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SUMMARY

This dissertation describes the successful efforts on the development of new synthetic

methodologies in protection-deprotection chemistry as well as a-bromination of f3-keto
esters and 1,3-diketones employing mainly three versatile reagents acetonyl-

triphenylphosphonium bromide (ATPB), bromodimethylsulfonium bromide (BDMS) and

silica supported perchloric acid.

The thesis contains mainly three chapters. Each chapter is subdivided into two parts viz.

Part I and Part II.

Part I describes a general review on the usefulness of that particular reagent in various
organic transformations and a brief literature survey from the year 1990 to till to date for
dealing with that particular transformation investigated. Part II of the each chapter is
subdivided into two sections: Section A and Section B, which will describe an account of

work carried out by the candidate.

Chapter I, Part I describes a brief literature review on the application of acetonyl-
triphenylphosphonium bromide (ATPB) in various organic transformations and a brief
survey on desilylation and acetylation.

Part II of Chapter I illustrates the usefulness of catalytic amount of acetonyltriphenyl-
phosphonium bromide for desilylation of TBS ethers in Section A. The significant
features of the present method include the ease of operations, high efficiency and mild
conditions, which may be useful extensively in organic synthesis. In addition, the
chemoselectivity, for example, the selective deprotection of alkyl tert-butyldimethylsilyl
ether can be achieved in the presence of aryl-tert-butyldimethylsilyl ethers. Moreover, a
wide variety of other protecting groups are survived such as acetyl, benzyl, benzoyl,

thioketals, esters and isopropylidene under the experimental conditions.

Similarly, Section B of this chapter describes the efficient catalytic activity of the reagent
ATPB for acylation of a wide variety of alcohols, phenols, thiols and aldehydes at room
temperature. The reaction of alcohol, phenol and thiol or amine with 1.5-2.0 equivalent
amount of acetic anhydride in presence of 5 mol% ATPB at room temperature provide
their corresponding acetate within a very short time in good yields. The notable

advantages of this protocol are: ease of operations. high efficiency and mild conditions.
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which may be useful extensively in organic synthesis. Moreover, a wide variety of other
protecting groups are survived such as benzyl, benzoyl. -TBS, -TBDPS, isopropylidene,
methoxyv- and thio group at the anomeric position under the experimental conditions. In

addition tertiary as well as hindered alcohols also undergo acetylation under the

experimental conditions.

Part I of Chapter Il demonstrates a literature review on the application of bromo-
dimethylsulfonium bromide and peroxovanadium mediated in situ bromonium ion in

organic synthesis as well as a brief survey on the a-bromination of B-keto esters and 1,3-

ketones.

Part I1 of Chapter II describes two new synthetic methodologies for a-bromination of
B-keto esters and 1,3-diketones in Section A and Section B.

Section A illustrates a new method for regioselective a-bromination of B-keto esters and
1,3-diketones using a versatile reagent bromodimethylsulfonium bromide. The notable
advantages of this protocol are: mild, clean and simple reaction conditions, very good
yields, no need of chromatographic separations as well as no need of any base or Lewis
acid as an additive, which is invariably required by NBS methods. Furthermore, this
method is also expected to have much better application in organic synthesis because of
the low cost, easy accessibility and less hazardous nature of the reagent. We believe this

methodology will be a valuable addition to modern synthetic methodologies.

Section B gives an account of a simple and environmentally acceptable method for the
same transformation using a combination of V,05-H,0,-NH,4Br, avoiding the use of the
conventional reagent NBS or hazardous molecular bromine. Interestingly, all these
reagents are environmentally acceptable and we have suggested that vanadium
pentoxide plays a dual role: i) formation of peroxo complexes, which oxidize bromide
ion to the bromonium ion and ii) promotion of enol formation by chelating with the two
carbonyl groups of the B-keto esters or 1,3-diketones as a result this combination

exhibits selectivity under the experimental conditions.
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Part I of Chapter IIl describes a review of literature on the application of silica-
supported perchloric acid in organic synthesis and literature survey on gem-diacylation,

oxathioacetalization, thioacetalization and tetrahydropyranylation.

Section A of Part II demonstrates the potentiality of silica-supported perchloric acid
for protection of aldehydes as gem-diacetates. Silica supported perchloric acid is a
highly effective and cheap reusable catalyst for 1,1-diacylation of aldehydes. The
significant features of this protocol are: mild conditions, chemoselectivity, tolerable to a
wide variety of other protecting groups such as benzoyl and TBS ethers and no
cyclotrimerization observed for aliphatic aldehydes. In addition, this method is very
simple, cost effective and the reaction times are very short as well as it provides very

good yields.

Section B of Part II illustrates the versatility of the same reagent (HC104-SiO2) for the
protection of carbonyl and hydroxyl compounds as oxathioacetals, thioacetals and
tetrahydropyranyl ethers respectively. The notable advantages of this protocol are no
aqueous work-up, very rapid and simple procedure, very good yields as well as the

catalyst is reusable.

In conclusion, the thesis describes some new and effective synthetic methodologies on
protection /deprotection chemistry as well as selective a-bromination of B-keto esters and
1,3-diketones. Due to the advantages of these methodologies over the existing methods, it
is expected that these methodologies will be applicable in target-oriented synthesis as

well as valuable additions in the arsenal of synthetic organic chemistry literature.
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GENERAL REMARKS

The present investigations were carried out in the Department of Chemistry. Indian
Institute of Technology Guwahati, Guwahati -781 039, Assam, from October 10. 2003 to
November 17. 2006 as a research scholar under the supervision of Prof. Abu T. Khan.
The analytical samples were routinely dried in vacuo at 50 °C for 8 hours. Column
chromatography was carried out with silica gel (60-120 mesh, Merck, SRL or Qualigen).
for purifications of reaction mixture. After purification, the solvent was usually removed
in rotavapor using Buechi R-114V instrument. In TLC experiments, silica gel G (SRL) or
silica gel GF 254 (SRL) were employed as adsorbent and spots were detected by staining
with iodine vapour or under UV light or charring 15% conc. H2SO4 in MeOH or
MOSTAIN solution [by dissolving 20 g ammonium heptamolybdate and 0.4 g cerium
(IV) sulphate in 400 mL 10% H,SOy solution]. 'H-Nuclear Magnetic Resonance spectra
and *C-Nuclear Magnetic Resonance spectra were recorded either on Varian (400 MHz)
or Bruker (300 MHz), or Jeol (400 MHz), instruments using tetramethylsilane (TMS) as
an internal standard and CDCI; as solvent. The chemical shift values were expressed in &
scale and their multiplications were described using the following symbols: s-singlet, d-
doublet, t-triplet, q-quartet, quin-quintet, m-multiplet, br-broad, brs-broad singlet.

The infrared spectra were recorded in KBr pellets or in liquid film on a Perkin Elmer
1330 and Nicolet Impact 410 instruments, respectively. Melting points were determined
on a sulphuric acid bath or Buechi B-545 instrument and were uncorrected. Elemetal
analysis has been done by Perkin Elmer CHNS/O-2400 instrument. All the solvents and
reagents employed were purified using recommended procedures in literature.

X-ray diffraction data were collected with a Bruker Apex II smart diffractometer with

CCD area detectors using graphite-monochromated Mo-K,, radiation (A = 0.71073 A).
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Abbreviations

AcyO Acetic anhydride

ATPB acetonyltriphenylphosphonium bromide
BDMS bromodimethylsulfonium bromide
Bz benzoyl

Bn benzyl

CAN cericammonium nitrate
DIBALH diisobutylaluminium hydride
DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DHP 3,4-dihydro-2H-pyran

DMSO dimethyl sulfoxide

DMF N, N-dimethylformamide
EtOAc Ethyl acetate

DMAP 4-(dimethylamino) pyridine
NBS N-bromosuccinimide

NCS N-chlorosuccinimide

MW microwave

mp melting point

PPTS pyridinium p-toluenesulfonate
py pyridine

rt room temperature

SPB sodium perborate

SPC sodium percarbonate

TBS tert-butyldimethylsilyl

TBDPS trert-butyldiphenylsilyl

TMSCI trimethylchlorosilane

TBATB tetrabutylammonium tribromide
PTSA p-toluenesulfonic acid

THP tetrahydropyranyl

Ts p-toluenesulfonyl

Tr trityl

™S trimethylsilyl
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PART I

REVIEW ON THE APPLICATION OF ACETONYLTRIPHENYLPHOSPHONIUM
BROMIDE (ATPB) IN VARIOUS ORGANIC TRANSFORMATIONS AND A BRIEF
SURVEY ON DESILYLATION AND ACETYLATION

LITERATURE REVIEW
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Acetonyltriphenylphosphonium bromide (ATPB) is an alkyl phosphonium salt, which
can be easily prepared by stirring the reaction mixture of bromoacetone and
triphenylphosphine in benzene at room temperature. It is a non-hygroscopic crystalline

solid (mp 221-223 °C) and soluble in CH,Cl,, CHCl3;, MeOH, EtOH and CH;CN, but not

O
M _pPhy B

ATPB
in THF, Et,0, C¢Hs and EtOAc. Conventionally, it has been used for the Wittig

olefination reaction.' A few years later, Hon and his coworker reportcd2 the olefination
reaction using acetonyltriphenylphosphonium salts containing various counter anions as
shown in Scheme 1. They have observed the effect of counteranion and their reactivity
for the reaction of triphenylphosphonium or triphenylarsonium salts with aldehydes.
From their study, it was observed that the reactivity of these salts for Wittig reaction 1s
counteranion dependent. The observed reactivity order was as follows: p-TSO<Br'<<

CF3CO0<<CICH,COO<PhCO;’, HCO,, MeCO;".

+
PhyPCH,COR X ~ /\/\/ﬁ\

NaOAc/CH;CN/reflux -
1 2

Scheme 1

To test the reactivity of different triphenylphosphonium salts, a mixture of triphenyl-
phosphonium salts (1.1 mol equivalent) and 3-phenylpropanal was stirred at room
temperature. Unfortunately, the triphenylphospnonium bromides or p-toluenesulfonates
almost did not react with aldehyde at room temperature even after 24 h. However, the
reaction took place within half an hour and provided excellent yields when the
counteranions were acetates, benzoates or formats. This study clearly indicates that the
reactivity of the phosphonium salts in Wittig reaction is counteranion dependent.

The reagent acetonyltriphenylphosphonium bromide as catalyst for organic synthesis was
not explored much till 1999. The use of ATPB as a new pre-catalyst has been endorsed

by the work of Hon and co-workers.” The catalytic activity of this reagent may be
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attributed to the presence of two functionalities: one is the acidic proton a to the carbonyl
group and the other one is the phosphonium center itself. They have found that it 1s an
extremely efficient catalyst for the protection and deprotection of alcohols as alkyl vinyl
ethers. Various hydroxyl compounds can be protected as THP, THF and EE (1-
ethoxyethyl) ethers within a very short time in good yields in the presence of catalytic
amount of acetonyltriphenylphosphonium bromide as shown in Scheme 2. The protocol
is applicable to a wide range of substrates such as 1°, 2° and 3° alcohols. The advantages
of this methodology are mild conditions, fast reaction rate, excellent yields and tolerance
to acid-sensitive functionalities. In addition, the same catalyst can be used as well for

deprotection of various ethers into the parent hydroxyl compounds.

1.2 eq. Q
¢ ot
/— R
0.1eq 0.1eq.

3eq. N
ROH (‘;?2 X > /I\ ) | ATPB | -coH
212 /__ RO (9] 5 MCOH 3

RO O 6

Scheme 2

o "o 4

Later on, the same research group exploited* the reagent for cyclotrimerization of various
aldehydes under solvent-free conditions as shown in Scheme 3. The aldehydes tethered
with a variety of functionalities, such as olefin, ether, ester, bromide, azide and diester
could also be cyclotrimerized under the catalysis of ATPB. The notable advantages of

this protocol are short reaction time, mild reaction conditions and very good yields.
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NT70
0.1 eq. ATPB_ Ph 5 07\/\Ph

/ CH,Cl,, 1h /’7\

Ph

38% 7
1 \
0.1 eq. ATPB CH(OMe)
MeOH, 5 min Ph/\/ ’
95% yield 8
Scheme 3

Moreover, they have noted that the substituent on the triphenylphosphonium  salts
affected the catalytic activity significantly for this transformation. By replacing the
substituent from acetonyl (i.e. catalyst ATPB) to methoxycarbonylmethyl (i-e. catalyst A),

the reaction was failure to provide any cyclotrimerized product.

Q +
MeOJJ\/ PPh3 Br

Catalyst A
In continuation of their study on the application of acetonyltriphenylphosphonium
bromide, they have reported explicitly about the polymer supported ATPB and their
application for protection and deprotection of alcohols as alkyl vinyl ethers.” It has the
sole advantage that only 1 mol% of the catalyst is required for the reactions.
Subsequently, in another communication Hon ef al. demonstrated® that ATPB as well as
poly-p-styryldiphenylacetonylphosphonium bromide (PATPB) is an excellent catalyst for

the protection of aldehydes as acetals or thioacetals as shown in Scheme 4.

" a

ATPB (cat.) S . S
R,CHO + HS(CH,);SH N R,-—< R1—<
3 s

1

SH
9 10
12
OR,
R,OH/ ATPB (cat.)
O —
CH,Cl, OR,
13 14
Scheme 4
3

TH-1872_03612205



PART | CHAPTER |

Interestingly, under the experimental condition 1,3-propandithiol reacts with aldehydes at
room temperature and provides cyclic dithioacetals along with 5-10% protected dithiols
12. Although this protocol is suitable for the protection of cyclohexanone as ketals but it
is not suitable for other acyclic ketones such as acetophenone, a-tetralone and 4-phenyl-
2-butanone. From the above literature survey, it seems to us that the reagent ATPB i1s a
useful precursor for Wittig salt for the olefination reaction as well as a pre-catalyst for
some organic transformations but its versatility has not been explored completely.
Therefore, we were interested to explore further this reagent in various important
transformations. Our research aim is to develop new methodologies for protection and
deprotection chemistry by involving in situ generated HBr from ATPB in the reaction
medium.

Protection/deprotection strategy is frequently employed for multi-steps target synthesis.
The efficiency as well as effectiveness of a total synthesis directly depends on the chosen
methodologies in each steps. It often requires either protection or deprotection the
hydroxyl and carbonyl functionalities to manipulate other functionalities before achieving
target molecule. Thus, protection and deprotection is an important transformation in
organic synthesis.

Recently we have demonstrated various new methodologies particularly for
protection/deprotection chemistry’ by employing in situ generated dry HBr, which 1is
actually obtained from bromodimethylsulfonium bromide. Our idea is to use generated
HBr from ATPB for deprotection of zert-butyldimethylsilyl ethers (TBS) and acetylation
of alcohols, phenol, thiols, amines and aldehydes. Therefore, the importance of the TBS
ethers and the methods known for their cleavage into parent hydroxyl compounds are
highlighted in the next part of the review as our intention to devise a new methodology
by employing ATPB as pre-catalyst.

Among various functional groups, the protection and deprotection of hydroxyl
compounds preferably alcohols play a key role in the organic synthesis of polyfunctional
organic molecules and a large number of protecting groups have been used for this
purpose. The ideal protecting group for an active-hydrogen moiety such as an alcohol or
amine would be one that would mimic the hydrogen atom itself, but be much more

flexible in its reactivity. It would readily provide high yield and be stable over a wide
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variety of reaction conditions and at the same time it should be selectively removable in
the presence of other functional groups or other protecting groups. Among various
protecting groups, fert-butyldimethylsilyl (TBS) ether is the most popular protecting
group for alcohols because of its stability under a wide variety of reaction conditions, its
clean NMR characteristics, and its ease of removal at the later stage. In addition, zerr-
butyl-dimethylsilyl (TBS) ether and rers-butyldiphenylsilyl (TBDPS) ether play a key
role in carbohydrates and nucleosides due to its ease of preparation and inherent stability
under basic and mild acidic conditions. Over the years, a large number of methods® have
been developed for deprotection of TBS ethers. n-Tetrabutylammonium fluoride (TBAF)
as a conventional reagent for desilylation of TBS ethers into hydroxyl compounds was
first introduced by Corey and his co-worker.’ Interestingly, tert-butyldiphenylsilyl
(TBDPS) ethers can be cleaved in the presence of tert-butyldimethylsilyl (TBS) ethers
with excellent selectivity, which are usually difficult by other methods, using a
combination of a catalytic amount of TBAF, acetic acid and one equivalent amount of

water in either THF or DMF'° as shown in Scheme 5.

TBSO TBSO HO

\ TBAF (1 M in THF, 0.2 equiv.) \ + \
AcOH (0.2 equiv.)
H,O (1 equiv.)
OTBDPS DMF, 1t, 5h oH OTBDPS

69%
15 16 17

Scheme 5

However, TBAF has some drawbacks such as high cost as well as incompatibility with
the base sensitive substrates because of the basic nature of fluoride ion and the reagent is
highly moisture sensitive in nature, as a result it requires inert and dry reaction conditions.
In addition, the phase transfer properties of the tetrabutylammonium cation often cause
difficulties in work-up and purification of the products. After Corey’s application of
TBAF, many procedures have been developed for deprotection of TBS ethers using

. . " : S
several fluoro compounds such as boron trifluoride etherate.”’ hydrofluoric acid.
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> O-(benzotriazol-1-yl)-

5

flurosilicic acid,!> ammonium fluoride,'* silicon fluoride.'
N.N.N',N'-tetramethyluronium tetrafluoroborate (TBTU),'® lithium tetrafluoroborate,
and zinc tetrafluoroborate.'® Although these methods provide good yields still they suffer
from some limitations such as incompatibility with the acid sensitive groups and
requirement of longer reaction time as well as use of stoichiometric amount of reagent,
dry reaction conditions etc. Similarly, literature enumerates several methods for
deprotection of TBS ethers by employing chloro compounds such as cerium(III) chloride
in combination with sodium iodide,'® cerium(III) chloride alone,*° SnCl»,-2H,0,?' LiCl in
DMF,* TMSCI in H,0,” ZrCly** and CH;COCL* Similarly, BCl; in THF can be used
for selective removal of primary TBS ethers in the presence of their secondary
counterparts in carbohydrates as shown in Scheme 6.26 The reaction condition does not

affect benzyl group but isopropylidene acetal is incompatible under the experimental

conditions.
TBSO HO
TBSOy,
“ o BiCl; (1.86 mmol) TBSOy, (o)
o THF, rt, 12 min
TsBOY Y o o0 1BSO” Y O
OTBS OTBS
18 19
Scheme 6

The TBS ethers of primary, secondary and tertiary alcohols as well as phenols can be
deprotected with a catalytic amount of proazaphosphatranes 20 and 21 by heating at 80
°C in DMSO as shown in Scheme 7.2 However, the reaction condition does not tolerate

1,4-dienes. Both catalysts are also much less effective (22—45% yield) for the desilylation

of more hindered terr-butyldiphenylsilyl (TBDPS) ethers.

(@)
20 (0.3 equiv.)
OTBS DMSO (4 mL) OH
-

80°C,36h

89% (1 mmol scale)

22 23
R\ /P\ P R
NSNS R 20R=Me

@N'_ 21R=pr

Scheme 7
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Interestingly, TBS ethers are labile under standard hydrogenations condition using 10%
Pd/C in methanol®® as shown in Scheme 8. For example, the bis-TBS ether 24 gives a
mixture of 25 and 26 after 24 h. The reaction cannot be attributed due to acid or base
contaminants since the cleavage did not take place in the absence of hydrogen. However,
the unwanted cleavage can be completely suppressed by using a carbon-supported Pd—

ethylenediamine complex as the catalyst.

OH

OTBS
10 % Pd/C. H, OTBS . ©:
MeOH.24h 0/\
24 OTBS 25 OH 26 OH
57 : 43
Scheme 8

Likewise, several other methods are known in the literature for the regeneration of
hydroxyl compounds from TBS ethers such as using ultrasonic cleavage in
MeOH/CCl,*»° microwave heating in a mixture of acetic acid-THF and water,>’
K,CO3/EtOH,*! Cs,CO3*? reductive cleavage by DIBAL-H,>*> DDQ,** CAN,”
1,/MeOH,** DMSO/H,0/90°C,>” Sc(OTh); > BiOCIO,-xH,0* etc. However, these
methods involve either basic or high temperature conditions or oxidizing- or reducing
agents, which give sometimes undesirable side products.

Recently ;e,olid supported reagent such as silica-supported sodium hydrogensulfate
(NaHS0,4-Si0,) has been demonstrated as an effective catalyst for selective cleavage of

TBS ethers as shown in Scheme 9.4°

NaHSO,.SiO L/
J\/OTBS 4 2 - BOCHN OH
BocHN

CH,Cl,/rt/ 30 min

27 28

Scheme 9

In addition, high loading sulfonic acid-functionalized ordered nanoporous silica.*' and
phosphomolybdic acid supported on silica gel are effective catalysts for facile cleavage of
TBS ethers.*? The notable advantages of these methods are no need of aqueous work-up.

and the supported catalyst as well as the solvent can be readily recovered and recycle.
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Very recently TiCls-Lewis base complexes has been used for selective deprotection of
TBS ethers and this protocol has been utilized for the practical synthesis of 1-B-methyl-
carbapenems.*’

Besides these, numerous other methods are also known using bromo compounds for the
same transformation eg. ZnBr,,** CBr,,* acetyl bromide,*® n-tetrabutylammonium
tribromide (TBATB),*” molecular bromine*® and bromodimethylsulfonium bromide®’ etc.

Similarly, an interhalogen compound ‘IBr’ can be used for the deprotection of TBS ethers

of simple alcohols, carbohydrates and nucleosides in methanol at room temperature.’® A

large number of sensitive functional groups such as acetals, PMB ethers, TBDPS ethers,

esters and amides are stable under the experimental conditions as shown in Scheme 10.

However, it fails to deprotect the substrate containing a thio group at the anomeric

position of carbohydrate compounds.

O OTBS O OH
X 0 IBr X Q
0] OMe MeOH / rt o) OMe
BnO BnO
29 30

Scheme 10

Likewise, catalytic amount of BiBr; in acetonitrile at ambient temperature is a mild and
. 51

selective reagent for deprotection of TBS ethers (Scheme 11). The notable advantages

of this method are its chemoselectivity as well as mild reaction conditions. Prolonged

reaction times lead to cleavage of aryl TBS ethers as well.

o) TBSO o HO O
TBSO\©/ K\l BiBr; (Cat.) / MeCN \O/ g + \O/ g
—

OH OH

H,O (2.5eq) / 22°C
OTBS

31 32 33
Scheme 11

From this survey on desilylation, it is evident that most of these procedures suffer from
some disadvantages such as requirement of relatively harsh reaction conditions. fail to

deprotect aryl rert-butyldimethylsilyl ethers. require longer reaction times. use of
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expensive reagent. incompatibility with other protecting groups such as thioketals or thio
group at the anomeric position of the carbohydrate compounds, difficult to maintain
stoichiometric ratio. difficult to handle, over oxidation, unwanted product acetate instead
of alcohol and requirement of excess amount of reagents.

The cleavage of TBS ethers based on bromo reagents is primarily due to in situ generated
HBr, which is actually responsible for cleavage of TBS ethers.’! From the literature
background on cleavage of TBS ethers, we perceived that there is a scope to devise a new
methodology using ATPB as pre-catalyst. Our intention is to develop a better protocol,
which will be applicable for a wide range of alkyl- and aryl TBS ethers. In addition, it
might work for TBS- and TBDPS ethers under a mild reaction condition.

Next, the importance of acetylated products and their known method of preparation
highlighted as our second goal is to find out a new methodology for acetylation of
hydroxyl compounds. The acylation of alcohols, phenols, amines and thiols is another
useful transformations in organic synthesis.>> Of these, the conversion of hydroxyl group
to the corresponding acetate is important due to its ease of introduction, stable under mild
acidic reaction conditions and ease of removal by mild alkaline hydrolysis. The

esterification is one of the most widely used techniques in organic synthesis due to the

paramount importance of esters in our day to day life such as in chemicals, drugs,

perfumes, food preservatives, cosmetics, pharmaceuticals and chiral auxiliaries. Among

other esterification process the protection of hydroxyl compounds as their acetate

derivatives i.e. acylation is one of the most vital and widely used transformations in

organic synthesis. Many of the natural products of current biological importance and

synthetic interest consist of highly oxygenated carbon skeleton. Most of the low

molecular weight esters often have pleasant fruity smell and are often inherently

responsible for odour of the fruits. One of the most common analgesics used frequently in

our day-to-day life is ‘aspirin’ which is an acetate derivative of salicylic acid. Even Taxol,
an anti cancer drug, also contains acyl (OCOCHj3) moiety.

On the other hand, acylation of hydroxyl compounds is one of the easy ways to protect its

nucleophilicity or its other chemical reactivity, which is often requires in multi-step target

oriented synthesis. Moreover, due to easy installation and tolerance to a wide variety of
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reaction conditions acetylation is one of the preferred methods for the protection of
hydroxyl moiety in organic synthesis.

Over the years new methods have been developed for this transformation and being
added in the arsenal of Organic Chemistry literature. In this part a brief literature review
on acetylation of hydroxy! functinality are highlighted.

The conventional method for acetylation of alcohols is using acetic anhydride or acetyl
chloride in the presence of tertiary amine bases such as triethyl amine or pyridine. The
role of the base is to activate the acylating reagent (nucleophilic activation) whereas in
some cases the base e.g. triethyl amine is mainly used to trap the generated acid in the

reaction medium. Pyridine is used as conventional catalyst as well as solvent for
acetylation of hydroxyl compounds. Although this method is good still it suffers from

some limitations such as longer reaction time, use of excess acetic anhydride and

unpleasent smell of pyridine as well as tedious procedure to remove the pyridine from

the reaction mixture after completion of reaction . Although DMAP (4-dimethylamino

pyridine) is a better catalyst than pyridine for acylation of alcohols and phenols, it also

suffers from some serious drawbacks such as for the acetylation of B-hydroxyl carbonyl

compounds provides a mixture of acetates and o,B-unsaturated carbonyl compounds as

shown in Scheme 12.3

O OH O OAc (0]
/u\/l\ M» /u\)\ + )l\/\
Ac,O
34 35 36

Scheme 12

Sometimes tributylphosphine(Bu;P) a less basic catalyst is used for the acetylation of
hydroxyl functionality particularly for base sensitive substrates.”® However, for the
acetylation of tertiary alcohols it requires excess amount of catalyst (BusP) and takes
long reaction time. Therefore, basic catalysis is currently employed only for selective
acylations.

A large number of acid catalyzed protocol are also known in the literature for acetylation
reaction. Both Lewis acid and protic acids are effective for this transformation. Since

these promoter strongly increases the electrophilicity of anhydrides. their action 1s

10
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generally more efficient than base activation. Igbal er al. demonstrated CoCl, as an
effective catalyst for acylation of alcohols with acetic anhydride.>> The B-hydroxy esters
and ketones can be acylated without any elimination by employing this metal catalyst,

which is difficult to get by DMAP method as shown in Scheme 13.

O OH O OAc o)
©)\/J\ CoCl, (5 mol %) ©/u\)\ @/h\/\
Ac,O (2 equiv) -
37 80 °C 38 39
78% 0 %
Scheme 13

Although this method is applicable to a wide range of hydroxyl compounds but the major
limitation of this protocol is for the acetylation of tertiary alcohols because it gives a
mixture of ketones, acetoacetates, olefines, and diketene in addition to the acetate and
requires harsh reaction conditions.

Likewise, various metal salts such as ZnCl,,>® RuCl3,57 bismuth(I1I) salts®® and metal
oxide such as ZnO>° are reported as effective catalyst for acylation of alcohols with
acetic anhydride. Recently, ZrCly,% Cp2ZrCl,,*! NbCls,%? ZrOCl;8H,O using acetyl
chloride®® and InCl;* have been introduced as effective catalyst for the same
transformation. Although these methods fulfill to some extent the limitations of DMAP
such as selectively primary hydroxyl group can be acylated in the presence of secondary
and secondary hydroxyl group can be preferentially acylated in presence of tertiary group,
but they also suffer from limitations such as cost-intensive catalyst, harsh reaction
conditions, or longer reaction time etc.

Various triflates such as Sc(OT£),% Me;SiOTE® In(OTH)3,"” Cu(OT:,* Ce(OTH;* and
recently Bi(OTf)370 are reported as efficient catalyst for acylation of a wide range of
hydroxyl compounds. Most of these triflates are very effective for acylation reactions
and some of them are having additional advantages such the catalyst Sc(OTf); 1s air

stable and recyclable and acetic acid can be used instead of acetic anhydride or acetyl

chloride as acetyl source as shown in Scheme 14.

11
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N
nlf)

Sc(OTf);3 (1 mole)

Ac-O (1.5 equiv)
CH;CN. 0°C

"OH ."""OAC

40 41

Scheme 14

The remarkable advantages of Me3;SiOTf protocol are: the procedure is clean and does
not require chromatographic separation. Most of the functional groups are well tolerated
under the experimental conditions. Moreover, high selectivity for acetylation of aliphatic

versus phenolic hydroxyl group can be achieved by this protocol as shown in Scheme 15.

/@A/OH Ac,0 (1 equiv) /O/\/OAC /O/\/OAC
+
HO TMSOTf (2.5 mol %) yo AcO

CH,Cl,, 20 °C 43 44
42 21 h 88 : 12
3.5 day 93 : 7

Scheme 15

Karimi er al. demonstrated lithium trifluoromethanesulfonate (LiOTf)71 as a recycleable
catalyst for acetylation of alcohols and gem-diacylation of aldehydes under mild and
neutral reaction conditions as shown in Scheme 16. Most of the acid sensitive protecting

groups survive under the experimental condition.

OH o : Ac
)\ AcyO (5-8 equiv)/LiOTf (0.2-0.3 equiv)
Ri Ry Neat/rt R; R,
45 46
OAc
/O/CHO AcyO (5-8 equiv)/LiOTf (0.2 equiv) - /O/J\O Ac
TBSO Neat/rt TBSO
47 48
Scheme 16
12
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Aromatic aldehydes undergo protection as acylal at room temperature under solvent free
conditions. Both hindered alcohol and highly deactivated aldehydes undergoes acylation
without any difficulty using this protocol. The important drawbacks of this method are
long reaction time and use of excess amount of acetic anhydride. Although triflates are
efficient catalyst but due to their moisture sensitivity as well as high cost of the reagents
they are inconvenient for general use.

Heterogeneous catalyst such a montmorillonite K-10 and KSF,”? Zeolite under
microwave irradiation,” silica sulfate,’® H;4[NaPsW300,10,> sulfated zirconia (S2)"
have gained considerable attention in recent years as effective catalysts for acetylation of
alcohols, phenols and amines. Chakraborti er al. have shown heterogeneous catalyst
perchloric acid absorbed on silica gel (HC104-Si0O,)”” as highly efficient and versatile
catalyst for acetylation of phenols, thiols, alcohols and amines. The reaction could be
carried out with one equivalent of Ac,O at room temperature in 5 to 30 minutes. HCIO4-
SiO; is a better catalyst than most of the expensive metal triflates. Both acetic acid and
acetic anhydride can be used for acetylation purpose by this protocol as depicted in
Scheme 17. The low cost, ease of handling and solvent free conditions makes it as an

environmentally friendly and industrial applicable protocol.

OH A0 (lequiv)/HCIO, -SiO, (1 mol%) OAC
Neat/rt/5 min i

49 50
Scheme 17

8
Though perchlorates such as TiCL—AgCl04"® LiClOs,” Mg(Cl04)2.* Zn(C104),.6H,0”

and Cu(ClO.),** have been reported as effective catalysts for this transformation, but
there are some serious drawbacks such as some of the perchlorates are highly explosive.
In addition, Mg(ClO4), has to be anhydrous in order to obtain better yields.

Saikia er al. demonstrated vinyl acetate as an acylating reagent instead of acetic
anhydride or acetic acid in presence of catalytic amount of palladium chloride®? or
molecular iodine®® as shown in Scheme 18. As the byproduct of this method is
acetaldehyde instead of acetic acid unlike other methods, thus there is a good scope that

this method might be applicable for acid sensitive target molecule synthesis. But the

13
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major drawback of this protocol is that tertiary alcohols, phenols, and amines are

unaffected under the experimental conditions.

OH OAc

" /\OAC PdCl2 / CUC[Z R R + CH3CHO
Toluene / rt

51 52 53 54
Scheme 18

R/l\R

Venkateswarlu, er al. showed the catalytic activity of lanthanum(IIT) nitrate hexahydrate®
for effective acylation of a wide range of alcohols, phenols and amines as shown in
Scheme 19. The method is compatible with acid sensitive hydroxyl protecting groups
such as TBDMS, THP, OBz, OBn, Boc and some isopropylidenes and also offers

excellent yields of the mono acetates of 1,3-, 1,4- and 1,5-diols.

La(NO,); .6H,0O
e N 3/3 -0 72 NS, T
HO OH A0, 1t HO OAc + AcO OAc
80 : 20
55 56 57
Scheme 19

Recently, 3-nitrobenzeneboronic acid®® has been exploited as an effective catalyst for
acetylation of hydroxyl compounds at room temperature under solvent free conditions
(Scheme 20). The reactions are clean and the catalyst is mild such that highly sensitive

functional groups including oximes are also stable to the reaction conditions.

O,N (2.5 mol %)
R—OH » R—OAc
3 Ac,O (3-10 equiv.), rt 58
Scheme 20
14
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Phukan er al. showed the catalytic activity of molecular iodine®’ for the same
transformation under solvent free conditions. Recently, molecular iodine in isopropenyl
acetate®® has been demonstrated as efficient catalyst for acylation reactions. Although
literature enumerates these several methods for this fundamental transformations still
some limitation remain such as long reaction times, harsh reaction conditions, the
occurrence of side reactions. toxic reagents, and poor yields of the desired products and
intolerance of other functional groups. Recently we have demonstrated
bromodimethylsulfonium bromide (BDMS) is a useful pre-catalyst,7a which can generate
in situ HBr, for acylation of alcohols, phenols. thiols and aldehydes. From the literature
background as well as from our previous knowledge, we felt that a new methodology for

acetylation can be developed using ATPB as new pre-catalyst.

._.
h
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SECTION A

PRESENT WORK ON THE DESILYLATION OF TERT- BUTYLDIMETHYLSILYL ETHERS
USING A CATALYTIC AMOUNT OF ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE
(ATPB)

RESULTS AND DISCUSSION
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The application of acetonyltriphenylphosphonium bromide (ATPB) and the reagents used
so far for desilylation of rerr-butyldimethylsilyl (TBS) ethers have been discussed in Part
I of the Chapter I. From the literature survey, we realized that there is a scope to devise a
better methodology for deprotection of TBS ethers by employing ATPB as new pre-
catalyst. In continuation of our research for the development of new synthetic
methodologies using a combination of new reagents® particularly in the field of
protection/deprotection chemistry, we anticipated that acetonyltriphenylphosphonium
bromide might be useful for deprotection of TBS ethers. In the present result and
discussion part, our successful result for desilylation of various TBS ethers into parent

hydroxyl compounds using ATPB as pre-catalyst is represented in Scheme 21.

R, Ry

R)\ PhyP"CH,COMe Br )\
1 OP > Ry TOH

CH,Cl,-MeOH, rt

R, = alkyl / aryl / sugar residue/ nucleoside residue;
R, =H, alkyl; P = TBS /TBDPS
Scheme 21
In order to verify our proposal we had to prepare a wide variety of tert-butyldimethylsilyl
(TBS) ethers as well as trert-butyldiphenylsilyl (TBDPS) ethers by following the reported
procedure.”® Next, we prepared the reagent acetonyltriphenylphosphonium bromide
(ATPB) by reaction of triphenylphosphine with bromoacetone in benzene at room
temperature following the literature procedure.2 The solid ATPB was obtained by quick
filtration followed by washing with benzene to remove the unreacted triphenylphosphine.
First, we attempted the reaction of zert-butyldimethylsilyl ether 59 (1 equiv.) with 0.05
equivalents of acetonyltriphenylphosphonium bromide in dichloromethane/methanol
(5:2) at room temperature. We noticed that the reaction was complete within three
minutes and the pure product 5-acetoxy-1-pentanol (56) was obtained in 70% yield by
passing the crude mixture through a silica gel column. The starting ether 59 and the
product 56 was characterized by recording IR, 'H NMR and 3C NMR spectra which is
given in (Fig 1-6). The disappearance of the signals in the region & 0.00 [s, 6H.
Si(CH3),], 0.85 [s, 9H, SiC(CH;)s], in 'H NMR spectra clearly indicate the deprotection

of rert-butyldimethyl silyl ether to their corresponding alcohols. In addition. the

16
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deprotected compound also exhibits a strong band at 3437 cm™' in the IR spectrum which
clearly indicates the presence of —OH group in the product. We found that various rerr-
butyldimethylsilyl ethers, such as 60-62 containing benzoyl, benzyl and ester groups.
respectively, were smoothly deprotected to the corresponding alcohols 82-84 in good
yields, without affecting these groups, under identical reaction conditions. It is
worthwhile to mention that our protocol is more efficient in terms of reaction time than a
recently reported procedure.*’ Similarly, other TBS ethers such as 63-65 were converted
into the corresponding alcohols 85-87 in good yields by following the same procedure. It
is interesting to note that no bromination occurs at the double bond or even in the furan
ring under these experimental conditions. Likewise, the TBS ether 66 was easily
transformed into the corresponding alcohol 88 without disturbing the thioketal group.
Interestingly, the thioketal group is also cleaved when the same reaction is carried out
with other bromo compounds such as tetrabutylammonium tribromide (TBATB). CBr4
and molecular bromine. This result clearly indicates that our methodology has some
additional advantages compared to the earlier reported procedures, especially those based
on bromo reagents. In addition, various TBS ethers 67-68, which were derived from
secondary alcohols, were also cleaved to the corresponding alcohols 89-90 in good yields
under identical reaction conditions. Again, we noticed that it took much less time for
deprotection of 68 than the earlier procedures.5 I Moreover, by using our protocol, TBS
ether 69 and an acetylenic TBS ether 70 were also deprotected to the desired alcohols 91
and 92 without bromination either at the double or at the triple bond. Remarkably, highly
acid-sensitive TBS ether such as 71 can be cleaved to the corresponding alcohol 93
without losing the isopropylidene group.

We also decided to study whether the same reagent can be employed for deprotection of
aryl TBS ethers or not. We observed that various phenolic TBS ethers 72, 47, 73 and 74
could be converted into the respective phenolic compounds 49, 94, 95 and 96 without
affecting a thioketal group. It is important to mention that no a-bromination was observed
in the case of compound 73, and neither was any cyclotrimerization observed in the case
of the aromatic aldehyde 47. The reactions with aryl TBS ethers take slightly longer
reaction time than those with alcoholic TBS ethers. All the deprotected alcohols were
characterized fully by IR and '"H NMR spectroscopy and by elemental analvsis: the

spectra were compared with those of authentic samples.

17
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We then turned our attention to whether this methodology could be further extended for
deprotection of TBS ethers of carbohydrates and nucleosides. We found that various TBS
ethers 75-80 can be cleaved easily to the corresponding parent hydroxyl compounds 97-
101 in good yields under identical reaction conditions. Importantly, a thio group at the
anomeric position usually affected by the earlier reported procedures™® and OMe ether or
an isopropylidene group at the anomeric position also survived under the experimental
conditions. The reaction times and yields of all the products are summarized in Table 1.
These results further encouraged us to study whether our methodology could be extended
to the deprotection of rerr-butyldiphenyl silyl (TBDPS) ethers. We found that TBDPS
ether of 1-dodecanol (81) was also converted into the corresponding alcohol 102 in 88%
yield in the presence of 0.2 equivalents of the same pre-catalyst although with a longer
reaction time. The product was characterized by usual spectroscopic technique.

Table 1. Deprotection of various TBS ethers to the parent hydroxyl compounds using

catalytic amount of acetonyltriphenylphosphonium bromide (ATPB) in dichloromethane-
methanol

Substr Substrate Time Product® Product %
ate min/ No. Yield®
No. [h]

59 AcO” ), OTBS 3 AcO” ) "OH 56 70
n=3 n=3

60 BzO™ ), OTBS 15 BzO~ (- ~OH 82 88
n=3 n=3

61 BnO~ () OTBS 10 BnO~ (> ~OH 83 92
n=23 n=3

62 MeO,C” {~)~OTBS 15 Me0,C~ {~) ~OH 84 92

n=9 n=9

63 O—@CHonBS / o-@-cnon 85 o1

4 2 6 94

6 OZNOCHonBE (2] 02NOCH20H 8

65 | | 10 | | 87 83
on\ _OTBS [oj\ _OH

18
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,\S/\/OTBS :S/\/OH
R = p-methoxy phenyl R = p-methoxy phenyl
67 22 W 89 91
OTBS OH
68 \\ [2.5] \\ 90 90
TBSO i i HO l
69 5 91 95
x RS
| OTBS | OH
70 ST\ 7 ST\ 92 85
TBSO OTBS HO OH
71 % 15 % 93 72
O @)
O\ __CH,0TBS O_\_CH,0H
47 5 94 71
OHC@'OTBS 3] OHC-@OH
73 OTBS [3] OH 95 91
MeO O MeO O
74 S [4] S 96 85
CComs | 7| O ron
S S
75 OTBS 50 OH 97 88
BnO O O
nBr;)%SEt B‘iﬁﬁ\& SEt
BnO BnO
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76 OBn 2] OBn 98 82
TBSO ') HO@%
BnO BnO
BnO OMe BnO OMe
77 O OTBS 30 o0 OH 99 80
H =0 H -0
o) O
20 20
O O
78 e Me [6] g Me 100 75
TBSO. O°N HO. O°N
105 o)
OTBS OH
79 0 y [3] ) y 101 87
(S (4
Yy HY )
TBSO. O N HO. O N
o) ]:o:l
OAc OAc
80 0O y [3] 0O y 100 87
e (&
Hy HY
TBSO. O N HO. O N
o) o)
OH OH
81 OTBDPS 5 OH 102 88
n==§8 n=28

2All starting material and final products were characterized by IR, '"H NMR, °C NMR
and elemental analysis. °Isolated yield.

Interestingly, our protocol can also be further extended to the chemoselective

deprotection of TBS ethers in the presence of TBDPS ether or aryl TBS ether. 1-teri-

Butyldimethylsilyl-5-terr-butyldiphenylsilyl diether (103) and 1-terr-butyldimethylsilyl-

8-rert-butyldiphenylsilyl diether (104) were smoothly converted into the corresponding

mono TBDPS ethers chemoselectively, as shown in Table 2. Likewise, various alkyl zerz-
butyldimethylsilyl ethers 105-108 were converted into the desired mono aryl rerr-
butyldimethylsilyl ethers 111-114 in good yields. Moreover, the secondary TBS ether

was also cleaved faster than the aryl TBS ether, as shown in Table 2. All the products

. . - 1 -
were characterized by usual spectroscopic technique. H NMR spectrum of compound
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105 is shown in figure 7 and IR. '"H NMR and '*C NMR spectrum of product 111 are
given in figure 8-10 respectively.

Table 2. Deprotection of various TBS ethers to the parent hydroxyl compounds using

catalytic amount of acetonyltriphenylphosphonium bromide (ATPB) in dichloromethane-
methanol.

Subst Substrate Time Product? Product | Yield®
rate min/ No. [/%]
No [h]

n=3 n=3
n==6 n==6

105 OTBS 10 OTBS 111 77
©/\/OTBS ©/\/OH

112 86

TBSO OTBS TBSO

/@\/OH
107 | TBSO 15 TBSO 113 87
\©\/OTBS \©\/OH

108 OTBS 45 OTBS 114 76
@,CH_a _ ©/\rCH3
OTBS OH

2All starting material and final products were characterized by IR, 'H NMR, “C NMR
and elemental analysis. "Isolated yield

The formation of the products can be rationalized as follows. We believe that HBr,
generated in the reaction medium from the reaction of acetonyltriphenylphosphonium
bromide with methanol, catalyzes the deprotection of TBS ethers to the corresponding
alcohols. However, the same reaction failed when it was carried out with
benzyltriphenylphosphonium bromide instead of acetonyltriphenylphosphonium bromide.
This indicates that ATPB generates HBr much more easily than the other
alkylphosphonium bromide.

In summary, we have devised a new, efficient. and regio as well as chemoselective

protocol for the deprotection of TBS ethers and TBDPS ethers using a catalyvtic amount

21
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ot acetonvltriphenyvlphosphonium bromide in dichloromethane/methanol at room
temperature under very mild conditions. The significant features of the present method
include the ease of operation. high efficiency. mild conditions and chemoselectivity.
which may be useful in organic synthesis. In addition, the selective deprotection of alkyl
rertbutyldimethylsilyl  ether can be achieved in the presence of aryl-rerr-
butyldimethylsilyl ethers. We have found that a wide variety of other protecting groups,
such as acetyl. benzyl. benzoyl, thioketals. esters and isopropylidene survive under the

present experimental conditions.

22
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SECTION A

DEPROTECTION OF tert-BUTYLDIMETHYLSILYL ETHERS INTO THE
CORRESPONDING HYDROXYL COMPOUNDS USING
ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE (ATPB) AS A CATALYST

EXPERIMENTAL
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Preparation of the catalyst Acetonyltriphenylphosphonium bromide (ATPB):

To a stirred solution of triphenvlphosphine (2.6 g. 10 mmol), in dry 10 mL benzene was
added freshly prepared bromoacetone (1.2 g. 10 mmol) at ice-cold temperature. After 15
minute of stirring at the same temperature, the reaction mixture was allowed to stir for
another 2h at room temperature. A white solid was precipitated out from the reaction
mixture, which was filtered off through a Buchner funnel and the solid was washed with
dry benzene to remove unreacted triphenylphosphine. The white solid was dried in
desicator. The product was obtained 3.83 gm in 80 % yield. The melting point of the
reagent was found to be 220-221 °C (Lit.> mp 221-223 °C)

General procedure for the preparation of fer-Butyldimethylsilyl ether of alcohols
and phenols:

To a mixture of alcohol or phenol (2 mmol) and TBDMSCI (2.4 mmol) in dry CH>Cl, or
DMF (5 mL) was added imidazole (6 mmol) at room temperature. The reaction mixture
was Kkept stirring until the reaction completed as shown in TLC at the same temperature.
The reaction mixture was neutralized with 2N HCI solution and extracted with
dichloromethane. The aqueous part was extracted once more with CH;Cls. The combined
organic part was dried over anhydrous Na;SO4 and 1t concentrated in rotavapor. Finally.

the residue was passed through a silica gel column to obtain the desired silyl ether

5-0-Acetyl-1-tert-butyldimethylsilyloxy pentane (59):

AcO” >~ ~""0TBS Nature: Colourless liquid

Yield: 71% (0.37 g)

IR (Neat): 2960, 2935, 2868, 1747, 1475, 1373, 1250, 1112, 1045, 840, 779 em™.

'H NMR (400 MHz, CDCl3): & 0.00 (s, 6H, Si(CH3),), 0.85 (s, 9H, SiC(CHa)3). 1.36
(m, 2H, CH,), 1.50 (m, 2H, CHy), 1.60 (m, 2H, CH,), 1.99 (s, 3H, COCH3), 3.57 (1. 2H. J
= 6.3 Hz, CH,OTBS), 4.01 (t, 2H, J = 6.6 Hz, AcOCH>) ppm.

3C NMR (100MHz, CDCl3): & -5.4, 18.3, 20.9, 22.2, 25.9, 28.3, 32.3, 62.9. 64.5, 171.2

ppm.

Elemental Analysis Calculated Found
C13H2505S1i C 59.95 C 59.72
260.45 H 10.83 H 10.75
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Preparation of the catalyst Acetonyltriphenylphosphonium bromide (ATPB):

To a stirred solution of triphenvlphosphine (2.6 g, 10 mmol), in dry 10 mL benzene was
added freshly prepared bromoacetone (1.2 g. 10 mmol) at ice-cold temperature. After 15
minute of stirring at the same temperature, the reaction mixture was allowed to stir for
another 2h at room temperature. A white solid was precipitated out from the reaction
mixture, which was filtered off through a Buchner funnel and the solid was washed with
dry benzene to remove unreacted triphenylphosphine. The white solid was dried in
desicator. The product was obtained 3.83 gm in 80 % yield. The melting point of the
reagent was found to be 220-221 °C (Lit.> mp 221-223 °C)

General procedure for the preparation of fer-Butyldimethylsilyl ether of alcohols

and phenols: _
To a mixture of alcohol or phenol (2 mmol) and TBDMSCI (2.4 mmol) in dry CH>Cl> or

DMF (5 mL) was added imidazole (6 mmol) at room temperature. The reaction mixture
was kept stirring until the reaction completed as shown in TLC at the same temperature.
The reaction mixture was neutralized with 2N HCI solution and extracted with
dichloromethane. The aqueous part was extracted once more with CH-Cl>. The combined
organic part was dried over anhydrous Na,SO,4 and it concentrated in rotavapor. Finally,

the residue was passed through a silica gel column to obtain the desired silyl ether

5-0-Acetyl-1-fert-butyldimethylsilyloxy pentane (59):

AcO” ™~ >~""0oTBS Nature: Colourless liquid

Yield: 71% (0.37 g)

IR (Neat): 2960, 2935, 2868, 1747, 1475, 1373, 1250, 1112, 1045, 840, 779 cm™.

'"H NMR (400 MHz, CDCl3): & 0.00 (s, 6H, Si(CH3)2), 0.85 (s, 9H, SiC(CHj3)3). 1.36
(m, 2H, CH>). 1.50 (m, 2H, CH>), 1.60 (m, 2H, CH>), 1.99 (s, AH, COCHs); 3.57 (, 2H,J
= 6.3 Hz, CH,OTBS), 4.01 (t, 2H, J = 6.6 Hz, AcOCH) ppm.

3C NMR (100MHz, CDCl3): & -5.4, 18.3, 20.9, 22.2, 25.9, 28.3, 32.3,62.9.64.5,171.2

ppm.

Elemental Analysis Calculated Found
C13H23038S1 C 59.95 C 59.72
260.45 H 10.83 H 10.75
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Acetonyltriphenylphosphonium bromide (ATPB) is an alkyl phosphonium salt, which
can be easily prepared by stirring the reaction mixture of bromoacetone and
triphenylphosphine in benzene at room temperature. It is a non-hygroscopic crystalline

solid (mp 221-223 °C) and soluble in CH,Cl,, CHCl3;, MeOH, EtOH and CH;CN, but not

O
M _pPhy B

ATPB
in THF, Et,0, C¢Hs and EtOAc. Conventionally, it has been used for the Wittig

olefination reaction.' A few years later, Hon and his coworker reportcd2 the olefination
reaction using acetonyltriphenylphosphonium salts containing various counter anions as
shown in Scheme 1. They have observed the effect of counteranion and their reactivity
for the reaction of triphenylphosphonium or triphenylarsonium salts with aldehydes.
From their study, it was observed that the reactivity of these salts for Wittig reaction 1s
counteranion dependent. The observed reactivity order was as follows: p-TSO<Br'<<

CF3CO0<<CICH,COO<PhCO;’, HCO,, MeCO;".

+
PhyPCH,COR X ~ /\/\/ﬁ\

NaOAc/CH;CN/reflux -
1 2

Scheme 1

To test the reactivity of different triphenylphosphonium salts, a mixture of triphenyl-
phosphonium salts (1.1 mol equivalent) and 3-phenylpropanal was stirred at room
temperature. Unfortunately, the triphenylphospnonium bromides or p-toluenesulfonates
almost did not react with aldehyde at room temperature even after 24 h. However, the
reaction took place within half an hour and provided excellent yields when the
counteranions were acetates, benzoates or formats. This study clearly indicates that the
reactivity of the phosphonium salts in Wittig reaction is counteranion dependent.

The reagent acetonyltriphenylphosphonium bromide as catalyst for organic synthesis was
not explored much till 1999. The use of ATPB as a new pre-catalyst has been endorsed

by the work of Hon and co-workers.” The catalytic activity of this reagent may be
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attributed to the presence of two functionalities: one is the acidic proton a to the carbonyl
group and the other one is the phosphonium center itself. They have found that it i1s an
extremely efficient catalyst for the protection and deprotection of alcohols as alkyl vinyl
ethers. Various hydroxyl compounds can be protected as THP, THF and EE (1-
ethoxyethyl) ethers within a very short time in good yields in the presence of catalytic
amount of acetonyltriphenylphosphonium bromide as shown in Scheme 2. The protocol
is applicable to a wide range of substrates such as 1°, 2° and 3° alcohols. The advantages
of this methodology are mild conditions, fast reaction rate, excellent yields and tolerance
to acid-sensitive functionalities. In addition, the same catalyst can be used as well for

deprotection of various ethers into the parent hydroxyl compounds.

1.2 eq. Q
¢ oot
/— R
0.1eq 0.1eq.

3 eq. —_—
o SAe 0 | )
212 /__ RO O 5 MCOH 3

RO O 6

Scheme 2

o "o 4

Later on, the same research group exploited* the reagent for cyclotrimerization of various
aldehydes under solvent-free conditions as shown in Scheme 3. The aldehydes tethered
with a variety of functionalities, such as olefin, ether, ester, bromide, azide and diester
could also be cyclotrimerized under the catalysis of ATPB. The notable advantages of

this protocol are short reaction time, mild reaction conditions and very good yields.
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0.1 eq. ATPB_ Ph/\g\og\/\p

- h
/ CH,Cl,, 1h f‘7\

Ph

38% 7
1 \
0.1 eq. ATPB CH(OMe)
MeOH, 5 min> Ph/\\/ ’
95% yield 8
Scheme 3

Moreover, they have noted that the substituent on the triphenylphosphonium salts
affected the catalytic activity significantly for this transformation. By replacing the
substituent from acetonyl (i.e. catalyst ATPB) to methoxycarbonylmethyl (i.e. catalyst A),

the reaction was failure to provide any cyclotrimerized product.

Q +

Catalyst A
In continuation of their study on the application of acetonyliriphenylphosphonium
bromide, they have reported explicitly about the polymer supported ATPB and their
application for protection and deprotection of alcohols as alkyl vinyl ethers.’ It has the
sole advantage that only 1 mol% of the catalyst is required for the reactions.
Subsequently, in another communication Hon et al. demonstrated® that ATPB as well as
poly-p-styryldiphenylacetonylphosphonium bromide (PATPB) is an excellent catalyst for

the protection of aldehydes as acetals or thioacetals as shown in Scheme 4.

—/_\ SH
—\-_/SH

ATPB (cat.) S + S
R,CHO + HS(CH,),SH > R,—< Rn—'<
S S

1

9 10
12
OR,
R,OH/ ATPB (cat.)
(0] -
CH,Cl, oR,
13 14
Scheme 4
3
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Interestingly, under the experimental condition 1,3-propandithiol reacts with aldehydes at
room temperature and provides cyclic dithioacetals along with 5-10% protected dithiols
12. Although this protocol is suitable for the protection of cyclohexanone as ketals but it
is not suitable for other acyclic ketones such as acetophenone, a-tetralone and 4-phenyl-
2-butanone. From the above literature survey, it seems to us that the reagent ATPB i1s a
useful precursor for Wittig salt for the olefination reaction as well as a pre-catalyst for
some organic transformations but its versatility has not been explored completely.
Therefore, we were interested to explore further this reagent in various important
transformations. Our research aim is to develop new methodologies for protection and
deprotection chemistry by involving in situ generated HBr from ATPB in the reaction
medium.

Protection/deprotection strategy is frequently employed for multi-steps target synthesis.
The efficiency as well as effectiveness of a total synthesis directly depends on the chosen
methodologies in each steps. It often requires either protection or deprotection the
hydroxyl and carbonyl functionalities to manipulate other functionalities before achieving
target molecule. Thus, protection and deprotection is an important transformation in
organic synthesis.

Recently we have demonstrated various new methodologies particularly for
protection/deprotection chemistry’ by employing in situ generated dry HBr, which 1is
actually obtained from bromodimethylsulfonium bromide. Our idea is to use generated
HBr from ATPB for deprotection of zert-butyldimethylsilyl ethers (TBS) and acetylation
of alcohols, phenol, thiols, amines and aldehydes. Therefore, the importance of the TBS
ethers and the methods known for their cleavage into parent hydroxyl compounds are
highlighted in the next part of the review as our intention to devise a new methodology
by employing ATPB as pre-catalyst.

Among various functional groups, the protection and deprotection of hydroxyl
compounds preferably alcohols play a key role in the organic synthesis of polyfunctional
organic molecules and a large number of protecting groups have been used for this
purpose. The ideal protecting group for an active-hydrogen moiety such as an alcohol or
amine would be one that would mimic the hydrogen atom itself, but be much more

flexible in its reactivity. It would readily provide high yield and be stable over a wide
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variety of reaction conditions and at the same time it should be selectively removable in
the presence of other functional groups or other protecting groups. Among various
protecting groups, fert-butyldimethylsilyl (TBS) ether is the most popular protecting
group for alcohols because of its stability under a wide variety of reaction conditions, its
clean NMR characteristics, and its ease of removal at the later stage. In addition, zerr-
butyl-dimethylsilyl (TBS) ether and rers-butyldiphenylsilyl (TBDPS) ether play a key
role in carbohydrates and nucleosides due to its ease of preparation and inherent stability
under basic and mild acidic conditions. Over the years, a large number of methods® have
been developed for deprotection of TBS ethers. n-Tetrabutylammonium fluoride (TBAF)
as a conventional reagent for desilylation of TBS ethers into hydroxyl compounds was
first introduced by Corey and his co-worker.’ Interestingly, tert-butyldiphenylsilyl
(TBDPS) ethers can be cleaved in the presence of tert-butyldimethylsilyl (TBS) ethers
with excellent selectivity, which are usually difficult by other methods, using a
combination of a catalytic amount of TBAF, acetic acid and one equivalent amount of

water in either THF or DMF'° as shown in Scheme 5.

TBSO TBSO HO

\ TBAF (1 M in THF, 0.2 equiv.) \ + \
AcOH (0.2 equiv.)
H,O (1 equiv.)
OTBDPS DMF, 1t, 5h oH OTBDPS

69%
15 16 17

Scheme 5

However, TBAF has some drawbacks such as high cost as well as incompatibility with
the base sensitive substrates because of the basic nature of fluoride ion and the reagent is
highly moisture sensitive in nature, as a result it requires inert and dry reaction conditions.
In addition, the phase transfer properties of the tetrabutylammonium cation often cause
difficulties in work-up and purification of the products. After Corey’s application of
TBAF, many procedures have been developed for deprotection of TBS ethers using

. . " : S
several fluoro compounds such as boron trifluoride etherate.”’ hydrofluoric acid.
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> O-(benzotriazol-1-yl)-

5

flurosilicic acid,!> ammonium fluoride,'* silicon fluoride.'
N.N.N',N'-tetramethyluronium tetrafluoroborate (TBTU),'® lithium tetrafluoroborate,
and zinc tetrafluoroborate.'® Although these methods provide good yields still they suffer
from some limitations such as incompatibility with the acid sensitive groups and
requirement of longer reaction time as well as use of stoichiometric amount of reagent,
dry reaction conditions etc. Similarly, literature enumerates several methods for
deprotection of TBS ethers by employing chloro compounds such as cerium(III) chloride
in combination with sodium iodide,'® cerium(III) chloride alone,*° SnCl»,-2H,0,?' LiCl in
DMF,* TMSCI in H,0,” ZrCly** and CH;COCL* Similarly, BCl; in THF can be used
for selective removal of primary TBS ethers in the presence of their secondary
counterparts in carbohydrates as shown in Scheme 6.26 The reaction condition does not

affect benzyl group but isopropylidene acetal is incompatible under the experimental

conditions.
TBSO HO
TBSOy,
“ o BiCl; (1.86 mmol) TBSOy, (o)
o THF, rt, 12 min
TsBOY Y o o0 1BSO” Y O
OTBS OTBS
18 19
Scheme 6

The TBS ethers of primary, secondary and tertiary alcohols as well as phenols can be
deprotected with a catalytic amount of proazaphosphatranes 20 and 21 by heating at 80
°C in DMSO as shown in Scheme 7.2 However, the reaction condition does not tolerate

1,4-dienes. Both catalysts are also much less effective (22—45% yield) for the desilylation

of more hindered terr-butyldiphenylsilyl (TBDPS) ethers.

(@)
20 (0.3 equiv.)
OTBS DMSO (4 mL) OH
-

80°C,36h

89% (1 mmol scale)

22 23
R\ /P\ P R
NSNS R 20R=Me

@N'_ 21R=pr

Scheme 7
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Interestingly, TBS ethers are labile under standard hydrogenations condition using 10%
Pd/C in methanol®® as shown in Scheme 8. For example, the bis-TBS ether 24 gives a
mixture of 25 and 26 after 24 h. The reaction cannot be attributed due to acid or base
contaminants since the cleavage did not take place in the absence of hydrogen. However,
the unwanted cleavage can be completely suppressed by using a carbon-supported Pd—

ethylenediamine complex as the catalyst.

OH

OTBS
10 % Pd/C. H, OTBS . ©:
MeOH.24h 0/\
24 OTBS 25 OH 26 OH
57 : 43
Scheme 8

Likewise, several other methods are known in the literature for the regeneration of
hydroxyl compounds from TBS ethers such as using ultrasonic cleavage in
MeOH/CCl,*»° microwave heating in a mixture of acetic acid-THF and water,>’
K,CO3/EtOH,*! Cs,CO3*? reductive cleavage by DIBAL-H,>*> DDQ,** CAN,”
1,/MeOH,** DMSO/H,0/90°C,>” Sc(OTh); > BiOCIO,-xH,0* etc. However, these
methods involve either basic or high temperature conditions or oxidizing- or reducing
agents, which give sometimes undesirable side products.

Recently ;e,olid supported reagent such as silica-supported sodium hydrogensulfate
(NaHS0,4-Si0,) has been demonstrated as an effective catalyst for selective cleavage of

TBS ethers as shown in Scheme 9.4°

NaHSO,.SiO L/
J\/OTBS 4 2 - BOCHN OH
BocHN

CH,Cl,/rt/ 30 min

27 28

Scheme 9

In addition, high loading sulfonic acid-functionalized ordered nanoporous silica.*' and
phosphomolybdic acid supported on silica gel are effective catalysts for facile cleavage of
TBS ethers.*? The notable advantages of these methods are no need of aqueous work-up.

and the supported catalyst as well as the solvent can be readily recovered and recycle.
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Very recently TiCls-Lewis base complexes has been used for selective deprotection of
TBS ethers and this protocol has been utilized for the practical synthesis of 1-B-methyl-
carbapenems.*’

Besides these, numerous other methods are also known using bromo compounds for the
same transformation eg. ZnBr,,** CBr,,* acetyl bromide,*® n-tetrabutylammonium
tribromide (TBATB),*” molecular bromine*® and bromodimethylsulfonium bromide®’ etc.

Similarly, an interhalogen compound ‘IBr’ can be used for the deprotection of TBS ethers

of simple alcohols, carbohydrates and nucleosides in methanol at room temperature.’® A

large number of sensitive functional groups such as acetals, PMB ethers, TBDPS ethers,

esters and amides are stable under the experimental conditions as shown in Scheme 10.

However, it fails to deprotect the substrate containing a thio group at the anomeric

position of carbohydrate compounds.

O OTBS O OH
X 0 IBr X Q
0] OMe MeOH / rt o) OMe
BnO BnO
29 30

Scheme 10

Likewise, catalytic amount of BiBr; in acetonitrile at ambient temperature is a mild and
. 51

selective reagent for deprotection of TBS ethers (Scheme 11). The notable advantages

of this method are its chemoselectivity as well as mild reaction conditions. Prolonged

reaction times lead to cleavage of aryl TBS ethers as well.

o) TBSO o HO O
TBSO\©/ K\l BiBr; (Cat.) / MeCN \O/ g + \O/ g
—

OH OH

H,O (2.5eq) / 22°C
OTBS

31 32 33
Scheme 11

From this survey on desilylation, it is evident that most of these procedures suffer from
some disadvantages such as requirement of relatively harsh reaction conditions. fail to

deprotect aryl rert-butyldimethylsilyl ethers. require longer reaction times. use of
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expensive reagent. incompatibility with other protecting groups such as thioketals or thio
group at the anomeric position of the carbohydrate compounds, difficult to maintain
stoichiometric ratio. difficult to handle, over oxidation, unwanted product acetate instead
of alcohol and requirement of excess amount of reagents.

The cleavage of TBS ethers based on bromo reagents is primarily due to in situ generated
HBr, which is actually responsible for cleavage of TBS ethers.’! From the literature
background on cleavage of TBS ethers, we perceived that there is a scope to devise a new
methodology using ATPB as pre-catalyst. Our intention is to develop a better protocol,
which will be applicable for a wide range of alkyl- and aryl TBS ethers. In addition, it
might work for TBS- and TBDPS ethers under a mild reaction condition.

Next, the importance of acetylated products and their known method of preparation
highlighted as our second goal is to find out a new methodology for acetylation of
hydroxyl compounds. The acylation of alcohols, phenols, amines and thiols is another
useful transformations in organic synthesis.>> Of these, the conversion of hydroxyl group
to the corresponding acetate is important due to its ease of introduction, stable under mild
acidic reaction conditions and ease of removal by mild alkaline hydrolysis. The

esterification is one of the most widely used techniques in organic synthesis due to the

paramount importance of esters in our day to day life such as in chemicals, drugs,

perfumes, food preservatives, cosmetics, pharmaceuticals and chiral auxiliaries. Among

other esterification process the protection of hydroxyl compounds as their acetate

derivatives i.e. acylation is one of the most vital and widely used transformations in

organic synthesis. Many of the natural products of current biological importance and

synthetic interest consist of highly oxygenated carbon skeleton. Most of the low

molecular weight esters often have pleasant fruity smell and are often inherently

responsible for odour of the fruits. One of the most common analgesics used frequently in

our day-to-day life is ‘aspirin’ which is an acetate derivative of salicylic acid. Even Taxol,
an anti cancer drug, also contains acyl (OCOCHj3) moiety.

On the other hand, acylation of hydroxyl compounds is one of the easy ways to protect its

nucleophilicity or its other chemical reactivity, which is often requires in multi-step target

oriented synthesis. Moreover, due to easy installation and tolerance to a wide variety of
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reaction conditions acetylation is one of the preferred methods for the protection of
hydroxyl moiety in organic synthesis.

Over the years new methods have been developed for this transformation and being
added in the arsenal of Organic Chemistry literature. In this part a brief literature review
on acetylation of hydroxy! functinality are highlighted.

The conventional method for acetylation of alcohols is using acetic anhydride or acetyl
chloride in the presence of tertiary amine bases such as triethyl amine or pyridine. The
role of the base is to activate the acylating reagent (nucleophilic activation) whereas in
some cases the base e.g. triethyl amine is mainly used to trap the generated acid in the

reaction medium. Pyridine is used as conventional catalyst as well as solvent for
acetylation of hydroxyl compounds. Although this method is good still it suffers from

some limitations such as longer reaction time, use of excess acetic anhydride and

unpleasent smell of pyridine as well as tedious procedure to remove the pyridine from

the reaction mixture after completion of reaction . Although DMAP (4-dimethylamino

pyridine) is a better catalyst than pyridine for acylation of alcohols and phenols, it also

suffers from some serious drawbacks such as for the acetylation of B-hydroxyl carbonyl

compounds provides a mixture of acetates and o,B-unsaturated carbonyl compounds as

shown in Scheme 12.3

O OH O OAc (0]
/u\/l\ M» /u\)\ + )l\/\
Ac,O
34 35 36

Scheme 12

Sometimes tributylphosphine(Bu;P) a less basic catalyst is used for the acetylation of
hydroxyl functionality particularly for base sensitive substrates.”® However, for the
acetylation of tertiary alcohols it requires excess amount of catalyst (BusP) and takes
long reaction time. Therefore, basic catalysis is currently employed only for selective
acylations.

A large number of acid catalyzed protocol are also known in the literature for acetylation
reaction. Both Lewis acid and protic acids are effective for this transformation. Since

these promoter strongly increases the electrophilicity of anhydrides. their action 1s

10
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generally more efficient than base activation. Igbal er al. demonstrated CoCl, as an
effective catalyst for acylation of alcohols with acetic anhydride.>> The B-hydroxy esters
and ketones can be acylated without any elimination by employing this metal catalyst,

which is difficult to get by DMAP method as shown in Scheme 13.

O OH O OAc o)
©)\/J\ CoCl, (5 mol %) ©/u\)\ @/h\/\
Ac,O (2 equiv) -
37 80 °C 38 39
78% 0 %
Scheme 13

Although this method is applicable to a wide range of hydroxyl compounds but the major
limitation of this protocol is for the acetylation of tertiary alcohols because it gives a
mixture of ketones, acetoacetates, olefines, and diketene in addition to the acetate and
requires harsh reaction conditions.

Likewise, various metal salts such as ZnCl,,>® RuCl3,57 bismuth(I1I) salts®® and metal
oxide such as ZnO>° are reported as effective catalyst for acylation of alcohols with
acetic anhydride. Recently, ZrCly,% Cp2ZrCl,,*! NbCls,%? ZrOCl;8H,O using acetyl
chloride®® and InCl;* have been introduced as effective catalyst for the same
transformation. Although these methods fulfill to some extent the limitations of DMAP
such as selectively primary hydroxyl group can be acylated in the presence of secondary
and secondary hydroxyl group can be preferentially acylated in presence of tertiary group,
but they also suffer from limitations such as cost-intensive catalyst, harsh reaction
conditions, or longer reaction time etc.

Various triflates such as Sc(OT£),% Me;SiOTE® In(OTH)3,"” Cu(OT:,* Ce(OTH;* and
recently Bi(OTf)370 are reported as efficient catalyst for acylation of a wide range of
hydroxyl compounds. Most of these triflates are very effective for acylation reactions
and some of them are having additional advantages such the catalyst Sc(OTf); 1s air

stable and recyclable and acetic acid can be used instead of acetic anhydride or acetyl

chloride as acetyl source as shown in Scheme 14.

11
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o)
sontll)

Sc(OTf); (1 mol®e)
Ac,O (1.5 equiv)
CH,CN.0°C

‘"'"'OH .WI"OAC

40 41

Scheme 14

The remarkable advantages of Me;SiOTf protocol are: the procedure is clean and does
not require chromatographic separation. Most of the functional groups are well tolerated
under the experimental conditions. Moreover, high selectivity for acetylation of aliphatic

versus phenolic hydroxyl group can be achieved by this protocol as shown in Scheme 15.

/©/\/OH Ac,0 (1 equiv) /O/\/OAC /O/\/OAC
+
HO TMSOTS (2.5 mol %) Qo AcO

CH,Cl,, 20 °C 43 44
42 21 h 88 : 12
3.5 day 93 : 7

Scheme 15

Karimi er al. demonstrated lithium trifluoromethanesulfonate (LiOTf)71 as a recycleable
catalyst for acetylation of alcohols and gem-diacylation of aldehydes under mild and
neutral reaction conditions as shown in Scheme 16. Most of the acid sensitive protecting

groups survive under the experimental condition.

OH s : Ac
)\ Acy,O (5-8 equiv)/LiOTf (0.2-0.3 equiv)
Rj R, Neat/rt Ri R,
45 46
OAc
/@/CHO AcyO (5-8 equiv)/LiOTf (0.2 equiv) - /©/1\0 Ac
TBSO Neat/rt TBSO
47 48
Scheme 16
12
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Aromatic aldehydes undergo protection as acylal at room temperature under solvent free
conditions. Both hindered alcohol and highly deactivated aldehydes undergoes acylation
without any difficulty using this protocol. The important drawbacks of this method are
long reaction time and use of excess amount of acetic anhydride. Although triflates are
efficient catalyst but due to their moisture sensitivity as well as high cost of the reagents
they are inconvenient for general use.

Heterogeneous catalyst such a montmorillonite K-10 and KSF,”? Zeolite under
microwave irradiation,” silica sulfate,’® H;4[NaPsW300,10,> sulfated zirconia (S2)"
have gained considerable attention in recent years as effective catalysts for acetylation of
alcohols, phenols and amines. Chakraborti er al. have shown heterogeneous catalyst
perchloric acid absorbed on silica gel (HC104-Si0O,)”” as highly efficient and versatile
catalyst for acetylation of phenols, thiols, alcohols and amines. The reaction could be
carried out with one equivalent of Ac,O at room temperature in 5 to 30 minutes. HCIO4-
SiO; is a better catalyst than most of the expensive metal triflates. Both acetic acid and
acetic anhydride can be used for acetylation purpose by this protocol as depicted in
Scheme 17. The low cost, ease of handling and solvent free conditions makes it as an

environmentally friendly and industrial applicable protocol.

OH A0 (lequiv)/HCIO, -SiO, (1 mol%) OAC
Neat/rt/5 min i

49 50
Scheme 17

8
Though perchlorates such as TiCL—AgCl04"® LiClOs,” Mg(Cl04)2.* Zn(C104),.6H,0”

and Cu(ClO.),** have been reported as effective catalysts for this transformation, but
there are some serious drawbacks such as some of the perchlorates are highly explosive.
In addition, Mg(ClO4), has to be anhydrous in order to obtain better yields.

Saikia er al. demonstrated vinyl acetate as an acylating reagent instead of acetic
anhydride or acetic acid in presence of catalytic amount of palladium chloride®? or
molecular iodine®® as shown in Scheme 18. As the byproduct of this method is
acetaldehyde instead of acetic acid unlike other methods, thus there is a good scope that

this method might be applicable for acid sensitive target molecule synthesis. But the

13
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major drawback of this protocol is that tertiary alcohols, phenols, and amines are

unaffected under the experimental conditions.

OH OAc

" /\OAC PdCl2 / CUC[Z R R + CH3CHO
Toluene / rt

51 52 53 54
Scheme 18

R/l\R

Venkateswarlu, er al. showed the catalytic activity of lanthanum(IIT) nitrate hexahydrate®
for effective acylation of a wide range of alcohols, phenols and amines as shown in
Scheme 19. The method is compatible with acid sensitive hydroxyl protecting groups
such as TBDMS, THP, OBz, OBn, Boc and some isopropylidenes and also offers

excellent yields of the mono acetates of 1,3-, 1,4- and 1,5-diols.

La(NO,); .6H,0O
e N 3/3 -0 72 NS, T
HO OH A0, 1t HO OAc + AcO OAc
80 : 20
55 56 57
Scheme 19

Recently, 3-nitrobenzeneboronic acid®® has been exploited as an effective catalyst for
acetylation of hydroxyl compounds at room temperature under solvent free conditions
(Scheme 20). The reactions are clean and the catalyst is mild such that highly sensitive

functional groups including oximes are also stable to the reaction conditions.

O,N (2.5 mol %)
R—OH » R—OAc
3 Ac,O (3-10 equiv.), rt 58
Scheme 20
14
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Phukan er al. showed the catalytic activity of molecular iodine®’ for the same
transformation under solvent free conditions. Recently, molecular iodine in isopropenyl
acetate®® has been demonstrated as efficient catalyst for acylation reactions. Although
literature enumerates these several methods for this fundamental transformations still
some limitation remain such as long reaction times, harsh reaction conditions, the
occurrence of side reactions. toxic reagents, and poor yields of the desired products and
intolerance of other functional groups. Recently we have demonstrated
bromodimethylsulfonium bromide (BDMS) is a useful pre-catalyst,7a which can generate
in situ HBr, for acylation of alcohols, phenols. thiols and aldehydes. From the literature
background as well as from our previous knowledge, we felt that a new methodology for

acetylation can be developed using ATPB as new pre-catalyst.

._.
h

TH-1872_03612205



PART Il, SEC A CHAPTER |

SECTION A

PRESENT WORK ON THE DESILYLATION OF TERT- BUTYLDIMETHYLSILYL ETHERS
USING A CATALYTIC AMOUNT OF ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE
(ATPB)

RESULTS AND DISCUSSION
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The application of acetonyltriphenylphosphonium bromide (ATPB) and the reagents used
so far for desilylation of rerr-butyldimethylsilyl (TBS) ethers have been discussed in Part
I of the Chapter I. From the literature survey, we realized that there is a scope to devise a
better methodology for deprotection of TBS ethers by employing ATPB as new pre-
catalyst. In continuation of our research for the development of new synthetic
methodologies using a combination of new reagents® particularly in the field of
protection/deprotection chemistry, we anticipated that acetonyltriphenylphosphonium
bromide might be useful for deprotection of TBS ethers. In the present result and
discussion part, our successful result for desilylation of various TBS ethers into parent

hydroxyl compounds using ATPB as pre-catalyst is represented in Scheme 21.

R, Ry

R)\ PhyP"CH,COMe Br )\
1 OP > Ry TOH

CH,Cl,-MeOH, rt

R, = alkyl / aryl / sugar residue/ nucleoside residue;
R, =H, alkyl; P = TBS /TBDPS
Scheme 21
In order to verify our proposal we had to prepare a wide variety of tert-butyldimethylsilyl
(TBS) ethers as well as trert-butyldiphenylsilyl (TBDPS) ethers by following the reported
procedure.”® Next, we prepared the reagent acetonyltriphenylphosphonium bromide
(ATPB) by reaction of triphenylphosphine with bromoacetone in benzene at room
temperature following the literature procedure.2 The solid ATPB was obtained by quick
filtration followed by washing with benzene to remove the unreacted triphenylphosphine.
First, we attempted the reaction of zert-butyldimethylsilyl ether 59 (1 equiv.) with 0.05
equivalents of acetonyltriphenylphosphonium bromide in dichloromethane/methanol
(5:2) at room temperature. We noticed that the reaction was complete within three
minutes and the pure product 5-acetoxy-1-pentanol (56) was obtained in 70% yield by
passing the crude mixture through a silica gel column. The starting ether 59 and the
product 56 was characterized by recording IR, 'H NMR and 3C NMR spectra which is
given in (Fig 1-6). The disappearance of the signals in the region & 0.00 [s, 6H.
Si(CH3),], 0.85 [s, 9H, SiC(CH;)s], in 'H NMR spectra clearly indicate the deprotection

of rert-butyldimethyl silyl ether to their corresponding alcohols. In addition. the
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deprotected compound also exhibits a strong band at 3437 cm™' in the IR spectrum which
clearly indicates the presence of —OH group in the product. We found that various rerr-
butyldimethylsilyl ethers, such as 60-62 containing benzoyl, benzyl and ester groups.
respectively, were smoothly deprotected to the corresponding alcohols 82-84 in good
yields, without affecting these groups, under identical reaction conditions. It is
worthwhile to mention that our protocol is more efficient in terms of reaction time than a
recently reported procedure.*’ Similarly, other TBS ethers such as 63-65 were converted
into the corresponding alcohols 85-87 in good yields by following the same procedure. It
is interesting to note that no bromination occurs at the double bond or even in the furan
ring under these experimental conditions. Likewise, the TBS ether 66 was easily
transformed into the corresponding alcohol 88 without disturbing the thioketal group.
Interestingly, the thioketal group is also cleaved when the same reaction is carried out
with other bromo compounds such as tetrabutylammonium tribromide (TBATB). CBr4
and molecular bromine. This result clearly indicates that our methodology has some
additional advantages compared to the earlier reported procedures, especially those based
on bromo reagents. In addition, various TBS ethers 67-68, which were derived from
secondary alcohols, were also cleaved to the corresponding alcohols 89-90 in good yields
under identical reaction conditions. Again, we noticed that it took much less time for
deprotection of 68 than the earlier procedures.5 I Moreover, by using our protocol, TBS
ether 69 and an acetylenic TBS ether 70 were also deprotected to the desired alcohols 91
and 92 without bromination either at the double or at the triple bond. Remarkably, highly
acid-sensitive TBS ether such as 71 can be cleaved to the corresponding alcohol 93
without losing the isopropylidene group.

We also decided to study whether the same reagent can be employed for deprotection of
aryl TBS ethers or not. We observed that various phenolic TBS ethers 72, 47, 73 and 74
could be converted into the respective phenolic compounds 49, 94, 95 and 96 without
affecting a thioketal group. It is important to mention that no a-bromination was observed
in the case of compound 73, and neither was any cyclotrimerization observed in the case
of the aromatic aldehyde 47. The reactions with aryl TBS ethers take slightly longer
reaction time than those with alcoholic TBS ethers. All the deprotected alcohols were
characterized fully by IR and '"H NMR spectroscopy and by elemental analvsis: the

spectra were compared with those of authentic samples.
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We then turned our attention to whether this methodology could be further extended for
deprotection of TBS ethers of carbohydrates and nucleosides. We found that various TBS
ethers 75-80 can be cleaved easily to the corresponding parent hydroxyl compounds 97-
101 in good yields under identical reaction conditions. Importantly, a thio group at the
anomeric position usually affected by the earlier reported procedures™® and OMe ether or
an isopropylidene group at the anomeric position also survived under the experimental
conditions. The reaction times and yields of all the products are summarized in Table 1.
These results further encouraged us to study whether our methodology could be extended
to the deprotection of rerr-butyldiphenyl silyl (TBDPS) ethers. We found that TBDPS
ether of 1-dodecanol (81) was also converted into the corresponding alcohol 102 in 88%
yield in the presence of 0.2 equivalents of the same pre-catalyst although with a longer
reaction time. The product was characterized by usual spectroscopic technique.

Table 1. Deprotection of various TBS ethers to the parent hydroxyl compounds using

catalytic amount of acetonyltriphenylphosphonium bromide (ATPB) in dichloromethane-
methanol

Substr Substrate Time Product® Product %
ate min/ No. Yield®
No. [h]

59 AcO” ), OTBS 3 AcO” ) "OH 56 70
n=3 n=3

60 BzO™ ), OTBS 15 BzO~ (- ~OH 82 88
n=3 n=3

61 BnO~ () OTBS 10 BnO~ (> ~OH 83 92
n=23 n=3

62 MeO,C” {~)~OTBS 15 Me0,C~ {~) ~OH 84 92

n=9 n=9

63 O—@CHonBS / o-@-cnon 85 o1

4 2 6 94

6 OZNOCHonBE (2] 02NOCH20H 8

65 | | 10 | | 87 83
on\ _OTBS [oj\ _OH

18
TH-1872_03612205



PART Il, SEC A

CHAPTER |

TH-1872_03612205

,\S/\/OTBS :S/\/OH
R = p-methoxy phenyl R = p-methoxy phenyl
67 22 W 89 91
OTBS OH
68 \\ [2.5] \\ 90 90
TBSO i i HO l
69 5 91 95
x RS
| OTBS | OH
70 ST\ 7 ST\ 92 85
TBSO OTBS HO OH
71 % 15 % 93 72
O @)
O\ __CH,0TBS O_\_CH,0H
47 5 94 71
OHC@'OTBS 3] OHC-@OH
73 OTBS [3] OH 95 91
MeO O MeO O
74 S [4] S 96 85
CComs | 7| O ron
S S
75 OTBS 50 OH 97 88
BnO O O
nBr;)%SEt B‘iﬁﬁ\& SEt
BnO BnO
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76 OBn 2] OBn 98 82
TBSO ') HO@%
BnO BnO
BnO OMe BnO OMe
77 O OTBS 30 o0 OH 99 80
H =0 H -0
o) O
20 20
O O
78 e Me [6] g Me 100 75
TBSO. O°N HO. O°N
105 o)
OTBS OH
79 0 y [3] ) y 101 87
(S (4
Yy HY )
TBSO. O N HO. O N
o) ]:o:l
OAc OAc
80 0O y [3] 0O y 100 87
e (&
Hy HY
TBSO. O N HO. O N
o) o)
OH OH
81 OTBDPS 5 OH 102 88
n==§8 n=28

2All starting material and final products were characterized by IR, '"H NMR, °C NMR
and elemental analysis. °Isolated yield.

Interestingly, our protocol can also be further extended to the chemoselective

deprotection of TBS ethers in the presence of TBDPS ether or aryl TBS ether. 1-teri-

Butyldimethylsilyl-5-terr-butyldiphenylsilyl diether (103) and 1-terr-butyldimethylsilyl-

8-rert-butyldiphenylsilyl diether (104) were smoothly converted into the corresponding

mono TBDPS ethers chemoselectively, as shown in Table 2. Likewise, various alkyl zerz-
butyldimethylsilyl ethers 105-108 were converted into the desired mono aryl rerr-
butyldimethylsilyl ethers 111-114 in good yields. Moreover, the secondary TBS ether

was also cleaved faster than the aryl TBS ether, as shown in Table 2. All the products

. . - 1 -
were characterized by usual spectroscopic technique. H NMR spectrum of compound

TH-1872_03612205
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105 is shown in figure 7 and IR. '"H NMR and '*C NMR spectrum of product 111 are
given in figure 8-10 respectively.

Table 2. Deprotection of various TBS ethers to the parent hydroxyl compounds using

catalytic amount of acetonyltriphenylphosphonium bromide (ATPB) in dichloromethane-
methanol.

Subst Substrate Time Product? Product | Yield®
rate min/ No. [/%]
No [h]

n=3 n=3
n==6 n==6

105 OTBS 10 OTBS 111 77
©/\/OTBS ©/\/OH

112 86

TBSO OTBS TBSO

/@\/OH
107 | TBSO 15 TBSO 113 87
\©\/OTBS \©\/OH

108 OTBS 45 OTBS 114 76
@,CH_a _ ©/\rCH3
OTBS OH

2All starting material and final products were characterized by IR, 'H NMR, “C NMR
and elemental analysis. "Isolated yield

The formation of the products can be rationalized as follows. We believe that HBr,
generated in the reaction medium from the reaction of acetonyltriphenylphosphonium
bromide with methanol, catalyzes the deprotection of TBS ethers to the corresponding
alcohols. However, the same reaction failed when it was carried out with
benzyltriphenylphosphonium bromide instead of acetonyltriphenylphosphonium bromide.
This indicates that ATPB generates HBr much more easily than the other
alkylphosphonium bromide.

In summary, we have devised a new, efficient. and regio as well as chemoselective

protocol for the deprotection of TBS ethers and TBDPS ethers using a catalyvtic amount
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ot acetonvltriphenyvlphosphonium bromide in dichloromethane/methanol at room
temperature under very mild conditions. The significant features of the present method
include the ease of operation. high efficiency. mild conditions and chemoselectivity.
which may be useful in organic synthesis. In addition, the selective deprotection of alkyl
rertbutyldimethylsilyl  ether can be achieved in the presence of aryl-rerr-
butyldimethylsilyl ethers. We have found that a wide variety of other protecting groups,
such as acetyl. benzyl. benzoyl, thioketals. esters and isopropylidene survive under the

present experimental conditions.

22
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SECTION A

DEPROTECTION OF tert-BUTYLDIMETHYLSILYL ETHERS INTO THE
CORRESPONDING HYDROXYL COMPOUNDS USING
ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE (ATPB) AS A CATALYST

EXPERIMENTAL

TH-1872_03612205
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Preparation of the catalyst Acetonyltriphenylphosphonium bromide (ATPB):

To a stirred solution of triphenvlphosphine (2.6 g. 10 mmol), in dry 10 mL benzene was
added freshly prepared bromoacetone (1.2 g. 10 mmol) at ice-cold temperature. After 15
minute of stirring at the same temperature, the reaction mixture was allowed to stir for
another 2h at room temperature. A white solid was precipitated out from the reaction
mixture, which was filtered off through a Buchner funnel and the solid was washed with
dry benzene to remove unreacted triphenylphosphine. The white solid was dried in
desicator. The product was obtained 3.83 gm in 80 % yield. The melting point of the
reagent was found to be 220-221 °C (Lit.> mp 221-223 °C)

General procedure for the preparation of fer-Butyldimethylsilyl ether of alcohols
and phenols:

To a mixture of alcohol or phenol (2 mmol) and TBDMSCI (2.4 mmol) in dry CH>Cl, or
DMF (5 mL) was added imidazole (6 mmol) at room temperature. The reaction mixture
was Kkept stirring until the reaction completed as shown in TLC at the same temperature.
The reaction mixture was neutralized with 2N HCI solution and extracted with
dichloromethane. The aqueous part was extracted once more with CH;Cls. The combined
organic part was dried over anhydrous Na;SO4 and 1t concentrated in rotavapor. Finally.

the residue was passed through a silica gel column to obtain the desired silyl ether

5-0-Acetyl-1-tert-butyldimethylsilyloxy pentane (59):

AcO” >~ ~""0TBS Nature: Colourless liquid

Yield: 71% (0.37 g)

IR (Neat): 2960, 2935, 2868, 1747, 1475, 1373, 1250, 1112, 1045, 840, 779 em™.

'H NMR (400 MHz, CDCl3): & 0.00 (s, 6H, Si(CH3),), 0.85 (s, 9H, SiC(CHa)3). 1.36
(m, 2H, CH,), 1.50 (m, 2H, CHy), 1.60 (m, 2H, CH,), 1.99 (s, 3H, COCH3), 3.57 (1. 2H. J
= 6.3 Hz, CH,OTBS), 4.01 (t, 2H, J = 6.6 Hz, AcOCH>) ppm.

3C NMR (100MHz, CDCl3): & -5.4, 18.3, 20.9, 22.2, 25.9, 28.3, 32.3, 62.9. 64.5, 171.2

ppm.

Elemental Analysis Calculated Found
C13H2505S1i C 59.95 C 59.72
260.45 H 10.83 H 10.75
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Preparation of the catalyst Acetonyltriphenylphosphonium bromide (ATPB):

To a stirred solution of triphenvlphosphine (2.6 g, 10 mmol), in dry 10 mL benzene was
added freshly prepared bromoacetone (1.2 g. 10 mmol) at ice-cold temperature. After 15
minute of stirring at the same temperature, the reaction mixture was allowed to stir for
another 2h at room temperature. A white solid was precipitated out from the reaction
mixture, which was filtered off through a Buchner funnel and the solid was washed with
dry benzene to remove unreacted triphenylphosphine. The white solid was dried in
desicator. The product was obtained 3.83 gm in 80 % yield. The melting point of the
reagent was found to be 220-221 °C (Lit.> mp 221-223 °C)

General procedure for the preparation of fer-Butyldimethylsilyl ether of alcohols

and phenols: _
To a mixture of alcohol or phenol (2 mmol) and TBDMSCI (2.4 mmol) in dry CH>Cl> or

DMF (5 mL) was added imidazole (6 mmol) at room temperature. The reaction mixture
was kept stirring until the reaction completed as shown in TLC at the same temperature.
The reaction mixture was neutralized with 2N HCI solution and extracted with
dichloromethane. The aqueous part was extracted once more with CH-Cl>. The combined
organic part was dried over anhydrous Na,SO,4 and it concentrated in rotavapor. Finally,

the residue was passed through a silica gel column to obtain the desired silyl ether

5-0-Acetyl-1-fert-butyldimethylsilyloxy pentane (59):

AcO” ™~ >~""0oTBS Nature: Colourless liquid

Yield: 71% (0.37 g)

IR (Neat): 2960, 2935, 2868, 1747, 1475, 1373, 1250, 1112, 1045, 840, 779 cm™.

'"H NMR (400 MHz, CDCl3): & 0.00 (s, 6H, Si(CH3)2), 0.85 (s, 9H, SiC(CHj3)3). 1.36
(m, 2H, CH>). 1.50 (m, 2H, CH>), 1.60 (m, 2H, CH>), 1.99 (s, AH, COCHs); 3.57 (, 2H,J
= 6.3 Hz, CH,OTBS), 4.01 (t, 2H, J = 6.6 Hz, AcOCH) ppm.

3C NMR (100MHz, CDCl3): & -5.4, 18.3, 20.9, 22.2, 25.9, 28.3, 32.3,62.9.64.5,171.2

ppm.

Elemental Analysis Calculated Found
C13H23038S1 C 59.95 C 59.72
260.45 H 10.83 H 10.75
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5-O-Benzoyl-1-rert-butyldimethylsilyloxy pentane (60):

Nature: Colourless liquid

Yield: 73% (0.471 g)

IR (Neat): 2940, 2858, 1721, 1583, 1429, 1337, 1301, 1112, 943 cm™'

'H NMR (400 MHz, CDCl3): & -0.02 (s, 6H, Si(CH3),), 0.83 (s, 9H, SiC(CHj3)3), 1.47
(m, 2H, CH,), 1.54 (m, 2H, CH,), 1.74 (m, 2H, CHy), 3.57 (t, 2H, J = 6.3 Hz,
CH,OTBS), 4.26 (t, 2H, J = 6.6 Hz, PhCOOCH,), 7.39 (t, 1H, J = 7.8 Hz, ArH), 7.44 (1,
1H, J = 7.8 Hz, ArH), 7.54 (m, 1H, ArH), 8.00 (dd, 1H, J = 1.2 Hz, J = 7.3 Hz, ArH),
8.09 (dd, 1H,J=1.2Hz,J = 7.1 Hz, ArH) ppm.

NN T
BzO oTBS

Elemental Analysis Calculated Found
C18H30038Si C 67.03 C 66.91
322.52 H 9.38 H 9.25

5-0-Benzoyl-1-tert-butyldimethylsilyloxy pentane (61):

BnO” " ~""o0oTBS Nature: Colourless liquid

Yield: 72% (0.427 g)

IR (Neat): 2960, 2935, 2858, 1506, 1470, 1460, 1368, 1255, 1102, 1009, 840 cm’™".

'H NMR (300 MHz, CDCL): & -0.01 (s, 6H, Si(CHj)2), 0.83 (s, 9H, SiC(CH3)3), 1.50
(m, 6H, CH,), 3.43 (t, 2H, J = 6.5 Hz, CH,OTBS), 3.57 (t, 2H, J = 6.4Hz, PhCH,OCH>),
4.46 (s, 2H,0CH,Ph), 7.31 (m, 5H, ArH) ppm.

Elemental Analysis Calculated Found
C17H3,0,Si C 68.86 C 68.79,
296.52 H 10.88 H 10.80

12-Carbomethoxymethylate-1-fert-butyldimethylsilyloxy dodecane (62):

Nature: Colourless liquid
MeO,C~ " tJ7 0TBS
Yield: 69% (0.476 g)

IR (Neat): 2945, 2858, 1752, 1470, 1255, 1178, 1107 cm™.

TH-1872_03612205
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'H NMR (300 MHz, CDCl3): & 0.00 (s, 6H, Si(CH3),), 0.85 (s, 9H, SiC(CH3)3), 1.22
(m. 18H. CH->), 2.25 (t, 2H. J= 7.3 Hz. COCH»). 3.55 (t, 2H, J = 6.3Hz, CH>,OTBS), 3.62
(s, 3H,OCH;) ppm.

Elemental Analysis Calculated Found
C19H4003S1 C 66.22 C 65.98
344.61 H 11.70 H11.75

fert-Butyldimethylsilyl ether of 4-allyloxybenzyl alcohol (63):

O—@ Nature: Colourless liquid
N/ OTBS

Yield: 78 % (0.434 g)

IR (Neat): 2955, 2929, 2863, 1655, 1615, 1516, 1470, 1250, 1096, 1034, 855 cm™".

"H NMR (400 MHz, CDCl;): & 0.08 (s, 6H, Si(CH3)2), 0.93 (s, 9H, SiC(CH3)3), 4.52
(d, 2H, J = 1.2 Hz, OCH>CH=CH.), 4.66 (s, 2H, CH,OTBS), 5.27 (dd, 1H, J= 1.0 Hz, J
= 10.5 Hz, OCH,CH=CH>), 5.40 (dd, 1H, J = 1.4 Hz, J = 15.8 Hz, OCH,CH=CH>), 6.06
(m, 1H, OCH,CH=CH,), 6.88 (d, 2H, J = 8.6 Hz, ArH), 7.22 (d, 2H, J = 8.3 Hz, ArH)
ppm.

13C NMR (75 MHz, CDCL): & = -5.2, 18.4, 25.9, 64.7, 68.9, 114.5, 117.6, 127.5, 133.4,
133.8, 157.7 ppm.

Elemental Analysis Calculated Found
C16H260,Si C 69.01 C 68.82
278.47 H 941 H 9.47

tert-Butyldimethylsilyl ether of 4-nitrobenzyl alcohol (64):

OzN-Q—\ Nature: Yellowish liquid
OTBS

Yield: 65 % (0.348 g)

IR (Neat): 2955, 2935, 2863, 1614, 1521, 1475, 1352, 1265, 1102, 1020, 856 cm™".

'H NMR (300 MHz, CDCl;3): § 0.13 (s, 6H, Si (CH3)2), 0.96 (s, 9H, SiC (CH3)3), 4.83
(s, 2H, CH,OTBS), 7.49 (d, 2H, J = 8.7 Hz, ArH), 8.20 (d, 2H, J = 9.0 Hz, ArH) ppm.
13C NMR (75 MHz, CDCls): § = -5.4, 18.3. 25.8, 64.0, 123.5. 126.3, 146.0. 149.0 ppm.

25
TH-1872_ 03612205



PART Il, SEC-A CHAPTER |

Elemental Analysis Calculated Found

C13H,,03NS:i C 58.39 C 58.15

267.40 H 7.92 H 7.84
N 5.24 N 5.08

fert-Butyldimethylsilyl ether of furfuryl alcohol (65)

|| o II OTBS —I Nature: Colourless liquid

Yield: 69 % (0.293 g)

IR (Neat): 2960, 2935, 2863, 1603, 1506, 1470, 1255, 1158, 1076, 1015, 840 cm”".

'"H NMR (400 MHz, CDCk): 8 0.08 (s, 6H, Si(CHs),), 0.88 (s, 9H, SiC(CH3)3), 4.62 (s,
2H, CH,OTBS), 6.14 (d, 1H, J = 3.2 Hz, 3-H), 6.23 (dd, 1H, J= 1.7 Hz, J= 3.2 Hz, 4-H),
7.28 (dd, 1H, J=0.9 Hz, J= 1.7 Hz, 5-H) ppm.

3C NMR (100 MHz, CDCls): 8 -5.3, 18.4, 25.9, 58.1, 107.2, 110.2, 142.0,154.3 ppm.

Elemental Analysis Calculated Found
C11H200,51 C 62.22 C 61.97
212.36 H 9.49 H 9.42

Compound (66):

S—"~
Me0—©—< oT8s Nature: Colourless liquid

Yield: 69 % (0.694 g)

IR (Neat): 2955, 2930, 2863, 1609, 1516, 1470, 1255, 1091, 1040, 902, 840 cm™".

'H NMR (400 MHz, CDCl): § 0.00 (s, 12H, 2 x Si(CH3),), 0.84 (s, 18H, 2x
SiC(CHs)s), 2.54-2.61 (m, 4H, SCH,), 3.66 (m, 4H, OCH,), 3.76 (s, 3H, OCH3), 5.01 (s,
1H, SCHS), 6.82 (d, 2H, J= 9.5 Hz, ArH), 7.33 (d, 2H, J = 9.8 Hz, ArH) ppm.

13C NMR (100 MHz, CDCl): § -5.3, 18.3, 25.9, 34.6, 53.4, 55.3, 63.2, 113.9, 128.9,
132.5, 159.2 ppm.

Elemental Analysis Calculated Found

C24H4603S5:S1; C 57.32 C 57.08

502.93 H 9.22 H 9.15
S12.75 S 12.63
26
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tert-Butyldimethylsilyl ether of Octan-3-o0l (67):

4 OTBS

Nature: Colourless liquid

Yield: 74% (0.362 g)

IR (Neat): 2960, 2940, 2863. 1475, 1378, 1255, 1132, 1061, 835 cm™.

'H NMR (400 MHz, CDCl): 8 0.00 (s, 6H, Si(CH3),). 0.83 (t, 6H, J = 7.6 Hz. 2 x
CHs3), 0.85 (s, 9H, SiC(CHs)3), 1.22-1.30 (m, 6H, CH,), 1.34-1.43 (m, 4H, CH>), 3.53
(quin, 1H, J= 5.9 Hz, CH,CHCH.:) ppm.

3C NMR (100 MHz, CDCl3): & -4.5, -4.5. 9.6, 14.0, 18.1, 22.6, 25.0, 25.9, 29.7. 32.0.
36.5.73.5 ppm.

Elemental Analysis Calculated Found
C,4H3,0S81 C 68.78 C 68.91
244.49 H13.19 H 13.06

tert-Butyldimethylsilyl ether of Cholesterol (68):

1

: White solid; sap: 151-153 ©
TBSO Nature: White solid; mp

Yield: 58% (0.581 g)

IR (KBr): 2930, 2858, 1665, 1460, 1378, 1255, 1112 ecm™.

'"H NMR (400 MHz, CDCl3): § 0.06 (s, 3H, SiCH3). 0.12 (s. 3H. SiCH3). 0.82 (s, 6H.
2x - CHs), 0.83 (s, 9H, SiC(CHs);), 0.85 (d, 3H, J = 6.3 Hz, CHCH3). 0.94 (s, 6H., 2x
CH3), 1.00-1.50 (m, 22H, CH and CH,), 1.75 (m. 2H, CH2), 1.94 (m, 2H, CH>). 2.12 (m.
1H. CH), 2.20 (m, 1H, CH), 3.42 (q, 1H, J = 6.Hz, OCH), 5.25 (m, 1H, = CH) ppm.

Elemental Analysis Calculated Found

C33HeoOS1 C 79.13 C 79.09

500.92 H 12.07 H12.11
27
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tert-Butyldimethylsilyl ether of Geraniol (69):

Nature: Colourless liquid

| OTBS
Yield: 73% (0.392 g)

IR (Neat): 2955, 2930, 2858, 1665, 1465, 1383, 1255, 1096, 1061, 835 cm™.

'"H NMR (400 MHz, CDCl3): 8 0.01 (s, 6H, Si(CHs),), 0.84 (s, 9H, SiC(CH3)3), 1.53 (s,
6H, C(CH3)3), 1.61(s, 3H, CHs), 1.88-2.03 (m, 4H, CHCH?>), 3.54-3.59 (m, 1H, OCHb),
4.12-4.13 (m, 1H, OCH,), 5.01-5.05 (m, 1H, CH), 5.22-5.25 (m, 1H, CH )ppm.

Elemental Analysis Calculated Found
C16H32081 C 71.57 C71.75
268.51 H 12.01 H 12.09

Bis (fert-Butyldimethylsilyl) ether of 1,4-butyne-diol (70):

TBSO OTBS Nature: Yellowish liquid

Yield: 68 % (0.428 g)

IR (Neat): 2955, 2934, 2863, 1465, 1357, 1255, 1137, 1070, 840 cm™.

'"H NMR (400 MHz, CDCl): & 0.12 (s, 12H, 2x Si(CH3),), 0.91 (s, 18H, 2x SiC(CH3)3),
4.34 (s, 4H, OCH2) ppm.

Elemental Analysis Calculated Found
C16H340,81; C 61.08 C 61.10
314.61 H 10.89 H 10.85

TBS ether of 2,3-O-isopropylidene-D-(x)-glycerol (71):

Q\L/c\)\/CHZOTBS Nature: Colourless liquid
Yield: 72% (0.32 g)
IR (Neat): 2945, 2863, 1460, 1378, 1255, 1148, 1107, 846, 784 cm”'.
'"H NMR (400 MHz, CDCL): § 0.12 (s, 6H, Si(CHj3),), 0.91 (s, 9H, SiC(CHj3)3), 1.37 (s
3H, CHj;), 1.42 (s, 3H, CH3), 3.75 (dd, J = 6.2 Hz, J = 8.2 Hz, 1H, CH>), 4.05-4.10 (m,
2H. -CH,), 4.18 (dd, J= 4.8 Hz, J= 11.6 Hz, 1H. CH,). 4.32-4.37 (m. 1H, CH) ppm.
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Elemental Analysis Calculated Found
Cio H2603S1 C 54.01 C 54.12
222.40 H 11.78 H11l.83

tert-Butyldimethylsilyl ether of 2-naphthol (72):
Nature: Colourless liquid

Yield: 59% (0.305 g)

IR (Neat): 3058, 2966, 2940, 2863, 1634, 1603, 1506, 1470, 1363, 1260, 1230, 1173,
1132, 1015, 933, 851 cm™".

"H NMR (300 MHz, CDCl3): & 0.25 (s, 6H, Si(CHs),). 1.02 (s, 9H. SiC(CH3)3). 7.07(dd.,
1H, J = 3.2 Hz, J = 8.7 Hz, 3-ArH), 7.19 (d, 1H, J = 2.4 Hz,1-ArH), 7.30(t, 1H, J = 7.0
Hz, 6-ArH), 7.38 (t, 1H, J = 7.0 Hz, 7-ArH), 7.68 (d, 1H, J = 8.7 Hz, ArH, 4-ArH), 7.72
(d, 1H, J= 9.0 Hz, 5-ArH), 7.76 (d. 1H, J = 8.1 Hz, 8-ArH) ppm.

3C NMR (75 MHz, CDCly): § -4.3, 18.3, 25.7, 114.9, 122.1, 123.7, 126.1, 126.7,
127.6, 129.3, 134.6, 153.5 ppm.

Elemental Analysis Calculated Found
C16H2208Si1 C 74.36 C 74.10
258.43 H 8.58 H 8.50

tert-Butyldimethylsilyl ether of 4-hydroxy benzaldehyde (47):
Nature: Yellowish liquid

TBSOQCHD
Yield: 71% (0.336 g)

IR (Neat): 2945, 2858, 1705, 1603, 1511, 1270, 1157, 912, 845 cm™".
'"H NMR (300 MHz, CDCl3): § 0.25 (s, 6H, Si(CH3),)., 0.99 (s, 9H, SiC(CHs3)3). 6.95 (d,
2H, J= 8.4 Hz, ArH), 7.81 (d. 2H, J = 8.4 Hz, ArH), 9.89 (s, 1H, CHO) ppm.

Elemental Analysis Calculated Found

C13H200,S1 C 66.06 C 65.37

236.39 H 8.53 H 8.58
29
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ferr-Butyldimethylsilyl ether of 2-methoxy-5-hydroxy acetophenone (73):

OTBS
@1{]/ Nature: Colourless liquid

MeO O Yield: 68% (0.381 g)

IR (Neat): 2966, 2935, 2863, 1711, 1593, 1470, 1255, 1107, 974, 840 cm’".

'"H NMR (300 MHz, CDCl3): 8 0.19 (s, 6H, Si(CHj3),), 0.94 (s, 9H, SiC(CHs)3), 2.47 (s,
3H, COCHs;), 3.77 (s, 3H, OCHy3), 6.37 (d, 1H, J= 8.3 Hz, ArH), 6.51 (d. 1H, J = 8.3 Hz,
ArH), 7.15 (t, 1H, J = 8.3 Hz, ArH) ppm.

Elemental Analysis Calculated Found
C5H2403S1 C 64.24 C 64.45
280.44 H 8.63 H 8.58

tert-Butyldimethylsilyl ether of 2-[4’-hydroxyphenyl]-1,3-dithiane (74):

S
<: }—@-OTBS Nature: White solid, mp: 82.6 °C
S

Yield: 73% (0.477 g)

IR (Neat): 2955, 2929, 2893, 2852, 1608, 1511, 1470, 1419, 1255, 1168, 912, 845 cm™.
"H NMR (300 MHz, CDCl;3): & 0.09 (s, 6H, Si (CH3)2), 0.97 (s, 9H, SiC(CHz3)3), 1.84-
1.88(m, 1H, SCH,CH,), 1.91-1.97(m, 1H, SCH,CH>), 2.85-2.92 (m, 2H, SCH,CH,),
2.99-3.09 (m, 2H, SCH>CH,), 5.12 (s, 1H, CH), 6.79 (d, 2H, J = 8.4 Hz, ArH), 7.32(d,
2H, J= 8.4 Hz, ArH) ppm.

3¢ NMR (75 MHz, CDCls): § -4.5, 18.1, 25.0, 25.6, 32.1, 50.8, 120.1, 128.8, 131.8,

155.7 ppm.
Elemental Analysis Calculated Found
C16H2608S,S1 C 58.84 C 58.72
326.60 H 8.02 H 8.09
S 19.64 S 19.85
30
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Ethyl 6-O-tert-butyldimethylsilyl-2,3,4-tri-O-benzyl-1-thio-B-D-glucopyranoside
(75):

OTBS

/gg\/ Nature: Gummy liquid
BnO
BnO SEt Yield: 74% (0.901 g)

BnO

IR (Neat): v 3037, 2960, 2930, 2873, 1619, 1496, 1460, 1255, 1158, 1096, 846 cm™".

"H NMR (400 MHz, CDCl3):  0.01 (s, 3H, Si(CH3),). 0.02 (s, 3H, Si(CH3)2). 0.85 (s,
9H, SiC(CHs)3), 1.25 (t, 3H. J = 7.3 Hz, SCH,CH5), 2.63-2.71 (m, 2H, SCH>CH3), 3.21-
3.24 (m, 1H, H-5), 3.46 (t, 1H, J = 9.0 Hz, H-3), 3.56 (t, 1H, J = 9.3 Hz, H-2). 3.61 (t,
1H, J = 9.0 Hz, H-4), 3.75 (dd, 1H, J = 3.8 Hz, J = 11.2 Hz, H-6), 3.80 (dd, 1H, J = 2.0
Hz, J=11.7 Hz, H-6"), 4.38 (d, 1H, J = 9.8 Hz, H-1), 4.62 (d, 1H, J = 10.2 Hz, OCHPh),
4.68 (d, 1H, J = 10.2 Hz, OCHPh), 4.79 (dd, 2H, J = 4.6 Hz, J = 10.7 Hz. OCH,Ph), 4.85
(dd, 2H, J=4.0 Hz, J = 10.3 Hz, OCH,Ph), 7.19-7.33 (m, 15 H, ArH) ppm.

*C NMR (100 MHz, CDCl): & = -5.4, -5.0, 15.2, 18.3, 24.3, 25.9, 62.3, 75.1, 75.5,
75.9, 77.7, 80.0, 81.8, 84.4, 86.6, 127.7, 127.8, 127.9, 128.0, 128.3, 128.4, 128.5, 138.2,
138.3, 138.5 ppm.

Elemental Analysis Calculated Found
C;sHa305SSi C 69.04 C 69.22
608.91 H 7.95 H 7.87

S 5.27 S 5.12

4-Methyl-O-tert-butyldimethylsilyl-2,3,6-tri-O-benzyl-1-pf-D-methylglucopyra-
noside (76):

OBn
TBSO @]
BnO N . —
BnO ature: Colourless liqui
OMe
Yield: 71% (0.845 g)
IR (Neat): v 2929, 2858, 1603, 1459, 1362, 1260, 1106, 1060, 845, 742, 701 cm .
'"H NMR (300 MHz, CDCl3): & -0.12(s, 3H,SiCH3), -0.05 (s. 3H.SiCH3). 0.83 (s. 9H.Si
(CHs)y), 1.86 (t. 1H. J = 10.8 Hz, H-4), 3.38 (s, 3H. OCHs). 3.39-3.44 (m. 1H. H-1).

3.53-3.66(m. 3H. CH, & H-2). 3.88 (dd. 1H. J= 1.8 Hz. /=105 Hz. H'- 6), 395 (d . 1
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H.J=10.8 Hz H-5). 4.06 (t. 1HJ = 9.9 Hz . H- 3). 4.43 (d .1H. J= 12.3 Hz . OCH>) .
4.61 (m.3H .OCH- & H- 6). 4.65 (d. 1H. J=12.6 Hz. OCH,) . 4.77(d . 1H . J=12.0 Hz.
OCH,). 5.01 (d. 1H. /=12.0 Hz, OCH,), 7.26-7.37( m .15 H , ArH) ppm.

3C NMR (75 MHz, CDCl;): § -5.8, -5.5. 18.1, 25.8, 44.8, 55.0, 58.3, 68.3. 69.3. 73.0,
73.4, 75.3.75.7, 81.7. 98.5. 127.6. 127.7, 127.8, 127.9, 128.2, 128.4, 138.2, 138.4, 139.1

ppm.

Elemental Analysis Calculated Found

C35Has06S51 C 70.91 C 70.68
592.84 H 8.16 H 8.24

6-O-tert-Butyldimethylsilyl-1,2, 3,4-di-isopropylidene galactose (77):

o OTBS
Ao
L
g<0 Nature: Yellowish liquid
Yield: 73% (0.547 g)

IR (Neat): 2986, 2935, 2858, 1475, 1378, 1312, 1255, 1214, 1112, 1071, 1004, 840 cm™.
"H NMR (300 MHz, CDCls): & 0.07 (s, 6H, -Si(CHj3),). 0.90 (s, 9H, -SiC(CH3)3), 1.33
(s, 6H, =C(CH3),), 1.44 (s, 3H, =CCH3;), 1.54 (s, 3H, =CCH3), 3.70-3.86 (m, 3H, H-2, H-
3, H-5), 4.30 (dd, 2H, J = 2.3 Hz, J = 7.2 Hz, H-4, H-6), 4.60 (dd, 1H,J= 1.6 Hz, /= 7.9
Hz, H-6"), 5.52 (d, 1H, J=4.9 Hz, H-1) ppm.

Elemental Analysis Calculated Found
C13H3406S1 C 57.72 | C 57.89
374.55 H 9.15 H 9.02

Bis (tert-butyldimethylsilyl) ether of thymidine (78):

O
"E\/Lj/ Me
TBSO O N
O Nature: White solid, mp:115 °C
Yield: 69% (0.517 g)
OoTBS

%]
o
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H.J=10.8 Hz H-5). 4.06 (. 1H.J=9.9 Hz , H- 3). 4.43 (d .1H. J= 12.3 Hz . OCH>) .
4.61 (m.3H .OCH» & H- 6), 4.65 (d. 1H. J=12.6 Hz. OCH,) . 4.77(d . 1H . J=12.0 Hz.
OCH,). 5.01 (d. 1H.J=12.0 Hz, OCHa). 7.26-7.37( m .15 H , ArH) ppm.

3C NMR (75 MHz, CDCls): & -5.8, -5.5. 18.1, 25.8. 44.8, 55.0. 58.3, 68.3. 69.3. 73.0,
73.4.75.3.75.7. 81.7, 98.5, 127.6. 127.7, 127.8, 127.9. 128.2. 128.4, 138.2, 138.4, 139.1

ppm.

Elemental Analysis Calculated Found

C35H4506S1 C 70.91 C 70.68
592.84 H 8.16 H 8.24

6-O-tert-Butyldimethylsilyl-1,2, 3,4-di-isopropylidene galactose (77):

o 0OTBS
o0
O
%o Nature: Yellowish liquid
Yield: 73% (0.547 g)
IR (Neat): 2986, 2935, 2858, 1475, 1378, 1312, 1255, 1214, 1112, 1071, 1004, 840 cm".
"H NMR (300 MHz, CDCl3): 8 0.07 (s, 6H, -Si(CHj3)), 0.90 (s, 9H, -SiC(CH3)3), 1.33
(s, 6H, =C(CHjs)2), 1.44 (s, 3H, =CCHa;), 1.54 (s, 3H, =CCHj), 3.70-3.86 (m, 3H, H-2, H-
3, H-5), 4.30 (dd, 2H, J = 2.3 Hz, J = 7.2 Hz, H-4, H-6), 4.60 (dd, 1H, J=1.6 Hz, J= 7.9
Hz, H-6"), 5.52 (d, 1H, J= 4.9 Hz, H-1) ppm.

Elemental Analysis Calculated Found
C18H3406S1 C 57.72 C 57.89
374.55 H 9.15 H 9.02

Bis (fert-butyldimethylsilyl) ether of thymidine (78):

O
T
TBSO O N .
;:O: Nature: White solid, mp:115 °C
ield: 699 517
OTBS Yield: 69% (0.517 g)
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IR (KBr): 3180. 3057, 2950, 2929, 2858. 1700, 1465, 1362, 1270, 1101, 1065, 1029,
835,778 cm™.

'"H NMR (300 MHz, CDCls): 3 0.06(s. 3H. SiCH3), 0.07(s. 3H, SiCH3). 0.10 (s. 6H,
SiCH3), 0.88 (s, 9H, SiC(CHs3);3), 0.91 (s, 9H. SiC(CHj3)s3), 1.91 (s, 3H, CH;s) 1.94- 2.03(
iy, 1H. , H2} , 2.21-2.28 {m , 1H, H-2), 3,78 (dd, 1H , =23 Hz ,J= 137 Hz , H-4J,
3.84-392 (m, 2H , OCH3,) , 4.37-4.41 ( m, 1H , H-3), 6.30-6.35(m, 1H , H —1).7.46 (s,
1H, CH), 9.01(s,1H, NH) ppii.

Elemental Analysis Calculated Found
C22H4:05N581; C 56.13 C 56.34
374.55 H §.99 H 8.89
N 5.95 N 6.12
Compound (79):
O
I_E\)j/ Me
TBSO o™ N
O
\v Nature: White solid, mp:145 °C

Yield: 68% (0.271 g)

IR (KBr): 3247, 3083, 2940, 2863, 1736, 1700, 1467, 1372, 1255,1203,1121,1014 cm™.
'H NMR (300 MHz, CDCls): 8 0.14 (s, 6H, Si (CH3) 2), 0.93 (s. 9H, SiC(CHj3)3), 1.93
(S, 3H, CHs3), 2.11 (s, 3H, COCH3), 2.12 (m, 2H, H-2, H-2"), 2.41 (dd, 1H, J=5.2 Hz, J
= 13.7 Hz), 3.92 (d, 2H, J= 1.8 Hz, CH,OTBS), 4.10 (d, 1H,J = 1.1 Hz, 5.25 (d, 1H, J =
5.9 Hz), 6.38 (dd, 1H, J=5.2 Hz, ] = 9.2 Hz), 7.55 (d, 1H, J= 1.1 Hz, ArH), 9.12 (s, 1H,
NH) ppm.

Elemental Analysis Calculated Found
C15H3006N>S1 C 54.25 C 54.16
398.53 H 7.59 H 7.49
N 7.03 N7.11
33
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Compound (80):

O
}E\J\J,Me
TBSO O” N

O
\Q Nature: White solid

Yield: 54% (0.385 g)

IR (KBr): 3478, 3421, 3180, 3057, 2950, 2929, 2858, 1700, 1465, 1362, 1270, 1101,
1065, 1029,835, 778 cm™.

"H NMR (300 MHz, CDCl3): & 0.12 (s, 6H, Si(CH3),), 0.91 (s, 9H, SiC(CH3)3), 1.92 (s.
3H, CH3), 2.01-2.04 (m, 1H, CH>), 2.36-2.38 (m, 1H, CH»), 3.14 (s, 1H, OH), 3.85-3.88
(m, 2H, OCH,), 4.05-4.07(m. 1H, OCH), 4.46(m, 1H, OCH), 6.40 (m. 1H, OCH), 7.52
(m, 1H, =CH), 9.40 (s, 1H, NH) ppm.

Elemental Analysis Calculated Found

C16H2805N,Si C 53.91 €.53.70

356.491 H 7.92 H 7.78
N 7.86 N 7.89

tert -butyldiphenylsilyl ether of dodecanol (81):

/\(\/)f\/OTBDPS Nfltlll'e: Colourless liquid

8 Yield: 71% (0.646 g)
IR (neat): 3063, 2925, 2858, 1460 1388, 1107,825,702 cm™.
'H NMR (400 MHz, CDCl;): & 0.88 (t, 3H, J = 6.1 Hz, CHj3), 1.05 (s, 9H, SiC(CH3)s.
1.06 (m, 2H, CH,CH3), 1.25 (m, 16H, CH,), 1.55 (m, 2H, OCH,CH,), 3.65 (t, 2H.; J =
6.4Hz,0CH,), 7.42 (m, SH, ArH), 7.66(m, 5H, ArH) ppm.

Elemental Analysis Calculated Found
CogH440Si C 80.55 C 80.63
454.74 H 9.75 H 9.80
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1-fert- Butyldimethylsilyl-5-zerf-butvldiphenylsilyl diether (103):

TBSO/\M’?OTBDPS Nature: Yellowish liquid

: Yield: 74% (0.676 )

IR (Neat): 2965. 2929. 2858, 1599, 1475, 1424, 1260, 1101, 835 cm™". 'H NMR (300
MHz, CDCly): & = 0.04(s, 6H, Si(CHs)). 0.89 (s, 9H, SiC(CHi);). 1.04 (s. 9H.
SiC(CHs)s), 1.49 (m, 6H, CHa), 3.60 (t, 2H, J = 6.3 Hz, OCH,CH,), 3.66 (t, 2H. J = 6.6
Hz, OCH>CH,), 7.39(m, 5H, ArH). 7.68 (m, SH, ArH) ppm.

Elemental Analysis Calculated Found
C17H440,S15 C 70.99 C 70.90
456.81 H 9.71 H 9.65

1-zert-butyldimethylsilyl-8-zert-butyldiphenylsilyl diether (104):

TBSO~ ~7 ~oTBDPS Nature: Yellowish liquid

i Yield: 71% (0.708 g)

IR (Neat): 3073, 2940, 2863, 1588, 1481, 1434, 1388, 1260, 1107, 840 cm™".

'"H NMR (300 MHz, CDCl): 8 0.02(s, 6H, Si(CHj3),), 0.87 (s, 9H, SiC(CH3)3), 1.02 (s,
9H, SiC(CHs)s), 1.25 (m, 8H, CH,). 1.53 (m, 4H, CH,), 3.57 (t, 2H, J = 6.4 Hz
OCH,CH,), 3.62 (t, 2H, J = 6.4 Hz OCH>CH,), 7.38(m, 5H, ArH), 7.66 (m. 5H, ArH)

ppm.

Elemental Analysis Calculated Found
C30Hs00251; C 72.22 C 72.50
498.90 H 10,10 H 10.22

Di-tert- butyldimethylsilyl ether of 2-hydroxybenzyl alcohol (105):

OTBS
@OTBS Nature: Yellowish liquid

Yield: 67% (0.478)

IR (Neat): 2945, 2858, 1598, 1485, 1459, 1377, 1260, 1116. 1070, 932, 840 cm’

"H NMR (300 MHz, CDCl3): 0.09 (s, 6H, Si(CH3)2), 0.20 (s, 6H. Si(CH3),). 0.94 (s, OH.
SiC(CHj3)3). 0.99 (s. 9H, SiC(CHj)3). 4.75 (s, 2H. OCH,), 6.73 (d, 1H. J = 8.0 Hz. ArH).
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1-tert- Butyldimethylsilyl-5-ferf-butyldiphenylsilyl diether (103):

TBSO/WQTBDPS Nature: Yellowish liquid

- Yield: 74% (0.676 ¢)

IR (Neat): 2965, 2929, 2858, 1599, 1475, 1424, 1260, 1101, 835 em™. '"H NMR (300
MHz, CDCl;3): 6 = 0.04(s, 6H, Si(CH3)), 0.89 (s, 9H, SiC(CHsj)3). 1.04 (s. 9H.
Si1C(CHj3)s3), 1.49 (m, 6H, CH»), 3.60 (t, 2H, J = 6.3 Hz, OCH,CH»), 3.66 (t. 2H, J = 6.6
Hz, OCH>CH>). 7.39(m, 5H, ArH). 7.68 (m. 5H. ArH) ppm.

Elemental Analysis Calculated Found
C27H 440,815 C 70.99 C 70.90
456.81 H 9.71 H 9.65

1-tfert-butyldimethylsilyl-8-fert-butyldiphenylsilyl diether (104):

TBSO/\@/);\OTBDPS Nature: Yellowish liquid

Yield: 71% (0.708 g)

IR (Neat): 3073, 2940, 2863, 1588, 1481, 1434, 1388, 1260, 1107, 840 cm™.

"H NMR (300 MHz, CDCl3): § 0.02(s, 6H, Si(CH3),), 0.87 (s, 9H, SiC(CHz3)3), 1.02 (s,
9H, SiC(CHj3)3), 1.25 (m, 8H, CH,), 1.53 (m, 4H, CH,), 3.57 (t, 2H, J = 6.4 Hz
OCH,CH,), 3.62 (t, 2H, J = 6.4 Hz OCH,CH,), 7.38(m, 5H, ArH), 7.66 (m, 5H, ArH)
ppm.

Elemental Analysis Calculated Found
C30Hs00251> C 72.22 C 72.50
498.90 H 10.10 H 10.22

Di-zert- butyldimethylsilyl ether of 2-hydroxybenzyl alcohol (105):

OTBS
@L/OTBS Nature: Yellowish liquid

Yield: 67% (0.478)

IR (Neat): 2945, 2858, 1598, 1485, 1459, 1377, 1260, 1116, 1070, 932, 840 cm™".

'"H NMR (300 MHz, CDCl3): 0.09 (s, 6H. Si(CH;),). 0.20 (s, 6H. Si(CHj3)2). 0.94 (s. 9H.
SiC(CHs)3). 0.99 (s. 9H, SiC(CHs)3), 4.75 (s. 2H, OCH,). 6.73 (d. 1H. J = 8.0 Hz. ArH).
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6.96 (1, 1H, J=7.6 Hz. ArH). 7.10 (t, 1H. J = 8.0 Hz, ArH), 7.44 (d, 1H. J = 6.8 Hz. ArH)
ppm.

Elemental Analysis Calculated Found
C1oH3605S15 C 64.71 C 64.80
356.66 H 10.29 H 10.32

Di-zert- butyldimethylsilyl ether of 3-hydroxybenzyl alcohol (106):

TBSO/©\/OTBS Nature: Colourless liquid

Yield: 68% (0.480 g)
IR (Neat): 2959, 2934, 2860, 1597, 1479, 1370, 1282, 1163, 1104, 1015, 971, 848, 705

cm™l.

'"H NMR (400 MHz, CDCl3): § 0.10 (s, 6H, Si(CH3),), 0.20 (s, 6H, Si(CHj3)2). 0.85 (s,
9H, SiC(CH3)3), 0.89 (s, 9H, SiC(CHs)s), 4.60 (s, 2H, CH,OTBS), 6.51 (dd, 1H, J = 2.4,
J = 7.8 Hz, ArH), 6.65 (s, 1H, ArH), 6.69 (d, 1H, J = 7.6 Hz, ArH), 6.98 (t, 1H, J = 7.8
Hz, ArH) ppm.

C NMR (100MHz, CDCLy): & -5.3, -4.4, 18.2, 18.4, 25.7, 25.9, 64.7, 117.6, 118.6,
118.8, 129.1, 143.1, 155.7 ppm.

Elemental Analysis Calculated Found
Ci19H3602S51; C 64.71 C 64.82
352.66 H 10.29 H 10.32

Di-tert- butyldimethylsilyl ether of 4-hydroxybenzyl alcohol (107):

TBSO
Q/OTBS Nature: Colourless liquid

Yield: 71% (0.501 g)
IR (Neat): 2960, 2945, 2899, 2868, 1614, 1516, 1475, 1255, 1091, 922, 851, 779 cm™.
'"H NMR (300 MHz, CDCl3): 8 0.08 (s, 6H, Si(CH3),), 0.18 (s, 6H, Si(CH;3)2). 0.93 (s.
9H, SiC(CHa3)3), 0.98 (s, 9H, SiC(CHj3)), 4.66 (s, 2H, CH,OTBS), 6.79 (d, 2H. J = 8.4
Hz, ArH), 7.17 (d, 2H, J = 8.4 Hz, ArH) ppm.
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Elemental Analysis Calculated Found
C1oH360-51, C 64.71 C 64.83
352:66 H 10.29 k 10.35

Di-tert- butyldimethylsilyl ether of 2-hydroxy-1'-methyl-benzyl alcohol (108):

OTBS
@/CH.'; Nature: Colourless liquid

oTBS Yield: 60% (0.440 g)

IR (Neat): 2960, 2935, 2863, 1609, 1588, 1496, 1470, 1368, 1260, 1107, 1086, 1040,
927, 846, 789 cm™".

'"H NMR (300 MHz, CDCl3): & 0.01(s, 3H, SiCHj3), 0.03(s, 3H, SiCHj3), 0.26 (s, 3H,
SiCH3), 0.30 (s, 3H, SiCH3), 0.93 (s, 9H, Si C(CHj3)3), 1.05 (s, 9H, Si C(CH3)s3 ). 1.38 (d,
3H, J = 6.2 Hz, CHCH5), 5.25 (q, 1H. J = 6.2 Hz, OCHCHj3), 6.75 (d, 1H. ArH ). 6.96 (t,
1H, ArH ), 7.06 (t, 1H, ArH ), 7.55 (d, 1H, ArH ).

Elemental Analysis Calculated Found
C20H3502S81; C65.51 C 65.62
366.69 H 10.44 H 10.50

General procedure for the deprotection of tert-Butyldimethylsilyl ethers to the
parent hydroxyl compounds: To a well stirred solution of rerz-butyldimethylsilyl ether
(1 mmol) in 2 mL of dichloromethane-methanol mixture (5:2) was added a catalytic
amount of acetonyltriphenylphosphonium bromide (20 mg, 0.05 mmol) except for 81 at
room temperature and kept for stirring. After completion of the reaction as monitored by
TLC, it was concentrated in rotavapor. The crude residue was subjected to silica gel
column chromatography to isolate the desired alcohols in good yields.

5-Acetoxy-1-pentanol (56):

Nature: Colourless liquid

Yield: 70% (0.103 g)

IR (Neat): 3437, 2940, 1737, 1603, 1460, 1363, 1245, 1035 cm™".

'"H NMR (300 MHz, CDCl3): &6 1.35-1.74 (m, 7H, CH; & OH), 2.05 (s, 3H, COCHs).
3.67 (t,2H., J=6.4 Hz, CH,OH), 4.08 (t, 2H, J= 6.6 Hz. AcOCH;) ppm.

AcO” T oH
)
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Elemental Analysis Calculated Found
CoH 1405 C 5752 C 57.63
146.18 H 9.65 H 2.71

5-Benzoyloxy-1-pentanol (82):

Nature: Colourless liquid

Yield: 88% (0.184 g)

IR (Neat): 3421, 3068, 2940, 2868, 1726, 1614, 1460, 1393, 1281, 1122, 717 cm™".

'"H NMR (400 MHz, CDCl;): & 1.48 (m, 3H, CH, & OH), 1.59 (m, 2H, CH»). 1.75 (m.
2H, CH,), 3.62 (t. 2H, J = 6.4 Hz, CH,OH), 4.27 (t. 2H, J = 6.6 Hz, PhCOOCH>), 7.37 (.
2H, J= 7.8 Hz, ArH), 7.49 (t, 1H, J = 7.6Hz, ArH), 7.96 (d, 2H, J= 7.1 Hz ArH) ppm.
3C NMR (100 MHz, CDCl;): & 22.4, 28.6, 32.3, 62.7, 64.9, 128.3, 129.5, 130.5, 132.9,
166.7 ppm.

BzO~ ) "OH
3

Elemental Analysis Calculated Found
C12H1603 C 69.21 €169.32
208.26 H 7.74 H 7.83

5-Benzyloxy-1-pentanol (83):

BnO/\%\OH Nature: Colourless liquid

Yield: 92% (0.179 g)

IR (Neat): 3416, 2935, 2863, 1609, 1501, 1455, 1368, 1265, 1209, 1096, 1055 cm™.

'"H NMR (300 MHz, CDCl3): § 1.31-1.70 (m, 7H, CH, & OH), 3.47 (t, 2H, J = 6.4 Hz,
CH,OH), 3.63 (t, 2H, J = 6.4Hz, PhCH,OCH,), 4.48 (s, 2H, OCH,Ph), 7.32 (m, 5H,

ArH) ppm.

Elemental Analysis Calculated Found
C12H 150, C 74.19 C 74.32
194.27 H 9.34 H 9.41
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12-Carboxymethylate-1-dodecanol (84):

MeO,C~ ¥Jn “OH

n=9 Nature: Colourless liquid

Yield: 92% (0.212 g)

IR (Neat): 3442, 2925, 2858, 1737, 1460, 1358, 1255, 1209, 1055, 1112, 876 cm™".

'H NMR (200 MHz, CDCL): & 1.45 (m, 18H, -CH,-), 1.61 (bs, 1H, -OH), 2.30 (t, 2H, J
= 6.8 Hz, -CH,OH), 3.64 (t, 2H, J = 5.9 Hz, -COCH,-), 3.67 (s, 3H, -OCH3) ppm.

Elemental Analysis Calculated Found
C13H2603 C 67.79 C 67.56
230.35 H 11.38 H11.23

4-Allyloxy benzyl alcohol (85):

O——@—CHZOH Nature: Colourless liquid

Yield: 91% (0.150 g)

IR (Neat): 3350, 2930, 2879, 1619, 1511, 1460, 1424, 1373, 1301, 1240, 1189, 1122,
1009, 1034, 938, 825 cm’".

'"H NMR (400 MHz, CDCls): § 1.60 (s, 1H, -OH), 4.53-4.55 (m, 2H, -OCH,CH=CH>),
4.56 (s, 2H, -CH,OH), 5.27 (dd, 1H, J = 1.0 Hz, J = 10.5 Hz, OCH,CH=CH>), 5.40 (dd,
1H, J = 1.4 Hz, J = 15.8 Hz, OCH,CH=CH,), 6.04 (m, 1H, OCH,CH=CH,), 6.89 (d, 2H,
J=8.5Hz, AtH), 7.30 (d, 2H, J = 8.6 Hz, ArH) ppm.

Elemental Analysis Calculated Found
C10H 120, C 73.15 C 72.90
164.20 H 7.37 H7.17

4-Nitro benzyl alcohol (86):

OaN ( ) CHZOH Nature: Colourless liquid

Yield: 94% (0.144 g)

IR (Neat): 2955, 2935, 2863, 1614, 1521, 1475, 1352, 1265, 1102, 1020, 856 cm™.

'H NMR (300 MHz, CDCl): § 2.09 (s, 1H, -OH), 4.84 (s, 2H, -CH,OH), 7.54 (d, 2H. J
= 9.0 Hz, ArH), 8.22 (d, 2H, J= 9.0 Hz, ArH) ppm.
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Elemental Analysis Calculated Found

C7H,0;3N C 54.90 C 54.73

153.14 H 4.61 H 4.86
N 9.15 N 9.32

Furfuryl alcohol (87):

@\/OH Nature: Colourless liquid

Yield: 83% (.082 g)

IR (Neat): 3375, 2940, 2879, 1634, 1501, 1429, 1158, 1009, 922, 815, 748 cm™.

'"H NMR (400 MHz, CDCls): & 2.02 (bs, 1H), 4.59 (s, 2H), 6.28 (d, 1H, J =3.2 Hz), 6.32
(d, 1H, J=3.2 Hz), 7.38 (d, 1H, J = 2.0 Hz) ppm.

3C NMR (100 MHz, CDCls): 6 57.5, 107.8, 110.3, 142.6, 153.9 ppm.

Elemental Analysis Calculated Found
CsHeO3 C 61.22 C 61.47
98.10 H 6.16 H 6.23

Compound (88):

Nature: White solid

Yield: 81% (0.223 g)

IR (Neat): 3334, 2914, 2848, 2745, 1609, 1516, 1455, 1255, 1173, 1076, 1020, 830 cm’l.
'"H NMR (200 MHz, CDCl3): & 2.58-2.90 (m, 6H, SCH, & OH), 3.71 (m, 4H, OCH>).
3.80 (s, 3H, OCH3), 5.06 (s, 1H, SCHS), 6.87 (d, 2H, J = 8.6 Hz, ArH), 7.38 (d, J= 8.6
Hz, ArH) ppm.

13C NMR (100 MHz, CDCl3): 8 36.1,33.2,55.9,99.5, 114.7, 129.5, 132.0, 160.0 ppm.

Elemental Analysis Calculated Found
C2H,5305S, C.52.53 C 53.58
274.40 H 6.61 H 6.73
S 23.37 S 23.40
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3-Octanol (89):

/YW Nature: Colorless liquid

OH
Yield: 91% (0.119 g)
IR (Neat): 3350, 2930, 1460, 1010 cm™".
'"H NMR (400 MHz, CDCl;): & 0.88 (t, 3H, J = 7.2 Hz), 0.92 (t, 3H, J = 7.2 Hz), 1.28-
1.58 (m, 10H), 1.72 (s, 1H), 3.49 (m, 1H) ppm.

Elemental Analysis Calculated Found
CgHy 50 C 73.78 € 7392
130.23 H 13.93 H 13.87

Cholesterol (90):

\\

Nature: White solid, mp: 148 =

Yield: 90% (0.348 g)

IR (KBr): 3342, 2930, 2863, 1619, 1465, 1378, 1137, 1061, 1030, 963, 810 cm™.

"H NMR (400 MHz, CDCl;): & 0.68 (s, 3H), 0.86 (d, 3H, J = 1.68 Hz), 0.87 (d, 3H, J =
1.72 Hz), 0.91 (d, 3H, J = 6.6 Hz), 1.01 (s, 3H), 1.07-1.22 (m, 4H), 1.23-1.51 (m, 2H),
1.56 (bs, 17H), 1.78-1.87 (m, 2H), 1.95-2.03 (m, 2H), 2.20-2.31 (m, 2H), 3.49-3.55 (m,
1H), 5.35-5.36 (t, 1H, J= 2.7 Hz) ppm.

HO

Elemental Analysis Calculated Found
C27H460 C 83.87 C 84.02
386.66 H 11.59 H 12.08

Geraniol (91):

| OH
Nature: Colorless liquid
Yield: 95% (0.147 g)

IR (Neat): 3380, 2970, 2925, 2868, 1670, 1465, 1385.1020 em™
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'"H NMR (400 MHz, CDCl3): & 1.58 (s, 3H). 1.66 (s, 3H). 1.73 (s. 3H), 1.92-2.15 (m.
5H), 4.20 (d, 2H, J = 6.4 Hz), 5.07 (t, 1H, J= 6.6 Hz), 5.34 (t, 1H, J=6.4 Hz,) ppm.
C NMR (100 MHz, CDCl): 8 16.4, 17.7, 29.6, 30.7, 39.6, 59.8, 124.0. 124.8, 131.6.

140.2 ppm.

Elemental Analysis Calculated Found
CioH 30 C 77.87 . FI.62
154.25 H11.76 H 11.85

Butyne-1,4-diol (92):

HOO  TOH . .
Nature: Low melting solid
Yield: 85% (0.073 g)
IR (Neat): 3370, 2925, 2868, 1639, 1434, 1358, 1230, 1132, 1015 cm™.
'"H NMR (400 MHz, Acetone-dg): & 4.23 (bs, 4H, 2 x CH,OH), 4.39 (bs, 2H, 2 x OH)

ppm.

Elemental Analysis Calculated Found
C4HgO, C 53:81 L. 55.73
86.09 H 7.02 H 7.16

2,3-O-isopropylidene-D-(*)-glycerol (93):

Nature: Liquid
O _oH

Yield: 72% (0.095 g)

IR (Neat): 3365, 2925, 2868, 1460, 1123, 1011 cm™".

'"H NMR (400 MHz, CDCl): 1.39 (s 3H, CH3), 1.46(s, 3H, CH3), 2.60 (bs, 1H, OH),
3.63-3.77(m, 1H, CH,) 3.62-3.72(m, 1H, CH>), 3.79 (dd, J = 4.8 Hz, J = 11.4 Hz 1H,
CH,), 4.05-4.12 (dd, J= 4.6 Hz, J = 11.6 Hz, 1H, CH»), 4.24-4.36 (m, 1H, CH) ppm

Elemental Analysis Calculated Found

CeH 1203 C 54.53 C 54.43

132.16 H 9.15 H 9.08
42
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B-Naphthol (49):

OH
Nature: Solid. mp: 121-122 °C.

Yield: 81% (0.117 g)

IR (KBr): 3291, 2937, 2848. 1642, 1602, 1506, 1471, 1362, 1234, 935, 854, 748 cm™".
'"H NMR (300 MHz, CDCl3): & 7.08 (dd, 1H, J = 3.1 Hz, J = 8.7 Hz, 3-ArH), 7.20 (d.
1H, J=24 Hz), 7.30 (t; 1H,JJ= 7.0 Hz, ArH), 7.38 {1, 1H, J= 7.0 Hz, ArH), 7.68 {d, 1H,
J=8.7Hz, ArH, ArH), 7.72 (d, 1H, J= 9.0 Hz, ArH), 7.76 (d, 1H, J= 8.1 Hz, ArH), 9.48
(bs, 1H, OH) ppm.

Elemental Analysis Calculated Found
C1oHgO C 83.31 C 83.39
144.17 H 5.59 H 3.53

.4-hydroxy benzaldehyde (94):

Nature: Solid, mp: 117 °C
OHC@OH

Yield: 71% (0.086 g)
IR (KBr): 3383, 2948, 2856, 1706, 1603, 1511, 1270, 1157, 912, 845 cm’

'"H NMR (400 MHz, CDCL): & 6.62 (bs, 1H, -OH), 7.33(d, 2H. J = 8.32 Hz, ArH), 7.88
(d, 2H, J = 8.04 Hz, ArH), 9.96 (s, 1H, -CHO) ppm.

Elemental Analysis Calculated Found
C7HeOo C 68.85 C 68.65
122,12 H 4.95 H 5.05

6-Methoxy-2-hydroxy acetophenone (95):

OH
@E{ Nature: Liquid

MeO O Yield: 91% (0.151 g)

IR (Neat): 3343, 3017, 2981, 2935, 2805, 1706, 1627, 1595, 1459, 1434, 1347, 1238,
1183, 1103, 1025, 854, 795, 730, 636 cm™".
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'"H NMR (300 MHz, CDCl;): § 2.67 (s, 3H, COCH3), 3.90 (s, 3H, OCH3), 6.39 (d. 1H,
J=28.3 Hz, ArH). 6.58 (d, 1H, J = 8.4 Hz, ArH), 7.34 (t, 1H, J = 8.3 Hz, ArH), 13.24 (bs,
1H, OH) ppm.

Elemental Analysis Calculated Found
CoH 003 C 65.05 C 65.01
166.18 H 6.07 H 6.02

2-[4'-Hydroxyphenyl]-1,3-dithiolane (96):

<:S>_®,OH Nature: White solid
S

Yield: 85% (0.180 g)

IR (KBr): 3396, 2914, 1603, 1511, 1450, 1368, 1250, 1178, 1102, 851 cm™".

'"H NMR (400 MHz, CDCl): 8 3.31-3.37 (m, 2H), 3.45-3.52 (m, 2H), 5.23 (s, 1H), 5.62
(s, 1H), 6.75 (d, 2H, J = 7.8 Hz), 7.39 (d, 2H, J = 8.5 Hz) ppm.

13C NMR (100 MHz, CDCl3): & 40.18 (2C), 56.03, 115.34 (2C), 129.40 (2C), 131.96,
155.30 ppm.

Elemental Analysis Calculated Found

Ci10H1208S; C 56.57 C 56.63

212.32 H 5.70 H 5.68
S 30.20 S 30.24

Ethyl-2,3,4-tri-O-benzyl-1-thio-S-D-glucopyranoside (97):

OH
Bnoﬂ Nature: White solid
BnO SEt .
BnO Yield: 88% (0.435)

IR (Neat): 3355, 3032, 2909, 2863, 1608, 1459, 1362, 1219, 1080, 1034, 1004, 845, 747,
701 cm™.

'"H NMR (400 MHz, CDCl;): & 1.32 (t, 3H, J = 7.3 Hz), 1.95 (bs, 1H), 2.71-2.80 (m,
2H), 3.35-3.39 (m, 1H), 3.41 (t, 1H, J=9.3 Hz), 3.58 (t, 1H, J=9.3 Hz), 3.70 (t, 1H, J =
8.8 Hz), 3.87 (d, 1H,J=11.5Hz), 4.50 (d, 1H, J=9.8 Hz), 4.65 (d, 1H,J =11 Hz), 4.74
(d, 1H,J=11Hz),4.86 (d, 2H, J=12.4 Hz), 4.89 (d, 1H, J=10.0 Hz), 4.92 (dd, 2H. J =
6.8 Hz, J= 11 Hz), 7.25-7.38 (m, 15 H) ppm.
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3C NMR (100 MHz, CDCl3): & 15.16. 25.20, 62.15, 75.17, 75.57, 75.74, 75.76,
77.69,79.27, 81.77. 85.27, 86.47, 127.71, 127.77, 127.89, 127.96, 128.07, 128.29,
128.41,128.46, 128.52, 137.90 (2C), 138.41 ppm.

Elemental Analysis Calculated Found

C2oH3405S C 70.42 C 70.64

494 .65 H 6.93 H 7.08
S 6.48 S 6.10

Methyl-2,3,6-tri-O-benzyl-4-hydroxymethyl-a-D-glucopyranoside (98):

OBn
HO Q Nature: Gummy liquid
Bno BnO OMe Yield: 82% (0.393 g)

IR (Neat): 3457, 3032, 2930, 2894, 1609, 1455, 1358, 1096, 1050, 743, 702 cm™".

'"H NMR (400 MHz, CDCl;): & 1.68 (bs, 1H), 1.86 (m, 1H), 3.37 (s, 3H), 3.55 (d, 1H, J =
3.4 Hz), 3.58 (t, 2H, J = 2.4 Hz), 3.61 (m, 2H), 3.68 (dd, 1H, J= 3.4 Hz, J = 11.4 Hz),
3.83 (m, 1H), 3.58 (t, 1H, J=10.24 Hz), 4.47 (d, 1H, J=11.96 Hz), 4.61 (d, 1H, J=11.96
Hz), 4.66 (m, 1H), 4.69 (d, 1H, J = 3.2 Hz), 4.77 (d, 1H, J=11.96 Hz), 499 (d, 1H, J =
11.2 Hz), 7.32 (m, 15H) ppm.

13C NMR (100 MHz, CDCl;): § 46.07, 55.19, 59.50, 68.20, 70.48, 72.88, 73.53, 75.19,

75.44, 81.49, 98.45, 127.76, 127.87, 128.09, 128.35, 128.39, 128.43, 128.51, 137.66,
138.18, 138.42 ppm.

Elemental Analysis Calculated Found
C29H3406 C 72.78 C 72.57
478.58 H 7.16 H 7.25

1,2,3,4-Di-O-isopropylidene-D-galactose (99):

e

Nature: Yellowish gummy liquid
Yield: 80% (0.208 g)
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IR (Neat): cm™' 3493, 2991, 2935, 1460, 1383, 1255, 1219, 1173, 1076, 1009, 892

'"H NMR (300 MHz, CDCls): & 1.34 (s, 6H). 1.46 (s, 3H), 1.54 (s, 3H). 2.28 (bs. 1H).
3.75 (t. 1H. J = 7.3 Hz). 3.82-3.90 (m. 2H), 4.27 (d, 1H, J = 7.9 Hz), 4.34 (dd, 1H, J= 2.3
Hz,J=4.9 Hz), 4.62 (dd, 1H, J=2.3 Hz, J= 7.9 Hz), 5.57 (d. 1H, J = 5.0 Hz) ppm.

Elemental Analysis Calculated Found
C12H2006 C 55.38 C 55.46
260.28 H 7.74 H 7.68

Thymidine (100):

O

e

HO @) N

O
\|Q| Nature: White solid; mp: 187 °C

QH Yield: 87% (0.211 g)
IR (Neat): 3324, 3165, 3032, 2843, 1711, 1481, 1445, 1286, 1117, 1071, 1020, 968, 897

-1

cm’ .
Elemental Analysis Calculated Found
C10H1405N> C 49.59 C 49.67
24223 H 5.83 H 5.98
N 11.57 N 11.36
Mono acetate of Thymidine (101):
o)
'ﬁ\)ﬁ/ Me
HO O N
k © ; Nature: White solid, mp: 174 °C
OAc Yield: 87% (0.247 g)

IR (KBr): 3472, 3201, 3068, 2929, 1738, 1710, 1669, 1475, 1249, 1111, 1075, 1024.881,
788,576 cm™.

"H NMR (300 MHz, CDCl3): & = 1.92 (s, 3H, CCH3), 2.11 (s, 3H, COCHj3). 2.40 (bs,
3H, CH, & OH), 3.92 (s, 2H, OCH,), 4.10 (bs, 1H, H-3), 5.36 (bs, 1H, H-4), 6.27 (bs.
1H, H-1). 7.55 (s. 1H.= CH). 9.50 (s, 1H, NH ) ppm.
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Elemental Analysis Calculated Found
Ci2H1606N2 C 50.70 C 50.81
284.27 H 5.67 H 5. 61

N 9.85 N 9.01

Dodecanol (102):

OH
/W Nature: Liquid

8

Yield: 88% (0.164 g)
IR (Neat): 3396, 2925, 2848, 1460, 1050, 758, 728 cm.
'"H NMR (300 MHz, CDCl3): & 0.88 (t, 3H, J = 6.9 Hz, -CH,CH3), 1.26 (bs, 18H, -CH,),
1.57 (m, 2H, -CH,CH,O0H), 1.67 (s, 1H, -OH), 3.64 (t, 2H, J = 6.6 Hz, -CH,OH) ppm.

Elemental Analysis Calculated Found
C12H,60 C 77.35 C77.12
186.34 H 14.07 H 13.89

S-tert-butyldiphenylsilyl pentane 1-0l (109):

Ho/\b/);\OTBDPs

Nature: Colourless liquid
Yield: 78 % (0.267 g)

IR (Neat): 3396, 3068, 3053, 2930, 2863, 1598, 1470, 1424, 1393, 1112, 1045, 1004,
943, 825 cm™!.

'"H NMR (300 MHz, CDCl;): 8 1.05 (s, 9H, SiC(CHs)3), 1.56 (m, 7H, CH, & OH), 3.62

(t, 2H, J = 6.4 Hz OCH,CH)>), 3.67 (t, 2H, J = 6.2 Hz OCH,CH,), 7.40(m, 5H, ArH), 7.68
(m, 5H, ArH) ppm.

Elemental Analysis Calculated Found
C21H300,S1 C 73.63 C 73.53
342.55 H 8.81 H 8.69

8-tert-butyldiphenylsilyl octane-1-0l (110):

HO™ ) oTBDPS Nature: Yellowish liquid
6

Yield: 81 % (0.312 g)

IR (Neat): 3355. 3073, 3053, 2935. 2868, 1593, 1475. 1429.1399. 1117, 835 cm™".
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IR (Neat): cm™' 3493, 2991, 2935, 1460, 1383, 1255, 1219, 1173, 1076, 1009, 892

'H NMR (300 MHz, CDCl3): & 1.34 (s, 6H), 1.46 (s, 3H), 1.54 (s, 3H), 2.28 (bs, 1H),
3.75 (1, 1H, J = 7.3 Hz), 3.82-3.90 (m. 2H), 4.27 (d, 1H, J= 7.9 Hz), 4.34 (dd, 1H, J = 2.3
Hz, J = 4.9 Hz), 4.62 (dd, 1H, J= 2.3 Hz, J= 7.9 Hz), 5.57 (d, 1H, J = 5.0 Hz) ppm.

Elemental Analysis Calculated Found
C12H200s6 C 55.38 C 55.46
260.28 H 7.74 H 7.68

Thymidine (100):

O

O
\@ Nature: White solid; mp: 187 °C

Yield: 87% (0.211 g)
IR (Neat): 3324, 3165, 3032, 2843, 1711, 1481, 1445, 1286, 1117, 1071, 1020, 968, 897

-1

cm’ .
Elemental Analysis Calculated Found
Ci10H1405N> C 49.59 C 49.67
242.23 H 5.83 H 5.98
N 11.57 N 11.36
Mono acetate of Thymidine (101):
o]
j\)ﬁ/Me
HO Oo” N
K © 7' Nature: White solid, mp: 174 °C
N OAc Yield: 87% (0.247 g)

IR (KBr): 3472, 3201, 3068, 2929, 1738, 1710, 1669, 1475, 1249, 1111, 1075, 1024,881,
788, 576 cm™.

'"H NMR (300 MHz, CDCBL): 8 = 1.92 (s, 3H, CCH3), 2.11 (s, 3H, COCHs), 2.40 (bs,
3H, CH; & OH), 3.92 (s, 2H, OCHa;), 4.10 (bs, 1H, H-3), 5.36 (bs, 1H, H-4). 6.27 (bs.
1H, H-1). 7.55 (s, 1H,= CH), 9.50 (s, 1H, NH ) ppm.
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Elemental Analysis Calculated Found

C12H1606N2 C 50.70 C 50.81

284.27 H 5.67 H 5. 61
N 9.85 N 9.01

Dodecanol (102):

g on Nature: Liquid
| Yield: 88% (0.164 g)
IR (Neat): 3396. 2925, 2848. 1460, 1050, 758, 728 cm™.
'H NMR (300 MHz, CDCls): & 0.88 (t, 3H. J = 6.9 Hz, -CH,CH3), 1.26 (bs, 18H, -CHa).
1.57 (m, 2H, -CH>CH,OH), 1.67 (s, 1H, -OH), 3.64 (t. 2H, J = 6.6 Hz, -CH,OH) ppm.

Elemental Analysis Calculated Found
C12H>60 G 77.35 C77.12
186.34 H 14.07 H 13.89

S-tert-butyldiphenylsilyl pentane 1-0l (109):

HO/\@/);\OTBDPS Nature: Colourless liquid

Yield: 78 % (0.267 g)

IR (Neat): 3396, 3068, 3053, 2930, 2863, 1598, 1470, 1424, 1393, 1112, 1045, 1004.
943, 825 cm’™' .

'"H NMR (300 MHz, CDCl3): & 1.05 (s, 9H, SiC(CH3)3). 1.56 (m, 7H, CH, & OH), 3.62
(t, 2H, J = 6.4 Hz OCH,CH,), 3.67 (t, 2H, J = 6.2 Hz OCH,CH>), 7.40(m, 5H, ArH), 7.68
(m, 5SH, ArH) ppm.

Elemental Analysis Calculated Found
C21H300,851 C 73.63 C 73.53
342.55 H 8.81 H 8.69

8-tert-butyldiphenylsilyl octane-1-0l (110):

HO” ~T ~oTBDPS Nature: Yellowish liquid
6
Yield: 81 % (0.312 g)

IR (Neat): 3355. 3073, 3053, 2935, 2868, 1593. 1475, 1429. 1399, 1117. 835 cm '
47
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'H NMR (300 MHz, CDCl3): 8 1.02 (s. 9H, SiC(CH3) 3), 1.28 (m. 8H. CH.). 1.54 (m.
S5H. CH> & OH). 3.60 (t. 2H. J = 6.6 Hz, OCH.CH»), 3.64 (t, 2H, J= 6.3 Hz. OCH-CH»),
7.37 (m, SH. ArH). 7.67 (m, 5H, ArH) ppm.

Elemental Analysis Calculated Found
Ca4H360,Si1 C 74.95 C 74.89
384.63 H 643 . H 9.48

2'-tert-butyldimethylsilyloxy benzyl alcohol (111):

oTBS
(j/v Nature: Yellowish liquid
OH

Yield: 77% (0.184 g)

IR (Neat): v 3370, 2976, 2940, 2873, 1609, 1588, 1491, 1460, 1393, 1368, 1265, 1194,
1117, 1040, 922, 840 cm™. '"H NMR (400 MHz, CDCl3): & = 0.24 (s, 6H, Si(CH3),), 1.00
(s, 9H, SiC(CHs3)3), 2.01 (s, 1H, OH, D,O exchangeable), 4.65 (s, 2H, CH,OH), 6.79 (d,
1H, J = 8.1 Hz, ArH), 6.93 (t, 1H, J = 7.3 Hz, ArH), 7.15 (t, 1H, J = 7.6 Hz, ArH), 7.27
(d, 1H, J = 7.6 Hz, ArH) ppm.

13C NMR (100 MHz, CDCl;): 6 -4.2, 18.2,25.7,61.9, 118.4, 121.3, 128.6, 128.8, 131.4,
153.5 ppm.

Elemental Analysis Calculated Found
C13H220,Si C 65.50 C 65.54
238.40 H9.30 H 9.36

3'-tert-butyldimethylsilyloxy benzyl alcohol (112):

/©\/OH Nature: Colourless liquid
TBSO

Yield: 86% (0.205 g)

IR (Neat): 3334, 2960, 2935, 2863, 1598, 1496, 1445, 1378, 1281, 1255, 1153, 1020,
953, 851, 784, 702 cm™".

'"H NMR (400 MHz, CDCl): 8 0.00 (s, 6H, Si(CH3)2), 0.79 (s, 9H, SiC(CHj3)3). 1.46 (s,
1H, OH, D,O exchangeable), 4.44 (s, 2H, CH,OH), 6.56 (dd, 1H, J = 2.4, J = 8.0 Hz,
ArH), 6.66 (s, 1H, ArH), 6.75 (d, 1H, J = 7.3 Hz, ArH), 7.03 (t, 1H, J = 7.8 Hz. ArH)
ppm.
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13C NMR (100MHz, CDCl3): § -4.5, 18.2.25.7.65.2,118.6. 119.2. 119.7. 129.5. 142.5

155.9 ppm.

Elemental Analysis Calculated Found

CiHas581 C 65.50 C 65355
238.40 H 9.30 H 9.38

4'-tert-butyldimethylsilyloxy benzyl alcohol (113):

TBSO
\©\/ Nature: Colourless liquid
OH

Yield: 87% (0.207 g)

IR (Neat): v 3365, 2970, 2945, 2863, 1618, 1521, 1485, 1260, 1019, 916, 840. 783 cm’".
"H NMR (300 MHz, CDCls): 8 0.19 (s. 6H, Si(CH;)2). 0.98 (s, 9H. SiC(CH3)3). 1.62 (s.
1H, OH, D>O exchangeable), 4.60 (s, 2H, CH,OH), 6.82 (d, 2H, J = 8.4 Hz, ArH), 7.23
(d, 2I, J = 8.4 Hz, ArH) ppm.

Elemental Analysis Calculated Found
C13H220,Si1 C 65.50 C 65.47
238.40 H 9.30 H 829

Compound (114 ) :

OoTBS
©/\[,CH3 Nature: Colourless liquid

OH Yield: 76% (0.192 g)

IR (Neat): 3396, 2960, 2940, 2858, 1603, 1491, 1460, 1255, 1127, 1071, 1015, 927.
835, 784 cm’\.

'H NMR (300 MHz, CDCl;): 8 0.28 (s. 6H, Si(CH3)2) ), 1.02 (s, 9H, SiC(CH3)3). 1.48
(d, 3H, J = 6.5 Hz, CHCH3), 2.35(bs, 1H, OH, D,O exchangeable), 5.21 (q. 1H. J = 6.5
Hz, CH(OH) ). 6.75 (d, 1H, ArH ), 6.96 (t, 1H,J=7.3 Hz, ArH), 7.06 (t. /= 7.06 Hz,
1H, ArH ), 7.55 (d, /= 7.06 Hz, 1H, ArH ) ppm.

Elemental Analysis Calculated Found

C14H>40,Si C 66.61 C 66.80

252.43 H 9.58 H 9.54
49
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SECTION B

PRESENT WORK ON ACETYLATION OF ALCOHOLS, PHENOLS, THIOLS,
THIOPHENOLS AND AMINES AND 1,1-DIACYLATION OF ALDEHYDES
CATALYZED BY ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE (ATPB)

RESULTS AND DISCUSSION
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We have disclosed the catalvtic activity of acetonyltriphenylphosphonium bromide for
selective deprotection of TBS ethers in the previous section of Chapter I. Next we paid
our attention to explore the same reagent for other important transformations. From the
literature survey on acvlation of hydroxyl, amines and thiols as stated in Part I, we
realized that still there is a scope to develop an improved and better protocol for acylation
using stoichiometric amount of acetic anhydride and catalytic conditions. In continuation
of our research for the development of new synthetic methodologies we perceived that
the reagent acetonyvltriphenylphosphonium bromide might be useful for acetylation. In
the present result and discussion part, our successful results for acylation of various
alcohols, phenols. thiols. and amines using ATPB as pre-catalyst are represented In
Scheme 22.

XH . XAc
A\ Ph;P"CH,COMe Br’
. .

R R” Acy,O /1t R' R”

X=0/NH/S

Rl= alkyl / aryl / sugar residue/ nucleoside residue;
R? = H, alkyl, aryl

Scheme 22

First, we attempted the acylation reaction of cetyl alcohol (115) with acetic anhydride in
the presence of 5 mol% acetonyltriphenylphosphonium bromide at room temperature.
The reaction was completed within 25 min and the pure acetate derivative of cetyl
alcohol (135) was obtained in 96% yield after chromatographic separation. The product
was characterized by recording IR, 'H NMR spectra (Fig 11 and 12) and elemental
analysis and is agreeable with the acetate. The appearance of the signal at 6 2.04 (s. 3H. -
COCH3), in '"H NMR spectra as well as IR absorption at 1739 (CO), clearly indicates the
protection of alcohol to their corresponding acetate. Next, we examined benzoyl. reri-
butyldimethyl silyl and rerz-butyldiphenylsilyl protected alcohols (116-118), and were
smoothly converted to the corresponding acetates 136-138 in good yields without
affecting the protecting groups by following identical reaction conditions. Likewise.
various benzylic alcohols (113, 119, 120). secondary alcohols (121-123 and 90). allvl
alcohol (124) and 1.4-butynediol (92) were also converted to the corresponding acetate
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derivatives 139-147, respectively in very good vields in a similar manner. It is interesting
to mention that neither alkyl bromide formation nor HBr addition took place at the double
bond or even in the triple bond during the experimental conditions. It was observed that
the TBS group was difficult to survive during acetylation reaction by using Ce(OTf)s
However, our protocol has some advantages because the TBS group was unaffected
during the reaction conditions. It is also worthwhile to point out that our protocol is more
efficient, for example, the acetylation of cholesterol (entry 90) was completed much
faster as compared to the recently reported procedure.®’ Notably, chiral alcohol such as
menthol (entry 123) was acetylated easily with complete retention of optical activity in
high yields. Remarkably, an isopropylidene protected alcohol 93 can also be acetylated
under identical conditions without cleavage of the isopropylidene group. A tertiary
alcohol (125) and a sterically hindered tertiary alcohol, adamentanol (126) were also
smoothly converted to the corresponding acetate derivatives 149 and 150 respectively
without any difficulty. We have noticed that the present method is more efficient in terms
of reaction timing as compared to the ruthenium(III) chloride method®’ particularly for
the preparation of 126. Then, we interested whether the same reagent can be employed
for acetylation of phenolic compounds or not. By using the same protocol, various
phenolic compounds 127-128 and 49 were transformed easily to the corresponding
acetate derivatives 151-153. Again, we observed that 4-nitrophenol (128) and 2-naphthol
(49) were converted to the corresponding acetate derivatives much quicker than the
recently reported proce:dure.57 Next, we turned our attention whether our methodology
could be extended further for acetylation of carbohydrates as well as for nucleosides or
not. We have found that various carbohydrate molecules such as 97, 98, 129 and
thymidine (100) were converted to the corresponding acetate derivatives 154-157 in good
yields under similar reaction conditions. Importantly, a thio group and a methoxy group
at the anomeric position were unaffected during experimental conditions. The reaction
times and yields of the products are summarized in the Table 3.

Table 3. Acetylation of alcohols, phenols, amines and thiols using acetonyltriphenyl-
phosphonium bromide as pre-catalyst at room temperature

S. No. Substrate Time Product® Product o
min/[h] No s
Yield
115 ol < P 25 6 OAC 135 %6 |
Z L e |
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116 |  BzO 7 0oH 30 BzO g 0Ac 136 02
117 TBSO (+7 OH 30 TBSO - OAc 137 89
118 | HO (14 OTBDPS 30 AcO” T OTBDPS 138 91
119 h4eOOCHZOH 4 MeOQ—CHZOAc 139 e
120 40 140 90

C1OCH30H CIOCHZOAC
113 35 141 85
TBSO CH,OH TBSO CH,OAc
121 ©/OLEI/ 30 ©)Oéc/ 142 95
122 OH 50 OAc 143 93
123 = 35 : 144 94
:; OH :_ OAc
ST )
920 \\ 3.5 '\\ 145 04
HO : f AcO
124 ~"0u 40 WO Ac 146 92
92 ST\ 30 Vo 147 90
HO OH AcO OAc
93 % 30 V/‘ 148 75
O O
125 OH [2.0] OAc 149 63
/\\//\/Jv/ T
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126 OH [1.5] OAcC 150 87
J e
127 55 151 94
MeO OH MeO OAc
128 [2] 152 80
O>N OH O-N OAc
97 OH 55 OAc 154 72
BnO Q Bty O
BnO SEt BnO SEt
BnO BnO
98 OBn 55 OBn 155 74
HO O AcO- O
BnO = BnO B
o O . OMe
129 OBn [1.2] OBn 156 78
o2 Ay
BnO BnO
BnO OBn BnO OBn
100 O [3.5] 0O 157 77
N | Me Hji | Me
HO O~ N AcO O~ N
:o: O
OH OAc
130 OH 35 OAc 158 65
EOH EOH
Cl Cl
131 35 159 86°
CH,NH, CH,NHAc
132 45 160 85
NH, NHAc
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| 133 | N | [1] 161 90
' } \ / SH ' SAc

134 ~—~{~_SH a5 ~~{J~SAc 162 82
14 Iz}

n=7 n=7
“All the acetylated compounds were characterized by recording IR, 'H NMR and

elemental analyses. "Isolated yield. Acetic anhydride was used 3-5 equivalent instead of
1.5-2.0 equivalent.

All these acetylated -products were characterized by recording IR, 'H NMR and
elemental analyses. IR and 'H NMR of spectra of compound 141, 146 and 154 are
shown 1n Fig.13-18 Interestingly, it is also possible that a primary OH group can be
acetylated chemoselectively (130) under similar reaction conditions. By using our
protocol, both aliphatic and aromatic amines (131-132) as well as thiols (133 and 134)

were transformed to the corresponding acetate derivatives 159-162 in good yields by

employing the same pre-catalyst.

Subsequently, we paid our attention to study whether the same pre-catalyst is useful for
1.1-diacetylation of aldehydes. The formation of geminal diesters from the corresponding
aldehydic compound is an important organic transformation because they serve as building
blocks for asymmetric allylic al):—:ylation90 and Diels-Alder reaction.’’ Moreover, acylals
are more oftently used as protecting groups for aldehydes because they are stable under
neutral and basic conditions. The formation of 1,1-diacetate is usually achieved by the
reaction of aldehydic compound with acetic anhydride in the presence of an acid or Lewis
acid, which act as a catalyst. In the literature, there are several methods reported by
employing various reagents for similar transformation such as LiOTf,”! ceric ammonium
nitrate,”? nCl,? H,NSOH LiBF.Y H,80,% PCLY NBS.” L,” TMSCI-NaL'®
FeCl:”! and Bi(NO3)3.5H,0.'°! Some metal triflates e.g. Cu(OT),'%? and Sc(OTf);'" have
also been utilized as catalysts for the preparation of 1,1-diacetate derivatives from the
corresponding aldehydes. A brief survey on gem-diacylation has been illustrated in part I
of Chapter IIl. Some of these methods have certain drawbacks such as requirement of
longer reaction time, involvement of expensive reagents and sometimes it fails to obtain
acylals from an aliphatic aldehyde or from an aromatic aldehyde having electron donating

groups in the aromatic ring '°! Therefore, there is a scope to find out an alternative method.
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Byv using the same pre-catalyst. various aldehydes can be converted smoothly to the

corresponding 1.1-diacetates as shown in Scheme 23.

Ph.P"CH,COMe Br’
RCHO : = > RCH(OCOCH;),
Ac,O / reflux

R = alkyl / aryl
Scheme 23

When an aliphatic aldehyde was treated with acetic anhydride in the presence of 10 mol%o
ATPB at room temperature. the reaction was very sluggish and yield was also low.
However, on refluxing the same reaction mixture provided the corresponding gemi-
diacetate derivative in good yield. Then, we have realized for the formation of 1.1-
diacetates require more activation energy by our protocol. Various aliphatic and aromatic
aldehydes were smoothly converted to the corresponding gem-diacetates in good yields
using the same pre-catalyst under reflux conditions. The reaction times and yields of the
1,1-diacetates are mentioned in Table 4. The products were characterized by checking
melting point and recording IR, '"H NMR spectra and elemental analyses as well as by
comparison the compounds data with the reported data. It is important to mention that
neither o-bromination nor cyclotrimerization was noticed during the experimental
conditions. The present method is relatively harsher for the formation of gem-diacetates
than the earlier reported methods. Nevertheless, both aliphatic and aromatic aldehydes
can be converted to the corresponding diacetates in good yields. Like earlier reported
method, the present protocol did not provide any 1.,1-diacetates from the ketones under
identical reaction conditions. For example, when acetophenone was treated with acetic

anhydride in the presence of the same pre-catalyst under reflux conditions, it did not give

the corresponding 1,1-diacetate derivatives.

Table 4. Formation of gem-diacetates from the corresponding aldehydes using 10 mol%
ATPB as pre-catalyst under solvent free conditions

Substrate Substrate Time Product® Product Yield®
No. /h No [/9%]
\/\/\/J\OAC !
[
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[ 164 s 3 OAc 175 85
Wt
165 =, 6 OAc 176 78
Br—{_  ,—CHO @—<
\_/ OAc
OA
166 c1—©-c140 7 /: c 177 78
OAc
OA S
167 OQN@CHO 11 C e 178 75
OAc
6 OAc 82
1es MGOOCHO Me04< >—< 172
OAc
169 10 OAc 180 72
BzO CHO ©_<
170 @CHO 15 181 69
171 ©,CHO 14 OAc 182 71
NO, ;
172 CHO 5 183 79
H,CO” ; /@
OCH- H,CO
OCH;
173 ©/\/CHO 5 @/\/CH(OAC)Q 184 90

“All the products were characterized by recording melting point, IR, '"H NMR and

elemental analysis. ®Isolated yield

The formation of the product can be rationalized as follows. We believe that HBr is

generated in the reaction medium from the reaction of acetonyltriphenylphosphonium

bromide with alcohol, which catalyzes the acetylation of the alcohols

to the

corresponding acetates. However, the same reaction was failure while it was carried out

with benzyltriphenylphosphonium bromide instead of acetonyltriphenylphosphonium

bromide. This indicates that ATPB generates HBr much more easily as compared to the

other alkylphosphonium bromide.
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In conclusion, we have devised a new. efficient and chemoselective protocol for the
acetvlation of alcohols. phenols. amines and thiols using a catalytic amount of
acetonvltriphenylphosphonium bromide as pre-catalyst at room temperature under very
mild conditions. In addition, both aliphatic and aromatic aldehydes can be converted to
the gem-diacetates by employing the same catalyst under reflux conditions. The
significant features of the present method include the ease of operations. high efficiency,
mild conditions and chemoselectivity, which may be useful extensively in organic
synthesis. Moreover. a wide variety of other protecting groups are survived such as

benzyl. benzoyl. TBS, TBDPS, isopropylidene, methoxy- and thio group at the anomeric

position under the experimental conditions.
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SECTION B

ACETYLATION OF ALCOHOLS, PHENOLS, THIOLS AND GEM-DIACYLATION OF
ALDEHYDES CATALYZED BY ACETONYLTRIPHENYLPHOSPHONIUM BROMIDE
(ATPB)

EXPERIMENTAL
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General procedure for acetylation of alcohols, phenols, amines and thiols:

To a mixture of the alcohol or phenol or amine or thiol (1 mmol) and acetic anhydride
(1.5-2.0 mmol) was added acetonyltriphenylphosphonium bromide (0.05 mmol) and kept
for stirring at room temperature. After complete disappearance of the starting material as
monitored by TLC. it was quenched with a saturated bicarbonate solution (2 mL). Finally.,
the reaction mixture was extracted with ethyl acetate (20 mL x 3). The combined organic
extract was washed with water and dried over anhydrous sodium sulfate. After removal of

the organic solvent in a rotary evaporator, the crude residue was subjected to silica gel

column to 1solate the desired pure acetate.

Cetyl acetate (135):

/M/\/OAC
n

n=12

Nature: Colourless liquid

Yield: 96% (0.273 g)

IR (Neat): 2919, 2858, 1747 (CO), 1465, 1368, 1235, 1045 cm™.

'"H NMR (400 MHz, CDCl;): 8 0.88 (t, 3H, J = 7.2 Hz, -CH3), 1.22-1.36 (m, 26H, -
CH>), 1.48-1.62 (m, 2H, -CH»), 2.04 (s, 3H, -COCH;), 4.04 (t, 2H, J = 7.2 Hz, -OCH»)
ppim.

Analysis Calculated Found
C13H360> C 76.00 C 75.82
284.48 H12.75 H 12.69

8-0O-benzoyloxy octyl acetate (136):

BzO~ {7 TOAc

n==6

Nature: Colourless liquid

Yield: 92% (0.269 g)

IR (Neat): 3063, 2930, 2858, 1731 (CO), 1593, 1455, 1378, 1271, 1240, 1112 cm™".

'"H NMR (400 MHz, CDCl;3): 8 1.30-1.50 (m, 8H, -CH>), 1.60-1.70 (m, 2H, -CH>). 1.72-
1.80 (q, 2H, -CHa3), 2.04 (s, 3H, -COCH3), 4.05 (t, 2H, J= 7.2 Hz, -OCH,), 4.32 (t, 2H, J

= 6.8 Hz, -OCH>), 7.44 (1, 2H, J = 8.0 Hz, ArH), 7.55 (t. 1H, J = 8.0 Hz., ArH). 8.04 (d.
2H,J=7.6 Hz, ArH) ppm.
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Analyvsis Calculated Found
C17H2404 C 69.84 C 69.70
29237 H 8.27 H 8.21

8-O-tert-butyldimethylsilvloxy octyl acetate (137):

TBSO/\(\/)/H\OAC Nature: Colourless liquid
n=6 | Yield: 89% (0.269 g)
IR (Neat): 3056, 2920, 2848, 1740 (CO). 1475, 1433, 1373, 1245, 1112, 1035 cm™.
"H NMR (400 MHz, CDCl3): & -0.01(s. 3 H, -Si(CH3)»), 0.00 (s, 3H. -Si(CH3),). 0.85 (s,
9 H.-SiC(CHj3)3). 1.26-1.40 (m, 8 H. -CH>), 1.44-1.55 (m, 2 H. -CH»), 1.57-1.61(m, 2H, -

CH>). 2.00 (s. 3 H. -COCH3), 3.54 (t, ] = 6.8 Hz, 2 H, -OCH>), 4.00 (t,J = 6.8 Hz, 2 H. -
OCH>») ppm.

3C NMR (100 MHz, CDCl): § -5.3, 0.0, 18.3, 21.0, 25.7, 25.8, 26.0 (3C), 29.2, 29.3.
32.3, 32.8, 63.2. 64.6, 171.2 ppm.

Analysis Calculated Found
Ci16H3405S1 C 63.52 C 63.34
302.53 H11.33 H11.24

8-O-tert-butyldiphenylsilyloxy octyl acetate (138):

AcO” (] ~OTBDPS

= Nature: Colourless liquid

Yield: 91% (0.388 g)

IR (Neat): 3058, 2925, 2848, 1742 (CO), 1475, 1434, 1373, 1245, 1112, 1035 cm™".

"H NMR (400 MHz, CDCl3): 8 1.04 (s, 9H. -SiC(CH3)3), 1.20-1.40 (m, 8H, CH>), 2.01(s,
3 H, COCHa3), 3.65 (t, J = 6.4 Hz, 2H, OCH»), 4.05 (t, J = 6.8 Hz, 2H, OCH;), 7.36 —7.42
(m, 6 H, ArH), 7.66-7.68 (dd, J= 1.6 Hz, ] = 7.6 Hz, 4 H, ArH) ppm.

Analysis Calculated Found

Ca6H3503S81 C 73.19 C 73.01

426.67 H 8.98 H 8.91
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4-Methoxy benzyl acetate (139):

MEOOCHQOAC Nature: Colorless liquid

Yield: 96% (0.173 g)

IR (Neat): 2949 1736. 1492, 1379. 1226, 1096, 1019 cm™.

'"H NMR (400 MHz, CDCl3): 3 8 2.15 (s. 3H. COCH3), 3.15 (s, 3H, OCHj3), 5.02 (s, 2H,
OCH,). 7.41 (d. 2H. J =7.2Hz. ArH). 8.12 (d, 2H. J = 8.4Hz, ArH) ppm.

Elemental Analysis Calculated Found
Ci10H 203 C 66.65 C 66.38
180.20 H 6.71 H 6.69

4-Chloro benzyl acetate (140):

CIOCHZQAC Nature: Colorless liquid

Yield: 90% (0.166 g)
IR (Neat): 2950, 1736, 1495, 1383, 1229, 1096, 1019, 973, 819. 609, 543 cm™".

'"H NMR (400 MHz, CDCl3): §2.10 (s, 3H, -COCH3;), 5.06 (s, 2H, OCH,), 7.28 (d, J =
8.4 Hz, ArH), 7.32 (d, J = 8.8 Hz, ArH) ppm.

Elemental Analysis Calculated Found
CoHoeO,Cl C 58.55 C 57.98
184.62 H 4091 H 4.89

4-O-tert-butyldimethylsilyloxy benzyl acetate (141):

TBSO@CH‘?OAC Nature: Colourless liquid

Yield: 85% (0.238 g)

IR (Neat): 2954, 2930, 2888, 2859, 1747 (CO), 1610, 1521, 1237, 1229, 9}3 em™.

'"H NMR (400 MHz, CDCl3): & 0.19 (s, 6H, Si(CHj3),), 0.98 (s, 9H, -SiC(CHj3)3). 2.08 (s,
3H, -COCH3), 5.02 (s, 2H. -OCH,), 6.81 (d, 2H, J = 8.0 Hz, ArH), 7.22 (d, 2H. J = 8.0
Hz, ArH) ppm.
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Elemental Analvsis Calculated Found
C15H24510; C 6424 C 64.59
280.44 H 8.63 H 8.55

Acetate of 1-phenyl propan-1-ol (142):

OAc
©)\/ Nature: Colourless liquid

Yield: 95% (0.170 g)

IR (Neat): 3063.3022.2976.2925, 2879, 1742 (CO), 1491, 1460, 1378, 1055 cm™".

'"H NMR (400 MHz, CDCl3): 8 0.87 (t. 3H, J = 7.2 Hz, CH3), 1.81-195 (m, 2H, CH>),
2.07 (s, 3H, COCH3), 5.66 (t, 1H, J= 7.2 Hz, CHOACc), 7.20-7.37 (m, 5H, ArH) ppm.

Analysis Calculated Found
CinH140; C 74.13 C 74.01
178.23 H 7.92 H 7.85

Acetate of benzhydrol (143):

OAc

Nature: Colourless gummy liquid

Yield: 93% (0.210 g)

IR (Neat): 3073, 3037, 2935, 1747 (CO), 1598, 1496, 1445, 1373, 1235, 1020 cm ™",

'"H NMR (400 MHz, CDCl3): & 2.15 (s, 3H, -COCH3), 6.88 (s, 1H, -CHOAc), 7.32-7.34
(m, 10H, ArH) ppm.

Elemental Analysis Calculated Found
Ci1sH1402 C 79.62 C 79.41
226.27 H 6.24 H 6.18

Acetate of menthol (144):

: "OAC Nature: Low melting solid

e Yield: 94% (0.186 g)

IR (Neat): 1737 (CO)em’™
61
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'H NMR (400 MHz, CDCl3): 0.76 (d. J = 6.8 Hz, 3H. CHs). 0.89 (d. J = 6.8 Hz, 3H.
CHs). 0.90 (d. ./ = 6.8 Hz. 3H. CH;). 0.95-1.07 (m. 1H. CH,), 1.30-1.39 (m. 1H. CH>).
1.41-1.50 (m. 2H. CHa). 1.65-1.70 (m. 2H. CH,), 1.82-1.89 (m, 2H. CH,), 1.97-2.01 (m.
1H, CHa). 2.04 (s. 3H. COCHs). 4.67 (dt. J= 7.6 Hz. J = 4.4 Hz, 1H, OCH) ppm.

Elemental Analyvsis Calculated Found
C12H 2205 C 72.68 C 72.71

198.30 H 11.18 H11.15

Acetate of Cholesterol (145):

Nature: White Solid, mp:113 °C

AcO Yield: 94% (0.403 g)

IR (Neat): 2923, 2850, 1736, 1465, 1391, 1230, 1021 cm™.

'H NMR (400 MHz, CDCl3): § 0.68 (s, 6H, CH3), 0.86 (d, 6H, J = 6.4 Hz, CHCH3),
0.91(d, 3H, J = 7.2 Hz. CH3). 0.94-1.00 (m, 16H, CH,), 1.02 (s, 3H, CHs), 1.04-1.69 (m,
2H, CH,) 1.41-1.60 (m, 2H, CH2), 1.79-2.00 (m, 1H, CH,), 2.03 (s, 3H, COCHj3), 2.31 (d,
J=6.4 Hz, 4H, CH,), 4.60 (m, 1H, CHOAc). 5.37 (d, J= 4.8 Hz, 1H, =CH) ppm.

Elemental Analysis Calculated Found
Ca9Ha30, C 81.25 C81.18
428.70 H11.28 H 11.23

Cinnamyl acetate (146):

AN
©/\/\OAC Nature: Colourless liquid

Yield: 92% (0.162 g)

IR (Neat): 2936, 2842, 1739, 1614, 1232, 1146, 782 cm™".

'H NMR (400 MHz, CDCl3): § 2.10 (s, 3H, -COCH3), 4.72 (dd, J = 1.2 Hz, J = 6.4 Hz,
2H, -OCH,), 6.28 (m. 1H. =CH), 6.65 (d. J = 16.0 Hz, 1H, =CH), 7.26 (d.J = 6.8 Hz, 1H.
ArH), 7.33 (t. J = 7.2 Hz, 2H, ArH). 7.39 (d, J = 7.2 Hz, 2H, ArH) ppm.

TH-1872_03612205
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Analysis Calculated Found
CiiH 1,05 C 75.03 C75.12
176.10 H 6.87 H 6.85

Di-acetate of butyne-1, 4-diol (147):

—_— _ _
AcO OAc Nature: Colourless low melting solid
Yield: 90% (0.153 g)

IR (Neat): 2949 1752 (CO). 1435, 1383, 1222. 1156, 1038 cm™".

'H NMR (400 MHz, CDCl3): & 2.10 (s. 6H, 2 x -COCH3), 4.71 (s, 4H, 2 x -OCH,) ppm.

Elemental Analysis Calculated Found
CsH004 C 56.47 C 56.19
170.16 H 5.92 H 5.85

Acetate of 2,3-O-isopropylidene-D-(£)-glycerol (148):

?\Lj\/om: Nature: Colourless liquid
Yield: 75% (0.131 g)

IR (Neat): 1737 (CO) cm™.
'H NMR (400 MHz, CDCl3): & 1.38 (s 3H, CHj), 1.44(s, 3H, CHj), 2.10 (s, 3H, -
COCHj3, 3.74 (dd, J = 6.0 Hz, J = 8.4 Hz, 1H, CH,), 4.05-4.10 (m, 2H, -CH,), 4.18 (dd, J
=4.8 Hz, J=11.6 Hz, 1H, CH,), 4.30-4.35 (m, 1H, CH) ppm.

Elemental Analysis Calculated Found
CsH 1404 C 55.16 £55.23
174.19 H 8.10 H 8.14

Acetate of 3-methyl-3-octanol (149):

Pac Nature: Colourless liquid
/\/\)V Yield: 63% (0.117 g)
IR (Neat): 2935, 2873. 1737 (CO). 1465, 1373, 1250, 1143, 1025 cm”.
'"H NMR (400 MHz, CDCl;): & 0.85 (1, 3H, J = 8.0 Hz, CH3), 0.89 (t, 3H.J= 7.2 Hz,

CHj), 1.24-1.34 (m, 6H, CH,). 1.37 (s. 3H, CH3), 1.62-1.90 (m, 4H. CH>). 1.97 (s. 3H.
COCH;) ppm.
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3C NMR (100 MHz, CDCl;3): 8 8.13. 14.17. 22.48. 22.72, 23.37 (2C), 30.91, 32.25.
37.81.85.13. 170.18 ppm.

Elemental Analysis Calculated Found
CiH220, C 70.92 C 70.76
186.29 H 11.90 H11.85

Acetate of adamentanol (150):

Nature: Low melting solid

Yield: 87% (0.169 g)

IR (Neat): 2940, 2852, 1746 (CO). 1365, 1243, 1095, 1042 cm™".
'"H NMR (400 MHz, CDCL3): 5 1.60-1.70 (bs, 6H, -CH,), 1.96 (s, 3H, -COCH3), 2.10
(bs, 6H, -CH,), 2.15 (bs, 3H, -CH) ppm.

Elemental Analysis Calculated Found
Ci2H150; C 74.19 C 74.01
194.27 H 9.34 H 9.28

Acetate of 4-methoxyphenol (151):
Nature: Viscous liquid

Yield: 94% (0.156 g)

IR (Neat): 2933, 2852, 1746 (CO), 1363, 1243, 1093, 1044 cm™.
'"H NMR (400 MHz, CDCls): § 2.28 (s, 3H, -COCH3), 3.79 (s, 3H, -OCH3), 6.88 (d, J =
9.2 Hz, 2H, ArH), 7.99 (d, J = 9.6 Hz, 2H, ArH) ppm.

Elemental Analysis Calculated Found
CoH 1003 C 65.06 C 65.02
166.15 H 6.06. H 6.40

Acetate of 4-nitrophenol (152):

ow—@— OAc

Nature: Low melting solid

Yield: 80% (0.145 g)

1
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'"H NMR (400 MHz, CDCl3): 6 2.35 (s. 3H. -COCH3). 7.28 (d, J = 9.6 Hz, 2H. ArH).
8.27 (d.J = 8.8 Hz. 2H. ArH) ppm.

Elemental Analysis Calculated Found
CgH704N C 53.05 C 53.06
181.10 H 3.89 H 3.74

Acetate of B-naphthol (153):

OAc
Nature: Solid, mp: 68 °C.

Yield: 72% (0.134 g)

IR (KBr): 1757 (CO) cm™.
"H NMR (400 MHz, CDCl3): & 2.36 (s. 3H, COCH3), 7.23 (dd, J=2.4 Hz, J= 8.4 Hz,

1H, ArH), 7.47(dt, J = 8.0 Hz. J = 2.0 Hz, 2H, ArH), 7.55 (d, 1H, J= 2.0 Hz,1-ArH) ,
7.80 (dd, J=2.0 Hz, /= 7.2 Hz, 1H, ArH), 7.84 (d, J= 8.8 Hz, 2H, ArH) ppm.

Elemental Analysis Calculated Found
C12H 100, C 77.40 C 77.46
186.21 H 541 H 5.39

Acetate of methyl 2, 3, 6-tri-O-benzyl-1-4-D-glucopyranoside (154):

OBn
AcO @]
BnO Nature: Colorless liquid

BnO
OMe Yield: 74% (0.385 g)

IR (Neat): 3032, 2899, 1742 (CO), 1455, 1363, 1240, 1091, 1055 cm™".

"H NMR (400 MHz, CDCls): § 1.94 (s, 3H, -COCH;), 2.07 (m, 1H, H-4), 3.39 (s. 3H, -
OCHj3), 3.59-3.63 (m, 3H), 3.82-3.88 (m, 1H, H-5), 3.90 (t, 1H, J = 9.2Hz, H-3), 4.01 (dd,
IH, J = 2.4 Hz, J = 11.4 Hz, H-6), 4.32 (dd, 1H, J=2.8 Hz, H-6"), 4.47 (d, IH, J=12.0
Hz, -OCHPh), 4.58 (d, 1H, J = 10.8 Hz, -OCHPh), 4.60 (d, 1H, J = 12.0 Hz, -OCHPh),
4.66 (d, 1H, J = 12.0 Hz, -OCHPh), 4.69 (d, 1H, J = 3.6 Hz, H-1), 4.78 (d, 1H, /= 12.0
Hz, -OCHPh), 4.96 (d. 1H, J = 10.8 Hz, -OCHPh), 7.22-7.40 (m, 15H, ArH) ppm.

Elemental Analysis Calculated Found

C31H3607 C 71.52 C71.25

520.62 H 6.97 H 6.90
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Acetate of 2,3,4-tri-O-benzyl-ethvl--D-thioglucopyranoside (155):

OAc
Bnom Nature: viscous liquid
BnO SEt
BnO Yield: 72% (0. 386 g)

IR (Neat): cm™' 3063, 3027. 2925, 2868, 1737 (CO). 1455, 1363, 1235, 1071

'H NMR (400 MHz, CDCl3): & 1.32 (t, 3H. J = 7.6 Hz, -SCH,>CHj), 2.03 (s, 3H, -
COCHj3). 2.64-2.80 (m. 2H, -SCH-CHs), 3.44 (t, 1H, J= 9.2 Hz), 3.50-3.52 (m, 1H, H-5),
3.54 (t, 1H, J = 9.6 Hz), 3.71 (. 1H. J = 8.8 Hz). 4.19 (dd, 1H, J = 4.4 Hz, J = 11.6 Hz,
H- 6), 4.33 (dd, 1H, J= 1.6 Hz, J = 12.0 Hz. H- 6), 4.47 (d, 1H, J = 9.6 Hz, H-1), 4.57 (d.
1H, J=11.2 Hz. -OCHPh), 4.74 (d. 1H, J = 10.4 Hz, -OCHPh), 4.85 (d, 1H, J= 10.8 Hz,
-OCHPh), 4.86 (d, 1H, J = 10.8 Hz, -OCHPh) 4.92 (d, 1H, J = 10.4 Hz, -OCHPh), 4.95
(d, 1H, J=10.8 Hz, -OCHPh), 7.26-7.36 (m, 15H, ArH) ppm.

Elemental Analysis Calculated Found
C31H3606S C 69.38 C 69.23
536.68 H 6.76 H 6.70

S 597 S 5.70

Acetate of 2,3,6-tri-O-benzyl-benzyl-a-D-glucopyranoside (156):

OBn

A"Oﬁ\
Bno BnO Nature: viscous liquid

OBn

Yield: 78% (0.454 g)
IR (Neat): 3065, 3030, 2918, 2867, 1748 (CO), 1503, 1457, 1376, 1234, 1101, 1045 cm™.
'"H NMR (400 MHz, CDCl3): & 11.83 (s, 3H, -COCH3), 3.40-3.44 (m, 2H), 3.59 (dd,
1H), 3.83-3.87 (m, 1H), 3.97 (t, 1H), 4.46-4.56 (m, 4H), 4.62-4.71 (m, 3H), 4.82 (d, 1H, J
= 3.6 Hz, H-1), 4.90 (d, 1H, J = 12.0 Hz), 5.04 (t, 1H, J = 8.0 Hz), 7.25-7.40 (m, 20H,
ArH) ppm.

Elemental Analysis Calculated Found

C36H3507 C71.52 C71.25

582.69 H 6.57 H 6.60
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Diacetate of thymidine (157):

O

Me
HN

Py |

O
\@ Nature: Solid. mp: 127 °C.

OAc Yield: 77% (0.251 g)

AcO

IR (Neat): cm™

"H NMR (400 MHz, CDCl3): & 1.95(s. 3H. CH3), 2.12 (s, 3H, CH;3), 2.14 (s, 3H, CHs).
2.48 (dd, 2H, J = 5.2 Hz. 13.7Hz). 4.20 (dd, 1H, J = 2Hz, J = 4.8 Hz), 4.26 (dd, 1H, J =
3.2 Hz,J= 6.4 Hz), 4.36 (dd, 1H, J = 4 Hz, J = 7.2 Hz), 5.21-5.25 (m, 1H), 6.34 (dd, 1H,
J=5.6Hz, J=8.4Hz), 7.29 (s, 1H). 9.70 (bs, 1H) ppm

Elemental Analysis Calculated Found

Ci14H1309N> C51.53 C 50.66

326.30 H 5.56 H 5.45
N 8.59 N 8.66

Mono acetate of 3-chloro glycerol (158):

OH o
AcO\/K/Cl Nature: Colourless liquid

Yield: 65% (0.100 g)

IR (Neat): 3437 (OH), 2960,1737 (CO),1424, 1240, 1045, 933 cm’".

'"H NMR (400 MHz, CDCl3): 1.71(bs, 1H, OH, D,O exchangeable), 2.12 (s, 3H, -
COCH3y), 3.60-3.64(m, 2H, -OCHy), 4.07-4.09(m, 1H, -OCH), 4.21(d, J = 5.2 Hz, CHxCl)
ppm.

Elemental Analysis Calculated Found

CsHoCl05 C 39.35 C 39.10

152.62 H 5.94 H 5.86
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Acetamide of benzvlamine (159)

\ , CH>NHAc Nature: Solid; mp: 61-62 °C

| Yield: 86% (0.165g)
IR (Neat): 3298, 3068, 3027. 2925, 2884, 1650 (CO), 1557, 1455, 1383, 1281, 1081,
1009 em’™,

'"H NMR (400 MHz, CDCls): 8 2.01 (s. 3H. -COCH;), 4.41 (d, 2H, J = 5.2 Hz, -NCH,Ar),

5.92 (bs. 1H, -NH), 7.22-7.40 (m, 5H, ArH) ppm .

Elemental Analysis Calculated Found
CoH 1 NO C 72.46 C 7219
192.26 H 7.43 H 7.36

Acetamide of aniline (160):

‘@NHAC | Nature: Solid; mp: 113-114 °C

Yield: 85 % (0.115g)

IR (Neat): 3300, 1660, 1600 cm™.
'"H NMR (400 MHz, CDCl3): 2.12(s, 3H, COCH,), 7.01(t, 1H, J = 8.0 Hz), 7.35 (t, 2H, J
= 8.0 Hz, ArH), 7.63 (d, 2H, J = 8.0 Hz, ArH) ppm.

Elemental Analysis Calculated Found

CsHoON C 71.07 C 70.70

135.08 H6.71 H 6.22
N 10.36 N 9.86

Acetate of thiophenol (161):

‘@SAC Nature: viscous liquid

Yield: 90 % (0.137 g)

IR (Neat): 1710 (CO) cm™.
'"H NMR (400 MHz, CDCl;): 2.33 (s, 3H, -COCHj3), 7.38-7.40 (m, 5H, ArH) ppm.

Elemental Analysis Calculated Found
CsHgSO C 63.13 C 63.12
152.07 H 5.26 H 521
S 21.04 S 20.20
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Acetate of dodecanethiol (162):

Nature: Colourless liquid

Yield: 82 % (0.200 g)

IR (Neat): 2940, 2853, 1692 (CO). 1460, 1342, 1132, 948 cm™|

"H NMR (400 MHz, CDCl;): & 0.88 (t, 3H, J= 7.2 Hz, -CHj3), 1.20-1.40 (m, 18H, -CH,),
1.45-1.60 (m. 2H, -CH.,), 2.32 (s, 3H, -COCH3;), 2.86 (t, 2H, J= 7.6 Hz, -SCH>) ppm.

Elemental Analysis Calculated Found

C14H23S0O C 68.79 C 68.49

244 .44 H 526 H 11.49
S 13.12 S 12.97

General procedure for 1,1-diacetylation of aldehydes: A mixture of aldehyde (1 mmol)
and acetic anhydride (4 mmol) was placed in a 10 mL round-bottomed flask fitted with a
reflux condenser. The acetonyltriphenylphosphonium bromide precatalyst (0.1 mmol) was
then added and the mixture was stirred under reflux conditions. After completion of the
reaction as monitored by TLC, it was quenched with a saturated solution of sodium
hydrogencarbonate (2 mL) and the mixture was extracted with ethyl acetate (20 mLx2).
The combined organic layer was dried over anhydrous sodium sulfate and was
concentrated in vacuo. Finally, the crude residue was passed through a silica gel column to

provide the desired 1.1-diacetate derivatives.

1,1-diacetate of heptanal (174):

AcO

/\/\/\/L OAc Nature: gummy liquid

Yield: 88% (0.190 g)

IR (Neat): 2930, 2863, 1762 (CO), 1465, 1378, 1250, 1214, 1112, 1015, 968 em™.

'"H NMR (400 MHz, CDCl3): § 0.98 (t, 3H, J = 6.8 Hz, CH3), 1.22-1.40 (m, 8H, -CH>),
1.66-1.80 (m, 2H, -CHa), 2.07 (s, 6H, 2 x COCHj3), 6.77 (t, 1H, CH(OAc), ppm

Elemental Analysis Calculated Found

C11H2004 C 61.09 C 60.89

216.28 H 9.32% H9.27
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1,1-diacetate of benzaldehvde (175):

—\ OAC . -0
<\://\_\/ Nature: Solid, mp: 45 °C

OAc | Yield: 85% (0.167 g)
IR (Neat): 3068, 2991, 2940. 1752 (CO). 1383, 1250, 1204, 1055, 1009, 974 cm".
"H NMR (400 MHz, CDCl3): & 2.12 (s, 6H, -COCH3), 7.40-7.43 (m, 3H, ArH), 7.51-
7.56 (m. 2H. ArH). 7.71 (s. 1H. CH(OAc),) ppm.

Elemental Analysis Calculated Found
CioH 1204 C61.11 C 60.76
196.10 H 6.16 H 5.76

1,1-diacetate of 4- bromobenzaldehyde (176):

OAc
Br < > < Nature: White solid; mp: 84 °C

OAc Yield: 78% (0.224 g)
IR (Neat): 3063, 2986, 2930, 1762 (CO), 1593, 1486, 1378, 1245, 1214, 1076, 968 cm"".
"H NMR (400 MHz, CDCls): 8 2.10 (s, 6H, 2 x -COCH3), 7.39 (d, 2H, J = 8.4 Hz, ArH),
7.53 (d, 2H, J = 8.8 Hz, ArH), 7.61 (s, 1H, CH(OAc),) ppm.

Elemental Analysis Calculated Found
C11H11BrOy C 46.02 C46.21
287.10 H 3.86 H 3.80

1,1-diacetate of 4- chlorobenzaldehyde (177):

CI—@—(OAC Nature: White solid; mp: 80 °C.
OAc

Yield: 78% (0.189 g)
IR (Neat): 1748, 1611, 1492, 1421, 1379, 1261, 1199, 1072, 939, 826 cm’™,
'"H NMR (400 MHz, CDCly): § 2.12 (s, 6H, -COCH3), 7.37 (d, J = 8.8 Hz, 2H, ArH),
7.45 (d, J= 8.8 Hz, 2H, ArH), 7.63(s, 1H, CH(OAc),) ppm.

Elemental Analysis Calculated Found

C1H ;1 04C1 C 54.41 C54.12

242.59 H 4.57 H 4.50
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1,1-diacetate of 4- nitrobenzaldehyvde (178):

OgN‘C'\/_"\/OAC Nature: Yellow crystalline; mp:125 g
/4 )
OAc Yield: 75% (0.190 g)

IR (Neat): 3124, 3072. 3010. 1760 (CO), 1611, 1535, 1379, 1351, 1237, 1067, 972 cm™".
"H NMR (400 MHz, CDCl3): 3 2.16 (s. 6H, -COCH3), 7.69(s, 1H, CH(OAc),), 7.72 (d, J
= 6.4 Hz, 2H, ArH), 8.27(d, J=8.4 Hz, 2H, ArH) ppm.

Elemental Analysis Calculated Found

Ci1iH1O6N C 52.18 C 5195

253.21 H 4.38 H 4.29
N 5.53 N 5.49

1,1-diacetate of 4- methoxybenzaldehyde(179)

/OAC
Meo‘©—‘\ Nature: Solid, mp: 68 uw.
OAc

Yield: 91% (0.217 g)

IR (Neat): 3068, 3017, 2976, 2838, 1752, 1619, 1527, 1434, 1373, 1260, 1209, 1173,
1066, 933 cm™.

'"H NMR (400 MHz, CDCl;): § 2.10 (s, 6H, -COCHj3), 3.81 (s, 3H, OCH3), 6.89 (d, J =
8.8 Hz, 2H, ArH), 7.43 (d, /= 8.8 Hz, 2H, ArH) 7.60(s, 1H, CH(OAc)>) ppm.

Elemental Analysis Calculated Found
C12H 1405 C 60.50 c60.55
238.24 H 5.92 H 5.89

1,1-diacetate of 4- benzoyloxybenzaldehyde (180):

BzO .
’ OAcC Nature: Solid, mp: 97-98 o

Yield: 91% (0.299 g)

IR( KBr): 1688. 1754 ¢cm™
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'"H NMR (400 MHz, CDCl3): & 2.14 (s. 6H, -COCH3). 7.26 (d. J = 8.4 Hz, 2H. ArH).
7.52 (1. J = 8.0 Hz. 2H. ArH). 7.39 (d. J = 8.4 Hz. 2H. ArH), 7.65 (t, J = 7.2 Hz, 1H,
ArH), 7.70 (s. 1H. CH(OAc)»). 8.20 (dd. J = 8.4 Hz, J= 1.2 Hz 2H, ArH) ppm.

Elemental Analysis Calculated
CisH160s C 65.85
328.32 H 491

1,1-diacetate of 2-nitrobenzaldehyde (181):

OAc
:\< OA
¢ Nature: Solid, mp: 85-86 °C.

NO,

Yield: 69% (0.175 g)

Found
C 65.92
H 4.89

IR (KBr): 1771, 1587, 1525, 1454, 1377, 1351, 1244, 1208, 1105, 1075, 1025 cm™.
'H NMR (400 MHz, CDCl;): § 2.15 (s, 6H, 2 x COCH3), 7.57-7.61 (m, 1H, ArH), 7.67-
7.74 (m, 2H, ArH) 8.05 (dd, 1H, J = 0.8 Hz, J = 7.6 Hz, ArH), 8.20 (s, 1H, CH(OAc),)

ppm.

Elemental Analysis Calculated
C11H11NOg C52.18
253.21 H 4.38

N 5.53

1,1-diacetate of 3-nitrobenzaldehyde (182):

OAc
: OAc Nature: Solid, mp: 85-86 °C.

O5N
Yield: 71% (0.180 g)

Found
C51.93
H 4.30
N 5.38

IR (KBr): 1773, 586, 1521, 1454, 1372, 1349, 1244, 1208, 1105, 1067, 1069, 1024 cm™.
'"H NMR (400 MHz, CDCl3): 8 2.15 (s, 6H, 2 x COCH3), 7.60 (t, J = 8.0 Hz, 1H, ArH),
7.73 (s, 1H, CH(OAc),). 7.83 (d, J = 8.0 Hz, 1H, ArH), 8.27 (d, J = 8.0 Hz, 1H, ArH),

8.40 (s, 1H, ArH) ppm.
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Elemental Analysis Calculated Found

CnHiINOg C 52.18 C51.94

253.21 H 4.38 H 4.28
N 5.53 N 5.47

1,1-diacetate of 3,4-dimethoxvbenzaldehyde (183):

OAc
MeO—<; :>—<
el Ofe Nature: Solid, mp: 63-64 °C
Yield: 79% (0.212 g)

IR (KBr): 2965.2847. 1751, 1602, 1525, 1464, 1387, 1346, 1254, 1208, 1152, 1064,
998 cm’™.
'"H NMR (400 MHz, CDCl3): § 2.21 (s, 6 H, 2x COCH3), 3.88 (s, 3 H), 3.92 (s, 3 H),
6.88 (d, J= 8.0 Hz, 1H, ArH), 7.05 (s, 1 H, ArH), 7.11 (d, J = 8.0 Hz, 1H, ArH), 7.62 (s,
1 H, CH(OAc);) ppm.
3C NMR (100 MHz, CDCl3): § 20.7 (2C0, 55.9 (2C), 89.8, 109.6, 111.5,119.5, 128.0,
149.1, 150.1, 168.7 (2C) ppm.

Elemental Analysis Calculated Found
C13H1606 C 58.21 C 57.95
268.26 H 6.01 H 5.96

1,1-diacetate of cinnamaldehyde (184):

OAc

=-""0Ac 0
Nature: Solid, mp: 84 "C.

Yield: 90% (0.211 g)

IR (Neat): 3065, 3032, 2930, 1749 (CO), 1602, 1486, 1426, 1271, 1207, 1086 em™.

'"H NMR (400 MHz, CDCl3): § 2.16 (s, 3H, -COCH3), 6.20 (dd, J = 16Hz, J = 6.8Hz.
1H, =CH), 6.87(d, J = 16.4Hz, 1H, =CH), 7.30-7.34 (m, 4H, ArH & CH(OAc),), 7.42 (d,
J=8.4 Hz, 2H, ArH) ppm.

Elemental Analysis Calculated Found

C13H 1404 C 66.63 C 66.12

234.12 H 6.02 H 6.00
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Figure 2: '"H NMR spectrum of 5-O-acetyl-1-ters-butyldimethylsilyloxy pentane (59)
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BC NMR spectrum S-acetoxy-1-pentanol (56)

Figure 6
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Figure 7: "H NMR spectrum of fert- butyldimethylsilyl ether of 2-hydroxybenzyl alcohol (105)
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Figure 9: '"H NMR spectrum of 2'-fert-butyldimethylsilyloxy benzyl alcohol (111)
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Bromodimethylsulfonium bromide (BDMS) is a light orange solid, which can be easily
prepared from molecular bromine and dimethylsulfide.! Interestingly, it can also be
generated in situ by treating aqueous HBr with dimethylsulfoxide.” The product BDMS,
which is obtained from the reaction of dimethylsulfide and molecular bromine, is reaction
condition dependent. If it is prepared at room temperature, it can exist as charge transfer
form [(CH;).S— Br:] as evident from the Raman spectroscopy. On the other hand,
addition of the two reagents at —30 °C provide an orange compound, which can exist in
ionic form (CH;3)>SBr'Br. The structure of BDMS is confirmed by powder X-ray
diffraction study.’ The ionic form is metastable towards the charge transfer form. Upon
storage of metastable form for a period of one week at room temperature, it transforms
into the charge transfer form. The reagent BDMS can be considered as a convenient
storage of bromine molecule or source of bromonium ion by analogy with hypobromite,
N-bromosuccinimide or bromoazide. It is safer and easier to handle as compared to
hazardous molecular bromine. In addition, due to its fascinating features such as efficient

catalytic properties and unique behaviour as a brominating reagent, it has gained

substantial interest in current organic chemistry.

BDMS

The dawn of halodimethylsulfonium halide began® from the discovery of Meerwein’s
bromodimethylsulfonium bromide in 1965 and subsequent use of chlorodimethyl-
sulfonium chloride® by Corey er al. Over the years, bromodimethylsulfonium bromide
has been used extensively in organic synthesis. A brief survey on the application of
bromodimethylsulfonium bromide as a versatile reagent as well as an effective pre-
catalyst is illustrated below.

Furukawa er al. first demonstrated the application of this reagent for the conversion of
alcohols to bromides in high yields.® The reaction mainly proceeds through an inversion
process i.e. optically active alcohol provides the corresponding bromide with inversion of
configuration. During the course of the reaction the generation of DMSO was not

detected which might form from the decomposition of intermediate sulfoxonium salt.
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This may be due to the reaction of DMSO and HBr to produce BDMS again as shown in

Scheme 1.
R-OH OBODMS_IV R-Br
1 80 C,4-5 2
ROoH  HBr

Me;S+ Bry——— M?-zSB"z‘\‘Z* [Me,SOR] Br”~

H,O
HBr
31
Me,S—=0 7—— [MeES“—O",C'\' “Br]
RBr
Scheme 1

Later on, Olah er al. had shown the applicability of this reagent for the cleavage of
dithioacetals." As BDMS is considered as a storage of bromonium ion, thus ‘soft’
electrophile Br' can combine with the ‘soft’ sulfur atoms of the dithioacetals to give a
bis-sulfonium ion intermediate (A), which can be finally hydrolyzed to regenerate the

parent carbonyl compounds as shown in Scheme 2.

0
7\ @&/ \ H,0
S><S —% Br—S S®—Br — R1/U\R2
3 B A | 2Br 4
Scheme 2

Subsequently, Olah er al. demonstrated that bromodimethylsulfonium bromide efficiently
oxidized thiols into the corresponding disulfides’ as shown in Scheme 3. The reaction
takes place in the presence of triethylamine at room temperature affording good yields.
This method for the preparation of disulfide is milder and efficient in comparison to the

other methods reported in the literature.

CH R—SH
R-SH + Br-S B _ BN [R-$-Br] ————— R—S—SR
CH; Et;N
5 6
Scheme 3

TH-1872_03612205 98



PART | CHAPTER Il

In continuation of their research work® on the utilization of BDMS for various
transformations. they reported that epoxides upon treatment with halodimethylsulfonium
halides (chloride/bromide) in the presence of triethylamine afforded a-halo ketones in
high yields. The reaction proceeds well with alkene oxides and cycloalkene oxides of
small ring sizes. In case of medium and large ring sized epoxides, it underwent
transannular rearrangements giving a mixture of products. Similarly, enamines react with

BDMS to give a-bromoketones as shown in Scheme 4.

H o/ o 0
R I.X—S\ X B
}O 2 BN
i 3 R X
R H H
7
/N _@ _1.BDMS BDMS
@] N
N/ 2. H;y o}
9 10
Scheme 4

Chow er al. demonstrated that bromdimethylsulfonium bromide reacts with various
alkenes and provides corresponding addition product sulfonium bromides 12 instead of
the expected dibromides in good yields.” The resultant sulfonium bromide on treatment
with aqueous potassium carbonate affords dehydrobrominated products 13 as shown in

Scheme 5.

H R H Br R' R’
BDMS I K,CO;
1>:< S Rl—(l?—?—Rz E—— @>=<
R H Os H ° —|S H gP
H3C CH3
11 12 13
Scheme 5

Subsequently, Chow et al. reported that it can react with conjugated enones at 0 °C and
give a-bromo-B-sulfonium carbonyl compounds, which on subsequent treatment with

: . : _i.4-10 : :
aqueous K,COj3 give a-bromo enones in excellent yields™ as depicted in Scheme 6.
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O O
Br
BD MS
K,CO ;
14 15
Scheme 6

Olah er al. further shown that bromodimethylsulfonium bromide as well as its chloro
analogue is an efficient regioselective halogenating agent for activated aromatics such as
phenols, anisole. diphenyl ether and N-alkyl anilines'' as shown in Scheme 7. The
observed high para selectivity is a consequence of the transfer of halogens going through
a “late” arenium ion like transition state and of the bulky nature of the halogenating

agents. Unfortunately, it fails to halogenate para substituted aromatics

OR OR

| = BDMS o [

QIS CH,Cl, 1t or-25°C AP
80-94 ¢

o4 % Br

16 17
Scheme 7

Floyd and co workers'? achieved the oxidation of acetophenone to glyoxal hydrate 19
using BDMS, which was generated in situ from the aqueous hydrobromic acid in DMSO

as shown in Scheme 8.

O 0
®_< HBr/DMSO
24h (90%)

HO

OH
18 19
Scheme 8

Interestingly Fletcher and Pan noted the bromination of aromatic amines on heating with
ethyl bromide in DMSO during an investigation of alkylation reaction’ as depicted in

Scheme 9.
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EtBr >
0.N NH, ——5F 5
y @ °  DMSO OZN‘Q'NH
Br

20 21
Scheme 9

Megyeri and Keve found that indole alkaloids could also be brominated using this

versatile reagent bromodimethylsulfonium bromide (Scheme 10)."

BDMS (in situ) -
90 min, 84 %

23

Scheme 10
Due to the enormous synthetic utility of bromoarenes, bromination is one of the most
important transformations in organic synthesis. In continuation of the use of bromo-
dimethylsulfonium bromide in various transformations, Majetich ef al. demonstrated that
BDMS generated in situ by treating DMSO with aqueous HBr, is a milder and selective
reagent for electrophilic aromatic bromination than elemental bromine.> The activated
arenes such as aniline or N,N-dimethylaniline undergoes mono bromination without any
side products. In contrast, molecular bromine provided benzylic brominated products for
the substrates such as o-cresol. Although it offers a wealth of advantages but it also
suffers from some limitations: acid sensitive functionality such as acetals or ketals did not
survive under the experimental conditions. Inactivated arenes containing electron-
withdrawing substituent such as carboxylic acid, halogen substituent, nitro group,

aldehyde or ketone without a-protons did not react even under forcing conditions.

Despite the broad scope of this versatile reagent both as a catalyst and a safer
brominating reagent, its catalytic property was unexplored until last decade. Our group
(Khan and co-workers) demonstrated that bromodimethylsulfonium bromide is an
effective catalyst for protection of hydroxyl compounds such as tetrahydropyranyl ether

as well as the same reagent is useful for depyranylation. This protocol is applicable to a
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wide range of alcohols and phenols (Scheme 11). The notable advantages of this protocol

are: excellent vield. no aqueous workup and rapid process.l5

| BDMS, 1t . J\/j
R'OH + | RI_

o BDMS, CH,Cl,-MeOH, rt 0~ "o

24 25
Scheme 11

Vankar et al. reported that catalytic amount of bromodimethylsulfonium bromide, or
Nafion-H along with Nal (1 equiv.) in methanol cleave a variety of TBDMS ethers
readily in high yields (Scheme12).'¢ Alkyl TBDMS ethers cleave more chemoselectively
as compared to the phenolic TBDMS ethers, benzyl, and methyl ethers.

OTBDMS BDMS (ca) OH
cat) or
1 2 > |/|\ 2
R R Nafion H/Nal (1eq) R R
MeOH, rt
26 27
Scheme 12

Subsequently, our group demonstrated that the thioacetalization, acetalization as well as
transthioacetalization of carbonyl compounds can be accomplished in an effective
manner in high yields using a catalytic amount of bromodimethylsulfonium bromide as

shown in Scheme in 13."7

1 3
HO(CH,),OH, CH(OE9); __ R 0R> ”

| BDMS (cat.), rt 2 OR?
R>= EtSH or HS(CH,),SH
! O— BDMS (cat.), rt
R R' SR?
s EASH or HS(CH),SH _ > N
BDMS (cat.), rt R? SR?
Scheme 13

Similarly, a wide variety of aldehydes and ketones can be transformed into the
corresponding oxathioacetals in presence of catalytic amount of bromodimethylsulfonium

bromide (BDMS) in high vields (Scheme 14). Large-scale reaction can also be performed
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as well as pure products can be isolated just by distillation of the crude reaction mixture

avoiding anv aqueous work-up and column chromatography using this protocol. '®

R! HOCH,CH,SH/ Me,S*BrBr R! S
>’=O - 2 2 - j
R- rt R2 O
75-97%
4 30

Scheme 14

Later on, we also noted'” that in presence of catalytic amount of
bromodimethylsulfonium bromide, alcohols, phenols, amines, thiols and thiophenols
undergo acylation with quantitative amount of acetic anhydride under solvent-free
conditions at room temperature. Acylal of both aliphatic and aromatic aldehydes can also

be accomplished at room temperature using the same catalyst.

X .
R R Ac,O, 1t R R
X=0,NH, S 32
31
Me,S BrBr

RCHO Ac,O, RCH(OCOCH;),

33 34

Scheme 15

Bommena et al. demonstrated that solvent-free one pot synthesis of a-aminophosphonate
in presence of catalytic amount of bromodimethylsulfonium bromide in good to excellent

yields.?® The method is applicable for aromatic as well as a,B-unsaturated aldehydes and

products are obtained in very good yields.

O ?Me

OMe —_

s BDMS (10 mol%) O=P—OMe

RI/U\H + RNH2 + MCO'P\ rt( — o

OMe t] R] NI—]R

35 36 37 38
Scheme 16
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Bromodimethvisulfonium bromide is an efficient catalyst for the solvent-free synthesis of
1.5-benzodizepines by condensation of o-phenylinediamine with enolizable ketones®! as
shown in Scheme 17. The reaction takes place at room temperature and provided very

good yields.

R Rr*
H R
R' NHa 0 R N

j@: * R3 )‘I\/ R* BDMS (110}: mo]%)‘: D[ -

s i \ g 2 o =
R Nlg neat R N .

RJ
39 40 41

Scheme 17
Das ef al. demonstrated that bromodimethylsulfonium bromide catalyses multi-
component reaction of aldehydes, amines and allyltributylstanane affording the

, : s B . ; 2D
corresponding homoallylic amines in excellent yields in short reaction time.

NHR!
R-CHO +R\NE, * guns” 58 oMo MeCH R/J\/\\
? rt, 20-45 min
33 42 43 44
Scheme 18

Further, Das er al. reported® that bromodimethylsulfonium bromide is an effective
catalyst for efficient one-pot synthesis of a-amino nitriles from the three-component
condensation of carbonyl compounds, amines and trimethylsilyl cyanide as shown in

Scheme 19. The reaction takes place in short reaction time with high yields.

CN
R-CHO + RI.NH, —BDMS,TMSCN _ B
33 42 45
Scheme 19
104
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Subsequently. Das ¢r a/. demonstrated that on treatment of bromodimethylsulfonium
bromide with Bavlis-Hillman adducts in MeCN provided (Z)- and (£E)-allyl bromides
stereoselectively. The reaction is rapid at room temperature with high yields and high
stereoselectivity.”® In addition, recently they have reported25 that epoxides and aziridines
undergo ring opening efficiently with BDMS at room temperature affording the
corresponding [3-bromohydrins and [B-bromoamines, respectively (Scheme 20). The

conversions are highly regioselective and provided excellent yields.

o OH
o
T 5 o AL Br
rt, 20 min
46 47
Ts
N BDMS, MeCN NHTs
i = \/\/J\/Br

rt, 30 min

48 49

Scheme 20

From this literature survey it is quite clear that bromodimethylsulfonium bromide
(BDMS) is a versatile reagent’® which acts both as an effective catalyst as well as a mild
brominating reagent. In continuation of our work on bromo organics as well as on the
development of new synthetic methodologies by employing BDMS and other new
reagents, we wanted to explore this reagent to device a new and effective protocol for the
regioselective bromination of B-keto esters and 1,3-diketones, which is eventually a
challenging and important organic transformation. The results of our observation will be
described in Section A of this Chapter.

As our research goal was the bromination of B-keto esters, so we were looking for safer
and environmentally acceptable alternative brominating agent or a combination to replace
the current methodologies. Thus we found in the literature that the peroxovanadium
complexes can oxidize bromide ion to their corresponding bromonium ion and can mimic
the activity of vanadium haloperoxidases (an enzyme which catalyzes the oxidation of
halide?” ion by hydrogen peroxide and also responsible for the production of bromo-

organics).”® As a part of our ongoing project to develop new synthetic methodologies so
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far we have used the combination of V,05-H>0, and bromide source e.g. NH4Br for some
of the import'am transformations. A brief history as well as some of the applications of

this combination is highlighted below.

Peroxovanadium complex obtained from the reaction of vanadium pentoxide or
ammonium vanadate with hydrogen peroxide has gained considerable interest in recent
years due to its strong oxidizing properties.” *® The dissolution of vanadium pentoxide in
aqueous hydrogen peroxide or the addition of hydrogen peroxide to the acidic solution of
vanadium(V) gives red peroxo complexes in which oxygen atoms on the vanadate ions
are replaced by one or more 022' groups. Howarth and Hunt investigated the structure of
the intermediates,” which are formed in the solution by >'V-NMR and proposed that in
solution following intermediates are formed, such as [VO(O2)]', [HVO:(02)]",
[HVO2(02)2], [VO(02):]*, [HVO(0,)3])* and [V(O,)4]* etc. Di Furia et al. proposed on
the basis of ab initio calculation®®™' and *'V-NMR Spectroscopy study,”>** that

depending on pH and the amount of H,O, added in acidic solution, it exist as
diperoxovanadium complexes, [VO(O,)]" or [VO(O2),]". However, a fundamental aspect
concerning the nature of the first coordination sphere of the peroxovanadium derivatives

in solution is still uncertain.

o 71 .0
HQO.. ” OH HzOz H2O'.'|\|/"? + O
S = = PR 2H,
H,0"] O H,071 YO
2 OH2 L OH2
1,000 ’ o901
20.II. H,0 L
Vol = — ?v}’»' + 2K
H,071 Y0 o"IYo
OH» L 2
F ?(I?o _ H;0" o (|:|)o
o’gﬁé == = Q) +  HO
] 2 OH, OH
Scheme 21
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It i1s well known in the literature that the peroxometal complexes are stronger oxidant as
compared to H-O, with much more reactivity.”*?’ The versatility of peroxometal
complexes have already been studied as strong oxidants for various valuable organic

transformations. as shown in Scheme 22.
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Scheme 22

By taking into consideration of the oxidative property of peroxovanadium complexes,
Patel er al. reported®® a combination of V,05 and H>0, as a better oxidant than hydrogen
peroxide in the controlled oxidation of aldehydes to the corresponding esters as depicted

in Scheme 23.

O O
S R
R—: = H V,05 - H,0, & 0
= R'OH &
57 58
Scheme 23

Later on, they have also demonstrated®” a new method for the oxidative transformation of

various aldehydes to the corresponding esters by using sodium perborate (SPB) or
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sodium percarbonate (SPC) as the alternative sources of hydrogen peroxide as shown in

Scheme 24.

O (0}
™ V>0 / SPB or SPC N -R’
R H 5 . {:‘/"\o
= R'OH =
57 58
Scheme 24

There was a breakthrough in peroxovanadium chemistry after the discovery and isolation
of vanadium haloperoxidases.*® *! In addition, peroxovanadium chemistry is important as
the complex peroxovanadium species can serve as a clinical alternative of insulin for the
treatment of diabetes.** *> The exact mechanism of halogenation of the organic substrates
by haloperoxidases is still not very clear. However, Butler and her group proposed a
mechanism for the oxidation of chloride, bromide and iodide ion by H,O, to their
corresponding halonium ion.*' Vanadium exists in the +5 oxidation state in the vanadium
dependent bromoperoxidase (V-BrPO), which bind with hydrogen peroxide to produce a
peroxo species as the reactive intermediate. This oxidizes the halide, keeping the
oxidation state of the metal unaltered during the bromination step. According to them, in
the first step the enzyme catalyses the oxidation of the halide by hydrogen peroxide
producing an intermediate, which is a two electron oxidized halogen species such as
hypohalous acid or its equivalent. In the second step, the oxidized halogen species can
halogenate the organic substrate or oxidize a second equivalent of hydrogen peroxide to

give singlet oxygen, as shown in Scheme 25.

V-BrPO
Br— t+ HO, > Br'

(e.g. HOBr, Br, Bry’, Ve, -OBr, Enz-Br)

Br-Org '0, + Br + H0"

Scheme 25: Proposed mechanism of bromoperoxidase activity catalysed by V-BrPO.
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Later on. Di Furia er a/ investigated the bromination reaction of various organic
substrates and alkenes by mimicking the vanadium bromoperoxidases reactions.** They
proposed a model for the mechanism that the bromide oxidation takes place in the
hydrophilic portion of the enzyme and then the intermediate migrates to the hydrophobic

portion where the bromination occur, as described in Scheme 26, on the basis of

Neumann’s observation.*

sub
Y’K
/
/s
\“O\\IJ/L H,0, \0\\@/?
o 1L 7| \o— Bra sub
(o]
< QO-H \/- O-H Y\
H
Lo
Br sub

c Br
\ Br
B
A = hydrophilic portion B = lipophilic portion

Scheme 26

On this basis of the above concept, along with the oxidation of bromide ion by hydrogen
peroxide, Di Furia and his co-worker thought that a two-phase system (H20/CHxCl; or
H,0/CHCl3) could be a better model for the reactivity of V-BrPO, which led them to
develop a synthetic procedure for the bromination of a series of aromatic compounds and
olefins.*® They found that in the absence of vanadium only a trace amount of brominated
products were formed. According to them, the formation of monoperoxovanadium
complex by the interaction of vanadium salt and hydrogen peroxide occurred in aqueous
phase, which oxidizes the bromide ion to bromine equivalent and transfers it into the

organic phase where the bromination of the substrate takes place as depicted in Scheme

27.
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In order to expand the scope of the procedure, Di Furia and his group examined the
bromination of some olefins. They observed that along with the bromo derivative,
bromohydrin was also formed in some cases.® The formation of bromohydrin derivative
not only depends upon the nature of the substrate but also on the nature of the
brominating reagent and the rate of stirring. From the above observation, they concluded
that the interaction of the peroxovanadium complex with the bromide ion produces an
intermediate [A]. which resembles hypobromous acid and is also responsible for the
formation of the bromohydrin derivative. Further reaction of the intermediate [A] with
bromide ion gives the bromine, which brominates the organic substrate as shown in

Scheme 28.

O +

H-0 0] O + 0] o
2 J‘ B H20‘,_\l|/'._.OBr Br, H HZO.\\”['_,OHQ e
- N
H0” | O 07| ok | Yo
OH, Ok "

H,O0

SubBrz

Sub(OH)(Br)
"Br," = bromine equivalent intermediate.

Scheme 28
Successively, Buttler and Clague studied the mechanism and reactivity of cis-
dioxovanadium(V) catalyzed oxidation of bromide ion by hydrogen peroxide.’” They

have proposed a model that under acidic condition addition of hydrogen peroxide to ¢is
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VO, gives the red oxomonoperoxo VO(0,)" and yellow diperoxo (VO),(0,) species.
Under more acidic conditions. neutral dioxotriperoxodivanadium complexes (VO)2(0,);
is also formed by the dimerisation of VO(0,)" and (VO)(0,). From the kinetic and
spectroscopic result, they concluded that the binuclear oxotriperoxovanadium(V)
complex is responsible for the oxidation of bromide ion and also they proposed the

following mechanism as depicted in Scheme 29.

cis-VO]

k, || H,0,

+ K - +
VO(0,) 2 VO(0,); +2H
H,0,
K,

) (V0),(0,);

Br
(HOBr = Br, = Br;))

Br
Scheme 29

Taking cues from the knowledge of the reactivity of vanadiu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>