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Abstract

The contents of this thesis have been divided into two chapters summarising the results based on
the experimental works performed during the complete course of the research. Each chapter constitutes
four sections, sections A-D describing introduction, present work, experimental work and spectral data
respectively. Tetrabutylammonium tribromide (TBATB) in organic synthesis is the theme of chapter 1
in which various synthetically useful organic functional group transformations such as thioacetalisation,
transthioacetalisation of carbonyl compounds, tetrahydropyranylation and depyranylation, acylation of
alcohols and direct condensation of carboxylic acids with alcohols achieved utilising the in situ acidity
of TBATB has been described. With the endeavour to understand the chemoselectivity in
thioacetalisation, a brief theoretical study has also been performed and described in chapter 1. The

second chapter of this dissertation elucidates the results pertaining to N-acylation of amines in water
serving as the reaction medium.

CHAPTER 1

Tetrabutylammonium Tribromide in Organic Synthesis
Section 1A: Introduction

Organicammonium tribromides are the alternative source of bromine. These are crystalline stable
solids and hence easy to maintain desired stoichiometry and also easy to store, transport and handle.
Among the various tribromides we have chosen the tribromide, TBATB (tetrabutylammonium
tribromide), for our study, whose precursor TBAB is less expensive compared to other

organicammonium bromides.

After a comprehensive perusal of literature relating to the preparation as well as synthetic
applications of TBATB we arrived at the following conclusions.

o TBATB has been prepared in an environmentally benign way using V,0s-H,O, and its
usefulness as a brominating and oxidising agent has been explored extensively in the last few
decades.

This reagent is an efficient generator of anhydrous HBr in alcohols and many other organic

solvents. Its acidity can be tuned to a wide range of pH ranging from acidic to near neutral. This
aspect is yet to be explored in organic syntheses.
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e The various organic transformations which occur exploiting its mild acidity are quite useful
especially when compatibility of various functional groups under a specific reaction condition 1s
an important subject.

We have explored TBATB as a milder in-situ source of HBr for various organic functional group

transformations, which is summarised below.

Section 1B: Present Work
1B.1. Chemoselective Thioacetalisation of Carbonyl Compounds Catalysed by
Tetrabutylammonium Tribromide (TBATB)

This section focuses in part the utilisation of the in-situ acidity of the reagent TBATB for the
chemoselective thioacetalisation of aldehydes over ketones, chemoselective thioacetalisation of one
aldehyde over the other. The other section describes the brief theoretical study to explain the reason
governing the chemoselectivity in aldehydes with electron releasing and electron withdrawing
substituents. In addition this section also describes the scope of the reagent TBATB in thioketalisation of
ketones, transthioacetalisation of acetals / ketals.The experimental procedure for thioacetalisation /
thioketalisation is remarkably simple and do not require the use of dry solvents and inert atmosphere or
reflux conditions. To a stirred solution of carbonyl compound and 1,2-ethanedithiol or 1,3-
propanedithiol in THF was added a catalytic quantity of TBATB (0.02 equiv) and the mixture was left

stirred at room temperature, Scheme 1B.1.

O S
R HS/\("T_SH (1 equiv) ’SB
x l"I—-1,2 - X R

TBATB (0.02 equiv)

R =H; X=H, Me, OMe, OH, NO,, CI, N(CH,),, OAc, OBz, OBn, Oallyl
R=CHy; X=H andR=CH,: X = H

Scheme 1B.1. Thioacetalisation of Aldehydes / Ketones
The versatility of the process has been proved with a wide range of aldehydes and ketones with
various sterco-electronic factors. A variety of functional groups such as O-acetyl, O-benzoyl, O-benzyl,
O-allyl and double bonds were found to be quite stable during the reactions, as depicted in Scheme 1B.1.

Chemoselectivity

Various competitive reactions were performed between different aldehydes, ketones as well as

aldehydes with different bisnucleophiles to understand the factors responsible for the selectivity. Is it the
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intrinsic reactivity of the substrates or catalyst or reaction conditions that govern the selectivity? When
an equimolar mixture of p-hydroxybenzaldehyde and p-nitrobenzaldehyde was reacted with an
equimolar amount of 1,2-ethanedithiol and TBATB (0.02 equiv) in THF, p-hydroxybenzaldehyde was

thioacetalised in good yield where as p-nitrobenzaldehyde gave poor yield, which is shown in the
Scheme 1B.2.

3 o s—t&, S"(_\g
SH .
MH /O)LH HS/\H;:,.2 (1 equiv) O)\s G /@)\8
s -
HO ON TBATB (0.02 equiv) HO ON
86% 12%

n=1
n=2 88% 12%
Scheme 1B.2. Chemoselective Thioacetalisation of Aldehydes

This selectivity obtained in thioacetalisation is in sharp contrast to the selectivity obtained in the
previous work pertaining to acetalisation, where a substrate containing an electron-withdrawing group
such as p-nitrobenzaldehyde reacts preferentially over a substrate containing an electron-donating group;
p-hydroxybenzaldehyde. It was argued that due to lower electron density (0.218) around the carbonyl
carbon of p-nitrobenzaldehyde compared to p-hydroxybenzaldehyde (0.228), the former is more
susceptible to nucleophilic attack by alcohols for acetalisation.

When an equimolar mixture of p-hydroxybenzaldehyde and p-nitrobenzaldehyde was reacted
with an equimolar mixture of 1,2-ethanedithiol, 1,2-ethanediol and triethylorthoformate, TBATB (0.01
€quiv) in THF, p-hydroxybenzaldehyde was completely thioacetalised where as p—nitrobenzaldeh)’de
was acetalised to 35% and the rest being starting material. It may be mentioned here that for the
complete acetalisation of p-nitrobenzaldehyde, 4 equivalents of the diol is necessary. When the above
competitive reaction was performed with 1,2-ethanediol (4 equiv) and 1,2-ethanedithiol (1 equiv) 2

complete chemoselective thioacetalisation of p-hydroxybenzaldehyde (97%) and acetalisation of p-

nitrobenzaldehyde (80%) was observed as shown below in Scheme 1B.3.

o} HS/‘\/SH (1 equiv) f’> OWB
@)\H A /@JKH TBATB (0.02 equiv)h s, /@)\O
HO ) ~HO
O,N HO O (4 equiv) O:N

97% 80%
CH(OEt), (1 equiv) . °

Scheme 1B.3. Chemoselective Acetalisation and Thioacetalisation

Thus, in aldehydic substrates containing both electron-donating and electron-withdrawing group,

for the selective protection at the electron rich aldehydic carbonyl site, thioacetalisation process is
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preferred and for the protection at the electron-deficient aldehydic carbonyl acetalisation is desirable.
Unfortunately, the same logic of electron density could not account for the selectivity obtained in
thioacetalisation reaction inspite of similarity in their reaction mechanism with acetalisation reactions. It
is also noteworthy that here the selectivity is independent of the catalysts (BF3.Et,O, NBS, I and HBr),
solvents (CHCl3, Et,0, toluene and CH3;CN) and the reaction temperature (80°C, 30°C and -10°C). Not
surprisingly the reactions were found to be slower at lower temperature (-10°C).

IB.1.1. Theoretical Interpretation on Chemoselectivities in Acetalisation and
Thioacetalisation and Oxathioacetalisation

This section represents a combined study (experimental as well as theoretical) of the
chemoselectivities involved in the acetalisation, thioacetalisation, oxathioacetalisation of p-
nitrobenzaldehyde and p-hydroxybenzaldehyde with an objective to investigate the dependence of cyclic
0,0: S.S and S,0 acetal formation with the variation of substitution on the phenyl ring of benzaldehyde.

A theoretical investigation have concluded that the global electrophilicity (w) of benzaldehyde
and its different substituents is the sole factor in governing the chemoselectivity in acetalisation,
although steric factors also cause minor variation in the yield in some cases.

Global Reactivity Descriptor

From a qualitative proposition the global electrophilicity descriptor is defined as follows:

w=p% 2n

Here, w is considered to be the electrophilic power of the concerned chemical species and bears

the conceptual similarity to power of classical electricity (i.e. Power = V?#/ R), where V and R represent

the potential difference and resistance respectively). In the above, i is the ‘chemical potential” and n is
‘global chemical hardness’ of the concerned chemical species.

Physical Significance

The more is the difference of the global electrophilicity value between electrophile and
nucleophile the better is the yield because lower is the w value stronger is the nucleophile.

Local Reactivity Descriptors

Parallel to the development of global reactivity descriptor some local reactivity descriptors were

also proposed because of their potential use in predicting local (or site) reactivity (selectivity) of a

) + o ] L]
chemical species. The condensed local softness values are represented bys, , and s, of atom ‘k

towards nucleophilic, electrophilic attack respectively.

TH-1847_03612208
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Physical Significance

In a molecule the atom ‘% ’, for which s}: value is highest, is the most preferred atom to be

attacked by a nucleophile. Similarly, highest values of s, for any atom ‘&’ indicate it to be the most

preferable atom for electrophilic attack. The local reactivity descriptors as well as global electrophilicity
values were calculated using MPA/6-31G (D, P) method using Gaussian program and HPA/dnp methods
using DMOL program. The HPA method is more reliable than MPA in explaining the chemoselectivity.

Explanation to Selectivity Based on the Values Calculated by HPA/ dnp Method

Because of large size and negligible negative charge (-0.0530) (in HPA / dnp method) sulphur
atoms in 1,2-ethanedithiol behave as soft bases. So, the interaction of carbonyl carbon (having
comparatively lower positive charge on it) in p-hydroxybenzaldehyde with sulphur atom in 1,2-
ethanedithiol is mainly orbital controlled soft-soft in nature. Because of higher positive charge this type
of soft-soft interaction will not be effective with p-nitrobenzaldehyde. Thus the major product expected
is cyclic S,S acetal of p-hydroxybenzaldehyde.

The higher positive charge on the carbonyl carbon of p-nitrobenzaldehyde than on the carbonyl
carbon of p-hydroxybenzaldehyde, which is also due to the electron withdrawing nature of -NO; group
and high negative charge on oxygen of 1,2-ethanediol makes the charge controlled hard-hard interaction
very effective. The hard-hard interaction between carbonyl carbon of p-hydroxybenzaldehyde and
oxygen of 1,2-ethane diol is not that effective because of lower positive charge on carbonyl carbon in
the former. Also the difference of global electrophilicity between p-nitrobenzaldehyde and 1,2-
ethanediol is significantly higher than between p-hydroxybenzaldehyde and 1,2-ethanediol. These two
factors favour the O, 0 acetal formation of p-nitrob enzaldehyde.

Because of the competitive reaction condition p-nitrobenzaldehyde forms 0,0 acetal with 1,2-
cthane diol and p-hydroxybenzaldehyde forms S, acetal with 1,2-ethanedithiol. The reason is that the
highest global electrophilicity of p-nitrobenzaldehyde plus higher positive charge of carbonyl carbon
favours it to react with the lowest electrophile (i.e. strongest nucleophilic) 1,2-ethanediol (which has
also higher negative charge on oxygen atoms) in a charge controlled hard-hard way. Similarly, p-
hydroxybenzaldehyde reacts with 1,2-ethanedithiol in an orbital controlled soft-soft pathway.

When an equimolar mixture of p-hydroxybenzaldehyde and p-nitrobenzaldehyde was reacted

with an equimolar amount of mercaptoethanol and TBATR (0.01 equiv) in THF, p-nitrobenzaldehyde
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was oxathioacetalised in good yield where as p-hydroxybenzaldehyde gave poor yield, which is shown

in the Scheme 1B.4.

ON TBATB (0.01 eq)Ho

O=N 65%

SchemelB.4. Chemoselective Oxathioacetalisation
Higher positive charge on carbonyl carbon of p-nitrobenzaldehyde and higher negative charge on
mercaptoethanol HS(CH,),OH favours oxathioacetal formation for p-nitrobenzaldehyde. As per
explanations in the previous schemes it is expected that the initial attack by oxygen atom in
mercaptocthanol to the deactivated carbonyl group of p-nitrobenzaldehyde will take place in the first
step which is charge controlled. This is then followed by an intramolecular nucleophilic attack by the

sulphur atom on the oxycarbenium ion as shown in Scheme 1B.5.

/j 4 f\\ O’X

CJ SH e
o= e S
O,N O,N

2 [ O,N H O,N

(Rate determining step)

SchemelB.5. Proposed Mechanism for Oxathioacetalisation
Here as both the first and third steps are energetically favourable, the yield of S,O-oxathioacetal
of p-nitrobenzaldehyde is higher. The probable reaction mechanism shown above is consistent with the
product distribution in Scheme 1B.4. It has also been experimentally found that 0,0 acetals can easily
be converted to 5,5 and 8,0 acetals (because third step is energetically more favourable in case of
transthioacetalisation process. On the other hand sulphur atom is attacking first to the carbonyl carbon of
the P'hdeOXybenzaldehyde followed by an intra-molecular attack of oxygen atom of mercaptoethanol

as shown in SchemelB.6.

‘ s
Cpr g ) . OH H+
/©<98_\/\0H/ H’ So* e HS -
' H
o
" " {Th:ocarbemum ion) (Rate determlnlng step)
SchemelB.6. Proposed Mechanism for Oxathioacetalisation

It has been concluded from the theoretical investigation that atomic charges, global

electrophilicity descriptor (w) and hard-soft acid base concept are used to explain the chemoselectivity

TH-1847_03612208
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in acetalisation, thioacetalisation and oxathioacetalisation. Although w values can explain the yields,
charge and local softness values of the interacting sites explain the plausible reaction mechanism. The
type of attack on the most electrophilic atom i.e. carbonyl carbon of the aldehyde by the most
nucleophilic atoms oxygen atom of diol and sulphur atom of dithiol helps to understand whether the
attack is charge-controlled or orbital-controlled. Although in general, both the steric and electronic
factors contribute to the stability of the transition state, the contribution of steric factor is negligible here
as in both the substrates p-hydroxybenzaldehyde and p-nitrobenzaldehyde, substituted groups are in para
position. Hence it seems to be physically meaningful to assume that electronic factors are the sole

contributors to the stability of transition states thus control the reactivity that influences the yields of the

reactions studied here.

1B.2. Tetrabutylammonium Tribromide TBATB-Promoted Tetrahydro- pyranylation
and Depyranylation of Alcohols

Tetrahydropyranylation is normally achieved with a mild acidic reagent in an aprotic solvent

such as CH,Cl,, THF, acetone etc.; and deprotection also with an acidic reagent but in a polar or protic

solvent such as methanol, ethanol, isopropanol, acetonitrile, etc.

Tetrahydropyranylation of alcohols was performed using TBATB (0.025 equiv.) as a promoter in
the presence of 3,4-dihydro-2H-pyran  (l.lequiv) in CH,Cl, at room temperature.
Tetrahydropyranylation did not occur when the blank runs were performed in the absence of TBATB.
Despite the use of an aprotic solvent CH,Cl, during pyranylation, the occurrence of this reaction may be

attributed to the in situ formation of HBr by the interaction of alcohol with TBATB, as shown in
Scheme 1B.7.

Bu/NBr; + ROH ——— HBr+ ROBr + Bu,NBr

e L) 2 )
0 CH,CI, ‘0" o

Scheme 13.7. Tetrahydropyranylation of Alcohols

Depyranylation was performed using TBATB by changing the solvent to methanol instead of

CH,Cl,. In addition to generating HBr, methanol also facilitates the reaction by a transacetalisation

process. Gas chromatographic co-injection analysis unequivocally established the formation of 2-
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methoxytetrahydropyran as a transacetalisation product and in turn the mechanism. The proposed

reaction mechanism is shown below in Scheme 1B.8.

o

b
Bu,NBr, + MeOH —— HBr+ MeOBr + Bu,NBr
ROH

_Her + HBr
. nfj
R.g"™o ,,o
MeOH

Scheme 1B.8. Depyranylation of Tetrahydropyranyl Ethers
The general applicability of the methodology was confirmed by the tetrahydropyranylation of a

wide spectrum of hydroxyl compounds ranging from primary, secondary, tertiary, benzyl alcohols in
good yields with TBATB as a promoter. The tolerance of various protecting groups has been examined
by reacting substrates bearing substituents such as nitro, alkene, alkyne, esters, OBn, Boc,
isopropylidene, OTs etc.

This methodology provides a useful alternative for the preparation as well as cleavage of
tetrahydropyranyl ethers to the corresponding alcohols. The main advantages of our methodology are
mild reaction conditions, high efficiencies, quick and clean, economic viability of the reagent, industrial
applicability and tolerance to a wide range of functionalities. We believe that this will be a useful
addition to modern synthetic methodologies. The possibility of deprotection using the same catalyst with

slight change in experimental protocol makes this method an attractive strategy, offering advantages

over other methods, which use different catalysts.

1B.3. Tetrabutylammonium Tribromide (TBATB) as an Efficient Reagent for
Acylation of Alcohols, Amines and Thiols

Earlier we have reported that the acidity of the reaction medium employing tribromides can be
tuned by changing the polarity of the solvent. So taking this into account; the acylation of alcohols,
amines and thiols were performed using acetic anhydride in different solvents such as toluene,
methylene chloride, chloroform and acetone. When 3-phenyl propanol was reacted with acetic anhydride
in the presence of TBATB in above solvents separately, it was observed that the reaction proceeded

much faster in acetone compared to other solvents. This may be due to the reaction of acetone with
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TBATB to form bromoacetone and thereby generating anhydrous HBr in situ, which catalyses the
reaction. This result prompted us to use acetone as the reaction medium.

The acetylation of a wide range of structurally varied aliphatic, benzylic, allylic alcohols,
amines, phenols and thiol highlight the fact that the method is capable of generalisation. The acetylation
methodology was also successfully applied to a representative variety of functionalised alcohols. Due to
the mild reaction conditions a number of functional groups remain intact, in spite of being capable of
reacting with tribromides. In terms of compatibility and selectivity this method is superior to many of
the reported methods. Solvent and steric factors in substrates as well as anhydrides play a significant
role during the formation of acylates. The acetylation of diol was achieved with 2.5 equivalents of acetic
anhydride.

When pentaerythritol, a substrate with four symmetrical hydroxyl groups was subjected to react
under the present reaction condition with 5 equivalents of acetic anhydride two products were obtained

in the ratio (3:7). However, the desired tetra acetylated product was obtained by changing the solvent to

0 @]
| XO :X:O>< 30%
(A)

:><—:0Ac Ac,0/TBATB HO OH Ac,0/TBATB
. SR +
CH,CN Ho OH CH,COCH, 0] OAc
96%
Pentaerythritol tetraacetate Pentaerythritol XO}COA 70%
C

Scheme 1B.9. Acetylation and Isopropylidation of Pentaerythritol

acetonitrile, Scheme 1B.9.

After being intrigued by the above results, when the reaction was performed with
cyclohexanone, similar results were obtained. The two crystalline compounds so obtained are 3,3,9,9-

tetramethyl-2,4,8,10-tetraoxa-spiro[5.5]undecane, (A) and 7,11,18,2 1-tetraoxatrispiro[5.2.2.5.2.2]-

heneicosane (B) respectively, Scheme 1B.10.

>< :><: >< Ac,OITBATB HO><:OH Ac,0/TBATB o o
CH,COCH, HO OH - <:><o:>Co><:>

Pentaerythritol <:>:O (B)

Scheme 1B.10. Isopropylidation and Cyclohexylidation of Pentaerythritol
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The two bis acetals derived from pentaerythritol with acetone and cyclohexanone were of

interest. These crystalline compounds gave the following structure.

o . Q
< - ~
Q A O
(¥
.-'
¢V e o
&

« = * @

Scheme 1B.11. View Illustrating Intramolecular Hydrogen-Bonded Interactions Between {&djacent
Molecules Within the Helix. Carbon-Bound Hydrogen Atoms have been Omitted for Clan-ty.- (A)
3,3,9,9-Tetramethyl-2,4,8,10-tetraoxa-spiro[5.5]undecane and (B) 7,11,18,21-Tetraoxatrispiro
[5.2.2.5.2.2] heneicosane. .
The weaker CH....O interaction mediates the unprecedented helical assembly of sterically

encumbered bis acetals. These molecules contain a high degree of encoded molecular recognition
functionality. One of the oxygen atom from one side form complementary weak CH....O interactions
with the adjacent molecule. Additionally, due to steric crowding of cyclohexyl and dimethyl groups the

molecule is forced in to a twisted conformation. Combinations of these molecular features would

translate into a heljcal supramolecular array held together by intermolecular C-H....O interaction as

shown in Scheme 1B.10.

1B .4. Tetrabutylatmnonium tribromide Mediated Condensation of
Carboxylic Acids with Alcohols

Direct condensation of alcohols with carboxylic acid is preferred to acylation using anhydrides
or acid chlorides. But the direct condensation of carboxylic acids with alcohols is generally avoided
because the equilibrium between the substrates and the products require the elimination of water from
the reaction mixture using dehydrant or azeotropically to shift the equilibrium in favour of product.

To investigate the direct condensation of carboxylic acids with alcohols in presence of TBATB,

3-phenyl propanol was treated with glacial acetic acid (5 mL) in the presence of TBATB (0.5 mmol)
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was carried out at elevated temperature. Surprisingly, even without the removal of water, esterificatior
was very satisfactory; hence no special precaution was required for the removal of water from the
reaction mixture.

In a control reaction when decanol was treated with TBATB (0.1 mmol) no alcohol brominatior
was observed at all. TBATB is known to release anhydrous HBr in an alcoholic medium and othey
organic solvent. The pH of the neat acetic acid recorded was 0.8, which drop to a value of -0.9 or
addition of TBATB under the identical reaction condition. The HBr with pKa (-9) is sufficiently acidic
as compared to protonated carboxylic acid pKa (-7) and protonated alcohol pKa (-2). Thus, alcoho
would preferentially protonated over carboxylic acid. The nucleophilic attack of carboxylate on th

oxonium species will yield acylated product as shown in Scheme 1B.12.
Bu,NBr, + CH,COOH —— HBr

R R

R o J\_D H— /'\*)'\——-)\ )J\

R'COO

-0

Scheme 1B.12. Mechanism of Acylation with Acetic Acid

TBATB is found to be an excellent source of anhydrous HBr, which catalyses the direc
condensation of acid with alcohol. The operation is quite simple, because chemical dehydrating agent
such as anhydrides, silyl additives or special apparatus such as Soxhlet-thimble, Dean-Stark apparatus i
not necessary. Reaction under a solvent free condition, shorter reaction time accompanied by good yiel
and operational simplicity are some of the interesting features of this procedure.

The other two sections viz. Section 1C and 1D describes the general experimental procedures an
spectral data of this chapter.

CHAPTER 2

N-Acylation of Amines in Aqueous Medium
Section 2A: Introduction

Chemical products and processes have contributed fundamentally in shaping the world, as w
know it today. With the aid of modern instruments and techniques, organic synthesis has continuous!
generated products which are synthetically useful. Further development is required in terms (
environmentally friendly processes and products, which is socially desirable and also can b
economically affordable. Most organic solvents are flammable, explosive, toxic and carcinogenic. Th

removal of organic solvents and use of environmentally friendly solvents in chemical synthesis is a
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important aspect in the drive towards benign chemical technologies. Being the solvent of life, water is

necessarily a non-toxic solvent and environmentally friendly solvent.

Water is a solvent of academic interest as well as human and economic interest because it
minimises environmental impact, increases operational safety and provides a low cost and reusable
reaction medium for pursuing reaction chemistry. Furthermore it is also the most abundant, cheap, non-
toxic, safe and non-hazardous solvent hence can serve as an alternative solvent for organic reactions.
The possibility of using water as the solvent for organic reactions with surprising and unanticipated
results has been addressed in the literature. But the lower solubility of organic apolar substrates
(reactants) in water, incompatibility of the intermediates with water and the competition between the
desired reaction and hydrolysis restricts its use in organic synthesis. In general, apolar organic
compounds can be solubilised in water by addition of organic cosolvents, amphiphiles such as
hydrotrope or surfactant and by ionic derivatisation with control of pH, use of buffer or hydrophilic
auxiliaries.

Acylation of amines is a fundamental process in organic chemistry. Owing to the nucleophilic
and basic character of amines they must be blocked with a protecting group during a multi-step
synthesis, ¢.g. in the synthesis of a diverse array of biological molecules such as amino acids, peptides,
glycopeptides, aminoglycosides, p-lactams, nucleosides, sphingosines and alkaloids. Acylation of
amines can be carried out using acyl transfer reagents, acctic acid and acylating reagents. Most of the
acyl / acetyl transfer reagents are expensive and are obtained by acylation / acetylation with acylating /
acetylating agents making them unsuitable for large-scale reactions. Acylating reagents such as acyl
halides and acid anhydrides are usually employed in the presence of either acidic or basic catalysts.
Thus, desirable features for these reactions would be a neutral medium, innocuous by-products, mild

reaction conditions and greater tolerance towards other nucleophilic centers.

2B.1. N-Acylation of Amines in the Form of Amine Hydrochlorides in Water Using a
Variety of Acyclic and Cyclic Anhydrides

Water is the non-toxic, cheap and the most abundant solvent, which is an interesting solvent for
organic reactions serving as an alternative reaction medium. But the lower solubility of apolar substrates
in water limits its use. In general, apolar organic compounds can be solubilised by addition of
amphiphiles such as surfactant and on the other side amines in particular can be solubilised in water in

the form of amine hydrochlorides.
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Aliphatic and aromatic amines are basic in nature and can easily be protonated by mineral acids.
To test our hypothesis and to optimise the reaction conditions, aniline was converted to water-soluble
anilinium hydrochloride using aqueous HCI. The protonated ammonium species is non-nucleophilic due
to non-availability of the lone pair of electrons on the nitrogen atom. Thus, when acetic anhydride was
added to an aqueous solution of amine hydrochloride no acetylation occurred. However, upon addition
of basic salts such as NaHCO; to the above medium, free amines were liberated which reacted
immediately with acetic anhydride precipitating the acetylated product with the evolution of carbon
dioxide. The reaction worked bést when the final pH of the medium is ca. 5.5 approximately one pKa
unit higher compared to that of acetic acid (pKa 4.8). Protonation of amine in an acidic medium
has been confirmed by a hypochromic shifts of (n-n*) and (n-n*) by titrating a dilute solution of aniline
with a dilute solution of HCI using UV spectrophotometer. A hyperchromicﬁ shift of these transitions

upon addition of a dilute solution of sodium bicarbonate confirms the regeneration of free amines. The
general scheme for the acylation is given below in Scheme 2B.1
NH.GI N
$ Water N\n/R
X = X o)
NaHCO,/ (RC0),0
X = H, CH,, OCH,, OH, NH,, F

R = CHj, CHyCH,, CgHg, CH,CH,COOH, CH=CHCOOH, C4H,COOH

Scheme 2B.1. N-Acylation of Amines
It has been observed that during the acetylation of aryl amines in an organic reaction medium
electron-donating groups in the aromatic ring facilitate the reaction where as electron-withdrawing
groups slow down the reaction. No such effect was observed by the present methodology and all the

substrates reacted with equal ease. However, aryl amines gave better yields as compared to alkyl amines.

2B.2. N-Acylation of Amines Using Various Acyclic and Cyclic Anhydrides Using the
Sutfactant SDS for Dissolution of Amines in Water
The use of mineral acid (HCI) or base (NaHCO;) makes the above method less attractive.
Considering the environmental aspects, we looked for a greener alternative, devoid of any acidic or
_basic reagents. In one of our ongoing projects we noticed the solubility of several aromatic and aliphatic

amines in an aqueous medium in the presence of sodium dodecyl sulfate (SDS). The SDS concentration

(231 x 107 M) required for the dissolution of several aromatic amines is much lower than the critical
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micelle concentration (8.3 x 10° M) of SDS, thus ruling out the possibility of micelle formation for the
dissolution of amines. Initially, we speculated that the dissolution of the hydrogen donor amino group
might be due to interaction with the hydrogen acceptor sulfonic acid group of SDS. But when the
sodium salt of methane sulfonic acid was used instead of SDS, the amine did not dissolve at all; hence
the possibility of the above type of interaction is ruled out. Other surfactants such as triton-X 100 and
hexadodecyl ammonium bromide and phase transfer reagents such as tetrabutylammonium bromide can
be used instead of SDS, thereby supporting the presence of hydrophobic-type interactions. Hydrophobic
interactions are important non-covalent driving forces for inter- and intramolecular binding and
assembly processes in aqueous chemistry.

In the earlier method the protonated ammonium ion obtained by the dissolution of amines in an
acidic medium is non-nucleophilic, requiring a base to regenerate the nucleophilic amine for acylation.
However, when SDS is used for its dissolution it retains its nucleophilic character.

Thus, when acetic anhydride was added to a SDS solution of an amine, acetylated products were
obtained in moderate to good yields. It was gratifying to observe that the product precipitates from the
reaction mixture in most of these cases. Increasing the ionic strength of the medium by adding sodium
chloride to the reaction medium enhanced the amount of precipitation. To our utter surprise no base was

required and the pH of the medium recorded at the end of the reaction was ca.7 when acetic anhydride

was used as acetylating agent. The general is given below in Scheme 2B.2.
H
N

NH
T Y

SDS/ (RCO),0

R

X = H, CH,, OCH,, OH, NH,, F
R = GH,, CH,CH,, CH(CH;),, OC(CHy)s, CeHs
CH,CH,COOH, CH=CHCOOH, CgHsCOOH

Scheme 2B.2. N-Acylation of Amines

Chemoselectivity
Taking advantage of the differential reactivity of the nucleophiles amines, thiol and phenol undey

the present condition, we performed intermolecular chemoselective acetylation and benzoylatiop of

aniline over thiophenol and phenol.
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NH, OH
Water / SDS

+ —
(RCO),0
R = CH,
R = C,H;
OH

Water / SDS

(RCO)zo
R = CH,
R=C,H,
SH
Water / SDS

—_—

(RCO),0

R = CH,
R = C,H,

NHCOR OCOR

+
90% 0%
95% 0%
NHCOR SCOR
+
90% <2%
95% <2%
SCOR OCOR
+
25% 0%
85% 0%

Scheme 2B.3. Intermolecular Chemoselectivity of Amines

The acetylation of 2-aminothiophenol produced the corresponding acetamide; the thiophenolic

moiety remaining untouched with one equivalent of the reagent showing the intramolecular

chemoselectivity, Scheme 2B.4.

@:SH (RCO),0

R=CH; 1equiv 26%
3 equiv < 5%

= 1 equiv 05%
diste - 3 equiv 05%

Y
CCA - Crpe

<5% 40%
17% 43%
<1% 48%
<1% 52%

Scheme 2B 4. Intramolecular Chemoselectivity of 2-Aminothiophenol

OO —Cre

-Hzo

T

Scheme 2B.5. Proposed Mechanism for the Formation of Products in Scheme 2B.4
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A molecular clip motif has been induced due to weak m-m interactions in bis(2-
benzoylaminophenyl)disulphide. Although the bent structure due to dihedral angle of 86.17° for S-S
bond is itself embedded in its precursor bis(2-aminophenyl) disulphide (B), we speculate that the clip
motif is achieved only by the introduction of additional phenyl groups during benzoylation, Figure 1.

- T

o oo
% 2 o ol
(A) (A) N

Figure 1. (A) Bis(2-benzoylaminophenyl)disulphide and Bis(2-aminophenyl) disulphide(B)

In conclusion, this method represents a tremendous opportunity for the practice of green
chemistry. The reactions are in general very clean giving good to moderate yields with excellent
selectivity and no side products have been isolated. The method is environmentally friendly with respect
to by-products. In addition chromatographic purification of the acylated product is not required. The
simplicity, low cost of this procedure competes as a better practical alternative to the existing methods
for the selective acylation of primary amines in the presence of phenols.

The other two sections viz. Section 2C and 2D describes the general experimental procedures and

spectral data of this chapter.
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Introduction

1A. Introduction

Increasing knowledge of the properties of molecules has led the way for synthesis of new
compounds either by exploiting their advantages or by replacing their disadvantages with suitable
alternatives. Bromine and its halogen brethren have become a necessary part of our complex world.
Synthetic chemists are allured to bromine due to the versatile applications of bromoorganics in the
synthesis of large number of natural products as well as in the manufacture of pharmaceuticals,
intermediates for agrochemicals and other specialty chemicals. The commercial importance of
bromoorganics is further evident from the availability of numerous industrially valuable products such
as pesticides, insecticides, herbicides, fire retardants and other new materials, which carry bromo
functionality. But the viciously corrosive red fuming liquid emits choking fumes, which is detrimental to
human health. Added to this, the necessity for safe and responsible handling of this corrosive chemical
has also been a cause of irrational fear. Intrigued by the potential hazards associated with molecular

bromine and bearing in mind its indispensable role as well in human life, a safer alternative,

organicammonium tribromide was developed.

1A.1. Brief Account on Different Organicammonium Tribromides

Organicammonium tribromides are the storehouse of bromine. These crystalline stable solids are
convenient source of bromine owing to the ease in maintenance of the desired stoichiometry and the
ease in storage, transportation and handling. Several organicammonium tribromides have been reported
in the literature, which includes tetramethylammonium tribromide (TMATB), tetrabutylammonium
tribromide (TBATB), tetracthylammonium tribromide (TEATB), cetyltrimethylammonium tribromide
(CTMATB), pyridine hydrobromide perbromide (PHPB), phenyltrimethylammonium tribromide
(PTATB),  1,8-diazabicyclo  [5.4.0]-undec-7-ene  hydrobromide  perbromide ~ (DBUHBm),
pentylpyridinium tribromide (PPTB), l-benzyl-4-aza-1-azonia-bicyclo [2.2.2] octane tribromide. In
addition to these tribromides, a ditribromide reagent such as 1,2-dipyridiniumditribromide-ethane

(DPTBE) or 1,1°-(ethane-1,2-diyl)dipyridinium bistribromide (EDPBT) has also been reported.
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CH CH
Ei? CoHs CaHg [+
Hacqrﬂ"CHsr Csz_r,\llcsz B C Hg—N-C4H, _ CigHagN=CH;
CH, Br, Coiig Br, C,Hg Br, CH, Br,
TMATB TEATB TBATB CTMATB
e N - C\/Q b
+/
PHPB PTATB DBUHBr, PPTB

Br3

N

N\> /\+ '

A:’_ N 7N\
C\/B;_@

1-Benzyl-4-aza-1-azonia-bicyclo
[2.2.2]octane tribromide DPTBE / EDPBT

Figure 1.1

A summary of the work regarding their preparation as well as applications as rcported in
literature has been presented below. Chattway and Hofle were the first to report the preparation of
tetramethylammonium tribromide (TMATB).! It was obtained by treating tetramethylammoniurﬁ
bromide with bromine in acetic acid. The product TMATB was found to contain 50.9% of active
bromine. Its brominating property was studied by Avramoff and coworkers. TMATB furnished the sole
nuclear bromination product, 2-acetyl-5-bromo-6-methoxynaphthalene when reacted with 2-acetyl-6-

methoxy-naphthalene in acetic acid but gave o-brominated product with change in reaction conditions,
Scheme 1A.1.2

\H/\Br TMATB / C oHs TMATB O\n/
\O (CgH,CO),0, ~o OG Y AcOH ~ O o
Br
. Scheme 1A.1
Djerassi and Scholz introduced pyridine hydrobromide perbromide (CsHsN.HBr.Br; or PHPB) ir

later years. It was prepared using equimolar amounts of bromine, pyridine and HBr (48% aq. solution).
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The red prismatic crystals of PHPB with a melting point of 134°C were crystallised from acetic acid

with 45% available bromine. This is a selective brominating agent used for c-bromination of ketones.

The monobrominated product, 2-bromo cholestanone and the dibromo derivative, 2, 4-dibromo
cholestanone were obtained exclusively when used in 1 and 2 equivalents respectively with

cholestanone, Scheme 1 A.2.

Br _-_ACOH_“ __AcOH g
C,H,N.HBr.Br, C4H,N.HBr.Br,
0 2 equiv o 1iaglly fo)
Be Scheme 1A.2

Merker ef al. have further shown the efficacy of this reagent as a suitable substitute for bromine

: : e . ; 4
in performing bromination of various aromatic substrates, Scheme 1A.3.

OH CSHSN.HB]’.BF2 OH
AcOH Br

Scheme 1A.3
Phenyltrimethylammonium tribromide (PTATB) was prepared by adding 1.2 mole of Br; to one

mole of phenyltrimethylammonium sulfomethylate in 48% HBr solution, Scheme 1A.4.° The crude

orange-yellow precipitate that was recrystallised from acetic acid was found to contain 42.5% active
bromine.

CH
% i

i 18 (CH,),S0O,
CH, Toluene

Scheme 1A.4

Hy

+
o - Br, r]] CH, B
—_—
HCH3 CH3304 HBr CH3 3

3
PTATB

O—Z2—0

This reagent was found to be more stable compared to pyridinium hydrobromide perbromide
(PHPB). PTATB is an excellent source of bromine when dissolved in THF and its reactivity is different

from molecular bromine. It is found to be much less electrophilic and is less reactive towards aromatic

rings and double bonds as compared to molecular bromine.® It is useful for selective a-bromination of

ketones and ketals, Scheme 1A.5.”
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0
o
O/\/OH PTATB Bf
MeO PTATB THF  Meo

Scheme 1A.5
Synthesis of 1, 8-diazabicyclo [5.4.0]-undec-7-ene hydrobromide perbromide (DBUHBrI3) in

quantitative yield using an equimolar amount of bromine on DBU HBr in acetic acid, has been shown by
Muathen.® This crystalline compound shows a greater stability over pyridine hydrobromide perbromide,
which is reported to have three different bromine compositions with three different melting points.
Activated aromatics and heteroaromatics such as aniline, thiophene were brominated smoothly with
good yield in aqueous DMF whereas a fairly reactive aromatic system such as mesitylene was
brominated in presence of an equimolar amount of HgCl,.

Br
lll 3

Y

HgCl, Br
Scheme 1A.6
Owing to the high solubility of the protonated DBU in aqueous medium, DBUHBr3; can be
recovered and regenerated from the reaction medium after isolation of brominated products by treatment

of the aqueous medium with HBr and NaBrO;,

Br Br
PPTB Et
=——Ph - %,F’h ==—COOEt K\(COOEt +Br/\l/coo
Br Br
Scheme 1A.7 er -

94%

Salazar et al. have reported the synthesis of a room temperature jonic liquid tribromide,
pentylpyridinium tribromide (PPTB), upon addition of an equimolar amount of bromine to a soliq
crushed pentylpyridinium bromide. This served as a vapour pressure free bromine analogu€ for
bromination of ketones, aromatics, alkenes and alkynes. Dibromination of phenylacetylene afforded one
sole isomer in excellent yicld where as ethylpropiolate led to a mixture of cis-trans isomers, Schéme
[A7.10

Synthesis of 1-benzyl-4-aza-1-azonia-bicyclo [2.2.2] octane tribromide by the addition of an

aqueous solution of Oxone® to a solution of 1-benzyl-4-aza-1-azonia-bicyclo [2.2.2] octane bromide ang

TH-1847_03612208 j



Introduction 7

KBr, has been shown by Hajipour et al, Scheme 1A.8. ' This is a reactive but selective brominating

agent for the bromination of aniline derivatives in small amount of methanol in the presence of CaCOs.

[ﬂ\l KBr/2KHSO,.KHSO, K, SO 5‘4\'
N*\) \>

H,O
Br
Scheme 1A.8 Ph

Ph

Recently our group has reported the synthesis of a new ditribromide reagent, 1,2-
dipyridiniumditribromide-ethane (DPTBE) or 1,1’-(ethane-1,2-diyl)dipyridinium  bistribromide
(EDPBT). It was prepared by refluxing pyridine (2 equiv) with dibromoethane (1 equiv). The resultant
[,2-dipyridiniumdibromide-ethane (DPDBE) or 1,1°-(ethane-1,2-diyl)dipyridinium dibromide (EDPDB)
when treated with KBr (4.5 equiv) followed by oxidation of bromide to bromine using an aqueous
solution of Oxone® (2 equiv) resulted in an orange precipitate of DPTBE or EDPBT. The active bromine
content per molecule of DPTBE or EDPBT is 48%, which is higher compared to that of some of the

other known tribromides. This reagent is superior to many of the tribromides in terms of selectivity, and

recyclability.'?

KBr/ Oxone
O O CB% Nra l@ I
/ N+ BI‘;' —
- A T | .

J Br N\ /J
/\ .
KBr / Oxone Organic Bromoorganics
< > Substrates

Scheme 1A.9

1A.1.1. Literature Reports on use of Tetrabutylammonium Tribromide in Organic
Synthesis

The preparation of tetrébutylammonium tribromide (TBATB) by employing molecular bromine
and tetrebutylammonium bromide was first reported by Buckles ef a/."” It has an active bromine content

0f 33%. It was found that the stereospecificity of addition of bromine to cis-stilbene decreases with
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increase in polarity of solvent giving more and more meso-ct,ct’-dibromobenzyl in place of the dl-isomer
whereas with a tribromide restoration of stereospecificity in more polar solvents was observed giving the
dl-dibromide."*

Berthelot ef al. have made an extensive study on the bromination of different substrates with
TBATB. Phenols and amines have been brominated with TBATB to give the corresponding p-bromo

product in CHCI;. A mechanism involving electrophilic substitution by the tribromide has been

suggested to account for the monobromination at the para position of phenols and amines in aprotic ang

: . . 5. 13
non-basic solvents by tetrabutylammonium tribromide.

©/R TBATB
________—————-"'
Br

R=NH, OH  giheme 1A.10

lso been reported. Unlik
e bromination of alkynes by TBATB ha.s a " pl - e the Othg
. . . CCly, gives the (E) isomer exclusively, Scheme 1A 11 16
reported methods using bromine, TBATB in -

HO_ __ TBATB H%
)ﬁ‘ [0 Br

Scheme 1A.11

Stereoselectiv

to be a convenient reagent for a-bromination of ket .
TBATB has been shown | | one, but Whep
f ethylene glycol simultaneous keto protection was observed. "7

—
Q 0. 0

TBATB ij/ar
OH

Scheme 1A.12

reacted in the presence 0

Berthelot et al. later reported bromination of styrene and ketone using TBATB to yie]g
respectively dibromo styrene (PhCHBrCH,Br) and a-bromo ketone.'*In the later years Kajigaeshi et ¢
reported the synthesis of TBATB without using molecular bromine. Bromine was generated in situ Using
NaBrO; and HBr."The efficacy of the methodology was employed for o-bromination of varioy,

[cetones.
Bellucci et al. have reported the diastercoselective bromination of allyl glucosides usiy,

tet]‘abutylammonium tribromide. Both (R) and (S)-2,3-dibromo-l-propanol with enantiomeric excess (ee
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upto 60% have been obtained by diastereoselective addition of Br; to allyl glucosides and galactosides
having only one unprotected hydroxyl group at C-2 or C-6 using tetrabutylammonium tribromide,

followed by hydrolysis. The absolute configuration is shown to depend on the position of free hydroxyl

and at the anomeric centre.?’

In the recent years, Chaudhuri et al. have developed an environmentally benign route for the
preparation of TBATB using peroxovanadium (V)-mediated biomimetic oxidation of bromide
circumventing the use of Br, or HBr.>! TBATB was obtained readily from the reaction of TBAB with
H,0, and V,0s. The stable, orange crystalline TBATB obtained in this way is air and moisture tolerant,

casy to handle, store and maintain the desired stoichiometry. The in situ generated tribromide has been

used for bromination of various organic substrates.?

Khan et al. have reported a convenient and useful method of preparation for various acyclic and
cyclic a-bromoenones from the corresponding enones using organicammonium tribromides vis. TBATB

and CTMATB. The dibromoderivative of enone undergoes elimination in the presence of K,COj3 giving

23
a-bromoenones, Scheme 1A.13.

o 0
x CTMATB/CH,CI,/K,CO, N
Br

TBATB/CH,CI,/K,CO,

Scheme 1A.13

An environmentally benign synthesis of aurones and flavones from 2’-acetoxychalcones using
tetrabutylammonium tribromide has been reported by Khan ez a/., Scheme 1A. 14.**The bromination step

is the decisive step which directs the formation of flavone and aurone. The formation of the cyclised

product aurone is attributed to Br being a better leaving group than OMe and hence favouring the

cyclisation exclusively at the o-position.

OMe OMe
o rd o
MeO OAc ‘ TBATB (1.2 equiv) M€© o, DZMKEH MeO O\ Mo
oy - : ®
CH,Cl,-MeOH(5:2) Br  EtOH-H,0(4:1) o

OMe O CaCO0,, 0-5°C OMe O OMe

Scheme 1A.14
The use of TBATB as a brominating agent has been addressed broadly in the above section. In

addition to being used as an efficient brominating agent, TBATB is widely used as an oxidising agent. A

literature review of its use as an oxidising agent is presented below.

TH-1847_03612208
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The tribromide ion of TBATB has been exploited as the reactive oxidising species for the
oxidation of aliphatic alcohols, substituted benzyl alcohols, secondary alcohols, vicinal and nonvicinal
diols by Sharma and Banerjee. They have also carried out a correlation analysis of reactivity in
oxidation of different substituted benzyl alcohols by TBATB. The rate of reaction increases with
increase in the polarity of the solvent. The reaction is susceptible to both polar and steric effects of the

substituents. A mechanism involving transfer of hydride ion from the substrate to tribromide in the ratg
determining step has been 17)r(:apcnsed.25 An extensive study on the kinetics and mechanism of oxidation qf

aliphatic aldehydes, a-hydroxy acids, o-amino acids, formic and oxalic acids, lower oxyacids of

26
group.

phosphorous has also been performed by the same | |
rmic acid and oxalic acid by TBATB leadsg for )
¢

The oxidation of organic acids such as fo

Scheme 1A.15.

formation of carbon dioxide,
HCOOH + TBATB

= CcO, *+ TBAB + 2HBr

O
’u\O"Br'Br"Bri| — CO, + 2HBr + Br

/cl)l\ H 4 Bry "*""[H ;
o * 7°? H

Scheme 1A.15

H

d Sharma have reported the oxidation of DL-methionine by TBATR
n t

Chouhan 2
des and also studied the oxidation of various thioacids viz. thioglycollic, thiolacy;
ic

corresponding sulfox1
omalic acids by TB

acetals has been descr

ATB in acetic acid.?” Oxidative regeneration of carbonyl compounds
thi frog

dithio

ibed by Khan et al. using tetrabutylammonium tribromide, Scheme | A 16 28

S-S 0
/©)< H TBATB ,O)LH
0-5°C, CH,Cl,  MeO

Scheme 1A.16

MeO

Sharma el al. reported the oxidative regeneration of carbonyl compounds from oximes.? |

and convenient synthetic protocol for interconversion of carbonyl compounds to ¢

useful
corresponding ],3-oxa
o reported, Scheme 1A.17.%°

thiolanes and vice versa employing organic ammonium tribromide (OATB) w

als

TH-1847_03612208 ]



Introduction 11

TBATB (0.01 equiv.)/ CH,CI,/ 0-5°C

HS/\/OH

¥
ol (@X

0
T TBATB (0.5 equiv.)/dry CH,Cl,/ 0-5°C

Synthesis of CTMATB, and TEATB and the application of CTMATB to selective oxidation of

sulfides to sulfoxides have also been addressed in the literature showing CTMATB as an oxidising

Scheme 1A.18

3
agent.”'

The tribromide, TBATB has been extensively utilised for the bromination of organic substrates
and reports exemplifying it as an oxidising agent have also been described in the literature. Its precursor
TBAB is less expensive compared to other organicammonium bromides, and it is prepared in an
environmentally benign route using V,0s5. H;O,. This makes TBATB a synthetically useful reagent.

Hence its applications to various other aspects of organic synthesis were found to be of interest.

Prompted by the report of Kajigneshi e al. about the generation of HBr and MeOBr from

benzyltrimethylammonium tribromide in methanol®? it was speculated that TBATB would react

similarly with alcohol.
In the previous years, our group has exploited TBATB-MeOH as an efficient chemoselective

33
reagent for the cleavage of fert-butyldimethylsilyl (TBDMS) ether, Scheme 1A.19." The solvent
dependent study of the cleavage of TBDMS ethers with TBATB highlighted the possibility of tuning the

acidity of TBATB in various solvents. Its acidity can be tuned from highly acidic pH to near neutral pH
in various organic solvents. It has been inferred that TBATB can readily differentiate THP over TBDMS

and TBDMS over TBDPS. The apparent order of stability obtained is phenolic TBDMS > 1 OTBDPS >

2° OTBDMS >2° OTHP > 1°OTHP > 1° OTBDMS > 1° ODMTr.

TBATB

Scheme 1A.19

Our group has also explored the role of tetrabutylammonium tribromide as an efficient generator

- : i - i . 34 . .
of HBr in the chemoselectice acetalisation of carbonyl compounds, Scheme 1A.20.™ Acyclic and cyclic

TH-1847_03612208
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acetals of various carbonyl compounds were obtained with 0.01 equiv. of TBATB. No o-brominated

product was observed for substrtates amenable to o-bromination.
0 o ™M 4 b
TBATB @O
CH(OEt),
Scheme 1A.20

After a comprehensive perusal of literature relating to the preparation as well as synthetic

applications of TBATB we arrived at the following conclusions.

<+ TBATB can be prepared in an environmentally benign way.

+

% Its usefulness as a brominating and oxidising agent has been explored widely in the last few,

decades.

* Thi nt is an efficient generator of anhydrous HBr in alcohols and many other OrgaHiQ
<> is reage

Ivents. Its acidity can be tuned to a wide range of pH ranging from acidic to near neutral,
solvents.

i ' i ceur exploiting its mild acidity are quite usef
% The various organic transformations which o p i

ially when compatibility of various functional groups under a specific reaction c:onditi()l\l
especially

is an important subject.

1A.2. Protecting Groups

i ¢ study of compounds connected with life owing to its wi
i istry W riginally the s d
Organic chemistry Was 0

ing from essential constituents of living matter such as carbohydrates, proteins, fatg
Coverage CO]ﬂmGnClng ’

s to essential requirements of human life such as food. fuel shelt
i 1 es and hormone¢ ’ : ;
nucleic acids, enzymes,

hing, the principal component of each of which is organic. Now organic synthesis has reached to)
and clothing, th _

: ion of organic processes and products of synthetic utili n
a level where the continuous generatio g P P y. tility has laq

it indispensable to the sustenance of hum.an life. | |

Organic synthesis is an engineering on atomic scales, which takes into account various delicate
operations t0 be performed. A synthetic plan to achieve a complex target is a matrix of severgy;
independent and parallel strategies involvi11g several factors such as fragment synthesis, fragme:rlt
linkage, stereochemistry, functional group interconversion and protecting groups.g‘5 The analysis of 3
complex target molecule retro synthetically simplifies a synthetic procedure by virtue of the formatimn
of synthons, which are accessible either commercially or with the aid of laboratory procedurgg

However, the sequential steps take into account the compatibility of the functional groups under the

TH-1847_03612208
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reaction conditions employed. Functional group compatibility is the basis for the conception of
protecting group, which play a pivotal role in a multi-step organic synthesis. Though the introduction of
protecting groups lengthens the synthetic route by two steps supplementing their removal under milder
conditions but it cannot be circumvented. Owing to their usefulness, they have become an obligatory

feature in organic synthesis. The protection-deprotection sequence is probably the most recurrent

functional group interconversion in multistep organic synthesis.

1A.2.1. Carbonyl Protecting Groups
The electrophilic nature of the carbonyl group is a dominant feature in its extensive chemistry.

Due to the electropositive nature of the carbonyl carbon, it is susceptible to nucleophilic attack, Scheme

1A.21.
0 OH

| p—

R H R+ H

Scheme 1A.21
Thus, protection of a carbonyl group from nucleophilic attack until its electrophilic nature is
exploited is one of the most challenging problems of organic synthesis. Nevertheless, carbonyl-
protecting groups also play an important role during multistep syntheses in organic, medicinal,
carbohydrate, and drug design chemistry. A very small but useful catalog of protecting groups for

carbonyl functionality of aldehydes and ketones includes acetals, thioacetals, oxathioacetals and 1,1-

diacetates (Figure 1.2).

R O-R R S-R 0O R'\/<R o/ m X [\ m
Yo o_ .0 S.0 s. 0 S\ S s__s
| 0 <9 0,0 S R Lo
R O-R R' S—-R R R R R' R><RI R R' R R' R R R R'
R = Alkyl, aryl R'=H, CH,, C;Hg

Figure 1.2

1A.2.1.1. Dithioacetals
1A.2.1.1. (a) Significance of Dithioacetals as Protecting Group

Dithioacetals such as 1,3-dithiolanes and 1,3-dithianes are the most widely used carbonyl
protecting groups owing to their stability towards various reagents such as nucleophilic, basic, mild
oxidising, catalytic and hydride reducing agents during a multi-step synthesis. They are easy to prepare

as compared to O, O-acetals and are more stable towards chromatographic purification as well as acids

TH-1847_03612208
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and bases. Further the use of the less obnoxious dithiols compared to acyclic thiols makes cyclic
dithioacetals a suitable protecting group during a multi-step synthesis. The following section describes
the significance of dithioacetals as a carbonyl protecting group.

To carry out the reaction at the less electrophilic carbonyl carbon of the ester moiety, protection

of the more reactive carbonyl group is necessary, which can be achieved as shown below, Scheme

1A.22.

o m
/?I\/\/U\ Hs” " sH SWRz
OR! = 5 &
: excess R?MgX

Scheme 1A.22

Th tection of carbonyl group as a dithioacetal has been used for the synthesis of varioyg
e protec

36
ducts.

natural and non-natural pro N -

; ion of 1,3-dithiolanes and 1,3-dithianes has been used fo, ., -

The ring expansion annelation -

ction of larger rings contal

ning sulfur atoms such as 1,4-dithiepins and 1,4-dithiins in dry Cp,,
ce of Si0,C1/ DMSO, Scheme 1A.23.%7 |

constru

in presen

S Si0,Cl / DMSO s
3 o
s

n=0,1
Scheme 1A.23

2,2-diphenyl-1,3-dithiolane of diaryl ketones has been used for synthesis of gem-diﬂu(:n;

g selectflour” and pyridinium polyhydrogen fluoride, Scheme 1A.25.® The gen
39

compounds usin
have found a wide range of biological applications.

S S . .

Selectflour/ PPHF
H,0* “ “

Scheme 1A.24

difluoro compounds

TH-1847_03612208
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Protection of carbonyl group in the starting material is necessary before macrolactonisation in

the synthesis of (S)-zearalenone dimethyl ether, a macrolide with anabolic and uterotropic activity,

Scheme 1A.25.%°

o~ o o~ o
o~ 0 orgs CHACHSH), o~ sq OTBS
_
Z BFOEL, O 7

(S)-zearalenone dimethyl ether

Scheme 1A.25
Kanematsu et al. have synthesised the natural fused furan xestoquinone by protecting the

carbonyl group as dithiane, which is a powerful cardiotonic constituent isolated from marine sponge,

Scheme 1A.26.%!
OH

p—

<° g
0]

O

s7 s |
b (] 5
Scheme 1A.26

Dithioacetals are most often used inspite of the difficulties associated with their removal because

7]
107]

of their inherent stability towards acidic conditions as compared to the corresponding O,O-acetals and

O, S-acetals.

1A.2.1.1. (b) Synthetic Applications of 1, 3-Dithianes as Acyl Anion Equivalents

In addition to serving as a protecting group for carbonyl functionality of aldehydes and ketones,
the synthetic applications of dithioacetals can be attributed as the main reason for its versatile chemistry.
Dithioacetals in general and 1,3-dithianes in particular has attracted the attention of synthetic chemists

due to the role of 1,3-dithianes as precursors for synthetic acyl anion equivalents, masked methylene

_ ; X , .42
functions for carbon-carbon bond forming reactions.*>*’

Functionalisation of the masked carbonyl group allows different transformations, Scheme 1A.27.

Some of these approaches have been used extensively for the total synthesis of complex

TH-1847_03612208
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polyfunctionalised natural products.®’ The lithiated 1, 3-dithianes generated from the 1, 3-dithianes ang
butyl lithium are the most successful sulphur-stabilised acyl anion equivalents and are used as maskeg
nucleophilic acylating agents.*® This allows the normal reactivity of acyl carbon atom to be reverseq

The temporary reversal of reactivity of a functional group is described by the term umpolung, which way;

first coined by Seebach.*

S n-C HgLi S R R
i: XR 4'lg X =i
S H THF S L acyl anion
RCH, methylene anion

o=(R - CSXE

E R =Alkyl, Aryl g
/ l R=H N

"R r
o= Scheme 1A.2
E

. 1 T -dithi re summarised below. Synthes;j
Various applications of the lithiated 1,3-dithianes a ynthesis of 1,2- ay

onyl compounds from dithianes, asymmetric synthesis based on I,3-oxathianes, synthesig
«

1,3-dicarb _ o o .
ene macrolide antibiotics exploiting the dithiane chemistry has also been described ip t

oxo poly

6

litcra‘[l.lre.4 Sk i . ) —
to ketones with increase in carbon number by : ' ithi

Aldehydes can be converte y alkylation Ofdlthlanc

d by hydrolysis with Hg?" / H;0" Scheme 1A.28.%

S-S S._S
H,0*

Scheme 1A.28

followe

Cycloalkylation of the lithiated carbanion occurs with aryl halides as electrophile, Sche111

1A.29.%

e Wy A
(EpO o i

Scheme 1A.29
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Acylsilanes can be obtained from cyclic 1,3-dithianes as shown in Scheme 1A.30.*”* Acylsilanes

are frequently applied in Reformatsky reactions,*”® and intermolecular cyclisation.*

S
-BuLi - i iCl ;
n-BuLi, THF L i. Me,SiC SiMte,

=

ii. NBS / Acetone / Water pe0
OMe

Scheme 1A.30
The silylolefination of dithioacetals is yet another important transformation, which is useful for

the synthesis of vinyl silanes, Scheme 1A.31.°°Vinylsilanes are utilised for the synthesis of

paracyclophane and sol gel having divinylarene chromophore, Scheme 1A.31.
#Me éu‘
Me 4 SI Ma /’c:)ﬁOME
O - b i

C{ | divinylarene chromophore
b | ¢
l Me £ I\f194/_©—\‘hlne a = (OMe),Me,SiCH,MgCl
y Slr-Me . Mec—),Sf 51‘(’;"9 b = (' PrO),Me,SiCH,MgCl
w2 g { opr! VoS SiMe  ©=NICL(PPhy),
S e _\—@—/_nlne d = TBAF

e = (Et0),Si

'Pro bisvinylsilane
f = hydroxide ion

paracyclophane

Scheme 1A.31

) . 0
1. n-BuLi
S S
M
H 260, OMe
o 0
MeO 3. MeOH, H,S0, MeO

4.Cul,, Me,CO/H,0

Scheme 1A.32
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The methyl benzoylformate derivative obtained from the dithiane®' (Scheme 1A.32) has been
used for the synthesis of permethylated gomphidic acid (A) and O-mecthylisopinastric acid (B) which
have long since been recognised as the pigments responsible for the striking yellow and orange colour of
lichens.

When epoxides react with 2-lithio-1,3-dithiane derivatives enantiomerically pure masked (-
hydroxy carbonyl compounds are obtained in a single step, this strategy which has extensively been used

in the synthesis of natural products, is summarised below.

(\| H OMe OMe OMe
m o OMe OMe OMe nBuli /\/W
S . \>\/l\/‘\)\/“\“- T o
/\/\)< +
H
l Mel, CaCO,

o OH OMe OMe OMe

OMe OMe OMe OMe OMe NaBH,, MeOBEL, /\/\)l\)\.)\m
= -

KH, Mel
Scheme 1A.33 |
hoxy 1-alkene isolated from tolytoxin-producing blue-green algae

ic 4 10,12-penta met |
[sotactic 4,6,8, p y1-1,3-dithiane and its absolute stereochemistry has beep,

has been synthesised by Mori et al. from 2-pent
determined, Scheme 1A.33.7
Jiang and Chen synthesised (35, 75)-Kurzilactone appl

starting material, Scheme 1A.34.% Kurzilactone shows remarkable ¢yt . o Yy
important statin family, which are highly,

ying the cinnamaldehyde dithiane as the

otoxicity against KB cells and hag

a close structural relationship with the pharmacologically

tase.
potent inhibitors of 3-hydroxy-3-methyl glutaryl agent coenzyme A reduc

n-Buli OEt -
@/\x BF OEt, @/\WOEI

OE{
Scheme 1A.34
OEt

Lol thi vinyl epoxide
Smith ef al. have reported highly chemoselective addition of lithiated dithiane to viny p S

2 e o as been reported t
by exploiting the steric nature of the dithiane. The exclusive Sn2 addition product has p o
. o : ; ide containing tw
be formed when 2-lithio-2-phenyl-1,3-dithiane was reacted with vinyl epoxide €O g 0
: T - i sition a
nucleofugal sites, which is a clear indication of the selective attack at the activated allylic post nd

not at the alkene terminal, Scheme 1A.35.°¢
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)y

S

i. 'Buli, THF, HMPA,
H -78to-259C, 1hr

ii. Vinyl epoxide
THF, -78C, 3hrs 100:0

Scheme 1A.35
Dithioacetals can be used as intermediates for the conversion of carbonyl functions to parent
hydrocarbons by reductive desulphurisation.” Hydrogenolytic desulphurisation employing Raney nickel
in boiling ethanol has been proved to be a useful tool in structural and small scale synthetic
transformational work. Dithioacetals derived from aldehydes, ketones, monocyclic ketones, polycyclic

ketones can be desulphurised with Raney nickel, Scheme 1A.36.%°

OB IO CO
(_ C,H,OH
Scheme 1A.36
Hydrazine with or without alkali has been found to desulphurise cyclic or acyclic dithioketals in
diethylene glycol. The use of alkali reduces the effective temperature of reaction considerably. The
sulphur was reduced completely to sulphide, no mercaptan being generated in the reaction. The reaction

. o ; o B
temperature is lower than those required in Wolff-Kishner reduction.’

1A.2.2.1. (c) Methods of Preparation of Dithioacetals

In view of the usefulness of dithioacetals as a protecting group as well as the versatile
applications of 1,3-dithianes in organic synthesis as described above, several procedures have been
reported over the years in the literature for masking aldehydes and ketones as dithioacetals.
Dithioacetals are obtained by protic or Lewis acid-catalysed condensation of carbonyl compounds with
dithiols or by a transthioacetalisation of cyclic and acylic acetals. Most of the protic and Lewis acids
work on the general principle of activating the carbonyl group towards nucleophilic attack by dithiol.

Various protic acids, Lewis acids, other miscellaneous reagents used to date for thioacetalisation
are HCI,®® PTSA,” BF;.0Ft,* (CH;):SiCL® ZnCl,,®? anhydrous AICI;,® TiCly,® SiCly,* InCl,*
LaCls,%” WCls,% NiCly,®® InBrs,”® L,”'*® Zn or Mg(OTf),,”? In(OTf)s,” Y(OTHs,”* 5M LiClO4,” LiBr,”®

LiBE,,”” MOOz(aCEIC)z,78 NBS,” aq.HBr.80
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NBS has been speculated to generate HBr by the reaction with dithiol,”’ which further activates
the carbonyl group for further reaction with dithiol to produce hemithioacetal-type intermediate, which

loses water molecule to afford dithiol protected aldehyde, Scheme 1A.37.

SH
o HBr O--H Br HS™ F{!O- H Br .
)’L _— /“\ i S/\“/ Br S/\/SH
R H R™ "H H 1,0 /l
R H

Scheme 1A.37

Different Lewis acids supported on silicagel are advantageous as compared to their Unsupporte

nd easy removal from the reaction medium after completiop, &

counterpart due to their higher activity a : ‘
hionyl chloride,gl anhydrous FeCl3 dispersed on Silig

the reaction. Catalysis by silicagel treated with t 8 ;

gel,*?? anhydrous CoBry,” $i0,-Cu(OTH),,* TaCls-silica gel ** Todine supported on natural phosphae s
L} ' . 87 . 88 . -

silica supported sodium hydrogen sulfate NaHSO04.5102, P,05/Si0," are also r‘ep{)lted. Solj

superacid,®zeolite” have also been reported. Zeolites can potentially replace conventional corrosiy,

liquid acids due to the presence of high and tunable acidity.

ylsilane (TMS-SMe), has also been reporte

In addition, other reagents such as methylthiotrimeth ! -
eagent without any acid catalysis unde

long back in the literature to achieve acyclic thioacetals. This T ’
onding acyclic thioacetal, Schen,

neutral condition converts aldehydes and ketones (O the corresp

1A.38.71
COOMe Sute SMe \—/—/—COOMe
2TMS-SMe N O(TMS),

L —
=

CgHyq

Scheme 1A.38
o 92 :
Few other reagents include bis (diisobutylaiuminium)-I,2—ethaned1thlolate, polyphosphor;

acid trimethylsilyl esters” and 2-chloro-1,3,2-dithioborolan .94 The 2-chloro-1 ,3,2-dithi0borane 1S a Vey
reactive thioacetalising agent but the corresponding 2—phen)ﬂ—1,3,2—dithi0b0rolane is a mild agent wij

steric selectivity.
. 95
,3-dithiane / BF3.Et;0, 2,:

In addition to these afore mentioned reagents, 2=2‘dimethy1—2—sila-l
of 1.3-dithiolane can be

1 kT - 96 1.,
dimethyl-1,3-dithiolane™ has been developed for this purpose. The formation
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achieved by an exchange reaction from 2, 2-dimethyl-1, 3-dithiolane catalysed by solid acidic catalyst,

Amberlyst 15 under microwave irradiation, Scheme 1A.39.7°

H,C S

H 04( _5 I\
Sﬁs H o
o ) T &
O)\ Scheme 1A.39

Thioacetalisation of carbonyl compounds has also been achieved using a surfactant-type

Brensted acid in an aqueous medium.”’

Recently, odourless and nonthiolic alternatives have also been reported to achieve
thioacetalisation. Reagent 2-[2-Chloro-1-( l-chlc:rovinyl):allylidenel—1,3-dithiam=:5'8 is a 1,3-propanedithiol
equivalent, which is a stable, nonthiolic and odourless ketene dithioacetal. Thioacetalisation with this
reagent is carried out in dry, solvents such as MeOH, EtOH, THF, CH,Cl,, +-BuOH, i-PrOH under
reflux condition, Scheme 1A.40. This reaction takes place at elevated temperature. The change in pH

indicates that the reaction proceeds with the release of acid. This is a chemoselective reagent for

protection of aldehydes over ketones.

Scheme 1A.40
Methyl 2-(1,3-dithian-2-ylidene)-3-oxobutanoate is also another thioacetalisation reagent.”” The

reagent 3-(1,3-Dithian-2-ylidene)pentane-2,4-dione has emerged as another odourless thioacetalisation

reagent. It has also been used in water as a thioacetalisation reagent, Scheme 1A.41.'%°
o O
& DBSA ol )j\)\ cHcocl 4
S
Soc® ——— M+ AN - S><
R™ "R H,0, Reflux R™ R K/I CH,0OH R R
Reflux

Scheme 1A.41
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1A.2.2. Hydroxyl Protecting Groups

OMe
i { ®
P .S% 9 Q O —
RO pn TR T
(@] R r
R

= -di i th "
tert-Butyl-diphenyl silyl ether  p-Toluene sulfonyl ether L .

(TBDPS) (p-Ts) (DMTr)

) | |

Si— e 8]

e e R O
RO @ R™ 70" | |
Tetrahydropyranyl ether  Trimethyl silyl ether ter-Butyl-dimethyl silyl ether
(THP) (TMS) (TBDMS)
Figure 1.3

Hydroxy protecting groups have gained significant interest because of their fundamenta

' It nd the crucial role they play in multistep organic synthesis. The hydroxyl group Musy \
importance a

ted during oxidation acylation halogenation with hydrogen halides or phosphorous bagg
protected durl ; ,

' well as multi :
reagents. Protection and deprotection of hydroxy groups I polyols as functio,

tool in the syuthesis of elaborated target compounds :

represents a fundamental . |
e nistry and several biologically actjy,

: : ide cher
carbohydrate, amino acid and nucleoside / nucleotide

3 -oxyl function has b
molecules. The utility of various protecting groups for the protection of hydroxy ee

' T for their introduction g
enhanced by the availability of a myriad and diverse array of methods q

uently employed are ethg
1ethylsilyl (TMS), tey

tosyl (Ts) ethep

removal. Among the various protecting groups for alcohols the most freq |
which includes tetrahydropyranyl (THP), terr—butyldimethylsilyl (TBDMS), trin
butyldiphenylsilyl (TBDPS), 4,4’-dimethoxytrityl (DMTT), methoxymethyl (MOM),
Figure 1.3.

1A.2.2.1. Tetrahydropyranyl Ethers

1A.2.2.1. (a) Significance of Tetrahydropyranyl Ethers as Protecting Group |
Tetrahydropyranyl ethers (THP ethers) were one of the first generally useful protecting gro}lf

for alcohols to be adopted.'”' The easy installation as well as facile and selective removal of these etha

e i : " - -jvatives are i .-

renders them attractive in complex organic synthesis. In addition tetrahydropyran deriva e
i sic media, ;

expensive, and stable under a variety of reaction conditions such as strongly basic medld Mk

I i ; 35,42
hydrides, Grignard reagents, acylating agents, oxididative and alkylating agents.
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The only drawback is the formation of an additional stereocentre that may lead to diastereomeric
mixtures if the alcohol already possesses a stereogenic centre. This complicates the NMR spectra and
hence makes its interpretation difficult. In spite of this detraction it is the most extensively and

frequently used protecting group for alcohols.>"*?

1A.2.2.1. (b) Applications of THP Ethers in Organic Synthesis

In addition to serving as a protecting group THP ethers are also useful intermediates for further
functional group transformations such as THP to acetates, alkyl halides etc. These ethers are resistant to
various reaction conditions as mentioned above but are not stable under strongly acidic media. The
conversion of THP ethers to acetates serves as an important transformation.'® The conversion of THP
protecting group to alkyl halides has also been achieved, Scheme 1A.42.'” The conversion of THP

ethers to alkyl halides is of significant interest in organic synthesis.

e
L o

_N=( ¢l

jpjan:
A~ RACI

R0 O CH,CI,

Y

Scheme 1A.42

The carbon-oxygen bond of the pyran ring of THP ether has been reported to cleave in presence

of Me,BBr to generate o.-bromo ether intermediates.

.R
HO H,C

T CH,MgBr

Me,BBr
S ) e
O'R (0] Br

o R CH,Cl, 78% .Clp, -78°C o~ Br

1
B H,0
l(:J—|3(:}~12|~1(C:HCH:,)2
PhSH —
Ho/Phrsj\o’R Scheme 1A.43

The a-brmo ether intermediates have been exploited synthetically to generate stable ring opened
products by trapping with various nucleophiles such as thiols, alcohols, cyanide, hydride reagents, alkyl

lithium, Grignard reagent, cuprate reagents, Scheme 1A.43.'"
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— |

THP ether as a protecting group has a strong tendency to direct regioselective ortho-lithiation
This has been highlighted in the total synthesis of the marine terpenoid natural product (-)-frondosin E

(I1),'” Scheme 1A.44 which has potential HIV-inhibitory properties.'%

MeO HO
OH O O
/\/l\l i y 1
PMBO “CH, eHs ""CHa
I

1) Scheme 1A.44

MeO

Th thesis of compound T in the above scheme which is the starting material for the targe
e synth

; ; eful choice of protecting group for the phenolic }
K dosin B, II requires a car 1ydrox
compound (-)-fron

group. Tetrahydrop

h faci
ortho- -lithiation, whic
1A.45. Here it may be noted that the use of MOM protecting group instead of THP, did not affey, 3

desired select

yranyl ether as a protecting group has a strong texcleniay bl dima regioselectiy

litates the synthesis of the compound I from p- -methoxy phenol, Schepy

{ve ortho-lithiation, rather it resulted in a 1:1 mixture of reglolqomem, products.

OMe  n.BuLi, THF

OMe
: DHP, TFA, 1t . Tee
— e

Scheme 1A.45

-~
OH _ DHP, PPTs. (:EOTHP n-BuLi, TMEDA, THF
| CH, Cl THF, Geranyl bromide l
-?’80
OTHP
. 0 Se0,, Si0,
H 1
~ MeOH NaBH H™ 57 t-BuO,H
l PPTS | |
OH OTHP OTHP

Scheme 1A.46 i

The THP protecting group also influences the selective oxidation of allylic methyl groupg
geraniol derivatives in addition to the regioselective ortholithiation, which has been depicted in ¢
preparation of cyclic isoprenoid residues (Scheme 1A.46). It has been suggested that the biosynthgel

origin ul’pllcn'lU”U isupf‘cnoids involve the C-alkylation of phenol by an active isoprenoid allylic derjyyg
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ive. Synthesis of geranylphenol derivatives using 2-lithiophenols and geranyl substrates has been
reported by Paz and Rodrigues. '*’

Allylic THP protecting groups are more stable than allyl halides and can serve as protecting
group as well as reactive centers in Cu(I) mediated Grignard reaction. This was shown in the preparation
of aromatic farnesol analogues via Cu(I) mediated Grignard coupling of THP ethers, Scheme 1A.47.1%
While the basis of the special reactivity of the THP group is not completely clear, a simple comparison
of parallel reactions showed that the THP derivative of geraniol undergoes this displacement at least 10-

fold faster than the corresponding methyl or phenyl ethers. Farnesyl pyrophophate analogues are useful

chemotherapeutic agents.'”

CUL L \J\/\/k\/\
OTHP_ Ny + AMgBr Al OH

50°C

Scheme 1A.47

The synthesis of linear oligomers related to polymeric alkylpyridinium metabolites uses THP

protecting group, Scheme 1A.48.'1°

IPrNH,,, nBuLi, THF /(j

DMPU RS s O O
E | —_—

N/ = = -
| | | L)
+ + +

X AN s NS ’ Wo o
| P L .z )
N+|
s Scheme 1A.48

Pyridinium compounds often exhibit antibacterial activity, and this feature is exploited in the

fields of pharmaceutical industry and medicine. Substituted pyridinium derivatives, for example, can be
attached to different surfaces and used for removing bacteria from water, or can be incorporated in

dental resins, thus offering protection from infections by oral streptococci.

1A.2.2.1. (c) Literatre Methods of Tetrahydropyranylation and Depyranylation
A wide variety of catalysts, homogeneous as well as heterogeneous has been described for the
tetrahydropyranylation and detetrahydropyranylation of alcohols and phenols. Various protic acids,

Lewis acids, transition metal catalysts, heterogeneous catalysts and other miscellaneous catalysts have
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Twtvoduction

been reported towards this end. Generally, tetrahydropyranylation can be achieved in an aprotic solvent

and depyranylation in a polar or protic solvent with a mild acidic catalyst.
The reaction proceeds by protonation of the enol ether carbon of dihydopyran to generate g

highly electrophilic oxonium ion which is then attacked by the alcohol to give the corresponding

tetrahydropyranylated derivative, Scheme 1A.49.

O-I-H———r—@—r— +O_—*R/l\/\/|
R. 0 "O” O
H

ROH (Oxonium ion)

Scheme 1A.49

In the directory of various Lewis and protic acids those were used in the early 1970 include
p-Toluene sulphonic acid (PTSA) is a very strong acid giVin&

BF;.0Et, "' HCL,''2 PTSA,'" PPTs. 114
whereas PPTs being milder thah

eliminated product along with the desired product with tertiary alcohol

TPP.HBr was also used in the later vyears fiy

PTSA gave no elimination product.

tetrahydropyranylation.'"

Yadav et al. achieved tetrah

H4C
and NH4Cl in THF at reflux conditions with the pH being 5'93: Sl | |
PB and PPTs are comparable catalysts for protection of acid labile substrates but ATPR is

AT
i than PPTs. There are two functionalities responsible for the catalyt;
T

imolar amounts of alcohol, dih
ydropyranylation using equi o y(lropyrah

preferred as it is less hygroscop
present o to the carbonyl group and the phosphonium center,'!”

activities of ATPB, the acidic proton

+
(CH,),S Br Br + ROH —— HBr + [(CH,),S" OR] Br

on + () 7, S

ﬁj O 8! jj
G e

o_.0O

<

. VO o

)ﬂ Scheme 1A.50

Khan et al. have carried out the solvent free tetrahydropyranylation of various alcohols uslng

bromodimethylsulfonium bromide, (CHs3),S " Br Br, which is reported to generate HBr on reaction with
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alcohol, Scheme 1A.50. The acid sensitive isopropylidene group remained intact and bromination of the
double or triple bonds didnot occur.''®
I, is speculated to generate HI in situ by interaction with alcohol. Yadav and coworkers as well
as Deka er al. have exploited the in situ acidity of I, for tetrahydropyranylation of alcohols.'"
Triflates'? such as Sc(OTf);”® In(OTH)s,"*® LiOTf,'>* Bi(OTf);'** have also been used
successfully for carrying out tetrahydropyranylation. The potential of Li(OTf); as a neutral catalyst for

tetrahydropyranylation has been exploited, Scheme 1A.51.

(@]
OH ”\/j O
PO Ty g g T
0.1mol% Bi(OTf),.4H,0 Li(OTf) U

CH,Cl,, RT

Scheme 1A.51

Solvent free tetrahydropyranylation with high substrate to catalyst ratio makes AlCl;.6H,O as an
efficient and practical alternative.'?! The reaction also proceeds well for tertiary and bulky alcohols.

Afonso and Branco have shown the tetrahydropyranylation of alcohols in the ionic liquids
(bmim][BFa], [bmim][PFe] with PPTs and TPP.HBr.'?

various transition metal catalysts such as [Ru(CHj)s-(triphos)](OTf),,'* heteropolyacids,'*

'* have also been used for the tetrahydropyranylation of alcohols and

K5C0W|1040'3HzO,'25 CAN
phenols Heteropolyacids exhibit weak super acidic properties and are used where reaction requires
electrophilic ~ catalysis.  KsCoW12043H,0 is  an excellent and effective catalyst for
tetrahydropyranylation and depyranylation of parent alcohols.

127 ; :
organotin phosphate condensates,'*® bis

Other reagents such as trimethyliodosilane (TMSI),
[trimethylsilyl] sulphate[(H3C)3Si0],80,'* has also been reported to achieve this transformation.

Heterogeneous catalysis has gained importance with respect to its extensive applications
achieving selective reactions, lowering waste production and rendering the synthetic processes more
attractive from both economical and environmental standpoint. Acid-base heterogeneous catalysis is
based on the physicochemical properties of zeolites, clays and metal oxides."”® Various heterogeneous

catalysts used for tetrahydropyranylation are Amberlyst H-15,"" ion-exchange resins, > Nafion,'™

Montmorillonite K10 clay,"®* acid zeolites," envirocat EPZG®,"*® hydrated zirconia (Z1O;),"’
acetonyltriphenyl phosphonium bromide supported on polystyrene,''” SO;H-Si0,'** solid acid

HeP,W 3062.24H,0,"° Al,05/ZnCl, '*
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Few other catalysts, which commonly perform both the reactions effectively includes ATPB,

I,-microwave,''* CAN,'*® Montmorillonite K-10 clay,"**® zrCl, "' LiBr."*? Owing to the neutral

conditions employed, unmasking of highly acid sensitive substrates proceeds without any decomposition

or rearrangement with CAN, Scheme 1A.52."%%°

. 3 mol% CAN, 60°C

MeCN, borate buffer
OTHP (pH = 8) OH

Scheme 1A.52

Removal of THP ethers generally employs aqueous reaction media acidified with mineral acids

or non-aqueous media acidified with organic acids. The general scheme of deprotection under acid
catalysed condition is given in the Scheme 1A.53.
+

= H '

0o~ "o 0% "0 o)
H Scheme 1A.53

There are also few reports achieving detertahydropyranylation using reagents such as BF;.Et20-

C,HsSH,'? LiCl in H,0-DMSO.'"** Detetrahydropyranylation has also been performed with various

. . . . 1147
distannoxane,'® triphenylphosphine dibromide, O-
148

other reagents such as TsOH / MeOH,'"

(benzotriazol-1-yl)-N,N,N’,N -tetramethyluronium tetrafluoroborate (TBTU).
The selective removal of allylic THP ether in epothilone B intermediate has been achieved using

magnesium bromide and ammonium chloride in ether without affecting the acid-sensitive allylic TBS
ether, Scheme 1A.54.'"
S l ‘s S _<\ I S
—4 Et,O s OH
N—5e OTHP

oTBS scheme 1A.54
nd 4, 4’_dimeth0thl'ityI (DMT) ethers in Presencq
0L ee et al. reported one hydroiysing

oOTBS

The deprotection of tetrahydropyranyl (THP) a

thanol."?
f hieved using iodine in me .
of TBS ether has been achiev Aux condition at 65°C using CBry-MeO]L 'S

Mmethog

der re
for the cleavage of tetrahydropyranyl gthens GRE=

orted the efficient and envir
nite supported Fe(IlD) nitrate and clay under microwave irradiation i solvent

onmentally friendly oxidative deprotection of THP
Heravi et al rep

ethers with montmorillo
152 The oxidative deprotection of THP ethers to carbonyl compounds with K,Cr,0-/AIC] .

free condition. 153

has been achieved under solid phase condition.

TH-1847_03612208



Introduction 29

1A.2.2.2. Esters
1A.2.2.2. (a) Significance of Esters

The esters, amides and thioesters serve as key intermediate and / or protecting group in synthetic
chemistry and biology.">* Esters are also used for further organic functional group transformations,
Scheme 1A.55.

In addition to its importance in organic synthesis, the ester units have also found important
industrial applications as a building block for transformations such as polymerisation (ring opening of

lactones), polycondensation or macrolactonisation reactions.

1A.2.2.2. (b) Applications of Esters

OCOR
EOCOR
OCOR

Triglyceride
(oils and fats)

H,C

Pyrethrin | Figure 1.4
Esters have numerous other applications ranging from natural product syntheses to industrial
scale production of bulk chemicals, fine chemicals, drugs, plasticisers, perfumes, food preservatives,
cosmetics, pharmaceuticals, solvents and chiral auxiliaries. Most of the natural products that are of
biological importance and synthetic interest consist of highly oxygenated carbon skeletons. These are
frequently used for derivatisation and characterisation of alcohols. Organic esters exist in simple form

such as triglycerides in the form of fats and oils to complex form as in pyrethrin, a potent insecticide
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(Figure 1.4). Pyrethroid esters are natural insecticides which are expensive to extract from natural
sources and hence synthetic pyrethroids esters have been developed. The synthesis of taxol and its
analogues exemplifies how profoundly esterification contributes to this field.'>

The transformation of rapeseed oil, which consists of fatty acid esters of glycerin (triglyceride),
into the methyl esters, Scheme 1A.56 is of practical importance since these lighter esters arc useful as

biodiesel fuel.'’
OCOR, OH R,COOCH,
EocoR2 + MeOH i EOH +  R,COOCH,
OCOR,  (Supercritical) R;COOCH,

Triglyceride
Scheme 1A.56

The phosphoester lecithin is used for the emulsification of milk products and reduction of
viscosity in chocolates. Perfumes, cosmetics, soaps, toothpastes, mouthwashes, medical products, bath
products, air fresheners, chewing gums, beverages, alcohols, food products, deodrants, paints, adhesives,
rubbers, plastics, leather, printing inks, textile uses various flavouring agents are invariably esters.
Various fragrances in apple, apricot, banana, lemon, and peach are due to the presence of geranylacetate,

Benzyl acetate is used as anesthetics, printing inks and lacquers. Benzyl benzoate is used as florg]
5 155

fragrance such as tuberose and as solvent, medecinal agents and plasticiser, Figure 1

g i
OCOR . S GCOTH; ” go)ﬁ
RCOO 0

= | etate Benzyl acetate Benzyl benzoate
O~ Lecithin Geranyl ac

Figure 1.5
bottles, resins, plastics. The pPolyester

- textile fibers, films,
in textile thylene glycol and telepht

i - i olymer between €
T) is the condensation p
polyethylene terephthalate (PET) 1 ices, bumpers etc. Polytnmethylene terephthd]ate (p

t I p vy 1 a

y and are easy (0 dye, Figure 1. 6.

Hof O——\—OH /J)—Q—ﬁ\_\

Polyethylene terephthalate (F’ET Polytrimethylene terephthalate (PTT

Polyesters arc used

acid a
s SOf
thegs,

polybutyle

good elasticit

Figure 1.6
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1A.2.2.2. (c) Methods of Preparation of Esters

The widespread applications of esters have led several procedures in the literature for
esterification of alcohols. The common route to ester synthesis from alcohols involves acyl transfer from
an acylating agent such as an acyl chloride, acid anhydride or an ester. It can also be synthesised from
carboxylic acids and alcohols or by a transesterification method from an ester and alcohol,

Schemel A.57.

0]
RJJ\OH{L F\,'"O
g hiy hiy
R)'\O)J\R + ROH —= o A\opy === _ o + ROH
2 }
rR”~a + RO Scheme 1A.57

(c1) Reaction with Acid Anhydrides
The acylation of alcohols is generally achieved with acid anhydrides as the acyl source because
of their ready availability and stability. It has been achieved in the presence of various base activators

and acid catalysts.'*

(i) Base Activators

Traditionally, bases such as triethyl amine, pyridine, 4-(dimethylamino)pyridine (DMAP), 4-(1-
pyrrolidino) pyridine (PPY) have been employed as catalyst or stoichiometric reagents for acetylation,
which promotes the reaction.”” The use of these bases both in stoichiometric or catalytic amounts is
effective. Excess triethylamine or pyridine should be added to trap the acid formed in the reaction
mixture. It is postulated that N-acylpyridinium carboxylates are key intermediates, undergoing

nucleophilic attack by alcohols (Scheme 1A.58).!%°
@] 0]

o o0
= p R'OH S
T @ Q 0 e 275
| p Y ‘OJ\R

N

0" R
N-acylpyridinium carboxylate Scheme 1A.58

Tributylphosphine (BusP) is a weak base with comparable activity to DMAP employed for

acetylation. The advantages of BusP over DMARP are it is cheap, less toxic, not easily deactivated by the
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carboxylic acids generated in reactions using acid anhydride and can be used under nearly neutrs

condition.'?> 18

Verkade er al. have explored the non-ionic superbase P(MeNCH,CH»);N as a catalyst fof
acylation with acid anhydrides for hindered and acid-sensitive alcohols.'”” The mechanism is gives:
below in Scheme 1A.59.

O (@] m
PN N RaYH -
Ph” o7 ph Y \}.;o
/ Fn ML‘\ *|1 mee O-
Ph P s &
N (@]
=< .fM ~ \7,4

M ( ;Me !
e —
\ \N e N
N—P_ YMe Me O i Mo i
N \N—P:N e B . Ph)j\OR
f 5
N
N

Scheme 1A.59

(ii) Acid Catalysts

Because of the toxicity, flamability and unpleasant odour of the above mentioned bases, they ap
less attractive. Acylation under an acid catalysed condition has also been reported.'®® Protic acids such
as sulfonic acids, sulphuric acids and perchloric acids are employed but last few decades have withesge,
a dramatic progress in the utilisation of Lewis acid catalysts in the acid anhydride procedure.

Metal triflates have been used as cfficient catalysts for the acylation. Various metal triflates ygeq
as effective Lewis acids for acylation are trimethylsilyl triflate,'®'Sn(OTf),,'"*? TiCI(OT ), 18
Eu(OTf)s,'* La(OTH3,'™ In(OTH)s,' LIOTE, ' Sc(OTD,'® Bi(OTHs,'” Cu(OTH,,' Yb ©Tp), 1

Ce(O”l'l‘)g,,lﬁ’l2 Gd(OTf):;,173 VO(OTf)z.‘74 It has been reported that triflic acid liberated in sizy thl'ough,

ligand exchange reaction might be the actual catalytic species during metal triﬂate_catal
igand ex ,

175 Kas also been used for acylation of Varioug

species :
acetylation.'ﬁ(’ Recently an oxomolybdenum sp Droty

nucleophiles.

- . -

i [§ -
76 Metal halides that have been useq f, . 1Sefy
or acy;
: Atjg)
. a high Chal‘ge
0 compared to most of the other metal ions employed as g cetylation by to
a

1
f acid—sensitive substrates.

catalysts for acetylation O 1768 1,1, 1T 2:Cl. " Zirconium IV s

176\‘) 176(: 111’1(::133
are ZnCly,'®® CoClz, TaCls, |
2. -1
: 2
size ratio (Z°/1) 22.22 e'm
hence zirconiuin derivative

< were speculated to be a better activator of Ac,0 dye to st yst
o l“()

4+ 3

ation between zr and Ac,0.

coordin
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The addition of tertiary amine to a combination of MgBr; and anhydride enhances the rate of
benzoylation and pivaloylation of alcohols.'” This is attributed to the dual activation arising from
magnesium alkoxide formation and the formation of MgBr;-anhydride complex which may fragment
into acyl bromide and magnesium carboxylate, Scheme 1A.60.

ROH + MgBr, —> ROMgBr

i +

BrMg--O O o] o)
A —— A v
R’ O 'R R’ OMgBr R' Br
Scheme 1A.60
It has ben reported that iodine acts as a Lewis acid and mediates the acetylation of sugars and

other alcohols by activating the carbonyl group of the anhydride'”® as shown in Scheme 1A.61.

+

O G G G

R 8] R R OR' R OH 2

Scheme 1A.61

Karimi et al have utilised NBS'” as the catalyst for acylation, NBS reacts with anhydride to form
N-acetyl succinimide which in turn reacts with alcohol to give the desired product, Scheme 1A.62.

0O

J o+ NBr——*Ii—{ )L/Br
<§—< R-OH ———»Roj( + N-H

© 0
0 o
N-H + )I\o Br ———> q OH
o)

Scheme 1A.62

O O
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The in situ HBr generation in reaction medium from the reaction between

acetonyltriphenylphosphonium bromide (ATPB) and alcohol catalyses the acetylation of alcohols as

stated by Khan er al,®

Metal perchlorates'®' such as TiCly/AgClOa,'®'* LiCl104,"8'® Mg(ClO4),,"™' BiOCIO4'®' has also
been found to be effective in acetylating alcohols with anhydrides. Singh et a/ have reported the scopes
and limitations of Lewis acid catalysed acylation.'®

Various heterogeneous catalysts used for this purpose include HC104-Si0, % Scandium

187

- . .1 188
triﬂuoromethanesulphonimide,]84 Sc(NTf;;_)3,185 Nafion-H,'®® Yttria-Zirconia, heteropoly acid,

MeSO;H/ALOs,'® solid surface-Al,0s,'® distannoxane. '

(c2) Esterification of Carboxylic Acids

The direct condensation of carboxylic acids with alcohols is another means of esterification,
Various Bronsted acid catalysts such as HCI, HBr, H2SOq, H;PO4, HBF, are employed which catalyses

the acetylation by the following mechanism, Scheme 1A.63.

+

H ' Q
0 H O R'OH )L

gy rSon T ROCor MO

Scheme 1A.63

Tl ersion of alcohols to corresponding esters with carboxylic acids has also been achieved
1e conv

bt f stoichiometric amount of DCC (dicyclohexylcarbodiimide) is one of the oldest methog,
y the use o

. f the side product in the above method has been overcome by
The formation of N-acylurea as one O

amino pyridines, Scheme 1A.64.
7N
N N
O~

o)
RiO/U\R - RJ‘LE\ID'N(:l

addition of catalytic amount of p-

Ko r Ol

\ & RO~G™
R/?LOH + ’%\ N NC] /R,'OH
"OR'

Scheme 1A.64
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The carboxylic acid is first converted by DCC into an anhydride, which then forms an
acylpyridinium species. Nucleophilic attack on the acyl group by carboxylate R’O (alkoxide ion)
produces ester concomitantly with regeneration of p-amino pyridines, together with a half quantity of
RCOOH, which is again subjected to the reaction with DCC as shown above in Scheme 1A.64.">

Mitsunobu reaction is another popular technique of esterification using alcohols and carboxylic
acids. The reaction proceeds under neutral condition at or below room temperatute employing more than
stoichiometric amount of reagent. The mechanism involves the addition of DEAD (diethyl
azodicarboxylate) and PPh; at the initial step forming a zwitterion. This zwitterion reacts with
carboxylic acid to afford a phosphonium carboxylate which on reaction with alcohol directly generates a

key intermediate, alkoxyphosphonium salt which further undergoes nucleophilic attack by the

carboxylate ion to furnish the desired ester, Scheme 1A.65.'%
OH 0

o) o) 0 0 o}
A J\OEt + PPhy—— EtOJLNﬂ\I/I\OEl Smaa o EtOJ\N—H/I\OEI _O)LR

EtO N=N \
*+ PPh, +PPh,

o)
T e mprm s mogky lgm 1™
= = -~ /Et
R or + PhsP=0 Ph,P-O-R O/U\R + Ebg N-N"TO

Scheme 1A.65

Various Lewis acids and other reagents and procedures for direct condensation of alcohols with
carboxylic acids include R,SnO,"”'diorgano tin chloride.'**Stoichiometric condensation of alcohols and
acids uses various chemical and physical means for the removal of water formed from the reaction
mixture. Silyl dehydrating additives are used for TiCl(OTf)3I63 mediated condensation where as for
TiCly(Cl04),'”* and Sc(OT£);'®™ catalysed condensation anhydride is essential for the removal of water.
Water formed during the condensation catalysed by Hf(IV) and Zr(IV) salts has been reported to be
removed azeotropically using Soxhlet thimble and calcium hydride or 4A molecular sieves.'”* Besides
these, several other reagents and procedures accounting for this transformation includes La(OTf);,'G"'
Ce(OTf)s.'” diphenylammoniumtriflate (DPAT),"”® and KsCoW,049.3H,0."”” Primary carboxylic acids
on being heated with benzene in presence of catalytic quantity of tris(methoxyphenyl)bismuthanes, are
selectively activated to couple with equimolar amounts of alcohols to produce the esters in satisfactory
yield.!®

Choudary ef al. have reported acylation of alcohols with carboxylic acids with high atom

. + . . .
economy in presence of natural and Na -exchanged form of montmorillonite and noted that choice of
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cation has a large effect on the efficiency of the reaction. montmorillonites clay.'”” Mn(III) salen

complex has also been used by the same group as a recyclable catalyst for this purpose. **

_N\ /N_
/Mny
o] O
/J\/\)\/\ cl
\ x OH

o J\\WOAC

AcOH, Toluene, 80C
Scheme 1A.66
Recently the direct condensation of carboxylic acids with alcohols has also been achieved with
pillared clays, ! CAN,*? KF,2%® and CoCl,.6H;0.% The CoCl; catalysed acylation with acetic acid s

shown to proceed by a Lewis acid catalysed pathway as shown below, Scheme 1A.67.

o o """ RioH o)
g et F 0 Moo on _ J 4 omo
R™ "OH R™ TOH Colm R~ OR, R” TOR,

Scheme 1A.67
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1B. Present Work

1B.1. Chemoselective Thioacetalisation of Carbonyl Compounds Catalysed by
Tetrabutylammonium Tribromide (TBATB)

Acetals, oxathioacetals and thioacetals are the most widely used groups for masking a carbonyl

compound. During a multi-step synthetic process the acetal and thioacetal protected carbonyl groups are

resistant to attack by various reagents such as nucleophilic, basic, oxidising, catalytic, and hydride

reducing agents.' Thioacetals are most often used as protecting group in spite of the difficulties

associated with their removal because of their greater stability towards acidic conditions as compared to

acetals and S,0 acetals. In addition to serving as a protecting group for carbonyl

corresponding O, O-
yl anion equivalents and masked methylene

compounds, thioacetals are widely used as precursors for ac

functions in carbon-carbon bond forming reactions. Some of these approaches have been used

f several natural products, which h
over S,S-acetals can also be used as intermediates for the

extensively for the synthesis 0 as been discussed in the introduction

chapter, section 1A.2.1.1 (a and b). More

conversion of the carbonyl functions to the parent hydrocarbons by re

een achieved by protic or Lewis acid-catalysed co
acetals. Recent reports on

ductive desulphurisation.

Dithioacetals has b ndensation of carbonyl

compounds with dithiols or by a tra

odourless 1,3-dithiane equivalents used for thioacetalis
Lewis acids, miscellaneous reagents

cribed in section 1A.2.1.1 (c) in the introduction chapter.
some of the procedures reported in the literature include

sulfides from enolisable carbonyl compounds.

nsthioacetalisation of cyclic and acylic

ation are also available. A comprehensive list of

i ; : agent :
various protic acids, and supported reagents used for

thioacetalisation have been des
The drawbacks associated with

formation of side products such as hemithioacetal, vinyl
e dlfﬁc‘l.lltles in Work-—up, iSUlatiOIl, I-equircrn
anhydrous conditions, failure to protect

ent of inert atmosphere, harsh

Other problems associated a
stoichiometric reagents,

reaction conditions, expensive and
dity of reagents results in incompatibility with

deactivated and hindered substrates. Sometime strong aci

hereas in some cases neutrality of the medium obstructs the completion of the

other protecting groups W
tiple carbony! groups are frequently gijeonafSistalcLIl BIGH ascs, the

reaction. Molecules bearing mul
arbonyls and from acetals and

carbonyl group being modiﬁéd must be di
o be considered as members of carbonyl famil

fferentiated from the other €

ketals, which can als y. One of the problems associated is

poor selectivity when applied 10 mixture of aldehyde and ketone.
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Recently, several methods are reported for the chemoselective thioacetalisation between
aldehydes and ketones. However, there are only few methods known for the chemoselective
thioacetalisation between ketones and between aldehydes but, none of the reported methods describe the
chemoselective thioacetalisation of a carbonyl compound with different dithiols. Chemoselective
transthioacetalisation between different acetals has not been reported at all. Thus, selective
thioacetalisation of carbonyl compounds are of great synthetic value. However, the development in this
area demands a synthetic methodology satisfying all the above-mentioned criteria and also not Only
chemoselectivities between aldehydes and ketones but also between different aldehydes ang differe;;;
ketones. It is also important to understand what governs the selectivity, is it the intrinsic reactivity of the

. I+
substrates or catalyst or reaction conditions®

Tetrabutylammonium tribromide (TBATB), the stable orange crystalline solid has emerged aq
X

officient reagent for various organic transformations as desribed in the section 1A.1.1 in the introdycy;
[ lor

d in stoichiometric amount this reagent is reported to unmask thioacetal.? -
chapter. When us¢ 21 | s However
using a catalytic quantity (0.02 equiv) it acts as a promoter for thioacetalisation of aldehydes
thioketalisation of ketones.

The experimental procedure for thioacetalisation / thioketalisation is remarkably simple and g
C

not require the use of dry solvents and inert atmosphere or reflux conditions. To a stirred solyt; -
Q!

carbonyl compound and 1,2-ethanedithiol or 1,3-propanedithiol in THF was added a catalytic quangj,,
of TBATB (0.02 equiv) and the mixture was left stirred at room temperature. The role of TBATR N .‘
clear but it is most likely that it reacts with dithiol similar to alcohols as reported by our group? ]
generate HBr, which may activate the carbonyl group by protonation at the carbonyl oxygen fg, furthe,

reaction, Scheme 1B.1.

S(\\ S——B

OH st\\ T
U ps " SH e | SE "
\_J~""sH/H S g

Scheme 1B.1 Proposed Mechanism for Thioacetalisation
In a control experiment, when benzaldehyde was treated with a catalytic quantity of 4go, }
(0.02 equiv) instead of TBATB and I,2-ethar1edithiol, benzaldehyde 1,3-dithiolane wag obtained i, ,{I
yield (95%). The versatility of the process has been proved with a wide range of aldehydes ang keti{:

with various stereo-electronic factors. Under these conditions, a wide range of aldehydes and ketoneg
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containing electron-donating, electron-withdrawing, conjugated and hindered groups could all be
transformed to the corresponding 1,3-dithiolanes and 1,3-dithianes in good yields, which has been

summarised in Tablel.l.

Table 1.1.Thioacetalisation® of Carbonyl Compounds

Substrate Time/h X, Yieldos(%) X, Yieldv< (%)
o) 57\ gﬁj
d H (1) 0.08 (jLS (ta) 96 gs (1b) 96
O S/B S/j
@L)L H (2) 0.50 @l\ S  (2a) 95 @\/Ls (2b) 95
OH OH OH
O 3’3 S/U
dH (3) 1.50 S (Ba) 45 @% s (3) 30
NO, NO, NO,
0 ] sf”ij
/J:::;]’JL“H (4) 0.08 /J::::]“/L“S (42) 87 /J:::ir’l“s (40) 84
OMe 5 OMe = OMe s/j
/J::::]’JL“H (5) 0.50 /I::::]/’L"S (6a) 97 /E:::I/i‘s (Sb) o4
HO o HO 5 HO S/i]
/[::::r/ﬂxk‘(G) 1.50 /J[:::]’/L“S (6a) 70 /E:::j’i\s (6b) 70
O,N o O,N 5 O,N
(7a) 7y 79°

H (7) 1.00

(8a) (8b) 759

H (8) 1.00

/
Z

n
=
Z/
i @
)

/
z

(9a) 90 (9b)

(9) 1.00
MeO MeO

OMe OMe OMe

MeO

Table Contd....
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Table 1.1. Thioacetalisation® of Carbonyl Compounds

Subslrale Time/h X, Yieldb<(%) X Yieldb<(%)
O SIB /‘j
D)LH (10)  1.00 /Q/\s (10a) 70 s~ (10b) 70
AcO o) AcO S,> AcO S/j
/Q)J\H (11)  1.00 @s (11a) 72 @AS (11b) 68
BzO BnO BnO
,O)\H (12)  1.00 /©/Ls (12a) 85 s~ (12b) 83
BnO BnO
(@) S /j
AllylO AllylO AllylO
i S s
(14) 1.00 (14a) 70 \ o (14b) 80

|
Q(m
T

(15) 0.2 (15a) 88 (15b) 81

%;
I

(16a) 75 5 (16b) 75

S (17a) 90 @>L (17b) 85

(16)  0.50¢

.
Q

@]
w

(17)  1.00e

OQ
4

)]

Ph  (18) 3.00e Ph (18a) 799 Ph (18b)  god

Q
Q{,,

X,=1,3dithiolane; X, =1,3-dithiane. *Reactions were monitored by TLC / GC. *Confirmed by comparision with IR and 'H
NMR of the authentic sample. “Isolated yields. “Based on the recovery of starting material. 0. lequiv of TBATB was used.

As can be seen from Table 1.1, most of the substrates gave excellent yields of the corresponding
dithioacetals. Aldehydes containing electron-donating groups such as o-hydroxybenzaldehyde 2 and p-
hydroxybenzaldehyde 5 gave excellent yields of the corresponding products. However, aldehydes
containing electron-withdrawing substituents such as o-nitrobenzaldehyde 3 and p-nitrobenzaldehyde 6

gave poor yields of the corresponding dithioacetals. Aldehydes with substituents such as p-chloro
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benzaldehyde 7, N,N-dimethylamino benzaldehyde 8, 3,4-dimethoxy benzaldehyde 9 when reacted with
dithiol and TBATB under the present optimised condition gave satisfactory yield. A variety of
functional groups such as O-acetyl 10, O-benzoyl 11, O-benzyl 12 were found to be quite stable during
the reactions. The compatibility of the methodology was demonstrated by the regioselective
thioacetalisation of unsaturated aldehydes in good yields as shown in the case of aldehydes 13 and 15.
Furfuraldehyde 14 reacted to give 80% yield of the thioacetalised product. Importantly, no other side
products, viz. bromination were observed. Aliphatic 16, aromatic 17 and hindered aromatic ketones 18
reacted slowly under the given condition giving poor yields. However, a better yield was obtained by
using (0.1 equiv) of the reagent.

This difference in reactivity of the aldehydes and the ketones suggested that the method can be
useful for the selective protection of aldehydes. However, various reagents and procedures has been
reported in literature for chemoselective thioacetalisation of aldehydes over ketones which includes the
use of InBrs,* InCls,* In(OT)s,° Io,” ZnCl,® LiBr,” LiBF,,'® M LiClO,,"" silicagel treated with thionyl
chloride,"”” NBS, " NiCl,, " SC(OTf)3,IS trichlorocyanuric acid,'® 2-stanna-1,3 dithiane and 1,3-dithiolane
catalysed by organotin triflates.'’

When dithiol (1 equiv) was added to an equimolar mixture of an aldehyde 1 and a ketone 17 it

was observed that in this mixture, the aldehyde formed the dithiolane and dithiane whilst the ketone was

almost completely recovered, Scheme 1B.2.

S’S)n 0
@AL @/U\ HS/\Hfmﬁequw) ds ©/k
+
(17)

TBATB (0.02 equiv)
n=1 91% 100%
n=2 87% 100%

Scheme 1B.2 Chemoselective Thioacetalisation of Aldehyde over Ketone

Similar chemoselectivity was observed in the thioacetalisation of benzaldehyde 1 over
acetophenone 17 with other catalysts such as L’ NBS,13 BF;.E‘[;O,'8 and with HBr. The selectivity
remained unaltered even when the reaction was performed at different temperatures (-10°C and 80°C)
and with different solvents (CHCI;, Et;0, toluene and CH3;CN) using TBATB as the catalyst. Thus in
this case the selectivity is due to the intrinsic reactivity of the substrates and is independent of the

catalyst, solvent and reaction temperature, This is because of the higher ground state energy and
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lower transition state for aldehydes as compared to the higher ground state stabilisation and higher
activation energy for ketones as explained for acetalisation reactions.’

Realising the sharp contrast in the reactivity of p-hydroxybenzaldehyde 5 over P
nitrobenzaldehyde 6 in terms of reaction time and yield in Table 1.1, we decided to make selective
thioacetalisation as our objective. Thus, in a competitive reaction between p-hydroxybenzaldehyde 5 and
p-nitrobenzaldehyde 6 it was observed that theformerwas thioacetalised. In an analogous reactios

between p-methoxybenzaldehyde 4 and p-nitrobenzaldehyde 6 the former was thioacetalised

S‘f&n
s
1

preferentially, Scheme 1B.3.

. 5 S«(B)n
SH .
L, . L, Hs ™S equi) s’ @*
HO (5) O,N (6)  TBATB (0.02 equiv) HO ON

n=1 86% 2%
n=2 88% 12%

o) o) s*\gn s'\‘\gn
H . O)J\H HS/\H;:SJ; (1 equivL /@)\S . /@/LS
MeO (4) O,N (6) TBATB (0.02 equiv) peo O,N
n=1 80% 20%
n=2 80% 20%

Scheme 1B.3 Chemoselective Thioacetalisation of Aldehydes

This selectivity obtained in thioacetalisation is in sharp contrast to the selectivity obtained in the

previous work pertaining to acetalisation, where a substrate containing an electron-withdrawing groug

h as p-nitrobenzaldehyde 6 reacts preferentially over a substrate containing an eleCtm““dOHating
such . g

ydroxybenzalclehyde 5. It was argued t
p—nitrobenzaldehyde 6 compared to

i il1 tack by diols fo
more susceptible to nucleophilic attack bY

d HB
dent of the catalysts (BF3.Et20, NBS, Iz an .
e oC and 80°C). Not surprisin

hat due to lower electron density 0.218 around tje
0.228 ofp—hydroxybenzaldehyde 5, the forman
I

; : 3 .
r acetalisation. Here again the Selectiv

group, p-h
carbonyl carbon of
ity s
HiCeN

Ower g

r), solvents (CHCl3, Et;0, toluene and

inde gly the reactions were foun t, be ]

ction temperature (-10
(—IOOC).

y, the same logic €0
on mechanism wit

and the rea
lower temperature

uld not be extended for the thioacetalisation reactions ip -
: 1 eo
Unfortunate

h acetalisation reactions. One plausible explanation woull
b

v in their reacti I p——— .
arity in 't ards thiocarbenium i1on predominates over the affac-
effects dye ¢

imil
. 1led

sulphur orbitals tow

T ffi ' ic ri
ilisation © . : roups present in the aromatic ring. A s :
ron-withdrawing g p g. A second explanatigp

the stab

i ele
ciectron—donatmg and
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could be due to a higher molecular orbital coefficient at the carbonyl carbon of p-hydroxybenzaldehyde
5, the sulphur nucleophile with its larger orbital overlaps efficiently satisfying the Biirgi-Dunitz
trajectory of 107° for a favourable nucleophilic attack.

Thus, in aldehydic substrates containing both electron-donating and electron-withdrawing group,
for the selective protection at the electron rich aldehydic carbonyl site, thioacetalisation process is
preferred and for the protection at the electron-deficient aldehydic carbonyl acetalisation is desirable.

This assumption of ours is evident from the following competitive experiment, Scheme 1B.4.

0 s >S5 (1 equiv) 5\ 07\

0
: I TBATB (0.02 equi
H + /@/LLH ( 2eqU|V)__ /O)\S + O/I\O
HO (5) O,N ©® o ™~~M equiy HO ON

2
80%

CH(OEt); (1 equiv) 97%
Scheme 1B.4 Chemoselective Acetalisation and Thioacetalisation
When an equimolar mixture of p-hydroxybenzaldehyde 5 and p-nitrobenzaldehyde 6 was reacted
with an equimolar mixture of 1,2-ethanedithiol, 1,2-ethanediol and triethylorthoformate, TBATB (0.01

equiv) in THF, p-hydroxybenzaldehyde 5 was completely thioacetalised where as p-nitrobenzaldehyde 6

was acetalised to 35% and the rest being starting material. It may be mentioned here that for the

complete acetalisation of p-nitrobenzaldehyde, 4 equivalents of the diol is necessary.3 When the above

competitive reaction was performed with 1,2-ethanediol (4 equiv.) and 1,2-ethanedithiol (1 equiv.) a

complete chemoselective thioacetalisation of p-hydroxybenzaldehyde (97%) and acetalisation of p-

nitrobenzaldehyde (80%) was observed and the rest being starting materials as shown above in Scheme

1B.4.

From the above schemes it has been observed that the variation in yields depends on the type of

substituents in the aromatic ring in acetalisation and thioacetalisation reaction. Hence it was concluded

that the selectivity obtained is due to the intrinsic reactivity of the substrates and is independent of the

reaction condition (catalyst, solvent, and temperature).
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1B.1.1. Theoretical Interpretation on Chemoselectivities in Acetalisation and
Thioacetalisation and Oxathioacetalisation

This section of the chapter represents a combined study (experimental as well as theoretical) of
the chemoselectivities involved in the acetalisation, thioacetalisation, oxathioacctalisation of p-
hydroxybenzaldehyde 5 and p-nitrobenzaldehyde 6. The main objective is to investigate the dependence
of cyclic 0,0; S,S and S,0 acetal formation with the variation of substitution on the phenyl ring of
benzaldehyde.

0 have concluded that the global electrophilicity (w)*' of

A theoretical investigation®
benzaldehyde and its different substituents is the sole factor in governing the chemoselectivity in
acctalisation, although steric factors also cause minor variation in the yield in some cases. Thus based on
the theoretical investigation the selectivity obtained in the above schemes can be explained on the basis

of difference of w values between aldehydes and the nucleophiles.

Global Reactivity Descriptor
From a qualitative suggestion by Maynard et al. 22 Parr and co-workers®! have proposed a global
electrophilicity descriptor as follows
w = p?/ 21
Here, w is considered to be the electrophilic power of the concerned chemical species and bears
the conceptual similarity to power of classical electricity (i.e, Power = V% R of classical electricity,
where V and R represent the potential difference and resistance respectively). In the right hand side of

the above equation, i is the ‘chemical potential’ and 7 is ‘global chemical hardness’ of the concerned

chemical species.

Physical Significance
e more is the difference of the global electrophilicity value between electrophile and
nucleophile the better is the yield because lower is the w-value stronger is the nucleophile.
Local Reactivity Descriptors
¢ development of global reactivity descriptor some local reactivity descriptors Were

Parallel to th

al oposed because of their potential use in predicting local (or site) reactivity (selectivity) of a
also pr
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chemical species. The condensed local softness values are representated by, s; and s, ofatom ‘%’

towards nucleophilic, electrophilic, and radical attack on it, respectively.”

Physical Significance

In a molecule the atom ‘% ’°, for which s; value is highest, is the most preferred atom to be

attacked by a nucleophile. Similarly, highest values of s, and 52 for any atom ‘&’ indicate it to be the

most preferable atom for electrophilic and radical attack.

In our present study of chemoslectivity in thioacetalisation in this section, we have chosen the
aldehyde with electron-releasing substituent i.e. p-hydroxybenzaldehyde and with electron-withdrawing
substituent 7.e., p-nitrobenzaldehyde. These two aldehydes have more than one comparatively strong
reactive sites (phenyl ring carbon atoms). Thus, the electron-withdrawing or electron-releasing effects by
the substituted groups are somewhat stabilised by the intervening phenyl ring carbon atoms, before these

effects are felt by the carbonyl carbon. Under such circumstances it looks more physical to compare the

values of w than the s; values of carbonyl carbon to explain the yield of acetalisation. The generated

values of w can explain qualitatively the preferential electrophilic addition and hence the yield of

acetalisation obtained. Though both steric and electronic factors affect the yield, only electronic factors

can be taken care of by w.%

+ —
s 5
Table 1.2. MPA and HPA based Charges U , k , and k  values of the atoms (underlined) which are
+ P
s s
relevant in the present study. The k and "k values are in atomic units.

MPA/6-31G(D,P) HPA/dnp

Carbonyl System qk S; S}; qk S; o

p-NO,CsH,CHO 0.5276 0.2696 0.1780 0.1192 0.2934 0.2099

p-OHC¢H,CHO 0.5099 0.7988 0.1653 0.1024 0.3242 0.2233

CH,SH-CH,SH 0.0459 0.9043 0.9432 -0.0530 0.6512 0.9077

CH,0H-CH,0H -0.3121 0.6130 0.4728 -0.2315 0.2144 0.4798

CH,0H-CH,SH -0.2974 0.0904 0.0878 -0.2308 0.1749 0.4408
| CH,OH-CH,SH 0.0171 1.5737 1.6644 -0.0480 0.7467 0.9261

HPA: Hirshfield Population Analysis; MPA: Mulliken Population Analysis
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The charge values were evaluated by Hirshfield population analysis (HPA)** using DMOL”
program and by Mulliken population analysis (MPA)* using Gaussian program. For systems having
more than one reactive sites of comparable strength, local reactivity descriptors cannot be used as
reliable indicators of global reactivity trends.*®

Several case studies have rigorously shown the conceptual advantages of HPA over MPA.*" The
global and local descriptors calculated by HPA/dnp method in the present study are considered here as
more useful.

Table 1.3. MPA and HPA based global electrophilicity (i.e., w) values of the chemical systems relevant

for comparison of competitive acetalisation in the present study. The values are in atomic units.

MPA/6-31G(D,P) | HPA/dnp 1
Chemical Systems w w
p-NO,C¢H,CHO 0.0308 0.1212
p-OHCH4,CHO 0.0347 0.0698
CH,SH-CH,SH 0.0206 0.0417
CH,OH-CH,0OH 0.0149 0.0381
! CH,OH-CH,S5H f 0.0143 0.0379 J

Because of large size and negligible negative charge (-0.0530) (in HPA / dnp method) sulphyr
atoms in 1,2-ethanedithiol behave as soft bases. So, the interaction of carbonyl carbon (ha'ving
comparatively lower positive charge on it) in p-hydroxybenzaldehyde 5 with sulphur atom in 1,2
ethanedithiol is mainly orbital controlled soft-soft in nature. Because of higher positive charge this type
of soft-soft interaction will not be effective with p-nitrobenzaldehyde 6. Thus the major product jg
expected cyclic S, S acetal of p-hydroxybenzaldehyde 5 in Scheme 1B.3, as described in page 60.

On the other hand, the higher positive charge on the carbonyl carbon of p-nitrobenzaldehyde g
(0.1192) than on the carbonyl carbon of p-hydroxybenzaldehyde 5 (0.1024) calculated by HPA/dnp,
method, which is also due to the electron withdrawing nature of ~NO group and high negative charge
on oxygen of 1,2-ethanediol makes the charge controlled hard-hard interaction very effective. The harq.
hard interaction between carbonyl carbon of p-hydroxybenzaldehyde 5 and oxygen of I,2-ethane diol ig
not that effective because of lower positive charge on carbonyl carbon in the former (this will be
particularly true when a competitor like p-nitrobenzaldehyde 6 is already present in the reactigy,

medium). Also the difference of global electrophilicity between p-nitrobenzaldehyde 6 and 1,2-ethane-
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diol is 0.0831, which is significantly higher than between p-hydroxybenzaldehyde 5 and 1,2-ethanediol
(0.0317). These two factors favour the 0,0 acetal formation of p-nitrobenzaldehyde 6. Although the

S; value of carbonyl carbon in p-hydroxybenzaldehyde 5 is little higher in HPA/dnp method it seems

not to have influenced the yield.

Because of the competitive reaction condition p-nitrobenzaldehyde 6 forms O,0 acetal with 1,2-
ethane diol and p-hydroxybenzaldehyde 5 forms S,S acetal with 1,2-ethanedithiol as shown in the
scheme 1B.4, page 01. The reason is that the highest global electrophilicity of p-nitrobenzaldehyde 6
(0.1212) plus higher positive charge of carbonyl carbon (0.1192) favours it to react with the lowest
electrophile (i.e., strongest nucleophilic) 1,2-ethanediol (which has also higher negative charge on
oxygen atoms, -0.2315) in a charge controlled hard-hard way. Similarly, p-hydroxybenzaldehyde 5
reacts with 1, 2-ethanedithiol in an orbital controlled soft-soft pathway.

After finding an explanation for the chemoselectivity obtained in acetalisation and
thioacetalisation with the aid of the theoretical investigation, we further extended this to
oxathioacetalisation, Scheme 1B.5.

Higher positive charge on carbonyl carbon of p-nitrobenzaldehyde 6 and higher negative charge

on mercaptoethanol HS(CH,),OH favours oxathioacetal formation for p-nitrobenzaldehyde 6.

/@)L /O)\H HS/\/OH (1 eq /U\ @'/L
O,N TBATB (0.01 eq} HO

<05% ON 65%

Scheme 1B.5 Chemoselective Oxathioacetalisation
As per explanations in the previous schemes it is expected that the initial attack by oxygen atom
in mercaptoethanol to the deactivated carbonyl group of p-nitrobenzaldehyde 6 will take place in the
first step which is charge controlled. This is then followed by an intramolecular nucleophilic attack by

the sulphur atom on the oxycarbenium ion as shown in Scheme 1B.6.

+

cp:
e ke, S e

2
(Rate determmmg step)

Scheme 1B.6 Proposed Mechanism for Oxathioacetalisatio
n
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Here in the above scheme (Scheme 1B.6), as both the first and third steps are energetically
favourable, the yield of S,0-oxathiocetal of p-nitrobenzaldehyde 6 is higher. The probable reaction

mechanism shown above is also consistent with the product distribution in Scheme 1B.4, page no. 61.

Also, it has been experimentally found that O,O acetals can easily be converted to S,S and S, O-acetals.

On the other hand sulphur atom is attacking first to the carbonyl carbon of the p-hydroxybenzaldehyde 5

followed by an intra-molecular attack of oxygen atom of mercaptoethanol as shown in Scheme 1B.7.

C | (|S+/_\\OH S/X
HS\/\OH/H m Ho e \_/ _-H /@A\O
HO HO HO

(Thiocarbenium ion) T

(Rate determining step)
Scheme 1B.7 Proposed Mechanism for Oxathioacetalisation

In the above mechanism given in Scheme 1B.7, the first step is energetically favourable and is
assumed to be predominantly orbital-controlled as has been observed in Schemes 1B.3 and 1B.4. (page,

60 and 61) But the third step i.e., the attack of oxygen of mercaptoethanol to an electron rich

.~ thiocarbenium moiety is not favourable and we believe it to be the rate-determining step. Now, because

 the rate-determining step in case of oxathioacetal i,e., S,0 acetal formation of p-nitrobenzaldehyde 6 (the

first step in Scheme 1B.6) is energetically more favourable to that of the rate determining step in case of
p-hydroxybenzaldehyde 5 (third step in Scheme 1B.7), the yield of S,0 acetal formation in case of the
former is higher than that of the later, Scheme 1B.5.

From the earlier schemes we have found from that p-hydroxybenzaldehyde 5 is favouring
thioacetal formation and p-nitrobenzaldehyde 6 is favoring acetal and oxathioacetal formation. To

confirm it again the following experiment has been performed, Scheme 1B.8.

s @)
g >~ OH (1 equiv) ? /CI/)\;>
+
O* L,

S/\/SH (1edq.) HO
0,
TBATB (0.02 q.) 90% 45%

Scheme 1B.8 Chemoselective Oxathioacetalisation and Thioacetalisation
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O S O
/O)LH o~ OH (4 eq.) CH(OE),(1eq.) go /O/Lo
= +
O,N Hs ~OF(1eq.) TBATB (0.01eq) oO,N o,N
(6) 42% 18%
O S o)

+

J@)LH Ho~-OH (4 eq)) CH(OEN)(1eq.) /©)\s
O,N

Hs~~SH(1 eq.) TBATB (0.02 eq.) O,N

iea

2 2
(6) <5% 70%
O S S
,@JLH Hg—~~~OH (1 eqa.) TBATB (0.02 eq.) ) /@/1\ . /[jj\o
O,N SH (1e O,N
N oA q.) 2
(6) HS <5% 55%

Scheme 1B.9 Chemoselective Oxathioacetalisation and Acetalisation of p-Nitrobenzaldehyde
The carbonyl carbon of p-nitrobenzaldehyde 6 will be attacked first by the oxygen atom of the
mercaptoethanol in a predominantly charge controlled pathway, Scheme 1B.6.
Instead of explaining the yields of the reactions individually a general approach seems to be
more convincing. The trends of the yields of 0,0, S,0 and S.S acetals for 4-nitrobenzaldehyde 6 as

shown above, could be explained on the basis of two considerations.

| (i) The attack on carbonyl carbon of p-nitrobenzaldehyde 6 by oxygen atom of 1,2-ethanedio]

j nucleophile is mainly charge controlled because of the high positive charge on carbonyl

carbon of p-nitrobenzaldehyde 6 and higher negative charges on oxygen of 1,2-ethanediol.

| As sulphur atom of 1,2-ethanedithiol has negligible negative charge on it, the attack on
carbonyl carbon by sulphur atom is much less effective either as charge-controlled or ag
orbital controlled.

(ii) It also depends on the difference of global electrophilicity (w) between p—nitrobenzaldehyde

6 and the nucleophiles. The more is the difference the better is the yield because lower is the

w value, stronger is the nucleophile.

Thus, in this present study the yield of formation of different cyclic acetals from -

nitrobenzaldehyde 6 follow the trend as below:

SRR R

2
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The trends of the yields of 0,0; S,0 and S.S acetals for p-hydroxybenzaldehyde 5 obtined is a

follows which could be confirmed from the experiments, Scheme 1B.10.

S S o)
B D B
> >
HO HO HO
/\\/OH (4
= HO €0.) CH(OEY), (1eq )
HO Hs~~~SH (1 eq) TBATB (0.02eq.) HOo

¥ < 2% 90%
0 7 i
[ j’ “H Ho~~~CH (4 €d.) CH(OE); (1eq.) - /©/LZ>+ /@/J\}
e HS/\/OH (1eq., TBATB (0.01eq.) po HO
5 10% 45%
0
/@)KH g~ ~~OH (1€4. TBATB (0.02 eq.) O/J\ O)\
5) 85% <%

Scheme 1B.10 Chemoselective Thioacetalisation and Oxathioacetalisation of p-Hydroxybenzaldehyde
As discussed in Schemes 1B.3 and 1B.4, the formation of S,S acetal is preferred over O,O acetal
because of favourable orbital controlled reaction between p-hydroxybenzaldehyde 5 and 1,2-
ethanedithiol, which is not the case when the nucleophile is 1,2-ethanediol. Similarly, formation of S,0
acetal is preferred over O,0 acetal because of the favourable orbital controlled attack of sulphur atom on
the carbonyl carbon of p-hydroxybenzaldehyde 5, Scheme 1B.7. Again the yicld of S,S acetal is much
higher than that of S,0 acetal because the third step of mechanism shown in Scheme 1B.7 will be
energetically more favourable in case of 1,2-ethanedithiol as sulphur atom is a better electron donor (¥

the thiocarbenium ion) than oxygen atom.,
The yields of different acetals obtained from p-hydroxybenzaldehyde 5 and p-nitrobenzaldehyd

6 could be explained theoretically by a multitude of factors together. These are,
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(1) Global electrophilicity difference between the electrophiles i.e., p-hydroxybenzaldehyde 5
and p-nitrobenzaldehyde 6 and the nucleophiles i.e., 1,2-ethanediol, 1,2-ethanedithiol and
mercaptoethanol.

(i1) Type of attack on the most electrophilic atom i,e., carbonyl carbon by the most nucleophilic
atoms Z.e., oxygen or sulphur atom. This helps to understand whether the attack is charge
controlled or orbital controlled.

(iii)  Energetics at different stages of the reaction.
Unambiguous preference of p-nitrobenzaldehyde 6 for 1,2-ethanediol and that of p-

hydroxybenzaldehyde 5 for 1,2-ethanedithiol clearly shows that only global electrophilicity w difference

between the electrophiles and the nucleophiles is not sufficient to explain the observed yields. Had it

been so, it would have been expected to get higher yield of S,S acetal product from p-nitrobenzaldehyde

6 than that from p-hydroxybenzaldehyde 5, owing to the higher difference of the global electrophilicity

values between p-nitrobenzaldehyde 6 and 1,2-ethanedithiol, Table 1.3. On the contrary, the reaction in
Scheme 1B.5 clearly suggests the higher preference of oxygen atom in 1,2-ethanediol towards carbonyl
carbon in p-nitrobenzaldehyde 6 and that of sulphur atom in 1,2-ethanedithiol towards carbonyl carbon
in p-hydroxybenzaldehyde 5. These evidences led us to invoke the long known, old concept of charge -
controlled attack in the former and orbital - controlled attack in the later case. The above assumption is
also justified because of the high negative charge on oxygen atom in 1,2-ethanediol but almost neutral
sulphur atom in 1,2-ethanedithiol. In reactions where the nucleophiles have different groups at the two
ends i.e., in mercaptoethanol, the observed yields could be explained by giving preference to that type of
attack which leads to energetically more favourable transition state in the rate determining step (e.g.
reactions in Schemes 1B.5 and last reactions in Schemes 1B.9.) In such cases also the reactions are

assumed to be initiated by the attack of oxygen atom to the carbonyl carbon of p-nitrobenzaldehyde 6

and by sulphur atom to the carbonyl carbon of p-hydroxybenzaldehyde 5.
We would like to emphasise here that an energetic study, which includes the evaluation of

activation energy in the rate - determining step, is not warranted for in the present case. This is because
activation energy provides an account of the stability of the transition state (with respect to the
reactants), which can be considered as the ‘effect’” of the phenomena involved in the process of chemical
reaction. We are here to find out the ‘cause’, rather than the ‘effect’ (as the reaction yields obtained in
the experimental study serve that purpose), which influences the stability of the transition state. While, in

general, both the steric and electronic factors contribute to the stability of the transition state, the contrib-
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ution of the former is negligible in the present study as in both the substrates p-nitrobenzaldehyde 6 and
p-hydroxybenzaldehyde 5 the substituted groups (-NO,, -OH and -CHO) are in para position. Thus, it
seems to be physically meaningful to assume that electronic factors are the sole contributors to the
stability of the transition state (and thus control the reactivity) which influences the yields of the

reactions studied here. This is exactly what is considered in the present study.

Chemoselective Thioketalisation of Ketones

There have been reports of selective thioketalisation of aliphatic ketones over aromatic ketones.
However, there are only few methods known for the chemoselective thioketalisation between ketones

employing InBrs,” In(OTf)3,° 5M LiCIO,,"! ZnCl,2 I’ Sc(OTf)_—;_15 organotin triflates.'’

n 1,2 |'1 =1.2
i : /”\ Hs/\%g.';l (1 equiv) i 3 2L
TBATB (0.1 equiv)
(16) (17)

72% 0%
S’f\gnﬂ.z 8‘(\9:1,2
SH ; h
HS/\HQ=1,2 (1 equiv) P
S S
we +
TBATB (0.1 equiv)
(17) (18) 69% 0%

>n S
é HS/\(‘/);-l 1,2 (1 eql."V i
TBATB (0.1 equw)

(19)

Scheme 1B.11 Chemoselective Thioketalisation
By employing our methodology aliphatic cyclic ketone could be preferentially thioketalised over
aromatic ketones as demonstrated for cyclohexanone 16 and acetophenone 18. Further, it was observed
that the less hindered aromatic ketone acetophenone 18 could be selectively thioketalised in the presence
of a hindered aromatic ketone, benzophenone 19 employing the present protocol, Scheme 1B.11. This
method was then used for the selective protection of a six membered aliphatic ketone 16 as a thioketal in

the presence of a five membered aliphatic ketone 17, Scheme 1B.11. Thus this methodology will be
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useful for selective protection of a six membered aliphatic ketone in the presence of a five membered
aliphatic ketone.

Earlier our group have also reported a competitive reaction between 1,2-ethane diol and 1,3-
propane diol for the same carbonyl compound and has found good degrees of selectivities.” The apparent
order of acetal formation of different carbonyl group is: aldehyde-1,3-dioxanes > aldehyde-1,3-
dioxolanes > ketone-1,3-dioxolanes > ketone-1,3-dioxanes.” This prompted us to investigate whether
any preferential formation of a particular thioacetal or thioketal exists for a carbonyl group when reacted
with an equimolar mixture of dithiols. When benzaldehyde 1 was reacted in the presence of both 1,2-
ethanedithiol and 1,3-propanedithiol in equimolar amounts, the ratio of 1,3-dithiolane over 1,3-dithiane

was found to be 7:3. When the same competitive reaction was performed with acetophenone 18, similar

selectivity was observed as shown in Scheme 1B.12.

0
@)‘LH HS/\HSH n =1(1 eq), n=2 1eq O)\ O/‘\
(1) TBATB (0.02 equiv)

70% 30%
0 SH
@JJ\ HS/\f/)' 1(1 eq), n=2 (1 eq) (>>l\ @)\
(17) TBATB (0.1 equiv)
65% 35%

SchemelB.12. Chemoselective Thioacetalisation/ Thioketalisation

Thus, 1,3-dithiolane formation is preferred both for aldehydes and ketones compared to 1.3-
dithiane. However, during acetalisation process the preferences obtained were different, aldehyde

preferring 1,3-dioxanes and ketones 1,3-dioxolanes.’
Thus from the present study the apparent order of thioacetal and thioketal formation of different

carbonyl group is: aldehyde-1,3-dithiolane > aldehyde-1,3-dithiane > ketone-1,3-dithiolane > ketone-

1,3- dithiane.

1B.1.2. Transthioacetalisation
The protection followed by deprotection and subsequent reprotection with a different protecting
group is a usual practice in a multi-step synthesis as demanded by their stability under the reaction

conditions in subsequent steps. Thus, a direct method for this transformation avoiding the intermediate
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step of going back to the parent functionality is gaining more importance in order to improve the overall
synthetic efficiency. Transthioacetalisation of acetal is a useful transformation for the preparation of §,S-
acetals and in comparison with thioacetalisation of carbonyl compounds, it is faster and cleaner. The
reactions are faster because the reactive intermediate oxocarbenium is rapidly generated by the
protonation of one of the oxygen atoms of the acetal, which leaves by an anchimeric assistance from the
other oxygen attached to the same carbon where as the thioacetalisation of the carbonyls are initiated by
coordination to a protic acid. Catalysts such as 5SM LiClO4,"! WCls,2® 1., trichloroisocyanuric acid,'®

- known to be active both towards thioacetalisation and transthioacetalisation process. Number of other
acidic reagents such as MgBr2,29 TeCls,>® ZrCly,*' Si0,/SOCI,'? and neutral kaolin clay3 % have also been
- reported for this purpose. Very recently it has been achieved using ionic liquids under a solvent free

¢ None of the reported methods describe chemoselective

conditions” and using InCls.
| transthioacetalisation between acetals and ketals and between different acetals.

Table 1.4 Transthioacetalisation of 1,3-Dioxolane in Presence of TBATB

Substrate Time/h X Yieldb<(%) X Yield®<(%)

@] S S/j
@»/L}(m 0.08 O/‘\S (1a) 99 @)\S (1b) 98
/gj\o (2c) 0.08 /©)\8 (2a) 98 /@s (2b) 94
MeO o MeO

S

S
/O)\ O (4c) /O/LS (4a) 97 /@2\; (4b) 99
HO 0 S HO s/j
(;J\\)\ (5a) 82 @\)\s (5b) 89
NO

2 2

0] S S/j
85
/©)\O (6c) /Q)\ (6a) 84 /@/l\s (6b)
Q,N O,N

X,= 1,3-dithiolane, X, = 1,3-dithiane. * Reactions were monitored by TLC/GC. *Confirmed by comparision with IR and 'H
NMR of the authentic sample. © % Isolated yield.
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Table 1.5 Transthioacetalisation of 1,3-Dioxane in Presence of TBATB

Substrate Time/h X, Yieldb.c(%) X, Yield®¢(%)

o’j SIB S/j
O)\O (1d) 0.08 O/LS (1a) 93 Q/LS (1b) 94
/@LO (2d) 0.08 O/L (2a) 95 O/LS (2b) 94

MeO
e O/j MeQO S’_,> /j
/Q)\O (4d) 0.08 S (4a) 97 /OA\ (4b) 97
HO O/j HO
@\)\o (5d) 0.75
NO

s
C,
o’j S
/Q)\o (6d) 0.33 /O/L S (6a) 85 /Q/L (6b) 84
O,N o’j O,N S
o~ (7d) 0.08 ﬁs (7a) 93 /©/‘\ 94
iog C.

S (5a) 82 5b) 89

C
m\/j (14d)  0.08 [ N 37N (14a) 98 ﬂi/j (14b) 99
°H o 0 o8
0 S
. & A /U
(156 0.08 (15a) 83 (15b) 90
o S

O\ (16d) 0.08 OL (16a) 89 (16b) 92
0 s
d\o (17d) 0.08 O}\S (17a) 91 Q}\ (17b) 89

X,= 1,3-dithiolane, X, = 1,3-dithiane. * Reactions were monitored by TLC/GC. Confirmed by comparision with IR and 'H
NMR of the authentic sample. © %lsolated yield.

In this context we have explored TBATB as the catalyst for the chemoselective

transthioacetalisation. A lower quantity of TBATB (0.01 equiv) was used as compared to direct thioace-
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talisation from the corresponding carbonyls. In a typical reaction, to cyclic 1,3-dioxolane or 1,3-dioxane
(1 equiv) and 1,2-ethanedithiol or 1,3-propanedithiol (1 equiv) in acetonitrile was added a catalytic
amount of TBATB (0.01 equiv) and stirred at room temperature for certain period of time. The result is
summarised in Table 1.4.

All the reactions were complete in less than 5 minutes giving excellent yield of products. A wide
range of structurally varied cyclic O,O-acetals underwent transthioacetalisation either with 1,2-
ethanedithiol or 1,3-propanedithiol to furnish the corresponding S,S-acetals in nearly quantitative yields.
During the process no parent carbonyl compound could be detected by gas chromato graphic analysis of
the reaction mixture.

It is worth to mention that direct thioacetalisation of aromatic aldehydes containing electron-
Withdrawing group such as o-nitrobenzaldehyde 5 and p-nitrobenzaldehyde 6 gave poor yields, whereas
transthioacetalisation of acetals 5¢ and 6¢ gave excellent yields of the corresponding thioacetals.

Substrates containing double bonds remained unscathed by this process. Aromatic acetals and
ketals smoothly underwent transthioacetalisation and transthioketalisation as shown above in Table 14
Similarly 1,3-dioxane also underwent transthioacetalisation to yield the correspondin g1,3-dithiolanc and

: ; i 1.5.
1,3-dithiane with 1,2-ethanedithiol and 1,3-propane dithiol respectively as shown above in Table

S’("Sﬂ Q
0] 1,2
‘HS e~ (1eq) @Ls . O)l\
TBATB (0.01 equiv)

(1 cld)
5 O‘f\gm.z =

o Hs >N SH ¢ 1eq)
(17cld)
TBATB (0.01 equw)

98% 99%

Scheme 1B.13. Chemoselective Transthioacetalisation and Deketalisation

When an equimolar mixture of an acetal 1¢ or 1d (1 equiv) and a ketal 17¢ or 17d (1 equiv) Was
allowed to react with either 1,2-ethanedithiol or 1,3-propanedithiol (1 equiv) and a catalytic amount of
TBATB (0.01 equiv) in acetonitrile at ambient temperature, a nearly quantitative yield of the thioacetal

Was obtained with a trace amount of ketal (< 2%) and during the process the acetophenone ketal was

deprotected to acetophenone 17 as shown above in Scheme 1B.13.
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Acetals and ketals are much more reactive towards transthioacetalisation and
transthioketalisation compared to the direct thioacetalisation and thioketalisation of the corresponding
carbonyl compounds. Chemoselective catalytic activity of the catalyst is demonstrated by
transthioacetalisation and transthioketalisation of an acetal or a ketal in the presence of an aldehyde or a
ketone.

In a competitive reaction, cyclic acetals of benzaldehyde 1c or 1d and acetophenone 17¢ or 17d
were preferentially protected in the presence of benzaldehyde 1 and acetophenone 17 respectively in
quantitative yields, Scheme 1B.14. However, in an attempt to carryout chemoselective
transthioketalisation of ketals 17¢ or 17d over aldehyde 1 failed in spite of the higher reactivity of the
ketals towards transthioketalisation and during the process the ketal 17¢ or 17d was deprotected to

ketone 17 and aldehyde was thioacetalised as shown above in Scheme 1B.14.

n 12 n 1or2
SH
O)\ HS/\H: n=1or 2 (1equw)
(1c/d) TBATB (0.02 equiv)
99% 99%
SH n lor 2
HS/\(v)’n n=1or 2 (1equ!v) ©>t\ @)l\
(17) (1 7c!d) TBATB (0.02 equiv)
99% 99%
)n 1.2 n 1or 2
@)‘L ©>k HS'/\{SH n=1or2 (1equiv) @/J\ @)\
n
(1) (17c/d)  TBATB (0.02 equiv)
99% 99%

Scheme 1B.14. Chemoselective Transthioacetalisation and Transthioketalisation

The preferential transthioacetalisation of an acetal containing an electron-donating substituent Sc

and 6¢ over an acetal containihg an electron-withdrawing group 6¢ is demonstrated in Scheme 1B.15.
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O——B Oﬁ> HS/\\/SH (1 equiv) S'B O/>
Q/Lo Ji‘/\j/l\o TBATB (0.02 equiv) /©)\S . /©)\o
+ .. -
(5¢) (6c) CH(OEt), (1 equiv) 97% 80%

Scheme 1B.15. Chemoselective Transthioacetalisation
This observation is consistent with preferential thioacetalisation of p-hydroxybenzaldehyde §
over p-nitrobenzaldehyde 6 (Scheme 1B.3). In an analogous competitive reaction, 1,3-dioxolane of p-
methoxybenzaldehyde 2a has been preferentially transthioacetalised in the presence of 1 .3-dioxolane of

p-nitrobenzaldehyde 6a. It has been found that acetal of p-nitrobenzaldehyde is much more stable
compared to acetal of p-hydorxybenzaldehyde.**

O N =122 S~ \n= S n=2
4\5 Hs NS (1eq) ,h} ‘ ’e\i
O  n=1and2(lequiv) S . S

TBATB (0.01 equiv)

n'=1 (1c) n'=1 66% 34%
n'=2 (1d) n'=2 62% 38%

0’(\§=HHS/\H§SH (1eq) S*\g‘z’ S*\)Sﬂ
Ej\o n=1 and 2 (1equiv) ©>1\8 . @\S
TBATB (0.01 equiv)
n'=1(17c) n'=1 70% 30%

n' =2 (17d) n'=2 70% 30%
SchemelB.16 Transthioacetalisation and Transthioketalisation

When aldehyde-1,3-dioxolane 1¢ or aldehyde-1,3-dioxane 1d were reacted with an equimolar
mixture of 1,2-ethanedithiol or 1,3-propanedithiol, acetal preferentially form 1,3-dithiolane, an
observation consistent with the preferential formation of 1,3-dithiolane in a competitive reaction directly
from an aldehyde, Scheme 1B.12. In a similar competitive reaction with ketals 17¢ or 17d a higher
percentage of 1,3-dithiolane was obtained (Scheme 1.16). Further the chemoselectivity of the method
was demonstrated by competitive reaction between a symmetrical acetal 1¢ and an unsymmetrical acetal
such as THP ether of benzyl alcohol. The former was preferentially thioacetalised over the later, Scheme

1B.17. It is not surprising since unsymmetrical acetal such as THP ethers are much more stable unde
acidic conditions as compared to the symmetrical acetals.>®

TH-1847_03612208




Chemoselective Transthioacetalisation of Carbonyl Compounds Catalysed by TBATB 65

o"%wnz N
@Lo . O/\OTHP n=1 or 2 (1equiv) ©/(\ O)—L Q\OTHP
TBATB (0.01 equiv)

(1c/d) 95% 5% 100%

SchemelB.17 Chemoselective Transthioacetalisation of Symmetrical Acetals

In conclusion, various aldehydes and ketones were protected as their thioacetals and thioketals
under mild reaction conditions in the presence of catalytic amount of TBATB. By using this method a
particular carbonyl group can be selectively blocked in the presence of another such as between
aldehydes and ketones, between two aldehydes and two ketones. A combined (experimental as well as
theoretical) study revealed the factors governing the chemoselectivity obtained in aldehydes containing
electron releasing and electron withdrawing groups in various acetalisation reactions.
Transthioacetalisation of O,O-acetals and O,O-ketals were also achieved using this catalyst. In
comparison with the existing methods using many acidic catalysts, this method is very general, simple,
high-yielding, environmentally friendly and oxygen and moisture tolerant. In terms of selectivity and
efficiency this procedure is superior to many of the reported methods where oxidants as well as strong
acids are used. Due to the mild reaction conditions, a number of functional groups, albeit being capable

of reacting with TBATB remains intact.
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1B.2. Tetrabutylammonium Tribromide TBATB- Catalysed Tetrahydro-
pyranylation and Depyranylation of Alcohols

THP ethers are one of the most widely used protecting groups employed during a multi step
organic synthesis because of low cost and stability towards various reaction conditions such as strong
bases, Grignard reagents, hydrides, redox reagents, alkylating, acylating agents and catalytic
hydrogenation and easy removal under mild acidic conditions. Protection is normally achieved with a
mild acidic reagent in an aprotic solvent such as CH,Cl,, THF, acetone etc.; and deprotection also with
an acidic reagent but in a polar or protic solvent such as methanol, ethanol, isopropanol, acetonitrile, etc.
Numerous methods have been reported for tetrahydropyranylation'™ and detetrahydropyranylation."2’4
Commonly used catalysts are potassium dodecatangestocobaltate trihydrate (K5C0W12040-3H20),5
ZrCly,° L-microwave irradiation,” LiBr,® acetonyltriphenylphosphonium bromide,” I,"° NH,CL"
heteropolyacids,'? which catalyse both these transformations effectively by merely changing the solvent
system. In addition to these reagents many more reagents and procedures have also been devised which
have been described extensively in the introduction chapter in section 1A.2.2.1(c) page no. 25.
However, some of these procedures suffer due to the use of expensive and toxic reagents, high
temperature, longer reaction times and incompatibility with other acid-sensitive functional groups.
Therefore, there is a need to develop an alternative method for the protection as well as deprotection of
alcohols under mild reaction conditions.

Tetrabutylammonium tribromide (TBATB) has been used for the cleavage of rert-
butyldimethylsilyl ethers,"? cleavage of dithioacetals'* and few other transformations as described in the
introduction chapter. In this section we have reported a mild and efficient method for the
tetrahydropyranylation of alcohols using tetrabutylammonium tribromide (0.025 equiv) as a catalyst in
the presence of 3,4-dihydro-2H-pyran (1.1 equiv) in methylene chloride at room temperature, whereas
the detetrahydropyranylation could be readily achieved using the same reagent in methanol at room
temperature.

Tetrahydropyranylation did not occur when the blank runs were performed in the absence of
TBATB. Despite the use of an aprotic solvent during pyranylation, the occurrence of this reaction may

be attributed to the in situ formation of HBr by the interaction of alcohol with TBATB, as shown in

Scheme 1B.18.
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+ - CH,CI, TR
Bu,NBr, + ROH HBr + ROBr + Bu,NBr

oy O CH,CL, R“OQ

O

Scheme 1B.18. Tetrahydropyranylation of Alcohols
The general applicability of this methodology can be seen from the wide spectrum of hydroxyl
compounds ranging from primary aliphatic 20, 22-23, 49, benzylic 24-27, hindered primary alcohol 31
and secondary alcohols (33-35, 38) are protected as THP ethers in high yields with TBATB as the
promoter, Table 1.6.
Table 1.6. Tetrahydropyranylation® of Alcohols in the Presence of TBATB

—

Substrate Product Time/h Yield®<(%)
87
< oH (20) 7 T OTHP (20f) 0.50
OH OTHP 89
0.50
OH OTHP
@AOH (24) @f\OTHP (241) 1.00 B8
OH OTHP
C(\ (25) @f\ (25f) 2.00 19
NO, NO,
OTHP
/@\OH (26) /@\ (26f) 1.00 85
Cl cl cl cl
; @f\% (27) QOTHP (27f) 1.00 79
S
© OH ~

0 OTHP
‘ (31) O. (31f) 1.00 78

Table Contd.......:.38
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Table 1.6. Tetrahydropyranylation® of Alcohols in the Presence of TBATB

Substrate Product Time/h Yieldbe(%)

OH OTHP

Q/ (33) O (33f) 1.00 75

YQ/ (34) YQ/ (34f) 1.00 74
OH OTHP

OH OTHP
g\ (35) (j/K (35f) 0.50 80
OH OTHP

(38f) 0.41 85

OH OH
/Ej/\/ (49) /O/\/ (49f) 1.00 85
HO

HO

“Reactions were monitored by TLC, GC. ®Confirmed by comparision with IR and 'H NMR. “Isolated yield

Tablel.7. Tetrahydropyranylation® of Functionalised Alcohols

Substrate Product Time/h Yield®<(%)
oTs” " ""oH (52) Ts0” ""oTHp  (52f) 1.50 80
H OH H OTHP
_):(— (53) _)=(_ (53f) 0.5¢ 95
HO H THPO H
OH OTHP
/%/ (54) /—:—/ (54f) 0.33d 91
HO THPO

S .
WOH (55) C(\/\OTHP (55f) 2.00 65
CIyer i
(56) (56f) 2.00 63
(0]

Table Contd...
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Tablel.7. Tetrahydropyranylation® of Functionalised Alcohols

Substrate Product Time/h Yield®-¢(%)
0 0
OH OTHP
@JLO/\/ (61) @)Lo’\/ (61f) 1.00 71
0 0
o~ ~0y 0O 0o1HP 1.00 76
(62) (62f)
U
Oh o
HO THPO
(64) (64f) 0.41 88
OB o_0

e R

“Reactions were monitored by TLC, GC. °Confirmed by comparision with IR and '"H NMR. ‘Isolated yicld ‘Double amounts
of THP were used.

The tolerance of various protecting groups under the reaction conditions has been examined by
reacting substrates bearing substituents such as OTs (52), alkene (53, 55-56), alkyne (54), esters (61-62),
isopropylidine (64) etc. under the optimised condition of protection and is summarised in Table 1.7
given below.

It has been shown that organicammonium tribromide such as benzyltrimethylammonium
tribromides generate HBr and MeOBr in methanol.'” Taking cues from this and our carlier
13,14

observations
1B.19,

the following mechanism has been proposed for the deprotection, as shown in Scheme

+ - + -
Bu,NBr, + MeOH — HBr+ MeOBr + Bu,NBr

| ROH
R. R. f\@ =
eF @ o + OO
H
L)
Meﬂo o

Scheme 1B.19. Proposed Mechanism of Depyranylation of THP Ethers
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Gas chromatographic co-injection analysis unequivocally established the formation of 2-
methoxytetrahydropyran as a transacetalisation product and in turn the mechanism. 2-
Methoxytetrahydropyran was prepared by reacting methanol with 3,4-dihydro-2H-pyran in the presence
of I,.'” Other alcoholic solvents such as ethanol and isopropanol can also be used for the deprotection.

Table 1.8. Depyranylation® of THP ethers of Different Alcohols

Substrate Product Time/h Yielddc(%)

N, T OTHP - (20f

<7 0H
OTHP
OH
[::jj//HNV/ﬂ\ (22f [:::]/ﬁxh/,\ (22) 0.50 04
OTHP oH
(23f @N (23) 0.75 95
OTHP
(24f [:i]/FxOH (24) 0.16 95

(20) 0.08 95

-

OTHP OH
[:::I:A\ (25f [:::Ijmx (25) 0.50 95
NO, NO,
OTHP OH
O Oi JO R .
ci ci cl cl
OTHP OH
/[:::]/f\ (271 {J:::]//\ (27) 0.50 03
~o ~o

OTHP OH

(31f ml;ll%!'& (31) 2.00 90
OH

b54

OTHP
[::i:I/ (33f [:::]/ (33) 0.08 92d
\\T/[:;:j// (34f \W/J:;:]// (34) 0.08 92
OTHP OH
OTHP o
[::i:]xi\\ (35f) [:::ir/L\ (35f) 1.00 95
OTHP OH

(38f) [::j:r/L\// (38f) 1.00 97

t

Table Contd......
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Table 1.8. Depyranylation® of THP ethers of Different Alcohols

Substrate Product

Time/h

Yield><(%)

OTHP OH
HO HO

1.00

98

*Reactions were monitored by TLC, GC. "Confirmed by comparision with IR and 'H NMR. “Isolated yield *Determined by

GC.

The THP ethers obtained from the tetrahydropyranylation under the optimised condition were

subjected to depyranylation with 0.1 equivalent of TBATB in methanol.Thus, the tetrahydropyranyl

cthers of a wide range of alcohols vis. primary, secondary, benzylic, were depyranylated in good yields

in shorter reaction time with 0.1 equiv of TBATB in MeOH. The results have been summarised and

presented above in Table 1.8.
Table 1.9. Depyranylation® of THP Ethers of Functionalised Alcohols

Substrate Product Time/h Yieldb<(%)
N N T AN~
OTs OTHP (52f)  TsO OH (52) 0.50 93
H OTHP H OH
H (53f) ﬂ_ (53) 0.16 95
THPO H HO H
OTHP OH
THPO/ = (54f) HO/—’—_— (54) 0.33 92
N0THP X-"0oH
(55f) (55) 0.16 98
. OTHP = OH
( /@A (56f) (56) 0.25 95
0 o)
0 0
O/\\/OTHP o/\\/OH
(61f) (61) 0.16 97
O 0O
O
0O orHp 07 > ~""0H
Y (62f) . (62) 0.16 92
U
O o)
THPO HO
(64f) (64) 1.5 75
<0 ol

“Reactions were monitored by TLC, GC. bConfirmed by comparision with IR and 'H NMR. ‘Isolated yield .
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In conclusion, this methodology provides a useful alternative for the preparation as well as
cleavage of tetrahydropyranyl ethers to the corresponding alcohols. The main advantages of our
methodology are mild reaction conditions, high efficiencies, quick and clean, economic viability of the
reagent, industrial applicability and tolerance to a wide range of functionalities. We believe that this will
be a useful addition to modern synthetic methodologies. The possibility of deprotection using the same
catalyst with slight change in experimental protocol makes this method an attractive strategy, offering

advantages over other methods, which use different catalysts.
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1B.3. Tetrabutylammonium Tribromide (TBATB) as an Efficient Reagent for
Acylation of Alcohols, Amines and Thiols

Acylation of protic nucleophiles such as alcohols, amines, and thiols is an important and
commonly used reaction in organic chemistry. The resulting ecsters, amides and thioesters serve as
important functional components and / or intermediates in synthetic chemistry and bio]ogy.]'3 In these
reactions, acid chlorides, anhydrides or acyl transfer reagents are often used as the acyl sources in the
presence of basic or acidic catalysts. In general acid anhydrides are employed as the acyl sources
because of their ready availability and stability. Traditionally, bases such as tricthylamine, pyridine, 4-
(dimethylamino)pyridine (DMAP) and 4-pyrrolidinopyridine (PPY) and tributylphosphine (BusP) were
employed, which has been described in the introduction chapter, section.1A.2.2.2(c1), page 31.Because
of their toxicity, flammability and unpleasant odours these bases are less attractive. Acylation under acid
catalysed conditions has been reported with several reagents.’® Metal triflates and perchlorates have
been used for the purpose owing to their acidic nature. Metal halides are also used to achieve acylation

of alcohols in good yields. Various metal triflates, perchlorates and halides used are listed in the
d are TMSCL®

introduction chapter in section.1A.2.2.2(c1), page 32. Other reagents / catalysts employe
acid 2

HCIO,-Si0,7  Sc(NTf);® Nafion-H,® Yttria-Zirconia,'® distannoxane''  heteropoly
MeSO;H/ALO;," solid surface-ALO3,' and oxomolybdenum species. '’ :

Although metal triflates, perchlorates and other acid catalysts are effective for the acylation
Ieaction, the preparation of metal triflates often require direct mixing of metal oxides with excess of hot
triflic acid. The incomplete removal of triflic acid during the preparation of metal triflates limits the
Overall efficiency of the process. It has also been reported that triflic acid liberated in situ through g
ligand exchange reaction, might be the actual catalytic species during metal triflate-catalyseq
acetylation.'® Triflic acid being a strong protic acid having a large negative Ho value (14 1)"7 results ixy
side reactions with acid-sensitive substrates. The strong Lewis acid character of triflates demand the
flecessity of carrying out the acetylation of acid sensitive substrates at lower temperature and in the
Presence of large excess of Ac,O to avoid side reactions such as dehydration and rearrangement. Some
triflates are moisture sensitive and hence reaction should be performed under dry condition. The
Potential hazards associated with the manufacture and use of perchlorates owing to their explosive
hature hag prevented their extensive applications to industrial processes especially when large amountg
of these perchlorates are involved.'® Other problems associated with some of the existing methods arg

difficulties in work-up and isolation, the need for an inert atmosphere, harsh reaction conditiong
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expensive reagents, special attention to be taken for preparation of reagents, low yields, longer reaction
times, dry solvents and incompatibility with other protecting groups. In this context search for achieving
general nucleophilic acyl substitution of anydrides in a catalytic, mild fashion with integrity of existing
acid and base sensitive functionalities remains in great demand. Though a plethora of reagents and
procedures for acylation have been documented in the literature, need to find an efficient and mild
acylation reaction still remains.

In this section, we reveal a new, mild procedure for preparation of various esters, amides and
thioesters with a variety of aliphatic and aromatic anhydrides in the presence of catalytic quantity of

TBATB, which acts as a source of anhydrous HBr in acetone.

Tablel.10. Solvent Dependent Acetylation of 3-Phenylpropanol 22 and 1-Phenyl ethanol 35

Substrate Solvent Time/h Yield?
Toluene 15 88
OH
(22) CH,Cl, 1.0 91
CH,CN 0.58 a3
CH,COCH, 0.08 95
Toluene 2.0 80
OH
CH,Cl, 1.25 86
(35) CH,CN 0.83 92
CH,COCH, 0.25 93
°GC yield

Initially 3-phenyl propanol 22 (5 mmol) was taken as the model substrate for acetylation and was
reacted with acetic anhydride (6.25 mmol) in a donor solvent such as acetonitrile (10 mL) in the
presence of catalytic quantity of TBATB (0.5 mmol). Progress of the reaction was monitored using thin
layer chromatography, which showed complete conversion of the alcohol to its acetate within 0.58h.
Earlier we have mentioned in the introduction chapter that the acidity of the reaction medium employing
tribromides can be tuned by changing the polarity of the solvent. So using this fact; the reaction was
performed in different solvents such as toluene, methylene chloride, chloroform and acetone. When 3-
phenyl propanol 22 was reacted with acetic anhydride in the presence of TBATB in above solvents

separately, it was observed that the reaction proceeded much faster in acetone compared to other
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solvents. This could be due to the reaction of acetone with TBATB forming bromoacetone and thereby
generating anhydrous HBr in situ, which catalyses the reaction. In a control experiment treatment of the
reaction mixture with a catalytic quantity of bromine and aq. HBr instcad of TBATB in acetone yielded
95% and 88% of acylated product respectively within 0.16h. The summary of the solvent dependent
study is shown in Table 1.10. This result prompted us to use acetone as the reaction medium.

The reagent and the methodology are superior with respect to other conventional reagents as it

results in a highly efficient acetylation of 3-phenyl propanol 22, Table 1.11.

Tablel.11. Acetylation of 3-phenylpropanol

Substrate Reagents used Time/h Yield2
ZnCl, 24 30
CoCl, 24 35
MgBr, 24 40
@MOH Rl 24 70
(22)
NBS 8.0 92
Cu(OTf), 24 55
LiClO, 24 60
TBATB 0.25 98
*GC yield

Summary of the acetylation using 0.1 equiv of different reagents employing acetone as the
solvent is shown in Table 1.11. It may be noted that the yields reported in this table are much lower than
those has been reported in the literature, a possible reason could be the use of different amounts of

catalyst, acetic anhydride and solvent system.
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Tablel.12. Acetylation” of Alcohols with Ac,0 Catalysed by TBATB

Substrate Product Time/h Yield®© (%)
-7 oH (20) AN 0Ac (20g) 0.80 92
<) TOoH (21) N5 0AC (21g) 0.80 93
Q/\/\OH (22) @MOAC (229) 0.80 95

OH OAc
(26) (269) 0.25 a0

NO, NO,

/©/\OH (28) /Q/\OAC (289) 0.16 92
of cl

NO, NO,

E]:L/\OH (30) @\/\om (30g) 24 80
Cl cl
O. 31) O.O (31 0.16 %
OH OAc
N N
(32) H (32g) 0.16 90
OH OAc

OH
O/ (33) O’ - (339) 0.16 85
YQ/ (34) p (34g) 0.16 87
(@]

H OH OAc pAc

Sl
OA
Q/‘\ (36) Q)\ (369) 0.58 84

(359) 0.25 92

=

o

Table Contd.........
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Tablel.12. Acetylation® of Alcohols with Ac,O Catalysed by TBATB

Substrate Product Time/h Yieldb¢ (%)
Ok OAc
/@A (37) D)\ (37g) 0.58 89
cl OH Cl OAc
(39) (399) 0.50 89
OH OAc

.O (40) .O (40g) 5.00 79¢

*Reactions were monitored by TLC, GC. "Confirmed by comparision with IR and 'H NMR. “Isolated yield. ‘Reflux
condition.

Under the present optimised reaction condition, diverse arrays of alcohols were converted to their

respective acetates as can be seen in Table 1.12. Aliphatic primary alcohols 20-22 were transformed to
their corresponding acetates in excellent yields in a short time. Benzylic alcohols with deactivated
substituents in the aromatic ring such as 3-nitrobenzyl alcohol 26 and 4-chlorobenzyl alcohol 28 were
also acetylated efficiently. By employing this reagent we carried out acetylation of hindered primary
deactivated alcohol, 2-chloro-6-nitro benzyl alcohol 30 in excellent yield but with a longer reaction time
24h. However, other hindered alcohols 31-32 underwent acetylation smoothly giving product in
excellent yield. Secondary alicyclic alcohol such as cyclohexanol 33 was converted to its acetate in good
yield. It was gratifying to observe that menthol 34 was completely converted to menthyl acetate 34a with
1.25 equiv of Ac,O within 0.16h, an earlier work has reported that it was acetylated in 1.5 h at 0°C with
5 equiv of Ac,0 in the presence of 1 mol% of Bi(OTf);.'” Benzylic secondary alcohols such as 35, 37-39
underwent acetylation smoothly but with a slightly longer reaction time as compared to their primary,
analogues. However, the scope of acetylation is somewhat limited for hindered aromatic secondary,
alcohol 9-fluorenyl alcohol 40, which took 5h for complete conversion under reflux. The results obtaineq
have been summarised in Table 1.12.

Primary aliphatic diols such as 1,5-pentane diol (42), diethylene glycol (44), 2,2-dimethyl 1,3.

propane diol (45) and 3-chloro-1,2-propane diol 47 were diacetylated completely with 2.5 equiv of acetic
anhydride. Results have been summarised in Table 1.13.
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Tablel.13. Acetylation” of Diols with Ac,O Catalysed by TBATB in Acetone

Substrate Product Time/h Yield®< (%)
HO™ %5 “OH (42) AcO” VT 0Ac (429) 0.16 89¢
HO™ > O~ 0H (44) AcO” O 0nc (44g) 0.16 90¢

HO” ><"OH  (45) Ac0” ><"OAc  (459) 0.16 90¢
(47) Y oA (47g) 0.16 90¢

g giely

OH OAc
HO OH AcO 0

X (50) X )( (50'g) 1.00 700
HO OH AcO 0
HO OH AcO OAc :

>< (50) X (50g) _ 5.00 96
HO OH AcO OAc

®Reactions were monitored by TLC. °Confirmed by comparision with IR, 'H NMR. “Isolated yield. 2.5 equiv of Ac,0 were
used. 5 equiv of Ac,O were used in acetone. ‘5 equiv of Ac,O were used in acetonitrile.

When pentaerythritol 50, a substrate containing four symmetrical hydroxyl groups, was reacted
with acetic anhydride (5 equiv) it gave a diisopropylidine derivative 50”g along with the isopropylidine
diacetate 50°g in the ratio (30:70). It is worth noting that a change of solvent from acetone to acetonitrile

resulted in the formation of pentaerythritol tetraacetate 50g as the sole product in nearly quantitative

yield (96%), Scheme 1B.20.
0 0
>< X >< 30%
0 0
50"g

AcO}COAc Ac,0/TBATB HO OH Ac,0/TBATB
+
AcO OAc CHCN .o oy CHCOCH 0 OAc
50g 96% 50 >< 70%
0] OAc
50'g

Scheme 1B.20 Acetylation and Isopropylidination of Pentaerythritol
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0:><:0 Ac,O/TBATB H0:><:0H Ac,O/TBATB <:><
><o o CH,COCH;  Ho OH 0:<—__>
l 50"g Pentaerythritol

80

@
< : vy .
N
<
4
—
o
0 P (q\
3 [~ o
>
</ . N
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N\
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o
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Scheme 1B.21. View Illustrating Intramolecular Hydrogen-Bonded Interactions Betv(w_’jfi:er{ ;:dggg‘f?t)
Molecules Within the Helix. Carbon-Bound Hydrogen Atoms have been Omitted fo; traglxai:ri S 1r§
3,3,9.9-Tetramethyl-2,4,8,10-tetraoxa-spiro[5.5Jundecane and (50°”°g) 7,1 1,18,21-1etra
[5.2.2.5.2.2] heneicosane. -
These crystalline compounds gave the structure as shown in Scheme 1B.21. The two bis acety)

derived from pentaerythritol with acetone and cyclohexanone were of interest. The two crystalliy,
compounds so obtained are 33399,9-tetramdhyl-2,4,8,1O-tetraoxa—spiro[S.S]undecane (50’8) ap
7,11,18,21-tetraoxatrispiro[5.2.2.5.2.2]heneicosane  (50°*’g) respectively. The weaker CH.._
interaction mediate the unprecedented helical assembly of sterically encumbered bis acetals. ThQs
molecules contain a high degree of encoded molecular recognition functionality. One of the OXyg
atom from one side form complimentary weak CH....O interactions with the adjacent molecul‘_
Additionally, due to steric crowding of cyclohexyl and dimethyl groups the molecule is forced in tg
twisted conformation. Combinations of these molecular features would translate into a he) ice
supramolecular array held together by intermolecular C-H....O interaction as shown in Scheme 1B 7,

The detailed description is elucidated in the next section 1B.3.1.

Further scope of this present acetylation methodology was also successfully applied tq
representative variety of functionalised alcohols, Table 1.14.
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Tablel.14. Acetylation® of Functionalised Alcohols with Ac,0 Catalysed by TBATB

Substrate Product Time/h Yieldb-< (%)
/O/\ O a7 gOAC (279) 0.16 92
MeO MeO
(1 (51) (\/]\ (51g) 0.16 87
/\/\/\ /\N\
0" o OH 0 o OAc
OH OAc
H (53) )=<- (53g) 1.00 840
HO AcO
HO—==—OH (54) AcO—==—0Ac (54) 1.25 86°
- =
WOH (55) OM 0% (55g) 0.08 89
= OH =
CILT ™ e COT™ e o
0 0
HO OAc HO OAc
/'\JI\\H (57) /']‘\\H (579) 1.05 70
>|\0 O ﬁ\o 0
I /Q/\OH ] /@-\OAG
- (58) ! (58) 1.00 85
(59) (599) 8.00 90
HO AcO
&5 0
OAc
@ALO/\/OH 61) ©)L 0> (61g) 0.08 02
o 0 OAc
O/\/O\/\.OH 0/\/0\/
(62) (629) 0.66 94

*Reactions were monitored by TLC. "Confirmed by comparision with IR, 'H NMR. “Isolated yield.

The substrates bearing acid sensitive groups such as OMe 27, THP 51 remained intact under the

described reaction condition. Diacylated product was obtained without affecting the multiple bonds in

substrates, but-2-ene-1,4-diol 53 and but-2-yne-1,4-diol 54 with acetic anhydride (2.5 equiv). The
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present method is also effective for acylation of o,B-unsaturated alcohol such as cinnamyl 55.
Conversion of 4-allyloxy benzyl alcohol 56 to its acetate also occurred smoothly without affecting the
double bond, Table 1.14.

A substrate containing two hydroxyls and a NHBoc functionality 57 gave monoacylated product
without affecting the NHBoc group when reacted with 1.2 equiv of acetic anhydride. Cholesterol 59
took comparatively longer reaction time for the transformation. Moreover, substrates bearing acid
sensitive groups such as OMe 27, THP 51, NHBoc 57, and TBS ether 58, and base sensitive groups such
as benzoate 61-62 remained intact under the described reaction condition revealing the functional group
compatibility. The pKas of HBr, HCIO,4 and triflic acid respectively are —9, -10, and —13 showing that
triflic and perchloric acids have stronger acidic character compared to HBr. It may be noted that strong
Lewis acid character of metal triflates makes them unsuitable for acid-sensitive substrates. In scandium
triflate catalysed acetylation, rearranged products of allylic alcohols have been observed.?® Results
obtained for differential functionalised alcohols have been summarised in Table 1.14.

Tablel.15. Acetylation® of Phenols with Ac,O Catalysed by TBATB

Substrate Product Time/h Yield®<(%)
OH OAc
OH OAc
- ol
CH, CH,
OH OAc
. ol L
OH OAc
OH OAc
/O/ (68) /©/ (689) 5.0 85
HO AcO
OH OAc
/©/ (59 O (699) 24.0 25
O,N O,N
(70 O 24.0 5
NG ) i (70g) 1

Reactions were monitored by TLC. *Confirmed by comparision with IR, '"H NMR. ‘Isolated yield.
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The acetylation of a wide range of structurally varied aliphatic, benzylic, allylic alcohols and
phenols highlight the fact that the method is capable of generalisation. However, phenols were sluggish
under the present reaction condition and took comparatively longer reaction time for completion (Table
1.15). This result was attributed to the differential nucleophilicities of phenols and aliphatic alcohols
under the reaction condition.

It is noteworthy to quote that phenols are less nucleophilic than aliphatic alcohols under acidic
condition but more nucleophilic under basic condition.””® Phenols containing electron-donating groups
in the aromatic ring 66-68 were acetylated with ease in comparision to those with electron-withdrawing

groups 69-70, Table 1.15.
Tablel.16. Acetylation® of Amines and Thiol with Ac,O Catalysed by TBATB

Substrate Product Time/h Yieldb< (%)
AN, (T AN NHAe (739) 0.08 80
O/\NHZ (74) Q/\NHAC (74g) 0.08 89
G/LN H, (76) O/LNHAc (76g) 0.08 85
NH, NHAC
Cf/ (78) O/ (78g) 0.08 95
NH, NHAC
@i (79) @[ (799) 0.08 90
F F
NH, NHAC
/©/ (84) /O (84g) 0.08 92

(86) (86g) 0.08 92
AcHN

ll\c
O (93) @/N\@ (939) 16 75

g sH (94) AN sAc (94g) 1.0 709

MI

Z E
pd
I
%]
=z
= 5
>
o

* Reactions were monitored by TLC. "Confirmed by comparision with IR, "H NMR. ‘Isolated yield. “CH;CN was used as
the solvent.
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Numerous procedures have been reported in literature for acylation of amines.'***’ Some of the
catalysts that are capable of acylating alcohols, phenols, thiols and amines are RuCl;*® InCl;*
BiOCIO4*' heteropoly acid,'? solid surface-Al,03 ' oxomolybdenum species, '’ V(0)(OTH),*

The versatility of the described procedure can be observed from its successful application to V-
and S-acylation of structurally different amines and thiols. Primary aliphatic amines 73, 74, 76 and
anilines with various electron releasing and withdrawing substituents 78, 79, 84, 86 were converted to
their corresponding amides in short time, whereas secondary amine 93 took hours for completion. This
result is not surprising since N-acylation of primary amines has been carried out without the use of any
acidic or basic catalyst.”® Thioacetal and hemithioacetal were obtained as side products when acylation
of dodecanethiol 94 was carried out in acetone. However, the corresponding thioacetate was obtained by
changing the solvent to acetonitrile. The results have been summarised above in Table 1.16.

The marginal difference in acylation rate between primary and secondary alcohols, paITiCUIa.ﬂ}'
for diols containing both types of hydroxyl yields substantial amount of diacylate.** SelecEIVe
monoacylation of symmetrical as well as unsymmetrical diols with various reagents using symmetrical

anhydrides have been reported.'!: 12131419, 26,27,28:29

Tablel.17. Selective Monoacetylation® of Diols with Ac,O Catalysed by TBATB
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Substrate Product Time/h Yieldb-c (%)
Ho/\J/\OH (42) HO™ ; ~OAc (42g) 0.08 85
3
AcO” 7 T0Ac (429) 25
OH OH
(46) (46') 0.16 80
)\/\OH /I\/\OAC
OAc
)\/\ (46g) 15
| OAc
OH OAc
/Q/\/ (49) /@/\/ (49g) 0.16 85
HO HO OAc
AcO
OH OAc
H (52) _>=<_ (52'g) 0.50 75
HO HO
OAc
H (52g) 20
AcO
NH, NHAC
O (88) /Q/ (88g) 0.08 90
HO HO
NHAC
/O/ (88') 00

AcO

? Reactions were monitored by TLC. *Confirmed by comparision with IR, "H NMR. “Isolated yield.

High selectivity was obtained for unsymmetrical aliphatic diol possessing both primary and
secondary hydroxyl groups such as 1,3-butane diol 46. The primary hydroxyl group was selectively
acetylated prior to secondary one with lot wise addition of 1.2 equiv of acetic anhydride in the presence
of 0.1 equiv of TBATB in acetone. However, lower selectivity was observed for symmetrical primary
diols 42 and 53 even with lot wise addition of the anhydride. The ratios of mono and diacetylated
product obtained for substrates pentane-1,5-diol 42 and but-2-ene-1,4-diol 53 were respectively 65:25
and 75:20. The poor reactivity of phenols with acetic anhydride in presence of TBATB raised a genuine
possibility of selective acylation of aliphatic alcohols over phenols. For substrate 49 containing both
primary and phenolic hydroxﬂ group, selective monoacetylation occurred at the aliphatic hydroxyl
giving exclusively monoacetylated product 49a. Substrate p-aminophenol 89 produced the

corresponding acetamide; without affecting the phenolic group. Selective N-acetylation is of significant
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interest for the preparation of the antipyretic and analgesic drug paracetamol 89a. Results obtained hav

been summarised below in Table 1.17.

There are few reports of pivaloylation, benzoylation and acylation using other anhydride an
alcohols."'**** 1t is worth noting that none of the procedures reported in the literature has focused o
the acylation of alcohols, amines, and thiols with isobutyric anhydride. In order to extend the scope ¢
the methodology, acylation of alcohols, amines, and thiols with other anhydrides was carried out unde
the identical condition as described using acetic anhydride. A variety of aliphatic and aromatic alcohok
20, 22, 35, 49, 55, amine 78, and thiol 94 could be propionylated using propionic anhydride to thei
corresponding propionates 20h, 22h, 35h, 49h, 55h, 78h, and 94h. Chemoselective propionylation ¢
primary alcohol over phenol, and amine over phenol could be observed as demonstrated for substrates
49 and 89 respectively as shown in Table 1.18.

Table 1.18. Propionylation of Alcohols, Amine and Thiol with (EtCO),0O Catalysed by TBATB

Substrate Product Time/h Yieldb< (%)
N on (20) N 0COE' (20h) 0.25 88
OH (=2) OCOEt (22h) 0.25 94
©/I\ (35) O)\ (35h) 0.5 90
OH OCOEt
/O/\J 8 /©/\/ (49h) 0.16 82
HO HO
N N
OH OCOEt ;s ) 0.25 93
(55)
NH, NHCOEt
©/ (78) @ (78h) 0.8 95
NH, NHCOEt
/@r (89) O/ (89h) 0.16 96
HO HO
d
“ % SH (94) ~ )5 SCOEt (94h) 1.0 72
e 4

® Reactions were monitored by TLC. "Confirmed by comparision with IR, '"H NMR. “Isolated yield. 4CH,CN was used g

the solvent.

Other anhydride such as isobutyric reacted successfully with various alcohols such as 20, 22, 35

49, 55 amine 78, and thiol 94 to yield the corresponding isobutyrates 20i, 22i, 351, 49i, 55i, 78i and 94

as shown in Table 1.19.
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Table 1.19. Isobutyrylation® of Alcohols, Amine and Thiol with (iPrCO),0 Catalysed by TBATB

Substrate Product Time/h Yield®< (%)

<% 0oH (20) <7 ocoiPr (20i) 0.33 89

OH 2 _ OCORr 0.33 92
o) OCOiPr

(35) O)\ (35i) 0.5 88
OH OCOiPr

/Q/\/ (49) /O/\/ (49) 0.16 95
HO HO

N SN .

@A/\OH (55) WOCOH (55i) 0.25 80
NH, NHCOiPr

©/ (78) @’ (78i) 0.08 94

~ % “SH (94) <% scoipr (94) 1.0 78¢

9

* Reactions were monitored by TLC. *Confirmed by comparision with IR, 'H NMR. ‘Isolated yield. *CH,CN was used as
the solvent.

Table 1.20. Pivaloylation of Alcohols, Amine and Thiol with (t-BuCQ),0 Catalysed by TBATB

Substrate Product Time/h Yieldbc (%)
N 0H (20) N 0CcotBu (20j) 1.0 86
OH 52y ON\OCO"B“ (22)) 10 90
OH OCOt-Bu
©/J\ (35) @A (35i) 1.5 80
OH 0COt-Bu
O/\/ (49) O/\/ (49j) 1.33 82
HO - HO -

ON\OH (55) O/V\OCO"B” (55) 15 89

NH, , NHCOt-Bu
O (78) O (78) 0.25 88

*Reactions were monitored by TLC. "Confirmed by comparision with IR, "H NMR. “Isolated yield.

It is needless to mention that chemoselective isobutyrylation and pivaloylation of primary

alcohol over phenol was observed as demonstrated for substrate 49, Table 1.19 and 1.20. Similarly the
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pivalates 20j, 22j, 35j, 49j, 55j, 78j were obtained in good yields from their corresponding alcohols an
amine under the present condition with pivalic anhydride in the presence of catalytic amount of TBATB,
Table 1.20.

Benzoic anhydride, an aromatic anhydride reacted with various alcohols such as 20, 22, 49 ané
55 giving corresponding benzoates 20k, 22k, 49k, 55k respectively. Similar to other anhydrides.
benzoic anhydride also reacted with the amines 78 and 89 and thiol 94 to give 78k, 89k, and 94k
respectively. The reaction of benzoic anhydride with various alcohols, amine and thiol is summarised in
Table 1.21. In general, the more hindered the anhydride; the slower is the acylation rate. Notably, undet
the present reaction condition there is not much difference in the acylation rates of alcohols, amines an¢
thiols with acetic, propionic and isobutyric anhydride but the reaction is slower for pivalic and benzoic
19a,b

anhydride. This observation is consistent with the observations made by others.
Table 1.21. Benzoylation® of Alcohols, Amine and Thiol with (C¢HsCO),O Catalysed by TBATB

Substrate Product Time/h Yieldbc (%)
N7 0oH (20) X, TOCOCH;  (20Kk) 5.0 75

Q/\/\OH (22) @MOCOCEHs (22K) 25 87
OH 0COC,H,
/O/\/ (49) /Q/\/ (49K) 2.0 80
HO HO
0

OCOCH,

/g
= B
/é

(55k) 5.0 85
NH, NHCOCH,
O/ (78) @ (78Kk) 0.25 93
NH, NHCOC H,
O (89) O (89K) 0.25 92
HO HO
(94K) 5.0 68d

94
% sH e <X SCOCH,

*Reactions were monitored by TLC. *Confirmed by comparision with IR, "H NMR. “Isolated yield. “CH;CN was used as the
solvent.

The reagent TBATB serves as an excellent source of anhydrous HBr in acetone, which catalyses

structurally diverse alcohols, amines, thiols, and phenols with different anhydrides. No bromination was
observed for substrates susceptible to bromination due to consumption of active bromine in TBATB by
acetone giving bromoacetone and HBr. Solvent and steric factors in substrates as well as anhydrides
play a significant role during the formation of acylates. Chemoselective acylation of symmetrical diols,

primary hydroxyl over secondary and phenolic, and amines over phenols has been achieved. Compared
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to the existing methods, which uses various acidic and basic catalysts, this method is very general,
simple, gives high yield, has shorter reaction time, and is environmental friendly. In terms of
compatibility and selectivity this method is superior to many of the reported methods. Due to the mild
reaction conditions a number of functional groups remain intact, in spite of being capable of reacting
with tribromides.

1B.3.1. Hydrogen Bonded Super Helical Structure of Diisopropylidene
and Dihexylidene Dderivative of Pentaerythreitol

In this section we have described the crystal structure of of two bis acetals 50°’g and 16’’g. The
reaction of pentaerythritol with acetone and cyclohexanone in the presence of tetrabutylammonium
tribromide, TBATB yields 3,3.,9,9-tetramethyl-2,4,8,10-tetraoxa-spiro[5.5]Jundecane  50’°g and
7,11,18,21-tetraoxatﬁspiro[S.2.2.5.2.2]heneicosane 16’g respectively as shown in Scheme 1B.21

inearlier section and Scheme 1B.22 given below.

O :><: O>< Ac,O/TBATB HO :>COH Ac,O/TBATB OO :>C0 >C>
><O 0o OH o] 0

CH,COCH, HO O,zo
50"g Pentaerythritol

Scheme 1B.21
Single crystals were obtained by crystallising the compounds in ethyl acetate: hexane (1:1).

Compound 50°°g has one spiro centre where as compound 50*”°g has three such centres. Asymmetric
unit of both 50’’g and 50°*’g has four units each. The prospective view of 50”’g and 50°*’g along with

atom labelling scheme is shown in Figure 1.7.

\;‘“{ .

50! 9g 509’,g

Figure 1.7. Prospective View of 50”’g and 50°*°g Showing the Atom Labeling Schemes.
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The weaker CH....O interaction mediate the unprecedented helical assembly of stericall
encumbered bis acetals. These molecules contain a high degree of encoded molecular recognitic
functionality. One of the oxygen atom from one side form complimentary weak CH....O interectior:s
with the adjacent molecule. Additionally, due to steric crowding of dimethyl group and cyclohexyl ¥
50°°g and 50°”’g respectively, the molecule is forced in to a twisted conformation. Combination of thes
molecular features would translate into a helical supramolecular array held together by intermoleculs
C-H....O interaction.

Compound 50”’g crystal packs into supramolecular hydrogen bonded helices that exten
indefinitely through the crystal lattice Figure 1.8 (a).

(b)
Figure 1.8. (a) View Illustrating Intramolecular Hydrogen-Bonded Interactions Between étflgcf?nt
Molecules within the Helix. Hydrogen Atoms Other than Hydrogen Bonded has been Omutted for
Clarity. (b) Space Filling Model with Hydrogen Atom.
It is this extended net work of strong and directional C-H.....O intermolecular hydrogen bond
(2.719 A in length) that drive the formation of the helix. The path of the helix can easily be traced b

following the hydrogen bonds counterclockwise around the two-fold screw axis of the helix. Two unit
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of the 3,3,9,9-tetramethyl-2,4,8,10-tetraoxa-spiro[5.5]undecane 50°’g combined to make up a single turn

of the helix generating a large helical pitch of 16.8A.

Table 1.22. Crystal Data and Structure Refinement for (50”°g) |

Identification code sn02 ‘

Empirical formula Ci Hy Oy |

Formula weight 216.27

Temperature 2732) K

Wavelength 71.073 pm

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=8.3368(6) A a=90°.
b =9.4794(9) A B=92.072(5)°.
c=14.8905(12) A y=90°.

Volume 1.17599(17) nm3

Z 4

Density (calculated) 1.222 Mg/m3

Absorption coefficient 0.091 mm-!

F(000) 472

Crystal size 0.50 x 0.28x 0.23 mm3

Theta range for data collection 2.74 to 28.32°.

Index ranges -11<=h<=10, -12<=k<=12, -19<=I<=19

Reflections collected 5014

Independent reflections 1433 [R(int) = 0.0126]

Completeness to theta = 28.32° 97.2 %

Absorption correction None

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 1433/0/71

Goodness-of-fit on F2 1.040

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

R1=10.0452, wR2 =0.1436
R1=10.0513, wR2 =0.1546

0.250 and -0.217 e.A"3

The central spiro unit of compound 50°’g is exactly identical to that of 50°”g. Due to the large

steric factor due to the cyclohexyl system, the crystal packs into supramolecular hydrogen bonded

helices that extend indefinitely through the crystal lattice, Figure 1.9.
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(@ (b)

Figure 1.9. (a) View Illustrating Intramolecular Hydrogen-Bonded Interactions Between I}djzc;fm
Molecules within the Helix. Hydrogen Atoms Other than Hydrogen Bonded has been Omuitted for
clarity. (b) Space Filling Model With Hydrogen Atom.

But unlike 50°°g there is only one intermolecular CH...O interection (2.709 A in length) thy
drive the formation of the helix. The path of the helix can be can easily be traced by following the
zag hydrogen bonding pattern. The helical pitch of 13.92A is less than that of 50°’g due to the formatj,
of a DNA type double helical structure.

Table 1.23. Crystal Data and Structure Refinement for (50°°°g).

Identification code bkp007 \
Empirical formula Cy7 Hyg Oy

Formula weight 296.39

Temperature 273(2) K

Wavelength 71.073 pm

Crystal system Monoclinic

Space group P2(1)
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Table 1.23. Crystal Data and Structure Refinement for (50°°°g).

Table 1.23 Contd.

Unit cell dimensions

Volume
zZ

Density (calculated)

Absorption cocefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.59°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

a=11.1274(5) A o= 90°.
b=13.9251(6) A
¢ =11.6790(6) A
1.59623(13) nm3
4

1.233 Mg/m3

0.086 mm-1
648

0.48 X 0.26 x 0.13 mm3

2.09 10 29.59°,

-15<=h<=15, -19<=k<=19, -16<=I<=13
13534

7947 [R(int) = 0.0149]

93.8 %

None

Full-matrix least-squares on F2

7947/ 1/380

1.024
R1=0.0421, wR2 = 0.1085
R1=0.0534, wR2=0.1173
0.5(6)

0.0032(10)

0.269 and -0.199 e.A-3

y = 90°.

B= 118.108(3)".

At the molecular level, the crystal contains a single enantiomer of the ketone. This local chirality
translate in the crystal into the formation of only left-handed helices at the supra molecular level. Thus
there might be an auto-resolution process that is effective during crystallisation where by the
preassembled helices communicate with the neighbouring helics during the packing of crystal lattice.

Because of their implications in the origin of homochirality such chiral resolution process are of

— i 1
significant interest.’

Description of Crystal Structure

Data were collected with Bruker Smart Apex-II CCD diffractometer using graphite monochromated
MoK, radiation (A = 0.71073 A) at 298 K. Cell parameters were retrieved using SMART ** software and
refined with SAINT® on all observed reflections. Data reduction was performed with the SAINT

software and corrected for Lorentz and polarisation effects. Absorption corrections were applied with the
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program SADABS.?* The structure was solved by direct methods implemented in SHELX-97** program
and refined by full-matrix least-squares methods on #2. All non-hydrogen atomic positions were located
in difference Fourier maps and refined anisotropically. The hydrogen atoms were placed in their
geometrically generated positions. All the colorless crystals were isolated in rectangular shape from
ethyl acetate and hexane mixture (8:2) at room temperature.

All non-H atoms were refined by full-matrix least squares in anisotropic, all H atoms in isotropic
approximation, against F* of all reflections. All C and O atoms including any heteroatoms were refined
in anisotropic approximation. The isotropic parameters and the positions of the hydrogen attached to
polar atoms such as O and N were refined in the final structure models. The crystallographic tables

include the crystal parameterrs and the refinement factors.
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1B.4 Tetrabutylammonium Tribromide Mediated Condensation of Carboxylic Acids
with Alcohols

Acylations using acid anhydrides work well, but the conversion is inherently wasteful since half
of every acid anhydride molecule is lost as carboxylic acid utilising only one acyl group for acylation.
On the other hand acyl chlorides are equally efficient acylating agents but their use is restricted owing to
their moisture sensitive, corrosive and lacrymating properties. The use of large amount of acylating
reagents and activators should be avoided in order to promote Green chemistry and atom efficiency. To
fulfill these requirements direct condensation of alcohols with carboxylic acids is the ultimate choice.
But the direct condensation of carboxylic acids with alcohols is generally avoided because the
equilibrium between the substrates and the products require the elimination of water from the reaction
mixture using dehydrant or azeotropically to shift the equilibrium in favour of product. This has been
achieved conventionally by condensing carboxylic acid and alcohol with one being in large excess to
drive the reaction in forward direction. The reagents and procedures for direct condensation include
B(OH);,' R,SnO,’ diorgano tin chloride.® Stoichiometric condensation of alcohols and acids using
TiCI(OTf);* involve silyl dehydrating additives where as for TiCly(C104)2**%and Sc(OTf);"" mediated
condensation, anhydride is essential for the removal of water. Water formed during the condensation
catalysed by Hf(IV) and Zr(IV) salts has been reported to be removed azeotropically using Soxhlet
thimble and calcium hydride or 4A molecular sieves.” Besides these, several other reagents and
procedures  accounting  for  this  transformation  includes  La(OT3%  Ce(OTDH:
diphenylammoniumtriflate (DPAT)," triaryl bismuthanes,” KsCoW12040.3H20® montmorillonites clay®
Mn(III) salen complex,'’ pillared clays,' CAN,"? KF'® and CoCl,.6H,0."* Though some of the reporteq
methods are quite useful for this conversion, some of these methods require expensive dehydrating
agents like 4-nitrobenzoic anhydride, silyl additives, CaH, and special equipment such as Soxhlet
thimble. Some of the reagents are toxic and some of these are expensive. Therefore, there is still a neeq
to search for other suitable alternatives circumventing the above mentioned problems. TBATB in ap
organic medium being an in-situ source of anhydrous HBr manifests itself as a milder alternative tq
conventional protic and Lewis acids. In continuation to the applications of TBATB for various 0rganic
transformations, we have reported here the acylation of alcohols using various carboxylic acids under q
solvent free condition.

To investigate this reaction 3-phenyl propanol 22 (5 mmol) was treated with glacial acetic acid
(5 mL) in the presence of TBATB (0.5 mmol) at room temperature and progress of the reaction wag

monitored by thin layer chromatography. Only 40% conversion was achieved even after 24 h. However,

TH-1847_03612208



TBATB Mediated Direct Condensation of Carboxylic Acids with Alcohols 97

shorter reaction time 0.25 h and better yield (95%) was achieved by performing the reaction at refluxed
temperature. Surprisingly, even without the removal of water, esterification was very satisfactory; hence
no special precaution was required for the removal of water from the reaction mixture. In a control
reaction when decanol 20 (1 mmol) was treated with TBATB (0.1 mmol) no alcohol bromination was
observed at all. TBATB is known to release anhydrous HBr in an alcoholic medium and other organic
solvent. The pH of the neat acetic acid recorded was 0.8, which drop to a value of -0.9 on addition of
TBATB under the identical reaction condition. The HBr with pKa (-9) is sufficiently acidic as compared
to protonated carboxylic acid pKa (-7) and protonated alcohol pKa (-2)."” Thus, alcohol would
preferentially be protonated over carboxylic acid. The nucleophilic attack of carboxylate ion on the

oxonium species will yield acylated product as shown in Scheme 1B.21.
Bu,NBr, + CH,COOH —> Hpr

1 T 2Ll A
/H ,H—‘_ + —-—F :
R™ 70" + Hpr _R‘j\.QB_ RAO'J\' R™ 0" "R
H o H
RCOOH

Scheme 1B.21

By employing this reagent a wide variety of aliphatic, aromatic primary, secondary benzylic
alcohols containing electron releasing and electron withdrawing groups could be acetylated to produce
the corresponding esters in good to excellent yields. Under the present optimised reaction condition,
aliphatic alcohols 20-22 were transformed to corresponding acetates in excellent yields. Benzylic
alcohol 26 with electron withdrawing substituent, and electron donating substituent 27 could also be
acetylated in shorter time. Acetylation of hindered primary alcohols 31-32 could be achieved in good
yields under the present reaction condition. However, symmetrical diols such as pentane-1,5-diol 42,
diethylene glycol 45, and 2,2-dimethyl-1,3-butane diol 46 were diacetylated completely under the
present reaction condition. Hindered secondary alcohols 34, 35, 37, and 39 were converted to their
corresponding acetates in moderate yield. Small percentage of brominated product (< 5%) was observed
as side product for substrate containing double bond such as cinnamyl alcohol 55 and p-O-allyl alcohol
56. More over, acid scnsitivel groups such as OMe 27, allyloxy group 56 as well as base sensitive
benzoate group 60-61 remained intact under the described reaction condition revealing the functional

group compatibility of this method, Table 1.22.
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Tablel.22. Acylation® of Alcohols with Acetic acid in the Presence of TBATB.

Substrate Product Time/h Yieldb< (%)
7 oH (20) SN GAe (20g) 0.25 92
% OH 1) T 0AC (21g) 0.25 93
@Mo” (22) WOAC (229) 0.25 95

OH OAc
(26) (269) 0.5 90

NO, NO,

/@\OH 27) /O/\OAC (279) 0.16 92

MeO MeO
/@\OH (28) /OVNOAC (289) 0.16 92

o] cl
Q.O (31) O’O (319) 0.66 95

OH OAc
m/\g (32) gNU (329) 016 -
OH OH
HO” : SOH  (42) AcO” 5 0Ac  (429) 0.16 89
HO_~ ~_-OH AcO ~_OAc
0 (44) G (44g) 0.16 90
HO/><\OH (45) ACO/><\OAC (45g) 0.16 90
W/Q/ (34) ﬂ (349) 0.75 87
OH OAc
\ OH X OAc
(55) (559) 0.33 82
z OH ( OAc
(56) & (5649) 0.50 92
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Tablel.22. Acylation® of Alcohols with Acetic Acid in the Presence of TBATB

Substrate Product Time/h Yieldv< (%)
OH OAc
©)\ (35) (j/k (359) 0.66 80
OH OAc
Q/I\ (36) Q)\ (36g) 0.92 80
NO, NO,
OH OAc
50 (39g) 1.00 78
Q 0
Cl)ko/\/o?m ) dONOATG1g) 0.50 92
Q 0

SO '
©)\0 OH 0~ O"0Ac
(62) (620) 0.66 94

*Reactions were monitored by TLC, GC. *Confirmed by comparision with IR and '"H NMR. ‘Isolated yield.

The differential reactivity of substrates containing primary and secondary alcoholic group
prompted us to perform chemoselective acylation amongst these group. When 1,3-butane diol, 46 was
subjected to react under the described condition with acetic acid, the ratio of primary monoacetylated
and diacetylated products obtained were 42:45 respectively, showing poor chemoselectivity between
primary and secondary alcohol, Table 1.23. However, as could be seen from Table 1.23, for substrate 4-
(2-hydroxy-ethyl)-phenol, 49 the primary aliphatic hydroxy group was exclusively acetylated in the
presence of phenolic hydroxy group. Benzylic alcoholic group was chemoselectively acetylated over

phenolic group under the present condition for substrate 48 in Table 1.23.
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Table 1.23. Acetylation® of Diols with Acetic acid in the Presence of TBATB.

Substrate Product Time/h Yieldbc (%)
OH OH
(46) (46'g) 0.33 42
)\/\OH /J\/\OAC
Ac
(46Q) 45
OAc
/Q/\OH (48) /Q/\OAC (48g) 0.50 83
HO HO
A
AcO
OH OAcC
HO HO
OAc
O s y

AcO

*The reactions were monitored by TLC, GC. "Confirmed by comparison with IR, '"HNMR of the authentic sample. “Isolated
yield

Table 1.24. Acylation® of Alcohols with EtCOOH in the Presence of TBATB.

Substrate Product Time/h Yield®<(%)

N T0oH  (20) N 0COEt (20h) 0.25 90

OCOEt
(22) Q/\/\ (22h) 0.33 95

OCOEt

= g
OH
Q)\ (35) ©)\ (35h) 0.50 80
OH OCOEt
J@/\/ (49) /@f\’ (49h) 0.42 87
HO 'HO

“Reactions were monitored by TLC, GC. "Confirmed by comparison with IR 'HNMR of the authentic sample.‘Isolated yield,

The scope of the condensation reaction was extended for propionylation, isobutyralation ang

pivaloylation. When various alcohols were reacted in presence of TBATB (10 mol%) with propionic,

TH-1847_03612208



TBATB Mediated Direct Condensation of Carboxylic Acids with Alcohols 101

isobutyric and pivalic acid respectively furnished corresponding propionates, isobutyrates and pivalates

as given below in Table 1.24-Table 1.26 respectively in good to high yields.

Table 1.25. Acylation® of Alcohols with iPrCOOH in the Presence of TBATB.

Substrate Product Time/h Yield®<(%)
N7 0N (20) 7 ocoipr (200) 0.33 88
OCOiPr_
(22) (22i) 0.33 80
OH COiPr

(35) (35i) 0.75 79

OH
OH OCOiPr
/@N (49) /@/\/ (49i) 0.58 86
HO HO

"Reactions were monitored by TLC, GC. ®Confirmed by comparison with IR "HNMR of the authentic sample.‘Tsolated yield.

Table 1.26. Acylation® of Alcohols with (+~-BuCOOH) in the Presence of TBATB.

Substrate Product Time/h Yield®¢(%)

<7 T oH (20) 7 0ocot-Bu (20i) 0.75 83

OCOt-Bu_
(22) (22i) 0.75 86

OCOt-Bu

o
OH
U\ (35) O)\ (35i) 1.00 76
OH OCOt-Bu
/Q/\/ (49) /©/\/ (49i) 0.92 82
HO HO

*Reactions were monitored by TLC, GC. *Confirmed by comparison with IR "HNMR of the authentic sample.‘Isolated yield.
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Table 1.27. Acylation® of Butane-1,3-diol with Various Acids in the Presence of TBATB.

Substrate Carboxylic Acid Product Time/h Yield®<(%)

OH

EtCOOH /J\/\ (46'h) 0.50 30
OCOEt

COEt
(46h) 60
OCOEt
(46) iPrCOOH (46') 0.42 60
OH )\/\OCOiPr

COiPr
(46i) 30
OCOIiPr

OH

t-BuCOOH /J\M/,\ (46') 1.5 70
OCOt-Bu
COt-Bu
(46j) 15
OCOt-Bu

*The reactions were monitored by TLC, GC. ®Confirmed by comparison with IR, "HNMR of the authentic sample. ‘Isolated
yield

As could be observed from above tables, for a given alcohol the rate of acylation increases with
increase in the bulkiness of the carboxylic acid. Taking cue from the above observation, study on the
effect of steric bulkiness of the acids on the selectivity in acylation was thought to be quite useful.

When butane-1,3-diol, 46 was reacted with various acids, the ratio of mono and di products
observed is summarised in Table 1.27. As could be seen from Table 1.27, a better chemoselective
acylation of primary alcohol was observed for primary alcohol with increase in bulkiness of acid group
during a specified reaction time.

In conclusion, TBATB is found to be an excellent source of anhydrous HBr which catalyses the
direct condensation of acid with alcohol. The reagent TBATB is air stable, low toxic and easy to handle,
The operation is quite simple, because chemical dehydrating agents such as anhydrides, silyl additives or
special apparatus such as Soxhlet-thimble, Dean-Stark apparatus is not necessary. Reaction under g
solvent free condition, shorter reaction time accompanied by good yield and operational simplicity are

some of the interesting features of thig procedure.
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1C. Experimental Section
1C.1. General Remarks

All the solvents and reagents employed were of reagent grade (AR grade) and used as purchased
without further purifications, unless otherwise stated, and were obtained from E. Merck, Sigma-Aldrich,
SRL, Qualigens. Organic extracts were dried over anhy. Na,SO4. Sovents were removed in arotary
evaporator under reduced pressure. Silica gel (60-120 mesh size) was used for column chromatography.
Reactions were monitored by Thin Layer Chromatography (TLC) on silica gel GF2ss (0.25mm). Gas
liquid chromatography was performed using HP 6890 series II instrument with HP-1, a cross linked
methyl silicon gum capillary column (30m x 0.32mm x 0.25um) fitted with FID, and quantification was

done using HP integrator.

1C.2. Characterisation of Organic Substrates

Fourier transform-infrared (FT-IR) spectra were recorded on Nicolet Impact-410 instrument
either as neat liquid or KBr pelets. Melting points were recorded with a Biichi B-540 melting pointg
apparatus. Fast atom bombardment (FAB) mass was recorded using a JEOL SX-120/DA-6000
instrument using argon (60KV, 10mA) as the FAB gas. Elemental analyses were carried out in automatic
C, H, and N analyzer on 2400 Perkin Elmer Series II/CNO. Nuclear Magnetic Resonance ('H NMR)
spectra were recorded in CDCly or DMSO-dg with tetra methyl silane as the internal standard for 'H
NMR (300 and 400 MHz) and CDCl; or DMSO-ds solvents as internal standard for '3C NMR (75 ang
100 MHz). GC-MS were recorded using a capillary column (30 X 0.25 mm X 0.25 mp) in EI mode.

1C.3. General Experimental Procedures

1C.3.1. General Procedure for Preparation of 1,3-Dithiolanes and 1,3-Dithianes of Aldehydes and
Ketones: (Scheme 1B.1)

To a solution of aldehyde (5 mmol) in THF (5 mL) and 1,2-ethanedithiol or 1,3-propanedithig]
(5.5 mmol) was added tetrabutylammonium tribromide (0.1 mmol). The homogeneous reaction Was lefi
at room temperature and the progress of the reaction mixture was monitored by TLC and GC. After
completion of the reaction, the reacfion mixture was poured into saturated NaHCOj3 solution (10 mL)
and the product was extracted with ethyl acetate (2 x 25 mL). The organic layer was separated, dried

over anhydrous sodium sulfate and concentrated. Further purification was achieved by a flash columy
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chromatography and products were identified by comparison of their NMR, IR, GC, and GC co-

injection with authentic samples prepared by known methods.

1C.3.2. Chemoselective Thioacetalisation of Aldehydes in the Presence of Ketones: (Scheme 1B.2)

To the mixture of benzaldehyde 1 (1 mmol), acetophenone 17 (1 mmol) and 1,2-ethanedithiol or
1,3-propanedithiol (1 mmol) in THF was added tetrabutylammonium tribromide (0.02 mmol). The
homogeneous reaction was left at room temperature. The percentages of products formed at different
times were determined by gas liquid chromatography. '
1C.3.3. Chemoselective Thioacetalisation of p-Hydroxybenzaldehyde 5 in the Presence of p-
Nitrobenzaldehyde 6: (Scheme 1B.3)

To the mixture of p-hydroxybenzaldehyde 5 (1 mmol), p-nitrobenzaldehyde 6 (1 mmol) and 1,2-
ethanedithiol or 1,3-propanedithiol (1 mmol) in THF (2 mL) was added tetrabutylammonium tribromide
(0.02 mmol). The homogeneous reaction was left at room temperature. The percentages of products

formed at different times were determined by gas liquid chromatography.

1C.3.4. Chemoselective Acetalisation of p-Nitrobenzaldehyde 6 and Thioacetalisation of p-
Hydroxybenzaldehyde 5: (Scheme 1B.4)

To an equimolar (1 mmol each) mixture of p-hydroxybenzaldehyde 5 and p-nitrobenzaldehyde 6
in THF (2 mL) was added 1,2-ethanedithiol (1 mmol) and 1,2-ethanediol (4 mmol) followed by
triethylorthoformate (1 mmol) and TBATB (0.02 mmol). The homogeneous reaction was left at room

temperature. The percentages of products formed at different times were determined by gas liquid

chromatography.
1C.3.5. Chemoselective Oxathioacetalisation of p-Nitrobenzaldehyde 6 in the Presence of p-
Hydroxybenzaldehyde 5: (Scheme 1B.5)

Similar to chemoselective thioacetalisation of p-hydroxybenzaldehyde in the presence of p-
nitrobenzaldehyde except TBATB (0.01 mmol) was used instead of 0.02 mmol and 2-mercaptoethanol
was used in stead of 1,2-ethanedithiol.
1C.3.6. Chemoselective Oxathioacetalisation of p-Nitrobenzaldehyde and Thioacetalisation of p-
Hydroxybenzaldehyde: (Scheme 1B.8)

To an equimolar mixture (1 mmol each) of p-hydroxybenzaldehyde 5 and p-nitrobenzaldehyde 6

in THF (2 mL) was added an equimolar mixture of 2-mercaptoethanol and 1,2-ethanedithiol (1 mmol
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each) in THF (1 mL) followed by tetrabutylammonium tribromide (0.02 mmol). The heterogeneous
reaction was left stirring at room temperature and the progress of the reaction was monitored by TLC
and GC. After completion of the reaction, the reaction mixture was poured into NaHCOj; solution (2
mL) and the products were extracted with ethyl acetate (2 x 10 mL). The organic layer was separated,
dried over anhydrous sodium sulfate and concentrated. The percentages of products formed were first
determined by gas liquid chromatography followed by isolating the products by column chromatography

using ethyl acetate hexane as eluents.

1C.3.7. Chemoselective Oxathioacetalisation over Acetalisation of p-Nitrobenzaldehyde 6: (Scheme
1B.9)

To the solution of p-nitrobenzaldehyde (1 mmol) in THF (2 mL) was added a solution of 1,2.
ethanediol (4 mmol), 2-mercaptoethanol (1 mmol) in THF (1 mL) followed by triethylorthoformate (]
mmol) and tetrabutylammonium tribromide (0.01 mmol). The homogeneous reaction was left at room
temperature and the progress of the reaction was monitored by TLC and GC. After completion of the
reaction, the reaction mixture was poured into saturated NaHCO3 solution (2 mL) and the products Were
extracted with ethyl acetate (2 x 10 mL). The organic layer was separated, dried over anhydrous sodium
sulfate and concentrated. The percentages of products formed were first determined by gas liquiq

chromatography followed by isolating the products by column chromatography using ethyl acetate

hexane as eluents.

1C.3.8. Chemoselective Acetalisation over Thioacetalisation of p-Nitrobenzaldehyde: (Scheme
1B.9)

Similar to chemoselective oxathioacetalisation over acetalisation of p-nitrobenzaldehyde excepy

1,2-ethanedithiol was used instead of 2-mercaptoethanol.

1C.3.9. Chemoselective Oxathioacetalisation over Thioacetalisation of p-Nitrobenzaldehyde:
(Scheme 1B.9)

Similar to chemoselective acetalisation over thioacetalisation of p-nitrobenzaldehyde

(experiment 9) except no triethylorthoformate was used and 2-mercaptoethanol (I mmol) was Useq
instead of 1,2-ethanediol (4 mmol).

1C.3.10. Chemoselective Thioacetalisation over Acetalisation of p-Hydroxybenzaldehyde: (Scheme
1B.10)
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Procedure similar to that of Scheme 1B.9, except p-hydroxybenzaldehyde was used instead of p-

nitrobenzaldehyde.

1C.3.11. Chemoselective Oxathioacetalisation over Acetalisation of p-Hydroxybenzaldehyde:
(Scheme 1B.10)

Procedure similar to that of Scheme 1B.9, except p-hydroxybenzaldehyde was used instead of p-

nitrobenzaldehyde.

1C.3.12. Chemoselective Thioacetalisation over Oxathioacetalisation of p-Hydroxybenzaldehyde:
(Scheme 1B.10)

Procedure similar to that of experiment 10, except p-hydroxybenzaldehyde was used instead of

p-nitrobenzaldehyde.

1C.3.13. Chemoselective Ketalisation of Different Ketones: (Scheme 1B.11)

To an equimolar (1 mmol each) mixture of two ketones and 1,2-ethanedithiol or 1,3-
pmpanedithiol (1 mmol) in THF (2 mL) was added tetrabutylammonium tribromide (0.1 mmol). The
homogeneous reaction was left at room temperature. The percentages of products formed at different

times were determined by gas liquid chromatography.

1C.3.14. Chemoselective Thioacetalisation and Thioketalisation of Aldehydes and Ketones with
Dithiols: (Scheme 1B.12)

To an equimolar mixture of 1,2-ethanedithiol and 1,3-propanedithiol (1 mmol each) in THF (2
mL) was added an aldehyde or a ketone (1 mmol) followed by TBATB (0.02 mmol for aldehyde and 0.1
mmol for ketone). The homogeneous reaction was left at room temperature. The percentages of products

formed at different times were determined by gas liquid chromatography.

1C.3.15. Chemoselective Transthioacetalisation of Acetals (1,3-Dioxolane or 1,3-Dioxane) in the
presence of Ketals (1,3-Dioxolane or 1,3-Dioxane): (Scheme 1B.13)

To the mixture of acetal (1 mmol), ketal (1 mmol) and 1,2-ethanedithiol or 1,3-propanedithiol (1
mmol) in acetonitrile (2 mL) was added tetrabutylammonium tribromide (0.01 mmol). The
homogeneous reaction was left at room temperature. The percentages of products formed at different

times were determined by gas liquid chromatography.
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1C.3.16. Chemoselective Transthioacetalisation of Acetal (1,3-Dioxolane or 1,3-Dioxane) in the
Presence of Aldehyde and Transthioketalisation of Ketal (1,3-Dioxolane or 1,3-Dioxane) in the

Presence of Ketone: (Scheme 1B.14)

To the mixture of acetal or ketal (I mmol) and its corresponding carbonyl compound (1 mmol) &
and 1,2-ethanedithiol or 1,3-propanedithiol (1 mmol) in acetonitrile (2 mL) was added
tetrabutylammonium tribromide (0.01 mmol). The homogeneous reaction was left at room temperature.

The percentages of products formed at different times were determined by gas liquid chromatography.

1C.3.17. Chemoselective Transthioacetalisation and Tmnsthiooketa-.lis_ation of Acetaﬁg ( 1;33-D10x01ane
or 1,3-Dioxane) and Ketals (1,3-Dioxolane or 1,3-Dioxane) with Dithiols: (Scheme 1B. )
To an equimolar mixture of acetal or ketal (1 mmol) 1,2-ethanedithiol and 1,3-propanedithiol (1
mmol each) in acetonitrile (2 mL) was added tetrabutylammonium tribromide (0.01 mmol). The
t diffe
homogeneous reaction was left at room temperature. The percentages of products formed at difierent

times were determined by gas liquid chromatography.

1C.3.18. Chemoselective Transthioacetalisation of Symmetrical Acetal in the Presence of an
Unsymmetrical Acetal (THP Ether): (Scheme 1B.17)

: -dioxane
To an equimolar mixture of benzaldehyde acetal (1,3-dioxolane or 1,3 )\

e ithi mmol) j
tetrahydropyranyl ether of benzylalcohol and 1,2-ethanedithiol or 1,3—pr0paned1th101 (1 ) in

I . reacti
acetonitrile (2 mL) was added tetrabutylammonium tribromide (0.01 eq). [he homogeneous Qn

: : ined by
was left at room temperature. The percentages of products formed at different times Were determined by

gas liquid chromatography.

1C.3.19. General Procedure for Tetrahydropyranylation of Alcohols: (Scheme 1B.18)

To a solution of alcohol (5Smmol) in dichloromethane (10mL) was added 3,4-dihydro-2H-pyray
(5.5 mmol) and tetrabutylammonium tribromide (TBATB) (0.125mmol) and the resulting solution wy
left at room temperature. The progress of the reaction was monitored by GC/TLC. On completion, ,
saturated solution of sodium bicarb‘onate (10mL) was added and the product was extracted Wit
dichloromethane (2 x 25 mL). The organic layer was separated, washed with water, dried oy,

anhydrous NaySOs. The solvent was removed to give crude THP ether. GC retention time was ldelltiua
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with that of authentic sample. IR, '"H NMR and '*C NMR data were in good agreement with the spectral

data described.

1C.3.20. General Procedure for Depyranylation of THP ethers of Alcohols: (Scheme IB.19)

To a solution of THP ether (Smmol) in methanol (10mL) was added TBATB (0.50mmol) and the
resulting solution was left at room temperature. The progress of the reaction was monitored by GC/TLC.
On completion of the reaction, methanol was removed under vacuum and product was purified through a
short column of silica gel to obtain pure alcohol. GC retention time was idetical with that of authentic
sample. IR, '"H NMR and '>’C NMR data were in good agreement with the spectral data described.
1C.3.21. General Procedure for Reaction of Alcohols, Amines, and Phenols with Acetic, Propionic,
Isobutyric, and Pivalic Anhydride:

Reagent TBATB (0.5 mmol) was added to a stirred solution of acetone (10 mL) followed by
alcohol or amine or phenol (5 mmol) and acetic anhydride (6.25 mmol). The progress of reaction was
monitored by TLC. After completion of the reaction, solvent was evaporated in a rotary evaporator and
admixed with ethyl acetate (25 mL). Organic layer was washed successively with water (2 x 5 mL)
followed by saturated NaHCO; solution (5 mL). Organic layer was dried over anhydrous Na;SOx,
filtered and solvent was concentrated in a rotary evaporator. The compound was purified by passing it

over a short column of silica gel, using a mixture of hexane and ethyl acetate as eluent

1C.3.22. General Procedure for Benzoylation of Alcohols, Amines and Phenols with Benzoic
Anhydride:

Similar to the acetylation with acetic anhydride except 5 mmol of benzoic anhydride was used

per 5 mmol of the substrate.

1C.3.23. General Procedure for Reaction of Thiol with Acetic, Propionic, and Isobutyric anhydride:

Similar to the reaction of alcohols with anhydrides, but acetonitrile was used instead of acetone

as the reaction medium.
1C.3.24. General Procedure for Benzoylation of Thiols with Benzoic Anhydride:

Similar to the acetylation with acetic anhydride but 5 mmol of benzoic anhydride was used per 5

mmol of the substrate in acetonitrile.
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1C.3.25. General Procedure for the Selective Monoacetylation of Diols:
Similar to the acetylation of alcohols with acetic anhydride except 6 mmol of acetic anhydrid
was used per 5 mmol of the substrate with lot wise addition of anhydride over a period of 0.5h. The

products were purified over a column of silica gel, using a mixture of hexane and ethyl acetate as eluent

1C.3.26. General Procedure for Acetylation of Alcohols with TBATB in Acetic Acid, Propionic acid,
Isobutyric acid and Pivalic acid:

To a solution of alcohol (5 mmol) in acetic acid (5 mL) was added tetrabutylammonium
tribromide TBATB (0.5 mmol). The reaction mixture was refluxed and the progress of the reaction was
monitored by TLC and GC. After completion of the reaction, the reaction mixture was poured inft
saturated NaHCO3 solution (20 mL) and the product was extracted with ethyl acetate (2 % 15 mL). The
organic layer was separated, dried over anhydrous sodium sulfate and concentrated. Further purificatios
was achieved by column chromatography and products were identified by comparison of their NMR, IR

GC, and GC co-injection with authentic samples prepared by known methods.
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1C.4. Spectral Data
1C.4.1. (Dithiolanes (a) and Dithianes (b))

[\
S__S

Y
2-Phenyl-[1,3]dithiolane (1a): IR (Neat): 3051,2924, 1664, 1209, 906, 691. 'H NMR (200 MHz,

CDCl3): 6 3.34 (m, 2H, -SCH>-), 3.50 (m, 2H, -SCH>-), 5.64 (s, 1H, Ar-CH(-SCH,CH,S-), 7.30 (m, 3H,
ArH), 7.47 (m, 2H, ArH). >C NMR (50 MHz, CDCly): & 40.4, 56.1, 127.0, 128.3, 128.8, 138.4.

S S
™
2-Phenyl-[1,3]dithiane (1b): IR (KBr): 3037, 2940, 2894, 2827, 1593, 1491, 1429, 1281, 1183, 1066,
912, 728, 697 cm™. 'H NMR (200 MHz, CDCls): 8 1.91 (m, 1H, -SCH,-CH,-CH,S-), 2.17 (m, 1H, -
SCH,-CH(H)-CH;,S-), 2.80-3.20 (m, 4H, 2 x -SCH>-), 5.16 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 7.31 (m,
3H, ArH), 7.46 (m, 2H, ArH). *C NMR (50MHz, CDCl;): §24.9, 31.9, 51.3, 127.6, 128.3, 128.6,
139.0.

S__S

L
OH

2-Hydroxyphenyl-1,3-dithiolane (2a): IR (KBr): 3385, 2929, 1602, 1490, 1454, 1351, 1275, 1228, 757
cm”. '"H NMR (300 MHz, CDCl3): & 3.10 (m, 2H, -SCH>), 3.50 (m, 2H, -SCH,), 5.82 (s, 1H, Ar-CH(-
SCH,CH,S-), 6.85 (m, 2H, ArH), 7.20 (d, 1H, ArH), 7.32 (d, 1H, ArH). ’C NMR (75 MHz, CDCls):
§39.7,54.0,117.2, 120.3, 121.8, 129.7, 129.9, 154.9.

P!

H

CL
2-Hydroxyphenyl-1,3-dithiane (2b): IR (KBr): 3319, 2950, 2900, 1596, 1501, 1450, 1350, 1276, 1204,
861 cm™. '"H NMR (300 MHz, CDCls): § 1.91 (m, 1H, -SCH,-CH(H)-CH,S-), 2.20 (m, 1H, -SCH,-
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CH(H)-CH,S-), 2.92 (m, 2H, -SCH,-CH,-CH,S-), 3.07 (m, 2H, -SCH,-CH,-CH,S-), 5.40 (s, 1H, Ar-
CH(-SCH,CH,CH,S-), 6.33 (s, 1H, -OH), 6.88 (m, 2H, ArH), 7.25 (m, 2H, ArH). >*C NMR (75 MHz
CDCls): 8 25.3, 32.0, 47.6, 117.6, 121.2, 124.1, 129.6, 130.5, 154.7.

)
S

S
-
NO

2

2-Nitrophenyl-1,3-dithiolane (3a): IR (KBr): 2991, 2935, 1600, 1526, 1347, 1280, 860, 799, 720 cm’.
'H NMR (200 MHz, CDCls): § 2.92 (m, 2H, -SCH>CH,S-), 3.12 (i, 2H, -SCH,CH,S-), 5.88 (s, 1H, Ar-
CH(-SCH,CH,S-), 7.43 (m, 1H, ArH), 7.61(m, 1H, ArH), 7.87 (m, 2H, ArH). >C NMR (50 MHz,
CDCly): §39.7, 50.4, 124.4, 128.3, 130.2, 133.1, 136.9, 148.1.

S S

H

2-Nitrophenyl-1,3-dithiane (3b): IR (KBr): 2930, 2909, 1527, 1352, 1280, 1173, 784, 723 cm™. 'H

NMR (300 MHz, CDCls): § 1.99 (m, 1H, -SCH,-CH(H)-CH,S-), 2.20 (m, 1H, -SCH,-CH(H)-CH,S-),

293 (m, 2H, -SCH,-CH-CH,S-), 3.13 (m, 2H, -SCH>-CH,-CH,S-), 5.89 (s, 1H, Ar-CH(-

SCH,CH,CH,S-) 7.44 (m, 1H, ArH), 7.62 (m, 1H, ArH), 7.88 (m, 2H, ArH). >’C NMR (75 MHz,
CDCl3): 6 25.0,29.7, 32.3, 46.0, 124.8, 129.1, 130.8, 133.5.

TR
S S

X
MeO

4-Methoxyphenyl-1,3-dithiolane (4a): IR (KBr): 2955, 2938, 2831, 1609, 1510, 1470, 1429, 1254,
1177, 1034, 840, 762 cm™. "H NMR (200 MHz, CDCls): § 3.32 (m, 2H, -SCH,), 3.46 (m, 2H, -SCH,),
3.79 (s, 3H, Ar-OCH), 5.63 (s, 1H, Ar-CH(-SCH,CH,S-), 6.83 (d, 2H, J = 8.8 Hz, ArH), 7.45 (d, 2H, J
— 8.8 Hz, AtH). *C NMR (50 MHz, CDCLy): § 40.3, 55.3, 56.1, 113.8, 129.2, 132.0, 159.3.
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&

S

S
o
MeO

4-Methoxyphenyl-1,3-dithiane (4b): IR (KBr): 2925, 2895, 1600, 1500, 1439, 1250, 1050 cm™. 'H
NMR (200 MHz, CDCl3): & 1.59-1.86 (m, 2H, -SCH,-CH,-CH,S-), 2.72-2.89 (m, 4H, 2 x -SCH>-), 3.66
(s, 3H, -OCH3), 4.99 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 6.72 (d, 2H, ArH), 7.24 (d, 2H, ArH). >C NMR
(50 MHz, CDCls): 8 24.0, 31.2, 49.7, 54.3, 113.0, 127.9, 130.3, 158.5.

S__S

O
HO

2-(4-Hydroxy-phenyl-[1,3]dithiolane (5a): IR (KBr): 3396, 2919, 1603, 1506, 1455, 1362, 1250, 1214,
840 cm™. 'H NMR (200 MHz, CDCl3): &3.24-3.49 (m, 4H, 2 x -SCH,), 5.63 (s, 1H, Ar-CH(-
SCH,CH,S-), 6.75 (d, 2H, J = 8.4 Hz, ArH), 7.34 (d, 2H, J = 8.4 Hz, ArH), 7.54 (s, 1H, -OH). *C NMR
(50 MHz, CDCl;): & 38.9, 54.6, 114.1, 128.2, 130.4, 155.8.

S

2-(4-Hydroxy-phenyl-[1,3]dithiane (5b): IR (KBr): 3355, 3328, 2929, 2890, 1609, 1510, 1266, 1211,
1176, 766, 764 cm™. 'H NMR (200 MHz, CDCls): & 1.93 (m, 1H, -SCH,-CH(H)-CH,S-), 2.16 (m, 1H, -
SCH,-CH(H)-CH3S-), 2.89 (m, 2H, -SCH,-CH,-CH,S-), 3.05 (m, 2H, -SCH,-CH,-CH,S-), 4.80 (s, 1H, -
OH), 5.12 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 6.78 (m, 2H, ArH), 7.34 (m, 2H, ArH ). *C NMR (50
MHz, CDCly): & 25.0, 32.2, 50.7, 115.6, 129.2, 131.4, 155.6.

[\
S

S
o
O,N

2-(4-Nitro-phenyl-[1,3]dithiolane (6a): IR (KBr): 3073, 2930, 1600, 1520, 1352, 1112, 870, 728 cm.
'H NMR (200 MHz, CDCls): § 3.37-3.57 (m, 4H, 2 x -SCH>-), 5.65 (s, 1H, Ar-CH(-SCH,CH,S-), 7.67
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(d, 2H, J = 8.7 Hz, ArH), 8.15 (d, 2H, J = 8.7 Hz, ArH). '°’C NMR (50 MHz, CDCl;): §40.9, 55.3,
124.1, 129.2, 147.8, 149.1.

§. S
[
ON

2-(4-Nitro-phenyl-[1,3]dithiane (6b): IR (KBr): 3078, 2960, 2914, 2848, 1608, 1526, 1424, 1352,
1276, 1111, 865, 732 cm™. '"H NMR (300 MHz, CDCl;): & 1.96 (m, 1H, -SCH,-CH(/)-CH,S- ), 2.23
(m, 1H, -SCH,-CH(H)-CH;S-), 2.95 (m, 2H, -SCH,-CH,-CH>S-), 3.08 (m, 2H, -SCH>-CH,-CH,S-),
5.23 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 7.66 (d, 2H, ArH), 8.21 (d, 2H, ArH). >*C NMR (50 MHz,
CDCly): 624.7,31.7,50.3, 123.9, 128.9, 146.1, 147.6.

2-(4-Chloro-phenyl)-[1,3] dithiolane (7a): IR (KBr): 2976, 2925, 1670, 1588, 1481, 1404, 1209, 1091
cm™. '"H NMR (200 MHz, CDCls): & 3.42 (m, 4H, 2 x -SCH3-), 5.59 (s, 1H, Ar-CH(-SCH,CH,S-), 7.27
(d, 2H, J = 8.8 Hz, ArH), 7.44 (d, 2H, J = 8.8 Hz, ArH). >’C NMR (50 MHz, CDCls): §40.2, 55.3,
128.4, 129.2, 133.5, 134.9.

~
CI/QXH

4-Chlorophenyl-1,3-dithiane (7b): IR (KBr): 3048, 2929, 2894, 1598, 1490, 1280, 1178, 1080, 830,
763 cm™.'H NMR (200 MHz, CDCl3): 62.01 (m, 1H, -SCH,-CH(&)-CH>S-), 2.50 (m, 1H, -SCH,-
CH(H)-CH,S-), 2.99 (m, 4H, -SCH,-CH,-CH,S-), 5.13 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 7.38 (m, 4H,
ArH). PC NMR (50 MHz, CDCls): & 24.9, 31.9, 50.5, 128.9, 129.2, 134.1, 137.6.
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4-(N,N’-dimethyl)phenyl-1,3-dithiolane (8a): IR (KBr): 2930, 2904, 1609, 1532, 1358, 1173, 830, 758
em™. 'H NMR (200 MHz, CDCls): § 2.99 (s, 6H, -N(CHs)2), 3.33 (m, 2H, -SCH,-CH,S-), 3.51 (m, 2H, -
SCH,-CH,S-), 5.65 (s, 1H, Ar-CH(-SCH,CH,S-), 6.66 (d, 2H, J = 9.0 Hz, ArH), 7.39 (d, 2H, J=9.0 Hz,
ArH). *C NMR (50 MHz, CDCl3): & 40'.1, 40.6, 56.5, 112.3, 128.8.

()

o
N

I
4-(N, N’-dimethyl)phenyl-1,3-dithiane (8b): IR (KBr): 2909, 2797, 1609, 1527, 1358, 1168, 774 cm"".
'H NMR (200 MHz, CDCls): & 1.91 (m, 1H, -SCH,-CH(H)-CH,S-), 2.16 (m, 1H, -SCH,-CH(H)-CH,S-
), 2.80-3.10 (m, 10H, -SCH,-CH,-CH,S- and -N(CHa)y), 5.11 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 6.67 (d,
2H, J = 9.0 Hz, ArH), 7.33 (d, 2H, J = 9.0 Hz, ArH). *C NMR (50 MHz, CDCly): 5 25.1, 32.3, 40.5,
50.9, 112.3, 128.5.

[\
&, .5

H
MeO

OMe
3,4-Dimethoxyphenyl-1,3-dithiolane (9a): 'H NMR (200 MHz, CDCL3): § 3.38 (m, 4H, 2 x -SCH,-),
3.76 (s, 3H, Ar(OCHs3), 3.81 (s, 3H, Ar(OCHj3), 5.50 (s, 1H, Ar-CH(-SCH,CH,S-), 6.85 (m, 3H, ArH).
BC NMR (50 MHz, CDCls): & 40.1, 55.9, 110.7, 110.8, 120.2, 131.9, 148.8.

)

S S
H
MeO
OMe
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3,4-Dimethoxyphenyl-1,3-dithiane (9b): 'H NMR (300 MHz, CDCl;): § 1.94 (m, 1H, -SCH,-CH(H)-
CH,S-), 2.16 (m, 1H, -SCH,-CH(H)-CH,S-), 2.90 (m, 2H, -SCH,-CH,-CFH>S-), 3.05 (m, 2H, -SCH,-
CHy-CH,S-), 3.86 (s, 3H, Ar(OCHs)), 3.89 (s, 3H, Af(OCH3)), 5.13 (s, 1H, Ar-CH(-SCH,CH,CH,S-),
6.82 (d, 1H, J = 8.4 Hz, ArH), 7.02 (m, 2H, ArH). >C NMR (75 MHz, CDCl;): § 25.0, 32.1, 51.1, 55.8,
110.7, 111.0, 119.9, 131.6, 148.9.

5,0

4-Acetoxyphenyl-1,3-dithiolane (10a): IR (KBr): 2925, 1762, 1614, 1511, 1374, 1204, 1009, 912 cm™.
'H NMR (300 MHz, CDCly): §2.28 (s, 3H, -COCH3), 3.34 (m, 2H, -SCH,CH,S-), 3.47 (m, 2H, -
SCH,CH,S-), 5.62 (s, 1H, Ar-CH(-SCH,CH,S-), 7.02 (d, 2H, J = 8.4 Hz, ArH), 7.52 (d, 2H, J = 8.4 Hz,
ArH). "C NMR (75 MHz, CDCl): § 21.1, 40.1, 55.6, 121.5, 129.0, 137.8, 150.2, 169.3.

i
i

< 4-Acetoxyphenyl-1,3-dithiane (10b): TR (KBr): 2950, 2904, 2827, 1756, 1603, 1511, 1424, 1372,
1239, 1019, 922, 768 cm™. "H NMR (400 MHz, CDCl3): § 1.92 (m, 1H, -SCH,-CH()-CH,S-), 2.15 (m,
1H, -SCH,-CH(H)-CH,S-), 2.27 (s, 3H, -COCHs), 2.88 (m, 2H, -SCH,-CH,-CH-S-), 3.04 (m, 2H, -
SCH,-CH,-CH,S-), 5.15 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 7.05 (d, 2H, J = 8.4 Hz, ArH), 7.47 (d, 2H, J
= 8.4 Hz, AtH). C NMR (100 MHz, CDCly): §21.0, 24.9, 31.9, 50.6, 121.7, 128.9, 136.6, 154.4,
169.2.

i

4-Benzoylphenyl-1,3-dithiolane (11a): M.p 102°C. IR (KBr): 1736, 1603, 1506, 1270, 1200, 1173,
1068, 1025 em™. 'H NMR (300 MHz, CDCly): § 3.36 (m, 2H, -SCH,CH,S-), 3.50 (m, 2H, -SCH,CH,S-
), 5.66 (s, 1H, Ar-CH(-SCH,CH,S-), 7.16 (d, 2H, ArH), 7.53 (m, 5SH, Arf), 8.19 (d, 2H, ArH). °C

TH-1847_03612208
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NMR (75 MHz, CDCls): 6 40.2, 55.7, 121.6, 122.5, 128.5, 129.1, 130.1, 133.6, 137.8, 151.2, 165.0.
Anal. Calcd for C;6H405S3: C, 63.54; H, 4.67. Found: C, 63.60; H, 4.71.

&

caedl

4-Benzoylphenyl-1,3-dithiane (11b): IR (KBr): 3068, 2955, 2894, 1731, 1593, 1506, 1424, 1265, 1204,
1168, 1071, 1020, 886, 769, 707 cm’. 'H NMR (300 MHz, CDCL): & 1.93 (m, 1H, -SCH,-CH(H)-
CH,S-), 2.16 (m, 1H, -SCH,-CH(H)-CH,S-), 2.90 (m, 2H, -SCH,-CH,-CH>S-), 3.06 (m, 2H, -SCH-
CH,-CH,S-), 5.19 (s, 1H, Ar-CH(-SCH,CH,CH,S-), 7.19 (d, 2H, ArH), 7.41 (m, 1H, ArH), 7.51 (m,
3H, ArH), 7.64 (m, 1H, ArH ), 8.18 (d, 2H, ArH ). *C NMR (75 MHz, CDCL): §25.0, 32.0, 50.6,
121.9, 122.5, 128.5, 129.0, 130.1, 133.6, 136.7, 150.7, 164.9.

4-Benzyloxyphenyl-1,3-dithiolane (12a): M.p 92°C. IR (KBr): 2916, 1609, 1512, 1251, 1251, 1173,
1013 cm™. '"H NMR (300 MHz, CDCls): 8 3.28 (m, 2H, -SCH,CH,S-), 3.46 (m, 2H, -SCH,CH>S-), 5.02
(s, 2H, -CH,Ph), 5.61 (s, 1H, Ar-CH(-SCH,CH,S-), 6.89 (d, 2H, J = 8.4 Hz, ArH), 7.35 (m, 7H, ArH).
’C NMR (75 MHz, CDCl): § 40.1, 56.0, 70.0, 114.7, 127.3, 127.9, 128.5, 129.1, 132.1, 136.8, 158.5.
Anal. Caled for C,¢H;60S;: C, 66.63; H, 5.59 %. Found: C, 66.68; H, 5.57.

@»OJ@X ”

4-Benzyloxyphenyl-1,3-dithiane (12b): IR (KBr): 2945, 2889, 1609, 1511, 1393, 1245, 1189, 1009,
748. "H NMR (400 MHz, CDCl3): 8 1.91 (m, 1H, -SCH,-CH(H)-CH,S-), 2.14 (m, 1H, -SCH,-CH(H)-
CH,S-), 2.88 (m, 2H, -SCH,-CH,-CH,S-), 3.03 (m, 2H, -SCHy-CH-CH,S-), 5.03 (s, 2H, -CHbAr), 5.12
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(s, IH, Ar-CH(-SCH,CH,CH,S-), 6.92 (d, 2H, J = 8.5 Hz, ArH), 7.37 (m, 7H, ArH). °C NMR (100
MHz, CDCL): § 25.0, 32.1, 50.7, 70.0, 114.9, 127.4, 127.9, 128.5, 128.9, 131.5, 136.8, 158.7.

/@XH
\/\0

4-O-allylphenyl-1,3-dithiolane (13a): '"H NMR (400 MHz, CDCls): & 3.34 (m, 2H, -SCH,CH,S-), 3.50
(m, 2H, -SCH,CH,S-), 4.52 (m, 2H, -OCH,CH=CH,), 5.30 (m, 2H, -OCH,CH=CH>), 5.62 (s, 1H, Ar-
CH(-SCH,CH,S-), 6.03 (m, 1H, -OCH,CH=CH,), 6.87 (m, 2H, ArH), 7.42 (m, 2H, ArH). >C NMR
(100 MHz, CDCL3):  40.1, 55.9, 68.8, 114.6, 117.7, 129.0, 129.4, 131.9, 133.1, 158.3.

H
\\_/\o/@x

4-O-allylphenyl-1,3-dithiane (13b): IR (KBr): 2914, 1603, 1506, 1429, 1245, 1183, 1015, 779 cm™". 'H
NMR (400 MHz, CDCLy): & 1.95 (m, 1H, -SCH,-CH(H)-CH,S-), 2.16 (m, 1H, -SCH,-CH(H)-CH>S-),
2.91 (m, 2H, -SCH,-CH,-CH>S-), 3.05 (m, 2H, -SCH,-CH,-CH,S-), 4.53 (m, 2H, -OCH,CH=CH), 5.12
(s, 1H, Ar-CH(-SCH,CH,CH,S-), 5.29 (m, 1H, -CH=CH(H)), 5.40 (m, 1H, -CH=CH(H)), 6.04 (m, 1H, -
OCH,CH=CH,), 6.87 (d, 2H, ArH), 7.38 (d, 2H, ArH). *C NMR (100 MHz, CDCls): & 25.0, 32.1, 50.7.
68.8,114.8, 117.7, 128.9, 130.0, 131.4, 133.1, 158.6.
[y
@ SaanS
e
2-Furyl-1,3-dithiolane (14a): "H NMR (300 MHz, CDCl;): & 3.30 (m, 2H, -SCH>CH,S-), 3.44 (m, 2H,
-SCH,CH,S-), 5.62 (s, 1H, Ar-CH(-SCH,CH,S-), 6.28 (m, 2H, ArH), 7.36 (s, 1H, ArH). '*C NMR (75
MHz, CDCl): & 39.1, 47.4, 107.0, 110.3, 142.5, 154.2.
&(H
O U
2-Furyl-1,3-dithiane (14b): IR (KBr): 2904, 1496, 1424, 1276, 1163, 1015, 943, 743 cm™. '"H NMR
(300 MHz, CDCL): 8 1.97 (m, 1H, -SCH,-CH(H)-CH,S-), 2.12 (m, 1H, -SCH,-CH(H)-CH,S- ), 2.94

TH-1847_03612208 j



Experimental 119

(m, 4H, -SCH,-CH,-CH,S-), 5.22 (s, 1H, Ar-CH(-SCH,CH,CH,S- ), 6.34 (m, 1H, ArH), 6.40 (m, 1H,
ArH), 7.36 (s, 1H, Arf). '>*C NMR (75 MHz, CDCls): § 25.0, 30.0, 41.8, 107.6, 110.4, 142.0, 151.5.

S
WH

Cinnamyl-1,3-dithiolane (15a): 'H NMR (200 MHz, CDCly) §3.27 (m, 4H), 5.12 (d, 1H, Ar-CH(-
SCH,CH,S-), 6.00 (dd, 1H), 6.52 (d, 1H), 7.26 (m, SH, ArH). *C NMR (50 MHz, CDCl;) § 39.8, 52.0,
126.8, 128.0, 128.7, 129.4, 130.1, 136.2.

)

S S
o~
Cinnamyl-1,3-dithiane (15b): IR (KBr): 3027, 2919, 2853, 1614, 1542, 1486, 1424, 1271, 1173, 1040,
963, 764, 697. 'H NMR (200 MHz, CDCl;) § 1.88 (m, 1H, -SCH,-CH(H)-CH,S-), 2.11 (m, 1H, -SCH;-
CH(H)-CH,S-), 2.88 (m, 4H, -SCH,-CH,-CH>S-), 4.80 (d, 1H, Ar-CH(-SCH,CH,CH;S-), 6.25 (dd, 1H),
6.74 (d, 1H), 7.39 (m, 5H, ArH). *C NMR (50 MHz, CDCl3) § 25.1, 30.1, 47.6, 125.9, 126.6, 128.0,
128.5, 133.3, 136.0.

(X
S
1,4-Dithia-spiro[4,5] -decane (16a): IR (Neat): 2930, 2853, 1440, 1271, 1132, 1030 ecm™. 'H NMR

(200 MHz, CDCls): & 1.41 (m, 2H), 1.62 (m, 4H), 2.00 (m, 4H), 3.28 (s, 4H). >C NMR (50 MHz,
CDCls): & 25.0, 26.2, 38.3, 42.9, 69.2.

XD
S
1,5-Dithia-spiro[5,5]-undecane (16b): IR (Neat): 2930, 2853, 1440, 1265, 1127, 1015, 907, 861, 764

cm™. '"H NMR (300 MHz, CDCl;): § 1.47 (m, 2H), 1.62 (m, 4H, -SCH,-CH,-CH;S-), 2.03 (m, 6H), 2.85
(m, 4H, -SCH,-CH,-CH,S-). *C NMR (75 MHz, CDCl;): & 21.9, 25.7, 25.8, 26.0, 37.8, 50.2.
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[\
Stars '
i

2-Methylphenyl-1,3-dithiolane (17a): IR (Neat): 2971, 2935, 1598, 1491, 1445, 1276, 1071, 1030, 774,
702 em™.'"H NMR (300 MHz, CDCls): 8 2.14 (s, 3H), 3.40 (m, 4H), 7.21 (m, 1H, ArH), 7.30 (m, 2H,
ArH), 7.74 (d, 2H, J = 7.5 Hz, ArH). '*C NMR (75 MHz, CDCls): & 33.8, 40.2, 68.5, 126.7, 127.0,
127.9, 145.8.

e
e

2-Methylphenyl-1,3-dithiane (17b): IR (Neat): 3063, 2909, 2832, 1603, 1496, 1440, 1388, 1286, 1189,
1071, 764, 702 cm™.'"H NMR (400 MHz, CDCls): & 1.79 (s, 3H, Ar(C)CH;), 1.93 (m, 2H, -
SCH,CH,CH,S-), 2.69 (m, 4H, -SCH,-CH,-CH>S-), 7.25 (m, 1H, ArH), 7.37 (m, 2H, ArH), 7.93 (m,
2H, ArH). "C NMR (75 MHz, CDCl;): § 24.5, 27.9, 32.7, 53.8, 126.9, 127.6, 128.4, 143.7.

5o\
Sj :S
2,2-Diphenyl-1,3-dithiolane (18a): IR (KBr): 2930, 2846, 1598, 1485, 1450, 1419, 1276, 1086, 748.
702 em™. 'H NMR (300 MHz, CDCl3): & 3.39 (s, 4H, -S(CH2)2S-), 7.27 (m, 6H, ArH), 7.59 (m, 4H,
13
AtH). “CNMR (75 MHz, CDCl;): 6 40.1, 127.2, 127.9, 128.2, 144.6.

S 25

2-Diphenyl-1.3.d;
2,2-Diphenyl-1,3-dithiane (18n): 1R (KBr): 3063, 2955, 2899, 2832, 1598, 1496, 1445, 1286, 1158,
1009, 861, | '

753, 699. '"H NMR (400 MHz, CDCl3): 8 1.97 (m, 2H, -SCH,-CH>-CH,S-), 2.75 (m, 4H, .

SCH,-CH,-CH,S-
#CHrCILS), 731 (m, 6H, Art), 7.67 (m, 4H, AtzD). *C NMR (100 MHz, CDCly): 8 24.4, 293,
127.5,128.3,129.3, 142 4,

e —
e —
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X))
S
1,4-Dithia-spiro[4,4] -nonane (19a): IR (Neat): 2960, 2924, 2878, 1449, 1275, 1168, 1101, 978, 851,

692 cm™. "H NMR (400 MHz, CDCl3): & 1.74-1.77 (m, 4H, -CH,-), 2.07-2.14 (m, 4H, -CH,-), 3.30 (s,
4H, 2 x -SCH>-). '>C NMR (100 MHz, CDCl;): & 24.48, 39.37, 43.92, 70.86.

1C.4.2. Tetrahydropyranyl Ethers (f)

e

@)

2-Butoxy-tetrahydro-pyran (20f): IR (Neat): 2919, 2854, 1469, 1354, 1218, 1127, 1037 cm™. "H NMR
(400 MHz, CDCls3): 8 0.90 (t, 3H, -CH,CHs3), 1.20-1.40 (brs, 14H, -CH,CH,), 1.50-1.69 (m, 6H), 1.7 (m,
1H), 1.80 (m, 1H), 3.35 (m, 1H), 3.50 (m, 1H), 3.75 (m, 1H), 3.85 (m, 1H), 4.60 (m, 1H). *C NMR (100
MHz, CDCl3): § 14.5, 20.1, 23.1, 25.9, 26.6, 29.7, 29.9, 29.98, 30.0, 30.2, 31.1, 32.3, 62.6, 68.0, 99.0.

L)
@f\/\oo

2-(3-Phenyl-propoxy)-tetrahydro-pyran (22f): '"H NMR (400 MHz, CDCls): § 1.48-1.96 (m, 8H),
2.69 (m, 2H), 3.35-3.49 (m, 2H), 3.72-3.85 (m, 2H), 4.56 (m, 1H), 7.23 (m, 5H). °C NMR (100 MHz,
CDCl): 6 19.5, 25.4, 30.6, 31.2, 32.4, 62.1, 66.7, 98.7, 125.6, 128.1, 128.3, 141.9.

S S e

2-Phenethyloxy-tetrahydro-pyran (23f): IR (Neat): 2938, 2869, 1728, 1605, 1498, 1450, 1354, 1269,
1200, 1141, 1120, 1066, 1034, 970, 906, 869, 816, 752, 698 cm™. "H NMR (400 MHz, CDCly): & 1.35-
2.00 (brm, 6H), 2.91 (m, 2H), 3.45 (m, 1H), 3.61 (m, 1H), 3.64 (m, 1H), 3.96 (m, 1H), 4.59 (m, 1H),
7.25 (m, SH).
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e

2-Benzyloxy-tetrahydro-pyran (24f): IR (Neat): 2945, 2868, 1460, 1352, 1265, 1203, 1122 cm™. 'H
NMR (400 MHz, CDCls): §1.48-1.90 (m, 6H, -O-CH,-(CH>)3-CH-)-O-), 3.52 (m, 1H), 3.89 (m, 1H, ),
442 (d, 1H, J = 11.6 Hz), 4.70 (m, 1H, -OCH(CH;);CH,-0), 4.80 (d, 1H, J = 12.0 Hz) 7.25 (m, 5H,
ArH). *CNMR (100 M Hz, CDCl): & 19.8, 25.9, 31.0, 62.4, 69.1, 97.9, 127.7, 128.0, 128.5, 138.5.

vog

NO,
2-(2-Nitro-benzyloxy)-tetrahydro-pyran (25f): 'H NMR (400 MHz, CDCl3): 8 1.43-1.99 (m, 6H),
3.52 (m, 1H), 3.89 (m, 1H), 4.75 (m, 1H), 4.89 (d, 1H, J = 15.6 Hz), 5.15 (d, 1H, J = 14.8 Hz), 7.40 (4,
IH,J=17.2 Hz), 7.63 (t, 1H, J = 7.2 Hz), 7.80 (d, 1H, J = 7.6 Hz), 8.05 (d, 1H, J = 8.0 Hz). °C NMR
(100 MHz, CDCL): § 19.7, 25.7, 30.8, 62.6, 66.1, 98.9, 124.7, 128.0, 128.9, 133.6, 135.2, 147.4. Peaks

appearing due to minor contamination of other enantiomers (20.1, 25.8, 31.6, 63.1, 94.7). Anal. calcd
for Ci,HsNO4: C, 60.75; H 6.37; N 5.90. Found C, 61.04, H, 6.31, N, 5.82.

o

2-(2,4-Dichloro-benzyloxy)-tetrahydro-pyran (29f): IR (Neat): 2942, 2862, 1591, 1468, 1382, 135,
1200, 1129, 1073, 1034, 972 cm™. 'H NMR (400 MHz, CDCl3): & 1.48-2.0 (m, 6H), 3.55 (m, 1H), 3 gy
(m, 1H), 4.50 (d, 1H, J = 13.2 Hz), 4.79 (m, 2H), 4.80 (d, 1H, J = 13.2 Hz), 7.23 (m, 1H), 7.35 (d, 1H,
= 1.6 Hz), 7.44 (d, 1H, J = 8.4 Hz). '°C NMR (100 MHz, CDCl;): 8 19.7, 25.8, 30.8, 62.5, 66.0, 98¢,
127.1, 129.1, 129.8, 133.5, 133.6, 135.0.
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2-(9H-Fluoren-9-ylmethoxy)-tetrahydro-pyran (31f): '"H NMR (400 MHz, CDCl3): 6 1.50-2.0 (brm,
6H), 3.45 (m, 1H), 3.54 (t, 1H, J= 8.8 Hz), 3.83 (m, 1H), 4.05 (t, 1H, J = 8.0 Hz), 4.18 (t, 1H, J = 8.0
Hz), 4.67 (t, 1H, J = 3.2 Hz), 7.26 (d, 2H, J= 7.6 Hz), 7.34 (t, 2H, J= 7.2 Hz), 7.63 (d, 2H, J= 7.6 Hz),
7.72 (d, 2H, J=7.2 Hz). '°C NMR (100 MHz, CDCl3); & 18.0, 24.1, 29.2, 46.4, 60.5, 68.6, 97.4, 118.17,
118.18, 123.6, 123.7, 125.2, 125.2, 125.7, 139.5, 143.0, 143.5.

Toluene-4-sulfonic acid 5-(tetrahydro-pyran-2-yloxy)-pentyl ester (52f): IR (Neat): 2945, 2868,
1603, 1465, 1362, 1183, 1132, 1081, 1050, 968, 963 cm™. '"H NMR (400 MHz, CDCl3): § 1.40-1.70 (m,
12H), 2.45 (s, 3H), 3.32-3.35 (m, 1H), 3.49-3.50 (m, 1H), 3.68-3.70 (m, 1H), 3.80-3.89 (m, 1H), 4.03 (t,
2H, J = 6.8 Hz), 4.53-4.54 (m, 1H), 7.34 (d, 2H, J = 8.0 Hz), 7.78 (d, 2H, J = 8.4 Hz). ’C NMR (100
MHz, CDCl3): & 19.7, '21.7, 22.3, 25.5, 28.8, 29.1, 30.8, 624, 67.1, 70.5, 98.8,.127.7,.129.6, 133.0,
144.5.

OO0
2-Cyclohexyloxy-tetrahydro-pyran(33f): IR (Neat): 2934, 2867, 1454, 1362, 1203, 1132, 1116, 1024,
1004 cm™. 'H NMR (400 MHz, CDCls): § 1.07-1.36 (m, 5H), 1.46-1.52 (m, SH), 1.58-1.86 (m, 6H),

3.38-3.44 (m, 1H), 3.49-3.56 (m, 1H), 3.79-3.88 (m, 1H), 4.64 (dd, 1H, J = 4.6 Hz, J = 7.3 Hz). °C
NMR (100 MHz, CDCls): & 19.9, 24.1, 24.4, 25.5, 25.7, 31.2, 31.7, 33.7, 62.7, 74.3, 96.5.
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2-(2-Isopropyl-5-methyl-cyclohexyloxy)-tetrahydro-pyran (34f): 'H NMR (400 MHz, CDCl):
Obtained as a mixture of diastereomers. >’C NMR (100 MHz, CDCls) (Peaks appearing due to both
diastereomers): § 16.0, 16.7, 20.1, 20.7, 21.6, 21.7, 22.7, 22.8, 23.4, 23.7, 25.6, 25.9, 26.00, 26.04, 31.6,

31.7, 31.8, 32.2, 34.8, 34.9, 40.5, 43.9, 48.5, 49.2, 62.7, 63.3, 74.4, 80.2, 94.6, 101.5. Anal. calcd for
CisHy30;: C, 74.95; H 11.74. Found C, 74.58, H, 12.02.

ULOQ

2-(1-Phenyl-ethoxy)-tetrahydro-pyran (35f): IR(KBr): 2945, 2873, 1455, 1383, 1214, 1122, 1030,
984, 702cm™. "H NMR (400 MHz, CDCl;): 8 1.40-1.98 (m, 9H), 3.50 (m, 1H), 3.98 (m, 1H), 4.40 (m,
1H), 4.90 (m, 1H), 7.30 (m, 5H). '>’C NMR (100 MHz, CDCls): & 20.2, 24.8, 25.98, 31.2, 63.0, 73.5.

96.3, 126.6, 127.1, 128.3, 143.8. Peaks appearing due to minor contamination or other diastereomers

(19.7,22.4,25.95,31.3, 62.2, 73.3, 96.4, 126.1, 127.5, 128.5, 143.9). Anal. calcd for C;3H;30; C, 75.69;
H 8.80. Found C, 75.78, H, 8.92.

fog)

OF 50

o

2-(1-Phenyl-propoxy)-tetrahydro-pyran (38f): IR (Neat): 3042, 2938, 2874, 1614, 1501, 1456, 1383,
1204, 1121, 1026 cm™. 'H NMR (400 MHz, CDCls): Obtained as a mixture of diastereomers 6 0.93 (1,
3H, J = 7.6 Hz), 1.41-1.88 (m, 8H), 3:48 (m, 1H), 3.95 (m, 1H), 4.40 (t, 1H, J = 4 Hz), 4.59 (t, 1H, J=6
Hz), 7.2-7.4 (m, SH). ®C NMR (100 MHz, CDCl): & 11.0, 20.0, 26.0, 31.2, 31.6, 62.7, 78.8, 95.5,
126.7, 127.2, 128.2, 142.5, Peaks appearing due to contamination of other diastereomers (10.2, 19.6,

25.9, 30.1, 31.1, 62.2, 80.1, 98.1, 127.0, 127.5, 128.4, 143.5). Anal. calcd for Ci4H32002: C, 76.33; H
9.15. Found C, 76.59, H, 9.04.
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THP Ether of But-2-yne -1,4-diol (54f)
IR (Neat): 2940, 2873, 1445, 1399, 1352, 1271, 1209, 1127, 1025, 968 cm’. '"H NMR (400 MHz,

CDCls): 8 1.46-1.79 (m, 12H), 3.43-3.48 (m, 2H), 3.73-3.79 (m, 2H), 4.24 (d, 4H, J = 15.3 Hz), 4.74 (t,
2H, J=3.4 Hz). ’C NMR (100 MHz, CDCls): § 18.9, 25.2, 30.1, 54.2, 61.8, 81.8, 96.7 .

e

2-(3-Phenyl-allyloxy)-tetrahydro-pyran (55f): IR (Neat): 3037, 2943, 2863, 1609, 1501, 1447, 1352,
1204, 1126, 1027, 969 cm™. '"H NMR (400 MHz, CDCl): & 1.50-1.86 (m, 6H), 3.50 (m, 1H), 3.90 (m,
1H), 4.15 (m, 1H), 4.38 (m, 1H), 4.69 (m, 1H), 6.30 (m, 1H), 6.60 (d, 1H, J = 16 Hz), 7.15-7.40 (m,
5H). *C NMR (100 MHz, CDCly): & 19.9, 25.9, 31.0, 62.5, 67.9, 98.1, 126.2, 126.7, 127.8, 128.7,
132.5, 136.9.

SRR

1-Phenyl-3-(tetrahydro-pyran-2-yloxy)-propan-l-one (61f): 'H NMR (400 MHz, CDCl;): § 1.45-
1.90 (brm, 6H), 3.51 (m, 1H), 3.80 (m, 1H), 3.88 (m, 1H), 4.05 (m, 1H), 4.51 (m, 2H), 4.71 (m, 1H),
7.44 (m, 2H), 7.55 (m, 1H), 8.06 (m, 2H). *C NMR (100 MHz, CDCl): § 19.6, 25.8, 30.8, 62.3, 64.5,
65.5,99.0, 128.5, 129.8, 130.3, 133.0, 166.6.

o0
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1-[2,2-Dimethyl-6-(tetrahydro-pyran-2-yloxymethyl)-tetrahydro-furo|3,4-d][1,3]dioxol-4-yl]-1H-
pyrimidine-2,4-dione (64f): IR (Neat): 3235, 3109, 2966, 2935, 2817, 1788, 1690, 1481, 1409, 1271,
1209, 1107, 1055, 989 cm™'. 'H NMR (400 MHz, CDCl;): (mixture of diastereomers): & 1.33 (s, 3H),
1.34 (s, 3 H), 1.49 (s, 3H), 1.51 (s, 3H), 1.47-1.90 (m, 12H), 3.49-3.57 (m, 4H), 3.65 (dd, 1H, J=24
Hz, J = 11.2 Hz), 3.78-3.83 (m, 2H), 3.94 (dd, 1H, J = 3.2 Hz, J = 11.2 Hz), 4.01-4.05 (m, 2H), 4.37-
4.42 (m, 1H), 4.57-4.59 (m, 1H), 4.73-4.74 (m, 1H), 4.81-4.82 (m, 1H), 4.87-4.88 (m, 1H), 4.89-4.95
(m, 1H), 5.64 (d, 1H, J = 8.0 Hz), 5.66 (d, 1H, J= 8.0 Hz), 5.88 (d, 1H, J = 2.4 Hz), 5.90 (d, 1H, J=2.4
Hz), 7.61 (d, 1H, J = 8.0 Hz), 7.65 (d, 1H, J = 8.0 Hz), 8.58 (bs, 2H). *C NMR (100 MHz, CDCly): 5
20.0,20.8, 25.5, 25.58, 25.6, 25.78, 25.8, 27.6, 30.8, 32.4, 63.0, 63.1, 64.2, 67.5, 67.8, 80.9, 81.2, 85.4,
85.7,85.9,92.9,94.8,99.2,99.8, 102.0, 102.3, 114.2, 114.4, 140.8, 141.5, 150.5, 163.8.

1C.4.3. Alcohols

Toluene-4-sulphonic acid 5-hydroxy- pentyl ester (52): IR (Neat): 3401, 1598, 1475, 1373, 1189,
1071, 963 cm™. '"H NMR (400 MHz, CDCls): & 1.37-1.40 (m, 2H), 1.50-1.53 (m, 2H), 1.65-1.69 (m,
2H), 2.45 (s, 3H), 3.60 (t, 2H, J = 6.4 Hz), 3.91 (brs, 1H), 4.02 (t, 2H, J = 6.4 Hz), 7.34 (d, 2H, J=7.6
Hz), 7.78 (d, 2H, J = 8.4 Hz).

OH

1-Phenyl ethanol (35): IR (Neat): 3396, 3042, 2981, 2940, 1609, 1501, 1460, 1373, 1301, 1204, 1081,
1025, 907, 769 cm™. "H NMR (300 MHz, CDCl): & 1.49 (d, 3H, J = 6.0 Hz) 1.97 (s, 1H), 4.89 (q, 1H, J
= 6.0 Hz), 7.24-7.35 (m, 5H).
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Cinnamyl alcohol (55): IR (Neat): 3356, 3026, 2923, 2849, 1654, 1599, 1496, 1452, 1093, 1014, 970
em™. '"H NMR (400 MHz, CDCls): 8 1.71 (s, 1H), 4.25 (d, 2H, J= 7.1 Hz), 6.30 (m, 1H), 6.54 (d, 1H, J =
15.9 Hz), 7.24 (m, 5H. "*C NMR (100 MHz, CDCls): & 63.69, 126.44, 127.67, 128.46, 128.57, 131.12,

136.63 .
O
Ct
o N O
HO
o__0O
<

2°,3’-Isopropylidene Uridine (64): IR (KBr): 3313, 3236, 1705, 1675, 1475, 1398, 1275, 1244, 1219,
1163, 1127, 1081, 860, 804, 768, 722 cm’". "H NMR (400MHz, DMSO-ds): & 1.38 (s, 3H), 1.60 (s, 3H),
3.83 (m, 1H), 3.95 (m, 1H), 4.31 (m, 1H), 5.07 (m, 1H), 5.58 (d, 1H), 5.75 (d, 1H), 7.39(d, 1H).

@]

OH
@/Lko/\/

Benzoic acid 2-hydroxy-ethyl-ester (61): IR (KBr): 3418, 2953, 2882, 1718, 1601, 1452, 1373, 1316,
1277, 1177, 1123, 1070, 906, 711 cm™. 'H NMR (400 MHz, CDCL): § 1.95 (s, 1H), 3.97 (t, 2H), 4.49 (t,
2H), 7.52 (m, 3H), 8.09 (m, 2H).

1C.4.4. Acetates (g)
@)

/\fv)?/\OJJ\

Acetic acid decyl ester (20g): IR (Neat): 2924, 2858, 1746, 1465, 1362, 1244, 1045, 743 cm™. "H NMR
(400MHz, CDCl3): § 0.88 (t, 3H, -CH,CHs, J = 7.2 Hz)), 1.26 (m, 14H), 1.60 (m, 2H), 2.04 (s, 3H), 4.05
(t, 2H, J = 6.8 Hz). *C NMR (100 MHz, CDCly): & 15.5, 22.3, 24.1, 27.3, 29.9, 30.6, 30.7, 30.9, 33.3,
65.9, 172.2.

/\ﬁg/\o’Lk
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Acetic acid dodecyl ester (21g): IR (Neat): 2929, 2863, 1746, 1470, 1362, 1239, 1040 cm™. '"H NMR
(300 MHz, CDCl5) & 0.88 (t, 3H, -CH,CH;, J = 6.9 Hz), 1.26 (m, 18H, -OCH>CH,(CH>)s-), 1.62 (m,
2H, -OCH,CH>(CH,)s-), 2.04 (s, 3H, -COCHs), 4.05 (t, 2H, -OCH>CH,(CH>)o-, J = 6.6 Hz). *C NMR
(75 MHz, CDCLs): 6 14.1, 21.0, 22.7, 25.9, 28.6, 29.2, 29.3, 29.50, 29.54, 29.6, 31.9, 64.7, 171.3.

0

N

Acetic acid 3-phenyl-propyl ester (22g): IR (Neat): 3067, 3032, 2960, 2863, 1741, 1460, 1370, 1244,
1040, 748, 707 cm™. '"H NMR (300 MHz, CDCls): 8 1.95 (quint, 2H, -CH,CH,CH,-), 2.04 (s, 3H, -
COCHa), 2.68 (t, 2H, -CH,Ph, J = 7.5 Hz), 4.08 (t, 2H, -CH,0-J = 6.6 Hz), 7.19 (m, 3H, ArH), 7.30 (m,
2H, ArH). *C NMR (75 MHz, CDCl): § 20.9, 30.1, 32.1, 63.8, 125.9, 128.3, 128.4, 141.1, 171.1.

0

cta

NO,

Acetic acid 3-nitro-benzyl ester (26g): IR (Neat): 3088, 2950, 2873, 1746, 1536, 1355, 1229, 1090,
1040, 813,740 en”.'H NMR (300 MHz, CDCly): 8 2.16 (s, 3H, -COCH3), 5.21 (s, 2H, -OCH:Ph), 7.56
(18, J=7.9 Ha, Ast), 7.70 (d, 18, Ar, J = 7.5 Hz), 8.23 (m, 2H, ArE)."*C NMR (75 MHz, CDCL):
020.7,64.7,122.7,123.0,129.5, 133.8, 138.0, 148.2, 170.5.

: - i

Acetic acid 4-chlorg

"benzyl ester (28g): IR (Neat): 3037, 2950, 2893, 1736, 1495, 1383, 1229, 1096,
1045, 1024, :
815, 605 em' 'H NMR (300 MHz, CDCls): 82.09 (s, 3H, -COCH;), 5.06 (s, 2H, -

OCH,Ph), 7.31
170—72 ) (m, 4H, Ach). B¢ NMR (75 MHz, CDCl3): & 20.9, 65.4, 128.7, 129.6, 134.1, 134.4,
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Acetic acid 2-chloro-6-nitro-benzyl ester (30g): IR (KBr): 3109, 3073, 2925, 2858, 1736, 1541, 1454,
1352, 1250, 1055, 942, 819, 753 cm™.'"H NMR (400 MHz, CDCls): & 2.20 (s, 3H, -COCHs), 5.26 (s, 2H,
-OCH,Ph), 7.56 (d, 1H, ArH, J = 8.8 Hz), 8.13 (dd, 1H, AtH, J,= 8.4 Hz, J, = 2.8 Hz), 8.29 (d, 1H,
AtH, J = 2.8 Hz). >*C NMR (100 MHz, CDCly): § 21.2, 62.8, 124.1, 124.2, 130.6, 135.9, 139.9, 146.8,
170.4.

Acetic acid 9H-fluorene-9-ylmethyl ester (31g): IR (KBr): 3050, 2953, 2899, 1731, 1449, 1383, 1244,
1040, 748 cm™."H NMR (300 MHz, CDCls): § 2.09 (s, 3H, -COCHs), 4.17 (t, 1H, -OCH,CH-, J = 7.2
Hz), 4.32 (d, 2H, -OCH,CH-, J = 7.2 Hz), 7.32 (m, 4H, ArH), 7.56 (d, 2H, ArH, J = 7.5 Hz), 7.72 (d,
2H, ArH, J = 7.5 Hz). '>°C NMR (75 MHz, CDCls): & 20.9, 46.6, 66.3, 119.9, 124.9, 127.0, 127.7,

141.2, 143.7, 170.8.
o0

Acetic acid 2-dibenzylamino-ethyl ester (32g): IR (KBr): 2935, 2807, 1737, 1504, 1455, 1396, 1263,
1060 cm™."H NMR (400 MHz, CDCl3): § 2.02 (s, 3H, -COCH3), 2.71 (t, 2H, -NCH,CH,0-, J = 6.0 Hz),
3.64 (s, 4H, -N(CH,),Ph), 4.15 (t, 2H, -NCH,CH,0-, J = 6 Hz), 7.20-7.38 (m, 10H, ArH). *C NMR
(100 MHz, CDCl5): 8 21.5, 52.0, 59.0, 62.8, 127.2, 128.4, 128.9, 139.5, 171.0.

O 0]
e &

Acetic acid S-acetoxy-pentyl ester (42g): IR (Neat): 2955, 2875, 1741, 1460, 1372, 1244, 1045, 612
cm”. '"H NMR (300MHz, CDCls): 8 1.44 (m, 2H, -CH,CH>CH,-), 1.66 (m, 4H, -OCH,CH,CH,-), 2.05
(s, 6H, -COCHs), 4.07 (t, 4H, -CH,OCOCH;, J = 6.6 Hz).”C NMR (75 MHz, CDCl): § 20.8, 22.3,
28.1,64.1, 171.0.

TH-1847_03612208



L2U

XN

Jfr G,_,,;; £

| £

Experimental 130

0
Ho/\&')af\o’lk

Acetic acid 5-hydroxy-pentyl ester (42°g): IR (Neat): 3421, 2945, 1741, 1460, 1368, 1245, 1062, 1040
em™.'H NMR (400 MHz, CDCl3): & 1.41 (m, 2H, HO-CH,CH>-), 1.61 (m, 4H, HO-CH,CH1(CH2)>-),
2.02 (s, 3H, -COCHs), 2.16 (brs, 1H, -OH), 3.60 (t, 2H, HO-CH,>CH,-, J = 6.6 Hz), 4.01 (t, 2H, -

CH,OCOCHs3, J = 6.6 Hz).>C NMR (100 MHz, CDCls): 8 20.9, 22.1, 28.3, 32.2, 62.5, 64.4, 171.3.
0
)LO/‘\/\/\/O o

(i

Acetic acid 6-(tetrahydro-pyran-2-yloxy)-hexyl ester (51g): IR (KBr): 2940, 2863, 1747, 1460, 1363,
1245, 1132, 1030, 984, 881 cm™."H NMR (400 MHz, CDCls): & 1.40 (m, 3H), 1.50-1.85 (m, 12H), 2.04
(s, 3H, -COCHs), 3.39 (m, 1H), 3.51 (m, 1H), 3.73 (m, 1H), 4.05 (t, 2H, J = 6.4 Hz), 4.57 (m, 1H)."C
NMR (100 MHz, CDCly): § 20.1, 21.4, 25.9, 26.0, 26.2, 26.3, 26.5, 28.8, 28.9, 30.0, 30.1, 31.2, 62.6,
62.7,64.7,64.8, 67.7, 67.8, 99.0,99.1. 171.3. (additional peaks are due to diastereomeric peak).

e

O 0

Acetic acid 2-(2-acetoxy-ethoxy)-ethyl ester (44g): IR (KBr): 2960, 2883, 1741, 1460, 1380, 1244,
1142, 1060, 968, 860, 609 cr. 'H NMR (300MHz, CDCly): 6 2.09 (s, 6H), 3.70 (t, 4H, J = 4.8 H2),

( r H:J —8 Z).BC NMR(;S MHZ, (:DCI:}) 8 20 " bl 6 e 68 ? l 08.
0]

)J\O/><\oj)l\

Acetic acid 3-acetoxy-2

»2-dimethyl-propyl ester (45g): IR (KBr): 2975, 2899, 1741, 1480, 1383,
1245, 1050, 938 epy! !
v 8 em™. 'H NMR (400 MHz, CDCly): § 0.94 (s, 6H, -CH(CHs)2), 2.03 (s, 6H, -COCH,),
.85 (s, 4H, -(OCH,),) 13

(OCLL)). "C NMR (100 M, CDCly): §20.8, 21.7, 34.4, 69.1, 171.0.

OCI\J)/\/O\g/_—'"““"‘——— T
T
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Acetic acid 3-acetoxy 3-chloro-propyl ester (47g): IR (KBr): 2966, 1741, 1650, 1383, 1235, 1050,
764, 610 cm™. "H NMR (400MHz, CDCl3): & 2.09 (s, 3H), 2.11 (s, 3H), 3.66 (m, 2H), 4.23 (m, 1H),
434 (m, 1H), 5.21 (m, 1H). *C NMR (100 MHz, CDCls): & 21.0, 21.2, 42.5, 62.7, 70.7, 170.0, 170.5.

oy

Acetic acid 2-(4-hydroxy-phenyl)-ethyl ester (49g): IR (KBr): 3395, 3027, 2960, 1726, 1623, 1521,
1460, 1367, 1260, 1045, 840 cm™.'"H NMR (400MHz, CDCls): § 2.02 (s, 3H), 2.83 (t, 2H, ] = 6.8Hz),
422 (t,2H, J =6.8 Hz), 6.78 (m, 2H, ArH), 7.02 (m, 2H, ArH), 7.34 (brs, 1H).

) @)

= _ )
0] }<: o
) O>_

Tetraacetate of pentaerythritol (Acetic acid 3-acetoxy-2,2-bis-acetoxy methyl-propyl ester ) (50g):
IR (KBr): 2981, 2909, 1742, 1481, 1383, 1245, 1045, 917 cm™."H NMR (400 MHz, CDCly):  2.07 (s,
12H, -COCH?3), 4.12 (s, 8H, (-OCH)4).'>C NMR (100 MHz, CDCly): & 21.1, 41.9, 62.6, 170.5.

(@)

0 O>_
%X
)_

o]
Acetic acid S5-acetoxymethyl-2, 2-dimethyl-[1,3]dioxan-5-ylmethyl ester (50°g): IR (KBr): 2991,
2955, 2889, 1747, 1460, 1385, 1240, 1096, 1053, 927, 840 cm™."H NMR (400 MHz, CDCly): § 1.47 (s,
6H), 2.06 (s, 6H, -COCHs), 3.74 (s, 4H,-CH,OCH(CHs),), 4.10 (s, 4H, -CH,0COCH3).*C NMR (100

MHz, CDCl;): 8 21.2, 23.9, 37.4, 62.2, 63.5, 98.8, 170.8.
0] (®)
X, XX
Diisopropylidine of pentaerythritol or 3,3,9,9-Tetramethyl-2,4,8,10-tetraoxaspiro|[ 5.5]undecane
(50°g) IR (KBr): 2996, 2945, 2873, 1455, 1388, 1265, 1199, 1096, 1061, 940, 846 cm™. "H NMR (400
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MHz, CDCl): 6 1.40 (s, 12H, -OC(CHs),), 3.72 (s, 8H, -OCH,). °C NMR (100 MHz, CDCl;): § 24.0,
33.0, 64.4, 98.8.

H o]
vl
0 H
Acetic acid 4-acetoxy-but-2-enyl ester (43g): IR (KBr): 3047, 2950, 1751, 1444, 1372, 1239, 1040,
983 cm™. '"H NMR (400 MHz, CDCl;): & 2.00 (s, 6H, -COCHj3), 4.61 (m, 4H, -C/H,0CO-), 5.69 (m, 2H,
-OCH,CH=CHCH,0-). ®C NMR (100 MHz, CDCl3): § 20.7, 59.8, 127.9, 170.6.

(0]
HONOJJ\
Acetic acid 4-hydroxy-but-2-enyl ester (53°g): IR (KBr): 3437, 2940, 2873, 1742, 1445, 1380, 1250,
1030 cm™.'"H NMR (400 MHz, CDCl5): §,2.01 (s, 3H, -COCH;), 2.57 (brs, 1H, -OH), 4.19 (d, 1H, -
CCH(H)OH, J = 6.56 Hz), 4.61 (d, 1H, -CCH(H)OH, J = 7.08 Hz), 5.56 (m, 1H, -CH(H)OCOCH3),
5.79 (m, 1H,- CH(H)OCOCH3).">C NMR (100 MHz, CDCl3): § 20.9, 58.2, 60.1, 125.3, 133.3, 171.2.

o]
\H/O\/\\/\O/U\_
0
Acetic acid 4-acetoxy-but-2-ynyl ester (54g): IR (KBr): 2939, 1751, 1444, 1383, 1219, 1157, 1034,
970, 922, 830, 609 cm™. 'H NMR (400 MHz, CDCl3): 8 2.10 (s, 6H, -COCHj;), 4.71 (s, 4H, -
CH,OCOCH3). *C NMR (100 MHz, CDCl3): § 21.0, 52.4, 80.9, 170.2.

o el
1 g

Acetic acid 3-phenyl-allyl ester (55g): IR (KBr): 3032, 2950, 1741, 1500, 1455, 1370, 1234, 1029,
978, 750, 700 cm™. "H NMR (400 MHz, CDCls): § 2.09 (s, 3H, -COCH), 4.72 (m, 2H, -CH,OCOCHj3),
6.27 (m, 1H, PhACH=CH-), 6.63 (d, 1H, -OCH,CH=CH- J = 16.0 Hz), 7.20-7.40 (m, 5H, ArH). °C
NMR (100 MHz, CDCL): § 21.4, 65.4, 123.4, 126.8, 128.3, 128.8, 134.3, 136.4, 170.8.
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WO
J

Acetic acid 2-[4-(tert-butyl-dimethyl-silanyloxy)-phenyl]-ethyl ester (58g): IR (KBr): 2960, 2868,
1751, 1613, 1521, 1470, 1367, 1270, 1045, 922, 840, 788, 701 cm™."H NMR (400 MHz, CDCls): § 0.19
(s, 6H, -Si(CH3)2-), 1.0 (s, 9H, -Si(CH3),C(CH3)3), 2.08 (s, 3H, -COCHs), 2.86 (t, 2H, -OCH,CH>-, J =
7.2 Hz), 4.29 (t, 2H, -OCH>CH,-, J = 7.2 Hz), 6.80 (d, 2H, ArH, J = 8.4 Hz), 7.10 (d, 2H, ArH, J = 8.4
Hz)."’C NMR (100 MHz, CDCls): § -3.9, 18.6, 21.3, 26.1, 34.7, 65.4, 120.2, 129.9, 130.5, 154.4, 171.0.

O
HO’?(N\HOJ\
og\o’\\
Acetic acid 2-tert-butoxycarbonylamino-3-hydroxy-2-methyl-propyl ester (57g): IR (KBr): 3416,
2981, 2940, 1747, 1716, 1511, 1370, 1245, 1168, 1050, 871 cm™."H NMR (400 MHz, CDCl3): § 1.25 (s,
3H, -CHCHa), 1.43 (s, 9H, -OC(CHs3)3), 2.10 (s, 3H, -COCH,), 3.61 (q, 2H, J=11.2 Hz), 4.21 (m, 2H),
3.57 (brs, 1H). '*C NMR (100 MHz, CDCls): 8 20.4, 21.3, 28.7, 56.5, 66.6, 67.2, 80.4, 155.8, 171.3.

B
T

Acetic acid 4-allyloxy-benzyl ester (56g): IR (KBr): 3083, 2960, 2868, 1743, 1620, 1516, 1460, 1424,
1370, 1239, 1040, 830 cm™.'H NMR (300 MHz, CDCl;): 5,2.06 (s, 3H, -COCH;), 4.52 (d, 2H, -
OCH,CH=CH,, J = 5.1 Hz), 5.03 (s, 2H, -OCH,Ph,), 5.28 (dd, 1H, -CH=CH(H),J; = 10.5 Hz, J, = 1.2
Hz), 5.40 (dd, 1H, -CH=CH(H),  J; = 17.2 Hz, J; = 1.2 Hz), 6.03 (m, 1H, -CH=CH(H)), 6.89 (d, 2H,
ArH, J = 8.7 Hz), 7.28 (d, 2H, ArH, J = 8.7 Hz).">C NMR (75 MHz, CDCl;): § 21.0, 66.0, 68.7, 114.7,
117.7,128.1, 130.0, 133.0, 158.6, 170.9.

0O

S

Benzoic acid 2-acetoxy-ethyl ester (61g): IR (KBr): 3078, 3032, 2945, 2878, 1746, 1618, 1516, 1465,
1383, 1234, 1183, 1034, 937, 830 cm™.'"H NMR (400 MHz, CDCls): § 2.06 (s, 3H, -COCHz), 4.39 (m,
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2H), 4.48 (m, 2H), 7.41 (m, 2H, ArH), 7.54 (m, 1H, ArH), 8.01 (m, 2H, ArA). *C NMR (100 MHz,
CDCL): §20.8, 62.1, 62.6, 128.3, 129.6, 132.2, 133.1, 166.3, 170.8.
@]

(0]
@)\O/\/O\/\OJ\

Benzoic acid 2-(2-acetoxy-ethoxy)-ethyl ester (62g): IR (KBr): 3075, 2960, 2884, 1737, 1603, 1455,
1378, 1286, 1240, 1117, 1066, 963, 851, 728 cm™. 'H NMR (400 MHz, CDCl;): & 1.94 (s, 3H, -
COCH,), 3.65 (m, 2H), 3.74 (m, 2H), 4.14 (m, 2H), 4.39 (m, 2H), 7.34 (m, 2H, ArH), 7.46 (m, 1H,

ArH), 7.96 (m, 2H, ArH). >C NMR (100 MHz, CDCls): § 20.6, 63.2, 63.7, 68.83, 68.84, 128.1, 1294,
129.8, 132.8, 166.2, 170.7.

o

=4

\

; Acetic acid cyclohexyl ester (33g): IR (KBr): 2939, 2873, 1741, 1454, 1367, 1250, 1050, 1024 cm™. 'H
3

J  NMR (300MHz, CDCly): § 1.22-1.42 (m, 6H), 1.55 (m, 1H), 1.72-1.96 (m, 4H), 2.03 (s, 3H)."> C NMR
iR

=

(75 MHz, CDCl,): 6 20.6, 23.8, 25.3, 31.6, 72.7, 170.7.

o

A

0" "o

Acetic acid 2-isopropyl-5-methyl-cyclohexyl ester (34g): IR (KBr): 2955, 2873, 1741, 1460, 1375,
1244, 1029, 988, 906 cm™. '"H NMR (300MHz, CDCl3): 6 0.76 (d, 3H, J = 6.9 Hz), 0.88-1.08 (m, 9H),
1.31-1.50 (m, 2H), 1.66 (m, 2H), 1.86 (m, 1H), 1.98 (m, 1H), 2.03 (s, 3H), 4.67 (m, 1H). *C NMR (75
MHz, CDCl): § 16.3,20.7,21.3, 22.0, 23.4, 26.2, 31.3, 34.2, 40.9, 46.9, 74.1, 170.7.

O

P

o
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Acetic acid-1-phenyl-ethyl ester (35g): IR (KBr): 3040, 2980, 2934, 1750, 1458, 1375, 1244, 1070,
1034, 955, 768, 702 cm™. '"H NMR (300MHz, CDCls): § 1.53 (d, 3H, J = 6.6 Hz), 2.07 (s, 3H), 5.87 (q,
1H, J = 6.6) 7.34 (m, 5H, ArH). > C NMR (75 MHz, CDCl): § 21.3, 22.2, 72.3, 126.0, 127.8, 128.4,
141.6, 170.3.

san

Acetic acid 1-(3-nitro-phenyl)-ethyl ester (36g): IR (KBr): 3083, 2986, 2934, 1741, 1536, 1449, 1357,
1244, 1070, 1040, 815, 743, 686 cm™. "H NMR (300 MHz, CDCl3): & 1.58 (d, 3H, -OCHCH;), J = 6.9
Hz), 2.12 (s, 3H, -COCH3), 5.94 (q, 1H, J= 6.9 Hz, -OCHCHj3), 7.54 (t, 1H, ArH, J= 7.8 Hz), 7.68 (d,
1H, ArH, J = 7.8 Hz), 8.14 (d, 1H, ArH, J = 8.1 Hz), 8.22 (s, 1H, ArH). >C NMR (75 MHz,
CDCls): ¢ 21.1, 22.1, 71.1, 120.9, 122.7, 129.5, 132.2, 143.8, 148.3, 170.0.

SO

Acetic acid 1-(4-chloro-phenyl)-ethyl ester (37g): IR (KBr): 2986, 2939, 1741, 1500, 1375, 1239,
1071, 1020, 950, 830, 543 cm™. '"H NMR (300 MHz, CDCL): § 1.51 (d, 3H, -OCHCH; J = 6.6 Hz),
2.06 (s, 3H, -COCH3), 5.83 (q, 1H, -OCHCH3, J = 6.6 Hz), 7.30 (m, 4H, ArH). >C NMR (75 MHz,
CDCly): §21.2,22.1, 71.5, 127.5, 128.6, 133.5, 140.2, 170.2.

O

s,

Acetic acid benzhydryl ester (39g): IR (KBr): 3070, 3037, 2991, 2945, 2888, 1730, 1700, 1603, 1465,
1383, 1224, 1170, 1060, 891, 762, 702 cm™. "H NMR (400MHz, CDCly): § 2.07 (s, 3H), 6.80 (s, 1H),
7.25 (m, 10H, ArH)."*C NMR (100MHz, CDCl): & 21.2, 127.0, 127.8, 128.4, 140.1, 169.9.
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(0]

S

Acetic acid 9H-fluoren-9-yl ester (40g):IR (KBr): 3057, 2929, 1731, 1613, 1449, 1378, 1321, 1234,
1034, 932, 855, 758, 548 cm™."H NMR (400 MHz, CDCl): § 2.13 (s, 3H, -COCH3), 6.74 (s, 1H, -OCH-
), 7.24 (t, 2H, AtH, J = 7.5 Hz), 7.35 (t, 2H, ArH, J = 7.3 Hz), 7.50 (d, 2H, ArH, J = 7.5 Hz), 7.60 (d,
2H, ArH, J = 7.5 Hz).>C NMR (100 MHz, CDCls): § 21.1, 75.0, 119.9, 125.8, 127.7, 129.4, 140.9,
141.9, 171.7.

NO,
Y

o]

Acetic acid 2-nitrophenyl ester (66g): IR (KBr): 1777, 1608, 1531, 1480, 1352, 1193, 1015, 917, 705
cm™. "H NMR (300MHz, CDCly): 6 2.38 (s, 3H), 7.24 (m, 1H, ArH), 7.40 (m, 1H, ArH), 7.66 (m, 1H,
ArH), 8.09 (m, 1H, ArH).">C NMR (75 MHz, CDCl;): § 20.8, 125.2, 125.8, 126.6, 134.7, 141.7, 144.1,
168.6.

0 Q 0
oo
Acetic acid 2-acetoxy phenyl ester (67g): IR (KBr): 1767, 1500, 1444, 1380, 1255, 1214, 1180, 1105,

1024, 925, 835, 775, 605 cm™. "H NMR (300MHz, CDCls): & 2.27 (s, 6H), 7.14-7.26 (m, 4H, ArH). "*C
NMR (75 MHz, CDCly): § 20.5, 123.3, 126.5, 142.0, 168.2.

0 e
\/@\ﬂ/
N 0

Acetic acid 4-cyano-phenyl ester (69g): IR (KBr): 2233, 1775, 1603, 1506, 1376, 1200, 1168, 1014,
-1
915, 855, 553 cm™. 'H NMR (300 MHz, CDCly): 8 2.33 (s, 3H, -COCH,), 7.23 (d, 2H, AtH, J = 6.9

Hz), 7.68 (d, 2H, ArH, J = 6.9 Hz). 3c NMR (75 MHz, CDCls): § 20.9, 109.5, 118.1, 122.6, 133.5,
153.8, 168.4.
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YO
SR
N,N-Diphenyl-acetamide (93g): IR (KBr): 3472, 3067, 1716, 1675, 1598, 1495, 1383, 1306, 1080,

1040, 760, 705 cm™. 'H NMR (300 MHz, CDCls): § 2.06 (s, 3H, -COCHs), 7.28 (m, 10H, ArH). °C
NMR (75 MHz, CDCl;): & 23.8, 126.4, 127.7, 128.3, 129.1, 129.6, 133.0, 170.5.

O

/\6')9/\8)k

Thioacetic acid S-dodecyl ester (94g): IR (KBr): 2924, 2852, 1700, 1465, 1362, 1137, 963, 732, 630
em™. 'H NMR (400 MHz, CDCls): 8 0.88 (t, 3H, -SCH,(CHy)1(CHs, J = 7.2 Hz), 1.25 (brm, 18H, -
SCH,CH2(CH32)9yCH3), 1.56 (m, 2H, -SCH2CH (CH,)yCHs), 2.32 (s, 3H, -COCHs), 2.86 (t, 2H, -
SCH,CH»(CH»)9eCH3 J = 7.6 Hz). °C NMR (100 MHz, CDCl3): § 14.6, 23.1, 29.2, 29.6, 29.7, 29.9,
30.0, 30.05, 31.0,.32.3, 195.9.

1C.4.5. Propionates (h):

/\HT/\OJ\/
Propionic acid decyl ester (20h): IR (KBr): 2929, 2858, 1741, 1470, 1352, 1188, 1086, 809 em . 'H
NMR (400 MHz, CDCl;): § 0.80 (t, 3H, -OCH,(CH,)sCHs, J = 6.8 Hz), 1.07 (t, 3H, -COCH,CHs, J =
7.6 Hz), 1.19 (brm, 14H, -CHy(CH,);CH3), 1.53 (m, 2H, -OCH,CH,-, J = 6.8 Hz), 2.26 (q, 2H, -
COCH,CH3, J = 7.6 Hz), 3.99 (t, 2H, -OCH,CH,-, J = 6.4 Hz).>C NMR (100 MHz, CDCl;): § 9.1,
14.0, 22.6, 25.8, 27.1, 27.6, 28.6, 29.20, 29.24, 29.5, 31.8, 64.4, 174.6.
O

Sl

Propionic acid 3-phenyl-propyl ester (22h): IR (KBr): 3027, 2960, 1747, 1460, 1358, 1194, 1086,
1025, 748, 707 cm™. "H NMR (400 MHz, CDCls): § 1.14 (t, 3H, -COCH,CHs, J = 7.6 Hz), 1.95 (m, 2H,
-OCH,CH,CH,Ph), 2.33 (q, 2H, -COCH,CH3, J = 7.6 Hz), 2.68 (t, 2H, -OCH,CH,CH,Ph, J = 8 Hz),
4.09 (t, 2H, -OCH>CH,CH,Ph, J = 6.4Hz), 7.18 (m, 3H, AtH), 7.27 (m, 2H, AtH).”C NMR (100 MHz,
CDCl3): § 9.6, 28.0, 30.7, 32.6, 63.9, 126.2, 128.59, 128.62, 141.4, 174.5.
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L

Propionic acid 2-(4-hydroxy-phenyl)-ethyl ester (49h): IR (KBr): 3406, 2986, 2945, 1716, 1614,
1516, 1470, 1352, 1219, 1086, 835 cm™. '"H NMR (400 MHz, CDCls): § 1.12 (t, 3H, -COCH,CHs, J =
7.6 Hz), 2.32 (q, 2H, -COCH,CH3s, J = 7.6 Hz), 2.85 (t, 2H, -OCH,CH,Ph, J = 7.2 Hz), 4.24 (t, 2H, -

OCH,CH,Ph, J = 7.2 Hz), 6.77 (m, 2H), 7.05 (d, 2H, J = 8.4 Hz). >*C NMR (100 MHz, CDCl;): & 9.6,
28.1,34.6, 65.8, 115.7, 129.5, 130.2, 154.8, 175.6.

L

Propionic acid 1-phenyl-ethyl ester (35h): IR (KBr): 3037, 2991, 2939, 1742, 1460, 1367, 1189, 1075,
763, 702 cm™. '"H NMR (400 MHz, CDCl3): 8 1.13 (t, 3H, -COCH,CH>, J = 7.6 Hz), 1.52 (d, 3H,
ArCHCHs, J = 6.4 Hz), 2.34 (m, 2H, -COCH,CH3), 5.88 (q, 11, ArCHCH;, J = 6.4 Hz), 7.33 (m, 5H,
ArH). *C NMR (100 MHz, CDCls): § 9.6, 22.7, 28.3, 72.4, 126.2, 127.9, 128.6, 142.0, 173.8.

= OJ\/
o

Propionic acid 3-phenyl-allyl ester (55h): IR (KBr): 3027, 2986, 2945, 1741, 1465, 1362, 1183, 1075,
973, 742, 696 cm™.'H NMR (400 MHz, CDCly): & 1.16 (t, 3H, -COCH,CHs, J = 7.2 Hz), 2.37 (q, 2H, -
COCH,CHs, J = 7.6 Hz), 4.72 (dd, 2H, -OCH,CH, J; = 6.8 Hz, J, = 1.2 Hz), 6.28 (m, 1H, -
OCH,CH=CH-), 6.64 (d, 1H, -OCH,CH=CH-, J = 15.6 Hz), 7.24 (m, 1H, ArH), 7.30 (m, 2H, ArH),

7.36 (m, 2H, ArH). "C NMR (100 MHz, CDCls): & 9.6, 28.0, 65.3, 123.5, 126.8, 128.2, 128.8, 134.2
136.4, 174.3.

138

@]
/\6")9/\8)]\/

Thiopropionic acid S-dodecyl ester.(94h): IR (KBr): 2935, 2863, 1701, 1470, 1107, 1030, 943 cm™,
|

H NMR (400 MHz, CDCl,): § (.88 (t, 3H, -CH,CH;, J = 7.0 Hz), 1.17 (t, 3H, -COCH,CHj, J = 7.6Hz),
1.25 (brs, 18H, CHy(CHy)oCH,CH,S-), 1.58 (m, 2H, CH3(CH2)sCH2CH,S-), 2.56 (q, 2H, -COCH,CHs, J

= 7.6 Hz), 2.86 (t, 2H, CHy(CH,)yCH,CH,S-, J = 7.6 Hz). *C NMR (100 MHz, CDCls): & 10.2, 14.6,
23.1,29.2,29.3,29.5,29.8,29.9, 30.0, 30.02, 30.05, 32.3, 37.8.
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1C.4.6. Isobutyrates (i):

/\M?—/\oj\r

Isobutyric acid decyl ester (20i): IR (KBr): 2934, 2858, 1736, 1470, 1393, 1342, 1265, 1198, 1163,
1122, 1091 cm™. '"H NMR (400 MHz, CDCl,): § 0.88 (t, 3H, -CH,CH,CHs, J = 7.2 Hz), 1.16 (d, 6H, -
COCH(CHs)2, J = 6.8 Hz), 1.26 (brm, 14 H, CH3(CH,)7;CH;-), 1.62 (m, 2H, -OCH,CH>-,), 2.53 (septet,
1H, -COCH(CH3),, J = 7.2 Hz), 4.05 (t, 2H, -OCH,CH,-, J = 6.4 Hz). *C NMR (100 MHz, CDCl): &
14.5,19.4, 23.1, 26.3, 27.5, 29.0, 29.6, 29.7, 29.9, 32.3, 34.4, 64.7, 177.2.

O

SRRAT

Isobutyric acid 3-phenyl-propyl ester (22i): IR (KBr): 3035, 2976, 1731, 1603, 1460, 1388, 1337,
1260, 1199, 1153, 1086, 1025, 743, 702 cm'.'"H NMR (400 MHz, CDCly):8 1.17 (d, 6H, -
COCH(CHs),, J = 7.2 Hz), 1.96 (m, 2H, -OCH,CH,CH,Ph), 2.54 (septet, 1H, -COCH(CHa),, J = 6.4
Hz), 2.68 (t, 2H, -OCH,CH,CH,Ph, J = 8.4 Hz), 4.08 (t, 2H, -OCH,CH,CH,Ph, J = 6.4 Hz), 7.14-7.30
(m, 5H, ArH). *C NMR (100 MHz, CDCls): 8 19.5, 30.7, 32.6, 34.5, 63.9, 126.2, 128.60, 128.63, 141.4,
1773,

Neass

Isobutyric acid 2-(4-hydroxy-phenyl)-ethyl ester (49i): IR (KBr): 1342, 2981, 2878, 1742, 1711,
1624, 1516, 1475, 1352, 1271, 1163, 994, 830, 558 cm™. 'H NMR (400 MHz, CDCL): § 1.13 (d, 6H, -
COCH(CHs),, J = 7.2 Hz), 2.53 (septet, 1H, -COCH(CHy),, J = 7.2 Hz), 2.85 (t, 2H, -OCH,CH>Ph, J =
7.2 Hz), 4.24 (t, 2H, -OCH,CH,Ph, J = 7.2 Hz), 6.76 (d, 2H, ArH, J = 8.4 Hz), 7.06 (d, 2H, AtH, J = 8.4
Hz). >C NMR (100 MHz, CDCl3): § 19.4, 34.6, 65.7, 115.6, 129.5, 130.2, 154.8, 178.1.

o
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Isobutyric acid 3-phenyl-allyl-ester (55i): IR (KBr): 3032, 2976, 2934, 2878, 1737, 1401, 1271, 1199,
1168, 974, 753, 697 cm™."H NMR (400 MHz, CDCls): & 1.20 (d, 6H, -COCH(CHs),, J = 7.2 Hz), 2.60
(m, 1H, -COCH(CHs),, ), 4.73 (dd, 2H, -OCH,CH, J; = 6.4 Hz, J, = 1.6 Hz), 6.29 (m, 1H, -
OCH,CH=CH-), 6.65 (d, 1H, -OCH,CH=CH-, J = 16 Hz), 7.25 (m, 1H, ArH), 7.33 (m, 2H, ArH), 7.39

(m, 2H, ArH).”>C NMR (100 MHz, CDCl;): § 19.5, 34.5, 65.2, 123.6, 126.8, 128.2, 128.8, 134.1, 136.4,
177.0.

g

Isobutyric acid 1-phenyl-ethyl ester (35i): IR (KBr): 3032, 2981, 2940, 2848, 1742, 1460, 1388, 1260,
1209, 1158, 1071, 769, 707 cm™". "H NMR (400 MHz, CDCls): § 1.16 (m, 6H, -COCH(CH3),,), 1.51 (d,
3H, ArCHCHs, J = 6.8 Hz), 2.56 (septet, 1H, -COCH(CHa),, J = 6.8 Hz), 5.87 (q, 1H, ArCHCH; J=6.8

Hz), 7.32 (m, 5H, ArH). °C NMR (100 MHz, CDCl;): & 19.4, 22.7, 34.6, 72.2, 126.1, 127.9, 128.5,
142.2, 176.3.

H

“m)\
Y
N-Phenyl-isobutyramide (78i): IR (KBr): 3302, 3268, 3206, 3145, 2976, 2935, 2873, 1670, 1608
1547, 1506, 1450, 1393, 1312, 1250, 1214, 1107, 948, 764 cm™'. '"H NMR (400 MHz, CDCls): 8 1.25 (4,

6H, -COCH (CHa),, J = 6.8 Hz), 2.51 (m, 1H, -COCH(CHs),), 7.10 (t, 1H, ArH, J = 7.2 Hz), 7.30 (¢,

2H, ArH, J = 7.6 Hz), 7.52 (d, 2H, ArH, J = 8.0 Hz). >C NMR (100 MHz, CDCls): 8 20.1, 36.9, 120.2,
124.3,129.1, 138.3, 175.7.

= 2
/\(")gf\s’u\(

Thioisobutyric acid S-dedecyl ester (94i): IR (KBr): 2930, 2858, 1700, 1470, 1388, 1096, 984, 866,
712 em™."H NMR (400 MHz, CDCly): § 0.88 (t, 3H, -CH,CHs, J = 6.8 Hz), 1.18 (d, 6H, -COCH(CHa),,
J = 7.2Hz), 1.26 (brs, 18H, CHy(CH,)sCH,CH,S-), 1.55 (m, 2H, CH3(CH,)oCH>CH,S-), 2.72 (septet,
IH, -COCH(CHs)z, J = 7.2 Hz), 2.84 (t, 2H, CH3(CH,)yCH,CH,S-, J = 7.2 Hz). *C NMR (100 MHz,
CDCly): 6 14.6, 19.8, 23.1,28.9,29.3, 29,5, 29.8, 29.9, 30.0, 30.1, 32.3, 43.5, 204.3.

.....
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1C.4.7. Pivalates (j)

/'\H?/\O)]\ﬁ

2,2-Dimethyl-propionic acid decyl ester (20j):
IR (KBr): 2935, 2863, 1737, 1465, 1372, 1291, 1163, 1045 cm™."H NMR (400 MHz, CDCl3): § 0.87 (t,
3H, -CH,CH,CHs, J = 7.2 Hz), 1.19 (s, 9H, -COC(CH3)3), 1.26 (brm, 14H, CH3(CH,);CH,-), 1.60 (m,
2H, -OCH,CH>-,), 4.04 (t, 2H, -OCH,CH,-, J = 6.4 Hz). >C NMR (100 MHz, CDCl): § 14.5, 23.1,
26.3,27.6,29.0, 29.6,29.7,29.9, 32.3, 39.1, 64.8, 178.6.

O

O

2,2-Dimethyl-propionic acid 3-phenyl-propyl ester (22j):
IR (KBr): 3070, 3032, 2971, 2873, 1737, 1486, 1460, 1286, 1153, 1040, 750, 700 cm™. '"H NMR (400
MHz, CDCl3): 8, 1.21 (s, 9H, -COC(CH;)3), 1.94 (m, 2H, -OCH,CH,CH,Ph), 2.68 (t, 2H, -
OCH,CH,CH,Ph, J = 8 Hz), 4.06 (t, 2H, -OCH,CH,CH,Ph, J = 6.4 Hz), 7.14-7.29 (m, 5H, ArH,). °C
NMR (100 MHz, CDCl,): 8 27.7, 30.7, 32.6, 39.2, 63.9, 126.2, 128.60, 128.63, 141.4, 178.6.

o

Cfoi*

2,2-Dimethyl-propionic acid 1-phenyl-ethyl ester (35j): IR (KBr): 3039, 2986, 2878, 1731, 1460,
1373, 1286, 1163, 1066, 769, 707 cm™"."H NMR (400 MHz, CDCl): 5 1.21 (s, 9H, -COC(CHz)3), 1.50
(d, 3H, ArtCHCH3, J = 6.8 Hz), 5.84 (q, 1H, ArCHCH;_J = 6. 4 Hz), 7.32 (m, 5H, AtH). *C NMR (100
MHz, CDCls): & 22.8, 27.6, 39.1, 72.3, 125.9, 127.8, 128.6, 142.3, 177.7.

O~

2,2-Dimethyl-propionic acid 3-phenyl-allyl ester (55j): IR (KBr): 3027, 2971, 2873, 1731, 1455,
1372, 1276, 1153, 968, 753, 702 cm™.'"H NMR (400 MHz, CDCly): 8 d 1.23 (s, 9H, -COC(CHs)s), 4.71
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(d, 2H, -OCH,CH, J = 6.0 Hz), 6.29 (m, 1H, -OCH,CH=CH-), 6.63 (d, 1H, -OCH,CH=CH-, J = 15.6

Hz), 7.21-7.40 (m, 5H, ArH). >*C NMR (100 MHz, CDCls): 8 & 27.7, 39.2, 65.3, 123.8, 126.8, 1282,
128.8, 133.8, 136.5, 178.4.

oot

2,2-Dimethyl-propionic acid 2-(4-hydroxy-phenyl)-ethyl ester (49j): IR (KBr): 3411, 2976, 1731,
1706, 1624, 1521, 1455, 1363, 1301, 1168, 1045, 830 cm™. '"H NMR (400 MHz, CDCl;): & 1.59 (s, 9H,
-COC(CHs)3), 2.86 (t, 2H, -OCH,CH,Ph, J = 7.0), 4.22 (t, 2H, -OCH,CH,Ph, J = 7.0 Hz), 6.76 (d, 2H,

AtH, J = 8.4 Hz), 7.07 (d, 2H, ArH, J = 8.8Hz). '*C NMR (100 MHz, CDCl;): § 27.6, 34.6, 39.1, 65.4,
65.5, 115.5, 130.1, 130.2, 154.5.

s 1C.4.8. Benzoates (k)

O

Benzoic acid decyl ester (20Kk): IR (KBr): 2935, 2858, 1726, 1603, 1470, 1388, 1285, 1178, 1116, 717
cm”. 'H NMR (400 MHz, CDCl): & 0.87 (t, 3H, -CH,CH,CH;, J = 7.2 Hz), 1.27-1.44 (m, 14H,
CH3(CHL),CHa-), 1.76 (m, 2H, -OCH,CH,-), 4.31 (t, 2H, -OCH>CH,-, J = 6.8 Hz), 7.43 (m, 2H, ArH),
7.54 (m, 1H, ArH), 8.04 (d, 2H, ArH, J = 7.2 Hz). *C NMR (100 MHz, CDCls): § 14.6, 23.1, 26.5,
292,29.7,29.9,32.3, 65.4, 128.5, 129.7, 130.7, 132.9, 166.7.

SRASS

Benzoic acid 3

-Phenyl-propyl ester (22k): IR (KBr): 3432, 3080, 3032, 2945, 1721, 1609, 1465, 1388,
1276, 1112, 712 em™. 'H NMR (400 MHz, CDCly): § 2.10 (m, 2H, -OCH,CH5CH,Ph), 2.78 (t, 2H, -
OCH;CHCHPh, J = 8 Hiz), 433 (1, 21, -0CH,CH,CHaPh, J = 6 Hz), 7.15-7.31 (m, 6H, ArH), 7.43 (m,

2H, ArH), 7.54 (m, 1H, Arg), 8,02 (d, 1H, ArH, J = 8.4 Hz). °C NMR (100 MHz, CDCl;): § 30.8, 32.8,
64.7,126.3, 128.69, 128.72, 128 79, 128.85, 129.8, 133.1, 141.4, 166.7.
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I e o

Benzoic acid 2-(4-hydroxy-phenyl)-ethyl ester (49Kk): IR (KBr): 3324, 2950, 2879, 1731, 1603, 1516,
1455, 1383, 1209, 1112, 1061, 880, 825, 717, 564, 523 cm.” '"H NMR (400 MHz, CDCls): & 3.00 (t, 2H,
-OCH,CH,Ph, J = 6.8 Hz), 4.48 (t, 2H, -OCH,CH,Ph, J = 6.8 Hz), 5.00 (brs, 1H, ArOH), 6.78 (d, 2H,
ArfH, J= 8.0 Hz), 7.14 (d, 2H, ArH, J = 8.0 Hz), 7.42 (t, 2H, AtH, J= 7.6 Hz), 7.55 (m, 1H, ArH), 8.00
(d, 2H, ArH, J = 7.6 Hz). '>C NMR (100 MHz CDCls): 8 34.7, 66.2, 115.6, 128.6, 129.8, 129.9, 130.2,
130.3, 133.2, 154.6, 166.9.

O
@AAO)J\@
Benzoic acid 3-phenyl-allyl ester (55k): IR (KBr): 3062, 3032, 2935, 2858, 1598, 1501, 1460, 1388,

1281, 1116, 963, 712 cm™. "H NMR (400MHz, CDCls): & 4.98 (dd, 2H, J;= 6.8Hz, J, = 1.2 Hz), 6.42
(m, 1H), 6.74 (d, 1H, J = 16.0 Hz), 7.23-7.57 (m, 8H), 8.08 (m, 2H).

H
N
7 -
N-Phenyl-benzamide (77k): IR (KBr): 3350, 3048, 1660, 1605, 1532, 1440, 1327 cm™. 'H NMR

(300MHz, DMSO-ds): & 7.12 (m, 1H), 7.34 (m, 2H), 7.55 (m, 3H), 7.83 (d, 2H), 7.98 (d, 2H), 10.23 (s,
1H). * C NMR (100 MHz, DMSO-ds): § 120.4, 123.5, 127.6, 128.0, 128.3, 131.2, 135.1, 139.1, 165.6.

o

N- (4-Hydroxy-phenyl)-benzamide (88k): IR (KBr): 3334, 1650, 1545, 1511, 1440, 1325, 1235, 825,
707 cm™. "H NMR (400MHz, DMSO-ds): § 6.75 (m, 2H, ArH), 7.38-7.61(m, 6H, AtH), 7.93 (m, 2H,
ArH), 10.04 (s, 1H). >C NMR (100 MHz, DMSO-ds): § 115.0, 122.3, 127.6, 127.7, 128.3, 131.31,
135.2, 153.9, 165.0.

TH-1847_03612208



Experimental 144

e

Thiobenzoic acid S-dodecyl ester (94Kk): IR (KBr): 2930, 2858, 1670, 1593, 1465, 1209, 912, 780, 692
em’. '"H NMR (400 MHz, CDCl3):8 0.88 (t, 3H, -CH,CH;, J = 7.2 Hz), 1.26 (s, 18H,
CH;(CH,)sCH,CH,S-, 1.67 (m, 2H, CH3(CH,)9CH,CH,S-), 3.06 (t, 2H, m, 2H, CH3(CH2)eCH,CH-S-, J
= 7.6 Hz), 7.44 (t, 2H, ArH, J = 7.6 Hz), 7.54 (t, 1H, ArH, J = 8.0 Hz), 7.96 (d, 2H, ArH, J = 8.0 Hz).
3C NMR (100 MHz, CDCly): & 14.2, 22.8, 29.0, 29.2, 29.3, 29.4, 29.60, 29.66, 29.72, 32.0, 127.0,
128.4,133.0, 137.1, 191.8.

E
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1D. Spectra

'H NMR (400 MHz, CDCl3):2-(9H-Fluoren-9-ylmethoxy)-tetrahydro-pyran (31f)
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'H NMR (400 MHz, CDCl;): Toluene-4-sulfonic acid 5-(tetrahydro-pyran-2-yloxy)-pentyl ester
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13C NMR (100 MHz, CDCls): Toluene-4-sulfonic acid S-(tetrahydro-pyran-2-yloxy)-pentyl

ester (52f)
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'H NMR (400 MHz, CDCl5): 2-(4-Allyloxy-benzyloxy)-tetrahydro-pyran (53f)
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3C NMR (100 MHz, CDCls): 2-(4-Allyloxy-benzyloxy)-tetrahydro-pyran (53f)
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'H NMR (400MHz, CDCl;3): Acetic acid 2-chloro-6-nitro-benzyl ester (30g):
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>C NMR (100MHz, CDCl3): Acetic acid 2-chloro-6-nitro-benzyl ester (30g)
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'HNMR (400 MHz, CDCl;): Acetic acid 6-(tetrahydro-pyran-2-yloxy)-hexyl ester (51g)
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'"H NMR (400 MHz, CDCly): Propionic acid 1-phenyl-ethyl ester (35h)
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"C NMR (100 MHz, CDCl;): Propionic acid 1-phenyl-ethyl ester
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'HNMR (400 MHz, CDCls): Propionic acid 2-(4—hydroxy—phenyl)~ethyl ester (49h)
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C NMR (100 MHz, CDCls): Propionic acid 2-(4-hydroxy-phenyl)-ethyl ester (49h)
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'"HNMR (400 MHz, CDCI3): Isobutyric acid 3-phenyl-propyl ester (22i)
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'H NMR (400 MHz, CDCl;): 2,2-Dimethyl-propionic acid 3-phenyl-allyl ester (55j)
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3C NMR (100 MHz, CDCls): 2,2-Dimethyl-propionic acid 3-phenyl-allyl ester (55j)
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'"H NMR (400 MHz, CDCl;): Benzoic acid 3-phenyl-propyl ester (22k)
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BCNMR (100 MHz, CDCls): Benzoic acid 3-phenyl-propyl ester (22Kk)
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'"H NMR (400 MHz, CDCls): Acetic acid 3-acetoxy-2,2-bis-acetoxy methyl-propyl ester (50g):
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) 13C NMR (100 MHz, CDCls): Acetic acid 3-acetoxy-2,2-bis-acetoxy methyl-propyl ester (50g)
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Chapter 2

N-Acylation in Aqueous Medium
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2A, Introduction

Chemical products and processes have contributed fundamentally in shaping the world, as we
know it today. Implementatlion of modern instruments and techniques in organic synthesis has
continuously assisted the generation of many synthetically useful products. Further development is
tequired in terms of environmentally friendly processes and products, which is socially desirable and
also can be economically affordable. Several methods exist for performing environmentally friendly
chemistry. The use of environmentally friendly solvents in organic reaction is one of them. Most of the
organic solvents are flammable, explosive, toxic or carcinogenic. Hence the exclusion of organic
solvents in chemical synthesis is an important step to accomplish benign chemical technologies. On the
other hand many of the target molecules such as carbohydrates, peptides and nucleotides are readily

soluble in water. Being the solvent of life, water is necessarily a non-toxic solvent.
2A.1, Water: The Unique Solvent

Water minimises environmental impact, increases operational safety and can provide a low cost
reaction medium for pursuing reaction chemistry. Furthermore it is the most abundant, cheap, non-toxic,
qfe and non-hazardous solvent hence can serve as an alternative solvent for organic reactions. But the
lower solubility of organic apolar substrates (reactants), incompatibility of the intermediates in water
and the competition between the desired reaction and hydrolysis restricts its use in organic synthesis. On
the other hand, after Breslow’s discovery of a positive effect on the reaction rates and selectivities of the
Diels-Alder reaction, special attention has been focused on the origin of the aqueous acceleration.
Breslow has demonstrated that the hydrophobic effect accelerates Diels-Alder reaction and gives high
endo-exo selectivity.” Despite the solubility problems of organic substrates in water after the seminal
contribution of Breslow, new additions are continuously being made to the catalog of organic reactions
that can be performed effectively with water as the solvent. In general, apolar organic compounds can be
solubilised in water by addition of organic cosolvents, amphiphiles such as surfactant and by ionic
derivatisation with control of pH. The possibility of using water as the solvent for organic reactions with
surprising and unanticipated results has been addressed in the literature.” Several books and reviews
have been devoted towards the use of water in organic reactions. A series of most of the fundamentally
uweful reactions such as aldol reactions, allylations, aminohydroxylations, cycloadditions,

cyclopropanations, epoxidations, dihydroxylations, and hydrogenations, oxidation, organometallic
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reactions has been performed with similar or improved rates, yields and selectivity in aqueous media

i 5 F ; . 3
compared to the corresponding reactions in organic media.

In addition, the experimental procedures using water as the reaction medium are simplified
owing to easy isolation of products accompanied by recycling of water-soluble catalysts and reagents by

phase separation.

2A.2. Amino Protecting Groups

Owing to the nucleophilic and basic character of amines they must be blocked with a protecting
group during a multi-step synthesis, e.g. in the synthesis of a diverse array of biological molecules such
as amino acids, peptides. glycopeptides, aminoglycosides, B-lactams, nucleosides, sphingosines and

alkaloids. Few from the catalog of amino protecting groups are given below, Figure 2.1.

H
R \n/ R,N o) N

N-acyl Benzyloxy-carbonyl (Cbz) ~ N-Methoxymethyl MOM)

9-Fluorenylmethoxycarbonyl (Fmoc)  4-Methoxybenzyloxy-carbonyl (Moz)

Figure 2.1
In the directory of amino protecting groups, few which are frequently used takes into account N-

acyl,  2-nitrobenzyl, N-methoxymethyl (MOM), 9-fluorenylmethoxycarbonyl  (Fmoc), 4.
methoxybenzyloxy-carbonyl (Moz), benzyloxy carbonyl (Cbz), allylic and benzylic protecting groups as
shown in the above scheme. In addition Schiff’s bases are used as the amine protecting group where

electron withdrawing protecting groups are avoided.*

2A.2.1. N-Acyl Protecting Groups
2A.2.1.1. (a) Significance of N-Acyl Protecting Groups

N-acyl derivatives are well known and most widely used protecting groups for the amines. It is
often used as a protecting group in organic synthesis as it provides an efficient and inexpensive means

for protecting an amino functionality in a multi-step synthetic process.5 N-acylation is also an important
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reaction in combinatorial peptide synthesis.°The amide functionality is an important unit in various
naturally occurring as well as synthetic organic molecules. Despite the harsh hydrolytic conditions
required for their deprotection they are useful in many applicaticnns.4 Various N-acyl protecting groups

are summarised below, Figure 2.2.

N
R
@)
N-acetamide

F

H
R
@]
N-propionamide

C,Hs

H
R’Nﬂ)\
O
N-isobutyramide

H F H H f
R/N\H/kF R’NTO\K gD OH
O O 0
N-trifluoroacetamide Carbamic acid tert-butyl ester Succinamic acid
o)
HM H N,R
R” OH R” H
O ') COOH

Maleamic acid N-benzamide Phthalamic acid

Figure 2.2
Among the various N-acyl amino protecting groups, N-acetyl in particular is of great synthetic
utility in organic synthesis as this protecting group restricts the activating influence of the amino group
rowards clectrophilic ring substitution reactions, Scheme 2.1.7

H N

N HNO, + H,SO,
g - T
O O,N

Scheme 2.1

The isobutyryl and benzoyl amides have been used for purine base protection during solid phase
peptide nucleic acid (PNA) on controlled pore glass (CPG) solid support.8 Among the various other
amine-protecting groups, the t-butoxycarbonyl (Boc) group has been frequently used in organic
synthesis for its easy removal under acidic conditions.” The N-Boc protected amino acids are also used
for the backbone protection of peptide nucleic acid.®

N-aryl maleamic acids and succinamic acids are formed by the reaction of amines with maleic

anhydride and succinic anhydride respectively. These are important classes of compounds having
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fungicidal, insecticidal and herbicidal properties. The N-fluorophenylmaleamic acids are useful as

intermediates for heat resistant polymaleamides, Scheme 2.2.""

H O
NOH _ _
F 0 —— > Heat resisatnt polymaleamide

Scheme 2.2
The fluoro, alkyl, alkoxy or nitro substituted phenyl malcamic acids behave as non-linear optical

- - ’ . 1 11
material showing second harmonic generation, Scheme 2.3.

H 0]
NOH |
R o) —— = Non-linear optical materia

R = Halo, Alkyl, Alkoxy, Nitro
Scheme 2.3

The N-arylphthalamic acid formed by the reaction of amine with phthalic anhydride is ap
interesting class of compound due to its negative geotropic effect in germinating roots. There has algg
been recent resurgence of interest in N-phenyl phthalimide derivatives and its analogues because of thejr
potential in a number of areas such as aminopeptidase inhibition,'® anticonvulsant activity, '*® anq
promotion of tumour necrosis factor alpha (TNF alpha) production. e

The pharmacological activity of N-phenylphthalimide and ortho fluoro substituted phthalimide
and the corresponding phthalamic acid has been tested in Swiss white male mice. The former have beep
reported to influence lipid metabolism reducing the plasma cholesterol. trigl yceride levels where as the

A < . . . 3
later significantly increases cholesterol, triglycerides and the animal’s body wel ght.'

2A.2.1. 2. Literature Reports on N-Acylation in Organic Medium

The common route to the synthesis of amide involves the treatment of activated derivatives of

carboxylic acids such as acyl halides, acid anhydrides or esters with amines.
(A) N-Acetylation of Amines
(A1) Acid Chlorides or Anhydrides in Presence of Basic and Acidic Catalysts

The acetylation of amines cap be achieved with acetylating agents such as acid halides or acig

anhydrides as the acyl source in the presence of basic' and acidic'® catalysts which are summariseq
below.
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Bases such as pyridine,'** 4-(dimethylamino)pyridine (DMAP),'*® tributyl phosphine (BusP),'*
MgBr,-Et;N,'* aminophosphine superbase (PMeNCH,CH,N);'*® have been employed as catalyst or
stoichiometric reagents for acetylation, which promotes the reaction. The use of these bases both in
stoichiometric or catalytic amounts is effective. Excess triethylamine or pyridine is added to trap the
acid formed in the reaction mixture.

O O 0] 0}
S X S
Kot + ) — () o — Lt O) + A,
A o

R
@) R

Scheme 2.4
In the reaction with anhydride and pyridine N-acylpyridinium carboxylates are key
intermediates, undergoing nucleophilic attack by amines as shown in Scheme 2.4.
Various acidic catalysts used for acetylation of amines include CoCl, * TMSOT,'® Sc(OTH);,

1% Cu(OTf),,"”! In(OThs,"** vanadyl triflate,'*" Mn(lll)-salen complex,'™ Montmorillonite K-10,19
Montmorillonite K-10 and KSF,"** Yttria-zirconia based Lewis acid,"® Zeolite H-FER ™

(A2) Aminolysis of Esters

The direct transformation of carboxylic esters to amides or aminolysis is a potentially important
synthetic operation. It is generally a sluggish reaction which is only amenable to esters having good

leaving groups such as nitrophenyl, thiophenyl, vinyl, hydroxylamines and N'h}’dl'oxyimides."s To

enable the use of alkyl esters for aminolysis, numerous acidic and basic catalysts have been investigated

in the literature.

Aminolysis of esters lacking sensitive functionality have been achieved using strong basic
catalysts such as NaNH,,'”* NaH,'”" CH30Na,'”* RMgX'™ and BuLi'” Despits the case ofipropamkion
and versatility, lithium amides have not found much application as an aminolysis agent beczuse of the
poor nucleophilicity, particularly in the case of aromatic amides,' I contrast to monolithium amides,

dilithium amides exhibit high reactivity and enable the facile aminolysis of esters under very mild

conditions, Scheme 2.5. "

Li
|
NH ; N H
@ Byl “Li RCOOR! N R
X — > X — =X i
THF -780C 0)

0ceC

Scheme 2.5
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The Lewis acid mediated N-acylation developed by Weinreb et al. relies upon the high
nucleophilicity of dimethylaluminium amides.?® This methodology has been widely used in the synthesis
of peptides. The modified Weinreb’s method for synthesis of oligonucleotides involved the treatment of

N-protected amino acids with trimethylaluminium followed by addition of N-protected amino acid esters
(Scheme 2.6).

1. AlMe,

2. Boc-Phe-Leu- OMe

H,N" "COOH BocNH COOH

Scheme 2.6

Carboxylic esters have also been transformed into carboxamides by a one pot procedure
involving saponification prior to coupling in the presence of bis(o-nitrophenyl)phenylphosphonate and
tetrabutylammonium salts by Mukaiyama and Watanabe.?'

The role of acyl cyanide as mild acylating agents for various heteronucleophiles and carbon
nucleophiles have been reported. In addition the inherent favourable properties of acyl cyanides in
peptide synthesis have also already been explored. Taking cue from these reports it has been inferred
that cyanide group might serve as a strong nucleophile with low basicity to provide the reactive acy]

Cyanide intermediate in the aminolysis of esters, Scheme 2.7.%2
O
0] @]
N — ey RJLNH

R™ "OR = R” “CN

2

O St o (3
N“TC00E === | A~coome — SN~ ~COONH,
| |
C,Hs C,H, C,Hg
Scheme 2.7
(A3)Transesterification

Vinyl and isOpropeny] acetate seryes as acetylating agent for the acetylation of alcohols and
amines in presence Of CPISm(thf)zl Scheme 2 8.2 The Sm(III) complex derived from Cp2Sm(thf), and

vinyl acetate is the active Species,
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0 Cp,*Sm(thf), 9
)J\o/\\ RN R/‘H/U\
R = Alkyl, Benzyl
Scheme 2.8
Ranu et al. have reported the indium triiodide-catalysed transesterification process, Scheme

2.9.%* Aliphatic and benzyl amines and primary alcohols give satisfactory results. Aromatic amines

remain unreacted under this condition.

In, L, 0
HO\/\
NH. —> HO
2 EtOAG, reflux \/\HJ\
Scheme 2.9

The reactions involving acyl halides, anhydrides, esters have advantages and drawbacks, recently

described by Katritzky.?®

(A4)Acyl Transfer Reagents

This is based on the principle; first acyl group is transferred to a bulky nucleophile. The bulky
acyl transfer reagent so generated then reacts with the subsequent nucleophile. A variety of such
reagents have been developed for the acylation of amino group listed in Figure 2.3. These are highly
selective acetylating agents for primary amines in the presence of secondary amines and, in particular,
for the less sterically hindered of two different secondary amines. Due to steric bulkiness around the
acyl carbonyl group in the acyl transfer reagent, N-acylation occurs at the less hindered amino group
compared to the bulkier amino group. Products with high chemo selectivity are obtained with these
reagents compared to acid chlorides and anhydrides. Various reagents with bulky leaving groups which
act as acyl transfer reagents for acylation of amines are N-acetyl—N-acyl-3—amino-quinazolinoneS,ZGa
ortho substituted N, N-diacetyl anilines,’® N-acyl-5,7-dinitroindolines,?**2-acyl pyridazin-3-one,?%¢ N-
acyl-2-methylamino-2-thiazoline,* N-acyl-N-(2,3,4,5,6-pentafluorophenyl) methanesulfonamides,*®
chiral 2-acetyl amino-2’-diacetylamino-1,1’-binaphthyl.**' Polymer bound 4-acyloxy pyrimidines have
also been utilised as solid surface reagents for acylation of amines under microwave irradiation.2f Solid
supported cyclohexane-1,3-dione (CHD) has been used as capture and release reagent for synthesis of

amides.®
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LX) T l*r”
cFS O,N

N,N-diacetylamino-quinazolinone (a) Ortho substituted
N,N-diacetyl a(b)1e

Clﬁrw—!{o @

N-acyl-5,7-dinitroindoline(c)

R |: />—N S
c’ o >'=0 >=N
R = CH,, CH,CH,, C¢H AN/ O>=o
. 2 N-acyl-2-methylamino-2
2-Acyl-pyridazin-3-one(d) -thiazoline(e) R

Polymerbound 4-acyloxy pyrimidine (f)

GHaF F O@ t
0=8=0 NHAc '
N N(Ac)
& Q-
OF F R=CH,CH,

N-acyl-N-(2, 3, 4, 5, 6-pentaflucro 2-Acetylamino-2'-diacetylamino-
phenyl e
methane sulfonamide (g) ") 1 1"-binaphthyl (h)

Figure 2.3

(A5) Direct Condensation of Carboxylic Acids with Amines

The expensive synthesis of acyl transfer reagents should be avoided and hence considerable
Interest has been focused on the formation of amides by the direct combination of carboxylic acids anq
amines. Formation of carboxamides from carboxylic acids and amines implies the activation of carboxy]
group in the process.”’ The activation of carboxyl group involves its conversion to activated ester.

The in situ activation of carboxyl group have been achieved by the use of coupling reagentg?®
such as carbodiimides,’™ Sn(N(TMS),),,”® PPh, and NBS.?*® The coupling reagents are not suitable for

sterically hindered and low reactive substrates and are also expensive.

o
ACOH + R ph HY-Zeolite RAN/U\
2 116°C H
Scheme 2.10

Ragh
ghavan ef al. have shown the liquid phase acylation of amines with acetic acid over HY

zeolite, Scheme 2.
10.*” The possible mechanism for this reaction as explained is the protonation of

carbonyl group at the Bronsted acid sites of HY zeolite and reaction of the resulting acylium ion with

amine to yield the amide.
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The preparation of amide with equimolar quantity of carboxylic acids and amines in presence of
Me;NSO,Cl1 and N,N-dimethylamine has also been reported.m
Pyrolytic preparation of amides in absence of any catalyst or solvent is one of the existing

methods being employed.’' This involve harsh conditions with respect to reaction temperature and time.
g employ p

(B) N-Benzoylation of Amines

N-benzoylated products are normally obtained from benzoic acid, benzoyl halides, benzoic
anhydride, esters of benzoic acid, and benzoyl transfer reagents under different experimental conditions.
There has been report utilising polymeric benzoic anhydride to benzoylate amines.>? Benzoylation of

amines has also been achieved with dialkyl benzoyl sulfonates, Scheme 2.1 1.2

NH2 @, T‘/O ’p\

CH CH

C H C H
Scheme 2.11

Polymer bound mixed carboxylic dithiocarbamic anhydrides have been used as acylating

reagents, Scheme 2.12.**

Scheme 2.12
Another procedure by Varma et al. entails the addition of /-BuOK to a mixture of amine and

ester under solvent free condition and microwave irradiation to achieve benzoylation of amines, Scheme

2.13.%°
O @]
OMe NH2 Microwave+ @/\HJ\O
+ t-BuOK

Scheme 2.13

Carboxylic acids are converted in a one-pot reaction into N-acylbenzotriazoles. This active ester on |

treatment with ammonia, primary and secondary amine to yield the corresponding primary, secondary and |

tertiary amide respectively, Scheme 2.14.%5
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Scheme 2.14
The coupling agent trichloroacetonitrile and triphenyl phosphine converts benzoic acid to

benzoyl chloride mildly and rapidly under acid free condition in siru and the desired benzoylated

product is obtained in good yield, Scheme 2.15.3

; 2 Trichloroacetonitrile/ O !
OH Triphenylphosphine /U\ ; NH
HN + = Ph N
10h, RT O
oV G O

\
. Scheme 2.15
3 i
Nir . . . . 1
3 Solvent free preparation of amides from carboxylic acids and amines under microwave
1
Foae - ) 137
} irradiation has also emerged as an alternative to pyrolytic condensation to amide.
-'.f
A\

= (O tert-Butoxycarbonylation of Amines

The tert-butoxycarbonylation of amines to procure NHBoc derivatives of amine can be achieved
by reaction of amines with Boc anhydride, Boc azide or with fert-butyl-o-methylvinyl carbonate as
amino protecting reagents 38

It has also been achieved by employing N-

trifluoromethylanilide as a chemoselective alkoxycarbo
DMAP gives only 3

tert-butoxycarbonyltrifluoromethyl-sulfonyl-4-
nylation reagent.39 This reagent in absence of

1% of NHBoc product of aniline after 24 h, however a better yield (93%) was

achieved in 6h in the presence of catalytic quantity of DMAP, Scheme 2.16.
CF, ’

|
0=s8=0

H
\ NH,  Dpmap Bl ot
N 2 (cat)
7%0’ QCFa ¥ @ @ T T

THF, -200°C, Bhr
Scheme 2.16
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(D) Synthesis of Maleamic and Succinamic Acids

The (arylcarbamoyl) propenoic acids or maleamic acid and propanoic acid or succinamic acid
are potential pesticides prepared by the condensation of amine with maleic anhydride or succinic
anhydride respectively.'® Equimolar mixture of amine and anhydrides in ether at room temperature gave
the corresponding succinamic, maleamic acids.!

The (Z)-malcamic acids has been reported to be prepared by reacting amine with maleic
anhydride in presence of Montmorillonite clay K-10 and KSF,'** PdCL,,** and Al,03* The direct
condensation of amine with maleic anhydride in the absence of any acidic or basic catalyst has been

achieved in acetonitrile,* and chloroform® as the reaction medium, Scheme 2.17.
0]
O 0]
NH, U H — OH
O =1 Y
o o}
Scheme 2.17

(E) Synthesis of N-Arylphthalamic Acids

The synthesis of N-arylphthalamic acids involves the ring opening reaction of phthalic anhydride
with amines by using coneventional heating.*® This involves longer reaction time and more laboratory
work.

Synthesis of anilinic acids from phthalic anhydride and their in vitro insecticidal screening as
protectants of maize against Sitophilus zeamais have also been reported.”” It has also been achieved by
microwave heating which is based on the principle that two solid reagents with low melting points or a
solid and a liquid reagent are able to melt rapidly giving a polar liquid, which is more prone to
microwave absorption. When equimolar amount of the amine and anhydride is subjected to microwave
irradiation in a domestic microwave oven operating at 1350 watt and 2450 MHz for 1-3 min, the
corresponding N-arylphthalamic acid is obtained, Scheme 2.18. The ring opening olccurs through the

nucleophilic attack of the amine nitrogen atom on carbonyl carbon.”®

O 0
N Microwave (1350W) N
3 o+ o > 1 N-N
['\I N~ ||:|{OOC
N O Scheme 2.18
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2A.2.1.3. Literature Reports on N-Acylation in Aqueous Medium

A great deal of interest has been surfaced in the last decades in performing various organic
reactions in water after Breslow’s seminal contribution entailing the hydrophobic effect responsible for
high endo-exo selectivity in Diels-Alder reaction. There are only a handful of reports on acylation of
amines in aqueous medium. It has been carried out in an aqueous medium using amine, hydrochloric
acid, a concentrated solution of sodium acetate and acetic anhydride."’

The acetylation of various amino acids with acetic anhydride in the presence of sodium
hydroxide solution in water has been described by DeWitt and Ingersoll.so

Richardson and McLauchlan have prepared N-acetyl derivative of 3-amino-3,6-dideoxy L-
glucose and L-galactose using acetic anhydride in an aqueous medium.”’ Few other reports are also
available towards this end.>

Lee ef al. have reported recently the chemoselective N-acylation of amino alcohols promoted by

MgO in aqueous organic medium,”® Scheme 2.19.

Cl OH
=i N N
/\/H\)Oi,H 0 (2:2equiv)0” >~ A ~"0oH
HO N 2 O O
" 0H MgO (5equiv)
Water:THF::1:4 12 12

Scheme 2.19
The laboratory scale preparation of N-arylphthalamic acids has been reported by addition of

aromatj - . :
IC amineg tq aqueous slurry of finely ground phthalic anhydride at elevated temperatureg 5¢

Hydrolys;
YSis of the anhydride ig negligible in the process and the avoidance of organic solvents makes the
process quite €COnomijca|
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Section 2B: Present Work

2B.1. Mild and Eco-friendly Chemoselective Acylation of Amines in Aqueous
Medium

The acylation of amines is a fundamental process and is often used in organic synthesis as it
provides an efficient and inexpensive means for protecting an amino functionality in a multi-step
synthetic process. Owing to the nucleophilic and basic character of amines they must be blocked with a
protecting group during a multi-step synthesis, e.g. in the synthesis of a diverse array of biological
molecules such as amino acids, peptides, glycopeptides, aminoglycosides, p-lactams, nucleosides,
sphingosines and alkaloids. N-acyl derivatives are well-known protecting groups for the amines.'
Acylation of amines is sometimes carried out using acyl transfer reagents2 such as N-acetyl-N-acyl-3-
amino-quinazolinones,  2-acyl pyridazin-3-one,  N-acyl-2-methylamino-2-thiazoline,N-acyl-5,7-
dinitroindolines, chiral 2-acetyl amino-2’-diacetylamino-1,1’-binaphthyl, ortho substituted N,N-diacetyl
anilines, N—acyl-N—(2,3,4,5,6—pentaﬂuorophenyl)methanesulfonamides, and at the other times with acetic
acid,’ but acylating reagents such as acyl chlorides and acid anhydrides are usually employed in
presence of either acidic* or basic catalysts.” These reactions have advantages and drawbacks, recently
described by Katritzky.® Most of the acetyl transfer reagents are expensive and are obtained by
acetylation with acetylating agents making them unsuitable for large scale reactions. The reaction of
carboxylic acids with amines is of less preparative value.’Some of these reagents and catalysts lead to
waste as well as some reactions involving organic solvents is often toxic and polluting, hence
unacceptable in the present days. The eco friendly practical pathways are limited due to number of
reasons.

A crucial factor for green chemical processes in solution involves the choice of cheap, safe and
non-foxic solvents. Water being abundant in nature is the obvious choice. Water is not just a “‘green”’
solvent, but also has special effects on reactions arising from intra- and inter-molecular non-covalent
interactions leading to novel solvation and assembly processes. Since Breslow’s discovery of a positive
effect on the reaction rates and selectivities of the Diels Alder reaction, which is otherwise known to be
in sensitive to solvent effects, special attention has been focused on the origin of the aqueoyg

e 8 i L . " s
acceleration. Despite the solubility problems of organic substrates in water, after this seminal
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contribution there has been an upsurge in interest in using water as the solvent, not only to enhance the
reaction rates but also to perform organic reactions that would otherwise be impossible. Several books
and reviews have been devoted to such uses.” Thus; development of an efficient and convenient
synthetic methodology in water is an important area of research. Considering the importance of
acylation as well as environmental factors acylation of amines in an aqueous medium has been described
in this chapter, which fulfils many of the above requirements. Acetylation of aromatic amines has been
carried out in aqueous media but with a limited number of substrates.'® The same has been achieved
using amine, hydrochloric acid, concentrated solution of sodium acetate (5 M) and acetic anhydride."!
We thought to add sodium bicarbonate, which is cheaper than sodium acetate to an aqueous
solution of amine hydrochloride, which will liberate free amine and react with acetic anhydride and
convert the liberated acetic acid to sodium acetate in the medium. Aliphatic and aromatic amines are
basic in nature anq can easily be protonated by mineral acids. To test our hypothesis and to optimise the
reaction conditions, aniline 78 was converted to water-soluble anilinium hydrochloride using aqueous
HCL. The protonateq ammonium species is non-nucleophilic due to non-availability of the lone pair of
electrons on the nitrogen atom. Thus, when acetic anhydride was added to an aqueous solution of amine
hydrochloride no acetylation occurred. However, upon addition of basic salts, such as NaHCO3 to the
above medium, free amines were liberated, which reacted immediately with acetic anhydride,
Precipitating the acetylated product with the evolution of carbon dioxide, Scheme 2B.1. The reaction

works best when the final pH of the medium is ca. 5.5, approximately one pKa unit higher compared tq
that of acetjc acid (pKa 4 8)

. H R
@/””SC' e T
X o
NaHCO;/ (RCO),0
X=H, CH,, OCH;, OH, NH,, F

R'= CH,, C,H,, C,Hs, CH,CH,COOH, CH=CHCOOH, C4H,COOH
Scheme 2B.1. N-Acylation of Amines in the Form of Amine Hydrochlorides

Protonation of am

ine in an acidic medium has been confirmed by hypochromic shifts at 226 nm
and 276 nm foy (n~ m¥)

and (n- %) respectively, by titrating a dilute solution of 2-fluoroaniline 79 with
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a dilute solution of HCI using UV spectrophotometer. A hyperchromic shift of these transitions upon
addition of a dilute solution of sodium bicarbonate confirms the regeneration of free amines. This
methodology was successfully applied to several amines, which underwent acetylation very smoothly in
good yields

Table 2.1. N-Acetylation” of Amines with Acetic Anhydride

Substrate Product Yield® (%)

(72) _~-NHAc (72g) 63

z
e
LSl

Z
i

(73) ~"SNHAc (73a) 71

(74) Q/\NHAC (74g) 94

L]

23]

2 NHAc
Me  (76) O/EMe (76g) e
[ | NHz NHAc
" @ (78g) 93
NH NHAc
. C[ (799) 94
\ F
™
(81) @ D %
o NHAc
CE - NHAc
oY @: (81g) 85d
NH2 NHAc
@:NHz NHAc
o X
SH . (82g) 268
(84) /Q/ al e
Table Contd.....-
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Table 2.1. N-Acetylation® of Amines with Acetic Anhydride

Substrate Product Yield®(%)

NHAc

NH,
/©/ (87) /Q/ (87) 05

MeO MeO NHAC

NH,
/O/ (88) /O/ (889) %5
HO NH, HO NHAC
,(:[ (91) /[Z (929) 87

MeO OMe MeO OMe
NH, NHAC
F/[ IF (92) . /[ I - (929) 85

*Confirmed by comparison with IR, 'H and >C NMR of the authentic sample. "Isolated yields. “Based on the
recovery of starting material. *3 equivalents of Ac,0 were used. “Rest of the products being diacetylated product 82g
and 2-methyl-benzothiazole 82g”’.

The optimised acetylation reaction was performed by adding 1.5 equivalent of acetic anhydride
to the substrate amine hydrochloride (pH ca.1.6) dissolved in water followed by addition of NaHCO3 ip
one lot to obtain a final pH ca. 5.5. Under the optimised reaction conditions aliphatic 72-74 and various
aromatic amines gave good yields of product. Chiral amine 76 can be easily acetylated with complete
retention of optical activity. Aromatic primary amines of varying electronic and steric factors were
examined. Aniline 78, aniline with electron-donating substituents such as NH, (81, 86), SH (82), CH,
(84), OMe (87, 91) OH (88) in ortho and /or para position in the aromatic ring and with electron.-
withdrawing substituent such as F (79, 92) gave equally satisfactory yield, (Table 2.1). It is interesting tq
note that in most of these cases the product precipitates in less than 5 minutes. It has been observed that
acetylation of aryl amines when performed in an organic reaction medium, substrate containing electrop.
donating groups in the aromatic ring facilitate the reaction, whereas electron-withdrawing groups slow
down the reaction. No such effect was observed by the present methodology and all the substrates react
with equal rates. However, aryl amines gave better yield as compared to alkyl amines. The results have

been summarised above in Table 2.1.
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As can be seen from the above table, the acetylation of 2-aminothiophenol 82 and 4-
aminophenol 88 produced the corresponding acetamides; the phenolic and thiophenolic moiety remained
untouched with one equivalent of the reagent. The selective acetylation of 4-aminophenol 88 is of
significant interest for the preparation of antipyretic and analgesic drugs paracetamol 88g. Taking
advantage of the differential reactivity between nucleophiles, we were able to carry out intramolecular

chemoselective acetylation of amines over phenols and thiols, Scheme 2B.2.

O/ NH, (CH,CO),0 /@/ NHAc
HO HO

88 BBg
e, o - i
82g' ,l| 82g };
1 equiv 28% < 5% 40%
3 equiv < 5% 19% 40%

Scheme 2B.2. Intermolecular and Intrameolecular Chemoselectivity of Amines

The reaction of 2-aminothiophenol 82 with one equivalent of acetic anhydride forms an
interesting heterocyclic product 2-methylbenzothiazole 82g”’ (ca.40%) along with a trace amount of
diacetylated product 82g (<5 %) and monoacetylated product 82g’ (>28%) and. However treatment of 3
equivalents of acetic anhydride with 2-aminothiophenol 82 results in the formation of diacetylated
product 82g (19%)), monoacetylated product 82g’ (<5%) and 2-methylbenzothiazole 82g> (40%),
Scheme 2B.2. The formation of 2-methyl-benzothiazole 82g>* is via acetylation of amine followed by a
nucleophilic attack of thiophenolic group on the carbonyl carbon of the amide and subsequent water

elimination. Formation of 2-methyl-benzothiazole 82g’’ confirmed the chemoselective acetylation of

amines over thiols, Scheme 2B.3.

O — OO 22

Scheme 2B.3
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The monoacetylation of 1,2-phenylenediamine 81 demonstrates the efficacy of the method.
However, no chemoselectivity was observed for symmetrical diaminel,4-phenylene diamine 86 even
with one equivalent of the acetic anhydride. In most of these cases the acetylated product precipitated
out from the aqueous reaction medium and in few cases it was extracted with ethyl acetate to yield the
pure product, except in the case of substrates 72 and 73, in which the product required extraction and in
the case of substrates 81 and 82 the products required extraction as well as chromatographic separation.
It was found that primary amines underwent smooth acetylation where as secondary amines such as
diphenylamine remained inert under the present experimental conditions. The by-product sodium acetate
is a useful buffering agent and can be recovered from the aqueous effluent by concentrating the aqueous
medium, if desired.

Besides acetic anhydride this method is also amenable to acyclic, cyclic, aliphatic and aromatic
anhydrides. Propionylation of aliphatic 73, 75, and aromatic amine 78, 82, and 88 using propionic
anhydride was carried out under the identical conditions as described for acetic anhydride. Results have

been summarised below, Table 2.2.

Table 2.2 N-Propionylation® of Amines with Propionic Anhydride

Substrate Product Yield® (%)

O

NN N 83
H
]\ H
Q\/NHz (75) Q\;Nm/\ (75h) 95
NH
() @/N\np\ (78h) 93
H

Ly I
NH, H
@: (82) @i b (82h) 080
SH SH
N
/|©/ (88) /@ YT (ssh) 96
HO ©

* Confirmed by comparison with IR, 'H and ?C NMR of the authentic sample. "Isolated yields.°Rest of the products being 2-
ethyl-benzothiazole.

ZNH,  (73)
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As can be seen from the table, substrate 2-aminothiophenol 82 gave heterocyclic product 2-
ethylbenzothiazole 82h’’ as the exclusive product and N-(2-mercapto-phenyl)-propionamide 82h’ as the
minor product there by supporting the chemoselective propionylation of amines over thiols. Here again
amino functionality has been chemoselectively propionylated in the presence of phenols and thiols as
demonstrated for 4-aminophenol 88 and 2-aminothiophenol 82 respectively.

Benzoylation of aliphatic amine 73, benzylamine 74, aromatic amine 78 and chemoselective
benzoylation of 4-aminophenol 88 further proves the efficacy and chemoselectivity of the present
aqueous methodology. In this case benzoic anhydride (1 equiv) was added to an amine hydrochloride
solution followed by solid sodium bicarbonate. The product precipitated in to lumps, which can be
recrystallised either from acetonitrile or from ethyl acetate. The by-product sodium benzoate can be
recovered from the aqueous medium if desired. Results pertaining to this study have been summarised in
Table 2.3.

Table 2.3 N-Benzoylation®of Amines with Benzoic Anhydride

Substrate Product Yield®(%)

SN, (73) (73Kk) 85

©/\ (74) @/\ )'k.@ (74Kk) ‘ 88
©/ (78) N
(1
NH,
O/ (88) /@ \’(O (88K) 93

*Confirmed by comparison with IR, 'H and >C NMR of the authentic sample. *Isolated yields.

(78K) 91

The novel aspect of the present methodology was applied to cyclic anhydrides such as succinic
and maleic anhydride. In this case 1.2 equivalent of the anhydride was used per equivalent of amine.

Aniline 78 as well as aniline with various substituents in the aromatic ring such as CH; (84), OMe (87)
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and OH (88) reacted with equal ease with succinic, maleic and phthalic anhydride to yield the

corresponding acylates, Table 2.4

Table 2.4 Acylation® of Amines with Succinic, Maleic and Phthalic Anhydride

Substrate Product Yieldb (%)
NH, H 9
O’ (78) O/N\r(\/U\OH (78m) 79
0
NH, H ?
NH, H © i
& om ST -
o)
HO i - . o
e e
| 0
{ NH, H ?
{ @]
'\ NH2 H o T
| O e -
) OMe OMe HOOG
' NH, H
©/ (78) @z“ (780) 86
@)
HOOG
»e
/©/ (84) N (840) 84
/@ O
HOOC
NHz H
/@’ (87) /@,N (870) 81
OMe 0
MeO HOOG
NHz H
/@/ (88) N (880) 88
0 oy
HO

“Confirmed by comparison with IR, 'H and >C NMR of the authentic sample. "Isolated yiclds.
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The reaction took place readily with simultaneous precipitation of solid product. Finally the
methodology was tested with an aromatic cyclic anhydride, phthalic anhydride. Finely powdered
phthalic anhydride 1 equivalent was added to the amine hydrochloride solution followed by solid

sodium bicarbonate. This has been tested with a number of aromatic amines and the result is

summarised in Table 2.4.

In conclusion, this method represents a tremendous opportunity for the practice of green
chemistry. The notable advantages of the method are: (1) operational simplicity, (ii) moderate to good
yields, (iii) no chromatographic separation, (iv) excellent selectivity for aryl amines over phenols and
thiols and (v) general applicability. The method is environmentally friendly with respect to by-products
and effluent are innocuous. The by-product sodium acetate and benzoate are useful buffering agents. We
believe this will present a better and more practical alternative to the existing methodologies for
selective acylation of primary amines and thus will find useful application in the synthesis of complex

natural products where selective protection of hydroxy, thio and amino group is required.
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2B.2. Chemoselective Acylation of Amines in Aqueous Medium

All the known aqueous acylation methods use acids, bases or combinations of both. One of the
reasons for using an acid in an aqueous medium is to convert the amine into a water-soluble ammonium
salt and the base is to ncutralise the acid liberated from the anhydride. The use of mineral acids or bases
makes the above method less attractive. Considering the environmental aspects, we looked for a greener
alternative, devoid of any acidic or basic reagents.

In one of our ongoing projects we noticed the solubility of several aromatic and aliphatic amines
in an aqueous medium in the presence of sodium dodecyl sulfate (SDS). The SDS concentration (2.31 x
10 M) required for the dissolution of several aromatic amines is much lower than the critical micelle
concentration (8.3 x 107 M) of SDS, thus ruling out the possibility of micelle formation for the
dissolution of amines. Initially, we speculated that the dissolution of the hydrogen donor amino group
might be due to interaction with the hydrogen acceptor sulphonic acid group of SDS. But when the
sodium salt of methane sulphonic acid was used instead of SDS, the amine did not dissolve at all; hence
the possibility of the above type of interaction is ruled out. Other surfactants such as triton-X 100 and
hexadodecyl ammonium bromide and phase transfer reagents such as tetrabutylammonium bromide can
be used instead of SDS, thereby supporting the presence of hydrophobic-type interactions.

In our earlier method described in Section 2B.1.1, the protonated ammonium ion obtained by the
dissolution of amines in an acidic medium is nonnucleophilic, requiring a base to regenerate the
nucleophilic amine for acylation. However, when SDS is used for its dissolution it retains its
nucleophilic character. This was further confirmed by UV spectral analysis. No change in UV
absorption was observed at 226 nm and 276 nm when SDS was added to a dilute solution of 2-
fluoroaniline 79. Thus, when acetic anhydride was added to an SDS solution of an amine, acetylated
products were obtained in moderate to good yields as shown in Table 2.5. It was gratifying to observe
that the product precipitates from the reaction mixture in most of these cases. Increasing the ionic
strength of the medium by adding sodium chloride to the reaction medium enhanced the amount of
precipitation. To our utter surprise no base was required and the pH of the medium recorded at the end
of the reaction was ca.7. Several examples illustrating this novel procedure for acetylation are presented
in Table 2.5.

The optimised acetylation reactions were performed by adding acetic anhydride (7.5 mmol) to
the substrate amine (5 mmol) dissolved in water (20 mL) with sodium dodecyl sulfate (20 mg). The

method works well for aliphatic amines 71 and 73 when the anhydride was added in portions but gave
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poor yields when it was added in one lot. Benzyl amine 74 and furfurylamine 75 gave the corresponding
acetamide in good yields. Chiral amines 76 and 77 can be easily acetylated with complete retention of
optical activity. Primary aryl amines 78-84, 86-89, 91, 92 with varying steric and electronic factors,
were examined and all gave excellent yields of the corresponding acetamides. In most of these cases the
products precipitated in less than 5 min. Thus unlike differential reactivitics of amines with electron-
donating and electron-withdrawing groups towards acetylation in organic medium, present aqueous
method show similar reactivity. In most cases, the acetylated product precipitates from the aqueous
reaction medium but in a few cases it was extracted with ethyl acetate to yield the pure product.
However, in the case of substrates 81 and 82, the products required chromatographic separation. It was
found that primary amines underwent smooth acetylation whereas secondary amines and tertiary amines
remained inert under the present experimental conditions. The results have been summarised in Table
2.5.

Table 2.5. Acetylation® of Amines with Acetic Anhydride

Substrate Product Yield® (%)

e N (72) e~ e NHAe (754 74

NH (73) " NHAC (73g) 71

2

AN
@\”Hz (74) @f\NHAC (74g) 85
[N nH,  (79) [ N nrac  (7sg) 95
0
Me  (76) ©/§Me (769) 76
NH,  (77) ©/§Me (779) 78

Table Contd..........
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Table 2.5. Acetylation” of Amines with Acetic Anhydride

Substrate Product Yield®(%)
NH, NHAc
@ (78) (j (78) 83
NH, NH,
Sl SR T
E F
NH, NHAc
@ (80) C{ (80g) 84
OH OH
NH, NHz
L ol
NH, NHAG
NH, NHAG
Cr ®1) C[ 1) 4
NH NHAG
NH, NHAc
(84) /@f (849) 83
NH, NHAc
e O™ -
SH SH
NHZ NHAc
94¢
/©/ (86) /O/ (5l
H,N AcHN
NH, NHAG
99
HO/©/ (86) /Q/ 1958)
NH, HO NHAG
| ] (87) O 87 83
MeO N MeQ (g)
H, NHAc
(89) /Q/ (89g) 86
O,N O,N
NH, 2 NHACc
[ ] (91) /@f o1 87
MeO OMe MeO OMe e
NH, NHAc
(92) Q 77
F[ ) ) i ] (929)

a C . -
onfirmed by comparison with IR, 'H and ">C NMR of the authentic sample. "Isolated yields. “Based on the recovery of

tarti 5 i .
starting material. ‘3‘ cquivalents of Ac,O were used. “Rest of the products being 82g’and 82g.”” "The reaction was
performed in 1:1 mixture of acetonitrile-water.

Taking advantage of the differential reactivity between various nucleophiles such as NH,, OH,

SH, which are susceptible to acetylation, we were able to carry out intermolecular chemoselective
acetylation of amines over phenol and thiol. Thus, in a competitive acetylation reaction with ap

TH-1847_03612208



e T il T e

e

Chemoselective Acylation of Amines in Aqueous Medium 186

equimolar mixture of aniline 78 and phenol 65 by this procedure, aniline was acetylated selectively
leaving the phenol unaffected. In an analogous reaction between aniline 78 and thiophenol 95, the
thiophenol remained untouched. However, in a competitive reaction between phenol 65 and a thiophenol
95, the thiophenol was selectively acetylated over phenol, Scheme 2B.4. This observation is in sharp
contrast to selective acetylation of phenol over thiophenol in an organic medium." Thus an exactly

opposite selectivity was observed in an aqueous medium.

NH, OH NHCOR OCOR
Water / SDS
+ > +
(RCO),0
R = CH, 90% 0%
{79) (69 R=c,A, 95% 0%
NH, SH NHCOR  SCOR
Water / SDS
+ - +
(RCO),0
(73) (95) R= CH3 90% < 2%
R= CzH5 95% <2%
SH OH SCOR OCOR
Water / SDS
- +
+ (RCO),0
R=CH 25% 0%
95 65) 3
(%9) ( R =C,H; 85% 0%

Scheme 2B.4 Intermoleclar Chemoselective Acetylation of Amines

Similar chemoselectivity was also observed for intramolecular reactions. Thus, acetylation of 2-

aminophenol 80, 2-aminothiophenol 82, and 4-aminophenol 88 produced Wie COrespnfiding acetmmdes;
the phenolic and thiophenolic moieties remaining unaffected with one equivalent of the DA
Chemoselectivity in symmetrical diamines were also studied under the identical conditions and was
obsereved that the substratel,2-phenylenediamine 81 gave exclusively the monoacetylated product 8lg’
with one equivalent of acetic anhydride. However, similar chemoselectivity could not be achieved for
Substrate 1,4-phenylenediamine 86, which gave exclusively the diacetylated product even with maly; s
cquivalent of the acetylating agent.

It is worth quoting that the chemoselectivity obtained in this acetylation procedure is identical in
all respect to that described in the earlier section, 2B.1.1. An interesting heterocyclic product, 2-methyl-

benzothiazole 82g’’, was obtained in 40% isolated yield, the rest being N-(2-mercapto-phenyl)acetamide
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82¢’ and S-[2-(acetyl amino)-phenyl] thioacetic acid ester 82g, when 2-aminothiophenol 82 was
acetylated as shown in Scheme 2B.5. The formation of 2-methyl-benzothiazole 82g>* further

demonstrates the chemo selective acetylation of amines over thiols. It may be mentioned here that the

compound 2-methylbenzothiazole 82g*” is used in the synthesis of polycarbocyanine and thiocyanine

dyes, as well as for (arylfuryl) benzothiazoles.

(ZSH‘CHCO’Q @iﬂ\ @[/“\ Lo

(82) (82g") |4 (82g) 4 (82g")
1 equiv 26% < 5% 40%
3 equiv <5% 17% 43%

Scheme 2B.5 Chemoselective Acetylation of Amines

Table 2.6. Propionylation® of Amines with Propionic Anhydride

Substrate Product Yield® (%)

]

(73) A~ ) 81
H
H

(75) Q\/N\n/\ (75h) 95

H O
(78) @’ NS (78h) 87
q 0
(81) @jlﬂ\cna/\ (81h) 88°
NO
o @i b (82h) 05¢
(84) /@z Y (84h) 84
(85) /Q/ \[]/\ (85h) 84

(86) \)\ /@/ b (86h) 94¢

(88) /©/ \n/\ (88h) o7

" Confirmed by comparison with IR, 'H and >C NMR of the authentic sample. "Isolated yields. °3 equivalents of propionic
anhydride were used. “Rest of the products being 82h and 82h.”’
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In order to extend the scope of the method further, the acylation of amines with propionic
anhydride was carried out under identical conditions. Thus a varicty of amines could be efficiently
propionylated in good yields as shown in Table 2.6. Amines have been chemoselectively propionylated
over phenols and thiols as demonstrated for 4-aminophenol 88 and 2-aminothiol 82 respectively. No
chemoselectivity could be achieved with the symmetrical diamines 1.2-phenylenediamine 81 and 1,4-
phenylenediamine 86 even with one equivalent of the anhydride. Substrate 2-aminothiol 82 gave 2-
(ethyl)-benzothiazole 82h’” as the major product and N-(2-mercaptophenyl) propionamide 82h” as the
minor product suggesting chemo selective propionylation of amines over thiols.

The versatility of the present methodology is evident from its application to various other
aliphatic, acyclic, cyclic, and aromatic anhydrides. When furfuryl amine 75, aniline 78, p-toluidine 84,
symmetrical diamines 1,2-phenylenediamine 81 and 1,4-phenylenediamine 86 were subjected to react
with isobutyric anhydride under the similar reaction conditions, corresponding N-isobutyrates 75i, 78i,
81i, 84i, 861 were formed in good yields as summarised below in Table 2.7.

Table 2.7. Isobutyrylation® of Amines with Isobutyric Anhydride

Substrate Product Yield® (%)

(f}\,NHZ (75) @\/HW)\ (750) 95
o

(78)

0 (78i) 78

H
NH, NT\)\
@ (81) C[H%J/]\ (81i) 76¢

H O
. O
/©/ (84) (84i) 79
NH, 71)\
/@/ (86) W)L (86i) 89

*Confirmed by comparison with IR, 'H and *C NMR of the authentic sample. "Isolated yields. 3 equivalents of isobutyric
anhydride were used.

Boc anhydride is a low melting solid which is used for the acylation of amino functionality

giving the t-butoxy carbonyl (Boc) derivatives. Present methodology was applied for synthesis of
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various NHBoc derivatives of aniline 78, 1,2-phenylene diamine 81, 2-aminophenol 83, p-toluidine 84,
and 1,4-phenylene diamine 86. For substrate 81, a mixture of mono and di product was formed with 1
equivalent of Boc anhydride which was purified by column chromatography, no such selectivity was
observed for 1,4-phenylene diamine 86. However, for both diamines, di products were obtained with 3
equivalents of the anhydride, Table 2.8.

Table 2.8. tert-Butoxycarbonylation® of Amines with Boc Anhydride

Substrate Product Yield® (%)

NH, 3

(78) ‘H’O‘TC: (781) 95

R4
=

NH, N 5
(81) hig \|< (81) 17¢
NH, Nﬁ?
H
NH N (0]
[::::1:5 e [::;[:ﬁ~2§;3\7<: @1l) 75
NH, N ~r(
NH, H o 0
" AR .
OH OFP
{_o
(84) (841) 78
S JORE
NH, H

2

H,N

N @]
(86) 0 T 944
>L0JJ\N/©/ O \]< {eab
H

“*Confirmed by comparison with IR, 'H and "C NMR of the authentic sample. "Isolated yields.  ‘Rest being diproduct and
starting material with lequivalent of Boc anhydride. “3 equivalents of Boc anhydride were used.

N-Benzoylated products are normally obtained from benzoic acid, benzoyl halides, benzoié
anhydride, esters of benzoic acid, and benzoyl transfer reagents under different experimental
conditions.? Employing the present aqueous method, various amines could be benzoylated in excellent
yields. Although benzoic anhydride can be directly added to an aqueous solution of the amine, the
reaction times are normally longer and some benzoic anhydride remained unreacted, giving lower yields
and an impure product. However, better yields and pure product could be obtained by adding an
acetonitrile (2 mL) solution of benzoic anhydride (5 mmol) to an aqueous solution of amine (5 mmol)
dissolved in water and SDS. The reaction was usually completed within 5 min. Removal of acetonitrile

under reduced pressure led to precipitation of the benzoylated product along with benzoic acid. The

TH-1847_03612208




Chemoselective Acylation of Amines in Aqueous Medium 190

precipitated benzoic acid was converted into water-soluble sodium benzoate by adding solid sodium
hydrogen carbonate until effervescence ceases. The benzoylated product was filtered off to yield the
pure compound. Sodium benzoate can be quantitatively recovered from the aqueous filtrate on
concentration if required. The success of the method has been tested with aliphatic 73, benzylic 74 and
furfurylic 75 amines. Aryl amines such as 78 and 84 gave the corresponding benzamides in quantitative
yields, results have been summarised in Table 2.7. Excellent intermolecular chemo seclective
benzoylation of amines over phenols and thiols, and thiols over phenol. has alrcady been demonstrated
in Scheme 2B.4 further supporting the preferential S-acylation over O-acylation in an aqueous medium.
No chemoselectivity of the symmetrical diamine 1.4-phenylenediamine 86 was achieved when
acetic and propionic anhydrides were used. However, excellent chemosclectivity could be achieved in
the benzoylation of a symmetrical diamine in aqueous medium as shown for substrate 86. This is
probably because the monobenzoylated product 86h” is highly hydrophobic and therefore precipitates
from the aqueous medium before it can undergo dibenzoylation if one equivalent of benzoic anhydride

is used. However, the dibenzoylated product could be obtained in quantitative yields

with two
equivalents of benzoic anhydride.

Table 2.9. Benzoylation” of Amines with Benzoic Anhydride

Substrate Product Yield®?

0
AN, (73) L (73k) 88

/‘\/\N
H
/YW H
5 [;)\/N CeHs  (75k) 92
H

(78) (78k) 96

2
0
: NH,
NH N._CH
/@ T e /Q/ I L (84K) 97
e N CqH,
{14 oIy 6% 01
H,N
NH, Nx_ . CyH:
S & e el S
HzN/©/NH2
HO

N
H
s
HO

*Confirmed by comparison with IR, 'H and C NMR of the authentic sample. “Isolated yields. °2 equivalents of benzoic
anhydride were used.

O
hig (88k) 98
0
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Again an intramolecular chemoselective benzoylation of amine has been shown with 2-

aminothiol 82 and 4-aminophenol 88.

SH (c,H,C0),0

SHO
NH, N
(82) (82K) |}

Scheme 2B.6 Chemoselective Benzoylation of Amines
When the same reaction was repeated after an interval of one month it was observed that a
different product 82k’’ was obtained along with the expected N-(2-mercapto-phenyl)-benzamide 82Kk’.
The product 82k’’crystallised as yellow shiny crystals in ethanol. The shiny crystals when subjected to
X-Ray diffraction studies revealed the structure as bis(2-benzoylaminophenyl)disulphide 82k”’.

Analysis pertaining to the formation of this product is included in the last section of this chapter, in
section 2B.1.2.1.

Table 2.10. Acylation® of Amines with Succinic Anhydride

Substrate Product Yield®(%)

0
Q\x"“"z (75) Q\/HY\O)LOH (75m) 75
NH,
NH,
NH,
NH,
NH,
NH,

H 0O
N
78) \n/\)oLOH (78m) 82
( H O
E:[N\H/\/U\OH
(81) KiP (81m) 83c

N\r(\cz)l\

NY\)\
/@ (88) ,@/ o (eam 67
HO HO

(90) /@ I OH (oo 84

*Confirmed by comparison with IR, 'H and >C NMR of the authentic sample. "Isolated yields. °3 equivalents of succinic
anhydride were used.

The (arylcarbamoyl) propenoic acids or maleamic acid and propanoic acid or succinamic acid

have been prepared by the condensation of amine with maleic anhydride or succinic anhydride using a
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variety of conditions.’ The novel aspect of the present method was further applied to cyclic anhydrides
such as succinic anhydride and maleic anhydride.

In the case of succinic anhydride, 1.2 equivalents of the anhydride was added in portions over a
period of ten minutes to an aqueous solution of amine (1 equiv). The reaction took place readily with
concurrent precipitation of the white solid product. This has been tested with a number of aromatic
amines and the results are summarised in Table 2.10. Here again chemosclective succcinylation of
amine has been achieved over phenols as shown for 4-amino phenol 88.

Table 2.11. Acylation® of Amines with Maleic Anhydride

Substrate Product Yield® (%)

ﬂ\/NHZ (75) D\, N (75n) 70
0

NH, NN
©/ (78) ©/ & O 78 84

H O
NH, NN\OH
@: (79) C[ (@] (79n) 78
F F 0
N~
E;ji (81) NHO (81n) 79¢

NH, HY\O)LOH
D/ (84) /Q/ [ (84n) 84

H
NH, N\(\)-L
OH
e e an i T
OMe MeO H 0O
NH, NN
/@ (92) /Oi 3 OH  (g2n) 79
F F F F

* Confirmed by comparison with IR, 'H and ">C NMR of the authentic sample. *Isolated yields. 2.4 equivalents of maleic
anhydride were used.

Amines also react successfully with maleic anhydride giving good yields of the desired products
under similar conditions (Table 2.11). All the amines tested could be converted into the corresponding
aryl maleamic acid in good yields. These reactions were performed analogously to the reaction using
succinic anhydride. It is worth mentioning that maleamic and succinamic acids are important classes of

compounds having fungicidal, insecticidal and herbicidal properties.
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Table 2.12. Acylation” of Amines with Phthalic Anhydride

Substrate Product Yield®(%)
HOOC
H
Q\,NH2 (75) &%@WS@ 8
HOOC O
: .NH,, (78) TD (780) &l
HOOC
C :NHz (79) Tg@ (790) 65
F
@iNHZ (81} HOOTC’J@ (810) 65¢
NH,
NH%OF'h{o COOH)
HOOC
HOOC
NH H
/©/ 2 (85) N (850) 93
F
HOOC
/@/NHZ (87) 7‘/\© (870) 89
OMe
N

HO

“Confirmed by comparison with IR, 'H and

phthalic anhydride were used.

3C NMR of thc authentic sample. "Isolated yields. °2.equivalents of

Substituted N-arylphthalamic acids have been synthesised by the reaction of phthalic anhydride

and
arylamines under different conditions.* There has been a recent resurgence of interest in N-

phenylphthalimide derivatives and their analogues because of their potential biological activity, such as

amino peptidase inhibition,>

(TNF alpha) production.>

N [ )
anticonvulsant activity,’ b

and promotion of tumor necrosis factor alpha

Again, owing to the insolubility of phthalic anhydride in water, an acetonitrile (5 mL) solution of

phthalic anhydride (5 mmol) was added to an aqueous solution of amine (5 mmol). Arylphthalamic acid

precipitated on evaporation of acetonitrile. The product was filtered and recrystallised from acetonitrile
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to yield the crystalline compound in excellent yields. The reaction of phthalic anhydride with various

amines is summarised in Table 2.12. It may be noted here that cyclic anhydrides react considerably more

slowly than acyclic anhydrides when the reaction is catalysed by montmorillonite K-10 in an organic

solvent. As demonstrated here, both acyclic and cyclic anhydrides react with different amines with equal

ease when the reaction was performed in an aqueous medium.

Table 2.12. Acylation® of Amines with Phthalic Anhydride

Substrate Product Yield®
HOOC
&NH
2
0 (75) (750) 78
HOOC
H
NH, N
780
©/ (78) ( ) 87
HOOC
NH,
E;IF (79) £ O (o) 93
HOOC
H O
Cr
810 65¢
@:NH (81) N (810)
: HO
HOOC
HOOC
NH,
/©/ (84) 0 (840) 85
00oC
H
NH, N\p
[ ] (85) /Q/ (850) 93
F F @
Table Contd...
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Table 2.12. Acylation™ of Amines with Phthalic Anhydride

Substrate Product Yield®

HOOC

NH, H
/©/ (87) /@ o) (870) 89
OMe OMe
HOOC
/Ej (87) /©/ 0O (870) 91
HO HO

“Confirmed by comparison with IR, 'H and ?C NMR of the authentic sample. "Isolated yields. “2 equivalents of phthalic
anhydride was used.

In conclusion, this method represents a tremendous opportunity for the practice of green
chemistry. The reactions are, in general, very clean giving good to moderate yields with excellent
selectivity, and no side products have been isolated. Amines were efficiently acylated by both cyclic and
acyclic anhydrides by dissolving them in an aqueous medium with the help of a surfactant, sodium
dodecyl sulfate (SDS). Cyclic and acyclic anhydrides reacted with equal ease with an amine, and amines
with various stereo-electronic factors reacted at the same rates with an anhydride. Chemo selective
acylation of amines in the presence of phenols and thiols and of thiols in the presence of phenols has
been achieved. In addition, chromatographic purification of the acylated product is not required. The
method is environmentally friendly with respect to by-products. Although procedures exist for acylation
of amines, the simplicity and low cost of our procedure allow it to compete as a better practical
alternative to the existing methods for selective acylation of primary amines in the presence of phenols
and thiols and particularly of thiols in the presence of phenols. The reverse order of chemoselectivity,
thiol over phenol will find useful application in the synthesis of complex natural products where
selective protection of thio and amino groups is required in the presence of thiol. No acidic or basic
reagents are used during the reaction. No chromatographic separation is required for isolation of the
acylated products. Reactions in a neutral aqueous medium, easy isolation of products, and innocuous by-

products make the present method a green chemical process.
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2B.3. Study on the Clip Motif from Bis (2-Benzoylaminophenyl) Disulphide

During the course of aqueous benzoylation of 2-aminothiophenol 82 one would have expected
N-(2-mercapto-phenyl)-benzamide 82k’ as the sole product, but in addition to this another product was
also obtained in good yield. X-Ray crystallography analysis of the second product revealed the structure
as  bis(2-benzoylaminophenyl)disulphide = 82k’’, Scheme 2B.7. Formation of  bis(2-
benzoylaminophenyl)disulphide 82k’’ may be in part due to the oxidation of 2-aminothiophenol 82 to
corresponding disulphide 82’ followed by benzoylation and may be in part due to the oxidation of N-(2-
mercapto-phenyl)-benzamide 82k’ to bis(2-benzoylaminophenyl)disulphide, 82k”’.

H :2’ 5
NH N\H/O (o] o
X" 2. Cryreeagon
sy H,0-CHCN - é G
(82) (82k") (82k")
Scheme 2B.7

Figure 2.2. (a) Prospective View of (82k’") Showing the Clip Motif and Atom Labeling Schemes. (b)
Prospective View of (827) Showing Atom Labeling Schemes.

The crystal suitable for X-ray diffraction studies were grown by the slow evaporation of a
solution of bis(2-benzoylaminophenyl)disulphide (82k”) in ethanol. It was found that (82K
Crystallises in P1 space group. The asymmetric unit consists of two molecules per unit. The crystal
structure reveals an unprecedented and a novel clip type of motif as shown in Figure 2.2.

TH-1847_03612208




Chemoselective Acylation of Amines in Aqueous Medium 198

This lead to the question what is the driving force for this type of clip motif? Is it in built due to
the dihedral angle around S-S bond or is induced by a noncovalent n-n- stacking interactions between
aromatic units. In order to find out the forces leading to clip motif the crystal structure of the parent
disulphide, bis(2-aminophenyl) disulphide (82°) was also determined. The crystal suitable for X-ray
diffraction studies were grown by the slow evaporation of a solution of bis(2-aminophenyl) disulphide
(82°). It was found that (82°) crystallises in Pbca space group. The asymmetric unit consists of eight
molecules per unit. At the first glance it looked like as if the clip motif is inbuilt in nature. However, a
careful examination of the structure revealed that although the dihedral angle around the S-S bond
(86.17°) is identical but the nitrogen atoms are pointing towards each other in bis(2-
benzoylaminophenyl)disulphide (82k’’) where as they are away from each other in the case bis(2-
aminophenyl) disulphide (82”) as shown in Figure 2.3.

(b)

Figure 2.3: (a) Showing the Orientation of Nitrogen Atoms of (82k’*), Hydrogen Atoms are Omitted for
Clarity and Benzoyl Units are Shown as Shaded Bond for Comparision. (b) Showing the Orientation of
nitrogen atoms of (82°).

It is clear from comparison of the above two structures that the clip motif is not inbuilt rather itis
induced by a weak non covalent m— interaction between one of the 2-aminothiophenyl and benzoyl

ring as shown in Figure 2.4
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Figure 2.5: Showing Different Kind of Interactions in Bis(2-Benzoylaminophenyl)Disulphide (82k’).

In addition to m—n interaction three other important kind of interactions viz. C-H...O, CH...S and
S—m exists in bis(2-benzoylaminophenyl)disulphide (82Kk”’). Again there are two types of C-H...O
interactions. One is a strong complementary intermolecular CH...O bond between O1 of one molecule
and CH9 of adjacent molecule held at a distance of 2.513 A, which contribute to the zig-zag tape kind of
structure. The other C-H...O interaction which is relatively weak and is between 02 of one molecule
and CH1 of the adjacent molecule, which are held at a distance of 2.603 A. The CH...S distance
between S1 and CH23 is 2.998 A. The other sulphur atom (S2) contribute to the supramolecular
architecture by having two complementary S-n_interaction between sulphur atom (S2) and phenyl ring

of the adjacent molecule (3.422 A). All these interaction are shown in Figure 2.5.
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Table 2.15. Crystal Data and Structure Refinement for Bis(2-Benzoylaminophenyl) Disulphide (82k”?).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.37°
Absorption correction

Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [>2sigma(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

Clip

C;H;,NOS
230.30

273(2) K
0.71073 A
Triclinic

P-1
a=7.9680(2) A
b=11.5541(3) A
c=123157(3) A

o= 76.6730(10)°.
B=81.4310(10)°.
v =87.1600(10)°.

1090.84(5) A3
4

1.402 Mg/m3

0.272 mm-!
484

0.35x 0.28 x 0.19mm3

1.7246 28.37%. :
-8<=h<=10, -15<=k<=14, -14<=1<=16
12295

4831 [R(int) = 0.0213]

88.3 %

None

Full-matrix least-squares on F2
4831/0/290

1.043

RI =0.0618, wR2 = 0.1966
R1 =10.0703, wR2 = 0.2084
0.000(3)

0.594 and -0.253 e.A-3

Several weak noncovalent interactions contribute to the supramolecular architecture of bis(2-
aminophenyl) disulphide (82°) these interactions are NH....S, NH....n and NH....N. Figure 2.6 shows
the atom numbering scheme. The NH...S interaction is between N2H1B of one molecule with S1 of the
adjacent molecule which is held at a distance of 2.755 A. This interaction can be clearly seen in Figure
2.6 (a). The other hydrogen atom attached to N2 i.e N2HIA form a NH...H type of interaction with the
NI of adjacent molecule and the N2HI1A. ..N1 distance is 2.477A. This interaction can be clearly seen in
Figure 2.6 (a). The other nitrogen atom N1 in addition to participating in NH...N type of interaction also

makes NH....w type of contact with the adjacent phenyl ring which is at a distance of 2.847 A as shown
in Figure 2.6 (b).
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Figure 2.6: Sh'owing Different Type of Interactions in (82”). (a) View along a-Axis, (b) View Along c-
Axis. Other Hydrogens are Omitted for Clarity Except the Interacting Hydrogen.

Figure 2.7: Showing Different Types of Interactions Inside the Helix (a) Other Hydrogens are Omitted

for Clarity Except the Interacting Hydrogen (b) A Space Filled View.

Another interesting feature of this molecule is that all the interactions between different polar
groups is inside and the relatively hydrophobic phenyl rings are outside forming a typical DNA type of
super helix with a pitch of 8.233 A, (Figure 2.7).

In conclusion although several reports describe generation ofidiicrent clipinioutibas non hay

reported clip derived by controlling the S-S dihedral angle and aromatic -7 interactions.
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Table 2.16. Crystal Data and Structure Refinement for Bis(2-aminophenyl) disulphide (82”)

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.46°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

snl

Ci2Hi2N,S;

248.36

273(2) K

71.073 pm
Orthorhombic

Pbca

a=823.26(4) pm
b=1318.28(6) pm
¢ =2282.03(13) pm

2.4767(2) nm3
8

1.332 Mg/m3

0.403 mm-!
1040

0.48 x 0.32 x 0.20 mm?3

1.78 to 28.46°.

-10<=h<=10, -17<=k<=17, -29<=1<=30
28018

3018 [R(int) = 0.0435]

96.7 %

None

o= 90°.
B=90°.
y=90°,

Full-matrix least-squares on F2
3018/0/ 146

1.037

RI =0.0583, wR2 = 0.1587
R1 = 0.0740, wR2 = 0.1746
0.0000(12)

0.592 and -0.508 ¢.A-3

TH-1847_03612208



Experimental Section 203

Section 2C. Experimental Section
2C.1. General Remarks

All the reagents were commercial grade and purified according to established procedures.
Organic extracts were dried with anhydrous sodium sulfate. Solvents were removed in a rotary
cevaporator under reduced pressure. Silica gel (60-120 mesh size) was used for column chromatography.
Reactions were monitored by TLC on silica-gel 60 F254 (0.25 mm). Elemental analysis was performed
with a Perkin-Elmer 2400 elemental analyzer. Electronic spectra of solutions were recorded in Hitachi
U-2001 UV-Vis spectrophotometer at 298K. Melting points were recorded with a Biichi B-540 melting
point apparatus. NMR spectra were recorded in C DCI; or [Dg] DMSO with tetramethylsilane as the
internal standard for 'H (200, 300 and 400 MHz) or CDCl; or [Dg] DMSO solvent as the internal
standard for '*C (50, 75 and 100 MHz). For few substrates extraction was necessary and the organic
solution was concentrated and passed through silica gel (60-120 mesh) using EtOAc/hexane to afford
the analytically pure compound. All the compounds were identified and confirmed by IR and NMR ('H
and "*C) Spectroscopy and by comparison with authentic samples.
2C.2. General Experimental Procedures:
2C.2.1. General Procedure for Reaction of Amines in the Form of Amine

Hydrochloride with Acetic, Propionic, Succinic and Maleic Anhydride: (Scheme 2B.1.)

To a stirred suspension of amine (1 mmol) in water (5 mL) was added 6N HCI (in the volume
range of 240-400 pL) until the solution became homogeneous (pH ca.1.5). The resulting homogenous
solution was cooled in an ice bath. To this was added an anhydride (1-1.5 mmol) followed by solid
sodium bicarbonate (185-300 mg) until there was no further effervescence or pH of the mixture becomes
ca 5.5. The precipitated product was filtered, washed with water (2 x 1 mL), dried by pressing between
folds of filter paper and finally dried in a vacuum desiccator. In cases, where product did not precipitate
out the reaction mixture was extracted with ethyl acetate (2 x 10 mL). The organic extract was dried
over anhydrous Na,SO, and the solvent was evaporated in a rotary evaporator under reduced pressure to
yield the pure product which were identified by comparison of their NMR, IR, GC and GC co-injection

with authentic samples prepared by known methods.
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2C.2.2. General Procedure for Reaction of Amines in the Form of Amine
Hydrochloride with Benzoic and Phthalic Anhydride: (Scheme 2B.1.)

To a stirred suspension of amine (1 mmol) in water (5 mL) was added 6N HCI (in the volume
range of 240-400 pL) until the solution became homogeneous (pH ca.1.5). The resulting homogenous
solution was cooled in an ice bath. To this was added benzoic or phthalic anhydride (Immol) dissolved
in acetonitrile (ImL) followed by solid sodium bicarbonate (185-300 mg) until there was no further
effervescence or pH of the mixture becomes ca 5.5. The product precipitates into lumps after removal of
acetonitrile in a rotary evaporator. It was filtered, washed with water (2 x 1 mL), dried by pressing
between folds of filter paper and finally dried in a vacuum desiccator. In cases, where product did not
precipitate out the reaction mixture was extracted with ethyl acetate (2 x 10 mL). The organic extract
was dried over anhydrous Na,SO4 and the solvent was evaporated in a rotary evaporator under reduced
pressure to yield the pure product which were identified by comparison of their NMR, IR, GC and GC
co-injection with authentic samples prepared by known methods.
2C.2.3. General Procedure for Reaction of Amines with Acetic, Propionic, Isobutyric, Boc, Succinic
and Maleic Anhydride (SDS Method)

Sodium dodecyl sulphate (SDS, ca.20 mg) was added to a stirred heterogeneous suspension of
amine (5 mmol) in water (20 mL) until a homogeneous solution was formed, (in case of turbidity, the
mixture was warmed to obtain a clear solution). The anhydride (7.5 mmol for acetic and propionic
anhydride and 6 mmol for succinic and maleic anhydride) was added to this over a period of 5 min. The
acetylated product precipitated within 5-10 min. The precipitated product was filtered, washed with
water (2-1 mL), dried by pressing between folds of filter paper and finally dried in a vacuum desiccator,
In cases where the product did not precipitate, the reaction mixture was extracted with ethyl acetate (2 x
25 mL). The combined organic extracts were dried with anhydrous Na2S5S04 and the solvent wag
removed in a rotary evaporator under reduced pressure to yield the pure product, which was identified

by its NMR and IR spectra and GC pattern, and by GC co-injection with authentic samples prepared by
known methods,

2C.2.4. General Procedure for Reaction of Amines with Benzoic and Phthalic Anhydride

Sodium dodecyl sulphate (SDS, ca. 20 mg) was added to a stirred heterogeneous suspension of
amine (5 mmol) in water. (20 mL) until a homogeneous solution was formed, (in case of turbidity, the

Mixture was warmed to obtain a clear solution). Benzoic or phthalic anhydride (5 mmol) dissolved in
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acetonitrile (5 mL) was added to this in one lot. After stirring for 5 min the acetonitrile was evaporated
and the product precipitated from the aqueous layer. To the aqueous solution containing precipitate,
solid sodium hydrogen carbonate was added pinch-wise until the effervescence ceased and the pH was
near neutral. The remaining precipitated product was filtered, washed with water (2 x 1 mL), dried by
pressing between folds of filter paper and finally dried in a vacuum desiccator. In cases where the
product did not precipitate, the reaction mixture was extracted with ethyl acetate (2 x 25 mL). The
combined organic extracts were dried with anhydrous Na;SO, and the solvent was removed in a rotary
evaporator under reduced pressure to yield the pure product, which was identified by its NMR and IR
spectra and GC pattern, and by GC co-injection with authentic samples prepared by known methods.

Good crystals of the compound can be obtained either from acetonitrile or from ethyl acetate.

2C.2.5. Intermolecular Chemoselective Acylation of Aniline and Phenol: (Scheme 2B.4)

Sodium dodecyl sulphate (SDS, ca. 4 mg) was added to a stirred suspension of aniline (1 mmol)
and phenol (1 mmol) in water (6 mL). To this was added acetic anhydride (1 mmol). After stirring for 10
min the reaction mixture was extracted with ethyl acetate (2 x 10 mL).The percentage of products
formed was determined by gas liquid chromatography using a crossed-linked methyl silicon gum
capillary column (30 m x 0.32 mm x 0.25 pum) fitted with FID.

2C.2.6. Chemoselective Acylation of Aniline and Thiophenol: (Scheme 2B.4)

Sodium dodecyl sulphate (SDS, ca. 4 m) was added to a stirred suspension of aniline (I mmol)
and thiophenol (1 mmol) in water (6 mL). To this heterogeneous mixture acetic anhydride (1 mmol) was
added. After stirring for 10 min the reaction mixture was extracted with ethyl acetate (2 x10mL). The
percentage of products formed was determined by gas liquid chromatography using a crossed-linked

methyl silicon gum capillary column (30 m x 0.32 mm x 0.25 pm) fitted with FID.
2C.2.7. Chemoselective Acylation of Thiophenol and Phenol: (Scheme 2B.4)

Sodium dodecyl sulphate (SDS, ca. 4 mg) was added to a stirred suspension of aniline (1 mmol)
and thiophenol (1 mmol) in water (6 mL). To this heterogeneous mixture acetic anhydride (1 mmol) was
added. After stirring for 10 min the reaction mixture was extracted with ethyl acetate (2 x 10 mL). The
percentage of products formed was determined by gas-liquid chromatography using a crossed-linked

methyl silicon gum capillary column (30 m x 0.32 mm x 0.25 pm) fitted with FID.
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2C.3. Spectral Data

0]
N-Butyl-acetamide (73g): IR (KBr): 3315, 3284, 3094, 2962, 2930, 2868, 1660, 1555, 1438, 1368,
1291, 731, 603 cm™. '"H NMR (200 MHz, CDCl3): § 0.91 (t, 3H, -CH,CH3), 1.42 (m, 4H, (-CH,),CH3),
1.97 (s, 3H, -COCHs), (3.22 m, 2H, -CH,NH-), 6.5 (brs, 1H, -NH). *C NMR (50 MHz, CDCls): § 13.9,
20.4,23.3,31.8,39.7, 170.9.

@]

. @”ﬁ*om

N-Benzyl-acetamide (74g): IR (KBr): 3303, 3066, 3037, 1654, 1560, 1545, 1500, 1461, 1382, 1283,

740, 700 cm™. "H NMR (400 MHz, CDCL3): § 2.02 (s, 3H, -COCH), 4.43 (d, 2H, J = 5.8 Hz, -CH,Ph),
L 5.79 (brs, 1H, -NH), 7.32 (m, 5H, ArH). *C NMR (100 MHz, CDCl3): § 23.3, 43.7, 127.5, 127.8, 128.7,
W 1382, 169.8.

i CH

3

NH
OJ\CHG

(R)-N-Phenyl-ethyl-acetamide (76g): IR (KBr): 3432, 3292, 3149, 3071, 2974, 1642, 1553, 1448,
1382, 1281, 757 cm™. "H NMR (200 MHz, DMSO-ds): § 1.30 (d, 3H, J = 7.0 Hz, -CHCH3), 1.82 (s, 3H,
-COCHj), 4.87 (m, 1H, -CHCH3), 7.23 (m, SH, ArH), 8.4 (brs, 1H, -NH). '>C NMR (50 MHz, DMSO-
de): §22.8,22.9, 48.1, 126.3, 126.9, 128.6, 145.1, 168.8.

0]

HN™ "CH

3
o

(S)-N-Phenyl-ethyl-acetamide (77g): IR (KBr): 3269, 3067, 2974, 2932, 1638, 1557, 1452, 1382,
1281, 1215, 691 em™. "H NMR (200 MHz, DMSO-ds): & 1.35 (d, 3H, J = 7.0 Hz, -CHCHS3), 1.86 (s, 3H,
-COCHs), 4.90 (m, 1H, -CHCH3), 7.28 (m, 5H, ArH), 8.4 (brs, 1H, -NH). >C NMR (50 MHz, DMSO-
de): §22.8,23.0, 48.1, 126.3, 126.9, 128.5, 145.2, 168.6.

TH-1847_03612208



Experimental Section 207

H

N-Phenyl-acetamide (78g): IR (KBr): 3303, 3262, 3210, 3149, 1664, 1602, 1560, 1505, 1438, 1372,
1326, 1264, 1044, 1018, 757, 696 cm™. "H NMR (400 MHz, CDC): § 2.06 (s, 3H, -COCH), 7.02 (m,
1H, ArH), 7.29 (m, 2H, ArH), 7.60 (m, 2H, ArH), 10.0 (s, 1H, -NH). *C NMR (100 MHz, CDCl3):
& 23.9,118.9, 122.8, 128.5, 139.2, 168.1.

N-(2-Amino-phenyl)-acetamide (81°g): IR (KBr): 3461, 3369, 3282, 3047, 1647, 1589, 1541, 1503,
1459, 1375, 1305, 1260, 1218, 968, 750 cm™. 'H NMR (200 MHz, CDCl3): § 2.10 (s, 3H, -COCH),

3.65 (brs, 2H, -NH>), 6.75 (m, 2H, ArH), 7.01 (m, 2H, ArH), 7.64 (brs, 1H, -NH). >C NMR (50 MHz,
CDCl3): 8 23.9, 118.4, 119.8, 126.0, 127.7, 129.42, 141.4, 169.7.

@) : ®)
N
N NX
N-(2-Acetylamino-phenyl)-acetamide (81g): IR (KBr): 3236, 3129, 3021, 1669, 1608, 1536, 1460,

1367, 1316, 1034, 960, 768, 722, 600 cm™. "H NMR (300 MHz, DMSO-ds): § 2.07 (s, 6H, -COCHs),

7.11 (m, 2H, ArH), 7.52 (m, 2H, ArH), 9.37 (s, 2H, -NH). *C NMR (75 MHz, DMSO-ds): § 23.6,
124.5, 124.7, 130.4, 168.6.

N-(4-Acetylamino-phenyl)-acetamide (86g):IR (KBr): 3303, 3170, 3083, 2858, 1669, 1572, 1521,
1403, 1372, 1321, 1255, 1014, 840, 756, 599, 522 cm™."H NMR (300 MHz, DMSO-ds): § 2.06 (s, 6H, -
COCH3), 7.10 (m, 2H, ArH), 7.53 (m, 2H, AtH), 9.43 (s, 2H, -NH).”C NMR (75 MHz, DMSO-ds):
323.7,124.8, 130.5, 168.8.

H

N CH
i
L%
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N-(2-Hydroxy-phenyl)-acetamide (80g): IR (KBr): 3406, 3088, 3050, 2976, 2879, 2745, 2622, 1669,
1600, 1547, 1460, 1383, 1330, 1290, 1250, 1204, 1100, 1040, 770, 671 cm™.'"H NMR (200 MHz,
CDCl): §2.19 (s, 3H, -COCHs), 6.79 (t, 1H, J=8.0Hz, ArH), 6.88 (d, 1H, J=7.6Hz, ArH), 6.97 (t, 1H,
J=1.6Hz, ArH), 7.53 (d, 1H, J=8.0Hz ArH,), 9.20 (brs, 1H, -NH), 9.52 (brs, 1H, -OH)">C NMR (50
MHz, CDCls): § 24.3, 117.2, 119.7, 122.4, 125.5, 126.8, 148.2, 169.9.

N-(4-Hydroxy-phenyl)-acetamide (88g): IR (KBr): 3334, 3160, 2924, 1660, 1613, 1567, 1511, 1444,
1378, 1326, 1260, 1111, 1010, 968, 840, 808, 685 cm™.'"H NMR (300 MHz, DMSO-ds): & 1.99 (s, 3H, -
COCHs), 6.67 (d, 2H, ArH), 7.37 (d, 2H, ArH), 9.19 (brs, 1H, -NH), 9.67 (brs, 1H, -OH).">C NMR (75
MHz, DMSO-ds): § 22.8, 115.0, 121.3, 131.2, 153.1, 167.6.

N.__CH
T 3

N-(2-Mercapto-phenyl)-acetamide (82°g): IR (KBr): 3380, 3268, 2926, 1669, 1585, 1527, 1471, 1435,
1374, 1298, 1037, 760 cm™."H NMR (300 MHz, CDCl3): & 1.27 (s, 1H, -SH), 1.98 (s, 3H, -COCH?>),
7.02 (m, 1H, ArH), 7.40 (m, 2H, ArH) 7.93 (brs, 1H, -NH), 8.31 (m, 1H, ArH). >C NMR (75 MHz,
CDCl): 8 24.9, 121.7, 123.5, 124.40, 124.8, 132.5, 136.7, 140.2, 168.9.

o] (0)
Al
H
Thioacetic acid S-(2-acetylamino-phenyl) ester (82g): IR (KBr): 3340, 3063, 2920, 1695, 1580, 1519,
1437, 1375, 1294, 1141, 1120, 948, 757, 665, 624 cm™.'"H NMR (200 MHz, CDCl): & 2.14 (s, 3H, -

NHCOCH;), 2.42 (s, 3H, -SCOCHs), 7.13 (m, 1H, ArH), 7.42(m, 2H, ArH), 7.69 (brs, 1H), 8.25 (brs,
[H). *C NMR (50 MHz, CDCl3): § 25.0, 30.7, 117.7, 122.8, 125.20, 131.9, 136.5, 140.0, 168.7, 193.8.

(Lo

2-Methyl benzothiazole (82°’g) IR (KBr): 3063, 2928, 2848, 1600, 1532, 1460, 1434, 1380, 1320,
1270, 1245, 1180, 1163, 1060, 1015, 871, 764, 733, 641 cm™."H NMR (300 MHz, CDCls): & 2.81 (s,
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3H, -COCHa,), 7.32 (t, 1H, J = 9.0Hz, ArH), 7.43 (t, 1H, J = 9.0Hz, AtH), 7.79 (d, 1H, J=8.4Hz, ArH),
7.94 (d, 1H, J = 8.4Hz, ArH)."> C NMR (75 MHz, CDCL): §20.1, 121.3, 122.3, 124.6, 125.8, 135.6,
153.3, 166.9.

N-(2-Fluoro-phenyl)-acetamide (79g): IR (KBr): 3250, 3122, 3063, 2924, 2850, 1669, 1615, 1545,
1491, 1456, 1370, 1320, 1254, 1196, 1102, 966, 757 cm™."H NMR (400 MHz, CDCl3): 6 2.2 (s, 3H, -
COCH3), 7.02 (m, 1H, ArH), 7.28 (s, 1H, ArH), 7.3 (s, 1H, -NH), 7.42 (s, 1H, ArH), 8.2 (m, 1H, ArH).
C NMR (100 MHz, CDCl3): 8 24.4, 114.6, 114.9, 122.2, 124.35, 124.38, 124.43, 126.2, 126.3, 150.9,
154.1, 168.6.

N-(2,4-difluoro-phenyl)-acetamide (92g): IR (KBr): 3272, 3211, 3144, 3061, 1669, 1629, 1557, 1507,
1434, 1383, 1265, 1142, 1101, 958, 855 cm™."H NMR (400 MHz, CDCI3): § 2.20 (s, 3H, -COCH), 6.86
(m, 2H, ArH), 7.27 (brs, 1H, -NH), 8.22 (m, 1H, ArH). C NMR (100 MHz, CDCl3): & 24.5, 103.2,
103.5, 103.5, 103.7, 111.1, 111.14, 111.32, 111.35, 122.5, 122.9, 123.0, 153.5, 157.4, 159.8, 168.3.

H
/@,NTCHS
H,C ht

N-p-Tolyl-acetamide (84g): IR (KBr): 3285, 3188, 3122, 3063, 2924, 1665, 1615, 1549, 1506, 1456,
1320, 1269, 822, 757 cm™'.'"H NMR (400 MHz, CDCl3): § 2.13 (s, 3H, -COCHa), 2.29 (s, 3H, ArCH,),

7.09 (d, 2H, ArH), 7.35 (d, 2H, ArH), 7.37 (brs, 1H, -NH). °C NMR (100 MHz, CDCl): § 20.8, 24.3,
120.2; 129.4, 133.8, 1354, 168.8.
H

N CH
T "

N-(4-Methoxy-phenyl)-acetamide (87g): IR (KBr): 3249, 3125, 3070, 3008, 2962, 2837, 1660, 1607,
1564, 1465, 1324, 1246, 770 cm™.'H NMR (200 MHz, CDCl3): & 2.13 (s, 3H, -COCHs), 3.77 (s, 3H,
ArOCH5), 6.84 (d, 2H, ArH), 7.39 (d, 2H, AtH), 7.45 (s, 1H, -NH)."”C NMR (50 MHz, CDCL): § 24.64,
55.87, 114.54, 122.38, 131.45, 156.87, 168.72.
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H
/@:N\H/ CH,
MeO OM%

N-(2,4-Dimethoxy-phenyl)-acetamide (91g):IR (KBr): 3284, 3245, 3004, 2965, 2942, 2841, 1660,
1614, 1538, 1504, 1470, 1416, 1280, 1212, 1161, 1025, 837 cm™."H NMR (400 MHz, CDCl3): 8 2.15 (s,
3H, -COCHa), 3.77 (s, 3H, -OCHa), 3.82 (s, 3H, -OCHs), 6.44 (m, 2H, ArH), 7.52 (brs, 1H, -NH), 8.18
(d, 1H, J = 9.5 Hz, ArH).’C NMR (100 MHz, CDCl3): § 24.6, 55.5, 55.6, 98.5, 103.6, 120.7, 121.2,
149.1, 156.3, 167.8.

B
Aoy
@]

N-Furan-2-ylmethyl propionamide (75h): 'H NMR (200 MHz, DMSO+CDCl3): 8 1.12 (t, 3H,
J=7.6Hz, -CH,CH3), 2.21 (q, 2H, J = 7.6Hz, -CH,CH3), 4.34 (d, 2H, J = 5.6Hz, -CH,NH-), 6.19 (m, 1H,
ArH), 6.30 (m, 1H, ArH), 7.34 (s, 1H, -NH), 7.60 (s, 1H, ArH). °C NMR (50 MHz, DMSO+CDCl3):
6 10.08, 29.24, 36.28, 106.86, 110.33, 141.60, 152.00, 174.11.

N
e
@)
N-Phenyl-propionamide (78h): IR (KBr): 3252, 3191, 3155, 3083, 2971, 2930, 1665, 1603, 1552,
1501, 1440, 1373, 1310, 1258, 1204, 748 cm™.'"H NMR (400 MHz, CDCI3): & 1.17 (t, 3H, -CH,CH; J =

8.0Hz), 2.32 (q, 2H, -CH,CHj3, J = 8.0Hz), 7.03 (m, 1H, ArH), 7.24 (m, 2H, ArH) 7.48 (m, 2H, ArH),
7.70 (s, 1H, -NH)."C NMR (100 MHz, CDCl3):  9.66, 30.57, 119.90, 124.05, 128.83, 138.01, 172.40.

o $2
L

H H
N-(2-Propionylamino-phenyl)-propionamide (81h): IR (KBr): 3288, 1660, 1600, 1542, 1511, 1455,
1368, 1301, 1230, 1205, 1081, 753, 707 cm™."H NMR (300 MHz, DMSO-ds): § 1.16 (t, 6H, -CH,CH;),
2.27 (q, 4H, -CH,CH3), 7.11 (m, 2H, AtH), 7.24 (m, 2H, ArH), 8.51 (s, 2H, -NH). *C NMR (75 MHz,

DMSO-ds): 6 9.70, 29.99, 125.55, 125.84, 130.61, 173.67.Elemental Analysis (C12H1sN20,): Caled C
65.45 H7.27 N 12.72; Expt C 64.97 H 7.45 N 13.24.
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H
N
O CH
e T T
H

N-(4-Propionylamino-phenyl)-propionamide (86h): IR (KBr): 3268, 3160, 3078, 2971, 2930, 1665,
1578, 1516, 1410, 1383, 1306, 1245, 1080, 1015, 922, 840, 774 cm™. '"H NMR (400 MHz, DMSO-ds):
& 1.05 (t, 6H, -CH,CH3), 2.26 (q, 4H, -CH,CH3), 7.47 (s, 4H, ArH), 9.76 (s, 2H, -NH). >C NMR (100
MHz, DMSO-ds): & 9.75, 29.34, 119.36, 134.59, 171.64.

H
oy
HO -

N-(4-Hydroxy-phenyl)-propionamide (88h): IR (KBr): 3319, 3200, 3000, 1650, 1615, 1520, 1440,
1405, 1210, 1050, 850 cm™. '"H NMR (400 MHz, DMSO-ds): & 1.04 (t, 3H, -CH,CHs), 2.26 (q, 2H, -
CH>CH3), 7.47 (s, 4H, ArH), 9.76 (s, 2H, -NH, -OH). '*C NMR (100 MHz, DMSO-de): 9.8, 18.6,
114.9, 120.8, 131.1, 153.0, 171.2.

H
Clpr
SHO

N-(2-Mercapto-phenyl)-propionamide (82°h): IR (KBr): 3283, 3252, 2976, 1660, 1585, 1532, 1440,
1378, 1286, 1209, 1081, 927, 748, 687 cm™. '"H NMR (400 MHz, CDCL:): § 1.10 (t, 3H, -CH,CHz), 2.14
(q, 2H, -CH>CH3), 6.96 (t, 1H, ArH), 7.36 (m, 3H, ArH), 7.95 (s, 1H, -NH), 8.33 (d, 1H, ArH). °C
NMR (100 MHz, CDCl3): § 9.5, 30.6, 120.8, 124.1, 132.0, 136.3, 139.8, 171.9.

N
N\
L
2-Ethyl-benzothiazole (82°’h): IR (KBr): 3063, 2976, 2940, 1530, 1440, 1317, 1150, 1100, 1020, 910,
764 cm™. '"H NMR (400 MHz, CDCD): & 1.47 (t, 3H, -CH,CHs), 3.15 (q, 2H, -CH,CH3), 7.25 (t, 1H,

ArH), 7.35 (t, 1H, ArH), 7.75 (d, 1H, ArH), 7.88 (d, 1H, ArH).”C NMR (100 MHz, CDCL): § 13.7,
27.65, 121.45, 122.34, 124.61, 125.87, 134.90, 152.99, 173.72.
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H
e
H,C =

N-p-Tolyl-propionamide (84h): 'H NMR (400 MHz, CDCl3): & 1.18 (t, 3H, J = 7.6Hz, -CH,CH3), 2.28
(s, 3H, ArCHs, 2.35 (q, 2H, J = 7.6Hz, -CH,CHj), 7.05 (d, 2H, J = 8.0Hz, ArH), 7.46 (d, 2H, J = 8.0Hz,
ArH), 9.25 (brs, 1H, -NH). *C NMR (100 MHz, CDCls): § 10.39, 21.27, 30.59, 120.13, 129.30, 132.89,

136.69, 172.83.

H
ISR S
(@]
F

N- (4-Fluoro-phenyl)-propionamide (85h): IR (KBr): 3298, 3263, 3206, 3160, 3100, 2981, 1665,
1614, 1557, 1507, 1409, 1306, 1214, 1076, 1015, 835, 774 cm™. '"H NMR (400 MHz, CDCl3): § 1.14 (t,
3H, -CH,CHs, J = 8.0Hz), 2.28 (q, 2H, -CH,CH3, J = 8.0Hz), 6.89 (m, 2H, ArH), 7.37 (m, 3H, ArH and
-NH). C NMR (100 MHz, CDCl3): & 9.63, 30.48, 115.39, 115.61, 121.66, 121.74, 133.93, 158.02,
160.43, 172.16.

/@H\n/\cm

F Fo

N-(2,4-Difluoro-phenyl)-propionamide (92h): IR (KBr): 3283, 2925, 2853, 1675, 1542, 1501, 1428,
1209, 1102, 968, 848, 820, 725 cm™.'"H NMR (300 MHz, DMSO-ds): & 1.05 (t, 3H, -CH,CH;, J =
9.0Hz), 2.34 (q, 2H, -CH,CH3, J = 9.0Hz), 7.02 (m, 1H, ArH), 7.25 (m, 1H, ArH), 7.75 (m, 1H, ArH),
9.61 (s, IH, -NH)."*C NMR (75 MHz, DMSO-ds): & 9.6, 31.3, 103.7, 104.0, 104.4, 110.8, 111.1, 122.9,
125.8, 125.9, 156.9, 160.0, 160.1, 172.4.

]\ H

N-Furan-2-ylmethyl-isobutyramide (75i): 'H NMR (400 MHz, CDCl3): § 1.19 (d, 6H, -CH(CH3)2, J =
6.4Hz), 2.39 (m, 1H, -CH(CH,),), 4.41 (m, 2H, -CHhAr), 5.90 (brs, 1H, -NH), 6.20 (m, 1H, ArH),
6.31(m, 1H, ArH), 7.38 (m, 1H, ArH).">C NMR (100 MHz, CDCI3): & 19.97, 35.93, 36.84, 107.52,
110.66, 142.27, 151.58, 176.84.
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N-Phenyl-isobutyramide (78i): IR (KBr): 3304, 3268, 3206, 3145, 2976, 2935, 2873, 1670, 1608,
1547, 1506, 1450, 1393, 1312, 1250, 1214, 1107, 948, 764, 712 cm™. '"H NMR (400 MHz, CDCl3):
8 1.25 (d, 6H, -CH(CH3),, J = 6.8Hz), 2.51 (m, 1H, CH(CHs),), 7.10 (t, 1H, J = 7.2Hz, ArH), 7.30 (t,

2H, J = 7.6Hz, ArH), 7.52 (d, 2H, J = 8.0Hz, ArH). "C NMR (100 MHz, CDCl3): & 20.06, 36.95,
120.20, 124.32, 129.08, 138.29, 175.74.

o $0 .
N

o>\_H H_qo

N-(2-Isobutyrylamino-phenyl)-isobutyramide (81i): IR (KBr): 3227, 2980, 1653, 1545, 1465, 1383,

1296, 1219, 1102, 948, 764, 702, 677 cm™.'"H NMR (400 MHz, CDCl3): & 1.19 (d, 12H, -CH(CHs),, J =

6.4Hz), 2.49 (m, 2H, CH(CHs),), 7.13 (m, 2H, ArH), 7.26 (m, 2H, ArH), 8.38 (brs, 2H, -NH)."*C NMR
(100 MHz, CDCl3): & 20.02, 36.40, 125.94, 126.19, 130.97, 176.93.

N-(4-Isobutyrylamino-phenyl)-isobutyramide (86i): IR (KBr): 3288, 3145, 3053, 2971, 1660, 1552,
1470, 1404, 1296, 1240, 1102, 955, 830, 702 cm™.'H NMR (400 MHz, DMSO): & 1.14 (d, 12H, -
CH(CH,),, J=6.4Hz), 2.56 (m, 2H, CH(CHs),), 7.51 (s, 4H, ArH), 9.55 (brs, 2H, -NH). °C NMR (100
MHz, DMSO): & 24.99, 40.55, 124.91, 139.87, 180.33.
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N-(2-Fluoro-phenyl)-isobutyramide (79i): IR (KBr): 3278, 3058, 2979, 2930, 2884, 1670, 1614, 1537,
1455, 1383, 1310, 1265, 1210, 1107, 948, 856, 760, 697 cm™.'"H NMR (400 MHz, CDCl3): & 1.26 (d,
6H, -CH(CHs),, J=6.8Hz), 2.57 (m, 1H, CH(CH,),), 7.07 (m, 3H, ArH), 7.46 (brs, 1H, -NH ), 8.31 (t,
1H, J=8.0Hz, ArH). >C NMR (100 MHz, CDCl): & 19.96, 37.02, 114.82, 115.01, 122.20, 124.36,
124.43, 124.64, 124.67, 126.57, 126.67, 151.49, 153.90, 175.58.

H\”)\
ON
H,C Q

N-p-Tolyl-isobutyramide (84i): IR (KBr): 3278, 3196, 3124, 3053, 2976, 2930, 2879, 1665, 1608,
1537, 1470, 1414, 1310, 1255, 1209, 1107, 820, 717 cm™. "H NMR (400 MHz, CDCI3): & 1.23 (d, 6H, -
CH(CHs),, J=6.4Hz), 2.30 (s, 3H, ArCH;), 2.49 (m, 1H, CH(CH,),), 7.09 (d, 2H, J=8.4Hz, ArH), 7.40
(d, 2H, J=8.4Hz, ArH). ’C NMR (100 MHz, CDCls): §20.08, 21.27, 36.85, 120.31, 129.53, 133.82,

135.76, 175.61 Elemental analysis (Cyy H;sNO): Calcd C 74.57 H 8.47 N 7.90; Expt C 72.99 H 8.66 N
9.04.

Phenyl-carbamic acid tert-butyl ester (781):IR (KBr): 3319, 2925, 2863, 1700, 1609, 1542, 1450,
|
373, 1322, 1255, 1168, 1061, 1020, 835, 753, 702 cm™."H NMR (400 MHz, DMSO+CDCL): § 1.52 (s,
9H, -

> “OC(CLL)s), 6.98 (1, 1H, J = 7.2Hz, AtH), 7.25 (t, 2H, J = 8.0Hz, AtH), 7.40 (d, 2H, J = 8.0Hz,

ArH), 7.
), 7.5 (brs, 1H). °C NMR (100 MHz, DMSO+CDCLy): §27.73, 28.76, 118.72, 122.75, 128.89,
138.95, 153.15.

-Tolyl-carbami .
P yl-carbamic acid tert-butyl ester (841): IR (KBr): 3355, 2986, 2930, 2761, 1706, 1614, 1527,

C C 50, 1168, IO 8, 9115, 835’ / ;9, 6;1, 513 Cm-]. ! NMR (400 Ml IZ, CDC13) ) 1.50 (S) SI'I,
-OC(CHs)3), 2.28 CH H H), 7 » rH), 7.22 (d. 2H. J =
( 3)3) s (S! 31—1, AI 3), 6.48 (brs’ 1 5 "N 3 .06 (d, 21‘1, J 8.8.[‘]:2, A ;1), . ( 3 2 J
..-I' .(I_I;., Al . 9 9
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gt
N o#\

H
(2-Hydroxy-phenyl)-carbamic acid tert-butyl ester (801): IR (KBr): 3426, 3298, 2986, 2710, 2582,
1701, 1615, 1527, 1470, 1352, 1281, 1235, 1163, 1050, 905, 851, 748, 620 cm™. '"H NMR (400 MHz,
DMSO+CDCl3): 8 1.50 (s, 9H, -OC(CH3)3), 6.52-6.87 (brm, 4H, ArH), 7.34 (brs, 1H), 7.79 (d, 1H, J =

8.0Hz, ArH), 9.30 (brs, 1H).'>*C NMR (100 MHz, DMSO+CDCl;): & 28.8, 80.6, 115.7, 119.4, 120.1,
123.3, 127.1, 146.1, 153.6.

42 5

H,N ﬁ—{

O

7<

(2-Amino-phenyl)-carbamic acid tert-butyl ester (81°’):IR (KBr): 3416, 3360, 3010, 2986, 2935,
1685, 1603, 1511, 1460, 1380, 1303, 1265, 1163, 1064, 856, 748, 692 cm™. 'H NMR (400 MHz,
CDCL): 8 1.51 (s, 9H, -OC(CHs)s), 3.59 (brs, 2H), 6.24 (brs, 1H), 6.77 (m, 2H, ArH), 6.9 (m, 1H,

ArH), 7.25 (d, 1H, J=7.2Hz, ArH).”C NMR (100 MHz, CDCLy): §28.7, 80.8, 117.8, 119.7, 124.9,
126.3, 140.1, 154.0.

(2-tert-But0xycarbonylamino—phenyl}—carbamic acid tert-butyl ester (811):IR (KBr): 3380. 3268
3119, 2981, 2935, 1696, 1605, 1537, 1460, 1399, 1245, 1163, 1061, 912, 760, 646 em g NMR (40(;
MHz, CDCl3): & 1.51 (s, 18H, -OC(CHj)s), 6.74 (brs, 2H), 7.11 (m, 2H, Arf),

746 (brs, 2H, ArH).*c
NMR (100 MHz, CDCls): § 28.7, 81.0, 124.4, 125.4, 154.06.

__-"'-—_________-
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(4-tert-Butoxycarbonylamino-phenyl)-carbamic acid tert-butyl ester (861): IR (KBr): 3365, 2986,
2945, 1701, 1614, 1542, 1409, 1312, 1235, 1163, 1065, 907, 825, 774, 649 cm™.'"H NMR (400 MHz,
DMSO + CDCly): 8 1.49 (s, 18H, -OC(CHs)s), 7.31 (s, 4H, ArH), 8.74 (s, 2H, -NH)."?C NMR (100
MHz, DMSO+CDCl;): 6 28.9, 119.3, 134.4, 153.5.

MN*@
H

N-Butyl-benzamide (73k): IR (KBr): 3068, 2966, 2940, 1655, 1526, 1500, 1426, 1302, 1220, 1050,
700 cm™. 'H NMR (400 MHz, CDCl): & 0.88 (t, 3H), 1.32 (m, 2H), 1.55 (m, 2H), 3.39 (q, 2H), 6.69

(brs, 1H), 7.31-7.80 (brm, 5H). °C NMR (100 MHz, CDCl3): & 13.62, 20.0, 31.48, 39.79, 126.84
128.58, 129.93, 131.17, 167.87.

o O

O

3

N-Furan-2-ylmethyl-benzamide (75k): IR (KBr): 3073, 2848, 2561, 1696, 1639, 1552, 1429 cm™. 'H
NMR (400 MHz, CDCL): § 4.58 (d, 2H, J = 5.6 Hz), 6.27 (m, 2H), 6.89 (brs, 1H), 7.31-7.78 (m, 6H).

13
€ NMR (100 MHz, CDCL): 8 36.90, 107.59, 11039, 126.98, 128.41, 120.99, 131.53, 142.12, 151,02,
167.55.

O

SRR

N-Benzyl-benzamide (74k): 't NMR (400 MHz, CDCls): 6 4.63 (d, 2H, PhCHNH-), 6.43 (brs, 11, -

N_l_!_i), 724_750 (m’ SH), 7.76 (d, ZH, J=8.0HZ)-'3C NMR (IOO MHZ, CDC]J) 8 44.08, 12682, 127.38,
127.68, 128.37, 128.56, 131,33, 135,01 167.15

B B
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ko

N-Phenyl-benzamide (78k): '"H NMR (300 MHz, DMSO-ds): & 7.12 (m, 1H), 7.34 (m, 2H), 7.55 (m,
3H), 7.83 (d, 2H), 7.98 (d, 2H), 10.23 (s, 1H).">C NMR (75 MHz, DMSO-de): & 120.39, 123.47, 127.56,
128.02, 128.30, 131.16, 135.07, 139.07, 165.65.

o

N-p-Tolyl-benzamide (84k): 'H NMR (400 MHz, CDCl): § 2.31 (s, 3H), 7.12 (d, 2H, J = 8.0 Hz),
7.39-7.61 (m, 6H), 7.83 (d, 2H, J = 8.0 Hz). >*C NMR (100 MHz, CDCL): §20.84, 120.43, 127.02,
128.40, 129.46, 130.11, 131.64, 133.67, 135.25, 171.96.

N

N- (4-Hydroxy-phenyl)-benzamide (88k): 'H NMR (400 MHz, DMSO-de): § 6.75 (m, 2H), 7.38-
7.61(m, 6H), 7.93 (m, 2H), 10.04 (s, 1H).">C NMR (100 MHz, DMSO-de): § 115.05, 122.35, 127.56,
127.74, 128.34, 131.31, 135.23, 153.86, 165.03.

N-(4-Amino-phenyl)-benzamide (86°k): 'H NMR (400 MHz, DMSO-de):6 6.54 (d, 2H, J = 8.4 Hz),
7.36 (d, 2H J =8.4 Hz), 7.48-7.96 (m, SH), 9.85 (s, 1H), 10.22 (s, 2H)."’C NMR (100 MHz, DMSO-
de): 8 113.68, 120.64, 122.23, 127.58, 128.54, 131.46, 134.95, 145.16, 165.30.
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N
T
H
N-(4-Benzoylamino-phenyl)-benzamide (86k): IR (KBr): 3339, 1650, 1542, 1399, 1317, 830, 712, 671

cm”. 'H NMR (400 MHz, DMSO-ds): § 7.35-7.98 (m, 14H), 10.44 (s, 2H)."’C NMR (100 MHz,
DMSO-de): & 120.71, 127.65, 128.60, 129.30, 132.90, 135.09, 167.38.

L.
HN
\ HN
O
Bis (2-Benzoylaminophenyl) Disulphide (82k””): IR (KBr): 3375, 3324, 3058, 1680, 1578, 1521,
14 -
34, 1306, 764, 702 cm!. 'H NMR (400 MHz, CDCls): § 6.94 (m, 2H), 7.30 (m, 2H), 7.41-7.48 (m,

4H), 7.
)» 7.5 (m, 2H), 7.55 (m, 2H), 7.69 (m, 4H), 8.48 (d, 2H), 8.92 (brs, 2H). '3C NMR (400 MHz,
CDCl3): 6 120.4, 123 4, 124.2,126.8,128.7, 131.8, 132.2, 134.1, 136.4, 139.7, 164.7.

Qs/%@

NH, HN

Bis(2-amij : .
s, llsl;lophenﬂ) disulphide (82°): IR (KBr): 3385, 3304, 3170, 3068, 1629, 1465, 1440, 1312,
) , 86 -1
1,764 cm™, "H NMR (400 MHz, CDCls): § 4.30 (brs, 4H), 6.55 (t, 2H, J = 8.0Hz), 6.67

(d, 2H, J= 8.0H
o g 2), 7.12 (m, 4H). *C NMR (400 MHz, CDCh): 5 115.0, 117.9, 118.4, 131.3, 136.5,
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O
L)
0 OH
(@]
N-Furan-2ylmethyl-succinamic acid (75m):IR (KBr): 3298, 3068, 2934, 1721, 1705, 1649, 1552,

1420, 1254, 1183, 1085, 1014, 750, 715 cm™."H NMR (300 MHz, DMSO-d6): & 2.33 (m, 2H), 2.44 (m,
2H), 4.22 (d, 2H, J = 5.4 Hz), 6.20 (s, 1H), 6.35 (s, 1H), 7.52 (s, 1H), 8.30 (m, 1H), 12.29 (brs, 1H). *C
NMR (75 MHz, DMSO-d6): & 29.2, 30.0, 35.7, 106.9, 110.6, 142.1, 152.5, 171.2, 174.0.

N-Phenyl-succinamic acid (78m): IR (KBr): 3324, 3062, 2939, 1705, 1669, 1608, 1552, 1505, 1424,
1336, 1229, 1193, 911, 745 cm™."H NMR (300 MHz, DMSO-ds): § 2.56 (m, 4H), 7.02 (m, 1H), 7.28
(m, 2H), 7.59 (m, 2H), 9.95 (s, 1H), 12.15 (brs, 1H). *C NMR (75 MHz, DMSO-ds): & 28.9, 31.1,
119.0, 123.0, 128.7, 139.3, 170.2, 173.9.

X
/@ \HA)LOH
H,C

@)

N-p-Tolyl-succinamic acid (84m): IR (KBr): 3318, 3057, 2934, 1705, 1664, 1603, 1541, 1439, 1331,
1234, 906 cm™. "H NMR (400 MHz, DMSO-ds): & 2.19 (s, 3H), 2.49 (s, 4H), 7.04 (d, 2H, J = 8.4Hz),
7.42 (d, 2H, J = 8.4Hz), 9.82 (s, 1H), 12.08 (brs, 1H). >*C NMR (100 MHz, DMSO-ds): & 20.44, 28.84,
30.71, 118.92, 129.06, 131.77, 136.84, 169.83, 173.91.

N- (4-Hydroxy-phenyl)-succinamic acid (88m): IR (KBr): 3339, 3307, 1694, 1659, 1555, 1513, 1231,
927 cm™. 'H NMR (300 MHz, DMSO-ds): § 2.56 (s, 4H), 6.74 (d, 2H, J = 8.7 Hz), 6.90 (m, 1H), 7.20
(m, 1H), 7.41 (d, 2H, J = 8.4 Hz), 9.74 (s, 1H). >C NMR (75 MHz, DMSO-ds): §29.2, 31.1, 116.1,
121.1, 131.2, 153.3, 169.8, 174 .2
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o]

N
/@ \[I/\)LOH
H,C

CHO

N- (2,4-Dimethyl-phenyl)-succinamic acid (90m): IR (KBr): 3288, 2919, 1701, 1650, 1527, 1434,
1199, 1035, 917 em™. 'H NMR (300 MHz, DMSO-de): § 2.13 (s, 3H), 2.23 (s, 3H), 2.54 (m, 4H), 6.92
(d, 1H, J = 8.1 Hz), 6.99 (s, 1H), 7.21 (d, 1H, J = 8.1 Hz), 9.20 (s, 1H), 12.0 (brs, 1H). *C NMR (75
MHz, DMSO-ds): 6 17.7, 20.5, 29.0, 30.5, 125.1, 126.3, 130.7, 131.7, 133.8, 134.0, 170.0, 173.9.

3

N-[2-(3-Carboxy-propionylamino)- phenyl]-suceinamic acid (81m): IR (KBr): 3529, 3428, 3375,
3329, 2934, 1710, 1674, 1603, 1521, 1481, 1456, 1357, 1254, 1208, 1167, 947, 846, 758, 656, 559 cm™,
'"H NMR (400 MHz, DMSO-ds): § 2.50 (m, 8H), 7.08 (s, 2H), 7.49 (s, 1H), 9.21 (s, 2H), 12.14 (brs, 2H).
PC NMR (100 MHz, DMSO-ds): 29.06, 30.86, 124.60, 124.80, 130.44, 170.65, 174.07.

3-Benzylcarbamoyl-—acrylic acid (74n
(d, 1H, COCJ_%_T=CHCOOH, J=
ArH), 9.49 (s, IH, -NH), 14

): '"H NMR (400 MHz, DMSO-ds): 8 4.45 (s, 2H, -CH>Ar), 6.26
16.0 Hz), 6.44 (d, 1H, -COCH=CHCOOH, J=12.0 Hz), 7.24-7.39 (m, 5H,

= (s, 1H, -COOH).*C NMR (100 MHz, DMSO-ds): & 42.40, 126.95,
127.39, 128.20, 131.25, 132.13, 164.95, 165 53

3-] (Furan-Z-ylmethyl)

"Carbamoy]]_acrylic acid (75n): 'H NMR (400 MHz, CD3CN): § 4.51 (d, 2H, -
CHZAr)a

6.26-6.46
(m, 3H), 7.48 (s, IH), 8.15 (s, 1H). '>C NMR (100 MHz, CD3CN): § 36.24, 107.95,

110.28, 130.80, 135.37
, 142,47, 149,56, 164.43, 166.03. Elemental analysis (CoHgNO,4): Caled C 55.38
H 4.61 N 7.17 Expt C 53.58 H491 N6 97

___-‘-——________
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3-Phenylcarbamoyl-acrylic acid (78n): IR (KBr): 3431, 3283, 3108, 3073, 1705, 1634, 1547, 1454,
1332, 855 cm™. '"H NMR (300 MHz, DMSO-de): § 6.34 (m, 1H, -COCH=CHCOOH), 6.51 (m, 1H, -
COCH=CHCOOH), 7.10 (m, 1H, ArH), 7.34 (m, 2H, ArH), 7.64 (m, 2H, ArH), 10.50 (s, 1H, -NH),

13.25 (brs, 1H, -OH).">C NMR (75 MHz, DMSO-ds): § 119.6, 123.9, 128.8, 130.6, 131.7, 138.5, 163.3,
166.8.

- $2 0
HOJ\/\(NH ENOH
o o

3-[2-(3-Carboxy-acryloylamino)-phenylcarbamoyl]-acrylic acid (81n): 'H NMR (400 MHz, DMSO-
de): 8 6.26 (d, 1H, -COCH=CHCOOH, J=12.0 Hz), 6.63 (d, 1H, -COCH=CHCOOH, J=16.0 Hz), 7.22
(m, 2H, ArH), 7.69(m, 2H, ArH), 10.08 (s, 1H, -NH).

H O
S
£ ©

3-(2-Fluoro-phenylcarbamoyl)-acrylic acid (79n): '"H NMR (400 MHz, DMSO-de): § 6.35 (d, 1H, -
COCH=CHCOOH, J=12.0 Hz), 6.72 (d, 1H, -COCH=CHCOOH, J = 16.0 Hz), 7.10-7.19 (m, 3H, ArH),
8.15 (s, 1H, -NH), 11.0 (brs, 1H, -OH).">C NMR (100 MHz, DMSO-de): § 115.58, 115.77, 124.21,

124.58, 124.61, 125.19, 125.29, 126.56, 126.63, 131.85, 133.06, 133.17, 134.03, 152.78, 155.23, 164.43,
166.38.

3-(4-Fluoro-phenylcarbamoyl)-acrylic acid (85n): 'H NMR (400 MHz, DMSO-ds): § 6.29 (d, 1H, -
COCH=CHCOOH, J=12.0 Hz), 6.45 (d, 1H, -COCH=CHCOOH, J=12.0 Hz), 7.17 (t, 2H, ArH, J=8.0

Hz), 7.63 (q, 2H, ArH.) > C NMR (100 MHz, DMSO-ds): & 121.96, 130.94, 132.41, 135.61, 157.81,
160.17, 163.83, 167.49.
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H (@]
e an.
0
F F

3-(2,4-Difluoro-phenylcarbamoyl)-acrylic acid (92n): 'H NMR (300 MHz, DMSO-ds): & 6.32 (d, 1H,
-COCH=CHCOOH, J =12.0 Hz), 6.51(d, 1H, -COCH=CHCOOH, J =12.0 Hz), 7.07 (t, 1H, ArH, J=9.0
Hz), 7.29 (t, IH, AtH, J = 9.0 Hz), 7.83 (q, 1H, ArH), 10.24 (s, 1H, -NH). '* C NMR (75 MHz, DMSO-
de): & 104.0, 104.3, 104.7, 111.2, 111.5, 122.1, 122.2, 125.8, 125.9, 130.9, 131.0, 152.5, 152.6, 155.8,
155.9, 157.2, 157.4, 160.5, 160.6, 163.6, 167.2.

3-p-Tolylcarbamoyl-acrylic acid (84n): '"H NMR (300 MHz, DMSO-de): & 2.26 (s, 3H, ArCHs), 6.30
(d, 1H, -COCH=CHCOOH, J = 12.0 Hz), 6.48 (d, 1H, -COCH=CHCOOH, J = 12.0 Hz), 7.14 (d, 2H,
ArH, J = 6.0Hz), 7.52 (d, 2H, Arl, J = 9.0Hz), 10.39 (s, 1H, -NH), 13.32 (brs, 1H, -OH)."*C NMR (75
MHz, DMSO-d): 8 20.5, 119.6, 129.3, 130.8, 131.7, 133.1, 136.0, 163.1, 166.9.

3-(4-Methoxy-
Xy phenylcarbamoyl)-aCI‘YIic acid (87n): '"H NMR (300 MHz, DMSO-ds): & 3.70 (s, 3H, -

OCHs), 6.30 (4
6.90 (d. 211 A( » 11, -COCH=CHCOOH, J =12.0 Hz), 6.47 (d, 1H, -COCH=CHCOOH, J =12.0 Hz),
: 2 ] I’I =
NMR (75 1 % J=9.0Hz) 7.55 (d, 2H, ArH, J= 9.0Hz), 10.42 (s, 1H, -NH), 13.52 (brs, 1H, -OH). *C
H .
% DMSO-ds): § 5.3, 114, 121.8, 131.2, 131.5, 131.9, 156.0, 163.0, 166.8.
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HOOC

O

N-Furan-2ylmethyl-phthalamic acid (750): 'H NMR (400 MHz, CD3CN): 6 4.52 (d, 2H), 6.36 (m,
1H), 6.41 (m, 1H), 7.34-7.61 (brm, 5H), 7.91 (m, 1H). C NMR (100 MHz, CD:CN): § 36.52, 107.20,
110.49, 127.86, 129.90, 129.97, 130.26, 131.86, 137.36, 142.21, 151.82, 167.35, 169.47.

HOOC

H

N
G
N-Phenyl-phthalamic acid (780): IR (KBr): 3431, 2679, 2561, 1696, 1424, 1296, 943, 712 cm™. '"H |
NMR (300 MHz, DMSO-ds): § 7.08 (t, 1H), 7.33 (t, 2H), 7.49-7.74 (brm, 5H), 7.95 (d, 1H), 10.34 (s, |

1H). ’C NMR (75 MHz, DMSO-de): § 119.7, 123.4, 127.5, 128.7, 129.0, 129.6, 130.1, 1318, 139.0, |
139.6, 167.6; ‘

HOOC f
H i
O :
H,C

o

3
N-p-Tolyl-phthalamic acid (840): IR (KBr): 3315, 1725, 1635 cm™. 'H NMR (300 MHz, DMSO-ds):
8 2.26 (s, 3H), 7.13 (d, 2H), 7.50-7.67 (m, 5H), 7.87 (d, 1H), 10.25 (s, 1H), 13.02 (s, 1H). 3¢ NMR (75

MHz, DMSO-de): &20.68, 119.14, 127.31, 128.50, 128.83, 129.02, 129.56, 131.14, 131.73, 136.56,
138.41, 166.48, 166.86.

HOOC
H
Ji:r”w: S
MeO

O

N-(4-Methoxy-phenyl)-phthalamic acid (870): IR (KBr): 3285, 1708, 1694, 1659 cm” 'H NMR (300
MHz, DMSO-ds): & 3.75 (s, 3H), 6.92 (d, 2H), 7.55-7.67 (m, 5H), 7.87 (d, 1H), 10.32 (s, 1H). 13.10 (s,
1H).">’C NMR (75 MHz, DMSO-ds): 8 55.22, 113.46, 120.78, 127.39, 128.88, 129.10, 129.74, 131.19,
132.35, 138.51, 154.81, 166.36, 167.02.
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HOOC
HY\IO
o
HO

o)

N-(4-Hydroxy-phenyl)-phthalamic acid (880): IR (KBr): 3287, 1714, 1653 cm™."H NMR (300 MHz,
DMSO-d): 3 6.72 (d, 2H), 7.44-7.66 (m, 5H), 7.84 (d, 1H), 9.20 (brs, 1H), 10.07 (s, 1H), 13.14 (s, 1H).

"C NMR (75 MHz, DMSO-de): § 114.49, 120.79, 127.24, 128.64, 128.86, 129.69, 130.69, 130.93,
138.37, 152.70, 165.91, 166.88.

HOOC

o

0}

N- (4-Flu0ro~phenyl)-phthalamic acid (850): '"H NMR (300 MHz, DMSO-de): 8 7.13-8.00 (brm, 8H),

10.39 (s, 1H), 13.11 (brs, IH). C NMR (75 MHz, DMSO-ds): 5 115.0, 115.3, 115.6, 115.9, 121.2,

121.3, 123 .4, 127.8, 128.2, 128.7, 128.9, 129.4

, 129.6, 129.7, 130.0, 130.7, 131.0, 131.4, 131.6, 131.7,
132.0, 134.7,

136.0, 138.8, 156.5, 159.7, 167.0, 167.3, 167.4, 168.0.
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2D.spectra

'H NMR (300 MHz, CDCl3):N-(2-Amino-phenyl)-acetamide (81°g)
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'H NMR (300 MHz, CDCls): 2-Ethyl-benzothiazole (82°°h)
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NMR (75 MHz, CDCly): 2-Ethyl-benzothiazole (827°h)
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'"H NMR (400 MHz, CDCls): Bis (2-benzoyl aminophenyl) disulphide ( 82k”’)
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'*C NMR (100 MHz, CDCl3): Bis (2-benzoyl aminophenyl) disulphide ( 82k”’)
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'"H NMR (300 MHz, DMSO-dg): N-Furan-2ylmethyl-succinamic acid (75m)
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'H NMR (300 MHz, DMSO-ds): 3-(2,4-Difluoro-phenylcarbamoyl)-acrylic acid (92n)
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13C NMR (75 MHz, DMSO-ds): 3-(2,4-Difluoro-phenylcarbamoyl)-acrylic acid (92n)
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Experimental Section

'"H NMR (300 MHz, CD3CN): N-Furan-2ylmethyl-phthalamic acid (750)
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1C NMR (75 MHz, CD;CN): N-Furan-2ylmethyl-phthalamic acid (750)
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