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NOTICE

With Volume 62, the Editors of Organic Syntheses began a new
presentation and distribution policy to shorten the time between submis-
sion and appearance of an accepted procedure. The soft cover edition
of this volume is produced by a rapid and inexpensive process, and is
sent at no charge to members of the Organic Division of the American
Chemical Society, Polskie Towarzystwo Chemiczne, Royal Society of
Chemistry, and The Society of Synthetic Organic Chemistry, Japan.
The soft cover edition is intended as the personal copy of the owner
and is not for library use. The hard cover edition is published by John
Wiley and Sons, Inc., in the traditional format, and it differs in con-
tent primarily by the inclusion of an index. The hard cover edition
is intended primarily for library collections and is available for pur-
chase through the publisher. Incorporation of graphical abstracts into
the Table of Contents began with Volume 77. Annual volumes 70-74
and 75—79 have been incorporated into bve-year versions of the collec-
tive volumes of Organic Syntheses that appeared as Collective Volume
IX and X in the traditional hard cover format, available for purchase
from the publishers. The Editors hope that the new Collective Volume
series, appearing twice as frequently as the previous decennial volumes,
will provide a permanent and timely edition of the procedures for per-
sonal and institutional libraries. The Editors welcome comments and
suggestions from users concerning the new editions.

Organic Syntheses, Inc., joined the age of electronic publication in
2001 with the release of its free web site (www.orgsyn.org) followed
in 2003 with the completion of a commercially available electronic
database (www.mrw.interscience.wiley.com/osdb). Organic Syntheses,
Inc., fully funded the creation of the free website at www.orgsyn.org
in a partnership with CambridgeSoft Corporation and Data-Trace Pub-
lishing Company. The site is accessible to most internet browsers using
Macintosh and Windows operating systems and may be used with or
without a ChemDraw plugin. Because of continually evolving sys-
tem requirements, users should review software compatibility at the
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website prior to use. John Wiley & Sons, Inc., and Accelrys, Inc.,
partnered with Organic Syntheses, Inc., to develop the new database
(www.mrw.interscience.wiley.com/osdb) that is available for license
with internet solutions from John Wiley & Sons, Inc. and intranet solu-
tions from Accelrys, Inc.

Both the commercial database and the free website contain all annual
and collective volumes and indices of Organic Syntheses. Chemists
can draw structural queries and combine structural or reaction transfor-
mation queries with full-text and bibliographic search terms, such as
chemical name, reagents, molecular formula, apparatus, or even haz-
ard warnings or phrases. The preparations are categorized into reaction
types, allowing search by category. The contents of individual or col-
lective volumes can be browsed by lists of titles, submitters’ names,
and volume and page references, with or without reaction equations.

The commercial database at www.mrw.interscience.wiley.com/osdb
also enables the user to choose his/her preferred chemical drawing pack-
age, or to utilize several freely available plug-ins for entering queries.
The user is also able to cut and paste existing structures and reactions
directly into the structure search query or their preferred chemistry edi-
tor, streamlining workBow. Additionally, this database contains links
to the full text of primary literature references via CrossRef, ChemPort,
Medline, and ISI Web of Science. Links to local holdings for institu-
tions using open url technology can also be enabled. The database user
can limit his/her search to, or order the search results by, such factors
as reaction type, percentage yield, temperature, and publication date,
and can create a customized table of reactions for comparison. Connec-
tions to other Wiley references are currently made via text search, with
cross-product structure and reaction searching to be added in the com-
ing year. Incorporations of new preparations will occur as new material
becomes available.



INFORMATION FOR AUTHORS OF PROCEDURES

Organic Syntheses welcomes and encourages submissions of
experimental procedures that lead to compounds of wide interest or
that illustrate important new developments in methodology. Proposals
for Organic Syntheses procedures will be considered by the Editorial
Board upon receipt of an outline proposal as described below. A full
procedure will then be invited for those proposals determined to be
of sufbcient interest. These full procedures will be evaluated by the
Editorial Board, and if approved, assigned to a member of the Board for
checking. In order for a procedure to be accepted for publication, each
reaction must be successfully repeated in the laboratory of a member of
the Editorial Board at least twice, with similar yields (generally +5%)
and selectivity to that reported by the submitters.

Organic Syntheses Proposals

A cover sheet should be included providing full contact information
for the principal author and including a scheme outlining the proposed
reactions (an Organic Syntheses Proposal Cover Sheet can be down-
loaded at orgsyn.org). Attach an outline proposal describing the utility
of the methodology and/or the usefulness of the product. Identify and
reference the best current alternatives. For each step, indicate the pro-
posed scale, yield, method of isolation and puriPcation, and how the
purity of the product is determined. Describe any unusual apparatus
or techniques required, and any special hazards associated with the
procedure. Identify the source of starting materials. Enclose copies of
relevant publications (attach pdf Ples if an electronic submission is
used).
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Submit proposals by mail or as e-mail attachments to:

Professor Charles K. Zercher
Associate Editor, Organic Syntheses
Department of Chemistry
University of New Hampshire

23 College Road, Parsons Hall
Durham, NH 03824

For electronic submissions: org.syn@unh.edu

Submission of Procedures

Authors invited by the Editorial Board to submit full procedures
should prepare their manuscripts in accord with the Instructions
to Authors, which are described below or may be downloaded at
orgsyn.org. Submitters are also encouraged to consult earlier volumes
of Organic Syntheses for models with regard to style, format, and the
level of experimental detail expected in Organic Syntheses procedures.
Manuscripts should be submitted to the Associate Editor. Electronic
submissions are encouraged; procedures will be accepted as e-mail
attachments in the form of Microsoft Word Ples with all schemes and
graphics also sent separately as ChemDraw Ples.

Procedures that do not conform to the Instructions to Authors with
regard to experimental style and detail will be returned to authors for
correction. Authors will be notibed when their manuscript is approved
for checking by the Editorial Board, and it is the goal of the Board to
complete the checking of procedures within a period of no more than
six months.

Additions, corrections, and improvements to the preparations previ-
ously published are welcomed; these should be directed to the Associate
Editor. However, checking of such improvements will only be under-
taken when new methodology is involved. Substantially improved pro-
cedures have been included in the Collective Volumes in place of a
previously published procedure.

NOMENCLATURE

Both common and systematic names of compounds are used through-
out this volume, depending on which the Volume Editor felt was more

xii



appropriate. The Chemical Abstracts indexing name for each title com-
pound, if it differs from the title name, is given as a subtitle. Systematic
Chemical Abstracts nomenclature, used in the Collective Indexes for the
title compound, and a selection of other compounds mentioned in the
procedure, is provided in an appendix at the end of each preparation.
Chemical Abstracts Registry numbers, which are useful in computer
searching and identibcation, are also provided in these appendices.
Whenever two names are concurrently in use and one name is the
correct Chemical Abstracts name, that name is preferred.
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INSTRUCTIONS TO AUTHORS

All organic chemists have experienced frustration at one time or
another when attempting to repeat reactions based on experimental
procedures found in journal articles. To ensure reproducibility, Organic
Syntheses requires experimental procedures written with considerably
more detail as compared to the typical procedures found in other jour-
nals and in the “Supporting Information” sections of papers. In addition,
each Organic Syntheses procedure is carefully “checked” for repro-
ducibility in the laboratory of a member of the Board of Editors.

Even with these more detailed procedures, the experience of Organic
Syntheses editors is that difPculties often arise in obtaining the results
and yields reported by the submitters of procedures. To expedite the
checking process and ensure success, we have prepared the following
“Instructions for Authors” as well as a Checklist for Authors and Char-
acterization Checklist to assist you in conbPrming that your procedure
conforms to these requirements. These checklists, which are available
at orgsyn.org, should be completed and submitted together with your
procedure. Procedures submitted to Organic Syntheses will be care-
fully reviewed upon receipt and procedures lacking any of the required
information will be returned to the submitters for revision.

Scale and Optimization

The appropriate scale for procedures will vary widely depending on
the nature of the chemistry and the compounds synthesized in the pro-
cedure. However, some general guidelines are possible. For procedures
in which the principal goal is to illustrate a synthetic method or strat-
egy, it is expected, in general, that the procedure should result in at
least 5 g and no more than 50 g of the Pnal product. In cases where
the point of the procedure is to provide an efPcient method for the
preparation of a useful reagent or synthetic building block, the appro-
priate scale may be larger, but in general should not exceed 100 g of
Pnal product. Exceptions to these guidelines may be granted in special
circumstances. For example, procedures describing the preparation of
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reagents employed as catalysts will often be acceptable on a scale of
less than 5 g.

In considering the scale for an Organic Syntheses procedure, authors
should also take into account the cost of reagents and starting materials.
In general, the Editors will not accept procedures for checking in which
the cost of any one of the reactants exceeds $500 for a single full-scale
run. Authors are requested to identify the most expensive reagent or
starting material on the procedure submission checklist and to estimate
its cost per run of the procedure.

It is expected that all aspects of the procedure will have been opti-
mized by the authors prior to submission, and that each reaction will
have been carried out at least twice on exactly the scale described in
the procedure. 1t is appropriate to report the weight, yield, and purity of
the product of each step in the procedure as a range. In any case where
a reagent is employed in signibPcant excess, a Note should be included
explaining why an excess of that reagent is necessary. If possible, the
Note should indicate the effect of using amounts of reagent less than
that specibed in the procedure.

Reaction Apparatus

Describe the size and type of Bask (number of necks) and indicate
how every neck is equipped.

“A 500-mL, three-necked, round-bottomed Bask equipped with an overhead
mechanical stirrer, 250-mL pressure-equalizing addition funnel btted with an argon
inlet, and a rubber septum is charged with. ...”

Indicate how the reaction apparatus is dried and whether the reaction
is conducted under an inert atmosphere. This can be incorporated in
the text of the procedure or included in a Note.

“The apparatus is Bame-dried and maintained under an atmosphere of argon during
the course of the reaction.”

In the case of procedures involving unusual glassware or especially
complicated reaction setups, authors are encouraged to include a photo-
graph or drawing of the apparatus in the text or in a Note (for examples,
see Org. Syn., Vol. 82, 99 and Coll. Vol. X, pp 2, 3, 136, 201, 208, and
669).
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Reagents and Starting Materials

All chemicals employed in the procedure must be commercially
available or described in an earlier Organic Syntheses or Inorganic Syn-
theses procedure. For other compounds, a procedure should be included
either as one or more steps in the text or, in the case of relatively
straightforward preparations of reagents, as a Note. In the latter case,
all requirements with regard to characterization, style, and detail also
apply.

In one or more Notes, indicate the purity or grade of each reagent,
solvent, etc. It is desirable to also indicate the source (company the
chemical was purchased from), particularly in the case of chemicals
where it is suspected that the composition (trace impurities, etc.) may
vary from one supplier to another. In cases where reagents are puribed,
dried, “activated” (e.g., Zn dust), etc., a detailed description of the
procedure used should be included in a Note. In other cases, indicate
that the chemical was “used as received”.

“Diisopropylamine (99.5%) was obtained from Aldrich Chemical Co., Inc. and
distilled under argon from calcium hydride before use. THF (99+%) was obtained
from Mallinckrodt, Inc. and distilled from sodium benzophenone ketyl. Diethyl
ether (99.9%) was purchased from Aldrich Chemical Co., Inc. and puribed by
pressure Pltration under argon through activated alumina. Methyl iodide (99%) was
obtained from Aldrich Chemical Co., Inc. and used as received.”

The amount of each reactant should be provided in parentheses in
the order mL, g, mmol, and equivalents with careful consideration to
the correct number of signiPcant bgures.

Reaction Procedure

Describe every aspect of the procedure clearly and explicitly. Indi-
cate the order of addition and time for addition of all reagents and how
each is added (via syringe, addition funnel, etc.).

Indicate the temperature of the reaction mixture (preferably inter-
nal temperature). Describe the type of cooling (e.g., “dry ice-acetone
bath”) and heating (e.g., oil bath, heating mantle) methods employed.
Be careful to describe clearly all cooling and warming cycles, including
initial and Pnal temperatures and the time interval involved.

Describe the appearance of the reaction mixture (color, homogeneous
or not, etc.) and describe all signiPcant changes in appearance during
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the course of the reaction (color changes, gas evolution, appearance of
solids, exotherms, etc.).

In the case of reactions monitored by TLC, provide details in a Note,
including eluent, R, values, and method of visualization. For reactions
followed by GC, HPLC, or NMR analysis, provide details on analysis
conditions and relevant diagnostic peaks.

“The progress of the reaction was followed by TLC analysis on silica gel with 20%
EtOAc-hexane as eluent and visualization with p-anisaldehyde. The ketone starting
material has Ry = 0.40 (green) and the alcohol product has Ry = 0.25 (blue).”

Reaction Workup

Details should be provided for reactions in which a “quenching”
process is involved. Describe the composition (concentration should be
described by molarity) and volume of quenching agent, and time and
temperature for addition. In cases where reaction mixtures are added
to a quenching solution, be sure to also describe the setup employed.

“The resulting mixture is stirred at room temperature for 15 h, and then carefully
poured over 10 min into a rapidly stirred, ice-cold aqueous solution of IN HClI in
a 500-mL Erlenmeyer Bask equipped with a magnetic stirbar.”

For extractions, the number of washes and the volume of each should
be indicated.

For concentration of solutions after workup, indicate the method and
pressure and temperature used.

“The reaction mixture is diluted with 200 mL of water and transferred to a 500-
mL separatory funnel, and the aqueous phase is separated and extracted with three
100-mL portions of ether. The combined organic layers are washed with 75 mL
of water and 75 mL of saturated NaCl solution, dried over MgSQy, Pltered, and
concentrated by rotary evaporation (25 °C, 20 mmHg) to afford 3.25 g of a yellow
oil.”

“The solution is transferred to a 250-mL, round-bottomed Bask equipped with a
magnetic stirbar and a 15-cm Vigreux column btted with a short path distillation
head, and then concentrated by careful distillation at 50 mmHg (bath temperature
gradually increased from 25 to 75 °C).”

In cases where solid products are bltered, describe the type of PI-
ter funnel used and the amount and composition of solvents used for
washes.
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«... and the resulting pale yellow solid is collected by Pltration on a Biichner funnel
and washed with 100 mL of cold (0 °C) hexanes.”

When solid or liquid compounds are dried under vacuum, indicate
the pressure employed (rather than stating “reduced pressure” or “dried
in vacuo”).

.. and concentrated at room temperature by rotary evaporation (20 mmHg) and
then at 0.01 mmHg to provide. ...”

“The resulting colorless crystals are transferred to a 50-mL, round-bottomed Bask
and dried overnight in a 100°C oil bath at 0.01 mmHg.”

Puribcation: Distillation

Describe distillation apparatus including the size and type of distilla-
tion column. Indicate temperature (and pressure) at which all signiPcant
fractions are collected.

«...and transferred to a 100-mL, round-bottomed Bask equipped with a magnetic
stirbar. The product is distilled under vacuum through a 12-cm, vacuum-jacketed
column of glass helices (Note 16) topped with a Perkin triangle. A forerun (ca.
2 mL) is collected and discarded, and the desired product is then obtained, distilling
at 50-55°C (0.04-0.07 mmHg). ...”

Puribcation: Column Chromatography

Provide information on TLC analysis in a Note, including eluent, Ry
values, and method of visualization.

Provide dimensions of column and amount of silica gel used; in a
Note indicate source and type of silica gel.

Provide details on eluents used, and number and size of fractions.

“The product is charged on a column (5 x 10 cm) of 200 g of silica gel (Note
15) and eluted with 250 mL of hexanes. At that point, fraction collection (25-mL
fractions) is begun, and elution is continued with 300 mL of 2% EtOAc-hexanes and
then 500 mL of 5% EtOAc-hexanes. The desired product is obtained in fractions
24-30, which are concentrated by rotary evaporation (25°C, 15 mmHg). ...”

Puribcation: Recrystallization

Describe procedure in detail. Indicate solvents used (and ratio of
mixed solvent systems), amount of recrystallization solvents, and tem-
perature protocol. Describe how crystals are isolated and what they are
washed with.
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“The solid is dissolved in 100 mL of hot diethyl ether (30°C) and Pltered through
a Biichner funnel. The Pltrate is allowed to cool to room temperature, and 20 mL
of hexanes is added. The solution is cooled at —20°C overnight and the resulting
crystals are collected by suction Pltration on a Biichner funnel, washed with 50 mL
of ice-cold hexanes, and then transferred to a 50-mL, round-bottomed Bask and
dried overnight at 0.01 mmHg to provide. ...”

Characterization

Physical properties of the product such as color, appearance, crystal
forms, melting point, etc. should be included in the text of the proce-
dure. Comments on the stability of the product to storage, etc. should
be provided in a Note.

In a Note, provide data establishing the identity of the product. This
will generally include IR, '"H-NMR, and '*C-NMR data, and in some
cases UV and MS data. Copies of the proton NMR spectra for the
products of each step in the procedure should be submitted showing
integration for all resonances. Submission of carbon NMR spectra and
other nuclei are encouraged as appropriate.

In the same Note, provide data establishing the purity of the product.
This will generally include elemental analysis and/or GC and/or HPLC
data. Provide details on equipment and conditions for GC and HPLC
analyses.

In procedures involving non-racemic, enantiomerically enriched
products, optical rotations should generally be provided, but
enantiomeric purity must be determined by another method such as
chiral HPLC or GC analysis.

In cases where the product of one step is used without puriPcation in
the next step, it is desirable to include a Note describing how a sample
of the product can be puribed and providing characterization data for
the pure material.

Hazard Warnings

Any signibPcant hazards should be indicated in a statement at the
beginning of the procedure in italicized type. Efforts should be made
to avoid the use of toxic and hazardous solvents and reagents when
less hazardous alternatives are available.

Discussion Section

The style and content of the discussion section will depend on the
nature of the procedure.
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For procedures that provide an improved method for the prepara-
tion of an important reagent or synthetic building block, the discussion
should focus on the advantages of the new approach and should describe
and reference all of the earlier methods used to prepare the title com-
pound.

In the case of procedures that illustrate an important synthetic method
or strategy, the discussion section should provide a mini-review on the
new methodology. The scope and limitations of the method should be
discussed, and it is generally desirable to include a table of examples.
Competing methods for accomplishing the same overall transformation
should be described and referenced. A brief discussion of mechanism
may be included if this is useful for understanding the scope and limi-
tations of the method.

Format

The text of the procedure should be constructed using a standard
word processing program, like MS Word, with 14-point Times New
Roman font. Chemical structures and schemes should be drawn using
the standard ACS drawing parameters (in ChemDraw, the parameters
are found in the “ACS Document 1996” option) with a maximum width
of 6 inches. The graphics Ples should be inserted into the document
at the correct location and the graphics Ples should also be submitted
separately. All Tables that include structures should be entirely pre-
pared in the graphics (ChemDraw) program and inserted into the word
processing Ple at the appropriate location. Tables that include multiple,
separate graphics Ples prepared in the word processing program will
require modibcation.

Biographies and Photographs of Authors

Photographs and 100-word biographies of all authors should be sub-
mitted as separate Ples at the time of the submission of the procedure.
The format of the biographies should be similar to those in the Vol-
ume 84 procedures found at the orgsyn.org website. Photographs can
be accepted in a number of electronic formats, including tiff and jpeg
formats.

XXI



