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Title: “Synthesis of dihydrofurans by metal catalyzed reaction of cyclic

diazocarbonyl compound™ ‘
Ahbstrace

In view of the extensive namral occurrence and biological importance of
dih drobenzofuran and furan derivatives it was planned to develop a general and facile
method for the synthesis of dihydrofucans through metal mediated catalyzed reactions of
cyclic diazocal_'bunyl compounds. An efficient method for the s::,'nlhesis of 4-oxo-2,
3.4.5 6.7-hexahydro-benzofuran-2-yl-acetate derivatives 10-12, 2-chioromethyl-3,5,6,7-
tetrahydro-2H-benzofuran-4-ones 28,29, through the rhodium pivalate calalyzed
reaction of 2-diazo-cyclohexane-1,3-diones 6-8 with vinyl acetatlé and allyl chloride,
respectively in mild coudition is reported.

Synthesis of 2-phenyl-6,7-dihydro- s#f-benzofuran-4-ones 14,16,18. am:l 2-ethoxy methyl
1.5.6,7-tetrahydro-2 H-benzofuran-4-ones  21,23,25 are also devcinped by rhodium
catalyst reaction of 2-diazo-cyclohexans-1.3-diones with phenyl acetylene and ally! ethyl
ether respectively under the same reaction coudition. In case of phenyl acetylene and aliy!
ethyl ether spiro compound 1-phenyl-spiro[2,5]oct-1-ene-4,8-diones 15,17,18 amd 1-
ethoxymethy! spirof2,5)octane-4.8-diones 22,24,26 were cbiained respectively as by

products.
a 0O
f J
leii:} joﬁj\fﬂ}_ﬂ Rl \/>_\
R268 R:10-12 R« 23@3
le—@
R|
M 618 15, 1? 19 Rﬂ?.l 7;, 25 R; 22 28 26

Where, R, R; = CHj, H, -CH{CH,}); etc.
All the synthesized products were characterized by spectral data obtained from IR, Uy
and 'HNMR. All synthesized compounds were tested antibacterial and antifungal activiry,

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

tesl Organism.

¥l




SUMMARY

Investigations incorporated in this disscriation entitled “Synthesis of dihydrofurans by
metal catalyzed reaction of cyclic diazo carbonyt compound™ has been presented in four
chapters. In the chapter 1, background of biological important and the important synthetic
reactions involved in the synthesis are presenied, Chapter 2 and chapter 3 deal with he
detailed methodology and experimental procedure for the synthesis of dihydrofurans.

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

, [Ihaptt;:r 1 represented the importance and synthesis of dihydrofuran and furan derivatives.
. Heterocyclic compounds containing furan or dihydrofuran moiety are 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 acelates 10-12, 2-phenyl-6,7-dihydro-5H-benzofuran-4-ones 14,16,18
and 1-phenyl-spirc [2.5] oct-1-ene-4. §-dione 15,17,19, 2-cthoxymethyi-3,5,6,7-
tetrahydro-2H-benzofuran-4-one 21,2325 and 1-ethoxymethyl-spiro[2.5Joctane-4, 8-
diones Zi, 24, 26 and also Zachlc-rnmeth}r]-E.S,6,?—tetrahydro-2H-benzﬂfmn—-*—t-:)nes
28,29&30 are described as shown in the scheme 3-9. Reactions were carried out through
rhodium pivalate catalyst under nilrogen atmosphere at room {emperature for 2-4 hrs. The
preparation of swarting materials, methane sulfonyl azide and 2-diazo cyclohexane -1,3-
diones 6-8 are described in this chapter as shown in Lhe scheme 1 and 2. Strucrure of all

of these synthesized dihydrofuran and spiro derivatives have been established ou the
basis of their UV, IR and NMR spectral evidences.

":'] Acetons (u)
HyC=5-Cl ¥ NaN, - H;C-5N
0 Ri. 2h O

1 2

Scheme 1
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In chapter 3, all the experimental procedure and analytical data are reported. This chapter

also contains references and important spectra of the synthesized compounds.

In chapter 4, introduction, methodology. results and discussion, reference and conclusion
_uf the biological test of the synthesized compounds are presented. Eighteen synthesized
heterocyclic compounds and three diazo compounds have been tested for antimicrobial
activity against live gram-positive and eight gram- negative bactena as well as Lhree
human fungal pathogens. Among tested compounds c-t_" furan and cyclopropane
dedvatives (10, 14, 21 and 28) exhibited relatively preater or moderate {10-}2mm)
inhibition of growth of the microorganism and compounds 15 and 22 showed mild (7-

10mm) inhibitory activity against most of the tested organisms.
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Inurodustion

INTRODUCTION

1.1. Furans derivative and their imporiance

Heterocyeles such as furan. pyrrole, indole and thiophene are versatile p rarmacophores
possessing a variety of biological activities'. A major challenge in organic synthesis
today is to devise reactions hat can form several carbon-carbon bonds in one operation
leading to the construction of polycyclic struetures with proper regio and stereochemical
control®. Dihydrofurans and furans are two of the most important heterocycles with wide
spread occurrence in ﬂatu:f. The furan moiety is a core structure of many alkaloids such
as kallolides and cem:branaiidr:s", possessing a variety of biological activities. they are
used as pharmaceutical, flaver. insecticidal, and fish antifeedant agcnlss. Their impormant
biolugical activities and usefulness as synthetic intermediate of natural products have
prompted a search fc-;l better methods of synthesis of dihydrofurans and furans. Although
a number of synthetic methods for the preparation of dihydrofurans and furans have been
reported, simple and efficient approaches still remain scare®. In recent years much effort
has been devoted to smdy the effect of different transition metul catalysts on the
decomposition of a-diazo carbonyl cumpoundsﬁ. The rhodium-catalyzed decomposition
of diazocarbony! compounds has become an imporiant methed in organic and natural
product synthcsis?‘ The rhodium (IT) catalyzed reactions of acyclic and cyclic diazo
dicarbony]l compounds with several substrates such as olefins, nitrate, isocyanales,
carbondisulfides, furans, benzofurans, thiophenes and pyrroles have been extensively
studied by many groups’.
Isolation techniques and rapid structural elucidations of furan derivatives were developed
by 1ecenl methods (UVY, IR, NMR, Mass etc). A large nurmber of furan derivatives have
.been discovered [rom the various sources. Many furan and dihydrofuran derivatives
showed important biological activity.
Furan moiety containing Ribe nucleoside compounds showed in vitro activity against
viruses and tumer cells. The guanosin analogous (1) showed significant activity in vifro

Lrinand Pag Leukemia’ .




Introduclion

Varicties of antihypertensive agents contain pyrimidine and furan ring system. For

example Prazosin(2)'" a 2-substituted quinoline derivative has been used as a a-
adrenocepter anlngonistm.

NH;
H,CO x
H;CO NN O

»,

Patil, V. M. ond co-workers' reported a new antinlergic compound 3-amino-1, 2,3,4-
tetrahvdro-2, 4- dioxobenzofuro[3,2-d]pynimidine (3).

The compound 6,7,8,9- teirahydro-2- methyl -10/]1] benzolhieno- [2,3-d] thiadiazolo
[3.2-a] pyrimidine-10-one (4)' and dihydro-5H-[1,3,4] thiadiazolo [2,3-b] quinazolin-
2.5-dione(5}" showed antiflammaiory and analgesic activitics.

0}
N—N N—3NH
Pl o ' |
bt NJ\S’J\ Me N J‘S’J*‘“Q
4 5



Introduction

The pyrimidine[1,2,4]triazolo[1,5-c]quinazofine (6) exhibued the anticonvulsant, muscle
relaxant, anxilylic and sedatives activity. Bezofuro[2,3-¢]imidazof1,2-c] pyrimidine (7)

showed antidepressant activity end antihyperiensive agents' .

N7
W ) N_“
L S
N0 RN,
R, 7 N

In 2003, Feng-Ling Qing and co-worker synthcsized B-ring influoromethylated
Navonoids dervalives demonstrated anticancer aclivities against human gasiric
adenocarcinoma cell line (SGC-7%01).

CFy -
R I

1.2. Some sulfur and nitrogen substituted furan derivatives and their impurtlnnce.
Heterocyclic cc-mpounds- which contzin five member ring such as furan, pyrole,
thiophene have become attractive target for organic synlhesis because of their structural
diversity and biological importance. Hetero aromatic and aliphatic compounds readily

undergo cyclization, which allow convenient preparation for variety of furan derivalives.

In 1585, Ishikawa, F. et al'* reported 1,2.3,5-tetrahydro-imidazol [1,2-a] thicnopyrimidin

-2-one 10 showed many biological activities.



Introduction

Rahman et al'® reported 8,9- dimethyl imidazol [1,2-¢]thieno[3,2-¢] pyrimidine (11a)
irimethyl imidazol[ 1,2-€]thieno[3,2-¢]pyrimridine(11b), 8,9- dimethyl -3- phenyl imidazo
{1,2-c]thieno[3,2-e]pyrimidine (11¢) which showed antifungal and antibactenal activities.

N_.ﬁw/ Where
al la. R=H
g yFhp b R=CH,

© flc.R=Ph

17
I

In 1991, Nirupama Tiwari et al'’ reported that 2-arylexymethyl-1, 2,4-thiadiazolo [2,2-b]

quinazolin<4-one 12 demonstrated its fungicidal and herbicidal activitics.

@L)J\,FN
L 1!
N 57 CH;0R

12
Rahman et al'® reported that 4-allylamino-5, 6-dimethyl-2-methylthiothieno [2,3d]
pyrimidine 13 and 4-allylamino-2-methylthio-5,6,7-tetrahydrobenzothieno[2,3-d]
pyrimidine 14 showed antifungal and antibacterial activities.

o
H-NW
R, 13.R;=Ry=H

i fi " |4, Ry=Ry=CH,
Ry 87 N7 SCH;

1.3. Natural Sources of Furans Moiery:

A furan moiety is found in a broad variety ol natural products. The compounds
" containing the benzofuran moiety are widely distributed in pature’’. They are used as
versatile intermediates in orgenic and nanural product synthesism. They have also shown
a range of biological activities’ . Among these, isoeuparin (13) was isolated from the
rools of Tagetes patula” and isotubaic acid (16) (rotenic acid) was oblained from the
‘natural insecticide (rotenone) as a degradation product™. The synthetic approaches to

isoeuparin® and isotubaic acid™ had been reported. -

0o OH 0O OH
TN HO A
15 16
4

e



Introduction

The dihydrofuroquinolinone and furoguinolinone alkaloids are widely distibuted in
nature”’. They were pomarily isolated from Rutaceae species as an angularly and linearly
fused structure 17-29. They are reporied to have varous biological activities such as
antimicrobial, antimalarial. insecticidal, antingoplastic, antidiuretic, antiarrhylhmic and

sedalive®®, and are also used as traditional medicines jn China®’.

= Vihére
R N0 19. R, =Me, R;=R3=H COligophine
2 R R 20, R, =Ry = Ry = H, N-Dimeshykoligophryline
S 21.R, =R, = H, Ry =OCH; , Olignpiwixine
22, R1 =H, Rz = R.a, ='CI:H1 Dl!gﬂﬂl}"].nj]:l'ﬁ:
0
/IL_ OH
NT D
1 :
Re Me Rs Me
23.Ry=H,  Isopltydesmme 25.Rg=CH;, Rg=R;=Ry=H [sodictamine
24. Ry = OCH3, Balfourodme 26. Rg = CH3 Ry =OH, Ry =Rg=H Dictangustine- A

27. Ry =CH;, By =R;=H. Rg=0CH; [s0-1- fagarme
28. Ry = CH,CH;, Rg = Ry =H, Rg = OCH]; Isotaifine
29. Rg = CH,CHC(CH;),. R =Ry = OCHj;  Acrophyllme

The complex polycyelic structures and their biological activities of the aflatoxins™ have

made them important and challenging targets for tolal chemical synthesis.

_O  Afialoxin B2
Me 0 H



Introduction

1.4. Synthesis of furan and dihydrofuran derivatives by various methods:
There are a lot of natural products containing furan or dibydrofuran 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.

* 1.4a. Synthesis of dihydrofurans hy using Silver Catalyst: -

In 2000, Lee, Y. R. et al reported that AgaCOy/Celite {(FeAtizon reagent) is a simple and
convenient reagent for synthesis of dihydrofuran formation™. They described the
efficient synthesis of dihydrofuroquinclinone aﬁd furoquinolinone derivatives slarting

from 4-hydroxy-2-quinolencs and a variety of olcfins in the presence of Ag,COy/Celite.

R ' R R
. IS 2
QH P ;
| R R2 N R
o Ag,C0; ICelite acetonitrile
O Ll : N "0
rf Reflux, Shr f
! Where .
R=H, -CH; etc. 2

R, = Phemyl, -CsH, 5, -OEL, -0Ac, -Cme, -GBu etc.
Scheme 1
While furans and dihydrofurans are initiatively a very attractive approach to make natural
products, few general methodologies have been reported. Many new synthetic
methodologics have been developed in recent years for the important of heterocyclic
compounds. In particular, transition melal catalyzed tansformations have been
performed  successfully.  For  example,  platinum-catalyzed intramolecular
hydroalkexylation of A-hydroxy olefins led o the formation of tetrahydrofuran

derivatives®".

Qr



Intraduclion

1.4h, [2,3]-Rearrangement by Rhodium (1) Catalyst for Preparution of
tetrahdrofurans derivatives:

In 2006, M. Liao et al. first investigated the diazo decomposition of the additional
products in the presence of rhodium (11) acetate. with the expectation that Rh(li)-carbene
intramolecular O—H inserlion should occur to afford tetrahydrofuran denvatives (Scheme

2). "H NMR spectra of the crude products showed that only intramolecular O-H insertion

products were formed in all cases.

OH © 0 R; 0 i ;
Rhy{OAc)y (0.3 ml 1% '
Ry By - Ry
Ra Tohene/ Refx R O
R; M- K,
v O
3 4

R, =Phemyl, -OEt , Ry =H,-ClH;, etc. Ry = Me, OMe
Ry = Me, Phenyletc.

Scheme 2

Nex(, photo-induced reaction of the diazo compounds 3 was examined. with (he
expectation (hat Wollf rcarrangement should occur to generate the ketene intermediate 5,
which may be followed by an intramolecular nucleophitic attack by the hydroxy group.
The reaction was carried out in (he 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 nfier 14-17 hrs, and 'H NMR and *C NMR specira indicated
that (he major product was the expected y-butyrolactone derivative 6 (Scheme 3).

Q
1]
R R, R.
R‘WRJ T 22000 | 2 o RI/FD o
2 WH O R-
Ry N; . E‘u -
[
5
Scheme 3
T L]

< ¢



Introduction

(2,3]-Rearrangements of ylides derived from e-diazocarbonyl compounds with regard te
the rhodium carbenoid. From literature survey, it was well established that Rh(ll)
carbenoids could interact with aliylic ethers or acetals to furnish oxonium ylides which
subsequently undergo [2,3]-rearrangement. Doyle had shown that Rh{li}-catalyzed
decomposition of ethyl diazo acetate 7 in the presence of allylic acetals (e.g. 8,) furnished

allylic ethers” (e.g.,10).

] Ml.;. Cr
oMz RigfOke), )J\/ aM P
/\I/ e N EO OMe
25%C {57% Yiecld &) /Q OMe
1‘;—’ 1%

- ]
Scheme 4

Pirrung later demonstrated that similar transformations could be achieved using a-
diazoketones as well as a-diazoesters. For example, decomposition of u-diazoketone 11

with Rhy(OAc)s in CHLCI, at room iemperature furnished ether 13,

Q 0
—+
- O —
o

M(‘HC] i é’)\ﬁ Vi 5

Scheme 5



Intreduction

1.4c. Catalysis of [2,3}-rearrangement by other Lewis acids:

Rhy(1fa): acts as a Lewis acid catalyst to promote {2,3]-rearangement of propargyloxy

enol shown in the scheme 6. An investigation of other Lewis acid behaves similar activity.

Numerously, Lewis acids were screened Bs shown in the table 1.

Table no 1: Lewis acids screened:

MgBr; OFt;  BF:OEy
CuSO, © Cu(DAc);
CuCl, . AgNO;
Ag0 AgBFy
Znls . CdCL
Snl, " SnfOAc)
TiOiPre  © TiCl
HgCl; He(OAc)
He(NO3) LaCls

EuCly
Cu{OT{):
ApzPOy
ApSbFg

SnCl;

Ti0;
Z2e{0iPr)yOiPr
Hg(TFA)
Fe{acach

Enol 16 was generated by treating of 14 and 15 (1.2 egniv.) with Rhy(OAc)s. Conditions

employed and selcctivities observed with these additives are summarized in lable 1a as

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

modest calalysis 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 AngFﬁH-

N PH &
i ",
hle ; O I
e moasee | T a0y
P & T eE OMe P/t Conditions), 4. o I
14 15 0 17 M o1B
ble

Scheme 6

e

16




Introduction

Table 1a - Influence of non-Rh(IT) Lewis acids on rearrangement of enod 16

Lewis acid additive Conditions 17:18
no additive PhH, A, 10 min 23:1
AgNO; (1.0 equiv) PhH, A, 10 min 1: 1.3
AgNO; (5.0 equiv) PhH, A, |0 min 1:1.6
AgNO; {10.0equiv) - Phli, A, 10 min 1:1.6
CuS0,4 {1.0 equiv} PhH, A, 10 min 1:2.5
SnClz (1.0 equiv) PhH, A, 10 min 1:1.3
SnCh (3.0 equiv) PhH, A, 10 min 1:1.3
ApBF, (5 mol%a) PhH, rt, 2 min 1:60
ApSbFs(5 mol¥a) PhH, 11, 2 minr 1:48

Ratios determined by 'H NMR analysis of crude reaction mixtures. If the reaction
employed in stoichiometric quantitics at elevated temperature, AgBF; could alsa be used
to promote cyclization of 17 o dihydrofuran 19 in very good yield (Scheme 7). Further
ctudies demnonstrated that this iransformation could be accomplished in sity following

[2,3]-renmrangeinent in the prescuce of stoichiometric loadings of AgBF,.

/?Efo Ny
M. ha':o.n'\.l:li .
©)(r:m Me (Lmof¥a) M%m AgHE 5 {Smal%6) My
u & O o) FhH, ct (30 Aneld) C
14 15 Ao
] 16 be

AgRF, (1 cqure)
ApBF, (1 equiv.)

BHH. |, hear,
PRH. rt, heai, 10mms (T2 %Y whd)
10 mins (T2%Yedd) o
Mo
. 9y
T'-‘TE ]?
Scheme 7

It was felt that (he poor catalytic activity observed with the remaining catalysts in table
1a was atmibutable, in parl, to poor solubility in the non-polar organic reaction medium

as evidenced by the invarance in product ratio with increased loadings of both AgN(s

1¢
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and SnCl,. Consideration of ligand availabifity and esse of preparation Jed to the
saelection of bis(oxazolinyl)pyridine (pybox) Lewis acids {Cu{S,5)-(Phpybox)}{OTf} and
[Sn-(5.5(Ph-pybox}](OTN: for investigation™. As may has been seen from scheme 8,
both complexes displayed excellent catalytic activity, promoting {2,3]-rearrangement of
enol 16 at room temperalure and at low calalyst loadings. Curicusly, use of the Cu{Il}
catalyst also resulted in the isolation of dihydrofuran in 19% yield. This species was not
generated by Sn{ll) calalysis. Suspecting that cyclization of 17 was occurring in the
sresence of Cu(II) in a manner analogoeus to that observed with Ag(l) {see Scheme 7), 17

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

lead to formalion of 19.

5

—Lu—

RhdOAL), 1 P *H

z M I o
o ,_-::_. Obde FhRH ! rt Phll, rt, 5 muns

14 i5 14
. 0
Me E + Me
i OH p
17 ¢ 1%
Al [ 41

Me gy (13%)

Schemc B

Secking further certainty that 19 was not derived from 17 under Cu(l)-Catalyzed
reaction conditions, the isotope’ labeling study depicted in Scheme 9 was performed.
Diazoketone 14 was (reated with Rha(OAc)s (£ mol%) in the presence of both 3-buryn-2-
ol 15 and deuteriurn labeled a-hydroxyketone 17. Once enol formation was completed,
catalyst 20 {5 mol %) was added, 'prc-duced a resulting mixture of protic and deutcrated
[2,3]- rearrangement products 17 and 18, bt exclusively protic 19. Thus, cyclization of
18 did not take place under the reaction conditions leading to the conclusion that
diydrofuran 19 must arse via a completing side-reaction in lhe presence of Cu(ll)
catalyst 20.

i1



Intrmeduction

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

compound 21. Addition of acetyl acetone (22), lead to the formation of a [ive-membered
3
heterocycles that has been synihesized earlier by different routes . AfRer initial attack of

the central carbon atom in 22 at the benzylic position, the enclate oxygen of the 1,3-
dicarbony! compound atiacks as a second nucleophile to give the dihydrofuran derivative

23 in 37% yield”.
0
OTs PN

OTs 22 -
Cs,CO,

DME.
2

Scheme 10

1.4d. Some different routes for synthesis of furuns maoiety:

Reaction of iodonium ylides with dihydrofuran were examined by Korean scieutist™.
\.‘u’ﬁcn jodonium ylide 24, was treated with 2,3-dihydrofuran as a solveut and a reactant at
room temperature for 6 hr in the presence of t mol % of Rha(OAc),, cycloadduct 23 was

obtained in an 81% yield {Scheme 11).

0 g o .
ﬁqph v [
- s}
R0 REs(0AL), g

R sk R
24 25
R=R'=H, CH;
Scheme 11

The structural assignment was analyzed from speciroscopic analysis, The cis-
stereochemistry of 25 is supported by the coupling constant {J =, 3.9 Hz) at & = 6.19 due
1o acetal methane proton. The fused acetals are very imporant as a structural subunit of a
variety of biologically active natural products such as aflatoxins™ !, dendrillolide®.
clerodin®, asteltoxin®, hyacophilined5™ and paraherquonin®™. The application of the
fsed acetals to natura! aflatoxin B2 and unnatural demethoxyaflatoxin B2 has been

reported™ 2.

12
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hl

In order to develop methodology of furan moiety, metal mediated salis Mn(llrl), Ce(1V),
and Co(Il)) have become an impomant method for the synthesis of tll;:teru}cyclic
frameworks™. Lee Y.R and his group repc:ned (hat silver(})¥/Celite is a siimple and
convenient reagent for dihydrofuran formation” . They described (he eﬂ'ment synthesis
of 3-acylfurans by the oxidative cycloaddition of 1,3-dicarbenyl compounds to vinyl
sulfides followed by NalQ, oxidation and syn-elimination under mild cnnditions.‘ The
sequence that they have developed begins with the reaction of 1,3-dicarbonyl compﬂunds
with vinyl sulfides {3-fold excess) in acetonitrile. Two equivalents of hg_CDJfCelue are

uscd for the formation of (he dihydrofuran. |

j’f /rSP G R O R
R \\l "R R%—/SP‘E NED4J'I MEDH R 1 o
R0 ApsCOy/Celyle, Acetoniirle R’ O CCly,Pyr{ALOy) R I—~U
27 28
26 |
|
Scheme 12

Synthesis of dihydrofurans and furans from the reaction of cychlohexane 1,3-dicarbonyl

denivatives and vinyl sulfide ** are shown in scheme 13. |

W o o
“CL - - - NalOy/ MeOH )
R AZCOyCelite Rm‘i?h > - R

4. Pyr(AL;0

R‘F O Acctonitile I 0 Cly, Pyr(al;05) R O

29 - 30 a1
Where R.R'= H, Me |

Scheme 13 o :

Yoshikoshi*® had reported the wansformations of 3-methylfuran annulation from 1,3-

dicarbonyl compounds by using a phenylthionitroclefin. The data of (he 3-acylfurans are

also shown in scheme 14. |2
) ) (8}

O, e L=

, 5

hg:CCI;" Cflﬂe -
0 Aceronitrie 0 |
32 33 _
Scheme 14 I
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Forstt™ isolated furanomonoterpene (evodone) from Evomria hortensis. The
speclroscopic properties of synthetic evodone agreed well with (hose reported in the
literature. Another application of this technology to the total synthesis of furanoterpenc,
ct-clausenan, was mext examined, et-Clausenan has been isclated with rosethran as a
mixture from leaves of Clausenawilldenovii, a large of shrub found in the Himalayas, Sd
Lanka, and some elevated parts of southermn and ‘western India®. The structure of ct-

clausenan was established by spéclroscopic analysis, but no synthetic methods arc known.

C-::-r:itinuous process of synthesized dihydrofurans derivatives; additional rcactions with
several olefins were investigated, for preparation of the skeletons of naturally occurting
ccnurmarins and di hydmfumcoumaﬁnsm, Reaction of 34 with an excess ol cyclohexene
used as a solvent and a reagent, in the presence of 1 mol% of Rhy(OAc), at 60°C for 5 hr
gave the unexpected rearranged product 35 in a 51% yield {Scheme 15). The two olefinic

protons of 35 were observed at 6,29 and 6.04

O
CLr
(] 0 ha{D.n‘ilCh

34 60°C, Skr
Scheme 15

When allyl iodide with elecoun-deficient olefin was used, the dihydrofurocoumarin 36
was obtained in 78% vield as a single compound. This result is also in clear contrast 1o
that of Doyle, who reporied that the rhodium{ll)-catalyzed reactions of acyclic ethyl
diazoacetate with allyl jodide afforded the [2,3]-rearranged product without forming the

eveloaddition adduct as a single compound® (scheme 16).

O 0Ol
T J ,;'F‘-uf[ I | I
| E—
' = o R(0aey, “Fhgoo
34 60°C, 5h 36
Scheme 16
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Another approach for dihydrofurocoumarim formation was oblained by using vinyl
ethers® . On heating neat ethyl viny! ether and isobutyl vinyl ether in the presence of |
mol% of Rha{(QAc)s for 3 hr, dihydrofurocoumarins 37 and 38 were produced in 69 and
64% yields, respectively. These results indicate that reactions with more electron-rich and
electron-deficient olefins (han simple alkenes such as cyclohexene provide an efficient

route for synthesizing (he dihydrofurocoumarin skeletons (schemel 7).

@ft» g @ff 2
hafom:}-t ha{()ﬁch

o 0
60"C, 3h : 60°C, 3h 37

Scheme 17

Next, reactions wilh vinyl acetates were alsc_n' examined. Reaction of 34 with vinyl acetate
at 60°C for 5 hr afforded the two mgioisﬂrﬁcﬁc eycloadducts 39 and 40 in 16 and 25%
vields, respeclively (Scheme 18). The two isomers were easily assigned from
speclroscopic data. The 'H NMR spectrum of angular dihyﬂroﬁnﬂcomnarin 39 showed
melhine peaks at 7.00 as a doublei associated with the dihydrofuran ring, whereas linear
adduct 40 showed peaks at 687 as a doublet.

O
/”"‘“mc
OAc 4
0 R.h-{D ‘iH:]_q_
34

60"C. 3hr

Scheme 18

In order to extend the ntility of these reactions, onc-step synthesis of a furocoumarin
natural product was attempted. Pierophyllin 2 has been isolated from a small evergreen
tree of Ekebergia pteropipyiia, found in South Africa®. The structure of pterophyllin 2

was established by spectroscopic analysis, but no synthetic methods are known.

15
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"

Synthesis of these heterocycles is of great imporiance. Gemerally, furan, pymole and
thiophene derivatives are prepared from 1,4-dicarbonyf compounds using acid calalysts.
Strong acids such as concentrated H;S0y. PaOs. p-TSA and montmoerllonite KSF and
basic reagents inefuding TsClU DBU. alumina, zirconium phosphate/zirconium
sulfophenyl phosphate as well as microwave irradiation have been employed for their
synthesis™ ™. However, the synthesis of pyrroles and furans remains a challenge for
synthetic chemists because of their scnsitiviry to acids.

Bismuth (riflate has evoived as a remarkable Lewis acid catalyst for effecting various
organic (ransformations®, Compared to lanthanide triflates, bismuth triflate is cheap and
easy to prepare even on a multi-gram scale, from commercially available bismuth oxide
and Uritlic acid®’.

In 2004,. Yadav, J. 5. et al reported that this is the first published on the use of bismuth
(riflate as a calalyst for the synthesis of oxygen-. nitrogen- and sulfur-containing
heterocyeles™. In this article, they reported a mild and efficient method for the synthesis
of furan, pyrrole and thiophene derivatives from 1,4-diketones using $ mol% Bi(OTf);
immobilized in air and moisture stable [bmim]BF4. Accordingly, treamment of !-phenyl-
3-(2-thienyl)-1,4-octanedione with 5 mol% of Bi(OTf)s in {bmim]BF, at 90 °C afforded
2-buryl-3-phenyl-3-(2-thienyl) furan in §3% yield {Scheme 19).

5 £
BHOTI), / [bmin]BE, = -
% & 90'C
41 42 \]
Scheme 19

[n a similar manner, varous substituted 1.4-diketoncs underwent smooth cyclization to
give the corresponding tri substituted furan derivatives™. In the absence of bismuth(III)
triflate, no cyclization was observed in the ionic liquid aloné. The starting 1,4- diketones
were prepared according to procedures reported in literature®. Furthermore, (reatment of

1,4-diketones with ary! amines under similar conditions resulted in the formation of the

16
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comesponding  pytrole derivatives (Scheme 20). A variety of I,4-diketones reacted
smoothly with various aryl amines under identical conditions to give the respective

tetrasubstituted pyrroles in good yieldﬁs.
s 0

+ R-NH, Ei{OTI'}_;f[bfnin]El} @
43

&
N
R

1l
a0 q0°C

41

Scheme 20
In addition, 1,4-diketones reacted efficiently with Lawesson’s reagent under similar

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

S‘“n

—

(O

: o
+ Lawesson's reagent 3(01?4 [bmn]BE4 W |
SUC N
R
. a4

41
Scheme 21
1,4-Dikelones have becn used as (he common precursor for the synthesis of furan,
pyrrole and thiophenes. This methed is clean and free from side-products. The reactions
were completed within 4-5.0 hr and the products were easily isolaled by simple
extraction with diethyl cther. The remaining ionic liguid containing the catalyst was
recovered and recycled in subsequent rcactions with only a gradual decrease in activity

being observed.

17
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Michael C. Pimrung has reported a number of advances in synthetic methodology and
total synthesis based on the preparation of fused heterocyelic angs, such as the bis-
terahydrofuran substructure contained within 46 (6-methoxy-2, 3.3a, 8a-tetrahydro-1, 8-
dioxa-cyclopenta {a] inden-4-ol) using the formal dipolar cycioaddilion of cyclic
diazodicarbony! compounds with vinyl ethers mediated by dithodium catalysts™".
Intermediate, in which a methoxycarbonyl grmip serves as a surrogale for the methoxy
group, was cousequently chosen as a product reasopably available from the dipolar

¢yeloaddition of dihydrofuran with compound 46°' (Scheme 22).

Vo, 0D i
: 8]
\. RbGAc), PBF /éﬁmﬂ
M 0 rt,iﬂhr ) MeO DX
43 46
Scheme 22

Barsila C. et al. reported that cycloaddilions were observed upon reaction with terminal
acetylenes. [t is known. that copper(Il) sulfate-catalyzed decomposition® of diethyl
diazomalonate in the presence of phenylacct}‘rlene resulis in the formation of a mixture of
a cyclopropene and a furan, while sensitized photolysis generates™ farans as (he primary
products. The rhodium(ll) acetate catalyzed demmpositiun“ of diazo diketones 47in the
presence of terminal alkynes, resulis in cyclopropenes 48 and furens 49, the isclation of
which depends on the nature of the clectron withdrawing group of the carbenoid In

scheme 23.

&)
MeO @  HO=CR, veq 1 MeOC "N g
7—1Ph - * t
RC 0;__ Rh-{0Ac), o RCO ]
47 48 49
Scheme 23
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1.5.Rationale:

Heterocycles such as furan, pyrrole, indoie and thiophene are versatile pharmacophores
possessing a variety of biological activities'. Dihydrofurans and furans are two of the
most imponant heterocycles with wide spread occurrence in nature’. Their important
biological activities and usefulness as synthetic intermediate of natural products have
prompted a search for betier methods of synthesis of dihydrofurans and furans. Although

a number of synthetic methods for the preparation of dihydrofurans and furans have been -
reporied, simple and e(ficient approaches still remain scare’. in recent years much efforl
has been devoted to study of the eﬁ'e'.:':t of different transition metal catalysis on the
decomposition of ¢-diazo carbonyl mrr;p-ounds'&. The rhodium-catalyzed decomposition
of diazocarbonyl compounds has become an important method in organic and natural
product synthesis’. The thodium (IT) ;:atal}zed reactions of acyclic and cyvelic diazo
dicarbonyl compounds with several subsirates such as olefins, nitrate, 1socyanales,
carbondtsulfides, furans, benzﬂfu:ans,;dﬁﬂphenes and pyrroles have been extensively

studied by many groups®.

The use of diazo carbony! compounds in transition metal-mediated inscrtion reaclicnns-has
been exiensively studied. particularly for the synthesis of theoretically ineresting
compounds as well as natural prn-ductsu'w. However, only a few cxamples dealing with
the preparation of oxygenated heterocycles reaction have been n:portedu‘“. Over Lhe past
few years, several aspects of the RhIl)-catalyzed reaction have been developed in order

to increase the synthesis of furans moiety.

In view of the extensive natural occurrcnce and biological importance of dihydrofuran
and furan dervarives, it was planned to develop a general and facile method for the

synthesis of dihvdrofurans through melal mediated calalyzed reaction of cyclic

diazocarbony! compound.

1%
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Result and Discussions

L 1)

RESULT AND DISCUSSIONS

2.1. Synthesis of methanesulfonyl 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. Afler usual workup a low melting colourless solid 2 was obtained (yield

99%). The compound 2 was characterized by IR and literature repori™

)

HiC8-Cl + Nan, Acetone - HyC-§-N,
O r, 2h 0
| 2

Scheme |

2.2. Synthesis of 2-diazo-cyclohexane-1,3-dione derivatives 6-8:

2-Diazo-cvclohexane-1, 3-dione derivalives 6-8 were prepared by Lhe diazo transfer
reaction of the corresponding starting matenals with mesyl azide according 1o Taber’s
method”. The preparation of 2-diazo-cyclohexane-1, 3-dione derivatives 6-8 using their

corresponding cyclohexane-1,3-diones 3-5 and mesyl azide is shown in the scheme 2.

O G

B3 (1.5 equi.) 2
Rr 3 aani - R “-
0 TEA (1.5 equi) / CHAL i Y]

RE}-S .2 hr 2e R

Where

. a, R.] =R2 = _C’HJ

. T R| :Rz =.H

8. R, =HL, R, = -CH(CH:)

LA o bk

Scheme 2
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2-Diazo-cyclohexane- [, 3-dione derivatives 6-8 were synthesized by stirring a mixture of
cyelohexane -1,3-diones 3-5, mesyl azide and methylene chloride at room temperature.
The teaction was stopped by adding 1N hydrochloric acid and water. After usual workup
and purification by colurmn chromatography on silica gel, 2-diazo cyclohexane-1,3-dione

derivatives 6-8 were obtained (Table 1).

Table 1: Preparation of 2-diazo-cyclohexane-1,3-dione derivatives 6-8 in percentage

Entry cyclohexame-1.)-dione Condition Product Yield {%5)
9 0
I 2 %
- MSNJ_
O O
3 6
2 O
. 2
. O, e (Y ”
4 7 o
9 O
N3
Mshy o
3 0 5 O

.3a. Characterization of 2- diazo-5,5- dimethy 1 cyclohexane-1,3-dione 6:

A light vellow solid was obtained (yield 96%), M.P. 67- 69 9 ¢, which was highly
moisture sensilive. The structure of compound 6 was established by spectral data. In UV
(Fig. 6a) spectrum, Lhe value was found in the range of hmay 277.30 and 240.80 nm

indicated chazo group.

The IR spectrum {CCl;){Fig. 6b) of this compound exhibited absorption bands at vmax
2962.5 and 2889.2 em” for stretching of methy| and nethylene protons ( -CHj, -CHz),
2189.1 and 2144.7 em” for diazo group {-C=N>), 1633.6 ¢m™ for Lhe presence of keto

groups (- C=0}
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The 'H NMR specreum {Fig. 6¢) of the compound 6 explained the chemical shift position
of § 2.42 (s, 4H, C-4,6) for two methylene (—CHz) groups, 8 1.02 (s, 6H) for the presence
of twa methyl (-CHj) groups at C-5 position which are chemically equivalent that is

assured structure of the compound 6.

‘The structure of the compound & was further confirmed by is B NMR data (Fig. 6d) at
the chemical shift position of § 201.79 and 201.61 due 10 the presence of (C=0) carbon,
at 5 155.65 in favor of C=Ns, § 52.61 and 52.38 designed for C-4 and C-6 respectively, 6
25.59 and 25.34 in support of -CHj carbon and & 15.13 for C-35.

On Lhe basis of complete analysis of the UV, IR, 'H NMR and C NMR spectra. the
structure of his compound was accorded as 2- diazo-5,3- dimethyl cyclohexane-1,3-

dione 6.

2.2b. Characterization of 2-diazo-cyclohexane-1,3-dione 7:

The compound was obtained as a pale yellow solid which was very unstable in normal
temperature. The yield was 953% and melting point was 44- 45°C. The stucture of
compound 7 was characterized by spectral data. In UV spectrum (Fig. 7a) of the
compound, the value was found in the range of 280.35 and 237.83 nm for diezo group.

The IR spectrum (Fig. 7b) of this compound showed absorption band at viu 2938.6 cm’!
and 2933.9 cm’ for methylene protons (-CHa-), at 2192.9 and 2129.3 cm” indicated for
stretching of diazo group (C=Ny). at 1645.2 cm’ designed for the presences of keto
eroups (- C=0).

The 'H NMR spectrum {Fig. 7c) of the compound 7 demoastrated a two protons mplet at
§2.97 (t, 2H, J=6.26 Hz) and 2.33({L 2H, J =6.15 Hz) for two methylene (-CHz-) group of
€4 and C-6, respectively and & two protons multiplet at 8 2.23 (m, 2H,) for Lhe presence
of methylene {-CH;) group of C-3.

Iis *C NMR spectrurn (Fig. 7d) also exhibiled the chemical shift at & 197.89 and 197.07
for C=0, 156.6 for C=N3, § 38,63, 38.38 and 15.13 for C-4, C-6 and C-5. The presence of

six carbon aloms was a good agreement with structure assign for 7.
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7 %c. Characterization of 2-diazo-5-isopropyl-cyclohexane-1, 3-dione 8:

The product 8 was a light white solid (yield 96%), M.P.: 58-59°C. The structure of
compound 8 was assigned by spectral data In the UV spectrum {Fig. &a) the value was
found in the range of Amac 276.53 and 235.85 nm.

The IR spectrum (CCLy) (Fig. 8b) of the compound 8 showed following charactenistic
bands: vpa 2975.0 and 2958.0 em” (str. -CHj, and -CH;), 21929 and  2129.3 em’”
(C=Ny}. 1641.3 em™ (str. - C=0).

The 'H NMR spectrum (Fig. 8¢} of this compound 8 illustrated a two protons double
doublet at § 2.83 (dd, 2H, J =8.26, 23.32 Hz} and 2.70 (dd, 2H, } = 8.26, 23.32 Hz) for
methylene (-CH; -) group of C-4 and C-6, respectively, a one proton multiplet at 8 1.61
{m, in, C-3)and 1.20 (m, 1}, -CH(CH;):) and a six protons doublet at §0.92 (d, 6H, J
= §.31 Hz) for indicating two methyl (2x-CHj) groups.

The PC NMR spectrum (Fig. 8d) showed characterislic chemical shilt at & 201.49 (C=0),
201.31 (C=0), 155.35 (C=N;), 40.61 and 40.38 designed for C4 and C-6, 32.59
CH(CH3) , 27.89 (C-5), 19.09, and 19.04 {2 »(Hjy). The B3¢ NMR specorum indicated the
presence of mine carbons in the molecule corresponding 10 the molecular formula

CgH 2N3Os, thereby suggesting the formation of the compound 8.



Result and Discussions

2.3. Synthesis of 4-oxo0- 2,3,4,5,6,‘?-]1-:xshydmﬁbeumfurau-l-yl geetate derivatives
10-12:

The decomposition of 2-diazo-cyclohexane-1, 3-dione with vinyl ethyl ester using

commercial melal mediated catatyst has been reported™. Several substituted of 4-oxo-

2,3,4.5.6,7-hexahydro-benzofuran-2-yl acelate derivatives 10-12 were syvnthesized by Lhe

cyclization reaction of vinyl acetate with 2- diazo-cyclohexane-1. 3-dione 6-8 as shown

in the scheme 3.

Q # 0Ac 0
k q
Rm[i: Rh{OPiv) (0.1 mmel) 'R,m O#Ac
R2 R'l

6-3 T2
Where
&6, 10. Rj=Rz = -CH;. Rh.{ OFivl, = Rha(QOCCICH-CH:)
7 1 R|=R2 -H I[ }4 2( [ .:}._ M
8, 12, R]"‘_ H, R2 = -'CH{CH;]:

Scheme 3

Commercially available vinyl acelate 9 was selected as reaction material. Cyclization
with 2-diazo-cyclohexane-1,3-dione derivatives 6-8 by Rha{OPiv)s calalyzed reaction at
room temperature led to the desired products 10-12 as in the shown scheme 3. Reaclion
of enuy 1 with 2-diazo-5, S-dimethyl-cyclohexane-1, 3-dione gave product in the highes!
yield (66%) in the wable 2.
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Table 2: Synthesis of 4-0x0- 2,3,4,5,6,7-hexnhydro-benzofuran-2-yl acetate 10-12:

Entry  2-Diazo-cyclohexane Vinyl acetate Product Yield {%4)
-1,3-dione derivatives
L O
: [”:‘i"z
’ STOAL OAD a6
(] 7 O
] ]
10
O O
N2 /~OA
z 4 ¢ QAL 42
O O
7 11
1 G 0
2
OAr OAC
3 [ ﬁ Q Ll
g 12

C;mﬂl}'ﬁ[.' R.h.z{DPi.Vll { lmﬂll%}, n

Effect of catalyst, solvent and Temperature:

Effect of catalyst: There were used several cornmen catalyst, such as; copper (1) 1odide,
bis-triphenyl Palladium (If) chloride and Rhodium pivalet in different portion to choose
best catalyst, the best result obtained by using Rha(OPiv) catalyst in vinyl acetatc as a

reaction matenal.

Fffect of solvent: In order to pet good yield for above reaction, several solvents werc
used, for example chloroform, methylene chloride. carbon tetrachlorde, and without

solvent, the good percentage of yield was oblained by neat reaction i.e. without solvent.

Temperature effect: For achieving highest percentage of product the reaction was
carmed out at several temperature such as, at room temperafure, elevated temperature i.e.
40-50°C and high lemperamre. At high temperature, the starting materials were
decomposed and at an elevated temperature some unexpecled products were appeared. 50

the suitable temperaturc was selected as roorm temperature.
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Mechanism of the reactions for preparation of 4- oxo- 2,.4.5,6,7-hexahydro-
benzofuran-2-yl acetate:

Although the exact mechanism of the reaction is suli not clear, it can be perceived that
the reactions proceed on according 1o the scheme 4. From ow observation it was clear
that rhodium pivalet is a catalyst in the form of acid salt, so rhodium (1) cation is an acid
catalyst. On the other hand diazo compound is a basc. The initial step, the decomposition
of diazo group is induced by the thodium (II) catalyst. The corresponding cnmpnunﬁ 18
attacked by vinyl acetate to give cation intermediate. Afler leaving rhodium catalyst,
cycloadduct is obtained by elecuo cyclic Ering closure reaction. Ring closure of

cycloadduet gives product 10, :

o =
AnLn

Rhill} I("-hl;hl'll_l‘i :‘ by
o
__‘_@ —r——————— - \“-..._,_,--"/ - ———— 5 [T Tel

Scheme 4
7 3. Characterization of 6,6-dimethyl-4-0x0-2, 3,4,5,6,7-hexahydro-benzofuran-2-yl
acetate 10:
A colourless liquid product was obtained (yield 66%). The structure of compound 1{ was
assigned by spectral data. In the UV spectrum (Fig. 10a} of the compound 19 the value
was found in the range of 253.70 and 239.15 nm.
The IR spectrum (Fig. 10b) showed absorption bands at vimay 2962.5 and 2929.7 em’”’ {sir
-CH;. and -CHjy), 1768.6 em” for (0-COCH3) and 1645.2 em’ for the presences of
ketone groups (-C=0), 1550.7 em’" for stretching of {-C=C-).

The 'H NMR spectrum  (Fig. 10¢) exhibited a one proton double doublet at 8 6.72 (dd.
1H. T =7.51, 16.1 Hz.) for C-2. a three protons singlet at 3.95 (s, 3H) for {CH;- CO-). a
ore proton double doublet at 3.06 {dd. 1H, J=7.51, 16.1 Hz) and 8 2.7% {(dd, 1H, J =7.51,
16.1 Hz) in favor of ~CHa- of C-3, a two hydrogens doublet at §235(d,2H. I =11.24
Hz) and 8 2.25 (d, 2H, ) = 7.08Hz) for the presence of (-CII;-) of both C-5 and C-7,
respectively and a chermnical shift at § 1.11 (s, 3H) and 1.07 (s, 3H) demonsirated Mcthyl
groups (-CH;) which atlached to C-6.
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The compound 10 also established by following characteristic °C NMR spectrum (Fig.
10d) : & 197.89 (C=0), 171.34 (0-C=0), 162.82 (C-8), 105.62 (C-9), 92.24 (C-2), and d
51.38, 41.13, 34.63, 27.89, 27.07, 17.61 and 16.17 designed for C-5, C-7, C-3, -COCH;,
2xCH; and and C-6, correspondingly. So, the 13¢ NMR spectrum indicated (he presence
of twelve carbons in the molecule corresponding to the molecular formula Ci2H 504,

(hereby suggesting the formation of compound 10.

2 3b. Characterization of 4-0x0-2, 3,4,5,6,7-hexahydro - benzofuran-2-yl acetate 11:
The colourless liquid was obtained (yield 42%). The stq'mturc of compound 11 was
conlirmed by UV, IR and NMR spectral data. The UV spectrum (Fig. 11a} indicated the
absorption band at 260.75nm for keto groups. '

The IR spectrum {CCly) (Fig. 11b) of this compound illustrated following characteristic
absorption bands; Vemay 2999.7 and 2927.5 em! {str. -CHy), 1647.1 for (sr. -C=0), 1558.7

em™ for stretching of (-C=C-).

The 'H NMR spectrum (Fig. !1c) assigned the chemical shift for (he determination of
molecular structure of compound 11. Tt is observed that a one proton multiplet at & 6.50
(m, TH) for -CH- of C-2, a three proton singlet at 3.85 (s, 3H) for methyl group of (CHa-
CO-), a one proton double doublet 8 2.95 (dd, 1H, J = 6.86, 14.69 Hz) and 2.72 (dd, 1H,
1 = 6.86, 14.65 Hz) in supporl of -CH- of C-3. a two protons tniplet at 2.44 (t, 2H, I=
5.44 Hz) and 2.35 {1, 21, I = 6.26 Hz) indicated methylene hydrogen of C- 5 and C-7
respectively and a two protons multiplet at § 2.06 (m, 2H}) pointed to the presence of

methylene protons of {C-6).

Further the structure was confirmed by its “C NMR specirum (Fig. 11d) which showed
the chemical shifi positions of & 197.89 (C=0), 171.34 (-O-C=0). 163.8% {C-8), 106.65
(C-9), 92.34 (C-2) and 41.13, 34.63, 3438, 17.61, and 16.17 for remaining carbon
comrespondingly. The displayed the presence of ten carbon zloms comesponding to ils

molecular formula CipHi204.
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23¢. Characterization of b-isopropyl-4-oxo-23,4,5,6,7-hexahydro-benzofuran-2-yl

acetate 12:

A colourless oily product was obtzined {yield 50%). The structure of compound 12 was
recognized from its spectral dala. In UV spectrum (Fig. 12a) the value was found in the

range of 261.73 nm.

The IR spectrum {CCly) (Fig. 12b) demonstrated following characteristic peaks: vmax
2927.7 cm!(str.-CH; or -CHy), 1667.1 for (CH3CO), 1646.6 cm’! (str. C=0), 1548.7 em’
* for stretching of {-C=C-).

In the '"H NMR spectrum { Fig. 12¢} of this compound 12 the chemical shifi wes
observed at § 6.60 {m. 1H) for -CH- of C-2, 3 84 (s, 3H) for methyl group of {CH;-CO-),
5 3.05 (dd, 1H, J = 6.68, 14.69 Hz) and 2.70 (dd, 1H, ] = 6.68, 14.6% Hz) for -CH- of (C-
3), §2.44 (4, 2H, J = 5.44 Hz} and § 2.35 (d, 2H, J = 6.2 Hz) for two protons doublet of
(C-5 & C-7), 81.65 (m, 111} and 1.2¥{m, 1H) for one hydrogen of C-6 and -CH{CHj)s,
respectively and & 0.99 (d, 6H. J=5.69 Hz) for six protons doublet of methy] (2%-CH)
groups of Isopropyl. )

The compound was further established from its “C NMR spectrum (Fig. 12d). The
chemical shifts of this compound were showed following characleristic peak: § 197.89
(C=0), 171.34 (-0-C=0), 162.82 (C-8), 105.62(C-9), 92.24 (C-2) and 4838, 41.38,
17.94, 34.63, 33.89, 21.94, 21.89 and 16.17 for the remaining carbon aloms. The "°C
NMR spectrum indicated the presence of (hirteen carbons in the molecule comresponding

to the molecular formula € 3H1304. thereby suggesting the formation of the compound 12.
On the basis of complete analysis of the UV, IR, 'H NMR. and “C NMR spectra the

structure of this compound was accorded as 6-isopropyl-4-0x0-2,3.4,5,6.7-hexahydro-

benzofuran-2-yl acetate 12:
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2.4. Synthesis  of 2-phenyl-6, 7- dihydro-5H-benzofurun-4-one 14,16,18 and 1-
phenyl-spiro {2.5] oct-1-ene-4, §-fione 15,17,19:

The decomposition of diazo compounds with terminal acetylene using commercial metal

mediated catalyst has been reporied®’. During the preparation of 2-phenyl-6, 7- dihydro-

5H-benzoluran-4-one, a by product was obtained unexpectedly. The second product i-

phenyl-spiro[2.5joct-1-ene-4, 8-dione was obtained as ‘major product when 2-diazo-

cyclohexane-1,3-dionc derivatives 6-8 were Ireated with phenyl acetylene at room

temperature {Scheme 3).

3 /@ '|
RI“‘;

o Rhy(OPiv), (0.1 mmu]} ;
R
Rz -3 T, 24 hrs 14 16,18 b 17,19

Where
, &,04 & 15. R =R; = -CHa,
. 7,16 & 17. R =Ry =-H
8,18 & 19. R,=H, R; = -CH(CH1)»
Scheme 5

Direct cyclization of 2-diazo -cyclohexane-1, 3-dicne derivatives 6-8 with phenyl
acetylene by metal mediated catalyzed reaction at room lemperature led 1o the desired
products (14,16 18) and by products (15,17,19). Several reactions of pheny] acetylene
with a series of 2-diazo-cyclohexane-1.3-dione derivalives have been investigated to give
coresponding 2-phenyl-6, 7- dihydro-5H-benzofuran-4-one and 1-phenyl-spiro[2.5]oct-

1-ene-4. B-dione derivatives are shown in lable Lhe table 3.
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Table 3: Synthesis of 2-phenyl-6, 7- dihydro-5H-benzofuran-4-one 14,16,18 and 1-
phenyl-spiro [2.5] oct-1-ene-4, B-dione 15,17,18:

Entry 2-Dvazo cyclo-  Phenyl Prodoct Yick (%} Product Yield (%)
hexane-1,3-dione acetylene
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To optimize product yields, several common solvents and metal mediated catalysts have

been used as follows.

EfTect of catalyst, solvent and Temperature:

Flfect of catalyst: There were used scveral common catalys, such as; copper (1) iodide,
bis-triphenyl palladium (IT) chloride and rhodium pivalet in different porlion to choose
the best catalyst. The best result oblained by using Rhy(OPiv)y catalyst in phenyl
acetylene as a reaclion matenal.

Elfect of solvent: In order to get good yield for above reaction, several soivenis were
used, for example chloroform, methylenc chloride, carbon tetrachloride, and wathout

solvent. The good percentage of yield was obtained by neat reaction i.e. without solvent.

Temperature effect: For achieving highest percentage of product, the reaction was
carried out at severa! temperature such as room temperature, elevated temperarure l.e. 40-
50°C and high temperature. At high telmperahuc, the starting materials were decompesed
and at elevated lemperature some unexpected products were appeared. So the best

suitable lemperature was selected as room temperature.
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Mechanism of the reactions for preparation of 2-phenyl-6, 7- dibydro-SH-
benzofuran-4-one 14,16,18:;

The reaction proceeds smoothly in a short reaction time (2-3h) for tenminal alkynes
while alkenes were found to be comparatively low reactive than alkynes. The mechanism
of this reaction is similar to synthesis of hexahydro-benzofuran-2-yl acetate reaction in
the scheme 4. The loss of nitrogen is followed by Lhe rhodium catalyst shift. It was
described as shewn in scheme 6. The corresponding compound is attacked by phenyl

acetylenc to give cation intermediate. The lost of rhodium cation is followed by the

double bond shift 1o form expected electrocyelic ring close product®.

o O o~ a = O
)‘l\‘&ﬁg Rhfll} RhLn .'f;,- - Rh?@ Rhin
f L 7 — — I
Mﬂ e o O g

h
Scheme 6

Mechanism of the reactions for preparation of 1-phenyl-spiro [2.5] oct-1-ene-4, 8-
dione 15,17,18:

Although the exact mechanism of the reaction is still not clear, it 15 best described as
shown in the Scheme 7a. We reasoned that placement of electron-withdrawing groups on
the benzene ring of phenyl acetylene might decrease the nucleophilicity of the carbon-carbon
double bond towards the intermediate electrophilic carbene. Using rhodium (il) catalysL
selectivities did, in fact. increase the ¢yclopropene part.’*

The diazo compound first gives a carbene by expulsion of Rhy(OPiv)s. Intermediate 15
trapped by the double bond of alkylene group to give cyclopropene. Notable is the

influence of the ligand ester group in the catalyst on enantiocontrol in cyclopropenation.

0 O 0
W, RRiN WQ
1 . —_— - S
N \-,_._,_..-/ a |
4 2 4] P

Scheme 7a I
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The other reporter explained the mechanism for the cyctopropenation in different way. It
can be explained by the formation of cyclic product first and continued by the

rearrangement of furan to form 3- member nng. The compound is stable as the by-

prod uct*.

Scheme 7h

£

2.4a. Characterization of 6,6-dimethyl-2-phenyl-6, 7-dihydro-5H-benzofuran-4-one
14:

A vellow oily product was obtained (yield 24.7%). The structure of compound 14 was
established by spectral data. In the UV spectrum (Fig. 14a) the Amex value was found in
the range of 257.15 nm [or the absorption of phenyl and ketone group.

The IR spectrum (Fig. 14b) of the compound 14 has given an 1dea about the following
characteristic picks: Ve 3076.0 (str. Ar-H or C =CH), 2962.5 (str. -CHy, and -CH3),
1676.0( str.C=0), 1550.7 em™ for stretching of (-C=C-).

The 'H NMR spectrum {Fig. 14¢) exhibited the chemical shift for assigning (he structure
of compound 14. It is observed that a two-proten doublet at & 7.69 (d. 2H. J = 7.86 Hz)
indicated of (Ar-H), 7.48 (t, 2H, I = 7.46 Hz) of (Ac-H), 7.30 (1, 1H. J = 7.26Hz) of {Ar-
H), 5.38 (s, 1H) indicated one hydrogen of C-3.2.76 (s, 2H, C-3)and & 2.31{s, 2H, C-7)
for C-5 & C-7 protons and the position of 8 0.99 (s, 6H) displayed methyl groups (2x-
" CHs). which confirmed the structure of compound 14. )
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2.4b. Characterization of 6,6-dimethyl-1-phenyl-spiro[2.5]oct-1-ene-4,8-dione 15:
Colourless crystal was collected (yield 62.5%). M.P.: 130-132° C.  The structure of
compound 15 was confirmed by spectral data. In the UV spectrum (Fig. 15a) the ma
value was found in the range of 219.83, 270.45 and 283.55 nm which assigned the
presence of benzene and ketone group.

The IR spectrum (Fig. 15b) revealed following characteristic absorption bands: Vma
3099.4 {str. Ar-H or C =CH), 2958.6 (str. -CH;, and -CH3) and 1676.0 (su. - C=0}.

The 'H NMR spectrum (Fig. 15¢) showed a two-protons doublet at & 7.66(d, 2H. J =
7.86 Hz) for (Ar-H), a two protons triplet at § 7.49(t. 2H, J = 7.88 Hz) for (Ar-H} and
7.29 (t, 1H, J = 7.48) for {Ar-H), a singlet spectrum at 8 6.88 (s, 1H) indicated one
proton of C-2, a two protons singlet at 2. 56 (s, 2H} and & 2.55(s, 2H) in support of C-3
and C-7, respectively and the position of 0.99 (5. 6H) demonstrated methyl groups (2x-

CH;) which confirmed the formation of product 13,

2 4¢. Characterization of 2-Phenyl-6, ?-dihydro-5H-benzofuran-4-one 16:

A yellowish liquid product obtained (yicld 23.36%). The structure of compound 16 was
assigned by speciral data. [n the UV specurum (Fig. 16a) the Amg value was found in the
range of 258.45 and 275.83 nmn.

The IR spectrum (CCly) (Fig. 16b) of this compound analyzed the absorption position of
aromalic proton 4l Vma 3099.4 (Ar-H or C =CH), siretching far methylene protons {-CHz)
gt 2958.6 cm’', 1548.7 em’! [or stretching of (-C=C-}.

The 'H NMR spectrum (Fig. 16c) showed the following charactenstic chemical shift at
5 7.57 (d, 2H, J = 7.46 Hz), 7.36 (t, 2ZH. ] = 7.82 Hz) and 7.29 (1, 1H, J = 7.37Hz) for (Ar-
1), a singlet spectrum at & 5.36 (s, 1H) indicated one hydrogen of C-2. a two proton
triplet at the position of 2.99 {t, 2H, I = 6.26 Hz) and & 2.43 (L, 2H, J = 6.8 Hz) for C-3
and C-7, respectively and the chemical shift position of § 2.33 (m, 2H) for methylene (-
CH,-) protons of C-6. Complete analysis of the UV, IR, and }H NMR spectrum of this

compound was agreement with the suructure accorded to it as synthesis of 2-Phenyl-6, 7-

dihydro-5 H-benzofuran-4-cne 16.
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4 4d. Characterization of 1-Phenyl-spiro [2.5] oct-1-ene-4, 8-dione 17:

Coloutless solid compound was collected (yield 47.16%%), M.P.: 120-] 72°C. The structure
of the compound 17 was justified by UV, IR and NMR spectral data. In (he UV spectrum
(Fig. 17a) of the compound showed Lhe Jmue value in (he range of 261nm for aromatic
ring and keto group.

The IR spectrum (CCly) {I'ig. 17h} of Lhis product exhibited v 30994 and 3033.1 em’!
for aromatic protons (Ar-H or C =CH), 2945.1 cm’! stretching for methylene protons (-

CH,) and 1651.0 cm™ for ketone groups (- C=0).

The 'H NMR spectrum(Fig. 17¢) showsd the chemical shift position of 8 7.77 (d, 2H, J =
7.51 H7), 6 7.49 (t, 2H, T = 9.5 Hz) and § 7.29 (t, 1H, J = 7.36 Hz) in favor of {Ar-H),
6.66 {s. 1H) informed only one hydrogen in cyclopropene ring (C-23. 8 2.95 (t, 2H, I =
6.26 Hz) and & 2.53 (t, 2H,J = 6.15 Hz) indicaled methylene protons of C-3H and C-7H
respectively and 8 2.23 (m, 2H) for the presence of methylene {-CH»-} protons that

justified the structure of cempound 17.

2 de. Characterization of 6-isopropyl-2-phenyl-6, 7-dihydro-5H-benzofurnn-4-one 18:
A colourless liquid was obtained (yield 23.43%,). The structure ol compound 18 was
assigned by spectroscopic data. In UV speclrum (Fig. 18a) the lua valuc was found in

the range of 260.15 nm for kelo group.

Tn the IR spectrum {CCls) (Fig. 18b} of the compound 18, the absorption band of vimay

30096.7 ern” indicated stretching of aromatic proton or double bond protons (Ar-H or C

I

=CH}. 2956.6 cm” for stretching of methylene protons (-CHp). 1667.1 cm’ stretching

for the presences of ketone groups { - C=0).

It is observed by 'H NMR spectrum (Fig. 18¢) that a two-proton doublet at § 7.88 (d, 2H,
J = 7.51 Hz) of (Ar-H), 8 7.69 {t, 2H, ¥ = 7.68 Hz) and b 7.39 {t, 1H, } = 7.37 Hz}
demonstrated 5 protons of (he benzene nng, a singlet spectrum appeared at & 5.28 (s, 1H,
C-3H), § 2.44 (d, 2H, J= 5.4 Hz) and § 2.35 (d, 2H, T = 6.2 Hz) indicated methylene two
hydrogen doublet of C-5 and C-7 respectively, a onc hydrogen multiplet at § 1.76 and
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166 showed C-6 and —CH(CH;); and the peak of & 1.07 {d. 6H. J = 3.72 Hz}
demonstrated six protons doublet of methyl (2x-CHs) groups which confirmed the

structure of product 18.

The structure of the compound further confirmed by its 3¢ NMR spectrum {Fig. 18d)
(100 MHz, CDCh). It was observed that the chemical shift at & 192.89 (C=0), 167.82 (C-
8, 165.82 {C-2), and 134.38, 130.79, 130.61, 130.38, 1299 & 12921 indicated for
benzene protens, and 118.72 (C-9). 11117 (C-3), 41.13 (C-3), 37.54 {C-6), 34.63
{C(CHL3)}, 33.89 (C-7), and 21.94 and 21.81 for 2xCH. So.the *C NMR speclrum
indicated the presence of seventeen carbon atoms in the molecule comesponding to the

molecular formula Cy7H200s, thereby suggesting the formation of compound 18.

2 4f. Characterization of 6-Isopropyl-1-phenyl-spiro |2.5] oct-1-ene-4.8-dione 19:
White crystal was oblained (yield 59.05%), M. P.: 126-128°C. The structure of
compound 19 was interpreted by spectral data. In UV speclrum :fFig. [9a) the & value was
found in the range of 225.35and 299.55nm.

The IR spectrum {CCL} (Fig. 19b) of this compound assigned the following
characteristic absorption peaks: Yma 3099.4 cm’! (str. Ar-H or C=CH}, 2945.1 em” for
stretching of methylenc protons {-CHz). 1666.4 em’! informed the presences of ketone

groups {- C=0) and there was no ester pick of carbon oxygen bond (-C-0).

The 'H NMR spectrum {¥ig. 19¢) of this compound expressed following chemical shif at
§ 7.66 (d, 2H, J = 7.86 Hz), 5 7.39 (. 2H, J = 7.46 Hz) and 3 7.29 (& 1H, J = 7.37) for
{Ar-H) of the benzene ring, a singlet spectrum appeared at 8 7.10 indicated one hydrogen
in cvelopropene ring of (C-2). 8 2.36 (d, 2H,J = 5.4 Hz) and 2.4 {d, 2H, J = 5.40L1z)
indicated the presence of two prowns doublet of C-5H and C-7H.respectively, a one
hydrogen multiplet at the position of 8 1.81 {m, 1H) and 1.47(m. 1H) showed of chiral
carbans of C-6H and —CH(CH;): and the peak at & 1.23 (d, 6H. J'= 8.72) revealed six
protons doublet of methy! (-CHs) groups. The spectra displayed the presence of eighteen

hydrogens correspoading to 1ts molecular formula Cy+H)50>.
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2.5. Synthesis of l-ethur_rmethy]-],S,G,T-tcirnhydru-IH-henzufurnn-d-unes 21,2325
and 1- ethoxymcthyl-spiro{2.5]octane-4,8-dione 22,2426 derivatives:

Decomposition of 3- diazo -chroman-4-cne with vinyl ethyl ether using metal mediated
calalyst has been l‘Epﬂ]‘l.Edm. In order to synthesis of furan derivatives, 2-diazo-
cyclohexane-1,3-dione derivatives 6,7,8 w::.'rl: treated with allyl ethyl ether in presence of
rhedium calalyst at room lemperature to form desired producls 2-ethoxymethyl-3.5.6,7-
tetrahydro-2H-benzofuran-4-one 21,2325, but by preducts 1- ethoxymethyl-

spiro[2.5]octane-4,8-dione 22,24,26 were praduced as a major product as shown in (he

scheme 8 .
0
G xj“‘«_r":'x..-f’ o 3 0
Nz 574 | :
R L R]M KIS O3

i, (s + .
g O Rh(OPiv), (0.LmmoD R, 7 ' 0= RLR A

o 24 hes 21,3415 43,2426

Where
6 21 &£22. Ry=R;= CH;,
7.234&24. Ri=R;=H
8. 25 & 26. R,= H, Ry = -CH(CH;},

Scheme 8

Several reactions of allyl ethyl ether with a series of 2-diazo-cyclohexane-1, 3-dione
derivatives have been investigated to give comesponding 2-ethoxymethyi-3,5,6,7-
terahydro-2H-benzofuran-4-one 21,2325 and by products 1-  ethoxymeihyl-
spiro[2.5]octane-4,8-dione 22,24,26 derivatives as shown in the lable 4.
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Table 4: Synthesis of 2-ethoxymethyl-3,5,6,7-tetrahydro-2 8- benzofuran-4-one
212325 and 1- cthoxymethyl-spiro[2.5]octane-4,8-dionc 22.24,26 derivatives:

Entry 2-Diazo cyclo-  Allyl ethyl Product Yiel (%} Product Yicld (%)
hexane-1,3-dione  ether ‘
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To optimize product yields, several common sofvents and melal mediated catalysts have
been used as above. The rhodium (1I) catalyzed decompasition of diazo diketones in the
presence  of terminal alkenes, the best results obtained for cyclopropanes and
dibydrofurans. The isolation of which depends on the nature of the electron withdrawing
group of the compounds. Afier eslimation of yield percentage cyclopropanes were

coltected with highest yield (78%) which was more than three times of [urans as shown

in the lable 4.

F.iTect of catalyst, solveat and temperature:

There were used several common catalyst, solvent and some different temperature (o
obtain Lhe high yield, the best result obtained by using Rhy(OPiv)s catalyst in allyl ethyl

eiher as reaction matenal and room temperature.
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Reaction mechanism of 2-cthoxymethyl-3,5.6,7-tetrahydro-2H- benzofuran-4-one
21,2325 and 22,24,26:

The mechanism of this reaction is similar to the synthesis of 2-phenyl-6. 7- dihydro-5#{-
benzofuran-d-one reaction form 2-diazo-cyelohexane-1,3-dione denvatives 6,7,8. The
loss of nilrogen is followed by the rhodium (II) catalyst shifi and (he following
electrophilic addition by ally! ethyl ether lead to expected intermediate carbony!
compounds. The lost of rhodium cation is followed by the double bond shift to form
expected electrocyclie ring closed product®® as shown in the scheme 6.  The
cyclopropane can be explained by the formation of cyclic product first and continued by
the rearrangement of furan to form 3- member riné. The compound is stable as the by-

product®™ ¥* (scheme 7a and 7b).

2.5a. Characterization of 2-ethur}'methyl—ﬁ,ﬁ-dimethyI-S,S,ﬁ,T-tetrahydrn-IH-
benzofuran-4-one 21: 1

Colourless liquid was yietded at 18%. The structure of compound 21 was assigned by
speciral data. In UV spectrum {Fig.21a) the kmax value was found in the range of 266.60

nm.

The IR spectrum (CCLs) {(Fig.21b) of the compound 21 exhibited following characteristic
absorption bands at veae 2938.6 em’! (sm. -CHj, and -CHy), 1676.0 em” informed the
presence of ketone groups {- C=0). 1330.7 em” for stretching of (-C=C-).

The "H NMR spectrum (Fig. 21¢) of this product showed that a one proton multiplet at &
4.94(m, 1H. C-2H), a four protons multiplet at 3 3.56 -3.4% (m, 4H) identified {-CH;-)
which is artached to (-O-) of ether, a one proton wiplet at § 2.85 (t, 1H,J = 10.35 Hz} and
251 (m, 1H) for C-3H, a two protons singlet at 8 2.27 (s, 2H) and 2.19 (s. 2H) indicated
for C-5H and C-7H respectively, § 1.2 (1. 3H, J =7.02 Hz) informed the presence of three
protons triplet of (-CH3) which is attached to [-CH;] and @ six protons singlet at & 1.06
(s, 6H) for two methyl groups (2x-CH;) which is attached to C-6. The 'H NMR
spectrum indicated ihe presence of twenty two hydrogen in (he molecule corresponding

10 the motecular formula C,3Hx0;, thereby suggesting the formation of the compound 21.
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2.5h.Characterization of 1-ethoxymethyt-6,6-dimethyl-spiro[2.5joctane-4,8-dione 22:

A yellowish oily product was obtained (yield 78%).The structure of compound 22 was
confirmed by UV, IR, and NMR data. In UV spectrum {Fig. 22a) the kqa. value was
found in the range of 285.15, 255.20, 235.95 nm.

The IR spectrum (Fig. 22b) of the compound 22 showed the following identical
absorption bands: Ve 2962.5 cm’™ and 2929.7 cm” (str. -CHs, and ~-CHa). 1768.6 em™

and 1645.2 cm’ informed the presences of ketone groups (- C=0).

The 1H NMR spectrum(Fig. 22c) of the compound 22 revealed that a onc proton double
doublet at 5 3.66 (dd, 1H, J=4.52, 12.2 Hz) and multiplet at 3.43-3.18 {m. 1H) which 18
attached to C-1", a two protons multiplet at § 3.25 (m, 2H, C-2) which atiached to {-0-), a
four protons multiplet at 2.67 (m, 4H) of (C-3 and C-7), a onc pmtnlzm muldplet at & 2.29-
2.19 (m, 1H) of C-1, s one proton double doublet at 1.96 (dd, 1H, ] =3.18. 8.91 Hz) and
1.87 (dd, 11, J = 3.18, 8.91 Hz} contained -CH- of C-2, § 1.09 (L, 3H, ] =7.0Hz, C-3'H)
indicated the presence of three protons triplet of terminal (-CHs) and 3 1.15 and 1.02 (s,
3H) showed two methyl groups (2x-CH;). On the basis of above spectral dala, it was

confirmed (he formation of compound 22.

2 5¢. Characterization of 2-ethoxymethyl-3, 5, 6, 7-tetrahydro-2H-benzofuran—-one 23:
Colourless liquid compound was yielded at 18%. The structure of compound 23 was
recognized by spectral dala The UV spectrum (Fig. 23a) of the compound was
highlighted at absorption bands at 260.15. 238.20 nm.

The [R spectrum (CCLy) (Fig. 23b) of this compound expressed following absorption
band at Vo 2958.6 cm(str. -CHy), 1647.1 em™ (str. - C=0), 1548.7 cm’' for stretching
of {(-C=C-}.

The 'H NMR spectrum (Fig. 23¢) of this compound explained a one prf:nmn muitiplet at &
4.98- 4.88 {m, 1H, C-2H), two protons multiplet at 5 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 3 2.89 — 2.80 {m,
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IHyand 2.51 - 2.43 (m, 1H) for -CHa- of C-3. 8 2.41- 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
that order and & 0.88 {t. 3H. J = 3.85Hz} indicated the presence of Lhree protons triplet
for terminal (-CH;). The presence of sixteen hydrogen atoms was in good agreement with

the molecular formula of C1iHi60s.

* 5 54, Characterization of 1-ethoxymethyl-spiro [2.5] octane-d, 8-dione 24:
A reddish oily product was obined 56% yield. The structure of compound 24 was
interpreted by spectral data. In UV spectrum (Fig. 2da) the Amax value was found in the
range L;:f284.45, 258.55 nm.

The IR spectrum (CCly) (Fig. 24b) of (he Compound 24 exhibited the absorption at ¥pma.
2962 5 and 2945.1 cm’ for stretching of (-CH, and -CHz), 1666.4 cm™ for the presences

of ketone groups stretching (- C=0).

The 'H NMR spectrum (Fig. 24c¢) of this product 24 revealed (hat a one proton double
doublet at & 3.69 (dd, 1H, ] = 4.54, 10.59 Hz. C-1') and multiplet at 3.43-3.33(m, 1H. C-
1" for -CHa- which is artached to (-0-), a one proton multiplet at 3.29-3.19 {m, 1H, C-2%
and triplet at 3.13 (t, 1H, J = 10.36 Hz, C-2) indicated the presence of (-CH;-) that
attached to (-0-), a two proton multiplet at 2.89-2.65 (m, 2H) and 2.61-2.53 (m, 2H) and
221 {m, 2H) peinted toward (~CHz-} for parent cyclohexane ning of (C-5 ,C-7 & C-6
respectively), 2.04-1.9% (m, 1H, C-1) demonstrated (-CH-) of C-1, a one proton double
doublet at 1.97-1.94 (dd. 1H. J = 3.31, B.85Hz) and 1.88 {dd, 1H, J = 3.31, 8.85Hz) point
to {-CH,-) of C-2, and a chemical shilt of 1.07 {1. 3H, J = 7.0 Hz) wiplet for methyl
protons {~CH.).

Complete analysis of speciral dala, the structure of this compound was accorded as 1-

ethoxymethyl-spiro [2.5] octane-4, 8-dione 24
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7 8. Characterization of 2-ethoxymethyl-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 Amax value was found in the

range of 255.15 nm.

The IR spectrum (CCly) (Fig. 25b) of the compound 25 illustrated following
characteristic band: Vi 2958.6 crn™ stretehing of (-CHy and —CH;). 1676.0 cm™ striching

of kelo groups ( ~C=0). 1550.7 cm” for stretching of (-C=C-).

The'H NMR spectrum (Fig. 25¢) of this compound displayed follewing chemical shift at
& 5.04.9 (m, 1H) of C-2H. 3.58-3.4% (m, 4H) of -CHo- which is attached to (-O-). &
2 84(m, 1H) and 2.52 (m. H) for -CHp- of C-3, 8 2.37(m. 2H) and 2.14{m, 2H)
indicated methylene two hydrogen of C-5 & C-7 respectively, & 2.04 (m, 1H} and 1.60
{m, 1H) showed terliary hydrogen of C-6 and -CH{CH3};. & 1.20 (m, 3H) informed the

presence of terminal three protons and u chemical shifi at & 0.91(d, 6H, J =5.44) carried

aut two methyl groups (2x-CH;) of isopropyl.

3 5. Characterization of I-ethexymethyl-6-isopropyl-spiro [2.5] octane-4,8-dione 26:
A vellowish oily product was obtained at 37% yield. The strucrure of compound 26 was
interpreted by following spectral data. In UV spectrum (Fig. 26a), some differcnt value
was found in the range of Ay 277.553 Bnd 253.350m.

The IR spectrum (CCly) (Fig. 26b) of the product 26 ex hibited following characteristi{-:
band at Vo 2062.5 and 2929.5 cov” (str. -CHs, and -CHy), 1764.1 and 1641.2 cm™ (st

C=0).

In the '"H NMR spectrum (Fig. 26¢) of this compound. a one proton double doublet at &
3.66 (dd, 1H, J = 4.5, 8.4 Hz C-1) and 3.25 (m, 1H, C-1') of CH; which is nearest of C-1.
3.15 (m, 1H, C-2"y and 2.71 {m. 11, C-2) of (-CH,-) which is attached to (-0-), 2.30 (m,
2H) and 2.22 (m, 2H) of C-5 and C-7 respectively. 1.94 (m, 1. C-2) for CH of C-2, 1.85
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(m, 18) and 1.62 {m, 1H) indicaled -CH;- 0f C-2, 5 1.50(m, 1H, C-6) and 1.45(m, 1H, -
CH(CH3y), 6093 (d, 6H,J = 6.82 iz} for wo methyi groups (2x-CH;) of isopropyl
and 0.84 {t, 3H. } = 7.39 Hz) for terminal three protons (-CHa).

On the basis of analysis of the UV, IR, 'H NMR specira, the siructure of compound 26

was accorded as 1-ethoxymethyl-6-isopropyl-spiro [2.5] octanc-4.8-dione.

2.6. Synthesis 2-chloromethyl-3, 5, 6, 7-tetrshydro-2H-benzofuran-4-one 18,2930
derivatives:

Dihydrofurans prepared by treating diazo compound with clei:trrcm—deﬁciem olefin (allyl
jodide) using metal mediated catalyst have been pubiishedﬁz. Te obtained 2-
chloromethyl-3, 5, 6, 7-tetrahydro-2#/-benzofuran-4-one 28,2930 derivatives, 2-diazo-
cyvclohexane-1,3-dione derivatives 6,7,8 were treated with allly! chioride in presence of

rhodium catalyst at room temperature shown in the scheme 9.
O

0
N ,-;,'r‘““-\/CI !
2
| 27 . R
R g ! 0 i

Rhy(OPiv), (0.1 mmol) .8 .
Rs 6 1, 2-3 he 28,29 & 30
Where
6, 28, R|_=R.: = -CH'_;,
?, 29 R;=R.:_| =.H

% 30.R,=H, R; =-CH{CH3};
Scheme 9
There were several reactions of allyl chloride with 2-diazo-cyclohexane-1, 3-dione
derivatives 6-8 have becn investipated to yield corresponding 2-chloromethyl-3, 5, 6, 7-
tetrahydro-2 H-benzofuran-4-one 28,2930 derivatives are shown in the table 7. Reaction
of eutry 1 with 2-diazo-5,5-dimethyl-cyclohexane-1.3-dione gave product 28 in the
highest yield. 62.15%.
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Table 7: Synthesis of 2-chloromethyl-3, 5, 6, 7-tetrahydro-2f-benzofuran-4-one

28,2930 derivatives:
Entry 2-Diaze-cyclohexane- 4oy tiande Product Yiekd {949}
1. 3-diong i
O
| z 6216
& o - 23 <l
0 G
) f‘:ENz e @j{?ﬂ | 35.67
3
0 2 w0 ©
7
0 0
1 i
2
#r Ll m
3. <o 27 370

Catahyst: Rh-{OFiv)y (1mol%s), RI

To get highest percentage of product yield, several common solvents and metal mediated
calalysts have been used os above. The rhodium (ITy catalyzed decompositien of diazo
diketones in the presence of allyl chloride, the best results carried out for dihydrofurans.
The isolaticn of which depends on the nature of the electron withdrawing group of the
compounds. After estimation of yield percentage dihydrofuran derivatives were collected

highest yield percentage.

Efcet of catalyst, solvent and temperature:

There were used several common catalyst. solvent and some difterent temperature 10
obtain the highest yield, the best result obtained by using Rhx{OPiv), calalyst in allyl
chloride as a reaction material and room femperature.

Reaction mechanism of 2-chloromethyl-3, 5, 6, 7-tetrabyd ro-2if-benzofuran—--ooe 28,29 30:
The mechanism of this reaction is similar to the syntbesis of 2-phenyl-6, 7- dihydro- SH-
benzofuran-d-cne form 2-diazo-cyclohexane-1,3-dione derivatives 6,7,8. The loss of
nitrogen is followed by the rhodium (II) catalyst shift and the following elecwrofilic
addition by ally! chloride lead to carbonyl compounds. The {ost of rhodium cation is
followed by Lhe double bond shifi to form furan ring closer product® scheme 6.
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2.6a. Characterization of 2-chloromethyl-6,6-dimethyl-3,5,6,7-tetrahydro-2 -
benzofuran-4-onc 2B:

A vellowish liquid product 28 was yielded at 62.16%. The compound 28 was
characterized the UV, IR and NMR specira data. [n UV spectrum (Fig. 28a) the Amax

value was found in the range of 276.30 nm.

In the [R spectrum (Fig. 28b) of the compound, the stretching of methy! protons at Vi
2929.7 em” and 2926.5 cm’, the stretching of ketone groups (- C=0) at 16452 cm™,
1550,7 em™ for stfetching of (-C=C-}.

The 'M NMR spectrum (Fig. 28¢) of this compound exhibited the following
characteristic chemical shift at & 5.02 (m,1H, C-2), & 3.65 (m. 2H) for methylene two
hvdrogen muliiplet of (-CHx-Cl}. § 2.96 (m, IH) and & 2.72 (dd, J = 6.74. 13.0 Hz)
comained -CHa- of C-3, a two protons singlet at § 2.2% (s, 2H) and 2.21 (5, 2H) of parent
eyelohexane C-5 and C-7, respectively and & 1.08 (s, 6H) six protons singlet of two
methy} (2%-CH3) groups. From the above specira the structure of compound 28 was

esiablished as molecular formula of €y HsClO0,.

26b. Characterization of 2-chloremethyl-3,5,6,7-tetrahydre-2H-benzofuran-4-one
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: A, 270.45 nm.

The IR spectrum (Fig. 26b) of this compound exhibited following characteristic peaks at
Voae 2627.7 and 2854.5 cm” for stretching of methyl protons. 1548.7 cm™ for stretching

of (-C=C-). .

The 'H NMR spectrum (Fig. 29b) of the compound 29 showed a one proton multiplet at §
5.00 (m, 1H) of {C-2H), & 3.65 (m, 2H} for methylene two hydrogen of (-CH;z-C1}, a one
proten double doublet at 2.5 (dd, 1H J = 6.86, 14.69 Hz) and 2.70 (dd, 1H, J = 6.86,
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14.69 Hz) for -CH;- of {C-3). a two protons muitiplet at 8 2.45(t, 2H, J = 6.26 Hz C-5)
and triplet at 2.33 (t, 2H, ] = 5.44 Hz) and two protons multiplet at 2.04 (m, 2H) for -
CHs- of parent cyclohexane of C-3, C-6, C-7, respectively. The 'H NMR spectrums
indicated the presence of eleven hydrogen atoms in the meolecule corresponding to the

molecular formula CoHy ClOs.

3 6c. Characterization of 2-chloromethyl-6-isopropyl-3, 5, 6, 7-tetrahydro-1H-
benzofuran-d-one 30:
A colourless liquid was produced at 37% yield. In UV spectrum {Fig. 30a) of the

compound, the Amay value was found in the range of 270.65 nm.

The IR spectrum (Fig.30b) showed following peaks: vima: 2952.8 and 2929.7 em” (str. -
CHs, and -CHg), 1647.1 em”? (str. - C=0). 1548.7cm’’ for stretching of (-C=C-}.

[n the 'H NMR spectrum (Fig.30c) of this compound, a one proton multiplet at the
position of &y 5.0-4.9 (m, 1H, C-2). 3.58-3.49 (m, 2H) indicated methylene two hydrogen
multiplet of {(-CH;-Cl), a proton double doublet at 2.96 (dd, 1HJ = 3.18, 8.91 Hz, C-3)
and 2.84 (dd, 1H, J = 3.18. 8.91 Hz, C-3), a two protons doublet at & 2.37(d, 2H, J =
16.1 Iz, C-5) and 2.14 (d. 2H, J = 1548 Hz, C-7) contained -CHy- of parent
cvclohexane, a one proton muliiplet at 1.94 (m, 1H, C-6) and 1.60 (m, 1H, -CH{CH3)2)
and a six protons doublet at 3 0.91 (d, 6H, J =5.44 Hz ) indicaied two methyl (2»-CHa}
STOUPS.

On the basis of analysis of three spectral data, the compound was in complete agreement
with the structure of accorded to it as 2-chloromethy!-6-isopropyl-3, 5, 6, 7-tetrahydro-

I H-benzofuran-4-one 30.
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Table 8: Distinction amoeng some diazo compounds:

[Results and discussions|

Comp | Siructure UV{nm) IR spectrum in Y, e’ I1H NMERE{G)
. Mo, ;"-mu
6 G 27730, | 2189.1 (diazo, C=Ny), 2144.7(diazo, C=Ny), 81 242 (s, 4H, C-4 & C-6 Ha) & & 1.02 (s, 611,
1|
ﬁ 2 124080 | 1633.6 (C~O). 2%-CHy).
[
7 0 28035, | 2192.9(diave. C=N3), 2129.3 (diazo. C=Na). Fuy 2.97 (L 21, J= 6.26, C-4H), 2.53 ( 1. 2H. I
M
ii 2 23783 1645.2 (C=0). =6.15, C-6H) & 2.23 (m, 2H, C-5H)
[
8 0 276.53, | 2192.9 (diazo, C=Ny), 2129.3 (diazo, C=N3), By 2.83, (dd, 2H, J =8.26, 23.32 Hz, C-4), 8 2.70 (dd,
235.85 1641.3 (C=0).

2H, J = 8.26, 23.32 Hz, C.6), & 1.61(m, TH, C-5), &
1.20 {m, 1H, -CH{CHy),;} & 8 0.92 (d, 6H, -CH;, ) =

| 8.31Hz, 2%-CH,).
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Table 9: Distinction among snme spectral data of 4-0x0- 2,3,4,5,6,7-hexahydro-benzofuran-2-yl acetate derivatives 10-12:

Comp. | Structure UVinm) 1R spectrum in viax 1H NMR(&}
No. F ﬂmil
10 O . 2537, 2962.5, 1768.6, o 6.72 (dd, 1L, J = 7.51, 16.1 Hz, C-2), 3.95 (s, 3, OCOCH;),
mgm 1645,2, 1550.7 (C=C) | 3.06 (dd, 1H, J = 7.51, 16.1 Iz, C-3), & 2.79 (dd, 1H, J =7.51, 16.1
Q)
em’’ Hz, C-3),6 235 (d, 2H, J = 11.24 He, C-5), 8§ 2.25 (d, 2H, J = 7.08,
C-73,8 1.11 (s, 3H, -CH3) & 1,07 (8, 3H, -CHa).
11 O 260.75 2057.8, 1646.4, &y 6.50 (m, 111, C-2), 3.85 (s, 3H, -OCOCII3), 2.95(dd, 1M, ] =
mom 1650.5, 1558.7 (C=C) | 6.86, 14.69 Iz, C-3), 2.72 (dd, 1, J = 6.86, 14.69 FHz, C-3), 2.44 (1,
© em™ 211, 1= 5.44 11z, C-5), 2.35 {t, 2H, J = 6.26 Mz, C-7) & 2.06 (m, 211,
C-0).
12 O 261.75, 2927.7,1647.1, oy 6.60 {m, 1H, C-2), 3.84 (s, 3H, -OCCOCH3), 295 (dd, 1H, I =

—OAC

1548.7 {C=C) cm™

6.68, 14.69 Hz, C-3), 2.70 (dd, 1H, J = 6.68, 14.60 [z, C-3), 2.44 (d,
2H, J = 5.44Hz, C-5), 2.35 (d, 2H, ) = 6.20Hz, C-7), 1.65 (m, 1H,
C-63, 1.21 {m, 1H, CH(CH3):} and 0.99 (d, 611, 1=5.691z, 2=CH;).
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Table 10: Distinction among seme spectral data of 2-phenyl-6,7-dihydro-5H-benzofuran-4-one derivatives 14,16,18 and 2-

phenyl-3, 5,6,7-tetrahydro-2fI-henzofuran-4-one derivatives 15,17,19:

Comp | Structure UV({nm} | IR spectrum in Vi 1H NMR{6p)
.No. hans cm’ o
14 0 257,15, 3076.0, 2962.5, & 7.69 (d, 2H, ) = 7.86 Hz, ArH), 7.48 {t, 2H, J = 7.46Hz, ArH),
R 220.65 1676.0 (C=0), 7.30 (1, 1H, J = 7.26, ArH), 5.38 (s, 1H, C-3), 2,76 (s, 2H, C-5), 2.51
O 1550.7(C=Cyem™. | (s, 2H, C-7) & 0.99 (s, GH, 2xCHj).
s o 283.55,270.4, | 3099.4, 29586, B4y 7.76 (d, 2H, J = 7.86 11z, ArlD), 7.49 (1, 2H.J = 7.88 Hz. ArlT), 7.29
7&@ 219.85 1676.0 cm™. (t, 1H, ) = 7.26 Hz, Arli). 6.88 (s, 111, C-3), 2.56 (s, 2, C-5), 2.55 (s,
0 2H, C-7), and 0.99 (s, 611, 2 CHs).
16 Q 275.85, 258.4, | 3099.4, 2958.6, 8y 7.57 (d, 2H, J = 7.46 Hz, ArH), 7.36 (1, 2H, J =7.82 Hz, ArH), 7.29
m 220.85 1678.7 (C=0), {m. 1H, ArH), 5.36 (s, 1H, C-3), 2.99 (t, 2H, ] = 6.26 Hz, C-5), 2.43
© 15487 (C=Cycem™. | (t, 2H,J = 6.8 Hz, C-7) & 2.33(m, 2H, C-6).
17 € _ 296.55,260.3, | 3099.4, 3053.3, 8117.77 {d. 1 = 5.63 Hz, ArH), 7.49 (1, 21, J = 5.86 Hz, ArH), 7.29 (m,
. f_:, 22345 2045.1, 1671.0em™ | 1H, ArH). 6.66 (s, 1H, C-3H), 2.95 (1, 2H, J = 4.69 Hz, C-5H), 2.53 (4,

2HL T=5.10Hz, C-7I) & 2.23 (m, 21, C-6H}.
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18 2603, 223.45 | A0096.7, 2956.6. g 7.88{d. 2F, I =7.51 Hz, C-ArH), 7.69 {1, 2H, J =7.82 1z, ArID),
|_; \;} 1667.1, 1546.7 (C=C) | 7.39 (m, 1H, ArH), 5.28 ¢s, 1H, C-3H), 2.44 (d, 2F1, § = 5.4 Hz, C-
em™. 5H, 2.35 (d, 2H. J = 6.2117. C-7H). 1.76 (m, 1H, C-6H), 1.66 (m, 1 H,
_CH(CHa);) and 1.07 (d, 6H, J = 8.72Hz, 2xCH,).
T 0 260.15, 30994, 2045.1, 811 7.66 (d, 2L, J = 7.51 Hz, ArH), 7.30 (1, 2H, ] = 7.46 11z, ArHD), 7.20
‘b O 220.95 1666.4 cm”

(t, 1H, I =7.37Hz, ArH), 7.10 (s, 1H, C-3H), § 2.36 (d, 2H, ] =
5.4Hz, C-5H), 2.4 (d, 2H, ] = 5.4 Bz, C-7H), 1.81 {m, 1H, C-6H), 1.47
{m, 1 {1, -CH{CIT3),) and 1.23 (d, 6H, ] = 8.72Hz, 2xCH,).
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Table 1}: Distinction among some speetral data of 2-cthoxymethyl-hexahydre-benzofuran-4-one derivatives 21, 23, 25 and 1-

Fthoxymethyl-spiro [2.5] octance-4, 8-dione 22, 24, 26:

Comp | Structure UVi{nm) | IR spectrum 1H NMR(8}

. No. I N Vg M

21 C['\ 266,60 1647.8, ): 61 4.94 (m, 1H, C-2), 3.56 -3.49 (m, 4H, -CH,OCIl;-), 2.85 (m, 1H, C-3), 2.51
__)ij;u e 1550.7 fm, 111, C-3), 2,27 (s, 2H, C-5), 219 (s, ZH, C-7), 1.2 (t, 3F, 1 = 7.02 Hz, -Cl13) &

N (C=C)em™. | 1.06 (s, 611, 2%-CHa),

22 O 28515 1768.6, 8y 3.68 (dd, 1H, J=4.52,12.2 Hz, -C-1", 3.65(m, 1H, C-11, 3.27 (m, 2[{, C-2Y,

ﬁé\&\/@v’ 1645.2 cm™'. | 2.67-2.43 (m, 4H, C-5 &C-7), 2.29-2.19 (m, 1H, C-1), 1.96 (dd, 1H, ] = 3.18, 8 9]
~"0 Hz, C-2), 1.87 (dd, 1H,J = 3.18, 8.91 Hz, C-2). 1.15 (s, 311, C-3", 1.09 (t, 3H, J =
7.0 Hy, -CH3) & 1,02 (s, 3H, -CH,).

23 0 260.15 16471, Oy 4.98- 488 (m, |H, C-2), 3,59 - 3,45 (m, 2H, -CH;0-), 3.44- 339 (m, 2H -

dj[\—\ 1548.7 OCHz-), 2.8%-2.80 (m, 1H, C-3), 2.51 - 2.43 {m, 1H, C-3), 2.41- 2.3% (m, 2H, C-53),
o0 (C=C)em”. |2.34-2.29 (m, 2H, C-7), 2.00 (¢, 2H, J = 6.36 Hz, C-6), 0.88 (t, 3H, ] = 3.85Hz,

CHy).
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24 O 28445 {6664, 369 (dd, 11, I =454, 10.59 11z, C-1"), 3.43-3.33 (m. 1H, C-1", 3.29-3.19 {m,
&\/Ow 1655.5em™ | 111, €-29,3.13 (t, LH, ] = 10.36 Hz, C-2'), 2.89-2.65 (m, 2H, C-5), 2.61-2.53 (m,
© 2H, C-7), 2.21 (m, 21, C-6), 2.04-1.99 (m, 1H, C-1), 1.97-1.94 (dd, 1H, J = 3.31,
8.85 Hz, C-2), 1.88 (dd, 1H, ) = 3,31, 8.85 Hz, C-2) & 1.07 {1, 3H,J = 7.0 Hz, C-
3.
25 o 25515,  11676.0, 311 5.0-4.9 (m, 1H, C-2), 3.58-3.49 {m, 4H, -CH;0CI1,-), 2.84 (m. 1H, C-3), 2.52 -
\T/é@-_\o 1550.7 237 (m, 111, C-3), 2.37 (m, 211, C-5). 2.14 (m. 2}, C-7), 2.04 {m, 1E1, C-6), 1.60
N (C=Cyem [ (m, 15, -CH(CHa)), 1.20 (m, 3H, -CH3) & 0.91 (d, 6H, J =5.44 Hz, 2 x-CHj).
26 0 27735, | 17641, 3 3.66 (dd, 1F, J = 4.5, 8.4 Hz, C-17), 3.25 (m, 1H, C-1, 3.15 (m, 111, C-27, 2.71
0.~ 16412 cm™,

(m, 1H, C-2), 2.30 {m, 2H, C-5), 2.22 (m, 2H, C-7), 1.94 {m, 1}, C-1), 1.85 (m,
IH, C-2), 1.62 (m, 111, C-2),1.50 (m, 1H, C-6), 1.45 {m, 1H, -CH(CH,);}, 0.93 (d,
O, F=6.82 Hz, 2 =-CHs ) & 0.84 (1, 311, ) =7.3% Hs, C-3".
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Table 12: Distinction among some spectral data of 2-chloromethyl-3, 5,6,7-tetrahydro-2Ii-benzofuran-4-one 28,29&30:

Comp | Structure U¥(n IR spectrom in wpa 1H NMR{&;}
. No. m} cm”!
lmax

28 0 276.30, | 16452, 1550.7cm™. | & 5.02 (m. 1H, C-2), 2.65 (m, 2H, -CH»-CI}, 2.96 (i, 1H, C-3),
7@’3_\ 2.72 (dd, 1H, } = 6.74, 13.0 Hz, C-3), 2.29 (s, 2H, C-3), 2.21 (s,
=0 Cl

2H, C-7yand 1.08 (s, 6H, 2 x-CH3).

29 0 270,45, | 1648.6,15487cm™. |8y 5.00 (m, 1H, C-2H), 3.65 (m, 2H, -CHz-Cl), 2.90 (dd, 1H |
@\’3_\ = 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 (1, 2H, ) = 5.44Hz. C-1 &
2.04 (m. 2H, C-6).
30 0 270,65, | 1647.1, 1548, 7em™, | 8'5.0-4.9 (m, tH, C-2), 3.58-3.49 (m, 2H, -CH;C1), 2.96 (dd,

1H,J =3.18, 8.91 Hz, C-3), 2.84 (dd, 1H,J =3.18, 8.91 He, C-
3,2.37(,2H,J=16.1 Iz, C-5), 2.14 {d, 2H, ] = 15,48 Hz, C-
7, 1.94 (m, LH, C-6), 1.60 (m, 1H, -CH{CH:);}, & 0.91 (d, 6H,
1=5.44 Hz, 2 *-CHj3)

Cl
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Expenimental

EXPERIMENTAL

3.1. Chemical reagents and experimental instruments:

All commercial reagents were purchased from E. Merck (Germany) and
Fluka(Switzerland) and were used without further purification. Thin layer
-chmmatug'rhphy (TLC) plate made by Merck silica gel coated was used and visualized by
UV lamp {254-365nm). Column chromatography was used for the separation by Merck
Silica gel (60-120) mesh. Infrared (IR) spectra were obtained in cm™ and recorded by
SHIMADZU FTIR Spectrometer as KBr pellet or solution of CCly. [FV spectra were
recorded iu dry EtOH with Shimatzu visible spectrophotometer and 'H-NMR spectra
were recorded by Bruker Model DPX 400 MHz and ARX 300 MHz spectrometer in
CDCls using 7.24 ppm as the solvent chemical shifi.

3.2. Synthesis of methancsulfonyl azide 2:

The solution of methanesulfonyl chloride (100g. 11.43mmol) and acetone (1060ml) in 250
m! two-neck round-bottomed [lask was stirred at room temperature. Then equivalent
ratio (1:1) of sodium azide (7.44g, 11.45mmol) was added gradually at 8 times (every 3
minutes break after putting sufficient ratio). After stirring for 1.30-2.0 hr. checking the
white drops of bubble completely appeared. Then the rea::lioln was stopped and filtercd
the solvent and the filtrate was collected. The solvent was emoved properly by using
under reduced pressure to obtain the crude product. Finally the crude product was washed
with ether and dried under reduced pressnre to obtain a low melting colourless solid. The

compound 2 was 120g (yield 99%).

? Acelons Q
HiC-3CL o+ NaN, - HyC-5—N;
0 R1. 2h 0
f 2
Scheme 1
M.Y.: CH;N;025

Mol Wi:  121.12
IR Spectrum (CCL):vmy 33154, 3014.5. 2931.6. 2304.8, 2088.8, 17088, 1508.2,
1095.5, 9489 and 713.6 em™.
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3.3. General procedure for synthesis of 2-diazo- cyclohexane-1, 3—dione 6 -8:
2-Diazo-cyclohexane-1, 3-dione derivatives 6-8 were prepared by the diazo transfer
reaction of the comresponding starting material with mesyl azide according to Taber’s
method”. A mixture of cyclohexane-1, 3-dione derivatives 3-5 (44.6mmol) and
methylene chloride (30 ml) was taken in 250 ml mwo-neck round-bottom flask and was
stirred at room temperature. Mesyl azide of 1.5 equivalent ratio {66.9 mmol) and egual
molar of Lricthylamine (66,9 mmol) were added. Aficr stiming for 1.30-2.0 hr, the
reaction was monitored by TLC (n-hexane: ethyl acetate 1:1 v/v R¢ = .5). Then the
reaction was stopped by adding 1(N) hydrochloric acid and waler and stirred for 30
minutes and the reaction mixture was washed with distilled water and NaHCOs solution
and oxtracted by dichloromethane (3x100ml) and the combined organic layér was dried
by magnesium sulphate and was filtered, Finally the solvent was removed prc_;perl}' under
reduced pressure to obtain solid yellowish crude product 6-8. The product was then
purified by column chromatography on silica gel using hexane ethyl acetate (3:1) to give
pure product. The solid product was dried by highly-reduced pressure then it was chilled.
The product was yielded 90-99%, MP. 44 - 69°C. The formations of compounds 6-8
werc conflirmed by analysis of their UV, IR and 'l{ NMR spectra.

(|;:| 0
/@ MsN; (1.5 equi 2
! - -
R O TEA (1.5 equid/ CHCL R R
R 1T, Zhr 2
N ’ &-8
33
Where
3+ 6. R1 =R: - —CH3
41 T. Rl =R: =H
5, 8. R, =H. R;=-CHICH;}
Scheme 2

3.3a. 2-Diazo- 5,5-dimethyl -cyclohexane-1, 3-dione 6:

A mixture of 5, 5-dimethy] cyclohexane-1, 3-dione 3 (5g. 44.6mmol), methylene chlonde
(30 ml) 1.5 equivalent ratio {7.1g, 66.9 mmol} and equal molar of Lriethyl amine (6.76g.
66.9 mmol) was stirred for 1.30-2.0 hrs (o give product 6. A yeliowish solid was oblained

5.8g. (yield 99%), M.P: 68 -69°C.
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M.F.: CgH 1 oN:0; 6

UV (EtOH):  Aqax 277.30, 240.80 nm.

IR spectrum (CCL): Ve 2962.5, 2889.2, 2189.1 (diazo, C=Ny), 2144.7 {diazo, C=Na),
1633.6 (C=0), 1465.8, 1303.7, 1047.3, 1016.4 and 624.9 cmm™",

TH NMR spectrum: {400 MHz, CDCls):8n 2.42 (s, 4H, C-4 & C-6) & § 1.02 (s, 6H,
2x-CHj).

130 NMR spectrum: (100 MHz. CDCL;): § 201.79 (C=0), 201.61 (C=0), 135.65(C-2),
52.61, 52.38,25.59, 25.34 and 15.13{(C-5).

31.3b. 2-Diazo-tyciohexane-1, 3-dione 7:
Reaction of cyclohexane-1, 3-dione (1.12g, 10.0 mmol), mesyl azide (1.59¢g, 15 mmol}
and triethy} amine (1.51g, 15 mmeol} in dichloromethane {10 m!) afforded 7 {1.31g, 95%)
as a pale yellow solid, M.F. 44-45" C. The compound is very unsiable in normal
lemperature, So it was preserved in deep fridge.
o4
0
7
M.F. CeHgN202
UV (EtOH):  Ama280.35, 237.83 nm.
IR spectrum (CCL): Ve  2938.6. 2933.9, 2192.9 (diazo, C=Ny), 2129.3 {diazo, C=Na),
1645.2 (C=0). 13732, 1315.4, 1292.2, 12363, 1199.6, 1168.8,
997.1, 964.3, 725.2 and 570.0 cm’.
I§ NMR spectrum (400 MHz, CDCl;): 8y 2.97 (¢, 2H, J=6.26, C-4), 2.33 (1, 2H, ]
=6.15, C-6) & 2.23 (m, 2H, C-5).
13¢ NMR spectrum: (100 MHz, CDCL:): § 197.89 (C=0), 197.07 (C=0}. 156.6 (C-2),
18.63.38.38 and 15.13 {C-5).
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33¢. 2-Diazo-S-isopropyl-cyclohexanc-1, 3-dionc B:

The formation of 2-diazo-5-isopropyl-cyclohexane-1, 3-dione 8 generated from
the reaction ol 5-isopropyl-cyclohexane-1,3-dione (1.34g. 10 mmo)) with mesyl
azide (1.59g, 15 mmol} and triethy] amine (1.513g, 15 mmol) in dichloromethane (10 ml).
The yield was a light white solid 1.728g (yield 96%). M. P.: 57-39"C.

M.F.: CoH 1 2N:02

UV (EtOH): T 276.53, 235.85 nm.

IR spectrum (CClL): viax 2975.0, 2058.0, 2935.5, 2895.0, 2192.9 (dazo, C=N;), 21293
(diazo, C=Ny), 1641.3 (C=0), 1456.2, 1326.9, 997.1, 968.2, 721.3,
565.1 and 5072 cm™, ,

TH NMR spectrum: {400 MHz, CDCly): 5 2.83, (dd, 2H, J =8.26,23.32 Hz, C-4), b
2.70 (dd, 2H, J = 8.26, 23.32 Hz, C-6), & 1.61(m, 1H, C-5).  1.20
{m, 1H, -CH(CH;):} & § 0.92 (d, 6H, -CH;, J = 8.31Hz. 2x-CHg).

3C NMR spectrum: (100 MHz, CDCL): 201.49 {C=0} and 201.31 (C=0), 153.35,
40.61, 40.38, 32.59, 27.89. 19.09, and 19.04.

3.4. General procedure for synthesis of 4-0x0- 2.3,4,5,6,7-hexahydro-benzofuran-2-yl
acetate derivatives 10-12:

Genernl Procedure

A mixture of 2-diazo-cyclohexane-1, 3-dione derivatives 6-8 {1 mmol) and viny] acctale
{10 mmol} was taken in the 100 ml two-neck round-bottomn flask. Rhodium pivalate
(0.1mmo!) was added to the mixture and was stirred under nitrogen armosphere 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 column chromatography {n-Hexane-EtOAc) on silica gel to give
corresponding substituted desired product and minor by product which was not isolated.

Pure product was analyzed by TR and 'H NMR.
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Experimental

9 ™ 0h¢ 0
2 g !
R o Rn{OFiv){0.lmmo) R, OAc

K, 4
6-8 2
10-
Where 12
6, 10.R=R; = -CH;,  pp (OPv), = Rhy{OOCC(CH;LCH
7.1 Ry=R. = H 2(OPiv) = Rhg{OOCC(CH;):CHy)s
E, |2. R|= :H7 Rz = 'CH(CH]}I
Scheme 3

The above reactions were camied out by several catalyst and solvents in diferent
conditions. : .

3.4a. 6,6-DimethyH-0x0-2, 3,4,5,6,7-hexahydro-benzofurnn-2-yl acetate 10:

The reaction of vinyl acetate (3ml} with 2-diazo-5, 5-dimethyl-cyclohexane-1, 3-dione
{166mg. 1.0mmol) by Rhs {OPiv), catalyst at room lemperature led to the desired product
10. The compound was visible under UV lamp. A liquid prd-::lur.:t was collected in

148mg (yvield 66%).

O
3
Is i\zﬂhc
87}
/ S8
10

M.F.: C1zH 1505

UV (EtOH):  Apa253.70 nm.

IR spectrum {CCL): 2962.5. 2929.7, 1768.6, 1643.2, 1550.7, 1404.1, 1203.5, 527.6 and
7271 em™,

'H NMR spectrum (400 MHz. CDCli): by 6.72 (dd, 1H,I=7.51, 16.1 Hz, C-2), 3.95 (5,
3H, OCOCH;), 3.06 (dd, 1H, J = 7.51, 16.1 Hz, C-3), 8 2.79 (dd,
1H, J =751, 16.1 Hz, C-3), § 235 {(d, 2H, J = 11.24 Hz, C-5), &
2.25 (d. 2H. J = 7.08, C-7). & 1.11 (5. 3H, -CH3) & 1.07 (s, 3H. -
CHa}

¥ NMR spectrum: (100 MHz, CDCly): § 197.89, 171.34, 162321; 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, 4-0Ox0-2, 3,4,5,6,7-hexahydro-benzofuran-2-yl acetate 11:
The reaction of cyclohexane-1, 3-dione (100 mg. 0.82 mol). vinyl acetale Imi and
Rh-{0Piv)y (3 mg) to give product 11 (60 mg, 42. 24%) as a yellow oil .
i
QAc

11

M.F.: CipH 20,

UY (EtOH): honax 260.750m.

IR spectrum (CCL): 2999.7, 2927.5, 1647.1 (C=0), 1558.7. 1251.7, 1004.8, 9084,
7252em’. |

'H NMR spectrum (400 MHz, CDCL): 8y 6.50 {m, 1H, C-2). 3.85 (s, 3H, -OCOCH3),
2.95(dd, 1H, ] = 6.86, 14.69 Hz, C-3). 2.72 {dd, 1H. J = 6.86,
14.69 Hz. C-3). 2.44 (t, 2H, 1 = 5.44 Hz, C-5).2.35 (t, 2H, J = 6.26
Hz, C-7) & 2.06 (m. 2H, C-6). ,

13C NMR spectrum: (100 MHz, CDCh): 197,89 (C=0), 171.34. 163.89, 106.63, 92.34,
41.13, 34.63, 34.38, 17.61 and 16.17.

3.4¢. 6-Isopropyl-4-0x0-2, 3,4,5,6,7-hexahydro-benzofuran-2-yl acetate 12:
A mixture of 2-diazo-5-isopropyi-cyclohexane-1, 3-dione 100 mg (0.55 mmol) and vinyi
acetate | ml was taken in the 100 ml two-neck round-bortomed flask and was stirred at

room temperature. Rhp(OPiv)y 3 mg (0.1 mmol) was added under above method. A

liquid product was collected in (67 mg 50.17%).
i
OAc
12
M.F.: C13H304

UV (E4OH): Ay 261.75 nm.
IR spectrum (CCL): 2927.7, 1646.6 (C=0), 1548.7, 1402.7. 1251.5, 1004.6, 970.1,

7271 em’.
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1H NMR spectrum (400 MHz, CDCI3): 8:6.60 (m, 1H, C-2), 3.84 (s, 3H, -CCOCH3),
2.95 {dd, 1H, J = 6.68, 14.69 Hz, C-3), 2.70 (dd, 1H. J = 6.68,
14,60 Hz, C-3), 2.44 (d, 2H, J = 5.44Hz, C-5),2.35(d. 2H, J =
6.20Hz, C-7), 1.65 (m, 1H, C-6), 1.21 {m, 1H, CH(CH;):} and
0.99 (d, 6H, J=5.69Hz, 2%CHs).

3C NMR spectrum: (100 MHz, CDCls): 197.89 (C=0), 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. Generaf Procedure for synthesis of 2-phenyl-6,7-dihydro-SH-benzofuran-4-one
derivatives 14,16,18 and 2-phenyl-3,5,6,7-tetrahydro-24-benzofuran-d-onc
derivatives 15,17,19:

Gencral procedure
A mixture of 2-diazo-cyclohexane-1, 3-dione derivatives 6-8 (I mmol}) end phenyl

acetylene 13 (4 mmol) was takent in the 160 mi rwo-neck round-bottomed fask. Rhodium
pivalate (0.1 mmol} was added to the mixmure and was stirred under nitrogen aimosphere
for 2-4 hrs at room temperature. After completion of the reaction (TLC~checked), the
solvent was removed under reduced pressure to oblain the crude product Then the crude
product purified by column chromatography (hexane-EtQOAc) on silica gel to give
comresponding substituted two different products. Pure product was analyzed by UV, IR

and 1H-NME.

o
Ry o Rhs(OP)4 (0.1 mmu]}

R
R: 48 f. 24 hr 14 16,18 L 159

Where
6,14 & 15. R =R; = -CH;,
7,16 & 17.R;=R,=H
8,13 & 19, R,= H, R, =-C(CH;)
Scheme 5
3.5a. () 6,6-Dimethyl-2-phenyl-3, 5, 6, 7-tetrahydro-2 H-benzofuran-d-one 14:
Rhy{OPiv), calalyzed reaciion of 2-diazo-5, 5-dimethyl-cyclohexane-1, 3-dione & with

phenyl acetylene I3 led to the desired product 6.6-dimethyl-2-phenyl-3. 5, 6, 7-
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Expenmental

ST 'Tc;lrﬁﬁydm'-ZH—béniﬂl“urun-tl—t)nc 14 (60 my, 24.7%) as oily product and a by-product

6,6-dimethyl-1-phenyl-spirg [2.5] oct-1-ene-4, 8-dione 15.

T I~/
B0y

14

M. F.: CieH 602

UV (EtOH): ) 257.15 nm.

IR spectrum (CCL): Vs 3076.0, 2962.5, 1676.0 (C=0), 1550.7, 1357.8, 1091.6, 966.3,

_ 7233 and 572.8 em™,

'H NMR spectrum (400 MHz, CDCly): 5, 7.69 (4, 2H, ] = 7.86 Hz, ArH), 7.48 (1, 2H,
] = 7.46Hz, ArH), 7.30 (t, 1H, 1 = 7.26, ArH), 5.38 (s, 1H, C-3),
2.76 (5, 2H, C-5), 2.51 (s, 2H, C-7) & 0.99 (s, 6H, 2xCH3).

(1) 6,6-Dimethyl-1-phenyl-spiro [2.5] oct-1-ene-4, 8-dione 15; :
A white solid product 15 was cbtained 150 mg (yield 62.5%), M.P. 130-132°C.
O
.
¥ G
15

M.F.: Crl11502

UV (FtOH):  kp.-283.55, 270.45, 219.85 om.

IR spectrum {KBr): vy, 30994, 2958.6, 1676.0, 1456.2, 14369, 1224.7, 1014.5, 763.5
- and 6921 cm™. 1

'H NMR spectrum {400 MHz, CDCL): 34 7.76 (d, 2H, T = 7.86 Hz, ArH), 7.4% (¢, 2H, )

' — 7.88 Hz, ArH), 7.29 {t, 1H, J = 7.26 Hz, ArH), 6.8 (s, 1H, C-3),

2.56 (s, 2H, C=5), 2.55 (s, 2H, C-7), and 0.99 (s, 6H, 2xCily).
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3.5b(I). 2-Phenyl-3,5,6,7-tetrahydro-2H-benzofuran-4-one 16: .
Reaction of 2-diazo-cyclohexane-1, 3-dione 7 (138 mg, 1 mmol) with pheny] acetylene (1
mmol) was afforded an expected compound 2-phenyl-3, 5,6,7-tetrahydro-2 H-benzofuran-
4-one 16 (50 mg, 23.36%) as an oily product and a second product 1-phenyl-spire [2.5]

oct-1-ene-4, 8-dione 17,
O

-G
16 ©
M.F.: Cy4H12G
UV(EtOH): s 275.85,258.45 & 220.85 nm.
IR spectrum (CCI4): v 3099.4, 2958.6, 1548.7, 1251.7, 1217.0, 1004.8, 979.8 and
727.1 cm™. ‘
[T NMR spectrum (400 MHz, CDCI3): 8, 7.57 {d, 21, ) = 7.46 1z, A1), 7.36 (¢, 211,
J=7.82 Hz, ArH), 7.28 (t, 1H, J = 7.6Hz, ArH), 5.36 (s, 1H,
C-3), 299 (t, 2H, I = 6.26 Hz, C-5), 2,43 (1, 2H, ] = 6.3 Hz,
T T C-7) & 2.33(m, 2H, C-6). |
(I1). 1-Phenyl-spiro [2.5] oct-1-ene-4, 8-dione 17:
A colourless solid product 17 was afforded 100 mg (yield 47.16%), M. P.: 120-122°C,

M.F.: Crall 202

Mol. Wt.:  212.24

UV (EtOH): Anm 296,55, 260.35 nm.

TR spectrum (KBr): Vma 3099.4, 3053.1, 2945.1, 1651.0, 14504, 1359.7, 1238.2,
1136.0, 1001.0,°921.9, 765.7 and 694.3 cm’".

'H NMR spectrum (400 MHz, CDCLs): 8;;7.77 (d, J = 7.51 Hz, ArH), 7.49 (1, 2H, J -
9.5 Hz, ArH), 7.29 (t, 11, ) = 7.36Hz ArH), 6.66 (s, 111, C-3H),
2.95 {1, 2H, T = 6.26 Hz, C-5H), 2.53 {t, 2H, ] = 6.15Hz, C-TH) &
2.23 (m, 2H, C-6H).
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3.5¢(1). 6-1sopropyi-2-phenyl-3, 5,6,7-tetrahydro-2#-benzofuran-4-one 18:
Rhy(OPiv) caialyzed reaction of 2-diazo-5-isopropyl -cyclohexane-1, 3-dione 8 100mg
{0.55 mrmol) with phenyl acetylene 13(1 mmol) led to the desired product G-isopropyl-2-
phenyl-3, 5,6,7-tetrahydro-2/{-benzofuran-4-one 18 (60 mg, 23.43%) as oily product and
a bi-product 6-isopropyl-1-phenyl-spiro [2.5] oct-1-ene-4,8-dione 19.
O
1 R

0
18

M.F.: Ci7H 202

Mol Wt.:  254.32

UV (EtOH): Aquer 260.15 nm.

IR spectrum (CCL): v 30096.7, 2956.6, 1667.1, 1546.7, 1256.7, 1224.6, 1004.6,
976.8, 908.6 and 725.6 cm™.

(I NMR speciram (400 MHz, CDCly): &, 7.88 (d, 2H, J = 7.86 Hz, C-ArH}, 7.69 (1,
21, J = 7.86 Hz, ArH), 7.39 (1, 1, ) = 7.37 HzArH), 5.28 (s, 1H,
C-3H), 2.44 (d, 211, ] = 5.4 Bz, C-511), 2.35 (d, 2H, I = 6.2Hz, C-
7H), 1.76 (m, 1H, C-6H), 1.66 (m, 1 H, -CH(CH;)>) and 1.07 (4,
611, § = 8.72Hz, 2xCHs).

3¢ NMR spectrum: (100 MHz, CDCly): 192.89, 167.82, 165.82, 134.38, 130.79,
130.61, 130,38, 129.96, 129.21, 118.72, 111.17, 41,13, 37.94,
34.63, 33.89, 21.94 and 21.81.

(IT) 6-Tsopropyl-1-phenylspiro [2.5] oct-1-ene-4,8-dione 19:
A solid product was collected 150 mg (yield 59.05%), M. P.: 126-128°C,
M. F.: CHH]R'DZ

D W omm T
- |
. 19
Mol Wit.: 254 .32

UV {EtOH): A 299.55, 225,33 nm.
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IR spectrum (KBr): vug 3099.4, 2945.1, 16664, 1458.1, 1436.3, 1136.0, 765.7 and
6924 cm”.

'H NMR spectrum (400 MHz, CDCls): 8 7.66 (d, 2H, J = 7.86 Hz, ArH), 7.39 (1, 2H, J
= 7.46 Hz, AtH), 7.29 (1, 1H, J = 7.37Hz, ArH), 7.10 (s, IH, C-3H), |
& 2.56 (d, 211, ) = 5.4Hz, C-5H), 2.4 {d, 211, J = 5.4 Hz, C-TH)},
1.81 (m, 171, C-6ID), 1.47 (m, 1 T1, -CIKCH;)) and 1.23 {d, 6H, J =
8.7211z, 2xCH,).

3.6. General procedure for synthesis of 2-ethoxymethyl-hexahydro-benzofuran—4-
one derivatives 21, 23, 25 and 1-ethoxymethyl-spiro [2.5] octane-4, 8-dione 22, 24, 26:
General Procedure

A mixture- of 2~di£1m-cycluhcxane—1,3-didncdt:rivatives 68 (1 mmol) and 3-ethoxy-
propene {allyl cthyl ether) 20 (5 mmol} and rhodium pivalate (0.1 mmol) was taken in air

free R.DB. Mux and was stirred under nitrogen atmosphere for 2-4 brs at room temperaturs.
The progress of the reaction was monitored by TLC-checked. ARer completion of

reaction, the solvent was removed under reduced pressure to oblain the crude product.

- =

Later the residue was purified hy column chromatography {Hexane-EtOAc) on silica gel
to give corresponding substituted two different products 21, 23, 25 and 22, 24, 26. Pure
products were analyzed by UV, IR and "H-NMR.

i’ - + R,—
‘R D Rhy(OPiv), (0.1 mmoly ™ o _\o—\ 1R Q
2 6-8 t, 24 hrs Rz 2123825 22224826
Where

G, 21 & 22, “|=“2 - -CHE,
7,23 & 24. Ry=R, = H
2. 25 & 26, Ry=H, Ry =-C{CH3}

Scheme 8
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3.6a{D). 2-Ethexymethyl-6, 6-dimethyl-hexahydro-benzofuran-4d-one 21:

Reaction of 2-diazo-5, 5-Jimethyl-cyclohexane-1, 3-dione & (1.66mg, 1.0 mmel) and 3-
ethoxy-propene 20 (Imml) afforded desired product 2-cthoxymethyl-6, 6-dimethyl-
hexahydro-benzofuran-4-one 21 (41mg, 18.14%) 03 a liquid and an unexpected product

1-ethoxymethyl-6, 6-dimethyl-spiro [2.5] octane-4, 8-dione 22,
0

ALy 3
H’cza‘\n_\
21

M.F.: CnquOg

UV (EtOH):  hpey 266.60, 211,10 nm,

IR spectrum (CCL): v 2062.5, 2929.7, 1768.6, 16452, 1550.7, 14272, 1404.1,
1203.5,929.6 and 727.1 cm'.

‘H NMR spectrum (360 MHz, CDCly): &y 4.94 (m, 1H, C-2), 3.56 -3.49 {m, 4H, -
CH,OCH3-), 2.85 (m, 1H, C-3), 2.51 (m, 1H, C-3),2.27 (s, 2H, C-
5), 2.19 (s, 21, C-7), 1.2 {1, 3H, T = 7.02 Hz, -CH:) & 1.06 (s, 6H,
2%-CIT3).

(11}. 1-Ethoxymethyl-6, 6-dimethyl-spiro [2.5] octane-4, 8-dione 22:
A liquid oily product was separated {176mp, 78.57%4).

Q 2
54 ! D*x_,-"" ¥
1 xr
A 5 0
b i 22

M. F.: Ci3H204

UV (EtOH): A, 285.15, 255,20, 235.95 and 211.95 nm.

IR spectrum (CCL): vy 2958.6, 1676.0, 1436.9, 1224.7, 1014.5, 763.8 and 692.4,

TH NMR spectrum (300 MHz, CDBClLy): 3y 3.68 (dd, 1H, } =4.52, 12.2 He, -C-1"),
3.65(m, 1H, C-1", 3.27 {m, 2H, C-27, 2.67-2.43 (m, 4H, C-5 &C-
7, 2.29-2.19 (m, 1T[, C-1}, 1.96 (dd, 1H, } =318, 8.91 Hz, C-2),
1.87 {dd, 1H, ) =3.18, 8.91 Hz, C-2), 1.15 (5, 3H, C-3"), 1.09 (L,
3H,] =7.0Hz, -CHy) & 1.02 (s, 341, -CHj).
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3.6b(I). 2-Ethoxymethyl-3, 5,6,7-tetrahydro-2H-benzofuran-4-one 23:
2-Ethoxymethyl-3, 5,6,7-tetrahydro-2H-benzofuran-4-one 23 was prepared from the
reaction of 2-diaze-cyclohexane-1, 3-dione 7 (138 mg, 1 mmol} with 3-ethoxy-propene
20 {1mml) by thodium pivalet (.1mml) to yicld 2-ethoxymethyl-3, 5,6,7-tetrahydro-2H-
benzofurun-d-one 23 (36 mg, 18.36%) as liquid product and a dissimilar product 1-
ethoxymethyl-spiro [2.5] oclane-4, 8-dione 24.

TR

o
3 O by '

M. F. CiHij¢0q )

UV (EtOH): pmax 260.15,238.20 and 211.95 nm.

TR spectrum (CCL): vinax 2958.6, 1647.1, 1548.7. 1251.7, 1224.7, 1004.8, 9778, 908.4

and 725.2 cm™.

'H NMR spectrum (300 MHz, CDCl3): & 4.98- 4.88 (m, 1M, C-2), 3.59 —3.45 (m, 21,
-CH-0-), 3.44- 3.39 (m, 2H, -OCHz-), 2.89-2.80 (m, 1H, C-
3), 2.51 —2.43 {m, 1H, C-3), 2.41- 2.39 (m, 2H, C-5), 2.34-
229 (m, 2H, C-7), 2.00 {1, 2H, ) = 6.36 Hz, C-6), (.88 {t‘.
3H, I=3.85Hz, CHj).

{1I) 1-Ethoxymethyl-spiro [2.5] octane-4, B-dionc 24;
Colourless liquid product 24 was obtained {115 mg, 58.37%).

&/GM
0

24

M. F.: Culiis0s

UV (EtOH): )qay 284.45, ?58.55 and 212.70 nm.

1R speetrum {CCly): v 2945.1, 1666.4, 161[].5? 1458.1, 1136.0, 765.7 and 692.4 em’,

TH NMR spectrum (300 MHz, CDCly): 8 3.69 (dd, 1H, J = 454, 10.59 Hz, C-1%,
3,43-3.33 (m, 1H, C-17, 3.29-3.19 (m, 1H, C-2}, 3.13 (¢, 1H, ) =
10.36 Hz, C-2°), 2.89-2.65 (m, 2H, C-3), 2.61-2.53 (m, 2H, C-7),
2.21 {m, 2H, C-6), 2.04-1.99 (m, 1H, C-1), 1.97-1.94 (dd, 1H,J =



Experimental

331, 8.85 Hz, C-2), 1.88 (dd, 1H, 1 =331, 885 Hz, C-2) & 1.07
(L 3H,J = 7.0 Hz, C-3').

3.6¢(]). 2-Ethoxymethyl-6-isopropyl-3, 5,6,7-tetrahydro-2H-benzofuran—4-one 15:
The mixture of 2-diazo-5-isopropyl-cyclohexane-1,3-dicne 8 (180mg 1.0 mmol) and 3-
ethoxy-propene {1 ml} and Rha{OPiv)y (3 mg 0.1 mmol} was stirmed at room temperature
to give 2-ethoxymethyl-6-isopropyl-3,5,6,7-tetrahydro-2/-benzofuran-4-onc 2% as a |
liquid product (138mg 57.17%) and l-cthoxymethyl-6-isopropyl-spiro[2.5]octane-4,8-
dione 26. '

o

55 1] D—\
M. F.: C 4205
UY (EtOlI1): 25515, 211.20 & 20595 nm.
IR spectrum (CCL): Vagy 2962.7, 1674.1, 1641.2, 1550.7, 1404.1, 1053.1 and 727.7 em™,
'H NMR spectrum (30 MHz, CDChL): &, 5.0-4.9 (m, 1H, C-2), 3.58-3,49 (m, 4H, -
St T CHs0CH;-), 2.84 (m, 1H, C-3}, 2.52 -2.37 (m, 1H, C-3),
2.37 (m, 2H, C-5), 2.14 (m, 2H, C-7), 2.04 {m, 1H, C-6),
1.60 (m, 1H, -CH(CI3)), 1.20 {m, 3H, -CH3) & 0.91 (4,
GH, J =5.44 Hz, 2 x-CI ;).

(I1). 1-Ethoxymethyl-6-isopropyl-spirvi2.5|octane-4,8-dionc 26:
A liquid product 26 was coliected {90 mg 37.81%).
0

Dm,,-—"

26
M.F.: C14HnOs
UV (FtOH): 3, 277.55,253.35 & 211.45 nm.
IR spectrum (CCly): v, 2958.0, 1600.8, 1371.3, 12459, 10280 and 731.0 em’l.
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H NMR speetrum (300 MHz, CDCl;): 8y 3.66 (dd, 1H, J = 4.5, 8.4 Hz, C-1"), 3.25
(m, 1H, C-1"), 3.15 (m, 1H, C-2'), 2.71 (m, 1H, C-2%, 2.30 {m, 2H,
C-5), 2.22 {m, 2H, C-7), 1.94 (m, 1H, C-1), 1.85 (m, 1H, C-2),
1.62 (m, 11, C-2),1.50 (m, 1H, C-6), 1.45 (m, 1H, -CH{CH3},),

" 0.93(d, 6H, J = 6.82 Hz, 2 x-CH; ) & 0.84 {t, 3H, | = 7.39 11z, C-
. |

3.7. General process of Isynthesis of 2-chloromethyl-3,5,6,7-tetrahydro-2H-
benzofuran-4-one 28,29&30:

Genceral Procedure .

A solution of 2-diazo-cyclohexane-1, 3-dione derivatives 6-8 (1 mmeotl) and allyl chleride
(2 m]) and rhodium pivalate {0.1 mmol) was taken and stirred under nitrogen almosphere
for 2-3hrs al room temmperature.  The progress of the reaction was monitored by TLC-
checked. Aler completion of reaction, the solvent was removed under reduced pressure
to oblain (he crude product. Later the residue was purified by column chrematography
(Hexane-FtOAc) on silica gel to give corresponding substituted products 28, 29, 30 and
smell amount of by product. The product was analyzed by UV, TR and 'H-NMR.

0 O
__,_’_ﬂ,ffl
N2 27
Ri 0 Rhh{OPivly (0.1 mmu!}; . R o«
. A 2
Rapp 2.3 hr 28,20 & 30
Wherg
6, 28. B =Ry = -CHy,
7,29.%,=R:=H

8, 30. R;=11, R, = -C(CHj), 'r

Scheme 9
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). 7a. 2-Chloromethyl-6, 6-dimethyl-3, 5,6,'?-tetrahydm-ZH—hcnzufurana4-nne 28:
A yellowish liquid product 28 was yielded (133 mg, 62.16%).

Q
}'i 0
28

M. Ii.: Cyy [ 5CIO,

UV (RtOH): A, 27030, 217.20 nm.

IR spectrum (CCLy): Vg 2962.5,2929.7, 1645.2, 1550.7, 1404.1, 1369.4, 1203.5,
1053.1,929.6 and 727.1 em™.

TH NMR spectrum (400 MHz, CDCly): 8y 5.02 (m, 1H, C-2), 3.65 (m, 2H, -CH,-Cl),
2.96 {m, 1H, C-3), 2.72 (dd, 1H, J =6.74, 13.0 Hz, C.3), 2.29 (s,
211, C-5),2.21 (s, Zl-f, C-7) and 1.08 (s, 6H, 2 x-CH3).

3.Bh. 2-Chloromethyl-3, 5.6,7-tetrahydro-2H-benzofurun-4-one 29: 77
The reaction of 2-diaze-cyclohexane-1, 3-dione {138 mg, 1 mmol) with 3-chlore-prepene
{1 mml) by thodium catalyst in afforded 29 {66 mp, 33.67%) as liquid product.

O

SN

29

M.F.: CoHy ClO,

UY (EtOH):  Aqa, 270045, 211.05 nm.

IR spectrum (CClLy): v 2927.7, 2854 5, 1548.7, 1253.6, 1004.8, 907.1, 727.1 and
628.8 cm™,

'H SMR spectrum (400 MHz, CDCl3): §; 5.00 (m, 1H, C-2H), 3.65 (m, 2H, -CH;-C),
2.90 {dd, 1H J = 6.86, 14.69 Hz, C-3),2,70 (dd, 1H,] = ﬁ.'sa,
14.69 Hz, C-3), 2.45 (1, 2H, 1 = 6.26 Hz C-5), 2.33 (1, 2H, I =
544Hz, C-7) & 2.04 {m, 2H, C-6).

T
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Experimental

.;:.rﬂt:.-_z--CI:;i;mmuIz:th;*l-ﬁ-isnprupyl-S, 5,6,7-tetrahydro-2 H-benzofuran-4-one 30:
I-Chlnmmemyl-ﬁ-impmpyld,5,6,?—tétrahydm-ZH—benzc-fumn-ﬂI-one 30 was prepared
from the reaction of 2-diazo-5-isopropyl-cyclohexane-1, 3-dione 8 (180mg 1.0 mmol)
with 3-chloro-propene (1 mml} in presence of Rhy{OPiv)y (3 .mg 0.1mmol) to cbtain a
liquid product 30 in 37% yield.

ag

M.F.: C1zH1CI0;

UV (EfQH): g, 270.65, 211.10 nm.

IR spectrum (CCL): vaex 2952.8,2029.7, 1647.1, 1548.7, 1402.2, 1251.7, 1226.6,

1180.4, 1004.8, 970.1 and 727.1 cm”. |

' NMR spectrum (300 MIlz, CDCly): 8 5.0-4.9 (m, 111, C-2), 3.58-3.49 (m, 2H, -
_CH,C1), 2.96 (dd, 111.J = 3.18, 8.91 Hz, C-3), 2.84 (dd, TH,
1=3.18, 8.91 Hz, C-3), 2.37 (d, 2H, J = 16,1 Hz, C-5), 2.14
(d, 2H, T = 15.48 Hz, C-7), 1.94 (m, 1H, C-6), 1.60 {m, 1H,
-CH(CHs)), & 0.91 (d. 6H, J =5.44 Wz, 2 x-CHj).
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Figure 10¢: 'H NMR specirum of the compound 10
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Figura 19¢: 'H NMR spectrum of Lhe compound 19
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Antimicrobial Sereening

INTRODUCTION

Bacteria and fungi are responsible for many infectious diseases. The increesing
clinica! implications of drug resistant fungal and bacterial pathogens have lent
additional urgency Lo antimicrobial drug research. The deteroration of human
population duc Lo enhance of prevalence of infections diseases is becoming a global
pmb]cm'. It was found from the liferature that nitrogen and sulfur containing
compounds showed marked microbial acfivities™®, When heterocyclic part of the
compounds,such as; imidazole, nilroimidazole ete. become atlached to
ca:boh}fdratcs?, their efficiency 1o inhibit bacteria of fungus sharply increased. It was
also found that a large number of biologically active compounds possesses a:rqmalic
and hetcroaromatic nucleus. If an active nucleus is linked to another nucleus, the
resulting molecule may possess greater potential for biological activity®. 1n vifre
antimicrobial activities of fused pyrimidines were successfully evaluated in our
laboratory’.

M. shaheb'® a post graduale student carried out in vifre antimicrobial activates of
fused pyrimidine dedvatives. M. 8. Rahmean'' showed that antimicrobial activities of
alkaloids plant leaves. The alkaloids were sercened against several pathogenic
bacteria

$. M. Shahed'™ " a former research student of organic laboratery carries out
antifungal activities of a series of acylated D- Mannose derivatives.

M. fakruddin'? also & research student of organic laboratory carries out antifungal
aclivilies of a series of fuscd pyrimidine derivatives. He used five bauman pathogenic
bacteria viz. Baciltus cereus, Bacillus megaterium, Baciilus subtilis, Staphylococcus
aurensand and four pathogenic fungi, viz. Fibrio mimicus, Vibrio purghemolyticus,
Aspergiliuy niger and panicillum sp. 8. M. Abc Kawsar 15.1% alsa a former research
student of organic laboratory carried out in vitro aniibacterial activities of a series of
acylated uridine derivalives.

Recently, our groups synthesized 2-substituted benzofurans'’, isoindonone and

isoquinolinone' and lested their antibacterial and antifungal activities. Plants are the
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Antimicrobial Screening

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 Lo investigate the antimicrobial activity of medicinal plants (Austin et al,

1959).

4.1, Materials and methods:
The anti bacteral activitics of Furan derivatives were studied against twelve bacteria

and the activilies of the same compounds were also studied against four fungi. For Lhe
detection of antibacieral activities the dise diffusion method'® was followed.
‘The antimicrobial screening which is the first stage of antimicrobial drug research is
performed Lo ascerlain the susceptibility of various fungi and bacleria to any agent.
This test measures Lhe ability of each test sample to inhibit the im vitre fungal and
bacicrial growth., This ability may be estimated by any of the following three
methads.

a) Disc diffusion meihod

b) Seral dilution method

¢) Bioautographic method

Ont there is no siandardized method for cxpressing the results of antimicrobial
screening (Ayafor et al; 1982). Some investigators use the diameter of zonc of
inhibition andfor the minimum weight of extract to inhibit Lhe growth of
microorganisms. However, a great number of factors viz., the extraction methods
{Nadir ef af, 1986), inoculum volume, culure medium composition (Bayer ef af.
1966), p® (Leven et al, 1979), and incubation temperawure (Lorian, 1991) can
influence Lhe results.

Among the above mentioned techniques the dise diffusion (Dauer et al'., 1966} is a
widely accepted in viiro investigation for preliminary screening of test agents which
may possess anlimicrobial activity. It is essentially a quantitative or qualitative test
indicating the sensitivity or resistance of the microorganisms to the test malerials.

However, no distinction between bacteriostatic and baciericidal activity can be made

by (his method (Rofand, R™., 1982).
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4.1a. Principle of disc diffusion method:

In this classical method, antibiotics diffuse from a confined source through the
nutrient agar gel and create a concenltration gradient. Dried and sterilized filter paper
discs (6 mun 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 posilive and negative control.
These plates are kepl at low temperature (4°C) for 24 hours to ailow maximum
diffusion of the test materials (o 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 lest materials having antimicrobial property inhibit microbial growth
in the media surrounding the discs and thereby yield a clear, distinct arca defined as
zone of inhibilion. The antimicrobial activity of the test agent is then determined by
measuring the diameter of zone of inhibition expressed in millimetre {Bary, 1976;

Bauer ef af, 1966; Lester, 1972).

In the present smdy the crude exiraets, fractions as well as some pure compounds
were testcd for antimicrobial activity by dise diffusion method. The experiment is
carried out more than once and the mean of the readings is required (Bayer &t of,

1966).

Fipg.2: Disc dilTusion method
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4.2, Experimental:
4.2a, Apparatus and reagents:
Filter paper discs Petri dishes

Sterile cotton Sterile forceps

Micropipetie Screw cap lesl tubes
Laminar air flow hood  Autoclave
Refrigerator Nutrient agar medium
Chloroform

4.2b, Test materials:

Antimicrobial Screening

Inoculating loop
Spirit bumer
Nose mask and Hand gloves

Incubator

Table 4.1a: List of compounds used for antibacteral activities:

Comp. | Name of the test chemicals Moelecular formula
no.
6 2.-Dhazo- 35-dimethyl -cyclohexanc-1, 3-dione O
2
N, i io
7 2-THazo-cyclohexane-1. 3-dione o
2
S4
8 2-Diazo-3-1sopropyl-cyclohexane-1, 3-dione Q
N
\ﬁo
10 6,6-Dimethyl-4-oxe-2,3.4,5,6.7-hexahydro- L)
benzofuran- 2-¥1 acetate __mgm
0
11 4-0Ox0-2, 3,4.5,6,7-hexahydro-benzofuran-2-vI | ©
acctate | />—DA::
e
12 6-Isopropyl-4-oxo-2, 3,4.5.6,7-hexahyvdro- O
benzofuran-2-y! acetate OAc
=0
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14 6,6-Dimethyl-2-phenyl-3, 5, 6, 7-tetrahydro-2/- 0
benzofuran-4-pne m_@
15 6,6-Dimethyl-1-phenyl-spiro [2.5] oct-1-enc-4, 8- a A
dione ___ O
(]
16 2-Phenyl-3,5,6,7-tetrahydro-2 A-benzofuran-4-one O
-0
17 1-Phenyl-spiro [2.5] oct-1-ene-4, 8-dione 0
b/
]
18 6-Isepropyl-2-phenyl-3,5,6,7-tctrahydro-2 H-
benzofuran-4-one LS
19 6-lsopropyl-1-phenyl-spiro |2.5]  oct-1-ene-4,8-
dione
21 2-Ethoxymethyl-6, 6-dimethyl-hexahydro-
benzofuran-4-one
22 1-Ethoxvmethyl-6, 6-dimethyl-spiro [2.5] octane-4,
8-dione
23 2-Lihoxymethyl-3, 5,6,7-tetrahydro-2 H-
benzoluran-4-one
24 1-Ethoxymethyl-spire [2.5] octane-4$, 8-dione
25 2-Ethoxymethyl-6-isopropyl-3,  5,6,7-tetrahydro-

2 H-benzofuran-d-one
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26 1-Ethoxymethyl-6-isopropyl-spiro[2.5]octane-4,8- 4
dione T/Cf—/ﬂvf
[4]
C

28 2-Chloromethyl-6, 6-dimethyl-3, 5.6,7-tetrahydro-
2H-benzofuran-4-one [

o
29 2-Chloromethyl-3, 5,6,7-tetrahydro-2F- ] ©
benzofuran-4-one @—\
Cc O
30 2-Chloromethyl-6-isopropyl-3,  5,6,7-tetrahydro-

O
2 H-benzofuran-4-one
] Cl

4.2¢. Test organisms:

The microbial strains used for the experiment were collected as pure cultures from the
Instinste of Nutrtion and Food Science {INFS), University of Dhaka. Both gram
positive and gram-negative organisms were taken for the test and they are lisied in the
Table 7.1.

Tahle 4.1b: List of test microorganisms:

Gran positive Bacterta Grawn negative bacteria Fungi
Baciilus cercus Escherichiu coli Cundida albicans
Bacillus mepaterium Psevdomonay aeruginosa | Aspergilius niger
Bacillus subtilis Salmonella paratvphi Sacharomyces cerevaceas
Staphylococcus aureus Salmonella typhi
Sarcinag lutea Shigefla boydii

Shigella dysenteriae
Fibrio mimicus
Vibrio parahemolyticus

The bacterial and fungal strains used for the experiment were collected as pure
cultures from the I[nstitute of Nutrition and Food Science (INFS), University of
Dhaka Both gram positive and gram-nepative organisms were taken for the test and
they are listed in the Table 5.1.
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4.2d. Composition of culture medium:
Nutrient agar medium (DIFCO) was used in the present study for testing the
sensitivity of the organiams to the lest materials and to prepare fresh cuitures.

Tahle 4.2: Composition of nutrient agar medium:

a Nutrient agar medium

Ingredients Amounis

Bacto pepione 0.5 gm

Sodium chloride 0.5 pm

Bacto yeast exiract 1.0 gm

Bacto agar 2.0 gm

Distilled water q.5. 100 ml

pH 7.2-7.6 at 25°C T~

aq. Nutrient broth medium :

Ingredients Amounts

Bacto beef extract 0.3 gm

Bacto peplone (.5 gm

Distilied water q.5. 100 ml

pH 7.2 £0.1 at 250C

b Muller — Hunfon medium:

Ingredients Amounts

Beef infuision 30 gm

Casamino acid 1.75 pm

Starch 0.15 pm

Baclo agar 1.70 gm
Distilled water q.s. 100 ml

pH 73102at2500C
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d. Tryptic soya broth medium (TSB):

Ingredients Amounts

Racto tryptone 1.7 gm

Bacto soylone 0.3 gm

Bacto dextrose 0.25 gm

Sodium chloride 0.5 gm

Di polassium hydrogen

Phosphate 0.25 gm
Distilled watcr g.5. 100 ml

prH 7.3 £ 0.2 at 250¢

Nuirient agar medium (DIFCO) is the most frequently used and also used in the
present study for testing the sensitivity of Lhe organisms to the test materials and to

prepare fresh cultures.

4.2e. Preparation of medium:

Calculated amount of each of the constitucnts was taken in a comical flask and
distilled water was added 1o it to make the required volume. The conlents were heated
in a water bath to make a clear solution. The pH (at ESGC] was adjusted at 7.2-7.6
using NaOH or HC! 10 m! and 5 ml of the medium 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 15-1bs pressure at 121°C for 20 minutes. The slants

were used for making fresh culture of microorganisms that were in turn used for

sensitivity study.

4.2{. Sterilization procedures:

To avoid any type of conlamination and cross contamination by the test crganisms the
antimicrobial screening was done in Laminar Hood and all types of precautions were
strictly maintained. UV light was switched on an hour before working in the Laminar
Hood. Pelridishes and other glassware were stenlized by autoclaving at a teinperature
of 121°C and a pressure of 15-lbs./sq. inch for 20 minutes. Micropipetie tips, cotton,
forceps, blank discs etc. were also sterilized by UV light.
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4.2g. Preparation of subculture:

In an aseplic condition under laminar air cabinet, the test organisms were transferred
from the pure cultures to the ogar slants with the help of a transfer loop to have fresh
pure cultures. The inoculated strains were then incubated for 24 hours at 37°C for

their optimum growth. ‘These fresh cultures were used for the sensitivity test.

4.2h. Preparation of the test plates

The test erganisms were transferred from the subculture to the test tubes containing
about 10 ml of melted and sterilized agar medium with the help of a sterilized transfer
loop in an aseplic area. The test tubes were shaken by rotation to get a uniform
suspension of the organiams. The microbial suspension was immedialely transferred
to the steritizad petridishes. The peindishes were rotated scveral times clockwise and

anticlockwise to assure homogenous distribution of the test organisms in the media.

4.2i. Preparation of discs

Measured amount of each test sample (specified in table 7.4} was dissolved in
specific velume of solvent (chloroform or methanol) 1o obtain the desired
concentrations in an aseptic condition. Stenilized metrical (BBL, Cocksville, USA)
filter paper discs were taken in a blank Peln dish under the laminar hood. Then discs

were soaked with solutions of test samples and dned.

Standard Kanamycin {30 pg/disc) discs were used as positive control 1o ensure the
activity ol standard antibiotic against the lest organisms as well as for companison of
the response produced by the known antimicrobial agent with that of produced by the
test sample. Blank discs were used as ncgative controls which ensure that the residual

solvents {lefl over the discs even afier air-drying) and the {iller paper were not active

themselves.
4,2j. Dilfuston 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-inoculatcd with test
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microorganisms. The plates were then kept in a refrigerator at 4°C for about 24 hours
upside down o allow sufficient diffusion of ihe materials from the discs to the
surrounding agar medium. The plates were then inveried and kept in an incubator at

37°C for 24 hours.

4.2k. Determination of the zone of inhibition

The antimicrobial potency of the test agents are measured by their activity to prevent
the growth of the microorganisms surrounding the dises which gives clear zonc of
inhikition.

Afier incubation, the antimicrobial activity of the test materials was determined by

measuring the diameter of the zones of inhibition in millimelre with transparent scale.

Fig 3: Determination of the zone of inhibition
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4.3 RESULTS AND DISCUSSION OF THE TEST SAMPLES:

The antimicrobial activities of new furan derivatives were examined in the present
study. The antibacterial activities of furan and propane derivalives were studied
apainst thileen bacteriz such as Baciflus cereus, Bacillus megaterium, Bacillus
subtilis, Staphylococcus aurews, Sarcing Iutea, Fscherichia coli, Pseudomonas
ageruginosa, Salmonella paratyphi, Salmonella typhi, Shigella boydii, Shigeila
dysenteriae, Vibrio mimicus, Vibric parahemolyticus and the activities of the same
compounds were also studied against three fungi such as Candida albicans,
Aspergillus niger, Sacharomyces cerevaceae

. The chlaroform soluble of compounds (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 of microbial 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 zene of inhibition
in (mm). All experiments were performed thrice to minimize the expetimental plus
individual errors, The mean value of the diameters of zone inhibition (M.[J1Z) was
taken as in disc for determining antimicrobial spectra. Sensitiviry lest results are in
table 6.3 to 6.6 and were compared wilth a slandard antibictic kanamycin (30

pm/disc).

The gram positive and gram negative as well as pathogenic fungi vsed in the present
investigation, were found to be comparatively resistant against six synthesized
compounds (10, 14, 21, and 28), at a dose of 200 ym/disc in (table 6.4, 6.5 and 6.6}
and compounds 15, 22 showed mild inhibitery activity sgainst most of the tested

organisms.
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Omn the other hand, chloroform soluble of stanting malerials showed mild inhibitory
(M.DIZ 7-9 mm) activity egainst three G{ +), Bacillus cereus, Bacillus subtilis,
Staphylococcus  aureus and three G(-),Pseudomonas aeruginosa, Salmonelia

paratyphi, Vibrio mimicus and a fungi, Candida albicans of the tested organisms in

table 6.3.

Compounds no.10 showed moderate inhibitory (M.DIZ 10-12) activity was noticed
against Bacilius cereus, Shigella boydii, Shigella dysenteride, Vibrio mimicus, Vibrio
parakemolyticus Candida albicans, Aspergillus niger, Sacharomyces cerevacae.
Similarly comp. 15 demenstraled moderate inhibitory (M.DIZ 10-12} activity against
all of the microbial organism and ¢compound 22 showed moderate sensilivity (M.DIZ
10-12) against most of all organism except Escherichia coli, Pyeudomonas,
aeruginosa and Aspergillus riger. Compound 28 also cffecied of the range of 10 -12
mm of Sacharomyces cerevacae, Bacillus megoeterium and Shigella boydii shown in

table 4.4-4.6.

The mild inhibition was found against most ef the organism for synthesized
compounds 10, 14, 21, 22 and 28 in the range of (M.DIZ 7-9 mm). Therefore, it is

nol possible to determine the essential structure feature for antimicriobial action ol

this senies of compound properly.
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Table 4.3: Antimicrobial activity of test samples of starting materils:

Test microorganisms Diameter of zone of inhibition{mm)

Gram positive bact.

Bacillus cereus 7 - B 32
Baciftus megaterium - - - 30
Baciilus subtilis 7 - - 33
Staphvlococcus aurens 7 - - 35
Sarcina hulea - - - 14

{iram negative bact.

Escherichia coli - - - 32
Pseudomonas deruginosa 7 - - 30
Salmonella paratyphi - 7 7 35
Salmonella typhi - - - 30
Shigelia boydii - - - 20
Shigella dysenieriae - - - 25
Fibrio mimicus - 7 - 28
Vibrio parahemolyticus - - - 32
Fungi

Candida albicans g - - 32
Aspergillus niger - - - 32
Sacharomyces cerevacaoe - - - 30
Interpretation of sensitivity test resulis:

Gram (+) Bacteria: Gram (-} bacteria

18mm {M.D1Z) = Scnsitive >16mm (M.DIZ) = Sensitive
14-18 mm (M.DIZ) = Intermediate 13-16 mm (M.DIZ) = Intermediate
>14 mm{M.DI¥} = resisant >13 mm {(M.DIZ) = resistant

KAN : Siandard kanamycin disc

“_.” indicated no sensitivily or zone of inhibition lower than & mm.
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Tahle 4.4; Antimicrobial activity of test samples of 10 -12 and 28- 3):

Name of microorganisms

Diameter of zone of inhibition{mm}

Done 2000/ | 200pg/ | 200ug/ | 200pg/ | 200ug | 2000 | Stand
disc disc disc disc disc disc | 30
Number of test samle
10 11 12 28 29 30 | Kan,
_I,r;r;rm Lii;:m Kff‘“ ﬁ:‘h Q;F"‘u 2

Gram positive bact.

Bacillus cereus 10 - - 8 - - 32
Bacillus megaterium 8 - - 0 - - 33
Bacillus subtilis 8 - - 8 - - 34
Staphylocoecus aurevs 8 - - 9 - - 31
Sarcing lutea 9 - - D - - 30
Gram negative bact.

Escherichia coli 9 - - 7 - - 29
Pseudomonus geruginosa 9 - - 8 - - 32
Salmonella paratyphi 8 - - 9 - - 31
Salmoneila tvphi 8 - - 9 - - 32
Shigella boydii 10 - - 10 - - 33
Shigella dysenteriae 11 G - 7 - - 34
Vibrio mimicus 10 - - - - 35
Vibrio parahemolyticuy 12 - - 9 - - 34
Fungi

Candida albicans 12 - - G - - 33
Aspergilius niger - 9 - 9 - - 30
Sacharomyces cerevacae 11 7 - 11 - - 30
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Table 4.5: Antimicrobial activity of test samples of 14 -19:

Name of microorganisms Diameter of zone of inhibition{mm)
Done 200ug/ | 200pg/ | 200pg/ | 200pg/ [ 200pe/ | 200y | Stand
disc | disc disc dise disc dise | 30
Number of test samle
14 15 16 17 18 1% | Kan.
fool Go | oo | dn | Jeol e
Gram positive bact.
Bacitius cereus - 10 - - - - 36
Bacilius megaterium - 11 - - - - 40
Bacillus subtilis - 11 - - - - 40
Staphylococous aurens - 12 - - - - 36
Sarcing lutea - 10 - - - - 36
Gram negative bact.
Escherichia coli 8 10 - - - - 39
Pseudomonas aeruginosa 7 12 - - - - 35
Salmonella paratyphi 8 11 - - - - 35
Salmonella typhi 8 1} - - - - 37
Shigella boydii 7 10 - - - - | 33
Shipella dvsenteriae 9 11 - - - - 34
Vibrio mimicus 7 10 - - - - 37
Vibrio parahemolvticus 8 12 - - - - 38
Fongi
Candidea albicans g 12 - . - - 33
Aspergilius niger 9 10 - - - - 38
Sacharomyces cerevacae 7 11 - - - - 34
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Table 4.6: Antimicrobial activity of test samples of 21 -26:

Name of microorganisms

Diameter of zone of inhibition{mm)

Done 200pg/ | 200pg/ | 200pgf | 200pgf | 200pgf | 200p | Stand
dise disc disc dise disc disc | 3]
Number of test samle
21 21 23 24 25 26 K
Lo | e | G [ Qtom | | 000 |2
n
Gram positive bact.
Bacillus cereus - 10 - - - - 33
Bacillus megaterivm g 10 - - - - 36
Bacillus subtilis - 11 - - - - 35
Staphyviococcus aurens - 10 - - - - 35
Sarcina hutea - 10 - - - - 3]
Gram negative bact.
Escherichia coli 8 9 - - - - 32
Pseudomonas aeruginosa - 9 - - - - 33
Safmonella paratyphi 7 10 - - - - 31
Salmonelia typhi - 10 - - - - 32
Shigella boydii - 10 - - - - 33
Shigella dysenteriae 9 11 - - - - | 34
Vibric mimicus - 10 - - - - 35
Vibrio parahemolyticus - 12 - - - - 34
Fungi
Candida albicans - 12 - - - - 33
Aspergiltus niger 9 - - - - - 32
Sacharomyces cerevacae 7 11 - - - - 34

The obtained result clearly indicated the presence of potent antimicrobial agents in

the extractives. Dioactivity guided isclation can be camied out to separate bioactive

metabolites.
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4.4, Conclusion:

Eighigen synithesized heterocyclic compounds and three diazo compounds have been
tested for in antimicrobial activity against five gram-positive and eight gpram -
negative bacteria as well as three hunan fungal pathogens. Some of Lhis 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 growih inhibition.

Among tested compounds of furan and cyclopropane derivatives (10, 14, 15, 21, 22,
and 28) exhibited relatively greater inhibition of growth of the micreorganism. The
higher activity of the compounds {10, 14, 21 and 28) could probably bed due Lo their
dimethyl substitution of C-6 position of cyclohexane 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 ¢yclohexane

without substitution at the same place produce weakly active compounds.
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Conciusion

CONCLUSIONS:

In conclusions, an efficient synihetic route for the synthesis of dihydrofuran derivatives is

established successfully.
» Firstly, the synthesis of 2-diazo-1,3-dione derivatives from cyclic diketone with several

substitutes is reperted.

‘The one pot synthesis of 4-oxo- 2,3,4,5,6,7-hexahydro-benzoturan-2-yl acetate by the
thodium catalyzed reaction of 2-diazoketone derivatives and vinyl acetate is developed in
mild ¢ondition.

» The one pot synthesis of 2-phenyl-6, 7- dihydro-5H-benzofuran-4-ones and 1-phenyl-sprro
[2.5] oct-1-ene-4, 8-diones by using rhodium catalyzed reactions of 2-diazo cyclohexane 1,3-

dione derivatives and pheny! acetylene is established successfully.

» The one pot reaction of atiy! etbyl ether by the rhodium catalysis afforded 2-alkyl-3.5,6,7-
totrahydro-2H-benzofuran-4-ones and  I-alkyl-spiro[2.5]oclane-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 chlonide to afford 2-chloromethyl-3,5,6,7-

tetrahydro-2#/-benzofuran-4-one derivatives is also established successfully.

These rcactions provide = rapid entry to synthesis of dihydrofurans and spiro compounds
in mild condition. This methodology is also expected to be widely used in synthesis of furan

skeleton conlaining natural products and spiro compounds.

» Finally, all synthesized compounds were tested antibacteral and antifungal activity, some
of them demonsirated mild to mc;derute anlimicrobial activity against most of the test
Crganism.

» Therefore, rhodium (1[) mediated synthcsis may provide 2 new cntry into the naturally

occurring biotogically active dihydrofuran skeletons and spiro derivatives.
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