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[{Ei] CATENANES AND ROTAXANES

There is very little free space in'the centre of a cycloalkane unless the ring is quite large.
Calculation indicates that cyclooctadecane is the smallest ring through which a
—CH,—(CH,),—CHy— chain (as linear or cyclic) can be threaded. Molecules have been
synthesised that have large | - . - . . ) .
rings threaded on chains (1) = -
and ..E»H ‘have large rings . : : C
which are interlocked like ~ A
links in a chain (2). The . :

A rotaxane

former molecules are called ) -A[2] catenane - A [3] catenane
i . ~2a - 2b
rotaxanes and latter molecules - Fig. 155

are catenanes. -

intertwined rings. Similarly rotaxanes (from. lafin rota meaning wheel .and axis) are molecules in
which 2 linear molecule is threaded through a cyclic one and prevented from slipping out by large,
" bulky end-groups. I . . S
~ " These two classes of compounds contain two or more portions that are not bonded to each other
by any valence forces but neverthtess must remain linked. B . )
" Catenanes and rotaxanes have been synthesised in two different ways. Statistical synthesis and
 directed synthesis. In a statistical synthesis of a catenane, & large ring is formed in tife presence of
another large ring. A finite number of chain molecules will, on a statistical basis, have become
threaded through the ring before cyclisation. These threaded molecules, upon cyclisation of the chain
give rise to a catenane (Scheme 1.10). o o . :

COOC,H C== .
I _ 7 * Na/Xylene { Zn/Hg/DCYD,0
(CH5)3» —_— Aomnvwn —_ Oubmmucm
\ acyloin \

OOOONEM synthesis - CHOH ) ! :

6] . . @i 6]

Thus Catenanes (Latin-catena imeaning chain) are E&wo&om containing two or more

NATURE OF BONDING IN ORGANIC ﬁ.tmi\mﬂm—\

"7

Ov “(5): (Xylene) _Na
T 1:100:100

o -y
Scheme 1.10. Synthesls of [2] ca , th two | e

sls tenane, that Is catenane with tw od fige.
. ! . 0 Int

1.10.1 _u_.._.monoa Synthesis of Catenanes . i
. In this method the catenane forming 4
leading .8 thie formation of catenane are p

subunits aré a%.m:& E m:. X - .

. : . ch a wa that . . .
o0ssible (Scheme 1.11 and Scheme 1 _wv at only cyclisation
o—c? (€Hy),C Co e

Ny .
_ (CHp)aC1 .Qaﬂmwv_n/

—_—

0

. Lo ..mo__n:.o 111, .mE.E_om_m of {2) o%o_._wrm
A template synthesis-of ST . L ‘

_ a-cate . e _
synthesis is 70%. . . nane has also been un._un.«.ou (Scheme. 1.13). The yield-n this
_.S.M Synthesis of Rotaxanes | AR

tatistical Synthesis s Stistical s = . .
. ihesis s Statistical synthesis. of i : .
is bonded at two positi / §.01 a rotoxane is jon i sep .
soine. A Bwﬁ_nﬂMMovomEoE to another compounds B in the v:wm.auow Nwm”oﬂ in which w..ooEmo::n> ,
Pile would, by chan e, be threaded through ring 'C cannm N is hoped that
R g 1 & before combining with the two.

-

5
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- " colour formed by fodine and starch solution.

ADVANCED ORGANIC CHEMISTRY

o large to fit into the a.-dextrin and does not form an inclusion
cyclodextrins. There is a similar trend with
this accounts for the blue

_ For example, bromobenzene is to
compound, but it does form a compound with the p- or y-

the halogens. The cyclodextrins also form inclusion compounds in solution,

Cyclodextrins can be used to- catalyse organic. reactions often with regioselectivity.
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" PROBLEMS WITH SOLUTIONS

=P A Ehr e e g

1. Resonance o:ﬂm.v\ of benzene is much more higher than 1,3-butadiene. 2,3&

2. Heat of E&omgmmo.: of cyclohexene to cyclohexane is — 28 - 6 kcalfmole. The observed heat of
hydrogenation of benzene to cyclohexane is —49-8 kcal/mole. Find out the resonance energy of

benzene. ) . C )
3. Carbon-nitrogen bond length in’methylamine is 0-147 nm whereas this bond length in urea is
only 0-137 nm. Explain. :
4. The dipole moment of nitrobenzene (
. .although both have same polar group. Why?

5. Baker and, Nathan examined the rates of reaction of p-alkyl substituted benzyl g.oBEom. towards
pyridine in acetone medium; the reaction is supposed to follow the SN2 pathway :

They observed the following rate order :

- Br — —

hould be maximum in III and minimum

p=3-95D) is higher than nitromethane (1 =3-60D)

According to the mechanism proposed by them the rate §
in (I). How the observed rate can be explained?

muo OENWH > Omulomn‘@‘nmwmn > Omull%m ‘@IfﬁﬁN'Wn
. . ) CH, ,

® m oo @

6. . The given compounds are aromatics or non-aromatics and why? Explain.

LY R RRY

C
/\ I
CN CN ) N
®.

.e @. @ 2. _2:__
7. 7-Bromocycloheptatriene completely dissociates in water and gives a precipita
AgNO3, unlike its open-chain analogue, 3-bromo-1,4-pentadiene. Explain.

.~ 8. Explain why cyclopentadiene is much more acidic than 1,3-cyclohexadiene.

Explain why ov.omosnwsﬁosm is much less acidic than a typical allylic compounds.

P

te of AgBr i.:.r

-
=D

NATURE OF BONDING IN-ORGANIC CHEMISTRY

10. Azulene (C,oH; ) i . ”.
. 10Hg) is a deep-blue compound wi "
Account for its aromaticity and its &Mo_a BMN:WMW«HM%:W%OS: below :

12, Crelonamenane compounds? Explin th aromiticity ofsydnon
" planar diaion MMM&M %8, electrons when treated with woswﬁcwm. metal ‘and forms E
13. Phenyllthium removes se-the molecualr-orbital diagrar and explairi its wm_cﬂoam " suble
. 1 emoves.-two hydrogens . s tability. .
obtained in thi . rogens as protons -f . . ;
: ned. in this process is stable. Provide mn.oxv_gmmmﬂ mhwwm_wﬂﬂmmvavw M:a e dianion

4. Cycloheptatrione:(A)is very st
rapidly undergoes a D Alderrea
mSEEmm. of these two compounds

Cyel it is
omw:.m& i oﬂw;@ .@w,..n_o.:_w St is “quite unstable and
1tself:-Propose- an explanation for the different

@ . _— B
Explain why 4 Substtieat such as tto Bonded 1 oo
U nt such as nitro bonded to. orfhe’

16 mmooﬂ on n“,n acidity of a phenol than a couwomc.m%%qg x

- tms of s-character, which nitrogen of guanidin o

account for, the fact that guanidine i gen of guanidine is more likely to b

wount for,the fact that guanidine y to be protonated? Also

Account for the fact that (i) > 15 @ strong base (Kb =1). protonated! S0

15 .
para position has a i.._or.,.,mwowan

17

u}m-ﬁano.mnm?n is mroe basic than 4-cyanoaniline

(i) 4-cyanoaniline is ‘slightly more basic than 4-nitrgasiline and (ii)
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