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In the presence of cuprous iodide, the palladium-catalyzed coupling reaction of 4-substituted
tetrafluorophenyliodides 1 with terminal alkynes proceeds readily in diisopropylamine or triethylamine
to afford the corresponding fluorinated phenylalkynes in excellent yields under mild conditions. A
variety of substituents on F-benzenes such as methoxy, dimethylamino, hydro, acyl, piperidino, and
morpholino do not interfere with the coupling reaction. The reaction works well with 1-alkynes
containing functional groups, including alkyl, alkenyl, phenyl, vinyl ether, alkoxy, phenoxy, hydroxy,
amino, trimethylsilyl, and cyano, to give the corresponding (fluorophenyl)alkynes. With dialkynes,
2 equiv of the fluorinated phenyl iodide give bis(fluorophenyl)dialkynes in good yields. When 1,4
dibromotetrafluorobenzene reacts with an excess of alkyne in diisopropylamine, the bis-alkynylated

tetrafluorobenzenes are obtained in good yields.

However, in triethylamine the reaction gives a

mixture of mono- and bis-alkynylated products. This method provides a practical approach to

fluorinated phenyl functionalized alkynes.

Introduction

In recent years, there has been considerable interest in
the synthesis of fluorinated aryl alkynes, since they have
been demonstrated as important substances in organic
synthesis and material science.l’2 However, few convenient
and practical approaches to the fluorinated aryl alkynes
have been described. Existing routes to such compounds
involve a halogenation—dehydrohalogenation sequence
with fluorine-containing aryl ketones® and attack of an
acetylide on fluorinated aromatic rings.4® However,
halogenation-dehydrohalogenation requires multistep re-
actions and the overall yield is low. Although in some
cases, nucleophilic attack of acetylides on fluorinated
arenes gives the corresponding products in good yields, no
alkynylated products are obtained when polyfluoroarenes
containing electron-donating groups react with lithium
acetylides. On the other hand, upon reaction of hexaflu-
orobenzene or pentafluorobenzenes bearing electron-
withdrawing groups with acetylide, a mixture of monoal-
kynylated and bis-alkynylated fluorobenzenes is ob-
tained.4% In addition, not only does the orientation of
substitution depend upon the aromatic substituent, but
harsh reaction conditions preclude the utilization of many
functionalities.

In contrast to fluorinated aryl alkynes, non-fluorinated
aryl alkynes have been prepared via direct reaction of aryl
and substituted aryl halides with cuprous acetylides in
pyridine®-8 or with terminal alkynes catalyzed by palladium
at elevated temperatures.® However, in the presence of
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cuprous iodide, the palladium-catalyzed reaction proceeds
under mild conditions and gives the aryl alkynes in
excellent yields.!! This methodology has been widely
utilized in the preparation of a variety of functionalized
aryl alkynes!?-15 and biologically active compounds.16-18

R
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34-97%

Recently, we reported!® that in the presence of cuprous
iodide the palladium-catalyzed reaction of fluorinated vinyl
iodides with terminal alkynes and triethylamine gave the
corresponding fluorinated enynes in good yields.

_F PACI,(PPhy), /Cul  RC=C __ F
F> <R. + RC=CH TrN/ATt070C =

R : F,CFy Ph, (PrO)}P(0)

A key step in this coupling reaction is the oxidative
addition of the fluorinated vinyl iodide to a palladium(0)
complex to generate a fluorinated vinyl palladium(II)
species. Although the fluorinated aryl halides are well
known to oxidatively add to palladium(0) to provide
fluorinated aryl palladium complexes,20:2! very little work
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has been reported using these palladium complexes in
organic synthesis.?2 Recent work suggested that the
fluorinated aryl palladium complex could be used in
coupling reactions with alkenes.22 While this work was in
progress, a similar approach has also been recently
reported.324 In a preliminary communication?’ we briefly
described the facile coupling reaction of fluorinated phenyl
iodides with terminal alkynes catalyzed by palladium in
the presence of cuprous iodide to produce the fluorinated
pheny! alkynes in excellent yields under mild conditions.
Wenowwish to present in detail the results of the synthesis
of a variety of fluorinated functionalized alkynes.

Results and Discussion

Several para-substituted tetrafluorophenyl iodides were
prepared via treatment of pentafluorophenyl iodide or
bromide with the corresponding nucleophiles according
to literature procedures.?® The para-substituted tetraflu-
orophenyl iodides 1 react with terminal alkynes in the
presence of a catalytic amount of bis(triphenylphosphine)-
palladium dichloride and cuprous iodide in diisopropyl-
amine to afford the corresponding fluorinated aryl alkynes
in good yields. The reaction is general for alkyl- or
trimethylsilyl-substituted alkynes, and other substituents
such as methoxy, N,N-dimethylamino, piperidino, and
morpholino do not interfere with the coupling reaction.
For example, upon reaction of 4-methoxytetrafluorophenyl
iodide (1la) with 1-octyne and diisopropylamine in the
presence of PACly(PPhy); at 80 °C for 3 h, 2¢ was isolated
in 95% yield. Reaction of (trimethylsilyl)acetylene with
la and 1b gives the 4-methoxy-substituted 2e and 1-[4-
(dimethylamino)-2,3,5,6-tetrafluorophenyl]-2-(trimethyl-
silyl)ethyne (3b) in 72 and 87 % yields, respectively, under

the same conditions.
. PdCI(PPhg), / Cul @ .
R—.—I =t ol T, R—.—Cgcn
@ + HC=CR (Pr)NH

1a-e 60t090°C/2to 12 hrs 2-19
51-95%
R: a= MeO- d= ( N- .
b= MSzN-
c= O N- e= H-
/

The conjugated alkynes are also efficient substrates and
more active than the alkyl-substituted alkynes under the
coupling conditions. Thereactions of phenylacetylene and
1-ethynylcyclohexene with 1 can be conducted under
milder conditions. For example, when phenylacetylene is
treated with 1b at 60 °C for 2 h, the corresponding alkyne
7b was obtained in 90% yield. The results are summarized
in Table L

Ether groups can be tolerated in the coupling reaction.
As illustrated in Table II, with 4-substituted tetrafluo-

(22) (a) Hopton, F. J.; Rest, A. J.; Rosevear, D. T.; Stone, F. G. A. J.
Chem. Soc (A) 1966, 1326. (b) Albeniz, A. C.; Espinet, P.; Foces-Foces,
C.; Cano, F. H. Organometallics 1990, 9, 1079.

(23) Zhang, Y.; Wen, J. J. Fluorine Chem. 1990, 47, 533.

(24) Zhang, Y.; Wen, J. J. Fluorine Chem. 1991, 51, 75.

50 (gg% Nguyen. B. V,; Yang, Z. Y.; Burton, D. J. J. Fluorine Chem. 1990,

(26) (a) Tarrant, P. Fluorine Chemistry Rev. 1974, 7, Chapt. 1, p 26,
(b) Burdon, J.; Coe, P. L.; Marsh, C. R.; Tatlow, J. C. Tetrahedron 1966,
22, 1183. (¢) Wall, L. A.; Pummer, W. J.; Fearn, J. E.; Antonucci, J. M.
J. Res. Natl. Bur. Std. 1963,67A, 481. (d) Bellas, M.; Price, D.; Suschitzky,
H. J. Chem. Soc (C) 1967, 1249. (e) Abezgauz, F. 1.; Sokolov, 8. V. Zh.
Obshch. Khim. 1987, 37, 809.

dJ. Org. Chem., Vol. 58, No. 26, 1993 7369

Table I. Coupling Reaction of Para-Substituted
Iodotetrafluorobenzenes with Alkyl-, Trimethylsilyl-,
Phenyl-, and 1-Cyclohexenyl-Substituted Alkynes

RI+ HoscR CoCz(PPhal, 1 CUl_ nc-cn'
(PrgNH

6010 90'C /210 12 hrs
entry product R R/ % yield
1 2a MeO CH,(CH,);CH; 81
2 2b CH;3(CHy);CH; 79
3 2¢c CHy(CHy)CH; 95
4 2d CH,(CHj)sCH; 89
5 2e SiMeg 72
6 3a MexN CH3(CH;)sCHjy 83
7 3b SiMeg 87
8 4 o/—\N CHy(CH,);CHj3 89

./
9 1 CN CH;(CH;);.CH; 77
10 6 MeO CeHs 74
11 7a MesN ¢-C¢Hp 61
12 7b CgHs 920
13 8 O/_\N CeHs 78

\—/

14 9 <:/\N CeHs 87

Table II. Coupling Reaction of Para Substituted
Iodotetrafluorobenzenes with Ether-, Hydroxyl-, Cyano-,
Amino- Substituted Alkynes

RI+ HCagR P2Ck(PPa)y/ Cul, RC=CR'
(PricNH -

50t090°C/1to 12 hrs

entry  product R R’ % yield
15 10a MeO CH;0CeHj5 80
16 10b CH;0CH; 84
17 10c Z-CH=CHOCH; 80

18 .1 Me:N Z-CH=CHOCH; 68
19 12 o/'-\N CH;OCH; 73
-
20 13a CN CH;0CH;3 73
21 13b Z-CH=CHOCHj; 66
22 14 H Z-CH=CHOCH, 51
23 15a MeO CH;OH 74
24 15b C(CHy):0H 84
25 15¢ ¢-CeH10OH ¥
26 15d CH(OH)CHj; 80
27 15e (CHy),C=N 96
28 16a Me:N CH(OH)CHj 67
29 16b C(CHy);OH 70
30 16¢c c-CsHgOH 70
31 16d ¢-CeH;oNH, 91
32 16e C(CHy);NH, 84
33 17a 0/—\N CH,0H 93
\/
34 17b C(CHjy);NH; 87
35 18a CN CH;OH 86
36 18b C(CHj)NH, 89
37 19 H C(CHjy);0H 69

rophenyl iodide in triethylamine, propargyl ether gives
the coupling products in good yields. Although alkynyl-
ation of non-fluorinated aryl halides catalyzed by palla-
dium in aqueous medium has been recently published,?’
there are no reports describing the palladium-catalyzed
reaction with fluorinated substrates in protic solvents. We

(27) Casalnuovo, A. L.; Calabrese, J. C. J. Am. Chem. Soc. 1990, 112,
4324.
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found that the palladium-catalyzed reaction of 1 with
alkynes proceeds readily in aqueous solution. As shown
in Table II (entries 17, 18, 21, 22) when cis-1-methoxy-
1-buten-3-yne, commercially available as a solution con-
taining 40% methanol and 10% water, was used as a
substrate the corresponding fluorinated aryl-substituted
enyne ethers could be isolated in good yields. Although
small amounts of byproducts were detected by 1°F NMR
analysis of the reaction mixture, they were neither isolated
nor identified. The configuration of the cis-vinyl hydrogens
of alkyne is preserved throughout the reaction, as char-
acterized by tH NMR and determined by the 6.6-Hz
coupling.

The success achieved in the palladium-catalyzed cou-
pling reaction of 1 with terminal alkynes in protic solvents
prompted us to investigate the reaction of 1 with terminal
alkynes containing protic functionalities. The coupling
reaction with functionalized alkynes would provide a wide
variety of fluorinated aryl alkynes, which would be
invaluable in fluorocarbon chemistry since the preparation
of fluorinated aryl functionalized alkynes was unsuccessful
with previous methods.>-5

In the presence of cuprous iodide, the reaction of 1 with
propargyl alcohols and amines can be accomplished when
catalyzed by palladium in diisopropylamine at 60-90 °C.
Primary, secondary, and tertiary hydroxy and amino
groups are preserved in the products. The yields are good
to excellent and the products are readily isolated by
chromatography (Table II). Reaction of 5-hexynenitrile
with 1a also gives the coupling product 15e in 96% yield
under the same conditions.

Terminal dialkynes provide bis-fluorinated phenyl-
substituted dialkynes when treated with 2 equiv of 1. For
example, when la reacts with 1,6-heptadiyne in triethyl-
amine at 30 °C for 2 h, in the presence of 5 mol % palladium
and 1 mol % cuprous iodide as a catalyst system, 1,7-
bis(4-methoxytetrafluorophenyl)heptadiyne 20a is isolated
in 80% yield. Similarly, with the longer chain dialkynes
the fluorinated aryl dialkynes are isolated in 75-82%

yields.
MeOI +  HC=C-(CHp),-CsCH

PACly(PPhg)s / Cul
(PrNH /90°C / 2 hrs

MeOC-(CHg),.-Czc Me

20a: n=3 80%
20b: n=4 75%
20¢: n= 6 82%

Fluorinated phenyl bromides also undergo the coupling
with terminal akynes with palladium and cuprous iodide
catalysis. The reaction of 1,4-dibromotetrafluorobenzene
(1f) with 2 equiv of 1-hexyne or 1-heptyne in diisopro-
pylamine at 80 °C gives bis(hexynyl)- and bis(heptynyl)-
tetrafluorobenzenes 21 in 74 and 80 % yields, respectively.
However, in triethylamine the reaction is not clean. For
example, upon treatment of 1,4-dibromotetrafluoroben-
zene with 2.5 equiv of 1-heptyne in triethylamine at 80 °C
over 10 h, a mixture of bis-heptynyltetrafluorobenzene,
4-heptynyltetrafluorophenyl bromide, and 1,4-dibromotet-
rafluorobenzene (1f) is observed by 1°F NMR. Evenwhen
a large excess of 1-heptyne was used and the reaction

Nguyen et al.

BrBr+HC=CR PICk(PPhs), / Cul RC=C-.—C=CR
T (PeNA

1 6010 90°C /2105 hrs

21a: R=n-C4Hy 74%
21b: R= n-CsH" 80%

mixture is heated at 80-90 °C for a prolonged period of
time, the yield of bis(heptynyl)tetrafluorobenzene 21b was
not improved, and some 1,4-dibromotetrafluorobenzene
remained in the reaction mixture.

Thus, para-substitution of the perfluorophenyl iodides
with electron-donating functional groups, such as methoxy,
hydro, N,N-dimethylamino, piperidino, and morpholino,
does not impede the reaction. It was of interest to explore
the effect of electron-withdrawing substituents at the para
position of the pentafluoroaryl halides in the reaction with
terminal alkynes under similar conditions. The acyl group
was introduced to the para position of bromotetrafluo-
robenzene via the coupling reaction between the 4-bro-
motetrafluorophenylcopper reagent?® with an acyl chloride.

Treatment of 1,4-dibromotetrafluorobenzene with ex-
cess acid-washed cadmium in DMF at room temperature
overnight produces the 4-bromotetrafluorophenylcadmi-
um reagent, which subsequently undergoes a quantitative
metathesis reaction with cuprous bromide at room tem-
perature. The copper reagent couples with propionyl
chloride at room temperature in 30 min to afford an 80%
isolated yield of ethyl 4-bromotetrafluorophenyl ketone
(1g). Inthe presence of a catalytic amount of PACly(PPhs)s
and Cul, ethyl 4-bromotetrafluorophenyl ketone undergoes
coupling with 1-hexyne and phenylacetylene in diisopro-
pylamine solvent at 60 °C for 3 h togive ethyl 4-(1-hexynyl-
2,3,5,6-tetrafluorophenyl) ketone (22a) and ethyl 4-(phen-
ylethynyl)-2,3,5,6-tetrafluorophenyl) ketone (22b) in 75
and 81% yields, respectively (Scheme I).

The coupling reaction appears to involve Pd(0) catalysis,
generated by the reduction of palladium(II) by attack of
the acetylide anion on the organopalladium halide to form
(triphenylphosphine)dialkynylpalladium, followed by re-
ductive elimination of the disubstituted acetylene to form
bis(triphenylphosphine)palladium(0). In fact, a small
amount of 14-diphenylbutadiyne was isolated in the
reaction of para-substituted-tetrafluorophenyl iodides with
phenylacetylene (in the entries 10-14). The resulting
palladium(0) enters the catalytic cycle (Scheme II) by
oxidative addition of the para-substituted-tetrafluoro-
phenyl iodide, followed by alkynylation to generate
palladium(II) species. Finally,reductive eliminationgave
coupled product and regenerated Pd(0) catalyst.

In conclusion, we have presented a general method for
the preparation of para-substituted tetrafluorophenyl
alkynes via the palladium-cuprous iodide catalyzed cou-
pling reaction of fluorinated aryl halides with terminal
alkynes. The reaction works well with 4-hydro-, 4-meth-
0xy-, 4-(N,N-dimethylamino)-, 4-piperidino-, and 4-mor-
pholinotetrafluorophenyl iodide, and 4-acyltetrafluo-
rophenyl bromide. With 2 equiv of alkynes, 1,4-di-
bromotetrafluorobenzene gives the corresponding dial-
kynylated products. When a,w-dialkynes are used as
substrates, the a,w-bis(fluorophenyl)-substituted di-
alkynes are obtained. A variety of functionalities in the

(28) Burton, D. J.; Yang, Z. Y.; Macneil, K. J. J. Fluorine Chem. 1991,
52, 251,
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Scheme I
Br 0
CuBr
COd/DMF CH2CH,CCI
@ BT /12hrs AT 730 min @
Br Br
80% (1g9)

HC=C(CHo);CH, O
0 souc'—l 3 h_-.rs CHa(cHg)ac!c @
75% (22a)
PdClp(PPhy)/Cul
( Pr)zNH

[ e :
19 60°C/3 frs Q_CEC

81% (22b)
Scheme 11
(PPhg),PdCl,
HC=CR'
Cul/ {Pr),NH
iPr),NH+HC!
(PPhg),Pd(C=CR'),
R'C=C-C=CR'
RC<C R (PPhg),Pd’
R
g Oa
(PPha),Pd (PPh3).Pd
C=CR' X
('Pr),NH-HX HC=CR'
Cul/ (Pr).NH
X 1,8r

alkynes are tolerated under the reaction conditions. The
ready availability of the catalysts and alkyne precursors,
the ease of preparation of substituted fluorinated aryl
halides, the simplicity of the experimental procedure, and
the high yields obtained make this approach a useful route
to fluorinated aryl alkynes.

Experimental Section

Materials. 4-Hydrotetrafluorophenyl iodide, 4-methoxytet-
rafluorophenyl iodide, 4-morpholinotetrafluorophenyl iodide,
4-piperidinotetrafluorophenyl iodide, and 4-(N,N-dimethylami-
no)tetrafluorophenyliodide were prepared according to literature
methods.?® All 1-alkynes, a,w-alkynes, palladium dichloride,
cuprous iodide, diisopropylamine, and 1,4-dibromotetrafluo-
robenzene were purchased from Aldrich Chemical Co.

All reactions were monitored by *F NMR analysis of the
reaction mixtures on a JEOL FX90Q spectrometer. The 'H, 1°F,
and 13C NMR spectra of final products were obtained on a Bruker
AC-300spectrometer (CDCls, CFCls, or TMS internal references).
FT-IR spectra were recorded on a Mattson Cygnus 100 spec-
trometer as CCl, solutions in a 0.1-cm path length cell. Low-
resolution mass spectra were obtained on a TRI0-1 GC-MS and
high-resolution mass spectra on VG ANALYTICAL 11-250J at
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70eV. GLPC analysis were recorded on a Hewlett-Packard 5890A
gas chromatograph with an OV-101 column and thermal con-
ductivity detector. Melting points were obtained on a Thomas
Hoover capillary melting point apparatus in open-ended capil-
laries and are uncorrected.

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
1-nonyne (2d). In a typical experimental procedure, a 50-mL,
two-necked, round-bottomed flask equipped with a septum, a
Teflon-coated magnetic stir-bar, and a water condenser topped
with a nitrogen inlet was charged with 1.5 g (5.0 mmol) of
4-methoxy-1-iodotetrafluorobenzene, 0.9 g (7.2 mmol) of 1-non-
yne, 0.18 g (5.0 mol %) of PdCly(PPhy)z, 0.03 g (3.0 mol %) of
Cul, and 20 mL of (iPr),NH. The solution was stirred at 70 °C
under & nitrogen atmosphere. After complete consumption of
starting material (determined by 1°F NMR analysis of the reaction
mixture) the mixture was cooled to room temperature and gravity
filtered, and the solid was washed with 20 mL of CH;Cl,. The
filtrate was concentrated by rotary evaporation to give a crude
product, which was purified through a flash chromatography
column packed with silica gel, and eluted with hexane to yield
1.4 g (89%) of 2d: GLPC purity 96.8%, of 1-(4-methoxytetra-
fluorophenyl)-1-nonyne: *F NMR (CFCl;, CDClg) -159.2 (m,
2F), -139.6 (m, 2F); 'H NMR (CDCl3, TMS) 0.9 (t, 3Jy_u = 6.8
Hz, 3H), 1.3 (m, 6H), 1.4 (m, 2H), 1.6 (m, 2H), 2.5 (t, %Jy.qu = 6.9
Hz, 2H), 4.1 (t, %Ju.r = 1.3 Hz, 3H); 1¥C NMR (CDCl;, TMS)
148.0 (dm, Jor = 250.2 Hz), 141.2 (dm, Je.r = 246.5 Hz), 138.5
tt, 2Jer = 12.2, 8Joy = 3.7 Hz), 102.9 (t, 4Jcr = 3.6 Hz), 99.0
(t, 2Jcr = 18.1 Hz), 65.6 (t, 3Jor = 3.8 Hz), 62.2 (t, 4Jor = 8.7
Hz), 32.3 (s), 29.2 (s), 28.7 (s), 23.0 (s), 20.0 (s), 14.2 (s); FTIR
(CCL,, cm-1) 2932.4 (m), 2859.8 (w), 2244.8 (w, C=C), 1646.7 (w),
14924 (s), 1428.9 (m), 1202.6 (w), 1076.6 (m), 991.4 (m); GC-MS
(m/2) 302 (M+,25.9), 259 (17.4), 245 (82.5), 219 (86.4), 193 (100.0),
81 (18.2), 55 (32.3), 43 (58.1).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
1-hexyne (2a). Similarly, 2a was prepared from 1.5 g (5 mmol)
of 4-methoxy-1-iodotetrafluorobenzene, 0.6 g (7.2 mmol) of
1-hexyne, 0.18 g (5.0 mol %) of PdCly(PPhg);, 0.08 g (3.0 mol %)
of Cul, and 20 mL of (Pr);NH. Usual workup gave 1.1 g (81%)
of 2a: GLPC purity 94.9% ; ¥F NMR (CFCl;, CDClg) ~159.2 (m,
2F), -139.7 (m, 2F); 'H NMR (CDCl;, TMS) 0.9 (t, 3y = 7.3
Hz, 3H), 1.5 (m, 2H), 1.6 (m, 2H), 2.5 (t, 3Ju_x = 6.8 Hz, 2H), 4.1
(t, 5Ju.r = 1.4 Hz, 3H); 3C NMR (CDCl;, TMS) 147.8 (dm, Jo r
= 254.1 Hz), 141.1 (dm, Jop = 246.7 Hz), 138.4 (tt, 2Jcr = 12.0,
3%Jor = 3.2 Hz),102.8 (t,%Jcr = 3.5 Hz), 98.8 (t, 2Jcr = 18.3 Hz),
65.6 (t, 3Jor = 3.8 Hz), 62.3 (t, *Jor = 3.7 Hz), 30.6 (s), 22.2 (s),
19.6 (8), 13.7 (s); FTIR (CCL, cm™!) 2963.0 (s), 2960.3 (s), 2875.3
(m), 2837.9 (w), 2246.9 (w, C=C), 1646.4 (w), 1506.9 (s), 1487.9
(s), 1430.0 (), 1202.7 (m), 1166.0 (w), 1076.3 (8), 1045.4 (m), 996.3
(s),986.4 (s); GC-MS (m/z) 260 (M+, 43.6), 245 (100.0), 217 (95.5),
202 (38.1), 169 (19.2), 43 (63.6), 41 (49.2).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
1-heptyne (2b). Similarly, 2b was prepared from 1.5 g (56 mmol)
of 4-methoxy-1l-iodotetrafluorobenzene, 0.7 g (7.2 mmol) of
1-heptyne, 0.18 g (5.0 mol %) of PdCly(PPhs),, 0.03 g (3.0 mol
%) of Cul, and 20 mL of (iPr);NH. Usual workup gave 1.1 g
(79% ) of 2b; GLPC purity 97.0% ; °F NMR (CFCls, CDClg) -159.2
(m, 2F), ~139.6 (m, 2F); 'H NMR (CDCl;, TMS) 0.9 (t, 8Ju.u =
7.1 Hz, 3H), 1.4 (m, 4H), 1.6 (m, 2H), 2.5 (t, 3Ju_x = 7.0 Hz, 2H),
4.1 (s, 3H); 13C NMR (CDCl3, TMS) 147.9 (dm, Jo r = 255.0 Hz),
141.1 (dm, Jc.r = 246.6 Hz), 138.5 (tt, 2Jcr = 12.3, 3Jcr = 3.8
Hz), 102.9 (t, *Jor = 3.7 Hz), 98.9 (t, 2Jcr = 18.3 Hz), 65.6 (t,
3Jer = 4.1 H2), 62.2 (t, *Jor = 3.9 Hz), 31.3 (s), 28.3 (8), 22.5 (8),
20.0 (s), 14.1 (8); FTIR (CCl,, cm-1) 2959.4 (s), 2936.4 (s), 2862.6
(m), 2247.1 (w, C==C), 1646.6 (w), 1487.9 (s), 1430.6 (s), 1202.7
(m), 1165.8 (w), 1059.4 (s), 986.8 (s); GC-MS (m/z) 274 (Mt,33.7),
245 (100.0), 231 (17.3),219 (84.4), 217 (97.4),202 (48.1), 193 (63.6),
174 (32.8), 81 (44.8), 55 (23.4), 41 (80.2).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
l-octyne (2¢). Similarly, 2¢ was prepared from 1.5 g (5 mmol)
of 4-methoxy-1-iodotetrafluorobenzene, 0.8 g (7.2 mmol) of
1-octyne, 0.18 g (5.0 mol %) of PdCl,(PPhg);, 0.03 g (3.0 mol %)
of Cul, and 20 mL of (IPr);NH. Usual workup gave 1.4 g (95%)
of 2¢: GLPC purity 92.0%; 1*F NMR (CFCl;, CDCly) -159.2 (m,
2F), ~139.6 (m, 2F); 1H NMR (CDCl3, TMS) 0.9 (t, %y = 6.8
Hz, 3H), 1.3 (m, 4H), 1.5 (m, 2H), 1.6 (m, 2H), 2.5 (t, 3Jy = 6.9
Hz, 2H), 4.1 (t, 3Jgr = 1.3 Hz, 3H); 13C NMR (CDCl;, TMS)
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148.0 (dm, Jor = 260.9 Hz), 141.2 (dm, Jc.p = 246.8 Hz), 138.6
(tt, 2Jcr = 12.0, 3Jor = 3.3 Hz), 102.8 (t, *Jcr = 3.4 Hz), 99.0
(t, 2Jcr = 18.0 Hz), 65.7 (m), 62.2 (t, 4Jor = 4.0 H2), 31.7 (), 28.7
(8), 22.9 (8), 20.0 (8), 14.1 (8); FTIR (CCl,, cm™) 2934.1 (s), 2860.5
(m), 2245.5 (w, C==C), 1646.3 (w), 1492.2 (s), 1428.2 (s), 1202.7
(m), 1165.7 (w), 1076.1 (8), 996.2 (8); GC-MS (m/z) 288 (M*, 28.9),
259 (20.4), 245 (84.3), 217 (79.2), 202 (41.5), 193 (100.0), 169 (23.0),
43 (88.7), 41 (77.4).

Preparation of 1-(4-Methoxy-2,3,6,6-tetrafluorophenyl)-
2-(trimethylsilyl) ethyne (2e). Similarly,2e was prepared from
1.5 g (5 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.7 g (7.1
mmol) of (trimethylsilyl)acetylene, 0.18 g (5.0 mol %) of
PdCl3(PPhs)g, 0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr);NH.
Usual workup gave 1.0g (72%) of 2e: mp 40 °C; *¥F NMR (CFCls,
CDCly) ~158.8 (m, 2F), -138.2 (m, 2F); *H NMR (CDCly, TMS)
0.3 (s, 9H), 4.1 (t, 5Ju.p = 1.5 Hz, 3H); 1*C NMR (CDCl;, TMS)
148.2 (dm, Jo.p = 252.8 Hz), 141.1 (dm, Jor = 247.5 Hz), 139.4
(m), 107.9 (1, 4Jor = 3.8 Hz), 98.6 (t, 2Jcr = 18.2 Hz), 88.9 (t,
3Jor = 3.8 H2), 62.5 (1, *Jcr = 3.4 Hz), 0.3 (8); FTIR (CCl,, cm-!)
2960.9 (w), 2900.9 (w), 2838.1 (w), 2170.7 (w, C=C), 1646.2 (w),
1504.3 (8), 1427.7 (m), 1252.2 (m), 1145.1 (w), 1034.4 (s), 1021.8
(8), 990.3 (s), 922.7 (m); GC-MS (m/z) 276 (M*, 5.2), 261 (42.1),
207 (7.4), 171 (31.3), 85 (81.0), 71 (74.0), 69 (57.5), 67 (100.0).

Preparation of 1-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl}-1-heptyne (3a). Similarly, 3a was prepared
from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-1-iodotetraflu-
orcbenzene, 0.7 g (7.2 mmol) of 1-heptyne, 0.18 g (5.0 mol %) of
PdCl3(PPhy)s, 0.03 g (3.0 mol %) of Cul, and 20 mL of ({Pr):NH.
Usual workup gave 1.2 g (83%) of 3a: GLPC purity 100.0%; ¥F
NMR (CFCl;, CDCl3) ~153.0 (m, 2F), -140.6 (m, 2F); 'H NMR
(CDCl3, TMS) 0.9 (t, 3Jugu = 7.1 Hz, 3H), 1.4 (m, 4H), 1.6 (m,
2H), 2.5 (t, 3Jyn = 7.1 Hz, 2H), 8.0 (t, 5J = 2.2 Hz, 6H); 3C NMR
(CDCls, TMS) 148.1 (dm, Jor = 247.9 Hz), 141.9 (dm, Jor =
242.9 Hz), 131.4 (tt, 2Jor = 10.9, 3Jcr = 4.8 Hz), 101.7 (t, *Jor
= 3.6 Hz), 96.6 (t, 2Jcr = 18.2 Hz), 66.3 (t, *Jcr = 4.1 Hz), 43.2
(t, *Jor = 4.6 Hz), 31.3 (8), 28.5 (s), 22.5 (8), 20.0 (8), 14.1 (8);
FTIR (CCl,, cm1) 2935.0 (m), 2861.6 (w), 2812.2 (w), 2237.9 (w,
C=C), 1645.0 (w), 1514.0 (m), 1486.8 (8), 1432.6 (m), 1272.7 (w),
1219.8 (w), 1047.5 (w), 979.4 (m); GC-MS (m/z) 287 (M*, 57.6),
258 (42.3), 244 (26.8), 230 (100.0), 214 (52.2), 206 (36.4), 193 (20.8),
186 (17.6); HRMS caled for CysH;7F (N 287.1297, obsd 287.1315.

Preparation of 1-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl]-2-(trimethylsilyl)ethyne (3b). Similarly,3b
was prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-
1-iodotetrafluorobenzene, 0.7 g (7.1 mmol) of (trimethylsilyl)-
acetylene, 0.18 g (5.0 mol %) of PdCl(PPhg),, 0.03 g (3.0 mol %)
of Cul, and 20 mL of (iPr),NH. Usual workup gave 1.3 g (87%)
of 13b: mp 44-45 °C; °)F NMR (CFCls, CDCly) -153.0 (m, 2F),
-139.4 (m, 2F); 'H NMR (CDCl;, TMS) 0.3 (s, 9H), 3.0 (t, *Jy.r
= 2.3 Hz, 6H); 13C NMR (CDCl;, TMS) 148.4 (dm, Jor = 249.4
Hz), 141.7 (dm, Jcr = 244.3 Hz), 132.6 (tt, ZJor = 9.8, 3Jcp =
4.6 Hz), 108.4 (t, *Jor = 3.4 Hz), 95.5 (t, 2Jor = 18.1 Hz), 89.8
(t, %Jor = 3.6 Hz), 43.4 (t, *Jcr = 4.8 Hz), 1.2 (s); FTIR (CCL,
cm-t) 2960.7 (w), 2899.0 (w), 2853.4 (w), 2813.4 (w), 2362.5 (w,
C=C), 2166.7 (w), 2068.8 (w), 1644.0 (w), 1516.9 (m), 1488.6 (s),
1431.1 (m), 1251.6 (m), 997.1 (m); GC-MS (m/z) 289 (M*, 31.8),
274 (11.6), 171 (19.9), 149 (43.2), 97 (32.4), 83 (40.3), 71 (59.7),
69 (66.8), 57 (100.0).

Preparation of 1-(4-Morpholino-2,3,5,6-tetrafluorophen-
yl)-1-hexyne (4). Similarly, 4 was prepared from 1.8 g (5 mmol)
of 4-morpholino-1-iodotetrafluorobenzene, 0.6 g (7.2 mmol) of
1-hexyne, 0.18 g (5.0 mol %) of PdCl;(PPhy),, 0.03 g (3.0 mol %)
of Cul, and 20 mL of (‘Pr):NH. Usual workup gave 1.4 g (89%)
of 4: GLPC purity 94.4%; YF NMR (CFCl;, CDClg) ~152.4 (m,
2F), -139.9 (m, 2F); H NMR (CDCl3, TMS) 0.9 (t, 8%Juy = 7.3
Hz, 3H), 1.5 (m, 2H), 1.6 (m, 2H), 2.5 (t, 3Juu = 6.8 Hz, 2H), 3.3
(m, 4H), 3.8 (m, 4H); 13C NMR (CDCl;, TMS) 147.8 (dm, Jcr
= 252.7 Hz), 142.1 (dm Joy = 245.3 Hz), 129.7 (tt, 2Jor = 10.9,
3Jor = 4.6 Hz), 102.3 (t, *Jor = 3.3 Hz), 98.1 (t, 2Jcp = 18.2 H2),
67.4 (s), 65.9 (t, 3Jer = 4.1 Hz2), 51.3 (t, 4Jor = 3.5 Hz), 30.5 (s8),
22.0 (8), 19.6 (8), 13.6 (8); FTIR (CCl,, cm-1) 2963.1 (m), 2934.6
(w), 2859.7 (m), 2239.4 (w, C=C), 1645.2 (w), 1487.0 (s), 1450.0
(m), 1375.3 (w), 1258.5 (w), 1189.7 (w), 1119.8 (m), 984.2 (m);
GC-MS (m/z) 316 M* +1,18.1), 315 (M*, 100.0), 314 (13.3), 300
(7.0), 286 (2.5), 272 (18.8), 257 (32.5), 242 (78.7), 228 (14.7), 214
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(48.6), 201 (17.1), 200 (19.9), 186 (20.8), 151 (2.9), 121 (2.0), 67
(3.6), 57 (15.9).

Preparation of 1-(4-Piperidino-2,3,5,6-tetrafluorophenyl)-
1-hexyne (5). Similarly, 5 was prepared from 1.8 g (6 mmol) of
4-piperidino-1-iodotetrafluorobenzene, 0.6 g (7.2 mmol) of 1-hex-
yne, 0.18 g (5.0 mol %) of PdCl;(PPhs)s, 0.03 g (3.0 mol %) of
Cul, and 20 mL of (iPr);NH. Usual workup gave 1.2 g (77%) of
5: GLPC purity 97.0% ; ¥F NMR (CFCls, CDClg) ~140.2 (m, 2F),
-152.5 (m, 2F); *H NMR (CDClg, TMS) 0.9 (£, 3Ju.u = 7.0 Hz,
3H), 1.5 (m, 4H), 1.6 (m, 6H), 2.5 (t, 3Jy_x = 7.0 Hz, 2H), 3.2 (s,
4H); *C NMR (CDCl;, TMS) 147.9 (dm, Jcr = 248.6 Hz), 142.2
(dm, Jop = 238.1 Hz), 131.4 (tm, 2Jcr = 11.7 Hz), 101.6 (1, ‘Jor
=3.1Hz),97.0 (t,%Jcr = 18.4 Hz), 66.3 (m), 52.5 (*Jcr = 3.3 Hz),
30.8 (s), 26.8 (s), 24.4 (s), 22.2 (s), 19.7 (8), 13.7 (s); FTIR (CCL,
cm-1) 2938.7 (m), 2859.8 (w), 2239.4 (w, C=C), 1644.0 (w), 1485.2
(8), 1451.7 (w), 1382.8 (w), 1228.1 (w), 1082.7 (w), 980.7 (m); GC-
MS (m/z) 313 (M*, 67.0), 312 (M* -1, 100.0), 298 (8.3), 284 (4.3),
270 (24.3), 256 (6.8), 214 (23.0), 186 (12.8).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
2-phenylethyne (6). Similarly, 6 was prepared from 1.5 g (5
mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.7 g (7.0 mmol)
of phenylacetylene, 0.18 g (5.0 mol %) of PdCl;(PPhs),, 0.03 g
(3.0 mol %) of Cul, and 20 mL of ({Pr);NH. Usual workup gave
1.0g (74%) of 6: mp 70-73 °C; F NMR (CFCl;, CDCly) -158.7
(m, 2F), -138.5 (m, 2F); TH NMR (CDCl;, TMS) 4.1 (s, 3H), 7.3
(m, 3H), 7.5 (m, 2H); 3C NMR (CDCl;, TMS) 147.4 (dm, Jcr
= 255.2 Hz), 140.9 (dm, Jcy = 246.5 Hz), 138.9 (tt, 2Jop = 11.5,
3Jcr = 3.6 Hz), 131.9 (s), 129.4 (s), 128.5 (8), 122.1 (8), 100.4 (t,
4Jor = 3.5 Hz), 98.1 (t, 2Jcr = 18.1 Hz), 74.1 (t, 3Jcr = 3.9 Hz),
62.2 (t, “Jor = 3.8 Hz); FTIR (CCl,, cm™?) 3059.7 (w), 3021.0 (w),
2948.5 (w), 2838.9 (w), 2222.3 (w, C==C), 1645.7 (w), 15699.2 (w),
1508.9 (s), 1493.9 (s), 1429.8 (s), 1194.1 (w), 1127.3 (s), 1008.9 (s),
921.1 (w); GC-MS (m/2) 281 (M* + 1, 15.3), 280 (M*, 100.0), 279
(74.0), 253 (8.6), 237 (42.1), 217 (13.2), 203 (22.5), 201 (11.9), 187
(9.8), 167 (2.2), 115 (8.6), 105 (4.0), 93 (5.7), 63 (2.1), 51 (2.5).

Preparation of 1-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl}-2-(1-cyclohexenyl)ethyne (7a). Similarly,
7a was prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-
1-iodotetrafluorobenzene, 0.8 g (7.5 mmol) of 1-cyclohexen-
ylacetylene, 0.18 g (5.0 mol %) of PdCl;(PPhjy),, 0.03 g (3.0 mol
%) of Cul, and 20 mL of ({Pr);NH. Usual workup gave 0.9 g
(61%) of 7a: mp 50-51 °C; 19F NMR (CFCl;, CDClp) -153.0 (m,
2F), -140.0 (m, 2F); tH NMR (CDCl;, TMS) 1.6 (m, 4H), 2.1 (m,
2H), 2.2 (m, 2H), 3.0 (t, 5Jy_r = 2.2 Hz, 6H), 6.2 (m, 1H); 3CNMR
(CDCl3, TMS) 147.5 (dm, Jcr = 249.1 Hz), 141.7 (dm, Jor =
244.0 Hz), 136.9 (s), 131.6 (tt, 2Jcr = 11.0, 3Jcr = 4.6 Hz), 120.6
(8),101.6 (t,4Jcr = 3.0 Hz), 96.2 (t, %Jcp = 18.2 Hz), 72.3 (t, %Jcp
= 4.2 Hz), 43.2 (t, *Jor = 3.9 Hz), 29.1 (s), 26.0 (s), 22.5 (8), 21.7
(8); FTIR (CCl,, cm-1) 2938.8 (m), 2860.9 (w), 2812.3 (w), 2211.1
(w, C=C), 1643.4 (w), 1515.2 (m), 1487.7 (s), 1432.6 (m), 1220.0
(w), 1083.7 (w), 979.1 (m); GC-MS (m/z) 297 (M*, 34.2), 269 (27.5),
223 (25.2), 205 (29.6), 161 (24.6), 149 (100.0), 110 (31.3), 95 (43.9).

Preparation of 1-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl]-2-phenylethyne (7b). Similarly, 7b was
prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-1-
iodotetrafluorobenzene, 0.7 g (7.0 mmol) of phenylacetylene, 0.18
g (5.0 mol %) of PdCl,(PPhg),, 0.03 g (3.0 mol %) of Cul, and
20 mL of (iPr);NH. Usual workup gave 1.3 g (30%) of 7b: mp
84-85 °C; UF NMR (CFCl;, CDCl3) -152.8 (m, 2F), ~139.6 (m,
2F); 'H NMR (CDCl;, TMS) 2.9 (, 5Ju.u = 2.3 Hz, 6H), 7.3 (m,
3H), 7.5 (m, 2H); 13C NMR (CDCl;, TMS) 147.6 (dm, Jer =
249.4 Hz), 141.4 (dm Joy = 243.2 Hz), 131.9 (tm, 2Jcp = 10.2
Hz), 131.7 (8), 129.0 (s), 128.4 (8), 122.5 (8), 99.4 (t, 4Jop = 3.0
Hz), 95.3 (t, 2Jcr = 18.2 Hz), 75.0 (%, 3Jor = 4.1 Hz), 43.1 (¢, *Jor
= 4.7 Hz); FTIR (CCl,, cm™) 3065.6 (w), 2941.8 (w), 2895.3 (W),
2813.2 (w), 2224.0 (w, C==C), 1643.2 (w), 1598.6 (w), 1517.0 (m),
1487.5 (), 1431.6 (s), 1218.7 (w), 1089.8 (m), 985.3 (m); GC-MS
(m/z) 293 (M*, 45.2), 283 (12.2), 207 (18.6), 171 (55.8), 97 (51.0),
83 (69.2), 71 (100.0).

Preparation of 1-(4-Morpholino-2,3,5,6-tetrafluorophen-
y1)-2-phenylethyne (8). Similarly, 8 was prepared from 1.8 g
(5 mmol) of 4-morpholino-1-iodotetrafluorobenzene, 0.7 g (7.0
mmol) of phenylacetylene, 0.18 g (5.0 mol %) of PACly(PPhg),,
0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr);NH. Usual workup
gave 1.3 g (78%) of 8: mp 120-121 °C; °F NMR (CFCls, CDCly)
-152.2 (m, 2F), -138.8 (m, 2F); 'TH NMR (CDCl;, TMS) 3.3 (m,
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4H), 3.8 (m, 4H), 7.3 (m, 3H), 7.5 (m, 2H); *C NMR (CDCls,
TMS) 147.5 (dm, Jcp = 251.7 Hz), 141.9 (dm, Jor = 246.6 Hz),
131.8 (s), 130.4 (t, 2Jcr = 11.9 Hz), 129.2 (s), 128.5 (s), 122.2 (8),
100.0 (t, “Jor = 3.4 Hz), 97.2 (t, 2Jcr = 18.2 Hz), 67.3 (s), 51.2
(t, “Jor = 8.6 Hz); FTIR (CCL, cm™) 2966.6 (w), 2894.2 (w),
2858.4 (w), 2224.7 (w, C==C), 1700.2 (w), 1606.6 (m), 1487.8 (s),
1443.9 (m), 1375.2 (w), 1258.5 (w), 1153.9 (w), 1120.3 (m), 983.6
(m); GC-MS (m/z) 335 (M*, 49.6), 277 (91.6), 263 (13.3), 249
(9.8), 149 (12.8), 138 (47.5), 111 (28.1), 97 (43.0), 83 (44.2), 69
(63.6), 57 (100.0).

Preparation of 1-(4-Piperidino-2,3,5,6-tetrafluorophenyl)-
2-phenylethyne (9). Similarly, 9 was prepared from 1.8 g (5
mmol) of 4-piperidino-1-iodotetrafluorobenzene, 0.7 g (7.0 mmol)
of phenylacetylene, 0.18 g (5.0 mol %) of PdCly(PPhs), 0.03 g
(3.0 mol %) of Cul, and 20 mL of (Pr)eNH. Usual workup gave
1.4¢g (87%) of 9: mp 70-72 °C; WF NMR (CFCl,, CDCly) -152.4
(m, 2F), -139.5 (m, 2F); tH NMR (CDCl;, TMS) 1.6 (m, 6H), 3.2
(m, 4H), 7.3 (m, 3H), 7.5 (m, 2H); 1¥3C NMR (CDCl,, TMS) 147.7
(dm, Jop = 245.56 Hz), 141.9 (dm, Jep = 240.0 Hz), 131.8 (s),
129.2 (m), 129.0 (8), 128.4 (s), 122.5 (8), 99.5 (t, *Jor = 3.3 H2),
95.9 (t, 2Jor = 19.1 Hz), 756.1 (m), 52.3 (t, *Jc.r = 3.5 Hz), 26.5
(s), 24.1 (8); FTIR (CCL, cm-1) 2939.9 (s), 2853.4 (m), 2223.5 (w,
C=C), 1642.8 (m), 1598.1 (w), 1484.2 (s), 1443.6 (s), 1382.9 (m),
1227.9 (m), 1113.4 (m), 980.7 (m), GC-MS (m/z) 334 M* + 1,
32.4), 333 (M*, 4.3), 332 (M* -1, 18.9), 256 (62.5), 249 (48.4), 229
(68.7), 201 (74.2), 154 (57.8), 132 (71.3), 114 (74.2), 83 (20.3), 76
(64.1), 57 (100.0).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
3-phenoxy-1-propyne (10a). Similarly, 10a was prepared from
1.5 g (6 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.9 g (7.0
mmol) of phenyl propargyl ether, 0.18 g (5.0 mol %) of
PdCly(PPhj)s, 0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr);NH.
Usual workup gave 1.2 g (80%) of 10a: mp 82-84 °C; ¥F NMR
(CFCl,, CDCls) -158.5 (m, 2F), -138.0 (m, 2F); *H NMR (CDCls,
TMS) 4.1 (t, %Juy = 1.7 Hz, 3H), 4.9 (s, 2H), 7.0 (m, 3H), 7.3 (m,
2H); 1¥C NMR (CDClg, TMS) 157.7 (s), 147.8 (dm, Jor = 252.8
Hz), 141.0 (dm, Jo.r = 246.4 Hz), 139.5 (tt, 2Jop = 12.1,%cr =
3.4 Hz), 129.6 (8), 121.8 (s), 115.1 (s), 96.6 (t, %Jcr = 18.5 Hz),
95.5 (t, *Jor = 3.6 Hz), 72.3 (t, 3Jcr = 4.0 Hz), 62.2 (, *Jor =
3.8 Hz), 56.5 (8); FTIR (CCl, cm-1) 3043.9 (w), 2947.9 (w), 2839.1
(w), 1646.4 (w), 1599.5 (m), 1589.6 (m), 1498.5 (s), 1429.7 (m),
1370.8 (w), 1213.8 (m), 1074.7 (s), 994.2 (s); GC-MS (m/2) 310
(M+, 5.4), 217 (63.0), 202 (12.8), 167 (6.6), 149 (22.8), 123 (11.8),
111 (16.8), 97 (25.7), 83 (32.8), 71 (b5.1), 57 (100.0).

Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
3-methoxy-1-propyne (10b). Similarly, 10b was prepared from
1.5 g (5 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.5 g (7.0
mmol) of methyl propargyl ether, 0.18 g (5.0 mol %) of
PdCl;(PPhg)z, 0.03 g (3.0 mol %) of Cul, and 20 mL of (iPr)NH.
Usual workup gave 1.0 g (84%) of 10b: GLPC purity 98.8%; ¥F
NMR (CFCls, CDClg) -158.6 (m, 2F), -138.7 (m, 2F); tH NMR
(CDClg, TMS) 3.5 (8, 3H), 4.1 (t, 8Ju.r = 1.5 Hz, 3H), 4.4 (8, 2H);
13C NMR (CDClg, TMS) 147.4 (dm, Jor = 251.8 Hz), 140.5 (dm,
Jor = 247.5 Hz), 139.0 (m), 96.7 (t, 2Jcr = 18.2 Hz), 96.5 (t, “Jc_r
= 2.8 Hz), 70.7 (t, 3Jcr = 3.4 Hz), 61.8 (t, “Jcr = 3.9 Hz), 59.8
(8), 57.2 (8); FTIR (CCl,, cm-1) 2996.5 (w), 2941.4 (w), 2823.7 (w),
1647.1 (w), 1507.8 (8), 1429.4 (m), 1354.1 (m), 1188.3 (w), 1108.0
(m), 1088.0 (m); GC-MS (m/z) 248 (M*, 62.2), 233 (8.7), 217
(100.0), 202 (51.3), 174 (43.9), 161 (10.6), 143 (23.3), 124 (21.8),
117 (12.2), 105 (25.3), 93 (12.8); HRMS Caled for CyHgF 02
248.0460, obsd 248.0468.

Preparation of (2)-1-methoxy-4-(4-methoxy-2,3,5,6-tet-
rafluorophenyl)-1-buten-3-yne (10c). Similarly, 10c was
prepared from 1.5 g (5 mmol) of 4-methoxy-1-iodotetrafluo-
robenzene, 0.6 g (7.3 mmol) of cis-1-methoxy-1-buten-3-yne, 0.18
g (5.0 mol %) of PdCly(PPhs)s, 0.03 g (3.0 mol %) of Cul, and
20 mL of (Pr)eNH. Usual workup gave 1.0g (80%) of 10c: GLPC
purity 98.0%; F NMR (CFCl;, CDCl;) -159.1 (m, 2F), -139.0
(m, 2F); tH NMR (CDCly, TMS) 3.8 (s, 3H), 4.1 (t, *Jy.p = 1.4
Hz, 3H), 4.8 (d, 3Jy_x = 6.5 Hz, 1H), 6.4 (d, 3Juu = 6.4 Hz, 1H);
13C NMR (CDCl;, TMS) 158.3 (s), 147.2 (dm, Jer = 250.2 H2),
141.0 (dm, Jo.r = 246.4 Hz), 138.4 (tt, 2Jor = 12.4, 3Jcp = 3.7
Hz), 98.9 (t, 2Jcr = 18.2 Hz), 95.9 (, *Jo.r = 3.4 Hz), 84.3 (),
77.1 (¢, 3Jop = 4.1 Hz), 62.3 (t, 4Jcr = 3.6 Hz), 61.0 (3); FTIR
(CCl,, cm™1) 3013.3 (w), 2938.2 (w), 2854.7 (w), 2209.2 (w, C=C),
1804.4 (w), 1625.3 (m), 1494.8 (s), 1429.7 (m), 1387.1 (w), 1271.5
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(m), 1116.6 (s), 1055.9 (m), 991.4 (s); GC-MS (m/2) 260 (M*,
21.4), 245 (9.0), 217 (16.5), 202 (7.0), 185 (5.7), 171 (22.5), 162
(8.5),135(10.1), 123 (11.4),97 (14.4), 83 (29.8), 69 (43.6), 57 (100.0).

Preparation of (Z)-1-Methoxy-4-[4-(N,N-dimethylamino)-
2,3,5,6-tetrafluorophenyl]-1-buten-3-yne (11). Similarly, 11
was prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-
1-iodotetrafluorobenzene, 0.6 g (7.3 mmol) of cis-1-methoxy-1-
buten-3-yne, 0.18 g (5.0 mol %) of PdCly(PPhs)g, 0.03 g (3.0 mol
%) of Cul, and 20 mL of (iPr);NH. Usual workup gave 0.9 g
(68%) of 11: GLPC purity 100.0%; °F NMR (CFCl;, CDCls)
-153.1 (m, 2F), -140.1 (m, 2F); 'H NMR (CDCl;, TMS) 3.0 (t,
5Jur = 2.3 Hz, 6H), 3.8 (s, 3H), 4.8 (d, 3Ju.u = 6.6 Hz, 1H), 6.4
(d, 3Ju_g = 6.6 Hz, 1H); 13C NMR (CDCl3, TMS) 157.7 (s), 147.4
(dm, Joy = 249.2 Hz), 141.6 (dm, Jo.r = 243.0 Hz), 131.5 (tt,
2Joyp=13.3,3Jc 5 = 4.8 Hz),96.3 (t, 2Jcr = 17.9 H2), 94.7 (t, *Jcr
= 3.6 Hz), 84.6 (8), 77.9 (, 3Jcr = 4.3 Hz), 60.9 (s), 43.2 (t, *Jo-r
= 4.3 Hz); FTIR (CCl, cm-1) 2937.4 (w), 2897.3 (w), 2853.3 (w),
2207.8 (w, C=C), 1734.6 (w), 1641.8 (m), 1514.4 (m), 1489.5 (s),
1431.5 (m), 1268.5 (m), 1221.0 (w), 1109.6 (s), 1049.6 (8), 982.0 (8);
GC-MS (m/z) 273 (M*, 20.5), 207 (14.6), 171 (86.1), 112 (23.5),
95 (24.5), 85 (32.6), 70 (59.6), 55 (64.2), 43 (100.0).

Preparation of 1-(4-Morpholino-2,3,5,6-tetrafluorophen-
y1)-3-methoxy-1-propyne (12). Similarly, 12 was prepared from
1.8 g (5 mmol) of 4-morpholino-1-iodotetrafluorobenzene, 0.5 g
(7.0 mmol) of methyl propargyl ether, 0.18 g (5.0 mol %) of
PdCly(PPhg),, 0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr)gNH.
Usual workup gave 1.1 g (73%) of 12: mp 64-65 °C; *F NMR
(CFCl;, CDClg) -152.1 (m, 2F), -138.8 (m, 2F); tH NMR (CDCl,,
TMS) 3.3 (m, 4H), 3.5 (s, 3H), 3.8 (m, 4H), 4.4 (s, 2H); *C NMR
(CDCly, TMS) 147.9 (dm, Jer = 252.8 Hz), 141.8 (dm, Joy =
245.3 Hz), 130.9 (tm, 2Jcr = 10.9 Hz), 964 (t, *Jcr = 3.2 Hz2),
96.2 ({, 2Jor = 18.2 Hz), 71.8 (1, ¥Jop = 4.1 Hz), 67.4 (8),60.4 (8),
57.7 (8), 51.3 (t, “Jcr = 3.6 Hz); FTIR (CCl, cm) 2966.7 (m),
2894.2 (m), 2858.6 (m), 2236.5 (w, C=C), 1644.6 (m), 1504.3 (8),
1479.7 (8), 1374.9 (m), 1353.7 (m), 1187.7 (m), 1118.2 (m), 1103.7
(m), 1005.1 (m), 986.6 (m); GC-MS (m/2) 303 (M*, 100.0), 272
(37.9), 228 (14.8), 214 (60.2), 200 (19.3), 186 (33.6), 177 (33 1), 167
(14.8), 149 (5.5), 136 (6.2), 123 (5.9), 107 (9.7).

Preparation of 1- (4-P1peridino—2,3,5,6-tetraﬂuorophenyl)-
3-methoxy-1-propyne (13a). Similarly, 13a was prepared from
1.8 g (5 mmol) of 4-piperidino-1-iodotetrafluorobenzene, 0.5 g
(7.0 mmol) of methyl propargyl ether, 0.18 g (5.0 mol %) of
PdCly,(PPhs)s, 0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr);NH.
Usual workup gave 1.1 g (73%) of 13a: GLPC purity 100.0%;
BF NMR (CFCl;, CDCls) -152.2 (m, 2F),-139.5 (m, 2F); 'THNMR
(CDClg, TMS) 1.7 (m, 6H), 3.2 (m, 4H), 3.4 (s, 3H), 4.4 (s, 2H);
13C NMR (CDCl;, TMS) 147.9 (dm, Jop = 246.8 Hz), 141.9 (dm,
Jor = 240.2 Hz), 132.4 (tm, 2Jc.p = 10.8 Hz), 95.6 (t, 2Jo.p = 3.3
Hz), 95.1 (m), 72.3 (m), 60.4 (8), 57.7 (8), 52.3 ({, *Jor = 3.6 H2),
26.6 (8), 24.2 (s); FTIR (CCl,, cm-1) 2940.6 (m), 2852.8 (m), 2236.3
(w, C=C), 1643.6 (m), 1478.6 (m), 1338.7 (m), 1102.7 (s), 1072.4
(m); GC-MS (m/2) 301 (M*, 100.0), 270 (63.4), 232 (13.1), 214
(40.3), 186 (36.2), 167 (12.8), 136 (6.9), 123 (7.3), 105 (5.5), 69
9.1), 55 (20.3).

Preparation of (Z)-1-methoxy-4-(4-piperidino-2,3,5,6-tet-
rafluorophenyl)-1-buten-3-yne (13b). Similarly, 13b was
prepared from 1.8 g (5 mmol) of 4-piperidino-1-iodotetrafluo-
robenzene, 0.6 g (7.3 mmol) of cis-1-methoxy-1-buten-3-yne, 0.18
g (5.0 mol %) of PdClz(PPhs)s, 0.03 g (3.0 mol %) of Cul, and
20 mL of ((Pr);NH. Usual workupgave 1.0g (66%) of 13b: GLPC
purity 100.0%; F NMR (CFCl;, CDCl;) -152.5 (m, 2F), -140.0
(m, 2F); 1H NMR (CDCl;, TMS) 1.6 (m, 6H), 3.2 (m, 4H), 3.8 (s,
3H), 4.7 (d, 3Juu = 6.5 Hz, 1H), 6.4 (d, %Jg.u = 6.5 Hz, 1H); 1¥C
NMR (CDCl;, TMS) 157.6 (8), 147.4 (dm, Jop = 248.9 Hz), 142.0
(dm, Jor = 240.4 Hz), 131.4 (tm, 2Jcy = 11.0 Hz), 97.2 (t, 2Jcr
= 18.3 Hz), 94.9 (i, “Jcr = 3.4 Hz), 84.7 (8), 77.9 (1, 3Jcr =
Hz), 60.8 (8), 52.4 (t, *Jc_r = 3.5 Hz), 26.7 (8), 24.2 (8); FTIR (CCL,
cm-!) 2935.2 (), 2853.6 (m), 2206.3 (w, C==C), 1647.6 (s), 1523.2
(8), 1443.2 (s), 1385.0 (s), 1272.8 (s), 1139.1 (8), 983.7 (s8); GC-MS
{m/z) 313 (M+,100.0), 312 (58.4), 270 (13.6), 214 (37.0), 186 (17.0),
167 (5.1), 136 (3.7).

Preparation of (Z)-1-Methoxy-4-(2,3,5,6-tetrafluoro-
phenyl)-1-buten-3-yne (14). Similarly, 14 was prepared from
1.4 g (5 mmol) of 4-hydro-1-iodotetrafluorobenzene, 0.6 g (7.3
mmol) of cis-1-methoxy-1-buten-3-yne, 0.18 g (5.0 mol %) of
PdCl,(PPhg),, 0.03 g (3.0 mol %) of Cul, and 20 mL of ((Pr);NH.
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Usual workup gave 0.6 g (51%) of 14: *F NMR (CFCl;, CDCls)
-140.0 (m, 2F), -138.0 (m, 2F); 'H NMR (CDCl;, TMS) 3.9 (s,
3H), 4.8 (d, 3Ju.yu = 6.5 Hz, 1H), 6.5 (d, 3Ju.u = 6.5 Hz, 1H), 7.0
(m, 1H); 13C NMR (CDCl;, TMS) 159.1 (m), 146.8 (dm, Jo 5 =
251.1 Hz), 146.2 (dm, Jor = 247.8 Hz), 106.4 (tt, 2Jop = 18.2,
3Jor = 4.6 Hz), 105.6 (1, 2Jor = 23.1 Hz), 97.8 (t, *Jc.p = 3.6 H2),
84.2 (8), 77.6 (t,3Jcr = 4.4 Hz), 61.1 (s); FTIR (CCl,, cm-?) 3080.5
(w), 2937.8 (w), 2861.2 (w), 2205.1 (w, C=C), 1734.3 (w), 1675.1
(w), 1623.7. (m), 1502.4 (s), 1382.0 (w), 1270.7 (m), 1177.0 (m),
1137.3 (m), 1104.2 (m), 936.3 (s); GC-MS (m/z) 230 M+, 9.2), 149
9.7, 134 (6.8), 119 (14.3), 105 (5.5), 99 (8.1), 91 (8.4), 74 (10.0),
59 (14.6), 44 (17.4).

Preparation of 3-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
2-propyn-1-0l (15a). Similarly, 16a was prepared from 1.5 g (5
mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.4 g (7.1 mmol)
of propargyl alcohol, 0.18 g (6.0 mol %) of PdCl;(PPhy),, 0.03 g
(3.0 mol %) of Cul, and 20 mL of (Pr)e?NH. Usual workup gave
0.9¢ (74%) of 15a: mp 75~77 °C; ®F NMR (CFCls, CDCly) -158.6
(m, 2F), -138.6 (m, 2F); 'H NMR (CDCl;, TMS) 2.8 (s, 1H), 4.1
(t, 5Ju_r = 1.5 Hz, 3H), 4.6 (s, 2H); *C NMR (CDCl,, TMS) 147.7
(dm, Jer = 251.5 Hz), 140.8 (dm, Jor = 243.0 Hz), 139.2 (m),
98.7 (t, *Jor = 3.5 H2), 97.2 (t, 2Jcr = 18.2 Hz), 70.5 (t, 3Jor =
3.8 Hz), 62.2 (t, *Jcr = 3.7 Hz), 51.5 (s); FTIR (CCL, cm-!) 3618.8
(m), 3470.0 (br), 3016.2 (w), 2946.2 (m), 2868.8 (w), 2838.7 (w),
2440.0 (w), 2020.0 (w), 1646.2 (m), 1605.4 (s), 1495.6 (s), 1429.4
(8),1377.3 (m), 1203.0 (m), 1072.7 (s), 993.4 (8); GC-MS (m/z) 234
(M+, 12.4), 217 (6.5), 203 (11.3), 185 (8.5), 171 (12.1), 163 (14.2),
149 (13.7), 137 (11.1), 123 (17.5), 111 (23.0), 97 (34.2), 83 (40.5),
69 (61.2), 57 (100.0).

Preparation of 4-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
2-methyl-3-butyn-2-0l (15b). Similarly, 15b was prepared from
1.5 g (5 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.6 g (7.1
mmol) of 2-methyl-3-butyn-2-ol, 0.18 g (5.0 mol %) of PdCl;-
(PPhg);, 0.03 g (3.0 mol %) of Cul, and 20 mL of ({Pr);NH. Usual
workup gave 1.1 g (84%) of 15b: mp 74-75 °C; 1F NMR (CFCl;,
CDCly) -158.8 (m, 2F), -138.7 (m, 2F); 'H NMR (CDCl;, TMS)
1.6 (s, 6H), 3.1 (s, 1H), 4.1 (m, 3H); 13C NMR (CDCl;, TMS) 147.6
(dm, Jcr = 251.4 Hz), 140.9 (dm, Jo.r = 247.1 Hz), 138.0 (m),
105.5 (t, *Jc_r = 3.6 Hz), 97.6 (m), 67.2 (m), 65.9 (s), 62.2 (t, *Jcr
= 3.9 Hz), 31.2 (8); FTIR (CCl,, cm-1) 3608.7 (m), 3483.5 (br),
2087.1 (m), 2941.1 (w), 2838.9 (w), 2231.7 (w, C=C), 1646.2 (W),
1508.3 (s), 1491.8 (s), 1364.7 (m), 1326.9 (m), 1196.3 (s), 1170.0
(8), 1143.1 (), 1044.1 (s), 1033.8 (s), 990.3 (s); GC-MS (m/2z) 262
(M+,12.7), 247 (27.1), 207 (15.6), 163 (14.3), 149 (24.3), 135 (22.6),
109 (20.4), 95 (31.4), 81 (42.3), 69 (68.0), 55 (100.0).

Preparation of 1-[(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
ethynyl]-1-cyclohexanol (15¢). Similarly, 15¢ was prepared
from 1.5 g (5 mmol) of 4-methoxy-1-icdotetrafluorobenzene, 0.9
g (7.2 mmol) of 1-ethynyl-1-cyclohexanol, 0.18 g (5.0 mol %) of
PdCly(PPhs),, 0.08 g (3.0 mol %) of Cul, and 20 mL of (Pr),NH.
Usual workup gave 1.2 g (77%) of 15¢: mp 75~76 °C; F NMR
(CFCl;, CDCl;) ~158.8 (m, 2F), ~138.6 (m, 2F); tH NMR (CDCl,,
TMS) 1.3 (m, 1H), 1.5-1.8 (m, 8H), 2.0~2.2 (m, 2H), 4.1 (¢, *Jy_r
= 1,5 Hz, 3H); 13C NMR (CDCl;, TMS) 147.5 (dm, Jcr = 251.7
Hz), 140.8 (dm, Jcr = 246.7 Hz), 139.0 (m), 104.5 (t, 4Jor = 3.6
Hz), 97.6 (t, 2Jc.r = 18.4 Hz), 69.5 (t, 3Jcr = 4.7 H2), 62.3 (t, *Jc ¢
= 3.5 Hz), 39.8 (8), 39.7 (8), 25.2 (8), 23.3 (8); FTIR (CCL, cm™?)
3606.3 (w), 2939.3 (m), 2857.4 (w), 1646.2 (w), 1504.3 (s), 1492.0
(8), 1429.7 (m), 1142.9 (w), 1052.8 (m), 991.7 (m); GC-MS (m/z)
302 (M+, 26.4), 287 (41.1), 271 (50.0), 259 (100.0), 246 (46.5), 231
(57.9), 217 (19.3), 206 (35.6), 149 (95.5), 125 (18.8), 104 (16.2), 74
(9.2), 60 (13.1).

Preparation of 4-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
3-butyn-2-0l (15d). Similarly, 15d was prepared from 1.5 g (5
mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.5 g (7.1 mmol)
of b,L-3-butyne-2-ol, 0.18 g (5.0 mol %) of PdCly(PPhg),, 0.03 g
(3.0 mol %) of Cul, and 20 mL of (Pr);NH. Usual workup gave
1.0 g (80%) of 15d: GLPC purity 100.0%; *F NMR (CFCl,,
CDCly) ~158.7 (m, 2F), -138.7 (m, 2F); *H NMR (CDCl;3, TMS)
1.6 (d, 3y = 6.6 Hz, 3H), 3.4 (s, 1H), 4.1 (t, %Jur = 1.5 Hz, 3H),
4.8 (q, %Jy_u = 6.5 Hz, 1H); 13C NMR (CDCl;, TMS) 147.6 (dm,
Jor = 251.6 Hz), 140.8 (dm, Jo_r = 247.5 Hz), 139.2 (m), 102.5
, *Jor = 3.2 Hz), 97.3 (t, 2Jcr = 18.2 Hz), 68.8 (t, 3Jcr = 3.5
Hz), 62.2 (t, *Jcr = 3.6 Hz), 58.9 (s), 24.0 (8); FTIR (CCL, cm-Y)
3616.0 (m), 3400.0 (br), 2989.1 (m), 2944.5 (m), 2887.6 (w), 2839.0
(w), 1645.1 (m), 1505.3 (s), 1490.3 (s), 1429.4 (8), 1376.6 (m), 1253.3
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(m), 1108.7 (s), 1003.2 (s), 992.8 (s); GC-MS (m/z) 248 (M*, 36.7),
233 (100.0), 218 (22.1), 217 (27.6), 205 (31.2), 149 (5.2), 69 (5.9).
Preparation of 1-(4-Methoxy-2,3,5,6-tetrafluorophenyl)-
5-cyano-1-pentyne (15e). Similarly, 15e was prepared from 1.5
g (5 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.7 g (7.1
mmol) of 5-cyano-1-pentyne, 0.18 g (5.0 mol %) of PACly(PPhy),,
0.03 g (3.0 mol %) of Cul, and 20 mL of ({Pr),NH. Usual workup
gave 1.3 g (96%) of 15e: GLPC purity 97.0%; °F NMR (CFCls,
CDCls) -158.7 (m, 2F), -139.4 (m, 2F); 'H NMR (CDCls, TMS)
2.0 (t,J = 7.0 Hz, 2H), 2.6 (t, J = 7.2 Hz, 2H), 2.7 (t, J = 6.8 Hz,
2H), 4.1 (t, 5Ju.r = 1.5 Hz, 3H); 13C NMR (CDCls, TMS) 147.8
(dm, Jcr = 250.3 Hz), 141.0 (dm, Jop = 243.0 Hz), 138.9 (m),
119.3 (8), 99.6 (¢, 4Jcr = 3.6 H2), 97.9 (t, 2Jcr = 18.2 H2), 67.3
(t, 3Jor = 3.8 Hz), 62.4 (t, *Jor = 3.8 Hz), 24.6 (8), 19.0 (8), 16.2
(s); FTIR (CCL,, cm™1) 2945.5 (m), 2839.3 (w), 2250.9 (w, C=C),
1646.9 (w), 1492.6 (s), 1454.9 (m), 1430.0 (8), 1348.3 (w), 1309.5
(w), 1203.3 (m), 1165.5 (w), 1078.3 (8), 991.2 (s); GC-MS (m/z)
271 (M*, 68.9), 256 (9.8 ), 230 (38.9), 217 (100.0), 202 (30.4), 187
(13.0), 174 (16.9), 161 (13.7), 143 (6.9), 123 (13.2), 105 (11.9).

Preparation of 4-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl]-3-butyn-2-ol (16a). Similarly, 16a was pre-
pared from 1.5 g (5 mmol) of 4-(N,N-dimethylamino)-1-
iodotetrafluorobenzene, 0.5 g (7.1 mmol) of p,L-3-butyne-2-0l,
0.18 g (5.0 mol %) of PdCly(PPhg)s, 0.03 g (3.0 mol %) of Cul,
and 20 mL of ((Pr)eNH. Usual workup gave 0.9 g (67%) of 16a:
mp 74-75 °C; *F NMR (CFCl;, CDCl3) ~152.8 (m, 2F), -139.7
(m, 2F); 'TH NMR (CDCl;, TMS) 1.6 (d, 3Ju_x = 6.6 Hz, 3H), 3.0
(t, 5Jur = 2.2 Hz, 6H), 8.2 (s, 1H), 4.8 (q, 3Jy_x = 6.6 Hz, 1H);
13C NMR (CDClg, TMS) 147.6 (dm, Jor = 249.6 Hz), 141.2 (dm,
Jor = 243.9 Hz), 132.0 (¢, 2Jer = 10.4 Hz2), 101.3 (m), 94.4 (1,
tJor = 18.5 Hz), 69.5 (t, 3Jcr = 3.5 Hz), 58.9 (8), 43.0 (t, ‘Jor
= 4.2 Hz), 24.1 (s); FTIR (CClL, cm) 3616.0 (w), 2989.2 (w),
2935.6 (w), 2813.6 (w), 2236.1 (w, C=C), 1642.8 (m), 1517.4 (m),
1488.4 (s), 1432.3 (m), 1093.3 (m), 981.3 (8); GC-MS (m/2) 261
(M*, 90.2), 246 (100.0), 217 (43.6), 216 (21.3), 149 (14.5), 122
(5.5), 97 (5.5), 85 (25.8), 71 (561.0).

Preparation of 4-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl}-2-methyl-3-butyn-2-o0l (16b). Similarly, 16b
was prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-
1-iodotetrafluorobenzene, 0.6 g (7.1 mmol) of 2-methyl-3-butyn-
2-0l, 0.18 g (5.0 mol %) of PdCly(PPhs)s, 0.03 g (3.0 mol %) of
Cul, and 20 mL of ((Pr);NH. Usual workup gave 1.0 g (70%) of
16b: mp 77-78 °C; F NMR (CFCl;, CDCl;) -152.8 (m, 2F),
-139.8 (m, 2F); TH NMR (CDCl;, TMS) 1.6 (s, 6H), 3.0 (t, 5Ju.r
= 2.3 Hz, 6H), 3.1 (s, 1H); 13C NMR (CDCl;, TMS) 147.7 (dm,
Jor = 250.2 Hz), 141.5 (dm, Jey = 244.2 Hz), 132.6 (tt, 2Jor =
11.0, 3Jcr = 4.8 Hz), 104.5 (¢, “Jo.r = 3.6 Hz), 94.9 (t, 2Jop = 19.3
Hz), 67.9 (, %Jcr = 4.3 Hz), 65.9 (8), 43.1 (t, *Jor = 4.3 Hz), 31.2
(8); FTIR (CCl,, cm-?) 3609.3 (w), 2986.6 (w), 2937.5 (w), 2813.3
(w), 1643.1 (w), 1517.0 (m), 1486.6 (s), 1432.4 (m), 1216.8 (w),
1016.2 (m) 980.3 (m); GC-MS (m/z) 275 (M*, 7.7), 259 (8.6), 207
(16.3), 171 (21.3), 149 (29.7), 83 (66.3), 71 (100.0).

Preparation of 1-[[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyllethynyl]-1-cyclopentanol (16¢). Similarly,
16¢ was prepared from 1.6 g (5 mmol) of 4-(N,N-dimethylamino)-
1-iodotetrafluorobenzene, 0.8 g (7.2 mmol) of 1-ethynyl-1-
cyclopentanol, 0.18 g (5.0 mol %) of PdCl;(PPhg),, 0.03 g (3.0
mol %) of Cul, and 20 mL of (Pr);NH. Usual workup gave 1.1
g (70%) of 16¢c: mp 65-67 °C; 1F NMR (CFCl,, CDClg) -152.8
(m, 2F),-139.8 (m, 2F); tH NMR (CDCl;, TMS) 1.8-1.9 (m, 4H),
2.1 (m, 2H), 2.2 (s, 1H), 3.0 (t, %Jur = 2.3 Hz, 6H); 13C NMR
(CDCl3, TMS) 147.7 (dm, Jo.r = 250.0 Hz), 141.5 (dm, Joy =
243.3 Hz), 131.9 (tt, 2Jcr = 10.9, 3Jcr = 3.8 Hz), 103.8 (m), 95.2
(t, 2Jcr = 18.3 Hz), 75.1 (8), 68.8 (t, 3Jcr = 3.4 H2), 43.2 (t, *Jcr
= 4.2 Hz), 42.5 (8), 23.7 (8); FTIR (CCl,, cm™!) 3607.5 (w), 2954.4
(w), 2876.8 (w), 2813.2 (w), 1642.56 (w), 1615.6 (m), 1486.8 (8),
1432.6 (m), 1212.0 (w), 1083.9 (w), 980.5 (m); GC-MS (m/z) 301
(M*, 5.6), 256 (48.8), 192 (31.1), 160 (54.76), 128 (79.2), 96 (29.0),
84 (11.0), 64 (100.0).

Preparation of 1-[[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl]ethynyl])-1-cyclohexylamine (16d). Simi-
larly, 16d was prepared from 1.6 g (5 mmol) of 4-(N,N-
dimethylamino)-1-iodotetrafluorobenzene, 0.9 g (7.3 mmol) of
1-ethynylcyclohexylamine, 0.18 g (5.0 mol %) of PACly(PPhy),,
0.03 g (3.0 mol %) of Cul, and 20 mL of ({\Pr),NH. Usual workup
gave 1.4 ¢ (91%) of 16d: mp 47-48 °C; 1F NMR (CFCl;, CDCly)
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-152.9 (m, 2F), ~140.0 (m, 2F); 'H NMR (CDCls, TMS) 1.2-1.4
(m, 8H), 1.9 (m, 4H), 3.0 (t, 5Jy.r = 2.1 Hz, 6H); 1*C NMR (CDCl;,
TMS) 147.7 (dm, Jor = 249.8 Hz), 141.7 (dm, Jor = 244.5 Hz),
131.5 (t, 2Jcr = 10.6, 3Jc.r = 4.5 Hz), 106.7 (t, *Jor = 3.8 H2),
95.8 (1, 2Jcr = 17.8 Hz), 68.6 (t, 3Jo.p = 4.5 Hz), 43.2 (t, 4Jcr =
4.5 Hz), 50.7 (s), 40.4 (s), 25.4 (8), 23.5 (s); FTIR (CCl, cm™)
2936.6 (m), 2855.1 (w), 2812.7 (w), 2225.5 (w, C=C), 1643.1 (w),
1516.5 (m), 1487.2 (s), 1432.6 (m), 1258.9 (w), 1219.6 (w), 979.5
(8); GC-MS (m/z) 314 (M*, 18.8), 271 (100.0), 216 ((13.3), 149
(9.4), 97 (13.4), 83 (16.7), 69 (23.7).

Preparation of 4-[4-(N,N-Dimethylamino)-2,3,5,6-tet-
rafluorophenyl}-2-amino-2-methyl-3-butyne (16e). Similar-
ly, 16e was prepared from 1.6 g (5 mmol) of 4-(N,N-dimeth-
ylamino)-1-iodotetrafluorobenzene, 0.6 g (7.2 mmol) of 1,1-
dimethylpropargylamine, 0.18 g (5.0 mol %) of PdCly(PPhy),,
0.03 g (3.0 mol %) of Cul, and 20 mL of (Pr);NH. Usual workup
gave 1.1g (84%) of 16e: mp 44-45 °C; *F NMR (CFCl;, CDCly)
-152.9 (m, 2F), -140.2 (m, 2F); 'H NMR (CDCls, TMS) 1.5 (s,
6H), 1.8 (s, 2H), 3.0 (t, 3Jur = 2.2 Hz, 6H); 3C NMR (CDClI;,
TMS) 147.6 (dm, Jo.y = 249.0 Hz), 141.6 (dm, Jcor = 244.2 Hz),
131.5 (tt, 2Jcr = 10.9, 3Joy = 4.6 Hz), 107.9 (t, “Jor = 3.6 Hz),
95.6 (t, 2Jor = 18.1 Hz), 65.8 (t, %Jor = 4.1 Hz), 43.2 (t, *Jor =
4.4 Hz), 46.1 (s), 31.5 (s); FTIR (CCL, cm™) 2960.6 (w), 2899.0
(w), 2813.6 (W), 2166.8 (w, C=C), 2068.9 (w), 1643.9 (w), 1513.1
(m), 1485.8 (s), 1431.3 (m), 1251.7 (w), 979.8 (m), 842.7 (s); GC-
MS (m/z2) 2756 (M* + 1, 39.6), 244 (49.4), 229 (74.7), 224 (50.2),
182 (29.4),170 (41.2), 157 (100.0), 145 (45.7), 133 (42.0), 118 (21.1).

Preparation of 3-(4-Morpholino-2,3,5,6-tetrafluorophen-
yl)-2-propyn-1-ol (17a). Similarly, 17a was prepared from 1.8
g (5 mmol) of 4-morpholino-1-iodotetrafluorobenzene, 0.4 g (7.1
mmol) of propargy! alcohol, 0.18 g (5.0 mol %) of PACl;(PPhy)s,
0.03 g (3.0 mol %) of Cul, and 20 mL of (*Pr);NH. Usual workup
gave1.3g(93%) of 17a: mp 125-127°C; *F NMR (CFCl;,CDCly)
-152.1 (m, 2F), -138.9 (m, 2F); 'H NMR (CDCl;, TMS) 2.3 (t,
3Juu = 6.3 Hz, 1H), 3.3 (m, 4H), 3.8 (m, 4H), 4.5 (4, 3Jur = 6.2
Hz, 2H); 3C NMR (CDCl;, TMS) 147.8 (dm, Jcr = 251.2 Ha2),
141.8 (dm, Jor = 244.3 Hz), 130.8 (tt, 2Jop = 10.9, éJcr = 4.8
Hz), 98.4 (m), 96.4 (t, 2Jcr = 15.7 Hz), 71.1 &, 3Jcr = 4.1 H2),
67.3 (8), 51.5 (8), 51.2 (t, *Jor = 3.7 Hz); FTIR (CCL,, cm™?) 3619.1
(w), 2966.5 (w), 2938.1 (w), 2917.5 (w), 2910.8 (w), 2859.2 (W),
1645.0 (w), 1489.1 (s), 1458.0 (w), 1449.7 (w), 1375.2 (w), 1261.1
(w), 1120.1 (m), 1086.4 (m), 1027.8 (m), 1003.2 (m), 985.3 (s);
GC-MS (m/z) 289 (M+, 89.9), 272 (5.7), 259 (4.1), 231 (33.9), 203
(81.0), 185 (17.2), 174 (15.0), 155 (12.6), 123 (17.5), 105 (21.8), 97
(22.5), 83 (31.0), 71 (50.9), 57 (100.0); HRMS caled for
CisHu F(O;N 289.0726, obsd 289.0723.

Preparation of 4-(4-Morpholino-2,3,5,6-tetrafluorophen-
yl)-2-amino-2-methyl-3-butyne (17b). Similarly, 17b was
prepared from 1.8 g (5 mmol) of 4-morpholino-1-iodotetraflu-
orobenzene, 0.6 g (7.2 mmol) of 1,1-dimethylpropargylamine, 0.18
g (5.0 mol %) of PdCly(PPhy),, 0.03 g (3.0 mol %) of Cul, and
20 mL of (Pr);NH. Usual workup gave 1.4 g (87%) of 17b: mp
94-96 °C; 1*F NMR (CFCls, CDClp) -152.3 (m, 2F), -139.6 (m,
2F); 'H NMR (CDCl;, TMS) 1.5 (s, 6H), 1.8 (s, 2H), 3.3 (m, 4H),
3.8 (m, 4H); 3C NMR (CDCl;, TMS) 147.5 (dm, Jo ¢ = 251.4 Hz),
141.9 (dm, Jor = 244.1 Hz), 130.0 (tt, 2Jcr = 10.9, %Jcr = 4.5
Hz), 108.5 (t, *Jor = 3.5 Hz), 97.4 (t, 2Jor = 18.2 Hz), 65.6 (1,
8Jor = 3.8 Hz), 51.3 (t, *Jcr = 3.6 Hz), 67.3 (8), 46.1 (s), 31.4 (8);
FTIR (CCl,, cm-!) 2973.7 (m), 2911.7 (w), 2894.4 (w), 2858.8 (m),
2229.0 (w, C=C), 1644.8 (w), 1487.4 (s), 1449.5 (m), 1375.5 (m),
1257.5 (m), 1161.9 (), 1120.1 (s), 1000.6 (s), 986.2 (s); GC-MS
(m/z) 316 (M*, 7.1), 301 (56.6), 259 (4.5), 243 (7.0), 238 (8.0), 201
(10.8), 171 (9.5), 149 (9.7), 121 (27.8), 111 (18.0), 97 (28.7), 83
(37.4), 71 (55.3), 57 (100.0); HRMS caled for C;sHieF,ON;
316.1199, obsd 316.1216.

Preparation of 3-(4-Piperidino-2,3,5,6-tetrafluorophenyl)-
2-propyn-1-ol (18a). Similarly, 18a was prepared from 1.8 g (6
mmol) of 4-piperidino-1-iodotetrafluorobenzene, 0.4 g (7.1 mmol)
of propargyl alcohol, 0.18 g (5.0 mol %) of PAdCls(PPhy);, 0.03 g
(3.0 mol %) of Cul, and 20 mL of (Pr);NH. Usual workup gave
1.2g (85%) of 18a: mp 40-42°C;1F NMR (CFCl;, CDCls) -152.2
(m, 2F), -139.6 (m, 2F); 'H NMR (CDCl;, TMS) 1.6 (m, 6H), 2.5
(s, 1H), 3.2 (m, 4H), 4.5 (s, 2H); 13C NMR (CDCl;, TMS) 148.0
(dm, Jor = 246.9 Hz), 141.9 (dm, Jo.r = 237.5 Hz), 132.3 ({m,
2Jop = 11.0 Hz), 97.7 (t, *Jor = 3.3 Hz), 94.9 (t, 2Jor = 18.4 Hz),
71.4 (t, 3Jcr = 3.5 Hz), 52.3 (t, 4Jor = 3.5 Hz), 51.6 (8), 26.5 (8),
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24.1 (s); FTIR (CCL, cm-1) 3618.7 (w), 3463.8 (br), 2939.2 (s),
2854.9 (m), 2237.9 (w, C=C), 1643.6 (m), 1481.2 (s), 1381.9 (m),
1228.2 (w), 1080.6 (s), 994.3 (8); GC-MS (m/z) 287 (M*, 91.6), 286
(100.0), 270 (8.5), 203 (24.7), 186 (11.8), 155 (8.3), 123 (7.8), 105
6.9).

Preparation of 4-(4-Piperidino-2,3,5,6-tetrafluorophenyl)-
2-amino-2-methyl-3-butyne (18b). Similarly, 18b was prepared
from 1.8 g (5 mmol) of 4-piperidino-1-iodotetrafluorobenzene,
0.6 g (7.2 mmol) of 1,1-dimethylpropargylamine, 0.18 g (5.0 mol
%) of PdCly(PPhy)s, 0.03 g (3.0 mol %) of Cul, and 20 mL of
("Pr)oNH. Usual workup gave 1.4 g (89%) of 18b: mp 90-91 °C;
1*F NMR (CFCl;, CDClg) -152.5 (m, 2F),~140.2 (m, 2F); 'H NMR
(CDCls, TMS) 1.5 (s, 6H), 1.6-1.7 (m, 6H), 1.8 (s, 2H), 3.2 (m,
4H); 13C NMR (acetone-dg, TMS) 148.1 (dm, Jop = 247.8 Hz),
142.7 (dm, Jop = 243.0 Hz), 132.2 (tm, 2Jc_p =11.1 Hz), 109.9 (¢,
4Jor = 2.9 Hz), 96.8 (, 2Jcr =, 18.4 Hz), 66.5 (t, 3Jcy = 3.6 Hz),
52.9 (m), 46.6 (s), 31.9 (s), 27.2 (s), 24.7 (s); FTIR (CCL, cm™)
2975.9 (w), 2939.9 (m), 2853.6 (w), 2227.4 (w, C==C), 1642.9 (W),
1487.0 (8), 1443.2 (m), 1381.9 (w), 1178.5 (m), 1119.7 (m), 981.6
8); GC-MS (m/z) 314 (M*, 3.4), 299 (15.9), 283 (4.3),171 (32.8),
157 (7.6), 129 (10.0), 112 (18.1), 97 (23.6), 83 (36.5), 71 (57.0).

Preparation of 4-(2,3,5,6-Tetrafluorophenyl)-2-methyl-
3-butyn-2-ol (19). Similar, 19 was prepared from 1.4 g (5 mmol)
of 4-hydrido-1-iodotetrafluorobenzene, 0.4 g (7.1 mmol) of
2-methyl-3-butyn-2-ol, 0.18 g (5.0 mol %) of PdCl;(PPhs)s, 0.03
g (3.0mol %) of Cul, and 20 mL of (‘Pr);NH. Usual workup gave
0.8 g (69%) of 19: mp 65-66 °C; 1*F NMR (CFCl;, CDCls) ~139.6
(m, 2F), -137.4 (m, 2F); 'H NMR (CDCl;, TMS) 1.7 (s, 6H), 3.1
(s, 1H), 7.0 (m, 1H); 13C NMR (CDCls, TMS) 146.9 (dm, Jo ¢ =
252.4 Hz), 145.9 (dm, Jo ¢ = 247.7 Hz), 107.1 (t, 4Jor = 3.9 H2),
106.3 (t, 2Jcr = 22.8 Hz), 105.0 (tm, 2Jcr = 4.5 Hz), 67.6 (t, 3Jcr
= 4.3 Hz), 66.0 (8), 31.1 (s); FTIR (CCl, cm™) 3607.7 (m), 3478.2
(br), 3079.6 (W), 2987.4 (m), 2934.7 (w), 2236.6 (w, C=C), 1642.9
(w), 1604.8 (m), 1502.4 (s), 1325.6 (m), 1213.6 (m), 1177.5 (8),
1055.0 (m), 940.5 (8); GC-MS (m/z) 232 (M, 4.2), 217 (82.0), 201
(9.4), 187 (5.9), 174 (100.0), 149 (3.2), 129 (3.9), 124 (27.2), 105
(19.6).

Preparation of 1,7-Bis(4-methoxy-2,3,5,6-tetrafluorophen-
yl)-1,6-heptadiyne (20a). Similarly, 20a was prepared from
3.7 g (12 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.5 g
(5.0mmol) of 1,6-heptadiyne, 0.18 g (5.0 mol %) of PAClz(PPhy),,
0.03 g (3.0 mol %) of Cul, and 20 mL, of (‘Pr),NH. Usual workup
gave 1.8 g (80%) of 20a: mp 59-61 °C; *F NMR (CFCly, CDCly)
-159.0 (m, 2F), -139.4 (m, 2F); 'TH NMR (CDCl;, TMS) 2.0
(quintet, 3Jyy = 7.0 Hz, 2H), 2.7 (t, ¥/uu = 7.0 Hz, 4H), 4.1 (¢,
5Jur = 1.5 Hz, 6H); 13C NMR (CDCl;, TMS) 147.9 (dm, Jer =
253.9 Hz), 141.1 (dm, Jecr = 246.7 Hz), 138.7 (tt, 2Jor = 12.2,
3Jor = 8.7 Hz), 101.1 (t, “Jor = 8.7 Hz), 98.4 (t, 2Jcy = 17.8 Hz2),
66.5 (t, 3Jcr = 3.8 Hz), 62.3 (t, “Jop = 3.7 Hz), 274 (8), 19.1 (8);
FTIR (CCL, cm™) 2945.5 (w), 2837.9 (w), 2247.9 (w, C=C), 1646.5
(w), 1492.9 (s), 1428.8 (m), 1203.0 (m), 1166.7 (w), 1075.4 (s),
993.1 (8); GC-MS (m/z) 448 (M*+, 60.7), 433 (17.4), 417 (8.6), 398
(11.1), 385 (15.8),367 (13.1), 355 (9.4), 323 (11.8), 269 (10.1), 244
(20.1), 229 (39.2), 217 (100.0), 202 (91.1), 174 (64.5), 169 (56.3),
161 (39.5), 123 (30.1), 105 (35.4), 81 (23.7).

Preparation of 1,8-Bis(4-methoxy-2,3,5,6-tetrafluorophen-
yb-1,7-octadiyne (20b). Similarly, 20b was prepared from 3.7
g (12 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.5 g (5.0
mmol) of 1,7-octadiyne, 0.18 g (5.0 mol %) of PACl;(PPhy),, 0.03
g (3.0 mol %) of Cul, and 20 mL of (Pr);NH. Usual workup gave
1.7g (75%) of 20b: mp 98-99 °C; 1¥F NMR (CFCl;, CDCl3) -159.0
(m, 2F), -139.4 (m, 2F); tH NMR (CDCl;, TMS) 1.8 (m, 4H), 2.6
(m, 4H), 4.1 &, 5Jur = 1.4 Hz, 6H); 13C NMR (CDCl;, TMS)
147.8 (dm, Jo_r = 251.1 Hz), 141.0 (dm, Jo.r = 246.5 Hz), 138.5
(tt, 2Jer = 12.1, 3Jcr = 8.4 Hz), 101.9 (t, *Jo.r = 3.6 Hz), 98.6
(t, 2Jor = 18.4 Hz), 66.1 (t, 3Jcr = 4.0 Hz), 62.3 (t, *Jcr = 3.6
Hz), 27.4 (8), 19.4 (8); FTIR (CCl,, cm-!) 3013.2 (w), 2947.7 (W),
2866.8 (w), 2837.9 (w), 2248.4 (w, C=C), 1646.4 (w), 1494.1 (s),
1429.0 (m), 1202.9 (w), 1076.3 (m), 991.3 (m); GC-MS (m/z) 462
(M, 29.7), 447 (21.5), 434 (33.2), 421 (36.3), 403 (13.7), 283 (9.6),
269 (17.4), 230 (16.5), 217 (100.0), 202 (89.1), 193 (78.5), 174 (56.6),
169 (41.8), 151 (30.1) 123 (18.6), 99 (15.1), 85 (26.6), 71 (89.1).

Preparation of 1,10-Bis(4-methoxy-2,3,5,6-tetrafluorophen-
yl)-1,9-decadiyne (20c). Similarly, 20¢c was prepared from 3.7
g (12 mmol) of 4-methoxy-1-iodotetrafluorobenzene, 0.7 g (5.0
mmol) of 1,9-decadiyne, 0.18 g (5.0 mol %) of PdClz(PPhs);, 0.03
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g (3.0mol %) of Cul, and 20 mL of ({Pr);NH. Usual workup gave
2.0g (82%) of 20¢: mp 78-79 °C; °F NMR (CFCl;, CDCl) ~159.1
(m, 2F), -139.6 (m, 2F); '"H NMR (CDCl;, TMS) 1.6 (m, 4H), 1.7
(m, 4H), 2.5 (t, 8Jy_n = 6.7 Hz, 4H), 4.1 (s, 6H); 13C NMR (CDCl,,
TMS) 147.9 (dm, Jcor = 252.7 Hz), 141.1 (dm, Jo.5 = 246.6 Hz),
138.6 (tt, 2Jer = 12.2, 3Jer = 3.6 Hz), 102.7 (t, 4Jcr = 8.7 H2),
98.8 (t, 2Jcr = 18.5 Hz), 65.7 (t, 3Jcr = 3.8 Hz), 62.3 (t, 4Jcoyp =
3.7 Hz), 28.5 (s), 28.4 (8), 19.9 (8); FTIR (CClL,, cm™?) 2942.1 (m),
2862.2 (w), 2247.2 (w, C==C), 1646.4 (w), 1492.8 (s), 1428.8 (m),
1202.8 (w), 1166.0 (w), 1077.8 (m), 991.3 (8); GC-MS (m/2) 462
(28.3), 449 (25.7), 407 (19.7), 382 (26.3), 297 (17.3), 283 (26.5), 269
(52.5), 245 (29.0), 230 (73.7), 217 (100.0), 193 (89.8), 169 (61.3),
151 (85.9), 105 (40.9), 91 (24.6), 81 (35.4), 71 (42.3).

Preparation of 1 4-Bis(hexynyl)tetrafluorobenzene (21a).
Similarly, 21a was prepared from 1.5 g (5 mmol) of 14-
dibromotetrafluorobenzene, 1.1 g (13.5 mmol) of 1-hexyne, 0.18
g (6.0 mol %) of PACl2(PPhg),, 0.03 g (3.0 mol %) of Cul, and
20 mL of (Pr)o:NH. Usual workup gave 1.1 g (74%) of 21a: 19F
NMR (CFCls, CDClg) -139.2 (s); TH NMR (CDCls, TMS) 0.9 (t,
J = 6.4 Hz, 6H), 1.6 (m, 8H), 2.5 (t, J = 6.4 Hz, 4H); FTIR (CCl,,
cm-1) 2961 (m), 2935 (m), 2875 (w), 2232 (w, C==C), 1483 (s), 1315
(w), 981 (m); GC-MS (m/2) 310 (M, 29.1), 295 (46.6), 267 (12.8),
239 (16.7), 224 (20.7), 219 (14.2), 211 ( 30.7), 201 (11.3), 187 (18.2),
80 (10.4), 67 (156.2), 43 (68.1), 41 (100.0).

Preparation of 1,4-Bis(heptynyl)tetrafluorobenzene (21b).
Similarly, 21b was prepared from 1.53 g (5 mmol) of 14-
dibromotetrafluorobenzene, 1.2 g (12.5 mmol) of 1-heptyne, 0.18
g (6.0 mol %) of PAClz(PPhg),, 0.03 g (3.0 mol %) of Cul, and
20 mL of (IPr);NH. Usual workup gave 1.3 g (80%) of 21b: °F
NMR (CFCl,, CDClg) ~139.1 (8); 'H NMR (CDCls, TMS) 0.9 (t,
J =5.9Hz, 6H), 1.5 (m, 12H), 2.5 (t,J = 6.6 Hz, 4H); FTIR (CClL,,
cm-!) 2959 (m), 2933 (m), 2862(w), 2231 (w, C==C), 1480 (s), 1316
(w), 981 (m); GC-MS (m/2) 338 (M*, 6.4), 309 (14.8), 283 (7.0),
281 (2.8), 267 (2.1), 253 (2.3), 239 (5.5), 224 (9.1), 211 (11.9), 187
(6.0), 175 (1.9), 81 (23.5), 55 (383.3), 41 (100.0).

Preparation of Ethyl (4-Bromotetrafluorophenyl) ketone
(1g). Adry100-mL,two-necked round-bottomed flask equipped
with septum, a Teflon-coated stir-bar, and a nitrogen inlet was
charged with 3.1 g (10 mmol) of 1,4-dibromo-2,3,5,6-tetrafluo-
robenzene, 1.7 g (15 mmol) of acid-washed cadmium, and 50 mL
of dry DMF. The solution was stirred under a nitrogen
atmosphere at room temperature overnight. After complete
consumption of the starting material (determined by *F NMR
analysis of the reaction mixture), the reaction mixture was filtered
through a medium-fritted Schlenk-funnel under N; pressure into
a 100-mL flask which contained 2.0 g (14 mmol) of CuBr and a
Teflon-coated stir bar under a nitrogen atmosphere. Thereaction
mixture was stirred for 5 min after which 1.4 g (15 mmol) of
propionyl chloride was added dropwise into the reaction mixture
via syringe. After the addition was completed, the reaction
mixture was stirred for 30 min triturated with 100 mL Et,0, and
washed with (4 X 100 mL) water. The ether layer was concen-
trated by rotary evaporation, purified by chromatography column
packed with silica gel, and eluted with hexane/CH;Cl; (9.5/0.5)
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toyield 2.3g (80%) of 1g: GLPC purity 100.0% ;°F NMR (CFCl,,
CDCl,) ~131.8 (m, 2F), -141.2 (m, 2F); tH NMR (CDCl;, TMS)
2.9 (q, 3Ju-u = 7.2 Hz, 2H), 1.2 (t, 3Juu = 7.2 Hz, 3H); 13C NMR
(CDCly, TMS) 194.7 (s), 144.9 (dm, Jo.p = 247.8 Hz), 143.5 (dm,
Jor = 254.4 Hz), 119.3 (t, *Jo.r = 19.1 Hz), 102.4 (t, 3Jep = 22.2
Hz), 38.2 (8), 7.2 (8); GC-MS (m/z) 286 (M*, 25.1), 284 (22.4 ), 257
(100.0), 255 (100.0), 229 (74.5), 227 (72.5), 179 (11.7), 177 (11.9),
176 (44.7), 149 (14.2), 148 (100.0), 129 (24.6), 117 (36.5), 99 (18.9),
98 (85.1), 79 (49.4), 74 (14.5), 57 (82.3).

Preparation of Ethyl 1-Hexynyl-2,3,5,6-tetrafluorophenyl
Ketone (22a). Similarly, 22a was prepared from 0.6 g (2 mmol)
of ethyl 4-bromotetrafluorophenyl ketone, 0.33 g (4 mmol) of
1-hexyne, 0.07 g (5.0 mol %) of PdCly(PPhg),, 0.01 g (3.0 mol %)
of Cul, and 20 mL of (Pr);NH. Usual workup gave 0.4 g (76%)
of 22a: GLPC purity 95.0%; 9F NMR (CFCls, CDCly) ~136.9
(m, 2F), -143.5 (m, 2F); 'H NMR (CDCl;, TMS) 2.9 (q, 3Ju.u =
7.2 Hz, 2H), 2.5 (t, %y = 6.9 Hz, 2H), 1.6 (m, 2H), 1.5 (m, 2H),
1.2 (¢, 3Ju-n = 7.2 Hz, 3H), 0.9 (t, %Ju_x = 7.2 Hz, 3H); 3C NMR
(CDCly, TMS) 195.4 (s), 147.5 (dm, Jer = 256.2 Hz), 143.8 (dm,
Jor = 251.4 Hz), 119.3 (t, 2Jcr = 18.5 Hz), 107.7 (tm, 2oy =
18.3 Hz), 106.7 (, Jcr = 3.5 Hz), 65.8 (1, 3Jor = 3.0 Hz), 38.6
(8), 30.6 (8), 22.3 (s), 19.8 (s), 13.7 (8), 7.7 (8); FTIR (CCl, cm-1)
2938.7 (w), 2238.9 (w, C==C), 1720.3 (m, C=0), 1646.6 (w), 1477.1
(8),1308.3 (w), 1169.7 (w), 976.1 (m); GC-MS (m/z) 286 (M*, 6.2),
271 (10.2), 257 (100.0), 243 (2.5), 229 (2.6), 215 (10.1), 214 (13.0),
201 (36.0), 186 (22.3), 177 (12.2), 167 (8.6), 151 (4.9), 136 (4.1),
123 (5.1), 99 (5.1), 86 (1.7), 75 (3.7), 67 (7.3), 57 (37.0).

Preparation of Ethy] 4-(Phenylethynyl)-2,3,5,6-tetraflu-
oropheny Ketone (22b). Similarly, 22b was prepared from 0.6
g (2 mmol) of ethyl 4-bromotetrafluorophenyl ketone, 0.4 g (4
mmol) of phenylacetylene, 0.07 g (5.0 mol %) of PdCly(PPhg)s,
0.01 g (3.0mol %) of Cul, and 20 mL of (Pr);NH. Usual workup
gave 0.5 g (81%) of 22b: GLPC purity 95.0%; 1¥F NMR (CFCl;,
CDClg) -135.9 (m, 2F), ~143.0 (m, 2F); tH NMR (CDCl;, TMS)
7.6 (m, 2H), 7.4 (m, 3H), 2.9 (q, 3Ju.4 = 7.2 Hz, 2H), 1.2 (¢, 3Ju.x
= 7.2 Hz, 3H); 3C NMR (CDCl;, TMS) 195.1 (s), 146.6 (dm, Jc_r
= 254.5 Hz), 143.4 (dm, Jop = 261.8 Hz), 131.9 (s), 129.8 (8), 128.56
(8),,121.3 (s), 119.4 (t, 2Jcr = 18.7 Hz), 106.8 (tm, 2Jop = 17.9
Hz), 103.5 (t, *Jcr = 3.5 Hz), 73.8 (t, 3Jcp = 4.1 Hz), 38.3 (s),
7.4 (s); FTIR (CCL,, cm-1) 2983.9 (w), 2942.8 (w), 2224.3 (w, C=C),
1719.4 (m, C=0), 1645.4 (w), 1482.2 (s), 1348.9 (w), 1322.4 (W),
1125.9 (w); GC-MS (m/2) 306 (M+, 31.7), 277 (100.0), 249 (18.7),
230 (9.0), 204 (3.0), 199 (12.9), 179 (2.8), 149 (2.1), 139 (5.7).
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