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Mg-promoted defluorination ofN-(p-methoxyphenyl)bis-
(trifluoromethyl)iminel gave perfluoroenamin® which was
readily transformed tdN-Cbz-2-trifluoromethyl-3,3-difluo-
ropyrrolidine 10. Chemoselective defluorination from the
trifluoromethyl group of10 by LHMDS-promoted dehy-
drofluorination in THF provided 3,3-difluoro-2-difluorom-
ethylenepyrrolidindl 1. The producfl1 was converted to 3,3-
difluoroproline dipeptide4 6 upon treatment with aminoesters.

Note

o-amino acids, several synthetic methods have been regoted.
Among them, fluoroproline-based molecuf&d® have received
much attention due to their application as components of
bioactive oligopeptidé§'1” and thrombin inhibitors with im-
proved metabolic stabilit{® Fluoroproline residues contribute
to stabilization of triple helix structures of collagéhsand
B-sheet structures of elastatin polypepti@efRRecently the
relationship between the stability of collagen triple helixes and
the conformation of fluoroproline residues has been vigorously
investigated! Therefore, incorporation of fluoroproline units
into peptides is quite important for further investigation of new
bioactive compounds.

Herein, we present a synthesis of fg5-difluoroproline
building block on the basis of the concept that two trifluorom-
ethyl groups of hexafluoroacetone (HFA) imifiecan be used
differently either as a synthon of a difluoromethylene {RF
group or a synthon of a carboxyl group (Scheme 1). So far in
the synthetic utilization of HFA, it has been employed mostly
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as protecting and activating reagéAtor a block for a
hexafluoroisopropyl groug® One interesting example demon-
strated a transformation of one of the trifluoromethyl groups of
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HFA to the carboxyl group of trifluoroalanirié® Meanwhile

the reactions of hexafluoroacetone imine derivatives have been
less studied* 26 On this basis, it would be important and
promising from the point of synthetic organofluorine chemistry
to prepare enaming from 1 and to transform Cfand CRK
groups of2 selectively to a functionalized difluoromethylene
moiety and a carboxamide group, respectively, leading to
difluoroamino acid derivatives.

The Mg-promoted defluorination of trifluoromethyl imines
and ketones converting a trifluoromethyl group to a difluorom-
ethylene group has been systematically studied. Recently,
the defluorination protocol has been applied to the selective
defluorination of iminel to 2,3' which was transformed
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subsequently to trifluoroalanine dipeptides, where the difluo-
romethylene group a2 was chemically modified to a carboxa-

JOCNote

SCHEME 3
Cbz Cbz Cbz
N LHMDS N . N
Y
CF4 - + CF,
£ THF, -78°C £k F I
10 11 12

Next, regioselective defluorination from the trifluoromethyl
group of 10 was examined. The selective defluorination from
the trifluoromethyl group in competition with the difluorom-
ethylene group has been unprecedented. So far as known, the
base-catalyzed dehydrofluorination always takes place at the
difluoromethylene side due to the more favorable thermody-
namic stability of monofluoroalkenes rather than 1,1-difluoro-
alkenes’* However, unlike the open chain compounds, it would
be feasible to defluorinate selectively from the trifluoromethyl

mide group, and thus the peptide synthesis involved a new entrygroup of the cyclic compounti0, in which there are two types

to amide bond construction totally different from the conven-
tional condensation of two kinds of amino acfd©n this basis,
it is interesting to see another utilization 2f in which the
difluoromethylene group would become the difluoromethylene
moiety of difluoroproline and the trifluoromethyl group could
be modified to the carbamide part of difluoroproline dipeptides.
The first defluorination of bis(trifluoromethyl)iminé pro-
ceeded very smoothly to provide enamien 95% vyield in a
100 mmol scale on reactingwith 2 mol equiv of metal Mg
and 4 mol equiv of chlorotrimethylsilane in anhydrous THF at
0 °C under argon atmosphere (Scheme 2).
Bromination of enamine2 by NBS in CHCI, at room

of C—F bond: one is found in the conformationally fixed £F
group in the ring and the other belongs to the freely rotatable
CFs group in the side chain. The latter undergoes kinetically
faster dehydrofluorination, while the former is less favorable
for E2 type elimination due to the conformational mismatching
between C-F and C-H bonds in the five-membered ring. After

a survey of bases and solvents, it was found that exocyclic
difluoromethylenel1l was obtained exclusively in 82% isolated
yield (92% vyield based ofF NMR analysis with an internal
standard) wherl0 was treated with 1.6 equiv of lithium bis-
(trimethylsilyl)amide (LHMDS) in THF at—78 °C (Scheme

3). The reaction was fast reaching completion within 10 min.

temperature under an argon atmosphere provided the bromideynen ether, a less polar solvent than THF, was employed,

5in 90% vyield. Radical allylation of bromid®& with allyltribu-
tyltin in toluene at 110C providedC-allylated imine6 in 70%
yield. Reduction o6 by sodium borohydride in methanol at O
°C gave amine/ in 93% yield. The deprotection of the-p-
methoxyphenyl group of by CAN oxidation in a mixed solvent
(3/1 of CHCN/H,O) at 0 °C to room temperature and
subsequent reprotection with CbzCIl-NaH&4D 30°C afforded
Cbz-protected amin8 in 58% overall yield. Ozonolysis o8
in CH,Cl, at—78 °C provided the cyclic amind in 92% vyield.
Dehydroxylative hydrogenation d® by triethylsilane/boron
trifluoride ether comple® in anhydrous ChCl, gaveN-Cbz-
3,3-difluoro-2-trifluoromethylpyrrolidinel0 in 74% yield.
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Amii, H.; Uneyama, K.; Welch, J. TTetrahedron Lett2002 43, 6099
6102. (e) Uneyama, K.; Tanaka, H.; Kobayashi, S.; Shioyama, M.; Amii,
H. Org. Lett.2004 6, 2733-2736.

(29) (a) Uneyama K.; Kato TTetrahedron Lett1998 39, 587—590.
(b) Mae, M.; Amii, H.; Uneyama, KTetrahedron Lett200Q 41, 7893~
7896. (c) Mae, M.; Matsuura, M.; Amii, H.; Uneyama, Ketrahedron
Lett. 2002 43, 2069-2072. (d) Kobayashi, T.; Nakagawa, T.; Amii, H.;
Uneyama, K.Org. Lett.2003 5, 4297-4300. (e) Amii, H.; Ichihara, Y.;
Nakagawa, T.; Kobayashi, T.; Uneyama,@hem. Commur2003 2902-
2903. (f) Amii, H.; Kohda, M.; Katagiri, T.; Uneyama, K. Fluorine Chem.
2006 127, 505-509.

(30) (a) Prakash, G. K. S.; Hu, J.; Olah, G. A.Fluorine Chem2001
112, 355-360. (b) Prakash, G. K. S.; Hu, J.; Alauddin, M. M.Fluorine
Chem.2003 121, 239-243.
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geminal difluoroolefinllwas still obtained as the major product
in 77% yield with the side produd2in 7% yield. The reaction
temperature seemed to be less important for the formation of
11 sincegemdifluoroolefin 11 was obtained in 76% yield at
room temperature.

Amino estersl3 were used in the addition reaction 1d in
DMF with tertiary amine as a catalyst. The addition of the amino
group of 13 to the difluoromethylene moiety dfl occurred
smoothly at room temperature, but slightly more slowly (6 h)
than that of (1 h) 3! Good yields of dipeptide$6 were obtained
after the subsequent acid-catalyzed hydrolysis of the intermedi-
ate imidoyl fluoridesl15 (Scheme 4§135 The high acidity of
the proton on the nitrogen of the intermediate addidtsight

(34) Several reports on selective defluorination of,@fFoups in the
presence of Cfgroups: (a) Collins, D.; Stephens, R.; Tatlow, J.XC.
Fluorine Chem.1986 32, 213-227. (b) Burdon, J.; Ezmirly, S. T.;
Huckerby, T. N.J. Fluorine Chem1988 40, 283-318. (c) Qian, C. P.;
Nakai, T.; Dixon, D. A.; Smart, B. E]l. Am. Chem. So499Q 112 4602~
4604. (d) van der Puy, Ml. Org. Chem1997, 62, 6466-6468. (e) Brisdon,
A. K.; Crossley, I. RChem. Commur2002 2420-2421. (f) Brisdon, A.
K.; Crossley, I. R.; Pritchard, R. G.; Sadig, G.; Warren, JOEganome-
tallics 2003 22, 5534-5542.

(35) We have isolated imidoyl fluorideis through column chorography
on silica gel and we obtained some data for identification, but we did not
achieve satisfactory consistency of elemental analysis for these compounds
which were moderately unstable. Data of imidoy! fluoritea: 'H NMR
(CDCl) 6 2.28-2.64 (m, 2H), 3.59-3.68 (m, 1H), 3.80 (td) = 9.6, 3.0
Hz, 1H), 4.11 (ddJ) = 24, 17.4 Hz, 1H), 4.28 (ddl = 43.5, 17.4 Hz, 1H),
4.61-4.71 (m, 1H), 5.055.22 (m, 4H), 7.247.40 (m, 10H);"9F NMR
(CDCl) 6 51.6-54.5 (m, 1F), 64.866.2 (m, 1F), 129.3 (s, 0.53F), 130.8
(s, 0.47F). Data of imidoyl fluoridé5h: IR (neat) 2968, 2350, 1726, 1418,
1352 cnt?; *H NMR (CDClg) 6 0.79-0.94 (m, 6H), 1.2+1.30 (m, 3H),
1.38-1.76 (m, 3H), 2.36-2.74 (m, 2H), 3.553.84 (m, 1H), 3.853.97
(m, 1H), 4.16-4.20 (m, 2H), 4.454.60 (m, 1H), 4.66-4.72 (m, 1H), 5.03-
5.28 (m, 2H), 7.26-7.35 (m, 5H);'F NMR (CDCk) 6 51.0-55.1 (m,
1F), 64.9-66.4 (m, 1F), 126.7130.1 (m, 1F); MS (El) ifv2) 428 (M",
0.4), 355 (4), 91 (100).
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16a: R' = H, R2= Bn (80%) 15

16b: R' = Bn, R2= Et (78%)
16¢: R = i-Bu, R2= Et (78%)

contribute to the selective dehydrofluorination d4 to the
intermediates1l5 exclusively. The result demonstrated that
difluoromethylene moiety ofgemdifluoroolefin 11 was an
excellent counterpart of the active carboxyl compound, which
could be used in peptide synthesis under mild conditions.

In summary, two trifluoromethyl groups of imirfecould be
successfully differentiated: one for a synthon of the difluo-
romethylene moiety (GIR) and another for that of the carba-
mide group. Also an exploratory application for the synthesis
of 3,p-difluoroproline dipeptides has been demonstrated. The
gemdifluoroenamine moiety ofll proved to be a good
precursor of the amide bond in the peptide synthesis.

Experimental Section

N-Benzyloxycarbonyl-2-difluoromethylene-3,3-difluoropyrro-
lidine (11). A solution of compoundlO (289 mg, 1 mmol) in
10 mL of anhydrous THF was cooled at78 °C. LHMDS
(1.6 mmol) in THF was dropped into the solution. The mixture
was allowed to stir for 10 min. After adding cold hexane, all of
the solvent was removed by evaporation. The residue was purified
by silica gel column chromatography (hexane/AcGER0/1) to
afford 11 as an exclusive product (237 mg, 0.82 mmol, 82%). Mp
30-31 °C; IR (neat) 1778, 1728, 1408, 1344 tim'H NMR
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(CDCly) 6 2.40-2.52 (m, 2H), 3.80 (tJ = 7.0 Hz, 2H), 5.20 (s,
2H), 7.30-7.41 (m, 5H);1%F NMR (CDCk) 6 64.6 (s, 2F), 65.9
(s, 1F), 81.6 (s, 1F). Anal. Calcd for;§H11FsNO,: C, 53.99; H,
3.83; N, 4.84. Found: C, 54.28; H, 4.22; N, 5.01.

N-Benzyloxycarbonyl-3,3-difluoroprolylglycine Benzyl Ester
(z-3,3-Difluoro-Pro-Gly-Obn, 16a). Under argon atmosphere, to
a solution of 11 (100 mg, 0.35 mmol) in DMF (0.5 mL)
subsequently were added glycine benzyl est8a (350 mg,
1.04 mmol) and triethylamine (161 mg, 1.60 mmol). The mixture
was stirred at room temperature for 6 h. The reaction was monitored
by both TLC and'®F NMR analyses. Then, the mixture was cooled
to 0 °C and water (1 mL) was added and then hydrochloric acid
was dropped into the solution until the pH was 1.0. After stirring
for 2.5 h, the mixture was poured into water (10 mL) and extracted
with ether. The combined organic phase was washed with saturated
sodium hydrogen carbonate aqueous solution and saturated brine
and dried over anhydrous magnesium sulfate. After removal of the
solvent, the residue was subjected to column chromatography on
silica gel (hexane/EtOAe 4/1 to 3/1) to affordl6a (119 mg,
0.28 mmol, 80%) as a viscous colorless oil. IR (neat) 3340, 1752,
1716, 1696, 1676, 1418, 1188 cinH NMR (DMSO-dg) 6 2.20~
2.60 (m, 2H), 3.38-3.58 (m, 1H), 3.62-3.78 (m, 1H), 3.854.09
(m, 2H), 4.60 (ddJ = 14.1, 17.1 Hz, 1H), 5.045.18 (m, 4H),
7.24-7.42 (m, 10H), 8.97 (1) = 5.7 Hz, 1H);**F NMR (DMSO-
ds) 6 54.6 (d,J = 236 Hz, 0.48F), 53.4 (d] = 218 Hz, 0.52F),
69.5-70.0 (including app. dJ = 230 Hz, 1F). Anal. Calcd for
CaH2oFNOs: C, 61.11; H, 5.13; N, 6.48. Found: C, 61.19; H,
5.25; N, 6.63.
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