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Preface
The advent of ever-more sophisticated methods of information retrieval is revolutionising the
way chemists work. The possibility of accessing a database which, in a matter of seconds, is
capable of providing hundreds of methods of carrying out a synthetic transformation means
that the time in which a synthetic strategy can be planned is reduced enormously.
A subtle, but no less profound effect of this completely new approach is in the way chemists
handle the 'vocabulary' of their profession, a knowledge of possible chemical transformations. It could be said that it will become less important to memorise lists of synthetic methods, but this creates a problem. Computer reaction databases are only as good as the
questions we ask them, and without a sound knowledge of what is chemically feasible, we cannot construct a query to obtain the exact reaction conditions we need.
Undoubtedly one of the most powerful tools for the design of a synthesis is the elegant concept of retrosynthesis. By looking at the target structure, and having the knowledge of how
each of the functional groups, and some of the carbon-carbon bonds, present in the molecule
could be introduced, it is possible to dissect the target, taking it back to potential starting
materials. This concept again relies on the chemist having a large enough vocabulary of transformations to hand.
One of the best ways of increasing a person's knowledge of the chemical transformations
available is to spend time analysing published syntheses. By following a molecule through the
various transformations to the final product it is possible to observe, in complex real-life situations, the application of synthetic methods. An even more effective approach is to study an
article in the form of a synthetic exercise, either for informal discussion in a group, or private
study. This has the benefit of encouraging the chemist or student to reflect for a while on possible mechanisms, reaction conditions, and the stereochemical outcome without having the
answer immediately to hand.
An additional benefit, over simply studying an article from the literature, is that in some
way it removes the choice of topic. This may be important bearing in mind the natural tendency of many of us to study areas that we already know something about, thus reducing the
learning curve. This book has therefore deliberately chosen examples from a wide range of
synthetic targets.
The purpose of this book is to provide chemists with a collection of exercises constructed
from the recent literature. The exercises are designed to try and provide people at various levels with synthetic challenges, from final year undergraduates to graduate students and more
experienced post-doctoral chemists. Thus in a group consisting of final year undergraduate
students, post-graduate research students, and more experienced post-doctorate and academic staff members, the less experienced members can learn about the more fundamental
organic transformations, protecting group strategies and stereochemical considerations,
while the more senior chemists have the possibility to analyse the more detailed mechanistic
aspects, while having the opportunity to revise and discuss the basic concepts.
We hope that this text proves useful both in academic and industrial chemistry departments, and may provide the basis for productive group discussions of synthetic problems. We
shall always be pleased to receive comments and suggestions from readers as to how we can
improve on the concept for future volumes.
Verona
October 1996

C. G.
R. J. T.
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Introduction
The purpose of the book
The exercises in this book are intended to provide challenges for people with various
levels of experience. A final year undergraduate student should obviously not be
expected to tackle a problem without the aid of his or her favourite textbooks, and will
still undoubtedly have difficulty with the more advanced problems. The advanced
aspects of an exercise are intended for a more experienced chemist to analyse and
discuss in detail. A student will hopefully find that in studying the exercises, while at
first it will be difficult to complete even half of the questions unaided, with time both
the size of his or her 'vocabulary1 of reactions and the time necessary to study an
exercise will change dramatically.
How an exercise is constructed
The problems are taken from recent publications either of total syntheses of natural
products, or the syntheses of related systems. The answers to the various questions are
not provided in this book, although they can easily be obtained from the original
articles. This was done not only to reduce the size of the text, but also to allow study
and discussion of a problem in at least a formal situation of not knowing the answer.
Seeing a reaction in which an olefin is transformed into a 1,2-diol with osmium
tetroxide is a useful way of learning chemistry, but not nearly as effective has having
time to think of what the reagent or product could be before seeing the solution.
The article, or articles from which the exercise was taken is cited immediately
below the title. In the schemes, some of the structures or reaction conditions (in bold
letters) are missing. At the end of the scheme there are some additional discussion
points, where additional questions regarding mechanism, choice of reagents,
stereochemistry, stereoselectivity etc. are listed. Below the discussion points there are
usually some additional articles and reviews for further reading on key topics covered
in the exercise. These references are usually not cited in the original paper. In order to
construct a coherent exercise, it was necessary to change the molecule and reaction
numbering used in the original publication.
Although it is a very subjective choice, the exercises are ordered in an
approximately ascending order of difficulty. While obviously there can be no absolute
guarantees, a final year undergraduate or more junior postgraduate student is advised to
start at the front and work through the book from there.
In many cases the target molecules have been synthesised by several research
groups around the world with quite differing approaches. Our choice of which article to
use in this book should not be considered as a measure of which approach is more valid
or innovative, the choice was made simply on the basis of how the syntheses offered
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themes to be explored in this book. Similarly, we do not intend that articles chosen for
exercises appearing at the start of the book should be considered in any way less
innovative than those chosen for more difficult exercises towards the back. Clearly the
difficulty of an exercise largely depends on the amount of information provided or
omitted.
How to approach an exercise
As this book is intended for chemists with a wide range of experience, there is no single
best way of approaching an exercise. However, possibly the most effective way for
everyone is to first try and complete as much as possible unaided before going back
over the more problematic parts with the help of additional textbooks and discussion
with colleagues. Having completed these first two passes, a final check of both the
answered and unanswered problems can be made with the help of the original article. It
is not too surprising how obvious most of the reactions become with the aid of the
original text to hand when studying an exercise! An additional benefit of not consulting
the original paper until the end is that it gives the possibility of proposing alternative
approaches to those used, which can then be discussed with colleagues.
In cases where an unknown structure cannot be deduced from the reagents used to
form it, a useful alternative is to look at the next structure in the synthetic sequence and
go backwards, using a form of retrosynthetic analysis based on the reagents necessary
to arrive at the known structure.
An important concept for the less experienced chemists is that we would be very
surprised if someone (other than the authors of the original journal article!) were able to
complete all of the questions exactly. With time and experience, the number of
unanswered questions will decrease notably, although hopefully it will never arrive at
zero.

1. Total Synthesis of (-)-Ovatolide
A. Delgado and J. Clardy, J. Org. Chem., 1993, 55, 2862.

11
Abstracted with permission from J. Org. Chem., 1993,58, 2862 ©1993 American Chemical Society

Discussion Points
• What other isomer is formed in the nitration step a?
• Rationalise the regioselectivity of the mono-debenzylation reaction carried
out in step b.
• Suggest a structure for compound 6 and give reasons for carrying out the
reaction in a reductive environment.
• What is the mechanism of the hydrolysis of compound 8?
• Give an explanation for the use of ethylenediamine in step 1.
Further Reading
• For a review on diastereoselective nitroaldol reaction, see: D.
Seebach, A. K. Beck, T. Mukhopadhyay and E. Thomas, Helv. Chim.
Acta, 1982, 65, 1101. For a modification of the nitroaldol reaction using
alumina, see: G. Rosini, E. Marotta, P. Righi and J. P. Seerden, J. Org.
Chem., 1991, 56, 6258.

2. Total Synthesis of RS-15385
J. C. Rohloff, N. H. Dyson, J. O. Gardner, T. V. Alfredson, M. L. Sparacino and J. Robinson III,
J. Org. Chem., 1993,58, 1935.

Abstracted with permission from J. Org. Chem., 1993,58, 1935 ©1993 American Chemical Society

Discussion Points
• What is the mechanism of the Bischler-Napieralski reaction of step b?
• Suggest a reason why less hindered bases could not be used in step f.
• Propose structures for the minor diastereomers obtained during the
hydrogenation step g.
• Suggest a derivatising agent for the HPLC analysis of the optical purity of
the 10-camphorsulphonic acid salt obtained in step h.

Further Reading
• For reviews on isoquinoline alkaloids synthesis, see: M. D.
Rozwadowska, Heterocycles, 1994,39, 903; E. D. Cox and J. M. Cook,
Chem. Rev., 1995, 95, 1797.
• For a review on chiral derivatising agents, see: Y. Zhou, P. Luan, L. Liu
and Z.-P. Sun, J. Chromatogr. B: Biomed. AppL, 1994, 659, 109.

3. Total Synthesis of Islandic Acid I Methyl Ester
T. Shimizu, S. Hiranuma, T. Watanabe and M. Kirihara, Heterocycles, 1994,38,243.

Abstracted with permission from Heterocycles, 1994,38, 243 ©1994 The Japan Institute of Heterocyclic Chemistry

Discussion Points
• The sequence from 2 to 3 introduces a tetrahydropyranyl (THP) group.
What is the mechanism of this step?
• Following step d a quantity of compound 9 was isolable. Suggest a
mechanism for its formation.
O

OMe

OSEM

Give two alternative methods of removing a SEM group as in step j.

4. Total Synthesis of (+)-Patulolide C
S. Takano, T. Murakami, K. Sainizu and K. Ogasawara, Heterocydes, 1994,39, 67.

Abstracted with permission from Heterocydes, 1994,39, 67 ©1994 The Japan Institute of Heterocyclic Chemistry

4. Total Synthesis of (+)-Patulolide C

Discussion Points
• What is the mechanism of steps b and k?
• Give a method for the formation of the Z-olefin 14 from alkyne 9.

Further Reading
• A similar approach to that described above was used by the authors in the
synthesis of a milbemycin K fragment, see: S. Takano, Y. Sekiguchi and
K. Ogasawara, Heterocycles, 1994, 38, 59.
• For an excellent review on the two-directional chain synthesis strategy
see: C. S. Poss and S. L. Schreiber, Acc. Chem. Res., 1994,27, 9.
Another elegant application of this strategy to the synthesis of
(-)-parviflorin has recently been published: T. R. Hoye and Z. Ye, J. Am.
Chem. Soc., 1996,118, 1801.
• For a review of macrocyclic ring formation methods see: Q. C. Meng and
M. Hesse in Top. Curr. Chem., 1992,161, 107.
• A more recent chemoenzymatic synthesis of the related (/?)-patulolide A
has also been published: A. Sharma, S. Sankaranarayanan and S.
Chattopadhyay, J. Org. Chem., 1996, 61, 1814.

5. Asymmetric Synthesis of l-Deoxy-8,8a-di-epicastanospermine
S. F. Martin, H.-J. Chen and V. M. Lynch, J. Org. Chem., 1995, 60, 276.

Abstracted with permission from J. Org. Chem., 1995, 60, 276 ©1995 American Chemical Society

Discussion Points
• Explain the stereoselectivity obtained in step a.
• Propose a mechanism for the conversion of 2 into 3.
• Suggest a structure for the intermediate formed in step j.

Further Reading
• For oxidative opening of furans, see: B. M. Adger, C. Barrett, J.
Brennan, M. A. McKervey and R. W. Murray, J. Chem. Soc., Chem.
Commun., 1991,21, 1553.
• For an analysis of chelation-controlled carbonyl addition reactions, see: M.
T. Reetz, Ace. Chem. Res., 1993, 26, 462.

6. Synthesis of a Structure Related to Hydantocidin
S. Hanessian, J.-Y. Sanceau and P. Chemla, Tetrahedron, 1995,51, 6669.

Abstracted with permission from Tetrahedron, 1995,57, 6669 ©1995 Elsevier Science Ltd

Discussion Points
• Propose a mechanism for step c with a rationah'sation of the stereochemical
outcome.
• What is the role of TBAF in step i?

Further Reading
• For recent examples of the use of fluoride ion as a base, see: T. Sato and
J. Otera, J. Org. Chem,, 1995,60, 2627; see also: T. Sato and J. Otera,
Synlett, 1995, 845.

7. Total Synthesis of Cryptophycin C
R. A. Bairow, T. Hemscheidt, J. Liang, S. Paik, R. E. Moore and M. A. Tius,
J. Am. Chem. Soc., 1995,117, 2479.

OTBS

Abstracted with permission from J. Am. Chem. Soc., 1995,117, 2479 ©1995 American Chemical Society
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7. Total Synthesis of Cryptophycin C

HO

Ph

u. morpholine,
Pd(Ph3)4,THF

NHBOC

12

13

v. 9, DCC, DMAP,
CH2C12
w.
x.
y. FDPP, 'Pr2NEt,
DMF

OMe

Discussion Points
• Suggest a synthesis for compound 1.
• Explain the regioselectivity in the epoxide opening of step c.
• A considerable amount of compound 15 was formed when step e was
carried out in the absence of 2,2-dimethoxypropane.

15

Suggest an explanation for the formation of this compound and the
function of 2,2-dimethoxypropane.
• Give mechanisms for steps h and u.

Further Reading
• For studies on the regioselectivity in epoxide opening, see: M. Chini, P.
Crotti, L. A. Flippin, C. Gardelli, E. Giovani, F. Macchia, M.
Pineschi, J. Org. Chem., 1993, 58, 1221; M. Chini, P. Crotti, C.
Gardelli and F. Macchia, Tetrahedron, 1994, JO, 1261.
• For a review on ring-closure methods hi the synthesis of natural products,
see: Q. C. Meng and M. Hesse, Top. Curr. Chem., 1992,161, 107.
• For a modification of the allyl group removal procedure, see: A. Merzouk
and F. Guibe, Tetrahedron Lett., 1992, 33, 477.
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8. Total Synthesis of (±)-Leuhistin
S. J. Hecker and K. M. Werner, J. Org. Chem., 1993,58, 1762.
O

b. (PhCO)2O, NaH, C6H6
OEt

c. ?, NaOEt, EtOH

O

HO,CA OH

Abstracted with permission from J. Org. Chem., 1993,58, 1762 ©1993 American Chemical Society

Discussion Points
• Suggest a possible reason for the selectivity observed in step e.
• Explain the migration of the benzoate group observed in transforming
compound 4 into 5.

Further Reading
• For the use of activated alumina in the synthesis of 3-oxoesters, see: D. D.
Dhavale, P. N. Patil and R. S. Raghao, J. Chem. Res., Synop., 1994,4,
152.
• For reviews on catalytic transfer hydrogenation, see: R. A. Johnstone, A.
H. Wilby and I. D. Entwistle, Chem. Rev., 1985, 85, 129; G. Brieger
and T. J. Nestrick, Chem. Rev., 1974, 74, 567.
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