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Abstract

The palladium-catalyzed hydroarylation of propargylic alcohols with aryl iodides in the presence of Pg(BEEOH, and BN in
1-butyl-3-methylimidazolium tetrafluoroborate ([omim][BF at 40°C has been investigated. The process is highly stereoselective. Hy-
droarylation products have been obtained usually in good yields and the use of the ionic liquid has provided better results than molecular
solvents in terms of regioselectivity and/or rate of reaction. Hydroarylation products containing a bromo substituent close to the carbon—carbon
triple bond can successfully be used for the development of a new route to chromenes through a hydroarylation—cyclization sequence.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction bopalladation step of the hydroarylation process, and con-
sequently on the regioselectivity of the hydroarylation with

Our palladium-catalyzed hydroarylations and hydroviny- aryl iodides. An “ionic liquid effect” has been observed,
lations of alkynes have provided a versatile procedure for for example, in the palladium-catalyzed reaction of aryl
the synthesis of substituted alkene products and cyclic sys-iodides with vinyl etherg4]. In particular, because of our
tems[1]. The reaction most probably proceeds according interest in the utilization of propargylic alcohols as building
to the basic steps outlined i8cheme 1The reaction is  blocks for the preparation of chromene derivatives through a
usually highly stereoselective and, though the appearancehydroarylation—cyclization process (vide infra), we focused
of final products adrans derivatives has been reported in our attention on the hydroarylation of propargylic alcohols.
some cases, a general predominanceisfddition prod- Hereafter we report the preliminary results of this study.
ucts following the carbopalladation step is observed. With
unsymmetrical alkynes, steric and coordinating effects ap-
pear to play a major role in controlling the regioselectivity 2. Experimental
of the process.

Solvents—among other reaction parameters such as the Melting points were determined with a Biichi apparatus
presence or the absence as well as the nature of phosphingnd are uncorrected. All of the starting materials such as
ligands, the nature of thesG-donor (for example, organic  pd(OAc),, solvents, and aryl iodides are commercially
triflates tend to give better results than OrganiC iodides in available and were used as purchased, without further pu-
terms of regio- and stereoselectiv[@])—have been found rification. The ionic liquid 1-butyl-3-methylimidazolium
to influence the regiochemical outcorf8. In this context, tetrafluoroborate ([omim][BF]) was prepared as de-
it seemed of interest to investigate whether room tempera-scribed in[5]. Propargylic alcoholsl were prepared by
ture ionic ||qU|dS could exhibit some influence on the car- the Sonogashira Coup“nm] of Commercia”y available

1-propyn-3-ols with aryl iodides. MEM and THP derivatives

* Corresponding author. Tel39-06-4991-2795: of propargylic a_IcohoIs were prepareq_ by using_ standard
fax: +39-06-4991-2780. methods. Reaction products were purified on axially com-
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Pd(0) R'  Pdx 31.5. Anal calcd for @gH19BrO;: C, 62.26; H, 5.52. Found:
e C, 62.18; H, 5.51.
-X lHCOO‘ 33. 3a
R! R'  PdH R'  PdOOCH
= ~—— = — = Oil; IR (neat) 3436, 2962, 2874, 1384, 1246, 1106¢m
R R-PO mr R ""2R R 1H NMR (200 MHz, CDC}) § (ppm) 7.57 (dd /1 = 7.8 Hz,

Jo = 2.0Hz, 2H), 7.45-7.26 (m, 5H), 6.93 (dd, = 7.8 Hz,

J2 = 2.0Hz, 2H), 6.75 (s, 1H), 4.84 ( = 7.1Hz, 1H),
Scheme 1. 3.84 (s, 3H), 2.17 (bs, 1H), 1.70-1.58 (m, 2H), 0.86/(t

7.4Hz, 2H);13C NMR (50.3 MHz, CDC$) § (ppm) 158.9,
Nagel), connected to a Gilson solvent delivery system 143:8,137.2,133.1,131.5,129.8,129.0,128.3,127.0,113.4,

and to a Gilson refractive index detector, and eluting with /1:7, 55.2, 28.6, 10.2. Anal calcd fongH2002: C, 80.56;
n-hexane/EtOAc mixturestH NMR (200 and 400MHz) M 7-51. Found: C, 80.48; H, 7.53.

and3C NMR (50.3 and 100.6 MHz) spectra were recorded
with Bruker Avance 200 and 400 spectrometers. IR spectra3'4' 4a
were recorded with a Jasco FT/IR 430 spectrometer.

R' = aryl, alkenyl

Oil; IR (neat) 3430, 2970, 2869, 1381, 1247, 1110ém
1H NMR (200 MHz, CDC}) 8 (ppm) 7.4-7.0 (m, 7H), 6.82
. . (dd, J1 = 6.8Hz, J» = 2.1 Hz, 2H), 5.98 (dJ = 9.3Hz,
3 Typ'c""ll. pglocegulre;‘:blthi hyot'roag'a“o” of 1H), 4.15-4.0 (m, 1H), 3.80 (s, 3H), 1.77-1.55 (m, 4H), 0.88
propargylic alcohols (Table 1, entry 17) (t, J = 7.4 Hz, 2H): Anal calcd for GsH205: C, 80.56; H,

Pd(OACy (105mg, 0.047mmol) and [bmimgf  °r Found: G, 80.49;H7.52.

(2ml) were stirred at 40C for 1h. Then,1li (224.1 mg,
0.938 mmol), 4-iodoanisole (329.2mg, 1.406 mmol), tri-
ethylamine (392ul, 2.814 mmol), and formic acid (7dl, Oil: IR (neat) 2933, 2875, 1381ct; 'H NMR
1.876 mmol) were added. The reaction mixture was stirred (ZOOMHZ CDCY) 5 (ppn,1) 757751 (m éH) 7387 25
at 40°C for 30h. After cooling, the reaction mixture was (m, 5H) 6.92-6 87 (M. 3H), 4.87 (I, = 79 Hy ’1H) 477
diluted with ethyl ether, washed with water, dried over (d ’]: (’5.7 Hz, 1H) 4.68 (d,}z 6.7 Iliz 1H) 3i83 (s', 3H)
NapSO; and concentrated under reduced pressure. The3_’71_3_35 (m, 4H)’ 3.33 (s, 3H) 1.81’1—1.6,5 (m 2;_0 0’_90
residue was purified by chromatographyhexane/EtOAc (t J =7.4Hz ,3H)',13C NMR, (SO.éMHz cDCY) 8 (ppr;1)
85/15, vIv) to give 247.7mg (76%) ofm and 60.2mg 1594 1407 137.3, 1332, 132.8, 129.7, 129.1, 128.2,

35. 3b

(19%) of 3m. 128.9, 113.4, 92.8, 75.3, 71.7, 66.9, 59.0, 55.3, 27.06, 10.5.
Anal calcd for GoHpg04: C, 74.13; H, 7.92. Found: C,
3.1 4m 74.20; H, 7.91.

Oil; IR (neat) 3452, 3027, 2970, 2830, 1383, 1243, 36 4b
1180cn!; 'H NMR (400MHz, &-DMSO) § (ppm)
7.64-7.60 (m, 1H), 7.44-7.26 (m, 1H), 7.15-7.00 (m, 2H),  Qjl; IR (neat) 2940, 2871, 1383cm; H NMR
7.04 (d,J = 89Hz, 2H), 6.85 (dJ = 8.9Hz, 2H), 4.54 (200 MHz, CDC}) § (ppm) 7.40-7.15 (m, 8H), 6.83-6.77
(s, 1H), 3.72 (s, 3H), 1.07 (s, 3H), 1.04 (s, 3HjC NMR (m, 2H), 5.88 (d,J = 9.4Hz, 1H), 4.76 (d,J = 6.7 Hz,
(100.6 MHz, ¢-DMSO) (ppm) 158.9, 141.1, 137.7,136.2, 1H), 4.64 (d,J = 6.7Hz, 1H), 4.09-3.95 (m, 1H), 3.78
133.8,132.9, 132.7, 129.6, 127.8, 127.6, 124.3, 114.2, 70.3,(57 3H), 3.68-3.33 (m, 4H), 1.73-1.53 (m, 2H), 0.89 (t,
55.6, 31.0, 30.1. Anal calcd forigH19BrOy: C, 62.26; H, J = 7.4Hz, 2H); Anal calcd for GoHog04: C, 74.13; H,
5.52. Found: C, 62.35; H, 5.50. 7.92. Found: C, 74.05; H, 7.93.

3.2. 3m 3.7. 3c

Oil; IR (neat) 3443, 3045, 2972, 2835, 1380, 1245,  Oil; IR (neat) 3061, 2934, 2877, 1717, 1276<¢h H
1175¢cntl 'H NMR (400MHz, &-DMSO) § (ppm)  NMR (400 MHz, CDCh) § (ppm) 8.03 (dd,J; = 6.7 Hz,
7.62-7.57 (M, 1H), 7.52-7.47 (m, 1H), 7.34-7.29 (m, 3H), Jo» = 1.9Hz, 2H), 7.67 (ddJ1 = 6.7Hz, J» = 1.9Hz,
7.20-7.15 (m, 1H), 6.92-6.88 (m, 2H), 6.08 (s, 1H), 4.41 2H), 7.42-7.27 (m, 5H), 6.97 (s, 1H), 4.89 {t= 7.3Hz,

(s, 1H), 3.77 (s, 3H), 1.17 (s, 6H)3C NMR (100.6 MHz,  1H), 4.75 (d,J = 6.7 Hz, 1H), 4.69 (d.J = 6.7 Hz, 1H),
dg-DMSO) § (ppm) 158.5, 151.2, 140.3, 136.8, 132.2, 4.41(q,J = 7.1Hz, 2H), 3.71-3.64 (m, 1H), 3.56-3.49 (m,
132.0, 130.5, 128.8, 128.3, 127.2, 123.5, 113.4, 72.4, 55.6,2H), 3.42-3.39 (m, 2H), 3.34 (s, 3H), 1.82-1.75 (m, 1H),
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1.61-1.54 (m, 1H), 1.43 (Y = 7.1Hz, 3H), 0.89 (t,J = 91.9, 74.4, 71.0, 66.3, 58.0, 26.5, 20.6, 10.2 Anal calcd for
7.4 Hz, 3H);13C NMR (100.6 MHz, CDCJ) § (ppm) 166.6, CyoHog03: C, 77.61; H, 8.29. Found: 77.52; H, 8.28.
145.6,140.8,136.6,134.7,129.3,129.0, 128.5, 128.3, 127.3,

93.0,75.3,71.7,67.0,60.9,58.9, 26.7,14.4, 10.4. Anal calcd 3 12 4e

for Co4H300s: C, 72.34; H, 7.59. Found: C, 72.41; H, 7.58.

Oil; IR (neat) 2930, 2970, 1685cm; 'H NMR
38. 4c (400 MHz, ¢-DMSO) 8 (ppm) 7.42—7.34 (m, 2H), 7.00 (m,
7H), 5.93 (d,J = 9.4Hz, 1H), 4.61 (dJ = 6.8Hz, 1H),

Oil; IR (neat) 3057, 2933, 2878, 1717, 1276T*H 454 (d,/ = 6.8Hz, 1H), 3.96-3.91 (M, 1H), 3.52-3.44
NMR (400 MHz, CDCb) § (ppm) 7.96 (dd.J1 = 6.7Hz,  (mq 2H), 3.37-3.35 (m, 2H), 3.17 (s, 3H), 2.27 (s, 3H),
Jo = 1.9 HZ, 2H), 7.41-7.27 (m, 5H), 7.21 (dﬂ], =6.7 HZ, 1.63—-1.51 (m’ 2H), 0.82 (U — 74 HZ, 3H), 13C NMR
J2 = 1.9Hz, 2H), 6.10 (dJ = 6.1Hz, 1H), 4.78 (dJ = (100.6 MHz, @-DMSO0)§ (ppm) 143.2, 139.1, 138.4, 136.8,
6.8Hz, 1H), 4.68 (dJ = 6.8Hz, 1H), 4.38 (9J =7.1Hz,  129.2 128.8, 128.3, 128.2, 127.2, 126.7, 92.1, 74.4, 71.0,
2H), 4.17-4.09 (m, 1H), 3.71-3.59 (m, 2H), 3.50-3.45 (M, gg 1, 58.0, 28.1, 20.6, 9.7. Anal calcd fopElg03: C

2H), 3.35 (s, 3H), 1.71-1.58 (m, 2H), 1.4 (L= 7.1Hz,  7761; H, 8.29. Found: C, 77.69; H, 8.28.
3H), 0.92 (t,J = 7.4Hz, 3H); 13C NMR (100.6 MHz,

CDCl3) 8 (ppm) 166.4, 146.1, 143.5, 138.8, 131.6, 129.7, 313, 3f
129.5, 129.4, 128.4, 127.5, 127.2, 93.3, 75.5, 71.7, 66.8,”
60.9, 59.0, 28.7, 14.3, 9.8. Anal calcd fop4El300s: C,
72.34; H, 7.59. Found: C, 72.39; H, 7.60.

Oil; IR (neat) 2931, 2877, 1683, 1384ch) 1H NMR
(400 MHz, CDC%) § (ppm) 7.95 (d,J = 8.2Hz, 2H), 7.70
(d, J = 8.2Hz, 2H), 7.42-7.28 (m, 5H), 4.90 (f, = 7.29,
1H), 4.75 (d,J = 6.7Hz, 1H), 4.69 (d,J = 6.7 Hz, 1H),
3.70-3.65 (m, 1H), 3.55-3.51 (m, 1H), 3.43-3.40 (m, 2H),
3.34 (s, 3H), 2.66 (s, 3H), 1.82-1.77 (m, 1H), 1.63-1.56
(m, 1H), 0.89 (t,J = 7.5Hz, 3H);13C NMR (100.6 MHz,
CDCl3) § (ppm) 198.2, 146.7, 141.01, 136.9, 136.3, 135.2,
129.4, 129.1, 128.7, 128.5, 127.7, 93.3, 75.6, 72.0, 67.4,
59.4, 27.4, 27.0, 10.8. Anal calcd fop4E2g04: C, 74.97;
H, 7.66. Found: C, 74.89; H, 7.65.

39. 3d

Oil; IR (neat) 3049, 2932, 1445, 1030ch) 'H NMR
(400 MHz, CDC}) § (ppm) 7.58-7.54 (m, 2H), 7.39-7.24
(m, 8H), 6.90 (s, 1H), 4.86 (t/ = 7.3Hz, 1H), 4.76 (d,

J = 6.7Hz, 1H), 4.68 (d,J = 6.7 Hz, 1H), 3.69-3.63 (m,
1H), 3.54-3.49 (m, 1H), 3.42-3.38 (m, 2H), 3.32 (s, 3H),
1.80-1.56 (m, 2H), 0.89 (t/ = 7.4Hz, 3H); 13C NMR
(100.6 MHz, CDC}) § (ppm) 141.8, 141.3, 137.5, 134.1,
129.4, 128.9, 128.6, 128.4, 127.6, 127.4, 93.3, 75.8, 72.1,
67.3, 59.4, 27.4, 10.8. Anal calcd fopgi3gOs: C, 77.16;  3.14. 4f

H, 8.83. Found: C, 77.10; H, 8.82.
Oil; IR (neat) 2942, 2865, 1681, 1380ch) 'H NMR

3.10. 4d (400 MHz, CDC4§) § (ppm) 7.88-7.83 (m, 2H), 7.39-7.31
(m, 5H), 7.20-7.16 (m, 2H), 6.09 (d,= 9.3 Hz, 1H), 4.75
Oil; IR (neat) 3057, 2963, 2932, 2877cth H NMR  (d, J = 6.8Hz, 1H), 4.66 (d.J = 6.8Hz, 1H), 4.15-4.00
(400 MHz, CDC4) § (ppm) 7.40—7.20 (m, 1H), 6.00 (d,= (m, 1H), 3.66-3.58 (m, 2H), 3.45 (¥, = 4.8 Hz, 2H), 3.33
9.4Hz, 1H), 4.79 (dJ = 6.7Hz, 1H), 4.74 (dJ = 6.7Hz,  (S,3H),2.57 (s, 3H), 1.72-1.55 (m, 2H), 0.89/= 7.5Hz,
1H), 4.13-4.09 (m, 1H), 3.71-3.58 (m, 2H), 3.50-3.45 (m, 2H); *C NMR (100.6 MHz, CDG) § (ppm) 197.7, 146.4,
2H), 3.35 (s, 3H), 1.77-1.56 (m, 2H), 0.92 fi— 7.5Hz,  143.4,138.8,136.1,131.9,129.7,128.5,128.4,127.7,127.5,
3H): 13C NMR (100.6 MHz, CDG) 6 (ppm) 144.8, 142.2,  93.3, 75.4, 71.8, 66.9, 59.1, 28.8, 26.7, 9.9. Anal calcd for
139.8, 130.1, 129.8, 128.6, 128.5, 127.9, 127.7, 127.6, 93.4, C22H2805: C, 77.61; H, 8.29. Found: C, 77.52; H, 8.30.
75.7,72.1,67.1,59.4, 29.2, 10.2. Anal calcd fopi300s:
C, 77.16; H, 8.83. Found: C, 77.08; H, 8.81. 3.15. 3g

3.11. 3e Oil; IR (neat) 2940, 2873, 1384, 1247 ch) 'H NMR
(200 MHz, CDC§) § (ppm) 7.57 (dd,J1 = 6.8Hz, Jo =

Oil; IR (neat) 2933, 2976, 1683cm; H NMR 2.1Hz, 2H), 7.39-7.25 (m, 5H), 6.94 (s, 1H), 6.91 (dd,
(400MHz, &-DMSO) § (ppm) 7.47-7.43 (m, 2H). Ji = 6.8Hz, J» = 2.1Hz, 2H), 5.05 (t,J = 7.4Hz,
7.42-7.28 (m, 5H), 7.18-7.14 (m, 2H), 6.88 (s, 1H), 4.78 (t, 1H), 4.65-4.61 (m, 1H), 3.85 (s, 3H), 3.82-3.71 (m, 1H),
J = 7.3Hz, 1H), 4.58 (s, 1H), 3.56-3.50 (m, 1H), 3.44-3.37 3.28-3.20 (m, 1H), 1.92-1.49 (m, 8H), 0.93.{t= 7.5Hz,
(m, 1H), 3.32-3.30 (m, 2H), 3.18 (s, 3H), 2.31 (s, 3H), 3H); *C NMR (50.3MHz, CDC$) § (ppm) 158.9, 140.4,
1.71-1.63 (s, 1H), 1.51 (s, 1H), 0.79 ¢t,= 7.4Hz, 1H); 137.3, 133.5, 133.2, 129.6, 129.0, 128.1, 126.8, 113.4, 95.6,
13C NMR (100.6 MHz, @-DMSO) § (ppm) 140.4, 137.4,  74.0, 63.0, 55.2, 30.9, 27.0, 25.4, 20.3, 10.5. Anal calcd for
136.7, 136.3, 132.7, 128.8, 128.5, 128.2, 128.1, 126.9, Co3H2g0s: C, 78.38; H, 8.01. Found: C, 78.29; H, 8.02.
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3.16. 4g 8H); 13C NMR (100.6 MHz, CDC}) § (ppm) 158.6, 136.9,
136.8, 133.5, 130.5, 128.5, 127.7, 127.1, 126.6, 113.3, 98.1,

Qil; IR (neat) 2935, 2870, 1380, 1250ch *H NMR 4.6, 61.9, 54.8, 30.3, 25.0, 19.0. Anal Calcd fr€,403:

(200 MHz, CDC§) é (ppm) 7.38-7.13 (m, 7H), 6.82 (dd, C, 77.75; H, 7.46. Found: C, 77.68; H, 7.45.

J1 = 6.8Hz, J> = 2.0Hz, 2H), 5.85 (dJ = 9.5Hz, 1H),

4.69-4.64 (m, 1H), 3.84-3.71 (m, 4H), 3.38-3.30 (M, 8H), 371 3

0.91 (t,J = 7.5Hz, 3H);3C NMR (50.3 MHz, CDC}) &

(ppm) 159.2,144.3,139.6,134.4,129.6,128.4,128.2,127.9, mp: 60-61C; IR (KBr) 3502, 3058, 2930 CITiL, 1H

127.2, 1136, 95.6, 74.0, 62.8, 5.3, 31.2, 29.0, 25.5, 20.2,\\R (400 MHz, CDCh) 5 (ppm) 7.36-7.34 (m. 4H)
10.2. Anal calcd for G3H»g03: C, 78.38; H, 8.01. Found: 7.31-7.25 (m, 3H), 6.92-6.87 (m, ZH), 6.49 (S, 1H), 3.86

78.30; H, 8.00. (s, 3H), 1.73 (bs, 1H), 1.39 (s, 6H)C NMR (100.6 MHz,
CDCls) & (ppm) 158.6, 150.5, 138.9, 136.0, 130.1, 129.4,
3.17. 3h 128.8, 128.3, 126.9, 113.3, 74.4, 55.4, 31.3. Anal calcd for

. Ci18H2002: C, 80.56; H, 7.51. Found: C, 80.65; H, 7.49.
Oil; IR (neat) 3438, 2962, 2933, 2874, 2835, 1384,

1246, 1108, cm?; TH NMR (400 MHz, ¢-DMSO) § (ppm)
7.69-7.64 (m, 4H), 7.61-7.58 (m, 1H), 7.44-7.40 (m, 1H),
6.95 (dd,J; = 6.8Hz, J, = 2.0Hz, 2H), 6.55 (s, 1H),
5.21 (d,J = 3.4Hz, 1H), 4.42-4.36 (m, 1H), 3.77 (s, 3H),
1.49-1.40 (m, 1H), 1.35-1.26 (m, 1H), 0.60{t= 7.4 Hz,
3H); 13C NMR (100.6 MHz, ¢-DMSO) § (ppm) 159.5,
145.1, 138.0, 133.5, 133.1, 131.9, 130.2, 130.0, 129.8
128.2, 124.7, 114.2, 71.2, 55.9, 29.0, 10.7. Anal calcd for
Ci18H10BrOy: C, 62.26; H, 5.52. Found: C, 62.18; H, 5.51.

3.22. 4k

mp: 68—-69C; IR (KBr) 3462, 3050, 2934cnt; 1H
NMR (400 MHz, ¢s—-DMSO) § (ppm) 7.40-7.29 (m, 3H),
7.17-7.12 (m, 2H), 7.06-7.02 (m, 2H), 6.85-6.84 (m, 2H),
6.17 (s, 1H), 4.54 (s, 1H), 3.72 (s, 3H), 1.05 (s, 6
"NMR (100.6 MHz, ¢-DMSO) § (ppm) 158.8, 140.6, 137.9,
137.5, 135.9, 130.2, 128.3, 128.1, 127.3, 114.1, 70.2, 55.6,
31.4 Anal calcd for @gH2002: C, 80.56; H, 7.51. Found:

3.18. 4h C, 80.49; H, 7.50.

Oil; selected signals for theZf isomer: 1TH NMR 323. 3

(400 MHz, ¢-DMSO) § (ppm) 7.05 (d,J = 8.8 Hz, 2H),

6.84 (d,J = 8.8Hz, 2H), 6.03 (d/ = 92Hz, 2H), 463 MP: 85-86°C: IR (KBr) 3416, 3071, 2931, 1680 criy

(d, J = 4.1Hz, 2H), 3.71 (s, 3H)*3C NMR (100.6MHz, ~ _H NMR (400MHz, ¢-DMSO) 5 (ppm) 7.90 (d,/

de-DMSO) & (ppm) 123.5, 113.8, 69.5, 29.7, 9.8; selected 84Hz, 2H), 7.59 (d,J = 8.4Hz, 2H), 7.25 (dd./)y =

signals for E) isomer:'H NMR (400 MHz, ¢&-DMSO) § 6.6Hz, J> = 2.1Hz, 2H), 6.90 (ddJ1 = 6.6Hz, J; =

6.06 (d./ — 8.9Hz, 1H) 4.51 (0 — 5.1Hz, 1H). 33 (S 3H), 1.23 (5, BH)3C NMR (100.6 MHz, @-DMSO) 5

NMR (100.6 MHz, ¢-DMSO) 5 (ppm) 123.0, 113.1, 60.6, (PPM) 197.4,157.8,151.9,144.1,136.7,134.4,129.8, 129.6,

30,5, 10.1, 128.3, 127.2, 112.8, 71.9, 55.0, 31.2, 26.6. Anal calcd for
CooH2203: C, 77.39; H, 7.14. Found: C, 77.30; H, 7.12.

3.19. 3i
3.24. 4l

mp: 87-88°C; IR (KBr) 3435, 2929, 1243, 1040 crh;
1H NMR (200 MHz, CDC4) § (ppm) 7.58 (dd /1 = 6.8 Hz, mp: 62-63C; IR (KBr) 3432, 3048, 2929, 1666 cm;
Jo = 21Hz, 2H), 7.47-7.32 (m, 5H), 7.11-6.94 (m, ‘H NMR (400 MHz, &-DMSO) é (ppm) 7.95 (d,J =
3H), 4.73 (s, 2H), 3.88 (s, 3H), 1.82 (bs, 1HfC NMR 8.1Hz, 2H), 7.30 (dJ = 8.1Hz, 2H), 7.03 (dJ = 8.8 Hz,
(50.3MHz, CDC4) § (ppm) 159.3, 139.5, 137.2, 132.9, 2H), 6.84 (d,J = 8.8Hz, 2H), 6.18 (s, 1H), 4.53 (s, 1H),
129.8, 128.9, 128.4, 127.8, 127.2, 114.1, 60.3, 55.3; Anal 3.72 (s, 3H), 2.6 (s, 3H), 1.09 (s, 6H}C NMR (100.6 MHz,
calcd for GgH1602: C, 79.97; H, 6.71. Found: C, 79.89; ds-DMSO)4 (ppm) 198.1, 159.0, 146.2, 137.9, 137.3, 135.8,

H, 6.70. 135.5, 130.7, 128.3, 128.2, 114.2, 70.2, 55.7, 31.6, 27.2.
Anal calcd for GgH»2203: C, 77.39; H, 7.14. Found: C,
3.20. 3 77.30; H, 7.13.

Oil; IR (neat) 2970, 2929, 1241, 1038ch *H NMR 3.25. 3n
(400 MHz, CDC§) § (ppm) 7.57 (dd,J1 = 6.7Hz, Jo =
1.8Hz, 2H), 7.78-7.43 (m, 2H), 7.41-7.35 (m, 3H), 7.02 (s,  Oil; IR (neat) 3407, 2972, 1361, 1144ct H NMR
1H),6.93 (ddJy = 6.7Hz,J> = 1.8Hz, 2H),4.77-4.70 (m, (400 MHz, &-DMSO) § (ppm) 7.59 (dd,/1» = 8.0Hz,
2H), 4.44 (d,J = 11.0Hz, 2H), 3.84 (s, 3H), 1.95-1.43 (m, J» = 1.2Hz, 1H), 7.53—-7.48 (m, 1H), 7.38-7.25 (m, 3H),
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Pd(OAC)
OR 2 Ar Ar Ar O
HCOOH, EtsN
Ph—— Et + Al ————————— — + — + x
) [brim[BFq], 40°C phﬂOR Ph>:>TOR g
Et Et

1 2 3 4 5

1a (R = H) 3a (54%) 4a (11%) 17%

1b (R = MEM) 3b (60%) 4b (21%)

Ar = p-MeO-CgH,-

Scheme 2.

7.20-7.12 (m, 3H), 6.07 (s, 1H), 4.44 (s, 1H), 2.31 (s, 3H), Table 1
1.17 (S, 6H);13C NMR (100.6 MHz, @-DMSO) S (ppm) Sc_)lvent _effect on the palladium-catalyzed hydroarylation 1bf with
150.9, 141.0, 139.6, 135.4, 131.6, 131.4, 128.6, 128.2, Piodoanisolé

128.0, 127.8, 126.6, 122.9, 71.7, 30.9, 20.7. Anal calcd for Solvent Total yield (%6)° 3b/4b
C10H23BrO: C, 65.71; H, 6.68. Found: C, 65.80; H, 6.67.  Toiuene 38 (51) 70/30
THF 51 (37) 76/24
3.26. 4n DMF 55 (37) 66/34
[bmim][BF4] 81 76/24
Qil; IR (neat) 3399, 2924, 1370, 1130 ch 1H NMR a Reactions were carried out on a 0.469 mmol scale by using 1eq. of

(400 MHz, QS-DMSO)(S (ppm) 7.64-7.60 (m' 1H)' 7.43 (dt, la, 1.5eq. ofp-iodoanisole, 5mol% of Pd(OAg) 2 eq. of HCOOH, and
J1=7.4Hz, J, = 0.8Hz 2H) 7.34-7.26 (m 2H) 7.08 (d 3eqg. of E§N, in 1 ml of the selected solvent at 40 for 30 h.

T, P ’ . | . " ' b Yields are given for isolated products.
‘(] zllg_if |_2|22752>|?)’ ;3)2 (3’88:(8.33“_'42), 21H0),66(.283(|§I,§éHl\)I,I\/I4I:'\?9 ¢ Figures in parentheses refer to the recovered propargylic alcohol.
S, y 2. S, , 1. S, , 1. S,
(100.6 MHz, ¢-DMSO)§ (ppm) 141.3, 139.0, 138.9, 137.0, ] ) o ] .
136.9, 133.3, 133.1, 130.0. 129.7, 128.0, 126.9, 124.6, 70.6 €ading to4a via -elimination of HPd species and isomer-
31.3, 30.4, 21.4. GH»3BrO: C, 65.71; H, 6.68. Found: C:  ization of the resultant allenyl alcoh{®]. Employing the

65.65: H, 6.70. MEM derivativelb as the starting alkyne provided a cleaner
reaction mixture and a higher regioselectivity.
327. 8 Compoundlb was then used when, for comparison, we

carried out the same reaction in solvents displaying widely

mp: 73-74C; IR (KBr) 3048, 2977, 1378, 1250 ch; different polaritie$ and coordinating ability suc_h as toluene,
1H NMR (400 MHz, CDC}) 8 (ppm) 7.44 (ddJ; = 6.8 Hz, THF, and DMF. Thg results are summarlzedfable land
J> = 2.2Hz, 2H), 7.15-7.06 (m, 2H), 6.96—6.88 (M, 4H), do not p!’OVIde_ a simple explana_ﬂon for the effect _Of t_he
6.69 (s, 1H), 5.23 (ddJ/1 = 9.7Hz, J» = 3.2Hz, 1H), solvents investigated on the reaction outcome, but highlight

3.86 (s, 3H), 1.88-1.82 (m, 1H), 1.64-1.59 (m, 1H), 1.05 (t, the importance of [bmim][Blﬂ for atta_ining t.he best results..

J = 7.5Hz, 3H); 13C NMR (100.6 MHz, CDC}) § (ppm) Toluene and THF, with the lowest dielectric constants, give
159.5,151.6, 136.1, 129.9, 128.8, 126.6, 126.5, 123.4, 121_3'good isomeric ratios; however, the rates of reaction were
117.8, 116.3, 114.3, 78.1, 55.4, 26.5, 10.3. Anal calcd for V€rY low. In DMF, with the highest dielectric constant, the

C18H1807: C, 81.17: H, 6.81. Found: C, 81.10: H, 6.79. reaction rate was still very low and the isomeric ratio was
the lowest among molecular solvents. The best result both

328 9 in term of rate of reaction and regioselectivity was observed
when the reaction was carried out in [bomim][BF
mp: 93-94C (lit. mp: 93-94°C) [7]. Itis also remarkable that Pd(OAdh the absence of phos-

phine ligands can successfully be used in the hydroarylation
of alkynes in [bmim][BR], though it has been reported that

4. Results and discussion palladium without phosphine ligands displays negligent ac-
tivity in the Heck reaction in the same solvgai.

To determine if the hydroarylation of propargylic alcohols ~ On the basis of the above studies, the hydroarylation
in ionic liquids could provide a higher regioselectivity than €action was extended to other propargylic alcohols and
in classical molecular solvents, we first examined the reac- théir MEM or THP derivatives and aryl iodides. Our exper-
tion of 1a with p-iodoanisole in [bmim][B&] (Scheme 2 imental results are summarlzedTabI(_e 2 The ionic liquid .
The reaction was carried out in the presence of 5mol% of &N be recovered and recycled using standard extraction
Pd(OAc), 2 eq. of HCOOH, and 3 eq. of £l. Under these
conditions,3a and 4a were isolated in 54 and 11% ylelds, 1 Dielectric constants, which for the three molecular solvents investi-

respectively, after 30 h along with a 17% yield®fthe lat- gated range from 2.4 to 36.7, can be used as a quantitative measure of
ter most probably derived from the carbopalladation adduct the solvent polarity.
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Table 2
The palladium-catalyzed hydroarylation of propargylic alcohols in [omim}[BF
Entry Propargylic alcohol Aryl iodide 2 Ar t (h) Overall yield (%Y Isomeric rati6
3 4
OMEM Ar Ar
1 ph—= 1b p-MeO—GsH4 30 Ph/*g OMEM Ph>*> OMEM 81 3b/4b 76/24
Et
Et Et
2 1b p-MeO—GsH4 30 49 3b/4b 66/34
3 1b p-EtOOC-GH4 26 85 3cl/4c 75125
4 1b p-EtOOC—GHy 26 ¢ 3c/4c 66/34
5 1b Ph 24 79 3d/4d 71/29
6 1b Ph 24 71 3d/4d 66/34
7 1b p-Me—CsHa 24 80 3e/de 75/25
8 1b p-MeCO-GH, 48 9¢ 3f/4f 72128
OTHP _ Ar Ar .
9 Ph%< 1c p-MeO-GsHa 24 Ph/_g»omp Ph>_¥0THP 91 3g/4g 77/23
Et Et Et
10 1c p-MeO-GsHy 24 76 3g/4g 68/32
Br Br Ar Ar
OH — Br, —
11 ®?< 1d  p-MeO-GHq 24 oH oo 76 3h/ah 75/28
Et Et t
12 or 1 MeO-GsH 1 g 51 3
I e -MeO— — i
P P N Ph/_&OH
Ar
13 Y 1f p-MeO-GsHa 12 Y N 53 3j9

OH
14 Ph%’— 1g p-MeO—-GsH4 26 Ph/_%fop-l Ph>37OH 78 4k/3k 83/17

Ar
15 ol Y= C"” th  pMeO-GHa 31 & oH oH 81 473 72/28
C
Al
Ve

16 1h p-MeO-GsHy 31 91 41131 64/36
Al
Br OH B Br ' —
17 4 = 1 p-MeO—GsHa 24 OH OH 95 4m/3m 80/20
18 1 p-MeO-GsHy 48 84 4m/3m 81/1¢
19 1 p-Me—CsHg 48 75 4n/3n 77/23

@ Unless otherwise stated, reactions were carried out on a 0.469 mmol scale by using 1.ef.5afq. of aryl iodide2, 5mol% of Pd(OAc), 2eq.
of HCOOH, and 3eq. of BN, in 1 ml of [bmim][BF4] at 40°C.

b Yields are given for isolated products.

¢ Isomeric ratios were calculated on isolated products.

d In DMF.

& With 3eq. of aryl iodide.

f 4h was isolated as an approximatdlyZ 30/70 sterecisomeric mixture.

9 A compound whose NMR data are consistent with a 1,3-diene derivative formed through multicarbopalladation reaction was isolated in 12% vyield.
Its regiochemistry was not established.

protocols followed by vacuum drying, with only small me- [bmim][BF4] gave a higher yield. According to our previous
chanical losses. No evidence of ionic liquid degradation findings[8,9] and related reactiorj40] proceeding through
was attained by NMR spectra of the recovered solvent. Its a carbopalladation step, with tertiary propargylic alcohols
use provided no appreciable decrease in yield or regiose-(Table 2 entries 14-19) the main hydroarylation products
lectivity. Notably, when comparison with DMF—one of the contain the new carbon—carbon bond close to the aryl sub-
most commonly used solvents in this chemistry—was made stituent of the starting alkyne. Most probably, steric effects
(Table 1 compare entry 1 with entry 2; entry 3 with entry as well as coordination of the oxygen to the incoming palla-
4; entry 5 with entry 6; entry 9 with entry 10; entry 15 with  dium during the carbopalladation step can account for the di-
entry 16), [bmim][BR] provided the highest regioselec- recting effect of the tertiary hydroxy group. With secondary
tivity. And when comparable regioselectivity was achieved propargylic alcohols the regioselectivity is still good, but the
(Table 1 compare entry 17 with entry 18), the reaction in main reaction products contain the added aryl group close
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Pd(OAC),

l OMe
\

NaOBu!

2-(di-tert-butylphosphino)biphenyl

63

O OMe
S

toluene, 110 °C

Br Et o E
HO
3h 8 (90%)
OMe OMe
Crs w O
tol
Br oluene o
4j HO 9

Pd(OAc),, dppf, Cs,CO4, 120 °C, 2d
Pd(OAc),, Xantphos, NaOBU', 110 °C, 4 d
Pd(OAC),, dppf, NaOBU', 110 °C, 30 h

26% (starting material recovered in 62% yield)
77% (starting material recovered in 5% yield)
87% (starting material recovered in 7% yield)

Scheme 3.

to the hydroxy or ether grou@éble 1, entries 1-11). In this

controlling the regiochemical outcome of the process. Work

case, the aryl group of the starting alkyne apparently exertsalong this line is in progress.
more influence in directing the carbopalladation than the

secondary hydroxy group does. The less branched primary
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