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SUMMARY OF THE THESIS

The thesis entitled “New Synthetic Methodologies by Using in situ Generated
Iodonium Ion and by Trapping of 0-Quinone Methide Intermediate with Various
Nucleophiles” has been divided mainly into two parts viz. Part A and Part B.

Part A has been subdivided into three chapters.

Chapter 1 outlines the brief review of literature of peroxovanadium complexes for
generation of halonium ion from the halide ion and some of their synthetic application

in organic synthesis.

Chapter 2 deals with the iodination of various organic substrates such as 1,3-
dicarbonyl compounds, electron rich aromatic substrates such as amines and phenols
using in situ generated iodonium ion by employing peroxovanadium complexes. The
same iodination reaction was further extended for heterocyclic system such as

pyrazoles. This is shown in graphical presentation as below.

- VO(acac),/H,Oo/Nal -

[Organlc substrates] - [Iodlnated products[
EtOAc, 0-5 °C

1 2

Chapter 3 describes the cleavage of dithioacetals of sugars into the corresponding
open chain aldehyde sugar derivatives using in situ generated iodonium ion involving

peroxovanadium complexes which is presented in the graphical presentation as below.

1
j\R VO(acac),/H,0,/Nal H
SR! -

Sugar DCM, 0-5 °C Sugar

O

3 4

In Part B of the dissertation contains four chapters.
Chapter 1 elaborates the brief review on o-quinone methides and some of their useful

application in natural and non-natural product synthesis.

Chapter 2 gives the synthesis of 1-[(alkylthio)(phenyl)methyl]-naphthalene-2-ol using
bromodimethylsulfonium bromide as pre-catalyst starting from aromatic aldehyde, 2-
naphthol and various thiols. Here we have demonstrated that o-naphthoquinone
methide intermediate can be generated in sifu which can be trapped with various thiols,

which act as nucleophile, which is given below in the form of graphical presentation.

vi
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Chapter 3 describes the synthesis of N-protected 1-amino-alkyl-2-naphthols by

4

trapping of in situ generated o-naphthaquinone methides with nitrogen nucleophiles
such as various carbamates and butyl amine using bromodimethylsulfonium bromide as

pre-catalyst. The scheme is shown in the graphical representation.

OH X =
e
DA,
TR 9
I/

rRoco-NH
12 ROCONH, HO

16 17

Chapter 4 delineates the synthesis of 8,9,10,12-tetrahydrobenzo[a]xanthen-11-one
derivatives by capturing in situ generated o-quinone methides with cyclic 1,3-diketones

catalyzed by ferric sulfate hydrate, which is given below.

oy

RCHO + 13
12

18
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GENERAL REMARKS

The present investigations were carried out in the Department of Chemistry, Indian
Institute of Technology Guwahati, Guwahati -781 039, Assam, from January 1, 2007 to
January 21, 2012 as a Ph.D. student under the supervision of Prof. Abu T. Khan.

The analytical samples were routinely dried in vacuo at 50 °C for 8 hours. In TLC
experiments, silica gel G (SRL) or silica gel GF 254 (SRL) were employed as
adsorbent or precoated TLC plates (0.2 mm layer thickness of silica gel 60 F-254) were
used. The spots were detected by staining with iodine vapors or under UV light or
charring with 10% conc. H,SO4 in MeOH or MOSTAIN solution (by dissolving 20 g
ammonium heptamolybdate and 0.4 g cerium(IV) sulphate in 400 mL 10% H,SO4
solution). Column chromatography was carried out with silica gel (60-120 mesh,
Merck, SRL or Qualigen), for purifications of reaction mixture. After purification, the
solvent was usually removed in rotavapor using Buechi R-114V instrument. Melting
points were determined on a Buchi melting point apparatus and are uncorrected.
Optical rotations were measured with a Perkin-Elmer 243 polarimeter at 25 °C
temperature. IR spectra were recorded on Perkin-Elmer 281 IR spectrophotometer. 'H
and °C NMR spectra were recorded on Varian 400 spectrometer TMS as internal
reference; chemical shifts (6 scale) are reported in parts per million (ppm). 'H NMR
Spectra are reported in the order: multiplicity, no of protons and coupling constant (J
value) in hertz (Hz); signals were characterized as s (singlet), d (doublet), t (triplet), m
(multiplet), brs (broad singlet), dq (doublet of quartet) and ddt (doublet of doublet of
triplet). HRMS spectra were recorded using WATERS MS system, Q-TOF premier and
data analyzed using Mass Lynx 4.1. Elemental analyses were carried out using Perkin-
Elmer 2400 Series II CHNS/O analyzer at the Department of Chemistry, Indian
Institute of Technology, Guwahati. Crystal data were collected with Bruker Smart
Apex-II CCD diffractometer using graphite monochromated MoKa radiation (A =
0.71073 A) at 298 K.
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PART A

Brief review on peroxovanadium metal
complexes for oxidation of halide ion to
halonium ion and their application with

special emphasis on iodination reactions
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Part 4 Chapter 1

Introduction: Naturally occurring organohalogen compounds are widely distributed in
nature, which has been compiled recently by Gribble.! Some of the naturally occurring
organohalogen compounds exhibit interesting biological activity such as cytoxicity
towards four different human tumor cell lines,” Na,K-ATPase inhibitory activity® and

antihistamine activity’ (Figure 1).

lantheran A
o\ 5
C D E
R /N+~M'V;e R H oI
) Me R' H | H
i H RZ 1 | |

Plakohyaphorines C-E

Figure 1: Some naturally occurring halogenated natural products.

In addition, some of the brominated and iodinated important are already known as
valuable drug molecules (Figure 2) for the treatment of various diseases such as
polycythemia vera -- a condition in which the bone marrow produces excess red blood

cells, tranquilizer and muscle relaxant, causing behavioral disorders in older people.

Br

HaC
o NN

) L

ﬁo cl
Br

Pipobroman Brotizolam Nicergoline

Figure 2: Examples of some halogenated organic compounds used as drugs.
Organohalogen compounds particularly bromo- and iodo compounds serve as synthetic

. 4 .5 . . . 6
precursors for Wurtz reaction,” Sonogashira’ and Suzuki coupling reactions” as well as

1
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Part 4 Chapter 1

for the preparation of organolithium and Grignard reagents,” and Wittig reagents,®
which are extensively used in C-C bond forming reactions in organic synthesis.

The use of molecular halogens for direct halogenation reaction has some drawbacks
such as difficult to handle as chlorine is a gas and bromine is a corrosive liquid. In
addition, molecular iodine is less reactive for direct iodination reaction.

For a long time, the scientists were curious to know how halogenated organic
compounds were formed in nature. In the meantime, there was a major breakthrough
when haloperoxidases enzymes were isolated from marine plant and animal kingdom,
which might be responsible for the formation of organohalogen compounds in the
marine plants and micro-organisms.”'’ This interest led to very detailed study of
reaction mechanisms, kinetics and bio-mimicking studies of haloperoxidases.'' Among
the various haloperoxidase enzymes, the structure of the bromoperoxidase has been
determined through X-ray crystallographic study.'

Di Furia et al. proposed that the enzyme bromoperoxidases contain vanadium metal
which may react with hydrogen peroxide present in the sea water to generate reactive
peoxovanadium species leading to the oxidation of bromide ion (Br’) to bromonium ion
(Br")."”® This in situ generated reactive bromonium ion is the main source of organic
bromination reaction of various substrates to form bromoorganics in nature. In addition
to vanadium based haloperoxidases, iron based haloperoxidases are also present in the
nature, which function in a similar fashion to generate the oxidised form of halonium
ion. The halonium ion generated reacts with the substrate to produce the haloorganic
compounds. Taking cues from nature, the chemists were interested in knowing the form
of oxidized species for bromonium ion that may exist in the solution. Di Furia et al.
proposed that it can either exist as Br, or HOBr in solution based on isolating the

115 Later on, Butler ef al. further

brominated products from the reaction with alkenes.
proposed that Brs” may also be one of the alternate oxidized species, which could be

present in the solution.'®

HOBr = Br, = Br;

Figure 3: An equilibrium of different species of bromine equivalent exist in solution.
Using these studies as motivation, over the decade greener synthetic procedures have
been developed in our lab and by others to address the lacuna in the bromination of the

organic substrates. The push towards green chemistry and the trend towards bio-

2
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Part 4 Chapter 1

inspired catalysts have led to the indirect applications of metal peroxo complexes, one
such complex being peroxovandates (POV). These metal-peroxo complexes are strong
oxidants, which have been proven by the conversion of aldehyde to esters'’ and
benzylalcohol to benzylaldehyde.'® These provide direct evidence that POVs are better
oxidant than hydrogen peroxide itself. As expected, peroxometal complexes can
oxidize Br’ to Br' ion which we have used as reagents for bromination of the organic
substrates. During such an endeavor, we conceived that the soft non-metallic
electrophilic property of bromonium ion can be exploited to develop new
methodologies where catalytic amount of bromonium ion produced can replace the

function of metallic electrophiles such as Hg, Cd, Ag.

RX+H H,0,

Q
RH
H,O

o) O+ X+ 2H,0 Vo
I'/()\

H
X

+ 1

202 + 20H
OH_ f
+
H
o)
|I/O

V)
e S~
L +O\H

Figure 4: A general catalytic cycle of the vanadium peroxo complex.

The general catalytic cycle of the POV in organic reactions has been well-established
which is shown in Figure 4 and may be summed up in the following manner: the
formation of a POV species, generation of Br'™ species, and in the final step Br' reacts
with the organic substrate. H;O, coordinates with the vanadium (IV) species to form
the POV species. The bromide ion now reacts with the complex, generating an oxidized
Br” species which can exist in equilibrium as shown in Figure 3. In the third step, the
Br' reacts with the organic compound to form bromoorganics. The other possible
mechanism is that in situ generated Br' ion reacts with H,O, to regenerate the Br ion.
Thus, the net reaction involves the metal ion which forms the peroxo complex and it
3
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Part 4 Chapter 1

oxidizes bromide ion (Br) to bromonium ion (Br') in association with hydrogen
peroxide (H;0O,;). The catalytic cycle explained above is bio-mimicking of the
vanadium haloperoxidase enzyme. There was no direct evidence for the use of
tribromide (Brs) ion in the reactions; even though the ion was proposed earlier as a
feasible source for the bromonium ion in aqueous media. Later on, Chaudhuri and co-
workers were able to isolate the solid organic ammonium tribromides depending upon
the quaternary ammonium salt."” This is a direct evidence for the existence of
tribromide ion in aqueous solution which is in equilibrium with other brominating
species (Brp and HOBr) as shown earlier in Figure 3.

The in situ generated Br' ion has been demonstrated for bromination of aromatic
substrates,” a-bromination of 1,3-dicarbonyl compounds®' and synthesis of 3-bromo

22 . . .
flavanones,”” which is shown in Scheme 1.

X X
X V505/H,O,/BusBr AN
| > |
/ _5 o
RAA DCM,0-5°C Y~
Br Br
o 0 V,05/H,0,/NH,Br M
» 1
R AR DCM, 0-5 °C R R

Br

MeO OH| V205/H202/NH4Br MeO O
O DCM, 0-5°C O
’ Br

OMe O OMe O
R = OMe, OBn

Scheme 1

The formation of selective mono a-brominated product can be explained using a
combination of vanadium pentoxide, hydrogen peroxide and ammonium bromide as
follows: The V,0s dissociates into VOz+ and VO3 species in solution, the species VOz+
assists for the formation of POV complexes, which oxidizes Br” to Br’'. On the other
hand, the species VO3 stabilizes the enolic form of 1,3-dicarbonyl compounds and this
results in selective monobromination to yield a-bromo-1,3-dicarbonyl compounds as

shown below.

TH-1095_05612209



Part 4 Chapter 1

Q ¢
NV Vo
0”070
+ ¢ -
VO, + VOj
R'COCH,COR®
H,0,
+ _ H2O2 +
2H + VO(O,);, =——==VO(0;) + H,0
) M g R! O O
d 0
1 Br - ------- {/: \\/O » R1MR2
R'= alkyl, phenyl (Br=Br,=Br3) R2_O (o} Br
R’=OR, alkyl  (VO)»(O2)s Br-

Scheme 2

Similarly, catalytically generated bromonium (Br') ion acts as a soft non-metallic
electrophile and promotes in the removal of sulfur based protecting group. By using
bromonium ion we have demonstrated the cleavage of dithioacetals,” oxathioacetals®*
into the corresponding carbonyl compounds and hydrolysis of 1-thioglycoside into the

corresponding 1-hydroxy sugars” which is shown in Scheme 3 and 4.

s V505/Ho0o/NH,4Br !
@e's = (e
28~ CHyClL/H,0,0-5°C 2
R =alkyl / aryl R? =H/ alkyl / aryl

Scheme 3

From taking cues of the above successful results, we realized that in situ generated
iodonium ion may also be used for iodination of various organic substrates by
involving POV catalyzed oxidation of iodide ion, which is similar to bio-mimicking of
iodoperoxidase enzymes. The second aim of my research plan is to explore in situ
generated iodonium ion assisted cleavage of dithioacetals of sugars into the
corresponding open chain aldehyde sugars.

Among various halogenated organic compounds, organoiodine compounds are valuable
precursors used in the carbon-carbon, carbon-nitrogen and carbon-sulfur bond

. . . . . 26-28
formation because iodine atom is an excellent leaving group.
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VO(O,), +2H"

H20; = (VO)2(02)3
H20; +
V5,05 VO(Oy)
Br
Catalytic hydrolysis Deprotection of oxathioacetals
of thioglycosides 1
R! O
WO
RO~ skt szsj
\ N
. o
-0 R'CO =
RO - j R?
OH \S +
m RO \A/SlEt R2<’S
Br Br 1
R +
. >=3
NO'—) R2
ROW{(SJrEt BrsS HO/\/SBF
|
Br
Scheme 4

As a result, we were interested to know, what are the existing methods available in the
literature for iodination of various organic substrates?

Iodination of aromatic substrates:

Conventionally, electrophilic iodination of organic compounds is usually achieved by
using elemental iodine in presence of bis(tetra-n-butylammonium) peroxidisulfate® or
hydrogen peroxide,”® or other oxidants.”’ Badri ef al reported™ selective iodination of
various aromatic compounds using iodine and 1,4-bis(triphenylphosphonium)-2-butene

peroxodisulfate, as depicted in Scheme 5.

+ + CH5CN
H2N© + o+ PhsPﬂPPhs - H2N©—|
S,0% rt., 0.5h, 88%

/T N\ CHZCN
+ b+ F’hsP—/_\—PPhs : - HOOI

S,05% rt.

HO

Scheme 5
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Part 4 Chapter 1

Likewise, Das et al reported™ regioselective iodination of activated aromatics with
iodine and catalytic amount of cerium ammonium nitrate (CAN), as shown in Scheme
6.

ocH OCHs
°  LICAN(10 mol%)

r.t., 3h, 94%

Scheme 6

Moorthy and his co-workers demonstrated eletrophilic aromatic iodination of organic
compounds and iodohydroxylation of olefins using IBX-I, which is depicted in

Scheme 7.3

Y
a
I
o
n O
I

DMSO-H,0

N\
O + b

OH
C
|

CH;CN-TFA

Y
"9
N

Scheme 7

The regioselective iodination of arenes using a combination of iodine/sodium

borate/ionic liquid was described by Bhilare ef a/>>, which is represented in Scheme 8.

NaBO5.4H,O
i X Lo aBUs.4M; - (\
! 2 . o R— \|
% lonic Liquid, r.t. A

R = NH,, OH, OMe, NMe,

Scheme 8

Stavber er al reported®® iodination of organic molecules using iodine, urea and

hydrogen peroxide combination as depicted in Scheme 9.

TH-1095_05612209
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Y = NH,, OCHs

Y
I5,/Urea-H,0,

Solvent free \
Y = NH,, OCHs, COCH;

Scheme 9

Odobel and his co-workers demonstrated the regioselective iodination®” of aniline or its
derivatives by using a combination of iodine and pyridine in dioxane at 85 °C, which is

depicted in Scheme 10.

l, /pyridine/dioxane,0’C
1h, 85%

Scheme 10

The iodination of organic substrates using molecular iodine has some demerits such as
low electrophilicity of I, and thus low reactivity towards majority of organic
compounds, while the second demerit is the release of HI during the iodination process,
which is responsible for the rupture of carbon-iodine bonds.

Similarly, iodination can also be performed by employing sodium iodide and hydrogen
peroxide in acidic medium.*® Zupan and his co-workers recently reviewed the
iodination of organic compounds using elemental iodine and iodides.*

Many other electrophilic iodinating reagents have also been developed over the years,
namely N-iodosuccinimide™ or N-I compounds* or interhalogen compounds such as
iodochloride (IC1).** In 2001, Tour et al reported * regioselective iodination of various
substituted anilines by employing a combination of benzyltriethylammonium

dichloroiodate and sodium bicarbonate as shown in Scheme 11.

Ph”” > N*EtsICly
NH
NH NaHCO;
CH,Cl,/MeOH
58%
|
Scheme 11
8
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Part 4 Chapter 1

Subsequently, Hajipour ef al extended the above protocol* for regioselective
iodination of wvarious aromatic substrates at room temperature involving
tetramethylammonium dichloroiodate (TMADCI) as iodinating reagent as shown in

Scheme 12.

| ~ TMADCI, Solvent free

R~ 5.45 min, 65-100% ||

Scheme 12

Recently, Burdette reported® iodination of electron rich aromatic substrates such as
aniline and phenol with 18-crown-6 supported ICl; . In case of phenol, a mixture of

products was isolated using the above reaction conditions, which is shown in Scheme

13.
NH
NH, 2
{[K.(18-C-6)]ICl}.
2 h/25°C/CaCO5
|
OH OH OH
" {[K.(18-C-6)]ICl} Lol !
' - + +
2 h/25 °C/K,CO5
| | |
51% 32% 14%

Scheme 13

The direct iodination of various aromatic compounds by employing interhalogen
compound such as iodochloride in presence of indium triflate was reported by Ellervik

and his co-workers*® as shown in Scheme 14.
ICIn(OTf)3 /MeCN
1h, 0 C, 90%,

Scheme 14

Though all of these reagents are excellent iodinating reagents, each one of them has
some demerits. Protocols for their preparation are often chemical and energy
consuming processes, while many of them are not only expensive but also produce a

considerable amount of waste material after iodine transfer. Keeping in mind the green

9
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Part 4 Chapter 1

trends in modern organic chemistry, there is still a requirement to reduce these
inconveniences as far as possible. Therefore, iodide anion (I') or elemental iodine (1)
seem to be a more logical and suitable choice.

Oxidative iodination is the only choice when iodide ion is used as the source of an
iodonium ion for the electrophilic transfer into organic molecule; that is, I" is first
oxidized to iodonium ion (I"), which further reacts with an organic molecule for
obtaining the desired iodinated products.

By following the above approach, Firouzabadi e al reported the direct halogenation of
organic compounds using a combination of oxone with sodium iodide*’ in water under
reflux conditions. The same research group has further demonstrated*® oxidative mono-
iodination of organic compounds by employing a combination of sodium iodide,
cerium chloride hepta hydrate and H,O, (Scheme 15). The major demerits of the

present protocol are firstly, oxone is explosive in nature and secondly, cerium salts are

expensive.
OCH;
Nal/Oxone (50 mol %)
H 0,
OCHj H,O, reflux, 30min, 93%
[
OCH3
Nal/CeCls.7H,O (10 mol %)/H,0,

H,O, reflux/r.t., 3h/25min, 93%/95%

Scheme 15

Stavber ef al has demonstrated® aerobic oxidative iodination of aromatic compounds

using a combination of KI/NaNO,/air/H,SO4 as shown in Scheme 16.

OR air, NaNO,(cat.) OR
+ K -
H>SO,; Solvent

Scheme 16

Narender et al reported™ the iodination of organic compounds using ammonium iodide

and hydrogen peroxide, as shown in Scheme 17.

10
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NH NH,
2 R R
R, R, NH4l, H,O5 _ 1 2
Acetic acid, r.t.
[
R1=H,R2=H R1=H,R2=CH3
Ri=H,R,=CN R1=CI, R, = Cl,

Ry =C3Hs, Ry = CyH5

Scheme 17

The similar approach was further extended by Iskra et al’' for iodination of arenes
using potassium iodide instead of ammonium iodide, hydrogen peroxide and sulphuric

acid at room temperature (Scheme 18).

KI/H,0, /H,S0,
rt., 4h, 96%

Scheme 18

Iodination of heterocyclic substrates are quite interesting as they serve as valuable
building blocks in organic synthesis. Among various heterocyclic compounds, the
iodination of pyrazole derivatives are quite difficult in presence of strong co-oxidant.
Hence, iodination of pyrazole is usually done by oxidative iodination using iodine and
lead(IV) acetate. But the main demerit is that lead is a heavy metal and is highly toxic.
As per our knowledge, nobody has reported the in situ generated iodination of
heterocyclic system. Therefore, there is a further scope for studying the iodination of
various organic substrates using a combination of VO(acac),/H,O»/Nal.

Rodriguez-Franco et al reported™ the regioselective iodination of pyrazoles using
elemental iodine in the presence of ceric ammonium nitrate (CAN) as the in situ
oxidant to prepare 4-iodopyrazoles, which is displayed in Scheme 19. The iodination of
various pyrazole derivatives was also achieved by using iodobenzene diacetate (or
polymer supported iodobenzene diacetate) with iodine to obtain 4-iodopyrazoles.”® The
4-iodo-3,5-dimethyl pyrazoles have also been synthesized™* by reaction of 3,5-dimethyl

pyrazoles with N-iodosuccinimide under ultrasound irradiation.
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H
H‘N N LL/CAN N
- \
|
R'=R?=H R'=R?=Me

R'=R2 = COOEt R'=H, R2 = Me
R' = Me, R2= OMe

Scheme 19

Iodination of 1,3-dicarbonyl compounds:

Todination of 1,3-dicarbonyl compounds was first reported™ by Fatiadi as shown in the

Scheme 20.
o O o O
HsOg, ACOH
O O 95 °C-rt., 46% O | O
R
Scheme 20

Later on, Yang and his co-worker demonstrated a-iodination of B-ketoester and mono
o-substituted p-ketoester™® with N-iodosuccinimide in the presence of magnesium
percholorate in good yields as shown in Scheme 21. Similar transformations were also
performed®’ by Lee et al using N-iodosuccinimide in combination with p-TSA under
microwave irradiation which is displayed below. Meshram ef af further demonstrated™®
the 2-halogenation of 1,3-ketoesters and cyclic ketones using NIS in ionic liquid.
Sreedhar ef al also reported59 the iodination of ketones, 1,3-diketones, -ketoesters by
employing NIS in DMSO at room temperature as depicted in Scheme 21. The only

demerit of these methods is that N-iodosuccinimide is a very expensive reagent.

Q92 NIS/[Bmim]PF Q 9
mimjFre NIS/MgCIO
i r.t.,50 min /CH3CN, rt., 15 min I
O O
O O O O
NIS/DMSO, rt. NIS/p.TSA, MW M g
MO/\ ~ 50 min 1-2 min o
[ |
Scheme 21
12
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Dolenc demonstrated®® the iodination of enol acetates and 1,3-diones using N-

Todosaccharin as shown in Scheme 22.

o O o O
OEt N-lodosaccharin OEt
ACOH, 10 min, 2% |

Scheme 22

Urasaki et al reported® iodination of dibenzoylmethanes using a combination of iodine

and periodic acid in acetic acid at 40 °C, which is depicted in Scheme 23.

o o0 o o0
1,/ACOOH(50 mol %)
O O AcOH, 40 °C
R R

R = MeO, Me, H, CI, NO,

Scheme 23

Lee and his co-workers demonstrated®® the preparation of B-substituted a-iodoenones

from diazodicarbonyl compounds, which is shown in Scheme 24.

N, ICH,CH,CH,l/Rh5(OAC),4(5 mol%) |

rt., 10 h, 93%
O OH

Scheme 24

Lee et al reported®” the microwave induced a-iodination of 1,3-dicarbonyl compounds

and ketones with Koser’s reagent (HTIB) [hydroxyl(tosyloxy)iodo]benzene as shown

below.
o o
O HTIB/Mgl,, MW O
> |
o) 3 min, 67% 'e)
c o

HTIB - Hydroxy(tosyloxy)iodobenzene
Scheme 25

Jereb et al demonstrated® the iodofunctionalistion of several types of organic

molecules including some 1,3-dicarbonyl compounds, which is shown in Scheme 26.
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o) o)
o) h/H205, H,O o)
0,
é/(OE’[ 1.5 h, 90% MOE’[

Scheme 26

Meshram et al described® the iodination of various 1,3-dicarbonyl compounds using

NIS and amberlyst-15 at room temperature as depicted below in Scheme 27.
O O O O

NIS/amberlyst-15, EtOAc
OFt rt, 20 min, 88% | Ot

Scheme 27

From all the above literature, it reveals that there is still scope to develop a new
methodology for iodination of various organic substrates by generating iodonium ions
from the oxidation of various iodide salts by employing peroxometal complexes.

The regioselective iodination of phenol and 1,3-dicarbonyl compounds are difficult,
hence further research has to be carried out to find a suitable condition for the
iodination of the above mentioned compounds . Therefore, in the end, we have
conceived that POV mediated iodination is a good and safer alternative in comparison
to all the other known ways.

Cleavage of dithioacetals derivatives of sugars:

Aldehydo-sugar derivatives are important building blocks in carbohydrate chemistry

for the synthesis of C-disaccharides,®® C-arylglycosides®” and natural products.®®” F

or
examples, acyclic aldehydo derivatives of D-glucose, D-xylose, L-arabinose are used
for the syntheses of valieneamine,®® C-disaccharide,’® (+)-phorboxazole A: a potent

cytostatic agent™ and anemoclemoside B17° respectively as depicted in Figure 5.

14
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OAc
OH OAc
AcO ©
AcO
HOw- «NH, AcO o
/ OAc ACO  OMe
HO OH non-natural C-Disaccharide
Valienamine MeO,,
-glycosidase inhibitor

MeO,,,

Phorboxazole A
- Cytotoxic Agent

Figure 5. Biological active compounds synthesized from acyclic aldosugar derivative.

Conventionally, mercury(II) chloride and cadium carbonate’ "

74-76

or mercury(Il) chloride
and mercuric oxide are found to be the most suitable combination for deprotection
of dithioacetal derivatives of sugar as shown in Scheme 28.

SRy H

% HgCl,/CdCO5
SR, or HgCl,/HgO o

Scheme 28

This method is based on using a heavy metal(s) as soft electrophile, which is highly
toxic and the additional difficulty is in the work up procedure to remove the mercuric
oxide.

Different methods have been reported for the deprotection of dithioacetals by using
I/NaHCO;,””  Mel/CdCO;,”* NaNOy/AcCL” CetTMATB or TBATB,” N-
iodosaccharin,®  V,0s/H,0/NH,Br,** and  (NH4)sM070,4.4H,0/H,0,/NH,Br.*
However, these methods have some limitations such as low yield, incompatibility with
acidic functional groups and are also less common for preparation of aldehydo-sugar
derivatives.

On the basis of brief review presented above, the following problems require some

serious attention:

15
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(a) The iodination of various organic substrates can be achieved by various reagents.
Some of these reagents are expensive; require harsh reaction conditions, etc. Hence, an
alternative has to be devised which is not only environmentally benign method but also
efficient and practical.

(b) To prepare open chain aldehyde sugars from dithioacetals are difficult to achieve.
The methods for the preparation of open chain aldehyde sugars from dithioacetals is
usually achieved using heavy metal such as mercury salts till today, which is highly
toxic and is not environmentally benign. Therefore, iodonium ion assisted cleavage of

dithioacetal of sugars will add a new methodology in carbohydrate chemistry.

16
TH-1095_05612209



PART A

Iodination of organic substrates using

in situ generated iodonium ion

TH-1095_05612209

Results and Discussions

CHAPTER 2:



Chapter 2 Results & Discussion

The importance of halogenated compounds and probable pathways of how these
compounds are formed in nature have been discussed in the previous chapter. In
addition, various methods of iodination that are known in the literature, the demerits of
the existing methods of iodination and future scope are also highlighted there. Over the
years, numerous methods have been developed for halogenation reactions, which are
already mentioned in the reference section of Part A. A few years ago, we have
demonstrated peroxovanadium complexes (POV) are useful oxidants for oxidation of

. . . . . . 20-25
bromide ion into reactive bromonium ion.

By trapping the reactive bromonium ion,
we have synthesized many brominated organic compounds. Similarly, we have shown
the cleavage of sulfur based protecting groups namely dithioacetals, oxothioacetals and

thioglycoside.”*

For achieving all these successful results, we have mainly used
vanadium pentoxide and hydrogen peroxide for the source of POV complexes and
ammonium bromide as the source of bromonium ion. As a matter of fact, we have
successfully demonstrated the usefulness of in situ generated bromonium ion in various
organic transformations. Subsequently, we are also interested whether similar
transformations are feasible by involving iodonium ion or not. Keeping this goal in
mind, we tried for iodination of 1,3-dicarbonyl compounds using a combination of
V,0s or NH4VO3/H,0,/Nal and the results are shown in Table 1. The low yield may be
due to formation of monoperoxo, diperoxo and triperoxocomplexes, which oxidizes
iodide ion so vigorously to iodine or iodine equivalent that escapes from the reaction
flask. Therefore, we thought that vanadyl acetylacetonate may be other alternative
reagent instead of either vanadium pentoxide or NH4VOs.

We have found in the literature that vanadyl acetylcaetonate is an effective and
important catalyst for the selective epoxidation of allylic alcohols.* Later on, Frerie et
al demonstrated® that vanadyl acetylacetonate anchored onto amine-functionalized
clays for epoxidation of geraniol. It can also be used for oxidation of cyclohexane™
into cyclohexanol and cyclohexanone, and asymmetric oxidation of sulfides.*”® The
efficacy of the combination of vanadyl acetylacetonate and ferz-butylhydroperoxide
(TBHP) has been further exploited for the selective conversion of bis-homoallylic
alcohols into functionalized cis-THFs by catalytic olefin epoxidation followed by
epoxide ring opening.*” Very recently, West et al have shown the usefulness of vanadyl

acetylacetonate for Meyer-schuster rearrangement.””
17
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In this chapter, o-iodination of 1,3-dicarbonyl compounds, various aromatic
compounds and iodination of pyrazoles using a combination of VO(acac),/H,O,/Nal is

described as shown in Scheme 29.

O © VO(acac),/H,0,/Nal o O
R1MR2 0°C-rt. R1)HI><LR2

R, =alky/ Ph/OR R, =Me/Ph/OR R =alkyl

NH
NH 2

2
VO(acac),/H,Oo/Nal
0°C-rt.

Scheme 29. Selective iodination of various organic compounds.

For the present study, the catalyst vanadyl acetylacetonate was prepared according to
the literature procedure.”’ Initially, we have chosen benzoyl acetone (1a) as a model
substrate for optimization in terms of yield and reaction time. Several reactions were
examined using different amounts of VO(acac), and Nal. The best yield of iodinated
product 2a was obtained using the combination of substrate:VO(acac),:H,Oz.Nal
(1.0:0.2:4.4:2.0 equiv), respectively (Table 1, entry 7). After screening of various
solvent systems such as CH,Cl,, EtOAc, CH3CN, CH30H and CH3;COCH;, it was
observed that ethyl acetate was the best solvent for this transformation. It is obvious
that VO(acac), plays an important role in the formation of the product and the results
are summarized in Table 1.

After completion of the reaction, the product 2a was characterized by recording 'H and
BC NMR spectra and by elemental analysis. In the NMR spectrum, -CHI proton
appears at & 5.97 ppm and °C signal for —CHI appears at & 32.82 ppm. In the starting
material these signal appeared at 6 ~4.1 ppm and & ~53 ppm (in the keto form),
respectively. The "H and C NMR spectra are given in Figure 6 in the experimental
section of Chapter 2 on page number 30. Subsequently, the 1,3-dicarbonyl compounds
such as dibenzoylmethane (1b) was subjected to iodination under similar reaction

conditions and furnished 2b in 90% yield as shown in Table 2 (entry 2).
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Table 1: Optimisation of the reaction conditions for the selective a-iodination of
benzoyl acetone”

Entry Catalyst Amount used in Nal Solvent Time/ | Yield®

mol% (equiv.) min. 1%
1 V05 20 2.0 EtOAc 25 38
2 NH,VO; 20 2.0 EtOAc 15 20
3 VO(acac), 10 2.0 EtOAc 30 59
4 VO(acac), 15 2.0 EtOAc 25 75
5 VO(acac), 20 1.5 EtOAc 25 73
6 VO(acac), 20 1.7 EtOAc 25 81
7 VO(acac), 20 2.0 EtOAc 25 91
8 VO(acac), 20 2.2 EtOAc 25 90
9 VO(acac), 20 2.0 CH.Cl, 25 66
10 VO(acac), 20 2.0 CH;CN 25 69
11 VO(acac), 20 2.0 CH;0OH 10 65
12 VO(acac), 20 2.0 CH;CO CH; 35 72

*All the reactions were carried out with 1 mmol scale. "Isolated yield

These successful results further motivated us to study the iodination reaction with
cyclic 1,3-diketones such as dimedone (1¢) and 1,3-cyclohexanedione (1d) using the
same combination under similar reaction conditions. The iodinated products 2¢ and 2d
were obtained in fairly good yield.

Next, we wanted to study the efficacy of the present protocol with B-keto esters.
Likewise,various B-esters (1e-K) were smoothly converted into the corresponding mono
a-iodinated product 2e-k in good yields (entries 5-11) under identical condition, which

is indicated in the Table 2.
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Chapter 2

Table 2: Iodination of 1,3-dicarbonyl compounds, aromatic amines, phenol and

pyrazoles using VO(acac),/H,0O,/Nal

Results & Discussion

Entry Substrate (a) Products (b) Nal (eq.) Time/h Yield®
Or [min] (%)
O O O O
1 MPh MPh 2.0 [25] 91
2a
O O O O
2 PhMPh PhMPh 2.0 3.5 90
1b H I
2b
3 in 2.0 instant 67
@) @) OH @)
Tc | 2¢
4 oﬂo OH /g:\l\o 2.0 instant 62
1d | 2d
O O O O
5 Motsu Motsu 2.0 11.5 87
1e 2e
o O O O
6 PhMOEt PhuOEt 2.5 24 92
1f H I
2f
O O o O
7 ij)kogt é&#oa 2.0 1 73
19 2g
© o S o
1h 2h
O O O O
9 EtOMOEt EtOMOEt 2.5 26 80
1i H 2i I
O O O O
10 OFEt )I%koa 2.0 16 75
1j .
' ph 2i >ph
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O O O O
11 )%oa )%oa 2.0 13 79
1k 2k
NH, NH,
12 <> 2.0 8.0 85
11 21 |
NHCH; NHCH;
13 © © 2.0 8.0 87
m 2m I
NH- NH-

14 I 2.0 8.0 84
1n 2n

OH
15 i Mixture of products 20 1.0 -

10
N
16 | N 2.0 1.0 90
N
1p"|
N
17 | N 2.0 6.5 92
Ph” "N
1q|_|
*Isolated Yield

The same protocol was further extended with electron-rich aromatic substrates such as
aniline, N-methylaniline and 4-ethylaniline. The regioselective monoiodinated products
2l-n were obtained in good yields under identical reaction condition. The 'H and C
NMR spectra of compound 2l are given in Figure 7 in the experimental section of
Chapter 2 on page number 31. However, phenol does not provide regioselective
iodinated product like aniline and its derivatives under similar reaction conditions.

To extend the scope and general applicability of this protocol, pyrazole derivatives (1p
and 1q) were also iodinated easily and gave the desired product 2p and 2q in very good

yields as shown in the Table 2.
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To verify competitive iodination in the aromatic ring and olefinic double bond, we
have carried out a iodination reaction with (£)-1-(2-hydroxy-4,6-dimethoxyphenyl)-3-
(3,4-dimethoxyphenyl)prop-2-en-1-one (1r) under similar reaction condition which is
shown in Scheme 30. From the observation, it reveals aromatic ring iodination is

preferred over olefinic double bond.

OCH3

OCH,
HsCO OH O VO(acac)2/H202/NaI= HsCO
O | EtOAc, 0-5 °C
12 h, 60 %
OCHLO
1Ir

Scheme 30

All these products were characterized by recording 'H- and C NMR spectra and
elemental analysis.

A plausible mechanism for the formation of product is depicted in Scheme 31. It is
known that VO(acac), undergoes hydrolysis in two steps in acidic aqueous solution
where the first ring is removed instantly while the removal of the second ring is 150
92,93

times slower.

VO(acac),

H>0,

VO(Oj)acac| + acacH
A

I@
<@
I
/

H,0

\

VO*(acac) @

Scheme 31. A plausible mechanism for iodination of various organic substrates

H>0,
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Based on this concept we have put forward a mechanism, the interaction of vanadyl
acetylacetonate with hydrogen peroxide can generate mono peroxo complex of
vanadium(V) A by replacing one unit of acetylacetonate, which can oxidize iodide ion
to iodonium ion. Then in situ generated iodonium ion was successfully trapped by
various organic substrates to provide iodinated product. In the above combination
vanadyl acetylacetonate acts as a catalyst, hydrogen peroxide and sodium iodide as the
sources of active oxygen and iodoniun ion, respectively. All these chemicals are
environmentally benign.

In conclusion we have demonstrated an important and efficient method for the mono-
iodination of 1,3-dicarbonyl compounds and pyrazoles by using a combination of
VO(acac)y/ H,O./Nal. Moreover, these reagents are environmentally acceptable.
Notably, the ester functionality does not undergo hydrolysis under the reaction
conditions although the medium is acidic. The catalyst plays a dual role in the
formation of peroxo complexes which oxidizes the iodide ion to iodonium ion and
promotion of the enol formation by chelating with the two carbonyl groups of the 1,3-
dicarbonyl compounds. Good yield, high selectivity, use of cost effective reagents,
mild and environmentally benign reaction conditions are some major advantages of this

protocol.
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Preparation of VO(acac),:

To an aqueous suspension of vanadium pentoxide (5 g, 27.49 mmol) in 20 mL of
water taken in a 500 mL beaker, 30% hydrogen peroxide (38 mL, 330 mmol) was
added dropwise in an ice-cold condition and stirred till a clear dark solution was
formed. To the dark brown colored solution, distilled acetylacetone (20 mL, 192.5
mmol) was added dropwise very carefully with continuous stirring. Vigorous
effervescence took place after 15 min. Stirring for a period of 30 min led to a
precipitation of a brown colored microcrystalline compound. The reaction mixture
was heated at 70 °C for 15 min under stirring. The precipitate turned olive green
with shiny crystalline appearance with the solution also turning green. The solution
was concentrated by heating on a steam bath for 30 min and then placed in an ice-
water bath for 15 min. The compound was filtered through Whatman No. 42 filter
paper, washed with acetone and dried in vacuo over fused CaCl2. Yield: 11.7 g
(80%).

Typical Procedure for iodination:

VO(acac); (53 mg, 0.2 mmol) was taken in 2 mL of water at ice- bath temperature (0O-
5°C). Then H,0, (0.5 mL, 4.4 mmol) was added slowly into it and kept for stirring at
the same temperature. The solution becomes yellow after 10 min. and the substrate
was added into it by dissolving in 3 mL of ethylacetate followed by Nal (300 mg, 2.0
mmol) solution, by taking into 2 mL of water, was added. The solution becomes dark
brown instantly. Finally, the reaction mixture was extracted with ethylacetate (3 x 25
mL) and the organic layer was washed with 10% sodium thiosulfate solution. Finally,
the organic layer was washed with water and dried over sodium sulfate. The solvent

was evaporated under vacuum and pure product was obtained.
2-Iodo-1-phenylbutane-1,3-dione (2a)

Nature: Yellow oil; IR (KBr): 3388, 3066, 1687, 1599, 1448,
1355, 1221, 1185, 1124, 1018 cm™; "H NMR (400 MHz, CDCl;): §
2.56 (s, 3H), 5.97 (s, 1H), 7.51 (t, J=7.6 Hz, 2H), 7.64 (t, /= 7.6
Hz, 1H), 7.98 (d, J = 7.6 Hz, 2H); >C NMR (100 Hz, CDCl;): § 27.2, 32.8, 129.3
(2C), 12935 (2C), 133.7, 134.6, 191.3, 199.0; Anal Caled. C;oHolO, (288.08):
requires C, 41.69; H, 3.15%. Found C, 41.51; H, 3.06%
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2-Iodo-1,3-diphenylpropane-1,3-dione (2b)

Nature: White solid; mp 107-108 °C. IR (KBr): 2957, 1688,
1662, 1594, 1446, 1289, 1240, 1182, 994, 979 cm™; '"H NMR
(400 MHz, CDCl3): 6 6.95 (s, 1H), 7.48 (t, J = 8.0 Hz, 4H), 7.61
(t, J= 7.6 Hz, 2H), 8.00 (d, J = 7.6 Hz, 4H); >C NMR (100 MHz, CDCl): § 34.1,
129.3 (4C), 129.5 (4C), 133.4 (2C), 134.4 (2C), 190.3 (2C); Anal Calced. C;5H;,10;
(350.15): requires C, 51.45; H, 3.17%. Found C, 51.32; H, 3.09%

3-Hydroxy-2-iodo-5,5-dimethylcyclohex-2-enone (2¢)

Nature: White solid; mp 154-155 °C. (Lit.*166-167 °C); IR
(KBr): 3448, 1624, 1574, 1317, 1000 cm™; "H NMR (400 MHz,
HO Ol CDCL): & 1.15 (s, 6H), 2.48 (s, 4H); *C NMR (100 MHz,
DMSO0): & 27.5 (2C), 32.3, 46.6 (2C), 76.7, 184.5 (2C); Anal
Caled. CgH; 110, (266.08): requires C, 36.11; H, 4.17%. Found C, 36.01; H, 4.06%

3-Hydroxy-2-iodocyclohex-2-enone (2d)

Nature: White solid; mp 138-139 °C; IR (KBr): 3105, 1645, 1580,

HO ol 1368, 1315, 1190, 1144, 1066, 956 cm”; "TH NMR (400 MHz,

I CDCL;+DMSO): & 1.97 (quint, J = 6.0 Hz, 2H), 2.61 (t, J = 6.0 Hz,

4H); *C NMR (100 MHz, DMSO): § 20.9, 33.3 (2C), 78.6, 185.6 (2C); Anal Calcd.
CeH710, (238.02): requires C, 30.28; H, 2.96%. Found C, 30.16; H, 2.88%

Tert-butyl 2-iodo-3-oxobutanoate (2¢)

o0 o Nature: Yellow oil; IR (KBr): 2981, 1731, 1639, 1371, 1251,
)H%oom% 1154 cm™; "H NMR (400 MHz, CDCL;): & 1.48 (s, 9H), 2.51 (s,
3H), 4.94 (s, 1H); >C NMR (100 MHz, CDCls): § 26.3, 27.8
(3C), 28.2, 84.3, 165.7, 197.9; Anal Caled. CsHi3105 (284.09): requires C, 33.82; H,
4.61%. Found C, 33.74; H, 4.53%

Ethyl 2-iodo-3-0x0-3-phenylpropanoate (2f)

O O Nature: Yellow oil; IR (KBr): 2931, 1675, 1272, 1002 cm’;
Ph)|_|J><tJ\oc;|-|2c;|-|3 "H NMR (400 MHz, CDCl): § 1.22 (t, J= 7.2 Hz, 3H), 4.24

(q, J=7.2 Hz, 2H), 5.92 (s, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.57
(t,J=17.6, 1H), 7.96 (d, J = 7.6 Hz, 2H); *C NMR (100 MHz, CDCL): § 14.0, 24.2,

25
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63.5, 129.1 (2C), 1293 (2C), 133.1, 134.3, 166.7, 189.4; Anal Caled. C;1H;;10;3
(318.10): requires C, 41.53; H, 3.49%. Found C, 41.42; H, 3.39%

Ethyl 1-iodo-2-oxocyclohexanecarboxylate (2g)

Nature: Yellow oil; IR (KBr): 2941, 2868, 1722, 1449, 1235, 1122,
1092, 1018 cm™; "H NMR (400 MHz, CDCls): § 1.28 (t, /= 7.2 Hz,
3H), 1.67-1.74 (m, 2H), 1.75-1.80 (m, 1H), 1.94-1.98 (m, 1H),
2.25-2.32 (m, 1H), 2.47-2.54 (m, 1H), 2.91-2.96 (m, 2H), 4.27 (q, J = 7.2 Hz, 2H),
3C NMR (100 MHz, CDCL): § 13.9, 24.8, 27.3, 38.3, 43.3, 53.3, 63.1, 169.5, 200.0;
Anal Caled. CoH; 3103 (296.10): requires C, 36.51; H, 4.43% Found C, 36.38; H,
4.33%

Ethyl 1-iodo-2-oxocyclopentanecarboxylate (2h)

Nature: Yellow oil; IR (KBr): 2973, 1745, 1256, 1180, 1132, 1020
é{(o A~ cm'H NMR (400 MHz, CDCls): § 1.29 (t, J = 7.2 Hz, 3H), 2.07-

| 2.14 (m, 2H), 2.35-2.53 (m, 4H), 4.26 (dq, J=7.2, 0.6 Hz, 2H); *C
NMR (100 MHz, CDCl3): § 14.0, 20.0, 35.1, 40.3, 43.6, 63.3, 168.1, 207.1.

Diethyl 2-iodomalonate (2i)

o 0O Nature: Yellow oil; IR (KBr): 2984, 1745, 1630, 1372, 1300,
E@MOH 1236, 1136, 1099, 1024 cm™; 'H NMR (400 MHz, CDCL): &

1.30 (t, J = 7.2 Hz, 6H), 4.32 (q, J = 7.2 Hz, 4H), 4.80 (s, 1H); *C
NMR (100 MHz, CDCL3): § 14.0 (2C), 63.5 (2C), 90.4, 168.4 (2C); Anal Calcd.
C-7H11104(286.06): requires C, 29.39; H, 3.88%. Found C, 29.23; H, 3.71%.

Ethyl 2-benzyl-2-iodo-3-oxobutanoate (2))

0 o Nature: Yellow oil; IR (KBr): 2978, 1711, 1356, 1309, 1236,

)gi‘\o/\ 1187, 1083, 1015 cm™; "H NMR (400 MHz, CDCls): § 1.20 (t, J =

| Ph 7.6 Hz, 3H), 2.47 (s, 3H), 3.54 (d, J = 14.4 Hz, 1H), 3.67 (d, J =

14.4 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H) 7.17-7.26 (m, 5H); *C NMR (100 MHz,

CDCL): 8 13.9, 26.9, 44.4, 54.5, 63.4, 127.6, 128.4 (2C), 130.4 (2C), 136.4, 168.4,

198.2; Anal Caled. C;3H; 5105 (346.16): requires C, 45.11; H, 4.37%. Found C, 45.01;
H, 4.26%
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Ethyl 2-ethyl-2-iodo-3-oxobutanoate (2k)

o o ) Nature: Yellow oil; IR (KBr): 3418, 2979, 2044, 1714, 1457,
%O/\ 1358, 1229, 1122, 1022 cm™; '"H NMR (400 MHz, CDCL;): & 0.96

! (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.6 Hz, 3H), 2.17 (¢, J = 7.2 Hz,
2H), 2.45 (s, 3H), 4.25 (q, J = 7.2 Hz, 2H); *C NMR (100 MHz, CDCL): § 12.3, 14.0,
26.0,32.5, 56.5, 63.3, 168.8, 198.2; Anal Caled. CsH;310; (284.09): requires C, 33.82;
H, 4.61%. Found C, 33.69; H, 4.53%

4-iodo aniline (21)

NH,| Nature: White solid, mp 60-62 °C; IR (KBr, em™): 3405 (-NH,), 3297 (-

NH,); '"H NMR (400 MHz, CDCl;): 0 3.68 (brs, 2H), 6.47 (d, J= 8.4 Hz,

2H), 7.41 (d, J = 8.4 Hz, 2H); *C NMR (100 MHz, CDCl): J 79.5, 117.5

| (2C), 138.1 (2C), 146.2; Anal Caled. CsHgNI (219.02): requires C, 32.90; H,
2.76; N, 6.40%. Found C, 32.71; H, 2.55; N, 6.26%.

4-iodo N-methylaniline (2m)

NHCH,) Nature: Colorless Liquid; IR (KBr, em™): 3422 (-NH,); "H NMR (400

MHz, CDCL): J 2.72 (s, 3H), 3.67 (brs, 1H), 6.31 (d, J = 8.4 Hz, 2H),

7.35 (d, J = 8.8 Hz, 2H). “C NMR (100 MHz, CDCL): ¢ 30.7, 77.9,

| 114.8 (2C), 137.9 (2C), 149.0; Anal Caled. C;HgNI (233.05): requires C,
36.08; H, 3.46; N, 6.01%. Found C, 36.26; H, 3.54; N, 6.14%.

4-ethyl-2-iodoaniline (2n)

NH, ) Nature: Colorless Liquid; IR (KBr, em™): 3398 (-NH;), 3299 (-NH,); 'H

'l NMR (400 MHz, CDCl): 6 1.17 (t, J = 7.6 Hz, 3H), 2.50 (q, J = 7.6 Hz,

2H), 3.96 (brs, 2H), 6.69 (d, J = 8.4 Hz, 1H), 6.98 (dd, J; = 2.0, J,=8. 0
Hz, 1H). 7.48 (d, J = 1.6 Hz, 1H). >C NMR (100 MHz, CDCl): 6 16.0,

|

27.6, 84.5, 114.9, 129.0, 136.2, 138.1, 144.6; Anal Caled. CgH (NI (247.08): requires

C, 38.89; H, 4.08; N, 5.67%. Found C, 38.71; H, 3.99; N, 5.54%.

4-lIodo-3,5-dimethyl-1H-pyrazole (2p)

Nature: White solid, mp 138-140 °C (Lit."*"134-136 °C); IR (KBr):
N| 3165, 3067, 3030, 2917, 2830, 1577, 1412, 1305, 1164, 1077, 1034 cm™;
"H NMR (400 MHz, CDCls): § 2.24 (s, 6H), 4.27 (s, 1H); *C NMR (100

N\
N’
H
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MHz, CDCL): § 13.1 (2C), 62.7, 146.5 (2C); Anal Caled. CsH7IN; (222.02): requires
C, 27.05; H, 3.18; N, 12.62%. Found C, 26.92; H, 3.11; N, 12.46%

4-lodo-3-methyl-5-phenyl-1H-pyrazole (2q)

Nature: White solid, mp 117-120 °C (Lit."*113-115 °C); IR (KBr):
3173, 3067, 2929, 1567, 1448, 1291, 1269, 1179, 1116, 1045, 967, 915
cm™; "TH NMR (400 MHz, CDCL): § 2.26 (s, 3H), 7.39-7.46 (m, 3H),
7.70-7.73 (m, 2H); >C NMR (100 MHz, CDCL): & 12.7, 60.6, 128.4 (2C), 128.6
(2C), 128.7, 131.9, 146.4, 149.8; Anal Calcd. C;oHoIN; (284.10): requires C, 42.28; H,
3.19; N, 9.86%. Found C, 42.17; H, 3.08, N, 9.69%

(E)-1-(2-hydroxy-3-iodo-4,6-dimethoxyphenyl)-3-(3,4-dimethoxyphenyl)prop-2-

en-1-one (2r)

i OCH, \ Nature: Yellow solid, mp 152 °C; IR (KBr, cm

| OCHs| 1y: 3445 (-OH), 1624 (-C=0); '"H NMR (400

H,CO OH O MHz, CDCL;): & 3.94 (s, 3H), 3.95 (s, 3H), 3.98

O | (s, 3H), 4.00 (s, 3H), 6.05 (s, 1H), 6.90 (d, J = 8.0

| OCH0 Hz, 1H), 7.12 (s, 1H), 7.22 (d, J = 8.4 Hz, 1H).

7.75 (d, J=15.2 Hz, 1H), 7.81 (d, J = 15.6 1H), *C NMR (100 MHz, CDCl;): 6 56.1,

56.2, 56.3, 56.6, 87.2, 91.4, 106.9, 110.7, 111.4, 123.0, 124.8, 128.5, 143.8, 1493,

151.5, 163.8, 164.3, 165.8, 192.4; Anal Caled. C19H;9IO6 (470.26): requires C, 48.53;
H, 4.07%. Found C, 48.71; H, 4.18%.

W
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H NMR (400 MHz, CDCL:): 2-iodo-1-phenvibutane-1,3-dione (2a)

SA_156_3
expl s2pul

SANPLE SPECIAL
date Feb 3 2008 temp not used
solvent cO0C13 gafn not used
e exp spin not usad
ACQUISITION hst 0.008
sw 6389.8 pwio 13.700
at 1.9%8 alfa 20.000
np 25528 FLAGS
th not used 11 n
hs in n
d1 1.000 dp y
nt 32 hs
ct 32 PROCESSING
TRANSMITTER 10 ¢.10
tn Hi  fn 65536
sfrq 399.853 DISPLAY
tof 362.8 sp -372.5
tpwr 57 wp 37446
9.850 rfl 792.8 O O
DECOUPLER rfp 0
dn 13 rp 100.9
dof o 1p -82.
dm ann PLOT
dmm C e 250
dpwr 50 sc 0
dmf 15900 ys 23 Ph
th 13

oo
~
o
@
&
[
™~
-

ppm
e - o
21713 2286 3363
1.4 11.88
C NMR (100 MHz, CDCl;)
sa_156_3
expl  szpul
SAMPLE SPECIAL
date Feb 5 2008 temp not used
solvent cDCI3 gain not used
file exp spin not used
ACQUISITION s .
sw 25125.6 pwio 181600
at 1.198 aifa 20000
np 60270 FLAGS o
h 13800 11 n 28
bs i6 in n @
i 1.000 dp =%
nt 500 hs 25
ct 500 PROCESSING
TRANSMITTER I .
tn c13 fn 65536
sfra 100.554 DISPLAY
tof 1536.3 sp -1502.4 -
tpwr 61 wp 25124.9 =
9.300 rft 150301 O O
DECDUPLER rfp 0 =
H1 rp 70.0 A
dof o 2816
dm yyy pLOT
dmm W we 250
dpur 42 sc 0
dmt 8900 vs 107
th 5
nm no ph
<
& - =
1 NP3
| 18 3
! - B
2 S
. 8
- 3
r ERRRERE = I R T T R R T S : . . . . . T = e
220 200 180 160 140 120 80 60 40 20 0 pPpm

Figure 6
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I.aniline.1

expl  szpul

Spectral data

H NMR (400 MHz, CDCly): 4-iodoaniline (21)

SAMPLE SPECIAL
date Jan 21 2011  temp not used
solvent €Dc13 gain not used
f exp spin not used
ACQUISITION hst 0.9
W 6389.8 pwdo 19.74q0
at 1.998 alfa 20.000
ng 2 8 FLAGS
fb not used i n
bs in n
dat 1.800 dp y
nt 2: hs nn
ct 3z PROCESSING
TRANSMITTER 10 0.10
tn H1 fn 65536 2
sfrg 399.853 DISPLAY
tof 362.8 -sp -181.2
tpwe 57 wp 4298.9
pw s.850, rf1 794.1
DECOUPLER rfp
€13 rp 58,0
dof a Al -29.3
dam nan PLOT
dmm o we 250
dpwr 50 sc 0
omf 15900 vs 32
th 11
nm cdc  ph
—— o
10 9 8 ppm
13 g s
C NMR (100 MHz, CDCl;): 4-iodoaniline (21)
I-Aniline-C13
expl  s2pul
SANP/ SPECIAL
date Jan 21 2011 temp not used
solvent coci3 gatn not used
file spin not used
ACQUISITION hst 0.008
at 1.199 alf, 20.000 2
fb 13800 11 n
bs in n
di 1.000 dp v
nt 3000 h nn
ct 1500 PROCESSING
TRANSMITTER 1b 2.
tn €13 fn 65536
sfrg 100.554 DISPLAY
tof 1536.3 sp -455.2
Tpwr 61 wp 21460.3
pw 9.300 rf1 275 .
DECDUPLER rfp 776a4.9
dof o 1p —335.1
dm 1%% 2 PLOT I
dmm W we 250
dpwr 42 sc 0
dmf 8900 vs 66
am no ph -
:
F .
i S
on
82
S
[y
- !‘1
3l
b i ‘
8 z |
g b
\ i
! \
i
m J. (P o J\.....A o
200 180 160 140 120 100 80 60 a0 20 ppm
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'H NMR (400 MHz, CDCl;): 4-iodo-3,5-dimethyl-1H-pyrazole (2p)

sA_205
expl  s2pul

SAMPLE SPECIAL
date Jul B 2008 temp not used
solvent cbC13  gain not used
fite exp spin not used
ACQUISITION hst 0.008
sw 6369.8  pw9D 19.700
at 1.958 alfa 20.000
np 25528 FLAGS —_
® wot’ieen 11 n HN—N
bs 4 in n
d1 1.000 dp ¥ \
nt 32 hs nn
ct 32 PROCESSING \
TRANSMITTER 1 0.10
n H1 fn 65536
sfrg 399.853 DISPLAY
tof 362.8 sp -795.8
tpwr $7 wp 6389.6
9.850 rf1 735.8 I
DECOUPLER rfp ]
€13 rp 127.2
dof o p -34.2
dm nnn fLOT
dmm c we 250
dpwr 50 sc
dmf 15900 vs 151
th 5
nm cdc ph
L L o e e e A e LA B e e e o S S B — T T T 7
13 12 11 10 9 7 1] 3 2 1 -0 -1 ppm

BC NMR (100 MHz, CDCly): 4-iodo-3,5-dimethyl-1H-pyrazole (2p)

IpyrazoleC1s
expl  s2pul

SANPLE SPECIAL
date Jul 8 2008 temp not used
solvent. €bc13 gain ait used
file exp spin not used
ACQUISITION hst 0.008
o HN—N
at 1.199 aifa 202000
np 60270 FLAGS
b 13800 i1 n \
bs 16 in n
d1 1.000 dp y
nt 500 hs m
ot a6 PROCESSING
TRANSMITTER b 2.00
n 13 ¥n 65536
sfrq 100.554 DISPLAY
tof 1536.3 sp -351.4 I
tpwr 61 wp 20898.4
9.300 rfl 927216
DEGOUPLER rfp 77649
HL rp -48.2
dot o i ~318.7
dm yyy PLOT
dmm W owe 250
dpwer a2 sc 0
dmf 8300 vs az
th 3

S = a
Koo 1
(87
. i
:;. il
§ ‘
=
(TP WIE TP TICRT T Lo L m " “ u . ﬁ‘ .L " L L
L L ki L L waad L T L L AN o A gy , o L by by
200 l_Bll 160 140 120 100 &0 60 a0 20 ppm
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Chapter 3 Results & Discussion

POV mediated oxidation of iodide ion into iodonium ion has been described for the
iodination of various organic substrates; which is described in Chapter 2 of Part A.
From our earlier experience, it was noted that dithioacetals can be cleaved easily by
using in situ generated bromonium ion. Therefore, the same knowledge can be
extended further for the cleavage of dithioacetals of sugars to access open chain
aldehyde sugars. Our group has developed various synthetic methodologies by using in

. . . 20-22
situ generated halonium ion.

From our previous experiences, we have perceived
that iodonium ion is a soft electrophile and would be suitable for similar kind
transformation.

In this Chapter, the successful results of deprotection of dithioacetals of sugars into
corresponding open chain aldehyde sugars have been elaborated using a combination of
VO(acac),/H,0,/Nal is reported as shown in Scheme 32.

In this combination vanadyl acetylacetonate acts as a catalyst, hydrogen peroxide and

sodium iodide as the sources of active oxygen and iodoniun ion, respectively. All these

chemicals are environmentally benign.

SR1 vO(acac),/H,0,/Nal H

A

Scheme 32. Cleavage of dithioacetal of sugars derivatives

As per our requirement for the present study, various dithioacetals derivatives were
prepared by following the literature procedure’ and all these products were acetylated
using standard procedure for characterization and handling purpose for future study.
The detailed procedures for preparing these starting materials have been given in the
experimental section.

As per our desire, D-ribose diethyl dithioacetal (3a) was initially chosen as a model
substrate. The reaction condition for cleavage of sugar derivative (3a) was optimized in
terms of yield and reaction time. Several reactions were examined using different
amounts of VO(acac),, HyO, and Nal. The best yield of 4a was obtained using the
combination of 3a/VO(acac),/Nal/H,O; in 1.0, 0.2, 1.0 and 10 equiv., respectively
(Table 3, entry 4). After screening of solvents such as DCM, EtOAc, CH3;CN and

32
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EtOH, dichloromethane (DCM) was the best solvent for this transformation and the
results are summarized in Table 1. It is obvious that VO(acac), plays an important role
in the formation of the product (Table 3, entry 1). The product 4a was confirmed by
recording "H NMR and >C NMR spectra which is given in Figure 12. In the H NMR
spectrum the disappearance of the signals at 6 1.24-1.25 and 2.58-2.76 due to the
presence of SCH,CHj3 group and appearance of new peak at 6 9.53 singlet due to the
formation of -CHO group clearly indicates the cleavage of dithioacetals groups.
Similarly, in the C NMR spectrum disappearance of signals at § 14.1, 14.3, 25.07,
25.13 and appearance of new signal at 193.2 due to aldehydic carbon clealy supports
the formation of open chain aldehydic sugar derivatives.

Table 3: Optimization of the reaction conditions”

OAc SEt VO(acac),/H,0,/Nal OAc
> CHO
AcO™ Y Y SH DCM,0-5°C ~ ACO™ YT
OAc OAc OAc OAc
3a 4a
Scheme 33
Entry | VO(acac), Solvent 30% H,0, mL Nal Time | Yield®
(mmol) (mmol) | (h) (%)
(mol%)

1 No Catalyst DCM 1.2 1 5 NR*
(10)

2 10 DCM 1.2 1 5 32
(10)

3 15 DCM 1.2 1 5 50
(10)

4 20 DCM 1.2 1 3 68
(10)

5 25 DCM 1.2 1 3 65
(10)

6 20 DCM 1.2 0.5 3 39
(10)

7 20 DCM 0.6 1 3 50
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)

20 DCM

2.2 1
(20)

20 CH;CN

1.2 1
(10)

10

20 EtOAc

1.2 1
(10)

11

20 EtOH

1.2 1
(10)

3 NR*

* Reaction was carried out using 1 mmol of 2,3,4,5-tetra-O-acetyl-D-ribose diethyl

dithioacetal ” Isolated yield. No Reaction.

The present protocol was examined for the deprotection of tetra-O-acetylated

diethyldithioacetal of L-arabinose (3b) to give the desired product 4b in 76 % of yield.

By following the above procedures, various diethyl dithioacetal derivatives of different

aldohexose such as D-glucose (3¢), D-galactose (3d), D-mannose (3e) and L-rhamnose

(3f) were cleaved to corresponding aldehydo-sugars 4¢-4f in good yields which are

mentioned in Table 4. in the experimental section. The scope of this method was

further verified for the deprotection of dipropyldithioacetal derivatives of sugars such

as L-arabinose (3g), D-galactose (3g), D-mannose (3i) and obtained the desired

products 4b, 4d and 4e in good yields. It is important to mention that the reaction time

required for cleavage of diethyl dithioacetal is less as compared to dipropyldithioacetal.

Table 4: Deprotection of dithioacetals of sugar”

TH-1095_05612209

Entry Substrate Product Time | Yield”
h | )
OAc SEt OAc
CHO
1 AcO N H SEt AcO H : 3 68
OAc OAc 3a OAc OAC 4ga
OAc SEt OAc
~~__CHO
2 AcO : SEt AcO i 3 76
OAc OAc 3b OAc OAc 4b
34
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OAc OAc SEt OAc OAc
AcO - AcO ~__CHO
3 r Y SH 3 64
OAc OAc 3¢ OAc OAc 4¢
OAc OAC SEt OAc OAC
AcO AcO CHO
OAc OAc 3d OAc OAc 4d
OAc OAc SEt OAc OAc
AcO AcO CHO
5 J\/\‘)\SE’[ V'\/\‘/ 3 70
OAc OAc 3e OAc OAc 4e
OAc OAc SEt OAc OAc
CHO
6 HsCWSEt HsC/\‘/'V 35 | 75
OAc OAc 3f OAc OAc 4f
OAc SPr OAc
CHO
7 AcoWSPr ACO/\‘/\/ 45 73
OAc OAc 3g OAc OAc 4b
OAc OAc SPr OAc OAc
AcO AcO CHO
OAc OAc 3h OAc OAc 4d
OAc OAC SPr OAc OAc
AcO AcO CHO
OAc OAc 3i OAc OAC  4e
OAc OBn SEt OAc OBn
BnO : BnO _CHO
10 T Y SH 4 88
OBn OBn 3j OBn OBn
4j
Q / SEt 0
- o “J_CHO
1| oY Y CsEt Y 2.5 66
)VO 0] )VO O
3k 4k

* The reaction was performed using 0.2 mmol VO(acac),, 10 mmol H,0; and 1 mmol
Nal. " Isolated yields.

TH-1095_05612209

35



Chapter 3 Results & Discussion

We have extended our protocol for the substrate having other sensitive functional
group such as acetals and benzyl groups. For this study, we performed the reaction of
compounds 3j and 3k, which gave aldehydo-product 4j and 4k in good yields. From
these observations, we have noted that our protocol is compatible with other functional
groups in the substrates.

Finally we turned our attention towards a plausible mechanism for this transformation.
Initially, the treatment of vanadyl acetylacetonate with hydrogen peroxide can generate
mono peroxo complex of vanadium(V) by replacing one unit of acetylacetonate, which
can oxidize iodide ion to iodonium ion (which might exist as I, and/or I3" in the
solution). Thus in situ generated iodonium ion (I") react with sulphur to generate
species (X) which on hydrolysis to give intermediate (Y). Further, attack on
nucleophilic sulphur atom of intermediate (Z) with another 1" followed by lone pair

migration leading to the formation of desired product as shown in Scheme 34.

R'SOH H,O

votecs PR
leoz d
1 \|
VO(O,)acac Nal o Ri®
H,0 +acacH z
R’l

Aqueous H

Fhase |®E |2Ei —_ |® Organic Phase s +
H20, VO*(acac) HO
Y
@ R
S
S/R1 j SR H,0
e

R'= Ethyl/Propyl

Scheme 34: Cleavage of dithioacetals into the corresponding aldehydes sugar

In conclusion, a simple and efficient protocol has been devised for the preparation of
various aldehydo-sugars from cleavage of corresponding sugars dithioacetal using a
combination of VO(acac),, H,O, and Nal. Short reaction time, benign reaction
conditions, and good yields are the main features. The reaction can be applied to a large
number of sugars dithioacetals. Moreover, other protecting groups such as acetyl,

benzyl and isopropylidene are unaffected during the experimental conditions.
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General procedure for preparation of dialkyl dithioacetal

To an ice cold stirring suspension of sugar (20.0 mmol) in thiol (10 mL), BDMS (0.134
g, 0.6 mmol) was added in two portions after an interval of 10 minutes. The reaction
mixture was allowed to continue for stirring. After completion of reaction, the excess
thiol was removed by short-path distillation, which was reused for next set of reaction.
The crude residue was recrystallized in hot water or other solvents system, which are

mentioned with each compounds.
General experimental protocol for per-O-acetylation of dialkyl dithioacetal of sugars

A suspension of dialkyl dithioacetal (2.0 mmol) in Ac;O (0.94 mL, 10.0 mmol) was
placed in an ice bath for stirring. To the cold suspension of the reaction mixture was
added HC104-S10; (50 mg) and stirring was continued further. After completion of the
reaction (monitored by TLC), the reaction mixture was passed through a celite pad and
washed with toluene. The crude reaction mixture was further co-evaporated with
toluene (2 x 10 mL) to remove traces of acetic acid and the crude product was purified
by column chromatography on silica gel using 3:1 hexane-EtOAc to furnish pure per-

O-acetyl of dialkyl dithioacetals.

D-Ribose diethyl dithioacetal

oH set |} Nature: Creamy solid, M.p. 78-80 °C (recrystallized from

HO™ ™~~~ TSEt| water), [a]p” -38.2 (¢ 1.0, H,0).
OH OH

2,3,4,5-Tetra-0-acetyl-D-ribose diethyl dithioacetal (3a)

OAc SEt Nature: Colorless solid; M.p. 47-48 °C (recrystallized from

set | ethanol); [a]p® +29.6 (¢ 1.0, MeOH); IR (KBr): 2971, 1749,
1372, 1220, 1049 cm™; "H NMR (400 MHz, CDCls): ¢ 1.24 (t,
3H, J = 7.6 Hz, SCH,CH;), 1.25 (t, 3H, J = 7.2 Hz, SCH,CH), 2.04 (s, 3H, COCH>),
2.07 (s, 6H, 2 x COCH3), 2.15 (s, 3H, COCH}), 2.58-2.76 (m, 4H, 2 x SCH,CH3), 3.95
(d, 1H, J= 6.0 Hz, H-1), 4.13 (dd, 1H, J=7.6 Hz, J = 12.0 Hz, H-5), 4.42 (dd, 1H, J =
2.8 Hz, J=12.0 Hz, H-5"), 5.32 (t, 1H, J = 6.0 Hz, H-2), 5.37-5.40 (m, 1H, H-4), 5.64
(dd, 1H, J=4.0 Hz, J = 6.0 Hz, H-3); *C NMR (100 MHz, CDCl;): ¢ 14.1, 14.3, 20.7,

AcO ! !
OAc OAc
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20.8 (2C), 20.9, 25.07, 25.13, 51.6, 62.2, 69.8, 71.2, 72.1, 169.3, 169.7, 169.9, 170.7,
Anal. Caled for C17H,505S; (424.53): C, 48.10; H, 6.65; S, 15.11. Found: C, 48.03; H,
6.56; S, 14.92.

L-Arabinose diethyl dithioacetal

on set | Nature: White solid; M.p. 124-126 °C; [a]n” -8.4 (¢ 1.0, H;0).

HO v~ TSEt
OH OH

2,3,4,5-Tetra-0-acetyl-L-arabinose diethyl dithioacetal (3b)

OAc SEt Nature: Colorless crystalline solid; M.p. 84 °C; [a]p> —34 (c
AcO ~set| 1.0, MeOH); IR (KBr): 2968, 1738, 1371, 1229, 1032 cm™; 'H
Ohc OAc NMR (400 MHz, CDCls): 8 1.21 (t, 3H, J = 7.6 Hz, SCH,CH>),
1.23 (t, 3H, J = 7.6 Hz, SCH,CH3), 2.03 (s, 3H, COCH;), 2.04 (s, 3H, COCH3), 2.10 (s,
3H, COCHs), 2.11 (s, 3H, COCH3), 2.58-2.76 (m, 4H, 2 x SCH-CH3), 3.89 (d, 1H, J =
8.0 Hz, H-1), 4.03 (dd, 1H, J=5.6 Hz, J = 12.4 Hz, H-5), 4.26 (dd, 1H, J=2.8 Hz, J =
12.4 Hz, H-5"), 5.09-5.13 (m, 1H, H-4), 5.27 (dd, 1H, J = 2.8 Hz, J = 8.0 Hz, H-2),
5.72 (dd, 1H, J = 2.8 Hz, J = 8.0 Hz, H-3); ®C NMR (100 MHz, CDCL): 6 14.2, 14.5,
20.9 (2C), 21.06, 21.12, 25.0 (2C), 51.9, 62.3, 69.0, 69.7, 70.9, 169.7, 170.1, 170.2,
170.9; Anal. Caled for C;7H2305S, (424.54): C, 48.10; H, 6.65; S, 15.11. Found: C,
48.00; H, 6.44; S, 14.95.

D-Glucose diethyl dithioacetal

OH OH SEt Nature: White solid; M.p. 125-126 °C (recrystallized from

HO
SEY hot water); [at]p> —28 (¢ 1.0, H,O).

OH OH

2,3,4,5,6-Penta-0-acetyl-D-glucose diethyl dithioacetal (3c)

OAc OAc SEt Nature: White syrup; [o]p> +13.6 (¢ 1.0, CHCl3); IR (KBr):

AO AN sg| 2960, 1750, 1372, 1226, 1069, 1031 em”; "H NMR (400
Ofc Oc MHz, CDCly): 6 1.20 (t, 3H, J = 7.6 Hz, SCH,CH3), 130 (t,

3H, J = 8.0 Hz, SCH,CH3), 2.01 (s, 3H, COCH;), 2.03 (s, 3H, COCH3), 2.05 (s, 3H,
COCH;), 2.06 (s, 3H, COCH;), 2.12 (s, 3H, COCH;), 2.48-2.80 (m, 4H, 2 x
SCH,CHz), 4.04 (d, 1H, J = 4.0 Hz, H-1), 4.10 (dd, 1H, J = 4.8 Hz, J = 12.4 Hz, H-6),
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421 (dd, 1H, J=2.8 Hz, J = 12.4 Hz, H-6'), 5.02-5.05 (m, 1H, H-5), 5.26 (dd, 1H, J =
40Hz, J="72Hz H-2), 540 (dd, 1H, /=28 Hz, /= 8.4 Hz, H-4), 573 (dd, 1H, J =
2.8 Hz, J = 7.2 Hz, H-3); >C NMR (100 MHz, CDCls): ¢ 14.3, 14.5, 20.5, 20.6, 20.7,
20.8 (20), 24.8, 25.6, 50.6, 61.4, 68.3, 68.4, 70.0, 72.1, 169.6, 169.8, 169.9, 170.2,
170.5; Anal. Caled for C,0H32010S, (496.60): C, 48.37; H, 6.49; S, 12.91. Found: C,
48.29; H, 6.43; S, 12.82.

D-Galactose diethyl dithioacetal

OH OH SEt . .
HO Nature: White needles; M.p. 142-143 °C (recrystallized from
SEt

on o methanol); [a]p™ -3.6 (¢ 1.0, H;0).

2,3,4,5,6-Penta-O-acetyl-D-galactose diethyl dithioacetal (3d)

OAc QAc SEt Nature: Colorless solid; M.p. 78-80 °C (recrystallized from
: ethanol); [o]p® +11.6 (¢ 1.0, MeOH); IR (KBr): 2977, 1747,
1372, 1220, 1025 cm™; "H NMR (400 MHz, CDCL3): ¢ 1.19
(t, 3H, J = 7.2 Hz, SCH,CH>), 1.22 (t, 3 H, J = 7.2 Hz, SCH,CH3), 1.99 (s, 3H,
COCHj3), 2.08 (s, 6H, 2 x COCH3), 2.09 (s, 3H, COCH5), 2.09 (s, 3H, COCH3), 2.54—
2.67 (m, 4H, 2 x SCH,CH3), 3.80 (d, 1H, J= 6.8 Hz, H-1), 3.83 (dd, 1H, J=7.2 Hz, J
=12.0 Hz, H-6), 4.26 (dd, 1H, J= 5.2 Hz, J = 12.0 Hz, H-6'), 5.14 (dd, 1H, J= 1.6 Hz,
J = 8.0 Hz, H-2), 5.16-5.19 (m, 1H, H-5), 5.22 (dd, 1H, J = 2.0 Hz, J = 9.6 Hz, H-4),
5.75(dd, 1H, J = 1.6 Hz, J = 9.6 Hz, H-3); >C NMR (100 MHz, CDCL): 6 14.2, 14.4,
20.8 (2C), 20.9, 21.1, 25.1, 25.4, 28.9, 52.0, 62.3, 67.9, 68.1, 68.4, 70.5, 169.6, 169.9,
170.3, 170.5, 170.6; Anal. Caled for C20H3,010S, (496.60): C, 48.37; H, 6.49; S, 12.91.
Found: C, 48.29; H, 6.41; S, 12.79.

AcO
¢ SE

OAc OAc

—~

D-Mannose diethyl dithioacetal

OH OH SEt Nature: White solid; M.p. 135-136 °C (recrystallized from

HO
SEt water); [o]p” +25.2 (¢ 1.0, H,0).

OH OH

2,3,4,5,6-Penta-0-acetyl-D-mannose diethyl dithioacetal (3e)

OAc OAc SEt | Nature: White syrupy; [o]p” +30 (c 0.35, MeOH); IR (KBr):

AcO SEt| 2971, 1749, 1371, 1218, 1047 em™; 'H NMR (400 MHz,

OAc OAc
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CDCly): 6 1.24 (t, 3H, J = 7.6 Hz, SCH,CH), 1.28 (t, 3H, J = 7.2 Hz, SCH,CH;), 2.06
(s, 3H, COCHs), 2.08 (s, 3H, COCH3), 2.09 (s, 6H, 2 x COCH3), 2.10 (s, 3H, COCH3),
2.60-2.76 (m, 4H, 2 x SCH-CHs), 3.90 (d, 1H, J = 5.6 Hz, H-1), 4.08 (dd, 1H, J=5.2
Hz, J = 12.4 Hz, H-6), 4.22 (dd, 1H, J = 2.8 Hz, J = 12.4 Hz, H-6'), 5.06-5.09 (m, 1H,
H-5), 5.29 (dd, 1H, J = 5.6 Hz, J = 7.2 Hz, H-2), 5.50 (dd, 1H, J=2.0 Hz, J= 9.2 Hz,
H-4), 5.75 (dd, 1H, J= 1.6 Hz, J = 7.2 Hz, H-3); *C NMR (100 MHz, CDCl3): 6 14.3,
14.4, 20.9, 21.0 (2C), 21.03 (2C), 25.3, 25.6, 51.5, 62.0, 67.4, 68.2, 69.2, 71.2, 169.9,
170.1 (2C), 170.7, 170.8; Anal. Caled for CaoH3,010S; (496.60): C, 48.37; H, 6.49; S,
12.91. Found: C, 48.30; H, 6.41; S, 12.82.

2,3,4,5-Tetra-0-acetyl-L-rhamnose diethyl dithioacetal (3f)

OAc OAc SEt | Nature: Syrupy; [a]p” —44.6 (¢ 1.0, MeOH); IR (KBr): 2974,
HsC < set| 1751, 1371, 1224, 1069 cm™; "H NMR (400 MHz, CDCl): 6
Bhe Dhe 116 (d, 3H, J = 64 Hz, CHs), 122 (t, 3H, J = 7.2 Hz,
SCH,CH;), 1.23 (t, 3H, J = 7.6 Hz, SCH,CH>), 2.03 (s, 3H, COCHj;), 2.06 (s, 3H,
COCH;), 2.07 (s, 3H, COCH;), 2.08 (s, 3H, COCH;), 2.58-2.72 (m, 4H, 2 x
SCH-CHs), 3.83 (d, 1H, J = 4.4 Hz, H-1), 4.85-4.92 (m, 1H, H-5), 5.23 (dd, 1H, J =
1.6 Hz, J = 8.4 Hz, H-4), 5.28 (dd, 1H, J=4.4 Hz, J= 7.6 Hz, H-2), 5.78 (dd, 1H, J =
1.6 Hz, J = 7.6 Hz, H-3); *C NMR (100 MHz, CDCl): é 14.1, 14.3, 16.5, 20.9, 21.0
(2C), 21.2, 25.3, 25.6, 51.5, 67.2, 69.0, 71.0, 71.1, 169.6, 169.9, 170.1, 170.4; Anal.
Caled for CisH3005S; (438.56): C, 49.30; H, 6.89; S, 14.62. Found: C, 49.21; H, 6.80;
S, 14.49.

L-Arabinose dipropyl dithioacetal

OH  SPrn Nature: White needles; M.p. 138-139 °C (recrystallized from

HO T SPr-n

S 211 25
L water/ethanol/ethyl acetate: 3:1:1); [a]p” +13.3 (¢ 1.0,

MeOH).

2,3,4,5-Tetra-0-acetyl-L-arabinose dipropyl dithioacetal (3g)

OAc SPrn | Nature: Syrupy; [a]n® 35 (¢ 1.0, MeOH); IR (KBr): 2964,

AcO : 77 OsPrn| 1749, 1372, 1217, 1044 cm™; "H NMR (400 MHz, CDCl): 6

s 0.96-1.01 (m, 6H, 2 x SCH;CH,CHy), 1.56-1.63 (m, 4H, 2 *

SCH,CH.), 2.05 (s, 3H, COCH;), 2.06 (s, 3H, COCH3), 2.11 (s, 3H, COCH3), 2.12 (s,
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3H, COCH:), 2.50-2.74 (m, 4H, 2 x SCH-CH,), 3.86 (d, 1H, J = 8.4 Hz, H-1), 4.01
(dd, 1H, J = 6.0 Hz, J = 12.4 Hz, H-5), 427 (dd, 1H, J = 3.2 Hz, J = 12.4 Hz, H-5"),
5.10-5.13 (m, 1H, H-4), 5.26 (dd, 1H, J = 2.8 Hz, J = 8.4 Hz, H-2), 5.74 (dd, 1H, J =
2.8 Hz, J = 8.0 Hz, H-3); ®C NMR (100 MHz, CDCL): 6 13.6, 13.8, 20.9 (2C), 21.0,
21.1, 22.5, 22.7, 32.9, 33.0, 52.4, 62.3, 68.9, 69.6, 70.9, 169.7, 170.0, 170.2, 170.8;
Anal. Caled for CoH3,05S; (452.59): C, 50.42; H, 7.13; S, 14.17. Found: C, 50.31; H,
7.00; S, 14.06.

D-Galactose dipropyl dithioacetal

OH OH SPrn Nature: White needles; M.p. 151-154 °C (recrystallized
HO -
. SPeMl from water/ ethanol/ethyl acetate: 3:1:1); [a]p> +10.8 (¢

OH OH
1.0, MeOH),

2,3,4,5,6-Penta-0-acetyl-D-galactose dipropyl dithioacetal (3h)

OAc QAc SPr-n Nature: Syrupy; [o]p> +6.6° (¢ 0.80, MeOH); IR (KBr):
¢ sPrn| 2961, 1750, 1371, 1215, 1030 cm™; "H NMR (400 MHz,
2R O CDCly): 6 098 (t, 3H, J = 7.2 Hz, SCH,CH,CH), 0.99 (t,
3H, J = 7.6 Hz, SCH,CH,CH;), 1.52-1.64 (m, 4H, 2 x SCH,CH.>), 2.02 (s, 3H,
COCHj3), 2.10 (s, 3H, COCH3), 2.11 (s, 6H, 2 x COCH3), 2.13 (s, 3H, COCH;), 2.60—
2.70 (m, 4H, 2 x SCH,CHy), 3.79 (d, 1H, J = 8.4 Hz, H-1), 3.84 (dd, 1H, J=7.2 Hz, J
=12.0 Hz, H-6), 4.28 (dd, 1H, J= 5.2 Hz, J = 12.0 Hz, H-6'), 5.15 (dd, 1H, J=2.0 Hz,
J=84Hz H-2),5.17-5.20 (m, 1H, H-5), 5.24 (d, 1H, J=2.0 Hz, J= 9.6 Hz, H-4),
5.79 (dd, 1H, J = 2.0 Hz, J = 9.6 Hz, H-3 ); >C NMR (100 MHz, CDCl): J 13.7,
13.8, 20.9 (2C), 21.0, 21.2, 22.6 (2C), 22.7, 33.1, 33.6, 52.7, 62.4, 68.0, 68.2, 68.5,
70.7, 169.7, 170.1, 170.4, 170.6, 170.7; Anal. Caled for CyHss010S; (524.65): C,
50.37; H, 6.92; S, 12.22. Found: C, 50.26; H, 6.85; S, 12.13.

AcO

D-Mannose dipropyl dithioacetal

OH OH SPrn Nature: White reddish needles; M.p. 130-132 °C

HO SPr-n| (recrystallized from water/ethanol/ethyl acetate: 3:1:1);

5H OH
[a]p” +4.3 (¢ 1.0, MeOH).
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2,3,4,5,6-Penta-0-acetyl-D-mannose dipropyl dithioacetal (3i)

OAc QAc SPr-n Nature: Syrupy; [a]p® +26.1 (¢ 1.2, MeOH); IR (KBr):
: SPr-n| 2964, 1750, 1372, 1218, 1052 cm™; "H NMR (400 MHz,
CDCl3): 6 0.98 (t, 3H, J = 7.6 Hz, SCH,CH,CHj3), 1.01 (t,
3H, J = 7.6, SCH,CH,CHj;), 1.54-1.66 (m, 4H, 2 x SCH,CH.), 2.05 (s, 3H, COCH5),
2.07 (s, 6H, 2 x COCH3), 2.08 (s, 3H, COCHj3), 2.10 (s, 3H, COCH;), 2.53-2.62 (m,
2H, SCH.CHy), 2.64-2.72 (m, 2H, SCH,CH;), 3.87 (d, 1H, J= 6.0 Hz, H-1), 4.08 (dd,
1H, J=5.2Hz J= 128 Hz, H-6), 420 (dd, 1H, J=2.4 Hz, J=12.8 Hz, H-6'), 5.05—
5.09 (m, 1H, H-5), 5.28 (dd, 1H, J=6.0 Hz, /= 7.2 Hz, H-2), 5.50 (dd, 1H, J=1.6 Hz,
J=92Hz H-4), 5.74 (dd, 1H, J = 1.6 Hz, J = 7.2 Hz, H-3); C NMR (100 MHz,
CDCl3): 0 13.7 (2C), 20.9 (2C), 21.0 (2C), 22.5, 22.6 (2C), 33.2, 33.5, 52.1, 62.0, 67 4,
68.2,69.2, 71.4, 169.9 (2C), 170.1 (2C), 170.8; Anal. Caled for C2H36010S, (524.65):
C, 5037, H,6.92; S, 12.22. Found: C, 50.29; H, 6.80; S, 11.97.

AcO

OAc OAc

2,3,4,6-Tetra-0-benzyl-D-glucose diethyl dithioacetal (3k)

OH OBn SEt Nature: White syrup; [o]p> +27 (¢ 1.0, MeOH); IR (KBr):
: SEt| 3492, 2925, 1454, 1100, 697 cm™; "H NMR (400 MHz,
CDCl3): 6 1.17 (t, 3H, J = 7.6 Hz, SCH,CH5), 1.18 (t, 3H, J =
7.2 Hz, SCH,CH5), 2.50-2.60 (m, 2H, SCH,CHs), 2.66 (q, 2H, J = 7.6 Hz, SCH,CHj),
3.08 (d, 1H, J= 5.2 Hz, OH), 3.61 (dd, 1H, J = 5.6 Hz, J = 10.0 Hz, H-6), 3.66 (dd, 1H,
J=4.0Hz, J=10.0 Hz, H-6"), 3.71 (dd, 1H, J= 3.6 Hz, J = 6.8 Hz, H-4), 3.93 (d, 1H,
J = 4.0 Hz, H-1), 4.03-4.15 (m, 1H, H-5), 4.14 (dd, 1H, J = 4.0 Hz, J = 6.8 Hz, H-2),
4.27 (dd, 1H, J = 3.6 Hz, 6.8 Hz, H-3), 4.49-4.59 (m, 4H, 2 x CH.), 4.67 (d, 1H, J =
11.6 Hz, CHH), 4.79 (d, 1H, J=11.6, CHH), 4.80 (d, 1H, J=11.2, CHH), 4.89 (d, 1H,
J =112 Hz, CHH), 7.23-7.38 (m, 20H, ArH), *C NMR (100 MHz, CDCl3): 6 14.6
(2C), 25.5,25.7, 54.0, 71.1, 71.6, 73.0, 73.7, 75.1, 75.5, 77.5, 80.3, 82.9, 127.6, 127.9,
127.96, 128.0 (4C), 128.03 (4C), 128.2, 128.3, 128.4, 128.6 (6C), 138.1, 138.4 (20),
138.7; Anal. Caled for CigHisOsS, (646.28): C, 70.55; H, 7.17; S, 9.91. Found: C,
70.46;, H, 7.03; S, 9.82.

BnO

éBn éBn
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2,3:4,5-Di-O-isopropylidene-L-arabinose diethyldithioacetal (31)

0/ SEt Nature: Colorless oil; [a]p®> —80.8° (¢ 1.0, MeOH); IR (KBr):
o/\f %sgt 2986, 2931, 1455, 1372, 1219, 1064, 847 cm™; "H NMR (400
)T ° © MHz, CDCLs): §1.23 (t, 3H, J = 7.6 Hz, SCH,CHy), 1.26 (t, 3H, J
= 7.6 Hz, SCH,CH;), 1.31 (s, 3H, CH5), 1.35 (s, 3H, CH;), 1.39 (s, 3H, CH;), 1.42 (s,
3H, CH;), 2.66-2.78 (m, 4H, 2 x SCH,CH3), 3.94 (dd, 1H, J = 4.4 Hz, J = 8.4 Hz, H-
5), 4.01 (d, 1H, J = 2.4 Hz, H-1), 4.03 (t, 1H, J = 4.8 Hz, H-3), 4.06-4.12 (m, 2H, H-4
and H-5"), 4.11 (dd, 1H, J = 2.8 Hz, J = 4.8 Hz, H-2); *C NMR (100 MHz, CDCL3): &
14.4, 14.5,25.0, 25.2, 25.3, 26.8, 27.2, 27.4, 52.4, 67.8, 77.2, 79.2, 84.6, 109.8, 110.2;
Anal. Caled for C;sHy3048; (336.51): C, 53.54; H, 8.39; S, 19.06. Found: C, 53.31; H,

8.30; S, 18.86.

General experimental procedure for cleavage of dithioacetals

To a stirred solution of VO(acac), (0.053 g, 0.2 mmol) in water (1 mL), was added 30%
H,0, solution (1.2 mL, 10 mmol) at 0-5 °C. After 20 min solution turns yellow from
bluish green. Nal (0.149 g, 1 mmol) was added into it by dissolving in water (1 mL).
The color changes from yellow to dark brown. Then the substrate (1 mmol) in
dichloromethane (2 mL) was added instantly into it. The reaction was monitored by the
TLC until the complete consumption of the starting material. The reaction mixture was
extracted with ethyl acetate (3 x 25 mL) and the organic layer was washed with 10%
sodium thiosulfate solution to remove excess iodine. Finally, the organic layer was
washed with water and dried over anhydrous sodium sulfate. The solvent was
evaporated under vacuum and the crude product was purified through a column

chromatography using ethyl acetate: hexane (20: 80).

2,3,4,5-Tetra-0-acetyl-aldehydo-D-ribose (4a)

OAc Nature: White solid; M.P. 96-97 °C; [a]p” -12.4° (¢ 1.0,
Aco/\:/'\:/CHO MeOH); IR (KBr): 1748 (CO) cm™; "H NMR (400 MHz,
OAc OAc CDCls): § 2.0 (s, 3H), 2.05 (s, 3H), 2.08 (s, 3H), 2.18 (s, 3H),

415 (dd, J = 4.4 Hz, J=12.8 Hz, 1H), 4.34 (dd, J=2.0 Hz, J= 8.4 Hz, 1H), 5.26-5.31
(m, 1H), 5.44 (d, J = 2.0 Hz, 1H), 5.60 (dd, J= 2.4 Hz, J= 9.2 Hz, 1H), 9.53 (s, 1H);
3C NMR (100 Hz, CDCl3): § 20.4, 20.7 (3C), 61.4, 68.3, 68.4, 76.7, 169.1, 169.5,
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169.8, 170.6, 193.2. Anal. Caled for C3H;505 (318.28): C, 49.06; H, 5.70. Found C,
48.93: H, 5.61.

2,3,4,5-Tetra-O-acetyl-aldehydo- L-arabinose (4b)

OAc Nature: White solid; M.P. 115-116 °C; [a]p>> —60.0° (¢ 2.0,

CHO|  CHCLy); IR (KBr): 1749 (CO) em™; 'H NMR (400 MHz,
OAc OAc CDCls): §2.07 (s, 3H), 2.07 (s, 3H), 2.07 (s, 3H), 2.08 (s, 3H),
4.16-4.20 (m, 1H), 4.31 (dd, J=2.4 Hz, J = 12.4 Hz, 1H), 5.24-5.28 (m, 1H), 5.38 (d, J
=2.0 Hz, 1H), 5.68 (dd, /= 2.4 Hz, J=9.2 Hz, 1H), 9.73 (s, 1H); C NMR (100 Hz,
CDCls): §20.5,20.7, 20.9 (2C), 61.7, 67.4, 68.2, 76.1, 169.8, 169.9, 170.9 (2C), 194.1.
Anal. Caled for C13H;305 (318.28): C, 49.06; H, 5.70. Found C, 48.94; H, 5.61.

AcO

2,3,4,5,6-Penta-0-acetyl-aldehydo-D-glucose (4¢)

OAc OAC Nature: White solid; mp 118-119 °C, [a]p” +4.2° (c 2.0,
Aco\)\_;yCHO CHCL); IR (KBr): 1749 (CO) cm™; "H NMR (400 MHz,
OAc OAc__ | CDCly): §2.04 (s, 9H), 2.10 (s, 3H), 2.18 (s, 3H). 4.07 (dd.
J=52Hz J=12.4Hz, 1H), 425 (dd, J=2.8 Hz,J = 12.8 Hz, 1H), 5.08-5.13 (m, 1H),
5.25(d, J=5.2Hz, 1H), 5.48 (dd, J=3.6 Hz, J= 7.6 Hz, 1H), 5.57 (dd, J=3.6 Hz, J =
4.8 Hz, 1H), 9.50 (s, 1H); *C NMR (100 Hz, CDCls): § 20.4, 20.5, 20.6, 20.77, 20.83,
61.8, 68.3, 68.4, 68.6, 75.2, 169.4, 169.6, 169.8, 169.9, 170.7, 194.0. Anal. Caled for
C16H2,011 (390.34): C, 49.23; H, 5.68. Found C, 49.11; H, 5.60.

2,3,4,5,6-Penta-0-acetyl-aldehydo-D-galactose (4d)

OAc OAc Nature: White solid; mp 105-110 °C, [o]p> —6.0° (¢ 2.0,

AcO ~CHO|  CHCly); IR (KBr): 1750 (CO) cm™; 'H NMR (400 MHz,

OAc OAc CDClL): § 2.04 (s, 3H), 2.05 (s, 3H), 2.11 (s, 3H), 2.12 (s,

3H), 2.22 (s, 3H), 3.90 (dd, J=3.6 Hz, J=11.2 Hz, 1H), 428 (dd, J=5.2Hz, J=11.6

Hz, 1H), 5.29 (d, J = 15.6 Hz, 1H), 5.37 (t, J= 5.6 Hz, 1H), 5.47 (d, J = 10.0 Hz, 1H),

5.65 (d, J= 9.6 Hz, 1H), 9.46 (s, 1H); *C NMR (100 Hz, CDCl;): & 20.6, 20.8 (4C),

62.1, 66.4, 67.7 (2C), 75.9, 170.3, 170.5, 170.8 (3C), 193.9. Anal. Caled for C16H,01;
(390.34): C, 49.23; H, 5.68. Found C, 49.09; H, 5.58.
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2,3,4,5,6-Penta-O-acetyl-aldehydo-D-mannose (4e)

OAc OAc Nature: Syrup; [a]p” +23.6° (¢ 1.0, CH,Cly); IR (KBr):

AcO : \_CHO| 1749 (CO) cm™; "H NMR (400 MHz, CDCL): § 2.05 (s,

OAc OAc 3H), 2.06 (s, 3H), 2.09 (s, 3H), 2.11 (s, 3H), 2.17 (s, 3H),

4.09-4.14 (m, 1H), 4.21 (dd, J=2.8 Hz, J = 10.0 Hz, 1H), 5.03 (dd, /=08 Hz, J=7.6

Hz, 1H), 5.12-5.17 (m, 1H), 5.45-5.50 (m, 2H), 9.41 (s, 1H); >C NMR (100 Hz,

CDClL): & 20.4, 20.5, 20.6, 20.7, 20.8, 61.8, 67.4, 67.6, 67.8, 74.3, 169.66, 169.7,

169.8, 170.0, 170.6, 195.4. Anal. Caled for C;sH»O11 (390.34): C, 49.23; H, 5.68.
Found C, 49.33; H, 5.74.

2,3,4,5-Tetra-0-acetyl-aldehydo-L-rhamnose (4f)

OAc OAC Nature: Syrup; [a]p> -33°( ¢ 0.06, CH,CL,); IR (KBr): 1748
H3CK‘)YCHO (CO) cm™; "H NMR (400 MHz, CDCL): § 1.04 (d, J = 6.4
OAc OAc Hz, 3H), 1.87 (s, 3H), 1.91 (s, 3H), 1.93 (s, 3H), 1.97 (s, 3H),
4.78-4.88 (m, 2H), 5.07-5.13 (m, 1H), 5.36 (d, J = 8.0 Hz, 1H), 9.35 (s, 1H); *C NMR
(100 Hz, CDCl3): § 16.6, 20.5, 20.7, 20.8, 21.0, 66.8, 67.4, 71.4, 74.3, 170.0, 170.1
(2C), 170.3, 195.5. Anal. Caled for C14H0s (332.30): C, 50.60; H, 6.07. Found C,
50.46; H, 6.00.

5-0-Acetyl-2,3,4,6-tetra-0-benzyl- aldehydo- D-glucose (4j)

OAc OBn Nature: Syrup; IR (KBr): 1735 (CO) cm™; "H NMR (400
BnO\/'\__/?\:/CHO MHz, CDCl;): § 1.90 (s, 3H), 3.62 (dd, J=4.8 Hz, J=11.2
OBn_OBn Hz, 1H), 3.74 (dd, J = 3.2 Hz J = 11.2 Hz, 1H), 3.81-3.85
(m, 2H), 3.95-3.97 (m, 1H), 4.30-4.44 (m, 7H), 4.71 (d, J = 11.6 Hz, 1H), 5.11 (d, J =
3.2 Hz, 1H), 7.07-7.23 (m, 20H), 9.59 (s, 1H); “C NMR (100 Hz, CDCL): § 21.2,
68.1, 72.5, 73.1, 73.2, 73.7, 74.0, 76.7, 79.7, 80.3, 127.7 (2C), 127.9 (2C), 128.1 (2C),
128.2 (2C), 128.3 (2C), 128.4 (3C), 128.43 (3C), 128.5 (4C), 137.1, 137.2, 137.6,
137.8, 170.0, 200.1. Anal. Caled for C3sH3307 (582.68): C, 74.21; H, 6.57. Found C,
74.09; H, 6.48.
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Chapter 3 Experimental

2,3:4,5-Di-O-isopropylidene-aldehydo-L-arabinose (4k)

) Nature: Syrup; [a]p> +10°( ¢ 0.25, CH,Cl); IR (KBr): 1739
O/\(’\ E/CHO (CO) cm™; "H NMR (400 MHz, CDCl;): & 1.33 (s, 3H), 1.36 (s,
)VO O 3H), 1.40 (s, 3H), 1.45 (s, 3H), 3.94-4.15 (m, 4H), 4.39 (dd, J =

0.8 Hz, J = 6.0 Hz, 1H), 9.73 (s, 1H); *C NMR (100 Hz,
CDCL3): § 25.3, 26.4, 26.9, 27.2, 67.2, 76.65, 77.9, 83.5, 110.2, 112.1, 200.1. Anal.
Caled for C;1H;505(230.26): C, 57.38; H, 7.88. Found C, 57.51; H, 7.97.
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Chapter 3

Spectral data

H NMR (400 MHz, CDCl3): 2,3,4,5-Tetra-O-acetyl-L-arabinose diethyl dithioacetal (3b)

OAc OAc SEt

OAc OAc

©
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ot
ST Tsls T T T sle T T TalsT T T Al

— T — T — —
3.5 3.0 2.5 2. 1.5 1.0 ppm
— e A —
3.22 3.37 3.92 14.32 21.86
3.40 3.70 3.53 42.69

3C NMR (100 MHz, CDCls): 2,3,4,5-Tetra-O-acetyl-L-arabinose diethyl dithioacetal (3b)

HHK_AA-02
expl s2pul
SPECIAL

date Feb 25 2007 temp not used
solvent cDC13  gain not used
file exp spin not used
ACQUISITION hst 0.00
sw 25125.6  pwdo 18.600
at 1,199 alfa 20.000
np 60270 FLAGS
fb 13800 11 n
bs 16 in n
d1 1,000 dp
nt 2000 hs nn
ct 576 PROCESSING
TRANSMITTER b 2.00
tn c13 i 65536
sfrq 100.554 OISPLAY
tof 1536.3 sp -1504.6
tpwr 61 wp 25124.9
P 9.300 rfl 9270.3
DECOUPLER rfp 7764.8
dn H1 rp -62.4
dof o p -308.3
dm yyy PLOT
dmm W we 250
dpwr 42 sc
mf 8900 vs 27
t a

h
nm no  ph

OAc OAc SEt

OAc OAc

— ] ]
62.336

51.911

25.020
21.123

21.062
20.925

—14.526
T -14.206
6.189
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Chapter 3 Spectral data

H NMR (400 MHz, CDCl3): 2,3,4,5,6-Penta-O-acetyl-D-galactose dipropyl dithioacetal (3h)

7.260

HMK-15_AC_18

—3.801
" 3.780

expl szpud

SAMPLE SPECIAL
date Mar 4 2008 temp not used -
solvent DC13  gain not used
file /export/home/~ spin not used
khan/sikchan_MMK-15_A~ hst 0.008
c_DPB.f1d pwiD 19.700
ACQUISITION alfa 20.000
W 6389.8 FLAGS
at 1.9988 1 I
n 528 in n
Tl not used dp vy
bs h:
g1 1.000 PRDCESSING
nt 3 1 0.
ct 32 fn 65536
TRANSMITTER DISPLAY
sfrg 399.853 wp 4284. .
tof 362.8 rf1 95.
Epwr 52 rfp OAc OAc SPr-n

7
1
8
0
" pecoupLer” o0 E E R
n c1s F PLOT ) AcO
of 0 we 250 SPr-n
nnn sc v -
P e Vs 114 Z

15958 P cue o OAc OAc

A I d JJ —

e T T T T | T T T T T
11 10 9 8 7 6 S 4 3 2 1 -0 ppm
: —— LW
2.21 a.17 1.62 33.38 2.52
2.08 2.13 2.44 10.29 24.26  13.34

3C NMR (100 MHz, CDCls): 2,3,4,5,6-Penta-O-acetyl-D-galactose dipropyl dithioacetal (3h)

MMK_15Ac_08
expt  szpul
SANPLE SPECTAL

date  Mar 4 2008 temp not used
sojvent GDC1Z  gain not used
file exp sp'n not _used

ACOUISITION hst 0.008
v 25125.6 pwad 18.600
at 1.139 alfa 20.000
np 60270 FLAGS
b 13800 i1 n
bs 16 in n _
d1 1.000 dp y OAc QAC SPr-n
nt 2000 hs nn B
ct 448 PROCESSING ACO

TRANSMITTER 1 2.00 SP
n c13  fi 65536 Y r-n
sfry 169.554 pIsPLAY -
tof 1536.3 sp -385.
tpwr a1 wp 18383 8 OAc OAc
o 9.300 rf1 92726

DECOUPLER - Ffp 7764.9
dn HL rp -27.0
dot 8 1p ~273.2
i yyy PLOT
dmm Wowe 250
dpwr 4z sc ]
dmf 8900 vs 18

th 3

0 e
eo= oz
Re® To.n®
: Sa5®
o || &g
2338 v 2883 g% SE9g¥ ey
c=3gn~ P ER 2% 85-5R8
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Figure 10
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Chapter 3

Spectral data

H NMR (400 MHz, CDCl3): 2,3,4,6-Tetra-O-benzyl-D-glucose diethyl dithioacetal (3;)

NK-dta_Bn_a

expl  s2zpul

LE SPECIAL
ate Jul 20 2009 tem not used
salvent 18 gain not used
fite exp spin not used
ACQUISITION hst 0.00
sw 6389.8 pwi0 19.700
at 1.998 alfi 20.000
np 25528 FLAGS
fb not used il n
bs 4 in n
d1 1.000 dp ¥
nt 32 hs nn
ct PROCESSING
TRANSMITTER 10 0.10 OH OBn SEt
tn n 65536 =
sfrq 399.853 DISPLAY -
tof 362.8 sp 177.1 Bno .
tpwr 57 wp 4634.6
w 9.850 rfl 788.5 - - SEt
DECOUPLER rfp ¢ Z st
dn €13 rp 119.7
of o p -87.0 OBn OBn
m nann eLoT
mm we 250
pwr 50 sc 0
dmf 15900 vs B84
th 20
am cdc  ph
R ML JJAULJ;JL#,J& e
; — y e : o —— — Fo
1 10 9 8 7 6 5 L3 3 2 1 ppm
— Wi e e ¥ B W
41.87 4.448 .84 2.42.435.30 4.58 11.87
2.42.71 2.58.74 2.51 1.93 3.92

3C NMR (100 MHz, CDCls): 2,3,4,6-Tetra-O-benzyl-D-glucose diethyl dithioacetal (3;)

MK-dta_Bn_13C

expl  s2pul

SPECIAL
date  Jul 20 2009 temp not used
solvent €be13 gain not used
file exp spin not used
ACQUISITION hst 0.00
sw 25125.6 pws0 18.600
at 1.189 alfa 20,000
f 60270 FLAGS
f 13800 11 n
bs tn n
d1 1.000 dp y
nt 10000 hs nn
+ 10000 PROCESSING
TRANSMITTER b 2.0 -
3 fn 65536 BE o OH OBn SEt
sfrq 100.554 DISPLAY (R . =
tof 1536.3. sp -417.3 BB <
tpwr 61 wp 207995 SSmes Bno
pw 9.300 rf1 9271.8 7582 SEt
DECOUPLER rfp 7764.9 - - -
n ro -83.0 z z
oF p -272.5
i vy PLoT OBn OBn
dmm oo 250
dpwr 4z sc [
dmf 8900 vs 76
th 5
nm no ph
=
E
3
|
s
I
s el
~S
a8
Ik sw
s =58 oy 2
20w S je P =
S0 oo w < -
Red ] 23 " 3
FE - LL = B |
«—Lg S~ 3 | !
LU b i
|
|
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U - I
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Chapter 3
"H NMR (400 MHz, CDCly): 2, 3,4, 5-Tetra-O-acetyl-aldehydo-D-ribose (4a)

expl szpul

SAMPLE SPECIAL
date Nov 10 2010 temp not used
salvent coc13  gain not used
Tile exp spin not used
ACQUISITION hst 0.908
sw 6389.8 pwad 19.700
at 1.398 alfa 20 000
ap 25528 FLAGS OAC H
b not used il n
bs in n
d1 1.000 dp vy
at 64 hs nn
ct 64 PROCESSING
TRANSMITTER 1 p.10 ACO O
n L fn 655386 - -
sfrq 399.853 oIsPLAY - -
tof 362.8 sp -123.8 = =
tpwr 57 wp 44500 OA OA
pw 9.850 rfl 3698.3 C C
DECOUPLER rfp 2902.9
dn c13 rp 120.8
dot o Ip 87 0
dn nan PLOT
dim c we 250
dpwr 50 sc 0
dmt 15800 s 8a

Spectral data

! ——— e e .
19 9 8 3 2 ppm
3.’18 v41.‘53 S.‘7§
5r13 5.84 6.53
13 .
.
C NMR (100 MHz, CDCIy): 2,3,4,5-Tetra-O-acetyl-aldehydo-D-ribose (4a)
SA_deprot..ribose.A.C.
expl stdl3c
SAMPLE SPECIAL
date Nov 11 2010 temp not used
solvent cDC13  gain not used
file exp spin not used
ACQUISITION hst 0.008 OAC H
sw 25000.6 pwiD 18.500
at 1.199 alfa 20.000
np 59968 FLAGS
fo 13800 i1 n
bs 4 in n
d1 o dp v
nt 1500 hs an ACO - - O
ct 568 PROCESSING —_ P
TRANSMITTER b . 1.00
. B el OAc OAc
sfrg 100.552 DISPLAY
tof o sp -885.6
tpwr 61 wp 22108.4
8.667 rT1 10752.4
DECOUPLER rfp 7764.9
dn H1 rp —-38.2
dof [} 1p ~346.9
dm yyy PLOT
dmm W wWC
dpwr 42 sc
damf 83900 vs 41
th 5
am  no  ph
3
s @
R .2 s
2 5% 2
- . e 2
© ! © © }2
it i ~
2=l -
i Lmad 33 ; H
! EE e |
e S ‘
w3l N i
‘ cz28 3
3 ‘ i ‘
!
;
‘ | | =
i ;‘ :
| : |
: i i
Jj_ I ‘ H
[
by " v b bt —
200 180 160 140 120 100 a0 60 40 20 ppm

Figure 12
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Chapter 3 Spectral data

TH NMR (400 MHz, CDCIy): 2,3,4,5, 6-Penta-O-acetyl-aldehydo-D-mannose (4e)

SA_columnII.mannose

expl szpul

SPECIAL
date Nov L1 2010 temp not used
solvent cDc13 gain not used
Te xp spin not used
ACQUISITION hst 0.0
6389.8 pw3o 19.70
at 1.998 alfa 200000
np 8 FLAGS
b not used ¥ n
bs 4 in n
z et : OAc OAc H
nt 3z hs nn pf
32 PROCESSING =
TRANSHITTER b N .10 T
n HL T 65536 AcO
sfeq 399.853 DISPLAY
tof [362.8 sp -275.1
tpwr 57 wp 4525.7
9.850 rfl 3638.5 -
DECOQUPLER rtp 2902.9 =
n €13 rp 11309
dor s i St OAc OAc
dm ann pLOT '
dmm < we 250
dpwr 50 sc [
dot 15900 vs 107
th 20

e N — ——
10 ] a8 ppm
.
2.05
.
C NMR (100 MHz, CDCIy): 2,3,4,5, 6-Penta-O-acetyl-aldehydo-D-mannose (4e)
SA_deprotected.mannose.pure
expl stdi3c
date Nov 11 201D tTemp not used
solvent CcbC13 gain not used
file exp spin not used
ACQUISITION hst 0.008
w 25000.0 pwIo 18.600
fb 13800 il n
bs 4 in n
a1 T v
nt 3000 hs nn
<t 1908 PROCESSING OA OA H
n fn not used -
sfrg 100.552 DISPLAY -
tof 0 sp —487.
pw 8.667 rfl 10748.6
DECQUPLER rfp 7764.9
rp —39.8
dof L] 1p —334.4
dm yyy PLOT
dmm W wC 250
th 5
U
EH]
238 omaz ]S
QRN RN ® i
nRRAze"3 33
ke §3
o - s 23
e Bn el 2 | ss
I eoURe 3 i
o 238¢g%= N i
=z oon ;
J i
|
! \ R
| | : I |
| ! il
‘ !
|
J L{ ‘ \ 'J f
, o f M ) J
200 180 160 140 120 100 80 (1] 40 20 ppm

Figure 13
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Part B Chapter 1

Introduction: Ortho-quinone methides (0-QMs) are one of the important synthetic
intermediates that are widely implicated in many biological processes." They are
widely used in organic synthesis,”> materials chemistry,® and in biological chemistry.’
The parent ortho-quinone methide (1) is composed of a cyclohexadiene core unit in
conjugation with a carbonyl group and an exocyclic methylene group, attached to each
other which is shown in Figure 1. It is correlated with ortho-quinone (2), which has two
carbonyl groups, and ortho-quinone dimethide (3), which has two methylene groups.
ortho-Quinone methides are highly polarized and reactive species as compared to the

structures 2 and 3, which has two identical groups.®’

O O
O
1 2 3
o-quinone methide o-quinone o-quinone dimethide

Figure 1: Structural differences between 0-QM, o-quinone, and o-quinone dimethide

Gardner and his co-workers reported the reactive intermediate o-quinone methide
spectroscopically at -100 °C in condensed phase because it is an extremely transient
reactive species.® The substituted 0-QMs might be represented in five possible
structural forms which is shown in Figure 2. Among all these structures, structure 4 is
aromatic as well as exhibits charge separation. As a matter of fact, the predominant
reactivity mode of ortho-quinone methide intermediate is well understood, in which
nucleophiles preferably attack at the exocyclic carbon atom while electrophiles at the

oxygen terminal.

Ri R, Ri R, R, Ri R, R,
R
+ . 2 = A R,
O
O 0. O O
4 5 6 7 8

zwitterion biradical benzoxete favoured if favoured if

valence R; <O atom of R; > O atom of
tautomer the carbonyl the carbonyl

Figure 2: Some plausible structural representation of o-quinone methide
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The therapeutic benefits of vitamins E and K as well as the anticancer property of
natural products such as the anthracycline antibiotics result due to the formation of o-

. . . 9
QM species in vivo, as shown Scheme 1.

—_—
—_—
reacts with
NH, nucleobases
Scheme 1

These are highly versatile reactive intermediate and they serve as either Michael
acceptors or hetero-dienes in cycloaddition reactions. The construction of chromenes
and chromanes are easily accessible by employing [4+2] cycloaddition reactions with
various dienophiles via inter- and intra-molecular hetero-Diels-Alder reaction or

electrocyclic ring closure reactions, which is presented in Scheme 2.'

R R
jif [ hetero Diels-Alder m
inte | |
o R intermolecular o

R

o0-Quinone methide

/
| hetero Diels-Alder

o R intra-molecular o R

o-Quinone methide

= | electrocyclic N ~
ring-closure reaction
(@] g 0

o0-Quinone methide

Scheme 2
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Similarly, they can undergo 1,4-conjugate addition reactions with various

11,12

nucleophiles ' as shown in Scheme 3.

O OH Nu

NuH
B
1,4-addition

Scheme 3

The most common methods for their generation is either from o-hydroxy benzyl
alcohols™ by dehydration or from (2-hydroxybenzyl)trimethylammonium iodide'* by

pyrolysis/photolysis which is shown in Scheme 4.

OH
OH Heat © Heat ®
— R —— N(CHa)5 I°
OH  -H,0 or hv (CHs)s |

CH,

Scheme 4

Two independent research groups demonstrated that the reactive 0-QMs can be

stabilized by coordination with a transition metal. ™"

They have proposed that metal
stabilized hydroxy benzyl alcohol may undergo dehydration and the resulting
ephemeral 0-QMs may react with a dienophile to form the chroman ring system in

presence of an oxidant, as given in Scheme 5.

OH OH OH

0
N S X R
[Os]—© H™ R, [Os]—©)\1
J-H20

Rs
R R O
o R, 2 Rs
-—— | ~ "Ry
R4 [O] [Os]=7 _
Scheme 5
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In 1971, Chapman and co-workers shown'® an elegant synthesis of the natural product
carpanone starting from vinyl phenols using stoichiometric PA(OAc),. The formation of
the final product is going through o-quinone methide intermediate as shown in Scheme

6.

O (@] HO’) (o) 0 o
{ C > Pd(OAC),, NaOAC { O
o N, | MeOH:H,O (5:1) >

Carpanone

Scheme 6

Sigman et al presented'” the synthetic utility of o-quinone methide intermediates for
conjugative two nucleophilic addition reactions for asymmetric synthesis as shown in
Scheme 7. They have proposed that the o-quinone methide intermediate is stabilized by
palladium which is finally trapped with diverse range of nucleophiles for generation of

new organic compounds.

activation
OH LG of leaving o OH Nu
R_group A~UR NuH R
—_—
_______________________________ ortho-quinone | ...
methide intermediate
OH oxidative o OH Nu
xR Pd-catalysis R NuH R
> .
Nu Nu

Scheme 7

Various methods for their generation: Various starting materials have been used for
the generation of o-quinone methide intermediate in organic synthesis. Some of the

representative examples are mentioned below:
60

TH-1095_05612209



Part B Chapter 1

I. Initiation by tautomerization

Jurd first reported'® that an 0-QM intermediate can be generated from a-substituted p-
quinone having an allylic proton adjacent to the quinone ring by tautomerization, which
has been used in organic synthesis as shown in Scheme 8. The classic biological
example of this method of generation is vitamin K, which plays an important role in
promoting blood coagulation via its redox cycle that involves the 0-QM tautomer as

shown in Scheme 8."°

OH

O
MeO OMe 90 °C MeO
‘ O ~ MeOH A
O O

Vitamin K,
Tautomerization N

Scheme 8

I1. Oxidative Initiation
Waters first shown® the generation of 0-QMs from 2,4-di-tert-butyl-6-methylphenol

using chemical oxidants such as silver(I) oxide as shown in Scheme 9.

OH O
Ag,0O
o

Scheme 9

I1. Thermal initiation
Woijciechowski and his co-worker recently demonstrated®' the generation of 0-QMs
from benzosultones by thermal extrusion of sulfur dioxide, which has been used for

[4+2] cycloaddition reaction for the synthesis of new heterocyclic entities as shown in
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Scheme 10.
0
R1
| N-R
X X X R O
0, 180°C © e o
SO, ———» > N-R
v -S02 v v
o)
X=H Y=H R=Ph,R'=H
X=Y=Cl R=Ph,R'=Me
X=H,Y=NO, R=Me,R'=H
Scheme 10

IV. Photochemical initiation

Photochemical excitation drastically reduces the temperature required for o-QM
generation for many of the precursors. Ettlinger,?* Creed,” and Leary®* independently
investigated the photochemistry of Tocoquinone 9 to gain insight into the role that this
compound plays in photobiology. The above compound 9 on irradiation with UV light
produces the 0-QM intermediate species, which in turn undergo further reaction such as

oxidation with oxygen, as shown in Scheme 11.

(@] (@]
OH (@]
hv
- “~
(@] (@]
9
Scheme 11

V. Acid facilitation

Ploypradith et al shown® the synthesis of 2-arylchroman by treating the MOM
protected benzyl acetate derivative using p-TsOH immobilized in silica gel (PTS-Si) in
toluene under mild conditions. They have proposed that the reaction is passing through

0-QM intermediate in presence of acid, as shown in Scheme 12.
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C @ X
Br Br =
OAc PhMe
~ | MeO o

MeO OMOM 0°Ctort.
X =H, Me, Ph, p-(OMe)Ph, or p-(OCF3)Ph ‘ AR
R =H or alkyl
[) X
MeO o7 “Ar

Scheme 12

V1. Base facilitation
Moore et al has demonstrated® the generation of 0-QM intermediate by cleavage of

trimethyl silyl groups 2,3-disubstituted-5-methyl-6-((trimethylsilyl)methyl)cyclohexa-

2,5-diene-1,4-dione through base initiation, as shown in Scheme 13.

O SiMes o)
X NuH X
B — .
v -NuTMS v
@) OH
Scheme 13

VIL Olefination of o-quinones
Bos and his co-worker have first isolated®” the stable o-quinone methide, as shown in

Scheme 14 by the condensation of o-quinone with an ynamine at room temperature.

Et_ _Et Et
N (@] N.
O Et
+ { CHCls %
O —_—
O
Scheme 14
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The stability of 0-QM intermediate is due to double conjugation and steric congestion,
which in turn preventing dimerization. As a result, it can be isolated easily.

Synthetic application of 0-QMs towards natural product synthesis:

Pettus ef al elaborated™ the total synthesis of (+)-Mimosifoliol involving o-quinone
methide intermediate followed by nucleophilic addition of vinyl magnesium bromide,

as shown in Scheme 15.

OBOC OBOC OBOC
OMe  ppLi E,o MO BrMgCH=CH, "¢©
COBO -30 C | O THF,-78°C OH
CHO Ph Ph 7
OH OBOC

Meo H50* MeO TMSCHN,
OMe dioxane OMe Hunig's base
Ph™ ph

(¥)-Mimosifoliol
Scheme 15
Baldwin and his co-worker have shown™ the biomimetic synthesis of (+)-Alboatrin

from o-methyleneacetoxy-phenols by employing in sifu generated 0-QM intermediate

followed by [4+2] cycloaddition reaction, as shown in Scheme 16.

AcO OAc

BH5-DMS, THF, ~ AcO Oy
H oCtort, th. _ 5 o
3 84% \f

PhH, reflux

AcO K,COs AcO
DCM/MeOH/H,0
(¥)-Aboatrin
Scheme 16
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Lei et al shrewdly demonstrated®® biomimetic syntheses of novel trimeric natural
products, (£)-Schefflone and Tocopherol trimmers starting from highly substituted 6-

methylphenol through oxidative initiation of 0-QM as shown in Scheme 17.

OH
R4
Ag>O/benzene
R3 R1 B _ >
R? o)
R4
R3 R!
R2
Scheme 17

Non-natural product synthesis:

Barrero et al have demonstrated®® a simpler rout for the synthesis of bioactive
puupehedione derivatives by generating o-quinone methide intermediate via fluoride
induced desilylation of silyl derivatives of o-hydroxy benzyliodide followed by

electrocyclic ring closure reaction as shown in Scheme 18.
OMe

0
OMe A +BULITHF
+
'78 C MeO

Br OTBS
OTBS

Ac,O/Py
0°C

Meom e Meom
-
benzene, r.t. O ‘
MeO 0] MeO

Scheme 18
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32 . . .
Pettus ef al have shown™ unusual reactions between various electron rich oxazoles and

in situ generated 0-QM intermediates for accessing some interesting adduct, as

depicted in Scheme 19.

CHO
OBoc NaBH4 OBoc
“THFH,O
OBoc OBoc
\ N_|HO OBoc
N— |
( ©
Ph
Scheme 19

t- BuMgBr
-78°C

O

Ph\\
/N\«%
N

OBoc

We have discussed that the o-quinone methide intermediate 1 may exist as one of the

possible structures as 4, which is given in Figure 2. Hanson and his co-workers have

33
shown

[4+4] complementary ambiphile pairing reaction, a new pathway, for the

synthesis of eight membered sultams from in situ generated 0-QM intermediate and o-

fluorobenzenesulfonamides. From this reaction, it is a direct evidence that o-quinone

methide intermediate might possibly exist as structure 4, as shown in Scheme 20.

0+.-0

87 R?
o oac |RiE TN
< //O 2 ! A
s?° R
OTBS C

Formal

mwW, 100 °C [4+4]

RN F Lo
[ H - @O CH
/
F TBAF, THF 2 E

Scheme 20

ortho-quinone
methide

2 @]
<\:§

R1
2 \ O e
— \N,RZ

Nair and Treesa described® a new, general three component reaction for the synthesis

of a wide variety of derivatives a- and 3 —lapachone and other heterocyclic compounds.

The reaction involve the Knoevenagel condensation between lawsone reagent and

paraformaldehyde leading to the 0-QM intermediate which reacts in situ with several

olefins to generate products in moderate to good yields, as shown in Scheme 21.
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o)

OH ( 0
(L e (]

o dioxane, 100 C,6 h o

Lawsone reagent

o)

Scheme 21

The same group further extended” these three component methodology for the

preparation of pyranopyrone derivatives as shown in Scheme 22.

OH  (cH,0), 9 @j
—_— =
o 100°C,6h o0

Scheme 22

From the remarkable contributions of Pettus ef al and by others as well as from
literature reveal o-quinone methide intermediates are valuable synthons, which may be
generated from various starting materials in various ways, for the synthesis of natural
and non-natural products. Therefore, we perceived that 2-naphthol and aromatic
aldehyde can generate in sifu o-naphthoquinone methide intermediate analogue to o-
QM which can be trapped with various nucleophiles such as nitrogen, sulfur and
carbon nucleophiles in organic synthesis. We became interested whether ortho-
naphthoquinone methide intermediate is known or not in the literature. It was noticed
that Katritzky and his co-worker demonstrated®® the preparation of o-naphthoquinone
methide intermediate from o-(o-(benzotriazol-1-yl)alkyl)-2-naphthols. He has also
verified the synthesis of 2 3-dihydro-1H-naphtho[2,1-b]pyrans through [4+2]
cycloaddition reaction between im sifu generated ortho-naphthoquinone methide
intermediate and electron rich olefins namely ethyl vinyl ether and 1-vinyl-2-

pyrrolidinone, as shown in Scheme 23. He also proposed that in situ generated ortho-
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naphthoquinone methide intermediate may exist in two possible structures 10 and 11,
as shown in Scheme 23. Out of which, the structure 10 is more preferable because of
the steric repulsion between phenyl ring and B ring of naphthalene. The only demerit of
this method is the cumbersome preparation of the starting material o-(a-(benzotriazol-
1-yDalkyl)-2-naphthols for the generation of ortho-naphthoquinone methide

intermediate.

L

R? = -OFEt, L = -H: (trans:cis / 2.75:1)

R? = -OFEt, L = -NMe,: (trans:cis / 2:1)

R2 = -pyrolidinone, L = -H: (ratio undetermined)
R? = -pyrolidinone, L = -NMe, (ratio undet.)

Scheme 23

Shaterian ef al demonstrated the synthesis of N-protected 1-aminoalkyl-2-naphthol
derivatives by generating o-naphthoquinone methide starting from 2-naphthol and
aldehyde using various catalyst such as silica supported NaHSO,>’ silica supported
HC10,,® silica supported poly phosphoric acid® under different reaction conditions

which are shown in Scheme 24.

) O
- CHO OH Si0,-NaHSO, \_/
X—i + + ROCONH, -
— solvent free, 100 °C

rRoco-NH
HO

X =H, CI,Br, NO,
R = Me, PhCH,

Scheme 24

Recently, Hajra ef al have shown the synthesis of the same compound involving three

. . T 40
component reactions using ionic liquid as catalyst.
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Das et al reported”’ the synthesis of unsymmetrical 12-aryl-xanthen-11-one derivatives
starting from 2-naphthol, aromatic aldehydes and dimedone using silica supported
NaHSO, under reflux conditions. They have proposed that the formation of the product

is going through o-naphthoquinone methide intermediate, which is shown in Scheme

25.
o} o
OH Si0,-NaHSO,
+ RCHO + >
solvent free, 100 °C
R "R’
R'=H, CHs

Scheme 25

Over the years, numerous catalysts have been developed by others such as strontium
triﬂate,42 IHC13,43 p-TSA/ [bmim]BF4,44 TBAF ,45 12,46 proline triﬂate,47 CAN,48
BNBTS,” p-TSA with ultrasound® and caro’s acid in silica gel,51 NH4CL>? Cu/Si0,,”
L/MW,>* p-TSA/<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>