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Title: "Synthesis of dihydrofurliDs b~' metal catalyzed reaction of cyclic

diazocarbonyl compound"

Abstract

In view of the extensive naMa! occurrence and biological importance of

dih\drohenzofuron and luran derivatives it was planned to develop a general and facile

method for the synthesis of dihydrofurans through metal mediated eatalYL:ed reactions of

qclic diazocarbonyl compounds. An efficient method lor the synthesis of 4-oxo-2,

3.4.5,6. 7-hexahydro-benzofurJn- 2-yl-acetale deri valive, 10-12, 2-chloromethyl- 3,5,6,7-

tctrahydro-2H-benzofuran-4-ones 28,29,30 through the rhodium pivalale catalyzed

reaction of 2-diazo-cyclohexane-l,3-diones 6-S with vinyl acetate and allyl chloride,

respectively in mild condition is reported.

Synthesis of 2-phenyl-6, 7_dihydro_51l_benzol\.u'an-4_ones 14,16,18,and 2-ethoxy methyl

3j.6,7-tetrahydro-2H-benzofuran-4-ones 21,23,25 are also developed by rhodium

catalyst reaction of 2_diazo-cyelohexane_I,3_diones with phenyl acetylene and allyl ethyl

ether respectively under the same reaction condition. In case of phenyl acetylene and allyl

ethyl ether spiro compound l_phenyl_spiro(2,5]oct_l_ene_4,8_diones 15,17,18 and 1-

elhoxymethyl spiro[2,5]octane-4,8-diones 22,24,26 were obtained respectively as by

products.

o

R ~ -Ac,-+-Jld"
R'IO_12

o

RI-0-rCI
R, 28.30

o

RI~

"- 14. t6,18

o.AAo',/
RI~O -...r

R2 22,24,26

Where,

All ,the synthesized products were characterized by ~-pectraJ data obtained from IR, UV

and lHNMR. All synthesized compounds were tested antibacterial and antifungal activity,

some of them demonstrated mild to moderate antimicrobial activity against most of the

test organism.



SUMMARY

Investigations incorporated in this dissertation entitled "Synthesis of dihydrofurans by

metal catal)7ed reaction of cyclic diazo carbonyl compound"' has been presented in four

chaplcr5. In the chapter 1, background of biological important and the important synthetic

reactions involved in the synthesis are presented. Chapter 2 and chapter 3 Mal with the

detailed methodology and experimental procedtlrc for the synthesis of dihydrofurans.

, Chapter 4 deals with the biological test of the synthesized products.

, Chapter I represented the importance and synthesis of dihydrofuran and furan derivatives.

Heterocyclic compounds containing fiuan or dihydrofuran moicty arc of great interest,

because of their occurrence in nature and their outstanding pharmaceutical and medicinal

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

dihydrofuran derivatives, only a few of them were mediated through rhodium or

palladium catalysis.

In chapter 2, results and discussion of the synthesis of 4-oxo- 2,3,4,5,6,7-hexahydro-

benzofuran-2-yl acetates 10-12, 2_phenyl_6,7_dihydro_5H_benzofuran_4_ones14,16,18

and I-phenyl-spiro [2.5] oct-I-cnc-4. 8-dione 15,17,19, 2-ethox)"methyl-3,5,6,7-

tctrahydro_2H_benzofuran_4_one 21,23,25 and l-ethoxymethyl-spiro[2.5]ocmne-4, 8-

diones 22, 24, 26 and also 2_ehloromethyl_3,5,6,7_tetrahydro_2H_benzofumn-4-oncs

28,29&30 are described as shown in the scheme 3-9. Reactions were carried out through

rhodium pivalate catalyst under nitrogen atmosphere at room temperature for 2-4 lus. The

preparation of starting materials. methane sulfonyl azide and 2-.diazo eyclohexane -1,3-

diones 6-8 are described in this chapter as shov.n in the scheme I and 2. Strucrurcof all

of these s)nthesized dihydrofuran and spiro derivatives have been established on the

basis of their UV. IR and NMR spectral evidences.

~
H C-S-Cl, "o,

+ NaN,
AcelOne

Rt. 211

Scheme 1

Vll

•
~H,C-g-I'J
,

•



o
"RUO

I R,

M,N) (1.5 equi.)

TEA (1.5 equL) I CH2CI,
n,2h

3-5 Where
3,6. R, ~ R, ~ -CHJ•

4,7.R,~ R, ~.H
5,8. Rl ~ H, R, ~ -CH(CII,h

Scheme 2

rOM,
Rh,(OPiv)4{O,1 mmol)

Scheme 3

o

RI-6cJ-OAC

R,
10-12

o

R,0}-o
" 14,16,18

Scheme 5

o

+R,~0pol)
15,17,19

o ~o _-aN, 20
R •
IR 0 Rh,(OP"J.,(O.lmmol)

1 6-8 n. ::'-4hrs

Scheme 8

~Cl

" .
Rh,(OPivj, (0.1 mmol)

rt, 2-) hrs

Scheme 9

VIJI

o

RL~CI

R'28,29&30



In chapler 3, all the experimental procedure and analytical data are reported. This chapter

also contains references and important spectra of the synthcsized comJXlunds.

In chapter 4, introduction, methodology. results and discussion, reference and conclusion

_of the biological test of the synthesized compollllds are presented. Eighteen synthesized

hcterocyclic compounds and three diazo compollllds have been tested for antimicrobial

activity against five gram-positivc and eight gram- negative bacteria as well as three

human fungal pathogens. Among tested compollllds of furan and cyclopropane

derivatives (10, 14, 21 and 28) exhibited relatively greater or moderate (l0-12mm)

inhibition of growth of the microorganism and compounds)5 and 22 showed mild (7-

10mm)inhibitory activity against most of the tested organisms.
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Introduction
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1.1. Furans derivathe and their importance * ~C<.r<fr.~
Heterocycles such as fumn, PjTIole, indole and thiophene are versati e p armacophores

possessing a variety of biological activitiesl. A major challcnge in- organic synthcsis

today is to devise reactions that can form several carbon-carbon bonds in one operation

leading to thc construction of polycyclic structures with proper regio and stcreochemical

controll, DihydrofuTansand furans are two of the most important heterocyclcs with "ide

spread occurrence in T1atureJ.The furan moiety is a core structureor many alkaloids such

as kallolides and cembrano1ides4, possessing a variety of biological activities. they are

used as pharmaceutical, flavor. insecticidal, and fish antifeedantagents5. Their important

biological activities and usefulness as synthetic intermediate of natural products have

prompted a search for better methods of synthesis of dihydrofurans and furans, Although

a number of synthetic methods for the preparation of dihydrofurnnsand fUTanshave been

reported, simple and efficient approaches still remain scare". In recent years much effort

has been devoted to sIDdy the effect of different transition metal catalysts on the

decomposition of a-diazo carbonyl compounds". The rhodium-catalY7£d decomposition

of diazocarbonyl compounds has become an important method in organic and natural

product synthesis7. The rhodium (II) catalyzed reactions of acyclic and cyclic diazo

dicarbonyl compounds "ith several substrdtes such as olelins, nitrote, isocyanates,

carbondisulfides, furans, ben?ofurans, thiophenes and p~TlOleshave been extensively

studied by many groupss.
Isolation techniques and rapid structural elucidations offuran derivatives were developed

by recenl methods (UV, IR, j\,1JR, Mass etc). A large number of furan derivatives have

.been discovered from the mrious sources. Many fUTanand dihydro.furan derivatives

showed important biologiCaJ.activity.
Furan moiety containing Ribo nucleoside compounds showed in vitro activity against

viruses and turner cells. The guanosin analogous (l) showed significant activity in vitro

LRwandP3s.8Leukemia9.

1
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Varieties of antihypertensive agents contain pyrimidine and furnn ring system. For

example Prazosin(2)lO a 2-subslituted quinoline derivative has been used as a {l-

adrenGCepterantagonist 10.

Patil, V_ M. and co_v..-orkersllreported a new antblergic compound 3-amino-l, 2,3,4-

tetrahydro-2, 4- dioxoben7.ofuro[3,2-d]pyrimidine (3).

;

The compound 6,7,8,9- tetrahydro-2- methyl -1OH[J] benzothieno- [2,3-d] thiadiazolo

[3,2-a] pyrimidine-IO-one (4)ll and dihydro-5H-[1,3,4] thiadiazolo [2,3-b] quinazolin-

2,5_dionc(5)1Jshowed antiflammatory and analgesic activities,

2
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The pyrimidine[I,2,4jtriazolo[I,5-c]quinazoline (6) exhibited the anticonvulsant, muscle

relaxant, anxilytic and sedatives activity. Bezofuro[2,3-ejimidazo[I,2-c] pyrimidine (7)

showed antidepressant activity and antihypertensive agcntsl4.

In 2003, Feng-Ling Qing and co-worker synthesized B-ring trinuoromcthylated

Ilavonoids derivatives demonstratcd anticancer activities against human gastric

adenocarcinoma cell line (SGC-7901).

o

"

1.2. Some sulfur and nitrogen substituted furan derivaliHs and their importance.

Heterocyclic compounds \~hich contain five member ring such as furan, pyrrole,

thiophene have become attracti\-e target for organic synthesis because of their structural

divcrsity and biological importance. Hetero aromatic and aliphatic compounds readily

undergo cyclization, which allow convenicnt preparation for variety of furan derivatives.

In 1985, Ishika\Va, F. et all! reported 1,2.3,5-tetrahydro-imidazol [1,2-a] thienopyrimidin

-2-one 10 showed many biological activities.

3 .I
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Rahman et al16reported 8,9- dimethyl imidazol [1,2""C]thieno[3,2-e]pyrimidine (lIa)

trimcthyl imidazol[I,2-e]thieno[3,2-e]pyrimridine(llb), 8,9- dimethyl-5- phenyl imidazo

[1,2_c]thieno[3,2-e]pyrimidine (11c) which showed antifungal and antibacterial activitics.

-bCN)
, I N

S NAR

In 1991,Nirupama Tiwari et al!7reported that 2-aryloxymethyl-l, 2,4-thiadiazolo [2,2-b]

quinwolin-4-one 12 demonstrated ils fungicidal and herbicidal activitics.
o

rv\-~
VN.Y.SACHPR

"Rahman et al'& reported that 4_allylamino_S, 6_dimethyl_2_methylthiothieno [2,3-d]

pyrimidine 13 and 4-allylamino-2-methylthio-5,6,7-tetrahydrobenzothieno[2,3-d]

pyrimidine 14 showed antifungal and antibacterial activities.

U
HN.......y13.R,~R2~H

'I I ~N - 14.RI~R2~-CH,
R1 S N:J..SCH,

1.3.Natural Sop~es of Furans Muiet:.:
A furan moiety is found in a broad nriety of natural products. The compounds

containing the benzofuran moiety are widely distributed in naturel9
• They aro: used as

versatile intermediates in organic and narural product synthesis,a. They have also sho1NIl

a range of biological activities21• Among these, isoeuparin (15) was isolated from the

roots of Tagetes patulan and i~otubaic acid (16) (rotenic acid) was obtained from the

,natura! insecticide (rotenone) as a degradation producr. Thc synthetic approaches to

isoeuparin2~and isotubaie acidl3 had been reported.'

o 0"

~ Ii
~0J-\

IS

o OH

HO~ !
~0J-\

••

4
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TIIc dihydrofuroquinolinone and furoquinolinone alkaloids are widely distributed in

nature1'. They were primarily isolated from Rutaceae species as an angularl)' and linearly

fused structure 17-29. They are reported to have various biological activities such as

antimicrobial, antimalarial. insecticidal, antineoplastic, antidiuretic, antiarrhythmic and

sedutive16, and are also used as traditional medicines in Chini
7
.

)1'."

cd " ",
/ NkO "N 0 MeMe "

" "
Ara!iopsine -,

o

~
: Jl OH

N 0,
R~ Me

19, RI~Me,R2~R]~H Oligophylille.
20, R1 ~Rl ~ R) ~ H. N.Dirrethylotigophyline
21. R, ~R, ~ H. R.l ~OCH),O~gophybcine
22, Rl ~H, Rl ~ R] 9X:HJ Oligophybcidine

23. R, ~ H, lsoplat)ldesrnm"
24. R.,~ OCH3, Balfourodille

25. Its ~ CH1, R6 - R, ~ Rs ~ H Isodiclamine
26. R, ~ CHJ.~ - OH, R) ~ Rs - H Diclangu,tine.A
27. Rs ~ CH), R" ~ R7- H. R! - OCH] I,o-r- fugarine
28. Rs - CH,CH}. R" ~ R, ~ H. R, ~ OCH, Isot~jfine
29. Rs ~ CH1CHC(CHJll' R6~ R7mOCH] AcrophyHine

The complex polycyclic structures and their biological activities of the uflalOxins:!9ahu\ e

made them important and challenging targets for total chemical synthesis.

o

Atlalo.<inB2

5
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1.4.Synthesis offuran and dihydrofuran derivatives by various methods:

There are a lot of natural products containing furan or dihydrofuran derivatives which are

more interesting in biologically active. For the synthesis of furans and dihydrofurans

from different compounds many procedure are published, some of them are outline below.

'. l.4a. Synthesis of dihydrofurans by using Sih'er Catalyst:

In 2000, Lee, Y. R. ct al reported that Ag.COyCelite (FeA.tizonreagent) is a simple and

convenient reagent for synthesis of dihydrofuran fonnation29b. They described the

efficient synthesis of dihydrofLIroquinolinone and furoquinolinone derivatives starting
,

from 4_hydroxy_2_quinolonesand a variety of olofins in the presence of Ag2CO:J/Celite.

Ag)CO, IC.lite acetonitrile,
R.flux,5hr

_re
R ~ H, -CH] etc.
Rl~Ph'!I)'~-C5H'l, -OEI, _OAc,

crY
,",

I' ,
"N 0,
,

-Orne, _OBu etc.

Scheme I

Vr'hi)efurans and dihydrofurans are initiativcly a very attractive approach to make natural

products, few general methodologies have ~een reported. Many new synthetic

methodologies have been developed in recent years for the important of heterocyclic

compounds. In particular, transition metal catal)'<,.ed transformations havc been

performed successfully. For example, platinum-catalyzed intramolecular

hydroalkoxylation of A.-hydroxy olefins led to the formation of tctrahydrofuran

derivativesJo.

6
•
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tAb. [2,3]-RearrangemeDt by Rhodium (II) Catalyst for PrepaMltion of

tetrahdrofurans derivatives:
In 2006, M. Lino et al. first investigated the diazo decomposition of the additional

products in the presencc of rhodium (II) acelate. ",ith the expectation that Rh(I1)--carbene

intramolecular G-H insertion should occur to afford tetrahydrofuran derivatives (Scheme

2). IIINMR spectra of the crude products showed that only intramolecular G-H insertion

products ""ere fonned in all cases.

T"Illon.!

,

R] 0 .

(O.5ml)% ~. "Reflux R, 0
R) 0,

R, ~ Phenyl, -DEl, R2~H. -Cit" etc. RJ ~ Me, OMe
"-4 ~ Me, Phenyl etc.

Scheme 2

Next, photo-induced reaction of the diazo compounds 3 was examined. with the

expectation that Wolff rearrangement should occur to generate the ketene intermediate 5,

which may he followed by an intramolecular nucleophilic attack by the hydroxy group.

The reaction was carried out in the anhydrous ether solution under UV irradiation (150 W

high-pressure Hg lamp, k > 200 nm) at room temperature. The starting diazo compound

was completely consumed alier 14-17 hrs. and IH NMR and 13C NMR spectra indicated

that the major product was the expected y-butyrolactone derivative 6 (Scheme 3).

[
R, "]

R2~O
:OH C

"o,
Scheme3

7
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(2,3]_Rearrangements of ylidcs derived from ll-diazocarbonyl compounds ",ith regard to

the rhodium carbenoid. From literature survey, it was well established that Rh(ll)

carbcnoids could interact ",ith ally[ic cthers or acetals to furnish oxonium ylides which

subsequently undergo [2,3j-rearrangement. Doyle had shown that Rh(I1)-catalyzed

dcromposition of ethyl diazo aeetatc 7 in the presence of allylie aeetals (e.g. 8,) furnished

allylic ethers):' (e.g.,10).

•,

L .-OM:.-;"",'-"" ""~" j IT '~~o"l--Jl ~ /--EtO" I( + 7 I • ElI)~ ElI)- "I -----'OM,

10, OM, 25'c {570/0Y,<Id t5 #0 OMc

'-' "•
Scheme 4

Pirrung later demonstrated that similar Iransfonnations could be achieved usmg (1-

diazoketones as well as a-diazoestcrs. For example, decomposition of (1-diazokctone II

with Rh~(OAch in ClbCb at room temperature furnished ether 13JJ
•

ceo"
"" /-' Rh,{O~C),

I '"'" o~ ("II,CI" IT

"

[2,3] •
u

Scheme 5

"8

«"'--"I., (, _.~.



Introduction

lAc. CataJ)'sis of [2,3J-rearrangemeDI by other Lewis llcids:

Rhl(tfa), acts a~ a Lewis acid catalyst to promote (2.3]-rearrangement of propargyloxy

enol shol'>TIin the scheme 6. An invC$tigation of other Lewis acid behaves similar activity.

Numerously, Lewis acids were screened as sho•••n in the table I.

Table no I: Uwts acids screened:

MgBrrOEtl BF,-OEtl EuCI,

CUSO, CU(OAC)l CU(OTf)l

CUeil AgN03 Al;lPO.

A",O AgBf, AgSbF6

Znh CdCb SoCb

Soh Sn(OAc). TiOl

Ti(OiPr). TiCl., Zr{OiPr).'OiPr

HgCh Hg(OAc)2 Hg(TFA)l

Hg(NO,h LaCb Fe(acach

I::nol16 was generated by treating of 1-1and 15 (1.2 equiv.) with Rhl(OAc) •. Conditions

employed and selectivities observed •••ith these additives are summarized in table 1a as

may be surmised from the data presented, most of these Lewis acids afforded only very

modest catalysis of [2,3]-rearrangement when employed at stoichiometric loadings under

refluxing benzene conditions. Two exceptions were obtained for the highly electrophilic

silver (I) species AgBF. and AgSbF6
J
'.

0"
MC~~/OMe",~

"
Scheme 6

9
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Table Ia _Tnflutnee of non-Rh(lI) Lewis adds on rearrangement of enol 16

Lewis acid additive Conditions 17:18

no additive PhH, /1, 10 min 2.3 : I

AgNOJ (1.0 equiv) PhH, /1,10 min I : L3

AgN03 (5.0 equi,) PhH, /1, 10 min I : 1.6

AgNOJ (l0.0 equiv) " PhH, /1, 10 min I : 1.6

CUS04 (1.0 equiv) PhH, /1, 10 min 1 : 2.5

SnCl2 (1.0 equiv) PhH, /1, 10 min 1:1.3

SnCh (3.0 equiv) PhH, /1,10 min' 1:1.3

AgBF4 (5 mol%) PhH, rt, 2 min. 1 : 60

AgSbFIj(5 mol%) PhH, rt, 2 min I : 48

Ratios determined by lH NMR analysis of crude reaction mixtures. If the reaction

employed in stoichiometric quantities at elev~ted temperature, AgBF4 could also be used

to promote eyclization of 17 to dihydrofuran 19 in very good yield (Scheme 7)35. Further

studies demonstr~ted that this transfonnation cOi.lldbe accomplished in siw following

[2,3]_rearrangement in the presence of stoichiometric loadings of AgBF4.

A~BF.ll<quw.)

f'bJ-l n,_,
10 min> (71%Y",ld)

Rh,(O,\c).
(1"",1%)

Phil! n

"~(l~ '
,bH

C
)I 17

~

/

AgAF'(1 «IUl;,)

PbH. " , he".

JLO l~~ ''''''~

L Mcp
M, 19

Scheme 7

,
It was felt that the poor catalytic activity observed with the remaining catalysts in table

la v,as attributable. in part, to poor solubility in the non-polar organic reaction medium

as evidenced by the invariance in product ratio with increased loadings of both AgNO]

10
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•
and SnCb. Consideration of ligand availability and ease of preparation led to the

selection ofbis(oxazolinyl)pyridine (pybox) Lewis acids [Cu-(S,S)-(Phpybox)](OTf}. and

[Sn-(S.5}-(Ph-pybox)](OTfh for investigationJ8• As may has been seen from scheme 8,

both complexes displayed excellent catalytic activity, promoting {2,3]_rearrangcment of

enol 16 at room temperature and at low catalyst loadings. Curiously, usc of the Cu{IJ)

catalyst also resulted in the i,olatloo of dihydrofuran in 19% yield. This species was not

generated by Sn(ll) catalysis. Suspecting that cyclization of 17 was occurring in the

presence ofCu(ll) in a marmer analogous to that observed ,,;th Ag(\) (see Scheme 7), 17

was treated with both catalyst and Rh2(OAc)4 only to find that these conditions did not

lead to formation of tlJ.

RlJ,{OM), tu\~ M, (Imol%)
M~2M<

~OM'

'" 0
PhHl~ , I

" " ••
\9 1'PMo,"' .• M '

I bH 19. !
17 ("

)' M,
M. (87%) (13%)

Scheme 8

Phil, n. S min,

Secking further certainty thaI 19 was not derived from 17 under Cu(ll)-Catalyzed

reaction conditions, the isotope' labeling study depicted in Scheme 9 was performed.

Diazokelone 14 was treated "ith Rh2(OAe)4 «( mol%) in the presence of both 3-butyn-2-

0115 and deuterium labeled ll_hydroxyketone 17. Once enol formation was completed,

catalyst 20 (5 mol %) was added, produced a resulting mixture of proHc and deutcrated

[2,3]- rearrangement products 17 and 18, but exclusively protic 19. Thus, cyclization of

18 did not take place under the reaction conditions leading to the conclusion that

dihydrofuran 19 must arise via a completing side-reaction in the presence of Cu(lI)

catalyst 20.

II
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Thomas Wirth et ai, in 2003, explored the possibility of adding bisnucleophiles to

compound 21. Addition of acetyl acetone (22), lead to the fannation of a five-membered

"heterocycles that has been synthesizedearlier by different routcs . After initial attack of

the central carbon alom in 22 at the benzylic position, the enolale oxygen of the 1,3-

dicarbonyl compound attacks as a second nucleophile to give the dihydrofuran derivative

23 in 37% yield37.

o 0
AA
"CS:!CO~

DMF,n

Scheme 10

~

j
b

\: 37%

1.4d. Some different routl'll for synthesis offurans moiety:

Reaction of iodonium ylides with dihydrofuran were examined by Korean scientisrli.

When iodonium ylide 24, was treated with 2,3-dihydrofuran as a solvent and a reactant at

room temperature for 6 hr in the presence of I mol % of Rh2(OAc)4,cydoadduct 25 was

obtained in an 81% yield (Scheme II).

lt~Ph
R R' 0

"

oo
Rh2(OAC)4

11,6 hr

R~R'~H,CH3

Scheme II

25

The structural assignment was analyzed from spectroscopic analysis. The cis,

stereochemistry of 25 is supported by the coupling. constant (J=, 5.9 Hz) at & = 6.19 due

to acclal methane proton. The fused acetals are very important as a structural subunit of a

variety of biological1y active natural products such as aflatoxinsJ9-4I, dendrillolide42
.

clerodin43, asteltoxin44, hyacophiJine45-49and paraberquoninlV
. The application of the

fused acetals to natural aflatoxin B2 and unnatural demethoxyaflatoxin B2 has been

reported~I.I!.

12
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In order to develop methodology of furon moiety, metal mediated salts Mn(IlJ), Ce(l V),,
and Cot!!)) have be<;ome an im""rtmlt method for the svnthesis of heterocyclic,..~ r' II'

framcv,orks'J. Lee Y.R and his b'IOUPreported that silver(l)/Celitc is a iimple and

convenient reagent for dihydrofuran formationS!. They described the efficie~t synthesis

of 3-acylfurans by the oxidative cydoadditioll of 1,3-dicarbonyl compound.s to ~inyl

sulfides followed bv Nal04 oxidation and syn-elimioation under mild conditions.' The

sequence that they ~ave developed begins with the reaction of I,3-dicarbony[ Jompounds

with vinyl sulfides (3-lold excess) in acetonitrile. Two equivalents of A~CO}Celite arc

used for the fOl1llation of the dihydrofuran.

o 0 R'
"R:•.,rSPh

\1.)li RV SPh
R,AOAgzCO/Celyte, Acelonitnle R'JLr
26 27

Na04JMe0i1

CCL"Pyr(AIPJJ

"

Scbeme t2

Synthesis of dihydrofurans and furans from the reaction of eycWohexane I,J-dicarbonyl

derivatives and vinyl sulfide 3J are shO"TIin scheme 13.

0 0 0

" rSPh
I: RlQR-OO R-WSPh

NalOJ MeOH
•Ag1COy'Ce!ile •

CCI., Pyr.(t\lp,l
R' Acetonitrile R' R

" ;0 "
\\!here R,R' ~ H, Me

Sebeme 13 ,
Yoshikoshi,6 had reported the transformations of 3-methylfuran annulation from 1,3-

diearbonyl compounds by using u phen~lthionitroolefin. The datu of the 3-acylfurans are

ulso shown in scheme 14. I'

32

Y"'SPh

/lg~C03'Celit.
AcelOnilrile

Scbeme 14

13

o

.. D!-SPb
3J

,I
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Forstl).19 isolated furanomonoterpene (evodone) from Evonia horlensis. The

spectroscopic properties of synthetic evodone agreed well with those reported in the

litcrahIre. Another application of this technology to the total synthesis of furanoterpene,

ct-clausenan, was next examined, et-elausenan has been isolated with rosethran as a

mixture from leavcs ojClausenawilldenovii, a large of shrub found in the Himalayas, Sri

Lanka, and some elevated parts of southern and 'western India5O. The struClure of et-

clausenan ""as established by spectroscopic analysis, but no synthctic methods arc known.

Continuous process of synthesi7.cd dihydrofurans derivatives; additional reactions ""ith

several olefins were investigated, lor preparation of the skcletons of naturaIly occurring

coumarins and dihydrofurocournarins61. Reaelion of 34 with an excess of cyclohexene

used as a solvent and a reagent, in the presence of I mol% of Rh2(OAe)4 al 60°C for 5 hr

gave the unexpected rearranged product 35 in a 51% yield (Schemc 15). The lWOolefinic

prdtons of35 were observed at 6,29 and 6.04

Scheme 15

When allyl iodide with electron-deficient olefin "as used, the dihydrofuroeoumarin 36

was obtained in 78% yield as a single compoWld. This result is also in clear contrast to

that of Doyle, who reported that the rhodium{1J)-eata1yzed reactions of acyclic ethyl

diazoacetate with allyl iodide afforded the [2,3]-rearranged product without forming the

cycloaddition adduct as a single compound61 (scheme 16).

~,
~o o

00

-0/' ceXr'• I I
Rh1(OAcj, h 0 0
60oC,5h 36

Scheme 16

"
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Another approach for dihydrofurocoumarin formation was obtained by using vinyl

ethers"l, On heating neat ethyl vinyl ether and isobutyl vinyl ether in the presence of I

mol% of Rh
2
(OAc)4 for 3 hr, dihydrofurocoumarins 37 and 38 were produced in 69 and

64% yields, respectively. These results indicate that reactions \','ithmore electron-nch and

electron-deficicnl olefins than simple alkenes such as cyc10hexene provide an efficient

route for synthesizing the dihydrofurocoumarin skeletons (schemeI7).

FO/'.../

Rh,(OAc),

60Ge,3h

~,
lAo~o
"Scheme 17

Fa/'-...
Rh1(OAc)4

MOC,3h

o

~dlAoRd
"

Next, reactions "rith vinyl acetateswere alSl?examined. Reaction of 34 with vinyl acetate

at 60°C for 5 hr afforded the t\\0 regioisomenc cycloadducts 39 and 40 in 16 and 25%

yields, respectively (Scheme 18). The two isomers were easily assigned from

spectroscopic data. The lH !>.']v1Rspectrum of angular dihydrofurocornnarin 39 showed

methine peaks at 7.00 as a doublet a,sociated with the dih)'drofuran ring, whereas linear

adduct 40 showed peaks at 6.87 as a doublet.

~,
)lAo),"o 0

"

rOAc , ~ OA /~ t)OAC
Rh~OAC)4 )lAoJl.d 0 +M1.,
60"C.3hr 39 40 0

Scheme 18

In order to extend the utility of these reactions, one-step synthesis of a furocoumarin

natural product was attempted. Pterophyllin 2 has been isolated from a small evergreen

tree of Ekebergia pterophylla, found in South Africa"J. The structure ofpterophyllin 2

"'as established by spectroscopic analysis, but no s)'TItheticmethods are known.

15
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S)TIthesisof these heterocycles is of great importance. Generally, furan, pyrrole and

thiophene derivatives are prepared from 1,4-dicarbonyl compounds using acid catalyslS_

Strong acids such as concentrated H2S04• P20j. p-TSA and montmorillonite KSF and

basic reagents including TsCV DBU. alumina, zirconium phosphatelzirconium

sulfophenyl phosphate as well as micro""llve irradiation have been employed for their

s)TIthesis6l-1il. However, the synthesis of pyrroles and furans remains a challenge for

s>lltheticchemists because of their sensitivity to adds.

Bismuth trif1ate has evolved as a remarkable Lewis acid catalyst for effecting various

organic transformations66. Compared to lanthanide triflatb, bismuth trif1ate is cheap and

easy to prepare even on a multi-gram scale, from commercially available bismuth oxide

and tril1icacid67.

In 2004,_Yadav, J. S. et al reported that this is the fIrst published on the use of bismuth

triflate as a catalyst for the synthesis of oxygen-, ~itrogcn- and sulfur-eontaining

hetetocycles6!. In this article, they reponed a mild and e.fficient method for the synthesis

offuran. p)'ITOlcand thiophene derivati.es from 1,4-diketones using 5 mol% Bi(OTf)3

immobilized in air and moisture stable [bmimJBF4.Accordingly, treannent of l-phenyl-

3_(2_thienyl)_1,4-o<:tanedionewith 5 mol% of Bi(OTf)3 in [bmimJBF4 at 90 °c afforded

2-butyl-5-phenyl-3-(2-thienyl) furan in 85% yield (Scheme 19).

"

B~OTf)ll [bmin]BF4•
90"C

Sclreme 19

In a similar manner, various substituted 1,4--diketoncsunderwent smooth cyc1ization to

give the corresponding tri substituted furan derivatives68• In the absence of bismuth(lII)

trif1atc,no cycli7.ationwas observed in the ionic liquid alone. The starting 1,4- diketones

were prepared according to procedures reported in litcrature69
. Furthermore, treatment of

1,4-diketoneswith aryl amines under similar conditions resulted in the fOITillltionof the

16
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correspondi~g pyrrole derivatives (Scheme 20). A variety of 1,4-diketones reacted

smoothly with various aryl amines ooder identical conditions to give the respective

tctrasubstituted pyrroles in good yield6S.

Bi(OTf). I (hminlBF 4
90De ' o

Scheme 20

In addition, 1,4-diketones reacted efficiently with Lawesson's reagent under similar

reaction conditions to give trisubstituted thiophene-p)TIole derivatives (Scheme 21).

Bi(OTf)41 [bmm]BF4•
90°C

)JF\-II\V 'N",
• ••

Scheme 21

1,4-Dikelones have been used as the common precursor for the synthesis of furan,

p)TIole and thiophenes. This method is clean and free from side-products. The reactions

were completed within 4-5.0 hr and the products were easily isolated by simple

extraction with diethyl ether. Thc remaining ionic liquid containing the catal)st was

recovered and recycled in subsequent reactions with only a gradual decreasc in activity

being observed.

17 •
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Michael C. Pirrung has reported a number of advances in synthetic methodology and

total synthesis based on the preparation of fused heterocyclic rings, such as the bis-

tetrahydrofuran substructure contained within 46 (6-methoxy-2, 3,3a, 8a-tetrahydro-l, 8-

dioxa-cyclopenta {a] inden-4-ol) using the fonnal dipolar cycloaddition of cyclic

diazodicarbonyl compounds ""ith vinyl ethcrs mediated by dirhodium catalysts70
.

Intermediate, in which a methoxycarbonyl group serves as a surrogate for the methoxy

group, was consequently chosen as a product reasonably available from the dipolar

cycloaddition of dihydrofuran with compound 4671 (Scheme 22).

Scheme 22

Bmsila C. el al. reportcd that cycloadditions were observed upon reaction with terminal

acetylenes. It is known. that copper(I1) sulfate-catalyzed decomposition82 of diethy!

diazomalonate in the presence ofpheny!acctylene results in the fonnation of a mixture of

a cyclopropene and a furan, ,,,hile sensitized photolysis generates3J furans as the primary

ptoducts. The rhodium(Il) acetate catalyzed decomposition!>!of diazo diketones 47in the

presence oftenninal alkynes, results in cyclopropenes 48 and furans 49, the isolation of

which depends on the nature of the electron withdrawing group of the carbenoid In

scheme23.

o
MeO 0

;--IPh
RCa

"

HC~CRL

R~,{OAc)•. 6

8 R
""';4 ,
RCa

MeO.C
+ • )[}-RL

R a
"

Scheme 23
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1.5.Rationale:

Heterocycles such as furan. pyrrolc, indole and thiophene are versatile pharrnacophores

possessing a variety of biological activitiesl. Dihydrofurans and furans are two of the

most important heterocycles ••••.ith wide spread occurrence in nature]. Their important

biological activities and usefulness as synthetic intennediate of natural products have

prompted a search for beller mcthods of synthesis of dihydrofurans and furans. Although

a number of synthetic methods for the preparation of dihydrofurans and furans have been

reported, simple and efficicnt approache's still remain scare6. In recent years much effort

has been devoted to study of the effect of different transition metal catalysts on the

decomposition of a-diazo carbonyl compounds6. The rhodium-catalyzed decomposition

{If diazocarbonyl compounds has become an imp{lnant method in organic and natural

product synthesis7. The rhodium (II) catal)'Zed reactiolls {If acyclic and cyclic diazo

dicarbonyl compounds with several substrates such as olefins. nitrate. isocyanates,

carbondisulfides, furans, benzofurans. :thiophenes and pyrroles have heen extensively

studied by many groups'.

The use of djaz{lcarbonyl C{lmpuundsin transition metal-mediated insertion reactions has

been extensively studicd, particularly for the synthesis {lr theoretically interesting

compollllds as well a~ natural produets72'11.However, only a few examples dealing with

the preparation of ox)genated heterocycles reaction have been reported'~"!. Over the past

few years, several aspects {lr the Rh(ll)-catalyzed reacti{ln have been developed in order

t{lincrease the synthesis offurans moiety.

In view of the extensive natural DCcurrcnceand bi{ll{lgicalimp{lrtancc of dihydrofuran

and furan derivatives, it was planned to develop a gcneral and facile method f{lr the.

synthesis of dihydrofurans through metal mediated catalyzed reaction of cyclic

diazocarbonyl compound.

,
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Result and Discussions

RESULT ANDDISCUSSIONS

2.1. Synthesis of mclbanesulfoDyl azide 2:

Methanesulfonyl azide 2 was prepared by treating the solution of methanesulfonyl

chloride 1, acetone and sodium azide (1:1) equivalent at room temperature as shown in

the scheme 1. After usual workup a low melting colourless solid 2 was obtained (yield

99%). The compound i was characterized by IR and literature reportl4

Scheme I

Acetone

rt.2h

o
lJ,C~S-NJ

"o,

2.2. Synthesis of2-diazo-cyclohex3De-I,3-dioDe derivatives 6-8:

2-Diazo-cydohexane-l, 3-dione derivatives 6-8 were prepared by the diazo transfer

reaction of the corresponding starting materials with roesyl azide according to Taber's

method'9. The preparation of 2-diazo-cydohexane-l, 3-dione derivatives 6..s using their
correspondingcyc1ohexane-] ,3-dioncs 3-5 and mesyl azide is shown in the scheme 2.

M,N) (1.5 equi.)

TEA (I.' equL) / CHzCI1
n. 2 hr

\\'I1Crt
3.6, R, ~R, - -CH,
4.7,R,=R2=-H
5,8, R, ~II, Rz ~ -CH(CH,)

Scheme 2
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2-Diazo-cyclohexane- t, 3-dione derivatives 6-8 were synthesized by stirring a mixture of

cyclohexane -1,3-dioncs 3-5, mesyl azide and methylene chloride at room temperature.

The reaction was stopped by adding 1N hydrochloric acid and water. After usual workup

and purification by column chromatography on silica gel, 2-diazo cyclohexane.1 ,3-dione

derivatives 6-8 were obtained (fable 1).

Table I: Preparation of2-diazo-cyclohexaoe-I,3-dione derivatives 6-8 in percentage

"Entr) eyelohexo ne-I ,3-dione Coodilioo Product Yield ("!oj

0 0, -r\ tcM,NJ

3
,

0 0

2 l:lo MsN] Cc "
0, ,

0 0

~o
HN

,MsN) "'3 8 0

2.2a. Characterization of 2- diazo-5,5- dimeth) I c)clohexane-l,3-dione 6:

A light yellow solid was obtained (yield 96%). M.P. 67- 690 C, which was highly

moisture sensitive. The structure of compound 6 was established by spectral data. In UV

(Fig. 6a) spectrum, the value was found in the range of !.max 277.30 and 240.80 ron

indicated diazo group.

The IR spectrum (CC14)(Fig. 6b) of thi~ compound exhibited absorption bands at Vmox

2962.5 and 2889.2 cm-l for stretching of methyl and methylene protons (-CR" -CHz),

2189.1 and 2144.7 cm.1 for diwAl group (-C=N,), 1633.6 em-I for the presence of keto

groups (- C=O).

21
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The IH NMR spectrum (Fig. 6c) of the compound 6 explained the chemical shift position

of Ii2.42 (s, 4H, C-4,6) for two methylene (--CH1)groups, oS 1.02 (s, 6H) for the presence

of t",o methyl (-CI'b) groups at C-5 position which are chemically equivalent that is

a.>suredstructure of the compound 6.

'Thestructure of the compound 6 was furthcr confirmed by its IJCNMR data (Fig. 6d) at

the chemical shift position of oS 201.79 and 201.61 due to the presence of (C=O) carbon.

alii 155.65 in favor ofC=N" Ii52.61 and 52.38 designed for C-4 and C-6 respectively, oS

25.59 and 25.34 in support of -nb carbon and 1i15.13 for C-5.

On the basis of complete analysis of the UV, JR, IH NMR and DC NMR spectra.. the

structure of this compound "a.> accorded as 2- diazo-5,5- dimethyl cyclohexane-l,3-

dione 6.

2.2b. Characterization of 2_diazo-cycloheIaBc_I •..'_dione 7:

The compound ",as obtained a.>a pale yellow solid which wa.>very unstable in normal

temperature. The yield wa.>95% and melting point was 44- 45°C. The structure of

compound 7 was characterized by spectral data. In UV spectrum (Fig. 7'1) of the

compound, the value was found in the range of280.35 and 237.83 urn for diazo group.

The IR spectrum (Fig. 7b) of this compound showed absorption band at Vm~'2958.6 em-I

and 2933.9 crn.j for ~ethylene protons (-CHr), at 2192.9 and 2129.3 cm.
l indicated for

stretching of diazo group (C=N1). at 1645.2 em-I designed for the presences of keto

groups (- C=O).
The lH NMR spectrum (Fig. 7e) of the cornIXJund7 demonstrated a two protons triplet at

Ii2.97 (t, 2H, 1=6.26 Hz) and 2.53(t 2H, J =6.15 Hz) for two methylene (-CH2-)group of

(-4 and C-6, respectively and a two protons multiplet at 0 2.23 (m, 2H,) for thc presence

of methylene (-CH2) group ofC -5.
lISllC NMR spectrum (Fig. 7d) also exhibited the chemical shift at 0197.89 and 197.07

for C=O, 156.6 for C=N2,Ii38.63, 38.38 and 15.13 for C-4, C-6 and C-5. The presence of

six carbon atoms was a good agreement with structure a.>signfor 7.

22
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2.2c. Cbaracterization of2_diazo_5_isopropyl-cyclobexane-l, 3-diont 8:

The product 8 was a light while solid (yield 96%), M.P.: 58-5<fC. The structure of

compound 8 was assigned by spectral data. In the IN speclnJrn (Fig. 8a) the value was

found in the range ofA...,,-<276.53 and 235.85 om.

lbc IR spectrum (Celt) (Fig. 8b) of the componnd 8 showed follov.ing.characteristic

bands: VmllX 2975.0 and 2958.0 em-I (str. -CHJ, and :CHl), 219~.9 and 2129.3 em-I

(C=Nl). 1641.3 cm.1 (str. - C=O).

The lH NMR spectrum (Fig. 8c) of this compound 8 illustrated a (\\0 protons double

doublet at Ii 2.83 (dd, lB, J =8.26, 23.32 Hz) and 2.70 (dd, 2A, J = 8.26, 23.32 Hz) for

methylene (-CHl _)group of C-4 and C-6, respectively, a one protonmultiplet at 0 1.61

(m, HI, C-5) and \ .20 (m, IB, -CH(CH))) and a six protons doubl~lat Ii 0.92 (d, 6H, J

= 8.31Hz) for indicating two methyl (2x-CHJ) groups.

The DCNMR spedrom (Fig. 8d) showed characteristic chemical shift at Ii 201.49 (C=O),

201.31 (C-'O), 155.35 (C=N,), 40,61 and 40.3~ designed for C-4 and C-6, 32.59

CH(CI'h), 27.89 (C-5), 19.09, and 19.04 (2xCHJ). The llC NMR specmun indicated the

presence of nine carbons in the molecule corresponding to the molecular formula

C9HllN)O" thereby suggesting the fomation of the compound 8.

23



Result and Discussions

2.3. Synthesis of 4-0:0:0-2,.3,4,5,6,7_huab~'dro_benzofuran_2_yl acetate derivatives

10-12:
Thc decomposition of 2_diazo_cyclohexane_1, 3-dione with vinyl ethyl ester using

commercial metal mediated catalyst has been reported8(). Several substituted of 4-oxo-

2,3,4,5,6,7-hcxahydro-bcnzofuran-2-yl acetate derivatives 10-12 were synthesized by the

cyclization reaction of vinyl acetate with 2. diazo-cyclohexane.l, 3-dione 6-8 as sho"ll

in the scheme 3.

"Ie" 0
• 6-8

Y"OAc,
RhiOPiv)4(O.1 mrnol)

,,"ere
6, 10.R,~R2~ -CH]. Rh,(OP;v)4~ RhiOOCC(CH),CH,h
7.11 R,=Rl~H
8.12. R]'H, R2u -CH(CH,)l

Scheme 3

Commercially available vinyl acetate 9 was selected as reaction material. Cycli7.ation

with 2-diazo-cyclohexane-I,3-dionc derivatives 6-8 by Rh2(OPiv)4 catalyzed reaction at

room temperature led to the desired prGducts 10-12 as in the shown scheme 3. Reaction

of entry I with 2-diazo-5, 5-dimethyl-cyc1ohexane-l, 3-dione gave product in the highest

yield (66%) in the table 2.
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Table 2: Synthesis of 4-0)(0- 2,3,4,5,6,7_hnahydro_bcDzofuran_2_yllicetate 10-12:

'"'" 2-DiOlo.-C~<:lohcxane Vinyl.cel.te Product YicW (%j
_U.dione dorivalives

0 0

, Jx:' yOM A>-oAC "• "
0 0

2. CC' yOAc 6Q-OAC "0,
"

0 0

#'; yOM ~OAC 50

" n

Catalyst Rh,(OPiv)"(lmol%j, rt

Efred of catal~'st, solvent and Temperature:

Effect of catalyst: There were used several common catalyst, such as; copper (I) iodide,

bis-ttiphenyl Palladium (II) chloride and Rhodium piva1et in different portion to choose

best catalyst, thc best result obtained by using Rh!(OPiv)4 catalyst in vinyl acetate as a

reaction material.

Effect of slIlwnt: In order to get good yield for above reaction, several solvents were

used, for example chloroform, methylene chloride. carbon tetrachloridc, and vvithout

solvent, the good percentage of yield was obtained by neat reaction i.e. "..ithout solvent.

Tempcrature effect: For achieving highest percentage of product the reaction was

carried out at several temperature such as, at room temperature, elevated temperature i.e.

40_50oC ,and high temperature. At bigh temperature, the starting materials were

decomposed and at an elevated temperature some unex:pected products were appeared. So

the suitable temperature was selected as room temperature.
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Mechanism of the reactions for preparation of 4- 0)(0- 2,3,4,5,6,7-hexabydro-

benzofuran-2-yl acetate:
Although the cxact mechanism of the reaction is still not clear, it can be perceived that

the reactions proceed on according to the scheme 4. From our observation it was c1car

that rhodium pivalet is a catalyst in the form of acid salt, so rhodium (ll) cation is an acid

catalyst. On the other hand diaw compound is a base. The initial step, the decomposition

of diU70group is induced by the rhodium (II) catalyst. The corresponding compound is

attacked by vinyl acetate to give cation intermediate. After leaving rhodium catalyst,

cycloadduct is obtained by electro cyclic 'ring closure reaction. Ring closure of

cycloadduct gives product 10.

Scheme 4

2.3a. Characterization of 6,6-dimethyl-4~o"o-2, 3.4,5,6.7_Iie1ahydro-benzofuran_2~yl

acetate 10:
A colourless liquid product was obtained (yield 66%). The structure of compolUtd 10 was

assigned by spectral data. In the UV spectrum (Fig. lOa) of the compound 10 the value

was f(Jundin the "lOge of253.70 and 239.15 nm.

The rR spectrum (Fig. lOb) showed absorption bands at Vma., 2962.5 and 2929.7 em'] (str.

-CH), and -CH1), 1768.6 cm.1 for (O-COCH) and 1645.2 em'] for the prcsences of

ketone groups (-C=O), 1550.7 cm" for stretching of (-C=C-).

The 'H NMR spectrum (Fig. 10c) exhibited a one proton double doublet at 05 6.72 (dd.

1H. J =7.51, 16.1 Hz.) for C-2. a three protons singlet at 3.95 (s, 3H) tor (CI-h- COo). a

one proton double doublet at 3.06 (dd. 1H, J =7.51, 16.1 Hz) and Ii2.79 (dd, IH, J =7.51,

16.1Hz) in favor of -Clb- of C-3, a two hydrogens doublet at 05 2.35 (d, 2H, J = 11.24

Hz) and S 2.25 (d, 2H, J = 7.08Hz) for the presence of (-CUr) of both C-5 and C-7,

respectively and a chemical shift at S l.ll (s, 3H) and 1.07 (s, 3H) demonstrated Methy!

groups (-CH,) which attached to C-6.
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The compound 10 also established by following characteristic IJCNMR spectrum (Fig.

10d) : Ii 197.89 (C=O), 171.34 (O-C=O), 162.82 (C-8), 105.62 (C-9), 92.24 (C-2), and (i

51.38, 41.13, 34.63, 27.89, 27.07, 17.61 and 16.17 designed for C-5, C-7, C-3, -COCH3.

2xCHJ and and C.6, correspondingly. So, the IJC NMR spectrum indicatt:dthe presence

of twelve carbons in the molecule corresponding to thc molecular formula CllH1604,

thereby suggesting the formation of compound 10.

2.3b. Characterization of 4-oxQ-+2,3,4,S,6,7-hcxahydro - benzofurau-2.yl acetate 11:

The colourless liquid was obtained (yield 42%). The structure of compound 11 was

confirmed by UV, IR and NMR spectral data. The UV spectrum (Fig. 11a) indicated the

absorption band at 260.7Snrn for keto groups.

The IR spectnun (CC4) (Fig. 11b) of this compound illustrated follo\\ing characteristic

absorption bands: v""",2999.7 and 2927.5 em'] (sir. -CH2), -1647.1for (sir. -C=O), 1558.7

cm-t for stretching 01'( -C=C-).

The tH NMR spectrum (Fig. Ilc) assigned the chemical shift tor the determination of

molecular structure of compound 11. It is observed that a one proton multiplet at 0 6.50

(m, lH) for -CH- ofC-2, a three proton singlet at 3.85 (s, 3H) for methyl group of (CHr

COo),a one ptotoo double doublet oS 2.95 (dd, IH, J = 6.86, 14.69 Hz) and 2.72 "(dd, IH,

J = 6.86, 14.69 Hz) in support of -CH. of C-3. a two protons triplet at 2.44 (I, 2H, J =

5.44 Hz) and 2.35 (I, 2lI, J = 6.26 Hz) indicated methylene hydrogen of C- 5 and C-7

respectively and a nvo protons multiplet at oS 2.06 (m, 2H) pointed to the presence of

methylene protons of(C-6).

Further the structure was confirmcd by its IJC l\MR spectrum (Fig. 11d) which showed

the chemical shift positions of.5 197.89 (C=O), 171.34 (-0-C=O). 163.89 (C-8), 106.65

(C-9), 92.34 (C-2) and 41.13, 34.63, 34.38, 17.61, and 16.17 for remaining carbon

correspondingly. The displayed the presence of ten' carbon atoms corresponding to its

molecular formula CIOH1204.
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2.3c. Cbaracterization of 6-isopropyl-4-0xo_2,3,4,S,6,7_bexabydro_benzofuran_2_yl

acetate 12:
A colourless oily product was obtained (yield 50%). The structure of compound 12 was

recOb'Ilizedfrom its spectral data. In UV spectrum (Fig. 12a) the value was found in the

range of261.75 om.

The IR spectrum (CC!4) (Fig. 12b) demonstrated following chardcteristic peaks: Vmax

2927.7 cm.1(str._CH3 or -CHr). 1667.1 for (CH,CO), 1646.6 em'! (str. C=O), 1548.7 em"

Ifor stretching of (-C=C-).

In the IH NMR spectrum ( Fig. 12c) of this compound 12 the chemical shift was

observed at 8 6.60 (m. 1H) for -CH- of C-2, 3.84 (s, 3H) for methyl group of (Cl-b-CO-),

;53.05 (dd, lH, J = 6.68, 14.69H7.)and 2.70 (dd, lB, J = 6.68, 14.69 Hz) for -CH- of(C-

3). I)2.44 (d, 2H, J = 5.44 Hz)and I)2.35 (d, 2H, J = 6.2 Hz) for two protons doublet of

(C-5 & C-7), 81.65 (m, lll)and 1.21(m, 1H) for one hydrogen ofC-6 and -CH(CH)2,

respectively and Ii 0.99 (d, 6H. J=5.69 Hz) for six protons doublet of methyl (2x-eH)

groups of Isopropyl.

The compound was funher established from its IJC NMR spectrum (Fig. 12d). The

chemical shifts of this compoundwere showed fol1o,~ingcharacteristic peak: oS 197.89

(C=O), 171.34 (-O-C=O), 162.82 (C-8), 105.62(C-9), 92.24 (C-2) and 48.38, 41.38,

37.94,34.63,33.89,21.94,21.89 and 16.17 for the remaining carbon atoms. The llC

0.N1Rspectnun indicated the presence of thirteen carbons in the molecule corresponding

to the molecular formula CIJH1&04.thereby suggesting the formation of the compound 12.

On the basis of complete analysis of the UV, IR, IH NMR and IJC NMR spectra. the

structure of this compound was accorded as 6_isopropyl_4--oxo_2,3,4,5,6.7_hcxahydro_

benzofuran-2-yl acetate 12:
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•
+R,~

R:' 0
15, 17, 19

2.4. Synthesis of 2-phenyl-6, 7- dihydro-5H-benzofuran-4-(lne 14,16,18 and 1-

phenyl-spiro 12.51oct-l-ene-4, 8-dlone 15,17,19:

Thc dccomposition of diazo compounds ,,,ith terminal acetylene lJ5ingcommercial metal

mcdiated catalyst has been rcported~l.During the preparation of 2-phenyl-6, 7- dihydro-

SH-benzofuran-4-one, a by product "as obtained unexpectedly. The sccond product 1-

phenyl-spiro[2.5]ocH-ene-4. 8-dione was obtained as 'major product when 2.diazo-

cyclohcxane-l,3-dionc derivatives 6-8 were treated with phcnyl acetylene at room

tcmperature (Scheme 5).

~~

RI~/U~

2

Rh2(OPiv), (0.1mmol)
R2 6-8 rI, 2-4 hrs

Wh.re
6,14& 15.RL~R,~ -CH3•
7,16& 17.RL~R2~_H
8,18& 19.RI~ H, R) ~ -CH(CH3l2

SchemeS

Direct cyclization of 2-diazo --eyclohcxane-l" 3-dione derivatives 6-8 with phenyl

acctylene by metal mediated catalyzed reaction at room temperature led to the desired

products (14,16 18) and by products (15,17,19). Several reactions of phenyl acetylene

with a series of2-diazo-cyclohexane-l,3--dione derivatives have been investigated to give

corresponding 2-phenyl-6, 7- dihydro-5H-benzofuran-4-one and l-phenyl-spiro[2.Sjoct-

l.ene-4. 8-dione derivatives are sho"TIin table the table 3.
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Table 3: Synthesis of2-phenyl-6, 7- dihydro_SH_benzofuran-4-0nc 14,t6,18 and 1-

phenyl-spiro (2.5] oct. J-ene-4., 8-dione 15,17,18:

Entry I_Diazo~yc1o- Phu~'l Product Y~1d('Yo) Produ~t Yj~ld('Yo)

huane-t,3-dione .<:rt~'lene
0 0 a

, M' ~ -Pro 24.7

~

62.5

", " "
0

0 acc =-0 :CQ-o 23.36 CCD"
47.16

0 ", "
a a0

,~:'=-0 23.43 59.05

" "
a

"Rr>,IOPw), I'M",")

To optimi:l:eproduct yields, several common solvents and metal mediated catalysts have

been used as follows.

Effect of calalyst, solvent and Temperature:
Effect of catalyst: Therewere used severa! common catalyst, such as; copper (I) iodide,

bis-triphenyl palladium (II) chloride and rhodium pivalet in different portion to choosc

the best catalyst. The best result obtained by using Rh:l(OPiv~ catalyst in phenyl

acetylene as a reaction material.
Effect of solvent: In order to get good yield for above reaction, several solvents were

used, for example chloroform, methylene chloride, carbon tetrachloride, and "ilhollt

solvent. The good percentage of yield was obtained by neat reaction i.e. "ithout soh-ent.

Temperature effect: For achieving highest percentage of product, the reaction was

carried out at several temperature such as room temperature, elevated temperature i.e. 40-,
50°C and high temperatllre.At high temperature, the starting materials were decomposed

and at elevated temperature some unexpected products were appeared. So the best

suitable temperature Viasselected as room temperature.
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M«hanism of the reactions for preparation of 2-phcnyl--6, 7- dihydro-SH-

benzofuran-4-one 14,16,18;
The reaction proceeds smoothly in a short reaction time (2-3h) for terminal a1kynes

while alkenes were found to be comparatively low reactive than alkynes. The mechanism

of this reaction is similar to s~1l1hesisofhexahydro-benzofuran-2-yl acetate reaction in

the scheme 4. The loss of nitrogen is followed by the rhodium catalyst shift. It was

described as shown in scheme 6. The corresponding compound is attacked by phenyl

acetylene to give calion inlennediate. The lost of rhodium cation is followed by the

double bond shift to form expectedel~trocycli~ ring close produetS5•

Scheme 6

Mechanism ofthe reactions ror preparation of I-phenyl-spiro [2.5] oct-1-o:n0:-4,8-

dione 15,17,18:
Although the exact mechanism of the reaction is still not clear, it is best described as

shown in the Scheme 7a. Wereasonedthat placement of electron-withdrawinggroups on

the benzenering nfphcnyl acerylenemight decrease the nucleophilic!tyoflhe carbon-caroon

doublebond towards the intennedialcclectrophilic carbenc. Usingrhodium (II) catalysL

selectivitiesdid, in fact. increasethecyclopropene part.'20

The diazo compound first gives a caTbeneby expulsion of Rh.'.(OPivk Intermediate is

trappedby the double bond of alkylene group to give eyclopropene. Notable is the

influenceof the ligand ester groupin the catalyst on enantiocomrolin cyclopropenalion.

o o~f)-P:",'R'('I) ~ ~---~. ~---
_N, 0

Scbeme7a
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The other reporter explained the mechanism for the cyclopropenation in different way. It

can be explained by the formation of cyclic product first and continued by the

rearrangement of fumn to form 3- member ring. The compound is stable as the by-

product~'-

Scbeme 7b

2.4a. Characterization of 6,6-dimcthyl-2-phenyl-6, 7.dihydro-SH-henzofuran-4-onc

14:

A yellow oil} product was obtained (yield 24.7%). Thc structure of compound 14 was

established by spectral data. In thc UV spectrum (Fig. 14a) the Am~,~a1ue "''lIS found in

the range of 257.15 nm for the absorption of phenyl and ketone group.

The IR sp<xtrum (Fig. 14b) of the compound 14 has given an idea about the following

characteristic picks: Vrn", 3076.0 (str. Ar-H or C "'CH), 2962.5 (sir. -CH], and -CH1),

1676.0( str.C"'O), 1550.7 cm.l for stretching of (-C=C.).

The IH NMR spectrum (Fig. 14c) exhibited the chemical shitl for assigning the structure

of compound 14. It is observed that a two-proton doublet at oS 7.69 (d, 2H. J '" 7.86 Hz)

indicated of (Ar-H), 7.48 (t, 2B, J '" 7.46 Hz) of (Ar-H), 7.30 (t, IH. J = 7.26Hz) of (Ar-

H), 5.38 (5, lH) indicated one hydrogenofC-3. 2.76 (5, 2H, C-5) and Ii 2.5I(s, 2H, C-7)

for c-) & C-7 protons and the position of oS 0.99 (s, .6H) displayed methyl groups (2x-

CH3), which confinned the structure of compound 14.
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2.4b. Characterization of 6,6-diPlethyi_I_phenyi_spiro[2.5Ioct_l_ene-4,8-dionc 15:

Colourless crystal was collected (yield 62.5%). M.P.: 130_1320C. The structure of

compound 15 was confirmed by spectral data. In thc UV spcctrum (Fig. 15a) thc )..",~,

value was found in the range of 219,85, 270.45 and 283.55 run which assigned the

presence ofbenzcne and ketone group.
The IR spectrum (fig. i5b) revealcd following characteristic absorption bands: "max

3099.4 (str. Ar-H or C =CH), 2958.6 (str, -CH), and -CHz) and 1676.0 (str. - C=O).

The IH NMR spectrum (Fig. 15c) showed a two-protons doublet at Ii 7.66(d, 2B. J =

7.86 Hz) for (Ar-H), a two protons triplet at Ii 7.49(1.2H, J = 7.88 Hz) for (Ar-II) and

7.29 (t, lH, J = 7.48) for (Ar-H), a singlet spectrum at Ii 6.88 (s, IH) indicated one

proton of C-2, a two protons singlet at 2.56 (s, 2H) and 0 2.55{s, 2H) in support of C-5

:md C-7, respectively and the position of 0.99 (s. 6H) demonstrated methyl groups (2"-

CHJ) which confirmed the fonnation of product 15.

2.4c. Characterization on_Phenyl_6, 7_dihydro_5H_benzofurau_4_one 16:

A yellowish liquid product obtained (yield 23.36%).The structure of compound 16 was

assigned by spectral data. [n the UV spectrum (Fig. 16a) the Amaxvalue was found in the

range of258.45 and 275.85 run.
The 1R spectrum (CCI4) (Fig. 16b) of this compound analyzed the absorption position of

aromatic proton at Vm~'3099.4 (Ar-H or C =CH), stretching for methylene protons (-CHz)

at 2958.6 cm.l, 1548.7em'] for stretching of (-C=C-).

The lH NMR spectrum (Fig. 16c) showed the following charactc'ristic chemical shift at

Ii 7.57 (d, 2H, J = 7.46 Hz), 7.36 (t, 2B, J = 7.82 Hz) and 7.29 (t, 1H, J = 7.37Hz) for (Ar-
H), a singlet spectrum at Ii 5.36 (s, lH) indicated onc hydrogen of C-2. a 1\\'0proton

triplet at the position of 2.99 (t, 2B, J = 6,26 Hz) and Ii 2.43 (I, 2B, J = 6.8 Hz) for C-5

and C-7, respectively and the chemical shift position of Ii 2.33 (m, 2H) for methylene (-

CHz-) protons of C-6. Complete analysis of the IN, IR, and IH NMR spectrum of this

compound was agreement ""ilb the structure accorded to it as synthesis of2-Phenyl-6, 7-

dihydro-5ff_benlofuran_4_one16.
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2.4d. Chal'llctcrization of I_Phenyl_spiro [2.5) oct-I-cne-4, 8-dione 17:

Colourless solid compound was collected (yield 47.16%), M.P,: 121}.-122oC.The S\nlcture

of the compolllld 17 was justified by UV, IR and NMR spectral data. In the UV spectrum

(Fig. 17a) of the compolllld showed the \n•• value in the range of 261nm for aromatic

ring and keto group.
The IR spectrum (CCI4) (Fig. 17b) of this product exhibited Vm~,3099.4 and 3053.1 em,l

for aromatic protons (Ar-H or C =CH), 2945.1 em.1 stretching for methylene protons (-.

CH,) and 1651.0 em.1 for ketone groups (- C=O).

The IHNMR spectrum(Fig. 17e) showe? the chemical shift position of 0 7.77 (d, 2H, J =

7.51 Hz), [, 7.49 (t, 2H, J = 9.5 Hz) and [, 7.29 (t, IH, J = 7.36 Hz) in favor of (Ar-H),

6.66 (s, 111)informed only one h)drogen in cyc1opropene ring (C-2). 0 2.95 (t, 2H, J =

6.26 Hz) ando32.53 (t, 2H, J = 6.15 Hz) indicated methylene prolOnsof C-5H and C-7H

respectively and 0 2.23 (m, 2H) for the presence of methylene (-CH1-) protons that

justified the structure of compound 17.

2Ac. Characterization of 6_isopropyl_Z_phenyl_6,7_dihydro_5H.benzofuran-4_one 18:

A colourless liquid was obtained (yield 23.43%). The structure of compound 18 was

assigned by spectroscopic data. In UV spectrum (Fig, I8a) thc }.••••..•.valuc was found in

the range of260.15 run for keto group.

In the IR speclrum (CCI4) (Fig. 18b) of the compound 18, the absorption band of Vmax

30096.7 em.1 indicated stletching of aromatic proton or double bond protons (Ar-H or C

=CH), 2956.6 cm-1 for stretching of methylene protons (-CH2). 1667.1 em'] stretching

for the presences of ketone groups ( . C=O).

11is observed by 1H NMR spectrum (Fig. 18c) that a two-proton doublet at 0 7.88 (d, 2H,

J •• 7jl Hz) of (Ar-H), 0 7.69 (t, 2H, J = 7.68 Hz) and [, 7.39 (I, HI, J = 7.37 Hz)

demonstrated 5 protons of the benzene ring, a singlet spectrum appeared ato35.28 (s. lH,

C-3H), oS2.44 (d, 2H, J = 5.4 Hz) and oS235 (d, 2H, J = 6.2 Hz) indicated methylene two

hydrogen doublet of C-5 and C-7 respectively, a one hydrogen multiplet at oS 1.76 and
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1.66 showed C-6 and -CH(GiJ)2 and the peak of Ii 1.07 (d. 6H, J = 8.72 Hz)

demonstrated six prolons doublet of methyl (2x_CH) groups wruch confirmed the

structure of product 18.

Th.estruclure of the compound funher confirmed by ils 1JCNMR speclrum (Fig. 18d)

(100 MHz, CDCb). II was observed that the chemical shift al Ii 191.89(C=O), 167.82 (C-

8), 165.82 (C-2), and 134.38, 130.19, 130.61, 130.38, 129.9 & 129,21 indicated for

benzene protons, and 118.72 (C-9). 111.17 (C-3), 41.13 (C-5), 37.94 (C-6), 34.63

{C(Clbh}, 33.89 (C-7), and 21.94 and 21.81 for 2xClh So:the lJC NMR spectrum

indicaled the presence of seventeen carbon atoms in the molemle corresponding to the

mol~ular fonnula CI7H200~,thereby suggesting the formation of compound 18.

2.4f. Characterization of 6_Isopropyl_l_phcnyl_spiro 12.5] oct_J_ene_4,8_dionc19:

White crystal was obtained (yield 59.05%), M. P.: 126"12S°C. The structure of

compound 19 was interpreted by sp~lral data. In UV spectrum (Fig. 19a)the).. value was

found in the range of225.35and 299.55nm.

The IR spectrum (CC4) (Fig. 19b) of this compound assigned the following

char~cteristic absorption peaks: v",", 3099.4 em-] (str. Ar-H or C=CH), 2945.1 em-I for

slrelehing of methylene protons (-CH~), 1666.4 cm,l informed the presences of ketone

groups (_C=O) and there was no ester pick of carbon oxygen bond (-C-O).

The IHNMR spectrum (Fig. 19c) of this compound expressed following chemical shift at

Ii 7.66 (d, 2H, J = 7.86 Hz), Ii 7.39 (I. 2H, J = 7.46 Hz) and Ii 7.29 (I. IH, J '" 7.37) for

(AT-H)of the benzene ring, a singlet spectrum appeared at 0 7.10 indicated one hydrogen

in cyclopropene ring of (C-2). Ii 1.56 (d, 2B, J = 5.4 Hz) and 2.4 (d, 2H, J = 5.40Hz)

indicated the presence of two prolOnsdoublet of C-5H and C-7H.rcsp~tive!y, a one

hydrogen multiplet at the position ofo 1.81 (m, IH) and 1.47(m. lH) showed ofclura!

carbons of C-6H and -CH(Cl-bh and the peak at (; 1.23 (d, 6H, J' = 8.72) revealed six

protons doublet of methyl (-CH) groups. The spectra displayed the presence of eighteen

hydrogens corresponding to its molecular formula C17H1S02.
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2.5. Synthesis of 2_ethoxymethyl_3,5,6,7_tctrahydro_2H_benzofuran-4-ones 21,23,25

and 1_ etboxymcthyl_spiroI2.5Ioctane-4,8-dione 22,24,26 derivath'es;

Decomposition of 3- diazo -chroman-4-one with vinyl ethyl ether using metal mediated

catalyst has been reported61. In order to synthesis of fiuan derivatives, 2-diazo-

cyclohexane-I,3-dione derivatives 6,7,8 were treated with allyl ethyl ether in presence of

rhodium catalyst at room temperature to form desired products 2-cthoxymethyl-3.5,6,7-

tetrahydro-2H-benzofuran-4-one 21,23,25, but by products 1- ethoxymethyl-

spiro[2.5]octane-4,8-dione 22,24,26 were produced a~ a major product as sho"'1l in the

scheme 8.
o

5 )}...d
, i;ITh
I~O, 0,

R1 7 \

21,23&25
~

~"
~ • O~3'

R[ " r
R2 1 0
22,24&26

Where
6,21&22.RI~R~~ CH),
7.23&24.Rl~R2~H
8.25& 26.R,~ H, R, ~ -CH(CHJh

Scheme 8

Several reactions of allyl ethyl ether with a series of 2-diazo-cyclohexane-l. }.dione

derivatives have been investigated to give corresponding 2_ethoxymethyl_3,5,6,7_

tetrahydro-2H-benzofuran-4-one 21,23,25 and by products 1- cthox)methyl-

spiro[2.5]octane-4.8-dione 22,24,26 derivatives as shown in the table 4.
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Table 4: Synthesis of l-ethoxymethyl.3,5,6,7-tetrahydro,lH- benzofuran-4.-one

21,23,25 and 1_cthoxymetbyl_spiro(2.5]oelane_4,S_dione22,24,26 dtrivatiH!s:

[nlry 2.011120 cydo- AII~'1dhyl Produd Yield (~.) Product Yield ("/oj

hexane-I,J-dinnc e.hrr

0 0 0

, -(:C ~
~O\ " ~O~'""

22 °"6 0
0

~o\

0

, Cc ~ " ~O~
" ". 0 " ",

0 00

;#' ~yfn ;; #O~;;
:10 00\

" 0"
Rn,IOPNi. (1""""')

To optimize product yields, several common solvents and metal mediated catalysIs havc

been used as above. The rhodium (II) catalyzed decomposition of diazo diketones in the

presence of tenninal a1kenes, the best results obtained for cyclopropanes and

dihydrofurans. The isolation of which depends on the nature of the electron withdrJwing

group of the compounds. After estimation of yield percentage cyclopropancs were

collected with highest )ield (78%) which was more than three times of furans as sho\\'l1

in the table 4.

Effect of catalyst, solventllnd temperature:
There were used several common catalyst, solvent and some different temperature to

obtain the high yield, the best result obtained by using Rh2(OPiv)4 catalyst in allyl ethyl

ether as reaction material and room temperature.
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Reaction mechanism or 2..dhoxymeth)'1-3,5,6,7-tetrahydro-2H- benzofuran-4-oue

21,23,2511od22,24,26:
The mechanism of this reaction is similar to the synthesis of 2-phcnyl-6. 7- dihydro-511-

benzofuran.4-one reaction form 2-diazo-cyclohexane-I,3-dione derivatives 6,7,8_ The

loss of nitrogen is followed by the rhodium (II) catalyst shift and the following

clectrophilic addition by allyl elhyl ether lead 10 expccted intermediate carbonyl

compol.mds.Thc lost of rhodium cation is followed by the double bond shift to fonn

expected electrocyclic ring closed productS' as sho""n in the schemc 6. The

cyclopropane can be cxplained by the formation of;cyclic product first and continued by

the rearrangement of furan to form 3- member ring. Thc compound is stable as thc by-

product!2&2.(scheme 7a and 7b).

2.5a. Cbaracterization of 2..etbox~;methyl-6,6..dimethy"I..3,5,6,7-tetrahydro ..2H-

benzofurao.4 ..one 21:
Colourless liquid was yielded at 18%. The structure of compound 21 was assigned by

spectral data. In UV spectl1lm (Fig.21a) the Am~,value was found in the range of 266.60

om.

The IR spectrum (CCl4) (Fig.21 b) of the compound 21 exhihited follo\\ing characteristic

absorption bands at v",,,,,2958.6 cm-] (Sir. -CHJ, and -CH2), 1676.0 cm.1 informed the

presence of ketone groups (- C=O). 1550.7em-Ifor stretching of (-C=C-).

The lH NMR spectrum (Fig. 21c) of this product showed that a one proton multiplet at Ii

4.94(m, IH. C-2H), a four protons multiplet at 0 3.56 -3.49 (m, 4H) identified (-CH2-)

which is attached to (-0-) of ether, aone proton triplct at 0 2.85 (t, IH, J = 10.35 Hz) and

2.5\ (m, \H) for C-3H, a two protons singlet at 0 2.27 (s, 2H) and 2.19 (s. 2H) indicated

for CoSHand C-7H respcctively,o3 1.2 tL 3H, J =7.02 Hz) informed the presence of three

protons triplet of (-CH}) wwch is attached to ["CH2] and a six protons singlet at 0 1.06

(s, 6H) for two methyl groups (2x-CHJ) which is attached to C-6. The IH NMR

spectrum indicated the presence of twenty two hydrogen in the molC\:ulecorresponding

to the molecular formula CnHnO), thereby suggesting the formation of the compound 21.
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2.5b.Cbaraclerization of I _ethoxymetbyl-6,6_dimetbyl_spiro[2.5Ioctane-4,8-dione 22:

A yellowish oily product was obtained (yield 78%).The structure of compound 22 ""'as

confirmed by UV, IR. and NMR data. In UV spectrum (Fig. 22a) the )-rn~,value was

found in the range 01'285.15, 255.20, 235.95 nm.

Thc IR spectrum (Fig. 22b) of thc compound 22 showed the follo\\ing identical

absorption bands: Vmox2962.5 em-I and 2929.7 em,l (str. -CH], and -CH~). 1768.6 cm-l

and 1645.2 em.] informed the presences of ketone groups (- C=O).

The IH NMR spectrum(Fig. 22c) of the compound 22 revealed that a onc proton double

doublet at B 3.66 (dd, IH, J = 4.52,12.2 Hz) and multiplet at 3.43-3.18 (m. 1H) which is

attached to Col " a two protons multiplet at 8 3.25 (m, 2H, C-2') which attached to (-0-), a

four protons multiplet at 2.67 (m, 4H) of(C-5 and C-7), a onc proton multipkt at B2.29-

2.19 (m, 1H) of C-I, a one proton double doublet at 1.96 (dd, lH, J = 3.18. 8.91 Hz) and

1.87 (dd, IH, J = 3.18, 8.91 Hz) contained .CHr ofC-2, 0 1.09 (I, 3H, J = 7.0 Hz, C-3'H)

indicated the presence of three protons triplet of terminal (-CH) and S US and 1.02 (s,

3H) showed two methyl groups (2x-CH,). On the basis of above spectral data, it was

confirmed the formation of compound 22.

l.5c. Characterization o(2-ethoxymtth~'1-3, 5, 6, 7_tetrahydro-lH_benzofur:lD-4-<;1De23:

Colourless liquid compound was yielded at 18%. The structure of compound 23 was

recognized by spectral data. The UV spectrum (Fig. 230.) of the compound was

highlighted at absorption bands at 260,15.238.20 run.

The IR spectrum (CC4) (Fig. 23b) of this compound expressed follo\\ing absorption

band at Vm~,2958.6 cm,l(str. -CH2), 1647.1 cm.1 (str. - C=O), 1548.7 em.] for stretching

of(-C=C-).

The lH NMR spectrum (Fig. 23c) of this compound explained a one pr~ton multiplet at B

4.98- 4.88 (m, lH, C-2H), two protons multiplet at B 3.59 - 3.45 (m, 2H) and 3.44 - 3.39

(m, 2H) for CH: which are attached to (-0-). a one proton multiplet at B 2.89 - 2.80 (m,
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1H) and 2.51 _ 2.43 (m, IH) for -CH2- of C-3. Ii2.41- 2.39 (m, 2H), 2.34-229 (m, 2H)

and 2.00 (t, 2H, J -=6.36 Hz) specified for methylene protons of (C-5, C-7 and C-6 H) in

thut order and Ii 0.88 (I. 3H. J -=3.85Hz) indicated the presence of three protons triplet

for tenninal (-CH3)' The presence of sixteen hydrogen atoms was in good agreement ",ith

the molecular fonnula OfC111-1,,;03.

•2.5d. Characterization of l_ethox)'methyl_spiro [2.5) octane4, 8-dione 24:

A reddish oily product was obtained 56% yield. The structure of compound 24 was

interpreted by spectral data. In UV spectrum (Fig. 24a) the ' ..•.••., value was found in the

range of284.45, 258.55 nm.

The IR spectrum (CCI~)(Fig, 24b) of the Compound 2-t exhibited the absorption at V",a,

2962.5 and 2945.1 cm.l for stretching of (-CH], and -CH1),1666.4 cm.1 for the presences

of ketone groups stretching (- C-=O).

The lU NMR spectrum (Fig. 24c) of this product 24 revealed that a one proton double

doublet at () 3.69 (dd, IH, J -=4.54, 10.59 Hz. C-I') and multiplet at 3.43-3.J3(m, lH. C-

1') for -CHr which is attached to (-0-), a one proton multiplet at 3.29-3.19 (m, IH, C-2')

and triplet at 3.13 (t, IH, J -= 10.36 Hz, C-2') indicated the presence of (-CHr) that

attached to (-0-), il m'o proton multiplet at 2.89-2.65 (rn, 2H) am.12.61-2,53 (m, 2H) and

2.21 (m, 2H) pointed toward (-CHz-) for parent cydohexanc ring of (C-5 ,C-7 & C-6

respectively), 2,04-1.99 (m, lH, C-I) demonstrated (-CH-) of C-l, a one proton double

doublet at 1.97-1.94 (dd. 1H. J -=3.31, 8.85Hz) and 1.88(dd, IH, J "" 3,31, 8.85Hz) point

to (-CHr) of C-2, and a chemical shift of 1.07 (t, 3H, J "'"7.0 Hz) triplet for methyl

protons (-Cl'b.).
Complete anal)'sis of spectral data, the structure of this compound was accorded as 1-

ethoxymethyl-spiro [2.5] octane-4, 8-dione 24.
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2.Se. Cbaracterization of 2-etboxymethyl-6-isopropyl-3, 5, 6, 7-tetrahydro.2H-

benzofuran-4- one 25:
A liquid product was isolated at 57% yield. The structure of compound 25 was

established by spectral data. In UV spectrum (Fig. 25a) the Ama,value ",as found in the

range of255.15 nm.

The IR spectrum (CCh) (Fig. 25b) of the compound 25 illustrated following

characteristic band: V"'olX 2958,6 em-I stretching of (-CH2 and -Gl,). 1676.0 cm.1 strtehing

of keto groups (-C=O). 1550.7em-I for stretching of(-C=C-).

ThelH NMR spectrum (Fig. 25c) of this compound displayed following chemical shift at

,) 5.0-4.9 (m, IH) of,C-21-1. 3.58-3.49 (m, 4H) of -CH2- \\hich is attached to (-0-).,)

2.84(m, IH) and 2.52 (m. IH) for -CH2- of C-3,,) 2.37(m, 2H) and 2.14(m, 2H)

indicated methylene two hydrogen ofC-5 & C-7 respectively, ,) 2.04 (m, IH) and 1.60

(m, IH) showed tertillI)' hydrogen of C-6 and -CH(CHJh 0 1,20 (m, 3H) informed the

presence of lenninal three protons and a chemical shift at 0 0.9I(d, 6H, J =5.44) carried

out two methyl groups (2x-CHi) of isopropyl.

2.5f. Characterization of l_etho:rymethyl-6-isopropyl-spiro 12.51oefane-4,8-dione 26:

A yellowish oily product was obtained at 37% yield, The strucrure of compound 26 wa,

interpreted by following spectral data. In UV spectrum (Fig. 26a), some difTerenl value

was found in the range oD.•••., 277.55 and 253.35nm.

The IR spectrum (CCI4) (Fig. 26b) of the product 26 exhibited following characteristic

band at v""'"2962.5 and 2929.5cm-I (str. -CH3, and -CH2), I76.U and 1641.2 cm-I (str.-

(=0).

In the IHNMR spectrum (Fig.26c) of this compound. a one proton double doublet at,)

3.66 (dd, IH, J = 4.5, 8.4 Hz. C.I ') and 3.25 (m, HI, C-l ') ofCJ-b which is nearest ofC-1.

3.15 (m, IH, C-2') and 2,71 (m. 1II, C-2') of(-CHr) which is attached to (-0-), 2.30 (m,

lH) and 2.22 (m, 2H) ofe-5 and C-7 respectively. 1.94(m, lH, C-2) forCH ofC-2, 1.85
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(m, lH) and 1.62(m, lH) indicated -CHr ofC-2, 01.50 (m, lH, C-6) and 1.45(m, IH,-

~H(CH3h), 0 0.93 (d, 6H, J = 6.82 Hz) for twomethyl groups (2x.CH,) of isopropyl

and 0.84 (t, 311.J = 7.39 Hz) for tenninal three protons (-CHJ).

On the basis of analysis of the UV, IR, 'H NMR spectra, the structure of compound 26

was accorded as l_ethoxymethyl--6_isopropyl.spiro[2.5] octanc-4,8-dione.

2.6. Synthesis 2-chloromethyl-3, 5, 6, 7.tetrah}'dro-2H-henzofurau-4-0ne 28,29,30

derivatives:
Dih)'drofurans prepared by treating diazo compotmd with electron-deficient olefin (allyl,
iodide) using: metal mediated catalyst have been published"2. To obtained 2-

ehloromethyl-3, 5, 6, 7_tetrahydro_2!l_benzofuran-4_one28,29,30 derivatives, 2-diazo-

cyelohexane-I,3.dione derivatives 6,7,8 were treated with allyl chloride in presence of

rhodium catalyst at room temperature shown in the scheme 9.

Whore
6, 28. RI~R,~ -CH3,
7, 20.RI~R, -.H
S, 30, R,~H, R2 - -CH(CH:J2

Scheme 9

There were several reactions of allyl chloride with 2-diazo--cyclohexane-l, 3-dione

derivatives 6-8 have been investigated to yield eorrc:sponding 2-ehloromethyl-3, 5, 6, 7-

tetrahydro.2H-~nzofuran-4.one 28,29,30 derivatives are shown in the table 7, Reaetion

of entry I ",ith 2-diazo_5,5_dimethyl.cyclohexane_I,3-dione gave product 28 in the

highest yield. 62.15%.
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Table 7: Synthesis of 2-t'hloromethyl-3, 5, 6, 7_tetrahydro_2H_benzofuran_4_one

28,29,30deri\'atives:

Enlry 2.Diazo.cyelohexane- Allylchloride Product
U-dione

0 0

, M' ~Cl
~CI"

0
0

, CC ~CI
~CI", 0

0 0

yeX' ~Cl
~CI,. " I 30

CatalystRh,(OPiv)4 (lmol%), Rt

Yield (%)

62.16

33.67

37.0

To get highest percentage of product yield, se\'eral common solvents and metalmediated

catalysts have been used as ahove. The rhodiwn (II) catal)'7.ed decomposition of diazo

diketones in the presence of allyl chloride, the best results carried out for dihydrofurans.

The isolation of which depends on the nature of the electron withdrawing group of tbe

compounds. After estimation of yield percentage dihydrofuran derivatives lI'erecollected

higbest yield percentage.

Effcet of catalyst, soh'ent and temperature:
There were used several common catalyst. solvent and some difTerent temperature to

obtain the bighest yield, the best result obtained by using Rh2(OPiv), catalyst in allyl

chloride as a reaction material and roomtemperature.
Reaction m""banism of2_chloromethyl_3, 5, 6, 7_tet•.••hydro-21I_benzofuran_HlDe 28,29,30:

The mcrhanism of this reaction is similar to the synthesis of 2-phenyl-6, 7- dihydro-5H-

benzofuran-4-one form 2_diazo-cyc1ohexane_I,3_dione derivatives 6,7,8. The loss of

nitrogen is followed by the rhodium (II) catalyst shift and the follo\\ing electrofilic

addition by allyl chloride lead to carbonyl compounds. The lost of rhodium cation is

followed by the double bond shift to form furan ring closer product
Sj
scheme 6.
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2.6a. Characterization of 2_chloromethyl_6,6_dimdhyl_3,5,6,7_telrahydro_2H_

benzofuran-4-onc 28:
A yellowish liquid product 28 was yielded al 62.16%. The compound 28 was

characterized the UV, lR and }';MR spectra data. [n UV spectrum (Fig. 28a) the l.m•..•

value ",,-asfound in the range of276.30 nm.

In the IR spectrum (Fig. 28b) of the eomJXlund, the stretching of methyl protons at Vrnv:

2929.7 cm.1 and 2926.5 em.l, the stretching of kctone groups (- C"'O) Ilt 1645.2 cm'\

1550.7cm.1 for stretching of (-("'C-).

The 11-1NMR spectrum (Fig. 28c) of this compound exhibited the following

characteristic chemical shift at Ii 5.02 (m,IH, C-2), Ii 3.65 (m. 2H) for methylene two

hydrogen multiplet of (-CH1-Cl). Ii 2.96 (m, IH) and oS 2.72 (dd. J = 6.74.13.0 Hz)

contained -CH2- ofC-3, a two protons singlet at Ii 2.29 (s. 2H) and 2.21 (s, 2H) Ofparellt

cydohexane C-5 and C-7, respectivel)' and Ii 1.08 (s, 6H) six protons singlet of two

methyl (2x-CH3) groups. From the above spectra the structure of compound 28 was

cstablished as molecular fonnula OfCIIH,CI02•

2.6b. Characterization of 2_chloromethyl_3,5,6,7_tetrab~'dr(l-2H_bcozofuran_4.oDe

29;
A liquid product was obtained at 33.67% yield. The structure of compound 29 was

highly regarded by spectral data. The UV spectrum (Fig.29a) of the compound showed

following absorption band: J.•••., 270.45 run.

The IR spectrum (Fig. 29b) of this compound exhibited follo"ing characteristic peaks at

'-'max2927.7 and 2854.5 cm.1 for stretching' of methyl protons. 1548.7 cm.1 for stretching

of(-C=C-) ..

Thc InNMR spectrum (Fig. 29b) of the compound 29 showed a one proton multiplet at Ii

5.00 (m, IH) of (C-2H), oS 3.65 (m, 2H) for methylene two hydrogen of (-CHl-Cl), a one

proton double doublet at 2.95 (dd, lH J = 6.86, 14.69 Hz) and 2.70 (dd, IH, J = 6.86,
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14.69 Hz) for -CH2- of(C-3). a two protons multiplet at 5 2.45 (t, 2H, 1 = 6.26 Hz C-5)

and triplet at 2.33 (t, 2H, J = 5.44 Hz) and two protons multiplet at 2.04 (m, 2H) for -

CH2- of parent cyclohcxane of C-5, C-6, C-7, respeclivel}. The IH NMR spectrums

indicated the presencc of eleven hydrogen atoms in the molecule corresponding to the

molecular fonnula C9H11ClOl.

2.6c. Characterization or 2-cbloromethyl-6-isopropyl-3, 5, 6, 7_tetrahydro_2H_

benzofuran-4-one 30:
..1, colourless liquid was produced at 37% yield. In UV spectrum (Fig. 30a) of the

compound, the 1-maxvalue was found in the range of270.65 run,

The IR spectrum (Fig.30b) showed following peaks: Vmax2952.8 and 2929.7 cm.
l (str.

CH},and -CHz), 1647.1 cm'l (str. - C=O). 1548.7cm,l for stretching of (-C=C-).

In the IH NMR spectrum (Fig.30c) of this compound, a one proton multiplet at thc

position of OH5.0-4.9 (m, IH, C-2). 3.58-3.49 (m, 2H) indicatedmethylene two hydrogen

multiplct of (-CHrCI), a proton double doublet at 2.96 (dd, IH,J = 3.18, 8.91 Hz. C-3)

and 2.84 (dd, 1l-l, 1 = 3.18. 8.91 Hz, C-3), a two protons doublet at 0 2.37 (d, 2H, 1 =

16.1 Hz, C-5) and 2.14 (d, 2H, 1 = 15.4R Hz, C-7) contained -CH2- of parent

cyclohexane, a one proton multiplet at 1.94 (m, 1H, C-6) and 1.60 (m, HI, -CH(CHJh)

and a six protons doublet at (; 0.91 (d, 6H, 1 =5.44 Hz) indicatcd two methyl (2x-CI-J.,)

groups.
On the basis of analysis of three spectral data, the compound was in complete agreement

"ith the structure of accorded to it as 2-chloromethyl-6-isopropyl-3, 5, 6, 7-tetrahydro-

2/i-benzofunm-4-one 30.
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Table 8: Distinction among some diazo eompounds:

Discussions:
IResults and discussion~

L

Comp Structure UV(nm) IR spectrum in Vm., em . IH NMR(Slil

. No. ',.
6 0 277.30, 2189.1 (diazo, C N,), 2144.7(diazo, C N2), 0112.42 (s, 4H, C-4 & C-6 H2) & 0 1.02 (s, 6H,

-t=C 240.80 1633.6 (C=O). 2x-CHJ).

7 " 280.35. 2192.9(t!iazo. C Nl), 2129.3 (diazo. C N,). 6112.97 (t, 21-1,.1 6.26. C-41-1),2.53 (I. 21-l.JaN, 237.83 1645.2 (C=O). =6.15, C-6H) & 2.23 (m, 2H, C-5H)
0, 0 276.53, 2192.9 (diazo, C Nl), 2129.3 (diazo, C-N2), SH2.83, (dt!, 2H, J 8.26,23.32 Hz, C-4), Ii 2.70 (dd,

yX' 235.85 1641.3 (C=O). 2H, J = 8.26, 23.32 Hz, C.6), 8 1.61(m, IH, C-5), B
1.20 (m, 1B, -CH(CI-h),} & 0 0.92 (d, 6H, -CHJ, J =

IU1Hz, -'2x-CI-1).

- -----
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Table 9:
!Results and discussion~

Distinction among ~omc spectral data of 4-oxo- 2,3,4,5,6,7-hexahydro-benzofuran-2-yl acetate derivatives 10-12:

~
0j

Comp. Structure UV(nm) IR spectrum ill VOl"" IH NMR(oll)

No. '""'
em-I

10 " 25J.70, 2962.5,176H,6, Ii" 6.72 (dd, 11-1,J 7,51, 16.l Hz, C-2), 3.95 (s. 3[[, aCOClb),~OAC 1645.2,1550.7 (C=C) 3.06 (dd, IH, J = 7.51, 16.1 Hz, C-J), 0 2.79 (dd, 1H, J =7.51,16.1
em,l Hz, C-3), I) 2.35 (d, 2H, J = 11.24 Hz, C-5), 0 2.25 (d, 2H, J = 7.08,

C-7), Ii 1.11 (s, 3H, -CHJ) & 1.07 (s, 3H, -CHJ).

11 0 260.75 2957.R,I646.4, 011 6.50 (m, Ill, C-2), 3.85 (s, 3H, -OCOClb), 2.95(dd, HI, JfuoAe 1650.5, 155R.7 (C=C) 6.86, 14.69 liz, C-3). 2.72 (dd, IH, J = 6.86,14.69 Hz, C-3), 2.44 (t,
cm I 211. J = 5.44 liz. C-5), 2.35 (t, 21-1,J = 6.261-lz, C-7) & 2.06 (m, 211,

C-6).

12 0 261.75, 2927.7,1647.1, OH 6.60 (m, 1H, C-2), 3.84 (s, 3H, -OCOCH]), 2.95 (dd, lH, JyJo-OAC 1548.7 (C=C) em-] 6.68,14.69 Hz, C-3), 2.70 (dd, 1H, J = 6.68, 14.69 Hz, C-3), 2.44 (d,

2H, J = 5.44Hz, C-5), 2.35 (d, 2H, J = 6.20Hz. C-7), 1.65 (m, IH,

C-6), 1,21 (m, IH, CIJ(CI-IJhl and 0.99 (d, 61-1,J=5.691-1z, 2xCH]).
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Tablc 10; Distinction among some spectral da'ta of 2_phenyl_6,7_dihydro_S/l_benzofllran_4_one derivatives 14,16,t8 and 2-

phenyl-J, 5,6,7_tctrahydro_2f1_hen7.0furlln_4_one derivatives 15,17,1');

Comp Slruclure UV(nm) IR spectrum in v"''''' 1H NMR(OH)

.No. '"" em-I

14 0 257.15, 3076.0,2962.5, all 7.69 (d, 2H, J 7,86 Hz, ArH), 7.48 (t, 2H, J 7.46Hz, ArH),

Pro 220.65 1676.0 (C=O), 7.30 (I, IH, J = 7,26, i\rH), 5.38 (5, lH, C-3), 2,76 (5, 2H, C-5), 2.51
-0 \;;

1550.7(C=C) em-I. (s, 2H, C-7) & 0.99 (s, fiB, 2xCH)).

15 0 283.55,270.4, 3099.4,2958.6, 8117.76 (d, 21-1.J 7.861170, Arl'l), 7.49 (t, 21'l,] - 7.88Ilz. ArB), 7.29

-{X 0 21 ').85 1676.0 cm,l. (t, 11-1,J = 7.2611~,. Arl\). 1>.1\8(s, 111.C-3), 2.56 «, 21-1,CoS), 2.55 (s.

2H, C-7), and 0.99 (5, 611, 2xCl-b).

16 0 275.85,258.4, 3099.4,2958.6, OH 7.57 (d, 2H, J 7.46 Hz, ArH), 7.36 (t, 2H, J 7.82 Hz, AtH), 7.29

Co--o 220.85 1678.7 (C=G), (m. IH, ArH), 5.36 (5, IH, C-3), 2.99 (t, 2H, J = 6.26 Hz, C-5), 2.43

1548.7 (C=C) cm.l. (t, 2H, J = 6.8 Hz, C-7) & 2.33(m, 2H, C-6).

17 " 2<)(,55.260_3, .1099.4, 3053.1, "117.77(d.J 5.63 Hz, ArB). 7.49 (t, 21-1.J 5,861-17"ArB). 7.29 (m,

(:to, h 223.45 2945.1,1671.0cm.1 lH, Arl-l). 6.66 (5, 11-1,C-31-!). 2.95 (I, 21-1,J = 4.69 Hz, C-SI-I), 2.53 (t,
0

2H, J = 5.10 liz, C-7H) & 2.23 (m, 21-1,C-GH).
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IS 0 260.3,223.45 30096.7,2956.6. 0117.88(d.2B,] 7.51 Hz, C-ArH), 7.69 (t, 2H, J 7.82 lIz, ArB),PK? 1667.1, 1546.7 (C=C) 7.39 (m, IH. ArH), 5.28 (s, 1H, C-]H), 2.44 (d, 2f1, J = 5.4 1Jz, C-

,
51-1),2,35 (d, 21-l. J ~ 6.2117. C-7H). 1.76 (m, 11-1,C-6H), 1.66 (m, I H,em .

-CH(CHJ)2) and 1.07 (d, 61-1,J = 8.72Hz, 2xCH,),

19 :z ~ 260.15, 3099.4,2945.1, 51{7.66 (d, 2B, J 7.51 Hz, ArH), 7.39 (t, 21-1,J 7.46 liz, ArB), 7.29

('0 220.95 1666.4 em'! (t, lB, J = 7.37Hz, ArR), 7.10 (s, 1H, C-31-1),Ii 2.56 (d, 2H, J =
'( 0 504Hz, C-SH), 2.4 (d, 21-1,J = 5.4 Hz, C-7H), 1.81 (m, IB, C-61-1), lA7

(m,l fl, -CH(Clhh) and l.23 (d, 6H, J = 8.72Hz, 2xGb).

--~._,_._-._-----_.
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Table 11: Distinction among somc _.pectral data of 2.ethoxymeth)'I-hexahydro-benzofuran-4-one derivatives 21, 23, 25 lind 1-

Rthoxymethyl-spiro [2.5] oetane-4, R-dione 22, 24, 26:

Comp Structure UV(nm) IR spectrum IH NMR(oll)

.No. ,",,, .,
In vm""cm

21 0 266.60 1647.8, ): 0114.94 (m, lH, C-2), 3.56 -3.49 (m, 4H, -CI-hOCl-h-), 2.85 (m, IB, C-3), 2.5l

(_ Ih 1550.7 (m, 111,C-3), 2.27 (s, 2B, CoS), 2. \ ') (s, 2l-l, C-7), 1.2 (t, 31-1,J = 7.02 liz. -Cl J.,)&J-o 0-\
(C=C) cm.l. 1.06 (s, 61l, 2x-CI-J.,).

22 0 285.15 1768.6, (hi 3,68 (dd, IH, J 4.52, 12,2 Hz, -C-1 '). 3.65(m, 1H, C-l '),3.27 (m, 211, C-2'),

~O~ 164S.2cm.l. 2.67-2.43 (m, 4H, C-5 &C-7), 2.29-2.19 (m, 1H, C- \), 1.96 (dd, 1B, J = 3.1R, R,91
, 0 B7, C-2), I.R7 (dd, 1H, J = 3.18, 8.91 Hz, C-2), 1.15 (s, 311. C-3'), 1,09 (t, 31-1,J =

7.0 H;.-,-CH3) & 1.02 (s, 3H, -CH)).

23 0 260.15 1647.1, Olj 4.98 4.88 (m, l H, C-2), 3,59 - 3.45 (m, 2H, -CH20-), 3.44- 3.39 (m, 2H,-

~o\
1548.7 OCH1-), 2,89-2.R0 (m, IB, C-3), 2.51 - 2.43 (m, 1H, C-3), 2.41- 2.39 (m, 2H, C-5),

(C=C)em.l. 2.34-2.29 (m, 2H, C-7), 2.00 (t, 2H, J = 6.36 H7~C-6), 0.88 (t, 3H, J = 3.85Hz,

CHJ).
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IResults and discussion~
24 0 2R4.45 10(,6.4, (\113.69 (dd, 11-1.J - 4.54, 105') liz. C-l'), 3.4J-J.33 (m, ]1-1,C,-1'j. 3.1ll-J.llJ (m,

~O~ 1655.5 em-I 1I1,C-2'), 3.13 (t, tH, J = 10.36 Hz, C-2'), 2.89-2,65 (m, 2H,C-S), 2.61-2.53 (rn,
0

2H, C-7), 2.21 (m, IB, C-6), 2.04-1.99 (m, 1H, C-1), 1.97-1.94 (dd, IH, J = 3.31,

8,85 Hz, C-2), 1.88 (dd, IH, J = 3.31, 8.85 Hz, C-2) & 1.07 (1, 3H, J = 7.0 Hz, C-

)' ).

25 0 255.15, 1676.0, OIL5.0-4.9 (m, 11-1,C-2), 3.58-3.49 em, 4H, CHlOClh-j, 2.84 (m, lB. C.3), 2.52-yCG' 1550.7 2.37(m. 111, C-3), 2.37(m, 21I, C-5), 2.14 (m, 21-1,C-7),2.04 (in, 111,C-6), 1.60
-0 0\ (C=C) em'l (m, 11-1, -CI-l(CI-bh), 1.20 (m, 31-1,-nl]) & 0.91 (d, 6H, J =5.44 Hz, 2 x-UIJ).

26 0 277.55, 1764.1, &~3.66 (dd, lB, J - 4.5, 8.4 Hz, C 1'), 3.25 (m, I H, C_I '), 3.15 (m, III, C-2'), 2,71

~O~ 1641,2cm"l. (m, lH, C-2'), 2.30 (m, 2H, C-5), 2.22 (m, 2H, C-7), 1.94 (m, IH, Col), 1.85 (m,

1H, C-2), 1.62 (m, 111,C-2),1.50 (m, 1H, C-6), 1.45 (m, 1H, -CH(ctbh), 0.93 (d,

6H, J = 6,82 Hz, 2 ~-CHJ) & 0.84 (t, 311, J = 7.39 H~, C-3').
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IRcsults and discussion~
Table 12: Distinction among somc spectral data of2.chloromethyl-3, 5,6,7_tctrahydro_21I_bcm:ofurlln_4_one 28,29&30:

Comp Structure UV(n IR spectrum in Vm" IH NMR(SIIl

. No. m) em-I

Am"

28 0 276.30, 1645.2, I550.7cm- . 0115_02 (m, IH, C-2), 3.65 (m, 2H, -CH2-Cl), 2.96 (m, IB, C-3),

~CI

2.72 (dd, IH, J = 6.74,13.0 R" C-3), 2.29 (s, 2B, C-5), 2.21 (s,

2H, C-7) and 1.08 (s, 6H, 2 x.CH3).

29 0 270.45, 1648.6, 1548.7cm- . Sll 5.00 (m, lH, C-2H), 3.65 (m, 2H, -CH2-Cl), 2.90 (dd, IH J

~CI
= 6.86,14.69 Hz, C-3), 2.70 (dd, lH, J = 6.86,14.69 Hz, C-3),

2.45 (t, 2!-1,1 = 6.26 Hr. C-5), 2.33 (t, 21-!,J = 5.44H7~ C-7) &

2.04 (01, 2B, C-6).

30 0 270.65, 1647.1, 1548.7cm- . 1\11'5,0.4.9 (m, IH, C-2), 3.58-3.49 (m, 2H, -CH2CI), 2,96 (dd,

y6crCl IH,] = 3.18, 8.91 Hz, C-3), 2.84 (dd, 1H,] = 3.18, 8.91 Hz, C-

3),2.37 (d, 2H, J = 16.1 Hz, C-5), 2.14 (d, 2H, 1 = 15,48 Hz, C-

7),1.94 (m, 1H, C-6), 1.60 (m, IH, -CH(CI-!,),), & 0.91 (d,6H,

J =5.44 Hz, 2 x-Cl-h)

..
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Experimental

EXPERIMENTAL

].1. Chemical reagents and experimental instruments:

All commercial reagents were purchased from E. Merck (Germany) and

Fluka(S ••••itzerland) and ",ere used without further purification. Thin layer

chromatography (TLC) plate made by Mertk silica gel coated "las used and visualized by

UV lamp (254-365nm). Column chromatography was used for the separation by Merck

Silica gel (60-120) mesh. Infrared (lR) spectra •.••ere obtained in em"l and recorded by

SHIMADZU FTrR Spectrometer as KBr pellet or solution ,of CC[~_ IN spectra were

recorded in dry EtOH ",ilh Shimatzu visible spectrophOlOmeter and lH_NMR spectra

were recorded by Bruker Model DPX 400 MHz and ARX 300 Wlz spectrometer in

CDCb using 7.24 ppm as the solvent chemical shift.

o,
H3C-S-N3,

o,Rt.2h

Aceto"~

3.2. Synthesis of methancsulfonyl azide 2:

The solution of methanesulfonyl chloride (I OOg. 1\ .45mrnol) and acetone (IOOmI) in 250

ml two-neck round-bottomed flask was stirred at room temperature. Then equivalent

ratio (1: I) of sodium azide (7.44g, I 1.45mmol) was added gradually at 8 times (every 5

minutes break after putting sufficient ratio). After stirring for 1.30-2.0 hr. checking the

white drops of bubble completely appeared. Then the reaction was stopped and filtered

the solvent and the llItrate ",.-ascollected. The soh'cnt ",as removed properly by using

under reduced pressure to obtain the crude product. Finally the crude product ",:aswashed

with ether and dried under reduced pressure to obtain a low melting culourless solid. '11le

compound 2 was 120g (yield 99%).

o,
H;C-~-Cl + NaN]

o,
Scheme 1

M.F.:

Mol. Wt.:

IR Spectrum

CH;K,02S

121.12
(CCI.):vmax 3315.4, 3014.5. 2931.6. 2304.8,

1095.5, 948.9 and 713.6 cm.t•

2088.8, 1708.8, 1508.2,
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TEA (1.5 .qui.) I CH2Cl,
n,2br

Experimental

3.3. Genel'lillprocedure for s~'ntbesis of2-diazo- C)'clobexane-l, 3-dione 6-8:

2-Diazo-cyclohexane-l, 3-dione derivatives 6-8 ",ere prepared by the diazo transfer

reaction of the corresponding starting material v.ith mesyl azide according to Taber's

method79, A mixture of eydohexane-I, 3-dione derivatives 3-5 (44.6mmol) and

methylene chloride (30 ml) was taken in 250 ml two-neck round-bottom flask and was

stirred at room temperature. Mesyl azide of 1.5 equivalent ratio (66.9 mmol) and equal

molar of triethylamine (66.9 mmol) were added. After stirring for 1.30-2.0 hr, the

reaction was monitored by TLC (n-hexane: ethyl acetate 1:1 vlv Rf = .5). Then the

reaction was stopped by adding I(N) hydrochloric acid and water and stirred for 30

minutes and the reaclion mixture was washed v.ith distilled water and NaHCO] solution

and extracted by diehloromethane (3x100ml) and the combined organic layer was dried

by magnesium sulphate and was filtered. Finally the solvent was removed properly under

reduced pressure to obtain solid yellowish crude product 6-8. The product was then

purified by column chromatoh'T3phyon silica gel using hexane ethyl acetate (3:1) teigive

pure product. The solid product was dried by highly-reduced pressure then it was chilled.

The product was yielded 90-99%, M.P. 44 - 69 G C. The formations of compounds 6-8

were confirmed by analysis of their lTV, IR and IHNMR spectra.
o

'R(iX2

,.,
3-5

Where
3,6. R1~R: ~ -CH)
4.7.Rj-R,~H
5,8. R1~H.Rl ~ -CB(eB))

Scheme 2

3,3a. 2-Diazo- 5,S_dimethyl_eyclohexane--l, 3-dione 6:

A mixture of 5, 5.dimethyl cyclohexane-l, 3-dione 3 (5g, 44.6mmol), methylene chloride

(30 m!) 1.5 equivalent ratio (7.1g, 66.9 mmol) and equal molar oftriethyl amine (6.76g.

66.9 mmol) \lillS stirred for 1.30-2.0 hrs to give product 6. A yel!ov.ish solid was obtained

5.8g. (yield 99%), M.P: 68 _69 0C.
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otc:'
M.F.: CSHlONI01 6

UV (EtOH): Am""277.30, 240.80 nm.

IR speelrum (Celi): Vm""2962.5, 2889.2, 2189.1 (diazo, C"'NI), 2144.7 (diazo, C=N2),

1633.6 (C=O), 1465.8, 1305.7, 1047.3, 1016.4 and 624.9 em.l•

lH NMR spectrum: (400 MHz. CDC1;):i5H2.42 (s, 4H, C-4 & C-6) & 151.02 (s, 6H,

2x-CHJ).

1JC NMR spectrum: (100 !vlHz. CDC!;): 15201.79 (C=O), 201.61 (C=O), 155.65(C-2},

52.61,52.38,25.59,25.34 and I5.13(C-5}.

33b. 2_Diazo-eyclohcxane-I. 3-dione 7:

Reaction of eyclohcxane-I, )-dione (l.Ug, 10.0 nunol), mesyl azide (1.59g, IS nunol)

and triethyl amine (1.51g, 15 mrnol) in dichloromethane (10 mJ) afforded 7 (L31g, 95%)

as a pale yellow solid, M.P, 44-45~ C. The compound is very unstable in nonnal

temperature. So it was preserved in deep fridge.

,
M. F.: C6H"N202

UV (EIOH): 1cm",,280.35, 237.83 nm.

IR spectrum (Celi): Vmp 2958.6, 2933.9, 2192.9 (diazo, C=NI), 2129.3 (diazo, C=N2l,

1645.2 (C=O). 1373.2, 1315.4, 1292.2, 1236.3. 1199.6, 1168.8,

997,1,964.3,725.2 and 570.0 em.l,

IH NMR spectrum (400!vlH1, CDC!;): 15112.97 (t, 2H, J= 6.26, C-4), 2.53 (t, 2H, J

=6.15, C-6) & 2.23 (m, 2H, C-5).

lJC NMR spectrum: (100 MHz, CDCb): Ii 197.89 (C=O), 197.07 (C=O). 156.6 (C-2),

38.63,38.38 and 15.13 (C.5).
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3.3c. 2.Piazo-5.isopropyl-cyclohexane-l, 3-dionc 8:

The formation of 2_diazo-S_isopropyl_cyclohexane_l, 3-dione 8 generated from

the reaction of 5_isopropyl_cyclohexane_l,3_dione (1.54g. 10 mmo!) with mesyl

azide (1.59g, 15mmol) and triethyl amine (1.515g, 15 mmol) in dichloromethane (10 ml).

The yield was a light white solid 1.728g (yield 96%). M. P.: 57_59° C.

M.F.: C9HIlNp]

UV (EtOH): l""a,276.53, 235.85 run.
IR spectrum (CCI.): v""'"2975.0, 2958.0, 2935.5, 2895.0, 2192.9 (diazo, C=]\,), 2129.3

(diazo, C=N;;), 1641.3 (C=O), 1456.2, 1326.9,997.1, 968.2, 721.3,

565.1 and 507.2 em.l.

IH NMR spectrum: (400 MHz, eDeb): 0112.83,(dd, 2H, J =8.26, 23.32 Hz, C-4), 0

2.70 (dd, 2H, J = 8.26, 23.32 Hz, C-6), oS 1.61(m, tH, C-5). 0 1.20

{m, IH, -CH(CH,),} & 0 0.92 (d, 6H, -CH), J = 8.31Hz. 2x-CH]).

13C NMR spectrum: (l00 MHz, CDCh): 201.49 (C"'O) and 201.31 (C=O), 155.35,

40.61,40.38, 32.59, 27.89. 19.09, and 19.04.

3.4. General procedure for synthesis of 4-oxo- 2,3,4,5,6,7-hexabydrcrbenzofuran-2-yl

acetate derivatil'cs 10-12:

General Procedure
A mixture of2_diazp-cyc1ohexane_l, 3.dione derivatives 6-8 (I mmol) and vinyl acetate

(10 mmol) was taken in the 100 ml two-neck round-bottom flask. Rhodium pivalate

(0.1mrnol) was added to the mixture and was stirred under nitrogen atmosphere for 2-3

hours at room temperature. The reaction was monitored by TLC, the solvent was

removed under reduced pressure to obtain the crude product and then crude product was

purified by colwnn chromatography (n-Hexane-E10Ac) on silica gel to give

corresponding substituted desired product and minor by product wruch was nOlisolated.

Pure product was analyzed by TR and IH NMR.
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R,ic
R 0, ,-,

Y'"OAc,
Rh,(OPiv)4(O.1 rnmol)

o

'RI-OO-OAC

R,
10-11

Experimental

\\'here
6, IO.RI-R,~-CH), Rh (OPiv) ~Rh(OOCC(CH ),CH)
1, l1_R.~R,~H 2' J J. J'

8,12. R1- H, R, - -eH(CH,},

Scheme 3

The above reactions were carried out by several catalyst and solvents (n different

conditions.
3.4a. 6,6-Dimefhyl-4-oxo-2, 3,4,5,6,7.hexabydro-benzofuran-2-yl acetate 10:

The reaction of vinyl acetate (Jml) with 2-diazo-5, 5_dimethyl_cyclohexane_l, 3-dione

(166mg, t.OmmoI) by Rh2 (OPiv),cata!yst at room temperature led to the desired product

10.The compound was visible under UV lamp, A liquid product was collected in

148mg(yield 66%).

M. F.:

VV (EtOH): /..,.,,,,253.70nrn.
IR spectrum (CC~): 2962,5.2929.7, 1768.6, 1645.2, 1550.7, 1404.1, 1203.5, 927.6 and

727.1 crn'l.

IH NMR spectrum (400 MHz,CDCh): 5H6.72 (dd, 1H, J = 7.51, 16.1 Hz, C-2), 3.95 (s,

3H, OCOCHJ), 3,06 (dd, IH, J = 7.51,16.1 Hz, C-3), 5 2.79 (dd,

IH, J ~7.51, 16.1 Hz, C-3), oS 235 (d, 2H, J = 11.24 Hz, C-5), oS

2.25 (d. 211.J = 7.08, C-7). oS Lli (s, 3H, -CHJ) & 1.07 (s, 3H. -

CI'b).

IJCNMRspectrum: (100 MHz,CDCb): oS 197.89, 171.34,162.82, 105.62, 92.24, 51.38.

41. 13.34.63,27.89,27,07, 17.61 and 16.17.
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3.4b. 4-0xO-:2,3,4,5,6,7.hexahydro-benzofurao.2.yl a~tate II:

The reaction of cyc!ohexane-l, 3-dione (100 mg. 0.82 mol). vinyl acetate Iml and

Rh,{OPiv~ (3 mg) 10give product II (60 mg, 42. 24%) as a yellow oil .

~WOAC
M.F.: CloHI204

UV(EtOH): Am.x260.75am.
lRspcctrum(CC~): 2999.7,2927.5, 1647.\ (C=O), 1558.7. 1251.7, 1004.8; 908.4,

725.2cm-l.

JH NMR spectrum (400 MHz, CDCi.J):IiH 6.50 (m, IH, C-2), 3.85 (s, 3H, -OCOCH),

2.95(dd, IH, J = 6.86, 14.69 H7, C-3). 2.72 {dd, IH, J = 6.86,

14.69 Hz. (-3). 2.44 (t, 2H, J = 5.44 Hz, (-5). 2.35 (t, 2H, J = 6.26

Hz, C-7) & 2.06 (m. 2H, C-6).

llC NMR spectrum: (100 MHz, CDC!}):197.89 (C=O), 171.34. 163.89, 106.65, 92.34,

41.13,34.63,34.38,17.61 and 16.17.

3.-k 6-lsopropyl-4-oxo-2, 3,4,5,6,7-hexahydro-benzofuraD-2-~'1 acetate 12:

A mixture of2_diazo_5_isopropyl_cyclohexane_l, 3-dione 100 mg (0.55 rnmol) and vinyl

acetate 1 ml was taken in the 100ml two-neck round-bottomed flask and was stirred at

room temperature. Rh2(OPivh 3 mg (0.1 mmol) was added under above method. A

liquid product was collected in (67 mg 50.17%).
o

~OAC~o
M.F.: C13H1804

LTV (EtOH): A",~,261.75 am.
IRspectmm(CC~): 2m7.7, 1646,6 (C=O), 1548.7,1402.7. 1251.5, 1004.6,970.1,

727.1 cm.l.
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IH NMR spectrum (400 MHz, CDCL3):6H6.60 (01, IH, C-2), 3.84 (s, 3H, -QCOCHJ),

2.95 (dd, IH, 1 = 6.68, 14.69 H~ C-3), 2.70 (dd, IH. J '" 6.68,

14.69 Hz, C-3), 2.4~ (d, 2H, J '" 5.44Hz, C-5), 2.35 (d. 2H, J =

6.20Hz, C-7), 1.65 (01, IH, C-6), 1.21 {m, IH, CH(CHJ)2} and

0.99 (d, 6H, J=5.69Hz, 2xCHJ).

IlC NMR spectrum: (100 MHz, CDCiJ): 197.89 (C=O), 171.34; 162.82, 105.62,92.24,

48.38, 41.38, 37.94, 34.63, 33.89, 21.94, 21.89 and 16.17.

3.5. General Procedure for synthesis of 2_phenyl_6,7_dihydro_5H_benzofuran-4_one

derivatives 14,16,18 .lind 2_phenyl_3,5,6,7_tctrahydro-2H_beozllfuran_4_onc

derivatives 15,17,19:

General procedure
A mixture of 2-diazo""yclohexane.l, 3-dione derivatives 6-S (I 010101)Wld phenyl

acetylene 13 (4 mmol) was taken in the 100ml t\1m-neckround-bottomed flask.Rhodium

pivalate (0.1 010101)was added to the mixture and was stirred under nitrogen atmosphere

for 2-4 hrs at room temperature. After completion of the reaction (TLC-ehecked), the

solvent was removed under reduced pressure 10obtain the crude product Thenthe crude

product purified by col.umn chromatography (hexane-EtOAc) on silica gel to give

corresponding substituted two different products. Pure product was analyzed by UV, IR

and IH-NMR.

o
~F\

Rt~o~R,
- 14. 16,18

Where
6,14 & 15. RI~R2 - -CH].
7,16 & 17. R,~R2 '" H
8,t3 & 19.RI~ H, R, '" .C(CHJh

Scheme 5

3.5a. (I) 6,6_Dimetbyl_2_phenyl_3,5, 6, 7_tetl'llhy'dro_21l_benzofuran-4-one 14:

Rhl(OPiv14catalyzed reaction of 2-dial.o-5, 5-dimethyl-cyclohexane-l, 3-dione 6 vtith

phenyl acetylene 13 led to the desired product 6,6-dimethyl-2-phenyl-3. 5, 6, 7-
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:_---~.,-. -lelniliydro'_2H_benioCuran_4_one14 (60 mg, 24.7%) as oily product and a by-product

6,6-dimethy]-]-phenyl-5piro [2.5] oct-1-ene-4, 8-dione 15.

M. F.: CI6Hlo02

UV (EtOH): Am ••• 257.15 nm.
IR spedrum (CC4): Vma> 3076.0, 2962.5, 1676.0 (C=O), ]550.7, 1357.8, 1091.6,966.3,

723.3 and 572.8 em-I.

1HNMR spectrum (400 MHz, CDCiJ): /ill 7.69 (d, 2H, J = 7.86 Hz, ArH), 7A8 (t, 2H,
J = 7.46Hz, ArB), 7.30 (t, IB, J = 7.26, ArB), 5.38 (s, IH, C-3),

2.76 (s, 2H, C-5), 2.51 (s, 2H, C-7) & 0.99 (5, 6H, 2"CHJ).

(II) 6,6-Dimethyl.l-phenyl-spiro 12.51oct-l-ene-4, 8.dione 15:

A white solid product 15 was obtained 150mg (yield 62.5%), M.P. 130_1320C.

M.F.: CI6]-]160~

uv (I':tOU): ","",,283.55,270.45, 219.115nm.
IR spoctrum (KBr): v'"'" 3099.4, 2958.6.1676.0, 1456.2, 1436.9, 1224.7, 1014.5,763.5

and 692.1 em.l.

IH NMR spedrum (400 MHz, CDCiJ): IlH7.76 (d, 2H, J = 7.86 Hz, ArH), 7.49 (1,2H, J
--~_.. -~- = 7.88 Hz, ArB), 7.29 (t, 1H, J = 7.26 Hz, ArH), 6.88 (s, IB, C-3),

2.56 (s, 2H, C~5),2.55 (5, 2B, C-7), and 0.99 (s;6H, 2"Clb).
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3.5b(I). 2_Phenyl_3,5,6,7_tetrahydro_211_beDzofuran-4-0ne 16:

Reaction of2-diazo-cyclohexane-l, 3-dione 7 (138 mg, 1mmol) with phenyl acetylene (I

mmol) was afforded an expected compound 2-phenyl-J, 5,6.7-tctrahydro-2H-benzofuran-
4-one 16 (50 mg, 23.36%) us an oily product and a second product I-phenyl-spiro [2.5J

oct-l-ene-4, 8-dionc 17.
o

60-0••
M. F.:

uv (EtOH): A",,,275.85, 258.45 & 220.85 om.

IRspectrum(CCI4):vrn" 3099.4, 2958.6,1548.7,1251.7,1217.0,1004.8,979.8 and

727.1 em.j•

'II NMR .pectrum (400 MHz, COCI3): 3" 7.57 (d, 21-1..1= 7.46 Hz, Arll). 7.36 (t. 2B.
J =7.82 Hz, ArH), 7.28 (t, IH, J = 7.6Hz, ArH), 5.36 (s, !H,

C-3), 2.99 (t, 2H, J = 6.26 Hz, C.5), 2,43 (t, 2H, J '" 6.8 Hz,

C-7) & 2.33(m, 2H, C-6).
,,----

(1I).I.Phenyl-spiro [2.5) oct-l-ene-4, 8-dioDe 17:

A colourless solid product 17 was afforded 100mg (yield 47.16%), M. P.: 120_1220C,
o

Ltv--, /
'0
"

M.F.: CI.Ilt.O.

Mol. Wt.: 212.24

UV (EtOH): A.n.x296.55,260.35 nm.
lR spectrum (KBr): Vrn"" 3099.4,3053.1, 2945.1, 1651.0, 1450.4, 1]59.7, 12]8.2,

1136.0,1001.0;-921.9,765.7 and 694.3 cm.l.

'H NMR .pectrum (400 MH7., CDClj): 3117.77(d, J = 7.51 Hz, ArH), 7.49 (t, 2H, J =

9.5 Hz, ArH), 7.29 (t, IB, J = 7.36Hz ArH), 6.66 (s, 111,C-3H),

2.95 (t, 2H, J = 6.26 Hz, C-5H), 2.53 (t, 2H, J = 6.15Hz, C-7H) &

2.2] (m, 2H, C-6H).

6\
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3.5c(I). 6-1sopropyl-2-phcnyl-3, 5,6,7_tctrahydro_2J1_bcm:ofurlln_4_one 1'8:

Rh2(OPiv}lcatalyzed reaction of2-diazo-5-isopropyl-eyelohexane-J, 3-dione 8 IOOmg

(0.55 mmo!) with phenyl acetylene 13(1 mmol) led to the desired product 6-isopropyl-2-
phenyl-3, 5,6,7_tetrahydro_2II_benzofuran_4.one 18 (60 mg, 23.43%) as oily product and

a bi-product 6_isopropyl_l_phenyl_spiro [2.5] oct-] -ene-4,8-dione 19.

o

M.F.:

Mol. Wt.: 254.32

UV (EtOH): Am~260.15nm.
IR spectrum (CCll): VmOJl 30096.7,2956.6, 1667.1, 1546.7, 1256.7, 1224.6, 1004.6,

976.8, 908.6 and 725.6 em-I.

'II NMR spectrum (400 MHz, CDCl,): 011 7.88 (d. 2H, J = 7.86 Hz, C-ArH), 7.69 (t,

2H, J ~ 7.S6 Hz, ArH), 7.39 (t, 1l-l, J = 7.37 HzArH), 5.28 (s, IH,

C-3H), 2.44 (d, 2B, J = 5.4 Hz, C-5H), 2.35 (d, 2H, J = 6.2Hz, C-

7H), 1.76 (m, HI, C-6H), 1.66 (m, 1 H, -CH(CH3)2) and 1.07 (d,

611, J = 8.72Hz, 2xCH3).

Be NMR spcdrum: (100 MHz, CDCI)): 192.89, 167.82, 165.82, 134.38, 130.79,

130.61,130.)8,129.96,129.21,118.72,111.17,41.13,37.94,

34.63, 33.89,21.94 and 21.8].

(II) 6-Isopropyl-t-phenyl-spiro (2.5] od_l_cne_4,8_dionc 19:

A solid product was collected 150 mg (yield 59.05%), M. P.: 126-12SoC.---,- --, .- ----,

M, F.:

Mol. Wt.:

CIJHiiOl

254.32

lTV (EtOH): A""" 299.55, 225.35 urn.
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IR spectrum (KBr): VItUIX 3099.4, 2945.1, 1666.4, 1458.1, 1436.3, 1136.0,765.7 and

692.4cm,l.

lH NMR spectrum (400 MHz, CDCh): Off7.66 (d, 2H, J = 7.86 Hz, ArH), 7.39 (I, 2H, J
= 7.46 Hz, ArH), 7.29 (t, IH, J = 7.37Hz, ArH), 7.10 (s, IH, C-3H), ,

(i 2.56 (d, 21-1,J = 504Hz, C-5H), 2.4 (d, 2B, J = 5.4 Hz, C-7H),

1.81 (m, 111, e-61-1), 1.47 (m. 1 II. -C1I{Cl-IJ)l) and 1.23 (d. 61-1,J ""

8.72Hz,2xCl-lJ)'

3,6. General procedure for synthesis of 2_etho:lymethyl_hcxahydro_benzofuran-4_

one derivatives 21, 23, 2S and I-ethoxymethyl-spiro [2.51oetane-4, 8.dlone 22, 24, 26:

General Procedure
_--~-. -, A' mlxture- of 2-diiv.o-cyclohexane-l,3-dioncderivatives 6-8 (I mmol) and 3-ethoxy-

I\'. propene (allyl ethyl ether) 20 (5 mmo1) and rhodium pivalatc (0.1mmoT5;'lls taken in air

~ f~ R.ll. nux and was stirred under nitrogen atmosphere for 2-4 hrs at room temperature.

Vj The progre~s of the reaction was monitored by TLC.checked. After completion of

~ reaction, the solvent was removed under reduced pressure to obtain the crude product.

. \ Later the residue was purified hy column chromatography (Hexane-EtOAc) on silica gel

to give corresponding substituted two different products 21, 2.1, 25 and 22, 24, 26. Pure

products wcre analyzed by UV, lR and lH_NMR.

)t"., ~~ ..-00°
R'~n ' 1,+II. ° II.h.c0Piv)4 (0, I mmol) 11., ° 0,

26_8 n, 2-4 hrs 11., 21,23&25

,,",re
6,21&22.R,~R,- _CH"
7,23 & 24. R,-R, ~ H
K,25 & 26, R,~ fl, 11.,~ -C(CHlh

Scheme R
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3.611(1).2-Ethoxymethyl-6, 6_dimethyl_hexllhydro_benzofur.m_4-one 21:

Reaction of2-diazo-5, 5-dimethyl-cyclohexane-1, 3-dione 6 (1.66mg, 1.0 romol) and 3-

ethoxy-propene 20 (Imml) afforded desired product 2-ethoxymethyl-6, 6-dimethyl-

hexahydro_b.enzofumn_4_one 21 (4lmg, 18.14%) as a liquid and an unexpected product

1-ethoxymethyl-6, 6-dirnelhyl-spiro [2.51 octane-4, 8-dione 22.

o

;0:,,-\,-" },780, 0,
"

M.F.: CnH2003

UV (EtOH): A",.,. 266.60, 211.10 nrn.

IR spectrum (CC4): vo,.,.2962.5, 2929.7, 1768.6, 1645.2, 1550.7, 1427.2, 1404.1,

1203.5,929.6 and 727.1 cm-'.

IH NMR spectrum (300 MHz, CDC!]): 0114.94 (m, 1H, C-2), 3.56 -3.49 (m, 4H, -

CI-bOCHr), 2.85 (m, 11-1,C-3), 2.51 (m, HI, C-3), 2.27 (s: 2H, C.

5), 2.19 (s, 2B, C-7), 1.2 (I, 3H, J = 7.02 Hz, -CH,) & 1.06 (s, 6H,

2x-CII]).

(ll).l-Ethoxymethyl-6, 6_dimethyl_spiro [2.5] octane-4, 8-dione 22:

A liquid oily product was separated (I 76mg, 78.57%).

o ,

~

• 1 0-..../,.
• •, 0

"
M. F.: C13H2003

UV (EtOII): A.,na:< 285.15, 255.20, 235.95 and 211.95 nrn.

IR spectrum (CCld: Vm" 2958.6,1676.0,1436.9,1224.7,1014.5,763,8 and 692.4.

t H NMR spedrum (300 Mllz., CnCh): OH 3.68 (dd, lB, J = 4.52, 12.2 Hz, _C_I '),

3.65(m, IH, Col'), 3.27 (rn, 2]-], C-21, 2.67-2.43 (m, 4H, C-5 &C-

7), 2.29-2.19 (m, II I, C-I), 1.96 (dd, IH, J = 3.18, 8.91 Hz, C-2),

1.87 (dd, 1H, J = 3.18, 8.91 Hz, C-2), 1.15 (s, 3H, C-3'), 1,09 (I,

3H, J = 7.0 Hz, -CH]) & 1.02 (s, 3H, -CH,).
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3.6b(I). 2-Ethoxymethyl-3, 5,6,7.tetrahydro-2H.bcnzofuran-4-onc 23:

2-Elhoxymethyl-3, 5,6,7_letrahydro_2H_benzofuran_4-one 23 wa~ prepared from the

reaction of2-diazo-cyclohexane-l, 3-dione 7 (138 mg, 1 mmol) with 3-ethoxy-propene

20 (Imml) by rhodium pivalet (.1mml) 10 yield 2_ethoxymelhyl_3, 5,6,7_telrahydro_2H_

benzofumn-4-one 23 (36 mg, IlU6%) as liquid produel and a dissimilar product 1-

ethoxymethyl-spiro [2.51 octane-4, 8-dione 24.
----.-, -,'

M, F.:

,--- -

UV (EIOH): ~a, 260.15, 238.20 and 211.95 run.

IR spectrum (CC\.j): v",,,,, 2958.6, 1647.1: 1548.7; 1251.7, 1224.7, 1004.8,977.8,908.4

and 725.2 em".

'H NMR spectrum (300 MHz, CDC!]): 0" 4.911-4.811(m. 11-1,C-2), 3.59 - 3.45 (m, 211,

-CH20-), 3.44- 3.39 (m, 2H, -OCHz-), 2.89-2.RO (m, 1H, C-

3),2.51-2.43 (m, lH, C-3), 2.41- 2.39 (m, 2H, C-5), 2.34-

2.29 (m; 2H, C-7), 2.00 (I, 2H, J = 6.361-1z, C-6), 0.88 (I,

3H, J = 3,85Hz, CH)).

(II) l-Ethoxymdhyl-spiro [2.5) octllne-4, 8-diom' 24:
Colourless liquid product 24 was "btaincU (115 mg, 511.37%).

~O~

" 0

M.F.: ClIH160J

UV (EtOH): '1-.",,,2114.45, 258.55 and 212.70 nm.

IR spectrum (CCld: v",,,2945.l, 1666.4, 1610.5~ 1458.1, 1136.0,765.7 nod 692.4 em-'.

lH NMR spedrum (300 MHz, COC1.J): lij-T3.69 (dd, IH, J = 4.54, 10.59 Hz, C-I '),

3.43-3.33 (m, IH, C-11, 3.29-3.19 (m, 1H, C-2'), 3.13 (I, IH, J =

10.36 Hz, C-2'), 2.89-2.65 (m, 2H, C-5), 2.61-2.53 (m, 2H, C-7),

2.21 (m, 2H, C-6), 2.04-1.99 (m, I H, C_I), 1.97-1.94 (dd, 1H, J =

- .-'
65



Experimental

-3.31, 8.85 1'17.,C-2), 1.88 (dd, IH, J = 3.31, 8,85 Hz, C-2) & 1.07,
(1,3H, J = 7.0 Hz, C-3').

-3.6e(I). 2.Etboxymetbyl-6-isopropyl-3, 5,6,7_tetrahydro-2H_benzofuran-4_one 25:

The mixture of 2-diazo-5-isopropyl-eyelohexane-I,3..uione 8 (180mg 1.0 mmol) and 3-

cthoxy-propene (I ml) and Rh2(Oriv)4 (3 mg 0.1 mmol) was stirred at room temperature

10 give 2_elhoxymethyl_6_isopmpyl_3,5,6,7_tetrahydm_2lf_hen~.<lfumn-4-one25 a8 a

liquid product (138mg 57.17%) and l-ethoxymethyl-6-isopropyl-spiro[2.5]oetaoe-4,8-

dione 26.

M.F.: CI4HllO]

IJV (ICIOII): 255.1.'i, 21\.20 & 205.95 nm.

IR spectrum (CCI.4):v""" 2962.7, 1674.1, 1641.2, 1550.7, 1404.1, 1053.1 and 727.7 em.l.

IH NMR spectrum (300 MHz, CDQI): /)115.0-4.9 (m, 1H, C-2), 3.58-3.49 (m, 4H,-

.-'~ ,"' ,,' CH20CHr), 2.84 (m, 1H, C.]), 2.52 .2.37 (m, IH, C-3),

2.37 (m, 2H, C-5), 2.14 (m, 2H, C.7), 2.04 '(in, ll-i,'C-6),
,

1.60 (m, 1H, -CH(CI'hH 1.20 (m, 3H, -CH) & 0.91 (d,

6H, J =5.44 Hz, 2 x.Clh).

(II). l_Ethoxymethyl-6_isopropyl_spiroI2.5]oct2nc_4,8_dionc 26:

A liquid product 26 was collected'(90 mg 37.81%).
o

~O~

"
M.F.: CI4H210]

UV (EtOH): Am,,, 277.55, 253.35 & 211.45 om.

- IRspedrum(CC4): Vma>< 2958.6,1600,8,1371.3,1245.9, 1028.0 and 731.0em.l.
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III NMR spectrum (300 MHz, CDCb): i5H 3.66 (dd, IH, J = 4.5, 8.4 Hz, C-l '), 3.25

(m, IH, C-I '),3.15 (m, IH, C-2'), 2.71 (m, IH, C-2'), 2.30 (m, 2H,

C-5), 2.22 (m, 2H, C-7), 1.94 (m, lH, C-1), 1.85 (m, IH, C-2),

1.62 (m, 11-1,C-2),1.50 (m, 1H,C-6), 1.45 (m, 1H, -CH(CH)H

0.93 (d, 6H, J = 6.82 Hz, 2 ><-CI13) & 0.84 (t, 3H,) _= 7.39 liz, C.

3.7. General process of syntbesis of 2-ehlorometbyl.3,5,6,7-tetrahydro-2H-

bcnzofuran.4.one 28,29&30:

General Procedure

A solution of 2-diazo-cyc1ohexane-l, 3-dione derivatives 6-8 (I mrnol) and allyl chloride

(2 ml) and rhodium pivalate (0.1 mmol) was taken and stirred under nitrogen atmosphere

fhr 2-3Im; at room tcmperuture. The progress of lhe reaction was monitored by TLC-

checked. Aller completion of reaction, the solvent was removed under reduced pressure

to oblliin the crude product. Later the residue was purified by column chromatography

(Hexane-BtOAc) on silica gel to give corresponding substituted products 28, 29, 30 and

small amount of by product. The product was analyzed by IN, IR and IH_NMR.

o

RI~CI
R'28,2?&30

Who"
6, 28. RI~R2~ -CH).
7.29.RI~R2~H
8, 30. RI~11,R,~ -C(CH)h

Scheme 9
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3.711. 2-Chloromcthyl-6, 6-dimcthyl-3, 5,6,7-tctrllhydro-21i-bcnzofurllu-4-one 28:

A yellowish liquid product 28 was yielded (133 mg, 62.16%).

o

Prel28
M. F.:

UV (RtOH): Am"" 276.30, 217.20 urn.

mspectrum(CCI4): Vrn" 2962.5,2929.7, 1645.2, 1550.7, 1404.1, 1369.4, 1203.5,

1053.1, 929.6 and 727.1 em-I.

tH NMR spectrum (400 MHz, CDCiJ): lin 5.02 (m, IH, C-2), 3.65 (m, 2H, -CHrel),

2.96 (m, lA, C-3), 2.72 (dci, IH, J = 6.74,13.0 Hz, C-3), 2.29 (s,

2B, C-5), 2.21 (s. 2A, C-7) and 1.08 (s, 6H, 2 x-CHl).

3.8b. 2-Chloromcthyl-3, 5,6,7-tctrahydro-2H-bcnl'<ofurlln-4-one 29:'-" .-

The reactioo "r2-<1iazo-eyclohexane-l, 3-<1ionc(138 mg, 1 mmol) with 3-chloro-propene

(1 mml) by rhodium catalyst in afforded 29 (66 mg, 33.67%) as liquid product.

o

Q:>-tl
M.F.: C9H11Cl02

UV (EtOIl): Am", 270.45, 211.05 om.

m spectrum (CCI4): von" 2927.7,2854.5,1548.7, 1253.6, 1004.8,907.1,727.1 and

628.8em'l.

IH NMR spectrum (400 :Mlb, CDC1): 011 5.00 (m, IH, C-2H), 3.65 (m, 2H, -CH2-CI),

2.90 (dd, 1H J = 6.86, 14.69 Hz, C-3), 2.70 (dd, 1H, J = 6.86,

14.69 Hz, C-3), 2.45 (t, 2H, J = 6.26 Hz C-5), 2.33 (t, 2A, J =
5.44Hz, C-7) & 2.04 (m, 2H, C-6).
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'isc. 2~tbi~romethyl-6-isopropyl-3, 5,6,7-tetrahydro-2H-benzofuran-4-one 30:

2-Chloromethyl-6-isopropyl-3 ,5,6,7-tetrahydro-2H-benzofurnn-4-one 30 was prepared

from the reaction of 2-diwo-5-isopropyl-cyc1ohexane-1, 3-dione 8 (180mg 1.0 mmol)

with 3-chloro-propene (I mml) in presence of Rh2(OPiv)4 (3 mg O.tmmol) to obtain a

liquid product 30 in 37% yield.

M.F.: Cj2HIJCI02

UV(EtOH): 1",,,,,270.65,211.10nm.

lR spectrum (CCI.): Vm"" 2952.8,2929.7, 1647.1. 1548.7, 1402.2, 1251.7, 1226.6,

1180.4,1004.8,970.1 and 727.1 em"l.

11-1NMR spectrum 000 Mt-I7, CDCh): <hi 5.0-4.9 (m. HI, C-2), 3.5R-3.49 (m, 21-1,-

-CI-bCl), 2.96 (dd, lJl,J ~ 3.18, 8.9t Hz, C-3), 2.R4 (dd, tH,

I = 3.18, 8.91 Hz, C-3), 2.37 (d, 2H, I = 16.1 Hz, C-5), 2.14

(d, 2B, J = 15.48 Hz, C-7), 1.94 (m, 1H, C-6), 1.60 (m, IH,

-CH(CHJ)2), & 0.91 (d, 6H, J =5.44 Hz, 2 x-eHJ),
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INTRODUCTION

Bacteria and fungi are responsible for many infeetious diseases. The increasing

clinical implications of drug resistant fungal and bacterial pathogens have lent

11 additional urgency to antimicrobial drug research. The deterioration of human

population due to enhance of prevalence of infeetions diseases is becoming a global

probleml. It was found from the literature that nitrogen and sulfur containing

compounds showed marked microbial activities2.6.When heterocyclic part of the

compounds,such as; imidazole, nitroimidazole etc. become attached to

carbohydrates7,their efficiency to inhibit bacteria of fungus sharply increased. 11 wa~

also found that a large number of biologically active compounds possesses arl?matic

and hetcroaromatic nucleus. If an active nucleus is linked to anot:):J_ernucleus, the

resulting molecule may possess greater potential for biological activill. In vitro

antimicrobial activities of fused pyrimidines were successfully evaluated in our

laboratory9.
M. shaheblOa post graduate student carried out in vitro antimicrobial activates of

fused pyrimidine derivatives. M. S. Rahmanll showed that antimicrobial activities of

alkaloids plant leaves. The alkaloids were scrccned against several pathogenic

bacteria.
S. M. Shahcd12, 13 a former research student of organic laboratory cames out

antiFungalactivities ofa series of acylated D- Mannose derivatives.

M. fakruddinl4 also a research student of organic laboratory carries out antifungal

activities of a series of fused pyrimidine derivatives. He used five hll111anpathogenic

bacteria viz. Bacil/u.I' cereus, Baril/ILl megaterium, Bacillus sublilis, Staphylococcus

mmmsand and four pathogenic fimgi, viz. Vibrio mimicus. Vibrio par(lhemolyticus.

Aspergillus niger and pal1icil!um sp, S. M. Abc Kawsar 15.16also a former research

student of organic laboratory carried out in vitro antibacterial activities of a senes of

acylated undine derivatives.
Recently, our groups synthesized 2-substitutcd benmfurans17, isoindonone and

isoquinolinonelgand tested their antibacterial and antifungal activities. Plants are the
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natural reservoir of many antimicrobial agents. In recent times, traditional medicine

as an alternative form of health care and to overcome microbial resistance has led the

researchers to investigate the antimicrobial activity of medicinal plants (Austin el aI.,

1999).

4.1. Materials and methods:ii The anti bacterial activities of furan derivatives were studied against twelve bacteria

and the activities of the same compounds were also studied against four fungi. For the

det~tion of antibacterial activities the disc diffusionmcthodl9 was followed.

"inc antimicrobial screening which is the first stage of antimicrobial drug research is

performed to ascertain the susceptibility of various fungi and bucteria to any agent.

This test measures the ability of each test sample to inhibit the in vilro fungal and

bacterial gro\Vlh. This ability may be estimated by any of the follol'>1ngthree

methods.

a) Disc diffusion method

b) Serial dilution method

c) Bioautographic method

But there is no standardized method for expressmg the results of antimicrobial

screening (Ayalor c/. at; 1982). Some investigators use the diameter of zone of

inhibition and/or the minimum weight of extract to inhibit the growth of

microorganisms. Ho"evcr, a great number of factors viz., the extraction methods

(Nadir el aI., 1986), inoculwn volume, culture medium composition (Bayer el at..

1966), pH (Leven et al., 1979), and incubation temperature (Ulnan, 1991) can

influence the results.
Among the above mentioned techniques the disc diffusion (Bauer et a119., 1966) is a

widely accepted in vitro investigation for preliminary screening of test agents which

may possess antimicrobial activity. It is essentially a quantitative or qualitative test

indicating the sensitivity or resistance of the microorganisms to the test materials.

However, no distinction bet\Veenbacteriostatic and bactericidal activity can be made

by this method (Roland, R"~.,1982).
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4.la. Principle of dise diffusion method:
In this classical method, antibiotics diffuse from a confined source through the

nutrient agar gel and create a concentration gradient. Dried and sterilized filter paper

discs (6 mm diameter) containing the test samples of known amounts are placed on

nutrient agar medium uniformly seeded with the test microorganisms. Standard

antibiotic (kanamycin) discs and blank discs are used as positive and negative control.

These piates are kept at low temperature (4°C) for 24 hours to aliow maximum

diffusion of the test materials to the surrounding media (Barry, 1976). The plates are

then inverted and incubated at 37°C for 24 hours for optimum growth of the

organisms. The test materials having antimicrobial property inhibit microbial grov.th

in the media surrounding the discs and thereby yield a clear, distinct area defmed as

zone of inhibition. The antimicrobial activity of the tesl agent is then determined by

measuring the diameter of zone of inhibition expressed in millimetre (Baf)', 1976;

Bauer el ai, t966; Lester, 1972).

In the present srndy the crude extracts, fractions as weli as somc pure compound;;

were testcd for antimicrobial activity by disc diffusion method. lhe experiment b

carried out more than once and the mean of the readings is required (Bayer el al..

1966).

Fig.2: Disc diffusion method
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Inoculating loop

Spirit burner

Nose mask and Hand gloves

Incubator

EthanolNutrient agar mediumRefrigerator

Chloroform

4.2b. Test materials:

Table 4~ta: List of compounds used for antibacteral activities:

4.2. Experimental:

4.2a, Apparatus and reagents:

Filter paper discs Petri dishes

Sterile cotton Sterile forceps

Micropipette Screw cap test tubes

Laminar air flow hood Autoclave

Compo Name of tbe test cbemlcab Molecular formula

"".
6 2.Diazo- 55-dimethyl -cyclohexanc-l, 3-dione 0

tc
7 2-Diazo-cyclohexane-I.3-dionc 0Cc0
8 2-Diazo-5-isopropyl-cyclohcxanc-l, 3-dione 0+:eN,

'0

10 6,6_Dimethyl_4_oxo_2,3,4,5,6.7-hexahydro- 0tQ-o,"benzofuran- 2-yl acetate

II 4-0xo-2, 3,4,5,6,7-hexahydm-henzofuran-2-yl 0

6:>-OACacetate

12 6-lsopropyl-4-oxo-2, 3,4,5.6,7-hexahydro "
benzofuran-2-yJ acetate y6:>-OA''0
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14 6,6_Dimethyl_2_phenyl 3, 5, 6, 7-tetrahydro-2H- 0

-(xroben7,ofuran-4-one

15 6,6 Dimethyl-l-phenyl-spiro [2.51 oct-l-ene-4, 8- 0-;:;todione

16 2-Phenyl- 3,5,6,7 _tetrahydro_2H_benzofuran-4_one 0

CQ-o
17 I-Phenyl-spiro [2.5] oct J ene-4,8-dione 0et-o\ /

0

18 6-Isopropyl- 2_phenyl_3,5,6, 7-tctrahydro-2H- 0

probenzofumn-4-one

19 6-lsopropyI-l-phenyl-spiro [2.51 oet-l-ene-4,8- 0

dione yX-o'0

21 2-Ethoxymethyl-6, 6-dimethyl-hexahydro- 0

-;Jch,bellZofuran-4-one
,

22 l-Ethoxymethyl 6, 6-dimethyl-spiro [2.5] octane-4, 0

~O~8-dione

23 2-Ethox}methyl-3, 5,6,7-tetrahydro-2H 0

benz.oruran-4-one Co,o 0,

24 l-Ethoxymethyl-spiro [2.5] ocw.ne-4, 8-dione 0

~O~
0

25 2-Ethoxymethyl-6-isopropyl-3, 5,6,7 -tetrahydro- 0

PA\2H-benzofumn-4-one
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26 ]-Ethoxymethyl 6-isopropyl-spiro[2.5]octane-4,8- 0

~O~dione

28 2-ChloromethyI6, 6-dimethyl-3, 5,6,7-tetrahydro- 0

2H-benzofuran-4-one -;:Jcno c,

29 2-Chloromethyl-3, 5,6,7-tetrahydro-2H- 0

~CI
henzofuran-4-one

30 2-ehloromethyl-6-isopropyl-3, 5,6,7-tetrahydro- 0

y6cr"2H-bcnzofuran.-4-onc

4.2c. TClItorganisms:
The microbial straim;used for the experiment were collected as pure cultures from the

InstiMe of Nutrition and food Science (INFS), University of Dhaka. Both gram

positive and gram-negative organisms were taken for the test and they are listed in the

Table?!.

Table 4.th: List oftest microorganisms:

Gram positive Bacteria Gram negatiH bacteria Fnngi

Bacillus cereus Escherichia cali Cundida albicans

Bacillus mcga/erium l's«udomona, ueruginosa Aspergillus niger

Bacillm sub/ilis Salmonella paratyphi Sacharomyces cerevucea«

Staphylococcus aurel1S Salmonella /yphi

Sarcina ll1/ea Shigella hoydii

Shigella dyserJIeriae

Vihrio mimkl1s

Vibrio parahemoly/icus

The bacterial and fungal strains used for the experiment ",ere collected as pure

cultures from the Institute of Nlltrition and Food Science (INFS), University of

Dhaka. Both gram positive and gram-negative organisms were taken for the test and

they are listed in the Table 5.1.
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4.2d. Composition of cultun medium:

Nutrient agar medium (DIFCO) was used m the present study for testing the

sensitivity of the organisms to the test materials and to prepare fresh cultures.

Table 4.2: Composition ofnutrienl agar medium:

a. Nutrient agar medium

Ingredients Amonnts

!:lacto peptone 0.5 gm

Sodium chloride 0.5 gm

!:lacto yeast extract J.Ogm

Bacto agar 2.0gm

Distilled water q.s. JOOmJ

pH 7.27.6 at 25°C --

". Nutrient broth medium:

Ingredients Amounts

Bacto beef extract 0.3 gm

Bacto peptone 0.5 gm

Distilled water q.s. 100 m)

pH 7.2 ::to,) at 250C

• Mufler- Hunton medium:

Ingredients Amountll

Beef infilSion 30gm

Casamino acid 1.75gm

Starch 0.15 gm

Bacto agar 1.70 gm

Distilled water q.s. 100 ml

pH 7.3 to.2 at 250 C

188

••
...J



Antimicrobial Screening

d. Tryptic .tOyabrath medium (TSB):

Ingredients Amounts

Bacto tryptonc 1.7 gm

Baeto soytone 0.3 gm

Baeto dextrose 0.25 gm

Sodiwn chloride 0.5 gIll

Di polassiwn hydrogen

Phosphate 0.25 gm

Distilled water q.s. 100 ml

pH 7.3:!: 0.2 at 250c

Nutrient agar mediwn (DIFCO) is the most frequently used and also used in the

present study for testing the sensitivity of the organisms to the test materials and l(l

prepare fresh cultures.

4.2c. Pnparation of medium:

Calculated amount of each of the constituents was taken in a conical flask and

distilled water was added to it to make the required vollUlle. The contents were heated

in a 'ovater bath to make a clear solution. The pH (at 2fC) was adjusted at 7.2-7.6

using NaOH or HCl 10 ml and 5 ml of the medilUll was then transferred in screw cap

test tubes to prepare plates and slants respectively. The test tubes were then capped

and sterilized by autoclaving at 15-lbs pressure at 121°C for 20 minutes. The slants

were used for making fresh eulture of microorganisms that were in tum used for

sensitivity study.

4.21. Sterilization procedures:

To avoid any type of contamination and cross contamination by the test organisms the

antimicrobial screening was done in Laminar Hood and all types of precautions were

strictly maintained. UV light was s",itched on an hour before working in the Laminar

Hood. Pctridishcs and other glassware were sterilized by autoclaving at a temperature

of 121°C and a pressure of 15-1bs.lsq. inch for 20 minutes. Micropipette tips, cotton,

forceps, blank discs etc. were also sterilized by UV light.
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4.2g. Preparation of subculturc:

In an aseptic condition lIIlder laminar air cabinet, the test organisms were transfcrred

from the pure cultures to the agar slants with the help of a transfer loop to have fresh

pure cultures. The inoculated strains were then incubated for 24 hours at 3JOC for

their optimum growth. Thcse fresh cultures were used for the sensitivity test.

4.1h. Preparation of the tesl plates

The test organisms were transferred from the subculture to the test tubes containing

about 10ml of melted and sterilized agar medium with the help of a sterili7.edtransfer

loop in an aseptic area. The test tubes were shaken by rotation to get a uniform

suspension of llie organisms. The microbial suspension was immediately transferred

to the sterilj7.edpetridishes. The pelridishes were rotated several times clock"ise and

anticlockwise to assure homogenous distribution of the test organisms in the media.

4.2i. Preparation of discs
Measured amount of eaeh test sample (specified in table 7.4) was dissolved in

specific volume of solvent (cWoroforrn or methanol) to obtain the desired

concentrations in an aseptic condition. Sterilized metrical (BBL, Cocksville, USA)

filter paper discs were taken in a blank Pelri dish under the laminar hood. Then discs

were soaked willi solutions of test smnples and dried.

Standard Kanamycin (30 J.lgldise)discs were used as positive control to ensure the

activity of standard antibiotic against the test organisms as well as for comparison of

the response produced by the knovm antimicrobial agent with that of produced by the

test sample. Blank discs were used as negative controls which ensure that the residual

solvents (lell over the discs even after air-drying) and the filter paper were not active

themsehcs.

4.2j. Diffusion and incubation

The sample discs, the standard antibiotic discs and the control discs were placed

gently on the previously marked zones in the agar plates pre-inoculated with test
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microorganisms. The plates were then kept in a refrigerator at 4°C for aoout24 hOUTS

upside dov.n to allow sufficient diffusion of the materials from the discs to the

surrounding agar medium. The plates were then invened and kept in (lll incubator at

37°C for 24 hOUTS.

4.2"- Determination of the zone of inbibition

The antimicrobial potency of the test agents are measured by their activity to prevent

the gI"O"'1hof the microorganisms surrounding the discs which gives clear zone of

inhibition.

After incubation, the antimicrobial activity of the test materials was determined by

measuring the diameter of the zones of inhibition in millimetre with transparent scale.

Fig 3: Determination of the zone of inbibition
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4.3 RESULTS AND DISCUSSION OF TIlE TEST SAMPLES:

Thc antimicrobial activities of new furan derivatives were examined in the present

study. The antibacterial activities of furan and propane derivatives were studied

against thirteen bacteria such as Bacillus cereus, Bacillus megaterium, Bacillus

.Wblilis, Staphyiococcus aureus, Sarcina /utea, Fscherichia coli, Pseudomonas

aeruginosa, Salmonelia paralyphi, Salmonelia typhi, Shigella boydii, Shigella

dysenteriae, Vibrio mimicus, Vibrio parahemolyticus and the activities of the same

componnds were also studied against three fungi such as Candida albicam,

Aspergillus niger, Sacharomyce.\'cerevaceae

. The chloroform soluble ofcompOlmds (10, 14, 15,21,22, and 28) showed mild to

moderate inhibitory activity against microbial growth & the average zone of

inhibition produced by them 7-12 mm.

The result of the diameter of inhibition zone and % of inhibition ofrnicrobial growth

due to the effect of chemicals, are presented in table 6.3 to table 6.6.

The antibacterial activities were measured in terms of diameters of zone of inhibition

in (mm). All experiments were performed thrice to minimize the experimental plus

individual errors. The mean value of the diameters of zonc inhibition (M.mZ) was

takcn as in disc for determining antimicrobial spectra. Sensitivity test results are in

table 6.3 to 6.6 and ,"vere compared ",ith a standard antibiotic kanamycin (30

I-lm!disc).

The gram positive and gram negative as well as pathogenic ftmgi used in the present

investigation, wcre found to be comparatively resistant against six synthesized

compounds (10, 14, 21, and 28), at a dose of200 JUTIl'disein (table 6.4, 6.5 and 6.6)

and eomponnds 15, 22 showed mild inhibitory activity against most of the tested

orgarusms.
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On the other hand, chloroform soluble of starting materials showed mild inhibitory

(MOIZ 7-9 mm) activity against three G( +), Bacillus cereus, &lcU/us suM/is,

Staphylococcus aureus and three G(-),Pseudomona.~ aeruginosu, Salmonella

pwatyphi, Vibrio mimicus and a fungi, Candida a/bicans of the tested organisms in

table 6.3.

Compounds nO.IO showed moderate inhibitory (M.OIZ 10-12) activity was noticed

against Bacillus cereus, Shigella boydii, ShiKella dysenleriae, Vibrio mimicus, Vibrio

parahemolyticus Candida a/bicans, Aspergillus niger, Sacharomyces cerevacae.

Similarly comp.IS demonstrated moderate inhibitory (MDIl IO-12) activity against

all of the microbial organism and compound 22 showed moderate sensitivity (M.DIl

10-12) against most of all organism except Escherichia coli, Pseudomonas,

aeruginosa and Aspergillus niger, Compound 28 also effected of the f1!!lgeof 10 .12

mm of Sacharomyces cerevacae. Bacillus megaterium and Shigella hoydii shown in

table 4.4-4.6.

The mild inhibition was found against most of the organism for synthesized

compounds 10, 14,21, 22 and 28 in the range of(MDIZ 7-9 mm). Therefore, it is

not possible to determine the essential structure feature for antimicriobial action or

this series of compound properly.
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Table 4.3: Antimicrobial activity of test samples ofslarting materils:

Test microorganisms Diameter of zone of iuhlbition(mm)

• , •
0

r':(
• KANjx:' ~'

• ,
Gram positive bact.

Bacillus CereUS 7 . 8 32
Bacillus megaterium . 30
Bacillus subtili.l" 7 . . 33
Staphylococcusaureus 7 . . 35
Sarcina IUlea . . . 34
Gram negative bact.

Escherichia coli . . 32
Pseadomonas aeruJ;inosa 7 . . 30
Salmonella paratyphi . 7 7 35
Salmonella typhi . . 30
Shigella boydii . . . 20
Shigella dysemeriae . 25
Vibrio mimicus . 7 . 28

Vibrio parahemolyticu.l" . 32
Fungi

Candida albicans 8 . 32
Asperf(ilIl1s niger . . . 32
Sacharomyces cern'aeae . . 30
Interpretation (If sensitivity test results:

Gram (+) Bacteria:

18mm (M.DIZ) = Scnsithe

14"18 mm (M.DIZ) = Intermediate

>14mm(M.DIZ) =resi"tant

Gram (-) bacteria

>16mm(M.DIZ) = Sensitive

13-16 mm (M.D1Z) = Intermediate

> 13 rom (M.D1Z) = resistant

KAN : Standard kanamycin disc

"_" indicated no sensitivity or zone of inhibition lower than 6 nun.
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Table 4.4; Antimicrobial activity oftest samples of 10 -12 and 28- 30:

Name of microorganisms Diameler of zone ofinhibition(mm)

Done 20C1j1g1 '00"" 200j1g1 200j1g1 lOCI!,&! "". ,=,
disc disc disc disc disc disc 30

Number oftest samle

10 11 12 28 29 30 Kan.

-rS.-~," l);- , -!}-r"
0

,Sr:;-.- lLo'" ,4,,,0
,0 "

Gram positive bact.

Bacillus cereus 10 " " 8 " " 32 ,

Bacillus megaterium 8 " " '0 " " 33
Bacillus subtilis 8 " " 8 " " 34
Staphylococcus aureus 8 " " 9 " " 31
SarcifUllutea 9 " " 9 " " 30
Gram ucgativc bact.

nscherichia coli 9 " " 7 " " 29
Pseudomonas ueruginosa 9 " " 8 " " 32
Salmonella paratyphi 8 " " 9 " " 31
Salmonella typhi 8 " " 9 " " 32
Shigella hoydii 10 " " 10 " " 33
Shigella dysenteriae 11 9 " 7 " " 34
Vibrio mimicus 10 " " 8 " " 35
Vibrio parahemolyticus 12 " " 9 " " 34
Fungi

Candida albicans 12 " " 9 " " 33
Aspergillus niger " 9 " 9 " " 30
Sacharomyces cerevacae 11 7 " ]1 " " 30
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Table 4.5: Antimicrobial activity oftest samples of 14 -19:

Name of microorganisms Diameter ofrone ofinbibition(mm)

Done 200M! 2OOj.lg/ 200M! 200~ 200eg/ 200"; Stood

disc disc disc disc disc disc 30
Number of test samle

14 15 16 17 18 I' Km.
" -,~O i:% C,U /-'-0 /.~'C-1:);;--0 1 ~;"

"

Gram positive bact.

Bacillus cereus 10 - - - - 36
Bacillus megaterium - II - - - - 40
Bacillus subtilis - II - - - - 40
SIu.p!ryl(Jcoccusaureus - 12 - - - - 36
Sarcina lutea - 10 - - - - 36
Gram negative bact.

Escherichia coli 8 10 - - - - 39
Pseuoomonas aeruginosa 7 12 - - - - 35
Salmonella paral)-phi 8 11 - - - - 35
Salmonella lyphi 8 10 - - - - 37
Shigella h"ydii 7 10 - - - - 33
Shigella dysenteriae 9 II - - - - 34
Vibrio mimiclL' 7 10 - - - - 37
Vibrio parahemolyticu~' 8 12 - - - - 38
Fungi

Candida alMcans 8 12 - - - - 33
Aspergillus niger 9 10 - - - - 38
Sacharomyces caevacae 7 II - - - - 34
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Table 4.6: Antimicrobial aetivily of test samples of 21 -26:

Name or microorganisms Diameter of zone of inhibition(mm)

Thm, 2001'g/ 2OOI'g/ 200j1g/ 2OOl'gI 200j1g/ 200f'! ,~,
disc disc disc disc disc disc 30

Number of test samle

21 21 23 " 25 26 K

lk. If.~...~(;p---"
0 0

IJC'. ~,'I< ,JJ-r. ,
'" '

l;;.,-", ',,;, .
0 , ,

"
Gram positive bact.

Bacillus cereu." - 10 - - - - 33
Bacilfus megaterium 9 10 - - - - 36
Bacillus subtiUs - II - - - - 35
Staphylococcus aureus - 10 - - - - 35
Sarcina lutea 10 - - - - 31
Gram negative bact.

Escherichia coli 8 9 - - - - 32
Pseudomonas aeruginosa - 9 - - - - 33
Salmonella paral}phi 7 10 - - - - 31
Salmonella typhi - 10 - - - - 32
Shigella boydii - 10 - - - - J3
Shigella dpenleriae 9 II - - - - "
Vibrio mimicus - 10 - - - - 35
Vibrio parahemolyticus - 12 - - - - 34
Fungi

Candida albicans - 12 - - - - 33
Aspergillus niger 9 - - - - 32
Sacooromyces cerevacae 7 II - - - - 34

The obtained result clearly indicated the presence of potent antimicrobial agenL~ in

the extractives. Bioactivity guided isolation can be carried out to separate bioactive

metabolites.
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4.4. Conclusion:

Eighteen synthesized heterocyclic compounds and three diazo compounds have been

tested for in antimicrobial activity against five gram-positive and eight gram -

negative bacteria as well as three human fungal pathogens. Some of this compound

demonstrated mild to moderate antimicrobial activity against most of the test

organism. From these structures we found that the cyclopropane ring causes relatively

microbial growth inhibition.

Among tested compounds of furan and cyclopropane derivatives (10, 14, 15, 21, 22,

and 28) exhibited relatively greater inhibition of growth of the microorganism. The

higher activity of the compounds (10,14,21 and 28) could probably bed due to their

dimethyl substitution of C.6 position of cyclohcxane ring. Which subsequently

facilitated the diffusion of the chemical entities through the microbial call wall?

Substitution of ispropyl of the ring carbon, with bulkier terminal alkane group

decrease in the antimicrobial activity of the remaining compounds, while cyclohexane

without substitution at the same place produce weakly active compounds.
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Conclusion

CONCLUSIONS:

In conclusions, an efficient s)'Ilthetic route for the synthesis of dihydrofuran derivatives is

established successfully.

~ Firstly, the synthesis of2-diazo-I,3-dione derivatives from cyclic diketone with several

substitutes is reported.

'TIle one pot synthesis of 4-oxo- 2,3,4,S,6,7-hexahydro-benzofuran-2-yl acetate by the

rhodiwn catalyzed reaction of 2_diazoketone derivatives and vinyl acetate is developed in

mild condition.

~ The one pot synthesis of 2-phenyl-6, 7- dihydro-SH-benzofuran-4-ones and I-phenyl-spiro

[2.5] oct-I-ene-4, 8-diones by using rhodiwn catalyzed reactions of2-diazo cyclohexane 1,3-

dlone derivatives and phenyl acetylene is established successfull}_

••.Thc one pot reaction of allyl ethyl cther by the rhodium catalysis afforded 2-alkyl-3,5,6,7-

tctrahydro-2H-benzofuran-4-ones and I-alkyl _spiro[2.5]octane_4,8_dione derivatives is

developed in mild condition.

~ The preparation of a variety of dihydrofurans by using rhodium catalyzed reactions of 2-

diazo cyclohexane 1,3- dione derivatives and allyl chloride to afford 2_chloromethyl_3,5,6,7_

tetrahydro-l1/-bcnzofuran-4"onc derivatives is also established successfully.

These reactions provide a rapid entry to synthesis of dihydrofurans and spiro compounds

in mild condition. This methodology is also expected to be widely used in synthesis offuran

skeleton containing natural products and spiro compounds .

••.Finally, all synthesized compounds were tested antibacterial and antifungal activity, some

of them demonstrated mild to modende antimicrobial activity against most of the test

orgarusm.

~Therefore, rhodium (11) mediated synthesis may provide a new entry into the naturally

occurring biologically active dihydrofuran skeletons and spiro derivatives.
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