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Rates of exchange between deuterium in 2D-, 3D-, 2D-3CH 3-, and 2D-5CH a-furan and a solution of 
potassium ter t -butoxide in dimethylsulfoxide are measured. Protophilic deuterium exchange at position 
2 in the furan molecule  is 600 t imes faster than that at position 8, while a methyl group at position 3 or 
5 retards it 10-fold.  Catalyt ic  act ivi t ies of potassium and li thium butoxides are compared.  

The existing information in the l i terature regarding the react ivl t ies  of furan and its homologs in protophilic hydro-  
gen replacement  derives from synthetic work on meta l la t ion  [1 -4 ] .  With a lkal i  meta l  organometal l ic  compounds, the 
hydrogen at position 2 in furan and at position 5 in sylvan is replaced by meta l .  Under certain conditions low yields of 
2, 5 -d imeta l l a t ed  derivatives of furan are obtained [2, 4]. Judging by the yields of organolithium compounds obtained by 
the action of phenyll i thium on furan and sylvan; introduction of the Me group weakens the acidi ty  of the ring [2]. Ac-  
cording to [1], furan itself occupies an in termedia te  place,  in respect of acidi ty ,  between phenylacetylene (pK = 22) 

Table  1 

Deuterium Exchange Average Veloci ty  Constants, using 
0 .4  Molar tert-BuOK at 25 ~ 

Compound k, see-1 Compound k, sec-I  

2D- furan * 
2D-furan 
3D- furan 

2.1 �9 10 -7 
5.5.10 -4 
9 s  10 -7 

3D- furan** 
5Ctta-2D-furan 
3CHa-2D-furan 

1.2- 10-s 
5.8.10 -s 
5,8.10 -s  

* Catalyst ,  tert-BuOLi (0.4 molar) .  

""~ At 50 ~ . 

and t r iphenylmethane  (pK = 28.5) .  The pK values in parentheses are obtained from [5]. Simultaneous meta l la t ion  shows [6] 

that  thiophene is much more acid than furan, since a mixture of 1 mole  of each, when t reated with I mole  butyl l i thium, 
leads to 96.3% me ta l l a t i on  of the thiophene,  and only 3.7~ me ta l l a t ion  of the furan. 

Hitherto there has been inadequate  investigation of the react ivi t ies  of furan compounds. The great advantages of 

the hydrogen isotope exchange technique [7] raised the question of applying it to investigate furan and its derivatives.  
A solution of potassium or l i thium ter t -butoxide  in dimethylsulfoxide (DMSO) [8] proved to be a suitable medium for 
this.  Such research is a l l  the more interesting as it  offers the possibili ty of di rect ly  determining the react ivi t ies  of furan 
and thiophene for protophilic hydrogen rep lacement ,  since thiophene and its derivatives undergo deuterium exchange 

in that medium.  For example ,  it  has previously been pointed out [8], in agreement  with conclusions reached in [6], 
that ce deuterium atoms in furan exchange 500 t imes slower than those in thiophene.  

The present authors have embarked on a systematic  invest igat ion of the kinetics of isotopic exchange in furan 
compounds, and the first results are given in this paper.  

To compare  hydrogen mobi l i ty  in CH bonds differing markedly  in reac t iv i ty ,  exchange rates between 2D-furan 
and potassium and l i th ium ter t -butoxides  in 0 .4  molar  solution were measured.  The ve loc i ty  constants set out above 
( Table  1) show that  there is a 2000-fold difference in ca ta ly t i c  ac t iv i ty  between the lwo butoxides,  and this is due to 
the O - K  link being more polar than the O - L i  one [9], and the difference being preserved in DMSO solution, despite 
the great Capacity of this solvent for solvating a lka l i  meta l  cations, and its high d ie lec t r ic  constant of 48.9 at 20 ~ The 
specif ic  conduct ivi ty  of a 0 .4  molar  solution of the tert-BuOK in DMSO is greater ,  by a factor of 10, than that of a l ike 
solution of tert-BuOLi (p re l iminary  figures of 6 • 10 -4 and 5 • 10 -8 ohm -~ were obtained at 20~ A marked dependence 
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of catalytic activity of tert-butoxides on the alkali metal  is also observed with other reactions in the same solvent 
[10, 11]. 

The 3D-furan exchange rate is low at 25 ~ even with tert-BuOK as catalyst, so that the value at 50 ~ was also 
found. 

Table 2 

Kinetics of Exchange of Deuterium with an 0.4 Molar tert-BuOK Solution at 25" 

r C v k, sec -1 

2D- furan (C~ aT. % D) 

331 hr 
432 hr 

20 min .  
25 
27 
41 ,, 

168 hr 
20 ,, 
48 
67.5 t~r 

120 rain. 
180 
180 

100 r a i n ,  
150 ,, 
154 
200 ,, 

2.27; 
2.20; 
1.63;  
1.23 
1.18 
0,67 

3D-furan 

2.05; 
1,41; 
0.58** 
0,35** 

2.27* } 
2.20* r 
1.67 ! 

i 

(C~ aT. % D) 

2.02 
1,41** 

2.3- 10-7; 
1,9.10-7; 
5.0.10-4; 
5.9.10-4; 
5.7" 10 -4 
6.0" 10 -4 

9.7.10-7; 
1.3.10-s; 
1_1 �9 10 -s 
0.9.10 -5 

5CH3-2D-furan (C~ aT. % D) 

1.36; 1.33 [ 5.9- 10-5; 
1,14; 1.14 ~: 5.6- 10-5; 
1.16; 1.I3 I 5.5; 

3CHa-2D- furan (C~ a~. % D) 

1.43 6.1 �9 10 -5 
1.23; " 1.19 5.7.10-5; 
1.17 6.1 �9 10 -5 
t.05; 1.06 ] 5,6.10-5; 

2.3- 10 27 
1.9 ' 1 0 - 7  
4,8- 10 -~ 

9.9. I0 -z 
1.3. 10 .5 

6.3.10 .5 
5.6.10 -a 
5.7 

6.1 �9 10 . 5  

5.5.10 .5 

* Catalyst tert-Bu Li (0 .4 molar). 

**At 50 ~ . 

For furan, deuterium at position 2 is exchanged 600 times faster than that at position 3. Thus the conclusion 

reached in papers on metal la t ion of furan, that a -CH is much more highly ac id ic  than B-CH, and that it is character-  
istic of the a hydrogen atom of furan that its substitution is independent of whether the reagent is protophilic or e l ec -  

trophilic (cf. [12] ), is confirmed. 

When the e!ectron-donating methyl :group is introduced into the furan ring, its protophilic substitution is retarded, 

just as obtains with the benzene ring (see [7], p. 350). It is noteworthy that the  deuterium exchange reaction is ident i -  

cally retarded ( ten-fold)  for exchange of a deuterium atom adjacent to a Me group in 3CH3-2D-furan, or separated frorr 

one, by an oxygen atom, as in 5CHs-2D-furan. 

Identical  chemical  shifts for corresponding nyclrogen atoms are found i n  the NMR spectra [13] of the methyl, furan 

isomers; hence they have similar electron densities. 

It is assumed [14] that in the furan ring the electronic inductive effect of a substituent is transmitted from one a 

position to another primarily through the hetero atom, as well as through space. This may be the reason for the ident i -  

cal mobili t ies of the deuterium atoms in 8CH 3-2D-furan and 5CH 8 -2D-furan. 

Experimental 

Furan (I), sylvan (II), and 3-methyl furan(I I I )  were dried over CaC12, and twice distilled over Na, the boi l ing 

points being respectively 31, 4 ~ 63 ~ and 62 ~ and n ~  1. 4216, 1. 4300 and 1. 4818. Gas liquid chromatography (GLC) 
showed that only II contained a small  amount of impurity.  These compounds were used for the syntheses and for d i -  
lut ing the deuterium preparations. In deuterium exchange experiments where the ratio of the number of moles of II to 
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number of moles of catalyst was varied 2.5-fold,  the rate constant was unaltered. 

I was used for preparing [15] 2-chloromercurifuran, which was converted to 2D-furan [16]. 3D-furan was pre- 

pared by the method of [17]. II was used to synthesize [18] 2-chloromercuri-5-methylfuran,  converted by a stoichio- 
metric quantity of DC1 in D20, to 2D-5CH 3-furan (605  yield). 2D -3CH 3-furan was prepared similarly. The purities 

of the preparations were checked by GLC. 

The catalyst was prepared, as described in [20], by dissolving the alkali metal ,  with applications of heat, in pure 
tert-BuOH. Then the alcohol was distilled off, and the butoxide thrice sublimed at 10 -3 mm Hg. 

tO v a c u u m  

2 

Apparatus for determining the solution of catalyst in DMSO. 

The present experimental  method differed from that previously [21] described in the method of preparing the solu- 
tion of catalyst in DMSO. The butoxide was introduced, in an argon atmosphere, into the side arm 1 of flask 2, a No. 1 

glass filter being interposed between the two, after which there was sealing off at the constriction a. Pure DMSO was 

vacuum-dist i l led over Cal l  2 into flask 3, which was then sealed off. Then the butoxide was vacuum-dist i l led into flask 
2, and the side tube sealed off at constriction b. Tap 4 was turned, the DMSO run into flask 2, which was then sealed 

off at constriction c. The concentration of catalyst in solution was determined by titrating samples withdrawn. 

0 Table 2 summarizes the experimental results. There C w and C w are the deuterium concentrations (atoms, %) in 

the water obtained by burning the compound before the experiment,  and at t ime r .  During the experiments the com- 
pounds were unchanged. 

We thank A. E. Berzin for supplying 3-chloromercurifuran, and P. P. Alikhanov and L. Ya. Mashkova for check- 
ing the purities of the compounds by GLC. 
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