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cooled to +6’ and with stirring finely powdered anhydrous aluminum chloride (0.84 mole)is 

was rapidly added. The first half of the addition was mildly exothermic and the temperature 

rose to 15O. The mixture was warmed and became mostly homogeneous. The evolution of hydrogen 

halide began between 45-50°. After a 2 hr reflux period, the cooled mixture was poured on to a 

stirred mixture of ice cubes and 18% hydrochloric acid. The organic layer was separated and the 

aqueous solution was extracted with ether. After drying (MgS04) and concentration, the nitrile 

was purified by vacuum distillation. 

4-Chlorobutyronil.rile thus affords 4-phenylbutyronitrile (1)17 (98$), b.p. 61-63°/~.j mm, 

144-145O/16 mm (reported'" b.p. 142-145@/16 nun); infrared (film) 2250 cm-l (cG). This compound 

showed superimposable NMR and IR spectra and identical VPC retention time in comparison with the 

compound prepared by earlier workers.la Mild alkaline hydrolysis of the nitrile (I) furnished 

y-phenylbutyric acid (Ii) (95%) m.p. 50-52' (reportedi' m.p. 52'). 

5-Bromovaleronitcile thus affords 5-phenylvaleronitrile (III) (98$), b.p. 87..89O/o.2 mm, 

158-160°/17 mm (reported@ b.p. 157-161°/17 mm); infrared (film), 2250 cm-l (C3J). This product 

was identical in all aspects with the compound prepared by the earlier method.18 Conversion of 

the nitrile (III) using 159 HzO, (excessj and a catalytic amount of NaOH solution furnished 5- 

phenylvaleramide (IV) (>@I), m.p. 108-109' (reported'" 109'). 

6-Bromohexanenitrile thus affords the first evidence of rearrangement using an ur-halo- 

alkanenitrile in this reaction. This nitrile affords a mixture of 6-phenylhexanenitrile (V) and 

5-phenylhexanenitrile (VI) (97$) b.p. 80-90°/0.1j nun. The amount of rearrangement is far less 

than that reported for n-alkylhalides7-s as the proportion of V-VI is 85-15 by VPC. This method 

is still synthetically useful since a vacuum distillation of the mixture of nitriles through a 

spinning band column yields V in 6fi yield with greater than 98% purity (WC). The presence of 

VI is shown in the mixture by the presence in the NMR spectrum of the typical doublet of the CHe 

group alpha to the pheryl and the distinct blurring of the fine structure of the remainder Of 

the spectrum. The posrtion of the CH, group was also demonstrated by alkaline hydrolysis of the 

mixture of nitriles to i mixture of 6-phenylhexanoic acid (VII) and 5-phenylhexanoic acid (VIII) 

followed by light cata. yzed bromination. The expected benzylic bromination under these condi- 

tions results in a mixlure of 6-bromo-6-phenylhexanoic acid (IX) and 5-bromo-5-phenylhexanoic 

acid (X) and the remov.31 of the CH3 doublet in the NMR spectrum of the mixture of brominated 

acids. In the same sp,?ctrum, a triplet appears centered at 4.95 PPM due to the 6-H in IX. Pure 

V has a b.p. 89-yOo/o.l'; mm, 163-16L"/13 mm (reportedl" 160-1~~to/lj mm); infrared (film) 
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2250 cm-' (CsN). In one attempt at separating V and VI by preparing a crystalline derivative, 

the mixture of nitriles was treated with a slight excess of 15% El202 and a catalytic amount of 

NaOH solution. A VPC on the product showed a 75% conversion to the amides and complete resolu- 

tion of the four component mixture. Trituration with cyclohexane gave 6-phenylhexanamide (XI) 

(50$) m.p. 91-93' (reported 90°zo and 9k021 ). XI synthesized from V prepared by the earlier 

routel' gave m.p. 91-93' (recrystallized from cyclohexane). 

It was possible that the ratio of V-VI was dependent upon the reaction temperature. 

Therefore, 6-bromohexanenitrile was used in a variation of the general procedure. After the 

addition of the aluminum chloride, the reaction mixture was stirred between 10-15' for 4 hr and 

at 25O for 16 hr. After workup, V and VI were isolated in essentially the same ratio as with 

the general procedure. However, the yield was lowered to 7% and a higher boiling fraction was 

present. The room temperature procedure was repeated and the mixture allowed to stand 10 days 

before workup. The yield of V-VI was 59% and the yield of high boiling material was 36.8%. The 

latter was a three component mixture by VPC (8.3, 5.7, 86.). Redistillation gave a 27% yield of 

a 3-l-96 mixture. The major component has been assigned the structure, m-bensenedihexaneni- 

trile (XII), based upon the NMR and IR spectra. These spectra have the aromatic pattern typi- 

cal of a meta substituted benzene. The mass spectrum shows the parent peak at 268. The second 

component is tentatively assigned the structure 6-[m-(4-cyano-1-methylbutyl)phenyl]hexanenitrile - 

(XIII) based upon the presence of a small amount of the unequal doublet of the CHe group in the 

NMR spectrum. The structures of XII and XIII are reasonable since it has been shown that redis- 

tribution of side chains under Friedel-Crafts conditions is time dependent22 and occurs without 

rearrangement.= 

These results show that Friedel-Crafts alkylation of benzene with w-haloalkanenitriles is 

a high yield, simple, and fast alternative to previous methods of synthesis of m-arylalkaneni- 

triles. This method should be applicable to any aromatic substrate that has been successfully 

alkylated using alkyl halides and aluminum chloride.7-s 
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