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2~(Trifluoromethyl)allyl ketone O-pentafluorobenzoyloximes
undergo a palladium-catalyzed 5-endo mode of alkene insertion
via oxidative addition of the N-O bond, followed by B-fluorine
elimination to produce 4-difluoromethylene-1-pyrrolines.

Pyrrolidine derivatives with fluorinated one-carbon units (CFj,
CF>H, CF,= and CFH,) have attracted much interest as mimics
of naturally occurring five-membered heterocycles in medicinal
and agricultural chemistry.! Nevertheless, their synthetic methods
are limited and remain to be developed. Recently, we have
reported a facile access to pyrrolidines with a difluoromethylene or
trifluoromethyl group via SN2'-type or addition reactions of N-[3-
(trifluoromethyl)homoallyljsulfonamides (Scheme 1).> This route
was successfully accomplished by nucleophilic 5-endo-trig cycliza-
tion, although it has been considered an unfavorable process
because of severe distortions required in the reaction geometry,
according to Baldwin’s rules.’?

Employing imine nitrogen anions with an N-C double bond
instead of amide nitrogen anions with an N-C single bond might
provide pyrrolines, which present a possibly more challenging
S-endo-trig ring closure with an extra limitation in the bond
rotation. This fact first prompted us to examine the nucleophilic
cyclization of 3-trifluoromethyl-2,2-dimethyl-1-phenylbut-3-en-1-
imine. Deprotonation of the NH moiety with NaH followed by
heating at 90 °C gave only a small amount of 4-difluoromethyl-
3H-pyrrole with accompanying double bond isomerization.* This
result indicates that nucleophilic attack (Sn2'-type reaction) of an
imine nitrogen anion on the (trifluoromethyl)vinyl group was not
sufficiently favorable to give rise to the 5-endo-trig cyclization.

Our attention was next directed toward the cyclization
promoted by a palladium catalyst, because C-N bond formation
via an amino-Heck reaction of ketone oximes provides a powerful
tool for the construction of nitrogen heterocycles.” In general, the
intramolecular Heck reaction prefers exo-mode cyclization.
Whereas 5-endo cyclization is far less likely to occur with few
exceptions,®® we have recently succeeded in palladium-catalyzed
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Scheme 1 Nucleophilic 5-endo-trig cyclization of amide nitrogen anions.
Reagents and conditions: (i) NaH (1.3 eq), 120 °C, 2-4 h, DMF; (ii) KOH
(5.0 eq), 130 °C, 10-20 h, (CH,OH),.
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C-N bond formation in a 5-endo-trig fashion.” The reaction
started from 1,1-difluoroallyl ketone O-pentafluorobenzoyloximes
to afford the corresponding 5-fluoro-3H-pyrroles, where an
electrostatic attraction between the difluorovinyl group and the
N-Pd species presumably facilitated geometrically unfavorable
cyclization. The Heck reactions of (trifluoromethyl)vinyl com-
pounds with aryl halides so far reported resulted in selective
arylation at the position f to the trifluoromethyl group,'® which
implies that the alkene insertion proceeded regioselectively. On the
basis of these considerations, we expected that the geometrically
disfavored 5-endo cyclization could be achieved with a palladium
catalyst in 2-(trifluoromethyl)allyl ketone O-pentafluorobenzoyl-
oximes (Scheme 2).

In the Heck reaction of alkenes bearing a heteroatom
substituent, the competition of f-hydrogen elimination and
B-heteroatom elimination is another issue of intense interest.'
The previously reported intermolecular Heck reactions of
(trifluoromethyl)vinyl compounds involved only B-hydrogen
elimination to yield trifluoromethylated products.'® Furthermore,
a theoretical study by B3LYP level calculations suggested that
elimination of a B-hydrogen is kinetically favored over that of a
B-fluorine, whereas the B-H elimination product is thermodyna-
mically less stable than the pre-eliminated species with a -F to
metal dative bond and the p-F elimination product.'' Our interest
in such B-eliminations also led us to investigate the geometrically
disfavored 5-endo Heck-type cyclization of N-Pd species bearing a
(trifluoromethyl)vinyl moiety.

For the preparation of substrates, 2-(trifluoromethyl)allyl
ketone O-pentafluorobenzoyloximes, we employed two methods:
(i) ring opening of oxiranes with 1-(trifluoromethyl)vinyllithium'>
and (ii) addition of 2-(trifluoromethyl)allylsilane to aldehydes,13
both of which were followed by oxidation to provide
2-(trifluoromethyl)allyl ketones. The ketones thus obtained were
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Scheme 2 5-endo Heck-type cyclization of aminopalladium species.

This journal is © The Royal Society of Chemistry 2006

Chem. Commun., 2006, 4425-4427 | 4425



Table 1 Effect of additive and conditions on the Heck-type cycliza-
tion of 1a (R' = R? = Me, R* = Ph)

OCOCgF
N 68 N
Pd (0.1 eq) \
FaC ph = FC Ph
/ DMA
1a 4a
Entry Pd Additive (eq) Conditions Yd./[%
1 Pd(PPhs), Et;N (5.0) 100°C,11h 31
2 Pd(PPh;3); (CH3),CHONa (2.0) 100 °C, 3 h 19
3 Pd(PPh;);  PPhs (1.0) 100 °C, 1 h 60
4 Pd(PPh;), PPhs (1.0) 120°C,0.7h 50
5 Pd(OAc),  PPh; (1.0) 100 °C, 1 h 8

alkylated at the a-position, and then transformed into the desired
O-pentafluorobenzoyloximes via oximation and subsequent penta-
fluorobenzoylation.

When O-pentafluorobenzoyloxime 1a was treated with triethyl-
amine and a catalytic amount of Pd(PPh;), in N,N-dimethyl-
acetamide (DMA) at 100 °C for 11 h, cyclized product 4a with a
difluoromethylene group was obtained in 31% yield (Table 1, entry
1) without accompanying ring-trifluoromethylated pyrrole 5. This
result indicates that the geometrically disfavored 5-endo cyclization
was effected with a palladium catalyst, and that [-fluorine
elimination was strongly preferred to B-hydrogen elimination in
this 5-endo Heck-type cyclization, in contrast to the intermolecular
examples so far reported in the literature.'® The Pd(11) species
generated by B-fluorine elimination should be reduced back to
Pd(0) undergoing oxidative addition of the O-pentafluoro-
benzoyloxime moiety, which completes a catalytic cycle. Thus,

Table 2 Synthesis of 4-difluoromethylene-1-pyrrolines 4¢

we added sodium isopropoxide' or triphenylphosphine' for
reduction, the latter improving the yield of 4a to 60% (Table 1,
entry 3).1 After screening of reaction conditions, we found that the
reaction performed with Pd(PPhs), and PPh; in DMA at 100 °C
gave the best result.

We tried other substrates 1 to synthesize difluoromethylene-
substituted pyrrolines 4 under the reaction conditions above. The
results are summarized in Table 2. Substrate 1b bearing a benzyl
group at the position o to the oxime group yielded the
corresponding pyrroline 4b in 71% yield (entry 2). The cyclization
of substrate 1c¢ with a cyclopentane ring successfully afforded the
spiro-type product 4¢ (entry 3). The reaction of dialkyl ketone
oxime 1d proceeded, albeit in low yield (entry 4). When the
reaction of o-monoalkylated substrate le (R? = H) was examined
to evaluate the effect of a-substituents, a mixture of many CFs-
containing compounds without cyclized products was obtained
(entry 5). gem-Dialkyl substituents in 1 were required to promote
the S5-endo Heck-type reaction, presumably because (i) an acidic
proton at the o position of the oxime as well as the
trifluoromethylvinyl moiety prevented the cyclization by protona-
tion of aminopalladium intermediate 2 and/or (ii) the gem-dialkyl
effect facilitated the unfavorable ring construction.'®

To elucidate the role of the trifluoromethyl group, we examined
the reaction of substrates 6 and 7 bearing a hydrogen atom or a
methyl group instead of the trifluoromethyl substituent on the
alkene moiety (Scheme 3). When 6 and 7 were subjected to
reaction conditions similar to those described above, no cyclized
products were observed. These results clearly show that the
trifluoromethyl group plays a crucial role in the S-endo Heck-type
cyclization, where the trifluoromethyl substituent seems to

Entry Substrate Product Conditions Yd./[%
1 NJ,,OCOC€;F5 N 100 °C, 1 h 60
\
F3C Ph Ia 4a
2 NJ.,OCOC6F5 N 100 °C, 0.8 h 71
\
FaC ;’1‘ . Ph 4b
3 NJ.,OCOC¢5F5 N 100 °C, 2.5 h 65
\
F,C Ph
F3C Ph
1c 4c
4 NJ,OCOCeF5 N 100 °C, 0.5 h 20°
\
F2c&\/\ Ph
F1C Ph
1d 4d
5 Nrococan — 80 °C,2h —
FsC Ph

@ All the reactions were performed with Pd(PPhs)s (0.1 eq) and PPhs (1.0 eq) in DMA. ? Yield deduced from '°F NMR spectrum relative to

internal standard (CF3),C(C¢Hy-p-CHj),.
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Scheme 3 Effect of vinylic substituents on the 5-endo Heck-type
cyclization. Reagents and conditions: (1) Pd(PPhs), (0.1 eq), PPh; (1.0 eq),
140 °C, 2 h, DMF (for 6), 100 °C, 1 h, DMA (for 7); (ii) Pd(PPhs), (0.1 eq),
PPh; (1.0 eq), EtsN (2.0 eq), 140 °C, 1 h, DMF (for 6).

contribute to the activation of the vinylic terminal carbon in 1 and
the stabilization of the cyclized palladium intermediate 3.

In summary, we have accomplished the Heck-type cyclization of
2-trifluoromethyl-1-alkenes bearing an O-acyloxime moiety, which
represents a rare example of 5-endo mode alkene insertion into
transition metal species. While there were two possible pathways,
namely B-fluorine and B-hydrogen elimination after ring forma-
tion, the former elimination exclusively took place to construct an
exo-difluoromethylene unit. This catalytic process provides facile
access to 4-difluoromethylene-1-pyrrolines.
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Notes and references

+ Representative procedure: To a solution of triphenylphosphine (145 mg,
0.55 mmol) and tetrakis(triphenylphosphine)palladium (64 mg, 0.055 mmol)
in DMA (20 mL) was added 2,2-dimethyl-1-phenyl-3-(triftuoromethyl)but-
3-en-1-one oxime O-pentafluorobenzoate 1a (247 mg, 0.547 mmol). After
the reaction mixture was stirred at 100 °C for 1 h, phosphate buffer (pH 7)
was added to quench the reaction. The mixture was extracted with ether
three times. The combined organic extracts were washed with water three
times and brine, and dried over MgSO,. After removal of the solvent under
reduced pressure, the residue was purified by preparative thin layer
chromatography on silica gel (hexane-AcOEt 4 : 1) to give pyrroline 4a
(72 mg, 60%) as a pale yellow liquid. "H NMR (500 MHz, CDCl;) 6 1.52
(6H, s), 4.61 (2H, dd, Jyr = 3.6, 3.6 Hz), 7.37-7.42 (3H, m) and 7.69-7.73
(2H, m). *C NMR (126 MHz, CDCl3) 6 24.6 (dd, Jcr = 3, 2 Hz), 51.6 (dd,
Jor = 4,3 Hz), 57.8 (dd, Jcg = 3, 2 Hz), 97.5 (dd, Jcg = 21, 15 Hz), 127.9,
128.2, 129.7, 133.7 (dd, Jcr = 2, 2 Hz), 149.3 (dd, Jcr = 287, 282 Hz) and
178.5. YF NMR (471 MHz, CDCly/CgF¢) 6 68.5 (IF, dt, Jrr = 64 Hz,
Jra = 4 Hz) and 76.3 (1F, dt, Jgr = 64 Hz, Jpy =4 Hz ). IR (neat) v 2978,
1765, 1466, 1267, 1223, 1132, 1047, 1014, 775, 694 and 598 cm™'. HRMS
(FAB) caled for Cj3sH,FoN (M + HJY) 222.1094, found 222.1091.
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