Synthesis of terminal acetylenes, alkynyl
aldehydes and acids from aryl halides

M. Phil Thesgis -

SUBMITTED IN PARTIAL FULFILMENT OF THE
REQUIREMENT FOR THE DEGREE OF
M.PHIL IN CHEMISTRY

SUBMITTED BY
Mst. Laila Arifun Nahar
Student No. 040503102 F
Registration: No. 0405027
Session; April-2005

ORGANIC RESEARCH LABORATORY
DEPERTMENT OF CHEMISTRY
BANGLADESH UNIVERSITY OF ENGINEERING
August, 2009

AND TECHNOLOGY (BUET), DHAKA-1000
BANGLADESH ~ Lot

T
- —t - m---:_-;" ——rn

L I

(PRSP ]

TA298




Bangladesh University of Engineering and Technology, Dhaka
Department of Chemistry

ATIE,

The Thesis titled “Synthesis of terminal acetylenes,
alkynyl aldehydes and acids from aryl halides”

SUBMITED BY

Mst. Laila Arifun Nahar

fias been accepied as satisfactory in pantial fulfilment of the requirements for the degree of Master
of Ffiifbsopfiy (M. Phif) in Chemistry and certify that the student fas demonstrated a satisfactory
knowiedge of the fielf covered by this thasis in an oral examination held on August 31, 2009.

Board of ExeMINErs

7%5 31 ﬁrr

Drl. Md. Wahab Khan Supervisor & Chairman
Professaor

Department of Chemisiry

BUET, Dhaka

. Mdetiat,

Dr.'Md. Wahab Khan . Membaer (Ex-officio)
Professor & Head

Department of Chemistry

BUET, Dhaka.

2 @Sﬁ‘ﬁﬂ—g 3L.%.0
Dr. Nazrul Isiam 9
Professor
Departmemnt of Chemistry
BUET, Dhaka

4. r%ﬂ"‘/‘)ﬂﬂf-ﬂ‘?

Or. Shakila Rahman Member

Professor
Department of Chemistry
BUET, Dhaka

Mﬁk”{ﬁ.f- 200 9
Dr. Md. Mosharef Hossain Bhuiyan Member (Extemal)

Frafessor
Department of Chemistry
University of Chitlagong.

Member




DECLARATION

it is here by declared that this thesis / project or any of it has been not
submitted elsewhere for the award of any degree or diploma.

Signature of the candidate

s

Mst. Laila Arifun Nahar




ACKNOWLEDGEMENT

All praises and admiration for Almighty Allah, the mosi gracions, the most kind and
mercilul who was enablcd me in carrying out research work.

[ humbly record my heart - fell and sincere grati tudlc to my most respective leacher and
supervisor Dr. Md. Wahab Khan, Professor & Heud Department of Chemistry,
Bangladesh University of Engineering and Technology (BUETY, Dhaka, Bangladesh. I
am really grateful to him for his lighily indispensable supervision, constructive criticism,
invaluable suggestion and constant ecncouragement during the entire period of my
rescarch work and in suceessful preparatien of this manuscripl.

I armm most graleful te my honerable leacher Dr. Nazaul 1slam, Dr. Lnamul Hug , Dr. A. K.
M. Matior Rahman, Dr. Shakila Rahman, Dr. M. Rafique Ullah, Dr. Md. Abdur Rashid,
Prof. Dr. Md. Monimul Hugque, Dr. Al - Nakib Chowdury and all my respectable
teachers, Depariment of Chemistry BUEL, Dhaka, for their conslant co-operation at
difterent stages ol studies in chemistry,

I am grateful o Bangladesh University of Engineering and Technology for giving me
opportunity to do my M. Phil program in the Department of Chemistry, BUET, Dhaka
and providing my [inancial suppont to camy out my research work.

I desire to offer my pleasant thanks to Professor Dr. Md. Manwarul Islam and Md. Safiul
Azam Department of Chemistry, BUET for their kind help in recording UV spectra.
Further, my immenses love and thanks to my sweetest daupghter Rafana
Tlasnim (preva), my husband M. Rahat Ahmed Sikdar, H.R Manager, UNDP,

Bangladesh.



I am thankful to Mr. M. Sahidul Islam, principle scientific Officer, Dr. Nasim Sullana,
senior scientific officer and Dr. Soharab Hossain, senior scientilic OfTicer BCSIR, Dhaka
for performing 'H NMR and *C NMR specira.

1 am also thankful to all staffs in the Depariment of Chemistry, Bangladesh University of

Engincering and Technology (BUET?} for their kind cooperation.

Mst. Laila Arifun Nahar

Author



Contents Page No.

Abstract
sununary

Chapter-1
1.1. Background of the present werk

1.1.1. Introduclion

1.1.2. Imporiant Synthesis

Chapter-11

Section — 1

1.2, Present Work

1.2.1. Retionale

1.2.2. Results and Discussion
1.2.3. Starting Materials

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

1.2.3.b. Synthesis and characterization of 3 — aryl propargyl alcohol 11-14:

1.2.4, Characterization of products

1.2.5. Mechanism of palladium-cetalvzed reaclions
of aryliodide with terminal alkvnes.

1.2.6. Preparation of 3-aryl propargyl aldehyde 15-18

1.2.7. Mechanism of 3-arvl propargyl] aldehyde 15

1.2.8. Preparction of tcrminal acetvlenes of aryl 19-20

1.2.9. Mechanism terminal acetylenes of aryl 19
1.2.10. Preparation of terminal acids 21-22

1.2.11. Mechanism of terminal acids 21

Conclusion

21
21
22
23
23
24
24
27

29
31
32

34
15
37

' &



Section—-11

1.3.1 Preparation of substituted iodobenzene (6-10)

a. Preparation of p-lodeloluene 8

b. Preparation ol p-iodochlorobenzene 6

c. Preparaticn of p-indo mirobenzene 7

d. Preparation of p-iodoanisol 9

e. Preparation of p-ivdobenvoic acid 10

1.3.2. General procedure for the synthesis of
unsaturated aleohols 11-14,

a. Synthesis of 3-(p-chlorophenyl)-prop-2-yn-1-0l 11

b. Synthesis of 3-(p-nitrophenyl}-prop-2-yn-1-0l 12

¢. Synthesis of 3-(p-methylphenyl}-prop-2-yn-1-01 13

d. Synthesis of 3-(p-methoxiphenyl}-prop-2-yn-1-ol 14

1.3.}. General procedure for the synthesis of unsaturated aldehyde
15-18.

a. Synthesis of 3-(p-chlorophenyl)-prop-2-vo-1-al 15

b. Synthesis of 3-(p-nitrophenyl}-prop-2-yn-1-al 16

¢. Synihesis of 3-(p-methylphenyl}-prop-2-yn-1-al 17

d. Synthesis of 3-(p-methoxyphenyl}-prop-2-¥n-1-al 18

1.}.4. Preparation of active Mn(:

1.1.5. General procedure for the synthesis of unsaturated acetylene
19-20.

a. Synthesis of p-nitrophenyl-acetylens 19

b. Synthesis of p-chlorophenyl-acetylenc 20

1.3.6. General procedure for the synthesis of unsaturated acids 21
a. Synthesis of 3-(p-chlorophenyl)-prop-2-yn-1-cicacid 21

List of figures:

References:

1

Page No.

39
A}
44
41
41
42

42

44
45

46
47

© 48

4%
50

31

33
34-122

123-127



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, although ihis
iz one of the most critical operation in the synthests of organic molecules. Acetylenes and
alkynes denvalives ane versattle compounds in the synthelic chemisity and hence various
methods for their synthesis has been explored. In view of the extensive natural
occurrence and biological importance of unsaturated alcoho! a general method for the
synthesis of substituted propargyl-alcohol through polladium-catalyzed reaction using
aryl halide and pmparg}'l alechol is repored.

C=CCHOH C=CCHO
{11- 14: (1543]
d-s {6- u}} 1‘-’ c=cH

1,6, 11,1520, 21 X=Cl C CCDOH
2,712, 16,19, X =N0y
3,8,13,17 X=CH, 18-20
4,9, 14,18 X =0CH; [ ]
5. 10 X=COO0OH {31}

i} NaNO3, H280y4, K1, 0-5 °C, 30min.

i) (PPhy)aPACla, CHCly, EtzN, Cul, HC=CCH;011, 406 °C, 2hr

i) Jones reagents (3.6 g K;CrzO7 in 5-6 ml H;804 cone. & 30 ml H;0), CHRCly, 40 °C, 1
hr.

iv) KOOI powder, MnO; powder, CsH,, t.t, 1hr.

v) Jones reagents (3.6 g KsCr2(); in 5 - 6 mt H80C, conc. & 30 ml 11:0). CHCL,, 80°C, 6
hr.

The coupling reaction was carried oul by stirring a mixture of aryliodide 6-10 and
proparpyl alcohol in presence of bis {triphenyl phosphine) palladium(IT} c¢hlonde as 2
catalyst, copper iodide as a co-calalyst and tricthylamine as & base in chloroform at 40 ©
C. The condensed product was purified by column chromatography w afford 3-aryl
unsaturated alcohol (11-14}). The alcohel was subjected 10 oxidation with Jones reagent to
yield unsaturated terminal aldehyde (15-18) at mild condition. Then the alcohol was
subjccted to oxidahon-decarbonylation to yicld 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 rcagents at vigorous
conditions. The synthesized com 3pt}:unn::ls were characterized based on analytical data
obtained from IR, UV, 'H NMR, “C NMR and melting point.

iii



Summary

Investigation incorporated in this dissertation entiled ¥ Synthesis ol terminal 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, experimental procedures for the synthesis of substituted
unsaluraled atcohols, aldehydes, acetylenes, acids, results and discussion of the synthesis.

It also deals wilh the oxidation of the synthesized unsaturated alcohols.

Chapter 1

It represents the importance and synthesis of unsaturated alechols, acetylenes, aldehydes
and acids. These are swynthelic orgamic  compounds that are ol increasing interesl in
synthetic and pharmaceutical chemistry. Various mecthods are described for the synthesis

of unsalurated alcohols, aldehydes, acetylenes and acids here.

Chapter 2 ;

A Tacile method for the regivselective synthesis of unsaturated aryl olcohol 11 - 14 is
reported . The aryliodides & - 10 were synthesized by usual procedure as shown in the
scheme-1. I'he coupling reaction between aryliodide and propargy] alcohol was carried
oul thmugh palladium catalyzed reaction. The palladium catatyzed reaction was usually
performed by stiming the mixture of aryliedide 6 — 10 {500 mg} and propargyl alcchol
(1.3 eq.) in presence of bis { triphenyl phosphine) paltadium (11} chloride (3 mol$) EtsN

{2-cquiv), copper iodide (&8 mol%) n chloroform at 40 °C for 2 hrs under nitrogen

v



atmosphere as shown in the scheme — 2. Afler usual workup and purification by column
chromatography aryl unsaturated aleohol 11 - 14 were obtained in good yield.
NH, I

NaNO,, HySO4, KL, 0-50C, 30 min

1-5 6-10

1,6 Xx=a

2.7 X=NO;
3,8 X=CI
4,9 X=0CH 3
3, 10 X=COOH

Scheme-]
I C=CCH,0OH

(PPhy)zPdCl,. CHCI,,
:
HC=CCH,0H, Cul, BN, 400C, 2.

X X

6-10 11-14
6,11 X=Cl
7.12 X=N{),
8, 13 X =(CHj;
9 14 X=0CH;
10 X=C0O0H

Scheme-2

It also deals with the preparation of substitutcd unsaturated aldehydes 15 - 18 through
oxidation reaction which was carried out by refluxing the mixture of 3-aryl propargyl
alcohol and Jenes reagent (Le. 5.6 g KaCryQO7 in 5 - 6 ml H380, cone. & 30 ml H0) in
chloroform at 40 °C for [Thr as shown in the scheme - 3. After usual workup and

purification 3-aryl-propargynal 15 - 18 were obtained.



C==CCH,0H C=CCHO

Jomes reagent, CH,;Ch, 40 0C, 1 h;-

X X
11-14 15-18

11,15 X=Cl

12,16  X=N0O,

13,17  X=CH,

14,18 X=0CH;

Scheme-3

It also deals wilh the preparation of substituted nnsaturated acetylenes 19 - 20 through
oxidation decarbenylation reaction which was carricd out by refluxing the mixture of 3 -
aryl propargyl alcohol in presence ol potassium hydroxide powder (5 cquiv.),
manganesedioxide {10 equiv.) in dichloromethane at room temperature for 1 hr under

nitrogen atmosphere as shown in the scheme - 4. Afier usual workup and purification by

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

C=CCIL,0H C=CH

MnO;, KOTL CgHg, m, 1 11

X X
11-12 10-24)

11,19 X=Cl
12.20 X=NO;

Scheme-d

Vi




It also deals with the preparation of substituted unsalurated carboxylic acid 21 through
oadation of our gynthesized 3 - aryl propargy] alcchol 11. The oxidation reaction was
carried out by reflluxing the mixture of 3 - aryl propargyl alcohol and Jones reagents (5.6
o K;Crz071n 5 - 6 ml 1150y cone. in 30 ml H;0) in CHCI; at 80 ° C for 6 hr as shown in
the scheme - 5, After nsual workup and purification 3 - aryl propargyl acids 21 was

obtained.

C=CCH;CH C=CC0O0H

Jones rzagem, CHCLy, 302C, 6 Ir

Cl Ci
11 21

11,21 X=Cl

Scheme-5

it
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Chapter- 1
INTRODUCTION




1.1. Background of the present work.

1.1.1. Introduction:

There are relatively few basic type renctions thal generate a new carbon-carben bond,
although this is one of the most ¢ritical operations in the synthesis of organic molecules.
Acetylene and alkyl derivatives arc versatile compounds in the synthetic corganic
chemistcy and hence various methods for iheir synthests have been explored. A
conventional method for the preparation of aryl acctylenc derivatives is the coupling
reachion of aryl-halides with copper {I) acetylides, known os Castro reaction’. The cross
coupling of organotin reagents with vanety ol orgamc electrophiles, catalyzed by
palladium, provides a novel methed for generaling a carbon-carbon bond? known as Stille
coupling. The palladium-catalyzed coupling of halparenes and haloalkenes with alkenes
known as the Heck reaction is well estahlishcd"‘l. The Senogashira coupling reaction of
terminal alkyncs with synthesis provides an efficient route to mjflalkynas", MNumetous
applications (¢ natural product synthesis have been repored, including the construction of
complex enediyne antibiotics®. The synthesis of methy]l envonutes and envones is of
interest as the alkyl chynones moicty has been found in naturally occurring compounds
and they are uscfull synthetic intermediates®, Jeffery has established palladium catalyzed
vinylation of vinvlic halides’ and vinylation of acetylenic iodides under solid-liquid
phase - transfer conditions”. Only a few examples of the synthesiz of unsaturated
alcohols, aldehydes, acetylene and acids frem organic halides and alkylic substrates bave

been reporied in the lterature,



Conjugated acctylenic ketones have evoked considerable interest because of their

utility ns synthetic intermediates™®. Also, many of them are of biological interest' ',
Because of their imporance, a number of metheds have been developed for the synthesis
of conjugated acetylenic ketones'®, Recent trends have been the synthesis of a, PB-
acetylenic keiones by pd - catalysis from 1 - alkynes and acyl chlorides” or from 1-
alkyncs and aryl or vinyl halides in the presence of carbon monexide'®. The acylation of
alkynyl zincs' und alkynyl stannanes'” with acyl chlorides in the presence of pd catalysts
leading to @, [} - acetylenic ketones has also been reporied. This communication describes
a very facile method for the synthesis of acetylenic ketones by the reaction of 1-alkynes

with acyl halides in the presence of catalvtic amounts of copper (T) salts only as shown in

the scheme-1.

O O
Al Cul (5 moEs) Al /
R—C=CI + R-C~C] ——————» R—C=C—R
Er,N, m.30 h
1 2 3
Scheme-1

Among the various methods available for the synthesis of terminl acety]anesm, the most
convenienl ones are based on the cross coupling reactions of organic halides with
tﬁmethylsi]}r]ﬂcet}']ane”, copper (I} tctrahydrop}rran}flDx}'pmp-]-}'nidcm, or copper (1}
benzoylacetylide® and subsequent removal of the protecting groups. Ethynylarenes not
containing electron - withdrawing substituents can be obtained by palladium - catalysed
cross - coupling of ethynylzine chloride with ary! halides™, Siephens - Castro coupling of
copper (1} arylacetylenes with iodearenes™ or todoalkenes™ is a uselul reaction for the
synthesis of acetylenes in laboratories, its scope being sometimes limited by the violent

rcaction conditions and by the difficulties in preparations of cuprous acetylides. Cassar®™



and IHeck® reported independently the same substitution reaction calalyzed by similar
catalysts. A convenient synthesis of terminal acelylenes by oxidation - decarboxylation of
3-aryl-propargyl -alcehols®’ using manganesce dioxide in the presence of alkali under mild
condition was peporied?’. The simplicity of the procedures and the mildness of the
reaction conditions supgest that the reaction will be highly useful for the preparation of
internal acetylenes from acetylene gas and terminal acctylenes in laboratories. The C-I1
bond in acctylenc itself and mono - substituted acetylenes, RC=CI are very much more
acedic than (hat in an alkane or an alkene, e. g acetylene has pK 235 and forms the
acetylide 1on when treated with amide ion in liquid NH4, where as methane {pK 45} is
unreactive. Aryl alkynes represent a number of natural products such as ﬁ'u:v.=:]ir1;,,r].=nv.=:ZE und

I unipalﬂ.



1.1.2. Imporiant synthesis.

Another protected acetylenes arc propargyl alcohol and 2-methyl-3 butyn-2-ol. After
coupling with halides, deprotection by alkaline hydrolysis gives 1-alkynes.
Monecoupling of o - dibromo-benzene with § atforded the protected alkyne 6. Treatment
of 6 with Pd(0)-Cul catalyst NaQH and quaternary ammonium chloride generates the

deprotected 1 atkyne™ 7 as shown in the scheme - 2,

OH
Br ‘%
Pd{PPh;}y,Cul
:-—'f ———— .
C': " O RGN, 3%
Br 5 é Br
4 Pd{PPh;)y, Cul, ENCI
aq. WaOH, Gl
36%

o
Br

Scheme-2

Coupling of the vinyl tosylate 8 with an 1-alkync afforded the enyne 10. Only the use of

PAC1;(PPhs)z, Cul and i-PrsNH gave satisfactory result® is shown in scheme - 3

SPh ;
Ph, PAChH(PPhy,Cul PO /&’Fh
+ HECHEDMC - N el 4

H i—PrNIL THE, | \

g u
8 o154 . 90% 10 CH,OMe
Scheme-3
4



Thorand and Krause® Claimed that THF is a very good solvent, but Ho et a.* reported
that THF is a poor solvent in their reaction. One drawback of the Sonogashira reaction is
the use of a large excess of amines almost as a solvent. Buchwald and Fu ef al. reported
that coupling of inactivated 4 - bromeanisole 11 could be camried out at room
temperature by using PA(PhCN}RCl: as & catalyst. p - (# - Bu); as a ligand and onlv 1.2
equivalent of di — 1sopropyl - aming, Poor resulis were oblained when PPhy, PCy, Plo-

34

Tol); and DPPI’ are used instead of p - (¥ - Bu); under similar conditions™ are shown in

scheme-4
Br OFt Pd(phCNRCh, Me
T e=lon Sty o )2 20,
Mﬂo 12 (JFt I‘_ 2 1: ' ﬁ-]uw‘g ME
1t dioxane, tt, 2 h 95% 13

Scheme-4

Another varialion ol the coupling reaction occurred when vinylic halides were reacled
with allylic alcohols™. The eliminaiion of the hydridopalladium group from the initial
adduct ofien occurrcd with loss of a hydrogen from the carbon bearing the hydroxyl

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

s.
)\ + Pd(PPh3)a —h)\ + (n-2) PPhy
= ™ Br PdI[FPhJ]zHr
14 =2, 3 ord
)\ PA(PPhy)Br
= Dd(PPhy)Dr  + f\( . M
16 {7 OH 8 On
Pd(PPhs);Br o PA(HYPPh)Br
- 3
2\/1Y —— 2\’//1Y + /‘J\/\r(
19 OH 2 OH M0
Scheme-5



The phenyl palladium halides 23 are living species and undergo scveral further
Iranslormations before termination. Insertion of unsaiuraled bonds in one of them as
summanzed in scheme-6.

Alkene insertion was followed by f-H elimination to yield arylalkenes 24. Alkyne
insertion gave rise to the alkenylpalladiums 25. This species 25 undergo further reaction
before termination. The acyl-pallacdium 26 was formed by CO inscriion, from which

esters, aldehydes and ketones are produced.

x R

R —
-
— =

Hl Pd(B)Ln 24 R R’

-x | 2
P78 = x Pd—X d
i i “a CO,R
15
u oo Y

co PA—X |- O/CHD
— -
16 COR
Fd
M=R O/
L

Scheme-6: Insertion to phenyl palladium intermediates.

Alkynes with EWGs such as propiolate are poor substrates for the coupling with halides.
Therefore, instead of inactive propiolate tricthyl ortfo propiolate 28 was used for the
coupling with aryl halides to prepare the aryl propiolate 2%9. The coupling product 32
obtained from 3,3-diethoxy -1-propyne 31 and halides was found to be a precursor of the

136

aryl alkynal™ 33 as shown in the scheme-7.



I OF!1
Cul, BN 7\
+ =1 0on > Me — CO,E
2. TsOH, $3% —
Me OFt

27 28 29
Et
Olit CHO
I OYit Y A

PACH(PPhYCUl

+ = - L
< FGN, DMF, 64%

QFt
30 31 32 33

Scheme-7

l'ormylation using Vilsmeier reagent™. Substituled acetophenones were irradiated in a
domestic microwave oven with POCly— DMF { 8i0s to give f-chlorovinylaldehydes in 2
min with yields of 75 - 88 %. Under the same conditions, conventional heating lead to

only 30 - 40 % (Lq. 52) as shown in the scheme - §.

POCL—DMF 7 CHO
Cl COCH; 5, » ]
Et

34 35 Eq. (52)
2min, 75-78 oC,MW=79%, A =35%

Scheme-8
Pd catalysed coupling reactions of terminal and internal alkynes 36 and 41 with halides
are surveyed in this section. Reactions of alkynes with aryl and alkenyl halides were
classified tn {wo lypes. The first one was the preparation of arylalkynes 38 and alkenyl
alkynes {1,3-cnynes) 40 by the reaction ol tetminal alkynes 36 with arvl and alkenyl
halides in the presence of PA(0} and Cul as calalysts. The second one was inserlion of
internal alkynes 41 to aryl and alkenyl palladium bonds lormed by oaidative addition of
halides, generating alkeyny! palladiums 44, which are living specics and undergo lurther
transformations before terminalion. Terminal alkynes also undergo the insertien in the

abscnce of Cul catalyst as shown in the scheme-8,



R————H + Ar—X » Q————Ar
36 R 33
R 7 R\;\x - ’R?T\\\“hk/
36
R R/ /
—_—
R—==—=—R —Pd—Br ——— )
41 ' ﬁ;z T et RN
TPd({]] 44
Ar—Br
43
Scheme-9

Various resulls are obtained in Sonogashira coupling depending on the substrates used
and the reaction conditions, Homoeoupling and decomposition of alkynes are serious
compititive reactions, and poor results are oblained sometimes due to these side reactions
in the Sonogashira reaction particularly when less reactive electron-rich aryl halides are
used. Tt is well known thal Cul catalvees oxidative homocoupling of [-alkynes in O
atmosphere (Glaser reaclion), Also Pd (1) promotes the homocoupling, Therefore the
reaction should be carried oul with siricl exclusion of ;. Homocoupling in the
Sonogashira reaction™ can be decreased by slow addition of alkynes in THF and use of

phase transfer agent (#-Bu,ND) in H;0O — tolune®.

Ho et al teported that the
bromocoupling of phenyl acetylene with 4-iodeanisole 45 can be reduced drastically by

carrying out the reachion in an almosphere of Hy diluted with N; or ﬂ:rgc-nm as shown in

scheme - 10
I
+ Ph—=== PdC|2 (PPhE}E CUL Eilr_q
~ DMF, 1009C, Ny+H,
Me() 46
45
MeO == + Ph—=—=—r h
48
a7 8% 1.9%
without Np + 1 70% 2304
Scheme-10



The use of acetylenc it sclf in the reaction leads to the formation of disubstituted

. 4 :
acctylencs as major products™ as shown in scheme - 1.

NP |, Pd(PPh), Ch_ (7 N =N
+ HCECH*+ 2L 22 +2 E,NH Br
U U Cul, 250C, 6 h Sy | N | A

49 0

60 %%
Scheme-11

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

imethylsilylacctylene with the organic halide and then removing the silyl group™® as

shown in the scheme - 12.

e C=CSi {CHy) (=CH
N PA(PPhy); Ch kot
HC-CS{CH;} + EiNH Cd 25°C. 41 CH;DH 25 v
NOS de
52 92 % 88 %
Scheme-12

Alkynyl Grignard reagenmt™ react slercospecifically with alkenyl iodides in the presence
of a catalytic amount of Pd{(PPh;)y as shown in the scheme - 13.

n—{¢H,3 .
\[f\l + CHsC=CMghr THPPh " Cellin g MaBr
s6 M 57 58 ~ 59
Scheme-13
Alkynylzinc chlorides react similarly with alkenyl iodides or bromides with a pd{pphi)s
calalyst‘ﬁ as shown in the scheme - 14,
+ ClZne'= CHM n—C 4 H /_\

+ ZnCl
v AN
60 ‘o THF, 25 oC 62 N\

33 %

Scheme-14



Formation of Aroylacetylenes:

The acetylene anion apparently is another example of a nucleophile that can atlack
intcrmediate benzoylpalladium cemplexes under catalytic carbonylation condiliens. The
reaction forms aroylacetvlenes in fair-lo-good }’iEidSH. Some examples are appear in

table 1.

/
ArX+CO+HC=CR+E WM ArCOC=CR +EtzNH' X"

6d 65 66 67
Scheme-15
Tahle 1: Formalion of aroylacetylenes from aryl-halides.
Halide Acetylene Catalyst Conditions Product Yield
64 65 &6 %o
C:Hsl HC=CPh PACI;(PPhi) 120°C, 1 b, | PhCOC=CFh 48
20 atm PhC=CPh 43
Callsl HC=CPh PdC1,(DPPF)® 120 °C, 4h, | PhCOC=CPh 86
20atm thiC=CFh 0.8
Cet Il HC=CPh | PACI(DPPFY 80°C, 26h, | PhCOC=CPh 93
latm PhiC=CPh 3
4-CH;0CH4I | NC=CPh | 4-CH3CH PAIEAsphy), | 120 °C, 4h, | 4-CH,0C,H.COCSCPR 7
20 atm 4-CH.OCyH,C=CPh 3
4-0:NCHyl HC=Cph PdC1,{DPPFY 100°C, 4-ONCH, COC=CPh 53
1.3h,
20atm

*DPPF = 1,1"-Bis(diphenyl phosphine) ferrocene.

Less reactive allylic alcohols are carbonylated under harsh conditions. However,
carbonylation of allylic alcohols proceed smoothly in the presence of pheneol as a
nuclcophile. Phenyl 4 — phenyl - 3-butenocate 71 was obtained in 80% vield from Cinanyl
alcohol*” under 5 atm of CO at 100 °C as shown in the scheme-16.

h
P WD”+ CO +PhOH Pd (D}\G)z, EPh3 -

80%

phe =~ _ €Oz ph
71

Scheme-16
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Allyl alcohel was carbonylaled under high presser of CO; (50 atm) and CO (50 atm) in
dioxane to provide 2 - bulenoic acid as the main product and 3 - butencic scid as the
minor product at 110 °C. Presumably monoallyl carbonate 74 was generated from allyl
alcohol and CQOs,, and carbonylated 'Lu give 3 - butenoic acid, which isomerized to 2 -

butenoic acid®™ as shown in the scheme - 17.

L OH COH(50 atm) /“'\.\‘/D OH
Z T CO Pd (PPhy)g, 110 9C. \ﬂ/

72 73 doxanc 74 O
» /“-\.\/CDEH + ﬁ/cozH
75 7%
8% 935,
Scheme-17

Few studies on Pd - catalyzed carbonylation of alkenes had been reported Grigg carried
out the carbonylation of alkene in the presence of phenol under 1 atm at 100 ° C and

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

scheme - 18. Mo
Pd{PPh;),, LiBr
== +CO + PhOH— :tm ?SE o=
77 78 79 ’ gp Co:zPh
Scheme-18

Henkelmann and Co - workers found that chloroformates are good coupling partners of

l-atkynes and the reaction offers a useful synthelic method for aryl — prnpionatcsﬁ'n.
Reaction ef # - butyl chloroformate with phenylacetylene in the presence of 1,2,2.6,6 -
peniamethylpiperidine as a hindered base and a small amount of NN - dimethyl
aminopyridine affored # - butyl phenyl propiolate 83 in 98% yield with in 25 min in

relluxing dichloromethane as shown in the scheme — 19,

PAd(PPhs),, amme
— + {CK0-—0—1R : Joe- — ("},
<:> 2 Y CH,CL. 25 min, 98% COy-n-Bu

B1 82 33

Ammne = 1,2,2,6,6- pertametiy] piperidme, dimethylbmmopyridine

Scheme-19
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Efficient catalylic reaction of Cinnamate 85 with benzene to afford 86 was carried out
using BQ and r-butyl hydroperoxide as oxidant in AcCIT™. The coupling proceed
smoothly in the presence of catalylic amounts of Pd(CAc); and molybdovanade-
phosphoric acid (HPMoV) under oxveen (1 atm} in AcOH™ as shown in the scheme -

20,

CO,Lt

COsLt Ph
_ Pd{(rAc);, BQ
+ = - > —_—
84 85 B0 0C, 72 % 86

Scheme-20

Reaction of acrylate with phenylboronic acid in the presence of Pdi{OAc) under O

afforded cinamate 89 in 87 % yield™™ as shown in the scheme - 21.

' PA(OA Na,CO; Pb
PHB{OH); + — (OAc), Op NayCO; |
g COBy DMF, 500C, 87 %

g9 CO5¢Bu

87

Scheme-21
In addition electron — nich and bulky heterocyclic carbenes are attracting attention as
elfeclive phosphine mimics™. Using carbene ligand 3XVI - 6, HR of aryl bromides™

proceeds al 120 °C and that of diazonium salts at room lemperature™ as shown in the

scheme 22,
Br
T PA(OAC), TMes.1IC] (XVI-6) U0
Me 'COsHu Cs5;CC3, DMAC, 1200C ~
90 91 66% Me
92
N2BFy PU(OAc);, I Mes.HCI (XV1-6) PR
+ = -
e THE, 1, 88 %
MeO Me(
93 94 95
Scheme-22
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Various arvimetal derivalives undergo metathesis reactions with Pd(ll} salt to form
arvlpalladivm salts, and in the presence of alkenes these procedore arylated alkenes. The
metal arvls that have been employed include aryl denvatives of Mercury™, 1in™. l.cad™
59,60

T P . ; . .
Silicon and magnesium” The reactions of mercunals are shown in the scheme - 23.

Some cxamples of the reaction appeur in table -2,

CeHsHeCl 4+ 200,011 + TiPACKCHCN)

96 47 o8
— be~15”’““-‘-"’00;;}13 “ HgCl, + Pd+ i Cl+ CH;CN + HCJ
53%
Scheme-23

Table 2. Arvlation of alkenes Stoichmetric in palladwm (I} wilbh organomercury
compounds.

I-".f'.[cr-::uriul Atkenc- Fd compd. | Selvent Produst Yigld
096 u7 98 99 %
Phs Hg CH=CH; LpdCh | CHsCN PhCH=CH, 63
H=C i - . 6
b Hg (H;= CHCHO LipdCls CliCN oy _~CHO
Ph; He e LipdCl 150N 0 o4
¢ FhM
HeCl ﬁ(.ﬂgC Hs 1ipdCl Cily2H COaCH 22
I
MIvlsm AL
HeCl A 004CH: LizpelCly CHaOH 0001k 45
Cl .
Cl &
i RO COCH: 36
s Fpll Jfﬁ“m CHy LizpdCly ZHn 4 1
[ i |jb\l/?l
13



Mercurial Alkene Pd compd. | Solvent Product Yield
196 7 98 99 %
OCH: N0 CHy LiypdCL CH;0H Clh 40
NO; NO;
Het! C0:CH:
NO;z N0 CH, LizpdCly CH;OH Ny 45
ClHg HeCl CH3D;C’Q/©\€\CD2CH3

Terminal acetylenes may be carbonylated cither to acetylene carbonylic acids and
derivatives®? or 1o acrylic acid dedvatives™. Acetylenccarbonylate csters are obtained
wilth PdCl; as catalyst and cupric chlonde as reoxidant in the presence of sodium acctate

as shown in the scheme - 24, Other cxamples are appear in table 3.
PRC=CH + €O + CH;0H + CuCl + NaGAc %‘-Prﬁcmlﬂﬁa + CuCl+ NaCl+ HD Ac

100 101 102 103 104 o0 g 165

Scheme-24

Tahle — 3: Alkoxy carbonylation of terminal acctylenes

Acetylene 100 Alcchol 102 Product 103 Yield
PhC=CH ({CHy}CHOH MC=CCOCH{CH3)p 67 %
H CsC=CH CH;OH ) CsC=CCO,CIL 74 %
I§,CsC=CII (CH3pCHOH H | C<C=CCOCH{CHi) 9%
PhOCH2C=CH CH:;CH PhOCH,C= CCOLCH; o0 %6

14
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The carbonylation of terminal acetylenes with dichloro bis - (iriarylphosphine) palladium
— stannous chloride catalysts in alcohol solution produces o - B-unsaturated esler® as

shown in the scheme - 25,

/ PACH(PAL ), SIC,
RC=CH + CO+ROII oo RCH=CHCOR
106 107 ) 240 atm, s 108

MIBK= methyl isobutyl ketone

Scheme-25

Decarbonylation of aromatic actd chlorides oceurs very efliciently under mild conditions
in the presence of a tertiary amine and activated alkenes, in which case arylated alkenes
are formed in moderale lo high vields®. The aroyl bromides and iodides offer no
advantages over the chleride as shown in the scheme - 26. Some examples are appear in

table 4.

100eC, 2 h
Pd{OAc);, ohene

C HsCOCIH+ CH,—CHCO,C3Hs + CHsCHZN{CH; ),
109 I10 111
CeHsCH=CHEO5C11s + CollsCILNCls LTI + 00
112

Scheme-26
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Table-5: Arvlation of activated Alkenes with Aroyl Chlorides.

Aroyl chloride Alkene Product Yield %
109 114 112
Col COaa] 15
@zﬂ HoC=CHCOCl I f"S o 74
COcCl 00515
@\ HyC—=CHCOCaHs - 72
A
CH;
COC] Tl g
éj HyC=CHCOC:Hs 79
Br
Br
COC] COzC;Hs
@ H;C=CHCO-CaHs @ 35
MNO3 MNO2
COCl CRC s
@,"»‘Oﬂ Is H>C—=CHCO;C5Hs ? 57
¢l
48

HC=CHCOCH;

O
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vinylmercurials readily react at atmospheric pressure with carbon monoxide, lithium
chloride and PdCly in agqueous THE solvent at < - 20 °C to give high yields of @, B -

unsaturated acids®® as shown in the scheme-27.

. CO + To LPdCl

- HiCl -78t0250C, lam 116 CO;H

113 90 %

Scheme-27

The wyields of acid were quite sensitive to the concentralion ol water mn the THF.
Similarly, esters can be made in generally betler yields using an alcohol instead of
aqueous THF as solvent. Both reactions can be made catalylic in Palladium il cupric
chlonde 15 added, although rather large amounts of catalyst (10 %) were used in two of
the three examples piven. while these reactions proceed n high vields, the dilTiculty of
obtaining and working with vinylic mercurials makes the method appear gencrally less

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

A similar method or synthesizing @, B - unsaturated esters involves the carbonylation of
vinylic pentafluorosilicatcs in methanol sotution® as shown in the scheme - 28. Some

examples are appear in table 5.

o R ]
RLC_CRI + HBIC Pk, R\ /R i . —
- b - %, H;0 or BCH \

117 118 19 sicy 120 ST

1
2500, 48 R R

\ : 4 OO+ CH;EII—I + NaOAe + FICE T
121 12 123 124 125 COsCH,

Scheme-28
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Since some vinylic silanes are available by direct hvdrosilation of alkynes, the reaclion

may be a convenient meihod 1o use although it is stoichiomctric in PdCh. The

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

an initial punlicaiion may be necessary,

Tahle-6: Formation of o, P - unsaturated esters from alkeny| pentafluoresilicates.

Silicates 120 Products 125 Yicld %
(E)-{CH;)yCCH=CHSiFs" {E)-(CH3)2CCH=CHC0,CHj G0
(E)-PhCH=CHSiFs™ (E)-PhCH=CHCO,CH; 76
(E)-CH;OCH,CH=CHSiF;5™ (E}-CH;0CH;CH=CHCO;CH; 61
(E)-CH3(0C(CH2)3CH=CHSiFs™ | {(E)-CH30,C(CH,)CH= CHCO,CHj 72

A third relaled meithod employes 1 — alkenyl - boranes and carbonylates them in

methanol solution o form stereospecifically o, [ - unsaturated esters in goed }'ia]d”.

Some ] - alkeny! boranes can be prepared conveniently by the hydroboration of alkymes

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

benzoguinone as reoxidant as shown in the scheme - 29.

/"O E’IHD
/‘&,_,/_E+HE\ DHW N
o o]

126
127

128

f—berrnquingne, 2 Ir, 25
PAdCEL,CO.CH,0OH, NaDAc

WCDzCH;
129
G2 %4

Scheme-29
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A palladium - catalyzed cross-coupling reaction of aryl (rimethoxysilanes with terminal

alkynes was developed by Cheng J. ef af. %8 g shown in the scheme- 3¢

X Pd, AgF
Ar8i (OMc); + Ph—= » Ph—=——Ar
130 131 NeHCO;, CHCN 132
Scheme-30

The three component ¢oupling ol benzynes with terminal alkynes and activated alkcnes
in the presence of Cul, PCy; and CsF ina 1:1 mixiure of CH;CN and THF at 50 °C for 5
h gave l-ulkyl-2-alkynylbenzenes in good 1o moderate yiclds was reported by Chien-

Hong Cheng et al.% as shown in the scheme - 31,

U —\/\ | Cul, PCY5, CSE. R #
b CILCN, THE,

2

5000,5h R 136 COEt

Scheme-31
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Benzo [b] furans undego palladation and addition 10 various olefins in reasonable yiclds
forming 2 - substituted benzoluran 139 producis along with minor amounts of the

bifurans’® as shown in the table-6.

Tahle 6 : Coupling of benzo |b] furans 137 with olcfins 138

Benzo[b]furan Olefin Product Yield %%
137 138

0 O OOkt

@’j #~con w 70
0 COMe

@’j A NC0Me m 53
0 CO:EL

@ﬁ O m 0 Ll
0

0 67

i

H;C .\‘\)'l\ /@,_\I’A)\

Bi—5=methy] berealb]furan

{

B 3

ClO
ClIO /@3/\/ 55

Eh“S methyl berzo[bliiman

B

Coupling of aryldiazonium salts and alkenes with Pd{dba); as catalyst™" are shown in (he
table-7.

Table-7: Coupling of aryldiazonium salts and alkenes wilth Pd{dba}; as catalyst

Dhazomum salt Alkene Product Yicld
140 141 142
4CICeHLN; BF s’ N 94%

CO4E
CORB| 4_cycg—r"

PhN»"CI e CHO 36%, 5%
& ™—0H ph_/_ “>—CcHo
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1.2 Present work: Synthesis of terminal aceiylenes, alkynyl aldehydes and acids from

aryl halides.

1.2.1 Rationale;-

There are relatively few basic type reactions that generate a new carbon - carbon bend,
although this is one of the most critical opcrations in the synthesis of organic molecules.
Acelvlene and alkyl derivatives are wversatile compounds in the synthetic organic
chemistry and hcnee various meclhods for their synlhesis have been explored. A
conventional method for the preparation of aryl acetylene derivatives is the coupling
reaction of aryl - halides with copper(I) acetylides, known as Castro reaction’. The cross
coupling of organotin reagents with variety of organic clectrophiles, catalyzed by
palladium, provides a novel method for generating a carbon - carbon bond® known as

Stille coupling.

The palladium - catalyzed coupling ol haloarenes and haloalkenes wilh alkenes known as

the Heck reaciion is well established’.

The Sonogashira coupling reactien of terminal alkynes with synthesis provides an
efficient route to arylalkynes*. Numerous applications to natural product synthesis have
been repored, including the construction of complex enediyvne antibiotics™. The synthesis
ol methy]l enyonales and enyones is of interest as the alkyl enynones moiety has been
found in naturally occurring compounds and they are useful synthetic inlermediates®.
Jeffery has established palladium catalyzed vinylation of vinylic halides” and vinylation
ol acelylenic iodides under solid - liquid phase - transfer conditions®. Only a few
cxamples of the synthesis ol unsaturated alcohols, aldehydes, acetylene and acids from

organic halides and alkylic substrates have hoen meported in the literature.

Palladium catalyzed reactions’> have been extensively utilized for carboannulation™and
hetercannulation pmcessasﬂ, In recent vears our research group has developed methods
{or the synthesis of benzo - fused heterocyclic compounds, iseindolinenes, e.g. benzo
[b] Furans™ , isoquinolinenc™ and indole derivatives'' by palladium - catalyzed

reactions with terminal alkynes and alkenes.
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In vicw of the extensive natural occurrence and biological imponance of unsaturated
terminal alcohol, aldehydes, acetylenes and acids and lack of convenient palladium -
catalysed procedures for their synthesis, we were interested in developing a general and
facile methed for the synthesis of unsaturaled terminal alcohol, aldehydes, acetylenes and

acids.

[n continuation of our studics on the synthesis of various heterocyclic structures through
palladium - catalyzed reactions using terminal alkynes, we becamc intercsted in the
palladium - catalyzed coupling reaction between aryliodide and propargyl aleohol to
afford unsamrated 3 - ary!l propargyl alcohols, later which were oxidized to aldchyde,

acctylencs and acids.

1.2.2. Results and Discussion:-
A {acile method lor the synthesis of 3-aryl propargyl alcohol 11-14 through palladium
calalyzed coupling reaction of aryl iodide 6-10 with propargyl alcohol as shown in the

scheme 1 is reported and the results are demonstrated in the 1able 1.

The reactions were usually carried out by stirring the mixture ol arvliodide 6-10 (500mg)
and propargyl alcohol (1.3 equ.) in CHCIy (10ml) in the presence of bis (iriphenyl
phosphine} palladium {II) chloride {0.063 m.mol, 3mol%), copper 1odide (0.17 m.mal,
8mol%) and trethylamine (2 equ.) for 2 he at 40 °C under niirogen atmosphere. Afler
usual work up and purification on column chmomatography over silica gel 3-aryl

propargy! alcohals 11-14 {scheme — 1) were obtained in good yiclds.

C=CCH0H
{PPhy)dCly, CHCL,,
HC=CCH;OH, Cul, BN, 400C, zrr,
X X
6-10 11-14

¢, 11 X=Cl
7,12 K= NO,

g, 13 x= CH}
0,14 x=0CH;
10 X=C00OH

Scheme-1
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Table 1: Synthesis of 3 - aryl propargy| alcohols 11 - 14

Aryl iodide propergyl Solvent Product Yield%
6-10 alcohols 11-14
p-Cl-Cel 1Ll HC=C-CH,OH CHC, p-ClIC:H,C=CCH;OH 29
6 11
P-NO:Cel L4l HO=C-CHOH CoHg P-NOCHC=CCH,0OH 26
7 12
p-CH3CﬁH4l HCEC-CHEOH CHCl} P-CH;CGHJ,CECCHEUH 92
8 13
~CH30CH, L [1C=C-CH,OH CHCl, P-CH:0C:H,C=CCH;0OH g7
9 14
p-COOHGSHI | ye—cucron | CHCY Nil
10

1.2.3 Starting Matcrials:

a. Synthesis and characierization of aryl iodide 6-10,

Aryl iodide have been used as slarting matedals, because of their casy availability from
primary arylamine. Diazotization of primary arylamine followed by Sandmcycr
iodination with potassium iodide alforded aryl iodide 6-10 (scheme - 2).

The results are demonstrated in table - 2.,

MNH;
NaNO,, 150y, K, 0-5 0C, 30 I'.I"i'l'l__
x

s 6-10
L2 X=cl
2.7 X=NO,
3,8  X=CH,
4,8 X=0OClI;
5, 10 X=CO0OH

Scheme-2
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Table 2: Preparation of substiluled 1odobenzene 6-10.

SLNG. Arylaming 1-5 Aryliodide 6-10 Yield%
1 p-ClCeHeNH p-CICHLI 62
2 p—NDg{i.H:;NHg p-NchﬁHq] 94
3 p-CI-I:quﬁILNHg p-CI-I:CriI-I.;I 88
4 p—CHgU?J(.H.a,N H, p—CH;)Cf.HJ,{ 84
5 p—CDDH‘::ﬁH.;NHz p-CUUS;'ICf.Hﬂ 76
5 10

The starling materials aryliodides 6 - 10 were characterized by their meliing points which
are compalible with the literature™ value. The IR spectra of the ary! iodide showed the
absence of NH; stretching vibration peak{ P. 54 - 59). The presence of iodide i all the

aryliodide was contirmed by Lasgaipne test.

b. Synthesis and characlerization of 3-aryl propargyl alcohol 11-14:
The coupling reaction of aryliodide with alkyl substrates in the presence of (PPhy)PdCl,,

Cul and E3N in CIICl; afforded 3-ary] propargyl alcohol { table - 1, schemea — 1), All the
alcohols were well characterized by their satisfactory spectroscopic (IR, UV, 'HNMR &
*C NMR) and analytical data (P. 60 - 83).

1he formation of the condensed products (substituted alcohol) was established on the
busis of the following abservations. Comparison of some speciral data of 3-aryl propargyl

alcohol 15 shown 1o table - 3.

The infrared spectra of 3-aryl propargyl alechol 11 - 14 showed the following position of
strelching absorption bands of the diffecrent functional proups.
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Table-3: Comparison of some spectral data of 3-aryl-propargyl alcohol 11-14.

SI. | Compound TH NMR(5) J=Hz ¢ NMR(3) IR (cm D) Uv mp | Yield
NO. mm} | (% (%)
7.26 (d, 211, 1=8.4Hz, | 51.56(C=CCH)), 7503 (C-Cl) | 285.8 |78-79 | &9
Ar-CH) 84.60 & $8.16(AIC=C), |2235(C=C) |2784
CI@CEC_CHEDH 7.33(d, 2H, J=8.4Hz, [ 121.01 & 134.58(Ar-C), 3282.6 (OH) | 259.8
1 Ar-CH), 128.67 & 132.90(Ar-CH). 250
1 446 (s, 2H, CHy), DEPT-132.93, 128.7, 2342
1.9 (s, 111, O 51.59.
2 7.56 {d, 2H, J=8.7Hz, | 51.50 (C=CCHy), 13443 (NO7) | 2976 |87-88 |86
Ar-CH) R3.82 & 92.52 (ArC=C), | 2200(C=C) |[238.38
NDZ@CEC—CHEOH 8.16(d, 211, J=8.711z, | 129.45 & 147.27 (Ar-C), | 3310 (OID) 254.6
AT-CII), 123.5 & 132.41 (Ar-CH), | 1517.9
12 4.53 (s, 2H, CH,), DEPT-132.42, 123.59,
1.86 (s, LH, OH) 51.50
7.10(d, 2H, 1=7.5Hz, | 21 .45 (Ar-CHa), 2250 (C=C) | 359 | Semi- | 92
Ar-CH) 51.63 (C=CCH,), 3419.6 (OH) | 247 solid
_ 7.31(d, 2H, J=7.8Hz, | 8579 & 86.57(ArC=C), |2919{CHi) |232.6
3 cm—@— =C—CHOH| ArcH), 119.47 & 138.60 (A1-C), 223
13 4.47 {s, 2, CHy), 129.05 & 131.58 (Ar-CH).
2.33 (s, 3H, Ar-CH3). | DEPT-131.41, 129.20,
1.95(s, LH, OH) 51.46,21.28
6.82 {d, 2H, J=8.7Hz, | 51.65 (C=CCH>) 2230 (C=C) | 257.2 | Semi- | 87
Ar-CH) 55.26 {Ar- OCH3) 3310 (OH) 22902 | solid
_ 7.35(d, 2H, J=8.7Hz, | 85.60 & 85.90 (ArC=C). | 2934 (OCIL)
C“JD@C=C‘CH20H Ar-CH) 114.63 & 159.72 {Ar-C),
4 1 4.46 (s, 2H, CHz), |113.93 & 133.16 {(Ar-CH).

3.82 (s, 3H, OCH,),
1.9(s, 1H, OH)

DEPT-113.93, 133.16,
53.26,51.65




Functional groups Stretching position (Cm™)
{-H Stretching (Aromatic) 3300 - 3100
{=C Stretching (Disubstituted) 2200 - 2250
()-H Stretching 3282 - 3419

Ultraviolet-visible spectra of the synthesized alcohols 11-14 showed the approximate
absoption position of carbon - carbon mulliple bonded sysiems at 220 - 297nm which
indicates the presence of unsaturation in the compeund. The 'H NMR spectra of 3 - aryl
propargyl alcohel 11 - 14 exibiled the following characteristics chemical shift of

disubstituted alkynic proton indicate the structure of the compound.

Proton Chemical shifi(d)
Ar-CH 6.82-7.56(d, 2H, J = 7.5-8.7 Hz),
7.33-8.16(d, 2H, J = 7.58-8.7 Hz),

Ar-C=CCH; 4.46 - 4,53 (s, 2H)

O-11 1.86- 1.95 (s, 1H)

The "C NMR spectra of 3-aryl propargyl alcohol 11-14 showed Lhe following

characieristic chemical shifl which are compatible with structure of the compound.

Carbon Chemical shift position (&)

-C=CCH, 531.30-51.65

Ar-C=C 83.82 - 85,79 & 85,90 - 92,52
Ar-C 114,63 - 12945 & 134.58 - 159.72
Ar-CII 11393 -129.45 & 131.58 - 133.16
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1.2.4. Mechanism of palladium-catalyzed reactions of aryliodide with terminal
alkynes.

| C=CCIL O
{PPh;):PdCl,, CHCI,,
-
HC=CCH,0H, Cul, B3N, 400, Zir,
X X
6-10 11-14
6,11 X=Cl
7,12 H=N0D2
B, 13 xX= CH3
9. 14 X={0CH-:
1{ X=CO0OH
(PhsP},PdCh
A HC=CCH,OH
Cul, ;N
Et;N HCI
(PhsP),Pd—C=CCH,0H),
B
Reductive
C=CCH,OH *"1"““”"0“ {JI IC1,C=C—C=CCH,Ol
@ -:PhaPJde{m :
\( Ohadative addition
11- 14
PhyP
Reduclive @ 3 de—I
o p
elimination (Phs 1’)2]’ d |'I3]J

C:CCHEDH

o

Cul f EgN
EL,NTHI HC=CCH,0H

Scheme-3
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It cun be perceived that the reactions proceed according to scheme - 3 elihough the
detailed mechanism of the reaction s yet Lo be clanfied. It was observed that the presence
of Palladium - Calalyzed and base were very essential for the success of heteronnnulation
reactions. The key steps of the possible mechamsm were based on the following

ghservations.

A coordinating unsaturated 14 - electron palladium (0) species is nermally generated in
gitu from bis - (tripheny] phosphine} palladium(T1) chloride in the presence of base (Et;N}

7
and alkynes™.

In the first step of the catalytic ¢vele step aryliodide are assumed to be oxidatively ndded
to bis - {tripheny] phosphine) palladium((), generating a ¢ — ary! palladium (1I} complex.
The reaction should lead to the thermodynamically stable arylpalladium (I} complex in

several sleps.

In the next step, at first Cul activates propergylalcohol molecule by forming the copper
acetylides which undergo transmetallation with aryl palladium halides to form the
alkynyl palladium specics (stcp-L). This insertion is knewn as carbopalladation of
alkyncs.

Then reductive eliminalion lo give 3-aryl propargyl alechol (step-T7) is the final step.

The catalyst is penerated after reductive elimination of I in presence of the base, The

regenerated Pd{0} usuvally panticipate in the reaction as a calalyst.
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1.2.5. Preparation & Characterization of 3 - aryl propargyl aldehyde 15 - 18:-

3 - aryl - propargyl alcohol 11-14 were oxidived by using Jones reagent Le 5.6 g KoCraOy
mixed with 5 - 6 ml conc. H2504 and 30 ml H;0 in CH»Cls solvents at 40 °C under reflux
for 1 hr. Afier usual workup 3-aryl propargyl aldchydc 15-18 were obtained.

C=CCH.CH C=CCHD

Jones weagem, CHCh, 400C, | It

i1-14 15-1%

Scheme-4

From all the alcohols quantitative yield of aldehyde were obtained. The characterization
ol the aldehydes were done by spectral data UV, IR, 'H NMR and "C NMR (P. 86 -
107). The comparison of some speciral data of substituted aldchyde is shown in the table

-5.

In infrared spectra carbenyl stretching frequency (1625 -1654} cm’l, C=C stretching
absorption at (2191 - 2200) em’, aldehydic C-I1 alL (2854 - 2964) em’ were obtained.
Ultravielet - visible spectra ef the synthesized aldehyde 15-18 showed the approximate
absoplion position of aldehyde (-CHO) at 242 — 249 nm which indicates the presence of
unsaturation in the compound. The 'H NMR spectra of the aldehydes showed the
chemical shifl position at 8 (9.4 - 9.89) lor —-CHO proton. The 13C NMR specira of the
aldchydcs exhibited the chemical shifi position at {176.03-176.76} lor —CHO, al (859.02 -
90.63) & (90.76 - 93.58) for -C=C- and indicates the structure of the desired compound.
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Table-4: Companson of soine spectral data of substituted aldehydes 15-18.

SI. | Compound '"H NMER(3) J=Hz C NMR(8) iR (em™) uv m.p Yied
No. (n m) {"c) (%)
7.38 (d, 2H, J=8 3Hz, | 89.02 & 93.579 (ArC=C), | 1652.9(C0) | 2486 93 65
Ar-CH), 129.27 & 134.45 (Ar-CH), [ 2191 (C=C)
1 @C C— ﬁ—“ 7.52 (d, 2H, J=8.4H, | 117.94 & 137.84 (ArC). 28545 (C-H,
Ar-CH), 176.49 (CHO) Aaldeliydic)
9.4 (s, 1H, CHO), DEPT-76.49,134.45,129.27
7.75 (d, 2H, J=8.7Hz, | 60.63 & 90.76 (ArC=C), | 1654.8 (CO) | 24220 110 60
Ar-CH) 123.86 & 133.87 (Ar-CH), { 2194.8 (C=C)
2 @ =C‘C H | g25(d, 2H, J=8.7Hz, | 126.01 & 148.87{ArC), 2964 4 (C-H,
Ar-CI, 176.03(CHO) Aaldchydic
9.45 (s, 1H, CHO) DEPT-176.03, 133.87,
123.86.
720(d,2H, J=8.18 | 129.56 & 133.35 (Ar-CH), | 1625 (CQ) 249.40 | Semi-solid | 82
Hz, Ar-C), 21.80 (Ar-CHa), 2200 (C=C)
3 —@— —C—C—II 7.48(d, 2H.]=8.05H,, | 176.76 {CHQ) 2920 (C-H,
Ar-C), DEPT-176.03, 133.87, Aaldehydic)
9.40(s, 1H, -CIIO) 129.5, 21.79.
2.3 (s. 3H, Ar-CHs)
6.91 (d, 2H, ]=8.78 Semi-selid | 48
4 ? Hz , A-CH)
cio—~(O)—c=c-c—H| 7.5 @ 21,

18

J=8.78Hz, ArC),
9.89 (s, 2H, CHO),
3.85 (s, 3H, Ar-
OCH3)
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L.2.6. Mechanism of 3 - aryl propargyl aldehyde 15:-
The probuble mechamism for acid- catalyscd oxidation is illustrated below with

3 - pheny! propargy! aldehyde 15.
= H-OH =CCHD

KECQD?_HI 50y

x
11 15

Reaclion occurs through the chromate ester, via a eyvclic transition state;

Here, R = C[@CEC
oIl

Hz(r0, * I
RCH,OH —2ty ><; Ch\ /yc;\

CH

The ¢hromium (iv) then disproportionates 1o give chromium(iii} and chromium (vi).

Scheme-5
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1.2.7. Prcparation & Characterization of terminal acetylenes of aryl 19-2{):-
Terminal acetylenes of aryl 19-20 were obtained by oxidation - decarbonylation of 3 -
aryl propargyl alcohols 11-12 using manganese dioxide in the presence ol alkali in CgHg

solvent” at room temperature for 1 hr,

C=CCH0H C=CH

MnO,, KOH, CiHg . T hr

11-12 19-20

Scheme-6

From all the alechols quantitative yield of acetylenes were obtained. The charectarization
of the terminal acetylencs were donc by spectral data 1R, UV, 'H NMR & "*C NMR { P
108 — 116). The comparision of some spectral data of substituted acetylenc is shown in

the tablc-6.

In infrared spectra alkynyl =C-H stretching at (3110 - 3251} em™ and C=C stretching
absorption at (2100 — 2150) were obtained. Ultraviolet - visible 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 ol unsaturalion in ihe
compound. The 'H NMR spectra of the alkyne proton showed the chemical shift position
at & (3.00 - 3.34) for -C=CI{ proton. The B¢ NMR spectra of the terminal acetylenes
exhibited the chermical shift position at 81.63 & 82.30 for -C=CH and indicatcs the

structure of the desired compound.
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Table-5: Comparison of somc spectral data of substituted acctylencs 19-240.

$1. | Compound THNMR(3) I=Hz BC NMR(E) IR (e uv mp | Yied
No. m) | ) | (%)
1 7.62 (d, 2FL, I=8.75Hz, Ar- | 81.63 & 82.30 (ArC=C) 13424 (NOp) | 2894 1150 |35
“© . CH), 8.18 (d, 21, J=8.76Hz, | 153 56 & 132.97(ArCH) 2100 (C=C) | 238
o2 D | Ar-CH), 3.34 (s, 1H, Ar- 128.93 & 147.57(Ar-C) 1251.8 (=4
C=CH) ‘
19 DEPT-133, 123.48, 82.12.
2 7.29(d. 2H, J=8.3Hz, Ar-CH) 819.7 (C-C]) 48 62
c1—©—CECH
7.43(d, 2H, J-8.2Hz, Ar- 2150 (C=C)
20 CH), 3.09(s, 1H, Ar-C=CH)

3110 (=C-I1)




1.2.8. Mechanism terminal acetylenes of aryl 19:-

Step-1: Attacks MnO> to the lone pair alcoholic group. As a result aleoholic group

become more acedic.

Y
Ea .
C=C—CH;-0—H C=C—CH,—OQK
MO, KOH
Cl Cl

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

compound was [ormed.

C=C—CH,—OQK' C=C’ C=CII
— + HCHO ——»
C Cl ¢l
34



1.2.9, Preparation & Charecterization of tcrminal aeids 21:-
3 — aryl proparpy] acids were obtained by using Jones reagents i.e. 5.6 g KoCrO7 mixed
with 5-6 ml conc. Ha50, and 30 ml 150 in CIHCL solvenis at 80 °C under reflux for & hr.

C=CCH,0H C=CC0O0H

Jones eagem, CIICL, 800C. 6 Ir

Cl Cl
11 21

Scheme-7

Yrom all the alcohols quantilative yield of acids were oblained. The characterization of
the terminal acids were done by spectral data IR, UV, 'HH NMR & *C NMR (P. 117 -

122). The companson of some spectral data of substituted acids are shown in the table 7.

In infrared spectra carbonyl siretching 1681 cm™ and C=C stretching absorption at 2100
were obtained. Ultraviolet - visible spectra of the synihesized acid 21 showed the
approximate absoption position of carbon - carbon multiple bonded systems at 245-283
nm which indicates the presence of unsamration in the compound. The 'H NMR specira
of the acids showed the chemical shifi position at § 9,75 for <COOH proton. The C
NMR spectra of the acids exhibited the chemical shilt position at 169.3 for —-COOH, at
128.64 and 128.52 for -C=C- and indicates the structure of desired compound.
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Table-6: Comparison of soime spectral data of substituted acctylenes 21.

No. Compound 'H NMR(@) I-Hz “C NMR(3) Rem) | o | | e
169.50 (-COOH),
743 @ 2L I=T6Hz A4 1 g 128 30 (ArCH), 283.2
{ Cl—@—czccmu CH), 801 (@, ZH, I=T6Hz, | 100 6 0131 53400, 1681.8 (C=0) N I
21 ArCH), 975 5 11, 128.64 & 128.52 (ArC=C) 2100 (C=C)

ArC=CCOOH )




1.2.12, Mechanism of terminal acids 21:-
The probable mechanism lor acid - calalysed oxidation s illustrated below with
J - phenyl propargyl alcohol 11.

C=CCH;OH C=CCO0OH

Jores reaperm, CHCEL, BOOC, 6 br

Cl Cl

11 21
Firsily the alcohol was converled to aldehyde at normal condition {r.1) with Jones
reagents and then converted to acids at vigerous condition ( 80 °C temp. & 6 hr) as
illustrated.

Reaction occurs through the chromale ester, via a cyclic transition state:

Here, R = CI@CE
1 OH

BV |
RCILOH 2 Ny - _"/K” Cr

e /4R
R D’/H ou RT O |67 oy

The chromium (iv} then disproporiionates 1o give chromiumfiii) and chromium (vi}.

R—C=C—CHO + H® + HCr0%

o

L—C=C—{(l—0C;H

H

& =]
R—C=C— —-G—C]{)j“ — R—C=C—C0.H + HO I‘CI’G;

l\—ln- I——2

1,0

Scheme-8
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Conclusion

We have described a convenient and lacile method lor the preparation of 3-aryl
propargyl alcohol from the reaction of aryhodide with propargyl alecho! by a
{Ph;Py PA(II) Clz, Cul, EuN system.

Later 3-aryl propargy!] alcohol was oxidized 1o produce 3-aryl propargyl aldehyde
- by using Jones reagents,

Then terminal acetylenes were prepared by oxidalion decarbonylation of 3-aryl
propargyl alcohol by using manganese dioxide in presence of alkali in CgHg
solvent at room lemperature lor 1 hr.

Then 3-aryl propargyl acld was oblained [tom 3-aryl propargyl alcohol by using
Jomes reagents.

The most imporiant fealures of the synthesis are that readily available starling
malenals are used under relatively mild reaclion conditions, Also, no toxic and
hazardous compounds are preduced in this procedure,

By using this methodology researchers will be able 1o synthesize dilTerent
unsaturaled alcohol, aldehydes, terminal alkyne and unsaturated carboxylic acids

which might have versatile synthetic imporance.
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Chapter- 11
SECTION- I



Experimental

1.3.1. Preparation of substituted iodobenzene (6-10)

a. Preparation of p-lodololuene 8:-

p-Toluiding (5g. 0.047 mol) was dissolved in distilled water (60 ml) containing conc.
H2504 (7 ml} in a large round hottom flask. The mixture was cooled at 0 - 3 °C with
vigorous slirring by immersion in a freezing mixture ol ice and salt. The resulting
mixture was diazotized by gradual addition of a cold solution of sodium nitdte (3.17g,
0.045 mol, 1 cq.) in water (10 ml} with stirring, maintaiming the temperature of the
golution at 0 - 5 °C. Then a solution of potassium jodide { 9.16g, 0.055 mel, 1.2 cq.) in
water (10 ml} was added to the resultant clear solution gradually with stirring. Then the
mixiure was allowed to stand for 1 hr. at the laboratory temperature and heated to boiling
on a water bath until evolution of nitrogen ceases {or minimum 30 minutes. Then the
solution mixture was cooled, a dark colored oil was seitled to the bottom and soon
solidified.

The residue obtained by filtralion was washed with distilled cooled water. Then the
residue obtained was dissolved wiih Chlorolorm. The organic layer was washed wilh
saturaled NaHCO; and then sodium thiosulfate solution with the help of separator funnel.
Finally, the organic layer was washed with distilled waler and dried over anhydrous
Nas5Qy, filtered and concentrated under reduced pressure, The compound were obtained
as a crude pum which were then purified by column chromatopraphy on silica gel with

chloroform : hexanc (1: 3) to pive vellowish crystal (8.82g, 86% Ym.p. 35-36°C.

cm—@—r

B

The characteristics data ol this compound are as lollows-
IR (KBTI ): Upmex 2964, 1585, 1485, 1286, 1245, 1174, 1028, 999 and 823 cm™ .
'"H NMR (400 MHz, CDCl33: 7.53 (d, 2H, ] = 3.0 Hz, Ar-H }. 6.56 (d, 2H, ] = 3.0Hz, Ar-

H), 5 2.36 (s, 3H, Ar-CHy).
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b. Preparation of p-iodochlorobenzene 6; =

Cl@—l

6

This compound 6 was synthesized from p-chloro aniline by lollowing the procedure
described above. It was crystaline white coloured compound { mp. 33-54 °C ). The

characteristics data of this compound arc as follows-
IR (KBr ): Upy 3100-3080, 15487, 1257.7, 1217.0, 1006 8, 977.8, 727 em™! |

'H NMR (400 MHz, CDCl5): § 7.52 (d, ZH, J = 8.4Hz, Ar-H), 7.38 (d, 2H, ] = 8.3Hz,
Ar-H)

¢. Preparation of p-1odo nitrobenzene 7:

N02—©—I

7

This compound 7 was synthesized [rom p- nitro aniling by following the procedure
dcscribed above. It was crystaline light yellow coloured compound ( mp. 173-175°C ).
The charaetenstics data of this compound are as follows-

IR (KBr ¥ Uma, 3100-3080, 1508, 1340, 1307, 850, 837 cm™ .

UV (EtCH) : Amax 252.0 nm.

'H NMR (400 MHz, CDCl3): § 8.25(d, 2H, J = 8.7Hz, Ar-H), 7.75(d, 2H,) = 8.7Hz, Ar-
H)
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d. Preparation of p-iodeanisol 9

CH;O@I

9

'Lhis compound % was synthesized from p- anisidine by following the procedure
described above. I{ was crystaline light ycllow coloured compound { mp. 48 - 30 °C ).
The characteristics data of this compound are as lollows-

IR (KBr }: D 3100-2900, 1548.7,1257, 1217, 1006.8, 977.8 and 727cm™’ .

'H NMR (400 MHz, CDCl3): 8 7.56 (d, 2H, J=8.77Hz. Ar-11), 6.10 {d, 2H, J=8.78Hz, Ar-H),
3.97 (s, 3H, Ar-OCH;)

e. Preparation of p-iodobenzoic acid 10:

COOH@I

10

This compuund 10 was synthesized lrom p- iodobenzoic 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 ): Upay 3100-2900, 1750,1251, 1217, 1006, 977 and 727em’’ .
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1.3.2. General procedure for the synthesis of unsaturated alcohols 11-14.

a. Synthesis of 3-(p-chlorgphenyl)-prop-2-yn-1-0] 11:-

Into a round bottemn flask equipped with a reflux condenser carrving a ¢alcium chlorde
guard tube on the top, bis-trripheny] phosphine palladium(ll) chloride (44 mg, 0.063
m.mol, 3 mol %) and copper iodide (32mg, 0.17 m.mol, § mol %) were added 1o a
solution of propargyl alcohol (153 mp, 2.74 m.mol, 1.3eq.}, tnethylamine (0.42g, 4.15
m.mol, 2 cq.) and p-chloro- iodobenzene (300mg, 2.09¢ m.mol) in chloroferm (10 mi).
‘The mixture was stirred at 40 °C for 2 hours with reflux. Afler 2 hr the mixiure was
diluted with chloroform. Then the orpanic layer was washed with distilled water by
scparator funnel and dried over anhydrous Nax5Q,, filtered and concenlrated under
reduced pressure. The compound was obtained as a crude solid which is then purnified by
column chromatopraphy on silica gel with chloroferm : hexane (1:2) to give colorless

crystal of 11 {0.322 p, 92%), m.p. 78-79* (.

Cl@CEC—CHQOH

11

The characteristics data of this compound arc as follows-
1R (KBt )2 Uy 3282.6, 28545, 2235, 750.3 cm™ .

UV (CHCl3) t Amax 285.8, 278.4, 259.8, 250, 2342 nm.

'H NMR (400 MH,, CDCly): 3 7.33 (d, 2H, J=8.4Hz, Ar-CH), 7.26 (d, 2H, J=8.4Hz,
Ar-CH}), 4.46 (s, 2H. CHp), 1.8 (s, IH, OH)

13C NMR (100 MHz, CDCL): 6 128.67 & 132.90(Ar-CH), 121.01 & 134.58(ArC=),
$4.60 & 88.16(ArC=C), 51.56(C=CCHy),

DEPT- 13295, 128.7, 51.5
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b.Svnthesis of 3 - {y - nitrophenyl) - prop - 2-yn - 1 - ol 12:-

Noz@CEC*CHZOH

12

This compound 11 was synthesized from p-iodo nitro benzene by coupling reaction ol
(triphenylphosphing) palladium (II) chloride, triethylamine and propargyl alcohel in
chleroform by the following procedure described above, [t was crystaling light yellow
coloured compound { mp. 87 — 88 ° C }. The characteristics data of this compound are as
(ollows-

TR (KBr ): Upay 3310, 2200,1517,1344 3 em™ .

UV (CHCl) 2 A 297.6, 254.6, 238.8 nm.

'H NMR (400 MHz, CDCly): 8 8.16(d, 2H,J=8.7Hz, ArCH), 7.56 (d, 211, J=8.7Hz, Ar-
CHJ}, 4.53(s, 2H, CHz}. 1.86(s, 1H, OH)

B3C NMR (100 MHz, CDCL3): 6 129.45 & 147,27 (Ar-C), 123.5 & 132.41 {Ar-CH),
83.82 & 92 52(ArC=C), 51 3{C=CCH3).

DEPT-152.42,123.39, 51.50
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c.Synthesis of 3 - (p - methylphenyl) - prop -2-vyn -1 - 0l 13:-

CH; —@—CEC—CHEOH

13

This compound 13 was synthesized from p - iodo toluene by following the procedure
described ahove. It was semi - solid light vellow coloured compound. The characteristics
data of this compound are as lollows-

IR (KBr ): Upax 3419.6, 2919, 2250, 850, 670 ¢m™’

UY (CHCly) @ Amax 359, 247, 232.6, 223 nm.

TH NMR (400 MHz, CDCL:): 6 7.31 (d, 2H, J=7.8Hz, Ar-CH), 7.10 (d, 2H, J=7.5Hz,
Ar-CH), 4.47 (s, 2H, CHa»), 2.33 (s, 3H, Ar-CH3), 1.95 (s, 1H, OH}

B3¢ NMR (100 MHz, CDCl3): & 129.05 & 131.58(Ar-CH), 115.47 & 138.60 (Ar-C),
83.70 & 86.57 (ArC=(), 51.63 (C=CCHa,), 21.45 (ArCH,)

DEPT-131.41, 12920, 51 46, 21.28
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d. Synthesis of 3 - (p - methoxiphenvl} - prop - Z-yn - 1 - ol 14:-

CH30—©—CEC—CH20H

14

T his compound 14 was synthesized from p-iodoanisel by following the procedure
described above, It was semi - solid light yellow coloured compound. The characteristics
data of this compound are as follows-

IR (KBr ¥ Vpmax 3310.2934 .4, 2230, em™ |

UV (CHCL3) : hnux 257.2, 229.2 nm.
'H NMR (400 MHz, CDCls): § 7.35 (d, 2H, J=8.7Hz, 6.82 (d, 2H, ]=8,7Hz, Ar-CH),
Ar-CH), 4.46 (s, 2H, CHy), 3.82(s, 2H, OCH,), 1.9¢s, 1H, OH)
B¢ NMR (100 MHz, CDCl3): § 114.63 & 159.72 (Ar-C), 113.93 & 133.16 (Ar-CII),
85.60 & 85.90 (ArC=C), 55.26 (Ar- OCHy), 51.65 (C=CCH3).

DEPT-113.95,133.16, 55.26, 51.65



1.3.3. General procedure for the synthesis of unsaturated aldehyde
15-18.

a. Synthesis of 3-(p-chlorophenyl)-prop-2-yn-1-al 15:-

Into a reund boltom [lask equipped with a reflux condenser carrying a calcium chlonde
guard tube on the 1op, 3-(pchlorophenyl) prop -2-yn-1-o0l (100 ml, 0.60 m. mel) was
taken in dichloromethene (10 ml). The mixture was stirred at 40 °C with reflux. Then the
Jones reagents (i.e, 5.6 g KCnO4, 5-6 ml of cone. Ha80y in 30 ml L0 mixture) was
added to the solution gradually. 'The mixturc was stirred at 40 °C for 1 hour with reflux.
Afler 1hr the mixture was diluted with chloroform. Then the organic layer was washed
with distilled water by scparator funnel and dried over anhydrous Na;S0,, filtered and
concentrated under reduced pressure. The compound was obtained as a crude solid which
was then purified by column chromatography on silica gel with chloroform : hexane (1:

33 to give colorless crystal of 15 { 70 mg, 65%) m.p. 93° C.

Cl—@CEC—CCHO

15

‘The characteristics dala of this compound arc as follows-

TR(KBr ): Umay 2854.5, 2191, 1652.9, 825.5, 760 cm’" .

UV (CHCI3) : Aqax 248.6, 234.8 nm.

"H NMR (400 MHz, CDCl3): 8 7.52 {d, 2, J=8.411z, Ar-CII}, 7.38 (d, 211, J=8.311z,
Ar-CH), 9.4(s, 1H, CHO)

3C NMR (100MHz,CDCL): 176.49(CIIO), 129.27 & 134.45 (Ar-CH),

117.94 & 137.84 {Ar-C), 5 89.02 & 93.579 (ArC=C)

DEPT-176.49, 134.45, 129.27

16



b. Synthesis of 3-(p-nitropheny)-prop-2-vn-1-al 16:-

NO, —@—CEC—CCHO

16

‘This eompound 16 was synthesized from 3-{p-nitrophenyl)-prop-2-yn -1-0l ) by oxidation
reaction of Jones reagent {i.e. 5.6 g K:Cr Gy, 5-6 ml of conc. H>8Cy in 30 ml H:D
mixture } and 3-{p-nitrophenyl}-prop-2-yn-1-ol in dichloromethene by the following
precedure described above. It was crystaline light yellow coloured compound { m.p. 110

® C ). The characteristics daia of this compound are as [ollows-
IR (KBr ): Uppax 2964.4, 2194.8, 1654.8, 1344.3 cm™ .

UY (CIICl3) : Amax 293.80, 242.20, 234.10, 231.80, 223.20 nm.

'"H NMR (400 MHz, CDCl3): § 825 (d, 2H, J=8.7Hz, Ar-CH), 7.75 (d, 2H, J=8.7l1z, Ar-
CII}, 2.45(s, 111, CI10O}

3C NMR (100 MHy, CDCl3): & 176.03 (CHO), 126.01 & 148.87 (Ar-C), 12386 &

133 87(Ar-CH}, 90.63 & S50.76{ArC=C)

DEPT-176.03, 133,87, 123.86.
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¢. Synthesis of 3-(p-methvlphenv])-prop-2-yn-1-al 17:-

CH3@CEC—C CHO

17

This compound 17 was synthesized from 3-(p-mcthylphenyl}-prop-2-yn-1-ol by
{ollowing the procedure described above. It was semi-solid light yellow coloured
compound. The characteristics data of this compound are as {0llows-

IR (KBr ): Uy 2920, 2200, 1625, 800 cm™ .

UY (CHCI3) 2 Amax 249.40 nm.

'H NMR (400 Mz, CDCl:): 8 7.49 (d, 2H, J=8.05H,, Ar-C), 7.20 (d, 2H, J=8.18Hz,
Ar-CH), 9.40 (s, 1H, -CHO3, 2.3 (s, 3H, Ar-CH3)

BC NMR (100 MHz, CDCl3): 8 176,76 (CHO), 126.56 & 133.35 (Ar-CH), 118,12 &
136.94 (Ar-C), 89.01 & 52,03 (ArC=C), 2180 (Ar-CHjy)

DLEPI-176.03, 133.87, 129.5, 21.79.
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d. Synthesis of 3-(p-methoxyphenyl}-prop-2-yn-1-al 18:-

CH;O@CEC—CCHO

18

This compound 18 was synthesized from 3-(p-methoxyphenyl}-prop-2-yn-1-ol by
foltowing the procedure deseribed above. It was solid light yellow coloured compound.
The characteristics data of this compound are as follows-

IR (KB )i Vinax 2930, 2210, 1610em™ .

Y (CHCL3) 1 Amay 249.40 nm.

'H NMR (400 MHz, CDCly}: § 9.89(s, 2H, CHO), 7.56 (d, 2H, J=8.78Hz, Ar-C), 6.91 (d,

211, I=8.78Hz, Ar-CH). 3.85(5, 5H. Ar-OCH3)
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1.3.4. Preparation of active Mn(,:

Into a large (2 liter) round bottom flask with three necked equipped with a reflux
condenser carrying & calcium chloride guard tube on the lop, 3 solution of MnSO,.H;O
(139 g in 250 ml H,©) and 40 % NaCH were added simultancously to a hot solution of
KMny (160g in 1liter 130} over a period of 1 hour. The boiling mixture was stirred for
an additional hour and 11 was then allowed to stand ovemnight. Then the ppt. was collected
with the help of filter paper on buchner funnel and washed with distilled water uniil the
p" of the wetted sample reaches 8. The ppt. was transferred into a beaker and boiled with
water Tor five minutes with occasional siirring, then [iliered. The most active MnC: was
obtained when the washing with distilled water was done for several limes. The ppt. was

dried at 110 ° C for overnight and powdered before use.
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1.1.5. General procedure for the synthesis’of unsaturated acetylenel9-20.

a. Svnthesis of p-nitrophenyl-acelvlene 19:-

Into a round bottom flask equipped with a calcium chloride gnard tube on the top, 3 - {p -
nitropheny}-prop-2-yn-1-ol {200 mg, 1.13 m.mol) was taken in benzene (10ml) and
potassium hydrexide powder {0.317g, 5.6m.mol, 5eq) and manganese dioxide (0.98 g,
I lm.mol, 10eq) were added. Then the mixture was stired at room temperature for 1
hour. ‘The solution was filtered with the help of {ilter paper and the residue was cxtracted
with cther {(3*30 ml). Then the organic layer was washed with distilled water by scparator
funnel and dried over anhydrous NazS0,, [iltered and concentrated under reduced
pressure. The compound was oblained as a crude solid which was then purified by
column chromatography on alumina with hexane : chloroform (3:1} to give pale yellow
crystal of 19 (110 mg, 64%) m.p. 149-150° C.

Noz@—CECH

19
The characteristics data of this compound are as follows-

IR(KBr i Uinax 3251.8,2100, 13424 cm™.

UV {(CHCl3) 1 Aanax 289.4, 238, 221.8, 218 nm.

"H NMR (400 MHz, CDCls): § 8.18 (d, 2H, J=8.76Hz .Ar-CH), 7.62 (d, 211, J=8.7511z,
Ar-CH), 3.34(s, 1H, Ar-C=CH )

B¢ NMR (100 MHz, CDCly): § 128.93 & 147.57 (Ar-C), 123.56 & 132.97(Ar-CH),
81.63 & 82.30 (ArC=C),

DEPT-133, 123.48, 82.12

21




b. Synthesis of p-chlorophenyl-acetylene 20:-

20
This compound 20 was synthesized from 3-{p-chlorophenyl)-prop-2-yn-1-ol } by

oxidation decarbonylation reaction of polassium hydroxide powder and manganese
diexide with 3-(p-chlorophenyl}-prop-2-yn-1-ol in chloroform by the following
procedure described above. It was crystallized white coloured compound ( m.p. 48 “C).

The charactensiics data of this compound arc as follows-

IR (KBr ): Upnax 3110, 2150, 819.7 cm™ .

'H NMR (400 MHz, CDCly): § 7.44 (d, 2H, J=8.2Hz, Ar-CH), 7.30 (d, 2H, J=8.3Hc, Ar-
CH), 3.09 (s, 1H, Ar-C=CH),

52



1.1.6. General procedure for the synthesis of unsaturated carboxylic
acids 21,
a. Synthesis of 3-{p-chlorophenyl}-prop-2-yn-1-oic acid 21:-

Into a round bottom flask cquipped with a reflux condenser carrying a calcium chleride
guard tube on the top, 3-(p-chlorophenyl)-Prop-2-yn-lol (200 mp,1.2 m.mol) was taken
in chloroform (10 ml). The mixlure was stirred at 80 “C with reflux. Then the Joncs
reagents {i.c 5.0 g K>Cr;0s, 5-6 ml H:80, and 30 ml distilled water mixlure} was added
1o the solution gradually, Then the mixture was stirred at 80 °C for 6 hours.

Afler 6 hours the mixturc was diluted with CHCl3. Then the organic layer was washed
with distilled water with the help of separator funnel and dricd over anhydrous Wa; S0,
filtered and concentrated under reduced pressure. The compound was obtained as a crude
solid which was then purified by column chromatography on silica gel wilth chloroform

to give colorless crystal of 21 (105 myg, 48 %) m.p. 160°C .

CI—@CECCOOH

21

‘The characteristics dala of this compound are as follows-

IR(KBE )t Uy 3500-2500, 3064, 2100, 1681, 1425.3, 1296.1, 852.5, 759.9 em™ .
UV (CHCL3) @ hax 283.2, 245.6, 222.4, 218.2 nm.

"H NMR (400 MIiz, CDCl3): & 7.43 (d, 2H, 1=7.6Hz, Ar-CID), 8.02 (d, 2H, J=7.6Hz, Ar-
CH}, 9.75 (8, 1H, Ar-C=COOQOII }

C NMR (100 Mllz, CDCly): & 169.50 (-COOH),132.11 & 128.80 (Ar-CH), 132.20 &
131.52 (Ar-C), 128,64 & 128.52 {Ar-C=C)
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Measuring Mode:  Abs.
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Slit Width: 2.0
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