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Abstract

Alkylation on aromatic ring is an important reaction both from industry and synthesis point of
view. Evert since the discovery of Friedel-Crafts Alkylation reactions anumber of reactions have
been reported for in literature. Despite such an important reaction most of the reported
procedures use transition metal based reagents. However from environmental point of view
meta based reagents need to replaced with organic reagents. The work presented in this thesis
describesthe concept and attempt to carry out akylation of phenol, namely resorcinol, using 2,4-
dinitrophenol as a substituent. Two alkylating agents ethyl bromide and benzyl bromide gave
spots different from starting materials in TLC. However, purification of the akylated product
could not be achieved due to multiple product formation.

Key Words: 2,4-Dinitrofluorobenzene, m-Methoxyphenol, Nucleophilic Aromatic Substitution,
Non-Aromatic Intermediate



CHAPTER-1

Introduction

Alkylation is basically the addition of an alkylayp in an organic compound by substitution or
addition (Scheme-1.1) Doing alkylation in aromatic compounds have alsvagen a challenging
job for the researchers. Numerous attempts have bemle towards the synthesis of alkylated
aromatic compounds using different reaction coodgiand different catalysts. One most common
route of doing it is via Friedel-Crafts reactiorithe reaction removes hydrogen atom of an
aromatic compound and introduces an alkyl groummfalkylating agent. The position of the
substitution depends upon the substituents attatchibd aromatic ring

AICI;
+ CI/\/\/

-HCl

Scheme-1.1 AICl; mediated friedal craft alkylation

Besides alkylation, another important class of tieacis Friedel-Crafts acylation reaction where
acyl group adds to the organic compound as shovenhieme-1.2 Both acylation and alkylation
require use of a lewis acid such as Al@ihich polarizes the electron density on electrich r

aromatic ring to facilitate the substitution ofacteophile.

0
AICI,
+ —_— CH;
H;C Cl

Scheme- 1.2 AICI; mediated friedel craft acylation

Despite being an important class of reactions g af metal based lewis acid has demerits like
release of harmful gasses like HCIl, metal contatiinaof soil and water resource and their
cascade environmental effects. Considering thengaperoach requirement of present times many
alternative reactions have been reported to mimnilee harmful materials to carry out the
reactio’). Some of them have been discussed in next se@i@sent work is an attempt to carry
out alkylation reaction without use of metal iong folarizing the aromatic ring with organic
substituents.



CHAPTER-2

Literature Review

Peter W. Rabideadid the alkylation of naphthalene and anthracemegusmmonia. Metals that he
included were lithium or sodium but potassium aaltiom can also be used. The most important
thing about this reaction is that the reaction toalse done with utmost care because the selection

of reaction conditions can lead to a wide rangprotiucts.

Naphthalene and anthracene gives mono alkylatidgheamajor product while sym —dibenzocyclo

octatetraene gives dialkylation as the major pradic

CHs CH,
CH3Br
+ Na/NH; > — >
inverse +
92% )
0% CHs

CH;,

CH-Br >
* Na/NH, inverse
85%
CHs
+
506 CH3
CH3
CH,Br
+ Na/NH; —— =———————
inverse
4%
i
HsC  CHj

O C

89%



In another reviewy - (acyl) methyl thiomethyl group was introducedtire aromatic ring. The
product thus formed can be easily converted inyb methylated aromatics like phenyl acetate and
phenyl acetone. The maximum vyield for this reacticas obtained when the reaction was done
using COOEt group in place of R. The catalyst usedhe reaction was SngCand the reaction

was done for about 20 min at room temperature &id gbtained was 90 3.

SM
/SMe Cat. Solvent / ¢
Ar + CI—CH\ —»Ar—CH\

R R

R =COOEt
R=COMe
R =COPh
R=CN

Another important method proposed by Yasuhiro Karhif! is appreciable as he used the readily
available silica gelor doing alkylation. Recently many chemists hagtlegged his method of doing
alkylation with the help of an inorganic supportdamoreover various heterocyclic compounds
were also synthesized by this proceb® was successful in making 2-tert-butyl, 2, 6edi-butyl

and 2, 4, 6-tri-tert-butyl phenols.

OH
t BuBr
inorganic suppor: t

The ortho product formed in this reaction was ifjanamount and can be separated from the rest

by column chromatography.

In addition to these catalysts using alcohols tasttute alkyl chloride would be quite beneficial a
the side product in that case will be water. Gatahs always take time so it's not surprising that i
took 100 years to come out from the classical nkthiomaking alkylated products and still so

much is left unexplored.

Another interesting synthesis that was proposed psenmerer rearrangement mechanism. They
used aromatic compound and dry DMSO and to thigsQCl, O was added drop wise with the
help of syringe. After about an hour Sp@las added through syring®. So in this way they

synthesized methyl aryl compounds. The reacti@s i®llows



R2
| (CF3C0),0
ArH  + R'—S—CH,R? » Ar—CH-SR!
SnCl, , RT

R!=Me

R*=H
Another very interesting way of doing alkylationvis using photochemistry i.e. by photochemical
activation. This mechanism involves the reactiom-@kyl iodides in neat aromatic compounds.
Here the reaction mixtures were analyzed by usi@MS whereas in some cases the iodine
produced was quantitatively determined by sodiuiostiiphate. First they did it with the help of
chloroaceto nitrile. The mechanism involved in tt@action is basically an electron transfer occurs
from aromatic compound to the halide. Subsequehdy tried it with bromo and iodo acetonitrile

and then also they got the cyano methylated product

After that they tried the alkylation using simplékyh chlorides and alkylated product was
obtained”.
hv
ArH + CICH,CN 3 ArCH,CN

hv
ArH + RX » ArR + HX

Another review by Eric J. Mooralepicted the regioselective acylation of heteroation
compounds with the help of olefins and carbon matexThe main goal for this reaction was to

increase the rate of reaction by not compromisiity the selectivity of the produfd.

N
z
€0, 150
| + /\R psi
A 150 C, Ruz(CO),,
R =C4H,

They only got the ortho products in this reactisrchecked byH NMR and GC-MS spectroscopy
techniques. The reaction follows first order reactith respect to pyridine. Another alkylation in
aromatic compounds was done by Choong Eui Sorige year 2000. They used scandium triflate

which were immobilized in ionic liquids for theieaction and this scandium triflate acts as a
4



catalyst. The interesting thing about this reactias that the catalyst used can be recycled. The
major problem with the catalysts ACIHF and HSO, was that they can’t be reused after the
agueous work up. They tried the reaction withedght solvent system but the reaction didn’t go
with water, CHCI,, CH;CN and the solvents which showed up alkylation tteacwere emim
[SbR] and bmim [PE]. Emim here is 1-ethyl-3-methylimidazolium catiamereas the bmim here

is 1-butyl-3-methylimidazolium cation.

Catalytic activities in these reactions are strgnigiluenced by the nature of anion.

For the reaction hex-1-ene reacted with benzempedsence of Sc (OT$)and solvent for about 12

hr. The conversion was checked using&C

. _Se©T;
ANNNF 20 C, 12h

Another report from 2003 reported the alkenylatiminaromatic ketimines with the help of
Rhodiumwhich act as a catalyst for the reaction. Here atarketone react with alkyne and the

product so formed has an application in makingusgjine derivatives”

(0] CH3 (CH2)2Ph
10 mol %
Me TH,N” “ph _Rhd + SN
toluene | _
Ph=—Ph
R 12 hr Ph R Ph
R=H, CF3 OMe Ph Ph

Yoh-ichi Matsushitaeported the acylation of aromatic compounds byagisarboxylic acids and
perfluoroalkanoic anhydride and bismuth or scandiuftfate. In this reaction aromatic ketones
were synthesised by friedal craft acylation reactibhe catalyst used in this reaction was easy to

recover and recycle.

cat. Bi(OTf); or Sc(OTf); R
R (CF3C0),0 or (CF3CF2CF2CO)20
» R—O0C
+
RCOOH (1.5 Equivalent)

2 Equivalent




Here aromatic ketones were made by dehydrative adogl reaction in presence of
perfluoroalkanoic anhydride and Bi (OE&fpr Sc (OTf} act as the catalyst for the reaction and the

reaction was carried out at 30 degree celcius.

Another important reaction that was reported int tregper was the reaction of acetic acid with that

of benzene and the acylated product was formed.

These reactions were carried out without usingesdhand mild conditions and here less reactive

substrates can be converted into benzopherthes.

Catalyst ,
R2 (CF3C0),0 R
AcOH + 1.5 Equivalent
1 Ac R!
R' 30c
R3

R3 iva
2 Equivalent R!=R2=Me, R*=H

R!=OMe, R2=R3*=H

R2=0Me,R'=R*=H

R!=R?=R*=Me

R'=R?=R3=H
Another Rhcatalyzed reaction was done in aromatic amides wjtf-unsaturated esters. The
reaction was done using 8 amino quinoline moiehe fleaction showed high regioselectivity. Here
the alkylation of C-H bond was done with the hel@n alkene. The reaction occurs at the ortho

position and th@ position of acyclic unsaturated carbonyl compound.

In this reaction amide group reacts with methylykde in the presence of Rh which act as a
catalyst and KOAc acts as a base in toluene atdegfbee celcius for about 12 hrs gave the
alkylated product. The byproduct also formed alawith the alkylated products and various
attempts were made to remove that byproduct bdaigld. However both the products were easily

separated by column chromatograpfly



[RhCl(cod)] ,

KOAc Y
+
/\COOMe toluene N’Q
H
Q= 8Qumol|myl COOMe

major
(0]

+ N-Q

minor COOMe

Another transition metal which can help in alkytatis Gold and was published in the year 2008.
They did the allylic alkylation of aromatic and @etaromatic compounds with the help of allylic
alcohol*?. Here they did some modification in friedal cralfyylating reagents like allylic acetates,
carbonates with allylic alcohols and the best padoing all this that the yield they obtained was

99% with high regioselectivity and the reaction wasfpened at room temperature.

R R, OH
'é - \5 )\)<R4 AuCly (5 mol%)
+ >
X X CH,Cl, R.T.,1-15 h

Ry Rs

R;-Rs =H, ALKYL, ARYL
X =C=C, O,N

On seeing the above reviews this can be concludgdhe transition metal compounds acts as the

best source for making alkylated products.

Nakamura et. aldemonstrated alkyl aromatic ring using Cobalt lygataand DMPU at room
temperature in 63 to 81 % vyield. In this case mianorount of dialkylated product was also
obtained. In case of aromatic ring being not stilgstil by another aromatic ring the quantity of

dialkylated product increaséd'.

n-BuCl(1.2 equiv)

Co(acac)z (10 mol %) n-bu + n--Bu
H CyMgCl (3.0 equiv H H
N, oM GO Ne Ne
R Me R Me R Me
DMPU (12 Equiv)
r=pn ° E4O, rt, 12 h R=ph 3100 n-Bu O
R=H =H, 63% R =Ph, <5%
R=H,22%



With the passage of time more such methods had deexioped and that too by taking care of the
principles of green chemistry. Yinsong Tao discederanother method and he used the
molybedenum catalyst for the reaction [}8¢”d (;3-allyl)]. He also used allylic alcohol for the

reaction because using allylic alcohol gives waterthe byproduct. They even tried it using

bronsted acids but they failed because of the scmwvg of proton by the basic N, N-
dimethylaniline™*.

2
N(R), N2
R'%\/OH . 3 MOL% [M03S4Pd(3-allw.
R MeCN, 60 C, 4-24 h R;
R,
OR
5
€1
N
|
R

From the above literature it can be seen that afhomany alkylated products have been
synthesised but alkylation on aromatic phenol &sgidy 2, 4-dinitro phenyl sustituent has not
been tried till yet. Present work attempts to cortiage this reaction.



CHAPTER-3

Materials and Method

General: The chemicals and solvents used were from M/s AVMB#emicals, Hyderabad, India
and were of LR grade. Silica gel (60-120 mesh) wsesd for doing purification of compounds.
Silica coated aluminum sheets (60 F254; 0.2mm ti@sk, Merck, India) were used for TLC

monitoring. Characterisation was done usiigNMR and™*C NMR.

Synthesis of 1-(2-methoxyphenoxy)-2, 4-dinitrobenrpe (4.8) Meta-methoxy phenol (400 mg,
1.6 mmol), KCO; (660 mg, 3.18 mmol) and 18-crwon-6 in DMF (6) mlere taken in a round
bottom flask. The reaction mixture was stirred fioe minutes to make its phenoxy ions. After
adequate stirring 1-fluoro-2, 4-dinitrobenzene (680, 3.22 mmol) was added in the reaction
mixture and stirred for 12 hours at room temperiltC was monitored and on the completion of
reaction, the mixture was extracted with DCM andtewvaand dried over anhydrous sodium
sulphate. The solvent was evaporated and then coluas done for purification of compound
using hexane and ethyl acetate (%&)oihpound-4.9 Yield= 43%.'H NMR (400 MHz; CdC)):
8.829 (d, J= 2.4 hz, 1H), 8.316-8.285 (dd, J= &81i), 7.378 (t, J=8, 1H), 7.068 (d, J= 9.6, 1H),
6.869 to 6.841 (dd, J=6, 1H), 6.707 to 6.664 ( iplgt, 2H), 3.808 (S, 3H):*C NMR (CdC}):
161.591, 156.230, 154.510, 141.415, 139.432, 12]1.228.905, 122.183, 118.619, 112.485,
112.383, 106.681, 55.706.

Synthesis of (2,4-dinitrophenyl)(3-hydroxyphenyl) rethanone (4.9) : Above synthesised
compound 2.8 (400 mg, 1.886 mmol) taken in a 2500mhd bottom flask and solvent acetic acid
(6ml) added. The contents were placed over oil ladth temperature of about 100 degree and
stirred for 5 minutes. After that HBr (5 ml) wasdad to the mixture with the help of syringe and
was further heated as well as stirred for 8 holit€ was monitored and showed the formation of
product. The product was extracted using DCM \aater and dried using sodium sulphate. The
solvent was evaporated and the product extractedmpOund-4.1) was finally purified.
Yield=52.63%"H NMR: (400 MHz; CdCJ) 8.825 (d, J= 2.8 hz, 1H), 8.317 to 8.287 (dd,.530,
2H), 7.318 to 7.246 ( multiplet, 2H), 7.080 ( d9J 1H), 6.795 to 6.769 ( dd, J=6, 1H), 6.677 to
6.620 ( multiplet , 2H).13C NMR: (CdC) 157.793, 156.144, 154.542, 141.438, 139.420,4531.
128.981, 122.207, 118.768, 113.841, 112.478, 168.13



Synthesis of (2,4-dinitrophenyl)(4-hydroxy-[1,1'-bphenyl]-2-yl)methanone (4.10): The
compound4.1 (200 mg, 0.760 mmol ), NaOH ( 1 eqiuvalents, 0.0@yYwere taken in a 100 ml
round bottom flask and to which THF (3 ml) was atldad stirred for about 5 min. Finally
electrophile benzyl bromide (20 micro litre) wasdad dropwise to the mixture and the reaction
was completed in 5 hours and that was confirmetl Wie¢ help of TLC. The product thus formed

was extracted using DCM and water.

Syntheis of (2,4-dinitrophenyl)(2-ethyl-5-hydroxyplenyl)methanone (4.11)The compoundt.1
(200 mg, 0.760 mmol), NaOH (1 equivalents, 0.077gme taken in a 100 ml round bottom flask
to which THF (3 ml) was added and stirred for al®utin. Finally electrophile ethyl bromide (40
micro litre) was added dropwise to the mixturd #me reaction was completed in 5 hours and that
was confirmed with the help of TLC. The productghiormed was extracted using DCM and

water. The purification of the product extractecswdane with the help of column.

(@) 4.8 (b) 4.c (c) 4.1C (d@.11
Fig. 3.1Reaction monitoring by TLC using ethyl acetate hagane solvent system for products.

10



CHAPTER-4

Result and Discussion

It has been reported that compouhit shown below selectively detects fluoride ion intaoérile
medium giving change in colour from yellow to gremrer a period of tim&. It was reasoned that
the change in colour is due to the formation ofbaaion speciegl.2 formed as a result of
resonance after abstraction of phenolic proton friovg B.

NO, NO,
0 OH 0 O"--HF
ACN
N O,N
0: 4.1 : 43

NO, NO,
0 r o 0 0
O,N ‘V: O,N :
4.3 4.2

Scheme 4.1 Formation of Carbanion species 4.2 due to abstraction of phenolic proton
from DPF 4.3

It was envisaged to use the carbanion speki2for the alkylation of aromatic ring with an alkyl
halide as shown iBcheme-4.Delow.

NOZ N()2 NOZ
0 OH
@ + Base —3 ;@ K)/
4.1

Scheme 4.2 Proposed Scheme to alkylate the aromatic ring using the carbanion 4.2

With above mentioned objectives the two step sysishef compoundt.1 was taken up starting
2,4-dinitro fluoro benzene&t(5 and meta methoxy phendl.g). Nucleophilic aromatic substitution
of compoundst.5and4.6in presence of potassium carbonate, 18-crown-gpiat@ solvent gave

compound4.8 as shown irScheme-4.5 Fluorine in compound.5 act as a good leaving group

11



from the non-aromatic intermediade7 to impart aromaticity to final compour®tl8 The non-
aromatic intermediated(7) is formed as a result of nucleophile attackingifpee carbon centre of
compound4.5 after abstraction of proton by base as showBadheme- 4.3rom compound4.6.
Crown ether function here is to increase the bsmi potassium carbonate after trapping its
cation. Crown ether function here is to increaselihsicity of potassium carbonate after trapping
its cation.

OCH;
ON /\-o OCH; 0N -
N t ]’ .
> ~Jo
F F
NO, X0,
45 L

4.6

Non-aromatic -
intermediate

47

NO, l
i ,O\©/OCH3
O,N
4.8

Scheme-4.3 Mechanism of the formation of diphenyl ether.

Compouné4.8 formed was characterized usifgl NMR and *C NMR spectroscopy where
presence of three methoxy protonséa8.8 (H) and carbon aé 55.7 (°C) along with seven

aromatic protons and carbon in the respective regomfirmed its formation.

Next step involved demethylation of the methoxy ugroto obtain corresponding phenolic
compound4.l This was accomplished by refluxing the compour@lid 48% hydrobromic acid
using acetic acid as the solvent. The proton ofréiyedmic acid as shown ischeme-4.4
protonates oxygen of the methoxy followed by itsresponding nucleophile (Brattacking the
carbon of methoxy to yield corresponding phenol andthyl bromide. This reaction is
regioselective because despite presence of two Etkages only one involving methoxy linkage

gets selectively hydrolyzed due to presence otmlraich phenyl ring on other etheeither side

12



NO,
NO; Step-1 Protonation
Step-2 Demethylation

NO, NO,
o HBr .~ 0
AcOH
H
+ V7
Q—CH; (I’J GH
~ H
4.8 \YH_BI' H Br
4.9 N
CH;Br

Scheme-4.4 Mechanism for demethylation (D)

Absence of methoxy protons and carbon and presefneeven aromatic protons and carboritin
and™C NMR respectively at the desiréd/alue confirmed the synthesis of the produdt Further
13C NMR displayed desired five quaternary carbonsee not attached to any hydrogens.

2
H3CO OCH;
K Cco
ok

4.5
HBr/AcOH
NO, NO,

o OH

0 OH NaOH,THF

-f-----c-ccmceeaaae
Alkyl bromide
O,N R O,N
4.9
R = CgHsBr (4.10)

C,HsBr (4.11)
Scheme 4.5- Synthesis of alkylated product
Alkylation at the aromatic B ring of the compouddL was tried using a strong base “sodium
hydroxide”, in a protic solvent THF. The electrdeki tried were benzyl bromide and ethyl
bromide. On addition of base there was a cleargdamcolour of the solution from transparent to
red due to the formation of anionic species. Suliseto this electrophile was added drop wise

13



with a syringe. The reaction after half an hour wasnched with water and its TLC run in ethyl
actete and hexane. A spot distinct from reactgmpeared both in case of benzyl bromide and ethyl
bromide as shown iRig 3.1 (c)and(d). Isolation of the product using column chromatpgradid

not yield sufficient material for column chromataghy in case of benzyl bromiddd NMR in
case of alkylation product of ethyl bromide disgdy multiple products.However peaks

corresponding to desired product were also prasghe respective regions.

In conclusion, alkylation of aromatic ring subst#d to 2, 4-dinitrobenzene moiety was attempted
using a strong base and aprotic solvent. Althohghet are indications of the product being formed
in TLC and*H NMR but conditions still need to be optimized fagher yields and purification of

the products from the reaction mixture.

PROTON NMR:
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CARBON NMR:
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CARBON NMR:
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