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Abstract

The reaction of functionalised mono or dichlorinated materials 1a-6a with an excess of lithium and a catalytic
amount of a naphthalene (Pn) or biphenyl (Pg) supported polymer (eassily prepared by radical copolymerisation
of 2-vinylnaphthalene or 4-vinylbiphenyl with vinylbenzene and divinylbenzene) in THEF either in the presence
or not of different electrophiles [Me3SiCl, iPrCHO, PhCHO, Et,CO, (CH3)4CO, (CH3)sCO, (¢-C3Hs),CO,
iPr,CO, PhCOMe, PhCH=NPh] at -78 or -50°C leads, after hydrolysis with water, to the expected
tunctionalised products 1ca-6ck. The polymeric catalyst is quantitatively recovered and can reused several
times without any loss of activity. © 1999 Elsevier Science Ltd. Al rights reserved.
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I. Introduction

The most common methodology for the preparation of organolithium compounds [1]
involves lithium metal and a halogenated compound. In general, this procedure does not
need any activation of the metal unless the lithiation has to be performed at low
temperatures. Thus, when unstable organolithium intermediates [2-6]1 have to be prepared at
-78°C or even below, it is necessary to use a solution of stoichiometric amounts of lithium
and an arene (the so called lithium-arene or lithium arenide [7-9]) in tetrahydrofuran in
order to get effective halogen-lithium exchange. Recently, we were able to improve the
former procedure by using a catalytic amount (<10%) of the arene, naphthalene and 4,4’-di-

T This paper is dedicated to the memory of Prof. Joaquin de Pascual Teresa.
! This is the case of functionalised organolithium compounds [2,3] or polylithiated synthons {4]. For the last paper on these topics
tfrom our laboratory, see references {5] and [6], respectively.
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tert-butylbiphenyl (DTBB) being the most commonly used [10] [11].2 This version is not
only interesting because it is not necessary to remove a large amount of the arene during the
work-up, but also because this mixture is more active than the corresponding stoichiometric
one. For instance, using the above mentioned arene-catalysed lithiation, it is possible to
generate organolithium reagents starting from non-halogenated materials [12,13]3 and
heterocyclic compounds [5,14], these processes being in general not realizable using the
stoichiometric version. The ideal situation, using a catalytic amount of the arene for the
lithiation reaction, would be the use of a polymer supported arene, which could be filtered at
the end of the process without contaminating the final product with the electron carrier. In
this paper we report the preparation and use of such as polymeric catalyst for the generation
of very reactive organolithium intermediates [15] [16].4

II. Results and discussion

The preparation of the polymers containing naphthalene (PN) and biphenyl (Pg) was carried
out using the Itsuno methodology [17] to give cross-coupling polymers. Thus, a solution of
2-vinylnaphthalene (VNP) or 4-vinylbiphenyl (VBP) (1 mmol scale), vinylbenzene (VBZ)
and divinylbenzene (DVB) (for molar ratios, see Scheme 1) in a mixture of benzene and
tetrahydrofuran containing a catalytic amount of azoisobutyronitrile (AIBN, 30 mol %) was
treated with a solution of poly(vinyl alcohol) in water and the mixture was heated at reflux
to give the corresponding polymeric catalyst Pn or Pp, respectively (Scheme 1). A different
type of polymerisation to give P’g-9-0-1 was performed by refluxing VNP and DVB in
tetrahydrofuran in the presence of a catalytic amount of AIBN.

The reaction of the functionalised chlorinated materials 1a-3a with an excess of lithium
powder and a catalytic amount of the corresponding polymer (ca. 10 mol %)5 in
tetrahydrofuran at -78°C for 1 h led to a solution of the corresponding lithium intermediates
1b-3b, which upon treatment with different electrophiles [PrCHO, PhCHO, Et;CO,
(CH3)4CO, (CH3)5CO, iPr,CO, PhCOMe, PhCH=NPh] at temperatures ranging between -78
and 20°C led, after hydrolysis with water, to the expected products 1¢-3¢ (Chart 1 and
Table 1). At the end of the work-up the solid polymer was filtered off, washed and dried,
being quantitatively recovered and reused two or three times without apparent loss of
efficiency (Table 1, entries 7, 23, 25, 28, 29, 41 and 49, and footnote d).

2 For the first account on this methodology and a recent review, see references [10] and [11], respectively.

3 For the last paper on this topic from our laboratory and a recent review see, respectively, the corresponding references indicated in
the text.

4 For a preliminary communication, see reference [15]. For a recent account on the use of a polymer supported lithium naphthalenide
with a silicon mediated junction between the arene and the polymeric structure, see reference [16]; in this case a drawback of the
starting polymer is that it does not react with lithium powder, necessitating use of lithium biphenyl as lithiating agent and also
that the polymer has to be used in stoichiometric amounts.

5 This percent is calculated from the relative molar proportions of VNP or VBP in the polymer considering that the stoichiometric
amount would need 2 eq of the arene per chlorine atom in the starting material 1a-3a according to the equation:

RCl + 2 LiArH — RLi + LiCl + 2 ArH
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VNP . O/\ R O/\ L. PN
or - or

Pg
VBP
VNPorVBP | VBZ | DVB | P
1 5 2 P-1.5.2
19 0 1 P-19.0-1
9 0 1 P'-9.0-1

Scheme 1. Reagents and conditions: i, AIBN, THF, PhH, poly(vinyl alcohol), H;O, for polymer P or AIBN, THF for P’.
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NG > AX ~_OUX
1a: X =Cl 2a:X=Cl 3a: X=Cl
1b: X =Li 2b: X =Li 3b:X=Li
1c: X =R 2c:X=R 3c:X=R
k/lk/x /O\/ KO\)(

X X
4a:X =Cl 6a:X=Cl 6a:X=Cl|
4c:X=R 5¢:X=R 6c:X=R
Chart 1.

From the results summarised in Table 1 can be deduced the following conclusions:

(1) In general, yields are higher using polymeric catalysts in the case of starting materials 1a
and 2a, compared to the same reactions performed in solution (Table 1, entries 1, 5, 9, 13,
21, 25, 28 and 32) using catalytic (Table 1, footnotes ¢ and f) or stoichiometric (Table 1,
footnote e) amounts of the arene.

(2) In the case of the starting material 3a, the yields are higher working in solution than
with the polymeric catalyst, either working in a two-step process (Table 1, entries 43, 47 and
49, and footnote h) or under Barbier-type conditions (Table 1, entries 40, 41 and 45, and
footnote g).
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Table 1
Polymer supported arene-catalysed lithiations in a two-step process

Pn or Pg (10%) i. E.-7810 20°C

RFGCI 4+ L T gee RFGLi o RFeR
1a-3a 1b-3b tca-3¢j
Producta
Starting Electrophile
Entry material Catalyst Intermediate E No. R Yield (%)0
1 1a PN-1-5:2 1b iPrCHO Ica iPrCHOH 52 (62)¢
2 Pp-1.52 70
3 Pn-19-0-1 79
4 P'5-901 63
5 la PNn-1-5-2 1b PhCHO lcc PhCHOH 85 (52)¢
6 Pp-1:52 91
7 Pn-19-0-1 664
8 P'5-9-0-1 75
9 1a Pn-1-5-2 1b Et,CO 1cd Et;COH 66 (46)¢
10 Pg-1:52 66
11 Px-19:0-1 64
12 Pg-19-0-1 99
13 1a Pn-152 1b (CH)sCO lcg (CH,)sCOH 90 (79)¢
14 Pp-1:5:2 73
15 PN-19-0-1 92
16 P'g-9-0-1 88
17 1a Px-1:52 1b iPr,CO 1ch iPr,COH 70
18 Pg-1.52 67
19 PN-19-0-1 65
20 Pg-19.0-1 90
21 1a Pn-1-5-2 1b PhCOMe 1ci PhC(OH)Me 83 (44)c
2 Pp-1.5:2 87
23 PN-19-0-1 67d
24 Pg-19-0-1 93
25 2a PN-1-5:2 2b iPrCHO 2ca iPrCHOH 41d (52)¢
26 PN-19-0-1 62

27 Pp-19-0-1 60
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28 2a
29
30
31
32 2a
33
34
35
36 2a
37
38
39
40 3a
41 3a
42
43 3a
4
45 3a
46
47 3a
48
49 3a

Py-1-52
Py-1.52
Pn-19-0-1
Pg-19-0-1
Py-152
Pg-1-52
Py-19:0-1
Py-19-0'1
Pn-152
Pg-1.52
Pxn-19:0-1
Py-19.0:1
Py-1:52
Py-1:5:2
Pg-19-0-1
Py-1552
Pg-19-0-1
Py-1:52
P-1901
Py-1:5:2
Pp-19-0-1
Pn-1:5:2

2b

2b

2b

3b
3b

3b

3b

3b

3b

PhCHO

(CHpsCO

iPr,CO

1BuCHO
PhCHO

(CHp»4CO

iPr,CO

PhCOMe

PhCH=NPh

2cg

2ch

3ch

3ce

3cf

3ch

3cj

PhCHOH

(CH)sCOH

1IPr,COH

"BurCHOH
PhCHOH

(CHy)4COH

iPr,COH

PhC(OH)Me

PhCHNHPh

494 (51)¢
574

92

84

64 (60-72)¢
83

87

62

87

60

78

64

59 (87)¢
664 (84)2
81

78 (90)h
73

69 (75)
48

79 (9Dh
65

584 (85)h

a All products 1ca-3cj were 90-95% pure (GLC and/or 300 MHz 'H NMR).

b Isolated crude yield based on the starting material 1a-3a.
¢ Yield corresponding to the same reaction using naphthalene (8 mol %) as the electron carrier catalyst (reference [18]).
d The catalyst was reused twice.
¢ Yield corresponding to the same reaction using a stoichiometric amount of naphthalene as the electron carrier catalyst

(reference [19)).

f Yields corresponding to the same reaction using naphthalene (1-20 mol %) as the electron carrier catalyst (reference

[10D.

¢ Yield corresponding to the same reaction using DTBB (5 mol %) as the electron carrier catalyst, but under Barbier-
type reaction conditions (reference [20]).
h Yield corresponding to the same reaction using DTBB (5 mol %) as the electron camier catalyst (reference {20]).

(3) Although difficult to generalise, because all assayed polymers worked nicely, we
observed that polymers P-19-0-1 worked better than P-1.5-2, especially Pg-19-0-1
(compare, for instance, in Table 1 entries 12, 20, 24, 27 and 31). On the other hand,
polymer P’g-9-0-1, more easily to be prepared than the other polymers of series P, can also

be used with similar results (Table 1, entries 4, 8 and 16).
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In the second part of this study we apply the use of an arene-containing polymer catalyst
to carry out lithiations under Barbier-type reaction conditions (lithiation in the presence of
the electrophile) [22,23]. This variant is particulary interesting when the intermediates are
too unstable to be able to survive under the conditions of the two-step process (Table 1).
This is the case with polylithiated synthons [4], which can be generated by lithiation of the
corresponding polychlorinated materials. Thus, treatment of compounds 4a-6a under the
above mentioned conditions (-78°C for 4a and -50°C for 5a and 6a), but in the presence of
the electrophile [Me3SiCl, iPrCHO, Et,CO, (c-C3Hs),CO, (CH2)4CO, (CH3)sCO, iPr,CO],
lithium and the polymer catalyst (10 mol %)5 led, after hydrolysis with water, to the
expected products 4c-6¢ (Chart 1 and Table 2).

Table 2
Polymer supported arene-catalysed lithiations under Barbier-type reaction conditions

Cl  iLi, PyorPg (10%), E, -50 or -78°C R
Cm ii. H,O CR
4a-6a

4ca-6ck
Producte
Starting Electrophile
Entry material Catalyst E No. R Yield (%)b
1 4a Py-1.52 iPrCHO 4ca iPrCHOH 56¢ (64)d
2 Pp-1-52 76¢
3 Py-19-0-1 49¢
4 Pp-19-0-1 47¢
5 4a Pn-1-52 Et,CO 4cd Et,COH 82¢ (72)d
6 Py-152 77
7 Py-190-1 89f
8 P5-19-0-1 93
9 4a Py-1:52 (c-C3Hs),CO 4ce {¢-C3Hs),COH 76f (81)d
10 Pp-1:5-2 79
11 Py-19-01 89
12 Pg-19-0-1 76
13 4a Py-1:5:2 (CH2)4CO 4cf (CHp)4COH 69 (79)8 (89
14 Pp-1-52 91
15 Py-19-0-1 92
16 P3-19-0-1 50
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

4a

4a

5a

6a

PyN-1:52
Pp-1.52
Py-19:0-1
P-19.0-1
PyN-1:52
Py-1:52
PN-19:0-1
Py-19-0:1
Py-152
Pp-152
Py-19-0-1
Pg-190-1
Py-1:52
Py-152
Pyn-19:0-1
Pg-19-0-1

(CHp)sCO

iPr,CO

Me3SiCl

MC3SiCl

4cg

4ch

Sck

6ck

(CHp)sCOH

iPr,COH

Me3si

Me3Si

96 (67)d
67
92
96
94 (75)d
81
9
99
70 (78)h
85
82
97
98 (83
82
88
99

a All products 4ca-6ck were >90% pure (GLC and/or 300 MHz 'H NMR).

b Isolated crude yield based on the starting material 4a-6a.

¢ ca. 1:1 Mixture of diastereoisomers (300 MHz 1H NMR).

d Yield of the same reaction using naphthalene (6 mol %) as the electron carrier catalyst under Barbier-type reaction

conditions (reference [21]).

¢ The catalyst was reused four times.
f The catalyst was reused three times.

& The catalyst was reused twice.

h Yield of the same reaction using DTBB (4 mol %) as the electron carrier catalyst uner Barbier-type reaction

conditions (reference [6).
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Also in the case of the results included in Table 2, the catalyst could be recovered
quantitatively at the end of the reaction and reused two, three or four times (Table 2, entries
5,7, 9 and 13) without appreciable loss of activity, according to the yields obtained. Looking
at the results of Table 2 it can be concluded that in general the yields observed for the

process in solution or under solid phase conditions are of the same order. In this case the
main advantage of the heterogeneous reactions is the easy removal of the electron transfer

catalyst at the end of the reaction.

II1. Conclusion

As a conclusion, we present in this paper a new type of electron transfer reagent based on
arene supported polymers, which work nicely in lithiation reactions under very mild
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reaction conditions, in two-step processes or under Barbier-type conditions, giving very
reactive functionalised organolithium compounds or dilithiated synthons, interesting
intermediates for the direct synthesis of polyfunctionalised molecules.

IV. Experimental section

IV.1. General

For general information see reference [24]. Retention times (t;) were measured with a
Hewlet Packard HP-5890 instrument equipped with a flame ionisation detector and a 12 m
capillary column (0.2 mm diam, 0.33 mm film thickness), using nitrogen (2 mL/min) as
carrrier gas under the following conditions: Tinjector = 275°C, Tcolumn = 60°C (3 min) and
60-270°C (15°C/min). Monomers VBZ, DVB (80% mixture of isomers), VNP and VBP
(Aldrich), as well as AIBN (Fluka), poly(vinyl alcohol) (98-99% hydrolysed; Average My,
85,000-146,000) and the electrophiles (Aldrich) were commercially available and used
without any further purification except in the case of monomer DVB, which was
successively washed twice with a 1% aqueous solution of sodium hydroxide and then with
water in order to remove the stabiliser (see reference [25]).

IV.2. Preparation of polymeric catalysts Py and Pp. General procedure [17,25] .-
Poly(vinyl alcohol (80 mg for P-1-5-2 or 54 mg for P-19-0-1) was dissolved in water (20
mL for P- 1.5-2 or 14 mL for P-19-0-1), heated at 40°C for 30 min and filtered. The
resulting solution was mixed with another solution of VNP or VBP (1 mmol scale), VBZ,
DVB (for the corresponding proportions see Scheme 1) and AIBN (50 mg, 0.3 mmol) in a
mixture of benzene (5 mL) and THF (1.5 mL) and it was heated at 80°C under an argon
atmosphere for ca. 36 h. The resulting suspension was filtered and the solid obtained was
successively washed with methanol, water, THF and ether (2 x 2 mL in each case) and dried
under vacuum (1 Torr) to give the title polymers in practically quantitative yield.

Pn-1-5-2: pale yellow solid [Found: C, 90.3; H, 7.8. (C12H1¢)-(CgHg)s-(C10H10)2 requieres
C 925;H,75]

Pg-1-5-2: pale yellow solid [Found: C, 91.5; H, 7.7. (C14H12)-(CsHg)s-(C1oH10)2 requieres
C,925;H,17.5]

PN-19-0:1: pale yellow solid [Found: C, 89.2; H, 7.0. (C12H10)19-(C10H10) requieres C,
93.4; H, 6.6].

Pg-19-0-1: pale yellow solid [Found: C, 90.7; H, 7.3. (C14H12)19-(C10H10) requieres C,
93.3; H, 6.7].

1V.3. Preparation of polymeric catalyst P’-9-0-1 [26].- A solution of VBP (720 mg, 4 mol),
DVB (71 pm, 0.4 mmol) and AIBN (75 mg, 0.45 mmol) in THF (5 mL) was refluxed for 6
h under an argon atmosphere. After cooling at room temperature the resulting suspension
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was worked up as described above for polymeric catalysts PN and Pp to give the title product
in quantitative yield: pale yellow solid [Found: C, 90.9; H, 6.7. (C14H12)9:(Ci0H10)
requieres C, 93.2; H, 6.8].

IV.4. Two-step preparation of compounds 1ca-3c¢j. General procedure .- To a suspension of
lithium powder (112 mg, 16 mmol) and the corresponding polymer (0.2 mmol; 10 mol %)
in THF (5 mL) was added the starting material 1a-3a at -78°C and the mixture was stirred
for 1 h at the same temperature. Then, the corresponding electrophile (2.2 mmol) was added
and the resulting mixture was stirred overnight allowing the temperature to rise to 20°C.
The resulting mixture was hydrolysed with water (10 mL), the polymer was filtered off,
washed and dried as described above (section IV.2), and the solution neutralised with 2M
HCl and extracted with ethyl acetate (3 x 10 mL). The organic layer was dried over
anhydrous NaSO4 and evaporated at reduced pressure (15 Torr) to give a residue, which
contained essentially pure title compounds (90-95%) but could be purified by column
chromatography (silica gel, hexane/ethyl acetate). Yields are included in Table 1.
Compounds 1ca [18], 1cc [18], 1cd [18], 1cg [18], 1ci [18], 2ca [19], 2¢cc [19], 2¢g [10],
3cb [20], 3cc [20], 3cf [20], 3ch [20], 3ci [20] and 3cj [20] were characterised by
comparison of their physical (GLC) and spectroscopic data (NMR) with authentic samples
prepared by us [10,18-20].
2-(5-Hydroxy-5-isopropyl-6-methylheptyl)-1,3-dioxolane (1ch): colourless oil; t;
12.59 min; R 0.54 (hexane/ethyl acetate: 3/2); v (liquid film) 3220 (OH), 1190, 1140 cm-1
(C-0); 6u (300 MHz CDCl3) 0.91, 0.94 (12 H, 2 d, J 6.7 Hz, Me2CH), 1.35-1.45, 1.46-1.56
[7 H, 2 m, (CH2);COH], 1.64-1.71 (2 H, m, CELCO>), 1.83-1.97 (2 H, septet, J 6.7 Hz,
Me,CH), 3.79-4.01 (4 H, 2 m, OCH,CH0), 485 (1 H, t, J 4.6 Hz, OCHO); 8¢ (75 MHz
CDCI3) 172(2C), 1752 C), 24.2,21.5,33.7(2C), 3392 C), 648 (2C), 77.1, 104 5;
m/z (EI) 226 (M+ - H20, <1), 115 (14), 99 (11), 95 (12), 81 (10), 73 (100), 71 (72), 69
(48), 67 (20), 57 (26), 55 (42), 45 (63), 44 (10), 43 (97), 42 (10), 41 (55%); HRMS (EI):
M+, found 226.1912. C14H2607 requires 226.1933.
2-(4-Hydroxy-4-isopropyl-5-methylhexyl)-2-methyl-1,3-dioxolane ( 2 ch):
colourless oil; t; 11.76 min; R 0.54 (hexane/ethyl acetate: 3/2); v (liquid film) 3220 (OH),
1196 cm-1 (C-0); 6y (300 MHz CDCl3) 0.93. 0.95 (12 H, 2 d, J 7.2 Hz, Me;CH), 1.26-1.52,
1.59-1.64 [5 H, 2 m, (CH2),COH], 1.31 (3 H, 5, Me), 1.58-1.65 (2 H, m, CH2CO»), 1.92 (2
H, septet, J 7.0, Me;CH), 3.91-3-95 (4 H, m, OCH,CH,0); 8¢ (75 MHz CDCl3) 17.0 (2 C),
17.3 (2 C), 18.4, 234, 33.6, 33.7 (2 C), 39.8, 64.2 (2 C), 77.2, 109.6; m/z (EI) 226 (M+ -
H;0, 1), 139 (13), 124 (33), 109 (36), 99 (19), 97 (28), 95 (15), 87 (84), 83 (10), 81 (14),
71 (41), 69 (33), 67 (14), 59 (18), 57 (11), 55 (34), 53 (10), 45 (12), 44 (11), 43 (100), 42
(10%); HRMS (EI): M+, found 226.1914. C;4H2602 requires 226.1933,
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IV.5. Preparation of compounds 4ca-6¢ck under Barbier-type reaction conditions. General
procedure.- To a suspension of lithium powder (112 mg, 16 mmol) and the corresponding
polymer (0.2 mmol, 10 mol %) in THF (5 mL) was added a solution of the electrophile (2.2
mmol) and the dichlorinated starting material 4a-6a (1 mmol) at -78°C and the resulting
mixture was stirred overnight allowing the temperature to rise to 20°C. Then it was
hydrolysed and worked up as was described above for compoundslab-3cj (section IV.4) to
afford the expected compounds 4ca-6ak. Yields are included in Table 2. Compounds 4ca
[21], 4cd [21], 4ce [21], 4cf [21], 4cg [21], 4ch [21], 5ck [6], 6¢ck [6] were characterised
by comparison of their physical (GLC) and spectroscopic data (NMR) with authentic samples
prepared by us [6,21].
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