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In  continuation of studies on the Zincke and Suhl reaction (l), the reaction 
of benaotrichloride and p-cresol was investigated. The products of this reaction 
consisted of 2-hydroxy-5-methylbenzophenone (I) (40.4 % yield), a high-melting 
white compound (11) (29.4%), and a dark polymer. In spite of a careful search 
no trace of a substituted cyclohexadieneone similar to those formed in the Zincke 
and Suhl reaction (2) was found. 

Analyses and molecular weight determinations indicated a formula of C28H2203 
for 11. Infrared analysis showed the absence of hydroxyl and carbonyl groups. 
The compound gave no color with ferric chloride solution and was inert to acetyl 
chloride and to potassium hydroxide in boiling ethylene glycol for 24 hours. 
When a solution of I1 in concentrated sulfuric acid was poured into water I, 
C14H1202, was obtained in almost quantitative yield. On the basis of these 
facts we propose that I1 is 6,12-dipheny1-2,8-dimethyl-6,12-epoxy-6H, 12H- 
dibenao[b, f][lj5] dioxocin, as indicated in the formula. 6 C H 3 u c K r ) 3  C6HS [ 3 71 
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The structure of I1 indicated is preferred over the alternate possible structure 
I Ia  for the reason that compounds containing the heterocyclic 1,3,3-bicyclo- 
nonane system in the center are fairly common. The following examples have 
been found in the literature (3). 

On the other hand a careful review (12a) of the literature covering compounds 
allegedly containing a four membered ring fused to an aromatic nucleus (such 
as in IIa) reveals that there is insufficient evidence to establish firmly this struc- 
ture in any case (12b). The structure of diphenylene (IX) however, is firmly 
established (13). It should also be pointed out that structures such as X and XI 
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are well established (3) but in these the six membered ring is non-aromatic and 
the carbon atoms a t  the points of fusion are not doubly bonded. 

VI .4 (R = CH,) ( 7 )  
VI B (R = OCHD, OC2H5) (8) 

VI1 (R = CH1, OH) (9) VI11 (10, 11) 

IX x XI 

A further argument in favor of structures of type I1 as opposed to I Ia  is the 
fact that only one form of these compounds has ever been found. Models show 
that only a cis structure for compounds of type 11-VI11 is possible whereas 
structures of type IIa  permit racemic and meso forms. 

The structure we propose for I1 is similar to that proposed for “disalicyl- 
aldehyde” (XIII) and the chemical behavior (14) of the latter and I1 is quite 
comparabIe. A mechanism involving the stepwise formation of the bicyclic ring 
system through a six member ring intermediate (XII) was proposed (14). The 
chlorinated intermediate (XIT’), which would be formed if the mechanism (see 
below) of condensation of benzotrichloride with p-cresol is similar to that postu- 
lated for the Zincke and Suhl reaction in the accompanying paper (a), would be 
expected to yield I on direct hydrolysis. On stepwise reaction of the phenolic 
group of one molecule of XIV n-ith the CClz group of another molecule of XIT’ 
an intermediate XIVa mould be formed. Hydrolysis of the tertiary chlorine, 
ring closure with the remaining CClz group, and cyclization of the latter tertiary 
chloride with the remaining OH group would yield 11. The analogy with the for- 
mation of XI11 is apparent. 

OH 
/ 

2 

XI1 
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C6H6 
XIVa XI11 

Several attempts were made to isolate the postulated intermediate (XIV), 
but these were unsuccessful. When the reaction mixture was treated with dry 
methanol, in an attempt to obtain the ketal corresponding to  I, the only products 
obtained (in addition to the dark polymer) were I (78%) and a small amount 
of 2,6-dibenzoyl-p-cresol (see accompanying paper (15)). When the hydrolysis 
of the reaction mixture was carried out in the cold in the presence of calcium 
carbonate, only I (75.6 % yield) was obtained, no I1 being detectable. Evidently 
acid catalysis is necessary for the formation of the dioxocin (11) from the in- 
termediate. 

However, several attempts to convert I into I1 with acidic reagents failed 
completely. Furthermore, I1 is quite resistant to  acidic hydrolysis, the only 
effective method found for accomplishing this step being the dissolution of I1 
in concentrated sulfuric acid followed by quenching of this solution in water. 
It is interesting to note that the solution of I in sulfuric acid is yellow whereas 
that of I1 in sulfuric acid is deep red. When the solution of I1 in sulfuric acid 
was poured into methanol only I was obtained. A dichloro compound similar 
to  XIV has been obtained from 2-hydroxy-3,5-dibromo-4,6-dimethylbenzal- 
dehyde by treatment with phosphorus pentachloride (lo), the corresponding 
dioxocin (VIII) being a by-product. Hydrolysis of this 2-hydr0xy-3~5-dibromo- 
4 ~ 6-dimethylbenzal chloride yielded the starting aldehyde. 

Several attempts were made to synthesize a compound analogous to I1 from 
disalicylide (XV) (16) by reaction with phenylmagnesium bromide and phen- 
yllithium. Since these were unsuccessful no attempt was made with di-p-creso- 
tide (16). It has been shown that sym-dibenzocyclooctanedione-5,11 (XVI) 
reacts with only one equivalent of methylmagnesium iodide (9). 

XV XVI 

When phenol replaced p-cresol in the condensation with benzotrichloride only 
p-hydroxybenzophenone (90 %) was obtained. When chlorinated benzotrichlo- 
rides were used in place of benzotrichloride, compounds similar to  I and I1 were 
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obtained, together with other compounds which are described in an accompany- 
ing paper (1 7).  

The formation of the products, I and 11, may be accounted for by a mechanism 
similar to that previously postulated for the formation of 4-methyl-4-trichloro- 
methyl-2,5-cyclohexadieneone (2) from p-cresol and carbon tetrachloride. The 
ion pair (XVII) produced by the reaction of p-cresol with aluminum chloride, 
is susceptible to attack at  positions 1,2,  and 3. In  the case of the Zincke and Suhl 
reaction, condensation takes place mainly at  position 1. In  the case of reaction 
with benzotrichloride the increased steric requirements in the transition state 
involving benxotrichloride effectively prevent condensation from taking place 
a t  position 1. Accordingly reaction occurs a t  position 2 as pictured in the formula 
for the transition state, XVIII. The chloride ion displaced combines with the 
proton which is lost to yield hydrogen chloride. It is noteworthy that in this 
reaction the product is a chloroaluminum salt (XIX) containing an aromatic 
ring whereas in the Zincke and Suhl reaction the reaction product is a complex 
formed from aluminum chloride and a 4,4-disubstituted-2 , 5-cyclohexadieneone 
system (2). 

XVII 

1 
OAlClz 

XIX 
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EXPERIMENTAL 

General. Melting points have been taken with Anschutz total immersion thermometers 
on the purest samples obtained. Boiling points are uncorrected. All solvents used have 
been redistilled in addition to further purification wherever noted. The analysis is by 
Clark Microanalytical Laboratories, Urbana, Illinois. Infrared absorption curves were 
taken on a Baird double beam recording spectrophotometer using sodium chloride prisms. 

A l u m i n u m  chloride-catalyzed reaction of benzotrichloride and p-cresol. The procedure 
used was similar to  that  in the previous paper (2) using 8.33 g. (0.0625 mole) of aluminum 
chloride, 5.41 g. (0.050 mole) of purified p-cresol, 9.77 g. (0.050 mole) of redistilled benzo- 
trichloride, and 20 ml. of carbon disulfide. The p-cresol and aluminum chloride were first 
reacted as before and then the benzotrichloride was added dropwise over 5-10 minutes t o  
the mixture which was cooled by an ice-bath. 

On addition of the benzotrichloride, the mixture turned black immediately with hydro- 
gen chloride evolution. After two hours of stirring and cooling, the solvent was removed 
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in vacuo, and the mixture was decomposed by the cautious addition of water. (No difference 
in results was noted when dilute hydrochloric acid was used for the decomposition.) The 
product was taken up in benzene-ether and the layers were separated. The organic layer 
was vashed in turn with water and a saturated sodium chloride solution and then filtered 
through anhydrous sodium sulfate. Most of the solvent was removed by distillation and 
petroleum ether, b.p. 65-70', (Skellysolve B) was added gradually t o  the solution until 
the formation of crystals was noted. The mixture was then allowed to  stand for 2-3 hours 
and then heated and filtered (see below for filtrate). After washing with Skellysolve B 
and drying 2.99 g. (29.4%) of 11, m.p. 236.@236.5", was obtained. Recrystallization from 
dioxane-water gave colorless crystals, m.p. 236.5-236.7'. 

A n a l .  Calc'd for CzBHzz03: C, 82.7; H. 5.5; Mol. wt., 406. 
Found: C, 82.6; H, 5.5; Mol. wt., 405 (ebullioscopic method in benzene using a 
differential water thermometer). 

The Skellysolve filtrate from the dioxocin above was distilled to  yield 4.57 g,  of 2-hy- 
droxy-5-methylbenzophenone (I) as a yellow solid, m.p. 76-83', b.p. 119-122" a t  1-2 mm. 
Recrystallization from Skellysolve B gave 4.30 g. (40.4%) of I as yellow leaflets, m.p. 
82-83.0". A further recrystallization raised the melting point to  83.6-84.0", reported (18) 
84". The presence of benzotrichloride in the original mother liquor was confirmed by a 
color test (19). In alcohol solution, the hydroxybenzophenone gave a dark-greenish-blue 
color with ferric chloride. A mixture melting point with a sample of 2-hydroxy-5-methyl- 
benzophenone prepared by a Fries rearrangement of the benzoate of p-cresol (18) was not 
depressed. The residue from the distillation above consisted of a dark polymer which gave 
a deep purple color when dissolved in acetone. This probably consists of a triphenylmethane 
dye of the type mentioned in the preceding paper (2). 

The infrared spectrum of I in mineral oil (Nujol) and also in methylene chloride ex- 
hibited a strong carbonyl absorption band a t  6.11 p, an absorption band at  6.22 p in the 
double bond region, and no absorption in the region assigned to  phenolic hydroxyl band 
fundamentals. Compounds which have similar groupings such as o-hydroxyacetophenone 
and salicylaldehyde also show no hydroxyl band in this region. This phenomenon has been 
ascribed to  hydrogen bonding (20). 

An infrared curve of I1 in Sujol  mull showed no absorption in the hydroxyl or carbonyl 
regions and evidenced four absorption bands in the region ascribed to  unsaturation : 6.13, 
6.17, 6.22, and 6.25 p,  the first and third being of corresponding intensity and the second 
and fourth being somewhat weaker. An infrared curve of "disalicylaldehyde" (XIII) 
showed two absorption bands in the same region i.e., 6.15 and 6.23 p ,  which probably cor- 
respond to  the two benzo groupings in this molecule. 

In further experiments it was found that reactions run a t  room temperature and higher 
yielded larger amounts of dark polymer, whereas a t  temperatures lower than 0" reaction 
was incomplete after two hours. In a further search for other products, a benxene-skelly- 
solve B solution of the reaction mixture vas  extracted with Claisen's alkali (21) but no 
alkali-insoluble compounds were found besides the dioxocin and the dark polymer. 

Attempted reaction of the diozocin (11) with  potassium hydroxzde. Following a general 
procedure (22) the dioxocin in diethylene glycol solution was heated with potassium hy- 
droxide for 24 hours. Dilution with water and filtration gave back unchanged starting 
material. 

Hydrolysis of the diozocin (11) with  sulfuric acid. A 0.037-g. sample of finely powdered 
dioxocin was dissolved in 2 ml. of concentrated sulfuric acid a t  room temperature to  form 
a blood-red solution. Dilution with water returned I in 91% yield. When sulfuric acid 
solutions of I1 were poured into methanol or methanol solutions of excess sodium methoxide 
in attempts to  obtain methoxylated compounds only I was found (compare 23). 

Attempted syntheses os 11. A solution of 0.038 g. (0.00390 mole) of disalicylide, m.p. 
233-234" (16) in 60 ml. of pure tetrahydrofuran was treated with a solution of 0.0078 mole 
of phenylmagnesium bromide in the usual apparatus for one hour a t  room temperature 
after which time a negative test for Grignard reagent (24) mas obtained. After hydrolysis 
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of the reaction mixture we n-ere unable to find any trace of 11. No I1 was formed in the 
reaction of phenyllithium with disalicylide. 

AtteTnpts to convert 2-hydrozy-5-methylbenzophenone (I) into the dioxocin (11). The meth- 
ods tried were: heating at the melting point for two hours; heating with aluminum chloride 
at  85" for 11 hours; heating with phosphorus pentoxide in benzene for 3 hours and treat- 
ment with acetyl chloride and sulfuric acid under conditions used in the preparation of 
"disalicylaldehyde" (14). An orange-colored solid was formed with aluminum chloride 
and also with phosphorus pentoxide, but on decomposition with water, I was recovered 
in all cases except the last one in which the acetate (m.p. 63-64") [reported (25) 64-65'] 
\%-as found. When I or I1 were treated under the conditions used in the original reaction, 
they were recovered unchanged. 

Attempted isolation of the dichloro intermediate (XIV). 1. Directly from the reaction mzx-  
ture. At the completion of a typical reaction involving 8.33 g. of aluminum chloride, 5.41 
g. of p-cresol. and 9.77 g. of benzotrichloride, the solvent was removed from the reaction 
solids through a sintered glass filter-stick. Evaporation of solvent under reduced pressure 
left no residue. 

2. Decomposition with limited amounts of water. .4t the completion of a typical reaction, 
0.90 g. (0.050 mole) of water was added dropwise and the mixture was stirred a t  0" for 15 
minutes. The solution was then siphoned off with the aid of a filter stick and evaporated 
to dryness under reduced pressure. A small quantity of a dark polymeric residue was ob- 
tained. In another experiment 3.25 g. (0.203 mole) of water was added to  the reaction 
mixture. Removal of solvent from the filtered solution and n-ashing the residue with dry 
ether left 2.9 g. (28.7%) of colorless crystals of dioxocin, m.p. 236.0-236.5". 

3. Decomposition in the presence of calcium carbonate. At the completion of a typical 
reaction, 6.24 g. (0.0625 mole) of finely powdered calcium carbonate was added and the 
mixture was decomposed by the dropwise addition of water. The product was taken up in  
benzene-ether and worked up in the usual manner. The residue obtained after removal of 
solvent was completely soluble in hot Skellysolve B, indicating the absence of 11. On cool- 
ing the solution, I was obtained in tv,-o crops, 5.45 g., m.p. 82-83.5"; and 2.54 g., m.p. 80- 
81.5", 75.60/, yield. The mother liquors, on evaporation yielded a dark polymeric residue. 

A l u m i n u m  chloride-catalyzed reaction of phenol and benzotrichloride. A procedure similar 
t o  the original one was used n-ith 4.71 g. (0.050 mole) of phenol dissolved in 10 ml. of carbon 
disulfide, 9.77 g. (0.50 mole) of benzotrichloride, 8.33 g. (0.063 mole) of aluminum chloride, 
and 30 ml. of carbon bisulfide. The reaction was run at 0". After working up in the usual 
manner a white solid was obtained by a vacuum-distillation. On recrystallization from 
Skellysolve B, 8.66 g. (90.2% yield) of p-hydroxybenzophenone, m.p. 132.0-133.0' mas 
obtained as colorless crystals. Recrystallization of a small sample raised the melting point 
t o  133.5-134.5", reported 134-135" (26). The compound dissolved to  give a colorless alkaline 
solution and a light pink color in aqueous alcohol with ferric chloride as observed previ- 
ously (26). 

SUMMARY 

1. The aluminum chloride-catalyzed reaction of benzotrichloride and p-cresol 
in carbon disulfide produces a complex which on hydrolysis yields mixtures of 
2-hydroxy-5-methylbenzophenone (I) and 6 12-di-phenyl-2,S-dimethyl-6,12- 
epoxy-6Hf 12H-dibenzo[b, f][l , Sldioxocin (11). 

2. A mechanism consistent with the facts has been proposed. 
3. The dioxocin (11) on hydrolysis with concentrated sulfuric acid yields 

4. The aluminum chloride-catalyzed reaction of benzotrichloride and phenol 

COLUNBUS 10, OHIO 

2-hydroxy-5-methylbenzophenone (I). 

in carbon disulfide produces a 90 % yield of p-hydroxybenzophenone. 
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