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ABSTRACT

o-Jodophenol underwent palladium catalyzed reacrion with

(rrfinethysilyl)acetylene to form o-(trimethylsilyl)ethy/nyl phenol

wJ,1ichwas cyclized to 2-acyl(aroyl) benzolblfurans through

Friedel-Crafts acylation with aceryl(aroyJ)chJoride or acetic

anhydride. Utilizing the same procedure 2-acyf(aroyl)

benzofurans were obtained from o-acetoxyphenyliodide. A

development of the heteroannulation of o-iodophenoJ with

dQet'iltinic substrates through palladium-copper catalysis

leading to the synthesis of the 2-substituted benzofurans was

also reported.
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SUMMARY

Investigations incorporated in this dissertation entitled "Synthesis of Oxygen

Cootaining Heterocycllc Compounds Through Palladium Cataly:r.cd and Friedcl_

Crafts Reactions" have been presented in four sections. In section-l background of

biological importance and the important synthetic reactions involved in the synthesis are

presented. Section-2, 3 and 4 deal with the detailed methodology and experimental

procedures for the synthesis of (he 2-subs(ituted benzofurans.

Section one represents the importance and synthesis of bcnzofuran derivatives.

Heterocyclic compounds containing the benzofuran moiety are of great interest because

of their occurrence in nature and their fascinating pharmaceutical and meJicinal

activities. Although various methods have been developed previously for the synthesis of

henzofurans, only a few of them were mediated through palladium catalysis. In section-l,

we report a new strategy for the synthe~j~of 2-substituted bcnzofurans 213 _ 216

through the palladium catalyzed and Friedel-Cral1sreactions from o-iodophenol 47. Th~

reactions were usually carried out with trimethylsilyl acetylene 221 in (he presence of

Bistripbenyl phosphine palladium(IJ) chloride and copper(l) iodide at 4SGC to yield 0-

(trimethylsilyJ)ethynyl phenol 212 in excellent yields. o-(Trimethylsilyl)ethynyl

compound 212 was then subjected to Friedel-Crafts reaction with acid chlorides 222 _

225 or acetic anhydride 226 to afford th.e 2-suhstituted henzofurans in good yields as
shown in scheme-51.

The starting materials, 2-iodophen()j 47 and o-(trimethybilyl)ethynyl phenol 212 were

prepared from o-aminophenol according the known literature procedure.
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+ HC=CSiMcJ

47 OH 221

Scheme" 51

l'd( I'Ph) he b.
CuI, H.,N
dioxaneIDM~',
45°C, Nl, 5h

aC=CSiMeJ

011
212

ae=CSi\1e3 RCDCl
7 , 222-225
:::::... + or

OH (CHjCOhO
212 226

CbCH-CHCh •
A1Cb, OI'C,N), 3-5h

213, R = CH3
214,R=Ph
215, R =p-MeOC6H4
216, R =p-MeC6H4

Wc wanled to synthcsis 2-substitlllet1 benzofuran.' from o-iodophenoI through ~ombincd

palladium catalyzed and I'ricdcl-Cral"l8 reactions BUl \\'c have obtained a mixture oftwo

isomerk product by lh~t method. later we decided 10 protecl the OH group of 0-

iodophenol as acetate to develop thc proee~s for synthesizing 2-acylbenzofurans. In

scction-3, we demOSlrate a novel arpro~ch whcre a p~Iladium catalyzed reaction was

followed by Friedel-Crafts acylation and simultaneous cyclization to obtain 2-

acylbenzofurallS in exccllent yields, 'J-I\eClo~yphenyl iodide 217 undcl"V>'entfacile

reaction with acetylcnie compound 221 in the presence (PPhJ)2PdCh and cur at 4SoC to

yield o-(trimcthylsilyl) ethynylphcnyl ~cetate 218 in excellent yield, The compound 218

was then subjected 10 Friedel-Craffs readiOJ] with acid chloride 222 - 225 Of acetic

anhydride 226 to afford th~ 2-substitutcd b~ll,wfurans 213a - 216a in excellent yields as

ShOVvTI in scheme-55.

•



Scheme - 55

(X
I

I + HC=CSiMe, Pd{PPhJhCh, CuI, TEA .•
""" ' dioxane/DMF, 4P C, N1, 5hOA,
217 221

218

We-R
"o

213a,R=CHJ
214a, R = Ph
215a, R =pMeOC6H4
216a, R '" pMeC6H4

In the case of aroyl chloride we obtained a single product but in the case of acetyl

chloride a~d acetic anhvdridc we al,;() obtained mixture of two i,omeric product. We

obtllined highcr yield by lhi~ process than thc earher proce8S.

In section-4, we havc fUrnished il new strategy for the synthesis of 2-substitUled

bem:ofurun~ 144, 215, 220 \\iith terminal alkyne~ 59, 227, 228, The reactions were

ll';ually carried out by heating a mixture of o-iodo compound, 47 or 217 and alkynes 59,

227, 228 in dioxane or DM!' at 70°C for 15 hOl.lr in the presencc of {PPhJhPdC12

(2.5 mol %) copper (1) iodide (8 mol %) and tricthylamine (10 ml) to afford the 2-

substituted benzofurans as shown in scheme - 59 In the Cilseof hexyne 227 and heptync

228 we obtilined smilll amount of dimeI' \\iith 2-slibstitllled benzofllran, which was not

separable by column chromatography_ W~ obtained good results whcn we used dioxane

as a solvent.

'"

C.:]



Scheme - 59

Pd prhJ ,CI"CuI.TEA.
DMF, N" 70r'(:, 20h

((

I
I +H-C=CR __

~ ORI

f'd PPh) ,CbCuI.TEA
59, R ~ Ph dioxane, Nl, 70 'C, 20h
227,R-C,II9
228,R-C,H,;

~~ 0 R
144,R-Ph
219, R - C41l9
220,R=CjH'1

rIr-l
~OAR
144,R=Ph
219, R = C.1I9
220, R = C,H"



PREFATORY NOTE
Unless othen~'isestated the folluwing procedures were u~cd throughout the work.

1. Melting point (MP):

Melting points were determined on an e1cctrothermal melting point apparatus (England)

,md paraffin oil bath were uncorrected.

2. Infra-red (IR) spectra and UV spectra:

The infra-red (IR) spectra v,ere recorded on KEr disc for films with a Shimadzu FTIR

spectrophotometer and the UV spectra were recorded in CHel) with a Shimadzu UV

visible spectrophotometer at the chemistry Department. BUET, Dhaka, Bangladesh.

3. Nuclear magnetic resonance (NMR) spectra:

IHNMR and I.lCNMR spectra were recorded in CDCl] with a Ultra Shield (Brukcr)

spectrometer (400MHz) at BCSJR, Dhab, Bangladesh.

4. All organiC exlracts were dried over anhydrous sodium sulphate (Na2S04) before

concentration,

5. Evaporation:

All evaporation "'eTe curried out under reuueed pressure using Buehi Rotatory

Evaporator.

a) Anh)'drous 1,4-dio~anc:

lA-dioxane was shaken with sodium hydroxide pellets ami kept standing overnight. Then

the mixture was filtered and the filtrute thll~ ubtained was distilled. The portion ranging

100 - 102°C was collected and used as anhydrous lA-dioxane.

b) Anhydrous DMF:

DM!' was distilled throughout.

c) Chloroform was distilled throughout,

d) n-Hexane wa;, also di8lilled before use,

•



7. Techniques and application of thin layer chromatography (T.L.C):

Thin layer chromatography is considered to bc one llf the most useful mdhods for lhe

separation, pLirifiealion,progress 01"the readion rate and identificalion of a mixture of

organic compounds which involves an absorbent (usually silica gel) as stationary phase

and a solvent or solvent mixture as a mobile phase. Due to the differential rate of

absorption on the absorbent the compounds of the mixture migrated differently along the

T,L.C. plates. In other words, due (0 the difference in mobility of the components. solvent

follows the fact that the more polar compound make, laster the mobility of the

components also depends on the polarity of the solvent or solvent mixture.

8. Procedure for the spotting and development of T.L.e. plates:

The silica gel coated alumina T.L.e. plates were uscd. To spot the plates, first a mark was

made about I em up from the bottom of eaeh plate and the solution of the components

were then spotted with thin glass capillaries. More spotting'were applied upon the same

place to concentrated the component when (he first one was completely soaked in. In

such a way another spotting was made in a horizontal straight line (base line). The plate

was then placed vertically in a suitable solvent in a closed tank, but (he spot was not

covered by the solvent. The atmosphere inside (he tank was saturated with the vapour or

the same of the solvent. Development of the chromatogram accused by capillary

movement of t~c solvent up thc adsorbent laycr. The platcs were removed when the

solvent front reached half a centimcter apart from a upper edgc. The plates were then

allowcd to dry. lf the component of the mixture were coloured, the spots were reJdily

located. If the components were colourless the dried plate was developed with iodine

vapour or UV light. For identification of"the sample by T.L.e. at leasl three dlrTerent

solvent were tried and the Rr value ~omputed and compared with cach case but only the

solvent condilions that gave the best results were mentioned. Thc ratio of the distancc

traveled by a component to the distance travelcd by (he solvent front was characteristic of

each component and was known as Rt'value, e.i.

Distance lraveled by the component frontRf = ----------------
Distance traveled by the solvent frollt

True reproducibility in Rf values is however, rarely achived in practice due [0 minor
changes in a number of variables such as :



•
i) The particle size of different batchc" of absorbent.

ii) The solvent composition.

iii) Prior activation and ~lorage conditions of the plates.

Iv) The thicknessoflhe ahsorbentlayer.

v) Chambersaturationetc.

Thu~, when the Rj values for two different components are almost same or hardly

distinguishable then to study (he different characteristic is the only way to distinguish.

9. Column chromatography:

Column chromatography has been successfully applied 10 separate the individual

components (having dil1hent R, values) ii-OITI the mixture obtained from the reaction.

This technique was also employed for purification of the product

A long cylindrical column (70 em long and 2 em in diameter usually a burette type is

used) made of glass drown out at one end and packed wilh glass wool. To the lower

constricted end of the column a stop cork was fitted in order to control the flow of the

eluant. A separatory runnel fitted ""Llha >pecially made quick fit stopper and filled with

the eluant was placed at the top of the column and this served as a store of eluent.

The flow of the eluent was controlled by adjusting the stop cork. The column was

prepared by slurry method, silica gel being used as the stationary phase, the column was

made half filled with various lype of solvenls as light petroleum, elhyl acetate,

chloroform, n-hexane et(;. and slurry of silica gel in the chosen solvent was the poured

into it, so that the packing was compact and unifonn,

Air bubble was removed by making the column as quickly as possible and allowing the

solvent to fall drop by drop through the slop cork of the column. The mixture of the

components was then placed on the upper surface of the slurry of the silica gel and the

mixture was covered in limited area by some amount of dry silica gel. Then the solvent

mixture was passed through the column. The iractions were collected in test tubes about

20 to 30 ml in each at a regular interval of time and the respective lractions were detected

by T.L.C. The solvent used for elution was chromatographically pure.

o
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SECTION -1

Background of the Present Work
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1. Background of the Present Work

1.t Jntroduction:

Bcnzofuran 1 and its derivatives have drown considerable attention due to their profound

physiological ~d chemotherapeutic propertiesl-2 and widespread occurrence among
natlllal products.

0011
'" 0

There arc many naturally occurring compounds containing the benzofuran skeleton. A

few of them are cited here. MachicendiolJ 2, a constituent of the extracts of Machi/us

gioucesccms (Lauraceae) is used in the treatment of asthma, rhcumatism and uleers. The

active componcnt, 5-(3-hydroxypn.>pyl)-7-mcthoxy-2-(3'-mcthoxy-4' -hydroxyphenyl)_

3-benzo[b]furoncarbaldehydc4 3 of the aqueous extracts of S. milriorrhiz(l Bunge

"Danshen," widely used in China to treat aeute myoeardiac infraction and angina

pectoris. A benmfuran derivative khellin 4 is effective against bronchial asthma'.

Tremetone S, hydroxytrcmetone 6, IOxol 7 and dehydrotr~me(one 8 isolated from

Eupatorium U1ricu~/ulium and Aplopuppus hcternphyllus are known to cause trembles in

caUleand milk sickness in humans~.

OM,
o R' o

OM,

4

Mo

•

2. R1 '= 3'. 4' - mdhylenedioxyphcnyl

R" ~ ll, R1= CH(OH)CH1CH20l-J

3. R1 = 3' - methoxy-4' - hydroxyphenyl

R2 =CHO, RJ = (CH,hOH

• ••



AC~ __.~

R~O)---<
A,

8

5.
6.
7.

RI=R2=H

R1=H,R1=OH

R1 =OH, R2 =H

Naturally occurring furocoumarins e.g. psoralen 9 and melhoxalen 10, commercially

obtained from seeds of Amni majus L, are u~ed for treatment of psoriasis and other

dermal diseases'. Furocoumarins, particularly pwralen, actively participate in elaboration

of chlorophyll and as sl.lch are important for plant biosynthesis8. Substitution at some

position of psoralen 9 reduce its photosensitizing activity, which decreases as the chain

bewrne longer9. Angelicin 11 possesses only 12% of the photosensitizing activity of

psoralen. The study of photoreaction of psoralene 9 with DNA (VY rays, 365nm) showed

that cycloaddition occurred with thymine involving one or two molecules of IhyminelO.

Furocoumarins e.g, methoxalen, also known as xanthotoxin 10, apparently increase the

sensitivity of Ehrlich tumour cells to y_wysll. The usc of phototoxic furocoumarins as

anticancer agents havc been invesligatedl2. 5,9-Dihydroxypsoralen 12 is used as a

radioscnsitizing drug", while 2,5,9-trimcthylpsoralen 13 is used as a radioprotective

agent13. Trimethylpsoralcn and its derivatives 14 are effective photoreactive crosslinking
c 1 .. d"reagents lor nuc elC<lCIs .

2

••
•I
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"
x

o o o

9.
10.

12.

R1",R1",RJ=X=H

R' = RJ = X = fl' R1 - OMe, -

l3.

14.

X=H

•X=ClfPHCHlNH3

Two terpenic coumarins, oroselol 15 and jatamansin have been isolated from

Nardostachys jatamansi, a herb growing at great elevation uplo 17000 ft. on the

Himalayas1s•

OH

o o

15

o

Usnic acid 16, one of the most common lichen metabolites, shew8 inhibitory effect on

Gram positive bacterial!. Probably it interferes with oxidative phosphorylation in the

nucleus and in general, with functions associated with RNA17. In conjugation with

streptomycin, it inhibits mycobacterium tuberculosis]!.

]

• •,



Me

OH

OH

M,

COMe

16
Substituted 5-acyl-2,3-dihydrobcnzofuran-2-cal'boxylic acids 17 exhibit diurebic and

antitussive activities 19.

17

2-(3-Alkoxypropylaminomethyl)-2,3-dihydrobenzofuran analogues 18, possess potent

analgesic, spinal reflex-depressing and adrenergic a.'bloking activity in vivo20, while

2-amino-2,3-dihydrobctlzofurans like 19 and 20 are useful antidepressants and

hypotensive11,

x
o

18

19

4



Among 2,3-diarylbenzofurans, 2,3-bis-(4-methoxyphenyl)-5,6-Jimethylbenzofuran 21 is

reported to have antiinflammalory properlies22. while 6-methoxy-2-phenyl_3_[p_(2_

pyrrolidyJethoxy)phenyl]benzofuran hydrochloride 22 exhibits antifertility propertics2J.

OMe

o "
~ OMe

21

:/ OCH2 -CH2-NO Cl

""

MeO o Ph
22

5.6.Dimethyl-2,J-diphenylbenzofurans are useful as scintillator for radiation

measurement2'. 2-Cyanobenzofuran-j.-;ullonic acid esters and amids are used as color

developers in photographl5, while 2,3-di,ubstituted compounds like 23 and 24 are used

as brightcning agents in textiles. wool, cdllliose, nylon and paper indllstrl'.

o
23

Me

M, CH
,)

ellA(
24

o

R'

Several isosterie bisbenzofurans have been synthesized e.g. sodium chromoglycate

(DSCC) 25 which is useful in human aslhma27.

5



~ -N,O

Et02C~O-CH'-5H-CH1-O
ONol

25

o

- <
ON,

'Ine s)'Tlthesis and pharmacology of a novel series of benzofurans which arc antagonists
of anglotension II has been reportcd13 e.g, OR 117289 26 is a potent and specific

antagonist which, al1.er oral administration (10 mglkg) causes marked and long lasting

«24 hours) fall in blood pressure in renal hypertensive rales2~. Structure activity

relationship based on 26 has been rcported29,

CI1-:)
nRn N

""
()

26

/
N NH
\ /N.:o.N

Polychlorodibeozofurans, which appear in a variety of industrial chemical products, are

toxic to mammals and can cause chloracne and eXlensive liver damage30.

Ruscodibcllzofurans e.g. 2-acetyl-6.9-dimelhyldibenzofuran-3-o1 27 have been isolated

from Ruscus (Jcu/e(llus (Liliaceac), CXlr"cls of which is known to have diurebic and

antiinflammatory activi lyJI.

M,

Me

27

6



Pterocarpan, (6a,lla-dihydru-61.j-bcnzofuran[J,2_C] bcnzopyran) act as natural defence

agents ealled phytoalexin, in planlsJ2. Thc presence of a OH group at 6a position

apparently enhances antifungal activity relative to pteroearpans e.g. pisatin 28 from

Pisum salivumJJ and 6a-hydroxyphaseolJin 29 from phaseo/us vu/garii4. Phaseollin 30
exhibits antifungal and lipophilic activity).'.

o

1-10

M,O

28 29

HO

M,
30

NeoJignans are a group of secondary plants metabolites structurally characterized by the

presence of two aryl propanoid units. One class of this group possesses the

dihydrobcnzofuran skeleton e,g, kadsurcnonc 31, a polent and specific platlet activating
factor (PAl') antagonistJ6.

Me QMe

o

31

7
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Benzofuranyl carbamates e,g: N1A 9242 i,e, methyl-2,3-dihydro-2,2-dimethyl_7_

benzofuranyl carbamate 32, its 4-chlomderivative N1A 10559 33 and 4-methyl derivative

N1A 10586 34 are useful pesticidesl, Renzofuran, 2,3-dibromobenzofuran, 2,3"dihydro-3-

oxo-henzofuran and their derivatives exhihiliow activity.

R

M,
M,

0,
D,-NHMe

o
32.R-H

33.R-CI

34, R-Me

Tremetone 5 the main constituent of termetol, seems to have insecticidal propertiesl, The

carboxy derivatives of benzofurans are active growth regnlalors e.g. 5-benzofuranyl

esters like 35 can be used to control grassJ7

35

Fomllllnoxin 36 has been isolated trom cultural broth of Fornes annosu.l', one of the few

Basidiomycete fungi that causes dcath or host cdl in Jiving lrees as weJJ as extensive

decay in the heartwood of lIiseased trees. Toxicity of fomannoxin is reported 10 be

hundred times grealer than thal of fomannosin, a sesquiterpene previously isolated from

the same source3i,

8
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P 0
P H

"- 'I,H-C
II
0

36

2-(4-Hydroxybenzoyl)benzofurun 37 exhibits relaxing elYcel on histamine and acetyl

chloline spasm. However, estrogenic activity precludes clinical tlseJ9-4o. Among several

derivatives synthesized, 37 exhibits greatest estrogenic activityJ9. 2-Ethyl-3-(4-hydroxy_

J,5-diiodohcnzoyl)benzofuran 38 is superior to khellin as a coronary dilator. The

corresponding dibromoderivativc 39 is kss active".

37.

38.

39.

40.

Both 38 and 39 are powerful uricocliminalors1. 1"Elhyl-3-(4-hydroxy_

benmyl)benzoluran exhibit angiotropie, antiinflammatory and fibronolytic propcrties42.

2-Butyl-3-[3,5-diiodo-4-(2-dielhylaminocthoxy)benzoyl]benzofuran 40 is a powerful

angiotropic2, while 2-(4-nitrophenyl)benzofuran 41 shows high activity against

slraphylococci, pyocyaneae and E. coli. J-(2-Hydroxy-J,5-dichlorophenyl)_5,7_

dichlorobcllzofuran exhibits bactericidal and bacteriostatic activity against

slaphyl(}cocc'U!i aureus 43

9

f



41

o NO,

Recently there has been a growig inlcl'cs! in developing general and versatile synthetic

methods for the s)nthesis ofbenzo[bJfunm derivatives due to their activity as modulators

of androgen biosynthesis (l'uranostcriod)44 as inhibitors of 5_lipoxygenase41, as

antagonists of the angiotensin 11receptor40 and blood coagulation factor Xa inhabitors41,

and as ligands of adenosine AI receptor'!. 1-[[(4-Aminoalkoxy)phenyl]sulphonyl]

benzo[bjfuran derivatives have been synthesized and tested as a potent class of calcium
blockers49.

Aplysin 42 was one of the first halogenated scsquiterpencs to be isolated from marine

organisms. Found in the sea hare Aply",'ia and the red alga Lau.rencia50, its antifeedant

properties are believed to protect hosts from raptorial advancesll. The co-occurrence of

aplysin 42 and dcbromoaplysin 43 in all known natural sources has also prompted

speculation that 43 is a biological pr~cursor of aplysin and acts as an antioxidant by
. . 1 1 "scavengmg rcactl~e Ja ogel15 .

Be

42

o

43

Neolignans possessing the 2,3-dihydrob~nzo[blfuran skeleton arc a cla~s of naturally

44.hh ."hoccurnng heterocyclic compounds ( a-d) Wlt epatoprotecllve, ormone

blockingl4.11 antibacterial,6, antifungal", plant growth rcgulator58 antioxidant,9 and

shows a significant PGll indLlcing effectM.

10



44n. R1 ",(E)-CH",CH-C02CH3, R2 ",H

44b. R'",R'",H

44c. R1",H, R2",Ac

44d, RJ=Br, R2"'Ac

Benzofurans the title compound 45 are useful for thealing insulin resistance and

hyperglyumiaol.

45

In 2000 Ballskola el at,2 found thaI ("'0 J10vel benzofnran derivatives propolis benl.ofuran

A and B, "'ere isolated from the M~OlI ext. of Brazilian propolis together with two

kr!o\','Jl isoprenylated compounds, Both the new compounds exhibited mild cytotoxicity

towards highly liver metastatic musine colon l6-L5 carcinoma and human HTl080

fifrosarcoma cells.

11



13cnZOi(II'ilI1C<lrho.\i!l11ldine,lIlk COlllPUllllds46 il<:lSas ~entral ncr ....ollS sy.,tem agents"J,

R'
NR5R' ,,

/
I NH]

Y ()

II

46

R 1- R
J

= ff. hal o.al k\' l.al koxy,ur!'I,benzy lox}'.all..oxyulkyl,alkylsulphanyl,ulky Isulphany

lalkyl; /\1 ,R' = (JUfICH1: Ii' = !I,OI! Th~se type of compouods arc uset"ul for

treatment of (migraine 'ehizophrencl~, anxiety stmtes, sleep disorders, anorexia,

alzheimer's disease, uddlCtiol1.l and disordcrsp which result from damagc to the

head/brain or to the spinal column,

2-(4-Methox phenol). 3-methyl-5-{E)-propeoylbenzofllran, 2,3-dihydro_2_(4-hydroxyphenyl)-

J- methyl.5.(E)propenylbcnzofurun wel'~ i,oluted from the leuves of piper magnibacum

( ,DC, '[ he antibacterial ucti, ity of thc isolal~; were also investigated",

K. Ishibashi el "t5 reported thai a Series of 2-phenylbenzofuran derivatives with a

eurbooyl, alkylamino or alkoxy group at the 5 or 6 posilion of the benzofuran ring were

synthesized ami evaluatcd roc ral and human lestosterone 5Cl;-reductase inhibitory

uClI,ilieo in "iff" Agmnsl ral enzyme. the curbooyl derivatives had more polent

inhibitory uctivilles than the alkylamino or alkyloxy derivatives. Against human enzyme

the 6-substitUled derivatives had more pOlent than the 5-substituted derivatives.

12



1.2 General Methods for the Synthesis of Benzo[bjfurans:

A number of classical methods arc avuilablc for the synthesis of bem:o[bjfurans, which

can be classified under the following h~adings('"'

A) S)'TIthcsis orthe heterocyclic ring from an aromatic substrate.

B) Synthesis of the heterocyclic ring from a nOll-aromatic substrate.

C) Fusion of the benzene ring to a fumn substrate.

D) S}nthesis of the heterocycl[~ ring from other heterocyclic compounds.

The classical methods ror the synthesis of benzo[b]furans have been reviewed6!.67. A

number of them uses drastic reaction conditions and canllot accommodate sensitive

groups like aldehyde and ketones. Usually, they display typical reactivity patterns and

selectivities. This fact coupled with thc chemotherapeutic importance or various

benzofurans and their occurrence as natural products set the background for the search of

more versatile methods to synthe8ize benzo[b]furans.

It becomes highly desirable to mention Castro-Stephen reaction68N for the synthesis of

benzo[bjfurans, because a number of catalYllc synthesis have been developed in which

copper salts are us~d to generate Pd(O) "in situ" from palladium (II).

When 2-halopbenols 47 were ref1uxed with cuprous acetylides 48 in pyridine or DMF for

6-8 hours under nitrogen atmosphere, 2-substiluted ben:wfurans 49 were obtained in

moderate to excellent yields (Scheme_I). Presence of oxygen resulted in coupling of

acetylenes, thus reducing the yields.

Sehemc_l

~x
R
l V-\ +CuC=C-R

OH 48
X=Br,1

47

Py. N2
1200,6 - 8Ji

13
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The use of2-iodophcnols and DMF as solvent was found to give better results e,g. with

2-bromophenol47 (X = Hr, R1 ~ H) and cuprous phenylacetylide 48 (R~ Ph) a 56% yield

of 2-phenylbenzofuran 49 (R1= H, R ~ Ph) was obtained; for the corresponding reaction

with 2-iodopbenol47 (RL= H, X ~ I) in DMF. the yield was S5%.

Unreactive phenols e.g, 4,6-dibromoresorcinol 50 were found to promote oxidative

coupling of the acetylides (Schcme-2)

Schcmc-2

OH

OMF'CuCsC-R - -- -'-R-C=C-C=C-i{
1250C.3h

48 (57%) SI
B,
50

The reaction was found to be quite general in its scope. Heteroanulation occurred

wherever the starting halide had an ortho-nucleophilic sl.lbstiluent,The effectiveness of

an ortho-nucleophilic substituent to promote the heteroannulation was ill the order

COOH>OH>NH). In fact the reaction bctwecn 2-iodoaniline S2 and cuprous

phcnylacetylide 48 (R2= Ph) was found to be markedly solvent dependent. When DMF

was used 2-phenylindole 53 (R2= Ph) was obtained in 89% yield. When pyridine was

used 2-aminotolane 54 was obtaincd as the exclusive product. However 54 could be

cyclized to 2-phenylinJole 53 by wamling with catal}1ic amount of cuprous iodide in

DMF at 11oDe for 8 hours (Scheme-3),

14
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Schcme-3

(J(I ~
"'" I + CuC_C-W 17511.22h

NH2 48

52

~ N R'I
H
53

Cu!!DMf
IIODC,8h

The reactivity of halides was found to be in the order I>Br>Cl. Furthermore the presence

of N-ethylpiperidine was found to decrease the efficiency of benzofuran synthesis,

indicating that strong coordination of copper could mask the ability of the metal to effect

the initiallllkylation or to courdinate with the acetylene"8'. The substituent of halide and

cyclization were thought to occur within the same cupper eomplexG~' (Scheme-4)

Schcme-4

~
~NAph

I
H

53

In 1989, Doad el ai&'!' ob~erved that the usefulness of Castro-Stephen reaction was

diminished by the requirement to prepare and isolate copper acetylides, some of which

15 ,



are shock sensitive and explosive. l'urthennore, sever"l of thc funetionalized copper

acetylides having hydroxyl, esters elc. were found to be soluble in or reactive towards the

reaction mixture used in their preparation. They obtained 2-suhstituted benzofi.lrans60

good to excellent yields by rcfluxing a mixture of 5-t-butyl-2-iodophenol 58 with

terminal acetylenes 59 in the presence of cuprous oxide in pyridine (Schemc-5).

Scheme-5

xcx:1I + HC-CR CU20IPy,reflux.
~ (60.82%)

OH 59
58 60

R

Recently, Okuro el af'9b developed a catalytic system consisting of cuprous iodide,

triphenylphosphine and potassium carbonate as base, for carbon-carbon bond formation.

Thus when a mixture of2-iodophenol 47 (RI~H, X~l) and phenyl acetylene 59 (R~Ph)

was heated at 120tlC in the presence of catalytic amounts of cuprous iodide,

triphenylphosphine and potassium carbonate, in DMF, for 5 hours, 2-phenylbenzofuran

49 (RI~H, R=Ph) in 18% yield, along with phenol (15% yield) and 1,4-

diphcnylbutadiyne (15%) as sidc producl>;were obtained (Scheme-6).

Scheme-6

(XX <JoR _ Cui, PPhJ• K,CO 1 YI + HC=CRDMF nODe 5h j, R I I
"""- " """"OH59 OR
47 49

RI=H X~l R~Ph, ,

A higher yield 54% of 2-phenylbcnzofuran 49 wa, obtained by using protected

2-iodophenol (as acetate).

The presence of a phosphine was found to be essential for the reaction. Although, other

cuprou, halides (cuprous bromide and cuprous chloride) as well as cuprous acetate could
,

16
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bc used, cuprou> oxide (which was used b} Doad el ara) was found to be ineffective.

However, as far as heteroarumlation was eoncemed, the reaction developed by Okuro

el af~bwas not of general nature (only one alkyne i,e. phenyl acetylene wa~ utili:o:ed).

Recently progre>s in combinational library syn(hesi~ ha~ focused on scope and limitation

or reaclion~ on solid suppon"', Few s(udles have been directed toward radical reactions

on solid support71, allhough they have emerged as a powerful synthetic strategy in

solntion in the past decadcn, Balasubramanian el aP] reported a stndy on tributyltin

halide mediated radical eyclization on solid support to generate benzofuran and furan

rings_ R.W. Armstrong el a/,4 reponed an alternative >ynthesis of various benwfuran

derivatives through 5mb-mediated)5 aryl radi~al cydizations on solid support7b,n. The

cydization is mild, rapid and easy to eany out at room temperature. It thus offers an

advantage over the harsher eondition8 u8ed in tributyltin hydride-mediated synthesis of

benwfuran derivatives in which heating 10 80-100oC for several hours to over night is

u8ually neededJ3.78. Rink resin 61 was eonpled (0 acid 62 (Scheme-7), the acetate gronp

of tile resin bound 62 could be elearly deprotedd by NaOMe in 1M MeOHrrHF solution,

Phenol 63 is readily coupled to a variety of allyl halides by using the Sehwesinger base79

PI-t-Btl to generate 64. Snbseqnent cyclization or 64 by 5mh and HMPA (is essential for

the reaction on solid support) loliowed hy TFA cleavage generated products 65.

Sch"m,,-7

cl"NHF JT(lC

61

1.20% piperidine/DMF
2. Die, HOH I, DMF, 62
3, NaOMe, MeOH, THF(I:lt cl"N

I
I!

I

'" all
OCH3

63

PI-t-Ba, R-X, X~Hr, ('I

N-Methylpyrrolidine 500(' •
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65

N-t-Bu
II

MC2N-P-NMc2
I
NMe2
P,-t-BlI

62

Various methods exist for the synthesis of benzo[bjfuransiO of which the intermolecular

cyclization of a suitably substituted benzene is the most often employedW.. A.R.

Katritzky et alii synthesized 2,3,5,6-suhstitutcd bem[b]furans 66a and 2,3,4,5,6-

substituted bcnzolbj!lmms 67a-c by the inlennolecular cycii7,ution, When
2-{benzotriawl-l-ylmethyJ)furan, 68s-c are readily available from alkynyJoxirancs 69a-

c, themselves derived from ]-propergylbcnzotriazole 70 and a-bromo kelon, 7la.e82.

Treatment of 68a-c with 1 equiv. or n-BuLi at _ 78nC, followed by 1 quiv. of a,p-
unsaturated ketones or aldehydes 72a-e gave 1,4-addition intermediates 73a-(. The

intermediates 73a-f (obtained as mixtures of diastereisomers), without further purification

were lreated with p-tolucne S\tlrllrie acid in 1,4-dioxane under reflux to undergo

intemlolecular cydization to intermediates 74a-f. followed by spontaneous elimination of

benzotriazolc and water to give the bcnzorbjfurans 66a-f. They found that the best

solvent Was 1,4-dioxane; initial attempts to carry out these eydization reaction8 in THF

failed, probably due to the lower hoiling temperature of THF. Altematively the

2-(benzotriazol-l-yl)methyl moiety can be alkylated by lithiation of68a-c with 1 cquivof

n-BuLi at _78°C for 30 min, followed by reactions with n-butyl iodide or benzoyl

bromide as elcctrophilcs for 12h to give 75u-c in good yields. Reactions of75u-c with (l;-

j3-unsaturated ketones followed by cydization yidded polysubstituted benzo[b]furans

6711-C(Scheme-8).

18
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In 2000 K K_Park ~I ali), describ~d the synthesis of new macrocyeles 77-78 lIlilizing 2,4-

Jihydroxbenzophenone as a connecting unit. Photochemical irradiation of 77 yielded

henzolb]f'uran ring-containing cyclophanc 80 via intermolecular Ii-hydrogen abstraction

Schcm-9 nnd Schcme-IO, X.Rar analysis show~cI (hat 80 had u well defined rectangular
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80 79

The radical cyclization of aryl iodid~ and aryl bromide bearing un alkenyl group was

reported by K. O~hima el a/84. Treatment of 2-iodophenyl prenyl ether 81 with PhMgBr

in presence of catalytic amount or F~Cb provided benwfuran derivative 112 as a single

product in 88% yield (Scheme-II). Satural~d bcnwfuran derivative, 3-isopropyl-2,3_

dihydrobenzofuran could not be detected in the reaction mixture. Cyclization of allyl 2.

iodophcnyl ether into a benzofuran derivative madiated by organozineate was also

de<reporte "

21
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Scheme-II

PhMgilr ••
Cat.l'eCl2

o
82

a:X = I
b:X=Br

88%
21%

M. Schmitlel eI a/
8
" reported the synthcsi" and electro chemical investigation of six

stable, simple enols 83-88 (Schemc_12) that were characterized by electron releasing

substituents in a-position. Oxidative benzofuran formation from these enols was

unusually slow because of key intermediate in the reaction, the dihydrobenzofuran cation

X', was substantially stabiliLeu vs rearmngement by thc altached electron releasing

substitucnts. The pcrsi~tent cations X+ were characterized by IH NMR and cyclic

voltammetry and the kinetics of their rearrangement was followed by UV/vis. Notably

upon one electron oxidation of X+ to the radical dication, the formation of the

benzofurans 89 was markedly accelerated by a factor of> ]0" (Scheme-B).

Schemc-12

'_ RLi
C-OEt200rTHF'

O~C
o

83: R=-tD--NMe2 13%

84: R=-tD--oMe 13%

85 :R=+-Q-oMe 56%

OMe

22
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~21%86:R=----l!JJ
OMe

87:R=N 53%

88:R=tfJ 70%



Scbcme-13

89

•
o
,

"

[1.2)-cH)

Bcnzofurall derivmives were prepared3J from a-ch]oro-a-(mcthylthio) ketones and

phenols with p-cresol in CBlel2 in the presence of ZnCb gave 78% of the corresponding

2 - (2',4' -dimcthoxyphenyl)-3-(mcthylthio)benzo[h]furan. Reduction of which with

Raney Ni in EtOH gave 92% of the corresponding 2-(2',4'-dimethoxyphenyl)

henzo[b]furan.

the preparation of 3-substituted bcn7.ofl.lnm90 from a-phenyl acctophenones 91 and

relatcd comp0l.lndsI.Isingclay under microwave irradiationwas described3i.
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R I
"

91

R'

90,91: R' = H, Me, Mc,CI-l, Br, EtO, Cl etc, R2= H, Me, Ph.

A solid phase synthesis of ]-al)"lbenzofurans were developed39. Polystyrene was

sulfonated to give polyslyrene supported benzenesuflonic acid. Treatment of the latter

iodine/triphenylphosphine in benzene gave polystj'renc-supported benzenethioL Farther

treatment of this with bromochloromcthane/DBU gave polystyrene-supported

l(Chloromethyl)thio]bcn/,ene condensation with (2-hydroxyphcnol) phenyl methanonc

derivatives gave polystyrene-supported phenyl-[2-[(Phcnylthio)methoxyJphenylJ

methanone derivatives. Oxidation and cpoxidation of the latter gave polystyrene-

supported 2-phcnyl-2-l2-[ (phcnylsulfonyl )methoxy ]phenyljoxirans. Cyclolragmentation

of the latter gave the desired 3-aryl-benmfumns.

An efficient combinational route of substituted 3-phenyl bcnzofurans was achieved by

the bromination of aectophenones to a-bromoacetophenones by polymer supported

pyridinium bromide perbromide (PSPIW). The subsequenl clean substitution of the

obtained bromides by phenols using L5,7-lriambicyclo[4,4,O]dcc-5-ene (TBD-P) and

cyclodehydralion of the resulting a-phenoxy-a~etophenones using Amberlyst 15 affords

pure products without the need for any ehromalographic purification step.

A new preparation of bellZofuran~ was reported utilizing (trimethylsily!)diazomethane9I,

2-(Triisopropylsiloxy)aryl ketones and aldehydes smolhly reacted with MC2SiC(Li)N1 to

give [2-triisopropylsiloxy)phenyl acetylenes which were easily cyclized to bcnzofurans

by treatment with BI.4N'P-, 3-henzofuran methanols were obtanied when the reaction

was conducted in the prcscnce of ~arbonyl compounds.

24
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A short and novel synthesis of unknown ]-alylbenzofurans was described9I, Witting

olefination of protected 2-hydroxybenzaldehydcs followed by Claisen rearrangement

resulted In the formation of 2-aryl-4-pen!enaJs, which on derroteelion and

cyclodehydration gave 3-allylbenIofurans.

A facial synthesis of 7-nitro-2,3-dihydrobenw[b]I'uran was reported by S,K. Kang 01 at].

Nitrophenols 92 were prepared and cyclizcd using A1Cb to give the title compounds 93,

M,

M,(YRYOH
NO,
92

NO,
93

92 : R = allyl, CHICMe : CHI, CHMeCH : CHI, CHI CH : CH Me

One pot synthesis method ofbenzofutan compounds was proposed by Z-L. Xu el atJ• In

the presence of base catalyst KF/AbO,l, the one pot reaction of 2-hydroxybenzaJdehyde

or 2-hydro~ynapthaldehyde with Et-a-bromoacetate, a-bromoacetophenone, 4,4' obis

(chloromethyJ)biphcnyl and J,5-bis(ehloromcthyl)naplhalene gave the benzofuran

compounds in 30-39% yield.

1.3 Palladium-Catalyzed Synlhesis of Benzofurans:

Due to the versatility, availability and utility of organopalladium complexes, palladium is

one of thc most extensively used transition metal for synthetic purposc94,95, The recent

trend is to develop palladium catalyzed hcteroannulation procedure for the synthesis and

functionalization 0 r various heterocyclic nlOictics,,"'.9',

The initial reports of palladium catalyzed synthesis of bcnzofurans involved use of

stoichiometric amoutll of costly palladium complexes. However, over the years, a number

of very efficient cataJj1ic systems has been developed, making the procedure competitive

with the available methods of synthesis,

25



A stoi~hiometric palladium acetale ~atalyzed eyclization of diphenyl ethers 94 and

related compounds in a~etic acid was reported in 197596 (Scheme-14).

Scheme-14

R00-O Pd(OAclz p
• RAcOH, renux '"(30-90%) 0

" 95
94:R = H

The rate of cyclization and required amount of palladium acetate were found to depend

upon electron supply in the aromatic ring. In the presence of electron releasing group~

cyclizalion was rapid (0.5-1 hl and required one equivalent of the catalyst. Presence of

electron withdrawing groups on the aromati~ rings neeessiated use of two equivalents of

palladium acetate llnd the reaction took longer time C'" 2 hours) to get completed. The

reaction was found to be catalyzed by acids.

The palladium acetate catalyzed ~}dilation of diphcnyl elhers 94 under acidic condition

reported by Akermark el af6 in 1975 required stoichiometric amounts of palladium

acetate. It could be made catalytic by carrying out the reaction at high pressure in 1:1

mixture of nitrogen and oxygen9'. However lack of selectivity led to intermolecular

hydrogenative coupling to give 96 as a ~ideproduct (Scheme-IS).

Scheme-IS

94

96

A general procedure was reported98 Iil[ cyclization of substituted 2-bromophenyl elhers

97 to obtain substituted dibenzofurans 95 under basic condition. The process required

26



only 10 mol% of palladium acet"-l~ and could tolcrat~ ~l~ctron withdrawing as "'ell as

electron releasing groups (Schcrnc-16).

Seheme-16

97

R ~ Br~ 11I11l01%Pd(OAeJ2.N~R
~o~ DMt, Na2COJ

170 C, ,75-24h
(56 - 80%)

o
95

R ~ 1-1,2-N01, 3-N01, 4-N02, 4-0H-CH1, 3-0H-CII)., 4-COOH,

2-Allylphenols 98 having a eyelobexenyl moiety could be eyclized by an equimoleeular

amount of palladium acetate in methanol at room temperature and in the presence of air

to give a mixture of cis-l,2,4a,9b-tetrahydrobenlOfuran 99 and eis-l,4,4a,9b-

tetrahydrobenzofuran 100 in 1:1 ratio, along with small amount of 2,3-butanobenzofuran

101 (Seheme_17)99.

Scheme-17

R
Pd(OAc) 2,02. "

OH McOH, 25"C
'"" 0

R~H,OMe 99

R P R

• ,
"v 0 0

100 101

The reaction could be carried out catalytically with resped to palladium catalyst in

presence of oxygen (one atm.). For the production of one mole of cyclized product (99 +
100 + 101), 0,5 molar equivalent of oxygen was consumed under these condition; co-

oxidants e.g. copper(ll) '>,'erenot rcqLLir~dTh~ distribution of the products (99, 100 and

101) were found to depend upon substratc concentrations; e,g. in presence of excess

substrate, the major product was 99. Furthcrmore, addition of nine equivalents of

eyclohexene was found to increase the proportion of99 at the expense of 100 and 10L

27



The observed change in product distribution was explained in terms of alternation of

reaction paliadium(lI) species and interaction of palladium (II) complexes \~ith olefins.

In 1973, Hosakawa el u{l(HJ synthesized benzofurans 103, 104 hy ref1uxing sodium salt of

2-allylphenols 102 prcparel! Ii-om 2-allylphenol and sodium methoxide with a

stoichiometric amount of dieh lorobi5(benzonitrile )palladium (Scheme- 18).

Scheme-I8

Pd(CI,)(PhCNj),l3z •rcf1u:\,3h

103,R=H(31%)

104, R = Ph (53%)

2-Propenylphenol could not be eyclizcd, indicating that cyclization proceeded not via

first isomerization or starting olefin. but through coupling or oxygen and !3-carbon of

allyl group.

Later on, the cyclization was made catalytic by using palladium acetate, cupric acetate

and oxygenlOI (Schcmc-I9). 2-Allylnaphth-l-ol did not undergo cyclization, but gave

puI)llleric material. due to oxidation with oxygen.

Scheme-19

'"
102

R Pd(OAc),
Cu(OAcb H20
0). CHJOH, H)~
55GC.24h

Cycliled product
(16-54%)

The fomlation of cyclized products was explained by intramolecular oxypalladation

followed by !3-ehmin~tion of 'PdHCI' species (Scheme,20).
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Scheme-20

'PdHCI'

R R
'"

~
PdCI1(PhCNh ,

• ,,
"" ""

,,ON,
0 Pd-Cl

102 "6 I

R ~ H, Ph

When R = H or Ph, the intermediate 107 showed that C-2 hydrogen was the only

~-hydrogen that could be eliminated as 'PdHCI', However when R ~ CH3, two ~_

hydrogens were available. Predominance or unsaturated product 109 was in sharp

contrast to stoichiometric cyclization, where 2-ethylbenzofurans 110 was the main

product (Seheme-ll).

Seheme-21

01-1
105

.~ H~~-.~o--t'C-H
I'.-Pd-
I

107 Cl
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Ho~okawa el a/1m reported a palladillm(lI) catalyzed asymmetric synthesis of 2,3-

dihydrobcnzofurans from 2-allyfphenols 105 and 111 by using a catalytic amount of~-

pinene as the ~ourcc 01' cbirality. j he Calalyli~ ~ystem consisted of 10 mol% palladium

acetate, 10 mol% (-) ~-pjnenc and ()n~equivalent of cupric acetate. 19: I (v/v) Methanol

in waler was used as solvenl and the reaction was carried OUl at 3SoC under oxygen

(Scheme-22). When an excess of j3-pinene was used, no cyclization occurred with 105 as

substrate; whereas (.:!:)-2-(cyclopent-2-enyl)phcnol III reacted with palladium acetate

even in the presence of excess ~-pinenc.
Sehemc-22

~

# Mc Pd(OAc),
I (-j-B-pinene.

""'"' OH MeOH: H20
350C, 02. 3h

105 (62%)
'c/~o

110

H H
Pd(OAc)J p- p-
(-j-ft-pinene •

j +
MeOH: H2O '" '" 035°C, 02, 3h 0

H H
111 Il2 113

To gam an insight into the mechanism, the intramolecular cyclir..ation of trans-2-(2-

butenyl)phenol 105 was studied with 10 mol% (+)-(2,3,1 O-ll-pincne)palJadium(lI) acetate

114 and 10 mol% cupric acetate in the presence of ox)'gen as effective catalytic

systemlGJ, An overall yield of77-81 % was obtained as shown below in (Scheme-23).

Seheme,23

•
~M'

~OH
105

OM

&.(-Pd/+ "h
," 114

Cu(OAe)2,02
McOH,4.5h
35°C

109:110~83:17
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No cyclization occurred in coordinating solvcnts e,g. DMI' or pyridine, while thc reaction
proceeded sluggishly in benzene. fHF and acetic acid, The reaction was thought to
proceed via rever~ible coordination ofthc sub,trate 105 to the dimeric palladium complex
114 to fonn the monomeric palJadium(ll) acetate 115. lntnunolecular nucleopheJic attack

by the phenoxy group and simultaneous removal of acetate ligand as acetic acid led to the

oxypalladation species 116. A look at this species showed the presence of two
p-hydrogens making thc following two pathways possible:

(i) Elimination of a p-hydrogen Ii-omthe methyl group of 116 gave lhe product 109
and Pd-H spccies 117.

(ii) Elimination of p-hydrogen fi-om C-2, followed by rearrangement gave 110
(Seheme-24).

Scheme-24

M,
+ cY ~ Me'" OH

.• Pd'"105 11.
OH
Ac6f(DcY 115

J

/1
'" 0

~cY

-HOAc
110

0' '" M,
cY 0, (-Pd-lJ/, , I Pd'" + ' ,~ '

. I"0 ,

109 117
116lJ)

The role played by cuprous acetatc wa~ not clear, The acetate ion may interact with
palladium(ll) duc to its ready availabilily to form bridging legands.

The regeneration of catalytically active species involvcd oxygenation of Pd-H bond in

116. Tbus fonned palladium(ll) hydropcroxide was supposed to be a Pd-Cu bimetallic
complex, since rcgcneration of active catalyst required cupric acetate as well as oxygen.
The presence or acetate bridge in 117 was supported by the experimenlal observalion thaI
reactivity and enantioselectivity wcre inn"enced by steric and electronic factors of the
carboxylate ligands associated ".,.jthcopper (11)(Scheme-25),
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Schcmc-25

":/ IlY-O~ OAe
1\',-(',-, Pd....... c/
....:.- " --"""'OA/ \,

109+110

"IIH OAe
, -'C/
(-Pd I""

, " ""!' OAe

117

~o,

M,

116

o

M,

105

11'

2-(3-Methyl-2-butenyl)phcnol 119 underwent palladium chloride catalyzed to give 2,2-

dimcthylehromone 120 and 2,2-dimelhyl-4,methoxychroman 121 as the predominant

products along with < 2% 2-bopropylbenzofuran 122 and 2-isopropenyl-2,3-dihydroben-
zofuran 123 (Scheme_26)1C>'.

Schcmc-26

Me

119

OH

Me
PdCh •
McOH : Hl0
350C, 3h, air

(J()""I M,

" 0
120 Me

123

•M,o

122

(120: 121 ~ 32:11)

M,
M,

121
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Formation of Ihe~eproducts coull! be explained by nucleophilic attack by phenoxy group

at 2 or 3 position of the allylic ~ide chain. Use of nitrogcn or argon instead of air led to

poorer yields although the relative ratios among the cydized products did not change.

While the presen~e of sodium SailOr carboxylic acids bearing electron-withdrawing

substituents resulted in predominant formation of six-membered products; addition of

sodium salts of carboxylic acids bearing electron donars led to formation of benwfurans

122,123 and six membered products 120, 121 in equal amounts.

Addition of sodium acetate or use of palladium acetate resulted In non-formation of 121.

In~rease in the amount of sodium acetate added led to higher overall yield accompanied

by an increase in the presence of 123. These result were ascribed to change in

pal1udium(ll) species through coordination of sodium carboxylate 10 palladium, The

resulting change in electron density of palladium seemed to affect the regioselcetivity,

2-Alkylidenetetrahydrofurans and pyrans were synthesized by treating alkyl or aryl
acetylenic alcohols 124 with n-hutyl lithium In TIIF at OoCfollowed by addition of a
solution of 10 mol% palladium acetate or palladium chloride and triphenylphosphine in
THF and one equivalent of organic halide (Sehcmc-27). The reaction was highly regio
and stereoseleetive'o.'.

Scheme-27

~

""" 1,n-H\lLi,TlIF
R 2,Pd(II),PPh\.

OH 3, R1X

125124 n'" 1,2
R'" H, n-Bu, Ph
R/", Me, Ph, PhCH1-,2-thienyl

While paliadium(lI) catalysts like palladi\lm acetate and palladium chloride were found

to be effective, use of palladlum(O}eataly~tse,g. (Ph]P)2PdCI~and Pd(PPh)4 resulted in

poor yields. Use of chloroform. OMF, toluene or benzene instead ofTHF led poor yields

«3%). Most probably, palladium(ll) consumed the excess n-butyllithium lowering the

basicity of the reaction medium and thus minimizing the double bond migration in the

initial products. Palladium(O)could not have done this.
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The mechanism proposscd by Luo d al'G' (Scheme-28) involved the following steps:

Scheme-28

~R
OH"4

n~BuLi •• ~R

126 OLi

Pd(II)

1PPh)
Pd(O)~

,\Rf

]

R.Pd-]

~ /R'

~:I'\o R
125

";
~Pd

o R

'"LiI

(i) Abstraction of prot011from the alcuhol 124 by !loBuli.

(ii) Oxidative addition of organj~ halide to Pd(D) to fonn a cr-alkylpal1adium

halide complex. The lattcr underwent complexation with triple bond to

produce 127,

(iii) Reductive elimination (i-om 128 gave the product 125 and Pd(D) was

regenerated,

Carbonylation of2-acetylenic phenols 129 ",ith carbonmonoxide in methanol containing

sodium acetate, cuprous chloride and palladium chloride led to intermolecular

cycloaddilion to give hcnzofurans 130 (Scheme_29)I06.
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Seheme-29

C-C-R
(XI PdCl:l, K2C03
""" NaOAc, CuCI •

OH co, MeOH

129

~CO,M'

~OAR
130

R=n-l3u,Ph

In 1988, l<J.roekand StinnlOJ found th~t 2-iodoaryl allyl ethers 131 could be cycli7£d into

3-substitutcd benzofurans 103(a) in the pre~ence of 5% palladium acetate under phase

transfer condition (Seheme-30).

Scheme-30

(X
a 5%Pd(OAc);,Na)C03

c/ 1 \ HCOONa, nBu ,NCI, DMF ,

""" """ 80~C,48h
I (40 - 83%)

131 R I03(a)

It was found that the yields of bcnzofl.lrans 103 decreased with less hindered double bond

~nd '-'Yithbetter aryl leaving groups. The observation was consistent with the idea that

insertion into the C-O bond was the major side reaction. Thc formation was thought to

reduce a ll-allylpalladium intermediate formed by C-O insertion and thus keeping the

p~lladium(O) catalyst active. A mechanism was fOffi'ardcd (Scheme-JI)

Scheme-31

011

0 -HPd'09
1

0, I I
"," '"

M Pd', ,
lOJ(a) 135

(X0~
I + Pd(O)

"',
131(a)

•
132

o

Pdl
IPd

0=;>:: '"
IJ4
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The palJadiwn(il) eatalY7-edeyclization of analogus mylmereurials 136 were examined

with an idea to improve the yield. Allhough. the yields were better (65.100%), the

procedure required ~loichiomGlri~ amounts of lilhium telrachioropalladate (Sehemc-32)

Seheme-32

o:O~R LbPdClJ(leq),EIJN
I TfTF, UMF, r.t.

~ 35-60h
HgCt (65 _ IOO%)

136

Palladium eal.alyzed cross coupling between (l.ethoxy-l-alken-2-yl)boranes 137 and 2.

iodophcnol47 gave ortho-functionalized styryl ethers 138 in high yields. The latter could

be converted into 3-substituted benzofurans 140 by eyclodehydration under acidic

cOndition lOR(Scheme-33). The reaction could be utilized for the synthesis of indoles as

well.

Scheme.33

RRoe:/"" 7 eHO

~'(60-90%) '" I~O) OH
140 139

R = H -CHJ. nC(,H1Jetc. -'

3mol%(PhJP)4 Pd
NaOH(3eq)
THF, Reflux, 4h
(6\.97%)

H0'
•• J

138

OH

OFA

Arcalli er alIO" found that when 2-hydroxyaryl or 2-hydroxyheteroaryl halides 140 were

treated with temlinal alkyncs 49 in the presence of a base, (PhJP)lPd(OAch and cuprous

iodide at room temperature or at 60°C. 2-3ubstituted benzoburans 141 were obtained in

good yicJds_ The reaction could acconunodatc a variety of functional groups, both in the

phenol and in lhe alkyne moiety. Piperidine was found to give the besl resuhs, Other

base~ like sodiwn acetate gave moderate yields, while use of n-tributyl amine led to

Michael adduct in poor yields (Seheme-34).
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Schcme-34

R'~A X 2 mol%(Ph)PhPd(OAe)l R1
Y I H-C=C-R 4mot%Cul

+ - Piperidine, DMF, r,t. or 60~C
R on R RR] 49

140 141

A=CH,N

X=I,13r

RI= H; R1= H, 2-Me, J -CHO

R1=H,3_0Me

R = -C~H9(n), CDH" -CHzOH, -CH(OH)C6H, etc.

Latter, Torri et ailiO treated 2-hydroxylaryl on 2-hydroxyheteroaryl iodides 140 with

tenninal alkynes 49 in the presence of his (triphenylphosphine) palladium (II) chloride (5

mol %) and cuprous iodide in triethylamine at 90°C for 10-12 hours, to obtain 2-

substituted benzofurans 141 in 56 - 99% yields (Schemc-35).

Schemc-35

R' A
Y

R1 A X 5 mol% (PhJP)lPd

~I
5mol%Cui

+H-C=C-REtN,900,10_12h ••
R OB 56-99h

R'
140

R o
R'

141

R

A=CH,N

X=I

R1=H,Me,CI

R1= RJ = H; R = -CH)OTHP, -CMe20H, -C"Hu, Ph etc.

Cycloearbonylation of 3-furylallyl acctales 142 in the presence of acetie anhydride,

triethylamine and a calalytie amount of bis{triphenylphosphine)palladium(ll) chloride at

130 - 170°C under 50 -70 atmospheric prcs~ure of ~arhon monoxide was found to give

acetoxyben7.0furans 143 (Scheme-36). 3-(3-Furyl)allylacetate was found to cyclize

selectively at the 2-position of the heterocyclic nncleus to give 7-acetoxybenzofuran.

Reaction temperature> l300C wa~ necessary to Oblaitl high yield. At lower temperature,
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side reactions gave unidentifiable high boiling by products. Triethylamine and acetic

anhydride were used 10esterify in shu the phenols produced.

Scheme-36

OA,

R o

142

,~~~~07(PhJP), PdC1l, AC20, EtJN •Bz, CO. 70khlcm1, !700, I-Sh
OAe R

143

Secondary allyl acetate 142 (R1 = Clb, R2 = RJ = R4 = H) did not undergo

eyelocaroonylation due to elimination of acetic acid and polymerization of the resulting

diene. Furtheremore y-substitutcd allyl acetate 142 (R1 = R2 = R' = H, RJ = CHJ) gave

poor yicld due to diene formation and subse~uent polymeriwtion.

]t was found that 2-hromophenol 47 (X = Br) reacted with tcnninal acetylenes like

phenylacetylene 59 (R = Ph) at room temperalure, in the presence of a base,

bis(triphenylphosphine)paliadium(lI) ehillrid~ and cuprous iodidetll (Scheme-37) to give

2-substitllted benzllfruans 144.

Scheme-37

(X
X

I +H-C=C-R
" OH
47 59
X=Br R=Ph

Heteroalom-containing aryl iodidcs have heen found to react with 1,3-dienes in the

presence of a palladium eata!y,t and appropriate base to afford a variety of oxygen and

nitrogen heleroeYcies. The calalytic system developed by Larok el a/112 to effect this

reaction consisted of 5% Pd(OAc)2 or I'd(dba)" one equivalent n-Bu4NC1, 3.5 equivalent

of appropriate base, \'\lith or v,ilhoUllriphenyl phosphine (Seheme-38).
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Sehemc-38

(X
0H

I +~R

" X
47 141
X = r

Pd(OAe)"
n-Bu,NCl •NaOAe, DMF
1000, I day

o

145

R

No single ba,e was found to give best res lIlts consistently. A variety of 2-substituted aryl

halide were found to undergo heleroannulatioll. Phenols having election wilhdrawing

constituents were found to give higher yield.,>.Even sensilive groups like aldehydes Or

ketoncs did not hampar the reaction. The reaction could be utilized as the most direct

route to tremetone t48, a toxic ketone isolated from white snake root and fomannoxin

151 a known phytopathogen (Scheme"39)

Scheme"39

OH~
Pd(dbah
NaOAe. DMF

+"'" "'" tooo, I day •
X (83%) 1480

0
'"

0146 147
+ " 149

(148:149=7:1) 0

x 147

Pd(OAen, NaOAe, DM~
1000, I day

o

o
150
X = I

151

+ H

152
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A possible mechanism was forwarded which required the reaction to proceed via aryl 153

and ,,-allyl palladium itltermediates ISS. From the acyclic dienes the intermolecular

palladium displacement may occur via

(i) path A - direct back side displacement Or

(ii) path B - front side halide displacement and subsequent reductive elimination,

Formation of 159 from the reaction of 2-iodophenol 47 indicated the predominance of

path B for the formation of five membered rings (Scheme-40)

Scheme"40

exOH~R
Pd. I 141.

""" PJX
153

exOH

I +
'" X
47

o

ex::o
47 158

157

Pd(dbaJ., Na2CO), DMF •IOOoC, I day
44%

Pd

1
o

159

R

R

Recently, aryl halides possessIng a hdero<ltom or potential cmbanion containing a

functionality in the 2-position were found to undergo regioseleetive reaction with 1,2-

dienes, ill the presence of a palladium c<ltlllystand a carbonate base, to give five and six

membered cyclic compounds in heigh yieldsl13• Rcgiose1ectivity of this armulation

procedure was very high; most unsymmetrically substituted 1,2-dienes gave only one

regioisomer. The formation of /lve membered ring involved exclusive armulation across

the more highly substituted carbon-carbon double bond,
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For thc heteroannulation process 5% each of palladium acetate and triphenylphosphine,

I equivalent of n-tetrahulyl ammonium chloride and 3 equivalenl of carbonate base wilh

OM!' as solvent was found 10give the besl resulls (Seheme-41),

Scheme-41

(X0H Pa(OAe)" PPlll, (C(D R
I n-BU4NCI I

+H2C=C=CIIR N CO DM" ••
"'" a) l, ,,' "'"

X 100C, 1-2days 161
47 160

Y. Nan el al
l14 reported an efficient ncw s}nthetie technology for the synlhesis of 2,3-

disubstituted benzo[b]furans. A highly effectivc coeatalysis system (Pdh-thiourea and

eorbon tetrabromide) was developed for carbonylative eycli7.ation of both electron rich

and electron deficient o-hydroxylarylacctylenes to the corresponding methyl

belllO[b]furan- 3--carboxy lates.

The Pd-catalyzed rcaction of 2-alkynylphenols witb tertiary propargyl carbonatcs yielded

2-substituted- 3-allcnylbenzol bjfurans in ffilldemtc to good yields 115. That heteroanulation

promoted by a a-allcnylpalladium complex proceeded under neutral conditions,

The Pd-eatalyzed cross-coupling llf o-allylic and o-vinylic phenols with vinylic halides

and trif1ates produceJ substituted dihydrobcn7.0p)Tans and dihydrobenzofurans

respectively in good to high yieldslL". The proposed mechanism involves vinylpalladium

addition to the olefin, rearrangement to a ll-allylpaladium intermediate and subsel1uent

intermolecular nuclephilic displacement ofpalJadium,

Substituted 2-mcthylbenzofurans were obtained from 2-allylphenols via Pd~+ catalyzed

oxidative cyc]i/;ation using Cu(OAc12- LiCI as a reoxidant and wet OMF as a solvcntl17.

The I'd-catalyzed annulation of silyl-protected alkynols with 2-1C6H40H gives silyl-

protected (J-hydroxyalkyl) benzorurallsll~_ The usc ofsilyl-protccted propynols bearing a

free OH or an OFt"Si protective group resulted in lbe formation of l-oxa-2_

silyclyclopent-J-cnes as d major products. Removal of the silyl protective groups affords

3-(hydroxyalkyl)benzo[bjfurans in good yields.
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H.-C. Zhang d alii" reported conslrudion of indu\e and bcnZllfuTansynthe~is on the solid

phase via palladium mediated cyeli7a(ion. Alkylation of the ~ubstituted 2-iodophenol

163a,b with resin-bound alkylating agent 164 gave the resin-bound cyelization precursors

165a,b, respectively. Palladium mediated in(r;unolceular cyelization of 165a,b followed

by deavage with 30% TFA in CHlCi) afforded (he desired benzofuran derivatives 166a,b

with excellent yields (Scheme-42). The purity was te~ted by HPTC.

Schemc-42

-(X
,

R I
""'- 0 H

163

H';YN-
Cll1Ur
164

-(X
,

R I
" 0

16S

H
Io N-

I) [Pd]
2) TFA, Cl-bcrt

166
a : R = H (purifuid yield = 83%)

b : R = 5,5-di-Cl (Purified yield = 8\ %)

In 1998 S. Cacchi et alllQ reported 2-suh>tituted-3-allylbenzo[b]furans through the

palladium e<ltalysed eyeii?.<ltion of propargylic-v-(i\ikynl)phenyl ethers. They reported

their preliminary results on the conversion of 167 into the 3-allynylbenzo[b)furans 168

(Scheme-43). The starting propargylic o-(alkynyl)phenyi ethers 167 have becn prepared

from o-alkynphenols 170 according to the sequence outline in (Scheme-44), through a

one pot protocol which usually gives belter results than the stepwise procedure.
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Schcme-43

169

R'

168

•
Pd(PPhJh
K2CO]
DMF,IIO"C0:::,'" -

""" I O~
R'

167

R = Ph, n-C\i-ill, p -MeO-C6H, etc,

R I = P -Me-CoH., p _ McOC(;H4• Ph etc,

Scheme-44

171

ceR

'" -
""" I O~ I

167 R

0:"'" -
""" I OH

170

•
~R

~o~

R'X
PdCHPPh3)2 •Cui, EtN
DMF,45GC

R1~ P -Me-C6H., l' - MeOC,H" Ph etc.

R = Ph. n - C\H11,p - MeOCoHj, etc.

The palladium catalyzed cross coupling of o-allylic and o-vinylic phenols with vinylic

halide and triflates produces substituted dihydrohenzopyrans and dihydrobcnzofurans

respectively in good to high yields, R. C. Larock c{ al'~1 reported a conceptually related

palladium-catalyzed coupling On vinylic halide, and triflate~ with o-allylic and vinylic

phenols, which provides a convenient, general route to dihydrobenzopyrans 174 and

dihydrobenzofurans t 76 respectively (Sehcme-45)
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Scheme-45

175

x=o~ R

~O(

176

The general strategy was illustrated through the eyclization of vinyl bromide 177

(Scheme-46), Heating a mixture of bromide 177 and Cs2CO] in dimethylaeetamidc

(DMA) in the presence of catalytic amount of Henmann's palladaeyelie catalyst (HC)I:!2

promoted cyclization to the ortho and para bcn/.ofurens 178 and 179 which were fonned

in a I: I ratio along with a small amount ofrcsoreinol180,

Scheme-46

OH

(xl BrYrd catalyst.
":::-. ) base/DMAIL'.

o
177

In 1997, D Fancelli el all14 reported a procedure for solid phase synthesis of2-substituted

henzofum carboxylic acids which milli8es a Pd-catalysed hetcroannulation of tennina!

acetylenes in the presence of resin hound orthohydroxy aryl iodides (scheme 47).
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Schcmc-47

OA,

OH

"181
CD-o

J
re,in TI-lf •. 0
DEAD PPh3

"182 OA,

6% NH] •l6h, r.t.

0-

"183 OH
R

Pd(PPh,hCI2, CuI ThlG
DMF, 500C, I6h

CD-a
0- cY "" R NaOH(aq) R

" • i-PrOH " 00
185 184

The starting carboxylic acid 181 was directly linked to the comcrcial hydroxy resin

TentaGeI TM S-OH using the Mitsl1l1obu reaction, during the coupling the hydroxyl was

protected as an ~cctate to avoid sdl~c()ndensations. The protectlve group was then

removed by mild alkaline hydrolysis and the resulting o-hydroxy iodide 183 reacted

smoothly in the cyclization step to give the resin linked benzofurans 184. Cleavage from

the resin was performed with IN aqueous sodium hydroxide / isopropyl alcohol. After

Neutralization, HPLC quantitative assay showed that benzofurans 185 was obtained as

essentially pure compounds in overall yields ranging from 40-70%,

A mixture of u-iodophenyJ 47 and an alkyne 59, 186 - 193 with a tenninal acetylcnic

function, when heated in the prsence of a palladium catalyst, copper(1) iodide and a base

in dimethylformamide, gave the 2-suhstill1teu benzofurans 144, 196 _ 203 in good
. Jd mYle s ,
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Scheme -48

~R~r
" Ph 144

186 CGH4Cl-m 196
187 CH20H 197
188 CMe20H 198
189 CH20THP 199
190 CH(OH)CH=CHMe 200
191 CH(OI:l)Ph 201
192 CH(OH)C,1:I4Me-o 202
193 CI:I(OII)C6H~OMe-p 203
194 COzMe

195 H

((C=C-C(OH)Mel

OH
204

The reactions were usually carried out for 16hat 60~C,lower temperature leading to poor

yields. The reaction when carried O(.ltin DMF at room temperature in the presence of

tetrabmylammonium chloride (PTC). gave a mixt(.lreof thc cyclic product 198 and the

corresponding acyclic product 204, The overall yield and the proportion of the cyclic

product increasing the time, At thc higher temperature (50°C) for 6h thc cyclic product

198 was fonned exclusively, This indicated the acyclic product 204 was an intennediate

in the fonnation of the benzofuran 198, However, v,ith several aryl acetylcnie carbinols a

slightly higher temperature (80°C) and longer reaction period were rcquired to derive the

optimum yields, The reaction could not be carried out with methoxycarbonyl 194 and
acetylene gas 105.



1.4 Palladium Catalyzed FUllctionalization of Benzofurans:

Due to their physiological and chemotherapeutic significance, -benzofuran derivatives.

particularly 2-subslituted benzofurans are important synthctic targets. As such, palladium

catalyzed functionalization ofben7ol'urans. which could accomodate sensitive functional

groups e.g, aldehyde, ketone dc. has received attcntion for synthetic organic chemists.

Benzofuran 205 was foundll6 to undcrgo cross coupling with mylmercuryhaJides in the

presence of lithium tetrachloropalladatc to give 2-aryl benzofurans 206 accompanied by

small amoLlnts ofbiaryl207 (Scheme - 49)

Schcme - 49

20'
(5-8%)

"'00I I
"" 0

205

205a, R = H

205h, R =Me

R~
Li21'dClJ ,;::.---

ArHgX, r.t. 11h. ""'" I I + Ar -Ar
o A<

206
(60-79%)

Ar = Ph,C6H4Me-p, C;H40Mc-p,

C,I14N01-m

In !he presence of palladium acetate in acetic acid, benzofuran 205 reacted with olifins

208 to give bcnzofurylsubstituled olifins 209 as major products (53-70%) and 2,2',

bibenzofuryl210 as minor product. However, the laltcr 210 was the major prodllct in the

reaction between benzofuran 205 and aromatic halide in the presence of palladium

acetate in bcnzene. 2-Arylbenzol'uran was obtained in small amounts, indicating that

reactivity of benzofuran 205 towards palladium acetate was far higher than that of

benzene. No hydride shi!t was observed to take place during the reaction'Z] (Scheme-50).



Scheme-50
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SECTION - 2
Present Work

Synthesis of2-Acylbenzofurans from (I-Iodophenol Through Combined

Palladium Catalyzed and Friedel-Crafts Reactions.



2. Present Work: Synthesis of 2-Acylbenzofurans from 0-

Iodophenol Through Combined Palladium Catalyzed and
Fridel-Crafts Reactions.

2.1 Rationale:

Heterocyclic compounds containing the benzofuran skeleton have generated considerable

interest in recent years as reflected hy recent artIcles dealing with their synthesis and

emphasizing their biological and medicinal properties. Our inlerest in benzo[b]furans

stemmed from their fascinating chemistry, pharmaceutical and medicinal properties (as

described in section-I), More recently progress in this area have been made though the

development of methods involving 0) a modified Castro reaclion68cusing acetylenic

substance with Cu20 in pyridine&'!'(ii) solid Slipport70(iii) intermolecular cyclization81

(iv) radical cyclization&4.Thus a number of synthesis of natural products containing the

benzofuran nucleus have been reportedlJl.

Reeenl efforts, however have centred around the use of palladium catalysts for carbon-

carbon bond fonnationlJ2 and carbon-hcteroatom bond formation94,95,The palladium

catalyzed synthesis of substituted benzofurans have been reported involving the

cyclisation of 2_allylphenolswl and palladium promoted cyclisation of o-iodoarylallyl

ethersl01. The palladium cataly?.ed reaction of o-iodophcnols with I,J-dienes and

1,2-dienes leading to the substituted benzofuruns have also been accomplishedll2,llJ. The

functionalization of pr.formed benzofurans under palladium catalyzed condition has also

been rcportectllo•. The cyclocarbonylation of 3-furylallyl acetates in the presence of

palladium catalysts led to the acetoxybenmfuransl~60.

Acetylenic substrates have played a very significant role in palladium catalyzed reaction

for carbon-carbon bond formation leading to cyclic and polycyclic structures'>'!,

dihydrobenzofuransllll, 2-alkylidenetetrahydrofurans and pyransIQ"The hcteroannulation

of o-iodophenols with acelylenic substrates containing a tenninal acetyJcnic group

leading to 2-substituted benzofurans have been reported by several group of

investigators1(I'J,1Il. A somewhat differenl approach has been the palladium catalyzed

carbonylation of2-acetylenic phenols leading to substituted benzofuranslQ6.Similarly, the
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,
palladium catalyzed arylation of alkyl or aryl acetyJenic phenols in the presence of

butyllithium led to 2-alkylidenebcnzo(urans1o,. Kundu et aim reported a convenient

method for the hetcroannulation 01 acetylcnic carbinols leading to 2-substiluted
benzofurans.

1n view of the extensive natura] occurrence and biological importance of benzofuran

derivatives we planned to develop a general and facile method [or the synthesis of 2.

substituted benzofurans. We became interested in lhe palladium caTalyz.ed

heteroannulation and Friedel-Crafts acylation reaction for the synthesis ofbenmfurans.

2.2 Results and Discussion:

Here we demonstrate a novel approach where a palladium catalY7ed reaction was

followed by Friedel-Crafts acylation and simultaneous cyclization 10 obtain

2-acylbenzofurans in good to excellent yields. u-Iodophenol 47 IlIlderwentfacile reaction

with trimethylsilyl acetylene 221 in the presence of (PPhJh PdCh and CuI at 45°C to

yield o-(trimethylsilyl)ethynyI phenol 212 in excellent yields. o-(TrimethylsilyI)ethynyl

eom~ound 212 was then subjected 10Friedel-Crafts reaction with acid chlorides 222-225

or acetic anhydride 226 to afford the 2-substitutcd benzofurans 213-216 in good yields as
shown in Seheme-Sl.

Scheme-51

22I47

(""yIU + HC= CSiMe]

OR

ocC-CSMeJ RCOCI
::Y 222-225 ~I + or CllCR-CHCh •. I I
" (CH CO) 0 A1Cb;O"C,Nl,3-5h ~ '

OH 3 1 0 C-R
212 226 II

o
R ~ CHl, Ph, pMeO-C,;H.,pMe-C6H4 213, R = CHJ

214,R=Ph
215, R ~ p"MeOC6H4

~ 216,R=p-MeC6H4
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An ice cold solution of o-(trimethylsilyl)ethynyl phenol 212, anhydrous aluminium

chloride (4 mol eq) and acid chloride 222 - 225 or acetic anhydride 226 (1.5 mol eq) in

tetrachloroethane V>iasstirred at 0-25DC for 1-2 h (acid chloride) or 3-4 h (acetic

anhydride) to yield 2-acylbcn7Alfurans213-216, In this case we have found two isomeric

product which were not separable by column chromatography.

2.2.1 Starting Materials:

Synthesis of o-iodophenoI47:

o-Iodophenol 47 have been used as starting materials because of their easy availability

from o-aminophenol 21t. Diazotization of o-aminophcnol 211 followed by Sandmeyer

iodination with potassium iodide afforded o-iodophenol 47 shown in Scheme-52, The

product was characterized by its UV, IR, IHNMR. The lHNMR and IR spectra of the

compound 47 showed absence of NH1 group, In IHNMR spectrum of the compound 47

the chemical shift 0 5.3 (signlet) for OH proton was observed. The melting point of 47

was found to be 42---430C (litI2~431JC)All ,pcctral data of the compound 47 were

identical to the reported dalaII!.

Scheme - 52

(XNH2 "I I. NaNO" H2S04, H20, 0.5 C •
""" 2. KI, H 10OH
2ll

(X'""I
01-[

47

2.3 Characterization of products:

2-substituted ben7.ofurans 213 - 216 were well characterized by their satisfactory

spectroscopic (JR, UV, IHNMR and DC NMR) data. The IR spectra showed C = 0

stretching vibration in the range 1680 - 1778 em-I. Appearance of two singlet at 0 6.5

and 0 6.6 in the IHNMR spectra """~assigned to be 3-H of 2-acctylbenzofuran 213. The

IHNMR spectra of the compound 213 showed two sharp singlet at 0 2.3 and 2.4 for

-COCH) proton. In the case of 2-aryolbenzorllrans thc 'HNMR spectra showed chemical

shift positions at aromatic zone (7.0-7.3) for }.H. The IHNMR spectra of the compound
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2-anisoylbenzofuran 215 showed two sharp singlet at Il 3.87 and Il 3.82 for Ar-OCH)

proton. Similarly the IHNMR spectra of the compound 2-toluoylbenzofuran 216 showed

two singlet at 0 2.44 and 0 2.36 for Ar-CH) proton.

Thc IJCNMR spectra of2-acylbenzofurans showcd two signals for C = 0 at DC 196_ 188,

two signals at 6, 55.67 and 56.54 for Ar-OCH1 of compound 215 and two signals for

each compound at 0, 116-112 for C-3. Other signals for aromatic carbon were also found
doublc.

The IHNMR and IJCNMR spectra indicate the prcsence of two isomer in each

synthesized 2-acyl bcnzofurans. The UV spectra of all the compounds 213 _ 216 showed

absorption in thc range A.m,inm 320 - 250.

2.4. Mechanism:

a) A mechanism for the formation of o-(trimethylsilyl)cthynyl phenol 212 through

palladium catalyzed reaction of o-iodophenol 47 with alkync 221 having a terminal

acetylenie group is illustratcd in Scheme - 53.

The formation of Pdo from the interaction or bis(triphenylphosphine)palJadium (II)

chloride and cuprous acctylide a, shown in step (ii) was proposed by Hagihara el a/lJJ.

Oxidative addition uf o-iodophcnol (0 PdQcomplex gives a o-arylpaJladium (II) complex

(A) which then trans-metallates with cuprous acetylide to generate the

arylalkynylpalladinm (II) spccies (3). This on rcductive elimination of Pdo then affords

acyclic product 212.
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Scheme - 53

(i) HC==CSi(CH))]

221

(ii) Cu-C=C-Si(CH))] + Pd(PPh])2Cb •. (PPhJ)lPd-(C _ CSi(C}h)J)l+CuCI

\
Si{CHJ)]C=C-C =CSi(CHJ)J + (PPhJ}.>Pdo

212

(X
I

",I
47 OH

1f'Yid-I
~OH

A

b) The acylation of o-(trimethylsilyl) product 212 was earried out by an aeid chloride or

acetic anhydride in [he presence of II Lewis acid (AIC!]). The most likely mechanism for

Friedel-Crafts acylation is ShO\Vllin Scheme - 54, In the Lewis acid catulY7ed method, an

acylium carbanion (C) is fonned from the complex (A). Trimethylsilyl group acts as an

electron donor and partial negative charge is developed on the tenninal triple bond

carbon 212. The generated anion complex (E) is attacked by the acylium ion (C) to fonn

the complex (F). Then the complex (F) undergoes the Michael addition to fonn the 2-

acylhenzofurans 213 - 216,
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Scheme - 54

D

I

c

/
A

E

. -

(J(C=C-SjM~3

~ I ~
OH

212

R-CO-Cl
222-225 0
or II ~ -AICI. [ + -;- ]+Aleb_R-C-el---AICI1 ~ R-C= 0_ R.e=0

(ReOhO . -
226

•H -

I ?
()::l (J(e_e-e-R

I I -- I • e.• " + SiMe]AICt.
~ 0 eO-R "

G OH
213,R = CH]
214, R = Ph
215, R =pMeO-C6~
216, R = pMe-C6H4

2.5 Conclusion:

We have described for the lim lime a very convenient and elegant melhod tor the

synlhesis or 2-aeylbenzofurans from 2-iodophenol through palladium ealaly»:edrea~llon

followed by Friedel-Crafts acylation. The method is characlen7£d by readily available

starting materials, relatively mild r~action condition and relatively good yields.
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2.6 Experimentals :

o-IodophenoI47:

10 g (0.09 mol) of v-aminophenol 211 W<lS dissolved in a mixture of 11 g (6 ml) of

concentrated 112SO., 46 ml of water ,md 46 g of crushed ice in a large flask. The mixture

was cooled in a freezing point and was stirred mechanically. Then was added doting 1

hour a solutrion of6.6 g (0.096 mol) oi"sodium nitrite in 13.6ml ofwaler. The solution

was stirred for a further 20 minutes and then added 5.6 g (3.05 ml) of concentrated

H2S04. The cold diazonium solution was poured into an ice cold solution of 18.30 gm

(0.11 mol) of potassium iodide in 20 ml water contained in a beaker provided with a

mechanical stirrer. With continued stirring the solution was warmed slowly on a water

bath. The temperature wa.~maintained at 78 - 80°Cuntil the evolution on nitrogen ceases.

The v-iodophenol was separated as a dark heavy oil. The residue was cooled 10 room

temperature and extracted the reaction mixture with three 30 ml portions of chlorofonn,

washed the combined extracts with dilute sodiumthiosulphate solution and dried with

anhydrous sodium sulphate.

The solvent wa, removed on a waterhath, The compound was purified by steam

distillation, extracted with chloroform and dried with anhydrous sodium sulphate. Solvent

wa~ removed to obtain the title compound 47 (16.96 g, 82.83%) as a solid, mp.

42-430C (lit.128 43°C).

IR (KBr): Vrn""3415,1610,1600,1580,845,830,730 em-I

UV (CHCh) : Am"" 284,60, 277.20, 238.20 mm,

IHNMR(400MHz, CDCI)): Ii 7,66 (dd, 1=7.16,1.48 Hz, IH, ArB), 7.25 (m, IH, ArH),

7.00 (dd, J=8,73, 1.44 Hz, lB, ArH), 6.68 (ddd, 1=7.59, 1.46 Hz, 1H, ArH), 5.30 (s,1H,

ArOH).

Q-(frimethylsiIyl)ethynyl phenol 212:

To a stirred solution of v-iodophenol 47 (4.00 g. 18.18 mmol) bis(triphenylphosphine)

palladium (II) chloride (0.128 g, 0.18 mmol), copper (I) iodide (0.07 g, 0.36 mmol) and

triethylamine (10 ml) in dioxane!DMF (10 ml) were added (trimclhylsilyl)acetylene

(5 ml, J6.21 mmol). The reaction mi"tme was ,tirrcd at 45°C for 5 hour (24 hour in the
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case of DMF) under N1 atmosphere, The progress of the reaction wa~ monitored by

T.L.C (hexane-chloroform, 6:1) (Rr value = 0.61) which indicated completion of the

reaction with the formation offaster moving product.

o
p S = Reactant

P = Prodl.lct

The solvent was removed under reduce pressure. To a residue dicthyl ether and O.1NHCl

were added and the organic layer was separated, neutralized with a saturated NaHCOJ

(3x50 ml) solution, washed with distilled water (3x50 ml), dried with anhydrous NalS04

and concentrated under reduced pressure. The latter was purified by chromatography on

a column of silica gel with hexane chlorofonn (7:1) to obtain the title comound 212 (3.6

g, 94.72% when dioxane was used as a ~olvent and the product was 70% when DMF was

used as a solvent) as a solid, mp. 46-47vC (lit129mp. 46-47).

IR (KBr): Vma:<3450, 2146, 842, 775, 776 cm-I

UV (CHCll): Am""304.0, 295.8, 256.8, 288,6 nm.

IHNMR (400MHz, CDC!]) : () 7.34 (dd, 1=7.66, 1.39 Hz, '1H, ArB), 7.26 _ 7.22 (m, 1H,

ArH), 6.95 - 6.93 (m, 1H, ArH), 6.87 - 6,83 (111, lH, ArH), 5,83 (s, ArOI-i), 0.28 [s, 9H,

Si(CH)lJ].

2-Acetylbenzofuran 213:

a) From acetyl chloride:

To an ice oold solution of o-(trimethylsilyl)ethynyl phenol 212 (200 mg, 1.1 mmol) in

tetrachloroethane (10 ml), acetyl chloride (0.12 ml, 1.65 mmol) and anhydrous

aluminiUm chloride (0,60 gm, 4.4 mmol) were added. The mixture was stirred under N2
for 3 hour and the temperature ofthc reaclion was raised from ODCto 25DC.The progress

of the reaction was monitored by T.L.C (hexane-chloroform I: I) (Rr value = 0.51) which

indicated completion of the reaction with the fotmation of slower moving product.
,
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s ~ Reactant

P = Product

Then the mixture was poured into an icc cold solution of dilute Hel (2 m!. 1-1.5 NRCI)

and the organic layer was separated. The aqueous layer extracted with CHCI,(3x25 mI).

The combined organic extracts were washed ",ith distilled fohO (2x30 ml), saturated

NaHC03 solution (2x30 ml) and distilled H20 (2x30 mil again. After drying over

anhydrous Na1S04 and removal of solvent a syrupy residue was obtained. The crude

mass was purified by a silica gel column. Elution with hexane-chloroform (1: I) furnished

the major product 213 (lJ 1.65 rug, 78.20%) as a homogeneous syrup.

IR(CCI4): Vtna:<1776, 1676, 154Hand 1488 em-I.
UV (CUeh): lema:< 275.2, 227.4 run
IHNMR (400 MHz, CDCI): oS7.70-7.11 em, 8R, ArB) 6.61 (5, IR, 3-H)
6.51 (5, 1R, 3-H), 2.43 [8, 3R, COCH), 2.37 (5, 3R, COCH)),
IlCNMR (400 MHz, CDCIJ): lie 196.49 (CO), 195.65 (CO), 169.05, 168,85, 168.77,
167.86,153.05,147.58,134.40,132.55,131.72,131.45, 126,35, 126.25, 122.80, 122.44,
114.45 (C-3), 114.25 (C- 3), 29,93 (CH3), 29.80 (CH)).

b) From acetic anhydride:

To an ice-cold solution of 212 (200 mg, 1,1 mmol) in tetracWoroethane (10 ml), acetic

anhydride (0.16 ml, 1.65 mmol) and anhydrollS aluminium chloride (0.60 gm, 4.4 mmol)

were added. The mixture was stirred under N2 for 5 hour and the temperature of the

reaction was raised from O~C\0 25°C. The progress of the reaction was monitored by

T.LC (hexane-chloroform 1:1) (Rf valLIe ~ 0.51) which indicated completion of the

reaction with the formation of slower moving product.

o,
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Then the mixture was poured into a ice-cold solution of dilute HCl (2 ml, 1-1.5NHCl)

and the organic layer was separated. The aqueous layer extractcd with CHCb (3)<25ml).

The combined organic extracts were washed "'lth distilled H20 (2)<)0 ml), saturated

NaHCO, solution (2)<]0 ml) and distilleJ H20 (2)<]0 ml) again. After drying over

anhydrous Na1S04 and removal of solvent a syrupy residue was obtained, The crude

mass was purified by column (silica-gel). Elution with hexane-chloroform (1:1) furnished

the major product 213 (140 gm, 83.12%) as a homogenious syrupy.

lR, UV, IHNMR, IJCNMR spectra vI' thi, compound was indistinguishable from those of

the same sample prepared earlier from acetyl chloride.

2-Bezoylbenzofuran 214:

To an ice-coid solution of 212 (200 mg, 1.1 mmol) in tetrachloroethane (10 ml), benzoyl

chloride (0.19 ml, 1.65 mmol) and anhyJrous aluminium chloride (0,60 gm, 4.4 mmol)

were added. The mixture was stirred under N2 for 3 hour and the temperature of the

reaction was raised from OoCto 2S°C. The progress of the reaction was monitored by

T.L.C (hexane-chloroform 1:1) (Rr value = 0.36) which indicated completion of the

reaction with the formation of slowcr moving product.

o,
"p

S = Reactant

P = Product

Then the mixture was poured into a icc-cold solution of dilute HCI (2 ml, 1-1.5NHCI)

and the organic layer was separatcd. The aqueous laycr extracted with CHCll (3)<25ml).

The combined organic extracts were washed with distilled H20 (2)<30ml), saturated

NaHC03 solution (2)<30 ml) and distilled H~O (2)<)0 ml) again. After drying over

anhydrous Na~S04 and removal of solvcnt a syrupy residuc was obtained. The crude
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mass was purified by column (silica-gel), Elution with hexane-chloroform (1: I) furnished

the major product 214 (189 gm, 80.87%) as a solid, mp. 88-89~C (Jit]~ 90°C).

IR (KBr) : V",""1690, 1645, 1550 and 1548 em-I.

VY (CHCIJ): A",,, 310, 286, 241 nm.

IHNMR (400 MHz, CDCb) : 8 8.32-8.13 (m. 2H, ArH), 7.99-7.09 (m, [81-1.ArB).

2-(p-methoxybenzoyl)benzofuran 215:

To an ice-cold solution of 212 (200 mg, 1.1 mmol) in tetrachlorocthane (10 ml),

p"anisoyl chloride (0,22 ml, 1.65 mmol) and anhydrous aluminium chloride (0.60 gm, 4.4

mmol) were added. TIle mixture ".~~ stirred under N1 for 3 hour and the temperature of

the reaction was raised from OoCto 25°C. Th~ progress of the reaction was monitor~d by

T.L.C (hexane-chloroform 1:1) (Rr value ~ 0.32) which indicated completion of the

reaction with the formation of slower moving product

s ~ Rcactant

o
p

P = Product

Then the mixture was poured into a ice-cold soilition of dilute HCI (2 ml, 1_ [.SNHC1)

and the org~nic layer was scparated. rh~ aqu~ou:; layer extracted with CI-ICh (3x25 ml).

The combined organic extract> were washcd with distilled H20 (2x30 ml), ~atur"ted

NaHCO) solution (2x30 ml) and distilled H20 (2x30 ml) again. Aller drying over

anhydrous Na2S04 and removal of solvent a syrupy residue was obtained. '1he crude

mas~ was purified by column (silica-gel). Elution with hexane-chloroform (1:1) furnished

the major product 215 (220 mg, 82.92%) as a 801id,mp.94-95"C (1it./9 95_96oC).

JR (KBr) : V,,"~1739, 1640, 1549 und 1510 em-I.

VY (CHC1J) ; )'m" 315.0, 265.2 run.

'HNMR (400 MHz, CDCh) : 6 8.19-8.17 (m, 2H, ArH), 7.84-7.81 (m, 4H, ArH),

7.49-7.23, (m, 5H, ArH), 7.00-6.96 (m, 3H, ArH), 6.81-6,74 (m, 4H, Arll). 3.87 (s, 3H,

OCB.1), 3.82 (s, 3H, OCH,).
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IlCNMR (400 MHz, CDCIJ): lic 189.77 (CO). 188.92 (CO), 164.78, 164.27, 163.91,

163.72,148.01,147.32,142,67,142.23,136.63,136.25, 132,70, 132.59, 132.45, 13l.37,

131.08,130.93,130.33,130,13,127.11,126.95,126.33,125.91, 123,62, 122.96, 114.14,

113.89, 113.80 (C-3), 113.75 (C-3), 55.67 (on!]) 55.54 (OC11]).

IlCNMR (400MH7., CDCll, DEPT 135) : 6c 132.61, 132.50, 132.36, 131.28, 130.99,

130.84, 130,04, 127.02, 126.86, 126.24, 125.83, 123.53, 122.87, 114.05, '113.80,

113.71(C-3), 113.65(C-3), 55.58(OCH1),55.43(OCHJ).

2-(p-Mefhylbenzoyl)benzofllran 216:
To an ice-cold solution of212 (200 mg, 1,1 mmol) in tetrachloroethane (10 ml),p-toluoyl

chloride (0.21 ml, 1.65 mmol) and anhydrous aluminium chloride (0.60 gm, 4.4 mmol

were added. The mixture was stirred under N, for 3 hour and the temperature of the

reaction was raised from ODC to 25°C. The progress of the reaction was monitored by

T.LC (hexane-chloroform 1:1) (Rt value = 0.35) which indicated completion of the

reaction with the formation of slower moving product.,

S = Reactant

o
p

P = Product

Then the mixture was poured into a iee cold ~olution of dilute HCI (2 ml, 1-1.5NHC1)

and the organic layer wa<;separated. The aqueous layer extracted with CHCb (3x25 ml),

The combined organic cxtracts were washed with dislilled H20 (2x30 ml), saturated

NaHCOJ solution (2x30 ml) and distilled H20 (2x30 ml) again. After drying over

anhydrous Na2S04 and removal of solvent a syrupy residue was obtained. The crude

mass was purified by column (silica-gel), Elution with hcxane-chloroform (1:1) furnished

thc major product 216 (200mg, 80.51%) as a homogeneous syrupy.

IR(CC,",): Vm" 1755, 1610, 1575, 1545 em-I.

VV (CRC!]) : A.m" 275.8, 244.2 nrn.
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IHNMR (400 MH" CDCIJ) : 0 8.19-8.09 (m, 2B, ArB), 7.88-6.60 (m, 16B, ArH),
2.44(s, 3H, CBl) 2.36 (s, 3H, CBJ).

llCNMR (400 MHz, CDCLJ): OC 189.78 (CO), 188.20 (CO), 165.15, 153.06, 147.96,

144.42, 144.22, 132.16, 131.02, 130.73, 130.57, 130.38, 129.76, 129.62. 129.58, 129.40,

129.29, 129,22, 129.18, 129.06, 128.87, 126,40, 126.29, 123.61, 115,29 (C-3), 114.95

(C-3), 21.91 (CBJ), 21.86 (CIh).

IlCNMR (400 MHz, CDCll, DEPT 135): OC 131.02, 130.73, 130,60, 130.38, 129,76,

129.62,129.58,129.40,129.30,129.22,129.28, 129.06, 128.87, 126.68, 126.40, 123.63,
115.29 (C-3), 114.99 (C-3), 21.90 (CH)), 21.80 (CH)),
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SECTION -3
Present Work

Synthesis of2-Acylbenzofurans from o-Iodophenol Through Combined

Palladium Catalyzed and Friedel-Crafts Reactions.



3. Prescnt Work: Synthesis of 2-Acylbinzofurans from 0-

Iodophenol Through Combined Palladium Catalyzed and
Friedel-Crafts Reactions.

3.1 Rationale:

We wanted to synthesis 2-acylbcnzofuran from o-iodophenol through combined

palladium catalyzed and Friedel-Craft~ reaction. We have obtained a mixture of two

isomeric product through palladium cataly~ed and Friedel-Crafts reactions from

o-iodophenol described in the section-2, Latcr we decided to protect the OH group of

o-iodophenol as acetate to develop the process for synthesizing 2-acylbenzofurans.

3.2 Results and Discussion:

Here we demonstrate a novel approach where a palladium catalyzed reaction was

followed by Friedel-Crafts acylation and simultaneous cyclization to obtain

2-acylbenzofurans in excellent yields. o-Aeetoxyphenyl iodide 217 underwent facile

reaction with acetylenic compound 221 in the presence of (PPhJnPdCb and CuI at 45GC

to yield o-(trimethylsily1)ethynylphcnylacetate 218 in excellent yield. 'The compound

218 was then subjected to Friedel-Crafts reaction with acid chlorides 222 - 225 or acetic

anhydride 226 to afford the 2-substitutcd bcnzofurans 213a - 216a in excellent yields as

shown in scheme-55.

An ice cold solution of a o-(lrimethylsilyl)elhynylphenyl acetate 218. anhydrous

aluminium chloride (4 mol eg) and acid chloride 222 - 225 (1.5 mol eq) or acetic

anhydride 226 (1.5 mol eq) in tetrachloroethane was stirred at 00 - 25°C for I - 2 h (acid

chloride) or 3--4h(acetic anhydride) to yield 2-substituted benzofurans 213a - 216a.

In the case of acetyl chloride and acetic anhydride we also found two isomeric products.
But in the case of aroyl chlorides 223 - 225 we obtained single prodnct. The yield
percentage was higher (9] - 95%) (han th~earli~r process.
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Scheme. 55

0(1 I + HC-CSiMcJ f'tJ(PPhJllCI"Cui, TeA .•
""'" OAc dloxane/DMF, 4:PC, N), 51i
217 221 (Xc=e-SiMeJ

OA,

218

O(c_C-SiMeJ R-COel

'" CCl1 + 222-225 Cl2CH-CHCb I 1
""'" or cr.-."OAe (CH]CO),O AICb, "'--, 3h ""'" 0 C- R
118 226 IIo

213a, R = CHJ
214a, R = Ph

R = CH), C,H4,pMeO-C6H4, pMe-C,H4 215a, R =pMeOC(,H4
21611, R =pMcC6H4

3.2.1 Starting Materials:

Synthesis of o-llcetoxyphenyl iodide 217:

o-Acetoxyphenyl iodide have been used as starting materials beeau~e of their easy

availability from o-iodophenol 47, o-Iodophenol 47 was converted \0 o-aeetoxyphenyl
,

iodide 217 by heating with dioxane. n-!3u4NCL NaOH at 70°C for 3 hour (shown in

scheme-56). o-i\eetoxyphenyl iodide 217 was characterized by its UV. IR, II-lNMR. The

IHNMR and IR speetra of the compound 217 sho\.\'ed absence of -OH group. In the IR

spectrum C = 0 stretching vibration was observed at 1776 em-] aud in the 'HNMR sharp

singlet at Ii 2,38 was found tor COCl-13_ The ~ompound o-acetoxyphcnyJ iodide was

obtained as light yellow liquid.

Scheme-56

0(
1 1 +CII,COCI

~ OH
47 222

dioxane. nI3114NCj!
NaOll. 70°C, 3h
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3.3 Characterization of Products:

2-Substituted benzofurans 213a - 216a were well characterized by their satisfactory

spectroscopic (JR, UV, IHNMR and IJCNMR) data. The IR spectra showed C = 0

stretching vibration in the range 1680-1778em-l• Appearance of two singlet at 3 6.5 and

6.6 in the lHNMR spectra was assigned to be J-H of 2-aectyl benzofuran 213a. The

IHNMR spectra of the compound 2l3a showed two sharp singlet at 0 2.3 and 2.40 for

COCHJ proton. In the case of aroyl benzofurans 214a - 216a the 'HNMR spectra

showed chemical shift positions at aro~atic zone (7.0-7.3) for 3-H. The IHNMR spectra

of the compund 2-anisoyl benzofuran 215a ,hawed a sharp singlet at 8 3.91 for ArOCH
J

proton. Similarly the IHNMR speclra of the compound 2-toluoylbenzofuran 216a showed

a singlet at 0 2.44 for ArCHJ proton. The IlCNMR spectra of2-acctylbenzofuran showed

two signals for C = a at 8, 196 and 195 and two signals at 0, 114.45and 114.25 for C-J.

The IJCNMR spectra of 2-aroylbenzourans showed signal for -C = 0 at 00 196 _ 188,

one signal at 0, 55.56 for ArOCH) group and one signal for each compound at oe 116-

112 for C-3. The lHNMR and IJCNMR spectra indicate the presence of two isomeric

compound in the case of 2-acetylbezofuran 213a and one compound in each synthesized

2-aroylbenzofurans 214a - 216a. The UV spectra of all the compounds 213a _ 216a

showed absorption in the range Am"fum 320 - 250.

3.4 Mechanism:

a) A mechanism for the formation of o-(trimethylsilyl)ethJ'1lylphenylacelate 218 through

palladium catalyzed reaction of o-acetoxyphenyl iodide 217 with alkyne 221 having a

terminal acetyJcnic group as shown in scheme-57 which is similar to scheme-53
(described in section-2).
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Scheme-57

(.)H~CS.(CH) CuI,Et3N " , . +_
, ~- j ) ) •• Cu-C=,== C-51(CI-I3)3+ Et3NHi

221

(ii) Cu-C==::C.Si(CH3)) + Pd(PPh)hCl~ • (PPh.1hPd-(C=,==CSi(CH))3l2+CUC!

I
Si(CI1]l)C=:;C-C==:CSi(CHj)j + (PPhjhPdo

218

[""'yl

U
OA,

I 217

(X'id-I
~ OAc
A

C,I

b) The acylation of o-(trimethylsilyl) product 218 was carried out by an acid chloride or

acetic anhydride in the presence of Lewis acid (AICI)). The mechanism of this reaction as

shown in scheme-58 which is similar to scheme-54 (described in section_2),
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Scheme-58

D

j

@ /SiMc]- C=CU "COR

OM
F

/
E218

R-CO-CI
222-225 0

II ~ -AICI4 [ + +
(R~rOhO+AICIJ-R-C-Cl---AICI3 • R-C=O_ K-C=O ]

226 A C

•H
t ?

~ ((
c=c-e-R

II ?/ (1)0-. ~ I~ 0 CO-R ~ + SiMc3J-\JC~
o OAc

213a, R ~ Cl.!)
214a, R = Ph
215a, R =pMeO-C6H4
216a, R ~ pMe-C6H4

3.5 Conclusion:

In this section we have described a vel}' convenient and elegant method for synthcsis of

2-acylbenwfurans from o-acetoxyphenyl iodide through palladium catalyzcd rcaction

followed by Friedel-Crafts acylation, In the case of aroyl chloride We obtained one

isomer but in the case of acetyl chloride and acetic anhydride we also obtained two

isomeric products.
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3.6 Experimentals:

o-Acetoxy phenyliotlide 217:

To a well-stirred mixture of a-iodophenol 47 (3 g, 13.64 mmo!), diox:ane (25 ml),

n-Bu.,NCI (20 mg) and powdered NaOH (I g), a solution of acetyl ~hloride (1,59 ml,

20.46 mmol) in diox:ane(15 ml) was aJded dropwise over 30 min. at room temperature.

The solution was stincd at 70DC for 3 hour. The progress of the reaction was monitored

by T.L.e. (hexane-clilorofonn, 6:1) (Rf value = 0,78) which indicated complete

conversion of starting material into one faster moving product.

,,

,
p S ~ Reactant

P = Product

The mixture was filtel'~d,washed with dioxane, evaporated and dried, The r~sldue was

purified through a silica gel column with hexane-chlorofonn (6:1) to obtain a title

compound 217 as a syJ'llpy(2.95 gm, 82.26%).

IR(CCI4): Von" 1776, 1548. !469, 1291. 840, 820, 730 em-I..

UV (CHCb) : Am"28-l.6,277.2, 238,2 nm.

IHNMR (400 MHz, ('DCIl) : 0 7,84-6.%, (nl, 4H, ArB), 2.3H(s, 3H, COCH)),

o-(Trimethylsilyl)dhynylphenyl acetate 218:

To a stirred solution of o-aeetoxyphenyliodid 217 (I g, 4.82 mmol) PdCb (PPh])2 (0.06 g,

0.09 mmol) coppcr(l)i<ldide(0.02g, 0,I0 mmol}and triethylamine (3 ml) in dioxane werc

added (trimethyl~ilyl)~~etylene(1.5 ml, 10,86mmol). The reaction mixture was stirred at

50°C for 10 hour under N2 atmosphere. The progress of the reaction was monitored by

T.!..C (hexane-<;hlorol()rm3:1) (Rr value = 0.40) which indicated completion of the

reaction with the formation of slower moving product.
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o
s S '" starting

o P = Product
p

The solvent was removed under reduce pressure. To a residue diethyl ether and 0.1 NHel

solution were added and the organic layer was separated, neutralized with a saturated

NaHCOJ (3x30 ml), dried with anhydwus NalS04 and concentrated under reduced

pressure. The latter was purified by silica gel column vvillthexane-chlorofonn (3:1) to

obtain the compound 218 (2.06 gm, 91.15%) as a liquid.

IR(KBr): Vrn" 2289, 1776, 1548, 1258 em-I.

UV (CHCI;) ; A.max 304.20, 296.00, 256.80, 244.60 nm.

'HNMR (400 MHz, CDCh) : 157.50 (dd, J=7.65, 1.46 Hz, IH, ArH), 7.33 (ddd,1=7.82,

1.54 Hz, IH, ArU), 7.20-7.16 (m. IH, ArB), 7.01 (d, J = 8.03 Hz, IH, ArH), 2.33 (s, 3H,

COCH,), 0.24 [5, 9H, Si(CH.1lJ]

1JCNMR (400 MHz,CDCIJ): Be 166.4, 151.9, 133,0, 129.5, 125.7, 125,6, 122.0, 117.1,

99.5,77.0, -0.25.

2.Acetylbenzofuran 213a, 2-benzoy1benofuran 214a 2-(p-methoxybenzoyl)_

benzofuran 2I5a and 2-(p-mefhylbenzoyl)benzofuran 2I6a:

To an ice-cold solution of o-(trimethylsilyJ)ethynylphenylacetate 218 (200 mg, 0.86

mmol) in tetrachloroethane (l0 ml) acetyl chloride, acetic anhydride, benzoylchloride,

p-aniso)'l chlorid and p-toluoyl chloride (1.5 mol cq) and anhydrous AICh (4 mol eq)

were added. The mixture was stirrcd under N1 for 3-5h and the temperature of the

reaction was raised from OoC to 25°C. The progress of the reaction was monitored by

T.L.e. whieh indicated completion of the reaction with the formation of slower moving
product.
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"s S ~ Reactant

" P = Product
p

Usual work-up (as described earlier) and chromatographic purification (Hexane-

Chlorofonn, 1:1 as eluant) afforded 2-substituted bezofurans 213a (92.02%) (as syrupy)

214a (93.42%) (as solid), 215a (92.43%) (as solid) and 2t6a (90.53%) (as liquid),

2~Acetylbenzofuran 213a:

fR (eel.) : Vma.. 1776, 1676, 1548 and 14ggem-I.

VV (CHCl): All''''' 275.2, 227.4 um

IHNMR (400 MHz, CDCIJ):.s 7,70-7.11 (m, 8H, ATH) 6.61 (5, IH, 3-H)

6.51 (s, IH, 3-B), 2.43 [5, 3H, COCH), 2.37 (s, 3H, COCHl).

llCNMR (400 MHz, CDeb): lie 196.49 (CO), 195.65 (CO), 169.05, 168,85, 168.77,

167.86,153.05,147.58,134.40,132.55,131.72,131.45,126.35, 126.25, 122.80, 122.44,

114.45 (C-3), 114.25 (C-3), 29.93 (CH), 29.80 (CHJ).

2-Bezoyl benzofuran 214a:

IR(KBr): Vma:< 1697, 1652, 1525and 1548cm-1.

UV (CUC!)) : A.ma:<310 and 220 nm,

IHNMR (400 MHz, CDCIJ) : Ii 8.64-8.60 (m, IH, ArH), 8.50-8.49 (m, IH, ArH),

8.31-8.28 (m, 21l, ArH, 8.08-8.05 (m. IB, ArH), 7.98-7,77 (m 5H, ArH).

IlCNMR (400 MHl-, CDC!]): Sc 178,74 (CO), 170.81, 163.65, 156.36, 133,96, 133.65,

131.75,130.06,129.14,128.48,126.41,125.81,125.37, 124.92, 118.18 (C-3).

IlCNMR (400 MHz CDCh, DEPT, 135): Sc 133.54, 132.97, 131.79, 130.25, 129.18,

128.87,126.45,125.85,125.41,118.23 (3-H).



2-(p-Methoxybenzoyl)benzofuran) 215a:

IR (KBr) : Vrn" 1735, 1637, 1600and 1510cm-I.

VY (CHC!]): 1..01" 315,0, 260.2 mn.

IHNMR (400 MHz, CDCh) : Ii 8.31-8.25 (m, 2H, ArH), 8.18-8,09 (m, 1H, ArB)

8.07-7,96 (m, 1H, ArH), 7,88-7.71 (m, 1H, ArH), 7.50-729 (m, 3H, ArH), 7.02-7,00
(m, 2H, ArH), 3.91 (s, 3H, OCHJ),

lJCNMR (400 MHz, CDCIJ): ()c 187,86 (CO), 164.23, 163.52, 147.95, 142.56, 136.69,

132.68,131.91,130.72,130.24,226.59,126.01,123.23,114.37,113.75 (C-3), 55.56
(OCHJ).

2-(p.Methylbenzoyl benzofuran) 216a :

IR(CClf): VOl" 1765, 1610, 1575, 1545 cm-I.

UV (eHeI3): lcm" 275,8, 244,2 nm.

IHNMR (400 MHz, CDClJ): () 8.19-8.09 (m, lH, ArH), 7,88-6.60 (m, 811,ArH), 2.44
(s, 311, eH)).
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SECTION -4
Present Work

One Pot Synthesis of2-Alkyl or Aryl Benzofurans from o-Iodophenol

Through Palladium Catalyzed Redctions.



4. Present Work: One
Benzofurans from
Catalyzed Reactions.

Pot Synthesis
o-lodophenol

of 2-Alkyl or Aryl
Through Palladium

4.1 Rationale:
Benzofuran have been used as synthetic intennediates in the preparation of drugs and
natural products. Some benzofuran derivatives display interesting biological activitics
which have been described in section-I. In seetion-2 und 3, the strategy was for thc
synthesis of 2-acyl benzofuruns through combined palladium catalyzed and Friedel-
Crafts reactions from 2-lodophenol. We became interested in exploring the possibility of
heteroannulation by using palladium catalyzed system. Furthennore, known
chemotheraputic importance of a number of 2_substituted benwfurans provided the
impetus to develop an alternative general method for thcir synthcsis.

4.2 Results and Discussion:
We now report a new strateb'Y fOl'the synthesis of 2_substituted benzofurans 144, 219,
220 with terminal alkynes 59, 227,228. The reactions were usually carried out by heating
a mixture of o_iodophenol47 or o-acetoxy phenyliodide 217 and a1kynes 59, 227, 228 in
dioxane or DMF at 70°C for 15 h in the presence of bis(triphenylphosphene)palladium
(II) chloride (2.5 mol %), copper (I) iodide (8 mol %) and triethylamine (It) ml) to afford
the 2-substitutecl bcnzo!"urans 144, 219. 220 in good yields as shown in scheme-59. In the
case of hexyne 227 a'ld heptyne 228 we obtained small amount of climer with
2-substituted benzofurans which was not separable by column chromotob'111phy. When
we used dioxane as a solvent we obtained better yields (80 - 90%) than DMF.ln the case
of protect cd iodophenol (as acetate) we obtained excellent (86-95%) yields.

•

Scheme - 59

(X'I +H-C=CR-

~ OR'

47, R'7_H 59, R = Ph Pd PPh ,CI Cu! TEA
217, R - Ac 227, R = C,H9 di",:ane, N" 70'C, 20h

228,R=C,HII
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144.R=Ph
219, R '" C4H9

220,R=C,H'1

(J(::lR
144,R=Ph
219, R = C.1-I9
220,R=CjH11



The synthesis of o-iodophcnol 47 and o-acetoxyphenyJ iodide 217 was described III

sectill-2 and section _ 3,

4.3 Characterization of Products:

The products were characterized from their iHNMR, UV and IR spectra. IHNMR spectra

showed the presence of a characteristic singlet peak, integrating for a single proton, at

around 6,4-71 0 accounting for 3-H. All the bcnzofurans were found to give characteristic

UV patems "mID< I nm 329 - 250.

4.4 Mechanism:

A plausible mechanism involved which shown ill scheme-60.

ll) reduction of Pd(ll) to Pd(O) in the presence of triethylamine, CuI and terminal alkynes.

b) Oxidative addition of o-iodophellol to the Pd(O) complex to fonn a cr-alkylpaJIadium

(II) complex (A) which then trans mctallales with cuprous acetylide to generate the

arylalkynylpalladium (ll) species (B). This Oil reductiVe elimination of Pdo then affords

acyclic products 212, 218.

c) The latter on cydisation in the presence of triethylamine where the phcnoxide ion

made an attack on the triple bond resulted in the formation of the benzofurans. Such

cyclis.ations are favoured reactionslJ4 and are in accord with the known ability of

2-alkynylphenols to cyclise under alkaline condilionlJ5,
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Scheme-60

(.)HC CR Cul,ElJN . + -I = - •• Cu-C=C-R+ Et)NHI
59,R-Ph
227,R-C4H9
228,R=CsH"

(ii) Cu-C C-R + Pd(PPhJPCll -. (PPhJ)lPd-(C=CRh+CuCl

I
RC==C-C =CR + (PPhJ12Pdo

o

CuC:=:CR

212, R1= H
218, RI= Ac IV1d-1

~Ort
A
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4.5 Conclusion: II,

In this section, we have described a facile, one pot general method for the

synthesis of 2-substilUted hen:!:furans from o-iodophenol and o-aeetoxypheny!

iodide. We used twa. different solvent DMF and dioxane. In the case of dioxane

we obtained excellent yields. We obtained also good result in the case of protected

iodophenol (as acetate) than o-iodophenol.

4.6 Experimentals:

2-Phenylbenzofuran 144:

a) From o-iodophenol 47:

To a well-stirred mixture of o-iodophcnol 47 (500 mg, 2.275 mmol), Pd(Ph]P)2Cb (3.5

mol%), Cui (6 mol%) and triethylamine (2 eq) in DME (6 ml)/dioxane (6 ml), phenyl

acetylene (0.62 ml, 2 eq) was added under N2 atmosphere. The mixture was stirred at

70nC for 20 hour. The progress of the reaction """liS monitored by T.L.C (hexane 100%)

(Rf value = 0.8) which indicated completion of the reaction with the formation of faster

moving product.

o S'" Reactantp
o, P = Product

Removal of the solvent under reduced pressure the mixture was then cooled, poured into

distilled water (100 ml) and extracted with chloroform (3x30 ml). The combined extracts

were washed with 5 mol dm-J aq NaOH (3x50 ml) and water (3x50 ml). The organic

layer was dried by anhydrous Na2S04, filtered and concentrated to dryness. The residue

was purified through a silicagel column with hexane as eluant provided the 2-

phenylbenzofuran 144. (363 mg, 82.45% when dioxane was used as a solvent, 327 mg,

74.38% when DMF was used as a solvent) as a solid mp. 116-118oC (Iit.IJO
,

120.8-121.2°C).
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fR (KBr); Ymax1593, 1562, 1485, 1257,806,746,688 em-I.

VY (CHCll): Amax318,60, 307.00, 261.40 and 240 run.

IUNMR (400 MHz, CDCll): /) 7,89-7.87 (m, IH, ArH), 7,60-7.26 (m, 8H, ArH), 7.04

(s, I H, 3-H).

b) From o-acetoxyphcnyliodide 217:

To a well-stirrcd mixture of o-acetoxyphenyliodide 217 (500 mg, 1.90 mmol),

Pd(Ph3PhCh (3,5 mol%), CuI (6 mol%) and triethylamine (2 eq) in DME (6 ml)/dioxane

(6 ml), phenyl acetylene (0.62 ml, 2 eq) was added under N2 atmosphere. The mixture

was stirred at 70°C for 20 hour. The progress of the reaction was monitored by T.L.C

(hexane 100%) (Rf value = 0.8) which indicated completion of the reaction with the
formation offaster moving product.

",
; S = Reactant

P = Product

Removal of the solvent under reduced pressure the mixture was then cooled, poured into

distilled water (100 ml) and extracted with chloroform (3x30 ml). The combined extracts

were washed with 5 mol dm-3 aq NaOH (3x50 ml) and distilled water (3x50 ml). The

organic layer was dried by anhydrous Na2S04, filtered'and concentrated to dryness, The

residue was purified through a silicagel column with hexane as eluant provided the

2-phenylbenzofuran 144. (347 mg, 94.12% when dioxane was used as a solvent, 313 mg,

86.92% when DMF was used as a solvent) as a solid mp.116-118oC (Iit.I3O,mp.

120.8-121.2°C).

lR, lTV, IHNMR spectra of this compOlmdwas indistinguishable from those of the same

compound prepared earlier from o-iodophenol 47.
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2-Bufylbenofuran 219:

a) From o-iodopbenoI47:

To a well-stirred mixture of o-iodophenol 47 (500 mg, 2.275 mmol), Pd(Ph3PhCb (3.5

mol%), Cui (6 mol%) and triethylaminc (2 eq) in DME (6 ml)/dioxane (6 ml), l-hexyne

(0.42 ml, 2 eq) was added under N1 atmosphere. The mixture \,as stirrcd at 70Ge tor 20

hOlif.The progress of the reaction was monitored by T.L.e (hexanc 100%) (Rr value =

0.85) which indicated completion of the reaction with the formation of fastcr moving
product.

",
"p S = Reactant

P = Product

Removal of the solvent under reduced pressure the mixture "'as then cooled, poured into

distilled water (100 ml) and extractcd with chloroform (3x30 ml). The comhined extract,

were washed with 5 mol dm-3 aq NaOH (3)<50ml) and distilled water (3x50 ml). The

organic layer was dried by anhydrous NalS04, filtered and concentrated to dryness. The

residue was purified through a silicagel column with hexane as eluant provided the 2-

butylbenzofuran 219 which containcd small amount of dimer (318 mg, 81.45% when

dioxane was I.Isedas a solvent, 277 mg, 71.13% when DMF was I.Iscdas a solvent) as a
homogeneous syrupy.

IR(CCI4): Villa>. 2240,1590,1570,1480, 1250,cm-'.

UV (CHCIJ) : 1..1110:<284.80, 277.80, 250.40 nnJ.

lHNMR (400 MHz., CDCIJ): Ii 7.50~7.41, (m, 2H, ArH), 7.25-7,16 (m, 2H, ArH), 6.39

(s, lB, 3-H), 2.81-2.25 (m, 6H. -CHdCH1h-CH]), 1.77-1.42 (m, 12H.

-CI'b-(Clhh-CH), 0.99-0.91 (m, 9H, CHr(Clbh-Clh).

b) From o-acetoxyphenyliodide 217:

To a well-stirred mixture of o-acetloxyphenyliodide 217 (500 mg, 1.90 mmol),

Pd(Ph]P)2Cl2(3.5 mol%), el.ll (6 mol%) and triethylamine (2 eq) in DME (6 mJ)/dioxane
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(6 IllI), l-hexyne (0.42 ml, 2 eq) WJS added under N1 atmosphere. The mixture was

stirred at 70°C for 20 hour. The progress of the reaction was monitored by T.L.C (hexane

100%) (Rr value = 0.85) which indicated completion of the reaction with the formation of
faster moving product.

",
"p S = Reactant

P = Product

Removal of the solvent under reduced pressure thc mixtllre was then cooled, poured into

distilled water (l00 ml) and extracted with chloroform (3x30 ml). The combined extracts

were washed with 5 mol dm-J aq NaOH (3x50 mI) and distilled water (3x50 ml) The

(lrganie layer was dried by anhydrous Na1S04, filtered and concentrated 10 dryness. 1hc

residue was purified through a siIieagcl column with hcxane as eluant provided thc

2-butylbenzofuran 219 which contained small amount of dimer (310 mg, 93.67% when

dioxane was used as a solvent, 278 mg, 84.06% when DMF was used as a solvent) as a

homogeneous syrupy.

IR, UV and IHNMR spectra of this compound indistinguishable from those of the same

compound prepared earlier from v-iodophcnoI47.

2-Pentylbenzofuran 220:

a) From o-iodophenol 47:

To a well-stirred mixture of o-iodophenol 47 (500 mg, 2.275 mmol), Pd(PhJl'hCh (35

mol%), CuI (6 mol%) and triethylamine (2 eq) in DME (6 ml)/dioxane (6 ml), I-heptYllc

(0.48 ml, 2 cq) was addcd under N2 atmosphere. The mixture was stirred at 70~C for 20

hour. The progress of the reaction was monitored by T.L.C (hcxane 100%) (Rf value =

0.83) which indicated c(lmpletion of the reaction with the lormation of fasle,. moving
product.
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•

o,
o
p 5'" Reactant

P = Product

Removal of the solvent under reduced pressure the mixture was then cooled, poured into

distilled water (100 ml) and extracted with chloroform (3x30 ml). The combined extracts

were washed with 5 mol dm-J aq NaOH (3x50 ml) and distilled water (3x50 ml). The

organic layer was dried by anhydrous Na2S04, filtered and concentrated to dryness. The

residue was purified through a siJicagel column ",jlh hexane as eluant provided the 2-

pentylbcnzofuran 220 which contained small amount of dimer (35R mg, 83.45% when

dioxane was used as a solvent, 310 mg, 74.89% when DMF "ias used as a solvent) as a

homogeneous syrupy.

IR (CeI.): Vm", 2230, 1590, 1560, 1489, 1240 em-I.

UV (CHeb) : A,m" 284.80, 277.80, 250.00 nm.

tHNMR (400 MHz, COOl) : Ii 7.52-7.49 (m, IH, ArH), 7.45-7.43 (m, 1H, ArH),

7.26-7.18 (m, 2H, ArH), 6.99 (s, 3-H), 2.81-2.53 (m. 6H, -CH,-(CH,)J-CB]).

J.80-1.33 (m, 18B, --eH2-(CH2)rCH.1), 0.98-0.91 (m, 9H, -CH,-(CHlh~CH3).

b) From o-ocetoxyphcnyliodide 217:

To a well-stirred mixture of o-acetoxyphenyliodide 217 (500 mg, 1.90 mmol),

Pd(PhJP)2Clz (3.5 mol%), Cui (6 mol%) and triethylamine (2 eq) in DME (6 mJ)/dioxilne

(6 ml), I-hcptyne (0.48 ml, 2 cq) was added under N2 atmosphere. The mixture was

stirred at 70~C for 20 hour. The progress of the reaction was monitored by T.L.C (hexane

100%) (Rr value ~ 0.83) which indicated completion of the reaction with the formation of

faster moving product.

",
" S = Reactantp

P = Product
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Removal of the solvent under reduced pressure the mixture was thct! cooled, poured itlto

distilled water (100 ml) and extraCkd wilh chloroform (3x30 ml). The combined extracts

wcre washed with 5 mol dm-J aq NaOH (3x50 ml) and liistillcd water (3x50 ml). lhe

organic layer wus dried by anhydrous Na2S04, filtered and concentrated to dryness. The

residue was purified through a silicagd column with hexane as eluant provided the 2-

pentylbenzofuran 220 ",hich contained small amount of dimer (331 mg, 92.54% when

dioxane was used as a solvent, 303 mg. 84.77% when DMF was used as a solvenl) as a

homogeneous syrup.

JR. UV and IHNMR spectra of this compound indistinguishable from those of the same

compound prepared earlier Irom o-iodophenol 47.
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