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Ortho-Selective Allylation of 2-Pyridylarenes with Allyl Acetates
Catalyzed by Ruthenium Complexes
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The ortho-position of 2-pyridylarenes is selectively allylated with allyl acetates in the presence of a
ruthenium(ll}-phosphine complex. In the case of aromatic-substituted allyl acetates, such as cinnamyl
acetate, linear allylated compounds were the predominant products. However, the reaction with linear
aliphatic allyl acetates afforded a mixture of linear and branched products, whereas reactions with branched
aliphatic allyl acetates afforded linear products preferentially. From these results, the reaction mechanism
is proposed to involve the formation ofallyl- andsz-allylruthenium intermediates and ortho-ruthenation
of the 2-pyridylarenes via the-allylruthenium intermediate directed by coordination of the 2-pyridyl

group to the ruthenium center.

Introduction

Direct functionalization of aromatic €H bonds catalyzed

of aromatic C-H bonds with aryl halidés or arylmetal
reagent$. Our research has been focused on transition metal-
catalyzed regioselective direct coupling reactions of aromatic

by transition metal complexes has attracted much attention in compounds using substrates containing coordinating functional

terms of synthetic and atom efficien&yarticularly, functional
group-directed aromatic-€H bond activation and €C bond
formation is a powerful method to introduce carbon functional
groups to the ortho-position of an aromatic ring. This has proven
extremely effective in reactions involving the ortho-selective
addition of aromatic €H bonds to carborcarbon multiple
bonds, such as alkerfeand alkynes,the ortho-carbonylation

of aromatic rings with carbon monoxid@nd the direct coupling
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groups, such as pyridyl, imino, hydroxy, and oxazolinyl groups.
As a carbon functional group, the allyl group is very useful
and attractive because it can be easily converted to a variety of
functional groups. Allylation of aromatic compounds with allylic
compounds, such as allyl alcohols and allyl halides, is usually
performed by FriedetCrafts type electrophilic substitution
using Lewis acid$. There have been only a few reports on
transition metal-catalyzed allylation reactions of aromatic
compounds using allyl esters or alcohols, in which palladium
complexes, molybdenum or tungsten complex€sand diru-
thenium complexés were used as the catalysts. Our research
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Table 1. Transition Metal-Catalyzed Ortho-Allylation of 2-Phenylpyridine (1a)2

4
N catalyst ligand
N e S Noac s o
C  base, solvent N ph

1a 2a

entry catalyst base solvent tenfiCf/time (h) total yield (94) ratio (3:4)¢
1 RuCb(PPh)3 K>COs 1,4-dioxane 100/20 49 60:40
2 [RuChk(cod)}-2nPPhy K2COs 1,4-dioxane 100/20 55 60:40
3 PdCh(PPh)2 K>COs 1,4-dioxane 100/20 0
4 RhCI(PPh)3 K2COs 1,4-dioxane 100/20 0
5 [RuCh(cod)}-2nPCys K2COs 1,4-dioxane 100/20 17 60:40
6 [RuCh(cod)}-2nPBus; K2COs 1,4-dioxane 100/20 0
7 [RuChk(cod)k-ndppp KCOs 1,4-dioxane 100/20 0
8 [RuCh(cod)}'ndppf KoCOs 1,4-dioxane 100/20 0
9 [RuChk(cod)}-2nPPhy K3sPOy 1,4-dioxane 100/20 35 60:40
10 [RuChk(cod)l-2nPPh CsCOs 1,4-dioxane 100/20 35 60:40
11 [RuCh(cod)}-2nPPh CsF 1,4-dioxane 100/20 51 60:40
12 [RuChk(cod)}-2nPPh EtsN 1,4-dioxane 100/20 0
13 [RuCb(cod)}-2nPPHhy K>COs DMF 120/20 39 60:40
14 [RuChb(cod)}-2nPPhy K2CO3 diglime 120/20 0
15 [RuChk(cod)}-2nPPh K,COs toluene 100/20 40 60:40
16 [RuChk(cod)h-2nPPh K2COs xylene 120/20 66 60:40
17 [RuChk(cod)h-2nPPh K2COs 2-phenylpyridine 1a) 120/20 93 60:40
18 [RuCh(cod)}-2nPPh K2COs pyridine 120/20 0
19 [RuCh(cod)}-2nPPh K2COs 2-picoline 120/20 70 80:20
20 [RuCb(cod)}-2nPPhy K>COs 2,6-lutidine 120/20 66 80:20
21 [RuCh(cod)j-2nPPhy K2COs xylene—2-picoline (10:1) 120/20 79 80:20
22 [RuChk(cod)}-2nPPh none xylene-2-picoline (10:1) 120/20 0

a Reactions were carried out using 0.5 mmollaf 0.6 mmol of2a, 0.025 mmol (based on metal) of catalyst, and 1.0 mmol of base in 1 mL of solvent
under N. ® Determined by GLC based dta using internal standard.Determined by GLCH Yield based orRa.

Table 2. Ruthenium-Catalyzed Ortho-Allylation of 2-Arylpyridines (1)2

=
| [RuCly(cod)],
NS
NG oA PPh3 1
¢ xerne/2 picoline T /
K,CO4
1 2b

120 °C 20h

entry 2-arylpyridine 1 products ratio total yield (%)

g
1 @/(j (1a) (3ab) ©5E (4ab) 85:15 86
=

4
\©/(j (3cb) HsC SN (4cb) 73:27 67
=
|
=z
4 \©/(j ad \@i{j\ (3db) wveo Sy J @ab) 7109 30
X
=z =z |
@/(j @& (3eb) FC ST (deb)  8g:12 92
=

a Reactions were carried out using 0.5 mmollpD.6 mmol of2b, 0.025 mmol (based on metal) of [Ry@od)},, 0.05 mmol of PP§ and 1.0 mmol of
K2CGO;z in 1 mL of xylene-2-picoline (10:1) at 120C for 20 h under M

(lb)

(1¢)

(1e)

group has also reported the allylation of electron-rich arenes that pyridylarenes are selectively allylated at their ortho-position
using allyl tosylates catalyzed by rhodium or iridium com- with allyl acetates catalyzed by rutheniwiphosphine com-
plexes!? However, regioisomers of the allylated products were plexes.

produced in these reactions when substituted benzenes were used Results and Discussion

as substrates. During the course of our study, we have found Initially, 2-phenylpyridine La) was reacted with 1.2 equiv

of cinnamyl acetate2@) in the presence of 5 mol % of RugEl
(12) Tsukada, N.; Yagura, Y.; Sato, T.; Inoue, Synlett2003 1431. (PPh)s and K;CO;s in 1,4-dioxane at 100C for 20 h, which




Ortho-Selectie Allylation of 2-Pyridylarenes Organometallics, Vol. 25, No. 20, 208875

Table 3. Ruthenium-Catalyzed Ortho-Allylation of 2-(3-Trifluoromethyl)phenylpyridine (1e) with Allyl Acetates (2) 2

total

entry allyl acetate 2 products ratio yield (%)
7 7 J
~~_OAC FiC N e NI SN
1 20 « P N 46:12:42 67
3ec) (dec) (5ec)
7]
o FsC \/ | FsC \/ | FsC SN
= Ac 3 3
2 \/\(;i)\/ N P N 40:15:45 87
(3ed) (ded) (5ed)
Z Z “
3 OAc FoC SN” (Bee) FC ST (dec) 82:18 90
(2e) N =
4 OAc FsC SN (3ef) FsC SN (4ef) 80:20 88
(2f) N =
z

|
F3C X,
5 one ’ N (3eg) - 74

(2g)
=z
/XOAC FiC o |
6 N (3eh) - 82
(2h) XN
=z
_~_OAc FiC <
7 Y\/ N (3eh) trace
(2i) A

a Reactions were carried out using 0.5 mmollef 0.6 mmol of2, 0.025 mmol (based on metal) of [RuQlod)},, 0.05 mmol of PP and 1.0 mmol of
K2CGOsz in 1 mL of xylene-2-picoline (10:1) at 120C for 20 h under M

afforded the producaatogether with the isometaa, in which together with the isometab in an 85:15 ratio and 85% total
the olefinic moiety had isomerized, in 49% total yield and a yield (Table 2 entry 1). Substrates having a methyl group at
ratio of 60:40 (Table 1, entry 1). When [Rulod)], with 2 the ortho- (2-) position of the benzene ring, e.d.b, did not
equiv of PPh (to Ru) was used as a catalyst precursor, the yield undergo allylation witt2b. In this case, steric hindrance between
improved to 55% (entry 2). However, a palladium complex and the methyl group and the pyridine ring prevented ruthenation
a rhodium complex with PRIdid not show catalytic activity on the opposite side of the ortho-positiof@sition). Substrate

(entries 3 and 4). Combinations of [Ruy(@lod)}, with trialkyl- 1c, which has a methyl group at thé-gosition, on the other
phosphines, such as P£and PBU, and bidentate phosphines, hand, underwent the allylation with, affording3cb, in which
such as dppp and dppf, showed little or no activity (entrie8)5 the coupling occurred at the less crowdéep6sition, and its

Inorganic bases, especially®O;, were suitable for this reaction  isomer4cb in a 73:27 ratio and 67% total yield (entry 3). The
(entries 2, 9-11); however, organic bases, such as triethylamine, reaction betweenld, which has a methoxy group at the
were not good for this reaction (entry 12). Among the solvents 3'-position, with 2b gave products3db and 3db’, which are
examined, 1,4-dioxane and xylene gave good results, and theallylated at the 2 and 8-positions, respectively, in a ratio of
reaction in xylene at 12€C afforded the products in 66% total 71:29 and a lower yield of 30% (entry 4). It appears that the
yield (entries 2, 1316). When the reaction was carried out methoxy group had a directing effect in the ruthenation reaction
using la as the solvent, the products were obtained in a high but lowered the yield. In this case, formation of the olefin
yield of 93% based or2a (entry 17). However, the use of a isomerized productt was not observed. We believe that the
large excess of substrate is very inefficient. Thus, pyridine coordination of the methoxy group to the ruthenium catalyst
derivatives were examined as possible solvents. Although lowers the catalytic activity for the olefin isomerization as well
pyridine completely inhibited the reaction, when 2-picoline was as the allylation reaction. The reaction betwdenwhich has
used as the solvent, the products were obtained in 70% yielda trifluromethyl substituent at the’-Bosition, and2b gave
and an improve@aad4aaratio of 80:20 (entries 1820). Finally, products3eband4ebin a good yield (92%) and a ratio of 88:
a combination of xylene and 2-picoline (10:1) was found to be 12 (entry 5).
the best solvent system, and prodiBasand4aawere afforded The results of the reactions &€& with various allyl acetates
in 79% yield and a ratio of 80:20 (entry 21). Although 2-picoline are shown in Table 3. In the case of crotyl aceta®, Geg of
should act as a base, the reaction in the absence©@dKdid which the allylic moiety is branched, was also afforded in almost
not afford the product (entry 22), which was in agreement with the same yield as the linear ison@c (entry 1). This result
the results for entry 12. strongly suggests that @-allylruthenium intermediate forms
Using the optimized reaction conditions, reactions of various during the reaction. Similarly, the reaction betweba and
2-arylpyridines with allyl acetates were examined. The reaction 2-hexenyl acetate2¢l) afforded3ed 4ed and5edin a ratio of
of 2-phenylpyridine {a) with allyl acetate 2b) afforded3ab 40:15:45 and 87% total yield (entry 2). On the other hand, the
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Scheme 1. A Possible Reaction Pathway
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1

reaction with branched allyl acetates, such as 3-buten-2-yl allyl acetate?i was sluggish, affording only a trace amount of
acetate Z¢), afforded only linear product8ecand its isomer the product3eh

4eg in a ratio of 82:18 and 90% total yield (entry 3). The The following three steps are believed to be involved in the
reaction with 1-hexen-3-yl acetatef] produced similar results  catalytic pathway: (i) oxidative addition of the allyl acetate to
(entry 4). The reaction with 2-methyl-2-butenyl aceta2g) ( the ruthenium complex to afford@allylruthenium intermedi-
afforded productB3egin 74% yield, and isomerization of the ate, (ii) isomerization of the-allylruthenium intermediate via
double bond did not occur (entry 5). As in the cas&efand a sr-allylruthenium complex, and (i) ortho-ruthenation of the
2f (entries 3 and 4), the reaction with the tertiary allyl acetate aromatic ring, which is directed by coordination of the pyridine
2h occurred at ther-position, affording3ehas the sole product  nitrogen to the ruthenium atom. A possible reaction pathway is
in 82% vyield, whereas the reaction pfdisubstituted primary shown in Scheme 1. Oxidative addition @fto ruthenium

G [Rul\
ACEW —_— /w/[Ru]\OAc—b [REu] = AcO” ~NS
"OAc
[Ru] B1 B2
2c
1e 1e
] ]
F F
€ SN € SN
N XN
5ec 3ec
_ R
ACO SR, — [R=u] N\~ ACO/[ U]Y\
Ru] B2 Ac B1
2e
1e\ 1e‘
] ]
F3C \N F3C \N
X X
3ec
5ec
A 1e
T o
2h [Ru] B3

ACO_~ R,
Y N R
[Rul

Figure 1. Isomerization of the Allylruthenium Intermediates.
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complex A generates thes-allylruthenium intermediateB.
Ortho-ruthenation ot by B with the elimination of AcOH gives
the corresponding ruthenacyde Product3 is then formed
through reductive elimination frorT, with the simultaneous
regeneration ofA. On the other hand, an alternative pathway
involves the ortho-ruthenation of the substratey the complex

A followed by the oxidative addition d? to give the ruthena-
cycle C. This pathway cannot be totally ruled out.

Possible pathways accounting for the distribution of linear
and branched products in the reactions of substituted allyl
acetates are shown in Figure 1. In the cas@mfan $2'-like
attack of ruthenium complex affords the secondesgllylru-
thenium intermediatB1. B1 directly reacts withHLeto give 5eg
however, a substantial amount BfL isomerizes to the more
stable primaryr-allylruthenium intermediat82, which reacts
with leto give 3ec Thus, nearly the same amounts#cand
3ecwas afforded in the reaction wittc (Table 3, entry 1). On
the other hand, reaction with the secondary allyl aceate
afforded the primary-allylruthenium intermediat®2 in the
same manner. Only a small amountB2 isomerized toB1,
because it is unstable; thus, or8gc (with a small amount of
4eg was formed in this case (Table 3, entry 3). Similarly,
reaction with2h gives the primary-allylruthenium intermediate
B3, which further reacts to afford produdeh (Table 3, entry
6). In the case ofi, the two methyl groups prevent3-like
attack of the ruthenium complex, so that the reaction did not
proceed (Table 3, entry 7).

Conclusion

The ruthenium-catalyzed allylation of 2-pyridylarenes with

Organometallics, Vol. 25, No. 20, 208877

was filtered off. After the solvent was removed in vacuo, the residue
was purified by silica gel flash chromatography (hexaB&OAc,

2:1) to give an 80:20 mixture of the produ@aaand4aa (107.2

mg, 79%).1H NMR (400 MHz, CDC}): ¢ 8.70 (1H, dddJ =
4.9,1.8,1.0 Hz), 7.70 (1H, d8,= 7.7, 1.8 Hz), 7.46:7.16 (11H,

m), 6.23-6.11 (2H, m), 3.65 (2H, dJ = 5.3 Hz). Peaks fodaa

6.53 (1H, d,J = 15.6 Hz), 3.48 (2H, dJ = 6.8 Hz).13C NMR

(100 MHz, CDC}): ¢ 159.8, 149.1, 140.4, 137.8, 137.5, 136.1,
130.7,130.0, 129.4, 128.5, 128.4, 128.3, 126.8, 126.3, 125.9, 124.1,
121.7, 36.5. IR (neat): 3056, 3024, 2909, 1724, 1646, 1585, 1563,
1492, 1466, 1443, 1425, 1293, 1150, 1058, 1024, 967, 795, 752,
694 cntl. Anal. Calcd for GgH/N: C, 88.52; H, 6.31; N, 5.16.
Found: C, 88.29; H, 6.46; N, 4.94. All reactions in Tables 2 and
3 were performed using the same procedure.

Mixture of 3ab and 4ab (85:15).1H NMR (400 MHz, CDC}):
0 8.68 (1H, dddJ = 4.8, 1.8, 1.0 Hz), 7.71 (1H, d§ = 7.7, 1.8
Hz), 7.39 (1H, dtJ = 7.7, 1.0 Hz), 7.357.29 (4H, m), 7.23 (1H,
ddd,J = 7.7, 4.8, 1.0 Hz), 5.87 (1H, ddi,= 17.0, 10.1, 6.5 Hz),
4.95 (1H, dgJ = 10.1, 1.7 Hz), 4.89 (1H, dg} = 17.0, 1.7 Hz),
3.49 (2H, dt,J = 6.5, 1.7 Hz). Peaks fotab: 6.47 (1H, dgJ =
15.6, 1.5 Hz), 6.19 (1H, dq} = 15.6, 6.6 Hz), 1.79 (3H, dd} =
6.6, 1.5 Hz)*3C NMR (100 MHz, CDC}): 6 159.7, 149.0, 140.3,
137.5, 136.0, 129.9, 129.7, 128.3, 126.7, 126.2, 124.8, 121.6, 115.4,
37.3. IR (neat): 3059, 3007, 2975, 2911, 1637, 1585, 1563, 1466,
1425, 1294, 1150, 1091, 1023, 992, 913, 794, 752crAnal.
Calcd for G4H1aN: C, 86.12; H, 6.71; N, 7.17. Found: C, 86.01;
H, 6.84; N, 7.02.

Mixture of 3cb and 4cb (73:27).'H NMR (500 MHz, CDC}):
0 8.68-8.67 (1H, m), 7.7£7.69 (1H, m), 7.39-7.38 (1H, m),
7.23-7.16 (4H, m), 5.88 (1H, ddt) = 17.0, 10.2, 6.6 Hz), 4.95
(1H, dg,J = 10.2, 1.6 Hz), 4.88 (1H, dgl = 17.0, 1.6 Hz), 3.44
(2H, dt,J = 6.6, 1.6 Hz), 2.36 (3H, s). Peaks féch: 6.43 (1H,

allyl acetates is described. The reaction proceeds regioselectivelyyq, j = 15.6, 1.6 Hz), 6.14 (1H, dg} = 15.6, 6.6 Hz), 2.43 (3H,

at the ortho-position of the aromatic ring. The reaction mech-
anism is proposed to involve the formation efallyl- and
m-allylruthenium intermediates and ortho-ruthenation of the
2-pyridylarenes via ther-allylruthenium intermediate, which

is directed by coordination of the 2-pyridyl group to the
ruthenium center.

Experimental Section
General Procedures.Infrared (IR) spectra were recorded on a

JASCO FT/IR-350 Fourier transform infrared spectrophotometer.
NMR spectra were recorded on a Bruker DPX-400 or DRX-500

s), 1.80 (3H, dd,) = 6.6, 1.6 Hz).23C NMR (125 MHz, CDC}):
0 159.8, 149.1, 140.1, 137.7, 135.9, 135.7, 130.4, 129.9, 128.5,
126.1, 124.8,121.5, 115.2, 36.9, 20.8. IR (neat): 3010, 2974, 2916,
1636, 1586, 1563, 1466, 1428, 1149, 1091, 1040, 993, 911, 793,
749 cntl. Anal. Calcd for GsHisN: C, 86.08; H, 7.22; N, 6.69.
Found: C, 86.07; H, 7.31; N, 6.53.

Mixture of 3db and 3db’ (71:29). 'H NMR (500 MHz,
CDCl): ¢ 8.69 (1H, dddJ = 4.8, 1.8, 0.9 Hz), 7.72 (1H, dj,=
7.7, 1.8 Hz), 7.40 (1H, dt) = 7.7, 0.9 Hz), 7.24 (1H, ddd] =
7.7, 4.8, 0.9 Hz), 7.21 (1H, d = 8.4 Hz), 6.95 (1H, dJ = 2.8
Hz), 6.91 (1H, dd,) = 8.4, 2.8 Hz), 5.85 (1H, ddfl = 17.0, 10.1,

spectrometer. All reactions were performed in Schlenk tubes undere.4 Hz), 4.94 (1H, dgJ = 10.1, 1.5 Hz), 4.86 (1H, dql = 17.0,

a N, atmosphere. Arylpyridines were prepared by coupling reaction
of 2-bromopyridine (30 mmol) with corresponding aryl Grignard
reagents (36 mmol) using 1 mol % of Nippe) in EO (60
mL) under reflux for 3 K23 [RuCly(cod)}, (available from Aldrich)
was prepared as described in the literatddgylene was dried over
CaH, and stored under N K,CO; was dried at 250C under
reduced pressure and stored undgrfash chromatographies were
performed using spherical silica gel (4000xm, Kanto Chemical).
Elemental analyses were performed by the Microanalytical Labora-
tory of the Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University.

Allylation of 2-Phenylpyridine (1a) with Cinnamyl Acetate
(2a). A mixture of 1a (77.6 mg, 0.50 mmol)2a (105.7 mg, 0.60
mmol), K;COs (138.6 mg, 1.0 mmol), PRI{13.1 mg, 0.05 mmol),
[RuCly(cod)}, (7.0 mg, 0.025 mmol of Ru), and 2-picoline (0.1 mL)
in xylene (1 mL) was stirred at 120C for 20 h. The reaction
mixture was diluted with 30 mL of ED, and the precipitated solid

(13) Tamao, K.; Sumitani, K.; Kiso, Y.; Zembayashi, M.; Fujioka, A.;
Kodama, S.; Nakajima, I.; Minato, A.; Kumada, Bull. Chem. Soc. Jpn.
1976 49, 1958.

(14) Albers, M. O.; Ashworth, T. V.; Oosthuizen, H. E.; Singleton, E.
Inorg. Synth.1989 26, 68.

1.5 Hz), 3.82 (3H, s), 3.41 (2H, dj, = 6.4, 1.5 Hz). Peaks for
3db": 5.92 (1H, ddtJ = 17.1, 10.1, 6.0 Hz), 4.89 (1H, dd,=

10.1, 1.6 Hz), 4.77 (1H, dgl = 17.1, 1.6 Hz), 3.86 (3H, s), 3.43
(2H, dt,J = 6.0, 1.6 Hz).13C NMR (125 MHz, CDC}): ¢ 159.6,
157.8, 149.1, 141.3, 137.9, 136.0, 131.1, 126.9, 124.0, 122.1, 121.7,
115.2,114.7,55.3, 36.5. IR (neat): 3073, 3001, 2936, 2833, 1636,
1608, 1584, 1563, 1500, 1467, 1428, 1297, 1221, 1178, 1036, 993,
912, 824, 796, 774, 749 crth Anal. Calcd for GsH1sNO: C, 79.97;

H, 6.71; N, 6.22. Found: C, 79.73; H, 6.82; N, 6.12.

Mixture of 3eb and 4eb (88:12).*H NMR (400 MHz, CDC}):
0 8.71 (1H, dddJ = 4.8, 1.8, 1.0 Hz), 7.77 (1H, d§ = 7.7, 1.8
Hz), 7.67 (1H, dJ = 1.4 Hz), 7.60 (1H, dd) = 8.0, 1.4 Hz), 7.44
(1H,d,J=8.0 Hz), 7.41 (1H, dt) = 7.7, 1.0 Hz), 7.29 (1H, ddd,
J=17.7,4.8,1.0Hz),5.86 (1H, ddi,= 17.0, 10.1, 6.5 Hz), 5.01
(1H, dg,J = 10.1, 1.6 Hz), 4.91 (1H, dgl = 17.0, 1.6 Hz), 3.54
(2H, dt,J = 6.5, 1.6 Hz). Peaks fotebx 6.49 (1H, dgqJ = 15.7,
1.5 Hz), 6.30 (1H, dg) = 15.7, 6.6 Hz), 1.85 (3H, dd] = 6.6,
1.5 Hz).13C NMR (100 MHz, CDC}): 6 158.3, 149.4, 141.9, 140.9,
136.5, 130.5, 128.7 (dc—r = 32.0 Hz), 126.8 (qJc—F = 3.8 Hz),
125.0 (g,Jc-—r = 3.8 Hz), 124.8, 124.2 (dc—¢ = 270.5 Hz), 124.1,
122.2,116.4, 37.2. IR (neat): 3078, 3008, 2980, 2916, 1639, 1617,
1587, 1567, 1470, 1411, 1337, 1261, 1167, 1125, 1078, 1037, 993,
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909, 835, 794, 749 cm. Anal. Calcd for GsHq,F3N: C, 68.44; 5ed.H NMR (500 MHz, CDC}): 6 8.72 (1H, dddJ = 4.8,
H, 4.59; N, 5.32. Found: C, 68.63; H, 4.77; N, 5.25. 1.8,1.0Hz), 7.75 (1H, d1= 7.7, 1.8 Hz), 7.63 (1H, s), 7.62 (1H,
Mixture of 3ec and 4ec (82:18)H NMR (400 MHz, CDC}): d,J=8.0Hz), 7.47 (1H, d) = 8.0 Hz), 7.37 (1H, dt)= 7.7, 1.0

0 8.71 (1H, dddJ = 4.9, 1.8, 1.0 Hz), 7.76 (1H, d§ = 7.7, 1.8 Hz), 7.28 (1H, ddd) = 7.7, 4.8, 1.0 Hz), 5.95 (1H, ddd,= 17.2,
Hz), 7.65 (1H, dJ = 1.5Hz), 7.59 (1H, dd) = 8.0, 1.5 Hz), 7.43  10.3, 7.2 Hz), 5.02 (1H, dfj = 10.3, 1.3 Hz), 4.86 (1H, dt] =
(1H,d,J=8.0 Hz), 7.40 (1H, dt) = 7.7, 1.0 Hz), 7.28 (1H, ddd,  17.2, 1.3 Hz), 3.65 (1H, tq] = 7.2, 1.3 Hz), 1.65 (2H, ] = 7.2
J=7.7,4.9, 1.0 Hz), 5.46 (1H, dtd,= 15.2, 6.4, 1.4 Hz), 5.32 Hz), 1.12 (2H, sext) = 7.2 Hz), 0.73 (3H, tJ = 7.2 Hz).1%C
(1H, dtg,J = 15.2, 6.4, 1.4 Hz), 3.45 (2H, dd,= 6.4, 1.4 Hz), NMR (125 MHz, CDCh): o 158.4, 149.4, 146.3, 141.6, 136.1,

1.60 (3H, ddJ=6.4,14 HZ). Peaks fotec 6.48 (lH, dJ= 136.0, 132.6, 127.8 (q].CfF =320 HZ), 127.3, 126.6 (qlch —
6.4 Hz), 1.03 (3H, tJ = 7.5 H2).**C NMR (100 MHz, CDC}): Hz), 114.7, 44.0, 29.3, 20.3, 13.7. IR (neat): 2959, 2930, 2870,

0 158.5, 149.4, 142.9, 140.8, 136.6, 136.3, 130.4, 128.8d& 1417, 1587, 1468, 1410, 1337, 1262, 1167, 1125, 1078, 970, 908,

f2222-7 H?' 12_6-27%‘*;0]5 = ii“lz)’lg“z-g l(ggCéF :6?1-81';2' i 835,792, 749 ci. Anal. Calcd for GaHigFeN: C, 70.80; H, 5.94
2 (9.dc-F = 270.5 Hz), 124.1, 122.2, 119.6, 36.1, 17.8. N, 4.59. Found: C, 70.78: H, 6.08: N, 4.56.

(neat): 3023, 2965, 2918, 1617, 1587, 1410, 1337, 1262, 1167,

1125, 1078, 968, 906, 833, 793, 749 ¥mAnal. Calcd for 3eg.'H NMR (500 MHz, CDC}): 4 8.70 (1H, dddJ = 4.9,
CiH1dFsN: C, 69.30; H, 5.09; N, 5.05. Found: C, 69.34; H,5.28; 1.8,0.9Hz), 7.75 (1H, dg = 7.7, 1.8 Hz), 7.69 (1H, d) = 1.6
N, 4.96. Hz), 7.59 (1H, ddJ = 8.0, 1.6 Hz), 7.42 (1H, d] = 8.0 Hz), 7.41

5ec.’H NMR (500 MHz, CDC}): ¢ 8.71 (1H, dddJ = 4.8, (1H, dt,J = 7.7, 0.9 Hz), 7.28 (1H, ddd] = 7.7, 4.9, 0.9 Hz),
1.8, 1.0 Hz), 7.77 (1H, di = 7.7, 1.8 Hz), 7.65 (1H, d) = 1.4 4.76 (1H, s), 4.44 (1H, s), 3.48 (2H, s), 1.60 (3H, & NMR
Hz), 7.59 (1H, dd,J = 8.0, 1.4 Hz), 7.43 (1H, d] = 8.0 Hz), 7.40 (125 MHz, CDC}): 6 158.3, 149.3, 144.2, 141.4, 141.2, 136.3,
(1H, dt,J = 7.7, 1.0 Hz), 7.30 (1H, ddd] = 7.7, 4.8, 1.0 Hz),  130.9, 128.7 (qJc—r = 32.7 Hz), 126.8 (qJc—r = 3.8 Hz), 124.8
5.98 (1H, dddJ = 17.2, 10.4, 5.6 Hz), 5.03 (1H, di,= 10.4, 1.5 (9,Jc-r=3.8Hz), 124.1 (9Jc—r = 270.6 Hz), 124.0, 122.2, 112.6,
Hz), 4.91 (1H, dtJ = 17.2, 1.5 Hz), 3.85 (1H, dtg] = 6.9, 5.6, 41.0, 22.5. IR (neat): 3077, 2971, 2933, 1617, 1587, 1410, 1337,
1.5 Hz), 1.30 (3H, dJ = 6.9 Hz).13C NMR (125 MHz, CDC}): 1262, 1167, 1125, 1078, 896, 791, 749 @émAnal. Calcd for
0 158.6, 149.5, 147.3, 142.8, 140.6, 136.3, 130.4, 128.94¢, CieH17F3N: C, 69.30; H, 5.09; N, 5.05. Found: C, 69.50; H, 5.14;
= 32.0 Hz), 126.7 (9Jc-r = 3.8 Hz), 125.1 (g,Jc—F = 3.8 Hz), N, 4.99.
124.3 (q,JC—F = 270.0 HZ), 124.1, 122.2, 113.8, 38.1, 20.6. IR 3eh.H NMR (400 MHz, CDCE) 5871 (1H, ddd,\] = 4.9,
(neat): 3054, 2968, 2933, 1617, 1587, 1410, 1337, 1263, 1167,1_8 1.0 Hz), 7.76 (AH, dt) = 7.7, 1.8 Hz), 7.63 (1H, dJ = 1.5
1125, 1080, 969, 908, 836, 793, 749 tmAnal. Calcd for Hz)’, 758 (1;_" dd) = 8,.0, 15 Hz)', 742 (1;'|, d = 8.01 Hz), 7.39
CieH14F3N: C, 69.30; H, 5.09; N, 5.05. Found: C, 69.31; H, 5.30; (1H, dt,J = 7.7, 1.0 Hz), 7.28 (1H, ddd] = 7.7, 4.9, 1.0 H2),

N, 4.93.
» 4 5.14 (1H, tsept) = 7.2, 1.4 Hz), 3.46 (2H, dJ = 7.2 Hz), 1.66
Mixture of Sed and 4ed (80:20)H NMIR (500 Mz, CDCl: - fj e 1?4’JHZ) o (3H)d,] i€ §_4 H(iJ).BC NMFg (100

08.71 (1H, dddJ = 4.8, 1.7, 0.9 Hz), 7.76 (1H, d§ = 7.6, 1.7 .
Hz), 7.65 (1H, dJ = 1.6 Hz), 7.59 (1H, dd] = 8.0, 1.6 Hz), 7.43 MHz, CDCk): 6 158.6, 149.3, 143.8, 140.7, 136.3, 133.1, 130.0,

(1H, d,J = 8.0 Hz), 7.41 (1H, dt) = 7.6, 0.9 Hz), 7.29 (1H, ddd, ~ 28-2 (Q.Je—r = 32.1 Hz), 126.6 (aJ)cr = 3.8 Hz), 125.0 (g,
J=7.6, 4.8, 0.9 Hz), 5.43 (LH, dtf = 15.3, 6.6, 1.2 Hz), 5.29  Jc-F = 3.8 H2), 124.2 (qJ)c-F = 270.5 Hz), 124.1, 122.2, 122.1,
(1M, dtt J = 15.3. 6.6, 1.2 Hz), 3.47 (21, ddi— 6.6, 1.2 Hz) 317, 25.5, 17.6. IR (neat): 3052, 2971, 2915, 1617, 1587, 1565,

1.92 2H. dqJ = 6.6, 1.2 Hz), 1.20 (2H, sextl — 7.4 Hz), 0.84 1470, 1410, 1337, 1262, 1166, 1125, 1078, 1036, 906, 830, 795
(3H, t, J = 7.4 Hz). Peaks fosed 6.46 (1H, d,J = 15.7 Hz), cm~L. Anal. Calcd for G/HigFsN: C, 70.09; H, 5.54; N, 4.81.
6.26 (1H, dt,J = 15.7, 6.9 Hz), 2.17 (2H, ¢ = 6.9 Hz), 1.42 Found: C, 70.02; H, 5.70; N, 4.80.

(2H, tt, J = 7.5, 6.9 Hz), 1.34 (2H, sex,= 7.5 Hz), 0.90 (3H, t,

J=7.5Hz).13C NMR (125 MHz, CDCY): ¢ 158.5, 149.4, 142.9, Acknowledgment. This work was supported by a Grant-
140.8,136.3,136.0, 130.4, 128.4 fg, = 32.5 Hz), 127.8, 126.7 jn_aid for Scientific Research on Priority Areas “Advanced
(@, Je—r = 3.8 H2), 125.3, 124.9 (dle—r = 3.8 H2), 124.1 (qJc—¢ Molecular Transformations of Carbon Resources” from the

=270.0 Hz), 122.2, 36.2, 34.5, 22.5, 13.6. IR (neat): 2959, 2929, \nnistry of Education, Culture, Sports, Science and Technolo
2871, 1617, 1587, 1566, 1467, 1410, 1337, 1262, 1167, 1126, 1078’Japanry ’ =P ’ oy,

970, 907, 834, 792, 749 crh Anal. Calcd for GgH1gF3N: C, 70.80;
H, 5.94; N, 4.59. Found: C, 70.79; H, 6.04; N, 4.33. OMO060561K



