NG Strategies and Tactics in Organic Synthesis

s ANARPHRBHRT

Michael Harmata

=]4t 4 & M @

i www.sciencep.com




Strategies and Tactics in Organic Synthesis

S HL S B F

1

1| %R B% #0357 I5

Michael Harmata

4%

&3¢

& M ik
it %

g
7/



B = :01-2010-4562 S

This is a annotated version of

Strategies and Tactics in Organic Synthesis

by Michael Harmata

Copyright 2008, Elsevier Inc.

ISBN. 9780123739032

Authorized English langusge reprint edition published by the Propretor.
ISBN 13.9789812727435

Copyright 2010 by Elsevier(Singapore) Pte Ltd. All rights reserved.
Elsevier ( Singapore) Pte Ltd.

3 Killiney Road

# 08-01 Winsland House 1

Singapore 239519

Tel: (65)6349-0200

Fax:(65)6733-1817

First Published 2010

(2010 IR

Printed in China by Science Press under special arrangment with Elsevi-
er(Singapore) Pte Ltd. This edition is authorized for sale in China only, ex-
cluding Hong Kong SAR, Maao SAR and Taiwan. Unauthorized export of
this edition is a violoation of the Copyrigt Act. Violation of this Law is sub-

ject to Civil and Criminal Penalties.

AAFSCYEP R Elsevier(Singapore) Pre Ltd. $2AURF% H R4t 78 H
REHEAIRKEAT, FRAE T BN (NEFBFINITEX U R EE)

HRBR . REVFRTZH O, W5 REERE 2 m HR.

B RS B (CIP) ¥4

LA B B3R B A5 5 = Strategies and 1 actices 1n Urganic Synthesis: %

3/ ()M IR D (Harmatd, M. ) 48, —Jb5 . B2 H ARdt, 2010. 9
ISBN 978-7-03-028419-8

LOF-- IO . OFHER-¥EX N.D0621.3
o E R4 E $51E CIP % (2010)%6 145077 &

TG EER/FEGH ARE
H\E HF RIS
4 5 2 B B HR
LR RERMRALE 16 5
BB : 100717
http: //www. sciencep. com

E R H L PHF L &R
BRI RAT A MRS 2

*

20104E 8 A% — W FF 4 . B5(720X1000)

2010 4¢ 8 ASE—KENRI Epgk .33 1/2

EN¥.1—1 800 F¥:670 000
EHr:128.00 5T

(A ERR B (1R, oAt 7 3T A4



F &

RERE RN O, IREHN CELE R SRR TS ) 5B
FiE, %A M. Harmata %%, ELSEVIER 4 /A5 F 2008 4EHi R, 4455
HRIXRTZEBHEZETEN—&. 280K 13 %, BRERBEERAS
V2GS . ZBRRAVAIS THEEET 20 RBAM T, WENETNSE
HFHUEYH—AIH . NAILE RS A S R RIUTR ALK RW R B
TR EZ S ZE ERE, ABiSCEERE Rt s 3, I aNE R
FEN SR BEAE 4 0 B B AL 15

KARFY 28 MBABOEREN &R ENEERR, BAMMKERES
RIEZENE. 20 HEEZL¥ESE R B. Woodward 1 E. J. Corey BiE7E KR
P A B TS H RO T € K% U1 JR %2, 2. [E The Scripps Research Insti-
tute FFEZLHAZ K. C. Nicolaou th7E KR =) 2& )5 WIS T — &5 B AT
BE H B8t . Nicolaou Iy, —H B4R, FERRFYH FOLRAETH R,

KART=YEA R HARRAEB L T A& RN E a8y, 248X
RKE IR E YT AR BER—FIORMER PR AR, 75 B A A 0 & B S e A 15
BEEAPLE AL F 0 CEE AR, SRk, kA, FRMN. HELEHE R
75, XHLEMARBELIE T HHOIE; R, 28R XAKBZE EHS BT
B, BORHAREERTN . B A 8HT; 1 H . 2 RRTY EARBYAEYE
FEWEE, R W26 B KB 2546 EA 1R BB A2 R & RS2 M E.

KRF=H 28 WP — A f SR PE R A=Y A . BRI YL
A FR BT R RO AR 1 DA B A T M 1) B 3 e AN S R o A R BN TF R B 2 4 4t
THEEREBRYLE . W5 KR K S IR /D Rk 454 10 5 Ze vt Sl & LAk
FRPEN T IRAIPRAR . NS AE R R ROET 25 1 & B W AR T B R e i K
KARFYHERERY, FEXH AT AN TRBIE. CEYLE B B
15y REET —E PR IR T 2 A R A SR 5 -

FARRTY G, MR &E SRR HRNE, E8E MW
BITT¥E, RIS RGBT RO AR BR8] 45 S N FE [0 B R B 505, °F
RN HEWEZ T OB ARFR R LK eeX MR E%, B YRTA N
AR FRE, CHEYLA B RIS ) RAE T KRB 7 m AR

MERERT LA, (APLE PR B TS) HRAK, HES—BREK
RI=YIR 2 RIT 44, HE— B AR A A R AR W A% 15 8 B R 481
#, ibEFWNFEHEALE RN E LR, FlinA$H5 3 % “Zoapatanol B4 K",
EBSM T 7 FRRIR KBS ML TS, A The Scripps Research Institute 4 Nico-



laou B2 A HrEAR K24 M2 #AEZ Trost A WA XAERES Bk
¥ Cossy HC WA (WA 59 10,

HTETEEY¥T, ZBEAEW S L TR H RN OYLEE, 43 st
XHHLRR UL JC ARG R » oA SLINEE 157 BT, 188 BT, 221 ¥, 229 . 308 7,
317 BT, 484 4§, XULii kg A AE T B, X ise a8 BRAR 4 8 B SR mE
MBI, BAEWHTRECR. B4, Brhddl T ARLEHRA L,
AR — S FHEME R RO G . A RRRIgERG A, B T iR,

ZREBEEEHA L T KREMSE O, Smmss, AR i 3
BN . SX G B E— 25 2 R TR AN A A TR AR B 3Rt T AR R BRI,

Ay 13 B, 435IH 13 LA BLEFRIRE, PHEMA, fEEef, FA
®ith, NEFE, TR,

KRARERRT=Y TN ANLERBE T EE RN, EREWHTRR, Xk
AT 2R RAR = 4t AR A WY X FERERRERAAN . TFEX, &
HERAFYREY EEEETE T AN ERERR., kAES. LRGN
YR AR KRR =Y, SSFFmEEEE, E2RMAMNEREEAE
R A BT S T bt B8 T 245 1) R 3 ST

KREERATYEER T HSE. 8, HERFERXNAEER. BT ¥
RGBT AR, 4 A A T [ A BRI A S . B E NIAEAE
HE R R TIY) (Angew. Chem. Int. Ed. Engl. 2010, 49, 2092) B3| —X%
FHEEEG B8R H. Kunz /EENG, H. Kunz #8323 H T b 1k gk
&, HPHE B E R R Tetrahedron |-, % =58 K FEFE Synthesis |, ¥
W IR S . IR E AT TR RIS SR B, X b e i B —
SR FI R

KBR—AFFIZEL AR ENRFOSER ., BEEDERERARA
Be ABUELE A PR KRR ER” LR, PR T Nicolaou i3 (K. C.
Nicolaou, Classics in Total Synthesis, Wiley-VHC, 2003) i #H & ) #iL % 451 1,
2009 FEMIRBHSE TABHN LA,

BRI, FRATM %A GEUS M5 £ /0 4N Nicolaou Frifdfiy “HEM8 s aE th F #Y
BT, MBEATER I YA B0 R B K AR B bR ) B TAE,
i B LR E A A LA S | A s A R . MEARMEM, AT NEA
PLA B2 B2 3 22 DAL TR B TF AN S B 2L S W& BURIS T L, A BT
FIRE R B A KR =W 4 A AN 2466 -6 D7 T 5918 2.

ER T
¥ & A3 1 22 AL KB T AT



it

B

R — K W3] Paul Wender ZE2IER 1981 4F 12 A 8 HABZEARFIEH K2
FRIEENIK ., YHREN A FRIINEE, RIEBRTEESNEFINIE
MMEhAE .. RARRAER, #@id—4 [5+2] B tb2E3mm iR v —4 5k a]
I3 BA B Mk RAGCEIREZ ATRA Ttk

RAEF 2 — RS %, {BFE Scott denmark 1 NTH g#5BIF, TRE&
BRBH Paul LB —41H /5, mEHBRAGRESE b5 24 5E
BWEROHAFFR P AR, Paul LEBEHHEROBZEMIFZMTEORAF AL,
EARE TERA R .

Paul B IEH A& FIH. BART A BMAFERBEEREES S
B TA/E. BEEENE, 848 A2 — M- Paul IAHAL{TRE B 2 2
MR Y, B EEEREEEZSHHEE M. R—EREMTFBRINES
£, BMERFERMNACETH, EHRRANER. N FEHR-NHRLERB
R Y AR, BRXFEA R A RIENEREE.

Paul I >-4 B IEREEE A TRHASEE. ZARNEELEILEAER
—ANEFE, REE Muir ZRBEEFF. ERBEREB2KEERN, BLF
F| Paul T F AR TR, KB RAN ZGFELKREE, RXFEHEE.
Paul ##2E MMBRAN B LM FITE, MERMNASFT . H—rEHEIEK R
$l Paul #4%SI0RAESLR FHE M FHIT—LEIHE, EHRAERE.

BAVIE, VT Paul #R L KR —RE, BETZABMTHER
55 JE g 80 MR AES XA 4RSS b . AR MkE, mEiERiER—
SRS AR e Wil — . REEZ T IR

Paul IS LFERBI A EHELL BEHRENNB—HARB T TRZH
ENg, MR, LB R EE SRR E R B ARSI . REEEH
2 —. BRSNS R, EONRNAERE, ZRERACHIRE A H
MAFTH THER., URoWEE, THEEASNE, BRIEFEFEMHEERE
KRBT, Paul #HIZHMRESIABEIRAHT . R T8, FAMZKKRE, L
BB i MBI, Tk e A\ R i—Le 8 22 KR F=PibE A A X A B
HIAL2E RS . AL IR — i B ke bR T X R, R
W2 HE .

RO R R EALEFA S A VLE R M A B CMEFIRIRITE)
Yy, Paul HIARXAE, M RBETEIHCH “ZFM BBEEEEHEE
B, HEHERERERD “EFN7 KBRS

A HP SR, Paul!



YERA BRI s, RAEMRE A ERmE. VEEM T — 1 il THE, migER
BT ARHERLE, Y G ) — T A R B R RE S B 2 BT Rl FwFE
¥ Judy Snyder ( ECRBIWIEN “LA”) BERHET TRIE, F Xt 7 5 /R
. /& Joan Anuels 1 Elsevier B & THEAR FAE% Al .

RREZBARTIBHA —ET, HREAGR NS BB ERES, DYl E:S
MIBTSE TARRFEEE R . A BEAETE 2000 4E AT REB BB — %, TEMZ AT, KFE
MG B & ARHFIE

Michael Harmata

(£75% i)



Fr

i

CRYLE PR SRIE FIE 5 ) 78 13 B9 P4 28 b JBAR T — /725 M B8 LA Ak,
Fo IR CWI T EMERE S B AR BRI ARRESE S, I
HHNVEFHEBR B A AA, EM— IR T A R 1 5

KA 334K, HRIERGHKRISEARML A —H 2 Paul Wender's #18
HOHRFIE . DRI, $EABaRaA Mt R B A

Gilbert Stork
Columbia University, NY
May 2007

(2753 %)



CONTRIBUTORS

JEFFREY AUBE, Department of Medicinal Chemistry, University of Kansas,
1251 Wescoe Hall Drive, Lawrence, KS 66045-7852

VERONIQUE BELLOSTA, Laboratoire de Chimie Organique, ESPCI,
CNRS 10 rue Vauquelin, 75231 Paris Cedex 05, France

KAY M. BRUMMOND, Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA 15260

CAMERON M. BURNETT, Department of Chemistry, Colorado State
University, Fort Collins, CO 80523

JANINE COSSY, Laboratoire de Chimie Organique, ESPCI, CNRS 10 rue
Vauquelin, 75231 Paris Cedex 05, France

SIMON R. CRABTREE, Research School of Chemistry, Australian National
University, Canberra, Australia 0200

XING DAI, Department of Chemistry, University at Buffalo, The State
University of New York, Buffalo, NY 14260

HUW M. L. DAVIES, Department of Chemistry, University at Buffalo, The
State University of New York, Buffalo, NY 14260

SCOTT E. DENMARK, Department of Chemistry, University of Illinois, at
Urbana—Champaign, Urbana, IL 61801

KELLY A. FAIRWEATHER, Research School of Chemistry, Australian
National University, Canberra, Australia 0200

KEVIN J. FRANKOWSKI, Department of Medicinal Chemistry, University
of Kansas, 1251 Wescoe Hall Drive, Lawrence, KS 66045-7852

SHINJI FUJIMORI, Department of Chemistry, University of Illinois, at
Urbana—Champaign, Urbana, IL 61801

XV



xvi CONTRIBUTORS

BAUDOUIN GERARD, Department of Chemistry, Boston University and
Center for Chemical Methodology and Library Development, Boston,
MA 02215

FRANK-GERRIT KLARNER, Institut fiir Organische Chemie, Fachbereich
Chemie, Universitdt Duisburg-Essen, Essen, Germany

MIREIA CAMPANA KUCHENBRANDT, Institut fiir Organische Chemie,
Fachbereich Chemie, Universitat Duisburg-Essen, Essen, Germany

LEONARD R. MACGILLIVRAY, Department of Chemistry, University of
Towa, Towa City, IA 52242

LEWIS N. MANDER, Research School of Chemistry, Australian National
University, Canberra, Australia 0200

BRANKO MITASEV, Department of Chemastry, University of Pittsburgh,
Pittsburgh, PA 15260

THOMAS PETTUS, Department of Chemistry and Biochemistry, University
of California at Santa Barbara, Santa Barbara, CA 93106-9510

JOHN A. PORCO, ]r., Department of Chemistry, Boston University and
Center for Chemical Methodology and Library Development, Boston,
MA 02215

JON D. RAINIER, Department of Chemistry, University of Utah, Salt Lake
City, UT 84112

CATHERINE TAILLIER, Laboratoire de Chimie Organique, ESPCI,
CNRS 10 rue Vauquelin, 75231 Paris Cedex 05, France

TODD WENDERSKI, Department of Chemistry and Biochemistry, University
of California at Santa Barbara, Santa Barbara, CA 93106-9510

DAVID R. WILLIAMS, Department of Chemistry, Indiana University,
Bloomington, IN 47405

ROBERT M. WILLIAMS, Department of Chemistry, Colorado State
University, Fort Collins, CO 80523

AARON WROBLESKI, Department of Medicinal Chemistry, University of
Kansas, 1251 Wescoe Hall Drive, Lawrence, KS 66045-7852



Preface

I believe I first saw Paul Wender speak at the University of
Illinois—Champaign/Urbana on December 8, 1981. Having an intense love
affair with organic chemistry at the time, I recall being utterly thrilled by
the chemistry I saw. Photochemistry to do a [5+2]-cycloaddition, taking
simple starting materials to complex structures in one step!! It remains
very powerful chemistry.

Though not an easy thing to do, with the help of Scott Denmark and the
NIH, I eventually became a postdoc in Paul’s lab, and was, I believe,
the first person he introduced to the neocarzinostatin chromophore.
There was great science in those labs and many very talented people. It
was fun.

Paul was a very interesting mentor. It became clear very early that he
wanted his co-workers to think and think deeply about their research.
More important, he often seemed willing to “wait it out” as someone
struggled with a problem he believed they could handle. 1 always felt as
though he knew an answer, but expected us to know, learn or discover an
answer too. This is a rather daring way to run a research group, but it pro-
duces real thinkers.

Some things that really shocked me about Paul can be related in two
stories. A few weeks into my postdoc I decided to head up to Muir
Woods one weekend to see what I could see. While sitting and enjoy-
ing some ice cream, I looked up to see Paul standing right in front of
me. Ouch! I should have been in lab, or so I thought. Paul happily intro-
duced me to his companions and we went our separate ways. I expected
some comments on Monday regarding my absence from lab. They
never came.

XVii



Xviil PREFACE

Much later, I informed Paul that my girlfriend would be visiting me for a
week and I would not be doing my 80 reactions per week as he had come to
expect from me (editor’s privilege!). Without hesitation, he suggested that I
take the week off and do some touring of California. I accepted his offer.

Paul has always impressed me as someone who has an incredibly deep
interest in chemistry and science in general. So deep, in fact, that he is will-
ing to spend a great deal of time with people talking about it. I am one of
those people. His ability to see in ways that are often unique, from my point
of view at least, have no doubt opened new roads, not only for me, but for
others as well. Especially important from my perspective is my observation
that at meetings, unless a very tight travel schedule calls him away, Paul will
visit with people at posters, empty tables, you name it, and pass along
insights and give encouragement, whether they are doing a complex natural
product synthesis or relatively simple chemistry. He does not have to do
that; he chooses to and the chemistry community at large benefits from it.

I have heard physical chemists refer to synthetic organic chemists as rep-
tiles who eat their own children. Paul is not that way. He takes great pleas-
ure in seeing his “children” reach their highest potential and is willing to
take steps to help them achieve that goal.

Happy Birthday, Paul!

As the editor of this book, I have many people to thank. The authors did
a spectacular job in presenting some very nice chemistry. One of the perks
of being an editor is getting to enjoy all of that science. My wife, Judy
Snyder, (the “girlfriend” above) helped with proofing and for that I am
extremely grateful. Thanks to Joan Anuels and all at Elsevier for their
encouragement.

It is time to think about another volume in this series, but I also have
papers and especially proposals to write to keep my own research alive. I
hope to see another volume in 2009 or so. Until then, take care of your
science and yourselves.

Michael Harmata



Foreword

This 7™ volume of Strategies and Tactics in Organic Synthesis presents an
extraordinary range of superb chemistry in the 13 chapters that follow. It
also makes clear the great human effort involved in the construction of
complex targets, and teaches us how a combination of perseverance and
imagination can conquer the problems that always arise as the price of
creativity.

For some 33 years, the combination of great art with great teaching has
been the hallmark of Professor Paul Wender’s chemistry. It is most fitting
that this volume is dedicated to him.

Gilbert Stork
Columbia University, NY
May 2007
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