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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, 
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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- 
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known, the follom-ing processes might reasonably be 
involved at one stage or another: oxidation and 
nuclear chlorination by ferric chloride, rearrange- 
inents of the phenylhydroxylamine or Barnbergdo 
type. 

Quite recently, Miller aiid Khite reportedz1 the 
formation of hexachlorobenzene, together with a 
trace of chloranil, from the reaction of nitrobmzene 
with excess anhydrous ferric chloride at 190-195'. 

Renxaldehyde. The reaction of benzaldehyde 
with ferric chloride or antimony pentachloride22 
resulted in the formation of dark, polymeric solid 
acroxnpanied by the evolution of copious quantities 
of ga. containing hydrogen chloride. In  the case of 
ferric chloride. carbon m o n ~ x i d e ~ ~ ? * ~  was also 
detected in the efRuent vapor. 

EXPERIMENTALz5 

Antimotzjj peutachloride and benzotrifiuoride. 4 n t' imony 
pentachloride (144 g., 0.48 mole) vas  added slowly to benzo- 
trifluoride (292 g., 2 moles) with stirring under nitrogen at  
30-94" during 90 min. After 1 hr. a t  90-95", a-ork-up of the 
reaction mixture, including refluxing with water, yielded 
benzoic acid ( 2  g.) and a liquid (21.2 g.), b.p. 57-58' (40 
mm.), identified as chloro-cu,a,a-trifluorotoluene (91 
meta) by infrared analysis (authentic isomers as reference 
standards) and by hydrolysis7 to  m-chlorobenzoic mid, m.p., 
152.5-153' from toluene; lit.2e m.p. 153". 

clnnl. Calcd. for CiH&CI: Xeut. equiv., 156.6 Found: 
1.57. 

The liquid, 33.2 g., b.p. 105.5-106.5" (0.6 mm.), turned t,o 
a m-bite solid, m.p. 49-50.5". d mixture melting point Kith 
authentic m-benzoyl-a,a,a-trifluorotoluene from the ferric 
chloride-benzotrifluoride reaction showed no depression. 

The distillation residue consisted of brown solid (9.1 g.) .  
Ferric chloride and ben~otri'uoride.'~ A mixture of benzo- 

trifluoride (2 inoles) and anhydrous ferric chloride (1 mole) 
17-as heated under nitrogen a t  reflux for 4 hr. Work-up, in- 
rluding refluxing n-ith water, yielded benzoic acid (6.6 g.) 
:jnd m-bcnzo!-l-cu,cu,cu-t~ri~i~orotoluene, 29.6 g.? b.p. 121-123" 
(1 .5  min.), m.p. 31.5-53' from aqueous methanol. 

AZnal. Calcd. for C~~T-I~FBO:  C, 67.20; H, 3.62; F, 22.78. 
Found: C, 67.16; H, 2.77; F,28 23.14. 

Hydrolysis of a portion of this fraction n-ith sulfuric acxid7 
gave a 95% yield (crudc) of m-benzoylbenxoic acid, in p. 
15O.5--16Io from toluene; l i t .2Q m.p. 161'. 

-[nul. Calcd. for C,413,,,0a: S e u t .  equiv., 226. Fo~i i id :  228. 
The distillation rcsidut: consisted of dark brown, brittle 

solid (60 g.), 
.~tnt i tmny pentachloiirlP (172d izitrobenmze. :'I mixture of 

;intiinmy pentachloriclc (69.9 g., 0.23 moic) and nit'roben- 
zene (111.4 g., 0.01 inole) via6 hcat'ed at 108-118" under 

(20) E. 0. Uaiiiberyer, - ~ ? I ? L . >  424, 233, 297 (1921). 
(21) It. I:. lllillcr anti \\ I I\. Kkiitr, J .  Oiq. Cheui., 25, 

1249 (1980). 
(221 R. (yrfiehiii and 1: 13nnxigcr. A r i u  , 296, 6% (1807). 
(2.3) 13. H, IIei-, J .  C h r m  Soc. 72, (1935) 
(24) 11 1: I-iignade ant1 E. K. (hnd,i l l .  J .  ) \ I L  L'heiii 

Sol .) T l !  L2Oc) (1919) 
(25) Melting points aiid boiling points are urirorrccted. 

eleincntal analj see mere performed by Drb. Keiler and 
Straum, Oxford, England. 

(26) J. C. Smith, J .  Chem.  Soc.,  213 (1934). 
( 2 7 )  F .  J. Donat and C. IC Kilkins assided with this 

(28) IT'e arc' indebted to the I>on- Chemical Co. for this 

(291 1'. scsiitf, d l i i ~ ~ . ,  220, 2% (1883). 

experiment. 

analysis 

nitrogen for 4.5 hr. Chloronit'robensene, 23.5 g., b.p. 108.5- 
109.5" (11 mm.) mas obtained. The product mas a mixture of 
isomers, predoiniiiantly meta, as determined by infrared 
analysis. 

Ferric chloride wad nitrobenzene. -4 mixture of ferric chloride 
(0.5 mole) and nitrobenzene (1 mole) \\-as heated during 4 
hr. with stirring under nitrogen to  142" and then a t  182- 
204" for 1 hr. 

The reaction mixture was steam distilled and the stoam- 
volatile material \vas fractionated, yielding a yellow liquid, 
1.7 g., b.p. 103-103" (10 min.), vhich was identified as a 
mixture of chloronitrobenzenes by comparison of t h e  in- 
frared spectrum with those of t,he authentic materials. The 
brown distillation residue (1.3 g.) \Tag crystallized frorn 
toluene to  yield 0.71 g. of chloranil, n1.p. 289.5-290.5"; 
lit.30 m.p. 290'. 

Anal. Calcd. for C6Cl,02: C, 29.31; H, 0.00; C1, 57.68. 
Found: C, 29.21; H, 0.06; C1, 57.33. 

The pot residue from steam distillation n-as made basic 
and the steam distillation cont,inued. 12 small amount of 
solid (0.29 g.)> m.p. 74.5-76' from dilute ethanol, T T ~ S  col- 
lected from the condenser. A mixture melting point with 
authentic 2,4,6-trichloroaiiiline showed no depression. 

The remaining steam-volatile material m a s  distilled t o  
give a brown oil (0.1 g.), b.p. 64--96" (11 mm.). The infrared 
spectrum contained all t,he peaks of p-chloraniline, in addi- 
tion t o  bands indica.tive of a nitro compound ~ont~aininant.  
Reaction of a port,ion of this fraction \T--ith benzoyl chloridt: 
gave a white solid, m.p. IS8-190.5", which did not doprms 
the melting point of authentic n'-(p-chlorophcny1)beuzamidc. 

Antimony pentacldoride and benzaldehyde. Antimony prnt a- 
chloride (0.15 mole) was added to benzaldehyde ( I  .22 rrioles) 
a t  120-156" under nitrogen. After 30 min. a t  130-140". 
vorlr-up of the reaction mixture giclded black solid as tJhcl 
main product. 

And. Found: C, 63.43; H, 3.96; C1, 7.24. 
The infrared spectrum of a gas sample collected over water 

during the early stages of reaction revealed no trace of carhon 
monoxide. 

Ferric chloride and ben,zaldehyde. 3 l  .I niixt,urcl of brnzaldc- 
hgde (425 g., 4 moles) and ferric chloride (162 g., 1 mol(>) 
was heated under iiit,rogm at  145--160" for 1 hr. A gar. s m -  
pleZ3 showed very $Teak infrared absorption hands of similar 
intensity a t  2120 and 2180 cin.-l, characteristic of carbon 
monoxide; lit.32 2135 and 2196 crn.-1 (approx.). Th- reaction 
mixture yielded insoluble, infusible black solid (30 g.). 

Anal. Found: C, 76.26; El, 3.22; Cl, 0.14 Fc, 0.73. 
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In a recent report,2 it was shown that the tertiary 
amine salts of pheriylphosphinilz acid and the cor- 


