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ABSTRACT

Several substituted styryl 2-pyrrolyl ketones have been prepared and their IR, *H and *C NMR spectra are
recorded. The effect of substituent on carbonyl and >N-H stretching frequency was studied. The proton NMR
correlated shifts (ppm) of the ethylenic and >NH protons of the chalcones investigated are assigned. The
correlation of 3C NMR chemical shifts (ppm) of C, and Cs; with Hammett substituent constants are not fair
enough, o, and or parameters also give poor correlations. Uniformly o; and or parameters collectively explain
substituent effect in few cases.

INTRODUCTION

The effect of substituents on the infrafed carbdrgduencies in several chalcohgand on C-H, C=C, CH=CH in
some alkenes have been investigated. A very sufmtaamount of data are available on >N-H sstretghi
frequencies in heterocyclic ring systems. The praaod carbon-13 nuclear magnetic resonance spettrdies
have been applied to numerous structural probféthdheir use in structure parameter correlations have
become very popular. A similar study involving stypyrrolyl ketone is utmost unknown. Hence, selerého-,
meta- andpara-substituted 2-pyrrolyl styryl ketones were prejaad their ultraviolet, infrared, proton and carbo
13 NMR resonance spectra were recorded with a téestudy the structure parameters correlationhiése styryl
ketones.

MATERIALS AND METHODS

The procedure of Salem A. Bassiifal."* was adopted for preparing the chalcones(1-12) ningestigation (shown
in scheme-1). IR spectra were recorded in KBr gbefbrms) on a Thermonicolet AVATAR 330 FT-IR
spectrometer  max i cm?). *H NMR spectra were recorded at 400 MHz on BruckdXA300 MHz
spectrophotometer using CDMMSO as solvent and TMS (tetramethyl silane) asrimal standard®’C NMR
spectra were recorded at 125 MHz on Brucker AMX Bz spectrophotometer using CRGIs solvent
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RESULTS AND DISCUSSION
IR SPECTRA

Normally chalcones show two carbonyl bands forsSarid S-trans conformers in solution. Although guildorium
mixture of different conformations of some of thelcones may exist in crystalline state.

In addition to carbonyl the system under investggatlso shows strong band due to the secondanyca(riN-H)
group that is present in the pyrrole moiety of slgstem.

Effect of substituents on carbonyl and —N-H stretcimg frequency

The carbonyl stretchitng frequencies of these 2gbylr styryl ketones shows that the lowest carbdngjuency is
observed. When a powerful electron donating grauprésent. This may be due to the fact that eleammating
group reduces the double bond character oftdhegonyl band and thereby lower the frequency.

Eventhough the effectiveness are similapitho andpara positions the increase in carbonyl absorptiondesgy
is attributed to the loss of co-planarity of gtygroup with the carbonyl group. The IR spectralues are given in
Table(1)

The data which are given in the Table-1 are spgratealysed through various correlation equation®lving o
andc’values Fig(1-4).The results of statistical analgsis presented in Table -2

All the correlation data given in Table —2 are giging to single parameter equation which indisatearly that
poor correlation is obtained with Hammetando'constants. The single parameter correlationshasersin Figs. 1-4.

In view of the inability of some sigma constantspr@duce individually satisfactory correlationswis thought
worthwhile to seek multiple correlation involving and o, constants. The correlation equations generated are
shown in Table 3.
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NMR SPECTRA

In general, the signals for aromatic protons presea molecule appear in the downfield region fuaad 7 ppm
due to magnetic anisotropic effect. In most of ¢thees, since the absorption of the olefinic protoritke chalcones
are also in the aromatic region, it is quite difficto differentiate the olefinic protons signabiin that of the aryl
protons. In such cases it is essential to go foresother techniques like INDOR double resonancee@dly of the
two olefinic protons in chalcones, the one neaxestte aromatic ring (kproton) resonates in the deshielding region
compared to to that @fproton (H). Because this will experience a magnetic fietwrfrthe induced circulation of
n electrons in the aromatic ring, which will augmtre applied field and hence lead to a highealue.

The study of NMR chemical shifts in chalcones idl\weown, including this styryl ketones. Ananthalrha Nadar
and sunff have studied severaieta-andpara substituted styryl biphenyl ketones. They assighedlefinic proton
chemical shifts by using INDOR double resonanchriggie.

The substituent chemical shift(SCS) for thgptbton signal is less sensitive when the substituare inmeta-or
para- position. The Hproton shift for the above mentioned substituehigays lie in 7.6 to 7.9 ppm region when
the substituents are present airtho- position, the i proton signals are obtained in the downfield Z8%m
region)compared to thenara- counterpart (table 4)

In the cases there may be some interaction bettfeeh); protons and thertho- substituents .In such a system
there will be two opposite effects,(i)tloetho-substituent may pushglproton out of the plane of the aromatic ring
and this will cause less deshielding by the ringent effect,(ii) the close approach of the ortBobstitutents and
thep protons will deshield the proton. This effect asigrom the distortion of the electronic cloud ardit; protons
when the two atoms approach within the sum of thfein der Waals radii and can apply tg ptotons. The same
trend in chemical shift value is observed irresipeadf the nature of electrical effect of substitteein pyrrole ring.

The signals of the ethylene protons in all the coumgls investigated in the study are assigned. fhdesic proton
signals give a doublet in most cases and are welrated from the signals of the aromatic protopaurtd the
secondary amino proton present in the pyrrole givgs only singlet< 9.6 to 11.6).The chemicals shifts of the
protons are given in Table 4.

All the attempted correlations involving substitugrarameters give only positive values forThis shows that
normal substituent effect is operative in all sgseThis may be due to the larger inductive eféssiociated with 2-
pyrrolyl styryl ketone. The results of statistieadalysis are given in table -5

The chemical shifts observed for the protonshim iresent investigation for substituted 2- pytretyryl ketone
do not correlate satisfactorily with substituestands” values.

From the table-6 It is inferred that even the datien with o, and or parameters also produce only a poor
correlation. This can be due to the nature of tls¢esn in which the benzene ring orients itself vathangle of 180°
to the plane of the molecule and also due to latigeance between the protons under investigatiah the
substituents.

C"®NMR SPECTRA

The assignment of carbonyl peak in the spectraig simple in all the cases since it appears dsa single peak
in the region of 177.14-179.0 (ppm). The most sigkfeature of carbonyl carbon resonance positamtifiese
chalnone is apparent due to lack of sensitivityaais the variety of substituents.

The presence ofrtho — substituents in these chalcones show small claimgéhe G chemicals shifts, but no
pronounced variations are found for compounds witho-substiuents compared to theara-counterpart. In the
cases of gcarbons, there are appreciable changes in the chesthiifts. when ortho- substituents are presetite
styryl part compared with their para counterpa@ie pronounced difference in chemical shifis~3-4ppm) may
be due to the steric interference to co-plannanitthe styryl part. The difference in chemical shifor carbons is
very (Ad=1-2 ppm) low.
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The correlations of carbonyl chemical shifts withconstants gives poor correlation (r=0.743; n=1axTis
attributed to the lack of sensitivity of the carbgroup to the substituent effect.

The 2 chemical shifts values of,@nd G carbons of substituted styryl pyrrolyl ketones ewerelated with various
Hammett substituent constants. The results ofssitzai analysis of substituent effect of @nd G carbons are
shown in Table 7 Since the correlations with Hantreebstituent constants are very poor it was thbuginthwhile
to seek multiple correlations involvirg andor constants. The correlations equations generatedhaown in Table
8. The single parameter correlations are showriga.5-6 But the correlations widi values is slightly better.
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Table-1 Carbonyl and >N-H stretching frequencies ofubstituted 2-pyrrolyl styryl ketone

No. | Substituents| v._, (cm®) | v_ . (cm?)
1. m-OCH; 1645.5( 3236.9(

2. p-CHs 1643.47 3257.77
3. m-Cl 1648.64 3259.81
4. H 1649.8: 3239.1-

5. m-Br 1648.26 3254.19
6. o-Cl 1648.25 3236.12
7. 0-OCHs 1645.0¢ 3261.0:

8. p-OCHs 1643.57 3332.89
9. m-NO, 1653.25 3268.90
10 p-Br 1643.97 3271.23
11. m-OH 1643.93 3301.58
12 p-NG, 1643.73 3239.40

Tabble-2 Results of statistical analysis of carbomynd >N-H stretching frequencies of 2-pyrrolyl styyl ketone

System Constan_t for A B S.D R Substituent
correlation
X = H, mOCH;, p-NO,, p-OCH;, 0-Cl, 0-CHs, p-CH;, p-Br, m
v o (¢} 1645.5| 4.4017] 2.9463 0'464Br, mNO,, m-Cl. m-OH
-0 (VW = . " " " " -
X=0 o 1646.6| 2.340| 3.078¢ 0.381X H, mOCH;, p-NO,, p-OCH;, 0-Cl, 0-CHs, p-CHs, p-Br, m
Br, m-NO,, m-Cl
) X = H, mOCH;, p-NO,, p-OCH;, 0-Cl, 0-CHs, p-CH;, p-Br, m
Vo) (o] 3269.1| -30.95| 28.08 0.370 Br, m-NO,, m-Cl, m-OH
>N-H (VH, = - - - - - -
o 32595| -26.06| 2535 0.498X H, mOCH;, p-NO,, p-OCH;, 0-Cl, 0-CHs, p-CHs, p-Br, m
Br, mNO,, m-Cl
Table-3 Correlation equation with @, and or constants
System Correlation equation in v._o (cm?) Substituent

2-Pyrrolyl styryl

X=

v, = 1646.96 +5.6906 0, + 65964 0,
(P=0.743, .A = 2.255,v = 12)

X = H, mOCHs, p-NO,, p-OCH;, 0-Cl, 0-CHs, p-CHs, p-Br, m-Br,

ketone V., =324662 448130, 5347050, m-NO,, m-Cl, mOH
(P=0.492, 3.A=28.14,v=12)
Table.4 H NMR chemical shifts of protons in Substituted styyl pyrolyl ketone
No | Substituent| & (ppm) —-CH=CH-| & (ppm) >N-H
1. mrOCH3 7.801 10.005
2. p-CH3 7.889 10.047
3. m-Cl 7.749 9.767
4. H 7.847 10.352
5. m-Br 7.788 9.872
6. o-Cl 8.225 10.180
7. 0-OCH3 7.788 10.230
8. p-OCH3 8.128 10.258
9. mNO2 8.241 9.589
10. p-Br 7.756 10.062
11. m-OH 7.643 11.661
12. p-NO2 8.360 11.691
Table-5 Results of statistical analysis of chemicahift of protons of substituted 2-pyrrolyl styryl ketone
Systems Constant‘s for r | p S n Substitutents
correlation
U= mM-OCHs, p-OCHs, m-Cl, H, m-Br, m-OH, 0-Cl, 0-CHj, p-
68-CH=CH 0.423| 7.872 0.298 0.3244 ijCI-lg, mNO,, p-Br, p-NO,
ZPymoW SYM | gesCH=CH- | 0448| 7.963 0196 0.3344 ?ﬁg“ar’] ’é‘?g,tfbmc" H, mBr, 0-Cl, o-CHs, p-OCH,
- 2, PP, YT 2
! d m-OCHs, p-OCH;, m-Cl, H, m-Br, m-OH, 0-Cl, 0-CHj, p-
& >N-H 0.127| 10.26/ 0.249 0.5568 ]ZoCHB, mNO,, p-Br, p-NO,
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Table-6
System Correlation equation Substituent
gH3(9p8p6r2) = 7.908 + 0.428118- CH=CH- + m-OCH;, p-CHs, m-Cl, H, m-Br, 0-Cl, 0-CHs, p-OCHs, p-Br, m-NO,,
. R
2-Pyrrolyl styryl | R = 0.0855; SD = 0.7418;n = 12 mOH, p-NO;
ketone 3u (ppm) = 10.277 — 0.088, - >N-H 0.1966

m-OCHs, p-CHz, m-Cl, H, m-Br, 0-Cl, 0-CHs, p-OCH;, p-Br, m-NO,,
m-OH, p-NO;

OR
R =0.631; SD =0.203; n =

Table 7. Results of statistical analysis of chemitahifts of C,and C; carbons of substituted styryl pyrrolyl ketones

Types of Constants for

Systems carbon correlation r | p S N Substitutent
. o 01627| 12121 0872 19018 1 zéHz E.bnﬂgfg.(ét%hf;ioéﬁbf,cﬁél,Oﬁ'cs.3'
2-Pyrrolyl o+ 00577| 12147 0219 2.2645 _L%H:’ ;’CE: %%'ﬁ'nfg?;'”\lpéicﬁdo'c" o
styryl ketone . o 05242| 14074 3.870 2.0303 J%Hz r|: ’CE:%%_:? 'nﬁ-E';\Ir,OrZTLNpgz,Crrkf'cfﬁbg
o+ 05748| 14164 2.88) 2.2658 .LléHz pH-’cE: %?BT' nf'é“f)é’pﬁgﬁéf'c" o

Table 8. Results of statistical analysis of chemitahifts of C,and G carbons of substituted styryl pyrrolyl ketones

Correlation equation in .
System & C, (ppm) carbon 8 Cp (ppm) carbon Substituent
2-pyrrolyl 8 Cu (ppm) = 121.504+0.8192| 5 G (ppm) = 142.78+1.3841 X =H, mOCH;, p-NO;, p-OCH;, 0-Cl, 0-CHs, p-CHs, p-
Styryl 8+1.27083x &+ 5.4383x Br mBr. MNO,. m-Cl. m-OH
ketone R=0.217;SD=1.983;n =12 R=0.5946; SD =2.25; n = 11 ' ’ 2 '

CONCLUSION

When correlations were made for carbonyl and >Ntidtshing frequencies with and ¢ constants only a fair
correlation was obtained. The proton NMR correlashifts (ppm) of the ethylenic and >N-H protons tbé
chalcones investigated are assigned. Their coiwaktinvolving various substituent parameters gdesitive p
values. The correlation of ©NMR chemical shifts (ppm) of &and G with Hammett substiituents constartsand
or parameters collectively explain substituents ¢ffiesome cases.
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