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Abstract

The reaction of functionalised mono or dichlorinated materials 1a-6a with an excess of lithium and a catalytic

amount o1 a né p alene (Pn) or mpnt:nyl {PB) support }' y dsbuy preparc d b'y' radical u)pt METiSation
of 2-vinyinaphthalene or 4-vinylbiphenyl with vinylbenzene and divinylbenzene) in THF either in the presence
or not of different electrophiles [Me3SiCl, iPrCHO, PhCHO, Et,CO, (CH;)4CO, (CH;)sCO, (¢c-C3Hs),CO,
iPr,CO, PhCOMe, PhCH=NPh] at -78 or -50°C leads, after hydrolysis with waler, to the expected
tunctionalised products 1ea-6¢ck. The polymeric catalyst is quantitatively recovered and can reused several

times without any loss of activity. © 1999 Elsevier Science Ltd. All 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
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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-

 This paper is dedicated to the memory of Prof. Joaquin de Pascual Teresa.
1 This is the case of functionalised organolithium compounds [2,3] or polylithiated synthons [4]. For the last paper on these topics
from our laboratory, see references [5] and [6], respectively.
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only interesting because it is not necessary to remove a large amount of the arene during t

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

without contaminatino the final nroduc
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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

X

2-vinvinaphthalene (VNP) or 4-vinvlbiphenvl (VBP) (1 mmol scale), vin y]hpn’lpn(-‘ (VR7)
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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 Pg, respectively (Scheme 1). A different

type of polymerisation to give P’g- 9.0-1 was verformed bv refluxine VNP and DVB in
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action of the functionalised chlorinated materials 1a-3a with an excess of lithium
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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, (CH;)sCO, 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 fiitered 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 TCar tha srathnd dnag and o sanant say cop rafarancas IMTNT and 1 racmantivaly

For the first account on this mEWounogy and a recent lcvu,w’ 8&€ reigiendces j1vj and 1 1] respecuveiy.

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

4Fora prcliminary communication, see reference [15]. For a recent account on the use of a polymer supported lithium naphthalenide

adin Y Tt
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

t 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

armann
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Scheme 1. Reagents and conditions: i, AIBN, THF, PhH, poly(vinyl alcobol), H;O, for polymer P or AIBN, THF for P’
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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)l;k/x Y XA
X W
X/K/u\/
4a X =Cl 5a: X =Cl 6a:X=Cl
4c:X=R 5c: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 usmg 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 c¢ and f) or stoichiometric (Tabie 1,

footnote e) amounts of the arene.

(2) In the case of the starting material 3a, the yields are higher working in solution than
in a two-step process (Table 1, entries 43, 47 and
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conditions (Table 1, entries 40, 41 and 45, and

with the polvmeric tuly t, either workin
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49, and footnote h) or under Barbier-typ
footnote g).
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Table 1
Polymer supported arene-catalysed lithiations in a two-step process

. ] Py or Pg (10%) — i. E.-7810 20°C cn
R™@CI + Li RMALI - R™R
: THF, -78°C i. H,O
1a-3a 1b-3b 1ca-3¢j
Product
Starting Electrophile
Entry material Catalyst  Intermediate E No. R Yield (%)b

1 1a Py-15-2 1h PrCHO lca iPrCHOH 52 (62)c
2 Pp-1-52 70
3 Px-19-0-1 79
4 P'5-901 63
5 1a Py-1:5-2 1b PRCHO lec PRCHOH 85 (52
6 Pp-1.52 91
7 Px-19:01 664
8 P'p-901 75
9 1a Px-1-5:2 1b Et,CO lcd E;COH 66 (46)c
10 Pg-1.52 66
i Pn-19-0-1 64
12 Pp-190-1 99
13 1a Pn-152 1b (CH)sCO lcg (CH,)sCOH 90 (79)c
14 Py-1.52 73
15 Py-19-01 92
16 P'p-901 88
17 1a Pn-1-5:2 1b iPr,CO ich iPr,COH 70
18 Pp-1.52 67
19 Px-19-0-1 65
20 Pp-19-0-1 90
21 12 Py-152 1b PhCOMe 1ci PRC(OH)Me 83 (44)¢
» Pg-1.5.2 87
23 Pn-190-1 67d
24 Pg-19-0-1 93
25 2a Py-1.5-2 2b iPrCHO 2ca iPICHOH 41d (52
2% Py-19-0-1 62
27 Pp-19:0-1 60




polymer P’p-9-0-1, more easily to be prepared than the other pol
be used with similar results (Table 1, entries 4, 8 and 16).
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Table 1 {(coni.)

28 2a Pn-1-52 2b PhCHO 2¢c PhCHOH 494 (51
29 Pp-1-5-2 574

30 Py-190-1 92

31 Pg-19-0-1 84

32 Za Pn-1-5-2 2b (CH,)sCO Zeg {CH)sCOH 64 (60-72)f
33 Pg-1-52 83

34 Pn-19-0-1 87

35 Pg-19-0-1 62

36 2a Px-152 2b iPr,CO 2ch iPr,COH 87

37 Pp-1-52 60

38 Pn-19:0-1 78

39 Pg-19-0-1 64

40 3a Pyn-1-5-2 3b 1BuCHO 3ch 8sBurCHOH 59 (87)¢
41 3a PN-1-52 3b PhCHO 3ce PhCHOH 664 (84)8
42 Py-19.0-1 81

43 3a Pn-1-52 3b (CH2)4CO 3cf (CH)4COH 78 (90)h
44 Pp-19-0-1 73

45 3a Pn-1-52 3b Pry,CO 3ch Pro,COH 69 (75)2
46 Pp-19-0-1 48

47 3a Pn-152 3b PhCOMe 3ci PhC(OH)Me 79 (91)h
48 P5-19:0:1 &5

49 3a Pn-152 3b PhCH=NPh 3¢j PhCHNHPh 58d (85)h

a2 All products 1ca-3c¢j were 90-95% pure (GLC and/or 300 MHz !H NMR).
oI o iy tho

hd nun:us,u (I UUC lelU UM Ofi uic blal ul“
¢ Yield corresponding to the same reaction us

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]).
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{ Yieids (,()rrcsponumg o the same reaction USlllg ﬂdpﬂlﬂdhﬂﬂc (11-1.\

[10]).
£ Yield corresponding to the same reaction using DTBB (5 mol %) as the electron carrier catalyst, but under Barbier-

type reaction conditions (referencc [20]).
hYield corresponding to the same reaction using DTBB (5 mol %) as the electron carrier catalyst (reference [20]).
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(3) Although difficult to generalise, because all assayed polymers worked nicely,
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. t 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,

ners of series P, can also



In the second part of this studv we apply the use of an arene-containing polvmer catalyst
in €C part of this study we apply the use of an arene-contaimng polymer catalyst
‘. Tahintinne indor Darhiae foma raantinn rnndic~ana (Yithintinn in tha meacancso ~F
to carry out niniations unaer parvier-type reaciion conaitions (itniation in he presence oi

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

correspondxng polychlorinated materials. Thus, treatment of compounds 4a-6a under the
(-78°C for 4a and
1 v A8 3
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lithium and the polymer catalyst (10 mol %)5 led, after hydrolysis with
expected products 4¢-6¢ (Chart 1 and Table 2).

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

~Cl i, Py or Pg (10%), E, 50 or -78°C R
! ii. H20
da-6a dca-6ck
Producta
Starting Electrophile

Entry material Catalyst E No. R Yield (%)b

1 4a Pn-1-5-2 1PrCHO 4ca 1IPrCHOH 56¢ (64)d

2 Pp-1.52 76¢

3 Py-19:01 49¢

4 Pp-19-0-1 47

S 4a Pn-1-5:2 E,CO 4cd Et;COH 82¢ (72)d

6 Pg-1.52 77

7 Pn-19-0-1 89f

8 Pg-19.0:1 93

9 4a Pn-1-5-2 (c-C3Hs),CO 4ce (¢-C3H5),COH 76f (81)d
10 Pp-1.52 79
1 Pn-19:0-1 89
12 Pp-190-1 76
13 4a Pn-1.5-2 (CHy)4CO dcf (CHp)4COH 69 (79)¢ (89)d
14 Pp-1-5-2 91

5 Pn-19-0-1 92
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Tabie 2 (cont.)

17 4a Pn-1:5-2 (CHp)sCO dcg (CHp)sCOH 96 (67)d
18 Pp-1-5-2 67

19 Pn-19-0-1 92

20 P5-19-01 96

2 4a Px-1:5-2 iPr,CO 4ch iPr,COH 94 (75)d
22 Pg-1-5-2 81

23 PN-19-0-1 99

24 Pp-19-0-1 99

25 Sa Py-1-5-2 Me;SiCl 5ck MesSi 70 (78)k
26 Pp-1.5-2 85

27 PN-19-0-1 82

28 Pp-19-0-1 97

29 6a Pn-1.52 Me3SiCl 6ck Me;Si 98 (83)h
30 Pp-1-52 82

3 Py-1901 88

32 Pp-19-0-1 99
4 Ali producis 4ca-6ck were >90% pure (GLC and/or 300 MHz {H NMR)

b Isolated crude yield bhased on the sf_a_rt_mg material 4a-6a.

¢ ca. 1:1 Mixwre 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 réactiqn using DTBB (4 mol %) as the electron carrier catalyst uner Barbier-type reaction

conditions (reference [6).

Also in the case of the esults included in Table 2, the catalyst could be recovered
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5,7,9 and 13) without appreciabie loss of activity, according to the yie'lds 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 hetemgeneo us reactions is the easy removal of the electron transfer

catalyst at the end of the reaction.

III. Conclusion

As a conclusion, we present in this paper a new type of electron transfer reagent based on
arane sunnorted nolvmers. which work nicelv in lithiation reactions under verv mld
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reaction cendmsns, in two-step processes or under Barbier-type conditions, giving very
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or the direct synthesis of polyfunctionalised molecules.

IV. Experimental section

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: Tipjector = 275°C, Teotumn = 60°C (3 min) and
60-270°C (lqoplmln\ Monomers VBZ. DVB (80% mixture of isomers). VNP

i a
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R
(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]).
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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

Y and THUE 5 A wae haatad o+ QNO N,
mL )} ana 1nr \1 uu.;} and it was heated at 80°C under an argon
1

,l

g SD
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N
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h. The resulting suspension was fiitered and the solid obtained was
successwely 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. (C;2H9)-(CgHg)s:(C1oH10)2 requieres
C, 925, H,75].

Sy S s u, A Ky

Pg-1-5-2: pale yellow solid [Found: C, 91.5; H, 7.7. (C14H12)-(CsHg)s-(C10H10)2 requieres
C,92.5; H, 7.5].
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-(CygH1¢) requieres C,
93.3;H,6.7].

IV.3. Preparation of polymeric catalyst P’-9-0-1 [26].- A solution of VBP (720 mg, 4 mol),
DVB (71 um, 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



was worked up as described above for polymeric catalysts Py and Pg to give the title product
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1V.4. Two-step preparation of compounds 1ca-3cj. General procedure .- To a suspension of
lithium powder (112 mg, 16 mmol) and the ¢ orresp onding nnlvmer (0.2 mmol; 10 mol %)

111 1 B 2 1A8A11V Aalltl il A5 PY 1133 . L 11RIAI00E

um po
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 cxectropnne (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 1V.2), and the solution neutralised with 2M

HCI and extracted with ethyl acetate (3 x 10 mL). The organic layer was dried over
anhydrous Na;S0O4 and evapor"ted 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¢cec [19], 2cg [10],
3cb [20] 3ce {20] 3cf [20], 3ch [20

1,
ysical (GLC) and spectr
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5-isopropyi-6-methyiheptyl)-1,3-dioxolane (Ich): 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); oy (300 MHz CDCl3) 0.91,0.94 (12 H, 2 d, J 6.7 Hz, Me,CH), 1.35-1.45, 1.46-1.56
[7 H, 2 m, (CH»)3:COH], 1.64-1.71 2 H, m, CHCO»), 1.83-1.97 (2 H, septet, J 6.7 Hz

A A, g VA S Oy =Ry BV, A ad,

Me,CH), 3.79-4.01 (4 H, 2 m, OC_H_ZC_ZO) 485 (1 H, t,J 4.6 Hz, OCHO); éc (75 MHz
CDCi3)17.2120),175(2C),24.2,215,3372C), 3392 0C), 648 2 C), 77.1, 104.5;
m/z (El) 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.

nNo

l§

2-(4-Hvdroxv-4d-iconronvl-5-methvlhexv}-2-meathvl-1 3.diavalane ( 2 och):

L ‘»‘-J i R vn; .uvt’l er - - .ll‘-’.’l.J IIIVI‘J ., r l..v‘...’. "v WAV AN ASEALLY \ e ‘r.l/-
Aamdasirlace ~:11. ¢ 11 7L m;“l D. N KA Mavana Jasthsrl mnntmtas 21N 1o (12 P Yt BN T e TA N ZAY S AY
colouriess oir; tr 11.70 MmN, K{f V.04 (N€Xane/einyl acetate: 3/2); v (nquia 1iim) 3220 (Un),
1196 cm-! (C-0O); 6y (300 MHz CDCl3) 0.93. 0.95 (12 H, 2d, J 7.2 Hz, Me,CH), 1.26-1.52,

1.59-1.64 [5S H, 2 m, (CH»),COH]. 1.31 3 H, s, Me), 1.58-1.65 (2 H, m, CH>CO»), 1.92 (2

H, septet, J 7.0, MeaCH), 3.91-3-95 (4 H, m, OCH,CH»0); d¢ (75 MHz CDCl3) 17.0 (2 C),

17.3 (2 ©), 18.4, 23.4, 33.6, 33.7 (2 C), 39.8, 64.2 (2 C), 77.2, 109.6; m/z (EI) 226 (M+ -
3 ( Q
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IV.5. Preparation of compounds 4ca-6¢k under Barbier-type reaction conditions. General
. T “.,,.,“.,.:,,« o 14l T /11 me 1L o I o el
[I u:uure - 10 & Sus 13101 01 11U l uim pUWUUl (1124 111, 10 1101 andg lt: LOITCprﬂUlﬂg

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-3c¢j (section IV .4) to

UGCa I 1408 L. LOMpounaGs s<a

[21], 4ch {21], Sck [6], 6ck [6] were characterised
and spectroscopic data (NMR) with authentic samples
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by comparison of thei
prepared by us [6,21].
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