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1022 MARTINS ET AL. 

3, C-4, C-S and C'-6 in l-alkylamino-6-ethoxyy-l,S-hexadien-3,4-diones la-f 
and 1,6-bis(alkylarnino)-l,S-hexadien-3,4-diones 2a-f [XCH=CHC(O)- 
C'(O)C'H=CHY, where X, Y= OEt, NH2, PhCHzNH, n-BuNH, i-PrNH, 
cyclo-CgH 1 1 NH, t-BuNH], taking as reference the 1,6-diethoxy-l,S-hexadien- 
3,4-dione (3), is reported. From the calculated values for the Exn and Ey, 
effects for each substituent it was possible to estimate the chemical shift of 
each carbon of the compounds 1,2 with excellent precision: 100% of the 
calculated chemical shifts are found to be within 50.5ppm. The carbon-13 
chemical shifts of C-I, C-2 and C-3 of compounds la,2a,3 led a good 
correlation with carbon charge densities (qr). 

I N  1 RODUCTION 

The I3C NMR chemical shifts substituent effects on sp2 carbon 

atoms in unsaturated molecules have been widely interpreted in terms of 

inductive, mesomeric, or other mechanism and correlated with calculated 

charge densities or physico-chemical parameter such as Hammett constantsl. 

However, empirical additive substituent increments obtained by analysis of 

substituted compounds, have proven to be the most important and useful 

tool to predict these 13C chemical shifts192. 

Although the synthesis of some bis(P,P-dialkoxyvinyI) ketones and 

their amino derivatives has been decribed by Effenberger et  d 3 ,  only 

recently we have synthesized and recorded the 13C NMR data of a series of 

l-alkylamino-6-ethoxy-l,S-hexadien-3,4-diones and 1,6-bis(alkylamino)-l,S- 

hexadien-3,4-diones4.5. These compounds are interesting precursors for a 

variety of five and six membered  heterocycle^^?^-^ and, more recently, 

azepines435. 

As a part of our research program, we have developed a system of 

equations to estimate the I3C chemical shifts in 0-alkoxyvinyl ketones9510 
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P-ALKOXYVINYL KETONES. I11 1023 

from the aditivities of empirical substituents effects. The aim of this work is 

the evaluation of the empirical 13C chemical shifts substituents parameters 

in the l-alkylamino-6-ethoxy-l,S-hexadien-3,4-diones la-f and 1,6- 

bis(alkylamino)-l,S-hexadien-3,4-diones 2a-f system (Scheme), in relation to 

a reference compound. The system of equations obtained may allow to 

calculate the chemical shifts of the carbons 1,2,3,4,5 and 6 of similar 

compounds. The carbon-13 chemical shifts of C-1, C-2 and C-3 of 

compounds la,2a,3 are compared with their respective carbon charge 

densities (qr). 

EXPERIMENrAL 

Compounds 

The l-alkylamino-6-etho~y-l,S-hexadien-3,4-diones la-f and 1,6- 

bis(alkylamino)-1,S-hexadien-3,4-diones 2a-f, were synthesized according to 

the published techniques by Effenberger et. d3 and Bonacorso et. al.495. 

1 3 ~  NMR Spectra 

The 13C NMR spectra were recorded on a Bruker ACF250 

spectrometer (Universitat Stuttgart, Germany) at 62.9 MHz. The 

experimental conditions on the Bruker ACF-250 were: 2D internal lock: 

acquisition time 1.90 s: spectral width 17241 Hz: relaxation delay 1 s; number 

of scans between 120 and 200, depending of the type of compound; 65536 

data points giving a digital resolution of 0.52 Hz/point; probe temperature of 

24OC (297 K). 
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1024 MARTINS ET AL. 

0 

X Y=OEt Y=X 

NH2 la  2a 
PhCH2NH lb 2b 
n-BuNH l c  2c 
i-PrNH Id 2d 
cyc/o-CgH 1 1 NH 1 e 2e 
t-BuNH If 2f 
Okt 3 

SCHEME 

Chloroform-dl solutions with an approximate concentration of 0.5 M 

and 0.1 L% of TMS as internal reference were used in Smm tubes. 

Calculations 

All calculations were done on a MICKOTEC-DX 486 personal 

computer. The determinations of the carbon charge densities were done by a 

graphics-based Hiickel MO Programll. 

RESULTS AND DISCUSSION 

The 13C chemical shift assignments of compounds 1,2a-f were done 

by simple comparison among the synthesized compounds and, when 
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P-ALKOXYVINYL KETONES. I11 1025 

necessary, by interpretation of 13C coupled spectra and 2D-NMR 

techniques such as Heteronuclear Correlated Spectroscopy (COSY CH)l2. 

The experimental 13C chemical shifts of compounds 1,2a-f,3 are shown in 

Table 1. 

From the 33C NMR experimental data of compounds 1,2a-f (Table 

1,6-diethoxy-1,5- 1) the substituent increments were determined, taking 

hexadien-3,4-dione (3) as a reference (Scheme). 

As previously reported9310, the empirical substituent increments were 

determined according to the position occupied by this substituent relative to 

a given carbon (Scheme). The determination of these increments was done 

by the Eqs. 1,2. 

In Eq. 1, Exn is the effect of the X substituent on carbon n; 6c- 

n ( X ~ - ~ )  is the chemical shift of carbon n, in the compound containing X 

bound to the carbon-1; and Gc+(KEF) is the chemical shift of carbon n of 

the reference compound (3). In Eq. 2, E y n  is the effect of the Y substituent 

to a carbon n; Sc-n(YC-I) is the chemical shift of carbon n ,  in the 

compound containing Y bound to the carbon-6; and n is a full number which 

in the case of the compounds studied in this work could vary from 1 to 6. 

From the preliminary data of Exn and Eyn effects, it was possible to 

arrange these effects according with the nitrogen substituent: -NH-R, where 

R= H (NHzj, CH2- NH-CH2-Ph, NH-n-Bu], CHC [NH-CH(CH3)2, NH- 
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1026 MARTINS ET AL. 

TABLE I 

13C chemical shifts of the carbons 1, 2,3,4, 5 and 6 of 1-alkylamino-6-ethoxy- 

1,5-hexadien-3.4-diones la-f and 1,6-bis(alkylamino)-l,S-hexadien-3,4-diones 2a- 

f and the reference compound 1,6-diethoxy-l,S-hexadien-3,4-dione (3). 

X Y C-1 C-2 C-3 C-4 C-5 C-6 

la 
l b  
Ic 
Id 
le  
If 

2a 
2b 
2c 
2d 
2e 
2f 

NH2 OEt 154.0 
PhCH2NH OEt 156.6 
fi-BuNH OEt 156.7 
i-PrNH OEt 154.6 
C6H11NHU OEt 154.7 
t-BuNH OEt 152.4 

N"2 NH2 152.9 
PhCH2NH PhCH2NH 155.8 

i-PrNH i-PrNH 153.8 

C6H11NH C'6H11NH 153.9 
t-BuNH t-BuNH 151.5 

R-BuNH R-BuNH 156.0 

90.4 187.8 190.2 
89.3 186.2 190.2 
88.6 185.8 190.1 
88.3 185.5 190.2 
88.4 185.5 190.4 
88.4 185.2 190.4 

90.6 189.2 189.2 
89.5 188.0 188.0 
88.5 187.7 187.7 
88.4 187.5 187.5 
88.3 187.4 187.4 
88.5 187.4 187.4 

99.9 165.7 
99.9 165.4 
99.9 165.2 
99.8 165.1 
99.8 165.1 
99.7 165.1 

90.6 152.9 
89.5 155.8 
88.5 156.0 
88.4 153.8 
88.3 153.Y 
88.5 151.5 

3 OEt OEt 166.2 100.2 189.2 189.2 100.2 166.2 
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cycbC6H11 I, Ct[NH-C(CH3)31. The parameters determined from Eqs. 

1,2 are reported in Table 2. 

Thus, for the I3C chemical shift determinations of C-1, C-2, C-3, C-4, 

C-5 and C-6 of a series of l-alkylamino-6-ethoxy-l,5-hexadien-3,4-diones la-f 

and 1,6-bis(alkylamino)-1,5-hexadien-3,4-diones 2a-f , a system of Eqs. 3-8 

that uses the data determined from the Eqs. 1,2, was elaborated. 

Eqs, 3-8 allow to estimate with high precision the 13C chemical shifts 

of carbons 1, 2, 3, 4, 5 ,  6 for these compounds. We believe this system will 

also allow to calculate these data in equal accuracy for similar compounds 

not yet synthesized or  evaluated. 

Linear correlationship analysis between the experimental and 

calculated 13C chemical shifts (Eqs. 3-8) of compounds 1,2 were done. For 

a qualitative observation of the linear analysis carried out, Figure 1 shows the 

excellent relationship of all studied compounds (r =0.999). 
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TABLE 2.  

MARTINS ET AL. 

Empirical parametersu for Eqs. 3-8. 

C-1 C-2 C-3 C-1 C-2 C-3 C-4 C-5 C-6 

X EX1 E x 7  Ex3  E y l  Ey7 Ey3 Ex4  E x 5  E x 6  

0-Et  0 0 0  0 0 0 0 0 0  

NH-H -12.2 - 9.8 -1.4 

NH-CH2- - 9.6 -11.3 -3.2 -0.9 0.1 1.9 1.1 -0.4 -0.9 
NH-CH< -11.6 -11.9 -3.7 

N H - C t  -13.8 -11.8 -4.0 

"In ppm. 

Finally, one can observe that all calculated chemical shifts are within 

a maximum absolute error range of 20.5 ppm and that 90% of the calculated 

values deviate less than 0.3 ppm from the measured ones (72 I3C chemical 

shift values were considered). 

Linear correlationship analysis between the carbon-13 chemical shifts 

of C-1, C-2, C-3 (la,2a,3) and carbon charge densities were doneg. For 

qualitative observation, the linear analysis carried out, Figure 2 shows the 

good relationship of all parameters studied (r=0.994). 
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4 (0 q 

2oo 1 

1 80- 

4 160- 
(0 

B looj 
I! 
9 / 
B 

9 
3 100- 

SD = 0.22314, N = 72 
P = 3.317E-160 

Linear Regression 
Y = A + B * X  
Param Value sd 
A -0.07515 0.09811 
13 1.00012 0.0006si6 
R = 0.99999 
SD = 0.22314, N = 72 
P = 3.317E-160 

80 I I I I I I 1 
80 100 120 1 40 160 180 200 

Experimental Carbon-13 Chemical Shifts 

Figure 1. Correlation between the experimental and calculated 

(Eqs. 3-8) 1% NMR chemical shifts for C-1, C-2, C-3, 

C-4, C-5, C-6 of compounds 1,2a-f (r=0.9999). 

CONCLUSION 

The model used in this work for the evaluation of the substituent 

empirical increments (Eqs. 1,2) is very simple and easy to use. The 

estimation of the 13C NMR chemical shifts of C-1, C-2, C-3, C-4, C-5, C-6 

of compounds 1,2, from Eqs. 3-8 is simple and accurate. 'The estimated 

chemical shifts for the compounds 1,2, from the Eqs. 3-8, have shown high 

accuracy 1100% of the chemical shifts are within a range of +O.Sppm]. The 

model used for the determination of the substituent empirical parameters 
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'"1 

Linear Regression 
Y = A +  B a X  

. .  Param Value sd 
Y A 113.92682 1.48147 

B 253.21745 7.25043 
R = 0.9935 
SD = 4.78761, N = 18 

10 P = 1.56E-16 

I I I I 

-0.1 0.0 0.1 0.2 0.3 

Net Pi Density 

Figure 2. Correlation between the 13C chemical shifts ( Table 1) 

and carbon charge densities (qr) on C-1, C-2, C-3 

of compounds la,2a,3 (r=0.994). 

did not account for the limitations resulting of the interaction of neighboring 

substituent groups. l h e  relationship between carbon-13 chemical shifts and 

carbon charge densities shows a good dependence of 13C NMR chemical 

shifts for C-1, (2-2 and C-3 of compounds la,2a,3 and parameters obtained 

from HMO calculations. 

Acknowledgements 

The authors thank ,financial support from the Conselho Nacional de 
Desenwlvimento Cient!'fi'co e 7'ecnolbgico (CNPq), Fitndapio de Amparo a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



6-ALKOXYVINYL KETONES. I11 103 1 

Pesqiiisa do Estado do  Rio Grande do Sill (FAPERGS), and the [ellowships 
from CNPq and DAAD (H.G.B.) are also acknowledged. 

REFERENCES 

1. Breitmaier, E.: Voelter, W. 13C Nuclear Magnetic Resonance 

2. Duddeck, H. Top. Stereochem. 1986, 16, 219. 
3. Effenberger, F. Chem. Ber. 1965, 98, 2260. 
4. Bonacorso, H. G. Dissertation, Universittit Stuttgart, 1993. 
5. Bonacorso, H.G.; Mack, K-E.; Effenberger, F. J. Heteroc. C'hem. 1995.32 

6. I immermans, P.B.M.W.M.; Uijttenaal, A.P.; Habraken, C.L. J. Heteroc. 

7. Ueda, M.; Funayama, M.: Kawaharasaki, N.: Imai. Y. Mucromol. C'hem. 

8. Barthelmess, I .  Dissertation, Universitat Stuttgart, 198.5. 
9. Martins, M.A.P.; Siqueira, G.M.: Bonacorso, H.G.; Zanatta, N. Spectrosc. 

10. Martins, M.A.P.; Siqueira, G.M.; Bonacorso, H.G.; Zanatta, N. Spectrosc. 

11. Streitwieser, A. Jr. Molecidar Orbital 7'heory John Wiley & Sons, Inc., 

12. Martin, G.E.; Zektzer, A.S. Two-Dimensional N M R  Methods for 

Spectroscopy, 3th ed., Verlag Chemie, Weinheim, 1989. 

in pre.>s. 

Chem. 1972,9, 1373. 

1981, 182,837. 

Lett. 1994,27(4), 573. 

Lett., 1995, in press. 

New York, 1961. 

Establishing Molecular Connectivity, VCH Publishers, Inc., 
Weinheim. 1988. 

Date Received: April 25,1995 
Date Accepted: June 7, 1995 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
4
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


