Chapter I

Introduction

Cyclofunctionalization is a type of cyclization reaction, initiated by
electrophilic attack on an unsaturated bond and then cyclization to form a
bond between an internal nu hile and the unsaturated carbons.
(Scheme 1)

oyed as a key step in
resulting regio- and

Scheme 2 Corey’sErclofunc 1004

¢ o / _
Man ﬂﬂ ﬁ(ﬂﬁlﬂ@ﬁlﬂ Il pecially halogens,
chalcogens ti st Nitrogen,-ox , 'sulfur nucleophiles

have been frequently used in these cyclization reactions, to give a wide

TERRIRATTURAUNINEIRE



1. General mechanism

1.1 Regioselectivity

The regioselectivitiy of cyclofunctionalization has been extensively
studied and can be generally described by the exo- and endo-cyclization
modes. (Scheme 3)
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1.2 Stereoselectivity

The stereoselectivity of the cyclization reaction is a very important
aspect of the reaction. When the internal nucleophile adds to the anti
position relative to the induced electrophile, two diastereoisomeric
cyclized products can be formed if the substrate contains a stereogenic
center. The major product will be determmed by the reaction conditions,
in particular, either thermody inetic condition is used.

It is not always hether a given reaction is
conducted under con k1net1 odynamlc control, which
step is rate 11m1t1n§P:h sifp he stereochemistry. The
thermodynamic co prodic arex 'Tﬂﬂﬁjor products when the
cyclization reactions*rcafeversible because ofthe preferences for more
stable structure. If the'Teactons irreversi e kinetic products will
be generally forméd. R AAN

Bartlett’s group
acids. (Table 1)’ The
conditions could co

ctonization of unsaturated
ermodynamic or kinetic

Entry Substr p ,' : yield

K;Ltic condition 2.3 u 1 83%

; Thegngynamlc condmob 1 15 77%
Tt
i HO,C
QRIFINIUUNINGY
| 4  |Thermodynamic condition 81 °/<

Kinetic condition: 3 eq. |,, CH3CN, NaHCO3, 0 °C
Thermodynamic condition : 3 eq. I, CH3CN, 0 °C

Table 1 Kinetic and thermodynamic cyclofunctionalization
Under conditions of kinetic control (iodine in acetonitrile in the

presence of NaHCO; as an acid scavenger and a reaction accelerator), 4-
methyl-5-hexenoic acid showed a modest preference for formation of the



cis-lactone. (Entry 1) Under thermodynamic conditions, without
NaHCO;, the trans product is major. (Entry 2)

For the formation of the disubstituted six-membered ring, it can be
predicted that the thermodynamic product has both substituents
equatorial.

The stereoselectivity can be determined by the diastereofacial

discrimination of the attack of the e ectrophlle on the 7system.® For the
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2. Electrophiles
2.1 Halocyclofunctionalization

Halogens (iodine and bromine) are very useful electrophiles for
cyclofunctionalization reactions. Many types of starting materials can be
cyclized by treatment with hala i as to form cyclized products.

\
Stereocontrolle ahyd fur sis with excellent 1,3
asymmetric inductio ation honstrated to give the cis-

compounds. (Table 2)#This'is a\notabl ve way to construct a
quaternary center. =

2.1.1 Iodocyclof

Entry cis : trans yield
1 85:5 87%
2

91:9 94%

73%

9
Conditions I, (1.5 eq.), NaHCOg3 (2 eq.), ether (5 mL) - H,O (2 mL) to 1 mmol
of substrate

Table 2 Iodocyclofunctionalization

2.1.2 Bromocyclofunctionalization

Iwata has reported a route to synthesize bromolactones from the
unsaturated acid. (Scheme 7)®
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Scheme 9 Cyclic bromonium ion intermediates

2.1.3 Selenocyclofunctionalization

The ten membered ring lactams was cyclized to afford substituted
quinolizidines. (Scheme 10)'* The reaction proceeded with the addition



of the electrophile (phenylselenogroup) and the nitrogen lone pair across
the E-double bond of the substrate.
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Ward has reportedstheie elective cyclization of N-
protected 3-hydroxy-4-pht ‘ rotected pyrrolidines in
high yield."” The ‘€is-ist b Jor products. (Scheme
11) . y
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In all cases, ‘-“ C -f-hl ively to give only the
five membered ring/adducts and with good diaste: eoselectivity. (Table 3)
The reaction appearsto.be under kineti¢ control.
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Substrates PhSeX Reaction conditions Product ratio cis - trans
(yield)
(a) | CH,Cl,, a,4h 75/25 (88)
CHCl;, b,30h 85/15 (88)
dioxane, b, 40 min 76/24 (83)
Br CH,Cl,,a,2h 76/24 (83)
CHCl;, b, 20 min 87/13 (95)
(b) Cl 74126 (56)
Br 80/20 (60)
88/12 (70)
(©) Cl 90/10 (21)

>99/<1 (23)
>99/<1 (40)

a =-78°C for 10
Table 3 The results of Wards selenc funetionalization

N-Arylcarbamate yelized with PhSeCl. (Seheme
12)"! The reaction is efﬁc : it 15 carried out in the presence of
silica gel, and the yields aré g w‘;::r-_ . e 80%. The stereochemical
outcome of the reaetion is noteworthy y, s L
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Scheme 12 The selenocyclofunctionalization of N-arylcarbamates

Ley has reported the use of N-phenylselenophthalimide as an
electrophile and 0.01 equivalent of the Lewis acid (SnCly) to induce the
cyclization of the alkenyl-p-ketoester to give a selenomethylpyran.'



Reduction under high pressure yielded the saturated tetrahydropyran, a
civet cat gland component (Scheme 13).
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Scheme 13 Ley’s tetrahydrog)(x\ ,f})l

2.2 Transition metal tu‘)ya

l

Transition me
initiate cyclofunctionalize
higher oxidation staié

sed as the electrophiles to
7 transition metals in

h th ene and make it more
B}m\transmon metal-c-bond
on.k  There is often an
d products. A number of
clization reactions and

intermediate CO 1nse
transition metals ha
palladium(II) is the

o
5 A

2.2.1 Palladium (II) COmpﬂ&"_’s' T

,.:j;i;-_‘gf" >
The generalyméchanism of a Pd(__ ion reaction is shown in
Scheme 14. The! fStStep s the coordi i between palladium(II) and

the alkene to gl\@r all: | ;anThen the nucleophile
approaches the eleetrophilic posmon to generate an 1'-complex with ring
formation. The last s‘fﬁls functlonaliumon B- I}Fy‘dnde elimination can

adi EJCWp @drogen. Palladium
1

be the last s IEJ
(0) can be rqutlvate by an ox1d1zmg reagent to palladium(Il) again and,

hence, maintain the catal tl%ﬁde Frequ used oxidiZing agents are
CLTBYA e o 1 10 V18 16 0



10
(-
.

Pd(IDL,

Pd(IIL,
Oxidatior/

Nu f
<_'_ = \M
. L AR B ™ RECIRL

Scheme 14 The' o¢ &‘. cChani palladium catalyzed

Cyclization of the ‘{*s ., fin u 'n‘ Pd(II) complexes has been

attempted. The reaction fz _{_L{ﬁﬁa ﬂ unsaturated amine acted as an
efficient bidentate iy€ inactive complexes.

(Scheme 15)14 ~
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Scheme 15 Palladium cyclofunctionalization

Olefinic sulfonamides can be employed to eliminate the problem
because the nitrogen is much less basic. The last step is a 3-hydride
elimination to give an exo-cyclic alkene, however, rearrangement occurs
to the endo-cyclic compound, which is more stable. It is unclear whether
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or not the rearrangement is palladium catalyzed. (Scheme 15) Similar
chemistry has been reported with oxygen nucleophiles. (Scheme 16)"°
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Scheme 20 Effect of a- and B-substituents on cyclocarbonylation

This implies that, with 5-membered rings, there is little or no
energy difference between the conformation of the intermediates.

However, a substituent on the Yy-position, relative to the
nucleophile, exerts a strong stereochemical influence. Steric hindrance
between the y-substituent and the bulky palladium complex can make the

difference between the favored and unfavored intermediate structures.
(Scheme 21)
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3. Nucleophile

There are several types of nucleophile have been used in
cyclofunctionalization reactions. Oxygen and nitrogen are generally used
to be the internal nucleophile to form heterocyclic rings.
3.1 Oxygen nucleophiles

Halolactonization of | xylic acids is a very useful
method for regio- an% i nctionalization of double
bonds and has been
25)19
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One solution to this problem, introduced by Knapp, is to convert

the amides to O-silyl amidates, which are nucleophilic on nitrogen.
(Scheme 27)*!
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3.3 Tethers

A tether is a temporary group of atoms that connects the
nucleophile to another functional group in the molecule (Scheme 30).
The cyclofunctionalization then proceeds with the expected stereocontrol.
Removable of the tether then leads to an acyclic molecule, often as a
single stereoisomer. (Scheme 30

Scheme 30 Tethe
One valuable 1 Of oncept 1s in the formation of
; ; S . AN o
epoxides from ho ohols: Direct epoxidation gives mixtures of
diastereomers®* whil ‘arbonate extension” method developed by the
groups of Bartlett and Cardillo gives.very high diastereomeric ratios.
Both groups convert t Iyl )hol to a carbonate derivative.”
Iodination triggers cyclgmaa ion. Solvolytic removal of the
carbonate tethe pre 2 ding to the reaction
conditions (Sche ‘h =
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Scheme 32 Iodocyclofunctionalization of tethered nitrogen

In Fraser-Reid’s synthesis of ristosamine, the trichloromethyl
imidate ester was cyclized with iodonium dicollidine perchlorate to give
the oxazoline, which was reduced by Bu;SnH and then hydrolyzed. N-
Acetylristosamine was obtained directly. (Scheme 32)
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Surprisingly there is only one example of a tethered
cyclofunctionalization reaction using palladium catalysis, to our
knowledge. It was reported that N-toluenesulfonyl O-allyl and O-
h02r7noallyl carbamates underwent cyclization and carbonylation. (Table
4)

Substrate Condition, Product “%yield
\ COgMe

(\ PACl,;:CUCl, NaOAG/ GO /,(- 71

o\n,NHTs MeOH-ACOH. 0. NTs
: \

(0]

°wr ‘ 7

g ///ﬁ \\

Table 4 Tamaru’s bon t10 *r »n.'a.' zation
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