P —
S o Science of
Synthesis

Knowledge Updates 2018/3

Volume Editors

M. C. Bagley
K. Banert

J. A. Joule

T. Murai

C. A. Ramsden

Editorial Board

A. Fuerstner (Editor-in-Chief)
E. M. Carreira

M. Faul

S. Kobayashi

G. Koch

G. A. Molander

C. Nevado

B. M. Trost

S.-L. You

Thieme






‘'spoylaw ayl
Jo suonejw| pue adods ayy Aejdsip suoioeal pue sponpoad
P19 "S9DUSIJRI 21NJeIS)| PUB Uoljewlojul punolbyoeq
JueA9jRI YyuM sainpadodd [pjuawiiadxa UIBIUOD SUOIIeLIEA
puUE SpoyIaw Y309 "usAIb poyIaLl B UO SUOIBLIBA 1 213U}
U930 2dA3 3onpoud |esauab ayy buizisayjuAs 1oy paqldsap
9B SPOYIDLLI JO J9qUINU B ‘ssejagns 1o ssed 31onpoud yoes 1o4

suoidedy
pue
s1npoid
pa123J3s

NOILYIIVA

AOH13IN

*S9LUN|OA [BNPIAIPUI UIYIIM [9A3] SSBJD 19npoad Mojaq
saLieA saquunu buipeay pue aweu buipeay usamiaq diysuoneal
a3 ‘Apuanbasuo) *(6 AWN|OA JO (| SSB|D 32NPOId JO € ssepPqns
1Npoud st sapixolg-1‘L auaydolyy, “b9) ‘sassepqns 3onpoad
0jul PIpPIAIPQNS J9ylin) 9q Aew sassep 1oNpold ‘(6 dWIN|OA
Jo 01 sse|D32npold st sauaydolyy,, “ba) sassepd 3onpoad pajjed
spunodwiod jo sbuidnolb 93210sIp 03 PJOAIP SI YIIYM JO D3
‘(ebed buisoddo 9a3s) sawinjoa ojul papiaipgns si A1obajed yoeg

ssviodans
15Nnaoyd

SSV1D
15Nnaoyd

‘(AjpApoadsal ‘g pue ‘i ‘¢ saliobaze)
Ul P3IaA0D 3l SIIB|OYODe PuB ‘s)ejoud ‘sa)e|Ax0qled
“6'3) suomisod 3saybiy ayy buikdnddo uoqied s|buls
B 03 SpUOQ-% D—)) 10 (X—D) WO03IL0Ia}daY—-U0qIed JO Jaquinu
1591ea1b ayy bujuieuod sppnpoid yum ‘a3e3s UOIEPIXO
03 buipiodoe paziuebio ale g-¢ saiobajed uisyonpold °, sa9|d
-puud uonediyissed ayy 03 buiplodde pauyap ‘siSAYIUAS
40 UaS Ul uomisod [edjydlesaly 3o13s e Adnddo syonpoud
IV ‘ssuobajes> Buibuer-peoiq xis jo suo 03 buibuojeq
synpoud [je yum ‘3onpoad ay) uo paseq Si UOIEDYISSED

_\_/_

(8-€t7 SION) 9
spuoq D ||V
[ R U g

(2r-vE sion) c
puoqx—> |
- 1

(€€-sz s|on)

Spuoqx—>s¢ 14
L o sisayjuis
s1uebaQ jo

sjonpold

(pz-8L SIoN) €
spuogX-D €/t
[ I U g

JINNTOA

]00gapIND sisaYjuAs Jo dU3PS
9y3 Ul punoy aq ued sa|dpulid uonesiyissepd [Ny ay3 jo uondudsap 9ddwod vy

_
(LL-6SI0MN) rd
SoualeloH

T:_oa
sal||e3swouebio L

A¥0D3LVYD

. SIS3YUAs Jo 3du3IS Jo 3INIdNNS [euoneziuebiQ




"aWN|OA A19A3 JO SUOI1I3S SIUIIUO)) JO B|qBL Y3 Ul PUNOJ 3 UED SUOIJBLIEA PUB ‘SPOYIRLL ‘s3ssejdqns pue sasse|d 3onpo.d jo sbunsi| pajielaq ,

(d ‘N =X) x—aua1y qL¢

(31 S S ‘0 ‘|BH = X) X—aualy elg

sanbojeuy wo3eo1931aH 19ybiH pue N/N pue ‘N/S ‘S/S ‘N/O :S|e1dy  0€
XD “X=DX ‘X=D=X ‘X=D—X :SpU0Og WO03RO0I3}3H—U0GIe) IN04 §|
wo3y snioydsoyd 1o uabouN aUQ YHM S9UIRIDH PAIIqUUBIA-XIS G|
W0]B0I3IDH SUQ YIIM SIUIRIDH PAIIqUIRIN-IAI4 Pasn{ QL

o) [ (o] (o) [ ) (o] (v (o) [ roam
(o [v ][] [ (o) (] [ ) (o) () (e [ ommi s
[ g/ (=) (=) (=] (=) [= /et
) ) () [ ) (o) [ ] [0 )] /_8tie

(o[ | aj[w ) [e [ w]/ ajls oo €
Tw[:mm[: nt:ka m[:vL% m[: NL% L

S3INNTOA d3Lvadn A40D31VvD

(8=L SIoA)
salj|eyowouebliQ L




Science of Synthesis

Science of Synthesis is the authoritative and
comprehensive reference work for the entire
field of organic and organometallic synthesis.

Science of Synthesis presents the important
synthetic methods for all classes of compounds
and includes:
- Methods critically evaluated
by leading scientists
- Background information and detailed
experimental procedures
- Schemes and tables which illustrate
the reaction scope
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Preface

As the pace and breadth of research intensifies, organic synthesis is playing an increasing-
ly central role in the discovery process within all imaginable areas of science: from phar-
maceuticals, agrochemicals, and materials science to areas of biology and physics, the
most impactful investigations are becoming more and more molecular. As an enabling
science, synthetic organic chemistry is uniquely poised to provide access to compounds
with exciting and valuable new properties. Organic molecules of extreme complexity can,
given expert knowledge, be prepared with exquisite efficiency and selectivity, allowing
virtually any phenomenon to be probed at levels never before imagined. With ready ac-
cess to materials of remarkable structural diversity, critical studies can be conducted that
reveal the intimate workings of chemical, biological, or physical processes with stunning
detail.

The sheer variety of chemical structural space required for these investigations and
the design elements necessary to assemble molecular targets of increasing intricacy place
extraordinary demands on the individual synthetic methods used. They must be robust
and provide reliably high yields on both small and large scales, have broad applicability,
and exhibit high selectivity. Increasingly, synthetic approaches to organic molecules
must take into account environmental sustainability. Thus, atom economy and the over-
all environmental impact of the transformations are taking on increased importance.

The need to provide a dependable source of information on evaluated synthetic
methods in organic chemistry embracing these characteristics was first acknowledged
over 100 years ago, when the highly regarded reference source Houben-Weyl Methoden
der Organischen Chemie was first introduced. Recognizing the necessity to provide a
modernized, comprehensive, and critical assessment of synthetic organic chemistry, in
2000 Thieme launched Science of Synthesis, Houben-Weyl Methods of Molecular
Transformations. This effort, assembled by almost 1000 leading experts from both in-
dustry and academia, provides a balanced and critical analysis of the entire literature
from the early 1800s until the year of publication. The accompanying online version of
Science of Synthesis provides text, structure, substructure, and reaction searching capa-
bilities by a powerful, yet easy-to-use, intuitive interface.

From 2010 onward, Science of Synthesis is being updated quarterly with high-qual-
ity content via Science of Synthesis Knowledge Updates. The goal of the Science of
Synthesis Knowledge Updates is to provide a continuous review of the field of synthetic
organic chemistry, with an eye toward evaluating and analyzing significant new develop-
ments in synthetic methods. A list of stringent criteria for inclusion of each synthetic
transformation ensures that only the best and most reliable synthetic methods are incor-
porated. These efforts guarantee that Science of Synthesis will continue to be the most
up-to-date electronic database available for the documentation of validated synthetic
methods.

Also from 2010, Science of Synthesis includes the Science of Synthesis Reference
Library, comprising volumes covering special topics of organic chemistry in a modular
fashion, with six main classifications: (1) Classical, (2) Advances, (3) Transformations, (4)
Applications, (5) Structures, and (6) Techniques. Titles will include Stereoselective Synthesis,
Water in Organic Synthesis, and Asymmetric Organocatalysis, among others. With expert-
evaluated content focusing on subjects of particular current interest, the Science of Syn-
thesis Reference Library complements the Science of Synthesis Knowledge Updates,
to make Science of Synthesis the complete information source for the modern synthetic
chemist.
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The overarching goal of the Science of Synthesis Editorial Board is to make the suite
of Science of Synthesis resources the first and foremost focal point for critically evaluat-
ed information on chemical transformations for those individuals involved in the design
and construction of organic molecules.

Throughout the years, the chemical community has benefited tremendously from
the outstanding contribution of hundreds of highly dedicated expert authors who have
devoted their energies and intellectual capital to these projects. We thank all of these in-
dividuals for the heroic efforts they have made throughout the entire publication process
to make Science of Synthesis a reference work of the highest integrity and quality.

The Editorial Board July 2010
E. M. Carreira (Zurich, Switzerland) E. Schaumann (Clausthal-Zellerfeld, Germany)
C. P. Decicco (Princeton, USA) M. Shibasaki (Tokyo, Japan)

A. Fuerstner (Muelheim, Germany) E. ]. Thomas (Manchester, UK)

G. Koch (Basel, Switzerland) B. M. Trost (Stanford, USA)

G. A. Molander (Philadelphia, USA)
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10.2 Product Class 2: Benzo[c]furan and Its Derivatives
H. Kwiecien

This chapter is a revision of the earlier Science of Synthesis contribution describing meth-
ods for the synthesis of benzo|c|furans (isobenzofurans), and has been expanded to in-
clude 1,3-dihydrobenzo|c|furan-1(3H)-ones [1,3-dihydroisobenzofuran-1(3H)-ones, phthal-
ides]. Various methods for the in situ generation of the very reactive benzojc|furans and
their trapping with dienophiles through Diels—Alder reactions, as well as approaches to
the preparation of stable 1,3-diarylbenzo|c[furans, are presented. Classical routes to 1,3-
dihydrobenzo|c|furan-1(3H)-ones involve the disproportionation of 1,2-diacylbenzenes or
formation of the lactone ring from 2-functionalized benzoic acid derivatives. More recent
developments that involve other approaches are also included.

Ar! {ReBr(CO)3(THF)} (2.5 mol%) Arl
_Ph o 4-A molecular sieves

N toluene, 115°C, 24 h -
[¢]

A" TH =~
Ar?

R' O {RuCly(p-cymene)}, (2 mol%) R! o
Cu(OAc)2*H,0 (2 equiv)
OH H,0, 80°C, 16 h
+ PR o)
RZ R2

RS
R® = CN, CO,Me
Keywords: benzo|c|furans - isobenzofurans - 1,3-dihydrobenzo|c[furan-1(3H)-ones
phthalides - organometallic reagents - transition-metal catalysts - cyclization - Diels-Alder

cycloaddition - retro-Diels—Alder reaction - lactonization - pyrolysis - asymmetric reaction -
ring transformation - aromatization

Updated Section - @EIIFI® Completely Revised Contributions - New Contributions
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15.6.3 Isoquinolinones
V. A. Glushkov and Yu. V. Shklyaev

This chapter is an update to the earlier Science of Synthesis contribution describing meth-
ods for the synthesis of isoquinolin-1(2H)-ones and isoquinolin-3(2H)-ones. The focus is
on the literature published in the period 2005-2015, and includes new cyclization reac-
tions, C—H activation methods, and catalysis by metal complexes of nickel, ruthenium,
rhodium, and palladium.

Ph
Ph
X {Rh(Cp*)Cla}> E\ X
H + Ph—=——FPh _—
Pz N. % ¥ NH
OMe 90%
(e} (e}

Keywords: isoquinolines - isoquinolinones - benzamides - cyclization - lactamization -
C—H bond activation - annulation - acetylenes - transition-metal catalysis - nickel -
ruthenium - rhodium - palladium

p303 —

18.10.15 Thiocarbonic Acids and Derivatives
R. A. Aitken

This chapter is an update to the earlier Science of Synthesis contribution (Section 18.10) de-
scribing methods for the synthesis of thiocarbonic acids and derivatives and their applica-
tions in organic synthesis. In addition to new methods and applications for the more com-
mon derivatives covered in the original chapter, synthesis and applications of several less
common systems are included for the first time.

S ) S
R! _R2 R _R2 R'. _R?
.y By B
RS
S ) S
R, _R? R RS R _R3
Se Se N )I\ Se F:’)J\ F:’
R2 R2 R4

Keywords: sulfur compounds - selenium compounds - tellurium compounds - thio-
carbonyl compounds - thiocarbamates - thionyl compounds - thioureas - dithiocarbon-
ates - dithiocarbamates

Updated Section - @EIIFI® Completely Revised Contributions - New Contributions
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30.3.43 1,3-Dithianes
Y. Saikawa and M. Nakata

1,3-Dithianes are widely used as carbonyl protecting groups as they are stable under both
acidic and basic conditions. They are intermediates in desulfurization reactions and they
also enable carbonyl umpolung by metalation. This chapter discusses advances in 1,3-di-
thiane synthesis published since 2007, including solid-supported thioacetalization reac-
tions.

o Hs " sh m m

_— S S —_— S S

H R "R?

Keywords: acetalization - umpolung - dithianes - metalation - dithiols

p389 —

30.3.53  1,3-Dithiepanes
Y. Saikawa and M. Nakata

1,3-Dithiepanes are less common than 1,3-dithiolanes or 1,3-dithianes, but are also used
in the thioacetalization of carbonyl compounds. This chapter covers methods published
since 2007, including fused rings with hidden 1,3-dithiepane substructures.

Keywords: dithiepanes - Lewis acid catalyzed reactions - acetalization - fused-ring sys-
tems - dithiols

Updated Section - @EIIFI® Completely Revised Contributions - New Contributions
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30.4.3 S,N-Acetals (0.-Amino Sulfur Derivatives)
Y. Mutoh

This chapter is an update to the earlier Science of Synthesis contribution (Section 30.4) de-
scribing methods for the synthesis of S,N-acetals (also known as N,S-acetals or a-amino
sulfur derivatives) that have been reported since 2003. One of the major recent develop-
ments involves the enantioselective synthesis of S,N-acetals by organocatalysis.

1
NR! RNH
R3 R3 B SR
" chiral organocatalyst
R*SH _—

o + S up to 99% ee 0

N N

R2 R2

Keywords: S,N-acetals - a-amino sulfur derivatives - alkynylation - nucleophilic addition -
phase-transfer catalysis - asymmetric catalysis - acid catalysts - electrophilic additions -
cycloadditions - sulfur compounds - thiols - iminium salts

p407 —
30.6.3 N,N-Acetals (Aminals)
Y. Mutoh

This chapter is an update to the earlier Science of Synthesis contribution (Section 30.6) de-
scribing methods for the synthesis of N,N-acetals (also known as aminals) that have been
reported since 2003. The major recent advances include methods for the enantioselective
synthesis of N,N-acetals by organocatalysis and by transition-metal catalysis.

0]
NMe

TFA
Bn N )\ Bu!
H

(20 mol%)
CH,Cl,
+ H
] 79-93%

70-97% ee
13:1to 44:1 dr

R' = H, Br; R? = H, Bz, CO;Me
Keywords: N,N-acetals - aminals - alkylation - nucleophilic addition - asymmetric cataly-

sis - acid catalysts - electrophilic additions - cycloadditions - hetero-Diels-Alder reactions -
imines - palladium catalysts - iridium catalysts

Updated Section - @EIIFI® Completely Revised Contributions - New Contributions
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31.5.1.5.12 Synthesis of Phenols from Nonaromatic Precursors
C. Gonzdlez-Bello

The introduction, or chemical modification, of substituents on an existing aromatic ring
is probably the most widely employed strategy for the synthesis of phenols, and these
methods are summarized in Sections 31.5.1.1 to 31.5.1.4. However, with such transforma-
tions, it is sometimes difficult to achieve satisfactory regiocontrol. Furthermore, the re-
quired precursors may be expensive, difficult to synthesize, or simply unavailable. The di-
rect construction of a phenol ring from acyclic precursors that already bear the required
substituents at the appropriate positions represents a good alternative. This strategy is
particularly useful for the synthesis of highly substituted phenols. In this chapter, an up-
date of the reported methods for this approach, which were originally described in Sec-
tion 31.5.1.5 of Science of Synthesis in 2007, is provided, and includes methods for benz-
annulation, cycloaromatization, cyclocondensation, and ring-closing metathesis.

Keywords: phenols - benzannulation - cycloaromatization - cyclizations - cyclocondensa-
tion - ring-closing metathesis - Diels-Alder reactions

Updated Section - @EIIFI® Completely Revised Contributions - New Contributions
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