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(exuess) sulfur, which proceeded smoothly a t  250" 
provided an extremely high yield of the cyclic 
monosulfide (CF2)8, thiaperfluor~cyclopentane.~" 
This compound, owing to  its "globular" shape and 
weak intermolecular forces, resembles cyclohexane 
and perfluorocyclohexane in having a relatively 
high freezing point ( - 6 . 5 " )  and a very low entropy 
of fusion (ca. 2 e.u.), which corresponds to  very 
little inhibition of motion in the crystal. At - 127.2" 
there is a solid state transition with an entropy 
change of 18 e.u., a more nearly "normal" value 
for the immobilizing of  fluorocarbon^.^ 

EXPERIMENTAL 

ThiapeP~uorocyclopen~ane. Into each of five 30-ml. 
heavy-xalled borosilicate glass ampoules was placed 7.0 
g. of 1,4-diiodoperfluorobutane,~ ny 1.4265, (total 0.077 
mole) and 1.0 g. of sulfur (total 0.156 g.-atom). These were 
sealed in ZIUCUO, heated for 20 hr. a t  250' in a rocking tube- 
oven, then chilled in liquid air, opened cautiously, and 
warmed to  room temperature. The crude liquid reaction 
product, decanted from the solid lumps of iodine and un- 
changed sulfur, weighed 1'7.0 g. A portion, 11.7 g., was 
distilled in an efficient IO-cm. packed6 fractionating column, 
and from it there was obtained 9.8 g. of thiaperfluoro- 
cyclopentane, (CF2)4S, (0.042 mole), corresponding to a 
yield of 79% from the diiodide. 

AnaZ.7 Calcd. for CdFsS; C, 20.70; S, 13.82. Found: 
C, 20.8; S, 13.9. 

Thiaperfluorocyclopentane has b.p. 40.7', ny 1.3052, 
d:5 1.6339 i .0003, f.p.43819 -6.5", and solid state transi- 
tion point,4sg -127.2'. The heat of fusion was estimated as 
0.4 kcal./mole (entropy of fusion ca. 2 e.u.) and the heat of 
transition as approximately 2.6 kcal./mole (entropy of 
transition ca. 18 e.u.) by the relative area r n e t h ~ d , ~  the 
equipment having been calibrated m-ith cyclohexane, 
toluene, and other similar materials. The observed molar 
refraction, 26.92 cc., laadsla to an atomic refraction of 7.40 
for sulfur, a value lower than the usual Eisenlohr values 
due to electron withdrawal by the perfluorinated group. 
The strongest bands in the infrared spectrum of the vapor 
are a t  7.42, 7.76, 8.22, 8.75, and 10.10 microns. 

The ultraviolet spectrum (O.lo% in isooctane) shows a 
single band having Amax = 2211 A., e,, = 50, and width a t  
half-height W1/, = 6920 cm.-l 
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The condensation of 2-G-dihydroxymethyl-p- 
cresol with excess p-cresol gives a well defined 
crystalline product, m.p. 215".Ie3 The structure of 
this compound has been in some doubt since both a 
linear "tri-nuclear" dibenzylphenol s t r ~ c t u r e ' ~ ~  
and a cyclic "tetra-nuclear" structure2 have been 
suggested. Very recently, Hayes and Hunter4 pre- 
sented good evidence for the linear "tri-nuclear" 
structure. 

We have confirmed the findings of Hayes and 
Hunter by the unambiguous synthesis of 2,6-bis- 
(2-hydroxy-5-methylbenzyl)-p-cresol, I, via de- 
bromination of 2,6-bis(2-hydroxy-3-bromo-5-meth- 
yIbenzy1)-p-cresol, 11. 

?H ?H 

i 

The condensation product of 2,6-dihydroxy- 
methyl-p-cresol and excess p-cresol was identical 
by microanalysis, melting point, mixed melting 
point, and infrared absorption spectrum with I. 

As supporting evidence for the "tetra-nuclear," 
2 : 2 (2,6-dihydroxymethyI-p-cresol: p-cresol) struc- 
ture, Niederl and McCoy2 reported that the equi- 
molar condensation of 2,B-dihydroxymethyl-p- 
cresol with p-cresol yielded a crystalline, well 
defined product. We attempted to repeat this 
experiment, although we could not reproduce the 

(1) M. Koebner, 2. Angew. Chem., 46, 252 (1933). 
(2) J. B. Xiederl and J. S. McCoy, J .  Am. Chem. Soc., 65,  

(3 )  S. R. Finn and G. J. Lemis, J .  SOC. Chenz. Ind. (Lon- 

(4) B. T. Hayes and R. F. Hunter, J .  Appl. Chem., 8 ,  743 

629 (1943). 

don) ,  69, 132 (1950). 

(1958). 
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cxperiniental caiidit~oiis exactly, and obtained only 
res111o11s matenal. 

On the other hand, condensation of 2,6-dihy- 
i3roxymethyl-p-chlorophriiol with excess p-cresol 
proceeded in a completely analogous manner as 
n hen 2,G-dihydroxymethyl-p-cresol was condensed 
u ith excess p-rresol. h well defined, crystalline 
product, m.p 222-223 " )  was obtained. Because of 
the presence of chlorine, microanalyses clearly 
permitted a choice in favor of the "tri-nuclear," 
I : 2 (2,Ci-dibydroxyrriethgrI-p-chloropheao1: p-cresol) 
condensation pi-oduci, ~,8-bis(2-hydroxy-5-methyl- 
bcn~~l)-i~-(.h10~ophen0j , a "tetra-nuclear, " 2 : 2 
condematlon producl, is clearly ruied out. Similarly: 
condeiisatiori of 2,Ij-dihydroxymethyl-p)-cresol with 
either p-chloroyhenol or p-bromophenol gave in 
each caw, the "'tri- nuclear,'^ 1. : 2 (2,6-dihydroxy- 
methyl-p-cresol: jdmlopbcnol) condensation prod- 
uct: characterized as such by microanalysis. 

EXPERIMENTAL6 

2,6-Bis( d-h ydroxy-6bromo-6-meth yibenzy1)-p-cresol. 3 A mix- 
ture of 8.4 g. (0.05 mole) of recrystallized 2,6-dihydroxy- 
methyl-p-cresol and 65 g. (large excess) of 2-bromo-p- 
cresol was warmed on the steam bath until nearly all t'he 
dihydroxymethyl derivative had dissolved. The mixture 
was cooled to 40": and treated with 1 ml. of concd. hydro- 
chloric acid. After a ,short t,ime, the mixture was treated with 
50 ml, of petroleum ether (b.p. 30-60') and permitted to 
stand. 

After a mek,  the reaction mixture was diluted with 100 
d. of petroleum ether, the solid product was filtered and 
washed copiously with petroleum ether. 

The solid was recrystallized from alcohol-water, acetic 
acid-water (several times) and finally from acetic acid to 
give a colorless, microcrystalline product, m.p. 175-177'; 
lit., m.p. 176'. 

~ ,6 -E i s~d- i i , ydrozy -~~~nze thy lbenzy l ) -p -c re~~~Z .  A sample of the 
dibromo compound (1.8 0.0035 mole) was dissolved in 
50 ml. of 95% ethanol and 4 ml. of 10% sodium hydroxide. 
The solution was furt'her treated with 0.1 g. of palladium- 
carbon catalyst, and hydrogenated in a Parr apparatus for 
several days. The catalyst was then filtered, arid the clear 
filtrate diluted r i t h  an equal volume of mater. The solution 
was tlhen neutralized with several drops of concentrated 
hydrochloric seid and the now cloudy solution concentrated 
on the steam bath. The solid vhich separated from solution 
\vas filtered and recrystallized from acetic acid. The crys- 
talline solid, st,ill moist with acet,ic a,cid, was digested with 
boiling benzene for several minutes, filtered, washed copi- 
ously with petroleurn ether, and dried to give a, very pure 
sample, 1n.p. 215-217". 

Anal. Caicd. for C&~aOa: C, 79.28; E, 6.94; mol. wt., 
348. Found: C ,  79.45; FI, 7.17; mol. wt.,6 331 

A sample of the condensation product of the dihydroxy- 
methyl-p-cresol with a large excess of p-creBo1,2 purified as 
above, melted at  215-217", also; inixed m.p. 214-216'. 

Anal. Calcd. for CJLlOa ("tri-nuclear" product): 6, 
$9.28; H, 6.94; mol. wt., 348. Calcd. for C32H& ("tetra- 
nuclear" product): C, 79.!37; I-I, 6.71; mol. wt., 481. Found: 
C, 79.09; H, 6~91; mol. wt.,B 298 k 10. 

10. 

(5) All melting points are uncorrected. Microanalyses 
were obtained by the late Mr. 0. E. Sundberg and associ- 
ates. 

(6) Abraham Wilson, Louis Bini, and Robert Hofstader, 
Anal. Chern., 33, 135 (1961). 

Comparison of the infrared absorption spectrLt of the two 
samples furnished additional evidence of their identity. 

Equimolar condensation of d,6-dihydroxynzethyl-p-cresol arid 
p-cresol. A mixture of 8.4 g. (0.05 mole) of recrystallized 2,6- 
dihydroxymethyl-p-cresol, 5.4 g. (0.05 mole) pcresol, 
and 50 ml. of glacial acetic acid was warmed on the steam bath 
to give a clear solution (a solution did not form at  room 
temperature), chilled in ice, and the slurry saturated with 
anhydrous hydrogen chloride during cooling in ice water. 
The solution which formed was permitted to stand a t  room 
temperature. After 1 week, the solid product which had 
separated from solution was filtered and drained with suc- 
tion. The solid was nonhomogeneous and could be sepa,rated 
into three fractions: soluble in cold acetic acid, soluble in 
hot acetic acid, and insoluble in acetic acid. All three frac- 
tions melted over wide ranges and could not be recrystal- 
lized from acetic acid, aqueous acetic acid, alcohol or aqueous 
alcohol. 

d,6-Dihydroxy1r~ethyl-p-chlorophenol. A solution of 28 g. 
(0.25 mole) of p-chlorophenol, 12.5 g. of sodium hydroxide 
and 15 ml. of water was cooled to about 15" and treated nTith 
55 rnl. of 37Yu formalin solution. The mixture was permitted 
to stand tit room temperature. After several days the reac- 
tion mixture had set to a very stiff paste. The mixture was 
diluted with 60 ml. of 15% brine solution and was stsirred 
until fairly uniform. The solid was filtered, washed with 40 
mi. of 15% brine solution, and drained with suction. After 
neutralization of an aqueous Rolution of the sodium salt with 
dilute acetic acid, the product was dissolved in methanol, a 
small amount of acetic acid was added, the solution was 
clarified and poured into a large volume of water. The nearly 
colorless product was filtered, wa,shed wit'h water, drained 
with sucSion, and dried a t  55'. The yield of pure product 
was 10.8 g., m.p. 162-163°C.; Ilt.,'m.p. 165'. 

2,6-Bis(d-hydrox~-~--methylbenzyl)-p-chZorophenol. To a mix- 
ture of 4.8 g. (0.025 molt:) of 2,6-dihydroxymethyl-p-chloro- 
phenol a,nd 30 ml. (large excess) of p-cresol was added 10 
drops nf concd. hydrochloric acid. No visible reaction oc- 
curred. The mixture was treated with 25 nil. of petroleum 
ether (b.p. 3O-6Oc), warmed gently on t,he steam bath until 
all tho petroleuni ether had been evaporated and again 
treated with 25 ml. of petroleum ether. The reaction mixture 
was permitted to stand at  room temperature. After several 
days, the reaation mixture ha.d completely solidified. The 
solid mass n-as triturated with 50 ml. of petroleum ether, the 
slurry stirred until uniform, and the solid filtered. The solid 
was washed n 4 h  petroleum ethcr, and drained dry r i t h  
snct,ion. A smiple was twice recrystallized from glacial ace- 
tic acid, m.p. 22O-22Za. 'The sample itppearetl to be p d a l l y  
solvated I 

5.79; Cl, 9.12. Found: C, 70.00; PI, 6 47; C1,8.99. 
Anal. Calcd. for C22H21C103 * / ?  CHaC02H: C, 70.00; 11, 

The sanmle was desolvated by dipstion with boiling ben- 
zene, fo!lowed by digestion and kishing with boiling hexane; 
m.p. 222-223". 

Anal. Calcd. for C ~ ~ H Z I C ! ~ ~ :  C, 71.63; H, 5.74; C1. 9.61. 
Foimdr C, 71.88; H, 5.656; C1, 9.34. 

The benzene extract from above was permitted to cool 
yielding a small amount of colorless needles. After another 
recrystallization from benzene and washing with hexane the 
sample melted at  222-224'. 

A nal. Calcd. for C22H21C10a: C1, 9.61. Found: GI, 9.82. 
d,G-Bis( 2-hydroxy-6-chlorobenzy3)-p-cresol. Recrystallized 

2,6-diliydroxymethyl -p-cresol (4.2 g., 0.025 mole) was dis- 
solved in 35 g. (large excess) of previously melted p-chloro- 
phenol. -4 few milliliters of hexane were added to prevent 
crystallization of the starting materials, and the mixture 
further treated wiih 10 drops of concd. hydrochloric acid. 
The reaction mixture nd~ich became milky was heated on the 
steam bath for a short time and then permitted to stand a t  
room temperature. The gummy, semi-solid product was 

(7) bil. 'Vl'ciler and K. Berres, German Patent 510,447 
L____I_I_- 

(1930). 
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filtered and washed with a little benzene. The still gummy 
material was suspended in cold benzene, the slurry stirred 
until uniform, and the solid filtered. The more granular prod- 
uct was then digested with boiling benzene. The quite pure 
product was easily recrystallized from glacial acetic acid 
(twice) and then digested with boiling benzene. The product 
was subsequently washed with benzene and hexane, m.p. 
242-244'; lit.,* m.p. 239-240'. At this stage, microanalyses 
indicated that the sample was partially solvated with ben- 
zene. The sample was desolvated by digestion with boiling 
hexane and drying at  55' in vacuum for several days. 

Anal. Calcd. for C21H&120a: C, 64.79; H, 4.66; C1, 18.22. 
Found: C, 65.18; H, 4.45; C1, 18.41. 

Another sample was recrystallized from acetic acid. After 
preliminary drying at  50' for several days the sample was 
further dried in vacuum at  100" for 24 hr. 

Anal. Calcd. for CzlH&liOa: C, 64.79; H, 4.65; C1, 18.22. 
Found: C, 64.65; H, 4.87; C1, 17.84, 17.79. 

d,6-Bis(&hydroxy-6-bromobenzyl)-p-cresol. To a partial 
solution of 35 g. (large excess) of p-bromophenol and 35 ml. 
of hexane at  steam-bath temperature, was added 4.2 g. 
(0.025 mole) of recrystallized 2,6-dihydroxymethyl-p-cresol. 
The mixture vas then treated with 10 drops of concd. hydro- 
chloric acid, whereupon a vigorous exothermic reaction en- 
sued. A dense, semi-solid mass separated from the reaction 
mixture. The supernatant was decanted and the residue 
treated with benzene. This treatment promoted rapid crys- 
tallization of the product. The product was filtered and 
washed with benzene. Then it was suspended in cold benzene, 
filtered, and digested with boiling benzene. Finally, the prod- 
uct was recrystallized from acetic acid (twice) followed by 
digestion with boiling benzene. The sample was washed with 
benzene and hexane and dried, m.p. 231-232" dec., with prior 
sintering and discoloration beginning at  215'. The sample 
appeared to be partially solvated with benzene. The sample 
was desolvated by digestion with hexane, followed by drying 
a t  100' in vacuum for 24 hr. 

Anal. Calcd. for C21H18Br203: C, 52.74; H, 3.79; Br, 33.43. 
Found: C, 52.59; H 3.88; Br, 33.24. 
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Earlier publications in this series have dealt 
with the interaction of antimony penta~hloride~ 
and ferric chloride4 with simple alkyl- and halo- 
benzenes. This investigation is concerned with the 
scope of the reaction of these metal halides with 
deactivated aromatic compounds. Benzotrifluoride, 

(1) Part X of a series on Reactions of Metal Halides with 
Organic Compounds; from the Ph.D. thesis of A. K. Sparks, 
Case Institute of Technology, 1960. 

( 2 )  Allied Chemical Corp. Fellow, 1958-1960. 
(3) P. Kovacic and A. K. Sparks, J .  Am. Chem. Soc., 82, 

5740 (1960). 
(4) P. Kovacic, C. \Vu and It. W. Stewart, J. Am. Chem. 

SOC., 82, 1917 (1960); P. Kovacic and N. 0. Brace, J .  Am. 
Chem. Soc., 76, 5491 (1954). 

nitrobenzene and benzaldehyde were selected for 
study. 

Benxotrifiuoride. Products obtained from anti- 
mony pentachloride and bensotrifluoride included 
m-chloro-a,a,a-trifluorotoluene16 m-ben.zoyl-a,cr,a- 
trifluorotoluene, benzoic acid and tarry polymer. 
The compounds derived from side-chain attack 
might arise from precursors6-10 such as CaHbCXz+ 
(X = F or Cl). It is presumed that m-benzoyl- 
a,a,a-trifluorotoluene is formed by hydrolysis" of 
the intermediate m-C6H&X2C6H&F3 ( x  = F or 
Cl). Similar condensations of benzotrichloride 
with itself,l* phen0lsl3.l~ and benzene'6 have been 
reported. 

On the other hand, ferric chloride reacted ex- 
clusively with the trifluoromethyl group of benzo- 
trifluoride, yielding m-benzoyl-a,cr,a,-trifluorotol- 
uene and benzoic acid as the only isolable products 
after hydrolysis, in addition to tar. 

Nitrobenzene. Antimony pentachloride combined 
with nitrobenzene a t  103-118' to give a 64% yield 
of chloronitrobenzene (predominantly metu). 

In  contrast, ferric chloride exhibited a quite dif- 
ferent mode of reaction. Chloronitrobenzene, p -  
chloroaniline, 2,4,6-trichloroani1inel and chloranil 
were isolated in low yields. It seems reasonable that 
the amines rose $a reduction of nitrobenzene by 
ferrous chloride. Robertson and Evans have dis- 
cussed'6 the relationship between the nature of the 
reducing system and chloroaniline formation in the 
reduction of nitrobenzene. The generation of 
chloranil is somewhat reminiscent of conversion of 
a p-aminophenol to a chloroquinone by oxidation 
with ferric ~ h l o r i d e . l ~ - ~ ~  Although the reaction se- 
quences leading to  the various products are un- 

(5) E. Wertyporoch, Ann., 493,153 (1932). 
(6) A. L. Henne and M. S. Newman, J .  Am. Chem. SOC., 

60; 1697 (1938). 
(7) G. M. Le Fave, J .  Am. Chern. Soc., 71 , 4148 (1949). 
(8) Antimonv Dentachloride'and ferric chloride are known 

to 'catalyze hydrolysis of the trichloromethyl group (M. E. 
Hill, J .  Org. Chem., 25 ,  1115 (1960)). 

(9) M. Prober, J .  Am. Chem. Xoc., 76, 4189 (1954). 
(10) C. I. Tewksbury and H. M. Haendlcr, J .  Am. Chent. 

SOC., 71,2336 (1949). 
(11) (a) B. Bensley and G. Kohnstam, J .  Chem. Xoc., 3408 

(1955); (b) A. L. Henne and H. M. Leicester, J .  Am. Chem. 
Soc., 60,864 (1938). 

(12) A. \t70hl and E. Wertyporoch (Ann., 481, 30 (1930)) 
describe the formation of m-C6H5CC1&&CC13, mC6HsCC12- 
C ~ H ~ C C ~ Z C ~ H , C C & - ~ ,  and resin from benzotrichloride and 
aluminum chloride. 

(13) 0. Doebner and W. Stackmann, Ber., 9, 1918 
(1876). 

(14) M. S. Newman and A. G. Pinkus, J. Org. Clzem., 
19, 985, 992 (1954). 

(15) J. B. La1 and S. Dutt, J .  Indian Chem. SOC., 12, 389 
(1935); Chem. Abstr., 30, 452 (1936). 

(16) G. R. Robertfion and R. A. Evans, J. Org. Chem., 5 ,  
142 (1940). 

(17) J. Cason, Org. Beactions, 4,311 (1948). 
(18) L. I. Smith and \ST. B. Irwin, J. Ani. ChenL. SOC.. 

63,1036 (1941). 

1887 (1941). 
(19) L. I. Smith and J. A. Icing, J. Am. Chem. SOC., 63, 


