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Transition metal catalyzed C-C bond formation via C-11
bond activation is currently onc of the most interesting
ficlds." The efficient catalytic coupling reactions with alk-
encs through C(sp?)-H bond activation have been reported.®
The rhodium-catalyzed coupling reactions ol a-substituted
vinylpyridines, vinylquinolines and phenylpyridines with
alkenes have been reported by us.?

The application of allyl cthers in transition metal catalytic
reactions is still rare.” Morcover, the coupling reaction of 2-
vinylpyridines with allyl alcohol did not occur. [n order to
obtain the coupled product having the hydroxyl group, we
chose ally] ethers instead ofl allyl aleohol; protection of the
hydroxy! group of allyl alcohol 1o allyl cther and alier this
coupling reaction deprotection 1o aleohol. We have already

shown the [easibility (rom results of the coupling reaction of

2-vinylpyridine with allyl phenyl cther.® So we decided the
study about the coupling reaction of 2-vinylpyridines with
allyl cthers.

We now wish to report the coupling reaction of 2-vinylpy-
ridines with various allyl cthers and the synthesis ol 2-
(hydroxyalkenyl)pyridines through removal of the trimeth-
ylsilyl group with “BusNF.

The coupling reaction of 2-vinylpyridines with ally] ethers
gave exclusively the anti-Markovnikov addition product in
high isolated yicld. The Markovnikov addition product,
branched isomer was not detected in the reaction mixture.

Substrate 1a reacted with 2a (R — "Pr. 3 ¢quiv.) in the
presence of the Wilkinson complex 3 (10 mol%) in tolucne
(3 mL) at 135 °C for 20 h to give a mixture ol £ and Z iso-
mers (E: Z—95:5) ol 4a in 75% isolated yicld after column
chromatography. In this reaction. small amounts of 1a were
remained. [n order to achicve full conversion, lout equiva-
lents of 2a were used under the same reaction conditions.
After the reaction was proceeded fully, the desired product
4a was obtained in 84% isolated yicld (£ : Z — 92 : 8) (run
2). As the results were satisfied, allyl cthers were used 4
equiv. 1o 1 under the same reaction conditions in all cascs.

| RhCI(PPh3); /l
N R+ H,C=CHCH,0R' — 3 » R

N
CHz H” ™ (CH,);0R’
1a R=CH; 2aR'="Pr 4a R=CH,, R'="Pr
1b R=H 2b R'="Bu 4b R=CH,, R="Bu
1c R=cyclohexyl  2¢ R'=Si(CHa)s 4c R=CH,, R'=Si(CHa)a
1dR=Pn 2d R=Et 4d R=CHs, R'=Et
2e R=Ph

4¢ R=CHg, R'=Ph
4f R=H_ R'=Si{CH3);
4h R=Ph, R'=Si{CH3);

Scheme |

Table 1. the results of the coupling reaction of 2-vinylpyridines
with ally] ethers*

2 Yicld*

Entry  Substrate - B F. 7
- (Fquiv) %)
1 la 2a(3) 4a. 74 95:3
2 la 2a(d) 4a. 84 92:8
3 la 2D () 4b. 84 93:7
E) la 2c(H 4¢. 94 90:10
3 la 2d () 4d. 86 94:6
6 la 2e(4) de. 83 88:12
7 1 2c(4) 4f. 26 80:20
8 lc 2c(4) 4g. 74 14: 86
9 1d 2c(4) 4h. 74 84:16

10 mol% of Wilkinson catalyst was used. Solvent : toluene, 3 ml..
*Isolated yield. “The ratio of isomers was determined by 't NMR and
GC-MS.

The results of the coupling reaction of 2-vinylpyridines with
allyl cthers are listed in Table 1.

The coupling reaction of la with 2b (R — "Bu. 4 equiv.)
under the same reaction conditions gave a mixture ol £ and
Zisomers (£ : Z - 93 : 7} ol 4b in 84% isolated yield (run 3).
Allyloxytrimethylsilane 2¢ worked well and gave a mixture
of E and Z isomers (£ : Z — 90 : 10) of 4¢ in 94% isolated
yield (run 4). Other allyl cthers 2d and 2e were also good
partners and gave a mixture of E and Z isomers (E: Z - 94 :
6) of 4d (86% yicld) and a mixture of £ and Z isomers (£: Z
— 88 : 12) of 4e (83%). respectively (runs 5 and 6).

Other substrates 1h, 1e and 1d were applied to this cou-
pling reaction with 2¢. 2-Vinylpyridine 1b reacted with 2e in
the presence of the Wilkinson complex (10 mol%) in toluene
(3 mL) at 135 °C for 20 h 1o give a mixture of £ and Z iso-
mers (E : Z — 80 : 20) of 4f in 26% isolated yicld (run 7).
Substrate e reacted with 2e under the same reaction condi-
tions to give a mixture of £ and Zisomers (£: Z - 14 : 86) of
4g in 74% isolated yicld (run 8). Product 4g has a dilferent
structure from other products. Since the cyclohexyl group is
larger than the pyridy| group. dg formed by reductive climi-
nation has a thermodynamically stable form dircctly. Sub-
strate 1d also proceeded well with 2e to give a mixture of £
and Z isomers (£ : Z — 84 : 16) of 4h in 73% isolated yicld
(run 9).

®
N

(CH3)3SI0CH,CH,CH; H
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The same reaction of an aromatic substrate such as 3-
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methyl-2-phenylpyridine with 2¢ did not give any product
by the action of [(CgH 4%»RhCl1]/Cy=P which is known as an
efficient catalyst system for the alkylation of 2-phenylpy-
ridines with terminal alkenes.*

A possible mechanism for the reaction may be postulated
as shown in Scheme 2. The reaction appears to be initiated
by formation of the highly reactive rhodium complex 5 by
liberation of one ligand which reacts with 1 to form the
rhodium(111) hydride complex 6 by cleavage of a vinyl C-H
bond. The insertion of a hydride from the vinyl hydride
rhodium(I11) complex 7. stabilized by oxygens directing
effect,” into the coordinated allyl ether should form the
hydrometallated complex intermediate 8 according to the
anti-Markovnikov rule. This intermediate 8 then gives 4 and
5 for the catalytic cvcle by external ligand. The Z isomer
torms first and then isomerizes to the £ isomer, except 4g.

To obtain the 2-(hydroxyalkenyl)pyridines, deprotection
of trimethylsilylethers was carried out. It is well known that
the trimethylsilyl group in ether is easily deprotected by
treatment with "BuyNF.” Trimethylsilylethers 4e and 4h were
treated with "BugNF {1 equiv.) in tetrahydroluran (THF) at
room temperature (or 20 min and the deprotected product 9a
and 9b were obtained in 97% isolated yield and 93% iso-
lated yield. respectively (Scheme 3).

In summary. we have found that the coupling reaction of
2-vinylpytidines with allyl ethers gave the coupled product 4
in high yiclds and the 2-(hydroxyalkenyl)pyridines were
also obtained from 4¢ and 4h casily by deprotection of the
trimethylsilyl group.

= =
R "BuNF | IR
N THF N
H*" ™CHoCH,CH,0Si(CHy); 20 min. H*" "™ CH,CH,CH,0H
4c R=CHj 9a R=CH3
4h R=Ph 9b R=Ph
Scheme 3

Notes
Experimental Section

'H NMR spectra were recorded on Bruker AC-300F (300
MHz) instrument. The chemical shifts are reported in ppm
relative to internal tetramethylsilane in CDCl;. *C NMR
spectra were recorded on Bruker AC-300F (75 MHz)
machine. Mass spectra were measured with a HP-5971A
mass spectrometer which was equipped with a Hewlett-
Packard 5890 series 11 gas chromatograph using the electron
impact method {70 V). The silica gel used in column chro-
matograhpy was from Aldrich (Merck, 70-230 mesh). Tolu-
ene and THF were refluxed and then distilled over calcium
hydride. Substrates la. le and 1d were synthesized as
described in the literature.® 2-Vinyvlpytidine 1b. tetrabuty-
lammonium fluoride (1.0 mol solution in THF) and
RhCI(PPhs): were purchased from Aldrich. All allyl ethers
2a-e were purchased trom Aldrich and used without further
purification.

General procedure for the coupling reaction of 2-vinvlpy-
ridines with 2.

A screw-capped vial (5 mL) was charged with 1a (30 mg,
0.42 mmol), 2 (1.68 mmol, 4 equiv.} and 3 (38.8 mg, 0.42
mmol, 10 mol%) in toluene (3 mL). The stirred reaction
mixture was heated at 135 °C for 20 h and then concentrated
under reduced pressure and purified by column chromatog-
raphy on silica gel (EtOAc-hexane, | : 5).

da (£ isomer): 'H NMR (300 MHz, CDCl;) §8.55 (d. 1H.
J—4.5Hz, 6-H in py). 7.61 (dt, IH..J— 7.8, 1.9 Hz, 4-H in
py). 7.39(d, IH..J— 8.0 Hz. 3-H in py). 7.07-7.12 {m, 1H. 5-
Hinpy). 6.39(dt, IH./— 7.4, | 3Hz, —~C-H),3.46 (t.2H,J —
6.4Hz. CH;0). 3.38 (t. 2H. ./ — 6.7 Hz. OCH). 2.35 (quar-
tet. 2H, ./ — 7.4 Hz, ~CHCH?). 2.10 (s. 5H. —C-CH3). 1.78
(quintet, 2H, ./ — 7.0 Hz, "CHCH:CH?). 1.60 (sextet, 2H..J —
7.3 Hz. CH,CH3), 0.93 (t. 3H. ./ — 7.4 Hz, CH;); “C NMR
(75 MHz) 6 159.82, 148.59. 136.10, 134.76. 131.08. 121.20,
119.49.72.48. 7001, 29.27. 25.34. 22.84. 14.10, 10.52; MS§
(ED) miz 51 (10), 78 (16). 93 (10), 106 (13), 117 (55). 120
(68). 131 (38). 144 (51). 146 (100), 158 (13). 176 (16). 190
(3X 21913, M").

db (E isomer): 'T1 NMR (300 Mllz CDCl3) & 8.54-8.56
(m, 111, 6-1Lin py), 7.61 {dt. 11L./—7.9. 1.8 1z, 4-I1 in py),
7.39(d. 111..7 - 8.0 1z, 3-tl in py). 7.08-7.13 (m. 111, 5-t1in
py). 6.38 (dt. 111, .J — 7.4, 1.3 1z, —-C-H), 3.39-3.48 {411,
CH,0), 2.35 (quartel. 211, J — 7.3 Hz. —CHICH?), 2.10 (s,
511 —C-CHS3). 1.77 (quintet, 2EL J - 7.1 1z, —=CHCHCH?),
1.51-1.77 (211, CH>), 1.33-1.42 (211. CH>), 092 (1, 311, J -
7.2 1z, CH5), *C NMR (75 MIz) 6 159.86. 148.62, 136.12,
134.76, 131.11. 121.21, 119.51, 70.61. 70.09, 31.77. 29.28.
2537, 19.29, 14.12, 13.86; MS (EI) m/z 51 (8). 78 (14), 93
(10). 106 (14}, 117 {55). 120 (73), 131 (58). 144 (53). 146
(100). 158 (13), 176 (19). 190 (3). 233 (11, M").

de (£ isomer): '11 NMR (300 Mtz CDClz) & 8.53-8.55
(m. 111, 6-10in py), 7.59 {dt. 1./ - 7.9.1.7 [z 4-I in py),
7.37 (d. 111/ - 8.0 Hz 3-11in py). 7.06-7.11 (m, [11. 5-11 in
pPy), 6.37 (di, 11,/ — 7.2, 1.2Hz —C-H). 3.64 (L. 2H1..7 - 6.4
tz, CH;0}, 2.32 (quartet, 211 7 = 7.5 [z, —-CIICH?>), 2.10
(s. 3H. -C-CH3), 1.72 (quintet, 211, J - 7.0 Iz
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=CHCH:CH>). 0.12 |s. 9H. Si(CH3)3]: “C NMR (75 MHz)
5 159.85. 148.60. 136.09. 134.70. 131.12. 121.19. 119.46.
62.02.32.18. 25.12. 14.16 (CH3). —0.56 (Cs of SiMes): MS
(Ely m/z 31 (12). 73 (35). 78 (12). 117 (32). 120 (66). 131
(58). 144 (38). 146 (100). 158 (18). 181 (29). 218 (9). 234
(10). 249 (11. M),

4d (7 isomer): 'H NMR (300 MH~. CDCly) § 8.53-8.56
(m. I1H. 6-Hin pv). 761 (dt. 1H../=7.7. 1.7 Hz 4-H in pv).
739(d. 1H../=8.0 Hz 3-H in py). 7.07-7.12 (m. 1H. 3-H in
py). 6.38 (dt. I1H./=7.4. 13 Hz. =C-H). 3.48 (q. 4H../ = 7.1
Hz. CH-0). 2.35 (quartet. 2H. ./ = 7.4 Hz. =CHCH>). 2.11
(s. 3H. =C-CH3. 1.78 (quinict. 2H. J = 74 Hz
=CHCH-CH>). 1.21 (1. 3H. ./ = 7.0 Hz. CH3). “C NMR (75
MHz) § 159.79. 148.57. 136,10, 134.77. 131.00. 121.19.
119.48. 69.86. 66.01.29.26. 2532, 15.12. 14.08: MS (E[) m/
239 (3). 78 (18). 93 (10, 104 (13). 117 (70). 130 (37). 146
(100). 160 (12). 176 (28). 190 (2). 205 (37. M)

de (1 isomery: 'H NMR (300 MHz. CDCl3) § 8.52-8.53
(m. 1H. 6-H in py). 7.61 (t. 1H../ = 7.5 Hz. 4-H in pv). 7.37
(d. IH..J = 7.9 Hz. 3-H in py). 6.81-7.29 (6H. 5-H in pv and
Hs in Ph). 6.40 (1. 1H../ = 7.4 Hz. =C-H). 398 (1. 2H../ = 6.3
Hz. CH-0). 2.43 (quartet. 2H. ./ = 7.3 Hz. =CHCH.). 2.10
(s. 3H. CHy) 1.95 (quiniet. 2H. ./ = 6.9 Hz. =CHCH.CH.):
BC NMR (75 MHz) & 159.76. 158.88. 148.47. 136.42.
135.05. 130.85. 12930, 12145, 12044, 119.80. 114.40.
66.89. 28.79. 25.17. 14.27:

Af (72 isomer): "H NMR (300 MHz. CDCl3) §8.52 (d. 1H.
6-Hin py). 7.39 (dt. 1H..J=7.7. 1.7 Hz. 4-H in py). 7.23 (d.
1H..J =79 Hz 3-H in py). 7.08 (dd. 1H. 5.0. 2.3 Hz. 5-H in
py). 6.74 (di. 1H../ = 15.8. 6.9 Hz. =C-H). 6.50 (d. 1H..J =
15.7 Hz. =C-H). 3.6+ (1. 2H..J = 6.4 Hz. CHA0). 2.33 (quar-
tet. 2H..J =6.8 Hz. =CHCHS>). 1.75 (quintcl. 2H../ = 6.9 Hz.
=CHCH-CH>). 0.12 |s. 9H. Si(CH;);]: “C NMR (75 MHz)
§ 139.90. 14931, 13634, 135.16. 130.08. 121.53. 120.93.
61.92. 31.79. 29.11. -0.31 (Cs of SiMcs): MS (E1) m/~ 59
(19). 73 (39). 78 (21). 93 (23). 106 (81). 117 (99). 132 (100).
144 (67). 181 (49). 190 (27). 204 (49). 220 (67). 235 (72.
M)

4g (Z isomen): 'H NMR (300 MHz. CDCls) § 8.60-8.62
(m. 1H. 6-H in py). 7.61 (dt. 1H. J=7.7. 1 8 Hz. 4-H in py).
7.09-7.15 (2H. 3.5-Hs in py). 548 (di. |H..J = 74. 1.2 Hz.
=C-H). 3.50 (.. 2H.J = 6.6 Hz. CH-0). 2.38-2.51 (m. |H.
CH m cyclohexy1). 1,96 (quartct. 2H..J = 7.5 Hz. =CHCH?).
1.04-1.80 (12H. Hs of cvclohexyl and S-CH- to OSi). 0.06
ls. OH. Si(CH3)s]: *C NMR (75 MHz) 8 160.12. 149.21.
13538 125,35, 12431, 121.13. 62.02. 43.80. 32.90. 32.23.
31.58. 26.88. 26.60. 26.30. 23.05. —0.58 (Cs of SiMey): MS
(EDY m/z 39 (6). 73 (14). 78 (6). 93 (7). 104 (8). 117 (28). 130
(30). 143 (F0). 136 (31). 170 (24). 181 (45). 186 (38). 200
(3R). 214 (100). 226 (9). 234 (4). 274 (9). 302 (43). 317 (51.
M)

4h: (a mixture of ¥ and Z isomers) '"H NMR (300 MHz.
CDCl3) § 8.65-8.69 (m. 0.2H. 6-H in pv. Z isomer). 8.56-
8.59 (m. 0.8H. 6-H in py. I isomer). 7.67 (dt. 0.2H..J = 7.5.
1.9H7. 4-H in py. Zisomer). 7.48 (d1. 0.8H../ = 7.5. 1.9 Hz.
4-H n py. 7 1somer). 6.83-7.42 (7.8H. 3.5-Hs in py. ph and
=C-H). 6.19 (. 0.2H..J = 7.5 Hz.=C-H). 3.57 (1. 2H..J = 6.6
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Hz. CHA0). 2.12-2.25 (2H. =CHCH>). 1.71 {quintcnt. 2H..J
= 6.9 Hz. CH-). 0.07 |s. 9H. Si(CH2)3).

General procedure for deprotection of the coupled prod-
ucts.

A screw-capped vial (3 mL) was charged with 4¢ (50 mg.
0.2 mmol). 0.2 ml of "BusNF solution (I M in THF. 0.2
mmol. 1 equiv.) in THF (1 mL). The stirred rcaction mixture
was at room temperature for 20 min and then concentrated
under reduced pressure and purificd by column chromatog-
raphy on silica gel (EtOAc¢-hexanc. 1 : ).

9a (/< isomen): 'H NMR (300 MHz. CDCl3) 8 8.52-8.53
(m. 1H. 6-H in pv). 7.62 (dt. IH../=8.0. |.8 Hz. 4-H mn pv).
7.38¢d. IH../=89Hz 3-Himpv). 7.08-7.13 (m. |H. 3-H in
pv). 6.36 (dt. TH../ = 6.0. 1.3 Hz. =C-H). 3.70 (t. 2H..J = 6.4
Hz. CH-0). 2.96 (bs. 1H. OH). 2.35 (quartet. 2H. J = 7.4
Hz. =CHCH>). 2.10 (5. 3H. =C-CH3). 1.76 (quintet, 2H. J =
70 Hz. =CHCH:CH>): “C NMR (73 MHz) § 139.80.
148.37. 13632, 13474 131.12. 12135, 119.68. 62.20.
32.16. 25.11. 14.25(CH3): MS (ED m/z 51 (12). 65 (6). 78
(23). 93 (17). 109 (22). 117 (79). 132 (73). 146 (100). 177
(25. M)

9b: (a mixturc of / and Z isomers) 'H NMR (300 MHz.
CDCl3) §8.55-8.58 (m. IH. 6-H in pv). 7.66 (dt. 0.26H. .J =
8.0. 1.9 Hz. 4-H in py. Z isomer). 7.49 (dt. 0.74H. ./ = 7.5,
1.9 Hz. 4-H in py. I isomer). 6.84-7.40 (7.74H. 3.5-Hs in py.
ph and =C-H in /< isomcr). 6.053 (. 0.26H../ = 7.5 Hz. =C-H
in Zisomer). 3.70 {t. 0.52H../ = 7.0 Hz. CH-0 in Z isomgr).
3.0 (1. 148H../= 6.6 Hz. CH-O in I isomer). 2.59 (bs. 1H.
Of). 2.38-2.46 (0.52H. =CHCH. in Z isomer). 2.19 (q.
| 48H. =CHCH- in < isomer). 1.73 (quintent. 2H. .J = 7.0
Hz. CH-).
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