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In  the framework of a general study of the alkylation and arylalkylation of 
phenols and naphthols (l), the behavior of benzyl chloride and its nuclear- 
halogenated derivatives has been investigated. This research was further 
prompted by the fact that benzylation of mono- and di-hydric phenols has often 
led to  compounds of pharmacological interest. 2- and 4-Benzylphenol and 4- 
phenyl-3-methylphenol, for instance, are anthelmintics (2), and similar sub- 
stituted diphenylmethanes show specific antiseptic properties (3). 

The methods most frequently employed for the benzylation of phenolic com- 
pounds are: (a) reaction with benzyl chloride in the presence of metallic zinc 
(4) or zinc chloride (5) without solvent, or rearrangement of benzyl ethers with 
zinc chloride and hydrogen chloride a t  high temperatures (6) ; (b) Friedel-Crafts 
reaction of benzyl chloride in the presence of aluminum chloride (7); and (c) 
condensation of benzyl chloride with the sodio-derivatives of the phenolic com- 
pound in a non-ionizing solvent (8). The first two methods have the drawback 
of giving low yields of condensation products, and the last method is known to 
bring about o-substitution exclusively. We have found the best procedure for 
bensylations to be the reaction of benzyl chlorides on the phenol in chloroform 
solution and in the presence of catalytic amounts of zinc chloride (9). Mono- 
and di-benzylation were thus effected with good yields, and the reaction could 
be extended on the one hand, to more complex phenolic compounds, and on the 
other hand, to naphthalene analogs of benzyl chloride. The new compounds ob- 
tained are listed in Table I. 

With regard to  the site of substitution, it is known that Friedel-Crafts type 
benzylations occur a t  the position para to the phenolic group whenever that 
position is free (although slight ortho-substitution is probable) or otherwise a t  
the ortho position (10). The present work upholds these earlier findings, and it 
was further found that the formation of benzyl ethers was unimportant in every 
instance. 

Apart from their anthelmintic properties, several arylalkylation products 
described herein are convenient intermediates for the synthesis of various com- 
pounds of possible practical interest. Thus, the b-N-diethylaminoethyl ether 
(I) of 4-methyl-2-p-chlorobenzylphenol and similar compounds were prepared 
for pharmacological testing. From the known methyl 5-benzylsalicylate and 
methyl 5-(p-chlorobenzylsalicylate (1 l), 5-benzyl- (11) and 5-(p-chlorobenzyl)- 
salicylhydrazide (111) were prepared for testing as potential bacteriostatic agents, 
in connection with their metal-chelating properties (12) ; arylalkylation of methyl 
salicylate with p-methylbenzyl and 1-naphthylmethyl chloride yielded methyl 
5-(p-methylbenzyl)salicylate and methyl 5-(1-naphthylmethyl)salicylate (V), 
which similarly reacted with hydrazine hydrate to give 5-(p-methylbenzyl)- 
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TABLE I 
NEW ARYLALKYLATION PRODIETS OF PHENOLS AND NAPHTHOLS 

Formula Substancea B.P., "C./mn 

2-Benzyl-4-tert-octyl- 

tert-oct ylphenol . . . . . . .  
2-(p-Chlorobenzyl) -4- 

lerl-but ylphenol 
2 -Benzyl -4-c hlor o -5 -me - 

thylphenol . . . . . . . . . . . .  
2-Chloro-4- (o-chloroben- 
z yl) phenol. . . . . . . . . . . .  

2-Chloro-4-(2,4-dichloro- 

2-(2,4-Dichlorobenzyl)- 
4-chlorophenol. . . . . . . .  

2- (o-Chlorobenzyl)-4- 
chloro-5-methyl- 
phenol. . . . . . . . . . . . . . . . .  

2-(p-Chlorobenzyl) -4- 
chloro-5-methyl- 
phenol. . . . . . . . . . .  

2- (2,4-Dichlorobenzyl) - 
4-chloro-5-methyl- 
phenol. . . . . . . . . . . . . . . . .  

3-Methyl-4-(p-chloro- 
benzyl)-6-isopropyl- 
phenolc.. . . .  

benzyl) -5-isopropyl- 
phenol, . . . . . . . . . . . . . . . .  

2-Methyl-4-(p-chloro- 
benzyl)-5-isopropyl- 
phenol, . . . . . . . . . . . . . . . .  

2-Methyl-4-(2,4-dichlor- 
obenz yl) -5-isopropyl- 
phenol . . . . . .  

2-I\/Iet,hyl-4- (o-chloro- 

2-Benzyl-3-methyl-4- 
chloro-6-isopropyl- 
phenol. . . . . . . . . . . . . . . . .  

s-Benzyl-o-hydroxybi- 
phenyl. . . . . . . . . . . . . . . . .  

x- (p-Chlorobenzy1)-o- 
hydroxybiphenyl . . . . . . .  

z- (p-Chlorobenz yl) -1- 
naphthol. . . . . . . . . . . . . . .  

CiiHzsO 192/0. 

-____ 
H C H  

______ 

9.585.2 9.6 

9.785.3 10.0 

8.276.1 8 .5  

6.974.0 7.0  

5.672.2 5.5 

4.061.4 4.0 

3.154.2 3.2 

4.061.8 4.2 

3.154.0 3.2 

4.562.8 4.8 

4.562.8 4.7 

3.655.5 3.9 

6.974.1 7.1 

6.974.1 6.8 

6.974.0 7.1 

5.865.9 5.6 

6.974.5 6.8 

6.287.9 6.5 

5.177.5 5.0 

4.876.2 5.0 

218-220/14 

190/0. 

179-180/0, 

200-205/15 

195-196/12 

215-216/13 

212-214/16 

221-223/12 

1.5548 (19) 8! 

1.5675 (24),8! 

1 .6043 (15) 

1.6143 (24) 

1.6203 (24) 

1.6153 (23) 

1 ,6212 (25) 

1.5864(21) 

1.5855 (21) 

1.5930(19) 

1.5861 (24) 

1.6358 (28) 

1.6376(23) 

M.P., 
"C. 

7f 

74 

7: 

61 

54 

61 

54 

62 

62 

55 

74 

74 

74 

66 

74 

87 

77 

76 

64 

87 

55 

92 

108 

108 

119 

3irHizClzO 

3i4HnC120 

314HiiClaO 

1 Analyses 

224-225/14 

226-228/13 

265-266/30 

21,Hi9C10 

2iTHigC10 

>i7HigC10 

217Hi&120 

:i7HipC10 

3igHie.0 

220-224/15 

242-244/29 

215-216/12 

222-226/12 

219-220/18 

245-246/16 

264-268/17 
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n ~ r C . )  

1.5992(19)67.6 

1.6177(24)87.5 

1.6351(21)63.6 

1.6438(25) 

Substance" 

Analyses 

Calc'd Found 

C H C H  
-- 
---- 

76.0 4.876.1 5.1 

85.7 7.185.4 7.2 

87.1 6.587.0 6.3 

5.267.5 5.5 

67.6 5.267.3 5.3 
7.087.2 7.3 

72.2 6.072.0 6.1 

70.6 5.070.4 5.4 

4.063.9 4.3 
82.9 6.682.6 6.5 

67.4 4.867.3 5.0 

72.2 6.072.5 6.1 

87.9 7.087.6 7.3 

73.4 4,673.2 4.6 

89.1 6.389.2 6.5 

1- (p-Chlorobenzyl) -2- 

z-Benzyl-5-hydroxyhy- 
drindene.. . . . . . . . . . . . .  

4-Methyl-2-(l-naphtho- 
methyl) phenol. . . . . . . .  

x-(p-Chlorobem y1)- 
guaiacol. . . . . . . . . . . . . . .  

z- (p-Chlorobene yl) -4- 

x ,z'-Dibenzyl-o-cresold.. 
2,4-Di-(p-chlorobenzyl) - 

3-methyl-6-isopropyl- 
phenol, . . . . . . . . . . . . . . .  

naphthol.. . . . . . . . . . . . .  

methoxyphenol . . . . . . . .  

x, 2'-Di- (p-chloroben- 

5 ,z'-Di- (o-chloroben- 
eyl)-4-chlorophenol.. . .  

x,z'-Dibenzylguaiacol. . .  
x,x'-Di- (p-chloroben- 

2,6-Di-(p-chlorobenzyl)- 
4-tert-butylphenol.. . . .  

4,6-Dibenzyl-5-hydroxy- 
hydrindene . . . . . . . . . . . .  

2,4-Di- (p-chlorobenzy1)- 
1 -naphthol . . . . . . . . . . . .  

z,z'-Dibenzyl-o-hy- 
droxybiphenyl . . . . . . . .  

z yl) -0-cresol. . . . . . . . . . .  

ey1)guaiacol. . . . . . . . . . .  

CiTHisClO 

Ci gH1 e0 

C18H160 

CirHisClOz 

CiaHisClOz 
CziHaoO 

CzrHzrClzO 

CziHisClzO 

CzoHlsClaO 
CpiHzoOz 

CeiHi&l*Oz 

Cz4HzdClzO 

CzrHzzO 

CzdH18ClzO 

Cz~Hzz0 

TABLE I-(Concluded) 

264-265/15 106 

221-223/20 60 

246-248/15 

174-175/0.2 

195-198/1.5 80 
260-265/15 

249-250/0,6 105 

280-284/14 

290-292/13 
230-232/0.5 108 

238-240/0.2 133 

239-240/0.8 79 

278-280/20 77 

315-318/12 133 

302-305/15 

Formula B.P., "C./mm. ?!2) : I  
I !- 

5 All substances were recrystallized from petroleum ether (b.p. 60-80') or cyclohexane. 
Yields of monosubstitution-products ranged from 40% (phenols with 0- and p-positions 
free) to  sS% (phenols with only one o-position free). Prepared from technical tert-octyl- 
m-cresol, with unspecified position. 0 Substances for which neither m.p. nor refraction 
index are given were very viscous oils or thick resins. d Yields of disubstitution-products 
ranged from 20 to  45%, and increased with the number of free ortho and para positions on 
the phenoI molecule. 

salicylhydraaide (IV) and 5-( 1-naphthylmethy1)salicylhydrazide (VI) respec- 
tively. 

I I I R - H  
I11 R = C1 
I V R - C I %  
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Bacteriostatic Activity 
a t  Concentration of 

~ _ _ - _ _ _ _ _ - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Staphylococci. 

Streptococci., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bac. coli.. 
Bac. anthracis., 
Pneumococci. 

Enterococci, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

! Microorganism 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10-6 to  5 X 10-6 

Biological tests gave the following results : 5-benzylsalicylhydrazide showed 
in vitro bacteriostatic activity against Mycobacterium tuberculosis a t  a concen- 
tration of (strain H37 Rv and a bovine strain), but no appreciable activity 
in vivo in mice and guinea pig tuberculosis and in tuberculosis meningitis in 
rabbits; the hydrazides (111), (IV) and (VI) were also inactive in vivo. The anti- 

Bactericidal Activity 
a t  Concentration of 

I 

< 10-3 
< 10-3 

> 10-3-< 10-4 
< 10-3 

< 10-3 
5 x 10-6-10-6 

CONHNHz 
C H 2 - 0  OR 

COOC& 

OH - 

V VI 
bacterial and fungistatic activity of 5-benzylsalicylhydrazide on various other 
microorganisms is reported in Table 11. Estimations of antipyretic activity in 
rats and anti-inflammatory activity in mice showed that at  a dose of 200 mg./kg., 
5-benzylsalicylhydrazide is only slightly effective compared with butazolidine. 

Acknowledgment. The authors are indebted to  Professor Plattner and Hoff- 
mann-La Roche Company (Basel, Switzerland) for financial support for a part 
of this work, and to Drs. Bust and Bohni, of the same Laboratories, for the 
biological tests performed in their Departments. 

EXPERIMENTAL 

Arylalkylation of phenols and naphthols. The condensation of p-chlorobenzyl chloride 
with p-cresol serves as a typical example for such reactions. A solution of 40 g. of p-cresol 
and 40 g. of p-chlorobenxyl chloride in 200 ml. of dry chloroform was gently refluxed for 
12 hours with 15 g. of finely powdered, freshly fused zinc chloride. After cooling, water 
was added, and the chloroform layer was washed thoroughly with water to  remove the zinc 
chloride, and dried over sodium sulfate. After evaporation of the solvent, the residue was 

TABLE I1 
ANTIBACTERIAL P R O P E R T I E S  OF 5-BENZYLSALICYLHYDRAZIDE 

FUNGISTATIC ACTIVITY" O F  5-BENZYLSALICYLHYDRAZIDE AXD RELATED COMPOUNDS 

10-3 

10-2-5 x 10-3 
5-  (1-Naphthylmethy1)salicylhydrazide. . . . . . . . . . . . . . . . . . . .  10-3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10-3 ~ . . . . . . . . . . . . . . . . . . . . . .  

5-Benz ylsalicylhydrazide . 
5- (p-Methylbenzy1)salicylhydrazide. 
5- (p-Chlorobenzyl)salicylhydrazide. . . . . . . . . . . . . . . . . . . . . . .  ' 

_____ 
a Determined on a strain of Trichophyton mentagrophytes in test-tube cultures. All the 

substances were found inactive at  a concentration of 1% in the hair test. 



AUG. 1955 ZIlC12-CATALYZED BENZYLATIONS 1133 

fractionatedtwicein a vacuum, to  give48 g. (50% yield) of 4-methyl-8-(p-chlorobenzyl)phenol, 
b.p. 210°/16 mm., crystallizing from petroleum ether in long silky needles, m.p. 54". A 
higher-boiling portion consisted of a disubstitution product which was a thick oil, b.p. 
28O-29O0/l6 mm. A similar reaction performed with o-cresol gave d-methyl-4-(p-chlorobenzyl) - 
phenol (52% yield), b.p. 206-208"/14 mm., m.p. 71-72" (after recrystallization from petroleum 
ether). 

p-N-Dimethylaminoethyl ether of 4-methyl-d-p-chlorobenzylphenol. A solution of 20 g. 
of the phenol and 12 g. of potassium hydroxide in aqueous ethanol was treated with 18 g. 
of the hydrochloride of p-N-diethylaminoethyl chloride, and the mixture was refluxed for 
one hour. The ethanol then was evaporated off, and the reaction product was taken up in 
ether, washed with water, and purified by distillation in a vacuum. Yield: 18 g. of a pale 
yellow oil, b.p. l82-l8So/0.4 mm., n',g 1.5688, which gave a hydrochloride in the form of 
colorless needles, m.p. 172-173", extremely soluble in water. 

Anal .  Calc'd for C Z ~ H Z ~ C ~ ~ N O :  N, 3.8; C1, 19.3. 

The  8-N-diethylaminoethyl ether of 4-methyl-d-(i-naphthomethyl)phenol, similarly pre- 
pared, was a thick, pale yellow oil, b.p. 205-207"/0.2 mm., whose hydrochloride was ex- 
tremely soluble in water and did not crystallize. 

Anal .  Calc'd for C Z ~ H ~ ~ N O :  C, 83.0; H, 8.4. 

6-Benzylsalicylhydrazide. A solution of 10 g.  of methyl 5-benzylsalicylate and 6 g. of 
95% hydrazine hydrate in 50 ml. of ethanol was gently refluxed for 20 hours. On cooling, 
long colorless needles separated (90% yield), melting a t  172" after recrystallization from 
ethanol. 

Found: N, 3.9; C1, 19.0. 

Found: C, 83.0; H, 8.2. 

Anal .  Calc'd for ClrHlaN2On: N, 11.6. Found: N, 11.5. 
The 4-chlorobenzal derivative crystallized from toluene in shiny colorless prisms, m.p. 

157". 
Anal .  Calc'd for CzlH17ClN202: N, 7.7. Found: N, 7.5. 
The 2-hydroxybenzal derivative crystallized from n-propanol in colorless, sublimable 

Anal .  Calc'd for CzlHlgN~03: N, 8.1. Found: N, 8.0. 
6-(p-ChZorobenzyl)salicylhydrazide. This compound crystallized from ethanol in shiny 

Anal .  Calc'd for C14H1SClN202: C, 60.8; H, 4.7. 

The 4-chlorobenzal derivative crystallized from ethanol in colorless prisms, m.p. 245". 
Anal .  Calc'd for CalH1&12N202: N,  7.0. Found: N, 7.0. 
The salicylidene derivative crystallized from ethanol in pale microcrystals, m.p. 275". 
Anal .  Calc'd for CzlHl,ClNlOs: N, 7.4. Found: N, 7.1. 
b-(p-Methylbenzyl)salicylic acid. A solution of 180 g. of methyl salicylate and 140 g.  of 

p-methylbenzyl chloride in 300 ml. of dry chloroform was refluxed with 35 g. of fused zinc 
chloride for 4 hours. The chloroform layer which formed on treatment with water was 
dried over sodium sulfate. The residue from evaporation of the solvent yielded on fractiona- 
tion in a vacuum 121 g. of methyl 5-(p-methylbenzyl)salicylate, b.p. 220°/15 mm., which 
crystallized from ethanol in colorless prisms, m.p. 98". 

microcrystals, m.p. 277". 

colorless prisms, m.p. 174". 

Found: C, 60.6; H, 4.6. 

Anal .  Calc'd for ClaH1808: C, 75.0; H, 6.3. 

6-(p-Methylbenzyl)salicylic acid, obtained on saponification, crystallized from aqueous 

Anal .  Calc'd for CIIHIIOS: C, 74.4; H, 5.8. 

6-(p-MethyZbenz~Z)saZicylhydrazide crystallized from ethanol in silky colorless prisms, 

Anal .  Calc'd for ClrHl8NtO~: N, 10.9. Found: N, 10.7. 

Found: C, 75.0; H, 6.5. 

acetic acid in colorless prisms, m.p. 132-133'. 

Found: C, 74.1; H, 5.9. 

m.p. 163". 
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5-(1-Naphthylnzethyl)salicylic acid. A solution of 85 g. of methyl salicylate and 83 g. of 
1-naphthylmethyl chloride (prepared by chloromethylation of naphthalene) in chloroform 
wa8 refluxed for 3 hours with 15 g. of zinc chloride, and the reaction mixture was worked 
up in the usual way. Yield: 26 g. of methyl 6-(l-naphthylmethyE)salicylate, b.p. 267-270"/3 
mm., crystallizing from ethanol in colorless needles, m.p. 113". 

Anal. Calc'd for ClsHleOs: C, 78.1; H,  5.5. 

6-(1-Naphthylmethyl)salicylic acid crystallized from acetic acid in colorless micro- 

Anal. Calc'd for CisHirOt: C, 77.7; H, 5.0. 

6-(1-NaphthyZmethyl)salicyZhydruzide crystallized from ethanol in silky colorlew needles, 

Anal. Calc'd for CisHisNsOe: N, 9.6. Found: N, 9.5. 

Found: C, 78.0; H ,  5.4. 

crystals, m.p. 173'. 

Found: C, 77.9; H, 5.1. 

m.p. 184'. 

SUMMARY 

1. The arylalkylation of a wide variety of phenols and naphthols with halo- 
genated compounds of the benzyl chloride type has been investigated. A con- 
venient procedure, using zinc chloride as catalyst, is proposed for such reactions. 

2. Several derivatives of these arylalkylated compounds have been prepared 
for biological testing. 

PARIS Ve, FRANCE 
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