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A catalytic effect by silica gel on electrophilic aromatic chlorinations by sulfuryl chlo- 

ride was recently described.' We wish to report that this technique is synthetically useful for 

side-chain electrophilic chlorination of highly substituted aromatic compounds. Our results also 

bear on the recent controversy over whether such reactions occur by an electron-transfer2 or 

electrophilic3 mechanism. 

A solution of hexamethylbenzene (I, 1.62 g, 10 mmol) in Ccl4 (25 ml) to which was added 

0.35 g of silica gel4 and 1.35 g (10 mnol) of sulfuryl chloride was stirred at room temperature 

for 8 hr. Work-up by washing with saturated NaHC03 solution, drying (Na2S04) and removing the 

solvent gave 1.9 g (96%) of pentamethylbenzyl chloride 5, mp 79-81" (hexanes).5 Under similar 

i $ (96%) 

conditions, but with the silica gel omitted, no chlorination occ;;r;d (~1% in 72 hr). In view of 

the demonstration that SC/SG acts by an electrophilic mechanism, ’ our results support the 

conclusions of Baciocchi and Illuminati3 that polar a-chlorination of 1 occurs by an ionic rather 

than electron-transfer mechanism. 

Chlorination of octamethylnaphthalene (3)' by SC/SG can be controlled to give excellent 

yields of mono-, di- or tetrachloro derivatives, depending on the reagent/substrate mol ratio. 

The reactions were run at room temperature using procedures similar to those described for the 

conversion of 1 to E. 

f& SC/SG> +$ or e or $$ 
2 2 
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(1:l rnol ratio, 4 hr) (2:1 mol ratio, 8 hr) (4:l mol ratio, 8 hr) 
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The same chlorination products were obtained from 2 and sulfuryl chloride alone, but the reaction 

mixtures had to be refluxed (8, 7 hr; 2, 17 hr; t, 36 hr), the yields were lower, and the pro- 

ducts were less clean and difficult to purify. Thus the catalytic effect of the silica gel is 

marked. 

Compound 2 (mp 126-130°)8 was shown to have the chloromethyl group in the l-position by the 

following reaction sequence: 

& 1 (60%) 8 (97%) 

Treatment of $, (1.0 g, 3.64 nmml) with methanol (25 ml) and pyridine (5 ml) in ether solution 

(250 ml) at room temperature for 24 hr gave the methyl ether z (0.59 g, 60%),gy'o mp 90.5-92'. 

When 7 (0.1 g) was warmed for 10 min with methanol (10 ml) containing 1 drop of 37% HCl, the 

known?' heptamethylnaphthalene 8 was obtained in nearly quantitative yield. Compound ,$ was 

converted directly to 4 by refluxing methanol. 12 

The room temperature nmr spectrum of 2 " l3 consisted of four singlets at 62.30 (6H), 2.42 

(6H), 2.65 (6") and 4.72 (4H), indicating a syasaetric structure. Since 2 

further chlorination of ,$ with SC/S& (g3%, 6 hr), the chloromethyl groups 

the 1-4, l-5 or l-8 positions. That the latter was the case was shown by 

(by chromatography on silica gel) to the cyclic ether &g"4 mp 194-198". 

ClCH 
I2 

;H2Cl 

could be prepared by 

in ,$ must be in either 

the hydrolysis of ,$, 

The nmr spectrum of Q "13 at 75“ consisted of two sharp singlets at 62.50 (12") and 4.94 

(8"). This spectrum indicated a synrsetric structure, with the chloromethyl groups in either 

the 1,4,5,8 or 2,3,6,7 positions. That the former is correct was shown by the synthesis of 4 

through further chlorination of 2 with SC/SG (9318, 8 hr). 

The regiospecificity of these chlorinations of octamethylnaphthalene is striking. The 

most likely position for initial electrophilic attack is at C1,7"5 not only for electronic 

reasons but also because attack at this position relieves a 1,8-peri interaction (in the inter- 

mediate 6). 



No. 2 145 

Explanations for the orientation on further chlorination can at this time only be specu- 

lative. If the second substitution occurs by the same mechanism as the first, we nuct conclude 

that electrophilic attack occurs as shown in k. Because of the deactivating effect of the 

chloromethyl group in t, it is not surprising that the second chlorination occurs in the other 

ring, but the preferred 1,B (rather than 1,5) orientation might not have been predicted. The 

formation of 6, from 2 requires attack at ring carbons which bear the chloromethyl groups. This 

is reasonable not only because strain due to peri-chloromethyl groups is relieved, but also 

Cl Cl w Cl (., Cl 

;I 'I *V-+ 

Q? 

'I +I ----+g 

Cl 

because the positive charge is stabilized by methyl ([) rather than chloromethyl (5) groups. 

The synthetic utility of SC/SG as a chlorinating agent, and the mechanism of silica gel 

catalysis16 are being further explored. 

m: We are indebted to the National Institutes of Health (GM 15997) and to the 

National Science Foundation (GP 43659-X) for partial support of this research. 
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