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Synthesis of [0]Orthocyclo[2]orthocyclo[0](1,1’)ferrocenophane and
[0]Paracyclo[2]paracyclo[0](1,1’)ferrocenophane
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syn- and anti-[0]Orthocyclo[2]orthocyclo[0](1,1")ferrocenophan-7-enes were synthesized zia an intramolec-

ular reductive coupling of 1,1’-bis(o-formylphenyl)ferrocene with low valent titanium reagents.

syn- and anti-

[0]Orthocyclo[2]orthocyclo[0](1,1”)ferrocenophanes and [O]paracyclo[2]paracyclo[0](1,1"){errocenophane were
prepared by the reaction of 1,1’-bis[o-(bromomethyl)phenyl]ferrocene and 1,1’-bis[p-(bromomethyl)phenyl]-

ferrocene with butyllithium.

The transannular rz-electronic interactions between two aromatic rings in these

compounds were examined on the basis of the NMR and electronic spectra.

Recently a wide variety of cyclophane compounds
containing henzene or heteroaromatic rings has been
synthesized in order to study the eflect of transannular
a-electronic interactions on their physical and chemical
properties.))  Many ferrocenophanes of [m] (1,2)-, [m]-
(LL1")- or [m.n] (1,1")-type are known in which one
or more intramolecular bridges link homo- or hetero-
annular positions within one or two ferrocene moie-
ties,? but there have been only a few investigations of
ferrocenophanes having transannular z-electronic in-
teractions: [2.2]ferrocenophane-1,13-diyne,®» [2.2]fer-
rocenophane-1,13-diene,® [3.3]- and [5.5] (1,1")ferro-
cenophane derivatives,® and [2]paracyclo[2]paracyclo-
[2] (1,1")ferrocenophane derivatives.®) Moreover, as a
part of our studies on metallocenophane chemistry,
we have reported the synthesis of [0O]metacyclo-
[2]metacyclo[0](1,1")ferrocenophan-7-ene, in which
substantial repulsive interactions exist between the two
aryl rings.” These results have encouraged us to
study the synthesis of [O]orthocyclo[2]orthocyclo[0]-
(1,1"ferrocenophanes (1) and [0]paracyclo[2]paracy-
clo[0] (1,1")ferrocenophane (2).

Results and Discussion

Synthesis. Although a number of synthetic meth-
ods have recently been developed for [2.2]paracyclo-
phanes,®) a reductive coupling of carbonyl compounds
with low valent titanium reagents® is still very con-
venient and advantageous for the synthesis of cyclo-
phane compounds because of the availability of the
intermediary compounds.’~719 In the present work,
we attempted to synthesize by the same method the
unsaturated ferrocenophanes: [0]orthocyclo[2]orthocy-
clo[0] (1,1")ferrocenophan-7-enes (3s and 3a) and [0]-
paracyclo[2]paracyclo[0] (1,1")ferrocenophan-7-ene (4).
In connection with the synthesis of 3s, 3a, and 4,
it became desirable to synthesize 1,1'-bis(o-formyl-
phenyl)ferrocene (5a) and 1,1’-bis(p-formylphenyl)fer-
rocene (5b) in quantity.

The syntheses of the intermediates, 5a and 5b,
were carried out by the Gomberg’s arylation of fer-
rocene with diazonium salts (6a and 6b) derived from
methyl anthranilate and ethyl p-aminobenzoate, sub-
sequent reduction with LiAlH,, and oxidation with
MnQO, in chloroform.

The reductive coupling of 5a to the ferrocenophanes
(3s and 3a) with low valent titanium reagents was

carried out according to Mukaiyama’s procedure
(TiCl,~Zn).*»)  Separation of the reaction products by
silica-gel column chromatography gave 1,1’-di-o-tolyl-
ferrocene (8a), 3s, and 3a, and 1,1'-bis[o-(hydroxy-
methyl)phenyljferrocene (7a). On the other hand,
the intramolecular reductive coupling of 5b with TiCl,~
Zn for preparing the unsaturated ferrocenophane 4,
was unfortunately unsuccessful and led to the formation
of reduction products: 1,1’-bis[ p-(hydroxymethyl)phen-
yllferrocene (7b) and 1,1’-p-tolylferrocene (8b).

The ferrocenophanes, 3s and 3a, are exceedingly
insoluble in common solvents and olefinic bond of the
compounds is sterically hindered. Therefore, attempts
to reduce catalytically to saturated ferrocenophanes,
Is and la, were made without results. Thus, the
1s and la, were prepared by the ring closure of 1,1'-
bis[o-(bromomethyl)phenyl]ferrocene (9a) with butyl-
lithium according to Trampe’s procedure.’t) The sep-
aration of the reaction products by silica-gel column
chromatography led to the isolation of 1s, 1la,
and the dimer: [0]orthocyclo[2]orthocyclo[0] (1,17)-
ferroceno[0]orthocyclo[ 2 Jorthocyclo [0] (1,1’)ferroceno-
phane (10). The reaction of 1,1’-bis[ p-(bromomethyl)-
phenyl]ferrocene (9b) with butyllithium afforded the
saturated ferrocenophane 2.

The synthesis of the intermediates, 9a and 9b, were
carried out by the reaction of the alcohols, 7a and
7b, with chlorotrimethylsilane and lithium bromide.12

Structures. The structures of the ferroceno-
phanes, 1s, 1la, 2, 3s, and 3a, were determined on
the basis of the IR, NMR, and mass spectra, and the
elementary analyses. The NMR and IR spectra data
of all ferrocenophanes and the reference compounds
are summarized in Tables 1 and 2, respectively.

In the unsaturated ferrocenophanes (3s and 3a),
the mass spectra show the pattern containing a molec-
ular ion peak at mfe 362, indicating that the two are
1someric. The configuration of olefinic bond in 3s
was confirmed to be cis, because the IR spectrum of
3s exhibited a band of 730 cm~! which was charac-
teristic of cis vinylene linkage and the characteristic
C-H out of deformation modes of trans vinylene linkage
at near 960 cm~! were absent. On the other hand,
the configuration of olefinic bond in 3a was confirmed
to be trans, because the IR spectrum of 3a exhibited
a band of 960 cm~! which was characteristic of trans
vinylene linkage.

In ferrocene, the distance between the two cyclo-
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pentadienyl rings is 3.32 A,13) while the van der Waals
separation between parallel z-system is 3.4 A.10  Thus,
in 3s, substantial repulsive interactions exist probably
between the two aromatic rings which are bound
together by vinylene bridges at both ortho-positions.
In the NMR spectrum of 3s, the aromatic protons
(0, 6.87) appear at higher fields than the corresponding
protons of 3a (4, 7.18—7.33) and the reference com-
pound 8a (6 7.13 and 7.60). This phenomenon indi-
cates that the two benzene rings in 3s are held face
to face in close proximity by a vinylene bridge and
the syn-conformation for 3s can be accommodated.
The aromatic proton signals of 3a were observed at
nearly the same positions as those of the reference
compound 8a. This suggests that the two benzene
rins in 3a are not held in a face to face conformation
and the anti-conformation for 3a can be accommo-
dated.

In the saturated cyclophanes (Is and la), the mass
spectra also show the same pattern containing a molec-
ular ion peak at mfe 364. This fact confirms that
the two are isomeric, similar to the case of 3s and 3a.
The structural difference between 1s and la is un-

equivocally realized in the NMR spectra. The aro-
matic protons of 1s (6, 6.58 and 7.06) exhibit an upfield
shift, due to the diamagnectic shielding eflect of the
opposed aromatic ring, whereas the aromatic proton
signals of 1a were observed at necarly the same positions
as those of the reference compound 8a. These data
are best accommodated by the syn-structure for 1Is
and the anti-structure for la.

In ferrocenophane 2, the IR spectra revealed the
presence of 1,1’-disubstituted ferrocene and p-disubsti-
tuted benzene rings. The molecule probably exists in
the conformation with the phenyl rings approximately
parallel to onc another and approximately coplanar
to the plane of the cyclopentadienyl ring. Thus, in
2, substantial repulsive interactions must exist between
the two benzene rings which are bound together by
a methylene bridge at both para-positions. In the
NMR spectra of 2, as expected, the aromatic protons
(8, 6.62) appeared at higher fields than the corre-
sponding protons of the reference compound, 8b (6,
6.98 and 7.18). This phenomenon is probably due
to diamagnetic shielding effect duc to opposed aromatic
ring.
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The electronic spectra of the ferrocenophanes (Is,
la, 2, 3s, 3a, and 10) and the reference compounds
(8a and 8b) are shown in Figs. 1 and 2. It is well
known that the transannular electronic interactions in
cyclophanes result in the bathochromic and hyper-
chromic shifts of absorption bands in electronic spec-
tra.'8)  Toluene shows no absorption in the long wave-
length region above 270 nm.* The electronic spectra
of 1s, 3s, and 2 showed somewhat bathochromic
and hyperchromic shifts and unambiguous Dbroadening
in a range 220-—300 nm, compared with those of the
reference compounds, 8a and 8b. This may be due
to transannular s-clectronic interactions between the
two benzene chromophores in 1s, 3s, and 2; these
phenomena are also explained by spn-structure, but
not by anti-structurc. On the other hand, in 240 —
300 nm region, the electronic spectra of la and 3a,
arc very similar to the spectra of the reference com-
pound, 8a. This phenomenon and the small shiclding
eifects on aromatic protons in the NMR spectra of
la and 3a indicate that the interactions between the
two benzene rings in la and 3a are relatively weak
and the anti-conformations are accommodated.

The IR, NMR, and mass spectra of the dimer 10
were all consistent with the proposed structure. The
fragmentation pattern observed in the mass spectra
of 19 consisted of only three predominant peaks: m/e
56, 364, and 728, corresponding to Tet, a doubly
charged parent species, and a parent ion respectively.
This fragmentation pattern is normally observed in
[0.0]-,*® [1.1]-,9 [2.2]-,%Y and [3.3] (1,1")ferroceno-
phancs.®)  The IR spectra revealed the presence of
1, 1'-disubstituted {errocenc and o-disubstituted benzene
rings. In the NMR spectrum of 10, the aromatic
proton signals were observed at nearly the same posi-
tiens as those of the rcference compound, 8a. More-
over, in the 240—300 nm region of the electronic
spectrum of 10, the intensity was somewhat increased,
but the shape of the spectrum was very similar to that
of 8a. These phenomena indicate that the interac-
tions between the benzene rings in 10 are relatively
weak.

The electronic spectrum of ferrocene have two main
absorptions, viz., 325 and 440 nm. Both the position
and the intensity of the 440 nm are particularly sen-
sitive to ferrocenc ring-tilt distortion.’® In the 330—
450 nm region, the intensity of the spectra of 1s, la,
3s, 3a, and 10 was somewhat increased, but the shape
of the spectra was practically identical with that of
the reference compound 8a bearing an untilted fer-
rocene ring. These phenomena suggest that, due to
the short length of the side chain which is bridging
at the ortho position of the benzene ring, the planes
of the cyclopentadienyl and benzene rings in these
compounds have a nonplanar orientation, and accord-
ingly the ferrocene ring tilt distortions are relatively
weak. The electronic spectrum of 2 in the 330—450
nm region shows an increased intensity and a batho-
chromic shift to higher wavelength (475 nm), com-
pared with that of 8b bearing an untilted ferrocene
ring. This suggests that, in 2, a ferrocene ring-tilt
distortion occurs due to the short length of the side
chain which is bridging at the para position in benzene
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rings.

The IR spectra of [2.2]paracyclophane system have
several obvious features.’® Oae is the increase of the
intensity of the band in 153)—16J)) cm~!, which is
related to the increased double bond character due to
the distortion of the benzene rings. The other is the
appearance of a strong new maximum near the 710
cm™! region. Longgone and Warren!®® reported that
the strong maximum at 725 cm~! in [2.2]paracyclo-
phane and at 710 cm~! in 4,7,12,15-tetramethyl[2.2]-
paracyclophane might be a characteristic band asso-
ciated with the distortion benzene ring in [2.2]para-
cyclophane system. Otsubo et al.'*) also reported the
same phenomena in the multilayered [2.2]paracyclo-
phane system. In practice, besides the strong peak
around 1600 cm~!, the ferrocenophane 2 exhibits a
strong new band around 710 cm™!, whercas the ref-
erence compound &b bearing strain-{ree benzene rings
exhibits no band in this region. This indicates that
the compound 2 bears strained benzene rings due to
the interactions between the two aromatic rings. On

4
w3
o
©
2
1
230 300 0 o 0 500
A/nrm
Fig. 1. Electronic spectra of 1s, 1a, 3s, 3a, 8a, and
10 in dioxane.
------ : 1s, ——-—:1a, ——-: 38, ——-: 3a, ——:
8a, —o—o.: 10.
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Fig. 2. Electronic spectra of 2 and 8b in dioxane.
2, e : 8b.
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TasLe 1. Tue 'H NMR spECTRA OF THE FERROCENOPHANES (1s, la, 2, 3s, 3a, anp 10)
AND THE REFERENCE COMPOUNDs (8a AND 8b) (6§ rroM TMS, v CDCI,)
Compound Aromatic ring protons Ferrocene ring protons Other protons
1s 6.58 (m, 2H, H,) 4.27 (m, 4H, H,) 415v(r7n,72i:{4H;) -
7.06 (m, 6H, H; ..q) 4.49 (m, 4H, H,+H,) 4.34 (m, 2H, Hy)
la 7.20 (m, 8H) 4.40 (m, 4H, Hy) 4.06—4.18 (m, 4H, -CH,-)
4.51 (m, 4H, H,+H,)
3s 6.87 (m, 8H) 4.41 (m, 8H, H,+Hj;) 6.98 (s, 2H, H,)
3a 7.18—7.33 (m, 8H) 4.31 (m, 4H, H;) 7.46 (s, 2H, H,)
4.41 (m, 4H, H,+H,)
10 7.08 (m, 6H, H, 1) 4.28 (m, 4H, H;) 4.04—4.15 (m, 8H, -CH,-)
7.62 (m, 2H, H,) 4.51 (m, 4H, H,+H,)
8a 7.13 (m, 6H, H, ;) 4.22 (t, 4H, H,) 2.31 (s, 6H, -CH,)
7.60 (m, 2H, H,) 4.41 (t, 4H, H,)
2 6.62 (b-s, 8H) 4.25 (t, 4H, Hyp) 3.20 (s, 4H, -CH,-)
4.62 (t, 4H, H,)
8b2) 6.98 (d, 4H, H,) 4.17 (t, 4H, Hy) 2.28 (s, 6H, -CH,)
7.18 (d, 4H, H,) 4.44 (t, 4H, H,)

TaABLE 2. THE IR SPECTRA OF THE FERROCENOPHANES
(1s, 1a, 2, 3s, 3a, AND 10) AND THE REFERENCE
coMPOUNDS (8a anD 8b) (KBr cm™1)

Compound
1s 3100, 815 (1,1’-disubstituted ferrocene ring),
1600, 1500, 760 (o-disubstituted benzene ring)
la 3100, 815 (1,1’-disubstituted ferrocene ring),
1600, 1500, 760 (o-disubstituted benzene ring)
3s 3100, 805 (1.1’-disubstituted ferrocene ring),
1600, 1500, 740 (o-disubstituted benzene ring),

1635 7:0 (cis -CH=CH-)

3a 3100, 810 (1,1’-disubstituted ferrocene ring),
1600, 1500, 750 (o-disubstituted benzene ring),
1640, 960 (¢rans -CH=CH-)

10 3100, 810 (1,1’-disubstituted ferrocene ring),
1600, 1500, 760 (o-disubstituted benzene ring)

8a 3100, 810 (1,1’-disubstituted ferrocene ring),
1600, 1500, 745 (o-disubstituted benzene ring)

2 3100, 810 (1,1’-disubstituted ferrocene ring),
1600, 1500, 820 (p-disubstituted benzene ring),
710, 685 (distorted benzene ring)

8b 3100, 805 (1,1’-disubstituted ferrocene ring),

1600, 1500, 825 (p-disubstituted benzene ring)

the other hand, near the 700 cm~! region, the IR
spectra of 1s, 1la, 3s, 3a, and 10 are quite similar to
those of the open-chain model 8a. This may be due
to the non-distortion of benzene rings in these com-
pounds.

Experimental

Measurements. All the melting points are uncorrected.
The IR, NMR, mass, and electronic spectra were recorded
with Hitachi 260-10, Hitachi R-22; Hitachi RMU-6M, and
Hitachi 200-10 spectrometers, respectively.

1,7’-Bis[o-(methoxycarbonyl) phenyl] ferrocene (11a). Methyl
anthranilate (15.1 g, 0.10 mol) was diazotized in 10%, sul-
furic acid (300 cm?®) at 0—5 °C with sodium nitrite (7.1g,
0.102 mol). After diazotization had been completed, the
diazotized salt solution was added rapidly to a solution of
ferrocene (7.44g, 0.04 mel) in acetic acid (500 cm?®) under
an atmosphere of nitrogen. The resulting dark brown
solution was stirred overnight at room temperature, and
was then poured into water. The reaction mixture was ex-
tracted with chloroform and the chloroform extract was
washed with 59, aqueous sodium hydrogencarbonate solu-
tion, and brine, dried over anhyd MgSO,, filtered, and
concentrated. The residue was purified by column chro
matography (silica gel-benzene). First elution with benzene
gave the starting material: ferrocene (1.23 g, 16.59), mp
173 °C.

Second elution with benzene afforded 1.34 g (10.49 yield
based on ferrocene) of [o-(methoxycarbonyl)phenyl]ferrocene
(12a), raddish crystalls, mp 74—76 °C (lit,2" mp 74—75 °C).
IR (KBr): 3100, 1100, 1000. 805 (monosubstituted ferro-
cene ring), 1720 (-COOMe), 1600, 1500, 760, 735cm™!
(o-disubstituted benzene ring). 'H NMR (CDCly): 0=3.68
(s, 3H, -CH,;), 4.02 (s, 5H, H,), 4.26 (t, 2H, H,), 4.42
(t, 2H, H,), 7.11—7.82 (m, 4H, Ar-H). Found: C, 67.47;
H, 4.879%; M+, 320. Calcd for C;gH(FeO,: C, 67.52; H,
5.03%; M, 320.

Third elution with benzene gave 4.42¢ of 1la (23.39
yield based on ferrocene), veddish crystals, mp 92—94 °C.
IR (KBr): 3100, 805 (1,1’-disubstituted ferrocene ring), 1720
(-COOMe), 1600, 1500, 760, 735 cm' (o-disubstituted
benzene ring). 'HNMR (CDCl,): 6=3.69 (s, 6H, -CHj,),
4.19 (t, 4H, H;), 4.33 (t, 4H, H,), 7.18—7.60 (m, 8H,
Ar-H). Found: C, 68.86; H, 4.95%,; M+, 454. Calcd for
CH,,FeOy: G, 68.73; H, 4.889%,; M, 454.

1,1"-Bis[p- (ethoxycarbonyl ) phenyl] ferrocene (11b).
Gomberg’s arylation of ferrocene with diazonium salts (6b)
derived from ethyl p-aminobenzoate, was carried out in the
same way as descrived for 1la, and [p-(ethoxycarbonyl)-
phenyl]ferrocene (12b, mp 87—88 °C, reddish crystals, (lit,2)
mp 88—90 °C) and 11b (reddish yellow crystals, mp 130—
131 °C) were obtained in 14 and 269, vyiclds, respectively.

12b: IR (KRr): 3100, 1100, 800 (monosubstituted fer-
rocene ring), 1715 (-COOEt), 1600, 820 cm~! (p-disubsti-
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tuted benzene ring). H NMR (CDCL): 6=1.33 (¢, 3H,
-CH,), 3.97 (s, 5H, H,), 4.33 (t, 2H, H;), 4.37 (q, 2H,
-CH,-), 4.65 (t, 2H, H,), 7.44 (d, 2H, Ar-H), 7.92 (d, 2H,
Ar-H). Found: C, 68.16; H, 5.26%,; M*, 334. Calcd for
CH FeO: C, 68.28; H, 5.429%; M, 334.

11b: IR (KBr): 3100, 805 (1,1’-disubstituted ferrocene
ring), 1720 (-COOEt), 1600, 820 cm™! ( p-disubstituted ben-
zene ring). HNMR (CDCL,): 6=1.36 (t, 6H, -CH,), 4.24
([7 4H, I__Iﬂ)’ 4.37 ((]- 4Ha _CHZ_)’ 434'9 (t, 4'H) .I__[a)’ 7.22
(d, 4H, Ar-H), 7.80 (d, 4H, Ar-H). Found: C, 69.25;
H, 5.37%; M*, 482. Calcd for CygH,sFeO,: C, 69.37; H,
3.43%; M, 482.

1,1’-Bis[o-( hydroxymehyl ) phenyl] ferroccne (7a). To a
suspension of LiAlH, (1.41 g, 0.037 mol) in anhydrous di-
ethyl cther (160 cm?®) was added dropwise a solution of 1la
(8.17g, 0.018 mol) in dry benzene (100 cm?) at room tem-
perature during 1h, and the reaction mixture was then
heated under reflux for an additional 5h. After the mix-
ture had been decomposed with a small amount of cold
water, the organic layer was washed successively with 59,
hydrochloric acid, 5%, sodium hydrogencarbonate solution,
and brine, and dried over anhyd MgSO,. After removal
of the solvents, the residue was purified by column chro-
matography on silica gel (chloroform) to afford 7a as red-
dish yellow crystals, which were recrystallized from ethanol,
mp 103—104 °C (6.73 g, 949, yield). IR (KBr): 3300, 1020
(-OH), 3100, 810 (1,l’-disubstituted ferrocene ring), 1600,
1500, 750 cm~! (o-disubstituted benzene ring). H NMR
(CDCl,): 6=2.20 (br-s, 2H, -OH), 4.24 (m, 4H, H;), 4.36
(m, 4H, H,), 4.56 (s, 4H, -CH,-), 7.13—7.35 (m, 8H, Ar-
H). Found: G, 72.49; H, 5.679%,; M+, 398. Calcd for
CyH,,FeO,: C, 72.37; H, 5.56%,, M, 398.

1,1"-Bis[p-(hydroxymetlyl) phenyl] ferrocene (76). A re-
duction of 11b with LiAlH, was carried out in the same
way as described above, and 7b (reddish crystals mp 210-—
212°C) was obtained in 899, yield. IR (KBr): 3200
(-OH), 3100, 805 (1,l’-disubstituted ferrocene ring), 1600,
1500, 820 cm~! ( p-disubstituted benzene ring). H NMR
(CDCly): 6=4.12 (1, 4H, H;), 4.47 (m, 8H, H,+-CH,-),
5.07 (br-s, 2H, -OH), 7.11 (d, 4H, Ar-H), 7.26 (d, 4H,
Ar-H). Found: C, 72.31; H, 5.489,; M+, 398. Calcd for
C, H,,FeO,: C, 72.37; H, 5.56%; M, 398.

1,1’-Bis(o-formylphenyl) ferrocene (5a). At room tem-
perature, active manganese(IV) oxide (100 g) was added to
a solution of 7a (6.76 g, 0.017 mol) in chloroform (200 ml)
and the mixture was stirred in the dark for 12h. After
filtration to remove MnQO,, thc reddish chloroform solution
was evaporated to dryness and the residue was chromato-
graphed by clution of benzenc on silica gel to afford red-
dish crystals 5a (5.88¢g, 879, yield), mp 124—125°C. IR
(KBr): 2820, 1680 (-CHO), 3100, 810 (1,1’-disubstituted
ferrocene ring), 1600, 1500, 740 cm~* (o-disustituted benzene
ring). HNMR (CDCly): 6=+4.38 (m, 4H, H;), 447
(m, 4H, H,), 7.33—7.85 (m, 8H, Ar-H), 10.31 (s, 2H,
-CHO). Found: C, 73.27; H, 4.73%; M*, 384. Calcd
for Gy, HFeO,: C, 73.11; H, 4.60%; M, 384.

1,1-Bis(p-formylphenyl) ferrocene (5b). An oxidation of
7b with active manganese(IV) oxide was carried out in the
same way as described above, and reddish crystal 5b (mp
220—221 °C) were obtained in 549 yield. IR (KBr):
2820, 1695, (-CHO), 3100, 805 (1,1’-disubstituted ferrocene
ring), 1600, 1500, 820 cmm~* (p-disubstituted benzene ring).
1H NMR (CDCl,): 6=4.33 (m, 4H, Hy), 4.58 (m, 4H, H,),
7.28 (d, 4H, Ar-H), 7.61 (d, 4H, Ar-H), 9.92 (s, 2H,
-CHO). Found: C, 73.02; H, 4.45%,; M*, 384. Calcd
for CyH,sFeO,: C, 73.11; H, 4.60%; M, 384.

1,7-Bis[o-(bromomethyl ) phenyl] ferrocene (9a). Under an
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atmosphere of nitrogen, chlorotrimethylsilane (5.43 g, 0.05
mol) was added to a solution of anhyd lithium bromide
(3.48 g, 0.04 mol) in dry acetonitrile (50 cm?®) with stirring
at room temperature. The alcohol 7a (3.62g, 0.01 mol)
was then added and the reaction mixture was heated under
reflux for 12h. After cooling, the mixture was extracted
with diethyl ether (300cm3), and the extract was washed
successively with water, 5%, sodium hydrogencarbonate solu-
tion, and brine, and dried over anhyd MgSO, Removal
of the solvents and subsequent recrystallization from ben-
zene-hexane afforded orange crystals 9a (2.10 g, 409, yield),
mp 150—152 °C. IR (KBr): 3100, 810 (1,1’-disubstituted
ferrocene ring), 1600, 1500, 760 cm~! (o-disubstituted ben-
zene ring). HNMR (CDCl,): 6=4.27 (m, 4H, H;), 4.3¢4
(s, 4H, -CH,-), 4.51 (m, 4H, H,), 7.11—7.64 (m, 8H, Ar-
H). Found: C, 54.87; H, 3.73%. MS: 364 (M+ —2Br),
444 (M*+ —Br), 524 (M7*). Caled for C,H,Br,Fe: C,
55.00; H, 3.48%; M, 524.

1,1"-Bis[p-(bromomethy! ) phenyl] ferrocene (9b). The re-
action of the alcohol 7b with Me,SiCl-LiBr in acetonitrile
was carried out in the same way as described above, and
the reaction product 7b was purified by column chromatog-
raphy on silica gel using benzene as eluent in 439, yield,
reddish crystals, mp 136—138°C (decomp). IR (KBr):
3100, 805 (1,1’-disubstiuted ferrocene ring), 1600, 1500, 825
cm! (p-disubstituted benzene ring). *H NMR (CDCL;): ¢
=4.23 (t, 4H, Hp), 4.48 (m, 8H, H,+-CH,-), 7.17 (br-s,
8H, Ar-H). Tound: C, 54.87; H, 3.33%. MS: 364 (M*
—2Br), 444 (M*—Br), 524 (M*). Caled for G, H, Br,Fe:
C, 55.00; H, 3.489%; M, 524,

The Intramorecular Reductive Coupling of 5a with TiCly-Zn.
Under an atomosphere of nitrogen, zinc dust (7.8 g, 0.12
mol) was added in small portions to a stirred solution of
TiCl, (11,3 g, 0.06 mol) in dry THF (180 cin?®) at 0—5 °C.
After the mixture was refluxed for 2h, a solution of 5a
(4.72 g, 0.012 mol) and dry pyridine (0.90g) in dry THF
(600 cm?®) was added over 21 h under refluxing, followed by
an additional 10 h period of reflux and quenched by addi-
tion of 200 cm?® of saturated K,CO, solution. The mixture
was stirred for 0.5 h, diluted with chloroform, and filtered
through Celite. The chloroform layers were washed with
brine and dried over anhyd MgSO,. After removal of the
solvents, the residue was dissolved in hexane and chromato-
graphed on silica gel.

The first fraction, eluted with hexane and followed by
evaporation and recrystallization from ethanol, gave yellow
orange crystals (0.10g, 2.39%, yield). These were identified
as 1,1"-o-tolylferrocene (8a, mp 67—68 °C), by a compari-
son of the IR, NMR, and mass spectra and by a mixed-
melting-point determination with the authentic sample,
which was prepared by Gomberg’s reaction of ferrocene
with diazonium salts derived from o-toluidine.?® Found:
C, 78.55; H, 5.04%; M+, 365. Calcd for C,H,,Fe: C,
78.69; H, 6.05%; M, 366.

The second fraction, eluted with hexane-benzene (1:1)
and followed by evaporation and recrystallization from etha-
nol, gave reddish crystals (0.62g, 14.39 vyield), mp 181—
182 °C, which were determined to be spa-[0]orthocyclo[2]-
orthocyclo[0](1,1")ferrocenophan-7-ene  (3s). Found: C,
79.65; H, 5,119,; M*, 362. Calcd for C,H,Fe: C, 79.57;
H, 5.039%; M, 362.

The third fraction, eluted with benzene and followed by
evaporation and recrystallization from benzene-hexane gave
yellowish red crystals (5.23 g, 5.3%, yield), mp 230—231 °C,
which were determined to be anii-[0]orthocyclo[2]orthocyclo-
[0](1,1")ferrocenophan-7-ene (3a). Found: C, 79.51; H,
5.08%; Mt, 362. Calcd for Gy H gFe: C, 79.57; H, 5.03%;
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M, 362.

The fourth fraction, eluted with chloroform and followed
by evaporation and recrystallization from ethanol gave red-
dish yellow crystals (0.79 g, 16.5% vield), mp 103—104 °C,
which were identified as 1,1’-bis[o-(hydroxymethyl)phenyl]-
ferrocene (7a) by a comparison of the IR and NMR spectra
and by a mixed-melting-point determination with 7a.

The Reaction of 5b wiih TiCl,—Zn. The reaction of
5b with TiCl,~Zn was carried out in the same way as
described above, and 1,1’-di-p-tolylferrocene [8b, reddish
crystals, mp 167—169°C (lit,”» mp 168—169 °C)] and
1,1"-bis[ p-(hydroxymethyl) phenyliferrocene (7b), mp 103—
104 °C, were obtained in 47 and 249, vyields, respeciively.

The Intramolecular Coupling of 9a with Butyllithium. Un-
der an atmosphere of nitrogen, a 159, solution of butyl-
lithium in hexane (8 cm?®) was added dropwise to a solution
of 9a (2.41 g, 0.0046 mol) in dry THF (320 cm?®) at —50 °C,
followed by stirring at the same temperature for 2h and
then at 0°C for 2h. After a successive addition of water
(20 cm?®) and 1 M hydrochloric acid (40 cm?), the mixture
was extracted with chloroform. The chloroform extracts
were washed successively with 1 M hydrochloric acid, brine,
5%, sodium hydrogencarbonate solution, and brine, and
dried over anhyd MgSO,. After removal of the solvents,
the residue was dissolved in benzene-hexane (1:1) and
chromatographed on silica gel.

The first fraction, eluted with benzene-hexane (1:1) and
followed by evaporation and recrystallization from beinzenc-
hexane, gave reddish crystalls (0.10 g, 69, vield), mp 164—
165°C, which were determined to be syn-[0]orthocyclo[2]-
orthocyclo[0](1,1")ferrocenophane (1s). Found: C, 79.01;
H, 5.39%; M+, 364. Calcd for CyH,Fe: C, 79.13; H,
5.53%, M, 564.

The second fraction, eluted with benzene-hexane (1:1)
and followed by evaporation and recrystallization from etha-
nol affored reddish crystals (0.10g, 69, vield), mp 182—
183 °C, which were determined to be anti-[0]orthocyclo[2]-
[2]orthocyclo[0](1,1")ferrocenophane (1a). Tound: C, 78.96;
H, 5.419%; M*, 364. Caled for CyHyFe: C, 79.13; H,
5.53%,; M, 364.

The third fraction, eluted with benzene-hexane (1:1) and
followed by evaporation and recrystallization from ethanol
gave yellow orange crystals (0.70 g, 429 yield), mp 245—
247 °C (decomp), which were determined to be [0]ortho-
cyclo [2] orthocyclo [0] (1, 17) ferroceno [0] orthecyclo [2] ortho-
cyclo[0](1,1")ferrocenophane (10). Found: C, 78.91; H,
5.44%,. MS: 56 (Fet), 364 (M*/2), 728 (M+). Calcd for
CysHyoFe,: G, 79.13; H, 5.53%; M, 728.

[01Paracyclo[ 2] paracyclo[0](1,1°) ferrocenophane (2). The
intramolecular coupling of 9b with butyllithiurn was carried
out in the same way as described above, and the ferro-
cenophane 2 was separated by column chromatography on
silica gel using benzene as eluent, followed by recrystalliza-
tion from benzene (yield 209,), mp 230 °C (dccomp), red-
dish crystals. Found: C, 78.98; H, 5.449;,; M+, 364. Calcd
for CyHyFe: C, 79.13; H, 5.53%; M, 364.
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