Thefirst application of Selectfluor ™ in electrophilic fluorination of
amines. a new route to —-NF,, -NHF, and >NF compounds
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Reactions of primary amines, RNH, [R = (CH3;);C-,
(CH3),CH-, CH3(CHy),-, (CH3);CHCH,~, CH3(CH,)s-]
and secondary amines, R,NH [(R = CH3CH,—, CH3(CH,),—,
(CHj3),CHCH,-], with Selectfluor™ in acetonitrile or DMF
or DMA result in formation of the corresponding RNF,,
RNHF, and R,NF in high yields.

The synthesis and reactivity of compounds that contain the
nitrogen—fluorine bond have been studied extensively.2~” Many
methods have been developed to prepare N-fluoroamines and
N,N-difluoroamines by using either elemental fluorine or other
fluorine-transfer reagents which often gave poor yields of the
final productsand required extreme precautions. In 1960, Frazer
reported the formation of RNF, (R = CHg, C;Hs) in moderate
yields from photolysis of RI + NoF,4 through Pyrex.8 Thermo-
lysis of mixtures of alkanes and NoF; at 300 °C resulted in
mono and disubstituted difluoroamino compounds.® However,
with the advent of modern day electrophilic fluorinating
reagents, such as CF30F, XeF,, CIOzF and CsSO,4F, as well as
fluorineitself, it has been possible to prepare a variety of >NF
or —NHF compounds.®-11 A decade ago we reported the
effective synthesis of acyclic secondary and cyclic fluor-
oamines, in addition to N-nitrosoamines, by using trifluor-
oamine oxide (NF30) as the fluorinating agent at <0 °C.12

The application of Selectfluor™ for the electrophilic fluor-
ination of primary and secondary amines provides a powerful
straightforward one step route to —-NF, and >NF compounds
and, for the first time, the opportunity to prepare —-NHF
compounds via control of reaction stoichiometry. Since the
discovery of this reagent, considerable success in the electro-
philic fluorination of organic molecules, especialy in the
formation of C—F bonds, has been realized but the mechanism of
the fluorine-transfer step has remained minimally under-
stood.13-15

Initially, tert-butylamine (3 mmol) was reacted with Select-
fluor™ (6.2 mmol) at 0 °C in acetonitrilefor 6 h. Analysis of the

the tert-butylamine. Separation of tert-butyldifluoroamine from
acetonitrile was not very clean due to the small difference
between the boiling points of the solvent and the product. tert-
Butyldifluoroamine was characterized spectroscopicaly in
acetonitrile solution. The above reaction was aso found to be
equally successful when DMF or DMA was used as solvent and
was completed within an hour. These solvents were found to be
suitable due to their high boiling points which made the
separation of the products from the solvent relatively straight-
forward. In some cases, the formation of (CH3),NCOF16 (<
5%) was observed as a byproduct when DMF was used as a
solvent. By using similar reaction conditions,t the other
primary amines, RNH, [R = (CHjz),CH—, CH3(CHj)—,
(CH3)>CHCH>—, CH3(CH,)s—], were converted in DMA solu-
tion into the corresponding difluoroamines in good yields
(Scheme 1, Table 1). An attempt to prepare tert-butyl
fluoroamine [(CH3)sCNHF] by the slow addition of a DMF
solution of tert-butylamine (3 mmol) into astirred suspension of
Selectfluor™ (3 mmol) solution in DMF resulted in the
formation of a mixture of difluoro and fluoroamine in a 9:1
ratio. However, when the addition of the reagents was reversed,
tert-butylfluoroamine was formed as the sole product (Scheme
1, Table 1).

Several secondary amines, Ro,NH [(R = CH3CH—,
CH3(CH)>—, (CH3),CHCH>], were reacted a 0 °C to 25 °C
with 1.2 equiv. of Selectfluor™ in DMA for 2 h. Separation of

RNH,
(0.45 equiv.)

DMF or DMA

CH,CI
|+

N
(1.2 equiv.)

[Sj (BF: ),
DMF or DMA

R = (CH3)sC, (CH3)2CH, CH3(CHg)a,
(CH3)oCHCH,, CH3(CHz)3

RNH,
RNHF

reaction mixture with GCM S showed compl ete consumption of Scheme 1
Table 1 Electrophilic fluorination of amines with Selectfluor™a
Conversion Yield (%) 19F NMR
Entry Substrates Products® (%) (pure) (6in ppm)
1 (CH3)sCNH, (CH3)sCNF» 100 80 286
2 (CH3)sCNH, (CH3)sCNHFd 100 85 —120.3
3 (CH3z),CHNH, (CH3),CNF, 100 78 39.0
4 (CH3),CHNH, (CH3),CHNHFd 100 82 —131.7
5 CH3(CHy):NH, CH3(CHy),NF, 100 75 55.0
6 CHa(CH,),NH, CHa(CH,),NHFd 100 63 —117.3
7 (CH3),CHCH,NH, (CH3),CHCH,NF, 100 74 330
8 (CH3),CHCH,NH, (CH3),CHCH,NHFd 100 66 —140.9
9 CHa(CH.)sNH, CHa(CH,)sNF» 100 72 54.8
10 CH3(CHy)sNH, CH3(CHy)sNHFd 100 80 —116.6
11 (CH3CHy),NH (CH3CH,),NF 100 65 —53.0
12 (CH3CH,CH,),NH (CH3CH,CH,),NF 100 76 —50.3
13 [(CH3),CHCH,],NH [(CH3),CHCH,],NF 100 73 —465

a All thereactionswere carried out in N,N-dimethylacetamide (DMA).  All the products were characterized by spectroscopic analysis and known compounds
were identified by comparing with the spectroscopic data reported in the literature. © The yieldsin entries No. 1-4 were identical when either DMF or DMA

was used as solvent. @ New compounds.
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DMF or DMA
R= CH3CH2, CHgz(CH)5, (CH3)>CHCH,
Scheme 2

the product by low temperature trap-to-trap distillation gave the

corresponding N-fluoroamines, RoNF [(R = CH3CHo-,

CH3(CH)>—, (CH3),CHCH_>-] in good isolated yields (Scheme
2).

The present report describes a powerful and simple method
for the preparation of N-difluoro and N-fluoro compounds (high
energy molecules) with some advantages in comparision with
some other routes. The stability of these volatile liquids is
variable. While al are stable in solution in Pyrex glass
containers for several days at 25 °C, various degrees of
decomposition occur over time. For example, (CH3)sCNF, was
found to be stablein asealed tube for at |east three months under
refrigeration, while CH3CH,CH,CH,NHF decomposed fully
after an equal timein Pyrex at 25 °C. A sample of (CH3)sCNHF
refrigerated in avial for several months showed no decomposi-
tion based on NMR spectral measurements. However, R;NF
compounds are reported to be unstable in Pyrex glass for
extended periods.12

We are grateful to Dr Robert G. Syvret (Air Products and
Chemical, Inc.) for generous gifts of Selectfluor™ reagent. This
work was supported by the National Science Foundation (Grant
No. CHE —9720365) and the Office of Naval Research (Award
No. N00014-00-1-0721). Warning: While no problems arose
during these syntheses, adqgeuate precautions should be em-
ployed since fluoroamines and difluoroamines can be un-
predictably shock and thermally unstable.

Notes and references

T To a solution of 3 mmol (1.06 g) of Selectfluor™ in 3.5 mL of DMF or
DMA, 1.35 mmol of primary amine or 2.7 mmol of secondary aminein 1.5
mL of DMF or DMA was added dropwise at 0 °C. After 0.5 h stirring, the
reaction mixturewas stirred for an additional 1.5hat 25 °C. In general, trap-
to-trap distillation under vacuum allowed the separation of the solvent (trap
at —20 °C) from the product which may be stopped in atrap at —78 °C or
may pass through a trap at —78 °C and stop in a trap at —100 °C.
(CH3)sCNF,: @ IR (gas phase): 2991 vs, 2944 s, 1485 s, 1375 vs, 1253 m,
1222 m, 980 vs, 880 vs, 587 m cm—1; 84 (200 MHz, CD3CN): 1.24 (t, 9H,
Jn-Fr = 1.6 Hz); & (188 MHz, CD3CN): 28.7 broad singlet; dc (50 MHz,
CD3CN): 22.8,70.6 (t, J = 6.8 Hz); MS(EI) mVe (speciesintensity): 110 (M

+ H, 1), 94 (M* — CHa, 5), 57 ((CH3)3C*, 85), 41 (CH3CN*, 100).
(CH3),CHCH,],NF:12 (trapped at —78 °C, passing —40 °C) IR (gas
phase): 2986 vs, 2897 vs, 2808 s, 1472 s, 1390 s, 1371 s, 1290 w, 1243 w,
1142 s, 1111 m, 930 w, 833 m cm—1; &= (188 MHz, CD3CN): 0.98 (d, 12H,
J = 21 Hz), 2.1 (m, 2H), 2.88 (dd, 4H, Ju.r = 40.8 Hz); & (200 MHz,
CD3CN): —46.5 g (Jg.q = 40.0 Hz); MS (El) m/e (species intensity): 147
(M+,6),127 (M* — HF, 1), 104 (M* — (CH3)>CH, 63), 57 ((CH3),CHCH,*,
100).

F To a stirred solution of primary amine (3.2 mmol in 2 mL of DMF or
DMA), a Selectfluor™ solution (3 mmol in 3 mL of DMF or DMA) was
added dropwise at 0 °C. After 0.5 h stirring, the reaction mixture was stirred
at 25 °Cfor an additional 0.5 h. Solvent wasretainedinatrap at —20 °C and
the product was isolated from atrap maintained at —78 °C. (CH3)3sCNHF:
Sn (200 MHz, CD3CN): 1.06 (d, 9H, Jy.r = 2.2 Hz), 8.70 (br d, Jy.r = 45
Hz); ¢ (188 MHz, CD3CN): —131.7 (broad doublet, J,.r = 45 Hz); d¢ (50
MHz, CD3CN): 25.2,59.0 (d, J = 10.7 Hz); MS (EIl) m/e (speciesintensity):
92 (M +H, 1), 76 (M* — CHg, 100), 57 ((CH3)3C*, 40), 41 (CH3CN*, 92).
(CH3),CHNHF: 2977 vs, 2895 s, 1466 s, 1379 s, 1006s, 937m, 868 vs,
84 (200 MHz, CD3CN): 1.20 (br dd, 6H), 3.41 (d sept, Jchan = 6.2 Hz,
Jen-r = 37.5 Hz), 844 (br d, Ju.r = 46.5 Hz); 6 (188 MHz, CD3CN):
—120.3 (dd Wt, JNH-F = 46.0 Hz, JCH3-F = 13 HZ), 5C (50 MHz,
CD3CN): 23.0, 24.18, 41.28; MS (El) m/e (speciesintensity): 77 (M+, 3), 63
(M* — CHj3, 71), 62 (M* — (CHs+ H), 100), 42 ((CHs),C*, 81).
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