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ROTATIONAL ISOMERS OF THE RADICAL-ANIONS OF 2-CARBONYL-CONTAINING 

DERIVATIVES OF 5-NITROFURAN 

R. A. Gavar, L. Kh. Baumane, Ya. P. Stradyn', 
M. B. Fleisher, M. Chernaeva*, and Ya. Kovach 

UDC 541.138'515'634:543. 
422.27:547.722.5'724 

The radical-anions of 2-carbonyl-containing derivatives of 5-nitrofuran were 
obtained by electrochemical generation. Their ESR spectra indicate the exis- 
tence of a mixture of O,O-cis and O,O-trans rotational isomers. The parameters 
of the isomers were identified by INDO calculations. The more polar form (the 
cis isomer) is more stable in polar media. 

Published data on the ESR spectra of the radical-anions of 2-carbonyl-containing deriv- 
atives of 5-nitrofuran do not give any information on the stereochemical orientation of the 
carbonyl-containing substituent in relation to the furan ring. As a rule, an ESR spectrum 
with a hyperfine structure (hfs) characterizing only one type of structure in the correspond- 
ing radical-anion is obtained for each investigated compound [1-4]. This can evidently be 
explained by the low stability of these radicals [5]. 

At the same time such radical-anions with a planar structure can be represented in the 
form of two rotational isomers: 

NO 2 C~ NO 2 "~C ~ 

O.0-eis 0,0-trams 

*Deceased 
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F i g .  1. The d o w n f i e l d  h a l f  of  t h e  ESR s p e c t r u m  of  t h e  r a d i c a l -  
anion of (II) in DMFA at 20"C and. its line reconstruction. 

0,]mT H 

Fig. 2. The downfield halves of the ESR spectra of the radical- 
anion of (IV) in various solvents: a) propylene carbonate; b) 
IkMFA; c) 2-methoxyethanol. 

In fact, such rotational isomers have been detected (although not always identified) in 
2-carbonyl-containing furan molecules during numerous investigations over the last 15 years 
by :3C and *H NMR, microwave, and IR spectrometric methods, and also by dipole moment mea- 
surements [6]. In particular, the O,O-cis form was detected for 5-nitro-2-furfural in DMSO 
by NMR [7]. 

In the present work we give the results from an investigation into the radical-anions of 
2-carbo~yl-containing derivatives of 5-nitrofuran, aimed at the detection of the ster.:olso- 
mers and their study by the ESR method. The radical-anions of the respective compounds were 
obtained by electrochemical generation (ECG) [8] during the one-electron electrochemi'~l 
reduction of the initial compounds (I-IX): 



TABLE i. The Parameters of the ESR Spectra of the Radical- 
Anions of (I-IX) [a is the hfs constants, Icis/Itran s is the 
ratio of the 0,0-cis and O,0-trans isomers of the radical- 
anions (1-IX) in DMFA (0.i N tetrabutylammonium perchlorate) 
at 200C] 

C o m -  
p o u n d  

I* 

11 

III 

IV 

V 

VI* 

VII** 

VIII** 

IX** 

H 

CHa 

C~H 

n-Ca 

n-C4 

i-Ca] 

i-C4] 

t-C4] 

NH= 

Con- 

former  

cis 
t ram 

ClS 
t r a I ~  

cis 
t r a t ~  

I :  CIS 
trails 

H~ c i s  
trans 

I:  cfs 
trans 

19 cis 
trails 

t.~ cis 
Irarls 

N a m r e o f h ~  

3x. 2 n . 2 n . 2 u  
3..," �9 2 .  �9 2n �9 2n 

3N �9 2 u  �9 4 ~  �9 2 i t  
3X �9 2xt �9 4H �9 2n 

3y" 211" 3H �9 2H 
3N'2~ �9 3U "23 

3X �9 2n �9 3 .  �9 2I~ 
3 S ' 2 ~  3 U ' 2 n  

3x �9 2n 3~r �9 21I 
aN" 21I" 3n" 2H 

3N " 2H" 211 �9 21~ 
13x �9 2~ �9 2n �9 2 .  

3N �9 2H �9 2H �9 3 ~  
3N'2H'2U'31~ 

3n- 2n �9 2H 

3N " 2~ �9 2H X 
X 3N �9 3~ 

aN, NO2 

5.16 
5,36 

6,05 
6,20 

6,23 
6.42 

6,35 
6,51 

6.14 
6,39 

6,28 
6,46 

7,04 
7,10 

6,42 

7,76 

a .  lo,  m T  

Oil, 4 

3,04 
2.96 

3.57 
3,57 

3,58 
3,58 

3.66 
3,66 

3.58 
3,58 

3.66 
3,66 

4,18 
4,18 

3,77 

4,55 

OH, 3 

0,75 { 1,95) 
0,79 (1,43) 

0,97 
1 , 0 5  

0,96 
1 , 0 5  

0,97 
1,01 

0,93 
0,97 

1,09 (0,45) 
0,82 (0,45) 

0,97 
1 , 0 8  

1 , 0 6  

1,12 

OtI, X 

1,95 (0,75) 
1,43 (0,79) 

1 , 3 0  
0,74 

1 ,27  
0,82 

1,19 
0,87 

1,t9 
0,87 

0,45 (1,09) 
0,45 {0,82) 

0,34 
0,34 

0 , 3 2  (N) 
0,18 (2H) 

= 
-Z 

8--10 

1,9 

1,3 

2,0 

1,8 

H I  

*The a H s and a~ X values were not determined unambiguously. 
I ~ 28, **The cis/Itrans values and also the aH, X values for (VII-IX) 

could not be determined. The a values averaged among the 
isomers are given for (VIII) and (IX). 

FZ_N 
N %  cox ~ N e . A o ~ " c o x  

I X=H,  II X=CHa, III X=C2Hs, IV X=CaHr, V X=C~Hg, VI X=CH(CHa)~, 
Vll  X=CH=CH{CHa)=, VIII X=C(CHa)a, IX X=NH= 

By optimization of the electrochemical generation process and the ESR spectra we were 
able to achieve conditions under which it was possible by means of the ESR spectra not only 
to detect free radicals of dual type but also in some cases to determine the individual 
parameters of each of them. For example, in the ESR spectrum obtained during ECG of the 
radical-anions of 5-nitro-2-acetylfuran (II) in DMFA (Fig. i) at the potentials correspond- 
ing to the limiting current area of the first polarographic wave the observed number of hfs 
lines exceeded the expected value (with regard to the free rotation of the acetyl substitu- 
ent) for the given radical (3N.2H.2H,4H). This spectrum is the superimposition of the ESR 
spectra of the radical-anions of two forms having the same hfs characteristics typical of 
the radical-catlon of compound (II) but having somewhat different values for the hfs con- 
stants. Such characteristics of the obtained free radicals and also the small difference 
in the values of the g factor, due to change in the spln density at the atoms and not to the 
atomic composition, indicate that these two types of radicals are stereoisomers (evidently 
the O,O-cis and 0,O-trans conformers) of the radical-anion of (II). On the ESR time scale 
these two rotational isomers are stable states of the radical-anions. From the intensity 
ratio of the signals in the ESR spectra of these two types of radicals it can be found that 
the content of the free radicals of the isomer having the smallest a N constant is almost 
twice the content of the radicals of the second isomer. 

The radical-anions were generated electrochemically for the remaining compounds (I-IX) 
in the same way at the potentials corresponding to the limiting current of the first po!aro- 
graphic wave (between--0.7 and--0.9 V with reference to a saturated calomel electrode). How- 
ever, the signals of the individual isomers were not resolved on account of the overlap of 
the signals in the ESR spectra of the radical-anions (VIII) and ~IX) due to the mere complex 
hfs. The partial overlap of the ESR signals also did not make it possible to determine the 
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TABLE 2. The Quantum-Chemical Parameters of the Radical- 
Anions of the cis and trans Isomers of (I) and (II) (E is 
the total energy, ~ is the dipole moment) 

Com- IConfo r- 
pound x ]met 

! 

I H ] cis 
I traps 

II CHa Icis 
[ t rai ls  

E, ~.I.1 

-117,849 
- Ii7,866 
- 126,293 
- -  126,296 

~.D 

9,0 
6,9 

10,0 
7,2 

a .  10, rflT 

a N, NO.~ 

4,14 
5,27 
5,51 
5,89 

all,  4 

-2,85 
-3,54 
- - 3 , 6 2  
--3,75 

a l l ,  3 

1,80 
2,67 
2,76 
2,74 

a l l ,  X 

0,21 
1 ,33  

- 3 , 3  
--3,1 

ratio of the isomers of the radical-anion of (VII) in DMFA. The parameters of the ESR spec- 
tra for the radlcal-anions of (I-IX) are given in Table i. 

Although the obtained data demonstrate convincingly the presence of two forms of the 
stereoisomers in the radical-anions, it is not possible to determine whether a given isomer 
is the cis or trans form of the radical-anion on the basis of these data alone. We sought 
a~olution to this problem in an analysis of investigations into the dependence of the forms 
of the rotational isomerism on the properties of the medium. Although the conclusions from 
individual papers on the derivatives of furan with carbonyl-containing substituents are some- 
what contradictory, the polarization of the molecule by the medium is nevertheless discussed. 
Thus, for example, from data in [9] it follows that the O,O-trans form of the furfural mole- 
cules is more stable than the O,O-cis form in media with dielectric constant ~ < 5 and less 
stable in media with ~ > 5. On the other hand, these molecules have a higher dipole moment 
in the cis form than in the trans form [i0]. 

In order to obtain a theoretical estimate of the characteristics of the conformers for 
the investigated compounds we calculated the molecular orbitals by the INDO method for the 
cis and trans isomers of the radical-anions of (!) and (II) not interacting with the medium. 
From the data in Table 2 it follows that for the radical-anions of (I) and (Ii) not inter- 
acting with the medium the trans isomer is more stable than the cis isomer. [The difference 
between the calculated total energies of these isomers amounts to iI kcal/mole for the radl- 
cal-anion of (I) and 2 kcal/mole for (Ii); the calculated barrier for the trans--cis transi- 
tion amounts to 14 kcal/mole for the radical-anlon of (I) and 19 kcal/mo!e for (II).] How- 
ever, in view of the fact that the cis isomer of the radical-anion is characterized by a 
lower value for the a N constant than the trans isomer (Table 2) it follows from the ESR 
spectra of the radical-anions of (I-V!) (Table I) that the cis isomers of these radicals are 
more stable than the trans isomers in DMFA. The probable reason for such change in the con- 
formation of the radical-anion due to the polarity of the medium may be its polarization by 
the solvent molecules. In fact, to Judge from the calculated dipole moments, the cis isomer 
of the investigated radical-anions is more polar than the trans isomer. This evidently 
determines the stabilization of the cis isomer in the polar media. 

The cis--trans equilibrium of the radical-anions is also affected by the individual 
characteristics of the substituent X. This shows up most clearly during comparison of the 
radical-anions of (I) and (II): Substitution of H by CHa displaces the cis--trans equilibrium 
toward the less polar trans form (Table i). However, the aN values increase identically with 
increase in the electron-donating characteristics both for the cis and for the trans form. 
This indicates the absence of an effect from changes in the intramolecular interactions on 
the cis--trans equilibrium due to change in the substituent X. The effect of the character- 
istics of the substituent X on the cis--trans equilibrium can therefore be explained rather 
by steric hindrance to polarization of the radical-anion by the molecules of the medium. 

In view of the dependence of the conformations of the investigated radical-anions on 
the properties of the medium (Fig. 2) we realized the electrochemical generation of the 
radical-anions of the investigated compounds in solvents with various polarities. The 
change in the parameters of the ESR spectra for the radical-anions of (I) and (IV) and the 
ratios of their conformers can be traced from the data in Tables 3 and 4. The low stability 
of the radlcal-anions and the overlap of the ESR signals for the two isomers made it diffi- 
cult to study the cis--trans equilibrium in various solvents. The widest range of solvents 
could be tested successfully in the case of (IV) (Table 3). The trans conformer, which is 
more stable than the cis isomer in the state not interacting with the medium (Table 2), can 
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TABLE 3. The hfs Constants and the Ratios of the O,O-cis 
and O,O-trans Isomers of the Radical-Anion of (IV) [in 
various solvents (0.i N tetrabutylammonium hexafluorophos- 
phate) at 20"C] 

No. 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

.Solvent 

Propyl alcohol 

Ethyl alcohol 

Methyl a lcohol .  

Ethyl acetate 

Water" 

Chloroform 

2- Methoxyethane 

Pyridine 

Quinoline 

Acetone 

Nitromethane 

N,N-DMFA 

Ace tonitrile 

DMSO 

Propylene carbonate 

C o n -  
f o r m e r  

e i s  

~ 

d s  
n'~ rlS 

dS 
trans 

d s  �84 
trans 
~ cl$ 

tk'Rl~. 

cis 

ds 

n-arts 

eis 
tTa~ 

dS 
traD~ 

cis 
lrans 

aN, NO~ 

7,89 
8,31 

8,26 
8,68 
8,45 
8.71 

5,72 
6,19 

6,56 
7,11 
7.03 
7,38 

5,98 
6,15 
6,10 
6,74 

6,20 
6,50 

6,98 
7,34 

6. I3 
6,29 

~fi,22 
6,49 

6,10 
6,24 
6,01 
6,17 

a-m, mT 

t!H, 4 atI, 3 

3,83 1,10 
3,83 1,15 

4,04 1,10 
4,04 1,24 

4,02 1,08 
i,04 1,29 

3.17 0,,8O 
3,30 1.06 

?, 3 l 0.96 
3.5:3 1,08 
3 Ir~ 0,90. 
3,49 1,07 

3,37 -' SO 
3,40 i ,06 

3,44 0,85 
3,58 0.96 

3,49 0,90 
3,56 1,03 

3,72 1,06 
3,76 1,19 

3,40 0,87 
3,40 0,96 

3,42 ~ 0,90 
3,42 1,03 
3,33 0,90 
3,35 0,96 

3,4,t 0,90 
3,4(3 0,99 

all, X 

0,89 
0,57 

0,90 
0,64 

,0,82 
0,57 

1,05 
0,54 

0,96 
0,69 
0,82 
0,53 

1,10 
0,78 

1,15 
0,78 

1,06 
0,71 

1,06 
0,71 

t.10 
0,80 

1,I5 
0,76 

1,10 
0,76 

r,06 
0,75. 

,lie ~s,llt ra n s 

0,6 

1,0 

1,4 

2.5 

0,5 
2,1 

1,0 

2,8 

2.5 

2,0 

2.3 

2,0 

2,2 

3,0 

4,5 

*The ratio of the isomers was obtained by extrapolation of 
the values for DMFA--water mixtures. The hfs constants were 
not determined. 

be either more or less stable than the cis isomer in solutions, depending on the polarity of 
the medium. Such distinctive changes of the difference in the free energies of the conform- 
ers, which arise in the transition from nonpolar to polar media, are evidently due to inter- 
molecular interactions between the radical-anion and the molecules of the medium. Parameters 
of a continuous medium, which the dielectric constant c is, for example, are unsuitable for 
the characterization of these features of the medium. A more suitable although also limited 
characteristic of the medium is the dipole moment of the solvent molecules u. Since the 
largest range of solvents was used in the case of (IV), the change in the equilibrium of the 
cis and trans forms in relation to the polarity of the solvent molecules, expressed in terms 
of the dipole moment, can be traced best in the case of this radical (Fig. 3). For this 
case the following linear relationship is obtained: 

l~Jl~ . . . .  = 0.2 + 0.7~ [ D] (n = 15, r = 0.72).  

However, as expected, on account of the uncertainty in the correspondence of the struc- 
ture of the molecule to a specific value of the dipole moment and on account of the complex 
nature of the interaction between the solvent molecules and the radical-anion, significant 
deviations from the obtained relationship are observed. Nevertheless, even with such a small 
value for the correlation coefficient the fairly large range of solvents (15) leads to the 
result that the probability of a tendency for the stability of the cis isomer to increase 
with increase in the polarity of the solvent is fairly high (more than 0.99 according to the 
Student test). 
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Fig. 3. The dependence of the intensity ratio of the ESR signals for the cis 
and trans isomers of the radical-anion of (IV) (Icis/Itrans) on the dipole mo- 
ment (~) of the solvent molecule. The numbers of the solvents are given in 
Table 3. 

Fig. 4. The dependence of the ratio of the cis and trans isomers of the radi- 
cal-anion of (IV) in DMFA on the temperature of the medium. 

The ability to polarize the radical-anions in the state of the cis form is determined 
not only by the nature of the solvent but also by the structure of the carbonyl-containing 
substituent. By comparison of the ratio of the isomers for the radical-anions of (I) (Table 
4) and (IV) (Table 3) in various solvents it can be found that substitution of the aldehyde 
hydrogen by CsH7 sterically hinders polarization of the radical-anion to the cis state by 
one and the same solvent by 2-4 times. 

If the suggestion about the polarization of the radical-anions from the trans to the cis 
form by the molecules of the medium is correct, weakening of the interaction between the 
radical-anion and the solvent molecules and, thereby, weakening of the ability of the solvent 
for such polarization of the radical-anions can be expected with increase in temperature. In 
fact, measurements of the intensities of the ESR signals for the rotational isomers of the 
radical-anions of (II) and (IV) in DMFA showed that the conformational distribution of the 
radical-anions is shifted toward the cis isomer with decrease in the temperature of the 
medium, i.e., toward the isomer with the larger dipole moment. According to the data in 
Fig. 4, the difference in free energy between the cis and trans isomers of the radicai-anion 
of (IV) amounts to ~i.i kca!/moie. The same difference in free energy was obtained for the 
radical-anion of (II). 

The unique behavior of water as solvent should be noted. The addition of water to the 
aprotic solvent (DMFA, DMSO, acetone) leads to a decrease in the amount of the O,O-cis iso- 
mer compared with its fraction in the pure solvent. Thus, for the DMFA--water mixture the 
change in the ratio of the cis and trans isomers of the radical-anion of (II) in relation to 
the concentration of the water is described by the linear equation: 

leas~It . . . . .  = 1 . 9 8 - 0 . 0 2  CH~o ( n = 7 ,  r = 0 . 9 9 6 ) .  

Extrapolation to pure water (CHa 0 = 56 M) gives the ratio Icis/ltrans = 0.64, which is sig- 
nificantly lower than could be expected from the dipole moment of water. Consequently, 
having a high dielectric constant (e = 78.5) and a comparatively small dipole moment (~ = 
1.85 D) compared with the other employed solvents, water polarizes the investigated radical- 
anions to the cis form most weakly. The low polarizing capacity of the water is evidently 
due not only to the comparatively small dipole moment of the water molecule but also to the 
noncorrespondence between the dimensions of the dipoles of the water molecules and the radi- 
cal-anion and also to the strong interaction between the water molecules. 

These and other similar data (Fig. 3) indicate that the ability of the solvent molecules 
to polarize the investigated radical-anions to the cis state is not only determined by the 
magnitude of the dipole moment of these molecules. The complex nature of the interaction 
between the radical-anion and the molecules of the medium is also demonstrated by th~ 
generally known fact that the ESR spectra of radical-anions characteristic of the individual 
solvent are not observed in mixed media. However, in spite of this, according to the experi- 
mental data contact dipole--dipole interaction, i.e., interaction at distances of the same 
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TABLE 4. The hfs Constants and the Ratios of the Isomers of 
the Radical-Anion of (I) [in various solvents (0.i N tetra- 
butylammonium hexafluorophosphate) at 20~ 

Solvent 

Ethyl alcohol" 

Chloroform 

Acetone 

N,N-Dimethylform- 
am/de 

Con- 

former 

cis 
trails . 

ClS 
trans 

Ci$ 
trans 
CI$ 
tr~ 

aN. NO= 

7,26 

6,17 
6,77 
5,14 
5.55 
5,16 
5,35 

a. 1o, mT 

all ,  4 r 3 

3,63 1,40 

3,39 1,83 
3,39 1,58 
3,01 1,69 
3,03 L,38 
3,16 1,95 
2,96 1,43 

all ,  X 

0,96 

0,87 
1,04 
0,7l 
0,87 
0,71 
0,79 

Ic iJ l t ra  ns 

*It was not possible to determine the hfs constants for the 
trans isomer. 

order of magnitude as the dimensions of the dipoles, play a significant role in the polariza- 
tion of the radical-anions of 2-carbonyl-containing 5-nitrofurans from the less polar trans 
form to the more polar cis form. 

EXPERIMENTAL 

The free radicals of the investigated compounds were generated under steady-state 
conditions by electrochemical reduction at the potentials corresponding to the limiting cur- 
rent of the first one-electron polarographic wave at a platinum electrode in an ECG cell 
placed in the rectangular resonance cavity (of the H,oa type) of the ER-9 ESR spectrometer 
(Carl Zeiss, Jena, GDR) by the method described in [8]. As supporting electrolyte we used 
0.i N solutions of (C~H))4NPF~ or (C~H,)~NCIO~. The measurements at various temperatures 
were made on an ER-9 spectrometer fitted with a temperature regulator. While the ESR spectra 
were being recorded, in each case the conditions both for electrochemical generation (the 
concentrations of the initial molecules and the radical-anions) and for the recording of the 
spectra (degree of magnetic field modulation, UHF field power, magnetic field sweep rate) 
were optimized from the decrease in the width of the individual lines of the ESR signals. 
The magnetic field sweep was calibrated by means of the ESR spectrum of the radical-anions 
of nitrobenzene [ii]. The quantum-chemical calculations of the models of the investigated 
radical-anions of (I) and (Ill were made by the INDO method with standard parametrization 
[12] using the program listed in [13] in FORTRAN-IV. The initial compounds (I-IX) were 
described in [14]. 

The authors thank A. V. ll'yasov (A. E. Arbuzov, IOFKh [Institute of Organic and 
Physical Chemistry], Kazan' Branch, Academy of Sciences of the USSR) for assistance in the 
ESR experiment with temperature regulation. 
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HETEROORGANIC FURAN DERIVATIVES. 

61.* TRIMETHYL(5-METHYL-2-FURYL)SILANE AND TRIMETHYL(5-METHYL-2-FURYL)GERMThNE 

/ 

E. Lukevits, L. M. Ignatovich, I. G. Iovel', UDC 541.128.13:547. 
Yu. Sh. Gol'dberg, and M. V. Shimanskaya 722'724'245'246.07 

The transformations of trimethyl(5-methyl-2-furyl)silane and trimethyl(5-methyl- 
2-furyl)germane were studied upon vapor-phase oxidation by atmospheric oxygen 
on a V-Mo-Ag-O catalyst. Under these conditions, trimethyl(5-formyl-2-furyl)- 
silane and trimethyl(5-formyl-2-furyl)germane are formed albeit in only 5-7% 
yield. This low yield is a consequence of the thermal instability of the 
starting compounds and the aldehydes formed. The oxidation of 2-methyl-5-tert- 
butylfuran was studied under comparable conditions. The corresponding aldehyde 
was obtained in 30% yield. A scheme was proposed for the catalytic oxidation 
of 5-substituted 2-methylfurans. 

The catalytic oxidation of methyl-substituted heterocyclic compounds by oxygen in the 
vapor phase on oxide catalysts is a means for the preparation of the corresponding hetaryl- 
aldehydes [2]. Vanadium oxide and molybdenum oxide, characterized by variable valence of 
the metal and labile oxygen, and their mixtures with various additives are used as catalysts. 

This method has been used for the preparation of formyl derivatives of pyridine [3-5], 
pyrazine [6, 7], pyrimidine [6], thiophene [8], and thiazoline [9]. In the case of furan 
derivatives, the liquid-phase catalytic oxidation of 5-methylfurfural by atmospheric oxygen 
gives furan-2,5-dialdehyde in addition to the major reaction product, furan-2,5-dicarboxylic 
acid [I0]. This result indicates the possibility of oxidizing the methyl group of 5-methyl- 
furfural to a formyl group. 

Various biologically active compounds have recently been prepared form 5-trimethylgermyl- 
(la) and 5-trimethylsilylfurfural (lla). Aldehydes !a and l!a were obtained by a six-step 
synthesis from furfural in 70-80% yield [11-13]. In light of previous results [2-10], we 
may assume that another method for the preparation of aldehydes la and lla may be used for 
the catalytic vapor-phase oxidation of the methyl group attached to the ring in trimethyl- 
(5-methyl-2-furyl)germane (Ib) and trimethyl(5-methyl-2-furyl) silane (lib). 

In the present work, we studied the catalytic vapor-phase oxidation of Ib and llb and 
their carbon analog, 2-methyl-5-tert-butylfuran (lllb), in order to determine the direction 
of their transformations and elucidate the feasibility of obtaining the corresponding alde- 
hydes by this method. 

The catalytic oxidation of Ib-lllb was carried out by the action of atmospheric oxygen 
in the presence of a catalyst consisting of V2Os, MOO3, and Ag20 (V:Mo:Ag = 1:1:0.02) in the 
vapor phase at 300-450~ and contact time from 0.i to 0.5 sec. The catalyst composition is 
optimal for the oxidation of 2,5-dimethylfuran to 5-methylfurfural as shown by preliminary 
experiments. The pulse macrocatalytic method was used which permits the operative determina- 

*For Communication 60, see [i]. 
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