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Ahatract-The S)dKSiS, StlUCturC and rcactivitim of [6]paracycIophanes 2te, the smakat bridged 
[n]pPtacydophaataeofarieolatad,Prtdescribbd.Theparmthydrocarbon~has~~cicntlyaynthesiabd 
by oxidative decarboxylation of [6.2.2jpropeUenecarboxyhc acid (7) by lead tetraa&a te. The 8- 
aubomethoay derivative 2h ha8 bsm quantitatively synthe8ired by tkrmal valence isomerization of the 
[6.22]propelladione(~)@twpr~maof2b).X-RaystructurcanalysiSofthecrystalline2ehasrevealadthat 
the benzene ring of k is severely deformed into a boat conformation with deformation angle8 of a = 20.5” and 
/I = 18.5”. Furthamoyc. the bond angim of the bridging chain (C(2), C(3), C(4) and C(5)) are considerably 
expanded from the normal spa angle. Vhporphaae thcnnolyais ofh giva the Spiro triene 12 via homolysis at 
the hen@ position. Acidcawpsd kuwkation of 2a with trifluoroacetic acid take8 place readfly to afford 
theatetaandortIa8komers 1~md1~~aotioof1:3.Wirradiationofthtatcr1)bringaaboutvalear 
isomerivation to the Dewar isomer 4 ww. iaomcricea slowly to the p&mane derivative ISa on huther 
irradiation. A [4+2] cycloaddition of t with N-phenyl-1,2&triazo~3,Sdione oanua at room 
temperature to give mainly adduct 16. Addition of bromine to 2a take8 place to fur&h quantitatively the 
unstable l&addition product 1L Oxidation of ZI with mCPBA readily taka plscc to give the dienone dimer 
20 which affords on W irradiation the cage diketone 21 derived from intramo1ecular photocycloadditkm. 

The question “How bent can a benxene be without 
giving up its aromatic&T represents one of the most 
intriguing challenges in molecular design and the 
synthesis of non-natural products. The most direct and 
efficient way to answer this question is to bridge the 
pm positions of a henxene ring with a small chain. 
From this point of view, the chemistry of small bridged 
paracyclophanes has been extensively developed 
during the last decade,’ and many fruitful results have 
been obtained. [7-JParacyclophane (la) is moderately 
strained and exhibits unusual rea&vitit~.~ The next 
smallest homologue, [6]paracyclophane @a), is the 
smallest bridged paracyclophane isolated to date” and 
has been shown to be highly strained by recent work in 
our laboratory and that of ‘Fochtermann.4*5 More 
recently, we and Bickelhaupt succeeded in spectro- 
scopic characterimtion of [SJparacyclophanes 3a and b 
as unstable but still aromatic intermediates6 However, 
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these could not be isolated because of their lability. 
Therefore, [6]paracyclophane (2a) is the most strained 
paracyclophane which has .sulIicient stability for 
investi@ngthe relationship between aromaticity and 
non-planarity of a benxene ring Herein we disclose the 
efficient synthesis of the parent hydrocarbon of 
[6)paracyclophane @a) and that of its l-carbomethoxy 
and 8-carboxy derivatives 2b and e, as well as improved 
X-ray structure analysis of 2c, and novel reactivities of 
2a associated with the loss of its aromaticity. 

Synthesis of [6jparacyclophmes @a-c) 
C6lParacyclophane (2a) itself was first synthesixed 

in 1974 by Jones and co-workers by a carbene 
rearrangement in very low yield (< S%).% A few years 
later, Jones and Bickelhaupt reported an improved 
method of synthesis of h by means of valence 
isomerixation of [6.2.2]propelladiene (4a) (Dewar 
isomer of 2a).‘* Although the isomerixation of 4a to 2a 
takes place quantitatively, the preparation of 4a had 
not been effectively done, and, therefore, the properties 
ofk were not unveiled. In this context, the 6rst object in 
our program was to develop an efficient way of getting a 
sufficient quantity of 2a for an investigation of its 
properties. Recently we found that oxidative de- 
carboxylation of [6.2.2]propellanecarboxylic acid (5) 
with le.ad tetraacetate gave the bridgehead alkene 6 
substituted by an acetoxyl group at the opposite 
bridgehead position.’ Since it is conceivable that 
similar decarboxylation of propellenecarboxylic acid 7 
would alIord an acetoxy diene 8 which could be 
converted to 2a by elimination of acetic acid, this 
process would o&r a ready access to 2a (Scheme 1). 
Moreover, since 2a itself is liquid, our next challenge 
would be preparation of a crystalline derivative of 
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5 saturated 

& unsaturated 

2a which could bt submitted for X-ray structure 
&termination in order to obtain definite information 
about the deformations imposed on this system. Such 
a derivative could be derived directly from 8- 
carbomethoxy[6]paracyclopbane (a), whi& would ?IC 
in turn prepared by using valence isomer&ion of 
Dcwar isomer 4b, taking into account the facile 
isomtrization of 4a to &” It would thus be possible to 
prepare both the parent hydrocatbon 2a and its 
crystalline derivative bearing a substituent on the 
benzene ring starting from a common intcrmcdiate, 
methyl propellenccarboxylate 11. After WC completed 
our synthetic work, a series of reports by Tochtermann 
and co-workers on the synthesis and properties of S$- 
disubstituted [6-jparacyclophancs zd and e appeared? 

Photocycloaddition of 1,2dichlorocthylene to the 
bicyclic enone 9 and the subsequent reductive 
dehalogcnation of the ethylene aoetal of the photo- 
adduct gave the propcllenonc IO in 56% yield 
Photo-Wolff rearrangement of the ad&o ketone 
derived from 10 in methanol afforded the cpimcric 
esters 11X and 11N in 60% yield in a ratio of 2:l. 
Alkaline hydrolysis of 11X or 11N gave the 
corresponding acid 7X or 7N almost quantitatively. 
Oxidative dccarboxylatioe of 7X was carried out with 
1.2cquivoflcadtctraacetateintheprcscnceof0.5cquiv 
of cupric acetate in benzxnc at 80” for 1 h. Fortunately, 
the desired 2a was obtained directly aa the major 
product (39% yield) which was readily purified by silica 
gel chromatography, along with the acctoxy dicnc 8 
(21% yield). Dccarboxylntion of 7N under similar 
conditions gave 2a and 8 in 23 and 13% yields, 
respectively. As expected, the acetate 8 was readily 
converted to Za by treatment with potassium t- 
butoxide in dimethyl sulfoxide at room temperature 
(Scheme 2). Thus, the total yield of 2a amounts to 
58% from 7X. The efficiency of this method enables 
us to obtain a sufhcicnt quantity of 2a for further 
investigation. - 

allI LDa.m,st,(hI w,O,. 

eA;OumU.cKOH;m%. 
64% 

Scheme 3. 

Phenylsclcncnylation of the enolate generated from 
11X or 11N with LDA by diphenyl di&nidc,~followod 
by oxidation with hydrogen ptroxidc, afforded the 
propclladitnt 4b in 64% yield. As’ expected, thermal 
valence isomcrization of 4b to 2b took place even at 
room tamparature to give 2b quantitatively (Scheme 3). 
The kinetic parameters for the isomcrization were 
determined by measuring the appearance of the 
absorption of 2b at 330 nm in cyclohexanc. The 
activation energy of the isomcrixation of4b to 2b (E, 
= 24.9,kcal mol- I, log A = 12.8) is slightly larger than 
that of & to 2a (19.9 kcal mol- 1).3b 

Asshown in Fig. 1,2bshowedaconsidcrablered shift 
of its UV absorption (& @OH) 329 (log 6 3.1), 261 
(3.7), and 231 (4.3) nm) compared with that of methyl 
2,5&ncthylbcnnoate indicating severe deformation of 
the M ring8 In the ‘I-I-NMR spectrum of 2b at 
-4W, the two bridge methylenc protons located over 
the btnzem ring appeared at 8 -0.44 as a sharp 
multiplct due to the shielding efIect of the benzene ring. 
Moreover+2bexhi~t6dcoakaccnccbchaviorinthc’H- 
NMR spectra owing to the fhpping of the mcthylcnc 
bridge. The tit of this conformational change was 
estimatud to be 13.3 kcalmol- * (T, - 7”, Av = 116 Hz). 

Alkaline hydrolysis of Zb gave crystalline acid 2c, 
m.p. 123-125”, which was used for the X-ray structure 
analysis. Thus starting from a common intermediate 
11, a new and &cicnt route to both parent hydro- 
carbon 2a and a crystalline derivative 2c of the 
[CJparacyclophanc system have been developad. 

1.. - *. - - ‘. - -. ‘. 
260 250 3a 350 x(nn-4 

Fig 1. UV spectra of 8enrboxy[6Jparacydophane (Zb) (-) 
and methyl 2,S-dimcthylbauoate (- - -) in ethanol. 
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O(2) 6 
(a) (b) 

Fig. 2 Molecular strudure of 8u~boxy[6jparacyclophane (2~): (a) top view; (b) side view. The minor 
componentofthemethykne bridscindudcsC(22).C(23),C(24Xand~~Non-hy&ogenatomsarcdrawn by 
thcthcrmalellipsoi&at200/,probabilityIsval.Hydrogtnatomsartshownbythcspharcsco~ndingtothe 

artificial isotropic temperature factor of 1.0 AZ. 

Structure of 8-cmboxy[6jpmacyclophme (2e) 
Preliminary X-ray analysis of 2e at room 

temperature indicated considerable deformation of the 
benzene ring of 2c from planarity.& However, because 
of the large thermal ellipsoids of the methylene bridge 
carbons, the distinct structure of 2c was not elucidated. 
Consequently, we performed the structure determi- 
nation of 2e at - 1 SO“. As shown in Fig. 2, it was found 
that the structure was disordered, consisting of two 
conformers arising from the Sipping of the methylene 
chain. Since it is therefore difficult to discuss the 
structure of the bridge in detail, especially that of the 
minor conformer, we consider here mainly the structure 
of the benzene ring. 

The bond distances and the bond angles are listed 
in Tables 1 and 2, respectively. The bond distances 
in the benxene ring are normal, whereas the bond 
angles of the paro carbons (C(8)-C(T)-C(12) and 
C(9jC(lO)-C(ll)) are contracted from the normal 
value, indicating that the ring is pulled at the para 
positions by the short bridge. Concerning the major 
conformer, it can be noted that, as might be expectd 
the bond distances of the bridge are longer than normal 
and the bond angles of the central bridge carbons (C(2), 
C(3), C(4), and C(!i)) are expanded, whereas those of the 

Table 2 Bond angles in 8-carboxfi6jparacydophane (2~) 

Table 1. Bond distanc*l in 8-carboxy[6]paracydophane (2~) 

Bond Distance (i) 

C(1) - C(10) 1.499(8) 
C(l) 

: ;g; 
1.510(7) 

:I:,' 
1.603(6) 

- C(4) l.SSS(6) 

Et:; : Et;; :*Et:; 
c(6) - C(7) 1:518(6) 

Et:; 
- c(8) 1.412(7) 

: gf) 
1.415(7) 

c(8) 1.599(6) 
C(9) - C(10) 1.401(8) 
C(lO)- C(11) 1.401(9) 
C(ll)- C(12) 1.376(g) 

c(8) - C(13) 1.481(8) 
C(13)- O(1) 1.319(7) 
C(13)- O(2) 1.238(7) 

C(1) - C(22) 1.811(22) 
C(22)- C(23) 1.511(26) 
C(23)- C(24). 1.566(23) 
C(24)- C(25) 1.523(25) 
C(25)- C(6) 1.315(18) 

Bond Angle (deg.) 

- C(2) - C(3) 
C(2) - Cf3) - cc41 
Ci3) - cioj - c&j 
c(4) - C(S) - C(6) 
c(S) - C(6) - C(7) 

CC’31 - Cc71 - C(8) 123.2(41 
ii5.7i4j 
117.1(4) 

C(7) - C(8) - C(9) 119.1(4) 
C(7) - Cc81 - Cf13') 122.9151 
cC9j - cisj - cii3j 116.9iSj 
C(8) - C(9) - ciioj 119.8i4j 
C(9) - C(lO)- C(11) 116.5(S) 
C(9) - C(lO)- C(1) 119.2(S) 
C(H)- C(lO)--C(l) 
C(lO)- C(ll)- C(12) :::*:g; 
C(ll)- C(12)- C(7) 120:0(s) 

C(8) - C(13)- O(1) 114.1(S) 
c(8) - C(13)- o(2) 124.3(S) 
0(l) - C(13)- O(2) 121.5(S) 

c(1) - C(22)- C(23) 123.7(14) 
c(22)- C(23)- C(24) 
C(23)- C(24)- C(25) 

117.5(14) 
118.8(14) 

c(24)- C(2S)- C(6) 113.5(14) 
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Fig. 3. Out-ef-plant dtfcmmtion of btnzmt ring in sm& 
bridged [~]paracyctophanta. 

bcnzyl carbons (C(1) and C(c;)) are identical with or 
slinky contracttd from the ordinary v&c. 

The most remarkable feature in the structure of 2c is 
of course the deformation of the benzene ring from 
planarity, which is represented by the deviation angles 
of the pata carbons (cl) Erom the base plane of the boat 
Shapedbenzencringandtho~ofthtbt~l~bonsCB) 
from the bow of the benzene ring as shown in Fig. 3. 
TabIt 3 lists the deformation an@ of 2c and those of 
8,94licarbomethoxy derivative Ze recently report& by 
Tocht~~~n and ca-worke+’ as well as thse of 3- 
~~x~7~p~a~~loph~~ (llb).3b Int~~tin~y, the 
deformation angles of the hma: carbons of 2c are 2O.v 
and 20.1” (average 20.5”) and those of the benzyl 
carbons are 19.2” and 18.1” (average 18.7”). The former 
is 3.7” greater whcrcas the ratter is about 12” larger than 
those of [~~~y~oph~~ lb. This indicates that the 
deformation of the pa carbons of2c nearly reaches the 
limit ofnon-planarity witin which the aromaticity of a 
bt~n~caa.bem~taintd*Itisalsonotadthatbofhof 
the out~f-plea d~a~ation an&s, a and fl, in +2c are 
essentially the same as those in 2e within expe$nental 
errors. The benzene ring of the [6]~~y~op~e 
system is deformed into a boat form with a bent angle of 
about20”.Thesumofthebentanglcs(38.9-41.O”)ofthis 
system, as in [~rne~~cloph~~ (38.8”l+‘O represents 
to our knowledge the most highly deformed benzene 
rings known so far. 

~e~t~~~f~s ~~~61~~~~~~~ @a ad b) 
Even though the benzene ring of the [6&ara- 

cyclophanies is highly deformed from planarity, the 
spectroscopic data indicate that it is still ~orna~c. 
Since it is known that strained cyclophancs exhibit 
unusual reactivities associated with deformation,’ 
some reactions of 2a and b were examined in order to 
find (a) the stability or lability and (b) the unusual 
rcactivities of the ~~p~a~cloph~G system due to 
defo~ation of its benzene ring. 

First, thermal, acid-catalyzed, and photochemical 
isomc~tions of 2a were examined. l 1 Vapor phase 
~e~olys~ of 2a at 400” under ~tro~cn afIord& the 

spire tricne 12 as the major product in WA yield. Tht 
fo~ation of I2 is readily understood by homol~~ of 
the bridge at the bcnzyl position as shown in Scheme 4. 
This should be contrasted with the h&her homologucs 
of 12 which have been shown to a#ord [7-J- and 
[8]paracyclophanes on thcrmoly~is.~ Clearly the 
relative stabiities of cycloph~~ and spire systems are 
reversed on going from the [q to the [6) systems. 

It is well known that acidcatalyzed ~om~tion of 
strained cyclophanes takes place under mild con- 
ditions. For example, r~p~~~op~~ (la) is 
isomcrizcd to the meta isomer by fluor~~o~c acid 
catalysis.2r On treatment with tr&ioromethane- 
sulfonic acid (CF$X&H) at room temperature 2a is 
immediately isomerixad to the orrho isomer 16, By 
using the milder acid, trifluoroaoetic acid (CF,C02H), 
the metcz isomer f3at2 and the ante 16 were obtained 
in a ratio of 1: 3. The former remained unchanged on 
treatment with CF&X&W; whereas it wasconverted to 
the latter by CF$QH. Thus, with CF&O,II catalyst, 
a 1,2-s&R of the bridge in the cation ~~~~at~ 
derived from protonation of 2a first gave protonatcd 
13ir, which sub~uen~y afforded 13a by deproton- 
ation or protonat~ 14a by a further 1,2-shift. 

g R=H Uz RtH 
* R=CO2Hr g$ R=CQMr 
j& RI& .I& R=Br 

It was reads that phot~~is of 2a bro~t about 
valence isomerixation to the Dewar isomer 4a leading 
to a photostationary state ccrnsisting of a 1: 3 ratio of 2a 
and 4a3**13 More recently, the dicstcr 2d was reported 
to isomer& to the Dcwar isomer 4q which on further 
irradiation gave a p~srn~e derivative Wb.$” S~~ar~y, 
ovation of the rn~~~ter 2b in htxa;ne dour a 
Pyrex filter with ahigh pressure mercury lampinitially 
gave rise to a phot~~tio~~ state of 2b and its Dewar 
isomer 4b in a ratio of about 1: 4. Prolongad vacation 

Table 3. Deformation angka (tx and 8) in small brid@ [n]paracyciophmcs 
lb,Zcandt 

Cyclophane a Id681 B Edeg) Raf brente 

S 18.3, IS.2 5.7, 7.8 2b 

2c 20.9, 20.1 19.2, 18.1 This work 

2s 19.4, 19.5 21.2, 18.6 Sd 
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gave the prismane isomer 154 which could not be 
isolated hecause it readily isomer&d to the ortho 
isomer 14h during puritication. The structure of 1% 
was elucidated on the basis of ‘H-NMR (S 2.20 (d, J = 
5 Hz, II-I), 2.47 (d, J = 5 Hz, HI), 2.82 (s, 1H)) and off- 
resonance decoupled “C-NMR spectra (singlets at 6 
60.4,41.4, and 39.7; doublets at d 47.0,32.6, and 28.9). 
Irradiation of 28 in a quartz vessel followed by 
chromatographic puritlcation gave only 14b in 47% 
isolated yield. 

& Rl=H. FQaC02Me 

!5J R1 .R2.C02Ei 

Next, in order to examine unusual reactivities 
associatedwith thenon-planarity ofthebenxeneringof 
the [Blparacyclophane system, addition reactions of a 
dienophile, bromine, and oxygen to 2a were carried out. 
It has been well documented that strained cyclophanes 
undergo facile [4+ 23 cycloaddition with reactive 
dienophiles.‘*2e*‘The above behavior is thought to be 
due to the cyclohexatriene character of the deformed 
benxene. As might be expected cycloaddition of 12,4- 
triaxoline-3,5-dione to [6]paracyclophane (2a) readily 
took place at room temperature to alford the [4+2] 
adduct 16 as the major product, isolated in 38% yield. 
The low isolated yield of 16 was due to cycloreversion to 
the starting material during chromatography and by 
contamination with the ketone 17 which has a meta 
bridge (16 : 17 = 5 : 2 by ‘H-NMR in the crude reac- 
tion product). The structures of 16 and 17 were 
elucidated on the basis of ‘H- and ‘“C-NMR spectra 
(Experimental). Since 16 is stable under the reaction 
conditions, it is deduced that 17 is not an oxidation 
product of 16. However, we haveno explanation to offer 
for the formation of 17. 

- L-J 
rs n 

Tochtermann and co-workers have reported that 
addition of bromine to the die&r 2d takes place to give 
a 1,4- and a 1,2-adduct in a ratio of 2 : 3-3 : 2.” On the 
contrary, bromine addition to 2a (El,, 0”) afforded 
only the 1,4-adduct 18, m.p. 32-35” (dec.), almost 
quantitatively (by ‘H-NMR). The structure of 18 is 
evident horn the ‘H- (four proton singlet at 6 6.99) and 
*)C-NMR (five signals at d 131.8 (d), 62.4 (s), 45.4 (t), 
25.5 (t), 22.7 (t)) spectra. However, 18 decomposed even 
in the solid state at room temperature giving off fumes 
of hydrogen bromide and the monobromides of meta- 
and orthocyclophanes 13 and 14c (34% total yield ; 
about 1: 1 ratio) and the dibromides of 1-phenylhexane 
1% and b (14% total yield ; 2 : 1 ratio) (Scheme 5). The 
structures of these products were elucidated on the 
basis of ‘H-NMR spectra and were confirmed by 
reduction to the corresponding hydrocarbons 13a. Ma, 
and l-phenylhexane and by carboxylation to the 

Br2 
21 - 

!Schcme 5. 

Br 

J& Rl=H. R2.W 
& R1 a&. R2mH 

corresponding esters 13b and 14b (Experimental). In 
contrast to the case of the diester &I, no 1,Zadduct 
could he detected either during bromine addition to 2a 
or on standing the l&adduct 18. In view of the acid- 
catalyzedisomerixationof2a(videsupru),thaformation 
of 13e and 14e may be explained in terms of a 12-shiR 
of the bridge in the cation intermediate derived by 
elimination of the bromide anion from 18. Though the 
mechanistic pathway leading to 19a and b ia uncertain, 
it is interesting to note that it apparently involves 
cleavage between phenyl and benxyl carbons. 

Finally, oxidation of 2a with mchloroperbenxoic 
acid (mCPBA) was undertaken. Oxidation of 2a with 
1 equiv of mCPBA at 0” immediately afforded the 
dienone dimer 28, m.p. 160-163”, in quantitative yield 
after chromatography. The structure of 28 was 
elucidated from the following spectroscopic properties : 
two kinds of carbonyl absorption, 1710 (cyclohexan- 
one) and 1600 cm-’ (cyclohexenone) in the IR 
spectrum ; three vinyl protons at d 6.21 and 6.01 (AB, J 
= 13 Hx, 2H)and 5.52 (dd, J = 142 I-Ix, 1H) in the ‘H- 
NMR specuum; two carbonyl carbons at 6 212.0 (s) 
and 201.4 (s), four vinyl carbons at 6 1523 (d), 148.2 (s), 
130.5(d),and122.7(d),tlvemethinecarbonsat~61.5(d), 
52.2 (d), 50.6 (d), 49.8 (d), 43.7 (d), and one quaternary 
carbon at 6 46.7 (s) in the 13C-NMR spectrum. 
Moreover, the structure was wntirmed by conversion 
of 20 to the symmetrical cage diketone 21, m.p. 183- 
186”, which showed twelve signals in the ‘%-NMR 
spectrum, by irradiation in ethyl acetate through a 
uraniumglasstilter(92Qield).14Theformationof20is 
reasonably explained by [4 + 23 dimerixation of a meta 
bridged dienone derived by epoxidation of 2a followed 
by rearrangement as shown in Scheme 6.is Thus is has 
been demonstrated that 2a is highly reactive toward a 
dienophile, bromine, and a peracid, indicating clearly 
the cyclohexatriene character due to non-planarity of 
the benzene ring. 

Scheme 6. 
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EXPERIMENTAL 

[6.3.2]Propcllcnone (10). Enone 9 (21.6 8, 0.132 mol) was 
dissolved in 300 ml of 1.2dichlomcthykne (cis and crmu 
mixture) and was irradiated in a Pyrex vessel: with a high 
pressure mercury lamp under N1 for 24 h. Evaporation of the 
cxccss olcfln gave the crude cycloadducta (three isomers in 
8:3:2 ratio) as a light brown oil; IR 1730,750 cm-‘. The 
aboveadductwasdissolvedin500mloCbcnzcacand IOOmlof 
ethylene glycol and to this aoln 5 ml of HISO, was slowly 
added The mixture was heated at rcfIux for 7 days while water 
was removed with a Dean-Stark trap. Usual wo&up gave the 
crude ethylene acxtaI as a brown oil ; IR 1150,1090,1040,820, 
790cm’*.Totheacetrrlsolnin3~mlofethercoolsdat -78”, 
1400mlofammo~wasdistiIlcdio.Nacutinrmlllpiaocs 
(totallJg)warrdd4dportionwiKandthcmixturcwru~ 
forlh.Ex~NH~CIwas~edmdIlmmo~~allowadto 
evaporate. Extraction with ether gave the au& WtaI of 10; 
IR 1150,10~770cm”.Deprotsctionw~carriedoutina 
twop~s~~oflOOOmlofctberand#)omlof 
1.2 N HCI for 7 days. Workup followed by silica @ 
chromatography afforded 14.2 g (s60/, &om 9) of IO : m.p. 6% 
70” ; IR (RRr) 3040, 1720,770,745,730 cm- ’ ; MS m/e 1% 
(M++41~91(100);1H-NMR(CCl,)60.7-23(m,151Q263.1 
(m, HI), 5.95 (d, J = 2 Hz, IH’), 6.15 (d, J= 2 & H-I). 
Semicarbazont, m.p. 207-#)8”. (Found: C, 67.78; H, 8.56; N, 
16.92. Calc for CirHz,ONl: C, 67.98; H, 8.56; N, 16.990/,.) 

4fr rh~l[6 1 :]ycrpfftinul*&cr t&t II IX od I IV Ring 
contrdcuon of IO aa% mtd OUI L, dcsmbm! prcnolrrlj ’ to 
~ivttbeesttrsllXandllNiab0”/,yitldfrom 1Oinrratioof 
2 : 1 which were scparatal by chromatography on silica gel 
1lX:1R3030,1730,1190,1170,790,760,745an-’;MSm/e 
220(M+,1~95(100),91(92);‘H-NMR(CCI&51.2-21(m, 
14H),286(t,J=8H~lI-I),3.54(s,3H),5.99(d,J=2Hz,lH), 
6.23 (d, J = 2 IQ 1H). (Found : C, 76.50 ; H, 9.35. Calc for 
C,,H,,O,: C, 76.32; H, 9.150/,) 1lN: IR 3030, 1730,1350, 
1195, 1165,765 cm-‘; MS m/e 220 (M+. 22), 105 (KKl), 91 
(100); ‘H-NMR(CCl3 b 1.2-2.0 (m, 13H),221 (dd, J = 7,12 
IQlH),269(dd,J = 7,8m lH),3.60@,3H),62g(brs,ZH). 
(Found: C, 76.41; H, 9.32. Cak for C1dH,OOl: C, 76.32; H., 
9.15X.) 

[6.22]Rop&uccurboxy~acti(7Xund7N). Amixtureof 
11.0g(49.5mmd)ofi1Xand2lOmlof2”/,KOHaqwasstirred 
at 60” for 2 &ya Workup gave 10.2 g (loa”? d7X which wps 
raxystal&d from petroleum ether : m.p. 1%” ; IR 35&&m, 
1690,122Q92&790,760cm-‘;MSm/e2%(M+,74),105(%), 
91(lOO);‘H-NMR(CCl~b1.&1.9(m,l4H),2%(fJ = 8H2, 
1H),6.10(d,J=2H7.,1H),6.25(d,J=2Hr,lH),11.86(brs, 
lH).(Found:C,75.49;H,8.69.Cal~forC~~H~sO~:C,75.69; 
H, S-SOD/,.) In a simiIu manner, 7N was obtrinsd from 11N 
quantitatively: m.p. 72-73”; IR (KBr) 3500-m 1690,1230, 
930,760 cm -i ; MS m/e 206 (M+, 2), 105 (lOO), 91(88); ‘H- 
NMR (CC&) d LO-ZO(m, 13HX 221 (dd, J = 6,12 H& HI), 
275(dd,J=6,8Hz,lH),6.30(2d,J=2Hz,2H),11.89(brs, 
lH).(Found:C,75.4O;H,8.78.CalcforC,,H,,O,:C,75.69; 
H, 8-w) 

OxidotIue decurboxylotlon @7X Md 7N. To a soIn of 1.03 g 
(4.85 mmol) of 7X, I92 mg (243 mmol) of pyridinc, and 499 mg 
(25 mmol) ofcupric aatatt monohydrate in 50 ml of bcnzcne 
heated at 80” was added 258 g(5.82 mmol) of lead tetraacztate 
portionwise. The mixture was heated for 1 h and then 6ltcred. 
The filtrate was washed with 1 N HCI, water, and then dried_ 
The solvent wascvaporatal and thercsiduechromatographed 
on silica gel to afford 230 mg (39”/, based on consumed 7X) of 
[6]paracyclophanc @a), 172 mg (21%) of acetate !!I, and 
280 mg of unrcactcd 7X. The structure of la was confirmed 
by comparison of ‘H-NMR and W s~xctra with those 
~~rtedkSimilnroxidationofR(grve~and8in25and80/, 
yields_ lqcctivcly. 2m : “C-NMR (CDCl,) d 143.3 (s), 131.8 
(d), 36.5 (t), 36.0 (t), 26.8 (t). 8: IR 3020,1725,1240,1020,1010 
cm-‘;MSm/e220(M+, ND), 107(63), loJ(100); ‘H-NMR 
(CDCl#0.7-25(m,lSH,sat 1.97),248(dd,J = 6,17Hz,lH), 
2.87(ddt, J = 17,2 m II-I-), 5.68 (dd, J = & 6 Hz, lH), 5.98 (s, 
2H); “C-NMR(CDCl,)G 1703(a), 136.6(s), 131.3 (d), 128.5 

(d), 121.3(d),85.3(sX37.5(t),36.1(t),33.3(t),29.4(t),28.8(tX27.4 
(t), 26.7 (t), 22.5 (p). (Found: C, 76.47; H, 9.14. CaIc for 
C,,H,,OI: C, 76.32; H, 9.150/,) 

9-Carbcmrrthoxfi6.223popcU4ctrcnc (4). To a soln of 16.0 
mm01 of LDA in 40 ml of THF cooled at - 78” was added 2.90 
g (132 mmol) ofa mixture of 11X and 11N (2: 1) in 13 ml of 
THF. After being stirred for 30 & a &ti ddiphcnyl 
dis&nide(4.99g,16.0mmol)and286g(l6.0mmoI)ofHMPA 
inl3mlofTHFwasaddedandthercsuItingsoInwmstirrcdat 
that tcmp for 1 h. Uauai workup folIowad by chruma4ography 
on silica gel alforded 4.39 g (89%) of a major * snd 264 
mg (5%) of a minor one. Major (endu) sclcnide: IR 302Ql720, 
1580,1265,1245,1120,760,740,690cm-’;’H-NMR(CCl~)6 
1.2-23 (m, 13H), 2.48 (d, J = 13 Hz, lH), 3.46 (s, 3H), 6.05 (d, 
J = 2 Hz, 1I-Q 6.33 (d, J = 2 Hz, 1I-Q 7.1-7.6 (m, 5H). Minor 
(exe) sclenidc: IR 3020,1720,1580,1240,1190,1125,765,735, 
69Ocm-‘; ‘H-NMR(CCl3b l&22@, 13H),287(d,J = 13 
Hz, 1 I-I), 3.49 (s, 3H), 6.35 (br s, 2H), 7.1-7.6 (m, 5H). 

ToasoInof1.10g(2.94mmol)ofthcmajorselenidcand474 
mg(6.0mmol)ofpyridincin 15mIofCH,C4wasr~&i 1.02g 
(9 mmol) of 30% HzOz and 1 ml of water. The mixture was 
stirred for 1.5 h and was worked up as usual Flash 
chromatography gave 463 mg (72%) of 4b ti gradually 
isomer&d to 2bduring purification. 1): IR 3040,1720,1600, 
l265,1230,780,735cm- ‘;‘H-NMR(CCl&512-1_8(m,SH), 
1.8-22(m,4H),3.63(s,3H1.6.39(6.1 = ZHz, lH),658(d,J = 2 
Hz, IH), 7.08(s, H-I); “CNMR(CDCl,)d 163.4(a), 155.7(d), 
147.3(s), 1453(d), 144.1 (d),64.0(@,62.4(s),51.7(@,26.6(t),245 
(t),262($25.5(t),25.3(t),25.1 (t); W~EtOH(Iogt)245nm 
(3.3). 

8-Ccabo+ncfh4xy~6~~yc~* (Zb). Iaomcrizution of 
4b was carried out by heating a soIn of# in M&H at 60’ for 
12htoaffordZbquantitatively:Ip 17Xl(sh),1710,1580,1545, 
1260,1190, l070,790,685cm-‘;MSm/p218(M’,46),162 
(l(M)), 159(86); ‘H-NMR(CDCl,,24”)b -0.6-02(m,~O.5- 
1.2 (m, 3H), 1.2-1.9 (m, 3H), 2.U-25 (m. 2H). 2.5-3.O(m, III), 
3.4-3.9 (m, HI), 3.88 (s, 3H), 7.36 (AR, J = 8 m 2H). 7.92 (s, 
1H); “C-NMR (CDCl,, 60”) d 167.0 (a), 147.2 (s), 143.3 (s), 
134.4(d), 134.3 (d), 133.7(d), 131.9(s), 51.7@),36.9(1), 36.2(t), 
35.7(t),35.5(t),26.7(t,2C);UV~EtOH(Iogs)329(3.1),261 
(3.7). 231 (4.3) nm. (Found: C, 76.80; H, 8.35. Cak for 
C,,H,sO*: C, 77.03; H, 8.31%) 

The isomtrization rate was dctermiued by muwing the 
W absorption at 330 nm in cyclohcxane to give &(40-O”) 
= 2.50 x lo-‘, k(50.0”) = 8.67 x lo-‘, and y60.0”) = 2.77 
x lo-* s-‘. 

8-C&0xy[6]pmcrcvc&@4~ne (2~). A soIn of 546 mg (2.50 
mmol) of 2b and 1.40 g (25 mmol) of KOH in 20 ml of McOH 
was relIuxcd for 20 h. Workup gave 442 mg(8P/d of 2c which 
wasrectysta&edfrompctrolcumethcr.2c:m.p. 123-125”;IR 
(KBr) 3500-2300,1670,1575,1545,1300,1280,1#)4945,925, 
790,760,735,690cm-1;MSm/c2W(M’,17),148(100);’H- 
NMR (CDCl,, 24”) 6 -0.6-0.3, (m, 2I-Q 0.4-1.3 (m, 3I-Q 1-s 
1.9 (m, 3I-Q 1.!&2.6(m, 2H), 263.1 (m, lH), 3.44.2(m, lH), 
7.35 (AB, J = 8 Hz, 2I-Q 8.00 (s, lH), 10.97 (br s, HI); “C- 
NMR(CDCl,,60”)6 173.1(~),148.6(s), 143.5(s), 135.1 (d), 134.9 
(d), 134.5 (d), 130.5 (s), 37.1 (t), 36.1 (t), 35.9 (t). 35.4 (1). 26.9 (t, 
2C); W A,,_ EtOH (log 8) 328 (3-l), 260 (3.7x 231 (4.3) nm. 
(Found: C, 76.18; H, 7.90. Calc for CiJH,IO1: C, 76.44; H, 
7.Wm 

7-W isommiz&on ofti A a& of 2r in bcxanc was 
passal through a heated (400”) Pynx column prkcd with 
~chipeunderN,~~uctswm~~ina~ldtrrp 
(- 78”) and we= anrtlyzcd by GLC. The major product 12” 
(90% yield by GLC) was isoiatod by preparative QLC. 12: IR 
(CQ)3020,1650,1110,890,860cm-‘;MSm/t160(M+,64), 
116(82),104(100);‘H-NMR(CCl,)S1.2-1.8(m,1~4.69(s, 
2H),5_8O(d,J= lOHz.2H),6.05(d.J= lOm2.H). 

Ac~~~~ed~~ltmlonofZ1.Toasdnat12mgoftin 
1 ml of CHCl, was added oue drop of CFSSOIH via a syringe. 
ThemixturcwasrtirradatroomtempFbr5miLlmdw~adup 
to give 12 mg (lW/,) of the wiho iso= 1k similprly, 
reaction with CF&OIH gave a mixture of 14a and the mcta 
isomer 13a quantitatively in a ratio of 3: 1. The latter was 
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idCMi6dWithtUlallt.halticsamplCpreparsdilldependClltly.” 
Photmhemicol isomerizotion of 2b. A d& soln of W in 

cyclohexane-d,,waaimul&edwithohighpreasuremcrcury 
lampina~xtubeatroomtempandthecouneofthc 
isomerization m monitorai by ‘H-NMR spectra After 7.5 h 
irradiation, it reackd a photortationay rtate consisting of 2b 
and4binaratioofl:4.SimilarirradiationofOfor25hgave 
cbesameminture.Inboth~ncw~duetoprismMe 
l!la appeared by prolonged irradiation. For example, 
irradiationofZLinhcxanefot%hltavcamixhueofZL,~Pnd 
1!Knaratioof1:4:12fromwhichthespe&aldatrof1~was 
elucidated : ‘H-NMR (CCl,) d 0.620 (m, 12H), 220 (d, J = 5 
Hq1H),247(d,J=5Hz,1H),282(r.lHX3.54(s,3H);13C- 
NMR(CDCl# 172.8(s),60.4(s),51.3(q),47.O(d),41.4(~),39.7 
(s), 326 (d), 28.9 (d), 27.5 (t), 26.9(t), 25.5 (t), 25.3 (t, 2C), 23.3 (t). 
Attempts to isolate 150 by chromatography resulted in the 
formation of the orrho isomer 14) which was isolated in 470/, 
yield by irradiation of 2b in a quartz vessel followed by silica 
gel chromatography: IR 1720; 1605,1575,1290,1276,1210, 
lll5,1100.770.750an-‘:MSm/E218IM+.lOOL 159149): 
‘H-NMR @Cl;) 6 1.1-1.5 (m, 4Hj, 1.sl.b (m; 4g276,‘278 
(Zt, 4H), 3.81 (9,3H), 7.10 (d, J = 8 & lH), 7.7-7.8 (m, 2H). 
(Found: C, 76.92; H, 8.43. Cakfor C,,H,,Os: C, 77.03; H, 
8.31x.) 

[4+ 21 Cycloaddition of ti with N-phenyl- 1,2,6triazoline- 
3,5-dione.Asolnof184mg(l.l5mmol)of2aand24lmg(1.38 
mmol) of the triazolinedionc in 5 ml of CHCl, was allowed to 
stand at room temp for 24 h. The solvent was evaporated and 
the residue chromatographed on silica gel to yield 146 mg 
(38%) of 16 and 72 mg (18%) of 17 which were q 
from ethcr-CH,C& (9: 1). 16: m_p. 176179” (dec.); IR (KBr) 
1760,1700,1495,1380,760 cm-‘; MS m/e 335 (M+, 22), 104 
(100); ‘H-NMR (CDCl,) d 0.2-0.6 (m, 2H), O.sl.3 (m, 2H), 
1.6-2.2(m,6H),2.3-2.6(m,2H),5.17(dd,J = 1,7Hz,ZH),6.33 
(d, J = 7 Hz, 2H), 7&7.6(m, 5H); ‘IC-NMR (CDCls) d 157.0 
@,154.9(8,2C),131.7@,129.0(d,2C),128.2(d),125.5@,2C), 
123.9 (d, 2C), 58.7 (d, 2C), 35.7 (t, 2C), 29.4 (t,2C), 26.4 (t, 2C). 
(Found:C,71.53;H,6.53;N,1247.CalcforC,,,HH,,OsN,:C, 
71.63;H,6.31;N,12.53~.)17:m.p.18~192”;1R1770,1740, 
1710,1490,1405,1240,1135,770cm-‘;MSm/e351(M+,100), 
94(31);1H-NMR(CDCls)61.&26(m,12H),278(dt,J = 2,6 
Hz,1H),5.05(d,J=7Hz,1H),5.24(t,J=2Hz,1H),6.09@rd, 
J = 7 Hz, lH), 7.40 @r s, 5H); 13C-NMR (CDCl,) b 199.4 (s), 
156.1 (s), 151.7(s), 131.3(s), 124.3(d,2C), 128.6(d), 125.4(d,2C), 
118.2(d), 627 (d), 59.7(d),46.6(d), 34.1 (1),28.1(t), 26.9 (t), 25.3 
(1),24.2(t),19.0(t).(Found:C,68.24;H,5.94;N,11.88.Calcfor 
C,,H,,O,N,: C, 68.36; H, 6.02; N, 11.%x.) 

Addition ofbromine to 2a To a soln of 320 mg (20 mmol) of 
k in 5 ml of Ccl, cooled at 0” was added 1 eauiv of Br, in the 
same solvent (1 a). The color of Br, immedia&ly disap&ved. 
‘H-NMR analysis of this soln indicated auantitative 
formation of the 1,Cadduct 18. After 1 min. tde so111 was 
washed with NaHSO, aq and water. The solvent was dried 
and evaporated and the residue recrystallizd from petroleum 
ether-ether (10: 1) to give a total of 311 mg (49”/ of 18 as a 
white solid. On standing solid 18 at room temp. it dmmposed 
with tiuning of HBr. 18 : m.p. 32-35” (dec.) ; IR (KBr) 940,880, 
800 an-‘, ‘H-NMR (CCI.) 6 1.3-1.6 (m, 8H), 22-2.4(m,4H), 
699(s,4H); “C-NMR(CDCl,, - 12”) S 131.8(d), 62.1 (s),45.4 
(t), 25.5 (t), 22.7 (1). 

A soln of 18 (306 mg, 0.96 mmol) in CHCls was left at room 
temp under N2 for 16 h. The soln was washed with NaHCO, 
aq and water. After being dried, the solvent was evaporated 
and the residue chromat&raphed on silica gel to alfor 77 mg 
(34%) of a mixture of 13c and 14c (1: 1) and 43 ma 1140/^1 of 
dibrimo-1-phenylhexanes 19a and ‘b (2 i 1). Since lganh”i& 
could not be separated, they were analyzed as a mixture and 
wereconfirmedbyconversioninto13aand14aorl3band 14b. 
13cand14c:1R1590,1030,800cm-‘;MSm/e240,238(M+), 
159 (100); ‘H-NMR (CClA d 0.2-0.6 (m), 1.0-22 (m), 23-3.0 
(m), 6.63 (dd, J = 1,7 Hz), 6.8-7.3 (m). (Found : C, 60.03 ; H, 
6.31.CalcforC1,H,,Br:C,6O.27;H,6.320/..)Lithiationofthe 

I mixture (54 mg, 0.23 mmol) with n-butyl lithium in hexane at 
reflux for 1.5 h followed by quenching by water gave 36 mg 

(1~~)of13aand1Linaratioof1:1.Whenthelithio 
derivatives derived from 274 mg (1.15 mmol) of the mixture 
wuecarboxylatedbystandingunderanatmcaphereofcarbon 
dioxidefor18h,22mg(9%)ofeaters13band14b(7:1)were 
obtained after treatment with diazomethane. 13): IR 1725, 
1615,1270,1130, 1090can-1;MSm/e218(M+,34), lR(100); 
‘H-NMR (CC&) b -0.1-2.2 (m, 8H), 24-3.O(m, 4H), 3.81 (s, 
3H),6.78(dd,J- 1,8Hz,lH),723(d.,J= lmlH),7.72(d.J 
= 8Hz,lH).(Found:C,76.67;H,8.62CalcforC,&sO,:C, 
77.03; H, 8.31x.) Dibromidea l)r and b were separated by 
careful chromat&raphy. 19a: IR 1070,1010,825,~795 anwi; 
MS m/e 322 320 (30). 318 IM?. 171. 169 1100): ‘H-NMR 
(CCl,jS l.l-~.O(m,‘8rij,2.54~~J = 7H;;2H),>.3i(t,J = 6Hz, 
2H),6.96(d,J = 8H~2H),7.32(d.J = 8HiQH).l9b:IR 1070, 
1010,795 cm-‘; MS m/e 322,320 (25), 318 (M+), 171. 169 
(100); ‘H-NMR (CCI,.) 6 1.2-2.0 (m, 9H. d at 1.64, J = 8 Hz), 
2.4-28 (m, W), 4.04 (dq. J = 6.8 Hz, lH), 6.98 (d, J = 8 Hz, 
2H),7.33(d,J = 8Hz,2H).Asolnof46mg(O.l4mmol)of19a 
and 104 mg (0.36 mmol) of tributyltin hydride in 5 ml of THF 
was irradiated with a low pressure mercury lamp in a quartz 
tube for 3 h. The solvent was evaporated and the residue 
chromatographed to give 16 mg (71yJ of I-phenylhexane. 
Similarreductionof37mg(O.l2mmol)of19bgave16mg(85%) 
of I-phenylhexane. 

Peracidoxidotiun of%. To a mixture of 80 mg (0.50 mmol) of 
2s and 355 mg (2.5 mmol) of sodium hydrogenphosphate in 3 
ml of CH,Cl, cooled at 0” was added 135 mg (0.55 mmol) of 
mCPBA (70%) portionwise and the mixture was stirred for 30 
min. Usual workup followed by flash chromatography 
afforded 89 mg (looD/,) of 20 which was recryatalhzed from 
ether: m.p. l&163”; IR (KBr) 1710,1660,1140,860 cm-‘; 
MSm/e352(M+,2),176(100);‘H-NMR(CDCl,)d1.0-2.4(m, 
26H), 2.62 (br s, lH), 2.79 (d, J = 7 Hz, W), 5.52 (dd, J = 1,lO 
Hz,lH),6.01,6.21(AB.J= 13Hz,2H);‘“CNMR(CDCl,)G 
212.0(~),201.4(s), 152.3(d), 148.2(s), 130.5(d), 122.7(d),61.5(d), 
52.2(d),50.6(d),49.8(d),46.7(sX43.7(d),41.7(t).35.4(tl33.7(t1 
30.0 (t), 28.1 (t), 28.0 (ti 26.5 (ti 25.7 (ti 23.8 (ij;23.6 (ti224 itjj 
19.5 (t). (Found: C. 81.62: H. 9.17. Calc for C,.H..O,: 
81.77‘;‘H;9.15%.) 

C. a- ..a a , 

A soln of 60 mg (0.085 mmol) of #) in 15 ml of EtOAc 
was irradiated through a uranium glass filter for 15 min. 
Evaporation of the solvent followed by flash chromatography 
gave 55 mg (92%) of 21 which was ruxystallized from ether : 
m.p. 183-186”; IR (KBr) 1700,1200,800 cm-‘; MS m/e 352 
(M+,2), 176(100);‘H-NMR(CDCls)~l.&3.0(m);13C-NMR 
(CD&) 6 214.5 (s), 57.4 (d), 54.1 (d), 46.3 (s), 43.0(d), 38.7 (d), 
38.5 (t), 29.5 (t), 29.2 (t), 28.6 (t), 27.4 (t), 23.5 (1). (Found: C, 
81.62; H, 9.17. Calc for C,,Hs,O,: C, 81.77; H, 9.15x.) 

X-Ray structure analysis of 2c (crystal data). 8- 
Carboxy[6]paracyclophane, &H,,O, F.W. = 204.3, tetra- 
gonal, P4 n, 

A/ 
at - 150”, a = 16.480(3), c = 7.940(l) A, U 

=2156.4 3,Z=8,D,= 1.258gan-3. 
X-Ray di5raction data were collected on a Rigaku four- 

circledi&actometer usinggraphitamonochromatized MoKa 
radiation from a rotating anode X-ray generator (40 kV, 200 
mA). During the experiment the temp of the crystal was kept 
constant at - 150” by Rigaku low temp equipment using the 
liquid N, gas-flow method. Integrated intensities were 
measured by the 8-20 scan technique at a 20 sam rate of 8 
min-’ and a scan width of aZe=(2.0+0.3OtanB)“. The 
background intensities were measured for 5 s at both ends of a 
scan. Three standard reflections were measured after every 63 
reflections in order to monitor the radiation damage and the 
change of the crystal orientations. No significant intensity 
decay of the standard reflections was observed. A total of 4754 
reflections were collected up to 70” in 28, among which 2492 
were above background [IF,,1 > 3u(F,)]. 

The starting molecular model for the relinement was taken 
from the structure at room temp*’ and was retined by the full- 
matrix least-squares procedure (X-RAY SYSTEM). The 
difference Fourier maps calculated after the anisotropic 
refinement for non-H atoms revealed four extra peaks 
suggesting the disordered structure of the bridging methylene 
carbons (C(2)-C(s)). The occupancy factors for major and 



3858 Y. TOBE et d. 

minor components of the disordered mcthylent carbons were 
estimated from tht electron density peaks aa 0.7 and 0.3, 
reqectively, and wm fixal in Bucccssive mts with 
anisotropictcmp&tora. Tbc H atoms attached to the benzene 
ring were located and rcfmed with isotropic tcmp factors, but 
thoea of the mcthylcnc carbons were impotible to locate. The 
weighting function was w - [aZ(Fo) + O.OOS(F# J - ’ . The 
6nal R index was 0.114 for sign&ant rc!lections. All the 
calculations werecarried out on an ACOS 85Ommputcrat the 
Cryatahcgraphic Ratearch Center, Institute for Protein 
Rcacarch, Osaka Univcrsity.t# 
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