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During the past fiiteen years theoretical end experimental 

studice' have indicated that the cyclopropane ring IS particularly effective 

in stabilizing electron deficient centers. The rate enhancements as well as 

carbon skeletal rearrangements which have been observed In cyclopro~lcerbinyl 

syatema have been Interpreted 88 evidence for increased electron delocal$aation 

in the transition state 
la,2 

leading ultimately to the "bicyclobutonlum ion!'. On 

the other hand, Bro?+n3 has interpreted these seme observations ad due to a 

"decrease in strain" in going from reactant to transition state. We felt, 

therefore, that it would be Informative to investigate the rrolvolysis reaction 

of a eyetern in which the cyclopropyl group was not in the immediate vicinity 

oCthe reaction site, but nevertheless located in a position where it might 

be expected to significantly interact with the reaction site by inductive end/or 

"resonance" interaction mechanism. We report here our results on the solvolysia 

of pcyclopropylphenyldimethylcarbinyl chloride In aqueous acetone at a series 

of temperatures. 
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Cyclopropylbensene was prepared by the method of Corbln, Hahn 

end Sbechter. 
4 

E?omlnatlon of this compound by the procedure of Letins., 44. s.5 

ylclded ~bromophenylcyclopropane a8 the only product as shown by gas chrome- 

tography and n.m.r. spxtruni. Preparation o? the Orlgnard reagent end sub- 

sequent reaction with acetone gare In good yield q-cycl~lphenyldimethyl- 

carblnyl oarbinol. The compound was characterlsed by analytical data, ini'remed 

spectrum end the n.m.r. spectnun~ which shows absorption at 5 7.55 and 7.18 

(two 2?I doublets, J = 8.5 c.p.8. further split Into mltlplets Jz 1 c.p.8.) 

typical of a _pdlsubetltuted benzene, and peeks at d 2.12 (lIi slnglet, -(XI), 

2.00-1.67 (m titlplet, tertiary cyclopropyl hydrogen), 1.52 (6~ singlet, -7) 

and 1.0-0.5 (4H multiplet, cyclopropyl metblene hydrogena). The chloride was 

prepared from the carblnol by the procedure of Brown, et.al.6 and used directly -- 

ior rate measurements without further treatment. The chloride show n.m.r. 

peaksb at 87.52 and 7.00 (two 2li doublets, J = 9 c.p.s., further split Into 

nrultlplets, Jz 1 c.p.s.), 2.35 (6~ singlet, -a3), 1.90-1.25 (1H multlplet, 

tertiary cyclopropyl hydrogen) end 0.80-0.20 (4H multlplet, cyclopropyl wthylene 

hydrogens). 

The solvolys5s rates vere determined In 94.8 weight percent aqueous 

acetone at relatively low temperatures (-20.0' to +3.0°) by the aocedurea 

described by Brovn, et.al. 617 -- The hydrogen chloride formed during the re- 

action was determined by titration with a standard solution of sodium ethoxlde 

(0.032011.) In absolute ethanol at -20° to -10' using bromcresol green as ln- 

dlcator. 

%ken In carbon tetrachlorlde solution. 

b 
W&en as a pure liquid. 
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Rate data were obtained at three temper&wee. Theee experimental 

rate conetents were then extrapolated to 25.0' end further extrapolated to 90 

volume percent aqueous acetone .se deecrlbed by 0kanut.o and Brown.' These 

dnte exe presented in Table I along nlth the correeponding activation pexnmetere 

end eubatituent constanta I92 Included for eomparieon exe the data for the 

-ubetituted,6'gpmsthyl,6Jg ~i.opro~y~,~'~ptbutyl~~~ and p-methoxy- 

phenyldfmethylcerbinyl chloride. 0 

From the rate ratioe listed in the table it ie apparent that the 

z-cyclopropyl grov$ls conaiderebly nure effectiv# In enhance the solvolytlc 

rates than the otherli&l gmops. The tiet%ve magnitudes af the rubstituent 

conetantse-@ reflect these results. 
a9 The eubstituent constant c is a direct lndicatlon of the ability 

of a given group to supply or withdraw electron density by Inductive end 

resonance interaction mechaniame. Available data indicate only small difference 

in the effect8 of al41 groups on the rates of solvolyeis reactlone. The mexi- 

nnlm vm?iation cu a@ values for the more cotmuon elkyl eubatltuents @ (6 p_,,-$ _&ae) 
_- 

is only 0.055. The data for the _pcyclopropyl eubstltuent Indicate a marked 

enhancement cb the electron eupplylng ability of this group compared with other 

auryl group** Buch an effect Is such too Loge to be explained by normal 

hyperconju&ion armnte. An unueually large effect la noted elao ii one 

compares the Eammett eubstituent con&ante for these came para-substituente 

(* Ey~oproPYl 
I _0.2220.02yP 

l-vopyl = -O.l$?ir leopropylene ' +"'1610)s 

P thesbeen polntedoutbya referecthatunpubllrhed studies of the same 
W3tem in 90 Volume percent Wueou.e acetone by Hahn, Corbin and Shechter have 
yielded eimiLsr results. 
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The activation parameters are al.00 of interest. Hhiletheae 

measunmcnta and those of the~mthoxy coapp0~d~wez-e carried out %n 9k.8 

weight percent aqueous acetone, the reawlnder d t&o al&lrubstitutcd de- 

rivatlveswere studied in gOvolumepercent aquem acetone. Itis,there- 

fore, not possible to nahe a.quantitative comparison became CU the extrams 

difficulty in assessing the relative eolvation changes,extent of charge 

development In the varloue reactions, etc. Bowever, a trend mbe developing. 

The activation parsmeters are essentially constant among the comonly used 

alkyl groups (Table I). A group capable of strong resonance interaction such 

as _pmstho~ shows a significantly decreased enthalpy a? activation, AE,*which 

is consistent with the observed rate enhsncemnt for this substitueut. A 

simile- decrease in A# Is observed for the _pcyc.lopmpyl group. The enthalpy 

of activation for systems containing strong electron withdrawing group. mch 

ae_~nltrols large as expected eveuthoughitwas meanwed in ammmrlmt 

more aqueous medium. 
8 

The entropy cb activation, A$ is conataut for the 

substituents but showwan apparent decrease for a group capable cb strong 

resonance interaction such as _pmetholgr (94.8 weight $ aqueouo acetone). 

similar trend is noted for the pcyclopmpyl mup. This may well be an 

indication of a restriction of internal rotational freedom on going from 

allprl 

A 

reactant to transition state (if the msjor change is not an lncxeaeed charge 

development in the transition state). guch a view would be consistent with 

the suggestion that "nonclassical" participation cf the cyclopropyl group Is 

involved in the rate detemdnlng step. This possibility ir being explored 
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further by studying the effect of eolvent on the various activation parameters. 

Work is continuing on such ayetema a8 the ally1 substituted cuqyl 

chlorides (~8 well (UI other syateme designed to test the importance of "non- 

classical resonance" interactions relative to internal strain. We will report 

0x1 these studies at a later date. 
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