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Synthesis of Polyfluorinated Nitrogen-Containing Heterocycles from
Hemifluorinated Enones or Organofluorosilicon Building Blocks as Synthetic
Equivalents'¥
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A series of polyfluorinated heterocycles has been prepared
by heterocyclisation of hemifluorinated enones or organo-
fluorosilicon synthetic equivalents with different bis(nucleo-
philes). These polyfluorinated building blocks were obtained
by treatment of acylsilanes with perfluoro organometallic re-
agents. The method is general and has been applied to ali-

phatic, aromatic and carbohydrate derivatives, to give oxazo-
lidines, imidazolidines, benzodia- and -thiazepines, quinol-
ines and pyrimidines bearing both a fluorine atom and a per-
fluoroalkyl group in vicinal positions.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Development of an efficient method for the synthesis of
fluorinated heterocyclic compounds is currently an import-
ant subject, as they often exhibit biological and physiologi-
cal activities.['l In particular, nitrogen-containing hetero-
cyclic compounds play important roles in agrochemical and
pharmaceutical fields.”) Although there are good general
reviews relating to the formation of pyrimidines, benzodia-
zepines and benzothiazepines,! the corresponding fluorine-
containing heterocycles have been less studied. In addition,
much attention has been focused on the synthesis and bio-
logical properties of heterocyces attached to a cyclic or
acyclic sugar backbone as nucleoside analogues.

The direct introduction of fluorine or perfluoroalkyl
groups into heterocyclic structures can be achieved through
the use of fluorinating or perfluoroalkylating reagents,!!
but the fluorinated building blocks strategy,l® allowing
classical condensation reactions, is more widely used, as in
the following examples relating to the type of heterocycles
described in this paper.

Trifluoromethylated imidazolidines and oxazolidines
have been obtained by heterocyclisations of 3-trifluoroace-
tyl lactams with ethylenediamine and 2-aminoethanol with-
out opening of the lactam structure.[’l Polyfluoro-2-alky-
noic acids readily underwent intermolecular-intramolecular
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Michael addition reactions with a variety of bifunctional
azanucleophiles to give the corresponding 2-(polyfluoroalk-
yl)imidazolidines and -oxazolidines.®] The formation of po-
lyfluorinated N,N’-unsubstituted imidazolidines was also
carried out by treatment of heteroaromatic 3-amino-p-(po-
lyfluoroalkyl)vinyl ketones with ethylenediamine.!”)

Perfluoroalkylated 1,4-diazepines have been prepared by
direct condensation of perfluoroalkyl-1,3-dicarbonyl com-
pounds with ethylenediamine!'”! or o-phenylenediamine.'!]
a-Perfluoroalkylidene ketones have also been used as 1,3-
bis(electrophilic) intermediates for synthesis of this hetero-
cycle type.[!?]

Various methods for the synthesis of perfluoroalkylated
pyrimidines have been proposed. Beside classical reactions
of amidines or guanidines with perfluoroalkylated 1,3-di-
carbonyl systems!'3! or the corresponding B-enaminone,'¥
some particular approaches have been reported. The syn-
thesis of 2,6-disubstituted 4-(trifluoromethyl)pyrimidines
was accomplished by treatment of a,B-unsaturated trifluor-
omethyl ketones with amidines followed by a tandem dehy-
dration-oxidation sequence.l'” o-Perfluoroalkylidene ke-
tones proved to be versatile building blocks, potentially pre-
parable in situ, to yield 4-(perfluoroalkyl)pyrimidines by di-
rect condensation!'? or through treatment of the
corresponding enaminoimine with orthoesters.l'® The syn-
thesis of 5-fluoro-4-(perfluoroalkyl)pyrimidines is of par-
ticular interest in the context of this paper. These com-
pounds were prepared by treatment of perfluoroalkenyl
phosphates with amidinium salts.[!”]

Previous papers in this series have demonstrated the ver-
satility of treatment of perfluoroorganometallic reagents
with acylsilanes to afford the 1-trialkylsilyl-1-perfluoro-
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alkyl-alkan-1-ols 1, the 1-alkyl-1-(trialkylsilyloxy)perfluo-
roalk-1-enes 2 and the corresponding hemifluorinated en-
ones 3.8 In a preliminary account, we showed that these
compounds behaved as synthetic equivalents. Treatment of
any one of these compounds with bis(nucleophiles) gave
various nitrogen-containing heterocycles.'! In a more re-
cent paper we described the synthesis of polyfluorinated
pyrazoles through treatment with methylhydrazine.[*"! This
paper is a full account of the synthesis of various polyfluor-
inated heterocycles (imidazolidines, oxazolidines, benzodia-
or thiazepines, quinolines and pyrimidines) bearing both a
fluorine and a perfluoroalkyl substituent in vicinal posi-
tions and its extension to the synthesis of polyfluorinated
heterocycles grafted onto a carbohydrate backbone.

Synthesis of Hemifluorinated Enones 3

The overall process for the formation of the hemiperfluo-
roenones 3 from perfluoroalkyl iodides and acylsilanes has
been described previously.l'¥>2%] Depending on the exper-
imental conditions, compounds 11842001 and 20184l can also
be isolated and these two compounds are useful synthons
that can be regarded as equivalents of the enones 3
(Scheme 1).

Rp-CF5-CFy-M + R-CO-SiR';R?
(M=MgBr, Li)  (SiR';R?=TMS, TBS)

ll ref, [18:20]
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2

Scheme 1

In the carbohydrate series, synthesis of the enones 3f and
3g was achieved by the same procedure. Compound 3f was
obtained in a high yield from the corresponding acylsilane,
synthesised by our reported procedure®!! from 2,3:4,5-di-
O-isopropylidene-D-xylitol, obtained in turn by NaBH, re-
duction of diacetone-pD-xylose.??! A small amount (12%) of
the hydroperfluoroketone, as a 50:50 mixture of dia-
stereomers, resulting from the hydrolysis of the remaining
enoxysilane 2, was also obtained and separated by silica gel
flash chromatography.*! For the p-xylofuranose derivative,
we observed a partial epimerisation (5%, determined after
separation by HPLC and by integration of the anomeric
protons in '"H NMR or of CF5 groups in '’F NMR) at C-
4 during the reaction. The reaction produced a mixture of
the enone and the corresponding hydroperfluoroketone
(Scheme 2). The two compounds were present as epimeric
mixtures in the same 95:5 ratio (major D-xylo and minor L-
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Table 1. Preparation of the starting compounds 1—3 through treat-
ment of the acylsilanes with perfluoroorganometallic reagents

Compound R R' R Re Yield (%)
1a Ph Me Me Gy 97
3a Ph Me Me  CuFy 88
1b p-Cl-Ph Me Me  CF 80
3b p-C1-Ph Me Me  CF 91
1e p-F-Ph Me Me C,F 84
3¢ p-F-Ph Me  Me  CF 89
1d p-MeO-Ph Me Me  CFy 84
3d p-MeO-Ph Me Me  CF 87
2e CsH,, Me tBu Gy 90
3f o ‘/ﬁ?( Me Me  CFs 88

Foc
3g J%E:?\ Me Me C,Fs 67
&
0 F O

1) CoF 5-CFy-CF
2) MeLi, -78°C, E,O

3)rt 01:0
4) E;N 0><

88 % K

@) 1) CoF5-CFp-CF,l
Me;Si 2) MeLi, -78°C

3 O ) MeLi, EGN
OBzl 100 %

o rt CILCl,

Of 4) BN
F O
67 % (overall yield) CZF:;)\/U\ o
F OB/l

pd O
25 % \/I/

3g

D-xylo / L-arabino 9575

Scheme 2

arabino). This epimerisation at C-4 can be explained by the
reversible opening of the furan ring after deprotonation at
C-5 with one of the basic species present in the mixture. The
same ratio of epimers was observed whatever the reaction
conditions: (i) suppression of triethylamine to activate the
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conversion into the enone, the latter being formed under
the action of the fluoride ion released in situ,['®®) or (ii) use
of less than one equivalent of MeLi (0.9 equivalent) for the
halogen-metal exchange step affording the perfluoroalkyl-
lithium reagent. Although the starting acylsilane is no
longer present in the medium at the time of introduction of
triethylamine, we have observed that its treatment in diethyl
ether at room temperature for 2 h induced epimerisation
into the L-arabino epimer to about the same extent. These
experiments show that either of these basic species, includ-
ing the perfluoroalkyllithium reagent, are able to induce the
observed epimerisation, probably at the enone stage.

The hydroperfluoro ketone can be separated by flash
chromatography and is quantitatively converted into the
corresponding enone 3g by treatment with triethylamine in
dichloromethane at room temperature, with the same ratio
of the two epimers.??! The two epimeric enones may be
separated by HPLC (silica gel, eluent: hexane/EtOAc,
90:10), but owing to the possible epimerisation during the
synthesis of the heterocycles (vide infra) the mixture of epi-
mers was used in the following syntheses.

Synthesis of Fluorinated Imidazolidines, Oxazolidines,
Benzodiazepines and Benzothiazepines

Generally, the cyclisation step giving rise to heterocycles
from fB-enaminone-type intermediates occurs at the car-
bonyl carbon atom.?* Fluorine substitution strongly en-
hances the electrophilic properties of unsaturated substrates
by modifying the charge distribution and lowering the
LUMO level to a large extent.[>> Thus, for bis(nucleophilic)
reagents able to give non-strained heterocycles, intramol-
ecular nucleophilic attack in the intermediate enaminone is
to be expected at either of the two electrophilic sites: the B-
carbon (path a: Michael type addition) and/or the carbonyl
carbon atom (path b: condensation). Some examples of
such duality from fluorinated enone-type substrates have
been reported (Scheme 3).[2¢

lor2or3

|

F Rp; F F
Ry [¢] patha ):Sz: pathb Ry - R
Nu 0] !
Nu  Nu' R a] R Nu’ Nu'
\/ b N4

Nu'H
Nu=NR, S; Nu' =0, NH
Scheme 3

In contrast to these examples in which mixtures are pro-
duced, our substrates specifically gave one of the two pos-
sible cyclisation products."® Imidazolidines 4 are the un-
ique products from the smooth reactions between 1,2-di-
aminoethanes and alcohol 1, enoxysilane 2, or enone 3.
Similarly, treatment of 1 or 2 with ethanolamines specifi-
cally gave the corresponding oxazolidines 5. Results are
summarised in Scheme 4 and Table 2.

1446 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Scheme 4

Table 2. Preparation of imidazolidines 4a—c¢ and oxazolidines Sa—c

Entry  Starting RF Y R’ Yield (%)
compound Ratio of diastereomers

1 la C4F9 NH H 4a (88)

2 3a C,Fy NH H 4a (92)

3 1a C,Fy, NH Me 4b (81) 75:25

4 3a C,Fy NH Me 4b (88) 75:25

5 2e C,Fs NH H 4c (94)

6 la CFy O H 5a (91) 62:38

7 la C,Fy O Me 5b (92) 72:28

8 2e CFy O Me 5¢ (85) 91:9

[l Pure isolated compounds.

The regioselectivity of the cyclisation was reversed with
o-phenylenediamine, which exclusively gave the benzodia-
zepine 6. The formation of a five-membered ring is hindered
by the rigidity of this diamine and/or disfavoured frontier
orbital interactions (if it is assumed that frontier orbital
perturbation is the main parameter governing the regiose-
lectivity). As reported in our preliminary account,!'”! the
synthesis of polyfluorinated benzodiazepines was directly
performed from 1 or 2 and o-phenylenediamine. In the
carbohydrate series, the best results were obtained by treat-
ment of the hemiperfluoroenones 3 at reflux in diethyl ether
or dioxane with an excess of o-phenylenediamine to give
good yields of the corresponding benzodiazepines
(Scheme 5, Table 3). From enone 3f, a mixture of the dia-
stereomers (50:50, 84%) was obtained after flash chroma-
tography. From enone 3g (as a mixture of two epimers D-
xylolL-arabino, 95:5) the two diastereoisomers (50:50, 88%)
were obtained for each epimer. NMR spectra showed the
exclusive formation of the diimine tautomer ('"H NMR, & =
6.4 ppm, 2Jy; = 45 Hz. 3C NMR, 8 = 138 ppm, Jer =
270 Hz).

The same reaction conditions were applied to 2-amino-
thiophenol, condensation of which with the enones 3 pro-
vided the corresponding benzothiazepines 7 in good yields
(Scheme 5, Table 3).['1 The structure of the benzothiazep-
ine was confirmed by NMR studies. 'H NMR monitoring
of the reaction showed the disappearance of the SH group
before the NH, group in the first step. Concomitant disap-
pearance of the fluorine atom in the -position of the enone
was confirmed by 'F NMR monitoring. These obser-
vations indicate a prior attack of the more nucleophilic sul-
fur atom on the B carbon. In the carbohydrate series, the
benzothiazepine 7¢ was obtained as an epimeric mixture (D-
xylolL-arabino in a 85:15 ratio), indicating that a further C-
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Table 3. Preparation of benzodiazepines 6a—g and benzothiazep-
ines 7a—c¢

Entry Starting compound Rp Yield (%)
1 la C4Fy 6a (92)
2 1b C4Fy 6b (98)

3 1c C4Fy 6¢ (82)
4 1d C4Fy 6d (82)
5 2e C4Fy 6e (91)

6 3f C,Fs 6f (84)
7 3g C,Fs 6g (83)
8 3c C4Fy 7a (87)
9 3f C,Fs 7b (81)
10 3g C,Fs Te (79)

[l Mixture (50:50) of diastereomers. ! Mixture (50:50) of dia-
stereomers for each epimer. [! Mixture of the two epimers (D-xylo/
L-arabino, 85:15).

4 epimerisation had occurred during the formation of the
heterocycle.

Synthesis of Fluorinated Quinolines

Literature results show that benzothiazepine structures
are quite unstable and, under basic conditions or on heat-
ing, can be transformed into quinoline rings 8 by elimin-
ation of the sulfur atom.”! In our hands, on heating to 120
°C, we observed an efficient extrusion of sulfur atom for
the benzothiazepine with the aromatic substituent
(Scheme 6). In the carbohydrate series, similar treatment re-
sulted in the degradation of the starting materials 6f and 6g.

Scheme 6
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Synthesis of Fluorinated Pyrimidines

Pyrimidines are conventionally synthesised by a [3+3]
fragment approach involving amidines and substrates con-
taining 1,3-dielectrophilic centres. In our hands, pyrim-
idines were obtained under mild basic conditions from hem-
iperfluoroenones 3 and various amidinium salts. From aro-
matic enones, different basic conditions were used: Et;N/
THF, diisopropylethylamine/THF and a KOH suspension
in CH,Cl,, the last of these sets of conditions giving the
best yields. The reaction was then extended to the D-xylose-
derived enones 3f and 3g to give the pyrimidines 9d—9i at-
tached to carbohydrate moieties (Scheme 7, Table 4). In the
D-xylofuranose series, the first experiments were carried out
with the mixture of the two epimers (D-xylo/L-arabino) to
give the corresponding pyrimidines in good yields. Once
again, differences in the ratios of the two epimers were ob-
served (D-xylo/L-arabino, 88:12 vs. 94:6). To confirm that a
further epimerisation had taken place during the heterocy-
cle formation process, the same reaction was carried out
with the pure D-xylo epimer of the enone 3g and O-methyl-
isourea. The expected pyrimidine and its L-arabino epimer
were obtained in a ratio of 88:12. They were separated by
HPLC (silica gel, eluent: hexane/EtOAc, 90:10).

7z
‘ , A
@ F 1 KOH N7 |N
= +
RMRF HN” "NH, ) .
s v CH,Cly R Ry

r.t.
F

3 9a-9i

R = aromatic, sugar residues

3
_‘ Ofo< or OBz] 5

o)

o< o7

3f 3g

Scheme 7

Table 4. Preparation of pyrimidines 9a—i

Entry Starting compound Rg Z Y Yield (%)

1 Ic CFy, H  AcO- 9a (80)
2 3f CFs H  AcO- 9b (58)
3 3f C,Fs Me CI- 9¢ (64)
4 3f C,Fs OMe 0.5S0,2~ 9d(78)
5 3f C,Fs NH, CI- 9e (66)
6 3g C,Fs H  AcO- 9f (65)k
7 3g C,Fs Me CI- 9g (74)!
8 3g C,Fs OMe 0.5S0.2~ 9h (75)@
9 3g C,Fs NH, CI- 9i (66)

14 Yields given for the mixture of the two epimers D-xylo/L-arabino

It is interesting to compare our results with those re-
ported by Ishihara,l'’l who used perfluoroenol phosphates
as intermediates towards pyrimidines with the same substi-
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tution patterns. The authors pointed out that these enol
phosphates are convenient synthetic equivalents of hemi-
fluorinated enones, which should be compared to the silyl
enol ether precursors of the enones in our methodology.

Conclusion

This paper reports and demonstrates the potential of the
mixed organofluorosilicon synthons 1, 2 and hemifluorin-
ated enones 3 in the synthesis of elaborated fluoro-substi-
tuted systems such as nitrogen heterocycles. After the re-
cently reported pyrazoles, polyfluorinated imidazolidines,
oxazolidines, benzodia- and -thiazepines, quinolines and
pyrimidines have been synthesised, and the procedure has
been applied to aliphatic, aromatic and carbohydrate-de-
rived substrates. The essential feature of these syntheses is
undoubtedly the mild conditions required and the good
yields generally obtained, thanks to the one-pot multistep
process. An extension of this chemistry to new carbo-
hydrate-derived acylsilanes with application to polyfluorin-
ated homo-C-nucleosides analogues is described in a forth-
coming paper.[?8]

Experimental Section

Melting points are uncorrected. Optical rotations were determined
with a Perkin—Elmer Model 241 polarimeter. FT-IR spectra were
recorded with a MIDAC Corporation Spectrafile IR™ apparatus.
'H, 13C and '°F spectra were recorded with Bruker AC 250 or AC
500 instruments in CDCl; as the solvent. Tetramethylsilane (& =
0.00 ppm) or CHCI; (6 = 7.27 ppm) were used as internal stand-
ards for '"H and '3C NMR spectra and CFCl; for ’F NMR spec-
tra. MS data were obtained with a AUTOSPEC (VG Instruments)
apparatus at 70 eV in the electron impact mode. Elemental analyses
were performed with a Perkin—Elmer CHN 2400 apparatus. All
reactions were monitored by TLC (Merck silica gel F 254). Silica
gel (Merck 9385, 40—63um) was used for flash chromatography.
HPLC separations were performed on a HP 1100 Series chromato-
graph with a LiChrospher Si60 (Spm) column. All reactions were
carried out under dry argon. THF was dried and freshly distilled
from over sodium/benzophenone. Diethyl ether (SDS Purex for
analyses) was used without further purification.

The syntheses and characterisation of the following substrates have
been reported: aromatic and aliphatic acylsilanes,!'*°l b-xylose-de-
rived acylsilanes,?!l alcohols 1a—1d,!"® enolsilyl ether 2e,['%4 and
enones 3a—d.['8P]

Preparation of Carbohydrate-derived Hemiperfluoroenones 3f and 3g

(E)-1-(1'-Deoxy-2',3":4',5'-di-O-isopropylidene-D-xylityl)-
2,3,4,4,5,5,5-heptafluoropent-2-en-1-one (3f): Freshly distilled per-
fluorobutyl iodide (0.93 mL, 5.6 mmol, 1.2 equiv.) was added to a
solution of the acylsilane (1.5 g, 4.7 mmol, 1.0 equiv.) in diethyl
ether (20 mL). After the mixture had been cooled to —78 °C, a
solution of methyllithium (5.6 mmol, 1.2 equiv.) in diethyl ether
was added dropwise. The mixture was stirred at —78 °C for 30 min
and was then warmed to room temperature (3 h). Triethylamine
(3.1 mL, 23.5 mmol, 5 equiv.) was added, and the resulting mixture
was stirred overnight. After dilution with diethyl ether (50 mL) and
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hydrolysis with saturated aqueous NH,4Cl solution, the crude prod-
uct was extracted with diethyl ether (3 X 20 mL). The combined
organic phases were dried with MgSO,, filtered and concentrated
in vacuo. The residue was chromatographed on silica gel (petro-
leum ether/EtOAc, 90:10) to give the hemifluorinated enone as an
oil (1.75 g, 88%). The corresponding hydroperfluoro ketone was
also isolated (0.25 g, 12%). '"H NMR: § = 1.33 (s, 3 H, CH3), 1.36
(s, 3 H, CH3), 1.38 (s, 3 H, CHj3), 1.39 (s, 3 H, CH3), 2.96 (ddd,
2y = 168,305 = 42,4 = 23 Hz, 1 H, 1’-H), 3.06 (ddd,
2y =16.8, 3105 = 7.6, *Jy = 2.3 Hz, 1 H, 1"’-H), 3.81 (dd,
3y = 17.6,3Jy4 = 3.8Hz, 1 H, 3'-H), 3.86 (dd, 2Js 5 = 8.4,
354 =1.2Hz, 1 H, 5-H), 4.03 (dd, 2Js5 5 = 8.4, 3J5. 4 = 6.9 Hz,
1 H, 5""-H), 4.21 (dt, 3Jy 3 = 3.8, 3Jp5 = 6.9,y 50 = 6.9 Hz, 1
H, 4'-H), 4.44 (dt, 3Jy 3 = 7.6,y = 4.2,3J5 ,» = 7.6 Hz, 1 H,
2'-H) ppm. 3C NMR: § = 25.1 (s, CH3), 25.2 (s, CH3), 25.9 (s,
CHs), 26.7 (s, CH3), 43.9 (s, CH,, C-1"), 65.4 (s, CH,, C-5), 72.0
(s, CH, C-4'), 74.6 (s, CH, C-2"), 80.6 (s, CH, C-3"), 109.8—110.0
(s, Cqacer)> 110.4=112.0 (m, 2 C, CF-2, CF-3), 117.8 (qt, Jcr =
286.5, 2Jcr = 374 Hz, CF;), 146.0 (tq, 'Jor = 2358, 2Jcp =
37.4 Hz, CF,), 188.1 (d, 2Jcr = 21.6 Hz, C=0) ppm. ’F NMR:
8 = —84.8 (m, 3 F, CF;), —121.8 (dd, J = 229, J = 7.6 Hz, 2 F,
CF,), —151.4(d, J = 137.3 Hz, | F, CF-2), —152.3 (ddt, J = 137.3,
J=1229,J=7.6Hz | F, CF-3) ppm. IR (film): ¥ = 2990, 2938,
1736, 1382, 1227, 1072, 858 cm™~!. MS: m/z (%) = 424 (23) [M™],
409, 309, 291, 264, 248, 241, 209, 201, 143. C;sH 9F,Os: caled. C
45.29, H 4.51; found C 45.09, H 4.39.

(E)-1-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-a-D-xylo-
furanosyl)-2,3,4,4,5,5,5-heptafluoropent-2-en-1-one (3g, major dia-
stereomer): Freshly distilled perfluorobutyl iodide (0.44 mL,
2.6 mmol, 1.2 equiv.) was added to a solution of the acylsilane
(0.8 g, 2.2 mmol, 1.0 equiv.) in diethyl ether (12 mL). After the mix-
ture had been cooled to —78 °C, a solution of methyllithium
(2.6 mmol, 1.2 equiv.) in diethyl ether was added dropwise. The
mixture was stirred at —78 °C for 30 min and was then warmed to
room temperature (3 h). Triethylamine (1.72mL, 13 mmol, 5
equiv.) was added, and the resulting mixture was stirred overnight.
After dilution with diethyl ether (50 mL) and hydrolysis with satu-
rated aqueous NH,CI solution, the crude product was extracted
with diethyl ether (3 X 20 mL). The combined organic phases were
dried with MgSOQ,, filtered and concentrated in vacuo. The residue
was chromatographed on silica gel (petroleum ether/EtOAc, 95:5)
to give a mixture of the two epimeric (D-xylo/L-arabino, 95:5) hemi-
fluorinated enones. A small amount of the major epimer was puri-
fied by HPLC (silica gel, eluent: cyclohexane/EtOAc, 90:10, 3 mL/
min). 'H NMR: § = 1.36 (s, 3 H, CH3), 1.53 (s, 3 H, CH3),
3.10-3.25(m, 2 H, 5'-H), 4.11 (d, 3J3- 4 = 3.3 Hz, 1 H, 3'-H), 4.39
(d, 2Jun = 11.8 Hz, 1 H, Hyenyy1), 4.66—4.70 (m, 2 H, 2'-H, 4'-H),
471 (d, *Jyu = 11.8 Hz, | H, H'penzy), 5.92 (d, 312 = 3.8 Hz, 1
H, 1’-H), 7.22—7.38 (m, 5 H, Hy;om.) ppm. 3°C NMR: § = 26.2 (s,
CHa), 26.7 (s, CH3), 39.7 (d, 3Jcr = 4.0 Hz, C-5'); 72.1 (s, CH,
benzyl), 75.4 (s, CH, C-4"), 81.7 (s, C-3"), 82.2 (s, CH, C-2'), 104.6
(s, CH, C-1"), 111.8 (s, Cgpacer)> 117.9 (qt, ey = 2874, %) ¢ =
354Hz, CF;), 127.8—128.1-128.5-128.6 (CH,.om), 137.0
(Cqarom), 143.7 (dd, ey = 2622, 2Jor = 32.1 Hz, CF), 147.6
(dd, Yer = 260.6, 2J ¢ = 26.6Hz, CF), 188.2 (d, 2Jcfr =
23.6 Hz, C=0) ppm. "F NMR: § = —84.5 (m, 3 F, CF3), —121.5
(dm, 3J g = 23.3Hz, 2 F, CF,), —151.5 (d, 3J ¢ = 137.3Hz, 1
F, CF-2), —151.7 (dtm, 3J g = 137.3, 3J g = 23.3Hz, 1 F, CF-
3) ppm. MS: m/z (%) = 472 (15) [M™*], 457 [M — 15], 413, 307
(100), 249, 209. IR (film): v = 2957, 1738, 1638, 1370, 1254, 1076,
851 cm ™. CyoH;oF;O5 caled. C 50.86, H 4.05; found C 50.80, H
4.10.
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(E)-1-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-p-L-arabino-
furanosyl)-2,3,4,4,5,5,5-heptafluoropent-2-en-1-one (3g, minor dia-
stereomer): '"H NMR: § = 4.09 (d, 3J3 4 = 2.0 Hz, 1 H, 3’-H), 5.93
(d,3J; 5 =3.6Hz, 1 H, I’-H) ppm. *CNMR: § = 44.7 (d, 3Jcr =
3.2 Hz, C-5') ppm. ’F NMR: § = —85.1 (m, 3 F, CF3), —121.6
(m, 2 F, CF,), —153.0 (d, 3J g = 137.3 Hz, 1 F, CF-2) ppm.

General Procedure for the Synthesis of Imidazolidines 4 and Oxazol-
idines 5 from 1: The bis(nucleophilic) compound (6 mmol, 3 equiv.)
— ethylenediamine or N-methylethylenediamine for imidazolidines
4 and ethanolamine or N-methylethanolamine for oxazolidines 5
— was added to a solution of 1a (2 mmol) in diethyl ether (20 mL).
The mixture was stirred at reflux for 4 h and filtered. After solvent
removal, compounds 4a—c and Sa—c were purified by silica gel
chromatography (EtOAc/petroleum ether).

General Procedure for the Synthesis of Imidazolidines 4 and Oxazol-
idines 5 from 2: The bis(nucleophilic) compound (0.4 mmol, 2
equiv.) was added to a solution of 2e (0.2 mmol) in diethyl ether
(2 mL). The mixture was stirred at room temperature for 5h and
filtered. After solvent removal, compounds 4 and 5 were purified
by silica gel chromatography (CH,Cl,/petroleum ether).

General Procedure for the Synthesis of Imidazolidines 4 and Oxazol-
idines 5 from 3: The bis(nucleophilic) compound (4 mmol, 2 equiv.)
— ethylenediamine or N-methylethylenediamine for imidazolidines
4 and ethanolamine or N-methylethanolamine for oxazolidines 5
— was added to a solution of 3a (2 mmol) in diethyl ether (20 mL).
The mixture was stirred at reflux for 4 h and filtered. After solvent
removal, compounds 4a—c and Sa—c were purified by silica gel
chromatography (EtOAc/petroleum ether).

2-(1'-Fluoro-2'-o0x0-2'-phenylethyl)-2-perfluorobutylimidazolidine
(4a): 'TH NMR: 8§ = 2.75 (br. s, 2 H, NH), 3.03 (m, 4 H, CH,—N),
5.90 (d, 2Jyr = 46.0 Hz, 1 H, 1'-H), 7.60 (m, 3 H, Ar), 7.90 (m, 2
H, Ar) ppm. '3C NMR: & = 45.6 (s, CH,—N), 83.2 (m, C-1), 88.0
(d, Jer = 194.0 Hz, C-1"), 127.7-136.2 (Carom.)> 194.9 (d, 2Jc =
19.7 Hz, C-2') ppm. 'F NMR: § = —81.3 (m, 3 F, CF;), —113.6
(d, 2Jgr = 284.0Hz, 1 F, 1F%), —114.9 (d, 2Jgr = 2840Hz, | F,
1 F*) —121.5 (m, 2 F, CF,), —126.3 (m, 2 F, CF,) ppm. IR (film):
v = 3400, 2990, 1680, 1590, 1200, 1030 cm™!. MS: m/z (%) = 427
(10) [M™ + 1], 289 (100), 207, 120, 105, 77. C;5H;,FoN,O: calcd.
C 42.27, H 2.84, N 6.57; found C 42.25, H 2.67, N 6.12.

2-(1'-Fluoro-2'-0x0-2'-phenylethyl)-1-methyl-2-(perfluorobutyl)-
imidazolidine (4b): Mixture of two diastereomers: 75:25. '"H NMR
(major diastereomer): 6 = 1.55 (s, 1 H, NH), 2.80 (s, 4 H, CH,—N),
3.05 (s, 3 H, N—CHa), 5.80 (d, 2Jur = 46.0 Hz, 1 H, 1’-H), 7.45
(m, 3 H, Ar), 7.95 (m, 2 H, Ar) ppm. 'H NMR (minor dia-
stereomer): 6 = 1.55 (s, 1 H, NH), 2.50 (s, 4 H, CH,—N), 3.05 (s,
3 H, N—CHs;), 5.50 (d, 2Jyr = 46.0 Hz, 1 H, 1’-H), 7.45 (m, 3 H,
Ar), 7.95 (m, 2 H, Ar) ppm. '3C NMR (major diastereomer): & =
45.6 (s, CH,—N), 55.4 (s, N—CHs), 87.8 (d, 'Jcr = 194.7 Hz, C-
1), 127.7-136.0 (Carom.)> 194.8 (d, 2Jcyr = 20.1 Hz, C-2’) ppm.
13C NMR (minor diastereomer): & = 45.4 (s, CH,—N), 55.2 (s,
N—CHj;), 83.1 (d, Jer = 184.0 Hz, C-1"), 127.7-136.0 (Cyrom.)
1932 (d, 2Jcr = 20.1Hz, C-2') ppm. YF NMR (major dia-
stereomer): § = —81.3 (m, 3 F, CF;), —113.2 (d, 2Jgr = 283.0 Hz,
1 F, 1F%), —114.7 (d, 2Jgr = 283.0 Hz, 1 F, 1F*) —121.6 (m, 2 F,
CF,), —126.4 (m, 2 F, CF,) ppm. IR (film): ¥ = 3400, 3000, 1680,
1600, 1200, 1030 cm™'. MS: m/z (%) = 440 (20) [M*], 421, 363,
335, 323, 303 (100), 221, 105, 77.

2-(1'-Fluoro-2'-o0xo0-2'-heptyl)-2-(perfluorobutyl)imidazolidine (4c):
'TH NMR: § = 0.90 (t, 3/ = 7.0 Hz, 3 H, CH3), 1.30 (m, 4 H,
2CH,), 1.58 (q, *Jyu = 7.0 Hz, 2 H, CH,), 2.73 (m, 4 H, CH, +

Eur. J. Org. Chem. 2004, 1444—1454 WWw.eurjoc.org

2 NH), 3.00 (m, 2 H, CH,—N), 3.15 (m, 2 H, CH,—N), 4.82 (d,
2Jur = 50.0Hz, 1 H, 1’-H) ppm. 3C NMR: § = 13.8 (s, CH3),
22.1, 22.4, 31.1 (3s, 3 CH,), 40.3 (s, CH,), 45.4 (s, CH,—N), 45.6
(s, CH,—N), 829 (q, ZJcr = 19.0Hz, C-1), 92.6 (d, Jer =
197.0 Hz, C-1"), 208.6 (d, 2Jcy = 25.0 Hz, C-2’) ppm. '°F NMR:
& = —81.3 (t, 3Jgr = 10.0Hz, 3 F, CF;), —116.4 (d, 2Jpr =
280.0 Hz, 1 F, 1F?®), —117.8 (d, 2Jgr = 280.0 Hz, 1 F, 1F*) —121.5
(m, 2 F, CF,), —126.4 (m, 2 F, CF,), —195.7 (m, 1 F, CF-1") ppm.
IR (film): ¥ = 3430, 3000, 2860, 1720, 1660, 1460, 1230, 1140, 1040
cm~ ' MS: miz (%) = 420 (12) [M™], 405 (96), 389 (17), 343 (30),
327 (100), 253 (61), 193 (51), 193 (51), 156 (70), 135 (44), 91 (60).
C4H gFoN,O: caled. C 40.01, H 4.32, N 6.67; found C 40.22, H
4.22, N 6.59.

2-(1'-Fluoro-2'-oxo-2'-phenylethyl)-2-(perfluorobutyl)-1-oxazolidine
(5a): Mixture of two diastereomers: 62:38. '"H NMR (major dia-
stereomer): 6 = 3.13 (m, 2 H, CH,—N), 3.35 (m, 1 H, CH,—-0),
3.50 (s, 1 H, NH), 3.88 (m, 1 H, CH,—0), 6.25 (d, 2Jy; ¢ = 46.0 Hz,
1 H, 1’-H), 7.50 (m, 3 H, Ar), 7.90 (m, 2 H, Ar) ppm. 'H NMR
(minor diastereomer): 6 = 3.25 (m, 2 H, CH,—N), 3.50 (s, 1 H,
NH), 3.63 (m, 1 H, CH,—0), 4.05 (m, 1 H, CH,—0), 5.63 (d,
2Jur = 46.0 Hz, 1 H, 1’-H), 7.65 (m, 3 H, Ar), 8.10 (m, 2 H, Ar)
ppm. 3C NMR (major diastereomer): § = 45.3 (s, CH,—N), 68.2
(s, CH,—0), 85.0 (d, "Jer = 1914 Hz, C-1), 96.5 (m, C-1),
127.7-136.0 (Carom)»> 193.3 (d, 2Jcr = 18.0 Hz, C-2") ppm. 3C
NMR (minor diastereomer): & = 45.5 (s, CH,—N), 68.7 (s,
CH,—0),91.0 (d, Jer = 191.4 Hz, C-1"),97.0 (d, 2Jcr = 30.0 Hz,
C-1), 127.7-136.0 (Carom.)> 193.3 (d, 2Jcr = 18.0 Hz, C-2) ppm.
F NMR (major diastereomer): § = —81.3 (m, 3 F, CF;), —121.4
(m, 2 F, 2F%), —122.3 (m, 2 F, CF;), —126.4 (m, 2 F, CF;), —196.3
(m, 1 F, CF-1") ppm. "’F NMR (minor diastereomer): & = —81.3
(m, 3 F, CF;), —117.4 (m, 2 F, 2F?), —121.6 (m, 2 F, CF,), —126.4
(m, 2 F, CF,), —193.9 (m, 1 F, CF-1") ppm. IR (film): ¥ = 3360,
3000, 1690, 1600, 1450, 1350, 1200, 1130 cm~!'. MS: m/z (%) = 428
(15) [M™*], 410, 290, 209, 105 (100), 77. C;sH,;F(NO,: caled. C
42.16, H 2.56, N 3.27; found C 42.20, H 2.61, N 3.09.

2-(1'-Fluoro-2'-oxo0-2'-phenylethyl)-1-methyl-2-(perfluorobutyl)-
oxazolidine (5b): Mixture of two diastereomers: 72:28. 'H NMR
(major diastereomer): 8 = 2.80 (s, 3 H, N—CH3), 3.05(q, Juu =
9.0 Hz, 1 H, CH,—N), 3.15(q, Juu = 9.0 Hz, 1 H, CH,—N), 3.40
(dq, Juu = 9.0, Juu = 2.0Hz, 1 H, CH,—-0), 3.90 (dq, Jun =
9.0, Jun = 2.0Hz, 1 H, CH,—0), 6.10 (d, 2Jyr = 45.0 Hz, 1 H,
1’-H), 7.50 (m, 3 H, Ar), 7.90 (m, 2 H, Ar) ppm. 'H NMR (minor
diastereomer): 6 = 2.70 (s, 3 H, N—CHs;), 3.00 (q, Juu = 9.0 Hz,
1 H, CH,—N), 3.13 (q, Jun = 9.0Hz, | H, CH,—N), 3.55 (dq,
Jun = 9.0, Juny = 2.0Hz, 1 H, CH,—-0), 4.00 (dq, Juu = 9.0,
Jun = 2.0Hz, 1 H, CH,—-0), 5.60 (d, 2Jyr = 45.0Hz, 1 H, 1'-
H), 7.70 (m, 3 H, Ar), 8.00 (m, 2 H, Ar) ppm. 3C NMR (major
diastereomer): 6 = 34.1 (s, N—CHs;), 52.8 (s, CH,—N), 66.7 (s,
CH,-0), 91.7 (d, Yer = 196.1Hz, C-1'), 94.6 (m, C-1),
127.7-136.0 (Carom.)> 193.2 (d, 2Jcr = 19.0 Hz, C-2') ppm. 13C
NMR (minor diastereomer): 6 = 33.9 (s, N—CHs), 51.7 (s,
CH,—N), 66.7 (s, CH,—0), 92.8 (d, 'Jc = 196.1 Hz, C-1'), 95.7
(m, C-1), 127.7-136.0 (Carom.)> 193.9 (d, 2Jcr = 19.0 Hz, C-2')
ppm. '’F NMR (major diastereomer): § = —81.3 (m, 3 F, CF3),
—117.5 (m, 2 F, 2F*), —121.8 (m, 2 F, CF,), —126.6 (m, 2 F, CF,),
—194.0 (dm, 2Jgy = 46.0Hz, 1 F, CF-1") ppm. IR (film): v =
3000, 1690, 1600, 1450, 1350, 1200, 1130 cm~!. MS: m/z (%) = 442
(10) [M*], 424, 304, 223, 219, 105 (100), 77.

2-(1'-Fluoro-2'-oxo0-2'-heptyl)-2-(perfluorobutyl)-1-oxazolidine (5c):
Mixture of two diastereomers: 91:9. 'H NMR: & = 0.85 (t, 3/ =
7.0 Hz, 3 H, CH;), 1.25 (m, 4 H, 2CH,), 1.53 (q, 3Jgyux = 7.0 Hz,
2 H, CHy), 2.58 (dt, 3Jyyu = 7.0, *Jur = 3.0 Hz, 4 H, CH,), 2.64
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(s, 3 H, N—CHs), 3.00—3.25 (m, 2 H, CH,—N), 4.05 (m, 2 H,
CH,—-0), 4.95 (d, 2Jy.r = 49.0 Hz, 1 H, 1'-H minor isomer), 5.07
(d, 2Jyr = 49.0Hz, 1 H, 1’-H major isomer) ppm. 3C NMR
(major diastereomer): 6 = 13.8 (s, CHs), 22.1, 31.3, 39.3 (3s, 3
CH,), 43.9 (s, N—CHs), 53.4 (s, CH,), 58.6 (s, CH,—N), 67.2 (s,
CH,—0), 94.0 (d, Yer = 194.0 Hz, C-1'), 204.6 (d, ey =
24.0 Hz, C-2") ppm. '*C NMR (minor diastereomer): § = 15.2 (s,
CHs), 23.2, 29.7, 34.4 (3s, 3 CH,), 39.6 (s, N—CHs), 51.6 (s, CH>),
56.3 (s, CH,—N), 66.9 (s, CH,—0), 92.0 (d, 'Jeyo = 201.0 Hz, C-
1), 195.6 (d, 2Jcr = 35.0 Hz, C-2') ppm. °F NMR: § = —81.5
(t. Jgr = 10.0 Hz, 3 F, CF3), —109.9 (m, 2 E, CF,) —122.6 (m, 2
E, CF,), —126.8 (m, 2 F, CF,), —197.7 (m, 1 F, CF-1") ppm. IR
(film): v = 3005, 2960, 2870, 1720, 1455, 1350, 1230, 1135, 1070,
1035 cm~!. MS: miz (%) = 435 (< 1) [M*], 304 (100), 260 (7), 217
(11), 216 (97), 118 (44), 99 (11), 71 (10). C,sH,oF;,NOs: caled. C
41.39, H 4.40, N 3.22; found C 41.72, H 4.36, N 3.12.

General Procedure for the Synthesis of Benzodiazepines 6 from 1: o-
Phenylenediamine (5 mmol, 5 equiv.) and MgSO,4 were added to a
solution of 1 (1 mmol) in diethyl ether (20 mL). The mixture was
stirred at reflux for 24 h and filtered. After solvent removal, com-
pounds 6a—d were purified by silica gel chromatography (petro-
leum ether/dichloromethane, 70:30).

General Procedure for the Synthesis of Benzodiazepines 6 from 2:
1,2-Phenylenediamine (0.4 mmol, 2 equiv.) was added to a solution
of 2e (0.2 mmol) in methanol (2 mL). The mixture was stirred over-
night at 50 °C. After extraction with water and diethyl ether, com-
pound 6e was purified by silica gel chromatography (petroleum
ether/dichloromethane, 90:10).

General Procedure for the Synthesis of Benzodiazepines 6 from 3:
The o-phenylenediamine (10 mmol, 5 equiv.) and MgSO, were ad-
ded to a solution of 3 (2 mmol) in diethyl ether or dioxane (20 mL).
The mixture was stirred at room temperature overnight and fil-
tered. The reaction mixture was washed with an aqueous solution
of ammonium chloride, and the aqueous layer was extracted twice
with 20 mL of diethyl ether. The organic layer was dried with
MgSO, and filtered. After solvent removal, benzodiazepines 6f—g
were purified by silica gel chromatography (petroleum ether/
EtOAc, 95:5).

3-Fluoro-2-(perfluorobutyl)-4-phenylbenzo-1,5-diazepine (6a): 'H
NMR: § = 6.60 (d, 2Jyr = 45.0 Hz, 1 H, 3-H), 7.40—7.60 (m, 5
H, H.om), 7.75 (t, J = 7.6 Hz, 2 H, H,,om), 8.00 (d, J = 7.6 Hz,
2 H, Hyrom) ppm. 3C NMR: § = 126.9—138.3 (m, C,rom.), 138.5
(d, Jep = 268.6 Hz, C-3), 140.1 (s, C-2), 148.4 (s, C-4) ppm. '°F
NMR: § = —81.4 (m, CF3), —112.9 (m, CF,), —122.3 (m, CF,),
—125.8 (m, CF,), —196.0 (m, CF) ppm. IR (film): ¥ = 3000, 1700,
1680, 1600, 1570, 1510, 1470, 1410, 1220, 1160, 1090 cm™!. MS:
mlz (%) = 456 (20) [M '], 237, 77. CoH,(F(Ns: caled. C 50.01, H
2.21, N 6.14; found C 50.32, H 2.24, N 6.18.

4-(4'-Chlorophenyl)-3-fluoro-2-(perfluorobutyl)benzo-1,5-diazepine
(6b): 'TH NMR: & = 6.43 (d, 2/ = 45.0 Hz, 1 H, 3-H), 7.45-7.55
(m, 4 H, Hyrom), 7.75 (d, J = 7.6 Hz, 2 H, H,;om), 7.96 (d, J =
7.6 Hz, 2 H, Hyrom ) ppm. 3C NMR: § = 126.9—138.3 (m, C,rom).
138.5 (d, e = 268.6 Hz, C-3), 140.1 (s, C-2), 148.4 (s, C-4) ppm.
F NMR: § = —81.4 (m, CF5), —113.1 (m, CF3), —122.4 (m, CF3),
—125.6 (m, CF5), —195.8 (m, CF) ppm. IR (film): ¥ = 3010,
1710, 1680, 1600, 1590, 1510, 1410, 1230, 1140 cm~'. MS: m/z
(%) = 490 (10) [M "], 371, 271, 111. C;oHoCIF |,Nj: calcd. C 46.50,
H 1.85, N 5.71; found C 46.95, H 2.06, N 5.42.

3-Fluoro-4-(4'-fluorophenyl)-2-(perfluorobutyl)benzo-1,5-diazepine
(60): 'TH NMR: 8 = 6.35 (d, 2Jy.r = 45.0 Hz, 1 H, 3-H), 7.15-7.30
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(m, 2 H, Hyom), 745 (t, J = 7.6 Hz, 1 H, Hyom ), 7.55 (¢, J =
7.6 Hz, 1 H, Hypop ), 7.75 (d, J = 7.6 Hz, 2 H, Hyyo ), 8.02 (d, J =
7.6 Hz, 1 H, Hy o ) ppm. 1°C NMR: 8 = 126.0—131.0 (m, Coro ),
138.5 (d, 'Jer = 277.0 Hz, C-3), 140.4 (m, C-2), 148.3 (d, e =
7.5 Hz, C-4), 164.9 (d, 'Jcx = 254.7 Hz, CF) ppm. 'F NMR: § =
—81.4 (m, CF3), —107.5 (m, CF,rom), —112.8 (m, CF3), —122.2
(m, CF), —125.6 (m, CF5), —190.1 (m, CF) ppm. IR (film): ¥ =
3010, 1710, 1680, 1600, 1590, 1510, 1410, 1230, 1140 cm~!. MS:
milz (%) = 474 (10) [M*], 354, 255, 95. 69.

3-Fluoro-4-(4'-methoxyphenyl)-2-(perfluorobutyl)benzo-1,5-di-
azepine (6d): 'H NMR: § = 3.88 (s, O—CHs), 6.60 (d, 2Jyr =
46.0 Hz, 1 H, 3-H), 7.00 (d, J = 7.6 Hz, 2 H, H,,om.), 7.40 (t, J =
7.6 Hz, | H, Hyyom), 7.52 (t, J = 7.6 Hz, 1 H, H,1on), 7.72 (d, J =
7.6 Hz, 2 H, Hyom), 7.98 (d, J = 7.6 Hz, 1 H, Hyom) ppm. 3C
NMR: 6 = 554 (s, O—CH3), 114.0—131.0 (m, C,;om.), 138.8 (d,
'Jer = 270.0 Hz, C-3), 148.7 (m, C-2), 148.7 (m, C-4) ppm. "°F
NMR: § = —81.4 (m, CF;), —113.1 (m, CF3), —122.3 (m, CF}),
—125.6 (m, CF5), —195.5 (m, CF) ppm. IR (film): ¥ = 3010, 2980,
1700, 1670, 1600, 1580, 1510, 1440, 1240, 1140 cm~!. MS: ml/z
(%) = 486 (20) [M™], 267, 107. C50H ,F(N,O: caled. C 51.78, H
2.37, N 5.49; found C 51.47, H 2.47, N 5.19.

3-Fluoro-4-pentyl-2-(perfluorobutyl)benzo-1,5-diazepine  (6e): 'H
NMR: & = 0.93 (t, J = 7.6 Hz, 3 H, CH;), 1.40 (m, 4 H, 2 CH,),
1.70—1.95 (m, 2 H, CH,), 2.60—2.90 (m, 2 H, CH,), 4.77 (d,
2Jur = 48.0 Hz, 1 H, 3-H), 7.30—7.65 (m, 4 H, H,1om) ppm. *C
NMR: & = 13.9 (s, CHj), 22.4 (s, CH,), 25.7 (s, CH,), 31.4 (s,
CH,), 33.8 (s, CH,), 126.1—128.8 (m, Cyrom), 138.2 (d, e =
231.0 Hz, C-3), 142.1 (d, 2Jcr = 24.0 Hz, C-2), 160.5 (d, 2Jcf =
24.0 Hz, C-4) ppm. "F NMR: § = —81.5 (m, CF;), —109.8 (dm,
Urr = 295.0Hz, 1 F, CFj), —112.3 (dm, "Jgr = 295.0Hz, | F,
CF3), —121.6 (m, CF%), —125.5 (m, CFs), —205.8 (m, CF) ppm.
IR (film): v = 3590, 3000, 2960, 1620, 1585, 1505, 1450, 1345, 1200,
1130 cm™!. MS: m/z (%) = 450 (3) [M*], 407 (10), 394 (100), 225
(45), 205 (18), 167 (10). CigH 6FoNy: caled. C 48.01, H 3.58, N
6.22; found C 47.67, H 3.47, N 6.11.

4-(1'-Deoxy-2',3":4',5’'-di- O-isopropylidene-D-xylityl)-3-fluoro-2-
(perfluoroethyl)benzo-1,5-diazepine (6f): Mixture of two dia-
stereomers 50:50. '"H NMR: § = 1.33—1.46 (m, 12 H, 4 CH,),
2.85-2.98 (m, 1 H, 1’-H), 3.11-3.21 (m, 1 H, 1"’-H), 3.82—4.04
(m, 3 H, 3’-H, 5’-H, 5"'-H), 4.19-4.36 (m, 1 H, 4'-H), 4.52—4.66
(m, 1 H, 2'-H), 4.81 (d, J = 50.8 Hz, 1 H, 3-H one diastereomer),
4.88 (d, J = 48.0 Hz, 1 H, 3-H other diastereomer), 7.33—7.56 (m,
4 H, Hyrom) ppm. 3C NMR: § = 25.3, 25.3, 26.0, 26.1, 26.8, 26.9,
27.0, 27.1 (s, CH3), 37.4 (s, C-1' one dia.), 37.8 (s, C-1’ other dia.),
65.6 (s, C-5" both dia.), 74.2 (s, C-4' both dia.), 74.8 (s, C-2" one
dia.), 75.0 (s, C-2' other diast.), 80.2 (s, C-3’ one dia.), 80.7 (s, C-
3’ other dia.), 85.4—85.8 (m, CF,, CF; one diast.), 88.6—89.0 (m,
CF,, CF; other dia.), 109.6—109.9 (Cq acer), 126.4—128.8 (m,
Curom.)> 137.8 (d, 'Jcp = 208.7 Hz, C-3 one dia.), 137.9 (d, 'Jer =
210.7 Hz, C-3 other dia.), 141.6 (d, 2Jcr = 23.6 Hz, C-2 one dia.),
141.7 (d, ?Jcp = 23.6 Hz, C-2 other dia.), 156.5 (d, 2Jcp =
22.6 Hz, C-4 one dia.), 156.6 (d, 2Jcr = 22.6 Hz, C-4 other dia.)
ppm. ’F NMR: § = —81.2 (m, 3 F, CF3), —113.6 (m, 2 F, CF,),
—206.8 (m, 1 F, CHF) ppm. IR (film): ¥ = 3063, 2989, 2936, 1642,
1599, 1481, 1459, 1372, 770, 735 cm ™.

4-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-a-D-xylofuranosyl)-
3-fluoro-2-(perfluoroethyl)benzo-1,5-diazepine (6g): Mixture of two
diastereomers, 50:50. '"H NMR: § = 1.34 (s, 3 H, CHj3), 1.55 (s, 3
H, CHs), 3.08 (ddd, 2J5 5+ = 16.0, 3J5 4 = 6.9, 3J5 . = 1.9 Hz, 1
H, 5'-H), 3.36 (ddd, %Js5 5 = 16.0, 3Js 4 = 6.9, 3Js. ¢ = 1.5 Hz,
1 H, 5"-H), 4.12 (d, 3J3 4 = 3.0 Hz, 1 H, 3'-H), 4.37 (d, 2y =
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122 Hz, 1 H, Hpenzy), 4.52 (d, 2y = 12.2Hz, 1 H, H'penzy),
4.61 (d, 3J5 1 = 3.4Hz, | H, 2'-H), 4.63 (m, 2Jyr = 56.0 Hz, 1
H, 3-H), 4.83 (dt, 3Jy 3 = 3.0, %)y 5 = 6.9,3J45» = 6.9 Hz, 1 H,
4'-H), 593 (d, 3J,'» = 3.4Hz, 1 H, I’-H), 7.16—7.57 (m, 9 H,
Harom) ppm. PC NMR: & = 26.2 (s, CH3), 26.8 (s, CH3), 29.7 (s,
C-5"), 71.7 (s, CH, benzyl), 77.3 (s, C-4"), 81.1 (s, C-3'), 82.3 (s, C-
2, 104.4 (s, C-1'), 111.6 (s, Cqoacer)> 118.0 (qt, e = 287.5,
2Jey = 354Hz, CF3), 127.7-128.2-128.3-128.4 (Curom.)s
136.1-136.2 (s, Cqoarom)» 137.8 (d, 2Jcr = 210.0 Hz, C-3), 137.8
(d, 2Jep = 21.7Hz, C-4) ppm. "F NMR: § = —81.4 (m, 3 F,
CF3), —114.0 (d, J = 229 Hz, 2 F, CF,), —206.8 (m, 1 F, CHF)
ppm. IR (film): ¥ = 3406, 2928, 2360, 1645, 1457, 1376, 1216, 1076,
757 em~ 1. MS: milz (%) = 542 (22) [M*], 527 [M — 15], 434, 405,
377, 351, 333, 322, 294 (100), 248. HR MS: caled. for
C,H24F¢N->O, 542.1630, found 542.1640.

General Procedure for the Synthesis of Benzothiazepines 7 from 3:
The 2-aminothiophenol (4 mmol, 2 equiv.) and MgSO, were added
to a solution of 3 (1 mmol) in diethyl ether (20 mL). The mixture
was stirred at reflux for 24 h and washed with an aqueous solution
of saturated ammonium chloride. The organic layer was extracted
twice with 20 mL of diethyl ether. The organic layer was dried with
MgSO, and filtered, and the diethyl ether was evaporated. Com-
pounds 7a—c¢ were purified by silica gel chromatography (petro-
leum ether/EtOAc 95:5).

3-Fluoro-4-(4'-fluorophenyl)-2-(perfluorobutyl)benzo-1,5-thiazepine
(7a): '"H NMR: 8§ = 7.15-7.30 (m, 4 H, Hyom), 7.40—7.55 (m, 2
H, Hurom.)s 7.90—8.05 (m, 2 H, Hyom) ppm. C NMR: § = 116.0
(s, Carom.)> 125.0 (s, C-2"), 126.0 (s, C-5"), 127.8 (s, C-3"), 130.6 (s,
Cirom.), 131.1 (s, C-6"), 132.7 (s, C-4'), 148.8 (s, C-1"), 153.0 (d,
Jer = 301.0 Hz, C-3), 153.6 (m, C-2), 155.4 (Cyrom.), 157.0 (d,
2Jey = 27.0 Hz, C-4), 165.1 (d, e = 253.9 Hz, CF,om.) ppm.
YF NMR: § = —81.4 (m, CF3), —82.8 (m, CF), —107.4 (m,
CFurom), —108.1 (m, CF3), —123.0 (m, CF}), —126.5 (m, CFS)
ppm. IR (film): ¥ = 3000, 2960, 1630, 1595, 1570, 1500, 1450, 1410,
1305, 1290, 1240, 1170, 1150, 980 cm~'. C,oHgF;NS: caled. C
46.43, H 1.64, N 2.85; found C 46.75, H 1.53, N 2.66.

4-(1'-Deoxy-2',3":4",5’-di- O-isopropylidene-D-xylityl)-3-fluoro-2-
(perfluoroethyl)benzo-1,5-thiazepine (7b): '"H NMR: § = 1.39—1.45
(m, 12 H, 4 CH3), 3.10—-3.55 (m, 2 H, 1'-H, 1""-H), 3.93 (t,
2Js 50 =3Js 4 = 8.0Hz, 1 H, 5'-H), 3.95 (m, 1 H, 3'-H), 4.08 (t,
2Jsr 50 = 3Js0 4 = 8.0Hz, 1 H, 5"'-H), 4.27 (m, 1 H, 4-H), 4.46 (m,
1 H, 2-H), 7.27 (dd, 3J = 7.6, 3J = 8.0 Hz, 2 H, H,;om), 7.33 (d,
J = 8.0Hz, 1 H, Hyom), 7.44 (d, 3J = 7.6 Hz, 1 H, Hyrom) ppm.
13C NMR: § = 25.5 (s, CH3), 26.1 (s, CH3), 26.8 (s, CH3), 27.1 (s,
CH3), 44.0 (s, C-1"), 65.7 (s, C-5"), 74.6 (s, C-4"), 74.8 (s, C-2"), 80.0
(s, C-3"), 109.6 (s, Cq acer.)» 109.7 (s, Cq acer) 126.0 (s, Cyrom.), 128.2
(s, Carom.)> 130.5 (s, Carom.)s 132.6 (s, Cyrom.), 148.5 (s, C-2), 153.4
(d, YJer = 298.0 Hz, C-3), 161.0 (d, 2Jor = 27.6 Hz, C-4) ppm.
1F NMR: § = —84.5 (m, 3 F, CF;), —89.4 (m, 1 F, CF), —112.2
(m, 2 F, CF,) ppm. IR (film): v = 3471, 3368, 2988, 2932, 2360,
1737, 1645, 1458, 1334, 1209, 1066, 751 cm™'. MS: m/z (%) = 511
(6) [M™'], 496 [M — 15], 453, 352, 311, 292, 200 (100), 142, 124.
HR MS: caled. for C5oHo3FgNO,S 511.1249, found 511.1252.

4-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-a-D-xylofuranosyl)-
3-fluoro-2-(perfluoroethyl)benzo-1,5-thiazepine (7¢): 'H NMR: § =
1.26 (s, 3 H, CH;), 1.35 (s, 3 H, CH3), 3.12—3.47 (m, 2 H, 5'-H, 5"~
H),4.16 (d,3J3 4 = 3.0 Hz, 1 H, 3’-H), 4.53 (d, 2y = 11.8 Hz, 1
H, H-benzyl), 4.64—4.87 (m, 3 H, H'-benzyl, 4’-H, 2'-H), 5.98 (d,
3J12 = 3.8Hz, 1 H, 1'-H), 7.15-7.50 (m, 4 H, H,,om) ppm. *C
NMR: § = 26.3 (s, CH3), 26.7 (s, CHz), 29.6 (s, C-5"), 71.8 (s, CH,
benzyl), 77.5 (s, C-4"), 81.6 (s, C-3"), 82.3 (s, C-2"), 104.6 (s, C-1"),
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111.6 (8, Cgoacer)s 118.0 (qt, 'Jer = 287.4, 2Jcr = 35.4 Hz, CF3),
125.4—132.5 (m, CHyrom), 137.3 (s, Cqarom), 148.5 (s, C-2), 153.3
(d, e = 305.0 Hz, C-3), 160.2 (d, 2Jcr = 27.6 Hz, C-4) ppm. '°F
NMR: § = —84.5 (m, 3 F, CF;), —90.2 (dm, *Jgr = 26.7Hz, 1 F,
CF), —112.1 (d, “Jgr = 26.7Hz, 2 F, CF,). IR (film): ¥ = 3375,
2931, 2360, 1723, 1645, 1456, 1375, 1219, 1077, 1028, 753 cm ™. MS:
mlz (%) = 559 (19) [M*], 544 [M — 15], 451, 368, 351, 311 (100).
HR MS: caled. for CosHo3FgNOLS 559.1245, found 559.1252.

3-Fluoro-2-(4’'-fluorophenyl)-4-(perfluorobutyl)quinoline (8a): The
benzothiazepine 7a (0.2 g, 0.41 mmol) was heated at reflux and
stirred for 12 h in toluene in a round-bottomed flask. After evapor-
ation of the toluene, the crude product was purified by flash chro-
matography (eluent: petroleum ether/dichloromethane, 70:30) to
give pure 8a (0.14 g, 80%). 'H NMR: § = 7.15-7.30 (m, 2 H,
H.iom), 7.65 (t, J = 7.6 Hz, | H, Hypom), 7.75 (t, J = 7.6 Hz, 1 H,
H.iom), 8.05 (m, 2 H, H,om), 820 (t, J = 7.6 Hz, 2 H, Hom)
ppm. PCNMR: § = 115.0—132.0 (11 Cyrom.), 145.4 (s, C-1"), 148.5
(d, 2Jer = 18.0 Hz, C-2), 153.2 (d, Y = 275.0, C-3), 154.4 (m,
C-4), 164.0 (d, 'Jcr = 252.0 Hz, C-4') ppm. ’F NMR: § = —81.4
(m, CF3), —104.3 (m, CF3), —110.8 (m, CF,;om.), —119.1 (tt, J =
39.1 Hz, CF), —122.0 (m, CF%), —126.4 (m, CFS) ppm. IR (film):
v = 3010, 1590, 1630, 1550, 1500, 1450, 1360, 1220, 1110, 1020
cm~ L. MS: m/z (%) = 459 (10) [M*], 440, 364, 240, 219, 95.
C9HgF | N: calcd. C 49.69, H 1.76, N 3.05; found C 49.69, H 1.64,
N 3.00.

General Procedure for the Synthesis of Pyrimidines 9 from 3: The
amidinium salt (5 mmol, 5 equiv.) was stirred with KOH (3 mmol,
3 equiv.) for 1 h in dichloromethane (10 mL), and a solution of 3
(1 mmol) in dichloromethane (5 mL) was added. The mixture was
stirred at room temperature for 24 h and then washed with a satu-
rated solution of ammonium chloride. The aqueous layer was ex-
tracted twice with diethyl ether. The organic layer was dried with
MgSO, and filtered. After solvent removal, compounds 9b—i were
purified by silica gel chromatography (petroleum ether/EtOAc, 95:5
or 90:10).

5-Fluoro-6-(4'-fluorophenyl)-4-(perfluorobutyl)pyrimidine (9a): 'H
NMR: 6 = 7.25 (m, 2 H, Hyrom), 8.22 (m, 2 H, Haom), 9.17 (s, 1
H, H-2) ppm. 3C NMR: & = 105.0—120.0 (m, C4F,), 116.1 (s,
Carom.)s 128.1 (s, C-2), 131.9 (s, Cyrom.), 143.2 (m, CF,;0m.), 153.6
(s, Carom.)> 153.8 (d, e = 281.0 Hz, C-5), 154.4 (d, 2Jcf =
9.0 Hz, C-4), 165.1 (d, "Jer = 255.0 Hz, CF,om) ppm. °F NMR:
5 = —81.4 (t, 3Jgr = 9.0 Hz, CF;), —106.9 (m, CF,om), —114.2
(m, CF3), —123.3 (m, CF%), —126.3 (m, CFS), —131.7 (m, CF)
ppm. IR (film): ¥ = 3000, 1600, 1580, 1500, 1420, 1400, 1360, 1300,
1240, 1170, 1150, 1010 cm™~1. MS: m/z (%) = 411 (19) [M + 1],
411 (97) [M*], 391, 241 (100), 164, 69. C,4HsF{N,: caled. C 40.99,
H 1.23, N 6.83; found C 41.21, H 1.15, N 6.55.

6-(1'-Deoxy-2',3";4',5'-di- O-isopropylidene-D-xylityl)-5-fluoro-4-
(perfluoroethyl)pyrimidine (9b): '"H NMR: § = 1.25 (s, 3 H, CHj;),
1.35 (s, 3 H, CH;), 1.37 (s, 3 H, CH3), 1.43 (s, 3 H, CH3), 3.23
(ddd, 2Jy 0 = 141,305 = 42,4 = 23 Hz, 1 H, 1’-H), 3.26
(ddd, 2Jy o = 141,30y = 7.6, %J1 = 2.3 Hz, 1 H, 1"’-H), 3.90
(dd,?Js 5 = 8.0,3J5 4 = 4.6 Hz, 1 H, 5'-H), 4.01 (dd, 3J3 5 = 7.6,
334 =4.6Hz 1 H,3'-H), 4.13 (dd, 2J5 5 = 8.0,3J5 4 = 6.9 Hz,
1 H, 5"-H), 4.28 (dt, 3Jy 5 = 6.9, 3Jy 3 = 4.6 Hz, | H, 4'-H), 4.51
dt, 3y 3 = 7.6,3Jy 1 = 7.6, 35 = 42 Hz, 1 H, 2’-H), 9.09
(s, 1 H, Hyyrimidine) ppm. '*C NMR: § = 25.1 (s, CH3), 26.0 (s,
CH3), 26.8 (s, CH3), 26.9 (s, CH3), 35.3 (s, C-1'), 65.5 (s, C-5'),
74.5 (s, C-4"), 74.8 (s, C-2'), 79.8 (s, C-3"), 109.9 (s, Cqracer)> 110.1
(S, Cqracer)s 118.4 (dt, ey = 2874, 2Jcr = 354 Hz, CF;), 153.4
(s, C-6), 153.5 (s, C-2), 154.7 (d, 'Jcr = 279.6 Hz; C-5), 158.7 (d,
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2Jcg = 157 Hz, C-4) ppm. F NMR: § = —83.6 (m, 3 F, CF3),
—117.4 (d, “Jpr = 22.9 Hz, 2 F, CF,), —131.9 (t, “Jpp = 22.9 Hz,
1 F, CF) ppm. IR (film): ¥ = 3523, 2988, 2936, 2360, 1735, 1590,
1457, 1334, 1217, 1075, 744 cm™'. MS: m/z (%) = 431 (43) [M +
1], 415 (100) [M — 15], 329, 297, 271, 143. HR MS: calcd. for
C,7HaoFN,0, 430.1408; found 430.1405.

6-(1'-Deoxy-2',3";4",5'-di- O-isopropylidene-D-xylityl)-5-fluoro-2-
methyl-4-(perfluoroethyl)pyrimidine (9¢): '"H NMR: § = 1.25 (s, 3
H, CH3), 1.36 (s, 3 H, CH3), 1.38 (s, 3 H, CH3), 1.44 (s, 3 H, CHs),
2.76 (s, 3 H, CH; pyrimidine), 3.10 (ddd, 2J,.» = 14.1, 3]} » =
3.8,4r=19Hz, 1 H, 1'-H), 3.23 (ddd, 2/, ;s = 14.1, 3], 5 =
8.0, “J;»r = 1.9Hz, 1 H, 1""-H), 3.90 (dd, %Js 5+ = 8.4, 3J5 4 =
7.6 Hz, 1 H, 5'-H), 3.99 (dd, *J3 » = 7.6,3J3 4 = 4.6 Hz, 1 H, 3'-
H), 4.09 (dd, 2J5 5 = 8.4, 3]s 4 = 6.9 Hz, 1 H, 5""-H), 4.26 (ddd,
Mys =76, 35 = 69,35 = 46Hz, 1 H, 4-H), 448 (dt,
3y v = 8.0,3%y3 = 76,3y = 3.8Hz 1 H, 2’-H) ppm. 13C
NMR: 6 = 25.1 (s, CH3), 25.2 (s, CH; pyrimidine), 26.0 (s, CHj),
26.9 (s, CH;), 26.9 (s, CH3), 354 (s, C-1"), 65.5 (s, C-5'), 74.7 (s,
C-4), 75.0 (s, C-2'), 80.0 (s, C-3"), 109.8 (s, Cgracer.)> 110.0 (s,
Cgracer)> 1183 (qt, ey = 287.3, 2Jcr = 35.1 Hz, CF3), 153.2 (d,
Uer = 273.7Hz, C-5), 157.9 (s, C-6), 158.2 (s, C-2), 163.5 (d,
2Jer = 9.8 Hz, C-4) ppm. F NMR: § = —83.6 (m, 3 F, CF3),
—117.6 (d, *Jgr = 19.1 Hz, 2 F, CF,), —139.2 (t, “Jpr = 19.1 Hz,
1 F, CF) ppm. IR (film): ¥ = 3421, 2989, 2933, 2360, 1731, 1587,
1430, 1334, 1168, 1210, 1075, 737 cm™~'. MS: m/z (%) = 445 (30)
[M + 1], 429 (100) [M — 15], 386, 369, 343, 311, 285. HR MS:
caled. for CgH,3F¢N,O4 445.1534; found 445.1562.

6-(1'-Deoxy-2',3";4",5'-di- O-isopropylidene-D-xylityl)-5-fluoro-2-
methoxy-4-(perfluoroethyl)pyrimidine (9d): 'H NMR: § =
1.35-1.37 (s, 9 H, 3 CH3), 1.43 (s, 3 H, CH3), 3.05 (ddd, 2J;.;» =
14.1,3Jy 5 = 3.1, %y = 23 Hz, | H, 1'-H), 3.21 (ddd, 2J,;» =
14.1,3J105 = 8.0, *J;»r = 1.6 Hz, 1 H, 1""-H), 3.91 (dd, 2J5 5 =
84, 3Js 4 = 7.6Hz, 1 H, 5'-H), 3.98 (dd, 3J5 » = 8.0, 334 =
4.6 Hz, 1 H, 3'-H), 4.00 (s, 3 H, O—CHs), 4.06 (dd, 2J5 5 = 8.4,
3504 = 7.6 Hz, 1 H, 5"-H), 4.29 (dt, 3Jy 5 = 7.6, 3Jy 50 = 7.6,
3Jys3 = 4.6Hz, 1 H, 4'-H), 4.49 (dt, 3Jy 3 = 8.0, 3J5 ;» = 8.0,
3Jy 1+ = 3.1Hz, 1 H, 2’-H) ppm. '*C NMR: § = 25.1 (s, CHj),
26.0 (s, CH3), 26.9 (s, CH3), 26.9 (s, CH3), 35.7 (s, C-1"), 55.9 (s,
O—CHy), 65.4 (s, C-5'), 74.6 (s, C-4"), 74.8 (s, C-2"), 80.0 (s, C-3"),
109.7 (s, Cgpacer)s 110.0 (8, Cypacer), 118.0 (qt, 'Jer = 286.9, 2k =
35.9 Hz, CF;), 150.8 (d, 'Jer = 264.8 Hz, C-5), 160.1 (s, C-6),
160.2 (s, C-2), 161.6 (d, 2Jcr = 16.7 Hz, C-4) ppm. '°F NMR: § =
—83.5 (m, 3 F, CF3), —117.6 (dd, *Jrr = 19.1 Hz, 2 F, CF,),
—143.2 (t, “Jgr = 19.1 Hz, 1 F, CF) ppm. IR (film): v = 3503,
2988, 2935, 2360, 1734, 1585, 1474, 1334, 1213, 1076, 744 cm™!.
MS: mlz (%) = 461 (100) [M + 1], 445 [M — 15], 427, 403, 385,
327, 201, 143. HR MS: calcd. for C;gH,3F¢N,O,4 445.1534; found
445.1562.

2-Amino-6-(1'-deoxy-2',3';4',5'-di- O-isopropylidene-D-xylityl)-5-
fluoro-4-(perfluoroethyl)pyrimidine (9¢): '"H NMR: § = 1.26 (s, 3 H,
CHs), 1.39 (s, 3 H, CHy), 1.41 (s, 3 H, CH3), 1.46 (s, 3 H, CH,),
2.96 (ddd, 27y, = 14.1, 3]y 5 = 4.2, % ¢ = 2.3 Hz, 1 H, 1'-H),
3.11 (ddd, 2Jyy = 141, 3105 = 7.6, %y = 23Hz, 1 H, 17~
H), 3.91 (dd, ?J5 5+ = 8.0, 3Js.4» = 6.9 Hz, 1 H, 5'-H), 3.96 (dd,
3y = 7.6, 334 = 42Hz, 1 H, 3'-H), 4.09 (dd, 2J5. 5 = 8.0,
3Jsn 4 = 6.5Hz, 1 H, 5""H), 4.23 (dt, 3Jy 5 = 6.9, 3Jy 50 = 6.5,
3y = 42Hz, | H, 4-H), 445 (dt, 3J5 3 = 7.6, 3Jy 1 = 7.6,
3Jy 1 = 42Hz, 1 H, 2’-H), 5.30 (s, 2 H, NH,) ppm. 3C NMR:
& = 25.0 (s, CH3), 26.1 (s, CHy), 27.0 (s, CH3), 27.1 (s, CH3), 35.8
(s, C-1), 65.5 (s, C-5"), 74.3 (s, C-4"), 75.0 (s, C-2'), 80.2 (s, C-3'),
110.0 (s, Cguacer)s 110.2 (3, Cqracer)s 118.5 (qt, g = 287.7, 2 =
36.1 Hz, CF;), 150.8 (d, Jcr = 265.9 Hz, C-5), 158.2 (s, C-6),
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160.0 (s, C-2), 160.4 (s, C-4) ppm. '°F NMR: 8 = —83.7 (m, 3 F,
CFs), —118.2 (d, */rr = 19.1 Hz, 2 F, CF,), —151.1 (tm, */p.p =
19.1 Hz, 1 F, CF) ppm. IR (film): ¥ = 3503, 2988, 2935, 2360, 1734,
1585, 1474, 1334, 1213, 1076, 744 cm™~'. MS: m/z (%) = 430 [M —
15], 376, 312, 246, 185, 156.

6-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-a-D-xylofuranosyl)-
5-fluoro-4-(perfluoroethyl)pyrimidine (9f, major diastereomer): 'H
NMR: 6 = 1.35 (s, 3 H, CH;), 1.51 (s, 3 H, CHj;), 3.12 (ddd,
2550 = 16.0, 35 4 = 6.9, 3Js r = 1.9 Hz, 1 H, 5-H), 3.43 (ddd,
2505 = 16.0,3J50 4 = 6.9, 3J50 . = 1.9 Hz, 1 H, 5""-H), 4.07 (d,
3J3 4 =3.1Hz, 1 H, 3'-H), 4.39 (d, *Ji i = 11.9 Hz, 1 H, Hyepzy),
4.69 (d, 3Jy ;= 3.8Hz, 1 H, 2'-H), 470 (d, 2Jyn = 11.9Hz, 1
H, H'penzy), 4.81 (dt, 1 H, 3Jy 5 = 6.9, 3ys = 6.9, 3y =
3.1 Hz, 4'-H), 5.96 (d, 3J;.»» = 3.8 Hz, 1 H, 1'-H), 7.19—7.35 (m,
5 H, Hyrom)» 8.90 (s, 1 H, 8-H) ppm. 3C NMR: & = 26.2 (s, CH3),
26.7 (s, CH3), 29.6 (s, C-5'), 71.6 (s, CH, benzyl), 77.5 (s, C-4"),
81.3 (s, C-3'), 82.2 (s, C-2), 104.7 (s, C-1"), 111.7 (s, Cgracer.)> 118.0
(qt, e = 287.5, 2Jcr = 354 Hz, CF;), 127.9-128.1—-128.4 (m,
CHarom.)> 136.9 (8, Cgarom)> 153.2 (s, C-6), 153.3 (s, C-2), 154.2 (d,
ek = 279.6 Hz, C-5), 159.2 (d, 2Jcr = 13.8 Hz, C-4) ppm. YF
NMR: § = —83.5 (m, 3 F, CF3), —117.3 (d, *Jgr = 19.1Hz, 2 F,
CF,), —131.9 (t, “Jgr = 19.1 Hz, 1 F, CF) ppm. IR (film): V =
3262, 2990, 2256, 1726, 1591, 1415, 1332, 1215, 1072, 1022, 733
cm~ . MS: m/z (%) = 479 (66) [M*], 461, 421, 341, 313 (100).

6-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-f-L-arabino-
furanosyl)-5-fluoro-4-(perfluoroethyl)pyrimidine (9f, minor dia-
stereomer): '"H NMR: § = 4.02 (d, 3J3 4 = 2.1 Hz, | H, 3’-H), 5.93
(d,3Jy» = 4.2Hz, 1 H, 1'-H), 9.04 (s, 1 H, 8-H) ppm. '°’F NMR:
8 = —1324 (t, *Jgr = 19.1 Hz, 1 F, CF) ppm.

6-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-a-D-xylofuranosyl)-
5-fluoro-2-methyl-4-(perfluoroethyl)pyrimidine (9g, major dia-
stereomer): '"H NMR: § = 1.34 (s, 3 H, CHj3), 1.51 (s, 3 H, CH;),
2.63 (s, 3 H, CHj; pyrimidine), 2.96 (ddd, 2Js 5 = 16.0, 3J5 4 =
6.9, 3]s = 1.9 Hz, 1 H, 5'-H), 3.39 (ddd, 2J5. 5 = 16.0, 35 4 =
7.2,3Js0y = 1.5Hz, 1 H, 5''-H), 4.04 (d, 3J3 4 = 3.4 Hz, 1 H, 3'-
H), 440 (d, 2Jyw = 12.2Hz, 1 H, Hpenyy), 4.70 (d, 3Jyy =
3.8Hz 1 H, 2"-H), 472 (d, 2Juu = 122Hz, 1 H, H'venzy), 4.77
dt, 3Jy 5 = 69,3y 50 = 69,3, 3 = 3.4Hz, 1 H, 4'-H), 5.95 (d,
3J1» = 3.8Hz, | H, 1’-H), 7.18—7.28 (m, 5 H, H,;om) ppm. 3C
NMR: 6 = 25.2 (s, CH; pyrimidine), 26.3 (s, CHs), 26.8 (s, CHj),
29.7 (s, C-5"), 71.6 (s, CH, benzyl), 77.9 (s, C-4'), 81.3 (s, C-3"),
82.3 (s, C-2), 104.8 (s, C-1), 111.8 (s, Cqracer). 118.8 (qt, U =
285.5, 2Jcr = 35.4 Hz, CF3), 127.9—128.1-128.4 (CH,rom ), 137.1
(Cqarom)s 152.7 (d, 'Jer = 265.8 Hz, C-5), 158.6 (s, C-6), 158.8 (s,
C-2), 163.5 (s, C-4) ppm. ’F NMR: § = —83.6 (m, 3 F, CF3),
—117.5 (d, “Jgr = 19.1 Hz, 2 F, CF,), —139.3 (t, *Jgr = 19.1 Hz,
1 F, CF) ppm. IR (film): ¥V = 3439, 2978, 2360, 1730, 1587, 1429,
1339, 1336, 1211, 1068, 1026, 734 cm~'. MS: m/z (%) = 493 (92)
M + 1], 477, 435, 355, 244 (100). HR MS: caled. for
CoH2FgN>O,4 492.1490, found 492.1483.

6-(3'-0-Benzyl-5'-deoxy-1',2'-O-isopropylidene-f-L-arabino-
furanosyl)-5-fluoro-2-methyl-4-(perfluoroethyl)pyrimidine (9g, minor
diastereomer): '"H NMR: § = 2.64 (s, 3 H, CH; pyrimidine), 4.02
(d,3J34 = 23Hz, 1 H, 3'-H), 591 (d, 3J;.» = 42Hz, 1 H, 1'-
H) ppm. ’F NMR: § = —139.7 (t, *Jgr = 19.1 Hz, 1 F, CF) ppm.

6-(3'-0-Benzyl-5-deoxy-1',2'-O-isopropylidene-o-D-xylofuranosyl)-
5-fluoro-2-methoxy-4-(perfluoroethyl)pyrimidine (9h, major dia-
stereomer): '"H NMR: § = 1.34 (s, 3 H, CH;), 1.50 (s, 3 H, CHj;),
3.14 (ddd, 2J5 5 = 16.0, 3J5 4 = 6.9, 3J5 r = 1.9 Hz, 1 H, 5'-H),
3.39 (ddd, 2Jsr 5 = 16.0, 3J50 4 = 6.9, 3Js.x = 1.1 Hz, 1 H, 5''-
H), 3.92 (s, 3 H, O—CH,), 4.05 (d, *J3 4 = 3.4Hz, 1 H, 3'-H),
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4.40 (d, 2Jup = 122 Hz, 1 H, Hpenzy), 4.68 (d, 3J> ;- = 3.8 Hz, 1
H, 2'-H),4.70 (d, *Jy v = 122 Hz, 1 H, H'yepp1), 4.83 (dt, Jy 5 =
6.9, 3Jy 50 = 69, 3y 3 = 34Hz, 1 H, 4-H), 595 (d, 3J,» =
3.8Hz, 1 H, 1’-H), 7.17-7.27 (m, 5 H, H,om) ppm. *C NMR:
8 = 26.3 (s, CHjy), 26.8 (s, CH3), 29.8 (s, C-5’), 55.7 (s, O—CHj;),
71.6 (s, CH, benzyl), 77.7 (s, C-4"), 81.3 (s, C-3"), 82.3 (s, C-2'),
104.7 (s, C-1"), 111.7 (s, Cqracer)s 118.8 (qt, Ve r = 287.5, 2Jcr =
35.4 Hz, CF3), 127.9—128.0—128.4 (m, CH,1om.), 137.0 (Cgarom.)
150.3 (d, 'Jer = 265.8 Hz, C-5), 152.5 (s, C-6), 160.0 (s, C-2), 161.8
(s, C-4) ppm. ’F NMR: § = —83.4 (m, 3 F, CF3), —117.5 (d,
4Jrr = 229Hz, 2 F, CF,), —146.1 (t, */rr = 229 Hz, 1 F, CF)
ppm. IR (film): ¥ = 3417, 2926, 2856, 1733, 1586, 1415, 1333, 1215,
1076, 1029, 759 cm™'. MS: m/z (%) = 508 (5) [M ], 493 [M — 15],
371, 343, 315, 299, 273, 260 (100). HR MS: caled. for
C,,H,,F¢N,O5 508.1435, found 508.1433.

6-(3'-0-Benzyl-5-deoxy-1',2'-O-isopropylidene-p-L-arabino-
furanosyl)-5-fluoro-2-methoxy-4-(perfluoroethyl)pyrimidine (%h,
minor diastereomer): '"H NMR: & = 3.40 (s, 3 H, OCHjs), 5.92 (d,
3J1 5 = 42Hz, 1 H, I’-H) ppm. ’F NMR: § = —146.6 (tm,
4Jrr = 22.0 Hz, 1 F, CF) ppm.

2-Amino-6-(3'-0-benzyl-5-deoxy-1',2'-O-isopropylidene-a-D-
xylofuranosyl)-5-fluoro-4-(perfluoroethyl)pyrimidine (9i, major dia-
stereomer): '"H NMR: § = 1.34 (s, 3 H, CHs), 1.50 (s, 3 H, CH3),
3.09 (ddd, 2Js5 50 = 16.0, 3J5 4 = 6.9, 3J5 = 1.9 Hz, 1 H, 5'-H),
3.24 (ddd, 2Js 5 = 16.0, 3Js0 4 = 6.9, 3J5.p = 1.1 Hz, 1 H, 5''-
H), 4.01 (d, 3J3 4 = 3.0Hz, 1 H, 3’-H), 4.41 (d, 2/ = 11.8 Hz,
1 H, Hyenzy), 4.71 (d, 35 1 = 3.8 Hz, 1 H, 2'-H), 4.77 (d, *Jy 1 =
11.8 Hz, 1 H, H'pengzy1), 5.08 (s, 2 H, NH,), 5.10 (dt, 1 H, 3Jy 5 =
6.9, 3Jy 50 = 6.9,3Jy 3 = 3.0 Hz, 4-H), 5.96 (d, °J, » = 3.8 Hz,
1 H, 1'-H), 7.21-7.35 (m, 5 H, Hy;om) ppm. *C NMR: § = 26.1
(s, CH3), 26.7 (s, CH3), 29.6 (s, C-5"), 71.6 (s, CH, benzyl), 77.6 (s,
C-4'), 81.2 (s, C-3'), 82.1 (s, C-2'), 104.7 (s, C-1"), 111.6 (s, Cgaacet)s
1185 (qt, 'Jer = 2874, Z2Jcp = 351Hz, CF;),
127.8—128.0—128.4 (m, CHypom), 140.2 (s, Cgarom). 148.3 (d,
WJer = 265.8 Hz, C-5), 158.3 (s, C-6), 160.1 (s, C-2), 160.3 (s, C-
4) ppm. F NMR: § = —83.7 (m, 3 F, CF3), —118.2 (d, *Jgfr =
22.9 Hz, 2 F, CF,), —151.4 (t, *Jgr = 22.9 Hz, 1 F, CF) ppm. IR
(film): ¥ = 3354, 3224, 2928, 2856, 2360, 1729, 1621, 1464, 1333,
1216, 1075, 1028, 758 cm™'. MS: m/z (%) = 493 (83) [M '], 478
[M — 15], 356, 328, 284, 258, 245 (100), 129. HR MS: calcd. for
C,1H,1FgN30,4 493.1446; found 493.1436.

2-Amino-6-(3'-0-benzyl-5-deoxy-1',2'-O-isopropylidene-B-L-
arabinofuranosyl)-5-fluoro-4-(perfluoroethyl)pyrimidine (9i minor
diastereomer): '"H NMR: § = 5.34 (s, 2 H, NH,), 5.93 (d, 3/, > =
4.2 Hz, 1 H, 1’-H) ppm. ’F NMR: § = —151.9 (t, */Jgr = 22.9 Hz,
1 F, CF) ppm.
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