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Recently it was shown that f luorodinitromethane (FDNM) easi ly enters  into the Michael reaction with 
compounds containing an activated double bond [1, 2]. In a number of papers  it was also established that 
FDNM is active in the Henry react ion with saturated aldehydes of the aliphatic se r ies  [3-5]. In di rect  view 
of these resul ts  it seemed of interest  to study the behavior of FDNM in react ions with compounds contain- 
ing both react ions centers :  an activated double bond and a carbonyl group. Fo r  this we selected three com-  
pounds: 3-pentene-2-one  (I), 4 -methy l -3 -pen tene-2-one  (II) and 2-butenal (III). (I) and (II) form with FDNM 
only the Michael adducts (IV) and (V), while (IH) under the same conditions adds FDNM both to the double 
bond (VI) and to the carbonyl group VII) 
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In all cases  the addition of FDNM proceeds  p r imar i ly  at the double bond, and the carbonyl group 
under these conditions is less react ive than the double bond. Taking into considerat ion [1, 6, 7], we believe 
that in our case the FDNM adds to the f l-carbon atom of the o~,fi-unsaturated compound. Compounds (IV) 
and (V) retain the react ivi ty  of the carbonyl  group and easi ly give the corresponding 2,4-dinitrophenyl-  
hydrazones (VIII) and (IX). 4 ,4 ,4-Fluorodini t ro-3-methylbutanal  (VI) also easi ly forms the 2,4-dini t ro-  
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phenylhydrazone (X) and the dimedon derivative (XI) ~C(NO~HCH~ . The react ivi ty of (VI) was used 
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by us to obtain the acetals  with 2,2,2-fluorodinitroethanol (XlI) and 2,2,2-tr ini t roethanol  (XliI) 
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Fluoropolynitro alcohol (VII) possesses  adequate nucleophilicity and is es ter i f ied by acid chlorides.  
It is a thermal ly  unstable compound and when vacuum-dis t i l led it easi ly re leases  1 mole of FDNM with the 
formation of (VI) 

(VII) --* (VI) + FC (NOz)~ H 

E X P E R I M E N T A L  

5 ,5 ,5 :F luorodin i t ro-4-methyl -2-pentanone  (IV). To a solution of 14.9 g of FDNM [3] in 40 ml of 
ethanol was added 8.4 g of (D (bp 120-122;, n2i% 1.4360), and the mixture was refluxed for 8 h. After dist i l-  
ling off the ethanol and unreacted s tar t ing substances in vacuo at 20 ~ the still residue was vacuum-dist i l led 
twice. We obtained 6.3 g (30.2%) of (IV) as a color less  liquid with bp 76-78 ~ (3 ram); nZ~ 1.4392. Found: 
C 34.64; H 4.33; N 13.27; F 9.50%; mol. wt. 206. C6H~OhN2F. Calculated: C 34.60; H 4.36; N 13.42; F9~13%; 
mol. wt. 208. The principal  frequencies in the IR spec t rum are (cm-1): 1720 s (v C = O) 1594 s (~as NO2), 
1319 m (Vs NOz), 1172 m ( ~ C - F ) ,  798 s (v C_N) .  

2,4-Dinitrophenylhydrazone (VIII), mp 116-117 ~ (from ethanol). Found: C 37.35; H 3.24; N 21.61%. 
ClzH13OsN6F. Calculated: C 37.11; H 337; N 21.65%. 

5 ,5 ,5-Fluorodini t ro-4 ,4-dimethvly2-pentanone (V). To a solution of 37.2 g of FDNM in 80 ml of 
ethanol was added 19.6 g of (II) (bp 130 ~ n~ 1.4440), and the mixture was refluxed for 24 h. We obtained 
14.33 g (32.2%) of (V) as a color less  liquid with bp 65-66 ~ (1.5 mm); n~ 1.4480. Found: C 38.02; H 4.81; 
N 12.71%. CTHllOhN2F. Calculated: C 38.10; H 4.98; N 12.60%. The principal  frequencies in the IR spec-  
t rum are (cm-~): 1724 s (u C = O), 1601 v . s .  (Uas NO2), 1320 m (~s NO2), 1104 m (v C_F)~ 799 s (VC_N). 

2,4-Dinitrophenylhydrazone (IX), mp 109-110 ~ (from ethanol). Found: C 38.76; H 3.58; N 20.75; F 
4.90%; tool. wt. 387. C13H15OsN6F. Calculated: C 38.80; H 3.76; N 20.89; F 4.72%; mol. wt. 402. 

Reaction of FDNM with 2-Butenal (III). To a solution of 39.7 g of FDNM in 100 ml of ethanol was 
added 22.5 g of (III) Cop 101-102 ~ n~ 1.4370), and the mixture was refluxed for 5 h. The react ion mass  
was poured into 500 ml of water  and the insoluble oil was separated,  af ter  which it was dissolved in ether,  
and the ether  solution waswashed with water  and dried over  MgSO 4. After distilling off the ether  and vacu- 
um-dist i l la t ion of the residue we obtained 35.4 g of a liquid react ion product, from which (VI) was isolated 
as a color less  liquid by repeated vacuum-dist i l la t ion through a column. Yield 9.3 g; bp 46-48 ~ (0.5-1 ram); 
n~ 1.4490 (supercooled liquid); mp 36-36.5 ~ (from petroleum ether). Found: C 30.49; H 3.50; N 14.60; F 
9.50%; mot. wt. 188. ChHTOhN2F. Calculated: C 30.93; H 3.63; N 14.43; F 9.79%; tool. wt. 194. The prin- 
cipal frequencies in the IR spect rum are (cm-i): 1728 s (u C = O), 1608 v . s .  (~as NO2), 1319 m (u s NOz), 
1118 w (~C-F) ,  799 s (u C _ N ) .  

2,4-Dinitrophenylhydrazone (X), mp 121-122 ~ (from ethanol), Found: C 35.70; H 3.12; N 22.47; F 
5.03%. CllHllOsNsF. Calculated: C 35.30; H 2.96; N 22.46; F 5.08%. 

The dimedon derivative (XI) was obtained as white p r i sms  with mp 155-157 ~ (from 50% aqueous 
ethanol). Found: C 55.11; H 6.82; N 6.10; F 4.04%; tool. wt. 445. CzlH29OsN2F. Calculated: C 55.25; H 6.40; 
N 6.14; F 4.16%; mol. wt. 456. 

The viscous pale yellow oil {24.2 g, n2~ 1.4652), remaining in the pot af ter  distilling off (VI), is 
impure (VII). The oil was dissolved in ether,  deeolorized with active carbon for 24 h, the ether  was eva- 
porated, and the pure (VII) was extracted as the acetate. 

.1 ,5 -Di f luoro- l , l ,5 ,5 - te t ran i t ro-4-methyl -2-pentanol  Acetate (XIV). A solution of 9.54 g of (VII) (from 
the preceding experiment) in 56.6 ml of CH3COC1 was refluxed for 8.5 h in the presence  of 3.99 g of A1Cl~. 
The CH3COCI was removed f rom the react ion mass ,  while the residue was poured into chilled water,  
washed, separated f rom the water ,  dissolved in ether,  and dried over MgSQ. The ether solution was de- 
color ized with active carbon, the ether  was distilled off, and the residue was kept in vacuo (2 ram) at 40 ~ 
for  2 h, af ter  which it was recrys ta l l i zed  from a CC14- n-heptane mixture (1:4). We obtained 5.39 g (50%) 
of (XIV) as color less  plates with mp 70-71 ~ Found: C 27.04; H 2.70; N 15.12%. C8H10010 N4F 2. Calculated: 
C 26.67; H 2.80; N 15.55%. The principal frequencies in the IR spec t rum are (cm-i): 1771 s (~C = O), 
1608 v . s .  (Uas NO2) , 1312 s (v s NO2) , 798 s (u C_N) .  

Thermolys is  of 1 ,5 -Di f luoro- l , l , 5 ,5 - t e t ran i t ro -4 -methy l -2 -pen tano l .  In a distillation apparatus was 
placed 20 g of (VII) and the compound was heated in a vacuum of 0.5-1 ram. (VD, contaminated with de- 
composition products,  slowly distilled at a bath tempera ture  of 110-170 ~ The (VI) collected in the r ece ive r  
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was purified fur ther  by vacuum-dist i l lat ion.  Yield 9.6 g (78.5%); bp 59-62 ~ (1 ram); mp 36-36.5 ~ (from 
petroleum ether). The FDNM, l iberated during thermolys is ,  was collected in a low-tempera ture  t rap and 
identified as 2,2,2-fluorodinitroethanol;  bp 62-65 ~ (2 mm); u~ 1.4315. F r o m  [3]: bp 62-66 ~ (1-2 ram); n~ 
1.4338. The IR spec t rum was identical with the spec t rum of authentic 2,2,2-fluorodinitroethanol.  

Aeetal of 4 ,4 ,4-f luorodini t ro-3-methylbutanal  with 2,2,2-Fluorodinitroethanol (XII). With s t i r r ing,  
18:48 g of 2,2,2-fluorodinitroethanol was added dropwise at 19 ~ to 19 ml of H2SO 4 (d 1.83), af ter  which the 
mixture was s t i r r ed  at 35-40 ~ until the alcohol had dissolved completely.  Then the mixture was cooled to 
0 ~ and 3.88 g of (VI) was added dropwise in 30 min at 0-5 ~ af ter  which the mixture was s t i r red  at 0 ~ for 
4 h. The obtained viscous mass  was t r ans fe r r ed  to cracked ice, washed with chilled water,  and filtered. 
We obtained 6.15 g (63.5%) of (XII) as white needles with mp 69-69.5 ~ (from a CHC1 B-  CC14 mixture,  1 : 3). 
Found: C 22.27; H 2.12; N 17.75; F 12.00%; tool. wt. 481. CgHI1014N6F 3. Calculated:  C 22.32; H 2.29; N 
17.36; F 11.77%; mol. wt. 484. 

Acetal  of 4 ,4 ,4-Fluorodini t ro-3-methylbutanal  with 2,2,2-Trini t roethanol  (XIII). The react ion with 
21.72 g of 2 ,2 ,2- t r ini t roethanol  was run in the same manner  a s  in the preparat ion of {XII). T h e  product,  
isolated as viscous oil, was purified by reprecipi ta t ion from HNO 3 (d 1.50) solution with ice water.  Yield 
of (XIII) 1.32 g (12.3%), mp 56.5-57.5 ~ (from CC14). Found: C 20.50; H 2.16; N 20.60; F 3.52%; mol. wt. 512. 
CsHllO18NsF. Calculated: C 20.08; H 2.06; N 20.82; F 3.53%; mol. wt. 538. 

C O N C L U S I O N S  

1. The addition of f luorodinitromethane to unsaturated carbonyl compounds is p r imar i ly  accompl i shed  
at the double bond. 

2. In the case of the react ion with 2-butenal, together  with the adduct at the double bond, we also iso-  
lated the product  of the addition of FDNM to both react ion centers .  
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