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The synthetic chemist is more than a logician and a
strategist; he is an explorer strongly influenced to speculate,
to imagine and even to create. These added elements provide the
touch.of aftistry which can hardly be included in cataleoguing of

the basic principles of synthesis, but they are very real and

extremely important.

E.J. Corey.

To be a good synthetic organic chemist, you've got to
have the smelling power of a dog, the standing capacity of a
¥

horse and the tenacity of an ass; no human quality at all !

K. Mahalanabis, 1987.
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Abstract

This thesis is in two parts. The first part deals Qith
metalation of aromatic compounds with organolithium réagents as
a route to sulphur-containing heterocyéles.,

As the studies are directed towards synthesis of new
aromatic sﬁltones: benzooxath;ins;.compounds with an gzzéé_fg_
hydroxy group contiguous to an aromatic sulphonamides were
requireq& Consequently N-t-butylbenzenesulphonamide was lithiated
- with n-Buli to obtain the corresponding 2-lithio species which
were quenched with a variety of expoxides as electrophiles.

The reactions gave the appropriaée alcohols in low yields.
The alcohols were converted to alk&l halid;s cn which heterocyclisg—
tion were attempted with sodium hydride. Dehydrohalogenation
products were'ob;ained instead. S : "

Metalation of the tertiary sulphonamide : N-{benzene-
sulphonyl) piperidine gave the corresponding anion but the
desirea correspbnding compounds wére not obtaihed.'Benzylic'
~metalation was considered as an alternative method of introduction
of the ﬁ-hydroxy functionality. N—t—butyl—E—methylbenzené
sulphonamide was lithiated and coupled with benzophenéne_torgive
a carbinol which on cyclisation did not give the desired sultone

but gave a new benzothiazine.

e -z

Benzylic lithiation of ethyl 2—methylbenzene§ﬁ1ﬁhonate . pave
anions which were ccupled smoothly with a range-of electrophiles'

giving a variety of new substituted benzene sulphonates.

L




Metalations of ethyl 2,4-dimenthylbenzenesulphonate
gave the 2-lithiomethyl anion mainly, giving credence to a
prEdominaﬁt coordination mechanism in benzylic lithiation.

In attempts to obtain new pyridine-fused sﬁltones,

2 and 4(N,N-dialkylamino)sulphonylpyridines were lithiated

with IDA to give a 3-lithic speclies in both cases. These were
coupled with benzophenone to give pyridine carbinols. Thermal
cyclisation of the six carbinols gave two new pyridine-fused
sultones, N-t-butylpyridine-3-sulphonamide was alsc metalated
with LDA to‘étve 4-lithio compounds which were quenched with
benzophenone and carbon dioxide furnishing a carbinol and aﬁ
~acid respectivély'in good yields. The latter acid was cyclised
‘with PPA or phosphorous oxycﬁloride to give isoéhiazﬁlo

(5,4~¢) pyridines,.

Part II of the thesis deals with.the éynthesis of pyrido
(1,2-b) 1,2,4~benzothiadiazines and fts substituted analogues via
readily generated endocyclic iminium fons. Appropriate sulphonyl
chlofides were condensed with piperidine-2-carboxylic acid.

Five benzeng.analogues were obtained in good yields.

N-(Arylsulphoﬁyl) tetrahydropyridinium salts were obtained
regiospecifically and.in-high‘yield by smooth triflate-assisted
decarbonylation of the corrésponding N~ (arylsulphonyl)piperidine-2-
carboxylic acid chlorides at room temperature. These iminium salts
were converted to the.corre8ponding nitroamines. These compounds
underwent a smooth reductive exo-tet cyclocondensation reaction
to give corresponding new 9-substituted tricyclic azacycles:
1,2,3,4,11,llafhexahydropyr1do {(1,2-b)-1,2,4-benzothiadiazine~

6,6-dioxides,
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CHAPTER ONE

INTRODUCTION

AROMATIC METALATION - LITHIATION -

Metalation in general denotes the direct replacement of hydrogen
atom by a metal} while lithiation is the specific replacement of a
gﬁf_ hydrogen atom by lithium metal and usually lithiation refers to the
removal of hydrogen attached to an sp2 hybridized carbon atomz, This
direct replacement of hydrogen can be effected by treatment of
aromatic hydrogen with alkyl or aryllithium compounds. An aromatic
lithio compound can also be synthesised by halogen-metal exchange

reaction but that will not be classified as metalation

DMG _ DMG
RLI _
oo Li
e 2
Br _ Li
O RLi ©/
5 s
.f_'} ’
Eﬁ% Uniqueness of Metalation -

Metalation was discovered by Gilman3 and Wittig4 in 1938,

Between then and now considerable work has been done on lithiations.

This has been facilitated by the availability of a variety of

1!: -
.

-
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commercial organolithium compounds and also uses of catalysts,
complexing agents which.enable these reactions td be carried out with
a lot of dexterity.

Several compounds that ére not feasible by other methods or
those that were obtained through“windihg‘routes are now ﬁoséible and

sometimes in 6ﬁe'pof and in better yiélds. This can be illustrated5

with the synthesis of 5-Methoxy Coumarin which could be synthesised

via a resorcinol derivative 5 by the proposed scheme below

*_OCH, a OH

selection

b

CHO dmmﬂwlmﬁm( CHO

OCH, | “ OCH,
5 - 6 | o
This appears a simple synthésis, but.to obtain the resorcinol 5
under the classical;methods:is not - feasible because it should be
obtained by formylation of 1,3-dimethoxybenzene. Such reactioﬁs are

generally effected by acid catalysed electrophilic substitutions or

~ Vilsmeyer-Haack reactions6’7, The reaction would lead to another
analogue 9, therefore the desired 5-methoxycoumarin is not ‘obtainable

_through this route.

0CH;

(HO

0CH,
8

e e — - .
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. commercial organolithium compbunds.and alsb.uSéé*éf-catalysfs, C S wgme
complexing agents which enable these reactions to be carrieéﬂout with
a lot of dexterity. . . |
Several compounds that are not feasible by other'méfho%s or.those
that were obtained through winding routes -are now possiblé-via shor'ter and=sihple _' = ————
routes, and sometimes as ane pot naactmn and in better yields.~ This -can: be illustr‘a‘oedsv-——— e

with the synthesis of 5-methoxy coumarin which could be syntih'esised

1

ao - via a resorcinol derivative 5 by the proposed scheme below

__OCH, = oH -

selection

—~

CHO demethylation7 CHO |
OCH, R OCH, T OCH,

.‘57 . - ) -

This appeafs a simple synthesis, but to obtain the resorcinol 5
under the classical methods. is not feasible because-it-should be SRR ¥
obtained by formylation of 1,3-dimethoxybenzene. Such reacﬂions are: A

generally effected by‘aéid catalysed electrophilic substituﬁions or

. pe i g : . o : _ '
Vilsmeyer~Haack reactions ’’, The reaction would lead to ariother _ %

‘analogue 9, therefore-the desired 5-methoxycoumarin is not Gbtainable
. !
_through this route. . o

e DEHS ;fPOtIBR
DMF "gHC
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Therefore, aside from metalatioﬁ techniques the synthesis of
S5-Methoxycoumarin is onl} achieved through a winding route as

outlined: ~

© CH Pocl [DME"
f1CEC Pﬁ;:cﬁamék

OH
10

a = DMS§

(b) NaOH

{c uinoline
() Q Scheme 1

oy OCH,

‘ Thg lithiation8 mefhod,_hoﬁever, gives these previously
unattainable resorcinol derivative-and the 5-Methoxycoumarin easily

in good yield.

OCH3
n-Buli
DMF

OCH,

8
These types of synthetlc 1mprovements make 11thlat10n an. ever

growing method of Syﬂthetlc heterocycllc chemlstry

‘Structure of Organolithiums .
Organolithiums are usually designated as RLi like a free compound

but in actual sense most organolithiums associate with themselves
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forming oligomers.9 For eiample most alkyllithiums are in hexamers,
tetramers etc, Butyllithiums are usually dimers. They maintain this
structure in dilute solutions and even in the gas phaselo. Infrared
and Raman spectra of n-butyllithium hexamers in benzene solution

show features which suggests that the structure in this case involves

carbon bridges.11

Despite these molecular associations, structural studies show
that a considerable amount of iéniC'character is found in the C-Li
bond which results from low -CH-Li'bondiﬁg force, The ionic character
of the alkyllithium shows in their electronegativity values e.g,
Ethyllithium has 1.5, and n-Butyllithium 1,43,

The ionic character confers on the organolithium, Lewis acid
Character. Therefore bases such as ethez/-, amines coordinate with the
organolithium with consequent depolymerisation to varying extent.
This depolymerisation causes the reagent to increase in kinetic
abiiity8 and this makes them more basic as their polymer size reduces
It has been shown that coordinated organclithiums are reactive,

Table I shows that when electron donating solvents are used there is

appreciable depolymerisation,

Table I
Lithiating ‘agent Solvent “State of Aggregation -
‘n-BuLi Hydrocarbon . Hexameric
Ether Tetrameric
THF . Dimeric (solvated)
n-BuLi/TMEDA '~ Hydrocarbon E Mono%eric
~  t~Buri - | Hydrocarbon at. ;Tetramer;c -

THF " dimeric
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The effect of this coordination can be illustrated by the example of

benzene which is almost inert to the uncomplexed n-Buli whereas it is

readily metalated by n-Buli-DABCO Complex12

Mechanism of Lithidtions

Two main types of Mechanisms of lithiationshave been observed‘
and they are (a) alpha lithiation (b) beta or ortho lithiation.

Alfha lithiations are obtained in T ~excessive heterocycles
e.g. thiophene. The metalating agent deprotonates the sz-carbon

atom'aIEha to form a carbon-Lithium bond.

Y RLi Y C S\ RLI NI
i SRACINY v Wy
X/u\H ' X‘AU y A 4

an
This may be part of /olefinic or heteroaromatic J{ system. In this case

the heteroatom does not actually aid the depolymerisation of the

lithiating agent. Therefore, a coordinating agent like THF still has
to be added, The regiospecificity of such reaction therefore depends
on the inherently higher acidity of the'élghg_hydrogen present so the
mechanism1 is therefore more of an acid- base mechanism, For example

thiophene x-hydrogen has pKa *=> 5023, while trichloro ethylene has

.+

pKa A~ 18, Therefore it is a base-catalysed hydrogen exchange aided

by the heteroatom,

)—H-—Kl—ﬁ'r )e )' X'/}'H.-.-—iz—‘—}/@
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Beta Lithiation (Ortho Lithiation)

This is an example of coordination-only mechanism with the
hetercatom in the directing group. This is the commonest type of

lithiation reactions employed in synthesis,
N R
~R

p

The organclithium abstracts the hydrogen ortho to the
directing group in the_aromatic fing. This occurs by forming a
coordination with the directing group and the nearest available
proton then suffers ﬁrotolytiC'attack leading to initial disruption
of the oligomer of the alkyllithium to yield a reactive complex with
:the substraté. In the intermediate species, the carbon-lithium bond
of the metalating agent and the carbon—hydrogeﬁ bond are polarised
to a great extent thus rendering the proton easily removable and

R replacement by a lithium atom follows'>. This is illustrated below. Using

anisole as an example; 3 §H3

RLi ¢ Li

H l H ﬁR
~RH '

CH

, D]
0CH, O<U 3

g ——
Li | =

The primary requirement of a directing group is that it must
have a heteroatom with an unshared electron pair for coordination,

The ortho exclusive mechanism was first put forward by Robert and

Curtinl4. The substituents that direct‘ortho/Paré and those that

KJ.\
ey

AN

direct meta in acid catalysed eletrophilic substitution all direct
O A Ty

N -

‘-exclusively ortho in lithiations, whether they are electron-withdrawing

.._J_% T vy Lt



or electron-donating.

-0CH; o ' C ONHCH,

LN v %

. 16 11
Determination of position of lithiation; —

(a) Aromatic ortho lithiation occurs at sterically close positions

15,16 in which the most acidic hydrogen js resident.
OCH
NH, 33
t)
19

18 19

(b) Lithiation occurs at ortho or sterically close position even
when the heteroatom'is one or. two carbon atomsaway from the aromatic

- ring

N(CH, )2

20 - 21

(c) When there are two groups that can complex the organolithium,

as in the example 22 23 24 below the lithiation occurs orthd to the
) L 17

" group which can complex better with the lithiating agent™ . However
when they both have equal or almest equal complexing ability, tben a

mixture of ortho lithiated species is formed.

0CH,0CH 4 ! CONHCH,

: _ * . 0
Heo - Hf0 - Hy0

22 | 23 24

— —
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(d)  when there is only one directing group but there are two

acidic hydrogens lithiation occurs predominantly at that. position

which carries the most acidic hydrogen, gg
NH
Muor i . 2
18

—

......

After an extensive study of 11th1at1ng ab111t1es of groups
by various worker; a c1a551f1cat10n of ‘these groups has been put
forward,

Strong Directing Group'(%arbon;baéedj

-CONHR,  CSNHR, CONR,, ,<;Nj:] ,  CH=NR,  CH, NHR,‘ (CH,) | MR,

n=l, or 2,

Strong Directing;Group'(Heteroatom;baSed]

NHCOR, NHCO,R, ~ OCONR,, OCH,0CH,,  OCH(Me)OEt

OTHP, SO NHR, SOZNR2 Sogﬂ.

CF3, on

Ed

-NR), -0, -OPO(OR ), -SMe, -F, .c1, ~PO(NR),

Weak directing group- (carbon based)

4
-CH(OR),,,  -CH,OH, _<fi;:] —<§ :]

Relatlve Directing ablllty of Actlvatlng Metalation Gnoups

SO NR,, SO,NHR, _CONHR, CONR2 > Cle > cH, CH, NR,, NR,, CFg, F.

N
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“Synthetic ‘utility of Lithio Species

The synthetic utility of metalation is enhanced by the numerous

lithiating agents available commercially.

complexing agents are also available.

Similarly a variety of

The following are some of

organolithiums that have been used along with their complexing agent.

Organclithium

MeLi
EtLi
n-Buli
n-BuLi
n-Buli
,.n;BuLi
n-Buli
n-BulLi
n-BuLi
Me-SO—CHzLi
PhCHzLi
e
PhLi
C, .H Li

137
LDA

" "TABLE "~ 2
‘Complexing agent ‘Ratio of RLi to
‘Complexing agent
Et20 ©1:1 !
Et20 1;1
-MeZS ' o1l
TMEDA 1:1 '
DABCO
Hexane
-THF -
Et20
THF
THF
- DABCO . 2:3
Dioxan 4:1
DABCO ¢ 1:2
Et20 4:1
. THF/ TMEDA
THF ﬁ
N
|
Etzo ) _
_"" all ; ;
THF : '

Ref.

20
20
20
21
22
23
24
25
26
27
28
29
22
20
30
31
32

33
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The numerous lithiating agents available make the use
of lithiation as a synthetic methodology facile and a considerable
number of electrophiles that can be applied on the lithio species
formed further makes the method incredibly invaluable in
organic synthesis, A short discussion on some of the electrophiles

that have been in use follows:

Electrophiles used on lithio species

(1) Addition to Unconjugated,-C=C- bond

Organolithiums react with unconjugated carbon-carbon
multiple bonds to form an addition product with alkyllithium.
Consider the reaction of ethylene

R-Li + = ——> R~ CHCHLI
c-, Et - CH - == Primary Alkyl

|-
. Me

3

R = MeZCH- , Me

For n-BuLi the reaction takes place under vigorous condition
while secondary and ‘tertiary alkyl 1ithium-in'presence of ether
. 34
reacts under mild conditions: .
The mechanism elucidated for the reaction indicates that
some interaction between the electron deficient organolithium
and the Tl -system preceed the addition.

Alkenyl groups are more succeptible'tocx—lithiation than

alkenes,

(2) Addition to conjugated C-C multiple bond.8

The addition of conjugated dienes and styrenes to
organolithiom compounds initiates polymerisation of such comjugated

dienes. This reaction had infact been used to producé polymers



. industrially.

To obtain the addition product, the reactions are carried
Fadd E.‘«t"',- 'v-.,_tu.

out at very low temperatures e.g. ;. ".} ™ addition was

e ko

obtained in diethyl ether at -45° when fSopro yl lithium reacts
Y prop

with an d;substituted styren'ess,
‘ Fl2 . ! . 8 !
‘ Ph—(=CH, *+ RL ——> Ph—C—CHR
s Li
* \ o l H,0
| Ph— CH-CH;~R
R

Reactions of butan-1, 3-diene with s or E:butyliithium at 35°
in pentane gave addition products: 5-Methylhept-l-ene 11%,15i5

5-Methyl-hept-2-ene, 25% and trans - S5-Methylhept~2-ene~ 64%356

T

Isoprene could be polymerised with lithium metal or
organolithiums to give the cis-polymers with properties that
resemble those of natural rubber, This method has been applied
.7 on industrial scale. The mechanism is the addition of an
organolithium to a molecule of the monomer leading to another
alkyllithium compound and this in turn adds to another molecule

of the monomer and so on, as postulated by Ziegler37

TR
R CH=(H; 5 R—C—CHL

.0 RC(H=CH,

R— CH— CHy~ CH—C H,—FLi

n-
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3. Addition to Aromatic Rings . I

Aromatic compounds will only react with organolithium
under vigorous conditions., t-butyllithium in decalineat 165°
will alkylate naphthalene in position 2 to give l-g}butylnaphthalene
in 20% yieldsg. The reaction follows an addition and elimina-

tion path as shown tBU H BU H tBU

Q0= O o

Other examples have been performed on benzene b1pheny18

aﬁ@raceneg and phenanthﬁagm§§

I B

4. Addition to Imine Carbon—Nitrogen bond

Addition product has$ been reported for the reaction
between imine and organolithium compounds even though the
«-proton of such groups are susceptible to lithiation e.g. the

addition to the C=N bond on benzophenone-N-phenyl amine

h
. "
>-'—N-——Ph +RL| L.E_@J_E_) R—(C—N—Ph

2, O : I
k . P

, !

The same type of addition reaction has been achieved when an

iminium salt was added to an organolithium salt40.

0T RLI . R ,
_ Eq%_cHZCHZPh J;;/CHzCHzPh
OHy . CH |



- 13 -
In aromatic -C=N- bonds e.g, in pyridine, the same type of

addition reaction commonly takes place, but there is an option

X . A . . 4
for the aromatic ring remaining intact or becoming broken 1.

Z L X
|+ RU 1 R
Li
<. A H,0
43 2
m
N7 R
5. Addition to nitriles and isonitriles
_The addition of nitriles to organolithium compounds
' followed by hydrolﬁsisA.of the resulting'imine is a versatile
et , 8
- ~method for the synthesis of ketone in one pot
: : , .Rl
. + '_ ———‘-“% . \ . -
RLi RGN {==N—Lj
. R/:

l

R " H,0 i
2 ~
(=0 — . C=NH
R’/ . R’//
N
o ~The subsistuent on the nitrile group does not impede the
reaction 42, 43, 44

i , ' o agl .«: ' e
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| (N . ek
. @;\O CH,
' Ph 63%
I
- - : '
X O — .
| g/ i L ~ ! S =0 )
' | i Ph 80%
Co
Despite the above react;ons, other products can be obtained
_ from nitriles wheﬁ the reaction takes place at low temperature
R !
= or the lithio species is frapped with other reagents8
_RMCL R
~N- 3 N . H,0
REEN-M Ry s—=—  J(=N-li —Zs R,(=NH
R .
l Me,SO,
M=Si,Sn,Ge, : oo
| R,C=N-CH, |
‘ 6. Addition of Carbon dioxide i

The reaction of organolithium compounds. with carbon

N . . . . | 45, 46
dioxide is one of the commonest reaction in metalat1bns, > 4

- as it serves as an excellent route to theipreparation of -

i‘




¥,
o

-

- 15 -
of carboxylic acigg It has even been used as a simple way
of characterising the formation of anio?g The reaétion is
achieved usually by addition of crushed solid carﬁon dioxide

to the organolithium salt or the addition of a solution of

"carbon dioxide gas in a suitable solvent . i

—y reooti —12Y% greoon

RLi + (04
NR, - C00H R,
00 - Q0
_ 2,0, |
3, H,0 ‘
| |
SONHCH; , $0,NHCH;
nBul|
—co, _ . _COOH
(H, oY .

!

The reaction has been utilized to construct some fused rings

47, 48

LDBULI i'NPh
NHPh 2z, CG, ’

in one step

Sk apuli




Metal Carboxylates

A lithiated acid or a metal carboxylate can react with

a mole of organolithium to form ketone in good yield when other

Protons have been eliminated49

RCOOH + Rij. ., RCOOLi + RH

RCOOLT + RLi —— 3 Rreor! + i ﬂ
COOH cooLi | e
RLj > | RLI . O

In this reactioe)the étereochemistry of the O(-carbon

atom of the carboxylate is preserved50

7. Addition of Acyl Derivativeés

Acid chlorides react with organolithiums to give a

ketone:

0 o R -|'X 'R '
R-C7 + RLI —>  R-(—0QLj *‘——!-"l——-i R>'.=0,

X ¥ ‘
| H0 |
R ~HX
R-(- OH i
S

Sometimes hydrolysis of the lithio species terminate$_at
carbinol but invariably this loses HX to give Ke;onga
Aromatic acyl chlorides behave like their aliphatic

a iA S s i -

counterpart giving ketones,

S
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) Li 0 OCH 0ct 0 ocH
C 3 : 3
- — 0
0CH; 0CH, ' OCH
“ I‘ OCSI? 3

This gives a substituted benzophenone which is
otherwise difficult to obtain,51 since normal Friedel-Craft
I
will not allow the attack at position 2 but at position 4, = '. .

The presence of the lithio species at position 2 facilitates

this coupling.

8. Addition of Amides

‘Primary aliphatic amides may add to organo-lithium
compounds to form aldehydes 52 while secondary aliphatic

amides give ketones. This is a well-known route for the

S i .18
introduction of the aldehyde functionality to aromhtlc rings
I

PMG

OCH,0CH; ‘
|:::]-l; T MeCONMe;
. Lt ’ .

0 CH,

When the amide is a lactam the formation of.a ketdne is
[

. . .. .53
usually accompanied by ring fission

PhLl N
N0 H30

A | | 5

- v

54
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. thioamides or ketones respectively,

- 18 - . L
‘.
Aromatic am1des however do not add to organollthlums.
Beak and Brown5¢ showed that the CONR functlonallty did not
‘suffer the expected nuéleophilic attack by alky111th1um

reagents. Instead, the amides cleanly underwent ortho metalation

as evidenced by reaction with electrophiles55

C ONEY,

Mel;

Li
lthco o

ONEt, '
OH

~Ph Ph

This property of aromatic amides has been exploited
extensively in the development and utility of:aromatic'amides

as excellent directing groups in aromatic metalation 56

9. Addition of Isocyanates, Isothiocyanates and Ketenes

These compounds could be considered together as a?ion because
attack on them do take place on the carbonyl moiety. The

|
products in each case after appropriate hydrolysis are amides,
57, 58
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© Phy(sC=0  + - PhLi —+=>  Pp,CH-CPh
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L 0L 1 »
ReNeC= 0 ——ttly R*N:C\w__*ﬁ“> Ry-caR
R"""N:('-—S — R'_' N= C ~ Ii
R H
. . OLi {
R-C=(=0 RLis R-c==c<R, — % R-CH,COR

SO2NR,

S0,NR, N |
| -I nfgu%\:f.o; s ot
2 TOERE CONHBU' . &%

0, , S0+
. 2 PhNEO CONHPh

Diphenyl Ketene reacts with phenyl 1ithium®® {
0

10. Addition of Aldehydes and Ketones

These are the commonest electrophile currently used in
metalation reactions, they generally form alcohols in good to

excellent yields

Unsubstituted alcohols are produced with formaldehyde 60

sl

i
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NMe, v nBuli - SNMe,
. & HCHO - ° OH
% H0
Higher alcohols are obtained by using benzaldehydes, 61
E{ acetaldehydes 62, benzophenone >4, 63 etc.
< L
NAMe Bl o NHMe -
7
PhCHO OH
. h
R,
N L
\J"B . . X ! .
e This reaction provides a general method of synthesis
of coumarins or phthalides in one pot on treatment of 'the
amide alcohols with acids.”? .
CONEtz +' 0:. .
___HO N
on QLo
Ph Ph . Ph Ph ¢
58b : - 81
11, Addition of Azides
kg .
"*%{’ AzidesGd.add to organolithiums to give amines after

appropiate hydrolysis or reduction. This has bpen'ﬁhe main

route for the preparation of amines via lithjation reactions

P 2

65, 66,67

LA



CONEF CONEt; .
<0\ 2y s Buli N <O , :
0~ 2 PhSCH,N; 0 ‘
69 o

68 2, hydrolysis

—

c CONHMe | pauli .« - CONHMe'
Lo (:) S TNy ﬁ:’ N

7 3 Ni/Al- KOH
OMe N f ' - OMe
- CONEG, ) sBuli . CONE,
.‘ K 2 TSN3 . ) ) .
: 3, Na BH, NHZ
R | | R

ey NME2 1 nBuli | - ' NMe,
| 2 MeSiCH,N; NH,

Alkylation and arylation using organic halides

Organolithiums react readily with alkyl halides to form
a.lkanes.68 The reaction with simple alkyl halides e.g. Methyl

iodide’ gives very little side reaction. Therefore, the products

are obtained in good yield.69
‘-ﬁy
Mel ;
s ¥
LS
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Qo™= Olo
N CH L o
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The predominant side.reaction that often occurs is the:
metél halogen exchange reaction, i.e., the alkyl halide becomes
#gém lithiat?d;_‘Wittig70 showéd that the reaction may still go to
| completibn but in a two step process. It was shown thiat fluoro,
chloro, anqﬁBnmmo alkylate in twovgtepsrwhile:iodo,wili undergo
- - direct repiacement.71’ 72

"Halides élsg %bfm'" alkyne or Benzyne with elimination before

Li |
' ..BuBr
2, OO -

'
i)

= wi

alkylation,
‘Li' !,
-LiCl
4 G —— >
A PhLl Cl
1 [

These side reaction that compete with the main reaction
has led to the development -of alternate routes via transmetala-

tions i.€. an exchange of the lithium atom to a less reactive

r{
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metal atom, Good example in this case is the use of copper.
This metal when present couples cleanly with a wideivariety

of organic bromides and iodates especially vinyliciand aryl

halides’

i
i
i

Recently, Snieckus and his group have shown that on
transmetalation to Magnesium (using Magnesium bromide -
etherate) the lithio species can cleanly couple with allyl

bromlde

M CONEF,  spoLi @CONE?Z

o MaBrERO
Br N CONEL,

OMe

CONET,
Ly
'LA?TEST

Cross-coupling reactions using the well-knowﬁ easy
reaction 5% the boron atom with Haiidgs in the presence of
transition metal c;talysts is’ the recent addition to arylation.
Snieékus’Alo e;?al. have shown thataryiboronic acids with
ﬁrimethoxyboraﬁ;7 _ give‘efficient palladium;ca;alyséd CTOSS

coupling rgaction with a Yﬁriety of ary{?ali@es to yleld 1

R SR S
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.78
unsymmetrical biaryl compoundslg’ 797

0
‘* (* T_qg.@f*
ArBr
B(OMe)' OH), P(PPh, Ar

PhMe
a4 Ng,( 0y
Br Br ' l Br -
&5 DMe ’ Me S CONEL
| 0C ONH,
: Br :
., O 3 . O
~SBr o -7 BrNg o
This method has been used in the synthesis of seve#al
natural products,
A
Halogenation of Organolithiums
Halogens can be introduced to organometallic compounds
by direct or indirect addition of the halogen to the lithio
species,50’79. The halogen commonly used are iodine and bromine,

Fluorine and chlorine are hardly employed either because they
could act as directed metalation group580 and lead to further

metalation of the ring or due to their extreme reactivities,

oCH; — -#° ocﬂ'_HB

Yield 1% |
30%
|
|

A 4

>
i
— 7
=3
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T
_
53
AV Vg
-
— N
5
+

. Halogenation could also be through an indirect means,

For example the use of 1,2-dibromoethane furnlshes the

-

s - bromonium electrophile (Br * ) 80 .

|
|
|

Br\/\B"l: —— B + Br I

]
| %
.50,0R ' \l
2 . 040R
s Ol
' 2, Br\Br

8r
N S T A 43
{ =i Pr " .

8l .

!
I
{
|
. Ipso-desilylation and halogenatlon seem to also provide
‘ I
!
I

- a general method:

. I . ‘ i
- SO A, - ;|
@’- \©M%SIC[' @ ‘ L
’ LiTMP SI’
. * 94

cca
0°, THF . 77
2’ M
& ME 72H

“tF i . \
o |

CH,

|
CH,

64
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Dihalogenation can be obtained by replacement wi

ﬁh €XCESS .
halogen 82, 83

. |
SlMEa | BF .
CONEH CONEY, } CONEY,
© __2leg nBut. i, Br, UE;;Q L
Xs "TMSCL Site, CCl, > N Npr
1 9 98
R R '.l
Br, /CCIH y |‘.
™S RTor Br
Waem. : i 50 ~ 807
R 99 ' | R \
o R]. = R2 = H ‘ ! —1_0.9“ ‘|
R, = Me, R=H ’ , 3

R, = Me, R, = Cl ;

. ock : 84 . N
Similarly, Snieckus, Alo, et al. obtained bromcacids 102
[ P

I

I

through a successful ipsobromo desilylation.

R, A i

0 e
et ‘3
TMS 2, OH@
UMé OMe . i
101 |

101
Cleavage of ethers by Organolithium Compounds

:

. ..
. 4 4 (oo,
Ethersare attacked by organolithium cofipounds. Olefins.

result from such reaction with aliphatic ethers. ThisTié

. |
usually prevented if the reaction takes place at low temperatu
)

i
[
. . : . * - ! ‘a
This is important as ethers serve as solvents used in metals
. . | I
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(b) The presence of electron W1thdraw1ng group; 1 corporated in the
t

epoxide, Thls R;omotes metalation e.g. in case of
chloromethyl ethylene oxide 89 (
I
. !

1 Buli

0
ClCHz—LX 70 -~ ClCH=CH EH'

: l

b}

When the epoxide is fused to a large ring, a}lyl

alcohole incorporated into the ring are obtained S even with

cyclohexane oxide

. | | /\ (H-0H

N NBull ! CH
(CHz)n % >0 L LN (CHZ),P_1 Ny
f | CH
m_ }/

Normal reactions are however obtained when these factors are
absent. The direction ofééégégnaof assymettrically substituted
ethylene oxide is predictable because the organic group of

the organolithium compound becomes attached to theileast

|

electron rich carbon of the epoxide ring.

co '0\ )

/
CHZ-—\CH-— R —_— "CH,~ EH—&-R
0 OL |
/\ L1

i !
(H~CtH—R ' RLIi —  R~(Hy(H—R



\
P 2'\‘7‘7 N
!

B
X

- 29 -

Some illustrative examples includes,

w -

S 0
l . ,
WA AN
11

+
—

|

i

!

|

|
61,(90,91,92,93).

L
|
f
!
!

-
A

S b
oH ' 5%
N A
112

|

|
nz

f

|

|

i
CONHE
_ ~Ph

121

——

!
|
I
i
i
|



> W 3.
'

_ 30 _

Disulphides as Electrophiles

The reactions of disulphides (unlike most other

sulphur functional groups) with organolithiums to form thio

ethers are well known

1,62

by cleavage at the -5-5- bond.

Cl

Marsais et al 2

lithio anion of 4-halogeno pyridines generated withfLDA, to

CSNHCH3

RS
O

used diphenyl disulphides on

nBuli

AN
(Prs), "

e
N—-N/M

Me

C

125
n—Q,u |..|l C
—

al
25

obtain the corresponding 3-phenylthioether,

X
—21 (PhS)z - N/
128
i, F

|
|
|

CSNHCH,8

S./’Ph

\
o

A

the

These reactions are ac%ompanied

—— L .
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The same group also used dimethyldisulphide on 3-chloropyridines

L

to obtain Siéhlq;o -4-methyl thiolpyridine in 47%.

' g ~ SMe
' L Cl
O e
2, (MeS), o
_ 129 ' Y

S —+-

PRGN g '
88%

Disulphides was also used on lithiated phenyl

. s . . 8
sulphonates giving 2—pheny1th1oetheArénzenesulhhoﬁatef .80
A
L !
0 . :
g | 65/
(Ph S): SPh
RZA) 133
Dilithio species of sulphonic acid also gave thiocether _
with diphenyldisulphide °°
SOsLi SO;H
n v (PRS), O
M N + L 7
4 Li 2, H30 SPh

e
=




o
- 32 -

— L .
| . 0~ i
0 L i
13 137
135 ﬁé ‘_

SULPHUR-BASED DIRECTING GROUPS ' T

Sulphur-based directing groups are about the strongest
. . . 58 . :
directed metalation groups. Snieckus et, al, have made a
comparison between sulphones, Secondary carbcxylimides,‘and

tertiary carboxylamides., ‘
& ' ;
The group - showed sulphonesare a more powerful
directed ortho metalation group than the tertiary'cajrbogyiamide.

l

The sulphone was described as an excellent directed ortho-

metalation group as a latent directiong group for |the synthesis

of meta disubstituted substituted aromatics. i

a. Sulphides as Directing Group R

P

Narasimhan and Chandrachood 87 made use of lithiatéd

sulphides to obtain dibenza(b,f‘)(1.4)_ oxazepine. JEP_tbiS

case the sulphide group directs ortho:

:N nBuli @
AN ~ “Li
1 -

i
i
|
i
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i
i
i

Sulphides were also lithiated by Babin et, al?§ to obtain 95%

ortho products-in about 5 minutes.

L d

S—- . S+
. nBuli O
c,
ot ' COzMe
] MeOH /H ol

—

Sulphonic Esters as Directing Groups

Metalation of alkylarene sulphonates have been known

to be facile and the organolithium reagent can be trapped by
a wide variety of electrophiles. Bonfiglio in 1986 80|treated
alkyl phenyl sulph§nate with n-BuLi in THF without complexing

agent followed by a range of electrophile giving various

products.
SO,0R - - _S0,0R
=R BuLi ’
i ~78° f
R . R Li
92
2L 92A

837




¥

ey .
; o | S0,0Et
R :|+‘ --;C[SIME3 e -w, .
- ’ . 80%
. SiMe,
L.
) 92 + R = Et
s‘.‘"‘%h =_i-P|'
| SO,0R
" R=j-Pf
92A + Mel —s ’ o
- ' Me sy
146 |
.
|
. l
- s . . S |
v As indicated earlier disulphides’gave 65% ylelf of
the corresponding thioether,. |
- * N - !
Arene Sulphonic Acid lithiation . L l
Lithium salts of arenesulphonic acids gave ortho
lithiated products with n-BulLi in THF at 0° in high yields.
This provides a method of ortho substitution of sulphonic
acids,as normal electrophilic substitution leads to the meta-
substituted products. Figuly and Martin obtained th% dilithio
. species . 147a which was coupled with various electrophiles

namely: disulphides, elemental sulphur, Iodine, bromine, and

acetone respectively,




%
.-.;EE:-’“'

&

14 TA

SOyH
14 7A t I, —
R I
150
- S0,H
‘ - Br © .
...H~ P
wa T 2 R ~ Br
151, |
SO,H
wa =0 >
“Me Me

152

The advantage of this method is that the 803H group

is easily

removed and therefore affords unusual substituted benzene'

derivatives.
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The problem with the method however is the purification
i

of the product obtained without chemical modification of the

| i
.
i

product
SO,H :
’ H’SO"!H’O% 65%
R 1 HgS0, Mg I '
| a
So;H So,H : I
- : — (I
O"0e-0O QO
H20 ) Lo |
Me Me  MgSO, Me e

The special advantage of the sulphonic acid or | sulphonic
I ;
acid as directing group is the ready replacement of the group

i
[

by hydrogen thus providing overall a diretting group which can

in a multi

be removed after it performs it's directing function

\

step synthesis of a substituted aromatic compound, |
s !
| .
A |
i

Arylsulphones as Directing Groups

i
. Arene .sulphones have been in use as powerful directed .. -

metalation group (DMG) for a long time.  Several rea@tioﬁs
l '

invoiving them have been carried out in good yields. y

Oita and Gilman 99 used Buli on diphenyl sulphones t

obtain a dilithio_species, which was reacted with dicﬁlord,methyl .o

silane. A low yield of product was obtained as an,inﬁerquiate

intra molecular cyclisation Bide reaction occured.. ¥

1
3
]
i

S0z nBuli
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TYEY MezS:Clz — © @ @
S | ~ side  product

155
) 81 . s . 95
Krizan and Martin improved on this method by eTploylng —

dichloro dimethyl silane as an internal trap thaé could react

e with the dilithio species as soon és fofﬁed' l
w Ky g 7 ‘ @
'O" 597 C(_Ih, 7zh
Using an arylalkyl'sulphone instead, a dilithio sp%cies could
also be formed. This type of dilithio species havebeen used
] in a variety of ways. 100
.."a" {---
‘ L
SO o SO s
vBuLi g, @ AH
, 156 4a L"\
- 156b |-
'50‘7 Ph{HO
A
@K
ok = W Mh
T4
- Wi, ¢
e LU
. OH -
LA\ S0; P
' oy
e
161

!
|
|
|

L] 4 ‘lll
|
|
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When one equivalent of n-Buli was used, the,aliphatic position
is lithiated and on addition of the second equivalent of n-Buli

there is a choice of dilithiating the alkyl portion or lithiation

of the ortho position of the aryl ring. The authors found that

there is an interconversion of 156b - 156¢c when the temperature

of 156b is raised to about 50%. All the lithio species were

converted to different coupled products.

Hartman and Halczenko 96 found that using one equivalent of

n-BuLi on the phenylsulphone 162 gave metalation on the furan and

when two equivalents“of n-BulLi was used, ditithiation of both

rings takes place. The dilithio species formed is

stabilized by the two oxygen atoms of the sulphone. The lithio

species could be coupled with one or two equivalents of clectro

philes

SO teg 0 e 7N
[:::::]/ iTI?;;jﬂ'llﬁﬂjLL? EiiziEIASL?;Hj;::ﬂ-fﬁﬁifﬁﬂ; Eiz;;j/bOz J O

162

leq,
nBulLl

L) =

. '(EH:S‘lEO)ZCO Zeq, a

a1
SN Ao
O .
166 Scheme 3

——
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On reaction of the lithio anion with one equivalent

of electrophile; only the more reactive phenyl anion reacts. -

e et AN o ———— . .
At ThesF&sulphone ST 167 was lithiated
T At ey T rr——

with LDA, The anion formed underwent intra molecular trapping

to form furans 101

) l
OH

In intermolecular experiments; Snieckuset al 28 recently
compared the ortho directing abilities of sulphones and other
directed metalation groups like CONiPrZ, OCONiPrz, OMQM,V i
NHCOBu® and found that sulphones are the more powerful directors
except in NHCOBu.t group. Similar intra molecular competition
trials, the sulphone group proved a better director than the
CONEtz, OCONEt, ,OMOM etc. Orthg metalation to the sulphone was
obtained without the detection of the ortho lithiation to the
amide group. However, full interpretation of the intramolecular

experiments results was precluded by uncertainty of the other

factors such as electronic and steric effects interplaying.
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Aromatic sulphomamldes as Directing Groups

Aromatlc sulphonamldes are one of the most powerful -

directing-metalation group in aromatic systems 102. They

readily form the corresponding organclithiums without any
complexing agent added to the lithiating agent which is
usually n-Buli at 0°, Such lithio species are known to be

° 18"i (the temperature range at which

stable between -18° to 25
the lithio species are usually employed in synthesis),

Work'op the lithiation of benzene sulphonamides was
first encountered in 1968, when Watanabe et, al.103 reported
ortho lithiation of N-substituted benzene-sulphonamide (Primary
sulphonamides do n&t undergo lithiation} with n-Buli, These
lithio species were coupled with electrophiles like benzophenone

and acetophenone to obtain carbinpl sulphonamides which were

readily thermally cyclised to give sultams in good yields.

©/502NHR, SO, SO,
2eq NBuLi . 2 NR
q R]QZCO K @(OH
P

h Ph Ph Ph
1 R = CHB, R2=R3 = Ph ) R, =R, - CHy, Rg=Ph
(2) Ry=Ry=R; = Ph | (4)_ R, =R, = Ph R, = CH,
(5) Ry = CHy Ry=H, R, =Ph

When lithiated sulphonamides were reacted with carbon dioxide,
the carboxylic acid derivative was obtained which gave benzo-

thiazolone in 49% yield.



]

N SONHR T SOZNHR
Li COOH
4100 o
Attempted formation of sultones via the action of concentrated

sulphuric acid on the carbinol gave the products,in only 18%

yield.
2 HSe S0z
@(OH T @
170 Ph Ph 174 Pp Ph

Watanabe and Hauser 104 in 1968 obtained benzylic anions
of 0-Methylbenzenes sulphonamides with n-Buli which was coupled

with benzophenone to give a carbinol 176

Pl e

SOZNHR2 BuLi SQZNHR SOzNR
24 yl ! ‘: /Ph
cH, PhED Ph & Ph
3 2 Ph
175 16 177
Attemﬁts to cyclise the carbinol to a sultone with sulphuric
ac1d as was previously done, led to a dehydration.
Tertlary sulphonamides were lithiated with n-Buli g1v1ng
ortholithiated sulphonamides 105 which were coupled with

benzophenone, benzonitrile, phenylisocyanate and carbon dioxide

to give the varyingly substituted benzene sulphonamides.



SO NMEZ
- L nBuli - -
' ¢, PhCN oS
é_ 5
' n Buli J.lé Ph
' PhNCO

PC15

SoNMe, S0,NMe,
L oam o
CONHPh | CONHPh
173
(o0, |
CooH

The benzophenone product was thermally cyclised to

a sultone.
, -
e
ol SOLNM 2
L n BDu \ :
59 2 PO © o
A "NHMEZ
S0,
QL
e pg P
In 1969 Watanabe et. al 106 obtained sultams from coupling
lithiated N-alkyl benzene sulphonamides with benzonittiles.
- - T
k bio |
— >
Li
- - ,BZ 183 Pl
bW‘OH PhEHO

OzNHR 02\
I e g NECHPh
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.Lombardinb in 1971 107 used the lithiated benzene

sulphonamide to obtain a 5-substituted - 2H -[i,i]benzoiso -
thiazolin - 3 - one - 1,1~ dioxide by initially coupling the
lithio species with carbon dioxide., The corresponding acid
{obtained in good yield) was cyclised to the required compounds.

Naphthalene sulphmamides have also been used as substrates.

S0, NH--

‘1. COZ v
3 Ko . R COH o *Rudk
R

R= H’ ME}CI, OME,F

S0, NH CoH SOZNH N\SOz
sok Mok
187 189

188 185

Successful metalation of p-Chloro-N-Methyl benzene
sulphonamides with n-Buli followed by coupling with Mh;)

pgppgnéé} as electrophile has been reported.




S ,NHMe
i, nBuli R ' '
2, CH7CHCHO R 807

190  OH

rR=H CL

Using disulphides as electrophiles on the anion gave the

corresponding thioethers albeit in poorer relative yields,

/@:rSOZNH—*' ' SONHA4- -
. n-Buli . -

J’nBuLi - (Pys), 191
Pys),

% 2-.:: @\ Py = Q
(! SPjA’ d

g In another work of Rodriguez, Isothiocyanate and DMF

were used as electrophiles.

R
SOpN—— SN+
@: CH3=CHCHO, S w0
Lo |

OH <
LBUNCS ooh R=Me

DMF
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The Sulphonamide group in N-aryl'benzenesulphonamidés

will direct lithiations ortho to the sulphonamidelos, but: there
. i

is a problem of migration of the lithio species in the ortho position. This

108

et, al. V%" The use of this migration in synthesis was also

explored. :

When N- aryl benzene sulphonam1des e.g. lgé is 11thlated

with n-BuLi, the lithiation takes place flrst at the phenyl

group attached to the sulphonyl funct1on followed by a trans—

. o

metalat1on or rearrangement sequence whlch leads to the 0 amino

- ,!

diphenyl sulphone R

“ N
©\‘5"“ @
. | Scheme &

“=These reactlons take place at - 30 and 00 for N,N-»

L . e

. dlphenyl benzene sulphonamldes and N N Methyl phenylbenzene

sulphonamides respectively. This type of traggmetalatlon and

type of migration reaction “have been thoroughly reviewed by Hellwinket

rearrangement has not been observed in themcagpoxyamide_ﬁeries.aﬁ[

Thé rearrangement has been exploited in the syn;hesis of 7,10-

o e el

- - w"f“r wi

Erw‘..,: -

Cor
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dimethyl dibenzo (b,f) (1,4) thiazepin-11-(10H) one-5,5-

dioxide as shown below:

—SUz NLf
@ ZMELI @
. | S0~
) / 2

Also 197
Li
er
SO;
HZO

s

@f”’

_z_o_t_ »cheme ¢
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Lithiation of Pyridine Sulphonamides

As far as we are aware, there are only two publications on

the lithiation of pyridine sulphonamides to date.

In 1983, Quequiner et al 109 reported for the first time
the use of sulphonamide group for directed lithiation in the
pyridine series. Lithiated pyridine sulphonamides were obtained
with LDA at -70°. The lithio species obtained were coupled with
a series of electrophiles which included aldehydes chloro
trimethylsjilane disulphides, ketones etc,giving good yields
of products. A variety of pyridine éulphonamides which included

thoge of piperidine, pyrrolidine and morphcline were used.

r (('H'L)n X
o D LN e 0 X
2)n +c - +
SO7N //Ltjxs [jLi]/S_#N .T)
~X N — Vo CERR
O 2 |
202 -
lPhZCO l(Phlg)z [Measi Cy
P 5 ) QO M Hn
PR OH /ﬁ‘t? . g;l_{ e (é}}
802 H\\(SOZ Q SOZ
Q Q N
|
203 20 5 208

They observed exclusive lithiation at the 4-position contrary

to the results earlier obtained for halogen as DMG 1;0 but

1 28

consistent with results obtained for CDNHR1 { NHCOBut, OMOM 1
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o

’ To prevent attack on the pyridine ring the lithiation was
carried out at -700; unlike in benzene series where successful
lithiation was obtained at o°,

.The report was followed in 1987 63 with the lithiation of
pyridine-2- and 4-sulphonamides by the same group. Both
isomers gave the 3-substituted products eiclusivély. The anion

was smoothly coupled as earlier with various electrdphiles.

T

| Li E -
(ol 2 O DO
N~S0; ‘ SO{N H,0 S,O{N

sog N o807 | soz™

E'= —C(HO , —COM, ~CH(OH)CH; .

Directed Metalation of ‘Ortho MCEAyLEubETi Buted arsne
.The use of Directed Metalaﬁion Groups ,(DMG) on aromatic
rings in directing 1ithium“§é£éé_to their positions has been
extensively discussed; DMGs have also been found to direct
metalatioﬁ td‘gﬁéﬁé_methyl groups when present on the ring,
n~Buthyl lithium or LDA are known to be apprqﬁriate bases to

~give the corresponding benzylic antons rather than ring

metalated species 112 in_substituted toluemes. “
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The methyl in the ortho position is preferencially metalated

essentially Because, the protpns‘of the'gzzhg_methyl group are
more acidic Ehan-;he ring protb‘ns.ll3 The stféngly acidifying
effect of certain DMGs are well known to promote facile
deprétonation of'gizhg_methyl groups., Furthermore, the protons
are favourably disbosed to based deprotonatiﬁn.because a stable
five or six membered ring intermediate can be easily formed during
coordination of the DMG with the metalating agent., However, the
formation of the ring metalation anion always competes with
benzylic anion formation. This competition may be eliminated by
the use of a complexing agent113 which ensures exclusive benzylic
lithiation, |

Several DMGs have been shown to have the ability to direct
metalation to benzylic positions providing anions which can be
trapped with various electrophiles. Usually fhis leads to an
overall chain extension. Such directing groups include: -CONRZ,

~CONHR, -COOH, CO,R, -2-Oxazolinyl, -SMe, -CH,NR,, -SO,NR,,

-NR,, -NHCOR, NC, -OMe, -OCONR,
-DMG‘ n-Buli oe DMq E+ DMG
nBuli/ . .
compleding ' E
7 CH, uge?r'”ﬁ | CH,Li
LDA.
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Example of each ot the DMG is treated below The first
example of the generatlon of benzylic anions crbtamed by

metalation wa s with tertiary benzylamlne in 196»4114

The
anion was generated with n-butyllithium and coupled with a

ketone , an aldehyde and a benzonitrile giving the respective

"~ corresponding products smoothly:

NMe,
nBULI L

=H,Me, ph.

: | Y
lnqo .

Y 215
Metalation was also carried out en N,N dimet hyl -
-2,4 6-tr1methy1benzyl amine in which only one of the methyl

group was metalated

3
pnBuli BuLi
Me
H,C “CH; H,0 HC

Watanabe et. al. (1968)1m1 found that N-substituted -o-
toluene sulphonamldes undergo metalatlon with butylllthlum at
the methyl group (as well as N-metalation) giving benzyllc anions.
This is evidenced by coupling it with benzophenone to give a

carbinol ~sulphonamide 176,



= 5T =
H | Li -
SO,NR SO NMe h SO,NHR
’ 1, Ph.(:
| il 2 H30 Ph
115 | e °h

e R = ME! Ph .

106

Watanabe et al - furt her coupled the dilithiospecies of

thexsdlphonamide 218 with benzonitrile giving a ketone product.

1y | N
‘ SO, NMe o SO,NMe
2 n-Bul | : 2"
~ PhCN i
H.C CH Ph
3 3 CHzg .
28 29
Metalation of N,N-dimethyl-O-toluidine 113 with n-BulLi/
" , : (
o " TMEDA selectively torm benzylic anion from the ortho-methyl
group. The anions obtained were coupled with benzophenone,
benzaldehyde, phenylisocyanate and benzonitrile forming a
carbino] 222,ca}binol 223g,amine-amide 223b, keto -amine 224
after -hydrolysis respectively.
NMe, NMe;z NMe ,
LA 3 A
R Ph o R TR o
NN 4PhNCO CH 7FhC0 Ph
H 3
) 223b Z '
o\
e
A

2% 223A
A= n-BuLi/ TMEDA
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The metalation of the N,N-dimethyltoluidine with n-Buli alone
gave a comp;titién between ring metalation and ¢rtho methyl
lithiation.: This was eliminated by psiﬁg n-BuLi/TMEDA,

. P.L Crt;gen115 in 1970, metalated é;toluic acids and
dimethylbenzolc acids without modification of fhe‘acid functionality
with LDA, obtaining only ortho methyl group 1ithiation. Theiéiiifﬁio
species obtained were successfully coupled with l-bremebutane and

1-bromo-4-methylpentane with yields of 73% and 65% respectively,

COH 5 ' -CUzL"R.B COH-
CH, R CHoLi R '
R =H,Me

|
R =CH,{TH,) ¢ H,
=CHy{CHy) CHEH) ot
In 1975, Gschwend and Hamdanllé.utilized the ZFOkazolinyl
group in directing lithiation to the‘égﬁhgrmethyl group leading
to éeneration of benzylic anions. The anlons were coﬁpled with

the appropriate electrophile to give the desired products.

RLi | N

i~ O
[
I
. L
¥
M
X
[ ]
3

E =-SCH,

=~CHLH=CH,

227
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The advantage of the oxazoline group is it's ready
transformation into a ketone via aikylation and addition of

organometallic reagent117, or to aldehyde by reductiOnllg. 119

and, ‘into ether or carboxylic acid by solvolysislzo.
Secondary zﬁlhioamide has been used as a;ﬁlrected Metalation
Group (DMG) by Fitz and Gschwend'?! in 1976, for lithiation of the

orthomethyl group in 2-methylbenzenethicamide. Adamantqnene

reacted with the anion to give 229 in 89%.

CSNHCH,8 | - _CSNHCH,
n Bulj . O “of .
CHs Adamantanene Q

228 229

Acetylated amines122 function as Directed Metalation Group in
metalation of 2-methyl acetanilides;ggé. The bhenzylic anions
(generat‘e"d with two equivalent of n-Buli) were coupled with
chloromethylsilane, CO2 and acetaldehyde giving the product iﬁ 73%,-
64% and 71% respectively,

When the anion generated was left at room temperature for

16h the dilithiospecies cyclised to a 2Z-substituted indole,

H .
O NCOCH, ' N\\C/CLH;‘I
2n-Byl i oLt sh, [
CHy = Y N
230 H
. - 231 290%
CHEHO Co, ™SicL T
H H
NCOC,H NCOC,Hgy
H L
CHs CH,CO,H
[ Y /S 646%
234 233 232
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Thloethers have demonstrated .ortho directing capability

in 11th1at10n of EEEEE methyl groups using fi- BuLi alone as -
lithiating:agent, the ring- ortho proton, the- ortho-methyl proton
and also the methyl protons of the ether were deprotonated.
The use of n-BuLl-TMEDA however favoured ring metalation over

the ortho methyl group

The following are representative examples:

CHy H,C00H CHy -
CQBDHLIE | +
2 : 23 CH; 237

(N
W
un
|
m@
ag
3 g
ILIJ

_—

Wlth n-Buli/TMEDA 238 was obtained: in 95%. When the

thioether has a secondary alkyl group, a dlsprortlonal lithiation

occurs, -
‘CHy H; COOH |
SCH(CHB) - SCHICH,) SEH CH;)
n-Bqu

B co, ° CO0H

_ 57/ - 437

Nifh nBuLi/TMEDA_ S% 95%

239 . | 240 241
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When there are ortho dimethyl groups to the thioether

only one of the methyl groups is metalated as well as the methyl ‘

group on the thioether1 3.
CHy " CH,COOH (Hs
U N
o, CH3
Hith : % Wk
n BuLI‘/,TMEDA 4%, 96%

.wi{h the same ortho dimethyl substrate, but the ether having
a secondary alkyl group, only one product was obtained on

treatment with n-BuLi/TMEDA,

CH, .~ CH,COOH
SCH(CHB) ﬂBULI/LrMEDA SCH(CH3)2
= QL
245 246 T=TMEDA

—_— .

Ethyl groups ‘ortho to the thioether functionality are
not metalated as the example below shows: compound 248 is the

main product even with n-BuL1/TMEDA only traces of 249 was

obtained, - o
' SCH SCH COz CH
3 on- BuL1 @ 3
(OCH
247 208 ?.ﬁ
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With two ortho diethyl groups, then exclusive metalation of

the thiocethér's -methyl group was observed.
o — . e

hd N f Ir
Et . £+
~SCH |
3 , SCH
0
Et €0, Et
| 22 251
5 , 124 "y .

In 1981, Kraus used carboxylic esters as directed
metalation groups in the metalation of the ortho methyl groups
of substituted toluic acid ester,

OH OH
H,COG cO zMeB TR COMe
H noutt .
= CH,Li
= | .. LenyeHo
, - OH
)3l HyCO.C N
69%
253 :

The heterocycle 253 was hitherto obtained in the literature
in 20% yield,

Ronald and winkle'?® in 1982 eiploredithe use of ethers as
a2 DMG in benzylic anion generation. Using methokyl and methoxy-
methoxyl substituents, it was observed that benzylic anions are
not obtainable with the methoxymethokyl groups but ring

- .
L, metalation occurs predominantly in >99%, The methoxyl group
however gave 58% bBenzylic lithiation and 42% ring metalation.
1 |
OR - OR . OR
N-Bul | +
S S =1L
cHy I GF CH,I
25 235 238

pex
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“‘ortho methyl groups. Sibi and Snieckus

. 5% _
R = OMOM 993 nil
- OME — 425% 58% -
54 255 256,

h Carbamates serves as excellent DMGs in metalation of
126 in 1983, used s-Buli
in the metalation of carbamate., On quenching with chloromethyl
silane, it gave a ring metalation: benzylic anion product ratio

of 2:1, The use of LDA gave a better selectivity in favour of the

formation of benzylic anion,

' - SiMey '
O NER, OCONE, OCONEt,
EHO R CH :SiMea

3 C{SiMe, 13 .

237 662 3%

258 259
: i*L*}]eDASiCi - w7 o
P SiMe,
8 SiMes

66% .
12%
Snieckus et a1l® in 1984 illustrated the u;efof:tertiary
benzamide as DMG in 1ithiation of ortho methyl groups. The

metalatiqn was achieved with both LDA and n-Buli.

OMe A OMe .
, or ? OH
CH, LDA Ph
261 PhCHO 262
R = Me; Et.
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Secondary amides also serve just as the tertiary amide with

the example of N-methyl-g9=toluamide.

CONHMe . CONMe
nBuli Li
—.-.._.___9 ‘ .
~CH; Li
' RCOR'
22 ja’lc. KOH, Hy0
0
0
) R
R
264

All these DMGs have directed metalation to ortho methyl
group to provide synthetic strategy for the elongation of the
side chain via substituted éLtolyl anions.

. Such processes have been demonstrated for a number of
directed metalation groups but their exploitation for heterocyclic
synthesis has not been quite eiplored.

12

Snieckus et al for example, utilized the strategy for

construction of the isocoumarin and hydrangenol:

OMe

CONEY, LEDA or




QT

-

- - - .

OH

|
N’

Hydrangenol

Benzylic lithiation of the o-toluamide followed by quenching
with p-anisaldehyde gave the amide alcohol. Basic hydrolysis
converted the amide alcoﬁol to the isocoumarin, The natural

product was then obtained by BBrz-mediated demethylation.
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" 'PRESENT 'STUDY

The ever growing use to which organolithiums are put in the
synthesis of previously unattainable organic compounds of natural
origin and other unnatural bioactive compounds made the further
development and extension of this ﬁethodology té newer types of
DMGs and electrophiles that have not been previously used,
necessary. Such eiperimentation could be eiploited for the
synthésis of interesting heterocycles.

¥hile the reaction of aromatic organolithium compounds with
epoﬁides leading to the cleavage of such epoiides to give a
ﬁ—substituted hydroiyl group on the aromatic ring had been in use
in synthesis; there has been no systematic methodological study
carried out: The commonly used epoxides like 1,2-epoxypropane had
also been used: More substituted epoﬁides sometimes give
elimination/dehydration product as side reactions)due to ensuing
steric hindrance especially if such epoxides are fused to rings,
e.g. cyclohe;ene ‘oxide for example commonly gives vinyl alcohol

as the product,

Experimentation will commenﬁe with secondary sulphonamides,
e.g. t-butylbehzenesulphonamide (synthesised from a benzene
sulphonyl chloride and‘ﬁgﬁﬁfbutylamiHE). These will be precursors
for the eiploratory metalations; The lithiatéd‘éézifbutyl—

benzenesulphonapides’ will then be coupled with different epoxides,
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Furtherstill, it was considered necessary to explore the
reaction of epoxides or carbonyls with benZylic.anions which
could also provide the precursdrs to the desired heterocycles,
There was no information in the literature on such reactions,
The reaction of.benzylic anions generated from secondary

sulphonamides with primary epoﬁides will therefbie be explored.

CHy o — y

CHy  |H
278
H2N3+
H
SON——
CH;
279 0
a = ]%dé_l_Rz

281

Similarly, the reactions of ketones with the lithiomethyl

benzenesulphonamides (Benzylic anions) will also be examined

towards possible utility in the construction of some appropriate

sulphur~containing heterocycles: benzooxathiins,

Li |
SO,N ——
. [:::l - _PhyCO,
2GR
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Also, the reaction of epoxides with dilithio‘species of

. benzene suiphoq&c-'édids ﬁas]dﬁtiéipéted to provide an ortho
B -hydroxyl'group required for the synthééis of the benzooxathiins.
Martin and Figuly had earlier reported on the reaction of ~

electrophiles other than eﬁoﬁides with such dianions. The

utility of epoxides in this reaction was to be explored.

LiOH nBuli
| - ~Li

+

‘ " . fhc
- T SOy
: OH
- | | @Rz
Ry

286 -

m .
i
o
~

lithio specie;éo However; the use of this new DMG for the
formation of benzylic anions has not Been reported. This
directed lithiation will therefore be studied. Alkyl-2-methyl
beﬁzenesulphonate will be lithiated and the reactions of the
YU organolithium with various electrophiles will be attempted.
The products from these attempts should be suitable starting

materials for the preparation of new sulphur containing

heterocycles,




L6k -
S0, so oEt - sozoa
- + E'tOH _BM, nBULl ‘
288 - 289
Mel
el
' ‘ :ﬁij!)
SO OE’f | - | SO,0Et . SO0E -
= [::::1:/ I3uL1 'llll::
£ CH L
. % |
E = CH,CH,CHO, (CHy) CO, CO,, CICO,Et, PhCHO, Ph,CO.

2
PhNCO, Ph502C1,
Regioselectivity of this metalation will be explored.
Lithiation of the 2;4-dimethylbenzenesulphonate isomer should
$d provide evidence for this and also elﬁcidation\of the mechanism
of the lithiation i.e.whether coordination mechanism is
occuring predominantly or.ofherwise. It is expected that

} lithiation would probably give the 2-lithiomethyl compound

exclusively.

| S0att SO 06 SO0 t
__EfoH __nBuli
‘ HyC NGIO H e | M el p

H+ !
— ‘['n BULI

O SO0Et . . - @(so JOEt
Hgt CHE CH,Li

2

E = C0,, PhCHO, Ph,CO.
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Studies with pyridiné “sulphonamides

Synthesis of fused pyridine heterocycles incorporating
sulphur have precedence in literature6§ although very little is
known on their methods of preparation. The products obtained
from the metalation of pyridines in which a sulphonamide is
the directing group should serve as useful synthons in the
synthesis of such pyridine heterocycles. To this end, the
relatively unexplored pyridine-2-sulphonamides and pyridine-4-
sulphonamides will Se lithiated and cdupled with henzephenone
as electrophile to give a product which will be used in the
attempt to obtain fused pyridine sulphur-containing heterocycles.

The alkyl aminopyridine sulphonamide would be prepared by
condensing pyridine-2-sulphonyl chloride with the appropriate
amine: piperidine; pyrrolidine and morpholine. Similarly these
amines would be condensed with pyridine-d4-sulphonyl chloride.
The sulphonamides obtained would be lithiated with lithium
diisopropylamide(LDA) and the organolithium thus obtained would
be used in the attempt to obtain the heterocycles: oxathiino (1,2)

(5,4-c) pyridine oxathiino (1,2)(4,5-c) pyridine respectively

“"via the Scheme below:

0 u O
@w“‘qg‘“‘*’ QSOZCIL @\so@

by il S
L o
35 29¢

|
o
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Raney S0, N
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— Scheme 11 428
SH SO,C
0 & Q
N¥ LH?—E ’}L“

;, LDA r | B L

s, ™ | - S0:0

303 ' S 30h
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Tertiary pyridine -3-sulphonamide was metalated by

Marsais et al in 1983177

- and, subsequently na’work has been -
done in Fhié area. Secondary pyridine-3-sulphonamide obtained
by cohdensa;ion of pyridine-3-sulphonyl chloride with tert-butyl-
amine will be metalated to obtain some precursor which will be
used in the attempt to synthesise the heterocycles:

Aﬁr Isothiazolo (5,4-c¢) pyridine-3-one-1, 1-diokide, 2-t-butyl
isothiazolo (5,4-c) pyridine -3-one-1, 1-dioxide and 3,3-diphenyl

isothiazolo (5,4-c) pyridine-1, l-dioxide respectively.

SOJ* Sq;l .
e Qe

305

Ny

' Cy\f“z'“‘ 55 -
l Ts(l

NH

%

i
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singlet at 65.0 exchangeable with D O represented the -Nj
absorption A 3H multiplet at” §7.5 and a double doublet at

0 7.9.represented the C-3,C-4,C-5 and C-2,C-6 aromatic protons

. Pespectively, Fig.l.

N-(benzenesulphonyl) piperidine was obtained similarly by
reacting purified piperidine with Benzenesulphonyl chloride,
Recrystallisation from diethyl ether gave analytically pure

product in 87% yield m.p. 91-02 (13t 91°)92,

The 'H-NMR
spectrum showed absorptions at 61.4, $iX proton multiplet of
the piperidine hydrogens; a multiplet at 0 2.0 represented the
protons next to the nitrogen of the piperidine, An unresolved

multiplet at 57 5 represented the aromatic ring protons. The

aromatic proton could not be differentlated like the N-t-buty]-

O™

e

benzenesulphonamide if Tr)

SO,
()
‘N
H

The mechanism of Schotten-Baumann reaction is well known

268

to involve the attack of the sulphonyl group by the lone pair
of electrons on the nitrogen of the nucleophile with subsequent

elimination of hydrogen chloride:

07 _
O Lt
Sl H | S—HiZ g
0 g, | g{ R
Rz ‘ Cl
R, = t,butyl; R, = H - H({ R
R,R, = Piperidine SO~N R,
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. Broup to form an aromatic carbanion,

- 70 . _

The sulphonamides thus obtained were vaccuum-dried after

approprlate purification step and the subsequent metalation reactlon

with n- BuL1 in hexane was carried out ag Customary for air

sensitive reactionl27

13

The N-t- butylbenzenesulphonamide metalation in dry THF could

be typical of the reaction., PFor such secondary sulphonamides,

2 equivalents of n-BuLi was necessary as a dilithio species had to

be formed (see Scheme),

' Som—l—
©/ _2{n- BuLll

,[,) Lj

§——N

0 —
Li

27

The lone pair of electron on the heteroatoms

i.e. oxygen

and nitrogen of the sulphonamides coordinateg with the 1ithium

of the butyllithium making the butyl to Li bond highly polarised

Wilth the cleavage of the butyl portion of the organolithium

along with the abstraction of the proton ortho to the sulphonamido

Also the N-proton is similarly

abstracted to give a dilithio species overall,



S
In oﬁtaining the desired.ortho f-hydroxy group contiguous
to the arom%tici§u1phonamido_ﬁfunctionalify'xgquired for
synthesis o} the aromatic sultones-benzooxathiins y the
electTophilés used were the available commercial epoxides with
organilithiums, The carbanion attacks the least substituted
position, in this case C-2, The N-Li is not attacked by the

) _ . b o T 1
epoxides since such anions are not niicleophilic!. enough ,

therefore an exclusive aromatic ring attack was anticipated.

"Reactions'with'l;z;epoiybﬂtane

On stirring the initial electrophile-l,2-epoxybutane with
the lithio species for 3 hours at 0°, it gave back essentially
the starting material. It was initially suggested that the lithio
species was decomposing at that temperature. Subsequently, the
o lithio species solution was cooled to -78° before 1.2 equivalent
of the electrophile was added; After stirring at -78° for 4 hours,
work-up similarly gave starting maferial only. Prompted by

2 : . : .
Ellefsons 4 earlier report with carboxylamides and epoxides, the
reaction was then carried out at room temperature for 24h,

. , Li L
) SO,N —— |

(_’6" SOzN_—l_‘—'

4+ OLi

Li Sé‘x‘ )

: il

by,

‘ | | | MO
S0, NH——

OH

LUV ]
b

l
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This time, the red colour of the organolithium species was
discharged in about 5h and a pale yellow colour remained at the
end of the reactiont Silica gel flash chromatography of the crude
obtained gave three products: a yet unidentified compound, the
starting material and a white solid m.p, 110-112° in 40% yield,

IR of the solid showed a band at 3490 cm"1 for an OH group

and a band at 3280 for a secondary -NH stretching, 2970, 2830 cm'1

(CH stretching). 1600 en™! for aromatic ~-C=C-, 1320, 1150 em™

are for the S0,-N=  group, others include 980 and 870 cm”l.

The 'HeNMR of the solid showed a 3H triplet at §1.1 for the
“

~CH, type 'a', 9H singlet at §1.3 for the nine protons of the

3
t-butyl group, a multiplet at §1.6 for the two protons of type 'c';

a broad absorption at § 2;8.was for the one proton of the -OH, which
was eihangeable with D,0; a ZH; multiplet at 6 3.3 was assigned to
the methylene next to the phenyl group type 'd'. The IH multiplet

at (5§i§'Was for the -NH of the amide, A 3H multiplet at § 7.5
represented the aromatic ring type 'g' while a 1H proton at § 8.15
represented the signal of the proton ortho to the sulphonamidé

group. These data were used in assigning the‘gzzhgfg;hydroxybenzene-

sulphonamide structure 313 to the solid.

Sl @

5
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- 73_
The elemental analysis of the solld was satisfactory and

consistent with a formula C, H .NO_S for the desired compund.

14 23773

As there was recovery of a large quantity of unreacted
material, the reaction time was extended to 48h at room
temperature without any significant improvement in yield

‘ . L . 0
Therefore all subsequent reactions were carried out at 0  and

allowed to warm to room temperature with stirring for 24h.

""Reaction ‘with '1,2<epoxyhexane

The reaction of the lithio species with 1,2-epoxyhexane in

THE was similar to that of 1,2-epoxybutane above.

Ho,
0 SO,N——
20+ NN —— OH

314

Work-up as usual gave a mixture of three compounds on t.l.c.
Flash chromatography andifecr§§ta11isation gave analytically
pure reaction products:

T.R: analysis of the product showed 3480 en”! for the -oH
stretching; 3280 cm_1 for the -NH stretching of the amide,

2960, 2930 en™ ! for ~CH stretching of the alkyl group. 1600 em!

for ~C=C~ bond of benzene, 1480 cm'l, with 1330 and 1160 c:m—1 for

the SO,N bond, others include 990 and 760 ent.

400-MHZ 'H-NMR in DMSO _ of the product showed a 3H triplet :

at 6 0,85 for the methyl group and a 9H singlet at 61.2
represented the t-butyl group. A 2H multiplet at $1.35 was the

methylene next to the CHOH, a broad absorption - :exchangeable with



7

f}tﬁ‘

1‘*&*)"

-9y -
D,0 at §2.5 was due to the OH, The signals at 63.1 and83.25
represented ;he mgthylene‘éroup next to the phenyl ring while a _
63.9 aBsor;tion was for the baﬁe proton of the hydroxyl group.
The NH'protoA'appeared at 65;1 and the signal collapsed with

DZO' 0 7.4 represented the three protons of the aromatic ring

‘He3, H-4, H-5 while the one proton ortho to the sulphonamide

appeared at 0 8,0 as a 4H doublet. The satisfactory combustion
analysis gave a molecular fomular C16H27N03S which further
confirmed the structure of the compound as 1{2-N-butyl benzene-

sulphonamido}hexan-2-o01,

‘'Reaction with '1,2-epoxy-3:phenoxypropane

Cf) 1;Z;Epo%y—3-phenoxypropane ianHF was reacted with the
lithiospecies at room temperature for 24h, Hydrolysis of the
product with 5% HC1 at 0° gave a crude oil which was purified by
flash chromatography to give the desired compound as an oil which
later crystallised as white prisms m.p. 104-1061 35% yield.

The IIR. spectrum showed Bands at 3500 ¢m~t for an OH group,

1

3280 cm™ " for a NH group of an amide, 2960 en™! for the -CH

stretching of a Butyl group. The ~C=C- of an aromatic ring showed
1

¥

at 1600 cm” 1330 and 1150 cm™! for an SO,-N group.

2
The 'H-N.M.R, spectrum gave signals at 01.3 for 9H singlet

of a t-butyl group. A deuterium exchangeable hydroxyl group prbton

was observed at 03,1, The double doublet at & 3.4 represented the

methylene group with non-equivalent protons next to a phenoxyl

group, while 54.1 doublet was for methylene next to the phenyl ring,
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- 75 .
the 1H multiplet of the base proton of the hydroxy group was
observed ;t b4.3, “The 1H proton of the-NH exchangeable with _
deuterium was ;t 65.2, 67.0-7.6 multiplet of 8 protons was
fqr-the a;omatic rings while IH doublet was assigned for the
proton orthe to the sulphonamido group. Finally, satisfactory

Combustion analysis confirmed the structure of the new compound

as Na[2ntnbutylbenzenesulphonamldo) ~3-phenoxy propan 2-ol.

B soz
270+ Q\/O\Ph ___4" oPh

'_Reaction with ‘styrene oxide

On reaction with styrene oxide in THF, the lithio species

. 8ave a crude product, The crude o0il was as usual flash

chromatographed to give a very viscous oil, THe 0il had to be
subjected to a second flash chromatography, before analytically
pure product could be obtained in 30%.

The T.R. spectrum showed absorption at 3480 cm™! for the
OH group: 3280 cm! for the NH of an amide, 2980, 2940 c:m_1 for the
~CH stretching of the alkyl‘group; 1605 cm_l is for the -C=C- of the

aromatic ring, 1320, 1150 em™1 is for the SO,N- group absorption,

Others include 990, 860 and 760 em” for the substitution pattern

of the benzene rings.
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1H-NMR spectrum gave a SH singlet at 52.1 representing

the t-butyl group, a 2H multiplet of the methylene group

absorbed at 3.3 while 1H multiplet for the base proton eof the

carbon atom with hydroxyl group absorbed at §3.5. The 1H
broad absorption of'the hydroxyl group which is exchangeable with

. DZO absorbed at §4.9. The NH proton showed as a broad peak at

= 05.1 which is exchangeable with DZO’ A signal for 8H multiplet
for eight protons of the aromatic ring was at $7.3 while IH

double doublet is for H-6 ortho to the sulphonamido group.

0

() —— LY
NN A

.The acid treatment on hydrolysis could have lead to

dehydration giving an olefin, However the distinct presence of

the hydroxyl group in the I.R. spectrum and exact elemental analysis

confirmed the structure proposed as 2-(2-H-t-butylbenzene-

sulphonamido) -1-phenylethanol,

H
_-S0zN——
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Reaction with Cyclohexene Oxide

-

- Cyclohexené oxide in THF was reacted with the lithiated

N-t-butylbeﬂzenesulphonamide. " After the usual change of colour,

a pale yello; solution was obtained which on work-up gave a

viscous oil, The oil was purified as usual by flash chromategraphy
to give the pure product in 25% yield as viscous oil.

Jﬁ; A report129 of the successful use of cyclohexene oxide as an
electrophile on metalated carboxamides indicated that the epoxide
had to be refluied with the lithio specles, Whereas when
cyclohexanone was used, a successful reaction was obtained at n78°,
The aberrant behaviour of cycioheiene oxide may be due to it's
being a secondéry epoxide when compared to the primary epoxides
which are devoid of steric hindrance and thus smoothly react even
at low temperatures. 1In cyclohe%ene oxide as in other secondary

qggy epoiides, opening of the epo&ide may: net provide an electrophilic
carbon that is as positive as those of primary epoxides where
inductive effect of the methylene groups are absent thereby
_increasing the positivity of the electrophilic carben,

The 'H-NMR of the oil gave signals‘for 9H singlet of the

’ t-butyl group at 1.2, a 8H multiplet at 51.4 and §1.8 represented
| the cyclohexene methylene protons. The 1H singlet (exchangeable

with 020) represented the - hydroiyl proton absorbed at § 3.2‘while

the 2 base protons absorbed as a multiplet at § 3.7. The NH IH

singlet absorbed at §5.4 (collapsed with D,0), a 3H multiplet at

0 7.5 represented the H-3, H-4 and H-5 protons, while the H-6 doublet

of a doublet signal is at 08.0. The élemental analysiswas satisfactory

and confirmed the structure of the product as 2-(2-N-t-butylbenzene-

sulphonamido) cyclohexanol.







.78 .
- ‘ H
; S0,N—}—
. OH
: 270 + o —

317

] —_—

»-Reacfioh‘ﬁithfekonz;s;épbiyhbrbonéﬁe-as- electrophile

" 'Exo~2,3~epoxynorbonane dissolved in THF was added to the

lithio specles and stirred for 24h at room temperature.

Hydroiysis of the reaction mixture with 5% HCl gave an oil, Low
pressure fractional distillation of the crude oil gave a white .
solid product as a gublimate and:a clear oil, The N.M.R. of the
0il showed it was the starting sulphonamide, while thelN;M.R. of

the solid sublimate however showed it was the norbonane opened up

i into a hydro;cytl compound, H
i
< SO N—— .
Li ! OH
SON —— +
1
- H 318
Li SOzNT4"-
: 318Q .
Microanalysis of the sublimate further confirmed that it was

3igb

hydroxynorbonaneAfIth a quarter mole water of crystailisation.

**Reaction ‘with 'N= (2, 3-epexypropyl)-phthalimide as electrophile

After the generation of the lithio species as usual,
N~ (2, 3~epoxypropyl)-phthalimide dissolved in THF was added at 0°
- and stirred at room temperature for 24h, .The usual colour change

was net obtained; instead a precipitate was fb%med.‘ Work-up of the
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reaction mixture eventually gave a brown solid. Thin layer

and column chfbmatograph} of the solid gave several compounds

- I I " e id

that were not the expected products,

. ' O ' ' _ H
0 N’ . HO 0
TR — :@
4 N
. 0 ..
. 39 °

The possible rationale for the unexpected reaction couild
be due to the presence of the lactam bonds which can react with
the organolithium to form a ketone and secondary aminel. These

may override the primary nature of the epoxide.

"'Reaction with trans-2,3-epoxybutdne

As the use of secondary(lgpoiides fused with other rings
proved not suitable as electrophiles on lithiated benzenesulphonamides,
a monocyclic secondary epoxide was then.attempted. A geometric isomer
such as trans-2;3-epokybutane is anticipated to give only one isomer

predominantly viz:
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The above epokide dissolved in dry THF was treated with the
1ithiated benzenesulphonamide as usual and stirred for 24h at
room temperature. Work~up gave a brown oil. Thin layer
chromatography of the crude oil showed four spots with a large
quantity of starting material., Attempted chromatographic

separation of this crude product into its components did not yield

’ any useful results,
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Reactions of lithio species with different epoxides:

Type®  Substrate- 'Epokides i Products © (

. . ’ . SO,NH—- |
1 270 A\ @I/O\H/ b0 110-112
S
g SO,NH +
2 270 eV ©1/0c/v 2 oit
| T
| y 314

oH 35 104~ 106
| 0—Ph -
315

3 270 [B)\/OPh
I | |

| 0 SO,NH——
- ' Ph |
316

b @o SO,NH——
5 270 oil
| I 25
| 317 _‘
6 270 ﬁz o 270+ bOH

3186

SO,NH -~
0 2
’ o A\ @4/‘\ s o
| OH
. . 338 .

J'r
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‘Reactions 'of Epoxidés with Tertlary ‘Benzenesulphonamide

Attention was then directed to the react1on of tertiary
sulphonamidés with both primary and secondary epoxides.
N—(benzenesﬁlphonyl) piperidine prepared by methods reported

earlier was lithiated with 1.1 equivalent n-Buli to generate the

ortho lithio benzenesulphonamide.

O/SOZ\NQ n- BuLu @ESUTD

27aa

The deep red organolithium is proposed to be generated by

the following mechanism below:

507 O Buli | i or LI"\
S,/ g,N
#‘\ 4\
0 OLi
L L1
Yo .
g o pLi
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L

The lithiated (piperidinosulphonyl) benzene was reacted with
1,2-epokybutane, since this epoiide was earlier used on the
lithiated secondary sulphonamide-N—t;butylbenzenesulphonamide and
had given the eipected alcohol product, On reaction of the

electrophlile with the lithio species at room temperature for 24h,

the usual red colour of the lithio species was discharged, However,

work~up aﬁd separation of‘the crude product obtained did not give
the desired compound;

1,2—epoxyHexane,(f)-epoxy-S-phenoxypropane as well as styrene
oxide which had previously reacted smoothly with sécondary
benzenesulphonamides all failed to react.

Reaction"of'Secondary‘Epoxides'with“the'tithiated

Cyclohekene oxide in THF was added to lithiated (piperidino-
sulphonyl) benzene at 0° and stirred at room temperature for 24h,
Standard work-up gave products which were not the ekpected products

just like with the primary epoxides reaction,

'The phenomenon may not be totally uneipected as Snieckus93 had
observed this in lithiated carboxybenzamides before, in which
styrene oxide reactéd smoothly with a lithiated secondary
carboxybenzamide but failed to react with tertiary benzamide.

The ability of the tertiary benzenesulphonamide to form lithio
species ana,react with electrophiles is not in dpubt, beéause
Queguiner et afﬁ had generated ortho lithio species of

(piperidinosulphonyl)benzene and had coupled the, species with

benzophenone in 55% yield at 0°,
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This was further confirmed by using an aldehyde-(benzaldehyde) on

this lithio species which gave the e%pected product at 0°, These

confirmed that the epoxides are simply weak electrophiles that

failed to couple.

' e
L‘Qv | Li -
' ' 2Mq
@
| Ph,CO
OH, - OH
OH :

o - PR : Ph Pn
N 32 (hSZ) 322 (55Z> 323

As attempts to obtain the‘égﬁég_3vhydroxybenzenesulphonamides
required for the synthesis of the S-containing heterocyclest
benzooxathiins failed; attention was directe& to possible use of
the products of the reaction of secondary benzenesulphonamides in
heterocycle synthesis.

2.2 -Attempted. Utilization. of the. Metdlation Products
as Hetérocyclic Synthetlc "Precursdrs

> The product obtained from the successful reaction of primary
epoxides and secondary sulphonamldes were to serve as precursors
in the formation of substituted heterdcyCles for example,

benzothiazines through the route delineated below:



¢

L P
e

SO,NH—+ " | SO,NH ——
© o S0Cl, 4

32q : R24b

NaH /THF
reflux

As a precedence Ellefson24 had reported the use of thereaction
of 1ithiated_éeébndary carboxylamide with epoxides in the synthesis
of coumarins by conversion ofziﬁ%hydroiy group to a ‘good leaving
group, e.g. sulphonate. The latter group was readily cleaved to
give the desired compound on reflui. The use of an analogous
method that utilizes a different leaving group in this case, a

chloro was attempted:

; (ONHR' pes d R CONRR N O NR
: OHRﬂ_E__g_, OSgiMe 7 © o
R 326 R 51 R
The carbinol 324,  was smoothly converted to a chloro

compound by—refluiing with thionylchloride.for 2h, as evidenced
by the total absence of the hydrokyi absorption in both the NMR
and TR and the downfield shift of the base proton on the carbon
bearing the chloro atom; due to the higher electronegativity of the

chlorine atom,
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CHAPTER 2
t

" "RESULTS "AND DISCUSSION

"HETEROCYCLES'THROUGH'24LITHIOBENZENESULPHONAMIbE

The heterocyclic synthesls intended in this study were
essentially new aromatic sultones: benzoxathiins., The proposed
route outlined rqquires'éétﬁégaahydroxyl group contiguous to an
aromatic sulphonamide functionality, Such‘gfgglﬁ-hydroxymethyl

benzenesulphonamide precursors were designed to be obtained via
metalation of benzenesulphonamides and subsequentQ@OUDling‘:jt:§
reactions of the'iifﬁié benzenesulphonamides with epoxides,

As reported in the introduction, the alkyl benzene-
sulphonamides which are the precursors in the metalation strategy
to be adopted were synthesised by the usual Schotten-Baumann
reactions. Coupling of the appropriate amine in an inert solvent
with redistilled benzenesulphonyl chloride, gave the desired
precursor compounds.

N-tnbptylbenzenesulphonamide Qas obtained by using tertiary

butylamine. Three equivalents of the amine was necessary to each

mole of the benzenesulphonyl chloride,

H .
S0,Cl SO,N——

268 ' %9

e

Work-up each time gave analytically pure product N-t-butyl-
benzenesulphonamide in 93% yield. ('Lit107 m.p. 77—800) melting
point obtained was 78~800ﬂﬁ The 'H-N.M.R. spectrum showed pine

proton singlet at § 1.2 for the t-butyl group, while a broad

~~



e

(1

330
Each of the chloro compound was dissolved in dry THF and
sodium.hydride (which was to abstract the chlorine fi'a‘ﬁ)“
was added. It was anticipated that on the departure -

of the chlorine[ﬁﬁ??ﬂ-a carbonium ion will be generated, which

the lone pair of electrons on the nitrogen can attack to form

4

the expected benzothiazine,

H
SO,N—— '
ch NaH SO?‘N—{—
R A .
R )
s 33

a R = CH2CH3
b, . -(CH,) CH,

3

However, on work-up of the reaction miiture, the expected
product was not obtained in each case; Rather a dehydrochlorination
product was formed,  The rate of aehydrochiorination of the
compound seems to have been faster than the nucleophilic attack of

the lone pair of the nitrogen on the carbonium ion.
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The N.M.R. of the dehydrohalogenated products confirmed.
T the elimination reactions as the vinylic double bond protons

were observable in the low field region.

The t-butyl 9H siﬁglet was overlapping the 3H triplet of the
~ gide chain methyl group at 1.2, A methylene 2H multiplet absorbed at
p | N 52.4, while the NH broad- absorbed at 04.8. The vinylic 1H
v multiplet was observed at 66.1 while the other vinylic TH
multiplet for the second vinylic proton. was af 6.3, The
aromatic 3H multiplet at §7.6 represented H-3,H-4, and H-5 while
H.6 showed a 1H doublet of a doublet at 68.1,
Micro analysis was satisfactory for the proposed product,

Theccollapsé of the CH, bond adjacent to the phenyl ving was

2

" obvious, The presence of the -NH absorption at 64,8 which
B t _ was expected to disappear upon formation of the target compound
was confirmatory evidence for the non.formation of the benzothiazine

target.

H H

Cl A Y

~ ‘ ' 30 : -
‘ 333

2.3 'S-Containing Heterocycles ‘through Lithiomethyl-

‘ - ‘Bénzeneésulphonanides

As earlier attempts through the use of epoxides directly on

§§$¥ ; - -aromatic ring anion failed to produce the desired heterocycle
| " precursors, efforts were then directed at using other metaiation
7 routes f?r obtaining thq;desired‘éézhg_ ﬁ—hydroxybenzenesulphonamide

functionality, Benzophenone reaction with benzylic anions was

designed as outlined below:
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- Soﬂ—l.—
' ' S0.C1 2
3 2 H, N -
LUSOH 2N
; YERE 279 R
+ —
SO,C|
n-Buli
HE
278,
| | - | SO#H—
SOs ta SO,N
7D H0 g Ph.C0
283 Pho ‘ 282 Ph - 280

The synthesis was started with the chlorosulphonylation of
toluene at. low temperatufes to give a mono sulphonyl chlgride. .-
At high temperatures, 2,4-disulphonyl chlorides predominated.

Even the mono chlorosulpheonylation reéction gave a mixture of
gzzhg_and‘gggitoluene sulphonyl chlorides, with the ortho
predominating.

The separation of the two isomers exploits the difference in
their physical property. The ortho isomer is a liquid ﬁt TOOM
temperature while the para isomer melts at 67°. The crude product
was cooled to -20° for 6h, affer which the sﬁlid para isomer was
filtered, while the required liquid ortho compound was recovered and
redistilled, Separation by column chromafography or fractional
distillation was not possible.as the two isomersgshow the same Rf in

several solvent mixtures and form an azeotropic boiling point.
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‘:ii_ Mechanistically the sulphonyl chloride is known to be formed

from the initial intermediate sulphonic acid that is formed by the
excess chlorosulphonic acid present as shown above .
The sulphonyl chloride obtained was coupled with t-butylamine

at 0° via the typical Schotten-Baumann reactions.

SO,Cl | SOZNH'-P—w
+ NH~t+— — [:::[:
l CHy CHy -
279

278a

‘Q

ok
:

——

Recrystallisatibn of the sulphonamide gave analytically pure
compound as white needles m.p 127-1299,'H—N.M.R. of the product
showed a 9H singlet for-the-t-butyi group at 01.2 while tﬁe 3H
singlet of the methyl group three protons was at $2.7. The NH
1H singlet absorbed at §5.3 (exchangeable wi£h D,0). The 3H
multiplet of aromatic protons H-3, H-4 and H-5 was at § 7.3, the H-6
doublet of a doublet absorbed at §7.9.

Microanalytical data was alsc in agreement with the expected
values.

The N-t-butyl-2-methylbenzenesulphonamide was further vactum-

dried before use in metalation reactions.

pess ur ™
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Lithiation of N-t-butyl-2-methylbeénzenesulphonamides

N-Alkylbenzenesulphonamides are known to be good ortho
directors in éromgéic lithiatiag.reactiongo? ﬁ;wever, when one il
of the ortho gositions is substituted by a methyl group, the
methyl group itself is deprotonated by n-BuLi in preference to
ring metalation. This is due to the relatively more acidic nature
of the methyl protons because of the acidifying effect of the
sulphonamide group and the ready formation of a six-membered

lithiation intermediate as compared with the five-membered

lithiation intermediate in the ring metalation process,
Li
SO,NH—— . S0, N~
2eq nBuli V

CHy - o CHy

279 . 80

— ————

The benzylic anion formation therefore seems to be faster and
more preferred than the ring metalation., ' Reaction times of half
hour at 0° for the side chain metalation and two hours at room
temperature for the ring metalation seém to confirm this,

Addition of two equivalent of n-Buli to a solution of
N—t-butyl—Z;methylbenzeneéulphonamide gave a red solution of the
2-1ithiomethylbenzenesulphonamide. The benzylic anion was
immediately coupled with benzophenone in THF at 0° and stirred for
two hours.

Hydrolysis of the reaction mixture gave a viscous solid which
was recrystallised from methanol to give white crystalline material
which was further purified by silica gel flash chromatography with

ether: cyclohexane mixture,
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The NMR of the product showed a 9H singlet at §1.1 for the
t-butyl group while the exchangeable OH proton appeared at 03,1,

The methylene protons 2H singlet absérbed at 04.1 while a signal

¥

at 05.3 was due to -NH. The ten protons of the unsubstituted

i
phenyl groups absorbed at 7.1 - 7.ﬁ along with the H-3,H-4 H-5
of the substituted phenyl ring while the 1H doublet of the H-6

|

absorbed at 58.0. l

Microanalytical data were in accgrd with expected values for
5 the product being 2-(2-N-t-butylbenzehesulphonamido)-1,l-diphenyl-
. i

ethanol, ]

] -1:3, |

A Heterocyclisation Attempts i

The cgrbinolgég.could be cyclise& into the desired heterocycle
. by either refluxiﬁg the carbinol withfSO% sodium hydroxide as
reported by several authors on the ca%boxylamide a.nalogues24 or by
refluxing with 6N HCl.18 However, tné possible dehydration of
the hydroxyl group as obtained by Watahabe et allo4 when concentratea

!
sulphuric acid (which could have been the best reagent) was used

had to be avoided, Dilute hydrochlorié acid that witl ﬁrevent
i .
dehydrgtion or better still basic hydrolysis was therefore planned
< for the cyclisation.
Basic hydrolysis was first tried. Normally sulphonamides do not
undergo basic hydrolysiézggut it was thought that with very high

temperatures and in the presence of nudleopnilic hydroxyl group, the

S-N bond cleavage might be possible,




09 -

A

Ph
283 Fh

This was attempted by refluxing fhe carbinol with 40%
sodium hydroxide at 120° for 18 hours. On work-up. the - -
starting material was recovered. The reaction was also tried
by using 50% sodium hydroxide .and a higher temperature of 170°
for 24h; 'gtarting material was also obtained. Basic hydrolysis
therefore did not give a successful cyclisation despite the harsh

conditions and the presence of an internal nucleophile in the

molecule,
S H_+_ 40% NaOH Starting material
2 120° 18 mainly,
OH 18h
Ph 3

Bh 50% NaOH

282 » Starting material
170°  24n. mainly.

The cyclisation was attempted with the unhydrolysed
lithia£ioﬁ'prOdUCt. It was thought that the oxygen atom in the
-O0L1 form should be very nucleophilic and therefore appropriate
treatment at that stage may make the cyclisation occur. Work-up
of the reaction mixture after refluxing in THF for eight hours

gave the carbinel 282 without any cyclisation.

L
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Attentlon was then dlrected to a change of the 11th1at10n

1

solvent. Dlglyme was then used as. 11th1at10n solvent i.e.

from low b0111nérTHF to hlgher boiling dlglyme to enable hlgher
temperature'reflux for the cyclisation reactions. The 0O-toluyl
anion of N-t—buty1-2-methylbenzenesulph;namide generated in
CaH-dq@ddiglyme and benzoPhenone'also in diglyme wgs-coupled

with the lithio species to give the intermediate. Refluxing

the intermediate at 180° did not effect a cyclisation either.

Li
H
+
SON= 4 HF/Ph.CQ, Sozfgj—
2 T AR LT Ph
280 PR(O - 282 Ph
d|giyme -
S02 |1 A0 0o
@DLV@ — >
Pho | 2 H0 , Ph

The reaction condition was changed to the use of dilute
hydrochloric acid. Refluxing with 33% hydrochloric acid at .

1300 for 48h gave on work-up an oil which later soli&ifed.

T.1.c. of the white product showed two spots in cyclohexane:
ether 1:1. Flash chromatography ot the product gave two compounds.
The 'H-NMR of the compound with the high R showed a 9H singlet of .
the t-butyl group at 51.40 and other absorption?included a 2H
singlet at 4.7 for the two protons of the methylene group, while

the. aromatic protons showed an unresolved 104 multiplet of the two
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phenyl groups along with H-3,H-4 H-5 protons of the substituted ring
at 67.0 - 7.5 and a double doublet. at (‘)‘TS.O. Tﬁe mass spectrum
gave abun&hnt ﬁolecular ion at m/?JSQI. Thése‘analytical data
combined.w;th,the elemental analysis indicated the probable product

obtained as a benzothiazide rather than a sultone.

H
SO, N=4— 33 HCL SO5-N -
OH - L
Ph 4L 8h. PR
‘Ph Ph
282 334 M= 391

The lower Ry compound's 'H-NMR spectrum did not show a
t-butyl group, but gave an -NH group absorption at §5.1 and
methylene. ZH singlet at §3.9. The mass spectrum gave a molecular
ion peak at M/z 335. The probable product was a benzothiazide
formed by cyclisation with loss of the t-butyl group. It was

incorrectly expected that the loss of the t-butyl group could

accompany the loss of the S-N bond.

33 HOL N el
- 4 8h. Ph

Ph
233 MY 335

Increase of the concentration of the hydrolysing acid from
33% to 50% hydrochloric acid and refluxing at 170% for 40h gave
three products on t.l.c, The first was a low yiéld 0il, while

the second product was a solid obtained in only 10% yield.
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product did7n6t show a t-butyl group in it's N.M.R. spectrum and
- - e "

- 95 - |
These two compounds were not further pursued. However, the main
had a M* of 335. It therefore showed similar characteristics to
the low Ry pr;ﬁuct from the 33% hydrochloric acid earlier reaction.
Thus higher acid concentration seems to lead. to.preferential
cleavage of the t-butyl group. Such loss of t-butyl group of

alkylsulphonamide was: also observed in acid cyclisations by

Lombardin0107.
H—l—- .
SO5N
2 ppa SUN
. > NH
COOH
0
336 337

Epoxides as Electrophiles on Benzylic

-Anions of Benzenesulphcnamides

N-t-butyl-2-methylbenzenesulphonamide was lithiated with
n-BuLi according to previously reported procedure in which the
sulphonamiae was treated with n-BulLi in n-hexane at 0° for 30 min.
The electrophile: 1,2-epoxybutane .in THF was added. and allowed to
stir at room temperature for 24h-as usual. Work-up gave an oil which

was separated by flash chromatography to'give.a colourless oil in 45%

yield,
TN N
SOZN 0 SOzN—+"
Va4 >
CHpLi  t HO 2
280 338 OH
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The I.R. spectrum of the product showed strong absorptions

at ‘3500 cm 1 for ari-OH, 3280.cu " for the -NH absorption, 2960 -

and 2940 (C-._-.H stretch), 1600 crn-1 for the -C=C- of the aromatic
ring, 1320 and 1150 cm" (80,-N<).

The 'H-N.M.R. specirum.showed SH multiplet at §1.0
representing five protons for the -CH3 and -CH,-, a SH
singlet at 01,3 represented tﬁe'-nine protons of the t-butyl

group and a 2H multiplet for the methylene protons at b1.8.

The -UH proton came up at 03.1 (exchangeable with DZOJ' The methylene

group next to the phenyl group 2H multiplet absorbed at 63.3,
while -NH singlet'waé at §6.0 (exchangeable with DZOJ. ‘A 3H
multiplet for three aromatic protons H-3,H-4,H-5 absorbed at b7.35
and 1H double doublet for H-6 was at §8.05.

Elemental analysis data which were congruent with expected
values were further corroborative evidence for the new compound
being 1- _(2 -N-t-butylbenzenesulphonanido) pentan-3-ol.

The reaction was faster than it was for ring metalation
using the colour discharge as a critéria'but it was still allowed
to go for 24h. Probable reason for the faster reaction might be
the less steric hindrance that may be encountered during the reaction
which is less in the benzylic anion than in the ring metalation.

The use of the product. obtainéd. from the successful reacti-on

in heterocyclic synthesis will be discussed later. .
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Attempted Utilization of the Metalation
Products as Heterocyclic Synthetic Precursors

As reported earlier for the ring metalation procedure the
carbinol 338 was smoothly converted to a chloro compound by
refluxing with thionyl chloride for 2h. The hydroxyl absorption

disappeared in N.M.R. and I.R. and the downfield shift of the

proton carbon bearing the chloro atom.

H H
SQ,N-+— SO,N——

S0
zh.

OH ;

3
338 339 Cl

The sodium hydride was added to the THF solution of the

1-(2-N-t-butylbenzenesulphonamido) -3~-chloropentane, and refluxea,

- Dehydrochlorination was observed on work-up as for 271 even though

the bond formed was not conjugated to the aromatic ring.

'H-NMR of the product showed the collapse of the methylene
protons next to the phenyl ring at. §3.1 to give vinylic protons

at §06.2 - 6.4. This shows.that the target benzothiazepine was

not obtained.

H
S0,N——

Cl 34

|
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HETEROCYCLES VIA METALATION OF BEZENESULPHONIC ACIDS

After'féilu{ps with ﬁ—aikxlbeﬁZenesulphoqgmides to give
desired hete%ocycles, and in continuation of the attempted
reactions.ofblithio anions from sulphur-based directed
metalation groups (DMG) with epéxidés, the. sulphonic acid group
was considered. Figuly and Mart'ing5 had used fhe sulphonic acid
group as a DMG in the form of litﬁium<sulphonates to generate
lithio species which were coupled with some electrophilés that
did not include oxiranes. . The problem‘of isolation of products
on work-up without chemical modification of. the sulphonic acid
group was reported by the authors. Our.synthesis. anticipated that
the presence of a large organic side chain on our. oxirane
electrophile will make the hydroxy-sulphonice.acid products
extractable into organic solvents and therefore eliminate the
work-up problem reported earlier. The hyéroxyl sulphonic acids

'2§€'obtained from.this reaction will be used in attempts to synthesise

sultones, as proposed in the scheme below.

SOsH SO,Li
© LiOH nBuli
| 284_
-+ -+
S0,0NH, 1 S0, ONH,
cl .Socl OHR NH,OH
2 Ra g, 2
3m™ EYAMN
A

Scheme 13
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The directed metalation group(-SOSLi group)waé generated by

the reaction of benzenesulpnonlc acid with exactly equimolar

amount of lithium hydroxide forming lithium benzenesulphonate as

in ethanol

r a whlteisolld. ‘The crude product was recryStalllsed
l -toluene mixture and oven-dried’ before:use.
\ :

: . S03H : ‘ SO5Li
S LiOH
. o ) . - - HI'O

7

. 284
- Lithiation of the sulphonate w1th n-BuLi was done according

. 95 .
to literature  to give 2 dilithio spec1e5

On coupling with styrene oxide iﬁ THF,wtneremwas;thewnbrmal N

colour dlscharge .(indicative of quenching of anion species).

after 24h stirring and work-up with 15% Hcl both,the aqueous
and the organlc phases were examlned . .
N.M.R. of the crude residue from evaporatlon of the organic

phase showed some aliphatic proton and the t.l.c. . showed three

non-polar‘components.x Column chromatography of the crude. gave

five products, N.M.R. analysis showed that none of the COMpaRds

‘was the desired product.
SO LI SO;H
_fBubi A 0, ,Ph 2
H 30 - ~Ph

285 ' 786

28, -

~t

v i
rophile ‘on the-same dilithio

i
i

‘. With cyclohexene oxide .as elect

pgmgypainediéither.

- species 285 ,the desired product could also not

-

.
o e popmmr w4 % ot
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The inability to obtain the desired product in both cases

may either be due to epoxides being pooT electrophiles or due

to the isolation problem of the sulphonic acid lithiation

_ products.

ETHYL BhNZhNESULPHONATE METALATIONS FOR
. SYNTHESIS OF HETEROCYCLE SYNTHONS '

In an effort to use other sulphonic acid derivatives that

may be able to couple with epoxides, attention was directed to

the ethyl esters of the sulphonic acid. The esters should

obviate the work-up problems earlier mentioned.

Bonfiglo80 had recently reported the lithiation of alkyl

ate and the reaction of the resulting lithio species

arenesulphon

with a variety of electrophiles in. good yields.. The reactions of

oxirane was not attempted. It was therefore auspicious to examine

the reactions of the 1ithio ester with oxiranes as outlined below:

S0,CL SO,0EF SO,0Et
—_— nN-Dutl Bubi '
{ Ero @ . Q .
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344 }
2,%@0
_ SO,RE t
SO~ NaOH 2
70 & OTs
Me R Me R
247 24

The ethyl 4-toluenesulphonate was prepared according to -
the method of Roosé et a130. The pure hydroscopic product was
obtained after distillation.

The N.M.R. spectrum showed the signal of the methyl of the
ethyl as a 3H triplet at §1.3, The methylene 2H quartet at

§4.1 and the 3H singletlof the 4-methyl group absorbed at
62.4, The 2H aromatic doublet of H-3 and H-5 absorbed at §7.3

while H-2 and H-6 2H doublet was at,'57;8.,m,p, 32° with 96% yvield,

SO,Cl :
OH
+Eton

CH, iy

S0,0Et |

Lithiation of. ethyl 4-toluenesulphonate with n-Buli alone at
-78° over five hours gave a red solution. Addition of
1,2-epoxybutane did not cause. the colour discharge. The reaction
was then allowed to contihue at room'temperat;;e for 24 h. T.l.c.

of the crude product after standard work-up showed two main
L .

components. Flash chromatography of the crude then gave the
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starting material and a new compound. The 'H-N.M.R. of the
viscous oily product showed AB,A'B"of four aromatic‘protonS'
intact and the loss of the 4-methyl group signal; This side
chain lithiation product. is presgumed to have been formed when
tﬂe temperature of the kinetically stable 2-lithio species was
raised to room temperature. This facilitated it's rearrangement

to a thermodynamically stable 4-1ithibmethy1 benzenesulphonate

i

){T‘
&

species on which the epoxide reacted.

- S020Et UASO0EF SO0Et
an [ - O
- R Li | |

Hyt . s CHoLi

292 344 348
. ’ 12,Hf30 J‘l, 'Z\/
oy ' . | : 4150
) e A _SO0Ft SO,0Et -
} | : /@\H/
HC
35

350 (CHZ)ZEIHCHZ
[ o
349
’ - T
' - ASO,0Et - ~SO,0E
H€ S Li - rnt &~ LiH,C
- - 344 - 348

Kinetically staole Thermodynamically stable

Apparently, the epoxide will not react with the lithio species
o ) '
at -78 or 0. but only at room temperature. The nuclear lithjo

species 1is unstable and rearranges. Bonfiglo80 had reported
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4-1ithiomethylbenzenesulphonatefspecies, although it was
obtained oniy w%}h the usé'ofua complexing agsnt: TMEDA at low _
temperature;. : *

The quStrate was thereforé changed to ethyl 2Z-methylbenzene-
sulphonate in a bid to exploitgzigg;behzylic lithiation for
synthesis of heterocycle synthons. As far as we are aware, the
formation of benzylic aﬁion with alkylsulfhonéte esters as a
DMG has not been reported before. Therefore, a range of
eleétrophile will be used on the ortho-benzy1ic anion if obtained.

The route to these reaction is outlined below:

so,C1 . SO,0E
BN — ©/ |

288 1a B
' Mol
S020Et 4
<::) St ,
(H,~E CHy
| 290

—

Pure redistilled ethyl benzenesulphonate ua; prepared as
reported earlier for ethyl 4-toluenesulphonate.

Treatment of the ester with n-Buli at -78° for five hours
gave the ortho-lithiobenzenesulphonate which on reaction with
methyl iodide gave the desired ethyl 2-methylbenzenesulphonate in

80% yield.
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'H-N.M.R. of the product gave a 3H triplet at 61.3 for the
methyl of the ethyl group, a 3H singlet for the newly addea
methyl group at §2.7. The 2H quartet of the methylene of%the
ethyl absorbed at 4.1, while the aromatic protons had changed
from 2:3 pattern-to 1:3 pattern showing'thaf of the ortho
hydrogen had been substituted. A 3H multiplet representing H-3,
H-4 ,H-5 wéS_at .57.5 and 1H double doublet of H-6 absorbed at 08.0.

Treatment of the ethyl 2-mefhylbenzenesulphonate with n-BulLi

at -78° gave a quantitative generation of the benzylic lithio

’
species in 1k h. unlike the case of ring metalation in which the
lithio species was obtained on1y|after“}ive hours. This 1s not

{ unexpected as the sulphonate group incregses 'tr?e, acidity_of the methyl
group which‘leads to easier methy}ﬁproton deprotonation than

3 nuclear deprotonation. Furthermore, the benzylic deprotonation
is presumed.to occur through a siX-membered intermediate

‘;1E%thunﬁw- _;ﬂusogxg;nati0§ complex facilitated Qyiphiwoxygen atém; formi;g a
monolithio species. - :

S
Bt

% | : ' n-Buli | @ : (1
} ‘ S B
!/,’ CH3 . | | ] g CHf—H Uq

(%]
2
<

s . e : |
¢ T | ¥
O S : .
U % - .
/i ’—’ : SOZOET—1 - _ '_S_O{_jl-j_Ef. L ' )
) ' . ;. .L' . _1:: -T
' CH,Li CH” N

= = - Six-membered intermediate‘cbﬁpleXTfT&:?*F“‘a337‘
. R A .
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The benzylic anions obtained were coupled with the following

electrophiles in a bid to exploit the anions for heterocyclic

synthesis.

Propanal as electrophile:

Reaction of the benzylic anion with electrophiles started with
the reaction of 1.1 equivalent of propanal in THF to the generated
anion solution at -78° for one hour and at 0° for further one hour
before the standard work-up. Flash chromatography'of the oil
obtained gave some starting material with another compound in
75% yield.

IR of the compound showed an OH broad at 3630 cm-1. There were

1

also, absorptions at 2980, 2940°" © for the-CH stretching, aromatic stretching

was at 1660 cm © and bands appeared at 1350, 1180cm > for the 5050 group.
The 'H-NMR spectrum showed an 8H multipiet absorption at
50.8 - 1.6 for the 2 methyl protons and the side chain methylene
proton. A ]y broad signal at 2.2 exchangeable with DZOJrepresented
the -OH of the carbinol 350. A 2H triplet at 6 3.l'fepresented the .
methylene next to the phenyl ring, while the base proton of the
carbinol  appeared at §3.8. A 2H quartet absorption at 54.1 was
due to the methylene of the ethyl of the sulphonate, The three
aromatic protons of H-3, H-4, H-5 gave a multiplet of §7.5 while
a double doublet at (8.0 was due to H-6.
Microanalysis agreed with the expected values. These data
confi;med the compound obtained as 1-(2-ethoxylsulphonylbenzene)

butan-2-o0l.
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Acetone as Electrophile

Acetone dissolved in THF was added to the benzylic anion
and allowed to stir at -78° for one hour and at 0° for
further one hour. Usual work-up gaﬁe an oil. Flash
chromatography of the oil-gave a colourless compound in 50% yield
along with some starting material.

I.R. of the new compound showed a broad absorption at 3560 em™!
for the hydroxyl, and other absorptions at 2980, 2950 e for -cH
stretching, 1600 cm-l, 1470 cm™t (-CH deformation), 1350, and 1180 em”

for the soio- bond. .
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The FH%NMR spectrum showed a SH multiplet at § 1.2 for

three methyi grgpps; a IH‘br9§d:absofption aE’ 52.8 was exchangegble
with D20 an? it indicated the OH group. Another 2H singlet at

§3.2 was éue to the methylene next to tﬁe phenyl group. The
methylene protons of the ethyl showed up as a quartet at §4.0
while the aromatic protons 3 multiplet H-3, H-4, H-5 absorbed
at 07.6 and H-6 doublet of a doublet was at §8.0. These data
indicated the product obtained as 1-(2-ethoxysulphonylbenzene)-2-
methylpropan-2-ol and this was confirmed by microanalysis which was

in agreement with the calculated values,

S0,0E S0, 0
25 (tHy),00 ._OZH Et
7
i MO | SCh
AL | 351 3

Benzaldehyde as Electrophile

Redistilled benzaldehyde in THF coupled smoothly with the lithio
species and work-up gave an oil which soli&ified on standing by the
next day. Recrystallisation in petroleum ether gave white needless,
m.p. 56-58° in 65% yield.

The I.R. spectrum of the needles showed an OH broad absorption
at 3520 cm™! and at 2990 cm™! for the -CH stretching, 1600 cn™! for the
arematic ring, 141;55c:m'_'JL for the -CH deformation. The 5050 bends
were present at 1355 and 1185 em™l. The 'H-NMR spectrum showed a
3 triplet at §1.3 for the methylene of the sulphonafe and a 1H

absorption at § 2.7 for the OH, (exchangeable with DZO)‘
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A 2H doublet at §3.4 was indicative of the methylene adjacent
to the phenyl ring, while a 2H quartet at §4.1 indicated the
methylene:of the ethyl. A TH absorption at § 5.0 was ascribed to
the base ﬁ}oton on the carbon bearing the OH group. An 8H
multiplet at §7.45and a 1H doﬁblet of a doublet were ascribed to

the aromatic protons. The satisfactory elemental analysis data

. further confirmed the structure of the product as

2-(2-ethoxysulphonylbenzene) -1-phenyl ethanol.

S0,0Et

291 , PhCHO 3 Q OH
- 2, Hy0 or

|

Benzophenone. as Electrophile

Benzophenone smoothly coupled with the benzylic anion at

© ‘after one hour at that temperature and one hour at 00.

-78
Work-up gave a white solid. ‘'The solid was recrystallised to give
white needles m.p.. 130-132°%C in 91% yield. The I.R. spectrum of
the product showed strong absorptions at 3460(:111-l for the OH, 1600,
1450, and 1345, 1175 — (S050). The 'H-NMR spectrum as’usual
showed a 3H triplet at 01.3 for the CH3 of the ethyl group, a
1H broad absorption at 6 3.1 for the -OH group (exchéngeable with
DZO)’ a 2H singlet at 04.05 was indicative of the methylene

adjacent to the ring while a 2H quartet at §4.10 represented the

methylene of the ethyl group.
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The assignment of the aromatic proton signals at 06.3
and §8.0 was done unamblguously using nuclear Overhauser effect

(n.0.e.) experlments. When the doublet at 156 3 (H-3) was
irradiated,;there was no. change in the doublet at § 8.0 (H-6)
and:f::XEQ?EEEg_nggg. Since‘neither of the doublets collapsed on
irradiatibn, they weretherefofé not coupled. The H-3 seems shielded
by the two phenyl rings and therefore absorbs at §6.3 and appears

as a doublet due to H-4, while H-6 deshielded by the sulphonate group
and therefore appears downfield at 08.0 as a doublet having been
split by H-5.

The elemental analysis which was in agreement with the

. theoretical values further confirmed the structure of the product

as 1,1-diphenyl-2{2-ethoxysulphonylbenzene) ethanol.

Hb
S0,0Et
1, Ph2C0 N HS OH
291 T 7
2, H30 H Ph
4 Ph
HB
353

Ethylchloroformate as an Electrophile

The use of ethylchlofoformate to generate carboethoxy
derivative from lithio species is well knownlsl’ 132.

Ethylchloroformate dissolved in THF was added to the benzylic
anion solution. On standard work-up, a crude oil was obtained.

This was purified by flash chromatography using pet ether;

diethyl ether 1.1 to give a colourless oil in 50% yield.
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The infra-red spectrum of the o0il showed strong bands at
1730 cm-l-(E=Oji;16dO-(aroma;ics) 1470, 1440{"1370, 1180 cm-1
(SOZOJ. : --

The 'H:NMR spectrum showed a six proton multiplet at 51.3
which represented two methyls of the ethyl group. Another six
protons multiplet was observable at §4.1 assigned to the methylene
adjacent to the phenyl ring which was therefore not differenfiated
on the GOMHg;instrument from the other two methylene groups.
However, an absorption at §7.6 for the three aromatic protoﬁs of
H-3, H-4, H-5 was different from.the H-6 doublet of a doublet at

68,1, Microanalysis data further confirmed the structure to be

the expectedrethyl 2-(ethoxysulphonyl) phenyl acetate.

- S0,0F t
291 4 CLCOOEt —0 0
OEt

CO2 as an Electrophile

- Carbon dioxide reaction with organolithiums is a prefered way
of introducing the carboxylic fumctionality into organic compounds.
Wﬁrk-up of this reaction gave a crude white solid which was
recrystallised to give white needles m.p. 106-108° in 70% yield.

The infra-red spectrum of the needles showed 3300 - 2500
(-CO0OH dimer), 1710 for the (-GOOH) 1600, 1450, 1350, 1180 cm'1
(5020). The 'H-NMR spectrum showed a 3H triplet which represented

the methyl group and a 2H quartet at 04.1.
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in this case the methyleﬁe adjacent to the phenyl ring showed
ﬁp as a 2H s;nglgt at 64.2. Other absorptions were d multiplet at
67.6 repre;entingu-s,ﬂ-4,ﬂ-5'and a 1H singlet at 08.1. The

D,0 exchangeable proton of the acid was observed at 69.3.

. o, S0,0€ }

- 2, H3O COOH

Phenylisocyanate as an Electrophile57’ 58

Phenylisocyanate ~in THF was added to the lithio species and on
usual work-up,light-yéllow solid was obtained which was recrystallised
to give pale yellow needles m.p. 124-126° in 78% yield.

The attack of the carbanion was at carbonyl carbon leading to

the formation of an amide on hydrolysis as outlined below:

+ Ly
prl
S0, OEt
0
NP
356 H

The KBr -dispersion i.r. spectrum of the amide showed strong
absorption at 3360 (NH of the secondary amide), 2990, 1680

CONHPh), 1550, 1450, 1350 . and 1180 cm > (S050).
i
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The 'H-NMR spectrum had a 3H triplet at §1.2 for the methyl
of the ester, a 4H quartet at (4.1 gave absorptions of 2 groups,
that of the methylene next to the phenyl group as a singlet and
the ester methylene as a quartet. The amide phenyl group 5H
protons showed at 07.1-7.4 while the H-3,H-4,H-5 absorbed at

7.6 as a multiplet. A doublet of a doublet of the H-6 was at

> 68.0. The NH proton of the amide absorbed at §8.35 (exchangeable

with D,0.)

Benzenesulphonyl chloride as an Electrophile

There is very little literature precedence on the use of
sulphonyl chloride as electrophile on organolithiums despite their
long use in electrophilic réactions with amines to form
sulphonamides. Care however need be taken in the use of sulphonyl
chlorides with acidic protons as these may be attacked by
organolithium,

The lithio species was appropriately treated‘with benzene-
sulphonyl chloride dissolved in THF. Usual work-up gave an oil

which on t.l.c, showed four compounds.

SDZG | S0, OEt
29+
il — S0;
357
- Flash chromatography of the oil gave mainly the starting
material, and two other compounds.
A white solid whose nmr did not show the aromatic protons
of the benzenesulphonyl group and also microanalytical data did: not
.

-
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conform with the expected value. quwef,thePLMJh spectrum of the other
compound an oil that separated in 50% yield, showed a 3H triplet at
§1.3 and a 2H quartet at 64.1 for thegethyl group. A 2H singlet at
85.5 was representatlve of ‘the methylene next to the phenyl ring
deshielded by the -80, group. A 6H multiplet ar §&7. 6 was assigned to

- : 3
H—31, H—él, H—5l and H-3, H~4 and H-5 and H5 while 3H doublet of a

Y

1

doublet at §8.1 was assigned to H—21,;H—6 and H6,

YR S

- e
-u.;

4

—

i _
(1o i .
Microanalysis of the oil further confirmed the structure as
‘l

t'I
e
o

the expectediphenyl [(2—ethoxysu1phonyl)benzy&lsulphone.
A summary of the reactions of the benzylic anions with various

electrophiles is given in Table 2 (page 119}.

Mechanistic Study:

1 4 L) $12 ' % ¥ Iy. AN .i

In a bid to obtain evidence to corroborate the coordlnatlon
Ly g - : ! ; b o h
mechanlsm proposed for the reactlons above, experlments were designed
to explore the preferential site of lithiation amongst two benzylic

i positions.' The experiment design was to explore the reaction of

2,4-dimethylbenzene sulphonate with organolithium metalating agents

et gy e s peemen QUBINE, wh;ahuthe.annho¢methyl groupﬂwh;ch .can gndgxgq,gpprd;natgpn uith .

the heteroatom directing group should ‘be exclusively lithiated. 1In

this regard, the following scheme for the experiment was delineated:
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S0,0Et " A~ _~S0,0E¢
- BuL! -
T Mel
HBC 2 NH‘;Cl H C
293 n- BuLl
S0,0E t SO,0E t
, +
ol CHs HyC CHLi
CHZL] 294 :
358 ==
50,0€t e SO,0F t
- E
H3C [Hle Haf
294 358
‘“’ 5020Ef o+ N _S0,0E¢
v -___7\‘
CH
CH.Li 3
H,Li ss CH2£ 360

Preparation of the required ethyl 4-§oluenesu1phonate was
carried out as described for ethylbenzene.sulphonate earlier,
using 4-toluenesulphonyl chloride and ethanol in the presence of
alkali. Treatment of ethyl 4-toluenesulphonate in THF at -78°
with n-Buli gave a lithiospecies which was reacted with methyl
iodide. With methyl iodide, work-up gave a white homogenous gum

in 83% yield.

b Y

'H-NMR of the oil showed a 3H triplet at §1.3 for the methyl
group of the ethyl, a 3H singlet at (2.45 ortho methyl group and

another 3H methylene singlet for the 4-methyl group. The methylene
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group of the ethyl showed at §4.2 as a quartet. $7.2 for
2H aromatic protons .of HQS, and H-5 while H-6 was at §7.9 as

a doublet.: This values conform to the ethy1.2,4-dimethyl-
benzenesulghonate.

Benzylic anion was generated from ethyl 2,4-dimethylbenzene-
sulphonate with n-BuLi at -78° and it was reacted with some

electrophiles as appropriate.

[}

CO2 as Electrophile

With soiid carbon dioxide, work-up gave a crude solid which
was recrystallised with Pet. ether: diethyl ether mixture to
give colourless plates m.p. 108-110° in 85% yield.

The I.R. spectrum of the plates showed a broad absorption

1

between 3300 and 2530 <™ * for the hydroxyl group, 1710 (COOH),

1600, (-C=C- of the aromatic ring), 1360 and 1130 cm_1 (502-0).

SO0t
; o - _COOH

The 'H-NMR spectrum of the compound showed the 3H triplet of
the -CH, of the ethyl at 01.4, a sharp 3H singlet at 5é.55
represented the p-methyl group while the ortho methyl singlet
which usually appearsat §2.7 had completely collapsed and showed
as a 2H singlet at 0 4.2 which almost overlapped with a quartet

at §4.15 (gyz—CHs) indicated a replacement of the ortho methyl
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with a methylene next to a carboxylic acid. The two aromatic

protons H-3 and H-5 appeared as a multiplet at 67.4 along with

- ] —

a 1H doublet of H-6 at 08.0. The proton of the carboxylic acid

absorbed atv § 8.35 and was exchangeable with 1)20.

Benzaldehyde as an Electrophile

Benzaldehyde dissolved in THF was added to the lithio
/‘ species and on work-up gave a crude ©0il which was purified by
flash chromatography to give a white soiid m.p. 49-51° in 65%
yield.
The 'E-Br.-dispersion i.r. spectrum of the solid showed
absorptions at 3460 en (-OH group), 1600 (aromatic 1340,
1170 en™ (50,-0). |

The 'H-NMR spectrum showed a 3H triplet of the -CH, of the

3
<L - ethyl at §1.3, a sharp 3H singlet at §2.3 represented the
. 4-methyl group, and a 2H singlet-doublet at 03.4 represented the

methylene next to the phenyl grow. The methylene of the ethyl

group showed a 2H quartet at §4.], while the absorption at § 5.0
" for one proton on the carbon bearing the 0-H was a quartet. A

7H multiplet at §7.3 was ascribed to the aromatic protons and a

IH doublet at §7.0 was for H-6 proton.

| SO,0E+
29t 1 PhCHO . o

+ T
2 H30 H3C Ph
342

-—

Microanalysis of the compound agreed with calculated values
and further confirmed the structure as the expected

[2-(2-ethoxysulphonyl) -g—methylbenzéne] -1-phenylethanol.
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Benzophenone as Electrophile

With benzophenone as electrophile, work-up gave a white
solid which was recrystallised to give white needles; m.p.
114-116° in 90% yield. |
The infra-red spectrum of the solid showed strong absorptions

at 3500 broad (-Of group), 3060, 1600 emt (avomatic), 1490, 1450,

. 1340 and 1180 cm-l (SOZ-O). The 'H-NMR spectrum of the solid

| showed a SH triplet for the methyl of the ethyl at 6 1.3, a 3
singlet at §2.0 is ascribed to the 4-methyl grow, while signals of
three groups of protons appeared togetheras a SH-quartet at 64.1.
The groups are the ZH methylene adjacent to the phenyl ring, the
methylene of khe ethyl and the hydroxyl proton (exchangeable with DZO) .
Thesinglet at §6.0 is ascribed to the aromatic H-3, which is in
contrast to 1,l1-diphenyl-(2-ethoxysulphonylbenzene)ethanol's H-3
which was a doublet. This must be due to lack of an ortho proton
at C-4, However, the H-3.is shielded by the two phenyl rings.

The 11H muitiplet at §7.4 represented the two phenyl rings and H-5
protonsi The 1H doublet at §7.9 is ascribed to H-6. The elemental
analysis which was in agreement with theoretical values further
confirmed the structuré of the product. as 1,1-diphenyl -2-|(ethoxy .

sulphonyl) -4-methylbenzene] ethanol.
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With the e{plﬁsive.lithigtion of the ortho methyl group
of the dime%hylbenzenesulphonate in these experiments, credence
appears to ﬁave been given to a coordination mechanism

involving the oxygen atom of the sulphonate with the ortho

methyl leading to preferential lithiation at the 2-methyl position

exclusively.
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TABLE 2
Enfry Reactant ;;=Eiebtroﬁhile o .Producf'-- : -~ Yield, %
S | SO,0F ¢ -
1 291 CH3CH,CHO OH 75
350
W .
= | SO,0E+
2 291 CH3COCH3 . o 50
‘ CHs
' CH3
351

| | ' _SO0,0Et
3 291 PhRCHO | @(/OH\ 65
i Ph
e | | 352
| - o~ _-S0,0Et
4 291 Ph,CO L oom 91
SO
| o |
353
SO;0E+

CO,Et >0

5 291 CLCO,Et
354

= | SO, 08+
S 291 Co, ' . | 70
| COOH

. 355 .

Q
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SO,0¢ t
NGO @[/9\
NPh
356,
| A _SO,08t
PhSOLCL , 0,7
357
o S0,0Et
" PhCHO OH -
Ph
362
S0,0Ft
| OFF
o Ph
. S0,0Et
0, /J::::[;¢/COOH
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SULPHUR CONTAINING HETEROCYCLES THROUGH
METALATION QOF PYRIDINESULPHONAMIDES

The sulphonamido group is known to function ss a DMG in
pyridineslo9 leading to regiospecific metalation of the pyridine
system with organclithiums. The lithiospecies thus formed is also
established to couple with electrophiles which when made to
undergo further transformations may furnish novel heterocycles.

2-(piperidinosulphonyl)pyridine and 4-(piperidinosulphonyl)
pyridine had been metalated63 with both pyridine derivatives
leading only to their 3-lithio species. ‘When coupled with

benzophenone, diphenyl(2-(piperidinosulphonyl)-3-pyridyl) methanol

-and the 4-pyridyl equivalent were obtained re5pective1'y. It was

hoped that these products can be made to undergo cyclisation to
produce fused heterocycles of interest, especially since sulphur-
containing pyridine rings usually possess interesting

' 133

pharmacological activity

The proposed scheme for the metalation is outlined below:

| N\
Chd X ‘
k -~ lﬁ): :
@ (L ) L O K@
—— — \ ~N
wWoosH o 2[0) TNE S0l OUNF SO
o ' 0 o 0~ 296

"y DA OL &%
_» T 2PRLO L SFNs05 N

~
4 3 H0 N
97
Ph . T,
Ph ._
X = O')"CHZ-
n= ‘If) 5
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| : ' o ACHZ)D
si . sl (c,,ﬂ N

- '\N/

N¥ N+
| -
0~ 0 202
306 t|LDA
— 2| Ph,C0
3{H30
Ph . 7 . ' - Ph Ph
« A- NO OH /(CH)
_ . O/N\x
303
n = 4,5,4
x = 0, -CHs

Experimentation started-with the in-situ preparation of
the N-oxide of 2-pyridinesulphonyl chloride by chlorination of
2-mercaptopyridine-N-oxide. The 2-pyridinesulphonyl chloride,
N-oxide obtained was condensed directly with the appropriate
secondary amine: piperi&ine, pyrrolidine and morpholine to obtain
respectively 2-(piperidinosulphonyl), 70%; 2-(pYyrrolidinosulphonyl),

72%; 2-(morphoiinostlphony1) pyridine, 68%.
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295 __H__% O 1H2 Q
N+ SO{N O/N
i

0 29?0.,

R.N. =Raney Nickel"

29aq,

The presence of N-oxide makes the thiol at-the 2-position :
more reactive towards chlorine oxidation. The sulphonyl chlondes
were generally. not 1solated (because their high react1v1ty
sometimes lead to decomposition). When the amine.-had been added,
the amide formed was more stable and then the pyridine comi)omd
was more amenable to the removal of the N-oxide 'without'de;composition
of the molecule. The N-oxides were reduced under pressurei in a bomb
by hydrogenation in the presence of Ralney‘nickel as a catalyst.
The characteristics of the amides were as follows:, |

2-(Piperidinosulphonyl)pyridine 297a gave a m.p. of !

58-50°  (Lit.%® 599, L

The 'H-NMR spectrum showed a 6H multiplet at $1.8 foér the .
piperidine protons (type a). The 4H multiplet at 63 3 isi a551gned
to the piperidine protl:ns next to the nitrogen atom. The py'rldlneiH 5
appeared as a multiplet -at 57.5 while. the dowblet at 58.0
represented the H-3 and H-4 protons. The doublet at 58.7.;“) is

assigned to the H-6 proton which is the most deshielded hu_e to the

lone pair of electrons of the nitrogen.-
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KBr-dispersion I.R. spectrum showed a strong absorption at
3090, 3000, (CH stretching), 1575 (aromé.tic -C=C-) 1340, 1180 cm-1
(SOZ-N). | |

2-(pyrrolidinosulphonyl)pyridine 297b gave a m.p. of 39-40 0,
'"H-NMR spectrum showed a 4H multiplet absorption at 0 1.9 for the
pyrrolidine ring (type a) while another 4H muitiplet at 53.:5
is for 4 protons adjacent to the nitrogen of the pyrrolidine ring.
The aromatic region showed a 1H multiplet at (7.5 for the H-5
proton, the 2ZH doublét at 68.0 is assigned for H-3 and H-4 while

the doublet for 1H at §8.75 is for H-6 proton,

The 'H-N.M.R, spectrum of 2-(morpholinosulphonyl) pyridine
showed a 4H multiplet at 0 3.0 for the 4 proton adjacent the
oxygen atom. The signal at §3.8 (4H multiplet) is assigned to
the 4 protons adjacent.'. to the nitrogen étom of the morpholine.
The aromatic region showed a 1H multiplet for the H-5 proton at

§7.5, at 2H doublet at 5 8.0 is assigned to H-3 and H-4 of the
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pyridine while the doublet at §8.7 is for the H-6 proton.

- e H H -
H .
H 1.
N o
S04 H >
*,
H H &
297¢
The 4-substituted analogues were similarly prepared by
starting with 4-mercapto-N-oxides which were obtained from
4-chloropyridine-N-oxides with potassium hydrogen sulphide,
KSH. Chlorine oxidation of the mercapto smoothly gave the
sulphonyl chloride in good yields. The sulphonyl chloride was
not isolated but immediately condensed with the appropriate
amine to form the corresponding sulphonamide-N-oxide. !

The N-oxide was eliminated reductively with hydrogen
gas in the presence of Raney nickel in methanol giving
4-(piperidinosulphonyl) pyridine, 4-(pyrrolidinosﬁlphonyl)pyridine
and 4-(morpholinosulphonyl)pyridine respectively. .Each of the
sulphonamides‘ugﬁi;characterised spectroscopically.

The 'H-NMR of the 4-(piperidinosuiphonyl)pyridine showed a
6H multiplet at - §1.55 (type a), a 4H multiplet at

$3.00 is assigned to the methylene next to the pyrrolidine

nitrogen. The aromatic region showed two types of absorptions:

a 2H multiplet at § 7.55 for the H-3 and H-5 protons and another
2H multiplet at § 8.82 for the H-2 and H-6 protons.
The KBr-dispersion I[.R., spectrum showed absorptims at 3100,

3040, 2960, (-CH), 1575 (aromatic -C=C-), 1340, 1180 cm - (S05N%).
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- 126 - 7 -
(1 SH 50,01 |
KSH Q Cl 4
) L ()
N7 | | !\|H CaCO03 r?|+
I 0~ 0~

O RE VS vy 3" L CMIR H, °
: 2 3024q

4(pyrrolidinosﬁiphonyl)pyridine gave a 111-112°. Tt's
'"H-NMR showed a 4H multiplet at 0 1.8 for 'th'e;ﬁrotons of the
pyrrolidine ring. The equivaleﬁt H-3,-and H-5 absorbed as a
2H multiplet at 57.7 and the 2H multiﬁiet at §8.85 represented

Ty

H-2 and H-6 protons.
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The 'H-N.M.R. of 4-(morpholinosulphonyl)pyridine 302¢ showed

a 4H multiplet absorption at 03.0 for the two methylenes adjacent

to the oxygen atom, while another 4H multiplet at- 63.8 is fér the

two methylenes next to the nitrogen. The 2H multiplet of H—é and

H-6 absorbed at 87.7 and another 2H multiplet of H-2 and H-6

absorbed at §8.95.

HHH '
s S0 f |
H6 2N 3
( ) "H
" Hs MH
[} H2 ' . "

"302¢

Lithiation Reactions of the Pyridinesulphonamides

Hauser and Watanabe had in 1968 published the lithiation of
N-substituted benzenesulphonamides with n:Buli and the reaction of

the lithio species with benzophenone. Thg product was'subsequentiy

- cyclised to give a sultone. No previous work had been done on

pyridine sulphonamide metalation except those reported =by Queguiner- _

2163, 109

et in 1983 and 1987 in which lithiated pyridine ~ -

sulphonamide was coupled with benzophenohé.::Following‘the:same
method; the 2-(sulphonamido)pyridine and the 4-(sulphpnamido)pyridine

which were prepared earlier were sequentially lithiated with LDA.
. » . .
- -

The LDA was used instead of.n-BuLi or PhLi’because the latter two '~

. L - e

reagents-hadvpre;iously.been observed t0“undergOTnuéié@ﬁhiiiéladdition
to pyridine134. Also the reactions were¥Ca¥fiéd 6ﬁtr;t 16& 3 |
temperature (-78°) because the 1lithio pyridines ér§ Kﬁdwﬁ»fb‘be

unstable at higher temperatures unlike lithio-benzenes that are stable‘

wp to 25°.
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Two equivalent of LDA was necessary for these pyridine

lithiations as the first equivalent normally formed a chelate with

the nitrogen of the pyridine sulphonamide and the second equivalent

achieved the lithiation. The LDA was generated in situ.with the

addition of n-Buli in hexane toc a solution of redistilled

diisopropylamine in diethyl ether at -70° and stirring for lh at

-~30°,

Benzophenone as electrophile on 3-1ithiopyridiﬁé—2—5ulphonamide

The pyridinesulphonamide in THF was added at -78°C to LDA

solution and stirred for 3h at that temperature to generate the

lithio species. Benzophenone dissolved in THF was added.

Standard work-up precipitated a solid which was recrystallised as

appropriate.

297 _ : o 0

|

QD 4 | QLAD -

[j/i:I:;ljfﬁHg

O OL!
:
O 7 Wﬁj
d
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a n =5, x = ~CH2-
b = 4, x = -CHZ-
c = 4,x = -0-
Scheme 14

For the piperidine analdgues 298a. The solid obtained was

" recrystallised to give white needles m.p. 182-183° in 90% yield.

1, LDA

5 Ph,CO
3, H30

The 'H-NMR of the needles showed a 6H multiplet at 51.60
(type a), a 4H multiplet at § 3.0, (-CHZ-N< }. A sharp 1IH
singlet (collapsable on deuteration) at 66.6,represented the

-0H. The aromatic region was not quite resolved. A twelve proton
multiplet at 7.4 was indicative of the prbton of the dipheﬁyl
system, H-4 and H-5 protons, while a 1H multiplet at §8.5
represented H-6. &

The KBr dispersion I.R. spectruﬁ showed absorption at 3400,
(CH bfoad] 1600, 1570 (pyridine ring —C=C-}‘1375, 1160 cm_1 (SOiN).

Satisfactory microanalysis data further confirmed the

structure to be the expected diphenyl(2-(piperidinosulphonyl)-3-

pyridyl)methanol.
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For the pyrrolidine aﬁalogues, similar procedures as above
gave an off white solid which was recrystallised to give white-

plates m.p. 163-164° in 70% yield.

1 LDA

297b N
2 Phgo 7 Xo)
3 H30

'H-N.M.R. spectroscopic analysis of therplates gave 4H
multiplet at §1.90. A 4H multiplet at 53.ilrepresented the
—CHiN of the pyrrolidine while a 1H singlet (exchangeable
with DZO] for the -0H absorbed at 56.8. The aromatic region
also did not resolve but showed a 12H multiplet at & 7.4 for
the two phenyl rings and H-4, H-5. The proton at H-6 appeared
as a 1H singlet at §8.5.

The microanalysis of the plates was satisfactory and
confirmed the structure as diphenyl[2-(pyrrolidinosulphonyl)-3-
pyridyl]methanol,

The morpholine analogues were obtained using similar
procedures as above. The crude off-white sclid was recrystallised
to give off white needles m.p. 159-160°C in 69% yield.

The 'H-N.M.R, spectrum showed a 4H multiplet at § 3.40
(CHZ-D) and another 4H multiplet at 63.65 for the methylene
adjacent to the nitrogen. A 1H singlet (collapsable on deuteration)
at §6.5 represented the -OH, The aromatic region showed the two
phenyl grou?sas a 12H multiplet along with H-4 and H-5, The 1H

multiplet of H-6 absorbed at‘58.5.
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Elemental analysis further confirmed the expected product as

diphenyl [4-(morpholinosulphonyl) -3-pyridyl] methanol.

e —_ e . -

Ph Ph

5 298¢

Benzophenone as .electrophile on 3-lithiopyridine-4-sulphonamides

All three diphenyl substituted products were obtained in a

similar manner as above for the 2-pyridinesulphonamides.

f""

L

0 <i::> 1, LDA SOT‘{i:;>
’P ZCO

_EQZE. ]~, Ph 3030

I

With the piperidine analogues however, the crude products
obtained from the metalation in this case were first purified by
steam d.is"é'illat‘ion to eliminate the excess benzd’phenone. The
product left was then recrystallised in diethyl ether to give a
white solid 805 m.p. 135-136°C. The 'H-NMR showed a 6H multiplet
for the methylene (type 'a) at §1.60 and a 4H multiplet at 53.1

(CHZ-N). A 1H singlet (collapsable on deuteration) at b6.6

&

represented the -OH. The aromatic region showed a 10H multiplet
at §7.3 for the diphenyl system while a 1H doublet at § 7.7 was
assigned to H-5. A 1H singlet at {8.2 was assigned to H-2, while

the 1H doublet for the H-6 absorbed at §8.7.

&
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Microanalytical data were satiéfaétory. These confirmed the
compound obféained as diphenyl (4- (pi}:)eridinosu],phonle'-I's-];:nyridyl)~
methanol. ‘
With the pyrrolidine anaiogues, the crude product obtained
from the metalation was purified by flash chromatography giving beige

needles in 65% yield m.p. 126-127°C.

2 =
S0z SOr~N
: . N
(1) LDA
O o O oo
(2) Ph,CO N 0
N (3) H*g P
302b 3. 303 ‘Ph
The 1H-N,M.R. of the needles showed a 4H-multiplet for the
methylene of the pyrrolidine (type a) at b1.8 and- apother at:
63.1 for the methylene (-CHENJ. The hydroxy group lH singlet
S AT : ) '
'Eﬁ}' absorbed at 5 6.6, (exchangeable with DZO) . The 10H aromatic multiplet

at §7.3 is assigned to the two phényl groups while the 1H doublet of
H-5 absorbed at §7.8. A singlet at 58.15 is assigned to H-2 while
the IH doublet of H{6;absorbed at §8.65. Elemental analysis
corroborated the"rs:t‘ructure as diphenyl([4-(pyrrolidinosulphonyl)-3-

pyridyl}methanol.

With the morpholino analogue, the crude product obtained was

recrystallised to give white plates m.p. 158-159° in 78%.

“ SoNT ) L 'n A o~ Y
NO \\/ | OHK/

PhZCO
HSO . Ph Ph
- 302C 303C
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The HH-N.M.R. spectrum of the product showed a 4H multiplet
of the methylene (-CHZ—O) at 3.0 and anéther 4H.mu1tiplet.for
methylene (CHz-N) showed up at H3.6. A i singlet at 56.35 is
as;signed to the -UH(exchangeable with D20)° The diphenyl rings
absorbed as a 10H multiplet at §7.3, while the 1H doublet at

§7.65 is for H-5, A IH singlet at {§8.20 represented H-2 while
a doublet at §8.70 is for H-6.

Table 3 shows a summary of the reactions of the lithiopyridines

with various electrophiles.



2Ty Table 3:
Entry
1
i
b
W
?
3
r\"“\

i

o

Substrate

297

297¢

*302q

- 134 -

Product

298¢

@j@

PhH Ph
303a

e
OH

Ph Ph
303b,

Ph Ph
303¢

Jos

9

o

738

182-183°

163164

159-160°

135-134°

126-127°

158~15 9"
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With all these precursors synthesised, efforts werethen

directed to the cyclisation of the sulphonamide alcohols to obtain

sultones. Several attempts failed. The attempts commenced
with the use of sulphuric acid at room temperature to promote:an
initial cleavage of the 'SO§N< and theh achieve heterocyclisétion

by heating, as reported for the benzene seriesl-o7

SO02NMe;  conc

H250, 2 —30:
OH A : 0
Py Ph Py "Ph
364 365

Work-up in this case however gave a watersoluble product
which was not the desired sultone. 'The reaction was not pursued.
Oxygen-free thérﬁal cyclisation on a woodmetal bath at 200°
was then attempted. Initial effort at 190° for 6h gave an incomplete
cleavage of the sulphonamidé. The reaction was monitored by
'H-NMR analysis éf the product. The reaction time was changed to

20h at 210° to effect a complete cleavage.

Ph Ph - . Ph Ph
/NO ’D HS O,
293 | .
, H
210 ‘
20h, water soluble
Ph .
Olgs
o500 Incomplete cleavage
299



' T —cht
SOLVENT cJ>I5

2— - g9



B
!

Lo -
Ceemd _nm m {
N + 2 o
- - o !
| g g L
A o n W 1 | Feoe mrE
P2 2 R
el g _
| o &1 &
R
BE
by
iS¢
=i & >
Pl _
. L § -
fo JO8
i HTER S -
(2 iz e
PE el g
E} ST
i Lo
; §
I !
[t
T
.
- I C s
R I
i A
r R=r
. ;
: -
_ La—
A2 @ e
- n _.‘.h.-. _ i
. L) £ —
K . u.\lr\,
LA o .u..\
Cor ™ _:.,l
L ' -
- !
T
L 1
|-
LB
P
. N
. il
._ :
i
__ L
—_ i
3! .
— L
-
P
- -

T
il

ZLL PATH.

o}

G
c




- 136 -

A1l three diphenyl[2-(sulphonamido)-3-pyridyl) methanol
precursors (208a, b, ¢) gave the same product from the thermal
cyclisation attempt.

Evidence for the structure of the new compound can be
obtained from a study of N.M.R. spectrun which showed loss of
the aliphatic region of the sulphonamide. The N.M.R. also
showed a 12H multiplet of the diphenyl system at 57.3 along
with H-4 and M-5. A 1H doublet at (8.4 for the H-6,m.p.
ggg 141-143°, The XBr dispersion I.R. spectrum showed the loss of
the -0H absorption and absorptions at 3000, 2940 and 2880 for

CH absorptions, 1580 (-C=C-) aromatics, 1450, 1350 and 1170 em *

for (SO.-0). These data confirm the structure of the compound as
oxathiip§”f;(l,2)(5,4—b)pyridine. _ Co
The same thermal cyclisation was carried out on the

4-substituted carbinols {303a,b,c). They all gave similar

products as above.
& SO7 N 50, 0
OH 72 L Ph

‘ ' H
P 210°// 200 o ,f:lzii::> .
Ph O g
N
v ,

P
He Hy
0

303 304

oY

* The 'H-NMR spectrum of this oxathiiﬁgz;(i,zj(4,5-c)pyridine
showed a 11H multiplet represepting the diphenyl rings along with
H-5 at$7.0 while a 1H doublet of H-6 came up at O 8.4. The 1H
0 singlet of H-2 absorbed at (8.65.
The KBr dispersion spectrum showed the loss of the hydroxyl
group while the -CH absorption was at 2900, 1600*for -C=C-

aromatic 1340 and 1160 en absorption is for 502-0, m.p. 80-81°.
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Metalation of Secondary Pyridinesulphonamides
In earlier work in . literature, Marsais et. 21107

reported oﬁﬁy on the use of éértiary sulphon;mide as a directlné
group in metalation of pyridines, It was of interest therefore

to investigate the utility of secondary sulphonamides as

directing groups iﬁ the metalation of pyridines. The scheme

below was therefore delineated starting from commercially available

3-pyridine sulphonic acid.

S0,C!
S O;H 2l so2
Qe Y
. N
305 306 LDA

Ph

SON—+- Ph.CO o SOZN—+—
YRS
N H30 N
308

The solid 3-pyridinesulphonyl chloride obtained was either
isolated under special conditions (as it was extremely sensitive
to air) or it was immediately converted to the sulphonamide.

Three molar equivalents of the t-butylamine was smoothly
reacted with pyridine-3-sulphonyl chloride at 0° to give a yellow
sqlid which showed in it's IH-NMR spectrum a 9H singlet at 1.2
assigned to the t-butyl group; a 1H broad absorption at §5.9
represented the NH; The 1H doublet of doublet at 0 7.4 represented
H-5 while a 1H doublet at {§8.2 was assigned to H-4, The 1H
doublet of a doublet at (8.8 was for H-6 ana the 1H singlet at

H 9.1 represented H-2,
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The elemental analysis of the N-t-butylpyridine -
—3—su1phonaﬁide, obtained was satisfactory.

Treatment of the sulphonamide in. THF with LDA (3 equivalents)

at -78° followed by quenching with benzophenone as. electrophile

gave on work-up a crude producf. This was purified by flash
chromatography to give a white solid m.p. 180-182°¢C (85%). The
'H-N;M.R.-of the compound showed a 9H singlet at §1.2 for the
t-butyl group. A 1H signal (exchangeable with 020) represented
the -NH absorption. 'The hydroxyl proton absorbed as a singlet at

06.5. The.aromatic 1H doublet of H-5 absorbed at §6.80 while
the 10H multiplet of the. diphenyl rings absorbed at §67.30. The
1H doublet of H-6 absorbed at §8.6 while a singlet at $9.4 was
assigned to H-2

The KBr dispersion I.R. showed absorptions at. 3360 (-0H),

3290 (-NH), 2980, 2870 (-CH}, 1580 (aromatic -C=C-), 1340, 1160

— (SO5N) .
o ™ OH -
H
: Ph H
SO;N+- N
@j/ PA SO
? Phgo 7 O
N S K He N7 ™H,
306 308

.

These data therefore seem . to confirm the structure of the

new compound -as diphenyl[3-(N-t-butylsulphonyl}4-p&ridy1)methanol.
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' When carbon djoxide was used as electrophile, a white solid

was obtained,m.p. 207-208°C.(80%).
The 'HENMR‘IDMSO-dﬁ).of.;he solid showedj; 9H singlet for )
t-butyl groﬁ% at 01.1. The 1H signal of the NH absorbed at
§6.6, while the -OH of the acid was at.§7.4. The 1H doublet of
the H-5 showed up.at. §7.6, while 1lH.doublet of H-6 absorbed at
§8.8. The H-2 absorbed as a singlet at 09.1.
The I.R. épectrum.had strong absorptions at 3300 (-NH);

3190, (OH), 1750 (COOH), 1580 .(aromatics) 1350, 1170 cm"-1 (SOQN).

SO,N-- (1) LDA - SO, N——
OO
N S N
306 ? H30 221

Attempts were made to put the products obtained from‘the
metalations above:intp synthetic use., For example, tosylating
the diphenyl [3-(N-t-butylsulphonyl}-4-pyridyl] methanol obtainéd
should provide a good. leaving group for heterocyclisation to be

smooth (See Scheme).

S - Ph
h .
P SO,N—- Tsel. SOzN"%”_
—
Pyridine N
308 309
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Ph
P 0
. SO,
309 NaQH . O
N
310

)

However, attempted tosylation reaction . failed. This may
be due to the fact that tertiary hydroxy - compounds are not
easily esterifiedlss, because. of facile decomposition as .s00n

as they are formed even at roam.temperature.

Ph

| 0Ts
Ph " H
Tscl . SOzN—!'_‘
308 % > O
Pyridine N
309

The pyridine-4-carboxylie acid product was also subjecfed
to cyclisation attempts to obtain a sultam in accordance with

Lombardino's earlier work107. (See Scheme).



- -
¥ - HO ;-/o" H K iy
i ) SOzN—1‘-
' TsOH
PPA
£
&
0 N}ﬁ - 0 N__+___
S0, \ 50,

. ... - Scheme 15

Lombardinoloﬁ had reported the use of polyphosphoric acid
(PPA) in obtaini&g,cyclocondensation of substituted -2-(N-t-
butylsulphonamidopbenzoic 'acids to give sultams. The reaction
is accompanied wi%h the elimination of the t-butyl substituents

b

of the sulphonamide.

f

o
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The mass spgctfum of the product showed the molecular ion _
as expected at m4%3240. But a good NMR spectrum could not be
obtained due to insolubility problems.

The reactions were therefore not further pursued,

I
%



CHAPTER 3

- EXPERIMENTAL

Geﬁeral Data:

The 'H-N.M.R. spectra were .determined using Varian

EM360L or Bruker 400 MHz spectrometers and were recordgghzn

ppn downfield of the internal standard of TMS in_CDClggbr ;&Eg
' in DMSO-dG. I.R. spectfa were recorded on a Beckman IR 4250

spectrometer (film for liquids, kBr dispersion fo? solids).

Elemental analysis were performed on a Carlo Erba 1106

instrument. Mass 3pectré were recorded at I ,N.S.A, Rouen France.

Melting points were obtained on a Kofler hot plate apparatus, and

are uncorrected. ﬁHF was freshly distilled from sodium-

benzophenone ketyl before use and the water content of the

36

solvent was estimated by a modified Karl-Fisher method1 to be

<:45 ppm. Metalations were performed under a dry deoxygenated

argon atmosphere. The n-butyllithium (BuLi) content of the
~ commercial hexane solution was estimated by the Gilman double

titration method. *

——- . ~

* M.R. Winkle, J.M. Lansinger, R.C. Ronald

Chem. Comm 1980, 87
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1. Preparation of N-t-butylbenzenesulphonamide (269)

7 A stjrrea.solution of ‘N-t-butylamine {0.45 moley32.9g)
in dry chiloroform, (75m.); at 0° was slowly added to a
solution of benzenesulphonyl.chleride (0.015 mole, 26.5g) in
chloroform (100mL)}. Afte}'the addition, the éoolingﬁ;;;LEas
removed, the suspension.wasistfrred at room temperature for

waee lh. ‘he suspension cooled, washed successively with 3N

HC1 {200ml). and tﬁice with water. The:chloroformif}solution
was dried with MgSO4-and evapdrated; giving 29.09g,(94%) of
analytically pure product,m.p. 78-80° (1it . m.p. 73}800)
'H-NMR  m(CDCL ) 6 1.2 (9H,s); 5.0, (1H,br,s); 7.5 (3H,m)

7.9 (2H,dd).

2. Preparation of (piperidinosulphonyl)benzene) (274)

. A Benzenesulphonyl chloride. (0.057 mole, 10g) was slowly
added at room temperature to a solution of piperidine (0.0114
mole, 9.7g) in dry toluene (SOﬁL). The mixture was.stirred for
3h and washed.with water (3 x 50mL). Drying over MgSO4,
evaporation of the solvent and.crystalliéation of the residue
from Et20 afforded (piperidinosulphonyl)benzene in 80%,m.p.
90-91°C. (1it . 91°C).

'H-NMR (CDC1,) 6 1.4(6H,m); 2.9(4H,m).;7.5(5H,m).
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General Metalation Procedure

Metalation of .Secondary Sulphonamides

To a stirred solution of the sulphohamide (0.0125 mole)

in dry THF (30mL) under argon at Oo)was.added n-Bubi (2.2

mole equivalent) and stirred at room temperature for 2h. At
the end of 2h., the reaction .was brought to 0° and the
epoxide (1.1 equivalent) dissolved in THF (30mL) wasradded
before allowing it to warm.to room temperature for 24h.

At the.end of the reaction time, water was added before

acidification with 5% HC1l. The organic layer was separated

and the aqueous layer was extracted twice with dichloro-
methane. The COmbined;QrganicAextract was washed once with

brine and dried over anhydrous 'MgSO Solvents- were then

4-
stripped off in vacuo to give the crude product.

! h

Metalation of Tertiary;Sulphonamides‘ - - -

To a stirred solution of the tertiary. sulphonamide
(0.0125 mole) in dry THF under aﬁgxm(aﬁmJ'at 0°, was added n-Buli
(1.1 equivalen;) and stirred for 10 minutes and after which it
was stirred at room temperature for 2h. The reaction mixturds

temperature was brought to 0 The epoxide (1.1 mole) dlssolved

i e pllprL L R

o Faghyu s Pt .

=5
in. THF (30nL), was added, stirred agvyoom temperature for 24h and

AT S — — SR T SN e e
the work-up 1s*same as‘fer secondary sulphonamldes. '

¥
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1{2—N-t-butylbenzenesulphonamido)hutan-z;ol (313

Using 1,2-epoxybutane as an electrophile, the crade

0il obtained was purified by flash chromatography with ether:
hexane 1:1 giving a colourless oil. that gave.a white solid on
standingm.p. 110-112°% in 40% yield.

'H-NMR: 6 1.1 (3H,t);1.3(9H,s); 1.6(2H,q); 2.8 (1H,br OH,

. _ - ¥
exchangeable with D20);.3.2(2H,m); 3.9(1H, m = CHOH }; -

7.5(3H,m ATH); 8.15 (1H,d,ArH). 1I. R (film) Vmax 3490

(br,0H), 3280 (NH) 2970, 2930, 1600, 1480, 1320, 1150, 980,

870 cm-l.

i

Anal. Calcd. for qld H23N035 m* 285, c, 58.94; H, 8.07,

N, 4.91; Found:C, 58.64,, H,8.42; N 4 84.%

T g

}(Z-N-t-butylbenzenesulphonamido)hexan-Z«ol -(314) -

Using 1 2-epoxyhexane as electfophile the crude oil
obtained was purified by flash chromatography with - ether
hexane, 1:1, glf;hg*adcolurless V1scous 011(41 ) S
- (DMSO-d, ) O o.85(3H,t); 1.2(9H,§);' 1:35(2H;m); 1.6

(2H,m); 2.5(1H,br,OH, exchangeable with D,0); 3.1(1H,dd); 3.25

(1H,m); 3.9(1H,m); 5.1(1H,br, exchangeable with 520);‘7.4'T -

(34,m); 8.0 (1H,d).

_I.R. (film) V__ 3480, 3280, 2960, 2930, 1600, 1480, 1330,

1160, 990, 760. ‘.Cm-l WL e e e

i R - . -
"~ : .. . - nF

et SR L P T LR =t ot L

Anal. Caled. for C, H. NO.S, M', 313, C,61.34; H,8.62;:N,4.47; -

16 27 37 . |
Found ¢, 61.08; H, 8.91, N, 4.77.% IR *
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1-(2-N-t-butylbenzenesulphonamido) - 3-phenoxypropan-2-0l (315)

Using'kt)1L2-epo;y—s-phepoxypropane,as electrophile, the
crude oil optained was purified by flash chromatography in
diethyi_eth;r: cyclohexane 1:1.gave white needles,m,p: 10471060,
(35%. *H-MMR: 01.3 (9H,s); 3.1(I1H,br, OH,exchangeable with D,0);
3.4 (2H,dd); 4.1(2H,d); 4.3(1H,m), 5.2(1H, br, for NH,exchangeable
with D,0); 7.0~ 7.6 (8H, m}; 8.0 (1H, dd).

I.R. (KBr), 3500(br, OH); 3280, 2960, 1600, 1470, 1330, 1150, 940,
860 cnl.
Anal. Calcd. for ng NO,S:, C, 62.98; H, 6.62; N, 386; Found

24"
C, 62.78; H, 6.36; N, 3.68.%

2-(2-N-t-butylbenzenesulphonamido) ~-1-phenyl ethanol (316)

Using styrene oxide.as.electrophilé, the crude yellow oil
obtained was purified by flash chromatography with diethyl ether:
cyclohexane 1:1 giving a colourless oil in 30% yield.

#H-N.M.R. (CDCL,): 01.2 (M, s); 2.0 (1H, OH,
exchangeable with D0); 3.3 (1H, d); 3.5 (14, d); 4.9 (1H, m,
base proton); 5.1 (1H, br, NH, exchangeable with DZOJ; 7.3 (8H,m)-
8;0 (1d, ad). |

I.R. (film) Vmax 3480, (br,0H); 3280 (NH); 2980, 1605, 1450
1320, 1150, 990, 366, 760 cm L.

Anél. Calcd. for C.H,..NO.S: M', 333; C, 64.86; H, 4.20;

187233
N, 6.90; Found; C, 64.87; H, 4.47;, N, 7.10;%,
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2-[Z-N-t-bugylﬁenzenesulphonamido)Cyclohexanol (317)

Using tyclohexaﬁe oxide as an electrophile, the crude ™~
yellow pil obtained was purified by flash chromatography
with diethyl ether: cyclohexane, 2:1 gave a colourless oil
in 25% yield. .

'H-N.M.R. (CDC1 $1.25 (9H,s), 1.4-1.8(8H, m);

3
3.2(1H,S, exchangeable with DZO); 3.6 (2H, m two base protons)
5.2(1H, NH,exchangeable with D,0), 7.5 (3H,m,AtH), 8.0
(1H,dd}. I.R, (fiim): vmax 3480, (br, OH); 3280, 3000,

1

2980, 2960, 1600, 1470, 1340, 1170, 990, 860 cm .

Attempted Synthesis of 2-(2-N-t-butylbenzenesulphonamido)
norbonanol (318A)

Using 2,3-epoxylnorbonane as an electrophile. The érude
0il obtained on subject to reduced pressure, gave the starting
sulphonamide. and. norbonanol. '318,m.p.  115-117°C.
characterised as follows:

"H-NMR (€DC1.) : 61.2 (7H, M);; 1.8(2H, m); 2.4(1H,s,0H,
exchangeable with D,0); 3.9(1H,S). '

Anal. Caled. for Cy7H 0.0x1/4H,05. C, 73.04; H, 9.6;

Found C, 72.91, H, 9.5.%

Attempted Synthesis of 1-(2-N-t-butylbenzenesulphonamido)
-3-phthalimide propan-2-o0l (319)

Using N—(2,3-epoxypropyl]phtha1imide as an electrophile,
the crude brown solid obtained was. separated with ethyl acetate/

ether but the above named. compound was not obtained.



/]
P

Y

e

1

ool
.

- e

L

i

12.

13,

14,

- 150 -

Attempted Synthesis of 3-(2-N-t-butylbenzenesulphonamido)
butan-2-ol (320)

Using trans 2,3-epoxybutane as an electrophile the crude
0il was separated by flash . chromatography with ether: hexane
1.1, the column product was the starting material and the

expected product. was not obtained.

1-(2-N-t-buty%benzenesulphonamido)-2-ch10robutane (329)

Redistiiled thionyl chloride. (5ml) was added to (1-2-N-t-
butylbenzenesuiphonamido)butan—Z-ol (0.73) in a round.bottqm
flask, equipped with a condenser and a CaCl2 guard. tube and
refluxed for 3h,after which the excesé thionyl chloride was
distilled otf. The residue was dissolved in chloroform and
washed several times with water;dried,and.evaporated to give
an oil. Yield 0.7g, 91%.

'H-NMR (CDCls); bo0.8 (3H,ﬁﬂ; 1.2(9H, s); 1.8(2H,ﬁi)
3.6(2H, t); 4.2(1H,m); 4.9(14, NH); 7.4(3H,m), 8.0(1H, d)

I.R. (Film).Vmax 3280 . (NH), 2960, 2940, 2880, 1600, 1470,

1320, 1150, 1000, 920, 760.

1-(2-N-t-butylbenzenesulphonamido) ~-2-chlorohexane (330)

Using 1-(Z;N-t-butylbenzenesulphonamido)hexane-Z—ol.as the
substrate , the above .compound was obtained as oil in 83%.

*H-NMR: CDC1, O 1.0 (38, m); 1.4(9H, s); 1.8(2H, m);
3.5(24, t); 4.6 (1H, base proton); 5.25 (1H, NH) 7.4 (3H, m,

ATH), 8.0 (1H, d).
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1-(2-N-t-butylbenzenesulphonamido)but-2-ene (332a)

SodiumAhydride(SO% in mineral oil)(O.Sg) was washed in
n-hexane (to .remove the o0il)} and suspended..in dry THF.
1—(Z-N—t-butylbenzenesulphonamido)2-chlorobutané (0.5g) was
dissolved in THF, then added to the sodium hydride suspension
and refluxed gentiy overnight. After cooling,water was added
dropwise to decompose excess:hydride. The solvent was
removed.and the residue. taken up in methylepe chloride, washed
with water, dried.aﬁd the solvent stripped off in vacuo
leaving a brown solid which was recrystallised in cyclohexane
to give yellow. flakes,m.p. 121%%220{62%).

'H—N.M.R.I(CDCIS): 6 1.2 (s, t, 12H); 2.4(2H, m);

4.8 (1H, NH); 6.3 (jH, m, vinylic.proton; 7.2(1H, m vinylic
proton) 7.6(3H, m); 8.1(13, dd).

Anal. Calcd. for CI4H21NOZS; C, 62,92; H, 7.86; N,

5.8; Fownd: C, 62.75; H, 7.92, N, 5.15.%

1{2-N-t-butylbenzenesulphonamido) hex-2-ene (ééé]

Using. I1-(2-N-t-butylbenzenesulphonamido) -2-chlorchexane

(0.5g), on work-up as.above, gave on recrystallisation a pale

yellow solid m.p. 100-1° (56%).
'H-N.M.R. (CDC1,): 5 0.8 (34, m); 1.3 (134, m); 2.3
(2H, m); 4.7(1H, NH}; 6.2 (1H, m, vinylic proton); 7.1 (1H, m

vinylic proton); 7.4(3H, m); 8.0(1H.d).

F
z
.
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Ortho-Toluenesulphonyl chloride (278a)

Chlorosulphonic. acid (1003) in a 3-necked round bottonm
flask, equipped with,p:essure equalising dropping funnel, a
thermoﬁeter and‘magnetic.sfirrer was copled to -10% with
ice-salt mixture. Dry toluene (25g, 28.75mL) was added
through the dropping funnel dropwise at such a rate that
the temperature of the well.stirred.mixturg_does.not rise
above 50, when all. the toluene -had. been added, the reaction
mixture was stirred. for. 4h and.allowed to stand in the
freezing mixture overnight.

The mixture was. poured into.ice (250g) and the ortho
and_Bizg-toluenesulphonyl.chloride“separated as oilly layer
and it was washed with coldlwater. The orthe and the
paratoluenesulphonyl. chloride was separated. from each other by
coeling the oil. at -10° to -20°% far,several hours. The
paratoluenesulphonyl. chloride.was removed by filteration at
the pump.. The filterate was dissolved in carbon tetrachloride,
removing the. solvent. and.fractionating the oil at reduced

pressure,b.p. 126°/10nm-yield 23.5g.

N-t-butyl-2-methylbenzenesulphonamide (279)

Solution of N-t-butylamine (0.37 mole, 27.0g) in dry
chloroform (100mL) at 0° was slowly added to a stirred
solution of o-toluenesulphonyl chloride. (0.123 mole, 23.5g)
in chloroform. (60mL) . Afterlthe addition, the cooling was
removed, fhe‘suspension was stirred at room temperature for ‘1h.

The suspension was.cooled, washed successively with 3N HE1
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(100mL) and twice with water. The chloroform’¥ solution was

dried with MgSO and evaporated y yielding 23.6g, 95%.

4
Recrystallisation was done in ethanol giving white needles m.p.

127-129°.
'H-N.M.R.: CDCL,, §1.2 (9H, s); 2.7 (3, s); 5.3

(1H, NH, exchangeable with DZO); 7.3 (3H, m); 7.9 (1H, d).

19, Metalation of N-t-butyl-2-methylbenzenesulphonamide

A solution of N-t-butyl-Z-methylbenzenesulphonamide
(0.020 mole) in THF (70mL},under argon was cooled to 0° and
n-Buli (1.6M in n-hexane) (30mL,0.046 molg) was added in 4-5
minutes. After stirring for 30 miﬁutes at 00, the clear deep
red solution contain 0.020 mole of the dilithio specie
was used at 0°,

20, 2-(2-N-t-butylbenzenesulphonamido)-1,, 1-diphenyl-
ethanol  (282)

Benzophenone.(0,013.m;'2.37gJ in . 15mL of THF was added with
stirring du.rirlg 3 minutes to the lithio specie (0.01 mole) .
obtained above and. stirred.for 1h at 09, yielding. on standard work-
up an 0illy compound. Recrystallisation.bf the oii in methanol
and flash chromatography in ether: cyclohexane 2:3 gave 3.0g;
(75%)m.p. 160-162°C,
} TH-NMR (CDCIS) O 1.2 (94, s); 3.1(1H, OH,exchangeable
’ ‘ with D20); 4.1(2H s); 5.3(1H, NH,exchangeable with D20);.6.5
», (14, ArH, H-3); 7.3(12H, m) . 7.9(1H, dd).
” Anal. Caled. for C24H27N038: C, 70.4; H, 6.6} N, 3.4;

- Found: &, 70.1; H, 6.72; N, 3.38.% -~ . s

L EEY
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Reaction of 2-(2-N-t-butylbenzenesulphonamido)-1,1-
diphenylethenal with 33% HCl

Hydrochloric acid(SS%)(40mL) was added to the carbinol
(282) and heated under refliux to 130° for 48h. The Teaction
mixture was cooled in ice, the acid solution.was decounted,
and the solid obtained was washed several times with water.

The solid was dissolved in dichloromethane and washed
with 5% hydrochloric acid and water several times, dried

over MgSO, , the solvent was removed in vacuo to give white

4]
solid, The product gave two spots in t.l.c. and was
separated. in ether: cyclohexane 1:1. It gave the two products

described below.

Product A (334) (2-Butyl®-3, 3-diphenyl (1,2)benzothiadiazine)

n.p. 68-70°, (48%) 'H-N.M.R., (cpC1,); 6 1.4 (9H, §); 4.7
(2H, s); 7.3(13H, m); 8.0(1H, .m).

Anal. Caled. for C., H, NO.S: C, 73.60, H, 6.39; N, 3.50;

2425 2
Found: C, 73.79; H, 6.18; N, 3.42.%
Mass spectrum "/, 391, (10%), 335(50%), 270 (32%) 253, 167

(100%), 105 (32%), 57 (67%).

Product B (335) 3, 3-Diphenyl (l,2)benzothiadiazine

m.p. 80-81°,(52%)

'H-N.M.R.: (CDCL,): 5§ 3.9 (24, s); 5.1(1H, NH); 7.2 (13H, m);
7.9 (1H, m). |

Anal. Calcd. for C20H17NQ25: C, 71.64; H, 5.07; N, 4.12;
Found: C, 71.72; H, 5.54; N, 3.86.% “

Mass spectrum: m/; 335 (85%); 270(52%) 154(100%j, 165(25%)

e,

77, (40%)" S .
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Using 50% hydrochloric acid (40mL) on the carbinol

(282) abové instead of 33% HC1. and refluxed at 180° for
48h gave mainly product B on work-up,m.p. 80-81°(75%).

Attempted synthesis of sultone through cyclisation
of intermediate product. THF method

A solution of N-t-butyl-2-methylbenzenesulphonamide
(0.020 mole) in THF (70mL) under argon was cooled to 0° and
n-BulLi (SOmL; 6.046 mole) was. added in 4-5 minutes. After
stirring fdr‘SO minﬁtes at 00, benzophencne (0.022 mole)
in THF (20mL) was added during 3 minutes and stirred for
1h at 0°,

At the end of ih,.the set-up was changed to refluxiné
uider argon for 13h before quenching with water. Standard
work-up gave on purification with ether: hexane 1:1,a white
solid.. The speptroscopié analysis of this compound was

essentially that of the product of experiment 20.

Attempted synthesis of a sultone through cyclisation

of intermediate product - diglyme method

The above reaction was. repeated but using diglyme

instead of THF (so that the reflux temperature was up to 1800).

Standard work-up gave the. same product as above.

1{2-N-t -butylbenzenesulphonamido)pentan-3-o0l (338}

Using 1,2-epoxybutane on the dilithiospecie obtained in

experiment 19 above and .on standard work-up. gave a pale

yellow oil which‘was.purified‘by flash chromatography with

ether: cyclohexane 2:1 gave a.colourless 6il in 45% yield,

\

Yo
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'"H-N.M.R.: (CDC1) §1.0 (5H, m); 1.3(9H,s); 1.8
(2H, m); 3.1 (1H, OH,exchangeable with 020); 3.3(2H, m};
3.6(14H, m) 6.0(1H, s, NH,exchangeaﬁle with 020);
7.35(3H, m, ArH); 8.05 (1H, dd, AtH).
I.R.: Vpay 350U, (br,OH); 3280, 2970, 2930, 1600, 1570,
1465, 1320, 1150, 980, 870, 760 enL,

Anal. Calcd. forCL§125NOSS: C, 60.2; H, 8.36;
N, 4.68;

Found: C, 60.0; H, 8.26; N, 4.51.%

26, 1_(Z-N-t-butylbenZenesulphonamido]737ch10ropentane (339)
Using ‘1-(2-N-t-butylsulphonamido)pentan-3-ol 338
‘as a substrate in experiment 13, gave the.above named
compound as an oil in 79% yield.
~ TH-N.M.R.: (CDC13)61.0(SH, t); 1.2(9H, s);*l.6(2H, m)
2.0(2d4, m); 3.1(2H, m); 4.7(1H, NH); 6.5(1H; base proton);

7.3 (34, m); 8.0CIH, d).

27. 1-(2-N-t-Butylbenzenesulphonamido)pentene  (340)

Using i-(Z-N—t-butylbenzenesulphonamido)-3—

chloropentane as substrate in experiment 15, on work-up and

recrystallisation gave a pale yellow solid m.p.-111-112°% in 50%

yield.

28, Lithium benzenesulphonate  (284)

Benzenesuiphonic acid (15.8g, 0.10 mole) was dissolved
in water (15mL). Lithium hydroxide (4.23, 0.10 mole) in
water (20mL). was added”to the acid,s'bluti'on and the water

was stripped off in vacuo.

o
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The crude lithium benzenesulphonate was recrystallised
by dissolving it in minimum volume of ethanol and toluene was
added to precipitate it. The white solid obtained was filtered

off and dried in an oven for 3h yielding 13.8g, 97%

Attempted metalation of lithium benzenesulphonate

and coupling with styrene oxide:

Lithium benzenesulphonate (5.0g, 0.03 mol) was added to
n-Ruli in n-hexane (21.5mL, 1.60 M, 0.033 mol), cooled to 0°
and the mixture stirred for 30 minutes.

Styrene'oxide (0.033 mol, 3.96g) in THF (40 mlL) was added
at 0° and stirred for 24h at room temperature. The reaction
was quenched with 15% HCl and the organic phase was éeparated.
The aqueous phase washed with dichloromethane twice and the
aqueous phase was evaporated in vacuo. The organic phase was
washed with.brﬁne, dried over MgSOA and the solvent stripped
off in vacuo. Crude yield of organic phase was 4.0g.

Purification by flash chromatograbhy with ether:
cyclohexane 1:4,.gave 4 spots out of which none gave the

desired product,

Attempted Metalafion of Lithium benzenesulphonate
and coupling ‘with cyclohexane oxide

THF (20 ml) was added to lithium benzenesulphonate
(5.0g, 0.03 mol) in a R.B.F. Under argon: n-BuLi (21.5 mL}

was ther added to 00 and stirred for .30 minutes. -
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Cyclohexene oxide (3.3g, 3.2ml, 0.033mol} in THF
(40 mL) was added at 0° and stirred for 24h at room
temperature. The reaction was quenched with 15% HC1 and
work-up as above. gave a crude product that underwent flash
chromatography with ether: cyclonexane 2:1,but did not give

the desired product.

L 31. Ethyl p-Toluene Sulphonate (292)

To absolute ethanol (50mL) in a 3 necked fiask was added
pure p-toluenesulphonyl chloride (50g), 25% sodium hydroxide solution
QSQmL)'wasfaddgd to‘thehmiXture.aropWise with stirring while keeping

the temperature <:20°C when all the sodium hydroxide solution
C oL -

- « 4.~ was added. The alkaline solution was left. stirring for 3h.
- Solid ethyl-toluene sulphonate seperated and washed

several times successively with water, 5% HCl1, 5% Na2C03 and

water. The resulting white solid was filtered at the pump and
ek i e e B S ' :

, ; . . E .
dried in vacuo. - The solid was stored in a des%Fator;. Yield

96% , - mip.  32°C.

"H-NMR (CDC1 ) 6 1.2(3H, t); 2.4(3H, s); 4.1(4H, q) L
7.3(2H, d J = 10Hz) 7.8 (2H, d, J = 10Hz).

32. Metalation of Ethyl p-toluenesulphonate and
Coupling with 1,2-epoxybutane (Synthesis of 1-(4-(ethoxy-

sulphonylbenzene) }Pentan-3-0l . (349)) , -
i _ — | - LT e TR
T e mr e ~ Ethyl p—;olueneshlphonate_(2.Sg, 0.0125 mole) in THF *~ - ™=%7

(50 ml) cooled to -78° under argon.was added to n-BuLi (10ml, .

0.0137 mole) and stirred for 5h at.that temperature.

¥
s
1]
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1,2-Epoxybutane( 1.0 ml, 0.014 mole) in THF (30 mL)
was added and stirred for 24h at room temperature.
Hydrolysis with saturated ammonium chloride. The organic
portion was separated and the aqueous portion was extracted
twice with dichloromethane. The combined organic phase was
washed with brine,. dried ovef Mg504 and the éolvent stripped
off in vacuo to give a cruderil.

The crude o0il obtained was purifiea by .fiash chromato-
graphy with ether: ¢ycloﬁexane lzl'giving a -colourless oil,
(409.

I.R. (film) Viax 3540(S), 3050, 1600, 1490, 1450, 1340,
1180, 1000, 920 cm™Y . | "

"H-N.M.R. (cnmsj:é 0.8-1.2 (6H, m); 1.4(4H, m);
2.3(1H, OH, exchangeable with 1320);.3.2(_211, m); 3.8 (IH, m)
4.1 (4, Q; 7.3(28, d, J = 10 Hz); 7.8 (2Hd, J = 10 Hz)

Anal. Caled. for €. H, 0,S: C, 57.35; H, 7.35;

137204
Found: C, 57.60, H, 7.49.

Ethyl benzenesulphonate-(2§§)

Absolute Ethanol (50 mL) in a 3—neckea§?§ééﬂﬁ,was added
pure benzenesulphonyl chloride (50g), 25% sodium hydroxide
solution (50mL) was added dropwise with.stirring while the
temperature & 20°. When all the sodium hydroxide solution
was added, the alkaline solution was stirred.for 3h. The
crude ethyl benzenesulphonate was washed several times with

water and succe551ve1y with 5% HC1, 5% NaH003 .solution and

-~ s _— a
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and then with water. The resulting oil was vacuum distilled
at 151°C and stored under argon. Yield 46.5g, 95%.

'H-N.M.R. (CDC1,): 6 1.3(3H, t); 4.2(2H, q); 7.6(3H, m);

8.0(2H, m}.

Ethyl 2-methylbenzenesulphonate (290)

Ethyl benzenesulphonate (9.3g, 0.05 mol) was dissolved in
dry THF (120 mL) and n-BuLi (0.055 mole, 1.1 eq, 37 mL) was
added at -78° and stirred at that temperature for 5h. A red
solution developed.

Methyl iodide (0.55 mol, 7.81g, 3.43 mL) in dry THF
(30 mL) was injected into the reaction mixture and waé allowed to
warm to 0° with stirring. continuing for lh at that temperature.
The reaction was quenched with cold saturated NH4C1 solution.
The organic portion was separated and the aqueous portion
extracted with dichloromethane twice.. The organic portions were
washed with 5% K2C03 éolution,then brine and dried over MgSO4.
The solvent was stripped off in vacuo to give a slightly yellow
o0il. |

T.l.c. gave one spot iﬁ ether: hexane 1:1 Rg 0.75
Yield 8.0g, 80%.

'H-NMR (cnc13):6 1.3(3H, t); 2.7(sH, s); 4.1(2H, q)
7.5(3H, m, ArH); 8.0(1H, dd, ArH).

General Metalation. Procedure for
2-Methylbenzenesulphonates

n-Buli (10 mL), 0.013 mol, 1l.leq) was added slowly to

gthyl 2-methylbenzenesulphonate (2.5g,«d.0125 mol) in dry-THF

(SOmL) at -78° and'stirred at that temperatufe,for'l;Sh; The
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lithiomethyl species. gave.a deep red solution.
The appropriate electrophile. (0.0137 mol) in THF

(30 mL) was added into.the reaction mixture at -780,

stirred at thgt temperature for a further lh before allowing

it to warm to.0° and stirred at. 0% for 1h. Water was added

to the reaction mixture at 00, and immediately acidified with

5% Hcl. The organic portion was. separated and the aqueous
<E§f layer was extracted twice with dichloromethane. The

combined organic,portions.were washed with brine, dried

over MgSO4 before.solvents were stripped off in vacuo.

36. 1-(2-Ethoxysulphonylbenzene)butan-2-o0l (350)

The crude oil obtained. with the use of propionaldéhyde
was purified by flash chromatography on silica gel with
, ether: hexane 1:1 to.give an analytically pure colurless
PN
X 0il, (75%.
I.R. (film) Vmax,:ﬁﬁo {br); 2980, 2940, 1600, 1480, 1450,
1350, 1180, 1010, 920 ent,
'"H-N.M.R. (CDCIS): §50.8-1.6 (84, m); 2,2(14, OH,
exchangeable with DZO); 3.1(2H, t); 3.8(1H m); 4.1(2H, q);
7.5 (3, ArH, m); 8,0(1H, dd, J = O9Hz).
Anal. Calcd for.C12H1804S: C, 55.81; H, 6.97; Found:
C, 56.18; H, 7.34.

37. 1—(2-EthoxysulphOnylbenzene)éimethyl-propan-Z-ol (351)

The crude oil .obtained with the use of acetone was

purified'by flash chromatography on silica gel with pet. ether:

diethyl ether 1:1 to givé a.coloﬁrléss.oil(ﬁo%.
t

R
’
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| I.R. (film); V___ 3560 (br), 2980, 2950, 1600, 1470,
1350, 1180, 1010, 930 en L,
'H-N.M.R. (c0013}§36 1.2(9H, m); 2.8(1H, s, OH,
exchangeable with DZO); 3.2(2H, s); 4.0(2H, q); 7.6(3H, m,
ArH ; 8.0(1H, d4d).
Anal, Caled. for C12H1804S: C, 55.81; H; 6.97; Found:
C, 56.10; H, 7.26.
e .
%E?“ 38.  2-(2-Ethoxysulphonylbenzene) -1-phenylethanol  (352)
lUsing benzaldehyde as electrophile, the crude oil
obtained solidified completely (on standing) the next day.
l Recrystallisation with pet. ether: ether gave white needles)

m.p, 56-58°C, (65%)
I.R. (KBr): V___ 3520 (br), 3080, 3020, 2990, 1600,
1455, 1355, 1185, 1000, 915 ent,
'H-N.M.R. (CDCl,): 6 1.3(3, t); 2.7(1H, br, OH,
exchangeable with D,0); 3.4(2H, m);  4.1(2H, q); 5.0(1H,
q) 7.4(84, m); - 8.1(1H, dd).
Anal, Caled for C16H1804S: C, 62,74; H, 5.88; Found:‘
C, 62.63; H, 5.92,

39. 1,1-Diphenyl-2(2-ethoxysulphonylbenzene) ethanol (§§§)

The crude solid obtained by the use of benzophencne was
recrystallised in ether: pet. ether to give white needles, m.f.
130-132°%, (91%.

I.R, (KBr); Vmax 3460, (br), 1600, 14?0, 1345, 1175, lOOO,

920 cm'l.
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'H-N.M.R. (CDClS): §1.3(H, t); 3.1(1H, br, OH,
exchangeable with DZO); 4,05(2H, s); 4.1(2H, q); 6.3
(H, d); 7.2 .- 7.3(8H, m); 7.5(4H, m); 8.0(1H, d).
Anal. Calcd. for C22H2204S: C, 69.10, H, 5.76; Found:
C, 69.20; H, 5.34.

Ethyl 2-{ethoxysulphonyl)}phenyl acetate {(354) '

The crude.oil obtained by the use of ethyl chloroformate
was purified by flash chromatography using pet. ether: ether,
1:1yyielding a colourless oil, 50%.

I.R. (film): Vmax 2980, 1730, 16v0, 157u, 1470, 1440,
1370, 1220, 1180, 1030, 1000, 910 cm .

'H-N.M.R. (CDC1,): 4] 1.3(6H, m); 4.1(6H, m); 7.6(3H,

m, Afﬂ]; 8.1(1H, dd).

Anal. Calcd. - for C12H16058: C, 52.94; H, 5.88,7Found:

C, 53.02; H, 6.08. -

Phenyl[(2—ethoxysulphony1Jbenzyi]sulphone (357)

The crude oil obtained with benzenesulphonyl chloride as
ele;trophile was ﬁurified by flash chromatégmaphy with ether:
cyclohexane, 1:1.to give a slightly pale yellow oil,(SO@.

I.R. (film): Voox 3000, 1600, 1450, 1350, 1180, 1000,
920 em™l, |

'H-NMR (CDC1,) 61.3(3H,,t); 4.1(2H, q) 5.5(2H, s); 7.6
(6H, m); ~ 8.1(3H, d4d).

Anal. Cal;d. for C15H160582: c, 52{94; H, 4.70;
Found: C, 52.54; H, 4.95,

K o

ks



v
N
-4

42.

43,

44

- 164 -

2- (Ethoxysulphonyl)benzene acetic acid (355)

The crude solid obtained by using solid CO2 was:
recrystallised in ether: Pet. ether furnishing white
plates,m.p. 106-108°, (703g).

(KBr) Vv __ 3300-2500, 1710, 1600, 1450, 1350,
1180, 1000, 920 enL, |

H-NMR (CDC1,): O 1.3(34, t); 4.1(2H, q); 4.2(2H,s);
7.6(3H, m); 8.1(1H, dad); 9.3(1H, br).

Anal. Caled. for C10H12055 C, 49.18) H, 4.92;
Found: C, 49.17; H, 4.75.

N-Phenyl (2-ethoxysulphonyl)Phenyl acetamide (356)

The crude sblid obtainéd using phenyl isocyanite was
recrystallised in dichloromethane: pet ether to give a
paie yellow solid,m.p. 124-126°, (789).

(KBr): V__ 3360 (s), 2990, 1680, 1600, 1550,
1450, 1350, 1180, 1000, 920 cm . ’

'H-N.M.R. (CDC1,): O61.2(3H, t); 4.1(4H, q and s);

7.1-7.6 (84, m); 8.0(1H, dd); 8.35(1H, NH)

Anal. Caled. for C16ﬂ17N04S C, 56 95; H, S. 76

N, 4.74; Found: C, 57.15; H, 5.38; N, 4.45

Ethyl 2,4-dimethylbenzenesulphonate (gg;)

Metalation of ethyl 4-methylbenzenesulphonate just as
metalation of ethylbenzene sulphonate yielded a crude oil
which was purified by flash chromatography in hexane: ether
1; 1,g1v1ng a .white gum,(SS)

'H—N M.R. (CDC1 ) 6 1.3(3, t), 2.45(3H, s); 2.7?3H, s);

4.2(2H, q); 7.2(2H, m, ArH); 7.9(1H, d, ArH).
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2{ (2-Ethoxysulphonyl)4 -Methylbenzene) -1-Phenyl ethanol (362)

Metalation of ethyl 2,4-dimethylbenzenesulphonate using

general metalation procedure and éoupling.witn benzaldehyde

as electrophile gave an oil which was purified by flash

2]
b

chromatography*yielding white solid,m:p,”49#51°, 65
I.R. (KBr): vmax 3650, (s), 2990, 1600, 1480, 1450, 1350,
1180, 1000, 920 enL,
'H-N.M.R. (CDC1,): 51.3(3H, t); 2.3(3H, s); 3.4(24, m);
4.1,(2H, q); 5.0(1H, q}; 7.3(7H, m); 7.9(1H, d)
Anal. Calcd. for C17H2004S: C, 63.75; H, 6.25;

Found: C, 63.65, H, 6.15.

1,1-Diphenyl-2-[(2-ethoxysulphonyl}) -4-methylbenzene)

ethanol (363)

The crude. solid obtained with:benzophenone as electrophile
on lithiated 2,4-dimethylbenzenesulphonate, was purified with
flash chromatdgraphy in ether: pet ether, 1:1 to give white
needles,m.p. 114-116°, (90%) | o

I.R. kar) V.. 3500 (s), 3060, 1600, 1490, 1450, 1340,
1180, 1000, 910 cm >,

'H-NMR (CDC1): O 1.3(3H, £); 2.0(3, s); 4.1(5H,
including OH, excﬁangeable with D20), 6.0(1H, $; Ar, H)
7.4(11H, m); 7.9(1H, d}.

Anal, Calcd. for C_ H,.0,S: C, 69.87, H, 5.82;

23234
Found: C, 69.90, H, 6.21.

e e e SR U
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2{Ethoxysulphonyl)5-Methylbenzene acetic acid )361)

The crude solid obtained.with solid CO2 on lithiated

2,4-dimethylbenzene sulphonate was recrfstallised with ﬁet.
ether: ether to.give a colourless plates m.p. 108-110,(?5%1
I.R. (KBr): V_. 3300-2530, 1710, 1600, 1460, 1360,
1180, 1110, 920 cm L. ’
"H-NMR (CDC1,) : 6 1.4(3H, t); 2.55(3H, s); 4.2(4H, q,
s); 7.4(2H, m); 8.0(1H, d); 8.35(1H, br, OH).
Anal. Calcd. for 011H14058 C, 51.16; H, 5.42;
Found: 51.42; H, 5.60.

General Procedure for Synthesis of
2-[(Dialkylamino)Sulphonyl]Pyridine-N-Oxides

Chlorine gas was Bubbled into a solution of
2-percaptopyridine-N-Oxide (10g, 0.08 mole) at -Siﬁfn
ON HC1 (130 mL). for 1h. The solution was.neutralized by the
addition of calcium carbonate (10g) at -50, then chlorbform
(200mL), and fiﬁally calcium carbonate (10g) at -100. The
supernatant liquid was separated and-the.remaining paste was
washed twice in cold.chloroform (50mL). The combined
extracts were dried over MgSO4 at. 0° and filtered. The cold
solution of the 2-chlorosulphonylpyridine-N-Oxide at 0° was
added to the apprépriate amine (2 equivalent, 0.16 mol) in
chloroform (100.mL). Stirring was continued for 1h at. 0° and -
for 2h at room temperature, before washing with water
{2 x 50mL). Drying over MgSO4 and removgl.of solvent gave a
solid which was pur1f1ed by crystalisatlon from Et20 g1V1ng

e

2- [(dlalkylamlno)sulphonyl]pyrldlne-N ox1des
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49, Removal of the-N-Oxide

2] (dialkylamino)Sulphonyl}Pyridine-N-oxide (0.08 mol)
dissolved in methanol. (150mL), and Raney Nickel catalyst
(40g) were added together inté bomb in presence of hydrogen
for S5h at 1.3‘atm; At the end.of the .reaction, the reaction
mixture was filtered.over celite, the solvent evaporated and

pure white solid was obtained.

..“_ﬁb:
-
50. 2-(Piperidinosulphonyl)pyridine (297a)
Using piperidine as the amine .in the above reaction,
a white solid was obrained,m.p. 58-598° lit.- . 59°,
(70%).
I.R. (KBr): Vmax. 3100, 3040, 2960, 2880, 1570, 1340, 1180,
-1
cm .,
"H-NMR (CDC1,): § 1.80(6H, m); 3.30(4H, m); 7.55(1H, m);
Ny 8.0(2H, d); 8.75(1H, d).
prrg
’ - 51. Z{Pyrrolidinosuiphonyl)pyridine (297h)}

This product.was obtained by using pyrrolidine as the
amine in the .above procedure, a light brown solid was.
obtained,m.p. 39-40°(72%).

'H-NMR (CDC1,) § 1.9(4H, m); 3.5(44, m); 7.5(1H, ArH)

8.0(2H, d ); 8.75(1H, d).

52.. 2{Morpholinosulphonyl)pyridine (297c¢)}

Using a morpholine as the amine in the general procedure

a light yellow solid was obtained,m.p. 43-45°C, (68%.
- 'H-NMR CDC1,): §3.4(4H, m); 3.65(4H, w7 7.5(1H,m, ArH)

8.0(2H, d); 8.70(1H, d).
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53. General Procedure for the Synthesis
of 4-{(Dialkylamino)Sulphonyl)}Pyridines

Chlorine gas was bubbled into .a cold solution of
4-mercaptopyridineiN-oxide.(ldg,_0.0B mol) at -s% in
ON Hgl (130 mL) for 1h. The rest of the reaction follow
the procedure of 2—[Gﬂia1ky1am1ﬁo)sulphonyl)pyridine

experiment 4§, 49.

S5 54. 4{Piperidinosulphonyl)pyridine (3023}

Using piperidine .as the amine.in the general procedure
above,a white solid was obtained,m.p.’121:ié2q11t. m.p. 1220)

(709).

"H-NMR (CDCIS): 0 1.55(6H, m); 3.00(4H, m); 7.55(2H, m);

8.82(2H, m).
* I.R. (KBr): V__ 3100, 3040, 2960, 2880, 1570, 1340,
, 1180.
“

55, 4{Pyrridinosulphonyl)pyridine (302b}

Using pyrrolidine as the amine in the. general procedure
above,on work-up a.light brown solid was.obtained;m.p.
111-112°, (65%.

H-NMR (CDCI ) : 61'.8(4}{, n); 3.4(4H, m); 7.7(H, m);

8.85(2H, m).

56. 4{Morpholinosulphonyl)Pyridine (302c)

Using morpholine as the amine. in .the general procedure

above, on work-up a light yellow was obtained, m.p. 137-1380,

g ‘ (629
THONMR. (CDCL )¢ 673.0(4H, m); 3.8(aH,"m); 7.7(2H; m;

al

8.95(2H, m).
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Lithiation of 2- and 4- [(dialkylamino)sulphonyl)

pyridines and Teaction the benzophenone

n-Butyllithium. (1.6M in hexane, 15.5mL, 0.025) was
slowly added to a solution of diisopropylamine (2.53g,
0.025 mol) in diethyl ether (50 mL) at -30° under argon.
Stirring was continued for lh at 0°. The resulting
mixture was cooled to -70° and the 2-[(dialkylamino)sulphonlef
pyridine or 4{Ldialky1amino)sulphonyi]pyridine (whicheveri is
appropr1ate)(0E0125mm01) in TIF (30 mL) was. added.dropwise.
After the mixture was allowed to.stand at -70° for 1.5h,
a solution of benzophenone. (0.025 mol) in THF tSOmL) was added.
The mixture was allo&ed to stand for. 3h at -70° before
hydrolysis at -70° and addition of water.at room temperature.
After the extraction of the aqueous 1ayer with -dichloromethane
(2 x 100 mL), the combined organic extract.were dried over

MgS0O, and the solvent removed in vacuo. before purification:

4

Diphenyl[2-(piperidinosulphonyl) -3-pyridyl)methanol (298a)

Using 2—(piperidinosulphonyl)pyridiné 297a as substrate,
2 white solid was obtained on purification with diethyl ether:
mp. 182-183° (it m.p. 182°),(90%.

'H-N.MLR. (CDCL,): 6 1.6(6H, m), 3.0(4H, m); 6.6(1H, s);
7.4(12H, m);- 8.5(1H, d).

I.R. (KBr): V__ 3400 (0OH), 1600, 1570, 1375, 1160.
Anal. Calcd. for CylyN,058: €, 67.62; H, 5.92; N, 6.86;

Found: C, 67.60; H,6.04, N, 6.93.
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Diphenyl[Z-(pyrrolidinesulphoﬁyl)-3-pyri§xl]methanol(5985)

Using 2{pyrrolidinosulphonyl)pyridine 297b as substrate,
a white solid was obtained.on recrystallisation with diethyl
ether: m.p. lGBQEJ4640,(7O@.

"H-N.M.R. (CDCIS): § 1.9(4H, m); 3.1(4H, m); 6.8
(1H, s); 7.4(12H, m) 8.5(1H, d).

Anal. Caled. for C,.,H, . N,0.S: C, 67.00; H, 5.58;

22227273
N, 7.11, Fownd: C, 66.92, H, 5.50; N, 7.08.

Dipnenyl[2- (Morpholinosulphonyl) - 3-pyridyl]methanol (298c)

Using 2—(m0rphqlinosu1ph0ny1]py;idine 297c as a
substrate,y; a white solid.was obtained on recrystallisation
with diethyl ether: m.p. 159-160", (69%).

'H-N.M.R, (cbc13): 6 3.4(4H, m); 3.65(4H, m); 6.5(1H, S) .
7.25(12H, m); 8.5(IH, d). |

Anal. Caled. for C, H,.N.0,S: C, 64.39; H, 5.36;

22722274
N, 6.83, Found: C, 64.46; H, 5.26; N,6.56.

Diphenyl [4-(piperidinosulphonyl) -3-pyridyl] methanol (303a)

Using'4-(piperidinosulﬁhonyl)pyridine as a substrate a
white solid.was obtained on recrysta}lisation with diethyl
ether: m.p. 135-6°, (80%). |
'H-NMR (CpCl,): §1.6(6H, m); 3.1(4, m); 6.6(1H, s ; 7.3
(10H, m); 7.7(1H, d); 8.2(1d, s); 8.7(1H, d)

Anal, Caled. for C,H, N,0.S: C, 67.62; H, 5.92; N, 6.86;

Found: C, 67.4; H, 5.90; N, 6.78.

Wil
®
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62. Diphenyl[4-(pyrrolidinosulphonyl)-3-pyridyl])
Methanol {303b)

Using 4-(pyrrolidinosulphonyl)pyridine as a substrate,
a white solid was obtained, m.p. 126-70, (65'%). |
'H-N.M.R. (CDC1,) § 1.8(4H, m); 3.1(4H, my; 6.6(1H, OH)
7.3(10H, m); 7.8(1d, d); 8.15(1H, s); 8.65(1H,d).
Anal. Caled. for C, H..N.0.S: C, 67.00; H, 5.58; N, 7.11;

22722273
Found: C, 66.93; H, 5.32; N, 7.07.

63.  Diphenyl[4-(Morpholinosulphonyl) -3-pyridyl]
Methanol (303c¢)

Using 4-(Morpholinosutphonyl)pyridine as substrate,
a white was obtained on recrystallisation with. diethyl
ether,m.p. 158-9, (78@;
*H-NMR (CDCls):.ﬁ 3.0(4H, m); 3.6(4H, m); 6.35
(1H, s); 7.3(104, m); 7.65(1H, d); 8.2(1H, s}; 8.70
2py-T (14, d).
Anal. Caled. for C,.H.,N,0,S: C, 64.39; H, 5.36; N, 6.83;

227227274
Found: C, 64.33, H, 5.11; N, 6.85.

) 64. Oxathiazolo[1,2][5,4-blpyridine (299)

Diphenyl[Zf(dialkylamino sulphonyl) -3-pyridyl] methanol
L : (I.Sg)was heated at 210° for 20h under argon. It was allowed
to cool and the . residue was extracted into methanol. The

‘ ‘ A methanol was distilled off and the recidue dissolved in

lz\ dichloromethane (SOmLT, washea with water (3 x 40'mL), dried
;;; over N32804 and the solvent strippéd'off‘in'vacuo giving a

' -brdwn solid which was purified by flash éhromatograpny with
diethyl ether: hexanefé:l giving £{Soliﬁ,m.p. 141-143°.
I.R. (kBr) 3000, 2940, 2880, 1580, 1450, 1350, 1170 i

'H-NMR  (CDC1,)67.3(12H, m); 8.4(IH, d).
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Oxathiazolo[l,2]{4,5-c]Pyridine (304)

Diphenyl[4-(dialkylaminosulphonyl) -3-pyridy] methanol
(1.0g) was heated at 210° for 2h wnder a slow stream of argon.

It was allowed to. cool and the residue was extracted into

methanol. The methancol was distilled off and the vesidue

dissolved in diéhloromethane (50 wL), washed with water

{3 x 40mL), dried over Nz12504 and the seolvent stripped off
in vacuo giving a brown solid which was purified with
diethy! ether to give a pale. yellow solid, m.p. 80-810.
L.R. (KBr) 2900, (CH), 1600 (-C=C-), 1340, 1160,

(5050) em L. ,

N.M.R. (CDC1)§7.0(11H, m); 8.40(1H, d); 8.65(1H, s).

Pyridine-3-sulphonyl chloride (305)

In a 3-necked flask with agitator, and reflux condenser
with guard tube was added pyridine-3-sulphonic acid (14.5g,
0.09m) and phosphorus pentachloride (20.g, 0.1 mole). The
mixture was stirred in an oil bath under reflux at about 110°
for 3h. The phosphorus oxychloride was eliminated by |
distillation anq toluene (50mL) was added to the residue and
stirred. The whole solvent was eliminated in vacuo, the
residue diluted in 50mL of benzene and filtered. The solution
of the sulphonyl chloride was. conserved in a deccicator,
'H-N.M.R. (CDC13): 6 7.7(14, m); 8.4(1H, d); 9.0(1H, dd)

9,3(1H, s ).
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N-t-Butyl pyridine-3-sulphonamide  (306)

Pyridine-3-sulphonyl.chlioride (32.31g, 0.18 mol) in
dry chloroform (100 mL) was added to t-butyl amine
(39.9g; 0.54 mol) in chloroform (100mL; at 0° and stirred
for 1/2h. After stirring the solid hydrochloride was
removed by filtration and the filtrate washed with
water, dried over MgSO4, stripped off solvent in vacuo
to give a dark solid. The solid was recrystallised in. °
ethyl acetate: . hexane to give a yellow solid, m.p.
76 - 78°C, (76%).
I.R. (KBr): Viax 3100, 2980, 2870, 1580, 1470, 1320,
1160, 1010, 700 em,
'"H-N.M.R. (CDC1,}: §1.2(SH, s); 5.9(1H, NH); 4.4
7.4(1d, dd); 8,2(1H, d); 8.8(1H, dd); 9.1(1H, s).

9714272
N, 13.08; Found: C, 50,04; H, 6.88; N, 12.89.¢z

Anal. Caled. for CH., N, 0,S: C, 50.46; H, 6.54;

1,1-Diphenyl [3{N-t -butylsulphonyl}4-pyridyl]methanol (308)

n-Butyl lithium 1.6M, (0.0375 mol, 23.25 mL) was added
to diisopropyl amine (3.7g, 5.12mL , 0.,0375 moi) in diethyl
ether (20 mlL) at -30° and stirred for lhrat 0%, The
resulting solution was cooled to -70°. N-t—butylpyridinefS-
sﬁlphonamide (2.67g, 0.0125w)in THF (30mL) was added to the

cooled solution and stirred for 1.5h.



R

¢ g '\l-_)

£

&

e

s
‘%&FJ

69

_17],',_
Benzophenone [4:6g, 0.025 mol) in THF {30mL) was
added to the lithio specie. at -70° and stirred at that

temperature for 3h. Hydrolysis.at -70° was by addition

“of water (50mL} at room temperature. After extraction of

the aqueous layer“with dichoromethane (2 x 50mL), the
combined organic extracts were dried over MgSO4 and
concentrated under vacuum before purificiation from diethyl
ether: Yield 85%,m.p. 180-182°,

I.R. (KBr)}: 3360, (OH), 3290(NH), 2980, 2870, 1580,

1340, 1160.

HNMR (CDC1,) : 6 1.2(%H, s); 4.8(1H, NH, exchangeable with
020); 6.5(1H, s, OH); 6.8(1H, d); 7.30(104H, m); 8.6(1H, d);
9.4(1H, s).’

Anal. Calcda. for C22H24N2038: C,‘66.66; H, 6.06; N, 7.07;

Found: C, 66.13, H, 6.30; H, 6.92.%4 \

3-(N-t -butylsulphonyl)pyridine-4-carboxylic acid (307,

Metatation of N-t-butylpyridine-3-sulphonamide as above
and using = solid. carbon-dioxide as an electrophile, the solution
hydrolysed. with water at 0°. The aqueous layer was extracted
with dichloromethane (2 x 50mL), and the aqueous layer was
acihified to pH 2, extracted with dichloromethane. The organic
extract was dried over.MgS0,, evaporated énd tne residue was

purified with diethyi ether giving white needles,m.p. 207-208°

(80%)
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I.R. (KBr) V___ 3300, 3190 (OH of acid) 1750, 1580, 1350,
1170 em™l,

"H-NMR (DMSOd ) : 5 1.1(%H, s); 6.6(1H, NH); 7.4(1H, oﬂj
7.6(1H, d); 8.8(1H, d); 9.1(1H, s).

Anal. Caled.. for C 048 C, 46.51; H, 5.42, N, 10.85;

1OHI4N2
Found: C, 46.47; H, 5.23; N, 10.47.

Isothiazolo[5,4-clpyridine-3-one-1,1-dioxide (311}

3-(N-t-butylsulphonyl)pyridine-4-carboxylic acid (0. 3g)
and polyphosphoric acid'LISg) were heated together at 110°
for 20 minutes with'manual stirring using spatula. At the
end of the reaction, the thick syrup was poured into ice which

was vigorously stirred. Filtration of the solid and a

thorough wash with water gave 70% of pure product,m.p. 134-136°.

N-t-butyl Isothiazolo[5,4-c]pyridine-3-~one-
1,1-dioxides (312}
S{N-t—butylsulphonyl)rpyridine-4-carboxylic acid (0.3g) was

added to . phosphorous oxychloride (6mL) and was refluxed
at 110° for 3h. At the end of reaction, the reaction mixture
was poured into crushed ice yielding a brown solid which was

thoroughly washed with water, m.p. 124-126°C "2 240.
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CHAPTER 4

INTRODUCTION

4,0, SYNTHESIS OF -TRICYCLIC S-CONTAINING HETEROCYCLES:
PYRIDOBENZOTHIADIAZINES VIA NEW ENDOCYCLIC. IMINIUM IONS !

Organic compounds have been in use as chemotherapeutics for a lmg time.
Systmatic use however started with Paul Hrlich as far back as 190‘7.1 ! These

: s C : .
organic compounds inhibit pathogenic microorganisms without
|
? -
affecting to any material extent the tissues of the host,.

i

The history of chemotherapy is one of a series of emp;rical
trials guided only to a limited extent by rational principles of
. structure-activity relationsips. Fleminﬁ's discovery of E
- Penicillin‘in_1929 was quite accidental.? Since then the;e have
been three approaches to the problem of finding the most sgitable

drug to combat a djsesse and which would also have little toxic

side effects: ; o

(a) The method of trial and error which involves the trial
of all kinds of compounds-natural and synthetic.'

(b) Having a knowledge of the cell system and then ,
i
synthesising compounds which will interfere with it. i

This is based on the concept that dhemieal groups on é
drug, match certain vital receptor groups in a lock and-
key fashion.
(¢) Understanding the chemical structure of a new compouné known
to have some of required activity and then Varyingith%- L C-:.
- ;

structure of the molecule systematically . until 0ptimﬁﬁ
. _l

activity is obtained, R
This had resulted in compounds of high activity with jittle'

or no side effects. : - e
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- Benzothiazides as Diuretic Compounds: * . =~ = .

¥

Fluid retention problems in the human body and the |

associated diseases had been treated with different organiF i
chemicals of varying potency and side effects. These inclhde
organomercurials, aldosterone antagonists like spironolactone,
aryloxyacetic acids and sulphonamides,

The low potency of the sulphonamides and their littlé side
effects prompted further investigation into their activitﬁ.
This led to the discovery that the sulphonamide . functionality
in cyclic system gave higher activity as a diuretic, .Thése

i

group of compounds are generally called‘thiazides.

SO;NH
T

1,2,4-Thiazides are well tolerated and potent when administered

+
I3

orally, The above therefore makes the synthesis of a varibty of -

thiazides worthwhile, . . i

Synthesis of Bicyclic Benzothiadiazines: .

A review of the synthesis of bicyclic benzothiadiaziﬁes

shows that their chemical synthesis started as far back aﬁ 19023

when benzo-l,2,4-thiadiazine-1,1-dioxide and the dihydro derivative
’ ]

were prepared by-ring closure of o-aminobenzenesulphonamides with

- 3

formic acid.or formaldehyde~respectively. RN

S D;NHZ
ot (-H ——e

NH, " g
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|
SC;NH; He “OH SO3NH

+ (=0 —
NH, . H” NJ
H

2 3
. the T
The synthesis of one of/most interesting compoutdsin the
series, i.e. chlorothiazide 7 and 9 wére reported by J.M. Sprague's
group4 at Merck, Sharp and Dohme Laboratories in USA.
The synthesis commenced with chlorosulphonation of 3 —
chloroaniline furnishing the disulphonyl chloride. The sulphonyl

chloride was converted to the sulphonamide with ammonia. The

cyclocondensation of the suiphonamide was effected with formic

acid,

NH,

EH2
hHg SO, SO, NH,
hu[ Cl

s SOL SO,NH;

h"!
lACzO | | Hcood

!
NHAC

HNOS. o SOFN i 405 S0;
OU e oy
Cl N7

SOU

'— 8

J

Thermal cyclisation of aminobenzene sulphonamide
carboethoxy compounds was achieved giving also the corresponding

1,2,4-benzothiazinones
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ASONR o SO5NH
T COft 2 P
NH, ~30min N0
; H

10 1

On heating such acetylated benzenesulphonamides in
concentrated sulphuric acid for 40 minutes, gave the corresponding

thiazides heterocycle >

H,S0 ~S0; NH
16 1774
— t,o_ min, ACHa

When N-phenyl-o-aminobenzenesulphonamide and an orthoester

were heated together at ilOOC, a phenyl substituted thiazide§

was obtained. This represented the first 2-substituted thiazide,

H

SONPhH '/OH v SozNPL\
+ H- C:OE! — J
NH, OEt N”
13 ) . 14

In 1950, Park and Williams7 obtained 3-keto analogues of

'1,2,4-behzothiadiazines in 94% yields by heating orthanilamides with

urea at 180° for 30 minutes:

SONH, oo/
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. i : :
The thermal rearrangement of 4-alkyl-4-ox0-1,2,3,5- |’

oxothiadiazoles 16 = on heating in toluene leads to 3-ethyl-

1

1,2,4-benzothiadiazines -1,1-dioxide, This rearrangement ﬁakes .

place in refluxing toluene.

Or*s ) e O
i Y A N

16 17

———

~

The 3-chlorosubstituted analogues wére obtained - from-
4 -ureiodotoluene-3-sulphonamides. -‘7 R
This reaction goes through a first stage:of heterocyclisation -

and subsequent conversion of the hydroxy group to chloro,

WA HE A SO |
H 19 H !

18 )

- . POl
@fgo;}-NH |

; i

N)\Clg

H i

20 N

- '
ol - |

Phenylisocyandte reacts with o-aminobenzenesulphonamide to

+ - - -
give 3-phenylimino-3,4-dihydro 1,2,4-benzothiadia23né;.L) j : TR
) ¥ ’ ‘ } S e g e ! . .
-1,1-dioxide, | : e n ;

!
i
-
|
0
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b STCEN-Ph Cier
NH; N‘/%f
1 H SH
24 |

N N
21 i 21 H
—_— . - 25
J CH,N, =
@ESop\l CHy @SO;N
NZS(H; 'NJLSCH
22 CHs

Similarly, thiophosgene reactions with gfahinobenzene;
sulphonamide give 3,4-dihydro-1,2,4-benzothiazine-3-thione-
l,l-dioxide3 which tautomerises readily to give the preferred
3-mercapto analogue . Methylation of both analogues gave
2-methyl-3-thiomethyl derivative and a little quaptity of the
4-methyl-3-thiomethyl compound.

Mann and Keilin showed that treatment of o-aminobenzene-
sulphonylhydroxyl amine with aldehydes or with phosgene gives
2-hydroxyl-3-alkyl or 3-oxo-3,4-dihydro-1,2,4-benzothiazine-

1,1-dioxide8.
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SO N-0H

R
oy P
SOzNH’OH . 27

| Cl :
@NHZ OZC( '
26 .

. §

N-arylamidines react with N-sulphinylsulphonamides yielding
1-sulphonylimide-2H -1,2,4-benzothiadiazines which undergo acid

e . .. 9
hydrolysis to give substituted 3-arylbenzothiadiazine-l-oxide™.

1‘%—5
R

L

R

YN
@ mzm SONSO  ——m

RzéMe,
R = C[,

N-phenylbenzamidine react with thionyllchloride giving

2

Ph, p_fOlHL

H.

HNSO,R?
S NH

7-chloro-3-phenyl-2H-1,2,4-benzothiadiazine-1-oxide.

Cl oH
-H ~ NH
©/ ", ¥soct,  ZHCL .
' Ar
- HCl

0 NH

)\Ar
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Analogues lacking the hydroxy group were obtained by the
treatment of N-phenylamidines with sulphurdichloride giving
1,7-dichloro-1H-1,2,4-benzothiadiazines, The latter can condense
with morpholine to yield a l-morpholine'derivative.
- Ci
Cl | Cl S

NH :
R &
N’J Tl N4A\[Ci3«

N A
A= ENJ @ ’J\Cfla

1-Alkyl or l-aryl-3,4-dihydro-3-oxo-1H-1,2,4-benzothia-
wﬁﬁﬁ* diazine was obtained by Wagner and Reinolhllo from .o-alkylthio-
phenyl urea  and arylthiophenyl urea when treated with bromine

or sodium methoxide in anhydrous methanol.

SR Br, or FSI\
" NH, MeONu/ © SN
:’J:O : my MEOH N,ito

R—-ulkyl of urgl

. -Diaryl sulphoxides are known to react with hydrazoic acid

&
"

in concentrated sulphuric acid to give l-arylsubstituted thiazides

after going through a deacylation step:

- =

L

M
>
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"TRICYCLIC BENZOTHIADIAZINES WITH A FIVE MEMBERED RING 'C!'

Tricyelic thiazides with five membered ring C was first
encountered in i96311, when a number of pyrrolo (1,2,4)benzothia-~
diazines were synthesised, The synthesis started with the
condensation of 2-nitrobenzenesulphonyl chloride with glutamic
acid yielding N-(2-nitrobenzenesulphonyl)-1-glutamic acid by
Takamatsu et, al.11 The acid adduct was refluxed with thionyl
chloride to givea;}N—(2—nitrobenzenesulphony1)-5-oxopyrrolidine-
2-carboxylic acid. Reduction of the écid adduct with 10%
palladium/charcoal in ethanol gaveCgiQ,S;dihydro-IH-pyrrolo
(1,2-b)(1,2,4)-benzothiadiazine-3-carboxylic acid-1,1-dioxide.
Reduction to the tetrahydro compound: (:}2,3,10,103-tetrahydro—
1H pyrrolo(1,2-b) (1,2,4)}benzothiadiazine-3-carboxylic acid-1,1-
dioxide was obtained by treatment of the dihydro-analogue with an

alkaline solution of sodium borohydride at room temperature.

0 HO
0,Cl " HO : SU\NH
4
o, ? @
TR

T
o

O S()Clg

>}- o o B

>__ SR 507N ‘
2 €00 ’402 0

30 e
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. CO,H
B 2 SO;N
3l
aBH

COOH

(SO)\?
Scheme 1

The amide analogue of the tricycle 32 was prepared from the

pre-formed ketoamide as shown below:

” coc
SO“NH 7 soci, [:::I:%O 3:i;7
NO? C 0,H

NH3 CONH,

C ONH;
so S05—
S

NO,
NaBHA _ﬁi
CONH,

(”ﬁ

—it—

Scheme 3

Kratzl et, al, 12 in 1965, was able to obtain a series of .
trlcycllc benzo(2 1- c)(1,2,4)th1azlde-1 1- dloxlde by heating

o~ am1nobenzenesu1phonam1de wlth maleic anhydr1de for 20 minutes
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at 175-185°C furnishing 1-oxo-1H-pyrrolo(l,2-¢)(1,2,4)benzothia-

diazine-5,5-dioxide 2, (27)

S0,NH,
+
NH,
1

—

]

o

<
W

175-185°
>

The 2,3-dihydro derivative of ‘37 was prepared by using

succinic anhydride instead of maleic anhydride.

NH,

S0rNMe

0 41

=

e
Ve

>

Me,S0,

A

0+
EE

The saturated derivative was obtained by treatment with

alkaline ‘sodium borohydride and N-methylation was effected with

dimethyl sulphate, Condensation of 2-amino-5-chloro-4-methyl-

benzenesulphonamide with succinic anhydride gave other analogues:

Cl

Me

S0,NH,

e

NH;

+

O -

il

0
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Plescia et al reported the synthesis of 4H:i§y£é§é£b
(1,5-b)(1,2,4)benzothiadiazine-5,5~dioxides from 2Z-nitro-
benzenesulphonyl chloridels. The sulphonyl chloride was condensed
with 3-aminopyrazole to give a nitroamine adduct. The latter on
reduction gave a diamine which imntramolecularly cyclised with
iron in acetic acid to give the tricycle.

An alternate method. developed by the same gfoup.involved the
condensation of é—nitrobenzenesulphonylhydrazine with

ﬁvketonitrile giving the nitroamine adduct intermediate as above,

Treatment of the nitroamine adduct as usual gave the desired

heterocycle,
. | . N
S0,Cl . N SOzr—Nf-
No. T HN —> -
2 — NO, NH,
NH; 45>
- |Fe/AcOH
SO,NHNH, O R l
+ EI: SOZN/N
NO, N=¢” R
i

In 1974, Martin, Meth-Cohn and Suschitsky at Salford
University, prepared other tricyclic benzothiadiazines, i.e.
pyrrolo(2,1-c)(1,2,4)benzothiadiazine from shlpﬁonyl azides

Pyrrolidinosulphonylazide was conveniently prepared by

treatment of 2-chloro-5-nitrobenzenesulphonylazide with two mole

a -

equivalent of pyrrolidine in dry benzene. Thermal decomposition

P [} [ SR i s
.
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of the compound in presence of a trace of secondary amine. hydrochloride

o??large excess of secondary amine gave pyrrolo(Z,l—c)z§,2,45}
. .

benzothiadiazine,
i :N: |
SO,NHNH, A SO;N3  ON SO;NH
| — _ X
NO, NO, L9 '
47 ! 48 o

The probable course of reaction is outlined below:

NZ—N
| = |
NO, NO, | NO,
o
43 $ =2

02N©502 NH sg,

In 1979, Adesogan and Alo15 reported a novel approach to the
synthesis of tricyclic thiazides utilizing readily generated iminium

salts to prepare .the tricycles as outlined in the following scheme:

. P —_ _—
- == = it
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SO N :
‘\/ AQOSOyE, 50, N
No2 codi C,F.:,)So?

NH3

S0 | S0~
@ 3’3 Fe/Acon @: 2 Q
No, M2

-—— Scheme &

. Substituted derivatives of the tricycles were synthesised in
19861 from approprlate 4-substituted nltrobenzenesulphonamldes
By thls method the methowy, ethoxy, and chlorosubstltuted products

were obtained.

503N 1,A903SCF3 SO N; 7
N
coct 2NH; "

Q¢

NO, 2
s6 e
‘3/ ¢ GH

R=-OMe, ~ OFt,~C| ,@ )3

gy =
R

|
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4,3. TRICYCLIC BENZOTHIADIAZINE WITH A SIX-MEMBERED RING 'C'

Synthetic approaches to tricyeclic benzothiadiazine with a
six-membered ring 'C' are very séanty in the literature. The
first such tricyclic thiazide was prepared by Novello et ally.
The heterocycle obtained was a bisthiazide and was constructed
by ring closure of 5-amino-2,4-sulphonamidoaniline with formic

acid. The benzo (1,2-e)(5,4-e)bis-1,2,4~thiadiazine~1,1-dioxide

60 obtained had a melting point above 500°,

~~SO,NH; - HN N-SO, SOzNH
| + HCOOH — ©
NH,

59

—

Jackman et al18 were the first to report the preparation of
pyrido(1,2-b)(1,2,4)benzothiadiazines. These were prepared by
;ondensing some halogenejz,4ndisulphonamidobenzene with amines e.g.
5-chloro-2, 4~disulphonamido fluorobenzene was condeﬁsed with
2-amino pyridine by heating at temperatures between 140°-160° for

4 hours to give the tricycles.

NH2 N l - ﬁ =

& -' - N

Kratzl et 3112 also synthesized l-oxo-fH-pyrido(2,1~c)
—9-chloro-SZSulphonamido-l;2,4-benzothiadiazihe—l,l—dioxide* _

from 5~éh10ro-2,4*disulphonamidoaniline and glutaric anhydride.
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Pyrido(z,l-c)(1,2,4)benzothiadiazine-6;6-dioxide was preparec
by some Italian workgrs19 in 83-93% yield by thermal cyclisation *

of 3{4-hydroxybuty1)-(1,2,4)benzothiadiazine*1,l-dioxide at

175-250°. .
'\“\
SONH | SOzNH
A .
N I 4 b
; 175—250
H ‘
HOH,C
6o
¢4 R = -H, -cl, -NOy
65 R, = H -Me, -Cl ; .

After a computer search (CAS-on-1line), the only tetrahydro-
pyrido(z,l-b)(1,2,4)benzothiadiazine found in the 1literature was
reported in a U.S. patentzo.‘ 1t was obtained by initial
condensation of 2-amino-benzenesulphonic acid with 2-methoxy-
2-dehydropiperidine. The sulphonic acid adduct obtained was cyclised
with phosphorous oxychloride in dimethylformamide. The 11,1la-
dihydro product obtained hefe was shown to be less effective as a

diuretic than the corresponding fully reduced analogues.20

" SOH
aeFole$ OhN
+ .
-~ -,
NH, N“"0Me N~ f
67 68 69

— —— ——

POCL
DMF >

Vo - . 7 . SOZD -
_ 7‘ 70

g
)
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This compound was, however, found to be an effective sedative,
mild tranquilizer, and an anticonvulsant, It was therefore thought
that synthesis of hexahydroanalogues of pyridobenzothiadiazine
dioxides should be worthwhile as the compoﬁnds are potential
physiologically active compounds, especially as the derivatives
are obtained directly without the need for reduction after
cyclisation. These derivatives should be obtainable in good yields
via the endocyclic iminium salt route developed earlier by Adesogan

and_Alols.

SOrN

N

"

This synthetic route utilizes silver trifluoromethane-

sulphonate asiiewis acidrin a triflate-assisted decarbonylatidn

reaction of the N-(benzenesulphonyl)piperidine-2-carboxylic acid="chlorides .
Silver triflate has been previously used as acylating agent of

aliphatic carboxylic acid chlorides by Effenberger and Epp1e21.
A mixed anhydride is initially formed. This anhydride is only
thermaliy stable in aromatic derivafives (can even be distilled)
whereas the aliphatic mixed anhydrides are thermally unstable.

They readily decarbonylate and decompose, losing carbon monoxide

forming a carboniumion;

0 ' - 0

l L 0S0,CF,
+ cRsoag <A, () ;
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The aromatic derivative is stable because the above carbonium jon
is not easily formed whereas the aliphatic mixed anhydride forms

the carbonium ion easily as shown below:

1 1

% g1
A 1:
CF,50.Ag + R'-T-COcl ; CF 150,-0-C ? R
) ,///;a JP J f
- R
R1 o 0
CF..50.H R- ¢-cocl Cr.50.@ e EoR
go0gH  + R=C-L0C S0, + 8 ‘“ 1
R
2 R,
e
N
C=C=0 : ple & — R%
g h
R + CO

Adesogan and Alo15 exploited Effenberger and Epple's triflate-
assisted decarbonylation reactions to generate endocyclic iminium
salts from N-(benzeneSUIPhonyl)Géamino acid chlorides, This reaction
is based on the proximity of lone pair of electrons of the nitrogen

adjacent tO an ensuing carbonium ion. The resulting rearrangement
leads to a loss of carbon monoxide and the generation of an iminium

salt, See Scheme:

Rsozwa CFy503Ag  Rso,N — 5 RSO,N
. 1
EOC{ ]O 0 +C0 + CF3803
S0,CF, co
~ l

NH ——
N, | .
SChE‘mE ) R = Q
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The carbonium ion formation leading to a decarbonyla&ion

here is fastef than in ordinary aliphatic mixed anhydrides.. This.
is because the decomposition of the aliphaticlmixed anhydride
takes place with heat.(4d;80°C) while the decomposition of the
mixed anhydride here takes place at room temperature with%ut heat.
This synthetic route had been utilized in preparing pyrrbaoﬁenzb—
thiadiazinesl5 and also for constructing substituted tricyclic

benzothiadiazines16 in high yields.
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4.4, MEDICAL ACTIVITIES OF BENZOTHIADIAZINES

Excessive body fluid retention has been a physiological
problem in humans and even more prdblematic in pregnant women,
This problem is usually;feferred to as oedema, The oedemantous
condition caﬁ be a causative agent for other medical problems
like hypertension, heart failure; and diabetis.

The medical problem associated with fluid or electrolyte

e
v

retention in the body has been known to be primarily due to
retention of sodium ion in the bodyzz. - Therefore one of the most
effective ways of reducing eicess body water is to increase sodium
v ' ion excretion by the kidney thereby inducing a negative sodium
balance, i.e. a state in thch the sodiumexcreted is in excess of
that which was taken in. It can also be treated by increasing the
glumerular filt¥ation or by potentiating a central thirst
) = reducing factor.
A number of organic compounds have been utilized in the effort to -
to treat this ynpleasant medical condition. These include the use
of organomercurialszS, e.g. mersalyl which are very active in the
removal of sodium and chloride ions from the body through an increase
of urine quantity. However, these compounds have the disadvantages
of being administered by intramuscular injection only and also the
unsavoury deposition'of mercury in the body. This usually leads
to stomatitis, gastric disturbances and renal damage24. Thus, the
; use of organomercurials was discarded.
Pyrimidinediones were then found active against oedema. An
example is 'mictine' - l-allyl-3-ethyl-6-aminotetrahydropyrimidine- ..

dionezz'zg.
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(H, 0
H3C)J\N A N’C

H,N Mo
72

——

25

The problem of intramuscular injection due to their
insolubility still remained,

Another class of diureticsnamely Cﬁsnunsaturated ketone
derivatives of aryloxyacetic. acids25 having a general structure
below evolved. .

-C=C- ﬁ - Ar - 0 - CH, - COCH
730

Ar = Phenyl, substituted phenyl or naﬁhthyl.

The most active member of this class was ethacrynic acid.f]{q

X Y
0
. 0~ CHy COOH
1
R
il T4a R = R* = H, R2=C2H.,i_; X=Y=Cl
. s
— — 2— . — —
bR=R =R R=CH; X=Y=OH
1 2
erR=R' =y=H R =CH, X-=Cl
) 25

This class of diuretics were found to be overactive and caused
undesirable side effects like hypokalemia and severe blood volume
depletion or even hypotension.

Aldosterone antagonists like spironaloctone 75 were then

s
- e - =+

developed.26



“%a;
{

v

0 S—C= CH;
15 0

The steroid aldosterone initiates sodium reabsorption in the

1

proximal part of the renal tubule. These compounds block' the
! g S
action of the steroid thereby causing diuresis. This group of
diuretics were later found to have disturbing side effects
particularly in men,

"~ About 1940, it was observed that sulphonamides having an
unsubstituted nitrogen were active as diureticss. Their activity
is derived from their“acting as inhibitors of carbonic anhydrase.
This enzyme system catalyses the conversion of carbon monoxide to
carbonic acid in the body. Such metabolic process involved the
utilization of hydrogen ions. However, conservation of hydrogen
ions in the body allows the excretion of sodium causing a reduced
retention of body fluids. Therefore the inhibition of this enzyme
will result in an increase in the ekcretion of sodium, which will
lead to diuresis or increase in urine flow.

These compounds however had the limitation of not being very
potent even though their side effect were low. Some of the

sulphonamides found active included sulphanilamide 76, and

2-acetamide-1,3,4-thiadiazole 77.
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SOZNH2

o
| 1CH3COI‘21] s AS0zN H;
NHz' )
s ; 2
Efforts weré then directed at improving the activity of the
sulphonamides, since they did not show high toxicity. Heterocycles
having the sulphonamide linkage were then suggested. This resulted

in more potent compounds such as 1,2,4-benzothiadiazines

{(Thiazides) 28.

. 8 1 °
7 SOENRZ
2
6 N 3
5 4
Thiazide
4.1§

Evaluation of the biological activity of these bicyclic
ben;othiadiazines in dogs after oral or intraveﬁous administration
show that the sodium chloride or potassium excretion were increased.
Structure activity relationship of the bicyclic benzothiadiazines
show that a sulphonamido group is essential for any degree of
diuretic activity. An additional sulphonamido group in the
7-position increases high actiyity. Other biocactivity increasing
substituent includes the following: chlorine, bromine,
trifluoromethyl and nitro groups, especially when present at

position C-6 of the bicycle. Methyl, fluorine, methoxy and amino

ana, —_

‘groupsalso potentiates the compounds but they are not as'active as

the earlier mentioned groups,
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1 )
H NOSI A SOiNR 2 SOZNR

Js . .
R 76 ?
5 L H

79 ' 80

The conversion of unsaturated -thiazides to the 3,4-dihydro-
derivatives results in a ten-fold increase in potency . An
oXygen atom at position 3 depresses the activity of both the dihydro
and 3-oxodihydro series of benzotpiadiazines. Alkyl groups‘in the
3-position retain a high order of activity but 3-phenyl qerivatives

are less effective while any substitution on thQ nitrogen at
position 4 results in lower activity.

When the 7-sulphonamido group was replaced with a methylsulphonyl
group, there was little change in chemical and physical properties,
However, the carbonic anhydrase inhibition and electrolyte excretion
properties of the methylsulpﬁonyl analogues are exc 'eedingly weak.

Effective antihypertensive agent in the bicyclic benzothiadiaZines

g in the 7-chloro-3-methyl —1,2,4-benzothiadiazine -1,l-dioxidefgl,

Cl SO,N

NJ\CH3
H
81

This compound is devoid of diuretic activity. Other biological
activities of thiazides like antihypertensive action are achieved
by reducing the blood pressufe even in the“preéepce of high body

sodium levelszg{ This is possible because thiazides have been found
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to pbtentiate ganglion blocking agentslike reserpine and this
action is independent of the effect of body electrolytes, This
effect coupled with plasma volume reduction.

The anticonvulsant activity30 of thiazides is related to
their ability to inhibit the carbonic anhydrase in the brain.
Although the drug had to be administered intraventricularly, it

was effective,

ATy

i Thiazides when used along with diphenylhydantoins potentiate

. . - N . 3
the anti-eplileptic activity of the latter anti-epileptic drug

diphenylhydantoin
82
AT s s i a. 32
The use of thiazides in the treatment of diagbetis insipidus
is due to the decrease they cause in urine volume within six hours .
of administration., This is achieved by acting on a central thirst-

reducing factor causing an increased glomerular  filtration rate..

HeE
.
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4.,5. (BENZENESULPHONYL) TETRAHYDROPYRIDINIUM SALTS IN ;
SYNTHESIS OF S-CONTAINING HETERQCYCLES _ . ) i

N-substituted tetrahydropiperidinium salts represented by
structure 83 and 84 below, are made up of a six-membered azacycle
‘with the nitrogen atom involved in double bond leading to & positive “—

charge on the nitrogen,

: h _ }
R-CHz“N\* X" R—C=N+ > X

Substituted benzene. ring

-]
1

Substituted heteroaromatic ring

n

Aliphatic chain.
They belong to the general class of compounds called iminium
salts which are well-known versatile synthetic intermediates.

Iminium salts have a -resonance structure represented-by 85 and 86, .

R + .7 R+ S
ﬁN —— C —N
R AN R// : AN
L) - 88
N.M.R. studies of iminium salts has shown that the positive
charge is more resident on the nitrogen than on the carbon atom,
therefore the equilibrum lies more to the left giving more
-of structure 85. The presence of af@éubie : Ebnd;“gﬁjin the
ox-position to the nitrogen atom leads to a very rééctiVe grouping that
.is quite different froﬁ an ordinary aliphatic=unsa?urated aﬁine in

which the double bond is isolated from the nitrogen atom by at least

one saturated carbon atom. The latter amine will be an olefinic
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amine and will show only properties of amines aﬁd/’or olefins.

i

Their reactions will be devoid of the reactivity of the iminium

salts, ' {

Unsaturated amines can be transformed into an iminium !salt
if the double bond is located ™®PBto the nitrogen. Such

transformations are not possible where the unsaturation is:

1

further away from the nitrogen: ' |

£y, - :

—_ - 88 ;
AN ' : %

% - - 4
89 Do

—— I H

Iminium salts possesses an extremely electrophilic caﬁbon

which is susceptible to attack at the ¢{-carbon atom. These
: . !
¢k carbons are similar in reactivity to those of carbonyl carbon

atoms. This reactivity of iminium salts make them versatile

synthetic tools, because they readily undergo nucleophilic hddition

. . . 1 . 33
for example . with amines™ ™, organometallic compounds™

. . . - |
intermolecular trappings of aromatic or heteroaromatic compounds

resulting in cyclisation34, cycloaddition35 and other miscellaneous

i
!
reactions which will be discussed later. |

C s 36 ; -
There are saturated and aromatic iminium salts™ , Theisaturated

salts may be a straight chain or cyclic iminium salts in which there =

are no aromatic rings.

i
1
:
i

- R T ) -
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CH=C=N

3 7 ’ N

T - +
90 M

The aromatic iminium salts involve aromatic rings that-
contain nitrogen, They behave a little different from the

saturated salts. These are not dealt with in this review,

| 7N\ Vaa N
— (—N+ R—Ng# 4
, —— ’ Q\ , /’NQN‘R

Different types of saturated iminium salts had been

;ynthesised. They fall into the following categoriesi straight-
chain and cyclic iminium. The cyclic examples can further be
subdivided into exocyclic and endocyclic iminium salts. The
former class have their double bond outside the ring.while the

Te

latter have their double bond within the ring.

' . l x —
CH3\+__ - N N X
SY: 93 - [ |

Straight-Chain exocyclice Endocyclic salt

Iminium salts are stabilized by different types of anions:
These include inorganic ions like'the halides (F~, C1°, Br, I17),
perchlorate C10;, Nitrate, NO, ., SnClg , hex§chloro antimony,

SbClé‘ ,_PFé" , BF#‘ , etc. or organic anions like picrates,

acetates, or trifluoroacetates, CFSCOO_, and qrifluoromethanéql

g

sulphonaté§7.
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Heteroiminium Salts

These are iminium salts in which the &-carbon is attached

to other heteroatom instead of carbon 8 which include N, O, S,

+, N o+
—C =N ==N o
1 N ﬁo N /C N
N — _
Y | 96 > 97

N

There can alsc be vinyl iminium salts or halogen substituted:

Cl
—C=0—C :::.ﬁ// X~ \\\\C — ﬁ"</. [C:D
N ,
| ) / \
58 Cl s
Examples of heteroiminium salts are:
NR; X 101 X
100 : —
—S ‘ .
=N N—CH
LS } , / 3
- X —0 X~
102 103

The nitrogen atom of the salt can also be attached to the

heteroatom, examples include:

"Nitrogeﬁ
. / _
- N\ C{O“

- . hydrazonium salt ~
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R R
Sulphur-Containing ' iminium Salts
No name was found for this class and no examples were found
in the literature except the compound reported by Adesogan and
Alo15 below,
— S0,N + ’ X
\ }
This may be classed as a thioamidonium salt,
,ﬁw? In all these cases the other heteroatom should be neutral,

because if it is charged, then the salt becomes a ylide e.g.

ey

- azomethine ylide and nitrones.
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e.g.

N\t
N—20

7

Incidentally, sulphur atom in the sulphur analogues must

necessarily be a neutral sulphur.

o+
—S—N=C(

s
| N

N-Substituted tétrahvdropyridinium salts

Electronic Rroperties

Electronic properties of N-substituted tetrahydro piperidinium
salts have been studied with the aid of infra-red and NMR spectro-
SCOPpY.

The infra-red spectrum of a typical tetrahydropiperidinium
salt shows that the functionality absorbs strongly at Vmax 1666 -
1675 cm'l depending on the stabilizing anion and the medium of

analysis.

Vv in cm
max

39

clog = - 1698 mull
N Itl SnC.l()_ — 1644 pr 70

-

J bl
L C Py No.T - 1691 KBr*O
H H et s 40
405 T SbCLT - 1670 KBr

/
=+

— =

H }

1666 CM
MUH% ‘KBF% L
109 310 nt
() |, P
- Picrate

ﬁ/ ClDl} ﬁ/ Ar \

{ ‘ 37 \ 37
Me 1686 cm (Nujol) Me  1s30cm”™ (Nujol)
12 ' 113

r—
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+ ~
'n\] N BFL
it CuHo /i*
37 ¢, H 1705 ¢y
KBr 1670 ¢y &' , " > rm
114 L]

——nn

From the above examples, it is clear that the characteristic
absorptions of N-substituted tetrahydropiperidinium salts in the
infra-red spectrum lie between 1615 - 1705 cmml, and it is
dependent mainly on the particular anion stabilizing the cation.

This absorption is due to the ::(::ﬁi: stretching which is
typical;y at 1680 cm_l. This is lower than the aliphatic amine stretching
which normally appears in this region.

The stabilizing anion is also important in interpreting the
IR spectra. It has been found that BF4— shifted the position of
absorption of the iminium salts higher to over 1700 cm Other
anions are not known to affect the wave number so drastically.
Some exocyclic piperidinium salts have varying wave nunbers as the
anion changes.

Halogens are known to depress the >\max of iminium salts to

about 1590 -~ 1650 cm_l, whenever, they are present as anions or when

they are substituents on the NC carbon37’42' e.g.
E:i:t] -
)I\Jl\ Br
Br Ph
116
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The frequency lowering here is due partiéily to theimass
effect and the weskening of the double bond by the elect;on
donating effect of the halogen, When double bondjare conjugated -
to fhe iminium salt there is virtually no change in the :
absorption frequency.

N.M.R. spéct;osc0py has become an important tcol for
studying imiﬁ%um salts. Various N. M. R. experiments 1nc1ud1ng
those from.'H-NMR, 13C-NMR and ~; N-NMR assist to present
different aspects of iminium salts that -give complementary
information to other physical methods. - - '

'H-NMR - Im1n1um salts present two types of -functions: the
carbonium. ion and the )h=N” When the NMR of the two components

were compared, the NMR signals of compounds containing these

functions, i.e. :i::h! and tertiary carbonium-ion represented by

the proton next to the 1sopropy1 catlon, it was found that the uxpnxwl

catién's hydnx;zlsmgnaksapp&ns at -8§13.0; whaxss:nm:nun:ur:s 0(«:n1xr|hwitggn

appeared between 0 7.5 - 10.0. Thus, the >::N;\" ion has less
positive charge compared with the positive charge on the carbonium

ion. This indicates that the positive charge is more resident on

¢ = e -

the nitrogen than on the carbon atom.
N t/ +
(=N :> i --c_;-N’//
/ AN i N
117 ' .

— .

The proton on the (- carbon of an iminium salt.behaves like ..

! co L :
an aldehydic proton in NMR as such protons absorb,at.457§5710.0,

while aldehydic protons normally absorb at -— & 10.0. -On

%

comparing the (- carbon protons of imines and iminium salts, it

has been found that the protonation of the imine's nitrogen to form

b oA S iemmr e em
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‘iminium salt provides a deshielding effect of the O{- carbon

' . .3
proton here and consequently a shift to lower  frequencies 4.

' /
“mgm D =K > Aene

'"H-NMR has also been used to compare enamine protons with

vthat of iminium salts.

N —? c/H
N I N-

{ 3

" enamine _ iminiom ions

Tﬁe hydrogens of iminium salts absorb at a'higher frequency
, than that of enamines because the electron oloud shielding the
»Latter protons 3mafeduoeo;as-soon as a positively chargedAnitrogen,
atom is formed. N . This makes the electron on the nitrogen
unavailable for any shieldine effect.

13C NMR - spectroscopy can be used in studying N-substituted

iminium salts. On comparing the SC-N.M.R. of carbonium ions43

and the positive @ - carbon of iminium salts, it is clear fhat the

o - carbon of iminium salts is less positive pogpa;od to that of carbonium
ions..'The absorption of a typical carbonium ion is at 0317.5 while
‘that of the Q- ca;bon of an iminium salt is botweem{ 6130 - 180.

These data complement those of the 'H-NMR whico indicate that the

positive ion on the -a- carbon of an iminium salt is not very

‘pronounced. ' - : — :

[ET

1

i+

e
T
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In 13C-NMR of pyridinium salts, the protonation creates

reduction in the electrons available and therefore the pyridinium
salt carbons shifts upfield due to a reduction in the paramagnetic
contribution. Such paramagnetic contribution are important in
3¢ R,

In pyridine, the protonated ©{- carbon signal moves upfield
by about - §8.0, while the f}and'Zf- carbon signals move downfield

by 05.0 and 512 respectively. Thus, the latter carbons are not

affected,
+12
AN ; NS
_—
1 6141 Liz -68(11.9.7)
N )
12 R 125

Therefore, when iminium salts are formed, there should be a
shift upfield in 13C NMR signals of the carbons of the compound.
15N-NMR36. The changé in the 15N-NMR spectrum on the
formation of pyridinium salts from unprotonated pyridines is very

pronounced. For example, the 15N absorption for unprotonated

pyridine will move by about 113 ppm on protonation using concen-

trated hydrochloric acid. as solvent.

Neutral* Protonated** Solvent
292 169 | - TFA
. 297 178 ce Hol
286 179 cc el
13_ 297 184 MeOH
¥ - neat

* - ppm relative to NHj (CHSNOE) = 354 ppm.
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This shows that ~“N-NMR analysis is an excellent indicator of

iminium salt formation. The use of this analytical tool is cven
more powerful when it is considered that most other nitrogen
compounds like nitroso, nitrate and azide which do not absorb

in this region.

Ultraviolet spectroscopy40

. The use of ultraviolet spectroscopy in iminium salt
characterisation analysis is not very important except in
situations in which iminium salt is formed by compounds having
conjugated double bonds. Simple iminium salts absorb at 219 nm in
n-hexane € =5 - 5,000, However, if the iminium sait is within a

highly conjugated system, then the Anmx will show a bathochromic

shift to <~ 242.5 or 336.5 nm'0» 9%

g.
= 275N

A 0

"S(CH=N+ € = 6 —=10000

127 B

€.

When iminium salt are derived from enamines, there is no

significant change in it's A max.

Mass Spectrum

Mass spectroscopy has not been a useful method of analysis of
iminium salts as

(i) the analysis is usually obtained by heating the specimen

to vapour state before electron impact ionisation, field

ionisation or field desorption techniques are applied.
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(ii) It is also known that iminium salts usually make up a

proportion of fragment ions obtained in the mass spectrunm

of nitrogen containing compounds.

As these samples are heated up before ionisation takes pilace,
the mass spectra of the ions obtained are not usually those of the
iminium salts alone. Other species formed by the salt via  any

. . 46 . .
of three different mechanisms do cccur. The mechanismsare!

(a) Thermal elimination:

When iminium salts are heated and the anion or one of the

components on the nitrogen 1is eliminated to leave an imine.

R
+/ e —
>——“N\R X~ ——>  »=N—R + RX

{b) f -Elimination

Where imines cannot be formed, a o{-elimination process

may take place47

ZCH, N7 SCH;

|.
b Et

m—Z4

The expected iminium saly m/e is not observed.
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(c)
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Anion rearrangement

(i} If the anion is a good nucleophile, it could attack
the iminium salt, On heating the adduct the parent

iminium salt is regenerated:

o (e
D= (J = GJs

| - /\—x

132 133 132

—— ) ——
—tam

{ii) The nucleophile anion may attack the§§%3 carbon in
the - position of the nitrogen leading”to ring

: 4
opening or other rearrangements as shown below 3

()

!

Br Ph 135 . 13
134 -

——

g
B DN Br 255 Ph GR(cH e

(iii) 1f BF4 " 4s the anion, the thermal degradation of
this provides an F = which may attack the iminium

salt and cause rearrangements.

BF4 _ BF3. + F:
OE
1 + ——
A
Ph lr] Ph
Me
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Of all the spectroscopic methods available, therefore, it seems
that infra-red and NMR techniques are the most amenable and suitable

for the detection, characterisation-and or analysis of iminium salts.

4.6, Generation of N-Substituted Tetrahydropyridinium Salts:

N-substituted tetrahydropyridinium salts have been known to be
formed by various methods. Some of these are unique in their
procedures, while many others are general methods. These inter alia,

i include:

() Addition to Amides:

Leonard and Hay49 in 1955, extended a method for

generating aliphatic iminium salt to cyclic analogues

Aadition of Grignard reagent (alkylmagnessium halides)

to N-methyl-2-piperidone followed by acid hydrolysis,
] gave two enamines which eventually gave an endocyclic

- iminium salt.

VAR F |
- . H
O iy R*C@MQBF_ — (HR — CH,R
I;i N0 OMgar

Me

L=
<« D

wt
-~
{Ii
e
s
i

X—=
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Martin et. al. -has recent1y50 further exemplified this
method with the reaction of phenyl magnesium bromide
with an N-alkylpiperidone followed by perchloric acid

work-up to obtain excellent yields of an iminium salt:

1 PhMgBr O )
N0 > ‘3/’ pp GO,

2 HCLO, L
BN

4

(2) From Enamines

The commonest method of obtaining iminium salt is by
enamine transformations., This is achieved by a variety
‘ of ways. The reactions, however, generally occur by an
addition réaction in which a H' adds to the S -carbon of

the enamine to form an iminium salt. Some example follow:

{a) Treatment of the enamines with acidsSI.
Five or six membered ring iminium salt cou;d be
formed by treatment of the appropriate enamine
with perchloric acid. The percﬁlorate ion serves as a

good stabilizing anion for the salt generated:

{CHZ),, : (CHﬂn
LN]\R Heo, LK:J o

P\'ie Me
146 167
R= Alkyl.
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When the enamines are not substituted in position 2,
there is apossibility of quartenary amnonium perchlorat@37

being formed in addition to the iminium salt:

HCWOL
N W oag, N o
| | /\
Me Me Me H
148 19 150

|

This arises because the mechanism of the reaction
suggests that thé ammonium salts is first formed before the
iminium salt is eventually generated from the former. L
Some enamines form the iminium salt directly without going
thfough an ammonium salt especially if the acid used is an
organic acid, although action of mineral acids also leads
to iminium s_alt5 .

When other groups are conjugated to the enamine
double bond, then the group coﬁld‘be involved iﬁdtne ensuing
reaction. For example, when a double bond is conjugated to the
enamine, then the salt is formed with a shift of the douple

bond such that the olefin is conjugated with the iminium

salt functionality53

HX
—_—

|
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If the conjugated group is a carbonyl group, it
enolises and remains in conjugation with the iminium ion
formed, For example, 5,5-dimethyl-3-piperidino-2-cyclo

hexenone on protonation gave 154.

| HCIO, :
—— S |

l 0 N H
o) o

Dehydrating agent554 like toluenesuiphonic acid

PN -
N—Me g +§wﬁe
SwE - e
N Toiuene " ¢
CO00Me a

|
e O _ 1

’ _ tnermally reacts with enamines to give iminium salts.

<
LN
[~

-
(V]
[€a]

|

g . . s . 55
cyclic tertiary amine, an lminium salt would be obtained .

(b By reaction of enamine with other reagentsSG, Bromine
adds to the double bond of the enamine; 2,2-(piperidyl)

, - If the enamine's double bond in 155 were exocyclic to the
bis nor - 4,20(22)choladien-3-one 157 to form an iminium

salt, 158 i / A
= wmen ) Br-CH~ =N+ )
; : H //1 H \
__Br. t]
; :L—m Br~
r
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. . .
& Perce157 reacted N-piperidino-1-cyciohexene with
3~bromo aminopropyl bromide to form an exocyclic salt.
The salt must be isolated or amine by-product will react
to give an iminium salt.
) (CH, ), NH3Br h
Br(CH gr />
¥ 2’3 ( ¢ Br(CH)JH,
e,
E
Methyl iodide addition to l-meth_vl-2-ethylidenepiperidine58
gave an iminium salt.
Me
Me] @ < -
(N\J*‘CHCHB —— . N c\u ]
Pl’!e Me - TMe,
# . 3 162
' The unsaturated enamine below can be alkvlated at C-2
position with methyl iodide to give a substituted iminium
} 'saltsg.
: Mel L
= —_—3 ; = s
N : +N
| | Me
163 164
i:ﬁ% 1,2-dimethyl- Zkz—piperidine reacts with acetyl chloride
} to form an iminium saltéo. N
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E;
{ COCH,
| CHCOCL (i:tl: o
[j;tl\CH3 7 L\T/' CH;
CRy (Hy
B COCH;
165 (\T CH / 166
Ny N 3 .
- CHB .
_&% With morpholine enamine, however, the corresponding
+ im;niuﬁ salt is not formed.
& O
. )
X RCOCI N
> COR
|
167 168
! '%E%" 3.,  Iminium salts through Aminals61
When aminals are treated with chlorine, they yield
iminium salts. Same result is also obtained with carboxylic
' acid chloride.
!
H CZHS
| N-C—N hs%T+
R : RCOE —
| . oF
; 169 g
’ ]
. e
: F ¥
"*{? 0 !
“ u BF- / \
=C(HR + ¢ N \J L\C_j‘ Wl
173 ., EN
-— 4 (Csz) 0 1z R
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4. Reduction of Lactams:

Bohmann et. a1.62 used the reduction of lactams
with disobutyl aluminium hydride (DIBAL-H} as a method

for the formation of iminium salt and enamines:

“
/1 . DIBALH Ej H,0 - /\/H
b 28 22, |
j o o \
Me Me Me
L — 188 -
139 l}{5<—
& &/,x
Me
181

Similarly, lactams were also reduced by Martin et alSO with
1ithium aluminium hydride trietherate as reducing agent, in the
presence of perchloric acid to give endocyclic iminium

perchlorates. |

- Me .

1+ LIAIH(OER); Cj”

2 H({O, ?i\l/ ., Ci0,
Me R

/‘%\

=
0

182 : ) 183
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~
ég‘ 5. Condensation of amines with carbonyl compounds:
Leonard et. al.63 condensed acetone with piperidine
perchlorate in ethanol to give crystalline N-isopropyllidine .
piperidinium perchlorate in a few seconds and in good yields.
o~
1o, ﬁ ' >:O 7 F‘i 1Ll"'25
) VAN N
e H H
B o 185
Iminium salt .can also be genergted by
condensation of formaldehyde with piperidine followed by:
protonation:
N = )~ (e
- AL ’ = ﬁ X~ H,0
H . CH,0H CH,
186 Lk 188
This iminium salt 188 is an intermediate in the
Escheweiler-Clerk reaction used in alkylation of amines.
6. Elimination of Cyano groups:
Fry64 used elimination of cyano groubs from
N-methylsubstituted piperidine rings to form iminium
salts,
h(;f Me Me |
o RN N HO o RNy
Fd
Me ~ - ‘CN: ) Me \j
Me ‘ Me

189 19

—_—
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Wnen the tetrahydropyridine nitrile 189 was treated
with hot hydrochloric acid, the cyano group was eliminated

ané a dihydropyridinium salt £§g was obtained.

7. Hypohalite-induced decarbonylation of  {f-amino acids:
Hypohalite-induced decarbonylation of &-amino acids
is also a source of tetrahydropyrolidinium salt; as reported
by Van-Tamelen, et;}al.és. The salt : was obtained by
i reacting two equivalents of the hypohalite with N-methyl-2-

pipecolinic acid and effective decarbonylation was obtained.

OH

(o

d
L
N
42
)

8. Phosphorous oxychloride-induced decarboxylations

Rapoport et. al.66 in. 1976 reporte% the exploitation
of the well known thermal instability‘of:cX—tertiary amino
acid chlorides for the formation of iminium salts. This
was done by thermally decarbonylating Cﬂ-tertiary amineg
acids with PIOC13, RC1

2
salt regiospecifically and. in high yields.

or POPhCl2 to give tetrahydropyridinium



Y
1‘f y

;,
e

f & \
ge be  1POCE 1
195 194 197
Q ‘ _Pocl, [N/
|
& 1L CH(CO,EY), | (CH2CH(C0sE),
- 199
198 lr-

r——

In some cases, the ¢{-amino acid might give a mixture
of products with POC13 due to the low beiling peint of POC1.3.

In such cases, phenyl phosphoric dichloride POPhC1267ﬂwas

used instead. Also the dichloride is used to prevent the

A |

formation of amino acylation side reactions.

T el &

N

H l

1 201

PhPOC g 204
7 | 7
“ ) ") T‘* . ,\

H

200 1007 . -13.7: 80%4
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The regiospecificity of the iminium salt formation
in these cases is made possible because the position of the
carboxylic acid group determines the location of the dguble

bond in the iminium salts unambiguously, i

9. Alkylation of imine:

Shomno et. al..68 obtained tetrahydropyridinium salts
' : ' | _
by treatment of dihalogeno alkyl or benzylhalides with ‘imines

before electroreductions leading to the iminium salts:

| ' A R

CHX .. o e -ziee-CHyPR -
205 206 7 bt

20 T 206

- 6 . ‘o I
10. Ahond et. al. 9 using a modified Polonovski reaction converted

trimefhylamine‘oxide to N,N;dimethylformaidinium triflﬁoroacetate
. ' ) _'h' o !

.

in dichloromethane, to obtain iminium salt.

CH3 R CH -

KR N+ = (CEC0), ~
co O . ~NF
CHs L CHC, CHB : ' C‘H3 208
o S -
207 : L O'cocpsy CFL00
L | CF,CO0H
Essawi and Portdghese70 in 1983 extended thls method to -
. piperidines when they obtained substltuted tetrahydroplperldlnlum .
- - M,«,-—-:l- . - I - s
salts from the correspondlng N-oxides: - 7. =i :




T

' 236

Ph CUZET Ph CO«E?
¢
i] + (CFL0)0 (FL00"
N’/ CF;CQ0H,
, l
R

R = Me, Ph[Hf", PhCHﬂ}%*
Jokela and Lounasmaa71 extended this method to substituted

indoles which on hydrogen peroxide treatment gave iminium salts:

1 1,0,

*BOC “Me

211

Me

It is observed that in general, if the amine oxide is cyclic,
the iminiﬁm salt obtained is always endocyclic. No Pxocyclic
iminium.salts are isolated. When the amine is alipﬁatic as with
Ahond et. al.69 mbre than one iminium salts are formed.

Biosynthesis of naturally-—occurring N-tetrahydro
pyridinium salts

-

. !
When N-substituted tetrahydropyridinium salts occur in nature

the possible biosynthesis is presumed to commence from dehydration of

i

el

the lysine derived campound 213. Protonation of 214 by NADPH gives L-Piperidine—2-
carbbxylic acid.
in biosynthesis) followed by NAD-mediated decarboxylation gives the

piperidinium salt:



4.7.

_NADPH O
CO0H

HN 0<>~(CO00H COCH
213 21 "o |
| Me SR o
O ~C 02 kf;l COOH.
Me Me
216
217 =

Synthetic applications of N-substituted
tetrahydro pyridinium salts

The synthetic applications of iminium salts depend largely
on their ability to undergo electrophilic additions. Some of
the synthetically useful transformations these salts undergo are

the followings:

{(a) Heterocyclisation reactions

Iminium salts have been applied in cyclocondensation
reactions of organic compounus leading to important natural
and synthetic products. In many cases the cyclisation occur
with an intermolecular trapping of an aromatic or hetero-
aromatic ring which usually leads to tne formation of six
memberea rings.

Chevolot et. al. in 197673 used iminium salts obtained
by the action of trifluoromethylacetic anhydride on N-oxide
compound, e.g. 201 to obtain the corresponding substituted

indole alkaloid skeleton.
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1-Azabicyclo-4.4.0-quinolizidine was synthesised by

66,74 : .
Rapoport et. al. ' using N-substituted piperidinjum salts:

a H
O /co ef TN COEM DTSN\

N0, t COET

Similarly, iminium Salts were us/ ! in the construction
of some indoles-by'Van;Tamaien and Poitiér65 in 1968,
The defects of their synthetic procedures was improved upon

by Rapoport et, al 67
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H
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When the other Of-carbon is substituted the Course of

the cyclisation 1is altered.
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Substituted indoloquinolizine
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Lanthaniage metals may mediate in the heterocyclisation
of some iminium salts for example: samarium diiodide in
anhydrous acetonitrile in presence of camphor sulpixnic acid

50
{CSA) gave the heterocvcle 227 in 78% .

Me P:;e
| Sml, /CSA 0 \]/ H
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22 221 R

Preparation of Substituted Ketone and aldehvdes

Hydrolysis of iminium salts leads to the formation of

5
carbonyl compounds: e.g. 3-oxo-20-bromobis nor-4-chler-2-al 6
where a bromoaldehyde is formed. v
' f—_\ e ’.'-'_"‘.
HCMe)= (=N Ar ¢ (= N+ >
N R N
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Tne use of iminium salts in the formation of o/X-disubstituted
aldebydes and ketones enjoys some advantage over direct alkylation
proceduresTS. Successtul synthesis of 2,6-dimethylcyclohexanone
is achieved through iminium salts only. Direct alkylation gives

2,2-dimethyl cyclohexanone preferentially as in the scheme below:
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In direct alkylation, the most substituted carbon is
aiways preferentially obtained, while in alkylation via
iminium salts, the least substituted position is alkylated.

(¢} Cyanation leading to organic nitriles
Cyano groups can be added to (%-carbon of Iminium salts
ﬁ;‘ by the use of sodium or potassium cyanide to produce organic
nitriles. Nucleophilic addition of a cyano group to the
3,4,5,6-tetrahydropyridinium salt with sodium cyanide gave
the 2- cyanop1per1d1ne'f‘*“
oL
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R = Me, PhCH,-,  PhCH CH, -
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f*m
’ Cyanc group also add only to the @l -position in
5,6-difiydropyridinium salt despite the 3,4-unsaturation in
50-70% yield76.
Pfe l\;ie _
.N .
N (NN
7 - KCN -
v, (0T —— Y
R = ‘ R NS
2 2 .
e T
L) R,=H, Me, Et, €
* The easy transformation of the cyano functional group
to other useful functional groups imparts versatility to
this synthetic application of iminium salts.
(d) Reaction with organometalic compounds
N-substituted tetrahydropyridinium salts react with
organometallics, e.g. Grignards reagents to form C{-arvyl,
. ¢{ -alkyl substitutea amines. Bohme ana Plap‘pert,7 in

1975, reported the reaction of iminium salts with aryl
magnesium iodide to form arylsubstituted terfiafy amines

in good yield.

m.__\ H
(  W=CH-CHRR). + RMg] — “C‘—CH(R)
i R
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Similarly, Rapoport67f reported the reaction of
4
N-substituted piperidinium salts with lithiopyridines to

form 3-(2-piperidinyl) pyridine.

L
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+
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232 233 234

When two competing reaction sites were present,
i.e. an iminium salt and a carboxylic functionality, thé . .

-reaction’took place preferentially at the more reactive

iminium salt.Si?e. ' -f
/Lt .
oy
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T COMe N -
Me 233 . '
235 . - : 236

Reaction with mercaptan and thiophenols *

When potassium salts of aliphatic mercaptans:react with -

iminium salts, addition products that readily decompose are

obtained. Wlth hlgher mercaptan, however e.g. Px thlocresol

—m.

and C{~Naphthy1methy1 mercaptan stable addition. products areﬁ

R _ .E e TR

78 . . e 70 L
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. 76
Grierson et ;al.” reacted sod1um th10phenox1de wlth

B IO
L] =

5,6-dihydropyridinium salts giving a C-4. addltlon product"*

1-methyl- 3-ethy1 4 -thiophenyl«3,4,5,6- tetrahydropyrldlne in

25-30% yield. 3 ST TTTEES R

R P - m e
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The yield is improved on the use of thiobenzyl magnesium
bromide to 45%, sodium benzylmercaptide also gave only 25-30%

yield.

These product are sufficiently stable for recrystallisation
when stored at low temperatures.

1,4-addition products sometimes obtained may be rationalised
to have been formed through an initial formation of the C-2

addition product before rearrangement to the more stable C-4

product.
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Reaction with enamines

Enamines can couple with iminium salts leading to the
formation of further substituted enamines. While the enamine

remains unchanged, the iminium salt is transformed into a

- - - Bae

tertiary amine.
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(g) Reduction of iminium salts
Iminium salts are reduced by lithium aluminium hydride,
or sodium hydride to saturated amines7g. optically active

b

iminium salts can be reduced stereoselectively without the

n:;’" ‘

loss of chirality to a great extent by using an optically
. . 80 .. ‘s . .
active reducing agent 0 like lithium aluminium hydride

incorporating an optically active alcohol like (-} menthol.
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Reduction of l-methyl -2-alkyl ,dé piperidinium
salt or it's five membered analogues with fo;mic acid was
reported by Lukes et. al.gl. The reduction 1s
rationalised to go through an initial addition of a hydride
ion from the formic acid to the ¢f-carbon of the iminium

b
salt followed by the loss of carbon dioxide.

e } o HCOOH m o
HCOO —> H o+ (0,
. . . :. : Me

\ (Hj
Me

245 266
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(h) Some uses ot N-substituted tetrahydropyridinium salt
in alkaloid synthesis

N-substituted tetrahydropyridium salts are sometimes uti;
*  Jized inalkaloid syntnesis. The use commonly involves
intramolecular cyclisation of appropriately substituted
iminium salts to obtain the desired alkaloid. An example
discussed earlier is the constfuctlon of 1-azabiéyclo§é.4.q1

\e-quinotizidine, the yohimbane alkaloids and substituted

.1, indoles.
"
. : 4s ., 72
Piperidine alkaloids
N-substituted piperidinium salts react with deprotonated
acetoacetate to form N-methylisopelletierine and on further
deprotonation gave q/-pelletierine.
COCH 0 - \l )
' ~(0
y© NN +@)\"r 7 —5 AN
- \ N N
e 0« e COoH |
€ ' Me
232 247 24 8
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. v - Pelletierine '
i - 62
R Spartein aikaloidj was synthesised by Bohnmann et. al.

using iminium salt as one of the key step. |
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Another method. that utilized iminium salt as’'a key step was

done by Bohnmann et. a;.62

of tertiary amines.

in spartein synthesis using oxidation
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'PRESENT STUDY

The success achieved in the formation and utilization of imi-
nium salts from tne five memberéd ring systems of pyrrolidine
aeid chlorides and the utilization of these iminium salts in the
synthesis of diverse sulphur containing heterocycles: benzothia
diazines and their substituted analogues16 prompted an extension
of this methodology to the six membered analogues:
piperidine-2-carboxylic acid chlorides. It was anticipated that
the corresponding iminium salts could be reacted with ammenia or
amine to give 2-aminopiperidines. These latter compounds should
serve as excellent precursors for the synthesis of the new

sulphur-containing heterocycles: pyridofl,2-a]{1,2,4] benzothia-

~diazines and-derivatives.

The synthesis of these new heterocycles: pyrido {1,2-a}
11,2,4]benzothiadiazine-6,6-dioxide was proposed to.be achieved
by starting with substituted nitrobenzenesulpnonyl chlorides
which would ve condensed with DL-piperidine-2-carboxylic acid
forming N-(substituted-2-nitrobenzene sulphonyl)}piperidine
-2-carboxylic acids. These acid adducts will be converted to acid
chlorides before appropriate triflate-assisted decarbonylation with
silver trifluoromethanesulphonate to give the cesired
N-tetrahydropyridinium salt synthons. .It was anticipated that
reaction of the salts with ammonia or ethylami;e will give nitro-~
amines . which could undergo an exo-tet reductive cyclisation

'

appropriately to give sulphur-containing heterocycles in good yield.
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CHAPTER 5

"t

RESULTS AND DISCUSSIN

Triflate—assiéted decarbonylation of five - membered

cyclic tertiary a-amino acidsls'16

giving good yields of
iminium salts and eventually excellent yields of nitro-
amine synthons successfully, provided a route for the
synthesis of pyrrolo (1,2,4) (1,2-b) benzothiadiazines.
This prompted studies into the extention of the methodo-
logy to the analogous six-membered cyclic a-amino acids
with a presumption that theée may similarly give the
corresponding nitroamines which may also furnish the
pyrido {1,2,4)(1,2-D benzothiadiazines analogues and their

substituted derivatives.

A scheme of reaction was delineated as shown below.

S0,CH
~ R
R NO, | N~~~ CO0H

H
n549 q
S0, N
oL ’
R NO, COOH
Lo N
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Scheme 11.

o
i

-H,Me, - OMe', -CBt,-CFy’
(@) = g,cop| EtOH, | H,O0, THF, &
(b) = soCl,
() = CFyS0;a3, CH,Cl,, RT
(d) = NH,0H,  NH,R'

(e} = 1Iron dust | AcOH.
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The synthesis commenced with the condensation of

‘Eommerciallytavéilable 2—ni£robenzenesul§honyl eroride

with piperidine- 2-carboxylic acid. Addition ofaiéiéi%igfg
sulphonylchloride to aqueéus hydroxide82 solution of )
piperidine-2-carboxylic acid did not give a reasonable
yield, despite the fact that the method worked very wéll
for the condensation of Lrpy;rolidine—z-carboxylic acid.
Increasing the reaction time to 4h did not cause a signifi-
cant change in yield, neither did reflux of the reaction
mixture for one hour. A heterogeneous mixture constantly
ensued,

In order to obtain a homogenous solution, the sulpho-
nyl chloride was dissolved in diethyl ether and added to
a solution of piperidine—z—carboxylic'acid in triethylamine
and water. This solution was stirfed.at room temperature
for 2h. The yield obtained was just 10% Refluxing the
reaction mixture for lhr. did not cause any significant
change.

Another method 83 was therefore attempted. Using
tetrahydrofuran (THF) aé the sulphonyl chloride solvent,
while the amino acid was dissolvea in potassium carbonaté,
water and ethanol, a homogenous mixture was optained.

This was refluxed for one hour. n evaporation of all
solvents and work - up, a significant yield (60%) of
product was obtained. Efforts to improve the yield by

increasing the time of reaction to two hours or three hours

did not cause any significant improvement in yield.



4 |
A 252

The condensation reaction between an acid halide and
an amine above is a typical Schotten-Bauman reaction. It -
involves the nucleophilic attack by the lone pair of
electrons on the nitrogen of the piperidine-2-carboxylic

F ol
acid on the sulphonyl group as shown below (Scheme 12}.

0
S=C gz/’//’_;?W
ot
—_— Os.
| NO y COOK
2 N02
2600 i
. - H
..-:*.5‘ Q/LC,}-»
SO N -~ HClI S'— N*
@ o SO
NO, COOK '. L\//L\NOZ
+H@
v
—
/SO?N
NO, COOH ‘
R 1
i

¢ ' Scheme 12

Elimination of HCl results in the sulphonamido acid.
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The infrared spectrum of the product formed .showed a
band at 3400.- 2400 cm—l due to the dimer formed by the
acid adduct. Other bands included 1710 cm ' for the acid

carbonyl, 1520, 1340 cm;l for the nitro group's stretching

1

vibrations, 1370 and 1160 cm ~ for the sulphonamide

/
~

four protons of type 'a' at-al.l, the two protons of type

(S0,-N ) absorption. The %}NMR in acetone-d. showed the
'b' at §1.6, while the two protons next to the amine nitro-
gen are deshielded and appear at §3.2. The base proton of.
the carboxylic acid group absorbed af §4.2; while the broad
absorpfion at §6.6 represented the -OH of the acid which is
exchangeable with D,0. The three aromatic protons of H-3,
H-4, H-5 appeared as a'multiplét at §7.2, while the proton

H-6 appeared at 7.6 slightly deshielded by the sulphonamide

group.
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Thé micuoanalytical data obtéined for the new compound
were consistent with theorefical values. ~The mass sPectfhm
of the compound showed an Mt -45 peak at 269 as the base
peak. This peak was obtained by loss of -COOH group and
other notable absorptions included mﬁE’lBG which represented
NO,-Ph-50,-; 128 and 83.

The acid adduct 267 was smoothly converted to the
acid chloride by éentle reflux with thionyl chloride.

The mechanism 84‘of the reaction of thionyl chloride
on the acid group is identical with the reactfon of thionyl
chloride with alcohols. The reaction proceeds through a

concerted process i.e. an initial formation of a chloro-

sulphite ester followed by loss of sulphur dioxide:

SO—N
NO, - COOH
267 ~
. , F =
SO5N. — 50, S0, N
No, -COCI No, O \Oj:o
268 C
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The infra-red spectrum of the viscous 6il showed a

riong acid chloride absorppion-at 1795 cm—l. The carbonyl
group of the nitro acid earlier absorbed at 1710 cm_l.

To the dichloromethane solution of the acid chloride
was added silver trifluoromethanesulphonaﬁe. under inert
conditions. There was an instantaneous effervescence with
evolution of carbon monoxide accompanied by the immediate
generation of N-(2-nitrobenzenesulphonyl) tetrahydropyridi-
nium trifluoromethanesulphonate salt. When the effervescence
in the iminium ion generation reaction subsided, concentrated
ammonia (5.G. 0.90) was added with stirring to the reaction
mixture at room temperature.. On work-up a brown solid was

obtained. T.l.c. of the solid gave two main spots in

chloroform: methanol, 10: 1

SO N
CF;SO S

ND, ©

268

agw{:>w ~CO
\ A —

NO, |

SOz N NH.
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Flash'ébromatography of the compound on a silica gel
tolumn gave phe‘ﬁesired compound as. the lower Rf product;

This was further purified by preparative t.l.c., The 1i.r,

- spectrum of the compound showed strong absorptions at 

3400 (-NH-stretch) 3060, 2980 for the C-H stretch of

-1 (NH-bending), 1600 for the -C=C- of

-1

aliphatics, 1680 cm
aromatic ring. An intense absorption at 1540 cm
represented the nitro grbup's stretching vibration while
absorption at 1380, 1180 cm™t were due to the 50,-N

bond.

ThelHﬁ@m of the product showed signals at 81.7 for
the 4 protons of the piperidine ring. The two protons of
type 'b' appeared at §2.3 while the signals at §3.4 was
for the proton adjacent to the nitrogen atom. A triplet
at §4.6 wag due to the base of the amino group, while §6.4
doublet was due to the amino ~-NH, absorpfioﬁ. The aroma-
tic protons H—3,'H—4, H-5 absorbed as a multiplet at 7.7

while the deshielded H-6 proton appeared at 8§8.1.

//ﬂ
H-6 19
| H
H
NOZ NH2 ~-

70

es—
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The mass spectrum of the product showed the most
abundant ion at m/z; 269 (Mf ;‘16) which reéresented a loss

of -NH, grouping from the molecular ion. Other notable

fragment ions include m/£}186,‘123, 84, A plausible

fragmentation pathway is outlined below:

[:;::1~NH2 +

| ~NH, . K N .
50, B <o L. t PhSG,
NO: 2 : N (218¢)
: NO (%:83)
(% 2¢9) an
NO, o

Ph

[
X o
W
(g

The lower Rf product was therefore characterised as
N-(2-nitrobenzenesulphonyl)-2-aminopiperidine.

The formation of iminium ions from the acid chlorides
is based on the observed instability of mixed anhydrides
formed from aliphatic acid chlorides. The mixéd anhydride
formed ié thermally unstable and is therefore decomposed
leaving a carbonium -ion whichi@k cleayed off as carbon,
monoxide with assistance from. the lone pair of electrons

on the nitrogen, thereby forming an iminium salt.
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The iminium -ion here is. stabilized by trifluoromethane-

sulphonate anidﬁ as countef ion82 (see scheme 13}.

The reductive cyclisation of the nitroamine which
should lead to the héterocyélic compound: 1, 2, 3, 4, 11,
lla-hexaﬁydrqpyrido (L, 2, 4) (l; 2-b) benzothiadiazine
-6, 6- dioxide was achieved with a mixture of iron dust

0 -
i and iron filing in glacial acetic acia®’

Qsoz NQ Fe AcOH SO N

NH, -

R NH, Ha -
. 270 . : i

_nut
N
"{. SOZ\N

R=H
R N
H
271 - Scheme 14
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The i.r. spectrum of the compound showed the following

1

absorptions: 3500, 3400 cm ~ (NH stretch for the monomer and

_associated forms), . 3080, 3000 Cl'nml (C-H stretch of fhe piperi-

dine ring) 1690 pm’l (NH - deformation) 1610 cm'i (aromatic

1

-C=C-) 1350, 1170 cm =~ (S0,-N{ ).

The 'H-NMR spectrum of comp;upd 271 showed a 4H multi-
plet at §1.2 (piperidine ring protons type 'a'), 2H multiplet
at §2.1 (piperidine ring protons type 'b'}., The two
protons aajacent to the nitrogen atom absorbed at 63.3.

The acetalidine N-CH-N proton appe%red at §5.1. The three
aromatic protons' H-3, H-4, H-5 appéafed at:67.} while the

deshielded H-6 proton absorbed at §8.2.- A broad signal at

9.1 represented the NH,

. C
He A H
H -
-5 - : R e . z
H SO;N H o
, H *
H-& $ H H - T
H H H
'y H__3 \(_/
b
271

The mass_spéctrum of the'heterocycle*éhqygd;§p.
. CAESE RN

abundant molebuldr ion m/z 238, Cthervngtablgiéeakgmyepe -

N ‘ AR
at m/z 182 (64%), 173 (M - S0,H),-146 (M° - S0,-N,HCN),

93.
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The rgéction procgeds through an initial rgduction
7 of the nitro: g;bup to an a;ino function;tﬁereﬁy fbtminé
a diamine intermediate. This is not isolated, but reacts
immediately by loss of one amino function., The amine losg
is achieved by preferential'protonétiOn of the more basic
amino function followed by the nucleophilic displacement

%” by the other amino group's nitroéeﬁ lone pair of electron.

The cleavage of the protonated. amine leads to a hetero
ring closure. (See scheme 14).

In explbratioﬁ of the ﬁtility of other amines (apart
from ammonia} for possible preparation of N-substituted
thiadiazines, the N-tetrahydropyridinium salt 269 was
reacted with ethylamine to give a secondary amine,

{hﬁ N-(2-nitrobenzenesulphonyl) ~2-ethylaminopiperidine.
Chilled liquid ethylamine was added to the iminium salt
under dry and inert conditions at room temperature as
described earlier for ammonia. The reaction gave a solid
mixture which was separated by flash chromatography to give
a brown solid m.p. 140—1410.

Infra-red analysis of the solid showed absorption at
3337 cm_} ( NH stretch), 3085, 2922 (-CH stretch of piperi-

1 (NH deformation). Absorptions at 1536 and

dine) 1618 cm
%&- 1334 cm~t representéd the Nitro group's symmetric and
asymmetric stretching vibrations. The —502N absorptions

appeared at 1366 and 1160 cm L.
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S0 N@ CH3CH,NH @ 2 D
>

N0, NHE}

=
o
~

72

—

[\ ]
o~
O

|

~

The nitroamine obtained was reductively cyclised
with iron in acetic acid (as carried out earlier on the
2-amino compound). The resulting heterocyclic compound
obtained showed the same mélting point as the product
from the cyclisation of N-{2-nitrobenzenesulphonyl)-2-
amino piperidine, |
All spectra obtained were identical to those obtained
earlier. Thus the same 1, 2,.3, 4, 11, lla-hexahydro-
pyrido (1, 2-b)(1,2,4) benzothiadiazine-6,6-dioxides was
obtained on cyclisation. This indicated that the ethyl
amino grouping was'preferentially protonated, relative to
the amino function and therefore preferentially cleaved.

This appears con;istent with earlier work by our
group on quinazoliﬁes 33, in which 3—(2-qitrobenzyl)
-4-ethylamino thiazolidine was cyclised‘éith iron in~

glacial acetic acid giving 4&H,*3, 3a - dihydrothiazolb

- (i:?
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L
1)
L ]

(4,3-b) quinazoline 275. This was the product obtained
when 3-(2-nitrobenzyl)-4-aminothiazolidine 274 was

similarly cyclised.

=y,

e

The preferentiél cleavage may be due to the inductive
effect of the ethyl group making the attached nitrogen

atom more. basic and therefore preferentially protonated.

SO05~N ,
' SOyN:
NH, (HNHCHs N
+ . H
m.
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SYNTHESIS OF SUBSTITUTED PYRIDO(l,2-a)} (l,2,‘4)BENZOTHIADIAZINE-6,
6-DICXIDES:
1, 2, 3, 4, 11, lla-Hexahydro-9-Methyl-pyrido

{1, 2-b) (1,2,4) benzothiadiazine-6, 6-dioxide:

After successful completion of the synthesis of the
parent skeleton attempts at the construction of the subs-
tituted analogues was embarked upon. The first attempt
was to achieve the Y9-methyl substituted pyridobenzothiadia-
zine-6, 6-dioxide. The synthetic design to obtain this
analogue is delineated in scheme 15 below:

The synthesis started from the commercially available
4-chloro-3-nitrotoluene which was refluxed with sodium dis-
disulphide (fbrmed in situ from sodium sulphide and
elemental sulpbur), to give 4,4'-dimethyl-2,2'-dinitredi-
phenyl disulphide via a nucleophilic subhstitution reaction.

The replacement of the chlorine atcm was possible
because of the presence of the ortho nitro group even though
the counteracting effect of the methyl group was apparent
from the moderate yields obtained from the nucleophilic
substitution reaction. The yield was relatively low
( 30%). The use of the strong nucleophile: disulphide ion
did not make much difference. Melting point of the
disulphide corresponded with the literature value m.p.

|
164° 86,
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The substitution reaction is presumed to occur through

a step wise reaction thus:

Na,§ + § —> Na-S-S-Na 4—> 2na” +(Tlgg 7)

Cl . c® .
A |
W02 ~ NG, NO,
+ S—S —— +
Me - Me . ME .
_2_?_@ - 2\76&
!
)f.
S S
NOz ' NOé
2 NaCl +
Me  Me
277

————

The anion 276a formed then attacks ancther molécule

of 4-chloro-3-nitrotoluene to form the disulphide.

-z

Pooowbee TrtiOa @@t o L eee. et Loenr through
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Cl ®.
S-S ¢ Cl -
- N Ngb 'gzr
—
Me - Me
Cl l
NO2 ©
S—S
Me NO,
Me

The conversion of 4,4'-dimethyl-2, 2'-dinitrodiphenyl
disulphide to 4-methyl-2-nitrobenzenesulphonyl chloride
was achieved via chlorine oxidation in nitric acid 84,

Recrystallisation of the product obtained from
Pet-ether gave crystalline plates, m.p, 97 -‘98°(lit
97 - 98°)87,

The nitric acid was responsible for the breaking of

the disulphide bond and converting the sulphide to the

sulphonic acid. The sulphonic acid formed was converted

"in situ to the sulphonyl chloride by the chlorine gas.
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The preparation of the sulphonyl chloride was also
carried out by adapting Pfieffef and Jager's.methodas.
Faming nitric acid (S. G. 1.52) was added cautiously to
the disulphide and heated for 30 minutes to give ﬁhé

sulphonic acid. The sulphonic acid obtained was éonve:ted

to the sulphonyl chloride with phosphorus oxychloride.
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The product obtained here was comparable to the one
obtained by the chlorine oxidation method used earlier.

The condensation of the 4—methyl—2—nitrobenzenesulpho4

‘nyl chloride obtained with DI~piperidine-2-carboxylic

acid was mediated by potassium carbonate in THF. The
condensation reaction is basically a Schotten-Baumann

reaction identicalvﬁﬁlthe reaction of the unsubstituted

analogue discussed earlier.

SO,
NO, K00 o~ SON
r (L O
N Mg

CO0K NO, (00K
Me H
219 '
H-6
H-s ‘SO
« H-4 “NO;
H-3

-

on work-up of the carbonate reaction mixture, a

yellow oil which later solidified ‘was

clean on t.l.c. and did not require further purifica-

tion. m.p. 169-170°C.

A VN S L
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The infra-red spectrum of the N-(4-methyl-2-nitroben-

zenesu lphonyl) piperidine-2-carboxylic acid product showed

absotptions at 3500 (-0 of the acid), 3060, 2980 cm_l

1

(C-H absorption of the piperidine ring), 1700 em — (-C=0

of the acid) 1550, 1360 cm™— (nitro group), while the
802-N< grouping had strong absorption at 1380, 1180 em ™,
'H-NMR in CDCl; gave a 4-H multiplet at 61.39 (a piperi-

dine. protons type 'a'), a 2H multiplet at H1.48 represented

g8

865

piperidine proton type 'b'. The methyl group proton absorbed
as a 3H singlet at 02.49, the.piperidine proton typé e!
absorbed as a 2H doublet of a doublet at§ 3.60 while the

1H broad exchangeable with D20. represented the-0H of the
acid. The basé.proton absorbed as a doublet at b 4.70.

The aromatic 2H protén for H-3, H—S_absorbed as multiplet

at §7.50 while the 1H doublet of H-6 absorbed at §7.95.

+* mhe microanalysis of the_compound géve satisfactory

} data as the values obtained were consistent with theoreti-

cal (expected) values.

The acid adducts obtained was converted to N-(4-

r methyl-Z-nitrobenzenesulphonyl) piperidine—Z-carboxylic
) acid chloride on gen%le reflux with thioﬁyl chloride for
b 2h. This is a departure from Alo et.al's earlier method22
of stirring at room temperature for 24h as it seems
L;3 ‘ | refluxing the acid with a chlorinating agent will not
50 cleave any bond in the molecule. |
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The mechanism of the conversion to acid chloride is

the same as discussed earlier for the unsubstituted

analogue.
so—N" \  soc, SOFN

Me © NO,  COOH Me NO; cod
80 28

The i.r. spectrum of the acid chloride showed a strong

1

band at 1780 cm ~ for the carbonyl bond. This is a shift

from the 1700 cm™t

of the acid carbonyl which is due to the
inductive effect of the chlorine atom attached to the
carbonyl group.

O treatment of the acid chloride with silver

trifluoromethanesulphonate in dichloromethane solution gave

-an immediate effervescence which subsided only after about

lhr. After injection of concentrated ammonia and work-up,
the product showed two major spots on t.l.c. The compo-

nents were separated by column chromatography.

B

Tl wee indso oF Lhz gonv.r i w0 acld anicride ase
X 1 . " ;
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-3

SO~N (F3S03Aq . SO5N+

CUCHCL @ Y

Me NO, 07-Cl 7T Me NO,
~ 282

k}& 281
’__U_
Me
;%Ef The infra-red spectrum of the nitroamine had
absorptions at 3380 cm_l (NH Stretching), 3000 and

2900 cm_l (-CH stretching of the piperidine ring), 1600

: (-C=C- of the aromatic ring), 1540 and 1340 cm—l (NO2
group) and the strong bands at 1365 and 1170 cp -t

represented the 802—N group.

The 'H-NMR spectrum in deuterated acetone showed a
6H multiplet at 61.2 - 1.8 (piperidine ring proton) type
]

a', a 3-H~ singlet at 02.6 represented the methyl group

while the two protons adjacent to the nitrogen atom

appeared at §3.2. The base proton of the-amino group

appeared as a triplet at 04.2 while the NH proton of the

amino function absorbed at §5.4. The two ortho protons

to the methyl group i.e. H—B, and H-5 absorbed at§ 7.6
. | ’

t L.
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while the H-6 pnoton.ortho to the sulphonyl group absorbed
at §8.0. |
The mechanism is the same- as reported'fdr thé formation
of im}nium salts for the ungubstituted analogues.
Reductive cyclisation of the N-(4-methyl-2-
nitrobenzenesulphonyl)-2-aminopiperidine was achieved with
- a mixture of iron filings and iron:dust in acetic acid and
ﬁFf refluxing at 128-130° for 12h . n work-up, béige micro-
crystals of 1,2,3,4,11, lla-hexahydro-9- methyl-pyrido

(1,2-b) (1,2,4) benzothiadiazines -6, 6-dioxide was obtained,

m.p. 171 - 172°.

SO?N:' > Fe/AcOH, SO?ND

NH;

Me N02
28

—

SAN-N — NH;
. "
Me
H, : ’l‘.“.le

‘. -H

Me N~ | R
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The I.R. spectrum of the microcrystals showed the NH

"1 and the -CH absorption of the

piperidine ring at 2929 and 2860 cm ©. The -C=C- of the

absorption at 3368 cm

aromatic ring appeared at.1608 cm™t. wWhile the sulphona-
mide function absorbed at 1317 -and 1164 em™2.

The 'H-NMR spectrum showed a 6H multiplet at
1.1 - 1.7 for the piperidine ring. The methyl group
signal appeared as a 3H singlet at §2.3. Adjoining this
signal is the 2H multiplet of the methylene group adjacent
to the nitrogen of the pipepidine'ring. The N-CH~-N proton
absorbed as a 1H triplet at. 63.4 while the NH absorption
of the secondary amine appeared as a broad signal at b4.8.
The two aromatic protons adjacent to the methyl gfoup
absorb as a 2H_mu1tiplet at 66.7 while a 1H multiplet at

§7.55 represented one proton ortho to the sulphonyl group:

H-6.

SOZN

Hy C

T+ I

The reaction is presumed to occur via an initial reduction

of the nitro group to give a diamine.. Protonation of the

_ amino group attached to the Sp3 car bon leads ‘to-it's

T [ TSR T A P TR B S T Lo yicta v 0w R SR
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preferential cleavage to allow the intramolecular
nucleophilic attack effecting the exo — tet ring

closure. (See Scheme 15a).

9aca-Trifluoromethyl - 1,2,3,4,11,-lla—hexahydropyrido

(1, 2 - b)(1, 2, 4) benzothiadiazine — 6, 6 - dioxide:

Trifluoromethyl substituted heterocycles are known to
exhibit potent bioactiviﬁies. It was therefore of interest
to attempt the construction of a trlfluoromethyl analogue.
The synthetlc design for the preparatlon of the above compound

is outlined in the scheme.

NO;

+ NaS0; —>

NG,

POCL,

8]

|

Cl
NO,

—_ - LAY . 288

Gl ot onLins Cdes oy Lo addow Lo padramstoet lar
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sozc
CF3
. 287
CE —
g
. S0y Q / NH,
/.: NH
(F, NO, T2
291
. Fe/ALOH
;?/ SOzN
N
_ CF - H
292

Scheme

Commercial 4-chloro-3-nitrobenzotrifluoride was

benzenesulphonate by an adaptation of Lint's method

converted to sodium 4-aca-trifluoromethyl-2-nitro

89

This was done by reacting. sodium sulphite with 4-chloro-
3-nitrobenzotrifluoride with vigorous stirring for ‘4h.

The reaction is a.nucleophilic. attack on the ring by the
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sodium sulphite's lone pair of electron to form the
sulphonate. This attaék is possible because of the
electron withdrawing effect of the trifluoromethyl group
coupled with that of the ortho nitro group.which‘make the
chlorine atom susceptible to nucleophilic attack by the
sodium sulphite.

The conversion of the sodium sulphonate to the
-~ 4-gao-triflucromethyl-2-nitrobenzenesulphonyl chloride

was achieved with phosphorous oxychloriae

Ct . SO Na

cl
| NO; < _NO,
| 4 NopSOy ~E§%E;:> -
(F,

285
~NaCl
¢ S0,C - 'S03Na
N0 pociy, NG,
CF,
28 286
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The-sulphoﬁyl chloride was also prepared from
4, 4'—ditriflu;;omethyl-2, 2'~dinitrodiphenyl disulphide,
The disulphidé was obtained from the reacﬁion éf sodiﬁm
disulphide and 4-chloro-3-nitrobenzo-trifluoride in the
usual mannef described earlier.

The disulphide underwent smooth chlorine oxidation

s
-k

i in nitric acid like the methyl analogue. The sulphonyl

&

chloride in this case however is an oil.

The 'H-NMR spectrum of the red sulphonyl chloride oil
showed a 2H-multiplet at §7.9 representing protons ortho
to the trifluoromethyl group (-3 and H-5) while the H-6

proton ortho to the sulphonyl group absorbed at 6 8.2.

Y
«“F’ﬁ -ﬁ,,
NO;
+
CFy
285
Les el El T_ -\?.1 C F3 -
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The sulphonyl ~chlorides obtained from the two methods

were identical. These were condensed with piperidine-2-

carboxylic acid in the same manner as with the unsubstituted

analogues to give on work-up N-(4-caatrifluoromethyl-2-
nitrobenzenesulphonyl) piperidine-2-carboxylic acid in low

yields as an oil, which only solidied on standing for one

o, month.
5
NO;  Ky(03 S03N
O s (T
N - >COO0H ~NG,
. CF 2 COOH
) H 3
CF3
281 Zﬁf'

The infrared spectrum of the acid adduct showed

1 1

(COOH) 1700 cm — (carbonyl

broad absorptions at 3,000 cm”

stretch) 1600, 1520, 1310 cm - (nitro group), 1360 and

1

1,200 cm - SO,N

2

The "H-NMR spectrum in deuﬁera£ed trifluoroacetic
acid showed a A4H multipleﬁ of the piperidine ring type
"a', protons at 61.3. A 2H multiplet at 51.9 represented
the piperidine proton type 'b'. The protons adjacent to
the nitrogen absorbs as a 2H quartet at 63.2 type 'c'.
The base proton of the carboxylic acid agpeéred at 0 4.5

o .

while "the protons ortho to the trifluoropethyl grouprr

-
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| absorbed at §67.3. The proton ortho to the sulphonyl
* v ¥ 4
e , group was slightly deshielded and appeared at (7.7 as a
R .
.y ¢ 1H multiplet.
¢ e
L ] . ‘
L] 'y H
H
CF,
H

The mass spectiﬁm of the compound showed the base
peak at m/3,337 (M' - 45) M' - COOH. - Cther significant

peaks were at m/z 318,254 (M+ - piperidine-2-carboxylic

Lo acid) 207, 188, lel.
A The nitroacid was treated with thionyl chloride as

usual to give N~ (4-aca—-trifluoromethyl-2-nitrobenzene-
sulphonyl) piperidine-2-carboxylic acid chloride.

fhe infra'red spectrum show a shift in the acid
carbonyl from 1710 to 1780 em™! due to the introduction
of the chlorine atom.

The acid chlofide obtained above was dissolved in
dry dichloromethane and silver trifluoromethanesulphonaté

was added. After a copious effervescence, the reacting

e )

mixture was treated with conc. ammonia. Standard work-up
gave a solid product, T.l.c. of the product showed one

main spot. Recrystallisation of the product gave a br own

solid m.p. 144 - 5°,
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The I.R. spectrum of thg product showed absorptions at
3380 cn™! for the NH stretch of the amine, 1610 em™! for
-C=C- of the. aromatic ring, 1520 and 1320 cm L (Nitro
group). 1345 and 1135 enl is for 502N< group stretching.

'H-NMR spectrum in deuterated acetone gave a signal for
4H multiplet of the piperidine ring (type a) at 01.0, a
2H multiplet also for the piperidine ring (type b)
absorbed at 5’1.5 while the 2H multiplet for the protons
adjacent to the nitrogen atom absorbed at 02.6. The
N-CH-N 1H, multiplet showed at 84.2 and the NH proton
absorbed at §5.6 (exchangeable with D20). The aromatic
3H protﬁn did not gquite reoslve and it absorbed at

6 7-1 - 7.70.

SOTN SOFN )
: > Soct, @ : >
(7 N0, o
2z

NO, C OOH
(F, 2
289 . 233 |
CF,S0,Ag
CH,C Ly
v |
H
' S05-
1OC L
NO
CF 2
H g 290 i
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'S
a . : '
r”’#,,»  The nitroamine 291 obtained was reductively cyclised
g " with iron in acetic acid as usual for 12h,

Work-up gave a brown microcrystalline solid which was
recrystallised ~“wite frohchlordform: pet ether -mixture

The I.R. spectrum of the product showed abscrption
" *

1 (-NH stretch), 2990 (CH stretch) 1680 cm“l

1

“at 3350 cm

(-C=C- aromatic ring), 1340
t

(-NH deformation), 1610 cm
1

W,

and 1180 cm ™~ (50,8 ). ?
The 'H-NMR specﬁrum in DMSO'-d6 sho@éd 5 6H mﬁatiplef for
the piperidine ring (type 'a'), a 2H multiplet for the

protons adjacent to the nitrogen atom (type 'b') absorbed

at 02.6. 2 1H multiplet representing the base proton

v (type 'c') absorbed at {§4.8 while the 1H of the NH
B (exchangeable with D,0) absorbed at §5.6. The aromatic
-~ a.:.‘-vs . :
=1 protons was not resolved and showed as 3H multiplet at §8.0. -
o ) The mass spectrum gave the molecular iecn at m/z 306.

Cther significant peaks were at 241, 223, 161, 82 and_55;
The mechanism is same as the initial fedﬁction of the
nitro group to amine and the preferential protonation of
amine attached to the Sp3 carbon and it's eventual
cleavage facilitating intramolecular nucleophilic attack

effecting the cyclisation.: togive232.
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SOFN- AcOH SO7 N
s
Fe - NH, NH
2
NO NH 2
CF, 2 2 Ch .
291
'y H*
% |
- ~ r ]
S%N SO{N
CF H Ch
I : ]
—~H*
4
“*w.-;y’
| QL0
N
CFy H
292
'9-Methoxy;l! 2, 3, 4, 1ll-lla-hydrohydropyrido
} (L, 2-b) (1, 2, 4) benzothiadiazine-6, 6-dioxide:
~~ Efforts were then directed‘towé}ds obtaining a
9‘,:”, ' .
f gg:? methoxy substituted derivative. The 9-methoxy substituted

analogue was designed to be obtained via the scheme below:

- - . . P
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Cl
OMe ‘ OMe OMe 295
A )
. O 502c1
/@S O;NQ N-SCOH NN, -
« H
MeO NG coon -
297 | | OMe 296
SOCY,
| I CHCL '
Me0 no, coct ith Me0 NO,
298 299
. NH3
‘O O NH
.\;33 Me O iy MeO Ne, T
01 e
Schene 17.
>
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Commercial 4-chloro-3-nitroanisole was to be the

precursor to the desired disulphide on reaction with

sodium disulphide.
obtaining the 4,

disulphide with this product failed.,

However, several attempts at
4'-dimethoxy=-2, 2'-dinitrodiphenyl

Therefore,

4-chloro-3-nitroanisole had to be prepared by the method

'y outlined:
ﬁ%g‘
NH, NHC O CH;
A0
:ACOH
OMe OMe .
303 .
302 303 3
— L1M HNO3 -
NH NHCOCH;
s NO, “OH NO,
e : &
305 OMe
HC[ NONOQ 304
(1 CUCl : '
NO,
OMe
P-2nisidine was converted to it's hydrochloride and
Nrﬁk acetylated with acetic anhydride and sodium acetate. The
Moy p-acetanigside 303 was recrystallised several time$ in

dilute ethanol to remove. any trace of the contaminating

pre -

e . .

diacetylated products. » -
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The anisole was acetylated before nitrating it
pecause the anisole ring is highly activated towards
electrophilic substitution. The acetylation of the amino
function modifies the interaction of the nitrogen lone
pair of electron with the H electron of the aromatic ring
so that the‘ring is less powerfully activated towards
electrophilic attack. This protection therefore permits

mono ortho substitution of the ring by electrophilic

reagents.
H .
NH, H@@COCH
6 0
© chzt-0-C-CHy L
(H,COONa :
OMe OMe A
302 - yt
NHCOCH;
+ CHyCOOH -
OMe
303

The m.p. of the p-acetaniside obtained was

131 - 1329 (it 131 - 13284,

- 9.5 e s
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The p - acetaniside was immediately nitrated to give

2-nitro-p-acetaniside with-11% HNO3 in acetic acid.

0
0 .
H N> CHg | HiZ ™ CHy i S cHy
) — O — [
OMe : OMe | - OMe
30
0 ‘ ]Q‘ 0 |
o . O
Hﬁ/u\CHg HN/A\CH3 HN’u\CHg
® L a3
_ (2N, -
OMe . OMe
lo
B
NO; o~ [:;irfNoz
—
3
Scheme 18 “O‘E 39&

The infra red spectrum of the product showed the NH'
absorption at 3360 cm™t, the carbonyl of the amide band

was at 1700 cm"‘l while the nitro group's absorptidn were

at 1500 and 1380 em™L, - -

‘Deacetylation of the anilide was achieved with
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Claisen's mixture. <Claisen's mixture is a mixturg of
;éthanol, water ;hd potassi:m hydroxide ;nd effects a )
basic hydrolysis. n refluxing the anilide in the.
Claisen's mixture for only fifteen minutes and work-up
gave the amine in 95% yield m.p. 115 - 116° (1it.%90 m.p.
117,

Preparation of 4-chloro-3-nitroanisole from the
amine above was achieved via a Sandmeyer reaction. The
amine was converted to the corresponding diazonium salt
with cold nitriﬁe soldtion. This salt was then coupled
with freshly prepared copper (I} chloride to give the
chloroanisole .compound.

: -H, 0O
. 2 |
(=) + 2H+ = 2HN02 — O=N—0—N=0

l &)

(=) =
NO, + N =0

2N02

H.
1 oo 14
) H-NEN=0 | RN
NO, NG, Y NO,
+y NO —> —

NH,

OMe - OMe ‘ ~ OMe
. -

\'.

‘ -

- +

=N. - N=N- OH : | 0 |
NOZ 4' yi
é______—-—
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The infra red spectrum of the product obtained héd
absorptions at 1600 cm“l for the -C=C- bond of the aromatic

ring, 1550 and 1370 cm = (-NG,), 1240 cm™ T (OMe).

The 'H-NMR spectrum showed two groups of abs&rptions
a 3H-singlet at 03.9 for the (Me, a 3H-Multiplet at
§7.2 - 7.7 for the three. aromatic protons.

The mechanism of Sandmeyer Reaction is well-known84
and it is given in the scheme 19 above. |

4, 4’—dimethoxy—2,2‘—dinitrodiphenyldisulphide was
prepared from the 4~chloro-3-nitroanisole obtained above

and sodium disulphide formed in situ. The prepared anisole
hosami e 1
g

gave the desired disulphide unlike the commercial sample.
The counteracting effect of the methoxy substituent reduced
the activation and lability of the haloqen on the ring

towards nucleophilic substitution by the nitro group.
A1

Conseguently, even with an increase of the reaction time

from two hours to four hours to ensure complete reaction,
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the yield of the disulphides was still only ébout 31% on

— ( wa

the average.’

a1 | s —s@
NO, Nay S, NO,
N
OMe OMe .
294 NO,
" OMe
S S
NQ, NG,
OMe OMe
} 295

The m.p. of the product obtained was 163 - 164° (litera-

ture m.p. 164.7)°L.

Chlorine xidation ©f the above disulphide in nitric

acid/hydrochloric acid as usual furnished the

4-methoxy-2-nitrobenzenesulphonyl chloride.

S —— 5 SO L
HCL, HNO; . © |
i, 4 Y
OMe OMe. | OMe
295 296
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The I.R. spectrum of the compound showed ‘the absorp-

1 for the 502Cl

tions at 1600, 1540, 1370 (NO,) 1170 cm”
bond . |
The 'H-NMR spectrum showed a 3H singlet for the
methoxy group at $4.2. The aromatic proton absorption
at §7.5 is assigned to the two H-3 and H-5 which .are less
shielded while the deshielded H-6.proton appeared as a
doublet at §8.4. The aromatic protons in this case
showed deshielding effect relative to those of 4-chloro-
3-hitroanisolé due to the presence of the sulphonyl chloride
grouping.
4-Methoxy-2-nitrobenzenesulphonyl chloride was made
to coﬁple with DL-piperidine-2-carboxylic acid in potassium
carbonate solution, to give N-(4-methoxy-2-nitrobenzene-

sulphonyl) pipe:idine-Z-éarboxylic acid 297.

—————

S0,C!
NO2 . S0, N
O QA O
LT COQH e NO, CQOH
Ote ' ' 2917
296

—_— i

The infra red spectrum of the acid adduct had carbonyl

absorption at 1715 cm_l, while the nitro group absorbed

- ——— )

at 1520 and 1350 en™t. The SCbN<' of the tertiary
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sulphonamiée absorbed at 1370 and 1150 cm"l, The C-0-C
ether linkage of the methoxy group was distinct at
1210 cn™L,

The 'H-NMR spectrum of the adduc£ showed the piperi-
dine ring protons showed.four signals which included the
following, a 2H - multiplet at é61.4 (type 'a'}, a 3H -
multiplet at 86l.7 and a 1H doublet at 62.3 while a 1H
doublet and another -1H doublet at §63.65 absorption are
for the protons adjacent to the nitrogen atam. The methoxy
group 3H singlet absorbed at 63,9 while the 1H broad
exchangeable with D,0 reéresented the -CH of the acidﬁﬁ;844”
The N-CH-N lH—doublet was at 64.7. The 2H-multiplet of

the H~3 and H-5 absorbed at 57.2 while the deshielded

1H-doublet of H-6 absorbed at §68.0.

H

—

The acid adduct was converted to the N~ (4-methoxyl-2-
nitrobenzenesulphonyl] piperidine—Z-carboxyliéﬁacid chloride

on'gentle'reflux with thioﬁyl chloride,
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The infra red spectrum of the compound showed the acid,

1

carbonyl shifting from 1710 cm_1 to 1790 cm — due to the

replacement of -CH group by a’}/ "z . . ;chlorine atom.

e

-SOTN soCl,. SQsN
O oCo.H © Nn. - COCl
e Ny RN gy NG T
297 298

|

\

The preparation of N- (4-methoxy-2-nitrobenzenesul-
phonyl)~2-aminopiperidine was achieved by dissolving the
above acid -chloride in”dry dichloromethane and reacting
and addition of silver -trifluorocmethanesulphonate. There
was copious effervgscence as usual, which only subsided
after one hour. Addition of ammonia and work-up as usual
gave the crude amine which was purified by flash chromato-
graphy to give a brown solid,

The I.R. spectrum of the solid had - NH absorption at
3360 cmn T, methylene absorptions at 3,000 and 2940 en ™,
aromatic -C=C- bond absorptions at 1600 cm_l, the nitro
group absorption appeared at 1540 and 1325 cm_l while the
50,-N of the sulphonamide absorbed at 1350 and 1170 cm_l.

S

The 'H-NMR spectrum of the nitroamine showed a 6H

multiplet at 0 1.6 for the piperidine ring type 'a'.
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Two lH-multiplets for the piperidine proton adjacent to
the nitrogen atom absorb at 63.2 and §3.6. The metho#y
3H-singlet showed.at §.3.95 while.the 2H-broad of the -NH
absorption was at 05.6. A 2H multiplet of the aromatic
H-3 and H-5 was at § 7.1 while the deshielded lH-doublet

was at 07.9, -

507N CFSOAd . 3
OMe NO, ol o OMe 2
’ 298 299

|

L L

The nitroamine obtained above was madé to undergo a

reductive exo-tet cyclisation, using the usual reducing
mixture of refluxing iron in acetic acid, to give

9-methoxy-1,2,3,4,11, lla~hexahydropyrido 1,2-by{1,2,4)

benzothiadiazine-6, 6-dioxide as brown solid.

- e - -

- . . . L2 3 .~

T e o b (20 i}': |4 i [N P P 8 WU T TR B

Ll



o o--

[ [ P P

- - e { ]

200

¢

4

PYE UNICAN LTD -
CAMBRIDGE ENGLAND
PART No 541748

0

0

6
_

0

80

[+
o -
- o
M =
wd
[T Y]
WOD [+
-
< m
&
<L
P
d
x
Q
(=]
(3]
a2
bl v -
. T
X O =T z
by T =
T8 Y glz  E
+1
11, 2l
a oh 22 E|.
AT 2 Rl [T I
J35;
el £ o
Thant
- O
8 -
@
g I -
85 ﬁ
g
E 5 |
§ 3 = .
@
b
(™) [H)
g 8
e z o
7 w
mv. ﬂufclu x
H a
Eoo g .
-5 -
q..u_
z HE=
=< 1
a ‘%%2 St
73] o6 =z
o
wi NA
Qr
wED i :
zFe
wen O ! mv
[Frpvp-] e
LED g
=
FEe
B )
I <L
-
A
o¢ n.
8
w &
[=]
o]
- w
o
]
i -
2 e
& g
@ Z
<3




e

\ Ju
OGTE 23-7-87
TIME 16.36
- - §F 280.132
3@ 200.13@
32 289,132
5 8g.q
01 3139.275
S1 16484
0 16384
SW 3785.128
542 32p5.128
HZ/PT 391
Py 7.2
RD 2,908
R0 2.556
R 20
NS 286
TE 287
Fy aige
02 28B2.B15
B 120 PO
LB 168
SO~N 68 2.0
Cx 32.08
H lé'ggn
No, MHz F2 -.585
MeD ¢ i .81
[ 1.008
Hi/CH 59489
PPM/CH  .287
15 5
SR 2333.%g

ol
. N T N I

4 INTEGRAL

J
| ,,/“[

|r|||||-]1rv1i rrluzrvl1;|.lvrwnr.]‘/, \EI/

,...,[....Tr'.,,'...,;1:1“,;.,..7',
.5 6.8 5.5 5.8 4.5 a.p

oo



- 294 -

The infra red spectrum of the solid showed a - NH
deformation band 1650 cm”l, the aromatic -C=C- bond
stretching was at 1600 cm Y, the sulphonamide SOZ—N<'
band appeared at 1360 cm™t and 1375 cn”t. |

The 'H-NMR spectrum in DMSO-d. gave a 4H-multiplet at
§2.0 for the piperidine ring (type 'a'), a 2H-multiplet

};: at D2.6 while a 2H-multiplet at 53.6 represented the
iéﬁ? | protons adjacent to the nitrogen'atom. The methoxy 3H -
singlet absorbed at 03.9 and.the N-CH-N 1H multiplet
showed at 04.5. The low field absorptions consists of a
2H multiplet representing H-8 and H-1Q0, a 1H doublet at

57.8 for the H-7 signal. The 1H signal of NH proton

absorbed at ¥10.0 and it is exchangeable with D,0.

SOZ_N:} > | Fei’.ﬁ\'cDHE @
NHy 1
OMe Ne, T . OMe

300

9—Ethoxy-l,21354,lr; lla-hexahydropyrido (l,Z@b)(l,2,4)

" benzothiadiazine - 6, 6 — dioxide: -

In continuation of efforts to obtain alkoxy derivatives,
'rﬂ attention was directed towards the 9-ethoxy analogues. This
heterocycle was designed to be constructed through scheme

.gg delineated below: 7 . ' . ?

Piag ™
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i : B TR [ BV R I TSRS F TR WIS FT N ) B s Lt whivte 1L - MM



. »...li....._llnl. H

._
W

P
.

B _ql.J..||1.. -

[ ¢.!+!|I||.

PR S

1M
LY
“

b
£

| . (9:) FICHEW LLINSNYHL

JTTTIIILOn
w e

..m
e
-

i
Pep]

b e o]

RO §

‘.n .Ts...L“.

Lo
!
i2

[

. ]

e

[ S |

} ~

Do

1

-3
- = e Pyr—— L
. | -

SRR

e e et
P

AR I B

R

et e o]

L

A

i
T

T

FR——

A

-..,m ..-.Ji!Jﬂ o

MARKS

Y
o

REF, No.

(i

WAVELENGTH

~
g
AN

L

CONC.
CEL
E

")

H

L PATH
ENCE

FER
PEMKIN-ELMER

R

471-5032

PART NO.

T it e iy w ot pe 44t n ——

SAMPL

37}

b TN TN TN o



1 l T . L l v 1 1 I T ¥ 1 ¥ i ,
! Q§ . i
200 o 100 0 Hz
) v /
- . >H>
¥
5 !
;
i ‘
{
; ~
4o - -
}
j
i
i
; . . |
i ; :
e RN 1 e e
! | ;
?
) - ‘ H MVV\,\,M‘J -0
_ ‘ ; |
l F ] | } [ I ) ' ! I ] 1 I 1 H 1 W [l - n l 'l H ! 1 I . L - I I | 1 1
L L 'l l L L I ] 1 3 'y Il ] [ 1 b i 1 'l 1 L L l__l i 3 'l b i ] i Il 4 [l ] s L 1 2 I L 1 ) ]
8.0 7.0 8.0 5.0 PPM {5 ) 4.0 3.0 2.0 1.0 o
MANUAL ‘ ©oauto 11 sampie: REMARKS: - 9D,
299 R ‘ y
SWEEP OFFSET (Mz): AV SWEEP TIME (SEC). |, [°[>9 T (280) &N
SPECTRUM AMPUTUDE: _ A2 _ _ SWEEP WIDTH (Mz) o~ [exfsofiodesopes] :  (500) ! '
INTEGRAL AMPUTUDE: _ _ _o__ _ FILTER: LI=TaTefslelr]e] « ( 2 . -
SPINMING RATE (RPS): _ _ég_ o RF POWER LEVEL: _ _ _ _ o oo mm e | {.05) 1 SOLVENT: DMSO"'dg MQO N
- H
varian ] ; ! 80 MHz NMR
@ analytical instrument division DATE:_ _ _1_"_ i Et: f _2- - OPERATOR: _ _ _ _é}"_’*-_" ______________________ SPECTRUM NO._ _ _ _ _ _ _ _ _ . ___..___



2 s -

NHz - NHCOCH3 NHCOCH;
O AR _EtONa
, 1
oo _ e e
L . 3—03- . 11/ HNO,

S05 ND CF. SOaAg/Cqu ‘S%ND "
EfO/@ ETO 0, Coc -

311
NH3 . . ™
. (O'SO?ND Fe/AcOH e soi,\'o'
Et0 \NO,  NH; - Efo“c N §
- . H -
3
Scheme 20

{. |: L - "R -|L¢J-—n!-3



Commercial p-aminophenol was acetylated with acetic
anhydride affording good yields of p-hydroxyacetanilide
n.p. 168° (lit m.p. 169284,

The N, N—diacetylate_side produét.was removed by
recrystallisation of the product from water while any
0-acetylated derivatives are converted to the p-hydroxy-

acetanilide by boiling in dilute alkall precipitated with

acid, and fecrystallisation from ethanol.

NH, NH COCH, NCOCH;), NHC OCH,
0-0+ 00
OH 403 OH EB.on  2-0C0CH;
302 TT recrystatlisation |
- “in water
boil in NaOH

The ethoxyacetaniliae-was obtained in éood yields
from p-hydroxyaceténilide by reactions of the latter with
sodium ethoxide and ethyl iodide. The sodium ethoxide
abstracts the hydroéen of the phenol thereby.making it

highly nucleophilic and available for alkylation by the

ethyl iodide. N -0 -

2k

ST NENNEE ITPITHEE vt ae gLat e vt acetic
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e

NHC OCH; NHC OCH; NHC OCH;
[j:]//ﬁg?b—gHs\ [;:] CoHs]
> ! ——
j— | -H ‘ , ' . »
155;' 0 0- | 0C;Hq
303 .. | SEIT

The melting point of the ethoxyacetanilide of
: 84

'136° - 137° agreed with the literature m.p. 137° - 138°
The nitratioﬁ of the p-ethoxyacetanilide was carried
out like that of methoxyacetanilide using 1l % nitric acid
solution. The nitro product had a melting point of 102 -

103° which was identical with the literature melting point

of 103° 29,

NHCOCH; - ~ NHCOCH;

NO,
VA HNO3

~
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Hydrolysié of 4-ethoxy-2-nitroacetanilide to
4-ethoxy-2-nitroaniline was also carried out with Claisen’s
mixture as earlier described for the methoxy case. A good
yield (90%) of the red needles was obtained m.p. 113°,

literature m.p. 113° 91.

35 NHCOCH; | NH,

N02 N02
KOH MeOH _ - O |
4

OFt QEt

4-Ethoxy-2-nitroaniline was also converted to
4-ethoxy-2-nitrochlorobenzene through a Sandmeyer reaction
similar to that earlier described for 4-methoxy-2-nitro-

.aniline. Diazotisation was achieved with cold acidic

sodium nitrite followed by coupling with freshly prepared
copper (1) chloride. Steam distillation of the crude |

product gave pure needles; melting point 48 - 49° litera-

ture m.p. 49° 91.

NH,
NO
HA <
Ott
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4, 4'- diethoxy-2,2"'~dinitrodiphenyldisulphide was
prepared from 4-ethoxy-2-nitro chlorobenzene with sodium
dislehide produced in situ from sodium sulphide and
sulphur. _The'yield of product was low (30%). This again
may be due to the effect of the ethoxy group counteracting
the activating effect of fhe ortho nitro group on the
chlorine atom.

The infra red spectrum of the disulphide showed the
-C=C- stretching of the aromatic ring at 1600 en™t. Bands
at 1510 and 1340 cm™ ' represented the nitro group while the

C-0-C ether bond stretching absorbed at 1230 cm—l.

C S S
NO, NoS, l NO, NO;
7 ) 10}
[ |
Ot oct - OB
307 o 308

4-Ethoxy-2-nitrobenzenesulphonyl chloride was obtained

from the disulphide by chlorine oxidationéof the'disqlphide,

1

. §
as discussed earlier ‘for 4-methyl-2-nitrobenzenesulphonyl

chloride.
S S . S0l
NO; N0z et HNo, NO;
Cl | 4
BEt, OEt | OEt
: 309

308
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The melting point of the sulphonyl chloride 73 - 74°
was consistent with the literature melting point
74.7° 9%,
4-Ethoxy-2-nitrobenzenesulphonyl chloride was
condensed with DL piperidine-2-carboxylic acid in the
presence of potassium carbonate under reflux for lh.
Work-up, as reported earlier gave-N-(4-ethoxy—2¥nitroben—
zene sulphonyl) piperidine-2-carboxylic acid. The
mechanism of the reaction is the same as that of any
Schotten - Baumann reaction.

The infra red spectrum of the product showed a band
at 1720 cm_l for the acid carbonyl stretching, the -C=C-

of the aromatic was at 1600 cm-l. Cther bands -included

1

1540 mnd 1340cm_l (NO2 group), 1380 and 1170 cm (502N<')

and the -C-0-C ether linkage of the ethoxy absorbed at
1230 em' L, |

‘The "H-NMR spectrum showed a 3H-triplet of the methyl
of the ethyl group at 01.40 along with a 2H multiplet of
the piperidine ring type 'a' protons. A 3H - multiplet at
61.7, a 1H multiplet at {§2.2 are for piperidine ring
proton type 'b' and 'c' respectively, while two protons
adjacent to the nitrogen absorbed as a lH multiplet at
§3.3 and another 1H déublet at 03.6. A 2H multipleﬁ at

6 4.2 represented the -CH,- of the ethoxy group. The

broad of signal, the -OH of the acid absorbed at 64,5

(exchangeablé with D,0). 5The N-Cg-N—Aprqton appearedhas

- 200
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a }H — doublet at §4.7. The doublet observed may be due
to the orientation in space in which only one of the two
adjacent protons interacts with the base proton. A 2H
multiplet representing H-3 and H-5 appeared at §7.15

while the 1H - doublet at 07.9 was assigned to the H-6.

S0.Cl
OO0 O
COH Eto- ' COOH

© 309 5 . 310

The'acid adduct .was coriverted to N-(4:éthdx§¥2-
nitrobenzenesulphonyl) piperidine-Z—carbogylic acid chloride
with gentle reflux with thionyl chloride, which on work-up
left a light brown oil,

The preparation of N-(4-ethoxy-2-nitrobenzenesul-
phonyl)2-amino pipefidine was achieved by the addition of
silver trifluoromethanesulphonate to the dichloromethane
solution of the acid chloride under inert conditions.

There was an instantaneous effervescence with evolution

of carbgn monoxide accompanied by the immédiate generation
of N-(4-ethoxy-2-nitrobenzenesulphonyl}tetrahydropyridinium/
trifluofomethanesulphonate salt. After i#iection of concen-

trated ammonia and work-up, a brown solid was obtained.
5 ’ B :

1

- U -

.
]

! 3 . -
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Flash chromatography of the product gave the pure amine

as a brown microcrystalline solid m.p. 120 - 121°,

SO~N SQCl | SO{‘N;::>
E+0 NO, Cood EfO No, - C0Cl
m ) I 1CFyS04A0
505 NH3 50_2‘”@
EtO NO,  NH, A Et0” NO,

‘312

)
ey
w

l

The infra red spectrum of the nitroamine had*?bsbrp—

1

tions at 3440 and. 3320 cn — for primary amine, 2980, 2900

(-CH stretching,df the piperidine ring), 1660 (-NH

1

deformation), 1580 cm — (-C=C- stretching aromatic). The

absorptioen at 1520 and 1320 cmil were assigned to the nitro

1

group while 1350 and 1190 cm ~ represented the 502-N<'

band. The ether linkage was at 1190 cm“;.

The 'H-NMR spectrum showed a 3H-triplet representing
the methyl‘group of the ethoxy at O0l.3, a 6H-multiplet at
§1.6 for the piperidine ring protons and a 2H-multiplet

at 063.0 wasdéssigned to the methyleﬁé adjacent to the
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nitrogen atom while the 3H multiplet at 4.1 represented
the signals of the.methy}ene of the ethoxy group and the
base proton of the amino group. The aromatic 2H-multiplet
at §7.1 is assigned to H-3 and H-5, while the 1H multiplet'
at 67 9 represented H- 6.

Reductlve cyclisation of the nitroamine was achleved
as usual with a mixture of iron filing and iron dust in
acetic acid and refluxing at 128 - 1300 fbr 12h. Work-up
of the reaction mikture'gave é brown solid which on‘flash
chromatography furnished 9-ethoxy-1,2,3,4,11, lla~-hexahydro-
pyrido (1,2,b) (1,2,4) benzothiadiazine - 6, 6 - dioxide:as

light brown microcrystals.

O WOGC
E’rO N NH; Et0 ﬁ ' |

' ’ Bt

The infra red spectrum of the microcrystalline

D {

product sﬁowed‘an ~-NH absorption band at 3340 cm_l other

significant absorptions include 2995, 2900, 2820 cm™L

{-CH stretching of the piperidine}, 1660 cm-l (-NH defor-

1

‘mation), 1600-cm ~ (-~C=C--aromatic). - The absorptions. at

-



!

T

t:

i
1

1
i

i

4

VT

3

fad s
3]

A 1
Ty e

19,

'\;._’-_ ;

400

i

Har

PYE UNIGAM LTD
CAMBRIDGE ENGLAND

500

OPERATOR

DATE

RLMARKS

1000

T EXP

3

ritw

T

i

L

L

7

THLENGTH

I P
= |84
HH

CONCENTRATION

=

T

Fty

T

T

cm ! EXP

SLITWIDTH

I.J L5

T

1.? iH i

E

|

T
1
=1

i
i

+
L

i

115

N ey

TECHNIGUE
REFERENCE

MG

i

L

Pl
-1

SIMGLE BEAM
FIXED RESPONSE
AUTO SKD0TH

E

SaM yuayananil

STHASET KOD

RS

(3%

0 e

H

5P
Ll
-

2hum

AL




o Hz

PTE 3

I et .

© et b i

L et | W e

I g DN

o3 ST

4.0

s

=iTAMART 0T
MADE TN U.%5.4,

o
Reor ). B

RIS SERNE ) PN

<
.}
X
D 4
L3
x
W od
e _ 2
o3 ,
ot 1
g ‘
w 1
[3 I
. i
- R |
P
b
1
3
ﬁm_
) B
] Piied
. L
3 3
—_
: _..“_.&._
0.
N0
]
\....A.
N B
i .M 1
a w [
z 2 }
b 8 g
- =
R
[- 4
-0 =
- sose o
Pm5020
mm\n.\(r.\
L=
.3 ]
[
m“u " '
H| S
[ -1 . |
18][} ;
NS 3=
11| R —
= .HC_ QJH.
o% ~ '
‘N wif— ! |
b -~ .
e "
3 > .
~ x s =
- - o
89 o« a
s i
R
2ok

-

SWELP OFFSET (Mx):
SPECTRUM AMPLITUD

SPINNING RATE (RPS): __ D% _
varian

INTEGRAL AMPLTUDE:

SPECTRUM NO. . _ _ . . . . et

anatytical instrument dévision



- 304 .-

1300 and 1140 cn ! are assigned to the ~SC5N( group and
the ether linkage of the ethoxy absorbed at 1190 cm L,
The 'H-NMR spectrum'of compound 314 showed a 3H-triplet

representing the methyl of the ethoxy at 61.2. A 6H -

multiplet at §1.7 and a 2H muitiplet at § 3.3 represented

the protons adjacent to the nitrogen atom of the piperidine
ring, respectively. A 2H-quartet at §4.2 is assigned to
the methylene of the ethoxy group. The N-CH-N- proton
absorbed as a 1H - multiplet at §4.5. The aromatic

proton signals appeared as a 2H multiplet at 6 7.1 for

H-3 and H-5 while H-6 absorbed as a 1H - multiplet at 57.8.
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CNCLUSI' (N

The use of N-({arylsulphonyl) piperidinium salts as
intermediates for multiring heterocycles is herewith
demonstrated. The desired intermediates for, heterocycli-
sation: N~ (4-substituted-2-nitrobenzenesulphonyl)-2-amino-
piperidines which serve as excellent precursors for - the
synthesis of the tricycles - 9 - substituted hexahydro
(%,Zeb)(l,2,4) benzothiadiazine - 6, 6-dioxide derivatives
have been obtained smoothly and in excellent yields. These
heterocycles éré potential chemotherapeutics. The thiadié-
zines that result from fhis scheme are saturated at 11, lla
position directly. Such compounds are more active than 11,
lla - unsaturated analogues. The more active analogues
have-been obtained without having to resort to difficult
reductions of unsaturated compounds.

The different substituents.that were accomodated in
the iminium salt generation reaction show it's versatility
and it's potentials for synthesis of more substituted

heterocycles.
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CHAPTER 6

EXPERIMENTAL

General Data: The 'H-N.M.R. spectra were determined using
Varian T60, EM 360L, Bruker 400 MHz, AM 250 and Varian FT 80A
and were recorded in ppm downfield of the internal standard

of T™MS in either CDCl CDBOD, DMSO-d6 or (CDS)Z co. 1.R.

3
spectra were recorded on Perkin Elmer 257, Perkin Elmer 983,
PYE Unicam SP3-100 in either Nujol, KBr discs, or as neat
films. Elemental analysis was carried out c¢n a Carlo Erba
1106 instrument at the 1.N.S.A. Rouen, France. Mass spectra
were carried out both at the University College, London and

at the Guelph - Waterloo Centre for Graduate Work in Cnemlstry

(GWCJ2 Guelph, Ontario, Canada, Melting points were obtained

on a Kofler hot plate apparapus and were uncorrected.
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Preparation of N-(2-nitrobenzenesulphonyl)
piperidine-2-carboxylic acid

2-Nitrobenzenesulphonyl chloride (5.0g 23m mole) was
dissoclved in tetrahydrofuran 25mL. Piperidine-2-carboxylic
acid (4.3g 33m mole) was dissolved in a solution of
potassium carbonate 5.0g in water 5SUml and ethanol 50mL.

The tetrahydro furan solution was added te thé piperidine
2.carboxylic acid soitution and was heated under reflux for
1h. Ethanol and (HF weredistilled off, the solution was
allowed to cool, washed with chloroform (to remove the
unreacted materials) and acidified with 6M hydrochloric acid.
The resulting adduct was extracted with dichloromethane, the
extract dried with magnessium sulfhate and evaporated to
leave a brown solid. The solid was air dried and recrystallised
in chloroform/petroléum ether. Yield 8C% m.p. 158—90C_
Anal. Calcd for C12H14065: C, 46.27; H, 4.87, N, 8.53,
Found: C, 47.U1; H, 4.62; N, ¥.53.%

I.R. (Film) Vmax 1710, 1520, 1350, 1340, 1160, 930 cm .
'H-N.M.R. (CD,)CO: O 1.1(4H, m): 1.6(24, m); 3.2(2H, m)
4.2 (1H, t); 6.6(1H, br, exchangeable with DZO); 7.2(3H, m)
7.6 (1H, m).
m/s: m/z 269 (100%) (m" - 45) 186, 128, 83.

E

Preparation of N-(2-nitrobenzenesulphonyl)
piperidine-2-carboxylic acia ehloride

f

The acid adduct (U.5g) was treated with purified thionyl
chloride 2.5cm3 and refiuxed for 2h. beforé excess thionyl
chloride was removed leaving the acid chloridevas a brown

fuming oil.



308

Preparation of N-{2-nitrobenzenesulphonyl}-2-amino piperidine
- " ' - Il

N-(2-nitrobenzenesulphonyl) piperidine-2-carboxylic acid

* chloride (0.5g . 1.59m mole) was dissolved in dry redistilled

dichloromethane (10 cms). Recrystallised silver trifluoro-
methane {0.5g, 1.95 mole) was added. There was an immediate
and copious efferviscence which ceased only after-about 1h, and
stirring was continued for a further lh.

Ammonia Scm3 was injected through a septum stopper into
the reaction mixture which turn deep brown while pale fumes
were observed. Stirring continued for 1 1/2 before water was
poured into the mixture, and was washed three times with water
to remove silver chloride and trifluoromethane sulphonic acid.
The organié solution was further washed with sodium hydrogen
chioride, water and dried with sodium sulphate. The solvent
was stripped off giving an oil, which turned to solid.

Flash chloromatographf with chloroform: methanol 10:1
gave 2 main products on silica gel. The lower fraction was
purified on p.t.l.c. m.p. 108-110% , (78%)

I.R. (Nujol): Vmax 3400, 3000, 2980, 1680, 1600, 1540, 1380,
1180, 108y em™ 1,

H-N.MUR.(CDCL,): 61.7(4n, m);52.3(28, m);03.4(2H, )

§4.6(1H, t),06.4(1H, exchangeable with D20);¥5 7.7 (3H, m),

58.1 (1H, m).

M.S: m/z 269 (100%, m - 16); 216(72%); 152 (38.9%); 83.

]



A

D
g?f;

- 309 =

Preparation of 1,2,3,4,11,11a hexahydro pyrido(l,2-b}
(1,2,4)benzothiadiazine-6,6~dioxide

N-(2,nitrobenzene sulpltionyl) -2-amino piperidine (0.3g,
1.05m mole) was dissolved'in glacial acetic acid (15ml). Iron
filgng (0.2g) and iron dust 0.2g (washed free of greese with
diethyl ether) was added over 2h to the above solution, before
it was refluxed for 8h at 125-30°C. After cooling,the mixture
was pured on crushed ice and the aqueous mixturé was thep
extracted thrice with chloroform.  The organic extract was

| successively washed‘with 5% sodiun hydrogen. carbonate solution
and water; after which it was dried over MgSO4 and the solvent

stripped off in vacuo affording a brown crystalline solid.

Recrystalisation from chloroform/pet. ether gave 70% m.p.

©140-141°,
‘ max :
1.R. (Nujol);fhssoo, 3400, 3080, 3000, 16v0, 1610, 1350,
1170 em” L. '

'H-N.M.R. (CDC1,): §1.2(4H, m);62.1(2H, m );83.3(2H, m);
65.1(1H, m);57.1(3H, ArH, m);68.2 (1H, ArH, m);59.1(1H, NH).
m.s.: m/z 238, m', 182 (64%), 173, 146, 93.

Preparation of N-(2-nitrobenzenesulphonyl)-2-ethyl
amino piperidine '

N-(2—nitrobenzenesulphonyl)piperidinium salt was generated
as in experiment 3. ~ Anhydrous ethyl_amine (previously chilled
o 3 .
to -57) 10cm™ was added to the iminium salt and the work up was

also like that of experimeht 3.
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Flash chromatography ot the solid product obtained gave

brown solid. Yield 63%m.p. 145-7°C.

I.R. Nujel: -~ Vmax 3337, 3085, 2922, 1618, 1586,_1536,

1366, 1334, 1161 cm -.

i - |
Preparation of 4,4 -dimethyl-2,2 -dinitrodiphenyl
disulphide '
Sodium sulphide (6.0g) was dissolved in methanol (25cm3)

in a round bottom flask with a reflux condenser. The flask was
heated until the sulphide dissolved. Sulphur (0.8g) was then
added and heated until the sulphur dissolved forming thé
disulphide.
A solution of 4-chloro-3-nitrotoluene (5.0g) in methanol
(10mL) was prepared in a round bottom flask with a reflux condenser.
The sodium disulphide prepared was added to the toluene solution
through the reflux condenser at such a rate to control the reaction.
After fne addition, the reaction mixture was. heated
vigourously for 2h. The reaction tlask was allowed to cool and
filtered at the pump. The solid ootained was washed with water
(lumL), and methanol (2mL} to remove unreacted toluene. Yield 40%
m.p. 120-130° (Lit m.p. 129-130)%7.

'H-N.M.R. (CDC1,): 62.4 (6H, s);87.2(4n, m);58.0(2H, m).

Preparatibn of 4-methyl-2-nitrobenzenesulphonyl chloride

A 500mL 2-necked round bottom flask was equipped witn magnetic
follower, an inlet for introducing chlorine gas well below the
surface of the liquid and a reflux condenser. The top of the

condenser was -connected to a funnel which is dipped into a stirred

1

~+
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" solution ot sodium hydroxide 4,41—dimethy1—2,21-dinitro-

phenyl disulphide 5.0g was placed in the flask containing
concentrated hydrochloric acid ( 30cm3) and concentrated
nitric acid (10cm3). A stream of chlorine passing through

2 empty bottles into the mixture at the rate of 2 bubbles

a second. The solution was warmed on a water bath at 70°C,
after 30 minutes, the disulphide diséolved and the passage of
chlorine and heating were continued for one more hour. The
supernatant liquid was then separated by decantation, the
remaining syrup was washed with 2 portions of water (15mL) at
70°C and then allowed to solidify. The water was completely
drained from the solid mass and was dissolved in glacial acetic
acid (10mL). The acid solutiqh was rapidly filtered at thé
pump. The filterate was cooled in an ‘ice bath with vigotrous
stirring so that_the sulphonyl chloride separated in small
crystals. The mixture was titurated with cold water (15mL)
and filtered twice before a solution of cold water (20mL) and
ammonia ImL was added stirred and filtered immediately. The

solid obtained was then washed with water (10mL) and drained

‘well. The resulting 4-methyl-2-nitrobenzenesulphonyl chloride

7.0g, m.p. 97°C (Lit. QSOC)%? .;.was.obtained-aftef
recrystallisation with pet. ether.

'H-N.M.R. CDC1.: 0 2.75(3H, s);07.8(2H, ArH, mj;68.3(1H,
3 _ , L

d, ArH).
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8. Preparation of 4—methylQz-nitrobenzenesulphonic acid

4,4t-dimethyl-2,2'-din1tr0diphenyl disulphide (3.4g, 0.01lm)
was added to fuming nitric acid (15 mlL) d. 1.52 in a conical
flask with care. There was violent reaction, when it had
subsided, ‘it was heated over a water bath for 20 minutes, water
40 mL was added and the little undissolved solid (which is
unchanged disulphide; was filtered off.

The filterate was evaporated to dryness and the near solid
left was the‘sulphonic acid. The. sulphonic acid was with litfle
water amount of water ﬁas salted out. The sodium sulphonate
was filtered and dried at 140° for 2h, yield 4.0g.

9, Preparation of 4-methyl-2-nitrobenzenesulphonyl
chloride via sulphonic acid®%

Previously dried sodium.sulphonate above.(6.4g) was placed
in a round bottomed flaskfwith CaCl2 guard tube on the condenser.
Phosphorou5'oxych10ride (POClS) {6.0mL) was added and
heated. for. 2h at 140°., After the,reaction; the content was. poured
into crushed ice in a beaker, stirred and solid sulphonyl chloride
separates. The sulphony1 ch1oride was filtered and recrystallised
from pet. ether 40-60°, Yield 4.0g, 63% m.p. 96-97°C.

10. N-(4—methyi—2-nitrobenzenesu1pnony1)
piperidine-2-carboxylic acid

4-methyl-2-nitrobenzenesulphonyl chloride (1.0g; 4.2mmol)
in tetrahydrofuran (THF) (10mL} and piperidine-2-carboxylic
acid in solution of potassiuh carbonate (1;0g) in water (10mL)

and ethanol (10mL) were prepared.

— e
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The THF solution was added to the piperidxne-Z-carﬁoxylic
acid solution and refluxed for lh on water bath. Ethanol and
tetrahydrofuran were distilled off and the reaction mixture
was allowed to cooled,washed with chloroform (10mL), acidified
with 6M hydrochloric acid. The resulting adduct was
extracted with dichloromethane, dried over magnessium sulphate,
and the solvent stripped off in vacuo leaving a brown solid

which was recrystallised in chloroform/pet. ether. m.p. 169-170°C,
- (699).

Anal. Calcd for C13H16N206S: C, 45.85; H, 4.45; N, 8.91,
Found: C, 46.27; H, 4.68; N, 8i81'

1.R. (film) 3500, 3060, 2980, 1700, 1550, 138u, 1360, 1180 cm-l.
.'H-NMR,(CDCIS): 1.4(2H, my; 1.75(3H, m); 2.3 (1H, d);
2.5(3H, s); 3.4{1H, t); 3.7(1H, d); 5.5(1H, OH, br exchangeable

with DZO); 4,7(1H, d); 7.5(2H, ArH, d); 7.95(1H, d, ATRH).

11, N-(4-methyl-2-nitrobenzenesulphonyl)piperidino
-2-carboxylic acid chloride

N-(4-methy1-2—nitrobenzenesulphonyl)piperidine-Z-carboxylic
acid (0.5g 1.52m mole), dissolved in purified thionylchloride
(2.5mL). was refluxed for 2h after which excess thionyl chloride
was removed leaving the acid chioride as a brown fuming oil._

I.R., (£ilm), 1780, 1590, 1540 cm™'.

12. N-(4-metnyl-2-nitrobenzenesulphonyl)-2-amino piperidine

The acid chloride.{0.5g; 1l.44m.mole) was dissolved in dry

dichloromethane {10mL) in 50mL two necked round bottom flask

< &

equipped with calcium chloride guard tube at one inlet and a

rubber seal at the other. Silver trifluoromethanesulphonate

4
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(0.55g, 1.5m eq.) was added to the solution and immediate
efferviscence developed. The rest of the work up was

carried out as experiment 3.

On work-up, the crude. product obtained was decolourised
with norit, Flash chromatograpny of the compound gave a light
brown solid m.p. 70-71°C, yield 70%. |

I.R. 3380, 3000, 2900, 1600, 1540, 1365, 1340, 1170ca™ ",

'H-NMR (CDs)ZCO:' "1.2-1.8 (6H, m). 2.6 (3H, s); 3.2
(24, m); 4.2(1H, d); 5.4(1H, NH, exchangeable with 020) 7.6

(2H, ArH, m); 8.0(7H,.d;"ArH).

Y-Methyl-1,2,3, 4, ,11, 11a-nexahydropyr1do[1 2-b][1,2,4]benzo

.thiadiazine-6 6—d10x1de

N-{4-methyl-2-nitrobenzenesulphonyl)-2-amino piperidine
(O;Gg, 1.8 m mole) was dissolved in glacial acetic acid {20mL).

Iron filing ' (1.0g) and iron dust 1.0g (washed free of grease

- with dry diethyl ether) was added over 2h to the solution

above and refluxed for 10h at 125-1300.

. On cooling the reaction mixture, it was poured into crushed

ice and the usual work-up  gave crystallinel beige solid (789

F

m.p. 171-172°C.

1.R. (film) 3368, 2029, 2860, 1680, 1608, 1317, 1164 cm 1.

iH-NMR_(CDClg): 6l.1  (6H, m); 2.3(5H, m); 3.4(1H, m);

4.8(1H, NH); 6.7(2H, m); 7.55(1H, m).

4,41ditrifluoromethyl-2,2% -dinitrodiphenyl disulphide

Sodium sulphide (18, Og, 0.075 mole) in ethanol (75mL) was
heated until the sodium sulphlde dlSSOlved Sulphur (2.4g,

0.075) was added and heated until all dissolved.

PO
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A solution of 4-chloro-3-nitrobenzotrifluoride (22.2g,
0.099 mole ) in ethanol 30mL was placed in a round bottom
flask and the sodium disulphide prepared above was added
through the condenser and heated for 3h, the work up was done
as reported in experiment 6.

Yellow needles were obtained 9.7g, m.p. 156°C (1litt.
158°¢) %2 |

' -N.M.R. (CDC1,): 55.0 (4H, m);58.7(2n).

4- (Al trifluoromethyl-2-nitrobenzenesulphonyl chloride92

The set up was 1ike that of experiment 7.
4,4'-ditrifluoromethyl-Z,Z'—dinitrbdiphenyl-disulphide(S.Og,
18.0m mole)was suspended in concentrated hydrochloric acid
(40mL) and concentrated nitric acid(16mﬁ)' A stream of chlorine
passihg through 2-empty bottles was passed into the mixture.
The solution was warmed on water bath at 700, after lh, the
disulphide dissolved and the passage of chlorine continued for
another lh, The supernatant liquid was then decaunted off, and
the syruprleft was washed with water (25mL x 2) at 7d°C. Thé
gum obtained was dissolved -in toluene washed with water and
dried over magnessium sulﬁhate,. the -solvent removed leaving a
red o0il as the sulphonyl chloride 4.0g, 36.3%.

"H-NMR (cnc13j: 6 7.9(2H, m);568.2(1H, m).

Sodium 4-trifluoromethyl-2-nitrobenzene sulphonate89

To the solution of 4-chloro-S-nitroben;otrifluoride(IOg)
in efhanOICHmﬂ)heated almost to boiling on.a.steam bath was

= . s i

added with vigourous stirring,a solution of crystalline sodium

sulphite {13g) in water ETOmLJ.
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The yellow reaction mixture was refluxed with
stirring for 4h. The volume of the reaction mixture was

reduced. to half and it was cooled to between 0-50.

lYéllpw crystalline sodium salt was filtered and washed with

cold 50% aqueous ethanol. Yield 8.35g.

4—Trif1uoromethy1—2-nitrobenzenesu1phonyl chloride
Phosphorous oxychloride.(ShL) was added to finely.

powdered sodium 4—trifluordmetnyl-2-nitrobenzenesulphonate

5.0g (dried at 90°C for 4h) and the mixture heated in a

r.b.f. with CaCl, guard tube on the condenser at 140°C

2
for 3h.

The reaction mixture was allowed to cool and cautiously
poured onto crushed ice with vigorous stirring, the water
was decaunted. from the oil and the oil was extracted into
toluene and dried. over ﬁagnessium sulphate to give a red oil.

Yield 4g, 67%.

N-{4-trifluoromethyl-2-nitrobenzenesulphonyl)

piperidine-Z-carboxylic acid

A solution of 4;trifluoromethyl-2—nitrobenzenesulphonyl
chloride(Z.Og, 6.5m mole)in tetrahydrofuran (THFOAQSmL)and
piperidine-2-carboxylic acid (0.7g) in a solution of potassium
carbonate (2. 0g) in watér(ZUmL) and ethanol (ZOmL) were prepai‘ed.

The THF solution was added to the piperidine-2-carboxylic
acid and were refluxed for 1h on water bath. |

Ethanol and THF were distilled off and the solution was

allowed to cool, washed with dighloromethahe before acidifing with.

Jaaed it
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6M HCl. The resulting acid adduct was extracted with
dichloromethane dried over magnessium. sulphate giving a red
0il after removal.of solvent. The o0il solidified on
standing for about 2 months. m.p. 80-1% yield 67%.

I.R, (film): 1700, 1600, 1520, 1360, 1310, 1200 em L,

'‘H-N.M.R. (CDCls): 1.3 (44, m); 1.9(2H, m), 3.2(2H, m);
4.5(1H, m); 7.3(2H, d); 7.7(1H,.m).l

m.s.: m/z 337 (m' - 45) 318, 254 (m® - piperidine-2-
carboxylic acid) 207, 188;.161.82, 55.

Preparation of N-{4-trifluoromethyl-2-nitrobenzene
sulphonyl)piperidine-2-carboxylic acid chloride

The acid adduct obtained above (1.0g) was  treated with
purified thionyl chloride Scm3 and refluxed. for 2h before

excess thionyl chloride was removed leaving the acid chloride

-as a brown fuming oil.

I.R. (£ilm) 1780 cm™® (C = 0).

N-(4-trifiuoromethyl-Z-nitrobenzenesulphonyl)
-Z-amino piperidine

N-(4-trifluoromethyl-2-nitrobenzenesulphonyl) piperidine
-2-carboxylic acid chloridé (l1g, 2.6m.mole} was dissolved in
dry dichloromethane (ZOnﬂDin a SOmL.two necked.round bottomed
flask equipped. with a calcium.chloride guard tube at one inlet
and rubber seal at the other end.

Recrystallised silver trifluoromethanesulphonate (1.06g,
4.1m mole) there was efferviscence, the. reaction grew dark and

the mixture was stirred for 3h.

- 37 -
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A solution of concentrated ammonia 12mL was injected
and stirred. for further 3h. After the usual work-up, the
crude solid.obtained was recrystallised from chloroform and
pet. ether 8 yield 80% m.p. 144-5°C.

" I.R. (film) 3380, 1610, 1520, 1345, 1320, 1135 en L,

'H-NMR (CDB)ZCO; 1.0(41, m}; 1,5(2H, m); 2.7(2H, m);

3.5(14, m); S.45 (1H, NH); 7.1(2H, m); 7.6(4H, m).

\ 21, Preparation of 9 XXX trifiuoromethyl-1,2,3,4,11,11a-
hexahydropyrido |1,2-b]|[1,2,4]benzothiadiazine-6,6-dioxide .

‘ L Tne nitro amine obtained.above 1.0g, 2.8m mole was

ik

dissolved in glacial acetic acid (40mL). Iron filing
(2.0g) and iron dust (2.0g) were washed tﬁice with diethyl
ether and added to the acetic acid.solution in portions
during 2h, after the addition the mixture was refluxed for

another 8h. in oil bath maintained at a temperature of

‘_.,‘;
1

e 125-130°C.
| Thé mixture was allowed.to cool and poured into crushed
ice 20g and worked up. as usual to give a light brown needles
after recrystallisation. 78%, m.b. 120-121°¢.
I.R. (film) 3350, 1680,, 1610, 1500, 1340, 1180 cm-l.
"H-NMR (DMSOd,), 0.6-1.1 (6H, m); 2.6(2H, m) 4.2(1H, m)
5.6({1H, NH exchangeable with D2O), 8.0(3H, ArH).

m.s.: m/z 306,m (50%), 241, 223, 161, 82, 55(100%).

22. P.Acetaniside"
P-Anisidine (5.42g, 0.044m mole} in a mixture of water
(100mL) and concentrated hydrochloric acid.(3.66mL, 0.043mole)

was stirred until the p.-anisidine passed completely into solution.

;.]lj
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The mixture was warmed to about 50°C with stirring for

5 minutes and filtered. To the resultingrsolution
redistilled acetic anhydride (5.51g, 5.12 nl, 0.054 mole)
was added.

The mixture was stirred wuntil it dissolved, it was
then poured into a solution of crystallised sodium acetate
(6.6g; 0.08 mole) in water (20mL). The resulding mixture
was stirred vigourously and. cooled in ice. The

igg? pnraceianiside.was filtered with suction washed with little
water and filtered. Recrystal;ﬂation from a mixture of
boiling water (80 mL) and ethanol (20mL) gave the product

4.9g, 69% m.p. 131°C (1itt. 8¢ 131-132°0).

23, 2-Nitro-p-Acetaniside

P-Acetaniside (5.0g, 0.03 mole) was added to glacial

a acetic acid (20.0mL) to form a solution. 711% HNO solution
(20mL, 0;038 mole) was added to the mixture. The reaction
mixture was transferfed to a water bath that was just
switched on, this heated the mixture to boiling (35 minuteé)
at which time it was removed from the water bath and the
boiling was substained by the heat of the reaction fof about
15 minutes. The reaction mixture was.allowed to cool and the-
red solution was poured into crushed ice (32g) with stirring.
The solid obtained was filtered thrice withiwater.and air dried.

Recrystalisation-with water, the crystal obtained gave m.p.
115-116%C (1it. 117°C), 20, 4.0g, 655.

I.R. (film): 3360, 1700, 1580, 1500, 1380 eml, _
. . . ‘ . .
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24, Claisen's Mixture:

Claisen's mixture was prepared by dissolving potassium
hydroxide (88g) in water (64 mL). The resulting solution
was allowed to cool and was diluted to 250mL methanol. This

solution was stirred with a glass rod.

25. 4-Methoxy-Z-nitroaniline

Claisen's mixture 10mL was‘gdded to 4-methoxyl-2-nitro

-s;@f acetanilide (5.0g) in a round bottomed flask with a reflux
condenser. The resulting solution was. stirred magnetically
while refluxing on water bath for 15 minutes. Water (10umL)
was added while stirring for another 15 minutes on water
bath. The.solution.obtained was poured over crushed ice
(SOg] to give a red solid which-was filtered and washed with
water and. filtered again.

Recrystalljsation from ethanol gave pure red 4-methoxy-2-

nitroailine 3.8g, 95%, m.p. 123°C (1lit. m.p. 123°C).

I.R, (film) 3480, 3360, 1640, 1595, 1575, 1380, 1250 enl.

26 4-chloro-3-nitroanisole

Sodium nitrite (4.1g) was added.ﬁith stirring to concentrated

sulphuric acid (45 mlL) over a period of 2 minutes, when the
addition was. completed, the temperature was raised to 70°C to
dissolve. the sodim nitfite._ The solution was cooled in an. ice
bath to 25-30°C.

A solution of-4-methoxy~2-nitroaniling_IOg in glacial
acetic acid (110mL) was added at such a rate that the temperature
did not exceed 40°C. Th;!"solution'was.stirred at 40° fog.

' .additional 30 minutes, this was slowly added to a cold solution

- 220 .
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l
of 11.8g of copper (1) chloride in 110mL of concentrated
hydrochloric acid over a period of § minutes. The mixture
was heated oﬁ a steam bath.with‘occasional sfirring util
the evolution of nitrogen ceased. Water (300mL) was addeﬁ
to the reaction mixture. The produci‘was isolated by steam
distillation -and the solid obtained was filtered. Yield
8.0g, 75% m.p.. 44°C (1it. 45°0)°°.

'H-NMR (CDClo):  3.9(F, s); 7.2-7.7(3H, m).

Preparation of Copper (1) Chlgz}gg

To obtain 11.8g of copper i) chioride:
Copper (11) sulphate-pentahydrate‘(17.5g} and pure sodium
chloride was dissolved in water (65mL) with heating. Sodium
metabisulphite.(4.4g).dis§olved in water (45mL) was added
to the hot solution with stirring. The mixture obtained was
cooled to.room temperature with. ice bath and the supernatant
liquor was decawnted from the colourless copper (1) chloride.
The white solid was washed with dilute solution of sulphurous
acid twice to prevent oxidation and hydrochloric acid
(110 mL) was adﬁed to dissolve and preserve the copper (1)

chloride.

Préparation of 4,4'-dimethoxyl-2,2"-dinitrodiphenyl disulphide

Sodium sulphide (4.8g, 0.02 mole) in ethanol and heated
wntil the sodiumsulphide dissolved. Sulphur (0.64g, 0,02 molée)

was added and heated until it dissolved.

k] Bt - -
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A solution of 4-chloro-2-nitroanisole (5.0g, 0.026
mole) in dry methanol (32mL) was placed in a round bottomed
flask, the sodium. disulphide prepared. above was added
through. the. condenser and heated for 3h. The work-up was
done like that of experiment 6. Yield 1.8g, 36.0%, m.p.

163-4%C (1itt - 164.9%5%.

29. 4-methoxy-2-nitrobenzene sulpbgpxl_ghlgzigg

r -"
v

The set up was similar to that reported for experiment
7. 4,4'-dimethoxy1—2,2!—dinitrodiphenyl.disulphide (3.08)
was placed in the flask containing,concentratéd hydrochlori;
acid. (15mL} and concentrated nitric. acid (3.0 mL).

A stream of chlorine was passedinto the mixture at the
rate. of 2-bubbles a second and then heated to 70°C on the
water bath. The disulphide dissolved after 30 minutes and
E:%L the heating continued for another hour.

The work-up was same as for 4-methyl-2-nitrobenzene
sulphonyl chloride (experiment .7 Yield 3.0g, 76%, m.p. 72-73°C
(ite. 73.89°7.

'H-NMR (CDCL ) : & 4.2(3, s); 7.5(2H, m); 8.4(1H, d.)

30. ﬁ;ﬁﬂ:@g&hoxy—Z-nitzgpenzenesulphonzl)
pyrrolidine-Z-carboxylic acid

A solution of 4-methoxy—2-nitrobenzenesulphonyl chloride
(3.0g, 0.012 mole) in THE. (25mL) and that “of piperidine-2-carboxylic

acid (2.10g, 0.016 mole) in a solution of potassium carbonste

(3.0g) in-ethanol (30mL) and water‘(SOmﬂ) were prepared.

a
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The THF solution of the sulphonyl chloride was added fo
the piperidine-2-carboxylic acid and was refluxed for 1h on
the water bath.

Ethanol and THF were distilled off and the solution was
allowed to cool, washed with dichloromethane before acidifying
with 6M hydrochloric acid. The resulting acid adduct was
extracted Qith dichloromethane dried over magnessium sulphate
and the solvent stripped off leaving a light brown solid, 62%,
m.p. 138-9°C. |

I.R. (film): 1715, 1590, 1520, 1370, 1350, 1150, 1210cm ..

"H-NMR (cnson);.é 1.4(2H, m); 1.7(3H, m); 2.3(1H, d);
3.3(1H, m); 3.65(1H, d); 3.9(3H, s}; 4.6(1H, OH); 4.7(1H, d);
7.2(2H, m); 8.0(1H, d).

N-(4-methoxy-2-nitrobenzenesulphonyl)
piperidine-2-carboxylic acid chleride

Purified thionyl chloride (5mL) was added to
N-(4-methoxy-2-nitrobenzenesulphonyl)piperidine-2-carboxylic
acid (1.0g) and refluxed for 2h, after which excess thionyl
chloride was removed leaving the acid chloride as a light brown
oil.

I.R. (film): 1790, 1600, 1540, 1350, 1310, 1250,

-1
1180 cm .
y i
N—(4-methoiy-2-nitrobenzenesu1phony1)-2-amino
piperidine

The acid chloride obtained above (0.5g, 1.57m mole) was

dissolved in dry dichloromethane (10mL) in 50cm> round bottomed
flask equipped with calcium chloride guard tube at one inlet

and a rubber septum at the other,

The s zolutron 8 5 e saztaanc b oo tde L adaeds wo
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Recrystallised silver trifluoromethanesulphonate (0.52g.
2.04m mole) was added to the solution, there was efferviscence
and the reaction mixture grew dark and allowed to stirr for 3h.

Concentrated ammonia (lOmL)'was added and stirred for 3h,
after thg usual work-up the crude solid obtained was
recrystaliised from dichloromethane and pet. ether 40-60°C,
yield 76% m.p. 140-141°C.

I.R. (film): 3360, 3000, 2940, 1600, 1540, 1350, 1325,
1170 en” L,

'H-NVR (CDC1,): 61.6(6H, m}; 3.2(1H, m); 3.6(1H, m);
3.95(3H, s); 5.6(NH); 7.1(2H, ArH, m); 7.9(1H, ArH, d).

9-methoxy-1,2,3, 4 11, lla-hexahydro pyrido [1,2- b]
I1,2,4]benzoth1ad1a21ne -6,6-dioxide

N-(4-methoxy-2-nitrobenzenesulphonyl)-Z—amino piperidine
(0.5g, 1.67m mole) was dissolved in glacial acetic acid (25mL)

Iron fillings (1.0g) and iron dust (1,0g) (washed free of greese

lwith,diethyl ether} was added over 2h to the above solution,

before the mixture was refluxed for a further 8h at 125-130°C.
After cpoling the mixtﬁre, it was poured onto crushed
ice and_the usual_work-up . gave a crystalline solid yield 69%,
m.p. 146-147°C,
T.R. (£ilm) 1650, 1600, 1360, 1325 em?
H NMR (DMSOd ): 2.0(4H, m); 2.6(2d, m); 3. 6(2H m);
3.9(3H, 5); 4. 5(1H, m), 7.4(2H, m); 7.8(1H, m); 10 0(1H NH,

exchangeable with DZO).

4- hydrogy acetan111de L

4-aminophenol (22g, 0.2 mole) was suspended in water (60mL)
in a 500mL beaker and acetic arhydride (4mi, 0,254 mole) was
added, the mixture was vigourously stirred and warmed on a

. 1
Ck
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water bath. The solid dissolved after 10 minutés and the
mixture was cooled. The solid acetyl derivative was
filtered at the pump, washed with a little cold water and
on recrystauisation from hot. water (about 150mL) and drying
upon filter paper in air gave 4-hydr6;yacetanilide 27.0g,

90% m.p. 169°C (1it. 169°¢) 34

- 35. 4-Ethoxyacetanilide (p-phenacetin)

@Eﬁ? Clean sodium (3.1g, 0.135 mole) was placed in a 500uL
round bottomed flask equipped with reflux condenser.
Absolute ethanol (80mL) was added, after the vigourous
reaction had subsided, the flask was warmed on water bath
until solution is complete. The mixture was cooled and
4-hydroxyacetanilide (20.g, 0.132) was added. Ethyl iodide
{30.0g, 16mL, 0.2 mole) was introduced slowly through.the
1 condenser and the mixture refluxed slowly for lh. Water
(200mL)} was poured through the condenser at such a rate that
the crystalline product did not separate. (If crystals do
separate, the mixture must be réfluxed until they dissolved).
The flask was then cooled .in ice béth, the crude product Qés
collected with suction .and washed with a little cold water.
The.crﬁde product was dissolved in ethanol (160mL) boiled with
norit and filtered. The resulting clear solution was allowed
to cool and the pure‘4-ethoxyacetanilide was collected at the
pump and dried in air yielding 16.5g, 71%, m.p. 135-6°.

(Lit. m.p. 137°C).

- i —— , i i
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36. 4-Ethoxy -2-nitroacetanilide

11%, HNO3 solution \61.0mi) was added to a solution ofl
4—ethoxyacet€nilide (10g, -0.056 mole) in glacial acetic
acid (75mL). The mixture was stirred without heat for
20 minutes by means df mechanical stirrer, it was then
transferred to a water bath, The watér was put on and the
heating was continued gently for 30 minutes while stirring
the reaction mixture. The red solution obtained was poured

W onto crushed ice (75g) with stirring. The solid obtained
was filtered at the pump,. washed with cold water (40mL x 3)

and on récrystallisation from water gave yellow crystals.

Yield 8.5g; 70% m.p. 102°C (lit. m.p. 104°¢) 9,

37. 4-Ethoxy-2-nitroaniline

Claisen's mixture (20cm3) was added to 4—ethoxy—25

s ~ nitroacetanilide (10g, 0.044 mole) in 2 neck round bottomed
flask. The resulting mixture was stirred by means of
mechanical stirrer for 15 minutes while refluxing on a water
bath. Water {20mL) was added to thé paste formed through the
second neck while_stirring and heating continued on the water
bath for additional 15 minutes.

| The resulting-solution was poured onto a crushed ice (60g)
and thé‘product filtered at the pump, washed with water and
réfiltered. .

Recrystallisation from ethanol gave red needle like crystals

7.5g, 95% m.p. 112°C. (Lit. m.p. 113°C)°%,

'H-JMR in CDC1 1.4(3H, t); 4.1(2H, q); 6.0(2H, MH, br);

| 3t
6.8-7.2(2H, m); 7.6(1H, d).

5

W
i
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= 38. 4-Ethoxy-2-nitro chlorobenzene or
4-chloro-3-nitrophentole

by

Sodium nitrile 4.1lg was -added with stirring to concentrated
sulphuric acid (45mL) over a period of 2 minutes, when 511 the
addition was coﬁpleted, the temperature was raised to 70° to
dissolve the sodium ni;rife. The solution was cooled in an ice
bath to 25-30° and a solution of 4-ethoxyl-2-nitroaniline
(10.92g, 0.06 mole) in hot glacial acetic acid (110mL) was
added at such a rate fhat the temperature does not exceeds 40°,

.",k ? ’ . . ] ) P - H
ler The solution was stirred at. 40 for additional 30 minutes; this was

r slowly added to a solution of copper chloride 11.8g in 110mL concentrated
hydrochloric acid over a period of‘5 minutes. The mixture was-
heated on a steam bath with occational stirring until evolution
of nitrogen ceésedL

Water (300mL) was added and the product steam distilled,
the solid cbtained was filtered, yielding pure product 70%,

m.p. 47°C (1it. 47.8°0)°L.

(N

{

'H-NMR CDC1,: 6 1.4(3, t); 4.0(2H, @); 7.2(3, m) .

39, 4,4'-Diethoxy-2,2'-dinitrodiphenyl disulphide.

Sodium suiphide (5.7g; 0.024 mole) in methanol(24mL)and
heated until the sodium sulphide dissolved. Sulphur (0.77g,
0.024 mole) was added and heated until it dissolved.

A solution of 4-chloro-2-nitrophenetole (6.3g, 0.031 mole)
in dry methanol. (40mL) was placed in a round bottomed flask
and the sodium.disulphide prepared above was added through the

condenser and heated for 3h. The work up was done as reported

for 4'4-dimethyl-2,2'-dinitrodiphenyl disulphide (éxpt. 6.)
a i L

bre il

Yield 2.0g, 32%, m.p. 164°C (lit. 164°¢) 8.
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4-Ethoxy-2-nitrobenzenesulphonyl chloride

The set up is similar to that of experiment 7,
4,4'-diethoxyl-2,2'-dinitrodiphenyl disulphide (3.0g, 7.6 mole)
was placed in the flask and concentrated hydrochloric acid (15mlL)
and concentrated hydrochloric acid LS.OmL).

A stream of chlorine passing into the mixture at the rate
of 2 bubbles a éecond and. then heated to 70°C. on the water bath.
The disulphide. dissolved after 30 minutes and heating continued
for 1h. The work uf is similar to 4-methyl-2-nitrobenzene
sulphonyl chloride (exi)e riment ?

Yield 2.8 70%.m.p. 73°C (1it. 74.7°C)"L.

N-(4-Ethoxy-2-nitrobenzenesulphonyl)
piperidine-2-carboxylic acid '

4—Ethoxy—Z-nitrobenzeﬁesulphonyl chloride (1.3g, 5.1m mole)
was dissolved in THF (13mL) and piperidine-2-carboxylic acid
(1.0g, 7.7m mole) in soiution of potassium carbonate (1.3g) in
water (iSmL) and ethanol (13mL) were prepa?ed. The THF solution
added to the piperidine-2-carboxylic acid solutioq and was
refluxed for lh on water bath.

Excess ethanol and THF were distilled off and the sdlution
was allowed to cool, washed with chloroform before acidifying with
6M hydrochloric acid. The resulting acid adduct was extracted
with dichloromethane dried over magnessium sulphate, the solvent
evaporated, leaving a brown solid which was recrystallised in
chloroform/petrol eun etﬂer 40-60°C, m.p. 1403141°C yield 73%.

L.R. (film): 1720, 1600, 1540, 1380, 1340, 1230, 1170§m*1.

"H-NMR - (CD(0D) ; 6 1.40(5H, m); 1.7(3H, m); 2.2(1H, d);_

3.3(1H, m); 3.6(1H{'d); 4.2(2H, q); 4.5(1H, s, OH, exchangeable



g - 32 -
with D,8); 4.7(1H, d); 7.15 (24, m); 7.9(1H, d).

m.s: m/z 313 (100% m' - 45); 280, 229.92, 166.99, 138.

42, N-{4-Ethoxy-2- n1trobenzenesu1phony1)_plgprldlne
-2-carboxylic acid chloride

N-(4-Ethoxy-2-nitrobenzenesulphonyl)piperidine-2-carboxylic
acid (1.0g), was treated with purified thionyl chloride (5mL)
and it was refluxed for 2h before excess thionyl chloride was

removed leaving the acid chloride as a brown viscous oil.

43, N-(Ethoxy-Z-nitrobenzenesulphonyl)~2-aminopiperidine

N-(4-Ethoxy-2-nitrobenzenesulphonyl) piperidine
-2-carboxylic acid. chloride (0.5g, 1.33m molé) was &issolved in
dry dichloromethane (15mL) in 50mlL two necked round bottomed
flask equipped with a calcium chloride tube in one inlet and
-rubber septum . at the other,
q@é} : Recrystallised silver trifluoromethane sulphonate (0.34g,
1.73 mole) was added to the dichloromethane solution. There
was efferviscence and the this subsided in 1lh. The solution
grew dark and stirring continued for 3h,

A solution of concentrated ammonia (iOmL) was added and
stirred for 3h, after which the usual work-up was carried out
giving a crude solid. Flash chromatography of the crude gave
a light brown microcystaline solid m.p. 120-121°¢ yield 73%.

I.R. (film): 3440, 3320, 2980, 2900, 1660, 1580, 1520,

1350, 1320, 1190 cm™) ’

'H-NMR  (CDCL,) : 6 1.3(3H, m); 1.6(6H, m}; 3.0(2H, m);

- 4,1(3H, my; 7.1(2H, m}; 7:9(1H, m). ™ 4

e
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9-Ethoxy-1,2, 3,4, 11, 11a-hexahydropyrido[1,2-b][1,2,4]

benzothiadiazine-6,6-dioxide |

The nitroamine obtained above (1.0g, 3.03m mole)'was
dissolved in glacial acetic acid (40mL). This was warmed
with shaking to dissolve the compound.

Iron filling (2.0g) and iron dust (2.0g) were combined
and washed twice with sodium dried diethyl ether. This was
added to the 'glacial acetic acid solution in portions for
Zh, after which the mixture was refluxed for. another 8h in
oil-bath maintained at a temperature at 125-130°C.

The.mixture.was allowed to cool to room temperature

and poured onto crushed_ice (20g) and worked up as usual

[
.

to give a crystaline solid m.p. 150—10, 68
I.R. (film): 3340, 2995, 2900, 2820, 1660, 1590,

1300, 1190, 1140. '
'H-NMR ((CD,),C0) : 1.2(3H, .t}; 1.7(4H, m); 3.3(2H, m);

4.2(2H, q); 4.5(1H, m); 7.1(2H, m); 7.8(1H, d).
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Benzylic anions (6) are obtained by regio-specific lithiations of ethyl 2-methylbenzenesuiphonates.

Evidence for the presence of the ethyl 2_lithiomethylbenzenesu!phonates was obtained by efficient
. quenching studies with a range of electrophiles. Lithiations of the 2 4-dimethyl compound (9) gave
. the 2-lithiomethyl anion only, indicative of a predominant co-ordination mechanism in the lithiations.

e

Organolithium intermediates continue to occupy a prime
position in synthetic chemistry ' since they may facilitate a farge
variety of transformations. In the elaboration of homo- and
hetero-aromatic 2 systems, their use is increasing owing to the
continuing development of substituents capable of directing the
introduction of the metal in a predictable manner, 3¢ Sulphur-
based directed metallation groups have attracted particular

" attention. Substituents on homo- and hetero-aromatic systems

1
:;-

¢

ks

i

»

Y

© = Benzylic anions

- ™ including a sulphur atom such as sulphides,” sulphones,®

sulphonamides,” and especially sulphonates ' have proved to
be excellent orho-directing groups for metallation. Recently,'®
alkyl sulphonates have been used as sulphur-based directed
aromatic metallation groups. Fheir relatively facile reactions
gave product yields ranging from good to excellent on trapping
of the organolithium reagent with a variety of eletrophiles.
Spieckus er al.'! have demonstrated the use of sulphur groups
for regioselective construction of polysubstituted aromatic
compounds, providing novel and varied methodological
possibilities. .
from the ortho-methyl substituent of
aromatic systems containing various directed metaliation
.groups have been used in synthesis. Deprotonation of the
methyl group has been achieved in a variety of ways: Bu"Li has
been used either alone *? (1 or 2 equiv.) or with an appropriate
complexing agent as promoter,2¢'* and lithium dialkylamides
(c.g. Pr';NLi) ' or other bases ' * havealso been used (Scheme 1).
=

X X
o — B, )= &
R// CHy - R// CH,LI R// E

0 @ 3

=

k]

. Scheme 1. Directed metallation group X = CONR,,'* SO,NHR,! "

" CONHR,'* CSNHR,'* NR;'?* CH,NR,.'¥ dihydro-oxazolyl,'*®
_ OMe,® NHCOR, ' SR, ¥ CO,H,' CO;R.'* OCONR,," or CN."*
* . Conditions: Bu"Li, Bu"Li-compiexing agent, Pr',NLi, or other base.

5 .
4 e . : . . . .
4,73 Products of the reactions of such anions with electrophiles are

. not usually obtainable by classical methods.

Y

. In some cases, competing ring lithiation has been observed
“during benzylic anion generation, but the use of a complexing

" agent or a suitable change in metallation conditions seems to

eliminate this competition.! 2*1> We have now explored the use
of alkyl sulphonates as directed metallation groups in benzylic

. anion-orming processes as an extension of their synthetic

Cutility. Sulphur-based directed metallation groups in general
. have the advantage that they are easily removed.

Table. Reaction of the lithio compounds (6), (9), and (12) with electro-
philes.

Entry Reactant Efectrophile Praduct R % Yield
! {6) F4CHO (Ta} FICH(OH) 75
2 (6) Me.CO (M Me,COH) 9
3 €3] PhCHO {7} PHCH{OH) 65
4 6 Ph,CQ (Od)y PLCIOH) 9
5 %  CCOE (Te)  EtO,C 0
6 (6 CO, (11 BOC 70
76 PhNCO (Jg)  PhNHC(O} 78
8 (6} PhSO.C1 (7h) Ph3O, 50
9 (4] PhCHO (i0a) PRCH(OH) 60 .
w Ph,CO (10b)  PR,C(OH) 90
it (&) cO, (10¢) HO,C 85
12 (12)  OCHCHCH,Me (13)  — 40

Results and Discussions

Ethyl 2-methylbenzencsulphonate (5)* was obtained sig
treatment of ethyl 2-lithiobenzenesulphonate with methyl
iodide according to Bonfiglio’s reported procedure 10 and
unambiguously characterized. The dithiation of the 2-methyl
compound (5) with Bu"Li (i.1 equiv.) at —78°C proceeded
rapidly to give a decp red benzylic anion species rather than the
ring metallation product, as expected since the more acidic
methyl proton should be removed more readily than the nuclear
protons. The anion generated reacted smoothly (with the loss of
the red colour) with a range of electrophiles leading to benzyi
substituted products in good to excelient yields (see Table). No
competing ring metallation giving the 2-lithio-6-methyl-
benzenesuiphonate was observed. As reported previously,'?**"?
a complexing agent may be necessary to enhance the ratio of
side chain to ring metaltlation.

Exposure of the anion to aliphatic aldehydes gave the
expected phenyl alcohols without any accompanying lactoniz-
ation even on flash chromatography.

Since the use of sulphonyl chlorides as electrophiles has
received relatively little altention, and new benzyl sulphones are
required, we attempted to trap the anion with benzenesuiphonyl
chioride. Such anion trapping with sulphonyt chlorides should
provide a better method for preparation of sulphones than the
cumbersome classical protocol of formation of a sulphide

* Ethy! benzenesulphonate was used as earlier reported '°° rather than
the methy! ester to avoid the possibility of compelition from the casy
methyl group displacement reaction initially observed.
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Scheme 2. Reagents: i, Bu"Li, Mel. NH,Clii. Bu"Li, - 78 °C.

followed by oxidation® A good yield of the sulphone was

; : obtained in the representative example (entry 8).
 The benzylic anions arc presumably generated by the initial

. co-ordination of the Bu"Li with the heteroatom of the directing

21 group to form a monolithio complex from which the methyl

proton is then abstracted. Similarly the success of the present
' ortho-metalation presumably depends on the possible co-
ordination of the lithio anion with the sulphonate group at low

temperatures.
Corroborative evidence for a predominant co-ordination

mechanism for these alkyl benzenesulphonate-directed metal-

lations was obtained from lithiation experiments with ethyl 2.4-

" dimethylbenzenesulphonate (9) in which regiospecific 2-methy!

lithiation was obtained. [The sulphonate (9) was obtained by

S0,Et

. © i 50;E SO,EL
—_t _§ .
' /E:[ e /@/R
Me Me Me
Mo

@ (@ (10)

Scheme 3. Reagents; i, Bu"Li, Mel, NH,Cl i, Bu"Li. E*: H,0*.

" ortho-metallation from ethyl 4-methylbenzenesuiphonate (8.
. Lithiation of (9) was performed with 1.1 equiv. of Bu"Li during

1.5 b to give quantitatively the benzylic anion which was
“trapped with various electrophiles. Product analysis by NMR

- gpectroscopy indicated exclusive formation of the 2-substituted

- methyl compounds with no trace of any 4-substituted methyl
. compounds.

¢ Of special interest is the use of oxiranes as electrophiles in

" reactions of products derived from ortho-lithiation of ethyl 4-

- methylbenzenesulphonate. The 4-methyl substituted compound

- (13) was isolated rather than the product (11) from the 2-lithio

species.
SO,E! SO’E:H " SO,Et
O - =T
R Me R R
(5 ‘ (an ta
. ﬁl R=Me
2 R=Ho SO4E!
PR i Cy OH
. . tE)
* Geheme 4. Reagemts: i Bu'Li, EtCHO, H* i Bu'Li

" FtCHCH,0,H,0".

.

. As quenching of the oxirane was slow at fow témperatures,
the reaction required warming to room temperaturc during 24 h
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for completion. This observation was therefore rationalized on
the basis of a migration of the initially formed kinetic product
(the 2-lithio species as previonsly shown) 1o the thermodynamic
preduct (4-lithio-methyt species) at higher temperatures. The
thermodynamically stable A-benzyl acion predominates at
room temperature wherein the cpoxide formed the 4-(3-
hydroxypentvisuiphonate (13} Such 4-todvl aniows  were
previcusiy formed anly by addiion of (e Bu*Llt complexing
agent tctramethyleshylencdiamine.” ™

The present stratcgem furnishes a conveaicnl means not only
for homologations of 2-alkylbenzencsuiphonates but also for
the construction of sulphur-contiining heterocycles (thiazines
or sultones) on cyclisation of the appropriate products from
quenching with electrophiles. The benzylic lithiations should
also provide access to aromatic compounds bearing unusual
methyl substitucnts. '

Experimental .

General—'H NMR spectra were obtained using Varian
EM360L or Bruker 400 MHz spectrometers and are reported in
ppm downficld of the internal standards Mc,Si in CDCl, or
hexameéthyldisilazane (HMDS) in {CD,).S0. IR spectra were
recarded on a Beckman IR 4250 spectrometer (films for liquids;
K Br dispersions for solids). Elemental analyses were performed
on a Carlo Erba 1106 instrument. M.p.s were obtained on a
Kofler hot-stage apparatus and are uncorrected. Tetrahy-
drofuran (THF) was freshly distilled from sodium diphenylketyl
before use and 1he water content of the solvent was estimated by
a modified Karl—Fisher method '€ to be <45 ppm. Metallations
were performed under dry deoxygenated argon. The n-butyl-
lithium coatent of the commercial hexane solution was
estimated by the Gilman double titration method.

Ethyt Benzenesulphonate (4)—Aquecous sodium hydroxide
(50 g; 25%, solution} was added dropwise to a stirred solution of
benzenesulphonyl chloride (50 g) in cthanol (50 ml) with the
temperature below 20 °C. The alkaline mixture was then stirred
for 3 h. The crude product was washed several times with 5%
hydrochloric acid, 5%, aqueous NaHCQ,. and then with water.
The resulling oil was vacuum distitled at 151 °C/10 mmHg
(lit,, 1°* 156 °C/15 mmtlg) and the sulphonate (4) stored under
argon, yield 46.5 g (95%.): I NMR, (CDCI) 8 1L.3(3H,1),42Q2
H, q), 7.6 (3 H.m), and 8.0 (2H, m).

Ethyl 2-Methylbenzenesulphonate (5)—To a solution of ethyl
benzenesulphonate (4) (0.05 mol, 9.3 g} in dry THF (120 ml),
Bu"Li (0.055 mol, 1.1 equiv.) in hexane (37 ml) was added at
—178°C, and the solution stirred at —78 °C for 5 h. The solu-
tion became red. Methyl jodide (0.055 mol, 7.81 g) in dry THF
(30 mi) was then slowly injected at —78 °C. After | hat —78°C,
the mixture was aliowed to warm to 0°C, and stirred for | h at
0°C, when the reaction was quenched with cold saturated
aqueous NH,CL. The organic portion was separated and the
aqueous portion extracted (x2) with dichloromethane. The
combined organic portions were washed with 5%, agueous
K,CO, solution and brine, and dried over MgSO..
Evaporation in vacue gave a pale yellow oil. TLC gave one spot
in ether—hexane (1:1), Ry 0.75; yield 8.0 g (80%4) 'H NMR
(CDCl3)5 1.3 (3H,1,27 (3H,s),4.1 2H,q), 753G H,m. ArH),
and 8.0 (1 H, dd, ArH).

General Meiallation Procedure-—n-Butyl-lithium  (0.0137
mol. 1.12 equiv.) in hexane (10 ml) was added slowly to ethyl 2-
methylbenzenesulphonate (5) (0.0125 mol, 2.5 g} in dry THF
{50 ml) at —78°C and the mixture stirred at —78 °C for 1.5 h.
The ester lithio specics gave a deep red solution.

The appropriate electrophile (0.0137 mol) in THF (30 ml}
was then added at — 78 °C. The mixture was stirred at —78 °C
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a further 1 h, allowed to warm to 0 °C, and stirred at 0°C
or 1 h, Water was then added at 0°C followed by 5% HCL
&’organic portion was separated and the aqueous layer

cted (x 2) with dichloromethane. The combined organic

" eXt
dried over MgSO,, and

portions were washed with bring,
'} vaporated in vacuo.
iir L Ethyl 2-(2-Hydroxybu:yl)benzenesulphona.re (7a). The crude
é oil obtained from the use of propionaldehyde as electrophile
§ Was purified by flash chromatography on silica gel with diethyl
; ether—hexane (1:1) as eluant to give the alcoliof (Ta) as an
? analytically. pure colourless oil (75%) (Found: C, 56.2; H, 7.3.
.Q;,H,SQ‘S requires C, 55.8; H, 7.0%). IR (film) v..., 3 530br,
37980, 2940, 1600, 1480, 1450, 1 350, | 130. £ 010, and 920
“¢m-1; *H NMR (CDCly) § 08-1.6 (8 H, m), 22 (1 H, OH,
" exchangeable with D,0), 3.1 2 H, 1), 3.8 (1 H, m), 4.1(2H,q),
- 7.5 (3 H, ArH, m), and 8.0 (1 H,dd, /9 Hz, ArH).
"% Ethyl 2-(Z-Hydm.\‘y-Z-merh}r!propy[)benzenesulphanare (7b).
& “The crude oil obtained from the use of acetone as electrophile
| . was purified by flash chromatography on sifica gel with light
f* petroleum-dicthyl cther (1:1) as eluant to give compound (Tb)
;,a54 colourless oil (50%,) (Found: C, 36.1; H, 7.3%): IR (film)
37V 3 560be, 2980, 2 950. 1 600, 1 470, 1 350. 1 180, 1010, and
930 em-t; 'TH NMR (CDCly) 5129 H, m),28 (1 Hs, OH.
4 _exchangeable with D,0), 3.2 (2 H,s),40(2H.q), 76 (3 H,m,
% ArH), and 8.0 (1 H, dd, ArH).
by, Ethyl ‘2-(2—Hydraxy~2—phon}-'!erhyl)benzene.cu!phmmre {7c).
2 " The crudé oil obtained solidified after 24 h. Recrystallization

g from light petroleum gave compound (Tc) as white needles, m.p.
2:s

1 #5658 °C (Found: 62.6; H, 5.9. C,sH;50,4S requires C, 627

‘ .1H,=5.9%); IR (K Br) Vo 3 520br, 3 080,3 020, 2 990, 1 600, 1 475,
kX1 455,.1 355, 1 185, 1 100, and 915 cm'; '"H NMR (CDCly) &

F13(3H, 0,270 H, br, OH), 34 (2 H, m}, 41(2H,q),50(t H,

¥1g).74 @ H,m), and 8.1 (1 H, ddy. -

kL3 Ethyl  2-(2-H. ydroxy—Z,Z-diphenyle.rh yl)benzenesulphonate

»  (7d). The crude solid obtained from the use of benzophenone
as electrophile was crystallized from etherlight petroleum
to_give, the tertiary alcohol (1d) as white needles, m.p. 130-
~132 °C (91%) (Found: 69.2,H,53.C 33H320.,S requires C, 69.1;
" H, 5.754); IR (KBI) Va3 460br, 1 600, t 450, 1 345,1 175,1 100,
nd 920 em-'; 'HNMR (CDCly) § 1.3 H, 1), 3.1 (1 H, br, OH,
xchangeable with D,0), 4.0 (2H,s),41(2H,q.63(1H, d),
2-73(8H,m),7.5(4 H, m), and 8.0 (1 H,d}. _
rbony!met.‘:yl)benzenes:dphonate {7e). The
[ from the use of cthy! chloroformate as

lcqti'ophile was purified by flash chromatography using light
“petroleum-diethyl ether (1: 1) as eluant to give the acetate (Te)
I‘as a coloufless oil (50%) (Found: C, 53.0; H, 6.1. C,,;H ;08

_“requires C. 52.9: H, 59°; IR (film) Vpn,, 2980, 1730, 1 600,
“f?]i o 1570,.1 470, 1440, 1370, 1 220, 1 180, 1030, 1000, and 910
¢ cm:!; 'H NMR (CDCly) 51.3(6H,m),4.1(6H,m),7.6(3H,m,
% # ArH), and 8.1 (1 H, dd}. ‘
a4 Ethyl 2-(Carbaxymerhy[)bcnzenesulphariate {(70). The crude
+"solid obtained from using solid CO, as clectrophile was
+ recrystallized from dicthyl ether-light petrolcum furnishing the
) é’ﬂ' “acid (7€) as white plates, m.p. 106-108 °C (70%) (Found: C,49.2;
#: S H, 4.75. C,¢H,,03S requires C, 492, H, 4.9%) IR (KBr) Vi
4 .1 3300-2 500, 1710, 1600, 1450, 1 350, 1 180, 1000, and 920
&, eml; 'H NMR (CDCIy) 8 13 (3 H, 1), 4.1 (2H,q), 422 Hs)
1. ¥76(3H, m)8.1(1 H, dd), and 9.3 (1 H, br).

TR - Ethyl 2—(N-Phenylcarbamoylme.rhyi)benzeuesulplmnare (7g).
4:The crude solid obtained from using phenyl isocyanate as
1}, - clectrophile was recrystallized from dichloromethane-light
** betroleum 1o give the amide (7g) as pale yellow needles, m.p.
§.124-126°C (18%) (Found: C, STIS H 3& N, 445
L CsH;sNO,S requires C, 56.95; H, 5.8; N, 47%); IR (KBr) v,
193'360s,' 2990, 1 680, 1600, 1550, 1450, 1350, 1180, 1000,
. and 920 cm'; 'H NMR (CDCly) §1.2(3H,1),4.1(4H,qand
W s)71—76 (8 H, m), 8.0 (1 H,dd), and 8.35 (1 H, NH).
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Ethivl 2-(Phenylsulphon yimethylbenzenesulphonate {Th). The
crude oil obtained with benzenesulphonyl chloride as electro-
phile was purified by fash chromatography with diethy! ether-
cyciohexane (i:1) as cluant 10 give the suiphone (Th) as a pale
yellow oil (50%%) {Found: C, 52.5. H, 495. C,sH 60558,
requires C, 52.9; H, 4770 IR (M} Ve 3000, 1600, 1450,
1350, 1180, 1000, and 920 cm™; 'H NMR (CDCly) 8 1.3
g&dH, 1),4.1 2 H,q), 5.5(2 H,s), 76 (6 H, m), and 8.1 (3 H,

y .

Ethyl 2 4-Dimethyibenzenesulphonate (9)—Lithiation of
ethyl 4-methylbenzenesulphonate (8) with Bu"Li at —-78°C
followed by reaction with methyl iodide and quenching with
aqueous NH,Cl gave an oil which was purificd by flash
chromatography with hexane—diethyl cther (1:1} as cluant to
give the sulphinate (9} as a clear white gum (83%) '"H NMR
(CDC1,) 6 1.3 (3 H,1). 245 3 H, 5), 27(3H. 54202 H.q)LT2
(2 H, m, ArH), and 79 (1 H, d, ArH}. The sulphonate (9)
was lithiated and treated with electrophiles as for the sulpho-

nate (5).

Ethyf 2—(2-H_vdro.\'_l'—Z-phcn_tu’e:hyi}-4-meﬂrylhenzem’-
sulphonate {10a)—The oil obtained from the reaction with
benzaldehyde as clectrophile was purified by flash chromato-
graphy with diethyl ether—cyclohexane (1:1) as cluant giving
the 4-methy! compound {10a} as a white solid, m.p. 49-51°C
(65%) (Found: C, 63.65; H, 6.2. C,;H;,Q.5 requires C, 63.75
H, 6.25%) IR (KBr) v, 3 650s. 2990, 1600, | 480, 1450,
1 350, 1180, 1000, and 920 cm-': 'H NMR (CDCly) & L3
(3H,1),23(3H,s), 34 (2 H.m), 4.1 (2 H,q), 5.0 {1H.q).73
(74, m),and 7.9 (1 H, d).

Ethyl 2-(2-Hydrox y-22-diphenyicth yi-4-methyibenzene-
sulphonate (10b). The crude solid obtained from the reaction
with benzophenone as electrophile was recrystallised from
diethyl ether-light petroleum to give the alcohol (10b) as
white needles, m.p. 114-116 °C (90%) (Found: C, 69.9; H, 6.2
C,3H,30,8 requires C, 69.9, H, 5.0%); IR (KBr) vmu, 3 500s,
3060, 1 600, 1490, 1 450, 1 340, 1 180, 1 000, and 910 cm; 'H
NMR (CDCly) 8 1.3 (3 H; t), 20(3H,s),41(5H, including
OH), 60 (1 H,5), 7.4 (1 H, m), and 7.9 (1 H. d}.

Ethyl 2-(CarboxymeH'i_v!)-fi-merh_v!ben;enesulphonam (10c).
The crude product obtained from the reaction with solid CO;
was recrystallized from light petroleim-dicthyl ether to give
the acid (10c) as colourless plates, m.p. 108-110°C (85%)
(Found: C, 51.4; H, 5.6. C,,H,405S requires C, 51.2; H, 54%)
IR (KBr) v, 3 300-2 500, 1 710, 1 600, 1 460, 1350, 1 180,
1110, and 920 em™': '"H NMR (CDCl,) 5 1.4 (3 H, 1), 255

(3H,s), 42 H,q with s), 7.4 (2 H, m), 8.0 (1 H, d), and 8.35
{1'H, br, OH}.

Ethyl 4-(3-Hydroxypcntyl)benzenesulphonale (13).—Metal-
lation was carried out as for cthyl benzenesulphonate. 1,2-
Epoxybutane in THF was then added at 0°C and thc mixture
was allowed to warm to room temperature during 24 h.
Standard work-up gave a crude oil which was purified by flash
chromatography with diethyl ether—cyclohexane (1:1) as eluant
giving the sulphonate (13) as a colourless oil (40%) (Found: C,
57.6: H, 7.5. C;1H;40,5 requires C, 57.35; H, 7.35%) IR {film)
Ven 3 540s, 3050, t 600, 1 490, 1 450, 1 340, 1 180, 1000, and
920 co-!; 'H NMR (CDCly) 8 08-1.2 (6 H. m). 1.4 (4 H, m),
23 (1 H,OH, exchangeable with D,0). 3.2 (2H,m).380H
m),41(2H,q),73QHdJS 10 Hz), and 7.8 (2 H,d. ./ 10 Hz).
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N-{Arylsulphonyl)tetrahydropyridinium Salts: Intermediates for Multi-ring
Heterocycles. Part 1. Synthesis of Hexahydropyrido[1,2-5](1,2.4]-

benzothiadiazine Dioxides

Babajide |. Alo* and Oluwole B. Familoni

Department of Chemistry, University of Lagos, Lagos, Nigeria

N-{Arylsulphonyl)tetrahydropyridinium saits were obtained regiospecifically and in high yield by
smooth triflate-assisted decarbonylation of the corresponding N-({arylsulphonyl) piperidine-2-carb-
oxylic acid chlorides at room temperature. These synthons were converted into the nitroamines,
which reductively cyclocondensed to give the new 9-substituted tricyclic azacycles, hexahydro-
pyrido[1,2-5][1,2.4]benzothiadiazine 6,6 -dioxides.

The use of iminium ions as intermediates in the synthesis of
polycyclic heterocycles either tia nucleophilic additions,” [3 +
2354 [4 + 2).° or 1,3-dipolar cycloadditions,® or via intra-
molecular trapping of the iminium ions by electron-rich
arotnatic nuclei’ continue to attract conspicuous attention.
Earlier we reported ® the use of silver trifluoromethanesulphon-
ate (silver triflate)? as a reagent for the generation of N-(aryl-
sulphonyl)pyrrolinium salts at room temperature. We also
demonstrated the usefuiness of the iminium alts in the synthesis
of a variety of nove! tetrahvdro- 1 H-pyrrolo{ 1,2-6][1.2,4}benzo-
thiadiazine 5,5-dioxides.!® In connection with our continuing
interest in the triflate-assisted decarbonylation reactions of
cyclic amino acid chlorides, it scemed appropriate. therefore, 10
explore the generation of the six-membered analogues: V-
(arylsulphonylitetrahydropyridinium salts. These compounds
should be powerfut synthons for the preparation of several well
known functionalised piperidine alkaloids. We now record their
utility in the construction of mulii-ring heterocycles such as
the new hexahydropyrido[1,2-6][1,2.4Jbenzothiadiazines (21}~
(25).

The therapeutic utility of the 1.2,4-benzothiadiazine dioxides
as potent diuretics,’* hypotensives,'! anticonvuisants,'? and
tranquilising agents has been widely recognised. In fact, 1.2.4-
benzothiadiazines with the 3,4-double bond saturated are well
known to be considerably more active than their unsaturated
analogues.'* This therefore gives promise for the new com-
pounds reported here. Despite their potential clinical success,
there has been no report on the synthesis of the hexahydro-
pyrido[1,2,4]benzothiadiazines. Apart from 2 patent by
Griot'? on the synthesis and biological activities of some
related seven-membered analogues, azepino[1,2,-5]{1.2,4]-
benzothiadiazine dioxides, no report of the title compounds has
appeared in the literature.

In continuation of our studies in developing the use of the
readily generated endocyclic iminium ions as synthons in the
regiospecific synthesis of N-heterocycles, we decided to extend

the reaction to the preparation of the unknown hexahydro-
pyrido[1,2,4]benzothiadiazine dioxides using our readily
occurring nucleophilic amino addition to the corresponding
readily generated N-(arylsulphonyl)tetrahydropyridinium ion.
followed by a nucleophilic-electrophic eve-ter cycloconden-
sation process.

The starting acid chlorides were prepared by condensation of
the appropriately substituted 2-nitrobenzenesulphonyl chloride
with piperidine-2-carboxylic acid and cold treatment of the
resulting new acid- adducts (1)~3) with thionyl chloride or
oxalyt dichloride (Scheme 1). * "

The decarbonylation reaction of the resulting A-(aryl-
sulphenyl)piperidine-2-carboxylic acid chlorides (6)-(1 0y on re-
action with sifver trifluoromethanesulphonate {1.I"mol equiv.)
in dichloromethane solution proceeded at room temperature
with copious evolution of carbon monoxide. It provided the
desired iminium salts (11}<(15) in excellent vield. As previously
suggested ®'° for the reactions of the N-(substituted)pyrrol-
idine acid chlorides, we also suggest that the decarbonylation of
these six-membered analogues proceeds in a parallel manner o
the route proposed by Effenberger and Epple'* for non-
aromatic acyl chlorides and therefore proceeds vig a mixed
anhydride '® intermediate as in Scheme 2.

On quenching with either anhydrous ethylamine or
ammonia, the iminium saits were then smoothly converted into
the nitroamines (16)—(20). Interestingly, relatively high and even
quantitative yields of the nitrcamines were obtained in this
instance. No nucleophilic attack at the SO. moiety as pre-
viously reported by us® for the V-(arylsulphonyl)pyrolidinium
salts was observed.

The mass spectra of the nitroamines consistently gave weak
molecular jons but abundant M — 16 or M — 44 peaks due to
loss of NH, or NHEt. Thus cleavage at the z-carbon was the
major fragmentation process. After this cleavage. it then became
difficult to discern clear trends in the fragmentation pattern of the
compounds, except for 2bundant 2-nitrobenzenesuiphonyl tons.

R NG, o, R NO; Aoey G} NO, 5SO,CF,
(1 -1{5 (6)-(10) (11 -{19
{)yR=H (4 R=Me ) R=H {9) R=Me (1MR=H {14)A=Me
(2) R=0OMe (5} A=CFy (7} R = OMe {10} A= CF, (12) R = OMe (15YR=CF,
{3) R=OFt {8} R = OFt (13} R=OFt

Scheme 1. Reagents and conditions: i, SOC),; or (COC); 5, CF,SO,A.g—CH ,Cly. room temperature.
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R NGz coci R NO:  coso,cF,
{6) - (10}
SO?"-N-& so?-N:)
\ ———
R NO; ~0S0,CF, R NO; c—g
{11)—(15) *

Scheme 2. Mechanism of reaction, of the acid chlorides (6)(10) to give
the salts (11)—(15).

The appropriately substituted nitroamines were then sub-
Jected to catalytic hydrogen-transfer reductive conditions '8 1o
give the correspondong diamines quantitatively as oils. These
diamines on reflux in acetic or trifuoroacetic acid (TFA) gave
the respective 9-substituted hexahydropyrido[1,2-6](1.2.4]-
benzothiadiazines 6,6-dioxide in > 80% yield (Scheme 3). Alter-
natively, the nitroamines were heated with iron dust in acetic
acid as reporicd eatrlier by us,® to oblain the aforementioned
cyclocondensation products. No N-ethyl compounds were iso-
lated from the cyclocondensation of compound (19).!”

The use of the N-(arylsulphonyi)tetrahydropyridinium salts
in the construction of other multi-ring N-azacycles, for example
as heterodienophile synthons for the synthesis of indolizidine or
quinolizidine skeletons, is under active investigation.

Experimental
For general experimental details, see ref. 10. The nitrobenzene-
sulphonyl chlorides were either obtained commercially or were

prepared by chilorine oxidation of the corresponding "disul-
phides.

N-(4-Substituted-2-nitrophenyvisuiphonylpiperidine-2-carb-
axylic Acids (1)~(5).—The appropriate arenesulphonyi chloride
{5 mmol) was dissolved in tetrahydrofuran {10 cm?). A solution
of piperidine-2-carboxylic acid (5.1 mmol) in ethanolic potas-
sium carbonate (7? cm®) was added dropwise and then the
mixture was refluxed for 1 h. The mixture was brought to pH 4
with dil. HCI. Solvents were evaporated off and the residue was
taken up in dichloremethane. The organic laver was dried and
evaporated. The following acids were thus prepared:

N-(2-Nitrophenylsuiphonyl)piperidine-2-carboxvlic acid (1)
was obtained as off-white needles after recrystallisation (80%)
m.p. 158-159 °C (Found: C,47.0; H, 4.6; N, §.25. C,,H, ,N,0,S8
requires C, 46.27; H, 4.87; N, 8.53%); v,.,. 1 710 (CO.H), I 520
(NO,), 1350, and 1 100 cm™! (SO,N); 8(CDCL,) 1.6 (4 H, m),
22{(2H,m),3.7(2H,1),4.8 (1 H, m, base proton), 7.5 (1 H, br,

- A

-

Py

SO2ens : SO0
\ D —
R NO, “OSO,CF, A
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collapses with D,0), 7.7 (2 H), and 8.1 (2 H, ArH); m/- 269
{100%, M* — 45), 186, 128, and 83.
N-(4-Meflm.\’y-Z-m'rrophenyl'.mlphmr_r!)pr'pen'dine-2-Carbo.\'_r-
lic acid (2) was obtained as prisms from ethanol {82%), m.p.
138-139°C (Found: C, 45.1; H, 4.55, N, 80. C,,H,;N,0.§
requires C, 45.34; H, 4.65 N, 8.13%); v,.,. 1725 (CO,H),
1540, 1 350, 1250, and 1 120 cm™; 3(CDCl;) 1.64 (4 H, m),
341(2H,m), 394 (3 H,5),47(1 H), 7.18 (2 H, d), and 8.0 (1 H,
d, ArH); m{z 299 (100%, M* — 45),
N-(8-Ethoxy-2-nitrophenvisulphonyl)piperidine-2-carboxriic
acid (3) was recrystallised from ethanol to give light-brown
prisms (73%), m.p. 140-141 °C (Found: C, 46.8; H, 5.0: N, 7.7.
C\aH 30,8 requires C, 46.92; H, 5.02; N, 7.82%); v,.., 1 720,
1600, 1535 (NOj), 1360, 1170 (SQ.N), 1235, and 1 045
em™'; §(CDCIy) 1.42 (4 H, m), 1.78 (2 H, m), 3.5 (2 H. dd). 4.2
(2H,q),4.6 (2H, m}, 4.7 (1 H, base proton, NCHN), 7.17 (2H,
m), and 8.0 (1 H, d, J 953 Hz); m/- 358 (M"), 313 (100°;,
M* — 45), 280, and 230 (68.72%). ) '
N-(4-Meihyi-2-nitrophenylsuiphonyfpiperidine-2-carboxylic
acid (4) was obtained as beige microcrystals (69°;). m.p. 169-
170 °C (Found: C, 46.3; H, 4.7; N, 8.81. C,,H,{N,O,S requires
C, 4585; H, 445, N, B9i%): v, 1700, 1610, 1330, 1 360,
and 1180 cm~'; 3(CDCl,) 1.39 (4 H, m). 1.48 (2 H. m), 2.49 (3
H, s}, 3.60 (2 H, dd),4.54 (1 H, br, exchangeable with D.O). 471
(1 H,d, J49 Hz), 747 (2 H, d. J 10.36 Hz), and 7.95-(1 H. d, J
7.96 Hz), mf= 328 (M ™), 283 (100%, A+ — 43).and 200 (44.9°.).
N-(2-Nitro-d-irifivoromethyiphenyisulphonyi)piperidine-2-
carboxylic acid (5) was obtained as red needles from light
petroleum (97%,), m.p. 80-81 °C (Found: C. 40.5: H. 3.3: N. 7.1.
C,3H,F3N,0,8 requires C, 40.33: H. 3.40: N. 7.33°0): v
1710, 1590, 1 520, 1 350, and'1 110 em~'; §(CDCI,) 4.4 (4 H,
m), 2.1 (2H,m),3.6 (2H,1),47(1 H,q), 7.8 (2 H). and 84 (1 H.
ArHY, m{z 337 (100%, M™ — 43), 234, 207, 188, 161, and 83.

N-(4-Substituted-2-nitrophenylsulphon vl piperidine-2-a.id
Chlorides (6)-{10).—The acid adducts (1}~(5} (10 mmol) were
each treated with an excess of purified thionyt chioride or oxalyl
dichloride in refluxing benzene to give the corresponding acid
chlorides as off-white, fuming oils or waxy solids, v_,, 1 795
{COCI), 1 350, and 1 150 cm™!,

2-Aming-N-(4-substituted-2-nitrophenyisulphonyfpiperidines
(16)-{20).—Recrystallised silver triflate (10 mmol) was added to
dry dichloromethane (30 em?®) solutions of each of the acid
chlorides (6)-(10). An immediate and vigorous effervescence
ensued, The mixture was further stirred at room temperature for
1.5 h. Cooled, anhydrous ethylamine or conc. ammaonia (as
appropriate) was slowly injected into the mixture. which was
then set aside for 2 h. Filtration of the mixture was followed by
appropriate work-up as described for each compound below:

2-Amino-N-(2-NitrophemvlsulphomyDpiperidine (16) was ob-
tained as yellow plates after lash chromatography of the filtrate
(78%), m.p. 108-111°C (Found: C, 46.7; H. 50; N, 1423,
C HsN,O,8 requires C, 4631 H, 5.26; N, 14.74%.) v _,,
3400, 3300 (NH str), 1600, 1540, 1370, and 1130 em™!

6
4 SO; 5 A
e N 3
—_ - " A
R™ "8 rf "y
H

: NO; NHA'
9 {11) - (15) {16} - (20) (21) - (25)
(1)R=H (18)R=H, R = H (21)R=H
(12) R = OMe (17)R=OMe, R"=H {22) R = OMe
2 o (R -om e
> (15) A = CF, (19) R=Me, R' = E1 (25) R = CF,y

T ey M N
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Scheme 3. Reagen:s: i, anhydrous EtNH; or conc. NH,; ii, cyclohexene, Pd/C, EAQH; iii, TFA or CH,CO,H/Fe.
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(SO,N); 5(CDCI;) 1.5 (4 H,m), 1.8 (2H, m), 3.4 (2 H, m), 46 (1
H, NCHN), 5.6 (2 H, br, collapsed with D,0),7.8 (3H, m, ArH),
and 8.1 (1 H); m/z 269 (1005, M* — 16), 186, 123, and 84.
2-Amino-N-{4-methoxy-2-nitrophenylsulphonyl)piperidine

(17) was obtained as a brown solid after MPLC of the filtrate
(light petroleum—chloroform) in 76% yieid, m.p. 140-141 °C,
Voo 3410, 3320 (NH), 1600, 1540, 1370, 1170 (50,), and
1030 er!; 5(CDCl,) 1.45 (4 H, m), 1.80 (2 H, m), 3.3 (2 H,
m), 3.7 (1 H, q, base proton). 3.9 (3 H.'5, OMe), 4.3 (2 H, NH,
collapsed with D,0), 7.18 (2 H, m, ArH), and 7.9 (1 H, ArHY,
mf=z 299 (100%, M* — 16), 216 (70.2). 152(38.9),and 83. ~ -

2. Amino-N-(4-ethoxy-2-nitrophenyisulphonyl)piperidine
(18) was obtained as light-brown microcrystals after chromato-
graphy of the filtrate in 733 yield, mp. 120-121 °Ch Vi
3450, 1310 (NH)Y, 1650, 1535, 1368, 1170, and | 170, and
1060 cm~' (OCHR), §CDCly) 1.2 (3 H. t), 1.5-2.0 (6 H, m),
3.0 (4 H, m, NH, and NCH,), 4.1 (2 H, q), 5.6 (1 H. t, NCHN),

. 7.2(2 H, m, ArH), and 7.9 {1 H, ArH); m/z 313 (100%, M™ ~

16), 230 (78), 166 (42), and 83.
2-Ethylamino-A-{4-methyl-2-nitrophenylsulphonyl)piper-

idine (19} was obtained in 80%; yield as light-yellow prisms after -

MPLC (light petroleum—chloroform), m.p. 144-145°C; v,,,
3380 (NH), 1600, 1540, 1360, t340, and 1163 em™;
S[(CD;);CO)0.8-1.4(6H,m), .73 H,1).22(3 H.5). 26 (2 H,
m), 3.2(2H, m), 4.8 (1 H,m), 5.2(1 H,NH), 7.3-7.6 (2 H, ArH),
and 7.8 (1 H, ArH); m/fz 327, 502% M™), 283 (100, M~ —
NHCH,CH,), 200 (81), 136 (46), and 83
2- Amino-N-(2-nitro-4-rifluorometliviphenylsulphonyl)piper-

idine (20) was obtained as brown microcrystals after chromato-
graphy (80%). m.p. 88-89 °C (Found: C, 40.5 H, 3.8, N, 116,
C,,H,,F,N,0,S requires C, 40.79, H, 3.96; N, 11.89%0) ¥imax
3343br (NH), 1683, 1568, 1324, 1323, 1125, and 1084
em™; [(CD;),CO] 0.6-1.1 (6 H.m), 2.6 (2 H.m), 4.2 (1 H. m),
4.8 (1 H, NH, collapsed with 1,0). 5.3 {1 H, NH, exchangeable
with D,0), 6.8 (1 H, ArH), and 7.2 and 7.7 (2 H. AtH): m,= 337
(100%, M* - 16), 254, 240, 185, and 83,

Reductive Cyelisation of the Nitroamines—To each of the
nitroamines (16)}-(20) (3 mmol) was added glacial acetic acid
(40 cm?). Diethyl ether-washed finely divided iron filings (2.0 g)
were slowly added. The mixture was refluxed for 8-12 h before
being poured on ice. The mixture was filtered and the filtrate
was extracted several times with hot dichloromethane. The
combined organic extract was successively washed with aq. 5%
NaHCOQ, and brine, then dried. Evaporation of solvents gave
the desired products. Alternatively, the nitroamines underwent

selective hydrogen-transfer reductions as reported earlier.'® The -

following compounds were thus prepared:

1,2,3.4,11,11a- Hexahydropyride[ 1,2-b][ 1.2.4)benzothiadi-
asine 6,6-dioxide (21) was obtained as an off-white solid after
recrystallisation (70%), m.p. 140 °C (decomp.) (Found: C, 55.2;
H,5.7:N, 120;8,13.1. C, , H,,N,0Q,S requires C, 55.46; H, 5.88,
N, 11.76: S, 13.44%); mjz 238 (100%, M), 211 {45), 182(64), 173
(86, M* — SO,H), 146 (8.28, M* — SO,H — HCN), and 93
(81); Voo 3337, 1650, 1570, 1 360, and 1160 cm™ (SO,N);
$(CDCly) 1.2 (4 H,m), 2.1 (2 H,m), 3.3 (2 H, m, CH,N), 5.1 (1 H,
t, NCHN), 7.1 (3 H, m, ArH), 8.2 (1 H, dd, J 9.3 Hz, ArH), and
9.1 (1 H, brs, NH).

1,2,3,4,11,11a- Hexahydro-9-methoxypyrido[ 1,2-6][1.2,4]-
henzothiadiazine 6,6-dioxide (22) was obtained as white plates
alter recrystallisation (CHCl;-MeOH) (69%7), m.p. 146
147 °C:, mfz M*, 267.988 (Found: C, 53.7, H, 5.7: N, 1045 §,
11.7. C,,H (N,0,5 requires C, 53.73; H, 597; N, 10.45 5,
11.94%); v,...(KBr) 3 400 (NH), 1 620, 1 330, 1 160, 1 025, and
750 em~'; S[{CD,};50] 1.0-19 (6 H, m), 3.2 (3 H, 5), 3.8-4.0
(3 H, m), 6.6 (2 H, m, ArH), 7.5 (1 H, dd, ArH), and 9.2 (1 H,
br, NH).

9.Ethoxy-1,2,34,11,11a-hexahydropyrido[1,2-b][1,2,4]benzo-
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thiadiazine 66-dioxide (23) was obtained as light-brown micro-
crystals (68%) after MPLC with light petroleum—chloroform,
m.p. 150-151°C (Found: C, 55.2; H, 6.4 N, 9.9, 5, 11.2
C,;H,aN; 038 requires C, 55.31: H, 6.38; N, 9.92: 5, 11.350);
mjz 282 (100%, M*), 255 (47, M* — HCN). 217 (86, M~ —
SO,H), and 190 (8.2, M — SO,H — HCN). 3{(CD,),CO]
1.42 (4 H,m), 1.78 (3 H, m), 3.5(2 H.dd),4.2(2H.q),46 (2 H,
m), 4.7 (1 H,t, NCHN), 7.12(2 H, m. ArH), 8.0(1 H.d. J9.53 Hz,
ArH), and 9.1 (1 H, NH).

1,234,111 1a-Hexahydro-S-meifviprrido[1.2-b][1.2.4]-
ben=othiadiazine 6.6-dioxide (24) was obtained as beige crystals
after recrystallisation of the residue obtained on evaporation
(78%), m.p. 171-172°C (Found: C, 57.0; H, 6.4: N, 11.2;5,12.9.
C,,HsN,0,8 requires C, 57.14; H, 635 N, 1111 S, 12.69%2);
mfz 252 (100%, M), 225 (41, M~ — HCIMN). 199 (16.8), 187 (81,
M* - S0O,H), 169 (4.2), and 160 (9.6, M* — SO,H — HCNy,
You 3368, 1680, 1607, 1317, and 1 151 em™'; 8(CDCl,) 1.1-
1.8 (6 H,m), 2.7 (3 H, s, Me), 3.27 (1 H, br}, 46(1H,1),66(2H,
m, ArH), 7.6 (1 H, dd, ArH), and 9.5 (1 H. NH).

1.2,3,4.11, 1 la-Hexahydro-9-trifluoromeihyipyridol 1.2-b]-
[1,2.4]benzothiadiazine 6,6-dioxide (25) was obtained as light-
brown needles after recrystallisation (78%;). m.p. 120-121°C
(Found: C, 47.3; H, 455; N, 9.5: §, 106 C,,H,;F;N.0,S
requires C, 47.06; H, 4.25; N, 9.15;: 5. 10.46%,). m = 306 (100%,,
M™Y, 279 (33), 250 (23), 241 (37), 223 (22), 214 (16, M~ --
SO,H — HCNY, v, ,(KBr) 3 350, 1 600, 1 350, and 1 143 cm™’;
8[(CD,);S0] 0.6-1.1 (6 H, m). 2.6 (2 H,m), 48 (1 H. 1). 6.8 (}
H, ArH), 7.1 (1 H, ArH), 7.4 (1 H. ArH), and 9.3 {1 H, NH).
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