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3-F luo ro -3 ,3 -d in i t r o - l - aminop ropane  can be synthesized by basical ly  different methods,  viz. by f luo-  
r ination of salts of 3 ,3 -d in i t ro - l - aminopropane  or  by the react ion of Schmidt and Curtius,  start ing f rom 
a carbonyl compound containing the 3- f luoro-3 ,3-din i t ropropyl  group. For  the synthesis  of the f irst  type, we 
have used the method of fluorination in water ,  which has been recent ly  widely studied. The internal salt of 3,3-  
d in i t ro - l - aminopropane  was used as the s tar t ing compound. * 

K+~(N0.,&CH~CH.~NH~ HC~ ~(~0~)~CH~CH..OH~ F, IFC( 0~)~CHoCH~H~i..SiF ~- 
(I) (II) too, sto: (IV) 

Br~ 1 It20 
+ 

BrC (N02)~ CH~CH~NH~Br- 
(lli) 

The potass ium salt (I) was produced f rom 3 ,3 ,3 - t r in i t ro - l - aminopropane  descr ibed in [2]. The r e a c -  
tivity of salt  (II) was previously  checked by brominat ion in water ,  which gave a good yield of 3 -b romo-3 ,3 -  
d in i t ro - l - aminopropane  hydrobromide (III); mp 167 ~ with decomposition. Fluorination of salt  (II) in a glass 
r eac to r  resul ted in the format ion of 3 - f luo ro -3 ,3 -d in i t ro - l - aminopropane  hexafluorosi l icate  (IV) in a 66% 
yield. Thus, under conditions selected by us, the f i rs t  stage of the p rocess ,  i .e. ,  the fluorine attack on the 
anion center  of salt (II), is prominent .  It should be pointed out that such a select ivi ty essent ial ly  depends 
on the degree of dilution of fluorine with nitrogen and on the rat io of fluorine to the salt  being fluorinated. 
The separat ion of the react ion product in the form of a hexafluorosi l icate  is obviously due to the react ion 
between glass  s i l icates  and HF formed during the reaction. 

For  the synthesis  of the second type, we have used 4 - f luoro-4 ,4 -d in i t robu tyry l  chloride [3] in the 
Curtius reaction.  

[ RCON3 [ --N~,. RNCO HCI_~ RNHaC1- NaOCOCH, + (CH,CO),O RNHCOCHs 
H,O 

(v) (vi) (vii) 

j H.,O ] BaCI2, CHaC (NOQ2H 
NaNa I-IF Si02 CH~O ] 

RCOC1 (RI~Ha)2SiF~- HNHCH~C (NO~) CHa HNO.~, HN(NO~)CH2C(NO2)2CHs 
(IV) (viii) I-l=so, (IX) 

R = FC (N02)2 CH~CH~ 

We did not isolate the azide of 4- f luoro-4 ,4-d in i t robutyr ic  acid f rom the react ion mixture~ but boiled 
it in ch loroform to convert  it into the isocyanate (V). The la t ter  was isolated, distilled in vacuo and hydro-  
lyzed in a quartz flask with HC1 or  HF to obtain hydrochlor ide (VI) or  hexafluorosi l icate (IV) of 3 - f luoro-  
3 ,3 -d in i t ro - l - aminopropane .  When salt  (IV) was t reated with a BaCI~ solution, the hydrochlor ide (VI) was 
quantitatively formed; this react ion was also used for  the determinat ion of the SiFG 2- anion. We have 

* We have published the p re l iminary  resul ts  in [1]. 

Institute of Chemical Phys ics ,  Academy of Sciences of the USSR. Trans la ted  f rom Izves t iya  Akad- 
emil Nauk SSSR, Seriya Khimicheskaya,  No. 11, pp. 2562-2564, November ,  1969. Original ar t ic le  sub- 
mitted April 17, 1969. 

�9 Co,s,h,~zt.~ B, re , , .  a divi.~io, of Ple,z,*~ Ptd:./ishin~ Corpcsratiorz, 227 [['e:;t 17th. StreeL '$'ew York, 
N. )'. 10011. l i t  r[K/z[8 reserued, finis article cant~vt be reproduced for azzy [)urpose uhatsoever without 
permis.~ion of the p,bh:.sher, t copy of t(zis article /.s" ,uai lable fro,~ the pt~bli.sher for $iJ.O0. 

2397 



inves t iga ted  s o m e  reac t ions  of 3 - f l u o r o - 3 , 3 - d i n i t r o - t - a m i n o p r o p a n e .  When hydroehlor ide  (Vt) was heated 
with acet ic  acid anhydride in the p r e s e n c e  of CH3COONa, N- (3- f luoro-3 ,3 -d in i t ropropy l )  ace tamide  (VII) 
was formed.  Condensation of sal t  (VI) with formaldehyde  and 1 ,1-dini t roethane gave 1 - f i u o r o - l , l , 6 , 6 - t e t r a -  
n i t r o -4 -azahep t ane  (VIII), which can be eas i ly  n i t ra ted  with a mix tu re  of concent ra ted  HNO 3 and tt2SO 4 to 
1 - f l u o r o - l , 1 , 4 , 6 , 6 - p e n t a n i t r o - 4 - a z a h e p t a n e  (IX). 

EXPERIMENTAL 

Internal Salt of 3,3-Dinitro-!-aminopropane ~I ~, A solution of 7.48 g of potassium-3,3-dinitro-l- 
aminoprepane (decomposition temp. 156-159 ~ in 150 ml of water was acidified with cone. HCI t ~ pH 6 and 
cooled to -5~ the precipitated salt was separated by filtration, washed with ice water, alcohol, and ether, 
and air-dried. The yield of (H) was 4.48 g (75% theor.) the yellow crystals melted with decomposition at 
150 ~ (after recrystallization from water). Found: C 23.33; H 3.98; N 27.70%. C3HTN30 r Calculated: C 24.16; 
H 4,69; N 28.19%. 

3-Fluoro-3,3-dinitro-l-aminopropane Hexafluorosilicate.(!y ~. A mixture of 3,80 g F 2 with N 2 (volume 
ratio I: 18) was passed for I. 5 h through a stirred suspension of 9.66 g of (II) in 150 ml of water. Then the solution 
was evaporated to 1 / 3 volume at 40-50 ~ under vacuum, and the residue was cooled to -5 % The precipitated crys- 
tals were separated by filtration, washed with ice water~ alcohol, and ether, and dried; 8.14 g of (IV) were 
obtained. A further 2,77 gwere recovered by evaporating the filtrate to dryness and recrystallizing the resi- 
due from water. The total yield was 65.9%; (IV) was obtained in the form of white platelets melting at 208 ~ 
(with decomposition). Found: F31.67; N 17.60; SiF62" 24.48%. C~HI4FaNsOsSi. Calculated: F 31.80; N 17.57; 
SiF~ 2" 29.71%. 

A mix tu re  of 9.65 g of (V) and 25 ml  of 40% HF was  hea ted  fo r  2.5 h at 95-100 ~ in a quar tz  f lask  equip-  
ped with a reflux condenser .  The reac t ion  mix tu re  was cooled to - 5  ~ and f i l tered.  The p rec ip i t a ted  c r y s -  
ta l s  we re  washed with ice wate r ,  alcohol,  ande ther ;  11.15 g of the sal t  were  obtained. A f u r t h e r  0,72 g were  
r e c o v e r e d  by evapora t ing  the f i l t ra te  to d rynes s  and r ec rys t a l t i z ing  the res idue  f r o m  water .  The total  yield 
was  99.33%; mp 208 ~ (with decomposi t ion) .  When this product  was mixed with (IV) produced as  above the re  
was  no d e p r e s s i o n  of the mel t ing  point.  The IR s p e c t r a  of both  subs tances  we re  identical .  

. 3 - F t u o r o - 3 , 3 - d i n i t r o - l - i s o c y a n a t o p r e p a n e  (V), A solution of 51.8 g of 4 - f luoro-4 ,4 -d in i t robu ty ry l  
chloride [3] in 36 ml  of CHC13 was added at 10-15 ~ with v igorous  s t i r r ing  to a solution of 31.4 g of NaN 3 in 
95 ml  water .  The mix tu re  was kept at 30 ~ for  30 rain, then the CHCI~ l aye r  was separa ted ,  and the aqueous 
l a y e r  was ex t rac ted  with 35 mI of CHCI~. The ch lo ro fo rm solut ions were  combined,  washed with w a t e r  (2 
• 20 ml)~ d r ied  o v e r  Na2SO~, and boi led under  ref lux until N 2 ceased  to evolve.  Then CHC13 was evapora ted  
and the resu l t an t  (V) was  dis t i l led  under  vacuum. The yield of (V) was 35 g (75.6%); it  was a co lo r l e s s  liquid; 
bp2mm--83-84~ nD2~ dr176 Found: C 24.68; H 2,09; F 9.92; N 21,76%; mol .wt ,  189~ C4H4FN305 . 
Calculated: C 24.88; H 2,09; F 9.92; N 21.60; mol ,wt .  193. 

3 - F l u o r o - 3 , 3 - d i n i t r o - l - a m i n o p r o p a n e  H.Ydrochloride (V). To 40 ml  of conc. HC1 (d42~ 119) we re  
added with s t i r r i ng  23.4 g of (V). The solution was heated  for  2 h at 95-100~ then evapora ted  to d r y n e s s  at 
a p r e s s u r e  of 15-20 ram.  The yie ld  of (VI) was 24.1 g (98%); it  f o rmed  white c r y s t a l s  mel t ing  at 168-170% 
Found: C 17.70; H 3.47; F 8.33; N 20.64%. C3HTCIFN304. Calculated:  C 17.58; H 3.78; F 8.53; N 20.65%. 

Solutions of 4,78 of (IV) in 50 ml  wa te r  and 2,29 g of BaC12 in 20 ml  wa te r  heated  to 90 ~ were  mixed 
toge the r  with s t i r r ing .  The resul tan t  suspens ion was s t i r r e d  for  30 rain, and then cooled to 0 ~ The p r e c i p -  
i ta te  was s epa ra t ed  by f i l t ra t ion,  washed with wa te r ,  methanol ,  and absolute  e ther ,  and dr ied;  2,771 g 
(99.22%) of BaSiF s we re  obtained. The f i l t r a te  was  evapora ted  to d rynes s .  Af ter  r ec rys t a l l i z a t i on  of the 
res idue ,  2.00 g (98.3%) of (VI) w e r e  obtained. When this product  was mixed  with (VI) produced  as  above 
the re  was no dep re s s ion  of the mel t ing  point. 

N- (3-F luor073 ,3-d in i t ropropyl~ace tamide  (VI~. A mix tu re  of 10.2 g of (VI), 10.2 g of CH3COONa.3H20, 
and 47 ml  of (CH3CO)20 was s t i r r e d  fo r  2 h at 70-75 ~ The ace t ic  acid and i ts  anhydride were  dr iven  off at 
15-20 ram;  the res idue  was  d i sso lved  in 150 ml  of CH2C12; the solution was  f i l te red ,  washed with 2% Na2CO3 
solution,  then with water ,  and dr ied  o v e r  Na2SOr Af te r  evapora t ion  of the solvent  the res idue  was dis t i l led 
under  vacuum. The yield of (VII) was 6.8 g (65%); it f o rmed  a yel lowish oil; b p l m m = l l 9 - 1 2 1 ~  nD2~ 
Found: C 28.78; H 3,91; F 8.71; N 20,30%. C5HsFN305. Calculated: C 28.71; H 3.87; F 9.09; N 20.09%. (Ac- 
cording to [4], bP2mm=125-130~ nD2~ =1.4603.) 
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l-Fluoro-l,l,6,6-tetranitro-4-azaheptane (VIII). To a solution of 2.04 g of (VI) in 50 ml water were 
added 2.61 g of l,l-dinitroethane and 2.64 g of 25% solution of formaldehyde in water. The pH was adjusted 
to 7 by adding crystalline Na2CO 3 with stirring. The mixture was kept at 18-25 ~ for 24 h; the separated oil 
crystallized on trituration. The precipitate was separated by filtration, washed with water and dried, The 
yield of (VIII) was 5.52 g (92.3%); the compound formed white crystals melting at 51-52 ~ (after crystalliza- 
tion from CCI 4 and CHCI3). Found: C 24.08; H 3.34; F 6.35; N 23.41%. CGHIoFNsO ~. Calculated: C 23.90; 
H 3.29; F 6.16; N 23.63%. 

!-Fluoro-l,l,4,6,6-pentanitro-4-azaheptane (IX). Compound (VIII) (1.5 g) was dissolved at 15 ~ in 15 
ml HNO 3 (sp. gr. 1.50) and 30 ml H2SO 4 (sp. gr. 1.84) were added; the mixture was kept at 15-20 ~ for 2 h, 
and then poured onto crushed ice. The crystals formed were separated by filtration, washed with water 
and air-dried. The yield of white erystals of (VIII) was 1.69 g (99.4%); mp 85-86 ~ (after recrystallization 
from CHCI3). Found: C 20.93; H 2.61~ F 5.51; N 24.41%. CGHgFNGOI0. Calculated; C 20.81; H 2.84; F 5.36; 
N 24.51%. 

CONCLUSIONS 

I. On the example of the fluorination of the internal salt of 3,3-dinitro-l-aminopropane in water, it 
was shown that a selective fluorination of the anion center in nitroalkylamines, with preservation of the 
amino group, is possible. 

2. Salts and some N-substituted derivatives of 3-fluoro-3,3-dinitro-l-aminopropane were synthesized. 

i. 

2. 

3. 
4. 
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