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Abstracl: Dimctlw~~n2lmet~~~~~s 9 (n=2,3.4,5, and 6) and 10 were stereoselectivelyobtained in 6I- 
87% yields by means of [2 + 2]photocycloadditio~ 2kir coySrmatiot& wkn n=3 - 6. are exclusively of syn, 
while the dimethoxy[22jmetaq&phane exists as a mixture of syn and anti isotners with tk ratio of 4:3. &?er 
their Rirch tvduction, [n4bnetacyc@hanes I 1 (n=2 - 6) were successfilly obtained in 59 - 94% yields. 27teir 
confinmations. wkn n=2 - 4 are of anti or n=S and 6 are of syn Dihydroxy[n4]metacyclophanes I 6 (n=2 - 6) 
and dih#vxy[n2fmetacvclophaks I7 (n=4,5, and 6) were obtained in 93 - 100% and 78 - 95% yiehis, 
res~ctively, afler the denuthylation of methoxyl gtvupr. The conjmnation of 16 ami I 7 is tk same as that of 
corresponding dimetho~acyclophanus. lk acidity of phenolic group in 16 ami I 7 is low lik monomeric 
pktwL Aprr olefination and vinylation via tnj’late I g, tk metaq&@anes 19 and 2 I gave tk thre&idged 
[n22](lZ,4)c@ophanes 2 0 and 22 stemwelectively in 65 - 67% and 42 - 86% yie&, respectiwly, ander 
photoirmdiation TEe hvo cylobutane rings of 2 0 and 2 2 m oppsitely each otkr as confimwd by NOESY 
experiments and the structures are most stable among possible@r ones according to tk MM2 calculation And 
alto, thme-bridgexi phanes 2 2 nwe converted to [n44j(lJ 2 3 in 61 - 79% yteldc by the Birch 
reduction Another regiokmen~c three-bridged[n22/(1,3,5)q&phaaes 2 8 were aLm obtained stereaselectiwly 
as only one isomer in 31 - 78% yields with photocycloaddition by using tk s&c e_@ct qfmethoxyl group. The 
conflgumtion of cyclobutane rings relative to methoxyl gtvups was confinned to k anti by NOESY experiments. 
Ihe torsional angle of methoxyl groups on cyclophanes was estbnatedfionr 13C NbiR chemical shi@. l?te 
angles of metac#o&uses 9. I 0, atui I 1 am 10 - 25” atul those of three-bridged qzlophanes 2 8 an about 543 
which is the largest one among those ever te~rt& 

Introduction 

Cyclophanes have been extensively gathering much attentions to the synthesis of highly strained and 

fascinating molecules?) In this field, intramolecular [2 + 21 photocycloaddition is one of the excellent synthetic 

methods for ortbo-3) meta-,4) para-,5) and three-bridged@ cyclophanes. Styrene derivatives7) are used as 

convenient starting materials for this synthesis (see Chart 1). The products, cyclophanes fused by cyclobutane 

ring, show unique structural features concerned with the cyclobutane methme configumtion and the aromatic ring 

conformation.7) And at the same time, those cyclophanes have attracted much interest on their strain energies 

and aromatic ring interactions. Recently, we preliminarily reported that an o-methoxyl group to a vinyl one of 

the starting styrene derivatives effectively controls the conformation of the vinyl group and makes the 
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cyclobutane ring dii exclusively ana’ to the methoxyl gr0up.g) On the basis of these results, we investigated 

the steric effect of methoxyl group on the conformer distributions of metacyclophana which can be readily 

determined by using the Ab value defined by Krois and Lehner.9) Moreover, we studied the detailed structu.ral 

investigation for the behavior of methoxyl group on cyclophane skeletons; i.e., its effect on the cyclobutane ring 

cleavage, its torsional angle to the benzene nucleus, and its transformation toward multi-bridged cyclophanes. 

In this paper we describe some findings of our recent research in this field. 

n 

2a;2 
b;3 
c;4 
d;5 
e;6 

Results and Discussion 

Synthesis. I) Dimethogf~ZJ- anddimethoxy[r~4]metacyclophanes. 
The synthetic route of dimethoxy[n.2]metacyclophanes is shown in Scheme 1. a, o-Bis(p- 

methoxyphenyl)alkanes 5 wete used as starting materialal0) Diketones 6 were obtained by treatment with 

acetic anhydride and AlCl3 in nitrobenzene and 1,1,2,2-tetrachloroethane in 58 - 93% yields.11) Diols 7 were 

obtained by the reduction with LiAU-Q in quantitative yields. Diolefins 8 were obtained by the dehydration with 

pyridinium ptoluenesulfonate in 72 - 92% yields. [2 + 21 Photocycloaddition of diolefms 8 was carried out by 

the irradiation with a 400 W high-pressure Hg lamp (Pyrex filter) in benzene.6~12~13) After evaporation, 

[n.2]metacyclophanes 9b, 9c, 9d, and 9e were isolated in 61 - 87% yields. [2.2]Metacyclophanes 9a and 10, 

however, were found to be an equilibrium mixture, so that they could not be separated with either HPLC or 

TLC. But the 1H NMB peaks for each isomer could be detected separately. 

Bitch reduction is useful procedure for the cyclobutane ring opening.14) The reduction of 

[n.2]metacyclophanes 9 and 10 to [nA]metacyclophanes 11 was attempted by previously reported methodls) 

It was performed with 9 and 10, Na, liq. NH3/THP, and EtOH at -60 OC as shown in Scheme 2. The product 

distribution of this reaction is summarized in Table 1. [n.rl]Metacyclophanes 11 were obtained in 59 - 94% 
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Scheme 1. 

yields as main products. Interestingly, cyclophanes 12 and 13, which were further reduced products on 

benzene ring, were obtained in 4.4 - 26% and 6.9% yields, respectively, and ring-opening compounds 14 and 

15 were obtained in 0.2 - 9.7 and 7.3% yields, respectively, as minor products.*S) It is well known that 

anisole derivatives were readily reduced on benzene ring. 16~1~1 Accordingly, these results suggest that the 

reduction pathways of cyclobutkne ring and ankle moiety competed each other. 

2) Dihydroxy[n2]- and dih~~~[~4]~tacyclophcutes by the cleavage of CH@ groups. 

The synthetic route to dihydroxy[n.2]metacyclophanes 17 is shown in Scheme 3. Ankle derivatives 9 

were treated with excess of boron tribromide at r.t. for 12 h.18) Phenol derivatives 17b and c were obtained in 

95 and 93% yields, respectively. On the other hand, 9c did not give any cyclophane products under the same 

conditions. Since the reaction gave complex product mixture, we made the conditions mild Thus, 9~ was 
carefully treated with an equimolar amount of BBr3 at 0 OC for 2 h to give 17a in 78% yield. Unfortunately, 

9a, 9b, and 10 

of [n.4]metacyclophanes 11 is shown in Scheme 2. They were treated with an 

equimolar amount of BBq? at r.t. for 12 h. Phenol derivatives 16 were obtained in 93 - 100% yields. 
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Table 1. The product distribution after the Birch reduction of cyclophanes 9 and 10 

Yield of product (%) 

Compd 11 12 13 14 15 

9a/lO 62 6.9 9.7 7.3 

;: 
62 k7 ___ ___ 

9d :: i.46 
--_ t-28 ___ 
___ ___ 

9e 59 18 
1:4 

-__ ___ ___ 

3) [n2.2](1,3.4)-, [n4.4](1.3,4)-, and [n22](1,3,5)Cyclophanes. 

We developed two regioselective synthetic routes toward three-bridged cyclophanes.19) One is a muki- 

step synthesis by means of olefination and photocycloaddition. The other is a one-step photochemical synthesis 

of polyvinylated precursors. The synthetic route to [n.2.2]( 1,3,4)-, and [n.4.4]( 1,3,4)cyclophanes was shown 

in Scheme 3. Tritlates 18a and b were obtained from the reactions of 17a and b with (CF3SO2)2O in 87 and 

91% yields, respectively. Under the reported olefination conditions,20~21,22) however, olefins 19 were 
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obtained from 18b in very low yields. This result suggests that the reactivity of leaving groups on bulky 

cyclophane skeleton is very low even though they are trifluoroacetoxyl group. So we must make the conditions 

rather sever ones; i.e., tritlate 18b (34 mmol dm-3) was treated with Pd(PPb3)2C12 (0.28 equiv.), Et3N (43 

equiv.), and a corresponding olefin (ethyl aaylate or styrene, 14 equiv.) in DMF in a sealed ampule at 130 ‘C 

for 24 h. Yields of 19a and b now increased to 88 and 89%, respectively. Olefin moieties in 19a and b were 

assigned to be of tmns configuration according to IR and 1~ NMR (see Experimental). Olefins 19a and b were 

irradiated in benzene to give three-bridged [n.2.2](1,3,4)cyclophanes 20a and b in 67 and 65% yields, 

respectively. 

Since the vinylation of triflates 18 under the reported conditions also gave only the mono-vinyl 

derivatives,23,24) the reaction conditions were modified to rather severer ones; i.e., triflates 18a and b (0.20 

mol dm-3) were treated with Pd(PPh3)2Cl2 (16 mol%), Bu3SnCH=CH2 (1.2 - 2 equiv.),2S) and LiQ (5 
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Scheme 4. 

equiv.) in dry DMF at 100 OC for 2 h. Yields of olefins 21a and h were 78 and 79% respectively. [2 + 21 

Photocycloaddition of olefins 2 la and h was performed with a high-pressure He; lamp (Pyrex filter) in benzene. 

Three-bridged [n.2.2]( 1,3,4)cyclophanes 22a and h were obtained in 42 and 86% yields, respectively. And 

also, triflate 18h was successfully converted to [52]metacyclophane 2d with Pd(OAc)2, HCO2H, PPh3, and 

Et3N in DMP in 68% yield as shown in Scheme 3. 26) The reduction of [n.2.2](1,3,4)cyclophanes 22 to 

[n.4.4]( 1,3,4)cyclophanes 2 3 was carried out under the same conditions as that of [n.2]metacyclophanes (see 

Scheme 2). Cyclophanes 23a and b were obtained in 61 and 79% yields, respectively. 

By using the second synthetic method, another three-bridged cyclophanes [n.2.2]( 1,3,5)cyclophanes 2 8 

were prepared as shown in Scheme 4. Thus, a,w-his@-hydroxypheny1)alkane.s 2 4 were converted to 2 5 by 

means of hydroxymethylation with formaldehyde in 78 - 93% yields,27) followed by the methylation with 

methyl iodide in MeOH/H20 in 80 - 99% yields. 28) Tetrols 2 6 were prepared by the oxidation of 2 5 with 

Na2Cr207 in 61 - 86% yields,29) followed by Grignard reaction in THlVether in 73 - 85% yields. Dehydration 

of tetrols 2 6 was carried out by KHS04 in DMSO to afford the desired olefns 2 7 in 43 - 47% yields.6) The 

photccycloaddition of 2 7 was performed with a high-pressure Hg lamp in benzene. Cyclophanes 2 8 were 

gradually decomposed under irradiation, so that their yields decreased after the maximum reached in about 12 h 

under the conditions applied. After column chromatography, we obtained the desired threebridged 

[n.2.2](1,3,5)cyclophanes 28a, h, and c in 31%, 78%, and 68% yields, respectively. No isomer except an 
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in&me&ate 2 9 were found in this zeaction mixture by a careful chmmatogmphic aaalysis. Olefin 27a did not 

give any cyclophanes, probably because’the jl.2.2lcyclophane skeleton is highly ~~~~l) E-y 

here is a limitation of this photoqcloaddition method. 

Structure Analysis. 11 ~~~~r~2]- ~di~~~t~4~~~~~~ 
SM determination was carried out by NMR spectroscopy, including COSY, NOESY, ‘3C, and 

DEFT experiments. The cyclobutane ring of metacycl~es 9 and 10 was assigned to be of cis configuration 
by 1H NMR chemical shifts (63.72 - 4.74) of cyclobutane methine protons, compared with 2d (see Table 2).5) 

The direction of the cyclobutane ring to the methoxyl group was easily coni%med by NOESY experiments; Le., 

the methylene protons of the cyclobutane ring clearly show an NOE interaction with Ha aromatic protons. The 

methoxyl groups possess NOE interactions with not only methme protons of the cyclobutane ring but also Hb 

aromatic protons. Accordingly, the cy&butane ring is couch&d to face to the opposite direction of the 

methoxyl groups as shown in Scheme 1. IH NMR chemical shifts of Ha and Hb aromatic pmtons are listed in 

Table 3. According to the molecular framework exam&ion, dimethoxy[n.2]metacyclophaues 9 and 10 are apt 

to take syn conformation,32,33) because the tic interactiou between methoxyl group and cyclobutane 

methylene protons seems to be severe, if they take um$ conformation. The conformation was experimentally 
determined by AS value of Krois and L&ma as shown in Table 3.34~35~36*37) It was also contirmed by lH 

NMR spectrum, since syn conformer showed a symmetrical specttal pattern of Cs symmetry, while fm#i 

conforms did an ~~rnrn~~ one due to Cl symmeby. The anisotmpic shielding effect of CH30 group on 

the chemical shifi of Hb was estimated by using 2,4&imethylanisole as a model, whose proton chemical shifts 
corresponding to Ha and Hb are 86.95 and 6.72, mspectively. Hence, the chemical shift deviation due to the 

effect of CH30 group is calculated 0.23 ppm. ~~~[n~]rn~~p~ 9b-e arecou&ded to be of syn 
conformation because the corrected Ab value is positive and small numbers tirn 0.26 to 0.58. The strain 

energy of 9d is 19.0 kcaUmo1 larger than that of syn-[5.2]metacyclophane 2d, because of the repulsion between 

two methoxyl groups calculated by MM2 program (see Table 4). In general, the shorter bridged chain makea 
the larger ASE v&e. But, the ASE from 9b (~3) to 9e (n=6), which take syn unction only difFem 

about 8 kcaUmo1. According to *H NMR and COSY spectra, [2.2]metacyclophaaes 9a and 10 formed a 

mixtme of syn- and &-isomers in the ratio of 4~3. syn-Dimethoxy[2.2]metacyclophane is highly strained, so 

that the axon between benzene rings overcomes the steric hi&mace between the methoxyl groups aad 
ethano bridge. In fact, the MM2 calmlation shows that the ASE value of syn-~.2]metacyclophane 9a 

(ASk53.1 kcaI/mol) is larger than that of sy-[3.2]metacyclophane 9b (ASE33.3 kcal/mol) as shown in Table 

4. 

The conformation of [n.4]metacyclophanes 11 was obviously changed as shown in Table 3. In a case 

of [a2]metacy&phanes 9 and 16, syn and unh co- could be separated and assigned with the symmetry 
of CS and Cl, respe&vely, by lH NMR spectra due to the slow interconvemion rate of ~~WIXK rings in NMR 

time scaL9) InWesti@y, these [n.4]~~~~~ 11 show the rapid in&ronve&m in NMR time scale 
between syn and c;ma’ conformat& judging from Cs symme&M specha of all cyclophanes 11. Since A& 

valuesof lldandearenualyzeroand, ontheo&rhand,thoseof lla, b,andcareclearIylargefmm-O.36 
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Table 2. The chemical shifts of methine, methoxyl, and hydmxyl groups of cyclophaneaa) 

ampd A&H CH30 OH 

6H 8H k! 6H 

2db) 
9a t-ii 

3172, 
3.50 55.63 

K! 
4.74 

z 
% 3*g5 
;:;; 

55.52 

;: 4152 ZE 
9e 4.43 3:63 55:30 
lla 3.80 
llb 
llc S-T; 

Et 
55:90 

lld 
;:;g 

55.62 
lle 55.66 
16a 

11% 

::i 
17a 4.47 4.86 
17b 4.43 5.03 

:g7: 4.31 4.57 
5.43 

18b 4.51 
19a 4.57 
19b 4.56 
20a 4.12, 4.34 
20b 4.22, 4.41 
21a 4.50 
21b 4.40 
22a 4.11 
22b 4.07 
28a 4.45 3.44 
28b 4.49 62.58 
28c 

kii 
62.49 

29 
::: 

3:50 
ankle 3.80 55.10 
2&limethylanisole 3.79 
2,4dimethylphenol 4.58 

a) in cxm3, using TMS a~ an imnal standard. b, Referem 5. 

to -1.22 (see Table 3), the major conformer of 11 changed from syn to a&, when n decreased. And also, 

MM2 calculations show that strain energi~ (SE) of 1 la-e decrea~ about 4.2 - 29.4 kcNmo1 by the red&ion 
from C2 to C4 bridge, compared with those (ASE) of [n.2]metacyclophanes 9 and 10. These results suggest 

that the free rotation of benzene rings was attained after the Birch reduction of cyclobutane ring. So we 

concluded that the conformation of 1 la, b, and c is of Mn’ and that of 11 d and e is of syn. 

W spectra of dim&hoxy[n.2]- and -[n.4]metacyclophanes 9, 10, and 11 show almost the same 
absorption maxima (Amax) at 230 and 280 nm except for 9a, 9b, and 10 (see Figure 1 and Experimental). The 
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Table 3. canfonnationat Analysis of Cyclophanes 9,10, and 11 

Observed 

Compound Ha Hb A@ Ai5b) 

Assignmat 

;; 4.38, 6.72 5.18 6.83, 6.08 6.89 yi% - 

Oil 

-1.71 -2.6!%4 syn 
aMi 

9b 7.05 6.24 0.58 svn 
sjn 
vn 
vn 

lla 
llb 
llc 
lld 
lle 

5.85 Cmfi 
6.25 z-f; 1;; arm’ 
z-z 6:72 -0:13 ami 

6:78 
6.71 0.14 syn 
6.74 0.04 vn 

a) Abe?&& - bHb. b) cmrccted by -0.23 ppm, since 2,4-dim&ylanisole gives the 
chemical shifts diffennce between Ha (3-) and Hb (6) positions. 

Table 4. Strain Energy (SE) of Cyclophanesa) 

Co@ 

2db)tc) 

E 
E 

9e 
Ila 
llb 
llc 
lid 
lle 
16a 
16b 
16~ 
16d 
16e 
17a 
17b 
17c 
22a 
22b 
23a 
23b 
28a 
28b 
28c 

SEkcal mol-1 ASEkal mol-1 

6.7 

E-t 62:0 53.1 33.3 
57.0 

z:: 
Z-d 2419 
2317 
16.1 

Et 
20:7 
13.2 

FG 
;b4;: 

4715 18.8 
44.7 16.0 
43.8 15.1 

E 

92.6 
69.3 
64.0 
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Fig. 1. Ultraviolet absorption spectra of 
dimethoxymetacyclophanes 9,10, 
and 11. 0.18 - 0.25 mol dm” 
in 1 ,Cdioxane at 25 “C. 

Fig. 2. Ultraviolet absorption spectra of 
diiydmxymetacyclophanes 16 
and 17. 0.17 - 0.25 mol dm” 
in 1,Cdioxane at 25 “C. 

absorption bands of 9&l 0 and 9b, which have the face-to-face situation and high strain energy, shift to long 

wavelength region about 8 - 16 nm and the broaden.40) And also the end of absorbance notable shifted to long 

wavdength region. These results suggest that [2.2]- and [3.2]metacyclophanes 9a, 9b, and 10 have the 

strongly interacted benzene rings as mentioned above. The log E (A=230 nm) of 9,10, and 11 is nearly equal 

vaba in a range of 3.97 - 4.14. 

2) Dihyitvxy[ln 2/- and dihydtmy[~ 4lmeracyclophanes. 

The wnfiguration of cyclobutane ring for dihydroxy[n.2]metacyclophanes 17 was assigned to be of cis 
on the basis of chemical shift of its methine protons (I54.31 - 4.47, see Table 2). The conformation of 17a-c 

was determined by the wrrected Ag value as shown in Table 5. The Ab values are small and gather in a range 

from 0.15 to 0.34. Accordingly, we concluded that 17a-c take syn conformation. So the structure of 17a-c 

is same as wrresponding dime.thoxy[n.2]metacyclophanea 9 even after the cleavage of methoxyl groups. The 

MM2 calculation shows that the strain energies of 17a-c decrease about 10 kcal/mol by demethylation of 9c-e 

(see Table 4). Therefore, the strain energies of metacyclophanes increase about 10 kcal/mol by introducing OH 

groups on benzene rings and further increase another 10 kcal/mol by substituting CH3 groups on OH groups. 
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Table 5. conformational Analysis of Cyclophanes 16 and 17 

Compound Ha 

obseaved Assignment 

Hb AC+) Gb) 

16a E 6.75 -0.93 -1.19 a?si 
16b 

6:57 66’:: 1:; 
-0.70 anti 

16~ 
6:63 o.ia 

-0.34 am’ 
16d 6.79 -0.10 syn 
16e 6.75 6.67 0.08 -0.18 ryn 

17a 6.95 6.35 0.60 0.34 syn 
17b 6.95 6.46 0.49 0.23 r yn 
17c 6.91 6.50 0.41 0.15 ryn 

a) AIMHa - bHb b) Corrected by -0.26 ppm, since 2,4dimethylphenol gives the chemical 
shifts difference between Ha (3-) and Hb (6) positions. 

The conformation of [n.4]metacyclophanes 16 is shown in Table 5. Ab values of 16d and e are small 

from -0.10 to -0.18. On the other hand, those of 16a-c are obviously Large from -0.34 to -1.19. So we 

concludedthat16d-etakesynconformationwhereas16a-ctakeunrione. Inthiscase,MM2calculationalso 

shows that the strain energies of 16 decmase about 10 Wmol by the demethylation of 11. MeresUgly, these 

phenol derivatives 16 and 17 are weak acids, which were judged from those chemical shifts of OH groups 
(wH.49 - 4.53 for 16 and 4.86 - 5.43 for 17) compared with that of 2,4-dimethylphenol (boHd.58) as a 

model of monomeric phenoL4L) Furthermore, [n.23metacyclophanes 17 are slightly stronger acid (AZQH=ca. 

0.3 - 0.9) than [n.4]metacyclophanes 16. These results suggest that the face-to-face situation of benzene rings 

of 17 is caused a weak interaction between two hydroxyl groups. 
Wspectraof16and17areshowninFigure2. Theabsorption maxima Amax (227 and 282 nm) and 

log E (3.96 at 227 nm) of these cyclophanes are nearly equal because of weak interaction between benzene rings 

(see Experimental). Only 16a and b retain the absorbance beyond long wavelength region probably due to the 

weak tranmnnular interaction through the rapid conformational change. 

31[~221(1,3,4)-, &4.41(1,3,4)-, and [n2.2](1,3,5Jcyclophanes. 

The structures of regioisomeric thre&ridged cyckqthanes 20, 22, 23, and 28 were conCrmed by 

similar methods as mentioned above. The configuration of two cyclobutane rings of cyclophanes 20 was 
assigned to be cis by the typical methine proton chemical shifts (b4.12 - 4.41) as shown in Table 2. The 

benzylic methine protons attaching to new cyclobutane rings of 2 0 clearly exhibit an NOE interztion with the 

methine protons of the other cyclobutane rings. Methine protons attaching at the carbons with COOEt or III 

have another NOE interaction with Hb aromatic protons. Accordingly, the directions of two cyclobutane rings 

are confirmed as shown in Scheme 3. 

The cis configuration of two cyclobutane rings of cyclophanes 2 2 a and b was assigned from the typical 
chemical shifts of cyclobutane methine protons which appear at 84.07 to 4.11 (see Table 2). The aromatk 

proton~of22shifttollpfieldngionand~raoundthclimitsdregion,duetothe~~~ 
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arrangemmtofbenxenefings. Theemconti~ofcyclobutaneringsof22w8s~ by NOJZSY 

ertpaiments; i.e., the m0thyb bridge8 Of two cyclobutane ring8 have the NOE intarrch with amtWk Ha 

and Hb protons. Obviously this fact show8 that only [11.2.2](1,3,4)cy-clophanes 22 were obtaiaed from 

possible four isomers in contrast with the isomer mixtures of [n.2.2]( 1,3,5)cyclophanes 46) and also shows that 

theringrotationofcyclophaaes21couldnot~undea~~. Infact,theexclusivehnationof 

cydophanes22was~bytheMM2~~;i.e.,theJtrainenergies(ASE)of22anar 15kcaUmol 

less than their isoma‘s whose cyclobutane ring8 face to each other. Accordingly the obtained cyclopha~~ 2 2 

are formed from the most stable amformer of olefins under photoiin. 

The strain energies fbr aromatic ring moiety of three-bridged cyclophanes 2 2 inaease more than syn- 
[25]metacyclophaae 2 d In fhct, cyclophaner 2 2 b have higher strain emagies by ASb24.4 aad 5.4 kcal/mol 

than meEpcyclophane 2d and 9d, mspecti~ely,~5) acmrdiq to the MM2 cahhtion (see Table 4). 

The shucturts of [n.4.4](13,4)cyckphaaes 2311 and b wae also de&m&d with 1H NMR 

spechoscopy. The q&butane ring opening was confinned with the disappearance of cyclobutane methine 

p&otlsfor22. Intereatingythearomatic~8Of23exhibit~y8~diff~ fkomthoseof22. The 

methykne bridges can not move i?eely even atk the cyckbutane rings opadng, which is recqnkd from 

unsymmehical rwonam~ peaks fw beazylic or phenethylic protoos. Theseresultsshowedthatthe 

coafmmationof23nsemblesthatof22duetoUlesame(Id,4))thrrabridgedstrucaa. 

ThehIM2 cala&ion exhibits that the stmin enagies of 23~1 and 23b are SJX25.4 and 27.2 kcalknol, 

respectively (see Table 4). These strain enagies of 2 3 are 3.9 - 10.6 kcal/mol smaller than those of 2 2 af& the 

compensationofthecyclobulaneringstmincnergy. l%issmaUdi&renceofstfainenergybetweatcy&phanca 

2 2 and 2 3 would be caused by the re&cted tlpeabrdged 8lructmq although the bridged chains wae reduced 
from C2- to C&bridges. 

ThelHNMRspectraofcyclophanes28are~~~ysimplebecauseofthdrC2V~lymmeayofthe 

molecule The un@uration of the cyclobutane ring is assigned cis from the chemical shift of cyckbutaue 
methine protons which appear at 54.44 to 4.49 (see Table 2). Its co-on to the methoxyl group was 

com&iai to be u& by the NOESY expaimenq ie., its methylene protons exhibit the NOE intaaction with the 

aromatic protons, but its me#ine potons indicate NOE in-on with the methoxyl protons. The lH NMR 

chemical shifts of the methoxyl groups do not show any down-field shift caused by the corn- On the 

contrary, they considerably shift to high-field region by 0.36 - 0.41 ppm in comparison with those of anisole, 

duet0 the shielding of the aromatic ring (Me infr). Accordingly both me&oxyl groups are conch&d to be 

dkected outaide to avoid the steric q&ion with each other, and the structure of cyclophane 2 8 is de&zmioed to 

bethatdepktedinScheme4. TheMM2calculational~O~tthevinyl~ofoledins27have 

already anri conformation against the metho@ groups Hence the s&eoselectivity recogaixed in this cyclWion 
iscoacludedtobeduetothevinylgroup~n. Thestminemrgydiff~(ASE)of28rscordsthe 

largest value (64.0 - 92.6 Wmol) among those of all cyclophan~ in this study (see Table 4). And also, ASE 

of28is32.9-56.6kcal/mollargerthanthatof22duetotherigidface-t&ce sit~ion, which wasjudged 
Finn the conai~le upfield shifk of aromatic protons (M.06 - 6.59). Furthermore, ASE of 28b is ca. 6 - 12 

kcaymollessthanitshypotheticalisomersasdepictedinC~2. &ually,28isthemoststabkisomeramong 

possible three ones. 
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28b 
S&126.7 kcat/mol 

ASE=69.3 
SlX32.7 kcaVa101 

ASE=75.3 

Chalt2. 

sE=138.7 kcaUmo1 
ASE=S1.3 

Although the me&at&m has not been thoroughly examined, an experimental run gave intermediate 

cyclophane 2 9. Inad&d through the Pyrex filter, it had been completely conv& to cyclophane 28 b. 

Therefore, this photocycloaddition is believed to proceed stepwise. 

65.0 

r 

28b 

Fig. 3. Torsional angle of CH30 group for cyclophrnes 9,lO. 11. and 28 
and anisole derivatives. 

The torsional angle of CH30 group. 

The torsional angle of methoxyl group can be e&mated by l3C NMR chemical shift.3*~42) The 

obtained data together with substituted anisoles are shown in Figure 3. The torsional angles of dime&oxy[n.2]- 
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and -[n.4]metqc@hanes 9, 10, and 11 gathaed in the range of 10 - 2!F, capreblc with those of mono- 

substih~ted anisolea Generally speak@, the torsional angle becomes larger wha the chain length n deuwsck 

InteaWngly, the tokonal angle of [n.4)cyclophanes 11 is larger than that of [n.2lcyclophanes 9 and 10, 

although the strain energies of the former is far less than those of the latas (see Table 4). This result is 

explainedthatthemethoxyl~~of11canmovefreelymorethantho~~9~d1OduemOerapid 

interconversion between syn and cpri conformation. ‘lhe methoxyl gtoup of [n.2.2]( 1,3J)cyclophanes 2 8 has 

targaangle~thatof9,lO,andllQletotheremerkablercpulsionwithegchotha. Akhoughthereareno 

plausible empekal equations to evahmte the angle more than 52O, those for 28 b and 28~ are assumed around 

54*extrapolatedfromthereporkddata. 

Conclusions 

Dimethoxy[n.2]metacyc@hanes 9 and 10 (n=Z, 3, 4, 5, and 6) were stemuAectively obtained by 

means of [2 + 21 photocycloaddition. Their conformations, when n=3 - 6, are exclusively syn, while 

dimethoxy[2.2]metacylophane exista as a mixture of syn and u& isomers with the ratio of 4:3. After Biih 

reduction, [n.4]metacyclophanes 11 (n=2 - 6) were successfully obtained. Their conformation, when n=2 - 4 

are UP& or n=5 and 6 are syn. Dihydroxy[n.2]metacyclophanes 17 (n+, 5, and 6) and dihydmxy[n.4]- 

me&zyclophanes 16 (n=2 - 6) were obtained by the cleavage of methoxyl groups. The conformation of 16 and 

17 is same as that of dimetho~metacyclophanea. The hydroxyl groups of 16 and 17 show weak acidity. 

These cyclophanes will be able to use as antioxidants or mceptor mokulea.43) After olefination via &it&e 1% 

the metaqclophanes gave threekidged [n.2.2]( 1,3,4)cyclophanes 20 and 2 2 mvely un&r 

phot&&iation. And also 2 2 was converted to [n.4.4](1,3,4)cy&phanes 23 by the reduction. The 

photocychraddition combined with the olefination is a reasonable route toward multi-bridged cy&phanes like 

[n.2.2](1,3,4)- and [n.4.4](1,3,4)cyclophanes. Another due&ridged [n.2.2](1,3,5)es 28 are also 

obtained stereosekctively as only one isomer with photocycloaddtion by using the steric effect of methoxyl 

group. The torsional angles of methoxyl gmups of metacyclophanes 9,10, and 11 are 10 - 25” and those of 

threebridged cyclophanes 2 8 are about 54” by 13C NhIR experiments. 

This work was partly supported by grants from the Ministry of Fducation, Science, and Culture and 
Saneyoshi Foundation. 

Experimental 
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Osawa,Toyoba&iUnivu&yofTechuology. Wklayc~chmmdoonpbicaualyse~(TLC!)waspc&rmeda1hkcksiiica~60 

PzJ4plate& cohnnn~cplrifiatioaofractianmixturewaapafamaiwithMackrilicrgel60(70-230~). 

Materials. B~~~,dhr.l&&xm~~,aadtetmbydrofurm(TW)wemdistilkdfnxuwdimnunde~nilrogmItmorpbas. 

N,N-Dime&ylfomumide (DMF) was &ated with KOH ad distilld unler raked press-. Dime&y1 adfoxi& (DM80) and 

purification. 
1,2-Bls(3-acetyl-4-methoxypheoyl)ethane (CR). To a solution of 135 g (0.557 mol) of l&bis@ 

mdhoxypknyl)ethme Sa in 329 cm3 of nitmkmmf~ awl 178 cm3 of l&2,2-tetmchl& wan slowly added 334 g (250 mol) 

ofAlcl3withmechmicalstkingato~c. And a aolnsion of 153 g (1.50 mol) of acetic anhydride in 178 om3 of 1.12,2- 

tetmchlom&anewasdinthismixturefor3hat0°C. Alkstirriagfor12hatmomtemparture, tbslt%TihlUiXtlUeWUl 

poured into cold 10% HCI soltion (1.5 dm3) md &mcted with beMeos (3 (to3). Aftez drying oven Na2804 rrod avapcratiou, 6a 

was iaolakd in 58.4% yield by c&mm ckn&ogn& (Sgt. kKene!e.thyl a&ate&l). lH NMR (CDCl3,200 MHZ) Ik2.60 

(6H, s). 2.84 (4H, s), 3.89 (6H. I). 6.85 (2H. d. kg.0 Hz), 7.23 @I, dd, &3x) UC 8.0 Hz). aud 7.55 @I-I. d, J=3.0 Hz). 

1,3-Bis(3-rcetyl-4-methoxypheayl)propane (6b). It was pmpared in 68.2% yield fran 65.6 g (0.256 mol) of Sb, 

193 g (1.45 mol) of AlCl3, md 78.3 g (0.767 mol) of acetic auhydride in 166 cm3 of nitrobmmm nxI 166 can3 of l,L2> 

tc2nchloroethne. lH NMR (CDCl3,60 MHz) 6=1.50 - 2.20 (W, m), 2.20 - 2.70 (4H, m), 2.61 (6H. I). 3.90 (6H, s), 6.91 (2H, 

d, k9.0 Hz), 7.30 (2H. dd k2.2 & 9.0 Hz). aud 7.57 (2H. 6 k2.2 Hz). 

1,4-Bis(S-acetyl-4-methoxyphenyl)butane (6~). It WUI prrgrred in 77.1% yield from 102 g (0.378 mol) of 5s 

254 g (1.90 mol) of AK13, and 115 g (1.13 mol) of acetic aubydride ia 250 cm3 of nihdmzzna md 240 cm3 of 1,128 

teWchlom&ane. lH NMR (CDC13. 60 MHz) W.66 (4I-L m). 2.36 - 2.90 @I-i, m). 2.61 (6H, s), 3.92 (6H, s). 6.95 (W. 4 

kg.2 Hz). 7.32 @I-I, dd, k2.2 & 8.2 Hx), aud 7.63 (W, d, h2.2 Hz). 

l,S-Bis(J-acetyl-4-methoxyphenyl)pentane (6d). It WUI preprsd iu 80.0% yield from 110 g (0.387 mol) of Sd, 

300 g (2.25 mol) of AlC13, and 130 g (1.27 mol) of acetic anhydride in 250 cm3 of ai- md 240 cm3 of l,lf& 

te&a&l~. lH NMR (CDQ, 60 MHz) 8=1.02 - 1.95 (6H. m). 2.22 - 2.99 (4H, m), 262 (6H, II), 3.90 (6I-I. s), 6.92 (W, 

d, ~=8.0 Hz), 7.34 (2H. dd. k2.0 & 8.0 Hz), aad 7.62 (2H. d, J=2.0 Hz). 

1,6-Bis(3-acetyl-4-methoxyphenyl)hexane (6e). It WM pmpmd in 92.9% yield from 120 g (0.403 mol) of Se, 

290 g (2.17 mol) of AlCl3, and 86.4 g (0.846 mol) of ace& aubydride in 250 cm3 of ai- and 240 cm3 of 1,1,2& 

k&a&d&. lH NMR (CDC13,60 MHz) b=lM - 2.00 (8H, m), 2.20 - 2.85 (4H. m), 2.45 (6H, e), 3.80 (6H, s)). 6.67 @I, 

d. k9.0 Hz), 7.03 (2H. dd, 3=2.2 & 9.0 Hz). aud 7.32 (2H, d, k22 Hz). 

1,2-Bis[3-(l-hydroxyethy1)-4-methoxyphenyl]ethane (7a). A solution of 75.0 g (0230 mol) ofdik&w 6a in 

750cm3of~wrsdded~~intoa~~of14.Og(0.369mol)ofLiUHqio250adofTHPfa2hbdow10”C. 

Aftastiningforlhatmom~ ~rrrctionmixMewupouredintoco1dlO%HC1sdutim~ertnctsdwith3dm3of 

baume. AftadryingovaN~S04md~~~diol7awrsobhinedinqumtitltivsyield~~inrneatstspwithopt 

fuctkpurikatio~~ lH NMR (CDC13.60 MHz) 6=1.51 (6H, d, k6.0 Hz), 2.50 - 3.10 (2H, m). 282 (4H, II), 3.88 (6H, (I), 5.10 

(w, q, W.0 I-Ix). 6.82 (2H, d, k9.0 Hz). 6.99 (2H. dd, &20 & 9.0 Hz). and 7.41(2H, d, k20 Hz). 

1,3-Bis[3-(1-hydroxycthyl)-4-methoxyphenyl]propane (7b). It was obtakd ia 98.8% yield from 12.6 g (37.1 

mmol)ofdikekme6b md1.79g(472mmol)of~in250an30fTHF. lH NMR (CDCl3,60 MHz) Ikl.48 (6H. d, WA 

Hz), 1.66 - 2.28 (2H, m), 2.28 - 3.01 (6H, m), 3.85 (6H. I), 5.10 (2H. q, k6.4 Hz), 6.81 @I, d, 68.0 Hz), 7.12 @II, dd, b1.8 & 

8.0 Hz), and 7.18 (2H, d, k1.8 Hz). 
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1,4-Bis[3-(1-bydroryethyi)-4-methoryphenyi]butane (7~). It WII oMaioed in qua&a&e yield from 83.3 g 

(025 moi) ofdiketow 6c aud 13.0 g (0.343 mol) ofLiAiH4 in 1 dm3 of THE ‘Ii NMR (CDCi3.60 MHZ) E=l.25 - 1.98 (4H. 

m). 1.50 (6H. d W.0 Hz), 2.22 - 2.95 (6H. m). 3.88 (6H, s), 5.08 @Ii, q, M.0 Hz), 6.87 @I-I, d, k7.8 I-Ix), 7.16 @I, dd, J=2.0 

& 7.8 Hz). and 7.24 (W, d, k2.0 Hz). 

1,5-Bis[3-(l-hydroxyethyl)-4-methoxyphenyl]pentane (7d). It was obtained in 99.0% yiekl from 62.4 g 

(0.17Omoi) ofdiketone6d aad 8.77 g (0231 mol) of LiAlIQ in 800 cm3 of IT-IF. *H NMR (CDCl3, 200 Ml-Ix) 8&34 (2H. 

m), I.47 (6H, d, 66.4 Hx), 1.59 (4H. m). 2.52 (4H. bt), 2.67 @I-I, bs), 3.82 (6H, I). 5.03 (W, q, WA Hz). 6.77 (2H, d, k8.3 

Hz), 7.01 (2H, dd, k2.2 & 8.3 Hz). and 7.1 I (2H, d, k2.2 Hz). 

1,6-Bis[3-(l-hydroryethyl)-4-methoryphenyl]hexane (7e). It was obhincd in 99.7% yk?Id fmm 45.4 g (0.119 

mol)ofdik&ne6e ~6.80g(0.1~mol)ofW~in600an30fTHF. 1H NMR (CDCl3.60 MHZ) MM0 - 1.87 (8H. m), 

1.47 (6H. 4 k6.6 I-Ix), 2.27 - 2.73 (6H, m), 3.75 (6H, II), 5.00 @I-I, q, J&i.6 Hz). 6.68 (2H. d, J&2 I-Ix), 6.97 (2H. dd, &2x) & 

8.2 Hz), aad 7.03 (2H, d, J=2.0 Hz). 

1,2-Bis(J-vinyl-4-methoxyphenyI)ethane (Sa). A solution of 78.0 g (0.236 mol) of diol 7a and 11.6 g (46.2 

mmol) of pyklinium ptoiuewuIfonate ia 1.8 dm3 of beruene was mthuai with a Dean-Stark appmtus for 5 days. Afta 

e~tractkm with 2 dm3 of bcoza# &yiug ovff Na2804, md evapo&on, pum diolefin 8a WM Mated in 90.7% yield by column 

chrwm@~+y (SiO2, bawae). Found: C, 81.15; H, 7.37%. Calcd for t&H22O29.1H20: C, 81.10; H, 7.55%. 1H NMR 

(CDClh 200 MHz) br2.84 (4H. s), 3.83 (6H, s), 5.24 @I-I, dd, Cl.6 & 11 I-Ix). 5.70 @I, dd, fl.6 & 18 Hz). 6.78 (2H, d, &8.4 

I-k), 7.03 (2H, dd, Al I & 18 Hz), 7.03 @?I, dd, k2.2 & 8.4 Hz), and 7.28 (W, d, k2.2 Hz). 

1,3-Bis(3-vinyl-CmethoxyphenyI)propane (Sb). It wss pn?pa& in 72.3% yield tium 40.6 g (0.118 moi) of diol 

7b aud 8.90 g (35.4 mmol) of pyridinium ptohwaesulfoorte in 900 cm3 of benuns. Found: C, 80.76; H. 8.00%. Cnlcd for 

C2lH24O29.25H20: C, 80.60; H, 7.89. lH NMR (CDCl3. 200 MI-Ix) 8=l.91 (2H. q, k7.8 Hz), 2.59 (4H, t, b7.8 Hz). 3.82 

(6I-L a), 5.25 (2H. dd, kl.6 t 11 I-Ix), 5.73 @I-l, dd, &I.6 & 18 I-Ix), 6.79 (2I-I. d, M.4 Hz), 7.03 (W, dd, &II & 18 Hz), 7.05 

(W, &I, M.8 & 8.4 Hz). and 7.28 @I, d, Al.8 I-Ix). 

1,4-Bis(3-vinyl-4-methoxyphenyl)butane (SC). It was plspmd in 88.1% yield from 86.6 g (0.242 mol) of dial 

7c and 12.0 g (47.7 mmol) of pykiinium ptolwwmifanata in 2 dm3 of kozaoe. Foundz C, 81.67; H, 8.01%. C&d for 

C22I-Q&: C. 81.95: H. 8.13. lH NMR (CDC!i3,60 IMix) M.37 - 1.95 (4H, m), 2.28 - 2.91 (SH, m), 3.81 (6H. I), 5.28 (2H, 

dd,k22& 11 Hz). 5.76(2H, dd,k2.2& lSHx),6.81 (2H,d,J=9.OHz). 7.12(2H,dd,~2.0&9.OHz), 722(2H,dd,kll& 18 

Hz). and 7.36 (2H, d, k2.0 I-Ix). 

l,S-Bis(J-vinyl-4-methoxyphenyI)pentane (Sd). It was pre+red in91.7% yield from 181 g (0.487 mol) of dial 

7d md 35.3 g (0.140 mol) of pyridinium ptol~onste in 2.3 dm3 of bsopns. Found: C. 81.96; H. 8.68%. C&d for 

C23H28O2: C, 82.10; H, 8.39%. 1H NMR (CDCI3,200 h4I-k) Lki.37 (W. m). 1.62 (4H, m), 2.54 (4H, bt), 3.81 (6H. I). 5.24 

@I-l, dd, kl.6 & 11 Hz). 5.71 @I-I, dd, kl.6 & 18 Hz). 6.77 (2H. d, k8.3 Hz), 7.02 (2H, dd, M 1 & 18 Hz), 7.02 (2H, dd, MO 

& 8.3 I-Ix). and 725 (2H. d, k2.0 Hz). 

1,6-Bis(3-vinyl-4-methoxyphenyl)hexane (Se). It was prepawl in 74.8% yield tium 96.4 g (0.250 mol) of dioi 
7e and 18.8 g (74.8 -1) of pykliniumptol~oaate in 1.9 dm3 of baaaao. FOIIJI& C. 81.97, H, 8.82%. C&d for 

Q&3&t: C. 82*, II, 8.63%. lH NMR (CDCI3, 60 MHZ) kl.07 - 1.97 (SH, m), 2.20 - 2.73 (4H. m). 3.74 (6H. II), 5.13 

(W,~~21&llHz).5.60(W,~~3&18Hz),663(W,d.~l~~6.77(W,dd,~~&8.2Hz).6.95(W,~~ll 

& 18 Hz), and 7.15 (W, d, .k22 Hz). 
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6,12-Dimetbo~y[~~1~[23Jm~~cbphmc (9a and LO). DioMo 88 (1.98 S, 6.72 onwl) WM dissolved in 

dybsaEQe(670cm3)Pndanihopcnrtmosphas~rPynx3mpbotomctroll~(ldm?). ‘IlmsoIotioomstinal 

aodinadiwlwitba4aoW~HgIampfa92b. llwdiupparmceofvioyllpaprnu txofk!dbylHNbIIt. After 

pIw0wx&tbemixtlrowml~md~bycohlmo~y(sioz. -l/l). mm CycIoItbBM 

9a od 10 w= obtaioal ia 61.3% yiel& mp 105 - 109 Y!. PowA C. 81.74; Ii, 7.66%. C&d far C2@2202: C. 8l.W H, 

7.48%. RIMS (2OeV)mlz 294 (M+). IR v 2945 1500, 1250, 1043. sod 815 cm-l. W A- (lo8 E) 230 (4.14) md 294 

(3A7) mu. lEI NMR (CDC& 200 MHz) kl.73 - 2.15 (m), 2.30 - 2.64 (m). 2.83 - 3.22 (m), 3.50 (6). 3.72 (m), 3.81 (s). 3.85 

(8). 4.38 (d, k2.1 Hz), 4.74 (m), 5.18 (d, k2.1 Hz), 6.08 (d, k8.1 Hz). 6.44 (dd, k8.1 & 2.1 Hz), 6.72 (d, k2.1 Hz). 6.83 (d, 

H.1 Hz), 6.89 (4 M.1 Hz), sod 7.03 (dd, k8.1 & 2.1 Hz). 13C NMR (CDC13, 50 MHz) 8=20.84, 34.97, 41.16. 5563, 

109.69, 127.27, 128.01. 131.00, 135.18. aml 155.39. 

7,13-Dimcthorg[210~11J[3.2Jmetacyclophane (9b). It was pqnred in 77.8% yield from diolafin Sb (5.98 g, 

19.4mmd)indy~(1.78Q13)Poda~~~using.Pyrrrx~~(2mm3)for26h;mp153- 155T. 

Formd: C. 81.74; II. 7.58%. C&i for C2lH2402: C. 81.80; H, 7.85. EIMS (20 eV) m/z 308 @A+). IR v 2925, 1507, 1260, 

1045, sod 817 cm-l. UV A- (log &) 230 (4.04) and 286 (3.45) nm. lH NMR (CDCl3.200 MHZ) Lkl.56 (lH, m). 2.22 (lH, 

m). 2.36 - 2.72 (6H. m). 295 @I-I. m), 3.55 (6H, s), 4.64 (2H, m). 624 (W. d, &I!.3 Hz), 6.62 @I-I. dd, A8.3 & 23 Hz), md 

7.05 (2H, d L2.2 Hz). 13C NMR (CDC13. 50 MHz) lk21.08, 36.77, 3827, 5552, 109.76, 125.87. 128.27. 13239, 133.53, 

md 154.58. 

S,14-Dimethory[211 *12J[4.2Jmetacyclophpnc (SC). It was pr+raI in 80.8% yield fmm diolefin 8c (15.5 S, 

48.1nmd)indry~(1~4odm3)llada~~~~~.~~~(2dm3)Eor68h;mp125- MT. 

Found: C. 81.95; H, 8.15%. Calcd forC22H2602: C, 81.95; H, 8.13. EIMS (20 ev) m/z 322 (M+). IR v 2920, 1505, 1255, 

lO4O,aLuI81ocm-l. UV km (log &) 228 (4.00) and 283 (3.55) nm. lH NMR (CDCl3.200 MHz) 8=1.42 @I-I, bt). 1.91 (2H, 

btX 228 (W, bt), 2.52 (6H. m). 359 (6H, I), 4.57 (2H, m), 6.32 (2H. d, h8.1 HZ), 655 (2H. dd.M.1 & 23 HZ). rsd 7.04 @II, 

dJ== W. 13C NMR (CIXl3, 50 MHz) bc21.90. 29.47. 35.08, 37.56, 55.40, 109.07. 126.78, 128.87. 129.72, 133.41, and 

154.91. 

9,15-Dimethoxy[212~13J[S.2Jmetacyclophaoe (9d). It wan prepawl io 87.2% yield tium diolelio Sd (13.3 S, 

39~~l)~dry~(l.~~~undanihposn~using~pyrsXg~~(2dm3)for32h;mp11o- 113 Y!. 

Found: C. 81.93; H, 8.31%. Cal& for C23H2802: C, 82.10; H. 8.39%. EIMS (70 eV) m/z 336 (hi+). IR v 2952, 1510. 

1265,1142,1046, aod 814 coil. UV Amax (log E) 229 (4.04) amI 232 (3.65) om. lH NMR (CDCl3,200 MHz) &4X18 (lH, 

mX 0.90 (lH, m). 1.52 (2H. mX 1.71 (2H, m). 2.30 - 2.74 (8H. m), 3.62 @I-I, I). 452 (2H, m), 6.43 (2H. d, k82 HZ), 6.64 @II, 

d4 k8.2 & 21Hz). 47.04 (2H, d, &21 Hz). 13C NMR (CDC13. 50 MHz) 8=22.76, 23.11. 27.93, 3294. 37.13. 55.37, 

109.53. 126.43. 129.35, 130.33, 132.56, sod 154.94. 

10,16-Dimethoxy[213~14J[6.2Jmetacycloph~ne (Se). It was prepwed in 61.1% yield from dioldh 8e (9.50 g, 

27.1mmol)indybsnzare(1dm3)unda~~~~~pyna~~(2dm3)far92h;mp46- 5OT. 

Folmd: C. 82.04; H, 8.42%. C&d fa C2aH3ao2: C, 82% I-I, 8.63%. EIMS (20 eV) m/z 350 (M+). IR v 2920.1505, 

1260.1040, alId 810 c&l. w h- (log c) 230 (3.99) aml 280 (3.70) nm. *H NMR (CDCl3, a00 MHz) kO.98 (4H, m), 

1.20 - 1.86 (4H. m), 248 (8H. 3.363 (6H, I), 4.43 (W, m), 6.49 (W. d -2 Hz), 6.76 (2H, dd, k82 a 2.1 HZ). md 6.98 

(w. dh2.1 a). 13C NMR (CDCl3. 50 =) 6=23.6969, 28.60, 29.06. 3498. 38.03. 55.30, 10937, 126.63, 127.78. 130.31, 

133.06, amI 155.17. 
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6,16-Dimethoxy[43]metacyclophane (lla). Liquid xWXUlix(9OCJU3)WmWIldWed intox506mltkwckd 

fkk@ppedwithunagn!&~eodga#iale4tobeat~~c. 2.79g(O.l21md)of~JIwr~ddsdidothsN 

ISmill. Me4ecyclopimoekod 10(509mg,1.73~)~oOSOem3(85mmol)of~in90cm3ofIRPwaaaowly 

ddsdintotllofkk. hRastirriogstao~cfar3h,9ocm3ofH~wrsddrdtoomnnas tbscorc4srNxmdrtoplbOEeCtkWL 

Andthmthen?4&Jomixhnewrrr&waltostmdtonmltempaMw lmdextmctedwitb5OOcm3ofbaueaa Afta&yiogova 

~SOq~~llawurko~in62.l%yyiadbycolomn &mmWg@~y (SiO2, beoxuw): mp. 152 I 153 Oc. Fomxk 

C, 81.3g; II, 8.32%. CalcdforC~24O2: C, 81.04; H, 8.16%. RIMS (70 eV) m/z 296 (M+). IR v 2950, 1505, 1260, 1122, 

1040,aod805cm-1. UVA mu. (log e) 230 (4.03) uld 280 (3.59) IUD. IH NMR (CDC13. 500 MHz) IW3.74 - 137 (4H, m). 

1.94-2.58(4H.m),258-3.31(4H,m),3.80(6H.s), 5.8J(W,d,Cl.8~~6.&4(W,d,~SHz), xod7.01(2H,dd,Cl.8& 

8.5 Hz). 13C NhlR (CDCl3, 125.7 MHz) W&55,24.98, 38.47,56.10, 111.14, 126.61, 128.38, 131.87, 13281, sod 156.91. 

Comlxmod 12x w= obtxkd in 8.7% yield; mp 109 - 110 “C. Fcuuk C, 80.n; H, 8.94%. Calal far C2&&: C. 

8050; H, 8.78%. RIMS (70 ev) m/z 298 (M+). IR v 2970, 1518,1483.1270,1160,1055. sod 820 cm-l. IH NMR (CDC13, 

500 MHx) M.08 @I, bs), 1.59 (W, m). 1.78 - 2.36 (2H, m), 1.98 (2H. bs), 2.47 - 3.03 (2H. m), 2.62 (2H, m), 2.70 (2H, b). 

2.89 (2H, m), 3.51 (3H. r), 3.78 (3% I). 5.60 (lH, ha), 6.76 (IH, d, k7.9 I-Ix), 6.91 (lH, dd, Jle2.4 6t 7.9 Hx), and 7.03 (iI-!, d, 

k2.4 Hz). 

Compamdl3wmobkedin6.9%yidd;mp69-71°C. FoundrC,80.18;H,9.32%. CalcdforC~28O2zC.79.95; 

H, 9.39%. JZMS (70 ev) m/z 300 (MA+). IR v 2910,1458.1205, xod 1135 cm -‘. lH NMR (CDCl3, 200 MHx) I!=129 (4H, 

m), 1.84 - 3.04 (8I-I. m). 2.43 (4H. m), 2.86 (4H, m), 3.50 (6H, I). and 5.49 (2H, bt). 

Campoend 14a wm obtaiaed in 9.7% yidd; mp 67 - 68 “C. fkxmd: C, 8On Ii, 8.72%. C&d for Q0H2602: C. 

80% I-l, 8.78%. RIMS (70 eV) m/z 298 (M+). IR v 2960, 1520,1265, 1150,1050, ml 830 cm-l. ‘H NMR (CDt& 500 

MHx) tkl.17 @Ii, t, b7.3 Hx), 2.61 (4H, q. k7.3 Hz). 2.81 (4H, II), 3.80 (6H, 8). 6.75 (2H, d, h7.9 Hz). 6.97 (2H. d, a.5 Hx), 

xod 6.98 (2H. dd, &?.5 & 7.9 Hx). 

Compoond 15 was obtain& in 7.3% yield; 1iq. Fomd: C. 79.71; H, 9.88%. C&d forC2@2goZ: C. 79.95; H. 9.39%. 

RIMS (20 eV) m/z 300 (M+). IR v @at) 2910, 1505, 1455, 1243.1035, and 815 cm-l. IH NMR (CDC13, 5tW MHx) W.99 . 
(3H, f k7.4 I-Ix), 1.18 (3H. t, h7.4 I-Ix), 2.13 (W, q. k7.4 Hz), 2.25 (2H, t-like), 2.61 @I, q, k7.4 Hx), 2.65 (4H, m), 2.81 

@I, t-like), 3.52 (3H. s), 3.80 (3H, II), 5.42 (lH, bt). 6.76 (lH, d, J&2 Hz), 6.97 (IH. d, h3.0 Hz), axI 6.99 (lH, dd, k3.0 & 

9.2 I-Ix). 

6,17-Dimethoxy[4.3]metacyclophme (llb). It WUI obtaiwd in 61.6% yield from 392 mg (1.27 mmol) of 9b. 

2.00 g (87.0 mmoi) of Na, and 0.30 cm3 (5.1 mmol) of l?tOH in 80 cm3 of liq. ammadx Md8Ocm3oflXF;mp.94-95~c. 

Found: C. 80.993; H. 8.45%. C&d for C21H2&: C, 81=, H, 8.44%. RIMS (70 ev) m/z 310 @I+). IR v 2995, 1505, 

1258,1122,1050. aad 815 cm-l. UV h- (log E) 229 (3.97) and 278 (3.56) mn. lH NMR (CDCl3.500 MHx) kl.54 (1(H, 

m), 2.03 @I-I, q, 3=7.5 Hz). 2.49 (SH, t, &7.5 He), 2.54 (4H, be), 3.79 (6H, s), 625 @I, d, Ll.8 Hx), 6.73 (2H, d, k8.5 II@, ad 

6.94 (2H, dd,J=l.8 & 8.5 Hx). 13C NMR (CDC13, 125.7 MHZ) W25.87, 25.91, 29.55, 32.69, 55.87, 11023. 126.45, 129.46, 

130.96, 133.45, and 156.31. 

Compouud 12b WM obkined in 26.4% yield; mp 80 - 81 Y!. Found: C, 79.86; H, 8.82%. c&d for 

C21Hzso2’0.2H20: C, 79.82; H. 9.05%. RIMS (7OeV) m/z 312 (M+). IR v 2925, 1500, 1461, 1240, 1140, 1037, xod 805 

cm-l. lH NMR (CDCl3,200 MHZ) W.38 (2I-I. m), 1.73 (4H, m), 2.08 (4H. m), 2.34 - 2.63 (6I-L m). 2.89 (W, m), 3.54 (3H, 

s),3.78(3H,s),5.50(1H,bs),6.69(1H,d,~8.1 Hx),6.75(lH,d,&2lHx),snd6.89(lH,dd,k2.1 st8.lHx). 
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canpand l4b wm obtekd in 1.8% yied& liq. F’olmd: C. 80.47; II, 853%. C&d far C2lH2soz: C, 80.73; H, 

9.03%. RIMS (7OoV)mlz 312 (M+). IR v (oat) 2925.1505,1250,1140,1040, ad 802 an-l. lH NMR (CDCl3,200 

MHz)8=1.18 (SW, t, 675 Hz), 1.90 (2H, m). 258 (4I-I. mA 2.61 (4H, q, &75 Hz), 3.81 (6H. 8). 6.76 (2H, d, k8.8 HzA 6.47 

(~4Je23HzAmd7.00(w,4~%0.8~A 

6,18-Dlmetboxy[4A]metacyclophane (11~). It wm obtaiwd in 842% yield fnxn 439 mg (1.43 moml) of 9c, 

2.3Og(lOOmmol)of~aod0.4Ocm3(6.8mmol)ofbtOHin8Oan3ofliq. emmoniaaad80cm3ofTIFp.mp. 132- 133T. 

Fomvk C, 81.31; H, 8.70%. C&d for C22H2802: C, 81.44; H, 8.70%. RIMS (70 eV) OJz 324 (M+). IR v 2910, 1501, 

1250.1119,1030~ uld 800 cm-l. UV hnnn (lo8 E) 229 (3.99) aud 279 (3.60) nm. lH NMR (CDCI3.500 MHz) lM.48 @I-I, 

mA 252 (4H, bsA 2.60 (4H, aS). 3.79 (6H, sA 659 (2H, d, kl.8 HzA 6.72 (2H, d, &85 HzA 46.88 (2H, dd, hl.8 & 85 Hz). 

13C NMR (CDCl3, 125.7 MHz) 8=26.46.26.97,2757.33.83,55.90, 110.11. 12751,128.02, 130.61, 133.95. md 136.19. 

compormd 12~ was obtakd in 5.6% yield; mp 157 - 158 T. Pami& C, 81.12; H, 8.98%. C&d for C22H3002z C, 

80.94; H, 9.26%. ElM8 (70 eV) mlz 326 (M+). IR v 2952,1510,1465.1255,1150,1043. sod 808 c&l. lH NMR (CDCl3, 

200 MHz) M.14 (4H, m), 1.48 (4H. m). 194 (2H. t-like), 2.01 (W, MikeA 2.15 (2H. t-like), 256 (2H, t, k5.9 I&A 2.68 (W, t, 

W.9 Hz). 283 @II, mA 351 (3H, SA 3.79 (3H, sA 5.38 (lH, bs), 6.72 (lH, d, J=82 Hz), 6.88 (lH, 4 k2.0 Bt 8.2 HzA ad 7.01 

(lH, d, h2.0 Hz). 

w 14c WM obtained in 02% yiel& mp 42 - 44 “C. Foun& C, 8O.er; H, 8.82%. Calai far C22H3@2z C, 

80.94~ H, 9.24%. EIMS (70 eV) m/z 326 (M+,. IR v 2930,1502,1242,1140.1033. and 803 cm-l. lH NMR (CDCl3. 200 

MHz)6=1.18 (6H, f 3=75 Hz), 163 (4H, m), 255 (4H. m), 2.61 (4H, q, k75 Hz), 3.80 (6H, SA 6.75 (2H, d, k8.9 Hz), 6.93 

@I, d, .k2.3 HzA awl 6.% (2H, 4 J=23 & 8.9 Hz). 

9,17-Dimetbory[SA]metacyclophane (lid). It wm obtained in 94.0% yield &em 422 m8 (1.26 mmol) of 9b, 

2.02 8 (87.8 mmol) of Na, and 0.40 cm3 (6.8 mmol) of El0H in 80 cm3 of llq. amuoniamd80cm30fTwF;mp.92-930C. 

Found: C, 81.75; H, 8.76%. C&d for t&H3@2z C, 81.62; H. 8.93%. EIMS (70 eV) mlz 338 &I+). IR v 2930, 1613, 

1510,1255.11~ 1040, mld 802 cm-l. W h, (log E) 229 (4.02) end 278 (3.61) om. lH NMR (CDCl3.300 MHz) & 1.19 

(2I-L m), 155 (4H. mA 1.61(4H. mA 256 (SH, t-likeA 2.63 (4H, t&kc), 3.75 (6H, IA 6.71(2H, d, m HzA 6.83 (PI. d, &?5 

Hz), 8nd 6.88 (w, 4 &=25 & 8.6 Hz). 13C NMR (CDC13. 125.7 MHz) M?6.11, 28.Q 28.51, 30.41. 34.12, 55.62, 110.60, 

126.98, 130.43, 130.88, 133.%, md 155.74. 

compomrd 12d WM obtakd in 4.4% yield; liq. Found: C. 80.66; H, 9.01%. C&d for C23H3202: C, 81.13; H, 

9.47%. EIMS (30 ev) m/z 340 (I@). IR v (neat) 2945, 1515. 1470, 1265, 1150, 1057, and 821 cm-l. 1~ NMR (CDCl3, 

500 MHz)6=1.12 (W, m). 1.29 (W, m). 1.37 (2H, m). 156 (W, m). 1.62 (2H, m). 2.01 (2H, t-likeA 2.11 (2H. t-like), 2.37 (2H, 

t-like), 253 (w, t-likeA 2.63 (w, t-like), 2.76 (2H, bt), 3.47 (38 I), 3.78 (3H, s), 5.31 (lH, bsA 6.78 (1H. d, J=85 HzA 6.93 

(1H. d, M2.1 Hz), and694 (lH, dd,J=2.1& 85 Hz). 

Compound 14d wm obtakd ia 1.4% yield; liq. Formd: C. 8l.Q H, 9.86%. C&d for Q3Ii3202: C. 81.1% H, 

9.47%. EIMS (30 eV) mlz 340 @I+). IR v (neat) 2940, 1515, 1255, 1130, 1040. md 810 cm-l. lH NMR (CDCl3, 200 

-)&1.19 (6H, t, k7.6 HzA 1.61 (6H, mA 254 (4H, m), 2.62 (4H. q, k7.6 HzA 3.80 (6H, SA 6.75 (2H, d, k8.8 HzA 6.93 

(W, d, k2.8 Hz), aad 6.93 (2X, dd, k2.8 & 8.8 Hz). 

lO,lS-Dlmethoxy[6A]metacyclophane (lle). It wan obtained in 585% yield from 226 m8 (0.646 mm01) of 92 

1.O48(4S2mmol)ofN~mdO.l7cm3(2.9mmol)ofEtOHin4Ocm3ofliq. lamoonk&IOcm30fTXF;m@iO-61°C. 

Found: C, 81.86; II, 9.28%. Cnlcd for C24H3202: C, 81.n; II, 9.15%. EIMS (70 ev) m/z 352 (M+). IR v 2925, 1300, 

1242, 1119,1025, and 812 cm-l. UV Amu (log E) 229 (4.00) and 279 (3.60) nm. lH NMR (CDC13, 500 MHz) ikl.18 (4H, 
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m), 157 (SH, III), 2.50 (4H, Mike), 2.62 (4H, III), 3.79 (6H, I), 6.74 (2H, d, 685 Hz), 6.78 (2H, d, k2.4 Hz), a16 6.91(2H, dd, 

.&!A& 85 Hz). 13C NMR (CDCI3.125.7 MHz) M27.U7.28.43,2858.30.17,33.45,55.66, 11037, 126.85, 130.13. 130.50, 

133.90. md 155.55. 

Compound 12e WM obtkned in 175% yid& Iiq. Fomxk C. 79.42; H, 9.43%. C&d far C#~OSH20: C. 79% 

N. 9.70%. EIIUS (20 eV) ml2 354 @I+). JR v (oat) W10.1495.145~ 124z. 1212 1025, ml6 803 a-1. 1H NMR (CDCl~ 

2OOMHz)E=l.17 (4H. m), 1.33 (4H, m). 1.64 (4H, m), 2.01 (2H, t-like), 2.11 (2H, t-like), 2.43 (2H. t-like), 2.54 (w. t-like), 

2.66 (2H, m), 2.83 (2H, m), 353 (3H. r), 3.80 (3H, r), 5.39 (lH, bs), 6.76 (lH, d, &X0 Hz), 692 (lH, d, 622 Hz), md 6.94 

(lH, a &?..2 a 9.0 Hz). 

6,16-Mbydroxy[Q~]mct~cyc~ph~e (168). To a aolntioo of 90 mg (0.30 mmol) of 118 in 9.0 cm3 of &y 

dichlaomstbgswese&Ied76mg(OJommoI)ofbaun~etO°C uorkrnitrogmrtmorphaa Ma&riog12hetn~om 

tanpaal~uKmixtmmwm~wi6l1Oocm3ofdlbmfam ealdtialcrwrN@Q. Aftesewpont&l6awm~in 

%%XyiadblrhP (Sim bauaM&yl a&ate&/Q mp.214- 215 “C. FknuJz C. 8028; II, 7.71%. Cakd 

farclgH2&: c. 80.57; H, 751%. Emu (70 eV) m/z 268 (M+). IR v 34w 2945, 1510, l435. 1261, 1102, & 8#) cm-l. 

UV X- (log E) 228 (3.93) au6 283 (3.63) nm. lH NMR (CDCI3,200 MHz) til.25 (2H. m), 1.43 (W, m), 210 - 3.02 @H, 

m),453(2H.s), 5.82(W,4~HzX6.75(2H,d~.l~Xmd692(W,dd,~& 8.1 Hz). k! NMR(CDC13, 125.7 

MHz)8=@.92 24.98,38.43, 115.46, 125.48, 126.98, 131.99. 132.99, sod 152.67. 

6,17-Dibydroxy[43]met~cyclopbane (16b). It was pqumd in 98% yidd fnm~ 80 mg (0.26 mmol) of Ilb aI 

65mg(O~nmd)dborollbrikamideh8.0cm3ofdrydicblaomabms;mp.l68-169oC. FoumkC,SO.l5;H,7.77%. 

CakdforC1~2202.0.1H~:C.80.31;H,7.87%. EIMS(70eV)m/z282(M+). IRv 3400.2925, 1505. 1445.1240, 1100. 

mKl820 an-*. w h- (log E) 227 (3.94) and 281(3.67) mn. ‘H NMR (CDC13.200 blHz) 8-1.61 (4H, m), 2.04 @?I, m), 

2.4g @I-I, m), 452 (2H, 8)). 6.23 @I-I, d, J=2.2 Hz), 6.67 (2H. d, M.1 Hz), md 6.88 (2H. dd, W2 & 8.1 Hz). 13C NMR 

(CDCl3.125.7 MHz) 8=25.82,26.OE.W.O1,3258, 114.85, 126.45.126.73, 131.29. 133.63, end 152.03. 

6,l&Dihydroxy[4.4]metacyclophone (16c). It was equal in 98.9% yield from 104 mg (0.321 mmol) of llc 

~~.4~(o32lmmd)ofbomnhibomideinlO.Oan3ofdydichlonmuthme;mp.~-#noC. FamkC.81.19;H. 

8.06%. Calcd forC&2402: C, 8lm H. 8.16%. EMS (70 eV)m/z 296 (M+). IR v 3400.W30, 1503. 1447, 1241. 1100, 

end 8lOu11-~. uv A- (loge) 226 (3.92) and 282 (3.63) mn. IH NMR (CDCl3.200 MHz) &=I45 (4H. m), 155 (4H. m). 

251(4H, m). 2.59 (4H, m), 452 (2H, s)). 657 (2H. d, bl.9 Hz), 6.65 @I, d, M.0 Hz), aad 6.81(2H, &I, bl.9 & 8.0 Hz). 

13C NMR (CDCl3.125.7 MHz) &26.66,26.92,27.69,33.87, 114.59, 127.66, 127.93. 128.28, 134.46, sod 151.90. 

9,17-Dihydroxy[5.4]metecyelophane (lad). It WM paprad ia quantitative yiold fium 105 mg (0.311 mmol) of 

lid ~~.9mg(O~ll1mnol)ofbaonhikomidsinl0.Ocm3ofdrydichloromdhms;mp. 194 - 1% Y!. Foolrd: C, 79.80; H, 

8.30%. C&I forC2lH2602’03H20: C, 79.86; H, 8.49%. JZIMS (70 eV) m/z 310 (hi+,. IR v 334O,WlO, 1500.1425.1uls. 

1098, ald 820 cm-l. UV Amu (log E) 228 (3.91) md 281(3.61) nm. lH NMR (CDCl3.200 MHz) til.15 @Ii, m). 1.62 (8H, 

m), 2.54 (4H. m), 2.63 (4H. m), 4.49 (2H. I), 6.63 @II, d, kS.6 Hz), 6.79 @I, d, &2.2 Hz), JIMI 6.81 (2H, cld, k2.2 & 8.6 HZ). 

13C NMR (CDCl3.125.7 MHZ) &26.01.28.04.28.23,3033,34.17, 115.37, 127.37, 12752, 130.98. 134.46. md 151.49. 

10,18-Dihydrory[6.4]metacyclophane (16e). It WM pqmed in9396 yield fium56 mg (0.16 mnml) of lie mwl 

40 mg (0.16 nnool) of bonm bibmmide in 7.0 an3 of &y &III- mp. 184 - 185 ‘C. Fan& C. 80.58; H. 8.57%. 

CakdfarC22H28o2’02H20: C, SOS+ H. 8.73%. EIMS (70 eV) m/z 324 (M+). IR v 3310, 2915, 1502, 1425. 1250, 1115, 

a1uI82Ocm-~. UV h- (log E) 227 (3.96) and 281(3.63) mu. lH NMR (CDCl3.200 MHz) M.16 (4H, m), 1.60 (8H. m). 
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2.48 (4H, m). 262 (4H, m). 4.53 (2H, s)). 6.67 (2H, d, M.1 Hz), 6.75 &I. d, k2.0 Hx), ux16.84 (2H. dd, k2.0 Bt 8.1 Hz). 

13C NMR (CDCl3, 125.7 MHx) &=26.97,28.30.28.43,30.11.33.45,115.16, 12727.12761. 130.28, 134.41. ami 151.32. 

8,1CDihydroxy[211~12~[4.2~metaqclophane (178). To I solutum dof638 mg (1.98 mmol) of 9c in 34 au3 

otdrydichlaomcrbncnrddsd496mg(l.99mmd)~bolmtri~~-5o~clmdanitropsll~ Afkrstiumgfor 

2h~0”~.~~uuu~~t~d~tb680~3~~ snddrlalavaN~SO4 After evapc&q 178 was isolated lu 

77.8% yield by column cbnrrmtognphy (Siozl Methyl a&ate=9/1); mp. 187 - 188 ‘C. Foond: C. 7865; II, 7.37%. C&l 

farC2oH22o2’04H~: C, 78.71; II. 7.66%. RIMS (30 eV) mk 294 (M+). IR v 3350.2940.1503.1257.1215. sod 820 au-l. 

W h- (log E) 230 (3.87) sod 285 (3.61) me. IH NMR (CDCl3 508 MHx) IM.38 (2H, m), 1.85 (2I-I. m), 2.25 (2H, m), 2.49 

(W, m), 257 (4I-I. m), 4.47 (2H, m), 4.86 @I, lw), 6.35 (W. d, A82 Hz). 6.48 (2H. dd, kl.8 & 83 I-Ix), smi 6.95 (2H, d, Al.8 

H0. 

9,15-Dihydroxy[212~1~[S.2]metacyclophane (17b). It wss pmpsmd in 94.7% yield from 16.7 g (49.7 11111101) 

of9d sud37.4g(0.149mol)afbomntribmm& in ldm3ddrgdicbltxam&usstmom tanpmmmfar 12 h; mp 212 - 214 “C. 

Fauuk C. 81.19; I-I, 7.87%. C&d forC2lHuoz’O.lH~: C. 81.31; H, 7.86%. EDIS (70 eV) t&x 308 (hi+). IR v 3352, 

2932.1497.1251.1212, snd 807 cm-l. UV A, (loge) 229 (3.89) sml284 (3.61) run. lII NMR (CDCl3, XI8 IUHx) kO.12 

(1H. m), 0.89 (lH, m), 1.60 (4I-k m). 2.40 @II, m). 2&l (6H. m), 4.43 @II, m). 5.03 (2I-I. bs), 6.46 (2H, d, k8.1 I-Ix), 658 (2H, 

~~.l&21Hz~md6.95(w.d~21Hz). 

10,16-Dibydroxy[213*14 ][6.2]metacyclophme (17~). It wss pmpsred in 93.4% yield fmm 6.97 g (19.9 mmol) 

of9e ~1O.Og(39.9Imnd)ofbcrmalribromidein35ocm3ofQydichlommmmertroom wmImtmuforl2lu mp. 155 - 156 

‘C. Faumk C. 80.16; I-I, 8.03%. C&d far C22HzBo2’0.5H~: C. 79.72; II, 8.21%. EIMS (70 eV) mix 322 @I+). IR v 

3290.2949,lsOl. 1240, sud 828 cm-‘. W A, (log E) 228 (3.95) sod 283 (3.60) nm. lH NMR (CDCl3 200 MHx) Ml.86 

(W. m), 0.93 (2H. m). 1.44 (2H. m). 1.71 @I-I. m), 2.38 - 2.61 (8H. m). 4.31 (2H. m), 5.43 (2H, II). 6.50 @Ii. d, J=7.0 Hz), 6.65 

(2I-I. dtlJw7.0 & 1.8 Hz), sml6.91 @I, d, Cl.8 Hz). 

8,14-Bis(trlfluorometbylsulfonyloxy)[2 11~121[4.2~metacyclop~~ue (18a). To s sohttioo of 453 mg (154 

mmol)of17a inl9cm3of~~wMrlowly~~g(953mmol)of(~~02)20~-20~CPndani~ltmospbaa 

Afterstiniagfor42hstroomtanparture, ths~~wmpaasdintooold10%HCl~~~md~~with100cm30f~. 

Atk dryiog we? MS04 md ecnpontion. trhlsta l& wss obmincd in 87.2% yield by cohuno cw (Siw 

-l/l). lH NMR (CDCl3.200 MHx) lkl.51 @I, m), 1.98 (2H. m), 2.43 (W, lAike). 2.50 - 2.80 (6H, m), 4.57 

(W,mX6.71(W,dd,f2.1&83HzA6.80(W,d~3Hzxmd7.18(W.d~.1Hz). 

9,15-Bis(trifluoromethylsulfonyloxy)[2 12*1~[5.2]metacyclopbane (18b). It wss prepared io 91.1% yield 

tiwm 1.42 g (4.61 mmo1) of 17b sml5.55 g (19.7 mmol) of (CF3SO2)20 in 59 cm3 of @dinq mp: 78 - 82 “C. Found: C. 

48.09; H, 4.01%. Cskd for C23H22p606s2: C. 4825; II, 3.87%. EIMS (70 CA’) m/z 572 @I+). IR v 2952, 1439. 1220, 

1154, snd98Ocui*. lH NMR (CDCl3.200 MHZ) Ml.12 (III, m), 1.01 (1H. m), 1.67 (4H, m), 2.54 (6H, m). 2.72 @I, m), 

451 (W, m), 6.79 (2H, dd, k2.0 & 8.3 HE). 6.88 @I. d, &83 Hz), sod 731(2H, d, J=2.0 HE). 

9,15-Bls[2-(ethoxycarbonyl)ethenyl][212~13]~53Jmet~cyclop~ne (19~). Tritlste 18b (37 mg, 0.065 

mmol) ~16 tmsted with 26 mg (0.037 -1) of PdCl2(PF’h3)2. 0.39 cm3 of trietbylsmim, mul 180 mg (1.8 mmol) of ethyl 

~trteinl.9cm3ofDMF~~~~~ertl30oCfor24hlmdanitrogca~ ‘IEemectionmixuuuwascooled 

toO°Caadpoumdint&oldlO%HClsohttlon. lutacatr;rcticmwithloO~ofbeoteeq~ova~SOq,mdsvllpmtion, 

diokfio 19a wm isolated iu 88% yield by column p (Sit& dk mp. 145 - 150 ‘C. Foon& C, 78.55; H. 

769%. C&d for C3lH3604: C, 78.78; H, 7.68%. EIMS (20 ev) m/x 472 (hi+). IR v 2926.1724. 1315 1164. sud 972 
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cm-‘. lH N?dR (CDCl% 200 MHZ) W.15 (lH, m). 1.01 (IH, m). 1.34 (6H, t, J=7.2 Hx), 1.62 (2H, m). 1.77 (W, m), 251 

(2H, m). 2.61 (4H, m). 2.75 (2H, m), 4.2d (4H, q, k7.2 Hz), 437 (2H, m), 6.03 (w, d, jh15.8 Hz), 6.72 (2H. dd, b7.8 & 1.5 

~~7.14(W,d~7.8Hz~7.19(w.~C15~~~d7.86(W,d.~l5.8~). 

9,15-Bis(2-phen~l;lethenyI)[2l2~i3][5.2]m~~y~le~ane (19b). It sly prsppad ia 89.0% yi&l liom 186 mg 

(0.325 mmol) of 18b. 129 mg (0.184 mmd) of PdC4Lo2, 1.93 cm3 of trktbylamiae, 990 mg (951 mawl) of styrem ia 9.67 

an3 of Db@ mp. 74 - 76 OC. Foam& C, 92.57; H, 7.29%. C&xl for C37H36: C, 92.45; H, 7.55%. EMS (70 eV) m/x 480 

(M+). IRv 29351495,960,890,720,snd6692cm -l. 1~ NMB (CDCl3.200 MHx) 6=03 (lH, XII), 0.98 (14 m), 1.63 (2H. 

m), 1.84 (2H. m), 2.58 (6H, m), 2.80 (W. m), 4.56 @I, m). 6.64 - 6.80 (6H. m). 7.15 (4H, m). aad 7.3l(lOH. m). 

22,23-BSs(ethoxycarbonyl)[212~13.228~2l][S.2.2](l,3,4)cyclop~nc (20a). DioMa 190 (70.3 mg, 0.149 

mmol)wM~sohredinchy~(866cm3)unda~~~~~~.pyrexgLss~~~(1dm3). 

Thesohdioawmstifmdaldimdirtsdwithn4oOWlligh-~Hgbmlpfor2.sh. llmdiqpamwofffilac4caMwu 

cat6mwdbylHNMR Aftawapokh,thererctiaami~tumwuplrifialtogiw20ain66.9!6 yicldbycohmm 

ckmak@& (Sio2, baozsoe); mp. 42 - 43 ‘T.. Found: C, 78.86, H, 7.70%. C&d for C3lH36oq: C. 78.78; H, 7.68%. 

EIMS (20 eV) mk 472 (hi+). IB v 2925,1736.11%, sad 790 cm -l. lH NMR (CDCl3,200 MHx) ML34 (2H, m), 1.10 (2H. 

m). 128 (6H. t, 3=7.0 HE), 156 (2H, m). 2.30 - 2.65 (WI, m), 3.77 (2H. d, k6.5 Hz). 4.12 (2H. m), 431(4H, e J=7.0 Hz), 4.34 

(w, d. ti.5 Hz), 6.61(2H, dd, MU & 2.0 Hx), 6.68 (W, d, k8.5 Hz), sad 6.74 (2H, d, &2.0 Hz). 

22,23-Dipbeny1[212~13.~8~21][533](1,3,4)cyclophane (2Ob). It was pqamd ia 65% yield fmm diolefiu 

19b (85 a@, 0.18 ma101) in dry bmzsns (200 aa3) for 2 h; mp. 157 - 160 “C. Four& C, 92.21; H, 7.70%. C&d for C37H36: 

C, 92.44; H, 7.56%. EMS (70 eV) m/z 480 (hi+). JR v 2940,1496, aad 700 cm -l. lH NMR (CDCl3, 200 MHZ) Lk0.42 (2H, 

m). 1.13 (W. m), 1.58 (2H, m), 2.40 - 2.68 (8H. m), 4.22 (W, m), 4.41 (4H. m), 6.68 (2H, dd, h&O & 1.5 HE). 6.80 (2H. d, 

~l.SHx),6.%(2H,d,k8.OHx), aul7.0!3-726(1OH,m). 

8,14-Diviny1[211~12][4.2]metacyclophaae (21a). A mixtum of 531 q (0.952 aaaol) of Witlatu 18a, 1.20 g 

(3.78 mmol) of viayltributyltin, 110 mg (0.157 mmol) of P&Iz(PPb3h, 410 q (9.67 nunol) of LiCl, aad small amooat of p 

om-butylcrtscbdin4.8cm3ofDMFwg~rt100oCfior2bundanibrogsll~ Aadthsn,tlmmixtllmwasmolcd 

toO°Cmdhtrtedwith25gofWin22cm30fH~for30mia Aftwextmctiaawitb3OOcm3of~&yiqover 

~SO1,md~~diolsfin21a~irdrtsdin78.2%yisMbyoohunn~ (SioZ. bmxme). Fomxk C, 91.95, 

H.8.1356. CskdfcrC24H~ C, 91fi.H. 8.34%. lH NMR (CDCl~2OOMHx) M.67 @I, m). 2.03 (ZH, m). 240 (2H, m), 

2.62 (6H, m), 4.50 (W, m). 5.14 (2H, dd, kl.6 & 12 Hz), 5.35 (2H, dd, &1.6 & 16 Hx), 6.64 (2H. dd, kl.4 & 7.9 Hz). 6.86 

(2H, dd, J=12 & 16 Hz), 7.02 (2H. d, k7.9 Hz), rrrd 7.22 (2H, d, f1.4 Hz). 

9,15-Divinyl[212~13][5.2]metacyclophane (2lb). It was obtakd ia 78.7% yi&J from 606 a18 (1.06 mmol) of 

tritla@ 18b. 800 mg (2.52 mmol) of viaylbibutyltia, 130 mg (0.185 annol) of PdCl2@Pb3h. 470 mg (11.1 mmol) of LiCI. and 

small amouat ofp-~&~tyk~kchol in 5.4 cm3 of DMF. Foua& C, 91.36; H, 8.31%. C&d for Cm28z C, 91.41; H, 8.59%. 

lH NMR (CDCl3.2OOMHx) 6=0.16 (lH, m). 0.92 (lH, m). 1.56 (2H, m). 1.80 (2H, m), 2.39 - 2.61 (6H, m). 2.74 (2H. m), 4.40 

@-I, m). 5.13 QH, dd, J=l.S 8t 11 Hz), 5.34 (2H. dd, &15 & 17 Hx), 6.70 (2H, dd, kl.7 & 8.0 Hx), 6.88 (2.H. dd, J=ll & 17 

Hz). 7.06 (2H. d, k8.0 Hx). aad 7.16 (2H. d, Cl.7 Hz). 

[211J2.219~28J[4.2.2](l,3,4)Cycloph*ne (22a). DioMm21a (95 mg, 0.30 mmol) was diwolwd ia 180 cm3 

ofdyb~~1~unda~21~b1g~300~m3ofpy~exglur~. ~~10~1ubi~~sthrsdad~~ith400wbigk 

prsMneHglaqfa2h Thsd@pamawofviayl8nqamr coatiu&bylHNMR Alkphotaactim.Uwadxtmewn 

svsmtea~rqrrmtsdby~cbrormtqDrqlry (SiO2, baud). Cyckqbaw22a was obtakd in 42% yidd; mp. 152 - 154 
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T. Fonnd: C.91.46; II, 825%. CaIodforC2qH26: C. 91&; II, 8.34%. EMS (70 eV) m/x 314 (Id+). IR v 2930,2852, 

1488,1443.1242 aad 828 cm-l. 1~ NMR (CDC13.200 MHZ) U=I.35 (W, m), 1.68 @II, m). 2.17 - 298 (WI, m), 4.11(4H, 

n&6.55 (2H,dd,fl.5 &82Hx), 6.68(2H,d,k82Hx).aod6.71(2H+d~l.5Hx). 

]2’2~13.22*~21](5.2.2](1,3,4)Cyc1opbane (22b). It was pnqmd io 85.8% yield from 400 mg (I22 nunol) of 

2lb in 244 eta3 of dry hemme; mp. 169 - 172 OC. Pamuh C. 91.11; II, 8.76%. C&d for Q5H28: C. 91.41; H, 8.59%. 

EIMS (70 eV) mlz 328 (I’d+). IR v 2930,285O. 1491.14421240, aad 812 cm-l. 1H NMR (CDCl3,200 MIIx) Ik0.38 @I, 

m), 1.13 (2H, m). 159 @II, m), 2.27 - 2.70 (lW, m), 4.67 (4H, m), 6.65 @II, dd, kl.6 & 8.1 Hx). 6.76 (2H, d, klb Hz), md 

6.82 @I-I, d, M.1 Hx). 

[4.4.4](1,3,4)Cyclophrnc (23tt). Liquid atlmiC&(2OCm3)~~ int0a1OOan3ftmMeCWfbl?b 

equippcdwitbaamgmticstirraandgssiukttuheat60”C. O.~g(19mmol)ofNawu~lyddsdiatoths~forl5lrpia 

~l~22a(42~.0.13mmol)mdOMcm3(0.99)of~in#)~of~waa~rlyddsdiato~be. 

Aftcrstiuiqat60“Cfor3b,20cm30fH~wssad&dto uxuumetbsexcouNaaadstoutbermctiou AndtIuatImrerction 

llIixlIKOW~llUOwOdtO8hUdtOroOm~ audextractcdwitb1oOcal3ofhmxene. AtkdryiagovffNa2so4md 

eqsnntion,23awasd#ainedin61%yieldhycobmm wy (SioZ. henmae): mp. 121- 123 OC. Fouadz C. 88.02~ H, 

9.31%. CalcdforC~30.05H~: C, 88.00; H, 9.56%. EIMS (70 oV) mk 318 (I@). IR v 2948,2860, 1510, 1456, sod 820 

cm-l. lII NhfR (CDCl3.200 MHZ) 8=1.73 (4H, m). 1.86 - 2.20 (8H, m). 2.32 (4H, m), 2.42 (4H, m). 2.65 (4H, m). 6.50 (2H. 

dd, h2.0 & 82 Hz), 6.5 1 (2I-I. d, j2.0 Hz), and 6.64 @I, d, k8.2 Hz). 

[5.4.4](1,3,4)Cyclopbane (23b). It WM &tainul in 792% yield from 106 q (0.323 mmol) of 22b. 1.10 g (47.8 

mmol)ofN~lpadO.1Ocm3(1.7mmol)ofEtoHin4ocm3ofliq.mrmonir and40cm30fTHp;mp.37-38°C. PoumhC, 

89a H, 9.57%. CskdforC~320.2H~: C, 89.33; H, 9.71%. BIMS (70 eV) m/z 332 (hi+). IR v 2920.2856. 1500, 

1454, snd 804 cm-l. lH NMR (CDC13.200 MI-Ix) &=0.68 (2H, m), 135 (2H. m). 1.50 - 1.82 (4H, m), 202 (6H, m). 227 - 2.61 

(SH, tit). 275 (4H, in). 657 @II. dd,+=1.8 & 7.8 Hx), 6.63 (2H, d, k1.8 Hz), aad 6.71 @II, d, k7.8 Hz). 

Bis]3,5-bis(bydroxymetbyl)-4-metboxypbenyI]metbane (25~). Compound 24a (56 g. 028 mol) was 

dissohredin665cm3of5%NaOHsolutionmd98cm3of37%HcHOadrdion. ‘Ihemoctioamixuuuwcmstinxdatman 

~for7chyscndpomcdiato2dm3of2-pmpndrt-2o~c. Aftr!rBbraticmwitbsuctionsnddryiuguadsrmdaced 

prouum, hydmxymctbylated product was ohtaimd in 78% yield A mixuao of 63 g (0.17 mol) of bydmxymstbylated umqmuml ad 

97g(0.68mol)ofCH3Iin35Ocm3ofH20snd35Ocm3ofCH~Hwmhcatcdst4O”Cfor12b. Aftcracidicextrartiatwitb2 

dm3of~/~(115XdryingovaN~04,~evspntion,25awrs~in99%yieMmduMdinanaxt~without 

buthcr pmification. lH NMR (DMs0-Q. 500 MHx) 6=3.57 @II, s), 3.63 (6H, I), 4.44 (4H, hs), 4.48 (EH, I), aad 7.15 (4H. s). 

1,2-Bis[3,5-bis(hydroxymetbyl)-4-methoxyphenyl]ethane (25b). It wasein92% yield fmm 10 g (27 

IMIW ofhydroxymethylakd compom& which wan obtained in 83% yield with 28 g (0.13 tool) of 24b in 307 cm3 of 5% NaOH 

solationmd45cm3of37%HHcHO~l~,md15g(O.11mol)ofcH3Iin66cm3ofH~md66cm3of~~H. 1HNMR 

(DMSO-dj, 60 MHZ) be2.78 (4H, lx+, 3.67 (6H, s), 4.55 (12H. s), snd 7.29 (4H, I). 

1,3-Bis[3,5-bis(bydroxymetbyl)-4-metboxypbenyl]propane (25~). It was pmgared in 99% yield fnun 2.0 g 

(5.1 mm00 of hydroxymethylakd compomd which wss &tained in 93% yield with 10 g (44 nuaol) of 24~ in 106 cm3 of 5% 

NaOH s&tion sod 15 cm3 of 37% HCHO solutioa, and 2.0 g (14 nunol) ofCH31 in 6 cm3 of H20 aod 6 cm3 of CH3OH. 1H 

NMR @MS@& 60 MI-Is) ZM.82 @I, m), 2.55 (4H. m). 3.66 (6H. s), 4.05 (4H, ha), 4.55 @II, a), sad 7.25 (4H, s). 

1,4-BIs[3,5-bis(hydroxymethyl)-4-metb~xypb~yl]butane (25d). It was grepmcd ia 80% yield fmm 5.0 g (12 

nun& ofh@~~pmth~hted mmpomd, which was ohtaimd in 89% yield with 36 g (0.15 mol) of 24d ia 368 cm3 of 5% NaOH 
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~md54cm3of~%HCHOro~md72g(5imnld)dCH3Iin25~dH~~25~ofCH~H. lHl’IMR 

@hEJO-& 60 MHZ) &=A61 (4H. m), 2.59 (4H, m), 3.76 (6H, I). 461(12H. s), swJ7LM (4H, s). 

Bis[3,5-bis(l-bydroxyethyi)-4-mctboxypbenyl]methane (26a). To a s&&a of602 p (0.173 mnl) of25a ia 

650cm30f~~wu~~ddalioOg(0336mmd)ofN~~t500C. Aftcrstkiagfor3O~tberactim 

mixtluuwasaHAaltomcmtaopa&m sadextmcMwitb3&l3of Ml&rHF(5/1). AfkX&yiogovc#NrgoIsod~ 

dWlddlydOwUif&tOdin72.O%yiddbyoolmmchmmrtoorrphy (SioZ. baume). CH3Mgl(92.0 umml) ia 130 au3 d CBn 

wlsQopwirsdinto3~g(103mmol)ofthe~&in130an30fTHp~nxrmtcmpantma ARar&lxiogfa34tlle 

~~~ddsd~5%HcI~i~~mdcahdedrvi(b3ooan3ofdhalIHF(5/i). A&# dIyiag arsr N&o4 d 

evapaa6c+26awasisokdia73.O%yieldbycohmmcbmmrtaOnpby (Sia bcracads(lry -1). lH NMR (CDCl3.60 

MHz)8=1.42 (iw, d M.0 Hz). 3.50 (4K lm). 3.70 (w, I). 3.78 (a sh 5.05 (4H. q, a.0 Hx). aK17.22 (4H, s). 

l~-Bis[3,S-bis(l-hydroxydhyi)-Cm~horyphenylJet~ne (26b). It was prepmcd ia 85.0% yield 6uo 623 p 

(17.6 mmoi) of ald&yde, which wm obtskd iu 61.1% yield with 9.41 g (26.0 nenoi) of 25b sod 15.1 g (50.7 ~1) of 

~ini00cm3d~crid.in235cm3of~mdU5cm3of~~~(i63Irmd)inaba. iHNM.R(CDCi~60 

MHz) 8-1.47 (12H, d, W.0 Hx), 287 (4H. s), 3.87 (6K s), 392 (4H, I), 5.17 (4H. q, J=6.0 Hs), lad 7.10 (4H. s). 

1,3-Bis(3~-bis(l-hydroxycthyi)-4-mctboxyphenyl]propane (26~). It m plrprrsd h 78% yield from 2.3 g 

(6.3 mmol) ofsld&yde, which wss cbWmd io 85.8% yield with 9.38 g (24.9 -1) of2Sc auli5.2 g (51.0 auaol) of l’J@&D7 

ini05cm3d~crcid,ia80cm3of~md80cm3ofCH3M~(50mmoi)incrba. iHNMR(CDC)h60MHx)6=i50 

(LUI, d, h7.0 Hz), 2.10 @I, m), 2.60 (4H, m), 3.83 (iOH, s), 5.17 (4H, q, k7.0 Hz), sad 7.33 (4H, s). 

1,CBis[3,S-bis(l-hydroxyetbyi)-4-metboxyphenyl]butane (26d). It was psprad io 82% yield fmn 2.0 g 

(5.2 mmol) ofakkhyds, which was c&iasd in 785% yield with 22.7 g (58.2 mmol) of2Sd uxl353 g (118 mmol) of w 

in243an3of~c~in67cm3ofTHFmd67~ofcH3MpI(46~)ine(lwr. iHNMR(CDC13,60MHx)lM50 

(12H, 4 J=6.2 Hz). 1.53 (4H. m), 2.60 (4H, m), 3.78 (iOH, s), 5.13 (4H, q, ML2 Hz), sod 7.22 (4H, I). 

Bis(3,5-dirinyl-4-methoxyphenyi)methane (27a). Asolutioo0f2.10g(5~mmol)abtetrol26aaud3.10g 

(22.8marol)ofKHS04in63an3dDMSOwubcrtsdst i80°Cfor3.5mio. ll~.mixhwewaspaucdiatoice-wstcr. Alta 

exhrctionwithi00~3of~dryinOoM.Na2SOI,md~~~27awm~io43.0%6yiddby 

chromdoonphy (802, bmucm). lH NMR (CDCl3.200 MHZ) 8=3.70 (2H, I). 3.82 (6H, II), 5.30 (4H, dd, M.4 & 10 Hz). 5.71 

(4H, dd, 61.4 & 18 Hz), 7.00 (4H, dd, .kiO & 18 Hx), aud 7.26 (4H, s). 

1,2-Bis(J,S-divinyi-4-methoxyphenyl)ethane (27b). It wn obhiaed in 45.7% yield fmn 1.36 g (325 mmol) 

of26bmuli.90g(i4.0mmol)ofKHS~iu39cm30fDMS0. Foun&CC,82.92;H.7.81%. CalcdforC24H26O2: C, 83Zk 

H, 7.56%. IH NMR (CDCi3.60 MHx) 8=2.87 (SH, II). 3.87 (6H, s)). 535 (4H. dd, hi.6 & 13 Hz), 5.75 (4H, dd, ki.6 & 18 

Hx), 7.00 (4H, &I, 613 & 18 Hx), sad 7.31 (4H. s). 

l,3-Bis(3,S-divinyi-4-methoxyphenyl)propane (27~). It WM obteimd ia 43.6% y-i&i fmm 270 mg (0.625 

mmol) of 26c md 364 mg (2.68 ma@ of KHSD4 iu 7.3 cm3 of DMSO. Famd: C, 81.02; H, 8.11%. C&d for 

t$#&@-O.5H20: C. 8126, H. 7.91%. lH NMR (CDCi3.200 MHZ) hi.96 (2H. m), 2.62 (4H, m), 3.70 (6H. s), 5.30 (4H. 

dd,J=i5 & 12 Hz), 5.75 (4H, dd, ki.5 Bt 18 Hz), 7.01(4H, dd, .ki2 & 18 Hz), and 7% (4H, s). 

1,4-Bis(J,S-divinyi-4-methoxyphenyl)butane (27d). It wm okimdio 47.1% yield iknn 760 mg (1.70 mmoi) 

of 26d sod 1.W g (7.35 mmol) dKHSO4 in 20 cm3 of DMSO. Foumk C, 81.66; H, 8.14%. C&d Toa ‘&H3@2-0.5H2D: C, 

81.42; H, 8.15%. 1~ NMR (CDCi3.60 MHZ) 8-1.69 (4H, m). 2.61 (4H, m). 3.73 (6H. s), 536 (4H, &I, bi.8 & 12 Hz). 5.80 

(4H, &I, ki.8 % 17 Hz). 7.01 (4H, ckl, k12 & 17 Hx), md 7.36 (4H, s). 
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6,12-Dimethoxy[29~1~.217~l8][2.2.2](l,3,S)~y~lo~h~ne (28~). Tetraolefin 27b (98 mg, 0.28 mmol) was 

dissolvedin94cm3ofQy~undaN2osingaPyrsxg~s~~ionappllntuD(200cm3). ‘Ibesoltioawasirmd&d 

witha400Whigh-preasurcHgI~for12h. ‘Il~dis;rpprrlrmceofviayinylgrollpsaras cu&medbylHNMR. ‘Ikt,ihemix&e 

wasevapomtuJandsePamtedbycol~c~ (SiO2. benxene). Cyclophane 28a was okiaed in 31% yield; mp. 157 - 

159 ‘C. Found: C, 79.02; H, 7.92%. CakzdforC24H2602’H~: C. 79.09; H, 7.74%. RIMS (70 eV) m/z 346 @I+). IR v 

2940, 1470, 1426.1270, 1210, 1140, and 1022 cm- l. lH NMR (CD~l3.200 MHZ) ik2.45 (8H, m), 2.87 (4H, s), 3.44 (6H, s), 

4.45 (4H, m), and 6.06 (4H, s). 

7,13-DImethoxy[210~11.218~19][3.2.2](1,3,5)cyclophane (28b). It was prepa& in 78.3% yield from 184 

mg (0.511 mmol) of 27c in 170 cm3 ofdrybenzenelmderN2 using a Pyrex glass (200 cm3) apparatus for 12 h; mp. 182 - 183 OC. 

Found: C, 81.43; H. 7.82%. C&d for Cfl28*0.5H20: C, 81.26; H, 7.91%. RIMS (70 eV) m/z 360 (M+). IR v 2938, 

1470. 1425,1269,1212,1140. and 1023 cm-l. l H NMR (CDC13,200 MHZ) 6=2.06 (W, m), 2.44 (8H, m), 2.72 (4H, bt). 3.39 

(6H, s), 4.49 (4H, m). and 6.59 (4H, s). 13C NMR (CDCl3, 50 MI-Ix) &19.56, 26.83, 36.19, 44.53, 62.58, 128.58, 133.69, 

136.30, and 155.86. 

Compound 2 9 was obtained in 1.3% yield. lH NMR (CDCl3.200 MHZ) a=225 @I, m), 2.60 (6H, m), 3.00 (2H. m), 

3.50 (6H, s), 4.54 (W, m). 5.06 (2H, dd. k1.6 & 12 Hx). 5.46 (W, dd, kl.6 & 18 I-Ix), 6.70 (W, dd, Al2 & 18 Hz), 6.83 (2H, 

d,J=2.0Hx),aud7.15 (2H,d,k2.0Hx). 

8,l4-DimethoxyI211~12.219~20]~4.2.2)(1,3,5)eyclophane (28~). It was prepared in 68.0% yield from 250 

mg (0.668 mmol) of 27d in 223 cm3 of dry bmxeae tinder N2 US@ a Pyrex gless (300 ~m3) appprtus for 12 h, mp. 201- 202 “c. 

Poti C, 81.13; H, 8.30%. Calcd for C26H3mO.5H2ti C, 81.42; H, 8.15%. RIMS (70 eV) mfz 374 (M+). IR v 2936, 

1469,1423,1271,1210,1139, aud lo27 cm-l. l H NMR (CDC13,200 MHZ) bl.82 (4H, m), 2.26 (4H, m), 2.39 (8H, m), 3.40 

(6H, s). 4.44 (4H. m), and 6.37 (4H. s). 13C NMR (CDC13, 50 MHZ) bl9.92, 30.68, 36.21, 43.86, 62.49, 126.51, 133.23, 

137.32, and 155.98. 

[212~131t5.21Metacyclophane (2d). A mixture of 41.3 mg (0.0722 mmol) of tiflate 18b, 0.058 cm3 (1.5 mm01) 

of formic acid, 30.4 mg (0.116 -1) of tripbenylphosphk, md 12.2 mg (0.0543 mmol) of Pd(OAc)2 WAS herted in 0.32 em3 

(2.3 mmol) of hie&ylamiae and 152 cm3 of DMP at 60 “C for 12 h umk nitrogea atmoapbae. After exbnctioa with 100 cm3 of 

ether, eying over Na2SO4, and evaporation, 2d was isolated in 68.1% yield by column chmmat~gmphy. 

hltfamolecular [2 + 21 photocycloaddition. Part 21. 
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