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Metract-The reactions of chromyl chloride with various phcnolic compounds ykld brown solids 
which in general do not have rtokhiomctrk composition. The hydrolysis of tluac solids givea varying 
yields of thcpbaK+now. The pm of chknku in the positions orrho to the phcnolic oxygen 
results in iwxcawd yields of the quinonc. 

DISCUSSION 

CHROMYL chloride has been used for the oxidation of organic compounds for many 
years. The reactions investigated prior to 1957 were the subject of a review,l and more 
recent progress in this field has been discussed by Wiberg.* 

The reaction which has attracted the most attention involves the conversion of 
toluene to benzaldehyde. The nature of the adduct formed in the toluene-chromyl 
chloride reaction has been the subject of much speculatiorV but there is as yet no 
definite description of this compound. The most recent evidence@ relating to the 
structure of the adduct indicates that is is a ordination complex containing benxal- 
dehyde co-ordinated onto chromium; magnetic susceptibility and ESR measurements 
indicate that the chromium is present as Cr(IV).a 

The preparations of benxoquinones are well documented.’ Chromyl chloride has 
been used to obtain certain quinones from aromatic hydrocarbons.’ Fremy’s salt* 
and lead dioxidelO are amongst the more recently introduced reagents used for the 
oxidation of phenols to quinones. 

We have investigated the reactions of chromyl chloride with compounds of the 

type 

,,Y ;’ 

where X, is -H or 

o- 

--SiCl, and X, is -H or -Cl. 
o-x* 

xY--x. 

* W. H. Hartford d M. Durin. C-km. Rew. S8.1 (19S8). 
’ K. B. Wibag. Oxtitbn Ln Ogauic C%mhy. Academic Rraa (1965). 
‘0. H. Wbcdcr. Cd. 1. Ckn. 38.2137 (l%O). 
’ I. Nasoui, A. J. Bnlban. 1. Ibcuu, E Sling, M. Eliam and C. D. Nenitzexue. Te~rohiron 19, 

1113 (1963). 
’ K. B. Wibcrg and R. Eknthal. Te~rahrdron 20. 1151 (1964). 
’ H. c. DufcIl and R. Tucker. Gem. & Ind. 1262 (1966). 
‘J. Cuon. Oganic Rcactbnr. Vol. IV; p. 30S. Wily. N.Y. (1948). 
’ 0. H. Wheckr. Ccwd. /. Chum. 36,949 (1958). 
’ H. J. Tcubcr and W. Rau. Chem. k. 64,1036 (19S3). 

I’ M. Haiayatullab and L. Dahclk. C.R. Acod. Scl.. P&s 2!54, 2.369 (1962). 
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These reactions, carried out in a large excess of dry carbon tetrachloride, give brown 
solids, the compositions of which do not correspond to definite adducts. The solids, 
on hydrolysis, give either tar or quinone. Substitution of chlorine for hydrogen in the 
2 and 6 positions leads to a considerable increase in the yield of quinone. Thus, while 
2,6dichlorophenol and 2,4,6trichlorophenol give good yields of 2,6dichloro-p 
beatoquinone and pentachlorophenol gives a yield of chloranil in excess of 70%. 
ochlorophenol gives only a very small yield of 2chloro-pbenzoquinone and phenol 
itself gives only traces of pbenzoquinone. 

The nature of the solids formed in the initial reaction has yet to be elucidated: 
the composition and nature of hydrolysis products point to their being mixtures, 
The IR spectra of most solids show few well defined features beyond strong bands 
in the 3300-3500 cm-r and 160&1700 cm-* regions. There are exceptions to this rule; 
the solids derived from 2,4,6_trichlorophenol and pentachlorophenol show absorption 
bands similar to those described for the benzoquinonesll formed on hydrolysis. This 
evidence would seem to point to the presence of the quinone in the solid. Further 
pieces of evidence leading to the same conclusion are the ease of removal of the 
chloranil from the pcntachlorophenol solid: it can be removed by washing with hot 
dry carbon tetrachloride, and, the removal of 2,6dichloro-pbenzoquinone from the 
2,4,6_trichlorophenol solid by vacuum sublimation. 

In the latter case it should be pointed out that although the 2,6dichloro+enzo- 
quinone is more soluble than the chloranil it cannot be removed by washing with hot 
carbon tetrachloride; the quinones could not be removed from any of the other 
solids prior to hydrolysis. 

The firm adherence of the quinone to the solid indicates that it is bonded chemically 
rather than present as a mixture. The mode of attachment is not obvious. Ex- 
tending the conclusions of Duffin and Tucker, d the solid could be described as a co- 
ordination complex of the quinone in which the carbonyl oxygen acts as the ligand 
atom. X=0 --c Cr. There are, however, some examples of quinone sandwich 
complexes with transition metals in ion oxidation states:” the solids prepared by us 
could be further examples of this type of compound but this is unlikely in view of the 
high oxidation state of the chromium. 

A mechanism for the oxidation of phenols to quinones with Fremy’s salt has been 
presented by Teuber;’ a similar mechanism could be used to explain the reactions 
occurring in the systems studied by us. 

The reaction can be conveniently split into 3 stages as follows. 
I. The formation of the semiquinone: 

I1 F. E. Pritchard. Sjwctnxhim. Acfa 20, 127 (1964). 
I*G. N. Schraum and H. ThynX. 1. Am Ckm. Se. 6& 6420 (1960); 2. Narurfirsch. 17b, 73 

(1962). 
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II. The electrophilic attack of the semiquinone by the chromyl chloride: 

0 

III. The rearrangement of the ester to give the quinone: 

Similar processes could be written for stages II and III in which the other semi- 
quinonc is converted to the orthoquinone. 

For compounds in which X = H further reaction or rearrangement is likely but 
until definite evidence of structure is available no mechanism can be postulated for 
this process. 

The phenoxytrichlorosilanes require a modified scheme outlined below: 

4 
cl 

-0 (’ /” Cr\ P - 0-Si-Cl 
‘cl 

-0 ==o= /x 
O-Cr-Cl - \o ‘Cl 

SiCIa 

While we have given greatest emphasis to the formation of the pbenzoquinone, 
mainly because such compounds have been identified in our systems, the formation 
of the o-benzoquinones cannot be excluded. In many systems brown and red tars were 
formed as a result of the hydrolysis reaction and such tars could well arise from the 
decomposition of the o-benzoquinones. 

The firm adherence of the organic matter to the chromium would be better ex- 
plained by o-benzoquinone formation as this compound could function as a chelating 
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agent towards the chromium, 
formation. 
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but as yet these is DO evidence of o-benzquinone 

An alternative explanation of the tar formation could be free radical formation 
during the first stage of oxidation, and coupling of the free radicals to form polymtr~.*~ 

EXPERIMENTAL 

Tbc phenois were p&&d by r~~~~~tlllitatio~ or kactional distillation. The phcttoxytrichloro- 
silaaar were prepared by heating the appropriate phenol, dissolved in benzene with a fivefold excc~s of 
Sic&: puriikation was effected by fractional distillation. The chromyl chloride was uxcd 011 supplied 
by Mcssm. Hopkin and Williams, unlm analysis indicated it to be impure, in which case it wax 
purified by fractional distillation. The Ccl, was purifibd by fractional distillation. 

In each of the rcactkms studied the following proadurc WBS used. The chromyl chloride in a 
lare excess of dry CC& was added slowly to a well stirred soln of the phenol, or p~tox~or~ 
silanc, in a large excess of dry CCI,. 

The mixture was stirred, or shaken for a further 2 hr. and then filtered through a sintcred glass 
filter suitably protaztcd from the atmosphere. Aftcr washing the solid with dry Ccl, final tmces of 
solvent were removed under reduced press. The IR spectrp of the solids were recorded in Nujol mulls 
using a Grubb Canons Spcctromaster. These mulls were pnpsrrd in a dry atmosphere. 

The solids were hydrotysed under a variety of conditions. For tbc solids derived from the dicMoro. 
trichloro and ~~lorop~k and the solids derived from the ~~~~p~ox~ and trkhloro- 
phcnoxytrichlorosilanuanes, the hydrolysis was performed by adding the solid to a large excess of water, 
filtering off quinonc so formed and extracting further quantities of quinonc from fhe aqucolu soln 
with ether or CC!,. For the solids derived from the phcnok or phcnoxytrichlorosilana containing 
fewer thao two chlorines attach& to the ring, the above prncedurc gave only brown or red brown 
tan. Where only a tar could be obtained, hydrolysis with hydrati Na,C0, or hydrated MgSO, was 
tried. By heating a mixture of the solid and hydrated salt in Ccl, it was sometines possibk to isolate 
small quantitiu of quinom. 

PluMi (18.8 g, 1 mole )and chromyl chloride (31-O g. 1 mok) gave a brown solid (45.7 gl, (Found : 
C. 28.2; Cl, 329; Cr. 17.8: CMc. for 1: 1 adduct: C, 28-9; Cl. 28-S; Cr. 209%) Hydrolysis of this 
solid ykIdcd a dark brown tar from which only tracea of pbcnzoquinonc could be obtained. 

o-ChIorophenol(4~10 g, 1 mok) and chromyl chloride (6.70 g, 1.33 moks) ~BYC a brown solid 
(1MS g), (Found: C, 2@3: Cl, 35.7; Cr. 18.4: Cak. for 1: t Edduct: C. 25-4; Cl, 376; Cr. U+S%.) 
Hydroiysis of the &id gave a brown tar from which 2_choIre+nzoqui was obtainal on vacuum 
sublimation. The yield of quinom obta&d was approximately 15%. 

2&Dichlorophenof (12.70 g, 1 mok) and chromyl chloride (12.10 g, 1 mok) gave a bmwn solid 
(2@6 g), (Found: C. 22.2; Cl, 47.2; Cr, 16.2; Calc. for 1: 1 adduct: C, 22.6; Cl, 44.6; Cr. 16+3x.) 
Hydrolysix of sampks of the solid gave 2,6-dichloro-pmuinonc in yields of approximately 40%. 

2,4,67Mchforo@1e~f (19.75 g, 1 mok) and chromyl chloride (lS50 g, 1 mole) gave a brown solid 
(28.65 g), (Found: C, 2@3; Cl, 475; Cr. 14.6. C&c. for 1: I adduct: C, D4; Cl, S@4; Cr, 14.7x.) 
Hydrolysis or vacuum sublimation of sampIes of the sotid gave Z,ddkhloro-@nzoquinon in 
yields of 5560%. 

Penmchloropknoi (13.40 g, 1 mok) and chromyl chloride (7.7 g, 1 mok) gave a brown solid 
(lS+$g), (Found: C, 174; Cl, 57.6; Cr, 128. Cak. for 1:l adduct: C, 17.1; Cl, 594; Cr. 12.3x.) 

‘*A. I. Scott. Quarr. Rra. XIX, 1 (1965). 
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Hydrolysis, or extraction with hot CC& of sampks of the solid, gave chloranil in yields betwbta 70 
and 80%. 

Phcmxyrrich/orosi&me (22-7 g. 1 mok) and chromyl chloride (15.1 g, 1 mok) gave a dark brown 
solid (29-6 g), (Found: C. 15.7; Cl, 46.2; Cr. 16.9. Cak. for 2 s-3 chromyl chloride adduct; 
C, 15.6; Cl, 463; Cr. 16.9’/,) Hydrolysis of the solid gave a dark brown tar. 

o-Ch/orophmoxyrrichlorosilune (26.2 g. 1 mole) and chromyl chloride (1 S-5 g, 1 mok) gave a brown 
solid (27+0 @, (Found: C. 14.2; Cl. 484; Cr. 15.6. Cak. for 2 silane3 chromyl chloride adduct; 
C, 14.6; Cl, 50.25; Cr. IS.8 %.) Hydrolysis of this solid gaw a tar. 

2.6Dichlorophmoxyrrichlorosilonc (5.93 g. 1 mok) and chromyl chloride (7.75 g, 1 mok) gave a 
tight brown solid (8.6s g), (Found: C. 16.1; Cl. 46.9; Cr. 17.5. Cake. for 2 silane3 chromyl chloride 
adduct: C, 13.6; Cl. S3-5; Cr. 14.7x.) Hydrolysis of sampks gave only one organic product- 
2$dichlorc+cnzoquinonc. 

2,4,6-Trichlorophenoxyrrfchiorosihzne (3.31 g, 1 mok) and chromyl chloride (7.75 g, 2 mola) 
gave a tight brown solid (4.13 g), (Found C. 15.7; Cl, 479; 0, 170. C&c. for 2 siti3 chromyl 
chloride adduct : C. 12.7 ; Cl, 565; Cr. 13.8 %.) Hydrolysis gave only fGdichlor~@cnzoquinonc. 

The bands in IR spectrum of the trichlorophcnol solid arz tabulated below, togetha with those for 
the partially hydrolyscd solid and for the pure 2,ddichlor~pbenzquinonc. 

Solid-product 

(Frequencies in cm-l) 
solid afta 

exposure to Z$-dichloro- 
the atmosphere pbenquinone 

1694 V.S. 

1574 V.S. 

1330 sh. 

1282 m. 
12% m. 
1050 V.S. 
904 V.S. 
790 v.s. 
781 V.S. 

1702 V.S. 

1661 very 
1652 broad 

I 1639 V.S. 
1587 V.S. 
1510 m. 
1324 V.S. 

1294 V.S. 

1281 V.S. 

1038 V.S. 
907 vs. 
795 s. 
781 V.S. 

1698 V.S. 

1661 
1653 vs. 
1648 I 
1586 !I. 

133Osh. 
1293 m. 
1278 v.s. 

1038 V.S. B (CH) 
913 v.s. Y (CH) 
800 s. Y (CW 
781 V.S. Ring breathing. 

* (CIO) adjaant 
to CA1 

v (c=-o) adjetznt 
to CH 

* (C-c) 
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