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ARTICLE INFO ABSTRACT

Article history: We have studied the interaction of polyfluorinafedthe benzene moiety) éloroquinoline
Received with liquid and aqueous ammonia as an approachhéo siynthesis of halogen-conmigig
Received in revised form aminoquinolines. 5,7-Difluoro-, 5,6,8-trifluoro-na 5,7,8-trifluoro-2ehloroquinolines most
Accepted form products of substitution of the Cl atom, whese5,7-difluoro-2,Glichloroquinoline
Available online 5,6,7,8-tetrafluoro-, and 6,7-difluoro€toroquinolines yield products of substitution aif F

atom at various positions. The replacement of tiqainmonia with aqueous causes an increase
in the proportion of the products of aminodechlation Eelative to the products
aminodefluorination. For 2-chloro-6,8-difluoroquiime this replacement leads to 2-amino-6,8-
difluoroquinoline as the main product instead dfe 8-amino-derivative. Activatioenerg)
values estimated by DFT calculatiof the reactions in question agree with the rea
regioselectivity observed experimentally.
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1. Introduction

. o approach provided a relatively simple route for siethesis of a
Compounds containing the quinoline core possessoadb 559 family of 2-chloroquinolines polyfluorinatedn the
range of biological activities and are widely used i papzene moiet.

pharmacology. Fluorinated quinolines are of special intefést, ~ The amino group is one of the functional groupst tisa

because the presence of several fluorine atomsjimlone —in  yromising in terms of the development of methods rfwre
addition to its possible specific effects on bioatt” — makes  hiofound functionalization of polyfluorinated quiimes. This
functionalization of the benzene moiety consideya@sier and ¢4, explain the emergence of relatively novel ssidievoted to
potentially more diversé Substituted quinolines are also known development of methods for introduction of amire group
to easily form chelate complexes with Zn and Al cm:othesg into polyfluoroquinolines. In particular, the inéetion of
complexes show enhanced fluorescence as comparedth@ith oy fiuorinated quinolines with uncharged nitrogemered
quinolines themselvesThe use of fluorinated quinolines may ,cleophiles was shown to lead to substitution fid@rine atom
shed light on the fundamental relationship betwdenrumber i, the penzene riny, whereas charged nitrogen-centered
and location of fluorine atoms in the benzene riagd on the | ,cjepphiles are added to the pyridine mottyhe reaction of
complexation reaction with metal ions as well as X8  the perfluorinated quinoline with benzylamine wasrfduo yield
properties of the metal complexes. substitution products of the fluorine atom at posit2 or 4:*

Until recently, the polyfluorinated quinolines wergmup of  Regarding previous research on fluorinated quieslicontaining
compounds that were difficult to obtain. Fortunateignvenient 5 & atom at position 2, in the reactions with mjen-centered

methods _of selective hydrodehal_oge_nation of perﬁam_nes nucleophiles (ethylamine, acetamide, and piperdzioaly
(and particularlyortho-hydrodefluorination of readily available ,onofluoroderivatives  were  studied. They  undergo
N-acetylpolyfluoroarylamines using zinc in aqueousn®nia)  5mingdechlorination exclusively, forming the copesding 2-
were developed recent‘fyTh(_a same method was also applied t05mingquinolined? With 2-chloroquinolines containing two or
selective hydrodechlorination of polyfluorochlorgamines  mqre fluorine atoms in the benzene ring, the rafithe rates of
without their prior transformation ints-acetyl derivatived.This substitution of fluorine and chlorine atoms maytstavoring the
process of aminodefluorination, which can lead tefuis(in
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terms of synthesis) functionalization of the berzenoiety.
Here we studied the interaction of 5,6,7,8-tetrafbudta), 5,6,7-
trifluoro- (1b), 5,7,8-trifluoro- (c), 5,7-difluoro- (d), 6,7-
difluoro- (1e), and 6,8-difluoro- Xf) 2-chloroquinolines and 2,6-
dichloro-5,7-difluoroquinoline Xg) with aqueous or liquid
ammonia in order to determine the dependence obrileatation
of aminodehalogenation on reaction conditions amd tbe
number and positions of fluorine atoms in the swlbst Starting
materials1a-1g were synthesized by literature meth8dsom
polyfluoroanilines obtained as described in support
information. The new 3,4-difluoroanilide of cinnanacid (Led),
6,7-difluoroquinolin-2-one Xeb), 4-chloro-3,5-difluoroanilide of
cinnamic acid 1ga), 6-chloro-5,7-difluoroquinolin-2-onel¢b), 6,8-

difluoroquinolin-2-one 1fb), and the known 2.4-difluoroanilide of yields 2-amino-5,7-difluoroquinoline 12) mostly,

tetrafluoroquinolinela but markedly easier than ammonolysis of
difluoroquinoline 1 where aminodefluorination again starts to
dominate (Table 1, compare entries 1-3 with 4). Nweless, the
interaction of1e with liguid ammonia produced 2-amino-6,7-
difluoroquinoline @), 6-amino-2-chloro-7-fluoroquinolinel(),
and 7-amino-2-chloro-6-fluoroquinolind ) in the ratio 4:1:15
(Q =0.2) with yields 14%, 4%, and 65%, respectivalglle 1,
entry 4).

That is, twoortho-arranged fluorine atoms at positions 6 and 7
turned out to be sufficient for predominance of
aminodefluorination, and the presencepafa-arranged fluorine
atoms was not crucial for the direction of the rieact

The reaction of difluoroquinolinéd.d with liquid ammonia
and two

cinnamic acid Ifa) described in the experimental section wereisomeric products of aminodefluorination: 5-amingtoro-7-

obtained as reaction intermediates in the syntbé&ses-1g
2. Result and discussion
2.1. Reactions with liquid ammonia

Thereaction of quinolinela with liquid ammonia at 70 °C in
a steel autoclave leads to a substitution of bimhchlorine atom
and fluorine atom resulting in formation of 2-amib®,7,8-
tetrafluoroquinoline Z), 6-amino-2-chloro-5,7,8-trifluoro- 3f,
and 7-amino-2-chloro-5,6,8-trifluoroquinolined)(in the ratio
1:1:12, respectively (Table 1, entry 1).

Aminoquinolines3 (5%) and4 (65%) are new compounds.
Quinoline 2 (5%) was obtained earlier via the interaction of

5,6,7,8-tetrafluoroquinoline with potassium amid&og) °
The predominance of  aminodefluorination
aminodechlorination, characterized by~ 0.1, whereQ is a
molar ratio of aminodechlorination product
aminodefluorination products, points to a strongetivating
effect of the four fluorine atoms relative to thizragen of the
heterocycle. Aminodefluorination dfa is realized at position 7

fluoroquinoline (3) and 7-amino-2-chloro-5-fluoroquinoline
(14) in the ratio 15:4:1Q = 2.9 (Table 1, entry 5). Therefore, in
the case ofld, the aminodechlorination is preferred due to the
inductive effect of the nitrogen atom of the hetgde. The
formation of quinolinel2 (as well as isomeric 4-amino-5,7-
difluoroquinoline) was observed previously in a teac of 5,7-
difluoroquinoline with potassium amide, but compouriiwas
not isolated? Quinolines12-14 were obtained with yields of
49%, 11%, and 3%, respectively. Regioselectivity of
aminodefluorination ofLd at position 5 corresponded closely to
that for the interaction of 5,7-difluoroquinoline tivi aqueous
ammonia’

Ammonolysis oflg by liquid ammonia also leads to three
products: 2-amino-6-chloro-5,7-difluoroquinoling5j, isomeric

over 5-amino-2,6-dichloro-7-fluoroquinoline1¢), and 7-amino-2,6-

dichloro-5-fluoroquinoline 17) in the ratio 1:7:1Q = 0.1 (Table

to 1, entry 6). Novel aminoquinolines5-17 were obtained with

yields 7%, 53%, and 11%, respectively. Therefangpduction of
a chlorine atom at position 6 leads to noticeabtevation of the
benzene cycle in the reaction with ammonia in comparwith

(6-NH,/7-NH, =~ 1:11) and is consistent with orientation of the its structural analodd and allows for introduction of an amino

substitution of a fluorine atom in 5,6,7,8-tetraflaquinoline

under the influence of either liquid or aqueous amia (6-

NH,/7-NH, = 1:5 and 1:4 respectively). The observed
regioselectivity is the result, on the one handthef influence of
atoms F(5) and F(8), which deactivate each otheabtiie same
time activate atoms F(6) and F(7), and on the dihed, of the —
M-effect of the N atom of the heterocycle.

Assuming that the presence pdra-arranged fluorine atoms
may determine the direction of aminodehalogenatiore
introduced into the reaction compountls and 1c lacking a
fluorine atom either at position 6 or 7. In botlses, products of
aminodechlorination [2-amino-5,6,8-trifluoroquinudi 6) and 2-
amino-5,7,8-trifluoroquinoline 7), respectively] turn out to be
the main products, whereas the products of aminoaléfiation
[6-amino-2-chloro-5,8-difluoroquinoline 6 and 7-amino-2-
chloro-5,8-difluoroquinoline 8] are formed in small amounts:

group mostly at position 5.

Like quinoline 1d, difluoroquinoline 1f contains meta-
arranged to each other fluorine atoms, but its anmotysis by
liquid ammonia at 90 °C leads to 2-amino-6,8-difbguinoline
(18) and 8-amino-2-chloro-6-fluoroquinoline 19), with
predominance of the product of aminodefluorinatiGn= 0.3
(Table 1, entry 7). Quinoline$8 and 19 are isolated with the
yield 20% and 59%, respectively. Orientation of
aminodefluorination oflf is consistent with the orientation of
methoxydefluorination of 6,8-difluoroquinoline by eans of
sodium methylate, where only the substitution of therine
atom at position 8 was observeédn both compounds, position 8
is activated by both the -I effect of the nitrogatom of the
heterocycle and thmeta-atom of fluorine.

Ammonolysis oflf at 150 °C, i.e., at the temperature above
critical for ammonia Tui~ 132 °C)** leads to formation of

for 1b Q =~ 49.0, forlcQ ~ 11.2 (Table 1, entries 2 and 3). It should compoundl9, also as the main product (Table 1, entry 8),itlbe

be noted that orientation of aminodefluorinatibmand1c is in
agreement with the results of ammonolysis of 5,6fR«ro- and
5,7,8-trifluoroquinolines by aqueous ammohia.

at a greater value a® = 0.5.'°F NMR spectroscopy and gas
chromatography with mass spectrometry (GC-MS) dedetcéee
amounts of 2,8-diamino-6-fluoroquinolin@Q) in the reaction

Only quinoline7 (55%) was previously known and obtained mixture. Thus, elevation of the temperature of kgction above

with the vyield of 12% by the interaction of
trifluoroquinoline  with  potassium amid®. The other
aminoquinolines5 (70%), and8 (11%), were obtained for the
first time. Ammonolysis of trifluoroquinolinedb and 1c by
liquid ammonia is somewhat more difficult than thaf

5,7,8- critical does not change the direction of ammorislybut

noticeably affects the ratio of products.



Table 1.Conditions and results of the reaction of polyflnated 2-chloroquinolinesa—gwith liquid ammonia

NS NH3 lig XX HQI\}\\ X
“reaction FaC AN *Fn '1_: g
N Cl' conditions N™ NH, N™Cl
o . o Time, . ) Amount in a mixture, mol %, b
Ne Quinoline T,°C h Products, isolated yield according to NMRYF and GC-MS Q
F F
1 F X F
FeNe 9 F@F 1NH2 FY CI HoN ]@[ lCl 2(N3©)45) ~0.1
la 2,5% 3,5% 4 65%
F F F
2 "I O, O
N~Cl 70 12 N NH, mc| 5(98),6 (2) 49.0
F F F
1b 570% 6
F F F
3 N AN N
FQ/N\im 0o FmNHZ HoNY N™CI 1c(2)7(0)8(8) 11.2
F F F
1c 7,55% 8,11%
F N F X HoN X F X
4 B} B 3 i
FmCI 90 24 FmNHZ F N~Cl HoN N>Cl 1e(2),9(19),10(5),11(74) ~0.2
le 914% 10,4% 11, 65%
F F NH» F
. 70 24 g . - 1d (2),12(73),213(20),14(5 29
F N"CI F N NH, F N"Cl HoN NCI (912(73)13(20.140)
1d 12 49% 13 11% 14, 3%
F F
6 Clm 70 12 Clm m 15(11),16(75),17 (14 0.1
19 157% 16, 53% 17,11%
ASe! T, T
7 ) B .
N"ClI 90 28 @N\lNH N"ClI ~0.
£ £ 2 NHy 1f (2),18(24),19(74) 0.3
1if 18 20% 19,59%
8 1f 150 24 :NHN’ NH; 18(33),19(63),20(4) 0.5
2
18 19
2After thin layer chromatography (TLC).
® A molar ratio of the aminodechlorination producthie aminodefluorination products
2.2. Reactions with agueous ammonia 5-8 (Table 2, entries 3 and 4). In addition, we regé&teproducts

of substitution of a chlorine atom with a hydroxyagp: 5,6,8-

In aqueous ammonia, ammonolysis requires somewhet motrifluoroquinoline-2-one Z2) and 5,7,8-trifluoroquinoline-2-one
rigid reaction conditions than in liqguid ammonia ¢#polar  (23) as well as a product of double substitution: datrino-5,8-
aprotic solvent) because the molecules of ammonimiaqueous difluoroquinoline @4).
solution are solvated and are also partially in stete of the Ammonolysis ofld in agueous ammonia at 120 °C leads, just
conjugated acid NH, and their nucleophilicity is lower. For as in liquid ammonia, to formation of 2-aminoquinel12 as the
example, to achieve high conversion, we had to Keet 85 °C  main product and minor products of aminodefluoigmatl3 and
for 24 h. Meanwhile, except for the products of nenmstitution 14 (Table 2, entry 5). At the same time, the contityutof
24, which were obtained earlier during ammonolysislafin ~ aminodechlorination becomes even more dominént 8.0 in
liguid ammonia, we detected a minor product of deubl aqueous ammonia, aitl= 2.9 in liquid ammonia).
substitution: 2,7-diamino-5,6,8-trifluoroquinolin@l) (Table 2, Stirring of le with aqueous ammonia at 120 °C causes
entry 1). During ammonolysis at 100 °C, the proportdf 21 incomplete conversion of the substrate (77%) amchdtion of
increased appreciably (Table 2, entry 2). It shdaddnoted that aminoquinoline®—11in the ratioQ ~ 0.7 (according t6’F NMR
aminodehalogenation afa proceeds mostly in the benzene spectroscopic data). Minor amounts of 6,7-difluariogline-2-
moiety both in liquid ammonia and in aqueous, Imet share of one (Leb) are also detected (Table 2, entry 6). Thus, te af
aminodechlorination increases fran= 0.1 in liqguid ammoniato agqueous ammonia instead of the liquid one raisssibstantially
0.5 in agueous ammonia. (from 0.2 t0 0.7).

Ammonolysis oflb and 1c in aqueous ammonia at 120 °C,
just as in liqguid ammonia, leads to formation ofi@mguinolines
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Table 2. Conditions and results of the reaction of polyflnated 2-chloroquinolinesa—gwith aqueous ammonia.

n AN " reaction
N Cl conditions N NH

HZNﬁ\\ SN B
n—1_'Jj\ + an
N Cl |I:l| O

) o Time, . ) Amount in a mixture, mol %, b
Ne  Quinoline T,°C h Products, isolated yield according to NMR9F and GC-MS Q
F
Ao W m “z“m m m
1 F X N"Cl 85 24 NH, F N"CI H,N Cl HoN NH, 1a(10),2(30)3(3),4(55),21(2) 0.5
la 238% 35% 447%
2 la 100 3 223% 3,14% 4,33% 2(25),3(8),4(41),21(26)
F
F B BN H2N
5 mol oo 7 mNHg mol m 1(8),5(80),6 (1), 22(11) 80.0
F H
1b % 2
: @1 @ﬁ @ﬁ @ﬁ
4 FQ/N\im 120 7 NHz H,N ClF O H,N NH, 7(87),8(3),23(4),24(6) 29.0
F
1c
752% 23 24
F NH,
5 m 20 10 @(\,L @(\,L m 1d(10)12(80),13(5),14(5 8.0
F N"CI NH, F N"Cl H,N N-Cl (10),12(80),13(5),14(5)
1d 128% 13 3%
F X I:( j H2N BN B I :I \]
6 F C:N':‘Cl 120 2 N"NH, FQ ’lc| Hszm F N 0 1e(23),9(30),10(2), 11(44),1eb(1)  =0.7
le 925% 100% 11,37%
jee! @m oo m
7 s N™Cl 150 10 NH, NH Cl NH, mo 18(55),19(17),20(6), 1ib (22) 32
2
1f
F NH2 F
) C'm !
8 ] 100 ) 1g(71),15(11),16(13),17(5 0.6
BORW NHZF o - 9(7115(11)16(13).176)
19 17
o o s C'm m 19(13),15(27),16(34).17(13),
N"NH, H,N NH 25(10),26(3)
1g 15 16

@After thin layer chromatography (TLC).

® A molar ratio of the aminodechlorination producthe aminodefluorination products.

°Known compount

Quinoline18 is the main product during ammonolysisldfin
agueous ammonia at 150 °C, in contrast in liquidmama
(Table 2, entry 7). According t6°F NMR data, appreciable
amounts of 6,8-difluoroquinoline-2-on&fh) and small amounts
of quinoline20 were obtained.

The reaction ofLg with aqgueous ammonia at 100 °C with low
conversion leads to aminoquinolings-17 in the ratio ~2:2.5:1,
respectively, a@ = 0.6 (Table 2, entry 8). That is, again, as & th
above cases, the proportion of 2-aminoquinolinereiases in
comparison with ammonolysis in liquid ammoni@ £ 0.1). If
reaction time is increased (Table 2, entry 9), tthenproducts of
diamination (2,5-diamino-6-chloro-7-fluoroquinolin€@5) and
2,7-diamino-6-chloro-5-fluoroquinoline 2¢)) are formed in
addition to aminoquinolines5-17.

Earlier, it has been shown that side reactions canraduring
amination of polyfluorinated arenes in a steel elatee in
aqueous or alcohol-based solveRitdt is possible that these
reactions can explain the formation of quinolo2@s 23, leb,
and 1fb. Quinolones22 and 23 are known compoundS.New

quinolonesleb and 1fb are precursors ole and 1f and are
presented in the experimental section. Formation
diaminoquinoline0, 21, 24, 25, and26 may have occurred due
to the higher-temperature ammonolysis with aguecum@nia
versus liquid ammonia (see Supporting data). Rieliab
determination of the structure of the products meguholding X-
ray studies of a number of key compounds. XRD data fo
compoundsle-g leg 1ga 4, 5 11, 12, 16, 18 and 19 are
presented in Supporting data.

Thus, orientation of aminodehalogenation of quimedila—e
g in aqueous ammonia resembles that previously wvbdein
liquid ammonia, but the proportion of the products
aminodechlorination at position 2 increases in camspn with
the transformations in liquid ammonia for all the&bstrates. In
contrast, in the case of quinolindf, the process of
aminodechlorination starts to dominate. Possiblasors for
acceleration of aminodechlorination in aqueous amamclude
catalysis of this reaction by the metallic wallstioé autoclave
or a specific interaction of the substrate with thelvent

of



(protonation of the heterocyclic nitrogen) or a @amation of the  for the interaction of quinolinéd with ammonia as an example.

two factors. The calculated potential energy curves have na-cléaminima
between the reagents and products, correspondinghdo
2.3. Computational results. Meisenheimer complexes. For compouid] the substitution at

position 2 is kinetically preferable (the lowest dtdi of the

To interpret the experimentally observed patterns 04ctivation barrier), that is, in accordance with theperimental
nucleophilic substitution in fluorinated 2-chloragalines, we  yata.
performed quantum-chemical calculations of the eetpe
reaction pathways by the DFT method using B3LYP andTabIe_aThe ca_llcul_ated activation en_ergies (kca_l/mol) for
CAMBS3LYP functionals with the standard basis set 6@(d).  reactions of quinoline$a—g andA-E with ammonia (C-PCM
The reaction transition states were located. Theestypf H,O/CABM3LYP/6-31+G(d)).
stationary structures that we found (a minimum @mndgition Position in quinoline skeleton ~ Main product

. . . . Comp.

state) were determined by the normal vibration asigsly > 5 6 7 8 calc actual
accompanied by intrinsic reaction coordinate (IR@lculations.

All the calculations were conducted by means of the GSH la 223 235 242 205" 253y 7 ’
packagée® b 231 272 268 259 2 2

The influence of polar media was taken into accowittin 1c 219 268 232 279 2 2
the conductorhke_ polarizable continuum model (GWQqu 1d 232 244 5% 2 2
agueous ammonia, we used the model solve@X With built-in
parameters (the dielectric constant) = 78 and,R(the solvent le 251 28.5 24.7 7 7
radius) = 1.39 A. For liquid ammonia, the parametezse set on 1f 25.8 28.8 240 8 2
the basl|73 of Iltera}ture data= 21 and 9 for temperature20 and 1g 224 220 340 231 5 5
120 <C,™' respectively, and &y = 1.9A as the average of 1.95
and 1.85A as described elsewhéfe. A 23, 289 288 2

The calculations were carried out for all halogehssituted B 23.6 255 262 2
positions of the quinoline backbone of compouhdsgand also C 235 265 226 238 7
for 5,8-difluoro- @), 7,8-difluoro- 8), 6,7,8-trifluoro- (),
5,6,7-trifluoro- D), and 5,6-difluoro-2-chloroquinolinesky, D Rd/ 233 263 227 !

E 247 264 292 2

whose transformations have not yet been studied.h Bot
functionals yielded similar results. The activatiemergy values
(defined as the difference between total energiethefreaction
transition state and prereaction complex) that webained in
CAMB3LYP calculations are shown in Table 3. Note thet
differences in activation energies obtained foriougs positions
are more pronounced in CAMB3LYP calculations in corigue
with B3LYP ones, and these differences describe #aetion
regioselectivity somewhat better. All the transitistates found
are structurally similar t@-complexes. In accordance with the
calculation results, the reactions proceed as astage process.
Note that analogous results have also been obtdigedther
researcher§

As the chemical experiments showed, replacementqafdii
ammonia with aqueous one increases the proportionthef
substitution product at position 2 for all the caapds studied.
Using quinolinelf as an example, we examined the influence of
solvent polarity by varying its dielectric permiity ¢ (Table 4).
The height of activation barriers was calculatedtfier following
values ofe: 78 (water), 21 and 9 (liqguid ammonia-&0 °C and
120°C," respectively), and 1.0 (vacuum). We found that the
lower the dielectric permittivity, the lower is thearber of
activation for the substitution at position 8 anchafler the
difference between the barriers for substitutiopagitions 2 and
8. The tendency obtained in the calculations agnesswith that

,K % observed in chemical experiments.

-
25 N

]

Table 4. The calculated activation energies (kcal/mol)tfe
reaction oflf with ammonia taking into account the dielectric
permittivity (C-PCM/B3LYP/6-31+G(d)).

Position in quinoline core  Main product ¢

Relative potential energy, AE kcal/mol

s Comp. occupied by halogen (calc.)
, 2 6 8
24.8 29.7 26.6 2 78
: (‘//3 F 249 301 256 2 21
w AO/(K ) 25.5 31.1 26.0 2 9
15 d u/‘oéd\(y.
: ; : 31.0 39.6 306 8 1

substitution at 2nd position

20 ——substitution at 5th position
——substitution at the 7th position

25 Reaction coordinate (IRC)

The results of the calculations describe well theseobed
Figure 1. A section of thepotential energy surface along the increase in reactivity of fluoroquinolines in termsf a
reaction coordinate for quinoliriel with aqueous ammonia.  nucleophilic substitution as the number of fluorirtoms
Stationary structures for the substitution at posi2 are increases. Besides, the calculations reproduce ofbeerved
shown C-PCM/CAMB3LYP/6-31+G(d)). patterns of influence of the relative position lniofine atoms in
the benzene moiety on the direction of the react@ur results
suggest that this calculation may predict regiagiliey for

A characteristic view of a section of the potentiakemrgy ammonolysis of quinolines—E

surface (PES) along the reaction coordinate is shaviAigure 1
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3. Conclusion

Orientation of a halogen substitution is determirgd the
totality of electron effects of the heterocycle dralogen atoms
depending on their position. For several polyflnated (on the
benzene ring) 2-chloroquinolines in the reactionhwiguid or
agueous ammonia, we found that 5,7-difluoro-, 5t6f@toro-,
and 5,7,8-trifluoro-2-chloroquinoline mostly fornrgalucts of
substitution of a chlorine atom, whereas 2,6-dicho)7-
difluoroquinoline, 5,6,7,8-tetrafluoro-, and 6, 7hdoro-2-
chloroquinoline mostly form products of substitutiof fluorine
atoms at various positions of the benzene ring. Jhare of
products at position 2 increases relative to presduof
aminodefluorination after replacement of liquid aoma with
aqueous for all the substrates studied. The useqoieous
ammonia instead of liquid for 2-chloro-6,8-diflugugnoline
leads to a change from the predominant substituifoftuorine
and formation of 8-amino-2-chloro-6-fluoroquinolineto
substitution of chlorine and formation of 2-amin@6
difluoroquinoline as the main product. At the level C-

PCM/B3LYP/6-31+G(d) and C-PCM/CAMB3LYP/6-31+G(d),

we calculated the pathways of halogen substitutiorh vaib
amino group during an interaction of polyfluoringte2-
chloroquinolines with ammonia. The transition stdmsnd are

similar in structure tos-complexes, and their relative energies

correlate with the reaction regioselectivity.
4. Experimental section

4.1. General methods

'H, ¥c, and 'F NMR spectra were recorded on NMR

spectrometers Bruker AV-300 (300.13, 282.36 ftt, °F
correspondingly), Bruker AV-400 (400.13 ft), Bruker DRX-
500 and Bruker Avance Il 500 (500.13, 125.76, 4Z(fdr n,
¥, and™F, respectively). Chemical shiftg)(of 'H and™°C are
given in ppm relative to TMS using the solvent silgnas the

internal standardd = 2.05 ppm3C = 29.8 and 206.3 ppm for

acetone-gl 6H = 2.50 ppmpC = 39.5 ppm for DMSO«léH =

7.26 ppm,d3C = 77.2 ppm for CDG), the internal standard for
F spectra was ¢E; (5 = —162.9 ppm). Melting points were

determined with a Mettler Toledo FP900 Termosystiafrared
(IR) spectra were recorded by means of a Vector-82ument

4.3. 9ynthesis

Starting materials: known compounds,(1b, 1c,and1d) and
new ones1e 1f, and1g) were obtained as described previolisly
(see Supporting Information for details). Aminocqulines 2-19
(except6) were isolated by TLC on plates with the fixed lagér
the sorbent (silica gel LSks 5/40 um with addition of 13 wt%
plaster) with visual control during irradiation dfet dried plate
with UV light. Separated fractions were eluted from soebent
by means of acetone.

4.4, Preparation of N-(polyfluorophenyl)cinnamamides (general
procedure).

To a mixture of fluoroaniline and KO, in acetone—water
cooled in an ice bath, cinnamoyl chloride was adiotedmall
portions. The mixture was stirred at © for 2 h and held at
20 °C for 1 h. The precipitated material was filtered, efashed
with water and dried.

4.4.1. 2,4-Difluoroanilide of cinnamic acid (1fa). A mixture of
(o) o 11 2,4-difluoroaniline (5.00 g, 38.76 mmol),
HN7 81012 cinnamoyl chloride (6.50 g, 39.02 mmol),
6 N2F 1 13 K:CO; (8.08 g, 58.47 mmol) in acetone—
5 3 14 water (50.0 mL) gavéfa (9.45 g, 94%).
A White solid, mp: 140-141 °C, spectrdi NMR
F coincides witff% *C NMR (126 MHz, DMSO-g): &
104.1 (dd, 1CJ=24.0, 26.8 Hz, C-3), 111.1 (dd, 1&;3.5, 21.8
Hz, C-5), 121.7 (s, 1C, C-8), 123.0 (dd, 1€3.7, 11.7 Hz, C-1),
125.1 (dd, 1CJ=2.3, 9.0 Hz, C-6), 127.8 (s, 2C, C-11, C-15),
129.0 (s, 2C, C-12, C-14), 129.9 (s, 1C, C-13),.134, 1C, C-
10), 140.8 (s, 1C, C-9), 153.7 (dd, 1&12.3, 248.0 Hz, C-4),
158.4 (dd, 1CJ=11.0, 243.7 Hz, C-2), 164.0 (s, 1C, C-7F
NMR (282 MHz, CDCJ): 5 35.25 (bs, 1F, F-2), 46.74 (bs, 1F, F-
4).
4.4.2. 4-Chloro-3,5-difluoroanilide of cinnamic acid (1ga). A

mixture of 4-chloro-3,5-difluoroaniline (1.65 g,
10.09 mmol), cinnamoyl chloride (1.70 g,

0
A2 1o b
HNﬂ\/j@ 10.20 mmol), KCO, (2.10 g, 15.20
6 2 1 7 13 mmol) in acetone—water (40.0 ml) gave
5 3F lga (2.51 g, 85%). White solid,after
crystallization from aqueous EtOH, mp: 184-185 °C;
[Found: C, 61.31; H, 3.53; Cl, 12.00; F, 13.13; N\§74.

for samples pelleted with KBr (0.25%). UV spectra Werec, H,,CIF,NO requires C, 61.34; H, 3.43; Cl, 12.07; F, 12.94; N,
recorded on a Cary 5000 instrument with EtOH. GC-MSyaisa 4.77]; IR (KBr)v 3262 (NH), 1663 (C=0), 1624 (NH) cmuV
was performed on a Hewlett-Packard G1081A instrumen{eioH) /. nm (Ige): 221 (4.19), 302 (4.53fH NMR (300 MHz,
consisting of an HP-5890 Series Il gas chromatogramth an  acetone-g): § 6.78 (d, 1HJu=15.6 Hz, H-8), 7.39-7.47 (m, 3H,
HP-5971 mass-selective detector (IE, 70 eV) with an5 HP H-12, H-13, H-14), 7.59-7.68 (m, 4H, H-2, H-6, H-11;15),
capillary column. The precise molecular weights @fsi were 7 72 (d, 1H,J,,=15.6 Hz, H-9), 9.86 (bs, 1H, NH}’C NMR
determined by high-resolution mass spectrometryaofhermo (126 MHz, DMSO-g): § 101.6 (t, 1C,J=21.6 Hz,C-4), 103.0
Scientific DFS instrument, at ionizing energy of #V. (dd, 2C,J=1.9, 26.5 Hz, C-2, C-6), 121.2 (bs, 1C, C-8), 18,9
Elemental analysis was carried out using a Euro E030, H, ¢ c-11, C-15), 129.0 (s, 2C, C-12, C-14), 138,11C,C-13),
N-analyzer. Analysis of Cl was carried out by the menoetric 134 3 (s, 1C£-10), 139.5 (t, 1CJ=13.1 Hz,C-1), 141.5 (s, 1C,
titration method, and analysis of F was carried oyt a  c.9) 157.9 (dd, 2CJ=5.5, 244.9 Hz, C-3, C-5), 164.1 (s, 1C, C-
spectrophotometric method. 7). F NMR (282 MHz, acetone}i 49.73-49.83 (m, 2F, F-3, F-
4.2. Computational section 5); HRMS (El): M, found 293.0416. GHCIF,NO requires
293.0414.

All the calculations were performed with the GAMESS
packagd® The geometry of systems was optimized by the DFT™
computational method using the global hybrid fumudls ) 9 11
B3LYP and CamB3LYP with the 6-31+G(d) basis set. TheyN" IO\ 12
nature of each stationary point as a true minimura first-order N,
transition state was confirmed by calculating harimon s 3 14
frequencies. The effect of the solvent was takepn mtcount 4
using the conductor polarizable continuum mod&CM) with
parameters of the water, and parameters were takem te
literature on liquid ammonid:*®

4.3. 3,4-Difluoroanilide of cinnamic acid (1ea). A mixture of
3,4-difluoroaniline (5.79 g, 44.85 mmol),
cinnamoyl chloride (7.43 g, 44.60 mmol),
K,COs; (9.31 g, 67.37 mmol) in acetone—
water (50.0 mL) gavdea (10.37 g, 89%).
White solid; mp: 147-148 °C; [Found: C, 69.64;
H, 4.22; F, 14.62; N, 5.39..6H,,FNO requires C,
69.49; H, 4.28; F, 14.66; N, 5.40R (KBr) v 3391 (NH),
3304 (NH), 1668 (C=0), 1624 (NH) cmUV (EtOH) 1 nm (Ig



£): 221 (4.21), 296 (4.48)H NMR (400 MHz, acetonegt &
6.80 (d, 1H,J4=15.7 Hz, H-8), 7.27 (td, 1H},;==J=9.0 Hz,
Jue=10.4 Hz, H-5); 7.37-7.46 (m, 4H, H-11, H-12, H-14]H),
7.60-7.64 (m, 2H, H-6, H-13), 7.70 (d, 1B};,=15.7 Hz, H-9);
8.00 (ddd, 1H,J=2.5,3,=7.5, 13.2 Hz, H-2); 9.62 (bs, 1H, NH);
¥%C NMR (126 MHz, acetonegd & 109.4 (d, 1CJ=22.3 Hz,C-
2), 116.2 (dd, 1CJ=3.4, 5.8 Hz, C-6), 118.1 (dd, 1G51.1, 18.1
Hz, C-5), 122.3 (s, 1C, C-8), 128.7 (s, 2C, C-11,53-129.8 (s,
2C, C-12, C-14), 130.7 (s, 1G-13), 135.8 (s, 103-10), 137.4
(dd, 1C,J=3.0, 9.2 Hz, C-1), 142.3 (s, 1C, C-9), 146.9 (dd, 1
J=12.9, 242.0 Hz, C-4), 150.6 (dd, 16513.3, 243.5 Hz, C-3),
164.6 (s, 1C, C-7)F NMR (282 MHz, acetone} 18.50 (dddd,
1F, J=4.0 Hz,J=7.5, 10.4 HzJ:= 21.8 Hz, F-4), 26.06 (ddd,
1F, J4=9.0, 13.2 HzJ=21.8 Hz, F-3); HRMS (El): M found
259.0799. @H,,FNO requires 259.0803.

4.5. Preparation of quinolin-2-ones (general procedure).

A mixture of fluoroanilide of cinnamic acid and AlCWas

stirred at 110-120C for 2 h and after cooling ice water was

added to the mixture. The precipitated material fileered off,
washed with water and dried.

4.5.1. 6,7-Difluoroquinolin-2-one (1eb). A mixture of lea(2.49 g,
9.60 mmol) and AIGI (3.90 g, 29.24 mmol) gavieb and 5,6-
difluoroquinolin-2-one in ratio 10:1, 1.38 g, théeld of mixture
79%. After sublimation and crystallization from EtOHeb,
white solid; mp: 295 °C followed by decompositiofplind: C,
59.76; H, 2.90; F, 20.70; N, 8.07H;F,NO requires C, 59.76;
H, 2.78; F, 20. 98; N, 7.73]; UV (EtOH)nm (Ige): 209 (4.66),
268 (3.53), 291 (3.41), 297 (3.47), 304 (3.67), 33®3), 317
(3.82);"H NMR (300 MHz, DMSO-g): 6.53 (d, 1H, };=9.6 Hz,
H-3), 7.23 (dd, 1H,}=7.1, 11.6 Hz, H-5), 7.80 (dd, 1H38.7,
10.9 Hz, H-8), 7.86 (d, 1H,,d=9.6 Hz, H-4), 11.85 (bs, 1H,
NH); *C NMR (126 MHz, DMSO-g): & 103.4 (d, 1C, J=21.2
Hz, C-8), 115.5 (dd, 1C, J=1.4, 18.3 Hz, C-5), 118, J=2.4,
7.4 Hz, 1C, C-3), 122.4 (d, 1C, J=2.6 Hz, C-9), 13@l11C,
J=10.1 Hz, C-10), 139.2 (bs, 1C, C-4), 145.0 (dd, 1€14.0,
240.8 Hz, C-6), 150.9 (dd, 1C, J=14.8, 249.6 Hz, Ct8).7 (bs,
1C, C-2);"F NMR (282 MHz, DMSO-¢): § 16.91 (ddd, 1F,
Je=7.1, 10.9 Hz, g=23.1 Hz, F-7), 29.19 (ddd, 1F,~38.7,
11.6 Hz, 3=23.1 Hz, F-6).

4.5.2. 6,8-Difluoroquinolin-2-one (1fb). A mixture of 1fa (4.04 g,
15.58 mmol) and AIGI (6.60 g, 49.50 mmol) gavéfb (2.31 g,
82%). After sublimation white solid; mp: 265 °C foNed by
decomposition; [Found: C, 59.46; H, 2.79; F, 20.86;7.70.

J=20.2, 22.6 Hz, C-6), 106.2 (dd, 1C, J=2.3, 18.5@48), 122.7
(bs, 1C, C-3), 131.7 (dd, 1C, J=1.7 Hz, J=3.2 Hz,)C138.8
(dd, 1C, J=7.8, 13.7 Hz, C-10), 154.5 (dd, 1C, J=852.7 Hz,
C-5), 158.1 (dd, 1C, J=4.8, 249.2 Hz, C-7), 161,51(3, C-2);
F NMR (282 MHz, DMSO-g): & 42.82 (dd, 1F, #=1.7 Hz,
Jr=3.9 Hz, F-5), 51.73 (dd, 1F33.9 Hz, 3=10.1 Hz, F-7);
HRMS (El): M, found 214.9946. ,CIF,NO requires
214.9944.

4.6. Preparation of 2-chloroquinolines (general procedure).

A mixture of quinolin-2-one and R, was stirred at 95-10@°
for 2 h and then cooled. Ice was added to the nextlihe
precipitated material was filtered off, washed with evaand
dried.

4.6.1. 2-Chloro-6,7-difluoroguinoline (1€). A mixture of 1eband
5,6-difluoroquinolin-2-one in ratio 10:1 (2.42 ¢g3.36 mmol) and
POCEL (6.23 g, 40.64 mmol) gavele and 2-chloro-5,6-
difluoroquinoline in ratio 10:1 (2.28 g, 85%). Aftecolumn
chromatographyle (1.96 g, 73%). White solid; mp: 115 °C;
[Found: C, 53.97; H, 1.97; Cl, 17.65; F, 19.06; N9%%6.
CoH,CIF,N requires C, 54.16; H, 2.02; CI, 17.76; F, 19.04; N,
7.02]; UV (EtOH)A nm (Ige): 209 (4.66), 268 (3.53), 291 (3.41),
297 (3.47), 304 (3.67), 310 (3.63), 317 (3.8; NMR (500
MHz, acetone-g): 7.54 (d, 1H, }=8.7 Hz, H-3), 7.81 (dd, 1H,
Je=7.7, 11.4 Hz, H-5), 7.94 (dd, 1H,:38.7, 10.7 Hz, H-8),
8.38 (d, 1H, J4=8.7 Hz, H-4);"*C NMR (126 MHz, acetoneg}i

8 114.7 (d, 1C, J=18.4 Hz, C-5), 115.7 (d, 1C, J=Hz2C-8),
123.6 (s, 1C, C-3), 125.2 (dd, 1C, J=1.5, 8.6 H8),t39.9 (bd,
1C, J=4.4 Hz, C-4), 145.9 (dd, 1C, J=1.3, 11.2 HA0%-150.9
(dd, 1C, J=15.7, 250.7 Hz, C-6), 151.9 (d, 1C, J#2z8 C-2),
153.6 (dd, 1C, J=16.1, 253.7 Hz, C-7F NMR (471 MHz,
acetone-g): 6 27.53 (ddd, 1F,3=7.7, 10.7 Hz, s#=20.6 Hz, F-
7), 32.20 (ddd, 1F,,4=8.7, 11.4 Hz, =20.6 Hz, F-6); HRMS
(EN: M*, found 198.9998. &i,CIF,N requires 198.9995.

4.6.2. 2-Chloro-6,8-difluoroquinoline (1f). A mixture of 1fb (2.35 g,
12.98 mmol) and POgI6.00 g, 39.14 mmol) gavéf (2.32 g,
90%). After sublimation, white solid; mp: 111 °C;ojind: C,
54.00; H, 2.39; CI, 17.89; F, 19.06; N, 7.18HECIF,N requires
C, 54.16; H, 2.02; CI, 17.76; F, 19.04; N, 7.02]; UNQH) . nm
(lg €): 201 (4.63), 203 (4.62), 235 (4.61), 275 (3.31)) (3.10),
324 (3.11);'H NMR (300 MHz, acetonegt 7.57 (ddd, 1H,
Ju=2.7 Hz,3,+=9.0, 10.4 Hz, H-7), 7.62 (ddd, 18,~=1.5,9.0
Hz, Juw=2.7 Hz, H-5), 7.66 (bd, 1H},,=8.7, H-3), 8.41 (dd, 1H,
Jue=1.5, J4,=8.7 Hz, H-4);"*C NMR (126 MHz, acetoneg)l &

CyHsFNO requires C, 59.68; H, 2.78; F, 20.98; N, 7.73]; IR107.1 (dd, 1CJ=22.5, 30.0 Hz, C-7), 108.2 (dd, 1G=5.0, 22.4

(KBr) v 3018 (NH), 1668 (C=0), 1647 (NH) ¢nUV (EtOH) A
nm (Ig €): 207 (4.34), 224 (4.46), 245 (4.02), 267(3.93J6 2
(3.81), 335 (3.63)'H NMR (500 MHz, DMSO-¢): 5 6.64 (d,
1H, 1,+=9.6 Hz, H-3), 7.43 (ddd, 1H, J=1.3, 8.8 Hz,<2.6 Hz,
H-5), 7.45 (ddd, 1H,4=2.6 Hz, J=9.0, 11.2 Hz, H-7), 7.91 (dd,
1H, J=1.3 Hz, J,=9.6 Hz, H-4), 11.88 (bs, 1H, NH}’C NMR

(126 MHz, DMSO-g): § 105.5 (dd, 1C, J=21.8, 28.7 Hz, C-7),

108.9 (dd, 1C, J=3.9, 22.7 Hz, C-5), 121.0 (dd, J€4.6, 10.6
Hz, C-9), 124.7 (bs, 1C, C-3), 124.8 (dd, 1C, J=1168 Hz, C-
10), 139.3 (dd, 1C, J=2.4, 3.6 Hz, C-4), 148.7 (td, J=13.0,
249.3 Hz, C-8), 155.9 (dd, 1C, J=11.0, 239.8 Hz, (61.5 (bs,
1C, C-2);F NMR (470 MHz, DMSO-g): 5 35.98 (bd, 1F,
J=10.6 Hz, F-8), 43.47 (dt, 1F, J=2.6 Hz, 2J=8.9 H&);FHRMS
(El): M, found 181.0333. &isF,NO requires 181.0334.

4.5.3 6-Chloro-5,7-difluoroquinolin-2-one (1gb). A mixture of
1ga(2.50 g, 8.51 mmol) and Alg(3.42 g, 25.65 mmol) gavigb
(1.43 g, 78%). Dark-red solid, 293°C
decomposition;H NMR (400 MHz, DMSO-g): 6.58 (d, 1H,
J=9.8 Hz, H-3), 7.08 (dd, 1H,1.7, 10.1 Hz, H-8), 7.95 (d,
1H, 1,,=9.8 Hz, H-4), 12.15 (bs, 1H, NH)’*C NMR (75 MHz,

Hz, C-5), 125.4 (s, 1C, C-3), 129.5 (dd, 7€2.6, 11.8 Hz, C-9),
135.9 (bd, 1CJ=12.3 Hz, C-10), 139.9 (dd, 1053.6, 4.9 Hz,
C-4), 151.1 (d, 1CJ=2.4 Hz, C-2), 158.4 (dd, 10=13.6, 260.0
Hz, C-8), 160.5 (dd, 1Gl=11.5, 247.9 Hz, C-6)F NMR (282
MHz, acetone-g): & 43.44 (ddt, 1F, 2,=1.5 Hz, J-=7.5 Hz,
Jue=10.4 Hz, F-8), 53.52 (tdd, 1FJ=0.7 Hz, J-=7.5 Hz,
234+=9.0 Hz, F-6); HRMS (EI): M found 198.9990. ¢i,CIF,N
requires 198.9995.

4.6.3. 2,6-Dichloro-5,7-difluoroquinoline (1g). A mixture of 1gb
(1.38 g, 6.40 mmol)) and POLR2.95 g, , 19.24 mmol) gavig
(1.30 g, 86%). White solid, mp: 139-141 °C followdx
decomposition; [Found: C, 45.82; H, 1.21; F, 16.04;6.21.
CoHCl,FN requires C, 46.19; H, 1.29; F, 16.24; N, 5.99);
NMR (400 MHz, acetonegt 7.68 (dd, 1H, J=0.5 Hz,,J=8.8
Hz, H-3), 7.72 (ddd, 1H,.4=0.7 Hz, };=2.1, 10.0 Hz, H-8),
8.53 (dd, 1H, 4=0.6, 8.8 Hz, H-4);"*C NMR (126 MHz,

followed by acetone-g): § 109.3 (dd, 1C, J=20.1, 24.2 Hz, C-6), 110.5 (dd,

1C, J=4.7, 21.9 Hz, C-8), 116.1 (dd, 1C, J=1.9, Hz2 C-9),
124.0 (t, 1C, J=2.7 Hz, C-3), 133.2 (dd, 1C, J=3.2,Hz, C-4),
147.0 (dd, 1C, J=4.3, 14.1 Hz, C-10), 154.1 (bd, 0,5 Hz, C-

DMSO-dy): 8 98.7 (dd, 1C, J=3.8, 25.3 Hz, C-8), 101.1 (dd, 1C), 155.3 (dd, 1C, J=5.4, 257.8 Hz, C-5), 159.6 (dd, J=4.3,
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251.8 Hz, C-7)}°F NMR (282 MHz, acetonegli 5 44.18 (dd,
1F, 3e=2.1 Hz, 3=3.6 Hz, F-5), 52.72 (dd, 1F+33.6 Hz,
J4==10.0 Hz, F-7); HRMS (EI): M found 232.9602. &i,CI,F,N
requires 232.9605.

4.7. Reactions of polyfluorinated 2-chloroquinolines with liquid
NH; (general procedure).

Quinolines were placed into a steel autoclave eqdippith
two inlet/outlet valves. Then, 10 g of anhydrousuiiy NH;
(without additional purification) was added into #ngtoclave via
self-flow through a measuring funnel with back presstooled
to —33.8 °C and the autoclave was sealed. The reactigtune
was heated up to the given temperature upon stibyngptation
of the autoclave and kept under these conditionthfonecessary
period. On completion, the autoclave was cooled,; N¥s
slowly vented through an outlet valve, and the potgluvere

2H, NH,), 7.37 (dd, 1HJ=0.6 Hz,J,4+=8.7 Hz, H-3), 8.35 (dd,
1H, Jy=1.5 Hz,J44=8.7 Hz,H-4); BC NMR (126 MHz, acetone-
dg): 8 109.6 (dt, 1C, 2=1.8 Hz,J=14.4 Hz, C-9), 120.4 (bs, 1C,
C-3), 130.1-130.4 (m, 1C, C-10), 132.8-133.0 (m,, 1134),
135.0 (ddd, 1CJ=1.2, 3.1, 10.9 Hz, C-7), 140.1 (dm, 1C,
J=241.8 Hz, C-8), 140.3 (ddd, 1357.7,12.0, 243.6 Hz, C-6),
141.9 (ddd, 1CJ=4.7,15.9,252.6 Hz, C-5), 152.1 (dt,J21.0
Hz, J=2.8 Hz, 1C,C-2); "F NMR (282 MHz, acetone) 9.34
(ddd, 1F, AB,J=0.6 Hz,J=10.3, 18.2 Hz, F-6), 9.59 (dd, 1F,
AB, J=15.3, 18.2 Hz, F-5), 10.43 (ddd, 1B,=1.5 Hz,
J=10.3, 15.3 Hz, F-8); HRMS (El): M found 232.0006.
CoH,CIF;N, requires 232.0010.

4.7.2. 2-Amino-5,6,8-trifluorogquinoline (5) and 6-amino-2-
chloro-5,8-difluoroquinoline (6). The mixture oflb (100 mag,
0.46 mmol) with liquid NHwas heated for 12 h at 70 °C. The
crude product (75 mg) containifigand6 was purified by TLC

dissolved in CHCI, (50 mL), unless otherwise stated. The extract(1:5 ethylacetate-hexane).

was dried with MgSQ the solvent was filtered and evaporated,

and a solid residue was analyzed by GC-MS &id NMR
spectroscopy. Products were isolated using TLC.

4.7.1. 2-Amino-5,6,7,8-tetrafluoroquinoline (2), 6-amino-5,7,8-
trifluoroguinoline (3) and 7-amino-5,6,8-trifluoroquinoline (4).
The mixture ofla (167 mg, 0.71 mmol) with liquid Nfwas
heated for 9 h at 70 °C. The solid residue was etedawith
acetone (50 mL). The extract was evaporated, qoooiguct (144
mg) containing?, 3 and4 was purified by TLC (CELCl,).

2: White solid (7 mg, 5%)R; 0.14; mp: 234236°C; [Found:
C, 50.15; H, 1.94; N, 12.90.48,F,N, requires C, 50.01; H, 1.87;
N, 12.96]; IR (KBr)v 3507 (NH), 3325 (NH), 1661 (NH) cfn
UV (EtOH) 2 nm (Ig€) 239 (4.43), 249 (4.36), 338 (3.54NH
NMR (500 MHz, acetoneg)t 5 6.46 (bs, 2H, Nk), 7.04 (bd, 1H,
‘]HH:9'2 HZ, H'3), 8.08 (dd, lH]HF:]..S HZ,JHH:9.2 HZ,H'4);
C NMR (126 MHz, acetonegd & 110.4 (dm, 1CJ=14.4 Hz,
C-9), 114.8 (bs, 1C, C-3), 130.1-130.3 (m, 1C, C18p.5-135.7
(m, 1C, C-10); 135.4 (dtd, 1071.8, 244.2 Hz, 2=15.1 Hz, C-

6), 141.6 (dddd, 1CJ=1.9, 4.6, 10.1, 250.0 Hz, C-8), 141.9 (dtd,

1C, J=4.8, 248.4 Hz, 2=14.6 Hz, C-7), 142.6 (ddt, 1CJ)24.6
Hz, J=10.6, 249.6 Hz, C-5), 160.1 (bs, 1C, C-ZF NMR (282
MHz, acetone)d -5.58 (dddd, 1FJ=0.9 Hz,J-=2.7, 19.6, 20.2
Hz, F-6), 4.54 (ddd, 1R=0.7 Hz,J-=17.9, 19.6 Hz, F-7), 6.68
(dddd, 1F,J4=1.5 Hz,J-=2.7, 14.0 Hz, 17.9 Hz, F-8), 10.35
(dd, 1F, J-=14.0, 20.2 Hz, F-5); HRMS (El): M found
216.0304. GH4F4N, requires 216.0305.

3: White solid (8 mg, 5%)R; 0.75; mp: 171 °C followed by
decomposition; IR (KBry 3499 (NH), 3395 (NH), 3200 (NH),
1666 (NH) crif; UV (EtOH) 4 nm (Ige): 213 (4.40), 258 (4.61),
289 (3.62), 354 (3.68)H NMR (500 MHz, acetonegt 5 5.58
(bs, 2H, NH), 7.50 (d, 1H,J44=8.8 Hz, H-3), 8.27 (dd, 1H,
Ju=1.4 Hz,J,,=8.8 Hz,H-4); *C NMR (126 MHz, acetonegli
8 115.7 (ddd, 1CJ=1.2, 1.7, 15.5 Hz, C-9), 123.8 (td, 1&1.2
Hz, 2J=2.7 Hz, C-3), 126.6 (t, 10J~16.2 Hz,C-6), 129.7-129.9
(m, 1C, C-10), 131.0 (td, 1CJ22.2 Hz,J=3.5 Hz, C-4), 139.5
(ddd, 1CJ=3.6, 7.7, 240.0 Hz, C-5), 142.3 (ddd, 1€4.6,11.1,
251.1 Hz, C-8), 143.8 (ddd, 1079.2, 13.6, 247.2 Hz, C-7),
148.7 (bs, 1C, C-2)F NMR (470 MHz, acetonegii & 6.78 (bt,
1F, J;=15.9 Hz, F-8), 12.68 (dd, 1B:=10.2, 15.2 Hz, F-7),
13.85 (dd, 1FJ=10.2, 16.7 Hz, F-5); HRMS (El): Mfound:
232.0006. GH,CIF;N, requires 232.0010.

4: White solid (107 mg, 65%)R, 0.48; mp: 168169 °C;
[Found: C, 46.20; H, 1.85; Cl, 15.04; F, 24.81; N,.9T1

CoH,CIF;N, requires C, 46.48; H, 1.73; Cl, 15.24; F, 24.50; N,

12.04]; IR (KBr) v 3501 (NH), 3395 (NH), 3196 (NH), 1666
(NH) cmi*; UV (EtOH) 2 nm (lge): 213 (4.44), 258 (4.64), 288
(3.69), 353 (3.74JH NMR (500 MHz, acetonegt 5 5.85 (bs,

5. White solid (64 mg, 70%);R; 0.32; mp: 233234 °C;
[Found: C, 54.85; H, 2.54; F, 28.75; N, 13.9¢H¢F:N, requires
C, 54.55; H, 2.54; F, 28.76; N, 14.14]; IR (KBr)3516 (NH),
3319 (NH), 3150 (NH), 1649 (NH) chnUV (EtOH) A nm (lge):
204 (4.35), 236 (4.20), 254 (4.32), 346 (3.3H; NMR (500
MHz, acetone-g: & 6.25 (bs, 2H, Nk), 7.07 (dd, 1HJ=0.7 Hz,
‘]HH:9'1 HZ, H'3), 7.38 (td, ll—uHF=7-3 HZ, ZHF=10'8 HZ,H'?),
8.11 (dd, 1HJ=1.5 Hz,J4y=9.1 Hz, H-4);"*C NMR (126 MHz,
acetone-g): 6 105.3 (bt, 1CJ=24.6 Hz, C-7), 115.2 (ddd, 1C,
J=2.2, 4.5, 14.1 Hz, C-9), 115.3 (bs, 1C, C-3), 13(80.3 (m,
1C, C-4), 135.7 (dt, 1C,J21.9 Hz,J=12.8 Hz, C-10), 141.7
(ddd, 1C,J=4.8, 12.9, 247.3 Hz, C-5), 142.8 (ddd, 1=211.4,
13.3,240.7 Hz, C-6), 152.5 (ddd, 1053.4, 10.0 Hz, 250.8 Hz,
C-8), 159.1 (dd, 1CJ=0.9, 1.6 Hz, C-2)"F NMR (470 MHz,
acetone-g): 4 8.59 (ddd, 1FJ,=7.3 Hz,J-=18.0, 20.2 Hz, F-5),
16.79 (dd, 1FJy=10.8 Hz,J=20.2 Hz, F-6), 34.31 (dd, 1F,
Jue=10.8 Hz, J=18.0 Hz, F-8); HRMS (El): N found
198.0400. GHsF:N, requires 198.0399.

Compounds was not isolated; its NMR spectra were recorded
in a mixture of productsH NMR (300 MHz, CDCJ): & 5.49 (bs,
2H, NH,), 7.26 (dd, 1H,J4=7.6, 11.9 Hz, H-7), 7.50 (d, 1H,
Jun=8.9 Hz, H-3), 8.25 (ddd, 1H=0.3 Hz,J=1.7 Hz,J,,,1=8.9
Hz, H-4);"F NMR (282 MHz, CDG)): 5 9.29 (dd, 1FJ,=7.6
Hz, J-.=18.9 Hz, F-5), 32.91 (dd, 1B,~=11.9 Hz,J-~=18.9 Hz,
F-8).

4.7.3. 2-Amino-5,7,8-trifluoroquinoline (7) and 7-amino-2-
chloro-5,8-difluoroquinoline (8). The mixture oflc (100 mg,
0.46 mmol) with liquid NHwas heated for 12 h at 70 °C. The
crude product (70 mg) containingand8 was purified by TLC
(CH.CLy).

7: White solid (50 mg, 55%);R; 0.32; mp: 230-232 °C.
Spectra'H, *F NMR coincide with literature dafa.IR (KBr) v
3505 (NH), 3323 (NH), 3150 (NH), 1651 (NH) ¢V (EtOH)

4 nm (Ige): 201 (4.39), 245 (4.56), 331 (3.54C NMR (126

MHz, acetone-g: 4 97.3 (ddd, 1CJ=0.8,24.7, 26.7 Hz, C-6),
111.3 (dt, 1C2J=2.0 Hz,J=17.5 Hz, C-9), 113.6 (bt, 10:=3.0
Hz, C-3), 130.74 (td, 1C,J22.1 Hz,J=4.5 Hz,C-4), 140.3 (td,
1C, 2J=5.3 Hz,J=9.4 Hz, C-10), 141.0 (ddd, 10:5.3, 12.2,
245.7 Hz, C-8), 150.0 (ddd, 10s12.3, 15.1, 245.1 Hz, C-7),
154.5 (ddd, 1CJ=3.9,13.8,249.8 Hz, C-5), 160.6 (d, 1371.0
Hz, C-2); HRMS (El): M, found 198.0401, &isF:N, requires
198.0399.

8: White solid (11 mg, 11%)R; 0.59; [Found: C, 50.14; H,
2.31. GHsCIF,N, requires C, 50.37; H, 2.35]; IR (KBr) 3501
(NH), 3366 (NH), 3209 (NH), 1657 (NH) ¢m*H NMR (400
MHz, acetone-g): 6 5.74 (bs, 2H, Nk), 7.06 (dd, 1HJ,=6.4,



11.4 Hz, H-6), 7.26 (d, 1HJ},,=8.7 Hz, H-3), 8.25 (dd, 1H,
Jur=1.7 Hz,344=8.7 Hz, H-4)F NMR (282 MHz, acetoneg}

6 5.74 (ddd, 1FJy=1.7, 6.4 HzJee =17.9 Hz, F-8), 36.86 (dd,
1F, J4=11.4 Hz,J-=17.9 Hz, F-5).

4.7.4. 2-Amino-6,7-difluoroquinoline (9), 6-amino-2-chloro-7-
fluoroginoline (10), 7-amino-2-chloro-6-fluoroquinoline (11).
The mixture ofle (270mg, 1.35 mmol) with liquid NHwas
heated for 24 h at 90 °C. The crude product — yelpmwder
(258 mg) containin@, 10, and11 was purified by TLC (CECl,).

9: White solid (34 mg, 14%);R; 0.11; mp: 153155 °C:'H
NMR (400 MHz, acetonegt & 6.08 (bs, 2H, Nb), 6.87 (d, 1H,
Ju=9.0 Hz, H-3), 7.32 (dd, 1H=7.8, 12.6 Hz, H-5), 7.57 (dd,
1H, J4=9.0, 11.1 Hz, H-8), 7.91 (d, 1H,,;=9.0 Hz, H-4);"F
NMR (282 MHz, acetonegt 5 17.99 (ddd, 1R],+=7.8, 11.1 Hz,
Jee=21.4 Hz, F-7), 27.72 (ddd, 18=9.0, 12.6 HzJ=21.4 Hz,
F-6).

10: White solid (10 mg, 4%);R; 0.65; mp: 134136 °C;'H
NMR (400 MHz, acetonegt & 5.39 (bs, 2H, Nb), 7.18 (d, 1H,
Jue=9.6 Hz, H-5), 7.31 (dd, 1H=0.5,J,4,,=8.6 Hz, H-3), 7.49 (d,
1H, J4=12.3 Hz, H-8), 8.06 (bd, 1HJ,,=8.6 Hz, H-4);:°C
NMR (126 MHz, acetonegt 6 109.2 (d, 1CJ=5.3 Hz, C-5),
112.6 (d, 1CJ=19.0 Hz, C-8), 122.3 (d, 1d=2.4 Hz, C-3),
126.7 (d, 1CJ=1.0 Hz, C-9), 137.6 (d, 1050.6 Hz, C-4), 138.7
(d, 1C,J=15.0 Hz, C-6), 142.8 (d, 1Q=12.4 Hz, C-10), 147.4
(s, 1C, C-2), 155.9 (d, 1G}=248.6 Hz, C-7);F NMR (282
MHz, acetone-g): 6 37.43 (dd, 1F,Jy=9.6, 12.3 Hz, F-7);
HRMS (El): M, found 196.0200, §:CIFN, requires 196.0198.

11 White solid (172 mg, 65%)R; 0.43; mp: 184185 °C;
[Found: C, 54.87; H, 3.22; Cl, 18.03; F, 9.96; N, 2B4.

F-5), 53.27 (ddd, 1R=7.3 Hz,J4+=9.4, 11.0 Hz, F-7); HRMS
(EN: M*, found 180.0492. §1;F.N, requires 180.0494.

13 White solid (11 mg, 11%);R; 0.63; mp: 136138 °C;
[Found: C, 54.99; H, 3.29; N, 14.07 HzCIFN, requires C,
54.98; H, 3.08; N, 14.25]; UV (EtOH) nm (Ig g): 219 (4.21),
261 (4.46), 359 (3.52) nniH NMR (400 MHz, acetonegt &
6.04 (bs, 2H, NK), 6.65 (dd, 1HJ,=2.5 Hz,J4=11.4 Hz, H-6),
6.83 (ddd, 1HJ,4=0.7,2.5 Hz,J,4+=10.3 Hz, H-8), 7.32 (dd, 1H,
J=0.6 Hz,J,;=8.8 Hz, H-3), 8.52 (dd, 1H},4,=0.7, 8.8 Hz, H-4);
*C NMR (126 MHz, acetonegi & 98.6 (d, 1C,J=28.3 Hz, C-6),
100.9 (d, 1CJ=22.3 Hz, C-8), 114.9 (d, 1G=3.0 Hz, C-9),
119.7 (d, 1CJ=2.3 Hz, C-3), 135.0 (s, 1C, C-4), 148.6 (d, 1C,
J=14.5 Hz, C-5), 151.2 (d, 1Qz15.9 Hz,C-10), 152.2 (s, 1C,
C-2), 166.1 (d, 1CJ=244.5 Hz, C-7):"F NMR (282 MHz,
acetone)d 55.58 (dd, 1FJ,=10.3, 11.4 Hz, F-7); HRMS (EI):
M”, found 196.0197. #1;CIFN, requires 196.0198.

14: White solid (3 mg, 3%)R; 0.32; UV (EtOH)A nm (Ige):
216 (4.28), 258 (4.33), 289 (3.62), 295 (3.63), 38&0); 'H
NMR (400 MHz, aceton+): 8 5.76 (bs, 2H, Nk), 6.84 (d, 1H,
‘]HH:2'0 HZ, H'8), 6.87 (dd, 1I_uHH:2'0 HZ,JHF=12.O HZ, H'8),
7.14 (d, 1HJ,4,=8.6 Hz, H-3), 8.17 (d, 1HL=8.6 Hz, H-4);"°*F
NMR (282 MHz, acetone)s 40.55 (d, 1FJ,=12.0 Hz, F-5);
HRMS (El): M", found 196.0194. &1,CIFN, requires 196.0198.

4.7.6. 2-Amino-6-chloro-5,7-fluorioquinoline (15), 5-amino-2,6-
dichloro-7-fluoroquinoline (16) and 7-amino-2,6-dichloro-5-
fluoroquinoline (17). The mixture oflg (100 mg, 0.43 mmol)
with liquid NH; was heated for 12 h at 70 °C. The crude product
(87 mg) containing.5, 16, and17 was purified by TLC (CECl,).

15 White solid (7 mg, 8%): R 0.06; mp: 215216 °C;

CyHeCIFN, requires C, 54.98; H, 3.08; Cl, 18.03; F, 9.66; N,[Found: C, 50.19; H, 2.32; N, 12.75H;CIF,N, requires C,

14.25]; IR (KBr) v 3453 (NH), 3304 (NH), 3188 (NH), 1647
(NH) cmi*; UV (EtOH) 2 nm (lge): 214 (4.60), 248 (4.53), 278
(3.71), 351 (4.01)'H NMR (500 MHz, acetonegt & 5.56 (bs,
2H, NH,), 7.16 (dd, 1HJ=0.6 Hz,J,4,=8.5 Hz, H-3), 7.20 (bd,
1H, J+=8.6 Hz, H-8), 7.53 (d, 1H};=11.6 Hz, H-5), 8.08 (bd,
1H, J4=8.5 Hz, H-4);*C NMR (126 MHz, acetoneg}i 5 110.4-
110.5 (m, 1C, C-8), 111.5 (d, 13520.0 Hz, C-5), 119.1 (s, 1C,
C-3), 120.5 (d, 1CJ=9.5 Hz, C-9), 139.1 (d, 1055.4 Hz, C-4),

50.37; H, 2.35; N, 13.05]; IR (KBry 3491 (NH), 3323 (NH),
3146 (NH), 1663 (NH) cify UV (EtOH) 2 nm (Ige): 209 (4.37),
244 (4.62), 265 (3.95), 336 (3.71H NMR (400 MHz, acetone-
de): 8 6.37 (bs, 2H, Nb), 6.95 (dd, 1HJ=0.7 Hz,J,=9.1 Hz, H-
3), 7.17 (ddd, 1HJ=0.7 Hz,J4+=2.0, 11.0 Hz, H-8), 8.04 (d, 1H,
Ju=9.1 Hz, H-4);"*F NMR (282 MHz, acetone} 40.02 (bt, 1F,
J=2.4 Hz,F-5), 48.08 (dd, 1FJ:=2.9 Hz,Jy=11.0 Hz, F-7);
HRMS (El): M, found 214.0103. g:CIF,N, requires

142.0 (d, 1CJ=15.9 Hz, C-7), 148.0 (s, 1C, C-2), 150.4 (d, 1C,214.0104.

J=2.6 Hz, C-10), 153.1 (d, 105246.2 Hz, C-6)}°F NMR (282
MHz, acetone-g: & 32.10 (dd, 1FJ=8.6, 11.6 Hz, F-6);
HRMS (El): M", found 196.0197. &1CIFN, requires 196.0198.

4.7.5. 2-Amino-5,7-fluorioquinoline (12), 5-amino-2-chloro-7-
fluorogquinoline (13) and 7-amino-2-chloro-5-fluoroquinoline
(14). The mixture oflid (110 mg, 0.55 mmol) with liquid NH
was heated for 24 h at 70 °C. The crude product r(&f)
containingl2, 13, and14 was purified by TLC (1:3 ethylacetate-
hexane).

12: White solid (45 mg, 49%)R; 0.14; mp: 153-155 °C;
[Found: C, 60.07; H, 3.04; F, 21.07; N, 15.03H¢N, requires
C, 60.00; H, 3.36; F, 21.09; N, 15.55]; IR (KBr)3487 (NH),
3325 (NH), 3136 (NH), 1661 (NH) clm'H NMR (500 MHz,
acetone-g): 6 6.25 (bs, 2H, Nk), 6.81 (ddd, 1HJ44=2.4 Hz,
Ju=9.4, 10.3 Hz, H-6), 6.89 (d, 1H,,=9.1 Hz, H-3), 7.01
(dddd, 1H,3=0.7 Hz,J4=1.4,11.0 Hz,J,4,=2.4 Hz,H-8), 8.03
(d, 1H, J44=9.1 Hz, H-4);"*C NMR (126 MHz, acetonegl &
97.5 (dd, 1CJ=24.7, 29.3 Hz, C-6), 106.9 (dd, 1(54.2, 21.1
Hz, C-8), 110.9 (dd, 1CJ=1.9, 16.0 Hz, C-9), 112.6-112.7 (m,
1C, C-3), 130.7 (bd, 1CJ=4.5 Hz, C-4), 151.1 (dd, 1075.4,
15.0 Hz, C-10), 160.0 (dd, 1G515.7,252.8 Hz, C-5), 160.8 (s,
1C, C-2), 163.6 (dd, 10=15.2, 244.7 Hz, C-7)F NMR (282
MHz, acetone)d 42.57 (ddd, 1F)=1.4, 10.3 HzJ=7.3 Hz,

16: White solid (53 mg, 53%)R; 0.54; mp: 202204 °C;
[Found: C, 46.52; CI, 30.58; F, 8.18,HECI,FN, requires C,
46.78; Cl, 30.69; F, 8.22]; IR (KBr) 3472 (NH), 3389 (NH),
1618 (NH) cml; UV (EtOH) A nm (lge): 219 (4.34), 263 (4.60),
351 (3.55);"H NMR (400 MHz, acetoneg)t & 6.26 (bs, 2H,
NH,), 7.03 (dd, 1H,J,,=0.7 Hz, J4==10.4 Hz, H-8), 7.41 (dd,
1H, J=0.5 Hz,J4=8.9 Hz, H-3), 8.61 (dd, 1H},=0.7, 8.9 Hz,
H-4); ®*C NMR (126 MHz, acetonegdl 5 101.9 (d, 1CJ=22.5
Hz, C-8), 102.4 (d, 1CJ)=22.7 Hz, C-6), 114.8 (s, 1C, C-9),
120.8 (d, 1CJ=2.4 Hz, C-3), 135.1 (d, 10=1.7 Hz, C-4), 144.0
(d, 1C,J=4.9 Hz, C-5), 148.6 (d, 10=15.3 Hz, C-10), 152.4 (s,
1C, C-2), 160.7 (d, 1CJ=247.3 Hz, C-7)!*F NMR (282 MHz,
acetone-g: § 53.50 (d, 1FJ=10.4 Hz, F-7); HRMS (EI): M
found 229.9809. ¢HsCI,FN, requires 229.9808.

17. White solid (11 mg, 11%)R; 0.20; mp: 215 °C with
decomposition; IR (KBry 3476 (NH), 3323 (NH), 3202 (NH),
1643 (NH) cnif; UV (EtOH) 2 nm (Ige): 219 (4.27), 258 (4.39),
288 (3.49), 366 (3.56)H NMR (400 MHz, acetonegt & 6.01
(bs, 2H, NH), 7.09 (dd, 1H),44=0.7 Hz,J4=1.6 Hz, H-8), 7.23
(d, 1H, J,,=8.6 Hz, H-3), 8.23 (dd, 1H},;,=0.7, 8.6 Hz, H-4);
¥C NMR (126 MHz, acetonegd & 104.8 (d, 1CJ=3.3 Hz, C-7),
108.3 (d, 1CJ=18.6 Hz, C-9), 110.8 (d, 10=16.3 Hz, C-8),
119.1 (d, 1CJ=2.3 Hz, C-3), 132.7 (d, 1053.4 Hz, C-4), 148.3
(d, 1C,J=3.4 Hz, C-6), 148.5 (d, 10=4.4 Hz, C-10), 152.7 (s,



10 Tetrahedron
1C, C-2), 154.8 (d, 1CJ=252.6 Hz, C—5);19F NMR (282 (80 mg, 47%) and, the fraction witR 0.84 containe® (8 mg,
MHz, acetone-g): § 41.43 (bs, 1F, F-5); HRMS (EI): Mfound  5%).

229.9812. GH;CLFN, requires 229.9808. The compound21 was not isolated, its NMR spectra was
4.7.7. 2-Amino-6,8-difluoroquinoline (18), 8-amino-2-chloro-6- recorded in mixture of productSF NMR (282 MHz, acetone}
fluoroquinoline (19). The mixture oflf (135 mg, 0.68 mmol) -0.68 (dd, 1FJ-=6.0, 19.4 Hz, F-6), 6.61 (dd, 1%~=14.9, 19.4
with liquid NH; was heated for 28 h at 90 °C. The solid residueHz, F-5), 7.63 (ddd, 1B4=1.6 Hz,J-=6.0, 14.9 Hz, F-8).

was extracted with acetone (50 mL). The extract wapenated,

?rtjge(cp:':)gll:;t (117 mg) containirigh and 19 was purified by (30mL) was heated for 3 h at 100 °C. The crude mbdi34
' mg) containing2, 3, 4, and21 was purified by TLC (CKCl,).
18 White solid (24 mg, 20%)R; 0.45; mp: 197-199 °C; The fraction withR; 0.14 containe@ (32 mg, 23%), the fraction
[Found: C, 59.64; H, 3.53; F, 21.08; N, 15.53H¢FN, requires  with R; 0.48 contained (48 mg, 33%) and, the fraction wikR
C, 60.00; H, 3.36; F, 21.09; N, 15.55]; IR (KBr)3447 (NH), 0.75 containe@® (20 mg, 14%).
3306 (NH), 3163 (NH), 1657 (NH) cmUV (EtOH) 4 nm (Ige):

~ 4.8.2. 2-Amino-5,6,8-trifluoroquinoline (5) and 6-amino-2-
53346(2?)1)(555 02|(_f' ?\135)) 245’6(21'3%2'_"\"]'!'0'? S(i'(;OJMIjé,gaaeztoSe chloro-5,8-difluoroquinoline (6). The mixture oflb (100 mg,
6)- . ’ ’ ) U ’ —VY. WHH—O. ’ -

_ _ | 0.46 mmol) with aqueous NHvas heated for 7 h at 120 °C. The
3), 7-13_(ddd. 1|-UHH—2-7_HZJHF'9'O’1O'9 Hz, H-7), 7'19_(ddd’ crude product (71 mg) containiridp, 5, 6, and22 was purified
1H, J4=1.4, 9.0 Hz,344=2.7 Hz,H-5), 7.92 (dd, 1HJ4~=1.4, : : .
_ 13 by TLC (CHCI,). The fraction withR; 0.32 contained (48 mg,
Ju=8.9 Hz, H-4);°C NMR (126 MHz, acetonegl 6 104.8 (dd, 5206) Spectrum® NMR of 221 it ncid i
1C, J=23.2, 28.9 Hz, C-7), 107.4 (dd, 1E4.7, 21.5 Hz, C-5), b). Spectru OF 2 ‘Txture coincides with.

115.1 (s, 1C, C-3), 125.1 (dd, 1@=4.6, 10.7 Hz, C-9), 135.7 4.83. 2-Amino-5,7,8-trifluoroquinoline (7) and 7-amino-2-
(dd, 1C,J=1.5, 10.9 Hz, C-10), 137.2 (dd, 1&3.6, 4.6 Hz, C-  chloro-5,8-difluoroquinoline (8), 2,7-diamino-5,8-

4), 156.8 (dd, 1CJ=11.6, 240.0 Hz, C-6), 156.9 (dd, 1&12.8,  difluoroquinoline (24). The mixture ofic (97 mg, 0.45 mmol)
254.0 Hz, C-8), 158.6 (bs, 1C, C-2)F NMR (282 MHz, with aqueous Nklwas heated for 7 h at 120 °C. The crude
acetone-g): 6 39.59 (ddt, 1F, 2=1.4 Hz,Js=4.1 Hz,3,+=10.9  product (71 mg) containing, 8, 23, and24 was purified by TLC
Hz, F-8), 43.72 (td, 1R}=4.1 Hz, 34=9.0 Hz, F-6); HRMS (CH,Cl,). The fraction withR; 0.45 contained (46 mg, 52%).
(El): M*, found 180.0490. §¢F,N, requires 180.0494. Spectrum’®F NMR of 23 in mixture coincides with?

19 White solid (78 mg, 59%)R; 0.77; mp: 121 °C with The compoun@4 was not isolated, its NMR spectra recorded
decomposition; [Found: C, 54.75; H, 3.02; Cl, 17.859.87; N, in mixture of products’®*F NMR (282 MHz, acetone) 3.61
14.21. GHeCIFN, requires C, 54.98; H, 3.08; ClI, 18.03; F, 9.66; (ddd, 1F,Jy~=1.4, 6.2 Hz,J;=17.3 Hz, F-8); 33.85 (dd, 1F,
N, 14.25]; IR (KBr)v 3476 (NH), 3354 (NH), 1630 (NH) ch Ju=11.4 Hz J;e=17.3 Hz, F-8).

UV (EtOH) A nm (Igc): 260 (4.46), 349 (3.37YH NMR (500 . . N .

MHz, acetone-g): & 6.77 (dd, 1HJ=2.6 Hz,Jue=11.1 Hz, H- 4.84. 2—Am|n0—6,7-d|f|uoroqumolme (9), 6—am|no.-2-c.hloro-7-
7), 6.80 (dd, 1HJu=2.6 Hz, J4=9.5 Hz, H-5), 7.45 (d, 1H, flgoroqlnollne (10) and 7-am|no-2—ch|oroj6-fluoroqumollne (12).
J4i=8.6 Hz, H-3), 8.18 (d, 1H}=8.6 Hz, H-4):"C NMR (126 Mixture of 1e (175 mg, 0.88 momol) with aqueous BEBOmML)
MHz, acetone-g): 5 98.0 (d, 1C,J=23.6 Hz, C-5), 99.8 (d, 1, Was heated for 22 h at 120 °C. The crude producd (1)
J=29.5 Hz, C-7), 124.1 (s, 1C, C-3), 129.3 (d, 1€12.7 Hz, C- containingle 9—11,_ andl_eb was purlfle_d by TLC (1:2 CKl,-
9), 135.6 (s, 1C, C-10), 140.0 (d, 1&5.9 Hz, C-4), 147.2 (d, heane). The fraction W|tF_if 0.10 containe® (40 mg, 25%), the
1C,J=2.7 Hz, C-2), 147.8 (d, 10=14.0 Hz, C-8), 163.1 (d, 1C, fr{actlon with R 0.4_6 contained 1 (59 mg, 37%) and, the fraction
J=242.6 Hz, C-6)°F NMR (282 MHz, acetone)s 51.89 (dd, With R 0.60 contained0 (7 mg, 4%).

1F, J4=9.5, 11.1 Hz, F-6); HRMS (El): M found 196.0196. 4.85. 2-Amino-5,7-fluorioguinoline (12), 5-amino-2-chloro-7-
CoHeCIFN; requires 196.0198. fluoroquinoline (13) and 7-amino-2-chloro-5-fluoroquinoline

4.7.8. 2,8-Diamino-6-fluoroquinoline (20). The mixture of1f  (14). The mixture ofld (94 mg, 0.47 mmol) with aqueous AH

(125 mg, 0.63 mmol) with liquid NHwas heated for 24 h at Was heated for 10 h at 120 °C. The crude product n(gg
150 °C. The crude product (104 mg) contairi€d 19, and 20. containingld, 12-14 was purified by TLC (1:3 C}Cl,-hexane).

Compound20 was not isolated, its NMR spectra were recorded! N€ fraction withR 0.40 containe(:iz (32 mg, 38%), the fraction
in a mixture of products®F NMR (282 MHz, DMSO)s 42.71  With R 0.93 contained3 (3 mg, 3%).

Mixture of la (150 mg, 0.64 mmol) with aqueous NH

(bt, 1F, 2,4+=10.5 Hz, F-6). 4.8.6. 2-Amino-6,8-difluoroquinoline (18), 8-amino-2-chloro-6-
4.8. Reactions of polyfluorinated 2-chloroquinolines  with fluoroquinoline (19) and 2,8-diamino-6-fluoroquinoline (20).
aqueous NH; (general procedure). The mixture oflf (100 mg, 0.50 mmol) with aqueous Nitas

heated for 10 h at 150 °C. The crude product (63 cogtained
A mixture of quinoline and aqueous N0 mL) was kept in 1820 and1fb.
a 50 mL steel rotary autoclave. The products wetaeted from
the cooled reaction mixture with GEl, (3x25 mL). The extract
was dried with MgSQ the solvent was evaporated, a solid
residue was analyzed by GC-MS dffel NMR spectroscopy. The
reaction conditions and yields of products are shiowiable 2.

4.8.7. 2-Amino-6-chloro-5,7-fluorioquinoline (15), 5-amino-2,6-
dichloro-7-fluoroguinoline (16), 7-amino-2,6-dichloro-5-
fluoroquinoline  (17), 2,5-diamino-6-chloro-7-fluoroquinoline
(25) and 2,7-diamino-6-chloro-5-fluoroquinoline (26.) The
mixture of 1g (100 mg, 0.43 mmol) with aqueous Kkvas
4.8.1. 2-Amino-5,6,7,8-tetrafluoroquinoline (2), 6-amino-5,7,8- heated for 1 h at 160. The crude product (90 mg) contairiag
trifluoroguinoline (3) and 7-amino-5,6,8-trifluoroquinoline (4), 15-17.

2,7-diamino-5,6,8-trifluoroquinoline (21). Mixture of la (175 . .
mg, 0.74 mmol) with aqueous NH30mL) was heated for 24 h The mixture oflg (154 mg, O'GE’ mmol) with aqueous BH
at 85 °C. The crude product (163 mg) containlag?2, 3, 4 and (30 m_L) was heated for 5 h at 100 °C. The crude ymb(®1 mg)

21 was purified by TLC (CKCl,). The fraction withR; 0.21 .contalned.lg, 1517, 25, and 26. The. compoundZS was BOt

contained? (61 mg, 38%), the fraction witR, 0.64 contained isolated, its NMR spectra recorded in mixture ofduets. ~F



NMR (282 MHz, acetone)s 49.00 (d, 1FJu=11.4 Hz, F-7).

The compoun@®6 was not isolated, its NMR spectra recorded in

mixture of products®®F NMR (282 MHz, acetone}i 37.64 (bd,
1F, Jy=1.1 Hz, F-5).

X-ray structural analysis dfe 1f, 1g, 4, 5, 11, 12, 16, 18, 19

and starting materialleaandlga CCDC 1481803 and 1481804

(for 1e), 1481805 (forlf), 1481806 (forlg), 1481807 (ford),
1481809 (for5), 1481808 (forll), 1481810 (forl2), 1481811
(for 16), 1481812 (forl8), 1481813 (forl9), 1481814 (forlga)

and

1481815

(for 1eg contain the

crystallographic data for this paper. These datalm obtained
free of charge from The Cambridge Crystallograjibéta Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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