
ORIENTATION EFFECTS IN THE 
PECHMANN REACTION 

SYNTHESISOFWDIMETHYLCOUMARINANDANEXAMINATION 
OF ORTHO-PROXIMITY EFFECTS IN "C NMR SPECTROSCOPY 

A. G. OSBORNE 

Departmint of Chemistry, The City University, London ECIV OHB. Englar~I 

(Received in UK 20 October 1980) 

Abttract-In the Pcchmann reaction with malic acid, m<rcsol and 3,Cxylcnol give mixtures of olkylcoumarins 
containing about 1046 of the 5- and 5. bisomers respectively. ‘I-Alkylcoumarins only are obtained from the reaction 
with etbylacetoacetatc. A study of o&-proximity effects on the “C NMR of dimethylcoumarins is reported. and 
the results have been correlated with similar effects in o&r aromatic and hctcroaromatic systems. 

In connection with studies of proximity effects in “C 
NMR spectroscopy we had need of a sample of 5.6- 
dimethylcoumarin lc, a hitherto unreported compound. 
Application of the two well known routes to coumarin 
derivatives, viz. the Perkin synthesis’ and the Pechmann 
reaction *.’ was first considered. 

The required starting material for the Perkin synthesis, 
6-hydroxy-2.3dimethylbenzaldehyde 2a is only 
difficultly accessible, since application of the Riemer- 
Tiemann reaction to 3,Cxylenol is reported. to give the 
cyclohexadienone 3 as the main product and only a small 
amount of the mixed aldehydes t and 2b which then 
require a tedious mechanical separation through sorting 
of crystals.’ The two aldehydes have virtually the same 
m.p., but different IR spectra.6 

As an alternative route the Pechmann reaction’.’ was 
next considered. Although the condensations of asym- 
metric alkylphenols with malic acid in the presence of 
sulphuric acid have been described previously’.’ the 
products were regarded solely as ?-methylcoumarin lb 
and as 6,‘Idimethylcoumarin Id. The alternative less 
favoured mode of cyclisation IO produce S-methylcou- 
marin la or 5,6dimethylcoumarin lc was not considered 
by the earlier workers. 

The reaction with mcresol was performed by Fries 
and Klosterman’ in 1906 in order to confirm the identity 
of the products obtained from the Riemer-Tiemann 
reaction . This latter reaction was first studied by Tie- 
mann and Schotten,’ two products were obtained from 
mcresol, the pure-formylated compound 4a and an 
o&o-formylated derivative identified as 4b. Chuit and 
Bolsing” later repeated this reaction and separated three 
products. That both ortho-formylated derivatives 4b and 
4e had been obtained was established by their sub- 
sequent conversion via the Perkin reaction to lb (m.p. 
126”) and la (m.p. 65”) respectively, a procedure pre- 
viously attempted by Schmidt.” The identity of the 
formylated derivatives has recently been confirmed by 
Bruce cl 01.” Fries and Klosterrnann’ then performed an 
independent synthesis of lb through the Pechmann 
reaction of m-cresol with malic acid. The product (m.p. 
128”) was considered as lb. Soon afterwards, Clayton’ 
carried out a similar reaction with 3, dxylenol and, based 
on the earlier work of Fries and Kloslermann.’ regarded 
the product as Id, the alternative mode of cyclisation to 
produce the alternative isomer Ic was not considered. 
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At this stage our experience of orientation effects in 
the synthesis of quinoline derivatives was recalled. In the 
Skraup synthesis, the reaction with m-toluidine was 
similarly reported” at the outset in lssl to give one 
product only, regarded as 7-methylquinoline, which was 
later confirmed by other workers.‘*” It was not until 
the advent of modem analytical tools such as gas 
chromatography and IR that PalmerI detected the 
presence of the second isomer. The parallel reaction with 
mcthylaniline was similarly clarified in these labora- 
tories recently through the use of NMR spectroscopy.” 

It therefore appeared that there was reasonable 
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Table I. “C NMR spectra of coumarin derivatives (a. b) 

cbrial rhlft I, P.P.rn.) 

Cqpatmd C-2 c3 C-4 C-5 C6 C7 C-8 c-9 Cl0 C-4' CS' c6' C-7' 

la (0) 166.9 116.2 140.7 136.5 125.9 131.9 115.1 154.8 117.9 18.3 

lb 161.3 115.7 143.6 127.8 125.9 143.4 117.3 154.5 116.7 21.8 

lo (a) 161.1 116.0 WI.9 134.2 132.8 133.7 114.3 153.4 (01 14.5 20.0 

ld 161.6 115.7 143.6 120.2 133.4 (42.2 117.6 152.0 116.9 19.2 20.3 

10 161.4 114.2 152.7 124.5 125.6 143.2 117.4 153.9 117.8 *1&b 21.6 

lf 161.6 114.2 152.6 125.0 133.1 141.9 117.8 152.2 117.9 18.6 19.4 20.1 

nt8 (a) - 100 rolutloainOxc13, rd*renom 1)(9. 

(b) - h nrlmredvith(') arm urw.l~todvithtboCH3 poup. 

(0) - in mm with lb. 

(4 - la &dxt.nra vith 16. 

(0) - puk obmmxwd by rjar laarr. 

justification to suggest that the Pechmann synthesis with 
asymmetric alkylphenols could produce a mixture of 
products, and accordingly this reaction has been re- 
investigated. 

Analysis of the crude product from condensation 
of m-cresol with malic acid with sulphuric acid indicated 
that a mixture of la and lb was indeed obtained. The 
major product was lb in accordance with the work of 
Fries and Klostermann.’ That la was also present was 
evident from the ‘H NMR spectrum through the 
presence of a second Me singlet and also from an ad- 
ditional pair of low intensity doublets (J 9.2 Hz) for the 
pyran ring protons. Furthermore the H-4 signal of la 
was shifted downfield due to a characteristic peri- 
deshielding effect.” From a comparison of the integrals 
of the respective Me and H-4 peaks the ratio of isomers 
was established as 88 : 12. The remaining aromatic protons 
for lb appeared as an ABC system, further broadened by 
long range benzylic coupling,” but the aromatic peaks of 
la were obscured. The presence of both isomers was 
additionally confirmed by “C NMR spectroscopy 
through comparison with the spectra of the individual 
methylcoumarins as reported by Ernstem 

Careful recrystallisation of the crude product from an 
ethanol-water solvent pair afforded a pure sample of lb 
as shown by ‘H and “C NMR spectroscopy (Table I). 

The reaction with 3,dxylenol also gave a mixture of 
isomers. The ‘H NMR spectrum confirmed that the 
major product was Id as reported by Clayton,’ the 
presence of Ic was evident from the additional Me 
signals and a second set of pyran ring doublets, that for 
H-4 again being peri-deshielded. From the spectral in- 
tegration the ratio of isomers was assessed as 91:9. In 
the aromatic region despite the simplification of the ld 
spectrum (two broadened singlets) the expected two 
doublets for lc were still not visible. The “C NMR 
spectrum of the mixture was particularly informative and 
is shown in Fig. I. In the alkyl region, two high intensity 
and two low intensity signals are evident corresponding 
to the Me absorptions of the isomers, one low intensity 
signal is significantly removed which will be discussed 
later. A total of 17 signals appear in the aromatic region, 

including the two CO peaks. Initial differentiation be- 
tween quaternary carbons of ld and nonquaternary 
carbons of lc was difficult due to their similar intensities, 
this was later resolved after separation. The spectrum of 
lc exhibited certain interesting features which facilitated 
identification, the C-4 signal exhibited a pen’-shielding 
effec?’ whilst C-8 was para-shielded.20 Of particular 
interest was the upfield shift of Me(S) due to the 
o&o-proximity effect which is discussed later. 

Separation of pure Id was more difficult than in the 
case of lb, but fractional crystallisation from ethanol 
eventually afforded the pure product. Since the 
pruification was difficult it is perhaps surprising that 
Clayton’ should have made no mention of the significant 
variation in m.p. between the crude and purified products 
The “C NMR spectra of lband of Id were almost identical 
(largest deviation 0.2 ppm) when pure or in the presence of 
the second isomer. 

Reaction of m-cresol and of 3,4-xylenol with ethyl- 
acetoacetate gave le and If respectively as the sole 
products, with no detectable quantity (‘H and “C NMR) 
of the alternative isomers. The lack of formation of the 
5 or 5.6-isomer may be attributed to steric hindrance by 
the 6Me substituent. as previously experienced in the 
quinoline series.” 

As far as we are aware the present work represents the 
first example of the simultaneous formation of isomeric 
products in the Pechmann reaction with malic acid. 
Extension of these studies to other substituted phenols is 
in progress. Although the proportion of the isomer for- 
med through the sterically hindered pathway is much 
lower than that obtained in the Skraup synthesis of 
quinoline derivativesI the Pechmann reaction neverthe- 
less still provides a plausible method for the synthesis of 
small quantities of otherwise inaccessible 5- and 5,6- 
substituted coumarin derivatives for use as authentic 
spectroscopic or chromatographic reference materials. 
The present work is a further form of orientation effect 
and is different to that already known for dihydric 
phenols,‘.” which involves a preferential single cyclisa- 
tion under the influence of a specific catalyst as exem- 
plified below:*’ 
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The synthesis of lc was performed in connection with 
studies of o&o-proximity effects in “C NMR spec- 
troscopy. These effects are to be reported at a later stage 
but some preliminary results are presented here. The 
&to-proximity effects cause deviations from the normal 
additivity of Substituent Chemical Shifts (XX). which 
are most prominent closest to the site of substitution.2U 
In the case of the aromatic carbons of Id both C-6 and 
C-7 appear upfield of their predicted positions, the shifts 
(- 1.9, - I.8 ppm) being similar to those experienced with 
2.3dimethylnaphthalene ( - 2.3 ppm).22 Upfield shifts also 
occur with Ic with C-6 (-2.6ppm) being shifted to a 
greater extent than C-5 ( - 1.9 ppm), parallel effects have 
also been reported for I, 2dimethylnaphthalene (C-2: 
-3.2 ppm. C-l: -2.1 ppm).22 

The deviations which occur at off-ring carbons such as 
Me groups are particularly characteristic. With Id both 
Me carbons are shielded with respect to the appropriate 
monoMe derivatives, the effect seen with Ic is dgain 
different, since Me(S) is significantly shielded whilst 
Me(6) is shifted only slightly. Differentiation between the 

two Me signals of lc was accomplished by an examina- 
tion of the proton coupled spectrum in which only Me(6) 
displayed additional long range coupling to H-7.= 

The orrho-proximity effects observed at the Me car- 
bons in the coumarin series have been correlated with 
those experienced in other similar orrhodimethyl sub 
stituted aromatic and heteroaromatic compounds, and 
the results presented in Table 2. The shift deviations 
appear to be both characteristic and comparatively 
reproducible and therefore should prove to be of value in 
the identification of similar dimethyl substituted com- 
pounds. Differentiation between possible isomers may 
therefore be achieved from a consideration of the less 
numerous Me signals rather than from the more complex 
aromatic region. 

EXPERIMENTAL 

M.ps were determined on a Kofler hof stage apparatus. ‘H 
NMR spectra were recorded at 100 MHz using a Jcol JNM-MH- 
100 instrument, chemical shifts are reported as ppm (6) downfield 
from TMS. “C NMR spcctta (Table I) were obtained with a Jcol 

Table 2. OHho-proximity effects at methyl carbons for dimethylcoumarins and related compounds 

(A) 
(A) (8) CH, 

ti) (ii) 

(B) 

cEj (A) 9 0) ‘x3 (A) 0’4 b) 9 (A) 9 (B) 

1,2,l,watrrrt~lk.- 23 20.9 20.9 19.2 19.2 -1.7 -1.7 

2,3-dlNthylruphtlnl*r 
22 21.6 21.6 20.1 20.1 -1.5 -1.5 

6,7&d&uhUwb 21.5 21.9 19.9 20.3 -?.6 -1.6 

2,4,s-trlmthy~~24~b 20.4 21.0 18.6 19.4 -1.8 -1.4 

6,7-dlmthyl.oaula 20.7 21.8 19.2 20.3 -?.3 -1.5 

23 
1,2,3,4d*tramt41~- 20.4 20.9 15.5 20.6 49 -0.3 

1,2-ilNt4kuplItb 19.2 21.6 1&b 20.6 A.8 -1.0 

5,6-dlNt~~~b 18.5 21.5 l&O (0) -4.5 (0) 

5,&llntl@oomrin 18.3 20.7 14.5 20.0 -3.8 -0.7 

2,3+trlrtwm 24 19.8 20.3 15.6 20.0 -4.2 -0.3 

m (a) - Shlmtmt.) - 6 hIomLut.),m~tl~ nlnu dahota upfl*ld rlllfta. 

(b) - ProDmtlmrk. 

(0) - puko~~6,7_diwth~~~pirnntin~~. 
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