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Abstract: The syntheses, conformational study, and transanmutar interaction of multibridged [Jcyclophanes
including the ultimate member of this series](3,2,3,4,5,6)cyclophang are described. The stepwise construction
of trimethylene bridges starting from 4}81,3,5)cyclophané led to the synthesis of by way of four- and five-
bridged cyclophane and8. The variable-temperature (VIH NMR study (CRCl,) and molecular mechanics
calculations (MM3) of five-bridge® revealed the most stable conformer, the relative stability order of the three
stable isomers, and energy barriers for the trimethylene bridge inversion. A similid WMR study (toluenedg)

of 1 suggests the presence of the trimethylene bridge inversion process betwe€g, wemformers. The charge
transfer (CT) bands of the complexes of multibridgeddyclophanes with tetracyanoethylene (TCNE) show significant
bathochromic shifts with the increase in the number of the bridges, and this is mainly attributed to the effective
hyperconjugation between the benzyl hydrogens and the benzene rings. The CT band of thelT&iNiplex

(728 nm) is the longest wavelength among those of the TCNE complexes.nj€yclophanes and multibridged
benzenophanes.

1. Introduction metal capped [4(1,2,3,4)cyclobutadienophane by Gleiter et

The field of cyclophane chemistry was opened by the work al.” and [%](2,3.4,5)thiophenophane (superthiophenophane) by

i 12
of Cram and Steinberg in 1951 Since then, various kinds of Ta;hlro et ala. have bee? trr]ep(;rtid. theti thod of [3.3
cyclophanes have been synthesized and their structures and Ince our discovery ot the Trst synthetic method o [3.3]-
properties have been studigdOne of the ultimate compounds metacyclophanwe have synthesized various [3.3]cyclophanes
the highly strained [g(1,2,3.4,5,6)cyclophana later named " and studied their conformational behavior and transanmutar
:2,3,4,5, . A

“superphane”, was synthesized by Boekelheide et al. in 1979, Interactions: Almost 10 years ago, we embaf"eq on the
and the work opened the new field of superphane chendistry. synthesis of one of the ultimate molecules of this field][3

Since then syntheses, novel structures, and chemical propertieéstﬁés;bi’gh?cydOphané’ which is tentatively named as [3]-

We expectl to have fascinating chemical features involving
the photochemical isomerization &fto propella[3]prismane

(8) For reviews, see: (a) Boekelheide, Xcc. Chem. Resl98Q 13,
65—70. (b) Boekelheide, V. IrCyclophanes |,Vogtle, Ed.; Springer-
Verlag: Berlin, 1983; p 8#139. (c) Kleinschroth, J.; Hopf, HAngew.
Chem.1982 94, 485-496; Angew. Chem., Int. Ed. Endl982 21, 469—
480. (d) Hopf, H. InCyclophanesKeehn, P. M., Rosenfeld, S. M., Eds.;
3 Academic Press: New York, 1983; Vol. 2, p 52872. (e) Gleiter, R;
Kratz, D. Acc. Chem. Red993 26, 311-318. (f) Reference 6, p 266
310.

(9) El-tamany, S.; Hopf, HChem. Ber1983 116, 1682-1685.

of various superphanes, such3sy Hopf et al.? [4:](1,2,3,4,5)-

ferrocenophane (superferrocenophane) by Hisatome &% al.,
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Scheme 1. Predicted Photochemical Isomerizationlofo
Propella[3]prismane2

Scheme 3. Predicted Most Stabl€g, Conformations and
Correlated Inversion Process of the Six Trimethylene

Bridges of1l
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Closure Reaction of Tetrabridged Tricyclo[4.2 3
octa-3,7-dienel to Propella[3]prismane5
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2 (Scheme 1). In connection with this type of reaction, Osawa
et al. proposed that the order of the frontier molecular orbitals
(FMOs) of the bridged polycyclic diolefin, which is a final
precursor for prismane formed in the photochemical reaction,
is a crucial factor in diagnosing the intramolecula? - 77
photochemical reaction of the diolefin. As long as the natural

FMO order (4 (SS)< 7— (AS) < m+* (SA) < 7_* (AA)) is 2.1. SynthesisBoekelheide et al. synthesized superphane
maintained, thes2 + 72| reaction takes place, while the reaction 2ccording to the principle ob-xylene dimerization, which

Conformational behavior ol should also be interesting.
From our previous conformational study of [3.3]péfaand
metacyclophane®, and three-bridged cyclopharésby the
variable-temperature (VT) NMR methods, we have predicted
the correlated inversion process of the six trimethylene bridges
for 1 (Scheme 3).

We report here the synthesis biby the stepwise approach
starting from [3](1,3,5)-cyclophané and the conformational
study of [3](1,2,3,4,5)cyclophan&® and 1 based on the VT
NMR method and theoretical calculations (AM1, PM3, MBB),
as well as transannular— interactions of multibridged [}
cyclophanes.

2. Results and Discussion

will be forbidden if this order is disturbed® According to introduces simultaneously two ethanobridges into a cyclophane
by a gas-phase pyrolysis. The synthesi8 vfas accomplished

this, the conversion ol to the hexaprismane skelet¢his ; : ! >
in a 10-step process with an overall yield of 4% by this both

evaluated to be a borderline case. The FMO order of diolefin ) > .
n convenient and efficient methdd. Alternatively, Hopf et al.

is affected by several factors. The photochemical conversio
of syntricyclo[4.2.0.3-%octa-3,7-diene to cubane is forbidden,

employed a transannular carbene insertion reaction between a

but bridging of the diene with trimethylene chains makes the PSeudogeminally substituted methyl and a tosylhydrazide as a

reaction allowed, as was demonstrated by the Gleiter’'s remar
able intramolecular [2+ 2] photochemical reaction of tetra-
bridged tricyclo[4.2.0.8%octa-3,7-diene4 to propella[3]-
prismane5. In the former case, the natural FMO order is
disturbed, while in the latter, it is maintained (Schemé%ah
the prismane family, prismarié cubané'? and pentaprismasg

have been synthesized. However, the synthesis of hexaprisman@! tribridged cyclophan
has never been accomplished, even though its strain energy i

estimated to be 177 kcal/mol (ab initl®)2or 156 kcal/mol
(MM2),15b.22which is nearly comparable to that of cubane (157
kcal/mol)2® It has been a challenging problem for organic
chemistg©

(15) (a) Cha, O. J.; Osawa, E.; Park,JSMol. Struct.1993 300, 73—
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Schleyer, P. v. RJ. Am. Chem. Sod.973 95, 8005-8025. (c) Mehta, G.;
Padma, S.; Osawa, E.; Barbiric, D. A.; Mochizuki, Yetrahedron Lett.
1987 28, 1295-1298.

(23) (a) Wiberg, K. BAngew. Chenl986 98, 312-322; Angew. Chem.,
Int. Ed. Engl.1986 25, 312-322. (b) Wiberg, K. B.; Bader, R. F. W,;
Law, C. D. H.J. Am. Chem. S0d.987, 109, 1001-1012.

k-construction method of an ethano bridge for the synthesis of

3.2 Introduction of a propano bridge into a cyclophane has
generally been a more difficult problem than that of an ethano
bridge because of the availability of much fewer conventional
synthetic methods. The most general TosMI@-tglylsulfo-
nyl)methyl isocyanide] methddwas useful for the synthesis
2% but did not seem to be promising

dJor further elaboration of additional bridges because the reaction

of the pseudogenbis(halogenomethyl) group and TosMIC
might be made increasingly difficult by an increased spatially
constrained reaction space. Therefore we have focused on the
reaction between two pseudogeminally substituted kinds of
functional groups.

Our efforts toward the synthesis @fhave been made via
two approaches: (a) a stepwise introduction of additional
trimethylene bridges starting from three-bridged cycloph@ne
(Scheme 4), and (b) a direct approach via cyclotrimerization of
cyclodeca-1,6-diene in the presence of a metal catéiy}&£s

(24) Sako, K.; Meno, T.; Takemura, H.; Shinmyozu, T.; InazuCfhiem.
Ber.199Q 123, 639-642.

(25) (a) Sako, K.; Hirakawa, T.; Fujimoto, N.; Shinmyozu, T.; Inazu,
T.; Horimoto, H. Tetrahedron Lett1988 29, 6275-6278. (b) Sako, K.;
Shinmyozu, T.; Takemura, H.; Suenaga, M.; Inazu].TOrg. Chem1992
57, 6536-6541. (c) Shinmyozu, T.; Hirakawa, T.; Wen, G.; Osada S.;
Takemura, H.; Sako K.; Rudzinski, J. Miebigs Ann1996 205-210. (d)
Sako K.; Tatemitsu, H.; Onaka, S.; Takemura, H.; Osada S.; Wen, G.;
Rudzinski, J. M.; Shinmyozu, TLiebigs Ann.1996 in press.
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Lett. 1982 23, 5335-5338; (b) Shinmyozu, T.; Hirai, Y.; Inazu, T. Org.
Chem 1986 51, 1551-1555.

(28) Only dimerization products have been isolated: Shinmyozu, T.;
Sakamoto, Y. Unpublished results.
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Scheme 4. Stepwise Synthetic Approach

1Smmﬁ

Here we describe the synthesislofia route a by way of [g-
(1,2,3,5)cyclophaneg and five-bridged cyclophang

2.1.1. The First Generation. As critical coupling reactions
for the construction of a trimethylene bridge, we first tried an
intramolecular FriedetCrafts reaction of [g(1,3,5)cyclophane-
1-propanoic acid since these types of reactions were used a
the key reaction to the synthesis of Hisatome’s superferro-
cenophané? But, an application of this reaction failed to give
the desired ketonél, probably due to much lower reactivity
of the benzene ring than that of the cyclopentadienyl ring of
the ferrocen@® Then we thought that the intramolecular
coupling between two pseudogeminally substituted kinds of
functional groups may be promising. There was only one

precedent for such a reaction; Cram et al. reported that the

treatment opseudogeracetyl(chloromethyl)[2.2]paracyclophane
with t-BuOK in the presence of AQN§n THF provided 1-keto-
[3.2.2](1,2,5)cyclophan®.

On the basis of the background described above, we first
applied Cram’s method to our system. The coupling between
pseudogenracetyl(chloromethyl)[d(1,3,5)cyclophandOawas
examined. After testing various reaction conditions for the
reaction, we incidentally found that the refluxing of a mixture
of 10ab in 30% HBr in AcOH afforded the desired 1-ketg]3
(1,3,5)cyclophané&l and/or its secondary produt®, depending
on the reaction temperatuté. We carried out this reaction with
the intention of converting the alcohtDb obtained froml0a
by an agueous workup, to the corresponding bromide which
would be more reactive than the chloride, but fortunately, we
obtained the coupling produtil produced by the acid-catalyzed
alkylation reaction of an enol by the bromomethyl gréup.
Addition of hydrogen bromide to the carbonyl group bf
followed by the dehydration of the resultant bromohydrin
provided the bromo-olefill2. As shown in Scheme 5, we
successfully synthesized up to five-briddg&fiom three-bridged
6 by this method, which we call the first generation of the
coupling method. Although the use of this coupling method
enabled us to prepareé and 8, preparation of the multigram
quantities oB seemed to be very difficult because of the modest
yields and the poor reproducibility due to the instability of the
coupling precursordOaand 15a

2.1.2. The Second Generation.We have developed an
alternative method using intramolecular aldol condensation
between an acetyl group and a pseudogeminally substitute
formyl group? This reaction proceeds in very high-yield, and

the resulting enones can be readily reduced to give trimethylenel3-3Imetacyclophan
bridges, as outlined in Scheme 6. As can be seen, the successfut

synthesis ofl depended on high-yield intramolecular aldol

J. Am. Chem. Soc., Vol. 118, No. 49, 199869

provided the pseudogeminally substituted compol&d The
regioselectivity of the formylation and acetylation®may be
attributed to the favorable proton transfer frencomplexes to
the acceptor sites, carbonyl oxygen of the acetyl group at the
pseudogeminal position, which is similar to the exclusive or
predominant pseudogem directing effects of the basic oxygen-
containing functional groups in [2.2]paracyclophafes.
Intramolecular aldol condensation df8 under alkaline
conditions (3 N aqueous NaOH) afforded end®ewhich was
readily hydrogenated in the presence of catalytic amounts of
10% Pd/C to give keton&l. Reduction ofl1 by the mixture
of LiAIH 4 and AICk®? afforded four-bridged?. In a similar
manner,7 was converted into five-bridged cyclopha®a good

%/ield. Formylation of the acetyl compourB quantitatively

provided the pseudogeminally substituted compo@dd Its
intramolecular aldol condensation under alkaline conditions
provided six-bridged enon&5 in high yield. The Pt@
catalyzed hydrogenation 86 afforded keton&6 quantitatively.

The carbonyl group o026 was found to be extremely inert
toward reducing agents such as LiAHHAICI ; or triethylsilané3
as compared with the corresponding carbonyl groups of lower
homologuesl1 and22. Then we examined the reduction of
the carbonyl group a26 via hydroxyl compoun@7. Reduction
of the carbonyl group 026 by LiAIH 4 in refluxing THF or by
n-BusNBH42* in CH,ClI, resulted in the complete recovery of
the starting keton@6. Finally we chose Smat® in THF since
this reagent is a potentially powerful reducing agent toward a
variety of functional groups and the reducing power is enhanced
in the presence of base or aéfd.In fact, the reduction 026
to alcohol 27 was accomplished with Smlin THF in the
presence ol N aqueous KOH. The resultant alcol®) was
readily reduced by LiAIH—AICI3 to give the desiredl as
colorless crystals decomposed above 36869% yield from
26). Thus the synthesis dof has been accomplished in 16
steps from three-bridgegiwith an overall yield of 3.8% or 7%
based on the recovered starting materials in the acetylations
(Scheme 6).

In the IH NMR spectrum ofl [270 MHz, CDC}, 22°C: 6
2.41-2.51 (m, 12H, CHCH,CHy), 3.19 (t, 24H, ¢&1,CH,CH)],
two groups of proton signals are observed for trimethylene
bridges. The*C NMR spectrum ofl (90 MHz, CDC, 22
°C, TMS) shows three singlets &120.5 (t, CHCH,CHy), 28.2
(t, CH,CH,CHy), and 135.4 (s, aromatic). The multiplicity of
the signals (in parentheses) is determined by the off-resonance
proton decoupled3C NMR spectrum. The proposed, highly
symmetrical structure df and its dynamic nature are reflected
in these NMR data. Elemental analysis and mass spectral data
[MS (70 eV): M™ m/z= 396] are also in agreement with the
calculated values expected fbr

d 2.2. Structure in Solution. In the previous papers, we have

reported the conformational study of [3.3]paracycloph#ne,
e8a-d [3.3](2,6)pyridinophane¥e and three-

(31) Reich, H. J.; Cram, D. J. Am. Chem. S0d969 91, 3505-3516.
(32) (a) Nystron, R. F.; Berger, C. R. A. Am. Chem. S0d.958 80,

condensation reactions, and this method has proved to be a verp896-2898. (b) Potts, K. T.; Liliegren, D. R]. Org. Chem.1963 28,

efficient construction method of a trimethylene bridge.
Three-bridged cyclophané was treated with AgO in the

presence of AlGIto give monoacetyl compour@along with

a pseudogendiacetyl compountiwhich was separated out by

silica gel column chromatography. Formylation @&fwith

ClI,CHOCH; in CH,Cl; in the presence of AlGlquantitatively

(29) Shinmyozu, T.; Kusumoto, S. Unpublished results.

(30) (a) Truesdale, E. A.; Cram, D.J.Am. Chem. Sqcl973 95, 5825~
5827. (b) Truesdale, E. A.; Cram, D. J. Org. Chem198Q 45, 3974-
3981.

3202-3205. (c) Brewster, J. H.; Bayer, H. O.; Osman, SJ.FOrg. Chem.
1964 29, 110-115. (d) Brewster, J. H.; Bayer, H. @. Org. Chem1964
29, 116-121.

(33) (a) Kursanov, D. N.; Parnes, Z. N.; Loim, N. ynthesisl974
633-651. (b) Dailey, O. D., JrJ. Org. Chem1987, 52, 1984-1989. (c)
Doyle, M. P.; West, C. T.; Donnelly, S. J.; McOsker, C.XCOrganomet.
Chem.1976 117, 129-140.

(34) Raber, D. J.; Guida, W. Q. Org. Chem1976 41, 690-696.

(35) (a) Girard, P.; Namy, J. L.; Kagan, H. B. Am. Chem. S0d.98Q
102 2693-2698. (b) Review: Inanaga, Rev. Heteroatom Chenil99Q
3, 75—86 and references therein.

(36) Kamochi, Y.; Kudo, T.Yuki Gosei Kagaku Kyokaisti994 52,
285-294.
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Scheme 5. Synthetic Route to [3(1,2,3,4,5)Cyclophan& from [35](1,3,5)Cyclophané?
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16 17

a(a) (CHCO)O0, AlCl3, CS. (b) CHOCH.CI, AICl3;, room temperature. (c) 30% HBr in AcOH, ca. 120. (d) H;, 10% Pd/C, KOH, EtOH,
THF. (e) H, PtQ,, AcOH.

Scheme 6. Synthetic Route to [§(1,2,3,4,5,6)Cyclophang& from 5-Acetyl[3](1,3,5)cyclophané®?

c c
a) b) N ¢) d) e) a)
9 — . ., | 1 7 14
79 % 7 99 % 83 % 77 %
| % % % o
CHO from 9 NS
COCH; o
18 19

b)
X
J — |
= 85 %

CHO from 14
COCHg3 (0]
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| 74 %
CHO from 23 NS
COCHg rom

24 25

a(a) CHOCHCE, AICI3, CHCl,. (b) 3 N aqueous NaOH, THF, GBH. (c) H, 10% Pd/C, THFCH;OH. (d) AICIs, LiAIH 4, THF; (e)
(CH3CO)0, AICl3, CS. (f) Hp, PtO,, CHCL—CHsOH. (g) Smb, 1 N aqueous KOH, THF.

and five-bridged [gcyclophanes? and8.2 The most stable a 1.0:1.2 ratio, which are equal to the difference of the free
conformers of [3lcyclophanes are summarized in Figure 1. In energies being 0.07 kcal/mol at90 °C. The energy barrier

the multibridged [3cyclophanesi{ > 2), the molecular motion  for this conformational process is estimated to be 9.6 kcal/mol
is limited to the flipping process of the trimethylene bridges. with T, = —70°C.3® The MM3-predicted population of three

Its energy barrier is estimated to be ca—1@ kcal/mol for the
isolated trimethy|ene bridg%_—ZG Ina previous communication, (37) The se_miempirical MO calculgtions (PM3) also give a similar result.
we briefly reported the conformational analysis of five-bridged ;:‘;pf]‘i’g;ﬁ;tggﬁtzggriyiﬁéﬂ%kwﬁhfmmslgzﬁtgﬂdl_%onzg‘%aﬂ il
cyclophanes by the VT NMR method$. Figure 2 denotes the  Chemical Industries. (2) MM3-Program was obtained from Technical
summary of both experimental and calculated values (M13) Utilization Corp. The program was developed by N. L. Allinger and co-

for the relative stability of the stable isome3a—c and energy Ygrggggznév‘zgige%geﬂgf‘- éb_) ;;Z"l‘)’%rghléjgc_oﬂeﬂf; CEh?:"_lgfgwart

barriers for the trimethylene bridge flipping processes8of 575 p 3 Am. Chem. Sod985 107, 3902-3909. (d) Stewart, J. J. P.,
Experimentally, two isomer8a,8b are observed in CEZl, in Fujitsu Limited, Tokyo, Japan, 1993.
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Figure 1. Summary of the most stable conformers Q;]@clophanes
(n=2-6).
& S By = y
N N~

NN N
} —_— P —_— . | _
571 -40 °C
8a 8b 8¢
Relative stabilities

(kca/mol) & i) ) B 8
Experimental results  0.07 0.00 -
Calculated results 0.69 0.00 1.31 Hy

Energy Barrier 70°C He Hgy
(kcal/mol)

Experimental results 9.6 —

Calculated results 9.5 54 F e - — y |

Figure 2. Relative thermodynamical stability of the stable conformers 0 35 30 25 20 5
of [35](1,2,3,4,5)cyclophan8& and the energy barrier for the flipping

of the trimethylene bridges estimated by the ¥4 NMR method and Figure 3. VT H NMR spectra ofl in tolueneds (270 MHz).
MM3 calculations.

4.00 L L

isomers8a:8h:8cis 13:85:2 at—90 °C. 8b is the most stable,
andB8aand8care less stable by 0.69 and 1.31 kcal/mol, respec-
tively (relative free energies at90 °C). The MM3-estimated 3.00 -
energy barriers for the flipping processes of the trimethylene
bridges suggest that the observed energy barrier (9.6 kcal/mol)  2.s01
is ascribed to that for the flipping of the C-1 bridge.
Two groups of proton signals for the trimethylene bridges of g 2.00 1
1 reflect its dynamic nature, which is a rapid flipping of the six
trimethylene bridges, and exhibit strong temperature-dependent
phenomena. Inthe VIH NMR (tolueneds) experiment, two
groups of proton signals for the trimethylene bridge& af 20
°C [0 2.41-2.51 (m, 12H, CHCH,CHy), 3.19 (t, 24H, Ci,- 0.50
CH,CHy)] broaden as the temperature is lowered and are finally
resolved into four multiplets with the relative intensities being 0.00

3.50 1 3

1.50 4

1.00 A

2:2:1:1 at—70 °C (Figure 3). The MM3-optimized structure 250.00 300.00 30.00 400.00
of 1 suggests that the torsion angles defined byh—Ca— Wavelength (nm)

Cg—Hec orb (Scheme 3) are 134H;—Ca—Cg—Hc), 42 (Ha— Figure 4. Electronic spectra of multibridged,8yclophanes in CHGI
Ca—Cg—Hg), 43 (H,—Ca—Cg—Hyg), and 69 (Hp—Ca—Cs— Curves are identified by multibridged-J8yclophanes as follows: curve

Hg). On the basis of Karplus's relationship between the dihedral 1, [3:](1,3,5)cyclophanes; curve 2, [3](1,2,3,5)cyclophang; curve
angle3® which is defined by the HCC and the CCH planes, and 3. [3](1,2,3,4,5)cyclophang; curve 4, [3](1,2,3,4,5,6)cyclophang.

the coupling constant of the vicinal proton, the coupling constant

between H and H; is predicted to be the smallest one among '€ads to loss of their vicinal coupling toatand H, and two
those of the other vicinal protons coupling. Spin decoupling Multiplets of the benzylic protons g1 Hp) change to two

of the signal at 3.093.32 ppm results in the change of the doublets . The energy barrier for this process is estimated to
multiplet at 1.66-1.79 ppm to the doublet. The signals at3:09  be 10.9 kcal/mol witfTc = —40°C.*° The experimental results
3.32,2.76-2.85, 2.41-2.68, and 1.661.79 ppm are assigned thus obtained indicate the presence of the expected dynamic
to H, Hs He, and H on the basis of the above results, Process shown in Scheme 3 but fail to give information on the

respectively. Double spin decoupling of Bind H; at —=70°C mechanism and transition state structure of the process. To
make this point clear, theoretical calculations are in progress.

(38) AG* = RT. (22.96+ In TJAv): Av = 96.7Hz, T, = 203 K. Cadler,
I. C.; Garrat, P. JJ. Chem. Soc. B967, 660-662. (40) AG* = RT, (22.96+ In TJAV'), Av' = (A12 + 6J)2SPCLN Av
(39) Karplus, M.J. Chem. Phys1959 30, 11. =116 Hz, J = 14.0 Hz, T = 233 K.
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Table 1. Electronic Spectral Data of Multibridged {2 and [3,JCyclophanes and Position of the Longest Wavelength Absorption Bands in
the Electronic Spectra of Their TCNE Complexes, Together with the Values for the Corresponding Methylated Benzene Analogues

electronic electronic
absorption TCNE absorption TCNE methylated TCNE
band complex band complex benzene complex
[3n]cyclophane Amax(NMP Amax (NM)P [2n]cyclophane Amax (NMP Amax (NM)° analogues Amax (NM)?
[33](L,3,5)cyclophane e g 3%50) 504 [24(L3,5)cyclophane %5182(2 égm) 559  mesitylene 461
274 € 1778) 207 € 71 300)
[34](1,2,3,5)cyclophang& 319 ¢ 79) 632 222 (sh¢ 14 100) 23 5tel i
[24(1,2,3,5)cyclophane 248 (she 2030) anrene oY 480
287 (she 370)
308 (€ 195)
[35](1,2,3,4,5)cyclophang g;g Ei 22)50) 684 [2](1,2,3,4,5)cyclophane %3‘;(2 388 570 pentamethylbenzene 520
296 (€ 421)
[36](1,2.3,4,5,6)cyclophant 273 (€ 1698) 728 [26](1,2,3,4,5,6)cyclophang 306 (she 394) 572 hexamethylbenzene 545

342 € 65)

311 (she 324)

aMeasured in chloroform? References 7b and 42 Reference 7b.4R

2.3. Transannular z—a Interactions. Cram and Bauer
previously reported the CT spectra of the tetracyanoethylene
(TCNE) complexes of a series af[n]paracyclophanes{ =
2—6, n= 2—6) and demonstrated that the [3.3]paracyclophane
shows the strongest CT interactitin.In intramolecular CT
cyclophanes such asnn]paracyclophanequinonesm(= n =
2,42 314b 443) the [3.3]system also exhibits the strongest CT
interaction because of less strain and more flexibility than the

eference 43.

as an increase of the trimethylene bridge is attributed not only
to the enhanced transannutar sz interaction between two faced
benzene rings but also to the hyperconjugation between the
benzyl hydrogens and the benzene rings due to the conforma-
tions favorable forr—o interaction. The bending of the benzylic
methylene groups out of the plane of the attached benzene ring
is expected to be-34° for 1 and 20 for 3 by AM1 calculations.

[2.2]system, as well as a more suitable transannular distance3. Conclusions

than the [4.4]system. Boekelheide et al. reported that the CT
absorption bands of the TCNE complexes of multibridgegt [2
cyclophanes shift very slightly to the longer wavelength region
as an increase of the number of bridges, and the expected alky
effects cannot be observed even in TCNEg](1,2,3,4,5,6)-
cyclophane complexifax 572 nm)? This observation sug-
gested that the alkyl effect due to increased bridges is almos

We have synthesized mutibridged,J&/clophanes by using
the newly developed intramolecular aldol condensation reaction

petween the acetyl group and the pseudogeminally substituted

formyl group as the key reaction for constructing a trimethylene
bridge. The conformational analysis ®by theoretical calcula-

ttions and the VT'H NMR (CDCl;) method suggests that the

negligible because of the inhibition of the hyperconjugation of €N€rgy barrier for the trimethylene bridge inversion is estimated

benzyl hydrogens due to significant bending of methylene
groups out of the plane of the attached benzene ring) {20
This molecular geometry is not suitable for effectiwe-o
interaction.

Figure 4 shows the electronic spectra of multibridgeg-[3
cyclophanesr{= 3—6) in CHCk. The spectral data and their
Amax Of the CT bands of TCNE complexes are summarized in
Table 1, together with the values for the corresponding-[2
cyclophane%** and methylated benzen®s.In contrast to the
case of [Z]cyclophanes, the longest wavelength absorption
bands of the TCNEmultibridged [3]cyclophane complexes
gradually shift to longer wavelength region as an increase of
the number of bridges ranged from 594 nm for the TCMNE
to 728 nm for the TCNE1 complex. This corresponds to the
gradual increase of the first HOMO level as the number of
bridges increases, while the first LUMO level does not depend

to be 9.6 kcal/mol withT, = —70 °C and the observed energy
barrier is ascribed to that for the flipping of the C-1 bridge. VT
1H NMR (tolueneds) of 1 suggests the energy barrier for the
trimethylene bridge inversion process is estimated to be 10.9
kcal/mol withT, = —40°C. The longest wavelength absorption
bands of multibridged [3cyclophanes and the CT bands of their
TCNE complexes gradually shift to the longer wavelength
region as the number of the trimethylene bridges increases. The
six-bridged1 has the strongest-donating ability due to the
enhanced transannular—s interaction between two faced
benzene rings and the hyperconjugation of the benzyl hydrogens
with the benzene rings.

X-ray structural analyses dfand8 as well as photoelectron
spectral study of a series of multibridged|i8/clophanes are
in progress. Investigation of the photochemical properties of
multibridged [3]cyclophanes is also in progress, and the results

on the number of the bridges, as suggested by the semiempiricalVill be reported elsewhere.

MO calculations. The value (728 nm) for the TCNE
complex is the longest wavelength among those of the TCNE
complexes of the rf.njcyclophanes and multibridged ben-
zenophanes. The significant bathochromic shift of the CT bands

(41) Cram, D. J.; Bauer, R. H. Am. Chem. S0d959 81, 5971-5977.

(42) Cram, D. J.; Reeves, R. A. Am. Chem. Sod 958 80, 3094
3103.

(43) Cram, D. J.; Day, A. CJ. Org. Chem1966 1227-1232.

(44) (a) Boekelheide, V.; Hollins, R. Al. Am. Chem. Sod 973 95,
3201-3208. (b) Gilp, W.; Menke, K.; Hopf, HAngew. Chem1977, 89,
177; Angew. Chem., Int. Ed. Engl977 16, 195. (c) Schirch, P. F. T;
Boekelheide, VJ. Am. Chem. S0d.981, 103 6873-6878.

(45) Merrifield, R. E.; Phillips, W. DJ. Am. Chem. So&958 80, 2778~
2782.

4. Experimental Section

4.1. General ProceduresMelting points were measured on
a Yanaco micro melting point apparatus MP-S3 and 13C
NMR spectra were measured on a JEOL JNM-GX 270 and 400.
Chemical shifts were reported @svalues (ppm) relative to
internal MgSi in CDCk unless otherwise noted. Mass spectra
(EIMS, ionization voltage 70 eV) and fast atom bombardment
mass spectra (FABMSynitrobenzyl alcohol) were obtained
with a JEOL JMS-SX/SX 102A tandem mass spectrometer.
Electronic spectra were recorded on a Hitachi U-3500 spec-
trometer. Infrared data were obtained on a Hitachi Nicolet
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I-5040 FT-IR spectrometer. Elemental analyses were performed [3.3.3.3](1,2,3,5)Cyclophane 7.A mixture of 13 (1.12 g,
by the Service Centre of the Elementary Analysis of Organic 3.56 mmol), Pt@ (500 mg) in AcOH (200 mL), and THF (50
Compounds affiliated with the Faculty of Science, Kyushu mL) was hydrogenated by stirring the mixture under a H

University. Analytical thin layer chromatography (TLC) was
performed on Silica gel 60-5, (Merck). Column chromatog-
raphy was performed on Daiso gel IR-60 {488 xm), Merck
silica gel 60 (46-63 um), or Fuiji Silysia BW-300.

atmosphere for 12 h. The reaction mixture was filtered, and
the filtrate was concentrated to dryness to give a white solid
which was passed through a short silica gel column with-CH
Cl,. Concentration of the eluate afford@das white crystals

All solvents and reagents were of reagent quality and were (1.10 g, 98%); colorless crystals (hexane), mp 25455.0°C

purchased commercially and used without further purification,
except as noted below. Tetrahydrofuran (THF) was distilled
from sodium and benzophenone. A solution of 0.1 mol/L Sml
in dry THF was prepared by a literature procedr{8.3.3]-
(1,3,5)Cyclophané was prepared by the reported proceddfes.
4.2. Synthesis of Five-Bridged 8 by the Coupling Reaction
Between a Pseudogeminally Substituted Acetyl Group and
a Chloromethyl Group. 5-Acetyl[3.3.3](1,3,5)cyclophane 9.

(lit.2 254.5-255.0°C).

5-Acetyl[3.3.3.3](1,2,3,5)cyclophane 14To a mixture of7
(3.83 g, 12.1 mmol), AIG (3.60 g, 27.0 mmol), and G200
mL) was added a solution of (GBO)0 (1.29 g, 12.6 mmol)
in CS; (20 mL) in one portion at room temperature with stirring.
After the addition, the mixture was refluxed for 67 h with
stirring. The reaction mixture was poured into ice water and
extracted with CHCl,. The combined extracts were washed

We describe here the improved procedure of the previously with brine, dried with MgS@, and filtered. After removal of

reported oné.

To a mixture of6 (6.18 g, 22.4 mmol), AlG (6.66 g, 50.0
mmol), and C$(375 mL) was added a solution of (GEO)0
(2.37 g, 23.3 mmol) in CS(35 mL) in one portion at room
temperature with stirring. After the addition, the mixture was
refluxed for 65 h with stirring. The reaction mixture was poured
into ice water and extracted with GBI,. The combined
extracts were washed with brine, dried with MgSeénd filtered.

the solvent, the residue was chromatographed on silica gel (200
g) with toluene to give recovered (0.26 g, 7%) and desired
14(3.36 g, 77%, 83% based on recover@d 14: white crystals
(hexane/CHCI,), mp 168.5-169°C; IR (KBr) v 1697 (C=0)
cm™%; 'H NMR 6 2.11-2.26 (m, 8H, CHCH,CH,), 2.22 (s,

3H, COCH), 2.58-2.78 (m, 16H, EGi,CH,CH>), 5.93 (s, 1H,
ArH), 6.67 (s, 1H, ArH), 6.99 (dJ = 1.65 Hz, 1H, ArH); MS
m/zM* 358. Anal. Calcd for GHz0O: C, 87.10; H, 8.43.

After removal of the solvent, the residue was chromatographed Found: C, 86.89; H, 8.35.

on silica gel (240 g) with toluene to give recover@dl.36 g,
22%), desired® (4.78 g, 67%, 86% based on recovefgdand
a 5,14-diacetyl compound (0.88 g, 11%). All of the spectro-
scopic and physical properties & and the 5,14-diacetyl
compound were in complete agreement with the reportecfdata.
2-Bromo[3.3.3.3](1,2,3,5)cyclophane-1-ene 12For the
preparation of 5-acetyl-14-(chloromethyl)[3.3.3](1,3,5)cyclophane
10afrom the acetyl compoun§, refer to the ref 2.

To a solution of the crude chloromethyl compoutith (234
mg, 0.638 mmol) in AcOH (10 mL) was added 30% HBr/AcOH
(20 mL), and the mixture was refluxedrfé h at 140°C. After
cooling, the mixture was poured into icgvater and extracted
with CH,Cl,. The combined extracts were washed with brine,
dried with MgSQ, and filtered. The filtrate was passed through
a short silica gel columrR; (SiO,, hexane/toluene 5:1) 0.40],
and the eluate was concentrated to give bromo-offias white
crystals (202 mg, 77% fror). 12 colorless crystals (CH
Clyyhexane), mp 233:6235.0°C; H NMR 6 2.10-2.33 (m,
6H, —CH,CH,CH,—), 2.60-2.98 (m, 12H,—CH,CH,CH,—),
3.57 (d, 2H,J = 3.9 Hz, BrG=CHCH,—), 6.69 (s, 4H, ArH),
6.70 (t, 1H,J = 3.9 Hz, BrG=CH—); MS (El) m/zM+ 392,
M+ + 2 394. Anal. Calcd for gH,sBr: C, 73.28; H, 6.41.
Found: C, 73.43; H, 6.40.

[3.3.3.3](1,2,3,5)Cyclophane-1-ene 13A mixture of 12

2-Bromo[3.3.3.3.3](1,2,3,4,5)cyclophane-1-ene 16lo a
mixture of CICHOCH; (25 mL) and AICE (190 mg, 1.43
mmol) was added a solution d4 (478 mg, 1.33 mmol) in
CICH,OCH; (35 mL) at room temperature, and the mixture was
stirred fa 2 h atroom temperature. The mixture was poured
into ice—water and extracted with G&l,, the combined extracts
were washed with brine, dried with Mg3Qand filtered, and
the filtrate was concentrated to give crude 5-acetyl-14-
(chloromethyl)[3](1,2,3,5)cyclophané5aas a blue-green ail,
which was used in the next reaction without further purification.
15a white crystals (hexane/GiEly), mp 128.6-129.0°C; R
(silica gel, CHCl,) 0.90; IH NMR ¢ 2.12-2.26 (m, 8H,
—CH,CH,CH,—), 2.22 (s, 3H, COCHh), 2.85-3.21 (m, 16H,
—CH3CH,CH,—), 5.09 (s, 2H,—CHCI), 6.60 (s, 1H, ArH),
6.67 (s, 1H, ArH).

To a solution of crudel5ain AcOH (20 mL) was added
30% HBr/AcOH (40 mL) at room temperature and then refluxed
for 18 h at 140°C. After cooling, the mixture was poured into
ice—water (50 mL) and extracted with GBI, and the
combined extracts were washed with brine and dried with
MgSQs. Removal of the solvent and the separation of the crude
product by pTLC (silica gel, toluene) providelb as white
crystals (216 mg, 37% frorhi4). 16: colorless crystals (CH
Cly/hexane), mp 245:6247.5°C; IH NMR 6 2.04-2.42 (m,

(1.49 g, 3.79 mmol), 10% Pd/C (1.0 g), powdered KOH (250 8H, ~CHCH.CH,—), 2.59-3.32 (m, 24H,~CH,CH,CH,—),
mg), EtOH (200 mL), and THF (80 mL) was evacuated and 3.63 (d,J= 4'4_HZ' 2H, BrG=CHCH,—), 6_'64 (t,1HJ= 4,"4
filed with H, gas. The mixture was stirred under an atmosphere H2: 1H, BrGH=CH), 6.83 (s, 2H, ArH); MSm/z (relative

of H, gas (a balloon was used) for 2 d. The reaction mixture

was filtered, and the filtrate was concentrated to dryness to give
a white solid which was passed through a short silica gel column

with CH,Cl,. Concentration of the eluate afforded cruas
white crystals (1.05 g, 88%)13: colorless crystals (CyCly/
hexane), mp 241:0242.5°C; R (SiO,, hexane/toluenes 5:1)
0.54;1H NMR ¢ 2.09-2.31 (m, 6H,—CH,CH,CH,—), 2.58-
3.01 (m, 12H~CH,CH,CH,—), 3.55 (t, 2H,—CH,CH=CH-),
6.06-6.11 (m, 1H,—CH,CH=CH-), 6.55 (d,J = 11.7 Hz,
1H, —CH,CH=CH-), 6.67 (s, 1H, ArH), 6.69 (s, 1H, ArH).
Anal. Calcd for G4H.6 C, 91.67; H, 8.33. Found: C, 91.61;
H, 8.30.

intensity) Mt 432 (98%), M + 2 434 (100%), M — "°Br
353 (48%). Anal. Calcd for gH2Br: C, 74.82; H, 6.74.
Found: C, 74.91; H, 6.77.

[3.3.3.3.3](1,2,3,4,5)Cyclophane 8A mixture of 16 (216
mg, 0.50 mmol), 10% Pd/C (200 mg), KOH (40 mg), EtOH
(50 mL), and THF (20 mL) was stirred under an atmosphere
of H, gas for 3 d. The reaction mixture was passed through
a Celite column, and the eluate was concentrated to give
[34](1,2,3,4,5)cyclophane-1-en&7 as pale yellow crystals
(173 mg).

A mixture of 17 (173 mg, 0.49 mmol), Pt9©(100 mg) in
AcOH (50 mL), and THF (20 mL) was stirred under an
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atmosphere of blgas for 20 h. The reaction mixture was extracted with toluene. The combined extracts were washed
filtered through a celite column with AcOEt, and the eluate was with brine, dried with MgSQ, and filtered. Removal of the
concentrated. The concentrate was passed through a short silicaolvent provided a white powder which was purified by column
gel column with CHCI,, and the eluate was evaporated to give chromatography on silica gel with toluene to givg3.83 g,

white crystals (95.8 mg, 54% frorh6). 8: colorless crystals
(hexane/CHCl,), mp 265.0-266.5°C; 'H NMR 6 2.11-2.22
(m, 2H, —CH,CH,CH,—), 2.33-2.56 (m, 8H,—CH,CH,CH,—),
2.66-2.72 (m, 4H, —CH,CH,CH,—), 3.05-3.26 (m, 16H,
—CH,CH,CH,—), 6.74 (s, 2H, ArH)13C NMR (100 MHz) 21.8,
22.4,27.7,28.2,29.4,32.0,132.0, 134.3, 137.1, 137.4n¥5
M* 356 (100%). Anal. Calcd for gHzx C, 90.95; H, 9.05.
Found: C, 90.99; H, 9.01.

4.3. Synthesis of Six-Bridged 1 by the Aldol Condensation
Reaction between a Pseudogeminally Substituted Acetyl
Group and a Formyl Group. 5-Acetyl-14-formyl[3.3.3]-
(1,3,5)cyclophane 18.To a mixture of9 (6.29 g, 19.7 mmol),
AICl3 (5.78 g, 43.4 mmol), and Ci&l, (100 mL) was added
dropwise a solution of GCHOCH; (3.39 g, 29.5 mmol) in Ch
Clz (5 mL) in an ice-salt bath with stirring. After the mixture
had been stirred in an iessalt bath for 20 min, it was allowed

83%), whose physical and spectroscopic data were in complete
agreement with those of the reported valdes.
5-Acetyl-14-formyl[3.3.3.3](1,2,3,5)cyclophane 20To a
mixture of14 (3.36 g, 9.37 mmol), AlG (3.12 g, 23.4 mmol),
and CHCI, (50 mL) was added dropwise a solution of,Cl
CHOCH; (1.62 g, 14.1 mmol) in CBCl, (5 mL) in an ice-salt
bath with stirring. After the mixture had been stirred in an-ice
salt bath for 10 min, it was allowed to warm to room temperature
and stirred for an additional 5 h. The reaction mixture was
poured into ice water and extracted with &H,. The organic
portion was washed with brine, dried with Mgg@nd filtered.
Removal of the solvent provide2D (3.92 g), which was used
in the next reaction without further purificatior20: pale yellow
crystals (CHCIl,/MeOH), mp 203-204 °C; IR (KBr) v 1688
(C=0), 1687 (G=0) cnrl; IH NMR 6 2.04-2.42 (m, 4H,
CH,CH.CHy), 2.17 (s, 3H, COCH), 2.52-2.83 (m, 10H,

to warm to room temperature and stirred for an additional 5 h. CH,CH,CH,), 2.98-3.03 (m, 2H, Gi,CH,CH>), 3.14-3.34 (m,
The reaction mixture was poured into ice water and extracted 6H, CH,CH,CH), 3.673.76 (m, 2H, G,CH,CH>), 6.71 (s,
with CH.Cl,. The organic portion was washed with brine, dried 2H, ArH), 6.74 (s, 2H, ArH), 10.53 (s, 1H, CHO); M&/zM*

with MgSQ,, and filtered. Removal of the solvent provided 386. Anal. Calcd for G/H300,: C, 83.90; H, 7.82. Found:
18(6.82 g), which was used in the next reaction without further C, 83.67; H, 7.82.

purification. 18 pale yellow crystals (CkCl/MeOH), mp [3.3.3.3.3](1,2,3,4,5)Cyclophane-1-ene-3-one 2T.0 the
220-221°C; IR (KBr) v 1673 (C=0O) cnT}; 'H NMR 6 2.01- crude20 (3.92 g) dissolved in a mixture of MeOH (120 mL)
2.31 (m, 6H, CHCH,CHy), 2.26 (s, 3H, COCH), 2.58-2.86 and THF (120 mL) was adde3 N aqueous NaOH (120 mL),
(m, 10H, GH2CHzCHy), 3.67-3.84 (m, 2H, G1,CH,CHy), 6.64 and the mixture was stirred for 13 h at room temperature. As
(s, 2H, ArH), 6.70 (s, 2H, ArH), 10.50 (s, 1H, CHO); M8&/z the reaction proceeded, precipitate appeared and the quantity
M* 346. Anal. Calcd for @HxO2: C, 83.20; H, 7.56.  was gradually increased. After removal of the solvent, the
Found: C, 82.94; H, 7.57. aqueous portion was neutralized with dilute HCI and extracted

[3.3.3.3](1,2,3,5)Cyclophane-1-ene-3-one 19.0 18 (6.71
g, 19.4 mmol) dissolved in a mixture of MeOH (150 mL) and
THF (150 mL) was add®3 N aqueous NaOH (150 mL), and

with CHCl;. The combined extracts were washed with brine,
dried with MgSQ, and filtered. The filtrate was concentrated,
and the concentrate was chromatographed on silica gel (80 g)

the mixture was stirred for 16 h at room temperature. As the with toluene to give2l (2.94 g, 85% from14). 21. yellow
reaction proceeded, precipitate appeared and the quantity wasrystals (toluene), mp 25356 °C; IR (KBr) v 1645 (C=0)
gradually increased. After removal of the solvent, the aqueous cm™%; *H NMR 6 1.93-2.46 (m, 8H, CHCH,CH,), 2.62-2.99
portion was neutralized with dilute HCI and extracted with (m, 10H, GH,CH,CH,), 3.10-3.38 (m, 6H, G1,CH,CH,), 6.79
CHCIlz. The combined extracts were washed with brine, dried (d, J = 11.9 Hz, 1H, ArCH=CH), 6.86 (s, 1H, ArH), 6.90 (s,
with MgSQ,, and filtered. The filtrate was concentrated, and 1H, ArH), 7.71 (d,J = 12.2 Hz, 1H, ArG{=CH); MS m/zM*
the concentrate was chromatographed on silica gel (200 g) with368. Anal. Calcd for gH2s0: C, 88.00; H, 7.66. Found:

toluene to givel9 (5.09 g, 79% from9). 19: pale yellow
needles (toluene), mp 23221 °C; IR (KBr) » 1640 (G=0)
cm1; 'H NMR 6 2.11-2.25 (m, 6H, CHCH,CHj), 2.39-2.50
(m, 2H, GH,CH,CHy), 2.66-2.84 (m, 10H, G1,CH,CH,), 6.71
(s, 2H, ArH), 6.76 (s, 2H, ArH), 6.81 (d] = 11.9 Hz, 1H,
ArCH=CH), 7.66 (d,J = 12.2 Hz, 1H, ArGH=CH); MS m/z
M* 328. Anal. Calcd for @H,0: C, 87.76; H, 7.37.
Found: C, 87.84; H, 7.35.
[3.3.3.3](1,2,3,5)Cyclophane-1-one 11A mixture of 19
(5.04 g, 15.3 mmol), 10% Pd/C (1.00 g), MeOH (200 mL), and
THF (200 mL) was evacuated and filled with,lgas. The
mixture was stirred under an atmosphere gfgds (a balloon
was used) fo6 d atroom temperature. The Pd/C was filtered
and the filtrate concentrated to givd (5.03 g, 99%), whose

C, 87.73; H, 7.70.

[3.3.3.3.3](1,2,3,4,5)Cyclophane-1-one 2A mixture of 21
(2.89 g, 7.84 mmol), 10% Pd/C (500 mg), MeOH (100 mL),
and THF (100 mL) was stirred under an atmosphere pfab
for 4 d atroom temperature. The Pd/C was filtered and the
filtrate concentrated to give2 (2.93 g, quantitative)22: white
crystals (CHGJ/toluene), mp 336332 °C (sealed tube); IR
(KBr) v 1676 (G=0) cm'%; IH NMR ¢ 2.01-2.26 (m, 4H,
CH,CH,CHy), 2.28-2.56 (m, 4H, CHCH,CH,), 2.62-3.52 (m,
20H, O‘|2CH2CH2 and mch2CO), 6.74 (S, 1H, AI'H), 6.79
(s, 1H, ArH); MSm/zM™* 370. Anal. Calcd for gH300: C,
87.52; H, 8.16. Found: C, 87.18; H, 8.12.

[3.3.3.3.3](1,2,3,4,5)Cyclophane 8A solution of AICk (6.15
g, 46.1 mmol) and22 (2.85 g, 7.69 mmol) in dry THF (150

physical and spectroscopic data were in complete agreemenim|) was added dropwise to a mixture of LiAIH0.44 g, 11.5

with those of the reported valués.

[3.3.3.3](1,2,3,5)Cyclophane 7 A solution of AICI; (5.82
g, 43.6 mmol) andL1 (4.79 g, 14.5 mmol) in dry THF (150
mL) was added dropwise to a mixture of LiAJH0.83 g, 21.8
mmol) and dry THF (100 mL) in an icesalt bath under nitrogen
with stirring. The mixture was allowed to warm to room
temperature and then was refluxed for 12 h with stirring. The
reaction mixture was poured mt6 N aqueous bSO, and

mmol) and dry THF (100 mL) in an icesalt bath under nitrogen
with stirring. The mixture was allowed to warm to room
temperature and then was refluxed for 14 h with stirring. The
reaction mixture was poured mt6 N aqueous bSO, and
extracted with toluene. The combined extracts were washed
with brine, dried with MgS@ and filtered. Removal of the
solvent provided a white powder which was purified by column
chromatography on silica gel with toluene to gi8g1.93 g,
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70%). Mp and spectroscopic data of this compound completely CH,), 2.76-3.43 (m, 24H, G,CH,CH, and (H,CH,CO); MS

agreed with those prepared frald. m/zM* 410. Anal. Calcd for ggH3/0: C, 87.76; H, 8.35.
5-Acetyl[3.3.3.3.3](1,2,3,4,5)cyclophane 23To a mixture Found: C, 87.58; H, 8.34.
of 8 (1.93 g, 5.41 mmol), AIGJ(1.83 g, 13.7 mmol), and GS 1-Hydroxyl[3.3.3.3.3.3](1,2,3,4,5,6)cyclophane 27To a

(180 mL) was added a solution of (GEIO)O (0.562 g, 5.50  solution of 26 (85.0 mg, 0.207 mmol) in dry THF (200 mL)
mmol) in C$ (20 mL) in one portion at room temperature with  was added a solution of 0.1 mol/L Spih dry THF (20.0 mL,
stirring. After the addition, the mixture was refluxed for 44 h 2 oo mmol) under argon at room temperature with stirring,
with stirring. The reaction mixture was poured into ice water followed by the addition b1 N aqueous KOH (4.00 mL, 4.00
and extracted with CkClo. The combined extracts were washed mmol). After the addition, the mixture was stirred for 30 min
with brine, dried with MgS@, and filtered. After removal of  at room temperature. The color of the mixture changed from
the solvent, the residue was chromatographed on silica gel (210original dark blue to yellow in a few minutes. The reaction
g) with toluene to give recovere®|(430 mg, 22%) and desired  mixture was concentrated, and the residue was acidified with
23(830 mg, 38%, 50% based on recove8pd 23: pale yellow dilute HCI. It was extracted with CHg,lwashed with brine,
crystals (CHClz/hexane), mp 214216 °C; IR (KBr) v 1692 dried with NaSQy, and filtered through a column of silica gel.
(C=0) cnr!; 'H NMR 6 2.12 (s, 3H, COCh), 2.22-2.80 (m, The filtrate was concentrated to gi& (70 mg), which was
14H, H2CH,CHy), 3.05-3.22 (m, 16H, €1,CH,CHy), 7.02 used in the next reaction without further purificatiod7: white
(s, 1H, ArH); MSm/zM* 398. Anal. Calcd for GHs40: C, powdery crystals (benzene); IR (KBr)3416 (OH) cn1l; *H
87.39; H, 8.60. Found: C, 87.14; H, 8.60. NMR 6 1.94-2.16 (M, 6H, CHCH,CH,), 2.42-2.56 (m, 2H,
S5-Acetyl-15-formyl[3.3.3.3.3](1,2,3,4,5)cyclophane 24A CH,CH,CHy), 2.69-3.09 (m, 16H, EI,CH,CH,), 3.26-3.54
solution of CbCHOCH; (360 mg, 3.13 mmol) in CkCl> (5 (m, 10H, GH,CH,CH>), 4.19-4.31 (m, 1H, CHCH,CHOH),
mL) was added dropwise in an iesalt bath with stirring to a 5.75-5.82 (m, 1H, CHCH,CHOH); MS m/zM* 412. Anal.

mixture of23 (830 mg, 2.08 mmol), AIGI(610 mg, 4.58 mmol),  Calcd for GoHz60-1/2H,0: C, 85.46; H, 8.85. Found: C,
and CHCI, (15 mL). After the mixture had been stirred inan g5 53: H, 8.59.

ice—salt bath for 1 h, it was allowed to warm to room [3.3.3.3.3.3](1,2,3,4,5,6)Cyclophane ITo a mixture of27
temperature and then was stirred for an additional 5 h. The (410 mg, 0.994 'm'm'oly) and LiAlk (190 mg, 5.00 mmol) in

reaction mixture was poured into ice water and extracted with dry THF (500 mL) was added a solution of Akdh dry THF
CHyCl,. The organic portion was washed with brine, dried with (50 mL) in an ice-salt bath under nitrogen with stirring. After

MgSQ;, and filtered. Removal of the solvent provid2d (860 the mixture had been stirred in an iesalt bath under nitrogen

mg), which was used in the next reaction without further ¢, 30 min, it was allowed to warm to room temperature and
purification. 24: yellow crystals (toluene), mp 29292 °C; then was stirred for 1 h. The mixture was refluxed for 13 h

IR (KBr) v 1694 (C=0), 1671 (G=0) cnm %; 'H NMR 4 2.08 under nitrogen with stirring, and the cooled mixture was poured
(s, 3H, COCH), 2.11-2.65 (m, 12H, Gi,CH.CHy), 3.08-3.29 into water. It was concentrated and the concentrate extracted
(m, 16H, GH,CH,CHy), 3.54-3.63 (M, 2H, G1,CH,CHy), 10.59 with CHCl;. The combined extracts were washed with brine,

(s, 1H, CHO); MSm/zM™ 426. Anal. Calcd for GoHz.Oy: dried with NaSQy, and filtered. After removal of the solvent,

C, 84.47, H, 8.03. Found: C, 84.56; H, 8.02. the residue was chromatographed on silica gel (70 g) with @HCI
[3.3.3.3.3.3](1,2,3,4,5,6)Cyclophane-1-ene-3-one 2o the to give 1 (331 mg, 69% from26). 1. colorless crystals

crude24 (860 mg, 2.02 mmol) dissolved in a mixture of MeOH (benzene), mp 358C (dec, sealed tube}H NMR & 2.41—
(50 mL) and THF (50 mL) was adde3 N agueous NaOH (50 5 5 (M, 12H, CHCH,CH,), 3.19 (t,J = 7.3 Hz, 24H, Gl

mL) in one portion, and the mixture was refluxed for 59 h with CH,CHy); 13C NMR (CDCl, off-resonance decoupled)20.5

stirring. After removal of the solvent, the aqueous portion was (t, CH,CH.CH,), 28.5 (t, CH,CH.CHy), 135.4 (s, aromatic);
neutralized with dilute HCI and extracted with CHCIThe MS m/zM+ 396. Anal. Calcd for G()H;ei C. 9085 H. 9.15.

extracts were washed with brine, dried with MgSeand filtered. Found: C, 90.78: H, 9.04.
The filtrate was concentrated and the residue chromatographed
on silica gel (250 g) with CHGIlto give 25 (630 mg, 74% from
23). 25: yellow crystals (CHG), mp 402°C (dec, sealed tube);
IR (KBr) v 1647 (G=0) cnT'%; 1H NMR ¢ 2.11-2.57 (m, 10H,
CH,CH,CHy), 2.72-3.28 (m, 20H, ¢1,CH,CHy), 6.78 (d,J =
11.9 Hz, 1H, ArCH=CH), 7.74 (d, J = 11.9 Hz, 1H,
ArCH=CH); MSm/zM™ 408. Anal. Calcd for gH3,0O: C,
88.19; H, 7.89. Found: C, 87.90; H, 7.87.
[3.3.3.3.3.3](1,2,3,4,5,6)Cyclophane-1-one 2B.mixture of
25 (320 mg, 0.783 mmol), Pt£)(400 mg), MeOH (70 mL),
and CHC} (100 mL) was stirred under an atmosphere of H
gas for 41 h at room temperature. RtW®as filtered and the
filtrate concentrated to give6 (320 mg, 99%). 26. colorless
crystals (benzene), mp 37T (dec., sealed tube); IR (KBp)
1674 (G=0) cnt}; IH NMR 6 2.01—2.60 (m, 10H, CHCH,- JA961944K
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