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Abstract

The reaction of chloro-(2-chloroethyl)benzenes (1), 4-chloro-(3-chloropropyl)benzene (3) or 4-chlorophenyl chloromethyl ether
(5) with lithium power using naphthalene as the electron shuttle (8 mol%) in the presence of different carbonyl compounds
[Bu‘CHO, PhCHO, Me,CO, Et,CO, (CH,)sCO, PhCOMe] in THF at —78 to 20 °C gives, after hydrolysis with water, the expected
diols 2, 4 or 6, respectively. Bromo-2-(chloroethyl)benzenes (7) are treated with n-BuLi in THF at —100 °C, so the corresponding
bromine—lithium exchanges takes place giving an intermediate, which is trapped by treatment with benzaldehyde or cyclohexanone,
affording intermediates 9, which are submitted to a naphthalene-catalysed (8 mol%) lithiation with lithium power as above, followed
by reaction with 3-pentanone and final hydrolysis with water, to give differently substituted diols 10. Some diols 2 are transformed
into either the corresponding oxepane 11 or dienes 12 under Mitsunobu type conditions or by acidic treatment, respectively.

© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The existence in Nature of a huge amount of
polyfunctionalised organic compounds [1] prompts
chemists to develop new methodologies to get these
type of structures as easily and selectively as possible.
One very useful methodology for this purpose consists
in the use of organometallic intermediates [2], due to the
versatility of these compounds in their reactivity with
different reagents, especially making carbon—carbon
bond formation reacting with electrophiles.

Concerning to the use of organometallic reagents in
the construction of organic molecules, apart of the
classical linear (one-directional homologation) or con-
vergent (two separate one-directional synthesis, which
are finally connected) syntheses [3], two new strategies
have been recently recognised [4]: sequential (a real two-

* Corresponding author. Tel.: +34-965-903-548; fax: +34-965-903-
549.

E-mail address: yus@ua.es (M. Yus).

! www.ua.es/dept.quimorg

fold one-directional synthesis) or simultaneous (two
extremes of molecule are elongated at the same time)
two-directional syntheses. The last two cases, two-
directional syntheses, are far less studied than the
classical mentioned ways (linear or convergent synth-
eses), due to the difficulties to find reagents able to react
independently at two different parts of the molecules. If
the synthesis involves an organometallic reagent, it is
useful to have two equal or different carbon-metal
bonds in the structure in order to perform a simulta-
neous or sequential reaction with electrophiles. Among
organometallic compounds, organolithium reagents [5]
are very reactive, so the use of dilithiated species is not
an easy task for a synthetic chemist. However, in the last
few years, some dilithiated synthons [6] have been
introduced as a helpful tool, some of them being
prepared from the corresponding dichlorinated materi-
als using an arene-catalysed lithiation [7—-15] under
Barbier-type reaction conditions (lithiation in the pre-
sence of the electrophile) [16]. Thus, for instance,
intermediates I [17] and II [18] (Fig. 1) have been
generated using the former procedure and used in the
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Fig. 1. Dilithiated intermediates I-III.

preparation of polyfunctionalised molecules by in situ
reaction with different electrophiles. In this paper, we
report the generation of intermediates of type III (Fig. 1;
Y =CH,, O; n=1, 2) by a chlorine—lithium exchange
and their reaction toward electrophiles. To the best of
our knowledge only one example of an intermediate of
type III [2-(2-lithiophenyl)ethyllithium] has been de-
scribed in the literature [19], having been generated by
lithiation of benzocyclobutene and chemically charac-
terised by quenching with water. In our opinion,
intermediates of type III having two different hybridised
carbon-lithium bonds have the opportunity of being
used in a two-directional synthetic approach.

2. Results and discussion
2.1. Simultaneous two-directional homologation

The reaction of dichlorinated compounds 1 with an
excess of lithium powder (1:7 molar ratio; stoichiometric
amount: 1:4) and a catalytic amount of naphthalene (8
mol%) in the presence of the corresponding electrophile
(R'R?CO) in THF at temperatures ranging from —78 to
20 °C gave, after hydrolysis with water, the expected
diols 2a—n (Scheme 1 and Table 1).

In the case of using prosterecogenic carbonylic com-
pounds (Bu'CHO, PhCHO, PhCOMe), the expected
mixture of diastereoisomers (1-2:1) was obtained (Table
1, entries 1,4, 5,7,9, 10 and 13, and footnotes c, f and
g), being in some cases chromatographically separable
(Table 1, footnote d).

Alternatively, the reaction shown in Scheme 1 can be
carried out in a two-step process. Thus, once the
catalytic lithiation was completed (after 1 h, no starting
material was found by GLC-MS of an aliquot hydro-
lysed with water), the reaction mixture was then treated
with the corresponding electrophile giving, after hydro-
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Scheme 1. Synthesis of diols 2. Reagents and conditions: (i) Barbier
procedure: Li powder (1.75 equivalents), CgH;o (8%), R'COR?=
Bu’CHO, PhCHO, Me,CO, Et,CO, PhCOMe, (CH,)sCO (1.25
equivalents), THF, —78 °C, 4 h. Two-step procedure: Li powder
(1.75 equivalents), CsH;o (8%), THF, —78 °C, 1 h, then R'COR?=
Bu’CHO (1.25 equivalents), THF, —78 °C, 4 h. (ii) H,O.

lysis with water, the corresponding products 2 (Table 1,
footnote e). Actually, when the lithiation mixture was
quenched with water after 1 h only ethylbenzene was
found (resulting from a chlorine—hydrogen exchange),
what is a clear proof that a dilithiated species of type IIT
(Y =CH,, n=1) was involved in the process, so ruling
out a double tandem lithiation-electrophilic substitution
reaction process.

All attempts to lithiate regioselectively materials 1
under different reaction conditions, in order to intro-
duce two different electrophiles, failed. It seems that
under the assayed reaction conditions, the catalytic
lithiation can not discriminate both carbon-—chlorine
atom bonds.

The application of the aforementioned methodology
to the homologous starting materials 3 gave the
expected result, affording compounds 4 in 52-65%
isolated yield. Also here, the two alternatives (Barbier
or two-step reaction process) can be applied with similar
results (Fig. 2, footnotes a and b).

The reaction using compounds 1 and 3 as starting
materials can be extended to the more sophisticated
chloroether 5. In this case, the lithiation must be
performed under Barbier conditions in order to avoid
the decomposition of the intermediate of type IV, which
is a o-functionalised organolithium compound [12,20]
with a great tendency to undergo a-elimination process,
even at low temperatures (Fig. 3).

Starting dichlorinated materials 1 were prepared (86—
91% yield) from the corresponding commercially avail-
able chlorinated homobenzylic alcohols by mesylation,
followed by treatment with lithium chloride, according
to the literature procedure [21]. Compounds 3 and 5
were commercially available.

2.2. Sequential two-directional homologation

Since it was not possible to discriminate both
chlorine—carbon atom bonds in dichlorinated materials
1, 3 and 5 (see above), we decided to use a different
approach consisting in starting from a material having a
bromine and a chlorine atom easier to be discriminate
[22]. Thus, compounds 7 were treated with n-BuLi in
THF at —100 °C, so the corresponding intermediates 8
were generated, which were allowed to react with an
electrophile [PhCHO, (CH,)4,CO] at the same tempera-
ture, being then submitted in situ to a naphthalene-
catalysed lithiation under the reaction conditions (—
78 °C) shown in Scheme 1, to give new functionalised
intermediates 9. Final treatment of these reagents with
3-pentanone, followed by hydrolysis with water, gave
the differently substituted diols 10 (Scheme 2 and Table
2).

Starting materials 7 were prepared (73-91% yield)
following the same procedure employed to obtain
compounds 1 (see above) [21], starting from the
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Table 1
Simultaneous two-directional homologation
Entry Starting material Electrophile Product #

Number Substitution Number R! R? Yield (%) ®
1 1a 1,2- Bu'CHO 2a H Bu’ 38 4 (45) ©©
2 la 1,2- Et,CO 2b Et Et 51
3 la 1,2- (CH,)sCO 2c —(CHy)s— —(CHy)s— 65
4 1b 1,3- Bu’CHO 2d H Bu’ 70 £(33) ©
5 1b 1,3- PhCHO 2e H Ph 68 €
6 1b 1,3- Et,CO 2f Et Et 76
7 1b 1,3- PhCOMe 2g Me Ph 53 f
8 1b 1,3- (CH,)sCO 2h —(CH,)s— —(CH,)s— 63
9 1c 1,4- Bu'CHO 21 H Bu’ 78 €
10 1c 1,4- PhCHO 2j H Ph 60
11 1c 1,4- Me,CO 2k Me Me 60
12 1c 1,4- Et,CO 21 Et Et 85
13 Ic 1,4- PhCOMe 2m Me Ph 54 f
14 1c 1,4- (CH,)sCO 2n —(CH,)s— —(CH,)s— 73

Synthesis of diols 2.

2 All compounds 2 were > 95% pure (300 MHz 'H-NMR and/or GLC).

® Isolated yield after column chromatography (neutral silica gel, hexane—ethyl acetate) based on the starting compound 1, unless otherwise stated.
¢ Diastereomeric ratio (ca. 1:1) (300 MHz 1H NMR of crude mixture).

4 Both diastereoisomers were individually isolated.

¢ Yield obtained by sequential lithiation and electrophilic substitution process.

' Diastereomeric ratio (ca. 1:1) (HPLC of crude mixture).
¢ Diastereomeric ratio (ca. 2:1) (HPLC of crude mixture).

CI/Ej/\ﬂm

3 4a (R" = H, R? = Bu!) [65%° (60%)"]
4b (R' = R® = Et) [52%]

R1
R2
R OH

HO R2

Fig. 2. Preparation of compounds 4: (a) Barbier-type reaction; a ca.
1:1 diastereoisomeric ratio was obtained (HPLC of crude mixture). (b)
Yield corresponding to the two-step reaction process.

corresponding commercially available brominated
homobenzylic alcohols.

2.3. Dehydration of some diols 2

Some diols 2 were treated under dehydration condi-
tions in order to study their possible cyclisation versus
olefin formation process. Thus, under Mitsunobu-type
conditions [23] compound (R*,S*)-2a (the more polar

diastereoisomer product isolated after column-chroma-
tographic separation) gave the cis-oxepane 11 [24], so
confirming the relative stereochemistry of the starting
diol, which suffered an expected inversion process
(Scheme 3). Surprisingly, the same procedure applied
to the other less polar (R*,R*)-diastereoisomer gave a
mixture of compounds containing mainly the starting
diol. We do not have any reasonable explanation for this
different behaviour.

The aforementioned Mitsunobu procedure was ap-
plied to the corresponding 1,2-derivative 2¢, but even
performing the reaction under stronger conditions (3
days under reflux) only the starting material was
recovered. For this reason, we studied the dehydration
of diols 2¢,h,m with 85% phosphoric acid [25] at toluene
reflux, so the corresponding diolefins 12 were isolated
with excellent yields (Scheme 4). On the other hand,
compounds of type 12 can be used as bidentated-diene
ligands in the preparation of organometallic compounds
[26].

2 .
/@/O\/CI rt R /©/O\/L|
R1
Cl HO g2 Li
5 6a (R' = R? = Et) [53%] v

6b [R'-R? = (CH,)s] [86%]

Fig. 3. Preparation of compounds 6.
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Scheme 2. Synthesis of diols 10. Reagents and conditions: (i) n-BuLi (1.1 equivalents), THF, —100
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°C, 5 min. (ii) RCOR’ (1.2 equivalents), 15 min.

(iii) Li powder (seven equivalents), CgH;( (8%), THF, —78 °C, 30 min. (iv) Et,CO (1.3 equivalents), —78 °C, overnight. (v) H,O.

+nOeC\
H

—

cis-11 (79%)

(%O/

(R* S*)-2a

Scheme 3. Synthesis of oxepane 11. Reagents and conditions: (i) PPh;
(2.4 equivalents), DIAD (2.4 equivalents), C¢Hg, 80 °C, 3 h. (ii) H,O.
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2¢:1,2- 12a: 1,2- (91%)
2h: 1,3 12b: 1,3- (99%)
2n: 1,4- 12c: 1,4- (96%)

Scheme 4. Synthesis of dienes 12. Reagents and conditions: (i) 85%
H;PO4 (2.2 equivalents), toluene, 110 °C, 6 h.

3. Conclusions

From the results reported in this paper, we conclude
that the use of dichlo (1, 3, 5) or bromochloro
derivatives (7) in a tandem lithiation-electrophilic sub-
stitution reaction using carbonyl compounds as electro-
philes, allows to carry out simultaneous or sequential
double homologation processes giving diols, when
carbonylic compounds are used as electrophiles. These
remote functionalised molecules can be dehydrated

giving different compounds depending on the structure
of starting diols.

4. Experimental

4.1. General

Full general statements were described elsewhere [27].
All reactions using organolithium compounds were
carried out under nitrogen atmosphere using standard
Schlenk techniques. Compound 3 was purchased from
Maybridge, all other reagents were obtained from
Aldrich and used without further purification.

4.2. Preparation of dihalogenated materials

According to the literature procedure [21], dihaloge-
nated compounds 1 and 7 were prepared from the
corresponding commercially available 2-(halopheny-
Iethanol (20.0 mmol) by reaction with mesylchloride
(3.0 ml, 30.0 mmol) and triethylamine (7.0 ml, 50 mmol)
in dry toluene (40 ml) at 0 °C. After 1 h, dry DMF (40
ml) and LiCl (4.2 g, 100 mmol) were successively added
at r.t. After 24 h, the mixture was washed with water
(2 x 50 ml). The separated aqueous layer was extracted
with ethyl acetate (3 x40 ml). All combined organic
layers were washed with brine (2 x 100 ml), and then
dried over MgSO,. Solvent was removed under reduced
pressure (15 Torr) to yield the corresponding pure
compound. Yields, as well as physical, spectroscopic
and literature data follow.

Table 2
Sequential two-directional homologation
Entry Starting material Electrophile Product #
Number Substitution Number R! R? Yield (%) ®
1 Ta 1,2- PhCHO 10a H Ph 55
2 Ta 1,2- (CH,)sCO 10b —(CHay)s— —(CHy)s— 64
3 b 1,3- PhCHO 10c H Ph 70
4 b 1,3- (CH,)sCO 10d —(CHo)s— ~(CHy)s— 85
5 Tc 1,4- PhCHO 10e H Ph 50
6 Tc 1,4- (CH,)sCO 10f —(CHa)s— —(CHy)s— 45

Synthesis of diols 10.

2 All compounds 10 were > 95% pure (300 MHz "H-NMR and/or GLC).
® Isolated yield after column chromatography (neutral silica gel, hexane—ethyl acetate) based on the starting compound 7.
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4.2.1. 1-Chloro-2-(2-chloroethyl)benzene (1a) [28]

Yield 91%; Ry (hexane—ecthyl acetate: 4/1) 0.62; viax
(liquid film) 3062, 3019, 1594 cm~'; oy (300 MHz,
CDCl;3) 7.35-7.30 and 7.25-7.10 (1 and 3H, respec-
tively, 2m, ArH), 3.69 (2H, t, J=7.3 Hz, CH,Cl), 3.15
(2H, t, J=1.3 Hz, CH,CH,Cl); ¢ (75 MHz, CDCl;)
135.4, 133.85, 131.15, 129.45, 128.25, 126.7, 42.9, 36.7,
mlz (EI) 178 (2, M1 +4]), 176 (9, M +2]), 174 (15,
M *Y]), 127 (32), 125 (100), 89 (10), 77 (10), 51 (19), 50
(11).

4.2.2. 1-Chloro-3-(2-chloroethyl)benzene (1b) [29]

Yield 91%; Ry (hexane—ethyl acetate: 7/3) 0.69; viax
(liquid film) 3063, 1599 cm ~'; 6y (300 MHz, CDCls)
7.30—7.20 and 7.15-7.05 (3 and 1H, respectively, 2m,
ArH), 3.70 (2H, t, J=17.3 Hz, CH,Cl), 3.04 2H, t, J =
7.3 Hz, CH,CH,Cl); 6c (75 MHz, CDCls) 140.0, 134.3,
129.75, 128.95, 127.05, 127.0, 44.45, 38.6; m/z (EI) 178
(5, [M* +4]), 176 (28, [M T +2)), 174 (42, [M ")), 139
(10), 127 (60), 126 (16), 125 (100), 103 (16), 89 (25), 77
(23), 75 (18), 63 (15).

4.2.3. 1-Chloro-4-(2-chloroethyl)benzene (1¢) [29]

Yield 86%; Ry (hexane—ethyl acetate: 7/3) 0.63; vipax
(liquid film) 3028, 1598 cm ~'; oy (300 MHz, CDCl;)
7.30—7.25 and 7.15-7.10 (2 and 2H, respectively, 2m,
ArH), 3.67 (2H, t, J=7.0 Hz, CH,Cl), 3.01 2H, t, J =
7.0 Hz, CH,CH,Cl); ¢ (75 MHz, CDCls) 136.4, 132.6,
130.1 (2C), 128.6 (2C), 44.65, 38.25; m/z (EI) 178 (2,
M +4]), 176 (12, M +2)), 174 (18, [M"]), 127 (39),
125 (100), 89 (13), 77 (11), 51 (22), 50 (15).

4.2.4. 1-Bromo-2-(2-chloroethyl)benzene (7a) 22i

Yield 91%; R, (hexane—ethyl acetate: 4/1) 0.71; vyax
(liquid film) 3058, 1591 cm ~'; 0y (300 MHz, CDCl;)
7.55-7.50, 7.30-7.25 and 7.15-7.10 (1, 2 and 1H,
respectively, 3m, ArH), 3.73 (2H, t, J=7.3 Hz,
CH,CI), 3.20 (2H, t, J=7.3 Hz, CH,CH,Cl); dc (75
MHz, CDCl;) 137.2, 132.9, 131.3, 128.65, 127.5, 124.35,
43.15, 39.3; m/z (EI) 222 (8, [M " +4]), 220 (36, [M " +
2]), 218 (27, [M ™)), 171 (82), 169 (100), 139 (11), 103
(17), 102 (11), 90 (28), 89 (21), 77 (26), 75 (11), 63 (19),
51 (33), 50 (26), 49 (11).

4.2.5. 1-Bromo-3-(2-chloroethyl)benzene (7b) [30]

Yield 91%; Ry (hexane—ethyl acetate: 7/3) 0.70; vyax
(liquid film) 3059, 1595 cm ~!; dy (300 MHz, CDCls)
7.40-7.35 and 7.25-7.10 (2 and 2H, respectively, 2m,
ArH), 3.68 (2H, t, J=7.2 Hz, CH,Cl), 3.01 2H, t, J =
7.2 Hz, CH,CH,Cl); é¢ (75 MHz, CDCls) 140.25, 131.8,
130.05, 130.0, 127.45, 122.5, 44.45, 38.5; m/z (EI) 222 (6,
M +4]), 220 (28, [M " +2]), 218 (22, [M 1)), 171 (72),
170 (11), 169 (100), 104 (12), 103 (13), 90 (35), 89 (22), 77
(26), 75 (12), 63 (15), 51 (45), 50 (27).

4.2.6. 1-Bromo-4-(2-chloroethyl)benzene (7¢) [29]
Yield 73%; Ry (hexane—ethyl acetate: 4/1) 0.66; vax
(liquid film) 3027, 1595 cm ™~ '; dy (300 MHz, CDCls)
7.43 and 7.08 (2 and 2H, respectively, 2d, J=8.2 Hz,
ArH), 3.67 (2H, t, J=7.2 Hz, CH,Cl), 3.00 2H, t, J =
7.2 Hz, CH,CH,Cl); éc (75 MHz, CDCl;) 136.95, 131.6
(20), 130.5 (20), 120.7, 44.55, 38.35; m/z (EI) 222 (5,
M T +4]), 220 (28, [M " +2]), 218 (23, [M*]), 171 (78),
169 (100), 90 (23), 89 (16), 77 (13), 51 (30), 50 (20).

4.3. Naphthalene-catalysed lithiation of dichlorinated
materials 1, 3 and 5 in the presence of electrophiles.
Isolation of compounds 2, 4 and 6

4.3.1. General procedure

To a green suspension of lithium powder (ca. 100 mg,
14 mmol) and naphthalene (20 mg, 0.16 mmol) in THF
(8 ml), under nitrogen atmosphere, was dropwise added
a solution of dichlorinated material 1, 3 or 5 (2.0 mmol)
and the corresponding carbonylic compound (5 mmol)
in THF (2 ml), at —78 °C. The mixture was stirred for
ca. 4 h. Then, the reaction was quenched by subsequent
addition of water (10 ml) and saturated solution of
NH4CI (25 ml). The mixture was extracted with ethyl
acetate (3 x 20 ml). The combined organic layers were
dried over anhydrous MgSO,. After evaporation of the
solvents under reduced pressure (15 Torr), the resulting
residue was purified by column chromatography (neu-
tral silica gel, hexane—ecthyl acetate) to yield the title
pure compounds 2, 4 or 6. Yields, as well as physical,
analytical and spectroscopic data follow.

4.3.1.1. (R* R*)-1-[2-(1-Hydroxy-2,2-
dimethylpropyl) phenyl ]-4,4-dimethyl-3-pentanol
[(R*,R*)-2a]. Yield 22%; Ry (hexane—ethyl acetate: 7/
3) 0.68; vimax (liquid film) 3435, 3062, 3023, 1603, 1077,
1040, 1006 cm ~'; 54 (300 MHz, CDCl3) 7.50—7.45 and
7.25-7.20 (1 and 3H, respectively, 2m, ArH), 4.86 (1H,
s, CCHOC), 3.20-3.15 (1H, m, CCHOCH,;), 2.95-2.75
(2H, m, CCH,), 1.90-1.80 and 1.65-1.50 (3 and 1H,
respectively, 2m, CH,COH, OH), 0.96 and 0.87 (9 and
9H, respectively, 2s, 6 x Me); Joc (75 MHz, CDCl;)
140.25, 140.2, 128.75, 127.7, 127.15, 125.35, 79.25,
76.75, 36.7, 34.95, 33.25, 29.8, 26.2 (3C), 25.65 (3C);
mlz (EI) 278 (<1, [M™]), 185 (11), 147 (13), 146 (14),
145 (100), 143 (29), 133 (11), 129 (17), 119 (17), 117 (41),
105 (10), 91 (33), 87 (35), 71 (13), 69 (19), 59 (67), 57
(66), 55 (10), 43 (49), 41 (57); HRMS (EI) [M "], Found:
278.2259. CgH3¢0, requires 278.2246%.

4.3.1.2. (R*S*)-1-[2-(1-Hydroxy-2,2-
dimethylpropyl)phenyl |-4,4-dimethyl-3-pentanol
[(R*,S%*)-2a]. Yield 23%; Rs (hexane—ethyl acetate: 7/
3) 0.62; vpax (liquid film) 3439, 3061, 3022, 1602, 1074,
1040, 1005 cm ~ 1; o4 (300 MHz, CDCls) 7.50-7.45 and
7.25-7.20 (1 and 3H, respectively, 2m, ArH), 4.85 (1H,
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s, CCHOCQ), 3.25-3.20 (1H, m, CCHOCH,), 3.15-3.05
and 2.65-2.55 (1 and 1H, respectively, 2m, CCH,),
1.85-1.45 (4H, m, CH,COH, OH), 0.97 and 0.88 (9 and
9H, respectively, 2s, 6 x Me); Joc (75 MHz, CDCls)
140.35, 139.95, 129.15, 128.05, 127.1, 125.4, 79.75, 77.0,
36.7, 34.95, 33.55, 30.45, 26.2 (3C), 25.65 (3C); m/z (EI)
260 (<1, [M* —18]), 185 (11), 147 (13), 146 (13), 145
(100), 143 (29), 133 (11), 129 (17), 119 (17), 117 (42), 105
(11), 91 (33), 87 (36), 71 (14), 69 (19), 59 (68), 57 (68), 43
(49), 41 (57); HRMS (EI) [M* ~OH], Found: 261.2225.
C13H»90 requires 261.2218%.

4.3.1.3. 3-Ethyl-1-[2-(1-ethyl-1-hydroxypropy!) phenyl |-
3-pentanol (2b). Yield 51%; R; (hexane—ethyl acetate: 7/
3) 0.54; vpmax (liquid film) 3423, 3058, 1600, 1184, 1156,
1127 em~'; oy (300 MHz, CDCl3) 7.23 and 7.15-7.10
(1 and 3H, respectively, d and m, J=6.7 Hz, ArH),
2.95-2.90 (2H, m, CH,CH,CO), 2.18 (2H, s, 2 x OH),
2.10-1.95, 1.90-1.80, 1.75-1.70 and 1.53 (2, 2, 2 and
4H, respectively, 3m and q, respectively, J = 7.3 Hz, 5 x
CH,CO), 0.89 and 0.79 (6 and 6H, respectively, 2t, J =
7.3 Hz, 4 x Me); Jdc (75 MHz, CDCl3) 141.9, 141.5,
131.85, 127.4, 126.5, 125.05, 79.5, 74.75, 41.65, 34.55
(20), 30.70 (2C), 28.15, 8.2 (2C), 7.85 (2C); m/z (EI) 249
(1, M+ =29)), 231 (11), 213 (22), 171 (30), 159 (14), 157
(19), 146 (12), 145 (100), 143 (39), 131 (14), 129 (27), 128
(16), 117 (46), 115 (13), 91 (31), 87 (80), 69 (14), 57 (68),
55 (21), 45 (39), 43 (53), 41 (35); HRMS (EI) [M* -Et],
Found: 249.1860. C4H,50, requires 249.1855%.

4.3.1.4. 1-{2-[2-(1-hydroxycyclohexyl)phenyl Jethyl }-1-
cyclohexanol (2¢). Yield 65%; Ry (hexane—ethyl acetate:
7/3) 0.24; v.x (liquid film) 3415, 3058, 3009, 1600, 1171,
1145, 1134 cm ~'; 54 (300 MHz, CDCl3) 7.33 and 7.25—
7.05 (1 and 3H, respectively, d and m, J = 7.3 Hz, ArH),
3.05-3.00 (2H, m, CH,Ar), 2.42 (2H, s, 2 x OH), 2.00—
1.95, 1.85-1.20 (2 and 20H, respectively, 2m, 2 x (CH,)s
and ArCH,CH,); dc (75 MHz, CDCl;) 145.7, 141.95,
132.0, 126.8, 125.3, 125.25, 74.5, 71.5, 45.2, 38.2 (2C),
37.6 (2C), 27.6, 25.85, 25.45, 22.3 (2C), 21.95 (2C); m/z
(EI) 302 (1, [M *]), 284 (11), 266 (19), 213 (43), 202 (15),
201 (100), 200 (13), 195 (16), 184 (20), 183 (57), 182 (15),
170 (20), 157 (12), 145 (39), 144 (11), 143 (37), 142 (22),
141 (42), 134 (16), 133 (15), 132 (11), 131 (21), 130 (35),
129 (47), 128 (19), 119 (28), 117 (22), 115 (19), 105 (14),
99 (30), 95 (11), 91 (41), 81 (47), 79 (17), 77 (14), 67 (13),
57 (14), 55 (77), 53 (11), 43 (45), 41 (57); HRMS (EI)
[M*-H,0], Found: 284.2115. C,yH,3O requires
284.2140%.

4.3.1.5. 1-[3-(1-Hydroxy-2,2-dimethylpropyl) phenyl |-

4,4-dimethyl-3-pentanol (2d). Yield 70%; R; (hexane—
ethyl acetate: 7/3) 0.49; v.x (liquid film) 3439, 3026,
1606, 1048, 1010 cm ~'; 5y (300 MHz, CDCly) 7.25—
7.10 (4H, m, ArH), 4.34 (1H, s, CCHOC), 3.20-3.15
(1H, m, CCHOCH,), 2.90-2.85 and 2.65-2.55 (1 and

1H, respectively, 2m, CCH,), 2.2 (2H, brs, 2 x OH),
1.85-1.75 and 1.60—1.55 (1 and 1H, respectively, 2m,
CH,CO) 0.90 and 0.86 (9 and 9H, respectively, 2s, 6 x
Me); oc (75 MHz, CDCl;) 142.3, 141.5, 127.75, 127.65,
127.45 (minor diastercoisomer), 127.4, 127.3 (minor
diastereoisomer), 125.1, 125.0 (minor diasterecoisomer),
82.25, 79.15, 79.05 (minor diastereoisomer), 35.5, 34.85,
33.3, 33.25 (minor diastereoisomer), 33.2, 25.9 (3C), 25.6
(3C); m/z (EI) 260 (5, [M+ —18]), 227 (10), 203 (12), 172
(14), 160 (12), 159 (31), 157 (14), 147 (17), 145 (16), 143
(15), 133 (24), 129 (13), 128 (10), 120 (11), 119 (57), 117
(27), 115 (11), 105 (50), 91 (46), 83 (18), 77 (11), 71 (20),
69 (36), 57 (63), 55 (23), 44 (28), 43 (41), 41 (100), 40
(22); HRMS (EI) [M*-H,0], Found: 260.2120.
C13H»30 requires 260.2140%.

4.3.1.6. 3-[3-Hydroxy(phenyl)methylphenyl ]-1-phenyl-
1-propanol (2e). Yield 68%; R (ethyl acetate) 0.73; vy«
(liquid film) 3373, 3085, 3060, 3028, 1603, 1493, 1039,
1023 cm~'; 0y (300 MHz, CDCls) 7.25-7.00 (14H, m,
ArH), 5.60 (1H, s, CCHOC), 4.55-4.40 (1H, m,
CCHOCH,), 2.97 (2H, brs, 2 x OH), 2.60-2.50 (2H,
CH,CH,CO), 1.95-1.80 (2H, m, CH,CO); ¢ (75 MHz,
CDCl;) 144.35, 143.8, 141.85, 141.8, 128.2 (4C), 127.3,
127.2, 126.55, 126.45, 126.40 (2C), 126.35, 125.8 (20),
124.05, 75.9, 73.45, 40.05, 31.8; m/z (EI) 318 (<1,
[M*]), 301 (14), 300 (60), 196 (12), 194 (38), 193 (37),
181 (19), 180 (94), 179 (51), 178 (22), 166 (10), 165 (48),
119 (13), 117 (11), 115 (18), 107 (71), 105 (98), 92 (15), 91
(51), 79 (100), 78 (20), 77 (99), 51 (24); HRMS (EI)
[M*], Found: 318.1644. C»,H»,0, requires 318.1620%.

4.3.1.7. 3-Ethyl-1-[3-(1-ethyl-1-hydroxypropyl)phenyl |-
3-pentanol (2f). Yield 76%; Ry (hexane—ethyl acetate: 1/
2) 0.71; vmax (liquid film) 3453, 3023, 1604, 1159 cm ™~ ';
on (300 MHz, CDCl3) 7.25-7.15 and 7.05-7.00 (3 and
1H, respectively, 2m, ArH), 2.65-2.60 (2H, m,
CH,CH,CO), 1.95 (2H, s, 2 xOH), 1.90-1.70 and
1.55-1.50 (6 and 4H, respectively, m and g, respectively,
J=17.5 Hz, 5xCH,CO), 0.89 and 0.75 (6 and 6H,
respectively, 2t, J=7.5 Hz, 4 x Me); oc (75 MHz,
CDCl;) 145.8, 142.1, 127.65, 125.9, 125.3, 122.75, 77.1,
77.4, 40.15, 34.55 (2C), 30.65 (2C), 29.9, 7.65 (4C); m/z
(EI) 260 (4, [M* —18]), 242 (26), 231 (18), 213 (18), 160
(14), 159 (73), 157 (17), 147 (12), 143 (13), 131 (16), 129
(23), 128 (16), 117 (21), 115 (15), 91 (19), 87 (17), 83 (12),
57 (100), 55 (31), 45 (22), 43 (22), 41 (55); HRMS (EI)
[M*-H,0], Found: 260.2132. C;sH,3O requires
260.2140%.

4.3.1.8. 4-{[3-(1-Hydroxy-1-phenyl)ethyl[phenyl}-2-

phenyl-2-butanol (2g). Yield 53%; R; (ethyl acetate)
0.85; vmax (liquid film) 3438, 3085, 3057, 3025, 1601,
1493, 1066, 1028 cm ~'; 6y (300 MHz, CDCl;) 7.40—
7.10 and 7.00-6.95 (13 and 1H, respectively, 2m, ArH),
2.60-2.35 (3H, m, CH,CH,CO, OH), 2.15-2.05 (3H, m,
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CH,CO, OH), 1.86 and 1.52 (3 and 3H, respectively, 2s,
2 x Me); oc (75 MHz, CDCl5) 148.0, 147.45, 142.0 (2C),
128.1 (40), 128.0, 126.7 (2C), 126.5, 125.7 (2C), 125.65,
124.65 (2C), 123.35, 76.05, 74.55, 45.7, 30.7, 30.45,
30.25; m/z (EI) 328 (3, [M T —18]), 310 (37), 217 (10),
208 (27), 207 (29), 206 (32), 205 (11), 193 (57), 192 (11),
191 (23), 179 (18), 178 (56), 165 (11), 130 (20), 129 (18),
121 (62), 115 (24), 103 (43), 91 (49), 77 (25), 51 (14), 43
(100), HRMS (EI) [M+], Found: 346.1945. C24H2602
requires 346.1933%.

4.3.1.9. 1-{2-[3-(1-Hydroxycyclohexyl)phenyl ]ethyl }-
1-cyclohexanol (2h). Yield 63%; m.p. 84—86 °C (ethyl
acetate—hexane); Ry (hexane—ethyl acetate: 1/2) 0.71;
Vmax (melted film) 3415, 3023, 1604, 1169, 1133 cm ™ ;
on (300 MHz, CDCls) 7.35, 7.30—7.20 and 7.05-7.00 (1,
2 and 1H, respectively, s, m and m, respectively, ArH),
2.70-2.65 (2H, m, CH,Ar), 1.98 (2H, s, 2 x OH), 1.70—
1.25 (22H, m, 2 x (CH,)s and ArCH,CH>); dc (75 MHz,
CDCl;3) 149.55, 142.55, 128.0, 126.5, 124.55, 121.85,
72.95, 71.3,44.2, 38.65 (2C), 37.3 (2C), 29.45, 25.7, 254,
22.15 (2C), 22.0 (2C); m/z (EI) 284 (20, [M+ —18]), 267
(16), 266 (83), 223 (11), 190 (15), 186 (14), 185 (19), 184
(47), 183 (18), 173 (15), 172 (68), 171 (100), 170 (19), 169
(12), 158 (11), 157 (22), 155 (15), 145 (18), 144 (12), 143
(34), 142 (20), 141 (35), 131 (12), 130 (26), 129 (59), 128
47), 127 (12), 118 (12), 117 (29), 115 (32), 105 (27), 104
(22), 99 (27), 95 (37), 93 (13), 91 (45), 81 (62), 80 (24), 79
(41), 77 (28), 67 (39), 65 (13), 55 (77), 53 (29), 43 (33), 41
(85); Anal. Found: C, 79.38; H, 10.08. Calc. for
CyoH300,: C, 79.42; H, 10.00%.

4.3.1.10. 1-[4-(1-Hydroxy-2,2-dimethylpropyl)phenyl |-
4,4-dimethyl-3-pentanol (2i). Yield 78%; m.p. 112—
114 °C (ethyl acetate—hexane); Ry (hexane—ethyl ace-
tate: 7/3) 0.47; v« (melted film) 3439, 3088, 3048, 1614,
1511, 1048, 1009 cm ~'; oy (300 MHz, CDCls) 7.20—
7.15 (4H, m, ArH), 4.34 (1H, s, CCHOC), 3.20-3.15,
2.95-2.85 and 2.65-2.55 (1, 1 and 1H, respectively, 3m,
CH,CH,CHO), 1.90-1.75 and 1.60-1.55 (3 and 1H,
respectively, 2m, CH,CO, 2 x OH) 0.91 and 0.87 (9 and
9H, respectively, 2s, 6 x Me); Joc (75 MHz, CDCly)
141.35, 139.65, 127.6 (4C), 82.15, 79.3, 35.55, 34.9,
33.35, 32.95, 25.9 (3C), 25.6 (3C); m/z (EI) 278 (<1,
M), 260 (15), 222 (10), 221 (73), 203 (18), 185 (12),
172 (52), 160 (17), 159 (100), 158 (11), 157 (26), 147 (22),
145 (18), 143 (23), 133 (56), 131 (13), 129 (27), 128 (15),
120 (27), 119 (73), 117 (48), 114 (16), 105 (86), 92 (11), 91
(91), 77 (11), 71 (22), 69 (40), 57 (77), 55 (15), 43 (28), 41
(81); Anal. Found: C, 77.61; H, 10.76. Calc. for
C18H3()02: C, 7765, H, 10.86%.

4.3.1.11. 3-[4-Hydroxy(phenyl)methylphenyl ]-1-phenyl-
1-propanol (2j). Yield 60%; m.p. 109-111 °C (ethyl
acetate—hexane); Ry (hexane—ethyl acetate: 7/3) 0.18;
vmax (liquid film) 3543, 3369, 3085, 3060, 3028, 1602,

1511, 1493, 1058, 1035, 1024, 1016 cm ~'; 9y (300 MHz,
CDCl3) 7.30-7.20 and 7.10-7.05 (13 and 1H, respec-
tively, 2m, ArH), 5.72 (1H, s, CCHOC), 4.60—4.55 (1H,
m, CCHOCH,), 2.70-1.19 (6H, m, CH,CH,, 2 x OH);
oc (75 MHz, CDCl;) 144.4, 143.85, 141.35, 141.05,
128.45 (2C), 128.4 (2C), 128.35 (2C), 127.55, 127.35,
126.6 (2C), 126.4 (2C), 125.85 (2C), 75.9, 73.7, 40.25,
31.6; m/z (EI) 318 (<1, [M™]), 196 (11), 195 (15), 194
(72), 193 (40), 181 (17), 180 (100), 179 (15), 178 (16), 165
(15), 117 (12), 115 (14), 107 (80), 106 (11), 105 (80), 92
(12), 91 (36), 79 (46), 77 (51), 51 (10)); Anal. Found: C,
82.85; H, 6.91. Calc. for C,,H»,05: C, 82.99; H, 6.96%.

4.3.1.12. 4-[4-(1-Hydroxy-1-methylethyl)phenyl ]-2-

methyl-2-butanol (2k). Yield 60%; R; (hexane—ethyl
acetate: 1/1) 0.37; vpax (liquid film) 3371, 3088, 3052,
3023, 1613, 1510, 1212, 1169, 1146 cm ~ '; 65 (300 MHz,
CDCl3) 7.38 and 7.15 (2 and 2H, respectively, 2d, J =
8.5 Hz, ArH), 2.70-2.65 (2H, m, CH,CH,CO), 2.18
(2H, s, 2 x OH), 1.80-1.75 (2H, m, CH,CO), 1.55 and
1.26 (6 and 6H, respectively, 2s, 4 x Me); oc (75 MHz,
CDCl;) 146.55, 140.7, 127.95 (2C), 124.4 (2C), 72.2,
70.75, 45.55, 31.6 (2C), 30.1, 29.15 (2C); m/z (EI) 222
(<1, [M™T]), 204 (13), 189 (33), 186 (32), 171 (19), 143
(22), 133 (11), 131 (74), 129 (18), 128 (11), 115 (15), 105
(10), 91 (21), 59 (41), 43 (100), 41 (15); HRMS (EI)
[M "1, Found: 222.1615. C4H,0, requires 222.1620%.

4.3.1.13. 3-Ethyl-1-[4-(1-ethyl-1-
hydroxypropyl)phenyl ]-3-pentanol (21). Yield 85%; Rg
(hexane—ethyl acetate: 7/3) 0.54; vpax (liquid film) 3439,
3089, 3051, 3022, 1614, 1511, 1159 cm ~ '; 65 (300 MHz,
CDCl3) 7.3 and 7.16 (2 and 2H, respectively, 2d, J=7.9
Hz, ArH), 2.65-2.60 (2H, m, CH,CH,CO), 1.85-1.70
and 1.54 (7 and 5H, respectively, 2m, 5 x CH,CO, 2 x
OH), 0.90 and 0.75 (6 and 6H, respectively, 2t, J=7.3
Hz, 4 x Me); dc (75 MHz, CDCl;) 143.15, 140.5, 127.8
(20), 125.45 (2C), 77.2, 74.55, 40.1, 34.7 (2C), 30.9 (2C),
29.3, 7.8 (2C), 7.75 (2C); m/z (EI) 260 (<1, [M T —18]),
242 (18), 160 (13), 159 (100), 129 (13), 57 (17), 41 (21);
HRMS (EI) [M "], Found: 278.2210. C,gH3,0, requires
278.2246%.

4.3.1.14. 4-{[4-(1-Hydroxy-1-phenyl)ethyl [phenyl }-2-

phenyl-2-butanol (2m). Yield 54%; R; (hexane—ethyl
acetate: 1/1) 0.61; vy, (liquid film) 3439, 3086, 3057,
3025, 1601, 1494, 1066 cm~'; dy (300 MHz, CDCls)
7.45-7.10 and 7.05-7.00 (12 and 2H, respectively, 2m,
ArH), 2.60-2.35 (3H, m, CH,CH,CO, OH), 2.20-2.00
(3H, m, CH,CO, OH), 1.87 and 1.55 (3 and 3H,
respectively, 2s, 2 x Me); dc (75 MHz, CDCl;) 148.05,
147.45, 145.4, 140.8, 128.15 (2C), 127.95 (4C), 126.7,
126.55, 125.8 (2C), 125.7 (2C), 124.7 (2C), 75.95, 74.55,
45.7, 30.7, 30.3, 29.85; m/z (EI) 328 (3, [M+ —18]), 311
(11), 310 (44), 208 (15), 207 (25), 206 (12), 194 (17), 193
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(100), 191 (12), 178 (31), 129 (13), 121 (40), 115 (17), 103
(34), 91 (27), 77 (16), 43 (81); HRMS (EI) [M* -H,0],
Found: 328.1823. Ca4H,40 requires 328.1827%.

4.3.1.15. 1-{2-[4-(1-Hydroxycyclohexyl)phenyl Jethyl}-
1-cyclohexanol (2n). Yield 73%; m.p. 114-116 °C
(ethyl acetate—hexane); R; (hexane—ethyl acetate: 7/3)
0.32; vmax (melted film) 3394, 3022, 1613, 1513, 1147,
1133 ecm~'; 651 (300 MHz, CDCls) 7.42 and 7.18 (2 and
2H, respectively, 2d, respectively, J=7.9 Hz, ArH),
2.70-2.65 (2H, m, CH,Ar), 1.80-1.25 (24H, m, 2 x
(CH,)s, ArCH,CH,, 2 x OH); Jc (75 MHz, CDCl;)
146.85, 141.2, 128.15 (2C), 124.65 (2C), 72.95, 71.4,
44.25, 38.85 (20), 37.5 (2C), 28.9, 25.8, 25.5, 22.25 (2C),
22.2 (2C); m/z (EI) 284 (4, [M T —18]), 266 (34), 184
(15), 172 (17), 171 (100), 141 (15), 129 (16), 128 (16), 115
(15), 91 (22), 81 (15), 79 (10), 55 (14), 41 (26); Anal.
Found: C, 79.28; H, 9.91. Calc. for C,oH3¢0,: C, 79.42;
H, 10.00%.

4.3.1.16. 6-[4-(1-Hydroxy-2,2-dimethylpropyl)phenyl ]-
2,2-dimethyl-3-hexanol (4a). Yield 65%; R; (hexane—
ethyl acetate: 7/3) 0.57; vpax (liquid film) 3416, 3091,
3046, 1614, 1514, 1068, 1049, 1007 cm ~'; 95 (300 MHz,
CDCl3) 7.18 and 7.11 (2 and 2H, respectively, 2d, J =
7.9 Hz, ArH), 4.33 (1H, s, CCHOC), 3.20-3.15 (1H, m,
CH,CHO), 2.70-2.50 (2H, m, CCH,), 1.95-1.90, 1.65—
1.50, 1.35-1.20 (3, 2 and 1H, respectively, 3m,
CH,CH,CO, 2xOH), 090 and 0.86 (9 and 9H,
respectively, 2s, 6 x Me); dc (75 MHz, CDCl;) 141.4,
139.55, 127.45 (4C), 82.1, 79.65, 35.5, 35.45, 34.9, 31.05,
28.8, 25.9 (3C), 25.6 (3C); m/z (EI) 274 (13, [M* —18]),
217 (24), 199 (20), 189 (14), 173 (13), 172 (81), 161 (13),
159 (29), 157 (35), 147 (16), 145 (13), 143 (19), 133 (48),
131 (68), 129 (31), 128 (15), 120 (10), 119 (50), 117 (18),
115 (12), 105 (51), 91 (75), 85 (18), 79 (14), 77 (11), 71
(17), 69 (63), 57 (67), 55 (24), 45 (12), 43 (61), 41 (100);
HRMS (EI) [M"-H,0], Found: 274.2283. C;oH;3,0
requires 274.2297%.

4.3.1.17. 3-Ethyl-6-[4-(1-ethyl-1-

hydroxypropyl) phenyl ]-3-hexanol (4b). Yield 52%; Ry
(hexane—ethyl acetate: 7/3) 0.52; v,ax (liquid film) 3439,
3089, 3051, 3023, 1613, 1511, 1159, 1123 cm ~'; 634 (300
MHz, CDCl;) 7.27 and 7.14 (2 and 2H, respectively, 2d,
J=179 Hz, ArH), 2.59 (2H, t, J=7.3 Hz, CH,Ar),
1.90-1.75, 1.65-1.55 and 1.45-1.40 (4, 4 and 6H,
respectively, 3m, 5 x CH,CO, CH,CH,CO, 2 x OH),
0.85-0.70 (12H, m, 4 x Me); Jc (75 MHz, CDCl;)
143.05, 140.25, 127.85 (2C), 125.35 (2C), 77.15, 74.5,
37.55, 35.85, 34.7 (2C), 30.9 (2C), 25.25, 7.75 (2C), 7.6
(2C); m/z (EI) 274 (1,[M ™ —18]), 245 (14), 172 (52), 159
(16), 143 (14), 117 (11), 57 (100), 55 (14), 45 (12), 43 (12),
41 (24); HRMS (EI) [M*-H,0], Found: 274.2270.
C19H300 requires 274.2297%.

4.3.1.18. 2-Ethyl-1-[4-(1-ethyl-1-
hydroxypropyl)phenoxy J-2-butanol (6a). Yield 53%; Rg¢
(hexane—ethyl acetate: 7/3) 0.27; vpax (liquid film) 3465,
3038, 1609, 1510, 1175 cm~'; dy (300 MHz, CDCls;)
7.28 and 6.88 (2 and 2H, respectively, 2d, J=8.8 Hz,
ArH), 3.82 (2H, s CH,0), 2.04 (1H, brs, OH), 1.90-1.75
and 1.70-1.60 (4 and 5H, respectively, 2m, respectively,
4 x CH,CH3, OH), 0.93 and 0.76 (6 and 6H, respec-
tively, 2t, J=7.4 Hz, 4 x Me); Jdc (75 MHz, CDCl;)
157.25 138.25, 126.6 (2C), 114.0 (2C), 77.1, 73.95, 72.45,
34.85(2C), 28.4 (2C), 7.8 (2C), 7.7 (2C); m/z (EI) 280 (2,
[M*]), 262 (27), 252 (10), 251 (62), 176 (32), 162 (53),
161 (17), 151 (80), 147 (32), 133 (76), 115 (13), 107 (11),
105 (18), 91 (20), 87 (86), 77 (16), 69 (15), 57 (100), 55
(27), 45 (84), 43 (58), 41 (61); HRMS (EI) [M ], Found:
280.2037. Cy7H,305 requires 280.2038%.

4.3.1.19. 1-[4-(1-

Hydroxycyclohexyl)phenoxy Jmethylcyclohexanol (6b).
Yield 86%; m.p. 129-131 °C (ethyl acetate—hexane);
Ry (hexane—ethyl acetate: 7/3) 0.19; v, (KBr) 3581,
3436, 3062, 3038, 1607, 1511, 1170, 1038 cm ~'; d5 (300
MHz, CDCl;) 7.41 and 6.87 (2 and 2H, respectively, 2d,
J=28.8 Hz, ArH), 3.79 (2H, s CH,0), 1.80-1.30 [22H,
m, 2 x (CH,)sCOH)]; dc (75 MHz, CDCls) 157.55,
141.95, 125.8 (2C), 114.15 (2C), 75.35, 72.7, 70.75,
38.85 (2C), 34.3 (2C), 25.8, 25.5, 22.2 (20), 21.7 (2C);
mlz (EI) 286 (27, [M* —18]), 188 (17), 175 (13), 174
(100), 173 (14), 159 (25), 146 (38), 145 (25), 131 (11), 129
(13), 128 (12), 115 (17), 107 (10), 99 (23), 91 (20), 81 (34),
80 (11), 79 (19), 77 (15), 67 (13), 55 (36), 53 (14), 43 (33),
41 (56); Anal. Found: C, 74.85; H, 9.19. Calc. for
C19H2803: C, 7496, H, 9.27%.

4.4. Sequential lithiation of dihalogenated materials 7.
Isolation of compounds 10

4.4.1. General procedure

To a solution of starting material 7 (2.0 mmol) in
THF (5 ml), under nitrogen atmosphere, was dropwise
added a solution of n-BuLi (1.3 ml, 2.1 mmol) in hexane
at —100 °C. After 5 min at this temperature, the
corresponding carbonylic compound (2.2 mmol) was
added and the resulting solution was stirred during 15
min. Then, the aforementioned solution was transfer via
cannula to a green suspension of lithium powder (ca.
100 mg, 14 mmol) and naphthalene (20 mg, 0.16 mmol)
in THF (5 ml) at —78 °C. The mixture was stirred for
ca. 30 min and 3-pentanone (4.5 mmol, 0.48 ml) was
subsequently added. After additional 30 min, the reac-
tion was quenched by subsequent addition of water (10
ml) and saturated solution of NHyCl (25 ml). The
mixture was extracted with ethyl acetate (3 x 20 ml).
The combined organic layers were dried over anhydrous
MgSO,. After evaporation of the solvents under reduce
pressure (15 Torr), the resulting residue was purified by
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column chromatography (neutral silica gel, hexane—
ethyl acetate) to yield the title pure compounds 10.
Yields, as well as physical, analytical and spectroscopic
data follow.

4.4.1.1. 3-Ethyl-1-[2-hydroxy(phenyl)methylphenyl ]-3-
pentanol (10a). Yield 55%; R; (hexane—ethyl acetate: 7/
3) 0.23; vpax (liquid film) 3387, 3062, 3027, 1602, 1176,
1019 cm~'; oy (300 MHz, CDCly) 7.40-7.15 (9 H, m,
ArH), 6.10 (1H, s, CCHOC), 2.75-2.55 (2H, m,
CH,Ar), 1.70-1.40 (8H, m, 3 x CH,CO, 2 x OH),
0.85-0.80 (6H, m, 2 x Me); oc (75 MHz, CDCls)
143.5, 140.95, 140.5, 129.6, 128.25 (2C), 127.7, 127.45,
127.25, 126.9 (2C), 126.0, 74.75, 72.8, 40.1, 30.6, 30.45,
26.05, 7.75 (2C); m/z (EI) 280 (1, [M ™ —18]), 251 (25),
196 (36), 195 (30), 194 (18), 193 (18), 179 (31), 178 (18),
116 (14), 115 (18), 105 (12), 91 (41), 187 (14), 77 (17), 57
(100), 45 (22), 43 (12), 41 (18); HRMS (EI) [M+* —~H,0],
Found: 280.1839. C,oH,40 requires 280.1827%.

4.4.1.2. 3-Ethyl-1-[2-(1-hydroxycyclohexyl)phenyl ]-3-
pentanol (10b). Yield 64%; m.p. 48—50 °C (ethyl
acetate—hexane); Ry (hexane—ethyl acetate: 7/3) 0.39;
vmax (melted film) 3416, 3103, 3057, 3011, 1600, 1171,
1134 cm —'; oy (300 MHz, CDCls) 7.37 and 7.20-7.10
(1 and 3H, respectively, d and m, respectively, J=6.7
Hz, ArH), 3.00-2.95 (2 H, m, CH,Ar), 2.05-1.60, 1.53
and 1.30-1.25 [13, 4 and 1H, respectively, m, q and m,
respectively, J =7.5 Hz, (CH,)sCOH, 3 x CH,CO, OH],
0.90 (6H, t, J=17.5 Hz, 2 x Me); dc (75 MHz, CDCl;)
145.7, 141.9, 132.05, 126.95, 125.45, 125.35, 74.8, 74.55,
41.8, 38.3 (2C), 30.75 (2C), 27.95, 25.5, 22.0 (2C), 7.9
(2C); m/z (EI) 272 (2, [M ™ —18]), 254 (16), 225 (24), 201
(49), 184 (18), 183 (100), 182 (17), 171 (29), 170 (30), 169
(15), 157 (11), 145 (19), 143 (35), 142 (21), 141 (47), 131
(15), 130 (28), 129 (91), 128 (27), 119 (11), 117 (28), 115
(26), 105 (15), 91 (39), 87 (25), 81 (18), 79 (10), 77 (12),
69 (12), 57 (43), 55 (53), 45 (42), 43 (39), 41 (59); Anal.
Found: C, 78.57; H, 10.41. Calc. for C;9H3¢0,: C, 78.56;
H, 10.42%.

4.4.1.3. 3-Ethyl-1-[3-hydroxy(phenyl)methylphenyl ]-3-

pentanol (10c). Yield 70%; R; (hexane—ethyl acetate: 7/
3) 0.20; vinax (liquid film) 3371, 3058, 3027, 1602, 1487,
1179, 1149, 1031 ecm~'; dy (300 MHz, CDCl;) 7.35—
7.05 (9H, m, ArH), 5.77 (1H, s, CCHOC), 2.60-2.55
(2H, m, CH»Ar), 2.02 (2H, brs, 2 x OH), 1.70-1.65 (2H,
m, CH,CH,CO), 1.50 (4H, q, J=7.5 Hz, 2 x CH,CH3)
0.86 (6H, t, J=7.5 Hz, 2 x Me); dc (75 MHz, CDCl;)
143.95, 143.85, 142.95, 128.45, 128.35 (2C), 127.45,
127.4, 126.5 (2C), 126.45, 124.0, 76.15, 74.65, 40.2,
30.8 (2C), 29.8, 7.75 (2C); m/z (EI) 280 (23, [M " —18]),
251 (37), 194 (29), 180 (20), 179 (98), 178 (18), 165 (23),
145 (47), 119 (33), 107 (100), 105 (46), 91 (51), 87 (44), 79
(48), 78 (12), 77 (57), 69 (14), 65 (12), 57 (24), 55 (16), 45

(59), 43 (25), 41 (31); HRMS (EI) [M * ~H,0], Found:
280.1826. CaoHa4O requires 280.1827%.

4.4.1.4. 3-Ethyl-1-[3-(1-hydroxycyclohexyl)phenyl ]-3-
pentanol (10d). Yield 85%; R; (hexane—ethyl acetate: 7/
3) 0.21; vy (liquid film) 3409, 3025, 1603, 1169, 1134
cm L Oy (300 MHz, CDCls) 7.35-7.25 and 7.10-7.05
(3 and 1H, respectively, 2m, ArH), 2.70-2.60 (2H, m,
CH,Ar), 1.85-1.50 (18H, m, (CH,)sCOH, 3 x CH,CO,
OH), 091 (6H, t, J=7.3 Hz, 2 x Me); dc (75 MHz,
CDCl;) 149.6, 142.6, 128.2, 126.65, 124.55, 121.95, 74.6,
73.1, 40.45, 38.8 (2C), 30.9 (2C), 30.1, 25.5, 22.15 (2C),
7.8 (2C); m/z (EI) 272 (17, [M T —18]), 254 (32), 225
(29), 186 (12), 172 (28), 171 (100), 169 (11), 157 (33), 145
(42), 143 (24), 142 (15), 141 (33), 131 (15), 130 (18), 129
(67), 128 (53), 127 (14), 118 (18), 117 (29), 115 (34), 105
(23), 103 (10), 99 (13), 91 (34), 87 (42), 83 (20), 81 (63),
79 (28), 77 (24), 69 (21), 67 (13), 65 (12), 57 (20), 55 (79),
53 (12), 45 (43), 43 (30), 41 (57); HRMS (EI) [M ],
Found: 290.2224. C,9H3¢0, requires 290.2246%.

4.4.1.5. 3-Ethyl-1-[4-hydroxy(phenyl)methylphenyl ]-3-

pentanol (10e). Yield 50%; R; (hexane—ethyl acetate: 7/
3) 0.16; vpax (liquid film) 3382, 3058, 3026, 1604, 1493,
1136, 1023 cm ~'; 53 (300 MHz, CDCl3) 7.40—7.25 and
7.20—7.15 (7 and 2H, respectively, 2m, ArH), 5.83 (1H,
s, CCHOC), 2.65-2.60 (2H, m, CH»Ar), 1.75-1.70 (2H,
m, CH,CH,CO), 1.55-1.50 (6H, m, 2 x CH,CH3;, 2 x
OH) 0.89 (6H, t, J=7.5 Hz, 2 x Me); oc (75 MHz,
CDCly) 142.15, 141.3 (2C), 128.55, 128.5, 128.4 (3C),
127.5, 126.65 (2C), 126.45, 76.1, 74.55, 40.3, 30.9 (2C),
29.5, 7.8 (2C); m/z (EI) 280 (15, [M " —18]), 251 (22),
194 (14), 179 (10), 145 (35), 107 (95), 105 (100), 91 (53),
87 (31), 79 (29), 77 (39), 57 (23), 55 (12), 51 (11), 45 (61),
44 (19), 43 (29), 41 (36), 40 (12); HRMS (EI) [M "~
H,O0], Found: 280.1829. C,oH,40 requires 280.1827%.

4.4.1.6. 3-Ethyl-1-[4-(1-hydroxycyclohexyl)phenyl ]-3-
pentanol (10f). Yield 45%; Ry (hexane—ethyl acetate: 7/
3) 0.21; vpax (liquid film) 3413, 3085, 1601, 1512, 1173,
1136 cm ™~ '; 0y (300 MHz, CDCls) 7.40 and 7.20 (2 and
2H, respectively, 2d, J=8.2 Hz, ArH), 2.65-2.60 (2H,
m, CHAr), 1.85-1.50 (18H, m, (CH,)sCOH, 3 x
CH,CO, OH), 0.90 (6H, t, J=7.6 Hz, 2 x Me); dc (75
MHz, CDCl;) 146.85, 141.05, 128.1 (2C), 124.65 (2C),
74.55, 72.95, 40.25, 38.8 (2C), 30.9 (2C), 29.35, 25.5, 22.2
(2C), 7.8 (2C); m/z (EI) 272 (10, [M ™ —18]), 254 (32),
225 (32), 172 (17), 171 (100), 157 (26), 141 (14), 129 (19),
128 (11), 115 (11), 91 (23), 87 (17), 81 (14), 55 (12), 45
(21), 43 (10), 41 (21); HRMS (EI) [M*], Found:
290.2231. C9H300, requires 290.2246%.
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4.5. Dehydration of diol (R*,S*)-2a. Synthesis of
oxepane 11

To a solution of starting diol 2a (0.112 g, 0.4 mmol)
and triphenylphosphine (0.252 g, 0.96 mmol) in benzene
(8 ml), under nitrogen atmosphere, was dropwise added
diisopropyl azodicarboxylate (DIAD, 0.19 ml, 0.96
mmol) at r.t. The resulting solution is heated until
refluxing in a Dean—Stark apparatus during 3 h. Then,
the solvents were removed and the residue was treated
with water (15 ml) and the resulting mixture was
extracted with ethyl acetate (3 x 20 ml). The combined
organic layers were dried over anhydrous MgSO,. After
evaporation of the solvents under reduce pressure (15
Torr), the resulting residue was purified by column
chromatography (silica gel, hexane) to yield the title
pure compounds cis-11. Yield, as well as physical,
analytical and spectroscopic data follow.

4.5.1. cis-1,3-Di(tert-butyl)-1,3,4,5-tetrahydro-2-
benzoxepine (cis-11)

Yield 79%; Ry (hexane) 0.47; vy (liquid film) 3113,
3063, 3022, 1094, 1069 cm~'; dy (300 MHz, CDCl;)
7.50—7.45 and 7.20-7.15 (1 and 3H, respectively, 2m,
ArH), 4.56 (1H, s, CHAr), 3.15-3.05 and 2.90-2.75 (1
and 2H, respectively, 2m, OCHCH,CH,), 1.80-1.70
(2H, m, CH,CHO), 1.19 and 0.85 (9 and 9H, respec-
tively, 2s, 6 x Me); dc (75 MHz, CDCls) 142.15, 136.2,
128.85, 127.75, 127.25, 125.65, 83.2, 79.7, 35.85, 35.05,
31.3, 28.05 (3C), 26.95, 26.65 (3C); m/z (EI) 203 (41,
[M* —57]), 185 (14), 159 (10), 147 (20), 146 (14), 145
(100), 143 (32), 133 (13), 131 (13), 129 (20), 117 (52), 91
(30), 87 (32), 71 (10), 69 (15), 59 (61), 57 (65), 55 (11), 43
(59), 41 (59); HRMS (EI) [M* ~Bu’], Found: 203.1429.
C14H 90 requires 203.1436%.

4.6. Dehydration of diols 2¢,h and n. Synthesis of dienes
12

4.6.1. General procedure

To a solution of starting diol 2 (0.104 g, 0.34 mmol) in
benzene (2 ml) was dropwise added H3POy4 (85%, 0.050
ml, 0.74 mmol) at room temperature. The resulting
solution is heated until refluxing during 6 h. Then, the
resulting mixture was cooled down to room tempera-
ture, and a saturated solution of NaHCO; (15 ml) was
added to the aforementioned solution. After extraction
with ethyl ether (2 x 20 ml), the combined organic layers
were dried over anhydrous MgSQ,. Finally, the solvents
were removed under reduce pressure (15 Torr) to yield
the title pure dienic compounds 12. Yields, as well as
physical, analytical and spectroscopic data follow.

4.6.1.1. 1-(1-Cyclohexenyl)-2-[2-(1-
cyclohexenyl)ethyl Jbenzene (12a). Yield 91%; R; (hex-
ane) 0.58; vmax (liquid film) 3021, 1600 cm ~'; d5 (300

MHz, CDCl;) 7.20-7.10 and 7.05-7.00 (3 and 1H,
respectively, 2m, ArH), 6.10-6.05 (1H, m, CH=CAr),
5.60-5.55 (1H, m, CH,CH=CCH,), 2.70-2.65 (2H, m,
CH,Ar), 2.20-2.15 and 1.70-1.40 [4 and 14H, respec-
tively, 2m, 2 x (CH,)4, CH,CH)Ar]; éc (75 MHz,
CDCl;) 144.35, 139.8, 138.6, 129.2 (2C), 128.65 (2C),
126.6, 125.6, 125.5, 44.75, 37.45 (2C), 31.1, 29.65, 25.8,
25.35, 23.15, 22.3, 22.15; m/z (EI) 266 (15, [M*]), 184
(21), 183 (100), 182 (25), 171 (11), 170 (35), 143 (19), 142
(27), 141 (60), 130 (14), 129 (61), 128 (26), 117 (20), 115
(25), 99 (13), 91 (24), 81 (21), 79 (11), 77 (11), 67 (14), 55
(38), 53 (11), 43 (18), 41 (40); HRMS (EI) [M "], Found:
266.1987. CooHyg requires 266.2034%.

4.6.1.2. 1-(1-Cyclohexenyl)-3-[2-(1-
cyclohexenyl)ethyl Jbenzene (12b). Yield 99%; Ry (hex-
ane) 0.62; vmay (liquid film) 3023, 1602, 1484 cm ~'; oy
(300 MHz, CDCl3) 7.20-7.15 and 7.05-7.00 (3 and 1H,
respectively, 2m, ArH), 6.10-6.05 (1H, m, CH=CAr),
5.45-5.40 (1H, m, CH,CH=CCH,), 2.70-2.65 (2H, m,
CH,Ar), 2.45-2.35, 2.25-2.20, 2.00-1.95 and 1.80-1.55
[2, 4, 4, and 8H, respectively, 4m, 2 x (CH,)y,
CH,CH,Ar]; 6c (75 MHz, CDCl;) 142.65, 142.35,
137.35, 136.75, 128.0, 126.55, 125.05, 124.45, 122.35,
121.15, 40.1, 34.6, 28.5, 27.45, 25.85, 25.25, 23.05, 23.0,
22.55, 22.2; m/z (EI) 266 (64, [M ")), 184 (15), 183 (11),
173 (20), 172 (80), 171 (100), 170 (13), 157 (14), 155 (11),
144 (14), 143 (31), 142 (13), 141 (24), 130 (18), 129 (47),
128 (40), 117 (12), 115 (25), 105 (25), 104 (23), 95 (46), 93
(14), 92 (10), 91 (37), 81 (20), 80 (18), 79 (30), 77 (22), 67
(34), 65 (13), 55 (35), 53 (23), 41 (58); HRMS (EI) [M *],
Found: 266.2041. C,qH,¢ requires 266.2034%.

4.6.1.3. 1-(1-Cyclohexenyl)-4-[2-(1-

cyclohexenyl)ethyl]benzene (12¢). Yield 96%; Ry (hex-
ane) 0.65; vmax (liquid film) 3022, 1606, 1513 cm ™~ '; oy
(300 MHz, CDCls) 7.30-7.25 and 7.15-7.10 (2 and 2H,
respectively, 2m, ArH), 6.10-6.05 (1H, m, CH=CAr),
5.45-5.40 (1H, m, CH,CH =CCH,), 2.70-2.65 (2H, m,
CH,Ar), 2.40-2.35, 2.25-2.20, 2.00—1.95 and 1.80-1.55
[2, 4, 4 and 8H, respectively, 4m, 2 x (CH,),
CH,CH,Ar]; ¢ (75 MHz, CDCl;) 140.9, 140.05,
137.4, 136.35, 128.15 (2C), 124.75 (2C), 123.95, 121.15,
39.95, 34.05, 28.5, 27.35, 25.85, 25.25, 23.1, 23.05, 22.55,
22.2; m/z (EI) 266 (27, [M 1)), 172 (24), 171 (100), 143
(10), 129 (13), 128 (16), 115 (12), 91 (26), 41 (19); HRMS

(EI) [M™], Found: 266.2028. CyHss requires
266.2034%.
Acknowledgements

This work was financially supported by the DGICYT
(project PB97-0133) and DGI (project BQU2001-0538)
from the Spanish Ministerio de Educacion, Cultura y



M. Yus et al. | Journal of Organometallic Chemistry 663 (2002) 21-31 31

Deporte. 1.G. thanks Spanish Ministerio de Ciencia y
Tecnologia for a predoctoral grant.

References

[1] D. Barton, K. Nakanisky, O. Meth-Cohn (Eds.), Comprehensive
Natural Products Chemistry, Pergamon, Exeter, 1999.

[2] See, for instance: E.W. Abel, F.G.A. Stone, G. Wilkinson (Eds.),
Comprehensive Organometallic Chemistry II, Pergamon, Oxford,
1995.

[3] For two excellent monographs, see: (a) E.J. Corey, X.-M. Cheng,
The logic of Chemical Synthesis, Wiley, New York, 1989;

(b) K.C. Nicolau, E.J. Sorensen, Classics in Total Synthesis,
VCH, Weinheim, 1996.

[4] C.S. Poss, S.L. Schreiber, Acc. Chem. Res. 27 (1994) 9.

[5] (a) B.J. Wakefield, Organolithium Methods, Academic Press,
London, 1988;

(b) A.M. Sapse, P. von Ragué Schleyer (Eds.), Lithium Chem-
istry: A Theoretical and Experimental Overview, Wiley, Chiche-
ster, 1995;

(c) R. Bartsach, C. Drost, U. Klingebiel, in: W.A. Herrmann
(Ed.), Synthetic Methods of Organometallics and Inorganic
Chemistry, G. Thieme Verlag, Stuttgar, 1996.

[6] For a recent review, see: F. Foubelo, M. Yus, Trends Org. Chem.
7 (1998) 1.

[7] For reviews on arene-catalysed reductive lithiation processes, see:
(a) M. Yus, Chem. Soc. Rev. 25 (1996) 155;

(b) D.J. Ramén, M. Yus, Eur. J. Org. Chem. (2000) 225;
(c) M. Yus, Synlett (2001) 1197;
(d) M. Yus, D.J. Ramon, Latv. Kim. Z. (2002) in press.

[8] For the first account on this process from our laboratory, see: M.
Yus, D.J. Ramoén, J. Chem. Soc. Chem. Commun. (1991) 398.

[9] For a mechanistic study, see: (a) M. Yus, R.P. Herrera, A.
Guijarro, Tetrahedron Lett. 42 (2001) 3455;

(b) M. Yus, R.P. Herrera, A. Guijarro, Chem. Eur. J., in press.
[10] For a polymer supported version of this reaction, see: (a) C.
Gomez, S. Ruiz, M. Yus, Tetrahedron Lett. 39 (1998) 1397,

(b) C. Gomez, S. Ruiz, M. Yus, Tetrahedron 55 (1999) 7017;
(c) T. Arnauld, A.G.M. Barrett, B.T. Hopkins, Tetrahedron Lett.
43 (2002) 1081.

[11] Other many uses of this methodology are: (a) Preparation of
functionalised organolithium compounds [12] by chlorine—
lithium exchange or reductive opening of heterocyles [13];

(b) Generation of organolithium reagents starting from non-
halogenated materials [14];

(c) Activation of other metals [15];

(d) Transmetallation process 7d.

[12] For reviews, see: (a) C. Najera, M. Yus, Trends Org. Chem. 2
(1991) 155;

(b) M. Gray, M. Tinkl, V. Snieckus, in: E.W. Abel, F.G.A. Stone,
G. Wilkinson (Eds.), Comprehensive Organometallic Chemistry
11, vol. 11, Pergamon Press, Oxford, 1995, p. 1;

(c) C. Najera, M. Yus, Recent Res. Dev. Org. Chem. 1 (1997) 67;
(d) A. Boudier, L.O. Bromm, M. Lozt, P. Knochel, Angew.
Chem. Int. Ed. 39 (2000) 4414;

(e) C. Najera, M. Yus, Curr. Org. Chem., submitted.

[13] For a review, see: M. Yus, F. Foubelo, Rev. Heteroatom. Chem.
17 (1997) 73.

[14] For a review, see: D. Guijarro, M. Yus, Recent Res. Dev. Org.
Chem. 2 (1998) 713.

[15] For a review, see: A. Guijarro, C. Gémez, M. Yus, Trends Org.
Chem. 8 (2000) 65.

[16] (a) For a monograph, see: C. Blomberg, The Barbier Reaction
and Relative One-Step Process, Springer, Berlin, 1993;

(b) For a review, see: F. Alonso, M. Yus, Recent Res. Dev. Org.
Chem. 1 (1997) 397.

[17] A. Guijarro, D.J. Ramén, M. Yus, Tetrahedron 49 (1993) 469.

[18] (a) C. Gémez, F.F. Huerta, M. Yus, Tetrahedron Lett. 38 (1997)
687,

(b) C. Goémez, F.F. Huerta, M. Yus, Tetrahedron 54 (1998) 1853.

[19] A. Maercker, W. Berkulin, P. Schiess, Angew. Chem. Int. Ed.
Engl. 22 (1983) 246.

[20] For related systems, see: J. Ortiz, A. Guijarro, M. Yus, Eur. J.
Org. Chem. (1999) 3005 and literature quoted therein.

[21] Y. Hamashima, D. Sawada, H. Nogami, M. Kanai, M. Shibasaki,
Tetrahedron 57 (2001) 805.

[22] For leading references on bromine—lithium exchange using an
alkyllithium as lithiation agent, see: (a) W.E. Parham, L.D. Jones,
Y.A. Sayed, J. Org. Chem. 41 (1976) 1184;

(b) C.K. Bradsher, D.C. Reames, J. Org. Chem. 46 (1981);

(c) C.K. Bradsher, D.A. Hunt, J. Org. Chem. 46 (1981) 4608;
(d) W.E. Parham, C.K. Bradsher, D.C. Reames, J. Org. Chem. 46
(1981) 43804;

(e) P. Beak, D.J. Allen, W.K. Lee, J. Am. Chem. Soc. 112 (1990)
1629;

(f) P. Beak, D.J. Allen, J. Am. Chem. Soc. 114 (1992) 3420;

(g) M. Plotkin, S. Chen, P.G. Spoors, Tetrahedron Lett. 41 (2000)
2269;

(h) K.J. Hodgetts, Tetrahedron Lett. 41 (2000) 8655;

(1) G.A. Molander, C. Kéllner, J. Org. Chem. 65 (2000) 8333.

[23] For a recent application of this reaction in a similar process, see:
T. Soler, A. Bachki, L.R. Falvello, F. Foubelo, M. Yus,
Tetrahedron: Asymmetry 11 (2000) 493.

[24] For a related synthesis of oxepanes, see: J.F. Gil, D.J. Ramoén, M.
Yus, Tetrahedron 49 (1993) 4923.

[25] (a) J.F. Gil, D.J. Ramoén, M. Yus, Tetrahedron 50 (1994) 7307;
(b) E. Alonso, D.J. Ramoén, M. Yus, J. Org. Chem. 62 (1997) 417.

[26] For some examples, see: (a) H. Yasuda, K. Kazuyuki, A.
Nakamura, Acc. Chem. Res. 18 (1985) 120;

(b) H. Yasuda, A. Nakamura, Angew Chem. Int. Ed. Engl. 22
(1987) 723;

(c) B.J. Brisdon, R.A. Walton, Polyhedron 14 (1995) 1259;

(d) L.-S. Wang, J.C. Fettinger, R. Poli, J. Am. Chem. Soc. 119
(1997) 4453;

(e) K. Mashima, H. Fukumoto, K. Tani, M.-A. Haga, A.
Nakamura, Organometallics 17 (1998) 410;

(f) T.M. Cameron, I. Ghiviriga, K.A. Abboud, J.M. Boncella,
Organometallics 20 (2001) 4378.

[27] O. Prieto, D.J. Ramén, M. Yus, Tetrahedron: Asymmetry 11
(2000) 1629.

[28] T. Imamoto, T. Yoshizawa, K. Hirose, Y. Wada, H. Masuda, K.
Yamaguchi, H. Seki, Heteroatom. Chem. 6 (1995) 99.

[29] K.H. Lee, J. Chem. Soc. Perkin. Trans. 2 (1973) 693.

[30] A.P. Molchanov, V.P. Pecheritsyna, R.R. Kostikov, Zh. Org.
Khim. 25 (1989) 1195; Chem. Abstr. 112 (1990) 98086m.



	Lithiophenylalkyllithiums: new dilithium reagents having both sp2- and sp3-hybridised remote carbanionic centres
	Introduction
	Results and discussion
	Simultaneous two-directional homologation
	Sequential two-directional homologation
	Dehydration of some diols 2

	Conclusions
	Experimental
	General
	Preparation of dihalogenated materials
	1-Chloro-2-(2-chloroethyl)benzene (1a) [28]
	1-Chloro-3-(2-chloroethyl)benzene (1b) [29]
	1-Chloro-4-(2-chloroethyl)benzene (1c) [29]
	1-Bromo-2-(2-chloroethyl)benzene (7a) 22i
	1-Bromo-3-(2-chloroethyl)benzene (7b) [30]
	1-Bromo-4-(2-chloroethyl)benzene (7c) [29]

	Naphthalene-catalysed lithiation of dichlorinated materials 1, 3 and 5 in the presence of electrophiles. Isolation of compounds
	General procedure
	(RŁ,RŁ)-1-[2-(1-Hydroxy-2,2-dimethylpropyl)phenyl]-4,4-dimethyl-3-pentanol [(RŁ,RŁ)-2a]
	(RŁ,SŁ)-1-[2-(1-Hydroxy-2,2-dimethylpropyl)phenyl]-4,4-dimethyl-3-pentanol [(RŁ,SŁ)-2a]
	3-Ethyl-1-[2-(1-ethyl-1-hydroxypropyl)phenyl]-3-pentanol (2b)
	1-{2-[2-(1-hydroxycyclohexyl)phenyl]ethyl}-1-cyclohexanol (2c)
	1-[3-(1-Hydroxy-2,2-dimethylpropyl)phenyl]-4,4-dimethyl-3-pentanol (2d)
	3-[3-Hydroxy(phenyl)methylphenyl]-1-phenyl-1-propanol (2e)
	3-Ethyl-1-[3-(1-ethyl-1-hydroxypropyl)phenyl]-3-pentanol (2f)
	4-{[3-(1-Hydroxy-1-phenyl)ethyl]phenyl}-2-phenyl-2-butanol (2g)
	1-{2-[3-(1-Hydroxycyclohexyl)phenyl]ethyl}-1-cyclohexanol (2h)
	1-[4-(1-Hydroxy-2,2-dimethylpropyl)phenyl]-4,4-dimethyl-3-pentanol (2i)
	3-[4-Hydroxy(phenyl)methylphenyl]-1-phenyl-1-propanol (2j)
	4-[4-(1-Hydroxy-1-methylethyl)phenyl]-2-methyl-2-butanol (2k)
	3-Ethyl-1-[4-(1-ethyl-1-hydroxypropyl)phenyl]-3-pentanol (2l)
	4-{[4-(1-Hydroxy-1-phenyl)ethyl]phenyl}-2-phenyl-2-butanol (2m)
	1-{2-[4-(1-Hydroxycyclohexyl)phenyl]ethyl}-1-cyclohexanol (2n)
	6-[4-(1-Hydroxy-2,2-dimethylpropyl)phenyl]-2,2-dimethyl-3-hexanol (4a)
	3-Ethyl-6-[4-(1-ethyl-1-hydroxypropyl)phenyl]-3-hexanol (4b)
	2-Ethyl-1-[4-(1-ethyl-1-hydroxypropyl)phenoxy]-2-butanol (6a)
	1-[4-(1-Hydroxycyclohexyl)phenoxy]methylcyclohexanol (6b)


	Sequential lithiation of dihalogenated materials 7. Isolation of compounds 10
	General procedure
	3-Ethyl-1-[2-hydroxy(phenyl)methylphenyl]-3-pentanol (10a)
	3-Ethyl-1-[2-(1-hydroxycyclohexyl)phenyl]-3-pentanol (10b)
	3-Ethyl-1-[3-hydroxy(phenyl)methylphenyl]-3-pentanol (10c)
	3-Ethyl-1-[3-(1-hydroxycyclohexyl)phenyl]-3-pentanol (10d)
	3-Ethyl-1-[4-hydroxy(phenyl)methylphenyl]-3-pentanol (10e)
	3-Ethyl-1-[4-(1-hydroxycyclohexyl)phenyl]-3-pentanol (10f)


	Dehydration of diol (RŁ,SŁ)-2a. Synthesis of oxepane 11
	cis-1,3-Di(tert-butyl)-1,3,4,5-tetrahydro-2-benzoxepine (cis-11)

	Dehydration of diols 2c,h and n. Synthesis of dienes 12
	General procedure
	1-(1-Cyclohexenyl)-2-[2-(1-cyclohexenyl)ethyl]benzene (12a)
	1-(1-Cyclohexenyl)-3-[2-(1-cyclohexenyl)ethyl]benzene (12b)
	1-(1-Cyclohexenyl)-4-[2-(1-cyclohexenyl)ethyl]benzene (12c)



	Acknowledgements
	References


