
SYNTHESIS AND IONIZATION CONSTANTS OF 2- 

ARYLIMINOTETRAHYDROFURANS 

N. B. Marchenko, V. G. Granik, 
I. V. Persianova, and R. G. Glushkov 

UDC 547.722.3.727.07:543.257.1 

The tetrafluoroborates of 2-aryliminotetrahydrofurans were synthesized by the re- 
action of O-ethylbutyrolactonium tetrafluoroborate with aromatic amines, and a 
number of bases of imido esters with various substituents in the aromatic ring 
were synthesized by the reaction of aromatic amines with 2,2-diethoxytetrahydro- 
furan. The ionization constants of the products were measured. 

A considerable number of publications have been devoted to the study of the chemistry 
of "activated amides," viz., complexes of amides and lactams with various alkylating and acy- 
lating agents, imido and lactim esters, and amide and lactam acetals [1-6]. On the other 
hand, information regarding the activation of the lactone carbonyl group is available only 
in [7]. In the latter study the possibility of alkylation of butyrolactone with a Meerwein 
reagent, as a result of which a complex (I), treatment of which with sodium ethoxide leads 
to a lactone acetal, viz., 2,2-diethoxytetrahydrofuran (II), was synthesized, is demonstrated. 
It was established that the reaction of complex I with primary aromatic amines (in the case 
of p-toluidine, p-chloroaniline, and 2,4-dichloroaniline) proceeds through a step involving 
the formation of an imido ester tetrafluoroborate (III), which then reacts with excess amine 
and undergoes ring cleavage to give a y-arylaminobutyric acid arylamide (IV). N-Aryl-2-pyrro- 
lidones are formed from I and arylamines under severe conditions [7]. The chemical transfor- 
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mations of the acetal II are limited to a study of its hydrolysis [7, 8], alkylation, and 
conversion to complex I under the influence of triethyloxonium tetrafluoroborate [7]. 

The aim of the present research was to investigate the possibility of the synthesis of 
imido esters by reactions of complex I and acetal II with various aromatic amines and to 
study the structures of the resulting cyclic imido esters as compared with their aza analogs, 
viz., the cyclic amidines that were previously synthesized from N-methylbutyrolactam diethyl- 
acetal [9]. 

The reactions with complex I proceed under mild conditions and lead to imido ester tetra- 
fluoroborates IIIa-c. The corresponding imido esters cannot be obtained in the case of 
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TABLE i. Constants of VI 

CO1TI" 
pound 

Via 
VIb 
VIc 
Vld 
v ie  
Vlf 
Vlg 

H 
Me 

Br 
COOEr 
NQ 

pKa ( 50~ 
alcohol) a 

4,28 
4,78 
5,12 
3,65 
3,60~ 
3,24." 
2,32 b 

ApK a (ni~o- 
methane) a 

4,83 
3,87 
3,62 
5,60 
5,90 
6,33 
7,40 

aThe accuracy in the determination 
of the pK a values was • 0.05, as 
compared with • 0.I in the case of 
the ApKa values, bCalculated 
values. 

TABLE 2. 

C o r n  - 
pound 

I l l c  a 
rVb 
IVc 
IVd 
IVc c 
IVf  
IVg 

Characteristics of the Compounds Obtained 

E 
Found, % [ Empirical 

bp, ~ (ram) I formula 

_b (19) 42,4 
173--178 75,4 
153--155 (1) I 69,1 
150--152 (1) [ 61,5 
168--169 (2) ] 50,3 
148--150 (1) 67,0 
191--193 (1) 58,0 

3,7 4,9 i CIoHuBF4CION 7,3 8,2 CI1HI~NO 
6,91 7,4 CllHI3NO2 5,1 6,7 CmHIoCINO 
4,3 5,5 CIoHIoBrNO 

C13HIsNO3 

42,3 
75,4 
69,1 
61,4 
50,0 
67,0 
58,3 

Calc,, @0 ~ Excess acetal 

c i-t N ..~ tli  (moles) 

1,25 
1,25 
1,23 
1,52 
1,88 
2,00 

l 
3,9 4,9[ 82 
7,4 8,0 75 
6,8 7,31 80 I 
5,1 7,21 751 
4,2 5,81 72 I 
6,4 6,0[ 73[ 
4,9 13,6 / 491 

aFound: CI 12.6%. Calculated: CI 12.2%. 
mp 142-143~ (from ethyl acetate). CFound: 
culated: Br 33.3%. 

bThis compound had 
Br 32.9%. Cal- 

amines that have strong electron-acceptor substituents in the benzene ring. Thus, the re- 
action of I with p-nitroaniline leads to a mixture of amide IVa (R = NO2, R' = H) and p- 
nitroanilinium tetrafluoroborate, which is probably formed via the same scheme by which the 
salts of amines are obtained in the reaction of amines with complexes of acid amides with 
phosphorus oxychloride [I0]. Considerably more severe conditions (150-180~ were required 
in the case of the reaction with acetal II; however, the reaction proceeds unambiguously, 
and imido esters VIa-~ were generally obtained in good yields. 

Imido esters VI are liquids or low-melting solids, the IR spectra of which contain an 
intense band of a C=N bond at 1670-1680 cm -I, which is also characteristic for other cyclic 
imido esters, viz., lactim esters. It should be noted that tetrafluoroborates III readily 
underwent hydrolysis, and the preparation of imido esters VI from them was hindered. 

Thus the reactivities of tetrafluoroborate complexes of lactams and lactones are gene- 
rally similar, but the acetals of lactones are considerably less inclined to undergo reac- 
tions with nucleophilic reagents such as aromatic amines than the corresponding lactam ace- 
tals [5, 6]. This is understandable if one takes into account the fact that the high reac- 
tivities of amide and lactam acetals with respect to nucleophilic reagents are due to their 
dissociation in solutions to ambident catiQn VII and alkoxide anions [5, 6]. The stability 
of the oxa analog of this cation (of the VIII type), which could be formed from lactone ace- 
tals, is much lower. 
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The constants of VI in alcohol and nitromethane were measured (Table i). 
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Imido esters VI were found to be considerably (by approximately four orders of magni- 
tude) less basic compounds than their amidine analogs [9], and this reflects the degree of 
stabilization by conjugation of the cations of the imido esters as compared with the amidi- 
nium cations. We were unable to obtain the ionization constants in 50% alcohol at all for 
the least basic Vlf,g. Since there is a significant correlation between the pK a values 
(50% alcohol) and the ApK a values (CH3N02), which is expressed by the equation ApK a = 11.158 

- -  ii.492pK a (r = 0.99, So = 0.025), the pK a values (50% alcohol) for imido esters Vlf, g were 
calculated from this equation. The data obtained are presented in Table i. 

In contrast to amidines [9], in the case of the imido esters it was found that the basi- 
city constants obtained in both 50% alcohol and nitromethane correlate satisfactorily with 
the ap constants: 

pK~=4.30-2.97~p (r=0.999, So=0,03), 
APE.=4,71 +3.69~p (r=0,99, So=0.21). 

The following conclusions can be drawn from the dependences obtained: I) the closeness of 
the p values (50% alcohol) for the imido esters and amidines [9] confirms the previously 
drawn conclusion that protonation of amidines takes place at the exocyclic nitrogen atom; 2) 
since all of the points, including also those pertaining to the compounds with electron-ac- 
ceptor substituents (which are capable of direct polar conjugation), fit into the correla- 
tion in nitromethane, it may be assumed that the benzene ring in this case lies in the plane 
of the C=N bond. This substantial difference between the stereochemistry of the investigated 
imido esters Vl and amidines [9] (for which 49 ~ rotation of the benzene ring was observed) 
can be explained on the basis of an examination of molecular models. The models show that, 
in contrast to amidines IX, a "planar" orientation of the benzene ring is possible for imido 
esters VI; whereas the aryl substituent in IX is anti-oriented relative to the heteroatom, a 
syn orientation of the ester oxygen atom and the N-aryl group is more favorable for the struc- 
ture of imido esters VI. 

R 

EX VI R 

EXPERIMENTAL 

The ionization constants in 50% alcohol were determined by the method in [i0], while 
the ionization constants in nitromethane were determined by the method in [ii]. 

2-Ethoxybutyrolactonium tetrafluoroborate (I), 2,2-diethoxytetrahydrofuran, and 2-(4'- 
methylphenyl)iminotetrahydrofuran tetrafluoroborate (IIla) were obtained by the Meerwein 
Method [7]. 

2-(4'-Methoxyphenyl)iminotetrahydrofuran Tetrafluoroborate (lllb). A solution of 3.6 g 
(29.2 mmole) of p-anisidine in 30 ml of anhydrous methylene chloride was added dropwise to 
a solution of 6 g(29.7 mmole) of complex I in 50 ml of anhydrous methylene chloride, and the 
mixture was allowed to stand for i h. The solvent was removed by evaporation in vacuo, and 
the residue was triturated several times with anhydrous ether, removed by filtration, and 
dried to give 7.35 g (90%) of imido ester tetrafluoroborate lllb with mp 129-131~ (from 
ethyl acetate). Found %: C 47.2; H 4.6; N 5.0. C11HI4BF4N02. Calculated %: C 47.3; H 5.0; 
N5.0. 

Imido ester tetrafluoroborate lllc was similarly obtained (Table 2). 

Reaction of Complex I with p-Nitroaniline. A solution of 8.5 g (61.6 mmole) of p-nitro- 
aniline in 50 ml of methylene chloride was added to a solution of complex I, obtained from 
11.7 g (61.6 mmole) of triethyloxonium tetrafluoroborate and 5.6 g (65.5 mmole) of butyrolac- 
tone, in 20 ml of anhydrous methylene chloride, and the mixture was allowed to stand for 3 h. 
The resulting precipitate was removed by filtration and dried to give 2.9 g [12.8 mmole (21%)] 
of p-nitroaniline tetrafluoroborate (the precipitate hydrolyzed to p-nitroaniline when it was 
treated with water). The filtrate was evaporated, the residual mobile oil was drenched with 
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ether, and the mixture was allowed to stand in a refrigerator for 24 h. The precipitate was 
removed by filtration to give 0.9 g (8.7%) of y-(p-nitrophenyl)aminobutyric acid p-nitro- 
phenylanilide with mp 207-209~ (from DMF). Found %: C 55.7; H 4.6; N 16.3. C16HI~N405. 
Calculated %: C 55.8; H 4.7; N 16.3. 

2-Phenyliminotetrahydrofuran (IVa). A mixture of 5 g (31 mmole) of orthoester II and 
2.5 g (27 mmole) of aniline was refluxed (with removal of the liberated alcohol) for 2 h, 
after which it was distilled to give 2.9 g (67%) of imido ester IVa with bp 175-176~ (2 mm). 
Found %: C 74.3; H 7.0; N 8.7. Cs Calculated %: C 74.5; H 6.8; N 8.7. 

Imido esters IVb-g were similarly obtained (Table 2). 
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I~N AND 15N NMR SPECTRA OF 2-SUBSTITUTED 5-NITROFURANS 

E. ~. Liepin'sh, R. M. Zolotoyabko, UDC 547.722.5'724:543.422.25.4:542.958 
Ya. P. Stradyn', M. A. Trushule, 
and K. K. Venter 

The ~N and ISN NMRspectra of a number of 2-substituted 5-nitrofurans were studied. 
On the basis of experimental data it was concluded that there is considerable ~- 
electron density on the nitrogen atom of the nitro group. A linear relationship 
between the chemical shifts in the 14N NMR spectra and the frequencies of the 
asymmetrical deformation vibrations of the nitro group in the IR spectra was found 
for the series of investigated 5-nitrofurans. The observed 15N-B spin-spin coup- 
lin~ constants showed that in the 5-nitrofuran molecule transmission of spin in- 
formation through the ring oxygen atom to the H2 nucleus is appreciably greater 
than through the carbon atom to the H4 nucleus. It was established by measure- 
ment of the I=N NMR spectra that the crude adduct formed in the nitration of fur- 
fural diacetate with acetyl nitrate is a mixture of trans and cis isomers of 5- 
nitro-2-acetoxy-2,5-dihydrofurfural diacetate in a ratio of 7:1. 

In recent years I~N and 15N NMR spectroscopy has been successfully used for the study 
of the electronic effects in organic molecules, as well as for the identification of indivi- 
dual compounds; nevertheless, its possibilities as applied to in ~ndividual classes of com- 
pounds have not been fully ascertained. In the present research we were able for the first 
time to record the I~N and 15N NMR spectra of 2-substituted 5-nitrofurans. 
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