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Abstract: A three-component coupling of p-iodobenzyl derivatives, trialkylzincates, and
electrophﬂes is described. Lithium trialkylzincates (R3ZnLl) react with p-iodobenzyl methanesulfonate to glvc
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trophiles such as aldehydes, ketones, acyl
chlondes tosyl cyamde and chlo osxlanes to give a vanety of functionahzed p-substituted benzenes. Rcacnons
under Barbier conditions in which the corresponding benzylzinc reagents are generated in the presence of
clectrophiles work well for Me3ZnLi and for magnesium zincates R3ZnMgBr derived from Grignard reagents.
Generation of secondary benzyizinc reagents starting from diethyi 1-(p-iodophenyl)ethyl phosphate and their
reaction with electrophiles are also achieved under Barbier conditions. Ketones, allyl bromides, and
chlorosilanes are successfully used as electrophiles under these conditions.
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1. Introduction

Homoiogation of organometaiiics is becoming of increasing impor‘tance in organic
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convergent construction of complex carbon frameworks by one-pot procedure. The

cunthatic natantial ac¢ hean demanctrated Aar ayamnla in rarant davelanment af neaful
ﬂ;llul\lll\t llul-\tll‘-l“l A4 UNrWwidl NAWiRAAVUL OLIUI—VU, ANJL Ul\“llltll\f, ik I NACARL u\a'\pluylllvlll Vi Uowilll
carbon-carbon bond forming reactions using carbometalation of alkynes [1,2] and in three-
gg___n(_m nt cr_n_ipling appmaghcs to a nrmtaglz_mc_iin Qvntheﬂs via co njugate

carbon homologat;on of organometalhcs. On the other hand one-carbon homologation or
methylene insertion is achieved by 1,2-migration of ate-type carbenoids [7-20]. Recent
reports from this laboratory revealed that organozincates 1, readily generated by
halogen/zinc exchange with triorganozincates (R3ZnM', M' = Li, MgX), undergo facile 1,2-
migration at low temperatures to give synthetically versatile alkenyl- [21,22], cyclopropyl-
[23], and alkylzinc reagents [24] with carbon-carbon bond formation (eq 1). More recently,
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we have shown that facile 1,2-migration is also observed for alkynylzincates 2 bearing a
leaving group at the y-position with o,f3-unsaturation (eq 2) [25,26]. The resuiting alienic
zinc reagents reacts with a variety of electrophiles regioselectively at the y positions,
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a leaving group at the benzylic position would rearrange with carbon-carbon bond
formation to give a benzylzinc via a 4-methylene-2,5-cyclohexadienylzinc. Subsequent

reaction of the benzylzinc with electrophiles would afford functionalized disubstituted
arenes. Coexistence of the negatively charged metal atom center and the potential cationic
center in 1 and 2 must be a major driving force of their facile 1,2-migration. However,
for 3, not only these two reactive centers are separated by the longer aromatic x-system but
also 1,2-migration leading to the cross conjugated intermediate would suffer from a
considerable loss of aromatic stabilization. Therefore, the reactivity of arylzincates 3 is
also of interest in connection with the scope of 1,2-migration.

In this paper, we wish to report a three-component coupling of p-iodobenzyl derivatives,
trialkylzincates, and electrophiles leading to p-disubstituted functionalized arenes via a novel
1,2-migration of arylzincates 3. [27]

2. Results and Discussion

p-lTodobenzyl mesylate (4) was treated with Bu3zZnLi (2.0 equiv) in THF at -85 °C for 20
min. Immediate hydrolysis of the resulting mixture by the addition of ag HCl in THF at
this temperature gave benzyl mesylate (6) in 84% yield (Scheme 1). On the other hand,
hydrolysis of the mixture after being warmed to -40 °C afforded p-butyltoluene (8) in 90%
yield. In another experiment, the reaction mixture was allowed to warm to rt giving rise to
the formation of p-butylpentylbenzene (9) in 57% yield. These results showed that (i) the
iodine/zinc exchange reaction [28,29,21-24] proceeds smoothly at -85 °C to generate
arylzincate intermediate 5 which is stable at this temperature, (ii) upon warming to -40 °C,
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5 rearranges to 'benzyizinc 7 presumably through a mechanism involving 1 2-migration
and (iii) upon further warming to r[, 7 reacxs with iodobutane, generated in situ Dy the
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o 1,2-migration with simultaneous liberation of the
ding o-substituted benzylzinc reagent 14 (Scheme 2).
Generation of 13 was confirmed by the formation of benzyl mesylate (63%) in the reaction
of o-iodobenzyl mesylate (12) with Bu3ZnLi (2.0 equiv) at -85 °C for 20 min. When the
reaction mixture was allowed to warm to -40 °C and then hydrolyzed, o-butyltoluene (16)
and pentylbenzene (17) were obtained in 14% and 36% yield, respectively. Treatment of
arylzincate 13 at the temperatures from -85 °C to rt followed by addition of iodine
afforded o-butylpentylbenzene (18) (15%) and o-iodopentylbenzene (19) (23%). The
formation of 16 at -40 °C as well as the formation of iodobutane adduct 18 indicated the
generation of benzylzinc 14. However, this is not a major pathway for arylzincatc 13.
Juagmg from the formation of 17 and 19, o-pentyiphenyizinc i5 was competitively
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Because secondary benzyl mesylates are unstable and difficult to handle [30], the reaction
of phosphate 20 was examined for the preparation of sec ndary benzylzinc reagents
(Schemc 3). Treatment of 20 with Bu3ZnLi (2.0 equiv) at -85 °C followed by warming up

the resulting mixture to 0 °C gave dibutylation products 25 in 85% yield. The secondary
benzylzinc reagent 23 is more reactive and the formation of 25 by the reaction with
iodobutane was not completely retarded even at -40 °C. Thus, when a similar reaction was
performed at temperatures from -85 °C to -40 °C, a mixture of phosphate 22 (51%),
ethylbutylbenzene 24 (8%), and 25 (14%) was obtained. In addition, the formation of 22
as a major product under these conditions shows that 1,2-migration of arylzincate 21
bearing a less reactive phosphoryloxy group is relatively siow in comparison with 5§ and
13, derived from mesylates.

Scheme 3
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Interestingly, the yield of 28 was improved to 47% by carrying out a similar reaction in the
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Benzyizinc reagent 7, prepared by treatment of mesylate 4 with Bu3ZnLi (2.0 equiv) at
-85 °C followed by warmmg up the mlxture to -40 °C, was subscquently tmated wnth 2-
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corresponding product (entry 6). The use of bromomagnesmm mcate prepared from
BuMgBr (3 equiv) and ZnCl3, resulted in lower product yield as well as byproduct
formation of 4,4'-dibutylbibenzyl in 8% (entry 3). The benzylzinc reagents reacted
successfully not only with aldehydes but also with ketones, acyl chlorides, tosyl cyanide, and
chlorodimethylphenylsilane (entries 7-12). It should be noted that, in acylation, the
formation of rert-alcohols derived from further reaction of the benzylzinc to the product
ketones 29g,h was not detected. It was reported that benzylzinc bromide reacts with tosyl
cyanide exclusively at the ortho position to give 2-methyibenzonitrile [34]. In contrast to
this, the benzylzmc reagcnt generated under the present conditions selectwely reacted at the

MeaZnLi, however, gave

benzylic position to afford nitrile 29i without the formation of such regioisomeric product.
For the suew‘“ssmi generation of the benzylzinc reagent, it is important that halogen/metal
--n‘-‘nﬂn Annmnlichad hafAasa cnilhoannnant 1 " mirmatinm atan nt‘nnmwn;n- tha
CALLE 155 M.cp lb a\.uuuxpubucu UviviL auuocq Clil 1,471111g1AtiVvii DLUP. NI WIDL, WU
resulting benzylzinc species in the form of zincatel would also undergo iodine/zinc
exchange with the starting mesylate. A separate experiment showed that MeiZnLi did not
react with mesylate 4 at -85 °C. Owing to the lower reactivity [22], iodine/zinc exchange
and subsequent 1,2-migration took place simultaneously at higher temperatures. Under

these circumstances, the reaction of the resulting 4-mcthy1bcnzylzmcatc 31 (Zn(L) =
Zn(Me)Li)! with 4 followed by coupling of the resulting benzyl iodide 32 with 31 would
lead to the formation dimeric product 30 (Scheme 4). Formation of 4,4'-dibutylbibenzyl as
a byproduct in the reaction using a BuMgCl derived zincate may also originate from its
lower reactivity in the initial exchange step.

Scheme 4
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Bu3ZnLi to form benzylzincates such as 7 (Zn(L) = Zn(Bu)2Li).
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Table 1 Generation and Reaction of Benzylzinc Reagents ¢
entry zincate electrophile product yield (%)
Bu
1 BuZili Ph(CH,),CHO 29a ] 5 80
NN
2  BuyZnli i-PrCHO 29b BUﬁ OH 72
30 BuyZaMgBr MY 45
4 s-BuZnLi i-PrCHO 29¢ st\O\ OH 62
A
N T
5 +BuyZnLi i-PrCHO 204 tBULAN oM 56
6 Me;ZnLi i-PrCHO 3 7/ ==\ \ 55
\Me—UCH:)z
7  BusZali (o 29¢ B“m H 63
8 BuyZnLi PhCOCH, 29f Buo~ on 48
L"l\/fph
9  BuyZnLi BuCOCI 29g B"I’j\ o 61
Ay
10 BuyZnLi 1-BuCOCI 2%h Bum 48
Bu U
i1 BuyZnLi TsCN 29i ™ oN 58
Bu
12 BuyZnLi PhMe,SiCl 29j T cars o 62
- N\, PG

4 Unless otherwise noted, reactions were carried out by mixing mesylate 4 and zincates (2.0 equiv) at -85 °C,
warming the mixture to <40 °C, and treating with electrophiles (1.2 equiv) for 3 h at -85 °C. & 44"
dibutylbibenzyl was obtained as a byproduct in 8% yield.

. t r
. Thus for examnle “the reaction of 4 and Me3 ZnLl (2 0 equiv)
in the prescncc of cyclohexanone (1.2 cquw) at temperatures from -85 °C to -40 °C
afforded alcohol 29k in 52% yield without formation of dimeric product 30. Such
modification of the reaction conditions was found to be also effective to the reaction using
Grignard reagent-derived zincates. The yield of cyclohexanone adduct 29e (entry 3) was
comparable to that obtained in the stepwise reaction using Bu3ZnLi (Table 1, entry 7).
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which eventually retard their reaction W1,h 4 leadmg to dun_c.ri- products (e.g., 30) .
Table 2
Three-Component-Coupling of 4-Iodobenzyl Esters under Barbier Conditions ¢
entry substrate zincate electrophile product yield (%)
M
1 4 Me,ZnLi (o o L 52%
N
/ Me. OH
2 4 MesZnLi —}o 29m Ej\’h’ 45%
gu _
3 4 Bu,ZnMgCl @o 2% \,\% 68%
Bu_~,
CH,=CHCH,Br 2n Ll . 4%
5% 4 7%
6 4 PhCH=CHCH,Br 2% ) 82%
. A
7 4 iPr;ZaMgCl {0 29 % 55%
8 20 BuZili (o 29¢ YN M 58%
-~ 3 s NP o
20 Bu;ZnMgCl AN %
/ Bu, X OH
10 20 BugZnLi o 2r LI L 4%

%
1 20 CH,=CHCH,Br 295 O\(\, 74%
12 20 Me,SiCl 29t T\)\Tsms 49%

P ~n  en e w g N\ an OH AN
13 P4t l“l’l’3LﬂMng \_ﬁo A |1 ] L’k/h S0
[
@ Unlegs otherwige noted, reactions were carricd out by mixing 4 (or 20), zincates (2.0 equiv), and clectrophiles (1 2
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equiv) at -85 °C and warming the mixture to -40 or 0 °C. b Three equiv, of the electrophile was used.
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As noted prev1ou81y, clean generatlon of seconaary benzylzmc reagent 23 is not possnble
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formation of butylation product of the aldehyde.
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3. Conclusion

in conciusion, we have described a novei three- component coupiing reaction of p-
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functionalized arenes. For the reaction of mesylat 4 with lithium trialkylzincates other

than Me27nl i a stenwige nrocedure in which the corresnondine benzvlzinge reagente are
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ketones, acyl chlorides, tosyl cyanide, and chlorosilanes. On the other hand,
and for bromomagnesium zincates derived from Grignard reagents, reactions under
Barbier conditions where benzylzinc reagents are nrenared in the presence of electrophiles
effect the corresponding three-component couphng Generation of secondary benzylzmc
reagents and their reaction with electrophiles can also be achieved under Barbier conditions
by using phosphate 20. Ketones, ally bromides, and chlorosilanes are successfully used as
electrophiles.

1,2-Migration of arylzincates bearing a leaving group at the remote benzylic position was
found to take place in a facile manner at low temperatures aithough it initiaily leads to the
formation of cross conjugated intermediates and suffers from a considerable loss of

. | e L 292 et £ 3 L _a ~ 4 P, L T __.2_ . L__ 1N
aromatuc bllellLdllUIl. lﬂC 1Ingin bugg SUS Ul L l bbUpC 01 nom 0o10gation oy i,<4-
st amatine mrannld ha avtanmdad ¢4 Athar ata Anmamlavas 1m wrrhinhh a4 manntiawaly Ahasasad aracal
uuglauu 1 WUUIJ UG ALCIIUCU LU ULLICL 4AlC LUl IPICACD jiv s 11iVil a ucsauvcxy 51 l& U 11
atnim renter and a nntantial fratinnie rantar ara ceanaratad hu an annranriate w_cvetom
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4. Experimental Section

1H- and 13C-NMR spectra were recorded at 300 MHz and 75.6 MHz, respectively, in
CDCl3. All commercially available reagents were used without further purification unless
otherwise noted. THF was distilled from sodium benzophenone ketyl. Triethylamine,
diisopropylamine, and CH2Cl2 were distilled from CaHz. Commercial anhydrous ZnCl;
was dried in vacuo at 100 °C for 10 h over P205. All reactions were performed under
argon. Reactions at -85 °C were performed with a Neslab Cryo Cool immersion cooler.
Organic extracts were dried over NapSO4. Flash chromatography was conducted on silica
gel (Wakogel C-300).
Spectral data of followmg products 6 [35], 8,16
1

J I 3

6 [36], 17 [37], 18, 19 [38], 22 [39], and
30 {40] were in good accordance with reported values

UL T T PR
1€S avaiiaoie.



T. Harada et al. / Tetrahedron 54 (1998) 9317-9332 9325

4-iodobenzyl Methanesulfonate (4)

To a solution of 4-iodobenzyl alcohol (1.73 g, 7.39 mmol) in CH2Clz (22 mL) at 6 °C
were added Et3N (1.23 mL, 8.87 mmol) and methanesulfonyl chloride (0.69 mL, 8.9
mmol). After being stirred for 30 min, the mixture was poured into 1N HCI (50 mL) and
extracted twice with ether. The combined organic extracts were washed with aqueous
NaHCQ3, dried, and concentrated in vacuo. Recrystallization of the reside from ethy!
acetate gave 1.95 g (85% yield) of 4: mp 92 - 93 °C; 1H NMR & 2.94 (3H, s), 5.17 (2H, s),
7.16 and 7.75 (4H, AA'BB"); IR (KBr disk) 1335, 1170, 925, 810 cm-!. Anal. Calcd for

CgHglO3S: C, 30.79; H, 2.91. Found: C, 30.79: H, 2.94.
3-lodobenzyl Methanesulfonate (10)

The compound was prepared from 3-iodobenzyl alcohol in 97% yield by a procedure
similar to that described above. 10: mp 66 - 66.5 °C (recrystallized from ether and

1wy v swn m~ o ATy . A .

hexane); 1H NMR 6 2.97 (3H, s), 5.16 (3H, s), 7.14 (1H, t, J = 7.8 Hz), 7.38 (1H, dd, J =

1.0 and 7.8 Hz), 7.73 (1H, br d. J = ca. 8 Hz), 7.76 (1H, br s); IR (KBr disk) 1335, 1170,
945, 795, 690 cm-l. Anal. Caled for CgHolO3S: C, 30.79; H, 2.91. Found: C, 30.76; H,
QA
LT,

2-lodobenzyl Methanesulfonate (12)

The compound was prepared from 2-iodobenzyl alcohol in 93% yield by a procedure
similar to that described above. 12: mp 63 - 64 °C (recrystallized from ether and hexane);
1H NMR & 3.03 (3H, 5), 5.27 (3H, s), 7.09 (1H, dt, J-lSand?SHz) 7.40 (1H, dt,J==12
and 7.8 Hz), 7.48 (1H, dd, J = 1.5 and 7.8 Hz), 7.89 (1H, dd, J = 1.2 and 7.8 Hz); IR (KBr
disk) 1345, 1175, 840, 750 cm-1. Anal. Calcd for CgH9lO3S: C, 30.79; H, 2.91. Found:

C, 30.77; H, 2.86.

General Procedure for the Preparation of Benzylzinc Reagents

To a solution of ZnCl3 (2.0 mmol) in THF (10 mL) at 0 °C was added a solution of RM
(6.0 mmol) (BuLi; 1.6 M in hexane; BuMgBr; 1 M in THF, MeLi; 1.4 M in ether, s-BuLi,
1.3 M in cyclohexane; ¢-BuLi; 1.5 M in pentane, i-PrMgBr, 0.67 M in THF). The mixture
was stirred for 15 min at 0 °C. To the resulting solution of R3ZnM (2.0 mmol) at -85 °C
was add a THF (4 mL) solution of mesylate 4 (1.0 mmol). After being stirred for 0.5 h at
this temperature, the mixture was allowed to warm to -40 °C during 1-2 h.

1-Butyl-4-methylbenzene (8) [36]

p-Butylbenzylzinc reagent was prepared by the reaction of mesylate 4 (200 mg, 0.64
mmol) and Bu3ZnLi (1.28 mmol) in THF (8.4 mL) by a procedure similar to that described
above at -85 — -40 °C. After the addition of 1N HCI (ca. 1 mL) at -40 °C, the mixture was
poured into 1N HCI and extracted twice with hexane. The combined organic extracts were
washed with aqueous NaHCO3, dried, and concentrated in vacuo. The reside was purified

by Kugelrohr distillation (160 -180 °C/12 mmHg) to give 85 mg (90% yield) of 8.
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1-Butyl-4-pentylbenzene (9).
p-Butylbenzyizinc reagent was prepared by the reaction of mesylate 4 (189 mg, 0.61

mmol) and Bu3ZnLi (1 22 mmol) in THF (8.6 mL) by a procedure similar to that described
£ N
ot

| Py | I I W S . S L oab __°*

» AN o nl : — oo
above at -85 — -40 °C. After bei ng aiowed to warm o i uumlg 3 o, W mi IC was
Mllie.‘fi l}\tr\ IN HCI nnt‘ nvfrunfor‘ + ‘V‘Vlt}l hexane 'T'}\ Annpib g | Gl—nnnﬁc exmbq W‘l‘e

i aqueous NaHCQa1, dried i 1

by flash chromatography (10% benze
NMR § 091 (3H,t,J = 6.9 Hz), 0.94 (3H, t, 70 Hz), 1 n 1.
m), 2.58 (2H, t, / = 7.2 Hz), 259(2H t,J =7.8H ) 10(4H brs) 13CNMR(756MHz
CDCl3) d 13.88, 13.95, 22.37, 22.54, 31.27, 31.56, 33.69, 3s. 23, 35.53, 128. 19, 128. 85,
139.96, 140.01; MS, m/z (relative intensity) 204 (M+, 62); 161 (88), 147 (100); HRMS
calcd for C15H24 204.1878, found; 204.1875.

Reaction of 3-lodobenzyl Mesylate (10) with Bu3ZnLi at -85 — -40 °C

To a solution of Bu3ZnLi (1.2 mmol) in THF (10 mL) was added a solution of mesylate

10 (312 mg, 1.0 mmol) in THF (4 mL) at -85 °C. After being stirred for 15 min, the
mixture was aliowed to warm at -40 °C during 1 h and then qucnched by the addition of

TAY TU/N 1TART YT O

IN HCl. The mixture was poured into 1N HCI and extracted twice with ethyl acetate. The
combined organic extracts were washed with aqueous NaHC03, dried, and concentrated in

...... MTha sacida w1rna mireifiad e, h P PN gy nmbeda PR,

cu

Vacio. 1nc 1C8iGl was purinca oy i flas Cluuuratugmp 1y (10-20% cluyl acetate in nCXd.IlC)
to give 132 mg (71% yield) of benzyl mesylate 6 [35].

Reaction of 2-lodobenzyl Mesylate (12) with BuzZnLi at -85 - -40 °C

The reaction of 12 was carried out by a procedure similar to that described for mesylte

4. Kugelrohr distillation (110-140 °C/30 mmHg) of the crude products gave a 1 2.6
mixture of o-butyltoluene (16) [36] and pentylbenzene (17) [37] in 50% combined yield.

1-Butyl-2-pentylbenzene (18) [38] and 2-lodopentylbenzene (19) [38]

To a solution of BuzZnLi (2.0 mmol) in THF (10 mL) was added a solution of mcsylate
12 (312 mg, 1.0 mmol) in THF (4 mL) at -85 °C. After being stirred for 15 min, the
mixture was allowed to warm at rt during 2.5 h. A THF (5 mL) solution of I2 (1.27 g, 5.0
mmoi) was addcd to the mixture at -60 °C. After being stirred for 1 h, the mixture was
poured into 1N HCI and extracted twice with hexane. The combined organic extracts were
washed successively with aqueous NaHSO3 and aqueous NaHCOg, dried, and concentrated in

asrmaa ~ Tha sactda wine mnrifind k flach rheamatagranhy (havana 1:e1 £ enviwdrzmn

VacCuo. 1€ IC8IGC was Puriiicad oy nasih <nromaiograpny \uc.&mlc} o 51"‘_’ a 1:1.0 mixiuire
af 1R and 10 in IRE, ~amhined viald
WFE AW WEIE A F RS JAY FU %WNJERLALJARAW/NG lelu

Diethyl 1-(4-lodophenyl)ethyl Phosphate (20)

To a solution of 1-(4-iodophenyl)ethanol (4.72 g, 19.1 mmol) in THF (40 mL) at -78 °C
was added a solution of LDA (21 mmol) in THF (40 mL), prepared by the reaction of
diisopropylamine and BuLi. The mixture was stirred for 0.5 h. To the mixture was then
added diethyl chlorophosphate (19.1 mmol, 3.30 g) at -78 °C. The mixture was allowed to
warm to -20 °C during 2.5 h, poured into 1IN HCI, and extracted twice with ether. The
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AT WEW N

combined extracts were washed with aqueous NaHCOs3, (lrled, and concentrated in vacuo.
The residue was plll’lIlCCl by flash cnromatograpny (.&U‘/o Cthyl acetate in nexane) to glVC

e P AN, 7 Y IY ATRATD £ 1 NE 7L£1ITY . P B IV 2 30 § g 1 £ 7AYY ]

6. ‘-v.J 4 \oom Yi€id) O1 &V ‘1 INMIKN O 1,20 (06, Ot, J =25. L anda /.v nz;, i.9Y o, a, J=

6.4 Hz), 3. 9-4 15 (4H m), 5 41 (lH umtct J =ca 7 Hz), 7.12 and 7.68 (4H, AA'BB’);

br
0 cm RITQ m Z (rolative intancitu)l QA AL+ 20\ DN
(reiative nuwuou:; JOR \UN", £7); LIV
1
1

1-Butyl-4-(1-methylpentyl)benzene (25)

The reaction of phosphate 20 (188 mg, 0.49 mmol) and Bu3ZnLi (0.98 mmol) in THF (7
mL) at -85 °C - rt was performed by a procedure similar to that described for the
preparation of 4-butylpentylbenzene (9). The crude product was purified by Kugelrohr
distillation (120 °C / 0.6 mmHg) to give 91 mg (85% yield) of 25: 1H NMR 8 0.85 (3H, t,J
=71 Hz),()92 (3H,t,J = 7.4 Hz), 1.10-1.43 (9H, m, includingd(3H J =7.0Hz)at 1.21
ppm), 1.47-1.66 (Z.H m), 2.57-2.68 (5H m, mcludmg t (21-1 J =7.2Hz) at 2.57 ppm), 7.09

(4H, br s); IR (liquid film) 835 cm-1; MS, m/z (relative intensity) 218 (M+, 15); 161 (100);
HRMS calcd for C16H2¢ 218.2034, found 218.2037.

The reaction of phosphate 20 (192 mg, 0.50 mmol) and Bu3zZnLi (1.0 mmol) in THF (7
IT y a ure s i

ml \ at -Rﬁ - 40 °C' wace carried ont h nracednre cimilar ta that dacrrihad far tha
------ LAY N YYD wildidAwwE WVWwE W ynkuuulv AALALRAAR WU HIIAY WVMWOVIIUAVNS AV BN
nrenarangn of p-butyltoluene (8). Flash chromatography (0-20% ethyl acetate in hexane) of
the crude products gave, in the order of elution, a 8:14 mixture of 1-ethyl-4-bu nzene

(24) and 1- -butyl- -4- (l-methylpentyl)benzene (25) (21.8 mg, 22% combined yi elEl) and
diethyl 1-phenylethyl phosphate (22) [39] (65.8 mg, 51% yield).

4-Butylstyrene (28)

To a solution of Bu3zZnLi (2.0 mmol) in THF (10 mL) was added a solution of 4-
iodostyrene oxide (26) [41] (246 mg, 1.0 mmol) in THF (4 mL) at -85 °C. After 15 min,
BF3-0E‘(2 (0.25 mL, 2.0 mmol) was added and the mixture was allowed to warm at rt
during 2.5 h, poured into 1N HCI, and extracted twice with ether. The combined organic
extracts were washed with aqueous NaHC03, dried, and concentrated in vacuo. The reside

| N | 72 ey, A warmal s

was p‘ui‘iucu uy flash chromato grapny (hexane) to glvc 75.2 mg [‘H‘m ylcu.l) of 28.

p-Butylbenzylzinc reagent was prepared by the reaction of mesylate 4 (198 mg, 0.63
mmol) and Bu32nL1 (1.27 mmol) in THF (9.0mL)bya rocedure s1mllar to that descnbed
above. To the mixture at -85 °C was added 3-phenylpropanal (103 mg, 0.77 mmol). After
being stirred at this temperature for 1 h, the mixture was poured into 1N HCI and extracted
twice with ethyl acetate. The combined organic extracts were washed with aqueous
NaHCO3, dried, and concentrated in vacuo. The reside was purified by flash
chromatography (5% ethyl acetate in hexane) to give 142 mg (80% yield) of 29a: 1H NMR
8 0.94 (3H, t, J = 7.3 Hz), 1.38 (2H, quintet, J = 7.5 Hz), 1.54-1.66 (3H, m), 1.81-1.90 (2H,
m), 2.57-2.92 (6H m), 3.83 (lH tt, J = 4.5 and 79 Hz), 7.13 (4H br s), 7.18-7.33 (SH,

AN A~ AN L W e Y a

m); IR (liquid film) 3280 (br), 1045, 730, 700 cm-1; MS, m/z (relative intensity) 282 (M+,
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29b: 1H NMR 8 0.94 (3H, t,J = 7.3 Hz), 1.01, (6H, d, J = 6.8 Hz), 1.38 (2H, quintet, J
= 7.5 Hz), 1.55 (1H, br s), 1.56-1.66 (2H, m), 1.76 (1H, d septet, J = 5.3 and 6.8 Hz), 2.57
(1H, dd, J = 9.4 and 13.6 Hz), 2.60 (2H, t, J = 7.6 Hz), 2.83 (1H, dd, J = 3.5 and 13.6 Hz),
3.57 (1H, m), 7.14 (4H, br s); IR (liquid film) 3420 (br), 1115, 805 cm-1; MS, m/z (relative
intensity) 220 (M+, 10); 148 (100), 105 (90); HRMS calcd for C1sH240 220.1827, found;
220.1833.

3-Methyl-[4-(1-methylpropyl)phenyl]-2-butanol (29¢) (Table 1, entry 4)

29c: 1HNMR8082(3H t,J = 7.3 Hz), 100(6H d J 7.1 Hz), 1.22 3H,d, 7 = 7.0
1=\ 1 €Q /21T ) 1 78 11 A camtat T — & nnd 1 VYKL 71T 33 1T _ 0L ~Ad 127
1iL ), 1.J0 \J11, Ilij, 1./J \1 1, a SCPICE, v = J.2 diiu 1H ), £L.J0 (111, G4, 4 = J.0 danda 15.7

7z} 2 80 (1 auintat =69 H7z) 282 (1H dd I='2<on,1 1T 7T H 287 /(1H AAA T =
AR& ]y duesd 7 \ RAAy YURIMLLy v Ved RALi)y &L.0J (111, U, v Jed QR L JeT RRLJy JeJ T 212y UL, J =
3.5, 5.2, and 9.6 Hz), 7.13 (4H, m); IR (liquid film) 3420 (br), 1100, 805 cm-1; MS, m/z
(relative intensity) 220 (M+, 5); 148 (36), 119 (100); HRMS calcd for C15H240 220.1827,
found; 220.1821.

[
i
f

i

3-Methyl-[4-(1,]-dimethylethyl)phenyl]-2-butanol (29d) (Table 1, entry 5)

29d:} 1H NMR $ 1.00 (6H, d, J = 6.8 Hz), 1.32 (9H, s), 1.51 (1H, br s), 1.76 (1H, br
octet, J = ca. 6.5 Hz), 2.56 (1H, dd, J = 9.7 and 13.7 Hz), 2.83 (1H, dd, J = 4.1 and 13.7
Hz), 3.58 (1H, m), 7.16 and 7.34 (4H, AA'BB"); IR (liquid film) 3420 (br), 1110, 1025,

810 cm-1; MS, m/z (relative intensity) 220 (M+, 10); 161 (27), 133 (100); HRMS calcd for
Ci15H240 220.1827, found; 220.1836.

(3H,
2.72 (2H, s), 7.12 (4H, br s); IR (li il
(relative intensity) 246 (M, 1); 228 ( ) 148
found; 246. 1983 Anal. Calcd fo

10.73.
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1-(4-Butylphenyl)-2-phenyl-2-propanol (29f) (Table 1, entry 8)

29f: !H NMR & 0.92 (3H, t, J = 7.3 Hz), 1.34 (2H, sextet, J = 7.3 Hz), 1.53-1.63 (5H,

m, including s (3H) at 1.56 ppm), 2.32 (1H, s), 2.57 (2H, t,J = 7.8 Hz), 2.99 (1H, d, J =

13.4 Hz), 3.11 (1H, d, J = 13.4 Hz), 6.92 and

(liquid film) 3550 (br) ,3450 (br), 1115, 765, 7
U

7.04 (4u AA'BB), 7.23-7.45 (5H, m), IR
00 ¢ MS, m /z (relauve intensity) 268
8 NLO 10N

MALL 1\, 140 /O CLIDAMMO on
104 I IOUIIU, £0D.1020.

1 £ 1NN\ 1.1
(M+, <1); 148 (96), 121 (100); ORMD calca

l
e ~
C19H240 2
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P

1-(4-Butyiphenyi)-2-hexanone (29g) (Table I, entry 9)
lelﬁ nunual i Liat UL all l)c‘-l-

extractcd twice with ethyl acetate The combmed orgamc extracts were
aqueous NaHCOz3, dried, and concentrated in vacuo. The reside was mmficd by flash
chromatography (5% ethyl acetate in hexane) to give 135 mg (61% yield) of 29¢g: 1H NMR
5 0.86 (3H,t,J = 7.3 Hz), 0.92 (3H, t, J = 7.2 Hz), 1.20-1.43 (4H, m), 1.48-1.66 (4H, m),
244 (2H,t,J =17.5 Hz), 2.59 (2H, t, J = 7.8 Hz), 3.64 (2H, s), 7.07-7.16 (4H, AA'BB"); IR
(liquid film) 1710, 805, 735 cm-1; MS, m/z (relative intensity) 232 (M*, 45); 147 (75), 85
(100); HRMS calcd for C16H240 232.1827, found; 232.1819. Anal. Calcd for C16H240:

C, 82.70; H, 10.41. Found: C, 82.35; H, 10.38.
1-(4-Butylphenyl)-3,3-dimethyl-2-butanone (29h) (Table 1, entry 10)

Tha Latmca seran meamasad lhesr 0 mennadiies ctemiloe ¢4 ¢thnt danamibhad aluas,a 20L. 1LY ATAA
FHIC RCUHIC wWadd Pl P 1CU Uy d plULCqu Hilildl LU Liildl UL IIUCU ADUVE &Fil,. *I1 INIVIRN
5091 (3H, t,J = 7.3 Hz), 1.19 (9H, s), 1.34 (2H, sextet, J = 7.3 Hz), 1.52-1.63 (2H, m),
287 (2 t T=76HzY 376 (PH ). 705-7.14 ( AARR"Y IR (liouid film) 1710 {08
et vt ¥ \H“, " - o N7 “u,’ - LA~ \H“, U” o Vs fea ¥ \ "‘, A R4 B AT ,’ Al ‘u‘ulu .ln“’ AT A\l, WINT S
cm-l‘ Q m/7 (relative intencitv) 222 (M+ 2. 180 (5) 147 (7Y Q1 (1} ) RMQ nalad for
AR 9 ATVAWFy SAM & \.U‘“LIVU A2AMNAAEDAL , ot T fot \l'l ., JI’ A s s \Jl, ATT7? \' l’ 7 R \IUU,’ R AZNIAVELS WiiiWwAd BV
C1s6H240 232.1827, found; 232.1828
SR e LR WA s ]
(4-Butylphenyl)acetonitrile (29i) (Table 1, entry 11)

p-Butylbenzylzinc reagent was prepared by the reaction of mesylate 4 (312 mg, 1.00
mmol) and Bu3ZnLi (2.00 mmol) in THF (14 mL) by a procedure similar to that described
above. To the mixture at -85 °C was added a THF (2.5 mL) solution of p-toluenesulfonyl
cyanide (218 mg, 1.20 mmol). After being stirred at this temperature for 2.5 h, the
mixture was poured into 1N HCI and extracted twice with ethyl acetate. The combined
organic extracts were washed with aqueous NaHCO3, dried, and concentrated in vacuo.
The reside was puriﬁed by flash chromatography (5% ethyl acetate in hexane) to give 101

mg | (58% yield) of 29i: 1H NMR 6 0.93 (3H, t, / = 7.3 Hz), 1.34 (2H, sextet, J = 7.3 Hz),
1 LA AT __.\ N L1 /T o 1 4 ~ 0o 1T\ 2 1 (o] B SEEFRN 17 O FAYY A ATMDN. 1M
l JJ 1.094 (411, 111), 4£.01 \41@1, L, J 1.0 IlL), J.71 \4LI1, d | WA

NMD 7€ £ MU (CTY'1.)
INIVAIN \(7J.U iViK1L, L/ 13)

’
1N (100 Q1 (22 HRMS raled for CiaHac 1 A fonnd: 172 19210 nal Calnsd far
A IV \lw,, g 8 \“u” LAANIVANTS Vilivu 2V \JILLIIDL‘ Py . U_r’ AVULINGy LT el &wr Fgiei-ge WAV AE AU
CsaHs e ' 119 R72 Found- C 23 10-H R 71
\41‘1113“ Ny WFSe R Sy RAy Jeid J A WIRALING vy NISeAd 7y AAy I T X
(4-Butylphenyl)dimethylphenylsilane (29j) (Table 1, entry 12)
i J o s/ J J \EI57 1 ’ J s

p-Butylbenzylzinc reagent was prepared by the reaction of mesylate 4 (304 mg, 0.97
mmol) and Bu3zZnLi (1.94 mmol) in THF (14 mL) by a procedure similar to that described
above. To the mixture at -85 °C was added chlorodimethylphenylsilane (198 mg, 1.16
mmol). After being stirred at this temperature for 2 h, the mixture was poured into IN
HCI and extracted twice with ethyl acetate. The combined organic extracts were washed
with aqueous NaHCO3, dried, and concentrated in vacuo. The reside was purified by flash
chromatography (hexane) to give 171 mg (62% yield) of 29j: 1H NMR & 0.30 (6H, s), 0.98
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& 4 ~ O AU s % 3~ A 11' ) £1 srmrT s » B4
t,/ = 7.8 Hz), 6.91 and 7. ), 7.41 (3H, m), 7.51 (ZH, m); IR (
1250, 1115, cm-1; MS, m/z (relative intensit
HRRME raled for (Mol Qi 202 1204 fonund- 222 12NQ
AAINAIVELD VAINVAL IV WYL/ LUL.10VUT, LUULIU, LO0L.10V0

fl-ld Mp!hvlnhpnvl )mothvl v“/)hnxnnnl (29k) (Tabl

i/ L 48 TemER gy reyef \ s R%) | &AL

Three-Componem‘ Coupling und r Barbier Conditions
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To a solution of Me3ZnLi (2.1 mmol) in THF (10 mL) at -85 °C was added a THF (4
mL) solution of mesylate 4 (329 mg, 1.05 mmol). The mixture was stirred 15 min. To
this at -85 °C was added cyclohexanone (0.13 mL, 1.3 mmol). The resulting mixture was
allowed to warm to -40 °C during 3 h. The mixture was poured into 1N HCI and extracted
twice with ethyl acetate. The combined organic extracts were washed with aqueous
NaHCO3, dried, and concentrated in vacuo. The reside was purified by silica gel flash
chromatography (5% ethyl acetate in hexane) to give 111 mg (52% yield) of 29k: 1H NMR
8 1.3-1.7 (11H, m), 2.32 (3H, s), 2.70 (2H, s) 7.10 (4H m), IR (liquid film) 3450 (br)

,975, 810 cm-!; MS, m/z (relative intensity) 204 (M+, 50); 161 (62), 106 (100); HRMS
~nl .«IF . UA.\I\ MMNA 1&1A €Farvemde INA 1(’)'!
u M GRS LA T.1ILY, lUullU, Tt
The f owing products were prepared by a procedure similar to that described above.
2,3-Dimethyl-1-[(4-Methylphenyl)methyl]-2-butanol (29m) (Table 2, entry 2)
29m: 1H NMR & 0.98 (3H, d, J = 6.3 Hz), 0.99 (3H 9 Hz), 1.03 (3H, s), 1.24

(1H, br), 1.72 (1H, sept, J = 6.5 Hz), 2.33 (3H, s), 2.67 (lH d J—- 13.2 Hz), 2.78 (1H, d, J
= 13.2 Hz), 7.12 (4H, br s); IR (liquid film) 3470 (br), 1085, 810 cm-1; MS, m/z (relative
intensity) 192 (M+, 1); 149 (34), 106 (100); HRMS calcd for C13H2090 192.1514, found;

192.1521.

4-(3-Butenyl )butyibenzene (29n) (Table 2, entries 4 and 5)

AN__ . 1Yy aTa4aD €S N OAY 72ATY o T A TIT_N\ 1 % 1 AL /NTT  ___\ 1T £ $1 £€£ /AT __°\ A Y N AF

&FIl. ‘IT INIVIK O UYD OO, L, J = 1.9 114), 1.0-1.90 (LI, 1I11), 1.0-1.00 (451, 1), £.5-4.9D
(2H, m), 2.55-2.65 (2H, m), 2.65-2.75 (2H, m), 4.95-5.10 (2H, m), 5.87 (1H, tdd, J = 6.3,
1INE and 171 Ha) 710 (AH hr o} TR (lirmid film) 1640 010 RI€ ~m-1. AMAQ Iq {ralativa
AUy RIS 1 7 .2 lw’, fFed\J \—'ll, v O}, FOAN \ll i llull/ AVUTU, 71V, VDL Viik y LV ' ALN & \ vigilive
intencitv) 18R (M+ 19): 147 (100). 91 (25): HRMS caled for C14Han 188 1868 found
ARAVWRIDAS JJ 20 \aVa 'y 2l y AN \NAVV )y Fa \dww/jy 22ANIVAW WwhaWWs AVE N jiQaa gy AUU.a Vel y ANsuAAENEy
18R 1568

p-Butyl(4-phenyl-3-butenyl)benzene (290) (Table 2 entry 6)

290: IH NMR & 0.94 (3H, t, J = 7.4 Hz), 1.3-1.4 (2H, m), 1.55-1.65 (2H, m), 2.50-2.6
(4H, m), 2.75-2.8 (2H, m), 6.28 (1H, td, J = 6.9 and 15.6 Hz), 6.43 (1H, br 4, J = 15.6 Hz),
7.1-7.4 (9H, m).; IR (liquid film) 965, 830, 740, 695 cm-1; MS, m/z (relative intensity) 264
(M+, 32); 147 (100), 117 (59) HRMS calcd for C2oH24 264.1878, found; 264.1881. Anal.
Calcd for CaoH24: C, 90.85; H, 9.15. Found: C, 90.55; H, 9.27.

[1-{4-(1-methylethyl)phenyl}methyl]cyclohexanol (29p) (Table 2, entry 7)

AQe JITAIAMAD KR 1 MM /AT A T e £0Q0 T2 197 /11T el 1 A1 FINLT wmal 71 MY
&7Pe ‘I INVIR © 1.4% (O, Q,J = 0.7 11Z), 1.4/ (111, OI), 1.59-1. \ vri, iy, 4.71 \«ri,
s), 2.88 (1H, sept, J = 6.9 Hz), 7.1-7.2 (4H, m); IR (liquid film) 34 (br) ,985, 850 cm-1;
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M+, 36); 214 (65)
SV LT RS

[1-(4-Butylphenyl)]ethylcyclohexanol (29q) (Table 2, entries 8 and 9)

29q: : lHNMR 8 0.93 (3H, t, J = 7.3 Hz), 1.25-1.70 (18 H, m, including d (3H, J = 7.1
Hz) at 1.30 ppm), 2.58 (2H, d, J = 7.7 Hz), 2.73 (1H, q, J = 7.1 Hz), 7.12 (4H, AA'BB"; IR
(liquid film) 3470 (br), 1150, 950, 840 cm-1; MS, m/z (relative intensity) 260 (M*, 1); 162

(100), 119 (56); HRMS caicd for C1gH280 260.2140, found; 260.2149. Anal. Calcd for
CigH80: C, 83.02; H, 10.84. Found: C, 83.29; H, 10.78.

29r: 1H NMR 8 091 (3H,d,J =69 Hz), 0.92 3H,t,J =69 Hz), 093 3H, d, J = 6.9
Hz), 1.06 (3H, 5), 1.28 (3H, d, J = 6.8 Hz), 1.35 (2H, m), 1.55-1.65 (4H, m), 2.58 (2H, t. J
=7.5 Hz), 2.98 (1H, q, J = 6.9 Hz), 7.10 and 7.18 (4H, AA'BB’); IR (liquid film) 3489 (br)

,1085, 835 cm-1; MS m/z (relative intensity) 248 (M+, 15); 205 (52), 162 (100); HRMS
calcd for C17H230 248. 2140, found; 248. 2149,

4-Butyl(1-methyl-3-butenyl)benzene (29s) (Table 2, entry 11)
29s: ITH NMR 6 0.92 (3H, t,J = 7.3 Hz), 1.23 (3H, d, J = 7.0 Hz), 1.35 (2H, septet, J =

7.3 Hz), 1.50-1.65 (2H, m), 2.19-2.43 (2H, m), 2.57 (2H, t, J = 7.7 Hz), 2.75 (IH, sextet, J

M A rATY

= ca. 7 Hz), 4.92-5.03 (2H, m), 5.71 (1H, m), 7. w (4H br s); IR (liquid film) 1640, 990,

910, 830, 820 cm-1; MS m/z (relative intensity) 202 (M+, 8); 161 (100); HRMS calcd for
N0 an 729 1077 ~rrn e VY 17791 Al MoV d oo M. _YTI__MN. N OONA. IT 1N N7
Ci51122 4J4&.1041, luuuu, LUl.l /). AdldL, LAaICa 10T C]5n22V; U, 0Y.U4, 1, 1U.Y0.
Cannd: (° 22 7Q0. 1T 1N Q)
1'OUULII. ., O0./ 7, 11, 1V.7 L.

1-(4-Butylphenyl)ethyltrimethylsilane (29t) (Table 2, entry 12)

29t: 1H NMR § -0.70 (9H, s), 0.92 (3H, t, J = 7.2 Hz), 1.3-1.4 (5H, m, including d (3H,
J =75 Hz) at 1.34), 15165(2H m), 212(1H qQ,J = 75Hz) 255(2H t,J = 6.6 Hz),
6.94 and 7.04 (4H, AA'BB"); IR (liquid film) 1250, 840 cm-1; MS, m/z (relative mtensxty)
234 (M+, 33); 160 (55), 73 (100); HRMS calcd for C15H26Si 234.1804, found; 234.1803.

1-[1-{4-(1-methylethyl)phenyl}]ethylcyclohexanol (29u) (Table 2, entry 13)

29u: 1H NMR 3§ 1.1-1.7 (20H, m, including d (6H, J = 6 9 Hz) at 1.24 and d (3H, J =
7.2 Hz) at 1.29), 2.76 (iH, q, / = 6.9 nz) 2.88 (111 sept, J = 6.9 Hz), 7.15 (4H, br s); I
(liquid film) 3480 (br), 955, 840 cm-1; MS, m/z (relative intensity) 246 (M*, 2); 148 (100),
133 (63); HRMS calcd for Ci7H260 246.1984, found; 246.1987.
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