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ABSTRACT

Pyrrole hydrazones have been extensively studied as a building blocks for
the synthesis of various representatives for pyrrole family,especially
condenced heterocycles genetically related to pyrrole.Pyrrole hydrazones
bearing functional groups on the double bond (or those without them) are
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highly reactive starting compounds for the targeted synthesis of conju-
gated and fused heterocycles similar to natural pyrrole assemblies. In the
present work we have synthesized Pyrrole hydrazones by condensation
reactions between formyl pyrroles (Pyrrole-2-carboxadehyde, pyrrole 2, 5-
dicarboxa dehyde and 2,4-dimethyl-3-formy-I1-5-carbethoxy pyrrole) and dif-
ferent hydrazide. The structure of synthesized compounds was confirmed

by spectral (IR,'*H NMR) data.

INTRODUCTION

Pyrrolederivatives have emerged as chemothera-
peutic agentspotentidly useful for inhibitingtheactivity
of M. tubercul osisand other typica mycobacteria, in-
cluding M. avium complex, an opportunistic pathogen
that gresatly contributesto the death of AIDS patients.
Thiosemicarbazones*Zincluding thosefrom heterocy-
clic aldehydes*™ show tubercul ostatic, bacteria® and
carcinostatic activity. Thiosemicarbazones®%
dithiosemicarbazonesmadefrom diphatic and aromatic
aldehydes and ketones are fungistatic. It isreported
that some thiosemicarbazones and substituted
thiosemi carbazonesmadefrom heterocyclic ddehydes
aredso effectiveagaing cdlulolytsfungi.

© 2011 Trade Sciencelnc. - INDIA

EXPERIMENTAL

Reagents and solvents

The solvents were procured from E. Meck,
Ranbaxy, S.D.Fine, Himediaand Quaigens. They were
used after purification and drying by conventiona meth-
0dd*¥. Thecommercialy availablechemicasof andar
grade of B.D.H., guaranteed reagent of Merck and
analytical reagentsor equivalent grade of otherswere
used as such. Isonicotinic acid hydrazide (isoniazide)
was purchased commercialy and used assuch.

p-nitrophenylhydrazing'd

p-Nitroaniline 5.0 g (0.0356 mole) was dissolved
in concentrated hydrochloric acid, 10.5 g (17.9 ml,
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0.2868 mole) in 1ml of water and cooled quickly toa
0°Cinafreezing mixture so asto obtained the hydro-
chlorideof thebaseinafinestateof divison. Thedia-
zotization isaffectedin usual way by thegradual addi-
tion of thesodium nitrite 3.0g (0.0434 mole) in5ml of
water, cooled to 0°C. The mixture was being vigor-
oudly stirred. Thestirringiscontinued for few minutes
after theaddition of nitritesolution. Thesolutionfiltered
quickly and then added from adropping funnel to the
icecold solution of sodium sulfite20.59(0.1621 mole)
in 5 ml of water containing sodium hydroxide2.0g
(0.050mole).

Theadditionrequired 5 minutesthen acidified to
35ml of concentrated hydrochloric acid and warmed
onwater bath at 55°C for 3minutes. Itisleft overnight,
when amassof yellow needles separated.

They arefiltered, drained and the crystal s heated
on water bath for 7 minutes with 10 c.c. of concen-
trated hydrochloric acid. Whilethe colour changesto
orange, crystalsremaining undissol ved. After cooling
for atime, the sodium salt and thenitro phenyl hydra-
zine hydrochloride are dissolved in water and 3.5 g
(0.025 mole) of acold saturated solution of sodium
acetate added when the base separated. Recrystalised
fromacohol. Yield: 2.10g(38.4%), M.p.: 155-156°C
observed (157 ° C reported).

Cyanoacetohydr azide*?

Ethyl cyanoacetate 2.26 g (2.12 ml, 0.0199 mole)
and 1.0g(0.97 ml, 0.0199 mole) of 100% hydrazine
hydrate weredissolved in 10 ml ethanol each. There
was drop wise addition of the solution of ethyl
cyanoacetateto hydrazine solutionwith stirring at 0°C.
After 5 minuteswhite col oured precipitate obtained.
Filter the precipitate and wash with 10 ml of
diethylether and driedinair. Yied: 1.609(81%), M.p.:
107°C.

Salicylhydrazide

A mixtureof 15.215 g (8.45ml, 0.1 mole) of me-
thyl sdlicylateand 7.509 g (7.29 ml, 0.15mole) of 100%
hydrazinehydratein 100 ml of ethanol wasrefluxed for
10 hours. Refrigeratethe solution for 16 hours. White
coloured precipitate obtained. Precipitatewasfiltered
and recyrstallised from 95% of ethanal. Yield: 6.129
(40%), M.p.: 143-146°C.

= Fyl) Paper
Oxalyldihydrazide

14.614g(13.5ml, 0.1 mole) of diethyl oxaatewas
added drop wiseto solution of 10.012g (9.7 ml, 0.2
mole) of 100% hydrazine hydratein a100 ml beaker.
The entire addition was carried out in an ice cooled
bath with vigorousstirring. A white preci pitate obtained
wasalowed to stand overnight, filtered, washed with
ethanol and driedinair. Yield: 7.08 g (60%), M.p.: 240°
C decomposed (243-244° C reported).

Pyrrole-2-car boxal dehyded

In a250 ml three necked round bottomed flask,
fitted with adtirrer, adropping funnel and areflux con-
denser isplaced 7.31 g (7.7 ml, 0.1 mole) of DMF.
Theflask isimmersedin anice-bath and theinternal
temperatureismaintained at 10-20°C. while 15.333 g
(9.32ml 0.1 mole) of POCI, isadded through thedrop-
ping funnel over aperiod of 15 minutes. Anexothermic
reaction occurswith aformation of phosphorus oxy
chloridedimethyl formamidecomplex. Theice-bathis
removed and themixtureisstirred for 15 minutes. The
ice-bath isreplaced and 25ml of ethylenedichlorideis
added to the mixturewhen theinterna temperature has
been lowered to 5°C, a solution of 6.7 g (6.9 ml, 0.1
mole) of freshly distilled pyrrolein 25ml of ethylene
dichlorideisadded through aclean dropping funnel to
the stirred cooled mixture over aperiod of 1hour.

After additioniscompleted, theice-bathisreplaced
with aheating mantle and the mixtureisstirred at the
reflux temperaturefor 15 minutesduringwhichtimethere
iscopiousevolution of hydrogen chloride. Themixture
iscooledto 25-35°C and it is added through the drop-
ping funnel asolution of 74 g (0.5 mole) of sodium ac-
etatetrihydratein about 100 ml of water cautiously at
first then asrapidly aspossble. Thereaction mixtureis
againrefluxed for 15 minutes. Vigorousstirringmain-
tained al thewhile. Cooled mixtureistransferredtoa
250 ml separatory funnel and theethylenedichloride
layer isremoved. The aqueous phaseisextracted three
timeswith atotal of 100 ml of ether. The ether and
ethylenedichl oride sol utionsare combined and washed
with three 10ml portion of saturated aqueous sodium
carbonate solutionwhichisadded cautioudy at first to
avoidtoo rapid evolution of CO,.The non agueous so-
lutionisthen dried over anhydrous sodium carbonate.
Thesolvent aredigtilled and remainingliquid istrans-
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ferred to adistilling flask with splash head condenser
and distilled from an oil-bath under reduced pressure.
Yield: 6.2 g(65%), M.p.: 41-42°C.

Pyrrole-2,5-dicar boxaldehyde

In spite of the growing demand in recent yearsin
pyrrole 2,5-dicarba dehydesanditsand ogues, few pro-
ceduresfor their synthesishave beenreported with the
Clzy!™ and Vilsmeier-Haack*®, remai ning the method
of choice. pyrrole 2,5-dicarbal dehydeswas prepared
as per following procedure™.

Aqueous 3M sodium hydroxide (30 ml) wasre-
fluxed for two hourswith ethyl a-cyano-5-formyl 2-
pyrroleacrylate® 1.650 g, 0.0075 mole) which dis-
solved within few minutes. The solution wasacidified
below 20°C with 2M H,SO, to pH 4.5 and then ex-
tracted with ethyl acetate (3x100ml). Solvent wasdis-
tilled and residue obtai ned was purified by sublimation
invacuumto giveashiny white crystalline compound.
Yield: 1.020 g (62%), M.p.: 121-122°C observed
(122-123°C reported).

2,4-dimethyl-3-for myl-5-car bethoxy pyrrole?!

To acold mixture of 2.68 g (0.0160 mole) of 2-
carbethoxy-3,5-dimethyl pyrrole?? and 1.46 g (1.54
ml, 0.0199 mole) of DMF, therewas gradually added
3.08g(1.86 ml, 0.0200 mole) POCI, through acon-
denser whichwasthen connected toacacium chloride
tube. After thevigorousreaction wasover, thereaction
mixture wasrefluxed on asteam-bath for two hours.
The brown masswasthen stirred with ice-water and
neutralized to congo red with asaturated solution of
sodium acetate. The crude 2,4-dimethyl-3-formyl-5-
carbethoxy pyrrolewasfiltered, washed with asmall
amount of cold water and recrystallized with 50% al -
cohol. Yield: 2.65 g (89.5%), M.p.: 140-142°C ob-
served (145-145.5° C reported).

Physico-chemical techniques
TLCwasroutindy used to check theformation and
@Wu'c CHEMISTRY —

statusof productson silicaGel-G or dumina. Ambas-
sador® melting point apparatus based on electrically
controlled heating devicewas used for melting point
determination using capillary tubes open ononeside
and are uncorrected. Ambassador® melting point ap-
paratus provided atemperature range fromroom tem-
peratureto 360°C. The infrared spectra of products
were recorded (4000-500 cm?) in KBr disc, using a
Schimadzu 8201 PCFT IR spectrometer in Regiona
Sophi sticated I nstrumentation Centre, at Central Drug
Research Ingtitute, Lucknow. Proton nuclear magnetic
Resonance (*H NMR spectrum) was recorded on
Bruker DRX-300 spectrometer (300 MHz FT NMR)
instrument using tetramethylsilaneasaninterna refer-
ence. The '"H NMR spectra were taken in CDCI,,
MeOD, unlessotherwisestated. Thechemicd shift val-
uesareexpressed in 5-scale.

Synthesisof pyrrolehydrazones

Synthesisof 2,4-dimethyl 5-car bethoxy 3-formyl
pyrroleisonicotinicacid hydrazone(3) (Schemel)

2.380g(0.01219 mole) 2,4-dimethyl-3-formyl-5-
carbethoxy pyrrolewasdissolved in 50 ml absol uteethyl
acohol and 1.671 g (0.01218 mole) of Isoniazidewas
dissolved in 50 ml of absolute ethyl alcohol. At room
temperature (28°C) isonicotinic acid hydrazide solu-
tion was added drop-wiseto solution of pyrrolewith
dtirring. Colour of the solution waschangedto light ye -
low on reflux the solution for 28 hours. Yellow precipi-
tate occurred on refluxing for 52 hours. Solution was
concentrate and the precipitate wasfiltered. The prod-
uct wasrecrystallised from 95 % a cohol. Yield: 3.06g
(79.89 %), M..p.: Compound meltsat 210°C with de-
composition upto 240°C.

Infrared spectra

IR (KBr) cm™: 3273.1 (NH, pyrrole), 3482.01 (br,
NH, amide), 1672.8 (C=0, ester), 1605.91 (C=N),
1642.9 (C=0, amide) 2982.7 (CH,), 2922.1 (CH,)
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and 1448.41 (C-H bending), 1234.61 (C-O st.),
1569.9 (C=C).

'H NMR spectrum

'H NMR (Me-OH) 6 in ppm: 8.12 (s,1H), 6.88
(s, 1H, Schiff), 2.766-2.695 (g, 2H), 0.971-0.913 (t,
3H), 6.31 (d, 2H, pyridine C-H and C.-H), 7.17 (d,
2H, pyridine C,-H and C-H), 2.25(a-CH,), 1.748
(B-CH,), 4.93(NH, amide).

Synthesisof 2,4-dimethyl 5-carbethoxy 3-formyl-
pyrrolecyanoacetic acid hydrazone(5) (Scheme?2)

0.195 g (0.001 mole) of 2, 4-dimethyl-3-formyl-
5-carbethoxy pyrrolewasdissolvedin 15 ml of abso-
lute ethyl alcohol and 0.099 g (0.001 mole) of
cyanoacetohydrazidewasdissolvedin 15 ml of abso-
lute acohol. At room temperature (35°C) there was
drop-wise addition of solution of hydrazideto solution
of pyrrolewith stirring. Resulting solutionwasrefluxed
for 2 days. White color precipitatewas obtained. Pre-
cipitatewasfilter and washed with 15 ml of acohol and
driedinair. Yield: 150 mg (54.2 %), M.p.: 233°C de-
composed without melting.

I nfrared spectra

IR (KBr) cnrt: 3282.0 (NH, pyrr), 2261.6 (C=N),
1661.61 (C=0), 1600 (C=N), 2987.0(CH,), 2927.1
(CH,), 1569.8 (C=C).

H NMR spectrum

'H NMR (Me-OH) & in ppm: 8.205 (s, 1H, pyr-
role), 8.053 (s, 1H, Schiff), 4.277-4.348 (q, 2H),

1.310-1.401 (t, 3H), 2.450 (a-CH,), 2.423 (B-CH,),
2.482-2.474 (CH,).

Synthesisof 2,4-dimethyl 5-car bethoxy 3-formyl
pyrrolep-nitrophenyl hydrazone(7) (Scheme 3)

0.19521 g(0.001 mole) of 2, 4-dimethyl-3-formyl-
5-carbethoxy pyrrolewasdissolved in 15ml of abso-
lute ethyl alcohol and 0.15314 g (0.001 mole) of p-
nitro phenyl hydrazinewasdissolved in 15ml of abso-
lute ethyl alcohol. At room temperature (30°C) there
was drop wiseaddition of the solution of p-nitro phe-
nylhydrazineto solution of pyrrolewith stirring. Color
changed to dark yellow. Color changesto orangered
and dlight amount of red colored precipitate occurred
when solution wasrefluxed two hours. Further solution
wasrefluxed for 19 hrs, amount of precipitateincreased.
Precipitate wasfiltered, washed with 10 ml of acohol
andrecrystdlisedfromacohal. Yidd: 210mg (63.63%),
M.p.: whilemédting point determination compoundturns
black at 210°C with rising in capillary up to 240°C.

Infrared spectra

IR (KBr) cm™: 3297.3 (NH, pyrrole), 1673.11
(C=0), 1602.61 (C=N), 1351.41 (NO,), 1230.1 (C-
O-C, bending), 2972.7 (CH,), 2882.7 (CH,), 1500.6
(C=C).

'H NMR spectrum

'HNMR (CDCI,) & inppm: 8.829 (br, 1H, pyrr),
7.871 (1H, Schiff), 1.407-1.359 (t, 3H), 4.349-4.327
(g, 2H), 2.5104 (a-CH,), 1.256 (B-CH,), 4.67(NH),
8.158 (d, 2H, benzene C,-H and C-H), 7.0128 (d,
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2H, benzene C,-H and C-H).

Synthesis of pyrrole 2-formaldehyde oxalic acid
hydrazone (10) (Scheme4)

0.095 g (0.001 mole) of pyrrole-2-carboxa dehyde
was dissolved in 10 ml of water and 0.132 g (0.001
mole) of oxalyl dihydrazidewasdissolvedin 30 ml of
water. At room temperature, therewas drop wise ad-
dition of oxayl dihydrazide sol ution to sol ution of pyr-
rolewith stirring. Color changesto very light yellow.
0.114 ml 1IN KOH solution was added. After 1 hour
gtirring preci pitation started. Stirring was continued for
overnight. Precipitatewasfiltered and washed with a
10 ml of water anddriedinair. Yield: 110 mg (65.80
%), M.p.: At 245°C colour changes from creamy white
to dark brown. At 255°C sublimation with vapour in
themiddleof thecapillary.

I nfrared spectra

IR (KBr) cm™: 3239.71 (NH, pyrrole), 1654.31
(C=0), 1618.21 (C=N), 1516.2 (C=C), 3285.5
(NH,).

H NMR spectrum

'H NMR (Me-OD) 6 in ppm: 8.203 (s, 1H, pyr-
role), 6.987 (s, 1H, Schiff), 4.594 (s, 1H, NH), 7.893
(s, 1H, C,, pyrr), 6.228 (d, 1H, C,, pyrr), 6.560 (dd,
1H, C,, pyrr), 4.726 (1H, NH).

Synthesisof pyrrole2,5-difor maldehydeisonico-
tinicacid hydrazone (13) (Scheme5)

0.123 g (0.001mole) of pyrrole-2,5-
dicarboxal dehyde was dissolved in 50 ml of absolute
ethyl acohol and 0.274 g (0.002 mole) of isonicotinic
acid hydrazidewasdissolved in 50 ml of absoluteethyl
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alcohol. At room temperature (32°C), there was drop-
wise addition of solution of hydrazideto solution of
pyrrole carboxa dehyde with continuous stirring. Dur-
ing addition color changed to light green with slight
amount of ydlow precipitate. Solution wasrefluxed for
22 hrs, solvent was evaporated, and res dueiswashed
witha20ml of ethanol and dried under vacuum. Yield:
170 mg(47.09%), M.p.: At 244°C color changes from
fluorescent yellow to black with melting.

Infrared spectra

IR (KBr) cm™: 3374.21 (NH, pyrrole), 1594.21
(C=N), 1642.1 (C=0), 1481.51 (C=C).

'H NMR spectrum

'H NMR (Me-OD) 6 in ppm: 9.412 (NH, pyrr),
8.218 (s, 2H, schiff), 6.663 (1H, pyrr), 4.612 (s, 1H,
amide), 7.882-7.903 (dd, 2H, pyridine C,-H and C.-
H), 8.744-8.765 (dd, 2H, pyridine C,-H and C-H).

RESULT AND DISCUSSION

The structure of the formed compound 3,5,7,10
and 13 aregiven onthebasisof their spectra anaysis.
ThelR spectraof compound 2,4-dimethyl 5-carbethoxy
3-formyl pyrroleisonicotinic acid hydrazone(3), shows
Schiff linkage at 1605.9 cm™ and C = C stretching oc-
cursat 1569.9 cmt. Thecarbonyl group of ester shows
abandat 1672.8 cnrt and of amideisat 1642.9 Cm™.
Theband at 3273.1 cm* showspyrrolic NH stretch-
ing. The presence of carbonyl group of ester and amide
and Schiff linkage supportsthe structure.

'H NMR of the compound shows a quartet of
methylene proton at 8 2.742 and triplet of methyl pro-
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tonat 6 0.930. A broad singlet peak at 3 8.12 was the
pyrrolic NH and one proton of iminelinkage appears
asasharpsinglet at 6 6.88. The pyridine proton oc-
cursasdoublet at 6 7.17 and 6 6.31. Aboveinforma-
tion support the formation of 2, 4-dimethyl 5-
carbethoxy 3-formyl pyrroleisonicotinic acid hydra-
zoneas(3).

The IR spectra of compound 2, 4-dimethyl 5-
carbethoxy 3-formyl pyrrole cyanoacetic acid hydra-
zone (5) show Schiff linkageat 1600.0 cm* and C=C
stretching occursat 1569.8 cn. The carbonyl group
showsaband at 1661.6 cm™. Theband at 3282.0 cm
L showspyrrolic NH stretching. A sharp band at 2261.6
cmishowsthepresenceof nitrile.

H NMR of the compound showsaquartet of me-
thyleneproton at 6 4.324 and a triplet of methyl proton
at 6 1.378. A singlet peak at 6 8.205 shows pyrrolic
NH and oneproton of iminelinkage asasharp singlet
at 6 8.053. The above data support the formation of 2,
4-dimethyl 5-carbethoxy 3-formyl pyrrole cyanoacetic
acid hydrazoneasstructure (5).

The IR spectra of compound 2,4-dimethyl 5-
carbethoxy 3-formyl pyrrole p-nitrophenyl hydrazone
(7) shows Schiff linkage at 1602.6 cm™ and C=C
stretching occursat 1500.6 cm®. The carbonyl group
of ester shows aband at 1673.1 cnmrt. The band at
3297.3 cmrt shows pyrrolic NH stretching. The band
at 1351.4 cm*shows stretching of NO group.

'H NMR of the compound shows a quartet of
methylene proton at 6 4.327 and triplet of methyl pro-
tonat § 1.3594. Abroad singlet peak at 6 8.829 shows
pyrrolic NH and one proton of iminelinkageasasharp
singlet at 6 7.871. Above information gives the pos-
sible structure of compound as (7).

ThelR spectrum of thecompound pyrrole 2-form-
adehydeoxalicacid hydrazone (10) showsschiff link-
ageat 1618.2 cm. Theband at 3239.7 cm? shows
pyrrolic NH stretching and a band at 3285.5 cm'?
showstheNH stretching. The carbonyl group stretch-
ing appearsat 1654.3 cm™.

'H NMR of the compound showsasinglet peak
at 6 8.203 of pyrrolic NH and one proton of imine
linkage shows asharp singlet at 6 6.987. A singlet
peak of amino group appearsat 6 4.594. Above in-
formation givesthe possibl e structure of compound
as(10).

—= Pyl Peper

The IR spectrum of the compound pyrrole 2,5-
diformal dehydeisnicotinic acid hydrazone (13) shows
Schiff linkage at 1594.2 cm*. A broad absorption at
1642.1 cm* indicatesthe presence of carbonyl group
too. The C=C stretching occurs at 1481.5cm™. The
band at 3374.2 cmt shows pyrrolic NH stretching.

H NMR of the compound showsasinglet pesk at
6 9.412 of pyrrolic NH and one proton of iminelink-
age appearsasasharpsinglet at 6 8.218. Thepyridine
proton occurs as quartet at 6 8.759 and ¢ 7.898. A
singlet peak of amino group appearsat 6 4.612. Above
information givesthe possible structure of compound
as(13).

CONCLUSIONS

Pyrroleis aheterocyclic aromatic organic com-
pound, afive-membered ring with theformulaC, H_N.
Pyrrole undergoes e ectrophilic substitution predomi-
nantly at the2 and 5 positions, though the substitution
product at positions3and 4 isobtainedinlow yields.
Keepingin mind the antibacterial activitiesof above
pyrrolederivatives somenew pyrroleacid hydrazides
havebeen synthesized. Therefore, theinvestigationwith
objectivesof synthessand characterization hydrazones
of pyrrole-2-carboxa dehyde, pyrrole 2, 5-dicarboxal -
dehydeand 2, 4-dimethyl-3-formyl-5-carbethoxy pyr-
rolewithisonicotinic acid hydrazide, sdicylhydrazide,
cyanoacetohydrazide, oxalyl dihydrazide and p-
nitrophenyl hydrazinewerecarried out.

ABBREVIATIONS

KOH = Potassium hydroxide
CDCl = Deuterated chloroform
EtOH=Ethanol

POCI.= Phosporous oxychloride
DMF = Dimethylformamide
s=sgnglet

hrs=hours

d=doublet

t=triplet

q=quartet

pyrr=pyrrole

dd=doubledoubl et
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