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Carbonylation of heterocycles by homogeneous catalysts

Tamara L. Church, Yutan D. Y. L. Getzler,
Christopher M. Byrne and Geoffrey W. Coates*

This article summarizes the recent developments (particularly
the uses of homogeneous organometallic catalysts) in ring-
opening carbonylations, ring-opening carbonylative
polymerizations and ring-expansion carbonylations of
heterocycles, particularly epoxides, aziridines, lactones and
oxazolines.

R

I
CATALYSTS

O/(Z l 0o
vx/\)J\z \fx/\)k}n

ring opening copolymerization

o
G

ring expansion

This journal is © The Royal Society of Chemistry 2007

Chem. Commun., 2007, 643-656 | 643



EDITORIAL STAFF

Editor
Sarah Thomas

Deputy editor
Kathryn Sear

Assistant editors
James Mitchell Crow, Nicola Nugent, Alison Stoddart,
Katherine Vickers, Jenna Wilson

Publishing assistants
Jackie Cockrill, Jayne Gough, Rachel Hegarty

Team leader, serials production
Helen Saxton

Technical editors

Sue Askey, Celia Clarke, Nicola Convine, Alan Holder,
Laura Howes, Sandra Jones, David Parker,

Ken Wilkinson, Roger Young

Administration coordinator
Sonya Spring

Editorial secretaries
Donna Fordham, Jill Segey, Julie Thompson

Publisher
Emma Wilson

Chemical Communications (print: ISSN 1359-7345;
electronic: ISSN 1364-548X) is published 48 times a year

by the Royal Society of Chemistry, Thomas Graham

House, Science Park, Milton Road, Cambridge, UK CB4

OWF. All orders, with chegues made payable to the Royal
Society of Chemistry, should be sent to RSC Distribution
Services, c/o Portland Customer Services, Commerce Way,
Colchester, Essex, UK CO2 8HP. Tel +44 (0)1206 226050; E-mail
sales@rscdistribution.org

2007 Annual (print + electronic) subscription price: £1832;
US$3462. 2007 Annual (electronic) subscription price:
£1649; US53116, Customers in Canada will be subjectto a
surcharge to cover GST. Customers in the EU subseribing to
the electronic version only will be charged VAT. If you take an
institutional subscription to any RSC journal you are entitled
to free, site-wide web access to that journal. You can arrange
access via Internet Protocol (IP) address at www.rsc.org/ip.
Customers should make payments by cheque in sterling
payable on a UK clearing bank or in US dollars payable on

a US clearing bank. Periodicals postage paid at Rahway,

NJ, USA and at additional mailing offices. Airfreight and
mailing in the USA by Mercury Airfreight International Ltd,
365 Blair Road, Avenel, NJ 07001, USA. US Postmaster: send
address changes to Chemical Communications, c/o Mercury
Airfreight International Ltd., 365 Blair Road, Avenel, NJ 07001.
All despatches outside the UK by Consolidated Airfreight.
PRINTED IN THE UK.

@ The Royal Saciety of Chemistry, 2007. Apart from fair
dealing for the purposes of research or private study

for non-commercial purposes, or criticism or review, as
permitted under the Copyright, Designs and Patents Act
1988 and the Copyright and Related Rights Regulations
2003, this publication may only be reproduced, stored or
transmitted, in any form or by any means, with the prior
permission in writing of the Publisher er in the case of
reprographic reproduction in accordance with the terms

of licences issued by the Copyright Licensing Agency in

the UK. US copyright law is applicable to users in the USA.
The Royal Society of Chemistry takes reasonable care in the
preparation of this publication but does not accept liability
for the consequences of any errors or omissions. Inclusion of
an item in this publication does notimply endorsement by
The Royal Society of Chemistry of the content of the original
documents ta which that item refers.

ChemComm

Chemical Communications

www.rsc.org/chemcomm

EDITORIAL BOARD

Chairman

Roeland J. M. Nolte, Nijmegen, The Netherlands
nolte@sci.kun.nl

Associate Editors

P. Andrew Evans, Liverpool, UK
andrew.evans@liverpool.ac.uk

Jonathan L. Sessler, Austin, USA
chemcommun@cm.utexas.edu

T. Don Tilley, Berkeley, USA
chemcomma@berkeley.edu

Scientific Editors

Alois Flrstner, Mulheim, Germany
fuerstner@mpi-muelheim.mpg.de

Mir Wais Hosseini, Strasbourg, France
hosseini@chimie.u-strasbg fr

Members

Shankar Balasubramanian, Cambridge, UK
sb10031@cam.acuk

Penny Brothers, Auckland, New Zealand
p.brothers@auckland.ac.nz

EDITORIAL ADVISORY BOARD

Varinder Aggarwal, Bristol, UK

Frank Allen, CCDC, Cambridge, UK
Jerry L. Atwood, Columbia, USA

Amit Basak, Kharagpur, India

Dario Braga, Bologna, Italy

Xiao-Ming Chen, Guangzhou, China
Derrick Clive, Alberta, Canada

Marcetta Darensbourg, College Station, USA
Scott E. Denmark, Urbana, USA

Shaojun Dong, Changchun, China

Chris Easton, Canberra, Australia
Gregory C. Fu, Cambridge, USA

Tohru Fukuyama, Tokyo, Japan

Lutz Gade, Heidelberg, Germany

Philip Gale, Southampton, UK

George W. Gokel, St Louis, USA

Trevor Hambley, Sydney, Australia

Craig Hawker, Santa Barbara, USA
Andrew B. Holmes, Melbourne, Australia
Amir Hoveyda, Boston, USA

Steven M. Howdle, Nottingham, UK
Taeghwan Hyeon, Seoul, Korea

Biao Jiang, Shanghai, China

Karl Anker Jargensen, Aarhus, Denmark
Kimoon Kim, Pohang, Korea

Jillian M. Buriak, Edmonton, Canada
jburiak@ualberta.ca

Ben L. Feringa, Groningen. The Netherlands
feringa@chermn.rug.nl

David Haddleton, Warwick, UK
D.M Haddleton@warwick.ac.uk

Peter Kiindig, Geneva, Switzerland
PeterKundig@chiorg.unige.ch

Nazario Martin, Madrid, Spain
nazmar@quim.ucm.es

Keiji Maruoka, Kyoto, Japan
maruoka@kuchem kyoto-u.acjp

Ryong Ryoo, Taejon, Korea
rryoo@kaist.ac kr

Ferdi Schiith, Milheim, Germany
schueth@mpi-muelheim.mpg.de

Nicholas J. Turner, Manchester, UK
nicholas.turner@manchesterac.uk

Susumu Kitagawa, Kyoto, Japan

Shu Kobayashi, Tokyo, Japan

Jéréme Lacour, Geneva, Switzerland
Teck-Peng Loh, Singapore

Tien-Yau Luh, Taipei, Taiwan

Doug MacFarlane, Monash, Australia
David MacMillan, Princeton, USA

Seth Marder, Atlanta, USA

llan Marek, Haifa, Israel

E.W. Bert’ Meijer, Eindhoven, The Netherlands
Achim Muller, Bielefeld, Germany
Catherine Murphy, South Carolina, USA
Atsuhiro Osuka, Kyoto, Japan

lan Paterson, Cambridge, UK

Maurizio Prato, Trieste, Italy

C. N.R. Rao, Bangalore, India
Christopher A. Reed, Riverside, USA
Robin Rogers, Alabama, USA

Michael Sailor, San Diego, USA
Jonathan W. Steed, Durham, UK
Zhong-Qun Tian, Xiamen, China
Carsten Tschierske, Halle, Germany
Herbert Waldmann, Dortmund, Germany
Henry N. C.Wong, Hong Kong, China
Eiji Yashima, Nagoya, Japan

Advertisement sales: Tel +44 (0) 1223 432246; Fax +44 (0) 1223 426017, E-mail advertising@rsc.org

€ The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper).

Royal Society of Chemistry: Registered Charity No. 207890.

Authors may reproduce/republish portions of their published contribution without seeking permission from
the RSC, provided that any such republication is accompanied by an acknowledgement in the form: (Original
Citation)-Reproduced by permission of The Royal Society of Chemistry.



FEATURE ARTICLES

675
Iridium-catalysed asymmetric allylic substitutions

Giinter Helmchen,* Axel Dahnz, Pierre Diibon,
Mathias Schelwies and Robert Weihofen

Ir-catalysed allylic substitutions can be carried out with a
variety of C-, N- and O-nucleophiles to give branched
substitution products with high degrees of regio- and
enantioselectivity.
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Segregated assemblies in bridged electron-rich and
electron-poor m-conjugated moieties

Travis L. Benanti, Pranorm Saejueng and
D. Venkataraman*

We report a general strategy for the spontaneous segregation
of electron-rich and electron-poor n-conjugated molecules
using mutually phobic aliphatic fluorocarbon—hydrocarbon
interactions.

Hydrocarbon Flucrocarbon

Electron-rich
Conjugated
Molecule

Electron-poor
Conjugated
Molecule

Segregated Assembly Through Mutually
Phabic Side-Chain Interactions

695

Construction of di-scFv through a trivalent alkyne-azide
1,3-dipolar cycloaddition

Arutselvan Natarajan, Wenjun Du, Cheng-Yi Xiong,
Gerald L. DeNardo, Sally J. DeNardo* and
Jacquelyn Gervay-Hague*

Site specific ligation of scFv was achieved using 1,3-dipolar
cycloaddition. Incorporation of a trialkyne linker was critical
for efficient conjugation.
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Gold(1)-catalysed arylation of 1,6-enynes: different site
reactivity of cyclopropyl gold carbenes

Catelijne H. M. Amijs, Catalina Ferrer and
Antonio M. Echavarren*®

Gold(1)-catalysed addition of electron-rich arenes and
heteroarenes to 1,6-enynes gives two different types of
products by reaction of the intermediate cyclopropyl gold
carbenes at the cyclopropane or at the carbene.

ArH = electron-rich arene or heteroarene

This journal is © The Royal Society of Chemistry 2007
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Molecular oxygen activation by a molybdenum(1v)
monooxo bis(B-ketiminato) complex

Ganna Lyashenko, Gerald Saischek, Aritra Pal,
Regine Herbst-Irmer and Nadia C. Mésch-Zanetti*

Molybdenum(1v) monooxo compound that contains
bis(B-ketiminato) ligands formed by oxygen atom transfer
activates molecular oxygen forming a molybdenum(VI)
monooxo peroxo complex. This represents a new entry into
molybdenum peroxo derivatives.
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The former “CgoF;4” is actually a double-caged adduct:
(CooF16)(Co0)

Alexey A. Goryunkov, Ilya N. Toffe, Pavel A. Khavrel,
Stanislav M. Avdoshenko, Vitaly Yu. Markov, Z. Mazej,
Lev N. Sidorov and Sergey I. Troyanov*

X-ray diffraction study of the substance originally believed to
be CgoF 6 reveals a double-caged structure, (CgoF16)(Ceo), @
finding supported by MALDI mass spectra and theoretical
calculations.

707

A molecular turnstile in para-octanoyl calix[4]arene
nanocapsules

Gennady S. Ananchenko,* Konstantin A. Udachin,
Michaela Pojarova, Said Jebors, Anthony W. Coleman and
John A. Ripmeester

The thermal treatment of different inclusion complexes of
para-octanoyl calix[4]arene leads to the formation of a
guest-free van der Waals nanocapsular framework possessing
a remarkable stability caused by the high mobility of alkanoyl
arms.

710

Enantioselective palladium-catalysed conjugate addition

of arylsiloxanes o 0
.. . PA(CHyCN)4(BF ), y

Francesca Gini, Bart Hessen, Ben L. Feringa and )H (R.R)-MeDUPHOS )i \C; /FQ

Adriaan J. Minnaard* S I SN ’

The complex formed from Pd(CH;CN)4(BF,), and do@ne 0 o oo ee (R R-MeDUPHOS

(R,R)-MeDUPHOS is a highly enantioselective catalyst for the
asymmetric conjugate addition of aryltriethylsiloxanes to a
variety of unsaturated ketones, lactones and lactams.

This journal is © The Royal Society of Chemistry 2007 Chem. Commun., 2007, 643-656 | 647
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From inconsistent results to high speed hydrosilylation

Virginie Comte,* Cédric Balan, Pierre Le Gendre* and
Claude Moise

The hydrosilylation of various ketones in the presence of
cationic rhodium catalysts containing diphosphine ligands
proceeds much faster under dihydrogen pressure than under an
inert atmosphere.

1) Hy (20 bar)
0 [(o-dppbe)Rh(COD)JOTE OH

(0.1 mol%), THF, rt. 1 h
+ Ph,SiH,

2) HCI, acetone

98%

716

Investigating organocatalytic reactions: mass
spectrometric studies of a conjugate umpolung reaction

Wolfgang Schrader,* Peni Purwa Handayani,
Christian Burstein and Frank Glorius

An organocatalyzed conjugate umpolung reaction has been
studied in detail using electrospray mass spectrometry, which
allows support of the catalytic cycle by intercepting
intermediates.
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Biogenetic hypothesis and first steps towards a biomimetic
synthesis of haouamines

Edmond Gravel, Erwan Poupon* and
Reynald Hocquemiller

Following a plausible biogenetic pathway, advanced
intermediates for the total synthesis of haouamines have been
prepared. This is the first biomimetic approach reported for
this class of complex alkaloids.

biomimetic self-construction haouamine A

722

Organocatalytic asymmetric hydrophosphination of
nitroalkenes

Giuseppe Bartoli, Marcella Bosco, Armando Carlone,
Manuela Locatelli, Andrea Mazzanti, Letizia Sambri and
Paolo Melchiorre*

The first direct asymmetric hydrophosphination (AHP) of
nitroalkenes, catalyzed by a bifunctional Cinchona alkaloid
derivative, has been accomplished.

MeO

(Ph),P-H
HCOOH

N
= /‘\\;/ NO, 10-15 mol%  NaBH,

36-67% ee
30 min 99% ee after crystallization

AHP THF/-40 °C
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725
Ruthenium catalysed /N-alkylation of amines with alcohols
Malai Haniti S. A. Hamid and Jonathan M. J. Williams*

Borrowing hydrogen in the N-alkylation of amines has been
achieved using a ruthenium based catalyst.

HoN Ru catalyst H
S LN j< — P~ K

728

Stereospecific construction of substituted piperidines.
Synthesis of (—)-paroxetine and (+)-laccarin

John F. Bower, Thomas Riis-Johannessen, Peter Szeto,
Andrew J. Whitehead and Timothy Gallagher*

Short and efficient enantioselective syntheses of
(—)-paroxetine and (+)-laccarin are described based on the
highly stereospecific cleavage of C(3)-substituted 1,3-cyclic
sulfamidates.

(-)-Paroxetine

(+)-Laccarin

731

Silver-catalyzed [2,3]-rearrangement of halonium ylides
derived from allyl and propargyl halides and alkyl
diazoacetates

Pasupathy Krishnamoorthy, R. Greg Browning,
Shreeyukta Singh, Rasapalli Sivappa, Carl J. Lovely* and
H. V. Rasika Dias*

A silver(1) complex derived from a polyfluorinated
tris(pyrazolyl)borate effectively catalyzes carbene transfer to
allylic and propargylic halides, leading to the formation of
a-haloacetate derivatives.

) CO,R?
CO:R? - COzR?

X No=" x* [2.3] XLJ
2
R‘/\\) [HB(3,5-(CF3),Pz),] AGTHF R"v Rearrangement 1~

X=Cl,Br

734

Organocatalytic enantioselective conjugate addition of
aldehydes to maleimides

Gui-Ling Zhao, Yongmei Xu, Henrik Sundén,
Lars Eriksson, Mahmoud Sayah and Armando Coérdova*

The first highly enantioselective organocatalytic conjugate
addition of unmodified aldehydes to maleimides is presented.
The novel reaction gives access to a-substituted succinimides
with up to 15 : 1 dr and generally 97 — 99% ee.

0 N h
. oTMS M

o N o

: T N-R
Rt (10 mol%) !
H)\ + _H“(N R o, HJY\‘(\
v (o]

R o) R

I

high chemo- and enantioselectivity
up to 91% yield, up to 15: 1 dr and up to >99% ee

This journal is © The Royal Society of Chemistry 2007
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q o 0 OH us
5 mol% 1 Ar TBSO, it “Ph
+ ACHO ———— 'NN -
CH;Cly, -40 °C g N H OH
R R H 1

up to >99% ee
and 95% yield

Enantioselective desymmetrization of prochiral
cyclohexanone derivatives via the organocatalytic direct
aldol reaction

Jun Jiang, Long He, Shi-Wei Luo, Lin-Feng Cun and
Liu-Zhu Gong*

Asymmetric desymmetrization of 4-substituted
cyclohexanones using proline amide-catalyzed direct aldol
reaction afforded B-hydroxyketones with three stereogenic
centers in high enantioselectivities of up to >99% ee.

739

Probing the periphery of dendrimers by heterogeneous
electron transfer

K. Krishnamoorthy, Raghunath Reddy Dasari,
Arpornrat Nantalaksakul and S. Thayumanavan*

Generation-dependence in the accessibility to the peripheral
electroactive functionalities in dendrimers has been studied by
comparing two different classes of dendrimers with linear
molecules.

742

20s

—>» Mo,C
2MoO4;+7C —»2Mo0, +2CO +5C

2Mo + C M
(0]

—» Mo,C+ 6CO
2 dc

Ultra-rapid processing of refractory carbides; 20 s
synthesis of molybdenum carbide, Mo,C

Simon R. Vallance, Sam Kingman* and
Duncan H. Gregory*

Ultra-rapid microwave reactions yield refractory carbides such
as superconducting Mo,C in 20 s; dielectric properties of the
components mediate the reaction process.

745

-

0

Rh—Rh
A
Rhs(cap)s (1.0 mol%) N

H ==,
+BUOOH (2.0 equiv) 4
MeQ N K2COs (1.0 equiv) MeO N
CHCly, 1t 20

80%
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Oxidation of secondary amines catalyzed by dirhodium
caprolactamate

Hojae Choi and Michael P. Doyle*

Secondary amines are converted to their corresponding imines
with high chemo- and regioselectivity in oxidation reactions of
tert-butyl hydroperoxide catalyzed by dirhodium
caprolactamate [Rhy(cap)q].

652 | Chem. Commun., 2007, 643-656
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A theoretical analysis of a classic example of
supramolecular catalysis

Peter Carlqvist and Feliu Maseras*

Computational chemistry is applied to the study of the
1,3-dipolar cycloaddition between an azide and an alkyne
inside the macrocycle cucurbit[6]uril.

751

A (4,2)-connected niobium phosphate Na;;Nb3;PcO,gF;
with a unique 6.12-net layer: Synthesis, structure and ion
exchange properties

Guang-Zhen Liu, Shou-Tian Zheng and Guo-Yu Yang*

A two-step hydrothermal process was employed to make a
very open (4,2)-connected layered niobium phosphate,
Na;3Nb3PsOx5F,. The sheet consists of alternating
4-connected niobium octahedra and 2-connected phosphorus
tetrahedra, forming a unique 6.12-net that has never
previously been found in metal phosphates.
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754

Achieving conformational control over C—C, C-N and
C-O bonds in biaryls, N, N'-diarylureas and diaryl ethers:
advantages of a relay axis

Mark S. Betson, Ann Bracegirdle, Jonathan Clayden,*
Madeleine Helliwell, Andrew Lund, Mark Pickworth,
Timothy J. Snape and Christopher P. Worrall

A sulfoxide substituent can control the orientation of a C-C,
C-N or C-O bond.

conformational add
control

conformational

control control
up to 6:1 z Q z up 16 20:1 = PhMeN)wD
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Facile synthesis of ordered mesoporous carbons from
F108/resorcinol-formaldehyde composites obtained in
basic media

Changyi Liu, Lixia Li, Huaihe Song* and Xiaohong Chen

Highly ordered mesoporous carbon with cubic /m3m
symmetry has been synthesized successfully via a direct
carbonization of self-assembled F108 (EO3,PO50EO3,) and
resorcinol-formaldehyde composites obtained in a basic
medium of nonaqueous solution.

This journal is © The Royal Society of Chemistry 2007
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5 mol% Fe(OAc), An iron-catalysed hydrosilylation of ketones
nitrogen ligand . C o
Ph hydrosilane Ph Hisao Nishiyama* and Akihiro Furuta
\©\V(CH3 Q/CHS The combination of Fe(OAc), and multi-nitrogen-based
o ligands can efficiently catalyse hydrosilylation of ketones to
0 THF, 65°C OH . : ydrostly ation ( .

work up with Hs0* give the corresponding alcohols in high yields including

asymmetric catalysis.
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