., Eds., Wiley & Sons: Hoboken, NJ, 2009, pp 319-333. (Review).

N W

Al



438

Pinner [ ¥
FEFE AL R W Rk , I 2 P HE— 2 AL MBS BB
0
. W oA
HCl NHz CI~
R-CN + ROH C)] Hy CI7 | "
R” "OR! L . 2
NHs, EIOH R NH,+HCI
o R—nE
H R T A MR NHz CI™
ey A e
R—=N: R™-Q R” “OR'
H
B Ak
+ -
H; Ci i e o
1 K HN)OorH —
R) OR 2 1 R” “OR!
H,0: R™ "OR
H@
+ —_
Hy cl _
9‘\ 2 RN HC|'H2N 0R1 NH2
R Y OR’ —
R” TNH, R” “NHzHCI
HaN H
Example 12
Ph NH Ph NH,
)OJ\ Ph EtSH, HCl, CHCl,  Y—¢ pyr., HsS =
Ph N)\\ N 0 No O
N SN Tgeciomn.os% Y 4anocc, 42% I
Ph Ph
Example 27
(¢] 0 [¢]
EtSH, HCI, CH,Cl, pyr., HzS
Ph I?:I'/\\\N Ph)LN/\n/SEt Ph)LN/YSEt
0°C, 1 h, 85% H o fy  2h0°C, 40% Hod
Example 3°
O, o O,
MeOH, HC 2
(S\OPh is\oph NaHCO3, Et,0 J/:S\OPh
Et,0, 0°C - _
Ul 250% HCI*HNZ “OMe 5°C, 87-92% HN”~OMe
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NH %
O3 0O, 2 S.
N N | OPh
OPh OPh Ph” Me
) | * | HN” “NH,
H,N” ~OMe MeO” “NH, EtOH, rt
36h,78%  Me” “Ph
Example 4"
ci®
N
N HCI ® )
> etoy  HN s
5
Ne 95% OFEt
N N
N
NaHCO; s> NHCI HZNﬁS>
6 @)
OEt 65% CI1® " {n,
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Polonovski XX/

- N-FARER— I Z. BB R AL AL 58, BHE™= 4 N, N- — BB

R R!
R2 @y (CH3CO),0 /,lq . J(J)\
~T"06 - oo R R H
R pyr., CH.Cl, o
R' O
1
I SPICEN 9y
R /0 diidld R - HOAc g
2 AN_O o
RN~ e/ CH,CO;
R CH3CO,
BT
©® o o
R1
)J(BJ\ R2 ‘% R! 0o

TN hA R
FF1 R2 1 R1
RA_N_ ® i ()
~ R —_— N\R —_— N
\or\%9 o-ko? R \cr)( R
Example 1'

@/O (CH3CO)%0
No rmon N
100 °C o)\

Example 2°

0 O
\f/ \NJ\

N (CHyCO),0
© <30°C, 98% @
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Example 3, #£: 47 i # /) Polonovski R 37 °

Me
(o]
Cle FeSO4
r?/OH BT ‘*‘3%87%H0m
ATRE R Me
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Polonovski-Potier HHER i

H =8 Z BB R Z BREF 3E1T 8 Polonovski 2 W .  H F Polonovski [ i
AR AN, A< 7 B B FA K Polonovski 2 BT,

N/
@/_ oo (CFCOR0 -
pyr., CHoCly e
F.
AN~ E Ay °

F,C H0
/ ? ) H o] — H
of )
(=]
CF3CO; CF3CO;
WREF
«
N
-~
P ') @NIJ N
- —  CF4;C0; ™\ — &
Rt
o? >cF 07 CF,4
o0 W N
ik
Example 12
N N (CF3C0),0, CH,Cly, 0°C
H
N #., HCI, sk, 30%
HO
Example 2°
o
TLL I o (CF3C0)50, pyr.
e ~ 5 T4 _ -
e OH  CHyCly, 0°C, 65%
A

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_205,
© Springer-Vertag Berlin Heidelberg 2009



443

Example 3®

1.3 equiv m-CPBA

CH,Cl,, 0 °C, 94%

1. TFAA, CHoCly, t, 3 h

2.KCN, H,0, pH 4 OH
0 °C, 30 min.,

Frt,3h

Example 4'°

1. m-CPBA, DMF, 0 °C, 0.5 h, 80%

3
2. Ac,0, Et;N, DMF, 0°C, 1 h
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Pomeranz-Fritsch i}
FERERR T S BRE T R SRR T R R K R R S 1 % o

OEt

L G LN G &
+  HoN OEt
CHO 2 \)\OEt OVN @‘1

OFEt OFt
HoN
( - OFt i l)\OEt TR
H .N‘H
(9 ) OH,
@
H H (OEt
“DEt
‘\:OEt - HOEt !
OEt P N - P N
ZN
N
OEt o @ OFt
H H o =
, AN N
ZN ZN &
Example 1°
EtO_ OEt
MeO \S BF3-AcOH, (CF3C0),0 Meoj@@
MeoDVN 60%-82 % MeO 2N
Example 2*
MeQ OMe
TiCls, CH,Cly
N\/© -78°C, 69 %
0O Me
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Example 3°
OMe
MeO. MeO
) OMe 6N Hol, Et0 SAH )
I, EtOH, &A%
MeQ Nons . MeO NNs

reflux, 30 min., 68%

Example 4, Bobbitt & 1F ;'

EtO,_ OEt

\S

1.5 MHCI, 12 h, rt

2. NaBHy, TFA, CH,Cl)
R 38%
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Schlittler-Muller {&1F
Pomeranz-Fritsch [ H BN B4 A0 B L AR KL B b T LA RS # B RO RY o

OEt
Oft @ S
. |H\ost H
©\(NH2 OHC)\OEt @\'/N N

R R R
Example 1°

F OMe OMe

R—\ | + OMe R Z l OMe
X HN\TS X N\TS
H@ R _/ | X
X N‘Ts
Example 2*
OEt
1. Eto)\(o
/ < > \ __H .V N

HN NH2 2 % immsg, 30% = =
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Prevost trans- WAL
£ 55 592 T I # Woodward cis- 3234k R R

o 2 O2CPh hydrolysis o
> < AgO,CPh >—!)< >_!,§

,CPh

0,CHPh I
SRAREL S B b Elk BEzy
Co,cPh y
H Sn2 O:CPh 3. 9
Ph
Example 1°
e S ‘O
PhH, 1t, 2 hz Ph/U\O“‘
reflux, 10h, 46% OY F
Ph
Example 2°

~020-CgHa-p-OMe  pg0COPh, I,
—_—
\0‘\\ CCIA, 74%
OAc
ZC CGHA p- -OMe 1. KOH, H20 Aco'l.(I)j:\/
2. R K\
(l/\/ Ac20, pyr \0\
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Prins % i}

Prins [ SRR AEA T BE ZEXT 50 5 18 3o BB S AR AT 4 L A5 R
[l Hp 4 S

s /?L H(-B OH O/\O
X or SN
R H SH  H0 R)\/\OH R X"gy o )\)
OH
Q H® A @ H,0 OH
JL = H H — = R/\/\OH
H” 'H ) R OH
R
18 A ]
®
R OH
/H/\ L R/\/\OH
\:B
- % -w®_ 970
H” "H p"~~0H R)\/\O’H R
Example 1°
| r
OAc SnBry, CH,Cly O
0)\/\©\ 78 °C, 84% /@ ° /\©
TsO OBn TsO OBn
Example 2’

o ™o
/©/\ (CH,0)p, BI(OTH); /Q)\)
AcO CHiCN, 11,100, 77%  pc
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Example 3°
(:)Bn TBS
TMSEQ,C o = AN
cl
IN{OTf)3, TMSCI, CH,Cl, OBn OH
TMSEO,C ; o "
—78F]-40°C, 4 h, 42% 2 0 N o
) oo\
Example 4'°

AcOH, BFa'OEtz

0°C, GH,Cl;
X = OAc, 33%
X=F, 48%

Q
pPhO,S8 OCHs
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TREMEMEEETRBA AL EARMAR LA, H—NNIRRA
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Pschorr ML i7
1 A F43F N # Gomberg-Bachmann JZ i .,

COH COH
‘ — NaNO,, HCI O‘
L0 " )
COH
@ HesN O O —NOe
N, H 00) -HO NH, 2
HO™ <o e —_ .
H 9N°o \‘Nn N
% o0° 0" 0
COzH COH COH
e Q00 SMs
NH E)q o
< NT
Nso Qe (OH2
H
CO.H COLH

- H,0 Cu(0) cu(l) + + NzT
NS "W
S
CO.H COH
6-exo-trig O‘ cuy 0+ O‘
u
i F e ; O e O

Example 17

O, O~ O 0y OO0 0y 0.0
1. NaNOy, HCI-H,0-HOAc
sl nslselee
N
I H2 3 cuso,, HOAG, refiux S 6:1 5 O
\© 2h, 86% O '
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Example 2°
NaNQ,, HCI
5--20°C, 64%
Example 3'"°
0 o)
“ hv (350 nM)
L0 e | L O
0 o
4% 62%
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Pummerer HHER B

TR ZBRETFEALA o - BREIEBRBRI R 1Y o

2
SR —’Aczo RIS R
R .

OAc
0O
o}
A %5 ¢ o
j © Rt Lﬁé{ - AcO RS R
g w0 ad wdy
i’éfz S RZ
| -
5. R2 R G~ ej
R1 e\/ AcO
_ @ 1S~ R 2
HOAc SR R RVSYR
) _j OAc
AcO
Example 12
OH 1. M62C(OM8)2, H*
Bro. % 2. m-CPBA, CH,Cl,, —20°C O] OAc
SPh BnO _~ SPh
H 3. Ac,0, NaOAc, reflux, 6 h
81%
Example 27
MeO MeO
N N
CO,Et
MeOD/_\ y TMSOT!, DIPEA COLEt
™ prs 1 7
phSs NS N CH,Clp, —20 °C N
0 L P eew ar=21 N
Bn K/O
Example 3*
MeO.
e ]@\/\ i 9 -
MeO NJ\/SE‘ CSA,PhMe 1o
X~ COzMe reflux, 88%
Br:
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Example 4°
?n (o] (I? A0 Bln [e]
c20, pyr., DMAP
Bn/N\:)]\/s\ I Y S\
: CH,Cl,, t, 91% :
\Ph P OAc
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e
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Ramburg-Backlund ¥
o - BRI Z B 1 RN A U
X R1
NN _Bee  —/ 4+ o=s=of
do R
8 R
X H ') B
LA, = xiw
R }/S\\ R1 e
oo
R R?
R1
V 80, —/ + o=s=0T7
/A i R
o/\o
A Al
Example 14
H
Qfl KOt-Bu, THE d‘;>
" 82 Br _15°C#rt, 71%
Example 2°
Br KOt-Bu, THF/HO-Bu
q:SOZCHZBr 0°C#irt, 0.5h, 65% EI
Example 3°

OH
1.2.2 eq. KOt-By, 10 eq. HMPA o} O
DME, 70 °C, 5 min., 82%
2.6 N HCI/THF (1:10, viv), rt, 4 h, 85%
o]
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Example 4, 3t S L7

TMSW
Ozsi/\/\/\/\/\/
TMS!

1. +-BuOK, -BuOH
CCly, rt, 65%

2. TsOH, H,0, EtOH
t, 95%
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Reformatsky 2 i
M o - X ACERTER B ML SR A SE A AR Y

o OR?2 5 HO OR?
B n
S
2 Zn(o
Br/ﬁrOR no) 9?\ 4 ZnBr il
o At T K \R ORZ MW
o

BanOh/\n/OR2 H,0, Hg>l/\ﬂ/OR2

Rt 0 R' O
4
Example 1
OTBDMS OTBDMS
. ﬂ _Ph BrCH,CO,Me MeO,C \L”“/pn
N Zn, THF, reflux, 71% N
Boc Boc
Example 2°

o o}
K}é D
+ o~
MeO Br 60°C

0/
HO O~ HCI o)
) THF, rt, 10 h ‘
829
MeO MeO
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Example 3, & #ll4v i T #J Reformatsky X iz

0
o jo H OH
a BEt, tol. /N
+ - . “ 7
o Mé H

) 5 78 °C, quant.
—

O p=1BS

e R

Example 4, Sml,-{ #£AJ Reformatsky J% 57 °

TBDPS SiEt
3
n-BuvT\/CHO
Me
: 1. Sml,, THF, -78 °C
OSiEts 5 Martin eft4s, CHaCly Bu
Br 72%, 2 steps
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Regitz R & B
FEBE R E RS 2- BE -1,3- s 2- TR -3- EABM R
N
R OR'  TsNj, EtzN R OR' , Ts—NH,
m = \g)\g Ts—NH
(:NEt;;
H JE i RE
R OR!
134
N
—— @%4 SO, Tol
% N:
— . — OR' + HN-S ~< }—
fQﬁor YUY

R R4

RAE—MNREAER, FRRZ BT FEREE ST, ©°

o}
NaH, HCO4Et MsN
2 3 N
E120 Et,0

_@ [<IY
[ :NEty NSN-N—S-Me 0 It;l e SO,Me
o o} (o] N H
Q 2 a
2]
G
Q NEN 9 0 S N Q
o HN—S—Me NT N,
N-soMe —= o={ & + =
O H

WA — R AL, =merh At R o — R R R BB E R Ak e 1.3
100 B LR 1
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e of

N
O NZh- N*E Me 1,33 ik @\KN‘SOzMe
o H OH

Example 1°
o} H
\/\/u\/\[(\n/ot-Bu . \H’NO
o O © SO2N3
0 N
EtzN, CH;CN 2
s s WO:-&
0°C, 5 h, 45% o o
Example 2'°

OTIPS
/U\)L NOTPS  ChisouNg )K“)LN N

H
L ‘p CH4CN, 84% Ne LNf >
—
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Reimer-Tiemann it i
4R R B 2L T B AR AR TERLE 24 T B R RESR B o
OH OH
@ + CHCI3 + 3KOH — ©/CHO + 3KCI +2H0
a. FEERE:
,C- R , CChp, _-Cr#
Cl,C H\—GOH == H,0 C::I:ICI e :CCly
b R REMBE KR

9 H. OH
SoH 0) cl o% o
Y, < [ZoH cHO
—_— H - H — H—

Example |, {2 BT T Reimer-Tiemann &z’

OH O/CHCI2

hv (Hg 4T)
CHCl, 5 h, 48%
CN CN
Example 2°

OH OH

CHO
CHCl,, 6 eq. NaOH

2 eq. H,0, reflux
COH 4 h, 64% CO.H

NHBoc NHBoc
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Reissert 2
STk R sk R B S 0 KON BLN 45 HY sk i B A

) oL
H
fo) N/ N H 2304 O . X + NH
o — )\ CN PR P 3
cl KCN R R™ "H N~ CO,H

Reissert{L A4

R

©
B ~ CN m ® =
N/ CD —_— @ﬁ;\{ —_ N C: H N H -
{ \
\ )\R R/g(g\ 'QH

P2 R o

X N N Mo

" 2 AL W

N}(4 NH «— )hlo —_— /\-—O N
=0

RO \<® R & R K

H
X R o = H@
@ <] OrH
NS, — — A N
z g NH: NH>

% )

Ry
N
X
(=]
P
("NH, HOTR) N”coH
Hzo:

Example 1°

0
MeO cl @ NaCN, H;0, CH,Cl,
+
MeO N 45h, 95%
OMe
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MeO 30% H,s0, MO H
O —_—_—
reflux, 1 h, 95%  MeO
MeO

OMe

Example 2, M FEEMKTGHAY Reissert (L 447

AN
O FH Al AN 1o
#N  TMSCN, CH,=CHOCOCI N A
BT CH,Cl,, 40 °C, 72 b, 53% O
O 22 Pt Br 73% ee

Example 3, M FEEWKITI K 1Y Reissert {4 &4 '

1S S SR
@:3 ™ N O N O

TMS-CN, CH,Cl,
48 h, rt, 96% Reissert {L&4

References

1.

w

(a) Reissert, A. Ber. 1905, 38, 1603-1614. (b) Reissert, A. Ber. 1905, 38, 3415-3435.
HitZERF ( Carl Arnold Reissert ) 1860 4F A= FBE i Powayen, 1984 fEZEMIARELE
Ph.D 20 HFE SR B AT LB B R . 5868 ( Tiemann ) S1EILEE, 19024F
J& B Marburg B)— 5% ,

Popp, F. D. Adv. Heterocycl. Chem. 1979, 24, 187-214. (Review).

Schwartz, A. J. Org. Chem. 1982, 47,2213-2215.

Lorsbach, B. A.; Bagdanoff, J. T.; Miller, R. B.; Kurth, M. J. J. Org. Chem. 1998, 63,
2244-2250.

Perrin, S.; Monnier, K.; Laude, B.; Kubicki, M.; Blacque, O. Eur. J. Org. Chem. 1999,
297-303.

Takamura, M.; Funabashi, K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2001, 123,
6801-6808.

Shibasaki, M.; Kanai, M.; Funabashi, K. Chem. Commun. 2002, 1989-1999.

Sieck, O.; Schaller, S.; Grimme, S.; Liebscher, J. Synletr 2003, 337-340.

Kanai, M.; Kato, N.; Ichikawa, E.; Shibasaki, M. Synlett 2005, 1491-1508. (Review).
Gibson, H. W; Berg, M. A. G.; Clifton Dickson, J.; Lecavalier, P. R.; Wang, H.; Mer-
ola, J. S.J. Org. Chem. 2007, 72, 5759-5770.

. Fuchs, C.; Bender, C.; Ziemer, B.; Liebscher, J. J. Heterocycl. Chem. 2008, 45, 1651~

1658.



463

Reissert M|k A B 5 i

P RATE Y M IR ZEETERME L T 48 65 T SR A JR 5 | -2-
RIRATEE YT SRL

(<]
_I\ . (l:ozEt B | SN COzEt H@ a
R Coet — R | J — "= Rl ‘
0, NO, [H] N™ “CoMH
0l
CH EtO. <
subleacr i va i
OFt NG5 O2Et
o)
~ G g
CO,Et
NO; 2 NoS°2”
H
002H
COZH eN N

Example 1°
Oy COEt
MeO.
MeO. MeO. Ha, PdIC [
| . GOqEt  KOEt B 2 N
N no, COEt 3% Ne EtOH, 85% N COoE
2 NO,
Example 2°
CO,Et
E:( , COsEt_ KOE EtOH m 2= H, (30 psi), P10, QU\
—_— oK
No, COEt EL,0 NO; HOAC, 41-44% N™ "COaEt
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Example 3, Wi 552 255k e i 4 '

o e
4 7 HClL EtoH 7 Om_\_«o
~, ~,
0 0 reflux, 84% O
Ph Ph
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Ring-closing metathesis ( RCM, FHERE SR )

CY3P

CysP | _Fh FsG' N
a /fszLI:—/ & %I"/Fj\_/ Fac}\o* M°\Véph
Cl P03 Mes\N N,Mes FiC 0
\—/ FiC
Grubbs{g L7 Schrock f#{{. 7
XEAMERIZE T mAPLE A “LoM = CHR” Fm
FIEMREACTIA T A FAE LRI 3k .
( : + LM=CHR — GI + L M= + _r
E{L e

. L.McCHR
M 2+ 2wk Cit_,, ame @AL"
(: — T~ =CHR +

[2 + 2] 5 gk CEAL 29Tk, GI m

LIRS .

LM=

= d - =
(Liﬂg [2 + 2] BR fnk, i% BIERIL :T . (/\)_—y(vu_"

[2+ 2) Sk @Ln Gl Q’ N
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Example 13

j\ I 10 mol% (PCy3),CloRu=CHPh fj
0" "CyiHgs 0.3 eq. Ti(Oi-Pr), 0

07 ""Cy1Has

o]

CH,Cl,, 40°C, 93%
Example 2°

C¥l pp

e pah —
S ore=/ E

E
EE Mes\N)\N,Mes
\—/
=

45 °C, 60 min., 100%
E= COzEt

Example 3’

MesN. NMes

CI'.,Y

.

= Ru=
0 cat = CI/ ‘
O:\< >
o] \<

/" 1. cat. PhH (0.07 mM)
80 °C, K
OBn 2. 10% Pd/C, H,, EtOAC, rt
80%-85%
Example 4°
cl CW‘:_/F'h
5 OBz Mes~ " p-Mes o)
= )\/g 5.4 mol% / = +H
~ 0=\
Y = CHoCly, 1, 73% 0Bz
Cl Cya":_/Ph
SN CI'}RU =
Mes\N)\,‘rMes
5 mol% J O

HyCly, t, 93%, > 10:1 E:
CH;Cly, 1, 93%, > 10:1 E:Z oB2
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Example 5"

TBS 15 mol% Grubbs |i f&{£.5
0 TBS
. 1%, 110 °C, 78%
o O o
TES
Example 6"
1.1 mol% y&P%L.
“\ N
N\ N
St Lo
y 4
{ cl cl
N TBSO
B = PhH, i, 1 h
N
2. Hy, Pd/C, 81%, 96% ee
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Ritter L
TEHBEAESRM S 5T A B I R R
A
<] (o]
R'-OH + RZ-CN RlNJ\Rz
H
2
H2S0, ﬂ\ 1
%‘OH + HeC-CN —— N)K
H,0 H
® ® N= o
%»OH %»KOH}. Bl o %@ — N=—
B Ef
N N &
— 2 — L A N
AR{ELIR R«
HS04 ﬁ\ 0
>: + HsC-CN N/LK
H.0 H
Example 1°
Example 2*

_~_CHs
(\/IECHB t-BuOH, #&. H,S0, (NLO
N 70-75 °C, 75 min., 97%

N~ "CN
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Example 3°
NO,
Ptil E=25V
. CH4CN, LiCIO, 0
@ H,0, 56%, dr 8:2 O,N” ™ H/lk
O.N OH
Example 4°
@:ZO %4 H,S0, CHACN, rt, 30 min., @Q—QH
1 H,0, 100 °C, 2 h, 77% NH,
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Robinson ¥R i

- FRE B 3 2 K A Michael IR B JG B AT 0 T aldol & R
R4S AT o , B - AT,

o b= OO

0 o) . O
@ Wik Oe @12 Michael fil %/ R
e E( / S -

o}

B: e
B
HCB H/ o
aldol M o - H0
o - . 0 —
s R
R R

Example 1, [§ Robinson & %’

jg MVK, ACOH, BF 1+OEt, NaOMe
0,
-20°C, 87% o> o %% g

TMSO
1.5 equiv Et,Zn
2.5 equiv LDA, TMSCI 1.1 equiv CHal2
_—
THF, -78 °C TMSO' Et;0,0 °c

1. 2.5 equiv FeCly, 0 °C
2. NaOAc, reflux

T™MSO 45 Bk 40% &

0 O 3 equiv TIOH, P40y
o
(:ﬁ ' b CHClp, ik Q@

40°C,8h,57%

Example 2°
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Example 3, . Robinson- 2834 4R W3 = f7 °

o]

OH
COZR 10 equiv \)k

0.1 equiv FeCl3+6H,0
CH,Cl,, 60°C,2d

RO,C
OH

O
Q o conc. Ha8O, OR
0°C,1h
R02 02R
®rt16h  ROL
o) o]

Example 4'°
[o]
qo )\/U\ °
CN  DBU, tol., reflux, 20 h,16% NC
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Robinson-Gabriel & BB

%2-%32%%@@%%5%71(%& 2.5 “HI2AS5 ShH B AR

R
HN ’ _ ~HO «S\
R1/§O o R /k R3

R, Ry, Ry=k., FHE:, FFHE

H [Re R,
}\2/‘ R TN
Rg —> X ——
Ri 2 R0 OH RN Rs
Example 1°
(0]
‘Qj-gN \23\0 PhaP Ip, Et;N AQN:{\O/
=
5°/
co 0 A 5% CbzHN O
Example 2*
N 3
—/ \
1. Dess-Martini 7, CH,Cl,
2. PhyP, BrCCl,CCLBr
3. DBU, CHLCN
4. TBAF, THF
42%
Example 3, K #5807 °
n ¢ 2 equiv PPhy o
N\N% ! W/A
CCly, MeGN 5
o M reflux, 97% N-N
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@Yn 0 2 equiv PPhy 0
0 ”J\V CBry, MeCN o e

reflux, 68% N-N
Example 4'°
1. PPh3, CoBr,Cly, CH20l2

N O CHO 2,6- T kR N o

(o\ P OTBS NaHCOg, CHoClp, 0 °C (o\ \3\/0735

TBDPSO N 2.Et;N,MeCN,0°Ctort  TBDPS

W3 89%
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Robinson-Schopf 2 Ji
1,4- —EAFMAREL48& R NLG 4 R TR

\
COH
CHO N
E + _NH2 0O —» + 2COZT + 2H20
CHO
CO,H °
Heo
—NHz HNS~ HOLC.___COH
. o, R ~H,0
° N7 SN
CHO CHO (c'
CHO
o H
GOH Q
_ho HOL AN cOH
4 D
N
OH
R 17113
\ 0 \
N oH N
= codt * Ax

\
N

\

N \N
Hﬁ%_’mw& A

o OLQ‘ OH (o]

H

Example 1°

7\ Ph
MeO’Q\OMe =

Ph, —
H—"(\OH KCN, #7igM, H0, it 24480 \&o
NH, # EtOH, reflux, 96 h
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Example 2°

CHO

THF, rt
+ \/\NHz + o) - -

72h,51%

COH
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Rosenmund &R i

F1BaSO, 4t 38 & Pd AL 16 B M S AL FOA B R AL, # PAAEALTRI K
CRRhTE | B2 Bk AT B SR N BRI L

O H, o]

M

R™ €I pd-BaSO, R~ H

LLLLPA PO L, £ L4LPd Pas £ 4LL BRI,
- - Y- — gy —— HPdH
H-H
it Pd(0) Q H-Pd-H

- c

R™ "Cl sifehnk R pa® Rtk

o .
S 9
N\H Pd(0) +
RJQ’C' R R/u\ H
Example 1*
Hz/Pd or Pd/BaSO,
o 2,6- gL, THF j\
RTCl or HyPd-C/ Mshk -S, PhH RO H
74%-97%
Example 2°

NBoc, Me,N : < 2‘5062
H H
O\[]/\/\COZ"BU \n/\/\COzt -Bu

(o)

H,, 5% Pd/C NBoc,
26 “HUEMEE :

CO,tBu
THF, 2 h, 78% e

O

Example 3°

0 1. SOC, cat. DMF, reflux, 4 h

MMOH

2. Hy, 5% Pd/C, EtOAc, 53%
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Rubottom &L B
BRI o - BRL R

[}

Ar

0
oﬁH Prilezhaev

R3Si0 ~»OT
) e

RaSi
%0(‘05' ®

Example 12

OSiMes,
\N x CO.Me

K,CO,3, H
| OH 2C0;3, H,0
/3

2.5 eq m-CPBA
CICH,CH,CI

0°Ctort, 1h, 80%

Example 2°

TMSCI, Nal
EtsN, rt, 91%
o OTMS

Example 3*
™SO _/OTBS
N A m-CPBA TMSO.
TMSO'

0

OSiR, 9
1. m-CPBA OH
—_——
2. K,CO;3, H,0
Ar 1’- Rasi\
o)
0=3) 0 4o
Rsio L o
g ~H
Bkt
H @,-SiRs o}

é/OH

- _JOH
"ij\cozm

1. m-CPBA, NaHCOj, i, 0 °C . oH

o -~OTBS

TMSO'

i

SiO,
—_—

63%
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2. aq. K;CO3, 0°C, 20 h, 80%

o OB

HO :
T™MSO'
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Example 4°

1. LDA, TMSCI
2. m-CPBA, NaHCO,

3. Ko,CO3, MeOH
72%
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Rupe SHER ¥

o - IREER R BRI T EHAER o , B - AMEFMEB IR o .8 -
AR, 2 W58 353 7 _E A Meyer-Schuster EHER [

o
OH
H*, H,0
O=—
o+-|2 //J

HzO:
:0H o
[ Eaia A OS\(H T g L
[ ] H &.
H@
Example 1*
/>/ # H,S0, 0
AN
OH CHCly, HOAG, reflux, 1 h /\]/u\
Example 2°
o}
OH
z CH,
Me HCOZH, reflux Me
15min., 42%
o)
A-252C H* Biflg HaC

EtOAG, reflux ao
4n,78% Oe
™~
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Saegusa H LR W7
Pd AL AR AL IR BERE S o SRR B SURL , I5VFR Saegusa MR & LR AL o

Me3Si< [o)
? 0.5 Pd(OAC),
@ 0.53#8
Me #, 1,30, 91% Me
R ALE 55856471 1 Wacker & b & B2 AR,
A(:Oe \v
AcO—Pd(ll)OAc
esSie,, U MegSi{oy 0
@i\ ézpd(")_op\c Me)J\OSiMeg
Me Me
o] o 9
PA(I)—OAc  f-Hifik V} . @ pd
NP + Pd(0)+ HOAc
@H) dM w Me
Me e
PA(IT) S {4y H

o] OH
Pd(0) + 2HOAc + ¢ - . © + Pd(OAc),
o] OH

Larock #§ 45 P48k 4 g Pd( D& fb4y

_0 HOAc
Pd(0) + O —= Pd{j ———— HOOPOAc
P
_ 7 OSiMes  HoosiMe; *+ Pd(I)OAc),

Example 1°

Me;SiCl, EtN TMSO

CH30CH,CH,0CH3
t, 3 h, 74%
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Pd(OAc)z, 3 %R

CH3CN, rt, 60 °C, 53%

Example 2°
0 LDA, TBSCI o Pd(OAc),, O, 0,
é% HMPA-THF é% DMSO, 80 °C é%
o -78¥0°C,93% ores 48N 77% %
Example 3"
0 OTE o
Me: §  Pd(OAc), DMSO  Me
0°CHnt, 12 h, 81%
0 Me 0 Me
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Sakurai IR LR N

Lewis B8 1€ 3 B 45 P9 2 7 5 X0 B 536 4 0 b B9 00 A% S R, 7R F% Hosomi-
Sakurai [N . MEPIEEREE A BEEMBREALAY b EREFREKIE o, 8-F
AR R T — 80, R AT 4 ™)

(o]
0? TiCl ~
+ /\/SiMe;;
N
TiCl.
/TiCI4 @ o
. Oy TiCl  pichaet finik
6 ﬁlif". LO e ®
& . SiM
é LN /\/SIME:; ll\__eé

Ci

B-BRIE B T HEREBTERAE

TiCly

o 0
fil#ear 9 H,0
Me,Si—Cl + z
=g
N N
Example 1°
dj)\/ms EtAICl,, Tol. K
o = 0°C, 50% 04[& j

Example 2°
o o § OH
~CHO TiCly, CH,Cl 2
Br + o~ SMe; G, Br >
rt, 10 min., 67% 9:1dr
oTIPS OTIPS
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Example 3°

SiM63

., pMe
/ “OPMB
Hj OPMB  BF3OEt, Ba(OH),+8H,0
+ — e H—

- ~OH
OC(O)COMe ~T8C. 4N &gy O 2N 62%
OHC :Vo:; 0)CO,M
Co,Et H (Q)c0Me
H
Example 4"
HOH H O
5 _~-SiMe;
BnN NBn
/ BF3-OEt2, Cchlz
[o) "OH n, 64%
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Sandmeyer [}
I5 5 v] fh EERUER AN CuX RUNAFE,
an® v 2%, a—x
X=Cl, Br,CN

e.g.
CuCl

ArN-? C|e ——= NoT + Are + CuCl, —= Ar—Cl + CuCl

Example 1*
C ci Cl
@ L 1. FeCly ® _ DMSO,tt o
N S I
2 2. CuCl 2 | CuCla 97%
cl 81% ol 2 cl

Example 2’

CFs CFy CF,

1. HyS04 CuCN, NaCN

N~ NH, 2 NaNO; N”« Na,CO03, 50% CN

cl ca cl
Example 3°

OMe
NaNO,, CuB
oH 2 usr

HaN

Example 4°

1. HOAc, Hzo. H2304

reflux, 2 h
0
P 2. NaNO,, 0°C
N 3, CubN, 50 °C
H 50%-58%
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Schiemann J i}
WIS FEREB RIS EE LY , IR FR Balz-Schiemann [ K .

AI'_NH2 + HNOz + HBF4 —

@ <) A
ANy BF, — Ar—F + NT+ BF3

/N\
HO™ "0 _N. N
0% 770" S0

HBF4 @ N
Ho Nsg ———- H,05 ) = H0 + NZO®

JNCUN H® -~ @
+ (e 7 ¢ o) H Y
Ar,. 2 0} —w N OH o , N OH
I'\N'Hz AN ) Ar7 N AN \j
@ @ A ® ]
—— = N;T + Ar + F—BF3—» Ar—F + BF;

—= H0+ Ar—NEN <= AN, BF,”

Example 1*

~-10—0°C, 25%

e NaNO,, HBF, HoO |
N7 N\ anNUaz, 4, M2/ N7 | N\>

O LY PN
FONTTN FOoNT
R R

R = 2,3-5-7-0-Z_ ik &~ B-Dk K 4% b

Example 2, Y& Schiemann & fz ®
F

F. NHBoc 1. HBF, N
2. NaNO, ={ . HN/—"(N

- e HNN

HN N - N~ ~z

36% 8%
Example 3, /& Schiemann & % *
“N-* hv
H,N COLEt NOBF BF4 N2 _ CO,Et [ _ CO,Et

- HN_ N [bmim][BF ] HN, N

e 0°C, 24 h, 56%

HN N [bmim][BF 4]
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Example 4'°
*BE - F
NH, NaNO, N2'BFy 160-200 °C
(Secope o~ TS -
g~ ~COMe  HBF, g~ ~COMe HE.67% g~ ~CO;Me
93%
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Schmidt SHER i

Schmidt B HE R N2 B R 0 B ZURR X R EAL 2 Y SUBE AR IR S5 R A
%ﬁﬁrﬁo R R R EHE, BF i — 4 T A U L B L R R

g™ X
1 N, T
1 2 R + 2
R "R2 H R ﬂ
NS
Neo N
e (2
Q W BTN, HONs Nog H® o Ng
Rvu\Rz J 1X , = HON —— HOON
R'"" "R? R'"" "R R1XR2 R1%R2
- 3N
R1
—Hzo R! ® R ;
SR SN o TERNES T o+ ®
RZ U'\‘h‘l N Nz (_
H 0
SN T rhia (£ WL Ritter s (A &)
o M mmmaw i
— 4%+ )= 29, -R
R2 H

Example 1, — /42 52

0]

H
NaN. N.__COzEt
« COE! 3 Y 3
— MeSO;H O |
21%

o H O

@é NaN3, H2304 @i\‘j
—
CHCl3, 92%

Example 2°
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Example 3, 5> - Schmidt EHE®

%j:% TFOH, CH,Cl, oH
); “occ, 9% N

Example 4, 5> N Schmidt E#k?

N3

Example 5, 5 7-ifl Schmidt E#k°

0 H
N O HO,C._N._.O
HOZC\ELJNH 2 \[ f
N N )
NaNj, CHC|3 +
# HaS0,
84% 0%
o
OMe OMe OMe
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Schmidt =SB REEHL 5
Lewis MR FER) = SUBETE R FIBEES B B 1 AL 2 B2

—_—_— -

HNy_CCl3
0, O _-OH Ar
cat. NaH ‘o, OO HO—Ar v, O
Ac " "OA¢ , "
6CH3 CI3CCN ACCL:IOAC BF;3+0Et, Ac - ‘OAc
OCH,4 OCH,
ZHE TR

H\
O-Ar l‘\r
j\ ,, O (o o
+ —_—
ClsC” ~NH O,(J ® "
3 2% e - o Ac i QAc
CH30 3
Example 1°
HNYCCIS l COzMe
u, 0. _C

(IJ/ . 1 C02Me BF3’°Et2,4A'ﬁ’%ﬁ ‘o, fo) fo) OMe
_ OMe
A" Y "OAc  HO Ome  CHiCln -50°C,95% {EI oA

OCH;3 OMe

OCH;,
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Example 27
B H
nO o OH
o |
BnO
O NH BFy-OEt,
CCly CHyCl/c %t
—20°C, 68%
Example 3°
AcO  OAc © PFe
0 HO_~ o~ 2
AcO u
2
AcO O _NH
0.2 equiv TMSOTf, CH,Cly, —15 °C, 5 min.
CCly
[ t-Bu
AcO  OAc PFe /©/
0, . @®
“, p PV
AcO . © pr, tBu a0 o ﬁz
AcO fe) ® -0 [¢}
\/\/\/\N + AcO
0,
0% Hp AcO 30%
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Shapiro [ i

Shapiro Z i} J& Bamford-Stevens X b B 25 5, Fij#& H RLi #1 RMgX M54,
26 AP BURIR =9 (31 179 ); J5# P Na, NaOMe . LiH . NaH #INaNH,
SR, (B4 D ZBARE Y (BA2EY) .

R! H R!
RZ\H\\N,N\TS 2 nBuli RZ\%\E
3 EE ® 3

R R
o
Bu R' &

R3
R (— R1 ® R1
RN N RFe E Rz\%\e
Ra R3 R3
Example 1°
&NNHTS MeLi, Et,0 @ . (%‘
98% 2%
Example 2°
NNHTs )
S Meli, Et,O-PhH SN
75%-80%
Example 3’

2. n-BuLi, THF, 78 °C El rt
3. kabE

69%
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Example 4°
NHTris 1 /MBubi
H _N 2. MgBr,*OEt,
3. 0
Me
Me 0'
0 Ph 5% yleld
Me B i eyt
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Sharpless AR FRERZALE B

Os{E# R AE X cis- ML R AL, 1 B EFEM: R Bk, BRIk
78 ( X-NCINa ) 245 .

R\S/zo o Q 9
O" “NCINa /LL BnO)LNClNa TMS\/\/I?\ )LNBrLi
EtO” "NCINa NCINa
R =p-Tol, Me
1 FHE \
__R K2080,(0H), R
CiNaN-X HO NHX
t-BuOH, H,O
HALTER
)
0s0, * CIN-X

. l
N 0

HO  NHX O5Ps=N—x L
o
H,0 o
]
0z0s=N—
R O’E‘ N-X
By
0z0s~N _R
N x /S
X R

Example 1

o 5 mol% (DHQD),PHAL

0
' 4 mol% Kz080,(OH), DN o
BnO” “NCINa BnO
n-PrOH/HLO (1:1), 83% ee
51%

1J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_232,
© Springer-Verlag Berlin Heidelberg 2009
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Example 22

BnOCONH,
NaOH, t-BuGCl

H

/@/\/CozEt (DHQD),AQN CO,Et
K2080,(OH), m-mbz
BnO n-PrOH/H,0 (1:1) BnO
1t, 12 h, 45%, 87% ee

o)

Example 3°
E R
R NaOH, &3 PR K5
K;050,5(0H),
(DHQD),PHAL Mo . Me
P 1,3-:% ‘5,5‘ HO NH
ZRECNRER HN  OH
Me n-PrOH/HZ0 )—OEt Eto“ﬁo
o]
F
1. Cs,C0,, MeOH
2. H,S0, HNj(O
o]
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Fl Os EALTITE S XOI AT E T X BRI IS RRAEAT cis- DOBALSLRE o

OH

HO
(DHQD)-PHAL N,
Kz050,(OH)4 Re"R p MM

K,CO3, KaFe(CNJg Resg Pmy
(DHQ),-PHAL

AD-mix-o0 HO OH
N_
2\
— s 5
HRRI[3 + 2] FRANECHLER :
o) | oD
o\\déo -t %;,6% _l_. %ZO”SQ
O// o L 0] II_ 0
£[3+2) Q Py HO
=0s
Ik 3 o HO
Example 12
KzOSOz(oH)4
(DHQD),PHAL £10,C
2
K2C03, MeSOQNHz
t-BuOH/HZ0 (1:1)
n, 12 h, 80% de
Example 2*

1. AD-mix-B, MeSO,NH,
/@/\/COzEt BuOH/HZ0 (1:1), 1, 12 h COEt
Nos
BnO 2. NosCl, EtaN, CH,Clp BnO

0 °C, 54%, 92% ee

1J. Li, Name Reactions, 4th ed., DO 10.1007/978-3-642-01053-8_233,
© Springer-Verlag Berlin Heidelberg 2009
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EILTEIR (S AR AR (R IR BRIt T 1R ) -

R.R
[o)
Q
0~,O\s
o0
R & L H,0
FE_A AL
&y ee
R R.__OH
't X
R R” "OH
low ee
RR L R 7
0 R'u(l\o
09\/ 3 ; 0—6§L
I ’I\O
O NMM NMO
H,0
R
/R |
R\[O #ifty ee L R
R OH
high ee
0,0
o

. Example 3°

OMe

Me X COzEt AD-mix-ot
-
o t-BuOH/H,0 (1:1)
93%, 97% ee

-0
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Example 4'°
KzOSOz(OH)4 H
(DHQD),PHAL
=
NMO OH 70% ee
HiI/H,0 0
89%
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Sharpless A FRIFEALR B

FIBuOK ., Ti(O*Pr), FI .3 £1 70 4 R — I X Wtk B s %o AR N B AT
R EALI B

1

Rj]i Bu-O-OH, TI(OIPr), ‘Zﬁ
Ry NOH st zm Ry O

2

R‘ji £Bu-O-OH, Ti(OK-Pr), ‘g;i‘/
Rg OH D) ilFMZE R OoH

2

RILTE30 -
/Oi-Pr
LaTi,
Oi-Pr
o “\/OH t-Bu-O-OH f
()\/OH a
LoTi,
¢
O\t-Bu
/Y o)
LoTi, Q-
o t+-Bu
t-éu
AN
Pt ]
L“Ti-\ -,Q
(o]
Q/ IN t—‘Bu
LTi=O

\

T
t-Bu

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_234,
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A NERE LRI AR I -

Ei0

O Co,Et
OEt

o]

o} o )
//," .‘\\ ,/'1! [\ OiPr
(RN

Ti
ipro” | \O/ | ~

i-Pro

|
EtO,C oi-Pr

Example 1°

Ti(Oi-Pr)s, 4 A%y F%, (+)-DET Me/\/\/d/\ OH

AR K
Me X OH > 4. 88% yield, 92.3 % ee
+BuOoH, ,CH2C'2 BEE 5 73% yield, > 98% ee

Example 2°
| (=)-DIPT, Ti(O#Pr), °
k/OH R/OH
TBHP, 3AMS
50%—60%, 88%-92% ee
Example 3"

o 0
NN L-(+)-DIPT, Ti(Oi-Pr)y ©/Q““\OH
TBHP, EtOAG RR)
89%, 98% ee (S, S)-reboxetine
Example 4
BnO
o)
Bn o D-(=)-DIPT, Ti(Oi-Pr), 0
BnO > BnO
Bn0>"gno TBHP, 4 A 5y -3 BnO— Bno o
A OH

70%, > 95% ee
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Sharpless $&¥% &R RL

SR8 ZE AR B i 7 PBu, H % 5% e JL B R B A5 A SRS AR Ak W R 4
syn- BACTHRR R LR A BB -

NO,
SeCN
R~ [ O]
R\/\OH Se R ~#
BugP, THF, rt NO,
BusP:

NO, sz NO2
©/Se CN N GCN . @/%55[13 —_—

NO,

WP
R o,PBua —— 0=PBuj + R\/\Se
NO,

NO
[0] R @Q syn-?i'{l%’x‘a : SE\OH
—_— jfts‘e Rz +

H O NO,
N

1. BugP, 0-O,NPhSeCN, THF, rt
2. CSA, PhH, rtt0 70 °C

3. m-CPBA, 2,4,6-=F 57
CH,Cly, 0°C, 42%

1. BuaP, 0-O;,NPhSeCN  pe
THF, 1t, 6 h, 97% oﬁ/ g

2. m-CPBA, EtgN,
CHyClp, -78 °C
86%

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_235,
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Example 3°

NO,
SeCN

n-BugP, THF, rt, 78%

2. aq. Hy0,, THF, pyr.
~40 °C Frt, 90%

Example 4'°

NO,
SeCN

n-BugP, THF, rt

2. aq. Hy0,, THF, 40 °C
P A3 90%
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Simmons-Smith J i}
MR CHL-Zn(Cu) #HTHEREALRIL.

SAL

CHyly + Zn(Cu) — ICH,ZnI

Zn
I—CHy~1 ICH,Znl
R Simmons—SmithiX 7|
2 ICHyZnl (ICH2)2Zn +  Znl,
Ing-2n I -2Znl

Hy X . >A< + Znl
>=

Example 1

fo) o}
Zn/Cu [BZn 1 Cu{SO, ), k]
CHalp, Et;0, reflux, 36 h, 90%

Example 2, — A3 BRAR’

O G CONEt,

oH
oy (1ea)

‘ g CONEt,

MeO 6eqZn/Cu,3eqCHylr  MeO

CH,Cl,, 0°C, 15 h
78%, 94% ee

OH

Example 3, # A2 A £ 2 F R BSR4 B it B4 Simmons —Smith3R R
Fedt SR ®

|
Nan \—Z/— Nan
Et,Zn, CHalp, TFA '\NAPh ©>
CH,Cly, 1, 1h 7 B
929, > 98% de Ph

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_236,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4'°

(o] HO H
1. PhMe,SiH, RhCI(PPhgy)s, 60 °C ] H H
2. EIZZn. CH2|2, 0°C .

(O Q = o =

3 3. TsOH, MeOH 3 3
0 Lk nesn A0 A0
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Skraup kA B
R B BB A EL (40 PhNO, ) R4S BME ki & B o

@\ . HO Y Ton _M2SO @
NH, OH PhNO, N

H

@ .
HO/Y\OH H ho OH Bik HO A~ P~on = Ho ~_-CHO
OH OH,
@

Hi

0
CHO  pk r”\ AR
" SO @
HzN
oI CO,H H OH OH
A 5 MO o N _AFAmR _.m
N @0 \ﬁ’ N
H ﬂ H H
@
OH,
; N FAPRNO, Blft N

B AN FEiE L% 196 5 L& Doebner—von Miller R FL .

Example 1°
F HoS0O,, FeS0O, F
3 OH HB803,80%
+ HO_A_OH =
S03H P
F NH; t F N
NO,

1.3. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_237,
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Example 2°
Q H,S04 H4BOs
N OH FeSO47H,0
» * Ho OH
N" o NH, 75 %

Example 3, —/M&1E/Y Skraup M0k A 5 8

(o] =
HOAC, reflux
H g
H * /©\ MeO N~ "SMe
| MeO NH,

8-10 h, 78%
MeS SMe
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Smiles FHER B
SFHREEEEFEETHR N, BN

[:]izj R SIi@

X=§, S0, SO, 0, CO;
YH=CH, NHR, SH, CH;R, CONHR

Z=NO0O,, SO:R
e.g.
0, NO; o, NO;
Cr = Cpo
OH Oe
0, NO c_)os NO.
2 2 2 2
s
Clrxe —C1_O
0 0
YEIN 11 B T+ ] & (Meisenheimer A2 &4y )
Example 17
o) o)
o]
BI’>%J\NH2
HO NaOH, DMA i

o}
o}
NaOH, H,0 /@ H,0, reflux
50 °C HO%N 3HUCES59%
_ o H HoN

Example 2, %% {3EH) Smiles HHE®
H
Nio K,CO3, 200 °C @NIO ©
: :N/ NHzi MW, NMP, 30 min. N” N

90%

1J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_238,
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Example 3'°
MOMO.
(OAC),
MOMO. 0._0 S I
i / OMe OH
2 equiv Na,CO3
OMe OH H,0, 11, 2h
OBn
MOMO 0.0
o}
DMF, 150 °C Y\m'
BrrEer% OMe O\©/0Bn
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Truce-Smile FHER 7
Smiles EBHER W S (Y 25K ),

z z
Y-
‘I_/X il IT/
YH XH

Example 1°
~CFs CF,
| i | | S
5 KH or NaH =N
— Co
v/
C @Me
COzMe
/ N\y-CF, / N)—CFy
Example 2

= - NO
Q Q 2
NaOH, H,0 . Q2 y
0,58 N 0,5 SN
N02 )\ EtOH, reflux No2 41% 46% \E/)

o]
)I) K2CO3, DMF
\Q reflux, 73%
OZN

Example 3*

O OH

®
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Example 4'°
HO O/ﬁo i \o, 1-KiCOs DMSO,, 85% Q\o
. 2
- ON
@& ©/ 2. PTSA, PiliiH;0 2 o
50 °C, 98%

n, 93% NO,

TN HO (o]
K,CO3, DMSO o ©
O,N
z o O
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Sommelet J i

7S 2 B B DU B i A R AR A9 2 B RS . 2 L5 171 71 b A4 Delepine
BEALR R,

o
N N-_ X A
A
ArTX ¢+ N.Gq _ ﬂjg/Ar ar-CHO
LN~/ CHCl3 LN/ H0
7l R 2 Y
N
|7 j Xe N
N{--N ~CH
B SN2 r(Na‘ N [ B _tusses
[ r LN
Ar/\KX/ P e Ar
7 oH @ V(N‘C”3 A (A~cHs
nf_ON AT o+ N CHO (oo
\-—:OH OH “
R 1043
AR FS W P BRI AT IR 2B #H1T,
=]
X
N N~
r j H —_— r{ @CH3 Ar
I NA._ZN=/
N )
Ar
Example 1°
Br CHO
Bn0\©f\§ 1. HMTA, CHCl3, reflux, 6 h B"°\©E\g
s 2. 50% HOAG/H,0, reflux, 3 h S
40%
Example 2*
HMTA, HOAG/H,0 (11:3)
reflux, 4 h CHO
NH,
OH H4.5 Hcelé,o/rneﬂux, 1.5h OH
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Example 3’
F F
Nj HOAG, H,0 CHO
C o+ N~( N
LNT/ A.62%
F F
Example 4°
Br- Br- Br
NBS, BPO
CCl,, reflux, 15 h
38% I e2%
CHO
HMTA, H,O/EtOH (1:1)
reflux, 4 h, 75%
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Sommelet-Hauser EHER 7

firiﬁgéﬁﬁﬁﬁ BEW 4B ALF 2 M 37 48 b A& R 4 [2,3]-Wittig T HE
l\LD

NC ¥
~ [2,3l-c&#HE
@A& — NH3 * T\

0\ \_©
No
NH, S
HCNH,
@ it I
N N
H
Example 1°
e
I
DMF, reflux H o~ CsF, HMPA
NN , sk M
Ph”" N7 “SiMe; + < N Ng SiMe;
| ’ 18 h, 94% ©/\ | 1, 23 h, 86% ,r/\
Example 2*

) |
Br CsF, HMPA N + /C( P
AcO r'q

|
e
10°C,0.5h,32% AcO )
AcO 46:54
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Example 4'°
@\N/ CO,R* |
Y +BuOK, THF /N7(C°2R
e 7
Br ~60°C, 4 h —@CO;Me
57%, > 20:1 de
CO.Me R* = (-)-8-% %
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Sonogashira M

Pd-Cuf4LF B i R AR A P iz 2 MR B 22 BB R W . 2 W90 7T
_b & Cadiot-Chodkiewicz 3¢ X {BBX [2 i #1158 98 TU _ ¥ Castro-Stephens 32 X 4
B BLo Castro-Stephens 38 XBBK X i B F BI4b2E T B A4, T HAE R RN,
Sonogashira 3¢ X ARk 52 i R AL B i Pd-Cu.

Rex + — g _PACePPh),
Cul, Et3N, 1t
PhsP.__I_-CI
PhP” Gl
CuC=CR e
Pth\ || R'C=CCu HX- Bz
ii CycloB>< PhsP” Cycle BX
RC=CH i i Cux RC=CH
Cycle A
PhyP C=CR =
s \Pd/ PdO(PPhs), PhP. W _CZCR
PhsP” C__CR Phop” HI R
3
RC= CC—CR
ii
i A,
i H& AL
RCECR' ii. YR JR{EER

EL,NAEEPA( T ) HPd(0), B 5 A B AU RE RS T

(<]
PdCl, + NEt; =—= H _— p|d ci
PdCl, H Cl
8. 0 -
—NEt, Cl R kR
Cl—Pd—H HCI + Pd(0)

Example 1

Q—/\(I PdCl,*(Ph3P),
r = : >
N” T CO,Et Cul, EtgN

60 °C, 89%
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Example 2°
Br
B~ =—SiMe; Z |
4 S
N~ “Br  PdClye(PhyP)y, Cul x
Eth. rt, 65-74% SiMes
Example 3*
OMe
PA(PPhy),, Cul, [braimj[BF g MO OMe
fl EtsN, 80 °C, 12 h, 11%
N
!
N/=\NGBF4 I ‘ OMe
N
MeO OMe [t OMe
- 7
OMe (bmimjBFy] | MeO O OMe
MeO
OMe
Example 4°
PMPO,
7%  otes

\o

OH

Pd(PPhg)s, Cul,
IPINEt;:DMF (1:1)
> B83%
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Staudinger FRERIA MR B

S35 TR A B R A [2+2) RN AR A R B - BERR BB R E . FLAt
] 55 0 R SN O A A A R R RS A AR T b, B EE T LS A A

ﬂ - V‘]g‘é‘o
o) 0
. X X =NR; O; CHR /;(i
R /U\R R3 R;
R{" 'Rp 3 4 Rs Ry
: ad
R3
Xx=—= em—
R R3 R2
)J\Rz 4 Ry Ry
BTV DPORE 23
Example 1°
Q 2 Oy—-0t-Bu
PhO. PhO, 3
\’HJ\OFBU \/u\cl . =
p-Tol< _N Et3N, CHoCly N,
'f 10°C® t,24h O N-—p-Tol
88% /
Example 2
0
‘ ‘ aco. A 0 ‘ |
N T e, N
‘ EtN, CH,CI
31Ny %12 ’
‘\© 8ecHn 60% 0 ©
Example 3°
H CO,Et
O CO.Et PMP o] 2
0-COEt  pypN=CHPMP 2 oMPN /<
",, +
0" coci EtN, CHCl,  TMPN
—40°CHirt T ] 0 =iy
15 h, 70%
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Example 4'°
Col
N
M302 ,COZf-BU Cl '}J | M802 N,COZt-Bu
N Me )§
—_—
C=z
s)\ COH CH,Cla, EtN s 0
MeO,C
MeO,C 7 g
Ph—G=N—CH,—PMP 2\ COytBu COgt-Bu
H N ph N o
62% S T—T"H 56 : 44 Sh’t(
™ P PP
d” cHPMP A 2
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Staudinger LR R B

Eﬂ#ﬂ)ﬂﬂ# (#nPh.P) 1 VLB R A B0 A BB R R &4 (R R 2

PR -
X—Nj 3 e X—N=N-N=PR; — 2 .. X—N=PR;
BEB
e o © @ =PR
X—N—NVENr\:pRB — X—N}N=N—PH2R3 = X-N=N-N=PR; = E*N P =
X
® t
N-RRs N7 PRs H.0
rh‘\;fa =) : o N} + X-N=PR; —2—= X~NH; + O=PRg
X X
Example 1°
Z =
OMe OMe
Os/N3 PhgP, THF N
OTBDMS A, 81% OTBDMS
Na ‘ N l
Example 2°

1. PPhg, THF

Ly
.

2. NaBHy, MeOH 7
Me
60%

Example 3*

No oy O
N
oo YT
Br I\Il 'l:li Br
Ts
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H
N:,(o
PBU,, F% J:N/
Ouidne
reflux, 20 h, 82% g~ ~F N N B
]
Ts

T

H
Example 4°
N3
Bno‘é&‘ 1.1 eq. PMej, 2.4 eq. Boc-ON
BnO _
N3 N3 o
o} Tol., 78 #[10°C
ACMN:’
OAc
N3 Ny
BnO 0 37% BnO o 42%
BnO BnO
N3o Ny Nao NHBoc
AcO %} _NHBoc AcM/NG
OAc OAc
Example 5°

S PPhs, Ho0
—— e
Nnd N< > Z > N\/\/Ns THF,45°C o N AL

78% RZ
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Stetter

MEE .| a,B - NUFIEMBEEA A 1,4- ZRETE YRR, sEmk A4
MFR—IELHBCNT, FRFRMichael-Stetter W, £ 1L 38 T1_I 9 Benzoin
(BRI ) 488 R0

c® @/\Ph
\/\/( B o
R-CHO + d R/k/\n/
o NH; o)

@® /~Ph ® Bn

N \ R N

»> 1[ Yo H —=

s MY Ri=HOCHCHCHy s) =0
:NH;3 R

@ Bn ® Bn !
Michael ik

N N
[ HOH K1 /% OH —_—
S H S €]
R ) R \__,@\[6
1NH3 (¢}
@ Bn

R1/£; MM ’&h‘#ﬁt [ )Dg\/\\( —

R )
@/'\Ph NH? "o %/‘Ph
var N N

Example 1, 5 7P Stetter [ iz 2

M Me

e N@

e e
HO s Z

MeO,C._~ 2.3 equiv MeO.C
TEA, i-PrOH, 80 °C d
OHC 67%
Example 2’
Me
Me

>
/@\ /\n/ HO/\J:S (cat) i 7\ i
OHC cHo © o

o O  EtgN, EtOH, 80 °C, 56% 5 S
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Example 3°

0O COzMe
N
A H
N 0
> CI 002Me
) (cat.) ;\j[

Et;N, DMF, 100 °C, 75%

HO.

Example 4, & k& -Stetter )7 °

Et
Me @N‘ °
Ny Br (o]
(o] o 30 mol% /\;[ >
Ho™ ™ Y
Ph)LSi:Me + Ph/\)\Ph Ph
meMe 4 equiv i-PrOH, DBU, THF, 77% Ph O
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Still-Gennari BHESESR B

}%EHorner—Emmons REBAER, AN - =82 EHRER R NG 4L Rz

0 KN(SiMes)y, 18--6 CO,CH
(CF3CH,0),P_CO5CH i
20)2P~ 020, FPhCH,CHO N\

F g ? (e] g
CF3CH;0~
CF3CH,0” OMe CFsCHzotlg\)\
o —» CFiCH0™ ) OMe .
\9 SiMes
N »\Of\/ o

SiMes
<]
e’\@/ OGH,CF, @ OCH,CF4 _
Q \OCH2CF3 _ - O—P‘OCHZCF:; —_— Ph—‘/_\cc)zCHg
H 1H H nH
Bh 05CH;z P 02CHj

TR R, SHhZE e

Example 12
KN(siMea)z, 18-t -6
0 ~78°C, THF, 30 min. __ CO.CH
CF3CH,0),P~__.COCH. N\ 20
(R s 0l 0 ErCHaCHO, 87%
Example 2
W)
0 0 = o NN COEt
FsCH2CO- ¢ Me =/ s
F4CH.CO Et
i3 F Sn(OSO,CF3), N-H R oReE Me
CHoCly, 70%, E-Z = 96:4
4
Example 3

oTBS

FicHco. P
P | N * s OEt
o F4CH,CO
| ;?’0”3
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oTBS
KHMDS, THF A
18-7%-6,-78°C,1h 0 |

N
89%, RA(2)-5ekath EtO \ S\>’CH3

Example 4°

MeO
¢ P(OCHCFy), | MO

c 0o O O O
TBS TBS

:

NaH, THF  MeO

73%, Z:E 5:1 © 0 0 O
T8S TBS
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Stille {REE 5 B

Pd LB WLBL YA b AR . S HEMEE S T BB R . AEfLTE
FiES WA 325 T _E A Kumada 32 SUEER BN

R-X + R-Sn(R%); —P‘ﬂ— R-R' + X-Sn(R%;
Afemk R L R'-Sn(R?);

R=X + LoPd(0)

7oy HERfe, St

L
X-Sn(RY; + Rl,’tli\ R-R! + L,Pd(0)

Example 1*

Cl Ny Br
J G o
o
cl N” NH,

PdCly*(PhaP);, Cul
THF, reflux, 92%

Example 2°

O cl (MeCN),PdCl,
.
TBDPSO Q Br Me;ﬁn@*Cl AsPhs, NMP
80°C, 1.5 h, 55%

O o HCl -
TBDPSO Q O o T HNe "“@'C'

Zoloft
Example 3, n-%% R % Stille Bp?
Me o Me OTBDPS
dy(dba)s, LiCl
x i
OTBDPS . Mo OPCMe _ FPRNELNMP Me
SnMe; & 35°C,1.5h,96% ~ &
o Me o Me

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_246,
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Example 4°

SN Pd(PPh,),, CuTC
—_———
SnMes DMF, 32%
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1. (a) Milstein, D.; Stille, J. K. J. Am. Chem. Soc. 1978, 100, 3636—3638. %% #j(John
Kenneth Stille, 1930-1989) 4 FWAIFRIBM M Tuscon, FERI TR L Mr K2
( Colorado State University ) BRI T AR N o A2 7E At 1E kT2 A 5 0 i A 1] it
ZMEELZELFS (ACS) FFRELRHHEZ XA (b) Milstein, D.; Stille, J.
K. J. Am. Chem. Soc. 1979, 101, 4992—4998. (c) Stille, J. K. Angew. Chem., Int. Ed.
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Stille-Kelly 5z i
Pd 446 F 35 300 Fl BRI #EAT 0 P BB R R

Me3Sn—SnMe;

Pd(Ph3P)4

BrPd Me3Sn—Rd
Br O Me3Sn—SnMe; Q

oy B O on  HEER
OH

IR
HeRL
Example 1°
or =0l oy
PdCl(PhsP x
Cl' NaH, DMF, reflux, 89% ;Ffiz‘fi,zre(ﬂug, 8o, ©
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Stobbe 45 &I
T R TR R AT AR S WA T S R .
0 CO,Et o
" [ 2 KOt-Bu R~ COH
R” "R COEt  HOt-Bu R!
tBuS\" R
- - CO,Et
H @ _ ey )\ aldol))lwi wmﬂ:
OEtT g = opt =
CO,Et } CO,Et EtO
r(R
COEt (R cout . COE , o COEt .
‘\e R j)\/co2 H R\/K,cozu
Ot-Bu R1 R1'

EtO

Example 1, Stobbe #5&-Fn3R1L°

0
cHo (COZMS 1. +-BUOK, +-BUOH, reflux COMe
.
\o COzMe 2. Ac0, Na804§/°c, reflux \0 OO
i 0. OAc
Example 2, Stobbe 454 °
0

aq.NaOH,EtoH ~ ~© N

OH
Kj/ ::V ~10°C,5h, 80%-96% O
o

Example 3, Stobbe =438 47

BnO,C BnO,C.
\_COzEt _NaOAc, Ac0 OO Co-Et
reflux, 57%
COH OAc

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_248,
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Example 4, % J5 PiZHY Stobbe 454 °

COgMe

1. (CH,CO,Et),, NaOMe, MeOH
then aq. NaOH, 36%
FO—CHO ) —CO:zMe
2. MeOH, H,0,, 94% F

o) 1 fo) |
r \/
o CHO o O o ~COMe

NaOMe, MeOH, 74%  F O e
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1894 SE R R B IR
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Strecker FUERRABRRMN
NaCN{E#E R (B ) MBS HH o -BARBEEKBER o -HER,

2 2
o g2 NacN  AnR @ R
R1,U\ HN Y ——— ——
H AcOH R CN R'"coH
(2] 2
H R
HN 2
ﬁ HCE?,H R1 @ HN/R
1 — So.r— /")QN\H _ LR OX)) NH
R H . S H R2 (' N R
e RN NC H®
HoN” H20 OH
2 e+
HN,R2 :OH, HN,R2 R?
@ .
— O /nn, merme N H R HN
R1 z R1 NHZ R1 3 1
0 A HO “OH Ho' o RY”COH
® H

g
(EtO),P-CN

Wiz, THF, 62%

Example 23
Cl [
OHC\© cN Gl O8O
O O 0 = (0
s WAL s S
MgSO,, 45°C .
WA 31% Plavix
Example 3*

NH, CN

O NaCN, NH,CI PR, &
~ ~
: CN NH,
pp I-PrOH, NH,OH H

H 34% 35%
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Example 4°
Ph
FoC Ph NaCN, BnNH, FsC o
o/\& AcOH, MeOH CN
o 98% HN-~gp,
CF3 CFs
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Suzuki-Miyaura 18R b

PAEIL T R UL AR | = SR MBE S ZERAETE T GERRIEY
WAL, @ RAKEELU R ) AT SUBBER . HEALIEFRIES LIS 305
W - #) Kumada 32 X ABEER R .

L,Pd(0)
R-X + R“BRY) ——— R-R!
NaOR?
¢ R. L _ NaOR® OR® R F
R=X + Lypd(0) _TCHmL “pd_ + R-B(R), RU-BRY, * P
|_/ ~x <] L X
Lt % .
HERE mo-nmry, + pa., SHMR L oo edo)
o R OR
Example 1
I
CogMe Pd(OAc), I\
| + )\/\ o PhaP. KzCO,
N CO,Me = B\ D | CO;Me
\ o THF, MeOH
v CO,Et 70°C, 15 h, 80% No o COMe
COLE
Example 2*
B(OH),

N
|/z_ >~ TBs /\[ )
N N \ N
SEM TBS

SEM  Pd(PhyP),, Na,CO;, 45%

Example 3, 53 F N Suzuki-Miyaura {BE:®

OBn
TBDMSO O 1. /K:C TBDMSO O
BH

_ 2 .

2. Hy0, CH,0
3. KHF, |

99%

OBn

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_250,
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cat. Pd(PPhy)s Cs,C04

THF/HL0, refiux, 42%

Example 4°

/W)L J\/OMB 0
O\Bk\/)SnBUa O\BW J\,OMe
%r cat. Pdy(dba)s, PhaAs é{ 3 H

DMF, 84%

“ LA
H N n OMe

cat. PdCl,(dppf), Ph;As
KaPOy (aq), DMF, 71%
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Swern FALL i

B (COCD), . DMSO & AL3F i Bt N PE K 5t AR BB &9

(COCI),, DMSO
iH CH,Cl,, ~78 °C j’\
1 R1 R2
RU R FFEtsN
Lo o CCI
o & ®
)agé‘? moler  Rog o w g
cl d Q| e cl R'” O R2
l
cale H rs@
C 525\ NEt “CH,e 0
— 0 H — EtNeHCN + 1,FLH,J — R1JJ\R2+ (CHy)zST
RZ

1. (COCl),, DMSO, -60 °C, 45 min

mqum%

—60 © i OH
2. Et3N, 60 C,B:f:/mln. et OMe OMe O
0
Example 2°
Cl
TMSCH,CH,0,C ;g;m# TMSCH,CH,0,C
HO NC fe) 80% fo) NC fo)
o} O\)
Example 3°
H o}
Ci1Hage., CgHyg  (COCi)z, DMSO CriHzsr, sH13
FELN, 89% .
OSiMet-Bu SiMe,t-Bu
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Example 4’

=
=
OMe OMe

HOL/N; (COCl);, DMSO Ox/N3

OTBDPS T Et3N, 85% | OTBDPS
N NS N N
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Takai [ i
i CHL, 1 CrCl, ST ZE R R B E- MR BB

0 CHl3, CrCl,

N

R™ 'H THF

R
| (o]
E CrCl, < CrCl, H
H ! H Im cr'ci
I crivcl, Lot

cric,
R
I,
cuzcrmcgk ocritlhy —— g
I

Bo et —/~ B ey,

crll o cr
oc! ocd!
! GCr"‘
I S ]
o TN X e
I C,JI(-\ cr
cr
Example 12
CHiy, CrCl,
Ph # #~CHO ————— Ph
TBS THF, 70%
Example 2°
Et Et Et Et
Et Et Et Et
25 equiv CrCl,
6 equiv CHI
cHo SVt I\
THF, 1, 3h
Et Et 75% Et Et
£t &t Et Et
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Example 3*

TES CHl3, CrCly, 0 °C TES

OHC - CO,Me THF. 50% 17X - CO,Me

Example 4, —/4~ Br/Cl 28 5% )& B °

6 equiv CrCly, 2 equiv CHBr3

OANWVOTHP
THF,0°C, 2.5 h, 67%
B A S SN OTHP + - B A o OTHP
1:1
Example 5'°
H 5.8 equiv Jtk CrCl, H
;L0 Me 2 equiv CHiy ;-C0Me
MOMO“'q MOMO"'q P
¥ cro ZHAHR -THF (6:1) ¥ G
20°C, 72h, 88%
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Tebbe &7

Tebbe X, Bl p- FUNIR I — 5 — B 3640 - U P BEAK, AR 041 O )
HALN exo- 1512

He CH
g{ *‘"“C“"""”Al/ 3
TiY y
4 -
fill & 6
) -\
CpaTiCly + 2 A(CHz)3 ——  CH,T + A(CH3),Cl + szT'\Cl,A'(CHa)z
e
Cp,Ti=CH
c;azn/\m(cm)2 L. Cl—AI(CH P2 2,
Nof —_—— Al(CHa3); + SR
R
2+ 2138k Cp,Tiy-CH, W12 + 2055
(l)f R = J\R1 + CpyTi=0
R
HERAT B F& BBRTi=0
RR BN

Example 1, &2

0 Tebbe &, Tol.
CO,Et CO,Et
éﬂ 2 IR €
THF, 0 °C & rt, 30 min., 67%

Example 2, —H Tebbe 2 7 ¢

s TR :
= 25eq AL >
AW
Cr i
g o THF, CH,Cl, 9

—40—25 °C, 69%

b
N
=
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Example 3, % Tebbe & >

i ; TBSO OBn OTBS
TBS OBn OTBS 3 equiv Tebbe i£ 7], Tol. Y
z pyr., Tol./THF AN SN
OHC CHO :
& &en dTBs —78°CH -15°C, 2h Q OBn OTBS
TBS 86% 788

Example 4, N-E{tiy®
Co._~ /

/TI\ 'AI\
& CF i
\@' = |
N THF, 0 °C I, 90%

Example 5, Bthx"

CF3

(CFQ
A N0 1 Tebve il )\ @ NJ/\OH
)\ o f 2. BH,, THF, H,0,, NaOH 0 SN Vo
0" N0

75%-95%
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TEMPO, §12,2,6,6- U F 2R 5E N- E 4L, B— e w5 h 2, T
Ve AL A T EAL R R

NaQCl|, cat. TEMPO o]

KBr, NaHCO3, CH,Cl, R™ "OH

/ I}lﬂ / rluii 1/2 NaOCl ®
Oe .0 B N
e

e e

/H \ ©
(0]

OH
o ¢l

g :B )
< 0 OH
R
O. R/go R™ ™0
o
Example 1*
" NaQCl, cat. TEMPO HO,.C,
2 Hom
H
|0'|0 OMe KBr, NaHCOj3, CH,Clp HO OMe

OH 55% OH
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Example 2, =& 7 &%/ TEMPO &1t °

(o) N (o]
Y'Y
oM
N (o]

OH
0.04 mol equivTEMPO R OH
0.05 mol equiv NaBr
HlH, ag. NaHCO,, 1t
1-24 h, 75%-100%

Yo

Example 3*
cat. TEMPO, 2 eq. 2,6- _Hifkaibrg
WA, CHoCN/H,0 (95:5)
95%
Example 4"

OH Ormosil-TEMPO, NaOCl OH
OH CO,H
CH4CN, NaHCO3, 5%
cl 0°C, 80% cl

“Ormosil-TEMPO” J& —F & K 5 U I PR TETEMPO |- Y 7k PRk i IS
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Thorpe-Ziegler JZ 7
43+F P Thorpe AR, , AL T K — 48 & LT RR G RA 0 M RE o

OCz 2
CN  HoEt NH,

)
EtO ’\H
LH- ot “o0rt
——
N H—OEt
O~ CN

Example 1, —/> H H1# Thorpe-Ziegler X ¥ *

CN BusSnH, AIBN H:N  CN

TEH
NC/b\A/\ o=
Br

PhH, 80 °C, 56%

Example 2°
N
¢ LDA, THF NH,
-78 °C to rt CN
NN 2 h, 80% N
Ph ' Ph
Example 3°
N NH,  Ph
-
= H KOH, EtOH A A HN—
o — |

S/\vaPh reflux, 5 min., 80% o“ >N S o}
o H

Iz
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Example 4°
- _
NC lCN NC. _CN NC NH,
NH AN \[ /A
c” eN N"eN N~ TCN
EtsN, reflux
15 min., $1%
OM
© B ome | OMe
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i 4 F 48 |5 § Helsa, 19204 7F University of Marburg (¥ von Auwers$& % T 3515
PhD% {7, 19434F {1 & % B 5% 7 ( Max-Planck-Institut fur Kohlenforsschung at
Mulheim/Ruhr ) Fit., fliFI443% ( Giulio Natta, 1903-1979 ) F 1963 FEH RS #4k
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Tsuji-Trost

Tsuji-Trost LA Pd 4L T BGEZ YRR TN EA FRBUR BN, X8
R w- HAEREPRGTE.

1
1 PaO) (i) | N e N
RiA~AX P pd® D
X
2 HREEEY
RIA~_R _ PO R AR R‘Y\/Rz Pd(0) R‘\(\/Rz
H ) OR °
Nu #ift Nu X X Spﬂ Nu Nu
R R!>> R? MERE
X = OCOR, OCO3R, OCONHR, OP(O)(OR),, OPh, Cl, NOz, S0,Ph, NR3X, SRX, OH

EILTEEN .
Pd(0) or Pd(i) TREEMM
RL_A~_Nu l
L.Pc{0) RaX
D
RL_~_ Nu R~ X
\L:.Ed;,/ L,Pd(0)
% #h # ;
TARRERA
o/ oA oW A
VARRSIAY

A B C: B
B: EfLink(dF1L) D: B G BRI
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Example 1, @ Es>

BnO
BnO
n o (/\|N Pd,(dba)a, dppb o
O * NJ /b—— B =90:10

Bno bPh H THF, 60-70 °C BnO

72% {]\q

Example 2, Z B Rs’
NH,
N N
4
<N )
H

-
0Ac N ,‘ll/ \2/_‘\<
AcO AcO/\@’ N
NaH, Pd(PhsP)s, DMF

60°C, 18 h, 79%

Example 3, AR E L4y’

N
o e

Pd(PhsP),, THF O
t, 64 h, 35%

Example 4, 5 - Tsuji-Trost KR ¢

0
Y-NH, 10 mol% Pd(QAc), L
Bn—N  OCO;Me 10 mol% n-BugNCI BN NH

s P(OEt)s, NaHCOs %
o7
Coe PMF. 100°C, 7% COMe

Example 5, 4> 7/ Tsuji-Trost &k

10 mol% Pdy(dba),

THF (0.005 M)
40 °C, 80%




550

Example 6, A%t # Tsuji-Trost < 5z °

o)

0 Boco\(fo o
BOL [ 9 25 mol% (dba}Pdpchcl, 0 [ §
| 7.5 mol% ent-cat L
Joll
MeO OH 30 mol% BuNCI MeO ;0
CH,Cl,

89% vyield, 95% ee

Q, o}

NH HN
eni-cat =
PPhy PhoP
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(b) Tsuji, J. Acc. Chem. Res. 1969, 2, 144—152. (Review).

Godleski, S. A. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, L, eds.;
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Ugi L

AR C- AR . ARARE A S Y AT A (4CC) A Bk
FIR R . 25 415 7 L /) Passerini Y,

0O R?
0.0 2L A
R—COH + R'“NH, + R®-CHO + R3-N=C —— R” N “R?
51
S R' O
H‘@
_R1
Q 2‘<5
j R
R2 HOYH >_Oe H
_<H — gz ENgt— = N-R'_RTCOMH R \‘cej
RS 0 R2 o N
R'-NH, H |
R3
R1473
RS HC
-R® N 0 R
~ R o)l\r'-"-‘w o™ 2 R N)\f R
N R I1 0
R | R
R1
Example 17
OMe (<]
OMOM Bno. ,NCE,@
+- 0 *
.
NH2 . | )J\H
0\/0 BocHN
OTBDPS COH 0.
OMOM  NHPMP
MeOH, A ©NHBoc
o Q OMe
1h, 90% d

TBDPSO ! OBn
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Example 2°

Example 3’

Example 4°

OTBS

MeOH, A
61%

]

\\C\) o
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1. MeOH, nt.
2. TBAF, THF
ZH BRI 54%
)\ N
HO 0>_ 0
HN~cy
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Ullmann 188X 2
I5 2 5 FE Cu Ni 5} PA 7278 BB RIS 34L&,

Cu, SET Cu(il
I —— Cu(l)l + — -
SET

Qc\mm QI cul, +

MPhIZIPhCulBy (L R — PRI MEE R

Example 1*

A~ N0z Cu#, DMF

N~ Cl 100-105 °C, 4 h, 63%

Example 2, CuTC #{L.#3 Ullmann {BE% *

Q
|
AN
| QZ/{) N
u
Example 3°

OMe O HHAE
I 210-220°C
OFt

729
MeO %
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Example 4°

0 ; “P(0)Ph
, ©Fhz o DM P(O)th P(O)th

| P(O)th P(O)Ph2

140°C, 88% ¢
) o\©/ P(O)Ph, :
70% 13%

Example 5°
MeO.
MeO. 0
Cu®, Pd(PPhs), MOMO
MOMO * PhHNT YOS PhHNOC._\_ O
I NG N~ DMF, 100 °C l
y 39% Ny
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van Leusen BEMs & 0% R

FEIR B B L8 ( TosMIC, 75%K van Leusen {7 ) FIBEFE SR T4E
R FE R E T KA 3] 5- B

\ I 0
'§__NC choa >
+
/©/ MeOH refiux

o} Q 0
\Y; N\ \\/,
S\ﬁN\‘C- S\/ ‘C' =ce

g — — I
B Qj R

H
N N
Tos\ﬁﬁ e + n® %\7/“ —TosH H\§_\7/H
—_— —_— - o]
> o (o]
R R'H R
—8
Example 1
QL
s _NC NaOMe
/@ ¥ MeOH, reflux
81%
Example 2°
e
NC Q" N

'] .

KzCO3

0
Eto\(lL * EtO
H
AEEVRA NN R
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Example 3°
/':N
(oG
CHO
TosMIC, K,CO3
-
MeOH, reflux o)
OHG CHO 81% NS ')
N0 N
Example 4'°
g
O/Q cho  TOSMIC, KyCO; O’Q_&'N
L MeOH, reflux k0
0 4h,91%
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Vilsmeier-Haack iZ ¥/

Vilsmeier it , BMEARLRREL, B—N5RBYM, Bif 5 EH TR
HMZEIMEAYPR L

~o
~, \0
(o] DMF, POCl,
+ CHO
100 °C, 24 h
CHO
34% 4%
o ‘
u[\ | o fo] |
ci—pPLicl @ & | T @
L T e Cobo, | SN
A H—9, Ny ¢ 0-PCl,
H
Vilsmeier—Haackiz 7
~ ~NAD
o) 9y o
ol ) cl :‘\
/EYH ! B ClH—H
cl SN /N.\
~, ~
o] 0
~o
b L]
H\
0 Al HO——H
H H ’Rg ey CHO
| N
H
Example 12
OHC,
. # __DMRPOC, ) O oMe
0
© 100°C, 14 h,98% MO O
Example 2°

” -
DMF, POCI Y/

AN / 3 / , N

| 100 °C, 83% g e
N7 Cl

”~
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Example 3°
CH; OH CHs ClI CHy OH CH, Cl
o POCH,/DMF MO | xCHO A
P A~ z : N >cH
N"CH; 100°C,20h N OH N CHj L 3
CH; CH; 65% CHs  10% Hy 15%
10
Example 4

12 equiv POCI3/DMF
S
R X (o} 80-100 °C, 31%-71%

CHO
12 equiv POCIly/DMF cl
e 33¢
R S I (o] 120-135 °C, 39%-78% Ci
References
1. Vilsmeier, A.; Haack, A. Ber. 1927, 60, 119-122.
2. Reddy, M. P.; Rao, G. S. K. J. Chem. Soc., Perkin Trans. 1 1981, 2662-2665.
3. Lancelot, J.-C.; Ladureé, D.; Robba, M. Chem. Pharm. Bull. 1985, 33, 3122-3128.
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Vinylcyclopropane-cyclopentene (JRFEIRPIE- S 500% ) HHER B
IEEEINR A B HE AR ISR EHER R

Example 1'

340 OC‘ 2h QO COzMe

S

1COMe 50%

Example 2

1. n-BuLi, THF-HMPT
~-7831-30°C

/v\s o;ph 2 PhCHaBr O_\
P

3. AWt
T7% BHE

=3

Example 3°

AiCl3, CH,Cl,

.

0°C, 88%

@
MOM,N S /0
BN
MOM
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Example 4"°

Q O,Me
MMe__ 2V e 150 mol% Mgl; (0.2 M) Me—%

CH4CN, 40 °C, 6 h, 75%
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von Braun QM

5 von Braun [&& 2 i ( Btk BIHE ) A6, von Braun 52 25U A BrCN
2 o7 A= R B R A S B

R Br—CN GN
+-No _ +-No Br—R
R "R, R 2
<]
LN Br
NC-“Br S\2 cN
Ig [ CN—— /N‘R+ Br—R
R” Ry R7ER, R! 2

CF
Br-CN KOH (¢)
o " o - . P
@)\/\N/ Tol. ©/J\/\N’CN MeOH/H,0 ﬂ
|
l Prozac

Example 2°
CO,Me CO,Me
CO;Me
COMe g cN, THF, H,0 2
< -
N 75% N
CN
Example 3°
QTBS OTBS
: - TBS r
BICN, CH,Cl, | g,© \(j NG
TN flux, 98% PR N 'Iq FP
PR "NT reflux, 98% ¥ “ )
| /8o
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WA TU X, B X RN,
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Wacker EfLR B
PAEAL T IRIR AL A , 1R 4E S T AL S

cat. Pdc|2, Hzo (o}
CuCly, [0 R

2 HCI
2 CuCl

+
F
0.50; L PdCl, R
H,0 2CuC, /‘ Rt
Hel L,Pd

- ®
TR ° 'fnCIqu

R
L,PAHCI
mwtrs / HOH
0
J TR HCl
R L.CIPd
—Q@ - L= RfkRiH
H:0:
H
Example 1°
o)
COMH
O 02, 5% Pd(OAc), o
‘ NaOAc, DMSO, 80%
Example 2’
o\\smumg ::4

10% Pd(OAc)s, HCIO,

0.5 equiv ¥
CH3CN
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Example 3°
0,, 20 mol% Cu(OAG);
(\g/\/ 10 mol% PdCl, (TY
o > 0 o]
DMAH,O (7:1)
7< 84% X
Example 4'°
OY\/\\N‘
,,,, o O 0 5eq.PdClL. %5
HMO DMF/Hzg (7:1)
o} ~
°W\m“ O Ny
v, O 00 |, 0 0.0
e} o} CHO
e}
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Wagner-Meerwein SR 7
PRAEALT BETh Y e BT A 40 H Z BURIB R A R

1R

RB‘\K ® R1>=<R
H H

2 -

R OH

R
R1 H@ R! R - H,0 R
H M -— H
RZ RZ _— R2 ®
R3OH RaCH2

Example 1°

OH

CH4SO3H

N CICH,CH_CI

N~ "0

(\ Y OCH; o o

HacN\) m 07, 80%
OCHj

HsCO

Hacr(\)N

Example 2, & Wagner-Meerwein FEHES

o o o 0
OEt  TFA, CH,Cly OEt
HO
72 h, 76%
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Example 3’
Hi OTBS Et,AICI,
CH.Cl,
HO 3 ~78°C o 1t
MsO 52%
Example 4°
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Weiss-Cook i

cis- S [3.3.01 % -3,7- “HAM-S RN, P18 8 RAEBRRN .

EtO,C

0. R ,
o% Oy s °=<j:>=°
0” "R!

EtO,C R COEt

E10,C R' CO.Et

EtO,C
E10,C. 2 R E0,C R
EtO,C 2 / R /\O)\H EtO.C OH 2 OH
o — @ RNy — O 0= O 70—
H R1 H R!
EtO,C EtO,C EtO,C EtO,C
EtOZC H ROH ;tOQC C\O2Et E102C R 002Et
O — Q5 <0 == HO o]
H 1 H
1 1
EtO,C'7 R Et0,C CO,Et EtO,C R" “co,kt
EtO,C R COEt EtO,C g CO.Et Et0,C R COEt
— N == HO OH
H’QJ_ 1 ™ HO (o]
R y 1
Et0,C CO,Et Et0,C R’ co,&t Eto,C R’ coet
Example 17
0
MeO,C 0 ©
2 MeO,C CO,Me
o= + PH56 _ Meo,c~_L~co,Me
86%
MeO,C
Example 2°
CO,CH
= 1.pH=83
o + 2. HOAG/HCI, A
o} o]
90%
co,cH, © CHO ° )
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Example 3*
o CO,CH3 ; pH=6.8 A
.H
<I . o OACHCI .'b o
o 80% \/
CO,CH;
Example 4°
EtO,C CO,E
Et._.O NaHCO,
(0} + I + le)
Mo Hz0/MeOH
0/
£10,C coper 241 86%

EtO,C ¢ COEt

O (o}

Et0,C M€ co.Et
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Wharton B34 L RV
a , B - E R o T 3,

R NH,NH
,(')>/§ _#.. o)\/ + NoT + H,0

Ry H
WO %, N.
NH2NH2 (NH_—NHZ ﬁ
RZH :OH,
HRF L % R, Ry
RNt — e A
ZRE
Example 1°
OH
74
NH_NH,*H,0, MeOH
HOAGC, 1t, 52% JEOG ™H
)i )
Example 26

NH,NH,*HCI, Et;N

H

O

32%

TBDMSO TBDMSO
\/\/\/C02CH3 WINNTN

Example 3’

un:o
’ NHoNH,, KOH

THF, reflux, 64%

OH
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Example 4

HOAc, 11, 59%

NHNH,+H,0, MeOH TESO\\‘Q\DH
o
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White i

0. .0
Ph—S - S~pn

Pd(OAC),

White i 7)

White {77 1 & — 4 & B ol A8 5 T4 R B C — HE S b ik,
ATLAMAHITHE RN EC —HB B AMAEHKC—O0.C—NFICc—Cig
( Figure 1), ™' White is{37 A SCHLET 9 T BURL A9 e, AT BE I b P ke A%,
BN 5T o 248 IZAEFER) a - BB R 0 TR THEIK C—HE Ak
HHAREMEERENE, B RSB Ak, PIEFTE 9, White
HARHEREC—HRBHNAE n-BHEEEDEE2, 2B 50-.N-.C-F
R RN AT E e L, 2 (Figure 1)

Figure 1

R/\/
o.M\ .0
Ph—S * S~ph 4
c-c (F:g(oﬁg‘/)z) c-o0
mol'
x COMe White OC(O)R!
RN B P
NC, . _~ R
C-N
~ Pd(I)L, OC(O)R’
R/\/\\NR‘Q -— R/\-l/z/ — R/K/\Ar

—REAPLUEREHE, 1N Lewis BRAIES 3,  IREBURINEIR 4, BTSRRI =#(
THBRER 6, 1" ALK 55 AT ] B 2 IBANBY SR 444 - (Figure 2 ) FrA X o524 ch K
Al 24 2T S 15 B B — B0 B AR B A=Y,

AFEREAREUERERAC—NEH RN T, C— NERHAER—B
TELFRAKARME ARSI B AERC—CEMNTERIHN, B
White i 77 S BR B4 45 P 26 040 S 02 AT A2 A ELAR Ho TR] 4 BT 28 £ B B R 34
TR G A R EE ST, 4 B L-acosamine f74:4) 97 B g py a4 ( — )-8,
( Figure 3A ) fiIC —HE& &2 ( -) -SHEBM TS BHEE, 3 KRA EREH L
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B3R, WRBRRTHA—FNC—ORFEMUNC—NBREL, S FHIC—H
BREAELEATHR(+)-ZENBROFARY 12, 23R RAFTRILEIN
B, BRRERTH —EFFTRAC—ORIME (Figure 3B ), ¢

Figure 2
O I_~\S o
! B AR (NuH " palona™ W o
RN T 5—20eq(u|3) ) _(0mol%) | R)\/ or R/\‘)
R X5k (B) S L)
XEBEEC-HE L YRR EC-HE L
BQ (2 equiv), o p-BrPhOC 7/~ Cr(salen)Cl (6 mol%)
— &I}, 43°C OW O%V\N,COZMG BQ(2 eggi‘\”é TBME,
0 Bn Ts
3, 65% yield, > 20:1 B:L (+)4, 63%, > 20:1 E£:Z, > 20:1 LB
IR AR MERL . BYC-HRESL
O_.

Cr\( l MeO,C x
BQ (2 equiv) o

CH,Cly, 45 °C| N TIO

C§NH HN OMe

Ph H o

o]
5, 61% yield, 3:1 dr 8, 64% yield, > 20:1 £:Z, > 20:1 LB
Figure 3
A o osr—\so . M
- ~ e
by Phbdoacy " o
Q  "NHTs __ (10mol%) o< stees | 0
: PhBQ (1.05 equiv) IONTs  ——
YOYS THR 80°C, 72h Me NHAC
TBSO H 78%(. 7%;5 dr_%f‘% TBSO H
0T yield, )8 (-N-Z Bt 45-0-F i
¥ ) ) acosamine 9
B Od
. Ph-; n1
BocNH (?g (,ggf/g BocNH O BocNH O |
o steps
oy e A Ao e Sy
TMSEQ,C CbzNHTs (28quiv)  (\rorp, NH, r COH
BQ (2 squiv.), TBME . _
10 +)-11 (H)-EZANEER
-)» 54%, SHafk () e

HE I C — AR A A T AE TT LIyl A SUEUAR (R B 75 (KRB T I
AR SEST. I, Bl FHEOBEEC—HRBE L -MEFRIRIFRM
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A 1R BRI 11- +—BIR BRI R LA 97% ee{HF142% BINERL 3 K
58 B EARA A P 14 & B ° ( Figure 4), 57— & T Wi R_E - BRI
BT S AR T A B2 4 th R B 50%

Figure 4
2) 1(10 mol%)
o H ( N o H (R,Fﬂ)—Cr(salen)F o Ac
1. (MeO)NMe (10 mol%) MeO /
{ | N
l MeO)NMe N
HOW CDI, DCM Meo\kﬁw ACOH (1.1 equiv) Me ., '
+ B € 43 BQ (2 equiv) 42% R

4AMS, EtOAc, 1t > 20:1 BiL, 97% ee
3) Novazyme 435

BT HETERC—HEE SN, White i) 7 446 4> F18) 9 Heck 75 24k
R, EETENE, AN EATEETEN o - HEMITFEMR
EBRENELEE T H#T. —BERBREC—HBREL-BEC-—HEN
FoAY 2 N T S B B2 B R0 ST AR R R 52 R E- S5 B AL TR B R I B L
( Figure 5), X =HAMH0EEK R B B AR FORHE R IR B & L2
EREFI =Y. N-Boc- H & MM I ALHS 7 W1 BT W8 S 12 . B MR A BR300
ﬁ%g#ﬂim*é}ﬁo 153X 284 B YT AL A S 2 MRS 0 IR EERRER IV

Figure 5
IEMPECH Tt S Heck & B 0
phcl“s'js’g y o Q)J\/NHBOC
L eoak oo i 0mai08Y, oy
Mo N MR B Moy~ 18.75% e
o T > 20/ 1874 65

BT FENB—RE RSN, White i1E A AL RS & Y EH TEA R
a - IR FA DU A9 2 18] LA R 7= 8 | 3 DS R AT S (st e i AT
4k Heck [ ( Figure 6 ). ° 5 H A i Heck 35 Z A0 SR A [F], 2E4 RN BT
RN T Pd—H SIS HWARE . J5EEMRL , K 2B BT R RS
FIFFEE = HNMRE (THRRIEIL ) MR — R R R
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Figure 6

M .0
MK, AL &S
DA - A
i q mol“ '
+ 1 -
R)\M’\ o ACOH (dequiv)  R™ N
n=0-2 A X -Bpin (2 equiv) 0:1 E:Z
Z&ENH.t4h >201ﬁ5*] Kin

REm - afRiEfsE LYy
¢}

@W“ > BocHN\)J\/\/Ph
F O Bn
COZ e Br

(+)-16, 60% (+)-17, 62%
EREE AR
NHBoc

N
18, 83% Boc (+)-18, 81%
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Willgerodt-Kindler [ ¥
W 2 B BB e R A A A B Bk Y B o
9 HNR /\Q)SL
A’/U\Q:\Me TSOH, S, A m EEE;&NRz

$i M8 Carmack 32 1 FOHLIR, 2 e AR T4 19— A E Y 36 31 0 FR B g B Bk i
B2 m R RN ST P EET M ERORETSEIRL . LB
R AR LB AR AL -

o VA 5
HN 0O
o @
TsOH, Sg, A o
o

54
S — —
—_ / \ 0 N_
d w—" 578 g wi—" 578 _/ + g
N/ F R B — S) s
o N— HS-S§
__/

o H RAFFAS <\o
e R O3

— Y =& = SH N N2
oy, C;{ 2O
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Example 1, Willgerodt-Kindler N & 5 55 L IH € Neproxen B2 1 5%

0 /T \
e S
C oo

~o Sg ~o S

1 H*

2. CH3OH, H,80, OO OH

o}
3. NaH, CHa| ~o
4. NaOH Naproxen
Example 2°

A ot

4 mm 40%

Example 3, Willgerodt—Kindler & iz 4% #4 T B — 4~ &8 BR38BR B ff "0

0.

N
Cl o} HN s \ AN s x
a ] S + \ S
=
Sg, 130°C, 6 h, 15°/
SN & ° 46% ‘ P %
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Wittig 2 ¥
FIBE 7 R AR AT AL IR B, B B Z- B E BT

0 R3 Ry Ry
P PhPp= ——= = .+ PhP=0
R R 4 R, Ry
1 X 1
PhsP ’\R Sn2 e R R
S — thd—H‘\ —— PPh;=(
R B8

&\
Rq PhgR_© R R
R2’§0 R2 gl RrAWmE g TR
PPh
S Lon

R® R

&L iR, ATER, BE

PhsPrO R .
—— R RE —= PPhy=0 + Rz)\(R
R1 R2 R
HER AT 5
3
Example 1
NaH, Et,O; B n
@:CHO CH,=CHPPhy'Br- @
NHTs  DMF, reflux, 48 h, 50% '%‘s
Example 2*

6 — 1.8 N NaOEt, EtOH
@ Cl +
NN PP, HO o

-30°Ctort

N
COzH

2-cis-4-cis- 4 A B Accutane
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Example 3°
H H
PhO S PhO
/2// \\g Tol., 70 °C /ZI’N)(S
= Y4
o PPy 7% &N
+Bu0,C COzt-Bu
Example 4°

OTPS 1, p-BuLi, HMPA

2. PPTS, 75%
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Wittig [ J71¥ Schiosser & IFF8/F

A RE B BE M 7 SRR $E 4T B0 IE B Wittig 2 B 44 1 Z- W& 12 ok E 7=
;’%c F Wittig [ B B Schlosser 4 IE 82 JF #E 47 B9 SR W 45 th E- 32k £ 1
%0

® B  PHLi PhLi tBuoH R _

PhyP n ; —
3 _\R R'-CHO t-BuOK R

Q
Br

@ H
Ph3P-U€RH‘\e
P B8

@
H
PhsP=\  _  _ Php—©
R TR %

- Br @ )
PhsP OLi BF
3 PhsP OLi Br +-BuOH
R R! -
1
H= R, R
o
Ph

B-E M ERILIBrER A4

X e & EARAEL A R R RN B A

® )
PPhg Br
. R .
Lio RZH __FBuOH \_—_\ + Php=0 + LiBr
+BuOK R
H” "R!
FHIWILiBrE &4
E 6
xample |
e
Ph.
o] Z N0,
N 5 equiv Et,P, DMF, rt, 30 min. )
N-7 N
¥~0 HO°C,LDA B 0 N 0
N Ph” N TH 66% %

Et0,C Me EtO,C
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Example 2'°

o )\/PPhaBr «
PhLi, Bu,O/THF

66%
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[1,2]- Wittig FHER RE
Tk P 0 — SR B S AL R BLE S

. R2Li R’
R/Z\O/R —_— )\
; R72 OH
1

[1,2)-Wittig EHER A& 20—/~ A mEHLEL

©
R2 \‘ Li y Li
H EEHE /kogR ' £
R){O’Fv BHR R™ O-
w R R! b e R!

Example 1, & & HY[1,2]-Wittig & T«"{z

n-BuLi PN Ja B H
F,h/\,;‘/\San e EH Li o Ph/\/N\CH:,
CHs 3 °
Example 2°
tBuli 7 A x
Y O/\fk/\)\ . ] o
- 58% O
Example 3*
H s .
20~ TM n-BuLi, THF, B ™S
b, ° 9 : “
‘OTBDPS 0°C, 60%, > 98:2 dr OTBDPS
Example 4°
NOMe NOMe
2eq.LDA, THF
0/\/ -q——> SN
~o -78°C, 82% ~o OH
Example 58
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TBS n-BuLl, THF TBS H
TBSO 0._Ph TBSO
—20%] 0 °C, 32% Ph

Example 6°
~OM ~OMe
N{ ¢ LDA, THF "} oh
0 2 o
Q\J/\O Pho aoccoa 0 La
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[2,3]- Wittig FEHER 7

HAEB R AL B BT B N . IR Still-Wittig FHERN .
205 517 71+ H Sommelet-Hauser EHER 7 .

2 2
ON? paom# AN
1X\"

Y

72

2 1

-

O\ﬁR' RLi ﬁ R
H Ne
S R!
rF
R'=#t#  #%#  Ph COR.CN.
23 ok @:R eum 2T
S ! HO™ "R
Example 12
/_4—)\( KOt-Bu, HOt-Bu, THF
/0 . . )
o 0°C, 26 h, 22% HG
o]
Example 2’
f LDA, THF, —78 °C; \/j\
0~ > CoLH TsO” "COxH
2 T TsCl, 87% > 05% E
Example 3°

0
g \w X \*D\/i
AV P~ 15equivLiHMDS TN N)(
N\\(\o 5 equiv HMPA, THF HO ot HO H o
H
H O -78%|-10°C 94:6

67%

(¢}

pee

H, P
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Wohl-Ziegler 2 i

Wohl-Ziegler 2 W AR BRI FAINBS £ B h #5| R & 4 T H
BABAER T RRAIIRN . {23 8 S R MNAEE E M 8 5]
EF RS, — B R AR CClL,

BI% A o

Br o
. CCly, reflux .
.ﬁ\/\R* Br~N;j———~> .".\./l\R *OHN

Sk .
A
Nc>’l’?4=&‘@<c~ po Nyt + 2 <CN
AIBN
o 0
I%(Nr@?‘ ﬁ-<-CN — <§N. + Br-<CN
) o)
K.

0 o
EéN-ﬁ(H\a@ LU (‘?NH > @
o 0
0 o
Qmsr r‘-@ — Br—C> . EEN.
0

o}

AT B EESR P ET “BEKA B,

Example 1*
9Ac OAc (_)Ac °
) NBS, CCl,
reflux, 30 min., 48%
AcO™ AcO™
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Example 2’
@,\cone 1.2 eq. NBS, 0.1 eq. AIBN CO,Me
Fts#, 60 to 65 °C @E/Bf
89%
Example 3°
Br,
\| _NBS, CCl, e N
reﬂux 1% N/ 1 Fa
Br
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B
@ NBS, AIBN (cat)
BocN—=<\, CCl, reﬂux 2 h, BocN—s
o 95% \\o
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o-HEE 5 B o (]
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Q, N (o) hy -Nz %
——— —_— C
RHRZ R>_G<R2 R1 Rz R2
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S K AL B4 ) RIBRR R
PRl HLEE :
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N N N
W R?
Example 12
O O o O
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N0 90% N
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1. LIHMDS, TFEA ho
2. MsN3, Et;N N, CH30H
OMe
o
Example 4°
C5H11 C5H11
N, HN’Q HN’Q
: ° EtO,C 0
EtO,C o] 2 o
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N N N
Boc 55% Boc gy, BOC
Wolff B4 N-HiE A 724
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Wolff-Kishner 3£ 5
B R B PR W PR R RN

o) NH,NH,
—_— R‘l

R” "R' NaOH, reflux

HO )
o NH H
JyH2
R)LR1 . @)g\I—H . N(&\H
AR I &
NH,NH,
HCQ,H
© (o
HO Y . -Np (H’O‘H
— H(N‘f,NQf/R d e RR
R RR,

Example 1, U B IERF , AR £ T —0F T,

NH,NH,H,0
o NHoNH,+2HCI KOH, 210 °C

130°C 36%
E 7
xample 2
0 HaN-
80% NHyNH,*H,0
‘O ‘O B, M O O
MeO,C 20 min., 75% MeO,C
30 min., 40% MeO,C
Example 38
HO
85% NH,NH,*H,0, KOH
OH
H,0, 30 min., 165 °C,
87%
HO
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Example 4, 5" Jp % F 3 1°
IN Me
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Woodward cis- DAL R b7
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Eg/ HO O.
®H H.O &H
Example 1'
5, AGOAC
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KOH, MeOH

23°C, 71% Hlg %

Example 2°

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_275,

© Springer-Verlag Berlin Heidelberg 2009

v D
43

BEEE

NBA, AgOAc, HOAc

23 °C, 75%



593

References

1.

&

We N w

10.

Woodward, R. B.; Brutcher, F. V., Jr. J. Am. Chem. Soc. 1958, 80, 209-211. £EH A
R84 ( Robert Burns Woodward, 1917-1979 ) 1953 4E R RART=H1 & B T4
B IURILER,

Kirschning, A.; Plumeier, C.; Rose, L. Chem. Commun. 1998, 33-34,

Monenschein, H.; Sourkouni-Argirusi, G.; Schubothe, K. M.; O’Hare, T.; Kirschning,
A. Org. Lett. 1999, 1,2101-2104.

Kirschning, A.; Jesberger, M., Monenschein, H. Tetrahedron Lett. 1999, 40,
8999-9002. ’

Muraki, T.; Yokoyama, M.; Togo, H. J. Org. Chem. 2000, 65, 46794684,

Germain, J.; Deslongchamps, P. J. Org. Chem. 2002, 67, 5269—-5278.

Myint, Y. Y.; Pasha, M. A. J. Chem. Res. 2004, 333-335.

Emmanuvel, L.; Shaikh, T. M. A.; Sudalai, A. Org. Lett. 2008, 7, 5071-5074.
Mergott, D. J. Woodward cis-dihydroxylation. In Name Reactions for Functional
Group Transformations; Li, 1. J., Corey, E. J., Eds.; John Wiley & Sons: Hoboken, NJ,
2007, pp 327-332. (Review).

Burlingham, B. T.; Rettig, J. C. J. Chem. Ed. 2008, 85, 959-961.



594

Yamaguchi B3{LR R
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Zincke BB LRI A B
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Example 1°
Bt
Cl | (’9;‘ 2
_~_Et NO; P8, A Cl NH,
| —— ON * OH
SN & (79%) P
NO,
Bt
n-BuOH, A Lo,
o N
20 h, 86% cl rA\/OH
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Example 2°
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+
N N OH OH N A NE
NO,

- \(\OH
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(/\/ =
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Zincke ¥
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FEAFIN(BRER)

{(+)—deoxynegamycin 573
(+)-hennoxazole 472
(DHQ),-PHAL 499
(DHQD),-PHAL 496
(Ry-alpine it 359, 360
(S, §)-reboxetine 503
12-58gEH 215
Le-MsiKER 596

3CC 415
4CC 551
568

9-BBN 359

[12]-c EH 349

[L5I-HEH 121

2,3]-c EHE 20,251, 350, 363, 584

[3,3]-o EHE 60, 72,96, 117, 119, 121, 123, 125, 127, 137, 138, 140, 141,
227, 406

accutane 578

ADDP 366

AIBN 22,23, 24, 25, 200, 546, 586, 587

Al(OPr), 345

Alder endo FN 184

amidine 438

amphotericin B 89

AOM 141

azlactone 204

Bartonfif = 22

BaSO,—AbHEEMUF 476

BT 309

BuP 505

calystegine 220

CBSid# 143

Celebrex 318
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CH, 470,507,508

CH,OTf 202
Chantix 211
cisHi, 496

CoreyEWERLE 143

Corey M-~ 146

Cp,TiMe, 428

Crixivan 301

Cr-Nidl&/a#Efkh 401

CSA 203,271,412, 453, 505

C—CEEE 176,177

C—CHley: 277

C—H&EHEM 573

C—H&E/& 572

Danishefsky "% 184

DBU 15, 170, 206, 285, 290, 333, 341, 342, 377, 386, 406, 407, 471, 472,
526

DCC 23,245,370

DEAD 223,243, 248, 365, 366

diosgenin 130

DIPT 503

DMAP 78,103, 157, 158, 161, 167, 245, 380, 453, 594, 595

DMFDMA 28

DMS 150

DNP 67

DPE-Phos 82

DPPA 163, 164

DTBAD 244

EZ¥RIFER 125

ElcB 271,339

EAN 316
EDDA 315
EDG 184

Ei 84
Et,O'BF; 343
EtSiH 245

EWG 184
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Grubbsfi#fk3H] 78, 465, 467

Guareschi WiE 270

halfordinal 230

IBX 179, 397

inositol 220

ipso X, 231,347
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Saegusa 482
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Eschenmoser—Claisen 123
Favorskii 214

Ferrier glycal allylic 222
Fries 240
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[1,2]-Meisenheimer 349
[2,3]-Meisenheimer 350
Meyer—Schuster 353
Mislow—Evans 363
Neber 385

Overman 406

oxy—Cope 140

Payne 421

Pinacol 436
Polonovski—Potier 442
Pummerer 452

Rupe 480
quasi—Favorskii 217
Schmidt 490
HEHCope 141
Smiles 511

Sommelet—Hauser 513
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