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High-pressure technology finds its major application in the field of organic synthesis, especially for
cycloaddition reactions. The aim of this article is to review all examples of high-pressure strategies in
cycloaddition and related reactions, to describe the scope and limitations of this technique, and to suggest some
further possibilities.

1. Introduction. - Human beings with their exceptional capabilities grasp a global
world that goes beyond the naturally delimited domain, and understand changes in the
natural environment with time. The desire of man for a higher material standard of
living has especially developed science and technology in the last half century. It has
resulted in population explosion and a scale of industrialization that has placed great
strains on the biosphere. The result of such an intractable situation is the exhaustion of
natural resources. The devastation of a local resource leads eventually to the pollution
of the environment on a global scale. Environmental pollution holds risks not only for
life on this planet, but also for our species. Therefore, the relationships between the
natural environment and modern science must be understood more exactly to solve
these problems that arise by negative feedback. Mankind’s technology must be on a
substantial scale, so that we all benefit from a fully functioning natural environment.
The natural environment can be divided into the categories water, air, and land, and the
organisms in each category. High pressure, the phenomenon that is a feature of this
study, is encountered, e.g., in the deep sea, inside the Earth, and on other planets [2][3];
and it is likely to have been an agent in the geochemical conditions that formed coal and
oil deposits (Fig. I).

It is interesting to investigate the change of molecules at high pressure, because
pressure affects the molecular environment. When covalent-bond formation takes
place, it is simply assumed that one molecule collides with another molecule. But it has
been clarified that solvent, concentration, temperature, and pressure strongly affect
reactions.

The use of extreme conditions such as ultra-high pressure in material sciences and
industry has led to the successful preparation of synthetic diamond, ruby, and borazone

1) For his biography and research history, see [1].
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Fig. 1. Pressure Scale and Technical Applications of High Pressure

as early as in the 1950s [4][5]. Around 1980, high-pressure apparatus such as autoclaves
became popular. But until then, the versatility of high pressure in organic synthesis has
not been widely explored, in spite of its potential [2][6—13]. Of the many parameters
that can be changed to improve the efficiency of synthetic transformations, most
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attention has been paid to the study of electronic and steric effects by chemical
modification of substrates and reagents, to thermal and photochemical effects, to the
use of catalysts such as Lewis acids and bases, or phase-transfer reagents, to
sonochemistry, microwave techniques [14][15], flash vacuum pyrolysis and other
thermal processes, electro-organic transformations, reactions with solid-supported
reagents and catalysts [16][17], as well as solvent-free organic synthesis [18].
Supercritical fluids have also been used, and this can often be an alternative to organic
solvents under high pressure [19][20]. Much interest has been generated in high-
pressure methodology, since it has been demonstrated that high pressure is not only
useful in effecting cycloaddition reactions, but also several kinds of ionic reactions [21].

The aim of the present article is to review all examples of the use of high-pressure
procedures in cycloaddition reactions and some related reactions, particularly focusing
on synthetic applications, to describe the scope and limitations of this technique, and to
suggest some further possibilities?). There are some monographs and reviews on
chemical reactions at high pressure, especially covering the earlier literature of the past
decade [22-34]. Furthermore, several kinds of monographs [6] and reviews [2][7-13]
on high-pressure organic reactions have been published by Matsumoto and co-workers;
and there is a recent review by Klirner and Wurche [25], and a monograph by van Eldik
and Klirner [33], both of which cover recent progress in high-pressure organic
synthesis up to the first half of 2000. Therefore, the present article covers only
representative and the most-recent examples, more-detailed information up to ca. 2004
being summarized in the Appendix.

2. General Principles. — Present-day methods of organic synthesis are mostly based
on chemical modification of reagents and catalysts. Nevertheless, frequent use has
recently been made of ‘distinctive’ techniques such as ultrasound, flash-vacuum
pyrolysis, electro-organic, microwave, supercritical, solvent-free (or solid-state), as well
as even plasma conditions. The high-pressure technique is one of the most-developed
unconventional tools for the preparation of both new and known compounds. Chemical
reactions at high pressure require conditions characterized by high number densities of
the reacting particles, so that very intense intermolecular interactions take place. In
terms of the potential energy of interaction as a function of the distance between
reacting molecules or atoms, the repulsive part of the relationship is mainly discussed.
At lower number densities, interactions of this type take place only at higher
temperature, but within a limited time interval determined by the impact parameters.
At higher pressure, the duration of these strong interactions is much longer. This
phenomenon may lead to a considerable increase in reaction rate (Scheme I).

The fundamental equation (Egn. 1) for the effect of (high) pressure on the rate
constant of a reaction was deduced by Evans and Polanyi based on transition-state
theory:

(0ln k/OP); = — AV¥/RT=— (V*—V,)/RT (1)

2)  For the sake of clarity, detailed literature data and examples are collected separately in the Appendix,
whereas more-general aspects and selected examples are discussed in the main text.
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Scheme 1. High-Pressure Effects on Organic Reactions

O-O—U0— &

(-] A-B
Forward reaction: —AV*
Pressure acceleration — bond formation: A+B —> AB
Reverse reaction: +A V*
Pressure retardation — bond stretching: A-B —> A+B

where AV* is the so-called ‘volume of activation’, which corresponds to the difference
between the volume of the activated complex (V*), including the corresponding
molecule(s) of its solvation shell, and the volume V, of the reactant molecules (with
their associated solvent molecule(s)), measured at constant pressure (P) and temper-
ature (7') [35]. In Fig. 2, this principle is exemplified for a Diels — Alder reaction as one

of the simplest cases.
D!
— X

Initial Transition Final
state state state

Fig. 2. Mechanism and volume profile of the Diels— Alder reaction

In general, bond formation, concentration of charge, and ionization during the
transition state lead to a negative volume of activation, whereas bond cleavage, charge
dispersal, neutralization in the transition state, and diffusion control lead to a positive
activation volume. For reactions in which the polarity of the transition state changes,
the influence of the solvent on AV* is of importance. Thus, those types of organic
reactions in which rate enhancement is expected on application of pressure may be
summarized, as a preparative or synthetic guide, as follows [2a][36]:

e Reactions in which the molecularity decreases in the products (e.g., cycloadditions
or condensations)

e Reactions that proceed via cyclic transition states (e.g., Claisen and Cope
rearrangements)
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e Reactions that take place through dipolar transition states (e.g., Menshutkin
reactions or electrophilic aromatic substitutions)

e Kinetically hindered reactions that either do not take place or give rise to low yields
due to steric hindrance in the transition state.

As described above, the activation volume AV* is the difference in partial molar
volume between the transition state and the initial state. From a synthetic point of view,
this can be often approximated by the difference in the molar volumes of the
reactant(s) and product(s). Partial molar activation volumes, which can be divided into
a structural and a solvent-dependent term, are of considerable value in speculating
about the nature of the transition state. This thermodynamic property has led to many
studies on the mechanisms of organic reactions. Thus, from Egn. I, the application of
pressure accelerates reactions that have a negative volume of activation.

In Table 1, the effect of pressure on reaction rate is shown for different (negative)
AV* values. The system does not strictly obey the ideal rate equation for P> 1 GPa,
since the activation volume itself is somewhat pressure-dependent. Thus, the values of
AV* generally decrease with increasing pressure. Innumerable data on AV* values are
now available [37][38]. And in case that AV* is not available for a reaction type of
interest, activation entropies (AS*) may serve as a guide, since a linear relationship
between AV* and AS* has been reported for a variety of reactions [39][40].

Table 1. Variation of Rate Constant with Pressure for Different Activation Volumes (AV*) and Temperatures
(T). The term kp/k, corresponds to the ratio of the rate constant at pressure P vs. atmospheric pressure (k). In
parentheses, AAG* [kJ/mol]

AV* T Kl
[em?/mol] ('] 0.5 GPa 1.0 GPa 15 GPa 2.0 GPa 3.0 GPa 5.0 GPa
~10 25 75 57 430 3200 1.8 % 10° 7.5 % 10°
50 6.4 4 270 1700 71 % 10° 15 x 108
100 50 25 130 630 1.6 x 10° 12 107
(=5) (- 10) (= 15) (-20) (—30) (=50)
~20 25 57 3200 1.8 x 109 10 x 107 33x 100 56x 107
50 4 1700 7Ax10°  2.9x10° 5.0 % 10° 2.4 x 101
100 25 630 1.6 x 10° 40 % 10° 2.5 % 10° 1.5 % 1014
(-10) (=20) (=30) (—40) (=50) (—60)
~30 25 430 1.8 x 109 77107 33x100  60x105 42 x 10%
50 270 7Ax10°  19x 107 5.0 x 10° 36x104 37 x10%
100 130 16x10°  20x106  25x10° 40x 102 1.9 x 102
(— 15) (- 30) (—45) (~ 60) (—90) (~ 150)

The following pressure units are commonly being used: 1 kbar=100 MPa=
1000 kg/cm?=1000 atm =7.5 x 10° mmHg (see Table 2). Note that the differences
between these units can be ignored, as long as qualitative aspects are under discussion.
This is mostly the case in high-pressure synthetic chemistry or preparations under
pressure. In the Systéme International d’Unités (SI units) adopted by the Conférence
Générale des Poids et Mesures, and endorsed by the International Organization for
Standardization, the unit of force (F) is Newton [N =kg m s~!]. The S7 unit of pressure
P is Newton per square meter (N m~2), which is called Pascal [Pa], 10° Pa being 1 bar,
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Table 2. Common Pressure Units

kbar MPa kg/cm? atm mmHg
1 kbar 1 100 1019.7 986.92 7.5006 x 10°
1 MPa 0.01 1 10.197 9.8692 7.5006 x 10°
1 kg/cm? 9.8067 x 10~* 9.8067 x 102 1 0.9678 735.6
1 atm 1.0132 x 103 1.0132 x 107! 1.0132 1 760.0
1 mmHg 1.333 x 10-¢ 1.333 x 10 1.3595 x 1073 1.3158 x 103 1

which, in turn, corresponds to ca. 0.987 atm ( Table 2). Thus, in this chapter, we will use
Pa as pressure unit as an approximate to other units [21].

Before performing high-pressure experiments, it would be desirable to have
knowledge of the effects of pressure on various physical properties of the solvent, such
as freezing temperature, density, viscosity, solubility, compressibility, dielectric
constant, and conductivity. Unfortunately, sufficient data on all these properties are
often unavailable. The importance of the solvent in determining the effects of pressure
on reaction rates has been recognized in general terms for a long time [41], but the first
satisfactory discussion was given by Buchanan and Hamann only in 1953 [23]. A
schematic compilation of pressure and solvent effects on reactions of different charge
types, established by Dack, is given in Table 3, which also includes solvent-polarity
effects on the activation volume.

Less-polar solvents have higher compressibilities and are, therefore, more
constricted by ionic or dipolar solutes than more-polar solvents, which exhibit smaller
compressibilities owing to stronger intermolecular interactions. An example of a
conversion of Type 2 (Table 3) is the Diels— Alder reaction (see also Fig. 2 above). In
agreement with an isopolar cyclic activated complex being intrinsically smaller than the
reactants, AV# is strongly negative. In reactions of Type 3, charge creation on the
reacting species increases the intermolecular electrostatic forces between the solute
and the permanent or induced dipoles in the solvating molecules. This leads to a volume
reduction of the solvate complex, a process called ‘electrostriction’. Corresponding to
Type 5, increasing pressure leads to an increase in reaction rate, which is more
pronounced in less-polar solvents, and clearly demonstrates that nonpolar solvents
undergo more electrostriction than polar media. In general, effects of solvent polarity
and high pressure can be used to draw conclusions about whether the activated
complex is more dipolar (i.e., interacts more strongly with the solvent) than the initial
reactants. In this context, solvent-compressibility values [34] are of importance. A list
of such values, taken from Isaac’s book [34], are given in Table 4.

Other important parameters are freezing point and viscosity of solvents. The
freezing point of a liquid is known to increase with increasing pressure. This effect
amounts to ca. 15-20° per 100 MPa. In Tables 5 and 6, the freezing temperatures [4]
and the viscosities of common solvents are given at both ambient (0.1 MPa) and high
pressure, respectively [34][42].

In the case of H,O, an increase in pressure actually lowers the freezing point,
because the volume of frozen water (ice) is larger than that of the liquid; thus, an
increase in pressure lowers the freezing point according to the Clausius— Claperon
equation.
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Table 3. Effects of High Pressure and Solvent Polarity on the Activation Volume and Rate of Reaction for
Processes Involving Different Molecular-Charge Distributions

Type Transformation AV* AAV*?) Akp )

1 pos. zero neg.
® — ®

neg. Zero pos.

‘

3 neg. neg. pos.
—

4 pos. pos. neg.
—

5 neg. neg. pos.
.

6 Ppos. Ppos. neg.
—

7 neg. pos. neg.
.

8 neg. Ppos. neg.
’

2) Effect of increased solvent polarity on activation volume. ) Effect of increased pressure on rate constant k.

Interestingly, it has been shown that some reactions take place only at pressures
where the solvent employed is presumed to be frozen. This interesting phenomenon
should be a subject of future work [18]. The solubility of solids in liquids often
decreases as the pressure is raised, and the reagents often tend to crystallize out from
the solvents. The viscosity of liquids increases approximately by a factor of two every
100 MPa; thus, diffusion control of the reaction is important [43]. The effects of
viscosity on reaction rates have been extensively investigated by Asano and co-workers
[44].

3. Mechanism and Stereochemistry. — The traditional electronic theory of organic
reactions, based on Ingold’s work ‘Structure and Mechanism in Organic Chemistry’
[45], did not fully address the mechanism and stereochemistry of cycloaddition
reactions. Therefore, cycloadditions and related pericyclic reactions were called ‘no-
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Table 4. Isothermal Compressibilities (1) of Common Liquids and Solvents. The values refer to atmospheric
pressure at 20° (unless indicated otherwise).

Compound Br [MPa™] Compound Br [MPa™]
Hexane 15.40 Carbon disulfide 9.38
2,3-Dimethylbutane 17.97 Carbon tetrachloride 10.50
Heptane 13.4 Chloroform 9.96
Octane 11.3 Bromoethane 12.94
Cyclopentane 13.31 Todoethane 9.82
Cyclohexane 11.30 1,1-Dichloroethane 797
Cyclooctane 9.22 Tetrachloroethylene (25°) 7.56
Dodecane (37.8%) 8.03 Trichloroethylene (25°) 8.57
Pentadecane (37.8%) 9.9 Methanol 12.14
Octadecane (60°) 9.1 Ethanol 11.19
Benzene 9.44 Propan-1-ol (0°) 8.43
Toluene 8.96 Butan-1-ol (0°) 8.10
m-Xylene 8.46 Pentan-1-ol (0°) 7.71
Chlorobenzene 7.45 Ethylene glycol 3.64
Bromobenzene 6.46 Octan-1-ol 6.82
Anisole 6.60 Acetic acid 9.08
Aniline 453 Ethyl acetate 11.32
Nitrobenzene 4.93 Acetone 12.62
Phenol (60°) 6.05 Diethyl ether 18.65
Water 4.58

mechanism reactions’ until 1965, when Woodward and Hoffmann published ‘The
Conservation of Orbital Symmetry’ [46]. Fukui and Fleming rationalized the
mechanism of cycloaddition reactions with the Frontier Orbital Theory [47-49], by
which the stereochemical aspects, especially of pericyclic reactions, can be predicted.
With respect to stereochemistry, these aspects were particularly well predicted by this
theory. More recently, computational calculations like MOPAC and ab initio methods
have been popular to predict mechanisms and transition states, since a variety of
software is now commercially available [50], and because ever more-powerful, yet
inexpensive, hardware is on the market. Since Klirner and co-workers have already
discussed the mechanistic aspects of [4 +2] cycloaddition reactions [33], we will not
repeat these discussions.

It is widely thought that cycloadditions and related reactions are not always
concerted, and can often involve diradicals and/or polar intermediates [32][33][51].
Specifically, in 1989, it was speculated for pressure-accelerated Diels— Alder reactions
[51] that the intrinsic contraction in bond-formation in the transition state is small (3 -
5% of AV*), and that most of the occurring volume contraction is due to loss of empty
space surrounding the reactants, rather than being related to the reactants themselves.
This is a very important conclusion, for it suggests that, in the cases investigated, the
data for activation and reaction volumes should not be used for the deduction of
reaction mechanism.

Neither the concerted nor the diradical mechanism for the Diels— Alder reaction
can be established from high-pressure data. Thus, it is possible that the mechanism
adopted by a particular cycloaddition may vary with pressure. Actually, the mechanism
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Table 5. Freezing Temperatures of Common Solvents at Ambient and High Pressure

Compound Freezing temperature [°]
at 0.1 MPa at high pressure ([GPa])

Acetic acid 16.6 37.5(0.1)
Acetone —94.8 20 (0.8)
Aniline —6.1 15.5(0.1)
Benzene 5.5 33.4(0.1)
Benzyl alcohol -10.0 0.2(0.1)
Bromobenzene —30.6 —10.7 (0.1)
Butanol —89.8 —772(0.1)
tert-Butyl alcohol 25.5 58.1(0.1)
Carbon disulfide —111.6 —98.0(0.1)
Carbon tetrachloride -229 12.1(0.1)
Chlorobenzene —455 —28.1(0.1)
Chloroform —-61.0 —452(0.1)
Cyclohexane 6.5 58.9(0.1)
Cyclohexanol 254 62.3(0.1)
Diethylene glycol —-105 0 (0.57)
Ethyl acetate —83.6 25 (1.21)
Ethanol -117.3 —108.5(0.1)
Diethyl ether —116.3 35 (12)
Ethylene glycol —-174 0 (0.32)
Formic acid 8.5 20.6 (0.1)
Hexane —-953 30 (1.02)
Methanol —-97.7 25 (3.0)
Dichloromethane —96.7 —85.8(0.1)
Nitromethane —28.6 —14.4(0.1)
Phenol 40.7 53.9(0.1)
Propanol —126.1 25 (5.0)
Isopropanol —89.5 25 (5.0)
Toluene —-95.1 30 (0.96)
Water 0.0 -9.0(0.1)

of a particular alkylation reaction has been shown to be altered by increasing pressure
[52]; and the discovery of other mechanistic changes caused by pressure must be
expected [53]. We shall discuss selected stereochemical aspects of high-pressure
cycloaddition reactions as they occur in the following sections.

3.1. Scope and Limitations. Of the wide variety of pericyclic reactions, cyclo-
additions have been most extensively studied both for mechanistic and synthetic
aspects [54-57]. The reactions have been defined, classified, and reviewed in two
fashions [46][58][59]. They can be facilitated under a variety of conditions such as
addition of catalysts, application of high-temperature or high-pressure conditions, or
use of microwave techniques, etc. As a result, the conditions of cycloaddition reactions
can be usually selected in such a way as to accommodate sensitive functional groups in
the substrate. An application of the high-pressure technique to this type of reaction is
anticipated to be extremely fruitful both on kinetic (AV*<0) and thermodynamic
(AV<0) grounds. Indeed, activation volumes of cycloadditions range from —7 to —
50 cm3/mol [60][61]. It is noteworthy that high-pressure conditions often improve the
yield of cycloadditions, and, in some cases, give rise to the opposite configuration of the
cycloadducts compared with conventional methods [62-64].
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Table 6. Relative Increase in Solvent Viscosity as a Function of Pressure. The term 1,/17, corresponds to the ratio
of the viscosities at pressure P (0.1 or 0.4 GPa) vs. atmospheric pressure (1atm). All values refer to a
temperature of 30°.

Compound Np/10

0.1 GPa 0.4 GPa
Acetone 1.68 4.03
Benzene 2.22 -
Bromobenzene 1.83 7.89
Butanol 2.09 8.60
Isobutanol 2.44 16.0
Carbon disulfide 1.44 323
Carbon tetrachloride 2.24 -
Chlorobenzene 1.79 7.36
Bromoethane 1.67 428
Chloroethane 1.75 4.46
Methylcyclohexane 2.44 -
Ethyl acetate 1.81 6.58
Ethanol 1.58 4.14
Diethyl ether 2.11 6.20
Hexane 2.15 8.2
Methanol 1.47 2.96
o0-Xylene 2.05 -
m-Xylene 1.95 9.27
Propanol 1.92 6.86
Isopropanol 2.20 9.60
Toluene 1.95 7.89
Water 327 -

3.2. Intermolecular [4+ 2] Cycloaddition Reactions. Since Diels and Alder noticed
nearly 75 years ago the formation of a 1:1 adduct in the reaction of cyclopentadiene
with 1,4-benzoquinone, the Diels— Alder reaction, the prototype of [4+2] cyclo-
additions, has become indispensable to synthetic chemists. The [4 + 2] cycloaddition
reaction has the advantages of excellent stercospecificity, predictable endo-stereo-
selectivity, and regioselectivity. Furthermore, it serves as an indirect and general
method for the introduction and/or conversion of functional groups, especially through
the retro-[4 + 2] cycloaddition of an initially formed adduct [65-67].

Intermolecular [4 + 2] cycloadditions exhibit a large negative volume of activation
(ca. —25to —45 cm’/mol) [68][69], together with a large negative volume of reaction.
Among high-pressure-mediated reactions, preparative intermolecular [4+2] cyclo-
addition reactions have been most-extensively explored.

3.3. Reactions between Acyclic Dienes and Acyclic Dienophiles. An intriguing
example for the difference between low-pressure (sealed tube) and high-pressure
conditions is the reaction between 2,3-dimethylbuta-1,4-diene and {[(E)-2-nitroethe-
nyl]seleno}benzene (Scheme 2). Under low-pressure conditions, the adducts endo-1
and exo-2 were obtained in only 16% overall yield in a ratio of 25:75. In contrast, at
high pressure (1.2 GPa), the yield increased to 65%, and the endo/exo ratio changed to
46 :54. Under even higher pressure (1.6 GPa), 70% yield and an endo/exo 66 :21 ratio
were achieved. In the last case (1.6 GPa), the reaction, thus, mainly gave the endo-



HEeLVETICA CHIMICA ACTA — Vol. 88 (2005) 2043

Scheme 2
«~SePh SePh
sealed tube, THF j@ + :@:
120°, 264 h
' NO, NO,
16%
1 (25:75) 2

SePh

I . [ 1.2 GPa, CH,Cl, e
; + 2 (46:54)
x NO, 50°, 96 h

65%

«SePh
1.6 GPa, CH,CI
—'25°24h2 2 1 + 2 + :@\ (66:21:13)
NO,

70% 3

adduct 1, the smaller-activation-volume product, as well as the tautomerization product
3 (Scheme 2) [70].

3.4. Reactions between Acyclic Dienes and Cyclic Dienophiles. In some cases, the
functionality on the dienophile influences the stereochemistry of cycloaddition
reactions under high-pressure conditions. For example, the reactions between (FE)-
buta-1,3-dienyl acetate (4) and the quinolin-2(1H)-ones 5 gave rise to different
configurations in the products 6 and 7, depending on the functional groups at 4-position
of 5 (Scheme 3). These results reflect different activation energies (E,) for the trans-
and cis-adducts 6 and 7, respectively. For R = COOH, the calculated E, values for endo-
vs. exo-addition to 6a and 7a, respectively, were reported as 33.5 vs. 34.2 kcal/mol. In the
case of R=CN, the corresponding values for 6b and 7b were 36.9 vs. 35.9 kcal/mol,
respectively. These results indicate that the pathway with the smaller activation volume
was preferred under high-pressure conditions [71].

Scheme 3
AcO., AcO
OAc R R ‘
A
300, e (LT . CLE
= N o 90°, 2 d N~ O N "0
| | !
4 5 6a 53% R = COOH 7a 0%
6b 0% R=CN 7b  23%

3.5. Reactions between Acyclic Heterodienes and Acyclic Dienophiles. The desperate
search for effective anticancer and anti-HIV therapeutic agents has greatly stimulated
research on unnatural carbohydrates. Synthesis of the deoxysugars 8, incorporating
annelated 2-spirocyclopropane moieties, has been achieved by means of an inverse-
demand hetero-Diels— Alder cycloaddition between the heterodiene 9 and the
dienophile 10 as the key step (Scheme 4) [72].
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Scheme 4
OBn OBn OBn
= 1.0 GPa, 25°
+ 72 h, CH,Cl, | + |
MeO,C~ O OBn 80% Me0,C~ "0~ TOBn Me0,C~ 0~ “OBn
9 10 8a (18:10) 8b
(cis) (trans)

The synthesis of diethyl 5-phosphono-3,4-dihydro-2H-thiopyrans 11 from ethyl 2-
phosphono-3-aryl-prop-2-ene(dithioate)s 12 and enol ethers (and their thio congeners)
13 under high-pressure conditions gave rise to both improved yields and different
configurations in the adducts, compared with the low-pressure (sealed tube) variant
(Scheme 5). In the latter case (low pressure), the cis-adducts were formed predom-
inantly, via kinetically controlled syn-transition states under thermal conditions. In
contrast, at high pressure, the trans-adducts were favored, generated via the
corresponding anti-transition states, associated with smaller activation volumes [73].
Interestingly, however, for X=0O and R=tBu, the syn-approach was favored,
probably owing to the steric hindrance of the #-Bu group.

Scheme 5
e}
Il SEt (|3| SEt
(EtO),P
s EtO),P
| . t (BtORP_~ s
X~ R R
A P
' Ar X
12 13 1
X R Ar Conditions Yield translcis
O t+Bu 4-MeO-CgH, Sealed tube, toluene, 125°, 10 h 0% -
O tBu 4-MeO-CgH, 1.1 GPa, CH,Cl,, 20°, 192 h 76% 22:78
O Et CgHs Sealed tube, toluene, 125°, 10 h 85% 15:85
O Et CegHs 1.1 GPa, CH,Cl,, 20°, 48 h 88% 68:32
S Et 4-NO,-CgH, Sealed tube, toluene, 125°, 6 h 89% 7:93
S Et 4-NO,-CgHy 1.1 GPa, CH,Cl,, 20°, 48 h 83% 86:14

3.6. Reactions between Cyclic Dienes and Acyclic Dienophiles. From a vast amount
of examples reported (see Appendix), a classical and highly intriguing reaction was
selected because of its ‘pioneering character’: the Diels— Alder reaction between the
isophorone derivative 14 and acrylonitrile (15; Scheme 6). When performed at
0.84 GPa, the adduct 16 was formed in high yield (90% ) [74a], whereas, under thermal
conditions [74b], a mixture of 16 and the two rearranged products 17 and 18 was found.
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Scheme 6
NC NC
& 1. Pressure or heat
+ - " 5 + +
N CN 2. MeOH, H,O N
(e}
o NC

14 15 16 17 18
Heat : 3% 10% 20%

0.84 GPa, rt: 90% 0% 0%

Certain reactions that do not proceed under thermal conditions can be readily
forced at high pressure. As shown in Scheme 7, this is the case for the reaction between
methyl 5-ethenyl-2-methylfuran-3-carboxylate (19) and methyl acrylate (20), which
gives rise to the adduct 21, without concomitant aromatization, although only in
moderate yield (23%) [75]. Note that, in the case of the similar reaction between 19
and dimethyl maleate (22), the resulting adduct 23 undergoes aromatization via C=C
migration.

Scheme 7
__R R R
_m )
COOMe 21 RSCOOMe (23%)?)
F§. oescmon
X o 30°,7d R\_/R R R
19 L= YT

o
23 R=COOMe (51%)%)

%) Et,0, reflux, 7 d: no reaction

3.7. Reactions between Cyclic Dienes and Cyclic Dienophiles. High-pressure
conditions are often effective to shorten reaction times. For example, the reaction
between 19 and N-phenylmaleimide (24) in refluxing Et,O for 8 d gave the adduct 25 in
90% yield (Scheme 8). When performed at 1.9 GPa at room temperature (25°), 25 was
obtained in 93% yield after only 1 d [75].

The cycloaddition between the indene derivative 26 and the (.S)-configured spiro
compound 27 at 0.65 GPa at ambient temperature led to the cycloadduct 28, with
perfect chemo-, regio-, and endo-selectivity (Scheme 9) [76]. Compound 28 seems to
serve as a potential wistarin precursor.

Cantharidin (29) represents the simplest known inhibitor of the serine/threonine
protein phosphatases 1 and 2A. The synthesis of 29 from furan and dimethylmaleic
anhydride met with failure, even at pressures as high as 6.0 GPa, and at temperatures of
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Scheme 8
COOMe ﬁ'h
N
sAS T ——
O JR—
19 24
Et,0, reflux, 8 d 90%
1.9 GPa, CH,Cl», 25°,1d  93%
Scheme 9
OMe o)

0.65 GPa, CHCIj,

+
‘Q Q rt,2d

¢} 98%

up to 350°, presumably due to the thermodynamic instability of the adduct at normal
pressure, e.g., when pressure is released [77a]. Nevertheless, high-pressure cyclo-
addition turned out to be very useful for the synthesis of cantharidin and its derivatives
(Scheme 10) [77b][78]. For instance, (+)-palasonin (30) was synthesized from furan
and citraconic anhydride (31) at 0.8 GPa for 138 h, followed by hydrogenation over Pd/
C. Neither high temperatures nor Grieco conditions (LiClO,, Et,0, H,O) could effect
this transformation at atmospheric pressure.

Scheme 10
o] 0 0
// \\ + s o 1.5 GPa H,, Raney-Ni 0
(@) rt,6h 5
o 100%

Cantharidin (29)

2 @ o) o o)

o)
% ; o, HaPdc
0.8 GPa, 138 h ! THF -
H o)
o) 97% © 99%

31 Palasonin (30)
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High-pressure cycloaddition of the cis-1,2-diol 32 with cyclopent-2-en-1-one (33),
followed by ‘oxa-di-7-methane’ rearrangements of the adduct 34, were used for the
synthesis of (—)-hirsutene (35; Scheme 11), a sesquiterpene isolated from the
fermented mycelium of Coriolus consors [79].

Scheme 11

1.9GPa, CH,Cl, H o
Q T 18, 124n  HO H H ”
70% =

34 (=)-Hirsutene (35)

It is known that thiophene (36), which is aromatic, does not undergo [4+2]
cycloaddition reactions under conventional conditions. However, almost 25 years ago,
the reaction with maleic anhydride (37) at 1.2-2.0 GPa and a temperature of 100°
afforded the exo-adduct 38 in 40% yield. Recently, highly improved results have been
reported under high pressure and under solvent-free conditions, as summarized in
Scheme 12 [18][80].

Scheme 12
36/37 Solvent 38
S o]
C _08GPa _ 1:1 CH,Cl, 19%
v T100°2d MO 41 CH,Cl, 21%
(o} 4:1 neat 93%
36 38 2:1 neat 87%

Buckmisterfullerene (Cg,) reacts with electron-rich 2,3-bis(methylidene)-1,4-diox-
anes under thermal conditions. However, with 2,2-dimethyl-4,5-bis(methylidene)-1,3-
dioxolane (39) as the diene, high pressure was required to perform the [4+2]
cycloaddition with Cg,, which, after hydrolysis, afforded the acyloin derivative 40
(Scheme 13) [81].

Scheme 13

1,2-Dichlorobenzene, 25° 0%

1. 300 MPa, 1,2-dichlorobenzene, 24 h
2. CF;COOH (TFA), 10 min 19%
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3.8. Intramolecular [4+ 2] Cycloaddition Reactions. In recent years, there has been
considerable interest in synthetic applications of intramolecular [4 + 2] cycloadditions,
because the intramolecular process can offer some advantages over the intermolecular
version, especially increased reaction rate and higher selectivity. Intramolecular [4 4 2]
cycloaddition reactions allow the regioselective and stereospecific introduction of
multiple stereogenic centers. Hence, these reactions have become a powerful method
for the synthesis of polycyclic natural products. In one case, the activation volume has
been determined as — 25 cm?*/mol [82]. Thus, high pressure is anticipated to be useful
in promoting this type of cycloaddition.

The preparation of enantiomerically pure d- and y-sultams was carried out by a
high-pressure intramolecular [4 + 2] cycloaddition. In the case of the sulfone 41, the
reaction at 1.3 GPa gave both higher yield and better asymmetric induction than the
corresponding thermal process in boiling toluene at ambient pressure (Scheme 14).
The resulting exo-sultam 42 was favored over endo-43 by the chiral (§)-1-phenylethyl
substituent. In the case of 44, where double stereodifferentiation was brought about by
the presence of two stereogenic centers, the diastereoselectivity noted for the high-
pressure cycloaddition was hardly affected by the chiral N-substituent. Here, equatorial
disposition of the Me group on the d-sultam 45 (and in the corresponding transition
state) dominated the stereochemical outcome of the reaction, the diasteroisomer 46
being formed as the minor product (Scheme 14) [83].

Scheme 14

1 42 43

Toluene, reflux, 16 h 73% (58:42)
1.3 GPa, CH,Cly, rt., 14 h 94% (66:34)

o]
AN
DZS\ /L &/302 + OzS\%
/ \ N Ph _— N N
(e} Ph)\
45

44

Ph

46
Toluene, reflux, 16 h 87% (79:21)
1.3 GPa, CH,Cl, rt, 14 h 98% (93:7)

3.9. [3+2] Cycloaddition Reactions. The 1,3-dipolar ([3+2]) cycloaddition
reaction, whether concerted or not, undoubtedly rivals Diels— Alder reactions in
ubiquity as well as synthetic utility [32][65][84 —90]; and its synthetic potential is still
far from being exhausted. Both inter- and intramolecular 1,3-dipolar cycloadditions
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represent an efficient method for the syntheses of a wide variety of carbo- and
heterocyclic compounds, including natural products.

The activation volume for 1,3-dipolar cycloaddition reactions is typically highly
negative (ca. —18to — 32 cm3/mol) [91-94]. In spite of the broad applicability of 1,3-
dipolar cycloadditions in organic synthesis, high-pressure data are still rare compared to
[4 4+ 2] cycloadditions. Among other reasons, this is due to the fact that the formation of
1,3-dipoles often involves a bond-breaking process; also, in certain cases, 1,3-dipoles are
prone to dimerization [60].

One of the classical and intriguing examples of such reactions is the 1,3-dipolar
cycloaddition of the (aci-nitro)acetate 47 with the pregnadienone 48 as the
dipolarophile to afford the pentacyclic steroid 49, which has an additional isoxazolidine
ring (Scheme 15). This reaction that takes place basically only at high pressure; under
conventional conditions, 49 is formed in trace amounts (<2%) only. Note that Lewis
acid catalyzed addition of 47 to 48 resulted in loss of MeOH from 49 [95].

Scheme 15

N

47

1.4 GPa, CH,Cl,
22°,17h

73%

AcO

48

1,3-Dipolar cycloadditions of the enantiomerically pure, hydroxylated nitrones 50
and 51 to the glycols 52 and 53, respectively, are strongly accelerated at high pressure,
giving rise to the adducts 54 and 55, respectively (Scheme 16). In the reaction leading to
the cyclic glycoside derivative 55, the D-tartaric acid derived nitrone 51 approaches 53
from the a-face (bottom). The stereoselectivity is controlled by the 3-BnO substituent
of the glycal as well as by the +-BuO group next to the nitrone C=C bond. The process
has been generalized, and allows direct access to stereodifferentiated tricyclic
isoxazolidines [96].

3.10. /24 2] Cycloaddition Reactions. The formal [2 + 2] cycloaddition is a useful
method for cyclobutane- as well as oxetane-ring formation. Thermal, concerted [2 + 2]
cycloadditions are disallowed by orbital symmetry. Heteroallenes such as ketenes with
two z-bonds are thought to undergo thermal concerted cycloaddition either via a
[:2s+ 2+ 2] or a [,2,+ .2.] process. Otherwise, [2+2] cycloadditions could take
place stepwise, either via a biradical or a zwitterionic intermediate. [2+2] Cyclo-
additions have large negative activation volumes, with AV* values in the range of — 20
to — 50 cm*mol for concerted [91][97][98], and —25 to — 45 cm*mol for polar or
stepwise reactions [91][99-101].

High-pressure conditions are, therefore, expected to be useful for [2+2]-type
cycloadditions, though not many practical examples of pressured [2 + 2] cycloadditions
have been reported. In the AICl;-catalyzed cycloaddition of cyclopentene (56) with
methyl propynoate (57), the yield of the [2+2] cycloadduct 58 was improved under
high pressure compared with atmospheric conditions (Scheme 17) [102]. A similar
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Scheme 16
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reaction of cyclohexene with 57 afforded an ene adduct, along with the [2 +2] adduct,
the chemoselectivity of the process not being affected by pressure (data not shown)
[102].

Scheme 17
——CO,;Me
57

COzMe

D

56

anl

58
12%
52%

CH,Cl,, AICI, 25°, 37 d
0.9 GPa, CH,Cl,, AlCl; 25°, 3 h

3.11. Miscellaneous Cycloaddition Reactions. 3.11.1. Lewis Acid Catalyzed Reac-
tions. Lewis acid catalysts such as SnCl, and ZnCl, accelerate many cycloadditions,
particularly [4 4 2]-type reactions [54]. Specifically, transition-metal catalysts in high-
pressure cycloaddition reactions have been used by many groups.

A very recent example for the combination of Lewis acid catalyst and high pressure
is the reaction between 2,3-dimethylbuta-1,3-diene (59) and the indole 60. As shown in
Scheme 18, quantitative yields of the adducts 61 and 62 were obtained under high-
pressure conditions. Interestingly, combination of high pressure and ZnCl, as catalyst
afforded mainly the opposite configuration in 62 [103]. It is passing note that all-carbon
[4 + 2] cycloadditions are kinetically favored, which is in accord with the observed
higher reactivity of the aromatic C=C bond relative to the (unaffected) formyl group in
60, giving rise to 61 exclusively (in the absence of catalyst) under high pressure
(Scheme 18).
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Finally, it should be mentioned that, in the above reaction, both SnCl, and ZnCl,
accelerate the second cycloaddition, in which the higher trans-cycloadduct was formed
via an anti-type transition state under thermal conditions. In contrast, at high pressure,
the corresponding cis-cycloadducts were formed via a syn-type transition state, which
has a smaller activation volume (data not shown).

Scheme 18
le) H
(e}
) (D
59
\ _ % . +

N N

|

Ts Ts

60 Ts = 4-Me-C4H,-SO, 61 62
Sealed tube, toluene, 195°, 80 h 85% 100:0
Toluene, ZnCly, 110°,48 h 7% 87:13 (62: (2'R))
1.6 GPa, CH,Cl, 50°, 48 h 100% 100:0

1.2 GPa, CH,Cl, ZnCly, 25°,48h  100% 2:98 (62: (2'S))

Another example of the combination of high pressure and a Lewis acid catalyst is
the synthesis of the cephalostatin derivative 63 from the diene 64 and propargylic
aldehyde (Scheme 19). This transformation could neither be effected under thermal
conditions nor with the help of catalysts alone. However, the use of both high pressure
and ZnCl, gave rise to a diastereoisomeric 3 :1 mixture of the primary adduct, which
was oxidized (aromatized) subsequently with DDQ to 63 as the single product in 80%
yield [104].

3.11.2. Reactions of Tropone and Its Derivatives ([8+2] Cycloaddition). Cyclo-
addition reactions of tropones (=cyclohepta-24,6-trien-1-ones) with a variety of
dienophiles have been investigated by Takeshita and co-workers [105]. Generally, these
reactions afford mixtures of various products. For instance, the high-pressure cyclo-
addition of 2-chlorotropone (65) and ethyl vinyl ether (66) yielded a mixture of the
[4 +2] cycloadducts 6769 and the corresponding [8 + 2] cycloadduct 70 (Scheme 20)
[105].

3.11.3. Multicomponent Cycloaddition Reactions. High-pressure conditions have
proven useful for multicomponent reactions, and even for double-multicomponent
reactions [106a]. For example, 3-[ (E)-2-nitroethenyl|pyridine (71), the benzyl vinyl
ether 72, and methyl acrylate (73) underwent a three-component cycloaddition — via
tandem [4 +2]/[[3 + 2] reaction — to afford the bicyclic ‘nitroso acetal’ 74 as a mixture
of three diastereoisomers (Scheme 21). When N-phenylmaleimide (24) was used
instead of 73, compound 75 was obtained as a single stereoisomer [106b].

Analogous three-component cycloadditions have been achieved under heteroge-
neous and high-pressure conditions, in which one reactant was immobilized, e.g., the
resin-bound nitroalkene 76 prepared by microwave-assisted Knoevenagel reaction
(Scheme 22). Compound 76 was reacted at 1.5 GPa with ethyl vinyl ether (66) and
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Scheme 19
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styrene (77) in a domino-[4 +2]/[3 + 2] cycloaddition, affording the adduct 78, which
was reductively (LiAlH,) cleaved from the support to provide the bicyclic compound
79 in an overall yield of 51% [107].

3.11.4. Synthesis of Supramolecular Compounds [2b] [7a]. Conjugate polymers with
ribbon-type structures have been the subject of great synthetic and theoretical interest.
These structures are predicted to form the structural basis for interesting electronic,
optical, and magnetic properties. High-pressure-promoted repetitive Diels— Alder
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reactions have served as an effective method for the preparation of these kinds of
compounds. Specifically, the reaction of cyclooctadiene derivatives such as
‘[2.2](3,4)furanophane’ (=4,5,9,10-tetrahydrofuro[3',4":5,6]cycloocta[1,2-c]furan; 80),
with its acetylenedicarboxylate bisadduct 81 gave the ribbon-type polymers 82,
together with the cage-type compound 83 (Scheme 23) [108].

An analogous high-pressure process, based on the condensation of the double bis-
diene 84 and the bis-dienophile 85, gave smooth birth to the novel belt-type compound
86 (Scheme 24) [109]. However, the attempted dehydrogenation of 86 remained
unsuccessful.

3.11.5. Notable Unsuccessful High-Pressure Reactions. There are several unreward-
ing examples that if these had met with success, would have had a great impact on the
science community. In particular, the following spectacular high-pressure attempts are
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Scheme 23
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= S 50" 12h
81 R=COOMe

82 R = COOMe
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Scheme 24
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to be mentioned (Scheme 25): 1) isomerization of cyclododeca-1,5,9-triyne (87) to
1,2:3,4:5,6-tricyclobutabenzene [110][111]; 2) isomerization of triquinacene (89) to
diademane (90) [112]; 3) dimerization of triquinacene (89) to dodecahedron (91)
[112]; and 4) intramolecular dimerization of the bis(triquinacene)-type compound 92
to the dodecahedron derivative 93 [113].

All of the above attempted reactions were met with failure, even at ultra-high
pressures of up to 7.0 GPa3). The reason for this are presumably inappropriate
atom...atom distances and/or conformations of the starting molecules for the reactions
to take place. In the future, sovent-free conditions, crystal-engineering strategies, and
computer-based optimization and design of substrates and catalysts, as well as the

3)  Roughly 70,000 times atmospheric pressure!
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Scheme 25
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optimization of other parameters such as light and shear, might give dramatic, yet
smooth, birth of fascinating novel molecules.

4. High-Pressure Apparatus and Experimental Procedures. — This review includes
only a brief account of the equipment used in high-pressure organic synthesis
[2a][6][8][30][33][34][117]. The most general and convenient method for obtaining
high pressure is disproportion, i.e., application of Pascal’s principle. Particularly in
organic synthesis, a piston-cylinder device may be most satisfactory. A maximum
pressure of ca. 5.0 GPa is obtainable with such a device, when constructed of cemented
tungsten carbide. Although miscellaneous types of piston and cylinder apparatus have
been devised, depending on the purpose of experiments, they consist essentially of a
high-pressure vessel, a pressure gauge (usually Bourdon or manganin gauges), a pump,
and an intensifier. The source of high pressure is due to the intrusion of a piston into the
cylinder (Fig. 3) [8].

There are basically four principles to produce high pressures (Fig. 4) by means of
one of the following setups: simple piston cylinder (A), opposed-piston cylinder (B),
anvil cylinder (C), and opposed/multiple anvils (D) [34]. For organic reactions to be
performed on a semipreparative or preparative scale, anvils (C, D) are not suitable,



2056 HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

F

— ::ﬂ 7?:1]—‘

—

A

c

Fig. 3. Schematic diagram of a high-pressure apparatus. Legend: A, heater; B, double-wall pressure vessel; C,
manual or electronic pump; D, oil reservoir; E, valve; F, intensifier; G, gauge; H, flexible sample container.

v v

¢ ! "

Fig. 4. Arrangements for the generation of high pressures. Legend: A, simple piston cylinder; B, cylinder with
two opposed pistons; C, Bridgman-type anvil; D, tetrahedral multi-anvil device.

because their volume is too small. However, for micro-scale processes, they can be
readily used.

Many kinds of flexible sample tubes have been devised [114]. Four different kinds
of setups are shown in Fig. 5,a. In all cases, either polytetrafluoroethylene (PTFE) or
metal bellows are used, and there is at least one threaded hole for withdrawal. For high-
pressure reactions at temperatures of up to ca. 60°, several kinds of commercially
available syringes and polyethylene tubes have also been used [8].

In Fig. 5,b, a high-pressure apparatus with a mechanical stirring unit is shown, as
used at present in our laboratory. This device, however, can generate maximum
pressures of up to 0.3 GPa ‘only’ [8].

In most preparative experiments under high pressure, the procedure is as follows:
pressure is applied at room temperature to a sample tube containing the reagents and, if
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Fig. 5. a) Flexible, high-pressure containers; b) high-pres-
sure container with mechanical-stirring unit

necessary, catalysts and solvent, before the temperature is raised, if required. After a
suitable time, the heater is switched off, followed by releasing the pressure, and the
sample is removed from the vessel. When the reaction at high pressure does not take
place at ambient temperature, according to GC, TLC, NMR or other analytical
techniques, an increase of pressure and/or temperature might be effective in certain
cases, or a catalyst may be added additionally.

The apparatus and procedure described above are based upon the recovery method.
However, non-recovery methods like the flow method are often more satisfactory,
particularly for preparative or industrial applications. A very high-pressure flow
apparatus that may enable operation at pressures of up to 1.5 GPa has, indeed, been
designed [115]. More specifically, a high pressure/high temperature apparatus made up
of HPLC equipment and a GC furnace has been operated for a variety of reactions at
pressures of up to 50 MPa and temperatures of up to 600° [116].

High-pressure equipments [117] are available from the following major companies
(in alphabetical order):

Autoclave Engineers, Inc., Erie, PA-16509, USA

BuTech Pressure Systems, Costa Mesa, CA-92626, USA

Dresser Industries, Inc., Dallas, TX-75201, USA

Drukker International B. V., NL-5431 SH Cuijk, The Netherlands
Harwood Engineering Co., Inc., Walpole, MA-02081, USA
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Haskel International, Inc., Burbank, CA-91502, USA
High Pressure Equipment Co., Erie, PA-16505, USA
Hikari Koatsu Kiki Co., Ltd, Hiroshima, 733-0012, Japan
Hydro-Pac, Inc., Fairview, PA-16415, USA

Leco Corporation, Bellefonte, PA-16823, USA

Nova Swiss, CH-8307, Effretikon, Switzerland

An ingenious method for the generation of high pressure consists of water-freezing
[118-122]. The volume of H,O increases by ca. 10% on freezing. For example, when
H,O is frozen in an autoclave at — 20°, a pressure of up to ca. 200 MPa can be obtained.
For this purpose, only an appropriate autoclave and a household electric refrigerator
are required. Scale-up with this method may be easier compared to the usual high-
pressure technology. The detailed procedure has been described by Hayakawa et al.
[120].
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Appendix

A compilation of the high-presssure literature data up to nearly the end of 2004 is given in the form of
schemes and tables. In App. 1-371 and 372-407, inter- and intramolecular 4 + 2 cycloadditions are
summarized, respectively. In App. 408—480, intermolecular 3 + 2 cycloadditions are treated, and in App.
481-526 and 527-533, respectively, 2 + 2 cycloadditions as well as miscellaneous high-pressure additions are to
be found.
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Me 0.78 GPa CH,Cl, 20 h quant.  11.2%

SnBu,
Xt
COM

[129] SnBus ~SnBus
Pressure, solvent + ;O
20h COM ‘COM

Et;N,
M = (-)-(R)-menthyl
P Solvent T t Yield de
0.1 MPa Et,0 140° 65h quant. 8%
12GPa CH)Cl, 7° 65h 65% 13%
25GPa CH,Cl, 45° 56h quant. 2.6%

(e}
RI o W [130] R %
+ —_— ¢
(s X
R | R
R P Solvent Yield ee Config.
H 0.5 GPa PhMe/PhH 7:3  39% 2.0% (+)-(R)
H 0.71GPa PhMe/PhH7:3  47% 27% (+)«(R)
H 0.9 GPa PhMe/PhH 7:3  55% 3.2% (+)~(R)
H 112GPa PhMePhH7:3 64% 4.1% (+)}(R)
Me 079GPa CH,Cl, 77% 0.9% (+}{R)
Ph
Ph CN
P NC._ _CN [131]
+ \[ Pressure CN
R R2  solvent, ELAICI R’ R?
1 2
R'" R P Solvent T t Yield 1/2
Et i-Pr 0.1MPa PhMe 120° 48h 69% 1:1.56
Et tBu 10GPa CH),Cl, 55 12h 9% 1:5.88
i-Pr i-Pr  1.0GPa CH,CI, 55° 36h 31% 1:3.33
i-Pr +-Bu 1.0GPa CH,Cl, 55° 24h 70% < 1:99
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App. 12
R3
S [132]
- +
R? 1.2G Pa, 50°, 16 h
R le)
R" RZ R® Solvent EtAICI, Yield
Me H H CH)Cl, 0.25equiv. 60%.
H H Me CH)Cl, 0.50equiv. 25%
H H Me CHCl 0.50 equiv. 44%
App. 13
OTBS TBSO
H
= . [133]
X 0.62 GPa, 80°,3d
H
OAc o 78% OAc O
endolexo/regioisomers 18:1:1
App. 14 CO,Me
N [134]
+
= S 1.7 GPa, CH,Cl,
O.__OMe 50°, 48 h
75%
App. 15 R o R" O
R2 135 R
= [135]
|
S Pressure s o
RS Et,O,rt,20 h R
R* OMe R* OMe
R" R R R* P Yield dr

H H H H 1.09GPa 73% 982
H Me Me H 110GPa 91% 982
Me H H Me 1.05GPa 51% 991
Me H 1.08 GPa 66% 991
H Me H H 1.07GPa 79% 982

I
T
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App. 16
o MeO _ ©
OMe :
R
_~ o [136] o
+
) 1.0 GPa, PhMe, r.t. O J
TMSO o) ii) KF, THF H O
= 0,
R=CF, H R=CF; (82%)
: R=H (0%)
App. 17
OMe o
R! 137
= | (o} [(137]
+ i) 1.0 GPa, PhMe, r.t.
TMSO R? "o iiy KF, THF
R' R’ 7 ¢ Yield
CF3 H 20° 40h  82%
F H 75° 40h  72%
F Me 75° 40h -
App. 18 COR! o 0 H COR'
2
X R [138]
oz f 1.5 GPa, CH,Cl,, rt.
3 3
R 1e) o] R
R’ RE R ¢ Yield
MeO H H 18h 64%
MeO Et H 3h 60%
H H Me 18h 90%
(=)-menthyl H H 18h  51%%)
%) Diastereoisomers.
App. 19 RO o
[139]
\ + +
1.5 GPa, CH,Cl,
“ 18 - 20°

R ¢ Yield ee

A 23h 98% 2% o—<_#n o—<Ph H_<Ph
B 21h 98% 6% (+)}A (-)>-B (+)>-C
C 19h 94% 14%
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App. 20
o)
o)
R! R?
N [140] R
R A Pressure, CH,Cl,, 25° +
R? R
1
R2
R' RZ p t Yield 1/3 R’
H H 07GPa 220h 70% 91 +
H H 01MPa 240h 55% 1:9 R’
H Me 07GPa 65h 80% 19:1 3
App. 21
[141]
1.7 GPa, 65°, 48 h
CH,Cl,/MeCN 3:1
75%
App. 22
TMSO [142] ;
i) 1 5 GPa CH20I2
R 030"
i) THF/HCI (0.01M) 4:1 Ph
0°, 30 min
R = H, MeO R =MeO (75%)
R=H (85%)
App. 23

CO,Me OMe O OMe O  CO,Me

H
[143] :
1.2 GPa |
CH,Cl, 40°, 80 h :
H

OMe O OMe

OMe O 75%
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App. 24
H [144]
+
1.0 GPa, PhMe
H 80°, 96 h
N0 95%
o H
App. 25
TMSO N.Boc [145]
+ n
TsN i) 1.0 GPa, PhMe
~ COMe rt,20h
OMe o ii) CSA, THF
20%
App. 26
Me,SiO | [146]
+ N N
2 PhO,S R PhO,S
o]
OMe i) p-cymene, 200°, 8 h 53%
i) CSA, rt, 1h
R=~ CN i) 1.5 GPa, PhMe, rt., 4d 66%
N ii) CSA, r.t., 30 min
App. 27
MeO MeO
OMe NEt, Et,NOCOC Et,NOCOC
[147]
4 N\ O )1.2GPa CH,Cl, ©
N 45° 48 h N + N
OSiMe, i) MeOH, H*, 45° |
Ts Ts (3:1) Ts
60%
OMe
oM
App. 28 R o ‘ ©
OMe X [148]
+ H
1.0 GPa, CH,CI
OMe N" 0 3d,80° N" 0
Me Me
R = MeQOC, Ac R = MeQOC (12%)

R=Ac (48%)
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App. 29
' )
-0 = C
+ R
,Tl ¢} 'T‘ ¢}
Me Me
R P Solvent T t Yield
MeOOC 0.1 MPa o-xylene 180° 3d 40%
MeOOC 1.0GPa CH,Cl, 120° 2d  51%
CN 0.1 MPa o-xylene 180° 3d 46%
CN 1.0GPa CH,Cl, 120° 2d 7%
App. 30
OMe R
X AN [71]
+ —
4 IT‘ o)
Me
R Condition Solvent T t 1 2
MeOOC sealed tube o-xylene 180° 6d 67% 21%
MeOOC sealed tube o-xylene 160° 4d 14% 59%
MeOOC 1.0GPa CH,Cl,  90° 2d  14% 20%
CN sealed tube o-xylene 180° 6d 27% 30%
CN sealed tube o-xylene 180° 6d 32% 24%
CN 1.0 GPa CH)Cl,  90° 2d  29% 31%
App. 31
o) (0]
H
X 150
j . | 1501 SES—N
== _N 1.2 GPa, CH.Cly, r.t.
SES H
75%
App. 32
OTMS
Q CO,Me [151]
+ Ts<
= N NHBoc /) 1.1 GPa, PhH, r.t., 90 h
iiy CSA, THF

iify CF3CO,H, CH,Cl,
iv) aq. K,CO3
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App. 33
R 0o R HoH O
- T |
NH
R MeO-C 1.0 GPa, CH,Cl, R f NH
2 50°, 24 h MeO,C H
R=H, Me R=H (88%)
R =Me (87%)
App. 34
4
R R H
0O
= N \<_/\¢O [153] o
— Pressure, CH,Cl,
2 H
R =2 H oo
R R2 P T t Yield
MeO Me;SiO 1.0GPa 40° 48h 90%
Me;SiO H 12GPa 50° 65h 85%
App. 35
o F’
1 : o
R [154] R
+ o +
R2 AN Pressure R
EtAICI,, 3 h
R® 1
o R®
R2
+ 0O
R1
3
R'" RZ R® P Solvent T t Products  Yield
Me H H 12GPa CH,CL/CHCI;2:1 65° 16h 1 40%
H H Me 12GPa CH)Cl, 65° 3.5h 1/210:27 65%
Me Me H 12GPa CH,CL/CHCI;2:1 65° 16h 1 34%
Me H Me 1.5GPa CH,CL/CHCI;2:5 50° 16h 2/327:10 30%
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App. 36

App. 37

App. 38
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CO,Me X
= 155
+ | [155]
AN
R O
R X Y P Solvent T t Yield
MeOCH,0 O o} 0.1 MPa CH,Cl, 20° 48h 35%
MeOCH,0O O o} 1.0GPa CHJCl, rt 24h 80%
MeOCH,0 H, CH, 1.5GPa CH,Cl, rt 4d 85%
MeO H, CH, 1.7GPa CH)Cl, rt 9d 40%
R? R4
U R?
e X [156]
== Pressure, CH,Cl,
R3 (o]
R! R? R® R* X P T ot Yield
H H MeSIO Me O 1.2GPa 50° 65h 85%
H H MesSiO H CH, 1.2GPa 50° 65h 70%
MeOOC Et MeO Me O 15GPa 50° 66h 65%
MeOOC H MEM-O H CH, 1.5GPa 75° 48h 85%
- 2
R NO, o Ph 2
+ 157 ~_R
. + S [157]
R! Pressure
R2 CH,Cly, r.t. é+ R!
0" "R
1 R2 Ph
R' R P t Yield - :
- ,s‘S\/\
H Me 08GPa 5d 80%
H Me 01MPa 11d -
Me H 0.8GPa 5d 7%
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App. 39

[158]

NO, o~

+

Ph

S

2

Pressure

CH,Cl, r.t. VAR

8 9 10
Dienophile P t Products Yield
1 08GPa 5d 5 80%
1 0.1MPa 11d - -
2 08GPa 5d 6 88%
3 08GPa 5d 7 81%
4 08GPa 5d 8/9/10M11 3:1:2:1  72%

or
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App. 40

R R’
2 B
R? Q R
= o o [159] 0 >
+
™ v 25° e}
R? R
R’ RZ R® Pressure Solvent t Yield
EtOOC H Me 0.1MPa neat 120h  46%
EtOOC H Me 062GPa CH.Cl, 24h  45%
H Me H 01MPa neat 113h  57%
H Me H 062GPa neat 40h 9%
App. 41
0 0
[160]
AN (o]
+ 1.6 GPa, CH,Cl,
= Catalyst, rt,, 2d
PhSe
Catalyst (equiv.) Yield 1/2/3
none 34%  40:0:60
Znl, (1.41) 76%  40:0:60
AICl5 (0.49) 83% 61:6:33
MeAICl, (0.13) 49%  61:8:31
BF5OEt, (0.55) 90%  51:10:39
Eu(fod); (0.20) 76%  33:15:52
SnCl, (0.55) 48%  44:22:34
TiCl, (0.62) 82%  46:28:26
TiCl,(Oi-Pr), (0.61) 78%  45:25:30
TADDOL (87) 87%  31:35:34
App. 42
R1
51 R' rR2 R® Yield 1/2
Z (161] MeO H MeOOC 92% 1:22
N 1.0 GPa, CH,Cl, Me;SiO H  MeOOC 89% 155
rt,18h MeO H Ac 98%  1:19
Ry —CH,CH  Ac 9% 150
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App. 43
= (e}
AN
162
O_ + Ph—N_ | he2] H
OBn 1.0GPa, 24 h
o) o PhMe/benzene 4:1
OA(
App. 44
SOTol
[ \ TolOS
7, N [163] ) y
A 12 GPa
Et,0, 120 h
Me H HO H
Me Me
60%
App. 45
R
R
o) Y o
Ot e O, T
+ A [103]
—_— N * N
N | |
_:_ Ts Ts
s
1 2
Equiv. R Condition Solvent Catalyst T t Products Conv.
12 H sealed tube PhMe  none 195° 80h 1 85%
12 H 0.1 MPa PhMe  ZnCl, 110° 48h  1/28713 77%
12 H 1.2 GPa CH,Cl, ZnCl, 25° 48h 1/2973 67%
6 MeOOC 1.6 GPa CH,CI, ZnCl, 25° 24h 2 95%
12 MeQOC 1.6GPa CH,Cl, none 50° 48h 1 100%
App. 46

EtOOC O\

A\
s
COOEt Q N
[164]
+ Q N=5=0 COOEt 66%
1.0 GPa +

COOEt CH;Cly 407, 3 COOEt

Q NH,

COOEt 25%
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App. 47
o o)
o) 165 N o
+ MeocC (es] MeO,C
NPh  10GPa, CH,Cl,  weo,C NPh
MeO,C 70°, 48 h
Y o)
=
96%
App. 48
CN
=
co D _m
e 1.4 GPa, CH,Cl,
o AIC5, 40°, 5 h
e
MeQ 50%
App. 49 R
o
o}
Me;SiO [167]
\< + 1.4 GPa, CHch
Ao 80°,6 h AcO
26% 1 R'=H, R? = Me,SiO
(172 9:1) 2 R'= Me,SiO, R2=H
App. 50
o
[168]

Pressure, CH,Cl,

AcO \> \7

1 (158,168)
R R 2 (150,16a)
R Catalyst P T t 1 2
H - 14GPa 80° 12h 37% 7%

- 14GPa 80° 6h 49%  26%
Me AICI; 0.1MPa 20° 24h - 28%
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App. 51
OSiMe, MeO COMe
[171]
+ N
= “OMe MeO e} i) Pressure, CH,Cl,
\ ii) SI0,
MeO,C o
MeO
MeO CO,Me
N °© MeO
. e
MeO N + +
CO,Me
o OMe
1
P 1 2 3 4 5
0.1 MPa — 13% — 45%  14%
1.0GPa 40-50% ca.20% trace - -
App. 52 o) 0
[169]
1.0-1.5GPa
CH,Cl,, AlCl,
AcO 40%5h  aco
// \\ yield not reported
App. 53
[170]
1.4 GPa
CH,Cl,, 14 d

//_\—OMe




2074 HELVETICA CHIMICA ACTA — Vol. 88 (2005)

App. 54
MeO CO,Me
o
MeO CO,Me MeO WN
N
MeO o o CO,Me
\ OMe
MeO,C o
51% (endolexo ca. 1:20)
[172]
+ +
i) 1.0 GPa
0SiMe, CH,Cly, rt,, 3h MeO
i) KF, THF, rt,, 16 h
= “OMe
MeO
20% o
App. 55
X X
= A e
. /i / 7 NO,
@ + E + /[ NO, * x * 1
NO.
2 NO, NO,
1 2 3 4
X Conditions _ Solvent T t Yield Products
PhS (E) sealedtube THF 110° 4h 95% 1/288:12
PhSe (Z) sealedtube THF 110° 24h 35% 1/2/3/4 31:26:34:9
PhS (E) 1.2 GPa CH,CI, 25° 72h 82% 1/2955
PhSe (Z) 1.6 GPa CH.Cl, 50° 96h 33% 1/2/3 25:12:63
App. 56
O\ o} CF SO,R
/\/\Sé [173] S T2
F3C X \R +
@ SO,R CF,
1 2
Ph
X
© P Solvent T t 1/2 Yield
R= ---N 0.1 MPa benzene 80° 2h 7525 97%
o 1.0GPa PhMe 40° 14h 7525 75%
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App. 57
H H
[174] e} e}
)Y !Bu)ro 4H COan + tBU)?O éH COan
CO,Bn
0 e}
O |
1 2
P Solvent Catalyst T t 1 2
0.1 MPa PhMe none rt. 10d - 20%
0.1 MPa PhMe Et,AICI 0° 2h - 31%
1.1GPa CH,Cl, none rt. 2d 6% 64%
App. 58
H
175
D ¢ O e 4
2.0-5.0GPa
-120°
40 - 50%
App. 59
Pp. B NOZ N02
NO, O  Ph
L s
D b
Pressure r.t.
e + "R
P Solvent ¢t 1 2 1 2
0.8GPa THF 5d 39% 61%
0.1MPa CH)Cl, 11d 14% 32%
App. 60
NO, O Ph NO, NO,
3 : [157]
SRS xey
Pressure, r.t.
CH,Cl, s s,
0"+t 'R 0"+ 'R
P t 1 2
1 2

08GPa 5d 41% 59%
0.1MPa 7d 19% 32%
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App. 61
o o)
@ 7 [176] j
+ o - +
/ ressure
g TsOH, 10 h N P
o]
1

P Solvent T 1 2

0.1 MPa benzene 80° 2% 3%
0.25GPa cumene 40° 36% 28%

App. 62
o
y O ; o
@ . [177] .
© o
0.8 GP, PhMe
(

(6] 75°,3h

60% 96:4)

App. 63
MeO,C._-COMe  [17g] COMe
@ + \[ - /L CO,Me
Ohe OAc
P Solvent Catalyst T t Yield endo/exo
0.1 MPa  benzene none 80-90° 72h 80% 0.33
0.1 MPa PhMe TiCl, 15° 4h 74%  1.50
1.3GPa PhMe none 15° 60h 95% 0.39
App. 64
PP R CO,Me [179] CO,Me
@ + < Pressure, 72 h / CO,Me
CO,Me
R
R P Solvent, catalyst T Yield endolexo
AcNH 0.1 MPa  Et,0, LiCIO, rt. 21% 3.07
AcNH 1.1GPa PhMe rt. 22% 0.29
AcNH 1.1GPa PhMe 60° 38% 0.36
AcNH 1.1GPa  CH,Cly, ZnCl, rt 57% 0.33
MeO 0.1MPa Et,0, LiCIO, rt. 40% 2.00

MeO 1.1 GPa PhMe rt - -
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App. 65
o~ O
S é [180] SOTOI R
+ Tol~ —_— 7 SOTol
C :H: Tol ™4 5GPa,rt. SOToI Sl
CH,Clp, 24 h SOTol
R = MeOOC 76% (87:13)
App. 66
OBz
H
(@]
iR1 +
Bz0 R?
[181]
1
Pressure
catalyst
CH,Cl,
+
R' R? P Catalyst T t Yield [%)]
1 2 3 4
H MeO 0.1MPa AICl —78° 1h 41 trace -
H MeO 0.1MPa AICl, —25° 18h 42 8 trace 3
H MeO 0.1 MPa TiCl, —78° 40min g4 1 _ _
H MeO O01MPa SnCl, -78 20min 45 4 1 4
H H 1.5GPa  none 25°  2d 53 11 17 4
MeO H 1.5GPa none 25°  2d 3 3 33 5
BzO H 1.5 GPa none 25° 2d 11 3 69 11
H MeO 15GPa none 25°  2d 84 11 1 1
App. 67
NO, NO,

NO, o

Ph i :
L 1, - CO)
- . +
@ \/\ Pressure, r.t. Ph : Ph

z /é =
,O/§\/\ -7+ NN
1 2
P Solvent ¢ 1 2
0.8 GPa THF 5d 39% 61%
0.1MPa CHCl, 11d 14% 32%
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App. 68
cl Cl
cl [182] 7/
+ A
cl R® 01GPa20n  Ck
Y R 220 - 240°
1 2 R1 R2
R R =HorCl quant.
App. 69
e,
= H 1 d
ARIAVEE B
~/. H
/ 07 g 0.53 GPa
Clg PhMe, 80°, 3 h 1
yield not reported R=Me (1/265:35)
R=Et (1/270:30)
App. 70 o
[184] H
/
oD o
OR o
R Conditions Catalyst T t Yield (ee)
Ac 0.1 MPa, MeCN ZnCl, rt. 90h 86% (46)
Ac 1.5 GPa, benzene ZnCl, rt. 19h  90% (47)
Ac 1.5 GPa, MeCN ZnCl, rt. 18h 64% (41)
H 1.5 GPa, benzene none rt. 16h  54% (59)
Ac 1.5 GPa, benzene none rt. 16h  77% (63)
H ultrasound, H,O none 45° 22h  82% (82)
Ac Baker's yeast, buffer none 37° 24h 72% (64)
App. 71
0 X X
—
Cx + (184] / + /
. Pressure, r.t.
OCOMe
e}
1 2
X P Solvent Catalyst ¢ Yield ee
CH, 0.1 MPa benzene ZnCl, 19h 95% 48% (1)
(CHy), 1.2GPa MeCN ZnCl, 18h 68% 63%(1)
(CH,), 1.5GPa benzene none 18h 51% 59% (1)
(CHy); 1.5GPa  MeCN ZnCl, 17h - -
e} 1.2GPa MeCN ZnCl, 3d 35% 53%(2)



HEeLVETICA CHIMICA ACTA — Vol. 88 (2005) 2079
App. 72
Cone CO,Me
CO,Me 75] 2
“ 7R +  COMe — N\
© o}
0.1 MPa, Et,0, reflux 0%
1.1 GPa, GH,Cl,, 30° 23%
App. 73
CO,Me
A COMe co,Me CO:Me co,me
(o) (75] MeO,C { MeO,C §
+ R
+
MeO,C—=—=—CO,Me Y o
0.1 MPa, Et,0, reflux, 19d 61% 0%
1.9 GPa, CH,Cl,, 25°,1d 49% 24%
App. 74
CO,Me CO,Me
/ N\ [185] J CO,Me CO,Me
1
RV "0 1.5GPa, CH,Cl, R o + R o
+ R 30°,6h
R? X
MeO,C—==—CO,Me MeO,C
1 CO,Me
2
R' R2 Molarratio 1 2
H H 1:1 33% -
Me H 1:1 28% —
H OAc 11 20% 25%
H ©OAc 1:2 16%  36%
App. 75
O (e}
= H CO,Me
[186] A
e+ | i g
CO,Me CO,Me H
1 2 3 4
172 P T t Yield 3/4
2.1 021GPa 25° 24h 2% 1.3:1
2.1 021GPa 25° 72h 16% 1.2:1
2.1 021GPa 25° 168h 33% 1.2:1
12 06GPa 25° 168h 10% 1.2:1
1.2 021GPa 70° 24h 55% 1:15
21 021GPa 70° 24h 21% 114
11 021GPa 70° 24h 38% 120
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App. 76
o R' R? Solvent  endo
- 187
o+ | [187] H Ac EL,O  80%
Sl
g2 03GPa 32° 1/ Rz H CN Et,0 66%
R! R Me MeOOC ELO  60%
H Ac CH,Cl,  74%
App. 77
O O
CO,R CO,R
= 2
o o [ _tm g N e
= Pressure CO,R
R 2
0 CH,Cl,, 27° CO,R
1 (endo) 2 (exo0)
R P t Yield 1/2
Me 20GPa 8h 94% 81:19
Bu 1.5GPa 6h 37% 83:17
App. 78
]
R R3 RS
[189]
o
o * |
=~ R2 H Pressure R2
CH,Cl,, rt.
R1
R' R? R3 P t Yield endolexo
MeS MeOOC H 1.5 GPa 8h 64% 21
AcO ClOC H 0.1 MPa? 96h >90% 1:1
AcO MeOOC MeOOC 1.5GPa 8h 54% 1:0
2) In the presence of a few drops of proxylene oxide
App. 79
0]
MO,C._ _CO.M CO,M
= [190] ;
=~ o+ | CO,M
OAc 1.1GPa, rt. OA 2
PhMe, 3 d ¢
M = 1-menthyl 40% endo (54% de)

20% exo (61% de)
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App. 80
o)
OAc 191
o) N 1.2 GPa, r.t. N
CH,Cl,, 13d OBn
98%
App. 81
2
Rz O = CN [192] O R
T =<0 mem s
Rs 1.5 GPa, 30° N
CH,Cl, . Ry
R R2 R® ¢ Yield
H H CI 8h 83%
Me H cCl 8h 85%
Me Me CI 8h 85%
"<Oj H OAc 15h 65%
(o]
App. 82
By ‘Bu By Je) SEt Bu
HO,C
= [193]
|+ + o ¥
= Pressure
135°,5d 0 COH
SEt SEt
0.1 MPa 22% 0.8% 2.3%
1.0 GPa 33% 13% 3.7%
App. 83
R1
R o R Rl R Yield
N+ I [194] Abwl# H GCN  55%
== H H 1.5 GPa rt Me CHO 42%
) It ;
CH,Cly, 4 h R Me COMe 36%
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App. 84
AcO, R [195] OAc J&{Q/
H: :R 1.0 GPa, r.t. o o o
== R
e MR +
OAc
4
R t endo-1 exo-1 endo-2 exo-2 endo-3 exo-3 4 5
MeOOC 10d  mixture mixture — - - - - -
Et0OC 9d  364% 41%  mixture 51% 68%  mixture 05% 04%
App. 85
— [196]
CO + R——R
S 1.0 GPa, r.t.
R = MeOOC CH,Cl,, 20 h
84%
App. 86
R
Do 1 m
Ny
R R 1 0 GPa, THF
100°, 12 h
R =MeOOC
2%
App. 87
0 HHE o
R T u
o) +
S NH 1.0 GPa, CH,Cl, [ NH
MeO,C 50°, 24 h MeO,C H
73%
App. 88
O o 0
= [198]
+ —_—
QO O 08GPart 4d / ¢ o
97% H O
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App. 89
O
= [199]
o+ |l O +
= i) 1.5 GPa, CH,Cl, 0
o rt.,60h R
i) Hy, PIC 1
R Yield 1/2
EtO,C 0% -
'BuO,CCH, 54% 1:1
MeO,CCH, 59% 56
BnOCH, 31% 75
App. 90
i 200 Q
MeO _ . [200] MeO
— o | 0 Pressure, PhMe 4
MeO MeO
(e}
P T t Yield
1.0GPa rt. 6h -
1.0GPa 60° 16h -
22GPa 60° 16h 50%
App. 91
o} o o}
Cl [201]
O aTp :
= cl | cl
O
o o] Cl
P Solvent T t Yield
sealed tube neat rt. 14d  complex mixture
sealed tube neat 80-90° 3d complex mixture
0.5 GPa THF 50° 15h  22%
App. 92
o}
MeO
e _ cl [202] MeO
0 + | ©
=~ | 10 GPa, THF, r.t,27h
c MeO

o 67%

Cl

2083
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App. 93
OH
MeO Ph
_— [202] MeO Ph
"
T °
MeO R MeO R
R P Solvent T t Yield
Ph  0.1MPa toluene reflux 44h 24%
Ph 08GPa CHCl, 55° 48h 51%
Me 0.1MPa toluene reflux 46h 9%
Me 08GPa CH,Cl, 55° 48h 68%
App. 94
0] (@]
MeO = [203] o
o + | 6] ;
= i) 0.8 GPa, CH,Cl,, r.t, 10d OMe o)
MeO S ii) 0.5 MPa, Hp, Pd/C, AcOEt OMe
26%
App. 95

o o) o o
[204] z
Yy A — o /e
1 2

[e)
3 4
(e} (e} Q (o] 0]
/
+ /
(o]
5 6

Condition Solvent T t 1/2/3/4/5/6

sealed tube CHCI; 150° 12h 2:2:1:tritrtr (tr = trace)

1.4 GPa CH,Cl,  rt 3d 0:17:6:8:3:tr

0.8 GPa CHCl,  rt 3d 90:3:7:0:0:0

0.8 GPa CHCl,  rt. 12h  90:2:8:0:0:0

microwave  CHCl; rt. 30 min  100:tr:tr:0:0:0
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App. 96
@] 0 0 o]
— [77] S
Do +s || o 4 o 7 o
== Pressure T o
CH,Cl,, 20° 5 \
1 2 © % 4 S
12 P t Conversion 3/4
26 07GPa 24h 95% 20:80
34 07GPa 29h 100% 20:80
62 0.1MPa 144h 95% 20:80
App. 97
O 0 o O
= [78] S
Co +s [ o / o * / o
S Pressure T o
CH,ClIy, rt. o \
1 2 © 03 4 S
12 P t Yield 3/4
12 15GPa 6h quant. 15:85
12 08GPa 42h 79% 15:85
34 04GPa 88h 57% 15:85
App. 98
Pp. o
—
o 4 [205]
= Pressure
RS PhMe, 50°
R P t Yield
Me 15GPa 48h 23%
Ph 15GPa 72h -
App. 99
e}
@. [205]
1.3 GPa, 50°
MeO,S &

CH,Cl,, 36h
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App. 100
0 o)
1 H H
[206]
2
2 Pressure EtZO R
R
B il A
0
O 0
2 3
R' R P T ot 1 2 3
H H 20GPa rt 68h 14% 15% -
H Me 20GPa rt 68h 10% 28% -
Me MeO 20GPa rt 68h 10% 18% -
H H 22GPa 60° 8h — - ca. 50%
App. 101
o) o o o} O
R! MeO 7 MeO R
[207] MeO MeO._// 2
Pressure R’ +
R2 PhMe, 20 h 0
0 o ° ®
j\ /Z 1 2
MeO OMe R P T Yield 1/2
H 07GPa 25° 90% 89:11
MeO MeO 19GPa 50° 92% 70:30
App. 102
o)
Q OH
MeO o
MeO £~ .
OH

jjo

P

G

+ Q Pressure

Solvent T 1

0.3 GPa
0.29 GPa
0.1 MPa

i-PrPh rt. 59% 17%
i-PrPh 40° 18% 58%
Benzene rt  49% -

OMe



App. 103
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[209]
Pressure 130°
i-PrPh, 10 h

(0] o} (0] (o)
H o) H 0
4 H 7 R 7 H y
o] = O ©
== H
R 0 H

R Condition 1 2 3 4 5 6 7

1-1

10 1

sealedtube _ _ _ - - - -
H 0.3 GPa 6% 5% — - — - -
MeO sealedtube _ _ 139% 3% - _— _

I

MeO 0.3GPa - — 35% 13% 1% 6% 0.5% 4%

3% 3% 2%

2087



2088 HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)
App. 104
R R
: L
o [210]
H SREeS
s R = MeOOC
3, R R R
1 2
Equiv. Conditon Solvent 7 ¢ 1 2 3
3 sealed tube benzene 150° 1h 45% 47% -
3 01MPa CH)Cl, 0° 90d quant. — -
3 04GPa CH)Cl, 28 24h 97% - 3%
App. 105
Ph
Ph o Bh
= [211] Ph
+ _———-
~° 300 MPa, PhMe a + O
100°,20 h P
Ph Ph"  Ph Ph
29%
App. 106
OMe 9
AN [212]
\ (e} + Pressure, r.t.
R
R P t Yield
H 05GPa 72h 80%
BnO 0.5GPa 4d 2.4%
BnO 0.7GPa 14d 19%
App. 107
0
W
EtO,C CO,Et
[213]
+ _—
0.5 GPa, 25°
/0 o { CHCI,, 5 h
= 95%

o]
\ /)

R
3
o Ph Ph

# ~Ph

h e
20%
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App. 108
COR!
o / COR!
N /
fo\ " [214] N o]
+ X—R _ . o +
N z X—R?
’
COR 0 X\ o)
O R2
1 2
R X R P Solvent T ¢ 1 2
Ph N Ph 14GPa AcOEt 34° 90h 45% 46%
Ph N Ph 11GPa CHCl, 40° 18h - -
EtO O - 12GPa CH,Cl, 24° 160h — 26%
BnO N Ph 14GPa CH)Cl, 30° 48h 90% -
4CICeH, N Ph 12GPa CH,Cl, 30° 24h 90% -
App. 109 R 1
R R N/R
215
@ + R—— 2181 N_R o+ R
\ N 2
R R = CO,Me \
1
1 R 2 R
R' P Solvent T t Yield
H 0.1 MPa neat rt. 90h -
H 1.5GPa CH,Cl, 40° 15h -
Me 0.1 MPa neat rt 48h 70% (1)
Me 0.1 MPa Et,0 reflux 96h >80% (1)
Me 1.5GPa CH)Cl, 40° 17h  50% (1)
Me 15GPa CH,Cl, 40° 6h quant (1)
Ac 0.1 MPa neat 125° 7h 45 (2)
Ac 15GPa CHy)CI, 40° 4 h 57% (2)
Ac 15GPa CH,Cl, 40° 24h 83%(2)
App. 110
1
SR - \-COaMe
// \( .\ ] [216] R'S
N 1.2 GPa, MeCN ﬁ?
)
CO,Me -
R'" R? T ot Yield endolexo
Me PhO,S rt 6h 9% not reported
Ph PhO,S rt 6h 58% not reported
Ph  PhO,S 50° 16h ca 80% 1.1
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App. 111
(|302Me
N |
+
w LsozPh
App. 112
c‘:one
N SO,Ph
w0 « T
SR
R = Me or Ph
App. 113
(Isone 0
N
\ /z + || N-—Ph
SR
(o]
R = Me or Ph
App. 114
0
[220]
| © Tscrasn 4
7\
S
App. 115
CO,Me
~
x@ + |
—
CO,Me

1.7 GPa, CH,Cl,

HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

,CO,Me
[217] N
1.2 GPa, MeCN ﬂ\i
50°, overnight SO,Ph

>95% endolexo 1:1
CO,Me
[218] N
12 GPa, 100° ﬁsozph
CH,Cl,,20h RS
ca. 80% R = Me or Ph
CO;Me
N
[219] [o)
7
12GPa, 50° RS N
MeCN, 16 h Ph
o
ca. 80% R = Me or Ph
o Solvent T Yield
CHCl, rt -
o CH,ClI, 40° -

5 CH,Cl, 80° 8%
CH,Cl, 100° 37 -47%
acetone  100° -

[221]

@iCOQMe
CO,Me

X=0orS

40°,71h
60%
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App. 116
o} s o
= | [118]
s + X — %
Q 1.7 GPa, CH,Cl X
40°,71h
Y 0
60% X=NHor0O
App. 117
(80]
/ \ + | X 7 X + / 0
( ) 0.8 GPa
S
o) X
© o
1 2 3 4
X 1/2 Solvent T t 3 4
o) 111 CH,Cl, 100° 2d  19% -
o 41 CH,Cl, 100° 2d  21% -
o} 41 CL,CHCHCl, 100° 2d 23% —
o) 41 CgFyy 100° 2d  77% -
(e} 41 neat 100° 2d  93% -
(0] 21 neat 100° 2d 87% -
PhN 41 neat 100° 2d  48% 51%
MeN 41 neat 80° 7d 34% 47%
MeON 41 neat 80° 7d 35% 58%
App. 118
PP Solvent T t Yield
CH,Cl, rt.  3d -
CH.,CI 40° 3h -
0=~~-0 2%
S (e} CH,Cl, 80° 3h 8%
[222] CH,Cl, 100° 3h 37-47%
+ - 7 ,
1.5 GPa @) CH,CI, 120° 3h 18%
S CH.Cl, 150° 3h -
i\ / CHCLCHCI, 100° 3h 47%

benzene 100° 3h 6 -7%
AcOEt 100° 3h 15-19%
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App. 119
R’ 1
= [223] R /\
<0 7 “Pressure 60°
R R2 R Pressure, 60 R R2
R3
R! R? R® P Solvent ¢ Yield
Bn MeOOC  Cl 0.1MPa CHCI; 24h 60%
Bn MeQOC  Cl 10GPa MeCN 24h  92%
4-'Bu-CgHs-CH,  —CH,CH,— 10GPa MeCN 5d  48%
Bn —CH,CH,— 1.0GPa MeCN 5d  43%
4-'Bu-CgHs-CH,  —CH,CHp— 10GPa MeCN 24h 31%
Bn —~CH,CHyp— 1.0GPa MeCN 24h 39%
Bn MeQOC Me 1.0GPa MeCN 24h -
Bn MeOQOC H 10GPa MeCN 24h -
Bn MeOOC Br 1.0GPa MeCN 24 h  slow reaction
App. 120
CO,Et O EtO,C O
N [74a] N
+
14 GPa,rt, 24h =
R'" "R?
0% R
R' R?Z=H or Me
App. 121

© + E [70] 7 + /7 NO, + 7 i 7 | NO,
NO, NO, NO, R
1 2

3 4

R Condition Solvent T t Yield Products

PhS (E) sealedtube THF 130° 72h  75% 1/280:20
PhSe (Z) sealedtube THF 120° 264h 16%  3/42575
PhS(E) 1.2GPa CHCl, 25° 48h 33% 1/284:16
PhS(E) 16GPa CH)Cl, 50° 24h 49% 1/299:1

PhSe (Z) 1.2GPa CH,Cl, 50° 96h 65% 3/446:54
PhSe (z) 1.6 GPa CH)Cl, 25° 24h 70% 2/3/413:66:21
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App. 122
2 .0 (73] ~CF3 WSO,R
+ FCTNTOR +
1.0 GPa, PhMe SOR
100°, 14 h 2 CF,
Ph_o. O Ph 40% 1 (10:90) 2
- U
o) N "0
App. 123 o o
[135] /
+ |
O  1.09GPa, Et,0,rt, 20 h o
MeO
OMe
60% (dr 100:0)
App. 124
y H o P Solvent T t Yield
0 o) [159] 0.1 MPa neat 25° 14d -
] o : 0.1MPa benzene 80° 22h -
H 0.62GPa neat 25°  7d  25%
App. 125
Bz _Bz
N N
[224]
© + 1.3 GPa, CH,Cl,,
rt,7d
MeO OMe MeO OMe
87%
App. 126
o} o)
1 1
R [225] R R RSt Yield
) 1.3GPa , Et H 2d 86%
R R N
Meo” Jome SRt Tueo” Nome H Me 35d 63%
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App. 127
226] COZR &
RO CO,R
Pressure Oco, R
. Catalyst, 24 h CO,R
R =i-Pr :
P Solvent T Yield endolexo ee{endo) ee (exo)
0.1MPa PhMe 25° 84% 70:30 80% 10%
0.1 MPa PhMe -15°  53% 75:25 84% 12%
0.1MPa PhMe -15°  47% 80:20 90% 10%
0.1MPa CH.Cl, 25° 90% 45:55 52% 5%
0.1 MPa anisol 25° 65% 62:38 69% 13%
0.1MPa t-BuOMe 25° 68% 60:40 65% 14%
1.0GPa PhMe 25° 83% 45:55 58% 31%
Catalyst:
H -H .
=N N= BF, 3
: cr* 3
i Bu (e3¢} Bu
Bu Bu ‘
App. 128
(e}
R~7 o
+ R 7
ﬁj\o Pressure, r.t. W
R =i-Pr o 0
P Solvent Yield ee

0.82 GPa PhMe/benzene 7:3 65% 3.9%
0.91 GPa PhMe/benzene 7:3 67% 4.7%
1.00 GPa PhMe/benzene 7:3 74% 5.4%
1.25 GPa PhMe/benzene 7:3 79% 7.5%

0.79 GPa hexane 55% 1.7%
1.04 GPa hexane 59% 3.5%
1.20 GPa hexane 70% 4.3%

0.77 GPa CH,Cl, 75% 1.5%
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App. 129

(@]
+ + MeOH
SEsY

App. 130

App. 131

OH CO,Me
[227]
+ +
0.5 GPa, PhMe
80°,16 h
19% 31%
COZMe 002Me
MeO
+
27% 4%
A7 o Aib
w O L,
P Solvent T t Yield
0.1 MPa neat 130° 3h 81%
1.2GPa CH,Cl, 25° 96h 70%
1.6GPa CH,Cl, 25° 96h 71%

HO 9] H
+ _ -
Q 19GPa, CH,Cl,  HOHO
HO Y 18°, 124 h

App. 132

HO
+
HO
e}

70%

[228] H

19GPa, CH,Cl,  OHO
rt,24h

56%

7 +

12%

+ 7 O
cl
cl

0%

2095
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App. 133
R 0
o] R? R
— r [229] o
+
e ‘ 1.0 — 1.2 GPa, CH,Cl, 7
ZnBr, or ZnCl, R2
25°,3-5d
R! R? Yield endolexo (syn)  endolexo (anti)
Br CsHy 99% 31 _
Br (EtO);SICH, 80% >20:1 >20:1
Br 'Bu(Me),SiO(CH,),  60% >20:1 4:1
Br BnO(CH.), - - -
MeOOC Bu(Me),SIO(CH,), 77% 25:1 8:1
MeOOC (EtO);SiCH, 76% endo, 9% exo - -
MeOOC Bn 64% endo, 13% exo — -
App. 134
0 OBn
o~ r [230] o>, 0Bn
(e NP~ * |
1.2 GPa, CH,Cly, r.t., 3d 0
0.1 equiv. (+)-Yb(tfc),
88%
App. 135
9 9 7o
I +
Yield
S SR [231] S~ R ¢
- T
Tol \ij) + W Q o Ue 24n 9%
_ 068GPa,rt. 4 P 3d 73%
SR
(0]
App. 136
O JL [232] Ol _sMe
+
0 MeS SMe 1.9 GPa, CH,Cl, oM
20°,24 h PH €
Ph 80%
App. 137
0] /O /O /O
~ [233] 4
| o} O O CO,Me o
o o 1.85 GPa + + +
CH,Cl,, 80°, 4 h / 7 7 7 CO,Me
o CO,Me

CO,Me
Meo)ﬁ 1 2 3 4

(1/2/3/4 85:35:15:7)
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App. 138
O
o rOB“ [234] o OBn
+
0~ | 11-12GPa,rt, 3d (?/
1 2
Equiv (1) Solvent Catalyst 2
2 neat (+)-Yb(tfc)s 91%
2 neat Yb(fod), 72%
5 neat Yb(fod)s 94%
2 neat Yb(NO3)35 H,0  31%
5 neat Yb(NO3)35 H,O  90%
2 neat ZnCl, 24%
5 neat ZnCl, 73%
5 CH,Cl, ZnCl, 92%
App. 139
O
OH
0 gl oH 9
/ 0 R2 . [235] ,
+ o 7 R2 R
~__O Pressure, 18
R (Dg)acetone, 48 h Ry
quant.
R' R2 R3 P endolexo
H H Me 17GPa >10:1a
H Me MeO 32GPa 31
Me H MeO 40GPa 32
App. 140
(¢}
SO, Tol SO, Tol
TolO,S 2 2
2 | o [236] o) R OV H
+
= 1.1 GPa, CH,Cl, g R2 o H
+ BaSQ,, r.t. H 3 R?
R2 1 2 3
" /Cm\/v R’ R? t 1 2
MeO Bu(Me),Si 5d 19% 3%

Bu(Me),Si Bu(Ph),Si 4d 60% -
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App. 141
R1 R1 (0]
o)
L e ety )
+ 0° "0 062GPa, neat, 25° g2 7 0
o)
. P o
1 2
R’ R2 t Products  Yield
H H 14d 1211 50%
MeOOC H 7d 1 47%
H MeOOC 48h 1 59%
App. 142
o)
o)
° J|_so,Tol
TolO,S o8 + | _S0.Tol
o [ ox __eem / o,
N — 7
= O Pressure, CH,Cl, OO\ o~
1. X 2
X P Tt 1 2
CH, 0.1 MPa 80° 36h 78% 5%
CH, 11-125GPa 25° 4d 86% 14%
Me,C 0.1 MPa 60° 64h 63% 14%
Me,C 0.1 MPa 80° 69h 77% 23%
(i-Pr),C 1.25GPa 25° 4d  20% -
App. 143
0
/ M
e
MeO,C | N Me [238] o
+
0.3GPa, CH,Cl, 7
o "o Me  50° 15h MeO,C
34%
App. 144
o ©
OMe
=
1 [239) Jl°
x + —_— Ph
O ome ~ OBt 13GPa, 25°,4d OEt
O 0,
Ph 94% endolexo 90:10

o dr 55:45



App. 145

App. 146
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o O  OMe
R’ R’
[240] N
00
R? OMe R2
gl Ao o o
“ ~ O

R' R? Conditions Yield
H H 1.2-15GPa quant.
H H 0.1 MPa, PhH, reflux 55%
H Me 1.2-15GPa quant.
MeO H 1.2-15GPa quant.

0 .
W | [241]
+ NPh
o0 1.0 GPa Xy o
RWO % CH,Cly, rt.
R o
t  Yield N,
R—'e O Ph
Me 1d 30%
Et 4d 9%

0o ey .
[: : 13GPa, THF
0 25° 64 h o k

43% 43%

2099
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App. 148
o]
R’l
N
R2
4 (e}
R? R® R*
N
RN [243] 1 © Ph
| Pressure o)
R4 N (0] PhMe 1
| 110°, 72 h AR 0
N
— R?
R3 N
Ph R O  “Ph
2
R" R RRR* P 1 2
Ph H H H O01MPa - -
Ph H H H 10GPa 26% 50%
H Ph H H O01MPa 50% -
H Ph H H 10GPa 11% 2%
H H PhH O01MPa 90% -
H H PhH 10GPa 78% 18%
H H H Ph 01MPa - -
H H H Ph 10GPa 76% 8%
App. 149
R" RZ R® R* X P 1 2
Ph H H H O 01MPa _ _
H Ph H H (@] 0.1MPa 559 —
5 H H Ph H O 0.1 MPa  44% -
s R ; H H H Ph O 01MPa _ _
R AL [244] Ph H H H PhN O1MPa _ -
—_—
. ‘ Pressure o H Ph H H PhN O01MPa 509 -
R ’|“ O PhMe H H Ph H PhN O01MPa gg% -
i
0% 72h WTNLR O HOH O HOPhoPIN O1MPa
ﬂ 7 X Ph H H H PhN 1.0GPa 26% 50%
OO e ” H Ph H H PhN 1.0GPa  11% 2%
0 H H Ph H PhN 10GPa 8%  18%
2 H H H Ph PhN 1.0GPa 78% 8%



App. 150

App. 151

App. 152

HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

6]
RN //O [ F
N [245] R SO,R!
R'0,S S ~ b
2 N e R20 N
P F & oR? /
F
F R = C4F5S0,
R’ R? P Solvent T t Yield
Tol Et 0.1 MPa CH,CI, 100° 40h 56%
Tol Et 0.5 GPa CH,Cl, 50° 56h  78% (endolexo 68:10)
4-Br-CgH, Et 01MPa CH,Cl, 100° 60h 76%
4-F-CgH, Bu 0.1 MPa PhMe 90° 34h 40%
4-NO,CeH, Et 01MPa  CH,Cl, 100° 42h 67%
4-NO,-CgH;  Bu 0.1 MPa PhMe 90° 40h  78%
CeFs Et 01MPa CH)Cl, 25° 21h trace
CoFs Et 01MPa CH,Cl, 40° 96h 85%
CeFs Et 0.7 GPa CH,Cl, 25° 6h 89% (endolexo 54:10)
R1
|
0s__N [246]
U Pressure, CH,Cl,
R———R
R’ P T t 1 2
Dimedonyl 15GPa 46° 72h 36% 36%
i-Pr 1.0GPa 35° 106h 4% 3%
Ph 1.0GPa 40° 72h 10% 20%
Me 1.0GPa 70° 12h 14% 4%
Bn 1.0GPa 35° 120h 6% 4%
RS
| s [247]
Pressure, CH,CI
RN e
e MeO,C —==—CO,Me
R" R? R® R* P T ot Yield
Me H H H 10GPa 70° 12h 16%
Me H H H 15GPa 60° 16h 22%
Me Me H H 15GPa 60° 15h 40%
MeO H Me Me 15GPa 60° 48h 15%

2101
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App. 153
e}
(L I
(53]
N (0] R +
1.5 GPa N
CH,Cl,, 45° o
— R
o) R—R PN,
R
36% R =MeQOC 36%
App. 154
CN
Ne (7 O CN
NC 0
[248] +
ﬁ 0.85 GPa
benzene, 22 h ﬁ ﬁ
P 2 3
H————CN
T 1 2 3
60° 39% 58% 3%
80° 36% 54% 11%
App. 155
0
[249]
0.9 GPa, DMF
Nal, 60°, 17 h
32%
App. 156

X P T t Yield
0 06GPa 70° 21h 53%
NH 0.8GPa 80° 14h 35%
MeN 08GPa 70° 14h 28%
EtN 08GPa 70° 14h 22%
PhN 0.6GPa 70° 21h 26%
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2103
App. 157
O
X
® SEpesy
[251] o)
+ 1
o
2@ :
O
P Solvent Catalyst T t Yield
0.8GPa PhMe CCI,CO,H rt. 18h  68% (3/276:10)
0.8GPa CH,Cl, BF3OEt, 50° 16h -
0.1 MPa PhMe CCI;,COH reflux 18h  57% (1/2 17:10)
App. 158
[252]
O A QL
S o
o '}‘ (o] N\
Ph 0 Ph
P Solvent T Yield
0.1 MPa PhMe reflux -
1.7GPa CH,Cl, rt. 80%
App. 159

0 [152]
+
NH 1.0 GPa, CH,Cl,
R 50°, 24 h

70%
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= o ?— SOTol
i + [180] |‘
Tol S\ S~ ——= CO,Et
+ ‘ Pressure 3 CO,Et
CH,Cl,
MeO

MeO EtO,C~ “CO,Et

2104

App. 160

P Catalyst ¢ Yield
1.3 GPa none 68 h 56%
1.3 GPa ZnBr, 46 h 74%

App. 161

“co,Me
ZRNE [253) MeO,C 1 2
X~ 1.3 GPa, 20° +
MeOH, 72 h
OMe OMe _
T NcoMe MeO Qe OMe
69% MeOzC 2 COzMe
1/2 78:22
App. 162
pp owe
~_wCOMe
ZNOI
[254] Condition T t Yield
= X Pressure E sealed tube 80° 240h 29%
OMe OMe M_eOH 13GPa  rt 24h 75%
CO,Me
CO,Me
OMe

App. 163
H H
[255] : 3
+ = .
1 H 2 H

P T t Yield 172
0.1MPa 160° 22h 50%  88:12
079GPa 75° 6h 30% 964




HELVETICA CHIMICA ACTA — Vol. 88 (2005) 2105

App. 164
NC
CN
NC O
CN
C CN
m — @3@ ‘)O‘)
—_ +
NC———¢CN
1 2
Condition Solvent T t 1 2 1/2
sealed tube benzene 127° 17h 49% 11% 41
0.9 GPa PhMe 83° 17h 8% 28% 1:2
App. 165
NC
CN
R
CN
o] CN
X [255] g
—— . +
NC—=——¢CN R
1 R=CN 2
Condition  Solvent T t 1 2
sealed tube benzene 127° 17h 45% -
1.2 GPa PhMe 20° 90h 35% 9%
App. 166

COC0 2= S0

NC

+

2 R=CN 3

Condition  Solvent T t 1 2 3
sealed tube PhMe 130° 41h 22% - -
1.2 GPa PhMe 50° 44h 32% 15% 3%
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App. 167
R R
= N OMe  sg) =
0,8 o+ g L) ——~ 0,8 + 0
S ~a—
S R R
o} 1 2
R = MeO,C and PhSO,
Condition Solvent T t 1 2
sealed tube benzene 90° 20h 82% -
1.2 GPa CH,CI, 28° 48h 5% 79%
App. 168
R R
= /\H/O'V'e [256] =
0,8 0 + pp . 0,5 + o)
N \S/O O R =
7\ 1 R
O 0 2
R = MeO,C and PhSO;
Condition Solvent T t 1 2
sealed tube benzene 120° 20h 50% -
1.2 GPa CH,Cl, 28° 48h 7%  80%
App. 169
0,8
R R o]
(o= o 00 T
0,8 o) A + +
= Pressure R R R 4 0
R——R 2 3 4 SO,
1 R = MeOOC
1 (equiv.) Condition Solvent T t 2 3 4
3 0.1 MPa CH,CI, 28° 7d 54% 39% -
1 01MPa  CH,Cl, 28° 7d 35% - -
3 sealed tube benzene 120° 1h 62% 29% -
1 sealed tube benzene 120° 1h 40% 3% -
3 04GPa  CH,Cl, 28° 24h 97% 3% -
3 1.2 GPa CH,Cl, 28° 48h - - 53%
3 06GPa  CHCl, 28° 24h - 26%  23%
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App. 170
E E E
* ‘w *
>
= [257] 1 2
+
E = MeO,C E_ E Ee E
_ E
E———E
N N
E + E
N N
\ \
£ R 0,5 R
E 3 4
R P Solvent T t 1 2 3 4
Bn 0.1 MPa benzene 100° 4d 28% 0.1% 47% -
Bn 0.1 MPa benzene 140° 16d - - 97% -
Bn 0.4 GPa CH,Cl, rt 48d - - 62% -
Bn 1.2 GPa CH,Cl, rt 48d - - - 38%
Me 0.1 MPa benzene 150° 2d - - 73% -
BnOOC 0.1 MPa benzene 150° 13d - 85% — -
BnOOC 1.2 GPa CH,Cl, rt 48d - 52% - -
Ts 0.1 MPa benzene 170° 14d - 97% - -
Bz 0.7 GPa benzene 170° 7d - 9% — -
App. 171

[108]
——R
Pressure
CH,Cl,, 50°

R P t 1 2
CgH;0,C 0.86GPa 5d 54% 46% (n=27)
CO,Me 0.7 GPa 12h  46% 54% (n=18)
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App. 172
MeO.C., [258] MeO,C., CO,Me
(K 1.2 GPa, CH,Cl,, 28°, 48 h
MeO,C' MeO,C' CO,Me
+ 98%
MeO,C—=—=—CO,Me
App. 173
[259]
+ 0.75 GPa, CH,Cl,, 40°, 2 d
84%
App. 174
| | | | | | | | | [259]
+ 0.75 GPa, CHCI;, 45°, 3d
21% (n = 4) n
18% (n = 5)
App. 175

CROOCC

H 45%
[259]

+ _ +

0.75 GPa, 50°
jﬁi CH,Cl,, 2 d H H
H
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App. 176

[260]
+
1.0 GPa, CH,Cl, 50°, 150 h

App. 177

[260]
+
1.2 GPa, CH,Cl,, 45°, 150 h
Hl H
H A

61%

App. 178

H H
ol el IR
: 1.3 GPa, CH,Cl,, 45°, 150 h
H H

()
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App. 180

H

la ‘ ﬁ [109]
:‘ 'a 1.8 GPa
A CH,Cl,

50°,72h
+

Py

48%

App. 181

H
UL -2

: 1.0 GPa

a CH,Cl,

40°, 200 h
20%
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App. 182

[109]

1.2 GPa, CH,Cl,
50°, 200 h

38%

App. 183

[109]
aOﬁ * 1.0 GPa, CH,Cl,, 50° 150 h
: :

1.5%
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App. 184

[261]

0°, 96 h

App. 185
o= —0
\
0
[261]
+ 1.0 GPa, CH,Cl,
50°, 150 h
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App. 186

125° 4d
PhMe/MeCN 4:1

N7
) 2 [262]
+ R 0.8-10GPa
=/

R'" R? Yield
MeO MeO 50 —60%
Me OH 50 — 60%

App. 187

[262]

0.8-1.0GPa
PhMe, 125° 4 d

60%
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SOTol
|_CO,Et
H"COQEt +

SOTol

[155]

Tol” Tol Pressure
| CH,Cl,, ZnBr,

EtO,C~ “CO,Et
AN
1
58% (1/2 88:12)

0.1MPa 8-48h 68:32

01GPa 6-20h 73:27

_.CO,Et
COQE’(

R
R 0.2 GPa 15h 78:22
[263] R 04GPa 1h 82:18
/ 04GPa 5h 90:10
Pressure + 7
CH,Cl,, 80° R 04GPa 16h 90:10
R—=— R 1 2 06GPa 55h 955
R = MeQOOC 08GPa 3h 97:3
08GPa 15h 99:1
0.9 GPa 1h 100:0
App. 190
MeOZC
CO,Me CO,Me
7
264 0 16%
[264] 41% MeO,C b
0.9 GPa, 80°
CH,Cl,, 68 h
= CO,Me coMe CO,Me
MeO,C
8% MeOC™ o,
App. 191
R1
= [265]
+ +
Pressure !
2 ™ Fe(CO :
R (CO)s  CHLCIy, rt. B Fe(co),
2
R’ R? P Products  Yield
Me;SiO H 1.0GPa 1/23:1 96%
3,5-(NO;y)-CeH; H 1.2 GPa 1/24:3 74%
H MesSiO 0.8 GPa 1 A7%

AcO H 1.2GPa  1/21:1 75%



App. 192
O
R
47

R
R =MeOOC

App. 193

App. 194
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R
4 R
t
. 3 R
Pressure CH,CI,
100° 20h i \
4
P 1 2 3 4 5
0.3 GPa 10.7% 10.0% - - -
0.5 GPa 224% 340% 32% 52% -
1.0 GPa 11.1% 123% 14.9% 194% 1.8%
N OEt
[267]
Q OFt
Pressure + ot ¥
4 OEt
PhMe OE
t
OEt OEt
OEt
Condition T t 1 2 3
sealedtube 90° 48h 92% 07% 1.9%
0.1 MPa 110° 17h 47% 52% 15%
0.1 MPa 120° 10h 91% 3.1% 1.1%
0.3 GPa 120° 10h 17% - 13%
o o o
R
7 i/
R + PR, Ph  +
_[ee81 | 1 Ph 2 R 3
ﬁ\Ph o
R
Ph 4
R
4 5
R P T t Yield Product ratio
H 15MPa  140° 10h 37% (1+3)/(2+4) 54:46
H 1.0GPa 140° 10h 78% (1+3)/(2+4)67:33
H 10GPa 20° 124h 13% (1+3)/(2+4)78:22
Me 08GPa 100° 10h 58% 1/2/3/5/6 21:21:5:43:10
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App. 195
o 0o 0 o
9 269] g
Pressure, PhMe + + CN +
hydroquinone, 12 h 7 N 4 % / CN
_\CN 1 2 N 3 4
P T Yield 1/2/3/4
0.1 MPa 140° 91% 12:70:9:9
06GPa 80° 31% 867520
08GPa 80° 52% 9:/66:6:19
1.0GPa 80° 90% 866719
1.0GPa 20° 16% 8:68.0:24
1.0GPa 140° 100% 6:74:7:13
App. 196
o) o 0o o 0
[270]
Pressure, PhMe + ;) + Ph +
4 4 4 Ph
/\ Ph
Ph Ph
1 2 3 4
P T t Yield 1/2/3/4
15MPa 100° 24h 37% 4:50:trace:46
60 MPa 100° 24h 56% 7:57:4:32
0.1GPa 100° 24h 66% 6:60:3:31
0.5GPa 100° 24h 87% 8:57:7:28
10GPa 100° 24h 78% 9:58:8:26
1.0GPa 20° 124h 13% 6:72:3:19
App. 197
0
[271]
Pressure
PhMe, 140°

o

P t Yield  1/2/3/4/5/6

0.1MPa 70h 10%  18:3:24:2:43:12
02GPa 8h 24% 32:6:24:4:24.12
05GPa 7h 37%  34:4:26:3:19:14



App. 198

App. 199
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R1
i %o
3
/
H
R? N
2
0
\ 0
I
1!
4

R1
O
R H R
/ +
R' [272] R?
0
1.0 GPa, PhMe 1
o [e]
G R'
3
R H .
. (o]
RZ
3
R'" R R T t 1 2 3 4
H H H 100° 10h 7% 2% 4% 7%
MeO H H 100° 10h 8% 2% 34% -
OH H H 100° 10h - — - —
Cl H H 100° 10h - - - —
MeO i-Pr H 150° 30h 15% - 46% —
MeO H i-Pr 150° 30h 4% 5% 58% -
O
o X
[273]
(0]
| NPh Pressure + 4
PhMe, 140° N
O \
1 Ph
X P T t Products  Yield
H 0.1MPa 110° 10h 1/2 93:7 quant.
H 10GPa 20° 70h 1 95%
H 1.0GPa 100° 10h 1 quant.
OH 0.1MPa 110° 3h - -
OH 01MPa 135° 50h 1/23565 68%
OH 1.0GPa 25° 100h 1/220:80 quant.
OH 1.0GPa 120° 20h 2 quant.

2117
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App. 200
o]
Y Y X
o o o 0 v
R’ >
R [274] X OH X 0
+ T + +
Pressure 7 7 o
R2 100° 10h Q R2 o
2
o , R
HO 0 R R2
1 2 3

R’ R? P 1 2 3
H H 03GPa 66% (X=Y=H) 7% (X=Y =H) 1%
H H 0.3GPa B83%(X=Y=H) 5% (X=Y=H) 1%
H H 1.0GPa 60% (X=Y =H) 25% (X =Y = H) -
H H 1.0GPa - - -
Cl H 0.3GPa 16% (X=Cl, Y=H);23% (X=H, Y=CI) 1M% X=H,Y=Cl) -
Cl H 1.0GPa 16% (X=CI, Y=H); 36% (X=H, Y=Cl) 26% (X=H,Y=Cl) -
MeO H 0.3GPa 46% (X=MeO,Y=H); 7% (X=H,Y=MeO) - -
MeO H 10GPa 51% (X=MeO,Y=H), 13% (X=H,Y=MeO) - -

(

(

(

(
H (CH=CH), 0.3GPa 46% (X =Y =H) - 8%
H (CH=CH), 1.0GPa 42% (X=Y =H) - -
cl (CH=CH), 0.3GPa 16% (X=H,Y=Cl) - -
cl (CH=CH), 1.0GPa 29% (X=H,Y=Cl) - -
MeO (CH=CH), 0.3 GPa 27% (X=H, Y =MeO) - -
MeO (CH=CH), 1.0GPa 25% (X=H, Y =MeO) - -

App. 201

oj Solvent Consumption of 1

Q PhMe 54%

o] (275] A\ o}
+ e g MeCN 46%
1£h?\3npa Pz PhMe/pyridine 95:5  52%
e
o) 100°, 5 h = MeCN/pyridine 95:5  45%
pyridine 7.5%
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App. 202 o] 0
Se
13% O 10%
[276]
1 0 GPa
80°,10 h
3% 1%
App. 203
R [105]
OEt
Pressure 3
PhMe 0 H
80°, 12 h
R=HorCl X "
OEt 7 OEt /o) OEt
4 R's
R P 1 2 3 4 5
H 01MPa 21% 41% 35% 26.3%  32.5%
H 10GPa 23% 45% 442%  32.8% 16.2%
Cl 01MPa 19.2%% - - 21.7%%) 59.6%
Cl 10GPa 38%% - 28.2%%) 31.7%° 36.3%
jR=H,X=Cl
App. 204
o 0 X 0
X
X
[277]
0.3GPa / R N/ R
PhMe %
/
+ 0 o
R R
o 1 2 3
CO,Me
7 R = MeOOC
CO,Me X T t 1 2 3

H 100° 11h 88% - -
OH 120° 12h 66% - -
MeO 120° 12h 34% 12% 4%
Cl 120° 12h  44% 20% 7%
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App. 205
0 X 0o

O X

X
7 7
R + R 4
0° o8
R R
+ [278] 1 2
o] Pressure
R PhMe
71/ 0]
R XxQ R
R = MeQOC ) /
R
4
X P T t 1 2 3 4
H 03GPa 100° 11h 88% - — -
H 0.1MPa 130° 12h 64% - - -
OH 03GPa 120° 12h 67% - - -
OH 0.1MPa 130° 12h 50% - — —
MeO 03GPa 120° 12h 34% 12% 4% -
MeO O0.1MPa 130° 12h 24% 11% 34% 26%
MeO O0.1MPa 130° 20h 25% - - -
Cl 0.3GPa 120° 12h 44% 20% 7% -
Cl 0.1MPa 130° 20h 28% 13% 5% 6%
App. 206
= (e}
NAc
R
e '/ +

o Br [ R

N\ 0o

279
Br R Ac [279] 1 (44%) 2 (5%)
0.3 GPa, 120°
' o}
0 R CICgHs, 20 h
R R +
R = MeOOC 7
Br | R
0]
3 (3%) 4 R =Ac (1%)

R=H (3%)
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App. 207
(@]
e
Pressure, CICgH5 +
Br =
(6] R
2
R P T t 1 2
H 4 MPa 130° 5h 55% -
CN 03GPa 130° 15h 17% 31%
Ph 03GPa 130° 15h 24% 53%
App. 208
o 0
' [280]
+ | N"R 53Gpa cicHs
B 120°, 15h
0 © 70%
R = Ph or Tol
App. 209
MeO,C
Meo,C_ O
/ [281]
O Thseue 1
Pressure
hydroquinone
—
OEt
P Solvent  Catalyst®) T t 1 2-4 5
0.1 MPa PhMe no 160° 40h 74% 21% -
0.3GPa  CICgH; yes 150° 10h 39% 28% 1.1%
05GPa CICgH; no 150° 10h 28% 28% 3.2%
05GPa CICgHs yes 150° 10h 33% 31% 5.0%
1.0GPa CICgHs yes 150° 10h 25% 26% 4.0%
1.0 GPa CICgH5 yes 150° 1h 33% 24% 5.8%

#) Hydroquinone.
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App. 210
[282]
0 3 GPa, CIC¢Hs o
130°, 15 h
R =Ph or Tol 70% R
App. 211
(¢]
' a [282]
+ == .
Br OO 0.3 GPa, CIC4Hs
130°,15h
o 12% endo
15% exo
App. 212 Br
Q R
CO,Me
o= |
0.3 GPa, CICgH - CO,Me
Br CO,Me 130° 150 ’
R
0 K COMe
R=H (67%)
R =Me (42%)
App. 213
0
R [283]
i —— l
1.0 GPa
R PhH, 100°
37% 30%
R = MeOOC ©
R o]
7 +
R |
5% /9
le]
R 4
/

1% R
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App. 214

[284] Pressure, PhMe
100°,20 h

R _E
| 'E
R _P 1 2 3 4 5 &
Me 10GPa 30% 1% <1% 37% 2% 5%
Me 03GPa 25% 10% 6% 37% 2% 9%
H 03GPa 15% - - 1% - 2%
App. 215
R
R
COOMe Q@ + @[ +
[284] R R
|| 0.3 GPa, PhMe H H

70°,20h

COOMe O

R = MeOOC (yields not reported)
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App. 216
R [285] R
+ | — 7
R R
R P Solvent T t Yield
MeOQOOC 0.1 MPa PhMe refux  13h 89%
H 06GPa CH,Cl, 100° 4d 30%
App. 217
pp «
R [285] R
AN 0.6 GPa, CH,Cl,
R 100°, 4d R
X R Yield
0 MeO,C  31%
MeO,CN MeO,C  22%
CH, H 1%
CH, MeO,C  11%
App. 218 o]
R® R'.
N [286] re_ N
7

0.8 GPa, CH,Cl,

R2” N7 N0 R2

R’ R2 T R ¢t Yield
Me H 90° H 10d 77%
Bn H 90° H 10d 80%
i-Pr H 90° H 10d 62%
Me H 90° Me 10d 70%
Me Me 90° H 10d 16%
Me MeO 60° H 5d 4%

Me MeO 90° H 10d 24%
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App. 219

[287]
1.0 GPa, CH,Cl,

R =MeOOC

X T t 1 2
O 85° 70h 19% 8%
PhN 80° 48h 68% -

App. 220
< Ly e
[288] MeO,C
0.7 GPa * R
+ .
PhMe R COMe
R—=——CO,Me 1 2 3
R T ot 1 2 3
H 50° 66h 394% 117% ca 1%
MeOOC 70° 67h ca 1% - -
App. 221
(0]
Ph
o Ph
[289] ¢}
+ o}
0.65 GPa, r.t. P
CH,Cl,, 10d o
o) 88%
App. 222

i [76]
+
o) / 0.65 GPa
Q CHCly, rt, 2 d
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App. 223
MeO
[290] O O
+ 0.65 GPa NT /7
CH,Cly, 14 d N
O'Bu =0
07 TOBu 8%

App. 224

OMe

[291] O

0.65 GPa, CH,Cl W’

rt,21d /

o

R = Me or MeCOC 88%

X

o o (292]

0.65 GPa, CH,Cl,
rt,7d

e
D
°
(D

o} ¢}
yields not reported
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App. 226

2127

ey
T1acPart W.
CH,Cl,, 6d R=—(CHy)s~  (80%)
RO OR

R=Me (78%)

App. 227

1.4 GPa, CH,Cl,, rt,6d

MeO OMe : ’ -
yields not reported

1 equiv. 1 equiv. 1 equiv.
OMe OMe OMe
SN SO Y
/ / 4
o]

o}

L0 ( o MeO™ ome

1 2 3

1/2/3 10:5:0

App. 228

OMe OMe

OMe e}
- D,
O Q [293] (o]
* 670 065GPart “"Q “"Q
‘Q H CH,Cl,, 6d 4 p
Ph

+

P e ~
PR % Ph
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App. 229
OMe
? [293]
1 4 GPa,rt.
CH,Cl,, 6d
App. 230

293]
1.4 GPa r.t.
CH,Cl,, 6 d

R' R? Solvent ¢ Yield
—OCH,C(0)CH,~ CHCl, 6d 85%
~OCH,CH=C(OMe)— CH,Cl, 6d  89%
—OCH=CHCH,— CH,Cl, 6d 74%
~OCH(O)CH,CH,—~ CH)Cl, 13d 78%
~OCH(OEt)CH,CH,~ CHCl,  13d  34%9)
OH CH,CN MeCN 6d  89%
OH Me CH,Cl, 13d  79%
OH CH>CH,CH(OCH;), CH,Cl, 20d 87%
AcO CH,CH,CH(OCH,), CH,Cl, 20d 61%
OH CH=CHCH(OEt), (trans) CH,CI, 6d 77%
AcO CH=CHCH(OEt), (frans) CH,Cl, 20d 51%

2) Plus 29% of diastereoisomer.
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App. 231
OMe
. O
O [2¢4]
. I e\
o 0.65 GPa, CHCl, .
‘Q 20°, 14 d o
o 92% S
App. 232
OMe
o}
O [295]
‘ * 0.65 GPa, CH,Cl,
A
86%
App. 233
OMe
CIos
[296]
+
0.65 GPa, r.t.
‘Q CH,Cl,, 5d
F
84%
App. 234

OMe
BN
[297]
+ or —_—
‘Q 1.4 GPa, rt.
o - CH,Cly, 6 d

%(—J 90%

competing
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App. 235
OMe
C) 12
[297]
* Pressure
Q E R CHzC'z, rt.
R P
allyl 14 GPa
MeO,C(CH,), 065GPa 10d 76%
MeQ,C 065GPa 7d 81%
MeO,CNH(CH,), 065GPa 14d  75%
t-Bu 065GPa 14d 72%
App. 236
OMe
Cr o
297
. [297]
0.65 GPa, rt.
0 CH,Cl,, 9d
14%
App. 237
OMe
OMe
RPN
+
0 N\ 1.4 GPa, r.t.
Q H GoMe CHCl 14d
36%
App. 238

2 p )
[298] "
+
i) 0.8 GPa, CH,Cl,, 30°,30 h
OAc iiy PAIC, Triglyme, reflux, 16 h 9]

67%
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App. 239
/8 [299] N N
MeO o)\ Ar © 4 N N-R o+ | N—R
L, Ar W
o N MeO 0 r
Ar = 4-NO,-CgH, N O R oH ©
R 1 2 3
R P Solvent T t 1 2 3
Ph  0.1MPa benzene 40° 240h 43% 17% -
Ph  0.1MPa benzene 60° 25h 41% 18% -
Ph 0.1MPa benzene 80° 50h 13% 21% -
Ph 1.0GPa benzene 60° 25h 65% 35% -
Ph 1.0GPa benzene 60° 100h 45% 54% -
Ph  1.0GPa CHyCl, 60° 50h 24%  56%  19%
Ph  1.0GPa CHyCl, 60° 100h 02% 05% 98%
Ph  1.0GPa CH;CN 60° 100h 5% - 86%
Me 0.1MPa benzene 60° 25h 52% 14% -
Me 1.0GPa benzene 60° 50 h 55% 31% 12%
Me 1.0GPa benzene 60° 100h 47% 10%  43%
Me 1.0GPa CH.Cl, 60° 100h - - quant.
App. 240
O\\P/Ph
Ph ( ) Ph 0. _Ph Ph
[300] R! Ph COR? R’ CO,R?
R? R! 2 .
+ Pressure, r.t. ] /7
R 1 2
R20,c—==—CO,Rz ~ CH:Lh 4d Ph  COR? R coR
Ph
1
R" R p Yield (1)
Ph  Me 1.0GPa 16%
Ph  tBu 1.0GPa 10%
H Me 09GPa 68%
H tBu 09GPa 60%
App. 241
Q 0 0, Ph
— ~p Ph CGH4R
Ph Ph [301] Ph
/
PhIg\Ph ’ O O 08GPa rt  phpy { °
//P\ CH,CI, 10d CgH4R
O° Ph R R 3
R=H (50%)
R =Me (48%)
R=Cl (38%)
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App. 242
R
302 /LR
=N D’ [302]
+
/Kj 0.7 GPa, CHCl;
TFA,0°, 6 h R
R
R=H (10%)
R=Me (7%)
App. 243
N
Nk R
ESN [302]
0.7 GPa, CHCl; ]
TFA,0°, 6 h
R=H (5%)
R=Me (30%)
App. 244
i 7
| + 7
=N 0.7 GPa, CHCl, GPa, CHCl,
TFA, 130°, 60 h
30% exo 10% endo
App. 245
R N
‘| _R
N
=N 302
Ay e by
=N 0.7 GPa, CHCl,4
TFA, 0°,5d R
R
R=H (63%)
R=Me (75%)
App. 246
N
/
[303]
\ / 1.0 GPa, PhM
N—N Hbra, e

130°, 32 h
62%



App. 247

App. 248

App. 249

App. 250
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-~

[304]

1.0 GPa, PhMe, 110°, 3 d

74%

2133

N
/

OMe
OMe

CFs s CF;
N/< [305]
|
N\< 14GPa CH,Cly, rt. /
Fs 29% FsC
4
R\~ R2
CO,Et R EtO,C CO,Et
N— —
[306]
EtO,C COEt + 5
2 4<\ 2 . \ /N
N— R
R® R* R® R? CO,Et
R! R R R* RO P Solvent T t Yield?)
Me;SI0 H H H H 0.1MPa CHCl; 60° 22 h 72% (71:10)
Me;Si0 H H H H 0.82GPa CH,Cl, 25° 24 h 54% (>95:5)
Me;SiO Me H H H 0.1MPa CHCIl; 60° 16 h -
Me:SiO Me H H H 0.82GPa CH,Cl, 25° 24 h -
EtS Me H H H 0.1MPa CHCI; 80-160° 10-20h —
MesSiO Me BnO MeO MeO O01MPa CHCl, 65° 24 h -
MesSiO Me BnO MeO MeO 062GPa CH,Cl, 25° 24 h -
2 In parentheses, regicisomer ratio
SMe SMe
Ph
NN Me,SiO._Ph [307] N
Il \ - Il
N\fN * ﬂ/ N~
SMe SMe
P Solvent T t Yield
1.3GPa CHyCl, 25° 48h 88%
0.1 MPa  Xxylene 140°  26h 78%
0.1 MPa dioxane 100° 24-30h trace
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App. 251
R 2 /I R
[308] / 0
N
N ¥ NPh 98-14GPa N
CH,Cl,, 28°, 16 h ] Ph
R o}
0
R = pyridinyl 68%
App. 252
N
R o] N// R 0
Lo 4 [308]
N NPh
=N g NPh 0.8—1.4 GPa y
K Y CH,Cly, 28°, 16 h R Y
R = pyridinyl 60%
App. 253
N
1
N~ /R
+ [309]

1.4 GPa, CH,Cl,, Et;N, 20 h

=N _N
L:N [/ 52%




App. 254

App. 255

App. 256
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Ph R Ph Ph
RZ
| XN . | ‘ [310] ‘ SN PPh, . | N
Pressure, PhMe
Z
Vk Ph PPh, R7>P7OR2 R PT PP
1
R'" R? P T t 1 2
Ph  H 093GPa 120° 22h 8% -
Tol H 0.80GPa 100° 20h 25% -
Ph  PhP 082GPa 140° 70h 27% -
Tol Ph,P 085GPa 140° 72h 34% -
Ph  Me 0.82GPa 130° 23h - 36%
Tol Me 090GPa 130° 46h — 35%
Ph  Ph 086GPa 100° 21h - 60%
Tol Ph 089GPa 100° 24h - 33%
R3 R3
R2 N N
N = [311] S ) R2
N Y Nt Pressure, 55° AN N
R1 R1
R’ R? R3 P Solvent t Yield
EtOOC EtOOC EtOOC 0.1 MPa AcOEthexane2:1 26h 67%
CN EtOOC EtOOC 0.1 MPa AcOEthexane2:1 17h 70%
H EtOOC EtOOC 1.5GPa CH,Clyhexane2:1 27h 41%
EtOOC H H 15GPa CH,Cly/hexane 211 27h 33%
CO,Me COMe CO,Me
I [312] = Xy C0Me - CO:Me
+ _— +
1.0 GPa, r.t. X N~ NS
X CoMe  CHCh7d CO,Me CO,Me
X  CO,Me X H CO,Me
X=Cl (0%) (5.3%)
X=Br (3.9%) (2.3%)
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App. 257
e}
= 0
I
R -8
o 1)
+
2
R . fe}
R3 R
3
1 2 R
R! R? R® 172 P Solvent T t Yield
H H H 6:1 01MPa PhMe  110° 24h 34%
H H H 116 125GPa CHCl, 20° 96h 55%
H H Br 61 01MPa MeCN 80° 96h 24%
H H Br 16 13GPa MeOH 20° 48h 53%
H H (Et,O)cH 16 135GPa PhMe 20° 72h  33%
H H ACO 61 01MPa MeCN 80° 96h 19%
H H AcO 16 13GPa CH)Cl, 20° 24h  49%
MeO MeO H 16 0.1MPa PhMe 110° 24h  30%
MeO MeO H 16 10GPa PhMe 20° 60h 65%
H MeO MeO 16 0.1MPa PhMe  110° 24h 60%
H MeO MeO 16 13GPa PhMe  20° 48h 25%
H MeQO AcO 1.6 1.3GPa MeCN 20° 48h 65%
App. 258
PP 10)
o} ¢}
~ s
Tol” [313]
SO
(0]
1 2 ©
P Solvent T t 1/2  Yield
0.1 MPa AcOH 120° 4h 16 75%
0.1 MPa MeCN 80° 9%6h 1.3 50%
1.2GPa CH),Cl, 20° 18h 13 80%
App. 259
R1
2
R’ 14 R L R R P Yield
S B 0 o Me H 093GPa 12%
R2 Pressure, Et,O o Et Et 090GPa 61%

100°, 18 h

oA N

(e} e}
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App. 260
PP o
[315]
+ || o
1.0 GPa, Et,0
100°, 18 h
R (@]
78% R =Hor NO,
App. 261
[316] ,
mCO,R* +
x_Ph 16 GPa ) : .
CH,Cl,, 50° H :
R1 R1 212 R1 R1 Ph R1 R1 Ph
— endo exo
=MeOOC N
R“0,C
R? t Yield endolexo
Ph 90h 70% 40:60
Me 110h 82% 20:80
App. 262
CO,Me CO,Me
[316]
X Ph 7 || Pressure CO.Me
CH,Cl,, 50° 2
R R CO,Me R R ph
R = MeOOC
P Solvent T t Yield
0.1 MPa PhMe reflux 48h -
1.6 GPa CHyCl, 50° 70h  53%
App. 263
_ Be
16GPa 50° B
CH,Cl,, 110 h iR
R Ropn o
0,
R = MeOOC 69%
App. 264
= o
[317]
+
Pressure
Et,AICI, CH,Cl,
1 2 3
12 ERAICIH2 P Solvent T t 3
32 1 0.1 MPa PhMe 25° 7h 47%
1.2 015 0.5 GPa CH,Cl, 35° 18h 55%
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App. 265

o} [318]
+ N\ i) 1.1 GPa, PhMe
rt,1h
(¢} iy DDQ

73%

App. 266

o] [319]

+ N\ i) Pressure
PhMe, rt., 1h

)Vd o /iy DDQ

73%

P Solvent T t Yield 1/2
0.1 MPa benzene reflux 8h 15%  1:1
1.1 GPa PhMe rt. 1h 73% 71
0.1 MPa neat 45° 2h  76% 51

App. 267
o)
yo
o 9 [320] - N\)
/ +Me02C/\)kN)kO SO0

Pressure, r.t.
\__/  PhMe, catalyst, 21 h

+ Diastereoisomer(s)

1

! N Ph_ Ph 2+
Catalyst P Yield Product distribution _|
2 15GPa  30% 6%ee RO O H "H

il
3 15GPa  66% 0% ee o g ¢ =N N
4 15GPa  55% dr89:11, 43% ee o oh o
cl Cl
() . 0,

4 12GPa 65% dr91:9,60% ee 2 R=Me

TiCl,(O'Pr), 1.5GPa  80% dr88:12 3 R=Ph 4
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App. 268
O
o [321]
+ _ +
= 1.2 GPa, CH,Cl,
R ZnBry, r.t., 23 h
R =MeQOC 48% 18%
App. 269
1322] 0 o HO
Pressure
Z CHCL o o oH
catalyst + +
o~ o
1 2 3
P Catalyst T t 1 2 3
06 GPa none rt. 14d 32% 14% 16%
0.1MPa SnCl, -40° 3h  69% - -
0.1 MPa BF3zOEt, 0° 5h 55% 14% -
1.2GPa none rt. 1h 19% 8% -
12GPa ZnBr, rt 1h 67% 8% -
App. 270
o} OMe 6} OMe
© [322] o o
+ +
= Pressure, r.t.
[e] CH,Cl,, catalyst
R 1 2
R P Catalyst ¢ 1 2
H 07GPa none 14d 80% -
H 1.2GPa none 5d 71% 3%
H 1.2 GPa none 14d 86% 10%
H 1.1GPa ZnBr, 15h 52% -
Me 12GPa ZnBr, 14d 92% -
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App. 271
_ B2y HO
Pressure
CH,Cl, OH
cata]yst
0
P Cat. T t 1 2 3
0.7 GPa  none r.t. 14d 32% 16% 14%
0.1 MPa none 0° 3h 69%°2) (1/3 4:1)
0.1 MP SnCl, —40° 3h 69% - -
H1+2+3.
App. 272
=
H [324] +
+ 1.5 GPa, CH,Cl,
Et,AICI, 35°,66 h
O
78%
1/2/3/4 65:28:16:10
App. 273

[325]

1.2 GPa

Q
N
CH,Cl,, 35°
o) 212
35%
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App. 274
R ] -
=
_ e Rl R+
HO' HO ° HO
[¢) o
1 R'=Me, R°=H 2 R'=Me,R?=H
3 R'=H,R*=Me 4 R'=H,R*=Me
P Catalyst  Solvent T t Yield Distribution
0.1 MPa Sc(OTf); MeCN —40° 6h 96% 1/2/3 56:30:14
0.1 MPa  Sc(OTf); CH,Cl, -78° 8h  92%  1/2/1377:15:8
0.1 MPa  Sc(OTf); CH,Cl, 4° 17h 72%  1/2/367:22:11
0.1 MPa  Sc(OTf); THF/H,O 25°  21h 18%  3/475:25
0.1MPa Sc(OTf); CH,Cl/H,O 25° 20h 96%  1/3/42:77:21
0.1 MPa LiCl H,O 25° T7h 79%  3/476:24
1.0GPa LiCl CH,CI, 50° 24h 96% 3/47525
0.1 MPa none PhMe/H,O 25° 24h 67%  3/47525
0.1 MPa AICl; CH,CI, -70° 2h 80% 1/2 58:42
0.1 MPa TiCly CH,Cl, -78° 3h 70% 1/2 89:11
0.1 MPa  Eu(fod); CH,Cl, 25° 24h ? 3/4 42:58
0.1 MPa none benzene reflux 20h 96% 3
App. 275

i ()
| o
e TS e
+ 1)

P Solvent T t Yield
0.1MPa CH)Cl, 20° 2h 15%
1.0GPa CCl, 35° 66h 70%
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App. 276
= OAc
[328]
+ _ =
O‘ R Pressure, CH,Cl,
0 catalyst
R P Catalyst T t Yield

H O0.1MPa EtAICI, 0° 30min 75%(1+2)
H 1.0GPa none 35° 16h 68% (1 + 2)
Br 1.0GPa none 30° 15h 60% (3)

App. 277
(@]
_ B2 o'Bu
1 .3 GPa, 45°
CH,Cl, 600 o
R =MeOOC 1:2 mixture
App. 278
OMe
OMe o
o 1330] G
+ - .
= Pressure, r.t. o)
R o) CH,Cl,, catalyst
R P Catalyst ¢ Yield
H 0.7GPa none 14d  80%
H 1.2GPa ZnBr, 15h  52%
H 12GPa none 15h =

Me 12GPa  ZnBr, 14d  >90%



App. 279

App. 280

App. 281
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<P NR,

[332] R
SN
0.8 GPa
100°,20 h =
R,N—C=N ' N~ “CHPh,
R' RoN Yield
H Me,N 71%
Me Me;N 66%
MeO Me,N 47%
Me Et,N 65%
Me (i-Pr)2N 44%
Me pyrrolidino 60%
Me piperidino 67%
Me morpholino 43%
SMe
N SMe
MeS, - _ [332] R Sy
+ /C—N—C:N
MeS 0.8 GPa,100° PY
PhMe, 20 h N CHPh;,
R=H (55%)
R=Me (37%)
EtO,C
2 CO,Et
Waguue NNNg 5@
Pressure, PhMe, 20 h \ Xy
N N
& Et0,C—==—CO,Et &
R Condition T Yield
Me sealed tube 150° 14% (R' = Me)
Me 0.98 GPa rt. 30% (R' = Me)
MeO sealed tube 150° 64% (R'=H)
Meo 0.98 GPa rt. 50% (R' = H) + 36% (R' = HOCH,)
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App. 282

MeO

App. 283
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R\ A
OBn
OMe
OMe
306
+ [306]
NO,
SN
P2 N_ _R
N a
~ _N
R™ N
R = MeOOC
R’ P Solvent T t Yield 1/2
morpholino  0.1MPa  MeCN  80° 12-24h  15-26% 41
01MPa  MeCN  120° 16h 30% 1:1
01MPa CHCl; 45-80° 12-48h - -
01MPa  CHCl;  120° 16h 30% 1:1
0.1MPa  CHCl;  120° 42h 68% 1:1
062GPa CH,Cl, 25° 120 h 58% 1.4:1
062GPa MeCN  25° 96 h - -
pyrrolidino 01MPa CHCl; 60-120° 12-48h - -
01MPa  MeCN  60-120° 12-48h - -
062GPa CH,Cl, 25° 120 h 37% 2.8:1
062GPa CH,Cl, 25° 120 h 65% 2.8:1
[336] COM
7 + = oM
Ab COMe 5 GPa, CH,Cl,
1 100 - 110°
75-80%
[336]
—_—_—
1+2 = 5Gpa chch
100 - 110°
60% Cone
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App. 284
o
[337] o} 9]
+ M / R+ R
R’ R? Pressure, CHCI,
R! R?
1 2
R! R2 P T Yield 1/2
MeOOC MeOOC 0.1 MPa 100°  95%
MeOOC Ph 0.1 MPa 100° 13% 62:38
MeOOC Ph 0.8 GPa 75° 60% 56:44
EtOOC Me 0.8 GPa 80° 90% 50:50
Bz cl 0.85GPa  80° 59% 0:100
CHCl, Ph 0.85 GPa 80° 20% 40:60
Me MeO 0.9 GPa 80° - -
MeO MeO 0.8 GPa 80° - -
- —_— . a _— -
(CH,)4 0.85 GP 80°
App. 285
SO,Ph
K — 2 [338] K X
X + | e ——— |
=S 1.1 GPa, 25°
= SOzPh THF, 5d =
SO,Ph
SO,Ph
X Y Yield
Me,C=C CH, 98%
cyclopropyl CH2 87% (1:1 mixture)
CH, Me,C=C quant.
CH, cyclopropyl 98%
cyclopropyl cyclopropyl quant.
App. 286
R1
R' R R® Yield
C‘302Me H alkyl or alkoxy -
MeO.C 1 Me alkyl or alkoxy -
R (339] 2 R o
R2 e alkyl or alkoxy —
+ 1.1 GPa, rt. L MeO  —(CH,)s 95%
MeO,C ———=—CO,Me CH.Cl, 15h R2 Me ~(CHy)e not reported
App. 287
CN
| NG
== [340] N
Y
\ 0.7 GPa, PhMe CN/~cN
80°, 4 h NC 7~CN
NC————CN NC NC

11%

16%
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App. 288
o o ye @)
N [341] o HoO
+
1.4 GPa, r.t.
CH,Cl,, 14 d O
11%
App. 289 CO,Me
[342]
_ 0.68 GPa, 20° .
"'/H benzene, 4.5 h "'IH .
0Si(‘Bu)Me, OSi('Bu)Me,
COMe 68% (4.1 mixture of isomers)
App. 290
[343] SO,Ph
1.1 GPa, 25° + SO,Ph
CH.Cl,, 6d | SO,Ph ‘
=\ SO,Ph
PhO,S  SO,Ph 7% 1%
App. 291
X X [344]
R
Pressure
/ PhMe, r.t.
/ 1 —_— ]
yields not reported
X R R P 1/2
CH, H MeOOC 1.4GPa 97:3
CH, H CN 1.2 GPa 15:85
MeOCH, H MeOOC 1.4GPa 100:0
MeOCH, H CN 1.4 GPa 13.87
MeOCH, H CN 0.1 MPa 19:81
2-Ph MeO CN 1.2 GPa 63.37
CH, H CN 1.4 GPa 100:0

CH, H CN 0.1 MPa 100:0
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App. 292
o)
= [345]
+
HO MeO : f 1.3 GPa, 40°
¢ ~OBU ool 60h
o}
68%
+
HO
1 (10:12) 2
R = MeOOC
App. 293

OMe

[346]

0.8 GPa, CH,Cl,
MeO,C

>

App. 294

MeO MeO
MeO o Pressure ~ MeC
OMe N neat, 25°

e} CZM

P t Yield
01MPa 96h -
01MPa 240h 5%
0.62GPa 24h 33%
062GPa 65h 56%
062GPa 108h 88%
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App. 295
Ph 7 Ph R
RQ
[348] R®
Ph Ph - . Ph Ph
R3
R? B R
Ph 1 Ph
+
1 2 3
R R R P 1 2 Ph R’
MeO,C MeO,C H 0.1 MPa 26% 13%
MeO,C MeO,C H 0.6 GPa - 73% R?
MeO,C H MeO,C 0.1 MPa - 21%
MeO,C H MeO,C 06GPa - 51% Ph
H MeO,C H 0.1 MPa - 36%
H MeO,C Me 0.1 MPa - 49%
2 Ph
App. 296
o}
Ph O
=
Ph N\R
O
[348] Ph Ph
Ph Ph Pressure, PhMe
110°, 2d
J\l Ph
o N o] 1
Ph R +
O
Ph .
N~
R _P 1 2 R
Me 0.1MPa - 40% 0o
Me 06GPa -  68% Ph Ph
Et 0.1 MPa 43% 1%
Et 0.6 GPa - 53%
Ph

2



App. 297

App. 298

HELVETICA CHIMICA ACTA — Vol. 88 (2005) 2149

o i) Pressure, dienophile
[104] R)H ZnCl, (0.05 equiv.), CH,Cly, 3d
iiy DDQ, dioxane, 90°, 3 h

Dienophile R P Yield
methyl propiolate MeO O0.1MPa -

methyl propiolate MeO 14GPa 67%
but-3-yn-2-one Me 14GPa  96%
propynal H 1.4 GPa 80%

O(CH,),0OH
[349]
N+ Cy -
\ Pressure, 130°, 36 h
X
X P Solvent  Yield Cgq recovered

CH, 0.3GPa PhMe 85% 20%
CH, 0.1 MPa xylene 82% 48%
(CHy), 0.3GPa PhMe 82% 50%
(CH,), 0.1MPa xylene 71% 80%
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App. 299
OH
[349]
+
Ceo o3 GPa, PhMe
130°,36 h
81%
(49% Cgq recovered)
App. 300
O [81]
>< + Ceo
0 i) Pressure
iy TFA, 10 min
0.1 MPa, 1,2-dichlorobenzene, 25° 0%
300 MPa, 24 h, 1,2-dichlorobenzene  19%
App. 301
(e}
[350]
(O
CGO Pressure
Z 1,2-dichlorobenzene
P T t 1 Bisadduct
03GPa 90° 38h 478% 251%
0.5GPa 90° 18h 454% 42.8%
0.3GPa 100° 30h 507% 16.3%
05GPa 120° 5h 504%  13.5%
0.1MPa 120° 24h 74% -
App. 302

[351]
+
Ceo
P Solvent T t 1 2
0.3 GPa PhMe 100° 36h 52% -
0.1MPa neat 120° 24h  20% 3%

0.1MPa  PhMe reflux 2min 1% 0.2%



App. 303

App. 304

HO

App. 305
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352
0 + Cgo (352
0.3 GPa, 1

PhMe, 36 h

55%

00°

3QQ |

el

QQ
%Oa‘

[353]
Pressure, 100° +
PhMe, 48 h
Ceso
1
R P 1 2
H 0.3 GPa 30% -
H 0.1 MPa 16% -
MeO 0.3 GPa 38% 31%
MeO 0.1MPa 28% 16%
Cl 0.3 GPa 13% 12%
Cl 0.1 MPa 15% -
R’ R!
[354]
© Pressure
R? PhMe, 36 h R?
Cso
R" R? P T Yield
H H 0.1 MPa reflux <1%
H H 0.3GPa  100° 52%
MeO H 0.1 MPa reflux <1%
MeO H 0.3 GPa 100° 68%
Br H 0.3GPa 100° 65%
H AcO 0.3 GPa 100° 63%
H AcO 0.3GPa 100° 54%

2151
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App. 306
R! R? Yield
R H H 55%
MeO H 68%
[355] Br H 65%
5 0.3 GPa, 100° H AcO 73%
R PhMe, 36 h H MeO 54%
Ceo MeO  MeO 69%
MeO Br 75%
MeO Cl 68%
MeO i-Pr 72%
MeO BuOOC 74%
cl cl 73%
App. 307
R? [355]
O 03GPa 100°
PhMe, 36 h
OMe
R! Cso
R'=H,R2=i-Pr (72%)
R'=i-Pr,R2=H (65%)
App. 308
= R
R'. R? [356] 2
+ R
N (e}
fe} Pressure, Et,0, 20 h
OMe
OMe
R R? P T Yield cisltrans

Me CyHigO,C 15GPa  20° 53%  73:27
Me CyHigO,C 20GPa  20° 65% 7525
Me CyHigO,C 25GPa  20° 79%  79:21
Me MeQOC 20GPa  50° 85%  70:30

CF; Ph 1.95GPa 20° 81% 64:36
H Ph 1.95GPa 50° 80% 75:25
H 2-furyl 1.95GPa 50° 73% 73:27
H Me 2.0 GPa 65° 62% 70:30
H pentyl 235GPa  20° 16% 78:22
H pentyl 2.0 GPa 65° 28% 71:29



App. 309

App. 310

App. 311
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R1
R'_ _R? [357] 2
T "
1.0 GPa, CH,Cl, o
OMe Eu(fod); 50°,20 h
OMe
R’ R? Yield cisltrans
Me MeOOC 81% 1:1
H  BnO,CNHCH, 50%  1:1
H  Me;SiO(Me)CH 35% 64
H Me 53% 1:1
H Ph 15% 37
H furyl 12% 1:1
H 2 17% 46
[e]
=
o [358] S
~x - F
2 (e} R’
e R H H
R' R? Condition T Yield cisltrans
Me Me sealedtube 160-180° 2% 31:69
Me Me 1.4GPa 80° 50% 70:30
Me Et sealed tube 160-180° - -
Me Et 1.4GPa 80° 40% 65:35
=
o [359] L
x T e R
RzkH 0" R
R H
R' R? Condition T Yield cisltrans
Me Me sealedtube 160-180° 2% 31:69
Me Me 1.4GPa 80° 50%  70:30
Et Me sealedtube 160-180° 2% 34:66
Et Me 1.4GPa 80° 50%  70:30
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App. 312
= OR " \OR OR ‘
+ H ﬂ» l lo} + ‘ o) + | e} + | e}
x T(\OR 1.0 GPa - -
O = =
OM
OMe OMe OMe OMe e
1 2 3 4
R Solvent Catalyst T Yield 1/2/3/4
tBu(Me),Si CH,Cl, A (2%) 50° 40%  32:27:20:21
t-Bu(Me),Si  PhMe A (2%) 50° 45%  29:24:22:25
Ac CH,Cl, B (5%) 25° 40% 6:6:43.45
Ac PhMe B (5%) 25° 46%  3:3:45:49
CF,CF,CF, HQ H
= *N\ +/N*
O------ r
Eu V2N
\ R o o R
3 BF
A R R BR=tBu
App. 313

RO RO COBu RO CO,B
. HTCOZBU [360] 2 “+ | 2By
N 3 0 0
OMe

(:)Me

OMe
1 2
R P Solvent  Catalyst T t Yield 1/2
Me,Si 0.1 MPa benzene none reflux.  20h  40% 11
Me;Si 1.0GPa Et,0 none rt 24h 80% 51
Bu(Me),Si 0.1 MPa benzene none reflux.  15h  30% 41
'Bu(Me),Si 1.0GPa Et,0 none rt 24nh  85% 101

‘Bu(Me),Si 0.1MPa Et,0 Eu(fod); r.t. 48h 75% 73
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App. 314
= 9 [361]
+ H
R R Pressure
o CH,Cl,, Eu(fod)s
OMe OMe OMe 2
\_E ?1
C R
+
OMe 3 OMe 4
P Eu(fod); T t Yield 1/2/3/4
0.1 MPa none 20° 20h 73% 7327
1.0GPa none 20° 20h  76% 7129
1.0GPa 2% 20° 20h 80% 7525
0.1 MPa 2% 20° 20h 81% 8911
0.1 MPa 2% 20° 1h 81% 946
0.1MPa 2% -15° 16h 47% 964
0.1 MPa 2% -20° 16h 35% >964
0.1MPa 2% -78° 75h 36% >964
App. 315
COR P Solvent  Yield cisltrans
5 027 GPa  PhMe 85% 64:36
0.44 GPa PhMe 90% 66:34
~ [362] OMe 0.56 GPa  PhMe quant.  67:33
- . + 0.71GPa  PhMe quant.  68:32
X Pressure, 20 COR 084GPa PhMe  quant. 60:31
2
H CO,R X
OMe T 2 | 0.87 GPa PhMe quant.  69:31
o o 0.85GPa Et,0 quant.  67:33
6Me 1.11GPa Et,0 quant.  70:30
1.55GPa Et,0O quant.  72:28
= (=)-(R)-Menthyl glyoxylate 0.25GPa CH.Cl, 88% 65:35
040GPa CH),Cl, 92% 67:33
0.61GPa CH,Cl, quant. 69:31
0.79GPa CH,)Cl, quant. 70:30

2155
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App. 316 R .
[363]
Pressure, 20°
OR
P Solvent ¢ Yield cisltrans
0.1 MPa PhMe 140h 90% 6040 (0]
0.85 GPa  PhMe 19h 95% 70:30 H
0.79 GPa  PhMe 19h 95% 6832 OR
0.1 MPa CH,Cl, 140h 90% 61:39
080GPa CH)Cl, 19h 96% 70:30
0.77GPa CH,Cl, 19h 95% 69:31
App. 317
]
= [364]
+ R _—
x /N)H( Pressure
SO, o CH,Cl,, 48 h
OMe
+
R P 7  Yield 1/2
H 12GPa 20° 80% 2872
Me 14GPa 50° 86% 66:34
Ph 14GPa 50° 86% 63:37
App. 318

[365]

2.0 GPa, CH,Cl,
55°,20 h

35%
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App. 319
o} e}
= [366] ”‘\\Jk R .«“‘“\ R
S Pressure, CHZCIZ + | o
o
OMe OMe OMe OMe
R
o 1 2 3 4
N, P Catalyst T t Yield  1/2/3/4
0.1 MPa none 20° 20h 73%  44:29:14:13
0.8 GPa none 20° 20h 75%  42:27:16:15
R= N 12GPa Eu(fod); 2%) 20° 20h 83%  30:47.6:17
S0, 0.1MPa Eu(fod); (2%) 20° 20h 81%  8:81:2:9
___________________________ 0.1 MPa  Eu(fod); (2%) 20° 3h 81%  5:89:1:5
0.1MPa Eu(fod); (2%) -78° 75h 36% ca. 3:92:4%)
2)1/2/(3+4)
App. 320
367
= H_ _COR (3671 COR
“ + T 0.8 GPa, CH,Cl,, 20° |
(0] hydroquinone, 20 h ©
20% R = (-)-Menthyl
App. 321
H CO,R [367] CO5R P Solvent  Yield [a%,
\[( | S 0.89 GPa PhMe  32%  -56.2 (c=1.04)
Pressure, 20°
o ! 9 —
hydroguinone, 20 h 0.95GPa hexane 29% 55.9 (¢ =1.05)
1.02 GPa hexane 30% -55.6 (¢ =1.01)
; g R = (-)-Menthyl 079GPa CH,Cl, 42%  —65.0 (c=1.08)
0.83GPa CH,Cl, 46%  -84.5(c=1.01)
App. 322
H COR RO,C H
2 367
o Pressure ;
PhMe/hexane 7:3 R = (=)-Menthyl
P Yield  [a]d, Optical yield
1.08 GPa 31% —-15.7(c=2.70) 14.6%
1.24GPa 37% —-189(c=226) 17.5%
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App. 323
OR! OR! R' R? Yield
= [368] Me Me 50%
+ R-CHO yiaGPaso6h © Et Me 50%
x> R? Me Et 40%
Me Ph 60%
Et Ph  65%
App. 324 R
[369]
\ /- OMe + R—CHO 0
1.95-2.0 GPa OMe
Et,0,5h —
R=CgH;y T=65°  28%
R =Ph T=50° 80%
App. 325
R1 R1 R2 R‘\ X R3
+ R _R® [370] | RO+ |
g o ) H R2
o}
OX OX 0
1 2
X R' R? R® P Solvent T t 1 2
Ac Me H Pro,C 0.1MPa toluene 110° 3h - 48%
MesSi Me H 'PrO,C  0.1MPa toluene 110° 3h 65% -
Me,Si Me H Pro,C 1.0GPa pentane rt. 20-24h 58% -
Ac Me MeO,C MeO,C 0.1 MPa toluene 110° 3h - 42%
Ac Me MeO,C MeO,C 1.0GPa pentane r.t. 20-24h 54% -
Me;Si Me MeO,C MeO,C 0.1 MPa toluene 110° 3h 85% -
Ac H H Pro,C 0.1MPa toluene rt. 3h 50% —
Ac H H PrO,C 1.0GPa pentane rt  20-24h 22% -
MesSi H H PrOo,C 0.1MPa toluene 110° 3h "M% -
MesSi H H Pro,C 1.0GPa pentane 110° 20-24h 60% -
App. 326
OMe OMe
= [371] o
+ Ph-CHO "
S 1.0 GPa, CH,Cl,, 20°, 24 h

Me;SiO Me,SiO Ph
90%
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App. 327
NR1 R2
= R, _R? :
+ N [372]
OHC/\ i) Pressure, Et,0, catalyst, 50°, 24 h
OMe ii) PPTS, MeOH, r.t., overnight :
OMe 1
R! RZ P Catalyst Yield 172
H Cbz 1.5GPa Eu(fod); (2%) 50%  33:67
H Cbz 25GPa none 35% 33:67
H Boc 15GPa Eu(fod); 2%) 55% 2575
H Boc 25GPa nhone 12% 2575
Bn Bn 1.5GPa Eu(fod); 2%) 58%  92:8
Bn Ts 1.5GPa Eu(fod); 2%) 79% 946
Bn Boc 15GPa Eu(fod); 2%) 80%  94:6
—phthaloyl-  1.5GPa  Eu(fod); 2%) 75%  83:17
App. 328
NHCbz
~ + H : [373]
X 2.0 GPa, Eu(fod); (2%)
OMe 0 g R2? Et,0, 50°,20 h
R’ R? Yield 12
BnOCH, H 70-80% 1:2
'Bu(Ph),Si0  H 70-80% 1:4
H BnOCH, 70-80% 1:2
H Bu(Ph),SI0 70-80% 1:8
App. 329
NHBoc
= . NHBoc [374] |
g H i) 2.0 GPa, Eu(fod), (2%) 0 +
Et,0, 50°, 20 h H
OMe © ii)y PPTS, MeOH, rit., 24 h OMe 4

70% (172 2:1)

OMe

2159

NR'R?

NHBoc
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App. 330
NHR' R" R® Yield
/ NHR' (375] Cbz H 50%
h 1.0G Pa, CH,CI | H RE. Cbz Me  41%
A . a, CHyUlp o
R2 Eufod)s (1%) 0 Ts Me 35%
o Cbz i-Bu  40%
OMe 0 50°,20 h b
OMe Boc iBu  20%
Cbz Bn 65%
Ts Bn 67%
App. 331
OBn OBn
= OBn (376] : - OBn
+ ? _— >
AN HT(\/OBn Pressure, CH,Cl, | 0
Catalyst, 50°, 20 h
OMe o OMe
1
P Catalyst  Yield 1/2
2.0GPa none 36% 74:26
20GPa Eu(fod); 60%  31:69
15GPa Eu(fod); 48% 2575
0.7GPa Eu(fod); 24%  51:49
App. 332
N-Pht N-Pht
= N-Pht [377]
+ H i | +
e j]/\ i} 1.5 GPa, CH,Cl, ¢
o Eu(fod),, 50° :
OMe if) PPTS, MeOH, rt. OMe 4
75% (1/25:1)
App. 333

OMe (0] O ¢}
H
Y )

OSiMe;
Ts Ts
Condition Solvent  Catalyst T t Yield
sealed tube PhMe none 170° 24h 82%
0.1M Pa PhMe ZnCl, 110° 24h 56%
1.2 GPa CH,Cl,  none 45° 96h 99%
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OMe OMe OMe OMe

1 2 3 4
P Solvent T Yield  1/2/3/4 de (endo)®)  de (exo)’)
145GPa Et,0 50° 42% 63:15:15:6.5 61.5 40.9
1.8 GPa Et,O 50° 74% 65:15:14:6 64.6 42.9
2.0GPa Et,O 25° 15% 69:15:12:4 70.4 57.9
2.0GPa Et,O 50° 75% 65.5:14.5:14.5:5.5 63.8 45.0
22 GPa Et,O 25° 18% 71.5:14.5:10.5:3.5 74.4 61.1
2.2 GPa Et,O 50° 80% 66:16:13:5 67.1 524
145GPa PhMe/PhH7:3 50° 40% 61.5:16:15.5:7.0 59.1 39.1
2.0GPa PhMe/PhH 7:3  25° 1% 74:13:10:3 76.2 62.5
2.0 GPa PhMe/PhH 7:3  50° "M% 66:14.5:14.5.5 65.0 45.0
2.2 GPa PhMe/PhH 7:3  50° 73% 67.5:14:13.5:5 66.7 477
145GPa CHyCl, 50° 58% 55:18:18:9 50.7 333
20GPa  CHCl, 25°  20% 64:16:14:6 64.1 455
20GPa  CHCl, 50° 79% 59.5:16.5:16.5:7.5 56.6 375
22GPa  CHJCl, 25° 21% 68.5:13.5:13.5:4.5 67.1 50.0
22GPa  CH,Cl, 50°  86% 64:15:15:6 62.0 42.9

) (1=3)(1+3). °)(2-4)(2+4).

App. 335
7. o em
N H m)m,/o 2.2 GPa o
Et,0, 50°
OMe 5 OMe
1 2 3 4
80% (1/2/3/4 66:16:13:5)
App. 336
= [380] jﬁ<
+ 0 H o)
e b 1) 2.0 GPa, CH,Cl,
H \H/v 50°, 20 h + ‘
OMe iiy PPTS, MeOH 0
0 rt,24h
OMe 1 OMe 2

Eu(fod); as catalyst  64% (1+2)
without catalyst 57% (1+2)
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App. 337
CHO
e o [381]
OMe (5 o
P Catalyst T Yield 1/2/3/4
2.0GPa none 53° 55% 65.3:26.7:55:2.5
1.1 GPa Eu(fod); 50° 33% 54.1:26.2:12.7:7.0
App. 338
~ CHO
[381]
+ o
A " Yy Pressure
OMe )Y CH,LCl,
P Catalyst T Yield 1/2
2.0GPa none 53°  72% 100:0
1.1 GPa  Eu(fod)s 50° 56% 982
App. 339

2.0 GPa, CH,Cl,, 53°, 20 h

= 0
+ >Qé_ 0 [382] >§°‘ 0
) w (
OMe OO !
ﬁ\ 70% ﬁ\
(100% stereoinduction)



App. 340

1 Bu

= [383]
~. 10-11GPa *
20°,24h =
OMe H ’ ) \OR
\”/\OR 0
(o]
OMe
R = Bu(Me),Si 2
Catalyst  Solvent Yield 1/2 ee (1) ee(2)
3 (5%) CH,Cl, 61% 93:7 93 73
3 (2%) CH.,Cl, 52% 937 92 70
3(0.5%) CHCI, 30% 90:10 81 43
3 (2%) PhMe 33% 88:12 75 48
3 (5%) CH,Cl, 52% 95:5 94 74
3 (2%) CH,Cl, 47% 955 94 79
4 (2%) CH,Cl, 32% 81:19 75 32
5 (5%) CH.,Cl, 80% 91:9 84 66
5 (2%) CH,CI, 70% 95:5 85 65
5 (2%) PhMe 84% 964 87 78
5 (2%) CH,Cl, 88% 93:7 83 69
5(0.5%) CHCI, 60% 96:4 85 65
3 (2%) neat, mol. sieves 5% 95:5 80 ?
5 (2%) neat, mol. sieves 45% 92:8 64 ?
6 (2%) CH,CI, 80% 98:2 65 ?
=N_ N= |
M NP
o o Bu /c<
Bu Bu A c 6
3 M=Co
4 M =CoCl

HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

| ~"SoRr
o

(:)Me

5 M=CrCl

2163
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App. 341
CCly
R1M R? [384] ~Ts
1.2 GPa, CH,Cl,, 70°, 36 h
xn R
ClC - N-Ts R’
R’ R? Yield
AcO BnO,CCH, 89%
AcO BnO(CH,), 91%
BnO Bu(Me),SiO 62%
Bu(Me),SiO BnO(CH,), 60%
0Os_OBn
trityloxy 72%
_.-N(CH,),0Ac
0
N--- EtO 7%
o] ) o
CsHis B >< j 67%
e}
OAc
AcO— o AcO o
61%
AcO 0. AcReo o, °
OAc OAc
App. 342
C,F P
o7F s (385] C:F1s t 1 2
+c - o | 01MPa 2h  16% -
ressure,
N N4 0.1MPa 67h 237% 44%
3.3 equiv. N 0.1MPa  98h 27.0% 102%
015GPa 2h  56% -
CsF 15 0.15GPa 4h  8.0% -
\N 015GPa 55h 120%  0.5%
2 015GPa 20h 291%  7.8%
0.15GPa 44h 286% 85%
0.15GPa 67h 31.3% 13.3%
0.15GPa 98h 264%  20.8%
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App. 343
e 2 L
4
~ 1 2 R
o R R o 2
Condition Solvent T t Yield
sealed tube  neat 230° 5h 1%
sealed tube  neat 230° 5h 8%
sealed tube  neat 230° 5h 4%
1.4 GPa acetone 80° 15h 21%
1.4 GPa acetone 80° 5h 7%
1.4 GPa neat 80° 5h 35%
1.4 GPa neat 80° 5h 12%
1.0 GPa PhMe 80° 5h 25%
1.0 GPa neat 80° 5h 55%
0.8 GPa hexane 80° 5h 20%
1.0 GPa neat 80° 5h 15%
App. 344
j\ [387]
+ L |
0.3 GPa, catalyst
0 OEt '
ethylene glycol, 30° © OFt
with Yb(OTf); catalyst 100%
without catalyst 28%
App. 345

#0 R'O [388]
R* x T 2]\/ , 1.5 GPa, catalyst
R R
R' R R* R* Catalyst T t Yield
i-Pr Me H H Eu(fod); rt 16h 85%
-Pr Me H H Eu(tfc), rt 16h 75%
Et Me Me H Eu(fod); rt 16h 65%
Et Me Me H Eu(fod); rt 2d 85%
Et Me Me H Eutfc); rt 3d 71%
i-Pr Me H Me Eu(fod); 50° 3d 37%
Et Me Me Me Euffod); 50° 3d 36%
—(CHy)>~ H H Eu(fod); 50° 3d 23%

2165
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App. 346
(o}
o R? 3
MeO N I [389] MeO
A R* RS
R
R’ R? R® R* RS Pressure  Solvent Catalyst T t Yield 1/2
MeO H EtO H H 0.1M Pa PhMe none 110°  29h 48% 1.8:1.0
MeO H EtO H H 1.3 GPa neat none 24° 65h 82% 57:1.0
MeO H EtO H H 0.62 GPa CHyCl, none 24° 108h 75% 57:1.0
MeO H EtO H H 0.1 MPa CH,Cl, EtAICI, -78° 5min  75% 0.8:1.0
MeO H EtO H H 0.1 MPa CH,Cl,  TiCly -78° 5min  61% 1.0:3.0
MeO MeO MeO H H 0.1 MPa CH,Cl, none 40° 6h 63% -
MeO MeO MeO H H 1.3 GPa CH,Cl, none 24° 48 h 41% -
MeO H BnO H Me 0.95GPa CH,Cl, none 24° 48 h 50% 19:1
MeO H BnO H Me 0.1 MPa benzene none 80° 20h 11% 31
MeO H BnO H Me 0.1 MPa CH,Cl,  TiCly -78° 5min  46% 6:1
MeO MeO MeO H MeO 0.95GPa CHyCl, none 24° 108h 41% 1:2
MeO H MeO =C(H)OMe - 0.95GPa CH,Cl, none 24° 108h  51% 1:1
MeO MeO MeO H Ac 1.2 GPa CH,Cl, none 24° 96 h 31% 2.3:1
MeO MeO H H Ac 1.3GPa CH,Cl, none 24°  98h  39% 21
MeO MeO H H MeO,CCO 1.3 GPa CH.Cl, none 24° 84 h 15% 35:1
Ph H EtO H H 0.1 MPa benzene none 80° 16 h 73% 4:1
Ph H EtO H H 0.62 GPa neat none 24° 124h 86% 91
App. 347
0] e}
O 1 o 1
MeO [R [390] MeO R
+ _
A R2 Pressure, catalyst R?
OMe OMe
R! R2 Pressure Solvent Catalyst T t Yield endolexo
EtO H 1.3 GPa neat none 24° 65 h 82% 57.1.0
EtO H 062GPa CH,Cl, none 24° 108h 75% 5.7:1.0
EtO H 0.1 MPa PhMe none 110° 29h 48% 1.81.0
EtO H 0.1 MPa PhMe none 25° 3Bh - -
EtO H 0.1 MPa CH,Cl, FEtAICl, -78° 5min 75% 0.8:1.0
EtO H 0.1 MPa CH)Cl, TiCl, -78° 5min 61% 1.0:.3.0
BnO AcO 1.3GPa CH,CIl, none 24° 80h 49%  >45:1
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App. 348
, 1 NC OMe Ph N
_ ¥ — + H COOMe
——— - Ph 0
: " 1.5 GPa 2 OR R2 OR'!
COOMe  R® R CH,Cly, 16 h . ),
R3 R* R° R
1 2
R R2 R® R* T 1 2
Et H H H rt. not reported -
t-Bu H H H rt. 53% 30%
t-Bu H H H 50° - 70%
PhCH(Me) H H H rt. 65% (4:1)7) -
4-MeO-CgH,-CH(Me) H H H r.t. 45% (4:1)%) -
i-Pr Me H H rt. 45% -
i-Pr H Me H rt. 40% -
Me H H Me rt quant.?) -
—(CHy)- o _
H H rt. 70%
@) Ratio endo/diastereocisomer. °) By NMR.
App. 349
OR? OR? OR?
= [72]
+ | +
R'0,c7 Y0 ogn 0CPa  Rio,c” 0" NoBn
1 (cis)
R" R? Solent T ¢t Yield 1/2
Et Et CH,Cl, 25° 20h 53% 3.0
Et Et CH,Cl, 32° 44h 57% 28
Et Et CHCl, 40° 70h 62% 21
Et Et MeCN 40° 70h 60% 2.1
Et Et MeCN 50° 30h 64% 22
Me Bn CH,Cl, 25° 72h 80% 1.8
App. 350
0, A__OR
OMe [392]
0.7 GPa,60° PhS
COzMe PhMe, 3d } ) OMe
AcO' “‘CO,Me

R = Bu(Me),Si 73%
(diastereoisomeric 9:1 mixture)
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App. 351
3
(R'0),P
2 @] OR3
| 1 [393]
+ | .
R2
R" R? R®  Condition Catalyst T t Yield  translcis
Me NO, Et sealed tube none 130° 2h 94% 56:44
Me NO, Et 1.0 GPa none 20° 24h  95% 75:25
Me NO, Et 1.0 GPa tBuOH?)  20° 24h  95% 92:8
Me NO, {Bu sealedtube none 130° 15h 96% 2575
Me NO, tBu 1.0GPa tBuOH®  20° 24h 95% 50:50
Et NO, Et sealed tube none 130° 5h 95% 55:45
Et NO, tBu sealed tube none 130° 4h 93% 27:73
i-Pr  NO, Et sealed tube none 130° 24h 94% 61:39
i-Pr  NO, Et 1.0 GPa none 20° 24h  95% 84:16
Me H Et sealed tube none 130° 12h  87% 54:46
Me H Et 1.0GPa none 45° 48h 92%  60:40
Me H Et 1.0GPa tBuOH®)  45° 48h 91% 85:15
2) 1 Equiv.
App. 352
R3 RS
6
2 RS RS R2 R
RA I [127] RS
+ - . R4
] " 1.5 GPa 4
R O R OEt R 0" “OFt

T t Yield

A
A
©
Py
&
P
ES
A
o
A
>

H H H H H rt. 20h 69%

H H H H Me rt 23h  53%

H H H Me Me rt 20h  44%

H H Me H H rt 19h 23%
H H H rt. 20h -

H H 75° 24h 8%
100° 20h  35%
Me Me 100° 20h -

H H 75° 24h  95%
H H rt. 20h  62%

I I T T T T T T T
T =
o
=
1]
I T I IT T T
I
=
(]

=
@
T
T
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App. 353
O O
= [394]
+ _— | +
7 Pressure, r.t.
N N
\ H
NMe, OH O OH ©
1 2 3
O O
NMe,
NMe,
OH O OH O
4 5
1/2 Condition  Solvent ¢ 3 4 5
3:2 ultrasound PhMe 6h 32% 10% 10%
32 0.1MPa PhMe 24h 26% trace trace
32 1.0GPa PhMe 6h 48% trace trace
32 1.0GPa PhMe 24h 24% 15% 15%
3:2 ultrasound MeOH 6h 14% trace trace
32 0.1 MPa MeOH 6h 15% trace trace
3:1  ultrasound neat 6h 15% trace trace
31 0.1 MPa neat 6h 14% trace trace
App. 354

= . [395] MeO
X0 1.9GPa, 25°, 4 h
‘ 52%
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App. 355
NMe, = N
,L X Br [396]
N Of P 1.0 GPa, MeCN
/ N 80°, 18h
o
21%
App. 356
NMe, “ IN
,L Xy [396]
N _ MeCN/MeOH 1:1
= N 10GPa,rt,24h
o}
40%
App. 357
AcO R R
N [179]
+ N_< — [/ N, COMe
CO,Me Pressure, r.t. N
OAc
R P Condition t Yield endolexo
CN 0.1MPa neat 18h 25% 65
CN 0.1MPa Et,0 18h 12% 64
CN 0.1MPa Et,O/aq.5MLICIO, 5h  51% 9.0
CN 1.0GPa PhMe 40h 9% 76
MeOOC 0.1 MPa Et,0, 1MLICIO, 24h 2% -
MeOOC 0.1MPa Et,0, 3M LiCIO, 24h  41% -
MeOOC 0.1 MPa Et,0, 5M LiCIO, 24h  49% -
MeOOC 1.0GPa PhMe 48h  17% -
App. 358
R.__S R__S
T |
Nﬁ CO,Me 1.2 GPa, THF, 20°, 48 h CO,Me
NMe, NMe,

R=EtO (49%)
R=BnS (60%)
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App. 359
Ph S o}
T, Yy e 1
S
NMe, le} ~ph Ph\fs O§/o
NJ.,.,,1 A
lilMeZO :\ph
2
Solvent Catalyst T t Yield 1/2
0.1MPa CH,Cl, none 110° 20h 75% 20:80
1.0GPa THF none 20° 40h 95% 16:84
0.1MPa CHJCl, MgCl, 0° 3h 95% 100:0
App. 360
? Y
| Il Ul
1
(R'O),P [399] RIORP~_~ R'ORP~_~
| 1.1 GPa, 20° +
Ar (pyridine), 72 h Ar ("’Rz Ar
—/\ 1 (trans) 2 (cis)
RZ
R' X v Ar R?>  Pyridine Yield 1/2
Et S EtO Ph EtS  none 84%  66:34
Et S EtO Ph EtS 1lequiv. 88% 15985
Et S EtO 4-NO,-CgH, EtS none 83%  86:14
Et S EtO 4-NO,CsH, EtS 1leq 86% 65935
Me O Me 4-NO,-CgH, EtO none 95%  75:25
Me O Me 4-NOy»CgH, EtO 1Tequiv. 93%  30:70
Me O Me 4-NO,-C¢H, EtS none 89% 937
Me O Me 4-NO,CsH, EtS Tequiv. 91%  18:82

X

RZ

2171
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App. 361
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O SEt 9 SEt
(EtO),P s + W (73] (BIORP~

Ar Ar XR
R Ar P T t Yield transicis
EtO Ph sealed tube 125° 10h 85% 15:85
EtO Ph 1.1 GPa 20° 48 h 88% 68:32
EtO 4-NO,-CgH, sealed tube 125° 2h 86% 15:85
EtO 4-NO»-CgH, 1.1 GPa 20° 24 h 90% 64:36
EtO 4-CF3-CgH, sealed tube 125° 3h 87% 16:84
EtO 4-CF3-CgHy 1.1 GPa 20° 60 h 87% 75:25
EtO 4-MeO-CgHy sealed tube  125° 12h 79% 16:84
EtO 4-MeO-CgHy 1.1 GPa 20° 96 h 85% 60:40
EtO 3-pyridyl sealed tube 125° 6h 87% 19:81
EtO 3-pyridyl 1.1 GPa 20° 18h 89% 15:85
EtO 4-pyridyl sealed tube  125° 25h  82% 81:19
EtO 4-pyridyl 1.1 GPa 20° 52 h 84% 15:85
tBuC  Ph sealed tube 125° 24h 79% 22:78
tBuO  Ph 1.1 GPa 20° 72h 84% 2575
BuO  4-NO,-CgH, sealed tube  125° 11h 85% 21:79
tBuC  4-NO,-CgH, 1.1 GPa 20° 48 h 88% 24:76
tBuO  4-CF3-CgH, sealed tube 125° 12h 82% 32:68
tBuO  4-CF3-CgH, 1.1 GPa 20° 72h 85% 39:61
t+BuO  4-MeO-CgH, sealed tube 125° 10h - -
tBuOC  4-MeO-CgH, 1.1 GPa 20° 192h  76% 22:78
t-BuC  3-pyridyl sealed tube  125° 6h 90% 31:69
t+BuC  3-pyridyl 1.1 GPa 20° 48 h 82% 16:84
t-BuO  4-pyridyl sealed tube  125° 4 h 88% 80:20
t-BuO  4-pyridyl 1.1 GPa 20° 4h 88% 15:85
EtS 4-NO,-CgH, sealed tube  125° 6h 89% 7:93
EtS 4-NO,-CgH,4 1.1 GPa 20° 48 h 83% 86:14
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App. 362
- o
R &0 [400] R S/o
+ S | [
i) 1.2 GPa, CH,Cl,, rt., 24 h NH
R N R
SiMe; ii) H,O, acetone, AcOH, r.t., 2 h
R=H (75%)
R=H, Me R=Me (81%)
App. 363
- + .0 +.0
= +.0 [401] 4 &
+ S — || + |l N
AN ~ ~
N “Bu C4Hg CuHg
1 2
P Solvent Catalyst T Yield 1/2
0.1MPa CH)Cl, TiCl, -78° 27% 1000
0.1MPa CH,Cl, SnCl, -78° 47%  40:60
0.1 MPa CH,Cl, BFyOEt, -78° 54% 100:0
1.2GPa E{,0 none rt. 56%  11:89
1.2GPa hexane none r.t. 66%  12:88
1.2GPa CH,Cl, none r.t. 80%  18:82
0.6 GPa CH,Cl,  none rt. 22% 15:85
App. 364
o JCl
. © [402] S5 [ soen
e Ph/s\m 0.3-05GPa o] Cl
CHCI3, 25°, 3 h
75%
App. 365
(e}
o
o ¢}
R o [403] 5 ©
+ ¢} S
H \H/ Pressure, PhMe 0
R ‘—‘ o o \
S —
O" \
R R
R Condion T ¢ dr yield not
reported
H sealed tube 150° 10-16h 1:1
H 0.25 GPa rt. 6d 8:6

Me sealedtube 150° 10-16h 1:1
Me 0.25GPa rt. 6d 5.2
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App. 366
T0L -0~ Ot P t Yield 12
| 05GPa 5d 35% 0.2
"0 +.0 R :
N* [4[}4] 8 1 :J 2 g:ﬂ 5d B5% 0.18
4“%%“& CHCl, A a &d quant. 017
R = + 12GPa 5d quant. 0.19
Ph - \DEt o- N'O OEt 10GPa 2h  90% 26
EtO 10GPa 23h quant 025
10GPa 40h quant. 005
R gy 2 15GPa  2h  quant 005
App. 367
“0.+.0 o RO._O. _g o
N + OR' + |)L (106} N
S r OMe 15GPa, rt
" O
K| | | CH.Cl,, rt, 18 h *
R
R’ = 4-MeO-CgH,-CH; R=3-pyridyl  (74%)
R =pyrrol-2-yl  (53%)
R=indal-3-yl  (59%)
Diasterenisomeric mixtures
App. 368
N 0O
+ OR' 1
S r | N—pPh [106)
| 1.0GPa, rt
= | o) cHzc!z, rt,18h
% N
R’ = 4-MeO-CgH,-CH; 0%,
App. 369
8] Q
NO, H.M
NG 107 2
T @™ . Qo
J 1.5 GPa, 25°, LiAlH,
CHCly, 20 h Ph
Wang resin Fh o Ph
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App. 370
O OEt
NO, CEt
Qe R b
| + [(107]
. o B — e = b
R 1.5 GPa, 50°, o LAH o
OEt Ph CH,Cly, 20 h o] b
m * W Wang resin Ph
Ph
R=Ph 51%
R=3pyridyl  56%
R = pyrral-2-yl  29%
R = 2-furyl 34%
R=iPr 51%
App. 371
N e
]’ + PO o B
, # " Re 7)1.5GPa,rt, 48h OO
R ch i) EtzN, MeOH
benzene, KCN,
o reflux, 48 h
oﬁo)'lw R R? R®_R*  Yield
| Et H H H 33%
Wang resin —{CH;)~ H H 42%
Me ={CH)— H 52%
Et H H Me 44%
~{CHa}om H Me 38%
Me —~(CHy)~ Me 37%
App. 372
OB
OBn '|1-| .
R
raﬂ[h\ufﬂ:\mTr/() (406) .
O O
02 DzH
1
R P T f Yield 12
Me,Si 1.0GPa rt 18h  64% 74177
Me;Si 1.0 GPa rt 18h 72% 78:22

'‘Bu(Me),Si 12GPa 130° 4h &7% B218

*) Plus 9% of other isomer.
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App. 373

P Solvent Catalyst T t Yield 1/2
0.1 MPa PhMe/Et,O AICI;3 rt. 1h 85% 5:2
1.5GPa PhMe none 50° 24h 78% 10

App. 374
CO,Me
[407]
BzO
‘OBz .
BzO OBz
P Solvent Catalyst T t Yield
0.1 MPa PhMe/Et,O AICl; rt. 1h 80%
1.5GPa PhMe none 50° 24h 70%
App. 375

[407] BzQO

P Solvent Catalyst T t Yield 1/2
0.1 MPa PhMe/Et,O AICI; rt 1h 78% 2:1
1.5GPa PhMe none 50° 24h 80% 1:0




App. 376

App. 377

App. 378

HEeLveTica CHIMICA AcTA — Vol

. 88 (2005)

R3
& m [408]
R? N §oz
X
R!
X Rl RZ R P Solvent T t Yield 1/2
o) H H H 0.1 MPa PhMe/BHT reflux  12h  76% 1.0:1.0
(o} H H H 1.3 GPa CH,Cl, rt. 24 h 88% 1.0:2.3
(o) Me H Me 0.1 MPa PhMe/BHT reflux 12h 64% 1.4:1.0
0 Me H Me 1.3GPa CH,Cl, rt. 24 h 78% 1.0:2.0
(o) Bu Me H 0.1 MPa PhMe/BHT reflux 12h 76% 4.7:1.0
o Bu Me H 13GPa  CH,ClL rt. 24h  79%  36:11.0
BnN H H H 0.1 MPa PhMe/BHT reflux  12h  76% 1.0:1.0
BnN H H H 1.3 GPa CH,Cl, rt. 24 h 79% 1.0:1.6
BN Me H Me 0.1MPa PhMe/BHT reflux  12h 61% 1.6:1.0
BnN Me H Me 1.3GPa CH,Cl, rt. 24 h 81% 1.0:1.9
J 7 A
0,S [408]
7 - .
X S\Oz + 0,8
X
1 2
X P Solvent T t Yield 1/2
0 0.1MPa PhMe/BHT reflux 3h 58% 10.2:1
o 1.3GPa  CH,Cl, rt. 12h  92% 5461
BnN 0.1 MPa PhMe/BHT reflux 3h 77% 9.3:1
BnN 13GPa CHyCl, rt. 12h  93% 30.3:1
OR
(0]
Pz [409]
1.0GPa, r.t.
Me X CH,Cl,, 8 h
R = Me;Si

yield not reported
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App. 379
o
Z R [409]
[ o
Me H
R = Me;SiOCH, +
H
Pressure Solvent Catalyst T t 1 2 3 4
1.0GPa CH,Cl, none rt. 8h 7% 2% 47%  22%
0.1 MPa CH,Cl, ELAICI 0° 12h  13% ftrace 27% 11%
0.1 MPa  PhCI none reflux. 12h  17% 3% 29%  22%
App. 380
o} R
P [409]
AN
Me
R = Me3SiOCH,
Pressure Solvent Catalyst T t 1 2
10GPa CH,Cl, none r.t. 8h 53% 8%
0.1MPa CH,Cl, EtAICI 0° 12h  42% 16%
0.1 MPa  PhCI none reflux 12h  20% 5%
App. 381
OR O H <OH H
=
[410] +
X 1.6 GPa, 55° o)
H
CH,Cl,, 64 h
1 2 3
R = Me;Si

1/2/3 1:2:2 (by '"H-NMR)
yield not reported
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App. 382
OR O SOR
=
[410]
o 1.9 GPa, 25° O
CH.Cly, 24 h
1 2
. ) Yield?
R = "Bu(Me),Si 1/2 4:1 (by "H-NMR)
App. 383
0 (e}
411
~ 0y (411
\
A N C)\RZ
R!
R'" R? P Solvent T t Yield
H CN 0.1 MPa toluene refux 24 h 68%
H EtOOC 0.1 MPa toluene refux 24 h 70%
H CN 1.0 GPa CH,Cl, r.t. overnight 65%
H EtOOC 1.0GPa CH,Cl, rt. overnight  76%
Ph CN 0.1 MPa toluene reflux 24 h 52%
Ph  EtOOC 0.1 MPa toluene reflux 24 h 74%
Ph  EtOOC 1.0GPa CH,Cl, rt. overnight 63%
App. 384
H
| X [401] =
+ N Pressure N
? CH,Cl,, catalyst ?7
o (e}
P Catalyst T Yield

0.1MPa BF;OEt, -78° 40%
1.0GPa none rt. 82%
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App. 385
X
. el
T wx i . "
RETS S R?
R R2 X n  Condition Solvent T t Yield
—CH,S0O,CH,— C(0O)0 1 sealed tube  benzene  150° 24h  46%
-CH,SO,CH,~ C(0)0 1 1.2GPa CH,Cl, 28° 72h  66%
—CH,S0,CH,— Cco 2  sealedtube benzene 150° 24h  45%
-CH,S0O,CH,~  CO 2 04GPa CH,Cl, 28° 72h -
—-CH,S0O,CH,~  CO 2 08GPa CH,Cl, 28° 24h  16%
-CH,SO,CH,-  CO 2 12GPa CH,Cl, 28° 72h  69%
H H CO 1 sealed tube  benzene  150° 24 h -
H H CO 1 1.2GPa CH,Cl, 28° 72h -
—CH,SO,CH,— CcO 1 sealed tube  benzene 150° 24h  48%
-CH,S0,CH,~  CO 1 12GPa CH,Cl, 28° 72h  54%
H H cO 0 sealed tube  benzene 150° 24 h -
H H CO 0 12GPa CH,Cl, 28° 2h -
—CH,SO,CH,— SO, 2 sealedtube benzene 150° 24h  49%
—CH,S0O,CH,— S0, 2 12GPa CH,Cl, 28° 72h  54%
H H SO, 1 sealedtube benzene 150° 24h -
H H SO, 1 1.2GPa CH,Cl, 28° 72h -
—CH,S0,CH,— SO, 1 sealedtube benzene 150° 24h  43%
—CH,SO,CHy— S0, 1 1.2GPa CH,Cl, 28° 72h  53%
H H SO, 0 sealedtube benzene 150° 24h -
H H S0, 0o 12GPa CH,Cl, 28° 2h -
App. 386 Q
(o)
I\ [413] . 1
(o) X 1.4 GPa
o CH,Cly, r.t. Q
o
t 1 2 2

24 h 55% 39%
50 h 69% 28%
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App. 387
[ [414] ® @
R
S Pressure H n
o) CH,ClI,, 20° o
Yields not reported
R n P t exolendo
H 1 19GPa 24h -
Me 1 19GPa 24h -
H 2 10GPa 10min 955
Me 2 1.0GPa 10min 100:0
H 3 12GPa 24h 50:50
Me 3 12GPa 24h 40:50
App. 388
/ ) [414]
R” "0 , —————
o 1.9 GPa, 20°
X CH,Cl,, 24 h
Yields not reported
R n exolendo
H 2 70:15
Me 2 95:5
H 3 30:20
Me 3 -
App. 389
[414]
1.9 GPa, 20°
CH,Cl,, 24 h
Yields not reported
R n exolendo
H 2 15:85
Me 2 -
H 3 -
Me 3 -
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App. 390

App. 391

App. 392

R‘I

HELVETICA CHIMICA ACTA — Vol. 88 (2005)

o
Y | R? [415]
o) - Pressure, r.t.
R" R RR P Solvent t Yield
H H H 0.1MPa  CH,Cl/Florisii  6d 1%
H H 0.1MPa  2mCaCl, 4d 66%
H H 125GPa  CH,Cl, 1d 51%
H H 0.52GPa  CH,Cl, 12h  65%
H Me H 01MPa  CH,Cl/Florisi  14d  65%
H Me H 0.1MPa  2mCaCl, 4d 68%
H Me H 1.25GPa  CH.Cl, 1d 55%
H Me H 0.52GPa  CH,Cl, 12h -
H H Me 01MPa  CH.Cl/Florisi  14d -
H H Me 01MPa 2mCaCl, 4d 73%
H H Me 125GPa CH,C, 1d 52%
Me H H 0.1MPa  CH,Cly/Florisii  14d -
Me H H 01MPa  2MCaCl, 4d 78%
Me H H 1.25GPa  CH,Cl, 1d 56%
Me Me H 01MPa  CH,Cl/Florisi  14d -
Me Me H 0.1MPa  2mCaCl, 4d 69%
Me Me H 125GPa  CH,Cl, 1d 50%
Me Me 041MPa  CH,Cl/Florisi  14d -
Me Me 01MPa  2MCaCl, 4d 61%
Me Me 125GPa CH,Cl, 1d 43%

[416]

MeCN/THF 11
1.0 GPa, 60°, 40 h

>95%

[416]

EtOH, 9d

e
«\/

T,

{\/

40%

“1o0GPa 200 EO"

HO
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App. 393
RZ
R1MR2 [416]
o X
1.0 GPa, catalyst
7
R’ R? X Solvent Catalyst T t Yield
H H (o] EtOH none 70° 24h >95%
H Me O EtOH none 70° 24h  >95%
Me H (e} EtOH none 70° 24h  74%
MeO H o] NMP Pd(dba),/dppb  70° 24h >95%
H H MeN MeCN/THF 1:1 Pd(dba),/dppb 70° 42h 50%
H =0 MeN MeCN/THF 1:1 Pd(dba),/dppb 60° 42h 55%
App. 394 o o
N
/ N
0,S. /'\ (83] -SO, 0,8
+ \
© Ph)\ Ph/\
1 2
P Solvent T t Yield 1/2
0.1 MPa PhMe refux 10h  80% 62:38
1.3GPa CH)Cl, rt 12h  98% 50:50
App. 395

(0]

\ o)
o Y N N
Ph

Ph/\ Ph)\

2

P Solvent T t Yield 1/2
0.1 MPa PhMe reflux 16h 73% 58:42
1.3GPa CH)Cl, rt 14h 94%  66:34

2183



2184 HELVETICA CHIMICA ACTA — Vol. 88 (2005)
App. 396
o O
N gl
0,8+ /L [83] S0, 4 O
7 N Ph _— N N
o ph)\ Ph)\
1 2
P Solvent T t Yield 172
0.1MPa PhMe reflux 16h 87%  79:21
13GPa CHCl; rt 14h 98% 937
App. 397
I\ 7 R'" R? R® T t  Yield
RR2 O & H —~(CH,)—  90° 43h 32%
R 1.0 GPa MeO  —(CHy)— 85° 20h >95%
pentane H H H  100° 17h 82%
App. 398
R' R X Solvent T t Yield
M\ —~(CH,)~ CH, MeCN/THF11 70° 48h 46%
X 417] —~(CHp)~ CH, MeCN/THF11 75° 70h 42%
1
RZR © \ —(CHp)-  Me,Si Et,0 130° 20h  83%
O 10GPa H H CHy MeCNTHF1:1 85 45h 47%
H H CH, MeCNTHF11 100° 20h 50%
H H  MeSi Et0 125° 30h  25%
App. 399
SR?
1 2 :
H Bn 15h 9
1.9 GPa " 66%
N CH,Cl,, 20° Me Ph 15h -
o) Me Bn 19h 45%
L/ 0  COMe




HEeLVETICA CHIMICA ACTA — Vol. 88 (2005) 2185

[419]
1.9 GPa, 20°
CH,Cly, 13 h
/ CO,Me
o
Conc. Yield 1/2
ca. 0.1m 68% 1:0
ca.0.02m 7 1:2
CO,Et [420]

i) 1.9 GPa, 5 min
iy H,, Pd/BaSO,

o) AcOEt
11% 48%
App. 402
[420]
o — i) 1.9 GPa, 5 min
o o \—<_\002Et i) Hy, Pd/BaSO,4
o) AcOEt

38% 18%

App. 403

[421]

i) 1.9 GPa, CH,Cl,, 20°, 24 h
ii) Hy, Pd/BaS0,, 20 psi
CHCl;, 7 d

n 1
1 54% -
2 5% 25%
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App. 404
/) 421
o [421] . .
= | )19GPa CH,CP, 20, 24h
4 n i) H,, Pd/iBaSO,, 20 psi 5 G n
CHCl,, 7 d 1
+
n 1 2 3 4
1 27% - 7%  30%
2 - 35% — -
App. 405
O .
= R R P t Yield 1/2  de
=~ 0 =~ [422] / Me 07GPa 18h 96% 5545 10%
R Pressure RS 00 Me 01MPa 5d 41% 5545 10%
07 0 acetone, 40° H H1 Et 07GPa 18h 36% 6832 36%
R = MeOOC + 0 i-Pr 07GPa 18h 90% 90:10 80%
i-Pr 0.1MPa 5d 31% 7822 56%
\ o BU 07GPa 18h o2% 937 86%
0=ro% t-Bu 01MPa 5d 44% 92:8 84%
) H tBuCH, 0.7GPa 18h 93% 6931 38%
App. 406
OMe OMe OMe
423
o 0 B ) B
Pressure, CH,Cl,
X N/ mol. sieves, r.t. o)
A A
07 "N” o
|
P t Yield In(1/2) ee
01MPa 31h 50% 0.089 4.5% oh Ph i
01GPa 26h 85% 0131 6.6% o o ;
02GPa 26h 81% 0203 10.1% P TCl,
028GPa 24h 89% 0216 10.7% 07 -0 §
036GPa 24h 95% 0341 16.9% Pho Ph A
05GPa 7h  89% 0414 204% T
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App. 407
R R
(6]
> o _[1og
\ / “Pressure
CH,CI,
R = MeOQC 1
R P T t 1 2
MeO(CH,),0,C 065GPa 100° 3d 60% 40% (n=25)
(H47C)O,C 08GPa 50° 1d  20% 80% (n=17)
App. 408
/
[424]
+
Catalyst +
ligand 0 o o o o
1 2 3
R = Me;Si
P Solvent Catalyst Ligand T Yield Products
0.1MPa THF Pd(PPhs), - 65° 63% 1/310:89
1.5GPa  PhMe/PhH 7:3 [n°-C3HsPdCIll, PPhg 70° 38%  (1+2)/3 32:109)
0.98 GPa toluene Pd(OAc), (i-PrO)P  25° 12%  1/3 37:10
0.98 GPa toluene Pd(OAc), (i-PrO);P 25° 30% 1/3 14:10

0.98GPa PhMe/PhH 7:3 [°-C3HsPdCIl, (-PrO)P  25° 71%  1/3 14:10
15GPa  PhMe/PhH 7:3 [n%-C3HsPdCIl, (-PrO);P 25° 64%  (1+2)/3 33:10°)
15GPa  PhMe/PhH 7:3 [n>-CsHsPdCll,  tpdp 70° 77%  (1+2)/3 33:10°)

2)1/2 22:10. °)1/229:10. ©)1/2 31:10.
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App. 409
//
424
AcO + N +
Catalyst
R 0" ~o ligand o~ o o
R = Me,Si 1 2
P Solvent Catalyst Ligand T Yield 1/2
0.1 MPa THF Pd(PPh3)4 - 65° 63% 10:101
1.5GPa PhMe/PhH 7:3 [na—C3H5PdCI]2 (i-PrO)P  25°  67% 10:140
App. 410
R
Y/ O
424
+ Ph/ﬁ/coznﬂe [424] .
CoM Catalyst  Ph Ph
OAc 2Me ligand  Me0,C COMe MeOC COMe
R = Me;Si 1 2
P Solvent  Catalyst Ligand Yield 1/2
0.1 MPa THF Pd(PPh3), - 82% 1.31
1.0GPa PhMe  Pd(OAc), (i-PrO):P  72% 1.0
App. 411
R
" [424] %
+ /\)J\ LA +
X
Ph Ph” P
OAc j— %
O/ O/
R = Me;Si 1 2
P Solvent Catalyst Ligand  Yield 1/2
0.1 MPa PhMe Pd(OAc), - 38% 10:30
15GPa PhMe/PhH 7:3 [n>-C3HsPdCll, tpdp  90%  36:10

0
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o X
O [251]
\ —_—
| + O
AN
o}

2189

2

iz

: 4
RS/\,/\,/R

/
Bn4

R3=i-Pr
R* = MeOOC

X Y P Solvent Catalyst T t 1
N CH 06GPa CH,.Cl, BFyEL,O0 50° 16h -
N CH 06GPa CH,Cl, none 50° 18h -
CH N 0.1 MPa PhMe BFyEt,O 120° 18h  30%
CH N 06GPa CH,Cl, none 50° 16h -
App. 413
O\\ﬁ—/o RO,,". O\N/o RO,,,“ O\N/O
% . Roj [425] E)\ngo2 . wPh
‘ 0.1 GPa, rt. ; Y
Ph ph PN P NO:
1
R t Yield 1/2
Et 2h 63% 64
4-MeO-CgH,CH, 4h  87% 73
Me 15h 90% 73
H 15h 68% 37
App. 414
R R R, _R? R, _R?
o [426] : pe ré
Bn — B A
\(\/ CO,Me N—O  *t N—O
Bn/ 1 Bn/ 2
R R2 P Solvent T t Yield 1/2/3/4
Bn Bn 0.1MPa PhMe 110° 3d 82%  59:22:12:7
Bn Bn O01MPa PhMe rt 3d - -
Bn Bn 13GPa PhMe rt 2d 84% 54:19:14:13
Bn Bn 13GPa PhMe 60° 2d 80% 52:20:15:13
Cbz H O01MPa PhMe 110° 1h 89% 51:44:50
Cbz H O1MPa CHCl, 40° 12h 91% 62:34:5.0
Cbz H O01MPa CHClL rt 4d 84% 64:36:00
Cbz H 1.3GPa CH,Cl, rt. 2d 85% 54:36:6:0
Cbz H 13GPa CHClL, 60° 2d 87% 544150
Boc H 01MPa PhMe 110° 3d 92% 45:50:5:0
Boc H 0.1 MPa CH,)Cl, 40° 12h 90%  58:37:5.0
Boc H 01MPa CHCl, rt  4d 85% 64:36.0:0
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App. 415
Ph  COM Ph  COM
Ph Ph COM [427] CO,M 7 COo,M
\:N/+ + — —— le} . + fo} +
“Bh COM < N Ph ~ | Ph
M = 1-menthyl Ph 1 Ph 2
Ph  CO,M Ph  COM
P T Yield  1/2/3/4 coM COM
1.0GPa 50° 52% 76:15:6:3 Oy~ Ph O Ph
0.1 MPa reflux 10%  54:26:10:10 ,Jph 3 F"h 4
App. 416
) )
— |
Ph SO,Ph Ph N Ph N
428 \
\=nr [428] o) . 0
R CH,SO,Ph "CHzSO0,Ph "SOzPh
1 SOzPh 9 CHSO.Ph
R P T ¢ Yield
Me O.1MPa 80° 4d 79% (1)
Ph 01MPa 80° 4d 85%(1)
Ph 03GPa rt  36h 92%(2)
App. 417
Ph IIDh
|
Ph
! SO,Ph [429] Ph N o Ph N\O
/=N o+ - - +
Ph o CH,SO,Ph mCH,S0,Ph mS0,Ph
1 SOPh 9 CH;SO.Ph
P Solvent T t 1 2
0.1 MPa benzene 80° 96h 85% -
05GPa CH,Cl, rt 36h - 92%
App. 418
I |
SO,Ph [429] Ph N\O Ph o
/—N+ +
PH o~ ' ccoEt oo 50 CH,CO-E
2V~2 CH,Cl,, 48 h SO,Ph CHCO,Et
85% 1 (3:4) 2
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App. 419
R
R2 4 [430]
NN — —_—
f?‘/ R ¥ ==SiMe, Pressure, r.t. RZ‘N\ |
o- 0" “SiMe,
R! R2 P Solvent ¢ Yield
Ph Bn O0.1MPa THF 48h -
Ph Bn 09GPa THF 48h  91%
cyclohexyl Me 0.1MPa THF 48h  trace
cyclohexyl Me 0.9GPa THF 48h  90%
Ph Bn 0.1MPa THF 48h -
Ph Bn 09GPa THF 48h  65%
Ph Bn 09GPa CH,Cl, 240h 98%
Ph Bn 09GPa MeCN 48h 67%
App. 420
Ar E fe) Ar 7 o)
>—=Ph [430] )—Ph
H o +  ==—SiMe, H o
P H Pressure, THF, rt. AN
N + |
- \o o /
P Yiel
felo SiMe,
0.1 MPa -
0.9 GPa 96%°)
) 6:1 Mixture of diastereoisomers.
App. 421
OAc
OAc H o
Ak o+ HoO [96] OAc
OAc
CI>_ / Pressure, toluene AcO o
AcO \N
EtO,C
R P T t Yield
Ph 0.1MPa  100° ? -
Ph 1.0GPa  60° 3d -
EtO,C (E/Z) 0.1 MPa  100° 7 36%
EtO,C (E/Z) 1.0GPa  60° 3d 56%
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App. 422
OR'
|+
96
/N . R3 o [96]
; 5 OR1/ Pressure, PhMe
R R?
R" ”? R P T t Yield R
Ac AcO H 01MPa 100° ? 61% R = BuO
Ac AcO H 1.0GPa 60° 3d 100%
Bn BnO H 01MPa 100° ?  53%
Bn BnO H 1.0GPa 60° 3d 96%
Ac H AcO 0.1MPa 100° ? 28%
Ac H AcO 10GPa 60° 3d 81%
Bn H BnO 0.1MPa 100° 7 28%
Bn H BnO 1.0GPa 60° 3d 80%
App. 423 -
| 1
N+ , CR [96]
R 7 4, R0
OR1/ Pressure, PhMe
R R R P Tt Yield
Ac AcO H 0.1 MPa 100° ? 33%
Ac AcO H 1.0 GPa 60° 3d 63%
App. 424 _
PP ?
/N+ AcO —0 [96]
@ * / Pressure
R OAc
P T t  Yield R =Bu0O
0.1MPa 100° ? 22%
10GPa 60° 3d 98%
App. 425 Ph y
NP ° [431] 0
N~ "Ph + [ %o N >=o
Oo_ (0] P
o0 :io
H
P Solvent T t Yield (ratio)
0.1 MPa PhMe 115° 72h  51% (50:50)
20GPa CH)Cl, 25° 48h 50% (33:67)
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App. 426
Ph
+ [431]
> N Z>Ph o+ l —— =N
o- OFEt O™ okt
P Solvent T t Yield Isomer ratio
0.1 MPa PhMe 80° 72h 78%  50:50
0.1GPa CHCl, 25° 72h - -
0.2GPa CH)CIl, 25° 72h 25%  50:50
04GPa CH)Cl, 25° 96h 10% 57:43
0.2GPa CHyCl, 50° 6h 83% 7
App. 427
+ 431
//\\N¢¢MM . ‘ [431] N?kil\
o- OFt O™ okt
P Solvent T t Yield Isomer ratio
0.1 MPa PhMe 120° 96h 42% 67:33
20GPa CH,Cl, 25° 90h 17% 5842
App. 428
H
O,(ﬁ + & [431] </\'/>'I‘I0Et
S0~ OEt N\o
P Solvent T t Yield
0.1 MPa PhMe 80° 24h -
20GPa CH)Cl, 50° 24h 83%
App. 429
EtO,C
+
\l‘\I%COZEt + t _ws N
\
O OEt (0] OEt
P Solvent T t Yield
0.1 MPa PhMe 80° 6h 92%
0.4 GPa CHyCI, 50° 6h 92%
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[95]

1.4 GPa, CH,Cl,
20-40°,15-17 h

R’ R? RS R* RS R® R’ c=C T t Yield
H, MeO,C OH H H H Me A8 30° 18h 80%
H, MeO,C AcO H H H Me A® 22° 17h 73%
H, MeO,C - H H Me Al 22° 17h 32%
H MeO,C -O(CH,),0- H H Me AS 22° 20h 17%
H, MeO,C AcO - = Me A5 22° 19h 27%
MeO,C H AcO H H H Me AS 22° 40h 26%
EtO,C H - H H AcOCH, A* 22° 40h 26%?)
?) Plus 10% of isomer.
App. 431
RG
RS 0
- 4
O_+_OMe R [432]

1.4 GPa, CH,Cl,
20-40° 15-17 h

R' R? R® R* R° RS C=C Yield

Me OH H H H Me AS 65 — 80%
Me OAc H H H Me A8 65 — 80%
Et OAc H H H Me AS 65— 80%
Me = H H Me A4 65 — 80%
Me OAc - =0 AcOCH, A%  65-80%




App. 432

App. 433
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[433]

1.4 GPa, CH,Cl,
20-30°, 15— 18 h

2195

R! R? R® R R® 1 2

H MeO,C Me H,H H, pOH 80% —

H MeO,C Me H, H H, FOAc 73% -

H H AcOCH, O AcO, A®5 50%  27%

H H Me HH 0a* 41%  32%

H H Me HH -O(CHp,O- 32% 17%

MeO,C H Me H,H H, #OAc ? ?

MeO,C H Me HH OaA* 12% 26%

_ R R
"N® EO [434] Phac NN Phac N
Lo P Y
" ,
catzalyzét 3 1 OFt 2 Ot
0-38% ee

R P 3 t Yield 1/2
Me 0.1 MPa 20 mol-% 18 h 64%  40.60
Me 0.2 GPa none 18 h - e e et
Me 0.2 GPa 20 mol-% 18 h 84%  42:58 BnO (0]
Ph 0.1 MPa 20 mol-% 21h 56% 37:63 V
Ph 0.2 GPa none 18 h 14% 100:0 Tos/N\ /O
Ph 0.2 GPa 20 mol-% 19h 60% 38:62 H 3
Bn 0.1 MPa 20 mol-% 21h 80% 40:60 @ oo
Bn 0.2 GPa none 18 h - -
Bn 0.2GPa 20 mol-% 19h 65%  40:60
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App. 434
H H
o :
{ N + [434] ! 8o o o
+ —_— : Ph :
Nio~ \ // Pressure, r.t. Noo ° w \f’{ E
H i Tos—N__ O N, O
: B Ts” g7 i
H H
. : 1 2
P Catalyst®) Solvent t Yield ee : - o
01MPa 1 neat 20h  65% - § SN~ e, p
0.1MPa 2 neat 20h  56% 38% i [ _N__0 ﬁ/«
01 MPa 3 neat 20h  T4% 3% Py’
' u
01MPa 4 neat 20h  58% 18% : 3 4 "
01MPa 5 neat 20h  54% - PR P
0.2 GPa none CH,Cl, 18h  65% - g \f’{)
: N
02GPa 1 CH,Cl, 18h 69% - PoTs” 5’
02GPa 2 CHCl, 18h 61% - | B R = 4BIOPC.HCH
H 2 47 2
)20 mol-%. o T
App. 435
EtO
.o [434] +
N ‘ R —— N,
o] 0.2 GPa, CH,Cl, o)
1(0.2 equiv.), r.t, 16 h H
BnO o 2 OFt
V 65%
N O .
1Ny (2/3 33:67)
H 1
App. 436
(L he + Oy s
T0.2GPa, CH,Cl,
1(0.2 equiv.), rt, 16 h
H
BnOVO
N o
16N g
H 1
App. 437
Tt Yield
g -0 o oar aso
N/O+ NZC—Ph [435] N /) p B0 24h 88%
/ 10GPa N 100° 1h  90%

PhMe 120° 12h 54%
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App. 438
R R Soent T ¢ Yield
H Me MeCN 100° 1h  42%
H Me MeCN 150° 15d 53%
H Ph PhMe 100° 1h 71%
@ﬁ\ _ H Ph PhMe 60° 12h 56%
& 0 H Ph PhMe 150° 15h 51%
H  2NOxCeH. phme 100° 1h  84%
10GPa H  2NOyCeH: phMe 100° 24h trace
[435] NZC_R2 H  3NOx»CeHs phme 100° 1h  90%
H  3NOxCeHs phme 100° 18h 64%
H  4NOxCeH. phnme 100° 1h  90%
H  4NOxCeHs phMme 100° 12h 58%
H  2-MeO-CeHs pnme 100° 1h  54%
7N H 2-MeO-CeHs phMe 120° 48h trace
N 0 H 3-MeO-CeHs phme 100° 1h 86%
jj H 3MeO-CeHs phme 120° 8h  50%
R H  4MeO-CeHs phme 100° 1h  70%
H 4MeO-CeHs phme 100° 18h 58%
Me Me MeCN 100° 1h  32%
Me Me MeCN 150° 15d -
App. 439 - Ph
O\[-\']—/ Ph [435] Ph lll\ T t Yield
s NSCPh ——e \(:5 100° 4h  62%
Ph PhMe N on 120° 12h 33%
App. 440 o ‘i
(k P Y [436] F o
___N R N
o+ 0.8 GPa, PhMe, rt., 19 h R O/
R = EtO (99%)
R = Me;SiCH, (quant.)
App. 441
i I i
&o P = [436] ko . k o
. N% OEt 0.8GPa, PhMe Eto""'C\NJ;‘Ph EtO“"C\N%
0T rt,19h o i oA

99% 1 (3:1) 2
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App. 442 0 o]
SN
\ © [436] —" O
* GPa, CH,CI N
___N 0.8 , CH,Cl, E
o+ rt,19h g o @
quant.
App. 443
[437)]
Pressure
EtOH/CH,CI, 1:1 R!
R2-C=N
R’ R2 P T t Yield
H A 01MPa 100° 2d  74%(1:1)
H A  12GPa rt 2d  90% (1:1)
H B 1.2 GPa rt. 5d 92%
H C 01MPa 80° 3d 78%
H D 0.1 MPa 80° 1h quant.
H E,F 12GPa rt. 7d -
MeO C 01MPa 60° 7h 95%
Ph, A ON (:Iyﬂn Ho T >}u &COQH A §
H ol oN e on oN o ¥
H !
A B c D E F
App. 444
0 o
OEt }\—OEt
+ _ [439] \
N—O N~—
A A\ °
"'\I' N N
N
H PR )
R
R P Solvent T t Yield

EtOOC 0.1MPa PhMe 80° 7d 26%
EtOOC 1.2GPa DMF 50° 28h 75%
Ph 01MPa PhMe 80° 7d 11%
Ph 1.2GPa DMF 50° 2d 56%
Me 0.1MPa PhMe 80° 6d 12%
Me 1.2GPa DMF 50° 3d 87%
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App. 445
@]
OFEt
I [438]
N—O
\ Z NC CN \
\ T \
H H
R R
R R
R P Solvent T t Yield
Ph 0.1 MPa  PhMe 80° 1d 11%
Ph 1.2GPa DMF rt. 1d 84%
MeS 1.2 GPa DMF rt. 1d 78%
App. 446
O O
OFEt §—0Et
+ [438] \
N— N\O
/ —
) R—C=N M
N N N R
H H
R P Solvent T t Yield
Ph 0.1 MPa PhMe 80° 2d 87%
Me 0.1GPa neat reflux 1d -
Me 1.2GPa DMF r.t. 3d -
App. 447

BnO BnO

[439]

Pressure
72 h

P Solvent T Yield 1/2
0.1 MPa PhMe 120° 55% 1:2
12GPa Et,0 rt. 60% 1:4
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App. 448
1 2
1 2 R R
. R' R [440] R
H,C—N=N + \:< Pressure N
R®  Et0,20° N
R! RZ R® P t Yield
Ph H Ph 01MPa 72h -
Ph H Ph 05GPa 170h quant.
Ph Ph H 0.1MPa 72h —
Ph Ph H 05GPa 792h 40%
4-NO,-CgH, H  4-NO,CeH, 01MPa 144h 5%
4NO,CgH, H  4NO,CgH, 05GPa 144h 70%
App. 449 N/N
MeO,C
MeO,C"
Et,0, 20°
Pressure t Yield
0.1 MPa 49h 7%
0.5GPa 48h  45%h
App. 450
1 1 2
R2 _N ) R R R 1 2
N [441] N -R ~N 9 9
7 | NN Rz Et0OC Boc 52% 21%
098GPa,rt N ! N (PhORLP(O) Boc 56%  14%
0 PhMe, 7 d N
, o 5 Ph Boc 60% 16%
R'-N; 1 2 (PhO),P(O) Cbz - -
App. 451

=N N= R
[442]
Vg WRY o2d
Pressure
N rt,72h
2

P Solvent Yield
0.1 MPa benzene -
1.4 GPa CH,Cly/benzene 3:1 >90%




App. 452

AcO

App. 453

App. 454

Br

SO,N;

R'—N;
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0 o)
Nx
[443] CO,Et
1.4 GPa, 20° + H
CH,Cl,, 15 h A N~y
75% 1
(1/23:2) CO,Et
AcO
OR ,
R R? [331] R CONHSO, Br
R’ R®
i) Pressure
R4 R3 MeCN/CH,Cl, 2:1
if) Hydrous Et,O R*
R = Bu(Me),Si
R' R? R® R* Condtion T t Yield
H H H H 15GPa 18 36h 87%
H H H H sealedtube75° 96h 66%
Me H H H 15GPa 18 36h 84%
N R
“ N R'-N
. Jk [444] N . N .
R? 1.2GPa, rt,24h " ( \"(\
2
R R?
R' R? Solvent Yield  (1+2)/3 1 .
Ph CN CH,Cl, 79%  86:14 R
Ph  MeOOC  Et,0O 89%  68:32
Ph  Ac Et,0 93% 5545 \ "
Ph  NH,C(O) MeOH 55%  >99:1 R
Bu CN CH,Cl, 72%  >991 3
Bu MeOOC CH).Cl, 86%  >99:1
Bu Ac Et,0 95%  82:18
Bu NH,C(O) MeOH  64%  99:1
Bn CN AcOEt  63%  >99:1
Bn MeOOC  Et,0 95%  92:8
Bn Ac AcOEt  96%  80:20
Bn NH,C(O) MeOH 67%  >99:1
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App. 455
N B
N” N
CH,OMe
CO,Me
CHZOMe [444] 2
Bn—N; + e +
CO,M
24e Bn. N
N N
CH,OMe
CO,Me
P Solvent T t 1 2
0.1 MPa benzene 80° 24h 50% 50%
1.2GPa CH.Cl, rt. 18h <5% >95%
App. 456
Ph. N
N~ N
co,Me
444 <
Ph—N, + E\ [444] 43%
CO,Me 1.2 GPa, Et,0 +
rt,18-24h
PhHN N,
CO,Me
53%
App. 457
9 [445] 9 ;
RI-N; + J _— R
R? CN Pressure, MeCN R2 7 N
N, ~.N
N
R' RZ P T t Yield
H Me 1.0 GPa 40° 6h 70%
H Ph 0.5GPa  70° 6h 81%

EtO,CCH, Ph 10GPa 80° 12h 90%
EtO,CCH, Me 1.0GPa 80° 12h 98%
Bn Ph  1.0GPa 100° 25h 90%
Bn Me 10GPa 80° 10h 92%
EtOCOCH, Me 1.0GPa 80° 10h 35%
CsHiq Me 10GPa 80° 8h  92%
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App. 458
NC R RGNS }?1
R2  Pressure, r.t. A(
R2 RZ R2
1 2 3
R' R? Pressure  Solvent t Yield  2/1 or 3/1
Ph CN 12GPa CH)Cl, 24h  79%  86:14
Ph  CN 0.1 MPa CH,Cl, 30d 10% 86:14
Ph  MeOOC 1.2 GPa Et,O 24 h 89% 68:32
Ph  MeOOC 0.1 MPa Et,O 69 d ? 75:25
Ph Ac 1.2 GPa Et,O 24 h 93% 55:45
Ph  Ac 0.1 MPa Et,O 20d 65% 70:30
Ph  NH,C(O) 12GPa MeOH 24 h 55% >99:1
Ph  NH,C(O) 0.1 MPa MeOH 150d  35% 90:10
Bu CN 1.2 GPa CH,Cl, 24 h 72% >99:1
Bu CN 0.1 MPa CH,Cl, 30d 25% 94:6
Bu MeOOC 1.2 GPa CH,.Cl, 24 h 86% >99:1
Bu MeOOC 01MPa CH.Cl, 15d 65% 946
Bu Ac 1.2 GPa Et,O 24 h 95% 82:18
Bu Ac 0.1 MPa Et,0 20d 70% 92:8
Bu NH,C(O) 1.2GPa MeOH 24 h 64% 99:1
Bu NH,C(O) 0.1 MPa MeOH 150d  55% 100:0
Bn CN 1.2 GPa AcOEt 24 h 63% >99:1
Bn MeOOC 1.2 GPa Et,O 24 h 95% 92:8
Bn Ac 1.2 GPa AcOEt 24 h 96% 80:20
Bn NH,C(O) 1.2GPa MeOH 24 h 67% >99:1
App. 459 [445] PhO, Bn
Bn—N; + PhOCN . N
1.0 GPa, MeNO,, 105°, 85 h N_ _N
85% N
App. 460
[446] Bn 0 o Bn
Bn—N; + NCOPhOCN - N N
1.0GPa, MeNO,, 105°, 85 h o\ \
Ne N N. N
72%
App. 461
R X Solvent t T Yield
NCX,C R Bn Cl MeCN 5h 60° 72%
R—N; + CX,(CN), [447] /%N Bn Br cCl, 1d 60° 70%
1.0 GPa, 60° N. .N  Ph Cl MeCN 5h 100° 61%
N HO(CH,), CI MeCN 5h 60° 47%
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App. 462
Cl Cl
Bn—N; + CCL(CN), (2 6q.) Sall R
n— + eq.
N 2EN2(2€9) 7 0 GPa, 100° «N“\( \ﬁ'N\
MeCN, 5 h Ny N N_ N
N N
63%
App. 463
NCCLC  Ph R 9N O pn i
2 | 3 C ;] R T Yield
[447] N -
N N=( N e 1o -
N_ _N 1.0 GPa, MeCN, 5 h Ne N N N Bn 110° 520,
N R—N, N N
App. 464
R1
ooy + AN mm o Y e Ny
R?" "X CN  pressure, 6 h RZ X N I
' / N N, N
N_ . N
1 N7 2
R R? X p Solvent T 1 2
Me NO, O 10GPa MeCN 90° 57% -
Bn NO;, O 10GPa MeCN  100° 78% -
EtO,CCH, NO, O 1.0GPa MeCN 100° 85% -
C5H11 N02 o] 1.0 GPa MeCN 100° 42% -
Bn H O 10GPa MeCN 110° 7% -
EtO,CCH, H O 10GPa MeCN 110° 11% -
Bn NO, S 10GPa CH).Cl, 140° 58% -
EtO,CCH, NO, S 10GPa CH.Cl, 140° 64% -
Bn NO, S 10GPa MeCN 120° 15% 15%
Bn NO, S 14GPa MeCN 120° 30% 26%
App. 465
R R
[449] R R
// N/Bn -
‘I 4 GPa, r.t.
Bn—Nj;
R = MeOOC B“
60%
App. 466
SiMe; X R t
) [450] y Vaut NO, A 2h
® 01-03GPa,rt N N . H  4n
Ph 15h
R =—SiMe;, R H -
MeO H 15h

yields not reported



App. 467

App. 468

App. 469

R,N_ N
’ \g/_fs + R,N—C=N
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N
NEC‘@*CEN*O

[451]
_—
0.8 GPa
RoN T 1 2
Me,N 70° 40% -
Et,N 160° - 37%
pyrrolidinyl ~ 70° 7% -
pyrrolidinyl ~ 160°  — 64%
morpholinyl  70° - -
morpholinyl  160°  — 4.5%
_ [452]
0.1 MPa — 1.0 GPa

20-200°,20-60h

R,N

\(/N CO,R? /N CO,R?
Rt 7 7<R1
o R R (e}
R
R o 1 2
N [453]
M e "o
0" TOR? R cp:ﬁssutrel t HO
eCN, catalysl 2
R = Et00C COR
R’
R
R
3
R! R2  Pressure Catalyst T t Yield  1/2/3
H Et 0.1 MPa SnCl, rt 72 h 16% 100:0:0
H Et 0.85GPa  ZnCl, 60° 69 h 73% 96:4:0
H Et 0.1 MPa none reflux 24 h 10% 0:100:0
4-NO,-C¢H, Me 0.1 MPa SnCly rt 33h 56% 94:6:0
4-NO,CeH, Me O0.1MPa  MATBr rt 62h  40%  30:70:0
4-NO,-CgH; Me 0.85GPa none 40° 120h  47% 0:0:100
4-NO,CgH, Me 085GPa  none 40° 120h  45%  0:0:100
Me Me 0.1 MPa SnCl, r.t. 46 h 89% 34:66.0
Me Me 0.85GPa none 40° 74 h 68% 0:0:100
i-Pr Me 0.1 MPa SnCl, r.t. 96 h 78% 0:100:0
H Me 085GPa ZnCl, 40° 90 h 55% 100:0:0
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App. 470
RU_N RU_N
/E‘B\ 4531 Yf CO,R? - >—COR?
R'” N0~ TOR? R Pressure 0 o
R = E10OC MeCN, catalyst R R R
1 2
R! R P Catalyst T t Yield  1/2
Ph Et 0.1 MPa SnCl, r.t. 19h 79%  100:0
Ph Et 0.1 MPa none 60° 44 h 96% 5545
4-MeO-CgH, Me 0.1 MPa SnCl, 60° 111h 79%  100:.0
4-MeO-CgH, Me  0.85GPa none 60° 44 h 12%  100:0
4-MeO-CgH, Me 0.85GPa ZnCl, 60° 111h 67% 100:.0
App. 471
R2
1 3
/zgﬁ\ [454] R \(/izgzozR ﬁ COQR
R S0” OR® R O—f~r R
R = EtOOC 1R R
CO,R® CO.R?
ﬁ/\jr K+ “r I
e}
HO R
R
4
R’ R? RE P Catalyst Solvent T t Yield
4-MeO-CgH, H Me 0.1 MPa SnCl, MeCN rt. 19h 79% (1)
4-MeO-CgH, H Me 085GPa none MeCN  40° 44 h (12% (1), 13% (4)
Ph H Et 0.1 MPa SnCl, MeCN rt. 19h 79% (1)
Ph H Et 0.1 MPa none xylene reflux 46 h 96% (1/2 55:45)
4-MeO-CgH, Ph Me 0.1 MPa SnCl, MeCN rt. 20h 95% (1)
4-MeO-CgH, Ph Me 0.1 MPa none xylene reflux 69h 23% (1/2 1:99)
4-MeO-CgH, 4-MeO-CgH, Me 0.1MPa  SnCl, MeCN  rit. 72h 60% (1)
4-MeO-CgH, Me Me 01MPa  SnCl, MeCN  rt. 2h 97% (1)
4-MeO-CgH,  i-Pr Me 0.1MPa  SnCl, MeCN  rt. 120h  40% (1/2 78:22)
Me H Et 0.1 MPa SnCl, MeCN rt. 72 h 16% (1), 31% (4)
Me H Et 0.85GPa ZnCl, MeCN 40° 68.5h  73% (1/2 96:4), 9% (4)
Me H Et 0.1 MPa none xylene reflux 24 h (10% (2)
Me 4-MeO-CgH,; Me 0.1 MPa SnCl, MeCN rt. 33h 56% (1/2 94:6)
Me 4-MeO-CgH;  Me 0.1 MPa SnCl, MeCN r.t. 62 h 40% (1/2 30:70)
Me 4-MeO-C¢H, Me 0.85GPa none MeCN  40° 120h  47% (2/3 21:26)
Me 4-MeO-CgH, Me 0.85GPa none MeCN 40° 120 h 45% (3)
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App. 472
s
[455] RL N
N N=N 7
+ = - -
/Qﬁ R R  Pressure, MeCN \( OMe
R Ng” “OMe NN
R = MeOOC R R
R’ Ratio P T t Yield
4MeO-CeH, 12  O01MPa  reflux 500h 31%
4MeOCeH, 12  085GPa 60°  100h 33%
4MeO-CgH, 11 085GPa 50° 70h 31%
4MeO-CH, 12  085GPa 50°  215h 45%
Me 12 08GPa  50° 70h 66%
App. 473
Aﬁ ﬂb - <ﬁb
s
[456] s
* 0.1 GPa, 100°, 12 h +
s=c=s
83% Sﬁ’s
T
App. 474
s s
/ B s :
[456] S
0.1 GPa, 80°, 12 h +
s=c=s s
18% =S
Y
s
App. 475

S -
s S 110° 12h  48%
0.1 GPa , .
syn 100° 16h  26%
+

S=C=S +  anti-isomer
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App. 476
P 2 R' R’ R R?
R'————R [457] S S S S
* P CH,CI. | ‘ ¥ l |
s=c=s ressure, CH,Cl, R2 S; :S R2 R2 S: :S -
R’ R? P T t Yield (1+2)
MeOOC MeOOC 0.5GPa 100°  24h 87%
MeOOC MeOOC 045GPa 20° 70h -
MeOOC H 0.55 GPa 100° 26h 96%
MeOOC H 0.4 GPa 80° 24 h 88%
MeOOC H 10 MPa 100° 24h 12%
MeOOC H 1 MPa 100°  24h 3%
HOOC H 055GPa  80° 19h 69%
HOOC H 0.55GPa  95° 25h 20%
HOOC H 10 MPa 100° 23 h 12%
HOOC H 1 MPa 100° 22h 5%
App. 477 = |
S ] ]
N NS
S S S
I [458] N _ N
c + || — | =
I Pressure N s S Na
S 100°, 12 h ‘ |
= |N = =
AN
P Catalyst  Yield
0.45 GPa none 56%
0.5 GPa AcOH -
0.5 GPa TFA -
App. 478
MeOZC S S.—_S
| >=s _B  meoc e CO,Et
s Pressure N\ § /
MeO,C . PhMe MeO,C CO,Et
EtO,C —=—=—CO,Et ”
EtO,C S
P T t I >:S
01MPa rt 21d eo,c”
0.1 MPa reflux 3h +

05GPa rt. 70h MeO,C——=——CO,Me
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App. 479
CO,Me
Meo,c  ° 2 1
+
MeO,C CO,Me
MeO,C
Meozcj:8>: 1459] °
| S
0.5 GPa, PhCHO, r.t.
veo.c” S & ' Meo,c O
2 MeO,C ———CO,Me MeO,C COMe 2
+
H_ Ph
t 1 2 3 I
20h 5% 9% 2% s s
70h 9% 16% 8% COyMe
MeO,C \ Y/
S
MeO,C COMe 3
App. 480
R—=———CO,Me
[460] Ro-se se R
+ > <
Pressure, CH,ClI, IS I
Se=C=Se MeO,C e Se “co,Me
R’ Condition T t Yield
MeOOC 0.5GPa 60° 13h  90%
MeOOC  sealed tube 70 -80° 72 h 10%
H 0.5GPa 60° 13h  85%
H sealed tube 70 -80° 72h 72%
App. 481
CN CN
CN CN
o jung -
= + +
1.2 GPa, CH,Cl,
40°, 48 h NC CN CN
CN
1 (5%) 2 (7%) 3

1/2/3 16:6:1 (by "H-NMR)

2209
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App. 482

App. 483
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[462] <J
- ) QO
1 2
Solvent T Yield 1/2
hexane 20° 12h 30% 3:1
hexane 70° 12h 85% 0:1
benzene/DMSO 120° 14 h quant. 0:1
RZ__R' ngﬁ\;Rs
—0O .
MeO~ “OMe R pi_] OMe
+ [463] R2 OMe
0 1.2 GPa, 20°
R4 B o OMe R® R*
R® OMe H COR3
RS” H R R YR OMe
&5 R? R? OMe
2 3
R’ R? R3 R* RS Solvent t 1 2 3
H Me H H H MeCN 05h - 35% 65%
H Me H H H hexane 05h - 80% 20%
MeO MeO H H H MeCN 24 h - 30% 70%
H Me H Me H MeCN 05h 10% 10% 80%
H Me H Me H hexane 05h 30% 30% 40%
MeO MeO H Me H MeCN 48 h — — >95%
H Me H H Me MeCN 05h 20% 60% 20%
MeO MeO H H Me  hexane 05h 30% 70% -
H Me Me H H MeCN 12h - >90% -
MeO MeO Me H H MeCN 24 h - - -
H Me H H Ph MeCN 12h 50% 50% -
MeO MeO H H Ph MeCN 24 h - - -
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App. 484
Rl R P Yield cisltrans
H Me 12GPa 38% -
H Me 1.0GPa 25% -
H Me 08GPa <5% -
Me Me 12GPa 94% 20:80
Me Me 10GPa 66% 25:75
Me Me 08GPa 38% 2575
H Me Et 12GPa 9% 30:70
R! OR? [464] Ph e} Me Et 1.0GPa 76% 30:70
>_< m R! OR2 Me Et 08GPa 52% 30:70
H  OR® " 500 20 min H OR? Cl Me 12GPa 18% 20:80
PhCHO Cl  Me 10GPa <5% -
Cl  Et 12GPa 31% 35:65
Cl  Et 10GPa 25% 35:65
Cl Et 08GPa <5% -
MeO Me 12GPa 35% 35:65
MeO Me 1.0GPa 30% 35:65
MeO Me 08GPa ca 10% -
App. 485
H
R1>:<0R2 + RSCHO —>[464] R Q
o oR? 1.2 GPa, CDCl, R OR2?
H OR?
R" R? R® Tt Yield cis/trans
H Me Ph 25° 3h 70% -
Me Me Ph 25° 1h 90% 20:80
Cl Et Ph 25° 8h 60% <595
Me Me cyclohexyl 25° 8h 80% -
Me Me (-Bu 50° 8h 30% <5:95
App. 486
0
H% OMe
R B OMe o) )OL [464] o OMe
H>_<OMe * )vo H 1.2GPa, CDCly, 25°, 8 h H
75% R
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App. 487
o]
H R [464] o R T t Yield
I + 1.2 GPa, CDCly, ZnCl, R oMe e 257 5h 80%
MeO” “OMe MeO 50° 15h 70%
H OMe
App. 488
Ph\; OMe
=N OMe Ph
. \:< [465) OMe
7 3NO oMe 1:2GPa MeCN,rt,20h N
— 90% y XNO
(>90% selective) —
App. 489
o oFt OFt OFEt
465
=N * >7 12GP lvfcrj 20h i +
's0,Tol 2 GPa, MeCN, rt, N, N,
85% SO,Tol  pp  SO,Tol
(9:1)
App. 490
(o) o]
Ph o [465] Ph
\:N + +
N \ 1.2 GPa, MeCN, r.t., 20 h N N
SO, Tol N .
2 0% SO,Tol  pp  SOzTol
81
App. 491
Ph
\=N Et OEt Et Et OFt
SO, Tol [465] Ph \ﬁ . Ph 1_7 .
* 1.2 GPa, MeCN, rt, 20 h N N OEt N
Et OFt

\ \ \
\__/ 80% SO,Tol SO;Tol  pp SO, Tol
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App. 492
R? OR' R® CN R° oN
>:< + >:< [466] R® CN
R3 R4 RS CN 1.2 GPa, CH,Cl, R? OR!
hydroquinone RS R4
R! RZ R? R* R® RS T t Yield cisltrans
Et H H H —(CH,)s— 50° 20h 65% -
Et H H H H Ph 50° 20h 85% 154
Et H H H H 2-furyl 50° 20h 70% 32
Et H H H H 2-naphthyl 50° 20h  80%  3:1
t-Bu H H H H Ph 50° 20h 85% 154
i-Pr Me H H H Ph 50° 20h 82% 32
i-Pr H Me H H Ph 50° 20h 85% >9:1
Me Me Me H H Ph 50° 48h 83% 21
Et Me Me H H Ph 50° 48h 80% 21
—=(CH,)o— H H H Ph 25° 6h 88% ca. 1:1
Me H —(CHyp)s— H Ph 25°  6h 81%  >95:5
MesSi H Me H H Ph 50° 48h 80% 9:1
Me;Si H H Me H Ph 25° 20h 50% 41
Me;Si Me H Et H Ph 25°  20h 35% 73
MesSi  H —(CHy)s— H Ph 25°  20h 78%  >955
App. 493
R! R' R® T Yield
R3 Et H H 50°  74%
R? OR' :
>_< [467] R2 jj/\ SO,Tol t-Bu H H rt. 71%
R - . 15GPa RIO— CgHs-CH(Me) H H 50°  44%3)
CH,Cl,, 16 h ':1 i-Pr H Me 50° 75%
i-Pr Me H 50° 62%
=Cc= Me Me Me 50° 65%
SO, Tol ~CH,CHy— H rt  55%
2) Plus 23% of diastereocisomer.
App. 494 SO, Tol

/:< [467]
+
N 1.5 GPa N
) CH,Cl,, 16 h \)
@]
o S0,Tol
—C= 6%
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App. 495 [468] F F
H,c=C=CF, + /= | |
D Ph Pressure F + F "
hydroquinone 5
rt,05-142h
PR 4 D P 5 D
P 1+2 1/2 3+4 3/4 F F
018GPa 86.1% 66.3:33.7 13.9% 88.0:12.0 .
041GPa 841% 71.6:284 159% 89.9:10.1
0.59GPa 82.1% 73.2:26.8 17.9% 912838
0.8GPa  77.7% 745255 223% 92377 Ph
11GPa 706% 832168 294% 94654
1.3GPa 696% 855145 304% 95248
App. 496
_ [102] COMe P t Yield
+ =——CO;Me 01MPa 37d 12%
Pressure
09GPa 3h 52%

App. 497

App. 498

CH,Cly, AlCI3, 25°

CO,Me X CO,Me
Ve meoe —tm (T (Y
Pressure
CH,Cl,, AICl3, 25°
1 2
P t Yield 1/2
0.1MPa 37d 12% 71:29
03GPa 3h 42%  72:28
09GPa 3h 93%  70:30
2 O
Co + N= 11y H
= R‘/ Pressure, 20 h N—,
RW\‘ ’/R2
R R2 P Solvent T Yield
p-tolyl  Ph 0.1 MPa neat 160° -
p-tolyl  Ph 0.8 GPa neat 160°  66%
p-tolyl ~ Ph 1.3 GPa neat 100°  31%
ptolyl  Ph 0.8 GPa hexane 160°  32%
p-tolyl  Ph 0.8 GPa PhMe 160° 40%
p-tolyl  Ph 0.8 GPa AcOEt  160°  37%
p-olyl  Ph 08GPa  THF 160°  37%
p-tolyl  Ph 0.8 GPa DHF?) 160° 54%
Ph 4-CI-CH, 0.8 GPa neat 160° 32%
Ph 4-MeO-C,H, 0.8GPa neat 160° 32%

2) 2,3-Dihydrofuran.
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App- 499 CS, + R.N—C=N
1 2 s
l RZN—lc‘:—N
i [470] s
R;N—C—N=C=8 ——r—:—j** /N4+*H
Ph—C=N—Ph P o
3 4
1(equiv.) 2 (equiv.) RoN 3 (equiv.) P T 4
05 0.5 Me,N 0.5 0.8 GPa 100° 30%
0.5 1.0 Me,N 05 08GPa  100° 46%
1.0 0.5 Me,N 0.5 0.8 GPa 100° 58%
0.5 0.5 Me,N 1.0 0.8 GPa 100° 30%
1.0 1.0 Me,N 0.5 0.8 GPa 100° 68%
2.0 1.0 Me,N 0.5 08GPa  100° 84%
1.0 05 Me,N 0.5 0.8 GPa 70° 7%
1.0 0.5 Me,N 0.5 0.6 GPa 100° 53%
1.0 0.5 Me,N 0.5 0.4 GPa 100° 18%
1.0 0.5 Me,N 0.5 0.2 GPa 100° 3%
2.0 1.0 Et,N 0.5 0.8 GPa 100° 23%
2.0 1.0 1-pyrrolidinyl 0.5 0.8 GPa 100° 56%
2.0 1.0 1-piperidinyl 0.5 0.8 GPa 100° 52%
2.0 1.0 1-morpholinyl 0.5 0.8 GPa 100° 61%
App. 500
PP [471] al
SZCZN@*Y i) Pressure, 20 h HNOY
i) HX, EtOH, reflux, 0.5 h
+ N N
N=C—NR, N:< * HX
Y RN X P T Yield NR,
H MeyN Cl 0.8 GPa 100°  86%
H  1-pyrrolidinyl  Cl 0.8GPa  130° 78%
H  1-piperidinyl Cl 0.8 GPa 130°  62%
H  1-morpholinyl Cl 0.8 GPa 130° 51%
H 1-morpholinyl  C| 0.1 MPa 100° -
H 1-morpholinyl  C| 0.2 GPa 100° 16%
H 1-morpholinyl  C| 0.4 GPa 100°  37%
H 1-morpholinyl  C| 0.8 GPa 100°  67%
H 1-morpholinyl  C| 0.8 GPa 40° 0.7%
H 1-morpholinyl  C| 0.8 GPa 70° 8.5%
H 1-morpholinyl  C| 0.8 GPa 130°  79%
cl
Cl MeyN @[ 0.8 GPa 100° 74%
(eele]

2215
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App. 501
i Catalyst 1 2
Ph—N_ “N—Ph none — -
W pyridine 33% 2%
(472] fe) 1 2-methy]pyr?dine 4% =
PhNCO + 3-methylpyridine 63% 5%
ngg;?gg?ﬂi Ph 4-methylpyridine 81% —
o) N 0 2,6-dimethylpyridine 1% -
Y \f N-methylmorpholine 9% 47%
F,h/N N\Ph EtsN 7%  67%
o 2 (i-Pr),NEt - 16%
App. 502
P Solvent T t 1 2
0.1 MPa hexane  40° 20h - -
PhNCO 0.61GPa hexane 40° 20h 50% 21%
0.8 GPa hexane 40° 20h 59% 19%
[472] 0.8 GPa hexane 30° 1h 17% 7%
0.8 GPa hexane 30° 20h 45% 6%
o 0.8 GPa hexane 70° 20 h 61%  32%
)k 0.4 GPa PhMe 30° 1h 2% 3%
Ph—N~ N—Ph 08GPa PhMe 30° 1h  33% 2%
j{ 0.8 GPa PhMe 30° 20h  89% 5%
1 0 0.8 GPa PhMe 100° 20h M% 5%
+ 0.8 GPa neat 30° 1h 35% 4%
||3h 0.8 GPa hexane  30° 1h 7% 7%
(0] N (0] 0.8 GPa PhMe 30° 1h 33% 2%
Y \f 08GPa CH,ClL, 30° 1h 39% 2%
ph/N\H/N\ph 0.8 GPa i-Pr,0 30° 1h 29% 4%
2 0O 0.8 GPa THF 30° 1h 42% 13%
0.8 GPa AcOEt 30° 1h 45% 9%
0.8 GPa MeCN 30° 1h 17%  82%
0.8 GPa DMF 30° 1h 35%  44%
App. 503
R 1 2
o o r\\l o CeHs 89% 5%
[472] )k ﬁ/ Y 2-Cl-CqH, - -
RNCO 58 GPa pme ~ RTNONR + 0 3.CHCeH, 80% -
pyridine, 30°, 1 h l( R R 4CLCH, 93% -

3-Me-CgH,

65%
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App. 504
R\ o R Yield
R-NcOo + [\ Bl N Me  71%
o 1%’g°ezpoah H H Et 92%
' o Bu  77%
CoHyy  68%
tBu  23%
Bn quant.
App. 505
Rl o R" RZ R P T Yield
N ]
R [473] N Ph H H 08GPa 70° 93%
1_ P
RI-NCO + & O/\( Pressure. H Ph Et Bu 0.8GPa 100° 97%
3
R 20h o RZ Me H H 08GPa 100° 21%
Me Et Bu 08GPa 100° 20%
3
R® Me Et Bu 12GPa 100° 31%
Me Et Bu 12GPa 100° 12%
App. 506 R RZ P T 1 2

1 1
AN //O RC 9 Bn H 08GPa 70° 82% -

N N
Q [473] i . i Ph MeO 0.8GPa 100° 5% 2%
R2 o Prggs#re S S Ph MeO 08GPa 100° 59% 30%
1 < > Me H 08GPa 100° 12% -
R'-NCO R? R Me H 12GPa 100° 33% -
1 2
App. 507 R P Yield
Bu 0.8GPa 8%
[473] R 0
R—NCO + /\OEt \N Bu 1.2 GPa 14%
Pressure CeHiy 12GPa 4%
100°, 20 h
EtO tBu  12GPa -
Bn 0.8GPa  42%
App. 508
Ph
Ph_ @] o) N 0]
ik N—f Y'Y
+ PhNCO +
0.8 GPa N N

N-
. R - Ph
130°,20h O Ph PN
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App. 509

App. 510

App. 511

App. 612

App. 513

App. 514

MeO

HEeLVETICA CHIMICA ACTA — Vol. 88 (2005)

Ph O

0.8 GPa
130°,20 h

[473] \N%
__ S 4 pnnco N
o “Ph

81%

Ph o ©

[473] N %]/
P + _— +
ot + PANCO ):/l/ -

70°,20h  EtO

93% 5%
6 Et [473] O N/Ph
/Y + PANCO —— |
Bu y
100°, 20 h o
Et
87% Bu
Ph 0

N
[473] |
| + Pphnco H H
o 0.8 GPa, 20 h, 70 d >
82%

Ph_ o] Ph_ o] Ph
N N { o
O+ __N
[473] H H H H %( \(
SscPaoor. O 0 + N_ _N
0.8GPa,20h Ph/ T ~Ph
o PhNCO
MeO MeO o
1 2 3
T 1 2 3
100° 5% 2%  26%
130° 59% 30% -
OR  pp
[474] N
+ O=C=N-Ph —————
1.2 GPa, MeCN
RO ZnCly, 25°, 48 h o]
R =Me (70%)

R = Et (80%)
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App. 516

App. 517
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R? R
R2 R R4 [474] H RS
>:< * O=C=N 1.2 GPa, MeCN N_ _R*
H R COMe " 7ncl,, 25° g
CO,Me
R’ R? R® R4 t Yield dr
—~(CHy)4— EtO H 16h 35% -
—~(CHy)y— EtO Me 16h 60% -
—~(CHy)y— EtO  i-Pr 48h  56% -
—O(CHa)s— H H 16h 47% -
—O(CHa)s— H Me 16h 78%  50:50
—O(CHa)s— H i-Pr 48h 62%  37:49
—O(CHa)s— H MeOCH, 16h 50%  50:50
-Pro Me H Me 48h  50%  44:47
i-Pro Me H i-Pr 48h 20%  40:48
RS R® RS R®
3 3 3
) Qe [7sl ARy - R3R1 X NTs RR1 RCG;
R El'%_ss' 1-25 h R NTs g ©
R2 2 T R2 \ R? Rz CONHTs
Ts—N=C=0
1 2 3
R! R? R® R* RS R¢ T  Yield
AcO H H AcO AcOCH, H rt.  43% (1)
AcO H H AcO AcOCH, H  50° 59% (1), 5% (3)
AcO H AcO H AcOCH, H rt. -
H AcO AcO H H H rt  75%(1)
H AcO AcO H H H  50° 25%(3)
H AcO AcO H H Me rt  77% (1/25:95)
H H H AcO AcOCH, H rt 65%(1/275:25)
H H H H AcOCH, H rt  81%(1/265:35)
Bu(Me),Si0 H H Bu(Me),SiO  Bu(Me),SIOCH, H  rt 2
R5 RS RS
3| 3
/1.0 GPa, Et,0 R'R
R rt,18h R NTs R ©
R? Ts—N=C=0 R? R?
1 0 2
R! R R R* RS R®  Yield
AcO H H AcO AcOCH,O0 H  60-77%(1)
AcO H AcO H AcOCH,0 H  60-77%(1)
H AcO H AcO H H  60-77%(2)
H AcO AcO H H Me 60—77% (2)
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App. 518
ACO o o P Solvent ¢t 1 2 3 4
06GPa GCD,CN 05h 29% 18% 9% 4%
J/ + ClC” "N=C=0 06GPa CD,CN 1h  40% 20% 11% 5%
Ohc 06GPa CD,CN 3h  44% 25% 13% 5%
06GPa CDCN 6h  50% 28% 14% 5%
[477] | Pressure, r.t. 06GPa CDCl, 5h 20% 13% 6% —
06GPa CDCl; 20h 42% 22% 13% 6%
A o CCl,  AO,—o coccl;  06GPa CDCl;  24h  45% 22% 11% 5%
02 N=" N 06GPa CDCl, 36h 52% 22% 10% 5%
@O + %O + 06GPa CDCl; 140h 52% 23% 10% 5%
a1 one 2 06GPa Et,0 1h  40% 24% 14% 3%
1.0GPa Et,0 1h  56% 24% 16% 4%
AO ¢ AcO,— 0o 15GPa EtL,0 1h  B5% 25% 14% 7%
\,-COCCh 4 /
ore OAc CONHCOCCI
o 3 4
0
App. 519 J\
0 o 50 N" R
P )k [478] .\
BnO R™ N=C=0 " 13GPa, MeCN BnO _j
BnO BnO 14
R
R Tt 1 2 3 ON=(
EtO rt. 24h 65% - - © ©
EtO 50° 3h 80% -  20% BnO *
EtO 50° 4h 75% -  25% BnO 2
BnO 50° 3h 1% - -
BnO 50° 6h 90% -  <10% 0
Ph 50° 3h 60% - 40% /
Ph rt. 24h 28% 28% 6% BnO
(NO.,CeHs rt.  6h  28% 28% 19% BnO  CONHCOR
(NO,),CqH; 50° 2h 58% -  42% 3
App. 520 MeO,C
CO,Me com
== ,Me
N Pressure, CH,Cl,, r.t. N N
\ — / 1 b2
MeO,C—==—CO,Me
P t 1 2

0.1MPa 112d 14.5% 4.4%
1.0GPa 7d 20% -



App. 521

App. 522
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CO + R—NCO
=

Pressure, 20 h

Ph
. o A o A
[479] N
)=+ )\ 0.8 GP *
2 1 NCO . a
RO R 130°,20h  R%O R' RO
1
R! R2 Yield 172
H Et 86% 49:51
H Bu 45% 4555
H i-Bu 68%  47:53
H BU(EY)ICHCH, 55%  56:44
~(CHy)s— 46% 4852
[479]

1 2
R P Solvent T Yield 1/2
(-)-(S)-CgH4-CH(Me)  0.5MPa  neat 100° - -
(=)-(S)-CgH4-CH(Me) 0.2 GPa neat 100°  21% 51:49
(=)-(S)-CgH4-CH(Me) 0.4 GPa neat 100° 68% 51:49
(=)-(S)-CgH4-CH(Me) 0.8 GPa neat 100°  80% 53:47
(=)-(S)-CgH4-CH(Me) 1.0 MPa  neat 130° 9% 51:49
(=)-(S)-CgH4-CH(Me) 0.4 GPa neat 130°  90% 51:49
(-)-(8)-CeHs-CH(Me) ~ 0.8 GPa  neat 130°  92%  52:48
(-)-(S)-CgH4,-CH(Me) 0.8 GPa  PhMe 100°  48% 51:49
(=)-(S)-CgHs-CH(Me)  0.8GPa  CHCl,  100° 58%  50:50
(-)-(S)-CgH4-CH(Me) 0.8 GPa  MeCN 100°  16% 49:51
(-)-(S)-CgH4,-CH(Me)  0.8GPa  THF 100°  37% 50:50
(-)-(8)-C¢Hs-CH(Me) 0.8 GPa  DMF 100° 37%  50:50
(=)-(S)-Ce¢Hs-CH(Me)  0.8GPa  (i-Pr)0  100° 28%  50:50
(+)-(R)-CgH,-CH(Me) 0.8 GPa  neat 40° 87% 48:52
(+)-(R)-CgH4-CH(Me) 1.2 GPa neat 70° 26% 48:52
(+)-(R)-CgH,-CH(Me) 1.2 GPa neat 100°  75% 48:52
(+)-(S)-Naph-CH(Me) 02 GPa  neat 100° 26%  52:48
(+)-(S)-Naph-CH(Me) 0.8 GPa neat 100°  94% 52:48
(+)-(S)-Naph-CH(Me) 0.8 GPa neat 130°  81% 50:50
(+)-(S)-Naph-CH(Me) 1.2 GPa neat 40° 32% 51:49
(+)-(S)-Naph-CH(Me) 1.2 GPa neat 70° 71% 49:51
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App. 523
(o)
O- L—
- S)-PhCH(Me)—NCO ool ph, N
O + (S)PhCH(Me) 0.8 GPa OO NG T KN,
100°, 20 h H> —=Ph H
42%
App. 524
H _ph
- R)-PhCH(Me)—NCO [480) 0 N>/
O + (R-PhCH(Me) 0.8 GPa +
100°, 20 h o-
87%
App. 525
H, ,R H, R
/'( o /( 0
R — [481] N N
HH)*N=C=O + 0 +
0.8 GPa fannt
n 100° 20h 81 12 o)
N [
R n Yield 12
Ph 1 80% 5347
1-naphthyl 1 94% 52:48
Ph 2 46% 52:48
App. 526
Ph Ph
H/L o H/L o R__ Yed 12
Ph [481] N—7 N—7  Et 8% 4951
Hiy—N=C=0 I_l + | )
0.8 GPa / i-Bu 68% 47:53
100°, 20 h RO RO Bu 45% 4555
— 1 2
=\
OR
App. 527
R,N P T Yield
j\ Me,N 08GPa 50° 4.7%
3 R,N—C=N [482] N~ ONR, MeN 0.8GPa 100° 72%
+ Pressure, 20 )I\ Me,N 05GPa 100° 84%
s=c=s )NI\)IN\ Me,N 02GPa 100° 16%
- idi °© 9
RN s NR, 1-pyrrolidino 0.8 GPa 50 1%
1-piperidino 0.8 GPa 70° 55%



App. 528

App. 529
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o}
R,N—C=N [483]
* GPa N| |N
0=C=s P;I&e, 20h Rz,\,)\s)\NR2
R;N P T Yield
Me,N 0.8 GPa 130° 92%
Me,N 0.4 GPa 130° 33%
Me,N 0.2 GPa 130° 7%
Me,N 3.0 MPa 130° -
Me,N 1.25GPa  100° 29%
Me;N 0.8 GPa 100° 14%
Me,N 0.53GPa  100° 7%
1-pyrrolidino 0.8 GPa 130° 74%
piperidino 0.8 GPa 160° 94%
piperidino 0.8 GPa 130° 67%
piperidino 0.8 GPa 100° 13%
mopholino 0.8 GPa 130° 7%
R’ R?  Yield
2 R'-CN + R2-NHCHO piperidino H 60%
piperidino Me  50%
04 GPa piperidino Ph 37%
[484] | 160° morpholino  H 52%
20 h morpholino  Me  66%
morpholino  Ph 58%
ji pyrrolidino ~ H 72%
pyrrolidino Me 64%
N| \)N\ pyrrolidino Ph 66%
R17ONT NHR2 MeoN H  65%
Me,N Me  35%
MeyN Ph  61%

2223
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App. 530 | ‘
\ [485] SYNYS SYN\’%S
N=C=S8 + + (MeNH),C=S
Pressure - N N ~ _ N N N
EtsN, H,O T \H/
1 N 2 3
P Solvent Et;N (equiv.) H,O (equiv.) T t 1 2 3
0.1 MPa  DMF 0.1 2 40° 20h - -
04GPa DMF 0.1 2 40° 20h 17% 21% 14%
0.61GPa DMF 0.1 2 40° 20h  48% 16% 15%
0.8GPa DMF 0.1 2 40° 20h  52% 10% 15%
0.8GPa DMF 0.1 2 100° 20h 6% M1% 13%
0.8GPa DMF 0.1 2 40° 1h 33% 6% 4%
0.8GPa DMF 0.1 - 40° 20h 4% 28% -
0.8 GPa DMF - 2 40° 20h - - -
0.8GPa  MeCN 0.1 2 40° 20h  31% 15% 14%
0.8GPa  i-PryNEt 0.1 2 40° 20h 2% 17% 21%
0.8GPa  benzene 0.1 2 40° 20h  12% 68% 4%
1.2GPa DMF 0.02 0.4 30° 3h 80% 2% trace
App. 531

\/O [486] 7 o pP Analysis
o 1.0 GPa formed (by MS)

Pressure, H,O R
mung bean t-RNA, 10 h 0.1 MPa not formed
R = Adenyl 0
App. 532
CO,Me o
R\/@ ‘ | [486] coMe P Analysis
+ 7 /
o Pressure, H,0 1.0GPa formed (by MS)
CO,Me  mung bean t-RNA, 10 h R CO,Me 0.1 MPa not formed
R = Adenyl
App. 533 . Lb [335]
RON=C = 1.0 GPa, PhMe
R = {Bu 80°,60h
N-R
74
o + R. J\ -R
(6]
2.3% 1.2% 2.8% 42%

; ;bb Aéwﬁb*

o, NR
1.9% 9.8%

1.1% yield not reported
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