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Brief Communications 

Synthesis of (difluoroamino)tetrazoles 
and [(difluoroamino)alkyl] tetrazoles 
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(Difluoroamino)te[razoles were obtained by direct fluorination of 5-aminotetrazoles with 
gaseous fluorine. Reactions of 2-(oxoalkyl)- and 2-{hydroxyalkyl)tetrazoles with difluoroamine 
yielded [(difluoroamino)alkylltet razoles. 
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The synthesis of difluoroamino compounds with the 
use of various difluoroaminating reagents has been ex- 
tensively studied, t However, most of the relevant papers 
are devoted to the preparation of aliphatic and alicyclic 
difluoroamino derivatives. For heteroaromatic com- 
pounds, there are few examples of such reactions. Among 
them, the synthesis of 2,4,6-trisldifluoroamino)tnazine, 2 
6-(difluoroamino)pyrimidines, 3 and 5-(difluoroamino)- 
dinitromethyltetrazole derivatives, 4 as well as the fluori- 
nation of aminofurazans into the corresponding (difluoro- 
amino)furazans are worth mentioning. 5 

In continuation of these investigations, we studied 
some methods for the synthesis of (ditluoroamino)- 
tetrazoles containing an NF2 group directly bound to 
the heterocyele and those for the preparation of 
alkyltetrazole derivatives with a difluoroamino group in 
the aliphatic radical. 

In the former case, the fluorination of an amino 
group in the series of N-alkyl-5-aminotetrazofes ( l a - -d )  
was studied. 1-Methyl- ( ia)  and 2-methyl-5-amino- 
tetrazoles ( lb)  were isolated in the individual form to 

+ Deceased 

compare their behavior during fluorination, 1,2-Bis- 
(5-aminotetrazolyl)ethane ( le)  and 1,3-bis(5-amino- 
tetrazolyl)-2-hydroxypropane ( ld)  were fluorinated as 
mixtures of isomers with an alkylene fragment bridging 
the tetrazole rings in positions I and 2 (three isomers in 
which the bridge connects positions I and 1'; 1 and 2"; 
and 2 and 2"; their ratio was not determined). To can3, 
out tile reaction, gaseous fluorine diluted with helium to 
30 vol % was passed at a decreased temperature through 
a solution of tetrazole in acetonitrile in the presence 
of NaF. 

It was found that, under these conditions, the fluori- 
nation of the amino group of compounds l a - - e  occurs 
selectively to give the corresponding 5-(difluoroamino) 
derivatives 2a--e (Scheme I). 

In the case of ld, the expected difluoroamino de- 
rivatives were not isolated, probably, because of the 
instability of" the hydroxy group under these conditions 
(this group is known to be oxidizable when exposed to 
fluorine). 6 

Thus. like the furazan ring, 5 the tetrazole ring proved 
to be rather fluorine-resistant. As can be judged from 
the yields of difluoroamino derivatives 2a,b, 1- and 
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2-a lky l -5-aminote t razo les  show similar  behavior  in the 
f luorination.  

5 - (Di f luoroamino) te t razo les  are quite  stable under  
normal  condi t ions.  However .  the partial decompos i t ion  
observed in the disti l lation o f  compounds  2a.b suggests 
their  relatively low thermal  stability. Isomers 2a,b have 
close phys icochemica l  characteris t ics  (b.p., nD 2t), and 
d42~ In the 19F N M R  spect rum of  2a, the signal from 
the NF~ group is slightly shifted downfield.  

To study whether  a d i f luoroamino  group can be 
introduced into the alkyl radical of  substituted tetrazoles, 
we carried out react ions of  2 - (2 -oxopropy l ) -  (3) and 
2 -hydroxyme thy l -5 -n i t ro t e t r azo l e s  (4) with d i f luoro-  
amine.  Such t ransformat ions  require a strong protonat -  
ing catalyst,  and 15--20% oleum was used for this 
purpose,  U n d e r  these condi t ions ,  tlae carbonyl group of  
c o m p o u n d  3 is rather smooth ly  t ransformed into a 
b i s (d i f luo roamino)methy lene  group, while the C H 2 O H  
group o f  c o m p o u n d  4 is t r ans fo rmed  into a (di-  
f luo roamino)methy i  group (Scheme 2). At the same 
t ime ,  the yield o f  the  target  2 - [ 2 , 2 - b i s ( d i f l u o r o -  
amino)p ropy t l -5 -n i t ro t e t r azo le  (5) from ketone 3 is 
>90%,  whereas  2 - [ ( d i f l u o r o a m i n o ) m e t h y l l - 5 - n i t r o -  
te trazole (6) is formed from alcohol  4 in much lower 
yields. Thus,  the d i f luoroaminat ion  o f  alcohol  4 is less 
efficient  than that o f  ketone 3, which is consistent with 
the l i terature data. ! The  prior acylation o f  c o m p o u n d  4 
with acetyl chloride insignificantly increased the yield of  
product  6. 
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Exper imenta l  

IH and tgF NMR spectra were recorded on a Hitachi 
Perkin--Elmer R-20 spectrometer (60.0 and 56.45 MHz, re- 
spectively). The +H chemical shifts are given with respect to 
hexamethyldisiloxane (internal standard): the ~gF chemical shir~s 
are referenced to triftuoroacetic acid (external standardL The 
purity of the products was checked by TLC on Silufol UV-254 
plates_ The starting compounds la ,b were prepared according to 
the known procedures; 7"8 bis(tetrazolyl)alkanes lc,d were ob- 
tained by the general procedure for the alkylation of aminotetr- 
azole with alkyl halides 9. Compounds 3 and 4 were synthesized 
from 5-nitrotetrazole. t~  

Caution! Manipulations involving difluoroamino derivatives, 
especially difluoroamine, can result in an explosion. 

5-(Difluoroamino)-l-methy|tetrazo|e (2a). A mixture of 
fluorine (30 vol %) and helium (70 vol %) ~'as bubbled at a rate 
of 2 L h -t  with stirring through a solution of aminotetrazole la 
(3.5 g. 0.035 tool) and NaF (4.0 g, 0.095 tool) in 30 mL of 
MeCN at - I 0  ~C for 4 h. Then, the reaction vessel was purged 
with nitrogen, the precipitate was separated, and the filtrate was 
treated with water (400 mL). The organic layer was separated, 
and the aqueous layer was extracted with ether (}00 mL). The 
combined extracts were washed with water (4x150 mL), dried 
over MgSO+, and concentrated in vacuo, and the residue was 
fractionated to give product 2a (I.7 g, 37%), b.p. 68--70 ~ 
(6 Torr), nD 2~ 1.4205, (/.42~ t.382. Found (%): C, 16. t9; H, 2.03; 
F, 27.45: N, 52.02. C2H3F2Ns- Calculated (%): C, 17.78; 
H, 2.22; F, 28.15; N, 51.85. 19F NMR, ,5:-137.7 (s, NF2). 
IH NMR. 5:3.60 (s, CH3). 

5-Difluoroamino-2-methyitetrazole (2b). Under the above 
conditions, aminotetrazole lb (3 g, 0.03 tool) in the presence of 
NaF (6 g, 0.142 tool) was fluorinated in a mixture of Freon-113 
(25 mL) and MeCN (60 mL) [o give product 2b (0.93 g, 
23_7%), b.p. 61 ~ (15 Yorr), nD 2~ 1.4210, d42~ 1.380. 
Found (%): C, 18.38: H, 1.96; F, 27.17; N, 50.93. C2H3FzN 5. 
Calculated (%): C. t7.78; H. 2_22: F, 28.15: N, 50.85. 19F NMR. 
& -140.4 (s, NF_,). IH NMR, 5:3.80 (s, CH3). 

A mixture of isomeric bis[5-(difluoroamino)tetrazolyl]ethanes 
(2c). A mixture of aminotetrazoles Ic (5 g, 0.026 tool) in the 
presence of NaF (10 g, 0.238 mob in 50 mL of MeCN was 
fluorinated as described for tetrazole la. Product 2c (2.26 g, 
29%) is a mixture of three isomers (their ratio was not deter- 
mined), m.p. 37--38 oC (from heptane). Found (%): C. 17.12: 
H, 1.45; F, 26.19: N, 5~.95. C.~H4F4Nt~). Catcutated (%): 
C, 17.92: H, 1.50: F, 28.36: N, 52.24. 19F NMR, 6: -138.1  
(br.s, NF~). tH NMR, 6:4.1 (s, 2 CH2). 

2-[2,2-Bis(difluoroamino)propyl]-5-nitrotetrazole (5). To a 
solution of compound 3 (1.0 g, 6 mmol) in 15 mL of dry, 
CH?CI~ 20% oleum (4 mL) was added. Difluoroamine (2 mL, 
56 retool) obtained from triphenyl(difluoroamino)methane 
(30 g)l was condensed in the reaction vessel through a bubbling 
tube with stirring at 0--5 ~ The reaction mixture was stirred at 
0 ~ for 2 h until the difluoroamine ceased to condense in the 
ret3ux condenser, then at -20 ~ for 3 h, and poured onto 
crushed ice with water. Products were extracted with CH2C] 2 
(2• 15 mL). The organic layer was separated, dried with MgSO+, 
and concentrated to give tetrazole 5 (I.4 g. 91.6%), m.p. 94 ~ 
(from aqueous ethanol), Rf 0.48 (CHCI 3 as an eluent). 
Found (%): C, 18.36; H, 2.4.0; F, 28.69; N, 37.73. C4H<F4NTO,. 
Ca cu ated (%) C, 18.54; H, 1.94; F, 29.33; N, 37.84. ~qF NMI~, 
6: -108. i (s. NF~). tH NMR, 6:1.82 (s, CH3); 5.57 (s, CHz). 

2-[(Difluoroamino)methyl]-5-nitrotetrazole (6). Under simi- 
lar conditions, product 6 (1.2 g, 22%) was obtained from 
compound 4 (4.4 g, 0.03 mob as a difficu|tIy crystallizable 
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solid: Rf 0.42. CH3C12 as an eluent. Found (%): C, 12.52; H, 
097:  F, 22.58: N. 47.82. C3H2F2N~,O2. Calculated t'%): C, 
13.34: H. 1.12: F. 21.10: N, 46.67. !~F NMR, ~3: - I  10.0 (br.s. 
NF2). IH NMR, 8:2.32 (t, CH 2. JH-F = 2.5 Hz). 

Recrystallization of the product from an aqueous--ethanol 
solution gave monosolvate 6 (with octe molecule of ethanol), 
m.p. 91--92 ':C. Found (%): C, 21_86: H, 3.64: F, 16.56; 
N, 37[)8. C,H2FxNf, O2.C2H~O. Calculated (%): C, 21.24: 
H, 3.57, F. 16.80: N, 37. t6. 
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