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In the framework of a general study of Friedel-Crafts alkylations and aryl- 
alkylations (l), the behavior of benzyl chloride and similar halides has been 
examined. These compounds occupy a special place among alkyl and arylalkyl 
halides because of their outstanding reactivity, and it is known that various 
Friedel-Crafts benzylations can be effected in the presence of small amounts of 
such mild catalysts as zinc chloride (2). This behavior suggests that in such re- 
actions involving weak catalysts, the free benzyl radical might play an im- 
portant role, as in the case of the thermal decomposition of dibenzyl sulfide and 
disulfide (3), or in reactions of toluene and dibenzyl with sulfur (4). If this is 
so, then the benzyl group would preferentially enter the positions with greater 
free valency indices (5 ) ,  other factors, particularly steric hindrance, being of 
less importance than in more typical Friedel-Crafts reactions with aluminum 
chloride. In fact, the benzylation of naphthalene (6) and P-naphthol (7) in the 
presence of zinc chloride is known to give 1-benzylnaphthalene and l-benzyl-2- 
naphthol, in conformity with the results of the calculation of free valency 
indices, and at  variance with other alkylations, which generally bring about 
substitution at  the less hindered 6 position (8). More recently, Czerski found 
that benzylation of phenanthrene in the presence of zinc chloride yielded a 
mixture of 4- and 9-benzylphenanthrene (9), whereas Friedel-Crafts acetylation 
of the same hydrocarbon is known to give a mixture of 2- and 3-acetylphenan- 
threne (10). The first type of reaction is obviously more consistent with the 
molecular diagram of phenanthrene (11) than is the second one. 

The condensation of benzyl chloride and similar halides has now been in- 
vestigated from the same viewpoint. Pyrene was found to react vigorously with 
benzyl chloride in the presence of zinc chloride and in chloroform medium to 

I R = H  i 11 R CHI 
[I11 R = CHzCHs 
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give a complex mixture of products from which 3-benzylpyrene (I) was readily 
isolated ; the constitution of this hydrocarbon was established by identification 
with the Kishner-Wolff reduction product of 3-benzoylpyrene. Replacement of 
benzyl chloride by p-methyl- and p-ethyl-benzyl chloride similarly afforded 
3-(p-methylbenzyl)pyrene (11) and 3-(p-ethylbenzyl)pyrene (111) ; these hydro- 
carbons were likewise identified with the reduction product of 3-(p-methyl- 
benzoy1)pyrene and 3-(p-ethylbenzoyl)pyrene, respectively. These results are 
consistent with the theory (12) which assigns the highest free valency index to 
position 3. Benzylation of chrysene furnished 6-benzylchrysene, also in ac- 
cordance with the theory (13). In the case of dicyclic hydrocarbons, l-methyl- 
naphthalene was found to give 4-benzyl-l-methylnaphthalene (V), a result 
which, along with the isolation of l-benzyl-2-methylnaphthalene (VI) in a 
similar reaction on 2-methylnaphthalene (14), also gives full support to the 

V I  

theory (15). A less satisfactory agreement was recorded from the study of 
p-terphenyl, which gave mostly 4-benzyl-p-terphenyl (VII), identical with the 
Kishner-Wolf€ reduction product of 4-benzoyl-p-terphenyl, whereas the molecular 
diagram determined by the molecular orbital method assigns to position 4 
only the third rank in respect to free valency indices, coming after positions 2 

VI1 

and 2' (16). It should, however, be noted that with all the other substitution 
reactions with p-terphenyl hitherto studied, a similar discrepancy was ob- 
served (17). 

A second feature of free radical reactions, which is shared by zinc chloride- 
catalyzed benzylations, is the high incidence of polysubstitution under relatively 
mild conditions. Thus, mesitylene was found to react smoothly with benzyl 
chloride in equimolecular amounts to give a mixture of monobenzyl-, dibenzyl- 
(VIII), and tribenzyl-mesitylene (IX). Dibenzylmesitylene has been the subject 
of conflicting statements in the literature; Louise (18) claimed to have prepared 
it from mesitylene, benzyl chloride, and aluminum chloride at  155", and de- 
scribed it 51s a solid with m.p. 131" and b.p. 355"/12 mm. Mills and Easterfield 
(19), on the other hand, prepared dibenzylmesitylene by reduction of the cor- 
responding diketone, and gave its m.p. as 89" and b.p. as 280"/20-30 mm. The 
present research confirms the latter description of dibenzylmesitylene, and 
shows that Louise's product wm in fact tribenzylmesitylene. 
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Another interesting feature of zinc chloride-catalyzed benzylations waa that 
substitution could be effected with relatively unreactive molecules. Thus, 
methyl salicylate gave in good yield methyl 5-benzylsalicylate, whose constitu- 
tion was determined by conversion to  5-benzylsalicylic acid (X), which was 
identical with the product of the Kolbe reaction on p-benzylphenol (20); re- 
placement of benzyl chloride by 4-chlorobenzyl chloride similarly afforded 
5-p-chlorobenzylsalicylic acid (XI). The benzylation product of p-hydroxy- 
propiophenone proved to be 2-hydroxy-5-propionyldiphenylmethane (XII) 
since the possibility of any substitution on the methylene group adjacent to the 
ketone function was eliminated by a positive Pfitzinger reaction of its methyl 

X R = H  
X I  R = C1 

x I1 

ether with 5-bromoisatin. o-Hydroxypropiophenone gave under similar con- 
ditions 4-hydroxy-3-propionyldiphenylmethane (XIII), along with some o- 
benzyloxypropiophenone. 

XI11 XIV 

In regard to sulfur compounds, o-thiocresol methyl ether wm smoothly 
benz ylat ed to give 3-me th yl-4-me t hylmercap t odiphenylme thane (XIV) , iden ti- 
cal with the Kishner-Wolff reduction product of 3-methyl-4-methyhercapto- 
benzophenone (21). On the other hand, an attempt to prepare 2-(4-hydroxy- 
benzy1)thiophene (XV) from phenol, 2-thenyl chloride, and zinc chloride failed ; 
this compound was readily obtained by pyridine hydrochloride dealkylation of 
its methyl ether (XVI). 

H O D C H z C H = C H t  - 
XV R = H  

XVI R = CHI 
XVII 
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From the theoretical viewpoint the allyl radical should be similar to the 
benzyl one, and it was therefore expected that zinc chloride-catalyzed allylations 
would follow a similar course as for benzylations. In fact, allyl chloride reacted 
vigorously with phenol in the presence of catalytic amounts of zinc chloride to 
give a mixture of o-allylphenol and chavicol (XVII). 

EXPERIMENTAL 

8-Benzylpyrene (I). ( a ) .  A mixture of 30 g. of pyrene, 15 g. of benzyl chloride, 5 g. of 
freshly fused, finely powdered zinc chloride, and 10 mi. of dry chloroform was refluxed 
until hydrogen chloride had ceased to  evolve. The organic layer obtained on addition of 
water and more chloroform was washed with a dilute aqueous solution of acetic acid, and 
dried over sodium sulfate. The residue obtained after evaporation of solvent was vacuum- 
fractionated, and the oily portion, b.p. 280-323"/18 mm., was treated with a hot solution of 
picric acid in ethanol. An orange-red picrate separated on cooling, and was decomposed 
with aqueous ammonia to an oil, which slowly solidified to a crystalline mass. Recrystalli- 
zation from cyclohexane, then from ethanol, yielded 3 g. of silky colorless needles, map. 
91". 

Anal. Calc'd for CPSH16: C, 94.8; H, 5.2. 
Found: C, 94.7; H, 5.3. 

The corresponding picrate crystallized from ethanol as orange-red prisms, m.p. 153- 
154". 

(b).  A mixture of 2 g. of 3-benzoylpyrene (22), 2 g. of 100% hydrazine hydrate, 3 g. of 
potassium hydroxide, and 30 g. of diethylene glycol was heated with removal of water, 
then refluxed for 4 hours. After cooling, water was added, and the hydrocarbon formed was 
taken up in benzene, and purified by vacuum-distillation and crystallization from ethanol. 
3-Benzylpyrene thus obtained in 95% yield was identical with the foregoing hydrocarbon. 

With tetrachlorophthalic anhydride, an additional-compound (23) was obtained, which 
crystallized from acetic acid as silky, golden-yellow needles, m.p. 188". 

d-(p-iWethyZ6enayl)pyrene (11). ( a ) .  A mixture of 30 g. of pyrene, 17 g. of p-methylbenzyl 
chloride, 5 g. of zinc chloride, and 10 ml. of chloroform was treated as in the case of benzyl 
chloride, giving 3 g. of pure d-(p-methylbenzyl)pyrene, which crystallized from ethanol as 
shiny colorless needles, m.p. 98". 

Found: C, 93.8; H ,  6.0. 
Anal. Calc'd for C2,H18: C, 93.9; H ,  6.1. 

The corresponding picrate crystallized from ethanol as bright red needles, m.p. 175". 
(b) .  The same hydrocarbon was prepared in 95% yield from 1.5 g. of 3-(p-methylbenzoyl)- 

pyrene (a), 2 g. of hydrazine hydrate, 2 g. of potassium hydroxide, and 20 g. of diethylene 

d-(p-EthyZbenzyl)pyrene (111) Crystallized from ethanol as shiny colorless leaflets, 

Anal. Calc'd for C 2 6 H ~ ~ :  C, 93.8; H, 6.2. 

The picrate crystallized from ethanol as silky red needles, m.p. 142'; the addition-com- 
pound with tetrachlorophthalic anhydride crystallized from acetic acid as silky yellow 
needles, m.p. 186". 

The same hydrocarbon was obtained by the usual reduction of 8-(p-ethylbenzoyl)pyrene, 
which was prepared in 90% yield from 22 g. of pyrene, 16 g. of p-ethylbenzoyl chloride, 
and 12 g. of aluminum chloride in tetrachlorethane a t  room temperature; this ketone 
crystallized from carbon tetrachloride as pale yellow needles, m.p. 115". 

glycol. 

m.p. 86'. 

Found: C, 93.8; H, 6.3. 

Anal. Calc'd for C2sHlaO: C, 89.8; H, 5.4. 

6-Benzylchryssne (IV). A mixture of 23 g. of chrysene, 20 g. of benzyl chloride, 5 g. of 
zinc chloride, and 10 ml. of chloroform was heated until evolution of hydrogen chloride 
had ceased, and the reaction product then was vacuum-fractionated. The portion b.p. 

Found: C, 89.5; H, 5.5. 
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290-350"/16 mm. (5 9.) gave on repeated crystallization from cyclohexane colorless prisms, 
m.p. 198", alone or mixed with a sample of the Kishner-Wolff reduction product of 6-benzoyl- 
chrysene (25). 

Benzylation of I-methylnaphlhalene. A mixture of 71 g. of 1-methylnaphthalene, 64 g. 
of benzyl chloride, and 30 g. of zinc chloride was heated for 2 hours a t  80-90" (the reaction 
started below 60") ; after the usual treatment, 20 g. of 4-benzyl-f -methylnaphthalene 
was obtained, as a colorless oil, b.p. 170-172"/0.4 mm., ni3 1.6445, giving a homogenous 
picrate; the same product was obtained by reduction of 4-benzoyl-1-methylnaphthalene. 

Anal. Calc'd for Cl8HlC: C, 93.1; H, 6.9. 

The corresponding picrate crystallized from methanol as yellow prisms, m.p. 107". The 
higher-boiling portions gave on repeated fractionation 20 g.  of dibenzyl-l-methylnaphtha- 
lene, a viscous, pale yellow oil, b.p. 248-250"/0.4 mm., n: 

Found: C, 93.0; H, 7.2. 

1.6560. 
Anal. Calc'd for C25H22: C, 93.2; H, 6.8. 

Benzylation of 2-methylnaphthalene was performed as described above; i t  gave 36 g. of 
I-benzyl-2-methylnaphthalene (VI), b.p. 223-224"/15 mm., n;' 1.6436, and 20 g. of dibenzyl-2- 
methylnaphthalene, a viscous, pale yellow oil, b.p. 245-248'/0.4 mm. 

Found: C, 93.0; H, 6.8. 

Anal. Calc'd for C ~ S H ~ L :  C, 93.2; H, 6.8. 

d-Methyl-4-methylmercuptodiphenylmethane (XIV). ( a ) .  A mixture of 15 g. of 3-methyl-4- 
methylmercaptobenzophenone (21), 15 g. of hydrazine hydrate, 15 g. of potassium hy- 
droxide, and 200 ml. of diethylene glycol was treated in the usual way. Yield, 10 g. of a pale 
yellow oil, b.p. 205-206"/15 mm., 7 ~ : ~ ' '  1.6125. 

Found: C, 93.1; H, 7.0. 

Anal. Calc'd for ClsHtsS: C, 78.9; H,  7.0. 

( b ) .  The same product was obtained in 60% yield from 28 g. of o-thiocresol methyl ether, 
12 g .  of benzyl chloride, and 4 g. of zinc chloride. 

4-Benzyl-p-terphenyl (VII) I 4-Benzoyl-p-terphenyl was prepared by a Friedel-Crafts re- 
action on 50 g. of p-terphenyl, 34 g. of benzoyl chloride, and 43 g. of aluminum chloride in 
carbon disulfide a t  room temperature. Yield, 28 g. of a ketone b.p. 295-297"/0.8 mm., crystal- 
lizing from acetic acid as colorless leaflets, m.p. 215'; its constitution was proved by a 
Schmidt degradation (26) to 4-amino-p-terphenyl, m.p. 198". 

Found: C, 78.6; H, 6.9. 

Anal. Calc'd for C25HlaO: C, 89.8; H,  5.4. 

Reduction of 10 g. of this compound with 10 g. of hydrazine hydrate and 10 g. of potas- 
sium hydroxide in diethylene glycol gave in theoretical yield 4-benzyl-p-terphenyl, b.p. 
271-273"/0.5 mm., crystallizing from acetic acid as sublimable, colorless leaflets, m.p. 
177". 

Found: C, 89.6; H, 5.6. 

Anal. Calc'd for C26H20: C, 93.8; H,  6.3. 

The same hydrocarbon was obtained on heating a t  100-120" a mixture of 50 g. of p-ter- 
phenyl, 25 g. of benzyl chloride, and 30 g. of zinc chloride. 

Benzylation of mesitylene. A mixture of 30 g. of mesitylene, 30 g. of benzyl chloride, and 
10 g. of zinc chloride was heated a t  100" in the usual way; yield, 15 g. of benzylmesitykne, 
b.p. 174"/16 mm., 7 g. of dibenzylmesitylene, b.p. 272-275"/16 mm., and 3 g. of tribenzyl- 
mesitylene, b.p. 348-350"/15 mm., crystallizing from ethanol as shiny colorless prisms, m.p. 
132". 

Found: C, 93.5; H, 6.3. 

Anal. Calc'd for Cd0H3o: C, 92.3; H, 7.7. 

The molecular weight determined by cryoscopy (Found: 386; Calc'd: 390) was also in 
favor of this formula. 

Benzylation of methyl salicylate. A solution of 165 g. of methyl salicylate and 126 g. of 
benzyl chloride in 500 ml. of chloroform was treated in the usual way with 60 g. of zinc 

Found: C, 92.2; H, 7.9. 
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chloride. Yield, 80 g. of methyl 5-benzylsalicylate, b.p. 202-204"/12 mm., m.p. 78-79"; 
saponification gave 6-benzylsalicylic acid,  crystallizing from aqueous acetic acid as color- 
less needles, m.p. 134-135"; lit. (20) gives m.p. 135-136" for the acid, and 79-8O"for its methyl 
ether. 

6-p-Chlorobenzylsalicylic acid (XI). Reaction of 150 g. of p-chlorobenzyl chloride on 
170 g. of methyl salicylate in the presence of 60 g. of zinc chloride in chloroform, yielded 105 
g. of methyl 6-p-chlorobenzylsalicylate, b.p. 235-240"/14 mm., nE3 1.5950. Saponification 
afforded 6-p-chlorobenzylsalicylic acid, crystallizing from aqueous acetic acid as silky color- 
less needles, m.p. 150°, sparingly soluble in water. 

Anal. Calc'd for ClrHllClOa: C, 64.0; H, 4.2. 

2-Hydroxy-6-propionyldiphenylmethane (XII). A mixture of 170 g. of p-hydroxypropi- 
ophenone, 126 g. of benzyl chloride, and 70 g. of zinc chloride in 800 ml. of chloroform, 
was refluxed for 12 hours and treated in the usual way, except that  the unreacted ketone 
which crystallized from the chloroform layer was filtered off before distillation. Yield, 
50 g. of d-hydroxy-6-propionyldiphenylmethane, b.p. 216-220"/1 mm., crystallizing from 
methanol as colorless prisms, m.p. 157". 

Found: C, 80.1; H, 6.9. 

Found: C, 63.7; H, 4.4. 

Anal. Calc'd for ClsHlsOz: C, 80.0; H, 6.7. 

The methyl ether, prepared with dimethyl sulfate and potassium hydroxide, crystallized 

Anal. Calc'd for C17H1802: C, 80.3; H, 7.1. 

It gave on 24 hours' refluxing with 5-bromoisation (1 mole) and potassium hydroxide 
(3 moles) in ethanol an almost quantitative yield of 6-bromo-b-methyl-~-(~'-methoxyphenyl) - 
cinchoninic acid,  crystallizing from ethanol as long colorless needles, m.p. 253" (dec.). 

from ethanol as large colorless plates, m.p. 120°, b.p. 187-188"/0.5 mm. 

Found: C, 80.0; H, 7.3. 

Anal. Calc'd for C26H20BrN03: C, 64.9; H, 4.3. 

$-Benzyl-.4-ethoxypropiophenone, similarly prepared from ketone XII,  crystallized from 
ethanol as colorless plates, m.p. 87", and also gave a positive Pfitzinger reaction with 
5-bromoisatin. 

Found: C, 65.0; H, 4.3. 

Anal. Calc'd for C18H2002: C, 80.6; H, 7.5. 

Benzylation of o-hydroxypropiophenone. From 120 g. of this ketone, 75 g. of benzyl 
chloride, and 40 g. of zinc chloride in chloroform, 58 g. of .4-hydroxy-b-propionyldiphenyl- 
methane (XIII) (purified through its water-soluble sodium derivative) was obtained as a 
pale yellow oil, b.p. 148-150"/0.6 mm.,2,4'5 1.5601. 

Anal. Calc'd for ClsHl~Oz: C, 80.0; H, 6.7. 

X-p-Methoxybenzylthiophene (XV) . 2-Anisoylthiophene (10 9.)  was reduced by means of 
95% hydrazine hydrate, potassium hydroxide, and diethylene glycol in the usual way (27), 
t o  yield 5 g. of a mobile, colorless oil, b.p. 188-190"/14 mm., n:3 1.6056. 

Found: C, 80.6; H, 7.6. 

Found: C, 80.2; H,  6.6. 

Anal. Calc'd for ClzHlzOS: C, 70.6; H, 5.9. 

2-(4-Hydroxybenzyl)thiophene (XVI). A mixture of 4.8 g. of the foregoing ether and 20 g. 
of redistilled pyridine hydrochloride, was refluxed for 10 minutes; after cooling, water was 
added, and the reaction product taken up in ether and purified by vacuum-distillation. 
Yield, 4 g. of a substance b.p. 195-200"' crystallizing from petroleum ether as shiny colorless 
prisms, m.p. 58". 

Found: C, 70.6; H, 6.1. 

Anal. Calc'd for CllHloOS: C, 69.5; H, 5.3. 

This substance is an isoster of the anthelmintic 4-benzylphenol (28). 
Allylation of phenol. A mixture of 50 g. of phenol, 60 g. of allyl bromide, and 10 g. of 

zinc chloride was cautiously heated on the water-bath until a vigorous reaction set up; 

Found: C, 69.4; H, 5.5. 
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the reaction was left to continue a t  room temperature for one hour, and the reaction mixture 
then was poured into water. The chloroform layer was repeatedly washed with a dilute aque- 
ous solution of hydrogen sodium carbonate, and dried over sodium sulfate; after evaporation 
of solvent, the residue was vacuum-fractionated. Yield, 10 g. of o-allylphenol, b.p. 220°, 
and 6 g. of chavicol, b.p. 236-238". Better yields of these condensation products were ob- 
tained with allyl chloride. 

SUMMARY 

1. Zinc chloride-catalyzed alkylations with halides of the benzyl chloride type 
have been investigated with a number of aromatic hydrocarbons, and phenolic 
ketones and acids. 

2. The theoretical aspect of this reaction is discussed, and experimental find- 
ings are compared with predictions from the calculation of free valency indices. 

PARIS V*, FRANCE 
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