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1. Introduction

The introduction of fluorine-containing functional groups to
biomolecules often results in an improvement of the biological
activity.! It has been demonstrated that CF,H-containing molecules
possess strong anti-cancer activity. In general, compounds con-
taining CF»-groups have been reported to exhibit herbicidal,? po-
tential antitumour® and antileishmanial activity.* Although
difluoromethylated compounds have significant applications in
drug and pesticide discovery, only a limited number of them are
synthetically available as compared to their CF3 analogues.

On the other side, there are a number of drugs on the market,
which contain a CFy-group (Fig. 1).>~° Pantoprazole (I) developed
by Altana Pharma (presently Nicomed) is a proton pump inhibitor
used for short-term treatment of erosion and ulceration of the
oesophagus caused by gastroesophageal reflux disease.’ Eflorni-
thine (a-difluoromethylornithine or DFMO) IV, a rationally
designed ornithine decarboxylase inhibitor, is active against in-
fections with Trypanosoma gambiense. Eflornithine is a drug used
for the treatment of facial hirsutism (excessive hair)® as well as in
African trypanosomiasis (sleeping sickness).”

* Corresponding authors. Fax: +49 (0)381/498 6412; e-mail addresses: viktor.-
iaroshenko@uni-rostock.de (V.0. Iaroshenko), peter.langer@uni-rostock.de (P. Langer).
T Tel./fax: +380 44 537 32 53.
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Fig. 1. Drugs containing a CF,-group.

In general, molecules containing a CF»-function are relatively
rare in the literature, due to the lack of synthetic methods available
for their introduction. A number of methods for the preparation of
CF,-containing compounds have been developed in recent years.!°
The commercial availability of several fluorinating agents, such as
DAST, SF4,!! SeF4,'> TBAF"® and BrF3,'# has paved the way for the
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synthesis of various difluorinated compounds. However, most of
these methods rely on harsh reaction conditions and aggressive
medias. Thus, the development of alternative synthetic approaches
to CF,-containing molecules represents an important area of cur-
rent research.

2. Results and discussion

Continuing our research program' dedicated to the design and
synthesis of fluorinated drug-like scaffolds and their functionali-
zation, we started the project reported herein. Our initial purpose
was to develop a facile and straightforward synthetic pathway to-
wards small heterocycles bearing CF,H and CF,R substituents in the
heteroaromatic ring. Based on the retrosynthetic analysis and our
previous experience in the synthesis of fluorinated heterocycles,
based on cyclocondensation of electron-rich systems with fluori-
nated 1,3-CCC- and 1,3-CNC-dielectrophiles, we envisaged the two-
step strategy depicted in Fig. 2. The first step is built upon the initial
assembly of the heterocyclic scaffold by formal [2+3] or [3+3]-
cycloaddition reactions. As a second step, the exchange of the CI-
atom by free radical conditions, using AIBN, BusSnH or
BusSn—allyl, was carried out.

NH
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Het\ R Het\.,C! ) A Swm,  PTOONH,
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free radical [3+3yor (2+3]

€ ) HN—NH,
reduction reaction R/

Fig. 2. Retrosynthetic analysis.

Hereby, we report a general method for the synthesis of 4-CF,R-
substituted heteroannulated pyridines as well as CF,R-substituted
pyrimidines and pyrazoles. The syntheses follow a two step pro-
cedure, which consists of the formal [3+3]- and [2+3]-cyclization
of CFyCl-containing 1,3-CCC-dielectrophiles with electron-
excessive heteroaromatic systems, hydrazines and amidines. Sub-
sequently, radical-induced substitutions of the chlorine atom of the
CF,Cl moiety using BusSnH or BuszSn—allyl and AIBN are carried
out.'® Previously, this method was used for the synthesis of com-
plex organic molecules,'® but the scope and limitations have not yet
been studied.

Starting with electron-excessive aminoheterocycles available in
our laboratories (Fig. 3) and CF,Cl-substituted 1,3-diketones, we
have elaborated a facile synthesis of y-CF,Cl-substituted pyridines
7 (Scheme 1). The reaction proceeds in acetic acid under reflux
delivering the correspondent annulated pyridines in good to

Me, NC
a: R = 4-MeO-Benzyl,
N%j]\ 4 | b: R = Cyclohexyl,
/N NH, /N NH, c:R=tBu
Ph 1 R 2
Me (0]
N R
S N
OV =< 1
MeoN
©2 N” NHy N7 OONH, 0PN NH,
3 R 4 l{ 5
. R= a: R=H,
pace st

Fig. 3. Amines used for the synthesis of heteroanulated pyridines.

Z>;-/“

s Q
%

o

2
Py
/

! N R
1-5 6 7
/N\/CN CF,CI
8 N N AN
OMe </l —— 7
ii ii pZ
NH N7 TNH, N ONT e
R/ 2 R 10 R 11
9 generated
in situ

Scheme 1. Synthesis of heteroannulated pyridines 7. Reagents and conditions: (i):
AcOH, reflux. (ii) CH,Cl, argon, reflux, 2 h.

excellent yields (Table 1). At the same time, 5-aminoimidazoles 10,
in situ generated by our recently reported method,!” reacted with 6
to give the 7-(chlorodifluoromethyl)-imidazo[4,5-b]pyridines 11.

After construction of the condensed pyridine scaffolds, we have
concentrated our efforts on the functionalization of the CF,—Cl
bond by free radical reactions initiated by AIBN with BusSnH or
BusSn—allyl. This reaction takes place smoothly in dry benzene at
80 °C and usually was finished within 18 h. All pyridines tested here
have shown high reactivity and gave the correspondent CF,-
substituted pyridines 12, 13 in good to excellent yields (Scheme 2,
Table 2).

The bicyclic structures of scaffolds 12 and 13 were in accordance
with the NMR spectroscopic data. The assignments of scaffolds 12
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Scheme 2. Synthesis of pyridines 12 and 13. Reagents and conditions: (i): AIBN, C¢Hsg,

18 h, 80 °C.

and 13 were additionally confirmed by X-ray crystal structure
analysis of compounds 12f and 13d (Figs. 4 and 5).1® The 1-tert-
butyl-4-(1,1-difluorobut-3-enyl)-6-methyl-1H-pyrrolo[ 2,3-b]pyri-

dine-3-carbonitrile 13d is, as expected, a plane molecule. In the
crystal, the angle F(1)C(13)F(2) is 105.0° and the angle C(5)C(13)
C(14) is 105.8°, which are typical for CF,—alkyl substituents. The
torsion angle C(2)C(5)—C(13)C(14) is 71.4° (Fig. 5).
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Me For the synthesis of 4-(difluoromethyl)pyrimidines we have
J// applied the same synthetic pathway as described above for the
e synthesis of heteroannulated pyridines. As a model compound,
NG T2 phenylamidine 14 was chosen. For the synthesis of the cyclic CF,Cl-
13e 7 68 precursors 16a,b we have used two different building blocks,
NT>N namely, CF,Cl-substituted 1,3-diketones 6 and (E)-1-chloro-4-
Mek,\;we © cl ethoxy-1,1-difluorobut-3-en-2-one 15 (Scheme 3). The reaction of
phenylamidine with CF,Cl-substituted 1,3-dielectrophiles 6 and 15
/r/ afforded the 4-(chlorodifluoromethyl)-2-phenylpyrimidines 16a,b
FC in good yields. The reaction with BuzSnH and BusSn—allyl resulted
NG T2 in the formation of the correspondent CF,H- and CFAllyl-
13f 7 j 61 substituted derivatives 17, 18 (Scheme 4).
NT N e The structure of pyrimidine 16b was unambiguously proved by

X-ray crystal structure analysis (Fig. 6).1® The molecule has a plane
structure, the corresponding torsion angle N(1)C(1)—C(5)C(10) is
close to 0°.
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Fig. 5. Molecular structure of compound 13d.
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Scheme 3. Synthesis of pyrimidines 16. Reagents and conditions: (i): 1.1 equiv NaOAc,
xylol, 7.5 h, reflux.

Pyrazoles have a wide range of biological activities and occur in
numerous drugs. Pyrazoles are present in B-Raf inhibitors,'* CARM1
inhibitors,?® CB1 receptor antagonists,>! and EP1 receptor antago-
nists.?? Fluorinated pyrazoles are relatively rare. In spite of extensive
studies related to the biological activities of pyrazole derivatives,
syntheses of pyrazoles suffer from their poor regioselectivity, es-
pecially in the case of the condensation reaction of 1,3-diketones
with unsymmetrical hydrazines. Therefore, we were strongly en-
couraged to pursue the synthesis of a focused library of CFa-
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Scheme 4. Synthesis of pyrimidines 17, 18. Reagents and conditions: (i): AIBN, CgHe,
18 h, 80 °C.

substituted pyrazoles, which is based on formal [3+2]-cyclizations
of hydrazines with CF,Cl-substituted 1,3-CCC-dielectrophiles fol-
lowed by functionalization of the CF,Cl-group (Scheme 5).

R1-NH-NH,
19

C|F2CWR2

iorii
R41-NH-NH,
19

Scheme 5. Synthesis of 3-chlorodifluoromethyl-1H-pyrazoles 20. Reagents and con-
ditions: (i): EtOH, reflux, 5 h (ii): AcOH, 20 °C.

As the starting point, we have chosen two previously described
methods for the synthesis of pyrazole using diketones 6 and (E)-1-
chloro-4-ethoxy-1,1-difluorobut-3-en-2-one 15. We have identified
two reported reaction conditions for the synthesis of pyrazoles,
namely, acetic acid at 20 °C,?3 and ethanol under reflux.

The reaction of hydrazines with 6 and 15 regioselectively
afforded the 3-(chlorodifluoromethyl)-1H-pyrazoles 20 in 10—94%
yields (Table 3, Scheme 5). The yields are dependent on the choice
of the reaction medium. The modification of the CF,Cl-group, again
conducted using BuzSnH or BusSn—allyl in the presence of AIBN,
led to the formation of the CF,-substituted pyrazoles 21 and 22 in
fair yields (Scheme 6).

Fig. 6. Molecular structure of compound 16b.
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Table 3

Yields of compounds 20
20 Ry Rz % (20)*
a H H 79 (ii)
b Ph H 94 (i)
c 4—(NO3)CgHa H 0 (i,ii)
d H Me 73 (ii)
e Me Me 47 (ii)
f Ph Me 88 (ii)
g 4—(NO3)CgHa Me 73 (i)
a

Yields of isolated products; in brackets: reactions conditions applied.
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Scheme 6. Synthesis of pyrazoles 21, 22. Reagents and conditions: (i): AIBN, CgHg, 18 h,
80 °C.

In conclusion, we have elaborated a practical and short synthetic
route to CF,-containing drug-like heteroannulated pyridines, py-
rimidines and pyrazoles using a new two step sequence. This pro-
tocol relies on the assembly of the CF,Cl-containing heterocyclic
moiety by [3+2]- and [3+3]-cyclizations and subsequent sub-
stitution reactions by free radical conditions.

3. Experimental section
3.1. General comments

Chemical yields refer to pure isolated substances. 'H and 3C
NMR spectra were obtained using a Bruker DPX-300 spectrometer.
Chemical shifts of the H and >C NMR are reported in parts per
million using the solvent internal standard (CDCl; 7.26 ppm and
77.0 ppm, DMSO-dg 2.49 ppm and 39.7 ppm). IR spectra were
recorded on a Perkin—Elmer FTIR 1600 spectrometer for samples in
KBr discs. Mass spectra were obtained on a Hewlett—Packard HP
GC/MS 5890/5972 instrument (EI, 70 eV) by GC inlet or on an MX-
1321 instrument (EI, 70 eV) by direct inlet. Elemental analyses were
carried out at the Microanalytical laboratory of the University of
Rostock Germany. Melting points are uncorrected. The solvents
were purchased directly from ACROS and used without further
purification. Analytical thin layer chromatography was performed
on 0.20 mm 60 A silica gel plates. Column chromatography was
performed using 60 A silica gel (60—200 mesh).

3.2. General procedure for the synthesis of compounds 6

To a solution of NaH (1.1 equiv) in ether (2.0 mL/mmol SM) was
added acetophenone (1.0 equiv) at 0 °C. The solution was stirred at
0 °C for 10 min before methyl 2-chloro-2,2-difluoroacetate
(1.0 equiv) was added. The temperature was allowed to rise to
20 °C over 14 h. To the solution was added HCI (10%) and the
mixture was extracted with Et;0. The organic layers were dried
over Na,SOy, filtered and the filtrate was concentrated in vacuo. The
residue was purified by chromatography (heptane/EtOAc) to give
the chlorodifluoroketones.

3.3. General procedure for the synthesis of compounds 7a—n

A solution of chlorodifluorodiketone (1.0 equiv) and amine
(1.0 equiv) in acetic acid (10 mL per 1 mmol of starting material)
was heated for 3—6 h under reflux. The solvent was evaporated, and
the obtained crude product was purified by column chromatogra-
phy to give the pure product.

3.4. General procedure for the synthesis of compounds 12a—j,
13a—m, 17a,b, 18a,b, 21, 22a,b

To a solution of chlorodifluorinated heterocycle (0.5 equiv) and of
the stannane (1.25 equiv) in benzene (10 mL per 1 mmol of starting
material) was added AiBN (0.06 equiv). The mixture was heated for
16 h under reflux (TLC control). The solvent was evaporated and the
crude product was purified by column chromatography (silica gel,
heptanes/EtOAc, 100:1) to give the crude product. The residue was
purified by preparative chromatography (silica gel, heptane).

3.5. General procedure for the synthesis of compound 7j

A solution of 1.0 equiv of the chlorodifluorodiketone and of
1.0 equiv of the amine in acetic acid (3 mL per 1 mmol of the
starting material) was added NaOAc (4 equiv). The mixture was
heated for 6 h under reflux. The solvent was evaporated, and the
obtained crude product was purified by column chromatography to
give the pure product.

3.6. General procedure for the synthesis of compounds 16a,b

A solution of 1.0 equiv of the chlorodifluorodiketone, 1.0 equiv of
benzamidine and 1.1 equiv of sodium acetate in xylol (1 mL per
1 mmol of starting material) was heated at 139 °C. The crude
product was poured into ice water. After standing for 12 h at room
temperature, the precipitate formed was filtered, washed with
water and dried.

3.7. General procedure for the synthesis of compounds 20a,
20c, 20e—f

A solution of 1.0 equiv of the chlorodifluorodiketone or of (Z)-1-
chloro-4-ethoxy-1,1-difluorbut-3-en-2-one and of 1.0 equiv of the
hydrazine in acetic acid (8 mL per 1 mmol of starting material) was
stirred for 2 h at room temperature. The solvent was evaporated,
and the crude product was purified by column chromatography to
give the pure product.

3.8. General procedure for the synthesis of compounds 20b, 20g

A solution of 1.0 equiv of the chlorodifluorodiketone or of (2)-1-
chloro-4-ethoxy-1,1-difluorbut-3-en-2-one and of 1.0 equiv of the
hydrazine in ethanol (8 mL per 1 mmol of starting material) was
heated for 5 h under reflux and stirred for 12 h at room tempera-
ture. The solvent was evaporated, and the obtained crude product
was purified by column chromatography to give the pure product.

3.8.1. 4-(Chlorodifluoromethyl)-3,6-dimethyl-1-phenyl-1H-pyrazolo
[3,4-b]pyridine (7a). Brown solid isolated by recrystallization from
acetic acid, mp 67—69 °C; TH NMR (CDCls, 300 MHz): 6=2.74—2.75
(m, 6H, CH3), 7.27—7.33 (m, 1H, CH), 7.44—7.53 (m, 3H, CaH),
8.19-8.22 (m, 2H, CaH). C NMR (CDCl3, 75 MHz): 6=15.5
(t, Jep=4.5 Hz, CH3), 25.1 (CH3), 108.3 (t, Jcg=2.2 Hz, C), 1124
(t, Jcp=6.6 Hz, CH), 121.6 (CH), 124.3 (t, Jc;=35.0 Hz, C), 126.1,129.0
(CH), 137.4(t, Jc ;=28.6 Hz, C—CF,Cl), 139.0, 140.9, 152.0 (C). "9F NMR
(CDCl3, 282 MHz): 6=—49.54 (CF,Cl). IR (ATR, cm~): v=3082 (w),
2922 (w), 2851 (w), 1681 (w), 1595 (m), 1573 (w), 1502 (s), 1438 (m),
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1412 (s), 1391 (w), 1378 (w), 1343 (s), 1305 (W), 1295 (w), 1271 (W),
1219 (s), 1162 (s), 1122 (s), 1071 (m), 1034 (m), 1009 (m). MS (EI,
70 eV): mz (%)=309 (IM*] [*7Cl], 51), 308 (34), 307 ([M*] [*°Cl],
100), 292 (16), 272 (52), 266 (22), 257 (11), 77 (16). HRMS (EI,
70 eV): caled for CisHioN3CIF, ([M*], [3°Cl]) 307.06823, found
307.067620. Anal. Calcd for C15H1,CIFoN3 (307.73): C, 58.55, H, 3.93,
N, 13.66. Found: C, 58.290, H, 3.960, N, 12.910.

3.8.2. 4-(Chlorodifluoromethyl)-6-(4-methoxyphenyl)-3-methyl-1-
phenyl-1H-pyrazolo[3,4-b]pyridine (7b). White solid isolated by
recrystallization from acetic acid; mp 158—159 °C; 'H NMR (CDCls,
300 MHz): 0=2.77 (t, 3]=1.9 Hz, 3H, CH3), 3.89 (s, 3H, OCH3),
7.01-7.04 (m, 3J=8.9 Hz, 2H, CaH), 7.32 (t, 3J=7.4 Hz, 1H, Ca.H),
7.51-7.57 (m, 2H, CaH), 7.79 (s, 1H, CH), 8.10—8.13 (m, 2H, CaH),
8.30—8.32 (m, 2H, CaH). 3C NMR (CDCl3, 75 MHz): 6=15.5 (t,
Jcg=4.4 Hz, CHs), 55.4 (OCH3), 108.6 (t, Jcp=2.2 Hz, C), 108.8 (t,
Jcg=6.6 Hz, CH), 114.3 (CH), 121.4 (CH), 124.4 (t, JcF=290.5 Hz,
CF,Cl), 125.9 (CH), 128.9 (CH), 129.0 (CH), 130.5 (C), 1379 (t,
JcF=29.2 Hz, C—CF,Cl), 139.2 (C), 141.1 (C), 152.2 (C), 156.5 (C), 161.4
(C). °F NMR (CDCls, 282 MHz): 6=—49.55 (CF,Cl). IR (ATR, cm™1):
v=3107 (w), 3076 (w), 3040 (w), 3007 (w), 2938 (w), 2842 (w),
1593 (w), 1582 (w), 1568 (w), 1504 (w), 1493 (w), 1478 (w), 1458
(m), 1435 (w), 1417 (s), 1386 (w), 1347 (s), 1311 (w), 1297 (w), 1255
(w), 1236 (s), 1167 (w), 1157 (w), 1118 (m), 1084 (m), 1050 (w), 1042
(w), 1028 (m), 1002 (w). MS (El, 70 eV): m/z (%)=401 ([M*], [?’Cl],
35), 400 (25), 399 ([M*], [3°Cl], 100), 364 (14). HRMS (EI, 70 eV):
caled for CyHigN3CIF,0 ([M*], [3°Cl]) 399.09445, found
399.094692. Anal. Caled for Co1Hi6CIF2N30 (399.82): C, 63.08, H,
4.03, N, 10.51. Found: C, 62.600, H, 3.620, N, 9.920.

3.8.3. 4-(Chlorodifluoromethyl)-6-(4-chlorophenyl)-3-methyl-1-
phenyl-1H-pyrazolo[3,4-b]pyridine (7c). White solid isolated by re-
crystallization from acetic acid; mp 157—158 °C; 'H NMR (CDCls,
300 MHz): 6=2.79 (s, 3H, CHs), 7.34(t, }J=7.4 Hz, 1H, CaH), 7.47—7.57
(m, 4H, Ca/H), 7.80 (s, 1H, CH), 8.08 (d, 3j=8.5 Hz, 2H, CaH), 8.27 (d,
3J=7.7Hz, 2H, CaH). ®3C NMR (CDCl3, 75 MHz): 6=15.5 (t, Jc p=4.4 Hz,
CH3), 109.0 (t, Jcp=6.6 Hz, CH), 109.3 (t, Jcr=2.2 Hz, C), 121.5 (CH),
124.1 (t,Jc ;=290.5 Hz, CF,Cl),126.2 (CH), 127.5 (C),128.7,129.0,129.2
(CH), 136.4 (d, Jc;=4.4 Hz, C), 138.3 (t, Jc;=29.2 Hz, C—CF,(l), 139.0,
141.2,152.1,155.5 (C). ">FNMR (CDCls, 282 MHz): 6=—49.62. IR (ATR,
cm™1): v=3061 (w), 2979 (w), 2937 (w), 2861 (w), 2355 (w), 2138
(w), 1592 (w), 1581 (w), 1562 (w), 1503 (s), 1489 (w), 1476 (w), 1456
(w), 1438 (w), 1418 (m), 1403 (m), 1388 (W), 1345 (s), 1312 (w), 1298
(w), 1268 (w), 1242 (s), 1176 (m), 1152 (m), 1026 (m), 1094 (w), 1084
(w),1051 (m), 1031 (w), 1013 (w), 1002 (w). MS (EI, 70 eV): m/z (%)=
407 (IM*], [37c1] 1?7 cl], 12), 405 ([M 1], [2>C1] [27 L], 67), 404 (28), 403
(IM*], [3°C1] [3°Cl], 100), 402 (9), 368 (23). HRMS (EI, 70 eV): calcd for
C20H13N3CLLF, ([M*], [2°Cl]) 403.04491, found 403.043839. Anal.
Calcd for CoH13CloFoN3 (404.24): C,59.42, H, 3.24,N,10.39. Found: C,
58.996, H, 3.187, N, 10.144.

3.8.4. 1-tert-Butyl-4-(chlorodifluoromethyl)-6-methyl-1H-pyrrolo
[2,3-b]pyridine-3-carbonitrile (7d). White solid isolated re-
crystallization from acetic acid; mp 161-162 °C; 'H NMR (CDCls,
300 MHz): 6=1.82 (s, 9H, C(CH3)3), 2.69 (s, 3H, CH3), 7.29 (s, 1H, CH),
7.95 (s, 1H, CH). 3C NMR (CDCls, 75 MHz): 6=24.7 (CH3), 29.1
(C(CH3)3), 59.1 (C(CH3)3), 82.8 (C), 112.4 (t, Jcp=6.1 Hz, CH), 115.4
(C=N), 121.6 (C), 1243 (t, Jcr=290.5 Hz, CF(l), 1357 (t,
JcF=29.2 Hz, C—CF,Cl), 135.4 (CH), 148.0, 153.4 (C). '°F NMR (CDCls,
282 MHz): 6=—49.76. IR (ATR, cm~1): v=3141 (w), 2988 (w), 2975
(w), 2929 (w), 2225 (m), 1597 (w), 1579 (w), 1515 (m), 1483 (w),
1444 (w), 1395 (w), 1367 (w), 1356 (w), 1367 (w), 1314 (m), 1303
(w), 1217 (w), 1199 (w), 1055 (m), 1026 (s), 1036 (m), 1022 (m). MS
(EI, 70 eV): m/z (%)=299 (IM*], [>7C1], 12), 297 ([M*], [3°Cl], 37), 262
(10), 243 (49), 242 (22). 241 (100), 207 (21), 206 (100). HRMS (ESI-
TOF/MS): calcd for C14H14CIF;N3 ([M+H]™, [35Cl]) 298.0918, found

298.0917. Anal. Calcd for C14H14CIF;N3 (297.73): C, 56.48, H, 4.74, N,
14.11. Found: C, 55.350, H, 4.380, N, 13.810.

3.8.5. 1-tert-Butyl-4-(chlorodifluoromethyl)-6-(4-methoxyphenyl)-
1H-pyrrolo[2,3-b]pyridine-3-carbonitrile (7e). White solid isolated
recrystallization from acetic acid; mp 178—179 °C; '"H NMR (CDCls,
300 MHz): 6=1.90 (s, 9H, C(CH3)3), 3.89 (s, 3H, OCH3), 7.01—7.06 (m,
2H, Ca,H), 7.85 (s, 1H, CH), 8.00 (s, 1H, CH), 8.03—8.08 (m, 2H, Ca,H).
13C NMR (CDCl3, 75 MHz): 6=29.3 (C(CHs)3), 55.4 (OCH3), 59.2
(C(CHs)3), 83.2 (C),109.0 (t, Jc ;=6.1 Hz, CH), 112.8 (t, Jc ;=2.2 Hz, C),
1144 (C), 115.6 (C=N), 124.4 (t, Jc;=290.5 Hz, CF,Cl), 128.3 (CH),
130.9(C), 136.0 (CH), 136.4 (t, Jc ;=29.0 Hz, C—CF,Cl), 143.3 (C), 151.9
(C),160.9 (C). "®F NMR (CDCl5, 282 MHz): 6=—49.83 (CF,Cl). IR (ATR,
cm™1): v=3140 (w), 3089 (w), 2986 (w), 2931 (w), 2836 (w), 2632
(w), 2271 (w), 2225 (s), 1750 (w), 1643 (w), 1606 (w), 1592 (m), 1575
(w), 1515 (s), 1465 (w), 1450 (w), 1440 (w), 1396 (s), 1365 (s), 1320
(s), 1297 (s), 1240 (w), 1204 (m), 1172 (m), 1061 (w), 1134 (s), 1117
(w), 1068 (w), 1033 (s), 1015 (w), 1007 (w). MS (E, 70 eV): m/z (%)=
391 ([M*], [37Cl], 11), 390 (8), 389 ([M*], [3>Cl], 32), 335 (35), 334
(19), 333 (100). 298 (29). HRMS (EI, 70 eV): calcd for CogH1gN3CIF,0
(IM], [3°C1]) 389.11010, found 389.110212.

3.8.6. 1-tert-Butyl-4-(chlorodifluoromethyl)-6-(4-chlorophenyl)-1H-
pyrrolo[2,3-b]pyridine-3-carbonitrile (7f). White solid isolated re-
crystallization from acetic acid; mp 244—245 °C; '"H NMR (CDCls,
300 MHz): 6=1.90 (s, 9H, C(CH3)3), 7.46—7.51 (m, 2H, Ca.H), 7.88 (s,
1H, CH), 8.01-8.06 (m, 3H, Ca;H). >C NMR (CDCls, 75 MHz): 6=29.3
(C(CHs)3), 59.4 (C(CH3)3), 83.4 (C), 109.4 (t, Jcr=6.6 Hz, CH), 113.6 (t,
JcF=2.2 Hz, C),115.0 (C=N), 124.2 (t, Jc ;=291 Hz, CF,Cl), 128.2 (CH),
129.2 (CH), 135.7 (C), 136.6 (t, Jcr=29.2 Hz, C—CF(l), 136.7 (C),
136.8 (CH), 148.2, 150.9 (C). '°F NMR (CDCls, 282 MHz): 6=—49.90.
IR (ATR, cm ™~ 1): v=3136 (w), 3094 (W), 2993 (W), 2945 (W), 2224 (s),
1756 (w), 1591 (w), 1514 (m), 1494 (m), 1471 (m), 1398 (s), 1370 (W),
1359 (w), 1320 (s), 1294 (w), 1275 (w), 1239 (m), 1203 (s), 1177 (W),
1163 (m), 1136 (s), 1116 (w), 1103 (w), 1090 (s), 1064 (m), 1038 (W),
1010 (s). MS (El, 70 eV): m/z (%)=397 (IM*], [>’C1] [*’Cl], 16), 395
(IM*], [37c1] 221, 16), 393 ([M*], [3°C1] [3°Cl], 25), 339 (66), 337
(100), 303 (13), 302 (56). HRMS (ESI-TOF/MS): calcd for
C1gH15C1LFoN3 ([M-+H]Y, [33C1] [3°Cl]) 394.0684, found 394.0689.
Anal. Calcd for Ci9H15CIoFoN3 (394.25): C, 57.88, H, 3.83, N, 10.66.
Found: C, 57.900, H, 3.420, N, 9.980.

3.8.7. 4-(Chlorodifluoromethyl)-1-cyclohexyl-6-methylds1H-pyrrolo
[2,3-b]pyridine-3-carbonitrile  (7g). Brown solid isolated re-
crystallization from acetic acid; mp 173—174 °C; 'H NMR (CDCls,
300 MHz): 6=1.24—2.15(m, 10H, CH3), 2.70 (s, 3H, CH3), 4.81—4.90 (m,
1H, CH), 7.31 (s, 1H, CaH), 7.90 (s, 1H, CH). 3C NMR (CDCl5, 75 MHz):
0=24.5(CH3), 25.3,25.5,33.4(CH;), 54.2 (CH), 83.9(C),111.0(C),113.2
(t,Jcp=6.0 Hz, CH), 115.2 (C=N), 124.3 (t, Jc ;=290.7 Hz, CF,Cl), 134.6
(CH), 135.9 (t, Jc=29.3 Hz, C—CF,Cl), 147.3 (C), 154.5 (C). '°F NMR
(CDCl3, 282 MHz): 6=—49.78 (CF,Cl). IR (ATR, cm™): v=3126 (w),
2934 (m), 2857 (w), 2225 (s), 1693 (w), 1598 (w), 1581 (w), 1581 (w),
1537 (w), 1520 (s), 1494 (w), 1464 (w), 1451 (w), 1416 (w), 1394 (w),
1361 (w), 1348 (w), 1332 (m), 1306 (w), 1291 (m), 1272 (w), 1250 (w),
1223 (m), 1210 (w), 1191 (w), 1172 (w), 1146 (w), 1123 (s), 1028 (s). MS
(EL, 70 eV): mfz (%)=325 (IM*], [>’Cl], 9), 323 ([M*], [3°Cl], 28), 288
(17),243(35),242(19),241(100),206 (57). HRMS (ESI-TOF/MS): calcd
for C16H16CIFaN3Na ([M+Na]™, [3°Cl]) 346.0893, found 346.089.

3.8.8. 1-(4-Methoxybenzyl)-4-(chlorodifluoromethyl)-6-methyl-1H-
pyrrolo[2,3-b]pyridine-3-carbonitrile(7h). Brown solid isolated re-
crystallization from acetic acid; mp 104—106 °C; 'H NMR (CDCls,
300 MHz): 6=2.73 (s, 3H, CH3), 3.79 (s, 3H, OCH3), 5.44 (s, 2H, CHy),
6.87—6.90 (m, 2H, 3J=8.7 Hz, CaH), 7.23—7.26 (m, 2H, 3]=8.7 Hz,
CarH), 7.34 (s, 1H, CH), 7.73 (s, 1H, CH). >C NMR (CDCls, 75 MHz):
0=24.5 (CH3), 48.4 (CHy), 55.3 (OCH3), 84.4 (C), 110.9 (t, Jc ;=2.2 Hz,
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C), 113.3 (t, Jcp=5.5 Hz, CH), 114.5 (CH), 114.9 (C=N), 124.2 (t,
Jcp=290.5 Hz, CF,Cl), 127.2 (C), 128.1 (C), 129.7 (CH), 136.1 (t,
Jer=29.2 Hz, C—CF,Cl), 136.7 (CH), 147.7 (C), 155.0 (C), 159.8 (C). °F
NMR (CDCls, 282 MHz): 6=—49.76 (CF,Cl). IR (ATR, cm~1): v=3099
(w), 3034 (w), 3001 (w), 2935 (w), 2838 (W), 2226 (s), 1753 (w),
1710 (m), 1612 (w), 1601 (w), 1578 (w), 1524 (w), 1513 (s), 1463 (W),
1441 (w), 1415 (m), 1385 (m), 1350 (m), 1328 (w), 1298 (m), 1245 (s),
1217 (m), 1175 (m), 1122 (br m), 1031 (s). MS (EI, 70 eV): m/z (%)=
363 ([M*], [37Cl], 6), 361 ([M™], [3>Cl], 17), 121 (100). HRMS (ESI-
TOF/MS): caled for CigH14CIFaN3NaO ([M+Nal*, [3°Cl]) 384.0686,
found 384.0680.

3.8.9. 1-(4-Methoxybenzyl)-4-(chlorodifluoromethyl)-6-(4-
chlorophenyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonitrile (7i). Yellow
solid isolated recrystallization from acetic acid; mp 218—219 °C; 'H
NMR (CDCls, 300 MHz): 6=3.80 (s, 3H, OCHs), 5.53 (s, 2H, CHa),
6.88—6.93 (m, 2H, 3J=8.7 Hz, CaH), 7.28—7.31 (m, 2H, 3J=8.9 Hz,
CacH), 7.47—7.52 (m, 2H, 3]=8.9 Hz, Ca;H), 7.85 (s, 1H, CH), 7.90 (s, 1H,
CH), 8.06—8.10 (m, 2H, 3]=8.7 Hz, Ca;H). 3C NMR (CDCl3, 75 MHz):
6=48.8 (CHy), 55.3 (CH3), 84.9 (C), 111.2 (t, Jcp=6.1 Hz, CH), 112.3 (t,
Jcp=2.2Hz,C),114.5 (C=N), 114.6 (CH), 124.1 (t, Jc ;=291.0 Hz, CF,Cl),
127.0 (C), 128.3, 129.2, 129.8 (CaH), 136.0 (C), 136.4 (C), 137.0 (¢,
JcF=29.2 Hz, C—CF,Cl), 138.0 (CH), 147.9 (C), 152.2 (C), 159.9 (C). '°F
NMR (CDCls, 282 MHz): 6=—49.93 (CF,Cl). IR (ATR, cm™1): v=3091
(w), 3047 (w), 3004 (w), 2961 (w), 2936 (w), 2906 (w), 2837 (W),
2226 (s), 1682 (w), 1612 (w), 1588 (w), 1516 (m), 1496 (w), 1477 (w),
1467 (w), 1456 (w), 1440 (w), 1425 (w), 1413 (w), 1406 (w), 1382 (m),
1347 (w), 1336 (w), 1317 (w), 1306 (w), 1295 (w), 1280 (W), 1234 (m),
1208 (w), 1177 (m), 1159 (m), 1142 (m), 1129 (w), 1118 (w), 1105 (w),
1095 (m), 1072 (w), 1025 (s), 1010 (s). MS (EI, 70 eV): m/z (%)=461
(IM7], [Pl [Pail, 1), 459 ([MF], [7Cl] [*>C1), 6), 457 ([M*], [>C1]
[3°Cl], 9), 122 (10), 121 (100). HRMS (ESI-TOF/MS): calcd for
Cy3H15CIFaNsNaO  ([M+Na]*, [3°cl] [3°Cl]) 480.0452, found
480.0451. Anal. Calcd for C23H15CloFaN30 (458.29): C, 60.28, H, 3.30,
N, 9.17. Found: C, 58.896, H, 3.254, N, 8.860.

3.8.10. 7-(Chlorodifluoromethyl)-5-(4-chlorophenyl)-N,N-dime-
thylthiazolo[4,5-b]pyridin-2-amine (7j). Brown solid isolated by
column chromatography (heptane/EtOAc, 20:1); mp 194—196 °C;
H NMR (CDCl3, 300 MHz): 6=3.31 (s, 6H, CH3), 7.14 (d, 2H,
3]=8.5 Hz, Ca/H), 7.55 (s, 1H, CH), 8.06 (d, 2H, 3}=8.5 Hz, CaH). 13C
NMR (CDCl3, 75 MHz): 6=40.3 (CH3), 107.5 (t, Jc ;=5.0 Hz, CH), 118.8
(C), 124.7 (t, Jcg=290.5 Hz, CF,Cl), 128.4, 128.8 (CaH), 131.5 (C),
136.7 (C), 137.7 (t, Jc ;=29.2 Hz, C—CF,Cl), 154.4 (C), 166.6 (C), 171.1
(C). '9F NMR (CDCls, 282 MHz): 6=—52.58. IR (ATR, cm~!): v=2928
(w), 1681 (m), 1600 (s), 1539 (s), 1492 (s), 1414 (w), 1394 (w), 1365
(W), 1349 (W), 1272 (w), 1248 (w), 1229 (m), 1167 (w), 1130 (m), 1105
(w), 1088 (s), 1043 (w), 1012 (w). MS (EI, 70 eV): m/z (%)=377 (M "],
[37c1) [¥7a1], 14), 375 (IM*], [P7c1] [22cl], 72), 373 (IM*], [23C1] 2>,
97), 360 (31), 358 (44), 348 (14). 346 (72), 344 (100), 323 (15).
HRMS (ESI-TOF/MS): calcd for Ci5Hq1Cl,FaN3NaS ([M+Nal*, [3°Cl]
[3°Cl]) 395.9911, found 395.9911. Anal. Calcd for CisHi1CloFoN3S
(374.24): C, 48.14, H, 2.96, N, 11.23. Found: C, 48.283, H, 2.951.

3.8.11. 7-(Chlorodifluoromethyl)-1,3,5-trimethyl-1H-imidazo[4,5-b]
pyridine-2(3H)-thione (7k). Yellow solid isolated by column chro-
matography (heptane/EtOAc, 10:1); mp 90—92; 'H NMR (CDCls,
300 MHz): 6=2.62 (s, 3H, CHs3), 3.84 (s, 3H, CH3), 4.05 (t,
3JuF=2.4 Hz, 3H, CHs), 717 (s, 1H, CH). 13C NMR (CDCls, 75 MHz):
0=23.9 (CHs3), 30.8 (CH3), 34.6 (t, Jcr=6.1 Hz, CHs), 1124 (t,
Jcp=6.6 Hz, CH), 1189 (t, Jcp=2.2 Hz, C), 123.5 (t, JcF=289.4 Hz,
CF,Cl), 124.9 (t, Jc r=29.0 Hz, C—CF,Cl), 146.7 (C), 152.3 (C), 172.9 (C).
19 NMR (CDCl3, 282 MHz): 6=—49.71 (CF,Cl). IR (ATR, cm™1):
v=3043 (w), 3010 (w), 2958 (w), 2922 (w), 2853 (w), 1825 (w), 1718
(w), 1610 (s), 1588 (W), 1472 (s), 1435 (s), 1409 (s), 1389 (s), 1359 (s),

1325 (w), 1312 (w), 1283 (w), 1225 (s), 1211 (w), 1172 (m), 1117 (s),
1082 (s),1027 (s). MS (El, 70 eV): m/z (%)=279 (IM*], [3Cl], 37), 278
(18),277 (IM*], [3>C1], 100), 244 (23), 242 (34). HRMS (ESI-TOF/MS):
calcd for C1oH11CIFaN3S ([M-+H]*, [3°Cl]) 278.0325, found 278.0325.

3.8.12. 7-(Chlorodifluoromethyl)-1,5-dimethyl-3-phenyl-1H-imidazo
[4,5-b]pyridine-2(3H)-thione (71). Yellow solid isolated by column
chromatography (heptane/EtOAc, 10:1); mp 173—174 °C; 'H NMR
(CDCls, 300 MHz): 0=2.53 (s, 3H, CHs), 414 (t, 3Jyr=2.3 Hz, 3H,
CH3), 7.22 (s, 1H, CH), 7.48—7.61 (m, 5H, CH). 3C NMR (CDCls,
75 MHz): 6=23.9 (CH3), 34.9 (t, 3JcF=6.0 Hz, 3H, CH3), 113.1 (t,
JcF=6.6 Hz, CH), 119.0 (t, 3Jcr=2.2 Hz, C), 124.5 (t, Jcr=290.0 Hz,
CF,Cl), 125.1 (t, Jc;=29.2 Hz, C—CF,(l), 128.4, 129.2 (CH), 134.7 (C),
147.2 (C),152.9 (C), 173.4 (C). '°F NMR (CDCl3, 282 MHz): 6=—49.50
(CE,CI). IR (ATR, cm™1): v=3047 (w), 2962 (w), 1811 (w), 1722 (w),
1607 (w), 1504 (s), 1442 (m), 1425 (m), 1387 (s), 1377 (w), 1355 (m),
1325 (s), 1294 (w), 1283 (w), 1219 (s), 1167 (w), 1147 (w), 1103 (m),
1073 (m), 1042 (s). MS (EI, 70 eV): mjz (%)=341 (IM™], [¥’cl], 31),
340 (83), 339 ([M*], [3°Cl], 83), 338 (100), 304 (18), 302 (11). HRMS
(ElI, 70 eV): calcd for C15H1oN3CIF,S ([M ], [35Cl]) 339.04030, found
339.039725. Anal. Calcd for Cy5H12CIF;N3S (339.79): C, 53.02, H,
3.56, N, 12.37. Found: C, 53.277, H, 3.693, N, 12.150.

3.8.13. 5-(Chlorodifluoromethyl)-7-(4-chlorophenyl)-1,3-
dimethylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione (7m). White
solid isolated recrystallization from acetic acid; mp 293 °C; 'H NMR
(CDCl3, 300 MHz): 6=3.51 (s, 3H, CH3), 3.84 (s, 3H, CH3), 7.49—7.54
(m, 3j=8.9 Hz, 2H, Ca.H), 7.86 (s, 1H, Ca;H), 8.06—8.11 (m, 3]=8.9 Hz,
2H, CarH). 3*C NMR (CDCls, 75 MHz): 6=28.9 (CH3), 30.7 (CH3),104.5
(C), 111.3 (t, Jcp=9.4 Hz, CH), 123.3 (t, Jc;=290.5 Hz, CF,Cl), 128.9
(CarH), 129.5 (CaH), 134.9 (C), 1381 (C), 146.2 (t, Jcr=28.6 Hz,
C—CF,Cl), 150.9 (C), 152.7 (C), 158.0 (C), 160.1 (C). '°F NMR (CDCls,
282 MHz): 6=—50.19 (CF,Cl). IR (ATR, cm ™ 1): v=3092 (w), 3065 (W),
3042 (w), 2953 (w), 1716 (m), 1663 (br s), 1579 (m), 1556 (m), 1516
(W), 1503 (w), 1384 (W), 1452 (w), 1417 (w), 1404 (w), 1387 (w), 1367
(W), 1349 (w), 1306 (w), 1289 (w), 1282 (w), 1254 (w), 1199 (m), 1119
(s),1085 (w), 1072 (w), 1009 (s). MS (EI, 70 eV): m/z (%)=389 ([M™],
[37c1] [*7c1],13), 387 (IM*], [¥7C1] 231, 67), 385 ([M*], [3>C1] [*>Cl],
100), 365 (15), 350 (50), 300 (24), 275 (39), 273 (60). HRMS (EI,
70 eV): caled for CigH11N3CLLF,0, ([M*], [3°C1] [3°Cl]) 385.01909,
found 385.019348.

3.8.14. 5-(Chlorodifluoromethyl)-1,3,7-trimethylpyrido[2,3-d [pyrimi-
dine-2,4(1H,3H)-dione (7n). Yellow solid isolated recrystallization
from acetic acid; mp 273 °C; 'H NMR (CDCls, 300 MHz): 6=2.67 (s,
3H, CH3), 3.46 (s, 3H, CH3), 3.72 (s, 3H, CH3), 7.30 (s, 1H, CaH). 1°C
NMR (CDCls, 75 MHz): 6=25.4 (CH3), 28.7 (CH3), 30.5 (CH3),103.5 (¢,
3_]@]::1.7 Hz, C), 114.9 (t, Jcr=9.0 Hz, CH), 123.3 (t, Jc;=290.5 Hz,
CF,(Cl1), 116.9 (CacH), 145.0 (t, Jc ;=28.6 Hz, C—CF(l), 150.9 (C), 152.4
(€),158.3(C),161.2 (C). ’FNMR (CDCl3, 282 MHz): 6=—50.19 (CF,Cl).
IR (ATR, cm™1): v=3393 (w), 3360 (w), 3230 (w), 3084 (w), 2997 (w),
2954 (w), 2917 (w), 2851 (w), 1711 (s),1661 (brs), 1592 (w), 1567 (m),
1503 (w), 1454 (w), 1417 (m), 1381 (w), 1368 (w), 1343 (m), 1286 (m),
1263 (m), 1235 (w), 1213 (m), 1179 (m), 1118 (s), 1093 (w), 1065 (w),
1031 (w),1001 (w). MS (EI, 70 eV): m/z(%)=291 ([M*],[>7Cl], 28), 289
(IM*],[3>C1], 86), 269 (18), 254 (45), 204 (25),179(33),177 (100), 169
(13), 142 (12). HRMS (ESI-TOF/MS): calcd for Cq1H11N3CIF,0;
(IM+H]*, [3°Cl]) 292.0476, found 292.0476.

3.8.15. 3-(4-Methoxybenzyl)-7-(chlorodifluoromethyl)-5-methyl-3H-
imidazo[4,5-b]pyridine (11a). Yellow solid isolated by column
chromatography (heptane/EtOAc, 20:1); mp 59—60 °C; 'H NMR
(CDCl3, 300 MHz): §=2.72 (s, 3H, CH3), 3.78 (s, 3H, OCH3), 5.39 (s,
2H, CH,), 6.85—6.87 (m, 3J=8.9 Hz, 2H, CaH), 7.26—7.29 (m,
3]=8.9 Hz, 3H, CaH), 8.03 (s, 1H, CH). '*C NMR (CDCls, 75 MHz):
0=24.6 (CH3), 46.8 (CHy), 55.3 (OCH3), 113.0 (t, Jcr=5.5 Hz, CH),
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114.3 (CH), 126.6 (t, Jc;=291.1 Hz, CFyCl), 128.2 (t, 3Jcp=2.2 Hz, C),
129.5 (CH), 133.9 (t, Jc=28.1 Hz, C—CF,Cl), 144.3 (CH), 148.1 (C),
154.2 (C),159.7 (C). F NMR (CDCls, 282 MHz): 6=—50.57 (CF,Cl). IR
(ATR, cm™1): v=3070 (w), 3030 (w), 2955 (w), 2937 (w), 2916 (W),
2839 (w), 1613 (m), 1588 (m), 1510 (s), 1482 (m), 1463 (w), 1441 (w),
1434 (w), 1420 (w), 1397 (m), 1382 (m), 1364 (w), 1355 (w), 1287 (s),
1240 (s), 1217 (w), 1204 (m), 1179 (m), 1162 (w), 1133 (s), 1114 (W),
1096 (s), 1027 (m). MS (EI, 70 eV): m/z (%)=339 ([M*], [¥7Cl], 13),
339 ([M*], [3°Cl], 37),122 (12), 121 (100). HRMS (EI, 70 eV): calcd for
C16H14N3CIF,0 ([M*], [3°C1]) 337.07880, found 337.078831.

3.8.16. 3-(4-Chlorobenzyl)-7-(chlorodifluoromethyl)-5-methyl-3H-
imidazo[4,5-b]pyridine (11b). Yellow oil isolated by preparative
chromatography (heptane); '"H NMR (CDCls, 300 MHz): 6=2.73 (s,
3H, CH3), 5.46 (s, 2H, CHy), 7.26—7.28 (m, 3/=8.7 Hz, 2H, CaH),
7.32—7.35 (m, 3j=8.7 Hz, 3H, Ca;H), 8.09 (s, 1H, CH). '>*C NMR (CDCls,
125 MHz): $=24.6 (CH3), 46.5 (CHy), 113.2 (t, Jc=5.5 Hz, CH), 124.2
(t, Jep=290.6 Hz, CF,Cl), 128.2 (t, 3Jcp=2.7 Hz, C), 129.2 (CH), 129.3
(CH),129.5 (C), 133.9(C), 134.1 (t, Jc ;=28.2 Hz, C—CF,Cl), 144.2 (CH),
148.0(C),154.3 (C). 'F NMR (CDCls, 282 MHz): 6=—50.62 (CF,Cl). IR
(ATR, cm™1): v=3115 (w), 3068 (W), 3034 (w), 2923 (w), 2852 (w),
1736 (w), 1593 (s), 1507 (w), 1489 (s), 1431 (m), 1397 (m), 1382 (W),
1372 (w), 1353 (s), 1296 (W), 1285 (s), 1254 (w), 1213 (w), 1205 (W),
1189 (w), 1170 (w), 1129 (s), 1095 (m), 1011 (m). MS (EI, 70 eV): m/z
(%)=345 (IM*], [*7c1] [7c1), 8), 343 (IM'], [>71] [3°Cl], 49), 341
(IM*], [23c1] [3°a1], 77), 307 (14), 306 (39), 127 (36), 125 (100), 89
(22). HRMS (ESI-TOF/MS): caled for CisH1oN3CLF, ([M*], [3°Cl))
342.0371, found 342.0373.

3.8.17. 4-(Difluoromethyl)-3,6-dimethyl-1-phenyl-1H-pyrazolo[3,4-
b]pyridine (12a). White solid isolated by preparative chromatog-
raphy (heptane); mp 75—76 °C; 'H NMR (CDCls, 300 MHz): 6=2.63
(t, 3]=1.1 Hz, 3H, CH3), 2.66 (s, 3H, CHs), 6.89 (t, 3=55.0 Hz, 1H,
CF,H), 7.09 (s, 1H, CaH), 7.19—7.24 (m, 1H, CaH), 7.40—7.45 (m, 2H,
CarH), 8.15—8.18 (m, 3J=7.4 Hz, 2H, CaH). >*C NMR (CDCl3, 75 MHz):
6=14.9 (t, JcF=3.3 Hz, CH3), 25.1 (CH3), 110.4 (t, Jcf=3.3 Hz, C), 112.9
(t,JcF=240.0 Hz, CF;H), 114.2 (t, Jc ;=7.7 Hz, CH), 121.3 (Ca(H), 125.8
(CarH), 129.0 (CaH), 135.8 (t, Jc p=23.7 Hz, C—CF,H), 139.2 (C), 141.1
(C), 151.7 (C), 159.2 (C). "F NMR (CDCl5, 282 MHz): 6=—111.78
(CF,H). IR (ATR, cm™1): v=3088 (w), 3065 (w), 2959 (w), 2920 (w),
2857 (w), 1589 (w), 1504 (s), 1482 (w), 1458 (w), 1444 (w), 1415 (m),
1398 (w), 1375 (w), 1347 (w), 1331 (w), 1302 (w), 1271 (w), 1199 (w),
1141 (w), 1127 (w), 1080 (s), 1043 (w), 1028 (w), 1009 (w). MS (EI,
70 eV): m/z (%)=273 ([M*], 100), 272 (29), 258 (23), 232 (15), 77
(15). HRMS (ESI-TOF/MS): calcd for CisH14FoN3 [(M+H)"] 274.115,
found 274.1153. Anal. Calcd for Ci5H13FaN3 (273.28): C, 65.93, H,
4.79, N, 15.38. Found: C, 66.066, H, 4.832, N, 14.783.

3.8.18. 6-(4-Chlorophenyl)-4-(difluoromethyl)-3-methyl-1-phenyl-
1H-pyrazolo[3,4-b]pyridine (12b). White solid isolated by pre-
parative chromatography (heptane); mp 152—154 °C; 'H NMR
(CDCl3, 300 MHz): 6=2.73 (s, 3H, CH3), 7.04 (t, 3Jyr=55.0 Hz, 1H,
CF,H), 7.32 (t, 3J=7.4 Hz, 1H, CH), 7.45—7.56 (m, 4H, CaH), 7.71 (s,
1H, CaH), 8.04—8.08 (m, 2H, CaH), 8.28—8.31 (m, 2H, CaH). 1°C
NMR (CDCls, 75 MHz): 6=14.9 (t, Jcr=3.0 Hz, CHs), 110.7 (t,
Jcr=8.0 Hz, CH), 111.5 (t, Jc=3.3 Hz, C), 112.8 (t, JcF=240.0 Hz,
CF), 121.1 (CaH), 125.9 (CaH), 128.7 (CaH), 129.0 (CaH), 129.1
(CarH), 136.2 (C), 136.7 (C), 137.7 (t, Jc p=24.0 Hz, C—CF,), 139.2 (C),
1413 (C), 151.7 (C), 155.6 (C). F NMR (CDCls, 282 MHz):
6=—112.03 (CF.H). IR (ATR, cm™!): v=3107 (w), 3084 (w), 3063
(W), 2960 (w), 2921 (w), 2856 (w), 1593 (w), 1584 (w), 1569 (w),
1505 (s), 1490 (w), 1477 (m), 1459 (w), 1438 (w), 1417 (m), 1404
(w), 1393 (w), 1369 (w), 1359 (w), 1346 (m), 1331 (w), 1311 (w),
1295 (w), 1269 (m), 1223 (s), 1184 (w), 1174 (w), 1150 (s), 1129 (s),
1110 (w), 1093 (s), 1043 (w), 1032 (w), 1007 (s). MS (EI, 70 eV): m/
z (%)=371 ([M*], [>7Cl], 34), 370 (28), 369 (|[M*], [3°Cl], 100), 368

(18), 354 (15), 328 (10). HRMS (ESI-TOF/MS): calcd for
CaoH15N3CIF, ([M+H], [3°Cl]) 370.0917, found 370.0924. Anal.
Calcd for CaoH14CIF2N3 (369.80): C, 64.96, H, 3.82, N, 11.36. Found:
C, 64.825, H, 3.939, N, 11.033.

3.8.19. 1-tert-Butyl-4-(difluoromethyl)-6-(4-methoxyphenyl)-1H-
pyrrolo[2,3-b]pyridine-3-carbonitrile (12c). Yellow solid isolated by
preparative chromatography (heptane); mp 180—182 °C; 'H NMR
(CDCls, 300 MHz): 6=1.88 (s, 9H, C(CHs)3), 3.88 (s, 3H, OCHs),
7.00-7.05 (m, 3J=8.9 Hz, 2H, CaH), 7.26 (t, }Jur=55.0 Hz, 1H,
CF,H), 7.84 (s, 1H, CH), 7.93 (s, 1H, CH), 8.04—8.08 (m, >]=8.9 Hz,
2H, CaH). °C NMR (CDCl3, 75 MHz): 6=29.2 (C(CH3)3), 55.4
(OCH3), 59.0 (C(CH3)3), 81.9 (C—C=N), 110.2 (t, Jcr=6.6 Hz, CH),
111.8 (t, Jcp=240.4 Hz, CF,), 114.3 (CaH), 115.2 (t, Jcp=4.4 Hz, C),
115.7 (C=N), 128.2 (CaH), 131.2 (C), 134.8 (t, Jcp=24.2 Hz, C—CFy),
134.8 (CaH), 147.7 (C), 1522 (C), 160.8 (C). 'F NMR (CDCl,
282 MHz): 6=—113.81 (CFH). IR (ATR, cm™'): v=3137 (w), 2978
(w), 2961 (w), 2934 (w), 2840 (w), 2220 (s), 1595 (m), 1579 (w),
1515 (s), 1472 (m), 1456 (w), 1417 (w), 1392 (w), 1367 (m), 1320
(s), 1305 (w), 1297 (m), 1246 (s), 1210 (w), 1198 (w), 1176 (s), 1135
(w), 1121 (w), 1110 (w), 1066 (w), 1024 (s). MS (EI, 70 eV): m/z
(%)=355 ([M*], 31), 300 (18), 299 (100), 284 (10), 256 (12). HRMS
(ESIJTOF, MS): calcd for CpgHigFoN3NaO ([M+Na]™) 378.1388,
found 378.1389.

3.8.20. 1-Cyclohexyl-4-(difluoromethyl)-6-methyl-1H-pyrrolo[2,3-b]
pyridine-3-carbonitrile (12d). White solid isolated by preparative
chromatography (heptane); mp 157—158 °C; 'H NMR (CDCls,
300 MHz): 6=1.23—2.14 (m, 10H, CH>), 2.68 (s, 3H, CH3), 4.79—4.90
(m, 1H, CH), 718 (t, 3J;; 7=54.8 Hz, 1H, CF,H), 7.29 (s, 1H, CH), 7.84 (s,
1H, CH). *C NMR (CDCls, 75 MHz): 6=24.6 (CH3), 25.3, 25.5, 33.5
(CHy), 54.1 (CH), 82.7 (C—C=N), 111.8 (t, Jc ;=240.0 Hz, CF,H), 113.5
(t,Jcp=4.4 Hz, C), 114.5 (t, Jc ;=6.6 Hz, CH), 115.7 (C=N), 133.3 (CH),
134.5 (t, Jcp=23.7 Hz, C—CF5), 146.7 (C), 154.8 (C). 150.6 (C). °F NMR
(CDCl3, 282 MHz): 6=—113.70 (CFoH). IR (ATR, cm™1): v=3123 (w),
3106 (w), 2941 (m), 2859 (w), 2217 (s), 1714 (w), 1596 (w), 1588 (w),
1523 (s), 1485 (w), 1468 (w), 1448 (w), 1416 (w), 1399 (w), 1386 (w),
1356 (m), 1324 (s), 1288 (s), 1272 (w), 1250 (w), 1197 (s), 1135 (s),
1111 (s), 1036 (s). MS (El, 70 eV): m/z (%)=289 (M*, 21), 208 (17),
207 (100). HRMS (ESI/TOF, MS): calcd for CigHigN3Fy ([M+H]™)
290.1463, found 290.1464.

3.8.21. 1-(4-Methoxybenzyl)-4-(difluoromethyl)-6-methyl-1H-pyr-
rolo[2,3-b|pyridine-3-carbonitrile (12e). White solid isolated by
preparative chromatography (heptane); mp 116—118 °C; 'H NMR
(CDCl3, 300 MHz): 6=2.72 (s, 3H, CHs), 3.79 (s, 3H, OCH3), 5.43 (s,
2H, CHy), 6.85—6.90 (m, 3J=8.7 Hz, 2H, CaH), 718 (t, 3} r=54.8 Hz,
1H, CF;H), 7.21-7.24 (m, 3]=8.7 Hz, 2H, CaH), 7.32 (s, 1H, CH), 7.65
(s, 1H, CH). '3C NMR (CDCl3, 75 MHz): 6=24.6 (CH3), 48.2 (CHy), 55.3
(OCH3), 83.3 (C—C=N), 111.7 (t, Jc;=240.0 Hz, CFH), 1134 (t,
Jcr=4.4 Hz, C), 114.4 (Ca;H), 114.6 (t, Jc=6.6 Hz, CH), 115.4 (C=N),
1274 (C), 129.7 (CaH), 134.7 (t, Jcp=24.0 Hz, C—CF,), 135.6 (CH),
147.1 (C),155.3 (C), 159.7 (C). 'F NMR (CDCl3, 282 MHz): 6=—113.66
(CF2H). IR (ATR, cm™1): v=3131 (w), 3115 (w), 3067 (w), 3031 (w),
3006 (w), 2967 (w), 2929 (w), 2835 (w), 2229 (s), 1711 (w), 1610
(w), 1584 (w), 1528 (m), 1509 (s), 1454 (w), 1439 (s), 1415 (s), 1381
(s), 1358 (w), 1324 (s), 1304 (w), 1291 (s), 1242 (s), 1196 (w), 1171
(w), 1161 (w), 1118 (w), 1107 (w), 1032 (s), 1005 (w). MS (EI, 70 eV):
mfz (%)=327 ([M*], 27), 122 (9), 123 (100). HRMS (ESI/TOF, MS):
caled for CigH1gN3F20 ([M+H] ') 328.1256, found 328.1255. Anal.
Calcd for C4gH15F2N30 (327.33): C, 66.05, H, 4.62, N, 12.84. Found: C,
65.731, H, 4.638, N, 12.426.

3.8.22. 1-(4-Methoxybenzyl)-6-(4-chlorophenyl)-4-(difluoromethyl)-
1H-pyrrolo[2,3-bpyridine-3-carbonitrile (12f). Yellow solid isolated
by preparative chromatography (heptane); mp 184—185 °C; 'H
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NMR (CDCls, 300 MHz): 6=3.79 (s, 3H, OCH3), 5.51 (s, 2H, CHy),
6.87—6.90 (m, 3]=8.7 Hz, 2H, CaH), 7.26 (t, 3Jyr=54.7 Hz, 1H,
CF,H), 7.26—7.29 (m, 3]=8.7 Hz, 2H, CaH), 7.46—7.49 (m, 3J=8.7 Hz,
2H, CaH), 7.77 (s, 1H, CH), 7.89 (s, 1H, CH), 8.06—8.09 (m,
3]=8.7 Hz, 2H, CaH). 13C NMR (CDCls, 126 MHz): 6=48.6 (CH>),
55.3 (OCH3), 83.8 (C—C=N), 1114 (t, Jcp=7.2 Hz, CH), 1116 (t,
Jcp=240.6 Hz, CF;H), 114.5 (CaH), 114.8 (t, Jcg=4.3 Hz, C), 115.0
(C=N), 127.2 (C), 128.3 (CH), 129.1 (CH), 129.7 (CH), 1355 (t,
Jcp=23.6 Hz, C—CF,), 135.7 (C), 136.8 (C), 136.9 (CH), 147.4 (C),
152.5 (C), 159.9 (C). '°F NMR (CDCls, 282 MHz): 6=—113.77 (CFzH).
IR (ATR, cm™'): v=3105 (w), 2955 (w), 2919 (w), 2848 (w), 2221
(s), 1611 (m), 1585 (w), 1574 (w), 1556 (w), 1520 (w), 1512 (s), 1477
(w), 1455 (w), 1445 (w), 1417 (w), 1406 (w), 1384 (m), 1354 (W),
1328 (w), 1315 (w), 1302 (w), 1292 (w), 1246 (s), 1217 (m), 1175 (s),
1150 (m), 1116 (w), 1104 (w), 1093 (s), 1078 (w), 1046 (m), 1026
(m), 1009 (m). MS (EI, 70 eV): m/z (%)=425 (]M*], [3’Cl], 6), 423
(IM*], [3°Cl], 17), 121 (100). HRMS (ESI/TOF, MS): calcd for
C23H16CIF2N30 ([M+Nal™, 3°Cl]) 446.0842, found 446.0842.

3.8.23. 5-(4-Chlorophenyl)-7-(difluoromethyl)-N,N-dimethylthiazolo
[4,5-b]pyridin-2-amine (12g). Yellow solid isolated by preparative
chromatography (heptane); mp 186—188 °C; 'H NMR (CDCls,
300 MHz): 6=3.30 (s, 6H, CHs), 6.78 (t, Jyr=55.5 Hz, CFH),
7.40—7.43 (m, J=8.9 Hz, 2H, CaH), 7.44 (s, 1H, CH), 8.04—8.08 (m,
J=8.9 Hz, CaH). 3C NMR (CDCl3, 75 MHz): 6=40.1 (CH3), 109.3 (t,
Jcr=6.6 Hz, CH), 113.1 (t, Jc ;=242.0 Hz, CFy), 119.9 (t, Jc;=2.2 Hz, C),
128.3 (CaH), 128.8 (CaH), 135.2 (C), 135.7 (t, Jcp=24.2 Hz, C—CFy),
137.0 (C), 154.2 (C), 166.3 (C), 171.2 (C). '°F NMR (CDCls, 282 MHz):
6=—116.17 (CFoH). IR (ATR, cm™): v=2927 (w), 2859 (w), 2792 (w),
1600 (s), 1538 (s), 1492 (m), 1415 (w), 1403 (w), 1392 (w), 1369 (W),
1348 (w), 1322 (w), 1302 (w), 1270 (w), 1246 (w), 1215 (w), 1182 (w),
1133 (w), 1110 (w), 1091 (w), 1066 (w), 1034 (w), 1011 (m). MS (EI,
70 eV): mjz (%)=341 ([M*], [?c1], 38), 339 (IM*], [*>Cl], 97), 326
(20), 324 (53), 312 (39), 310 (100). HRMS (ESI/TOF, MS): calcd for
C15H13F2CIN30; ([M+H], [2°Cl]) 340.0481, found 340.0485.

3.8.24. 7-(Difluoromethyl)-1,5-dimethyl-3-phenyl-1H-imidazo[4,5-
b|pyridine-2(3H)-thione (12h). White solid isolated by preparative
chromatography (heptane); mp 199—200 °C; 'H NMR (CDCls,
300 MHz): 6=2.52 (s, 3H, CH3), 4.06 (t, 3]=1.7 Hz, 3H, CHs), 6.93
(t,3J)=54.4Hz, 1H, CF,H), 7.11 (s, 1H, CH), 7.48—7.61 (m, 5H, CaH). 3C
NMR (CDCl3, 75 MHz): 6=23.9 (CH3), 34.0 (t, >Jc ;=4.4 Hz, CH3), 112.9
(t,JcF=240.0 Hz, CF,H), 115.7 (t, Jc =7.7 Hz, CH), 120.7 (t, Jc ;=2.8 Hz,
(),122.8 (t, Jc ;=24.0 Hz, C—CF,), 128.4,129.2,129.2 (Ca;H), 134.8 (C),
146.6 (C),153.0 (C), 172.8 (C). '>F NMR (CDCl3, 282 MHz): §=—106.07
(CF,H). IR (ATR, cm™'): v=3109 (w), 3053 (w), 3015 (w), 2953 (w),
2918 (w), 1621 (w), 1589 (w), 1504 (s), 1470 (w), 1438 (w), 1425 (m),
1405 (m), 1385 (m), 1357 (s), 1325 (s), 1295 (m), 1277 (w), 1230 (s),
1197 (s), 1158 (W), 1134 (s), 1004 (w), 1082 (s), 1038 (s). MS (EI, 70 eV):
m/z (%)=305 ([M*], 80), 304 (100), 290 (7), 289 (10), 77 (4). HRMS
(ESI/TOF, MS): caled for CysH1sN3FoS ([M+H]') 306.0871, found
306.0871. Anal. Calcd for C15H13F2N3S (305.35): C, 59.00, H, 4.29, N,
13.76. Found: C, 58.914, H, 4.351, N, 13.313.

3.8.25. 3-(4-Methoxybenzyl)-7-(difluoromethyl)-5-methyl-3H-imi-
dazo[4,5-b]pyridine (12i). White solid isolated by preparative
chromatography (heptane); mp 102—103 °C; 'H NMR (CDCls,
300 MHz): 6=2.71 (s, 3H, CH3), 3.78 (s, 3H, OCH3), 5.38 (s, 2H, CHy),
6.83—6.88 (m, >J=8.7 Hz, 2H, Ca/H), 7.24 (t, 3J=55.0 Hz, 1H, CF,H),
7.23—7.30 (m, 3H, CaH), 7.96 (s, 1H, CH). 13C NMR (CDCl3, 75 MHz):
0=24.6 (CH3), 46.6 (CHy), 55.3 (OCH3), 111.4 (t, Jc;=239.0 Hz, CF,),
113.9 (t, Jr=5.0 Hz, CH), 114.3 (CH), 127.6 (C), 129.4 (CH), 130.2 (t,
Jcp=5.0 Hz, C), 132.5 (t, Jcp=24.0 Hz, C—CF,), 143.9 (CH), 147.4 (C),
154.4 (C), 159.6 (C). '9F NMR (CDCls, 282 MHz): 6=—116.01 (CF2H).
IR (ATR, cm™"): v=3070 (w), 3029 (w), 2967 (w), 2939 (w), 2841
(w), 1611 (W), 1596 (w), 1584 (w), 1510 (s), 1465 (w), 1442 (w), 1432

(w), 1418 (w), 1399 (w), 1385 (w), 1366 (w), 1355 (w), 1285 (s), 1241
(s),1213 (m), 1183 (w), 1173 (w), 1161 (w), 1096 (m), 1028 (s). MS (EI,
70 eV): m/z (%)=303 ([M~], 50), 302 (11), 121 (100). HRMS (ESI/TOF,
MS): caled for CigH16F2N3O ([M+H]™) 304.1251, found 304.1256.
Anal. Calcd for CigH15F2N30 (303.31): C, 63.36, H, 4.98, N, 13.85.
Found: C, 63.439, H, 5.212, N, 13.501.

3.8.26. 3-(4-Chlorobenzyl)-7-(difluoromethyl)-5-methyl-3H-imidazo
[4,5-b]pyridine (12j). White solid isolated by preparative chroma-
tography (heptane); mp 92—93 °C; 'H NMR (CDClz, 300 MHz):
0=2.70 (s, 3H, CH3), 5.43 (s, 2H, CH3), 7.21-7.32 (m, 5H, CH), 7.24 (t,
3]=55.0 Hz, 1H, CF,H), 7.99 (s, 1H, CH). 3C NMR (CDCls, 75 MHz):
0=24.6 (CH3), 46.4 (CHy), 1114 (t, Jc;=239.0 Hz, CF;H), 114.1 (t,
Jcp=5.5 Hz, CH), 129.2 (CaH), 130.1 (t, Jcr=5.0 Hz, C), 132.7 (t,
Jcp=23.7 Hz, C—CF;), 134.2 (C), 134.3 (C), 143.8 (CH), 147.3 (C), 154.7
(C). °F NMR (CDCl3, 282 MHz): 6=—116.05 (CF,H). IR (ATR, cm~1):
v=3063 (w), 2972 (w), 2926 (w), 2857 (w), 1805 (w), 1756 (w), 1593
(m), 1494 (s), 1444 (w), 1426 (w), 1413 (w), 1394 (w), 1384 (w), 1375
(w), 1367 (w), 1344 (w), 1332 (w), 1306 (w), 1286 (m), 1277 (w),
1234 (w), 1214 (s), 1197 (w), 1178 (s), 1153 (m), 1109 (w), 1089 (s),
1051 (s), 1017 (m). MS (EI, 70 eV): m/z (%)=309 ([M*], [¥’Cl], 35),
308 (50), 307 ([M*], [3>Cl], 94), 306 (100), 287 (13), 256 (15), 196
(23), 127 (32), 125 (96), 89 (22). HRMS (ESI/TOF, MS): calcd for
C15H12CIF;N3Na ([M+Nal*, [2°Cl]) 330.058, found 330.0581. Anal.
Calcd for C1sH12CIF;N3 (307.73): C, 58.55, H, 3.93, N, 13.66. Found: C,
58.667, H, 3.983, N, 13.398.

3.8.27. 4-(1,1-Difluorobut-3-enyl)-3,6-dimethyl-1-phenyl-1H-pyr-
azolo[3,4-b]pyridine (13a). Yellow solid isolated by preparative
chromatography (heptane); mp 51-52 °C; 'H NMR (CDCls,
300 MHz): 6=2.70 (t, Jur=2.5 Hz, 3H, CH3), 2.72 (s, 3H, CH3),
2.96—3.10 (m, 2H, CH;), 5.18—5.26 (m, 2H, CHj), 5.74—5.88 (m, 1H,
CH), 7.1 (s, 1H, CaH), 7.26—7.31 (m, 1H, Ca/H), 7.47—7.53 (m, 2H,
CacH), 8.22—8.25 (m, 2H, Ca.H). 3C NMR (CDCls, 75 MHz): 6=15.8 (t,
Jcr=6.0 Hz, CH3), 25.1 (CH3), 43.6 (t, Jcp=27.0 Hz, CHy), 109.9 (t,
Jcr=2.8 Hz, C), 114.1 (t, Jc ;=7.7 Hz, CH), 120.6 (t, Jc ;=243.7 Hz, CFy),
121.3(CH;),121.5(Ca(H),125.8 (CarH), 128.0 (t, Jc ;=5.0 Hz,CH), 128.9
(CarH), 139.0 (t, Jc ;=28.5 Hz, C—CF3), 139.2, 141.1,151.9,158.6 (C). '°F
NMR (CDCls, 282 MHz): 6=—93.05 (CF,). IR (ATR, cm™'): v=3081
(w), 3065 (w), 3014 (w), 2985 (w), 2940 (w), 2921 (w), 2853 (w),
1643 (w), 1596 (s), 1584 (w), 1572 (w), 1504 (s), 1486 (w), 1456 (w),
1439 (w), 1429 (w), 1418 (m), 1383 (w), 1373 (w), 1343 (m), 1320 (w),
1306 (w), 1295 (w), 1284 (w), 1258 (s), 1201 (m), 1168 (w), 1152 (s),
1094 (s), 1068 (m), 1028 (m). MS (EI, 70 eV): m/z (%)=314 (21), 313
(IM*],100), 273 (10),272 (57). HRMS (El, 70 eV): calcd for C1gH17N3F;
(IM™]) 313.13851, found 313.138641. Anal. Calcd for CigHi7F2N3
(313.14): C, 69.00, H, 5.47, N, 13.41. Found: C, 68.880, H, 5.470.

3.8.28. 4-(1,1-Difluorobut-3-enyl)-6-(4-methoxyphenyl)-3-methyl-
1-phenyl-1H-pyrazolo[3,4-b]pyridine (13b). White solid isolated by
preparative chromatography (heptane); mp 94—96 °C; 'H NMR
(CDCl5, 300 MHz): 6=2.73 (t, 3j=2.3 Hz, 3H, CH3), 3.02—3.15 (m, 2H,
CH,), 3.88 (s, 3H, CH3), 5.21—5.28 (m, 2H, CH>), 5.76—5.91 (m, 1H,
CH), 7.02—7.05 (m, 3j=9.1 Hz, 2H, CaH), 7.31 (t, >J=7.4 Hz, 1H, CaH),
7.54 (t, 3]=7.4 Hz, 2H, CaH), 7.67 (s, 1H, CaH), 811-8.14 (m,
3]=9.1 Hz, 2H, CaH), 8.32—8.36 (m, 3J=8.7 Hz, 2H, Ca.H). 13C NMR
(CDCl3, 75 MHz): 6=15.9 (t, Jcr=6.1 Hz, CH3), 43.6 (t, Jc;=27.0 Hz,
CHy), 55.4 (OCHs), 110.2 (t, Jcp=2.8 Hz, C), 110.5 (t, Jcr=8.3 Hz, CH),
114.3 (CH), 120.7 (t, Jcp=243.7 Hz, CF,), 121.3 (CH), 121.4 (CHy),
125.7 (CaH), 128.0 (t, Jcr=5.0 Hz, CH), 128.9 (Ca/H), 128.9 (CaH),
131.0(C),139.4(C), 139.9 (t, Jc7=28.6 Hz, C—CF;), 141.2 (C), 152.1 (C),
156.1 (C), 161.2 (C). 'F NMR (CDCls, 282 MHz): 6=—93.05 (CF,). IR
(ATR, cm™1): v=3116 (w), 3081 (w), 3011 (w), 2957 (w), 2929 (w),
2840 (w), 1645 (w), 1610 (w), 1593 (w), 1584 (w), 1566 (s), 1504 (s),
1481 (m), 1456 (w), 1441 (w), 1412 (s), 1388 (m), 1348 (m), 1325 (w),
1311 (w), 1295 (w), 1247 (w), 1230 (w), 1175 (w), 1167 (w), 1142 (w),
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1130 (w), 1110 (w), 1088 (w), 1053 (m), 1027 (s). MS (EI, 70 eV): m/z
(%)=406 ([M*], 27), 405 (100), 364 (27), 321 (7). HRMS (ESI-TOF/
MS): caled for Co4Ho2F>N30 [(M-+H)*] 406.1725, found 406.1732.

3.8.29. 6-(4-Chlorophenyl)-4-(1,1-difluorobut-3-enyl)-3-methyl-1-
phenyl-1H-pyrazolo[3,4-b]pyridine (13c). White solid isolated by
preparative chromatography (heptane); mp 124—126 °C; 'H NMR
(CDCls, 300 MHz): $=2.74 (t, 3J=2.3 Hz, 3H, CH3), 3.02—3.15 (m, 2H,
CH,), 5.21-5.28 (m, 2H, CH,), 5.77-5.91 (m, 1H, CH), 7.32 (t,
3]=7.4 Hz, 1H, CH), 7.46—7.57 (m, 4H, CaH), 7.68 (s, 1H, CaH),
8.07—8.11 (m, 3J=8.7 Hz, 2H, CaH), 8.29—8.32 (m, 3J=8.7 Hz, 2H,
CarH). >CNMR (CDCl3, 75 MHz): 6=15.9 (t, Jc =6.0 Hz, CH3), 43.3 (t,
Jcr=27.0 Hz, CHy), 110.8 (t, Jc r=8.3 Hz, CH), 110.8 (t, Jc ;=2.3 Hz, C),
120.7 (t, Jcp=243.7 Hz, CFy), 121.4 (CH), 121.6 (CHy), 126.0 (Ca/H),
128.2 (t, Jep=5.0 Hz, CH), 128.8 (Ca/H), 129.0 (CaH), 129.1 (CaH),
136.1 (C), 136.9(C), 139.2 (C), 140.3 (t, Jc ;=28.1 Hz, C—CF;), 141.3 (C),
151.9 (C), 155.2 (C). '°F NMR (CDCls, 282 MHz): $=-93.64 (CF,). IR
(ATR, cm™1): v=3115 (w), 3083 (w), 3020 (w), 2969 (w), 2929 (W),
2859 (w), 1644 (w), 1592 (m), 1578 (m), 1564 (w), 1503 (s), 1489 (w),
1477 (w), 1456 (w), 1437 (w), 1412 (m), 1400 (m), 1387 (m), 1348
(m), 1324 (w), 1309 (w), 1294 (w), 1267 (w), 1249 (w), 1231 (w),
1166 (s), 1141 (w), 1129 (m), 1107 (w), 1095 (m), 1052 (s), 1021 (w),
1011 (w). MS (EI, 70 eV): m/z (%)=411 ([M*], [*7Cl], 36), 410 (29),
409 ([M*], [3>Cl], 100), 370 (12), 368 (35). HRMS (ESI-TOF/MS):
calcd for Ca3H1gCIFaN3 ([M+H]T, [35C1]) 410.123, found 410.1234.
Anal. Calcd for C3H1gCIF;N3 (409.86): C, 67.40, H, 4.43, N, 10.25.
Found: C, 67463, H, 4.616, N, 9.744.

—~

3.8.30. 1-tert-Butyl-4-(1,1-difluorobut-3-enyl)-6-methyl-1H-pyrrolo
[2,3-b]pyridine-3-carbonitrile (13d). Yellow solid isolated by pre-
parative chromatography (heptane); mp 80—81 °C; 'H NMR (CDCls,
300 MHz): 6=1.81 (s, 9H, C(CHs3)3), 2.66 (s, 3H, CH3), 3.03—3.17 (m,
2H, CH>), 5.18—5.24 (m, 2H, CH,), 5.72—5.86 (m, 1H, CH), 7.16 (s, 1H,
CacH), 7.89 (s, 1H, CH). 3C NMR (CDCl3, 75 MHz): 6=24.7 (CH3), 29.0
(CH3), 43.2 (t, Jcr=27.0 Hz, CH;), 58.8 (C(CH3)3), 82.4 (C—C=N),
113.3 (t, Jcp=3.3 Hz, C), 114.1 (t, Jc ;=7.3 Hz, CH), 116.2 (C=N), 120.7
(CHy), 120.7 (t, Jc;=244.3 Hz, CF;), 128.1 (t, Jcr=5.0 Hz, CH), 134.7
(CH), 137.5 (t, Jcp=28.6 Hz, C—CFy), 147.8 (C), 153.2 (C). 'F NMR
(CDCl3, 282 MHz): 6=—93.84 (CF,). IR (ATR, cm™!): v=3156(w),
2980 (w), 2924 (w), 2220 (s), 1859 (w), 1784 (w), 1679 (w), 1649 (s),
1593 (w), 1580 (w), 1522 (s), 1473 (w), 1435 (w), 1425 (m), 1399 (w),
1290 (m), 1368 (s), 1356 (w), 1350 (w), 1320 (s), 1300 (w), 1266 (s),
1245 (m), 1232 (w), 1199 (s), 1164 (w), 1150 (s), 1111 (m), 1061 (s),
1034 (m), 1014 (m). MS (EI, 70 eV): m/z (%)=303 ([M*], 32), 247
(58), 246 (30), 207 (19), 206 (100), 194 (23). HRMS (ESI/TOF, MS):
calcd for C17H19N3F3 ([M+H]") 304.162, found 304.1617. Anal. Calcd
for C17H19F2N3 (303.35): C, 67.31, H, 6.31, N, 13.85. Found: C, 67.309,
H, 6.396, N, 13.500.

3.8.31. 1-tert-Butyl-6-(4-chlorophenyl)-4-(1,1-difluorobut-3-enyl)-
1H-pyrrolo[2,3-b|pyridine-3-carbonitrile (13e). White solid isolated
by preparative chromatography (heptane); mp 190—191 °C; 'H
NMR (CDCl3, 300 MHz): 6=1.89 (s, 9H, C(CH3)3), 3.10—3.23 (m, 2H,
CH3), 5.21—5.27 (m, 2H, CH>), 5.76—5.90 (m, 1H, CH), 7.45—7.48 (m,
3]=8.7 Hz, 2H, Ca/H), 7.76 (s, 1H, CH), 8.01 (s, 1H, Ca/H), 8.03—8.05
(m, 3]=8.7 Hz, 2H, CaH). 3C NMR (CDCls, 75 MHz): 6=29.3
(C(CH3)3), 43.3 (t, J=27.0 Hz, CH,), 59.1 (C(CH3)3), 83.1 (C—C=N),
111.0 (t, Jop=7.7 Hz, CH), 114.9 (t, Jc=3.3 Hz, C), 115.9 (C=N), 120.8
(t, Jor=244.8 Hz, CF,), 121.5 (CH), 128.0 (t, JcF=5.0 Hz, CH), 128.2,
129.1 (CH), 135.4 (C), 136.2 (CH), 137.2 (C), 138.5 (t, JcF=28.6 Hz,
C—CF,), 149.0 (C), 150.6 (C). "9F NMR (CDCls, 282 MHz): 6=—93.80
(CF2). IR (ATR, cm™1): v=3137 (w), 3086 (w), 2987 (w), 2921 (w),
2223 (s), 1747 (W), 1645 (w), 1583 (w), 1568 (w), 1518 (s), 1495 (W),
1470 (w), 1396 (s), 1366 (s), 1316 (s), 1293 (w), 1279 (w), 1268 (W),
1235 (w), 1207 (s), 1152 (w), 1124 (w), 1103 (w), 1089 (m), 1054 (w),
1040 (w), 1012 (w). MS (El, 70 eV): m/z (%)=401 ([M"], [’Cl], 14),

399 ([M*], [3°Cl], (42), 345 (34), 344 (28), 343 (100), 342 (21), 304
(32), 302 (87), 290 (16). HRMS (ESIJTOF, MS): calcd for
CaoHaoCIFoN3Na [(M+Na)™, [3°Cl]) 422.1206, found 422.1202. Anal.
Calcd for C33H»0CIF2N3 (399.86): C, 66.08, H, 5.04, N, 10.51. Found: C,
65.825, H, 5.206, N, 10.321.

3.8.32. 1-(4-Methoxybenzyl)-4-(1,1-difluorobut-3-enyl)-6-methyl-
1H-pyrrolo[2,3-b|pyridine-3-carbonitrile (13f). Yellow solid isolated
by preparative chromatography (heptane); mp 86—87 °C; 'H NMR
(CDCl3, 300 MHz): 6=2.74 (s, 3H, CH3) 3.07—3.21 (m, 2H, CH,), 3.84
(s, 3H, OCH3), 5.21-5.26 (m, 2H, CHy), 5.47 (s, 2H, CH,), 5.76—5.89
(m, 1H, CH), 6.90—6.95 (m, 3j=8.7 Hz, 2H, CaH), 7.27—7.30 (m,
3]=8.7 Hz, 3H, CaH), 7.71 (s, 1H, CH). 3C NMR (CDCl3, 75 MHz):
6=24.5 (CHz), 43.2 (t, 3Jcg=27.0 Hz, CHy), 48.2 (CH,), 55.3 (OCH3),
84.2 (C—C=N), 1121 (t, Jcr=3.3 Hz, C), 1144 (CH), 1149 (t,
Jep=7.2 Hz, CH), 115.7 (C=N), 120.7 (t, JcF=244.3 Hz, CF;), 121.3
(CHa), 127.4 (C), 128.0 (t, Jcr=4.8 Hz, CH), 129.7 (CH), 136.1 (CH),
138.0 (t, Jc p=28.6 Hz, C—CF,), 147.4 (C), 154.8 (C), 159.7 (C). 'F NMR
(CDCl3, 282 MHz): 6=—93.80 (CF,). IR (ATR, cm™'): v=3097 (w),
3076 (w), 3029 (w), 2937 (w), 2844 (w), 2222 (s), 1722 (w), 1644
(w), 1614 (w), 1595 (w), 1575 (m), 1530 (m), 1511 (s), 1493 (w), 1455
(w), 1442 (m), 1416 (s), 1388 (s), 1356 (m), 1326 (m), 1295 (s), 1246
(s),1211 (w), 1198 (w), 1182 (w), 1173 (s), 1154 (m), 1007 (s), 1025 (s),
1011 (w). MS (EI, 70 eV): m/z (%)=367 ([M*], 28), 121 (100). HRMS
(ESI/TOF, MS): calcd for Cp1HyoN3F20 ([M+H]™) 368.1569, found
368.1563.

3.8.33. 1-(4-Methoxybenzyl)-6-(4-chlorophenyl)-4-(1,1-difluorobut-
3-enyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonitrile (13g). White solid
isolated by preparative chromatography (heptane); mp 158—159 °C;
TH NMR (CDCl3, 300 MHz): 6=3.08—3.22 (m, 2H, CH,), 3.80 (s, 3H,
OCH3), 5.19—5.24 (m, 2H, CH3), 5.52 (s, 2H, CH3), 5.74—5.88 (m, 1H,
CH), 6.88—6.91 (m, >J=8.7 Hz, 2H, CaH), 7.28—7.31 (m, °J=8.7 Hz, 2H,
CaH), 7.46—7.49 (m, >J=8.7 Hz, 2H, Ca;H), 7.78 (s, 1H, CH), 7.79 (s, 1H,
CH), 8.07—8.09 (m, 3]=8.7 Hz, 2H, Ca:H). 3C NMR (CDCl3, 126 MHz):
6=433 (t, >Jcp=27.0 Hz, CH,), 48.6 (CH,), 553 (OCH3), 84.6
(C—C=N),111.8(t, Jc ;=7.1 Hz, CH), 113.6 (, Jc ;=2.4 Hz, C), 114.5 (CH),
115.4 (C=N),120.8 (t, Jc ;=244.6 Hz, CF;),121.6 (CH5),127.3 (C),127.9
(t, Jop=4.8 Hz, CH), 128.4, 129.1, 129.8 (CH), 135.6, 136.9 (C), 137.4
(CH),138.9 (t, Jcp=28.6 Hz, C—CF,), 147.7 (C), 152.0 (C), 159.9 (C). '9F
NMR (CDCls, 282 MHz): 6=—113.76 (CF,). IR (ATR, cm™!): v=3098
(w), 3076 (W), 2952 (w), 2920 (w), 2837 (w), 2217 (s), 1739 (w), 1722
(w), 1704 (w), 1642 (w), 1611 (w), 1594 (w), 1584 (m), 1513 (s), 1478
(w), 1464 (w), 1455 (w), 1442 (w), 1415 (s), 1405 (w), 1387 (m), 1365
(w), 1347 (w), 1332 (w), 1305 (w), 1294 (w), 1275 (W), 1247 (s), 1227
(m), 1212 (w), 1172 (s), 1147 (w), 1137 (w), 1122 (w), 1112 (w), 1092 (s),
1033 (s), 1012 (w). MS (EI, 70 eV): m/z (%)=465 ([M], [3’Cl], 6), 463
(IM*], [3°cl], 17), 121 (100). HRMS (ESI/TOF, MS): calcd for
Co6Ha1N3CIF,0 ([M-+H]™, [3°Cl]) 464.1336, found 464.1335. Anal.
Calcd for CogH2CIF;N30 (463.91): C,67.31,H, 4.35, N, 9.06. Found: C,
67.389, H, 4.452, N, 8.517.

3.8.34. 7-(1,1-Difluorobut-3-enyl)-1,3,5-trimethyl-1H-imidazo[4,5-b]
pyridine-2(3H)-thione (13h). White solid isolated by preparative
chromatography (heptane); mp 100—101 °C; 'H NMR (CDCls,
300 MHz): 6=2.59 (s, 3H, CH3), 2.98—3.12 (m, 2H, CH;), 3.83 (s, 3H,
CHs), 3.98 (t, 3j=2.6 Hz, 3H, CH3), 5.22-529 (m, 2H, CHy),
5.73—5.87 (m, 1H, CH), 7.03 (s, 1H, Ca;H). 3C NMR (CDCl3, 75 MHz):
0=23.9 (CHs), 30.7 (CH3), 348 (t, 3Jc;=8.3 Hz, CH3), 43.2 (t,
3_]C,F:27-0 Hz, CHy), 114.6 (t, Jc;=7.7 Hz, CH),120.0 (t, Jc ;=243.0 Hz,
CF,), 120.3 (t, Jcr=2.2 Hz, C), 121.7 (CH), 126.7 (t, Jc;=29.0 Hz,
C—CF,), 127.6 (t, Jcp=5.0 Hz, CH), 146.4 (C), 152.0 (C), 172.5 (C). I°F
NMR (CDCls, 282 MHz): 6=—86.55 (CF,). IR (ATR, cm™!): v=3093
(w), 3051 (w), 2941 (w), 2916 (w), 1643 (m), 1615 (m), 1469 (s), 1435
(w), 1408 (br m), 1390 (w), 1361 (s), 1322 (s), 1309 (w), 1282 (m),
1260 (w), 1223 (w), 1215 (w), 1174 (w), 1157 (m), 1108 (m), 1077 (m),
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1022 (w), 1003 (s). MS (EI 70 eV): m/z (%)=283 ([M*], 100), 282
(16), 268 (22), 232 (11), 220 (11), 219 (44), 218 (63). HRMS (ESI/TOF,
MS): caled for Ci3HisN3FaNaS ([M+Na]t) 306.0847, found
306.0849. Anal. Calcd for C13H15F2N3S (283.34): C, 55.11, H, 5.34, N,
14.83. Found: C, 55.268, H, 5.522, N, 14.619.

3.8.35. 7-(1,1-Difluorobut-3-enyl)-1,5-dimethyl-3-phenyl-1H-imi-
dazo[4,5-b]pyridine-2(3H)-thione (13i). White solid isolated by
preparative chromatography (heptane); mp 184—185 °C; 'H NMR
(CDCl3, 300 MHz): 6=2.50 (s, 3H, CH3), 3.05—3.18 (m, 2H, CH>), 4.07
(t, 3j)=2.6 Hz, 3H, CH3), 5.27—5.35 (m, 2H, CHy), 5.79—5.92 (m, 1H,
CH), 7.08 (s, 1H, CaH), 7.49—7.68 (m, 5H, CaH). 1*C NMR (CDCls,
75 MHz): 6=23.9 (CH3), 30.7 (CH3), 34.8 (t, 3JcF=8.3 Hz, CH3), 43.2
(t, ¥Jcp=27.0 Hz, CHp), 1146 (t, Jcp=7.7 Hz, CH)120.0 (t,
JcF=243.0 Hz, CFy), 120.3 (t, Jcr=2.2 Hz, C), 121.7 (CH), 126.7 (t,
Jcr=29.0 Hz, C—CFy), 127.6 (t, Jcr=5.0 Hz, CH), 146.4 (C), 152.0 (C),
172.5 (C). 1F NMR (CDCls, 282 MHz): 6=—86.18 (CF,). IR (ATR,
cm™1): v=3049 (w), 2956 (w), 2923 (w), 2853 (w), 1713 (w), 1614
(m), 1503 (s), 1483 (w), 1470 (w), 1442 (w), 1425 (s), 1394 (s), 1381
(w), 1358 (m), 1320 (w), 1294 (w), 1286 (w), 1255 (w), 1229 (w),
1219 (w), 1171 (w), 1143 (w), 1128 (w), 1108 (w), 1075 (s), 1028 (s),
1007 (m). MS (EI, 70 eV): m/z (%)=345 ([M*], 100), 344 (47), 330
(18), 281 (50), 280 (67), 254 (12). HRMS (EI, 70 eV): calcd for
C18H17N3F25 ([M+]) 345.11058, found 345.110147.

3.8.36. 5-(1,1-Difluorobut-3-enyl)-1,3,7-trimethylpyrido[2,3-d]py-
rimidine-2,4(1H,3H)-dione (13j). White solid isolated by preparative
chromatography (heptane); mp 88-90 °C; 'H NMR (CDCls,
300 MHz): 6=2.63 (s, 3H, CH3), 3.30—3.43 (m, 2H, CH>), 3.45 (s, 3H,
CH3), 3.72 (s, 3H, CH3), 5.13—5.19 (m, 2H, CHy), 5.69—5.83 (m, 1H,
CH), 7.23 (s, 1H, CH). 3C NMR (CDCls, 75 MHz): 6=25.2 (CH3), 28.7
(CH3), 30.4 (CH3), 41.3 (t, J=24.8 Hz, CHy), 104.7 (t, Jcr=2.2 Hz, C),
117.1 (t, Jcg=11.0 Hz, CH), 120.7 (CHy), 121.2 (t, Jc;=245.4 Hz, CF,),
129.0(t, Jc r=5.0 Hz, CH),147.4(t, Jc ;=27.5 Hz, C—CF>),151.0 (C), 152.1
(€),159.5 (C), 164.3 (C). '°F NMR (CDCl3, 282 MHz): 6=—91.50 (CF>).
IR (ATR, cm™1): v=3366 (w), 3120 (w), 3080 (W), 2957 (w), 1713 (s),
1666 (m), 1641 (w), 1614 (w), 1593 (s), 1565 (s), 1500 (m), 1451 (w),
1416 (s), 1382 (w), 1355 (s), 1329 (w), 1284 (w), 1263 (W), 1254 (W),
1234 (w), 1196 (w), 1171 (w), 1154 (w), 1140 (w), 1078 (s), 1025 (w),
1009 (w). MS (EI, 70 eV): m/z (%)=295 (M ], 24), 275 (35), 274 (32),
254 (34), 231 (21), 230 (100), 190 (26), 189 (38), 162 (49), 161 (31).
HRMS (ESI/TOF, MS): calcd for C14H16F2N30; [(M+H)"] 296.1205,
found 296.1206. Anal. Calcd for C14H15F2N30, (295.28): C, 56.94, H,
5.12, N, 14.23. Found: C, 57.082, H, 5.411, N, 13.797.

3.8.37. 5-(1,1-Difluorobut-3-enyl)-7-methylpyrido[2,3-d]pyrimidine-
2,4(1H,3H)-dione (13k). White solid isolated by preparative chro-
matography (heptane); mp 208—209 °C; 'H NMR ((CDs3),CO,
300 MHz): 6=2.59 (s, 3H, CH3), 3.30—3.44 (m, 2H, CH;), 5.12—-5.21
(m, 2H, CHy), 5.71-5.85 (m, 1H, CH), 7.27 (s, 1H, CH), 10.29 (s, 1H,
NH), 10.51 (s, 1H, NH). 13C NMR ((CD3),CO, 75 MHz): $=24.4 (CH3),
41.2 (t,J=24.8 Hz, CHy), 104.4 (t, Jcp=2.8 Hz, C), 117.1 (t, Jc ;=11.0 Hz,
CH), 121.5 (t, Jc;=244.3 Hz, CF,), 120.3 (CHy), 129.7 (t, Jcr=5.0 Hz,
CH), 147.2 (t, Jcr=27.5 Hz, C—CF,), 149.7 (C), 154.5 (C), 160.8 (C),
165.7 (C). '°F NMR (CDCls, 282 MHz): 6=—92.38 (CF). IR (ATR,
cm™1): v=3207 (w), 3078 (w), 3023 (w), 2873 (w), 1693 (br s), 1601
(m), 1566 (s), 1467 (w), 1440 (w), 1394 (s), 1372 (w), 1352 (m), 1316
(w), 1263 (s), 1211 (w), 1182 (w), 1157 (w), 1131 (w), 1114 (w), 1101
(w), 1084 (w), 1062 (w), 1033 (w). MS (EI, 70 eV): m/z (%)=267
(IM™],26), 247 (45), 246 (64), 232 (27), 227 (26), 226 (66), 203 (70),
202 (100), 176 (70). HRMS (ESI/TOF, MS): calcd for C1oH10F2N30;
[(M—H)"] 266.0747, found 266.0753.

3.8.38. 3-(4-Methoxybenzyl)-7-(1,1-difluorobut-3-enyl)-5-methyl-
3H-imidazo[4,5-b]pyridine (13l). Yellow oil isolated by preparative
chromatography (heptane); 'H NMR (CDCls, 300 MHz): 6=2.71 (s,

3H, CH3), 3.27—3.41 (m, 2H, CH>), 3.80 (s, 3H, OCH3), 5.11-5.19 (m,
2H, CH,), 5.40 (s, 2H, CH,), 5.68—5.82 (m, 1H, CH), 6.68—6.91 (m,
3]=8.9 Hz, 2H, Ca/H), 7.27—7.31 (m, 3]=8.9 Hz, 2H, CaH), 7.97 (s, 1H,
CH). 13C NMR (CDCls, 75 MHz): 6=24.6 (CH3), 42.3 (t, J=26.0 Hz,
CH,), 46.6 (CHy), 55.3 (OCH3), 114.3 (t, Jcg=6.1 Hz, CH), 120.5 (t,
Jcp=243.7 Hz, CF;), 120.6 (CH3), 127.7 (C), 128.7 (t, Jc r=5.0 Hz, CH),
129.3 (t, Jcp=4.4 Hz, C), 129.5 (CH), 135.4 (t, JcF=27.5 Hz, C—CF;),
143.3 (CH), 147.5 (C), 154.1 (C), 159.6 (C). '°F NMR (CDCl3, 282 MHz):
0=-95.75 (CF,). IR (ATR, cm™1): v=3078 (w), 2954 (w), 2930 (W),
2837 (w), 1717 (w), 1675 (w), 1644 (w), 1612 (w), 1588 (m), 1513 (s),
1492 (w), 1463 (w), 1435 (w), 1396 (w), 1381 (m), 1357 (m), 1300
(w), 1284 (m), 1246 (s), 1194 (w), 1176 (w), 1156 (w), 1109 (w), 1071
(m), 1029 (s). MS (EI, 70 eV): m/z (%)=343 ([M*], 21), 122 (10), 121
(100). HRMS (ESI/TOF, MS): calcd for CigH19F2N3NaO [(M+Na)*]
366.1388, found 366.1393.

3.8.39. 3-(4-Chlorobenzyl)-7-(1,1-difluorobut-3-enyl)-5-methyl-3H-
imidazo[4,5-b]pyridine (13m). Yellow oil isolated by preparative
chromatography (heptane); '"H NMR (CDCls, 300 MHz): 6=2.67 (s,
3H, CHs), 3.27—3.40 (m, 2H, CHy), 5.10—5.18 (m, 2H, CHy), 5.42 (s,
2H, CHy), 5.67—5.81 (m, 1H, CH), 7.22—7.31 (m, 5H, CacH), 7.99 (s,
1H, CH). ®C NMR (CDCl;, 126 MHz): =245 (CH3), 42.2 (t,
J=279 Hz, CH;), 46.3 (CHy), 1144 (t, Jc;=6.7 Hz, CH), 1204 (t,
JcF=244.3 Hz, CF), 120.5 (CHy), 128.6 (t, Jcr=5.3 Hz, CH), 129.0
(CarH), 129.1 (CaH), 129.3 (t, Jcp=3.6 Hz, C), 134.2 (C), 134.3 (C),
135.5 (t, Jcr=28.6 Hz, C—CF;), 143.1 (CH), 1474 (C), 154.3 (C). 'F
NMR (CDCls, 282 MHz): 6=—95.68 (CF,). IR (ATR, cm™!): v=3080
(w), 3019 (w), 2954 (w), 2923 (w), 2854 (w), 1730 (w), 1714 (w),
1697 (w), 1681 (w), 1644 (w), 1591 (s), 1539 (w), 1491 (s), 1463 (w),
1431 (w), 1410 (w), 1396 (w), 1381 (m), 1358 (m), 1288 (s), 1233 (w),
1194 (s), 1155 (s), 1072 (w), 1029 (w), 1015 (m). MS (EI, 70 eV): m/z
(%)=349 (IM*], [>7Cl], 8), 347 (IM™], [3°Cl], (32), 222 (60), 127 (31),
125 (100), 89 (18). HRMS (ESI/TOF, MS): calcd for C1gH16CIF2N3Na
(IM+Na)™, [3>Cl]) 370.0893, found 370.089.

3.8.40. 4-(Chlorodifluoromethyl)-2-phenylpyrimidine (16a). Orange-
yellow solid isolated recrystallization from water; mp 139 °C; 'H
NMR (CDCls, 300 MHz): 6=7.46 (d, 3Jyy=5.1 Hz, 1H, CH), 7.51-7.53
(m, 3H, Ar), 8.50—8.53 (m, 2H, Ar), 9.00 (d, *J;z=5.1 Hz, 1H, CH). 1>C
NMR (CDCls, 75 MHz): 6=113.0 (t, 3Jcr=3.3 Hz, CH) 1236 (t,
Jcp=2911 Hz, CF,Cl), 128.6, 128.7, 131.6 (CaH), 136.2 (Ca,), 159.6
(CH), 160.2 (t, ?JcF=30.8 Hz, C—CF,Cl), 165.4 (C). '°F NMR (CDCl,
282 MHz): 6=—58.28 (CF,Cl). IR (ATR, cm™1): v=3201 (w), 3134 (w),
3066 (w), 3045 (w), 2962 (w), 2922 (w), 2851 (w), 1965 (w), 1909
(w), 1621 (w), 1601 (w), 1588 (w), 1559 (m), 1520 (m), 1458 (w),
1430 (m), 1390 (s), 1368 (m), 1322 (m), 1308 (m), 1298 (m), 1276
(m), 1185 (w), 1172 (w), 1144 (s), 1093 (s), 1067 (s), 1025 (m), 1002
(m). MS (EI, 70 eV): mz (%)=242 (IM]", [¥7Cl], 32), 240 ([M]*, [3°C1],
100), 241 (12), 205 (15), 155 (91), 104 (12), 103 (22), 77 (13).HRMS
(EI, 70 eV): caled for Cy1H7CIE;N, ([M]F, [2°Cl]) 240.02603, found
240.025859.

3.8.41. 4-(Chlorodifluoromethyl)-6-methyl-2-phenylpyrimidine
(16b). Orange-brown solid isolated recrystallization from water;
mp 58—59 °C; 'H NMR (CDCls, 300 MHz): 6=2.69 (s, 3H, CH3), 7.32
(s, 1H, CH), 7.49—7.51 (m, 3H, Ar), 8.50—8.53 (m, 2H, Ar). *C NMR
(CDCls, 75 MHz): 6=24.8 (CH3), 112.5 (t, 3JcF=3.3 Hz, CH), 123.9 (t,
e F=291.1 Hz, CF,Cl), 127.3,128.6, 131.3 (CaH), 136.5 (Cay), 160.0 (t,
2Jc£=30.0 Hz, C—CF,(Cl), 165.0, 170.1 (C). °F NMR (CDCl3, 282 MHz):
0=—58.17 (CF,Cl). IR (ATR, cm~1): v=3365 (w), 3168 (w), 3067 (W),
2964 (w), 1660 (w), 1623 (w), 1590 (w), 1576 (m), 1546 (m), 1460
(W), 1448 (w), 1405 (w), 1370 (s), 1289 (w), 1260 (w), 1213 (m), 1202
(m), 1175 (w), 1148 (m), 1120 (s), 1091 (s), 1071 (m), 1027 (m). MS
(EI, 70 eV): m/z (%)=256 ([M], [>7Cl], 34), 254 (IM]*, [3>Cl], 100),
255 (15), 219 (17), 169 (62), 104 (28), 103 (22). HRMS (EI, 70 eV):
caled for C1HoCIF,N; ([M]F, [3°Cl]) 254.04168, found 254.041507.
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Anal. Caled for Ci2HoCIF;N; (254.66): C, 56.60, H, 3.56, N, 11.00.
Found: C, 56.610, H, 3.143, N, 10.834.

3.8.42. 4-(Difluoromethyl)-2-phenylpyrimidine  (17a). White-yel-
low solid isolated by preparative chromatography (heptane); mp
55—57 °C; '"H NMR (CDCl3, 300 MHz): 6=6.61 (t, %J;;r=54.9 Hz, 1H,
CF,H), 7.46—7.48 (m, 1H, CH), 7.49—7.51 (m, 3H, Ar), 8.46—8.49 (m,
2H, Ar), 8.97 (d, 3J;4=4.9 Hz, 1H, CH). °C NMR (CDCl3, 75 MHz):
0=112.9 (t, 'Jcp=242.1 Hz, CF;H), 114.3 (t, 3Jc;=3.0 Hz, CH), 128.4,
128.7, 131.3 (Ca/H), 136.6 (Cay), 159.0 (CH), 160.5 (t, )JcF=26.7 Hz,
C—CF,H), 164.9 (C). °F NMR (CDCls, 282 MHz): 6=—119.11 (CF>). IR
(ATR, cm ™ 1): v=3139 (w), 3092 (w), 3070 (w), 3046 (w), 2956 (W),
2922 (w), 2871 (w), 2853 (W), 1587 (w), 1566 (s), 1531 (w), 1520 (w),
1462 (w), 1435 (w), 1396 (s), 1353 (m), 1335 (m), 1307 (w), 1294 (w),
1252 (w), 1178 (w), 1155 (w), 1120 (m), 1090 (m), 1045 (s), 1025 (s),
1002 (m). MS (El, 70 eV): m/z (%)=206 ([M], 100), 207 (13), 155
(77), 104 (12), 103 (22), 77 (13). HRMS (EI, 70 eV): calcd for
C11HgFoN, ([M]F) 206.06501, found 206.064908.

3.8.43. 4-(Difluoromethyl)-6-methyl-2-phenylpyrimidine (17b). Colo-
urless oil isolated by preparative chromatography (heptane); 'H NMR
(CDCls, 300 MHz): 6=2.66 (s, 3H, CHs), 6.58 (t, 2Jyr=55.0 Hz, 1H,
CF,H), 7.33 (s, 1H, CH), 7.47—7.51 (m, 3H, Ar), 8.46—8.49 (m, 2H, Ar).
13C NMR (CDCls, 75 MHz): 6=24.7 (CH3), 113.1 (t, |Jc ;=241.8 Hz, CF,H),
113.8 (t, }Jcp=3.3 Hz, CH), 128.4, 128.6, 131.1 (CaH), 136.9 (Cay), 160.2
(t, YJcp=264 Hz, C—CFH), 164.5 (C), 169.4 (C). '9F NMR (CDCls,
282 MHz): 6=—119.20. IR (ATR, cm™!): v=3068 (w), 3043 (w), 2959
(W), 2925 (w), 2872 (w), 2855 (w), 1593 (m), 1578 (m), 1556 (m), 1497
(w), 1459 (w), 1445 (w), 1409 (s), 1395 (s), 1373 (s), 1331 (m), 1287 (w),
1201 (w), 1174 (m), 1157 (w), 1137 (m), 1092 (s), 1049 (s), 1028 (s), 1002
(m). MS (El, 70 eV): m/z (%)=220 ([M]*, 100), 221 (14), 169 (44), 104
(21), 103 (16). HRMS (EI, 70 eV): caled for CioHigFaNy ([M]F)
220.08066, found 220.080431.

3.8.44. 4-(1,1-Difluorobut-3-enyl)-2-phenylpyrimidine
(18a). Yellow oil isolated by preparative chromatography (hep-
tane); "H NMR (CDCl3, 300 MHz): §=3.12—3.26 (m, 3Jj ;=7.2 Hz, 2H,
CHy), 5.18—5.26 (m, 2H, CHy), 5.73—5.87 (m, ¥y r=7.0 Hz, 1H, CH),
7.46 (d, }Jyy=5.1 Hz, 1H, CH), 7.50—7.52 (m, 3H, Ar), 8.48—8.51 (m,
2H, Ar), 8.93 (d, }Jyu=5.1 Hz, 1H, CH). 3C NMR (CDCl3, 75 MHz):
401 (t, Ycr=25.3 Hz, CHy), 1145 (t, 3Jcg=4.1 Hz, CH), 119.7 (t,
1JcF=243.2 Hz, CF,), 121.2 (CHy), 128.2 (t, 3JcF=5.5 Hz, CH), 128.4,
128.6, 131.2 (CaH), 136.8 (Cay), 158.8 (CH), 162.3 (t, 2Jcr=30.5 Hz,
C—CF>), 164.7 (C). °F NMR (CDCl3, 282 MHz): $=—100.37 (CF,Cl). IR
(ATR, cm™1): v=3070 (w), 3045 (w), 2984 (w), 2925 (w), 1645 (W),
1588 (w), 1563 (s), 1460 (w), 1428 (m), 1386 (s), 1347 (m), 1333 (m),
1314 (m), 1286 (w), 1260 (w), 1243 (w), 1172 (m), 1143 (m), 1108 (w),
1090 (m), 1064 (m), 1044 (m), 1029 (m). MS (EI, 70 eV): m/z (%)=246
([M]*, 18), 245 (100), 225 (17), 104 (18), 103 (11), 77 (12). HRMS
(ESI-TOF/MS): caled for CigHipFoNp ([M+H]T) 2471041, found
247.1042. Anal. Calcd for C14H12F2N, (246.26): C, 68.28, H, 4.91, N,
11.38. Found: C, 68.417, H, 4.952, N, 11.122.

3.8.45. 4-(1,1-Difluorobut-3-enyl)-6-methyl-2-phenylpyrimidine
(18b). Colourless oil isolated by preparative chromatography
(heptane); 'H NMR (CDCl;, 300 MHz): 6=2.65 (s, 3H, CH3),
3.10—3.24 (m, 2H, CHy), 5.17—5.26 (m, 2H, CH,), 5.72—5.86 (m, 1H,
CH), 7.33 (s, 1H, CH), 7.45—7.50 (m, 3H, Ar), 8.47—8.51 (m, 2H, Ar).
13C NMR (CDCls, 75 MHz): 6=24.7 (CH3), 40.2 (t, >Jc ;=24.8 Hz, CH3),
114.0 (t, 3Jcp=4.4 Hz, CH), 119.9 (t, YJcr=243.2 Hz, CF,), 121.1 (CHy),
128.4 (CaH), 1285 (t, 3Jcp=5.5 Hz, CH), 128.5, 131.0 (Ca;H), 137.1
(Car), 161.0 (t, 2Jcp=30.3 Hz, C—CF;), 164.4, 169.2 (C). 'F NMR
(CDCl3, 282 MHz): 6=—100.5 (CF,). IR (ATR, cm™'): v=3081 (w),
3069 (w), 2985 (W), 2959 (W), 2925 (W), 2855 (W), 1645 (w), 1592
(m), 1577 (m), 1548 (m), 1558 (w), 1429 (w), 1372 (s), 1318 (w), 1268
(s), 1197 (w), 1175 (w), 1140 (w), 1071 (w), 1060 (w), 1028 (m). MS

(El, 70 eV): m/z (%)=260 ([M]", 68), 259 (100), 239 (36), 104 (31),
103 (14), 77 (12). HRMS (EI, 70 eV): calcd for CisH14FoN; ([M]1)
259.10413, found 259.104744. Anal. Calcd for Cy5H14F2N; (260.28):
C, 69.22, H, 5.42. Found: C, 68.870, H, 5.440.

3.8.46. 3-(Chlorodifluoromethyl)-1H-pyrazole (20a). Colourless oil
isolated by column chromatography (heptane/EtOAc, 5:1); '"H NMR
(CDCl3, 300 MHz): 6=6.63 (d, ¥4 7=2.5 Hz, 1H, CH), 7.69—7.70 (m, 1H,
CH), 11.99 (s, 1H, NH). 3*C NMR (CDCls, 63 MHz): 6=103.5 (CH), 123.1
(t,YJc p=284.7 Hz, CF,Cl), 130.3 (CH), 147.6 (t, %Jc ;=31.6 Hz, C—CF>Cl).
19F NMR (CDCls, 282 MHz): 6=—47.1 (CF,Cl). IR (ATR, cm™~1): v=3167
(m), 3065 (w), 2979 (m), 2933 (m), 2848 (w), 2774 (w), 2703 (w),
2533 (w), 2342 (w), 2141 (w), 1635 (w), 1553 (w), 1481 (w), 1372 (m),
1304 (s),1242 (w),1226 (m), 1117 (s),1079(s),1053 (s). MS (EI, 70 eV):
m/z(%)=154 ([M]*, [>7C1], 5),152 ([M]*, [3>C1], 15), 117 (100), 39 (13).
HRMS (ESI-TOF/MS): caled for C4H3CIFN, ([M+H]Y, [33Cl])
153.0026, found 153.0025. Anal. Calcd for C4H3CIF;N; (152.53): C,
31.50, H, 1.98, N, 18.37. Found: C, 31.556, H, 1.934, N, 17.438.

3.8.47. 3-(Chlorodifluoromethyl)-1-phenyl-1H-pyrazole (20b). Yellow
oil isolated by column chromatography (heptane/EtOAc, 100:
1—10:1); 'H NMR (CDCls, 300 MHz): §=6.77 (d, *Jyr=2.1 Hz, 1H,
CH), 7.48 (s, 5H, Ar), 7.66 (d, °Jyr=1.9 Hz, 1H, CH). *C NMR (CDCls,
75 MHz): 6=108.3 (t, 3Jcp=2.7 Hz, CH), 119.9 (CH), 120.8 (t,
Jcp=286.0 Hz, CE(Cl), 1265, 1289, 129.4 (CaH), 1375 (t,
2jcp=33.4 Hz, C—CF,(l), 139.2 (Ca;). 'F NMR (CDCl3, 282 MHz):
0=—43.2 (CF,C). IR (ATR, cm™'): v=3144 (w), 3112 (w), 3066 (w),
1598 (m), 1533 (m), 1502 (s), 1459 (m), 1397 (s), 1331 (s), 1272 (m),
1228 (s), 1147 (w), 1133 (w), 1097 (w), 1083 (w), 1072 (w), 1027 (m).
MS (EL 70 eV): m/z (%)=230 ([M]*, [>’Cl], 20), 228 ([M]™, [>>Cl], 57),
194 (12),193 (100),173 (43), 77 (18), 51 (12). HRMS (EI, 70 eV): calcd
for C1oH7CIFN; ([M]F, [3°Cl]) 228.02603, found 248.025981. Anal.
Calcd for C12HgCIF;N; (228.63): C, 52.53, H, 3.09, N, 12.25. Found: C,
52.790, H, 2.890, N, 12.210.

3.8.48. 3-(Chlorodifluoromethyl)-5-methyl-1H-pyrazole (20d). White-
yellow solid isolated by column chromatography (heptane/EtOAc,
10:1—5:1); mp 83—84 °C; 'H NMR (CDCls, 300 MHz): 6=2.32 (d,
54F=0.6 Hz, 3H, CHs), 6.28 (s, 1H, CH), 12.41 (s, 1H, NH). 1*C NMR
(CDCl3, 63 MHz): 6=10.6 (CHs), 102.5 (t, 3JcF=2.1 Hz, CH), 12311 (t,
1 p=284.7 Hz, CF,Cl),142.2 (C), 147.8 (t, 2J=31.4 Hz, C—CF,Cl). ’F NMR
(CDCl3, 282 MHz): 6=—46.91 (CF,Cl). IR (ATR, cm ™ 1): v=3182 (w), 3140
(w), 3098 (W), 3030 (W), 2980 (w), 2937 (w), 2876 (w), 2781 (w), 1582
(W),1477 (w),1423 (m), 1382 (W), 1306 (W), 1221 (s), 1162 (m), 1112 (m),
1072 (s), 1031 (m). MS (El, 70 eV): m/z (%)=168 ([M]*, [*’Cl], 6), 166
(IMT*, [3>Cl1], 19), 131 (100). HRMS (ESI-TOF/MS): calcd for CsH5CIF2N,
(IM+H]™, [>°Cl]) 166.0182, found 166.0183. Anal. Calcd for CsHsCIF;N;
(166.56): C, 36.06, H, 3.03, N, 16.82. Found: C, 36.354, H, 2.992, N,
15.639.

3.8.49. 3-(Chlorodifluoromethyl)-1,5-dimethyl-1H-pyrazole (20e).

Yellow oil isolated by column chromatography (heptane/EtOAc,
10:1); 'H NMR (CDCl3, 300 MHz): 6=2.28, 3.80 (s, 3H, CH3), 6.25 (s,
1H, CH). 3C NMR (CDCl3, 63 MHz): 6=11.1, 36.6 (CH3), 103.2 (CH),
1231 (t, Ycr=284.5 Hz, CF,Cl), 140.1 (C), 145.9 (t, 2Jcr=31.6 Hz,
C—CF,Cl). °F NMR (CDCl3, 282 MHz): 6=—46.82 (CF,Cl). IR (ATR,
cm™1): v=3138 (w), 2952 (w), 1553 (w), 1463 (w), 1433 (w), 1426
(W), 1407 (w), 1381 (w), 1298 (w), 1201 (s), 1173 (m), 1116 (m), 1090
(m), 1036 (m), 1000 (s). MS (EI, 70 eV): m/z (%)=182 ([M]*, [>"Cl],
14), 180 ([M]*, [3°Cl], 42), 146 (19), 145 (100). HRMS (EI, 70 eV):
caled for CgH7CIFaN; ([M]*, [3°C1]) 180.02603, found 180.026362.

3.8.50. 3-(Chlorodifluoromethyl)-5-methyl-1-phenyl-1H-pyrazole
(20f). Yellow oil isolated by column chromatography (heptane/
EtOAc, 10:1); 'H NMR (CDCls, 300 MHz): 6=2.33 (d, % r=0.6 Hz,
3H, CH3), 6.44 (s, 1H, CH), 7.42—7.49 (m, 5H, Ar). *C NMR (CDCls,
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75 MHz): 6=12.3 (CHs), 104.4 (t, 3JcF=19 Hz, CH), 1231 (t,
1JcF=285.0 Hz, CF,Cl), 125.3, 128.6, 129.2 (CaH), 138.9 (Car), 140.7
(C), 147.5 (t, ¥Jcr=31.6 Hz, C—CF,Cl). °F NMR (CDCls, 282 MHz):
0=—47.23 (CF,C). IR (ATR, cm™1): v=3136 (w), 3066 (w), 2966 (w),
2928 (w), 1598(w), 1549 (w), 1503 (m), 1449 (m), 1317 (w), 1295
(w), 1277 (w), 1210 (s), 1149 (m), 1087 (s), 1073 (s), 1041 (w), 1017
(m), 1001 (s). MS (EIL, 70 eV): m/z (%)=244 (IM]*, [¥7Cl], 8), 242
(IM]*, [2°Cl], 26), 208 (12), 207 (100), 77 (27), 51 (16). HRMS (ESI-
TOF/MS): caled for CiHgCIFoN, ([M+H]*, [3°Cl]) 243.0495, found
243.0495. Anal. Calcd for C11HoCIFoN, (242.65): C, 54.45, H, 3.74, N,
11.54. Found: C, 54.846, H, 3.759, N, 11.332.

3.8.51. 5-(Chlorodifluoromethyl)-3-methyl-1-(4-nitrophenyl)-1H-
pyrazole (20g). Orange-brown solid isolated by column chroma-
tography (heptane/EtOAc, 10:1); mp 52—53 °C; 'H NMR (CDCls,
300 MHz): 6=2.36 (s, 3H, CH3), 6.65 (s, 1H, CH), 7.68—7.73 (m, 2H,
Ar), 8.31—-8.36 (m, 2H, Ar). >C NMR (CDCls, 63 MHz): $=13.3 (CH3),
109.9 (t, 3Jcp=2.7 Hz, CH), 120.5 (t, 'Jcp=285.6 Hz, CF,Cl), 124.4
(CarH), 126.5 (t, >Jc ;=1.8 Hz, Ca;H), 138.0 (t, %Jc p=33.4 Hz, C—CF,Cl),
144.2,147.4,150.1 (C). 'F NMR (CDCls, 282 MHz): 6=—42.93 (CF,Cl).
IR (ATR, cm~1): v=3122(w), 3091 (w), 2932 (w), 2863 (w), 1612 (W),
1597 (m), 1555 (w), 1523 (s), 1503 (s), 1454 (m), 1438 (m), 1382 (w),
1343 (s), 1314 (m), 1275 (m), 1193 (m), 1154 (m), 1099 (m), 1075 (s),
1017 (s),1002 (s). MS (EI, 70 eV): m/z (%)=289 ([M]*, [*7Cl], 33), 287
(IM]*, [3>C1], 90), 252 (63), 206 (100), 205 (25), 165 (17), 75 (16).
HRMS (EI, 70 eV): calcd for C1;HsCIFN30; ([M], [2°Cl]) 287.02676,
found 287.025954. Anal. Calcd for C11CgCIF,N30, (287.65): C, 45.93,
H, 2.80. Found: C, 45.528, H, 2.509.

3.8.52. 3-(Difluoromethyl)-1-phenyl-1H-pyrazole (21). Colourless
oil isolated by preparative chromatography (heptane); 'H NMR
(CDCl3, 300 MHz): 6=6.63 (t, 2y =53.6 Hz, 1H, CF;H), 6.74—6.75
(m, 1H, CH), 7.44—7.51 (m, 5H, Ar), 7.71 (m, 1H, CH). 3C NMR (CDCl5,
63 MHz): 6=107.3 (t, 3Jc;=2.3 Hz, CH), 108.5 (t, }Jcr=235.5 Hz,
CF,H), 124.9, 128.8, 129.4 (CaH), 1362 (t, 2JcF=30.0 Hz, C—CF,H),
138.9 (Cay), 140.1 (t, ¥Jcr=1.6 Hz, CH). '°F NMR (CDCls, 282 MHz):
0=—109.77 (CF,). IR (ATR, cm™1): v=3142 (w), 3111 (w), 3066 (W),
2957 (w), 2925 (w), 2854 (w), 1620 (w), 1597 (w), 1545 (w), 1503 (s),
1465 (w), 1458 (w), 1401 (m), 1370 (m), 1344 (w), 1329 (m), 1296
(w), 1275 (w), 1208 (m), 1177 (w), 1159 (w), 1132 (m), 1081 (s), 1072
(s), 1035 (s), 1025 (s), 1006 (s). MS (EI, 70 eV): m/z (%)=194 ([M],
100), 193 (34), 173 (12), 116 (12), 77 (23), 51 (16). HRMS (ESI-TOF/
MS): calcd for C1oHgF2N3 ([M]") 195.0728, found 195.0728.

3.8.53. 3-(1,1-Difluorobut-3-enyl)-1-phenyl-1H-pyrazole (22a). Colo-
urless oil isolated by preparative chromatography (heptane); 'H
NMR (CDCl3, 300 MHz): 6=3.07—3.21 (m, 3Jyz=7.0 Hz, 2H, CHy),
5.20—5.29 (m, 2H, CHy), 5.83—5.97 (m, 4Jj1r=7.0 Hz, 1H, CH), 6.63 (d,
4JF=2.5 Hz, 1H, CH), 7.29—7.49 (m, 3H, Ar), 7.66—7.71 (m, 2H, Ar),
7.89 (d, 3Jup=2.5 Hz, 1H, CH). '*C NMR (CDCls, 75 MHz): 6=41.5 (t,
2J0=26.4 Hz, CH,), 105.5 (t, }Jcp=2.2 Hz, CH), 1189 (t, YJcs=237.1 Hz,
CF,),119.5 (CH), 120.4 (CHy), 127.1,127.8 (CaH), 129.2 (t, 3Jcr=5.0 Hz,
CH), 129.5 (CaH), 139.8 (Car), 150.0 (t, 2JcF=33.6 Hz, C—CF,). '°F
NMR(CDCls, 282 MHz): 6=—92.05 (CF,). IR (ATR, cm™1): v=3150 (w),
3081 (w), 3050 (w), 3022 (w), 2957 (w), 2923 (w), 2872 (W), 2854
(w), 1645 (w), 1601 (m), 1529 (w), 1497 (s), 1473 (w), 1463 (w), 1429
(w), 1416 (w), 1382 (m), 1327 (w), 1281 (s), 1244 (m), 1171 (m), 1153
(m), 1086 (m), 1072 (m), 1045 (s). MS (EI, 70 eV): m/z (%)=234 ([M],
38),233 (34), 213 (18), 194 (13), 193 (100), 77 (19). HRMS (EI, 70 eV):
calcd for Ci3H12FoN; ([M]T) 234.09631, found 234.096137.

3.8.54. 3-(1,1-Difluorobut-3-enyl)-5-methyl-1-phenyl-1H-pyrazole
(22b). Colourless oil isolated by preparative chromatography
(heptane); "H NMR (CDCl3, 300 MHz): 6=2.33 (d, ¢/ r=0.6 Hz, 3H,
CH3), 3.03—3.17 (m, *Jur=7.2 Hz, 2H, CH,), 5.22—5.28 (m, 2H, CHy),
5.83—5.96 (m, 4J4;r=7.0 Hz, 1H, CH), 6.37 (s, 1H, CH), 7.40—7.50 (m,

5H, Ar). 3C NMR (CDCls, 63 MHz): 6=12.4 (CHs3), 414 (t,
2jcg=26.3 Hz, CHp), 1045 (t, 3jcg=2.3 Hz, CH), 119.0 (t,
e F=236.9 Hz, CF,), 120.2 (CH5), 125.1,128.2,129.1 (CaH), 129.3 (t,
3JcF=5.0 Hz, CH), 139.3 (Ca;), 140.0 (C), 148.7 (t, 3JcF=33.6 Hz,
C—CF,). '°F NMR (CDCls, 282 MHz): 6=-92.05 (CF,Cl). IR (ATR,
cm™1): v=3137 (w), 3079 (w), 3021 (w), 2985 (w), 2958 (W), 2925
(w), 2872 (w), 2856 (W), 1645 (w), 1598 (w), 1552 (w), 1503 (s), 1481
(w), 1465 (w), 1450 (m), 1429 (w), 1378 (m), 1327 (w), 1318 (w),
1295 (w), 1270 (m), 1247 (w), 1198 (m), 1171 (m), 1138 (m), 1114 (w),
1063 (m), 1016 (s). MS (EI, 70 eV): m/z (%)=248 ([M]*, 51), 247 (57),
228 (18), 227 (42), 207 (100), 157 (30). HRMS (ESI-TOF/MS): calcd
for C14H14F2N; ([M+Na]*) 271.1017, found 271.1020.
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