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Disclaimer

This reference work mentions numerous commercial and proprietary trade
names, registered trademarks (not necessarily marked as such), patents,
production and manufacturing procedures, registered designs, and designations.
The editors and publishers wish to point out very clearly that the present legal
situation in respect of these names, designations, or trademarks must be
carefully examined before making any commercial use of the same. Industrially
produced apparatus and equipment is included only to a necessarily restricted
extent, and any exclusion of products not mentioned in this reference work does
not imply that any such selection or exclusion has been based on quality criteria
or quality considerations.

Warning! Read the following carefully: Although this reference work has been
written by experts, the user must be advised that the handling of chemicals,
microorganisms, and chemical apparatus carries potentially life-threatening risks.
For example, serious dangers could occur through quantities being incorrectly
given. The authors took the utmost care that the quantities and experimental
details described herein reflected the current state of the art of science when the
work was published. However, the authors, editors, and publishers take no
responsibility as to the correctness of the content. Further, scientific knowledge is
constantly changing. As new information becomes available, the user must
consult it. Although the authors, publishers, and editors took great care in
publishing this work, it is possible that typographical errors exist, including errors
in the formulas given herein. Therefore, it is imperative that, and the
responsibility of every user, to carefully check whether quantities,
experimental details, or other information given herein is correct based
on the user’s own understanding as a scientist.

Scale-up of experimental procedures published in Science of Synthesis carries
additional risks. In cases of doubt, the user is strongly advised to seek the
opinion of an expert in the field, the publishers, the editors, or the authors. When
using the information described herein, the user is ultimately responsible for his
or her own actions, as well as the actions of subordinates and assistants, and for
the consequences arising from these actions.
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Preface

Facing dramatic developments in chemistry during the last few decades, which
have provided chemists with a wealth of new reagents and reactions, the need for
a new, comprehensive, and critical treatment of synthetic chemistry has become
apparent. To meet this challenge an entirely new edition of the esteemed
reference work Houben-Weyl Methods of Organic Chemistry was launched in the
year 2000.

This new edition is entitled Science of Synthesis, Houben—Weyl Methods of
Molecular Transformations and is edited by D. Bellus (Basel, Switzerland), E.
N. Jacobsen (Cambridge, USA), S. V. Ley (Cambridge, UK), R. Noyori (Nagoya,
Japan), M. Regitz (Kaiserslautern, Germany), P. J. Reider (New Jersey, USA), E.
Schaumann (Clausthal-Zellerfeld, Germany), I. Shinkai (Tokyo, Japan), E. J.
Thomas (Manchester, UK), and B. M. Trost (Stanford, USA).

Science of Synthesis is a balanced and critical reference work, produced by the
collaborative efforts of chemists, from both industry and academia, selected by
the editorial board. All published results from journals, books, and patent
literature from the early 1800’s until the year of publication are considered by the
authors, who are among the leading experts in their field, to provide chemists
with the most reliable methods to solve their synthesis problems. Science of
Synthesis will be updated periodically and will become a prime source of
information for chemists in the 21st century.

Science of Synthesis is organized in a logical, hierarchical manner based on the
target molecule to be synthesized. The critical coverage of methods is supported
by information intended to help the user choose the most suitable method for
their application, thus providing a strong foundation from which to develop a
successful synthetic route. Within each category of product, illuminating
background information such as history, nomenclature, structure, stability,
reactivity, properties, safety, and environmental aspects are discussed along with
a detailed selection of reliable methods. Each method and variation is
accompanied by reaction schemes, tables of examples, experimental procedures,
and a background discussion of the mechanistic rationale, stereochemistry, and
scope of the reaction, as well as its limitations and functional group compatibility.
In a format consisting of 48 volumes, Science of Synthesis is a unique reference
work, selecting and evaluating all synthetic methodology and thus providing more
than just a compound database or an indiscriminate review of the literature.

To best meet the needs of the scientific community, Science of Synthesis is being
published as an electronic version and also in print. The electronic version has
been developed under the guidance of an advisory board comprising A. Barth
(Fachinformationszentrum Karlsruhe, Germany), G. Baysinger (Stanford
University, USA), A. Mullen (Bayer AG, Germany), H. Rzepa (Imperial College,
UK), and E. Zass (ETH Zurich, Switzerland). It is equipped with a powerful and
user-friendly information retrieval system to allow for keyword, text,
substructure, structure, and reaction searches. Science of Synthesis provides a
hypertext navigation system and thesaurus support. Crossovers to other
databases and electronic journals are fully supported. Science of Synthesis is at
the heart of the fully integrated laboratory of the future.

The Publisher
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Technical Support

Please e-mail your queries to the Science of Synthesis Helpdesk at:
soshelpdesk@thieme-chemistry.com

or fax us at:

+49 (711) 8931-777

We will endeavor to answer your query as soon as possible.

Georg Thieme Verlag KG

RudigerstraBe 14

D-70469 Stuttgart
Germany
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New Features: Release Version 3.2

This new release includes:

New Content

Four new content volumes i.e. Volumes 8a and 8b (Compounds of Group 1
- Snieckus/Majewski, 1615 pages in total); Volume 24 (Three Carbon-
Heteroatom Bonds: Ketene Acetals and Yne-X Compounds - de
Meijere/Schaumann, 1194 pages) and Volume 34 (Fluorine —Percy/Ley,
424 pages)

20,000 new structure searchable reactions (the electronic product now
contains over 140,000 selected reactions)

New Functionality and Software

InfoChem Fast Search Engine implemented enabling even faster structure
and reaction searching then before

Catalyst, Solvent, and Reactant/Product categories have been introduced
into the structure searching module allowing users to further specify the
role of a structure in a reaction

New Features

Introduction of Digital Object Identifiers (DOIs) for each Science of
Synthesis document

Science of Synthesis helpdesk established.

Contact: soshelpdesk@thieme-chemistry.com

Abbreviations list now available within toolbar

New “History” feature available enabling the user to upload previous
queries derived during a session

IMPORTANT NOTE: A NEW INFOCHEM PLUGIN BECAME AVAILABLE IN LATE JuLYy 2006. IT IS
STRONGLY RECOMMENDED THAT ALL SCIENCE OF SYNTHESIS USERS DOWNLOAD AND USE THE
NEW PLUGIN “ICCLIENT-SETUP.ZIP"”. PLEASE VISIT WWW.INFOCHEM.DE FOR FURTHER DETAILS.


mailto:soshelpdesk@thieme-chemistry.com
http://www.infochem.de/
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1 System Requirements and Login

1.1 System Requirements

Science of Synthesis is an entirely web-based product, which does not require
the installation of specialized software on your computer. However, popup
blockers must be deactivated to use Science of Synthesis. Please contact
your IT support if you require assistance with deactivating this function.
Structure searching within Science of Synthesis is possible using various
software packages.

The following procedure will determine if your system meets Science of
Synthesis requirements.

STEP 1: Confirm that your system meets the following system
requirements:

e PC with compatible operating system (Windows NT 4.0/95/98/2000/XP)
and Internet connection (Macintosh computers are not supported)

e Microsoft Internet Explorer 5.5 and above (other browsers, e.g. Mozilla
Firefox and Netscape are not supported)

e Popup blocker must be deactivated

e Adobe Acrobat Reader 4.0 or higher required (for the electronic backfile).
Which may be downloaded free of charge from the Adobe Web site
(www.adobe.com).

STEP 2: Confirm that you have one of the following chemical drawing
packages installed on your computer:

ICedit Java Drawing Tool:

The most basic of the three drawing packages; may be used to quickly submit
simple structures. Provided your system allows java to operate you can use the
built-in ICedit Java Drawing Tool to carry out structure searching.

ISIS/Draw:

ISIS/Draw 2.5 is available free of charge (for academic and personal use only)
following registration with the MDL Web site (www.mdli.com). Commercial and
corporate users should purchase an appropriate license for ISIS/Draw 2.5. After
installation restart your computer.

To wuse ISIS/Draw you must download and install our client plugin
icclient_setup.zip.
ISIS/Draw must be installed before the plugin, as the plugin must be saved in the
ISIS/Draw folder.



http://www.adobe.com/
http://www.mdli.com/
http://www.thieme-chemistry.com/thieme-chemistry/resources/icclient.zip
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A newer version (July 2006) of the plugin is available from the Infochem Web site
(www.infochem.de). However, both versions will continue to be usable with
Science of Synthesis.

= Thieme products
B SPRESMeR
" MR

Download Click here to download the client setup far the Infohem Pluging “icclient_setup zip* (1.8 MB).

Flease note: The Plugin works with Internet Explorer anly.

= In either case follow these instructions:

1. Download the appropriate zip-file to any directory on your local pe

2. Close your weh browser.

3. Unzip the file and then doubleclick the setup exe to install the software. Follow the
instructions.

4. Restartyour browser,

ChemDraw:

Science of Synthesis supports ChemDraw 7.0, 9.0, and 10.0 available from the
CambridgeSoft Web site (www.cambridgesoft.com). No additional software is
required. However, it is recommended that all users carefully review the
ChemDraw compatibility chart to ensure that you are using a version of
ChembDraw 7.0, 9.0, or 10.0 that is compatible with your system.

Please note that a fully licensed version of ChemDraw 7.0, 9.0 or 10.0 is required.

All rights reserved; © 2006 Georg Thieme Verlag KG


http://www.infochem.de/
http://www.cambridgesoft.com/
http://www.cambridgesoft.com/services/compat.cfm

Science of Synthesis 3.2: Getting Started Manual

1.2 Accessing Science of Synthesis on the Web

Science of Synthesis may be accessed via the Thieme Chemistry Web site:
www.thieme-chemistry.com

312 Thieme

Joumnals Reference \Woarks Encyclopedias Monographs
SVINFACTS ROMPF Gnline (DE) Fharmaceubical Substances
SYNLETT Srience of Synthesis ROMPE CD 2006 Frofeciing Groups
STMNTHESIS ROMPP Matural Products Synthetic Mathods
Stignca of Synlhasis Speciroscopic Methods

Houbern—¥ey EleclronicBoakLibrary

‘Warkhench Editions Organische Chemie (DE)

HEWS Raference Works:

5 Wolume E22: Synthesis of Peplides and
e FPeplidermimetics is now available as a

* softhackWorkiench Edition for use in the
laboratons, The S-volume setis avallable
Tor €3993

Ik info..

| Thieme-IUFAC Prize | Online Catalogue | Conferences | Aboutus | Cortactus | Find us | Feedback | Imprints & Disclaimer

There are two methods of accessing Science of Synthesis from this front page:

Click on the blue “Reference Works” button contained within the "“Electronic
Products” graphic to be taken directly to the login page

Click on the orange “Login” button contained within the “Electronic Products”
graphic to go to a summary page for all Thieme Chemistry electronic products,
including journals and monographs (see below).

& Thieme

Joumals Reference Works Encyclopedias Monographs
This page is designed ha
provide reqular users of the

Thleme Chernisth ! Thieme Chemistry range of
glecironic progucts with an
acress pointthat can be book
roarked, giving obstacle-Tres

EYNEATTS @ i anlry to the programs.

~

Foreach of our praducts ws
provide;

@ & login bution that gives

immediale access o the
product

3

EYNTHESIS

Science of Synthesis 4

°

1 an informmation bution that
linikes 0w 1o ous information
pagas mal provide yow wilh a
cormplale product overdew

ROMPP Onling

°

~J

Frharmaceutical Substances @ l

ElecfronicBook Library

= 3 help Bulton that
prowvide s you wilh a link bo all of
the infarmation necessany for
using our products

o

Thieme-IUPAC Frize | Online Catalogue | Conferences | Aboutus  Confactus | Find us | Feedback | Imprnts & Disclaimer

11


http://www.thieme-chemistry.com/

Science of Synthesis 3.2: Getting Started Manual

A variety of links may be followed from this page including:

Product specific information on the Thieme Chemistry Web site.

e

Information regarding system requirements and plugins.

Immediate access to the login page.

Remember to download and install the plugin icclient_setup.zip if you intend to
use ISIS/Draw for the structure search functionality of Science of Synthesis!

12
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1.3 Login Page

Having arrived at the Science of Synthesis Login Page (see Section 1.2) there
are two possible ways to proceed:

If your IP address is authenticated automatically, click on the blue [Click here to
start] button to access the Science of Synthesis start page.

@J Thieme

Science of Synthesis: Houben-Weyl Methods of Molecular Transformations

You were authenticated by IP Address.

[ Click here to start ]

Sclence of Synihests Version 3.1 (release date; 25 Movernber 2005) offers a new Inlultive infeface, designed to make a lierature
search fast and easy for Trstime usars and advanced users alike.

Science of Symihesis now containg 2 wolumes, covering the fields of Organometallics; Hetarenes and Related Ring Systems;

Compounds with Four Carbon—Heteroatom Bonds e.g. Carbonle Aclds, Imidic Acids ete.; Compounds with Three Carpon—Heteroatom
Bonds e.g. Mitiles, socyanides, and Dervatims, Amides and Derivatives, Feplides, Lactams, Thio-, Selano- and Tellurocaroylic Acids
Preface | Systemn Requirements | Gefling Started Manuwal | Guidebook | Hazard Information | Liability Dizclaimer | Copyright Infarsnabion

e If your IP address is not automatically recognized you will need to obtain a
username and password to log onto Science of Synthesis. In this case,
or if login problems persist please e-mail our help desk (e-mail:
soshelpdesk@thieme-chemistry.com).

# Thieme

Science of Synthesis: Houben-Weyl Methods of Molecular Transformations

Authentication Requirad
Usemame:

Password:

Science of Synthesis Version 3.1 (release aate: 25 November 2003) offers 3 new intuilive interface, designed 1o make a Merature
search fast and easy for first-ime users and advanced users alike.

Sclence of Synthesis now containg 22 volumes, covening th fields of Grganametallics; Hetarenes and Related Ring Systems;

el with Four Carbon—+ Bonds &.9. Cabanic Atids, Imidic Ads e C wilh Three Carb,

Bonds e.g Milriles, 1sacyanides, and Derivatives, Amides and Dervalives, Peplides, Lactams, Thio-, Selenc- and Tellurocarbondic Acds
and Derivalives, and C with Two Carban Bands e.9. Ketones, and Heteroatom Analagues of Aldahydes and

Preface | System Requirements | Getting Staned Manual | Guidebook | Hazard Information | Liability Disclaimes | Copyright Infarmation

o If you wish to register a new account with Science of Synthesis please
contact our marketing team (e-mail: marketing@thieme-chemistry.com).

All rights reserved; © 2006 Georg Thieme Verlag KG

13
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Institutional users should contact their representative in the appropriate

territory.
The Americas Rest of the World
Alexandra Williams Dr. Norbert Kummer
Tel: +1-212-584-4711 Tel.: +49-711-8931-741
awilliams@thieme.com norbert.kummer@thieme.de

At the bottom of the login page several links provide more information on various
aspects of Science of Synthesis including:

1) The series preface

2) A page detailing the system requirements (make sure to read this carefully
before you use Science of Synthesis)

3) The Getting Started Manual
4) The Science of Synthesis Guidebook

5) Hazard, liability and copyright information (make sure to read these
documents carefully before you use Science of Synthesis!)

The popup blocker must be deactivated to use Science of Synthesis. Please
contact your IT support if you require assistance.

14
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1.4 Start Page

Science of Synthesis 3.2

IO/ O D Table of Contents
E Science of Synthesis

Organometallics|

. Hetarenes

{ | Compounds with All Carhon Functions

Compounds with Four and Three Carbon-Heteroatom Bonds
Compounds with Two Carbon—Heteroatom Bonds
Compounds with One Saturated Carbon—Heteroatom Bond

Help Website Abbreviations | Houben—Weyl | Logout « No Current Hits =
= |OIOD Query | Hitlist | Full Text |
=] Draw a Structure or Reaction Query:
Using @ Java Applet © 1SS/ Draw © ChemDraw Drawr
Structure query empty
!Search as: © Substructure © Exact Structure € Reaction Clear
Role: ¥ Catalyst ¥ Solvent ¥ Reactant/Praduct
... or Upload a Molfile from your local disk.
|Refine guery:
Fland leAS Riegisty Mo jl Index...
Add Row
Search for Full Text and Name Reactions;
W |and > |[Full Text = Index
Add Row
Search for Bibliographic Information:
¥ [and =][Author = Index... |
Add Row
Clear Form | Query Histany
Copytight @ 2006 by Gearg Thieme Verlag KG and InfaChem GmbH, all rights reserved

The principle features of the start page include:

Table of Contents: Access to the individual documents of Science of

Query Page:
Hitlist Display:

Full Text Display:

| NocumentHits =

Query History

Help:

Synthesis can be achieved via the interactive Table of
Contents, which is always displayed on the left-hand side of
the screen. Here, the user is able to constantly view their
current location within Science of Synthesis in accordance
with the Science of Synthesis classification system, and
use the links to move systematically around the product.

Displays the current search criteria.

Displays the hitlist generated by the current search.

Displays the full text of a selected hit.

Displays the number of Hits produced by a search. Hits may
be navigated using the green arrows, with the right arrow
showing the next hit, and left arrow returning to the
previous hit.

The radio buttons allow the user to toggle between different
display formats. Both screens may be shown (yellow) or
only the Table of Contents (red) or search page (green) as
required.

Displays a history of previously used search terms.

Provides a link to the Getting Started Manual.

15
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Website:

Abbreviations:

Houben—Weyl:

Logout:

Provides a link to the Thieme Chemistry web page for
information about Science of Synthesis.

Provides a downloadable list of all the abbreviations used in
Science of Synthesis in pdf format.

Provides access to the electronic backfile (1907-2004).

Allows the wuser to disconnect from the Science of
Synthesis Web site at the end of a session. Alternatively,
the connection will be automatically terminated after a 20-
minute period of inactivity.

16
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2 Structure Searching

2.1 Structure Search Fields

The structure query section of the start page is laid out as shown below. Further
information on each section may be found by clicking on the information button

ol

=) Mo Current Hits =

OO Query | Hitlist | Full Text |
Drawe & Structure or Reaction Cluery:
[Using @ Java Applet O ISIS / Draw © ChemDraw Cirawy

Structure query empty

Search as: ¢ Substructure © Exact Structure © Reaction Clear

[Role: ¥ Catalyst ¥ Solvent ¥ Reactant/Product
... ar Upload a Molfile from your local disk.

= =

Refine query:

Pland jICAS Fegistry Nu:u.jl Index... |

Add Fow

2.1.1 Drawing Package Options

The user may choose from three drawing packages to input a structure. These
may be selected by clicking on the relevant button. They are:

e ICedit Java Drawing Tool or “Java Applet” (built-in)
e ISIS/Draw 2.5 (commercial, requires plugin)
e ChemDraw 7.0 and 9.0 (commercial)
In all cases it is recommended that users consult the system requirements for

Science of Synthesis (Section 1.1) to check that their drawing packages meet
the necessary requirements.

17
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2.1.2 Structure Search Options

Three options are available for searching structures within the Science of
Synthesis electronic product: You may search by Substructure, Exact Structure,
or Reaction.

Substructure: Locates all molecules containing the substructure drawn.
Variable substitution is allowed at on non-specified atoms
within the structure.

Exact Structure: Finds only those molecules with the exact structure drawn.

Reaction: Allows the specification of reactants and/or products within
a reaction scheme, and finds all molecules with the
substructure drawn.

The default setting for any search is Substructure.

In order to carry out a reaction search an arrow must be drawn using a drawing
package.

It is not possible to specify intermediate products within a multi-step reaction i.e.
a reaction scheme A—B—C is not searchable. However, it is, of course, possible to
search for the reactions A—B, A—»C, or B—C.

2.1.3 Structure Role Options

It is possible to specify the role of a given structure. There are currently three
options:

Catalyst: The given structure acts as a catalyst.
Solvent: The given structure acts as a solvent.
Reactant/Product: The structure is a reactant or product.

The default search setting is for all options to be active.

18
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2.2 Drawing a Structure or Reaction Query

2.2.1 Drawing with the ICedit Java Drawing Tool

2.2.1.1 Starting ICedit

Select the ICedit (Java Applet) drawing package. Then click , or click on the
structure window. The drawing software will start automatically, and the drawing
window will be displayed.

2] -] o [RISO[+] ] 1. Lx] = =] i |G
AEEE6E e

L)
=
c]
o
o]
o

b
| »

Transfer Structure/Reaction to gquery farm | Cancel |

The following buttons are available in the drawing window

Button | Title Usage

/ single bond draws a single bond or changes an existing bond

// double bond draws a double bond or changes an existing bond

//, triple bond draws a triple bond or changes an existing bond

» wedged bond draws a wedged bond or changes an existing
bond

' hatched bond draws a hatched bond or changes an existing

bond

'r,, , draw chain draws a chain of varying length

' A edit query atom opens the define query atom window, which
allows the user to change atom properties

19
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open periodic table

opens a periodic table to select any atom and
specify its charge, valence, isotope etc

draw C atom

draws a C atom or converts an existing atom

c
N draw N atom draws a N atom or converts an existing atom
0 draw O atom draws a O atom or converts an existing atom
5 draw S atom draws a S atom or converts an existing atom
| A\ | cyclopropane draws a cyclopropane ring
LA
|:| cyclobutane draws a cyclobutane ring
N cyclopentane draws a cyclopentane ring
| -
| cyclopentane draws a “flat” cyclopentane ring
e cyclopentadiene draws a cyclopentadiene ring
¥
[ﬂl cyclohexane draws a cyclohexane ring
S
[|q] benzene draws a benzene ring
T
=

-
L

cycloheptane

draws a cycloheptane ring

cyclooctane

draws a cyclooctane ring

clear screen

opens a new drawing window

delete object

deletes selected object

ﬂ undo undoes the last action
Cu redo repeats last action
[y select object selects a single object or an entire structure
rotate rotates a selected object

reaction plus

adds a reaction plus when drawing components
for a reaction query

reaction arrow

adds a reaction arrow when drawing reactants
and products for a reaction query

atom mapping

adds atom mapping to selected atoms

l1 [

1 atom mapping removes atom mapping from selected atoms
R R-group adds a user defined R-group to a search query
R R-group removes a user defined R-group from a search

query

dialogue box

shows information on this version of ICedit

20
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2.2.1.2 Drawing Features in ICedit

The button panels within the ICedit drawing window may be used to draw simple
structures. However, the ICedit drawing tool contains several functions by which
additional information may be added to a structure. This is especially useful in
that it allows detailed searches without the need to explicitly draw out the
entirety of a structure.

22.1.2.1 Using the Define Atom Query Function

It is possible to define the properties of an atom in a structure by using the atom
query feature. To access this function move the cursor over any atom in a
structure, such that it is highlighted by a red box. Click on the atom using the
right mouse button and select “Edit Queryfeature” from the available list.

*@IIIIIIIBIBI@W
I (| &)+ o] =] @] @]

O

A

Edit Akam
Deleke Akom

@@B@@Hﬂﬂﬂsﬁl

Transfer Structure/Reaction to query farm | Cancel |

This gives access to the define query atom page where most of the search options
are located.
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i
P-Table Preview:
C
| List || NOTList |
Substitution count: [ off : Ring bond count: [ off %]
Feaction Sterec: [ off = Beaction center: [ off %]
[ Mo Implicit Hedrogens [ Unsatured atam [T Exact change
[ Exact valence [ Aromatic atom [ Ring atom
[ Chain atam
| Reaseat | | Cancel | | oK |
|'-.-'-.-'arnin|;|: Applet Window

Substitution Count:

Ring Bond Count:

Reaction Stereo:

Reaction center:

No implicit Hydrogens:

Unsaturated atom:
Exact valence:
Aromatic atom:
Ring atom:

Chain atom:

Allows the user to specify the number of non-
hydrogen substituents on an atom.

Allows the user to specify the number of bonds to the
atom that are part of rings.

Allows the user to indicate whether the
stereochemistry at a center is retained or inverted.

Allows the user to indicate whether the atom is a
reacting center.

The atom has zero hydrogen atoms attached.
The atom is unsaturated (but not aromatic).
The exact valence on an atom is shown.

The atom is part of an aromatic system.

The atom is part of a ring.

The atom is part of a chain.

Once the required settings have been chosen, clicking on "OK” returns the
settings to the drawing window. “Cancel” closes the query window without
making any changes, and “Reset” returns all checked boxes to the default

settings.

The define atom query window may also be accessed by clicking on [l in the
drawing window button panel.
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2.2.1.2.2 Using the Define Bond Query Function

In a manner analogous to that for atom queries, it is possible to add further
information to chemical bonds within a structure. To access this function, hold the
mouse over the bond in question, click on it using the right mouse button and
select “Edit Bond” from the menu.

0] 2] o |« [RJS]+[—] 1. Dx] = [X] i [
] AIACIASGIOSIO0

T

Delete Bond

(@ JoJ=]o IED= 2 [ NS

-
4| | 3

Transfer StructurefReaction to query farm | Cancel |

This opens the Edit Bond window, in which are contained the various available
options.

]

Bond Type: Preswigw:

Coordinative

Up

Dranr ; . [ ;]

Either Reacting Center: Nonhe =

Double Either .

Arornahic | Topalagy: [ None T]
| Cancel | | 0K |

|'-.-'-.-'arning: Applet Window

Bond Type: Allow the user to specify the type of bond.

23
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Preview: A graphical display of the type of bond currently selected.

Reacting Center: Allows the user to assign a bond as being unchanged, made,
broken, or otherwise altered.

Topology: Allows the user to specify whether a bond is in a ring or a
chain.
2.2.1.2.3 Using Generic Groups (A, Q, X, R)

Clicking on the “"P-Table” link in the Define Query Atom window loads a periodic
table identical in most respects to that available using the periodic table button in
the drawing window (see Section 2.2.1.1).

T
P-Table Fresvig:
C

| List | | MNOTList |

Substitution count: [ off = Ring bond count: [ off %]

Reaction Sterec: [ off = Beaction center: [ off %]

[ Mo Implicit Hydrogens [ Unzatured atom [T Exact change

[ Exact valence [™ Aromatic atom [ Ring atom

[ Chain atom

| Reset | | Cancel | | oK |

|Warning: Applet Window

However, this periodic table also features a series of blue buttons (A, Q, X, R)
that may be used to search for generalized structures, where:

A: Any atom except hydrogen
Q: Any atom except hydrogen and carbon
X: Any halogen atom (not currently available)

R: Any R-group (not currently available)

24
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Periodic Table: Select Atom x|

H He
Li | Be B(C|IN|O|F |Ne
Na |Mg Al(Si| P 5S|[CI|Ar

K|Ca|Sc|Ti|V [[CriMn|Fe|Co|Ni[CulZn|Ga||Ge|As|Se|Br|Kr

Rb|Sr| ¥ (| Zr [Nb|Mo|Tc [RU(Rh|Pd [Ag(Cd| In [SnSkh|Te| I X
Cs | Ba Hf ([Ta | W ([ReOs| Ir (Pt (AuHg| Tl |Pk | Bi | Po || At [Rn
Fr |Ra Rf |Dbk (|Sg |(Bh|Hs | Mt || Ds || Ryg

|La Ce| Pr(Nd|Pm|Sm|Eu|Gd]| Th D'y‘"HO" Er ||Tm||‘|"b|| Lu|

|Ac Th{Paf U (Np|Pu|Am[Cm| Bk Cf"Es"Fm"Md"No" Lr|

Cluery atoms:

Charge: |zotope: Radical: Walence:
d [~ F [~ [~ [~

(Resst | [cancel | [ ok |

|'-.-'-.-'arning: Applet Window

The following procedure is thus required to introduce a general group:
e Select a highlighted atom with the right mouse button.
e Select the Edit Queryfeature option.
e Click on P-Table.
e Select a query atom as required.

¢ Click OK

22124 Using Lists and NotLists

As well as specifying the single element that comprises each centre in a structure,
it is also possible to group elements together at a single position, and run a
search where only those elements are considered (List) or only those elements
are excluded (NOTList).
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=
P-Table Presiew:
C

| List || NOTList | )

Substitution count: [ off : Ring bond count: [ off %]

Feaction Stereo: [ off = Beaction center: [ off %]

[ i Mo Implicit Hpdrogens: [T Unsatured atom [ Exact change

[~ Exact valence [T Aromatic atom [~ Ring atom

[T Chain atom

| Reseat | | Cancel | | oK |

|'-.-'u'arning: Applet Window

The following procedure is thus required to introduce a list:

22125

Select a highlighted atom with the right mouse button.
Select the Edit Queryfeature option.
Click on LIST or NOTList as required.

Select from the resulting periodic table those elements that are to be
added to the group.

Click OK

User Specified R-groups

It is possible for the user to define variable substituents. This is accomplished
using the R-group buttons in the main drawing panel.
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EPDDECE =D
EREEErEee

(@ Jo [=]o IE[= 2 [ M SIS

Ne

The procedure is as follows:
Draw the structure to be used as a search query.

Adjacent to this structure draw the various R-groups to be considered.
In each case click on the R-button and then on the point of attachmen

Click on the R-Button, and click on the point of attachment of the R-group.

t.

O] &] o] o J= O]+ 1. x| = [X] i |5
/[AIO[SIAIGOISICIO

R1
D rl=+—

r=—>=si—

BENON
™,

S
-

[@]o]=]oJE]>

I=

All rights reserved; © 2006 Georg Thieme Verlag KG
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2.2.1.3 Transferring a Structure to the Search Window

Once drawing is complete the [ Tewstrsmamsrestniwevom | hytton on the bottom
left hand corner of the window may be used to transfer the structure to the
search window.
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2.2.2 Drawing with ISIS/Draw

Select the ISIS/Draw drawing package. Then click L2=*_1, or click on the structure
window. The drawing software will start automatically, and the drawing window
will be displayed.

CIECT I ~=lol x|

File Edit Options Object Text Templates Chemiskry  Window Help
2 MRW Query Input | ] = 4|

BiEEEEREEEEEEE N ﬂ

[c]=TEq

.
=

LT

The open book icon found in the top left hand corner of the screen is used to
transfer the structure to the search screen once drawing is complete.

All rights reserved; © 2006 Georg Thieme Verlag KG
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2.2.3 Drawing with ChemDraw

Select the ChemDraw drawing package. Then click (%=1, or click on the structure
window. The drawing software will start automatically, and the drawing window
will be displayed.

/@ﬂ@

,"/
dar s

(@ o]
-

© — 1]

-

[P
~1C]

COVIB IS,

OO0

5
q

o0

Flease rightclick on the drawing area to get mare options!

Transfer StructurefReaction to guery farm Cancel

The initial window is featureless. The main tool bar used in ChemDraw can be
activated by the following procedure:

¢ Right click on the drawing area to activate the menu system.
e Selecting View.

e Select Show Main Tools.

Once drawing is complete the | MU= 7 S R D G | button on the bottom
left hand corner of the window may be used to transfer the structure to the
search window.

All rights reserved; © 2006 Georg Thieme Verlag KG
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2.2.4 Uploading a Molfile

It is possible to load a previously saved structure in Molfile format from your local
disk into the search window instead of drawing a structure. To do this click on
Upload a Molfile. A Browse field will be opened:

L= Mo Current Hits =

DOl Query | Hitlist | Full Text |
Drawe & Structure or Reaction Cluery:

|Using @ Java Applet © ISIS / Draw © ChemDraw Diraw

Structure query empty

Search as: " Substructure © Exact Structure © Reaction
|Role: [T Catalyst I Solvent [T Reactant/Praoduct
... ar Upload a Molfile from your local disk.

I Browse... Upload |

Click on to find the directory where your Molfiles are saved.

Laoak in: I j

by M etwork P... ‘I I

Filez af type: I.-’-'-.II Filez [*.7]

ja
File name: || j Open I
1 ===

All rights reserved; © 2006 Georg Thieme Verlag KG
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Select the Molfile you want (name.mol), click on , and then on on the
start page, and the structure will appear in the search window.

To remove the Browse window from the start page, click on Upload a Molfile a
second time.
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2.3 Running a Structure Search

To run a structure search transfer the structure to be searched to the search
window of the start page.

i~ Mo Current Hits =

OOl Query | Hitlist | Full Text |
Drasee 3 Structure or Reaction Cluery:
[Using © Java Applet ©ISIS / Draw © ChemDraw Edit

0

PN

Search as: ™ Substructure ¢ Exact Structure € Reaction Clear
[Role: ¥ Catalyst W Solvent W Reactant/Product
.. or Upload a Molfile from your local disk.

e Select whether the structure is a substructure or an exact structure.

NOTE: The default setting is substructure. Reaction will be chosen
automatically if the structure imported contains a reaction arrow.

e Chose the role of the structure in a reaction (i.e., catalyst, solvent,
reactant/product).

NOTE: The default setting is for all three options to be selected
e To start the search within Science of Synthesis, simply click on [ ],

If you wish to edit the structure, you can return to the drawing window by
clicking on (&1,
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2.4 Refining a Structure Search

It is possible to refine a structure search by including further information that
must be contained in a scheme with the structure. This includes the ability to
search by CAS registry number, and also to include catalysts, solvents, and
reaction temperatures as well as yields.

Refine query:
Pland leﬂxS Registry Mo, =) Index...

Sokvent

Pland - |Feaction Temp. Ficle. .
=|Reaction ield I
i i B =i

Search for Catalyst eactions:

To search for more than one variable, click on Add Row. These variables may be
searched in a variety of combinations through the use of logical instructions
(AND, OR, NOT) that are available from the drop down box shown below.

Refine query:

Add Row
ull Text and Name Reactions:
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2.4.1 CAS Registry Number

The CAS registry number search field enables you to search exact structures
without using the Structure or Reaction query. Clicking on will give all
available registry numbers. Alternatively a partial CAS number may be entered,
and those entries from the index containing the relevant fragment will be shown.

Science of Synthesis 3.2

Help ‘Website Abbreviations | Houben-Weyl | Logout = Mo Current Hits =
00 0/ Dl index DDl Query | Hitlist | Full Text |
Clnss Index | “4 Draw a Structure or Reaction Quary:
09408 erms]{1S50ishawn) Using  Java Applet " ISIS / Draw € ChemDraw Draw
# |Terms Term
1| 19| Eloooos
2| 40| [@1oonie
5 20| @007 Structure query empty
1 1][@1oo-0s
5| 16| [@1oooso
i 09| 8 100.05- Search as: ¢ Substructure  Exact Structure € Reaction
il 45| [Bl100.07-2 Role: ™ Catalyst ™ Solent ™ Reactant/Praduct
8 20| [®100-00-4 ... or Upload a Molfile from your local disk.
9 57| @1o0107 Refine query:
10 16([@100-11-8 FlandleAS Fegistry Na jl Index...
1 1| Bl1no-12-9 Add Row
12 1{[®8]100-130 Search for Full Text and Name Reactions:
13 s|Bliogra  [and =[Full Text = Inclex |
14 2 1uu45,2 Add Row
15 34| [l 100163 Search for Bibliographic Information
16 &| 8] 100-17-4 Wland leuthnr jl Inclex.
17) 24|Bliogree Add Row
18 4| Bl1poa0e ClearFarm | S|

Clicking on displays the chemical structure together with the CAS registry
number. For example:

/3 Show Molecule - Microsoft Internet Explo N ] 4

CAS-RN: 100-005

: Cl
NO2

Close |

If you click on the blue Registry number, e.g. 100-00-5 the number will be
transferred into the search field.

The index may be closed by clicking on the button that is found at the top
of the left hand screen.
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2.4.2 Catalyst

The catalyst index contains the complete or abbreviated names of all the catalytic
species that feature in Science of Synthesis.

To refine a structure search using the catalyst option enter the name of the
catalyst in its entirety, or enter a fragment of the name and click on to find
the correct name

Science of Synthesis 3.2

Help ‘Wehsite Abbteviations | Houben-Weyl | Logout o Mo Current Hits =
I 0| Dl index OOl Query | Hitlist | Full Text |
Close Index | Draw a Structure or Reaction Query:
illlerms Using @ Java Applet © 1313/ Draw € ChembDraw Drrawr
# |Terms Term
1 1|Dibromoi1,4,8,11-tetraazacyclotetradecane)nickel{I I}
2 1|dibromohisiributylphosphineinickel
3 32 |dibromaohisdriphenylphosphinejnickel(ITT) Structure query empty
4 1| dibromohis(triphenylphosphinejpalladium
L] 3| dibromobis(triphenylphosphinejpalladium{II)
B 3 |dibromoborane
7 12| dibramaomethane
A 1 [ Dibramotets Mstoutdamineinickel 1 1) |Search as: © Substructure © Exact Structure © Reaction Clear
] 1| dibramatriahenylantimanytv) Role: [# Catalyst [ Solent ¥ Reactant/Praduct
10 7 |dibromotripherviphosphorans ... or Upload a Molfile from your local disk.
11 1 |dibrormotriphenylstibane | Refine query:
Fland leataIyst jldibromo Inclex.. I
Add Riow

The index will be searched alphabetically for the fragment entered in the catalyst
field. To search for an internal fragment (i.e. once which is part of a name but
does not start it) then wildcards must be used.

For example, to find “1,6-dibromohexane” you have to enclose dibromo with
asterisks as *dibromo* before you click on /-

Science of Synthesis 3.2

Help Website Abbreviations | Houben—Weyl | Logout = Mo Current Hits =
O 0l Dfindex D00 Query | Hitlist | Full Text |
Close Index | Draw a Structure or Reaction Cuery
Seliermes Using & Java Applet © ISIS # Draw € ChemDraw Direar
# [Terms Term
1 511,2-dibrormno-1,1,2 2-tetrachloroethane
2 11,2-dibromo-1,1,2 2-tetrafluoroethane
3 531, 2-dibromoethane Structure query empty
4 231, 3-dibramo-5,5-dimethwlbydantion
] 41, 3-dibrarmo-5,5-dimethylhwdantain
[ 1 1,3-Dibromo-35 S-dimethylhydatoin
7 281, 3-dibrormo-5,5-dimethylimidazolidine-2 4-dione . 5 i - &
4 21 3-dibromopropane |Search as:  Substructure © Exact Structure © Reaction ear
3 2[1.6-dibramanexane Role: [ Catalyst ¥ Solvent ¥ Reactant/Praduct
10 2-(3,5-Dibromo-2-hydroxvb enzvlideneamino- 3, 3-dimethyl-(S)-butanoyl-O- or Upload a Molfile from your local disk
tert-hutyl-iL)-threanylglycin methylester | Refine query:
" 15,5-dibroma-2,2-dimethyl-1,3-dioxane-4 B-dione
: : : : [ |and > || Catalyst = |[*cikromo* Index...
12 2 (6 G-dibroma-1,1%hi-3-naphtholate) dibramotitanium I JI yAdd = JI ;I
i

To find out more about the use of wildcards in the Index, please see Section
3.1.1.

2.4.3 Solvent

The solvent index contains all the names and abbreviations of solvents used in
Science of Synthesis. To refine a structure search by the solvent used simply
enter the name of the solvent, or its abbreviation, in the solvent field.
Alternatively a fragment of the name may be entered, and the solvent index
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searched for a match. For example, to find a cycloalkane-based solvent, enter
“cyclo” in the solvent field and click [nsec ],

Science of Synthesis 3.2

Help ‘Website Abbreviations | Houben—Weyl | Logout = No Current Hits =
O 0 D incex OO0 Query | Hitlist | Full Text |
Close Inrdex | Draw & Structure or Reaction Query:
Gillarms Using & Java Applet © ISIS / Draw © ChemDraw Diraar
#|Terms Term
1 282 |cyclohexane
2 10|cyclohexanol
3 17 |cylohexeng Structure query empty
4 2|cycloocta-1,5-diene
] 4| cyclooctane
3 158 |cyclopentane
Search as:  Substructure  Exact Structure ¢ Reaction Clear
Role: ¥ Catalyst ¥ Solvent ¥ Reactant/Product
... or Upload a Molfile from your local disk
Refine query:
 |and x||Sakvent =|[eyclo Inclex I
Add Row

2.4.4 Reaction Temperature

The reaction temperature search field enables refinement of a structure search
based on experimental conditions. Temperature ranges may be specified using
the numeric operators:

- Closed Range

< Less than

> Greater than

<= Less than equal
>= Greater than equal

The temperature index also lists all reaction temperatures that feature in Science
of Synthesis and is useful if searching for unusual reaction conditions.

2.4.5 Reaction Yield

The reaction yield search field enables refinement of a structure search based on
experimental yield. Yield ranges may be specified using the numeric operators:

- Closed Range

< Less than
> Greater than
<= Less than equal

>= Greater than equal
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2.5 Returning to a Previous Structure Search

The button may be used to access all the searches that have been run in
a particular session. Clicking on the history button opens a sequential index in the
left hand screen. This index lists all searches in the order they were performed,
and the number of hits for each search.

Science of Synthesis 3.2

Help WWebsite Abbreviations | Houben—\Weyl | Logout « _ =
IO O O Index Iﬂlﬂlﬂl Query | Hitlist | Full Text |
Close Index Draw a Structure or Reaction Query:
Please Note: Using & Java Applet © ISIZ/ Draw © ChemDraw Edit
Clicking on an Index [tem below loads the Query into the Search Mask,
hut does not actualize the Hitlist. H
0/
2 Terms
# |Hits Term
1| 77 |gueny2
2| 11 |guenyt
\Search as: @ Substructure © Exact Structure © Reaction Clear
Role: ¥ Catalyst I Solvent ¥ Reactant/Product
or Upload a Molfile from your local disk
| Refine guery:
¥ |and =|[CAS Registry Ma. x| Index.
Add Row
Search for Full Text and Name Reactions:
¥ [and =][Full Text = Indax
Add Row
Search for Bibliographic Information:
FIﬁndleulhnr jl Inclex...
Add Row

Clear Form Query Histony _

Copyright @ 2006 by Gearg Thieme Werlag KG and InfoChern GrbH, all rights reserved

To access a particular search, click on the blue text shown in the index (e.g.,
query2), and the details of the search will be automatically loaded into the search

page.
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3 Full Text and Name Reaction Searching

Full text and name reaction searching is available under the “Search for Full Text
and Name Reactions” drop down menu.

Search for Full Text and Name Reactions:

W |and || Full Text = index... |

(FL| T e

prTmation:

Search for Bromograg

3.1 Full Text Searching

The full text search field allows the user to search for keywords contained within
the written text and titles of Science of Synthesis. However, it will not search text
contained within schemes or tables.
To perform a full text search, the following procedure should be used:

e Select the desired field from the drop-down menu.

e Enter the keyword(s) required and click on |
Any number of keywords may be entered, and hits will be generated that contain
all of those keywords. Keywords may be grouped together as a single item in two
ways:

e Using double quotation marks (e.g., "magnesium chloride”).

e Using a hyphen (e.g., magnesium-chloride).

Any hits generated by a full text search formatted in this style should now contain
the keywords closely associated in the text. Other points of note include:

e Search terms are non-case sensitive.

e Greek letters (a, B etc) must be written out (alpha, beta etc).
3.1.1 Using the Index and Wildcards

The Index may be used to find variations on a keyword that occur in Science of
Synthesis.

To check the index for variations, the following procedure should be used:
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Science of Synthesis 3.2

Help Website Abbreviations | Houben-Weyl | Logout

IO 0| O ingex
Close Index |

135 Terms (1 - 50 shown)
Term

e

Terms
10

ACYLINDOLE
ACYLINDOLES
ACYLOKYINDOLES
ALKENYLINDOLE
ALKENYLINDOLES
ALKOMYINDOLES
ALKOXYOX IMDOLE
ALKYLINDOLE
ALKYLINDOLES
ALKYLISOINDOLES
ALLYLIMDOLE

|~ o e e | =

=)

10
"

{[Role:

12
13
14
15
16

AMINOIMDOLE
ARYLINDOLE
ARYLINDOLES
ARYLISOINDOLES
AZAINDOLE

NI R R I I

Add Row

-« Mo CurentHits =
|III_LIDJ Ol Query | Hitlist | Full Text |
“{ Draw a Structure or Reaction Query:
Using & Java Applet © ISIS f Draw ' ChemDiraw Drraw
Structure query empty
Search as: " Substructure @ Exact Structure © Reaction
[T Catalyst 7 Solvent [T Reactant/Product
of Upload a Malfile from your local disk
Refine query:
Fland leAS Registry No jl Index.
Add Row
Search for Full Text and Hame Reactions:
Fland jl Full Text jl"mdule’“ Inclex |

Click on the index button =],

Click on [DEEE,

Type the keyword/keyword fragment into the full text field.

Select the desired keyword in blue text.

Note: While the full text field can handle multiple keywords, the index function
can deal with only one keyword at a time. If multiple keywords are submitted to
the index, then only the first in the sequence will be processed.

Wildcards (*, ?) may be used within a keyword search term as substitute for a
character, or at the beginning or end of a keyword to truncate the term (see
Section 2.4.2). A number of options are possible:

characters, including none.

characters.

3.2 Name Reaction Searching

Asterisks (*) may be used to represent any number of additional

Question marks (?) may be used to represent either one or no additional

The Name Reactions field allows the user to search for a reaction commonly
named after a person or persons, and may be accessed by selecting the Name
Reactions option in the drop down menu, as shown below.

Search for Full Text and Name Reactions:

Full Text
FuII Temt

M |and ~| |

Search for ion:

The Name Reaction field may be searched directly, by inputting the full name of

the reaction into the text box and pressing

. Alternatively a fragment of

the name may be entered, and all variations contained in Science of Synthesis

may be searched using the e ],
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Science of Synthesis 3.2
Help Website Abbreviations | Houben—Weyl | Logout

o Mo Current Hits =

IO O] Dlindex

Close Index |

6 Terms

Terms Term

1| Simmans—Smith conditions

4| Bimmons—Smith cyclopropanation

1 Simmons—Smith reaction, diasteroselective

2| Simmons—Stnith reagent

#
1
2
3 14 | Sirmmons—Smith reaction
4
5
[}

3| Smith-Hoehn reaction

IO Query | Hitlist | Full Text |
Draw a Structure or Reaction Query:
Using @ Java Applet 0 ISIS / Draw © ChemDraw Drawr

Structure query empty

Search as: ¢ Substructure ¢ Exact Structure © Reaction Clear
Role: ¥ Catalyst ¥ Solvent ¥ Reactant/Product
... or Upload a Molfile from your local disk.
Refine guery:
Fland jICAS Reqistry No jl Index
Add Row
Search for Full Text and Name Reactions:
W [and x|[Name Reactions =]Psmith] Inces. . I
Add Row

NOTE: The name reactions contained in Science of Synthesis have been manually
selected. Therefore, a search of this sort will also include any hits where the
name of the reaction is not explicitly mentioned but the reaction is of the correct

type.
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4 Bibliographic Information Searching

The Bibliographic Information field allows the user to search for information
regarding reference citations in Science of Synthesis.

=earch for Bibliographic Information:

Fland jlﬁxuthur jl Index... |

LAuthar /
Journal/Book Title
Clear Fo Publication “ear |_
“Yolume Mumber

|Copyright @ [ Section Mumber Brlag kG and InfoChem GmbH, all rights reserved.
Fage Mumber

Several settings are available from the drop down menu, and these may be
combined using logical instructions (AND, NOT, OR). The search terms are split
into two groups, those that are used to search primary literature references, and
those that are used to search within Science of Synthesis.

Author: Finds any incidence of an author’s name in the
references (includes Science of Synthesis sections).
The author’s name must be entered before the
initials. Initials and spellings may be checked using

Indlesx

Journal/Book Title: Finds any incidence of a journal or book title. Journal
abbreviations may be checked using [ree. ],

Publication Year: Finds any incidence of a reference (including Science
of Synthesis sections) published in a given year.

Volume Number: Finds all sections of a Science of Synthesis volume.

Section Number: Finds a section within a Science of Synthesis volume.
NOTE: The section number search will only find
sections that contain text before the next section
heading.

Page Number: Finds a particular page within a Science of Synthesis
volume. NOTE: If the page required contains no
titles, the page number search will generate a hit for
the title page of the relevant section.

4.1 Searching a Reference to Science of Synthesis

To locate a reference in Science of Synthesis of the format “Author, A. B., Science
of Synthesis, (Year) Volume, Page.” the following procedure should be used:
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=earch for Bibliographic Information;

Pland jl“v’ulume Mumber j" Incle..

M |and ~|[Page Number = Index...
Add Row

e Select “Volume Number” and enter Science of Synthesis volume
information.

e Click on “Add Row".
e Select "Page Number” and enter Science of Synthesis page information.

o Select E=EN

NOTE: If the page required contains no titles, the search will generate a hit for
the title page of the relevant section. The user must then scroll to the relevant
part of the document.

4.2 Searching a Primary Reference in Science of Synthesis

To locate any incidence of a primary reference in Science of Synthesis, the
following procedure should be used:

=earch for Bibliographic Information:
W |and = || Author =i Indlex...
 |and x| Journal/Book Title =|| Index...
W |and ~|Publication vear =|| Inclex...

Add Row -

Clear Farm | _

e Select "Author” from the drop down menu and enter the author’s name.
The may be used to check initials.

e Click on “Add Row".

e Select “Journal/Book Title” from the drop down menu and enter the
publication title. The may be used to check journal abbreviations.

e Click on “"Add Row”.

e Select “"Publication Year” and enter the date of publication.

e Click on [E=E

43



Science of Synthesis 3.2: Getting Started Manual

5 Display of Results

Once a search of Science of Synthesis has been completed, the results are
displayed in two ways, as a numerical hitlist (see Section 5.1), and as a full text
display (see Section 5.2) that has the same format as the printed version of
Science of Synthesis.

51 Hit List Screen

All search results are displayed as a numbered hitlist. The layout of this list varies
depending on whether the hits are the result of a structure search (see Section
5.1.1) or a text search (see Section 5.1.2).

5.1.1 Structure Search Hitlist
5.1.1.1 Navigating the Hitlist

A structure search will produce a results page with the following format:

Science of Synthesis 3.2
Help Website Abbreviations | Houben-Wayl | Logout <[ Httems =

|l 1/ Il Table of Contents < |OO0 Query | Hitlist |Full Text | 8
[ Science of Synthesis -

[= Organometallics Search Result: 9 Hits
ElVol. 1: Carmpounds with Transition Metal-Carhon m-Bonds and Cormpounds of Gn

‘Organometallic Complexes of Nickel Unselect All Hits | Select All Hits | view Marked Hillist
Organametallic Complexes of Palladium Shaw Owerylew | == Previnls Hits | Mext Hits ==
Crganometallic Complexes of Platinum
Crganometallic Complexes of Cobalt

Organometallic Complexes of Rhodium | it of986 [Table of Contents] [Top]
= Crganometallic Complexes of Iridium Iridium-Diene Complexes —
Iridium-—Arene Complexes Iridium-Diene Complexes as Catalyst Precursors —
:ms!um—gwenvlgnmp‘\exes Asymmetric Hydrosilylation of Ketones
;::he;?ge R O'Caonnar, J. M. in Science of Synthesis, (200131, 703,
= Applications
i Iridium-Diene Complexes as Catalyst Precursors Reactions:
+ Hydrogenation of Carbonyl Compounds via Hydrogen Atom Transfer
Hydrogenation of Ketones with Hydrogen As educt in
etric Hy \ation of Kelones
Asymmetric Hydragenation of Imines /‘ \ / \
Hydrogenation of Alkenes with Irin* cod)p) (PCY,)IPF,
Asymmetric Hydrogenation of Alkenes 0 \ 0
Alllic Alkylation 0 OH
+ Isomerization of Allyl Ethers
ridium—Allyl Complexes
IHdium—Alkyne Complexes I Hit 2 0f 96 [Tahle of Contents] [Top]
Iridium-Alkene Complexes - and y-Heterosubstituted Alkylmercury(ll) Compounds; Oxymercuration
Iridium—Carbene Complexes Kitching, ¥, Glenn, M. in Science of Synthesis, (2003) 3, 233,
Iridium-Cartwne Complexes
Crganometallic Complexes of ron N
Organametallic Complexes of Rutheniurm Reactions:
Crganometallic Complexes of Osmium
EYol 2 Compounds of Groups 7-3 (Mn..., Cr., Y., Ti., St La.., AC.) As productin

l. 3. Compounds of Groups 12 and 11 (Zn, Cd, Ha, Cu, Ag, Au)
l. 4. Compounds of Group 15 (4=, Sh, Bi) and Silicon Compounds
E¥ol. 5 Campounds of Group 14 (Ge, 8n, Ph)

l. 6: Boron Compounds

HVol. 7. Compounds of Groups 13 and 2 (Al, Ga, In, T, Be ... Ba)
Yol 8 Cornpounds af Group 1 (L1 .. G5}

Hetarenes

Compounds with Four and Three Carbon-Heteroatom Bonds
Compounds with Two Carbon-Heteroatom Bonds

Compounds with One Carbon-Heteroatom Bond

{ Compounds with All-Carhon Functions

o7l

BDMS

All hits are listed sequentially, according to the volume in which they appear. To
see an overview of all hits, ordered by volume, click on | Show Overien l. To
close this overview click on | Hide Overrew I
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Search Result: 96 Hits E]

Unselect All Hits Select All Hits Wiews Marked Hitlist
Hide Overview == Preyious Hits Mext Hits ==
Yolume | Year F::l Hits Compound Classes
112001 1 1 Caompounds with Transition Metal-Carbon T-Bonds and Compounds of Groups 10 - 8 {Ni, Pd, P1, Co, Bh,
Ir, Fe, Ru, 0s)
32003 2 2| Compounds of Groups 12 and 11 {Zn, Cd, Hg, Cu, Ag, Au)
41200 4 1| Compounds of Group 15 (As, Sb, Biy and Silicon Compounds
52002 5| 2|Compounds of Group 14 {Ge, Sn, P
62004 7 1|Boron Compounds
82005 a 2| Caompounds of Group 1 {Li ... Cs)
97000 10l 18 Fully Unsaturated Small Ring Heterocycles and Monocyclic Five-Membered Hetarenes with One
Heteraatam
102000 26|  9|Fused Five-Membered Hetarenes with One Heteroatom
11| 2001 35 4 |Five-Mermhered Hetarenes with One Chalcogen and One Additional Heteroatom
12 2002 34 4 |Five-Mermbered Hetarenes with Two Mitrogen or Phosphorus Atoms
132003 44| 2|Five-Membered Hetarenes with Three ar Mare Heteroatoms
142003 46| 11 |5ix-Membered Hetarenes with One Chalcogen
152004 a7 6| Six-Memhbered Hetarenes with One Mitrogen or Phosphaorus Atam
16 (2003 63| 10|Six-Membered Hetarenes with Two [dentical Heteroatoms
17 2003 T3 3| Six-Membered Hetarenes with Two Unlike or Mare Than Two Heteroatoms and Larger Hetero-Rings
18 (2005 TE| 2|Four Carbon—Heteroatam Bonds: K—C=X, H=C=x, 5, =¥, T,
192004 Ta 1|Three Carbon—Heteroatom Bonds: Mitriles, Isocyanides, and Derivatives
212005 T8 1|Three Carbon—Heteroatom Bonds:Amides and Derivatives, Peptides; Lactams
22| 2005 en| 2 Thlree Carbon_—H.etemamm Elqnds: Thiq-, Seleno- and Tellurocarboxylic Azids and Derivatives; Imidic
Acids and Derivatives;Ortho Acid Derivatives
242005 82 4| Three Carbon—Heteroatom Bonds: Ketene Acetals and Yne—X Compounds
26 (2004 a6 9| Ketones
272004 95|  2|Heteroatom Analogues of Aldehydes and Ketanes

Each hit shows a single step reaction that meets the search criteria. Up to 50 hits
are displayed at any one time. If a search produces more than 50 hits, clicking on
| NextHits - | will load the next 50 entries of the hit list. To view a hit on a
previous page, click on | << Previous s | to move backwards.

By default, all hits in the hitlist are selected, as indicated by the tick boxes
located next to the hit number (e.g., I*l Hit 1 of 100).

The user may refine the hitlist by deselecting specific documents. Alternatively, it

is possible to deselect all hits using | UinEetad A i l. The user may then select
only those hits that are of interest. The Unselect All command, or any manual
refining of the hitlist may be undone using the | Selectal His | button. Once
the list has been refined to the users satisfaction the altered hitlist may be viewed
using the | View Marked st | button or alternatively the ] button.

5.1.1.2 Hit details

Each hit in the hitlist is numbered. The hit currently selected for display in the full
text screen is highlighted in green (e.g., Hit L of 100). The following
functionality is also available:

[Table of Contents]: Shows the position of the hit in the table of contents.

[Top]: Moves to the top of the hitlist.
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[V Hit 1 of 3 [Table of Contents ] [Top]
Iridium-Diene Complexes —

Iridium-Diene Complexes as Catalyst Precursors —
Asyrmetric Hydrosilylation of Ketones

O'Connar, J. M. in Science of Syntheals, (200131, 703

Reactions:

Ag reactantin:

[ (A
0\\ 0
0 OH

Each hit also contains the title of the section where the hit is located, and a

reference citation (e.g., O’'Connor, J. M. in Science of Synthesis, (2001) 1, 703).

Clicking on the reference citation or the picture will immediately open the hit in
full text view.

All hits are shown in pictorial form, as single step processes. In each case it is
indicated whether the hit structure is a reactant, product, solvent or catalyst. If

the hit is for a solvent or catalyst, the associated process is also shown.
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5.1.2 Full Text Search Hitlist

The results from a text search are presented in the same format as the results
from a structure search (see Section 5.1.1.2), except that there is no pictorial
representation of the material discussed in the text.

S

OO0 query | Hitlist | Full Text | |8

Search Result: 418 Hits E]

Unselect All Hits Select All Hits Wiewy Marked Hitlist
Showy Overview == Preyious Hits MNext Hitg ==

¥ Hit 1 of 418 [Table of Contents ] [Top]
Palladium-Diene Cormplexes —

1 3-Dienes: The 1 4-Addition of Mucleophiles —
The Addition of Mitrogen Nucleophiles

Takacs,.J. M. Jiang, ¥ Yayalakkada, 5. in Science of Synthesis, (200131, 78,

¥ Hit 2 of 418 [Tahle of Contents] [Top]

Palladium—Alkyne Complexes —

Addition of Nitrogen Mucleaphiles —

Intramalecular Addition of Mitrogen Mucleophiles Followed by Protonation

Takacs, J. M.; Vayalakkada, 5.; Jiang, . in Science of Synthesis, (2001) 1, 285,

IV Hit 3 of 418 [Table of Contents ] [Ton ]

Palladium—~Alkyne Complexes —

Addition of Nitrogen Mucleophiles —

Intramalecular Addition of Mitrogen Mucleophiles Followed by Allylation

Takacs, J. W Vayalakkada, 5.; Jiang, ¥. in Science of Synthesis, (200131, 291,

¥ Hit 4 of 418 [Table of Contents ] [Top ]

Palladium—-Alkyne Complexes —

Addition of Nitrogen Mucleophiles —

Intramalecular Addition of Mitrogen Mucleophiles Followed by Yinylation or Arylation

Takacs,J. M. Yayalakkada, 5.; Jiang, ¥, in Scignce of Synthesis, (200131, 294,

¥ Hit 5 of 418 [Table of Contents ] [Top ]

Palladium—~&lkyne Complexes —

Addition of Nitrogen Nucleophiles —

Intrarnolecular Addition of Mitrogen Nucleophiles Followed by Vinyl or Aryl Carbonylation

Takacs,J. M, Vayalakkada, 3, Jiang, X in Sciehce of Synthesls, (200171, 297,

¥ Hit 6 of 418 [Tahle of Contents] [Top]

Palladium—-Alkene Complexes —

Palladium-Catalyzed Heterocyclization: Intramalecular Addition of Mitrogen Mucleophiles —
Intrarnalecular Addition of Amine Followed by B-Hydride Elimination

Takacs, J. M.; Vayalakkada, 5. in Science of Synthesis, (200131, 358,
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5.2 Full Text Screen

Clicking on the reference citation or graphic contained in a hit transfers the user
directly to the full text screen.

Science of Synthesis 3.2
Help Website Abbreviations | Houben—Weyl | Logout - _':>

00| DI D Table of Contents < OO query | Hitlist | Full Text | Eleromee @]9 &
= Science of Synthesis =
B Organometallics 211410 Method 10: =
EVol. 1: Compounds with Transition Metal-Carbon m-Bonds and Co Benzofuryllithium Compounds

H¥ol. 2: Compounds of Groups 7-3 (Mn_, Cr_ V. Ti, Sc._, La A
EWol. 3: Compounds of Groups 12 and 11 (Zn, Cd, Ha, Cu, Ag, Au) .
EVol. 4: Compounds of Group 15 (43, Sb, By and Silican Compaune | Gribble, G W in Science of Synthesis, 8 (2005), p.386
HVol. 5: Compounds of Group 14 {Ge, En, Ph)

[#¥ol. 6: Boron Campounds

BVl 7: Compounds of Groups 13 and 2 (41, Ga, In, TI, Be ... Ba)
E\glﬂhl"iﬁnmgstlnnpd;u%?uup il(Cleal=2) Information on Science of Synthesis Yolume 5
Lithiurn Metal Feedback on DOL 10.1055/tcs0s-008(2006.1)-00250
Lithiurm Hydride

Lithium Halides, Lithium Cyanide, and Related Salts
Lithium—Cnygen Campounds

Lithiurn—Sulfur, —Selenium, and —Tellurium Compounds
Lithium Amides Like furan, benzo[blfuran is readily lithiated at C2 '3 with either butyllithiuml198 30713141 o fithjium

Alkyllithiumn and Cycloalkyllithium Compounds diisopropylaride 5151 although yvields are only fair to good. Treatment of benza{b]furan with lithium
Alianylithium Compounds d Jamide (THF, —70°C) and hing with carbon dioxide affords the 2-carboxylic acid ED%
Allemylithium Compounds isopropylamide (THF, ) and quenching with carbon dioxide affords the 2-carboxylic acid {B0%).
Lithium Acetylides Further treatment with lithiurn diisopropylarmide and then carbon dioxide affords the 2 3-dicarboxylic acid,

Lithium Alkynolates, Alkynethiolates, and Alkyneselenolates W plys some of the ring-cleaved product. 1235 Treatrment of benza[blfuran-2-yllithium with 4-toluengsulfonyl

Allyllithium Campounds

Benzylithiurn Compounds and (Lithiomethyhhetarenes fluoride gives the 2-tosyl compound in 30% yield B! and exposure of benzo[blfuran-2-yllithium to copper()
= Aryllithium and Hetaryllithium Compounds ~—H bramide and then trifluoraacetic anhydride fumishes 2-(tifluoroacetyl)henza[blfuran (E8%) 98] Reactian of
El Synthesis of Product Subclass 14 n the lithiated species with sulfur leads to the novel heterocycle 74 (Scheme 37).15141

Anllithiurn Cormpounds by Halogen—Lithiur Exchange
Arllithium Compounds by Directed ortho-Lithiation

Furyllithium Compounds Scheme 37 Lithiation of Benzo[blfuran and Reaction with Sulfud¥4l b
Thienyllithium Compounds

Pyrralyllithiurm Cormpounds 5—§

Imidazalyllithium Compounds SI \S

Oazalyllithium and Isoxazolyllithiom Compaunds 1. Bull, THF, -78°C

= Pyrazolyllithium Compounds 2.8

- Thiazolyllithiurn Campounds @ p (S A
[ Benzofuryllithium Compounds o o

+ Benzathieryllithium Compounds

Indaldlithium Compounds

Pyridyllithium Compounds

* Quinalyllithium Compounds hd
4| | » 74 -

Hits that feature in schemes are shown in yellow boxes, while hits contained in
the text are highlighted in yellow. The interactive Table of Contents will also show
the position of the hit in the Science of Synthesis hierarchy.

All sections of Science of Synthesis loaded in full text view show the section title
and the volume reference. Two links are provided at the start of the document:

Information on Science of Synthesis Volume: Provides a link to volume
information on the Thieme Chemistry website.

Feedback on DOI:  Allows the user to report errors or send queries related to
the document to the Science of Synthesis helpdesk.

5.2.1 Navigating the Full Text Screen

Several functions have been included to help navigation of the Full Text Screen:

[~ I = | Allows the user to view hits in sequential fashion (forwards
or backwards) by clicking on the green arrows.
[9 &]

il Allows the user to move between previously displayed (non-
sequential) hits (similar to the back/forward buttons on
internet browsers).

[Eoowee B]: Allows the user to view documents in numerical order (as if
leafing through the pages of a book).
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Furthermore, the content of the Full Text screen is internally cross-linked to aid
navigation. For example:

[references]: Clicking on references within the text will centre on
the screen a list of all references contained in that
document.

Scheme/Table Links: Clicking on a Scheme or Table will centre that

Scheme/Table on the screen

Compound Numbers: Clicking on a compound number in a document will
centre that compound on the screen. Compounds
from different documents are shown in popup
windows.

5.2.2 Linking to Other Information Sources

It is possible to follow links from Science of Synthesis to other sources of
information. These links are contained at the bottom of each document in full
screen view.

Science of Synthesis 3.2

Help ‘Website Abbreviations | Houben-Weyl | Logout C:l_l:b

00 31 i abie of Contents < OO0 Query | Hitlist | Full Text | Slerowse[®]9 &
1 Science of Synthesis =

E] Organometallics
E¥ol. 1: Compounds with Transition Metal-Carhon T-Bonds and Co
#%ol. 2: Compounds of Groups 7-3 Mn., Cro Vo Tio, Se, La. A

EVol. 3: Cormpounds of Groups 12 and 11 (Zn, G Ha, Gu,Ag, g | RETerences
Organometallic Complexes of Zine
Organometallic Complexes of Cadmiurm [15] Larock, R. C., SohomercurationdDemercuration Reactions in Organic Synthesis, Springer: Berlin, (1988).
= 'ﬁg;?ﬂ‘?{i‘:guﬂmﬂi’é‘?i’;s;ME'E““' [424] Kozikowski, A, P Lee, J., 4 Qug. Chem., (19801 65, 863
wimercur(l Compounds [436] Haye, T. R.; Carusa, A J., . Org. Chem,, (1951) 46, 1198
Ik=1-yrwl- and Yinylmercuryl) Compounds [483] Evans, D. A, Bender, 5. L., Morris, J., J Am. Chem. Soc., (1988) 110, 2506,
Allyimereurglly Compounds [484] Garavelas, A Mavropoulos, |; Perlmutter, P Westman, 3., Telrahedron fett, (1995) 36, 463

Bl B-and v Hetarosubstitutad Alkyimercury(lh Compounds; Ot [485] Mavropoulos, | Perlmutter, P, Fetrahedran Lelt, (1986) 37, 3751

[486] Bratt, k., Garavelas, A, Perimutter, P Westman, G, /. Org. Chem., (1996) 61, 2109,

ns
Alkylmercury) Compounds [487] Kodovsky, P, Ovganometallics, (1993 12, 1969
Organometallic Complexes of Copper

q 1 [488] vamamaoto, M., Yoshitake, W Yamade, K, J Chem. Soc, Chern. Cammaun, (1983), 991
Organometallic Complexes of Siker
Organometallic Complexes of Gold [489] Tanis, 5. F.; Rohingan, E. D.; McMills, M. C.;Watt, W, L Am. Chem. Soc., (1992) 114, 8349,
Vol 4: Compounds of Group 15 (As, Sh, Bi) and Silicon Compounc [490] De Haan, R. A; Heeg, b..J; Albizati, K. F., J Crg. Cherm, (1993) 58, 291
FVol. 5: Compounds of Group 14 (Ge, 8n, Ph) [431] Reitz, A B ; Mortey, § O ; Maryanoff, B E ; Lintta, D. G Manahan, R, lll, J Qv Chem, (1887152, 4181
E¥ol. 6: Boron Compounds .
Vol 7: Compounds of Groups 13 and 2 (&), Ga, In, TI, Be .. Ba) [482) Bartlett, . A Adams, J. L, JAm. Chem. Soc, (19801102, 337
®¥ol. 8 Compounds of Group 1 (Li .. C5) [493] Carruthers, W, Williams, M .J; Cax, M. T, J. Chem. Soc., Chem. Commun,, (1984), 1235,
Hetarenes [494] Rohin, 5., Rousseau, G., Tetrahedron, (1998) 54, 13681
Compounds with Four and Three Carbon—Heteroatom Bonds
Compounis with Two Carbon-Heteroatom Bonds
Compounds with One Carhon—Heteroatom Bond ) )
{ Compounds with All-Carbon Functions Related Information in Houben—Weyl:

1. Houben-nfeyl, (1874);, 132b p.312.
2. Houben-ynfeyl, (1974);, 1312b p.312.
3. Houben-weyl, (1874);, 13:2b p 313

4. Houben—eyl, (1988); E 13-1p.101.

Science of Syrthesis Version 3.2 beta version
Copyright @ 2006 by Georg Thieme Yerlag KG | sll rights reserved
‘LI DOL 10.10554c303-003(2006.1)-00253

Clicking on a reference brings up the following pop-up window:
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% Thieme Chemistry

Literature Crossover

Reference details:
Kozikowski, A P, Lee, J.,
JQng. Chern,, (19900 55, 863,

m Dotl:

10.1021/jo00290a014

Last CrossRef Update: 05252008

F I Zﬂutoﬁppcﬂ Ordet from FIZ Autadoc

Copryright @ 2006 by Georg Thieme YWerlag G, all rights
reserved
Document ldentifier SR-003-009350
http: Moy science-of-syrthesis.com

Clicking on the DOI of the reference allows the user to obtain the information
directly from the publisher (dependant upon approved access or payment of a

download fee).

If related information in Houben—Weyl is available, it can be accessed by clicking
on the relevant cross-links which immediately open the relevant documents in

that product.

Houben-Weyl 3.2
Help Website | Science of Synthesis

<« Mo Current Hits =

IOl DI DT able of Contents
ElHouben-eyl -
EE-series

Houben—Weyr (1982-2003)

|DDIDl query | Hitlist | PDF

| Pages |

@ - _L,? ® [ -~ ®

Organophosphorus compounds u,;-

Houber—Wey! (1852) Vol.E12 ™

Aldehydes
Houben-Wey! (1983) Vol.E3 ™=
Carbonic acid derivatives
Houwber—Wey! (1983) Wol. E4 =
Carhoxylic acid derivatives
Houben—Wey! (1985) Vol.E5 ™=
Hetarenes
Houben—Wey! (1991-1988) Vol.E 6.9
Organo-fluorine compounds
Houben—Wey! (1999-2000) Vol E10
Organic sulfur compounds
Houwber—Wey! (19858) Vol E11 =
Organotellurium compounds
Houben—-Wey/ (1990 Wol.E12 ™=
= Organic peroxo compounds
Houben—Wey! (1988) Vol. E13 =
od

- Systematlcs H
[ Structure, association behavior and acidity
= Thermochemical data
= Maturally accurring hydroperoxides and peraxides J
# Safety precautions when using, storing and transporting per
Toxicology of peroxo compounds
Preparation
Transfarmations
Feroxn compounds as reagents in organic chemistry
Analysis
[ Carbony derivatives
Houben—Wey! [1830-1933) Vol.E 1415 B
Organic nitrogen compounds
Houben—Wey] (1990-1992) Vol.E 16 =
Carhocyclic three- and four- membered ring compounds
Houben—Wey! (1997 Wol. E17
[+ Organo-m-metal as in organic

=
Comments \l\ Attachments

Organische Peroxo-Verbindungen

a) Systematik
bearbeiiel ven
ProF. D, HEnz. Keopr

Instiiui fiir Organische Chemie
der Universitit Hamburg

Peroxo-Verbindungen besitsen die charakieristische Gruppe
“o-o-

dic bei organischen Peroxiden an mindesiens cinem C-Atom baw. liber cin X-Atom an
cinem C-Atom steht

Eine Systematik organischer Peroxo-Verhindung
C-Atoms, an dem dic Peroxo-Gruppe stehl, wurde bere,
geben. Die Besprechung in dicsem Band erfolgt unter Beac]
sungen entsprechend diesee Systematik [s. Tab. 1 (5. 21 sow
(51X, XITIf1)]. Dariber hinaus werden auch solche Perax:
denen di¢ Peroxo-Ciruppe nicht unmiteclbar an cin C-Atom gebunden ist, sonderm iiber cin
Heteroatom

der O des
Hdb., B4 VIIL, 5.1 ange-
Ei

BM=0=0~ RE-D-D-

SchlieBlich wird auch duf Organo-hydrotrioxide, Diorgano-triovide und Diorgano-teiroxi-
de cingegangen

Es st daruul hu\zuw: sen, dalh Peroside, bei denen die Peroxo-Gruppe dirckl an einer
Wingl-, Bt Gruppe sieht, bislang nicht synthetisiert werden konnten. Es
wurden le J.,hm h\'\g(pmdl.klr solcher Peronide baw. andersartige Reaktionsprodukte
erhalten (5.5 T61, 762

Allerdings konnic das [\-rpxwd 1aus der Rotalge Laurencia sp.isoliert werden®. Die Konsti-

b

il v
| Houban—Wev! 1ERR1 nl. F 1a = | _lLI | =
4 3

EEE ¥

bl | © © |

OT=

More information upon Houben—Weyl is available in the Houben—Weyl Getting

Started Manual.
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5.2.3 Printing

To print the document currently in the full text view click on the printer icon in
the top right-hand corner of the full text screen.

Multiple documents may be printed from the table of contents using the printer
icon in the top righthand corner of the table of contents screen.

Hit lists may be printed by right-clicking on the hitlist and selecting the print
option.
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6 Science of Synthesis Worked Examples

Practical examples of the use of Science of Synthesis in resolving organic
synthetic queries.

Example 1 The Synthesis of 2,5-Dialkynylthiophenes

/ \

_—
—_— S

~
==

R! R!

Carry out a Substructure Search in Science of Synthesis for:

and look at the Hitlist. It displays the following three hits:

Heaney, H.; Christie, S. in Science of Synthesis, (2003) 3, 412
Jousseaume, B. in Science of Synthesis, (2002) 5, 383
Gabel, D. in Science of Synthesis, (2004) 6, 1282

A) Clicking on the result from Volume 5 (Jousseaume), Section 5.2.12, we can
see that this is a cyclization reaction. You should see the following reaction, which
appears surrounded by a yellow box i.e. it is marked up as a hit.

Scheme 6 Thiophenes from Thionation of 1,4-Diketones!"!

Rl—— \/\ //\ — ! (BugSn),S 4(2equiv)= /I
o O Rl

16 17

W\
Il

Clicking on the reference citation at this point will give you the following

reference:

[30] Freeman, F.; Kim, D. S. H. L.; Rodriguez, E., J. Org. Chem., (1992) 57,
1722.

The next step is to determine how to make the starting materials so that you can
carry out the thionation reaction.
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1) The Preparation of a Hexasubstituted Distannathiane

Carry out a Reaction Search for:

— >  Sn___Sn

It is important to include the reaction arrow in order to define the distannathiane
as a product otherwise if you carry out a simple Substructure Search all the
(BusSn),S reagents will be included in your answer set.

The Hitlist will give you one hit: Jousseaume, B. in Science of Synthesis, (2002)
5, 388, Section 5.2.12.2.2. By clicking on this hit you will get the following result:

Scheme 10 Hexaphenyldistannathiane from Chlorotriphenylstannane!*®!

THF, H,0

1 reflux, 2 h 1
2R 3an| + Nazs _— (R 3Sn)28
R'=Ph 100% 22

Hexaphenyldistannathiane (22, R* = Ph); Typical Procedure:!'%

A 50-mL flask was charged with Ph3SnCl (10.53 g, 2.73 mmol) and reagent grade
THF (27 mL). A soln of Na,Se9H,0 (6.56 g, 2.73 mmol) in H,O (8mL) was then
added in one portion, and the mixture was stirred vigorously and heated at reflux
for 2 h at 65 °C (THF/H,0 3.3:1). The progress of the reaction was followed by
TLC (UV detector) and when complete THF was evaporated and EtOAc (150 mL)
was added. Then the mixture was stirred for a few min to completely dissolve the
PheSn,S, which had separated. The organic phase was separated, washed with
H,O (2 x 30 mL), and dried (Na,S0O,4). The mixture was filtered and the solvent
was evaporated under reduced pressure. Crude 22 (R! = Ph) was obtained as
colorless crystals (hexanes); yield: 10.05 g (100%); mp 144-145 °C.

The full reference citation and electronic backfile links are available in addition to
the typical procedure.
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2) The Preparation of the Alkynone

Carry out a Reaction Search for:

N

@)

Please ensure to include the reaction arrow in order to define the alkynone as a
product. You will get 48 hits spread across 12 volumes. You could try an
alkynylation of a succinic acid derivative thus making the diketone in one step.
Choose the following hit: Yanagisawa, A. in Science of Synthesis, (2004) 7, 524,
Section 7.6.4.4 (Hit 13).

Scheme 4 Reaction of Phenylethynylmagnesium Bromide with N-Methoxy-N-
methylbenzamide!®’

o
65°C, 1.5 h
Ph———MgBr + )’J\ ~OMe _— P Ph
g Ph N 92% /

Me Ph
6

Clicking on the reference citation number gives the full reference.

[16] Nahm, S.; Weinreb, S. M., Tetrahedron Lett., (1981) 22, 3815.
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B) If you now click on the result in the original Hitlist which cites Heaney, H.;
Christie, S. in Science of Synthesis, (2003) 3, 412.(Section 3.4.2.6.1) you will
see an alternative to the cyclization reaction described previously i.e. a
substitution reaction.

Scheme 146 Synthesis of 2,5-Bis(2-thienylethynyl)thiophene from 2-Methylbut-
3-yn-2-ol, Tetrakis(triphenylphosphine)palladium(0), and Copper(I) Iodide in the
Presence of Benzyltrimethylammonium Chloride in Benzene/Aqueous Sodium
Hydroxidel”4%!

H——

OH
Pd(PPh3)4, Cul
+
BnNMe; CI™
@\ 5.5 M NaOH, benzene, rt / \
\
s~ I T s

OH

Brﬂ\ Br / \

80 °C _—
> e S

= /
S

(0)]

39 37%

2,5-Bis(2-thienylethynyl)thiophene (39); Typical Procedure:!74%!

A mixture of 2-iodothiophene (7.16 g, 34 mmol) and 2-methylbut-3-yn-2-ol (2.86
g, 34 mmol) in benzene (CAUTION: carcinogen) (24 mL) was purged with N, and
added to a mixture of Cul (0.324 g, 1.7 mmol), Pd(PPh3), (1.37 g, 1.19 mmol),
and BnMesNCl (0.24 g,1.19 mmol) under N,. An O,-free soln of 5.5M NaOH (24.5
mL) was added and the mixture was stirred at rt. After 50 h, GC analysis of an
aliquot showed that the first stage of the reaction was complete. A soln of 2,5-
dibromothiophene (4.11 g, 17 mmol) in benzene (5 mL) was purged with N, and
added to the mixture, which was then stirred at 70-80 °C for 50 h. A sat. aq soln
of NH4CI (200 mL) was then added and the mixture was extracted

into benzene, filtered, and concentrated to leave a solid residue. Purification by
chromatography (silica gel, hexane) gave 39; yield: 1.86 g (36%); mp 116-118
°C.

The full reference citation is available in addition to the typical procedure.

So we are basically looking at the following transformation:

Once again we now need to look at the preparation of the starting materials.

/
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1) The Preparation of the Alkynol

Carry out a Reaction Search for:

A

O

You will get 40 hits. Choose Volume 9 and hit number 23 i.e. Kénig, B., Science of
Synthesis, (2000) 9, 216 (Section 9.9.1.3.1.2.5), and you will get the following
result:

Scheme 54 Synthesis of Furans and Dihydrofurans from 1-(4-

Hydroxyalkynyl)benzotriazoles®">*

1. BuLi Bt S NaOH, EtOH
Bt NV 2. RICOR? N R heat
\ —_— B ——
H HO R?
158 159

The first step is the one of interest i.e. the lithiation reaction and two useful
references are available:

[275] Katritzky, A. R.; Li, J.; Gordeev, M. F., J. Org. Chem., (1993) 58, 3038.
[276] Katritzky, A.; Li, J., J. Org. Chem., (1995) 60, 638.
2) The Preparation of the 2,5-Dibromothiophene

The regiospecific bromination of thiophene is not easy to achieve. Therefore you
need to take the following approach:
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Carry out a Full Text Search (using the Add Row option) for:

AND Full Text thiophene
NEAR Full Text bromination

You will get 5 hits. Go to Volume 9 and the second hit, Schatz, J. in Science of
Synthesis, (2000) 9, 396 (Section 9.10.3).

Scheme 139 Bromination of 2,5-Bis(trimethylsilyl)thiophene 1-Oxide!*!3!

Bry (1.1 equiv)

/@\ CHxClp, 1t, 1 h Br Br r, 12 h /@\
~ ’/ —»’
™S TMS S E Br Br

95% TMS 5 TMS -~ (TMS)0 s
98%

=0
wn

o

O

312

The reference given for this bromination reaction is:

[1139] Zhang, S. Z.; Sato, S.; Horn, E.; Furukawa, N., Heterocycles, (1998) 48,
227.

In order to prepare the parent thiophene S-oxide do a Substructure Search for:

3

i
o)

You will get eight hits. Choose Volume 9 and Schatz, J. in Science of Synthesis,
(2000) 9, 398 (Section 9.10.3.1.2.1, Hit 7). You will get the following result along
with a table of derivatives, a typical procedure and a number of useful references:

Scheme 141 Stepwise Oxidation of Thiophene to Thiophene 1-Oxides and
Thiophene 1,1-Dioxides[127,857,1116,1133,1134,1141-1143]

R? R? R? R?
oxidant
R s R! R . R!
315

The synthesis of the 2,5-bis(trimethylsilyl)thiophene itself is not given but
silylations in the 2-position are possible e.g.
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Carry out a Reaction Search for:

- 0

together with a Fulltext Search for:
silylation
You will get seven hits. Please choose Schatz, J. in Science of Synthesis, (2000)

9, 375 (Section 9.10.1.4.2.4.2, Hit 3). You will get the following result:

Scheme 110 2-Silylation of Thiophenes[114,942-946]

2 2
R 1. BuLi or LDA R
2. CISiR%,
- =
Rlﬂ 24-97% le SiR®
S S 3

267

A table with a list of substituents, two procedures and a series of useful
references are cited.
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Example 2 Synthesis of 4-Phenylquinazoline-2-carboxylic Acid Derivatives

X=0OH, OEt, NHAc, NHPh

Carry out a Reaction Search for:

You will get five hits in total.
Synthesis is possible via:

a) The Cyclization of 2-Aminobenzonitriles: Kikelj, D. in Science of Synthesis,
(2003) 16, 614 (Section 16.13.1.1.2.6.10).

b) The Cyclization of 3-Phenyl-2,1-benziosoxazole: Kikelj, D. in Science of
Synthesis, (2003) 16, 655 (Section 16.13.2.1.4).

c) Ring Contraction Reactions: Kikelj, D. in Science of Synthesis, (2003) 16, 665
(Section 16.13.2.3.2) and Kikelj, D. in Science of Synthesis, (2003) 16, 669
(Section 16.13.2.3.4).

d) Elimination Reactions: Kikelj, D in Science of Synthesis, (2003) 16, 670
(Section 16.13.3.1.1).

Let us take a look at the first two of these in more detail.

a) The Cyclization of 2-Aminobenzonitriles: Kikelj, D. in Science of Synthesis,
(2003) 16, 614 (Section 16.13.1.1.2.6.10).

Clicking on this hit gives you the following information:
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Scheme 49 Quinazolines from 2-Aminobenzonitriles, Grignard Reagents, and

Carbonyl Compounds or Phosgene Iminium Chlorides[377,378]

CN R?MgX, Et,0
Rl z | reflux, 0.5-4 h
A - >
N
NH,
R2
RCOX gt = | SN
NS N//I\ R3
43
CICO,Me or R2
o)
MeO” “OMe _ o1 “ | N
\ /g
: N0
R
. _ ~ L 57
Mg r1” N
X NH
2 4, R2
(CO4EY), 1 =4 | NN
. R
NN =
N)\COZEt
68
R2
+ —
ClL,C=NMe, CI - = | SN
> 4 P

The reaction of interest is the third reaction down.

Carrying out a Reaction Search for the substructure given below gives a total of

16 different hits.
@CN
N

Y


http://www.thieme-chemistry.com/thieme-chemistry/sos/prod/curr/
http://www.thieme-chemistry.com/thieme-chemistry/sos/prod/curr/

Science of Synthesis 3.2: Getting Started Manual 61

Now search using exactly the same query together with the following term in the
Full Text field:

reduction

In this case you get three hits so you have managed to narrow down your hit list
considerably.

The result of interest is: Wood, M. E. in Science of Synthesis, (2002) 5, 344
(Section 5.2.8) i.e. the preparation of the required starting material through
selective nitro group reduction with tin(II) chloride.

Scheme 55 Selective Nitro Group Reduction with Tin(Il) Chloride[130]

1. SNCly2H,0, EtOH, heat

2. pH selective extraction

MeO N02 - > MeO NH2
0

CN CN

A reference for this type of reaction is available:

[130] Bellamy, F. D. ; Ou, K., Tetrahedron Lett., (1984) 25, 839.

b) The Cyclization of 3-Phenyl-2,1-benziosoxazole: Kikelj, D. in Science of
Synthesis, (2003) 16, 655 (Section 16.13.2.1.4).

Clicking on this hit gives you the following information.
Scheme 114 N,4-Diphenyquinazoline-2-carboxamide from 3-Phenyl-2,1-
benzisoxazole!88!

Ph

TiCly, dioxane
fNPh reflux SN
T ewm
\N MeO ° N/)\W NHPh

O

Together with the following reference:

[588] Ohta, K.; Nakamura, Y.; Iwaoka, J.; Nomura, Y., Nippon Kagaku Kaishi,
(1990), 72; Chem. Abstr., (1990) 113, 6272.

In order to find out how to prepare the benzisoxazole you can do an Exact
Structure Search for the 3-phenyl-2,1-benzisoxazole and this will give a total of
eight hits. Those hits are located in:
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e Smalley, R. K. in Science of Synthesis, (2001) 11, 343 (Section
11.11.1.1.2.1)

e Smalley, R. K. in Science of Synthesis, (2001) 11, 346 (Section
11.11.1.1.2.2)

e Smalley, R. K. in Science of Synthesis, (2001) 11, 348 (Section
11.11.1.1.3.1)

¢ Smalley, R. K. in Science of Synthesis, (2001) 11, 353 (Section
11.11.1.1.3.3)

e Smalley, R. K. in Science of Synthesis, (2001) 11, 360 (Section
11.11.1.1.3.6)

e Brown, D. W.; Sainsbury, M. in Science of Synthesis, (2001) 11, 615
(Section 11.16.2.2.1)

e Surman, M. D.; Hutchings, R. H. in Science of Synthesis, (2003) 17, 771
(Section 16.13.2.1.4)

e Kikelj, D. in Science of Synthesis, (2003) 16, 655 (Section 17.4.5.2.1.3.4)

If we just take a look at one example i.e. Smalley, R. K. in Science of Synthesis,
(2001) 11, 343 (Section 11.11.1.1.2.1), the first hit, we can see that the desired
benzisoxazole is formed via a cyclization reaction:

Scheme 7 2,1-Benzisoxazoles by Thermolysis of 2-Azidoaryl Aldehydes and
Ketonegl15:74:76,80,84,85]

Rl
R2 R2 Rl
/\/ | O thermolysis A=
—_— O
~ /
> Ng N N
23 24

A range of different possible substituents are given together with varying reaction
conditions. A detailed experimental procedure for the preparation of 3-phenyl-
2,1-isoxazole is given.

3-Phenyl-2,1-benzisoxazole (24, R* = Ph; R? = H):[®!

A soln of 2-azidoaryl ketone 23 (R' = Ph; R?= H; 3.5 g, 16 mmol) in chlorobenzene (40 mL)
was added dropwise over 10 min to boiling chlorobenzene (160 mL) and the resulting soln
was heated under reflux for 1 h. The excess of solvent (ca. 190 mL) was removed under

reduced pressure, and the residual oil was cooled and then triturated with petroleum
ether (bp 40-60 °C, 50 mL) until the residue solidified. The product was collected by filtration
and crystallized (50% aq EtOH) as colorless prisms; yield: 2.5-2.8 g (82-92%); mp 54 °C.
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