7.1 Synthesis by high dilution principle

7.1.1 What is high dilution principle?
Intramolecular cyclisation is an essential part to synthesize medium (8 to 11-membered)
and large ring (12-membered and over) from an acyclic precursor. Several factors influence
during the intramolecular ring closure.
(i) ‘Distance factor’—For the formation of n-membered ring, the new bond must be

formed between two atoms which are separated by (n-2) other atoms and it follows that,
% '’ increases, there is a decreasing probability of the molecule adopting a conformation
n which the ‘reactive’ atoms are sufficiently close for bond formation to oceur.

(ii) There are various kinds of ‘Strain factors’. Angle strain and cis-double bonds
Nature in the cyclised compound may destabilise it relative to its acyclic precursor.

(iif) Unfavourable steric interactions in the cyclised product (e.g. 1, 3-syn-diaxial
“Pulsion between the substituents and transannular interactions).

(iv) Angle strain and unfavourable steric interactions in the transition state for the

1?ng~closure Step—and if the ring-closure step is reversible, the equilibrium may lie in
a

Your of the acyclic precursor.
Medium and large rings may be synthesised by high dilution principle.

. AcCOrding to this principle, by using sufficiently dilute solution of the acyclic precursor

(die . o :
[ Ster, dICyanide, bromo acid and acyl chloride of benzene derivative), the intermolecular
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distance can be made greater than the intramolecular reactive centres. Thuyg, the

d is f d instead of linear condensation product. In order to apply high :
co‘mp.oun .1s. orme to have all the reactants in solution in a suitap]e Solve tlltl()n
principle it is necessary to ha i

SYeljg

7.1.2 High dilution technique |

The acyclic precursor is introduced very slowly into .the reaction ?nedium SO thy s
concentration is always very low 10~ (M) or less—at this Conc.:entra.tion the Probayi,
of intermolecular reaction is greatly reduced. Under such high dilutiop °°nditi0ns

Dieckmann or related reactions lead to acceptable yields of medium apg large ringg

7.1.3 Synthesis of medium and large ring compounds with high dilution Principle

(1) Monoketone from diester

0
CO,Et NaH e
(a) (CHy,” ——>  (CHy, (48%)
CO,Et Xvlene
N0, 4 CO,Et
dil HCl/A

The diester (1M) solution is added dropwise over nine days to a stirred suspension
of the hydride (2.5 fold excess ~ IM).

>— GK %
CO,Et

(b) (CH2)13/ (CH,),, (48%)

—_—
\— CO,Et Xylene
('()zlil

dil HCI/A

Q)

/
=Q/
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jiester (4M solution) is added to base (4.8 fold excess ~ 4M) dropwise over 24
he

|,our5-.) vonoketone from dicyanide
i
© @
Pl Ph(Et) N Li ‘/C::NH
e
M _cn = ey,

o -|¢ CN

% H NH,
(CH,). b, < (CH,), {

CH,
7-membered ring 95% yield |
8-membered ring 88% yield
9-13-membered ring < 15% yield

14 or more membered ring 60-80% yield

ph (Et) 1\?L?~soluble in ether and it is highly hindered base so as to minimise its
caction as a nucleophile with nitrile group.

(iii) Lactone from bromoacid

Br
/ K,CO;5 CHO N\
(CH2) UH MeCOE e
@)
O ]

Bromoacid (0.15M solution) is added over 2-days to the base (~ 0.25M).

() Aromatic ketone from acylchloride

O

\\
AICI )
__——i> O (¢ 2’n
PhNO,
(CH,), - COCI n=28-10

I i i " ¢ d Ditro

© Solvent,
"
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7.2 Synthesis by acyloin condensationm

of medium and large ring compounds h

g
ives cyclic acyloin, since the re? Ctlm? ls.hetem Chegy ;
ester g1 o need to employ high dilution Methgg t"’hn‘

7.21 Synthesis

Long chain di -
place on the surface of the metal,

0
. — atm.
COEL (i) Na/xylene/N; (CHy), !
|

(CH,) — o
i 8\CozEt (ii) H30

OH

Diester (undiluted) added over 3 hours to a suspension of sodium (4-folq i

)
in xylene.

7.2.2 What are the usual complications in acyloin condensaﬁion in the Preparatio, i
" four to seven membered rings? How are these difficulties overcome?

Complications:
(a) In the four to seven membered rings there 1s a steric strain (angle St
conformational strain) compare to medium and large rings.

0
(b)
CO,Et -

Xylene

]
+ 2EtO

per cond. 2 moles
of ethoxide released

CO,Et
B O
l Na

C]
0o OH ® 0O
H,0
— -—
o OH 0’

acyloin ene-diol bis-enolate

(c) The bis-enclate or ene-diol

oyl rc
: ns]ﬂ\
Produced in the acyloin ation is oxygen %
i e condensation 1S OXY
and hence lmpurity in the produc b

ts.
d) Throu i . .
(d) ghout the acyloin condensatiop reaction, the medium should b¢ peutrd!

here basic in nature (dye to EtO)
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complications may be avoided
All thesc by the treatment of trimethyl silyl chloride
SiC].
e
Mes °
. OSiMe
© 4Me,SiCl 3
+ 2EtO el .
. + 2EtO-SiMe,
0
OSiMe,

Mc3SiC1 acts as a scavanger (remover) for the ethoxide jon.

2. pis-enolate is protected as bis-trimethyl silyl enol ether which may be isolated and
f“ed pefore hydrolysis to get acyloin.

3. No competitive or side reactions since ethoxide ion is removed.
4, Medium is kept neutral.

Thus for example,

i CO,Et . ,
(i) 2! Na/xylene OSiMe, Hz((% e
> —_—
o MesSC |
CO,Et OSiMe, OH
0O
. 5 @
/COZEt Na/xylene OSiMe, H,0
(ll) (CH2)5\ Me.SiC] > ((:H?_)" \ —_—) ((‘H])i
CO,Et 3ot 0SiMe,
' OH

723 Synthesis of catenane with acyloin condensation method

Catenane which contain large ring may be synthesized by the following steps using
acyloin condensation.

() An acyloin condensation on the diester of the C¢-dicarb
acyloin. This is reduced under clemmensen reduction condition and the

Cgﬁ-cycloalkanc is formed.

oxylic acid give the cyclic

O
COEt (i) Na/xylene Zn(Hg)
(CHy), : , (CH,) s
D 5 —>» (CHyy HC 2) 3¢
CO,Et (i) H40 -
nce of Cyg-cycloalkane ( A) is anticipated

(b) A repetition of the reaction in the prese
)glve (C) since there is a chance that some mole
before cyclisation of (B) and indeed the catenane

cules of diester will get threaded through
(D) was isolated.
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CO,Et Ok
(CH,) T o> (CHyy O,k
(CH,)34 £ 2 34\ Lkt
gk Et
CO, \/ ( CHz)i
diester (B)

l (i) Na (ii) B,

(A)

/\ Zn(Hg)

‘ <«— (CHy)s4
(CH:)_;(, (C Hz)_}ﬁ

0
HCI
\_/ \'/ (CHy)y, B
(D)

©)

This type of synthesis is known as statistical synthesis.

The ready formation of large rings where the two ends of the chaip must Dy
each other is thought due to the two ends becoming attached to the nearby sites g,

surface of the sodium.

7.3 Construction of medium and large rings taking advantage of restriteg
rotation '
If a long chain of atoms contains one or more rigid sections, in which free Totatioy
about bonds is not possible, there may be an increased chance of cyclisation to fom,
medium or large rings.

Thus for example,

(a) CH,Li

Br Br
@ 2PhL;
2 —_—
Br

QB -@© @

(10-membered rng)
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Wwhat is stereospecific reaction?

gt grereaspecific reaction is o reuction in whjep i rea

'gom ers (diastereomer or enantiomer) ypg cach slereg
e ( stereoisomeric product (diastereomey o enantiomer
di

example, Iodide-induced debrominatig ‘
reaCtion) which are diastereomeric gives e 2, 3-dibromo butane

clant can exist as different
1Someric reactant leads to a

_ Irans-2-butepe and cjs-2- :
i i diastereomeric. cis-2-butene respectively
W 1
2R
Br 1
MC Me H
H—+—Br 0 H Me
— I
—+—B
£ ' H Me ~RDS
Me g Relative rate =23 pe H
Meso-2, 3-dibromo Br Trans-2-butene
butane Less crowded TS
‘/_\G
Br I
Me Me H 0 Me H
Br———-—H s I I _
Me M t Relativerate = 1 e H
Active-2, 3-dibromo (Br Cis-2-butene
butane More crowded TS

If a reaction is carried out on a reactant that has no stereoisomers, it cannot be
Stereospecific. As for example, addition of bromine to methyl acetylene produces trans
L, 2-dibromo propene predominantly and this is not a stereospecific reaction (but
Stereoselective since some amount of cis product formed) although product is a stereoisomer.

Me Br
Br2
Me-C=C-H — >:<
Br H

Stereospecificity is not related with the chirality or optical activity.

2 In g Sereospecific reaction different stereoisomers (diaﬁt@l’e(filiex' or enunlifmwn
Mdicey different products stereochemically at different rates under identical conditions.
¥ for ®Xample, durlng t‘he debmminmion of the meso ufad active 2, Jr—dihmnm butane,
* Meng Somer réucls 2.3 times faster than the activcrlsumcr since TS correspond to
:ﬂive ¥ more crowded m:d one gauche-butane interaction is greater than the TS correspond
" the ey isomer,
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— a reaction in whi N
' tion may IS0 bo dafined 4+ ic reactar th & mu@‘tﬁﬂl
3, Stereospecific roac and one single sterenisomerie reactant loagy | i

by
p yOMers ff
i Tl s‘lfwm:‘;':ndniuns. My
sts under different ¢
products un ¢ e s
Mc¢
B A
hv S 4
Me Me
H i Trans-3, 4-¢;
: 4E)-2, 4-hexadiene , 4-dimeg
Cis-3.l4-t;il$§;hyl (2E, 4E) cyclobutepe v
cyclobu

2. 4-hexadiene may exist in different stereoisomeric forms (2E, 4E or 27, 4, .
47) and on giving thermal and photoenergy to the (2E, 4E) -2, 4-hexadiepe Pro
trans and cis-isomer respectively and stereospecifically.

r QE,
dllces

A. If any stereoisomer gives reaction which goes via one and only one single g
to give another stereoisomer exclusively then it is obviously stereospecific reactjop
provided basic condition is fulfilled i.e. other stereoisomer should give opposite Stereg
product via single TS. As for example, any pure SN2 reaction where nucleophile and
leaving groups are different (if nucleophile and leaving groups are same then both the
stereoisomers will give dl product which is also stereospecific because of common single
TS) goes via one single TS (involving pentavalent SP? carbon).

NaOH N
Me,SO :

R) I (S)

O nn

H
/\/ NaOH

Me,SO
& 1 (R)  OH

B. If any stereoisomer gives reaction which may
homomeric then the reaction will be stereospecific
Example (i)

go via two TS and which 3"
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Br®
Me
H Br,
—_—
B-face attack H Me
Me” H Me | H

¢-2-butene U
Tran e, o Me

B, o-face attack W Br H——Br

: H——Br
Br(j9 Me
Me H 180° Meso-2, 3-dibromo
1 Me _ — M butane
L € H
In plane
H : Me
®Br
e,

<

Chiral homomeric intermediates.

The two intermediates arise due to a-and B-face attack of trans-2-butene with bromine
are chiral (since the two intermediates are hion-superposable mirror images) and homomeric
(since each intermediate has got C,-symmetry). Attack with bromide ion either to the front

or back carbon of any intermediate (produces homomeric TS) giving homomers (single product).
Example  (ii)

Reaction of singlet methylene to the cis-
(Meso).

2-butene gives cis-1, 2-dimethyl cyclopropane
Addition of singlet methylene to the cis-2-bute

Sp process. Attack of singlet methylene from the
%o TS which are

‘nversion ocecurs

ne goes via cyclic concerted and one
front or backside of cis-2-butene gives
superposable to each other (since on C,-operation in any one TS mutual
) and gives single product.

. Me | ™. Me
back side l
—_— r

CH
Me 2 attack ' !
N s

— L/
5 &
CH

< front side |[ ....... I .......
—_ : g

cis-1, 2-dimethyl

Cis‘z-bulene cyclopropane

attack H

two homomeric TS (presence of C,-vertical)



9. Rules for stereospecif

Fundame

(i) R-CH=CH-R

. addition to 8!

kene

ntals of organic 9y =~ S¥Mheyjq

ﬂaly

W

Wmition Sterem
S hemis 0
Reagents Stcrt:;::  Nane mode the Produey, f
— . trans addition threo gj pair
Br “ s addition meso
(Biomination) { trans tran
ol cis addition meso
KMnO, ' { cis addition threo d] Pair
(Hydroxylation) trans | —
R . 1
Br cis trans addition | thrm
2 o |
(Bromination) { trans trans addition | erythro dl paj;
KMnO, { cis cis add?t%on erythro dl pajr
(Hydroxylation) trans ocis addition threo dl pair

8.1.2 What is stereoselective reaction”?
1. Stercoselective reactions are those reactions in which a given structure (may of

may not be stereoisomeric) produce diastercomeric products in unequal amounts,

Stereoselectivity is not related with chirality or optical activity.

In all stereoselective reactions since products are diastercomeric and unequal amount

and therefore the two transition states are diastercomeric and have got different free energy
and consequently energy of activation (Ea) are different and therefore reaction pathway
has a choice. The pathway of lower energy of activation is preferred and kinetically controlled
and forms predominantly.

In the stereoselective reactions stereoselectivity is controlled by several factors
stereoelectronic factor, steric factor, electronic effects (including participation of chelat¢
and hydrogen bonds), bond rotation and spin inversion e

tc.
Example (i)
OH @
H H Me H H
e
Ph /‘\/ Me >:< + >::=<
Ph H Ph Me

major minor

controlled by stercoelectronic factor
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0 H OH
LiAlH4
——.. S OH H
Me +
Me Me
S H
) $9) g (SR) H
major minor
tC}(l)ntrollad by _stereoelectronic factor and
ermodynamic stability of the product
. CO,H
Br. 2 B Br
— 2 L
Br CO,H CO,H CO,H
major minor

controlled by stereoelectronic factor

2. Stereoselective reactions are those reactions in which a given structure or structures
(stereoisomenc) produces dl pair (or active) and meso in unequal amount.

Example (i)

g Me Me Me .o Me H Me Me
.CH, | |
or —3 +
H H H triplate
Me H Me H H
trans CIs :

dl pair meso
major minor

controlled by steric and bond
rotation versus spin inversion

LiAIH . .
Ph—ﬁ-(ljﬁ_ph 4, Ph_fH_fH_ph + Ph—?H—%H~Ph
0 OH OH OH OH QH
(S) (R) (S) S ®
meso active
major minor
tor in the TS

controlled by steric fac
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T in which a g ructure prog i

those reactions

3. Stereoselective reactions a{;i; redominance over the other diastereomeric d \;c:l: g
diastereomeric dl pair in considera Ve M '
Ph—ﬁ—-lcl—Me g——OH O——n
O NMe Ph Ph
()-ephidrine ()W -ephidip,
major Minor

4. Diastereomeric conformers rca

ot through diastercomeric transition stage fo o
: Bive
cither diastercomeric products or cons

titutional products.

u H H
H Me H Me =
/\( I + + Me
®NMe, Me H H Me H H
®NMe, ®NMe, ® NMe3
e © )
OH OH OH
v , \J
H Me Me Me
+ >:< + /\/ Me
Me H H H
diaster_eomers Constitutional isomer
minor major

5. All stereoselecti ions are product selectiviiy -
types. oselective reactions are product selectivity. Product selectivity are of two

(a) Product diastereoselectivity which is again are of two types

(1) Diastereoselectivity with kinetic ¢ ' i
: ontrol in which case the stere IVl
on the free energies of the respective transition states. ety et

: : (i) Me,CuLi
Me Oﬁ‘_> Me 54 "
e D B 0
(i) H;0

I trans 989 Me  (is 2%

H Me,CuLi (more crowded TS) I
Me | g

°
I * O——> Me
H T .

| Me
Me,CuLi (less crowded TS) kinetically
’ co

H H
ntrolled

This is a diaster :
€omeric exces
S (de) syntheg;
esis.
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What is regiose ective reaction?
4

qubstrates which are capable of reacting
oﬂe with a higher rate than at the others to g
ective reaction.

fit more than one centres but react at
» 1Veé constitutional or positional isomers
f)ﬂehe " giosel
eaction of a particular fun.cthlonal ETOUD or position in the substrate molecule, in a
esired way (control of tl:le reacth{ty of functional groups or position) may be done :aither
elective Teagent or by protection of comparable undesired functional group/position
sctivating @ desired reacting centre—these are a]] control of regioselectivity.

puring the addition 'of uns'ymmetrical reagent (as for example H,0) to the
mmetrical alkene there is a regioselective problems, this may be controlled by selective

(e.g. Markownikov hydration by OXymercuration-demercuration process and anti

reagens : .
kov hydration by hydroboration process).

MarkOW“i

Control of stereochemistry is the control of geometry and the control of regiochemistry
s the control, as for example, where the double bond is formed if more than one choices
of eliminations are possible for a given structure in an elimination reaction ie. of fixing
e double bond predominantly in our desired choice. Oppositely when unsymmetrical
eagent is added to the unsymmetrical double bond then more than one choices are possible
to give constitutional products. Therefore, any preferential reaction product over the other
to give constitutional or positional isomers is the regioselectivity.

The following examples are some illustrations of regioselective reactions.

I, Regioselective hydration of unsymmetrical alkene®

(a) Markownikov hydration via oxymercuration-demercuration process

OH
)g; (i) Hg (OAc),, THF, H,0
. CH, B Me

€]
(ii) NaBH,/OH

ng (OAc),
OH OH
/ T
xy~  -OH, He
( & A “re ¢
Hg Hg- OAc  _ :
g - AcO demercuration
I sy
OAc
et (oxymercuration)
in thThiS reaction is creditful in the sense it does not give descrete carboniumsloln (as
¢ case i : hence no rearrangement occurs. Solvent
Welogor . of dil H,50, treatment) and lectrophilic carbon adjacent to
Phile H,0 attacks preferentially to the more electrop

t
he lertigy b
Y butyl group.

Or : ]
detaily see author’s “Organic Synthesis vol. 1
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s — ydroboration |

(b) Anti Markowniko

i) BH A\/\
—=c,
lBH3

v hydration via h

o
(ii) OH/H,0;

S]
H i/\
H — BH,

droboration involves addition of borane across-the double -
¢ carbon-boron bond at the less sterically hinge, i
h hydrogen peroxide in base medium. The et
Markownikov hydration of the doybje bOnd[

O

The first step of hy
the substrate, with the formation 0 :
This is then converted to the alcohol wit :
of hydroboration and oxidation is the anti

In this case regioselectivity is controlled by steric factor (cyclic cis addition of BH,

eag,

2. Regioselective oxidation of ketones (0 ester—the Baeyer-Villiger reaction s

Baeyer-Villiger oxidation which transforms acyclic ketones to ester and cyclic ketop
to lactones. The reaction proceeds involving a I, 2-migration of an alkyl £roup to the
electron deficient oxygen atom.

(a) 0 O 0
)J\ CF,CO;H /LK o :
el 1 + Et )k
Et Ph Et 0~ ~NO Ph
Hl;lj\)l' minor
(b) 0] 0 O
CF,CO;H 0 O
~ L
major minor

In this case regioselectivity is controlled b
Migratory aptitude: tertiary alkyl > secondar

3. Regioselective Diels-Alder re:

y preferential migration of the alkyl growp
y alkyl > phenyl > primary alkyl.
wetion

MeO o~ 8+ MeO
[/ " COEC MeO
— - l U 2
+
<Ot CO,E!

minor major

regiomers
-
‘F d .

or details see author's “Organic Synthesiy” 2l 1 —_— e



