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The Hyperconjugative Effect of Methylene Groups in 5-Indanylphenylchloromethane 
and 5,6,7,8-Tetrahydro-2-naphthylphenylchloromethane 

BY RICHARD T. ARNOLD, KOTARO MURAI’ AND R. M. DODSON 

Kinetic studies dealing with the hydrolysis of previously studied,2 the rate constants for the hy- 
benzhydryl chlorides2 have shown the rate deter- drolysis of benzhydryl chloride and p-methyl- 
mining step of this reaction to be “unimolecular,” benzhydryl chloride were determined under the 
and i t  is now generally agreed that this rate con- same conditions. These values checked those 
trolling step essentially involves an ionization of previously reported2 very satisfactorily (Table I). 
the halide. The hyperconjugative effect of the p-methylene 

, c1 

It is also known2 that para alkyl groups increase 
the rate of hydrolysis of benzhydryl chlorides in 
the order (CHa)aC- < (CHa)2CH- < CHsCH2- 
< CH3-. Since these rate differences can reason- 
ably be attributed2 to  hyperconjugation (i. e. ,  no 
bond resonance) which stabilizes preferentially 
the transition state, such kinetic studies offer a 
sensitive measure of hyperconjugative effects in 
related substituents. 

In  a series of papers from this Laboratory8 i t  
has been reported that measurable differences ex- 
ist in the steric effect of methylene groups in five- 
and six-membered rings. In  order to  determine 
whether or not certain well known differences in 
the aromatic rings of indane and tetralin can be 
attributed in part to  inequalities in the hypercon- 
jugative effects of the methylene groups in these 
two hydrocarbons, we have measured the rates of 
hydrolysis of 5-indanylphenylchloromethane (I) 
and 5,6,7,8-tetrahydro-2-naphthylphenylchloro- 
methane (11). 

I I1 

Kinetic constants for these first-order reactions 
a t  0’ and 2 j 0 ,  the activation energies (E) and the 
non-exponential rate factors (B) were found to be 
identical within the limits of experimental error 
(Table I). It is therefore concluded that no ap- 
preciable difference in the degree to which hyper- 
conjugation contributes to these systems (I and 
11) exists. 

In  order to relate the hyperconjugative effect of 
the p-methylene group in fused five- and six- 
membered rings to that of the alkyl substituents 

(1) Abstracted from a thesis by Kotaro Murai, presented to the 
Graduate Faculty of the University of Minnesota in partial fulfil- 
ment of the requirements for the Ph.D. degree, Octoher, 1949. 

(2) Hughes, Ingold and Taher, J .  C/zem. SOL,  949 (1940). 
(3) Arnold and Richter, THIS JOURNAL, 70, 3505 (1948). 

group in fused five- and six-membered rings is ap- 
proximately equal to that of the p-ethyl group. 

TABLE I 
kzso  koa B 

Substituted X 102 X 105 E act. X 10-11 
benzhydryl chloride (sec. -1)” (sec. -1) (kcal.) (sec. -1) 

Compound I 1.306 6 . 3 4  19 .6  2 .96  
Compound I1 1.300 6 .30  19 .6  3.00 
Benzhydryl chloride 0.0723 0.284 20.9 1 .65 

0.0728’ 0 . 2 8 9  21.0’ 1.91’ 
p-Methyl chloride 1,559 8.32 18 .9  1.28 

1.560’ 8.35’ 18.9’ 1.23b 
$-Ethyl chloride 1.260’ 6 .  26’ 19.4* 2 .  19’ 

a The solvent for all of these determinations was pre- 
pared by diluting four volumes of acetone with one volume 
of water. These values were determined by Hughes, 
Ingold and Taher, ref. 2. 

Since i t  has recently been indicated that the 
hyperconjugation of methylene groups is subject 
to  steric effects14 the hydrolysis of 3,4-pentameth- 
ylenediphenylchloromethane is now being studied. 

Preparation of Compounds 
I n  order to  be certain of the structure of the 

compounds, 5-indanyl phenyl ketone was first pre- 
pared by the Friedel-Crafts reaction of 5-indan- 
carbonyl chloride with benzene. The required 5- 
indancarboxylic acid was prepared either from 5- 
aminoindan via the nitrile,j or froin the mixture of 
4- and 5-indanyl methyl ketones6 by means of the 
intermediate 5-indanacylpyridinium iodide.7 This 
pyridinium salt was hydrolyzed to the acid with 
aqueous sodium hydroxide. In contrast, the 
haloform reaction on the mixture of 4- and &in- 
danyl methyl ketones using bromine and alkali 
gave a mixture of acids which was very difficult to 
separate.0 The 5-aminoindan was most conveni- 
ently prepared by the catalytic reduction of 5-  

(4) Baddeley, Chadwick and Rawlinson. Nature, 164, 833 (1949). 
(5) Lindner, Schmitt and Zaunbauer, Monots., 72,  216 (1939). 
(6) Borsche and Pommer, B o . ,  54, 102 (1921). 
( i )  L. C. King, THIS JOURNAL, 66, 894 (1944). 



i i i t r o i I i d t t I i ~  using a Kaiiey nickel catalyst in eth- 
anol .  -1fter seed crystals were available, pure 5-  
itidanyl phenyl ketone could be readily prepared 
1)). the direct benzoylation of  indan using the 
liriedel-Crafts reaction 

,~,ii,7,s-Tetrahydro-S-naphthq.l Ilhenyl ketoiic 
was also prepared by two different routes; first, b!. 
the condensation of 5,6,7,8-tetrahydro-2-naph- 
thoyl chloride with benzene using aluminum chlo- 
ride. The required 5,6,7,8-tetrahydro-S-naph- 
thoic acid was obtained froni the inipure 3,(i,i,S- 
tetrahydro-2-naphtliyl inethyl ketone9 by means 
of the preparation, crystallization arid hydrolysis 
of 3,(i,i,S-tetraliyclro-"-t~aphthacylpyridiniurn io- 

l los t  of the desired ketone was obtained 
by the second procedure, the direct benzoylation 
of tetralin.9sJu 

Both 5-indanyl phenyl ketone arid 5,6,7,8-tetra- 
hydro-2-naphthyl phenyl ketone were reduced to 
their respective carbinols by means of either a 
fianey nickel or a copper chromiuni oxide catalyst 
in  ether solution. The former catalyst was pre- 
ferred because the temperature required for reduc- 
tion was lower. The carbinols were converted t o  
the respective substituted benzhydryl chlorides 
(1 and IIj by treatment with hydrogen chloride in 
benzene solution." '\ll of the chlorides were 
stored under nitrogen in sealed ampules and were 
redistilled immediately prior to the kinetic deter- 
mination. 

Experimental'; 
5-Indanacylpyridinium Iodide.-A mixturc of 1 H . U  g.  

(0.1 mole) of 4-and 5-indanyl methyl ketone, 25.4 g. 10.2iO 
inole) of iodine and 50 nil. of pyridine was heated for onc 
hour on the steam-bath. After beiiig cooled overnight i n  
t hc refrigerator, thc solution \vas filtcrcd. The solid 
i,rtwliict was washctl tLvicr with 100 ml. of ether and then 
11 ith 101) nil. ol wtter. 'l'hc product was crystalliwd 
from 65"h alcohol to givc 13.0 g .  (35.85;) of 5-indanacyl- 
pyridiniuni iodide, in.  1). 203-%OX '. 

.Anal. Calcd. for CLBH,,ISO: C ,  52.62; €I, 4.43. 
Found: C ,  52..56; H ,  4.73.  

Sdndancarboxylic Acid.--A mixture of 25.5 g. (0.079 
inole) of 5-indanacylpyriditiiulri iodide, 20.0 g. (0.50 
molc'i of sodium hydroxide aiid 400 ml. of water was heated 
for two hours on thv steam-bath. The solution was neu- 
tralized with six tiornial hydrochloric acid and digested for 
thirty niinutcs oil the ,(cam-hath. After being cooled, 
t.he product W:IS 3ep;ir:itc.tl Iiy filtr;ition. The precipitate 
\vas dissolvcti i i i  10' wtliuiii c;~rl)oiiatc solutioii, a i i d  the 
hol i i f  ioii I W ~  Imilctl \\-it11 (xriioti (So r i t )  for fivc Inii iutcs.  
thcu tiltrwcl through 1 li-Iili). .After beilig ticutralizctl 
nith i j  ,V hytirochloric ;wid, thc mixture w;i> iii- 
pe.itetl on the steam-l)ath for 30 iiiutes, cooled, and fil- 
tcretl. l u  this way, S..? g. (75 of 6-itidancarboxylic 
:tcid, in. p .  182-18:3", i r , i c  obtain I .  The reported melt- 
itig point5 is 18:3--184". 

5-Indimyl Phenyl Ketone.---A mixture of 9.0 g. (0.048 
mole) of 5-indancarbonyl chlorideI3 (prepared frorii the 
acid with thionyl chloride), 6.5 g. (0.049 mole) of alumi- 
num chloride and 80 rnl. of anhydrous benzene was heated 
under reflux for trvo hours. The mixture was poured into 

a slurry of equal parts of ice anti 18 ,V hydrochloric acid. 
The organic layer was separated, washed with five per cent. 
sodium carbonate solution, dried over anhydrous calcium 
chloride, and the solvent was removed. Distillation of 
the residue yiclded 0.0 g. (89g',) of 6-indanyl phenyl ke- 
tone,  I ) .  11. IRX-2O:I' (13  mm.) By crystallization from 
.!hsoluLc eth;iiiol ; i t  --40", solid product was ohtained, 
1 1 1 .  1 ) .  :L-:<6".  'l'lic cuiripountl is reported as an oil, 1). 1). 
3I:i--20-!' i S  111111. ,,I! : i i i f I  iiz ;I solid6 with a melting poilit 
ol' over .40 '. 

c7-Iiidaiiyl pheriyl kctoue, 111. p.  35-36", was also prc- 
pared by the direct licnzoylation of indan and was crys- 
tallized froin absolute alcohol a t  -40". The oximes ob; 
1:iiiic.d from thc above ketones both melted at 148-149 
a r i t l  showed 110 depressioti of melting point when mixed. 
'l'lii. reporfrd iiicltiiig 1)oiiit. of 3-intlmyl pheiiyl ketosinic 
i t n '  l4!bl.i2"';:tnd 1,j:j 1T,4".6 

5,6,7 ,%Tetrahydro -2 -naphthacylpyridiniurn Iodide .--- A 
iiiisturc, of 90 g. (0,516 mole) of 5,6,7,8-tetrahydro-9- 
( ; t i r d  l)-iixphthyl inethyl ketone, 132 g. (0.516 mole) of 
iodine i i i id  260 nil. of pyridine was warmed on the steain- 
1~1th for oiie hour. The mixture was allowed to stand 
ovcriiight iii the refrigerator and then was filtered. The 
product wab \viislied twice with 100 ml. of ether and then 
ivith 100 1111. of rratcr. After crystallization from 65% 
alcohol, thc yellorv protlttct, m.  p. 213-214 ', weighed 79.0 
g. ;40.50.';j. 

Am/. Calctl. for Cl,Hl&rO: C, 53.84; 11, 4.78. 
l ~ o i ~ i i d :  C ,  54.11; 13, 5.08. 
5,6,7,8-Tetrahydro-2-naphthoic Acid.-A suspension of 

g. ((1.208 niole) of 5,6,7,8-tetrahj.dro-2-naphtha- 
cylpyridinium iodide and 80 g. (2 moles of sodium hy- 
droxide in 500 1111. of water was heated on the steam-bath 
for two hours. The acid was isolated a6 described above. 
After being crystal1i:ed from 65% alcohol, the white prod- 
uct, in. p.  153-154 , weighed 25.2 g. (69°C). The acid 
is reported13 to melt a t  152-153". 
5,6,7,8-Tetrahydro-2-naphthyl Phenyl Ketone.-A mix- 

I lire of 26.0 g. of 6,6,7,8-tetrahydro-2-naphthoyl chloride13 
prepared froin the acid with thionyl chloride), 21.9 g. of 

:tluminutn chloride and 75 ml. of anhydrous benzene was 
heated under reflux for three hours. The product was 
isolated as described above. JXstillation yielded 20.0 g. 
{NF;) of the desired ketone, b. p .  237" (19 mm.). A 
small salnplc of the ketone \vas crystallized from obsolutc 
ethanol a t  -40" and melted a t  41-42'. 5,6,7,8-Tetra- 
hydro-2-naphthyl phenyl ketone, rn. p. 41-42', was also 
prepared by the direct benzoylation of tetralin :,lo foollowed 
by crystallization from absolute ethanol a t  -20 . The 
ketone is reported to  have a boiling point of 222-223" (12 
rn111.)~ and a melting point of 40.441.2".10 

. inui .  Calcd. for C17H,&: C, 86.41; €1, 6.82. Found: 
C, 86.59; H, 6.73. 

Both sayples of the ketone formed oxinies which melted 
:it 111-142 aiid which showed no melting point depression 
wheii iriixed. The reportedo melting point of c5,6,7,R- 
tclr~thydro-2-iiaphthyl phenyl ketoxime is 142". 

5.6,7,8-Tetrahydro-Z -naphthylphenylcarbinol . -A solu - 
Lioii  ( i f  I10 g. (O.4lti iiiole) of 5,6,7,8-tetrahydro-2- 
i1~ i~ ) I i t hy i  pheiiyl ketonc iii 230 inl. of ether was reduced a t  
12.;' ;t11(1 1400-1700 pouiicls per squarc inch of hydrogcii 
mirig ;I Ilaiiey iiickcl catalyst. T o  insure complete re- 
duction of the ketone, the reduction wa6 continued until 
slightly more than one mole of hydr en was absorbed. 
Three distillations of the product y a d e d  two separate 
fraction-:. Fraction I ,  1 1 .  p. 163-165' (2 mm.), nP5D 
1.5818 weighed 12 g. Fraction 11, b. p.  168.5-170" ( 2  
Itim.), u 2 6 ~  1.5910, weighed 44.0 g. (44.5%). Fractioii 
I1 was the desired carbinol. 

Anal, Calcd. for Cl,K180: C, 85.78; H, 7.80. Found: 
C. 86.01; IT, 7.31. 

.Fraction i was 5,6,7,8-tetrahydro-2-naphthylphenyl- 
i i le t hane . 
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9-Ind~yfphenylcarbin61 was obtained from the reduc- 
tion of 5-indanyl phenyl ketone in ethanol by the proce- 
dure described above. By fractional distillation 46.0 g. 
(45.2%) of the desired carbinol, b .  p .  168-172" (9 mm,),  
ne% 1.5790, ws obtained. 

Anal. Calcd. for CleHleO: C, 85.66; H ,  7.19. Found: 
C, 86.77; ET, 7.04. 

5-Indanylphenylchl6roethane (I) .-A solution of 2.0 
g. of 5-indanylphenyl~arbinol in 50 ml. of anhydrous ben- 
zene was cooled to 0 . Anhydrous calcium chloride (10 
g.) was introduced and dry hydrogen chloride was bubbled 
through the mixture for twelve hours. The calcium chlo- 
ride was replaced with 10 g. of fresh material, and the 
stream of gas was continued for another twelve hours. 
The solution was filtered and the benzene removed. Dis- 
tillation under nitrogen yielded 1.10 g. (50.6%) of the 
desired chloride, I, b. p. 149-152" (1 mm.), n% 1.5920. 

Anal. Calcd. for C16Hl&l: c, 79.16; H, 6.23; C1, 
14.61. Found: C,78.92; H,6.14;  C1, 14.59. 

5,6,7,8-Tetrahydro-Z-naphthyl henylchloromethane 
(11) was prepared from the carbinof by the method de- 
scribed above except that  the total time of reaction was 
reduced from 24 t o  12 hours. From 2.00 E. of carbinol. 
1,13 g.  (60%) of the desired chloride, 11, b'. p. 161-163; 
(1.5 mm.), 12% 1.5961. 

Anal. Calcd. for C17Hd.21: C, 79.52; H, 6.67; C1, 
13.81. Found: C, 79.78; H, 6.46; C1, 13.76. 

Benzhydryl chloride, b. p .  162" (13 mm.), was pre- 
pared from benzhydrol by the use of thionyl chloride. 

p-Methylbenzhydryl chloride, b. p. 187.5-168" ( 5  mm.),  
was also prepared from the corresponding alcohol by the 
use of thionyl chloride. 

Kinetic Determinations .-The experiments were per- 
formed at 0.0 and 28.0" (S0.05") using the same methods 
and conditions as previously described .a All kinetic de- 
terminations were run in du licate and they checked each 
other to within 2%. Severafkinetic runs were also checked 
by titration of the chloride ion with silver nitrate using 
potassium chromate as the indicator. 

Summary 
1. 5-Indanylphenylchloromethane and 5,6,7,8- 

tetrahydro-2-naphthylphenylchloromethane were 
prepared and their rates of hydrolysis in "80%" 
acetone were measured. The kinetic constants for 
the first-order hydrolysis a t  0' and 25', the activa- 
tion energy (E) ,  and the non-exponential rate fac- 
tor (B)  were found to  be identical within experi- 
mental error. 

2. The hyperconjugative effect of the p-meth- 
ylene group in fused five- and six-membered rings 
is approximately equal to that of the p-ethyl 
group. 
MINNEAPOLIS, MINNESOTA RECEIVED MARCH 2, 1950 
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Addition of Acetic Acid to Perfluoro-2-butyne 
BY ALBERT L. HENNE, JOHN V. SCHMITZ' AND WILLIAM G. FINNEGAN 

Addition of symmetrical reagents to a double or 
a triple bond flanked by CF3 groups is sluggish but 
slowly proceeds to completion; for instance, the 
chlorination and the hydrogenation of CF&H= 
CH2, CFaCH=CHCF3 and CFsC=CCF3 have 
been performed under experimental conditions 
favoring free radical addition.2 Polar addition of 
unsymmetrical reagents has been found difficult, 
yet hydrogen chloride and hydrogen bromide have 
been added to CF&!H=CH2 in the presence of a 
Lewis acid,2a and alcohols and amines have been 
added to CF&!=CCF, in the presence of a base.3 
In contrast, we have not been able to add acetic 
acid to either CFaCH=CHz or CF&H=CHCFs 
in the presence of a weak base,4 and i t  has recently 
been stated that "trifluoromethyl olefins, CF?- 
CH=CHR were not attacked by nucleophilic rea- 
gents such as sodium methoxid?, primary amines, 
sodium malonic ester, etc., under the conditions 
used. ' ' 

We are now reporting the addition, in basic me- 
dium, of one or of two molecules of acetic acitl 
across the triple bond of CF&=CCF, to yield a11 
enol acetate CF&H=C(CF3)0Ac, (I) or a diace- 

(1) Ametican Chemical Society Predoctoral Fellow 
(2) (a) %hac atid Kaye, TAIS JOURNAL, 72, 3969 (1960). 1 1 ~ 1  

(3) W. T. Miller, private communication 
(4) Henne and Pelley, unpublished. 
( 5 )  Campbell end Knobloch, Abstracts of Papers, 116th meeting, 

Hentie and Ftnnegun, t b d ,  11, 298 (1949) 

Am Chem SOC. 6M,  Atlarltic City, September, 1949 

tate CF&H&(CFd) (OAC)~, (11), from either of 
which the ketone CFICHZCOCF, (111) has been 
prepared. 

The reagents used were acetic acid, acetic an- 
hydride and sodium acetate, in varied combina- 
tions. The reaction products were the monoace- 
tate I ,  the diacetate 11, trifluoroacetone CF3- 
COCH3 (lV),  and acetyl fluoride. With equal 
molar quantities of acid, anhydride and salt, a 
vigorous reaction took place at  Z - B O O ,  which 
yielded 4oy0 of monoacetate I, and 34y0 of trifluo- 
roacetone, with small amounts of diacetate I1 and 
acetyl fluoride; a t  a higher temperature more di- 
acetate I1 was formed a t  the expense of monoace- 
tate I .  In the absence of sodium acetate, no re- 
action took place up to T O o ,  the highest tempera- 
ture tested. In the absence of anhydride, a mix- 
ture of acid and salt reacted exothermically with 
the alkyne at  90-95' to give much acetyl fluoride, 
small amounts of the diacetate 11, and practically 
no inorioacetate I .  In the absence of acid, a mix- 
ture of anhydride and salt reacted slowly with the 
alkyiir a t  about 65' over several hours to give 
an extensively decomposed product from which 
only acetyl fluoride could be collected. 

Of the reaction products, the more useful is the 
iiionoacetate I ,  because it can be very eflicicntly 
(90% and up) converted into CF,COCHzCF, by 
mere refluxing with an excess of butanol treated 
with a few drops of sulfuric acid; the diacetate I1 


