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Abstract

Thesis title: Synthesis of terminal acetylenes, alkynyl aldehydes and
acids from aryl halides.

There are few basic type reactions that generate a new carbon-carbon bond, allhough thi~
is one of the most critical operation in the synthesis of organic molecules. Acetylenes and
alkyne~derivatives a~ versatile eompound~ in the ~ynthetic chemistry and hence variow,
methods for their synthesis has been explored. In view of the extensive natural
occurrence and biological importance of unsaturated alcohol a general method for the
synthesis uf substituted propargyl-aleohol through palladium-catalyzed reaction using
aryl halide and propargyl alcohol is reported.

1,6,11,15,20,21
2,7,12,16,19,
3,8,13,17
4,9,14,IH
5, JO

X=C1
X=N02
X=CH]
X =OCH]
X=COOH

i)NaN02, I-hS04, Kl, 0-5 'C, 30min,
ii) (PPh1hPdCb, CHCll, EhN, Cui, HC"'CCI-hOll, 40°C, 2hr
iii) Jones reagents (5.6 g K,Cr,07 in 5-6 ml l-hS04 cone.& 30 ml H,O), CH,Cl" 40°C, I
he
iv) KOli powder, MnO, powder, CoH" r.t, Ihr.
v) Jones reagents (5.6 g K2Cr20, in 5 - 6 ml H,S04conc. & 30 mllhO). CHC]" 80 "C, 6
he.

The coupling reaction was carried out by stirring a mixture of aryliodidc 6-10 and
propargyl alcohol in presence of bis (triphenyl phosphine) palladium(ll) chloride as a
catalyst, copper iodide as a co-catalyst and tricthylamine as a base in chloroform at 40 0

C. The condensed product was purified by column chromatography to afford 3-aryl
unsaturated alcohol (11-14). The aleohol was subjected to oxidation ""ith Joncs rcagent to
yield unsaturated terminal aldehyde (15-18) at mild condition. Thcn the alcohol was
subjectcd to oxidation-decarbonylmion to yield unsaturated terminal acetylenes (19-20)
by using manganese dioxide in presence of alkali. Finally, synthesis of ethynyl carboxylic
acids (21) by oxidation of 3-aryl propargyl alcohols using Jones reagents at vigorous
conditions. The synthesized com};ounds were characterized based on analytical data
obtained from JR, tN, IHNMR, I CNMR and melting point.

m



Summary

Investigation incorporated in this dissertation entitled" Synthesis of lenninal acetylenes,

aldehydes & acids from aryl halides have been presented in two chapters. Introduction,

background and the important synthetic methods are present in chapter 1, Chapter 2 deals

with the detailed methodologies, experimenlal procedures for the synthesis of substituted

unsaturated alcohols, aldehydes, acetylenes, acids, results and discussion oflhe synthesis.

It also deals with the oxidation oflhe synthesized unsaturated alcohols.

Chapter I;

It represents the importance and s}nthesis of unsaturated alcohols, acetylenes, aldehydes

and acids. These are synthetic organic compounds that are of increasing interest in

synthetic and pharmaceutical chemistry. Various methods arc described for the synthesis

of unsali.lmted alcohols, aldehydes, acetylenes and acids here.

Chapter 2 :

A facile method for the regioseleclive s)1lthesis of unsaturated aryl alcohol 11 - 14 is

reported. The aryliodides 6 - 10 were synthesized by usual procedure as shown in the

scheme-I. rhe coupling reaction between aryliodide and propargyl alcohol was carried

out through palladium catalyzed reaction. The palladium eatatyzcd reaction was usually

performed by stirring the mixture of aryliodidc 6 - 10 (SOOmg) and propargyl alcohol

(1.3 eq.) in presence of bis (triphenyl phosphine) palladium (II) chloride (3 mol%) EtJN

(2-equiv), copper iodide (8 mol%) in chloroform at 40 "C for 2 hrs under nitrogen



atmosphere as sho\\'Il in the scheme - 2. After usual workup and purification by colwnn

chromatography aryl unsaturated akoholll-14 were obtained in good yield.

X

1-5

NaNOb H2S04, KI, 0-5 oc, 30 nin •

1,6 X=CI
2,7 X=NOz
3,8 X=CI.h
4,9 X= OCHJ
5,10 X=COOH

Scheme-}

•
HC=CCH10H, Cui, E1JN, 40oC, 2!T, o

X
6-10

Seheme-l

X
11-14

6, 1 I
7,12
8, 13
9, 14
10

X=CI
X~N02
X=CH)
X=OCH)
X=COOH

It also deals wilh the preparation of substituted unsaturated aldehydes 15 " 18 through

oxidation reaction which was carried out by refluxing the mixture of 3-aryl propargyl

alcohol and Jones reagent (i.e, 5.6 g K2Cr207 in 5 - 6 ml HzSO~ cone. & 30 ml lohO) in

chloroform at 40°C for Ihr as shown In the scheme - 3. After usual workup and

purification 3-aryl-propargynaI15 -18 were oblilined.



X
11-14

Jores reagent, CH1CI:1, 400C, I It,

C=CCHO

o
X

15-18

Scheme-3

11, 15
12, 16
13,17
14,18

X=CI
X=N02

X=CH)
X~OCH)

It also deals with the preparation of substituted unsaturated acetylenes 19 - 20 throL1gh

oxidation decarbonylation reaction which was carried out by rcfluxing the mixture of 3 -

aryl propargyl alcohol in presence of potassium hydroxide powder (5 equiv,j,

manganesedioxide (10 equiv,) in diehloromethane at room temperature for 1 hr under

nitrogen atmosphere as sho'Wn in the scheme - 4, After usual workup and purification by

column chromatography aryl unsaturated acetylene 19 - 20 were obtained in good yield.

C:::CCI120H

~ MoO" "me "H,," IT.

X

tl-12

9
CH

X

19_20

11, 19
12,20

Scheme-4



It also deals with the preparation of substiluled unsalurated carboxylic acid 21 through

oxidation of our synthesized 3 - aryl propargyl alcohol 11. Thc oxidation reaction was

carried out by rcfluxing the mixture of 3 - aryl propargyl alcohol and Jones reagents (5.6

g K2Cr207 in 5 - 6 mllhS04 conc. in 30 mll.hO) in CHCh at 80 0 C fOf 6 hr as shown in

the scheme - 5, After usual workup and purification 3 - aryl propargyl acids 21 was

obtained.

C:::CCH20I1

~ ,o~."o~rn,CHCI"Woc, ':

c,
u

11,21

Scheme-5

~CCOOH

C,
"

x= Cl

•



Chapter- I

INTRODUCTION



1.1. Background of the present work.

1.1.1. Introduction:

There are relatively few basic type reactions that generate a new carbon-carbon bond,

although this is one of the most critical operations in the synthesis of organic molecules.

Acetylene and alkyl derivatives arc versatile compounds in the synthetic organic

chemistry and hence various methods for their synthesis have been explored. A

conventional method for the preparation of aryl acetylene derivatives is the coupling

reaction of aryl-halides with copper (I) acetylides, kno",~ as Castro reactionl, The cross

coupling of organotin reagents with variety or organic eleelrophiles, catalyzed by

palladium, provides a novcl method for generating a carbon-carbon bond2known as Stille

coupling.The palJadium-cataly~.-edcoupling of haloarenes and haloalkenes with alkenes

known as the Heck reaction is well establishedJ, The Sonogashira coupling reaction of

terminal alkynes with synthesis provides an efficient route to arylalkynes4. Numerous

applications to natural product synthesis have been reported, including the construction of

complex enediyne antibiotic,S. The synthesis of methyl enyonates and enyones is of

interest as the alkyl cnynones moiety has been found in naturally occurring compounds

and they are uscfuJi synthetic intermediates". Jeffery has established palladium catalyzed

vinylalion of "inylic halides7 and vinylation of acetylenic iodides under solid-liquid

phase - transfer eonditions~. Only a few examples of the synthesis of unsaturated

alcohols, aldehydes, acetylene and aeids from organic halides and alkylic substrates have

been reported in the literature,

1



Conjugated aeetylenie ketones have evoked considerable intefCst because of their

utility as synthetic intermediates9.16. Also, many of them are of biological interest'1,'l.

Because of their importance, a number of methods have been developed for the synthesis

of conjugated acetylenic ketonesU Recent trends have ocen the synthesis of a, ~-

acetylenic ketones by pd - catalysis from 1 - alkynes and acyl chloridesl~ or from 1-

alkynes and aryl or vinyl halides in the presence of carbon monoxide1,. "Ihc acylation of

alkynyl zincsl'; and alkynyl s\;lnnanes17 with acyl chlorides in the presence of pd catalysts

leading to (1, P - acetylenic ketones has also been reported. This communication describes

a very facile method for the synthesis ofacetylenic ketones by the reaction of l-alkynes

with acyl halides in the presence of catalytic amounts of copper (I) salts only as shown in

the scheme-I.

~
R-C_Cl-1 + R-C-CI

1 2

CuI (5 nJJl"lo)
•Et1N, rt.30 h

o" ,R-C C-R
3

Scheme-I

Among the various methods available for the synthesis of terminal acetylenesl8, the most

convenient ones are based on the cross coupling reactions of organic halides with

trimethylsilylacetylene19, copper (I) tetrahydropyranyloxyprop_l_ynide26, or copper (I)

benzoylaeetylidel1 and subsequent removal of the protecting groups. Elhynylarenes not

con\;lining electron - withdrawing substituents can be obtained by palladium - catalysed

cross - coupling of ethynylzine chloride with aryl halides2:l. Stephens - Castro coupling of

copper (I) arylacetylenes with iodoaren~_"lJ or iodoulken~s24 is a useful reaction for the

synth~sis of ac~tylen~s in laboratories, its scope being sometimes limited by the violent

reaction conditions and by the difficulties in preparations of cuprous aeetylides. Cassar'l'

2



and lIeckl6 reported independently thc samc substitution reaction eataly7,cd by similar

catalysts. A convenient s:mthesis of terminal acetylenes by oxidation - decarboxylation of

3-aryl-propargyl _alcoholsl1 I.lsingmanganese dioxide in the presence of alkali under mild

condition was peported2). Thc simplicity of the procedures and the mildness of the

reaction conditions suggest that the reaction will be highly useful for the preparation of

internal acetylenes from acetylene gas and terminal acetylcnes in laboratories. The C-ll

bond in acetylene itself and mono - substituted acetylenes, RC==CHare very much more

acedic than that in an alkane or an alkene, e. g acetylene has pK 25 and forms the

acetylide ion when treated with amide ion in liquid NH3, where as methane (pK 45) is

unreactive. Aryl alkynes represent a number of natural products such as freelingyne2i and

JunipaI2~.

3



1.1.2. Importllnt synthesis.

Another protected acetylenes arc propargyl alcohol and 2-methyl-3 butyn-2-ol. After

coupling with halides, deproteetion by alkaline hydrolysis gIves l-alkynes.

Monoeoupling of 0 _ dibromo-benzene wjlh 5 afforded the protected alkyne 6. Treatment

of 6 with Pd(O)-CI.II catalyst NaOH and quaternary ammonium chloride generates the

deproteeled 1 alkyneJO7 as shown in the scheme - 2,

Scheme-2

COl.lplingof the vinyltosylate 8 with an l-alkyne afforded the enyne 10. Only the usc of

PdC1~(PPhJ)l, Cui and i-PrlNH gave satisfactory result31 is shown in scheme - 3

Schemc-3

4



Thorand and KmuseJl Claimed that THF is a very good solvent, but Ho el al.JJ reported

that THF is a poor solvent in their reaction. One drawba~k of the Sonogashira reaction is

the use of a large excess of amines almost as a solvent. Buchwald and Fu et al. reported

that coupling of inactivated 4 - bromoanisole 11 could be cwried out at room

temperature by using Pd(PhCN)2Cb as a catalyst. p - (t - Buh as a ligand and only 1.2

eql.livalent or di - isopropyl - amine. Poor resulls wen:: obtained when PPh], PCy], P(o-

Tol)J and DPPI' are used instead of p - (I - BU)J under similar eonditionsJ4 arc shown in

seheme-4
("YBr OEt-V + H (OR

MeO 12 OEt
II

I'd(phCNhCb
CuI, p(r--Bu)J •
j.PrzNH(l ,2 equiv.)
dioxane, rt, 2 II 95%

Scheme-4

~

M'
MeO!j~= OH

- Me

"

Another variation oj' the coupling reaction occurred when vinylic halides were reacted

""ith allyJic alcohols". The elimination of the hydridopalladium group from the initial

adduct often occurred with loss of a hydrogen Irom the carbon bearing the hydroxyl

group. When this occurred, 4 - enones or 4 - enals arc produced as shown in the scheme-

5.
--._~ + (n-2) PPhJ

::r Pd(PPh)12Br
15 !"F2,3 or4

__ ••~JhHr

t8 OH

JJy-
Pd(PPl1:lhHr AJYPd(H)(Pl'hJlBr

-pph] .-l "'"
/ ----.. :7"::r +..;P"'-.,/ I(

t9 OH 20 OH 2t 0

5



The phenyl palladium halides 23 are living species and undergo several further

transformations before termination, Insertion of unsaturated bonds in one of them as

summarized in scheme-6.

Alkene insertion was followed by fJ-H elimination to yield arylalkenes 24. Alkyne

insertion gave rise to the a1kenylpalladiums 25. This speeles 25 llndergo further reaction

before termination. The acyl-palladium 26 was formed by CO insertion, from which

esters, aldehydes and ketones are produced.

,,

co

/'~'
24 ~ R1

~"-X ~V '"r9'YCOzR
25 ROH 0

~Pd-X H" ~CI-lOu- 0
26 , r9'YCOR

M-R 0
Seheme-6: Insertion to phenyl palladium intermediates.

22~ Pd(O)Ln

(jPd-X d
1-

""
B

firXV

Alkynes with EWGs such as propiolate arc poor substrates for the coupling ",ith halides,

Therefore, instead of inactive propiolate triethyl or/ho propiolate 28 was used IDr Ihe

eOllpling "ilh aryl halides to prepare the aryl propiolate 29. The coupling product 32

obtained from 3,3-diethoxy - I -propyne 31 and halides was found to be a precursor of the

aryl alkynalJ6 33 as shown in the scheme-7.

6



f)'I +
Me '"

27

OEt I. PdC12(pPhJb

~

CuJ,EljN= OEt •
2. TsOH, 83%

0Ec
28

Me < > COlEl

29

DEer;! A CEO",r
-~"I

'"3332

Scheme-7

J'onnylation using Vilsmeier reagene7. Substituted acelophenones were irradiated in a

domestic microwave oven with POC1.1-OMF I SiOl to give p-chlorovinylaldehydes in 2

min with yields of 75 - 88 %. Under the same conditions, conventional heating lead to

only 30 - 40 % (Eq. 52) as shown in the scheme - 8.

~CHO

Cl {} \'.
B

35 Eq. (52)

75-78 oC, MW= 79%, t. = 35%2 min,

CI--<Q>-COCH3
34

Scheme-8

Pd eatalyscd coupling reactions of terminal and internal alkynes 36 and 41 Vvith halides

are surveyed in this section, Reactions of alkynes with aryl and alkenyl halides were

classified in two lype~. The first one was the preparation of arylalkyncs 38 and alkenyl

alkyncs (l,3-cnyncs) 40 by the reaction or terminal alkynes 36 with aryl and alkenyl

halides in the presence of Pd(O) and Cu] as catalysts. The second one was insertion of

internal alkynes 41 to aryl and alkenyl palladium bonds ((mned by oxidative addition of

halides, generating alkeynyl palladiums 44, whieh are living species and undergo rurther

transformations berore termination. Ternlinal alkYlles also undergo the insertion in the

absenee of Cui eatalyst as shown in the seheme-9.

7



Ar-Pd-Br

42 t Pd(O)
Ar-Br
43

36

41

,
R---R,

Pd(O)
R---H + Ar-X •R---M

37 38,
R---H + ~ Pd(O)R -~-~ .. ~,

36 39X 40 R
R R/ /

msertion~~>=<"Pd~Br~
44

Scheme-9

Various resuUs are obtained in Sonogashira coupling depending on the substrates used

and the reaction conditions. Homocoupling and decomposition of alkynes arc serious

compititive reactions, and poor resullS are obtained sometimes due to these side reactions

in the Sonogashira reaction particularly when less reactive e!eelroll-rich aryl halides are

used. It is well known thai Cui ca(;jly~es oxidative homocoupling of I-alkynes in O2

atmosphere (Glaser reaclion), Also Pd (II) promotes the homoCllupling. Therefore the

reaction should be carried 01.11 with strle( exclusion of O2• Homocoupling in the

Sonogashira reactionJ~ can be decreased by slow addition of alkynes in TIIF and use of

phase transfer agent (n-Bu.,Nl) in H20 - tolunel~. Ho el al. reported that the

bromocoupling of phenyl acetylene with 4-iodoanisole 45 can be reduceu urastically by

carrying out the reaction in an atmosphere ofH2 diluted with N2 or argon40 as shown in

schemc - 10.

_ Pdel] (PPhJh Cui, £lioN
DMF, IOOOC, N2+H2

70%

f)'I + Ph
MeO .-:;::.

45
46

Meo--<) + Ph~~4-8~-P'h

47 98% 1.9%

23%

Scheme-IO

8



The u~e of acetylene it self in the re:;tetion leads to the formation of disl.lbstituted

acetylenes as major produets.1 as shol'm in scheme - I L

60%

Schemc-II

Mono substituted products obtained in two steps in good yield, however, employing

trimethylsilylacetylenc with the organic halide and then removing the silyl group~.,4J as

sho\~ll in the scheme - 12.

Hr C:=CSi (CHJ)J

9-'-_. . Pd(PPh,), ChQ KOtt •I HC=CS~CHJ) + IH,NH---->- I CH OH 250C
"'" CuI. 25 DC, 4 h "'" J,

53 54
NO) N02
52 92%

Scheme-12

~CH

"y""
NO,
88 %

i\lkynyl Grignard rcagcnt44 react slercospecilicaJ!y ",ith alkenyl iodides in the presence

of a catalytic amount of Pd(PPh3~ as shown in the scheme - 13.

CH C=CM "OrPd(PPhJ~ n-C6t1lJ-........f'-. '" + Mg",'J- &' ~

57 58" 59

Scheme-13

Alkynylzinc chlorides react similarly with alkenyl iodides or bromides with a pd(pph,)4

catalyst'; as shol'm in the scheme - 14.

Znel

63

Schemc-I4

9



Formation of Aroylacetylenes:

The acetylene anion apparently is another example of a nudeophilc that can attack

intermediate benzoylpalladium complexes under catalytic carbonylation conditions. The

reaction forms aroylacetylenes in fair-la-good yiclds.f.6. Some examples arc appear in

table 1.

I
PdCl:l(PRJ)4 + -ArX + CO + H C=CR + E lJN • ArCOC=CR + E tJNH X

64 65 66 67
Scheme-IS

Table I: Formation of aroyl acetylenes from aryl-halides.

Halide Acetylene Catalyst Conditions ProducI Yield
64 " 66 %

C,H,I HC CPh PdCi,(PPh,), 120'C, I h, PhCOC CPh '"20 aIm PhC-CPh 43
C,lI,1 HC C'h PdCI,(DPPF) 120 'c, 4h, PhCOC CPh 86

20alm PhC-CPh 0."
C,lI,1 HC C'h PdCI,(DPPF) 80'C, 26h, PhCOC CPh 93

lalm PhC=Cl'h J
4-CH,OC,ll,1 IIC CPh 4-CH}C,H.,PdI(Asph,), 120 'C, 4h, 4-CI-I,oC,H,COC=CPh JJ

20 atm 4-CH,OC,H,C~CPh 5
4-0,NC,H,1 HC Cph PdCI,(DPPF) IOOGC, 4-0,NC,H,COC:;:;CPh 58

I .5h,
20alm

bDPPF ~ 1,1' -Bis(diphenyl phosphine) ferro~ene.

Less reactivc allylic alcohols are carbonylated under harsh conditions. However,

earbonylalion of allylie alcohols proceed smoothly in the presence of phenol as a

nucJcophile. Phenyl 4 - phenyl - 3-butenoate 71 was obtained in 80% yield from Cinanyl

alcohol47 under 5 alm of CO at 100"C as shown in the schemc-16.

ph~Oll +CO+ PhOHPd(OAch PPh) ••
68 69 70 5 atm, 100 oC

80%

Seheme.16
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Allyl alcohol was carbonylaled under high presser of CO2 (50 atm) and CO (50 attn) in

dioxane to provide 2 _ bulenoic acid as the main product and 3 - butenoic acid as the

minor product at 110 "C, Presumably monoallyl carbonate 74 was generated from allyl

alcohol and CO2, and carbonylated to giv~ 3 - butenoic acid, which isomerized to 2 -

bmcnoic acid~8as sho",'ll in the scheme. 17.

_~ ••~C02H + ~C02H
75 76
8% 92%

Scheme-I7

==<MO
80 CO2 Ph

Pd(PPh3)4, Li Sr
=+CO+PhOH 1atm, JOOoC.
77 78 79

Few studies on Pd " catalyzed earbonylation of alkenes had been reported Grigg carried

om the earbonylation of alkene in the presence of phenol under 1 atm at 100 Q C and

obtained phenyl methacrylate 80 by the attack of the central carbon'~ as shown in the

scheme - 18.

Scheme-IS

llenkelmann and Co - workers found that chloroformates arc good coupling partners of

l-ulkynes und the reaclion olTers a useful synthetic method for aryl - propionates>O.

Reaction of n - butyl chloroformate with phcnylacetylcne in the presence of 1,2,2,6,6 -

penlamethylpiperidine as a hindered base and a small amount of N,N - dimethyl

amino pyridine affored n - butyl phenyl propiolate 83 in 98% }ield with in 25 min in

refluxing diehloromethane as sho",'ll in the scheme - 19.

0+
81

CICO -n-Bu Pd(PPh3)4, amine • <) co _ B
2 CH2C1:J,25 min, 98% _ ,~ "
82 83

Amble = 1,2,2,6,6- pcntarncthyl piperidine, dimethyla.minopyridine

Scheme-I9

I I



Efficient catal}tic reaction of Cinnamatc 85 with benzene to afford 86 was carried out

using BQ and I-butyl hydropcroxidc as oxidant in AcOHsl. The coupling proceed

smoothly in the presencc of catalytic amounts of Pd(OAc)z and molybdovanado-

phosphoric acid (HPMoV) undcr oxygcn (I atm) in AcOHs1 as shown in the scheme -

20.

o
84

+ _ C02Et Pd(OAc)2, BQF .Ph t-BuOOH, AcOH
85 900C,72%

Scbeme-20

86

Reaction of acrylate ""ith phenylboronic acid in the presence of Pd(OAc)2 under 02

afforded cinamate 89 in 87 % yields3,;.; as shown in thc schcmc - 21.

PhB(OHh -I-

87

Scheme-21

In addition electron - rich and bulky heterocyclic carbenes are attracting attention as

erfective phosphine mimicss5. Using carbene ligand XVI - 6, HR of aryl bromides%

proceeds at 120°C and that of diazonium salts at room temperatureS7 as shown in the

scheme 22.

Pd{OAch, I Mes.HCI (XVl-6) ~'" Ph--------~. I
THF, It, 88 % ""-

M,O
95

Scbeme-22

12
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~ _..
Vanous arylmetal derivali'es undergo metathesis reU~lilln, wlth Pd(I1) salt to form

arylpalJadium salt,. ami in the presence of alkene~ lhese procedure arylated alkenes. The

metal aryl, that ha\'e been employed include aryl deriv<lli\'e8 of Mercury'", lin"". Lcad'8

Silicon59.6ftand mugnesium'" The reactions ofmer~uriab <Ire shown in the scheme" 23.

Some examples of the rea~lilln uppear in table -2,

C6HjI-IgCI

"
""~C02CllJ +

97
!.iPdCl,(CH,CN)

98

co,Cl-h
~- ••'.C[,j'I5~ • --'-HgCl,+Pd+LiCI+CH-,CN+HC1

99 •

53%

Scheme~23

Table 2. Arylation of alkcncs Stoichmetric in pull<ldium (II)] \\'lth organomcrcury
compound;,

Mercuri,,1 Alkene- Pd compd. Solvent Product Yield

996 97 " 99 %

CH," ell, LLp;lCI] Cl13CN roCl-] CH, 63
Ph, Hg

CH, CHCHO LipdCl, CJI,CN Ph~CHO
60

Ph, J-Ig

/j( LipdCb 11IJet' 0 64
Ph, J-Ig

Ph~"
~CO,CH, CII,OH 6"'" 22

HoCI ]j,~Cl,

Q
NMc'2

NMc,

~COJ;CH, u,pdCI, CH,OH ~C" 45

~ "" "
~C02Cfh l.i,pdC~ CH,011 JC01CH, 36rrllgtl , I

I I 0

13



Mercurial Alkene Pd compd. Solvent Product Yield

'" " " " %

OC~ .-Y'm,c!-J, L~pdC~ CH,OH

~"
40<r'~ ,~

"
,

-"," CO,C1-h

"" .-Y'm,cH.\ L~pdC~ CH,OH "h 45

CIHg~IIgCl CH"o,c~m'CH'

Terminal acetylenes may be carbonyJated either to acetylene earbonyJic acids and

denvatives6l or to acrylic aeid derivativc,6J. AeetyleneearbonyJate esters arc obtained

"i(h PdCI~ as catalyst and cupric chloride as rcoxidant in the presence of sodium acetate

as shown in the ,cherne - 24. Other examples arc appear in table 3.

Scheme-24

Table - 3: AJkoxy earbonyJation ofterminaJ acetylenes

Acetylene 100 Aleoholl02 Product 105 Yield

PhC_CH (CH3)lCHOH PhC=CCO:JCH(CH3n 67%

HIlC,C-CH CHJOH llllCSC CC02CI!) 74%

BIlCIC-Cll (CH3)2CHOlI H11CSC=CC02CH(CH,)2 59%

PhOCH2C=CH CH)OH PhOCH2C_ CCO,CH) 60%

14



--. - -_.
PdCHPAr)l2,SnCI2 •JI.1TBK,240 aim, 22 oC, 30-40 hr

The carbonylation of terminal acetylenes v>ithdiehloro bis - (tnarylphosphinc) palladium

- stannous chloride catalysts in alcohol solution produces u _ ~-unsaturated ester6l as

shown in thc scheme - 25.

,
RC CH + CO + ROil

106 107

MIBK~ methyl isobutyl ketonc

Seheme-25

Decarbonylalion of aromatic acid chlorldes occurs very efficiently undcr mild conditions

in the presence of a tertiary amine and activated a1kenes, in which case arylated alkenes

<Ire formed in modenlle to high yieldsM. The aroyl bromides and iodides of!'er no

advantages over the cWoride as shoV>TIin the scheme - 26. Some examples <Ireappear in

table 4.

Seheme.26

15
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Table-5: Arvlation of activated Alkenes with Arovl Chlorides.
Aroyl chloride Alkene Product Yield %

10' 110 112
COCI G~~''''au

H1C=CHCO,Clllj 74",, ",,
coC! go",,,,6lCHJ H,C=CHCO,C,H, 72

'",
COCI

~w''''9 H,C=CHCO,C,Hs 7'

" "

9" H,C=CHCO,C,H, 9~'" 55

"" NO,

COCI ,r"'"aCO,c11; H1C=CHC01C1H, 57
, '

COei 6"6 H~C=CHCOCH) 48

16



vinylmcrcurials readil;.' react at atmospheric pressure with carbon monoxide, lithium

chloride and PdCb in aqueous THF solvent at < - 20 "C to give high yields of u , ~ -

lUlsaturatcd acids65 as shov,n in the scheme-27,

•Li2Pd C4
l%aq.11-1I'
-78 to 25 oC, I ahn

Scheme-27

116
90%

The yields of acid were quite sensitive to the concentration of water in the THF.

Similarly, esters can be made in generally beUer yields using an alcohol instead of

aqueous THF as solvent. Both reactions can be made catalytic in Palladium if cupric

chloride is added, although rather large amounts of catalyst (10 %) were used in two of

the three examples given. while these reactions proceed in high yields, the difficulty of

obtaining and working with vinyEc mercurials makes the method appear generally less

attractive than other methods available for the synthesis of unsaturated acid derivatives,

A similar mdhod lor synthesi~.ing 0:, ~ - unsaturated esters involves the carbonybtion of

vinylie penlaf1uorosilieates in methanol solution6b as shown in the scheme - 28. Some

examples are appear in table 5.

" HPIC'-RC=CR + H:>iC~ 1 ~.
tl7 118

, ,
R R IT
~ H,O orEtOH
119 sieb [ , ']'-R R

.'=(
120 SiF,

[ , ']'-R R 250C4h
\.-J .1CO + CH]OH + NaOAo + PdC~ I a~ •
-\iF 121 121 123 124
1211 5

Scheme-28

17



-Since some vinylic silanes are available by direct hydrosiJation of alkyncs, the reaction

may be a convenient method 10 use althol.lgh it is stoichiometric in PdCh. The

carbonylation reaction is highly stereospecilic; however, the hydrosilation may not be, so

an inilia! pl.lTilka(ion may be necessary.

Tahle-6: Formation of ct, ~ - unsaturated esters from alkenyl pentalluorosilicates.

Silicates 120 Products 125 Yield %

(E)-(CH,)JCCH CHSiF,- (E)-(CH])JCCH CHC02CH] 90
(E)-PhCH CHSiI's- (E)-PhCH-CHC02CH] 76

(E)-CI-hOCl-hCH-CHSiF, . (El CHJOCHlCH CHC02CH3 61

(E)-CHJ02C(CH2)aCH CH81F5- (E)-CHJ02C(CH2)gCH CBC02CH) 72

A third related method employes 1 - alkenyl - bOTanes and carbonylatcs them in

methanol solution to form stereospedfically a, ~ _unsaturated esters in good yield67.

Some 1 - alkeny] boranes can be prepared conveniently by the hydroboration of alkynes

with catechol borane or similar boranes. The reaction is made catalytic in Pd by use of p-

benzoquinone as reoxidant as shown in the scheme - 29.

1>,

oX) /0Y')+ HS: V"" I _~ ••~B" N
~o~ °
127 t28l'-l>en.ro wmtJe, 2 IT,250C

PdCl:l,CO.Cl-I]OH, NaOAe

~CO~CHJ
m
92%

Scheme-29



A palladium - catalyy.edcross-coupling reaction of aryl lrimelhoxysilanes with terminal

alkynes was developed by Cheng.J. et al.6S as sho"TIin the schemc- 30

Pd, i\gF
ArSi(OMc)j+ Ph _ •• Ph--~-N

130 131 NaHCOj, CHJCN 132

Scheme-30

The three component coupling ()fben.,;yneswith terminal alkyncs and activated alkenes

in the presence of CuI, PCn and CsF in a 1:1 mixlure orCHJCN and THF at 50 'C for 5

h gave l-alkyl-2-alkynylbenzenes in good to moderate yields was reported by Chien-

Ilong Cheng el al,69 as shown in the scheme - 31,

R'XXon II +~+J' Cul,PCYj,CsFRR .-:::: Sitvle COEt Cl-1JCN,'1HF: 2

133 134 135 500C 5 h R,

Scheme-31

19
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Benzo [b] furans undego palladation and addition 10 various olefins in reasonable yields

forming 2 - substituted benzofuran 139 products along wilh minor amounts of the

bifurans10 as shoVl'Jlin the lable-6.

Table 6: Coupling ofben7.0 lb] furans 137 with olefins 138

Bcnzo[b]furan Olefin Product Yield %

137 13' 139

rvo rCo,El ~Co,Fl
~ I I 70

CO rCO,),1c
~Co,Me

53~ I I

CO ~Co,Fl ~Co,8 60
~ I I

~

0
0

~

67
H-C"'""

~0

H,C"'""
Bi-5-mClhyl b=[b]furan

~

~CIIO
I I "'o,/C1IO I I 55

H,C"'"" H;l""'""
Bi-5-rn;!hyl b=[b ]furan

Coupling of aryldiazonium salts and alkenes with Pd(dba)l as calalys!,l are sho",'Jl in the

lable-7.

Table-?: Coupling of aryldiazonium salts and alkene, with Pd(dba)l as calal yst

Diazonium salt Alkene Product Yield

140 141 142
4ChC611~N2 BF4'

~C02Rtb CO,EI 94%
4-CHJC6H,,~

PhN2+Cr
~OH ~CHO rCHO

36%, 5%
,h
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1.2 Present work: SJ'TIthesis of terminal acetylenes, alkynyl aldehydes and acids from

aryl halides.

1.2.1 Rationale;-

There are relatively few basic type reactions that gcneratc a ncw carbon - carbon bond,

although this is one of the most critical opcrations in thc sJ'TIthcsis of organic molecules.

Acetylene and alkyl dcrivativcs arc vcrsatile compounds in thc synthctic organic

chemistry and hcncc various mcthods for thcir synthcsis have been explored. A

conventional mcthod for thc prcparation of aryl acctylenc dcrivatives is the coupling

rcaction of aryl - halidcs with copper(l) acctyJides, known as Castro reactionl. The cross

coupling of organotin reagents with variety of organic clectrophiles, catalyzed by

palladium, provides a novel method for generating a carbon - carbon bondl known as

Stille coupling.

The palladium - catalyzed coupling ofhaloarenes and haloalkenes with alkenes known as

the Heck reaction is well establishedJ.

The Sonogashira coupling reaction of terminal alkynes with sJ'TIthesisprovidcs an

efficient route to arylalkynes4. Numerous applications to natural product synthcsis havc

been reponed, including the construction of complex enediyne antibiotics'. Thc sJ'TIthcsis

oImethyl enyonales and enyones is of interest as the alkyl enynones moiety has bccn

fOlllld in naturally occurring compounds and thcy are useful synthetic intennediates6.

Jeffery has established palladium catalyzed vinylation ofvinylic halides' and vinylation

of acetylenic iodides under solid - liquid phase - transfer conditions8. Only a few

examples oflhc synthcsis ofunsaturaled alcohols, aldehydes, acelylene and acids from

organic halides and alkylic substratcs have bcen reported in the literature.

Palladium catalyzed reactioru;12have been extensively utilizcd for earboannuiation7Jand

heteroannulation processes7J. In recent years our research group has dcvclopcd mcthods

lar the synthesis of" bem.o - fused heterocyclic compounds, isoindolinones, e.g. benzo

[b] Furans's , isoquinolinone'~ and indolc derivatives" by palladiwn - catalyzed

reactions with tcrminal alkyncs and alkcnes.

21



In view of the extensive natural occurrence and biological lmportunce of unsaturated

terminal alcohol, aldehydes, acetylenes and acids and lack of convenient palladium -

catalyscd procedures for their synthesis, we were interested in developing a general and

facile method for the s}1lthesisof unsaturated terminal alcohol, aldehyde~, acetylenes and

acids.

In continuation of our studies on thc s}1lthcsisof various hctcrocyclic structures through

palladium catalyzed reactions using terminal alk}1les, we became intcrcsted in the

palladium catalyzed coupling reaction betwecn aryliodidc and propargyl alcohol to

afford unsarnratcd 3 - aryl propargyl alcohols, later which wcrc oxidized to aldehyde,

acctylcncs and acids.

1.2.2. Results and Discussion:-

A facile method lor the synthe~is of 3-aryl propargyl alcohol 11-14 through palladium

calaly/.ed coupling reaction of aryl iodide 6-10 with propargyl alcohol as shown in the

schcme I is reported and the results are demonstrated in the table I.

'Ihe reactions were usually carried out by stirring the mixture of aryliodide 6-10 (50Omg)

and propargyl alcohol (1.3 cqu.) in CHCll (lOml) in the presence of bis (triphenyl

phosphine) palladium (II) chloridc (0.063 m.mol, 3mol%), copper iodide (0.17 m.mol,

8mol%) and triethylamine (2 cqu.) for 2 hr at 40°C under nitrogen atmosphere. After

usual work up and purification on column chromatography over silica gel 3-aryl

propargyl alcohols 11-14 (scheme - I) were obtained in good yiclds.

~
X

6-10

{PPh,),rdCll, CHel"
•

HC=CCH,OH. Cui, B.JN. 40 oC. 2lr.

Scheme-1

22

QCH'OH
X

lI-t4

6,11 X=Cl
7,12 X=N02
8,13 X=CH3
9,14 X=OCHJ
10 X'=COOH



Table 1: SV11thesi,of3 - arvl ronarpvl alcohols 11-14

Aryl iodide propergyl Solvent Product Yield%

6-10 alcohols 11-14

p-CI-C6II41 HC=C-CH1OH CHCI) p-CIC6~C~CCl-hOH 89
6 II

p-N02C6IlJ! HC=C-CH2OH C;H6
P-N02C6H4C=CCH1OH 86

7 12

p-CH3C~H4l HC=C-CH2OH CHCb p-CH)C6H4C=CCH,OH 92
8 13

p-CH)OCGH,[ IIC=C-ClhOI-I CHCb I'-CIf3OC6I-GC=CCl-hOH 87, I'
p-COOHC~H4[ IIO=C-CIhOII CHCb Nil.

10

1.2.3 Starting Materials:

a. Synthesis and characterization of aryl iodide 6-10.

Aryl iodide have been used as slarting materials, because of their casy availability from

primary arylamine. Dia7.0ti7.alion or primary arylamine followed by Sandmeyer

iodination with potassiwn iodide alTorded aryl iodide 6-10 (scheme - 2).

The results are demonstrated in table - 2.

~
X

'-5

NaND), Il;>SD4, KI, 0-5 DC 30 rrin •

Seheme-2

23

~
X
6-10

1,2 X=C(
2,7 X=NO,
3,8 X~CH)
4,9 X= OCIh
5,10 X=COOH
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Table 2: Preparation or sl.Ibstitl.ltediQdobenzene 6-10.

SLNO. Arylamine 1-5 Aryliodide 6-10 Yield%

1 p-CIC(iI-4NH2 p-CIC(iI-4! 62
1 6

2 P N02C6H4NH2 p-N02C6H~1 94
2 7

3 p-CH]C6I-LNH2 p-CH]C6I-LI 88
3 8

4 P CHJOC6H1NH2 P CHJOC6H41 84
4 9

5 p COOHC6H4NHz p-COOHC6H4T 76
5 10

The starting materials aryliQdides 6 - 10 were characlenleJ by their melting points which

are CQmpalible v..lth the Iiteratl.lTe7~vall.le. The IR spectra of the aryl iodide showed the

abscnce ofNHz stretching vibration peak( P. 54 - 59). The presence of iodide in all the

aryliQdide was confirmed by Lassaigne test.

b. Smthesis and characterization oD-and propargvl alcohQI 11-14:

The cQl.lplingreaction QfaryJiodidc with alkyl substrates in the presence of (PPh])zPdCh,

CI.IIand EtJN in CIICb afforded 3-aryl propargyl alcohol (tablc - 1, scheme - I). All the

alcohols were well characteriI.ed by their satisfactory spectroscopic (JR, UV, 1H NMR &

DC NMR) and analytical data (P, 60 _ 85).

1hc formatiQn of the condensed prodl.lcts (substitl.lted alcohol) ,vas establishcd Qn the

basis of the following observations. CQmparison of SQmespectral data of 3-aryl propargyl

alcohol is shovm in table - 3.

The infrared spectra of 3-aryl propargyl alcohQl11 - 14 showed the foJIov..ing position 1.11'

stretching absQrption bands of the diffcrent functional grOl.lps.

24
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~,

Table-3: Comparison of some spectral data or 3-aryl.propargyl alcoholll.14.

SI Compound HNMR(~)J Hz CNMR(o) lR(cm") UV ill.p Y;~dNO. (n m) (Oc) %)
7.26 (d, 2II, J 8.4Hz, 51.56(C~CCH2), 750.3 (C-CI) 285.8 78-79 89

CI----<Q>-C=C-CH2OH
Ar.CH) 84,60 & 88.16(ArC=C), 2235 (C=C) 278.4
7.33 (d, 2H, J=8.4H7~ 121.01 & 134.58(Ar-C), 3282.6 (OH) 259.8

1 Ar-CH), 128.67 & 132.90(Ar-CH). 250
11 4.46 (s, 2R, CI'h), DEPT-132.93,128.7, 234.2

1.9 (s, 1II,0lI) 51.59.
2 7.56 (d, 2H, J 8.7Hz, 51.50 (C CCH:!), 1344.3 (NO:!) 297.6 87-88 86

N02---@-C C-CH2OH
Ar-CH) 83.82 & 92.52 (ArC=C), 2200 (C:=C) 238.8
8.16( d, 211, J=8. ?liz, 129.45 & 147.27 (Ar-C), 3310 (011) 254.6
Ar-CII), 123.5 & 132.41 (Ar-CH), 1517.9

12 4.53 (s, 2R, CH2), lJEPT-132,42,123.59,
1.86 (s, IH, OH) 51.50
7.10 (d, 2H, J 7.5Hz, 21.45 (Ar-CH]), 2250 (C C) 359 Semi. 92
Ar-CH) 51.63 (C=CCH2), 3419.6 (OH) 247 solid

CHJ---@-C-C-CH2OH
7.31 (d, 2H, J=7.8Hz., 85.79 & 86.57 (ArC=C), 2919 (CH)) 232.6

3 Ar-CH), 119.47& 138.60 (Ar-C), 223

13 4.47 (s, 2R, Clh), 129.05 & 131.58 (AI-CII).
2.33 (s, 3R, Ar-CH]). DEPT-131.41,129,20,
1.95(s, IH, OH) 51.46,21.28
6.82 (d, 2H, J 8.7Hz, 51.65 (C=CCH2) 2230 (C=C) 257.2 Semi- 87
Ar-CH) 55.26 (Ar- OCHl) 3310(OH) 229.2 solid

CHJO--@-C (-CHzOH
7.35 (d, 2R, J=8.7I1z, 85.60 & 85.90 (ArC=C), 2934 (OClb)
Ar-ClI) 114.63 & 159.72 (Ar-C),

4 14 4.46 (s, 2H, CH2), 113.93 & 133.16 (Ar-CH).
3.82 (s, 3H, OCH]), DEPT-113.93,133.16,
1.9(s, IH, OR) 55.26,51.65



Functional groups Stretching position (Cm' )

C-H Strctching (Aromatic) 3000 - 3100

C C Stretching (Disubstituted) 2200 - 2250

O-H Stretching 3282 - 3419

Ultraviolet-visible spectra of the synthesized alcohols 11-14 showed the approximate

absoptioll position of carbon - carbon multiple bonded systems at 220 - 297nm which

indicates the presence of unsaturation in the compound. The IH NMR spectra of 3 - aryl

propargyl alcohol II _ 14 exibited the lollowing charactcristics chemical shift of

disubstituted alkynie proton Indicate the structure of the compound.

Proton Chemical shift(o)

ArCH 6.82 7.56 (d, 2H, J 7.5 8.7 Hz),

7.33 - 8.16 (d, 2H, J = 7.8-8,7 Hz),

Ar-C CCH! 4.46 4.53 (s, 2H)

O-II 1,86-1.95(s,1H)

Thc 1.1CNMR spectra of3-aryl propargyl alcohol 11-14 showed the following

(;haraderistic chemical shill which ure compatible with structure ofthc compound.

Carbon Chemical shift position (0)

C CCH2 51.50-51.65

Ar-C C 83,82 - 85,79& 85.90 92.52

Ar-C 114.63 -129,45 & 134.58 - 159.72

Ar-Cll 113.93 - 129.45& 131.58 - 133.16
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1.2.4. Mechanism of palladium-eatal~'zedreactions of aryliodide with terminal
alkyne~.

(PPhJ),PdCI" CHeI"
•

IIC::::CCH20H,Cui,ElJN.40 0C, ZIT.

~CCH'OH

X
11-14

6,11 X=Cl
7, 12 X= N02

S,13 X=CH)
9, 14 X~OCH)
10 Xo:COOH

Cui I l::\jN

El]N+HJ- HC=CCH20H

Scheme-3
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It can be perceived that thc reactions proceed according to scheme - 3 although the

detailed mechanism of the reaction is yet to be clarified. It was observed that the presence

or Palladium - Catalyzed and base were very essential for the success ofheterornmulation

reactions. The key steps of the possible mechanism wcre based on the follo""ing

llbservations.

A coordinating unsaturated 14 - electron palladium (0) species is normally generated in

situ from bis _ (triphenyl phosphine) paliadil.lm(l1) chloride in the presence of base (EtJN)

and alkyncs'9,

In the first step of the catalytic cycle step aryliodidc arc assumed to be oxidatively rn:Ided

to bis - (triphenyl phosphine) palladium(O), generating a c; - aryl palladium (1I) complex.

The reaction should lead to the thermodynamically stable arylpallrn:Iium (II) complex in

several steps.

In the next step, at first Cui activates propergylalcohol molecule by forming the copper

acctyIidcs which undergo transmetallation \\ith aryl palladium halides to form the

alkynyl palladium species (step-E). This insertion is kno",,'ll as carbopalladation of

alkyncs.

Then reductive elimination to give 3-aryl propargyl alcohol (step-f) is the final step.

The catalyst is generated after reductive elimination of HI in presence of the base. The

regenerated Pd(O) usually participate in the reaction a, a catalyst.
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1.2.5. Preparation & Characterization of 3 - aryl propargyl aldehyde 15 - 18:-

3 - aryl- propargyl alcohol 11-14 "ere oxidiy.ed by using Jones reagent i.e 5,6 g K2Cr,O)

mixed "ith 5 _ 6 ml conc. H2S04 and 30 ml H20 in CH2CI) solvents at 40"C under reflux

for I hr. After usual workup 3-aryl propargyl aldehyde 15-18 were obtained.

~CCHO

X
15-18

Schcrnc-4

From all (he alcohols quantitative yield or aldehyde were obtained. The characterization

orlhe aldehydes were done by spectral data UV, JR, lH NMR and DC NMR (P. 86-

107). lbe comparison of some spectral data of substituted aldehyde is shown in the table

-5.

In infrared spectra carbonyl stretching frequency (1625 -1654) em,l, C",C stretching

absorption at (2191 - 2200) cm.l, aldehydic C-H at (2854 _ 2964) cm.[ were obtained,

Ultraviolet - visible spectra of the synthesized aldehyde 15-18 showed the approximate

absoplion position or aldehyde (-CHO) at 242 - 249 nm which indicates the presence of

unsaturalion in the compound. The IH NMR spectra of the aldehydes showed the

chemical shift position at Ii (9.4 - 9.89) ror -eHO prolon. The DC NMR spectra of the

aldehydes exhibitcd the chemical shift position al (176.03-176.76) ror -CHO, a( (89.02 -

90.63) & (90.76 - 93,58) for -C",C- and indicates the structure of the desired compound.
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Table-4: Comparison of some spectral data of substituted aldehydes 15-18.

SL Compound HNMR(o)J Hz C NMR(Il) IR (em' ) lJV m.p Vied
No. (n m) ("e) (%)

0 7.38 (d, 2B, J 83Hz, 89.02 & 93.579 (ArC=C), 1652.9 (CO) 248.6 93 65

Cl----<Q>-C=C-g-ll Ar-eH), 129.27 & 134.45 (Ar-CH), 2191 (C=C)
1 7.52 (d, 2H, J=8.4H~, 117.94& 137.84 (ArC), 2854.5 (C-H,

Ar-CH), 176.49 (CHO) Aaldehydic)
15 9.4 (~, lH, CHO), DEPT -76.49,134.45,129,27

0 7.75 (d, 2B, J 8.7Hz, 90.63 & 90.76 (ArC C), 1654.8 (CO) 242.20 110 60
-Q- "

Ar-CH) 123.86 & 133.87 (Ar-CH), 2194.8 (C"'C)
2 N02 0 C_C-C-H 8.25 (d, 2B, J=8.7Hz, 126.01 & 148.87(ArC), 2964.4 (C-H,

Ac-CIl), 176.03(CHO) Aaldchydic
16 9,45 (5, IH, CHOl DEPT-176.oJ,133.87,

123.86.

0 7.20(d,2H,J 8.18 129.56 & 133.35 (Ar-CH), 1625 (CO) 249.40 Semi-solid 82

-Q- "
Hz, i\r-C), 21.80 (Ar-CHJ), 2200 (C=C)

3 CHJ 0 C=C-C-II 7.48(d, 2HJ=8.05H~, \76.76 (CHO) 2920 (C-H,
Ar-C), DEPT-176.03,133.87, Aaldehydie)

17 9.4O{s, lH, -ClIO) 129.5,21.79.
2.3 (s. 3H, Ar-CH3)
6.91 (d, 2H, J 8,78 Semi-solid 48

4 0 Hz, Ar-CH)
CH]O-Q-C c-t-H 7.s5 (d, 2H,

J=8.78Hz, ArC),
9.89 (s, 2H, CHO),

18 3.85 (s, 3H, Ar-
OCH;)'
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1.2.6. Mechanism of 3 - aryl propargyl aldehyde 15:-

The probable mechanism for acid- catalyscd oxidation is illustrated below with

3 - phenyl propargyl aldehyde 15.

AOC CCH,OHY KlCrlO)-H,S04

X
U

•

Reaction occurs lhruugh the chromate ester, via a cyclic transition state:

Here,R= CI-<Q>-C=C

The chromium (i\') then di~proportionales to give chrumium(iii) and chromium (vi).

Schcmc-S
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1.2.7. Preparation & Characterization of terminal aeeQ'lenes of aryl 19-20:-

T~rminal acetylenes of aryl 19-20 wcre obtained by oxidation - decarbonylation of 3 -

aryl propargyl alcohols 11-12 using manganese dioxide in the presence of alkali in C6H6

solvent17 at room temperature for 1 hr,

o
X

11-12

Seheme-6

C=CH

X
19-20

From all the alcohols quantitative yield of acetylenes were obtained. The ehareetarization

of the terminal aeetylcnes were done by spectral data IR, UV, IH NMR & I)C NMR ( P.

J08 - 116). The eomparision of some spectral data of substituted acetylene is shown in

the tabJc-6,

In infrared spectra alkynyl ",C_B stretching at (3110 - 3251) em,t and C",C stretching

absorption at (2100 - 2150) were obtained, Ultraviolet - visiblc spectra of the synthesized

acetylenes 19-20 showed the approximate absoption position of carbon - carbon multiple

bonded systems at 238 - 289 nm which indicates the presence of unsaturation in the

compound. The Il-INMR spectra of the alkyne proton showed the chemical shirt position

at Ii (3.09 - 3.34) for -C"'CH proton, The DC NMR spectra of the terminal acetylenes

exhibited the chemical shift position at 81.63 & 82.30 for -C",CB and indicates the

structure of the desired compound.
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Table-5: Comparison of some speetral data of substituted aeetylenes 19-20.

51. Compound IHNMR(I))J=Hz LJCNMR(I)) IR(em-1l UV ffi.' Yied

No. (n m) (Oe) (%)

1 7.62 (d, 2H, J=8.75Hz, Ar- 81.63 & 82.30 (ArC"'C) 1342.4 (NOll 289.4 150 35

N02--@-C_CH
CH), 8.18 (d, 211,J=8.76I1z, 123.56 & 132.97(ArCH) 2100 (C=C) 238
Ar-CH), 3.34 (s, IH, Ar- 128.93 & 147.57(Ar-C)
C=CH)

3251.8 (=C-I-I)

19 DEPT-133, 123.48, 82.12.

2 CIVC CH
7.29(<1.2A, J~8.3H7" AT-CAl 819.7 (C-Cl) 48 62
7.43(<1,2H, J~8.2Hz, Ar- 2150 (C"'C)

20 CH), 3.09(s, 1A, Ar-C=CA) 3110 (=C-I-I)



1.2.8. Mechanism terminal acetylenes of 1I')'l 19:-

Step-I: Attacks Mn02 to the lone pair alcoholic group. As a result alcoholic group

become more acedic.

CI

Stcp-2: Produced formaldehyde and anionic system from ionic species. 'Then desired

compound "as formed.

CI

•

CI

I + HCHO

34
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1.2.9. Preparation & Charecterization of terminal aeid~ 21:-

3 - aryl propargyl acids were obtained by using Jones reagents i.e. 5.6 g K2Cr20, mixed

with 5-6 m! conc. H2S04 and 30 m! IhO in CIICh solvents at 80°C under reflux for 6 hr.

o
CI

"

Jones reagent,Cilel), 800C. 6 Ir
•

Sehcmc-7

C=CCOOH

o
CI
21

From all the alcohols quantitative yield of acids were obtained. The characterization of

the terminal acids "'iere done by spectral data IR, UV, III NMR & DC NMR (P. 117-

122), The comparison of some spectral data of substituted acids are sho",,'Ilin the table 7.

In infrared spectra carbonyl stretching 1681 cm'[ and C=C stretching absorption at 2100

were obtained. Ultraviolct - visible spectra or the synthesized add 21 showed the

approximate ahsoption position of carbon - carbon multiple bonded systems at 245.283

nm which indicates the prescnee ofunsalUration in the compound. The lH NMR speclra

of the acids showed the chemical shift position at Ii 9,75 for -eOOH proton. The IJC

NMR spectra of the acids exhibited the chemical shift position at 169.5 for -COOH, at

128,64 and 128.52 for -C=C- and indicates the structure of desired compound.
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Table-6: Compari~on of some spectral data of substituted acetylenes 21.

SI. Compound IH NMR(o) J Hz
No.

1)C NMR(o) IR (cm-l) UV ill.' Yied
(nm) ee) (%)

7.43 (d, 211,J=7.6Hz, AI-
169.50 (-COOH),

Cl--@-C-CCOOII CH), 8.01 (d, 2B, J=7.6I'Iz,
132.11 & 128.80 (ArCH), 283.2

I. 132.20 & 13I.S2(Ar-C),
1681.8 (C=O)

AI-CH), 9.75 (s, IH.
245.6 1.60 48

21 128.64 & 128.52 (ArC"'C) 2100 (C;C)
ArC;CCOOH)



1.2.12. Mechanism of terminal acids 21:-

The probable mechanism for acid - calalysed oxidation is iliustratcd below with

3 - phenyi propargyi alcohol 11.

C::::CCHlOHQ ,,,'re.,,~O'C', """<:, ';'
CI
u

~CCOO"

CI

"
Firs(]y the alcohol was converted to aldehyde at normal condition (r.t) ""ith Jones

reagents and then converted to acids at vigorous condition ( 80°C temp. & 6 hr) as

illustrated.

Reaction occurs through the chromate ester. via a cyclic transition state:

Here, R = CI----@--C=C

The chromium (iv) then disproportionates to give chromium(iii) and chromium (vi).

+ HC!Q~

0"
I

R-c=C-C1I-OCrO)H

,
R-C=C-CHO + H

11

7"
R-C=C-C-O-CrO)11

I
"
"jl-I,9.

Schcme-8
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Conclusion
We have described a convenient and facile method for the prepamtion of ]-aryl

propargyl alcohol from the reaction of aryliodide ,,<jthpropargyl alcohol by a

(Ph)Ph Pdt]]) Ch, CuI, EtJN system,

Later ]-aryl propargyl alcohol was oxidized to prodLtce]-aryl propargyl aldehyde

, by LtsingJones reagents,

Then terminal acetylenes were prepared by oxidation decarbonylation of 3-aryl

propargyl alcohol by using manganese dioxide in presence of alkali in C6H6

>ohent at room temperature for I hr.

Then 3-aryl propargyl acid "a:; obtained lrom 3-aryl propargyl alcohol by using

Jones reagents.

The most important features of the synthesis are that readily availabk starting

materials are used under relatively mild reaction conditions, Also, no toxic and

hazardou>~ompounds are produced in this pro~edure.

By using this mcthodology researchers will be able to synthesize dilTerent

unsaturated alcohol, aldehydes, terminal alkyne and unsaturated carboxylic acids

which might have versatile synthetic importance,
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SECTION -II
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Experimental
1.3.1. Preparation of substituted iodobenzene (6-10)

a. Preparation of p-Iodotoluene 8:-

p-Toluidine (5g. 0.047 mol) ""as dissolved in distilled water (60 ml) containing cone,

H2S04 (7 ml) in a large round bottom flask. The mixture was cooled at 0 - 5 "C with

vigorous stirring by immersion in a freezing mixture 01"ice and salt. The resulting

mixhue was diazotizcd by gradual addition of a cold solution or sodium nitrite (3.17g,

0,045 mol, 1 eg.) in water (10 ml) with stirring, maintaining the temperature of the

solution at 0 _ 5"C. Then a solution el"potassium iodide (9,16g, 0,055 mol, 1.2 eg.) in

water (10 ml) was added to the resultant clear solution graduall} with stirring. rhen the

mix lure was allowed to stand for 1 hr. at the laboratory temperature and healed to boiling

on a water bath lUltil evolution of nitrogen ceases for minimum 30 minutes. Then the

solution mixture was cooled, a dark colored oil was settled to the bottom and soon

solidified,

'lhe residue obtained by filtration was washed with distilled cooled water, Then the

residuc obtained was dissohed with ChlolOfonn. The organic layer was washed with

saturated NaHCO) and then sodium thiosull"ate solution with the help of separator funnel.

Finally, the organic layer was washed with distilled waler and dried over anhydlOus

Na2S04, filtercd and concentrated under reduced pressure. The compound wcre obtained

as a crude gum which were then purified by column chromatography on silica gcl \vith

chloroform: hcxanc (l: 3) to give yellowish crystal (8.82g, 86% ) m.p. 35-]6' C .

CH3---@-r
8

The characteristics data 01"this compound are as 1"01l0ws-

IR (KBr); Um"" 2964, 1585, 1485, 1286, 1245, 1174, 102M,999 and 823 em-I.

IH NMR (400 MAl;, CDCI)); 7.53 (d, 2B, J = 3.0 Hz, Ar-H). 6.56 (d, 2A, J = 3.0Hz, Ar-

H), Ii 2.36 (s, 3H, AI-CAl),

39



b. Preparation ofp-iodochlorobcnzcnc 6: --
Cl-@-l

6

This compound 6 was synthesized from p-chloro aniline by following the procedure

described above. It was cl).staline white coloured compound ( mp. 53_54°C ). The

characteristics data of this compound are as follows-

IR (KBr): Urn" 3100-3080, 1548.7, 1257.7, 1217.0, 1006.8, 977.8, 727 em-I.

III NMR (400 MHz, CDC!,): 8 7.52 (d, 2H, J = 8.4Hz, i\r-H), 7.38 (d, 2H, J = 8.3Hz,

Ar-H)

c. Preparation of p-iodo nitrobenzene 7:

N02--<Q>-I
7

This compound 7 was synthesiled frump- nitro aniline by follo",ing the procedure

dcscribcd abovc. It was crystaline light yellow coloured compound (mp, 173-175 °C).

The characteristics data oflhis compound arc as follows-

IR (KBr): Urn", 3100-3080,1508, 1340, ]]07, 850, 837 cm-' .

UV (EtOH) : 1.",ox 252,0 nm,

III NMR (400 MHz, CDC!}): Ii 8.25(d, 2R, J = 8.7Hz, Ar-H), 7.75(d, 2H,J = 8.7Hz, Ar-

H)
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d. Preparation ofp-iodoanisoI9:

"lhis compound 9 was synlhesi~ed rrom p- anisidine by follov>ing lhe procedure

described above, II was crystaline light yellow coloured compound (mp. 48 - 50°C ).

Thc characteristics data oflhis compound are as follows-

IR (KBr): urnax 3100-2900,1548.7,1257,1217,1006.8,977.8 and 727cm" .

lH NMR (400 MHz, CDC!]): Ii 7,56 (d, 2H, ]=8.77H7, M_II), 6.10 (d, 2H, J~8,78HL.,Ar-H),

3,77 (s, 3H, Ar-OCH.;)

e. Preparation of p-iodobenzoic acid 10:

COOH--<Q>-r
10

This compuund 10 was synthesized from p--iodobcnzoic acid by following the procedure

described above. It was crystaline light yellow coloured compound (mp, 272 - 273 'C).

The characteristics data of this compound arc as follows-

IR (KBr): Urnax3100-2900, 1750,1251, 1217, 1006,977 and 727cm,1 .
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1.3.2. General procedure for the synthesis of unsaturated alcohols ll-I4.

a. Synthesis of 3-(p-chlorophenyl)-prop-2-yn-l-ol 11:-

Into a round bottom flask equipped ""ith a reflux condenser carrying a calcium chloride

guard tube on the top, bis-trriphenyl phosphine palladium(lI) chloride (44 mg, 0.063

m.mol,3 mol %) and copper iodide (32mg, 0.17 m.mol, 8 mol %) were added to a

solution of propargyl alcohol (153 mg, 2.74 m.mol, l.3eq.), triethylamine (0.42g, 4.19

m.mol, 2 cq.) and p-chloro- iodobenzene (500mg, 2.096 m.mol) in chloroform (10 ml).

Thc mixture was stirred at 40°C for 2 hours with reflux. After 2 hr the mixture was

diluted with chloroform. Then the organic layer was washed with distilled water by

separator funnel and dried over anhydrous Na2S04, filtered and concentrated under

reduced pressufC. The compound was obtained as a crude solid which is then purified by

column chromatography on silica gel with chloroform: hexane (1:2) to give colorless

crystal of 11 (0.322 g, 92%), m.p. 78-79 0 C.

CI-@-C-C-CH20H

11

The charactcristics data of this compound arc as follows-

lR (KBr): Urnax3282.6, 2854.5, 2235, 750.3 cm-].

UV (CHC!}): 1.",ox285.8, 278.4, 259.8, 250, 234.2 run.

IH NMR (400 MH", CDCI,): Ii 7.33 (d, 2H, J~8.4Hz, Ar-CH), 7.26 (d, 2H, J~8.4Hz,

Ar-CH), 4.46 (~, 2H. CHI), 1.9 (s, lH, OH)

llC NMR (100 MHz, CDCb): I) 128.67 & 132.90(Ar-CH), 121.01 & 134.58(ArC=),

84.60 & 88, 16(ArC=C), 5 I .56(C=CCH1),

DEPT-132,93, 128.7,51.5
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b.Synthesis of3 - (p - nitrophenyl) - prop - 2-yn - 1 - 0112:-

NO,-@-C-C-CH20H

12

This compound 11 was synthesized from p-iodo nitro benzene by coupling reaction of

(triphenylphosphine) palladium (II) chloride, triethylamine and propargyl alcohol in

cWoroform by the following procedure described above. [t was crystaline light yellow

coloured compound (mp. 87 - 88 0 C). The characteristics data of this compound are as

rollows-

IR (KBr): Urnax 3310,2200,1517,1344.3 cm.l .

UV (CHCh): }..Illax 297.6, 254,6, 238.8 nm.

IH NMR (400 MHz, CDC[)): I)8.16(d, 2H,1=8.7Hz, ArCH), 7.56 (d, 2H, 1=8,7Hz, Ar-

CH), 4.53(s, 2H, CH2). 1.86(s, 1H, OH)

llC NMR (100 MHz, CDCh): 0 129.45 & 147.27 (Ar-C), 123.5 & 132.41 (Ar-CH),

83.82 & 92.52(AtC=C), 51.50(C=CCH2).

DEPT-132.42, 123.59, 51.50
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c.Synthesis of3 - (p - methylphenyl) - prop - 2-yn - 1 - 0113:-

CH3---@-C C-CH,OH

13

Thi~ compound 13 was synthesized from p - iodo tolucne by following the procedure

dcserihed ahovc. It was scmi - solid light yellow coloured compound. The characteristics

data of this compuund are as rol1ows-

IR (KBr): u,n", 3419.6, 2919, 2250, 850, 670 cm"1 .

UV (CHCI)): A..", 359, 247, 232.6, 223 llDl.

In NMR(400 MHz, CDCh): a 7.31 (d, 21-1,J=7.8Hz, Ar-CH), 7.10 (d, 2H, J=7.5Hz,

Ar-CH), 4.47 (s, 2H, CH2), 2.33 (s, 3H, Ar-CH]), 1,95 (s, ll-l,OH)

llC NMR (100 MHz, CDCb): Ii 129.05 & 131.58(Ar-CH), 119.47 & 138,60 (Ar-C),

85.79 & 86.57 (ArC=C), 51.63 (C=CCH2), 21.45 (ArCH,)

DEPT-131.41, 129,20, 51.46, 21.28
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d, Synthesis of3 - (0 - methoxiphenyl) - prop - l-yn - 1 - 0114:-

CH30---@-C=C-CH20H

14

'j his compound 14 was synthesized from p-iodoanisol by following the procedure

described above. It was semi - solid iight yellow coloured compound, Thc charactcristics

data of this compound arc as follows-

IR (KBr): Urn", 3310,2934.4,2230. cm'[ .

UV (CHCh): I'm"" 257.2, 229,2 run,

tH NMR (400 MH~, CDCb): S 7.35 (d, 2H, J=8.7H:-:, 6.82 (d, 2H, J=8.7Hz, Ar-CH),

Ar-CH), 4.46 (s, 2H, CH1), 3.82(s, 2H, OCHJ), 1.9(s, IH, OH)

lJC NMR(lOO MHz, CDC!)): () 114.63 & 159,72 (Ar-C), 113.93 & 133.16 (Ar-ell),

85.60 & 85.90 (ArC=C), 55.26 (Ar- OCHJ), 51.65 (C=CCH2).

DEPT-113.93, 133.16, 55.26, 51.65

45

•



1.3.3. General procedure for the synthesis of unsaturated aldehyde

15-18.

a. Synthesis of3-(p-chlorophenyl)-prop-2-yn-l-aI15:-

Into a round boltom flask equipped with a reflux condenser carrying a calcium chloride

guard tube on (he top, ]-(p-chlorophenyl) prop -2-yn-I-ol (100 ml, 0.60 m, mol) was

taken in dichloromelhene (10 ml). The mixture was stirred at 40 "C with reflux. Then the

Jones reagenls (i.e. 5.6 g KZCr207, 5-6 ml of conc, H2S04 in 30 ml l.hO mixture) was

added to the solution gradually. 'j hc mixturc was stirred at 40 "C for I hour with reflux.

After Ihr the mixture was diluted with chlorofonn. Then the organic layer was washed

with distilled water by separator funnel and dried over anhydrous Na2S04. filtered and

concentrated under reduced pressure, The compound was obtained as a crude solid 'Which

was then purified by eolUllUlchromatography on silica gel with chlorofonn : hexane (I:

3) to give colorless crystal of15 (70 mg, 65%) m.p. 93" C.

Cl--@-C-C-CCHO

IS

1hc characteristics data of this compound are as follows-

IR(KBr); Um"" 2854.5,2191,1652.9,825.5,760 cm.[

UV (CHCI)); ","" 248.6, 234.8 nm.

I"NMR (400 MHz, CDCb); I)7.52 (d, 2H, J=8.4l1z, Ar-CII). 7.38 (d, 211, J=8.311z,

AI-CH), 9.4(s, IH, CHO)

Be NMR (I OOMH>:,CDCh): 176.49(CIIO), 129.27 & 134.45 (Ar-CH),

117.94 & 137.84 (Ar-C), I) 89.02 & 93.579 (ArC=C)

DEPT-176.49, 134.45, 129,27
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b. Synthesis of3-Cp-nitropheny1)-prop-2-yn-l-aI16:-

N02~C=C-CCHO
16

This compound 16 was synthesized from 3-(p-nitrophcnyl)-prop-2-yn -1-01 ) by oxidation

reaction of Jones reagent (i.e. 5.6 g K,Cr20), 5-6 ml of cone. H2S04 in 30 ml l,bO

mixture) and 3-(p-nitrophcnyl)-prop-2-yn-l-ol in dichloromethene by the following

procedure described above. It was crystaline light yelIow coloured compound (m.p. 110

oC). The characteristics data of this compound are as follows-

IR (KBr): 1,),""" 2964.4. 2194.8, 1654.8, 1344.3 em-I.

UV (CIICb) : Am",293.80, 242.20, 234.10, 231.80, 223.10 run,

'H NMR (400 MHz, CDCI)): 8 8.25 (d, 2H. J=8,7H<:, Ar-CH), 7.75 (d, 2H, J~8.7Hz, Ar-

CII). 9.45(s, III, CHO)

1Jc NMR (100 MH/, CDCb): Ii 176.D3 (CI-IO), 126.01 & 148.87 (Ar-C), 123.86 &

133.87(Ar-CH). 90.63 & 90.76(ArC=C)

DEPT-176.D3, 133.87, 123.86.
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c. Synthesis of 3-(P-methylphenyl)-prop-2-yn-l-al 17:-

CH3-<Q>-C=C-CCHO
17

This compound 17 was synlhesi:r.ed from 3-(p-methylpheoyl)-prop-2-yn-l-ol by

following the procedure described above. It was semi-solid light yellow coloured

compound, The characteristics data of this compound are a:; follows-

IR (KBr): urn"" 2920, 2200,1625, 800 em-I .

UV (CHCI)): A..", 249.40 om.

In NMR (400 MHz, CDCb): <) 7.49 (d, 2H, J=8.05H..:, Ar-C), 7.20 (d, 2H, J=8.18Hz,

Ar-CH), 9.40 (s, IH, -CHO), 2,3 (5, 3H, Ar-CH.1)

lJC NMR (100 MHz, CDCb): I) 176.76 (CHO), 129.56 & 133.35 (Ar-CH), 118.12 &

136.94 (Ar-C), 89.01 & 92.03 (ArC=C), 21.80 (Ar-CH)

DEPT-176.03, 133,87, 129.5, 21.79.
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d. Synthesis of3-(p-mcthoxypheny])-prop-2-yn-l-alI8:-

CH;O--@-C-C-CCHO

IS

This compound 18 was s}nthesized from 3-(p-methoxyphenyl)-prop-2-yn-l-ol by

following the procedure dcscrihed above. It was solid light yellow coloured compound.

The characteristics data of this compound are as follows-

IR (KBr): umax2930, 2210, I6lOcm-1 _

lTV (CHCb): Am",249.40 nm.

'H NMR (400 MHz, CDC1.J): oS9.89(5, 2H, CHO), 7.56 (d, 2H, J=8.78Hz, Ar-C), 6.91 (d,

2H, J=8.78Hz, Ar.CH), 3.85(s, 3H, Ar-OCHJ)
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1.3.4. Preparation of active Mn02:

Into a large (2 liter) round bottom flask with three necked equipped with a reflux

condenser carrying a calcium chloride guard tube on the top, a solution of MnS04,HlO

(139 g in 250 ml H20) and 40 % NaOH were added simultaneously to a hot solution of

KMn04 (l60g in lIiter l'hO) over a period of I hour. The boiling mixture ,vas stirred for

an additional hour and it "as then allowed to stand overnight. Then the ppt. was collected

with the help of filter paper on buehner funnel and washed with distilled water unlil the

pHof lhe welted sample reaches 8. The ppt. was transferred into a beaker and boiled with

water for five minutes with occasional stirring, lhen Iillered. The most active Mn02 was

obtained when the washing with distilled water was done for several times. The ppl. was

dried at 110' C for overnight and powdered before use,
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1.3.5.General procedure for the synthesis'of"unsaturated aeetylene19-20.

a. Synthesis ofp-nitrophcnyl-acetylene 19:-

Into a rOI.mdbottom flask equipped vlith a calcium chloride guard tube on the top, 3 - (p-

nitrophenyl)-prop-2-yn-I-ol (200 mg, 1.13 m.mol) was taken in benzene (lOml) and

potassium hydroxide powder (0.317g, 5.6m,mol, Seq) and manganese dioxide (0.98 g,

11m,mol, lOeq) were added. Then the mixture was stirred at room temperature for 1

hour. The solution was filtered with the help of filter paper and the residue was extracted

with ether (3*50 ml), Then the organic layer was washed with distilled water by separator

furmd and dried over anhydrous Na2S04, filtered and concentrated under reduced

pressure. The compound was obtained as a crude solid which was then purified by

column chromatography on alumina with hexane: chloroform (3:1) to give pale yellow

cD-'stal of 19 (110 mg, 64%) m.p. 149-150' C.

NO,-<Q)-C-CH
19

The characteristics data orthis compound are as folJows-

IR(KBr): uma>:3251,8, 2100, 1342.4 cm'l "

UV (Cl-lCb) : A."ax289.4, 238, 221.8, 218 run,

InNMR (400 MHz, CDC!]): Ii 8.18 (d, 21-1,]=8.76Hz ,Ar-CH), 7,62 (d, 211, ]=8,751-1z,

Ar-CH), 3.34(s, lH, Ar-C=CH)

Uc NMR (100 MHz, CDC!]): Ii 128,93 & 147.57 (Ar-C), 123.56 & J32.97(Ar-CH),

81.63 & 82.30 (ArC=C),

DEPT-133, 123.48, 82.12
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b. Synthesis of p-chlorophcnyl-acetylene 20:-

Cl-@-C=CH

20

This compound 20 was synthesized from 3-(p-chlorophenyl)-prop-2-yn" 1-01 ) by

oxidation decarbonylation reaction oI'polassium hydroxide powder and manganese

dio~ide with 3-(p-chlorophcnyl)-prop-2-yn-l-ol in cWoroform by the following

procedure described above. It \\'as crystalli~-ed white coloured compound (m,p. 48 'C).

The characteristics data of this compound arc as follows-

IR (KBr): umax3110, 2150, 819.7 em'i .

IH NMR (400 MHz, CDC13): oS7.44 (d, 2H, J=8.2Hz, Ar-CH), 7.30 (d, 2H, J=8.3H~, Ar-

CH), 3.09 (5, 1H, Ar-C=CH),
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1.3.6. General procedure for the syuthesis of unsaturated carboxylic

acids 21.

a. Synthesis of3-(p-chlorophenyl)-prop-2-yn-l-oic acid 21 :-

Into a round bottom flask cquippcd with a reflux condenser carrying a calcium chloride

guard tube on the top, 3-(p-eWorophenyl)-Prop-2-yn-101 (200 mg,1.2 m.mol) was taken

in chloroform (10 ml). The mixture was stirred at 80 'C with reflux. Then thc Joncs

reagents (i.c 5.6 g K2Cr201, 5-6 ml HlSO. and 30 ml distilled water mixture) was added

to the ~olution gradually. Then the mixture was stirred at 80 °C for 6 hours.

After 6 hours the mixturc was diluted with CHCh, Then the organic layer was washed

with distilled water with the help of separator fUllllci and dricd over anhydrous NalS04,

filtered and conccntratcd under reduced pressure. The compound was obtaincd as a crudc

sulid which was then purified by eolumn chromatogmphy on silica gel with chloroform

to givc colorle,s crystal of 2J (l05 mg, 48 %) m.p. 1600 C .

Cl--@-C CCOOH

21

The characteristics data of this compound are as follows-

IR(KBr): urnax 3500-2500, 3064, 2100,1681, 1425.3, 1296.1,852.5,759.9 cm-! .

UV (CHCb) : Am",283.2, 245.6, 222.4, 218.2 nm.

IH NMR (400 MHz, CDCb): oS 7.43 (d, 2H, J=7.6H~., Ar-CII), 8.02 (d, 21-1,J=7.6Hz,!\r-

CH), 9.75 (S, 11-1,Ar-C=COOII)

l,C NMR (100 MIIz, CDCb): oS 169.50 (-COOI-I),132.11 & 128.80 (Ar-CH), 132.20 &

131.52 (Ar-C), 128.64 & 128.52 (Ar-C"'C)
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File Name: LA23

CI-@-C-C-CH20I-I

11

Created:
Data:

14:10 10/03/07
Original

Measuring Mode: Abs,
Scan Speed: Fast
Slil Width: 2,0
Sampling Interval: 0.2

No.
I
2
3
4
5
6

Wavelength (nm,)
307.60
285.80
278.40
259.80
250.00
234.20

Abs.
0.0261
0.0465
0.0682
0.9990
1.1609
0.1266
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Created:
Data:

14:05 10/03107
Original

MeasuringMo,k Abs.
Scan Speed: Fast
SlitWidth: 2.0
Sampling Interval: 0.2

No.
1
2
3

Wavelength (run.)
297,60
238.80
234.60

Abo.
0.9855
0.2137
0,2585
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Created:
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Original
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Slit Width: 2.0
Sampling Interval: 0.2
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1
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359.00
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Scan Speed: Fast
SlitWidth: 2.0
Sampling Interval: 0.2
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2

Wavelength (run.)
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234.80
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1.0590
0.2021
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