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SYNTHESIS OF POLYFLUOROARYL [2.2] CYCLOPHANES 
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RESULTS AND DISCUSSION 

Compound 1. is most efficiently prepared by 1.6 EJofmann elimination from the 

quaternary ammonium hydroxide derived from 4-methyltetrafluorobenxyl bromide. 

via the unstable tetrafluoropxylylene (Scheme I). With vigorous mixing in 

dilute solutions, a 42%yield of ,J was obtained in the final step. 

Scheme I 

An alternate and reasonably satisfactory route to 2 is the &otoextrusion 

of sulfur from 2.11~dithia-octafluoro I3.31 paracyclopbane 1, in the presence of 

triethyl phos&ite as scavenger CSI (Scheme II). Although & was obtained in 

only 26% yield. 4 was readily prepared in one step in 34% yield by reaction 

of l.4-bis (bromomethylk2,3,5,6-tetrafluorcbenxene with lithium sulfide under 

conditions of high dilution in methanol or acetonitrile. 

Scheme II 
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For the synthesis of 2 we previously attempted the ’ cross-breeding’ of 

p-xylylene and tetrafluor*pxylylene. The only substances isolated were the 

symmetrical products 1 and 12.21 paracycloFhane. along with polymeric material. 

Ihe failure to isolate unsymmetrical compound 2 can probably be ascribed to 

substantially different rates of elimination of the quaternary ammonium bases to 

form the pxylylenes. owing to the enhanced acidity of the methyl hydrogen8 

adjacent to the fluorinated ring. We subsequently succeeded in preparing 2 in 

less than 1% overall yield by a long. tedious 12-step process 131. 

In the present study. we obtained 2 by two vastly impraved approaches. both 

involving photoextrusion. As shown in Scheme III, 5,6,8.9-tetrafluor*Z,ll- 

dithia 13.31 paracyclophane (2) was obtained in high yields by condensation of 

either of two pairs of molecules. Extrusion of the two sulfur atoms in 5. 

afforded 2 in 24% yield. 

Scheme III 
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A better route to 1 is the photoextrusion of two molecules of Co, from the 

dilactone 6 [6,71 (Scheme IV). Although the yield of h was only31%, decarboxyla- 

tlon in methanol proceeded smoothly to give 84% of 2 and 10% of the monolactone 1. 

+ 
H2Br 

b 0 F 

CH2Br 

Scheme IV 

Scheme V 
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In the metaparacyclophanes. one aryl ring lies orthogonal to the other. 

leading to differences in reactivity relative to isomeric paracyclo*anes. We 

attempted. without success. to prepare the tetrafluoro C2.21 metaparacyclome 

P by acid-catalyzed rearrangement of 2. The reaction did not proceed beyond 

the initial protonation. By this method, the all-hydrogen analog Of 2 was 

obtained in 44% yield, in addition to other products 181. As shown in Scheme V. 

9 was prepared in two steps, a condensation reaction to yield S (86%). followed 

by the Fhotoextrusion of sulfur to give B (24% ). 

EXPERIMENTAL 

Melting points (uncorrected) were determined on a Melt-Temp capillary 

apparatus. A Rye-Unicam 3-300 spectrophotometer was used to record infrared 

spectra of samples on NaCl cells (liquid) or in KBr (solid). ‘Ihe routine l6 

NMR spectra were determined at 60 MHz on a Varian T-60 spectrometer. High 

IXSOlUtiOn ‘H Nk!R was performed on a Nicolet spectrometer at 300 WHz. !fbe 

13C NMR spectra were run on a Varian CFT-20 spectrometer at 20 MHx in CDCl3. 

Tbe chemical shifts were recorded in parts per million relative to tetramethyl- 

silane. ‘Ibe 19F NMR spectra were measured on a JEa RX-9OQ spectrometer with 

chemical shifts reported in parts per million relative to CFU3. Wicroanalyti- 

cal determinations were conducted by Micro-Tech I&oratories of Skokie. nli- 

nois. Fluorinated aromatic starting materials were purchased from SCW/P(R of 

Gainesville, Florida, and Aldrich olemical Cuqany. 

1 4-Dimethyl-2,3,5,6-tetrafluorobenzene ti 

(2,3,5,6_Tetrafluoroxylene) 

m a stirred solution of kafluorobensene (83.79. 430mmol) and anhydrous 

ether (SOOg) under nitrogen was added methyllithium (1L. 1.71 In ether). ‘Ihe 

methyllithium was added dropwise at a rats such that a gentle reflex was 
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maintained in the condenser. Chce the addition was complete. the cloudy brown 

mixture was stirred an additional 3h. The ether was removed under reduced 

pressure. The remaining liquor was filtered to remove the insoluble lithium 

fluoride and the filtrate was distilled. The major fraction boiled at 140- 

14z°C (143-144° 191). Ibe distillate was condensed in an air-cooled condenser 

to avoid crystallization. The product, 2.3.5.6-tetrafluoroxylene. (62&g. 

34Emmol. 77%) solidified in the receiver as a clear crystalline solid: IR 

(NaCl, neat), 2940. 2860, 1640, 1480, 1375, 1276, 1205, 1110, 1080, 930. 920. 

870Qn’; ‘El N6R (CDQ31, 6 2.15 ppn (qintet. JW = 0.9 Iis). 

l-Bromomethyl-4-methyl-2,3,5,6-tetrafluorobenzene 

(n,w.'-Dibromo-2,3,5,6-tetrafluoroxylene 

A solution of bromine (49.79. 3lOmmol) in carbon tetrachloride (53mL) 

added dropwise to 2.3.5.6~tetrafluoroxylene t55.Og. 3lOmmol) in carbon 

was 

tetrachloride (256ml) and the mixture was irradiated with a 150 watt tungsten 

sunlamp. lhe rate of addition was regulated so as to maintain only a light 

orange color in the flask and a mild reflux in the condenser. After the addi- 

tion of the bromine was completed, the solution was heated to reflux for an 

additional 0.5h until the RBr evolution ceased. The solvent was evaporated in - 

vacua at room temperature. Distillation of the brown liquid afforded the mono- 

brominated product (39.79, 155mmol. 50%) as a colorless oil; bp 49OC (O.lmm); Ql 

NMR (CC14) 6 84.48 (t, JHF 135 Hz), 6 229 ppm (t. JRF = 2.13 Hz). lgP NMR (C6F6) 

6 19.3 ppn. From the solid residue, a,a’-dibromo-2.3.5.6~tetrafluoroxylene[91 

(20.2g. 6mmol. 20%) was sublimed at room temperature (O.lmm Hg) and recrystal- 

lized from ethanol* mp 68-7m (lit. t91 68-700); IR ((BC13), 3050, 2990, 1490, 

1205, 1158. 990, 950 cm-l; ‘H NMR KX14) 6 4.48 (quintet, JRF - 0.9 Ez). 

l rwarn** Both products are powerful irritants and lachrymators. 
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1,4-Bis (bromomethyl)-2,3,5,6_tetrafluorobenzene 

(a-Bromo-2,3,5,6-tetrafluoroxylene) 

A solution of bromine (12Og, 750mmol) in carbon tetrachloride (5OOmU was 

added dropwise to 2.3,5,6-tetrafluoroxylene (62g. 348mmol) in carbon 

tetrachloride (6OOmL) and the mixture was irradiated with a 150 watt tungsten 

eunlamp. !the rate of addition was controlled such that the solution 

maintained a light orange color in the flask. a mild reflux in the condenser. 

and a slow evolution of hydrogen bromide gas. After the addition was complete 

(4h). the reaction was allowed to reflux (2h). Ihe volatile components were 

removed under reduced pressure l’he light orange-brown liguid which remained 

was aistilled. The a-bromo-2,3,5,6+etrafluoroxylene (14.39. 55.6mmo1, 1%) 

distilled (36oC. O.lmm) as a colorless oil. Ihe residue was placed in a 

s&l imation appratus. The product, a.a’-dibromo-2,3,5.6-tetrafluoroxylene 

(84.29, 250mmo1, 72%) sublimed at room temperature (0.5mm Eig) and recrystallized 

frUa ethanol; np 68-70°C (lit. 191. as-70°0. 

4-Methyl-2,3,5,6-tetrafluorobenzyltrimethylammonium Bromide __- -- 

lhhydrous trimethylamine (20 mL) was evaporated from an ice-cooled flask 

and passed into a stirred solution of a-brano-2.3.5.6~tetrafluoroxylene (37.69, 

146mmol) in dry ether (1OOmc) for 3h. lhe resulting white suspension was 

filtered and washed several times with ether. The 4-methyl-2.3.5.6- 

tetrafluorobenxyltrimethylammonium bromide (44.09, 14Ommol. 96%) was air-dried 

and collected as a white solid. 

4-Methyl-2,3,5,6-tetrafluorobenzyltrimethylammonium Hydroxide 

Tb a solution of 4-methyl-2,3,5,6-tetrafluorobenxyltrimethylammonium 

bromide (15.19. 47.9mmol) in water (62.5mLl was added freshly prepared silver 

(I) oxide (16.59. 7Ommol). l’be resulting thick suspension was stirred at rocm 

temperature for 1Jh. ‘Ihe silver bromide precipitate was collected by 
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filtration and washed with water to give 100 m7, of an agueous solution of 4- 

methyl-2,3,S,6-tetrafluorobenxyltrimethylammonium hydroxide. The solution was 

used without further purification for the preparation of 4.5,7.8,12.13.15,16- 

octa.fluoro(2.2)paracyclophane (a). 

A solution of 4-methyl-2.3,5,6-tetrafluorcbenzyltrimethylammonium hydroxide 

UOOmL, 0.479M) was placed in a 500 mL flask along with phenothiazine (0.625g) 

and toluene (25OmL). The flask was fitted with a mechanical stirrer and a Dean- 

Stark apparatus. Ihe vigorously stirred solution was heated to reflux. The 

water was removed continuously from the dark red solution. After 8h. no further 

trimethylamine evolution occurred and no additional water was collected. lhe 

mixture was allowed to cool to room temperature. The insoluble polymeric 

material was separated by filtration. ?he toluene filtrate was used in a 4h 

continuous extraction Goxhlet) of the residue. The toluene was removed under 

reduced pressure to give a red solid. Sublimation (lOOoC, 03mm Rg) afforded a 

yellow solid. Recrystallization from metbylcyclohexane gave pure 

4,5,7,8,12,13,15,16-octafluoro(2.2)paracyclophane L (3.539. lO.Ommol. 42%) as a 

white solie sublimed above 20*, IR (KBr) 2950, 1475, 1270. 1177. 950, 720, 

580 cm-l; lI3 MlR KDC13) 3 3.29 ppn; lgP RMR Q 141.3 (8) ppa; 13C RMR KZC13) b 

153.6-141.0 (dm, JCF - 252 Hz), 117.7(m), 21.2Wppm. Anal Calcd for C16B8Fg: 

C. 54.56; 8, 2.29; F, 43.15. Found: C, 54.80; 8. 2.32; F, 43.00. 

5,6,8,9,14,15,17,18-Octafluoro-2,ll-dithia(3.3)-paracyclophane(4) 

The o.o’-dibromo-2,3,5,6-tetrafluoroxylene (13.19, 4O.lmmol) in benzene 

(100 mLJ was ad&d simultaneously with a solution of lithium sulfide (1.9Og. 

414mmol) in methanol (15OmL) to a flask containirq methanol (15OOmIJ under 

nitrogen. ‘Ihe two solutions were added over a 4h period and allowed to stir 

overnight. A white solid remained after the remwal of the solvents uder 
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reduced pressure. ‘Ib the concentrate, SOmL of benzene was added and the 

insoluble salts were filtered off. The filtrate. on evaporation, yielded a 

yellowish solid. Chromatography on neutral alumina, using hexanesldichloro- 

methane as meluents. afforded the pure bis thioether as a crystalline solid 

(4.~0g. 2l.lmmol. ~4%)~ mp 20S°C. IRMRr) 3005. 2955, 1480, 2420, 1390. 2300. 

1284. 1243, 1195, 1000. 935. 857. 758. 740. 676. 605 cm-l: lE NMR (CDC13) b 3.83 

(br 6) ppa; “P M¶R DCl3) d 141.9 (8) ppa. 

A photoapparatus containing 5.6,8,9,14.15,17,18-octafluoro-2,ll-dithia 

(3.3)paracyclophane(g) (3.099, 7.32mmol) in triethyl phoqhite (2OOmU was 

irradiated for llh under a flow of nitrogen using a high-pressure Banwia lamp 

(450 W) with a Vycor filter placed in a quartz immersion tube. The solution was 

cooled by a continuous flow of water through the jacketed immersion tube. lhe 

unreacted triethyl pbosfiite was recovered by distillation under reduced 

pressure. Water (75mL) was added to the oily brown residue and the solution 

was extracted with n-hexaneslbenxene (9O:lO). The organic layers (5OmL x 3) 

were canbined and extracted with water (75 mL x 3). After drying wer anhydrous 

magnesium sulfate, the solvents were partially evaporated. lbe yellow oil was 

flash-chromatographed on a short column of neutral alumina using n-hexaneibenxene 

(9O:lO) as eluents. The fractions containing the product were combined and the 

solvents removed. After sublimation at 1lOoC (OJmm Rg). the 

4,5,7,8,12,13,15,16-octafluoro(2.2)paracyclophane (0.679, 1.9mmo.l. 26%) was 

identified by comparison of %. 13C NWR, and IR spectra with those of an 

authentic saxple. 

1,3-Bis (mercaptomethyl)benzene (m-Xylylene Dimercaptan) 

m-Xylylene dichloride (24.39. 139mmol) In ethanol (15OmTJ was alowly 

introduced to a warm solution of thiourea (26.69. 3SOmmol) in ethanol (2SOmL). 
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The well-stirred solution became milky-white on addition of the dichloride. 

mce the addition was complete, ,the mixture was heated at reflw for Zh. Cn 

cooling, the diisothiuronium salt precipitated as a white solid. ‘Ihe salt was 

hydrolyzed with aqueous ammonia (24x&. 58%) at reflux for lh. After the 

solution had cooled to room temperature, it was acidified with loll sulfuric 

acid. The product was extracted with ether (lOOn& x 3) and the combined ether 

extracts washed with water (75mL x 2). !Ihe ether layer was dried over 

magnesium sulfate and the ether removed under reduced pressure. The resulting 

oil was distilled under vacuum to give 1.3-bis(mercaptomethyl)-benzene (21.49. 

126rurrol. 90%) as a colorless oil (75-77OC, O.lmn Eg). 

1,4-Bis(mercaptomethyl)-2,3,5,6-tetrafluorobenzene 

a,a’-Dibromotetrafluoro-p-xylene (42.09. 12Smmol) was added to a 5OOmL 

flask containing 1OOmL of isoprowl alcohol. A suspension of thiourea (24.Og. 

313mmol) in 1OOmL of water was added to the well-stirred solution. After the 

initial exothermic reaction had subsided. the mixture was heated under reflux 

for lh. Upon cooling to room temperature, the white diisothiuronium salt 

precipitated. The salt was hydrolyzed with acjueous ammonia (2OmL. 58%) and 

heated to reflux for 0.5h. An oil phase was noted on the bottom of the flask. 

lhe solution was acidified with 1074 sulfuric acid while still warm. Ch cool- 

ing to ice-bath temperature, the oily later solidified. ‘Ihe solid material was 

filtered and sublimed (rt, 03mm Sg). lbe white sublimate, 1.4-his- 

(mercaptomethyl)-2,3.5,6-tetrafluorcbensene (nc) (27.09, 112mmo1, 89%) was 

crystallized from 95% ethanol, mp 59-60°C: IR (KBr) 3000. 2948. 2354, 1480. 

1420, 1295, 1280, 1243, 1182, 1020, 928. 904. 770. 716, 657, 568 cm-l: lE MR 

(CDCl3) 8 3.87-3.72 (d. 2B. Jc82_SE - 9.1 EIz). A 2.07 (t. 18, &+ca,= 9.1 Hz) ppm: 

lgF NMR (CDCl3) d 145.14 (s) ppm: Anal Calcd for C8E6F4S2: C, 39.59; E. 2.49: 

P 31.32; S. 26.43. Found: C, 39.51: 8, 2.42: F, 31.27: S, 27.68. 
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5,6,6,9-Tetrafluoro-2,11-dithia(3.3)paracyclophane(_5) (Method A) 

A solution of 1,4-bis(mercaptcmethyl)-3.3.5.6-tetrafluorobenzene (4.849, 

2O.Ommol) and 1,4-bis-(chloromethyl) benzene (3.819, 19.9mmol) in benzene 

(1OOmL) was added simultaneously with a solution of RCH (2.79. 48.2mmol) in 1SOmL 

of ethanol to a flask containing 15OOmL of ethanol. under nitrogen. 'Ihe 

exothermic reaction was maintained at a temperature below SW during the 

addition (2h). lbe cloudy solution was allowed to stir overnight. A white 

solid remained after the solvents were remwed. The white residue was dissolved 

in 5OmL of benzene and the solution filtered. !Ihe filtrate was evaporated to 

dryness and the yellowish-white solid was sublimed (180°C, lmm Bg). Tire 

eublimate, S,6,S,9,-tetrafluoro-2,ll-dithia(3.3)paracyclophane (nc), (5.209. 

15.lmmol. 76%) was collected as colorless crystals: mp 199-200°C, IR (RSr1 

2990. 2975. 2930. 2890. 1480. 1413. 1389. 1230, 1250. 1223. 1142, 1100, 973, 

885. 818, 782. 734, 691, 598. 343 cm-l: 1 H NMR (CDC13) 6 7.22 (6, 48). 6 3.87 

(8. 4H), 6 3.78 (s,4H) ppm; lgP NMR (CDCl3) d 143.4 (8) ppm. Anal Calcdfor 

C16E12p4s2: C, 53.80; H, 3.31: F, 22.07; S, 18.62. Found C. 53.71: H. 3.SO: F. 

22.27: S, 19.84. 

5 6 8 9-Tetrafluoro-2,11-dithia (3.3)paracyclophane(k) (Method B) -LI 

A solution of 1,4-bis(bromomethyl)-2.3,5,6-tetrafluorobenzene (4.539. 

13.5mmol) in 100x& of benzene was added dropwise simultaneously with a solution 

of 1.4-bis(mercaptomethy1) benzene (1.86g. 13Jmmol) and sodium hydroxide 

Cl.lOg, 27.0mmol) in 1SOmL of methanol into a 2L flask containing 1.5L of 

methanol, under nitrogen. After addition was complete (2.Sh). the white mixture 

wan stirred under reflux for 7h A white solid remained after the evaporation 

of the solvents. 'Ihe crude prc&ctwae dissolvedin75mLofbenxeneandthe 

inorganic salts were separatedby filtration. Ihebenxenewaerextcved mder 

re&ced pressure. Ihe 5,6,8,9-tetrafluoro-2,ll-dithia(3.3)paracyclophane (4.02g. 
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ll.'lmmol, 87%) sublimed (180°C, O.Smm Hg) as a crystalline solid. The 'Ii and 

"P WWR. as well as the IR spectrum, were identical to an authentic sample 

obtained by Method A. Amixture of samples from Methods Aand Bexhibited no 

depression in melting point: np ZOOOC. 

4,5,7,8-Tetrafluoro(2.2)paracyclophane(2) (Method I) 

A solution of freshly distilled triethyl phoqhite (175mL) containing 

5,6,8,9-tetrafluoro-2,ll~ithia(3.3)paracyclophane (4.879. 14.2mmol) was 

Motolyzed for 14h using Eanovia lamp (450 W) with a Vycor filter. !lhe 

gbosphite was removed by simple distillation under a partial vacuum. The 

residual brown oil was prtially dissolved in hexanesknzene (90:10, 12SmL) and 

filtered through activated charcoal on Cklite. 'Ihe filtrate was extracted with 

water (5OmL x 3) and dried Over anhydrous sodium sulfate. 'Ihe liquor was 

concentrated by evaporation of the soltints and the yellow oil flash- 

chromatographed on a column of neutral alumina using hexanes as eluent Ihe 

product eluted in the first few fractions. A white solid remained after remwal 

of the hexanes. Sublimation afforded 4.5,7,8-tetrafluoro(2.2)paracyclo~ane 

(743mg, 2.65mmol. 19%): mp 188-190°C [31: IR (KM) 2970. 2950. 2857. 1590. 

1500-1440. 1317, 1280, 1260, 1163, 1000, 930. 890. 870, 795, 719. 597. 547 cm-': 

'II WWH KXC13) 31 6.84 Quintet, 4H. J = 0.8 Hz). 6 3.05 (m. 8H): 19F NMR 

(CDC13) d 138.44 (8) ppm. 13C NMR KDc13) a 152.20 (ml, 6 140.29 (m), 6 139.03 

(61, b 129.61 (6). 6 128.18 (ml, a 116.85 (m), a 32.95 (8). 6 22.03 (6) ppm. 

AnalCalcdforC16H12P4: C. 68.57: 8, 4.32: F. 27.12. Found: C, 68.98: H. 

4.47; F. 27.14. 

2,3,5,6-Tetrafluoro-p-xylylene-l,4-benzenediacetate (6) 

!&e diargentous saIt of 1,4qhenylenediacetic acid (3.79g. 934miool) in 

1SOOmL of acetonitrile reacted heterogeneously with a.a'-dibr~4,5,7.6- 

tetrafluor*pxylene (3309, 9.23mmolL !lhe dibranide in 1OOmL of acetonitrile 



411 

was added dropwise to the refluxing solution over 4h. tice the addition was 

complete, the cloudy tan mixture was allowed to reflux for 6h. The silver 

bromide which precipitated was separated by filtration and the acetinitrile 

recovered by simple distillation. The crude dilactone remained as a light brown 

solid. Sublimation (180°C. O.lmm Hg) afforded a crystalline solid (LOOg , 

2.86mmol. 31%). (nc). mp 247-g°C (ethanol), IRCIRr) 3055, 3010, 2970. 2948, 1770-j 

1490. 1450. 1373. 1320-1240. 1183, lI40-1090, 1080. 990. 950. 094. 820. 779. 

760. 690. 640. 376 cm": 'I3 NMR W.DC13) b 7.05 (8, 48). b 5.27 (quintet, 4H. 

J = 0.9 Hz). 6 3.43 (8, 4H) ppm: lgF NMR (CDC13) d 142.2 (8) ppm. Anal Calcdfor 

C18B12F404: C, 59.71: H, 3.28: F, 20.63, Found: C. 38.68: B. 3.31: F. 20.69. 

4,5,7,8-Tetrafluoro(2L2)paracyclophane (Method II) 

Ihe dilactone (926mg. 2.65mmol) was dissolved in 2OOmL of anhydrous 

methanol and purged with dry nitrogen. The solution was irradiated under 

nitrogen using a high-pressure Ranwia lamp (450 W) unfiltered through quartz. 

!Ihe solution was cooled by means of a jacketed immersion tube containing the 

mercury lamp. The progress of the reaction was followed by 'R NMR of SlisUOtS 

taken at lh intervals. After 1Oh. no starting material could be detected and 

irradiation wan stopped. !Ihe solvent was removed and the prockcts 

chromatographed on silica gel. The 4,5,7,8-tetrafluoro(2.2Qxtracyclophane 

(623mg. 2.23mmol. 84%) was eluted with hexanes. lhe III WWR and IR spectra were 

identical to those cbtained by the previous method. Wo depression of melting 

point was noted in a mixed sample. 'Ihe intermediate monolactone (I) (nc) (86mg. 

0.29mmol. 10%) was eluted with hexanes/dichloromethane (9O:lO): mp 228-2309, 

IR (m3) 174S, 1495, 1368, 1295, 1240-1210, 1117, 993, 895 cm-': 'H NHR 

(CDC.13)6 6.77 (8, 4Ii). 6 5.06 (t, 2H. J = 1.6 Ez) 6 3.35 (8. 28). I 3.10 (t. 48. 

J-1.5 Ez) p&an. 
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A solution of 1.3-bis(chloromethy1) benzene (3.239. 18.5mmol) in 1OOmL of 

benzene was added dropvise simultaneously along with a solution of 2.4- 

bis(mercaptomethyl)-2.3.5,6-tetrafluorobenzene (3.179, 18.6mmol) and KOH (1.04 g. 

18.68~1101) in 15OmL of methanol into a 2L flask containing 1.5L of boiling 

methanol. The solution was stirred vigorously under nitrogen during the 

addition (3h) as well as the reflux period (8h) that followed. A white solid 

remained after removal of the solvents. Direct sublimation (160°C, O.lmm Ag) 

gave the his thioether (5.489. 15.9mmol. 86%) as a crystalline solid: mp 159- 

160°C (from ethanol)(nc~; IR (KBr) 2996, 2975, 2934, 2880. 1488-1477. 1440-1397, 

1284, 1206. 1148, 1084, 983. 781. 704. 667. 605 cm-l: ‘H NMR (CDC13) 8 7.13 (m, 

3Ei). b 6.10 (br 8. 18). b 3.88 (8. 48). b 3.56 (6, 4R) ppm: lgF NHR (CDC13) d 

244.07-144.56 (m) ppm: 13C NMR (CDC13) b 151.84, b 149.95 (m) and b 139.54-137.65 

(III) td,JcF - 246.10 Hzl, b 138.87 (6). b 128.65 (6). b 127.50 (s), b 125.54 (s), 

b 117.46, 8 115.25 (m) b 35.45 (8). b 22.87 (m, JCF - 2.2 Rz) ppm. Anal Calcd 

for C16R12F4K2: C, 55.80; Ii, 3.51: F, 22.07. Found: C. 55.74; 8, 3.48; F, 

22.19. 

A solution of trietbyl phcsphite (175mL) containing 14.15.17,18- 

tetrafluoro-2.11-dithia(3.3)metaparacyclofiane (5.039, 14.06mmol) was irradiated 

(12h) under a flow of nitrogen using a high-pressure Xanovia lamp (450 W) with a 

Vycor filter contained in a water-cooled quarts immersion tube. After 

irradiation. the unreacted triethyl phosphite was recovered by distillation , 

under reduced pressure. Tb the oily brown residue, n-hexanelberaene (90:10), 

125mL) was added. ‘Ihe cloudy solution was filtered through activated charcoal 

(0.5g) on Mite. lhe filtrate was extracted with water (5OmL x 3) and dried 

over anhydrous magnesilrm sulfate. !Ihe liguid was wncentrated by partial 
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evaporation of the solvents. lhe remaining light brown oil was flash- 

chromatographed on neutral alumina using hexaneslbenzene (9O:lO) as the solvent 

system. The early fractions, which contained W active material, as determined 

by TLC (Eastman). were combined and the solvents remaved. lhe product. 

12,13,14,15-tetrafluoro(2.2)metaparacyclo~ane(nc) (0.969. 3.43mmol. 24%). 

sublimed at llO°C (0.2mm Hg) as a white solid: mp 127-128oC: IR (CC14) 3018, 

2990. 2960. 2945, 2868. 1477. 1440. 1322, 1260, 1162, 1018. 947. 898 cm": 'H 

NMR (CDC13) 7.29-6.77 (m, 3H): 5.89 (br 8, lH), 6 3.25-2.19 (m, 88) ppm: 19P NMR 

(CDC13) d 144.67 (d, J = 9.5 Hz). 146.38 (d, J = 9.8 Hz) ppm; 13C NMR (CDC13) 

155.95-151.85 (m). 6 143.64-139.38 (ml, b 138.83 (6). 131.65 (6) b 128.51 (6). b 

126.73 (6). 6 120.00-117.10 (m), 6 33.62 (6) 6 25.30 (6) ppm. Anal. Calcd for 

c16H12p4: C, 68.57: H, 4.32: F, 27.12. Found: C, 68,58: 8, 4.50; F, 27.39. 

Attempted Acid-Catalyzed Rearrangement of 4,5,7,8_Tetrafluoro -____ 

(2.2)paracyclophane(2) -- 

A procedure similar to that used in the preparation of (l.lhetapra- 

cyclophane was utilizedt81. lhus. 4.5.7.8~tetrafluoro(2.2)paracyclophane 

(8.49mg. 3.03mmol) was added by means of Gocch tubing into a 5OOmL threenecked 

flaskcontainingdrydichloromethane (3OOmU saturatedwithanhydroushydrogen 

chloride and aluminum chloride (45Omg. 3.38mmol) under nitrogen at O°C Al- 

though the solution attained a light orange color after stirring for 1 hour. no 

new products were noted on TLC (hezanes/dichloromethane 95:)) with a W indicator 

(Eastman). The ice-bath was removed and the flask was allowed to warm to room 

temperature. The color Intensified to bright orange on warming. Again, no new 

prc&ctswere ind.icatedbyT7.C. Mter 2h.the reactionmizturewaspoured into 

1Oomt of water. Tbecolorwasimmediatelyeztinguished. Theclear dichloro- 

methane layer was neutralized with 5% sodium bicarbonate solution and dried over 

anhydrous magnesium sulfate. A white solid remained on removal of the solvent. 
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!lhe %I NMR and IR spectra, as well as the melting point (188-190°C). were that 

of 4,5,7,8-tetrafluoro(2.2)-paracyclo@ne (822mg, 2.9Omol). 96% recovered. 

C~I repeating the above procedure using deuterium oxide to quench the 

reacticn. noinccrporationof deuterium occurred, as evidentfromlEbMR 

integration of the resonance at b 6.84 (4H) to that at b 3.03 t8H). 
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