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A novel Cu(l)/Ag(l)-mediated decarboxylative triitomethylation of arylpropioli@acids witt
MesSiCF; has been developed for the construction of Cspb@Rd under mild conditions. Ti
method proceedsmoothly at room temperature and shows a widelgtfanal compatibility
providing a series of corresponding trifluoroméditgd acetylenyl-containing aromatiesgooc
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1. Introduction

The trifluoromethyl derivatives are widely used in
agrochemicals, pharmaceuticals and matetfals since
incorporation of trifluoromethyl groups into the ganic
molecules brings remarkable changes in their phaysahemical,
and biological properties because of the strongctreric
properties, lipophilicity and metabolic stability f othe
trifluoromethyl group: Although a number of methods for the
construction of CshCF; bondé* and Csp-CF, bondé®® have
been reported during the past years, few reactoasapplicable
for the construction of Csp-GFbonds®®®” In addition, few
reactions with nucleophilic reagents have beenistlidRecently,
the Qing’s group (Scheme faind Hu's group(Scheme 1B)
have successfully discovered the possibility ofegating “Cu-
CR"complex from  Cu(l) salts and nucleophilic
trifluoromethylating reagents respectively. Thedkiof complex
could be reacted with terminal alkynes, affordinge t
corresponding trifluoromethylated arylacetylenegaod yields.
Usually, terminal alkynes have been employed agnallsources

Previous work

R= + MegsicF, —atCul) R—=—CF; a
R—
PhSOCF, Cu(l), BUOK_  CyCF, R—=CF, b
This work
Ar—==COOH + MesSICF, o2 CUlVAg,CO, — cr,
RT
Scheme 1. Formation of Csp-GBond with nucleophilic

trifluoromethylating reages

for the synthesis of Csp-GFbonds. However, there is a

CYaming Li. Tel.: +8¢411-84986295; fax: +€-411-84986295; -mail:

limitation that some of terminal alkynes are cunsoenely
handled because of their relatively low boilingnisf

Compared to terminal alkynes, the arylpropiolic dacias
alkyne sources have many advantages. They arelyusadd-
state without strong smells and easy to store aamile?*%*
Besides, the synthetic procedures and purificatiof
arylpropiolic acids are easier and simpf€Therefore, using
arylpropiolic acids as alkyne sources would make pihocess
safer and easier to operdl&'?Since 2008, a variety of
decaroxylative coupling reactions of alkynyl carblix acids
have been developed by Lee's grdtip® and others®®
including the formation of C-C, C-N, C-S, C-P bonHewever,
decarboxylative coupling reactions with &sgroups are rare.
Lee’s group™ and SatyH? et al respectively reported that the
decarboxylative coupling reaction of arylpropiolécids with
ICH,CH; and {2’ allylic coupling of acetates of the Baylis—
Hillman alcohols form the corresponding Csp-Tsiponds
directly. As far as we know, the formation of Csps;(onds
through the coupling of arylpropiolic acids with
trifluoromethylating reagents has not been reportedtead of
CFs-substituted alkynes, Hu's grodp obtained the o-
trifluoromethyl ketones using phenylpropiolic acics ahe
substrate. Herein, we developed a new and mild gsodor
Cu(l)/Ag(l)-mediated decarboxylative trifluoromethtion of
arylpropiolic acids at room temperature to congtrGsp-Chk
bond by using cheap M8iCF.

ymli@dlut.edu.c
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Table 1. Optimization of reaction conditions

[Cu], Ligand
Ph—=—=—COOH + Me;SiCF3 Ph————CF;,3
1a oxidant 2a
Entry?" Catalyst[Cu] Ligand Oxidant Yield ofe%6
1° Cul (1.0 equiv), 70C phen (1.0 equiv) AF0;(2.0 equiv) 33
2 Cul (1.0 equiv), r.t. phen (1.0 equiv) 05 (2.0 equiv) 38
3 Cul (1.0 equiv), r.t. phen (1.0 equiv) A5 (2.0 equiv) 89
4 CuBr (1.0 equiv), r.t. phen (1.0 equiv) A9; (2.0 equiv) 77
5 CuCl (1.0 equiv), r.t. phen (1.0 equiv) A5 (2.0 equiv) 72
6 Cu(OACc}(1.0 equiv), r.t. hen (1.0 equiv) £Q0;(2.0 equiv) n.r
7 Cul (1.0 equiv), r.t. bpy (1.0 equiv) AY05 (2.0 equiv) 77
8 Cul (1.0 equiv), r.t. TMEDA (1.0 equiv) AQO; (2.0 equiv) 83
9 Cul (1.0 equiv), r.t. phen (1.0 equiv) Air 21
10 Cul (1.0 equiv), r.t. phen (1.0 equiv) 20O 23
11 Cul (1.0 equiv), r.t. phen (1.0 equiv) Cu(OAR)0 equiv) 16
1 Cul (1.0 equiv), r.t. phen (1.0 equiv) A20; (2.0 equiv) 20
13 Cul (0.5 equiv), r.t. phen (0.5equiv) AP (2.0 equiv) 78
14 Cul (0.1 equiv), r.t. phen (0.1equiv) A0 (2.0 equiv) 11
15 Cul(1.0 equiv), r.t. phen (1.0 equiv) AP (1.0 equiv) 57

#Reaction conditionsta (0.1 mmol), MgSiCF (5.0 equiv), KF (3.0 equiv), DMF (2.5 ml),,N-t., 6.5 h. Phenylpropiolic acid was introductaivly via
syringe pump over four hours. phen=1,10-phenaritieol

PYields were as determined by GC analysis, usingdedane as internal standard.
°Phenylpropiolicacid was mixed with other raw matkriat one pot.

9Me;SiCF; (3.0 equiv).

Ag,CO;was better than air, fand Cu(OAc) (Table 1, Entries 9-
11). When the amount of M®ICF; was reduced to 3.0
Initially, Cu(l)/Ag(1) mediated decarboxylative equivalents, only 20% yield dfa was obtained (Table 1, Entry
trifluoromethylation of phenylpropiolic acidlg) with Me;SICF;  12). Decreasing the amount of Cul/phen on@@; resulted in
in DMF to give the corresponding trifluoromethyldteroduct?a  |owering yields oRa respectively (Table 1, Entries 13-15).
was employed as a model reaction (Table 1). Whenixture of ) . . . )
1a (0.1 mmol), MgSIiCF; (5.0 equiv), KF (3.0 equiv), AGO; _ Wlt_h the optimal reaction conditions in hand, wexme_
(2.0 equiv), and Cul/phen (1.0 equiv) in DMF waadting at 70C |n_vest|gated t_he substrate ~ scope of  decarboxylative
for 24 h under nitrogen atmosphe2a,was formed in 33% yield (rifluoromethylation of arylpropiolic acids (Tabl@). Many
(Table 1, Entry 1), and the homocoupling byproductfunctlonal groups, such as alkoxy, ester, mtr_cetwlc halogt_an,
diphenylacetylene was obtained in high yield (50%)en the could be well-tolerated under the optimal condition
reaction was carried out at room temperature, bl pf 2a was ~ Arylpropiolic acids bearing electron-donating greufphenyl,
almost the same as that atZ@Table 1, Entry 2). We speculated Putoxy, tertbutyl, methoxyl) at eithepara- or ortho-positions
that the rate of decarboxylative homocoupling wasimfaster ~Proceeded with MSICF; smoothly to give the corresponding
than that of trifluoromethylation, the high conaation of  Products in modest to good yields (Table2B;e, 60%-80%).
phenylpropiolic acid lead to high yield of byproduc React_lon of arylpropiolic ac!ds that bearing twoeatton-
diphenylacetylene. In order to inhibit the homodig donating groups such as 3,5-dimethoxy also gave yi8i of 2.
byproduct, we used a syringe pump to introddaein droplet Arylproplollc aC|ds_ bearing electron-wnh(jr'awmgogps (ac_etyl,
over a period of 4 h to the mixture of MECF;, KF, Ag.CO;, cyan, _nltryl ) at elthelpar& or ortho- position, gave relatively
and Cul/phen in DMF at room temperature undgathosphere. 10W yields of desired products (Table 2h-j, 40%-54%).
To our delight, the yield of2a was improved to 89% as Noteworthy is that ester group garaposition was well
determined by GC analysis (Table 1, Entry 3). Sqbestly we compatlble with the screening condition (Table_2g, 73%).
explored the effects of other reagents on thistimacCul as a  Reactions of the halogen-substituted phenylprapiadids, such
catalyst showed more efficient than CuBr and Culibfe 1, @S 3-bromo, 4-bromo and 4-chloro, could result imrap in
Entries 4 and 5), whereas Cu(OAdjave poor performance reaction yleld_s _Zm 5.3%, 2k 31%_ant_:i2| 40%) respectively.
(Table 1, Entry 6). Screening other ligands, 2jpytidine (Bpy), Naphthylpropiolic acid gave a fair yield (Table 2, 51%).
N,N,N’,N*-tetramethylethylenediamine (TMEDA) showed poor Cratifyingly, ~ for ~the N-heterocyclic ~aromatics, the
results (Table 1, Entries 7 and 8). Moreover, fu bxidants, duinolylpropiolic acid also carried out in a gootkly of 61%

2. Results and discussion



(Table 2, 20). In addition, alkylpropiolic acid-6-phenylhex-2- 3. Conclusions

ynoic acid could also be compatible with this systend

Table 2.Decarboxylativetrifluoromethylation of arylpropioli

RN\ Cul, phen, Ag,CO, R
QTCOOH +  MesSICF, IR =—CF;
— KF, DMF, 1t, N,, 6.5h —
1 2
n-Bu
@%ca Q O =cr, o@%ca
2a 87%" 2b 80%° 2¢67%
MeQ
%@%CF;, Q%CH <: >———: CF3
OMe Med
e
2d 66% 2e 60% 2 58%
O S
— CF, )\-@%Cﬁ _
o NC =—CF,
29 73% 2h 40% 2i54%
=CF;
Br — CF3 CI—< >—: CF3
NO,
2j50% 2k31% 2140%
" Q
— CF. _ A ——CF.
T S

2m 53% 2n51% 2061%

2p 48%°

2 Reaction conditions: arylpropiolic acid (0.4 mmoN|e;SiCR(2.0
mmol), Cul (0.4 mmol), phen (0.4 mmol), AYO5(0.8 mmol), KF (1.2
mmol), DMF (6.0 mL), M, rt, 6.5 h, isolated yields.

® Yield of 2a was determined by thé’r NMR with phenyl
trifluoromethyl sulfide as an internal standard.

‘Isolated yield of 0.2 mmdb.

obtained the moderate yield (Table2f, 48%).

Based on the previous wot?*9'*>%a plausible mechanism
for the decarboxylative trifluoromethylation of gsopiolicacids

In summary, we have developed a new and effectigthod
for the construction of a Csp-g@hbond via a Cu(l)/Ag(l)
mediated decarboxylative trifluoromethylation ofylaropiolic
acids with M@SIiCF, under relatively mild conditions. This
method tolerates a variety of functional groups anovides a
direct route to produce various trifluoromethylatdkines. Since
both the salts of carboxylic acids and JRECF; are easily
available, this room temperature decarboxylative
trifluoromethylation method will have great advagea
for academic and industrial research.

4. Experimental Section
4.1.General procedures

All reagents were obtained from commercial sou(c&9%)
and used without further purification unless othsewnoted.
Anhydrous potassium fluoride (KF) was dried in @wam-oven
at 200°C for 24 h and stored in a,Nilled glove box. Anhydrous
N,N’- dimethylformamide (DMF) was dispensed fronsavent
purification system. Analytical thin layer chromgtaphy (TLC)
was carried out with silica gel Gl precoated plates.
Visualization was accomplished with a UV lamp. Treactions
were carried out under nitrogen atmosphere andptioducts
were isolated by column chromatography on silice(8@0-300
mesh) using dichloromethane / petroleum ether EGOC)
(viv, 0-1/2). All compounds were characterized"ByNMR, *C
NMR, *F NMR and Mass spectrometid NMR spectra were
recorded on Varian INOVA 400M and Bruker 500M instrents.
¥C NMR and'*F NMR spectra were recorded on a Bruker 500M
instruments. Chemical shift8)(are reported in ppm with TMS as
internal standard. Gas chromatography analyses pexnfermed
with an FID detector. GC-MS data was also performed

4.1. General procedure for synthesis of arylpropioliédsc

Compounds( i-1o)were prepared according to literatdf@o

with Me;SiCF; was proposed. As shown in Schema 2omplex a
[(phen)Cul]A would be generated when the reaction started witt?,n
Cul and phen in DMF. The generation of trifluoromgtanion
could then follow to form the key CuGiRtermediate B.
Subsequent the transmetalation between alkynyl Iraitar
speciesD andB occurred to fornE in the presence of AGO:s.
The complexD might be generated from decarboxylation of

mixture of Pd(PRPCl, (70 mg, 2 mol %), Cul (38 mg, 4
ol %) and DMF (7 mL) taken in a flask, aryl iodi¢®0 mmaol),
propiolic acid (414 mg, 6.0 mmol) and diisopropylae(1.30 g,
12.5 mmol) were added in that sequence under mitrog
atmosphere. After stirring the reaction mixture siom
temperature for 5 h, the resulting mixture wastdiuwith ethyl

silver carboxylatesC. Finally, the reductive elimination of

complexE delivered the target compound.

<$Cu —CF3 ‘?':3 ( N\Cu —I

NS
Agl)  ° -
Me3SICF3
Ag(0)
CF3
NS/ _
-Ar—=——CF
(N/CU reductive s
\ elimination
E Ar

Scheme 2. Plausible mechanism for decarboxylative trifluosthylation
of arylpropiolic acids

O, 7

Y metalation, Me;SiCF3
COoAg
N N_ CFs
A " ————=Ar—=-CF
Ag Cu - 3
c N reductive
\\ elimination
Ar—=—CO0, E Ar

Scheme 2. Plausible mechanism for decarboxylative trifluosthylation

of arylpropiolic acids

acetate, filtered through celite bed, the filtratas washed with
cold aqueous KOH solution (1 x 100 mL) and acidifieith
dilute sulfuric acid (10% solution) at €. The solid obtained
was extracted with dichloromethane and the extnast washed
with water, brine solution and dried over anhydraadium
sulfate. The organic layer was concentrated in wvacat 40°C,
dried to get the arylpropiolic acids.

4.2.General procedure for Cu(l)/Ag(l)-mediated
decarboxylative trifluoromethylation of arylpropiol acids
with Ruppert—Prakash reagent (0.4 mmol Scale)

A mixture of Cul (76 mg, 0.4 mmol), phen (79 mg} tamol),
Ag,CO; (220 mg, 0.8 mmol), KF (69 mg, 1.2 mmol) and DMF (6
mL) was added to a 25mL round-bottom flask that e@sipped
with a magnetic stir bar at room temperature incaeybox. The
round-bottom flask was sealed with a rubber plud t@ken out.
Then the flask was evacuated and refilled withogién for three
times. Next, MgSiCF; (294 puL, 2.0 mmol) was added to the
mixture dropwise in five minutes and the mixturesvairred at
room temperature for 30 minutes. A solution of prgpiolic
acids (0.4 mmol) in 1.0 mL DMF was added to theKlduring 4
h by using a syringe pump at room temperature. rAfte
addition, the reaction mixture was kept for anotBdr at room
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temperature. At the end of reaction, dichlorome¢h&@DCM)
was added to the reaction system. The organic layas
separated and washed with water three times. Thebioed
organic extracts was dried over JS&, for 2h and then
concentrated under vacuum. After evaporation, dsidue was
purified by silica gel column chromatography witletqmleum
ether to provide pure desired products.

4.3.1 4-(3,3,3-Trifluoroprop-1-yn-1-yl)-1,10-biphgr(2b): White
solid (39 mg, 80% yield)*H NMR (500 MHz, CDCJ)  7.65 —
7.59 (m, 6H), 7.51 — 7.46 (m, 2H), 7.45 — 7.39 {i).*C NMR
(126 MHz, CDC}) & 143.73, 139.70, 132.90 (d,= 1.5 Hz),
129.01, 128.25, 127.30, 127.15, 117.22)(d,1.8 Hz), 114.94(q,
J = 257.0 Hz), 86.56 (q] = 6.4 Hz), 76.23 (o) = 52.7 Hz).'F
NMR (470 MHz, CDC}) & -49.67 (s, 3F). GC-MS (El): m/z =
246 (M.

4.3.2 1-Butoxy-4-(3,3,3-trifluoroprop-1-ynyl)beneen
(2c): Colorless oil (65 mg, 67% vyield }H NMR (500 MHz,
CDCl) 6 7.46 (d,J = 8.5 Hz, 2H), 6.86 (d] = 8.5 Hz, 2H), 3.97
(t, J = 6.4 Hz, 2H), 1.80 — 1.73 (m, 2H), 1.55 — 1.44 @hl),
0.97 (t,J = 7.4 Hz, 3H)*C NMR (126 MHz, CDG)) § 161.21,
134.12 (g,J= 1.3 Hz), 115.12(qJ = 257.0 Hz) , 114.79, 110.02
(a,J = 1.7 Hz), 87.23 (g) = 6.4 Hz), 73.73 (g = 51.7 Hz),
67.92, 31.12, 19.17, 13.74F NMR (470 MHz, CDGCJ) & -49.38
(s, 3F).GC-MS (EI): m/z 242 (W.

4.3.3  1-tert-butylphenyl-4-(3,3,3-trifluoroprop-Iwl)benzene
(2d):Yellow solid (60 mg, 66% yield)'H NMR (500 MHz,
CDCly) 87.48 (d,J = 8.3 Hz, 2H), 7.40 (d] = 8.3 Hz, 2H), 1.32
(s, 9H)*C NMR (126 MHz, CDG)) 5 154.55 (s), 132.25 (d,=
1.4 Hz), 125.69, 116.00, 115.44 (o= 1.8 Hz), 113.96, 86.93 (q,
J = 6.4 Hz), 75.22(q) = 52.5 Hz) , 35.04, 31.0£F NMR (470
MHz, CDCl) § -49.57 (s, 3F). GC-MS (El): m/z 226 (M

4.3.4 1-Methoxy-2-(3,3,3-trifluoroprop-1-ynyl)benee @e):
Yellow oil (48 mg, 60% vyield)'H NMR (400 MHz, CDC)) &
7.54 — 7.42 (m, 2H), 7.01 — 6.90 (m, 2H), 3.923(). **C NMR
(126 MHz, CDC}) & 160.30, 133.34 (¢) = 1.3 Hz), 131.47,
119.51, 114.03 (q) = 257.0 Hz), 113.32, 82.76 (4,= 6.4 Hz),
78.32 (q,J = 51.7 Hz).**F NMR (470 MHz, CDGCJ) § -49.45 (s,
3F). GC-MS (El): m/z 220 ().

4.3.5 1,3-dimethoxy-5-(3,3,3-trifluoroprop-1-ynydjizene Zf):
Yellow oil (54 mg, 58% vyield)'H NMR (500 MHz, CDC}) &
6.61 (d,J = 2.3 Hz, 2H), 6.48 (1] = 2.3 Hz, 1H), 3.72 (s, 6HJC
NMR (126 MHz, CDC)) § 160.70, 119.64 (q) = 1.8 Hz),
114.78(q,J = 257.4 Hz), 110.11, 104.19, 86.50 (= 6.4 Hz),
75.00 (g,J = 52.8 Hz), 55.49"°F NMR (470 MHz, CDG)) 5 -
49.84 (s, 3F). GC-MS (EI): m/z 230 (M

4.3.6 Ethyl -4-(3,3,3-trifluoroprop-1-yn-1-yl)berste @0):

Colorless oil (71 mg, 73% yieldjH NMR (500 MHz, CDC)) &

8.07 (d,J = 8.3 Hz, 2H), 7.63 (d] = 8.3 Hz, 2H), 4.40 (q] = 7.1
Hz, 2H), 1.41 (tJ = 7.1 Hz, 3H)*C NMR (126 MHz, CDGCJ) §

164.43, 131.50, 131.38(4,= 1.3 Hz), 128.65, 121.71 (4,= 1.8
Hz), 113.64 (q,) = 258.3 Hz), 84.34 (g} = 6.5 Hz), 76.68(q) =

53.0 Hz), 60.50, 13.23°F NMR (470 MHz, CDGJ)) 5 -50.22 (s,
3F). GC-MS (El): m/z 242 (§).

4.3.7 1-Acetyl--4-(3,3,3-trifluoroprop-1-ynyl)bemee  @h):
White solid (34 mg, 40% yieldfH NMR (500 MHz, CDC)) 5
7.98 (d,J = 8.4 Hz, 2H), 7.66 (dJ = 8.4 Hz, 2H), 2.63 (s,
3H).®*C NMR (126 MHz, CDCJ) § 196.91, 138.38, 132.69 (4,
= 1.0 Hz), 128.35, 122.92 (d,= 1.6 Hz), 114.60(q) = 258.3
Hz), 85.17 (qJ = 6.4 Hz), 77.93(q) = 53.0 Hz), 77.72, 77.28,
26.69."°F NMR (470 MHz, CDG)) § -50.23 (s, 3F).GC-MS (El):
m/z 212 (M).

4.3.8 4-(3,3,3-trifluoroprop-1-yn-1-yl)benzonitrilg2i): Yellow
solid (42 mg, 54% vyield)*H NMR (400 MHz, CDCJ) 5 7.73 —
7.69 (d,J = 8.5 Hz, 2H), 7.67 (d] = 8.5 Hz, 2H)"*C NMR (126
MHz, CDCk) & 131.99 (q,J = 1.3 Hz), 131.31, 122.14, 116.55,
113.43 (qJ = 258.3 Hz), 113.61, 83.00 (@= 6.5 Hz),77.88(q)

= 54.2 Hz).*F NMR (470 MHz, CDCJ) 5 -50.52 (s, 3F).GC-MS
(E): m/z 195 (M).

4.3.9 1-Nitro-2-(3,3,3-trifluoroprop-1-yn-1-yl)besze
(2j):Brown solid (43 mg, 50% yieldjH NMR (500 MHz, CDC})

3 8.12 (d,J = 8.1 Hz, 1H), 7.83-7.62 (m, 3H)C NMR (126
MHz, CDCL) & 149.83, 135.66, 133.50, 131.63, 125.15, 114.51
(0, J = 258.4 Hz), 114.14, 81.60 (4,= 53.4 Hz), 81.54 (¢ =

6.7 Hz)"°F NMR (470 MHz, CDGCJ) & -50.73 (s, 3F).GC-MS
(ED: m/z 215 (M).

4.3.10 1-Bromo-4-(3,3,3-trifluoroprop-1-yn-1-yhlmme 2k):
Yellow oil (31 mg, 31% yield)'H NMR (400 MHz, CDC}) &
7.54 (d,J = 8.4 Hz, 2H), 7.41 (d] = 8.4 Hz, 2H)"*C NMR (126
MHz, CDC}) & 133.75, 132.08, 125.73, 117.41 (= 1.8 Hz),
114.72 (g,J = 257.0 Hz), 85.37 (q] = 6.5 Hz) ."°F NMR (470
MHz, CDCL) 5 -50.06 (s, 3F).GC-MS (El): m/z 248 (M

4.3.11 1-Chloro-4-(3,3,3-trifluoroprop-1-yn-1-yl)beene 2l):
Yellow solid (33 mg, 40% yieldfH NMR (500 MHz, CDCJ) &
7.49 (d,J = 8.6 Hz, 2H), 7.38 (d] = 8.6 Hz, 2H)"*C NMR (126
MHz, CDCk) 6137.37 (s), 133.65 (d] = 1.5 Hz), 129.15 (s),
116.94 (dJ = 1.8 Hz), 114.71 (q] = 257.0 Hz), 85.31 (g} = 6.4
Hz), 85.31 (q,J = 6.4 Hz), 76.65(qy) = 53.1 Hz).*®F NMR (470
MHz, CDCL) 5 -50.01 (s, 3F). GC-MS (El): m/z 204 {M

4.3.12 1-Bromo-3-(3,3,3-trifluoroprop-1-yn-1-yl)lmame 2m):
Yellow oil (66 mg, 53% vyield)'H NMR (500 MHz, CDC}) &
7.70 (s, 1H), 7.61 (d] = 8.1 Hz, 1H), 7.49 (d] = 7.7 Hz, 1H),
7.27 (t,J = 7.9 Hz, 1H)"*C NMR (126 MHz, CDGJ) 5 135.09 (q,
J = 1.5 Hz), 134.14, 130.96 (¢, = 1.4 Hz), 130.11, 122.46,
120.44 (gJ = 1.8 Hz), 114.62 (g} = 258.3 Hz), 84.63 (¢l = 6.5
Hz),76.66(qJ = 53.0 Hz) °F NMR (470 MHz, CDCJ) & -50.16
(s, 3F). GC-MS (EI): m/z 248 (M.

4.3.13 1-(3,3,3-trifluoroprop-1-yn-1-yl)naphthale(&n): Yellow

oil (45 mg, 51% vyield)'H NMR (500 MHz, CDCJ) § 8.19 (d,J

= 8.3 Hz, 1H), 7.93 (d] = 8.3 Hz, 1H), 7.86 (d] = 8.1 Hz, 1H),
7.78 (d,d = 7.2 Hz, 1H), 7.65 — 7.58 (m, 1H), 7.58 — 7.52 (m
1H), 7.44 (dd,) = 10.6, 4.8 Hz, 1HY¥C NMR (126 MHz, CDCJ)

5 133.16 (gJ = 0.8 Hz), 132.99, 132.52 (4,= 1.8 Hz), 131.53,
128.59, 127.82, 127.03, 125.30, 124.98, 115.98 (.76 Hz),
115.10 (g, = 258.3 Hz), 85.20 (g} = 6.4 Hz), 80.18 (q] = 52.9
Hz). F NMR (470 MHz, CDG)) & -49.42 (s, 3F). GC-MS (EI):
miz 220 (M).

4.3.14 3-(3,3,3-trifluoroprop-1-yn-1-yl)quinoline2d): Yellow
solid (54mg, 61%yield)*H NMR (500 MHz, CDCJ) & 8.86 (s,
1H), 8.29 (s, 1H), 8.04 (dl = 8.8 Hz, 1H), 7.71 (t) = 7.6 Hz,
2H), 7.53 (t,J = 7.5 Hz, 1H)*C NMR (126 MHz, CDG)) §
151.11, 147.93, 140.81 (g} = 1.4 Hz), 131.65 (s), 129.64,
127.95, 127.92, 126.53, 115.65 = 257.0 Hz), 112.59 (q} =
1.6 Hz), 83.87 (qJ) = 6.4 Hz), 78.48 (o = 51.7 Hz).”F NMR
(470 MHz, CDCJ) 5 -50.11(s, 3F). GC-MS (El): m/z 221 (M
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