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' ~chemistry fesembles this because it has

Bre 1mere<1ed in organic synthesis,
celly minded pecple, therr is quite a bit of biological

.. cule which you see on slide 1 which is s
nitroimidazole with a hydroxyethyl chain,

Recent Trends in Synthetic Organic Chemistry, Proceedings of Symposium held by
Reckitt Colman R&D Centre, Hosur (Tam]'nadu), February 1-2, ]982

%

. Qi«ﬁﬁ-@ﬂ[u }' !\roeczr:}t Centre, Bampay 44 G,

{

| wish to (Hank Prof. . S. R Subba fea for his
introduction and Dr. S. P. Bhatnegar end the other
authorities of Reckit! & Colman of india Limited for,
extending me the opportunity of participating in this
symposium and presenting the results of sume of our.
researches,  The subject | am going to talk shout to-
day is on medicinal chemistry, the chemistry of snti-
protozoal nitrcimidazoles, in  keeping

fvow medicinal chemistry as many of

Thmﬂ is 8 littié bit of ev erything for everybody, There

“{e a tittlg bn of tove for the remantic-minded 3 little

bit of tight 'for the biccd v minded, & little bit of
ciowning for the fun-lovers and a little Lit of crime
far the mysiary-oriented people. In 2 way, medicinal

fo: every one — thus thete is chemistry for those who
For the biologi-

activity; for those whe ars amactod o readction

mechahiém_s; thete is some scope a8 ‘hc talvs of my”
- eminent predecessors very amply iliusua

e md there

fs some fun for spectroscopy-loving people also. Al-

.:thougf‘ much of medicinzl chemistry is routine, for
. the perceptive prganic chemist, it does offe

quile 8
feve challenges and provides some amusement snd |
bons that my talk which feliows now woeld itlustrate
these points..

. P would begin my taik by introducing to vou WNiri-
dazole {1} (Slide 1) which pethaps may be ciaimed
in havd caused much interest in the chemisty of nitro

was introduced for schistosomiasis. 1L is quite active,
one of the best schistosomicidal diugs. But what
wbs interesting was the fact that it was also active
sgainst hepatic and intestinal snioebiasis, Around
e time this discovery was made, the secord mole.
2-methyl-
_ ‘ brown as
Metronidezdle (1) was undergoing trisis for antitii-
chomonal sctivily and tsking & cue Dom the
experience with niridazole, ! was tested lor antia-

N s e i e < s e st
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something ..

.12 the clinic.

“this 'Is ¢

R . e ‘anaerobl
. heterocycles; may be nitrofutans preceded ibis a little ..
bit. Now Niridezole is 8 drug of Ciba-Grigy and’

- ;u&n
“Nirldazole tor schlnocomluh

“active also 4gainst hepatic und
mmunu umo;btuu B

. it with the
tradition that” hes already been established by my

. prederessors
© you may be aware reminds us of an Indian movie.

~CHy  Ornidazole-Tiberal =~ =

“HaCH-CH Ct o
pe 2 H .
A(I acuvc aoalnst both torms - of xmo«bluh
Auo npulnsl trichomonads, glardia, murobu.
) c. 8¢ fn fact, i was found to be a very
p(onounced amopblcsde and came to be. lntroduced
Now of course metronidazole is avai-

lable in this country In"a big way. More recently,
another nittoimidézole called Tinidszole (I11) has been

'lnlroduced in this country and many other nitroimida-

roles -are -known - for amiprolozoal Tactivity; for

- example ] Would like.to. mention Ornidazole (IV).

Tinidszole is 8 discovery of Pfizer and ornidazole, of
Roche. All'these compounds sre active against both
forms of 8moebissis. = They are_also sctive agsainst
trichomonas;. ‘giardia- and- most impottently — and

Ty tecent development — metronidazole
has. been shown to have gronounced activity against
: lnfecltons : .

a_c,k {o what ‘we_have ‘done, " | woul/d“/
agam stan with- niridazole in the next slide (2). This
is a nitrothiazoly! imidazolidinone and around the

“yeat 1972 when we took upon developing antia-.

moeblc drugs.as a major effort at Ciba Geigy Research
Centre, Goregaon, there was already an’ internal lead
avallable in nitroimidazole chemistry and this was
inspfred by the niridazole molecule. In other words,
‘the- |m|daondmone moiety that was presem in niti-
‘dazole was now hooked on to the methylnitroimi-

:dazole wnh an added acety! group and lhls com-

.




gggin developing this compound fuither.
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pound (V) was found to be a very aclive amoebicide,
and therefore there was very understandable interest
But there was
@ problem in i1s synthesis, | shall be discussing the
actual synthetic route siubsequently " { could antici-
pate this and tell you that the problem arose in tha
coupling step of the two halves of the molecule. The
congitions used were such thal they would lsad to
disproportionation of the acetylimidazolidinons (VI).
This caused a few side reactions and therefore 1he
route was found 10 be rather uninanageabls for large
scaie synthetic work, We, more or fess, inherited this
fead when we chose to work on _amoebiasis as a
major priority, We 1hought that we could peihaps
beat this problem by introducing some other groups
(Vitl}'which may be expected to be just sieble for the
coupling reaction but not so stable that they would
not come off later and then we wished to inucduce

the acety! group as a last step in our synthetic sequ-

ence. It so tumed out that we chose, al a very early
stege of the game, methane sulphonyl imidazolidin-

-'cms (Vil) as a paitner in this reaction and we did

come out with the product.  Unfoitupately, the me-
*hyisu;phonyi group tended 10 be so stabie thst we
could not teke it off and therefore the original idsa of
using this as a route 10 compound V did not succeed.
But fortunately for us this was not a great disappoint-
ment because the compound (XVI) we could get by
using methanesulphonyl imidazolidinone (Vi) infact
proved 10 be a litte bit more active than V and a very

acceptable one from medicinal chemistry point of

view. In the course of this exercise, ol COUsE, we
tried to employ various other protected imidazolidi-

nones like the one carrying sulphonyl group or a cat- -

bonyl or a thiocarbonyl gioup. Many of these provad
to be unstable to a smaller or largar degres under the
usual conditions of the coupling reaction; buy they

also provxded interesting chiemistry which | will ba
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'_.presently_‘"

subsequentiy-discussing.” + 0

1n the next.slide {(3) | would -like to’ introduce 1o
vou the syntheétic sequence éifiployed for “our target
molecules: The sequence staits -with -a..compound
that one designates as 1-methyl-2-mercaptoimidazole
#l1s0 known as methimazole or thiamazols.(I1X) which
itself is an antithyfoid drug.” This ts readily-obtained -
{rom methylamino acetaldehyde and thiocyanic- acid.

s Slide 3 . ... .
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Mathimyazole “cén be" m(,lhy]ui”d to the  S-methy|
derivative (X) which can benitrated 1o give 1-methyl-
2-methylmercaplo-5-nitroimidazoie (X1).  Unfortu-
nately, 1he memylmercapto group in Inis imidazole
itself is not amenable 10 displacement reactions. But
it becomes so when it is oxidised with some kind of
pardcnd 1o lhe sulpnom Group- - The SU_.phone X is
now. amenable 10 nucleophilic’ displagement readily
and this is in fact the kind of situation that a medicj-
nal chemm will exult in. In 1his case, he has a
starting material which he could altack with a varicty
of nucleaphiles 1o produce really & large number of
compounds that can satisfy the nseds of a medicinai
chemistry résearth programmeé. The condensation
reacuon iiaelf as far as the substiiuted imidazotidin-
one. (VIH):‘ s.concerned is carried out by using ths
sodium sals prepared in sitg in dimethy! formamide.,
DMFis conVeniPnt for several regsons and it alsg
gives .some side’ reactions ‘which - will be sezn
- The-sodium salt of the prutecisd. imida-
zoltdmone is generated in’ DVIF solution and Ssubject-
ed 10 the_co‘;plmg feaciion with the sulphone XIi,
which is often excthermic. - Hence it'is carried out a_t
1gom 1enﬁpermure or sometimes even below. | ma
also peipt out at'this stage that Whila other Ipuurg‘_
groups can presumaby sarve just as well, they are not
as readily available and this happens 10 be the mos 4




“salislactory way of synthesising the molecuies XHt,
Now to continue with the medicing! chemistry as-
pect. 8s | had warned you carlier, Xt is the kind of
molecyle the medicina! chemist revels in using end
we did of course treat this with as many nuctecphiles
2 ppe can imagine. The protected imidgzolidinones
were only 8 few of the nucleophilic substrates, We
_have used triazolidinones which were already avai-
lable with us becsuse one of mv co-watkers had
oxidised them ‘Yo triazolinones snd used them for
Diels Aider reactions. We used oxazclidinones,
lhiazoiidin011Q$ and pyrotidinones. The nucleophiles
were varled even more widely, We had sz0e5 like
pyrrole, pyrazoles, imidazoles, thiszoies letrazoles
and. a few other saturaied azaheterocycles like pyrro-
lidine, pipetidine, morpholine and so on. In the next
stide {4),  would proceed to show 8 variely of com-
pounds. {XIH.XVY  that were synthesised by this
method and indicate 1o you what turned ocut 1o be
active. The molecules that we derived by using
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¢l (Bo 10213)

Go 10212 chosen out of >400 praparations,

o e - {riazolidinones-were not active but we had consistent |

, :nd vety -high activity among tompeunds detived
- hismtimidazoles snd pyrezcles, We were not very

succéssful it having active compounds with azacyc-

loalkyl -moieties,.. except.the..one .with pyrolidine
which tutned.:out to be.moderately active. Very
C‘many diffetent types of chémical exercises were
carried out .16 produce.other types of compounds,
This we had 5-nittoimidazote-2-methanol which we
cotld derivatise to compounds, one of which (XVI)
tupned out.to be highly active.
was spread over 3 1o 4 yezrs and was catried out by
_ senlor colleagues, Drs. Sudarsanam, Atya, George
snd-Nair and by & numbsr of assistants among whom

| would 1iké to mention specially Mr. R, K. Shah and’

Mrs; S. J, Shenoy. The exercise resulted in the
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This kind of exorcise.

elaboration of more than 400 preparations on which
biologlcal screening was carried out, Out of these,
we chose Ultimately @ compound des1gnated with the,',
code number Go 10213 (XVIl) for clinical” ‘develop:
ment. Go 10213 Is more active than other known
ctinically useful nitroimidezoles in 8 variety of patat’
meters — Intestinal amoeblasls, hepatic_#moeblasis, -
glerdigsls and trichomonissis. it has high in vitra
entibacterlal activily against anaerobes and we. hopg
that this actlvity would continue to” show -up in the
clinic 8s well; At the moment’ Go 10213 (XVH) is
under, advanced clinical malc
that it would getinto a Gulnness ‘record, we do think
that it is one- of the most actwe amoeb;cudes available

“in the world to- day

| would like. to go on to a djfferent type of synthes-
is of Go 10213 which we, attempted. | would like
you 1o note that-this is a 6- nmosmtdazole derivative.
The location of the nitro group at posmon 5 is critical
becguse if one were 10 move this nitro “group and
ptace it at position 4, the.resultant molecule is not as
active any more There is no 4-nitroimidazole known
to be useful.as an ‘amoebicide. . It becomes’ quite
important to know where the nitto group sits in these
molecules, because the methods of synthesis; the two
commonly employed ones which. 1 will show " in the
next-siide (5}, usuaHy lead to @ mixtute of the two

slide_§

isomaric nitro compounds Fdr ‘example;‘if‘a 1. 2-di-":
substituted imidazole XVIil is nitraled,”d  mixtute of ~
4-(XX1) and 5-nltro-(XX)-detivatives is obtamed ot &
2. substituted-4-nitroimidazole  (X1X) ‘caf” Be "used™
(positions 4 8nd 5 in these molecules are equavalent“'
because of pro\otropy) - Thesd Upori alkylatlon give.
~@-mixture-of-XX-and XX!'and of coutse one car mam-;‘_
pulate the reaction conditlons to produce one or'thé
other asama;orproduct in the mixturé. If ‘one. is
lucky, one may even succeed In gelting 81’ exclusnve_
product but more often than not one ends up .in getd
ting 8 mixture of these compounds, The mixture has
to be resolved and the components’ “identified, Al
possible spectroscoplic techniques have been unheed
for lhis purpose like IR, UV, proton NMR Mass "

Whu(e T am not ‘sure
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~where R is an isopropanal side chain.
- 1o be an active antiamoebic agent called secnidazols,

spectrometry and even dissociation constants. But
when we were indulging in these exeicises, we nofed
that all these had some limitations end in the next
slide (6), | would like 10 illustrate this with a paiti-

_ cularexampla. | have summarised the two synthetic .
*‘1outes on the slide — please note again thai ong

Slide 6

Distinction between 4-and 5-nitro

Lksubstiiuled imjdazoles
P .
L WK 2/ \ i}\
‘ N { R =CHyCHCHy)
A oH
. _ XX xalll
UV Amax(§5% E10H) Manm 302 nm
- y&?ﬁgécb 782 912
- §H DMSO-d : 805 621
&S : . 023 04s
- ch*MR.-- 132-9(d) 1223 (dxt)
S Yok 199tz 200 Hz
ey 3.6 Hz
. -"c“ 0

- nltrates the sppropristely substituted imidazols of .

alkylates N-unsubstituted nitroimidazole. The re-
8ction can constitule 4 terminal slep or ane can use

this 8s & precursor for target compounds. No mauer
what one does, one has 1o know what one starts with

... and this.is where one has to be able (o differentiate
" beiween these two compounds. The problem jooks
. 10 bs apparently trivial but | assure you that it is npot -

8Q easy, UV absorption specira of these classes of
Compounds for example have been used and | can
llustrate the limitation with -the example (XX11)

This happens

aithough npt-very widely used. The UV absomption

~ specira of the two iscmers (5- and 4-nitro), differ by -

only 11 nanometers. |n the prolon NMR spaclium
in CDCl3, the two imidazole piotons are only slightly
differentiated with hardily a maigin of 0.10 ppm in
chemical shift, Of course, when the nitroimidazales

carty at position 1, a proton-beearing carbon atom as.

part of an alkyl side chain, there is a slightly larger
chemlical shift difference (0 3-0.4 ppm) of these
prolons.  Those of the S-pitroisomers are more. de-
shieided ag one would expect, (p DMSBO-dg as g
selvent,.as is kpown in ather cases, the situation in-
proves.  There is a greater demarcation or differantj-
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-imidezole: XXfil, C-6 is

alion between these two isomers with respect 10 the
proton at C-5 or C-4 as the case may be. Al bet-
ween CDClz and DMSO-dg solvents is latger for the
C-5 proton in the 4-nitro isomer. This allowed us 10
say whethet-we-are handling-a 5--or 4-nitroimidazole.
But we soon realised that a}l: these techniques de-

"pending upon rather small and subtle diffstences had

limitations when analysed, -~ Unless: both  isomers
were In_ hand, it .would “be: quite risky .o deduce
structures by using any of these criteria mentioned.
We fel1 that wa could make some contribution in this
area By lagking al the 13¢ NMR spectra of these pairs
of campounds.  Our arguments were as follows :
‘Protan-hearing carbon atoms in these two’ ispmers
can- be-easily- located. and- their coupling - pattern
analysed, Fram the presence of a.3 bond CH coup-
ling'or'its absence cne can aliccate. & given com-

“pound eithdf 16" 1He "4 AT{i0 "series of"B-nilic seiies

since anly the former can- exhibit ‘the ‘caupling,” We
further thought that there couild'be & sizeable differ.
ence in the chemical shifts of these carbon atoms
which are noted by a dagger... In the case of the 5-

nitro isomer, C-4 is altached 1o g double-bonded

nitrogen (N-3) ‘whereas in the other case, C-5 is
altached10.4 mote of less formally saluraled N ajom
(N-1)-and these speculations turned out 1o be true as
t would show here (slide 6). In the B-nitro series,
C-4 i.e‘.‘!hg;cam_on atom-marked by-a dagger has a
chemical shif| of 132.9ppm and is a simple doublel
with a laige one bond coupling whereas in the 4-nitrg
series (XXI1)'C-B i5 seen at 122.3 ppm as a largs
doublet with 2 further line structure which is a triplet
with a thise bond CH coupling of 3.8 Hz.  Please
nate that these carban chemital sliifts are araund 133
ppm.and 122 ppm while the chemical shiftot C-2 in
a 1ew'"nilré"'ir‘fiidé'zdlé"s}”:\n‘ié"hé\)g studied i§ about 140

PPM when it is proton-hearing,  This has soma rele-

vance to what'l would be discussing latgy, . .

{n siide 7, 'ha»a, a pictorial representation of the
aiguments based on 13¢ NMR spectrpscopy’in terms

of the spectra. of secnidazole XXI--apd itg- Isomer
XXH, 1o dhe:case of XX - C-6-is'seen-in -the broad
band decoupled spectium as a singlet 8t 132.9 ppm.
When we {ook-at the toupling patlern in” the gated
SPEClum; we see that it is a plain doublet with a
splitting.of about 200 Hz. In. the. isameric  4-nitro
: seen at 122,3 ppm. The
coupling.informalion shows it 1o be a large doublet

- with & one bond coupling of 200 Haz, with “substry-
Cture due to a 3 bond coupling of 3.8 Hz." It is o be

specizily noted that C-4 jn secnidazole (XXIl} has a
chemical shift of approximately 133 ppm while in s




 4-hivolsemer, C-5
-cuses, the oné bond cdupling is of the order of 200Hz.

o 14 M2
e .
JeH £200 Hz.~
DNy -
L
¢ s CH3
. h cH2~c,H~CH3
14540 , szzgw " OH
- [ pm
e C Fedly

is seen a3t 122 pom and in both

The idea i's'funher expanded in the next slide (8)
where we have the datz on a large numbear of
isomeric” nitroimidezoles.  Coricentrating -on . the
chiemical shifts-as well as coupling pattern; 'we find
that as we had specuiated and shown to bas true in

Loy

e e §
‘:‘c NMR spectre of 4-end $-piiro
suts*ilmid !mnggg 32 Y

nf‘v Lo ' 'R’ J Z-.g,_‘gt
. ‘ ;;;
: . . €1 E-mul!ip!lcny) 8 C mu'Hp ielty) )
~CMg LR 1321 dvd 1201 ¢ quintet
Thy . CHg 11 d 213 g
THCH0H CHy 1329 ¢ e e
CHpoHI{OMICH;  CHy w28 9 m23  dxt
U@ CHIOMICHCY  CHy 1723 4 w2b 4
CHaCHSOCHCHY CHy 1331 d 1220 dxt
o-WOpCeHy  :CMy 1324 d s d
CcHy "5CHy 1332 4 1236 dxq
CHy SO,CHy 1304 9 1269 d1xq
CHg ' R 321 ¢ ? .2
wg @%,cu,m.o 4 1217 ¢
P Lo .
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- one Oriwa cusks,

vety ,,fewr ekceptions

- cal ghift dlfference . persjsts,
. look: at B p- mtrophenyl der}vanve. In 'the

. problem for a particular reason,

PRI -
W T

in: 8 buhch ol 5-nitroimidazoles -
C- 4chem|cal shifts are suniformly around- 182 ppmv
and In 4. nitrdimidazoles, Ci5 shifts,: 122 ppm“’wuh r
:Agaln; ‘wherb:R s proton
besring:carbbn stom st positiond of visdmerié - fitro- *
imidazoles, .orie firids- an -appropriafe . finex 's’tru'cture’ ;
end multiplicity for C-5 in the 4anmmldazolé serigs.!
This.Is absent In the 5-hitro serigs;ix Even ih the
absence of such fine coupling as seen. -tﬁ,-:derlvati'\)é's'!
where R s an.aryl group,.we do Yind that'tha: chemi:®
Fot exampleL Wwe can
- -nitro
m the

seribs, 'C14- i tesonating st 132.4 | ppm wblle
isomeric 4- nmo!mldazoie, the signal of C- 5.{s.: seen &
8t 121.5 ppid. ThHus we ¢&n very safely say ihat even
by the use of carbon shiits alone, it should be- qunte

easy to dilfefentiate be\ween these two senes AT

Now let me take the case where we'. ha‘ve to look o
gt carbon 2 &lso and we. haopened to get: mto thlst;_?%
Th!s is. ilustrated in -
Thinking sbout vanous synlhetuc .

Slide 9

the next slide (9).

procedures for our Go:10213 molesule, -ws ! felt lhatz'
parhaps we tould:try 8- much ehorteriroute using.a:
matetial which is recorded in.the literature..Imidazole!
(XXIV):is réported to iodinate'to.2; 4-diiodoimidazole:
(XXY): Reaction with HNO3j is claimed-to displace,
the jodine at C-4 by a NO3g group to efford 2viodov4+.
nitroimidazele. (XXVI). It is further. stated in-the:
literature that.XXVI ¢an be methylated "to -1-methyi«
2-iodo-5:nitroimidaZole (XXYIl). which has.been used;
by two groups of-workers. Wae. felt that perhaps we.
could synthesise: this. moleculs teadily. and ;use it
converiently. for coupling with methanesulphonyh




imidazolidinone to afford Go 10213 (XVII). When
wé siarted working with this compound, we found

‘thatthe structure had 1o be revised. This had bean

also reelized In yet anothar iaboratoty. What had in
fact transpired was that diiodination of imidazole
gave 4, b-dilodo-imidszole (XXVIll) which goss over
1o é»éodq-&nit(o imidazole (XXiX) upon nitration.
Methyletion ynder the conditions that had been rg-
ported in the literature yielded isomeric methylated
derivatives (XXX) and (XXX1),

Now in the next slide (10) | shall show how we
have used 13¢ NMR Spectroscopy 1o assign structuras
i

N 6C(2) - 1439
! \), \
N IeH - 217 Hz
ON éH 3
3 JCH - & Hz
XXX 6C(4) - 90-8
- SicH - 12 H2
O,N: N»» C§C (2) 1398
e _l.\z 1"CH 219 Hz
¢H IcH 3.5 Hz
3 815 (m)

? §C(5)
CXXX1 '

and distinguish between the two isomers. Thg mo-
ment we looked at the 13; NMR spectia of the 1wo
cempounds in the low field region, we noted that s
p!,OIan.r}'-bearing._catbon atom was giving rise 10 &
signal 8t around 140 pPpm which was way down figld

campargd.tqn_eithe! 122 ppm expected for a 2-i0do-4.
.nltrgimi_dazo:ecr 133 ppm which should be for the
’ 2véqﬁgé{i-niuoisomec_(Xxvn).

On the other heand,
the position was verty typical of the imidazoie £-2
atom. . This was the first tinding and the second
finding was thatthe one bond coupling was laigar
han200 Hz » around 217 10 219 Hz which is 8gain
& typical 1 bond coupling of C-2 inimidszole. Thers-
fote, it was Quite obvious that in these two com-
pounds, position 2 was free fram either jodo or nitro
group. - Subsequent distinctjon between the i1wo
isamers wasg possible by looking at the signal of the
iodine bearing carbon atom. Even when it js qualer-

nary.-an jodine-bearing carbon atm gives rise to a -

9ood signal' and also has 8 very peculiar feature
which is wel| recognised in the literature, vjz. that
the signal ‘8ppears considerably upfield from the
torresponding nen-iodingted carbon ajom. ot s
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recalled that in the cass where we had no iodine, the
carbon signals were picked up at 120 or 130 ppm,
the uptield shift produced by the bulky jodine atom
can be appreciated sinca now bzha‘t ca:bon_shows up
afound 90 ppm in one isomer (XXX) and then this
signal was seen 1o be a doublet which was clearly
dué 10 a 3 bond caupling with the proton at C-2. In
the other isomer (XXX1) the carbon-bearing iodine
was sean to be a multiplet, obviously hecause of 3
bond coupling with proton on C-2 and further 3 bond
coupling with the protons of the rmethyl group at
position 1. - This is an illustration of. how one can
use 13¢c NMR spectroscapy ¢ffectively in arriving at
Stiuctuies and distinguishing between isomers,

Now I'would like to get hack 1o the chemistry that
we encountered while using various substituted
imidazolidinones. | would like to show the next
slide (11) -and comment on the so called stability or
instability-of molecuies. This ik perhaps In a way

parallel to-human behaviour, We know that many

people are very stabie but this is only with respect 10
normal sitdafions. ~ However, when the latier are

sulﬁcién'dy-p'rovocati_ve, you find that ‘even the waormy

trns’, " The so-called’ stability  yields place 1o
agitation;sometimes aggressian, Let ys look al the
step where. we had united the two moieties, namely
1 ~memyl-Zvn?emarwSulm'\onvyi'—ﬁfni.'liq imidazale [X11)
and a N-substituted imidazolidinone 19" produce -Go
10213 and @nhalogues. "What we expected and what
We got in most cases was the required product eithey

o 'ﬁ‘;'—ﬁozcnJ - (- BT ff_,!:v ~R R ~R
, %ﬁ“s | \\ \8} A ' Ty °\V ‘

BN -1”“”* - R
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as the scle ong or at'least as apredominant one, But
very soon we found that there were several vulnerable,

points in‘both the part'ﬁ‘efs’df’th‘i‘s"sfmhétié'ma‘nocuvré‘ '

and these are‘noled"br)'-"th"éﬁi"‘b?‘fi/arious_‘a‘r_r'dWs“'(_s!ida""‘

1. The arrows indicate sites of nucicophilic attack

and these'can happen a1 various places — position 4

of the nivroimigazole, the meathyl group of the sul.
phong, the CO group of 1ne imidazolidinons eic,

Among various R substituents on lh.e‘irn__idézoljgin,qng,j_" .
N alom, methyisuiphony! was stable but not- methy|--

¢

thiocarbamoy/, acétyl or mé"';h}-'lcél'f'b'ar'hos/ll"_Wé(ouhd'i

that whon one used a base such as sadium _hydride

- 10 generate the spdium sati of the substituted imida-

z0lidinene, the mclecule undsrwent dispropotrtio-

w!

L




_ tecognise as srising

nation 1o glve imidazelidinone (or ethiylone ures gs it
s maie populatly known), and a 1, 3.disubstituted
irvidazolidinone, Ethylene urez has 2 nucleophilic
cc;mre:. which obvicusiy would be souqht by electro-
phiie

“In the next slide (12), | would lika to illustrate this
by recounting our axperience with this sulnhone and,
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for the sake of convenience, | would use the term R

to symb'.olise the t-methyl-5-nitro-2-imidazoly! resi-
dug.. We thought theat we would study in some

depih the reaction of the sulphone (X!!) with the
_ sodium salt of ethyleneurea itself. This turned out
to'be a veritable mess — of course an attraclive ong
from the ‘chemist's point of view because of the for-
mation of interesting products, One of the major
products is the expected and desired cne, the nitro-

imidazolylimidazolidinone XXX This is subsequently.
stiacked by sulphone to produce the 1, 3-disubstitu-
ted tmidazolidinorie XXX, This is agsain only to be
axpected. Then thare was 8 host of unexpected
campounds which are listed as XXXIV —— XXXVIL
(.0t us take & took a1 these and see how they could
arise. Compound XXXVHl, one can immediately
ram XXX due to sitack by

dimethyldmideion. Please recall that the solvent we

. used.for the sake of conveniant solubilit y was DMF;

In the presence of sodium hydride apparently therge is
some dimeéthylamideion formed and i! auacks the
catbony! qroup of the imidazolidinons ting end
cieaves 1. There are {wo.possible ways of cleavage
which prodice the anion of either XXXVII or of an
isomer, the former being more stebilised. There Is a
vety easy way of distinguishing between the two,
which utitises the alkali-induced shift to long wave-
length of the sbsorption maximum of a 2-amino-5-
nitolmidazole with 2 free NH. The product XXXVl
in fact hed & large bathochromic shilt in the UV
absorption spectruim when its alcohol solution was
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Product XXXVI!l obviously atises
by clesvage of the imidazolidinone ring in XXXIl, this
time by attack by an imidazolidinone anion, the ring .
opening in the same ditection es in the previous case.
Now let us see how products XXXlV XXXVI would

have arisen.

treated. with alkall,

In the next slide (13) | would like to speculate on
this. Let us took at sulphone Xit which s one of out
starting materials, If we assume that there is a little
moisture atound and that hydroxylions. are present,
we can visualise sn addition at position 5; in this
cese, the addition would be triggered by the presence
of the electron-withdrawing sulphonyl group at
position 2; subsequent elimination of nitrous acid
would give rise to the imidazolidinons XXXV, The
enoiate of this-displaces the methane sulphony! group
in 8 second molecule of Xil to give the product
XXXVI: Now let us see where 13c NMR spectra
helped us to assign structures to these compounds.
In the 13c NMR spectrum of the compound XXXVi,

‘we could locate both the imidazole protons and nei- -

ther of the.two showed any fine splitting which
clearly ind«cated to us that both imidazoles were
substituted at position 5 — in one haif, with a NO,

group and in the other hall, by oxygen .| would now
like 1o turh to the last product XXXIV, whuch we call
‘the trein’ because we have four imidazole molecules
connecled in arow. 1t probably arises as follows —
the anion of the pnmary product XXX!1 of the reaction .
attacks anolher like molecule at posmon 4 unlike in
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tHe case of the sulphone XI1 whete {he electton wnh-”
drawing methylsulphony! group s gvailsble to direct
the entry of hydtoxy! at position 5. Subsequent loss
of HNO,; would account fgr the formation. of XXXIV,

13c NMR specttum showed unambiguously a'proton-
bearing cetban at position 5 of en. |mldazoie, having
3 bond counllng with a CHj group. :

Now 1 went to talk sbout some othet scmtler intef-
esting chemistry thet ensued when we wanted to do
a very simple manipulation, related 10 “@xercises in’
msdicinal chemiztty slide 14). We have the mole-

.cule Go 10213 (XVil) on the one hand and on the
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othor, we have g rathar alnmlu N-muthyl dlchloia-
dcciamlde of p- ammophenol ‘which s known as
dt !oxan%de (XXXIX) and which is a very good diug
w&%gamst caecal amoebiasis. We also had in our hanas
8s @ pmt of our-exercises in this area, 1-methyl-2.
dnchiotoacewlammo 5-nitroimidazole (XL) Since in

the case ofduoxamde we knew that the N-methyt
group was needed for the activity, we thought we:

vould make the N-methyl derivative (XLI) of XL also.
We knew that the NH in XL was acidic snd we
argued that the simplest and most preferable’ way of
methyianon wouid be to use the old fashioned one,
viz to’ treat XL with diazomethane. Using ethersal
dlazomethane ‘obtalned from nitrosomethyl uiea, wa
found thai the reaction did not go as expecied.

stead. we got @ mixture of 3 products which happen~
ed 10 be pyuazo!otmxdazoles

instead of gomg through, what happered in this
case, évysgh 10 1ake up & .gimilar. reaction involving
the mmene sulphonamade XLU (slxde 18) and show
, You how it became even more compncaled By ro-
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in-

action of the methylsulphony| nitroimidazote X4 wilh
n- to;uenasuIphonamldeqon we got XLI| in.very high
yiclds, Since thp amlde NH in XL was again acidic,

; wa expe,g:lc.d,m‘emyldtgon 1o ocgur readjly wnh dia-.
- zomethane.

When we treated XLl with a limited
smount of diazomethane (prepared as usual from
nittosomaihylyraa with alkali apd gthar), we did-not
gul tha axpectesd | darjvitive ALV,
products, one of which was the methyl derlvative XLI{|

- wherein the mathyl group sils on the nyclear nitrogen.

Tha other product was one ‘whareln’ diazomethane
had ssemed to have undergone cycloaddition to glve

& pyrazaelo imidazale ALV This is what happened
with a limited amaunt of diszomethane,

Wa 1h0ug W that use of & farger amount of diazomeg-
thune would maksy the reacton become even- moy
complicated and this hdppuncd in fact. -In’addijtion
to the two products in-the earlier slide, we got more
products (stide 16). In the next slide (17}, the
structures of the various piaducts are given. ~We had
both the endo- and exo-N-methy! derivatives XLIII
and XLV respectively. We had the unsubstituted
pyrazolaimidezole (XL1V). as well as the two methy-
iated products, XLV and XLVil,

were XLI)x and L

N\ Excess 9
('H3 CH Ny - Producls

| want 10 show how and why these were _happen-
ing-in the nexy siide (18). Intrying 1o unrava] the
pogsibie mechgnisms of these reactions,. wp -noted
the fact .that many.-other kinds.of nitraimidazoles
which we were dabbling with 2l the 1ime were 10-
tally unruaponswe to diazamefhane — 6. g. .suiphone.
(X)) imidazole LD, amine (LI}, . dimethylamine
(RID Rreven.Go 10213.(XVI). This.led us finally

Thory, waje twoy -

‘Additionally; thers-
Cwere twa methyle arbamoyl pyiezoloimidazale deri--
vatives XLV and lsomm LV Ihe otnen two producls-'
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-{o get a clué to the structure of the vulnerable intet-

.- mediate formed in the diszomethane reaction, which
- geve tise to this plethore of products. ’

,;i .» _l"hi'!_h‘e'ﬁleg‘t;él‘i'de ('19), | show very -briefly how we
,d_isl.,lnguished__ between the two isometic N-methyl
de‘rg\faxiveS‘g(Llll and XLV, This was again done by
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taking recourse to 13¢c NMR spectroscopy. The signal
' An XL which wés easily locsted, showed in
dition 1o the latge one bond coupling, 3 3 bond
coupling with a methy! group which must be neces-
satily located on N-3. This was lacking in the iso-
‘fmetic molecule XLV,. Nowy the exo isomer XLV ltself

yyasl_ea'_sily'videmified by compating with a synthetlc
. specimen thet could be obtained by heating suiphone

- Xl with N-methyl-p-toluenesulphonamideion.

r the next slide (20), we show how when the
do-N-methyl derivative XLII is subjected to re:

_ch_l’iqb;wkith;di"azomelha‘he,,w‘e get most of the. pro-
dg.c};s;lh_at'wg had seen earlier, namsly two methy-
Jatedimidazopyrazoles XLV! and XLVl and the unme- -

" gﬁy!é_tie:dimidgzopyrazole XLV Two methvicarbhemoy!
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imldazopyrezoles were also formed but not shown in
this stide. It Is now quite obvious as to whet was
happening. Diszomethane methylates both the endo- -
or nuclear N atom and the exo N in XLil very readily
to give tise to the Imidazolldinone derivatives XLIII
and XUV respectively The endo N-methyl derivative
Is not so aromstic as the exo-N-methyl Isomsr and

hes 8 relatively active nitro ethylene; bond.iwhich is. -

vulnerable, This undergoes a cycloaddition.reaction. -
with dlazomethane to form the intermediate -LIVy:
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which could-ldse the elements of nitrous acid to pro-.
duce the imidazopyrazole XLIV. " Since excess diszo-
methane s around, further methylation is possible.
The pyrezole nucleus is quite ecidic ‘and "undergoes .
methylation in two possible ways. to”'produce com-:, -
pounds XLVI and XLVIl.  Also. formed ‘are  the. two .
methylcarbamoyl derivatives which will .be subsequ-
ently seen. What'is impressive to note is that these
two imidszopytazoles XLVI and XLVl which differ
only in the location ot the methyl gr‘OUp‘:in‘!he' pyra-
sole half are-easily distinguished by resort to 13c
NMR spectioscopy, specifically looking:at the signal .
- due 10 the proton-beating catbon atom. in the aromatic
region: = This signal is 8 plain. doublet with a large
one bond coupling In the cese of XLVI,~whereas in
YLVII;this;"as 'one would expect, shows further fine
stricture due to 3 bond coupling with the methyl
PIotoNS. i e . ' L '
" In the next stide (21), | would like to tell you that
we did take imidazopyrazole XLIV and. sgdin_ let it

‘react with diszomethane, when besides the methy- . . B

Jated derivatives XLVI end XLVII, the methylcarbamoy!
derivatives XLVIII and LV were also forme’d."l_' Nowf,

_ slide 7t ce e el s .
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‘one generetes the diazomethane,

we arrived at the structures of these methylcarbemoyl

imidazopyrazales by‘resoning o conventional analy..

tical and Speclrascopic techniques. Wae could again
distinguish between the two isometic methyl jmida-
zopyrazoles by means of the shilis of the
carbon atoms which are characteristically - diffsrent.
We supported structure assignments by letting XLiv
react with methyi isocyanate when the two methyl
sarbamoy! desivatives (XLVIH and LV) were formed
{siide 22). This led us 1o wander as to what the
SQUICH was formethylisocyanate in this reaction. Wae
WEr6 1ot aware at that time but subsequently lsaing
it specially {_ro_n! Prof. Pakiashj that when one makes
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diszomethang from nivrosomethyl urea with aqueous
zlkall in ethers'the f88Qent so produced has glways
some méahyj isocyanatae a5 g contaminant. There are
¥ few publications in the literature on thijs pheno-
menon, but'the fact is not 100 wall-known,

atkall and the temperature of the feaction at which
{ But what is not
ps{_haps~_a;¢e‘qygt‘§t_y known or tecognised is the 'meg-
chanism of fomation of methyi isocyanate. This has
been investigated usjng'nitrosomex_hylurea with njtro-

- gen 1abel intwo of the three different positions and

it '@ﬁgéé(&‘agf"ifi”xhs-niwogen which s invaived in
methyl " {socyanate formaiion is from 1he terminal

{ "-‘gg?gug_.f‘.‘anq NOL either of the ather nitlogen
spec lly the one bea:ing the merhy| group
to begin with.” For jack of time, I would not tike 1o

- discuss this any more, buy | would like 10 talk a Jittis

bit ebout the ather two compounds from the diazoma-
thane reaction wherein the reagent is not implicated
a1t alf, '

We couid fgcognize one very readily as bsing the

o oxima XLIX (Slide 23), which exisis @s a mixture of

EendZ isomers. This js very much evident from the
proton NMR spectium.  The carresponding ketone in
this-case is the laciam L. The structure can be as-

Pyrazolg
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signed on the: basis of the available data. In the next
slide 124), 1 specuiate as 10 how these could have
been farmed. " Obviously methanol and alkali used
in the preparaion. of dizzometnane are implicated.
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Much interesting Ljhe,misiry,aménatéf:fflh"éfeby due to

what may-be considered as sloppy labaratary” techni-

ques. - What we think must be happening s thay 17
3-dimethy ylimino-8-niuoimidazaline (XLINN),
which we have aiready seen has a,highly vulnerable
and feactive njuoethyleng group, undergoes addition
ol methangl under alkaline celalysis. Spegies LVIis
¥l d which can then go by i-recagnised -
to'the Oxime XLIX of by reduction with
8kewans L {Nef reaction): T

foutes sithe
njtr

S e

Now' | wWould tike 1a 4o to one last . interesting hit .
Q(,ch!@m_i.sny‘ that we encountared- in nitroimidazoles
and this arase out of our endeavous (o make some
taduciion Rroducts of the active nitioimidazoles. The
ieason for this is ihey peogie have alway_s been_ "$pe-
culating that the mechanism of antiprotozoal activity
of-the nitrojmidazcies was somehow connecled wilh .
the reduction of nitio group 10 various wnidantifiog
SpEcies.. The end product-of reduction-mus-be the - -
aminolmidazoles whicp 'are’”dhéiébl'e'becé'us’.e“m@y are
liable to ring opening. Wa thought that itwould he
interesting 10 muake SOMe aminoimidazoles from the.. - §

-
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- rédd‘ctfcﬁ thd ptcduce the expected aimino

LWH BhdWe could characterise it.in a vaijely of o He
—.the aromatic compound LXIIT and It ong’ Would allow

rate. aaemental gnalysis.and masg spec

vast-array ot nitotmidsrme s avaitable
most cases, we could get the reguired con nounds by
irapping them with various Byl br-acy! chlorides;

igoeyanstes.ahd so.on and they behaved quita tes-

pecisbly inThese manouvres. However we did come
__detoss cne interesting phetomenon, jécaunting whith
§ would like 1o conciude my tecture and this is shown
in the next slide (28). The sulphior.e X1 was a com-
pound thet we were handling in kilogram cuantities
{ot the synthesis of Go 10213, We. thcught thet it

Siide 25

H {C‘bH\L ~€%S)

~would be only just if we tet it be also reduced cat-.

slytically. , Incidentaliy compound XIf itsell was in-
getive sy an-gntiamoebic compound.

tha (NGM,

'_Wheh ‘we used p-nittobehzaldehyde in tritluot
foacetsc'a 1d to make the Schilt base LIX, to vur sit-
prise, we gotm‘amer iow y!eid qgnt‘, ]
pwduct fag which the moleculsr fo 3
immedxaie!y derived as Cys Hie Ng D,, t, P v 1esorting
tioinetry.” The
~ girglon sphctrum revealed some signsls due 1§ NH,

*‘*Xachw gfoups snd so on.
mt e;‘:hem{k Qroup wers uisré seen; but what was

iy strikingly dppafent was thd tota! absehce
of %m éwmethme proton ((,H = N)

i

?

10 do Xirey crystal siructire for this,
. wbuld dddfl{hﬂ by sifculatibhi“4h e last “slide

produce- the-dihydropytiding.LXIL.
suiphone. .8 g i known<to- be suscephble to !
"HEfcl ohiecan {magire-thet-LXI} canBe oxidised: X3

complex -
coytd be

The protohs of the p- .

BRI aTe I o Mt V’rﬂwg‘t}mﬁﬂhat“werﬂ“avail’Jbi'é”m'vs*‘we “woncluded

that the compound is bast. represented as LX, namely
A didddopyhibbimidazold With .o pendént pinilrot
phenyl: gtouM Wer ’nave rcequésted Prof‘lVenPalesan
héping that it

(26), 1 have tried to rationalise {hese observatlons.
stee 6 ‘

gl -

- & . )
We look upon the 5 gmino- ‘l e hﬂlmidazole sui) '
'phone (L) es- havmg some enamlnic charactef "at
"C- 4,

Thetelore it should be susceptible to- electro-
phrllc aitack tnd two such tholécules.cdn be brought
in- Unlson by p- nitrobenzeldéhyde “to prbduce &
benzylldmebus imidazole LXI. ‘This can undergo
tyclisatioh by losing- the ‘elementsof ammonia, {0
"-_,Dihydropyndlnas
erial -oxidation..

the preferenlla! fottuitous loss bf one melhylsmphonvl
group {h- presance ol trifluotoatetic  acid, ~one can:

'amve at_lhe structure’ of the Hnal product as LX

l hopa {hel the results 1hat | have presemed HH now

- WOuld ‘haveshown- yoﬁ ‘that the remarks 1 made about-

medisma% chemlsuy beanng resembfa[\g"e\;m lndxan

_everything

fcr everybody s taste.;
Punmg ’qu‘hef cmtad o g d Sl &




