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The zinc chloride catalyzed rearrangement of benzyl o-tolyl ether is intermolecular in nature as shown by the recovery of 
4-benzyl-o-cresol, 6-benzyl-o-cresol, 4,6-dibenzyl-o-cresoI and 0-cresol in a precise fractionation of the total product. In  a 
direct condensation employing o-cresol, benzyl alcohol and aluminum chloride the same nuclear condensation products were 
recovered. Characterization derivatives were prepared and a synthetic proof of structure for the very similar mono-benzyl- 
ated o-cresols has been completed. 

In  previous studies involving the rearrangement 
of the triphenylmethyl ether of o-cresol or the 
related direct introduction of the triphenylmethyl 
radical into the para position of o-cresol, the en- 
trance of only one triphenylmethyl radical has 
been observed.' However, using the less highly 
substituted diphenylmethyl group, one and two 
radicals can be introduced into the nuc1eus.l 
Based on these observations, a s id la r  study of the 
rearrangement of the simpler benzyl radical in 
benzyl 0-tolyl ether and the direct introduction of 
the benzyl radical into the o-cresol nucleus was 
undertaken to explain the varied results of several 
earlier investigators8 and to supplement the ob- 
servations in this field made by Huston and co- 
workers. 

The direct preparation of the benzyl o-tolyl 
ether (V) was accomplished either by treating 

aqueous sodium hydroxide with benzyl chloride." 
When this ether was heated with zinc chloride, 
rearrangement took place and the individual 
products of reaction were recovered in a semi- 
quantitative manner by careful fractionation of the 
total product, using a Todd precision fractionating 
column. It was evident that an intermolecular 
reaction had taken place for four products were 
recovered, consisting of 0-cresol, 4-benzyl-0-cresol 
(111), 6-benzyl-0-cresol (11) and 4,6-dibenzyl-o- 

For a comparison, 0-cresol was condensed with 
benzyl alcohol by means of aluminum chloride and a 
precise fractionation of the products indicated a pre- 
dominance of the para isomer (4a) although all 
three products, the para benzyl, the ortho benzyl 
and the dibenzyl product were recovered in an 
approximate ratio of 2 : 1 : 1. 

cresol (IV). 
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sodium o-cresylate in ether solution with benzyl 
chloride, or in better yield by heating o-cresol in 

(1940). 

64, 2164 (1942). 

0. Behaghel end H. Freiennehner, ~ n . .  67, lass (1934): L. Claisen, 

Since the melting points of the two monosub- 
stitution products, 49-50°, are extremely close and 

tives gave a liquid and a solid in each instance for 
the isomeric pair (4a), the solid oxyacetic acid and 
a-naphthylurethan derivatives of both were pre- 

(11) and (111) were converted to their respective 

(1) H. A. Iddles and H. L. Mincklet, THIS JOURNAL, 63, 2757 the recorded and bromine deriva- 

(2) H. A. Iddler, D. C. Chadwick, I. W. Clapp and R. T. Hart, h i d . ,  

(3) J. 1. Blankoma, Rac. tmv. chim., 98, 202 (1904); P. Schorigin, 
B e . ,  58, 2033 (1928); J. van Alphen, R#c. bar. rhim., 46, 799 (1927); pared for characterization. 
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Ani.,  44S, 238 (1925). bromo deAvatives (VI) and (VII) and the same 

products were prepared by introducing the benzyl (4) (a) R. C. Hudon, H. A. Swartout and G. K. Wardwell. THIS 
JOURNAL, 69, 4484 (1930); (b) R. C. Huaton and H. H. Gyorav. ibid.. - - 
7s. 4171 (1950). (5) M. Oombag and C. C. Buchler, ibid., 4a, 2066 (1920). 
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radical into the known structures (VIII)  and (IX), 
using the procedures previously studied for similar 
series involving the diphenylmethyP and triphenyl- 
methyl group.' Each of these products (VI) 
and (VII) were characterized by means of their 
a-naphthylurethan and p-nitrobenzyl ethers. 

Experimental 
Preparation of Benzyl o-Tolyl Ether (V).-A solution of 

162 g. of o-cresol in 600 ml. of 1.5 M sodium hydroxide was 
treated with 126 g. of benzyl chloride and refluxed for one 
hour. Upon cooling, the mixture was extracted with ether, 
the ether extract washed with water, then with 10% potas- 
sium hydroxide to remove excess o-cresol and again with 
water. The ether extract was dried over anhydrous sodium 
sulfate and after removal of the solvent, the product was re- 
covered by distillation at  144-145' and 3 mm. pressure 
yielding 77.8 g. ( n 2 3 s 5 ~  1.5730) of the desired ether. 

Rearrangement of Benzyl o-Tolyl Ether (V).-Seventy 
grams (0.35 mole) of the ether was heated with 50 g. of zinc 
chloride for five hours a t  160-170'. At the end of this time 
the mixture was poured into water and the resulting oil was 
extracted with ether, dried over anhydrous sodium sulfate, 
and after removal of the ether the total yield was fraction- 
ated through a Podbielniak type column at  30 mm. yielding 
the following fractions: (1) 5.4 g., b.p. to  98', NsD 1.5411 
corresponding to o-cresol, I whose dibromo derivative, m.p. 
55O, agreed with a known sample. (2) 16.4 g., b.p. 202- 
208', n% 1.5860 corresponding to the ortho benzyl rear- 
ranged product, 11. The a-naphthylurethan derivative 
melted at  139-140'. Anal. Calcd. for CnsH2lOzN: C, 
81.7; H ,  5.8; N, 3.8. Found: C, 82.1; H, 5.88; X, 3.7. 
The oxyacetic acid deriytive melted at 84-85'. Anal. 
Calcd. for Ci~H1603: C, (4.9; H, 6.3. Found: C,  73.9; 
H, 6.5. (3) 11.4 g., b.p. 212-216", n 2 b  1.5911 correspond- 
ing to the para benzyl rearranged product, 111. The a- 
naphthylurethan derivative melted at 143' (mixed m p .  
with derivative of 11, 125-132'). Anal. Calcd. for CZ- 
H2102N: C, 81.7; H, 5.8; N, 3.8. Found: C, 81.5; H, 
5.9;' li, 4.1. The oxyacetic acid derivative melted at llO-- 
111 . Anal. Calcd. for ClsHtBOs: C, 74.9; H, 6.3. 
Found: C, 74.3; H, 6.4. (4) 14.5 g., b.p. 290-295", n2% 
1.6102 corresponding to the dibenzyl product, I l- .  . lnal. 
calcd. for C21H?oO: C, 87.5; H, 6.92. Found: C, 87.7; 
H, 6.88. The a-naphthylurethan derivative melted at  175". 
Anal. Calcd. for C32HnrO:N: C, 83.9; H, 5.9; N, 3.0. 
Found: C, 83.8; H, 6.2; N, 3.2. The oxyacetic acid de- 
rivative melted at  126-127'. Anal. Calcd. for C23HsOg: 
C, 79.8; H, 6.36. 

Benzylation of o-Cresol.-To a mixture of 100 g. of o-cresol 
and 100 g. of benzyl alcohol in 200 ml. of petroleum ether, 
65 g. of anhydrous aluminum chloride was added over a 
half-hour period while the mixture was mechanically stirred 
and heated on a steam-bath. At the end of one hour the 
semi-solid mixture was poured into 300 ml. of ice-water to 
which 50 mi. of concentrated hydrochloric acid had been 
added. The oil which separated was extracted with ether 
and dried over anhydrous potassium carbonate. After re- 
moval of the ether. the residue was fractionallv distilled at 

Found: C, 79.9; H, 6.14. 

3 mm. to produce kix fractions: (1) 42.7 g., b: p. to 138'; 
( 2 )  43.1 g., b.p. 160i164'; (3) 15 g., b.p. 165-195'; (42 
11 7 E.. b.p 215-235 ; ( 5 )  18.6 g . ,  b.p. 235-240'; (6) 5.1 
g . ,  b:p. 240-265". This indicated a mixture of the mono- 
benzyl derivatives in fraction 1 and 2 and the dibenzyl 
product principally in fraction 5 (4a). For more complete 
identification, fractions 1 and 2 were combined and fraction- 

(6) H. A. Iddles, D. C. Chadwick, J. W. Clapp and R. T. Hart, THIS 

(7) H. A. Iddles, W. L. Miller and W. H. Powers, i b i d . ,  82, 71 
JOURNAL, 64, 2154 (1942). 

(1940). 

ated in the Podbielniak type column at  35 mm. pressure 
yielding 20 g., b.p. 202-204', n% 1.5870 corresponding to 
I1 and 44.4 g., b.p. 211-214", nsD 1.5937 corresponding to 
111. These fractions solidified and were characterized and 
comparisons made to prove the similarity of products to 
those produced by direct rearrangement. 

Preparation and Characterization of 4-Bromo-6-benzyl-o- 
cresol (VI).-Four grams of 6-benzyl-ocresol (11) was 
brominated in 50 ml. of glacial acetic acid with 3.2 g. of 
bromine in the presence of iron tacks. Fumes of hydrogen 
bromide appeared and after two hours the reaction mixture 
was poured onto ice and the resultant oil solidified. The 
product was recrystallized from ligroin and melted at  62.5- 
63.5'. 

The same product was prepared when 63 g. of 4-bromo-o- 
cresol (VIII): dissolved in 200 g. of concentrated sulfuric 
acid and 200 g. of glacial acetic acid, was treated with 18 g. 
of benzyl alcohol dissolved in 50 g. of glacial acetic acid. 
Oil started to separate and after 24 hours the oily layer was 
separated and combined with further oil thrown out by 
pouring the acid layer onto ice. Fractionation of the oil at 
100-106° and 1 mm. pressure gave 16.5 g. of unchanged 4- 
bromo-o-cresol and at  165-171' and 1 mm. pressure gave 
13.5 g. of benzylated product. After recrystallization 
from ligroin it melted at 63'. 

I n  a second method of condensation, 45 g. of 4-bromo-o- 
cresol (VIII) and 25 g. of benzyl alcohol, dissolved in 60 ml. 
of petroleum ether, was treated with 25 g. of anhydrous 
aluminum chloride during a one-half hour period. After 
standing overnight the reaction product was poured onto a 
mixture of ice and 30 ml. of concentrated hydrochloric acid. 
The resulting oil was extracted with ether, dried and frac- 
tionally distilled at 6 mm. pressure producing 26 g. of un- 
changed 4-bromo-o-cresol and 6 g. of product collected be- 
tween 180-190'. Each of the condensed products gave no 
depression in m.p. when mixed with the product of direct 
bromination above. 

Preparation and Characterization of 6-Bromo-4-benzyl-o- 
cresol (VII) .-Five grams of 4-benzyl-o-cresol (111) was 
brominated in carbon tetrachloride solution with 4 g. of 
bromine. Fumes of hydrogen bromide appeared and after 
three hours the solvent was removed by evaporation and 
the reddish-brown oil fractionally distilled at  6 mm. pressure 
and at  183-185', giving a yield of 3 g. or 30%. 

The same product was prepared when 63 g. of 6-bromo-o- 
cresol (IX),' dissolved in 200 g. of concentrated sulfuric 
acid and 200 g. of glacial acetic acid, was treated with 18 g. 
of benzyl alcohol dissolved in 50 g. of glacial acetic acid. 
Oil started to separate and after 24 hours the oily layer was 
separated and combined with further oil thrown out by 
pouring onto ice. By fractionation, 25 g. of unchanged 6- 
bromo-o-cresol was recovered and at  165-169' and 1 mm. 
pressure 20 g. of benzylated product was collected. 

A second method of condensation employed 45 g. of 6- 
bromo-o-cresol (IX) and 25 g. of benzyl alcohol dissolved 
in 60 ml. of petroleum ether, to which 25 g. of aluminum 
chloride was added during the course of 30 minutes. After 
standing overnight the mixture was added to ice and hydro- 
chloric acid and the resulting oil was taken up in ether. 
Upon distillation 8 g. of a light straw-colored oil came over 
between 179-181' at  5 mm. pressure and as in the previous 
instances did not crystallize. 

The a-naphthylurethan derivative of VI melted at  154- 
166'. .4naZ. Calcd. for C2aH2302NBr: C, 67.2; H, 4.5. 
Found: C, 68.3; H, 4.8. The a-naphthylurethan of VI1 
melted at  3 52-153" (mixed melting points of derivatives of 
VI and 1'11, 136-141'). Anal. Calcd. for C2jHzoOnNBr: 
C, 67.2; H, 4.5. The p-nitro- 
benzyl ether of VI melted at 110-111 . Anal.  Calcd. for 
CnHlsOtNBr: Br, 19.38. Found: Br, 19.0. The p-nitro- 
benzyl ether of VI1 melted at 81.5-82.5'. Anal. Calcd. 
for CtlH1803NBr: Br, 19.38. Found: Br, 19.5. 
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Found: C, 67.4; B, 4.8. 


