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887. Relation between Hyperconjugation and Conformation. Part 
III? Ethyl Alcoholysis of Some Derivatives of Diphenylmethyl 
Chloride. 

By G. BADDELEY and M. GORDON. 
Derivatives (11, n = 5, 6, and 7) and (111, n = 5 and 6)  have been prepared 

and their reactivities in ethanolysis measured and compared with those for 
the chlorides (I, n = 5, 6, and 7). The comparison affords evidence for the 
view that hyperconjugation of methylene and phenyl groups varies with 
change in the conformational relationship of the groups. 

The reactivities of 4-cycZopentyl-, 4-cycZohexyl-, and 4-isopropyl-diphenyl- 
methyl chloride in ethanolysis decrease in this order. 

RATES of unimolecular solvolysis of the chlorides (I; n = 5, 6, and 7) decrease in this 
order and have been offered as evidence for the view that hyperconjugation of methylene 

a B  
group and aromatic ring in the system ArCH2-Cf decreases progressively as the p-carbon 
atom lies a t  increasing distances from the plane of the ring. According to this inter- 
pretation, should one or both of the hydrogen atoms of the a-methylene group be replaced 

by methyl as in the chlorides (I1 and 111; ?t = 5, 6, and 7) the c' fJcT;;H, reactivities of the chlorides should depend less on the value of 
2 n-4  n. In fact, the contribution by hyperconjugation to the 

reactivities of the chlorides (111), though not zero since it is 
generally accepted that the C-C bond can hyperconjugate 

(1 ; R ' =  R2 = H )  though to a less extent than the C-H bond, should not be 
( 1 1  ; RI = R2 = M e )  altered by change in the value of n. This follows from the 

assumption that the tert.-butyl group resembles the methyl 
group in having its hyperconjugative effect unaffected by 

rotation of the group about the bond joining it to the benzene ring. We have prepared 
the chlorides (11; n = 5, 6, and 7) and (111; n = 5 and 6); the kinetic data for their 
solvolysis in dry ethyl alcohol are assembled in Table 1 together with those previously 
reported for the chlorides (I; n = 5, 6, and 7). Table 2 provides a comparison of the 
relative rates of solvolysis at 0" for each series of chlorides. 

PhaCH \ C 6  R 2  

(111 ; R ' =  R 2  = M e )  

TABLE 1. Arrhenius parameters for  the formation of hydrogen chloride by the 
ethanolysis of the chlorides. 

At 0.0" At 20.0' E At 0.0" 

Chloride (sec.-1) (sec.-I) mole) (sec.-l) Chloride (sec.-l) 
I ;  n = 5 ... 23.3 205 17.3 1.5 11; n = 5 14.8 

la = 6.. .  17.9 172 17.9 1.7 n = 6 11-9 
n = 7... 15.1 147 18.0 2.0 n = 7 12.1 

111; n = 5 10.9 
n = 6 9.6 

10% 10% (kca1.l 10-lO-4 105k 
At 20.0' E 

lO5k (kca1.l 10-lOA 
(sec.-1) mole) (sec.-l) 

160 18.9 15.8 
130 19-1 15.5 
142 19.4 15-8 
123 19.2 25-1 
113 19.6 37.4 

2-Phenylmethyl At 0.0" At 20.0" At 25.0' E 10-10 A 
chlorides 105k (sec.-l) 105k (sec.-l) 106k (sec.-l) (kcal./mole (sec.-l) 

4-cycZoPenty1- .................. 7-5 1 82-9 144 19.1 11.6 

4-isoPropy1- ..................... - - 106 
4-cycZoHexy1- ..................... 5-75 67.9 122 19.3 13.8 - - 

As expected, change in reactivity is greatest in series (I) and least in (111); thus the 
data provide evidence for the view that hyperconjugation of methylene and phenyl groups 
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is altered by change in the conformational relationship of the groups. I t  is noteworthy 
that whereas the contribution of hyperconjugation to the reactivity of (111; n = 6) is 
expected to be about the same as that to the reactivity of (111; n = 5), these compounds 
have different reactivities. It follows, therefore, that the differences in reactivity between 
members of the series of chlorides (I) and (11) cannot be attributed wholly to differences 
in hyperconjugation. 

TABLE 2. Relative rates of ethaPzolysis at 0.0" for each of the series of chlorides, 
(I), (11), and (111). 

(1) (11) (111) 

n = 6 77 80 a8 
n = 5 ..................... 100 100 100 

82 - n = 7  ..................... 65 
..................... 

The reactivity of 4-cyclopentyldiphenylmethyl chloride is greater than that of the 
corresponding cyclohexyl derivative (see Table 1) as expected since the cyclopentyl group 
holds its a-methylene group away from the ortho-positions of the benzene ring and so 
diminishes steric interaction. This effect of the five-membered ring has been observed 
in other instances. However, other effects, such as the greater aptitude of the cyclopentyl 
group to provide an exocyclic double bond, may contribute to the difference in reactivity. 

EXPERIMENTAL 
Materials.-Hydrocarbons. isoPropy1-, cyclopentyl-, and cyclohexyl-benzene were prepared 

by  previously described methods. 1 : 3-Dimethylindane, b. p. 199-201", was obtained by 
catalytic hydrogenation of 1 : 3-diniethylindene,* the product of distillation of 1 : 3-dimethyl- 
indan-1-01 at atmospheric pressure. 1 : 2 : 3 : 4-Tetrahydro-1 : 4-dimethylnaphthalene, b. p. 
104-105"/12 mm., was given by hydrogenation of 1 : 2-clihydro-1 : 4-di1nethylnaphthalene, 
the product of dehydration of 1 : 2 : 3 : 4-tetrahydro-l-hydroxy-1 : 4-dimethylnaphthalene 
with formic acid. 5-Phenylhexanoyl chloride, b. p. 146-147"/16 mm., was obtained from 
the acid by the action of thionyl chloride, and gave 3-methyl-1 : 2-benzocycZohepten-7-one, 
b. p. 148-150"/16 mm., senzicarbazone, m. p. 204-205" (Found: C, 68.1; H, 7.5; N, 17-7. 
C13H1,0N3 requires C, 67.5; H, 7.4; N, 18.2y0), when cyclised with aIuminium chIoride as 
described by Baker and Aspinall.' This ketone afforded 3 : 7-dimethyl-1 : 2-benzocycZo- 
hepten-3-01 which gave 3 : 7-dimethyl-1 : 2-beszzocyclohe~ta-1 : 3-diene, b. p. 123-124"/17 mm. 
(Found: C, 90.5; H, 9.4. C13Hl, requires C, 90.7; H, 9.3%). 3 : 7-DzmethyZbenzocyclo- 
heptene, b. p. 121-123"/18 mm. (Found: C, 40.0; H, 10-0. C1,H,, requires C, 89.7; H, 10-3y0), 
was obtained by catalytic hydrogenation. 1 : 1 : 3 : 3-Tetramethylindane,, b. p. 208-210", 
was readily afforded by the action of 85% sulphuric acid on 2 : 5-dimethyl-4-phenylpentan-2-01 
or the olefin obtained from it by the action of formic acid. 

1 : 2 : 3 : 4-Tetrahydi-0-1 : 1 : 4 : 4-tetrameth~lnaphthalene,~ b. p. 248"/760 mm., was given 
by the interaction of 2 : 5-dichloro-2 : 5-dimethylhexane (the product of interaction of the 
corresponding diol, m. p. 88-89", and hydrogen chloride), benzene, and aluminium chloride. 
The preparation of cycZohexylbenzene,l* b. p. 239"/760 mm., involved l-phenylcyclohexanol 
and l-phenylcyclohexane as intermediates. cycloPentyIbenzene, b. p. 216-217"/760 mm., 
was similarly obtained. 

Aluminium chloride (1.5 mol.) was covered with redistilled ethylene dichloride 
and benzoyl chloride (1.25 mol.) was gradually added together with sufficient ethylene dichloride 
to keep the acid chloride-aluminium chloride complex in solution. The solution was decanted 
on the appropriate aromatic hydrocarbon, and after being kept overnight the mixture was 
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poured 011 ice and hydrochloric acid. The organic layer was separated, dried (K,CO,), and 
distilled. 

The following derivatives of bcnzoplieiione were obtained : 3 : 4-(3 : 5-dimethylcydo- 
penteno)-, 204-205'/0.25 mm. (Found: C, 86.5; H, 7.1. Calc. for C1,H,,O: C, 86.4; H, 7.2%) ; 
3 : 4-(3 : 6-dimethylcycZohexeno)-, b. p. 206-206'/0-25 mm. (Found: C, 86-2; H, 7.5. Calc. 
for C,,H,,O: C, 86.4; €3, 7.6%) ; 3 : 4-(3 : 7-dimethylcycZohepteno)-, b. p. 198'/0.07 mm. 
(Found: C, 86-5; H, 8.0. Calc. for C,,H,,O: C, 86-3; H, 7.9%); 3 : 4-(3 : 3 : 5 : 5-tetra- 
nzethyZcyc1openteno)-, b. p. 190'/0-5 mm., needles, m. p. 70-71" from ethanol (Found: C, 85.9; 
H, 7.9. C,,H,,O requires C, 86.3; H, 7.9%) ; 3 : 4-(3 : 3 : 6 : 6-tetvamethyZcyclohexeno)-, b. p. 
196-198"/0.3 mm., needles, m. p. 77-78' from ethanol (Found: C, 86.2; H, 8.3. C,,H,,O 
requires C, 86.3; H, 8.2%); 4-cycZopentyl-, b. p. 175-175"/0~06 min. (Found: C, 86.1; H, 7.4. 
Calc. for C,,H,,O: C, 86-4; H, 7.2%); 4-~yclohexyl-,~~ b. p. 1!)7-199"/0.12 mm. (FOLII~C~: 
C, 86.2; H, 7.4. Calc. for C,gH,oO: C, 86.4; H, 7.6%). 

The following derivatives of diphenylmethanol were obtained from the corre- 
sponding benzophenones by reduction with lithium aluminium hydride or with zinc dust and 
alkali; 3 : 4-(3 : 5-dimethyZcyclopenteno)-, b. p. 213-215'113 mm., needles, m. p. 62.5-63-5" 
from light petroleum (Found: C, 85.5; H, 7.8. C1,H,,O requires C, 85.7; H, 7.9%); 3 : 4- 
(3 : 6-dimethylcycZohexeno)-, b. p. 189-191"/0.1 mm. (Found: (3, 85.5; H, 8.5. Calc. for 
C,,H,,O: C, 85.7; H, 8.3%) ; 3 : 4-(3 : 7-dimethylcycZohepteno)-, b. p. 190-192"/0~07 mm. (Found: 
C, 85.4; H, 8.6. Calc. for C,oH,,O: C, 85.7; H, 8.6%); 3 : 4-(3 : 3 : 5 : 5-tetranzethyZcyc10- 
penteno)-, needles, m. p. 118-119" from light petroleum (Found: C, 84-9; H, 9.0. C,lH,,O 
requires C, 85-7; H, 8.9%); 4-cyclope?dyZ-, needles, m. p. 52-53" from light petroleum (Found: 
C, 85.9; H, 8.1. C,8H,o0 requires C, 85.7; H, 7.9%); 4-cyclohmyZ-, needles, m. p. 53-44' 
(Found: C, 85.8; H, 8.7. C1,H,,O requires C, 85.7; K, 8.3%). 

The following derivatives of diphenylmethyl chloride were prepared by passing 
dry hydrogen chloride for 24 hours into a solution or suspension of the corresponding alcohols 
in light petroleum (b. p. 60-80"). The petroleum was then decanted from a lower aqueous 
layer and dried (CaCl,) ; the solvent was removed under reduced pressure and in the absence 
of moisture and oxygen and the residue was rapidly distilled at 0-1 mm., using a preheated 
oil-bath. In all iiistanccs, the chloride before and after distillation provided rates of ethanolysis 
which, for a given temperature, did not differ by more than 2%. The approximate b. p.s were: 
3 : 4-(dimethy1cycZopenteno)-, b. p. 170" (Found: C1, 13.1. Calc. for C,,H,,Cl: C1, 13.1%); 
3 : 4-(3 : 6-dimethylcycZohexeno)-, b. p. 175" (Found: C1, 12.3. Calc. for C,,H,,Cl: C1, 12.5%); 
3 : 4-(3 : 7-dimethylcycZohepteno)-, b. p. 180" (Found: C1, 11-8. Calc. for C,,H,,Cl: C1, 11.9yo); 
3 : 4-(3 : 3 : 5 : 5-tetramethylcycZopenteno)-, b. p. 180' (Found: C1, 11.6. Calc. for C,,H,,Cl: 
C1, 11.9%); 3 : 4-(3 : 3 : 6 : 6-tetramethylcycZohexeno)-, b. p. 185" (Found: C1, 11.1. Calc. 
for C,,H,,Cl: C1, 11.4%); 4-cycZopentyl-, b. p. 187" (Found: C1, 13-2. Calc. for C,gHISC1: 
4-cyclohexyl-, b. p. 193", needles m. p. 62-63" from light petroleum (Found: C, 79.5; H, 7.2; 
C1, 12.8. Cl,H,,C1 requires C, 80.1; H, 7-4;  C1, 12.5%). 

AlcohoZysis of the Chlorides in Anhydrozcs Ethyl AZcohoZ.-The procedure was that described 
by Hughes, Ingold, and Taher., Experiments were carried out a t  O.O', at 20.0', or 25.0" 
(f0.05") by sampling, the samples being run into a large volume of ice-coId acetone to  stop the 

AZcohoZs. 

Chlorides. 

TABLE 3. Ethanolysis of 4-cyclo~e~atyldaphenyl~eth~~l chloride at 0.0". 
..................... t 0 50 100 133 176 2 30 295 348 

a - x ............... 11-32 9-02 7-16 6.08 5.15 4.02 2.99 2-37 
105k ............... - 7.57 7.66 7-67 7-48 7.49 7.5 1 7.48 

Mean 105K = 7.55; other runs gave 10Sk = 7.40 and 7.58 severally. 

reaction, and titrated with sodium hydroxide (0 .01~)  with lacmoid as indicator. Table 3 
illustrates one run. 4-cycZoPentyldiphenylmethy1 chloride was initially in 0.01 1 3 2 M - S O h t i O n .  
Its concentration, a - x, at time 2, in minutes, is expressed in C.C. of 0.0100N-sodium hydroxide 
per 10 C.C. of sample. All first-order rate constants, k ,  are in sec.-l. 
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