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ARTICLE INFO ABSTRACT

Article history: A two-step sequence consisting of a Sonogashira coupling of polyfluorinatetbaniline
Received with terminal alkynes, followed by a KOH promoted cyclization of thak8mylanilines thu
Received in revised form formed, has been developed as a-pio¢ synthesis of 2-R-indoles (R = n-Bu, PH,OTHP —
Accepted CH20H, C(CH;).,OH — H) containing a polyfluorinated benzene moiety.
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1. Introduction first of all because of difficulties in accessing
) ) ) polyfluoroarylamines unsubstitutextho to an amino group and

The indole nucleus is a structural component in a vast numbggcongly the difficulty of their transformation into the
of biologically active natural and synthesized compounds andqresponding polyfluoroarylhydrazines. The latter is implicitly
pharmaceuticals, and so their efficient construction represents ap,strated by the fact that 4,5,6,7-tetrafluoroindole has not been
important challenge. Considerable attention is attracted bkﬂrepared by the Fisher method to date. To synthesize this
fluorinated indoles because it is firmly established that ﬂuori”%ompound and its substituted analogues, methods involving a
substl’[utlon2 can influence the biological a_ctlvn_y of Organic n,cleophilic  heterocyclization  of  pentafiuoroanihe and
POl‘i?u'eﬁf dT'h?jreI are'thal n4urfr|1ber_ of tb'°|°9'c‘3|1|y bactlve pentafluorophenylethylamine derivativeé¥ have been developed.
unctionalized indoles with 1-4 fluorine atoms in the benzen ; . ;
ring>® In particular, the 4,5,6,7-tetrafluoroindole derivatives%ecenﬂy the problem of the inaccessibiity ofrBubsttted

- ! 19,0, ‘ ! A polyfluorinated arylamines was solved by working out methods for
exhibit cytotoxic activity, antiandrogenic, gene induction, gene ihe  selective ortho-hydrodefluorination of polyfluorinatedN-
expression, antiproliferative, antibacterial acti\?iia{ntiviral, anti acetylarylaminé§'18 and dechlorination of polyfluorochloroanilinj(?s.
HIV eff‘?CtS? ~and receptor binding propertie5.For molecular - Thanks'to this favorable prerequisite, modern methods of the indole
design |n_th|s area, it is important to note that p_olyfluorlnatlorgkaeton construction based on the 2-alkynylanilines
affords ~ increased fluorine nupleqfug_lc?ty. This opens  (ycjizationd®?* seem more promising. Polyfluorinated 2-
opportunities for nucleophilic substitution in the benzene fing, alkynylanilines — the potentially universal building blocks to
with the possibility of traditional electrophilic modifications of the jccemple a diversity of polyfluorobenzo azaheterocycles — can be
pyrrole ring being retainett*® In view of the above reasons, the casily prepared by the catalytic cross-condensation  of

development of a practical and efficient approach for thebolyﬂuorinated 2-iodanilines with terminal alkyrfas.
construction of an indole skeleton with a polyfluorinated benzene

moiety is an important problem for organic synthesis. In this paper, we describe the synthesis of indoles containing a
polyfluorinated benzene ring by a cyclization of respective 2-

The classical Fisher indole synthesis was only sporadicallyynyianilines. In addition, we trialled the possibility of a one-

applied to obtain the indoles with a substituted pyrrole mdfety,
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pot version of this reaction starting directly from

polyfluorinated  2-iodoanilines, without isolation of 2-

alkynylanilines thus formed. Table 1. Cyclization of anilinelaa

2. Results and discussion

NH. F
o ] - FA FaC
2.1.Cyclization of polyfluorinated 2-alkynylanilines _catalyst N
F F solvent F H

The cyclization of 2-alkynylanilines is known to be promoted 10:‘ ;a

H 24 25 6 H g

by copper halide& NaAuCk-H,0.”* Pd(ll) _saltsz, Lewis a_c_|d§. Enry  Catalyst Solvent Conditions— Yield
The suggested heterocyclization mechanism by transition metal mol %
compounds proceeds via thecoordination of a metalation to 1 CuCl (0.5 equiv) DMF 110°C, 3 h n. P
the triple bond, thus providing the electrophilic activation of its 2 Cul (0.5 equiv) DMF Reflux, 3 h n.r.
terminal carbon atoﬁ_ﬁ One can expect that the introduction of 3 Cul (0.5 equiv) MeCN Reflux, 3 h nr.
ﬂuorln_e atoms_ or a trlfluqr_omethyl group, as electron-wnho!rawmg 4 AgNO; (0.5 equiv) MeCN Reflux, 3 h nr.
substituents, into the aniline benzene ring decreasedoaating KC .

. . . S 2CGOs (2 equiv) MeCN Reflux, 3 h 4
function of the triple bond and makes problematic the efficiency KoCOs (2 equiv MecT Reflux 24h 15
of this type of catalysis. Besidet)e cyclization of 2-alkynyl- L0 q_ ) '
NR-anilines was reported to be promoted by bases such a KOH (5 equiv) Y, Reflux, 3h 100
EtONa (R = CQVIe),Zl BUOK R = CQPIJ),ZQ BWNF (R = 8 EuNF-H:O (2 equiv)  MeCN Reflux, 3 h 100
CO,Et, COBU, CHO, Ac, SGMe).* Hydrogen bonding with a 9 PdC} (0.2 equiv) MeCN Reflux, 3h 100
base increases the nucleophilicity of the amino group and its10 PdC1 (0.2 equiv) CICH,CH,Cl  Reflux, 3 h 100
ability to attack the terminal carbon of the triple bdhalVithin FeCh (0.2 equiv)
this mechanism, the indolization can be facilitated by electron11 KOH (5 equiv) MeCN 80°C; 3 h n.r.
withdrawing substituents on the aromatic ring, enhancing the NH12 EtNF-HO (2 equiv)  MeCN 50°C, 3 h 100
acidity of the amino group and, facilitating its deprotonatfoii. 13 PdC} (0.2 equiv) MeCN 50°C,3h n.r.

One can expect, therefore, that the fluorine atoms aRd)@EP  *Content in the product mixture (NMEF).
on the benzene ring are favourable for the base catalysis in tPimawas recovered.
reaction under study.

2,3,5-Trifluoro-6-(hex-1-yn-1-yl)-4-(trifluoromethyl)anilind4a  Table 2. Cyclization of anilindab
was used as the model substrate to select an appropriate catalyst

for the ring closure of the polyfluorinated 2-alkynylanilingés NH, _KOH NH; F F NH,
into indoles2 (Table 1). The results of Table 1 show that Cu (I) > _catalist Fl/:(& . Fscmw Fscm . F@
salts and AgN®@ (entries 1-4) had no catalytic activity and F Y F solvent g Ae PN Tor I L
3
2ab 2ac

K,CO; (entries5,6) had low catalytic activity in the 1:;3 °F s
heterocyclization of 2-alkynylanilinelaa When KOH or tac 3
Et,NF-H,0, stronger bases than®0;, (entries 7, 8) and PdClI _ _ _
(entries 9, 10), were used as the catalysts, the Completéintry Catalyst Solvent ; Condi- Content in the mixture, mol %
transformation of the aniline into the respective indtda was ons lab lac 2ab 2ac 3
observed under reflux conditions. Note also thaNEtHO PdCI MeGN Refux 100 = = - =
showed good catalytic activity under lowered temperature (entry (0.2 equiv) 3h
12), in coqtrast to the absence of catalytic activity of KOH and , EtNF-HO MeCN  Reflux — _ 100 - _
PdC} (entries 11, 13) at the same temperature. (2 equiv) 3h

The last three catalysts, which promote the cyclization of 3 'éo"' _ MeCN Eﬁﬂux - - 69 31 -
alkynylaniline laa, were used to test the possibility of the (3 equiv)
cyclization of polyfluorinated 2-(3-hydroxyalkyne-1-yl)anilines (léoeiuiv) Benzene ﬁeﬂux 0 - - - -
without protection of the hydroxy group. In this regard, the KOH - e 9 10
transformations  of  4-[2-amino-3,4,6-trifluoro-5-(trifluoromethyl)- (5 equiv) olene O_Sehux - -
phenyl]-2—n_1ethy|but-3-yn-2—o|1@1b) in the presence of the cata_ll_ysts 6 KOH DME 100°C - _ _ B 100
were studied (Table 2). PdGhas not effective for the aniline (5 equiv) 3h

lab transformation (entry 1). EF-H,O exhibited the high
catalytic activity in the transformation and allowed us to obtai
2-(2-hydroxy-2-propyl)-4,6,7-trifluoro-5-(trifluoromethyl)indole
(2ab) as the only product (entry 2). Anilidab in the presence of
KOH in MeCN medium gave, besides inddab, the 4,6,7-
trifluoro-5-(trifluoromethyl)indole 2ag unsubstituted on the pyrrole
ring (entry 2 of Table 2). The precursor2#c is, most likely, 2-
ethynyl-4-(trifluoromethyl)-trifiluoroaniline ¥ag derived from the
starting alkynylanilinelab via the retro-Favorskyeaction. The
formation of polyfluorinated 2-ethynylanilines was observed in
the reaction of the analogues of anilite in boiling benzene in
the presence of KOB.However, the transformation @b into
lacdid not proceed under similar conditions (entry 4), and a higher

r}emperature (boiling toluene) was needed to obtain the latter
(along with a small amount of the reporfe@,3,5-trifluoro-4-
(trifluoromethyl)aniline 8)) (entry 5). Apparently, aniline3
formation is a consequence b&c deprotonation, followed by
fragmentation of the arising acetylenide§—-H with the carbon
removal. The latter is believed to be facilitated by the relatively high
stability of 2-amino-3,5,6-trifluoro-4-trifluoromethylphenyl anion
((3)-H) thus formed (Scheme .
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N OH NH *o@ k® NH, & © N addition of 3 equivalents &(OH under reflux conditions for 3
2277 a0 FIJ{/ F@j/ K 1,0 Fjr\>2(// h, resulted in a one—pot synthesis of ind@lgs<c)(a—€) (Table 4).
G 0 P Lr RO PR son FUEF Taple 4.0ne—pot synthesis of indol@ga—c)(a—6
1ab (1ab}-H (1acy-H 1ac
KOH \-Cz J KOH NH, =R F X Y R
F NH, NH, F F 5a,bd.e ﬂ» X N-R a CF; F nBu a
FSCWOH F@[H H0 Fi@\@ K@ F3Cm Y Pd(PPh3),Cl, reflux, N b F F C(CH3)20H b
FYN FLF KOH o FYN X Cul, Et;N MeCN g H ¢cF H gh c
3 3
2ab 3 (3-H 2ac 4a—c gﬂoe%\f'1 h 2(a-c)(a-e) CHOTHP e
Scheme 1 Entry Substrate Alkyne Product Dfurtﬁtion Yield,
of the %
Support for this assumption comes from the following rest Seconﬁ
on the solvent influence on the reaction. The use of a bipc step,
aprotic solvent (DMF), which effectively solvates anions, instei \He J/ £
i ; - F L FaC
of toluene led to the predominant formation of anilhgentry 6 1 . . N 3 68
of Table 2).1t is noteworthy that indol@ac (entry 3 of Table 2) CF, 5a F L N
and 2-etynylanilinelac (entry 5) were formed in MeCN and 4a 2aa
toluene solvents, correspondingly, in the presence of KOH as
catalyst. This suggested that the synthesis of the indoles with o F
substituent on the pyrrole ring can be performed. ) 4a - <OH FSCWOH 2 52
Based on the above data (entries 2 and 3 of Table sb F F N
Et,NF-HO and KOH were found to be the most efficien 2ab
catalysts for thdab indolization in MeCN solvent.
. . . F
2.2.0One—pot synthesis of polyfluorinated indoles F&@ 45
The above results on the study of the indolization of anilin F L ”
laa and lab prompted us to attempt the one—pot synthesis 2ac
indoles via the sequence of catalytic cross-condensation of Il F
iodo-3,5,6-trifluoro-4-(trifluoromethyl)aniling(4a) with hex-1- 3 4a FsC A O 3 73
yne (Ga) and cyclization of anilindaa thus formed without its F N
isolation. We found out that the replacement of N&hich was FoH
previoush?’ used as the solvent, with MeCN significantly 5d 2ad
decreases the duration and lowers the temperature of
Sonogashira reaction of polyfluorinated 2-iodoanilines. Besidt //\
EuNF-H,0 or PdC} were not effective in the one—pot synthesi 4 4a 0 F O 3 76
of indole 2aa, while KOH gave fine result (Table 3). Therefore FsC P
KOH was used as the heterocyclization catalyst at the sec Se F N
stage of the synthesis of a series of polyfluorinated indoles. FoH
2ae
Table 3.0ne—pot synthesis of indoBaa N .
2
F ! F 3 85
NH; }/_/ NHy F 5 Sa b
Fj@i' 5a F ~ reagent FaC N\ F F F F N
F F Pd(PPhs),Cly, Cul, EtN  F F MeCN F N F
- Cul. R 4b
CFa MeCN, 50 °C, 1 h CFs F 2ba
4a 1aa 2aa F
Entry Catalyst Conditions Content in the F 2 17
mixture, mol % 6 4b 5b N OH
laa 2aa F L N
1 PdC} (0.2 equiv) Reflux, 3 h 100 - 2bb
2 E4NF-HO (2 equiv) Reflux, 3 h 100 - F
3 KOH (3 equiv) Reflux,3h - 100 Fm 74
4 KOH (3 equiv) B0BC, 3 h 100 - F N
F
5 KOH (3 equiv) Reflux, 1 h 40 60 2bc
F
F
o i _ | ab 5d SO P %
The interaction of anilined(a—) with alkynes5a,b,d,ein the F N
presence of Pd(PE}Cl,, Cul and NEfin MeCN medium at 50 °C FoA
2bd

for 1 h, followed by the cyclization of 2-alkynylanilindésupon
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o Presuming the conventional mechanism of the retro-Favorsky
8 b 5e F Q 3 87 reaction (Scheme 2), one can expect that the stability of the
F N incipient acetylenide anions should decrease at the reduction of
F N total electronegativity of substituents in benzene ring in the order
F H lab > 1bb > 1ch. Therefore, the retro-Favorsky reaction has to
2be slow down in the ordetac> 1bc > 1cc However, contrary to this
NHo F expectation, the yields of indol@éa—)c increased in the series
9 F I 5a F N 3 72 2ac < 2oc < Z¢, and the yields of indoleéZa—c)b decreasedFin the
NH,
T F N F Z  kon X@
4c 2ca NH, OH HCHICO F Y N
F Z KOH * i
F M 1(a—c)c 2(ac)c
10 4c 5b F N»—COH 4 8 Y X F F X Y R
N
I H 1(a-c)b _’XWOH a CFs F C(CHg)0H b
2cb v f ” : IE E H c
F 2(a—c)b
Fm 7 Scheme 2
H L H series2ab > 2bb > 2cb (entries 2, 6 and 10 of Table 4). This
2cc suggests that, at the reduction of total electronegativity of
F substituents in benzene ring in the above order, the cyclization of
F 3 85 the intermediate -2lkynylanilines 1(a—c)b into indoles?2(a-c)b
1 4c se slows down more progressively than the retro-Favorsky reaction
g H does. As a result, a longer time was necessary to complete the
2¢d transformation oflcb into the respective indolesl2 and Zc
(entry 10 of Table 4). Based on the literary dati, can be
Y assumed that, in the course of thalRynylaniline cyclization,
12 4c 5d F Q 3 75 two intermediate complexes are formed (structures A and B),
F B depending on the catalyst used. In the complex A, the triple bond,
N as an electrophilic function, is activated by isoordination
g H with a metal catiofi® In the complex B, the amino group, as a

2ce nucleophilic function, is activated by hydrogen bonding with a

base® Within these notions, the retardation of cyclization at the
) ) ] ) reduction of total electron withdrawing effect of substituents in
Attempts to increase the yields of indolg®—c)b by using  penzene ring is obviously caused by reducing both the triple bond

EuLNF-HO as the catalyst in order to cyclize alkydés—<)b in glectrophilicity and the N-H acidity.
MeCN medium, in analogy to the synthesis2ab (entry 2 of

Table 2), failed. In this case, as well as in the casiQ@if, B-—H_

indoles 2(b—)c were the main products, indol@bb and 2cb Nﬂ;\}/ R N/H\} R
having been isolated in 30% and 16% yields based on iodaniline N ® @/
4b and 4c, respectively. Besides, we attempted to selectively M

prepare indolac by cyclization of anilinelac, obtained in turn

from alkynylaniline 1ab via the retro-Favorsky reaction the B

KOH/toluene system (entry 2 of Table 5). However, probably
because of a volatility of anilindac causing itsloss upon =
evaporation of toluene, the yield of the target product was low
(14% based on anilinda), even compared with the nonselective
one—pot synthesisThus, it is more effective to obtain inddac 2.3.Hydrolysis of theCH,OTHP group located in the 2-position
as a side-product of the alkynylanilin@ab cyclization in  of indoles2(a—)e

comparison with the synthesis of inddec via a sequence of
three separate reactions.

igure

For a molecular design of indoles containing a polyfluorinated
benzene moiety, it is interesting to introduce a substituent, which
Examining the above data, one can see that the ratio of tkasily undergoes further transformations, into pyrrole ring. In this
formed alcohol®2(a—c)b and on-pyrrole-unsubstituted indo{s— connection, the indole&a—c)e containing theCH,OTHP group in
c)c changes with the benzene moiety substitution. The questiahe 2-position were hydrolyzed by HCI in MeOH (by analogy
arises, whether this change is associated with a degree of the putatiien®®) to give corresponding 2-hydroxymethylindolg@—c)f
2(a—c)b transformation ta2(a—c)c. Testing the possibility of this (Table 5).
transformation to occur, no indoBbc was observed to form by
heating alcohoRbb in MeCN for 3 h under reflux conditions in

the presence of 3-fold amount of KOH. This suggests indoles The syryctures of all herein prepared polyfluorinated indoles

2(a—c)c to be derived through the partial retro-Favorsky cleavag@ere corroborated by thefiF, 'H and’*C NMR (Tables 6, 7), high
of the intermediate anilinega—)b, followed by cyclization of 2 (acqiution mass spectrometry, and IR-spectroscopy data.
ethynylanilinesl(a—c)c thus formed (Scheme 2).

2.4.Spectral data
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Signals in the'®F NMR spectra of indole&(a—c)(a—f) were  pot version of this synthesis have been realized as a sequence of
assigned on the basis of spin coupling constants, which axoss-coupling of polyfluorinated 2-iodoanilines with terminal
typical for polyfluorinated benzen&s.The 'H and **F NMR  alkynes followed by in situ cyclization of polyfluorinated 2-
spectra of indole2bc and 2bd correspond to those reported alkynylanilines thus formed without their isolation. This allowed
previously*®*® Besides, thé®F NMR characteristics of indoles us to obtain the target indoles in good yields. The possibility has
herein synthesized were in good compliance with those dbeen shown to obtain the indoles of this type with a non-
polyfluorinated on the benzene ring benzothiopfferend  substituted pyrrole moiety in reasonable yields as by-products of
dibenzofurané! At that, the fluorine resonances showed a highthe synthesis of their 2-(CM@H)-substituted derivatives.
field shift from benzothiophens through dibenzofurans to indoles ) .
as expected relying on the increase of the heteroatdanation 4. Experimental section

along this series. 4.1.General methods

Table 5. Synthesis of indole®(a—c)f

All the cross-coupling reactions were carried out in oven-dried
glassware under an argon atmosphere. All solvents were purified

X 0 ° MeOH X i OH using standard procedures and dried before ushl, BeCN,
S— HCl m CICH,CH,CI and DMF were distilled and kept over Galbefore
Y H rt1h Y ﬁ to use. Toluene was distilled and used without drying. 2-lodo-
X Y R F 3,5,6-trifluoro-4-(trifluoromethyl)aniline 4g).? 2-lodo-3,4,5,6-
2@k  a CF F CHOTHP e 2O tetrafluoroaniline 4b),%* 2-iodo-3,4,6-trifluoroaniline4q),”* 2-(prop-2-
2 P Cheor f in-1-yloxy)oxane %€),® Pd(PPE),Cl,"® were prepared accoding to
literature procedures. CuCl was washed with 0.1% aqueous
Entry  Substrate  Product Yield, % sulfuric acid, theid,0, acetone, diethyl ether and air dried.
F KOH (=90 %, flakes) and ENF-H,O (97%) were kept over
1 2ae FaC NI 90 P,Os. Other starting materials were obtained from commercial
F H’ supplies and used without purification.
2af The TLC product isolation was carried out on Sorbfil plates
F (UV 254). Visualization of the developed chromatograms was
2 2be E OH 96 performed by UV light. Compound&(a—c)c were purified by
’:/J silica gel (100-300 mesh) column chromatography. To obtain
F H analytically pure samples, the synthesized indoles were sublimed
2bf at 100-150 °C under vacuum (~15 Torr).
3 2ce E i OH 96 NMR spectra were recorded on a Bruker Avance-300 (300.13
N MHz for *H and 282.37 MHz fof®F) and Avance-400 (400.13
H N MHz for 'H, 376.44 MHz for'*F and 100.62 MHz for’C)
F spectrometers. Deuterochloroform (CBGNhas used as solvent,
2cf with residual CHG (8 = 7.26 ppm) or CDGI(8c = 77.0 ppm)

being employed as internal standar®C NMR spectra were

13 : . . egistered with C—H spin decoupling. Masses of molecular ions
The ~C NMR signals were assigned taking into account tha\fNere determined by HRMS on a DFS Thermo scientific

the absolutelcr values change in a sequentlk ¢>> “Jc > . .
= g quentle - cF strument (El, 70 eV). Melting points were recorded on a

3 > 4 .42 H _.

f}]aC\QFmei?éF W;ge;ﬁ;?gﬁf%fﬁ%ggﬂnrgsﬁhn: nrceispé);_t]he c ﬁlelter-ToIedo FP81 Thermosystem apparatus. The IR spectra
. . : : : ere recorded on a Bruker Vector 22 spectrometer (KBr or thin

values with those observed in giejfle signals of th ayer). Elemental analyses were performedadguro EA-3000

corresponding fluorine resonances in tffe NMR spectra. The
C"*andC* signals were distinguished by the consecutile CHNS analyzer, or on Carlo Erba 1106 CHN elemental analyzer.

and C-F' spin decoupling. Indicatively, the relative location of 4.2. General procedure for synthesis 2-alkynylanilides, 1ab,
the ®C resonances of indole@b(a—f) is analogous to that 1bbandlch

reported for the parent indol€™> C* C*>C’, ¢*> C3® As _ _ N

one can see from Table 7, the 2-substituent variation does not 10 @ stirred solution of anilinéa (341 mg, 1 mmol) [oAb

appreciably influence carbon chemical shifts of the fluorinated291 mg, 1 mmol), odc (273 mg, 1 mmol)], alkyna (246 mg,
benzene ring. 3 mmol) [or5b (252 mg, 3 mmol)] in dry MeCN (7 mL) were

) s ] added Pd(PRRCl, (28 mg, 0.04 mmol), Cul (17 mg, 0.09

Comparing thé’C NMR spectra ofbc and the parent indole mmol) and E{N (1.5 mL) at room temperature under an argon
exhibits the introduction of four fluorine atoms into the benzen%tmosphere. The mixture was heated at 50 °C for 1 h with stirring.
moiety to cause about a 13-14 ppm high-field shift oftfi@nd  The reaction mixture was allowed to cool down to room
Ch Signa's. The Similal’AWaS reported earlier for 3-|’l"|ethy|-4,5,6,7te|’nperature7 and GBI, (10 m|_) was added. The mixture was
tetrafluoro-1H-indazolé’ poured into HO (20 mL) and extracted with GEl, (3 x 50 mL).
The combined organic layers were washed wit® H10 mL)
and dried (MgSQ). After evaporation of the solveinrt vacug the

H 19,

Thus, we have developed the synthesis of a wide range of tffude product was obtained (th¢ and"°F NMR spectra closely
indoles containing a polyfluorinated benzene ring. This makedgree with the literature datp and used further without
this class of previously reported (in a small part) but difficultly Purification.
attainable or unknown (mainly) compounds quite accessible f°1.3.2-Ethyny|-3,5,6-trif|uoro-4-(trif|uoromethyl)anilinelec)
regular study of their chemistry and molecular design of new
potentially biologically active compounds on this ground. A one—

3. Conclusion
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A solution of crudelab in toluene (20 mL) was heated to 70 poured into HO (20 mL), neutralized with 5% aqueousG&€ up
°C, KOH (168 mg, 3 mmol) was added, and the mixture wago pH = 7 and extracted with GBI, (3 x 50 mL). The combined
heated under reflux with stirring for 45 min. The mixture wasorganic layers were washed with@H(10 mL) and dried (MgSQ
cooled to room temperature, diluted with &4 (10 mL),

Table 6."H and™F NMR chemical shifts (ppm) and coupling constants (Hz) for inc¢hes)(a—f) (CDCL)

B X Y R
me a CF; F  nBu a
v N b F F  C(CHa)OH b
N ¢c F H H c
F Ph d
CH,OTHP e
2(a-c)(a-f) CHi OH f
Compound NH H3 F X Y F R
2aa 834  6.36(l1H,dd) —126.2 (IF, qddd) —56.0 (3F,dd)  —151.4 (IF, qdd) —164.7 (1F, ddd) 2'95:(37'4;‘12? (2H
(AH,bs) J3A4=24 Jbcrs=24.4 Jors, 4 =244 Je7 cr3= 20.7 J7A=17.9 q:YHCHzC.:H') J ’:
J3s7=3.2 AT =179 Jorai® = 20.7 J6:7=1938 JF7:6=198 73 i Z’C:Z’: ;“;C*fm
In3,cr2= 1 J4.6=54 J64=54 J73=38.2 (2H, tt, CHCHCHy),
T3 =2.4 JeracHe= 7.5;
2.75 (2H, t, CHC)
NI )
2ab 8.97 6.42 (IH, dd) —125.6 (1F, qddd) —56.0 (3F,dd)  —150.0 (1F, qdd) —164.1 (1F, ddd) 1.68 (s, 6H, Ch);
(1H, bS) JH3,|:4 = 23, Il cr3 = 245, Jeradd = 245 Je7 cra3= 20.6 J A= 18.1 1.95 (1H, S, OH)
Ji3s7=3.1 JAs7 =181, Jerae6 = 20.6 J6+7=19.8 J7:6=198
J4,:6 =5.0, J64=50 J73=381
J4n3 =23
2ac 881  6.71(lH,ddd) -124.5 (IF, qddd) —56.1(3F,dd) —149.8 (IF, qdd) —164.0 (IF, ddd) 7.27 (1H, dd, B
(1H, bS) JH3F‘4 =23 JF41CF3 =247 JCFS.F—4 =247 JFGyCF3= 20.5 JF7F4 =18.3 JH2yH3 =3.3
JH3F7 =3.2 Jr.4*:7 =18.3 JCFS.lﬁ =205 JF6F7 =195 JF7,F6 =195 ‘]H2vH1 =23
Ju342=3.3 J46=4.8 J64 =48 J73=38.2
JA4nu3=23
2ad 875  6.91(lH,dd) -124.9 (IF, qddd) -56.1 3F,dd) —149.0 (IF, qdd) —163.8 (1F, ddd) 7.37-7.52 (3H, m, Ph);
(1H, bS) JH3,|:4: 2.3 Il cr3 = 24.6 JCFS.IA =24.6 Jpe,cpgz 20.6 J A= 18.3 7.62-7.67 (2H, m, Ph)
Ju37=3.0 J4s7 =183 Jors 6 = 20.6 J6:7~20 J7:6~20
J46=5.0 J64=50 J7+3=3.0
J4n3 =23
2ae 930  6.53(lH, ddm) —-122.0 (IF, qddd) —53.0 (3F,dd) —146.8 (IF, qdd) —161.2 (1F, ddd) 1.50-1.90 (I, m,
(1H, bS) JH3,F4, =24 Jp4,c|:3 =246 Jcps,r.4 =246 JFG,CF3: 20.5 JF7,|:4 =18.2 CHzCHzCHz); 3.55—
JH3F7 =3.2 JAF7 = 18.2 JCFS.lﬁ =205 JF6F7 = 195 JF7,F6: 19.5 3.63 (lH, m,OCHz),
J46=5.0 J64 =50 J7H3=38.2 8.94-4.01 (1H, m,
J4u3=2.4 OCHy); 4.66 —4.69
(1H, m, CH); 4.80 (2H,
s, CHC)
2af 930  6.51(lH,ddm) —-125.0 (IF, qddd) —56.1 (3F,dd)  —149.4 (IF, qdd) —164.0 (IF, ddd) 2.44 (1H, bs, OH);
(1H, bS) JH3,|:4 =24 Il cr3 = 24.6 JCFS.[—‘4 =246 \]FGvCF3: 20.7 J A= 18.2 4.84 (2H, S, ClzCar)
37 =33 JAs7=18.2 Jors 6 =20.7 J6+7 =195 J7:6=195
J46=5.0 J64=50 J73=33
J4n3 =24
2ba 825  6.35(lH,dd) -152.4 (IF, ddd) —-171.7 (1F, ddd) —169.3 (IF, ddd) —163.8 (LF,dddd) 0.99 (3H,t, CH)
(IH,bs) J34=24 JA5 =204 I5:4=204  365=196 J746=199 Jun = 7.3; 1.45 Ht,
JH3F7 =33 \]F4vF7 =16.1 Jp5,p6 =19.6 JF6F7 =199 \JF7vF‘4 =16.1 CﬂzCHg) JCHZ'CHS= 73,
J46 =22 J5e7 =41 J64=22 JFrSH =41 JeHaicHz= 7.5; 1.74
JF4vH3 =24 ‘JF7VH3 =33 (2H, tt, CﬁCH2CH3)
Joracre= 1.5; 2.77 (2H,
t, CHCa) Jyi TS
2bb 876  6.37(lH,dd) -151.9 (IF,ddd) -170.9 (1F,ddd) —167.7 (IF,ddd) —163.2 (IF,ddm) 1.67 (6H,s, Ch);
(1H,bs) 33:4=]2B J4e5 =203 J5:4=203  J6:7,%65=  J7:6=197 1.96 (1H, s, OH)
37 =31 J4e7 =16.3 J5,:6 = 19.7 19.7 J74=16.3
J443=23 J5e7 = 4.0 J64=20 J75H5=40
J46 =20 J73=381



2bc

2bd

2be

2bf

2ca

2ch

2cC

2cd

2ce

2cf

8.14
(1H, bs)

8.51
(1H, bs)

8.96
(1H, bs)

8.66
(1H, bs)

8.25
(1H, bs)

8.73
(1H, bs)

8.37
(1H, bs)

8.47
(1H, bs)

8.86
(1H, bs)

8.90
(1H, bs)

6.07 (1H,
dddd), )34 =
22,37 =3.1
JH3yH2 =30
JH3,H1 =30

6.87 (1H, dd)
i34 =23
37 =3.0

6.49 (1H, dd)
I34=22
33:7=34

6.47 (1H, ddm)
33:4=20
33:7=33

6.34 (1H, dd)
J3:4=22
J3:7=33

6.40 (1H, dd)
I3 =23
33:7=32

6.67 (1H, ddd)
J34=22
J3F7 =3.2
JH3yH2 =32

6.91 (1H, dd)
J3:4=22
J3:7=31

6.51 (1H, dd)
334=23
33:7=32

6.48 (1H, dd)
J34=21
33e7=31

—148.7 (1F, dddd)
Jrhe5 = 20.2
JHheT =161
Jhe6x2

I3 =22

-151.3 (1F, dddd)
JH45 =201
J4:7 =164
JF4.6 =18
J4,3=23

—151.4 (1F, dddd)
Jeb 5= 20.2
JHheT = 16.3
J4e6=18

I3 =22

—151.3 (1F, dddd)
J4:5=203
J4s7=16.4
J46=18
J4n3=2.0

—155.5 (1F, dddd)
JF45 = 20.6
J4:7 =194
JF4,6 = 5.6
J4,3=22

—-152.2 (1F, dddd)
J45=204
J4e7 =197
J446 =5.7
J443=23

—154.0 (1F, dddd)
Jr4e5=20.3
JeheT =19.9
Jeb6 = 5.7
I3 =22

~154.5 (1F, dddd)
Jr4e5 =203
J4eT=19.8
Jeb6 = 5.7
I3 =22

—154.6 (1F, dddd)
JF45 =204
JeheT =197
Jeb6 = 5.7
I3 =23

—154.2 (1F, dddd)
JH4e5=20.4
JH4eT =198
Jeb6 = 5.7
I3 =21

-168.0 (1F, ddd)
J54 =202
J5.:6=19.7
J5:7=41

-170.1 (1F, ddd)
J54 =201
J5.:6=19.8
J5:7=37

—171.0 (1F, ddd)
J5e4 = 20.2
J5.6 =197
J57 = 4.0

-170.5 (1F, ddd)
J54 =203
J5.:6=19.8
J5:7=38

-150.8 (1F, ddd)
J54 =206
J5.46 =108
J5:7=14

-147.3 (1F, ddd)
IS4 =204
J5.46 =108
J5:7=13

—149.8 (1F, ddd)
J54 =203
J5.46 =10.7
J5:7=13

—149.4 (1F, ddd)
IS4 =203
J5.46 =10.7
J57=12

-150.3 (1F, ddd)
J54 =204
J5.46 =108
J5:7=15

—149.7 (1F, ddd)
J5.e4 = 20.4
J5.46 =107
J57 =14

-164.4 (1F, ddd)
J67,J6,5 =
19.7

J6A=2

—163.6 (1F, ddd)
J6,5=19.8
J6:7=196
J6:4=18

-167.3 (1F, ddd)
J6.5=197
J6:7=197
J6:4=18

-167.0 (LF, ddd)
J6,.5=198
J6:7=196
J6:4=18

6.67 (1H, ddd)
J6:5=10.8
36:7=101
J6:4=56

6.73 (1H, ddd)
J65=10.8
367 =100
JI6r4=57

6.79 (1H, ddd)
J36:5=10.7
J6:7 = 100
J6A=57

6.78 (1H, ddd)
36:5=10.7
J367=10.0
I64=57

6.75 (1H, ddd)
J6:5=108
J6:7 = 10.1
J6A=57

6.75 (1H, ddd)
J36:5=10.7
J46£7 =100
J6A=57

~160.7 (1F, dddd)
J76=19.7
J74=16.1
JrH=41

JF7,H3 =31

—-162.9 (1F, dddd)
J7:6=19.6
J7A4=164

J7$H =37

Jp?,Hs =30

~163.2 (1F, dddd)
J7:6=197
J74=163
J75H5=40

JF71H3 =34

~163.0 (1F, dddd)
J7:6=19.6
¥7A4=164
J75H5=38

JF7,H3 =33

—139.2 (1F, dddd)
F74=194
J7+46=10.1
JF71H3 =33
JrH=14

~135.8 (1F, dddd)
J74=197
J7+6=10.0
JF7,H3 =32
J75H=13

~138.1 (1F, dddd]
J74=19.9
Ji7:+6 = 10.0
Jp?,Hs =32

7S =13

—138.5 (1F, dddd)
J74=198
J7+6=10.0
JF71H3 =31
JrH=12

-138.7 (1F, ddd)
F74=197
J7+6=10.1
Jp?,Hs =32

J7SH =15

~138.7 (1F, dddd)
J74=19.8
Ji7:+6 = 10.0
Jp?,Hs =31
JF7$H=14

6.41 (1H, dd, B
JH2yH3 =3.0
JH21H1 =25

7.31-7.41 (1H, m, Ph);
7.43-7.53 (2H, m, Ph);
7.61-7.66 (2H, m, Ph)

1.54-1.84 (6, m,
8.62, (1H, mOCHy);
8.92-3.99 (1H, m,
OCH,); 4.67-4.69 (1H,
m, CH); 4.76 and 4.80
(2H, AB-system,
CHzca,) JAB =13.3

2.26 (1H, bs, OH);
4.82 (2H, s, ChCa)

0.95 (3H, 1, Ch)
Jnm =7.4; 1.40 (2H, qt,
CH,CHs) Jeracria = 7:4,
JerzcrHe= 7.5; 1.69
(2H, tt, CHCH,CHj)
JehacHe = 7.5; 2.73
(2H, t, CHC,)
Jeha,cH2 = 7.5

1.67 (6H, s, Ch);
2.05 (1H, s, OH)

7.23 (1H, dd, B
JH2yH3 =32
J2.l=23

7.34-7.41 (1H, m, Ph);
7.43-7.50 (2H, m, Ph);
7.63-7.68 (2H, m, Ph)

1.30-1.90 (B, m,
CH2CH2CH2), 3.51-
8.61, (1H, mOCHy);
8.91-4.02 (1H, m,
OCHy); 4.67-4.70 (1H,
m, CH); 4.76 and 4.82
(2H, AB-system,
CHzca,) JAB =134

1.92 (1H, bs, OH);
4.84 (2H, s, ChCa)
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Table 7.*C NMR chemical shifts (ppm) and coupling constants (Hz) for indftes)(a—f) (CDCk)

X Y R
F4 H3
X A3 L a CF; F nBu a
5 YR b F F  CCH)OH b
Yo YN ¢ F H H c
7 Ph d
2a-0)(a-1) chon
Compound C? C c* c® [ c’ c® c® R, CR
2aa 1428 97.4 147.8 99.4 142.4 134.4 116.3 127.3 13.9 (CH),
JAA=257.0 JB5crms=333 J6:6=248.4 Jc77=242.7 J3afd =241 Jc7ar7 =14.6 22.5(CH),
J4H6=57  JI54,I56 I6:7=133 JI76=164 319 =42 27.8 (CH),
=139 J64=55 IT4=42 31.1 (CH),
JcG,cpsz 1.8 122.8 (CE)
1\]9;3,; =272.9
2ab 1484 95.0 148.6 99.5 142.7 134.7 116.1 127.0 31.1 (CH),
JAA =2571 JBcrs=337 J66=249.0 Jc7£7=2435 J3ad =241 Jc7as7=14.0 69.9
Jc5,A4, Jc5,|:6 JcG,F7 =13.0 Jc7,|:6 = 165 (Q(CHs)zOH),
=143 J74=45 122.7 (CR)
1Jg:3,|: =273.6
2ac 126.5 100.9 148.7 100.0 142.9 134.9 115.7 127.5 122.4 (CR)
Jc4,|:4 =258.9 Jc5,053 =33.2 JcG,FG =249.6 Jc7,|:7 =243.8 Jc3ap4 =243 Jc7ap7 =138 1Jg:3,|: =273.0
Jc564,J56  Jcb6:7 =132 I 76 = 16.5
~14 Jc6,4 =5.3 Jc74 =45
2ad 1405 97.2 148.4 100.2 142.9 134.5 116.7 127.8 125.5 (Ph),
JAA =2585 JB5ck=334 Jb6:6=250.0 Jc7.7=243.6 J3apd=24.1 Jc7ag7 =139 129.2 (Ph),
Jc564,J56  Jb6:7=13.0 I76=16.5 129.4 (Ph),
~14 JcbeA=5 J7e4 =43 130.3 (Ph),
122.4 (CR)
1Jg:3,|: =273.0
2ae 138.5 99.0 148.4 99.8 142.8 134.7 115.8 127.9 30.8, 25.3,
JA 4 =258.0 JBcm=335 J66=248.7 Jc757=243.7 J3apd4 =238 Jc7ar7 =142 20.2
Jc6£7 =131 J76=16.4 (CH,CH,CH,)
Jc674=5.2 Jc774 =43 64.0,63.1
(OCHy), 100.3
(OCHO),
122.6 (CF3)
1Jg:3,|: =272.7
2af 140.3 98.0 148.5 99.9 142.9 134.7 115.8 127.8 58.2 (CHOH),
Jc44 =2588 Jc5cm=335 J6,:6=250.0 Jc7r7=243.7 J3ard =239 Jc7ar? =143 122.6 (Ch)
.]95,|:4, Jc5,|:6 Jc6,|:7 =13.0 Jc7,p6 =16.5 l\]g:g,p =273.0
=145 Jc74=4.6
2ba 142.4 96.6 139.1 135.1 136.2 134.1 114.9 120.4 13.9 (CH),
JAA =2449 J565=240.0 Jc6:6 =241.3 Jc77 =243.0 J3ad =20.2 Jc7ag7 =115 22.5(CH),
JASH =116 IB5:4,I56  I6:5,I6F7 I7£6=13.8 27.9 (CH),
JoAB,JAT  =156,145 =151,137 J7:5=4.4 31.2 (CH)
=3.7,31 Jc5e7 =21 Jc64 =3 Jc74 =26
2bb 148.0 94.3 139.6 135.2 136.7 134.4 114.7 120.2 31.1 (CH),
JAA =2457 JB5:5=241.0 J66~243 Jc7£7 =244.0 Jc3ad =20.2 Jc7ag7 =11.8 69.9
JAS =117 IB5f4,I56  I6,:5,I6F7 IT7H~11.5 (C(CH5),0H)
~15 ~14.5
2bc 126.0 100.3 139.8 135.3 137.0 134.5 114.3 120.8
JAA=2465 JB55=241.2 J6:6=243.2 Jc7.7=2441 J3ad=20.6 Jc7ag7 =12.0
JAS =115 IB5:4,I56  I665,J6F7 76~ 14
=148 =143
2bd 140.2 96.8 139.8 135.6 137.1 134.4 1155 121.4 125.6 (Ph),
JA A =246.8 JB55=242.0 J6:6=2435 JIc77 =2440 J3ad =204 Jc7ag’/~11 129.0 (Ph),
JASD =116 IB5:4,I56  I665,J6F7 76~ 14 129.5 (Ph),



Jc46,Jc4F7 =15 =14.0,150 J7/5=44 130.9 (Ph)
~3 JcG,F4 =3 Jc7,p4 =24

2be 137.9 98.3 139.6 135.1 136.8 134.3 114.4 1211 20.2 (CH),
JA4=246.0 Jc565=240.7 Jc6:6 =242.7 Jc77=2445 J3agd =202 Jc7ar7 =11.3 25.4 (CH),
Jc4,|:5 =11.6 Jc5,|:4, Jc5,|:6 JcG,F5, Jc6,|:7 Jc7,|:6 = 13.7 30.8 (CH),
JAH6,JA47 =15 ~14.5 63.1 (OCH),
~35 63.8 (OCH),

100.0 (OCHO)

2bf 139.9 97.3 139.6 135.3 136.9 134.4 114.4 1215 58.3 (CHOH)
JA 4 =246.2 J55=241.3 Jc6,:6 =242.7 Ic77 =2445 J3ad=20.2 Jc7ag7 =113
Jc4,|:5 =11.6 Jc5,|:4, Jc5,|:6 JcG,F5, Jc6,|:7 Jc7,|:6 = 14.0

Jc4,6, I F7 =15 ~14.5
=35
2ca 142.8 97.0 139.0 142.8 96.7 143.4 120.9 121.6 13.9 (CH),
JAA =242.0 JB565=236.2 JIc65,Jc6F7 IcT7e7 =241.4 J3ad =20.3 Jc7ag? =149 22.5(CH),
JASH =141 JB5MA=132 =252,227 Jc7£5=11.6 27.9 (CH),
JAT=4.1 Jc57 =10.7 Jc74=28 31.2 (CH)
2cbh 148.3 94.7 139.5 142.9 97.8 143.8 120.7 121.4 31.1 (CH)
JcA4 =243.1 JB5:5=237.0 Jc65,)c6F7 IcT7 =242.3 J3ad=20.0 Jc7ar7 =152 69.9
JASH =141 J5A4=131 =252,226 Jc7£5 =115 (C(CHj3),0H)
JAFT =4.2 Jc57 =105 Jc74=29
2cd 1404 97.2 139.6 143.2 98.4 143.8 121.5 122.6 125.7 (Ph),
JcAA =243.7 JB565=2378 JI65,Ic6F7 IcTe7 =242.4 JB3ad =20.2 Jc7ag7 =15.0 129.0 (Ph),
JASH =141 J54=13.0 =253,22.6 Jc7£5=11.4 129.5 (Ph),
JAFT=4.1 Jc57 =10.7 Jc74 =30 131.2 (Ph)
2ce 138.1 98.6 139.5 142.8 98.0 143.8 120.5 122.3 20.1 (CH),
JAA =243.3 JB5:5=237.0 Jc665,Jc6F7 77 =242.4 J3ad =20.3 Jc7ar7 =15.1 25.4 (CH),
JASH =141 JB5A4=131 =252,22.6 Jc7£5=11.3 30.8 (CH),
JAFT =4.2 Jc5£7 =105 Jc7:4 =30 63.0 (OCH),
63.7 (OCH),
99.9 (OCHO)
2cf 140.2 97.6 139.5 142.9 98.1 143.8 120.4 122.2 58.4 (CHOH)

Jc4,|:4 =243.4 Jc5,|:5 =237.2 JcG,F5, Jc6,|:7 Jc7,|:7 =242.6 Jc3ap4 =201 Jc7ap7 =15.1
JA4S5 =141 JI54=132 =252,225 J75=116
JA =41 Jc567 =10.5 Jc7F4=3.0

The solvent was evaporatéd vacuoto give the crude product, reflux, and KOH (168 mg, 3 mmol) was added. The reaction
which was purified by TLC (hexane/ethyl acetate, 5:1) to give thenixture was maintained under reflux for 3 h with stirring. After
titte compoundlac (84 mg, 35%) as a colourless oil;; R the mixture was cooled to room temperature, diluted withGTH
(hexane/ethyl acetate, 5:1, three times) 05, (liquid film): (10 mL), poured into kO (20 mL), neutralized with 5% aqueous
3514 (br) and 3410 (N,), 3308 (C-H), 2116 (C(C), 1643, 1504, AcOH up topH = 7 and extracted with GBI, (3 x 50 mL). The
1337, 1236, 1177, 1132, 922, 854, 706, 69" dy, (300.13  combined organic layers were washed wittfOH10 mL) and
MHz, CDCL) 4.88 (&, s, NH,), 3.64 (H, s,C(C)H); d- (100.62  dried (MgSQ). After evaporation of solverih vacug the residue
MHz, CDCL) 157.0 {Jc3,:3 = 258.230:3,crs= 2.2 Hz, G), 148.4  was purified by TLC (hexane/ethyl acetate) to give title
(:JCS,FS = 259.7,%.5:6 =13.3,%J5,cr5 = 17 Hz, ¢), 141.9 product

E;E])C,lifl,_slé';&t': 2’3 _1032'2 gi’f@%ﬁii} jgegi’_ 5‘,%?41 3H=Z’ 4.4.1.2-Butyl-4,6,7-trifluoro-5-(rifluoromethyl)-indole2aa)
15-812JC41F5: 12.6 Hz, é)' 93.6 EJCZrFS = 21.6 Hz, 6’ 89.2 The reaction of4a (341mg, 1 mmol) andba (246 mg, 3
(€, 71.2 (C); d- (282.37 MHz, CDCL) —56.4 (3F, dd)Jersr3, mmol), cond_ucted according to the above general procedure,
Joracb =~ 21 HZ,CFg), ~114.2 (1F, quF31CF3: 21.7,J:3,:6=11.4 Eflf'fonrded thetitle Compound(Zaa) (201 mg, 68 %) as a ye”OW
Hz, ﬁ), ~136.7 (1F, quFschSv JFS,FGZ 21 Hz, |§)' ~164.8 (1F, |IqU|d; [fOUnd: C, 52.71; H, 3.97; N, 4.76.1£|11F6N requires C,
dd,JFG,FS - 20-1|JF61F3 = 11.4 Hz, ﬁ), HRMS (El):M+, found 52.89; H, 3.76; N 4.74 %], thexane/ethyI acetate, 7:1, then

239.0162. GH5F:N requires 239.0164. 10:1) 0.55;vnax (liquid film): 3473 (NH), 2962, 2935, 2873,
_ _ 1660, 1568, 1521, 1464, 1358, 1277, 1169, 1132, 999, 877, 793,
4.4. General procedure for synthesis of indaka—c)a,d,e 744, 702, 654, 511 shm-HRMS (El): M, found 295.0791.

To a stirred solution of aniling (1 mmol) and alkyné (3 CidHuFeN requires 295.0790.
mmol) in MeCN (9 mL) were added Pd(RREl, (28 mg, 0.04  4.4.2.4,6,7-Trifluoro-2-phenyl-5-(trifluoromethyl)-indol@d
mmol), Cul (17 mg, 0.09 mmol) and &t (1.5 mL) at room The reaction of4a (341 mg, 1 mmol) andd (306 mg, 3
temperature under an argon atmosphere. The reaction mixtuigmol), conducted according to the above general procedure,
was stirred at 50 °C for 1 h. Then the mixture was heated to
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afforded thetitle compound (2ad) (230 mg, 73%) as a 680, 488cm; HRMS (El): M*, found 247.0604. GHgFsN
colourless solid; m.p. 127-128 °C; [Found: C, 57.23; H, 2.22; Nrequires 247.0603.

4.34. GsH;FsN requires C, 57.16; H, 2.24; N 4.44%];s R o - o r
(hexane/ethyl acetate, 7:1, three times) 0vi2x (KBr): 3470 4.4.9.4,5,7-Trifluoro-2-[(oxan-2-yloxy)methyl]-indol€¢g

(NH), 1660, 1520, 1452, 1354, 1295, 1180, 1144, 996, 893, The reaction of4c (273 mg, 1 mmol) ande (420 mg, 3
765, 744, 525m % HRMS (El):M", found 315.0479. GH,F:N mmol), cond_ucted according to the above general procedure,
requires 315.0477. afforded thetitle compound2ce) (214 mg, 75%) as a colourless
solid; m.p. 119-120 °C; [Found: C, 59.12; H, 4.92; N, 5.31.
4.4.3.4,6,7-Trifluoro-2-[(oxan-2-yloxy)methyl]-5- CiHiFNO, requires C, 58.95; H, 4.95; N 4.91%]:; R
(wrifluoromethylindole Zag (hexane/ethyl acetate, 7:1, three times) Ok (KBr): 3422

The reaction ofda (341 mg, 1 mmol) ande (420 mg, 3  (br) and 3233 (br) (N), 2947, 1726, 1666, 1535, 1441, 1340,
mmol), conducted according to the above general procedur@265, 1202, 1113, 1022, 961, 901, 804, 714, &96; HRMS
afforded thetitte compound2aé (268 mg, 76%) as a colourless (El): M", found 285.0968. GH1,F;NO, requires 285.0971.
solid; m.p. 146-148 °C; [Found: C, 50.97; H, 3.76; N, 3.93. . .
C15H13F5Np02 requires C,[ 51.00; H, 3.71; N 3.96%]; R 4.5. General procedure for synthesis of inda¥a—c)b,c
(hexane/ethyl acetate, 7:1, four times) 0.5Q; (KBr): 3421 (br) To a stirred solution of aniliné (1 mmol), 2-methyl-3-butyn-2-ol
(NH), 3217, 2945, 1661, 1524, 146111, 1366, 1308,+11635;L 5b (252 mg, 3 mmol) in dry MeCN (9 mL) were added Pdgpeh
1022, 1000, 880, 810, 7933 681, 507 ; HRMS (EI):M", found (28 mg, 0.04 mmol), Cul (17 mg, 0.09 mmol) angh\=¢1.5 mL)
353.0843. GsH1sF6NO; requires 353.0845. at room temperature under an argon atmosphere. The reaction
4.4.4.2-Butyl-4,5,6,7-tetrafluoroindole2ba) mixture was stirred at 50 °C for 1 h. Then the mixture was heated

The reaction of4a (341 mg, 1 mmol) ande (420 mg, 3 up to boiling, ar_md IoH (68 na, 3 mmol) was added. The
mmol), conducted according to the above general procedurH;'Xture was mamtameq “”def reflux with stirring, coole_d to
afforded thetitle compound(2ba) (208 mg, 85%) as a yellow room temper_ature @@fliltied with &, (5 mL).' The suspension
liquid; [Found: C, 58.73; H, 4.73; N, 5.68,,8,,FN requires C, was ple_tcgd into a phrpmatog_raphy column filled with silica gel
58.78; H, 4.52; N 5.71%]; R(hexanelethyl acetate, 7:1, then (to minimize volatilization of indole&(a—c)c). The co_lumn was
10:1) '0.60" v ’(quuid film’): 3474 (NH), 2961 o872 1661 Washed with hexane/ethyl acetate (15:1) and then with hexane/ethyl
1539 149i mf§38 1199 1117 995 7’94 72’7 657’04466' ' acetate (5:1) under the TLC control to isolate ind@(esc)c and
HRM’S (EI):I,\/F, fodnd 245_0821_'w11ﬁ4N relquireé 245.10822’. 2(a—c)b, respectivelyafter evaporation of solvenits vacuo

4.4.5.4,5,6,7-Tetrafluoro-2-phenylindolelfd) 4.5.1.2-[4,6,7-Trifluoro-5-(trifluoromethyl)indol-2-yl]propan-2-

Th i “b (291 1 | &d (306 3 ol (2ab); 4,6,7-trifluoro-5-(trifluoromethyl)indoleZac)
© reaction 0 ( Mg mmol) an ( ma, The above general procedure was followed udin{341 mg,
mmol), conducted according to the above general procedur(i,

- o mmol) and5b (252 mg, 3 mmol), stirring the reaction mixture
25? (;('jer?],LhafgeGEi;ngpg%n%ﬁt?dé£8erng(i‘]S)(()a/l?])e/aeSthaylcoal(?g{;?SS after addition of KOH (168 mg, 3 mmol) under reflux condition

10:1, two times) 0.40%,,, (KBr): 3482 (NH), 1724, 1539, 1481, for 2 h, and separating th_e products by column chr%matography
1334. 1268. 996 796. 761. 726. 688. GEOL. (hexane/ethyl_ acetate, 15:1) to aff@dc (107 mg, 45%) as a
' ' ' ' ' ' ’ colourless solid; m.p. 73-75 °C; [Found: C, 45.32; H, 1.47; N, 5.64.

4.4.6.4,5,6,7-Tetrafluoro-2-[(oxan-2-yloxy)-methyl]indo2b@ CoHsFgN requires C, 45.21; H, 1.26; N 5.86%]; (Rexane/ethyl

The reaction of4b (291 mg, 1 mmol) ande (420 mg, 3 acetate, 10:%> 10:1) 0.33;vmax (KBr): 3484 (NH), 3256 (br),
mmol), conducted according to the above general proceduré®62, 2934, 2876, 1660, 1529, 1462, 1363, 1304, 1215, 1175,
afforded thetitle compound2be) (263 mg, 87%) as a colourless 1130, 992, 852, 793, 732, 6an; HRMS (El): M, found
solid; m.p. 117-120 °C; [Found: C, 55.49; H, 4.33; N, 4.42239.0165. GHzFeN requires 239.0164. The further elution of the
CuH1iF/NO, requires C, 55.45; H, 4.32; N 4.62%];; R chromatography column (hexane/ethyl acetate, 5:1) affddbd
(hexanelethyl acetate, 7:1, three times) 0:56; (KBr): 3428 (154 mg, 52%) as a colourless solid; m.p. 149-151 °C; [Found:
(br) (NH), 3226 (br), 2945, 1725, 1543, 1492, 1341, 1264311 C, 48.71; H, 3.18; N, 4.61.,&1,FsNO requires C, 48.50; H, 3.05;
999, 940, 900, 871, 807, 728, 689, &8 HRMS (EI): M, N 4.71%]; R (hexane/ethyl acetate, 5:1, three times) G:55(KBr):

found 303.0875. GH;3FNO, requires 303.0877. 3611 (NH), 3280 (br) (OH), 2988, 2939, 1660, 1523, 1467,2139
S 1355, 1279, 1146, 998, 952, 879, 791, 716, 649, GaU:
4.4.7.2-Butyl-4,5,7-trifluoroindole Zca) HRMS (EI):M*, found 297.0585. GHeFsNO requires 297.0583.

The reaction of4c (273 mg, 1 mmol) anda (246 mg, 3 )
mmol), conducted according to the above general procedurd;>-2-2-(4.5,6,7-Tetrafluoroindol-2-yl)propan-2-c2ih);
afforded thetitle compound(2ca) (163 mg, 72%) as a yellow 4°:6.7-tetrafluoro-1H-indole2bg
liquid; [Found: C, 63.72; H, 5.53; N, 5.59,£,F:N requires C, The above general procedure was followed uding291 mg,
63.43; H, 5.32; N 6.16%]; R(hexane/ethyl acetate, 7:1, two 1 mmol) and5b (252 mg, 3 mmol), stirring the reaction mixture
times) 0.60vmay (liquid film): 3470 (NH), 3369 (br), 2961, 2934, after addition of KOH (168 mg, 3 mmol) under reflux condition
2872, 1715, 1666, 1531, 1436, 1333, 1269, 1200, 1113, 959, 81f2r 2 h, and separating the products by column chromatography
781, 731, 702m™; HRMS (El):M*, found 227.0917. GH,F,N  (hexane/ethyl acetate, 15:1) to affdtc (140 mg, 74%) as a

requires 227.0916. colourless solid; m.p. 86-89 °C (lit. d&t&Y; R (hexane/ethyl
) ) acetate, 7:1, three times) 0.5, (KBr): 3434 (br) (NH), 2960,
4.4.8.4,5,7-Trifluoro-2-phenylindole2cd) 2857, 1725, 1578, 1456, 1408, 1368, 1264, 1097, 1037, 898, 730,

The reaction of (273 mg, 1 mmol) aBd (306 mg, 3 mmol), 505 cm™ The further elution of chromatography column
conducted according to the above general procedure, afforded tfieexane/ethyl acetate, 5:1) afford@thb (42 mg, 17%) as a
title compound2cd) (210 mg, 85%) as a colourless solid; m.p. colourless solid; m.p. 137-140 °C; [Found: C, 53.76; H, 3.71; N,
105-106 °C; [Found: C, 68.21; H, 3.17; N, 5.66,HgF:N 5.56. G;HoF4NO requires C, 53.45; H, 3.67; N 5.67%]; R
requires C, 68.02; H, 3.26; N 5.67%]; fexane/ethyl acetate, (hexane/ethyl acetate, 7:3 7:1— 7:1) 0.21; Rax (KBr): 3603
15:1, three times) 0.42;., (KBr): 3481 (NH), 1662, 1535, 1487, (NH), 3245 (br) (OH), 2985, 2938, 1546, 1487, 1431,3134
1454, 1406, 1325, 1265, 1178, 1119, 1076, 964, 814, 754, 721,
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1267, 1221, 1174, 1127, 997, 946, 844, 791, 726, 642¢1535 Conducting the reaction oRae (35 mg, 0.1 mmol)
HRMS (EI):M", found 247.0613. GHoF,NO requires 247.0615. according the above general procedure, the standard workup and
. . . TLC separation (hexane/ethyl acetate, 5:1) afforded tithe
f;iﬁu?grzc;i(sai,lz-gég)uor0|ndol-2-yl)propan-2-oIZcb), 45.7- compound(2af) (24 mg, 90%) as a colourless solid; m.p. 123—
. 125 °C; [Found: C, 44.90; H, 2.05; N, 5.19@FsNO requires
The above general procedure was followed udim{®73 mg, ¢ 44 63: H, 1.87; N 5.20%]:;Rhexanelethyl acetate, 5:1, three
1 mmol) and5b (0.25 g, 3 mmoaol), stirring the reaction mixture times) 0.25max (KBF): 3626 (NH), 3248 (br) (OH), 2922, 2851,

after addition of FOH (168 mg, 3 mmol) under reflux condition 1713”1660 1523. 1467 1365. 1288. 1132 999 878. 798. 743
for 4 h, and separating the products by column chromatography)g ‘511 cm HRMS (I,EI): M. found 269.0267. QHSI’:GNO’ '
(hexane/ethyl acetate, 15:1) to affddc (132 mg, 77%) as a reql;ires 269.0270. '

colourless oil; [Found: C, 56.02; H, 2.56; N, 8.07H¢FN

requires C, 56.15; H, 2.36; N 8.19%]; Rexanel/ethyl acetate, 4.7.2. (4,5,6,7-Tetrafluoroindol-2-yl)methandtiff)

5:1, three times) 0.8bj,ax (liquid film): 3479 (NH), 3306 (br), Conducting the reaction &be (30 mg, 0.1 mmol) according
2924, 2853, 1713, 1537, 1503, 1346, 1132, 955, 716;cm the above general procedure, the ‘standard workup and TLC
HRMS (El): M", found 171.0288. g,F:N requires 171.0290. separation (hexane/ethyl acetate, 5:1) affordeditteecompound
The further elution of chromatography column (hexane/ethy{2bf) (21 mg, 96%) as a colourless solid; m.p. 136-138 °C;
acetate, 5:1) to afforéicb (18 mg, 8%) as a colourless solid; m.p. [Found: C, 49.54; H, 2.41; N, 6.39,K:F,NO requires C, 49.33;
132-134 °C; [Found: C, 57.91; H, 4.49; N, 5.8Q;HzFNO H, 2.30; N 6.39%]; R(hexane/ethyl acetate, 5:1, three times)
requires C, 57.64; H, 4.40; N 6.11%]; Rexane/ethyl acetate, 0.23; v, (KBr): 3607 (Nd), 3420 (br), 3248 (br) (OH), 2924,
5:1— 5:1— 5:1) 0.25; Rax (KBr): 3595 (NH), 3398 (br), 3265 2853, 1724, 1610, 1543, 1490, 1435, 1383, 1342, 1267, 1202,
(br) (OH), 2976, 2928, 2855, 1661, 1533, 1439, 1371, 13401123, 995, 797, 727, 5281 - HRMS (EN:M", found 219.0303.
1254, 1177, 1130, 945, 785, 729, 694, 488" HRMS (EI):M*, CoHsF4NO requires 219.0302.

found 229.0707. GH;oFsNO requires 229.0709. 4.7.3.(4,5,7-Trifluoroindol-2-yl)methanobgf)

4.6. General procedure for synthesis of indobég-c)b from Conducting the reaction dfce (29 mg, 0.1 mmol) according
alkynesl(a—c)b the above general procedure, the standard workup and TLC
separation (hexane/ethyl acetate) afforded tite compound
(2cf) (19 mg, 96%) as a colourless solid; m.p. 105-107 °C;

ound: C, 53.88; H, 3.05; N, 6.88,isF;NO requires C, 53.74;

, 3.01; N 6.96%]; R(hexane/ethyl acetate, 5:2, two times, then
4:1, two times) 0.45ynax (KBr): 3597 (NH), 3307 (br) (OH),
2926, 2855, 1713, 1666, 1537, 1441, 1337, 1252, 1203, 1163,
1115, 1015, 962, 806, 708, 4e&™"; HRMS (EI): M", found
201.0393. GHgFsNO requires 201.0396.

The crude 1(a—c)b, obtained in the experimer.2, was
dissolved in MeCN (10 mL), fflF-H,0O (370 mg, 3 mmol) was
added, and the mixture was refluxed for 3 h. The mixture wa
cooled to room temperature, diluted with £LH (10 mL), poured
into H,O (20 mL), neutralized with 5% aqueousOA€ up topH =
7 and extracted with C}€l, (3 x 50 mL). The combined organic
layers were washed with,8 (10 mL) and dried (MgS{. After
evaporation of solverih vacuq the residue was purified by TLC
(hexane/ethyl acetate, 5:1, three times) to giveitleegoroduct.

4.6.1.2-[4,6,7-Trifluoro-5-(trifluoromethyl)indol-2-yl]propan-2-

ol (2ab Analytical and spectral researches were performed in the
Conducting the reaction of crudmb according the above Collective Service Center of the Siberian Branch of the Russian

general procedure, the standard workup and TLC separatighcademy of Science. The authors thank Russian Foundation of

(hexane/ethyl acetate,; R 0.55) gave thditle compound2ab Basic Research for financial support (grant 09-03-00248).

(220 mg, 74%) as a colourless solid.

4.6.2.2-(4,5,6,7-Tetrafluoroindol-2-yl)propan-2-a2igb)
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