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Four new dibenzylanthracenes (1-4) have been prepared by benzylation of anthracene with 2,5-dimethyl- 
benzyl chloride, 2,4,6-trimethylbenzyl chloride, and 2,3,5,6-tetramethylbenzyl chloride or by reacting 9,lO- 
bis(chloromethy1)anthracene with p-xylene or mesitylene using Friedel-Crafts reactions. Evidence is presented 
for the l14-benzylation of anthracene which is attributed to  steric hindrance effects preventing the attack of 
9,10 positions, normally the most reactive. The structural assignments and the conformational preferences of the 
compounds prepared were achieved by the interpretntion of the uv and nmr spectra combined with a priori 
estimates of the ring current magnetic effects. 

We have been interested in the Friedel-Crafts 
benzylation of alkylbenzenesl and the conformational 
properties2 of the reaction products (diphenylmethanes 
and dibenzylbenzenes). During our work we have had 
the opportunity to propose in several instances that 
steric hindrance effects play a major role in determining 
the substitution position in the aromatic subst,rate.3t4 
We report here evidence for the 1,4-benzylation of an- 
thracene which, again, can be interpreted in terms of 
steric effects. 

Although some benzyl- and dibenzylanthracenes 
have been reported in the literature,j little work has 
appeared as yet on the benzylation of anthracene using 
Friedel-Crafts reactions,6 and many of the compounds 
mentioned have been obtained by reduction of t'he 
corresponding ket'ones,' hydroboration of anthrone 
derivatives,s or by react,ion of anthracene with benzyl 
radicals. 

Some Japanese workerss have prepared, using Friedel- 
Crafts reactions, some dibenzylanthracenes which t'hey, 
without considering alternative structures, assigned 
the 9,lO st,ructure. Instead, 9,lO- or 1,4-dibenzyl- 
anthracenes, respectively, were obtained by us because 
of the steric hindrance exhibited by the benzylating 
agent used. The structural relationship of dibenzyl- 
anthracenes with some of the dibenzylbenzenes already 
studied2 has allowed us to assign the conformational 
preferences of the compounds prepared and also helped 
us in the finer details of their structure proof. 

Discussion 
Four new dibenzylanthracenes were prepared ac- 

cording to Scheme I reported below and their structural 
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J. L. Cook, ibid. ,  566 (1928); (d) E. Bergman and S. Fujise, Jus tus  Liebigs  
Ann. Chem.. 480, 188 (1930); (e) M. Imoto, T. Iguchi, F. Sakurai, T. 
Kuraya, S. Yoshioka, T. Uehara, and J. I takura,  Makromol. Chem.,  48, 189 
(1961); (f) T. Nakaya, T. Tomomoto, and M. Imoto, Bull. Chem. Soe. Jap. ,  
89, 1551 (1966). 

Eng. Data,  16, 249 (1971). 

soc., 98, 4202 (1971). 

(6) M. Imoto and T. Nakaya, ib id . ,  86, 785 (1963). 
(7) P. Rona and U. Feldman, J .  Chem. Soc., 1737 (1958). 
(8) M. Rabinovits and G .  Salemnik, J .  Org. Chem., 83, 3935 (1968). 
(9) (a) A. L. Beckwith and W. A. Waters, J .  Chem. SOC., 1001 (1957); 

(b) K. Sisido, Y .  Udb, and H. Nosaki, J .  Amer.  Chem. SOC., 82, 434 (1960); 
( c )  K. C. Bass and P. Nabahsing, J .  Chem. Soc., 4396 (1965); (d) A. L. J. 
Beckwith, W. B. Renfrow, and J. K. Teubner, Tetrahedron Lett., 3463 
(1968); (e) 6 .  Gibson, A. D. Mosnaim, D.  C.  Nonhebel, end J. A. Russel, 
Tetrahedron, 26 ,  5047 (1969). 

assignment was made unambiguously by uv and nmr 
spectra (see next section). The importance of using 
short reaction times and mild catalyst (SnC14 or ZnClz), 
combined with excess of hydrocarbon to minimize isom- 
erization and polymerization reactions, has been 
already stressed.' All the reactions were run in nitro- 
ethane, i.e., under nonisomerizing conditions.lO 

As reported in Scheme I, compound 2 can be obtained 
only by benzylating mesitylene with 9,10-bis(chloro- 
methy1)anthracene. Instead, a compound which ex- 
hibits different Characteristics, identified as 1,4-disub- 
stituted anthracene (compound 3), is obtained by 
benzylating anthracene with 2,4,6-trimethyIbenzyl 
chloride. 

The 1,4-benzylation of anthracene (see also com- 
pound 4) is best rationalized in terms of steric effects 
which prevent the attack of the anthracene nucleus at  
the 9 and 10 positions, normally the most reactive.l1 
The presence of two ortho methyls prevents 2,4,6-tri- 
methylbenzyl chloride and 2,3,5,6-tetramethylbenzyl 
chloride from attacking the 9 and 10 positions, while 
this is not the case with 2,&dimethylbenzyl chloride 
where only one ortho position is substituted and the 
steric effect is weaker. In  fact, the same product (1) is 
obtained by the two alternative routes. 

Compound 4 has already been prepared,B but i t  was 
erroneously assigned the 9,lO structure. By repeating 
the procedure by the Japanese workers, we have ob- 
tained a compound which proved to be identical with 
4. 

Structure Proof and Conformational Properties. - 
The uv and nrnr spectral characteristics of compounds 
1-4 are reported in Table I, together with those of some 
reference compounds. The uv spectra of compounds 
1 and 2 show a definite red shift in the anthracene 
absorption bands (300-380 mp), which, as well rec- 
ognized,'2 is characteristic of the 9,lO-disubstituted 
anthracenes. The nmr spectra unambiguously confirm 
the structure of compounds 1 and 2. I n  fact, com- 
pound 1 shows an AA'BB' multiplet (8.12, 7.41 ppm) 
due to anthracene protons 1-8. The 9 and 10 protons, 
which should appear as a singlet at about 8.40 ppm 
(Table I), are absent. The two vicinal xylyl protons 
(AB system) appear at 7.40 ppm, while the ortho xylyl 
proton resonates as a singlet at 6.24 ppm. The same 
situation is found for compound 2 .  Anthracene pro- 
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(12) H. H. Jaff6 and M. Orchin in "Theory and Applications of Ultra- 
11, part 1, G .  A. Olah, Ed. ,  Intersclence, New York, N .  Y.,  1964, p 431. 
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tons 1-8 appear as an AA’BH’ system and the 9 arid 10 
protons are sbsent. 

The conformational preference of compounds 1 and 2 

ship between dibenzylanthracenes and dibenaylben- 
zeries already studied.2 Compound 1 is predicted to 

can be assigned on the basis of the structural re1 tl t ’  1011- 
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exist preferentially in the conformations I (two rapidly 
interconverting rotamers) where the ortho xylyl hydro- 
gens lie above and below the anthracene ring and ex- 
perience its diamagnetic shielding. 

The experimental value of 6.24 ppm for these ortho 
hydrogens in compound 1 indicnt eb a diamagnetic 
shieldingI3 of about O.9G ppm (with respect to the other 
nuclear xylyl protons) which can be explained by the 
predominance of the less hindered molecular conforma- 
tiom I. This is also confirmed by the paramagnetic 
debhielding experienced by the ortho methyl groups2 
(2.64 ppm) in compound 1 with respect t o  the averaged 
value (1.90 ppm; see belob+) of the ortho methyls in 
compound 2. 

Conformations I are analogous to that found2 for 
bis(2,3-dimethylbenzyl)durene which differs from com- 
pound 1 only because the durene ring replaces an- 
thracene, indicating that as far as the steric effect is 
coiicerned the anthracene is equivalent to  a durene 
ring. 

(13) For polynuclear hydrocarbons the estimated ring current effect is 
somen hat higher than those for beniene case The theoretical shieldrngs 
predicted for anthracene are 1.2-1.5 times higher n i th  respect t o  benzene.14 

(14)  N. Jonathan 8 Gordon, and 13. P Dailey, J. Chem. Phys . ,  86, 2443 
(1862). 
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Figure l.--Nrnr spectrum (aromatic region) of compound 3. 

In  compound 2 conformations of type I become un- 
favorable because of the steric repulsion between 
methyls and the a-electron clond of the anthracene 
ring, so that mesityl rings are forced into a skew posi- 
tion. Averaging must necessarily occur in this case 
because the coexistence of equivalent conformations 
with equal population causes each ortho methyl to be 
exchanged from a shielded position to a deshielded one. 

Coming now to the compounds 3 and 4, the uv and 
nmr spectra clearly rule out a 9,lO-disubstituted struc- 
ture. The uv spectra (Table I) come close to that of 
lj4-dimethylanthracene and show marked differences 
from the spectra of 9,lO-disubstituted anthracenes. 
The nmr spectra (Table I, Figure 1) reveal the 9,lO- 
anthracene protons resonating a t  8.86 and 8.84 ppm, 
respectively, and the methylene protons resonating at 
higher field value (about 4.50 ppm) with respect to the 
compounds 1 and 2 (4.90 p ~ m ) , ' ~  an AA'BB' system 
(with halved intensity with respect to that of com- 
pounds 1 and 2),  and two other signals (singlet) which 
resonate at higher field vaIue (3, 6.43, 6.91 ppm; and 
4, 6.38, 6.88 ppm). The singlet at about 6.90 ppm 
belongs to  mesitylene (3) or durene (4) nuclear protons2 
and the other must belong to anthracene protons. 

These data rule out all alternative structures, but 
the 1,4 and 2,3 types (1,5 type cannot account for the 
6.40 ppm singlet and for the AA'BB' system; 1,2 type 
might account for the AA'BB' system but not for the 
6.40 ppm singlet, etc.). In  fact, 1,4 and 2,3 type struc- 
tures should give roughly the same nmr pattern t i e , ,  
the four anthracene protons 5 to 8 should appear as an 
AA'BB' system, protons 9 and 10 as a singlet, and 
protons 2 and 3 or 1 and 4, respectively, should appear 
as a singlet). 

Although a 2,3-disubstituted structure might be a 
priori  excluded on steric grounds, the analysis of finer 
details of the nmr spectra permits assignments of the 
structure of compounds 3 and 4 as 1,4 disubstituted. 

In  fact, on the basis of structural relationship between 
dibenzylanthracenes and dibenzylbenzenes discussed 
above, we can predict a p r i o ~ i  for compounds 3 and 4 
that 1,4 and the alternative 2,3 type structures should 

(15) Methyl and methylene signals in the 9 and 10 positiona are usually 
found shifted downfield with respect t o  those from other anthracene posi- 
tions.16 

(16) M. D. Bentley and M. J. S. Dewar, J .  Ow. Chem., 88, 2707 (1970). 
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TABLE 11 
OBSERVED A N D  CALCULATED MAGNETIC SHIELDINGS (PPM) FOR CONFORMER I1 AND I11 

_ _ _ _ _ A z , ~  ____ ~ ___-AI,I--- - ____- AS810 -___- 
H2,sa €IQ,loa Hl,4' Obsdb CalodC Obsd* CalcdC Obsdb CalcdC 

6.43 8.86 + l . O O  +0.98 -0.48 -0.17 
6 .38  8.84 +1.05 +0.98 -0.46 -0.17 

Anthracene 7.43 8.38 7.98 
Conformer I1 J3 

8 .86  6.43 +l.5<5 +0.80 -0.48 f 0 . 2 6  
8.84 6.38 +1.60 +0.80 -0.46 +0.28 

Calculated through the Johnson and Bovey tables." 

Conformer I11 

a Experimental values from Table I. r, Computed as the difference between the chemical shifts of the hydrogens in compounds 3 and 4 
and those of the corresponding protons in anthracene. 

exist predominantly in the less hindered molecular 
conformations I1 and 111, respectrively. 

I1 I11 

This in turn permits calculation through the Johnson 
and Bovey tables17 of the magnetic shieldings induced 
by the benzene rings for the anthracene protons of the 
two structures considered. For conformer 11, the 
chemical shift differences (A values, Table 11) com- 
puted from the experimental values are in good agree- 
ment with the calculated ones. On the contrary, A 
values computed for conformer I11 (Table 11) cannot 
be reconciled with the calculated figures. Based on 
the above arguments, a structure of type 1,4 can be 
safely assigned to compounds 3 and 4, which exist in 
the preferred conformation 11. 

Experimental Section 
The 1H nnir spectra were recorded with T M S  as internal stan- 

dard on a Varian A-60 or HA-100 spectrometer in CI)c13 (Table 
I). They are reported in parts per million on the S scale. izll 
uv spectra were recorded in toluene on a Hitachi Perkin-Elmer 
EPS-3t, spectrometer (Table I ) .  The infrared spectra were de- 
termined in Sujol  with a Perkin-Elmer 237 instrument. hlolecu- 
lar weight determinations were obtained by vpo, in o-dichloro- 
benzene a t  130" using a Mechrolab 302 t'hermoelectric osmometer. 
The melting points are uncorrected and were determined with a 
Kofler microscope hot stage. 

The following chloromethyl derivatives were prepared accord- 
ing to the literature: 2,5-dimethylbenzyl chloride,lg 2,3,5,6- 
tetramethylbenzyl chloride,20 2,4,6-trimethylbenzyl 
and 9,lO-bis (chloromethy1)anthracene. 2 2  

(17 )  C. E. Johnson and F. A. Rovey, J .  Chem. Phys., 29, 1012 (1958). 
(18) The  paramagnetic shielding experienced by the anthracene 9 and 10 

protons cannot he rationalized on the basis of conformer 111, where a dla- 
magnetic shielding is reasonably to  he expected. 

(1s) C. D. Shacklett a n d  H. A .  Smith, J .  Amer. Chem. Soc., 73, 766 (1981). 
(20) R.  R. Aitken, G. M. Ragder, and J. W. Cook, J .  Chem. Soc., 331 

(21) R. C. Fuson and N. Rabjotin, Org. Syn., 26, 65 (1946). 
(1950). 

9,10-Bis(2,5-dimethylbenzyl)anthracene (1  ).-This product 
was synthesized in one of two ways: by reacting 2,3-dimethyl- 
benzyl chloride (7.7 g, 0.05 mol) with anthracene (8.90 g ,  0.0t5 
mol) dissolved in nitroethane (200 ml) a t  50" with st'anriic chlo- 
ride as a catalyst (0..5 ml 0.0043 mol) for 2 hr [yield 1.6 g (lS57,)] ; 
or ,  in good yield (3.3 g,  BO%),  by reacting g,lO-bis(chloro- 
methy1)anthracerie (2.75 g, 0.01 mol) with p-xylene (50 g, 0.42 
mol) in nitroethane (50 ml) at 100" for 2 min, with stannic 
chloride (0.1 ml, 0.00087 mol) as a catalyst. In both cases the 
mixt(:re was poured into methanol ( I :  10). The precipitate was 
filtered off, washed with dilute hydrochloric acid, water, and 
methanol, and dried in vuczio. The crude product was cryst,al- 
lized from toluene. This work-up was also followed for the other 
prodncts: yellow microcrystalline powder; mp 284-286'; ir 
spectrum (Sujol) 1610, 1030, , 9.50, 810, 79.5, 74-5, 730, 660 
cm-'. 

Anal. Calcd for C32H30: C, 02.71; H,  7.29; mol wt, 414.6. 
Found: C,  92.89; H, 7.11; mol wt (vpo), 415.0. 

9,1O-Bis(2,4,6-trimethylbenzyI)anthracene @).-To a s t  irred 
solution of 0,lO-bis(chloromethy1)anthracene (3.0 g, 0.011 mol) 
and mesitylene (40 g, 0.33 mol) in nitroethane (50 ml) was added 
at  100" anhydrous zinc chloride (0.13 g, 0.001 mol) dissolved in 
nitroethane. The mixture was reacted For 30 sec. After work-up 
as above there was obtained 3.,52 g (72%) of a yellow micro- 
crystalline powder: mp 2.5-237" (toluene); ir spectrum (Nujol) 
1610, 1030, 1010, 9.70, 840, 780, 770, 730, 640 cm-I. 

Anal. Cslcd for C3,Ha4: C,  92.26; If ,  7.74; mol wt,  442.6. 
Found: C,  92.44; €1, 7.58; mol wt (vpo), 440.3. 

1,4-Bis(2,4,6-trimethylbenzyl)anthracene (3).-To a stirred 
solution of 2,4,8-t,rimethylbenzyI chloride (14 g, 0.083 mol) and 
anthracene (9 g, 0.051 mol) in nitroethane (200 ml) was added at 
50" stannic chloride (0.5 ml, 0.0045 mol). The mixture was 
allowed to react for 3 hr. After work-up as above there was 
obtained 7 g (38%) of white microcrystalline powder: nip 270- 
272' (toluene); ir spectrum (Nujol) 1610, 1300, 1200, 1130, 
1025, 950, 870, 850, 740, 700 cm-l. 

Anal. Calcd for C14H3,: C, 92.26; H, 7.74; mol wt, 442.6. 
Found: C,  92.38; H, 7.63; mol wt, (vpo), 431.0. 

1,4-Bis(2,3,5,6-tetramethylbenzyl)anthracene (4).-To a 
stirred solution of 2,3,5,6-tetramethylbenzyl chloride (3.75 g, 
0.021 mol) and anthracene (12.5 g, 0.07 mol) in nitroethane (200 
ml) was added a t  .50° stannic chloride (0.5 ml, 0.0043 mol). 
The mixture was reacted for 2 hr. After work-up as above there 
was obtained 3.0 g (587,) of white microcrystalline powder: mp 
t378-379" (toluene); ir spectrum (Sujol)  1630, 1080, 1015, 890, 
870, 730, 740, 710 cm-'. 

Anal. Calcd for C36H38: C, 91.86; €I, 8.14; mol wt ,  470.7. 
Found: C,  91.70; H ,  8.30; mol w t  (vpo), 470.0. 

Registry No.-1, 30690-21-2; 2, 30690-22-3; 3, 
30690-23-4; 4,30690-24-5. 

(22) M. W. Miller, R. W. hmidon, and P. 0. Tawney. J .  Amer. Chem. 
Soc., 77, 2845 (1955). 


