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This review summarizes data on the reactions of chromones and activated
alkenes with trimethyl(trifluoromethyl)silane (Ruppert’s reagent), which occures
as a nucleophilic 1,4-trifluoromethylation with high regioselectivity and good
yields. The most important chemical properties of the formed products are also
considered.
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The nucleophilic trifluoromethylation
of organic compounds is complicated by
the instability of free trifluoromethyl anion,
which easily breaks down into the fluoride
anion and difluorocarbene [1]. The use of
trimethyl(trifluoromethyl)silane (Rupperts
reagent) in the presence of fluoride anion as
an initiator allows to avoid this unwanted
reaction and to realize the direct introduc-
tion of the CF, group to organic substrates.
It is well known that the Ruppert’s reagent
interacts easily with both saturated and a,
B-unsaturated carbonyl compounds via
1,2-nucleophilic addition with formation of
the corresponding trifluoromethyl carbinols
[2-4]. It is important to note that in the case
of a, B-unsaturated ketones, the formation
of products of nucleophilic 1,4-trifluoro-
methylation (Michael addition) was not
observed (Scheme 1).

The first example of the conjugate tri-
fluoromethylation of a, f-enone system
was discovered by us on the example of
the reaction R"SiMe, (R = CF,, CF,) with
2-trifluoromethylchromones 1 [5, 6]. Moni-

3 1
420 _ 1,2-Ax
wCFs'S'MBs/F —_—

toring using “’F NMR spectroscopy showed
that chromones 1 in the presence of the
nucleophilic initiator Me,NF (THE 0 °C,
4 h) almost quantitatively and with high
regioselectively react with CF,SiMe, towards
the way of 1,4-addition, giving trimethyl-
silyl ethers 2 (the content in the reaction
mixture of 1,2-addition products 3 does not
exceed 5-10%). When processing of the
reaction mixture with diluted HCI only the
products of 1,4-addition 2 are subjected to
hydrolysis to give 2-trifluoromethyl-2-per-
fluoroalkylchroman-4-ones 4. As expec-
ted, when increasing of the length of the
RF group to C F, the regioselectivity of the
reaction is reduced to 80-85 % (Scheme 2).
The optimal conditions of 1,4-trifluoro-
methylation (Me NE THE, 0 °C, 24 h) were
used by us for the preparative synthesis
of chromanones 4a-f, the yields of which
ranged 50-86 % (Scheme 3) [6].
Currently, this reaction represents the
shortest and most effective way of synthesis
of partially fluorinated analogues of natural
chromanones, chromanes and chromenes
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with gem-dimethyl group at the atom C(2).
Thus, 4-0x0-2,2-bis(trifluoromethyl)chro-
man-6-carbaldehyde 5a, an analogue of
natural lactarochromal, metabolite of Lac-
tarius deliciosus mushrooms [7], in which
both methyl groups are replaced by CF,
groups, was synthesized by oxidation of
6-Me group of chromanone 4b by the mi-
xture of CuSO, and K_S,0, in acetonitrile
with the yield 17 % [8]. In addition to he-
xafluorolactarochromal 5a was obtained
and the corresponding acid 5b (yield 35 %),
which is also a fluorinated analogue of the

natural acid, isolated from Chrysothamnus
viscidiflorus [9] (Scheme 4).

Another example of the use of the
1,4-trifluoromethylation reaction is the
synthesis of 2,2-bis(trifluoromethyl)-6-me-
thoxychromene 6 [6], a partially fluorinated
analogue of the natural 2,2-dimethyl-6-me-
thoxychromene, antijuvenile hormone
precocene I, isolated from plant Ageratum
houstonianum [10] (Scheme 5).

The reaction mechanism of nucleophilic
1,4-trifluoromethylation is presented in
Scheme 6 and involves fluoride ion initia-
tion to form the trifluoromethylated enolate

R" 0O R" O
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R 1) CF3SiMes/F~ R
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R 0" °RF R 0~ °RF
1a-f 4a-f
RF=CF; R'=R?>=R3=H (a); R"=CF;, R' = R3 = H, R? = Me (b);
RF = CF3; R'=R3®=H, R? =MeO (c); RF = CF3, R' = R? = H, R® = MeO (d);

RF-CF3, R?=H,R'=

R3=MeO (e); RF-CFZH R1

R%=H, R? = MeO (f)
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anion A, which then via hypervalent silicon
intermediate B catalyzes the subsequent
reaction [2, 3].

Further we have shown that the found
reaction has a fairly wide scope of applica-
tions. It is found that trifluorokhellin [11],
N-substituted 2-polyfluoroalkylquinolines
[12, 13] and 8-aza-5,7-dimethyl-2-polyfluo-
roalkylchromones [14] react with Rupperts
reagent via the nucleophilic 1,4-addition
and give compounds 7-9, respectively [6,
15]. Note that in the latter case the regio-

selectivity falls and the ratio of products of
1,4- and 1,2-addition is ~3: 2. As a result,
8-azachromanones were isolated only with
the moderate yield (27-35%). At the same
time, 2-trifluoromethyl-3-chlorochromone
gives the expected Michael adduct 10 in
58 % yield (Scheme 7).

It is interestingly, that thioanalogue
of chromone 1a, 2-trifluoromethyl-4H-
-thiochromen-4-one 11 [16] and its acyclic
analogue, 4,4,4-trifluoro-1-phenyl-2-bute-
ne-1-one 12, react with Ruppert’s reagent

o)
@\)j\ + CF3SiMes
0~ "RF
1
Me4NF
Me;SiF
-+
O NMe, OSiMe;
90! )
. CF CF
CF5SiM 3 3
s>Iies 0" RF 0" RF
A 2
C|)F3M _
Me—Si e
§I‘Me
o 1
e’
CFs |+
o RF3 NMe4
B
Scheme 6
OMe O 0 Me O O
Y _ cl
CF3 CFs - | CFs CFs
o 0~ "CF3 N RF Me~ N7 ~07 TRF 0~ “CF4
OMe R
7 8 9 10

R = Me, Ph; RF = CF3 CF,H

Scheme 7

32



under the same conditions exclusively
towards 1,2-addition with the formation
of trimethylsilyl derivatives 13 and 14 [6,
15] (Scheme 8).

The presence of the electron withdraw-
ing R¥ group at the B-C-atom of enone sys-
tem is desirable, but not indispensable, if
to carry out the reaction in the presence of
bulky Lewis acids, which under coordina-
tion at the carbonyl oxygen atom complicate
1,2-addition and increase the electrophi-
licity of the p-C atom. So, in the presence
of tris(2,6-diphenylphenoxide) aluminum
and Me NF 1,4-trifluoromethylation of cy-
clohex-2-enone, chromone and coumarin
could exercise and obtain the compounds
15-17 in 35-55% yields [17] (Scheme 9).

Recently, Chinese chemists [18] in the
course of work on the study of antitumor

0]

activity of trifluoromethylated flavonoids
held trifluoromethylation of flavone 18 and
isoflavone 19 in our conditions and found
that in the first case is a 1,2-addition and
in the second is 1,4-addition with the for-
mation of products 20 and 21, respectively
(Scheme 10).

Thus, both electronic and steric factors
are greatly influenced to the successful cour-
se of the discussing reaction, the most favo-
rable combination of which is observed in
the case of 2-CF,- and 2-CF,H-chromones.

Along with the conjugate 1,4-trifluoro-
methylation and 1,6-addition of trifluoro-
methyl anion is possible. Recently, we have
shown [19] that methylidene derivatives
22a, b obtained by Knoevenagel conden-
sation from chromone 1a, diethyl malonate
and ethyl cyanoacetate react with excess of

Me3SiO CF3
CF3SiMe3/F'
| — |
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— >
CF; CF;
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Scheme 8
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CF,SiMe, in the presence of Me NF with the
formation of 4-substituted 2,2-bis(trifluo-
romethyl)-2H-chromenes 23a, b (Scheme
11). This reaction is the first and the only
example of regioselective nucleophilic
1,6-trifluoromethylation that extends the
synthetic possibilities of this method.

In the works of Dilman with coworke-
rs [20-22], the method of nucleophilic

OMe O
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|
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2) HCl

conjugated trifluoromethylation using the
Ruppert’s reagent in the presence of ba-
sic activators was further developed. Sin-
ce 2008, in the orbit of this reaction the
various electron deficient alkenes, such
as arylidene derivatives of malononitri-
le, Meldrum’s acid and nitroacetic ester,
were involved. It was shown that arylidene
malononitriles 24 react with CF,SiMe, in
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the presence of sodium acetate in DMF at
room temperature according to the type
1,4-addition and give products 25 in high
yields (75-98 %) regardless of the nature of
the substituent in the aromatic ring of the
substrate. In addition to trifluoromethyl
group, benzylidene malononitrile 24 was
also able to attach pentafluoroethyl, pen-
tafluorophenyl and dichlorofluoromethyl
groups, to give compounds 26 in 81-99 %
yields [20] (Scheme 12).

Despite the fact that arylidene malonates
not enter into this reaction due to their low-
er electrophilicity, arylidene derivatives of
Meldrum’s acid 27 smoothly added trifluo-
romethyl anion and after acidic hydrolysis
give the acids 28, which in their pure form
were not isolated but were immediately
methylated with methyl iodide in the pres-
ence of potassium carbonate to esters 29
or reduced by sodium borohydride and
boron trifluoride etherate to alcohols 30
[21] (Scheme 13).

In the work [22] the interaction of 2-ni-
trocinnamates 31 with the silicon reagents

R'SiMe, (R" = CF,, C)F,, C F,) in the pre-
sence of sodium acetate in DMF (method
A) or tetrabutylammonium acetate in di-
chloromethane (method B) was described.
The reaction proceeds as the conjugated
addition of fluorinated carbanion on the
C=C bond and with good yields leads to
obtaining of 3-aryl-2-nitroalkanoates with
perfluorinated substituents. These compo-
unds are formed in the form of an isome-
ric mixture with a ratio of diastereomers
from 1:1 to 1.6:1, and the possibility of their
transformation to the corresponding ami-
no derivative is shown by the example of
methyl 4,4,4-trifluoro-2-nitro-3-phenylbu-
tanoate 32 (R" = CF,, Ar = Ph). Reduction
was carried out at atmospheric pressure
with Pd/C in the presence of acylating agent
and gave N-Boc-protected product 33 in
79 % yield (Scheme 14).

Thus the high electrophilic alkenes
(arylidene derivatives of malononitrile,
Meldrum’s acid and nitroacetic ester) as
2-polyfluoroalkylchromones are able to
add the Ruppert’s reagent via nucleophilic

CF3
CF3;SiMe,;, AcONa N
Ar/\/CN 3 3 Ar C
CN DMF, rt, 3 h CN
24 (75-98%) 25

Ar = Ph, 2-MEOC6H4, 4-MEOCGH4, 4-N02C6H4, 3-BrCGH4,
3,4-(MeO),CgHs, 1-C1oH7, PhCH=CH

RF
RFSiMes, AcONa
o CN 5 R Ar)\/CN
eN DMF, rt, 3 h CN
24 26

RF = C,F5 (97%), CsFs (99%), CCloF (81%)

Scheme 12
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1,4-addition, which significantly expands
the range of simple CF,-containing mol-
ecules of interest for subsequent syntheses
on their base.

HyxneodunpHoe TpudTOopMeTnIn-
poBaHMe OpraHMIECKUX COefMHEeHNMIT
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TOPBIII IETKO paciagaeTcs Ha QTOPUL
aHnoH u gudropkapben [1]. Micnonsso-
BaHUe TpUMeTUI(TpUPTOPMETII)CHIa-
Ha (pearenTa Pynmepra) B mpucyTcTBIM
¢dTOpuA aHMOHA B KaueCTBe MHUIMATOPA
HO3BOTISIET U30EXATh ITON HeYKeNaTeIbHOI
PeaKIyy 1 OCYILeCTBUTD IIPSIMOE BBEfeHIe
CF,-rpynipl B OpraHmdecKiue Cy6cTpaThl.
Xopo1110 13BeCTHO, YTO peareHT Pymmep-
Ta JIeTKO B3aMMOJEJICTBYET KaK C HaChI-
IIeHHBIMH, TaK 1 @, P-HEeHACHII[eHHBIMMU
KapOOHVIbHBIMI COENVHEHVISIMY 110 THUITY
1,2-HyK/7e0(pUIBHOTO MPUCOERVHEHIS
¢ 0bpasoBaHueM COOTBETCTBYIOLINX TPU-
TOPMETM/IMPOBAHHBIX KapOMHO/IOB [2-4].
ITpy 9TOM Ba)KHO OTMETHUTB, YTO B C/Iydae
@, B-HempeyenbHBIX KEeTOHOB 00pa3oBaHms
MPOAYKTOB HyK/leopuabHOro 1,4-Tpud-
TOPMETHUIMPOBAHNS (IIPUCOETMHEHNS 110
Muxasmio) He Habmoganoch (cxema 1).
ITepBbIit mpuMep COMPSDKEHHOTO TPrd-
TOPMETH/IVPOBAHI O, P-eHOHOBOII CHCTe-
MbI OOHApY>KeH HaMy Ha IIpYIMepe peakiium
R'SiMe, (R" = F,) ¢ 2-rpucropme-
tunxpomoHamu 1 [5, 6]. MoHUTOpUHT
¢ moMo1bio ciekTpockonuu IMP YF

3 1

IS 1,2
wCH SiMes/F —>

II0Ka3aJjI, YTO XPOMOHBI 1 B IpUCYTCTBUA
HykneopuabHoro nuunmuaropa Me NF
(TT®D, 0 °C, 4 4) OYTU KOMMUIECTBEHHO
U C BBICOKOJI PETMOCEeIeKTUBHOCTBIO pe-
arupytor ¢ CF,SiMe, o mytu 1,4-nipuco-
eIVIHEHN, 1laBasd TPUMETUICUINTIOBBIE
a¢upsr 2 (copepxaHue B peaKLUMOHHO
cMecu IPOAYKTOB 1,2-niprcoenuHenns 3
He npesbimaet 5-10 %). IIpu o6paboTke
PpeaKLMIOHHON CMeCH, pa36aBneHH0171 HC],
TU/IPO/IN3Y TIOJBEPTaroTCsA TONbKO IIPOIYK-
Thl 1,4-ipucoeguHenus 2, KOTOpble Jal0T
IPY 9TOM 2-TpudropmeTini-2-nepdropa-
KUIXpoMaH-4-oHbI 4. Kak u oxupganocs,
npu yBemruenuu fymmnbl R° rpynmst o CF,
PEeTrMoCeNIeKTMBHOCTD PeAKIY yMeHbIla-
ercs 1o 80-85% (cxema 2).
OnrumanbHble ycnosus 1,4-tpugrop-
metunuposanus (Me, NE TT®, 0 °C, 24 4)
VICIIONIb30BaHbl HAMI JIJIS1 TPENapaTMBHOIO
HOTyYeHM A XpPOMaHOHOB 4a—f, BBIXOIbI KO-
TopbIX cocTaBsinu 50-86 % (cxema 3) [6].
B nacrosmiee BpeMs 9Ta peakuus
npefcTaBisieT coboit CaMblil KOPOTKMIA
1 3¢ GEeKTUBHBII Ty Th CUHTE3a YaCTUYHO
¢TOpMpOBaHHBIX aHAJIOTOB IPUPOJHBIX

OH
_Hel W
CF,

OSiMe;

i

Cxema 1

RFs-Me3
Me4NF

o
R
|
0~ CF

R = H, Me; RF = CF3, C,F5

R

OSiMes RF osnvle3

CF3
3

HCI

O =-—

RF
CF,

(e}
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XPOMaHOHOB, XPOMaHOB I XDOMEHOB C 2eM-
IVIMETV/IBHOI TPYNIINPOBKOI PV aTOMe
C(2). Tak, 4-0kco-2,2-6uc(rpudropmeri)-
XpoMaH-6-Kapbanbaeruy (5a), aHamor mpu-
PORHOTO IaKTapOXpoMassi, MeTaboauTa
rpu6oB Lactarius deliciosus [7], B koTo-
poM 06e MeTU/IbHbIE TPYIIIIbI 3aMelleHbI
Ha CF,-rpynibl, 66171 CHHTE3MPOBaH ITyTeM
OKMCNeHnsA 6-Me-rpynibl XxpoMaHoHa 4b
cmecpro K S O, m CuSO, B anjeToHnTpU-
ne ¢ BeixomoM 17 % [8]. Kpome rexca-
¢dropnakTapoxpomais 5a, OblIa IOTyYeHa
U COOTBETCTBYyIoLasA Kucnora 5b (Bbxon
35%), KoTOpas TaKkxKe ABIAETCA PTOPUPO-
BaHHBIM aHAJIOTOM IPUPOHON KNCIOTHI,
BbIfenienHoit us Chrysothamnus viscidiflorus
[9] (cxema 4).

Eime ofHMM IpuMepoM NCIIONIb30BaHMA
peakuuu 1,4-TpudropMeTnINpPOBaHUA
SABJISIETCA CUHTE3 2,2-6uc(Tpudropmerin)-
6-MeTOoKCUXpoMeHa (6) [6] — wacTuIHO
(TOpMpPOBaHHOTO aHAJIOra HPUPOHOTO
2,2-1uMeTnN-6-MEeTOKCUXPOMEHA, aH-

TUIOBEHM/IPHOTO TOPMOHA IIpeKOlleHa
I, BbIielIeHHOTO M3 pacTeHus Ageratum
houstonianum [10] (cxema 5).

MexaHuU3M peakumy HyK/1eopuIbHOTO
1,4-TprdTopMeTHINPOBAHNA IIPENCTaBIEH
Ha cxeMe 6 U BKJIIOYaeT MHUIIMMIPyeMoe
aHnoHoM ¢ropa obpasoBanue TpupTOpMe-
TYIVPOBAHHOTO €HOJIAT aHMOHA A, KOTO-
Ppblil Yepes3 TUIIepBaIeHTHbIN KPEMHUEBBII
uHTepMeauaT B kaTanmsupyer nocnenyio-
Iy peakuuio [2, 3].

B nmanpHerineM HamMu 6BUIO TIOKa3aHO,
YTO HaliJleHHas peakLMsa uMeeT JoCTa-
TOYHO IIMPOKM/E I'PAaHUIIbI IIPUMEHEHNA.
YcTaHOBIIEHO, 4TO ¢ peareHTOM Pynmepra
o Ty 1,4-nprcoefuHeHNs pearupyior
tpudropkemnuu [11], N-3amemnieHHbIe
2-nonu@TOpanKUIXNHOMOHSI [12, 13]
u 8-a3a-5,7-nuMeTI-2- IO TOPAIKIII-
XpOMOHBI [ 14], KOTOpBIe AI0T COeNMHEHU A
7-9, COOTBETCTBEHHO [6, 15]. OT™MeTUM,
YTO B IIOC/IEJHEM C/Ty4Yae PernoceneKTB-
HOCTD IT1aJjaeT ¥ COOTHOLIeHNE IIPOJIyKTOB

R'" O R" ©
2 2
R 1) CF3SiMe3/F_ R
| 2) HCI CFs
R® 0~ RF ) R® 0~ "RF
1a—-f 4a-f

RF =CF; R'=R?=R3=H (a); RF = CF3;, R' =R3=H, R? = Me (b);
RF = CF; R'=R3®=H, R?=MeO (c); R" = CF3, R' = R? = H, R® = MeO (d);
RF = CF3;, R? = H, R' = R®*= MeO (e); RF = CF,H, R' = R® = H, R? = MeO (f)

Cxema 3

@] O O

Vie
K>S,0 X
CFy —— CFs
) CuSO,

0~ CF,4 0~ CF,4

4b X = H (5a), OH (5b)
Cxema 4
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1,4- n 1,2-ipucoenHeHNA cOCTaBAET ~3:
2, B pesynbTaTe 4Yero 8-a3aXpoMaHOHbI 9
ObIIV BBIfIeJIeHBI IMIID C YMEPEHHBIM BbI-
xopoM (27-35%). B To >xe Bpems 2-Tpu-
¢ropmMeTI-3-XTOpXPOMOH JaeT OXKuyjae-
MBIt agyKT Muxasna 10 ¢ Beixozom 58 %
(cxema 7).

VIHTepecHO, 4TO TMOAHAIOT XPOMOHA
1a, 2-tpudropmernn-4H-Tnoxpomen-4-oxn
11 [16], a Tak>Ke ero auMKINYeCKUil1 aHa-
nor - 4,4,4-tpudrop-1-bpennn-2-6y-
TeH-1-0H 12 - pearupyor ¢ peareHToM
Pynnepra B aHa/IOTMYHBIX YCIOBUAX MC-
K/IIOUNTEIbHO 110 Iy T 1,2-ITpucoeHeH N

MeO

3

¢ 06pasoBaHMeM TPUMETUICUIUIBHBIX
npousBopHbIx 13 u 14 [6, 15] (cxema 8).
[TpucyTcTBME 9/1eKTPOHOAKIEIITOPHOI
Rf-rpymmsl mpu -C aToMe eHOHOBOII CH-
CTEMBI KeNlaTeNbHO, HO He 0053aTeNnbHO,
€CJIV TIPOBOIUTD PEeaKIMIO B IPYCYTCTBUN
00 BeMHBIX KUCTIOT JIbIouca, KOTOPBIE, KO-
OPIVHUPYSICH IO KAPOOHNUTBHOMY aTOMY
KIC/IOPOJIa, 3aTPYRHAIOT 1,2-nIprcoeni-
HeHJe U TIOBBIIIAIOT 3/IeKTPOGUIBHOCTD
B-C aToma. Tax, B mpucyTcTBIM TpHC(2,6-
mudennndenokcnpa) amomunns u Me,NF
yHaeTcs OCyIecTBUTD 1,4-Tpudropmern-
JMPOBaHNUeE IIMK/IOTeKC-2-eHOHa, XPOMOHa

O OH
NaBH, €O p-Tson Meo X
CF3 — CF; W CFs
O~ CF O~ 'CF; O~ °CF3

4c
Cxema 5
0
| + CF3SiMes
0~ "RF
Me,NF
Me,SiF
-+
O NMe, OSiMes
0L 0L
. CF CF
CF3SiMe 3 3
s> Mes 0" RF 0" ORF
A 2
CF _
e—Sl \Me
1
o NM94
B
Cxema 6
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M KyMapyHa U ¢ Bbixofiamu 35-55 % mony-
ynTh coepuuennsa 15-17 (cxema 9) [17].
HepmaBuo xuraiickue xuMuku [18]
B X0Jie pabOTBhI 110 M3yYeHUIO IPOTUBO-
OIIYXOJIeBOI aKTMBHOCTU TpUTOpMe-
TUIMPOBAHHBIX (PJIABOHOUOB IPOBEIN
tpudTopMeTnnupoBaHue ¢praBona 18
u uso¢napoHa 19 B HaAIIUX yCIOBUAX
Y YCTaHOBUIIY, YTO B IIEPBOM C/Iy4ae UMEET
MecTo 1,2-, a BO BTOpOM — 1,4-mipucoefuHe-

OMe O 0
4 CF3 CFs
0 0~ "CF3 N~ RF

OMe Il?
7 8

H1te ¢ 00pa3oBaHueM IpoaykTos 20 u 21,
cooTBeTCcTBEHHO (cxema 10).

Takum 06pasoMm, Ha yCIeLUIHOe IPOoTe-
KaHue 00Cy>XKIaeMoll peakuy 00JbIIOe
BIIMAHNE OKA3BIBAIOT KaK 57IEKTPOHHBIE,
TaK 1 cTepudeckre GakTopsl, HanboIee
6maronpusATHOE CoueTaHue KOTOPhIX Ha-
6mroaerca B cnyyae 2-CF,- n 2-CF H-
XpOMOHOB.

Me O (6]
_ cl
| CF, CF3
NS
Me~ "N~ "0~ "RF O CF3
9 10

R = Me, Ph; RF = CF3 CF,H

Cxema 7

O MesSiO_ CF,
@j\ CF3SiMey/F- |
S~ CF, S~ CF,
11 13
0 Me;SiO, CF4
O)J\L CF3SiMes/F-
CF3 CF:3
12 14
Cxema 8
0 CFs
i “CF, 0~ CF, o Yo
15 16 17
Cxema 9
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OMe O

98
MeO o) O
18

1) CF3SiMes/F~
_—
2) Hel

OMe OH
CF

g8
MeO o) O
20

3

OMe O ‘ OMe OMe O O OMe
1) CF3SiMes/F-
| 2) Hel
MeO 0 MeO 0~ CF,
19 21
Cxema 10

Hapsny ¢ conpsixeHHbIM 1,4-Tpudrop-
MeTWIMPOBaHMEeM BO3MOXKHO 1 1,6-1ipyco-
efyHeHue TpUPTOPMETIUIBHOTO aHVMOHA.
Tak, HeJaBHO HaMM ObIIO IMOKas3aHo [19],
4TO METV/IN/IEHOBBIE IPOU3BOLHbIE 224, b,
Hony4yeHHble 110 KHeBeHaremo 13 XpoMOHa
la, gyaTUIMaIOHATA U STHU/IMAHOAlle-
TaTa, pearupyior ¢ u3bprrkom CF,SiMe,
1 Me NF c o6pasoBannem 4-3aMelleHHbIX
2,2-6uc(tpudropmerni)-2H-XpoMeHOB
23a, b (cxema 11). OTa peakus sIBIIETCS
[epBBIM M ITOKA e[JMHCTBEHHBIM IIpUMe-
POM pernoceneKTMBHOTO HYKIe0(UILHOTO
1,6-TpuropMe THIMPOBAHS, PACIIVIPSIO-
IIeTO CUHTeTNYeCKVe BO3MOYKHOCTY JIaH-
HOTO MeTOJIA.

B paborax [Tunbmana c cotp. [20-22]
MeTOJ| HyK/1e0(pIILHOTO CONPSKEHHOTO
TpUTOPMETIINPOBAHNA C MICIIO/Ib30Ba-
HIeM peareHTa Pynmnepra B mpucyTcTBUM
OCHOBHBIX aKTJBaTOPOB IIOTy4II JJa/IbHeil-
nree passutue. Tak, HaunHasg ¢ 2008 ropa,
B OPOUTY 9TOII peakiyy yAanoch BOBIEYb
PpasInyYHbIe 9JIeKTPOHOAEPUILIUTHBIE aJl-
KEeHBI, TaKJe KaK apyINiJeHOBbIe IPON3-
BOJHbIE Ma/IOHOHUTPWIIA, KMCIOThI Mesb-
IApyMa ¥ HUTPOYKCYCHOTO a¢upa. buio
MI0Ka3aHo, YTO apUIVIeHMa/IOHOHUTPUJIbI
24 pearupywot ¢ CF,SiMe, B ipucyrcrBum

anerara HatpuA B IM®DA npy KOMHaTHOI!
TeMIlepaType 110 TUIy 1,4-TprucoesyHeHNA
U JAIOT IIPOAYKTHI 25 C BBICOKMMM BBIXO-
mamu (75-98 %) He3aBUCYMO OT IPUPOLIbI
3aMeCcTUTeNA B apOMaTUIeCKOM KOJIblie
cy6ctpara. Kpome tpudropmeTnipHOI
TPYIIbL, K OeH3WINfeHMATOHOHUTPUIY
24 ypayoch Taxoke IPUCOeAVHUTD TIeH-
TaTOPITIIBHYIO, TeHTa(TOp(eHMIbHYIO
U IUxI0p(PTOPMETU/IbHYIO IPYIIIIbL, B pe-
3yJIbTaTe 4ero ObUIU IOTYYeHbI COMHEHV
26 c Boixomamu 81-99 % [20] (cxema 12).

HecmoTps Ha TO, 4TO apuInieHMano-
HATbl He BCTYIIAIOT B 9Ty peaKlIo U3-3a VX
MeHbIIIel 9NeKTPOGUILHOCTI, APWINIEHO-
Bble IIPOM3BOJHbIE KMCIOThI Menbapyma 27
I7IaJIKO IPUCOSAMHAIOT TPUPTOPMET/Ib-
HbIJT aHVOH U TI0C/Ie KVMCTIOTHOTO THPOIN-
3a 10T KUCIOTHI 28, KOTOpBIE B YNCTOM
BIIJIe He BBIJIE/LAIN, @ CPa3y METUIVPOBaIN
JIOAVICTBIM METWU/IOM B IIPUCYTCTBUY I10-
tama o 9¢bupoB 29 1M BOCCTaHABIN-
Bany 60PIUAPUAOM HATPus U 3GUpaToMm
Tpexdropucroro 6opa go crvptos 30 [21]
(cxema 13).

Omnmcano B3aMOAeCTBYE 2-HUTPO-
MHHaMaToB 31 ¢ KpeMHUEeBbIMN pea-
renramu R'SiMe, (R" = CF,, CF,, CF,)
B IIPUCYTCTBUM alleTaTa HaTpuA B IM®A
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(meton A) mnu arjerara TeTpabyTIIaMMO-
HYS B iuxyiopMeTane (Metor B) [22]. Peak-
[VISI IPOTEKAET KaK COMPSKEHHOE MTPUCO-
envHeHre GTOPUPOBAHHOTO KapOaHMOHA
1o cBsa3u C=C 1 ¢ XOpOLINMU BBIXOf[AMI
HPUBORNUT K TOMYIEHNIO 3-apuii-2-HUTPO-
aNIKaHoaToB 32 ¢ nepbTOPUPOBAHHBIMI

coO
@\)Jj\ RCH;COREL ©\/\%\

3aMeCTUTENAMI. DTY COeiMHeHNA 00pasy-
I0TCS B BUJIe MI30MEPHOII CMeCH C COOTHO-
LIeHMeM auacrtepeoMepos ot 1:1 fo 1,6:1,
a BO3MOXXHOCTbD X TpaHCPOpMALUY 1O
COOTBETCTBYIOILIEI0 aMIHOIIPOM3BOJHOTO
IIPOfIEMOHCTPUPOBAHA Ha IPYMeEpPe MEeTHUI —
4,4,4-tpu¢Top-2-HuTpo-3-deHnndyranoa-

LEt

22a,b
MM;;S"\AE;;
OSiMe;
R._ __CO.Et
RZ ort 2
X Hs0* X
CF3 I CF3
O CF; 0" CFj3
23a,b
R = CO,Et (a), CN (b)
Cxema 11
CF3
N CF3;SiMe;, AcONa CN
Ar/\/C S S Ar
CN DMF, rt, 3 h CN
24 (75-98%) 25

Ar = Ph, 2—MeOC6H4, 4-MeOC6H4, 4-N0206H4, 3-BrCGH4,
3,4-(MeO),CHs, 1-C1oH7, PhCH=CH

RF
RFSiMe;, AcONa N
Ph/\/ CN 3 Ar)\/C
CN DMF, rt, 3 h CN
24 26

RF = C,F5 (97%), C¢F5 (99%), CCI,F (81%)

Cxema 12
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0}

1) CF5SiMe;, AcONa CF, O
A 0 DMF, rt, 3 h
Me 2) ag. HCI, 100-120°C, 1 h  Ar OH
O O Me ! ! ! 28

27

Mel, KZC,MGES—QO%) lE‘?B-g‘Et
3 2

CF; O

Ar)\/u\ OMe

29

CFs
Ar)\/\OH

30

Ar = Ph, 4-C|C6H4, 4-MeOC6H4, 4-N0206H4, 4-M62NC6H4,
3,4,5-(MeO)3CgHs, 1-C1oH7, PACH=CH, 2-C4H3S, 2-C4H30

Cxema 13

F
A: RFSiMe;, AcONa R
Ar AN COzMe DMF, i, 3h Ar COzMe
N02 B: BU4NOAC, CH20|2, N02
31 -20°C, 3 h

Ar = Ph, 4-C|06H4, 4-MeOCeH4, 1-C10H7,

2-C4H3S, 2-C4H30;
RF = CF3 CyF5 CoFs

32 (37-99%)

RF = CF; | H,, Pd/C, Boc,O
Ar=Ph | MeOH, 20 h
CF3

Ph COzMe

NHBoc
33 (79%)

Cxema 14

ta 32 (R" = CF,, Ar = Ph). Boccranosnenne
IIPOBOAMIIOCH IIPY ATMOC(EPHOM JaB/IeHNN
Ha Pd/C B nmpucyTcTBUM anynupyolero
areHTa 1 gaBaso N-Boc 3amuieHHbIi
npopyKT 33 ¢ BeixogoM 79 % (cxema 14).
Takum 06pasom, BEICOKOITEKTPOduIb-
Hble aJIKeHbI (apVIVIeHOBbIE ITPOV3BOHbBIE
MaJIOHOHUTPWUJIA, KUCIOTBI Menbapyma
U HUTPOYKCYCHOTO 3dupa), KaK 1 2-110-
M TOPATKIIXPOMOHBI, CITIOCOOHBI TIPU-

COeMHATD peareHT Pymnmepra mo tumy
HYK/Ie0(IIBbHOTO 1,4-IIpycoeNHEeHN A, YTO
CYILIeCTBEHHO pacIlNpsAeT aCCOPTUMEHT
npoctbix CF,-copiep>kauiyx MOEKYIL, TIpef-
CTaBJIAOLINX MHTEpeC A MOCTefyIIX
CUHTE30B Ha X OCHOBE.

Paboma svinonnena npu guHancosoi

noddepscxe Ilpasumenvcmea P®, npozpam-
ma 211, coenauernue Ne 02.A03.21.0006.
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