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Only recently has the influence of conformation on 
transmission of electronic effects in a,P-unsaturated 
ketone systems been investigated. PerjBssy12 in a 
thorough investigation of substituent effects on the in- 
frared stretching frequencies of chalcones, has con- 
cluded that s-trans conformers transmit more eff ec- 
tively than s-cis conformers on the basis of the magni- 
tude of Hammett p values obtained when vc-0 
was plotted against u+. In  the same report12 data 
previously reported by D i m m ~ c k , ~  et al., for butyl 
styryl ketones were interpreted in a similar manner. 

The previous investigations of transmission by s-cis- 
s-trans conformers of a,&unsaturated ketones (Ia,b) 

(s-cis) (s-trans) 

Ia, R = n.Bu 
b, R = CSH, 
C, R = H  
d, R=CH3 

had as R groups n-butyl and phenyl groups which have 
rather large steric requirements. It seems likely that a 
significant amount of the difference in transmission of 
effects between s-cis and s-trans isomers for Ia  and Ib 
may arise from differences in coplanarity of the two 
isomers. For example, examination of Drieding models 
indicates that in the case of the s-cis isomer of Ia and 
I b  the R group and the a hydrogen are in close proximity 
and their interaction should alter the coplanarity of 
the styryl group and the carbonyl group. If the R 
group were smaller, there should be less interaction 
between it and the a hydrogen and hence it would be 
possible for a greater degree of coplanarity to be 
achieved. It might be expected that the transmission 
of electronic effects in the two conformations should 
become very nearly the same when the steric inter- 
action of R and the vinyl hydrogens is reduced, if the 
degree of coplanarity of the styryl group and carbonyl 
group is important for transmission of electronic effects. 
The case IC, in which R = H, should have minimum 
steric interactions; however, the conformational iso- 
mers of cinnamaldehyde cannot be detected by infra- 
red ~pectroscopy.~ Consequently, we have selected 
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the system Id, methyl styryl ketones, R = CH3, for 
study. 

Although the steric requirements of the methyl group 
are considerable, they are significantly less than those 
of the n-butyl and phenyl groups which were used as 
R in the previous studies. When R is methyl (Id), 
there is a smaller interaction with the a hydrogen in 
the s-cis conformer; hence, if the degree of copIanarity 
is important to the efficiency of transmission, then a 
study of the methyl styryl ketone system should pro- 
vide insight into its role. To test this point and as a 
part of our continuing investigation5 of structure- 
reactivity relationships of a,P-unsaturated ketones, 
we have measured the carbonyl stretching frequencies 
of the s-cis and s-trans conformers of a series of sub- 
stituted methyl styryl ketones. 

Hayes and Timmons4 have previously reported the 
assignment of the bands in the 1690-cm-' region to 
the s-cis or nonplanar conformer and the bands in the 
1670-cm-* region to the s-trans conformers for 2 and 4. 
The assignments reported here are based on analogy 
with their work. As anticipated, the lowest carbonyl 
frequencies were obtained for Id substituted with the 
strongest electron-withdrawing group and the highest 
frequencies were observed for Id substituted with the 
strongest electron donating group. 

The methyl styryl ketones employed in this investi- 
gation are listed in Table I along with the values for 

Compd 
no. 

1 
2 
3 
4 
5 
6 
7 
8 

TABLE I 
METHYL STYRYL KETONES 

Substituent 

p-(CHs)zN 
p-CH80 
p-CeHs 
P-H 
p-c1 
p-Br 
p-CN 
p-NOz 

Ye-cia, 

om -1 

1688.9 
1693.2 
1696.9 
1697.6 
1699.2 
1699.3 
1701.1 
1702.0 

V@.tl&"l, 

om -1 

1666.0 
1670.1 
1674.0 
1674.8 
1677.2 
1678.3 
1680.0 
1680.8 

carbonyl stretching frrquencies which were obtaincd in 
carbon tetrachloride solution. The frequencies for 
both conformers are correlated with u+ obtained from 
the tabulation of Ritchie and SagerS6 Table I1 con- 

TABLE I1 
RESULTS OF STATISTICAL TREATMENT USINQ U +  CON ST ANTS^^^ 

s-cis-Id 8 5.38 0.48 1697.9 0.995 
s-trans-Id 8 6.22 0.98 1675.9 0.984 
a See ref 6. * n = number of points; p = slope as determined 

by method of least squares; s = standard deviation; c = correla- 
tion coefficient,; i = intercept. 

n P 8 a C 

t a b s  the results of the statistical analysis' of the cor- 
relations carried out according to the approach of 
JaffB.* Figure 1 contains a graphical presentation of 
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TABLE I11 
RESULTS OF STATISTICAL TREATMENT USING F AND R CON ST ANTS^^* 

s-cis-Ia 5b 7.65 f 0.78 16.14 f 1.51 1694.9 0.53 0.994 46 4 3 
s-trans-la 56 14.24 i 1.47 29.72 f 2.86 1676.0 1.0 0.994 46 4 3 
s-cis-Ib 9 C  4.88 i 1.26 6.24 f 1.83 1672.2 1.30 0.945 40 f 9 
s-trans-Ib 9" 5.32 f 1.52 10.86 4 2.21 1653.0 1.57 0.959 56 i 9 
s-cis-Id 7d 3.27 f 1.12 8.94 -I: 1.90 1697.4 1.01 0.960 59 4 10 
s-trans-Id 7d 4.98 f 1.54 10.16 -I: 2.62 1674.5 1.39 0.953 52 f 10 

n f r i E C % R  

a Swain-Lupton field and resonance parameters; see ref 9. These correlations were made using a multiple linear regression program 
written using the statistical analysis described in ref 7. * The Y values were taken 
from ref 3; the substituents were p-H, p-C1, m-C1, p-CH3, and p-CHaO. c The Y values were taken from ref 2; the substituents were 
p-NH2, p-CH30, p-CH,, p-H, p-F, p-C1, m-C1, q C N ,  p-NOz. d The value of Y for the p-(CH&N compound was not used in these calcula- 
tions. e n = number of points; f = regression coefficient for field parameter; r = regression coefficient for resonance parameter; 
i = intercept; E = standard error of estimate; c = multiple correlation coefficient; % R = resonance contribution, calculations as 
in ref 5a. 

Calculations were made on an IBM 7094 computer. 

the data, The correlations of the stretching frequen- 
cies with u+ are good for both isomers, for the s-cis 
r = 0.995 and, for s-trans, r = 0.984. 

Comparison of p values for the two conformers of the 
methyl styryl ketones indicates that their abilities to 
transmit electronic effects are very similar. The ratio 
p-cislp-trans is 0.86 for the methyl styryl ketones. 
This value is an increase over the values of the s-cis- 
s-trans of 0.76 and 0.78 for R = n-Bu and -CaHb (Ia and 
Ib), respectively.2 While the ratio does not reach 
unity, it is in good agreement with the value of 0.90 for 
the ratio reported for a series of 4'-substituted chal- 
cones.2 These results are in accord with the hy- 
pothesis that, as the two conformers approach similar 
degrees of coplanarity, their abilities to transmit 
electronic effects become similar. 

The above results suggest that an important mode of 
transmission of electronic effects in these systems is by 
resonance. The linear free energy relationship re- 
ported by Swain and Luptong provides a method by 
which the contribution of resonance to a correlation 
may be assessed. Table I11 contains the results of the 
correlations of the stretching frequency data for Ia, 
Ib, and Id  with the Swain-Lupton expression. As has 
been noted previouslySa for ir data, correlations with 
the two-parameter expression are generally poorer 
than those obtained with the Hammett expression. 
In  general, and not unexpectedly, all systems give 
values for % R which are approximately the same, 
Unfortunately, the correlations are such that the error 
in the % R calculations is so high for I b  and Id  that it 
is not possible to draw conclusions about trends. In  
order to rigorously determine the effect of conforma- 
tion on the mode of transmission in these a#-unsatu- 
rated systems, it will be necessary to find another more 
precise means of assessing them. 

Experimental Section 

Methyl Styryl Ketones.-All of the ketones have been previ- 
ously reported and were prepared as described by Johnston and 
Jones.lo The compounds were purified by recrystallization, 
usually from hexane and their purity was checked by nmr. 
The compounds were dried in vacuo prior to measurement of 
their stretching frequency. Melting points are uncorrected 
and were obtained using a Thomas-Hoover Uni-Melt. The 
melting points observed followed by the literature values follow: 

(9) C. G. Swain and E. C. Lupton, Jr., J .  Amer. Chem. Soc., SO, 4328 

(10) R. L. Johnston and L. A. Jones, J .  Chem. Eng. Data, 16, 112 (1971). 
(1968). 
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Figure 1.-Plots of YC-O us. U +  for s-cis and s-trans conformers 
0, s-cis conformers; 0, s- of para-substituted benealacetones: 

trans conformers. 

1, 135.5-136.5' (133-134');'O 2, 72-73' (72");" 3, 134-135" 
(134.5');'' 4, 40-41' (4041°);'0 5, 58-59' (58-59O);'O 6, 84.5- 
85.0' (83-84');'' 7, 105-106.5' (105-106°)~'0 8, 108-109' (106- 
107').10 

Infrared Frequencies.-The ir stretching frequencies for all 
the benzalacetones were determined using a Beckman IR-12 
grating spectrometer operated in the expanded scale mode at 
scan rates of 8 cm-l min, chart speeds of 1 in./min, and period 
setting of The spectra of the benzalacetones were taken in 
solutions of spectral grade carbon tetrachloride at  35 f 4'. 
The concentrations of the solutions were ca. 5% and a matched 
set of KBr cells with 0.05-mm path lengths were used. Band 
frequencies were taken a t  the half-width at  75% of the height of 
the s-cis band and a t  tne half-width at  60% of the height of the 
s-trans band. All frequencies reported were obtained from 
averaging a t  least three different scans, all of which gave fre- 
quencies which were within 0.4 cm-l of one another. 
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Heterocyclic analogs of 4,5-benzotropone (la) were 
unknown until the recent preparations of 'L-thiaazulen- 
&ones, 9 a 2-phenyl-l,3,5,7-tetramethyl-2-azaazulen-6- 
onela and [4,5-c]furotropone A hitherto un- 
known member of this series is [4,5-c(d) ]pyrazolotro- 
pone (or 1,2-diaza-lH-aaulen-6-one) (3) , which could 
exist in any of several tautomeric structures 3a-d 
(Scheme I). It was of interest to determine if the dif- 
ference in basicity of the carbonyl group and the an- 
nular nitrogens would be relinquished for the stabiliza- 
tion which would result from further delocalization of 
the ten A electrons in the tautomer, 6-hydroxy-l,2- 
diazaazulene (3c). 

A good yield of 2,7-dicarbethoxy [4,5-c(d) Jpyrazolo- 
tropone was obtained as outlined in Scheme I. 
I ts  infrared spectrum (KBr) showed a broad band a t  
3226 cm-' for the associated NH group in the pyrazole 
ring. The tropone ring carbonyl absorption was as- 
signed to both bands at  1600 and 1520 cm-' based on 
comparable bands reported4 for the furotropone 2b 
(1614 cm-' in CH2C12) and the benzotropone l b  (1625 
and 1550 cm-l in CH2C12). However, the intense band 
a t  1600 cm-' characteristic of the C=N absorption in 
pyrazoless makes it difficult to  definitely assign this 
band specifically as the carbonyl stretching frequency 
in 6. 

The ultraviolet absorption (methanol) at 222 nm 
(log e 4.24) was attributed to the pyrazole ring, since 
alkyl-substituted pyraaoles absorb at  210-225 nm and 
arylpyrazoles at 250-280 nm.6 The bands associated 
with the tropone ring (in isooctane at  225, 297, and 310 
nm for tropone itself)' were shifted by the fused pyra- 
aole chromophoric ring to  262 nm (log e 4.43) and 316 
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SCHEME I 

qRo / R 
oaRo ' /  R 

la, R-H 2a, R = H  
b, R COzEt b, R=COzEt 

4 5 

(EtUOCCH,)L!=O 1 
COOH 

COOH COOEt 
7 

[ Cu-quinoline 

6 

3a 

11 

3c 

13-N, eo 
3b 

J: 

3d 

(3.98), the latter band assigned to the conjugated keto 
function. Comparable absorptions were reported4 
for 2b: X%?" 219 nm (log e 4.14) and 260 (4.49). The 
nmr spectra of 1, 2,4 and 6 (cf. Experimental Section) 
were also very similar with respect to chemical shift 
values and absorption patterns for the tropone rings. 

Hydrolysis of 6 with 20% sulfuric acid gave 2,7-di- 
carboxy [4,5-c(d) ]pyrazolotropone (7) in 87% yield. 
The parent structure was then obtained in 35% yield 
by decarboxylation of 7 at  205' with a copper-quinoline 
mixture. This represents a different, convenient, and 
improved method for decarboxylation of the precursor 
dicarboxylic acids to  yield tropones. Usually acid 
hydrolysis in sealed tubes affords very low  yield^.^ 

The extent of aromaticity in 3 was estimated by a 
comparison of some spectral characteristics with the 
data available on the related unsubstituted systems, l a  
and 2a. The bands at 1635 and 1582 cm-I in the in- 
frared spectra of tropones were previously considcred 
carbonyl group vibrations. A study8 on a number of 
tropones revealed that the lower frequency band was 
solvent dependent and therefore it was concluded that 

(8) H. Goeta, E .  Heilbronner, A .  R. Katritzky, and R.  A. Jones, Helu. 
Chim. Acta, 40,967 (1967). 


