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Carbon43 Nuclear Magnetic Resonance of Unsymmetrically ortho-Di- 
substituted Benzenes. Spectral Analysis of Phthalic and Maleic Acid 
Monoesters t 
By Choo-Seng Giam," Thomas E. Goodwin, and Tair ku Yano, Department of Chemistry, Texas A Et M 

University, College Station, Texas 77843, U.S.A. 

A simple and rapid technique for the analysis of certain 13C n.m.r. spectra has now been demonstrated to be applic- 
able to the spectra of unsymmetrically ortho-disubstituted benzenes. The l H  coupled spectra of these compounds 
reveal characteristic differences in the splitting patterns of the protonated ring carbons. This phenomenon has been 
used to assign the 13C n.m.r. signals of a series of phthalic acid monoesters. In addition the 13C n.m.r. spectra of the 
structurally and electronically related maleic acid monoesters are assigned. The effects of phthalate or maleate 
monoesterification on the 13C chemical shifts of a series of alcohols are recorded and compared to recent accounts 
concerning other esters. These data reveal that 13C chemical shifts induced by esterification of alcohols are 
relatively consistent, and predictable, regardless of the group attached to the carboxy-function. 

TARPLEY and GOLDSTEIN have thoroughly analysed the 
1H coupled 13C n.m.r. spectra of several ortho-dihalogeno- 
substituted benzenes. More recently Gunther et aL2 
have noticed that the splitting pattern observed for 13C 
n.m.r. signals in the lH coupled spectra of a number 
of symmetrically ortho-disubstituted benzenes differs 
characteristically for ring carbons in the positions ct and 

In particular the P-carbons 
appear as a distinct doublet of doublets, while the ct- 

carbons give rise to a doublet of broad signals, consisting 
of many lines. Wenkert and his co-workers have 
employed this ' fingerprinting method ' to assign the 
chemical shifts of coumarin and benzofuran, and suggest 
its general applicability to unsymmetrical systems. 
However, its applicability to unsymmetrically, ortho- 
disubstituted benzenes has not been tested. 

We have now demonstrated the general utility of this 
technique for the analysis of the 13C n.m.r. spectra of 
unsymmetrically, ortho-disubstituted benzenes. An 
illustration is detailed below in the spectral analysis of 
phthalic acid monoesters, degradation products 4-6 of 
the ubiquitous 7 phthalate ester plasticizers, and inter- 
mediates in a resolution procedure for chiral alcohols.8 
In addition the structurally and electronically related 
maleic acid monoesters were prepared to serve as model 
compounds for spectral studies. 

to the substituted carbons. 

EXPERIMENTAL 

Natural abundance 13C spectra of l~ solutions in CDCl, 
containing tetramethylsilane as internal reference were 

t Presented a t  the 173rd National Meeting of the American 
Chemical Society, New Orleans, 1977, Abstract No. ORGN-046. 

The more obvious models, phthalic acid, dimethyl phthalate, 
maleic acid and dimethyl maleate, could not be used due to  
solubility problems in CDCl,, and overlapping signals in other 
solvents. 

The chemical shift assignments of these compounds have 
been reported elsewhere,l0P l1 but the actual chemical shift values 
recorded herein were determined under the conditions of the 
present investigation. 
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recorded on a JEOL JNM-PS-100 spectrometer operating at  
25.034 MHz in the Fourier transform mode. The spectra of 
representative samples were also recorded on ZM solutions 
and a negligible dependence of chemical shifts on concen- 
tration was observed. 

The phthalic and maleic acid monoesters which were used 
in this investigation have been reported in the literature and 
were prepared and purified by standard procedures with 
only slight modifications. These substances exhibited 
physical and spectral characteristics entirely consistent with 
the assigned structures. 

RESULTS AND DISCUSSION 

In the lH decoupled 13C n.m.r. spectrum of phthalic 
acid monomethyl ester, the signals of the methyl group, 
the carbonyl carbons, and the two less intense, non- 
protonated ring carbons may be readily assigned by 
standard chemical shift theory.1° In order to differ- 
entiate between the latter two signals (C-2 and -7, Table 
l) ,  a shift comparison with analogous carbons of maleic 
acid monomethyl ester was carried out.: These in turn 
were assigned by model comparisons. 

The 13C chemical shifts (in CDCl,) of freshly distilled 
samples of inethyl acrylate and acrylic acid are shown in 
Figure 1.5 With this information the more downfield 
olefinic carbon shift of the maleic acid monoesters can 
be assigned C-3' (which is p to the carboxy group), and 
the more upfield shift to C-2' (Table 2). The 13C n.m.r. 
spectra of a series of maleic acid monoesters were assigned 
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832 J.C.S. Perkin I1 
by analogy to the monomethyl ester and the chemical 
shift data are listed in Table 2. 

' crude triplets ' (J1 ca. 171 Hz). 
Giinther's ' fingerprint ' analysk2 

This is in accord with 

The assignments are not as straightforward in the case 
171.8 166.7 51.6 of phthalic acid monoesters, since being unsymmetrically 

ortho-disubstituted benzenes they possess both o! and a', 
and p and p' carbons (Figure 2). Since each of the p- 
carbon signals of the lH coupled spectrum of phthalic 
acid monomethyl ester appears as a distinct doublet 

,28.3(C02CH3 1 28.0 ri' C02H 
133.1 130.7 

FIGURE 1 13C N.m.r. chemical shifts of acrylic acid and 
methyl acrylate in CDC1, (relative to  Me,Si) 

The chemical shifts of C-2 and -7 of the phthalic acid 
monoesters (Table 1), which were easily distinguished 
from those of other ring carbons due to their weaker 
signals,1° were differentiated from one another by com- a C02H d 

parison to those of analogous carbon centres of the 
maleate derivatives (Table 2). The chemical shift 
assignments of C-3-6 (Table 1) were somewhat more 
difficult. of a-carbon signals. 

FIGURE 2 ortho-Disubstituted benzenes 

of doublets,2 they are easily distinguished from the pair 

TABLE 1 

13C Chemical shifts (p.p.m. from Me,Si) of phthalic acid monoesters in CDCl, a 

R 

Carbon CH, Et Prn Pri Bun Bus But C,H,, * A(p.p.m.) C 

A 
I \ 

172.5 
130.0 
129.8 
130.8 
132.2 
128.6 
133.3 
168.6 

172.3 
130.1 
129.6 
130.8 
132.1 
128.7 
133.5 
168.2 

172.8 
130.1 
129.7 
130.7 
132.2 
128.8 
133.6 
168.1 

172.8 
129.9 
129.6 
130.6 
132.1 
128.7 
134.0 
167.6 

a Chemical shifts for the R groups are reported in Table 4. 
t-butyl derivatives. 

172.8 
130.0 
129.7 
130.7 
132.2 
128.8 
133.6 
168.1 

b 2-Ethylhe~yl. 

172.9 
129.9 
129.7 
130.6 
132.1 
128.6 
134.0 
167.7 

173.3 
129.9 
129.4 
130.3 
132.0 
128.8 
134.7 
167.0 

172.7 
130.1 
129.7 
130.7 
132.1 
128.6 
133.6 
168.3 

0.8 
0.1 
0.4 
0.5 
0.2 
0.2 
1.4 
1.4 

Chemical shift difference between the methyl and 

The lH coupled 13C n.m.r. spectrum of dimethyl 
phthalate exhibited a distinct doublet of doublets (I1 
171.5, J z  8.2 Hz) centred at 6 131.1 p.p.m. for the 

In order to distinguish between the signals of the a- 
and the d-carbons, and between the p- and the p'- 
carbons, shift comparisons with methyl benzoate and 

TABLE 2 

13C Chemical shifts (p.p.m. from Me,Si) of maleic acid monoesters in CDClSa 
4' 

K 

Carbon CH, Et Prn Pri Bun Bug But C,H,, A(p.p.m.) 
1' 167.3 167.0 167.2 166.9 167.1 166.4 166.6 167.2 0.7 
2' 130.1 130.5 130.3 131.0 130.4 130.8 131.9 130.3 1.8 
3' 133.2 133.4 133.7 133.3 133.5 133.5 133.2 133.6 0 
4' 166.8 166.7 166.5 166.5 166.6 166.8 166.2 166.5 0.6 

h r I 

0 Chemical shifts of the R groups are reported in Table 3. a 2-Ethylhexyl. C Chemical shift difference between the methyl and 
t-butyl derivatives. 

p-carbons (Figure 2), while the a-carbon resonances, 
centred at 6 128.9 p.p.m., appeared as a doublet of 

benzoic acid were carried out (Figure 3)$. Recognition 
of the difficulty of extrapolation of shift parameters from 

$ See footnote on p. 831. monosubstituted benzenes to ortho-disubstituted 
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systems lo compelled us to use shift comparisons (and 
trends) between the two models rather than absolute 
chemical shift values. 

FIGURE 3 l9C N.m.r. chemical shifts of methyl benzoate 
and benzoic acid in CDCl, (relative t o  Me,Si) 

An electron-withdrawing substituent on a mono- 
substituted benzene ring exerts its major influence on the 
chemical shifts of the ipso-, ortho-, and para-carbons, and 
relatively little efiect a t  the meta-carbon relative to 
benzene itself,1° as may be observed for methyl benzoate 
and benzoic acid (Figure 3). Thus, C-4 (Table 1) of 

TABLE 3 
13C Chemical shifts (p.p.m. from Me,Si) of alcohols (ROH) 

and their monomaleate derivatives in CDCl, 
R 

CH, Et Pm Pri Bun BuBB But C,H,> 
C-1' Alcohol 50.4 58.0 64.4 64.2 62.5 69.4 69.1 65.3 

Ester 53.1 62.7 68.2 70.9 66.5 75.2 84.7 69.0 
C-2 Alcohol 18.2 25.9 25.3 35.0 32.1 31.2 42.1 

Ester 13.9 21.6 21.5 30.3 28.5 27.8 38.6 
4 Directly bonded to  oxygen. s-Butyl numbering: 

RO-CH-CH,-CH,. C-3 shifts: alcohol 6 22.9, ester 19.1 

p.p.m. 2-Ethylhexyl. 

%H, 
I 
1 2 4  

phthalic acid monomethyl ester, being para to a methoxy- 
carbonyl substituent should appear upfield of C-5, which 
is para to the carboxy group (8 130.8 and 132.2 p.p.m., 
respectively). 

Similarly the a-carbon of phthalic acid monomethyl 
ester is ortho to  a carboxylate group, while the a'-carbon 
is ortho to a methoxycarbonyl group and should appear 
at higher field. Consequently, on comparison with the 
13C chemical shifts of the ortho-carbons in methyl 
benzoate and benzoic acid (6 129.5 and 130.2 p.p.m., 
respectively), the a-carbon is assigned the more down- 
field signal (6 129.8 p.p.m.) and the a'-carbon the more 
upfield one (8 128.6 p.p.m.). 

The l3C n.m.r. spectra of a series of phthalic acid 
monoesters were assigned by analogy with the mono- 
methyl prototype. The chemical shift data are recorded 
in Table 1. 

An examination of the chemical shift data for the 
maleic acid monoesters in Table 2 reveals that the major 
variation occurs a t  C-2'. This could be anticipated from 
resonance theory and reflects, in part, changes in 7c- 

electron delocalization over C-1'-4'. 
Significant chemical shift variations for the phthalic 

acid monoesters can be seen for C-1,-7, and -8 (Table 1). 
There is undoubtedly a major electronic contribution 

* C-1 is bonded directly to  oxygen. 
1 2  S. W. Pelletier, Z. Djarmati, and C. Pspe, Tetrahedrolz, 1976, 

3% 995. 

to the changes observed at C-7 and -8 for the various 
derivatives, and a significant ' through-space ' inter- 
action which produces perturbations at  C-1. 

Efects of Phthalate and Muleate MonoesteYiJEcation 
upon the 13C Chemical Shifts of Several AlcohoL~.--~~C 
N.m.r. spectra of a multitude of esters are well known. 
Literature accounts however have been at  variance 
concerning the magnitude of the ' esterification effect ' 
on the chemical shifts of various alcohols. Recently 
Pelletier and his co-workers l2 reported the 13C chemical 
shifts of 28 carboxylates and found C-l* ' esterification 
effects' (relative to the parent alcohols) ranging from 
+1.3 to +17.7 p.p.rn. (a positive value represents a 
downfield shift). The C-2 ' esterification effect ' was 
found to be essentially constant a t  -3.8 (h0.7) p.p.m. 
These workers found an upper limit of ca. 5 p.p.m. for 
the C-1 ' esterification effect ' for esters of methanol. 

Tsuji et al.13 examined effects upon 13C chemical shifts 
of some simple alcohols when acetylated, methoxy- 
carbonylated, and mesylated. For the acetyl deriv- 
atives C-1 ' esterification effects ' were found to range 
from +1.5 to +3.7 p.p.m. The C-2 shifts were relatively 
constant in these studies, also at ca. -3.8 (stl.1) p.p.m. 

For the maleic acid monoesters we found C-1 ' esteri- 
fication shifts ' ranging from $-2.7 to +15.6 p.p.m. In  
close agreement with the results discussed above,l2? l3 
C-2 shifts were relatively constant, ranging from -3.4 
to -4.7 p.p.m. These results are listed in Table 3. 

The esterification of the same alcohols with phthalic 
acid (to produce phthalic acid monoesters) resulted in 
effects on the C-1 chemical shifts which ranged from 
+2.4 to +13.5 p.p.m. Shift effects a t  C-2 ranged from 
-3.3 to -4.5 p.p.m. These results are catalogued in 
Table 4. The present work strengthens the observ- 

TABLE 4 

13C Chemical shifts (p.p.m. from Me,Si) of alcohols (ROH) 
and their monophthalate derivatives in CDCI, 

R 
CH, Et Pm Pri Bun B U ~ ~ B U ~ C ~ H ~ , ~  
r -L 7 

C-1' Alcohol 50.4 58.0 64.4 64.2 62.5 69.4 69.1 65.3 
Ester 52.8 62.0 67.6 69.6 65.9 74.2 82.6 68.4 

c-2 Alcohol 18.2 25.9 25.3 35.0 32.1 31.2 42.1 
Ester 13.9 21.8 21.5 30.5 28.7 27.9 38.7 

a Directly bonded t o  oxygen. b s-Butyl numbering: 

RO-CH-CH2-CH,. C-2 shifts: alcohol 6 22.9, ester 19.0 

p.p.m. 2-Ethylhexyl. 

3CH3 
I 
1 2  4 

ation l2 that carbon resonances in esterified alcohols are 
shifted by a predictable amount, regardless of the group 
attached to  the carboxy-function. 
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