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Molecular Architechture Using Rotation Hindrance due to a #Bu Group—

Synthesis of Cyclic Oligo Nuclear Ferrocene Derivatives
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In 3—#Butyl-1,1'-diacetylferrocene (2), prepared from the Friedel-Crafts reaction of #butylferrocene
in good yield, restricted rotation was confirmed by the 'H NMR spectrum. The Friedel-Crafts reaction
of di—£butylferrocene gave (2), 3,4'—di—£butyl-1,1-diacetylferrocene 4) and 3,3—di—£butyl-1,1—
diacetylferrocene (5) in 28, 46, and 23% yields, respectively. These compounds led to the corresponding
trimetylsilylethynyl derivatives 7, 8, and 9 in moderate yields by the Balavoine method, respectively.
Desilylcoupling of 7 and 8 with Hgl afforded Hg—containing cyclic dimmers 10 and 11, respectively. On
the other hand, a similar reaction of 9 gave Hg—containing linear dimer 13 and trimer 14, along with

free acetylene 12.
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Table 1. Crystallographic Data for 5

5
mol formula Ca2H3002Fe
mol wt 382.327
cryst syst Monoclinic
space group P2lre
a A 12.5440(4)
b A 8.2100(3)
6 A 19.7910(7)
a,® 90.00
B° 96.3510(10)
%° 90.00
VA3 2025.69(12)
4 4
LDkal, Mg m= 1.254
cryst dimens, mm 0.60x0.30x 0.24
radiation O\, A ) Mo—Ka (0.71073)
Rfln (hKk]) limits -15<h<15

0<k<10
0<7<25

total rflns measured 4294
linear abs coeff, mm-! 0.76
L.S. params 226
R 0.0385
Fw 0.1196
S 0.981
max peak in final Fourier map, e A-3 0.230
min peak in final Fourier map, e As —0.688

Table 2. Selected Bond Distances and Bond Angles for 5

Bond Distances (A)
0(1)-C(6) 1.202(2) 02)-Cc7) 1.207(3)
Ce)-C(1) 1.472(2) Cc(12)-cam 1.476(3)
Fe(1)-C(Cp) 2.057(av.) C(Cp)—C(Cp) 1.427(av.)
Bond Angles (°)
0(1)-C(e)—-C(1) 121.6(2) 0Q2)-C17-C(12) 120.9(2)
0(1)-C(6)-C(7) 121.3(2) 0(2)-C17N-C18) 122.0(2)
C(6)-C()-C(©2) 125.6(2) Cc(17-C(12)-C(13) 124.5(2)
C(8)—C(3)-C(4) 125.2(2) C(19)-C(14)—C(15) 126.5(2)
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Fig. 1. ORTEP view of complex 5
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Experimental

3—¢-butyl-1,1'—diacetylferrocene (2). To a suspension of AlCls (4.1 g, 31 mmol) in dichloroethane
(30 ml) was added acetyl chloride (2.4 ml, 31 mmol) and subsequently #butylferrocene (1.88 g, 7.8
mmol). The resulting deep violet solution was refluxed for 45 min. After cooling, 1% HCIl aqueous
solution (60 ml) was added to the solution at 0°C. The mixture was extracted with CH2Cls. The extract
was washed with H20 and dried over MgSOs. After evaporation, the residue was chromatographed on
Al2Os to give the title compound (1.62 g, 64 %) as dark—red oil. IR (KBr): 1667 cm (v CO). H NMR
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(400 MHz, CeDe): 61.04 (s, 9H, £Bu), 2.09 (s, 6H, Me), 2.10 (s, 6H, Me), 3.93 (m, 1H, 7~-C5Hs), 4.01 (m,
1H, 7-CsHy), 4.08 (m, 1H, 7~CsHy), 4.43 (m, 1H, 7—CsHs), 4.45 (m, 1H, 7~C5H4), 4.51 (m, 2H, —CsHs
and 7-C5Hs). 13C NMR (100 MHz, C¢De): §27.45 Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me),
67.40, 70.05, 70.37, 71.15, 71.47, 73.01, 73.51 (7-C5Hs or 7-CsHa), 80.14, 81.59 (ipso-Cp—Ac), 107.37
(ipso-Cp—t—Bu), 199.27, 199.90 (CO). Anal. Calc. for CisH2202Fe: C, 66.27; H, 6.80. Found: C, 66.38; H,
6.85.

Acetylation of 1, 1'-di—¢-butylferrocene. The reaction was carried out according to the procedure
described above.

8,4—di—¢-butyl-1,1-diacetylferrocene (4). Red crystals (46 %), m.p. 149°C. IR (KBr): 1667 cm.
'H NMR (300 MHz, CDCls): 6 1.26 (s, 18H, #Bu), 2.29 (s, 6H, Ac), 4.29 (dd, J= 2.6 and 1.5 Hz, 1H,
n-CsHs), 4.53 (t, J= 1.5 Hz, 1H, 7-CsHy), 4.79 (dd, /= 2.6 and 1.5 Hz, 1H, 7—CsH,). 13C NMR (100
MHz, CeDe): 6 27.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me), 67.40, 70.05, 70.37, 71.15,
71.47, 73.01, 73.51 (7-CsHs or 7-CsHa), 80.14, 81.59 (jpso-Cp-Ac), 107.37 (ipso-Cp—t-Buw), 199.27,
199.90 (CO). Anal. Calc. for CaeHzs002Fe: C, 69.14; H, 7.91. Found: C, 69.27; H, 8.03.

3,3— di-¢-butyl-1,1'-diacetylferrocene (5). Red oil (23 %). IR (KBr): 1667 cm~'. 'H NMR (300
MHz, CDCls): 51.22 (s, 18H, £Bu), 2.43 (s, 6H, Ac), 4.44 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsHs), 4.45 (t, J
= 1.5 Hz, 1H, 7-CsHy), 4.57 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsH.J).

3—¢-Butyl-1,1-bis(trimethylsilyDferrocene (7). To a LDA solution prepared from
diisopropylamine (6 ml, 40 mmol) and »-Buli (25 ml of 1.5 M solution in hexane, 40 mmol) in THF
(100 ml) was added a solution of 2 (3.28 g, 10 mmol) in THF (100 ml) at 0°C and the solution was
stirred for 2 h at the same temperature. To the solution was added diethyl chlorophosphate (5.7 ml, 40
mmol) and then the solution was stirred for 2 h at 0°C. To the solution cooled at —100°C using a hexane
/ lig. N2 bath was added chlorotrimethylsilane (40 g, 400 mmol) and subsequently a LDA solution (40
mmol). The solution was warmed gradually to room temperature and then quenched with an aqueous
NaHCO:s solution. The mixture was extracted with diethyl ether and the extract was washed with H20
and dried over MgSOs. After evaporation, the residue was chromatographed on Al203 by elution of
hexane / EtOAc (5 : 1) to give the title complex as red orange oil (1.58 g, 36 %). IR (neat): 2149 cm'. 'H
NMR (400 MHz, CsDe): 50.20 (s, 9H, SiMes), 0.21 (s, 9H, SiMes), 1.24 (s, 9H, £Bu), 4.02 (dd, J= 2.5
and 1.6 Hz, 1H, 7—CsHs), 4.11 (m, 1H, 7-CsHy), 4.23 (t, J=1.6, 1H, 7-CsH3), 4.27 (m, 1H, ~C5HJ), 4.31
(m, 1H, 7-CsHy), 4.37 (dd, /= 2.5 and 1.6 Hz, 1H, 7-C5H3), 4.40 (m, 1H, 7-CsHs). 13C NMR (100 MHz,
CeDe): 50.11 (SiMes), 0.23 (SiMes), 30.66 (£Bu, C), 31.26 (£Bu, Me), 64.48 (C), 66.11(C), 68.87, 70.96,
70.98, 71.66, 72.21, 72.79, 74.01, 74.81 (-C5Hs or 7-CsHy), 90.83 (C), 91.47 (C), 103.74, 103.85, 104.12
(pso-Cp). Anal. Calc. for Ca2Hs3002Fe: C, 69.14; H, 7.91. Found: C, 69.27; H, 8.03.

3,4-Di(¢butyD)—1,1’-bis(trimethylsilylethynylferrocene (8). Red—orange solid (24 %), m.p. 110°C.
IR (KBr): 2149 cm. 'H NMR (300 MHz, CDCl3): §0.19 (s, 18H, SiMes), 1.26 (s, 18H, #Bu), 3.89 (dd, J
= 2.6 and 1.5 Hz, 1H, 7-CsHs), 4.11 (t, J= 1.5 Hz, 1H, 7-CsHJ), 4.45 (dd, /= 2.6 and 1.5 Hz, 1H,
7-CsHa). 13C NMR (100 MHz, CeDe): 5 27.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me),
67.40, 70.05, 70.37, 71.15, 71.47, 73.01, 73.51 (7~CsHs or n-CsHa), 80.14, 81.59 (ipso-Cp—Ac), 107.37
(ipso-Cp—t-Bu), 199.27, 199.90 (CO). Anal. Calc. for CasHasSizFe: C, 68.54; H, 8.63. Found: C, 68.56; H,
8.70.

3,3-Di(¢-butyD—1,1’-bis(trimethylsilylethynylferrocene (9). Red—orange oil (60 %). IR (neat):
2149 cm. 'H NMR (300 MHz, CDCl»): 50.21 (s, 18H, SiMes), 1.22 (s, 18H, #Bu), 4.07 (dd, /= 2.6 and
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1.5 Hz, 1H, n-CsHs), 4.18 (t, J= 1.5 Hz, 1H, —CsHJ), 4.21 (dd, J= 2.6 and 1.5 Hz, 1H, 7-CsH). 13C
NMR (100 MHz, C¢D¢): 627.45 (Me), 27.56 (Me), 30.57 (£Bu, C), 31.14 (£Bu, Me), 67.40, 70.05, 70.37,
71.15, 71.47, 73.01, 73.51 (7—CsHs or 7—CsHa), 80.14, 81.59 (ijpso-Cp—Ac), 107.37 (jpso-Cp—£-Bu),
199.27, 199.90 (CO). Anal. Calc. for CasHaSioFe: C, 68.54; H, 8.63. Found: C, 68.56; H, 8.70.

Scheme 1

AcCl / AICI, —|—©—AC

Fe _— Fe

© O~

(1) (2)

——© AcCl / AICI

Fe —
ER©Y
(3) _|—©_Ac S g) W —I—@—Ac

Fe + Fe + Fe

A T A >(@*Ac

(2) (4) (5)

—I—@—Ac 1) LDA / CIP(O)(OEt), I LOD—=siMe,

Fe Fe
Rl@—m 2) Me;SiCl / LDA w@%sn\neg
R? R
(2) R'=R?=H (7) R*=R?=H
(4) R'='Bu, R®=H (8) R'=Bu, R?=H
(5) R'=H,R*='Bu (9) R!=H,R2=Bu

Coupling of complex 7. To a suspension of 7 (100 mg, 0.23 mmol) and Hgl: (210 mg, 0.46 mmol) in
CH:Cls (10 ml) was added TBAF (0.69 ml of 1M solution in THE, 0.69 mmol) at —78°C under Ar. The
mixture was warmed to room temperature and then stirred for 4 h. After quenching with Hz0, the
mixture was extracted with CH2Cls. The extract was washed with H2O and dried over MgSQO.. After
evaporation, the residue was chromatographed on SiOz with elution of CH2Cl: to give the cyclic dimer
(10) as yellow—orange solid (100 mg, 44 %). IR (KBr): 2142 cml. MS (FAB): m / z 977 (M*). 1H
NMR(400 MHz, CDCls): §1.21 (s, 18H, £Bu), 4.15 (m, 1H), 4.23 (m, 1H), 4.27 (2H), 4.29 (1H), 4.32
(1H), 4.37 A1H)(-CsHs or 7—CsHs). 13C NMR (100 MHz, CDCls): § 30.56 (£Bu,C), 32.21 (£Bu, Me),
66.37 (C), 69.36, 69.44, 70.99, 71.54, 71.59, 71.63, 72.43 (-CsHs), 86.59 (C, Jcn=2273 Hz), 100.72,
103.80 (ipso—n—CsHs).

Coupling of complex 8. The reaction was carried out according to the procedure described above.
The dimer (11) was obtained as red—brown solid (6.4 %). IR (KBr): 2137 cm'. MS (FAB): m / z 1090
(M*). 'H NMR(400 MHz, CDCl3): §1.20 (s, 18H, £Bu), 4.14 (m, 2H, 7-CsH3), 4.16 (m, 2H, 7-CsHby),
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4.38 (1H, 7-CsHs). 3C NMR (100 MHz, CDCls): 6 30.64 (£Bu,C), 32.47 (£Bu, Me), 67.74 (C), 69.68
(7-CsHs), 70.03 (7-CsHs), 70.81 (7—CsHs), 101.32 (ipso—-1—-CsHs), 103.54 (jpso—n—CsHs).

Coupling of complex 9. The reaction was carried out according to the procedure described above.
A 2:1 mixture of trimer (13) of tetramer (14) was obtained as red-brown solid (16 %), along with
3,3—di—£-butyl-1,1-bis(ethynyDferrocene (12). IR (KBr): 2110 and 2143 cm'. MS (FAB): m / z 1436
and 1979 (M"). 'H NMR(400 MHz, CDCl»): 51.25 (s, 18H, #Bu), 1.26 (s, 18H, #Bu), 2.76 (s, 2H, CH),
2.77 (s, 2H, CH), 4.12 (m, 2H, 7~C5Hs), 4.22 (m, 2H, 7—-CsHs), 4.23 (1H, 7—C5Hb).

8,3—di—£-butyl-1,1-bis(ethyny)ferrocene (12). To a solution of 9 (120 mg, 0.23 mmol) in THF (5
ml) was added TBAF (0.69 ml of 1M solution in THF, 0.69 mmol) at —78°C under Ar. The mixture was
slowly warmed to 0°C. After quenching with saturated NaHCOs solution, the mixture was extracted
with diethyl ether. The extract was washed with H2O and dried over MgSOs. After evaporation, the
residue was chromatographed on SiO: with elution of benzene to give the title complex as red—orange
oil (64 mg, 80 %). IR (KBr): 2111 cm-1. '"H NMR(400 MHz, CDCls): 6 1.25 (s, 18H, £Bu), 2.76 (s, 2H,
CH), 4.16 (m, 2H, 7-CsHy), 4.22 (m, 2H, 7—CsHs), 4.23 (1H, 7-CsHs). 3C NMR (100 MHz, CDCly): &
30.76 (£Bu,0), 31.54 (t-Bu, Me), 64.47 (C), 67.50 (-CsHs), 71.38 (7-CsHs), 74.13 (C), 74.45 (5~-CsHs),
82.69 (ipso-1—-CsHs), 103.88 (ipso-n—CsHb).

Scheme 2.
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