
The accuracy with which the tie-line data  can be determined 
depends upon the accurate separation of the two phases. 
The two phases can be separated to  within one or two drops 
(Le., about 0.1 grams). I n  the present work, only 10 cc of the 
mixture was taken for the determination of the tie-line data  
and each phase was about 5 grams. Hence, the error involved 
is about 20/,. The scope for such error is greater when the 
weight ratio of phases is large. However, the error can be 
minimized by taking a large quantity of the mixture. Fur- 
ther, in Figure 6, where a comparison of the distribution data  
was made between the two methods, for the acetic acid- 
water-ethyl butyrate system the deviation between the two 
methods in a few points may be due to  the limitations of the 
proposed method and to  the effect of hydrolysis and ester inter- 
change. Maximum deviations are observed a t  high tempera- 
ture and with large amounts of water. These are perhaps due 
to  the effect of hydrolysis and ester interchange. 

CONCLUSIONS 

It has been demonstrated that  phase-equilibrium and tie- 
line data  could be satisfactorily determined adopting a new 
method as proposed by the authors. I n  the determination 
of the tie-line data  the proposed method appears to  be advan- 
tageous for, despite its limitations, i t  avoids the analytical 

procedure which may be a difficult problem in the case of 
certain mixtures. 

NOMENCLATURE 

x, = weight % of solute 
x, = weight yo of solvent 
x w  = weight yo of water 

xcvr = weight % of solute in water layer 
z,, = weight 7, of solute in solvent layer 
x,, = weight % of solvent in solvent layer 

xvrw = weight % of water in water layer 
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Proton Magnetic Resonance Studies of 4-Substituted Coumarins 

RAMJl L. MITAL, RADHA R. GUPTA,' and SURESH K. JAlN 
Chemistry Department, Rajasthan University, Jaipur-4, India 

Proton magnetic resonance spectral studies of Cmethyl coumarins are reported. 
The position of the resonance signal, due to three protons of the methyl group at C4, 
depends on the nature and position of the substituents in benzene ring of the coumarin 
ring system. A resonance peak at 7 = 3.78-4.15 indicates the presence of a proton 
at C3 in the form -C=C-H. Coupling of CHI at C4 exhibits allylic coupling with 
proton at C3 with J = 1.1 Hz. Coupling constants (J5.6) has been calculated, and 
its value shows ortho coupling. The resonance peak due to protons Hg and H9 
depends on the nature of substituents in the benzene ring at CS and C7. When the 
methyl groups at Cs and C, are replaced by hydroxy groups, the resonance signal 
due to Ha and Hg splits, and these protons are rendered magnetically nonequivalent. 

A l t h o u g h  the literature is replete with studies of coumarins 
( 6 ) ,  there are surprisingly few data  dealing with the nmr spec- 
t ra  of coumarin derivatives (1, 2 ) .  Structural studies in cou- 
marin chemistry have been made using many instrumental 
techniques, and a number of difficulties have been encountered 
in structure elucidation of this class of compounds. The 
present investigation was undertaken to  determine whether 
the application of pmr studies in the structural chemistry of 
coumarin derivatives would lead to  some general correlations 
between structure and spectra in this series of heterocyclic com- 
pounds. 

The coumarin derivatives involved in this study were pre- 
pared by the well-known Pechmann reaction by condensing 
the corresponding phenol with ethyl acetoacetate using con- 
centrated sulfuric acid as the condensing agent. Coumarins 
prepared are already known (6) and their structures are well 
established. Purity of these compounds was checked by thin- 
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layer chromatography. The nmr spectra were taken at 60 
MHz on a Varian A-60 nmr spectrometer in deuterochloroform 
solution with the exception of 5-hydroxy-4, 7-dimethylcou- 
marin, which was taken in dimethyl sulfoxide. Tetramethyl- 
silane was used as a n  internal standard in all cases. 

For compounds I and 11, resonance signals are a t  7 = 7.60 
and T = 7.59, respectively, and show the presence of a CHI 
group in the allylic form-Le., a C=C-CH3 linkage. Signals 
a t  T = 7.43 and 7 = 7.45 in compounds I11 and IV are also due 
to  a CH3 group a t  C4 in the allylic form and minor shift toward 
lower field may be attributed to  the vicinal substituent a t  C5 
in these compounds. Peaks a t  T = 3.89, 3.78, 3.98, and 4.15, 
respectively, in compounds I-IV are due to protons a t  C3 in 
the form -C==C-H. Protons of CH3 a t  C4 exhibit allylic 
coupling with (,he proton a t  C3 with coupling constant equal to 
1.1 Hz. See Table I. 

I n  compounds I and I11 peaks a t  T = 6.13 and T = 7.70 are 
due to Hac0 and CH3 (at C7) groups, respectively. 

For compound I a quartet consisting of two doublets is ob- 
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Table I. Proton Magnetic Resonance Spectral Data of Coumarins 

Compound T H Multiplicity Assignment 

I1 HO Go 
k0, 

I11 & 
H3C 0 

7.60 
3.89 
6.13 
3.16, 2.51 

3.21 
7.59 
3.78 
2.96, 2.23 

7.43 
3.98 
7.70 
3.40 

7.45 
4.15 
3.76 
3.66 

3 
1 
3 
2 

1 
3 
1 
2 

3 
1 
3 
2 

3 
1 
1 
1 

CHI group at  C, Singlet 
Singlet 

H3 OCH3 group at CT Singlet H5 and H6 coupled 
Quartet (two 

doublets) 

Singlet H8 
Singlet 
Singlet H3 
Quartet (two 

doublets) 

CH3 group at Ca 

Ha and H6 coupled 

CHI group at Ca 

CH, group at C7 

Singlet 
Singlet H3 
Singlet 
Singlet He and Hs 

CH3 group at  CC 

H, or HS 

Singlet 
Singlet H, 
Singlet 
Singlet Hg or Hs 

tained and form what is known as an A B  quartet. The middle 
points of doublets are a t  3.16 and 2.51 with a separation of 9 
Hz giving JAB = 9 Hz and AAB = 449.5 - 410.5 = 39 Hz. 
Because of AAB/JAB = 39/9 = 4.3 (3-5), the middle points 
of doublets can be assigned the positions of signals due to pro- 
tons A and B.  H A  and 
H B  are a t  C5 and He, respectively. When we consider that  He 
absorbs a t  a slightly higher point (T = 4.10) ( I )  than H5 (T 

= 3.85) ( I )  in the parent compound, coumarin, we can assign 
T = 3.16 and 5!.51 to H6 and H5, respectively. A peak a t  T = 
3.21 is due to H8. Similarly a quartet in compound I1 with 
J A B  = 8.5 Hz, AaB = 43 Hz and AAB/JAB = 43/8.5 = 5.1 can 
be interpreted. He and H5 can be assigned a t  r = 2.96 and 
2.23 (the middle points of doublets), respectively. 

I n  compound 111, a peak a t  T = 3.40 representing two pro- 
tons (& and H8) is obtained. I n  4,5,i-trimethylcoumarin, 
a peak a t  3.12 representing two protons (He and HE) has also 
been reported ( 2 ) .  Thus, the replacement of a CH3 group of 
4,5,7-trimethylcoumarin by an OH group to get 5-hydroxy- 
4,i-dimethylcoumarin causes a slight change (from T = 3.12 
to 3.40) in the position of resonance signal due to  He and HE, 
but H6 and €I8 remain in the same electronic environment. 
If another CH3 group of compound I11 is replaced by an OH 
group to get compound IV, surprisingly two peaks a t  T = 3.66 

A J A B  of 9.0 Hz shows ortho coupling. 

and X = 3.76 are obtained indicating that  He and HE are no 
longer equivalent and meta coupling with J0.8 = 1.5 Hz is 
obtained. hleta coupling is also observed in compound I with 
J6.8 = 2 . 5 H ~ .  
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