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Methyl 2-perfluoroalkynoates 2 reacted readily with cyclic nitrones 1 via 1,3-dipolar cycloaddition at
room temperature to give 2-perfluoroalkyl-3a,4,5,6-tetrahydroimidazo[1,5-b]isoxazoles 3 in good to
excellent yields with high diastereoselectivity and regioselectivity.
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1. Introduction

Fluorinated heterocycles represent an interesting class of
fluorinated compounds that have found their wide application
as agrochemicals, pharmaceuticals, and in the field of new material
science [1]. Consequently, much attention has been addressed to
develop new methodologies for the synthesis of these target
structures by synthetic chemists the world over [2]. The 1,3-
dipolar cycloaddition reactions of nitrones with a variety of
alkynes or olefins, within the building-block strategy, has received
particular attention for the synthesis of a variety of isoxazole
derivatives, which can be transformed into numerous attractive
building-block molecules for organic synthesis [3-5].

Though perfluoro-2-alkynoates exhibit high reactivity and
exclusive regioselectivity in most cases of the cycloadditions
[2¢,6], there are merely scattered examples of 1,3-diploar cyc-
loaddition using them as dipolarphiles. Herein, we wish to report
the results of our studies on the 1,3-dipolar cycloaddition of

* Corresponding author at: Department of Chemistry, Shanghai University, 99
Shang Da Rd., Shanghai 200444, China. Tel.: +86 21 66134856;
fax: +86 21 66134856.
** Corresponding author. Fax: +86 21 66134856.
E-mail addresses: wgcao@staff.shu.edu.cn (W. Cao), yehao7171@shu.edu.cn
(H. Zhang).

0022-1139/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.jfluchem.2008.11.002

perfluoro-2-akynoates with cyclic nitrones, which provide a new
efficient and convenient tool in the good-yield synthesis of the
novel fluoroalkyl-tetrahydroimidazoisoxazole bicyclic system 3
with high regio- and stereo- selectivity.

2. Results and discussion

The A3-imidazoline 3-oxides 1, prepared according to the
reported procedure [7], undergo 1,3-cycloaddition with methyl 2-
perfluoroalkynoates 2 [8] to give 2-perfluoroalkyl-3a,4,5,6-tetra-
hydroimidazo[1,5-b]isoxazoles 3 at room temperature in good to
excellent yields, using CH,Cl, as solvent (Scheme 1, Table 1).

All reactions went rapidly and completely within 4 h, though it
was found that cyclic nitrones 1 with an electron-donating group
on R; reacted more readily with methyl 2-perfluoroalkynoates 2 to
give the product in higher yields than those with an electron-
withdrawing group on R, (Table 1, 3d and 3g, 3h; 3m and 3n, 3p).
The high efficiency in the reaction between 1 and 2 may be
ascribed to strong electron-withdrawal of the Rg group according
to the theory of frontier molecular orbitals (FMO theory) [6a,e].
Based on the theory, nitrone is a donor and alkyne is an acceptor of
electrons. Thus the strengthening of the acceptor properties
of substituents in alkyne explains why electron-withdrawing
group substituted-2-alkynoates such as perfluoro-2-alkynoates
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Scheme 1. Synthesis of 3a,4,5,6-tetrahydroimidazo[1,5-b]isoxazoles 3.

Table 1
Synthesis of 3a,4,5,6-tetrahydroimidazo[1,5-b]isoxazoles 3.
Entry N-oxide 1 R, Ry R Product Yield* (%) Mp (°C)

1 1a p-MeOCgH4 Ph CF3 3a 92 107.0-107.7

2 1b p-MeOCgH,4 H CF; 3b 90 108.7-109.8

3 1c p-MeCgHay p-MeCgHy CF5 3c 96 112.1-112.6

4 1d p-MeCgHy p-MeOCgHa4 CF5 3d 89 92.3-93.1

5 1e p-MeOCgH, p-MeCgH, CF; 3e 87 103.4-103.7

6 1f p-MeOCgH,4 p-MeOCgH4 CF5 3f 92 89.8-90.7

7 1g p-MeCgH,4 p-NO,CgHy4 CF; 3g 73 68.2-69.4

8 1h p-MeCgH, p-CICH, CF; 3h 76 54.1-55.7

9 1i p-MeOCgH,4 p-ClCgH4 CF5 3i 78 59.3-61.5
10 1j p-MeCgHay Ph n-CsF57 3j 92 98.1-100.2
11 1k p-MeCgHy H n-CsFy 3k 98 104.6-108.2
12 1b p-MeOCgH, H n-CsF, 31 95 86.5-88.0
13 1c p-MeCgHy p-MeCgH,4 n-CsF5 3m 89 92.5-95.2
14 1h p-MeCgHy p-ClCgH4 n-CsF5 3n 81 70.3-73.1
15 1i p-MeOCgH, p-CICgH, n-CsF, 30 76 64.3-66.7
16 1g p-MeCgH, p-NO,CgHy n-CsF, 3p 79 79.5-81.3

2 Isolated yields.

like 4,4,4-trifluorobutynoates or acetylenedicarboxylates can
increase the rate of cycloaddition [3¢,5,6,9].

Furthermore, the distinguishing feature of the studied reaction is
its high regioselectivity: only one regioisomer containing stronger
electron-withdrawing substituent at position 2 of the tetrahydroi-
midazo[1,5-blisoxazol is formed (Scheme 1). Dipolar cycloaddition
of nitrones to electron-deficient alkynes is probably a type I
cycloaddition and is controlled by the interaction of HOMO of the
dipole and LUMO of the alkyne [4e,6b,c,9a]. Based on FMO theory,
high regioselectivity is the result of the significant difference of
coefficients squares of atomic wave functions at reaction centers in

Fig. 1. X-ray structure of 3a.

LUMO of asymmetrically substituted alkyne(¢?and ¢3)s and in
HOMO of the nitrone group (¢% and ¢3). Interaction of the centers
with maximum values of ¢? is preferred. Maximum atomic
coefficients in the interacting molecular orbitals pertain to the
oxygen atom of the nitrone and to the carbon atom [3 to ester group
in alkyne. Regioisomer 3 is formed as a result of such overlapping,
that is observed in the experiment.

Since the assignment of configuration of 3 is difficult to be made
on the basis of 'TH NMR spectroscopic data and NOESY experiments,
an X-ray diffraction analysis was used to elucidate the structures
of 3. A3D perspective view of the crystal structure of 3a is shown in
Fig. 1 [10]. The adduct is proved unequivocally to be the cis-isomer
by X-ray differaction analysis, that is, the Ph ring and R, were on
the same side of the bicyclic ring system [5b]. The fact that only one
signal observed in 'F NMR spectroscopy of 3a proves further
that the reactions of 1 with alkyne 2 are not only regiospecific
but also diastereospecific, affording only one diastereoisomer. Take
3a for an example, A3-imidazoline 3-oxide 1a possesses two
chiral centers, thus there exist four possible stereoisomers: A, B, C
and D (Fig. 2). In C and D, the N-anisyl group is in a cis relation-
ship with the phenyl group on C-3a. Accordingly, the steric
interactions between two vicinal aryl groups become so signi-
ficant that C and D are thermally too unstable to undergo the 1,3-
dipolar cycloaddition with alkynoates, which was proved by the
fact that no corresponding products were detected in the experi-
ment. For A and B, the fact that only one diastereoisomer was
obtained demonstrated that the reaction was a concerted pro-
cess guided with the Woodward-Hoffman rule. When the linear
molecule of 4,4,4-trifluorobutynoate approaches planar dipole N-
oxide 1a with the CF3; group being oriented towards the
oxygen atom of the N-oxide function, there are four different
routes, which are E, F, G and H, respectively. The alkynoate prefers
to approach the dipole from the less sterically hindered side of the
plane and thus afforded a pair of enantiomers (Scheme 2 and
Fig. 3).
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Fig. 2. Four possible stereoisomers of 1.
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Scheme 2. Formation of product 3.

Fig. 3. Sterichindric approach diagram.

3. Conclusion

In summary, we developed a convenient method to synthesize
the regiospecific 2-perfluoroalkylsubstituted isoxazoles 3 with
high diasterselectivity, which were prepared readily from the 1,3-
dipolar cycloaddition reactions of cyclic nitrones 1 with methyl 2-
perfluoroalkynoates 2 in good to excellent yields. This work
provides a simple procedure for the synthesis of fluorine-
containing bicyclic nitrogen heterocycles. Considering the con-
tributions of the method such as mild reaction conditions, easy
manipulation, simple work-up, etc., it should found applications in
organic synthesis.

4. Experimental
4.1. General

All reagents and solvents were purchased from commercial
sources and used without further purification. Melting points were
recorded on a WRS-1 instrument and uncorrected. IR spectra were
obtained on a Bruker Spectrometer. 'H, '°F and '>C NMR spectra
were recorded on a Bruker AVANCE-500 MHz instrument. All
chemical shifts are reported in parts per million downfield
(positive) of the standard: CgFg for '°F, TMS for 'H and '3C NMR
spectra. Elemental analyses were performed on an Elementar Vario
EL-1II instrument. MS spectra were run on an Agilent LC spectro-
meter. X-ray analysis was performed on a Bruker Smart Apex2 CCD
Spectrometer. Preparative TLC on silica gel was performed by
using self-coated GF,s4 plates, which were activated immediately
before use.

4.2. General procedure for the preparation of compounds 1

At room temperature, «-bromoacetophenone oxime
(2.5 mmol) was added to a solution of aromatic amine (5 mmol)
in ethanol and the mixture was stirred for 20 min followed by
adding aromatic aldehyde (5 mmol) or 35% water solution of
formaldehyde (5 mL) and then stirred for another 3 h at same
temperature. The formed precipitate was collected by filtration
and recrystallized from acetone to get 1a-e, 1j-k [7d] and 1f-i,
respectively.
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4.2.1. 1,2-Bis(4-methoxyphenyl)-4-phenyl-2,5-dihydro-1H-
imidazole 3-oxide (1f)

White solid; mp: 165-167.6 °C; TH NMR (500 MHz, CDCls) §
3.73 (3H, s, CH50), 3.80 (3H, s, CH30), 4.80 (1H, dd, J = 14.5, 2.8 Hz,
CHs), 5.14 (1H, dd, J = 14.5, 5.0 Hz, CH5), 6.09 (1H, m, CH), 6.57-
8.35 (13H, m, Ph). '3C NMR (125 MHz, CDCl5) § 55.31, 55.47, 55.82,
73.45, 89.89, 113.83, 114.45, 115.19, 127.04, 127.41, 128.19,
128.85, 128.97, 129.51, 131.00, 138.76, 152.96. MS (ESI) m/z 397
(M + Na)*. IR (KBr) 3088, 3000, 2935, 2837, 1611, 1515 cm " '. Anal.
Cacld for C,3H,,N,05: C 73.78, H 5.92, N 7.48; Found: C 73.82, H
5.76, N 7.44.

4.2.2. 2-(4-Nitrophenyl)-4-phenyl-1-p-tolyl-2,5-dihydro-1H-
imidazole 3-oxide (1g)

Yellow solid; mp: 174.5-175.6 °C; '"H NMR (500 MHz, CDCl3) §
2.25(3H, s, CH3), 4.89 (1H, dd, J = 14.5, 2.0 Hz, CH,), 5.21 (1H, dd,
J=14.5, 5.0, CH,), 6.27 (1H, m, CH), 6.47-8.33 (13H, m, Ph). 3C
NMR (125 MHz, CDCl3) § 20.45, 53.27, 73.78, 88.65, 112.84,
124.10, 126.87, 127.32, 129.12, 129.01, 129.35, 130.36, 131.53,
131.76,141.50, 142.79. MS (ESI) m/z 375.1 (M + 1)*. IR (KBr) 3067,
3030, 2861, 1617, 1522, 1447, 1349 cm~!. Anal. Cacld for
CoH19N303: C 70.76, H 5.13, N 11.25; Found: C 70.28, H 4.99,
N 11.03.

4.2.3. 2-(4-Chlorophenyl)-4-phenyl-1-p-tolyl-2,5-dihydro-1H-
imidazole 3-oxide (1h)

White solid; mp: 143.7-145 °C; TH NMR (500 MHz, CDCl3) §
2.41 (3H, s, CHs), 4.83 (1H, dd, J = 14.5, 3.0 Hz, CH,), 5.14 (1H, dd,
J=14.5,5.0 Hz, CHy), 6.14 (1H, m, CH), 6.48-8.33 (13H, m, Ph). 13C
NMR (125 MHz, CDCl3) § 20.44, 53.06, 89.13, 112.78, 127.06,
126.14, 128.57, 128.90, 129.24, 129.54, 130.20, 131.22, 134.55,
134.68,136.16,141.77.MS (ESI) m/z 385.0 (M + Na)*. IR (KBr) 3093,
3029, 2860, 1618, 1519, 1447, 1352cm~'. Anal. Cacld for
C22H19CIN,O: C 72.82, H 5.28, N 7.72; Found: C 72.83, H 5.17, N
7.71.

4.2.4. 2-(4-Chlorophenyl)-1-(4-methoxyphenyl)-4-phenyl-2,5-
dihydro-1H-imida zole 3-oxide (1i)

White solid; mp: 169.8-172.4 °C; 'H NMR (500 MHz, CDCl5) §
3.73 (3H, s, CH30), 4.80 (1H, dd, J = 14.5, 3.0 Hz, CH;), 5.14 (1H,
dd, J=14.5, 5.5 Hz, CH,), 6.10 (1H, m, CH), 6.53-8.33 (13H, m,
Ph). 13C NMR (125 MHz, CDCl3) § 53.42, 55.79, 89.42, 113.88,
115.23, 127.04, 127.15, 128.90, 129.24, 129.62, 131.20, 134.61,
134.77, 136.19, 138.40, 153.18. MS (ESI) m/z 379.1 (M +1)". IR
(KBr) 3048, 3000, 2929, 2832, 1620, 1515, 1490, 1352 cm ™. Anal.
Cacld for C33H19CIN;05: C 69.75, H 5.05, N 7.39; Found: C 69.53,
H 5.24, N 7.43.

4.3. General procedure for the preparation of compounds 3

To the solution of imidazoline oxides (1.0 mmol) in CH,Cl,,
methyl 2-perfluoroalkynoates (1.1 mmol) was added and the
mixture was stirred at room temperature for 0.5-3 h. After the
completion of the reaction (monitored by TLC), the products were
purified by preparative TLC (elutent: petroleum ether 60-90 °C-
ethyl acetate) and recrystallized from dichloromethane and
petroleum ether (60-90 °C) to get pure product 3.

4.3.1. Methyl cis-5-(4-methoxyphenyl)-3a,6-diphenyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3a)

White solid; mp: 107.0-107.7 °C; "H NMR (500 MHz, CDCls) §
3.72(3H, s, CH50),3.73 (3H, s, CH50),4.15 (1H, d,J = 11.0 Hz, CH,),
4.65 (1H, d, J=11.0 Hz, CH;), 5.88 (1H, s, CH), 6.73-7.54 (14H, m,
Ph). '9F NMR (470 MHz, CDCl3) § —63.74 (s, CF3). '3C NMR
(125 MHz, CDCl3) é 52.30, 55.37, 58.68, 81.53, 88.73, 111.66 (d,

3.=2.5),114.78,116.98, 117.52 (q, ¢ = 254.0 Hz), 126.80, 127.74,
128.18, 128.50, 128.63, 128.71, 130.72, 140.13, 140.91, 149.96 (d,
2J. = 40.0 Hz), 153.65, 161.88. MS (ESI) m/z 497.2 (M + 1)*. IR (KBr)
3031, 2949, 2836, 1718, 1669, 1512, 1457, 1340 cm ™. Anal. Cacld
for C27H,3F3N»04: C 65.32, H 4.67, N 5.64; Found: C 65.37, H4.63,N
5.68.

4.3.2. Methyl cis-5-(4-methoxyphenyl)-3a-phenyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3b)

White solid; mp: 108.7-109.8 °C; 'H NMR (500 MHz, CDCl5) §
3.43(1H,d,J = 9.0 Hz, CH,), 3.69 (3H, s, CH30), 3.78 (3H, s, CH30),
4.13(1H,d,J = 11.5 Hz,CH,),4.67 (1H, d, ] = 9.0 Hz, CH>), 5.03 (1H,
d, J=11.5Hz, CH,), 6.78-7.59 (9H, m, Ph). '°F NMR (470 MHz,
CDCl3) 8 —63.50 (s, CF3). > CNMR (125 MHz, CDCl3) § 52.14, 55.79,
57.99, 83.94, 110.82 (d, 3Jy=2.5), 114.98, 116.91, 117.65 (q,
1z =272.0Hz), 127.26, 128.41, 128.52, 140.18, 140.60, 149.84 (d,
2Jr=39.5Hz),153.96,161.69. MS (ESI)m/z421.1 (M + 1)*. IR (KBr)
3060, 2957,2829,1710, 1668, 1515, 1443, 1347 cm™ . Anal. Cacld
for C;1H19F3N204: C60.00, H 4.56, N 6.66; Found: C 60.02, H 4.59,
N 6.64.

4.3.3. Methyl cis-3a-phenyl-5,6-di-p-tolyl-2-(trifluoromethyl)-
3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate (3c)

White solid; mp: 112.1-112.6 °C; '"H NMR (500 MHz, CDCl5) §
2.23 (3H, s, CHs), 2.25 (3H, s, CH3), 3.70 (3H, s, CH50), 4.12 (1H, d,
J=11.0Hz, CH,), 4.77 (1H, d, J=11.0 Hz, CH), 5.98 (1H, s, CH),
6.66-7.52 (13H, m, Ph). 'F NMR (470 MHz, CDCl;) § —63.74 (s,
CF3). 3CNMR (125 MHz, CDCl5) § 20.48, 21.25, 52.24, 57.17, 81.86,
111.64 (d, 3Jp = 2.5 Hz), 114.78, 117.68 (q, Jr=272.0 Hz), 126.86,
127.46, 128.13, 128.45, 128.58, 129.37, 129.90, 134.04, 138.38,
140.76,148.81,149.00 (d, ?Jr = 39.5 Hz), 161.87. MS (ESI) m/z 495.1
(M+1)". IR (KBr) 3030, 2951, 2924, 1722, 1685, 1513, 1422,
1353 cm™". Anal. Cacld for CygH;,5F3N,03: C 68.01, H 5.10, N 5.66;
Found: C 68.03, H 5.13, N 5.65.

4.3.4. Methyl cis-6-(4-methoxyphenyl)-3a-phenyl-5-p-tolyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3d)

White solid; mp: 92.3-93.1 °C; '"H NMR (500 MHz, CDCl5) §
2.24 (3H, s, CH3), 3.71 (3H, s, CH30), 3.72 (3H, s, CH30), 4.13
(1H,d,J=10.5 Hz, CH;),4.74 (1H, d,J = 10.5 Hz, CH;), 5.95 (1H, s,
CH), 6.66-7.51 (13H, m, Ph). '°F NMR (470 MHz, CDCl3) § —63.77
(s, CF3). 3C NMR (125 MHz, CDCl3) § 20.49, 52.26, 55.33,
57.33, 81.72, 87.59, 111.68 (d, 3Jy=2.5 Hz), 114.91, 117.67 (q,
Jg=272.0Hz), 126.85, 128.15, 128.45, 128.66, 128.84, 128.96,
129.90, 140.77, 143.78, 149.00 (d, 2%y=39.5Hz), 159.78,
161.87. MS (ESI) m/z 511.2 (M+1)". IR (KBr) 3060, 3034,
2997, 2894, 1723, 1687, 1512, 1442, 1353 cm~"'. Anal. Cacld for
CugH5F3N,04: C 65.88, H 4.94, N 5.49; Found: C 65.90, H 4.96, N
5.46.

4.3.5. Methyl cis-5-(4-methoxyphenyl)-3a-phenyl-6-p-tolyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3e)

White solid; mp: 103.4-103.7 °C; 'H NMR (500 MHz, CDCls) §
2.26 (3H, s, CH3), 3.71 (3H, s, CH30), 3.72 (3H, s, CH30), 4.15 (1H, d,
J=11.0Hz, CH,), 4.63 (1H, d, J=11.0 Hz, CH,), 5.83 (1H, s, CH),
6.74-7.54 (13H, m, Ph). 'F NMR (470 MHz, CDCl;) § —63.74 (s,
CF3). ">CNMR (125 MHz, CDCl3) § 21.16, 52.17, 55.62, 58.55, 81.27,
88.54, 111.53 (d, 3Jr=2.5Hz), 114.65, 116.92, 117.58 (q,
1Jp=272.0Hz), 126.69, 127.54, 128.39, 129.25, 138.38, 140.07,
140.96, 148.90 (d, ?Jr = 39.5 Hz), 153.49, 161.81. MS (ESI) m/z 511.2
(M + 1)". IR (KBr) 3060, 3033, 2997, 2894, 1722, 1687, 1512, 1442,
1352 cm ™. Anal. Cacld for CogH,5F3N,04: C 65.88, H 4.94, N 5.49;
Found: C 65.94, H 4.86, N 5.52.
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4.3.6. Methyl cis-5,6-bis(4-methoxyphenyl)-3a-phenyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3f)

White solid; mp: 89.8-90.7 °C; '"H NMR (500 MHz, CDCl3) § 3.70
(9H,s,3CH30),4.16 (1H,d,J = 11.0 Hz,CH;),4.61 (1H,d,J = 11.0 Hz,
CH.), 5.80 (1H, s, CH), 6.74-7.55 (13H, m, Ph). '°F NMR (470 MHz,
CDCl3) § —63.69 (s, CF3). '>C NMR (125 MHz, CDCl3) § 52.25, 55.65,
58.84, 61.95, 81.17, 88.41, 111.66 (d, 3Jr = 2.5 Hz), 113.97, 114.70,
117.24 (q, YJr=272.0 Hz), 126.75, 126.98, 128.13, 128.48, 128.90,
129.01, 130.44, 140.08, 141.08, 148.78 (d, %Jr=39.0 Hz), 153.66,
161.85. MS (ESI) m/z 527.1 (M +1)*. IR (KBr) 3001, 2954, 2837,
1716, 1675, 1512, 1441, 1346 cm™ . Anal. Cacld for CygH,5F3N,05:
C 63.87, H 4.79, N 5.32; Found: C 63.71, H 4.86, N 5.61.

4.3.7. Methyl cis-6-(4-nitrophenyl)-3a-phenyl-5-p-tolyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3g)

Yellow solid; mp: 68.2-69.4 °C; 'H NMR (500 MHz, CDCl5) §
2.26 (3H, s, CH3), 3.72 (3H, s, CH30), 4.10 (1H, d, J = 11.0 Hz, CH,),
4.82 (1H, d, J= 11.0 Hz, CH,), 6.10 (1H, s, CH), 6.66-8.10 (13H, m,
Ph). '9F NMR (470 MHz, CDCl5) § —63.71 (s, CF3). '3C NMR
(125 MHz, CDCl3) § 20.50, 52.42, 61.30, 82.30, 87.13, 114.87,
111.84 (d, 3Jp= 2.5 Hz), 117.51 (q, 'Je = 273.0 Hz), 123.89, 126.74,
128.52, 128.58, 128.63, 128.75, 129.63, 129.98, 130.15, 139.24,
143.24,144.38,148.44 (d, )Jr = 39.0 Hz), 161.58. MS (ESI) m/z 548.0
(M +Na)*. IR (KBr) 3032, 2954, 2860, 1720, 1668, 1521, 1441,
1347 cm~ L. Anal. Cacld for C7H55F3N30s: C 61.71, H 4.22, N 8.00;
Found: C 61.48, H 4.56, N 7.87.

4.3.8. Methyl cis-6-(4-chlorophenyl)-3a-phenyl-5-p-tolyl-2-
(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[ 1,5-bJisoxazole-3-
carboxylate (3h)

White solid; mp: 54.1-55.7 °C; "H NMR (500 MHz, CDCl3) § 2.25
(3H, s, CHs), 3.71 (3H, s, CH30), 4.09 (1H, d, J = 11.0 Hz, CH>), 4.77
(1H,d,J = 11.0 Hz, CH,), 5.98 (1H, s, CH), 6.65-7.50 (13H, m, Ph). '°F
NMR (470 MHz, CDCl5) 8§ —63.76 (s, CF3). '*C NMR (125 MHz,
CDCl3) § 21.45, 52.44, 57.37, 82.06, 88.05, 114.98, 111.84 (d,
3Jr=2.5Hz), 117.88 (q, 'Jr=273.0 Hz), 127.05, 127.66, 128.33,
128.64, 128.78, 129.57, 130.09, 134.24, 138.58, 140.96, 144.01,
149.20 (d, ?Js = 39.0 Hz), 162.07. MS (ESI) m/z 515.1 (M +1)*. IR
(KBr) 3032, 2953, 2921, 2854, 1717, 1668, 1516, 1440, 1346 cm™".
Anal. Cacld for Cy7H,,CIF3N,03: C 62.98, H 4.31, N 5.44; Found: C
61.81, H 4.28, N 5.61.

4.3.9. Methyl cis-6-(4-chlorophenyl)-5-(4-methoxyphenyl)-3a-
phenyl-2-(trifluoromethyl)-3a,4,5,6-tetrahydroimidazo[1,5-
bJisoxazole-3-carboxylate (3i)

White solid; mp: 59.3-61.5 °C; '"H NMR (500 MHz, CDCl3) § 3.71
(3H, s, CH30),3.73 (3H, s, CH30),4.12 (1H, d,J = 10.5 Hz, CH,), 4.64
(1H, d, J = 10.5 Hz, CH,), 5.84 (1H, s, CH), 6.71-7.53 (13H, m, Ph).
19F NMR (470 MHz, CDCl3) 8§ —63.71 (s, CF3). 1*C NMR (125 MHz,
CDCl5) § 52.82, 56.27, 59.20, 81.91, 89.19, 112.18 (d, 3Jr = 2.5 Hz),
115.30, 117.56, 118.22 (q, 'Jp =273.0 Hz), 127.34, 128.19, 128.68,
129.04, 129.89, 134.57, 139.03, 140.72, 141.60, 149.55 (d,
2Jz=39.0 Hz), 154.14, 162.45. MS (ESI) m/z 531.0 (M +1)". IR
(KBr) 3061, 3000, 2954, 2839, 1717, 1668, 1512, 1441, 1345 cm™ ..
Anal. Cacld for Cy7H,,CIF3N,04: C 61.08, H 4.18, N 5.28; Found: C
61.10, H 4.28, N 5.57.

4.3.10. Methyl cis-2-(perfluoropropyl)-3a,6-diphenyl-5-p-tolyl-
3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate (3j)
White solid; mp: 98.1-100.2 °C; '"H NMR (500 MHz, CDCl5) §
2.22 (3H, s, CH3), 3.64 (3H, s, CH30), 4.17 (1H, d, J = 10.5 Hz, CH,),
483 (1H, d, J=10.5 Hz, CH,), 5.99 (1H, s, CH), 6.68-7.50 (14H, m,
Ph). "F NMR (470 MHz, CDCl3) § —80.44 (q, J=9.4Hz, CF3),
—~112.49 (m, CF,), —125.65 (m, CF>). '3C NMR (125 MHz, CDCl5) §

20.43, 52.26, 57.37, 82.32, 88.00, 108.54 (t-t, 'Jr=250.5Hz,
2[-=35.4Hz), 114.49 (t-t, Jr=254.6 Hz, ?Jr=32.3 Hz), 114.91,
117.56 (q-t, 'Jr=275.8 Hz, %Jr = 30.8 Hz), 126.74, 127.56, 128.22,
128.49, 128.62, 128.71, 129.14, 129.64, 129,90, 137.04, 140.55,
143.82, 146.52 (d, ?Jr=29.4Hz), 161.76. MS (ESI) m/z 603.2
(M +Na)*. IR (KBr) 3031,2951, 1710, 1656, 1520, 1443, 1333 cm ..
Anal. Cacld for Cy9H»3F;N,03: C 60.00, H 3.99, N 4.83; Found: C
60.27, H 4.25, N 5.02.

4.3.11. Methy! cis-2-(perfluoropropyl)-3a-phenyl-5-p-tolyl-3a,4,5,6-
tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate (3k)

White solid; mp: 104.6-108.2 °C; '"H NMR (500 MHz, CDCl5) 8
2.27 (3H, s, CHs), 3.50 (1H, d, J = 10.0 Hz, CH,), 3.63 (3H, s, CH50),
4.15(1H,d,J = 11.5 Hz, CH,),4.75 (1H, d, ] = 10.0 Hz, CH,), 5.03 (1H,
d,J = 11.5, CH,), 6.71-7.56 (9H, m, Ph). '°F NMR (470 MHz, CDCl5) §
—80.52 (t, J=9.4, CF3), —112.97 (m, CF,), —125.92 (m, CF,). 13C
NMR (125 MHz, CDCls) 6 20.51, 52.13, 57.49, 76.12, 84.30, 108.39
(t-t, Jg=266.9Hz, ?Jr=37.5Hz), 110.38 (t-t, !Jz=258.75Hz,
2J.=325Hz), 114.17, 11551, 117.70 (q-t, 'Jr=286.3 Hz,
2. =33.8 Hz), 127.12, 128.47, 128.61, 129.54, 130.05, 140.43,
143.85,147.13 (t, ?Jr = 28.8), 161.60. MS (ESI) m/z 505.1 (M + 1)*. IR
(KBr) 3065, 3007, 2959, 2847, 1708, 1655, 1521, 1445, 1334 cm ™.
Anal. Cacld for C,3H;9F;N,03: C 54.77, H 3.80, N 5.55; Found: C
54.84, H 3.71, N 5.53.

4.3.12. Methyl cis-5-(4-methoxyphenyl)-2-(perfluoropropyl)-3a-
phenyl-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate
(31)

White solid; mp: 86.5-88.0 °C; '"H NMR (500 MHz, CDCl3) § 3.45
(1H, d, J=10.0, CH,), 3.64 (3H, s, CH30), 3.75 (3H, s, CH30), 4.10
(1H, d,J = 11.0 Hz, CH>), 4.73 (1H, d, J = 10.0 Hz, CH,), 5.00 (1H, d,
J=11.0 Hz, CH>), 6.77-7.55 (9H, m, Ph). '°F NMR (470 MHz, CDCl5)
8 —-80.53 (t,] = 9.4 Hz, CF3), —112.16 (m, CF;), —125.93 (m, CF,). 3C
NMR (125 MHz, CDCl3) 6 52.12, 55.71, 58.09, 76.84, 84.39, 108.91
(t-t, 'Jp=258.8Hz, ?Jp=32.5Hz), 110.29 (t-t, 'Jr=258.8 Hz,
2J.=32.5 Hz), 114.05, 114.96, 116.93, 117.69 (q-t, 'Jr = 286.3 Hz,
2]F =33.8 Hz), 127.12, 128.44, 128.59, 140.19, 140.51, 147.17 (t,
2Jp=28.75 Hz),153.97,161.60. MS (ESI) m/z521.0 (M + 1)*. IR (KBr)
3065, 3003, 2955, 2838, 1734, 1672, 1516, 1475, 1353 cm ™ . Anal.
Cacld for C;3H9F7N,04: C 53.08, H 4.03, N 5.73; Found: C 53.32, H
3.59, N 5.33.

4.3.13. Methyl cis-2-(perfluoropropyl)-3a-phenyl-5,6-di-p-tolyl-
3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate (3m)

White solid; mp: 92.5-95.2 °C; "H NMR (500 MHz, CDCl3) § 2.21
(3H, s, CHs), 2.23 (3H, s, CHs), 3.65 (3H, s, CH30), 4.17 (1H, d,
J=11.0Hz, CH>), 4.81 (1H, d, J= 11.0 Hz, CH>), 5.95 (1H, s, CH),
6.68-7.71 (13H, m, Ph). '>F NMR (470 MHz, CDCl;) § —80.44 (t,
J=9.4, CF3), —112.11 (m, CF,), —125.63 (m, CF,). '3*C NMR
(125 MHz, CDCl3) & 20.44, 21.20, 52.25, 57.40, 82.17, 87.95,
10859 (t-t, Yp=267.5Hz, r=37.5Hz), 11039 (t-t,
J;=2588Hz, 2[p=32.5Hz), 114.86, 114.92, 117.68 (q-t,
11-=286.3Hz, ¥r=33.8Hz), 126.74, 127.49, 128.18, 128.49,
128.64, 129.36, 129.87, 134.07, 138.39, 140.73, 143.87, 146.59
(t,)p = 28.8 Hz), 161.79. MS (ESI) m/z 595.1 (M + 1)*. IR (KBr) 3031,
2953, 2862, 1716, 1655, 1517, 1440, 1329 cm™ . Anal. Cacld for
C3oH25F;N,03: C 60.61, H 4.24, N 4.71; Found: C 60.88, H 4.58, N
4.62.

4.3.14. Methyl cis-6-(4-chlorophenyl)-2-(perfluoropropyl)-3a-
phenyl-5-p-tolyl-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-
carboxylate (3n)

White solid; mp: 70.3-73.1 °C; "TH NMR (500 MHz, CDCl3) § 2.22
(3H, s, CH3), 3.64 (3H, s, CH50), 4.13 (1H, d,J = 11.0 Hz, CH>), 4.83
(1H,d,J = 11.0 Hz, CH,), 5.97 (1H, s, CH), 6.67-7.50 (13H, m, Ph). '°F
NMR (470 MHz, CDCl;) 8 —80.45 (t, J = 9.4 Hz, CF3), —113.68 (m,
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CF), —125.67 (m, CF,). '3C NMR (125 MHz, CDCl5) § 20.39, 52.26,
57.35, 82.40, 87.49, 108.08 (t-t, 'Jr=243.8 Hz, 2J;=38.8 Hz),
110.33 (t-t, Yr=258.8 Hz, ¥r=32.5Hz), 114.97, 117.71 (g-t,
1[p=270.0Hz, %J;=32.5Hz), 126.68, 128.34, 128.57, 128.83,
128.98, 129.11, 129.71, 129.97, 134.50, 135.63, 140.34, 143.64,
146.32 (t, ?Jp=29.38 Hz), 161.64. MS (ESI) m/z 615.0 (M + 1)". IR
(KBr) 3062, 3032, 2953, 2858, 1716, 1657, 1517, 1441, 1330 cm™ L
Anal. Cacld for C,9H,,CIF;N,05: C 56.64, H 3.61, N 4.56; Found: C
56.87, H 3.85, N 4.21.

4.3.15. Methyl cis-6-(4-chlorophenyl)-5-(4-methoxyphenyl)-2-
(perfluoropropyl)-3a-phenyl-3a,4,5,6-tetrahydroimidazo[1,5-
blisoxazole-3-carboxylate (30)

White solid; mp: 64.3-66.7 °C; '"H NMR (500 MHz, CDCl3) § 3.65
(3H, s, CH30),3.68 (3H, s, CH30),4.16 (1H, d,J = 11.5 Hz, CH5), 4.70
(1H, d, J=11.5 Hz, CH,), 5.82 (1H, s, CH), 6.71-7.52 (13H. m, Ph).
19F NMR (470 MHz, CDCl3) § —80.44 (t,] = 9.4 Hz, CF3), —112.14 (m,
CF,), —125.68 (m, CF,). '3C NMR (125 MHz, CDCl5) § 52.26, 55.55,
58.88, 81.94, 88.34, 108.06 (t-t, !Jr=243.8 Hz, %Jr=38.8 Hz),
110.33 (t-t, 'Jp=258.8 Hz, %Jr=32.5Hz), 117.43, 117.50 (q-t,
g=292.5Hz, ?[r=31.9Hz), 126.59, 127.12, 128.31, 128.60,
128.79, 129.16, 130.76, 134.56, 135.61, 139.85, 140.68, 146.32
(t, ?Jr=30.0 Hz), 154.02, 161.64. MS (ESI) m/z 631.0 (M +1)*. IR
(KBr) 3061, 3000, 2954, 2837, 1716, 1658, 1512, 1441, 1330 cm™ .
Anal. Cacld for C;gH,,CIF7N,04: C 55.21, H 3.51, N 4.44; Found: C
55.59, H 3.77, N 4.26.

4.3.16. Methy!l cis-6-(4-nitrophenyl)-2-(perfluoropropyl)-3a-phenyl-
5-p-tolyl-3a,4,5,6-tetrahydroimidazo[1,5-bJisoxazole-3-carboxylate
(3p)

Yellow solid; mp: 79.5-81.3 °C; '"H NMR (500 MHz, CDCls) §
2.24 (3H, s, CH3), 3.68 (3H, s, CH30), 4.14 (1H, d, J = 11.5 Hz, CH,),
4.86 (1H, d, J = 11.5 Hz, CH,), 6.08 (1H, s, CH), 6.68-8.07 (13H, m,
Ph). '°F NMR (470 MHz, CDCl;) § —80.47 (t, J=10.0 Hz, CF3),
—114.29 (m, CF,), —125.77 (m, CF,). 3C NMR (125 MHz, CDCl5) §
20.43, 52.40, 57.38, 83.65, 87.26, 108.23 (t-t, 'Jp=258.5Hz,
’[r=35.5Hz), 110.26 (t-t, 'Jr=258.8 Hz, ?Jr=32.5Hz), 114.98,
117.60 (q-t, Jr = 285.0 Hz, %Jr = 31.3 Hz), 123.82, 126.63, 126.99,
128.54, 128.59, 128.66, 129.65, 130.12, 139.87, 143.31, 144.38,
146.15 (t, %Jr=30.0Hz), 148.12, 161.48. MS (ESI) m/z 626.0
(M+1)". IR (KBr) 3035, 2960, 2854, 1734, 1660, 1523, 1442,
1349 cm . Anal. Cacld for CogH,F7N505: C 55.69, H 3.55, N 6.72;
Found: C 55.49, H 3.50, N 6.47.
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