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5-(2-Methoxyethyl)biphenyls have been prepared by regioselective formal [3+3] cyclocondensa-

tions of 1,3-bis(trimethylsilyloxy)-1,3-butadienes.
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Introduction

2-Phenylethanols and their methyl ethers are present
in a variety of natural products. Parent 2-phenylethanol
represents an ingredient of many etheric oils which
are extracted from various flowers, such as roses.
Their ethers and esters are extensively used in the
parfum, cosmetics and food industries [1-5]. Re-
lated hydroxylated natural products include hydroxy-
tyrosol or the secoiridoidglycoside oleuropein which
are extracted from the leaves and fruits of olive
trees. They exhibit antioxidative, antiviral, antimi-
crobial, anti-inflammatory, antiproliferative and pro-
apoptotic properties and are used as pharmaceuticals
and as ingredients of food and cosmetics [6—12]. It
has been shown that hydroxytyrosol is available by
an industrially applicable fermentative process using
genetically modified microorganisms [13]. Hydroxy-
lated biaryls also represent pharmacologically impor-
tant core structures. The cynandiones A—C [14-17],
isolated from many plant sources, show a broad spec-
trum of pharmacological activities. Likewise, struc-
turally related flavones are of considerable pharma-
cological relevance [18 —24]. Biaryls are synthetically

available by palladium(0)-catalyzed cross-coupling re-
actions [25, 26]. A limitation of this approach lies in
the synthesis of the required starting materials. In fact,
highly functionalized or substituted aryl halides or tri-
flates are not readily available. An alternative strategy
relies on the application of a building block strategy.
In recent years, we have broadly studied the synthe-
sis of arenes and biaryls by formal [3+3] cyclization
reactions of 1,3-bis(trimethylsilyloxy)-1,3-butadienes
with suitable 1,3-dielectrophiles [27 —29]. Herein, we
report a new convenient and regioselective synthesis
of 5-(2-methoxyethyl)biphenyls by application of this
methodology.

Results and Discussion

The reaction of commercially available 5-methoxy-
1-phenylpentane-1,3-dione (2) with chlorotrimethyl-
silane (1) gave silyl enol ether 3 (Scheme 1). The
reaction of 3 with 1,3-bis(trimethylsilyloxy)-1,3-
butadienes 4a-h [30-32] (1.5-2.0 equiv.) in the
presence of TiCly (1.1 equiv.) afforded the 5-(2-
methoxyethyl)biphenyls Sa-h in 32%-79% yields
(Table 1). It proved to be important to carry out the
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Scheme 1. Synthesis of 5a-h; i: NEt3, TMSCI, n-pentane,
20°C, 72 h; ii: 1) TiCly, CH,Cl,, —78 t0 20°C, 12— 14 h; 2)
10 % aqueous HCL.

Table 1. Synthesis of Sa-h.

4,5 R! R? Yield® (%) of 5
a H Me 52
b Me Me 43
c Et Me 41
d nPr Me 79
e H iPr 32
f H Bn 44
g nOct Me 40
h nDec Me 44

2 Yields of isolated products.

reaction in a highly concentrated solution in CH,Cl,
(2 mL mmol~!) at —78 °C.

The products containing the phenyl group located
ortho to the ester group were formed with excellent
regioselectivity. The formation of the opposite regio-
isomers, containing the phenyl group located para to
the ester group, was not observed. The moderate yields
can be explained by hydrolysis or oxidative dimer-
ization [33, 34] of the dienes. Besides the steric hin-
drance, the purity of each individual diene also plays an
important role. The structure of Se was confirmed by
'H,'"H-NOESY experiments (Fig. 1). Diagnostic cor-
relations were observed between the protons of the
phenyl group with the iso-propoxy group and between
the CH; groups of the 2-methoxyethyl chain with the
aromatic protons of the salicylate moiety. Comparison
of the spectroscopic data of Se with those of the other
derivatives suggest that all products are formed with
the same pattern of regioselectivity.

In conclusion, we succeeded in the synthe-
sis of 5-(2-methoxyethyl)biphenyls by formal [3+3]
cyclocondensations of 1,3-bis(trimethylsilyloxy)-1,3-
butadienes from readily available starting materials.
The cyclizations proceeded with excellent regioselec-

Fig. 1. '"H,'"H-NOESY correlations of 5e.

tivity. The regioselectivity may be explained by chela-
tion of TiCly by the methoxy and the silyloxy group
which results in predominant activation of the carbon
atom attached to the silyloxy group (instead of the car-
bonyl carbon atom).

Experimental Section
Synthesis of 3

To a solution of 5-methoxy-1-phenylpentane-1,3-dione
(2) (4.18¢g, 20.29 mmol) in pentane (1 rnL~mm01*1) and
CH,Cl, (1 mL-mmol ') was added triethylamine (3.80 mL,
27.0 mmol) at 20 °C, and the solution was stirred for 30 min.
Subsequently, chlorotrimethylsilane (4.15 mL, 30.50 mmol)
was added, and the solution was stirred for 74 h at 20 °C. The
solvent was removed in vacuo, and to the residue was added
pentane (50 mL). The mixture was filtered, and the filtrate
was concentrated in vacuo. The residue was again washed
with pentane (50 mL), the suspension was filtered and the fil-
trate concentrated in vacuo to give 3 (73 %) as a red oil. Due
to the unstable nature of the product, it was directly used after
its preparation for further transformations.

General procedure for the synthesis of 5-(2-methoxyethyl)-
2-hydroxybiphenyl-carboxylates 5a—h

To a solution of 3 (1.0mmol) and of 4a-h (1.5-
2.0mmol) in dry CH>Cl, (2mL mmol~' 3) was added
TiCly (1.1 mmol) at =78 °C. The solution was allowed to
warm to 20°C within 6h and was stirred for 6-8h at
20 °C. To the solution was added aqueous hydrochloric acid
(10%, 10 mL mmol~!), and the mixture was extracted with
CH,Cl; (3 x50mL). The combined organic layers were
dried (Na;SOy), filtered, and the filtrate was concentrated in
vacuo. The residue was purified by chromatography (silica
gel).

Methyl 2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate
(5a)

Starting with 3 (557 mg, 2.0 mmol), 4a (521 g, 2.0 mmol)
and TiCly (0.22mL, 2.0 mmol) in CH,Cl, (4mL), 5a
was isolated by chromatography (silica gel, n-heptane-
EtOAc=50:1 to 10 : 1) (296 mg, 52%) as a yellow oil.
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- 'H NMR (CDCls, 300 MHz): 6§ =2.86 (t, 3J =6.8 Hz,
2H, CH,), 3.34 (s, 3H, OCH3), 3.46 (s, 3H, OCHj3), 3.62
(t, 37 =6.8 Hz, 2H, CH,), 6.66 (d, *J = 1.5 Hz, 1H, Ca,H),
6.88 (d, *J =1.5Hz, 1H, CaH), 7.20—7.23 (m, 2H, Ca,H),
7.30-7.38 (m, 3H, Ca,H), 10.72 (s, 1H, OH). — 13C NMR
(CDCl3, 63MHz): 8 = 36.1 (CH,), 51.6 (OCH3), 58.7
(OCHj3), 72.5 (CH,OCHj3), 110.6 (C), 116.6 (Ca,H), 123.6
(CarH), 126.8 (CaH), 127.5 (CaH), 128.1 (CaH), 142.8
(C), 144.8 (C), 145.8 (C), 161.6 (C-OH), 171.3 (C=0). - IR
(ATR, cm™1): v =3056 (w), 3027 (w), 2982 (w), 1660 (s),
1611 (m), 1567 (m), 1501 (w), 1482 (w), 1437 (m), 1417
(m), 1266 (s), 1209 (s), 1162 (w), 1141 (w), 1111 (w), 1003
(w). = MS (EL 70 eV): m/z (%) =286 (47) [M]*, 255 (20),
254 (100), 225 (10), 224 (41), 181 (30), 165 (17). 152 (40). —
HRMS (EL 70 eV): m/z=286.119768 (calcd. 286.11996 for
C17H 304, [M]T). — Anal. for C;7H ;304 (286.32): calcd. C
71.31, H 6.34; found C 71.390, H 6.397.

Methyl 2-hydroxy-4-(2-methoxyethyl)-3-methyl-
6-phenylbenzoate (5b)

Starting with 3 (557 mg, 2.0 mmol), 4b (549 g, 2.0 mmol)
and TiCly (0.22mL, 2.0 mmol) in CH,Cl, (4mL), 5b
was isolated by chromatography (silica gel, n-heptane-
EtOAc=50:1to 10: 1) (256 mg, 43 %) as a colorless oil.
— 'H NMR (CDCl3, 300 MHz): § =2.27 (s, 3H, CH3), 2.93
(t,3J =7.4Hz, 2H, CH,), 3.35 (s, 3H, OCH3), 3.46 (s, 3H,
OCH3), 3.57 (t, 3J =7.4 Hz, 2H, CH,), 6.65 (s, 1H, Ca,H),
7.19-7.22 (m, 2H, Ca H), 7.29-7.37 (m, 3H, Cx.H), 11.06
(s, 1H, OH). - 13C NMR (CDCl3, 63 MHz): § = 11.3 (CH3),
34.1 (CHy), 51.5 (OCH3), 58.7 (OCHj3), 72.1 (CH,OCH3),
109.5 (C), 123.6 (CarH), 124.0 (C), 126.6 (Ca:H), 127.5
(CarH), 128.2 (Ca H), 141.6 (C), 143.0 (C), 143.1 (C), 159.8
(C-OH), 171.9 (C=0). - IR (ATR, cm™1): v =3056 (w),
3025 (w), 1657 (s), 1608 (w), 1601 (w), 1563 (w), 1499
(w), 1480 (w), 1436 (s), 1396 (m), 1298 (w), 1266 (s), 1236
(w), 1211 (w), 1196 (w), 1171 (s), 1140 (w), 1111 (w),
1095 (w), 1049 (w), 1030 (w), 1010 (m). — MS (EIL, 70 eV):
m/z (%) =300 (52) [M]", 269 (21), 268 (100), 254 (14),
253 (77), 237 (26), 235 (11), 209 (17), 195 (19), 152 (27). —
HRMS (EL 70 eV): m/z=300.136154 (calcd. 300.13561 for
C18H2004, [M]+) — Anal. for C18H2004 (30035) caled. C
71.98, H 6.71; found C 71.965, H 6.741.

Methyl 3-ethyl-2-hydroxy-4-(2-methoxyethyl)-
6-phenylbenzoate (5¢c)

Starting with 3 (557 mg, 2.0 mmol), 4¢ (577 g, 2.0 mmol)
and TiCly (0.22mL, 2.0 mmol) in CH,Cl, (4mL), 5¢
was isolated by chromatography (silica gel, n-heptane-
EtOAc=50:1to 10:1) (256 mg, 41 %) as a colorless oil.
—HNMR (CDCl3, 250 MHz): 6 = 1.19 (t, 3J = 7.4 Hz, 3H,
CH3), 2.76 (q, 3J =7.4 Hz, 2H, CH,), 2.93 (t, 3J =7.4 Hz,
2H, CH»), 3.35 (s, 3H, OCHj3), 3.46 (s, 3H, OCHj3), 3.58 (t,

3J=17.4Hz, 2H, CHy), 6.65 (s, 1H, Ca;H), 7.19-7.23 (m,
2H, Ca,H), 7.28-7.38 (m, 3H, Ca,H), 10.99 (s, 1H, OH). —
13C NMR (CDCl3, 63 MHz): 6§ = 13.9 (CH3), 19.3 (CHy),
33.3 (CHy), 51.5 (OCH3), 58.7 (OCH3), 72.8 (CH,OCHz),
109.7 (C), 123.7 (Ca/H), 126.5 (Ca,H), 127.5 (Ca,H), 128.2
(CarH), 130.1 (C), 141.6 (C), 142.5 (C), 143.0 (C), 159.7 (C-
OH), 171.9 (C=0). - IR (ATR, cm™!): ¥ = 3057 (w), 3025
(w), 1658 (s), 1601 (m), 1559 (m), 1502 (w), 1482 (w), 1436
(m), 1396 (m), 1358 (w), 1318 (w), 1280 (s), 1171 (m), 1140
(m), 1112 (w), 1102 (w), 1074 (w), 1063 (w), 1032 (w), 1000
(W). — MS (EI, 70 &V): m/z (%) =314 (85) [M] T, 283 (23),
282 (100), 267 (72), 251 (91), 235 (28), 232 (34). 223 (41),
178 (26), 165 (61). — HRMS (E, 70 eV): m/z =314.151550
(caled. 314.15126 for CjgHyy 04, [M]T).

Methyl 2-hydroxy-4-(2-methoxyethyl)-6-phenyl-
3-propylbenzoate (5d)

Starting with 3 (557 mg, 2.0 mmol), 4d (604 g, 2.0 mmol)
and TiCly (0.22mL, 2.0 mmol) in CH,Cl, (4mL), 5d
was isolated by chromatography (silica gel, n-heptane-
EtOAc=50:1 to 10: 1) (516 mg, 79%) as a yellow oil.
- 1H NMR (CDCl3, 300MHz): § =1.03 (t, 3J=7.4Hz,
3H, CHj), 1.54-1.66 (m, 2H, CH,), 1.68-1.73 (m, 2H,
CH,), 2.93 (t, 3J =7.4Hz, 2H, CHy), 3.35 (s, 3H, OCHj3),
3.45 (s, 3H, OCH3), 3.57 (t, 3J = 7.4 Hz, 2H, CH,), 6.65 (s,
1H, CaH), 7.19-7.23 (m, 2H, CxH), 7.39-7.37 (m, 3H,
CaH), 10.99 (s, 1H, OH). - 13C NMR (CDCls, 63 MHz):
0 = 14.5 (CH3), 22.8 (CH,), 28.1 (CH»), 33.4 (CH,), 51.5
(OCH3), 58.7 (OCH3), 72.8 (CH,OCH3), 109.6 (C), 123.6
(CarH), 126.5 (Ca H), 127.5 (CaH), 128.2 (Ca H), 128.8
(C), 141.6 (C), 142.8 (C), 143.0 (C), 159.8 (C-OH), 171.9
(C=0). —IR (ATR, cm~1): ¥ = 3057 (w), 3026 (w), 1658 (s),
1601 (m), 1559 (m), 1501 (w), 1483 (w), 1437 (s), 1396 (m),
1358 (w), 1318 (w), 1296 (w), 1269 (s), 1211 (w), 1196 (w),
1171 (m), 1140 (w), 1107 (br, s), 1075 (w), 1039 (w), 1030
(w), 1000 (w). — MS (EIL, 70 eV): m/z (%) =328 (98) [M] T,
297 (23), 296 (97), 281 (57), 265 (100), 246 (36), 237 (75).
236 (23). — HRMS (EI, 70eV): m/z=328.167053 (calcd.
328.16691 for C20H2404, [M]+) — Anal. for C20H2404
(328.40): caled. C 73.15, H 7.37; found C 73.015, H 7.330.

iso-Propyl 2-hydroxy-4-(2-methoxyethyl)-
6-phenylbenzoate (5e)

Starting with 3 (2.00 mmol, 557 mg), 4a (2.20 mmol,
600 mg) and TiCly (2.20 mmol, 0.24 mL) in 4 mL CH,Cl,,
Se was isolated by chromatography (silica gel, heptane-
EtOAc=100:1to 20: 1) (198 mg, 32%) as a slightly yel-
low oil. — '"H NMR (300 MHz, CDCl3): § = 0.83 (d, 6H,
3Jun = 6.23 Hz, CH[CHs1,), 2.86 (t, 2H, 3Jy iy = 6.99 Hz,
CH,CH,0CH3), 3.25 (s, 3H, OCH3), 3.63 (t, 2H, 3J1-1,1-1 =
6.99 Hz, CH,CH,0OCH3), 4.92 (sept, 1H, 3JH7H =6.23Hz,
CH[CHj3]»), 6.64 (d, 1H, 4JH7H = 1.89 Hz, Ar), 6.88 (d, 1H,
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4Jyu=1.89 Hz, Ar), 7.19-7.23 (m, 2H, Ph), 7.31-7.34
(m, 3H, Ph), 11.02 (s, 1H, OH). - 13C NMR (75MHz,
CDCl3): & = 20.9 (OCH[CH3]), 36.1 (OCH,CH>), 58.7
(OCH3), 68.9 (OCH[CH3]), 72.6 (OCH,CH,), 110.6 (Cy),
116.6, 123.4 (CHy,), 126.6, 127.5, 128.3 (CHpy), 143.3,
145.0, 145.4 (Cq), 161.8 (COH), 170.4 (CO). - IR (ATR,
em™b): ¥ = 3057 (w), 3027 (w), 1653 (s), 1616 (s), 1568
(m), 1501 (w). — MS (EL 70 eV): m/z = 314 (37) [M]*, 254
(100), 224 (31), 181 (16), 152 (18), 45 (11). - HRMS (EI,
70eV): m/z = 314.15140 (caled. 314.15126 for Ci9Hpy04,
(M]F).

Benzyl 2-hydroxy-4-(2-methoxyethyl)-6-phenylbenzoate (5f)

Starting with 3 (0.87 mmol, 242 mg), 4b (1.00 mmol,
340mg) and TiCly (1.00mmol, 0.12mL) in 3mL of
CH,Cl,, 5f was isolated by chromatography (silica gel,
heptane-EtOAc= 100 : 1 to 20 : 1) (139 mg, 44%) as
a colorless oil. — 'H NMR (300 MHz, CDCl3): § = 2.94 (t,
3JHH = 6.80 Hz, 2H, CH,CH,OCH3), 3.42 (s, 3H, OCH3),
3.70 (t, 3Juu = 6.80 Hz, 2H, CH,CH,OCH3), 5.06 (s, 2H,
CH,), 6.72 (d, 4JH,H = 1.70Hz, 1H, Ar), 6.86 (dd, 2H,
Ph), 6.96 (d, 4JH‘H = 1.70Hz, 1H, Ar), 7.27-7.33 (m, 8H,
Ph), 10.87 (s, 1H, OH). — 13C NMR (75 MHz, CDCl3):
6 =36.7 (OCH,CH,), 58.7 (OCH3), 66.9 (OCH,CH)), 72.5
(CHyPh), 110.0 (Cy), 116.7, 123.7 (CHa,), 126.8, 127.7,
128.0, 128.1, 128.2, 128.2 (CHpy), 134.4, 142.8, 144.9,
145.8 (Cq), 161.8 (COH), 170.8 (CO). - IR (ATR, em™ 1) =
3060 (w), 3032 (w), 1656 (s), 1610 (s), 1568 (s), 1497 (m). —
MS (EL 70 eV): m/z =362 (18) [M]*, 254 (47), 152 (11), 91
(10), 65 (11), 45 (19). - HRMS (EIL 70 eV): m/z =362.15051
(calcd. 362.15126 for Cp3H,04, [M]T).

Methyl 2-hydroxy-4-(2-methoxyethyl)-3-(n-octyl)-
6-phenylbenzoate (5g)

Starting with 3 (1.50 mmol, 418 mg), 4 ¢ (1.70 mmol,
634mg) and TiCly (1.70 mmol, 0.19mL) in 3mL of
CH,Cl,, 5g was isolated by chromatography (silica gel,
heptane-EtOAc =100 : 1 to 20 : 1) (238 mg, 40 %) as a col-
orless oil. — "H NMR (300 MHz, CDCl3): § = 0.87-0.91
(m, 3H, CHj3), 1.26-1.59 (m, 12H, CH;), 2.69-2.74

(m, 2H, CH;3[CHy]¢CHy), 2.94 (t, 2H, 3Jypu=7.37 Hz,
CH,CH,OCH3), 3.36 (s, 3H, OCH3), 3.46 (s, 3H, OCH3),
3.58 (t, 2H, 3Jyy = 7.37 Hz, CH,CH,OCH3), 6.65 (s, 1H,
Ar), 7.20-7.23 (m, 2H, Ph), 7.29—7.38 (m, 3H, Ph), 10.99
(s, 1H, OH). - 3C NMR (75MHz, CDCl): & = 14.1
(CH3), 22.7, 26.2, 29.3, 29.5, 29.7, 30.1, 31.9, 33.3 (CHy),
51.5, 58.7 (OCH3), 72.8 (CH,), 109.6 (Cg), 123.6 (CHa,),
126.5, 127.5, 128.2 (CHpy), 129.0, 141.6, 142.6, 143.1 (Cy),
159.8 (COH), 171.9 (CO). — IR (ATR, cm™'): = 3058
(w), 3026 (w), 1660 (s), 1601 (m), 1560 (m). — MS (EI,
70eV): m/z =398 (51) [M]*, 349 (17), 307 (100), 253 (35),
237 (19), 45 (23). — HRMS (ESI, 70 &V): m/z =421.23544
(caled. 421.23493 for Cp5H34NaOy, [M+Na]™). — Anal. for
Cy5H3404 (398.535): caled. C 75.34; H 8.60; found C 75.10;
H 8.77.

Ethyl 3-(n-decyl)-2-hydroxy-4-(2-methoxyethyl)-
6-phenylbenzoate (5h)

Starting with 3 (1.50 mmol, 418 mg), 4d (1.70 mmol,
634mg) and TiCly (1.70mmol, 0.19mL) in 3 mL
of CH,Cl,, S5h was isolated by chromatography (sil-
ica gel, heptane-EtOAc = 100 : 1 to 20 : 1) (291 mg,
44 %) as a colorless oil. - 'H NMR (300 MHz,
CDCl3): 6 = 0.73 (t, 3H, 3JHAH:7.25 Hz, OCH,CH3),
0.86-0.91 (m, 3H, CHj), 1.25-1.56 (m, 16H, CH)),
2.68-2.74 (m, 2H, CH3[CH,]sCH;), 2.93 (t, 2H,
3JH,H =7.5THz, CH,CH,OCHj3), 3.36 (s, 3H, OCH3),
3.58 (t, 2H, 3JH,H =7.57Hz, CH,CH,OCH3), 3.96 (q, 2H,
3JH1H =7.25Hz, OCH,CH3), 6.63 (s, 1H, Ar), 7.7.19-7.23
(m, 2H, Ph), 7.31-7.34 (m, 3H, Ph), 1.14 (s, 1H, OH). - 13C
NMR (75 MHz, CDCl3): 6 = 12.9, 14.1 (CH3), 22.7, 26.1,
26.3, 29.6, 29.6, 29.7, 30.1, 31.9, 33.3 (CH,), 58.7 (OCH3),
60.8 (OCH,), 72.8 (CHy), 109.8 (Cy), 123.4 (CHp,), 126.4,
127.5, 128.2 (CHpy), 129.0, 141.7, 142.4, 143.4 (Cy), 159.9
(COH), 171.4 (CO). — IR (ATR, cm~1): = 3059 (w), 3025
(w), 1656 (s), 1698 (w), 1691 (m), 1561 (m). — MS (EI,
70€V): m/z =440 (33) [M]T, 377 (13), 336 (30), 335 (100),
268 (13), 237 (14), 45 (19). — HRMS (ESI): m/z =463.28249
(calcd. 463.28188 for CogHy1NaOy4, [M+Na] ™).
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