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Table V. Crystal Data for Cl~H2203 

a = 21.322 (7) 

Space group P212121 2 = 4  

= p = y = 900 
b = 7.593 (2) 
c = 8.387 (1) 

pc = 1.217 g ~ 1 3 1 ~ ~  pmeas = 1.203 g cm-3 
p(Cu K a )  = 6.76 cm-I 

employed to collect intensity data out to a 28 of 120° using automatic 
8-28 step scans. Of a total 1204 reflections scanned, 1053 were con- 
sidered observed by the criteria I > 3dI)  and were included in 
structure refinement. Lorentz and polarization factors were applied 
in the normal manner,1° and the data were corrected for absorption 
by the method of Tompa.ll Weights were calculated by the method 
of Stout and Jensen? w ( F )  = [(K/4Lp I ) ( 0 2 ( I )  t (0.031)2)]-1. 
Scattering factors used were as follows: for nonhydrogen atoms from 
Cromer and Mann;ls and for hydrogen from Stewart, Davidson, and 
S i m p ~ o n . ' ~  

The structure was solved by direct methods using the program 
MULTAN. '~  Positions of all nonhydrogen atoms were refined, first 
isotropically, then anisotropically, by full-matrix least squares min- 
imizing ZwAF2,  and all hydrogen atoms were located from a subse- 
quent difference Fourier map. Further refinement of positional pa- 
rameters for all atoms and anisotropic temperature factors for the 
nonhydrogen atoms resulted in a final R factor of 4.7% ( R  = Z I I F,)l 
- IF,( ~ / 2 ~ F o ~ ) .  The R factor for all data, including unobserved re- 
flections, was 5.7%; the weighted R, (R,  = [ Z w ~ F 2 ] L / z / / [ Z w F , , ' ] ' / ' )  
was 5.9% and the largest shift divided by the standard deviation was 
0.27 a t  the end of refinement. A 6(R) normal probability plotL5 was 
calculated and was essentially linear with a slope of 2.11 and an in- 
tercept of 0.14. A final difference Fourier showed no peaks greater 
than k0.2 eA-3. Absolute configuration could not be determined from 
the data. 
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Coupling of 2,5-dimethylene-2,5-dihydrofuran with the p-xylylene derivative (16b) prepared from 10-bromo- 
methyl-13-methyl[8]paracyclophane (8b) yielded the benzene-furan "hybrid" [2.2]paracyclophane (18b) whose 
furan moiety was converted to a tetramethylene chain affording [8][8]paracyclophane (3b). The same sequence of 
reactions applied to 12-bromomethyl-15-methyl[l0]paracyclophane (sa) furnished' [8][10]paracyclophane (3a). 
The uv and NMR spectra of these [n][n]- and [m][nJparacyclophanes reveal their unusually twisted benzene 
rings. 

Preparations of the optically active triple- and quadru- 
ple-layered [2.2]paracyclophanes 1 and 2 with known absolute 
configurations have been reported from our laboratory;2 these 
compounds have Dz symmetry and are gy r~ch i r a l .~  While 
substitution of both the outer benzene nuclei of 1 withequiv- 
alent polymethylene chains leads to 3b with D2 symmetry, 
substitution with different polymethylene chains gives 3a with 
Cz symmetry. Although the names of [n][n]- and [m][n]- 
paracyclophanes were proposed by Smith4 for these types of 
compounds, none of them have yet been prepared. By analy- 
sis6 of the uv spectra of [nlparacyclophanes 4 with short para 

Chart I 
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bridges, Allinger has suggested that the benzene nuclei exist 
in a highly strained boat form (C2” symmetry). [rn][n]Para- 
cyclophanes (3) with short polymethylene bridges are ac- 
cordingly expected to possess benzene nuclei with twist-boat 
conformations ( D z  symmetry, rn = n; C2 symmetry, rn z n).  
This contribution is concerned with the syntheses of [8] [8]- 
and [8] [lO]paracyclophanes (3b, 3a). 

Results and  Discussion 
Our general approach (see Scheme 111) to [8][8]- and 

[8][10]paracyclophanes, 3b and 3a, involved ,coupling of the 
para-bridged p-xylylene derivatives 16a and 16b with 2,5- 
dimethylene-2,5-dihydrofuran6 to furnish respectively the 
benzene-furan “hybrid” [ 2.21 paracyclophanes 18a and 18b 
whose furan moieties were transformed to give octamethylene 
bridges. 

Preparations of 10-Brornomethyl-13-methyl[8]para- 
cyclophane (8b) and  12-Bromomethyl-15-methyl[ 101- 
paracyclophane (8a). Schemes I and I1 summarize the 

Scheme I 
OH 0 

Scheme I1 

& n =  8 

tween 2,5-dimethylene-3,5-dihydrofuran and the p -xylyIene 
derivative prepared from the quaternary ammonium salt 9 
gave a 21% yield of the benzene-furan “hybrid” [2.2]- 
paracyclophane 10. Although the desired 10,13-dimethyl[8] - 
paracyclophane ( l l b )  was accessible in a 70% yield from the 
“hybrid” [2.2]paracyclophane 10, via the diketone 1 la, no 
clean-cut monobromination product was obtained on the di- 
rect bromination of l l b .  We divert attention from this fruit- 
less approach to the second one which starts from [Blparacy- 
clophane ( 12b).6 Heating of [8]paracyclophane (12b) with 
paraformaldehyde in 47% hydrobromic acid-acetic acid so- 
lution8 led to formation of the bromomethyl product 13b, 
which was treated with lithium aluminum hydride to afford 
l0-methyl[8]paracyclophane (14b) in 55% yield based on 12b. 
The second bromomethylation of the 10-methyl derivative 
14b gave the desired bromomethyl compound 8b (74% yield). 
Conversion of 8b with lithium aluminum hydride to 10,13- 
dimethyl[8]paracyclophane ( l l b )  confirmed the para rela- 
tionship of the newly introduced bromomethyl group to the 
original methyl group. The sequence of steps designed to lead 
from 12b to 8b was applied to [10]paracyclophane(12a)9 af- 
fording 12-bromomethyl-15-methyl[l0]paracyclophane (sa) 
in 55% yield based on 12a. 

[$][8]Paracyclophane (3b). An equimolecular mixture 
of 5-methylfurfuryltrimethylammonium iodide and the 
quaternary ammonium bromide 15c obtained from the [8] 
para-bridged bromide 8b was treated with silver oxide to 
furnish a mixture of the two Hofmann’s bases which was py- 
rolyzed by refluxing in toluene. Chromatography of the cou- 
pling product yielded (in the order of elution) (1) the doubly 
[Blpara-bridged [2.2]paracyclophanel0 (19b) (3%), (2) the 
benzene-furan “hybrid” [2,2]paracyclophane (18b) (8%), (3) 
[2 .2 ] f~ ranophane~~  (17) (12%). Since the furan-benzene 
“hybrid” [2.2]paracyclophane (18b) was found to be unstable, 
it was hydrolyzed with 10% sulfuric acid in acetic acid without 
further purification to afford the diketone 20c. Treatment 
with ethanedithiol-boron trifluoride converted the diketone 
20c into the bisthioketal20d which was refluxed in ethyl ac- 
etate solution with Raney nickel to yield [8] [8]paracyclophane 
(3b) (in 63% yield from the diketone 2Oc). 

Y b X=H2 
Scheme I11 

synthetic sequences to 10-bromomethy1-13-methy1[8]para- 
cyclophane (8b) and 12-bromomethyl-15-methyl[10]para- 
cyclophane (sa), the precursors of p-xylylenes 16b and 16a. 

Friedel-Crafts acylation of p-xylene (5a) with y-carbo- 
methoxybutyryl chloride followed by the Wolff-Kishner 
reduction led to formation of the acid 5c, which was then 
converted to the methyl ester 5d. After the second y-carbo- 
methoxybutyl group was introduced to the methyl ester 5d, 
the resulting keto ester 5e was converted to the dimethyl ester 
5g by the Wolff-Kishner reduction followed by esterification. 
The dimethyl ester 5g was submitted to acyloin condensation 
under high-dilution conditions to give the para-bridged acy- 
loin 6 (64% yield) which afforded 12,15-dimethyl[lO]paracy- 
clophane (7) after Clemmensen reduction. Bromination of 7 
in carbon tetrachloride a t  room temperature gave a 45% yield 
of the bromide 8a. 

The preparation of the bromide 8b was first attempted by 
bromination of 10,13-dimethyl[8]paracyclophane ( l lb )  whose 
synthesis was carried out by Cram’s method6 applied on du- 
ryltrimethylammonium bromide 9.7 “Hybrid” coupling be- d n=  8, X-SCH~CHZS - 
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Table I. Ultraviolet Absorption Data in Isooctane 

Compd A,,,, nm (log 4 

3a 
3b 
l lb  
19a 
19b 

4,7,12,15-Tetramethyl- 
[2.2]paracyclophane 

240 (3.81) 
255 (3.80) 
234 (3.85) 
233 (4.23) 
236 (4.17) 
226 (4.26) 

[SI[ lO]Paracyclophane (3a). Coupling of the [10]para- 
bridged xylylene derivative 16a with 2,5-dimethylene-2,5- 
dihydrofuran led to a mixture of reaction products which was 
submitted to chromatography to yield (in the order of elution) 
( I )  the doubly [10]para-bridged [2.2]paracyclophane (19a) 
(12%), (2) the benzene-furan “hybrid” [2.2]paracyclophane 
(18a) (ll%), (3) (2.2lfuranophane (17) (8%). Hydrolysis fol- 
lowed by bisthioketalization and desulfurization with Raney 
nickel converted the benzene-furan “hybrid” coupling 
product 18a into [8] [lO]paracyclophane 3a in 49% yield from 
18a. 

Uv Spectra. The uv spectra of [8][8]- and [8][lO]paracy- 
clophanes are reproduced in Figure 1 and summarized in 

220 240 260 280 300 320 nm 

Figure 1. Uv spectra of 3a (- - - - -), 3b ( -  - - -1, and Ilb (-1 in iso- 
octane. 

Table I. Allinger analyzed5 the uv spectra of [nlparacyclo- 
phanes (4) to indicate that the benzene ring of [8]paracyclo- 
phane (4, n = 8) is puckered, the carbon atoms of the benzene 
ring bearing the methylene bridge being bent out of the plane 
of the other four carbon atoms, the angle of distortion 
amounting to about 20°. Should this distortion apply to 
[8] [8]paracyclophane (3b), the benzene ring must be deformed 
to a twist-boat conformation (Dz symmetry) which is revealed 
in its rather unusual uv absorption. Compared with the uv 
spectrum of the open chain model compound llb, the maxima 
tend to move toward longer wavelengths and lower intensities. 
The similar trends with lesser degree are also evident in the 
uv spectrum of [8] [ lO]paracyclophane (3a). Figure 2 records 
the uv spectra of the doubly para-bridged [2.2]paracyclo- 
phanes 19a and 19b as well as 4,7,12,15-tetramethy1[2.2]- 
para~yclophane.~ Here also the [8]para-bridged compounds 

280 (2.51) 289,h (2.41) 
291,h (2.54) 

283 (2.56) 288,h (2.53) 
241 (4.19) 295,h (2.57) 318,h (2.20) 
251 (4.12) 306,h (2.68) 
250,h (3.57) 308,h (2.10) 

2’20 240 260 280 290 300 320 nm 

Figure 2. Uv spectra of 19a (- - - - -), 19b (- - - -), and 4,7,12,15- 
tetramethyl[2.2]paracyclophane (-) in isooctane. 

exhibit marked bathochromic shifts with lowering intensi- 
ties. 

NMR Spectra. Table I1 summarizes the NMR data of the 
doubly para-bridged [2.2]paracyclophanes (19) and those of 
[8] - and [lO]paracyclophanes as reference compounds. Al- 
though general feature of the spectrum of [8] [8]paracyclo- 
phane are close to that of [8]paracyclophane, the high-field 
band due to the heavily shielded four methylene protons of 
[8] [Slparacyclophane appears to move toward slightly higher 
field. 

Chemical Topology. I t  is pertinent to note here some 
considerations important to chemical topology inherent to 
these [n] [a]- and [m] [nlparacyclophanes. Inspection of the 
molecular models of [8] [8]- and [8] [lO]paracyclophanes reveals 
that their polymethylene bridges should be on the opposite 
sides of the central benzene ring, and this is supported by the 
observation that they were unable to form a molecular com- 
plex with tetracyanoethylene. However, when the poly- 
methylene chains become long enough, we can expect to have 
anti (Dz symmetry) 21 and syn (Cz symmetry) 22 geometrical 
isomers for [n][n]paracyclophane, and one anti (C, symmetry) 
23 and two syn forms (C, symmetry) 24,25 for [m][n]para- 
cyclophane depending upon which chain comes nearer to the 
benzene ring (Chart 11). 

Experimental Section 
Melting points and boiling points are uncorrected. Infrared spectral 

data were obtained from a Hitachi EPI-S2 spectrophotometer. Nu- 
clear magnetic resonance spectra were obtained from a JNM-MH-100 
spectrometer. Ultraviolet spectra were recorded on a Hitachi EPS-3T 
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Table 11. 100-MHz 'H NMR Data in CC14 (7) 

Aromatic Benzylic Methyl Methylene 
Compd protons protons protons protons 

3a 3.26 (2 H) 

3 b  

7 

l l b  

19a 

19b 

3.22 (2 H) 

3.23 (2 H) 

3.27 (2 H) 

3.95 (4 H) 

3.85 (4 H) 

6.77-7.23 (4 H) 
7.87-7.91 (4 H) 

6.70-7.11 (4  H) 
7.37-7.85 (4 H) 

7.02-7.29 (2  H) 
7.46-7.87 (2 H) 

6.86-7.15 (2  H) 
7.48-8.04 (2 H) 

6.61-6.83 (4 H) 
6.93-7.48 (8 H) 
7.62-7.94 (4 H) 
6.55-6.90 (4 H) 

7.76-8.10 (4 H) 
6.90-7.29 (8 H) 

Chart  I1 
[n] [n] Paracyclopane 

[m][n] Paracyclopane 

@ e @ * @  

23 
A 

24 .-.--- 2 5  
--L- 

spectrometer. Mass spectral data were measured on a Hitachi RMS-4 
spectrometer. Elemental analyses were determined by Yanagimoto 
CHN-Corder type 11. 

Methyl y-(2,5-Dimethylbenzoyl)butyrate (5b). A mixture of 
p-xylene (5a, 54 g, 0.51 mol), y-carbomethoxybutyryl chloride (83 g, 
0.51 mol), and s-tetrachloroethane (300 ml) was cooled to -10 "C. 
Anhydrous aluminum chloride (200 g, 1.5 mol) was added to the 
stirred mixture in six portions during 2 h, and the reaction mixture 
was stirred for 3 h a t  0 "C. The resulting dark solution was poured over 
ice, and the separted organic phase was washed with 2 N hydrochloric 
acid, water, 3% sodium bicarbonate solution, and again water, and 
then dried. After evaporation of the solvent, the residual oil was dis- 
tilled to give 5b  (87 g, 73%), bp 177-179 "C (4 mm), n " ~  1.5201. 

Methyl  6-(2,5-DimethylphenyI)valerate (5d). A mixture of Sb 
(76 g, 0.327 mol), 80% hydrazine hydrate (100 g, 1.6 mol), potassium 
hydroxide (106 g, 1.9 mol), and triethylene glycol (300 ml) was heated 
a t  140 "C ,  and then water and excess hydrazine hydrate was allowed 
to distill until the temperature reached 200 "C. The reaction mixture 
was heated for 10 h a t  200-210 "C, and cooled, and then diluted with 
water (500 ml). The aqueous solution was neutralized with concen- 
trated hydrochloric acid and the resulting precipitate was extracted 
with chloroform. The chloroform solution was washed with water, 
dried, and then evaporated. The crude acid (512) was esterified by 
heating for 3 h in methanol (300 ml) containing concentrated sulfuric 
acid (15 g), and the reaction mixture was poured into cold water and 
then extracted with ether. The ether solution was washed with water, 
5% sodium bicarbonate solution, and again with water, and then dried. 
After removal of the solvent, distillation of the residue gave 5d (63 g, 
87.6%), bp 148-149 "C (6 mm), nIil) 1.5043. 

Methyl  y-4-(w-Carbomethoxybutyl)-2,5-dimethylben- 
zoylbutyrate (5e). Friedel-Crafts acylation of 5d was carried out by 
the same method described for the preparation of 5b, utilizing 5d (63 
g, 0.286 mol), y-carbomethoxyhutyryl chloride (49 g, 0.3 mol), s-tet- 

7.76 (6 H) 

7.75 (6 H) 

8.09-8.74 (8 H) 
8.74-9.14 (8 H) 

9.84-10.42 (2 H) 
8.18-9.04 (14 H) 

9.14-9.84 (10 H) 

9.15-9.75 (6 H) 
9.83-10.52 (4  H) 
8.40-8.64 (4 H) 
8.79-9.12 (4 H) 
9.18-9.72 (8 H) 
8.20-9.00 (6 H) 
9.10-9.65 (4 H) 
10.02-10.44 (2 H) 
8.48-8.84 (8 H) 

9.35-9.92 (16 H) 
8.35-9.29 (12 H) 

10.22-10.94 (4 H) 

8.95-9.27 (8 H) 

9.35-10.10 (8 H) 

rachloroethane (220 ml), and anhydrous aluminum chloride (122 g, 
0.9 mol). The reaction mixture was worked up to give 5e (77 g, 77.30/0), 
bp 191-193 "C (0.01 mm). Recrystallization of this material from 
methanol-water gave mp 53-54 "C. 

Anal. Calcd for C20H2~05: C, 68.94; H ,  8.10. Found: C, 69.01; H,  
8.06. 

1,4-Bis(w-carbomethoxybutyl)-2,5-dimethylbenzene ( 5 g ) .  
Wolff-Kishner reduction of 5e was carried out by the same method 
described for the preparation of 5d, utilizing 5e (77 g, 0.221 mol), 80% 
hydrazine hydrate (69 g, 1.11 mol), potassium hydroxide (83 g, 1.5 
mol), and triethylene glycol (350 ml). The crude acid 5f was esterified 
in the usual manner to give 5g (6.5 g, 88%), bp 183-185 "C (0.01 mm). 
Recrystallization of this ester from methanol-water gave mp 29-30 
"C. 

Anal. Calcd for C20H:1004: C, 71.82; H, 9.04. Found: C, 71.77; H, 
9.10. 

Saponification of 5g with methanolic potassium hydroxide afforded 
the acid 5f, and recrystallization of this from methanol gave mp 
148-149 "C. 

Anal. Calcd for ClxH2,jO.I: C, 70.56; H, 8.55. Found: C, 70.51; H ,  
8.56. 

12,15-Dimethyl[ lO]paracyclophane (7) .  Preparation of the hy- 
drocarbon 7 was carried out ccording to the usual sequence involving 
acyloin condensation and Clemmensen reduction. 

A. Acyloin Condensation of t h e  Diester 5g. T o  a suspension of 
sodium (3.2 g, 0.144 mol) in dry xylene (400 ml) was added during 36 
h a solution of 5g (12 g, 0.036 mol) in dry xylene (300 ml). After an 
additional 1 h of heating and stirring, the reaction mixture was cooled 
to 0 "C, and acetic acid (10 ml) was slowly added. The polymer and 
sodium acetate were removed, and the resulting filtrate was concen- 
trated under vacuum. Distillation of the residual oil gave the acyloin 
6 (6.3 g, 64%), bp 152-153 "C (0.1 mm), n"1) 1.5412. 

€3. Clemmensen Reduction of t he  Acyloin 6. Amalgamated zinc 
was prepared by swirling zinc (66 g) with a solution of mercuric 
chloride (1.9 g) in water (200 mi) which contained concentrated hy- 
drochloric acid (1.4 ml). A solution of 6 (6.3 g, 0.023 mol) in toluene 
(50 ml) was added to the amalgamated zinc with 200 ml each of con- 
centrated hdyrochloric acid and acetic acid. The mixture was heat.ed 
to reflux for 48 h, during which four 30-ml portions of concentrakd 
hydrochloric acid were added. The reaction mixture was cooled and 
diluted with water, and then extracted with ether. The ether solution 
was washed with water, 5% sodium bicarbonate solution, and again 
with water, and then dried. After evaporation of the solvent, the re- 
sidual solid was recrystallized from methanol to give 7 (3.7 g, 67%): 
mp 42-43 "C; ir (KBr) 2970,2880,2830,1495,1452,1443,1338,1285, 
1088, 1027,910,894,835,781,711,703 cm-l; uv (isooctane) A,,, 262.5, 
272.5, 281.7 nm (log 2.48, 2.75, 2.78); NMR (CC14) i 3.23 (s, 2 H) ,  
7.02-7.29 (m, 2 H),  7.46-7.87 (m, 2 H) ,  7.76 (s, 6 H),  8.40-8.64 (m, 4 
H),  8.79-9.12 (m, 4 H), 9.18-9.72 (m, 8 H); MS m/e 244 (M'). 

Anal. Calcd for C I H H ~ X :  C, 88.45; H, 11.55. Found: C, 88.51; H ,  
1 1.49. 

Benzene-Furan Hybrid [Z.Z]Paracyclophane (IO). A solution 
of duryltrimethylammonium bromide (9,7 60 g, 0.19 mol) in distilled 



Syntheses of [8] [8]-  and [8] [lO]Paracyclophanes J. Org. Chem., Val. 41, No. 26, 1976 4085 

water (1.5 1.) was passed through a column. containing Amberlite 
IRA-400 (30-100 mesh, 200 g) which had been converted t o  the OH 
form by passing 2 N sodium hydroxide solution (3 1.). The elute was 
combined with the quaternary ammonium hydroxide prepared from 
5-methylfurfurylammonium iodide6 (53 g, 0.19 mol) following the 
procedure described above, and the solution was concentrated to 500 
ml under vacuum. The  concentrate was heated with toluene (1 1.) 
containing phenothiazine (1 g), and water was removed by azeotropic 
distillation. After refluxing with stirring for 5 h, the solution was al- 
lowed to  cool, and insoluble polymers were removed. Concentration 
to 200 ml under vacuum again gave some polymers which were filtered 
off. The filtrate was chromatographed on neutral alumina and eluted 
with hexane. The elution afforded the following sequence of com- 
pounds: the hybrid [2.2]paracyclophane 10 (9 g, 21%), 4,7,12,15-tet- 
ramethyl[2.2]paracyclophane7 (4.5 g, 11%), and [2.2]f~ranophane'~ 
(4.3 g, 10%). After recrystallization from hexane, the hybrid [2.2] 
paracyclophane 10 melted a t  65-66 "C; ir (KBr) 2970, 2920,2860, 
1600,1536,1490,1446,1425,1393,1365,1318,1210,1162,1131,1008, 
943,892,773,721,707 cm-'; NMR (Cc4)  r 3.63 (s, 2 H), 4.50 (s, 2 H), 
6.77-7.12 (m, 2 H), 7.25-7.65 (m, 6 H), 7.90 (s, 6 H). 

Anal. Calcd for C16H180: C, 84.91; H, 8.02. Found: C, 85.07; H, 
7.96. 
3,G-Diketo- 10,13-dimethyl[8]paracyclophane (1 la). A mixture 

of 10 (8.8 g, 0.0388 mol), acetic acid (11 ml), water (6 ml), and 10% 
sulfuric acid (3 ml) was refluxed for 10 h. The solution was poured into 
water (300 ml) and extracted with chloroform. The  organic solution 
was washed with water, 5% sodium bicarbonate solution, and again 
with water, and then dried. Removal of the solvent yielded 9.4 g of 
yellow solid which on recrystallization from benzene-hexane gave 1 la 
(8.1 g, 85%): mp 189-190 "C; ir (KBr) 2997,2925,2880,1697,1500, 
1458, 1404, 1352,1288, 1151, 1104,1083,895 cm-'; NMR (CDCla) r 
3.24 (s, 2 H),  6.70-7.85 (m, 8 H),  7.70 (s, 6 H),  8.16-8.78 (m, 4 H). 

Anal. Calcd for C16Hz00z: C, 78.65; H, 8.25. Found: C, 78.68; H, 
8.15. 
10,13-Dimethyl[S]paracyclophane (llb). A mixture of lla (8 

g, 0.0328 mol), 100% hydrazine hydrate (5 g, 0.1 mol), potassium hy- 
droxide (7 g, 0.125 mol), and diethylene glycol (40 ml) was refluxed 
for 10 h. The reaction mixture was cooled and poured into water, and 
the product was extracted with ether. After evaporation of the solvent, 
the residual oil was distilled to give llb (5.8 g, 82%): bp 132-134 "c 
(4 mm); n"D 1.5406; ir (film) 2980,2930,2860,1498,1458,1446,1372, 
882,803,721,687 cm-'; NMR (CC14) r 3.27 (s, 2 H),  6.86-7.15 (m, 2 
H), 7.48-8.04 (m, 2 H), 7.7.5 (s, 6 H), 8.20-9.00 (m, 6 H), 9.10-9.65 (m, 
4 H), 10.02-10.44 (m, 2 H); MS mle 216 (M+). 

Anal. Calcd for CIeHz4: C, 88.82, H, 11.18. Found: C, 88.86; H, 
10.92. 
12-Bromomethyl[ lO]paracyclophane (13a). A mixture of 12a 

(28 g, 0.13 mol), paraformaldehyde (7.8 g, 0.26 mol of formaldehyde), 
acetic acid (60 ml), 85% phosphoric acid (20 ml), and 47% hydrobromic 
acid (20 ml) was refluxed with stirring for 40 min. The cooled mixture 
was poured into cold water and extracted with ether. The ethereal 
solution was washed with water, 5% sodium bicarbonate solution, 
again with water, and then dried. The solvent was evaporated and 
distillation of the residue gave 13a (22.8 g, 81.4%): bp 154-156 "C (1.0 
mm); nL4D 1.5747; NMR (CC14) r 2.82-3.11 (m, 3 H), 5.52 (q, J = 10.5, 
24 Hz, 2 H), 6.68-7.80 (m, 4 H),  7.95-9.98 (m, 16 H). 
l0-Bromomethyl[8]paracyclophane (13b). The bromornethy- 

lation of 12b was carried out by the same method described for the 
preparation of 13a, utilizing 12b (9 g, 0.048 mol), paraformaldehyde 
(4.3 g, 0.144 mol of formaldehyde), acetic acid (32 ml), 85% phosphoric 
acid (10 ml), and 47% hydrobromic acid. The reaction mixture was 
worked up to give 13b (8.8 g, 65%): bp 148-150 "C (0.6 mm); nZ4D 
1.5781; NMR (Cc4)  r 2.84-3.12 (m, 3 H), 6.12 (q, J = 14,22 Hz, 2 H), 
6.82-8.02 (m, 4 H), 8.14-10.35 (m, 12 H). 

lZ-Methyl[ lO]paracyclophane (14a). A solution of 13a (20 g, 
0.064 mol) in dry tetrahydrofuran (80 ml) was added dropwise to a 
suspension of lithium aluminum hydride 15 g, 0.18 mol) in dry tetra- 
hydrofuran (180 ml). The mixture was refluxed with stirring for 6 h, 
and excess reducing reagent was decomposed by addition of ethyl 
acetate. After acidifying the mixture with dilute hydrochloric acid, 
the organic phase was extracted with ether. The  ether solution was 
washed with water, 5% sodium bicarbonate solution, and again with 
water. After evaporation of the solvent, the residual oil was distilled 
to  give 14a (12 g, 81%): bp 152-154 "c (4 mm); n %  1.5336; MS m/e 
230 (M+); NMR (cc14) r 3.16-3.22 (m, 3 H),  6.82-7.88 (m, 4 H), 7.76 
(s, 3 H),  8.24-9.72 (m, 16 H). 

Anal. Calcd for C17H26: C, 88.62; H, 11.38. Found: C, 88.66; H, 
11.40. 
lO-Methyl[8]paracyclophane (14b). The reduction of 13b was 

carried out by the same method described for the preparation of 14a, 

utilizing 13b (8 g, 0.028 mol) and lithium aluminum hydride (2 g, 0.053 
mol). Distillation of the product gave 14b (4.8 g, 85%): bp 124-126 "C 
(4 mm); nZ7D 1.5352; MS m/e 202 (M+); NMR (CC14) 7 3.12-3.18 (m, 
3 H),  6.77-7.93 (m, 4 H), 7.68 (6, 3 H), 8.27-10.45 (m, 12 H). 

Anal. Calcd for Cl~H22: C, 89.04; H, 10.96. Found: C, 89.02; H ,  
10.93. 
12-Bromomethyl-15-methyl[ lO]paracyclophane (Sa). A. A 

mixture of 14a (10 g, 0.043 ml), paraformaldehyde (2.1 g, 0.07 mol of 
formaldehyde), acetic acid (15 ml), 85% phosphoric acid (6 ml), and 
47% hydrobromic acid (15 ml) was refluxed with stirring for 1 h. After 
the same treatment described for the preparation of 13a, distillation 
of the product gave 8a (11.7 g, 84%): bp  142-144 "C (1.0 mm); niYD 
1.5776; NMR (CCld) 7 3.14 (s, 1 H), 3.45 (s, 1 H), 5.62 (9, J = 10, 24 
Hz, 2 H), 7.8 (s, 3 H), 6.9-8.0 (m, 4 H), 8.1-9.7 (m, 16 H); MS mle 323 
(M+). 

Anal. Calcd for C18H27Br: C, 66.86; H, 8.42; Br, 24.72. Found: C, 
66.77; H,  8.36; Br, 24.82. 
B. A solution of bromine (3 g, 0.018 mol) in carbon tetrachloride 

(20 ml) was added during 4 h to a stirring solution of 7 (3.7 g, 0.015 
mol) in carbon tetrachloride (20 ml) a t  room temperature. After an 
additional 5 h of stirring, the reaction mixture was poured into cold 
water and extracted with ether. The  ether solution was washed with 
water, 5% sodium bicarbonate solution, again with water, and then 
dried. After evaporation of the solvent, the product was distilled to 
give Sa (2.1 g, 45%). 
l0-Bro~omethyl-13-methyl[8]paracyclophane (8b). The 

bromomethylation of 14b was carried out by the same method de- 
scribed for the preparation of 8a, utilizing 14b (8.5 g, 0.042 mol), pa- 
raformaldehyde (1.64 g, 0.054 mol of formaldehyde), acetic acid (14 
mi), 85% phosphoric acid (5.5 ml), and 47% hydrobromic acid (14 ml). 
Distillation of the product gave Sb (9.2 g, 74%): bp 146-148 "C (2 mm); 
nZ4D 1.5778; NMR (CCld) r 3.25 (s, 1 H), 3.44 (s, 1 H), 6.13 (9, J = 14, 
23 Hz, 2 H), 6.8-7.2 (m, 2 H), 7.4-7.9 (m, 2 H), 7.71 (s, 3 H), 8.2-9.7 
(m, 10 H),  10.0-10.3 (m, 2 H);  MS m/e 295 (M+). 

Anal. Calcd for ClsHzsBr: C, 65.08; H, 7.85; Br, 27.07. Found: C, 
64.96; H ,  7.76; Br, 27.18. 
12-Dimethylaminomethyl-15-methyl[ lO]paracyclophane 

Methanobromide (15a). A solution of 8a (11.5 g, 0.035 mol) in ether 
(100 ml) was treated with excess anhydrous trimethylamine. The 
resulting salt was collected by filtration, washed with ether, and dried 
to afford 15a (12.3 g, 92%). An analytical sample was recrystallized 
from ethanol, mp 224-226 "C. 

Anal. Calcd for C21H36NBr: C, 65.95; H, 9.49; N, 3.66; Br, 20.90. 
Found: C, 65.95; H, 9.48; Br, 20.97. 

10-Dimethylaminomethyl- 13-rnethyl[S]paracyclophane 
Methanobromide (15c). A solution of 8b (9 g, 0.031 mol) in ether (100 
ml) was treated with excess anhydrous trimethylamine. The resulting 
salt was removed by filtration, washed with ether, and dried to afford 
15c (10.1 g, 95%). An analytical sample was recrystallized from eth- 
anol, mp 198-200 "C dec. 

Anal. Calcd for CIgHs2NBr: C, 64.39; H, 9.10; N, 3.95; Br, 22.55. 
Found: C, 64.48; H, 9.15; N, 3.91; Br, 22.42. 
Benzene-Furan Hybrid [2.2]Paracyclophane (18a) and 

Doubly Bridged [2.2]Paracyclophane (19a). A mixture of 15a (8.0 
g, 0.021 mol) and 5-methylfurfuryltrimethylammonium iodide (6.0 
g, 0.021 mol) was dissolved in water (300 ml) and converted to the 
hydroxide 15b with freshly prepared silver oxide. The resulting 
aqueous solution was mixed with toluene (300 ml) and phenothiazine 
(0.1 g), and heated with stirring. After removal of water by azeotropic 
distillation, the reaction mixture was refluxed for 5 hand  allowed to 
cool. The  insoluble polymer was removed and the filtrate was con- 
centrated under vacuum. The concentrate was extracted with hot 
hexane, and the hexane-soluble portion was chromatographed on 
neutral alumina in a cold room. Elution of the column with hexane 
afforded 19a (0.9 g, 12%), which, when recrystallized from ethanol, 
gave mp 240-241 "C; ir (KBr) 2960,2880,2830,1597,1482,1452,1440, 
1427,886,722,708 cm-'; MS mle (re1 intensity) 484 (18), 241 (53), 
227 (561,159 (57), 145 (100),132 (871,119 (56), 105 (27). 

Anal. Calcd for C3eH52: C, 89.19; H, 10.81. Found: C, 89.10; H, 
10.80. 

Further elution with hexane-benzene (9:l) furnished 18a (1.23 g, 
l l%) ,  which when recrystallized from ethanol gave mp 74-75"; ir 
(KBr) 2960,2880,2835,1596,1536,1482,1455,1437,1422,1211,1174, 
1162,1130,1008,946,892,773,723,707,670cm-'; NMR (cc14) r 3.6 
(s,2 H),4.52 (6, 2 H),6.6-7.9(m,12 H),8.4-9.9(m,16 H) ;MS m/e 336 
(M+). 

Anal. Calcd for C~~H.320: C, 85.66; H, 9.59. Found: C, 85.27; H, 
9.69. 

Elution with hexane-benzene (5:l) gave [2.2]furanophane (17,12 
0.32 g, 8%), mp 180-181 "C. 
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Benzene-Furan Hybrid [2.2]Paracyclophane (18b) a n d  
Doubly Bridged [2.2]Paracyclophane (19b). A solution (300 ml) 
of the mixed quaternary ammonium hydroxides derived from a 
mixture of 15c (12 g, 0.0034 mol) and 5-methylfurfuryltrimeth- 
ylammonium iodide (9.5 g, 0.0034 mol) in the usual manner wasmixed 
with toluene (400 ml) and phenothiazine (0.5 g), and then pyrolyzed. 
Insoluble polymers were removed from the reaction mixture and the 
filtrate was chromatographed on neutral alumina. Elution with hex- 
ane provided 19b (0.32 g, 3%), which, when recrystallized from etha- 
nol, gave mp 229-231 "C; ir (KBr) 2960,2875,2820,1587,1478,1440, 
1428,1045,1003,882,805,710,687 cm-'; MS mle (re1 intensity) 428 
(701, 214 (loo), 199 (80), 171 (37), 159 (37), 145 (50), 132 (83), 119 
(43). 

Anal. Calcd for C,j2Hd4: C, 89.65; H, 10.35. Found: C, 89.49; H, 
10.39. 

Further elution with hexane-benzene (9:l) produced 18b (0.91 g, 
8%). Because of instability of 18b, the oily product could not be pu- 
rified further: MS mle 308 (M+). 

Elution with hexane-benzene (5:l) gave 17 (0.75 g, 12%). 
3,6-Diketo[8][10]paracyclophane (20a). A mixture of 18a (0.5 

g, 1.5 mmol), water (0.5 ml), acetic acid (lOml), and 10% sulfuric acid 
(0.3 ml) was heated a t  65 "C with stirring for 1 h. The reaction mixture 
was poured into water (50 ml) and extracted with dichloromethane. 
The organic layer was washed with water, 5% sodium bicarbonate 
solution, and again with water, and then dried. After removal of the 
solvent, the residue was chromatographed on neutral alumina. Elution 
with dichloromethane afforded 20a (0.47 g, 89%), which when re- 
crystallized from hexane gave mp 161-162 "C; ir (KBr) 2970,2890, 
2830,1700,1593,1488,1452,1435,1408,1318,1287,1170,1145,1000, 
1077, 999, 770, 744, 732, 705 cm-'; NMR (CC14) T 3.33 (s, 2 H), 
6.65-7.95 (m, 12H),8.15-8.60(m,8H),8.80-9.10(m,4H),9.15-9.70 
(m, 8 H); MS mle 354 (M+). 

Anal. Calcd for C24Hd402: C, 81.31; H, 9.65. Found: C, 81.27; H, 
9.70. 
3,6-Diket0[8][8]paracyclophane (2012). Hydrolysis of 18b was 

carried out by the method described for the preparation of 20a, util- 
izing 18b (0.4 g, 1.3 mmol), water (0.4 ml), acetic acid (10 ml), and 1G% 
sulfuric acid (0.3 ml). The resulting product was chromatographed 
on neutral alumina. Elution with dichloromethane produced 20c (0.24 
g, 57%), which, when recrystallized from hexane, gave mp 156-157 "C; 
ir (KBr) 2970, 2890, 2840, 1700, 1595, 1484, 1454,1431,1408, 1317, 
1287,1168,1143,1098,1075,898,734,720,687 cm-'; NMR (cc14) T 

3.21 (s, 2 H), 6.82-7.93 (m, 12 H), 8.16-9.13 (m, 10 H), 9.17-9.65 (m, 
4 H),  9.90-10.32 (m, 2 H); MS mle 326 (M+). 

Anal. Calcd for C22H:j002: C, 80.93; H, 9.26. Found: C, 80.62; H, 
9.18. 

Bisethanedithioketal20b. A solution of 20a (0.35 g, 1.0 mmol) in 
glacial acetic acid (20 ml) was mixed with a solution of ethanedithiol 
(0.2 g, 20 mmol) in glacial acetic acid (6 ml) which contained 47% 
boron trifluoride etherate (2 ml). After standing for 2 days a t  room 
temperature, the reaction mixture was poured into water (100 ml). 
The product was extracted with chloroform and washed with water 
and then dried. Removal of the solvent yielded the white solid product 
which on crystallization from ethanol gave 20b (0.34 g, 87%), mp 

Anal. Calcd for C2XHd2S4: C, 82.97; H, 10.40. Found: C, 83.01; H, 
10.36. 

[8][10]Paracyclophane (3a). To  a solution of 20b (0.25 g, 0.6 
mmol) in ethyl acetate (10 ml) was added W-5 Raney nickel (2 g), and 
the mixture was refluxed for 1.5 h. After being cooled and filtered, the 
resulting solution was concentrated under vacuum. The residual oil 
was chromatographed on neutral alumina. Elution with hexane af- 
forded a colorless oil, which was distilled to  give 3a (0.13 g, 65%): bp 
179-181 "c (2.0 mm); nZ4D 1.5472; ir (film) 2960, 2880, 2860, 2675, 

153-154 "C. 

1602,1485,1451,1436,1336,1207,1056,1005,883,833,730,705,687 
cm-'; MS mle (re1 intensity) 326 (1001, 241 (28), 227 (38), 145 (30), 
131 (30), 119 (261,105 (24). 

Anal. Calcd for C24H38: C, 88.27; H, 11.73. Found: C, 88.29; H, 
11.74. 

[8][8]Paracyclophane (3b). A solution of 20c (0.15 g, 0.5 mmol) 
in glacial acetic acid (10 ml) was mixed with a solution of ethanedithiol 
(0.2 g, 20 mmol) in glacial acetic acid (5 ml). After 47% boron trifluo- 
ride etherate (2 ml) was added, the mixture was kept in a tightly sealed 
bottle and allowed to stand for 2 days at  room temperature. Then the 
mixture was poured into water (100 ml). The product was extracted 
with chloroform, washed with 3% sodium bicarbonate solution and 
water, and then dried. After evaporation of the solvent, the crude 
thioketal20d was directly desulfurized as follows. To  a solution of the 
crude thioketal20d (0.16 g) in ethyl acetate (10 ml) was added W-5 
Raney nickel (I 9). The mixture was refluxed for 1 h, cooled, and fil- 
tered. After comentration of the filtrate, the oily product was 
subjected to alumina column chromatgraphy. Elution with hexane 
gave 3b (0.09 g, 63%), which, when recrystallized from ethanol, gave 
mp 60-61 "C; ir (KBr) 2970,2900,2840,2670,1598,1483,1452,1437, 
1337,1203,1050,1007,876,836,726,715,707,686 cm-l; MS mle (re1 
intensity) 298 (loo), 199 (35), 185 (48), 145 (361,131 (35), 119 (34), 105 
(27). 

Anal. Calcd for C22H34: C, 88.52; H, 11.48. Found: C, 88.46; H, 
11.48. 

Registry No.-3a, 34106-24-6; 3b, 32543-09-2; 5a, 106-42-3; 5b, 
60438-86-0; 5c, 30098-17-0; 5d, 60438-87-1; 5e, 60438-88-2; 5f, 
60438-89-3; 5g, 60438-90-6; 6,60438-91-7; 7,32543-11-6; 8a, 32543- 
10-5; 8b, 32543-03-6; 9,27742-95-6; 10,33357-05-0; 1 la, 60438-92-8; 
l lb ,  60438-93-9; 12a, 5649-96-7; 12b, 4685-74-9; 13a, 26878-19-3; 13b, 
60438-94-0; 14a, 60438-95-1; 14b, 60438-96-2; 15a, 32543-12-7; 15b, 
60438-97-3; 15c, 32691-02-4; 17, 5088-46-0; H a ,  32540-67-3; 18b, 
32543-04-7; 19a, 32585-31-2; 19b, 32543-05-8; 20a, 60438-98-4; 20b, 
60438-99-5; 20c, 32543-07-0; 20d, 32543-08-1; y-carbomethoxybutyryl 
chloride, 1501-26-4; hydrobromic acid, 24959-67-9; S-methylfuryl- 
trimethylammonium iodide, 1197-60-0. 
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