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ABSTRACT: A new and efficient synthesis of multifunctionalized perfluoroalkyl aziridines via a ruthenium-perfluoroalkylcarbene
intermediate was described. With Ru(p-CI-TPP)CO as the catalyst, in situ generated C,F2n+1CHN> from C,F2+1CH2NH3CI underwent
a cascade of nitrone formation/1,3-diploar cycloaddition/rearrangement reactions with nitrosoarenes and alkynes to give a variety of
multifunctionalized perfluoroalkyl aziridines in good to high yields and with moderate to high diastereoselectivity. The ruthenium
perfluoroalkylcarbene intermediates obtained through the stoichiometric reaction of ruthenium porphyrin and CnF2n+1CHN, were

spectroscopically characterized.

Organofluorine compounds are important for drug discovery
because the incorporation of fluorinated groups into bioactive
molecules can significantly influence their physicochemical
properties.t Therefore, there has been considerable interest in
developing new and efficient methods for the synthesis of fluor-
inated building blocks.? Aziridines can be readily converted into
a variety of nitrogen-containing compounds due to the inherent
reactivity of the constrained three-membered ring system and
themselves are present in many biologically active molecules.®
Thus, the synthesis of perfluoroalkyl aziridines* is an appealing
strategy to access a variety of perfluoroalkyl substituted amines
for drug discovery purpose. In the literature, the intramolecular
cyclization of fluorinated amines,® aza-Darzens reaction © and
Aza-Corey—Chaykovsky reaction 7 of trifluoroaldimines and
[1+2] cycloaddition of fluorinated alkenes &° are frequently em-
ployed to synthesize trifluoromethyl aziridines. Although these
methods are effective for the preparation of a range of trifluo-
romethyl aziridines, access to multi-substituted trifluoromethyl
aziridines via these methods generally requires advanced start-
ing materials or a multistep synthesis. Several years ago, we de-
scribed a ruthenium(ll)-catalyzed three component reaction of
diazoesters or diazophophonates, nitrosoarenes and alkynes for
the construction of multifunctionalized aziridines.' In this re-
action, ruthenium-carbene intermediates generated from diaz-
oesters react with nitrosoarenes to form nitrones. The latter un-
dergo 1,3-dipolar cycloaddition/rearrangement with alkynes to
give the desired aziridines. This result prompted us to examine
whether trifluoromethyl diazomethane (CFsCHN) and higher
perfluorinated homologues are effective carbene precursors for
multi-component cascade reactions.

Scheme 1. Synthesis of perfluoroalkyl aziridines via a ruthe-
nium-catalyzed cascade reaction
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Compared to the extensive studies on a-diazo carbonyl com-
pounds, the use of CFsCHN, as a carbene source for transition
metal catalyzed transformations remains underexplored. In
2006, Simonneaux and co-workers described a metal catalyzed
carbene transfer reaction of CFsCHN,, in which a chiral iron
porphyrin catalyzed the cyclopropanation of alkenes with
CF3CHN, in moderate to good yield and enantioselectivity.!* A
seminal work in this area was made by Carreira and co-workers
in 2010; this group developed a convenient and practical proto-
col for the generation of CFsCHN in situ from CF;CH,NH;CI
in solution.’? This protocol avoids the handling of highly toxic
and potentially explosive CFsCHN,. A survey of the literature
reveals that CFsCHN; can undergo various carbene transfer re-
actions in the presence of transition metal catalysts.'® Herein we
describe our findings on the reaction of perfluoroalkyl diazo-
methane, nitrosoarenes and alkynes catalyzed by a ruthenium
porphyrin. This Ru(ll)-catalyzed cascade reaction features a
highly efficient formation of four new bonds in a one-pot reac-
tion (one C-C bond, two C-N bonds and one C=0 bond) and
allows the expeditious construction of multi-functionalized per-
fluoroalkyl aziridines from simple starting materials (Scheme
1). The ruthenium perfluoroalkylcarbene intermediates have



also been synthesized and spectroscopically characterized
through the reaction of ruthenium porphyrin and CqFan1CHNo2.
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At the outset, we examined the cascade reaction with Ru(p-
CI-TPP)CO (Hgp-CI-TPP = meso-tetrakis(4-chlorophenyl)por-
phyrin) as a catalyst.’® CFsCHN, was prepared in situ by the
reaction of CFsCH,;NH3Cl and NaNO; in a mixture of dichloro-
ethane and water,'* followed by addition of nitrosobenzene, 3-
methyl butynol and Ru(p-CI-TPP)CO. The resulting mixture
was stirred at room temperature for 10 h. The corresponding
trifluoromethyl aziridine 3a was obtained in 95% yield with
cis:trans ratio of 69:31 (Table 1, entry 1). We did not observe
any carbene insertion into the OH bond of H,O or alcohol or
dimerization of CF;CHN.. As depicted in Table 1, a broad range
of alkynes, including electron-rich, electron-deficient and elec-
tron-neutral alkynes, underwent the nitrone formation/1,3-dipo-
lar cycloaddition/rearrangement cascade to give corresponding
functionalized trifluoromethyl aziridines in good to high yields
and with moderate to high diastereo-selectivties. While elec-
tron-rich and electron-neutral internal alkynes failed to give
aziridination products, electron-deficient internal alkynes were
found to be reactive for the cascade reaction to give multi-func-
tionalized aziridines 3i-31 in good yields (47-84%) and with ex-
cellent diastereoselectivities (dr = 90:10-99:1, entries 9-12). It
is noteworthy that these multifunctionalized trifluoromethyl
aziridines are difficult to synthesize using traditional methods.
The structure of trifluoromethyl aziridines 3 has been inferred
by the X-ray crystal structure of their analogue 4d (Figure 1)
and NOE experiments (see Supporting Information).

The range of nitrosoarenes investigated for the cascade reac-
tion is provided in Table 2. Nitrosobenzenes with electron-with-
drawing groups (CI, Br, CO.Et, NO,) gave corresponding tri-
fluoromethyl aziridines in good yields (67-85%) and high dia-
stereoselectivities (diastereomeric ratio [dr] > 92:8, Table 2, en-
tries 1-4). p-Methyl nitrosobenzene was less reactive, giving a
moderate product yield and high dr (entry 5). A heteroaromatic
nitroso compound, 6-nitrosoindole, was also reactive, giving
the corresponding aziridine 4f in 47% yield and dr of 99:1 (en-
try 6).

-

Figure 1. X-ray crystal structure of 4d

Scheme 2. Synthesis of C,Fs- and CsF7-aziridines
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In recent years, C,Fs and CsF7, as more lipophilic CF; surro-
gates, have drawn increasing attention since compounds with a
higher degree of perfluorination often display interesting activ-
ities.1* In the present study, we generated C,FsCHN and
CsF7,CHN; in a similar fashion from C,FsCH,NH;Cl and
C3F/CH2NHsCI, respectively, and reacted them with nitro-
sobenzene and methyl 3-phenylpropiolate under the Ru(ll) ca-
talysis to give the corresponding C,Fs- and CsFr-aziridines in
good yields and high diastereoselectivity (Scheme 2).

It is noteworthy that the Ru(ll)-catalyzed cascade reaction is
compatible with a variety of functionalities, including halo, hy-
droxyl, ester, nitro, cyano and silane, as depicted in Table 1 and
Table 2. These functionalities are synthetically useful, allowing
for many further manipulations.*s

Incorporation of heterocyclic privileged scaffolds into natu-
ral products is an efficient method for diversity-oriented syn-
thesis of natural product-based libraries for drug discovery.®
The Ru(ll)-catalyzed cascade reaction can be used to synthesize
a hybrid of trifluoromethyl aziridines and natural products. For
example, when the Estrone derivative 6a was subjected to the
Ru(ll)-catalyzed cascade reaction at 80 °C, the trifluoromethyl
aziridine-containing estrone 7a was obtained in 60% yield
(Scheme 3). Likewise, trifluoromethyl aziridination of Novol
and Ergosterol derivatives were achieved in 65% (7b) and 45%
yields (7c), respectively.

Scheme 3. Trifluoromethyl aziridination of natural product de-
rivatives
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The obtained functionalized trifluoromethyl aziridines are
useful building blocks for the synthesis of CFs-containing
amines. For example, trifluoromethyl aziridine 3a underwent a
ring opening reaction upon treatment with hydrogen chloride or
"H, + Pd/C", giving the corresponding CFs-containing amines
in high yields and with high regio- and diastereo-selectivity
(Scheme 4).
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Scheme 5. Reaction mechanism
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To gain insight into the reaction mechanism, we synthesized
ruthenium porphyrin carbene complex 10a by the reaction of
Ru(TMP)CO with CFsCHN, at 0 °C in 52% yield (Scheme 5,
eq. 1). The complex was characterized by NMR, UV/Vis and
IR spectroscopy as well as mass spectrometry (see Supporting
Information). The *H NMR spectrum of 10a shows a quartet of
Ru=CHCF; at 12.5 ppm, upfield relative to the peak of
(Por)Ru=CHCO,Et (13.0-13.8 ppm). The **C NMR spectrum
shows a characteristic low-field signal for the carbene carbon at
263.1 ppm. Likewise, the higher perfluorinated homologues
(TMP)Ru=CHC;Fs 10b and (TMP)Ru=CHC,Fs 10c were ob-
tained in 75% and 85% yields, respectively. The stoichiometric
reaction of 10a with nitrosobenzene and 3-methyl butynol at

room temperature gave aziridine 3a in 18% yield with 30% sub-
strate conversion (eq. 2). Similarly, the more reactive ruthenium
porphyrin carbene complex (p-CI-TPP)Ru=CHCF; 10d, gener-
ated in situ at -20 °C, reacted with nitrosobenzene and 3-methyl
butynol to give 3a in 80% yield and with cis:trans ratio of
66:34, which is comparable to the findings obtained under cat-
alytic conditions. When the reaction of CF;sCHNj, ethyl 4-nitro-
sobenzoate and the Estrone derivative 6a in the presence of
Ru(p-CI-TPP)CO was carried out at room temperature, the
isoxazoline 11 was obtained in 55% yield. This compound was
further converted to aziridine 7a at 80 °C (eq. 3). These results
support the involvement of metal carbene and isoxazoline inter-
mediates in the cascade reaction as depicted in Scheme 1.

In conclusion, we have developed a new and efficient synthe-
sis of perfluoroalkyl aziridines via a Ru(ll)-catalyzed cascade
reaction of in situ-generated perfluoroalkyl diazomethane, ni-
trosoarenes, and alkynes. The one pot protocol provides rapid
access to multifunctionalized perfluoroalkyl aziridines from
simple starting materials. The obtained trifluoromethyl aziri-
dines can be readily converted to CFs-containing amines in
highly regio- and diastereo-selective manner. The synthesis and
isolation of ruthenium perfluoroalkylcarbene intermediates
were achieved through the reaction of ruthenium porphyrin and
CnF2n+1CHN,. To the best of our knowledge, this work provides
a new means to access multifunctionalized perfluoroalkyl aziri-
dines that are not easily accessible with conventional methods.
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