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The 13C NMR spectra of eighteen new 
derivatives of chalcone have been record- 
ed, calculated and fully assigned. The A, 
empirical parameters of the styrylketone, p-  
alkoxycarbonylalkyloxystyrylketone and 
benzoylethylene group were calculated for 
the prediction of the chemical shifts of 
substituted benzenes and chalcones. 
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INTRODUCTION 

Chalcone and its derivatives form an im- 
portant group of organic compounds of 
interesting antimicrobial activity.'-' 
Hydroxychalcone and its phenyl-substituted 
derivatives are known as drugs for the treat- 
ment of ulcers and inflammation! They are 
also valuable intermediates for the pro- 
duction of neumatic liquid crystals' and 
photosensitive polymers6 and in the biosyn- 
thesis of flavonoids.' 

During our extensive programme on 
the investigation of physico-chemical 
and biological properties of chalcone deri- 
vatives, we have reporteds the synthesis 
and antimicrobial activity of new 2-, 3- 
and 4-alkoxycarbonylalkyloxy-substituted 

1 ortho 
2 ortho 
3 ortho 
4 ortho 
5 meta 
6 meta 
7 mera 
8 meta 
9 para 

10 para 
11 para 
12 para 

R = H  R,=CH, 
R = H  R,  =C,H, 
R=CH, R,=CH, 
R = CH, R, = C,H, 
R = H  R,=CH, 
R = H  R, =C,H, 
R=CH, R,  =CH, 
R = CH, R, = C,H, 
R = H  R,=CH, 
R = H  R ,  =C,H, 
R=CH, R, =CH, 
R = CH, R, = C,H, 

Table 1. Characterization of new compounds 

Formula and Found (%) Required ("A) 
Compound M.p. ('C) molecular mass C H C H 

3 Oil C,,H,,O, 72.80 
31 0.33 72.95 

C,,H,,O, 73.38 4 Oil 
326.36 73.42 

7 72-73 C13H1,04 73.65 
31 0.33 73.57 

8 Oil C,,H,,O, 74.36 
326.36 74.47 

11 55 C,,H,,O, 73.28 
31 0.33 73.39 

12 71 C,,H,,O, 74.01 
326.36 73.93 

chalcones and their a$-dibromo derivatives. 
In this paper we report the I3C NMR spectra 
of these compounds (Scheme 1). 

EXPERIMENTAL 

Compounds 

The syntheses of 1, 2, 5, 6, 9, 10 and 13-18 
have been described previously.' Compounds 
3,4,7,8,11 and 12 were obtained by conden- 
sation of 2-, 3- or 4-hydroxychalcone with 
methyl or ethyl p-bromopropionate accord- 

5.43 73.53 5.85 
5.62 
6.01 74.14 6.22 
5.94 
6.18 73.53 5.85 
6.26 
5.93 74.14 6.22 
5.98 
5.72 73.53 5.85 
5.58 
6.32 74.14 6.22 
6.24 

operating at 50.32 MHz with full proton 
decoupling. A pulse width of 3.6 ps (90") was 
used with a 0.97-s acquisition time. The spec- 
tral width was loo00 Hz with 32K data 
points, giving a digital resolution of 0.6 Hz 
per point. The number of transients varied 
from 400 to SO00 per spectrum. The spectra 
of 13 and 14 were recorded in the range 2@ 
22°C on a JEOL FX-100 spectrometer at 
25.1 MHz with a PW of 9 ps (90") and a 1.2 s 
acquisition time. The spectral window was 
4OOO Hz with 8K data points, giving a digital 
resolution of 0.98 Hz per point. CDCL, was 
used as the solvent and lock. Carbon cherni- 

ing to Ref. 8. Their physical data are given in 
Table 1. 

The structures of the compounds obtained 
were confirmed by elemental and spectral 
analysis (IR, 'H NMR, MS). 

cal shifts were determined with reference to 
the centre signal of CDCI, (77.0 ppm). 

RESULTS AND DISCUSSION 

Spectra 

The spectra of 1-12 and 15-18 were recorded 
at 19.6"C on a Varian xL-200 spectrometer 

The chemical shifts for all the compounds 
investigated are shown in Table 2 4 .  

The assignments were made on the basis of 
the signal multiplicities and spectral charac- 
teristics of model compounds and by com- 
paring measured and calculated chemical 
shifts. 

A few reports on the I3C NMR investiga- 
tion of some chalcone derivatives have ure- 

OR, 

5w, A, viously been published:," and unsubstituted 

13 
14 
15 
16 
17 
18 

ortho R, =CH, 
ortho R, =C,H, 
meta R, =CH, 
meta R, =C,H, 
para R, =CH, 
para R, =C,H, 

(E)-chalcone was used as a model. However, 
the assignment of the chemical shifts of the 
unsubstituted calcone in Ref. 9 varied from 
our results (see Table 5). In the ''C NMR 
spectrum of (E)-chalcone we observed four 
signals in the region 128-129 ppm and deter- 
mined their intensity, on the basis of their 
integrations, as double the intensity of the 
signals at 130.42 and 132.67 ppm. As the 
value of 132.63 ppm was previouslyg assigned 
to C-4, we suggest that the signal at 130.42 
PDm is that of C-4 and that the four signals 

Scheme 1 a; 128.32, 128.36, 128.48 and 128.82 ppm are 

0 1989 by John Wiley & Sons, Ltd. 
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Table 3. Measured chemical shifts (ppm) of 13-18 in CDCI, 

Carbon 

c-1 
c -2  
c -3  
c -4  
c -5  
C-6 
C-a 
c-B 
c-0 
c-1 ' 
c-2' 
c-3' 
C-4' 
c-5' 
C-6' 

13' 

127.1 6 
155.98 
11 2.64 
130.74 
122.02 
130.95 
47.30 
45.75 

191.85 
134.80 
128.84 
129.1 7 
133.88 
129.1 7 
128.84 

14' 

127.00 
155.98 
11 2.59 
130.68 
121.85 
130.90 
47.35 
45.57 

191.80 
134.69 
128.78 
129.1 7 
133.88 
129.1 7 
128.78 

16 

139.86 
11 5.23 
157.88 
1 14.96 
129.96 
121.83 
49.25 
46.65 

191.03 
134.33 
128.96 
128.85 
134.1 7 
128.85 
128.96 

16 

139.84 
1 15.24 
158.04 
115.13 
129.93 
121.74 
49.47 
46.76 

190.99 
134.42 
128.95 
128.84 
134.04 
128.84 
128.95 

a Data recorded on a Jeol FX-90 MHz spectrometer. 

17 

131.41 
129.72 
11 4.84 
158.20 
1 14.84 
129.72 
49.74 
46.97 

191.14 
134.32 
128.81 
128.93 
134.1 1 
128.93 
128.81 

18 

131.30 
129.68 
11 4.84 
158.26 
11 4.84 
129.68 
49.76 
46.98 

191.15 
134.29 
128.78 
128.90 
134.08 
128.90 
128.78 

Table 4. Chemical shifts (ppm) of 1-18 
2 1 5 - 

0-CH 2-CO-OCH 3 

0-CH (CH,)-CO-OCH 3 

3 4  1 5 

Compound 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

1 

168.60 
168.1 0 
172.1 0 
171.63 
168.91 
168.44 
172.21 
171.65 
168.70 
168.24 
171.99 
171.55 
168.61 
168.07 
168.99 
168.45 
168.95 
168.46 

2 

65.33 
65.45 
- 
- 

65.04 
65.1 7 
- 
- 

64.91 
65.07 
- 
- 

65.72 
65.78 
65.39 
65.56 
65.20 
65.32 

2 1 6 7 

O-CH~-CO-O-CH~-CH~ 

0-C H ( C H 3)-CO-O-C H 2-C H 3 
3 4  1 6 7 

Carbon 
3 4 5 6 7 

- - 52.14 - - 
- - - 61.27 13.97 

73.04 18.55 52.37 - - 
73.16 18.51 - 61.38 14.05 

- - - 61.26 13.99 
72.38 18.36 52.24 - - 
72.76 18.42 - 61.17 14.14 

- 52.17 - 
- - - 61.33 13.99 

72.28 18.35 52.30 - - 
72.35 18.27 - 61.26 13.98 

- - - 61.39 14.20 

- - - 61.33 14.14 

- - - 61.37 14.06 

- 52.09 - - - 

- - 

- - - 52.28 - 

- 52.30 - - - 

- - - 52.27 - 

Table 5. "C chemical shifts (ppm) of chalcone in CDCI, 

Source' C-a C-8 co c-1' C-2' C-3' C-4' C - 5  C - 6  
c-1 c - 2  c - 3  c - 4  c - 5  C-6 

A 121.91 144.48 190.09 134.91 128.73 128.73 128.41 128.73 128.73 
138.1 3 130.35 130.35 132.63 130.35 130.35 

B 121.89 144.46 190.35 134.71 128.82 or 128.32 130.42 128.32 or 128.82 
138.04 128.48 or 128.36 132.67 128.36 or 128.48 

a A, Ref. 9; B, measured chemical shifts. 
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Table 6. Empirical parameters for the calculation of chemical shifts of substituted benzenes 

4 
R c-1 onho mera para 

PhCH=CHCO- +9.9 0.0 0.0 +4.17 
p-[R,0-CO-CH(R)-O]-C6H4-CH=CHCO- +9.71 -0.05 +0.05 +4.0 
R, 0-CO-CH(R)-0- +29.1 -13.45 +1.25 -6.29 
PhCOCH=CH- +6.21 0.0 0.0 +1.92 

due to C-2, 6, C-3, 5, C-2’, 6 and C-3‘, 5’. The 
differences in these chemical shifts are very 
small and so it is difficult to assign them 
unambiguously. It is for this reason that 
common averaged values for C-2, C-3, C-5 
and C-6 have been used in further calcu- 
lations. (E)-Chalcone was used as a model 
after assignment in this manner. 

The carbon assignment in the carbonyl- 
linked aromatic system was based on the fact 
that the substituent effect on all carbons of 
the unsubstituted ring is very small compared 
with the unsubstituted chalcone. Differences 
in the 13C chemical shifts of vinyl and car- 
bony1 carbons between substituted and 
unsubstituted chalcone are also very small. 

Phenyl carbons in the ethylene-linked aro- 
matic system were identified by comparison 
of the data obtained and calculated accord- 
ing to the additivity scheme. The alkoxycarb- 
onylalkyloxy group contributions to the 
chemical shifts of the aryl fragment were 
taken from Ref. 11. 

The 13C chemical shifts of (E)-2-, -3- and 
-4-alkoxycarbonylalkyloxychalcones assigned 
in such manner are presented in Tables 2 and 
4. Conversion of alkoxycarbonylalkyloxy- 
chalcones to their a, /?-dibromo derivatives 
causes the largest changes in chemical shifts 
for C-a and C-/? because of the changes in 
hybridization of these carbons. The value at 
lower field is assigned to C-a, which is con- 
nected to the strong electron-withdrawing 
carbonyl group. The signal at higher field is 
that of C-B. 

The chemical shifts of all ring carbons in 
the a,/?-dibromo-substituted derivatives 
(Tables 3 and 4) were compared with those 
of corresponding alkoxycarbonylalkyloxy- 
chalcones. Slight differences were observed in 
the chemical shift values in the case of C-1, 
C-1’ and C-4. The assignment of C-4 was 
unambiguous as it is a tertiary carbon. Dif- 

ferentiation of C-1 from C-1‘ was based on 
the fact that the signals of C-1’ have almost 
the same chemical shift values in the 2-, 3- 
and Csubstituted derivatives of these com- 
pounds. 

The Ai empirical parameters of the styryl- 
ketones, benzoylethylene and p-alkoxy- 
carbonylalkyloxystyrylketone groups for the 
prediction of the chemical shifts of substi- 
tuted benzenes and chalcones are given in 
Table 6. They were calculated from the 
benzenexhalcone and benzene-palkoxy- 
carbonylalkyloxychalcone pairs. The Ai 
parameter of the benzoylethylene group 
(Table 6) was used for the calculations of the 
chemical shifts in the ethylene-linked benzene 
ring in 1-12. In 1 4  good agreement was 
found for C-2 (0.2-0.8 ppm), C-5 (0.5-0.6 
ppm) and C-6 (1.61.7 ppm). Carbon atoms 
ortho to the alkoxycarbonylalkyloxy group 
have much greater differences (2.3-3.4 ppm). 
In W3 the largest differences were also 
obtained for carbon atoms ortho to the 
alkoxycarbonylalkyloxy group (1.4-2.7 ppm) 
and for carbons bearing this group (1.1-1.5 
ppm). Good agreement was found for C-1, 
C-5 and C-6 (0.3-0.7 ppm). The best results 
were achieved for e 1 2 ,  where chemical shift 
values of all ethylene-linked aromatic 
carbons differ by less than 1 ppm. 

Comparison of the number and positions 
of the signals of the carbon atoms in the 
regions 120-125, 130-135 and 135140 ppm 
of 1-12 allows the differentiation of 2-, 3- and 
4-alkoxycarbonylalkyloxy-substituted chal- 
cones: 1 4 ,  121.68 ppm (C-5), 123.58 ppm (C- 
a), 124.43 ppm (C-1), 130.28 ppm (C-4), 
131.38 ppm (C-6), 132.5 ppm (C-4), 138.33 
ppm (C-1‘); 58, 122.02 ppm (C-a), 122.05 
ppm (C-6), 132.71 ppm (C-4), 136.31 ppm (C- 
l), 137.92 (C-1’); elt, 120.08 ppm (C-a), 
130.08 ppm (C-2), 132.47 ppm (C-4), 138.21 
ppm (C-1’). 
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