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Depending on the type of solvent, with various combinations of temperatures and rea- 
gents, fluoroalkyl ~-ketoesters (~-FKE) react with nitrogen-containing bifunctional nucleo- 
philes (NBN) at the carbonyl or ester group and also at both these centers, forming hetero- 
cycles in the latter instance [1-6]. These reactions were studied in the greatest detail 
an aprotic solvents [4-6]. However on the basis of the data obtained it is not possible to 
draw conclusions as the concurrent reactivities of the two nonequivalent electrophilic reac- 
tion centers of the B-FKE in proton-donor solvents with respect to the NBN. 
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NFC-- CiI2--C--O R j Rr~ 

(VII)--(XVII), 21--64% NHPh 
(XIVa), (XlV b), (XVla), 30--4(7% 

0 ~' NH2NHPh, 
|MeOH, 20 ~ 

FI F ] OMe [XXV)- (XXX), 22-82~/,, 
H~ or NH~NII~- \ ( ~ 0  0PhDA 

- -H20 or _ I 

PhNttNH~, MeOH, at bp Ne0g, at bp 
EDA (I)--(VI) HCF2 0Me 

l' MeOtI, at bp /EDA ~ - ~  
IMe0H' -20 ~ EDA N 0 

l t F ~ U  '[ NeOH, at bp i \I-[" "H 

\ N / o  
oc I... It 

(XIX)-.(XXIII), 35-66% HCFe " / ' % / % M e  
(XVm), 3O% 

2ttCF2COCH2CO2CHa. H2NCH~CH2NH~ 
- (XXIV), t7% 

R F = I-ICF= (I), (vn), (xvI!D, (XXIV), (XXV); CFa (II), (VIII), (XlII), (XIX), (XXVI); 
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We have studied the reactions of ~-FKE's (1)-(Vl) (Scheme I) with hydrazine, hydrazine 
hydrate, phenylhydrazine, ethylenediamine (EDA) and o-phenylenediamine (OPhDA) in methanol. 

Boiling ~-FKE's (1)-(VI) with hydrazine hydrate or phenylhydrazine in methanol yields 
pyrazolones (VII)-(XVlI) (see Scheme i, Table I). Only in the case of phenylhydrazine at 
~20~ phenylhydrazones (XIVa, b), (XVIa) are formed (see Table I) which cyclize to pyrazo- 
lones on boiling the reaction mixture. In the IR spectra of (VII)-(XII) obtained from 13- 
FKE's (1)-(VI) and hydrazine or hydrazine hydrate were the bands VC= C 1600-1605, vCN 1570, 
and VOH 2200-2700 cm -~ and the amide band as absent (see Table i). In the PMR spectra of 
the compounds resonance signals of the methine protons are present, 6CH = 5.9-6.1 ppm and 
the NH and OH signals ~ = 7.03-11.4 ppm integrated for two protons which is evidence for the 
existence of compounds (VIII)-(XII) in the hydroxy form. This substantiates the results of 
reference [2] but not those of [i] in which the structure of 5-trifluoromethylpyrazolin-3- 
one has been studied. N-Phenyl substituted pyrazolones (XIII-XVII) also exist in the hy- 
droxy form according to the IR and PMR spectra (see Table i). 
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Scheme 2 

>R F OH -,(y 
. N--NR 

--H20 ~ 
MeO~I (VII--XVII) 
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NHR 

(XiVa), (XIVb), (XVIa) -~,o 
HCF~ OMe 

~ \x .~ 
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HCF2 ~ % M e  

In the PMR spectra of compounds (XlVa), (XVIb), (XVIa) (see Table i) are found signals 
at 3.86 (MeO), 3.72-3.75 (CH2), and 9.6-10.1 ppm (NH) verifying their hydrazone structure. 

The reaction of ~-FKE's (I)-(VI) with EDA in methanol proceeds ambiguously and depends 
on the type of fluoroalkyl radical (RF)~ Thus 8-FKE (I) (R F = CHF2) with a (i:i)ra~io of 
(I):EDA yields the 3,3'(N,N'ethylenediamine)-bis-4-difluoro-2-buteonate ester (XVIIi) 
(see Scheme I, Table 2). An analogous reaction is characteristic of acetoacetic ester [3]. 
In the IR spectrum of (XVIII) are bands 1680 (CO) and 1620-3330 (NH) cm -~, and in the PMR 
spectrum signals 2.92 (CH2), 4.97 (CH), 3.76 (MeO), and 8.5 (NH) ppm. 

In contrast to the above, ~-FKE's (II)-(VI) with EDA form internal amine salts of the 
aminoethylamide with the enoi group (XIX-XXIII) as the only products (see Scheme I, Table 
2). According to the data of [4] trifluoroacetoacetic ester with EDA in xyiene yields a 
mixture of 1,2,3,4-tetrahydro-7-trifluoromethyl-l,4-diazepin-5-one and 2-trifluoromethyl- 
2-imidazolidine acetate. On reaction of B-FKE (R F = C2F5) with EDA in benzene with EDA an 
analogous inner salt of the amide, N-(2-aminoethyl)-4,4,5,5,5,-pentafiuoro-2-pentamide along 
with 2-(pentafluoroethyl)-2-imidazolidine acetate, and the ethylene diamine salt are formed 
[5], 

In the IR spectra of (XIX)-(XXIII) are found bands characteristic of the groups CONH, 
NH, and NH~: 1640, 1620~ and 3270, 1470-1485, 1570, 2300-2800 cm-: respectively~ 

In the PMR spectra of these compounds the signals 2.9-3.4 (CH2)~ 4.7 (CH), and 4.3-5~ 
(NH) ppm are observed. 

On carrying out the reaction of B-FKE (I), (F~ = HCF=) with EDA in a !:! ratio at --20~ 
in methanol the 2:1 salt (XXIV) was isolated (see Scheme 19 Table 2) which on increasing the 
temperature of the mixture goes over to compound ~r and is evidently an intermediate prod- 
uct in the reaction of the fl-FKE with EDA. 

$-KFE's (i)-(VI) with OPhDA in methanol form only 4-(fluoroaikyl)-iH-l,5-benzodiazepin- 
2-ones (XXV)-(XXX) (see Scheme l, Table 3)~ just as it was found for trifluoroacetoacetic 
ester in reactions in neutral or weakly basic media [6]~ In the IR spectra of compounds 
(XXV)-(XXX) there are bands at 1.675-1690 (CO), and 1650~1660, 3100-3240 cm -~ (NH). In the 
PMR spectra of these compounds are signals at 3.38-3.46 (CH~), and 9~ ppm (NH), which 
is evidence for the amide form of compounds (XXV)-(Yd~X). 

.139 



It can be surmised that the reaction of 8-FKE with NBN proceeds in at least the two 
directions presented in Scheme 2. Firstly the explanation of the synthesis of all the 
types of compounds obtained is included in the initial formation of salts of type (XXIV) by 
reaction with the enol form of 8-FKE and in subsequent processes either replacing the meth- 
oxyl group (XIX)-(XXIII), or undergoing both of the indicated processes which lead to hetero- 
cyclic compounds (VII)-(XVII) and (XXV)-(XXX). In favor of the suggestion regarding this 
pathway for the reaction is the formation of the salt (XXIV) from ~-FKE (I) (R F = HCF2) and 
EDA, which was successfully isolated on carrying out the reaction at --20~ and also the 
formation of hydrazones (XIVa), (XIVb), (XVIa) from ~-FKE's and phenylhydrazine. However 
we can not completely exclude the possibility of a second reaction pathway, inasmuch as we 
have previously shown that B-FKE's form type A adducts [7] with methanol in deuteroacetone. 
This route can not lead to compounds of type (XVIII), nevertheless products (VII)-(XVII), 
(XIX)-(XXIII), and (XXV)-(XXX), can be obtained along with it by means of intermediate com- 
pounds of type B. Utilization of these pathways depends on the acidity of the 8-FKE, the 
electrophilicity of the reaction centers 1 and 2 of 8-FKE and the basicity of the NBN react- 
ing. 

EXPERIMENTAL 

The PMR spectra were obtained on a Perkin-Elmer R-12B (60 MHz) apparatus, the IR spec- 
tra on a UR-20 spectrophotometer in a mineral oil mull. All 8-FKE's were obtained according 
to the method described in [8]. 

Fluoroalkyl Pyrazolones (VlI)-(XVlI). To a boiling solution of 50 mmoles of ~-FKE in 
150 ml methanol an equivalent amount of the hydrazine (hydrazine hydrate, phenylhydrazine) 
in 15 ml MeOH was added dropwise in a stream of At, the mixture refluxed 6 h in a stream of 
Ar, then the solvent was removed in a vacuum. The residue was recrystallized, obtaining 
pure pyrazolones (VlI)-(XVlI). The yield and the physicochemical constants are shown in 
Table i. 

3-(N-Phenyl)hydrazones of Fiuorocarboxylic Esters (XlVa), (XIVb), (XVIa). To a solu- 
tion of 60 mmoles of 8-FKE in 150 ml CH~OH was added in a stream of Ar 60 mmoles of phenyl- 
hydrazine in 30 ml MeOH, the mixture refluxed I h in a stream of Ar, poured into water (250 ~ 
300 ml) and extracted with two 75 ml portions of ether, the ether was distilled off, the 
residue recrystallized from hexane. The yield and constants are shown in Table I. 

Reaction of B-FKE with EDA. To a solution of 30 mmoles of B-FKE in i00 ml MeOH was 
added an equivalent amount of EDA in 30 ml MeOH. The reaction mixture was refluxed 25-30 h 
in a stream of Ar (in the case of compound (XXIV) the reaction was carried out at --20~ 
The solvent was distilled off in a vacuum. To the residue was added 20-50 ml dry ether, the 
crystals formed were filtered off and washed with ether (2 • 20 ml). The yields and cons- 
tants are shown in Table 2. 

4-Fluoroalkyl-iH-l,5-Benzodiazepin-2-ones (XXV)-(XXX). To a solution of 30 mmoles 8- 
FKE in i00 ml MeOH an equivalent amount of OPhDA in i00 ml MeOH was added dropwise in a 
stream of Ar. The mixture was refluxed in a stream of Ar for 4-6 h, the solvent distilled 
off in a vacuum, the residue recrystallized, obtaining the pure benzdiazepinone. The yields 
and constants are shown in Table 3. 

CONCLUSIONS 

1. Fluoroalkyl 8-ketoesters with phenylhydrazine at 20~ form phenylhydrazones of the 
8-ketoesters, which form hydroxypyrazoles on heating. 

2. 4,4-Difluoroacetoacetic ester with ethylenediamine yields the 3,3'-(N,N'-ethylene- 
diamine)-bis-4,4-difluoro-2-butenoate ester whereas on lengthening the fluoroalkyl substit- 
uent internal salts of the aminoethylamides of the 8-keto acids are formed from the 8-keto- 

esters. 

3. Hydrazine and o-phenylenediamine react with fluorine-containing 8-ketoesters with 
the formation of pyrazoles and benzodiazepinones respectively. 
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( 1 9 4 7 ) .  

CHLORINE SUBSTITUTED 2-(4'-DIM~THYLAMINOPHENYL)INDAN-I,3-D!ONES 

AND THEIR DIMERS 

V. !. Nikulin and L. M. Pisarenko UDC 542.91:547.584:547o665 

Cyclic 8-diketones, the best known representative of which is 2-phenylindan-l,3-dione 
(la) and also its derivatives having substituents on the aromatic rings on the second carbon 
atom have various biological and chemical activities [i, 2]. 

It has been shown that the introduction of a CI atom into the phenyl or phthaloyl ring 
appreciably influences the nature of the biological action of the preparation [3]. 

BT~ 

II 
o 

( Ia-d)  

R = R '  = i t  (a); R = ~C1,  R '  = 4'-N(Me)~ (b); R = 5-C1, R '~=  4'-N(Me)~ (c) ;  R = H ,  
R '  = 4'-N(Me)~ (d) 

In work [4] was established the strong inhibiting action of 2-(4'-dimethylaminophenyl)- 
indan-l, 3-dionic free radicals generated by the decomposition of the dimer 2,2~ (his (4"- 
dimethylaminophenyl)indan-l,3-dione (lla) in the low "temperature oxidation reactions of 
hydro carbons. 

, NMe2 �9 

' 0 ( ( ' ~  0 0 
4 il \ " ~ J  tl II 

/ v  "~ ~ c "  
t~ II /px'h l l  ~, 

o I{ )t 0 ~' l~l ] !  
5 t 1 ~ 3 1 1  0 

NMe 2 

( I Ia -e )  

R = H (a), 4-C1 (b), 5-C1 (c). 

in the work in question new 2-arylindan-l,3-diones (Ib, c) containing chlorine in the 
phthaloyl ring and the corresponding dimers (lib, c)were synthesized. 

Normally halogen substituted 2-arylindan-l,3-diones are obtained by an anhydride con- 
densation method, i.e., heating the corresponding halophthalic anhydride in an arylacetic 
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