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Abstract
The reaction of different allylic and benzylic non-enolisable esters or amides (1), carbonates (4), carbamates (6,
~ ' A, ~ P ~ £1 L [ (P U ) Ees — — £ —..=losl . 1. 1N - tl. -
7) and ureas (8) with an excess of lithium powder and a catalytic amount of naphthalene (10%) in the presence
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of an electrophile [{iPrCHO, tBuCHO, PhCHO, Me,CO, Et,CO, (CH;)sCO, Ph,CO, Me3SiCl] in THF at
different temperatures (-78, -30 or 0°C) leads, after hydrolysis with water, to the corresponding dllyldted or
benzylated products (2). © 1999 Elsevicr Science Ltd. All rights reserved.
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I. Introduction

Typical methods for the preparation of organolithium reagents involve halogenated
derivatives as starting materials. However, this general procedure is not useful for the

~

generation of allylic or benzylic lithium intermediates due to the almost exclusive formation
of Wurtz-type products [1-3]. Other alternative methodologies have been reported, such as:
(a) the direct deprotonation of the corresponding allylic or benzylic hydrocarbons with an
alkyllithium, which needs the use of a co-reactant such as an alkoxide (in general potassium
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tert-butoxide) [4,5] or an amine [e.g. tetramethylethylenediamine (TMEDA) or 1,4-
diazabicyclo[2.2.2]octane (DABCO)] [6] and leads to the corresponding “mixed” carbanions
or the complex between the organolithium compound and the amine, respectively; (b) a
mercury-lithium or a tin-lithium transmetallation [7], which has been applied to the
preparation of benzyl [8] or allyllithium [9], respectively; (c) the reductive cleavage of allyl

phenyl ether with lithium, which has been successfully used in the case of allyllithium
[10,11]
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different substrates in order to prepare organolithium reagents under very miid reaction
conditions. Thus, we could prepare simple organolithium reagents starting from non-
halogenated materials [15,16],2 functionalised organolithium compounds [17,18] from
chlorinated materials [19] or heterocycles [20,21],2 and polylithiated synthons [22,23]2 using
polychlorinated materials as precursors and working under Barbier-type reaction conditions
[24,25].3 Concerning allylic derivatives, we have applied the mentioned arene-catalysed
lithiation for the in situ gene eration of al]vhc and benzyh(‘ nrwmnhrhmm reagents starting
rom the correspondl g me sylates [26] phosphates [27] and benzyl alcohols or their O-
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alcohols, amines or amides, the same reaction has been reporied o b
carrying out the corresponding deallylation or debenzylation, after work-up [30]. In this
paper we describe the application of the naphthalene-catalysed lithiation for the generation of
allylic and benzylic organolithiums starting from different allylic and benzylic esters,

amides, carbonates, carbamates and ureas under Barbier-type reaction conditions.
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E = btzLU (CH»2)sCO, Me3SiCij in THF under the conditions shown in Table 1 led, after
hydrolysis with water, to the corresponding allylic derivatives 2 (Chart 1 and Table 1). The
reaction worked better for benzylic than for allylic compounds: even having two allyl
groups, compound 1c¢ gave only 15% yield using 3-pentanone (compare Table 1, entry 3
with the other entries). When N-benzyl-N-methylacetamide was used instead of the

correspondmg pivalamide 1d, no reaction was observed after 8 h at -78°C; in this
of an enolate could prevent the benzylic cleavage. On the other hap
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naphthalene catalysis at -78°C, the starting material disappeared after 1 h, and compounds 3¢

1 For the first account on this reaction [12], as well as a solid-supported version [13] and a recent review [14], see the inciuded

Afavanane

lClCLUlIL/CD
2 For the last paper on this topic from our laboratory, as well as a recent review, see the references included in the text in each case.

3 For a monograph [24] and a recent review on the Barbier reaction [25], see the corresponding references,
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and 3d were isolated, after hydrolysis, in 50 and 28%# yield, respectively. These products
are formed by in situ addition of the organolithium intermediate (allyl or benzyllithium) to
the starting amide.

o 0 D
P
1a:Y =0, R =PhCH; 3c 3d
ib:Y = O, R = PhCHMe
1c: Y= C _CHCHQN R= CH,=CHCH,
fe:Y= MeN R = PhCHMe
Table 1
Preparation of compounds 2 (RX) from pivalates or pivalamides 1
Reaction conditions Product?
Starting Electrophile
Entry  material E T (°C)Y/ t(h) No. R X Yield (%)b
1 1a {CH,)sCO 781715 2m PhCH, (CHp)sCOH 65
2 1b Et,CO 0/2 2q PhCHMe Et,COH 22
3 ic Et,CO =78/ 5¢ 2b CH,=CHCH, Et;COH 15¢.d
4 1d (CHy)sCO -718/5 2m PhCH; (CH2)sCOH 36
5 le E,CO 0/2 2q PhCHMe Et,COH 92
6 le Me;3SiCl 0/2 2s PhCHMe MesSi 75
a Aji products 2 were >95% pure (300 MHz 1H NMR and/or GLC).
b Isolated yield after column chromatography (silica gel, hexane/ethyl acetate) based on the allylic or henzylic starting
material.
¢ No improvement in the yield was observed after allowing the temperature to rise to 0°C.

e fnca tm tla £ o P, . | e e e P

d This yield refers to the formation of only one mol of allyllithium per mol of compound 1c¢ (see iext).

Starting materials 1a-d were easily prepared by acylation of the corresponding alcohol or
amine in the presence of triethylamine [31]. Methylation of N-benzylpivalamide with methyl
iodide afforded compound 1le [32].

In the second part of this study we considered allylic or benzylic carbonates as starting
materials for the in situ generation of the corresponding organolithium reagents. Thus,
applying the protocol shown above to the carbonates 4a-f and different electrophiles [E =

iPrCHO, tB uCHO, PhCHO, Me,CO, Et,CO, (CH,)5CO, Ph2CO Me351C1] under Barbier-

1 1 21

4 A 32% isolated yield was obtained performing the same reaction at temperatures ranging between -78 and 0°C,
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Chart 1. Products 2 (R—§~X) prepared.

two-step fashion (Table 2, eniry 3 and footnote d), in general the reaction gave beiter yields
under Barbier conditions: for instance, the preparation of compound 21 from the carbonate
4d gave 25% yield in the sequential version, the yield being 50% under Barbier conditions
(Table 2, entry 14). (b) In some cases the reaction conditions were optimised: the
naphthalene-catalysed lithiation of starting materials 4c¢ and 4d was performed at different
temperatures (-78, -30 and 0°C) in order to find the best conditions, these belng 0 and 7$0°C

as { I
such as 4,4’ d1 tert- butylbxphenyl (DTBB)
not improve the yields obtained using naphthalene (Table 2, entry 14 and footnotes g and h).
(e) In the case of the geranyl carbonate 4c, the structure of the final product 2 depends on
the type of electrophile used: whereas with carbonyl compounds products 2e-g were the
only ones isolated, resulting from a Sg’-type reaction, in the case of chlorotrimethylsilane
compound 2h was obtained, coming from a Sg reaction at the C1 carbon atom. (f) Finally, it
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5 For a comparative study on the use of different arenes as electron carrier, see reference [33].



Table 2
Preparation of compounds 2 (RX) from carbonates 4
Reaction conditions Producte
Starting Electrophile e . .
Entry  material E T (°C)/t(h) No. R X Yield (%)P
1 4a PhCHO -78—20/4 2a CH,;=CHCH, PhCHOH 22¢
2 4a (CH;,)sCO -78-20/4 Zc CHy=CHCH, (CH,)sCOH 2Q¢
3 4a Ph,CO -78—20/4 2d CH;=CHCH; Ph,COH 65¢.d
4 4b PhCHO 0/2 2a CH,=CHCH, PhCHOH 38
5 4b Et,CO 0/2 2b  CH;=CHCH, Er,COH 37
6 4b (CH7)sCO 0/2 2¢ CH,=CHCH; (CHj,)sCOH 20
7 4c BuCHO 0/2 2e -€ tBuCHOH 56
8 dc E,CO 0/2 2f -€ Et,COH 46 (38,1 22¢)
9 d4c (CH3)sCO 0/2 2g -e (CH;,)sCOH 22
10 4c Me;SiCl 0/2 2h -e MesSi 64
11 4d 1PrCHO 23072 2i PhCH, iPrfCHOH 50
12 4d tRuCHO -30/2 2j PhCH; tBuCHOH 62
i3 4d Me,CO -301/2 2k PhCH, Me,COH 30
14 4d E,CO -30/2 21 PhCH; Et;COH 50 (44,5 30h)
15 dd (CH3)sCO -30/2 2m PhCH; (CH3)sCOH 48
16 de tBuCHO -30/2 2j PhCH, ‘BuCHOH 79¢
17 de Me,CO -30/2 2k PhCH, Me,COH 30¢
18 4e EpCo -30/2 21 PhCH, EpCOH 76¢
19 4f PrCHO -30/2 2n PhCHMe iPrCHOH 36
20 af BuCHO -30/2 20 PhCHMe ‘BuCHOH 661
21 4f Me,CO -30/2 2p PhCHMe Me,COH 40
22 4f Et,CO -30/2 2q PhCHMe Et,COH 83 (66f)
23 4f (CH3)sCO -30/2 2r PhCHMe (CH,)sCOH 32
24 4f MesSiCi 3072 Zs PhCHMe MesSi 40

ab See footnotes a and b in Table 1, respectively.

¢ Yield corresponding to the formation of one mol of allylithium per mol of the starting material 4a.
d Yield corresponding to the two-step reaction.

¢ For the structure of the group R, sce Chart 1,

f Yield corresponding to the reaction at -30°C.

g Yield correspondine to the reaction at -78°C.

o
1C2C COITTSPONICEINE 10 B0 IaLit

h Yield corresponding to the reaction at 0°C.
i A ca. 1:1 diastereoisomeric mixture was obtained (300 MHz 'H NMR).
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4a: R =R'= CH;=CHCH, 5
4b : R = CHp,=CHCH,, R' = Bu
4c : R = geranyi, R = 'Bu [R = CH,=CHCH,, PhCH,]
4d : R =PhCH,, R ="Bu
4e : R =R'= PhCH,
4f: R = PhCHMe, R’ = 'Bu

Starting carbonate 4a was commercially available, whereas 4b-d and 4f were prepared
from the corresponding alcohols and di-tert-butyl dicarbonate in the presence of a base [n-
butyllithium or 4-(N, N-dimethylamino)pyridine (DMAP)] [34]. Finally, carbonate 4e was
obtained from benzyl alcohol and benzyl chloroformate using n-butyllithium as the
corresponding base.

In the last part of this study we applied the here described naphthalene-catalysed lithiation
to N- and O-benzyl carbamates and ureas. Thus, starting from compounds 6-8 and uvsing
pivalaldehyde and 3-pentanone as electrophiles the corresponding products 2 were obtained
(Chart 1 and Table 3)

o} 0 o)
BuO” "NR 'ProN” TOR ‘Pro,N” TNR
Me Me
6a: R =PhCH; 7a: R =PhCH ‘R=
6b : R = PhCHMe 76 - B — PhoHMe 8a:R=PhCHy
. W . L 1IN NIV UD ‘ H - 'anHMe
Table 3
Preparation of compounds 2 (RX) from carbamates 6, 7 and ureas 8
Reaction conditions Producta
Starting Electrophilc
Engy — material E T (°C) / t(h) No. R X Yield (%)
1 6a ELCO 7875 21 PhCH, Et;COH 67
2 6b tBuCHO -30/2 20 PhCHMe ‘BuCHOH 47¢
3 6b EL,CO -30/2 2q PhCHMe Et;COH 31
4 7a ‘BuCHO 3072 2j PhCH, tBuCHOH 65
5 Ta EpCO -30/2 21 PhCH, Et;COH 62
6 7b tBuCHO 3072 20 PhCHMe  'BuCHOH 67¢
7 7b ELCO -30/2 2q PhCHMe Et;COH 79
8 8a E{,CO 7815 21 PhCH, Et,COH 30
9 8a tBuCHO -30/2 20 PhCH, tBuCHOH 52¢
10 8b E,CO 3072 2q PhCHMe E,COH 39




Starting carbamates 6 were prepared from the corresponding amines and di-rers-butyli
dicarbonate using DMAP as the base [34]. Compounds 7 and 8 were obtained from the
corresponding alcohols and amines, respectively, and commercially available
diisopropylcarbamoyl chloride using triethylamine as the base [31].

III. Conclusion

From the reculte reported here we conclude that allvlic and benzvlic non-enolisahle
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the in situ generation of allylic or benzylic organolithium intermediates, which in th
presence of several electrophiles (mainly carbonyl compounds), under Barbier-type reaction
conditions, can be trapped to give the corresponding allylated or benzylated products. We
think that even working in general with moderate yields this methodology can be useful
from a synthetic point of view.

IV. Experimental section
IV 1. General

For general information see reference [35]. The chromatographic analyses (GLC) were
determined with a Hewlett-Packard HP-5890 instrument equipped with a flame ionisation
detector and a 12 m HP-1 capillary column (0.2 mm diam, 0.33 mm film thickness, OV-1
stationary phase), using nitrogen (2 ml/min) as carrier gas, Tipjcctor = 275°C, Tgetector =
300°C, Teolumn = 60°C (3 min) and 60-270°C (15°C/min), P = 40 kPa; ¢, values are given in
min under these conditions.

IV.2. Preparation of starting esters and amides 1.- Esters and amides 1 were prepared from
the corresponding amine or alcohol by reaction with pivaloyl chloride in the presence of
triethylamine, following the same procedure previously described by us [30]. Compound 1e
was described by us [30] and was characterised by comparison of its physical and
spectroscopic data with those reported in the literature. For other compounds 1, yields,
physical and spectroscopic data, as well as literature references for known compounds,
follow.

Benzyl 2,2-Dimethylpropanoate (1a) [36]: Yield 65%; Pale yellow oil, Kr0.54 (hexane/ethyl
nbntme AN = O AT (01N ANAN TAQN (LI 1728 men]l (O, S 191 /OLT .
acetate: 4/1), 1, 9.27; v (IilM) JUZU, 140U (U=Ln1), 1/53 Cimit (U=U); O 1.£1 (Jm, S,
3xMe), 5.08 (2H, s, CH»), 7.30 (5H, s, Ph); 8¢ 27.2 (2C), 38.8, 66.0, 127.6 (2C), 128.4
(Y 1264 1787 m/> 192 (M+ 59%) 91 (9R)Y 65 (24) 57 (100) 51 (11)

RIS, 130577, 1104, T V7L \UVLT, J70), 71 \70), UJd \LT), Ji \1UuU), Ji \11).

’_Dan\y’afl‘l\v’ 2 ’)=Il;mafh\y nronannate (ThY T 1 Yiald RO, Pala vallaw nil R-07
478 TLCTLYyLT LIt yli o &TULITLCLIL YL/ T U p/Rituee \ A ) |7 § Liviu UV /v, & Qiv yuwliuyy Uil ‘\] .7
(hexane/ethyl acetate: 4/1); t, 9.56; v (film) 1730 cm-1 (C=0); ox 1.21 (9H, s, Me3C), 1.50
(3H, d, J=6.6, MeCH), 5.85 (1H, g, J=6.6, CH), 7.25-7.35 (5H, m, Ph); 8¢ 22.3, 27.0 (30),
38.6, 71.0, 125.65 (3C), 127.5 (2C), 128.3, 177.45;, m/z 206 (M+, 9%), 105 (100), 104 (17),

N,N-Diallyl-2,2- dtmethylpropanamzde (1c) [38]: Yield 89%; Oil, R0.13 (hexane/ethyl
acetate: 4/1); t, 8.49; v (film) 3035 (C=CH), 1690 cm-1 (C=0); dy 1.29 (9H, s, MexC),
3.95-4.05 (4H, m, 2xCH3N), 5.00-5.25 (4H, m, 2xCH>=CH), 5.60-5.85 (2H, m, 2xCH): 8¢
28.35 (3C), 38.7, 48.9 (20), 116.75 (2C), 133.3 (2C), 177.05; m/z 181 (M+, 6%), 166 (28),
140 (46), 124 (70), 96 (24), 85 (15), 84 (19), 82 (32), 81 (43), 80 (15), 79 (20), 70 (25), 68
(20), 57 (76), 56 (50), 55 (31), 42 (27), 41 (100).
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N-Benzyl-N,2,2-trimethylpropanamide (1d) [39]: Yield 75%; Pale yellow oil, R 0.29
(hexane/ethyl acetate: 4/1); ¢ 11.85; v (film) 3050, 3020, 1480 (C=CH), 1670 cm-! (C=0);
ou 1.26 (9H, s, Me3(C), 2.91 (3H, s, MeN), 4.57 (2H, s, CH»), 7.15-7.25 (5H, m, Ph); d¢
28.3 (3C), 36.0, 38.8, 53.1, 127.1 (3C), 128.5 (2C), 137.5, 177.7; m/z 205 (M+, 13%), 120
(12), 92 (15), 91 (100), 57 (63), 42 (13), 41 (25).

IV.3. Preparation of starting carbonates 4.

IV.3.1. Preparation of carbonates 4b, 4c¢ and 4e. Method A. General Procedure.- n-BuLi
(11 mmol, 6.9 mi 1.6 M solution in hexane) was added dropwise to a solution of the

corresponding aicohol (10 mmol) in THF (40 mi), under Ar, at 0°C. After 15 min, a
solution of di-tert-butyl dicarbonate (for compounds 4b and 4c) or benzyl chloroformate

nnnnnnnnnn N 1N 1) :..‘ 'l"TT 1Ny .M ssrme aleaassiler 31.1.5-1 JE e S S
UUI LUIII[)UUUU ‘I‘ ) U1V 1IHNO1) 111 1100 {1V 1) Was SI0W1Y auucua alla Uuic mixXiure was sSurrca
At rAnTn tammaratiiea fAe 2Th Tha ran~rtinn 7aQ hydenlicad th watar (10 M1\ ansdifiad vith
at 1 UVlil LClllPCl.atulD 1U1 4 11, 11U 1cAaviuivil wao llyUlUl_yDbU ¥illl vvatluvl \IU 1111 ), AViUlliivu vvilll
MAH (10 mm) and avtrantad ith athy/l arcatata (Iv18 m1Y Tha Arcanies lavar vwac wachad
LIVL 1ANC1 U1V 1111} allld CAuavivu vwill \.Jlll)’l avoiatv \JalJ 1), v UlEalu\u la)’\/l wads vwaolivug
with saturated NaHCO3 (5 ml), water (5 ml) and brine (5 ml), and dried over anhydrous
Na;SQ4. Carbonate 4b was isolated pure by distillation of the solvent at atmospheric
pressure. For compounds 4¢ and 4e, the residue obtained after evaporation of the solvent at
reduced pressure was purified by column chromatography (silica gel, hexane/ethyl acetate),
affording the expected carbonates. Yields, physical, analytical and spectroscopic data, as well

as literature references for known comoounds follow.

Allyl tert-butyl carbonate (4b) [40]: Yield 87%; Oil, t, 4.0, v (film) 3087, 1650 (C=CH),
1742 (C=0), 1276 cm-! (CO); du 1.49 (9H, s, Me;C), 4.55-4.60 (2H, m, CH;0), 5.20-5.40
(2H, m, CH»=C), 5.90-6.00 (1H, m, CH=C); 8¢ 27.7 (3C), 67.5, 82.1, 118.45, 131.95,
153.25; m/z 102 (M+-56, 5%), 57 (66), 43 (33), 41 (100).

tert-Butyl geranyl carbonate (4c): Yield 87%; Oil, Ry 0.49 (hexane/ethyl acetate: 9/1); ¢,
11.9; v (film) 1740 (C=0), 1664 (C=CH), 1277, 1254 cm-! (CO); &y 1.49 (9H, s, Me;3C),
1.60 (3H, s, MeC=CHCH0), 1.67, 1.68 (3 and 3H, respectively, 2s, MeyC=C), 2.00 2.10
(4H, m, CH,CH32), 4.59 (2H, d, J=7.0, CH0), 5.10-5.40 (1 and 1H, respectively, 2m,
2xCH=C); ¢ 16.45, 17.6, 25.6, 26.2, 39.5, 27.75 (3C), 63.7, 81.75, 118.0, 123.7, 131.75,
142.45, 153.6; m/z 198 (M+-56, < 1%), 120 (12), 93 (29), 81 (24), 80 (20), 69 (100), 67
(29), 59 (11), 57 (55), 55 (12), 53 (15), 44 (20), 43 (17), 41 (72) (Found: M+-C4H 9,
196.1073. C11H1603 requires 196.1099).

Dibenzyl carbonate (4e) [41]: Yield 61%; Oii, Rfu 50 (n xane/et'nyi dcetaie 4/’1) fr 14 0 Y

~

2xCH»), /ju-/ 40 (wn m, rn), dc 69.65 (20), 128.25 (40C), 128.5 (ou 135.15 uu,
155.0; m/z 180 (M+-62, 29%), 107 (63), 92 (37), 91 (100), 79 (60), 77 (32), 65 (39), 51

TV 29 Cuumthacie nf ravhanatac Ad and Af Mothad R _ Carhnnatae Ad and Af ara nronarad
1Y.0.4 J)/ILHLCJL.) j LCALUULIAILD U Aliu *=F1. viciniovu o. Laluvliaivo Tru allu T wulu pivpaicu
from the corresponding alcohol by reaction with di-tert-butyl dicarbonate in the presence of
AAN N-dimethvlaminaotnvridine followino the same nrocedure anVlanlv described bv us
e g \l ',‘ ullll\(l.ll] ullull\l}tl] AAAAAAA 9 AWVAR VY A1a & VAAW WRALAW yxvvvvulv li A N A ~ w J
for the synthesis of N-Boc protected amides [30]. Yields, physical, analytical and
spectroscopic data, as well as literature reference for known comnound follow.

Benzyl tert-butyl carbonate (4d) [42]: Yield 50%; Oil, Ry 0.53 (hexane/ethyl acetate: 4/1); ¢,
10.0; v (film) 3066, 3034, 1498 (C=CH), 1740 (C=0), 1277 1255 cm-1 (CO); 0n 1.49 (9H,
s, MezC), 5.09 (2H, s, CH»), 7.25-7.45 (5H, m, Ph); 5(‘ 27.7 (3C), 68.65, 82.15, 128.2 (20),

C), 135.6, 153.4; m/z 208 (M+, < 1%), 108 (15), 107 (17), 91 (85), 90

[\J
qJ

128.25, 128.45 (
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(12), 79 (14), 77 (10), 57 (100), 56 (16), 51 (11), 41 (38).

tert-Butyl 1-phenylethyl carbonate (4f): Yield 82%; Oil, Ry 0.47 (hexane/ethyl acetate); t
10.0; v (film) 3065, 3034, 1610, 1493 (C=CH), 1740 (C=0), 1275, 1255 cm-! (CO); dn
1.45 (9H, s, Me3C), 1.56 (3H, d, /=6.4, MeCH), 5.66 (1H, q, /=6.4, CHMe), 7.25-7.40 (5H,
m, Ph); oc 22.35, 27.7 (3C), 75.2, 81.9, 125.85 (2C), 127.8, 128.4 (2C), 141.55, 152.85;
m/z 165 (M+-57, 12%), 122 (17), 121 (23), 107 (23), 105 (84), 104 (78), 103 (13), 79 (42),
78 (25), 77 (56), 57 (100), 56 (36), 55 (10), 52 (10), 51 (39), 50 (15), 44 (45), 43 (90), 41
(72), 40 (11) (Found: M+-C4Hg, 165.0553. CoHoO3 requires 165.0552).

IV.4. Preparation of starting carbamates 6, 7T and ureas 8.

IV.4.1. Preparation of carbamates 6.- Carbamates 6 were prepared from the corresponding
amines and di-ferz-butyl dicarbonate, following the same procedure as for the synthesis of
compounds 1 (see section IV.2) [30]. Compound 6a was described by us [30] and was
characterised by comparison of its physical and spectroscopic data with those reported in the
literature. For carbamate 6b, yield, physical and spectroscopic data, as well as literature

-me thle (1-phenylethyl)carbamate (6b) [43]: Yield 72%; Oil Ry 0.53
acetate: 7/3); t, 11.2; v (film) 3062, 3030, 1603, 1495 (C=CH), 1689 cm-1

(hexane./eth 1 CH

Ay avb 11.4

(C=0); &y 1.49 (9H, br, s, Me3C), 1.49 (3H, d, J=11.0, MeCH), 2.58 (3H, s, MeN), 5.47
(1H, br. s, CHN), 7.20-7.35 (SH, m, Ph); 8¢ 16.4, 27.85, 28.45 (3C), 52.45, 79.45, 126 85,
126.95 (2C), 128.25 (2C), 141.45, 155.9; m/z 220 (M+-15, < 1%), 179 (42), 164 (32), 120

(48), 105 (48), 77 (14), 58 (21), 57 (100), 44 (13), 42 (30), 41 (53).

1V.4.2. Preparation of carbamates 7 and ureas 8. General Procedure.- To a solution of
diisopropylcarbamoyl chloride (5§ mmol) and triethylamine (5 mmol) in CH,;Cl; (5 ml),
under Ar, was added dropwise the corresponding alcohol (for carbamates 7) or amine (for
ureas 8) at room temperature, and the mixture was stirred for 4 days (for compounds 7), 2h
(for compound 8a) or 1 day (for compound 8b). Ethyl acetate (30 ml) was added and the
mixture was washed with 2M HCI (5 ml) and 2M NaOH (5 ml), and dried over anhydrous
NayS0O4. Removing of the solvent and column chromatography (silica gel, hexane/ethyl
acetate) yielded the expected products 7 and 8. Compound 8a was described by us [30] and
was characterised by comparison of its physical and spectroscopic data with those reported in
the literature. For compounds 7 and 8b, yields, physical, analytical and spectroscopic data,
as well as literature references for known compounds, follow.

Benzyl N,N- a’iiwpropyicarbamate (7a) [44]: Yield 69% O1i, Ry 0.5
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(C=0); dy 1.30 (12H, d, J=6.7, 2xMe,CH), 1.52 (3H, d, J=7.3, MeCH), 2.44 (3H, s, MeN),
3.65 (2H, h, J=6.7, 2xCH(Me)»), 4.97 (1H, q, J=7.3, CHMe), 7.20-7.35 (SH, m, Ph); dc
16.75, 21.6 (20C), 21.9 (2C), 31.65, 47.4 (20C), 55.4, 126.75, 127.15 (20), 128.25 (20),
142.05, 164.6; m/z 262 (M+, 9%), 134 (24), 105 (99), 100 (46), 86 (65), 79 (14), 77 (19),
58 (57), 56 (12), 44 (34), 43 (100), 42 (35), 41 (31) (Found: M+-CgH 5, 175.0864.
C10H11N2O requires 175.0871).

IV.5. Naphthalene-catalysed lithiation of compounds 1, 4 and 6-8. General Procedure.- To a
green suspension of lithium powder (70 mg, 10 mmol) and naphthalene (27 mg, 0.2 mmol)

in THF (5 ml) was slowly added (ca. 1 h) the solution of the substrate 1, 4 or 6-8 (I mmol)
and the corresponding electrophile (2.4 mmol) in THF (2 ml), under Ar, at the temperature

indicated in Tables 1-3. The reaction temperature was kept constant when the reaction was
performed at 0 or -30°C. When the initial temperature was —78°C, the reaction was
stirred allowing the temperature to rise to 0°C (ca. 5 h). After hydrolysis with water (5 ml)
at 0°C, the mixture was extracted with ethyl acetate (3x20 ml). The organic layers were
washed with saturated NaHCO3 (5 ml), water (5 ml) and brine (5 ml), and dried over
anhydrous Na;SQ4. After evaporation of the solvept, the Aesuhmg residue was purified by
column chromatography (silica gel, hexanP/ thyl acetate), giving pr d ucts 2 in the yields

(28], 2p [46], 2q [28] and 2s [28] were alreadv descrlbed by us and were characterlsed by
comparison of their physical and spectroscopic ‘data with those reported in the literature. For
the rest of compounds 2, yields, physical, analytical and spectroscopic data, as well as
literature references for known compounds, follow.

2,2,4,8-Tetramethyl-4-vinyl-7-nonen-3-o0l (2e¢): Diastereoisomeric mixture 1:0.8; Pale
yellow oil, Rf0.66 (hexane/ethyl acetate: 7/3); t, 11.1; v (film) 3516 (OH), 3080, 1674, 1634
(C=CH), 1006 cm-! (CO); 8y 0.97 (9H, s, Me;C major), 1.00 (7.5H, s, Me3C minor), 1.09
(3H, s, MeCCO major), 1.13 (2.5H, s, MeCCO minor), 1.55-1.65 (7+5.8H, m, Me>C and OH
major and minor), 1.80-1.90 (2+1.6H, m, CH2CMe major and minor) 2.00-2.15 (2+1.6H,
m, CH2C=C major and minor), 3.08 (1H, s, CHO major) 3.16 (0.8H, s, CHO minor) 5.00-
5.10 (3+2.5H, m, CH»=CH and CH=C major and minor), 5.85-5.95 (1+0.8H, m HC=CH;
major and minor); &¢ 16.2, 17.6 (1+0.8C), 18.4 (2C), 19.85 (1.6 C), 25.8 (3C), 28.8 (2.4C),
22.6, 23.0 (0.8C), 26.6, 30.5 (0.8C), 37.2 (0.8C), 37.6, 46.5, 46.75 (0.8C), 83.3 (0.8C),

83.7 (1+0.8C), 112.1, 113.2 (0.8C), 124.9 (1+0.8C), 131.2, 158 85 (0.8C), 145.5 (0.80),

Iy AN Pl

145.65; m/z 206 (M+-18, < 1%), 123 (17), 95 (46), 87 (24), 69 (100), 68 (i1), 67 (17), 57
(34), 55 (33), 45 (16), 43 (26), 41 (98) (Found: M+-C4Ho, 167.1467. C11H190 requires
167.1436).

1-(1,5-Dimethyl-1-vinyl-4-hexenyljcyclohexanol (2g) [47]: Pale yellow oil, R 0.74
(hexane/ethyl acetate: 7/3); t, 13.1; v (film) 3488 (OH), 3079, 1634 (C=CH), 1129 cm-!
(CO); 8y 1.01 (BH, s, MeCCQ), 1.20-2.20 [21H, m, (CH)sCO, OH, 2xMeC=C, (CH,),CH],
5.02 (1H, dd, J=17.5, 1.5, CHH=C), 5.05-5.15 (1H, m, CH=C), 5.20 (1H, dd, J=11.0, 1.5,
CHH=C), 5.87 (1H, dd, J=17.7, 11.0, CH=CHy); d¢ 16.05, 17.55, 27.65, 21.85, 22.0, 23.35,
25.85, 3095, 31.7,34.7,47.6, 74.8, 115.3, 125.1, 143.75, 131.05; m/z7 218 (M+, < 1%), 138
(12), 136 (17), 123 (44), 99 (90), 96 (12), 95 (100), 83 (14), 82 (18), 81 (75), 79 (17), 70
(22), 69 (87), 68 (18), 67 (29), 57 (10), 55 (52), 53 (20), 43 (43), 42 (13), 41 (87).
3,3-Dimethyl-1-phenyl-2-butanol (2j) [48]: Pale yellow oil, Ry 0.47 (hexane/ethyl acetate:

~

du 0.99 (9H, s, Me3(C), 2.46 (1H, dd, J=13.4, 11.0, CHH), 2.90 (1H, dd, J=13 .4, 1.8, CHH),
3.42 (1H, dd, J=11.0, 1.8, CHOH), 7.20-7.35 (SH, m, Ph); 6¢c 25.85 (3C), 38.35, 77.0,

4/1); t 9.3; v (film) 3472 (OH), 3084 3062, 3027, 1604, 1494 (C=CH), 1069 cm-1 (CO);



80.55, 126.25 (2C), 128.55 (2C), 129.3, 139.9; m/z 178 (M+, < 1%), 121 (18), 103 (17), 92
(100), 87 (25), 69 (26), 65 (16), 57 (22), 45 (27), 43 (19), 41 (46).
2-Methyl-1-phenyl-2-propanol (2k) [49]: Pale yellow oil, Ry 0.63 (hexane/ethyl acetate: 4/1);
ty 7.2; v (film) 3404 (OH), 3062, 3028, 1602, 1493 (C=CH), 1153 cm-! (CO); oy 1.22 (6H,
s, 2xMe), 2.76 (2H, s, CH3), 7.10-7.35 (5H, m, Ph); dc 29.1 (20), 49.7, 70.8, 126.45,
128.15 (2C), 130.4 (20), 137.7; m/z 150 M+, < 1%), 92 (88), 91 (53), 65 (21), 59 (100),
57 (10), 55 (12), 51 (11), 43 (100), 41 (20), 40 (11).

2,2-Dimethyl- 4-phenyi 3—pentanoi (20) [50]: Diastereoisomeric mixture 1:0.45; Pale yelio
oil, Rr0.44 (hexane/ethyl acetate: 4/1); # 10.0, 10.3; v (film) 3492 (OH), 3084
(4.05H, s, Me3C minor), 0.93 (SH,
=6.7, CHMe rmno , 3.00-3.
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1-(1 Phemlethvl}c ye ohexanol (2r) [51] Pale yellow 011 RfO 50 (hexane/ethyl acetate: 7/3);
tr 11.2; v (film) 3471 (OH), 3082, 3059, 3025, 1602, 1493 (C=CH), 1154 cm-! (CO); o0y
1.10-1.90 (11H, m, 5xCH; and OH), 1.31 (3H, d, J=7.2, Me), 2.75 (1H, q, J=7.2, CHMe),
7.20-7.30 (5H, m, Ph); d¢ 14.85, 21.9 (2C), 25.7, 34.65, 36.05, 49.5, 72.65, 126.3, 127.95
(2C), 129.1 (2C), 143.4; m/z 204 (M+, < 1%), 106 (65), 105 (44), 103 (10), 99 (100), 91
(52), 81 (66), 79 (25), 78 (10), 77 (23), 57 (13), 55 (32), 51 (11), 43 (48), 41 (33).
2,2-Dimethyl-5-hexen-3-one (3¢) [52]: Pale yellow oil, Rr0.60 (hexane/ethyl acetate: 2/1); t,
4.00; v (film) 1710 cm-1 (C=0); oy 1.16 (9H, s, 3xMe), 3.29 (2H, d, J=7.2, CH,CO), 5.10,
5.15 (1 and 1H, respectively, 2d, J=18.0 and 11.0, respectively, CH>CH), 5.90-5.95 (1H, m,
CHCH>); 8¢ 26.6 (30C), 38.3, 45.5, 117.1, 129.3, 213.8; m/z 126 (M+, 1%), 85 (25), 57
(100), 41 (41).

3,3-Dimethyl-1-phenyl-2-butanone (3d) [53]: Pale yellow oil, Rf0.55 (hexane/ethyl acetate:
2/1); t 9.69; v (film) 3030, 1595 (C=CH), 1710 cm-! (C=0); ég 1.20 (9H, s, 3xMe), 3.81
(2H, s, CH»), 7.10-7.35 (5H, m, Ph); 3¢ 26.4 (3C), 43.25, 44.65, 126.6, 128.35 (2C), 129.5

(2C), 134.9, 212.85; m/z 176 (M+, 10%), 91 (98), 85 (100).
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