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2-Chloroacetoacetic ester (Ia) with a three-fold excess of phenylhydrazine (PH) forms 
the phenylhydrazone which then cyclizes to 4-chloro-5-methyl-2-phenylpyrazol-3-one [i]. The 
chlorine atom in the latter can be displaced by a phenylhydrazyl moiety followed by degrada- 
tion to 3-hydroxy-4-nitroso-5-methyl-2-phenylpyrazole [i]. The same compound is the final 
product of reaction of 2-bromoacetoacetic ester with PH [i]. However, there is no informa- 
tion on the reactions of 2-halofluoroalkyl-containing ~-ketoesters (~-KE) with N-dinucleo- 
philes. 

In this work the reaction of 2-chloroacetoacetic ester (Ia), fluoroalkyl-containing 
2-chloro- (Ib-d) and 2,2-dibromo-$-KE (II) with hydrazine (HY), PH, and o-phenylendiamine 
(PD) was studied. 

Similarly to acetoacetic ester [2], compound (Ia) in equimolar ratio with H~ in ether 
forms 3-hydroxy-4-chloro-5-methylpyrazole (III) (Table i). Here also the C1 is displaced 
by H in (Ia), since in the reaction mixture acetoacetic ester (IVa) and HY hydrochloride 
are found 

CI 
Me I OEt Me C1 OH Me H OEt 

Et~O 
O \,. "O -a0+-20 ~ N -- N H O'\.- O 

H H 
(Ia) (III),  35% (IVa), 15% 20% 

Fluoroalkyl-containing $-KE's (Ib-d) with HY give 5-hydroxy-4-chloro-5-fluoroalkyl- 
pyrazolidine-3-ones (Vb-d) (Table i), together with dechlorinated $-KE's (IVb-d) and N2H 4. 
HCI. With (Ia, b) it is necessary to carry out the reaction at -40 to -20~ since at high- 
er temperature resinification of the reaction mixture is observed, though for (ic, d) resini- 
fication is not observed at 20-30~ 

For compounds (Vb-d) amide-imidole tautomerism is common, which is confirmed by the 
presence in the PMR spectra of two methine signals for the CHCI protons and in the IR spectra 
~f C=N bands in the region of 1600-1620 cm -I (Table i). 

H C1 
HO. V OH 

Cl R l O/vie HO H C1 

".~.S~/~,/ I~NNI-I~ "-.i~ . /  -t- H~NNHz.HC| 
)' - -  ~ I O O Et~o R 0 O 5-,30% 

H H 
IR~C~F 9 ~I(Vb-d) ~8-83% (IV b-d), 2--15% (Ib-d) bp CHCI~ 

H CI 
C4F9 ~ / /  0 -,(y 

N--NH 
(v0 ,  85-90% 

R=CHF2 (b), CF3 (c), CIF.,, (d). 
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Formation of (Vb-d) indicates that introduction into ~-KE's of fiuoroalkyl substituents" 
and C1 atoms in positions 3 and 2, respectively, leads to stabilization of their HY addi- 
tion products, which apparently are also the intermediates of this reaction with nonhalo- 
genated ~-KE's. Using (Vd) as an example, we established that upon boiling in chloroform 
elimination of a water molecule takes place, leading to 4-chloro-5-nonafluorobutylpyrazol- 
3-one (VI) (Table i). The latter compound easily adds water, giving again (Vd). 

Reaction of $-KE's (Ia-c) with PH in equimolar ratio does not result in addition-elimin- 
ation as was observed using excess PH [i]. In this case substitution of C1 by H in position 
2 of compounds (Ia-c) takes place with formation of PH hydrochloride and the corresponding 
2-unsubstituted ~-KE (IV) 

I ON i 
% . ~  (Ia-c) (Id) 

/ + HCI. H2NNHPh ~ H~NNHPh - - - - - - - +  
- - 2 0 - - @ 1 5  ~ 0 \ . .  0 _~o+~2o o 

H 34--70% 
(IVa-c) , 25--30o; 

H C1 
HO \ /  0 

\ / - . . . ~  hexane, bp 

c.Fo l>NPh" ::-7 
(VII), 42--W% 

R = CHa (a), HCF2 (b), CFa (r C4F9 (d). 

H C1 
C4F9 \ /  O 

N--NPh 
(VIII), 85--90% 

Compound (Id) with PH gives 5-hydroxy-4-chloro-2-phenyl-5-nonafluorobutylpyrazolidin- 
3-one (VII) which upon boiling in hexane dehydrates to pyrazolone (VIII) (Table i). The 
latter is easily rehydrated to (VII). In the PMR spectrum of (VII) unlike (Vb-d) one CHCI 
signal is present (Table i). This indicates it exists in only one tautomeric form (with 
the phenyl substituent most likely in position 2 of the pyrazolidine ring, since in this 
case enolization is not possible). 

With PD in equimolar ratio at 25~ (Ia) forms azomethine (IX) (Table 2), $-KE's (Ib, 
c) form benzodiazepinones (Xb, c) similarly to fluorinated $-KE's not containing chlorine 
[2], and (Id) gives 2-nonafluorobutylbenzimidazole (XI) (Table 2). In all cases PD hydro- 
chloride and the corresponding unchlorinated $-KE (IV) are present in the reaction mixture. 

In the PMR spectrum of azomethine (IX) there are two signals for the CH 3 group in the 
B-position, the CHCI signal, two sets of EtO signals, and also signals of the NH and NH 2 
groups (Table 2). In the IR spectrum of (IX), C=N and C=O bands are observed. This indi- 
cates the presence of amine-imine tautomerism in (IX) 

H Cl 
Me ~ OEt 

NH2 

(Y 
l (ix), 55% 

c1 
Me ] OEt 

NH 0 

N H2 

R 

NH2 NH2 

+ , : , a , +  " = , o  
+ 

NH2 NH2 i5--25~ ~\i-- H 
o 

(Xb, c ) ,  23--38% 

iJ'\/NH2 
4-. (IVb, c)-~-% ]I\NH ~  .HCL 

i (Id) Et20, 25 ~ 

N NH~ 
J'~'/ > "~/ 
I J --CaF9 -k 

N NH2 
H 

(xi), 4t% 

2349 
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Thus, in the reaction with PD substitution of C1 in position 2 of $-KE~s (la-d) takes 
place as in the reactions with HY. Closure to a benzodiazepine ring for (Ib, c) becomes 
possible as a result of the higher electrophilicity of carbon of the complexed ester group 
compared to (Ia) because of the presence of electron-withdrawing fluoroalkyl substituents. 
Formation of benzimidazole (XI) can be explained by "acidic" disintegration of $-KE (Id) 
under the action of PD followed by cyclization to benzimidazole. This agrees with earlier 
obtained data which indicate that with increase of the fluoroalkyl substituent length the 
susceptibility of 2-halo-substituted fluorine-containing B-KE's to "acidic" disintegration 
increases [3]. 

The reaction of (II) with HY and PH in ether at -40 to -20~ leads to difficultly iden- 
tifiable mixtures in which by GLC the presence of compounds (XII) and (IVb) and hydrobromides 
of HY or PH can be detected. Thus, one of the reaction paths in this case is substitution 
of the Br in position 2 of (II). 

Compound (II) also reacts with PD by another path and, together with substitution of 
Br, formation of (XIII) is observed (in the reaction products are found PD hydrobromide and 
4,4-difluoro-2-bromo- and 4,4-difluoroacetoacetic esters)(Table 2). 

xH~ 
j 

CHF2,\ / 

E t . , O ,  l a  ~ 
O O N 

H 
(II) (XIII),  20--30% 

NH2 
J \ /  

A 
NH2 

H Br 
F2HC \ , /  OMe 

O O 

(xii) 

Compound (XIII) is obtained, apparently as the result of "acidic" disintegration of 
(II) under the action of PD followed by cyclization, which indicates the high susceptibility 
of 2,2-dibromo substituted ~-KE's to this type of transformation as compared to (I) which 
undergoes this reaction only for R = C4F 9. 

Summing up the obtained results for the reaction of fluoroalkyl-containing $-KE's with 
HO- and HS-nucleophiles [4], NH 3 [5], aliphatic amines, and acetamide [3], and in this work 
with HN-dinucleophiles, one can assume that in the first stage of the reaction of 2-halo 
substituted $-KE's with the studied nucleophiles, adducts (B type; scheme) at the G-carbon 
atom are formed. This is in accord with the discovery of these adducts in the solution of 
a reaction with HO- and HS-nucleophiles [4]. In the case of HN-nucleophiles similar inter- 
mediates (B) cannot be observed because of their small lifetime on the NMR time scale. How- 
ever, their existence is confirmed by formation of all the product types (C-G) obtained by 
us. The further course of the reaction is determined by the structure of both the fluorine- 
containing B-KE and the nucleophile. 

A competing path in the reaction with nucleophiles is substitution of halogen atoms 
by H in position 2 of ~-KE's (A § H § I). 

EXPERIMENTAL 

IR spectra were obtained on an IR-75 spectrometer in Nujol mulls and PMR spectra on 
a Tesla BS-567A spectrometer (i00 MHz) relative to TMS. GLC analysis was realized on a 
LKhM-8MD chromatograph with catharometer detector, helium carrier gas, and column with ~ = 
2 m, d = 4 mm, 5% SE-30 Silicon on N-AW-DMCS chromaton. 

$-KE's (I), (II), and (XII) were obtained by the method of [6]. 

Determination of $-KE's (IV) and (XII) in the reaction mass was carried out by compari- 
son with known samples by GLC. The salts of HY, PH, and PD after their isolation were de- 
termined by comparison with known samples by IR, TLC, and by mixed melting points. 

Reactions of ~-KE's with Hydrazines. To a solution of 30 mmoles of (I) in 50 ml of 
absolute ether an equimolar amount of HY (PH) was added dropwise with cooling to -40 to -20~ 
(for HY and R = CF 3 and C4H 9 the reaction proceeds also at 20-30~ and to -40 to -15~ (PH), 

235! 
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with stirring for 4 h. The precipitate was filtered and recrystallized. Compounds (III) 
and (Vb-c) and PH hydrochloride (hydrobromide) were obtained. For R = C4H 9 the solvent was 
distilled off and the residue reprecipitated from ether by hexane. There were obtained 
pyrazolidones (Vd) and (VII), from which by boiling in chloroform or hexane (VI) and (VIII) 
were isolated. Reaction of (Id) with PH proceeds also without solvent. In this case the 
yield of (VII) is the largest. The yields and constants are shown in Table i. 

Reaction of $-KE's with o-Phenylenediamine. To a solution of 30 mmoles of (I) in 50 
ml of absolute ether an equimolar amount of PD in I00 ml ether was added dropwise both with 
cooling with cold water aud at~20~ and stirred for 4 h. PD hydrochloride (hydrobromide) 
was filtered off and solvent was distilled off under vacuum. The residue was recrystallized, 
washed with water in order to remove the remaining amount of PD, and dried under vacuum. 
The following pure compounds were obtained: (IX), (Xb, c), (XI), and (XIII). The yields 
and constants are shown in Table 2. 

CONCLUSIONS 

During the reaction of hydrazines and o-phenylenediamine with 2-halosubstituted 8-keto- 
esters, including fluoroalkyl substituted, two reaction paths are realized: substitution of 
the halogen atoms in position 2 by hydrogen and condensation with formation of various com- 
pounds depending on the structure of the starting $-ketoester and dinucleophile. 
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3. 

4. 

5. 

6. 
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