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17.9.24 Phthalocyanines and Related Compounds

M. S. Rodr�guez-Morgade and T. Torres

This review updates the original Science of Synthesis chapter (Section 17.9) on phthalocya-
nines and various ring-fused, ring-contracted, and ring-expanded analogues. It adds
some recently published methods, examples, and variations on the synthesis of unsubsti-
tuted phthalocyanines and metal phthalocyanines, as well as identically and nonidenti-
cally substituted phthalocyanine derivatives. Besides peripheral substitution, axial func-
tionalization is also discussed, but attention is focused only on those methods that repre-
sent appreciable progress for a particular type of metal coordination and axial functional-
ization, provide phthalocyanines with specific features such as chirality, or allow the
functionalization of phthalocyanines with entities that are difficult to introduce at the
peripheral sites. This account also includes sections on new types of phthalocyanine de-
rivatives and analogues that were not covered in the original chapter, as well as the prog-
ress made in the synthesis of some of these families in the decade since 2003.

N

N

N

N N

N

N

N

M NN

NN

N

N

B

X

NN

N

N

N

N

NM

Keywords: phthalocyanines · phthalocyanine–metal complexes · porphyrazines · tetra-
azaporphyrins · naphthalocyanines · phenanthrenocyanines · triphenylenocyanines · an-
thracenocyanines · pyrenocyanines · benzoperylenocyanines · helicenocyanines · azule-
nocyanines · tetraazachlorins · tetraazabacteriochlorins · azaphthalocyanines · triazacor-
roles · subphthalocyanines · subporphyrazines · superazaporphyrins · pyrenocyanines ·
phthalonitriles · phthalic anhydrides · phthalic acids · phthalimides · isoindolinedi-
imines · condensation reactions · substituent modification · ligand substitution
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34.1.1.8 Synthesis of Fluoroalkanes by Substitution of Hydrogen

M. Rueda-Becerril and G. M. Sammis

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.1.1) de-
scribing methods for the synthesis of fluoroalkanes by substitution of hydrogen. The in-
creasing importance of fluorine-containing molecules in the health, pharmaceutical,
and agrochemical sectors has resulted in the rapid development of more-selective, more-
controlled, and safer methods for the insertion of a fluorine atom into structurally di-
verse molecules. Herein, the most synthetically useful methods reported from 2006 until
mid-2016 to achieve such transformations are described.
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Keywords: fluorination · hydrogen substitution · alkanes · cycloalkanes · fluorine com-
pounds · fluorine transfer · Selectfluor · photocatalysis · organometallic reagents
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34.1.4.1 Synthesis of Fluoroalkanes by Substitution of a Halogen

T. P. Lequeux

This chapter is a revision of the earlier Science of Synthesis contribution describing meth-
ods for the synthesis of fluoroalkanes by substitution of a halogen atom. It includes addi-
tional methods published up until 2016. Newer approaches involve the use of fluoride
complex reagents and the use of solvent effects to avoid competitive elimination reac-
tions.
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Keywords: fluoroalkanes · nucleophilic substitution · fluorides · halides · alkanes · cyclo-
alkanes · nucleosides · amines · steroids · ammonium compounds · copper complexes
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34.1.4.3 Synthesis of Fluoroalkanes by Substitution of Oxygen and Sulfur Functionalities

T. P. Lequeux

This chapter is a revision of the earlier Science of Synthesis contribution describing meth-
ods for the synthesis of fluoroalkanes by substitution of oxygen and sulfur functionali-
ties. It now includes the literature published up until 2016. The additional material focus-
es on new reagents and their applications. For example, the effect of an ionic liquid on the
rate of the displacement of sulfonates by cesium fluoride, and expeditious synthesis of
nucleoside derivatives are described.
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Keywords: fluoroalkanes · nucleophilic substitution · fluorides · sulfonates · alkanes · cy-
cloalkanes · pyrans · nucleosides · carbohydrates · steroids · sulfur compounds · copper
complexes
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34.1.6.4 Synthesis of Fluoroalkanes with Retention of the Functional Group

T. Yamazaki

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.1.6) de-
scribing methods for the synthesis of monofluorinated compounds with a C(sp3)-F bond
by way of a wide variety of transformations of molecules already bearing the key C-F
bond. The focus is on methods published in the period 2005–2015.
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Keywords: alkylation · crossed aldol reactions · conjugate addition · SN2¢ reactions · hy-
drogenation · reduction · cycloadditions · iodolactonization
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34.2.2 Fluorocyclopropanes

P. Jubault, T. Poisson, and X. Pannecoucke

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.2) de-
scribing methods for the synthesis of fluorocyclopropanes. The most important break-
through described in this update is the development of asymmetric syntheses of fluorocy-
clopropanes based on various approaches, such as the use of chiral fluorinated scaffolds
or the development of catalytic enantioselective sequences. This review focuses on the
contributions published between 2005 and 2016.
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Keywords: fluorocyclopropanes · cyclopropanes · fluorine compounds · conjugate addi-
tion · carbenoids · diazo compounds · asymmetric catalysis · alkenes
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34.3.2 (Fluoromethyl)cyclopropanes

P. Jubault, T. Poisson, and X. Pannecoucke

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.3) de-
scribing methods for the synthesis of (fluoromethyl)cyclopropanes. In this review, new
methods, published since 2006, by means of direct or two-step fluorodehydroxylation
and by rearrangement of fluoroepoxides are described.
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Keywords: (fluoromethyl)cyclopropanes · cyclopropanes · fluorine compounds · nucleo-
philic fluorination · carbenoids · rearrangement
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34.4.2 Fluorocyclobutanes

T. Poisson, P. Jubault, and X. Pannecoucke

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.4) de-
scribing methods for the synthesis of fluorocyclobutanes. In this review, progress made
in the field since 2006 is reported. The use of cycloaddition reactions as well as rearrange-
ment reactions to access the fluorocyclobutane motif are significant advances in this
area.
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Keywords: fluorocyclobutanes · cyclobutanes · fluorine compounds · nucleophilic fluori-
nation · [2 + 2] cycloaddition · rearrangement
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34.7.4 Allylic Fluorides

C. R. Pitts and T. Lectka

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.7) re-
garding the synthesis of allylic monofluorides. Herein, literature from 2005–2015 is dis-
cussed. Advancements during this time period include the employment of milder fluori-
nating reagents, methods that favor alkene migration or retention, tactics for catalytic
and asymmetric reactions, and the introduction of a creative array of functional-group in-
terconversions.
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Keywords: fluorination · halogenation · allylic fluorides · carbon-halogen bonds · allylic
substitution · electrophilic fluorination · nucleophilic fluorination · asymmetric fluorina-
tion · regioselectivity
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34.9.3 b-Fluoro Alcohols

K. Shibatomi

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.9) de-
scribing methods for the synthesis of b-fluoro alcohols. It focuses on enantioselective syn-
thetic approaches, and includes methods based on the a-fluorination of carbonyl com-
pounds and subsequent reduction.
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Keywords: b-fluoro alcohols · fluorine compounds · asymmetric fluorination · decarbox-
ylation · decarbonylation · aldol reaction · reduction · enantioselectivity · Lewis acid cata-
lysts · chiral amine catalysts
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34.10.5 b-Fluoroamines

L. Hunter

This chapter is an update to the earlier Science of Synthesis contribution (Section 34.10) de-
scribing methods for the synthesis of b-fluoroamines. This topic has continued to attract
signficant attention from the synthetic community, largely due to the medicinal impor-
tance of this class of compounds. A wide variety of new methods have been developed,
and this review focuses on examples that were published between 2005 and 2015.
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Keywords: aminofluorination · carbon-fluorine bonds · electrophilic fluorination · nu-
cleophilic fluorination · radical fluorination · stereoselective reactions
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40.1.6.2 Azetidines

F. Couty

This chapter is an update to the earlier Science of Synthesis contribution (Section 40.1.6) de-
scribing methods for the synthesis of azetidines. This review focuses on contributions in
this field published between 2008 and 2015 (with some exceptions of papers published
as early as 2006, which were not covered in the earlier review). This period has witnessed
an impressive breakthrough of pharmaceutical agents bearing an azetidine ring in medic-
inal chemistry and the first examples of organocatalyzed enantioselective syntheses of
nonracemic azetidines.
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Keywords: azetidines · small rings · ring strain · nitrogen heterocycles · ring closure · ring
contraction · b-lactams

2017 Updated Section • 2017 Completely Revised Contributions • New New Contributions

Science of Synthesis Knowledge Updates 2017/2 
© Georg Thieme Verlag KG

http://www.thieme.de
http://www.ima-server.de



