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A new route for the synthesis of stable 3-alkyl- and 3-aryl-2(,2)-(di)fluoroaziridines was developed by hydride reduction of novel a-bromo- and
o-chloro- a(,o)-(di)fluoroketimines and subsequent ring closure of P-fluorinated  B-chloro- and  B-bromoamines. This is the first report on the
synthesis of 2,2-difluoroaziridines sensu stricto.

Fluorinated heterocyclic compounds have become increas-organic transformations, fluorinated aziridines have received
ingly important in pharmaceutical chemistry, and hence only very limited attention in the literature. 2,2-Difluoro-
numerous synthetic methods are being developed to incor-aziridines have previously not been synthesized at all, apart
porate the smallest and most electronegative halogen infrom some perfluorinated and trifluoromethylated aziridines,
organic compoundsin addition, the effects of fluorine asa which are prepared via carbene or nitrene cycloaddition
substituent in organic compounds on chemical reactivity and reactions to specific imines or olefidg here are only a few
stability are worth exploring to gain a more profound insight reports in the literature on the synthesis of monofluorinated
into fluorine chemistry. Our interest was drawndefluor- aziridines, most of which deal with fluorocarbene cyclo-
inated imines, which constitute a promising class of building additions to imined.In the present report, a new approach
blocks for the synthesis of fluorinated heterocydés that to synthesize fluorinated aziridines was developed, based on
respect, efforts were made to usdluoroimines to synthe-  reduction of the appropriate novelfluorinated o.-bromo-

size fluorinated aziridines. Although these peculiar com- and a-chloroketimines and cyclization via intramolecular
pounds could serve as useful starting materials for further substitution of the resulting-bromo- ands-chloroamines.
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Having in hand a new method to synthesizfuorinated
imines via electrophilic fluorination of imines using NF5I,
efforts were made to use these compounds for fudhiemnc-
tionalization. Therefore N-(2-fluoro-1-phenylethylidene)-
isopropylamine was treated with NCS in refluxing GCI
yielding (E)-N-(2-chloro-2-fluoro-1-phenylethylidene)isopro-
pylamine 3a or (E)-N-(2,2-dichloro-2-fluoro-1-phenyleth-
ylidene)isopropylamin&h, depending on whether one or two

curred whero-fluoroacetophenone was treated with a large
excess of chlorine gas in acetic acid at’80for 20 h yielding
95% a.-chloro-a-fluoroacetophenone. Bromination affluo-
roacetophenone using bromine and aluminum(lll) chloride
yielded a-bromo-e-fluoroacetophenone, as reported in the
literature$ but in this case, subsequent imine formation with
isopropylamine in the presence of titanium(lV) chloride to
obtain the corresponding-bromo-o-fluoroimine failed.

equivalents of halogenating agent were used (Scheme 1). TheHowever, the latter imine condensation protocol with tita-
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3bR'=H, R2=H, R®=nBu, X = CI (81%)
3¢R'=CI,R?=H, R®=iPr, X = CI (61%)
3d R'=MeO, R? = H, R® = /Pr, X = CI (74%)
3e R'=H, R? = Me, R® = /Pr, X = Br (68%)
3fR'=H, R2=Br, R® = iPr, X = Br (34%)
3gR'=H, R2=H, R®=iPr, X = Br (42%)
3hR'=H,R2=Cl, R®= iPr, X = Cl (89%)
NaCNBHjz (1.1 equiv)
R3. CH3COOH (1 equiv)
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m X 20°Ctort (3a-e)
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45minto 15h

4aR'=H, R2=H, R®=iPr, X = CI (100%, d.r. 53:47)
4bR'=H, R2=H, R®=nBu, X = Cl (87%, d.r. 1:1)
4cR'=Cl,R?=H, R® = iPr, X = CI (86%, d.r. 1:1)

4d R'=MeO, R? = H, R® = jPr, X = CI (82%, d.r. 55:45)
4e R"=H, R? = Me, R® = jPr, X = Br (99%, d.r. 3:1)

K;COj3 (1 to 1.2 equiv) 3
DMSO R

R'=H,R2=H,R3=Pr 5a (31%)
R'=H,R2=H,R®=nBu  5b (34%)
R'=CL,R?=H,R®=iPr  5c(36%)
R'=MeO,R2=H,R%®=/Pr 5d(31%)
R'=H,R?=Me,R3=/Pr  5e(38%)

@ ns= not separable from theis-isomer via flash chromatog-

raphy.

6a (ns?)
6b (29%)
6¢ (28%)
6d (0%)
6e (ns?)

same strategy led to the formation @fbrominated imines

3g and 3f by the use of NBS in CGl Because the
a-chlorination proceeded in higher yield as compared to the
a-bromination, further elaboration of the reactivity was 2494
predominantly performed using-chloro-a-fluoroimines.
The ease ofu-chlorination of a-fluoroimines is in sharp
contrast with the difficulties which were observed to
chlorinate a-fluoroacetophenonex-Chlorination only oc-
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nium(1V) chloride proved successful in the synthesisE)f
N-(2-bromo-2-fluoro-1-phenylpropylidene)isopropylamBe
and E)-N-(2-chloro-2-fluoro-1-(4-methoxyphenyl)ethylide-
ne)isopropylamine3d, starting from the corresponding
ketones2 (R = MeO, H; R = H, Me; X = ClI, Br).

The obtained novet-bromo- andx-chloro-a-fluoroimines
3a—e were reduced using sodium cyanoborohydride in
methanol resulting in stablgs,5-dihalogenated amines
4a—e, although as a mixture of both diastereomers. Attempts
to increase the diastereomeric excess by adding Lewis acids,
such as LiCl, TiCl, or ZnC} instead of acetic acid to induce
a complexation between the metal and the halogen (Cl or
F), gave no significant improvement of the diastereomeric
excess, even when the reaction was performed7a °C.

Usinga-bromoimine3e, the reduction had to be carefully
controlled at—20 °C for 45 min to obtain a 3:1 mixture of
diastereomerde Treatment ofs-chloro- andg-bromog-
fluoroamines4a—e with K,CO; in DMSO at 75-140 °C
gave rise to new 2-fluoroaziridinésa—e and 6a—e.

In some cases, theis- and transisomers could be
separated via flash chromatography on silica gel. It was
observed thatrans-aziridinesé were not as stable on silica
gel as thecis-analogue$, giving rise to purification problems
during chromatography. This observation is analogous to
non-fluorinated 2-methyl-3-phenylaziridines, where tiwe
isomer is also the most statfié.

The stereochemical assignment of the two isondarsd
and6a—d was based on the vicinal H,H- and H,F-coupling
constants iftH NMR. No conclusions could be drawn from
NOE analysis results. In the casecif-aziridine5a, a vicinal
H,H-coupling of 4.4 Hz and a vicinal H,F-coupling of 2.5
Hz were measured, whereas th@nsisomer 6a gave
coupling constants of 0 and 6.1 Hz, respectively. The same
difference in H,F-coupling (3.3 and 9.1 Hz) was found in
the 'H NMR spectrum of aziridinesse and 6e which
provided a clear discrimination of both isomers and is in
accordance with literature data of otheis- and trans
substituted fluoroaziridines.

Encouraged by the results described aboavehloro-o,a-
difluoroimines9a—d were used as substrates for the synthesis
of 3-substituted 2,2-difluoroaziridinek2, a virtually new
class of compounds. Becauseo-difluoroacetophenone
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could not be a-chlorinated noro-brominated and the
a-halogenation of itdN-isopropyliminel0 turned out to be
extremely difficult (yield 4-7%), the corresponding-chloro-
o,o-difluoroketoness® were synthesized from-chloro-o,o-
difluoroacetic acid7.® Thesea-chloro-a,a-difluoroketones

8 were subsequently treated with primary amines in the
presence of titanium(1V) chloride (Scheme 2) yielding imines

Scheme 2
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10 (40%) 9a R' = CgHy3, R2= iPr, X = CI (99%
A) KoCOj (excess), -2~ 26ris, R =/ %= (99%)

9b R" = CgH47, R2 = iPr, X = CI (81%)

DMSO, 130 °C, 24 h
9c R'=Ph, R2=Pr, X =Cl

or

B) KOtBu (99% from 8c, 7% from 10)
(1.05 equiv) , THF,  9d R" = Ph, R? = nPr, X = CI (93%)
0’Clort.16h 9 R' = Ph, R = jPr, X = Br (4%)
R2,
NH NaCNBH; (1.1 equiv)
’ cl HOAc (1.1 equiv)
R E MeOH, 0°Ctort, 14 h
1 F 2 (9a-d)
11a R = CgHy3, R2= /Pr (99%)
11b R" = CgHq7, R? = iPr (68%)
11¢c R" = Ph, R? = iPr (99%)
11d R = Ph, R2 = nPr (93%) R2

LDA (1.3 equiv)
THF,-78 °C, 1 h

N
R\ F
F
12a R = CgHy3, R2 = iPr (84%)
12b R" = CgH47, R? = iPr (64%)
12¢ R' = Ph, R? = /Pr (63%)
12d R = Ph, R? = nPr (48%)

9a—d. The compounds were reduced with sodium cyano-
borohydride in methanol in the presence of acetic acid toward
the corresponding,s,3-trihalogenated aminesl in high
yield. Subsequently, aminklc was treated with KCO; in
DMSO, analogous to the synthetic procedure for monofluo-
roaziridines5 and 6. These reactions did not yield any
difluoroaziridine12c but instead gave rise to difluoroimine
10via a 1,2-dehydrochlorination and subsequent enamine
imine tautomerization. The same result was obtained when
using KQBu in THF. Treatment of aminekl with the more
sterically hindered and stronger base LDA did not result in
a 1,2-dehydrochlorination but gave 2,2-difluoroaziridit@s

in good yield. This is the first efficient synthesis of 2,2-
difluoroaziridines described in the literature.
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It was observed that 3-alkyl-2,2-difluoroaziriding2ab
were significantly more stable on silica gel as compared to
2,2-difluoro-3-phenylaziridine& 2cd, which tended to de-
compose upon purification by flash chromatography. Indeed,
although both 3-alkyl- and 3-aryl-2,2-difluoroaziridines were
stable for several days at room temperature, the degradation
of 2,2-difluoroaziridinesl2cd was observed even at low
temperature £20 °C). In the presence of moist air, a
complete conversion toward-fluoroamidesl5 took place
via expulsion of a fluoride anion by nitrogen, subsequent
ring opening of the azirinium fluoridé3 by fluoride, and
nucleophilic addition of water across the imidoyl fluoride
14. 3-Alkyl-2,2-difluoroaziridinesl2ab did not show this
degradation but could be forced to undergo the same reaction
pathway towardl6a by treatment with aqueous HCI in
DMSO. Analogous reaction conditions (aqueous HCI in
CH3CN) also converted 2,2-difluoro-3-phenylaziridid2c
toward the corresponding-chloroamidel6b (Scheme 3).

Scheme 3
3 gegra(_jattio_n i $ T
N Y moist air ( NJ;
F (one week)
©/u$ A F
12c.d L l 13 4
F F
H
H,0
N\R 7 /N‘R
o] F
15a R = iPr (76%) B 14 -
15b R = nPr (64%)
R2
N aq. 12M HCl oy
c o= %rN\ .
R1” <F DMSO or CH4CN, R J R
12b,c 16a R = CgHy7, R? = iPr (21%)

16b R" = Ph, R2 = iPr (30%)

In conclusion, it can be stated that useful synthetic
pathways were developed to access new 2-fluoro- and 2,2-
difluoroaziridines starting from halogenated mono- and
difluoroimines. It should be noted that, previously, no general
method to synthesize difluoroaziridines was available. The
obtained fluorinated aziridines were stable enough to isolate,
characterize, and store for several days, which is promising
for the further elaboration of these novel compounds.
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