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The reaction of isopropyl fluorocarbamate with aryldiazonium fluoroborates, in the presence of a mild base, 
gave aryl azides, isopropyl fluoroformate, and diisopropyl N-fluoriminodicarboxylate. Difluoramine and 
benzenediazoniiim fluoroborate gave o-fluorophenyl azide, p-fluorophenyl azide, and benzene. Difluoramine and 
2,4,6-trimethylbenzenediazonium fluoroborate gave 2,4,6-trimethylphenyl azide. The products are rationalized 
on the basis of fluorotriazene intermediates. 

Reactions of aryldiazonium ions with nucleophilic 
nitrogen species generally result in direct coupling prod- 
ucts, as in the case of amines,2 or nitrogen displacement 
products, as in the case of sodium nitrite.3 Aromat,ic 
azides are formed from coupling products to nitrogen 
compounds with substituents that readily undergo a 
elimination, such as hydr~xylamine,~ aryl hydrazine^,^ 
sulfonamidesq6 and chloramine.' It was of interest 
to determine tht: effect of NF  groups on diazonium re- 
actions. Alkyl fluorocarbamates have been shown 
to be sufficiently acidic to form anions under mild con- 
ditions ;* so either coupling or nitrogen displacement 
might be expected. Difluoramine has not been re- 
ported to give a stable anion, but its hydrogen is suf- 
ficiently labile to undergo elect'rophilic substitution. 

KO reaction took place when isopropyl fluorocar- 
bamate was added to a suspension of an aryldiazonium 
fluoroborate in methylene chloride; a mild base was 
required to effect condensation. The addition of po- 
t'assium fluoride to isopropyl fluorocarbamate and 
benzenediazonium fluoroborate in methyl chloride at  
0-5" gave a 71.5% yield of phenyl azide, an lS% yield 
of diisopropyl S-fluoriminodicarboxylate, and iso- 
propyl fluoroformate, which codistilled with the sol- 
vent. The addition of ammonia to the solvent fraction 
gave a 61% over-all yield of isopropyl carbamate. 
Higher react'ion temperatures resulted in increases 
in yields of diisopropyl S-fluoriminodicarboxylate. 
Similarly, o-nitrobenzenediazonium fluoroborate, m- 
nitrobenzenediazonium fluoroborate, and p-nitroben- 
zenediazonium fluoroborate were converted into the 
corresponding azides in yields of 79-98%. The use of 
pyridine instead of potassium fluoride to remove fluoro- 
boric acid gave the same results. 

The formation of aryl azides by this reaction repre- 
sent's another example of diazonium coupling to a nitro- 
gen compound with a elimination, the first such example 
in which an acyl halide is eliminated. The coupling 
product could lose fluoride and acylium ions or, alter- 
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natively, S N ~  attack by fluoride on the carbonyl carbon 
could give the fluoroformate and the S-F anion which 
would lose fluoride to give the azide (eq 1). 

ArN2+BF4- + HNFC02R + base + 
F 

ArN=KI&CO2R + base.HBF4 (1) 
F 
I 

ArN=NNCOR ----f ArN3 + FCOR 
I1 
0 

I 1  
0 

Diisopropyl N-fluoriminodicarboxylate was most 
likely formed from the reaction of isopropyl fluoro- 
formate with isopropyl fluorocarbamate. The acyl- 
ation of N-fluorocarbamates with chloroformates has 
been reporteds (eq 2). 

F 

ROCNHF + ROCF -- R O C ~ C O R  (2) 
II II 
0 0  

/ I  8 0 

Benzenediazonium fluoroborate, which has low solu- 
bility in common solvents, including water, was found 
to be very soluble in liquid difluoramine at  its boiling 
point (-23'). No reaction took place, and the diazo- 
nium salt was recovered quantitatively when the difluor- 
amine was removed. However, the addition of pyri- 
dine or potassium fluoride to remove fluoroboric acid re- 
sulted in the formation of o-fluorophenyl azide, p-fluoro- 
phenyl azide, and benzene. These azides, as well as 
the meta isomer, were synthesized independently by 
the nitrosation of the corresponding fluorophenylhy- 
drazines and comparison of the fluorine nmr spectra of 
the three with that of the product showed that only the 
latter was absent. Yields in the difluoramine reaction 
were variable, and considerable amounts of tars were 
formed. In  several instances two unidentified products 
were formed with 19F signals indicative of KF com- 
pounds: a 1 : 1 : 1 triplet at  +* -32.51° and a broadened 
singlet a t  +* -26.2. 

Sodium fluoride was not sufficiently basic to effect the 
condensation of the diazonium salt with difluoramine, 
and the starting material was recovered. Cesium fluo- 
ride, on the other hand, gave violent decomposition even 
when methylene chloride was added as a diluent. 

o-Fluorophenyl azide and p-fluorophenyl azide 
could be formed from the expected coupling product, 
l-phenyl-3,3-difluorotriazene, by loss of fluoride ion to 
give a resonance-stabilized cation having carbonium 
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ion character a t  the ortho and para positions. The 
addition of fluoride at  these positions would give semi- 
quinoid intermediates which would give the observed 
fluoro azides by the elimination of HF. The absence of 
the meta isomer is consistent with this mechanism (eq 
3) * 

-F- CQH5N=NNF2 - C6H5N=NNFt 

(3) 

Diazonium salt reductions generally take place by a 
homolytic mechanism, l 1  and the above difluorotri- 
azene would be expected to react readily in this manner 
by loss of the stable12 difluoramino radical. The re- 
sulting diazoaryl or aryl radicals could abstract hydro- 
gen from difluoramine to give benzene. 

Blocking the ortho and para positions of the dia- 
zonium salt with methyls should alter the above path 
in two ways. The diazonium coupling product should 
lose fluoride more readily because of methyl stabiliza- 
tion of positjive charge in the ring. Homolytic decom- 
position should therefore consume a smaller portion of 
the intermediate. However, addition of fluoride ion to 
ortho or para positions in the cation cannot lead to 
fluoro azides without the rupture of a C-C bond; so this 
step should be reversible. 

The reaction of 2,4,6-trimethylbenzenediazonium 
fluoroborate with difluoramine in the presence of po- 
tassium fluoride was found to give an 86% yield of 2,4,6- 
trimethylphenyl azide and a trace of mesitylene. 
The azide could not be distilled without decomposition, 
but an analytical sample for comparison was prepared 
independently from the diazonium salt and sodium 
azide. The formation of 2,4,6-trimethylphenyl azide 
could take place by loss of fluoride from the tri- 
azene, followed by aromatization by loss of electropos- 
itive fluorine to an available fluorination substrate, 
ie., difluoramine. An example of the fluorination of 
an anion by a neutral difluoramino compound has been 
reported13 (eq 4). 

The products obtained in the reactions of diazonium 
salts with isopropyl fluorocarbamate and with di- 
fluoramine thus indicate that nitrogen coupling takes 
place to give unstable fluorotriazenes, which can react 
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cH3q-$N3 - CHJ FX=$"-.. 

CH3 CH, 

further by a variety of mechanisms, depending on sub- 
stituents. 

Experimental Section 
Reaction of Isopropyl Fluorocarbamate with Benzenediazo- 

nium F1uoroborate.-Benzenediazonium fluoroborate14 (5.73 g, 
0.030 mol) was added to a solution of 3.63 g (0.030 mol) of 
isopropyl fluorocarbamatea in 30 ml of methylene chloride, 
The resulting slurry was cooled to O D ,  and 6.0 g (0.104 mol) of 
potassium fluoride was added in small portions over a 10-min 
period. After the mixture was stirred an additional 2.5 hr a t  
&5', it  was pressure filtered, and the solids were washed with 
three 10-ml portions of methylene chloride. The solvent was 
removed from the combined methylene chlcride solutions by 
distillation 125' (300 mm)] , and the residue was vacuum distilled 
to give 2.55 g (0.0214 mol, 71.3Oj, yield) of phenyl azide, bp 49- 
50" (5 mm),ls and 1.13 g (0.0055 mol, 18% yield) of diisopropyl 
N-fluoriminodicarboxylate, bp 68' (0.02 mm). 

Anal. Calcd for CaH14N04F: C, 46.38; H, 6.77; N, 6.77; 
F,9.19.  Found: C,46.14; H, 6.92; N, 7.01; F,  9.22. 

The l9F nmr spectrum consisted of a single peak a t  +* 68.7. 
The proton spectrum showed only isopropyl groups (doublet a t  
6 1.38 and septet a t  6 5.10). 

Isopropyl fluoroformate codistilled with the solvent, and a 
sample was isolated by gas chromatography (10 X 0.25 in. 
column of 5y0 Carbowax 4000 on Fluoropak 80 at  60'). 

Anal. Calcd for C4H702F: C, 45.28; H, 6.60. Found: C, 
45.39; H, 6.85. 

The infrared spectrum showed carbonyl absorption a t  5.5 @. 

The '9F nmr spectrum consisted of an octet ( J  = 1.5 cps), with 
outer members barely detectable over background. Fluorine 
spectra of other fluoroformates have been reported in this region.16 
The proton spectrum consisted of a doublet (JHH = 6.3 cps) of 
doublets (JHF = 1.5 cps) a t  6 1.41 for the methyls and a septet 
(JHH = 6.3 cps) of doublets (JHF = 1.5 cps) for the CH. An- 
hydrous ammonia was bubbled through the methylene chloride 
solution for several minutes. The solvent was removed under 
vacuum to give 1.87 g (0.0182 mol, 61% yield) of isopropyl car- 
bamate, mp 93O.l' 

Reaction of Isopropyl Fluorocarbamate with Nitrobenzene- 
diazonium F1uoroborates.-Potassium fluoride (1.2 g, 0.020 mol) 
was added during a 10-min period with stirring to a mixture of 
10 ml of methylene chloride, 2.37 g (0.01 mol) of o-nitrobenzene- 
diazonium fluoroborate, and 1.21 g (0.01 mol) of isopropyl 
fluorocarbamate at  0". The flask was allowed to warm to room 
temperature, and stirring was continued for 45 min. The 
solution was filtered, and the precipitate was washed with 25 
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ml of methylene chloride. Solvent was removed from the corn- 
bined methylene chloride solutions under vacuum. The residue, 
an oil, was crystallized from pentane to give 1.61 g (98% yield) 
of o-nitrophenyl azide, mp 51-52' (lit.18 mp 53'). 

The identical procedure with m-nitrobenzenediazonium fluoro- 
borate gave 1.40 g (85% yield) of m-nitrophenyl azide, mp 51-53' 
(lit.19 mp 55"). Similarly, p-nitrobenzenediazonium fluoroborate 
gave 1.3 g (79y0 yield) of p-nitrophenyl azide, mp 68" (1it.m 
mp 70"). The three azides gave satisfactory elemental analyses. 

The above reactions were also conducted with pyridine rather 
than potassium fluoride as the base. Thus, 2.37 g (0.03 mol) of 
pyridine was added, dropwise with stirring at  &5", to a stirred 
mixture of 3.63 g (0.03 mol) of isopropyl fluorocarbamate, 
5.73 g (0.0242 mol) of p-nitrobenzenediazonium fluoroborate, and 
30 ml of methylene chloride. The mixture was kept at 0-5', 
n'ith stirring, for 30 min. A precipitate, identified as pyridine 
fluoroborate by its infrared spectrum, was filtered off and washed 
with methylene chloride. Solvent was removed from the com- 
bined solutions to yield 4.6 g of crude p-nitrophenyl azide, mp 
55-60'. Recrystallization from methylene chloride and pentane 
gave 2.5 g (63% yield) of product, mp 70". 

Starting with o-nitrobenzenediazonium fluoroborate, the same 
procedure gave 4.3 g of crude product, mp 25-40'. Recrystal- 
lization as above gave 2.2 g (55y0 yield) of o-nitrophenyl azide, 
mp 52-53'. 

Fluorophenyl Azides.-Sodium nitrite (0.43 g, 0.0062 mol) was 
added dropwise to a stirred suspension of 1.0 g (0.0062 mol) of 
p-fluorophenylhydrazine hydrochloride in 5 ml of water while 
the reaction temperature was held a t  0-5'. The mixture was 
kept a t  this temperature for 15 min, and the product was ex- 
tracted with 3 ml of carbon tetrachloride. The solution was 
dried over sodium sulfate and was filtered. The I9F nmr spectrum 
showed a "quintet" at $* 118.1. 

The same procedure was used to prepare solutions of o-fluoro- 
phenyl azide and m-fliiorophenyl azide in carbon tetrachloride, 
employing the corresponding fluorophenylhydrazine hydro- 
chlorides as starting materials. The l9F signal of o-fluorophenyl 
azide was an almost symmetrical multiplet a t  +* 127.5. That 
of rn-fluorophenyl azide exhibited a general quartet profile 
with additional splitting of the inner members; its position was 
+* 112.0. The irfrared spectra showed strong azide bands at  
4.7 p.  

Reaction of Benzenediazonium Fluoroborate with Difluoramine. 
-Difluoramine was generated as described previously. 21 Explo- 
sion shields and remote handling devices are required, and air 
must be excluded from the system. 

Pyridine (0.62 g, 0.0104 mol) was added dropwise, withstirring, 
to a mixture of 2.0 g (0.0104 mol) of benzenediazonium fluoro- 
borate and 4.5 g 3f difluoramine at  -40". The reaction tem- 
perature was allowed to rise to -10" over a I-hr period, and 10 
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ml of methylene chloride was then added. Excess difluoramine 
was vented off, and the remaining solution was filtered. The 
filtrate was kept a t  ambient temperature while the solvent was 
removed by distillation into a -80' receiver as the pressure 
was gradually reduced to 100 mm. The pressure was then lowered 
to 0.01 mm to yield 0.1 g of distillate. The 19F nmr spectrum 
showed p-fluorophenyl azide (+ 118 ppm) and o-fluorophenyl 
azide (+* 127 ppm) in a ratio of 62: 102. 

In two of six similar experiments, two additional IgF signals 
were observed, a 1 : l :  1 triplet ( J  = 46 cps) at +* -32.5 and 3. 
broadened singlet a t  +* -26.2. Benzene was also formed in 
variable amounts. 

The use of potassium fluoride instead of pyridine gave similar 
results. Sodium fluoride, however, did not effect condensation, 
and the benzenediazonium fluoroborate was recovered quantita- 
tively. The use of cesium fluoride resulted in an explosion when 
no diluent was used and a fume-off when methylene chloride 
was added. 

Reaction of 2,4,6-Trimethylbenzenediazonium Fluoroborate 
with Difluoramine.-To a solution of 2.34 g (0.01 mol) of 2,4,6- 
trimethylbenzenediazonium fluoroborate22 in 3 ml of refluxing 
difluoramine, 2.0 g (0.034 mol) of potassium fluoride was intro- 
duced by means of an addition tube. The mixture was stirred 
under reflux for 1.5 hr, and 5 ml of methylene chloride was added. 
Unreacted difluoramine was vented and the solut'ion was filtered. 
The precipitate was washed with 50 ml of methylene chloride, 
and the combined solutions were stripped of solvent in a rotary 
evaporator. The residue consisted of 1.4 g of oil, the infrared 
spectrum of which indicated that it was 2,4,6-trimethylphenyl 
azide (86y0 yield) containing a trace of mesitylene. Attempted 
vacuum distillation of the material resulted in decomposition. 

A sample of 2,4,6-trimethylphenyl azide for comparison was 
prepared by adding a solution of 0.28 g (0.0043 mol) of sodium 
azide in 5 ml of water to a solution of 1.0 g (0.0043 mol) of 2,4,6- 
trimethylbenzenediazonium fluoroborate in 20 ml of wvster a t  5'. 
An oil separated; after 15 min it was extracted with 10 ml of 
methylene chloride. The solution was dried over sodium sulfat,e, 
and the solvent was removed under vacuum. 

Anal. Calcdfor C ~ H I I N ~ :  C, 67.1; H, 6.83; N, 26.1. Found: 
C, 67.27; H, 6.74; N, 25.41. 

The infrared spectrum contained peaks at  p 3.40 (w), 4.72 (s), 
6.2 (w), 6.8 (m), 7.6 (m), 7.8 (m), 9.1 (w), and 11.7 (m). 

Registry No.-Isopropyl fluorocarbamate, 17603- 
82-6; difluoramine, 10405-27-3; diisopropyl K-fluor- 
iminodicarboxylat'e, 17603-84-8 ; isopropyl fluorofor- 
mate, 461-71-2; 2,4,6-trimethylphenyl azide, 14213- 
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