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> Hete m_uﬂ_q,.___r comMmpounds 2-

~ Hetevocyclic compounds ove +he cyclic compounds hoving mose +hon one type of atoms
in the 7ing- (hetewo» other + cyelic)

- Im+oa.on~_n:n compounds arve of gveat importonce +to life omd occuy in natuve.
Example: - - DDiuoSmm..,ommn hvmdoj.omﬂ ond Huranose)

— Nudleie acid

— Armno acids
— Pepties
— Proteine ond alkaloids possess 5._¢omm5 conlaiming Ting System.

— Mang Smwmdoﬂdn_...n compounds ove wmanfactured oy ar_}m ndustves.

> Nomenclature:

. Im*mdunan_..ﬁ compounds exist in  both simple and condensed .-,Sm mﬁ_hfg.

— Most of hetewcyclic compounds have been assigned trivial mames which ave difficult
to Tweplace by systematic wMames.

— Im.»ouddnun.:n compounds axe named ON the bagis of size of d‘..sm , Mmuwmber *N.__um. and
positions of hetewatum(s) by providing  suitable suffix and prefix to o given Sigsiem.

1. S of d,.D@ is denocled J stem.
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.._....___ .ﬁ.___

1Y m ‘ cp .
et 4 oc 8
ol 5 on 9
n ]
3. ﬂo:ocu.,sm pretixes ave used for hebtewoatoms -
Ne teyoatom -
o -oxa
S - thio-
N - QZa
P - phospha

3 If move than one hetewatoms ave pvesent then bo_.os.S& sequence s followed o

M ng. O>sS7 N S¢?

4. zcgwnisa of dmsm _omm.,:..w With hetewoaktom omad prdceeds In such a ey Maak ol
the substituents get lowast positions.

5. In coase of MMore thamn one hetewatoms, Srvépuhdmﬁ@ 'S done Dnnb,..\n-..srm to the

.mu:or.s.:d Sequence B% 85 M S P



8- lhen

6. _uo:ocv_sm suflfixes ave

7. Iow@dd..&n_..n compounds  wWhich axe ﬁQu.ID:m_ »educed ove often wefrwed +o as &mrn_n_dd
(L double bond ~eplaced ra 2 7amadm~3mv amnd :gsamud ( 2 double bends .«ﬁv.pnn.u _o& 4
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used Hor 7n¢ﬂ«ananth cem pounds -
With nitrogen Without nitrogen
Ring size Stem
Unsaturated | Saturated | Unsaturated | Saturated
3 —ir— —irine — 1widine —irane —irane
4 —t— —cte —etidine —ete —etane
5 —ol— —ole —olidine —ole —olane
6 —in— —ine —inane —in —ane
7 —ep— —epine —epane —epine —epane

sauuombﬁmv demvatives of +4he pavent unsatuvxeted

The prefix Lor satusoted Jijcmbﬁ containing Sb#&*dﬁran__.n compound (s

pes 7&»40#

+the WMame

contaanes oo

vowels hgﬁmjﬂ #O@ﬁ*rmd.. then o of _ou.dh; is vemoved .

compoumad .
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3 i _a 3 4 3 i _a
2 5 2 5 wﬁ mLu
H 1 H 1
Ethylene oxide Ethyleneimine Furan Pyrrole Thiophene
(Oxirane) (Aziridine) (Oxole) (Azole) (Thiole)
I 3 3
3 4 5 NH 4 : 4 N 4 N
Nﬁwpm NEPr MF&gw mFﬂgu me;N
Tetrahydrofuran Pyrrolidine Oxazole H Thiazole
Oxol Azolidine) (1,3-Oxazole BN (1,3-Thiazole)
(Oxolane) (Azolidine ,3-0x ) (1.3-Diazole) ,
i (/)
mwww N /ZpL N”
H
Pyridine Piperidine Pyridazine Pyrazine
(Azine) (Perhydroazine) (1,2-Diazine) (1,4-Diazine)

$ IUPAC mame (s given ' povantheses)

—
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> Moleculay owbital pictuve of w_,n.Iao,_fan_R compounds: -

Unhybrid p cwbitals with be =
i

1 .p“_/\ .u_ju.ﬁv_m -

(Iv)

Pyveole styuctuxve foomation of o Lowmation of = A -e- cloud &.3@
bondSs Ga O.«mdﬁﬁ.ﬂﬂ_ﬁm bonds W;& O.cm«_ﬁﬂﬂm..bm Obove and below the
pPlane of ving
— Pl corvbon atems - sp? — Nibtrogen  otemn - sp?

- tws adjacent atomns Lorms  SPE-sp? o bond by ovevlopring ond Anivd  spr Tafd..mﬂumm
atom HFoxmes SpE_ s o« bond With hydwogen

- cﬁ:av.«.”mmmmm p owxbitals of c-atoms 05.}9”.5..5& { e- ave _u.::m perpendicular to plane Qﬁism

— Ore lone poiv of Nitwgen also lying pevpendiculay 4o plame of Ting-

— Uvbybidised p- cabitals Ffoyms 7N - bonds by overlapping.

= In T -wolecwlay o3bitals & 7 e~ ave delocalised. (ovomatic n.(qqoﬁx_nd&
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Y ﬂ..C...Q..J A

Cssdvd._m p ovbitals with e~
& ™

H. o
P—

[\
A
D

.m_u~ hybxid
ouf.—ﬁ
of cavbon

Spt-sp o
spt bond
1) i) , { W)
; ¢ rav&.i oo tol \ (Iv)
Fuxon m,.gm+ﬁ e hC.m.D)CT, on 0* g ..ﬂOad-._..wa,h an Dm N nN-¢€- ﬁ_oc.,m __a#:@

Qbove and below ihe

bonds oy ovexlapping bonds wd ocmlﬁ%.:am\
v.zoﬁm of «;5@

— P corbon akoms - sp? — OXygen otsm - sp
- two adjacent aterms Leyms  SPEsp2 o bond by ovevlopping and Ahivd sSp? Ta_od,.mmmmm

atomn foxms Spr - s <« bonad wWith hydwogen
- cﬁ&wimﬁmu P oOwvbitals of C- atoms qu.fv..ﬁ.fm b e- ove lying pevpendicular to plare oﬁisa

— One WLrnhyb¥idised p-orbital of 2 005*95..5@ L e-pary _d._:a pevpendiculay +» plame of ¥ng-
one Sp2 hybw¥dised ovbital of o Combadning 1 e pear _aﬂsa v the plome of u‘.::m-

— Unbybxidised p— orbitale Fevms T - bonds by oveslappivg.

= In ® -woleculax obikals & & e~ ave delocelised. (asomoric chavocter)
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h. :,_Dw,.._ﬂ,nmjﬁ .

. . . - Ggl
Unhybrid p ovbitals with le HJ N

=

A d
4

: bond
(1) r.__.._; w_.u- B n_m:: v )
hybvid orbital cv
Thisphene atwuctuve foomation of o= foxmation of ® A -e- cloud ,a#:m
bonds by ovevlapping bonds U.& overloppi g Obove and below the
. plane of .q.,,:mv
— Pl corbon atems - sp — sSulphuy otsm - gp?

- two adjacent atorms fovms  SP-sp? o bond by overlopping and Hhivd  sp* hybyidised
atom Ffogms Spr -5 o bond With hydvogen

- cﬁyacimmmmm p owbitals of c- atems nqﬁf&s..sm L e- ove lying pevpendicular to plane o.ﬁisu

— One Cﬁ:arin:mﬁm p-ovbital of s n.oﬁfnuﬁ..:&. L e~ paiy _d,.,:a pevpendiculay +o plame of .«‘._SM\

— one Sp2 phybwdised ovbital of S Copkaining L e- peir _aﬂsa in thae plove of d..,.sm.

— Unbybvidised p- owbitals Pmyms T - bonds oy overlopping.

= In ® -woleculax mbitals & 7 e~ ave delocelised. (avomatic chavacter)
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wr.’ .w _r.__ : — a |
s »r. = o n - € ﬁ;_murb& \ L._\.:ﬂ&
_ o - b Mat oY
Puridine Structuve - bond ‘+tovmat on K -lbend dsyma = - | )
_c _ k overlapping QboVE and below the
Dl pVevY\appi N o apy
— Coxbon atemn - sp*

- Z..w.-.o.an«; atom - sp*
— |one paix of Nitrogen otom lie in +Hw plamne of ism (-e- sp* saran.n_ ovbitals.

- Six st&w..«wm P ovbitals ﬁ s of covbon 4 | of z..?aansv ove ﬂhéh«&mnio.« to plame of
the 4.5@ omd FPoym 7A- bonds
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— .ﬁ./ﬁ...u;;jn..pfﬁ chactactexistics ﬁ.ﬂ he ﬁ.dw.m.opaﬁl_hﬁu F.UQJ_TDC.JQ.;H“ 5

che Ponﬁﬁl&-ﬁi -

H—-
X
H Pyxvole Furan Thiophene

._n_&ul ovexlap o crj_j&ﬁuawmﬂm.m& P -oubitals ot Pywrole Fuyvan & Thiophene

— The o¥omabe chavactes of these compounds ovises from +the delocalisation of HJouv
Covben T - electrons ond two Paived e~ donared by hetevwateowm (o,N or S), thus ,?.513m
o sextet of clectyrons Which is chovacte¥istic of the awomatic gystem.

— These compounds Hollow Huckel's Rule (4n +2) K e~ due + 6 delocalised AN electyons.

—The 7 electvenclovd of +these compourds is lie obove amd below the plame of {he ¥ing.
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2 Kesenance styuctuyes 12

— Pywyole , Fuvan ond Thiophene molecules owe consideved as vesonance hybxid of the +ollowing

005?.__oc$sm foems —

O °.
1. Pyxyole «—> s j_.I / —
m_ A Z\/ru /7_ mW N
J._ - [ @ | @ __ @
" H a H
¢H ©
e
Ow 06

—

?_
i
:
- { e
2. Fuson N v MA v
./....\ ) @au
«— . . ¢ =y =
s e
®

S@

| {_«.:fo._bjnw

S

mw.(um OMVG
e'( m \Vu
s E

- These Shuctuve hove nsp...dm separation (Wheveas o vesenance stywctures of benzene do Mot
Invo\lve n.fod.qm gepavotien, DJue o Dyodan Sepavation stabilisgt on mSn..qmmmn of +hese cCowpounds

ave D.v_vdox..gbwm_& ha¥ of +hat of ghso.
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- Evidence:- Theye axe ™any evidences which suppost the okove wnentioned delocalised styuctuyes

0% Tvesonarne structuves.

T ona Tm:jmgﬂ -

— The bonds of these compiunds ove inteymediate in _m:mi. between +he Mowvmal single
ond double bond |engths fox C—-C, C-N ,C-S and (C—o bonds.

2. Dipsle roment -

— TIf we compare diptle moments of these compounds with suwitable ~vefevernce compounds
then 4pie indjcates delocalisation of e~ pais [pto the xing.

M|\, /J ,\, v Divection of mowmal dipole moments
. lﬁ N H S .H o.ﬂ. C-X Kvg&
0.5

®)

» _
i
1-70D |1+57 D

o y
i

.._.ogfam\«q?ﬁhs _oudqo_ idine l_rngrdu.aors.- ophene
m\ /v H & /v .H N\ /v .ﬁ Diveckon of the dipole weoments due
O " S 4o delocaliseation
\
- .87 D
071D 1.80 D

Fuvon Pywrole Thicphene
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7 Kelatve avomatic Chavacter :

— The n_mnf.asmmow.z..Imm of the hetewvatoms ave In Yhe oxdex O >N >S.

— This eans +that oxygen has the |east kmq..mm:n& to donate the e~ paiv +o the ayomatic
gextet. so +the awvmoXic chavactex showld be least In case of Ffurvarm , followed Em.
pgrvole and maximum fox thiophene.

Fugan < Pyerole < Thiophene

Fuxan < _u,a.q...d_n. < Thiophene < Bengzene
~ These compounds rsﬂsu.ao electrophilic  substitubion ~eactions wrather than additfion ~eactions
due to avomatic chavacter.

< Puxiadaine ﬁm_.y J,%d__,__,.vmqmum jm_.nmeh&n.,_.n ﬁn:.ﬁﬂQxem.;l...'

7\

ND

TQ - OV mmr.fh o unh ”...._: ridised p-orbita s o+ P a\m._ diNe
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~ The awvomatic chavacter of pysidine avises fromn the delocalisation of five covbon A e-

ond one e~ of N hetevoatom. Thus ._,.ud._,d,.ﬁm o sextet of electrons which is Chavacteristic
of +he ovomotic gystem.

z«\._q\m soNANCEe styuctuve -
— Pyvidine is descvibed as o yesonanpce hybxid of the following contri buting fowms -

@
-~ "
-~ L7 ) 5 X
All = 2] - | | | Ak — |l = L
=~ @\ A ) Z\ Ko
- O O N o ¥

— The ~esoNance sard..m structure of vd.«q_n_,.jm ot Gﬁ_& explains the m.wb.,o..:*m of _u”_«.L.,sn u._:m

but is alsc supperted by +the band _o:m.s.. data .

— Dipole moment value of v.a.ﬁ.n:sm je wove than piperidine.

" r = 1~
D # Dipole ynoment = 2.26D O ﬂ Dipole mnoment = |-17 D
N

ﬂdﬂ._n: s pipewidine
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= In case of py¥idine , electronegative mitvogen produces D_mr.nmnsﬁm of electyon n_osm...wm in 1he

ijm wheveas in ?addd*m. .ﬁ?m Cavbons QGcqQuite jncreased electron nwmﬁw:m. Thue +he 5‘,7..omk5
atsm n PY¥idine causes +the deactivation .ﬂm.:m.



 LUTwenNntato
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n anga relatve Tates O e lectso ) :

_ i itution in +Hve Membeved .:.r. .:..._s._._.,;,._ IC  CoOmpounds:
— Coneidex +he attack of an electvophile at positiones 2 and 3 of Five ™Membeved
Covopounds ~

T.m&mddna elic

\,@ —
J H | H
% E s g

H H H
m %m m %m \ w\.m
v\w = O,N=nw S — \... @ e \ _ \ -
2 = Electwphile X

The

Il

X% X
obove wvesonance shuctuves ehow +hat attack at vom..f.a.s 2 will be 11?..&& due
ko extva stabilisatton caused by +he (ont¥ibubion of an additional

structure.
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~? =hevsay 1% Ot ._ﬂﬁ M) a M.a a1T™h

- \J d p—

— Enevgy prohile sragvem e T i involving o wnove stable inteymediate
should be Jasier. H

6 rhgqﬂumwotm..agﬂn?.u
. 2
.

E
m\ ,w + H®

,\ >

Reaction coovdinate —

- The ~eactivity owder of Pyvrole , fuvan and Thicphepe towards electrophilic substitution reaction
s
(N > (N 5> [\
N 0 S
v

Pywvole Fuvan Thiophene
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|
-

= Pywvole is Ffound in ey 39&:&0.&| occuring substarces such as ﬂf_od.o_urﬂ_: o¥ alkalods

— It OCtuys in coal-taxr and bhone oil as well.

-3 Methoas O +oxmMatnsy ! 3

— -~ >

| 1 s06| ation »ﬂm-n_..“J) oshe 0\

- Pyxvole is pvepoved cormervcially oy fractional distillation of bane ol which itself obtained
from dyy distillation of howns, hoofs ond benes of anmimals.

' o TU N
H; , H,0
(o) ﬁbgfﬁu* N
1
H
Fsom AYOMOMI U muca te '
JHo
H o:r n_...mnb.qo_ A
HeNOO(CHOH) ,COONH, = COONH > U\
4 4 = HeNCO 4 A
473 K __..
&mrmn—dﬁwl—g &

decar Fﬂi&- ation
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AN

Red hot tube
2C,H, + NH > U\
22 3 . ._,,.
p I

Chg- COOH vam : b Zn dust R
| - T <
CH,~ COOH ..: a0 l_po o w. ) m.mMnm:? m._,.v
Succinwma e &
Faal- Knowx aﬁff ) S
H
"y P “ iy % n\ ,”_ H
— L Y-S H
N / /. % Q.mw\ ”. .......n.Ih -u® ﬁI.w “6 /MI CH7 SN C
(0] 3 [
CG b g7 ong NH qu o

M
2,5- L..Bmid.?mq.d_n
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Ihe Hantzsch - pywrole s gnthesis:

b .

— This ~eaction Involves condensation of an o -holoketome with a p-ketoesikey in presence
of owmona or PEIMa®y  avvine.

COOGHs COOGHy COOGH¢
) | _
i | —+ zzw —_— _ 4 _‘._n
n_.IO HO— C—NH o =tM3
CH3 mrv mI 3
P- Ketoeshter
Ly —re e ol e
o = (=3 —H,0
I\ + i - CH - N\vﬁ / .\Dﬂb . CH,
C—NH—H : e i g ) e e & -
WI.....
ol-halo Ketsne H o0,
Sodalime — H,0t
CHs o, @/n: I,w
——u. b 3 ——l. ﬂo

2,S- %30&.5&. vdd.qa_ e
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=2

—
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,\\_ Nna ISNOETE f _H rEDIe rﬂ&_._ ¢ T 11
- This Wethod is widely use tov synthnesis of pywrole

derivabives .

In thie weaction, an o - ominoketone (s condensed with p- Ketoester n the presence
of acetic acid.-

coo
CHy = ° COOGH Ciyd__3-CO0GHs
Ne¥ — CHCO0H / \s
g 4+ XoH, —> > CH
< & gl nﬂ:nnoo\ &y 3
Dmeo\ ALK o7 “CHy ;i

2,4- n:noq_on*.roxmuu.m.. m..::nm.d, pyvele

H,.__aw._no_ pyopevnes: -

?ﬁ_d.o_..uono_ocq_mun_.,n_.c“_m.Ef._nr?a:m638505 exposuve to aiv.
Dp-- 404N

It smells \ike chlovoferm.

T+ is inosoluble in Watey but dissolves g alcohol omd ether.

It is extvemely wealk base because lone pair of 5..¢.omn5 is used in delocalisation.

Chemical PYOperst €S

. Electsophilic subs titution ;

_...aua.o_ﬂ is Co..& weactive ‘owayds electvophilic

substitution Yeactions amd substitubion
taukes place at2-position.
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¥

CH, €0),0 Snd O HNO
\ / m pum. 20, Snllg | ﬁ:w Buh ) 3 r W\ /m
N NO2

N R—.—w Friedel - Cvafts | \ Nitration
'

RS acylation r W '
Grotrermanm
m\ /m ¢ ) .nga,nig 7 e . W\ /m
N TCHO L. KON/ Har 2-H0 , chloxination SV \n~ €I
: g\ :
N

\
R CeMe Ny e . S0y, Pyvidine \\/l/\/
m V , J - )
M 2]

BY ~ BY ) | p

T Br Carson e A
/ i
By “ N\ B Byovrmination JTodination L o

~

~

|
M

(2]
- Que to high annm,m....d. of pywvel ¥ing , voidew .anmg*m\.«dQnIaﬁ cond itions avye Used. e-g-
Friedel - cvafis Qnd.pIS... iIs Cawied owt wWith SnCly Which s Weaker lewis acid thawn stn_. Alcly.
= As pgwele polymerises in conc® add solulion, Mitration (s cowned our with HNO, in acetic
0cid - m._..d.__nan_w swWphenation is covded ouwt with §03 In 1&.:.;&...&. at 33 K.
— Chlovwnokion s comied out (with so,c), , byomimnation with By, n ethawne amad (odination ity
T2 m K1 Sol. Bromivation and iodimabtien of .wd.,ﬂ-d_h gives Yetvo substituted _u,.dmcﬁro..
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~

RCia C cnNnarvacteEyg

— On InDI_)m with solid KOH, the 1wino _:dn:.omm: of odu&&n 1S weplaced Vaﬂo*ﬁm.m._c.; aroﬁ..sm,
the acidic chawvactey of the substance.

[/ \\ ~+ KoH o) t WP
N

; 0

~ Fusthes due to the addic mMatuve, Pywrole weacks with deasouﬁ. dmbmmﬁ.: o fowvm

v
.-
/

wad«.o.&.gpmdm% um halide.

@ + CHMgBy —> @ + CH,

N

A med
- The acidic chavactery oF pgrrole s due +o vesomance stabklised pyvrole amion.
-y O )
- PH m\ \v &=V m.v.m \w., N e .w. “— N/ /w
N (AN N N

L e

— Due to presence o¥ J)nmn.$<d ﬂrn,.dh oN posiion 2 ovnd 3 | v&\qdd_n o on C\jmmﬂmo electyophilic
subst btution Yeactions at 2 amd 3 positiens
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- meﬁoH_n_}.

\ ressuve (OOH
@ (\ CO,,P o @noo: . @

+
mn H,0 _ :

\ / () CHCl,y . \ / . @\ﬁ_
S C.CTWO._. : \ -

a-chiovopygmndine
( Winor)

3- _Jd.«.o_ ec oafoxp_mn-&»n
(Mejov)

3. Basic chavactev:

- _udd..qo_n can act aes o base _Od @or..j._:m o pyoton o ru“ ﬁﬂgdwﬁ..sm wth a Lewis ac\d
ot the hetevo atom. bubk the hetevoabterm In v&dd.o_m contributes o lene Ped¥ of e lectvons
‘o the A -e- clouds nghr..-...ncmﬁnu the avwyomatic sexte+-

- As a wvesut .e&dﬁo_m commot .«._mo.n:.m_ occept o pyoten ama hence does not possess

sigpificant basic chovackex . (Kp= 2.5 % lo—'4),
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U »ijn_.wnooi @ Ni, Ha - W M
N 473 k _n

H'S
A

N
\ I
H H

L ML , Red P

5. REGCTIOM L)1 ThH __ = annydyac

- A substitution product is fovmed .
o
0y - ¢ B8
+ _— CH CooH
N n _
; o !

Reaction th Coveene

—  Electwophilic substitubion pywoduct s Formad.

@ + N, CHCOOGHS - ;
N

__._ m?m_ dyazoacetate A
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= 1,%2.0_«“. 4.5m ie mot cleaved ;«ﬁomw_m ra acids amd bases. Howewver , when py¥vele is

vefluxed with an ethanolic solution of T&n.ddx&, amine hydvochloxide | ihe ~ing cleavets

t o kes mu_,npﬁﬂ..
CH, — CH=N-0OH
/ W\ 4+ 2NHOH. HE \

H

m.CODTD..P_n_NTm_Lm dioxime .
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—UuTan

—Oxole | C4H,O m\lzv

(8]
Mietrnods r_tovmation:
{. Commescial Tethod @ Decard r tHon of 4uvxtuval9
Oxde catalyst m\ /M
CHOD mﬁ.w?\ ”
2 - %:«o«.ncdﬁoxo._mof&mn Luvan
( fuvrfuxal)

- Furfuval is oObatiamed +frem ﬁo.mMDnnrbimnm.

2 Paal Knoxy J&ﬂijht,p - I/ H
W P, ) il IenI.AI.I ol
n\ /n p .\/ — ow/
)
o ”..\ Np 7 e, CHy RO “CHy
},4-dicovbony|
09500:5&—

(enclisable)
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iest lena ﬂﬂ_ SUNntTheés\ s

y Sy ._
and o -haloketene cendensed Iin +the pyesence of _uddw_n:Sh,

= P -Ketovestes
COOGCH CH
_ 2ts , » o C,HgCo0 CHg
H="C-H c=0 Eﬂm.ﬁnv M\ /w
o

| - e & 1 - -
vm.l I.N%l 3
CH;y cl A {uvan dexivative
4. Fxemn "ucic ocid:
owy distillation a
Hooc— (CHOH), - CooH d > K\ /v " > / \
-C0, , —3H,0 o <00 -co, =

Mucic c\d . .
- Fuwoic acid

Fsom o:..mda_mﬁm m_,_..,‘,..umuoow_&_:m

n_-_ COOCH 3 e ~
. s
ﬁWIm % + m __hPﬁDu
R =2,
CH-o ¢ CH
_ \
s COOCH,

Be :,mo,_ 0
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esed

- Fuvan is a colou¥less liquid

— bp. 305K
- Odouy similar

‘o chlovofoym.

- wrmfrm soluble In watex Lyt dissolves in alcohol and ether-

\

-2 CnetThmnicC ol FCAac _F\ ﬂrw

1. ElectsopmilicC

- m_mnge?:n suwostitution takes place at

\ / hﬂ..*.._.wﬁ0v».° ) @ﬂv
noa.nzw Fyiedel Cwalts

(@]

(A

O

substitution

Dom_pI on

(hattewmann
P .Tisa_p: on
HO J-HN/uar 2. H©

e S
P—Cl-GHaN <

ﬁocﬁ:ﬁm Yeacktion

2- position,

(CHy0), 0 | WDy

Nitsation

I@n_p
hr.whoozor

Sulphonatien
8o,, vsdm&..sn
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SOoTne impoTTant __A.H TUYES ot electyo

] ‘__5 i € suubsthtuthon eactions aOvYe

© Since acidie conditions leads to polymerisation of fuvam
oppvopriate Yeaction conditiens.
Exomple:- Nitratien of Ffuvan is pevfomed with mitvonium acetate | Q.wno.wmnr ﬁﬁn.mn&uo*‘rznwu_h
as the usual mMitration T xture hIZou+_.wwo¢v cause vo,d.?mimnig of fuvam.

® @_3\“.—.9.1& furan- 2- swlphonic acid s pyepaved by +he actien of S0y amd pywidine

O‘J d.b::.

© Since, hologen acids libevated during halogenation of Huvan cause polymevisation,
+hevefove TP_omn...Prwn_ fucvans owe obtained by indivect wyoute.

@AS: ) ?@noo: .Dn.Oplv m«@

~uwoic oad 2- m.«ogo.ﬂc.«g

@ 2- chloxomercurifuran is o useful md«iruf.n inteymmediate as Hne Vneycurd group is o
good _mni:& g ¥oup-

@rnoﬁ ¢ . ©Imn. m«p|v @/m«

, cove wmwust be taken in wm_n&sm



Learn Chemistry Online

©® Fuvoic acid is obtained by TmoI:m furan with n-butyllithium Followed by the no,«_ooxa_nr.qs
ot oqmbvof.r,cg compound.

/\Iu no.I+
~\ /w ;+JJ| n.-h-IU_l. IlllW \ / _.... .+ n&.I_O ...|N|lv \O/ hODI
O o

® like benzaldehyde, Furxfural on  treatment with Oq- NaOH undeygoes Camnizzaxo weaction
ond on tveatment with alcoholie Wen | it Cs._m,q&oou Benzoin cendensation.

@ " Raney zmw O

o) THF

Reduction:

Diels - Algery yeaction:

— furan behove as diene due o less avermatic chawacter

0
Z
\ Ether |, 303K N
+ | p ? | © o
/ 1,4 additien St
\ o]

Furan

Maleic ear&mq.& e Adduct
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Cuby ,—-N, \
-+ CH,N, —

Mazomethane - ﬂ.an_obm&,.—u.aj ﬂu.«.on_c_nr. _
5. Reaction with bepiune - )
T (CH,) ,CH-CH,~CHm0-N=0 0
COOH o) e
N\ \ + Q TIsoamyl 3_7;“1” %
(o) NW, . .
2- 93..50Tasuo..n. acd Addition vddmcn

&+ Basic psopey tess

— On treatment with acids, protonation takes pPlace at the ¥ing caxvxbens vather +thon at

OXggen. because if pwisnation +akes place at oxygen +hen it inhibit the Yesomamce. As
o vyesuldt strabilisabtien mSQudm decyeases-

N\O % protonaied Lovam

v

— Tre pwionated furan Fowms polymewc products & altack on other —uxan molecule.
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1- Ring C ,:._a_c:\._,:._,ru
d {
— Under coaveful condibions , Purarn and its dervivathives ascm Csmmqao .__...5&10_...05._3&
veactHens to give h\Auin:PQ,ioqj&. compounds whickh ave useful .m.di.*fmin Tiewmediates.

= H H H M -
H,0 , CH,C00H 8 . _H* H /.\.v
— ? W, ——> CHy
A FGANY CH, rp..u... Hy ot " CH,
,.,,r.®| —__ =8 H I.unw Hw.u W \lb-
-

OIul_n_l .n:u.. nIua _n_ 1nzu
o 's ]

- Fushwwal o mcica.o_mmfamnﬁ.?.:nj dexivahwe) is E._mm,m used Ffov +he preparation of d yes,
plastics and as an industsial solvent.

- Fuvfuval gives Connizzave veackon , Benzoin condensakion and perkin veacton.

NaOH \ /
m V;nzpoz -+ @lbOozp

o
\ / _nCdT._.-m_ alcobhol Sod- salk ot .ﬂCOd.:n Dh.mn_
CHO

(o} ) o
Fuvom
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= Thiazole, C4qH,S, m\ /w
s
— Also called Thiole.

— Thiophene occuys Natuvally in the benzene +Haction of cool-tay. Since its b-p. (357k) is close

to that of benzene hmmu. k), "t is mot possible 4o Sepavate +hese compounds Gm ackonal
distillabion.

— Twiophene and benzene ave sepavated by ..BDnIsm with cene. H,SQ4 - Thiophene Lexms

water soluble compound with acid while bengene forms Watey inseoluble compound

with acid-

- _.w.,_ ethode of ‘

nods +oymotienta
1. Fsom 1m-butane -
— ‘I.\
CH,— CH3 873k S + 3u,s
| + 45 . - > ~
CH,— CH 4 nan._ sation
2 Fvorm O\ .,....WI._:,“,, Nne

Alumina
2QCH, + H,S > \ / + Hy

GT3IK g



S UCCY NatC

n.In.l COONa

S i
. v By — P
Poal - Knoxy wmﬂ_f?n,_ -
CH,— CH, _.TWA_UI.I CH, 3
PS5, O¥ p. F _ -
R— . S it s T R-C @ —
Y T A " lx +HY
o o = O <
Fvom

- diketones -

- 2 n_.wozp\ﬁ_woz
Cls &~ m_lnrxq + CHL00CCH S~ CHC00GH 7
© o

2. H,0o &
n_..nrra:—.:,om_.bnn*.o,.—ﬂ X I..u.. '

Phus _.-(..— Fvyo
' ;

.?N.o.vfm:m is & colourless \Wquid-
b-p. 357K

Benzene like swmell

Insoluble n waoatery but soluble

in alcohel and ether.
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Hela .

) \

HOOC s

R R
S

2,S - m..n_xm H+hiophene

Mg

CooH

A Thiophene derivative
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“he J., 1C al PYOPeY es ; o
— Thiophene 1s less weackive than Furan and vmdxo_m.

Electsophiiic sSuostitution

\ \ (CHyC0),0 , SnCls (CHy0), 0 , HNO3
COCH, Fy¥iedel cCyvafts _ Nitration

Dn&rpi on _

| _
\ / HCHO , Hcl | 7 TIa, Hgo
CHrCl nT_odoga_Diqj _ _ Todinotion

\ / ) Bv, ., C2HsOH : Thiophene ~ Sulphonation
B¥ By | Bromnation __ | Cold Conc. H,S0,
\ / vilsmeies - Ibonr 4mo_ﬁ+mg 7 chl Oduogn.ﬂﬂﬁ.u.nrlm%
HOo Ii@l ;\fﬁh—“uu.- . vah._.w T—&ﬁ_u. , OTWHOOZP

dimeth u_hc.ﬁa mide

SO, 1

Imn_
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ASTITUT LA Freact oy

o - i b P |
| Po¥Tant TEOTUTES ¢ ' C IECCTOPhI IhC _w

@ On chlovination 2-chlovo- ond 2,5-dichlosothiophenes owe Ffovmed .

@ Clp 248K @A. " n.@ln_

S

® Bs, ~weacts in benzene solution *to fosm  2,5- dibvyomothiophene-

© Monohalo dewivatives of thiophene o¥e prepaved orly under special conditions.
s S 243k g

kme

\

L Mo

s
@ Since , thiophene is quite stoble towards acids, its vTeactions such as
sulphonation can be co¥yied out d.n_oI(.a_m move no.w.;m.

nitration and

® ._f..o_v.:osmup-noiuoxc_oo_..amm like furfural and Jmswp_mmsamn C,:n_ﬁ.monm Comnizzare as Wwell

aos benzpin condensation

m M Conni2zzavo
\ / CHO = g N\wv// CH,OH d @/POOZP

= s
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Do —ait— DL
s HO RBen3oin om

o=N

® Thicphene does mot Undevgo Diels- Aldex veaction.

H u d ,H No-[Iiq-NH W u Wlu
M U Bivelh veduction e s

S S
- However, catalytic veduchion of +thiophene with Raney Ni vosults in the vemoval of sulphur
to m..sm N-butane.

Keducthor

Reaction wth Corvvene'-

H
\n
/ \\ 4+ N,cHCcOooGHs |||mmlv / \ noom,:%/

r

S mrm_m_.ouoonn?mﬁ S
> nmn_on&..mqs veaction

Cubr H
I/ \y + cHN. . I WM

—-N
> Diazomerhane - S)

y



Online

NO
) N =
N, €I
- ol — %
s NO,
o-nitro amsumamm._.bgﬁ.,cénfoimp n-ﬁunggvrgm_c thiophene

( Radical SoOuvyce)

A - 4_
._,.._.w...lr" .......N_:. _,.-...., _L.._._"..m_.
.._

eda .
() COa /
!\ WL =T, [ > U\

s “GHio s

Thiophehe -2 - no,d.do*m_..n acid
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—_ _u&u&._ﬁm

's o six membered hetevocyclic compoung -
Azine, CgHsN

|

— Pywidine is an imporv tont solvent ond Yow matexial Fox pyepovation of _O,amm Mnumber of

?m:mﬂinsx impoxtant Substances.
It Loyms

basic skeleton Ffor a Mumberw
olkaloids

of 30*:49:&. On.nc,-n_SM. substances such as
, Vitamins and ™many  synithetic dwugs-

g ]
...J..hlq_._p_\ﬂjrp,?

The structuve of crmdﬂn:.:n
The

The Cc-¢c ond C—N bepd -mjai..m a¥e intewmediate between those known Fox the .m._sa_m

is similar 4o 4hat oF benazene.
weolecule haos planax stwucture with bond DSm_m of \20°

ond double bends.

C-¢ bond length in Pg¥idine

139 pm c-¢ (1sepm), C=c (134 Pm)

c-N (147 pm), C=N (128 pm)

ovematic behaviouyr and csum.«monw electyop hilic
subsh tution Yeackons such rp_omesnig , nitvrabon and

Cc-N bond length in pyv¥idine

137 pm
Similar +to benzeve , py¥idine shows

swlphonation.
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— On the basis of chemical and avxomatic behaviour, Kovnevy mcmmmmwmn_ the stsuctuye of

paridine which is analogous to +the Kekule structuvre of benzene.

gy -

S W e
___
ﬁ

™ C
H” /7__\ ./.I

NaOH

light oil of Coal ta¥ M.WD 5 Acid _pdﬁ.....o*, pyvidine 5> Neutral pyxidine + other
J Y bagcic s
LA - S1Y other basic substances ' Uostances
Puve _udd.&..sm < . .
Repeated fractional dfstillation
Red hot tube SN
2C,H, + HCN —> _ o



Online

._.p;_m. AYV et .7\_ | ¢ ﬁ“_,......f_,.....,.;__._.,,... _TQ_Z_«HZ. ﬂ.,__,.\u_n.b;.w_ !

L

® o —

0I\n:ple._p2_1..wﬁ. s " Pd/c \ "
" ) A V oxidation Z

e

Pirexidine

a - avn t 2.5C n pQ A 4.,T:..m SIS &
— This weaction is uced +o synthesis vavious ﬂdin__fm devwivatives.

— This veaction involves condensation of a P -keto ester , an D_mmran_m and ammenia-

P e
2 CH-g—CHg-oGHy + CHCHO + B gk Gty <00 - s
g - Keto ester M~ gl dihydvopyvidine
I .
devivative

CHz CHg
Y e oo

e SN en, 2G04 HEe Sueny

2,46 —T¥\methylpyridine
ﬁﬁ ollid ".va
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—> Mechanism:-»

step-I Fowmation of pB-awine-x,@ unsaturated corbonygl compound (enamine)

P «
CHz COCH, COOCHs + NH, Illllvurpo n:wn_ﬂnznnxun»zm.
NH,
Step-1l Foymabion of Era__.n__.sm 1,3 &_.oc.qfqﬁm_ compound.. "
COcCH
COCH H e 3
R-C=0 + n,c( . LRSI R=LTHCn s
_ COOGH s \ 2 O Hs
H H i
ik R
Step W Michael type addition :- | H m_ﬂ\I
R
C ~ ocC
CH00C T COOLMg  GHPXE, 77\ _~C00GHs np:moon/\ L o
CH - __//n\ ’ C e c T c C—H
1 o 10 O e N
¢’ 7 NH T B ! c_s °C
" m\ 2 av 3 HAC SNH, of CHy He” N 4 TCH,
~J 3 (.® ° 3 e B
R - R H H O s)
R M Pah
c He 000 o 00(,H
€;Hg00C C00%Hs i s WP W T Sl
o | HNO3 c c c S —h+
e .n F
HET N CH; Lol M_ _n_.,.,n —Hyo M, M¢|ﬁi.w +HY
il A Mg 0T Nom

\
H H
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\SE€TOY

A Z
4 CHyCHO + NH, - .
HE
r 4 | & \_.‘....Kwn.. _JU .—F.\.u_.\m.._ — I._
Al,0;
@1 + NHy sl i
i 773K SN
< 5T * _Lh_ £ m.,}_m_..\r. =
/ N\ 4 cuyel, + 2¢HoNG ———
e S .d.._q..m
\

€xponsion

Pyvidine is o colouwless hygvoscopic liquid.
b-p. 388k

unpleasent smell

Miscible with water amnd .Svo.sm O.ddn-dw\l solvents.
Used as solvent For O.qmo:in C6TH pouNds.

-
S

+ 2H,0 + 2H,

v

+ 2CMHgOH + 2NaCl
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? Pyviadine

-2 . hémc al ¥ e r..’h.ﬁdﬁ.,q;_..u .

1 Basic \atuye .

_A,uﬂ 2-3 %X \o-2

~
X

- __q_,r,n.__.x;_r- N/ py¥vole :

- _..aq._&sn s & Ynuch mqoﬂmmﬂ. base

| + wHc > >

N
H

/Q_

Online

= Pysidine is behave as base due to lone paix present on Nitrogen otom.

Pyvidine con accept a proten to fown the cowresponding canjugate acid, the pyvidinium lon.

c©

than pyrvrole . because py¥idine mitvogen has a

eclectron pair |, which s mot Yequived for stobilisabion of avermatic system . while the

electron pair on Mitvrogen atem in pgvvole

f..um_ idine C\w ali _.H_r,.m.._# b cvelnadse

— Pyvidine < aliphatic amine

-
|

N

- Spt hybvi dised N -akom

— Moxe S-chavacter (33.3%.)

— diHcuwtr to Shore e pauy
to Qcocept pPryoten

s mot ovailakle §ov myod._s& with the adcd.

R-NH,

— 5p3 hybridised N-atem
- less mun.TO.ﬁQﬂ-.nu.AMm..\.v
= mom.;m shaoves e~ pasry to accept ﬂvqokds
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Electvophilic substitution: -

= The ?r.m&?n mwolecule (s less veactive +towaxds electwophilic subetitution weactions due to
following reasons-

(i) due to high R.»n?aﬁm&niff of ﬂ._wqompj_ e lectron mmsu.,i..m decveases n +he ijm . This
causes deactivation of Ting ond lhence 2«,_15_@ does mot Cj._ﬂ,..mb Fyiedel — Cuaft veaction

) Tn oacidic csnditiens, v&im?m converts Inte 24,_%35.3 ion, which has yve charge on
it. This +ve chovge mmakes ottack of electwophile Move difficult. Thus py¥idine
shows less ~weactivity v  sulphonation and mitvation ~weactions.

- Orwientathon

~ Electrophic substitution occurvs prefeventially at 2 - (ov p-) position.

@
Attack at = ~ —m.- ~ M “
3-position ° L 2 AP > k. .
N N N
4 ®
ol e atack ot AT, o O R DA:
F 4
/z 2 2 - position ,....z E /z e * w E
|
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— The tranistion state _no%:m to substitution abt 3-position s mjndmoInD:m move Favour-

-able.
— When electwphile attaks on
maviked X wWikh positive Dfnd.mm on +the n.nnmqo$nm0¢<a 5w+«dmm5 atom. This wiowlad

Increase the enevyy of transition state ~elative to 2- substitution pathway whevre
no such situatien oxises-
cerbocation inteymediate Tesulting Promn attak ot position -3 Tn pywnidine

than the corbocotion inteymediate Loymed In case of bengene. Due +o
towards electrophilic substitution weactions.

position 2- o¥ 4 - ,then +theve ove wesonance stwuctures

= Howevery , +he
is less stable
this py¥idine 15 less weactive than bengene

- Mechanism!:-
() Gevnevabtion of electrophile:-
@
ml\u?._\cr > m@ —~+ Nu
Reagent Electvophile Nucleophile

() Foxmation of 4he vesonance stablised covbscabion :.
D
7 « 3 .
| g <o
Qro={ CF = OF — (F
o
N SN ® ™ N

~ This step is slow ond hence is 4he ~ote- detevming step of 4he weaction.



Learn Chemistry Online

(i) Removal of a proton +o Jve substituted product

\d_.m....,.o ...P% \
.

N9 N

— This step is fast ona hence does Mot afHect +the wate of ~reackien.
— The electyophilic substitution weactions of _u,ﬁ_d._mmsm ave pevfeymed uwndexy drastic conditions

due +t» deactivation of .ah::%.

RX o¥ _u“nn_on_ KNO 3 ~ NO, ~
weackion Qrhy: = _ + _

No
Fyiedel cyaft
Yeaction :
~ _ .5&3‘ Minoy
SO.H <
-~ | 80, H;504, | | BYa R D\m& B8 Qm,..
Xy HgS04 , 493K S13K Ry * SV
H.,h_,.r.:.m‘m_ﬁ \ic Wr:...rl_.w,;wcfﬂ N}
si 45.;3‘:& W ith

— Due to eleckyen ro..wfo_.qnco,:m cifect of ¥ing 3.ﬂ¢udmaj~ pygvidine ¥ing show
benzene ¥ing containing strongly electron- Withdrawing Q¥oups and shows Mucleophilic

substitution ~eactions.



Learn Chemistry Online

Oxientation!

= Nucleophilic substitution occurs prefeventially at 2-and 4- positions - e

. H
Atk ¢ H H
ack .D - .r\ N > o i ~ N
3 - position < S - St S m Z
ﬂhl _-.,.m © z z
4 { N ,\\x..uw
— Nu Attack ot (
| = Q: T . @«x - @:
- - g .

NN~ 2 2- position N7 N
X A
H , N« Na Nw
Hrack ot <) Ao ‘e
———%gllg 7 @ i WU
4 -position N - _.,_ N

- When mucleophile attacks on positions 2-amd 4- +hen -ve charge is ~wyesides on Nitrogen
vother thon on cavbon (&) /e. o sStoble intewxmediote corvoamion 1e fovrmed. TH is
thevetsyr mucleophile ottaks on positiens 2—- amd 4 -

Mechanism! -

(Hh Atack of +the mucleophile

— 7 )
F,,.. \ 7 4 (o) e
- \ b ~ / /
@ sl DA._ anal Q; - Dr
~ ~ .
N Nuw N Nuw Nuw
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() Removal of hydvide ion:-

e -
Q \\n

; L .r.mA‘ ...\.

N Nw

Fast AN

—
7

_
= ZSNu

— Some impostant Muclesphilic substitution ~eactions ase-

I SChhitschnibob\n Fedct

— AminolHon weacheon

+ NaNH2
z Sod - amide

D/ S33 kK

_ycd&o.

Pyr & one

wqm._r

Q/ + Nah

2 -amino wdd.&.iﬂ

+ LiH

@)
RS 383K =
2-pheny|pyridine

- = nt..mﬁ...
N / Z _

223
NS A.I.w
2- bulyl pyxidine

*

-+ nl..i
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SwWe chaun Yeactivity

Due to high m_mngﬁm&nuic:.u of Nitrogen atom , +he methyl hydrogen ove acidic in 2-
ond 4- §m+5a_ pgvidine ond such wda.mn_gnm Undergoes D_&o_1¢~:um Condensation with
oldehgde in the pvesence of o base.

~ QH® N GHs g H - e
- | T = | _
N7 SCH, 0 . CH, NZ S CH,— CH-CcHg
=
w.‘?m;m_ pgdine
(% - picoline) - N OH I@
- o | _
ﬁIHﬁIIﬁhIW Z nIhlﬁIlﬁhIW H,0

- Regucton

Q) Imn_dowmﬁotg

\ Ip\_;.&.awo«
) V ...
Na/ ¢ H <OH N”  Pipewidine

(i Biveh ~veduction

D () LiAM, ,ethey _ dy Na ,NH, D
N (@ Hpot Y (1) CHoM N
1,4 -dihydvo pyvidine

H
\,2- n:rm_._.qa..:md..or:h
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2 J A __...4..,_ T on
— Upon tveatment with pevacids such as pervacetic 0¥ pevbengoic ocids, pywidine I's Conveyled
inte  py¥idine N-oxide.

~ [o] ~

N/

N

- Pysidine N-oxide is mmowe weactive towards electrophilic and nucleophilic swbstitution

veoctions than pygvidine. T4 (s due 4o polavization effect.

NO, \ |
~ N
Nt _ HNO, ,H S0, Pﬁvweovpo ﬁonzu
q /@ a4
. i (CeHs)yp _
At ? S
N
_
~ ﬁIfuv.H 0 r: C.h ~
g i, o]
dd ) wn N7 CMs
| 10O

|
0cH, &
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?» Compa¥ison o _D,_Cu:v_w.w ot Pyviding, pipevidine and pyxxeole -

N.

— The ovdewy of Fpm..n.,.,d is as Follows-—

T&.aa\c_n A m_.‘_,_da.fu__._m A _“.L pexidine
Very weak base Mild base Very strong base
e
/ \ < _ <
mm z\ N
b D H” O
; 3 - .
- S~ rcwd..m.,mmn_ ovbital - P Iw.wd..m_.mmn_ ovbital - O - Iafd—m.mmn_ ovbital
— No \one paix available -~ A \one paix ovailable - A \epe paix Ovailable move
X g Hon
fox protonation fox protonation mou__u fox protona

In ﬁ&ﬂqo_m. the mitwogen lone paivx is contributed towards the A —electron cloud ond hence
is not ovailoble fox protonotion ot all. Thervefore pgrvole is o vexy weak base. It is so
weak that in presence of o qu.u.jm base \ike potassium -etal , it behave as o Weak acid
to m._,:n potassiopy¥vole.

TIn pyvidine , the lone paiv pyesent in sp*- ovbital while in pipexidine , it is present in o spi-
oxbital. Que +*o less m_mngﬁmmnIS_..m of sp3- ovbital | the electron in pipeyidine u¥e Mmove
apmim available to¥ pyotomation thon in py¥idine . Hence pipevidine s a Styonger base thom
Pyvidine.
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— In avniline , the mityogen atem cavvying the \sne paiv of electvon

the bengene ‘q..sm. and hence delocolised in +Hne ....?m. bhence

is h?inmnr._& attached +o

lone pedy is less mo_u.___u.
ovailoble o protonation. Theve foxre, awniline is weaker bose than pY¥idine.
INH4
NS

@ Aniline < | ~ Pyvidine

Yidina anda Plper) gine!

pyvvole , pyvid
e~ padr of N-atom in vdd\_m._ﬁnu it fsxms H-bond with watey

— "_..:.,_«_;_.u____.;x of
- Due to availability of
ond hence, ?ud,.m,,:b 's Wates soluble.
axe MTnoxe mﬁm:& oVailable Fox _udo.woﬁqrg +haer n

— The eclectyvons in pipevidine
is Toxvxe soluble +han ﬁdd._nr.Sm.

@ﬁqﬂmmﬁm.Igbw_—u%m.inzjb
- In cose of pywole , the |one padv is contributed towards +the avomatic
the ¥ing and hence Mot available for I»Woﬁ&..sm Wwith wa tex. .J.quhﬂd.ﬂi, ta ia

sextet Gm

water inscluble.
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Lonoaensea Trive ymeynocvcga NETETX .__ 11 C L C .....v...:..u.,\,..rq...._._‘ -

- These ave +the compounds in which five membered hetevocyclic compounds axe condensed
or 4used with benzene wing at 2-3 position.

— Exampless-
g ,L Y L - w
H
mﬂjﬂo.ﬂ‘.d.gj —NnﬁNDﬂdﬂJ‘D—ﬂ ﬁ..jbo—ﬂv mmjﬂ.o.ff...o TTQ‘JN

4 u._...QOE_m- un.:m.@.%.a mwopm“.
— Bewnzozole, CgH, N, QMZ:

N A

H
= RGN 15 Wik T esslhE, reTe blossoms | Jasmine blosssms , alkaloids omd .:&..ma
o.dm..

- Metheas ot +ovymon on i~
| %1 neyY indesle = ,._ nHhesis &

-~ This wnethod is one of the wnost impostont Mmethod Hox mdﬂ?nmmm of indole devivatives.
= This mekthod involves rmnmsa ot Qqa_rmmdpuojmm ot oEafamn omd Keteones (with nP&P.muma
guch as vﬂa_.qfomvfo«._n ocid ((PPA, HaPO4 + Pi0g), ZnC\, oY BF;.
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\ﬁIul_n ZnCla ol il

NH— N=Cc N . _=

—R O N7 2
3 X
4

_#,mg&_ ov Qq&;amdopgﬂ of Lketone

¢ vrm:m_famqonusm + ketome)

Yiechanism.

—n'-
Dt}mn\ﬂy
" pram——
N % -
NS Tautomesis™
|
H
Madelu ng | nagle S a Nnthesis
S )
CH3 FﬁIuyuﬁOX ﬁmo.m‘ text: butoxide) _
B—.
\ )
NHCHO Streng base 4 _ ;
ndn_,un—n Tan_).‘O.IQS |

0 -Fermomidoteluene
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cHa NoNHa Q \_/
NHCOCH 3 hdn_ommfah_dpfns CH3

o0 - ocetamide toluene

W

Lo+ D s O]
©I - T W — HB¥ = g

chs&. Dnap byxsmide Apiline
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ﬁpzmlczor ﬁ..Iu.l.
CH3 CaHsO — € — COOGHS 7 Q
"’ o - NO 5
NO2

0-nitrotoluene

i
@/ﬂPDODI
H

dIndole-2- nQ«Uaxa__.n acid

Indole

_,.UNhDufox&_pr.
d_ cal p¥o

e a,,iu

is o colourless

mep. 325 K

. neYw

Indele

weal Feoct\onS

shows sSgome

o__.nfrd_oxo_o#m.

C - COOG, H
i GHs

o
_ HC|

0- 5._¢...o_,snsm_va<c<o¢m

o-

similar

0- OMino _uso:a_vadﬁﬁn acid

) QTBP

ﬂdmwﬁp—: ne solid-

veactions of pgreole  but shows

due 4o fusion of benzere .m._d.m.

ﬁddd‘of has

6 % electrons

while Ipdole has |10 ® electyons.

— C— COOH CH,.— C - COOH
CH, \ Zn \h..mooI Q . "
& - o
NH2 Reduction NO,

0- 5.¢<o—v1nﬁm_v¢4c<_.n acd

some diffeyent Yyeactions
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— The <esonance energy of indole is [B8-136 KT /wmole.
~ Indele s o Yesononce sawin_ of 4hvee

wesspance Structuves.
Z _ W N —="
] — J — (.JJ
N N NN N7 ~ NS
v M

substitution: -

1. Electwophiic

— Que to fused benzene vwing +the electyron n_mﬁm._*a is shifted frem position 2- to position 3-,
Thevefore , eleckrophilic eubstitution occuxs at position 3- oma if this position

18 occwpied,
+hen +the substitution occurs at

postion 2—.

= The weackivity of Tndole +towards electyophilic sukstitution is less than that of pywnmole.
It ijs due to foct that because of Husion, one doukle bond of pywrole d._sm be comes

part of +the Wowve stokle lbenzene J.L:m.

Mechanism:

— The wWechanism of electvophilic substitution <weactions of indole is siwilar 4o that of pyvvole
Wwhich invelves ho:oS..Sm steps —
0y Genevation of electwophile

Y ®

E—- Nu = + Nu®

Electrophile Nucleophile

i

__u.mn—wms...
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() Fosmabtion of Yesonance stablised corbocation

~ b

gl H H
o e \ot Z o Z >
(&) ol i 3 = E
QL_ e ST — (e
|
H

|
H H

[ Rewoval of proten +to give $inal product

o P ok .
IShe + > I g
XN XN
A A
56ME elec tye phyli < swbstitution TeacvtTicgns D._.. 1na ole :
4 _ _ @msuo&— Nitvate _ _~NO,
— _ . '
? - pitwin dol
N z\_ CHaCN , 273K e \_ . .
M "

() MerTcuvyo Tocn
. 4 S

it v Z \ImlOI@lﬁ;U
"~ o _ : (Chyco0 ag e _ :/ n_u-&onnﬁdxu?m«ncﬂ, indele
« L N Hg-o .m.w-n:u
_
=

|
H
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cl
= _ S0,Cl, z p
_ —> _ _ -chlogoindele
QZ\_ Su\f c«a_ X \_ i
[
H

Chlonde H

; _ cHy=N (eHy),
HCHO + (CH3),NH
L Zlﬁn—.:an *r&— ngﬁogn.rru C indole

% .cHO *
. _ ZE w-.magm:;mo—n

)
H

H rn:uv N- @ H
o:?ot:a_
Lownamide

+ voeu

# Tre presence of ‘_ua.ﬂsa, geoup oct as  electrsn withdvawmg gvoup amd deactivates the ¥ing
towards Hurther sSubstitutien. So +he Furthey Substitubion tukes place at bengeve ¥ing.

Swiphonat on - is exceptional case ,in which esubstitution takes place at 2-position.

S0, , wmu.&._smr -
Q_ e (T,
H
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I
. Z | : Hel 3 Z | : X 5
N . CH CN XN " diviat
H (So\vent) h.
; L Sn/Hel -l | \_
N Raney N X :
) -
Octahydsoindole 2,3 -dihydwoindole
. CHO
() .
= _ : C.Hg COOOH = Q 2 - formami 4 o_omswp_mnsamm
N N perbenzoic acid NH-CHo
n
= .f.“ A C xopevaies . - r Keactiem with &S x.; \aotTnetallic Csyn pound
§ ethev NN 2t N Indole— N -Covboxylic ocid
r_. = .n.va,o o CooH
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naensead I X Memibereo nectesmsn ,I&rl_ c CoYm g.ru unNals -

In these compounds, bengene wing 1s condensed oF fused with six membeved hetevyo-
nm:.n d.,_jm.

Example: -
14 S 4 s 4 s . 4 5. "
n%m n%w G N3 3
# O 7 m H \”z 7 @H Vz_
- 2 9 ﬂ— y E < 9 : F < < - " AN
Quindine o ST —
p..l,_x_q_r_,_«,_ _u._,,..‘ nNe . —

Quinoline was ra.lmo.:m. obtained as one ot the Ln@ﬁpmoig product of +the alKaliod

quirine (used to treat nalaxia).
T+ js also obtdined from coal-tar and bone oil.

?... € tho »..b L= ot

Yoy na .m..ﬂ..? -

The SKryaup nud._iiwmfm\._

This wnethed (s widely used Hor +the muﬁL_.T.wmwm of quinoline omd its dewivatives.

Quineline s pbtained _Om Tnbiﬁm N wixture of aniline, mityobenzene ﬁox.&odwv\
@_&nmdo_ » ConcC- H,S04 ﬁﬂoﬁlaﬁﬂ.ﬁ& Q&oﬁﬁv ond FeSO, .

FeSO4 1S used +to "make ~wyeaction less Vislent
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CH,—OH CoNC- H,504
_ Fesog4 O ‘ N
@x + CH—=OH 4+ CHNO, - >
ﬁIu..IOI - H,0
Cu t_:—)ﬂ Lﬂfﬂ&)ﬂhﬂm% Oﬁ m—MﬁmﬂO— 1¢o Oﬂ.ﬂ.o—m.ﬂ.ju
_ H,S04 |
CH—OH = > CH + 2H,0
_ |
ﬁIn.IOI CHO
Actolein
- 5 1 Or_mmy de .
B Michoel addition of apiline ond acvolein to give P |n_urmsm_025.5ov PYopPion J
I,,..n\o_._ I/n\\o
H o -
e S //nr_ KCHy
_z:ax/ IIL. ) " |
D/ 4 ch ) - @ e, = BoH,
NH, _—> CHa o X 7._ :
g | )

P |Qu1n3m. o/minc)propien P,mor&.—o
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© Intramolecular clectvophilic substitution Uupon the axomatic Ting by protonated aldehyde
followed by dehgdwation.

. @
H Q. —— \_ o N
..;.n\\ I....n\\ ’ H Ff oH
/hI _ N 8
2 / CH Ve
\ H® iy N € j & iod Nn \H ~H,0 AN
CH, 4 Z o Tm—— ., —
il NN NN~ "
| \ \ H
H H H

._\N-n__._..amﬁomiao:sm
@ ermm.«omwjnios of 1,2-dihgdvoquinoline by nityobenzene.

A H® N

3 + CHgNC, > 3 + GHsyNH, + 2H,0
N q\
H

[
H

2. The Doebnerw - Millex U&ﬂifﬁ_h,m *

— This s a wnodification of Skvauwp synthesis  In  which oldehyde , Ketone o Mixtuve of both
oce taken in place of glycevol-

— Theve (s inibal {oymatien of on «,p-unsaturated Do,.‘,uoﬁd_ compound (In situ , Aldol
condensation) and then weaction Lollows the uUsua\ vnechanistic path.
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= In this weacteon MO oxidising agent is added because +the anil (Schiff base compound) formed
between the stawting oldehyde /ketone amd the P¥imawy awine acts as Ox_,o_._w..jm ansf

- If D._mmran_m is used , the pyoduckt from aviline s 2- gmwr&_n.c.._jo_..ﬁp.

-t
CeHsNH, + O=CHeH;———>  C HgN= CHCH,

M?a:n_m.:mo?:s« ( An oril)

pt
nH..WDIO > O.Iwn.I = CHCHO
1, Aldel copdensation
2. H,© A
~~ ~0
I....:ﬁ“o f\
N A +
CH _ Ll AN
+ I 7 OI/ " 4
an = H

e ﬁﬁIﬂZ “ﬁInIW
V' cH, -
I

N-?o*ra_ﬁc.,.ﬁo__sn
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=1 g 17 g
< d

CHl, 7+ CH, L —> LCHCl =+ CHg4 + LicC|
Bn.ws%msn chloxide chlovome wsa_m ne
i | CHgli .
] + rewa —2 Q \_VA T QU
AN ...zp 4 N
4 Friedlances D n+thesisz
- Condensation ~weactien of ©-amino o._n_mfm_n_m ox Ketene (with aq nnqvgm. compound Sec.,:m
the gvoup —CHCO. : w “
w CH, ~ NII O i c—H o
Gk + .,u i S faa > e CHa
~ & 7 L 4 C
NH, o7 w by N7 A —¥",0 NZ ~ H

Z\ /:

l_—....po
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O
23
- s23k |
, Conaxd - Limpach N CH
maﬁ.i..nm._u b 3
4 - quanclone
+ CH,COCH,CO0GHs |\J
3 2
erp
mgmﬂﬂnmgbnmwupwn
CH3
/
ey 373K 5
Knosy quinoline 4 "
md5+rom._u )
H

2- Quinolone
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— Quinoline is o colousless liquid -
— Tﬁ. Sl K
The wesonance cnergy of quinocline s 249-¢ k7/mole.

ChemMicael YTeactonss

MNatuye!:

The lone pais of hetevoatem N is not cont¥ributed in oOvomatic stabilisation. Due 4o
ovailability of +his lone paiv nitrogen, quineline foryms n_(CD.mm.aﬁo«m salt on treatment with

D_X&— holides .
- N
NZ NZ 1°

) hn_ﬁmmrm_ﬂcbslmﬁ._cg fodide

2. Electrophilic swbs titution: -
- z:ﬂom@: Dgra...j._:m d.ﬂﬁm is similar to _usu.&_.sm wheveas +the OO«Uonmn_..n ..15& s v law A

benzene. so the quincline mDm.__N shows electyophilic substitutien ~eactions.

- The electrophilic substitution takes place in quindine at S-omd 8- positions.
s 4

- =
v Z\w

® \
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- Mechanism anad owlie ?., ration:

§) Cenevation of .w_mn”u.ovj;n..\

e L B > E® 4+ Nu®
hile
mocmm_aw Electbophi
(i) Fowmation of wesonance stobilsed 00«_0000.5% M_a.rn.qjgbn_ fate: -

,fw\r, \,Waiﬁw_ tion S H S H E
e o o = sl |8 Z\® N
v ~ ™ o - ¥

N N N

- Vi Vil ==

baqn«.:nTn sextet _5+on¢ bda:.u.ﬁn mnx».u... _:._.nnw I.mr_m Fsmgn Axemic Sextek mnmﬁomp»

® A+ position (move stable Cmove stable) Ve chorge on (less stable)
Zlnpr.i.:
low
m@ + m ‘ _ < _ _ _ _/\u _ _ o
N\ &)
/..rr-||.|\k
. | :M’l'l.l\ - i a _,(__Ur
Avxormatic Sextet intact Avomatic sextet .:*nl, ).«.3.50*.6 sextet mandunn_
(move stable (move stabkle) Cless stoble)

— It clectyophile attaks on position G-ov 7-, +then 4he cCorbocatien inleymediate is stobilised _um.

only twe wesonance styuctuws. In o\l other vesonance structuwes, arematic sextet of pyg¥idine
J;m \s destroyed-

]
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() Loss of pwoton +o fovxm Linal product:-
“H =

e 5 SN Fask
+ Nu-H

Fast
+ Nu-—-H

v
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— Sowe important electvophilic substitution weactions ave:-
NO,
p ﬂWD p
H, S04 + ~ + ”
~ SO <
SO M " / e 0 i
3 595 K Nitratiow ]
NaOH
4 - 2 4 Bysmination B+
winoline Va4
e R~ . H,S0, + Aq.SO AN -
_ 2>%4 74 +
o > ~
> /_d N N
oH B

— Vapour phase bromination gives
2-bromoquinoline.

sulstituton ' -

quino line olso c%mn..m

8
~
N

3. Nucleo _..M__ €
— like pyvidine

@/\M
» <
N7 Chgq

puvckd_nrﬁao_.,:m

T-CqHaki
ether

3- brsmoquinoline while lbvomination at 373k gives

Nitration with Witric ocid amd acetic eﬁsa»imn gives 2 -mitwquinoline.

oes mucleophilic substitution -

N7 by

noiuoumu«:

NaNH,; , &

er.fnr&%s

Yeact a:\
2-ammMoquineline
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.\I \aese Naln a At ...__ .
- like _vd.q._mmjmy olkyl groups attached +o oOrtho or pava tv the .q.__Jm ﬁpw...omms ove show acidic

ruve .
h Q CH= CHC Hge
/ N—Jn_—u.
-+ ﬁm.Im CHO —m XN » _ . |
2\ 2\ * -y -yt noline
Reduc H &
_H H /u LiAlHg ©OY 3 Sn/Hcr o @/\u
! . NZ W, /N N
. T__ ; f-&
1,2- &.Ja&.ﬂv@cﬁ noline e—‘ Iu\_vk Te *495“&&6@630?.5“
_._4 Gmﬁn.smn—don_\ﬁmjczsn
H

HOO0C HOO0C
) = | - ]
N H00C” N 02 N

quinoline 9 Nictenic Qcid

3 ..ea.n\.nt:n no,.&oxm__,n acid
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., |u._.rr. Y “L._:_.;.u -

o<

2- Gm:no.u,._sm , 3,4~ Wm:Nooxa..mEm , B-Y - mnsuoﬂmd._.&ﬂsm

Isoquineline is o decomposition product of Waony alkeloids .
Commmexcially it (s obtained fyrom Coal-tax.
de._,fmf,no:m i+ is obtained Um Vosious

Methods of

el isation pwwceduryes.
fovma Kon:

The Bischlex No-pievalsKi s aﬁf;_m SIS 2

In +wis proceduve , acyl dervivatives of @-pPhenglethylomine ove ndo_ommrmn_dbrun_ by heating

with acid Jﬂpmﬁ..w.m

Foymation of _wr_:ﬁ..&_grn_- amide ﬁDnm. dexivative of ﬂ.._uv.m:&_p#fm_%._gv-

ﬂ
@\010 CH3gNO, CH=CHNO, i AIHg
Base @\ i QJ
" N

(2-nitrovingl) bengeme

Qi

- Ros P phenylalitylamide

«

Hy

m-mrns

m.ni..m_a?..sn
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~ Fowrmobtion of isequinoline from B- Phenglalkyl amide.

2 Pois
v Intromoleculay

Cxo - e\eckrophilic Im “OPCly
R’ NOPpCl, Substi tution

N
N

O ~ub ot
oxidati on 2

ﬂ ®
w-P:n&. L?amdcdmo@rb noline

{- P_x&_ isoquinoline

1 » ! » aa lex . 1 ) &
_.u;_». Micter - ....._H___..L .__\\__. rH e

— This sgpthesis invelves Condensation of o v‘o&_n?m.gs.%m wWwith om Q_Lmyamm in the
psesence of excess acid.
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B -p rm_.&_nt&_og.,:b -

Ryematic
Q_mnf.mmm

99

%
-0

/ vml ﬁyp *

A
+ HNcH, cH(0GHs), cmnirar
Tk -

Aminooacetal

-H,0
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ketone is Used +hen +the pyoduct

isoquinoline
A A
4 HyN CH,CH(O0GHS),
hOhI.u

— ¥ on awvematic

is L- substituted

~—N i- 3m+7&—_.m.0n_.cu noline
Phuys ¢ “._..ﬂ pEopEeT\es .2
e S s dusrne

n:u
— Isoquindline is a colouxless liquid.
- lbp. Sle K

_nem f .\..__,__ e ac tlonss

Basic Mature:-

- Que *o availakiliby ot lone pPody of N- atem  isoquinoline shows basic chavacter and
form Pcomndjofm salts when ~eacts wWith acds

oY Q.,Kaﬂ halides

- " RS CH,T -
@l ¢® — st Simasnil 1©
TIsoquinslium chlovid e

- TIsoquinoline is o ww...a.ﬁm base than @E.,:o:._:m

nn«snw.sa__.mo@c... jo.ﬁﬁnrr;ﬂoman
because in quinoline the Nn-atom s D_J.RIM
ottached to the benzene ¥ing due to  (hich its lone paiv is delcalised on the wing ond
hence (s less availoble for protonation. on the othex hand, in Tsoquivoline, N-atom is
Mot n—?«dn*_m attached to the benzene d..__am due to which its electvons
4% protovnation.

oave nnu__.u avallable
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i _..,.ﬁ\:__ : Lo StyTut Oy

— m..mn#..ovf lic subshitubion occuvs at s5- and a- posi bions.

O4H
Qu A/ran_uqs %m\ Qu @Q
So g+ Hyso, H H Nitration
m.«.Gg_JD.TQD
R
~N

Im ﬁc.wno_uu Mexcura Hon

S ....uno&w IM
~N

Nucléed ph e S ...er”. STt

Nucleophilic substituion occurs at  1- position

AN CaHsMgB¥ N NaNH2 H Zop.
ZN Cthev ZN  Tschiltsdhi wpr; AN
GHs

Yeact on ZIN

pumfsm:.monﬁbjo::n Isoquineline L-aminoisoquineline Hm000460m¢ax..—
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) © QN

-~ D:«d. geoup _uddmmﬂm. oxtho ov pava posttion to N- aterm 8hows acidic Mature.

AN XN
+ C.,H.SHO —>
N s ~ZN

.—-P«x,nw.sasm_ isoquinoline

Oxidation:

HOooC

N Alk: KMnD4 - > —
~ZN o COOH HO00C <\~
Phthelic acid Cinchemeronic acid

8 No -+ liq:NH 3 N Sh/Hc |
NH " Biych P . NH

Dihudwo f Y Reduction
ydwo isoquinoline Tebrahydvoitoquinoline

/—< Ha/p4
Decahydwsoisoqguinoline
87_1 d ¢
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