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quency measurements with a high degree of accuracy. 
Chemical shifts between the cis and trens isomer calculated 
from measurements on the pure compounds agreed well with 
the same shifts measured with spectra of 50-50 mixtures of 
the same compounds. 

The high temperature spectra were measured with the 
Varian model V-4340 variable temperature probe and the 
model V-4331-THR Dewar insert. Solutions of cis-1,2- 
diphenylcyclopentane in carbon tetrachloride (30% by 
volume) in 2.5 mm. i.d. Pyrex tubes were degassed and then 
sealed under prepurified nitrogen and inserted in 5-mm. 
tubes. Tetramethylsilane (O.3-3y0 by volume) was used 
as an internal standard. Spectra of the pure liquid czs- 
diphenylcyclopentane were also examined a t  higher tem- 
peratures and gave results similar to those obtained with the 
solutions. cis-3,4-Diphenylcyclopentanone was examined 
in carbon tetrachloride (11% by volume) and care was taken 
to protect it from light. The temperature was maintained 
by a flow of hot air and the insert temperature was cali- 
brated for a range of settings from 25-185' using a dummy 
sample tube containing a thermocouple- the temperature 
of the insert jacket being monitored by means of a copper- 
constantan thermocouple located in it.  The temperatures 
are considered reliable to about 5r lo .  As a check on chem- 
ical stability and reproducibility of the spectra, the spectra 
a t  25" were re-run after the samples had been examined a t  
1.52 and 182'. Although a slight yellowish discoloration 
mas noticed with the carbon tetrachloride solution after 
heating, the spectra obtained before and after heating were 

TABLE I11 
CY- AND AROMATIC PROTON RESONAXE OF cis AND trans 
ISOMERS IN CARBON TETRACHLORIDE SOLUTION ( 7-VALUES) 

Compound trans cis c - f fYanS cis c - 1 

Aromatic protons @-Protons 
(Phenyl positions) (Benzylic positims) 

1,2-Diphenylcyclo- 
propanes 2.87a 3 . 0 4 a  0.17 7.87a 7.5sa -0.32 

1,2-Diphenylcyclo- 2.99' 3.19' .20 7.07' 6.67" - . 4 0  
pentanes 3 . 0 I b  3.2Zb .21 7.00* 6.6Sb - . 3 2  

3,4- Diphenylcyclo- 
pentanones 2.83' 3.10' .27 6.52' 6.17' - .35 

Stilbenes 2.6Za 2.79" .17 2.97* 3.47" - . 5 0  
Azobenzenes 2 . 5 2 a  3.09O .57 

a Calculated from value obtained from extrapolation of 
infinite dilution in carbon tetrachloride a t  40 Mc. in p.p.m. 
relative to water by the addition of 5.22 ~ . p . m . ~ j  * Value 
in carbon tetrachloride measured from tetramethylsilane as 
an internal standard a t  60 Mc. T-alue of 570 solution in 
deuteriochloroform using tetramethylsilane as an internal 
standard. 

essentiallv -suDerimuosibie and no new Deaks were evident 
- I  

in any sample. 
in Table 111. 

Positions of n.m.r. mixima are presented 

(35 )  Value suggested by G. V. D Tiers in his"Tables of 7-Values for 
a Variety of Organic Compounds," Minnesota Mining and Manufac- 
turing Co. Report, 1958. 
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Transmission of Electrical Effects through Homoallylic Systems. V. The Nature of 
the Bonding in Ions Derived from Cyclopropylcarbinyl and Cyclobutyl Derivatives1" 
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RECEIVED JULY 12, 1961 

Synthesis of the crystalline @-naphthalenesulfonate esters of cyclopropylcarbinol, of cis- and tiens-2-phenylcyclopropyl- 
carbinol and of cyclobutanol is reported. The rates of sol\ olysis of the three cyclopropylcarbinyl esters were determined 
in 90 volume per cent. aqueous dioxane a t  25". The unsubstituted ester proved to be intermediate in reactivity ( & I  = 
1.00) between the slower cis- (0.62) and the faster trans-2-phenylcyclopropylcarbinyl ,8-naphthalenesulfonate (2.19) This 
insensitivity to phenyl substitution is interpreted as evidence that, whatever the nature of the intermediate derived on 
solvolysis of cyclopropylcarbinyl systems, little positive charge is dispersed to the methylene carbon atoms of the cyclo- 
propyl ring. Kinetic salt effects on solvolysis of cyclopropylcarbinyl P-naphthalenesulfonate were carried out with results 
confirming Roberts' suggestion*,** that such reactions are accompanied by internal return. Finally, the trifluoroacetate 
esters of cis- and trans-2-phenylcyclopropylcarbinol have been prepared and their rates of solvolysis in 60 volume per cent, 
aqueous dioxane have been measured. 

In spite of the general interest which was aroused 
by the original solvolytic s t ~ d i e s ~ - ~  on cyclopro- 
pylcarbinyl and cyclobutyl derivatives, the nature 
of the bonding in the intermediate ions and, 
indeed, even the number of such intermediates 
involved in these ionization reactions has not yet 
been unequivocally established. The facts which 
must be accounted for are these: both cyclopro- 
pylcarbinyl and cyclobutyl derivatives react a t  
rates abnormally fast when compared with ap- 
propriate model compounds. Further, both cy- 
clopropylcarbinyl and cyclobutyl derivatives give 
rise to essentially the same distribution of solvoly- 
sis products, consisting of derivatives containing 
the cyclopropylcarbinyl, the cyclobutyl and the 
allylcarbinyl nuclei. 

(1) (a) Presented in part a t  the 138th Meeting of the American 
Chemical Society, New York, iY, Y., September 13, 1960, Abstracts of 
Papers, p. 34-P. (b) Abstracted from theses submitted by K. M. L., 
I. A. I. T. and B. R.  S. in partial fulfillment of the requirements for 
the degree of Master of Science. 

(2) J. D. Roberts and R. H. Mazur, J .  Am. Chein. Soc., 73, 2509 

(3) C .  G. Bergstrom and S. Siegel, ibid., 74, 145 (1952). 
(4) H. C. Brown and R I .  Borkowski, ibid., 74, 1894 (1952). 

(1951). 

These facts were early interpreted in terms of a 
single so-called tricyclobutonium ion (I),3 an in- 
termediate assumed common to both ring struc- 
tures. Such a structure would presumably ac- 
count not only for the observed product distribu- 
tions but also, if it  is stabilized with respect to  
more classical ions, the enhanced rates of reaction. 

More recently Roberts and co-workers6 have 
shown that the highly symmetric tricyclobutoniuni 
ion cannot, a t  least simply, explain the results of 
C-14 experiments in the closely-related reaction, 
the decomposition of cyclopropylcarbinyl diazonium 
ion. Thus, although each of the three methylene 
carbons of the product cyclobutanol contained 
C-14, equilibration was not complete. These 
results led Roberts to  propose a somewhat les> 

,yh* 
4- 1 ' - - - J , _  

I I 1  

(5) J. D. Roberts and R. H. Mazur,  tbzd , 73, 3342 (1951) 
( 6 )  R. H. Mazur, W. N. White, D. A Semenow, C. C. Lee, h1 S 

Silver and J D. Roberts, ibrd . ,  81, 4390 (1969). 



symmetric bicyciobutoniurn iot:, 11, as the non. 
classical intermediate formed on soivoiys*s of 
eyciopropyicarbinyl aiid cyclobutyl systems. The 
in-compiete scrambling observed in tlic C- i 4  ex- 
periinents was assumed to  result from isonierization 
of the initially-formed ion to  isotupicaily distinct 
but otherwise identical bicyclohutoniuiil ions at a 
rate comparable with that of solvolysis. 

Essentially this bicyciobutoniuin ion, allhough 
assumed to be a truc inter~er!ia.te. has  structural 
features generally associated with a IVagner- 
Meenvein transitioii state. Roberts' electronic 
description of the bicyclobutonium ion 11 is equiva- 
lent to the valence bond picture of a resonance 
hybrid of the structure.s 
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X t iiiie-honored techniqae wliicli has been otteri 

use3 to probe the eiectroiiic dkt~ihutiLioi~ in tran- 
sition states leading to  iriieriiiediates is the study 
of the effect of suhstitiients 011 the rates of the re- 
action in question. i t  occurred to  us that such a 
tccimicpae. appii.ed to cyc:opropq-icarbillyl systelils, 
might aid In the assessment o€ the relative inipor- 
iance of the f o r m  (A 4+ B +t C> a id  thus ili the 
determination of thc electron distribution in their 
cqtiivalent, the hybrid ion. 11. In  particuiar it 
seemed of interest t o  study the effect of suhsti.. 
iution at a ring methyiene carbon a.tom of the cy- 
ciopropylcarbinyl system since the coctribution 
of forni G shouid !>e strongly depeiident on such 
stibstitution. 

It was with these thoughts in wind t h a t  the 
present research was begun and in this paper we 
report the preparation and solvolytic behavior of 
the ci~-stalIine ~-na~ilitlialenesulfoiiate esters of 
cyciopropylcarbiriol, of cis- and t r m s  2-plieny1- 
cyclopropylcarbinol and of cyclobutanoi. In the 
course or this work several tangential poiIlts of 
inkrest developed and tiiese are ais0 rcported in 
this paper. 

Iiesults 
Synthesis of ,~-i'ispehalenesu!fonates.-In ad- 

dition to our central interest in t he  tjondiiig ii-1 cyclo- 
propylcarbinyl-derived ions n-e wished to prepare a 
soiid, crystalline, solvolyzabie deiiirative of  cyclo- 
propylcarbinol since results of earlier studies with 
this system were somcwliat doilded. by the un- 
certain purity of the iiquid derivatives used, the 
chloride' and bcnzencsuliomte.3 Attempts to  
prepare solid salnples of the asud sulfonate esters 
(tosylate, brosyiatc!  nitrobenzenesul sulfonate. h i -  
zenesulfonate) were uniformly fruitless. How- 
ever thc F-naph thalencsulionate' of cyclopropyl- 
carbinol proved t o  he 3 crystalline solid of 1n.p. 
53440.8 

(7) The generic name, nnsglntc, is :hc logical abbrcvia:.ion lor this 
class of esters, a name which, I i x  rwwns  (JI euphony, me prefer not. to 

(e )  Iudced we have subpequen~ly luunri that  n:ai:y alcohols, tl:c 
usual sulfonate esters of which nrp. liquids or low-melting solids, fnrm 
Iiighcr-melling crystalline ~ - n n p l ; t b a l e n e ~ ~ ; l f ~ , o s t c s .  In generxl, t h e  
latter derivative is found l o  have a mrlting point co. 15-20° higher 
than that of the corresponding p-toluenesulfonat,e cs:er.sJa pNapL-  
tl~nlenesiilfonerc csicrs appear to he intermediate in solvulytic reactiv- 

IIBC. 

Our initial attempts to prepare crystaiiine p -  
naphthalenesulfonates of cis- and truris-2-phenyl- 
cycIopropjIIcarbiiio1'2 were unsuccessful ancl only 
after repeated attenipis were solid derivatives 
obtaiiied. In retrospect, the reasons for our 
difficulties became apparent: tlic esters, \.;hen in  
the solid phase, proved to  he cstraorciinarily uii- 
stable therinally at ordinary teiiiperaLures.15 They 
could be kept, however, for several days a.t -%'. 

In view of the extrernc therrriai instaidity of 
these esters, ivith its inij~licstioiis of facile rear- 
rangeirieiits, we were anxious to establish their 
structures with certainty. Microanalytical de- 
termination of carbon and hydrogen in cis-2- 
phenyicyclopropylcarbinyl B-naphthalencsulfonate 
checked fairly wei! the cxpected valucs, although 
thermal instability oi the Ira us-ester precluded 
its analysis. Further, the iiear infrared spectra of 
both the cis- and trails-esters as iieli 2s of several 
synthetic precursors showed absorption at 1 . W -  
1.G4- p. 23 absorption band repnrte,l hy Ll-ashburn 
and 31ahoriey16 to be cha.racter,stic and rj-uii-e de- 
finitive for the cyclopropyl ring. Filially the 
kinetic data. as shown below, support the structural 
assipiinients. 

Kinetic Daka.-E.ates of solvolysis of thc 0- 
naphthal.enesu1fonates in 90 vclume per cent q u e -  
ous dioxane were determined by titration of liber- 
ated acid aiid these data are given in Tables J and 
II. Table 1 contrasts the reactivity of the various 
esters, each of which was fouiid t o  react with good 
first-order kinetics. The three cyclopropyl esters 
were solvoiyzed at 23.0' whereas the rate of the 
slower-ionizing eyclobutyi 8-naphthalenesuilon3te 
mas measured at higher temperatures aiid extrap- 
olated to 25.0' for comparison purposes. The 
unsubstituted cyciopropyi ester was found to 
liberate, reproducibly, only 81.0 rt l.Oy0 of l.he 
theoretical acid after ten half-lives ancl this pcr- 
centage was essentially unchariged after 20 half- 
lives. The rate constants for this este.r have been  
calculated froin the experimental infinity and 
thus measure the s u n  of the rates of ail proc~sscs 
for the destruction of this ester. iZ saiiipie run 
has been included in the Experinmital as Table V. 

In Table I1 are collected the kinetic results of 
solvoIyses of cydopropyicarbinyl ant1 of cycio- 
ity' (0.8) betwecn beazenesi;ironaiesl: (1.0) a n d  p-toii~riiesiiiionatCs'L 
f.0.0). 

(9) Unpublished NOS*. 

( 1 O j  Private communicatiuu f r i m i  ii. C. Brown and S. Sisiiiria. 
( I  1) A. Strcilwiescr, Jr., C i r ~ n i .  )&:is., 86 ,  654 (lY58). 
(12) These alcohols were prepared in tiiiu by the method ui Burger 

nnd Yost': which involves, as the  kcy step. the reaction h?tu.een sty- 
rene and ethyl rliazoacetate. T h e  stcrenisomers w-ere separated by  
fractional crystallization from hut water or t h e  derived carlJoxylic 
acids. S~ructiirai assigurnents Rre securely based on the work of d e  
Waal and Perold." 
(13) A. Burgcr and W. L. Yust ,  J, Ant.  Chcm. SOL.. 1 0 ,  219s (1848). 
(14) H. L. de Was1 and G, W. Perold, Rcr., 85, 574 (lQx52). 
(15) As an example, the ftcrrs-ester decomposed spontaneousl::, turn- 

ing hlnck our] evolving heat .  in t h e  short pcrivd of :ime required to 
bring the rnntcrial to room temperature prior to microanxlysis (per- 
haps 5- iO  minutes). 

(16) W. H. Washburn aiid J. J .  Mahoney, J .  A m .  Chern. SOL.. 80, 
504 (1958). 

( I  7) I n  particular, thc iaci tila: l l ie  cis- and ~ra~is-2-phenylci.clo- 
propylcarbinyl esters solvolyzed at different rates requires that they bc 
dilierent coapouods.  Tbcy therefore cannot b u t t  he  the. perhaps, 
most reasonable rearranged isomer, phenylallylcarbinyl 8-naphthalene- 
suIfonalt, a compound with no possibilities of cis-lrnm isomerism. 



Dee. 5,  1961 IONS FROM CPCL,OPROPYLCARBINYL AND CYCLORUTYI. I~ERIVATIVES 4845 

T.4BLE 1 
RATES OF SOLVOLYSIS IN 90 VOLUME PER CENT. AQUEOUS 

DIOXANE 
@-Naphthalene- [Ester] Temp., k 1nfinIty.b 

sulfonate x 102 OC. sec.-1 2 106 % 
C yclopropyl 

cis-2-Phenyl- 
rarbin yl" 0.765-1.90 2 5 . 0  5.47 i O . 0 7  8 1 . 0 z k l . 0 c  

cyclopropyl. I .  068 25.0 3 . 5 6  f .IO 9 2 . 5  
carbinyl 1 .109  2 5 . 0  3 . 2 0  i: . 0 9  95 .1  

cyclopropyl- 0.6G4 2 5 . 0  11.92 f .35 9 7 . 5  
carbinyl 1 .038  2 5 . 0  12.06 i: . 1 8  0 6 . 5  

Cyclobutyl 2 . 0 0 8  6 5 . 0  3 . 0 1  jl .04 9 9 . 8  
1.968 5 5 . 0  1 . 0 8  & .or 9 9 . 7  ... 2 5 . 0  0.014d .. 

trans-2-Phenyl- 

OAverage of four separate runs. b Percentage of the 
theoretical acid liberated after 10 half-lives. After 20 
half-lives, 81.1 f 1.5%. Extrapolated from data at 
higher temperatures. 

TABLE I1 

A~JEOTJS DIOXANE IN THE PRESENCE OF SALTS 
@-Naph- 
thalene- [Ester] ISaltI B ,  Infinity, 
sulfonate X 102 Salt X 102 sec-1 X 10' % 

Cyclopropyl- 0.765- . . . . . . . 5.47  f 0 07" 81. . O  2~ I .O 
carbinylG 1 .  EO 

SOME RATES OF SOLVOLYSIS IN 90 VOLUME PER CENT. 

1 . 2 8  LiOAc 0 . 9 4  6 .12  f . 1 2  7 4 . 5  
1 . 2 2  LiOAc 1 . 9 5  6 . 7 7  =% .15  69.7 
1.15  LiC106 0 . 1 4  5 . 8 2  $r .16 8 5 . 5  
1 . 3 7  0 .52  6 . 3 8  z t  .16 8 5 . 7  
1 . 2 6  1.02 6 . 7 3  & .15  8 8 . 7  
1 . 1 8  1 . 9 4  6 . 8 2  f. . 1 4  9 0 . 1  
1 . 2 5  2 . 8 0  8 . 0 1  f. . I 7  9 2 . 5  
1 . 3 7  NaOBz L.02 5 . 4 9  =k . 2 4  7 7 . 0  
1 . 5 7  2.00 5 . 3 8  st .12 7 0 . 1  
1 . 7 4  3 . 9 7  6 . 3 7  zk .22  6 7 . 0  

Cyclobutylb 2 .01  . . .. . . . 3 . 0 1  j: .04  99,s 
1 . 9 2  NaORz 4 . 1 2  3 . 8 7  zk .06 5 1 . 7  

At 25.0'. * At 65.0'. E Average of four separate runs. 

butyl P-naphthalenesulfonate, carried out in the 
presence of varying concentrations of lithium 
acetate, sodium benzoate and lithium perchlorate. 

Product Studies.--.Products of the solvolysis in 
aqueous dioxane of cyclopropylcarbinyl and of 
cyclobutyl 0-naphthalenesulfonate were investi- 
gated by vapor phase chromatographic techniques 
and the results are compiled in Table 111. 

TABLE I11 
PRODUCTS OF THE SOLVOLYSES OF CYCLOPROPYLCARBINYL 
AND CYCLOBUTPL 8-NAPHTHALENESULFONATE IN 90 VOL- 

UME PER CENT. AQUEOUS DIOXANE 
-Products, %- 

Time, Cyclo- Cyclo- 
#-Naphthaleiit?- half- propyl- butyl- 

sulfonate lives carbinol carbinol Allylcarbinol 

Cyclopropyl- 10 58 42 Trace 
carbinyl" 20 56 44 Trace 

Cyclobuty!* 10 54 46 Trace 
20 49 51 Trace 

a 25'. b 65'. 

Trifluoroacetate Esters.-Our initial failures to 
isolate crystalline P-naphthalenesulfonate esters of 
the phenylcyclopropylcarbinols led us to prepare 
the corresponding trifluoroacetate esters and to 
study their rates of solvolysis in 60 volume per 
cent. aqueous dioxane a t  25.0'. The usual 
titrimetric technique was complicated by the 
extraordinary sensitivity of these esters t o  what is, 
presumably, a base-catalyzed acyl-oxygen fission 
reaction. It was accordingly necessary to  de- 

velop n two-phase carbon tetrachloride-water 
quench system under which conditions good first- 
order kinetics were obtained. The data are given 
in Table IV. 

TABLE IV 
RATES OF SOLVOLYSIS OF TRXFLUOROACETATE ESTERS IN 60 

VOLUME PER CENT. AQUEOUS DIOXANE AT 2.5.0' 
k Infinity, 

Trifiuoroacetate [","TP Lcc.-l'X 101 % 
Cyclopropylcarbinyl . . 6.7" ... 
cis-2-Phen ylcyclo- 

propylcarbin yl l.9G 2.50 f O.O@ 97.4* 
trans-2-Phenylcyclo- 1.89 6.83 i . 16b 93. l5 

propylcarbinyl 2.08 7.14 f .24" 81.4 
"This i s  a very crudely determined rate constant. cal- * Un- culated on the bzsis of only four separate points. 

distilled ester. Distilled ester. 

Discussion 
The data of Table I! which relate to  the kinetic 

effect of phenyl substitution into cyclopropyl- 
carbinyl P-naphthalenesulfonate, give additional 
insight into the nature of the bonding in ions 
derived from the cyclopropylcarbinyl group. 
It is apparent that  the total spread in rate con- 
stants for the cyclopropyl series is less than a factor 
of four. Furthermore, the unsubstituted ester 
proved to  be intermediate in reactivity between 
the faster trans-phenyl ester and the slower cis- 
phenyl ester. Such a small kinetic effect implies 
that in these solvolysis transition states little 
excess positive charge is concentrated at  the ring 
methylene carbon atoms of the cyclopropyl- 
carbinyl systems. The conclusion would then 
seem inescapable that, to  the extent that  the ion 
under discussion is properly described as a hybrid 
of (A +-+ B c3 C), form C contributes in only a 
minor way. Accordingly, the electronic descrip- 
tion of the bjcyclobutonium ion can be simplified 
to'* 

r;qhi (,4.(+) 
L'---J6- 

Another point of interest which emerges from 
the data of Table I is the fact that  only S1.0 -_t 

1.0% of the theoretical acid was liberated after 
ten half-lives of solvolysis of cyclopropylcarbinyl 
8-naphthalenesulfonate. This behavior is reini- 
niscent of that reported by Roberts2 for solvolyses 
of cyclopropyicarbinyl chloride and which was in- 
terpreted by him as evidence for internal return 
from ion pairs to  less reactive isomeric chlorides. 
An alternative interpretation of the data seemed, 
if improbable, a t  least possible: that  the isaneric 

(18) In our opinion this conclusion a1.w follows from the recently 
reported results of Borfib, NikoletiC and Sunko.1R who found the 190- 

tope effect on acetolysis of a,a-dideutetiocyclopropyIcarbiny: hen- 
tenesulfonate to be 1 34 whereas 2.2,3,3-tetradeuteriocyclopropyl- 
carbinyl benzenesulfoaatc underwent this reaction with an irnrneasur- 
ably small isotope effect. Ou the other hand, a reccut paper by 
Walborsky and Plonsker'o reports that the rates of acid-catalyzed ring 
opening reactions of benzoylcyclopropanes depend rather strongly on 
the nature of substituents in the cyclopropvl ring Although these 
reactions bear a superficial resemblance t o  solvolyses of cvdopropyl- 
carhinyl systems, the processes are apparently quitc different 
mechanistically. 

(19) S. BorhiC, M. NikoletiE and D. E. Sunko, Chemistry & Zndusfry,  
527 (1960). 

(20) €I. M. Walborsky aud I.. Plonsker, J ,  A m .  Chem. Soc., 8S, 2138 
(1961). 



chlorides, reported by Roberts to be present in the 
solvolysis mixtures, had been present as impuri- 
ties in the starting material and were not formed 
by internal return, an interpretation made plausible 
by the method of preparation of the liquid cyclo- 
propylcarbinyl chloride. 21 Since our experiments 
utilized a pure, crystalline cyclopropylcarbinyl 
derivative, they erase any doubts about the cor- 
rectness of Roberts’ original interpretation and one 
can conclude with certainty that cyclopropyl- 
carbinyl derivatives do indeed undergo solvolysis 
accompanied by internal return.?3 

It is further interesting to compare the rates of 
solvolysis of cyclopropylcarbinyl and cyclobu tyl 
@-naphthalenesulfonates (Table I) : the former 
coinpound is the more reactive by a factor of 390 
under our conditions, an order of magnitude larger 
than the factor of 27 reported by Roberts2 for the 
corresponding chlorides on solvolysis in 50 volume 
per cent. aqueous ethanol a t  50’. 

The experiments summarized in Table I1 were 
undertaken in an attempt to uncover ion pair 
phenomena in this system of the sort described by 
M.‘instein and co-~orkers ,?~  particularly in solvent 
acetic acid. A careful analysis of the data, how- 
ever, indicated that all of the experimental facts 
can be accounted for in terms of a simple ionization 
scheme involving only dissociated ions and inti- 
mate ion pairs; there is no positive evidence for 
solvent-separated ion pairs. Thus each of the 
salts investigated, lithium acetate, sodium benzoate 
and lithium perchlorate, produced a moderate 
positive kinetic salt effect of a sort expected to 
accompany a change in ionic atmosphere. Lith- 
ium acetate and sodium benzoate on the one hand, 
and lithium perchlorate on the other affected the 
percentage infinity (;.e., the amount of acid pro- 
duced after ten half-lives) in opposite but not un- 
expected ways. With the former salts, presum- 
ably, the stoichiometry of acid production is 
changed by the formation of acetate and benzoate 
esters a t  the expense of alcohols.25 With lithium 
perchlorate the increased infinity undoubtedly 
results from an ionic atmosphere-induced change 
in the relative rates of dissociation of and return 
from intimate ion pairs. 

The product studies reported in Table I11 con- 
form to the pattern reported by Roberts2 for the 
corresponding chlorides where both cyclopropyl- 
carbinyl and cyclobutyl chloride were found 

(21) In the course of the present work Roberts??reported a re-examin- 
ation of this entire question, using the now-available technique of gas 
chromatography, and presented convincing evidence that his original 
interpretation had been correct. 

(22) M. C.  Caserio, W. H. Graham and J. D. Roberts, Tetuahedron, 
11, 171 (1980). 

(23) This conclusion is made even more secure by the fact that ,  
potentially, more than 81% of the theoretical acid is available on sol- 
volysis of cyclopropylcarbinyl @-naphthalenesulfonate; for, as noted 
in Table 11, an infinity of 92.3% was found in the run with added 
2.80 X 10-2 M lithium perchlorate. 

(24) See S. Winstein, P. E. Klinedinst, Jr., and G. C. Robinson, 
J .  A n .  Chem, Soc., 83, 88.5 (1961), and earlier papers in this series. 

(25) The possibility that  the lowered infinities observed with these 
salts may reflect a small S N ~  component, involving attack by the anion 
on the neutral covalent ester, car: be ruled out by the observation that,  
a t  comparable levels of sodium benzoate concentration fca. 4.0 X IO-?  
M), cyclobutyl and cyclopropylcarbinyl p-naphthalenesulfonate sol- 
volyzed with similarly depressed infinities (82% and 67/81 = 83%, 
respectively). 

to solvolyze in water to furnish the same mixture 
of carbinols, consisting of about equal parts of 
cyclopropylcarbinol and cyclobutanol and a trace 
of allylcarbinol. I t  will be noted that the cumpo- 
sition of the product mixture resulting from 
solvolysis of cyclobutyl p-naphthalenesulfonate 
changed somewhat between 10 and 20 half-lives, 
suggesting product instability with this slower 
solvolyzing ester. Extrapolation of the data to 
zero time indicates that both sulfonate esters 
furnish, within experimental error, the same 
initial distribution of products. 

Finally the experiments reported in Table IV 
were undertaken in view of our initial failures to 
prepare crystalline sulfonate derivatives of the 
phenylcyclopropylcarbinols, since it had been 
shown that sufficiently reactive secondaryz6 and 
tertiary2’ trifluoroacetate esters solvolyze by an 
alkyl-oxygen fission reaction of the S N ~  type. 
Unactivated primary trifluoroacetate esters, on 
the other hand, solvolyze by an “uncatalyzed” 
process involving, presumably, acyl-oxygen 
fission.28 And from the rate data of Table IV 
it would appear that the behavior of cyclopropyl- 
carbinyl trifluoroacetates parallels that of other 
primary systems; for it can be shown that these 
esters solvolyze at  a rate much faster than would 
be predicted for reaction by mechanism S N ~  . 2g  

I t  is interesting, however, to note that the order 
of increasing reactivity found with the correspond- 
ing @-naphthalenesulfonate esters, cis-phenyl < 
unsubstituted < trans-phenyl, follows that of the 
corresponding trifluoroacetate esters. Indeed the 
ratio of rates of the trans- to cis-esters in the 
sulfonate series, 3.55, is similar to the correspond- 
ing ratio in the trifluoracetate series, 2.80. Since 
these two series of compounds solvolyze, presum- 
ably, by different mechanistic processes, the simi- 
lar effects of phenyl substitution are probably not 
of electronic origin and thus may reflect a small 
amount of steric interaction common io both 
series of reactions. 

Experimental 
Cyclopropylcarbino1.-In a 2-1. flask were placed 14.2 g. 

(0.375 mole) of lithium aluminum hydride and 500 ml. of 
dry ether. The solution was stirred while 25.8 g. (0.300 
mole) of cyclopropanecarboxylic acid30 in 150 ml. of dry 
ether was added a t  a rate suficient t o  produce gentle re- 
flux. After the addition (ce. 2 hours) the reaction mixture 
was stirred for 1 hour and then cooled in an ice-bath while 
73 g. of sodium potassium tartrate in 97 ml. of water was 
added slowly. The aqueous layer formed a thick paste, 
the ether was removed by decantation and was washed twice 

(26) Private communication from S. Winstein. 
(27) A. Moffat and H. Hunt,  J. A m .  Chem. Soc., 81, 2082 (1939). 
(28) A. Moffat and H. Hunt,  ibid., 79, 54 (1957). 
(29) This conclusion follows from the following argument. Rob- 

erts% has reported that cyclopropylcarbinyl chloride undergoes solvoly- 
sis in 50% aqueous ethanol a t  30’ with a rate constant of 1.25 X 10-4 
sec. -1. Since it has been shownZ8 tha t  cyclocholesteryl-Gp-yl chloride 
solvolyzes a t  a rate approximately ten times that of cyclocholesteryl- 
63-yl tritluoroacetate, it can be calculated that cyclopropylcarbinyl 
trifluoroacetate would solvolyze by an SN1 process in 50% aqueous 
ethanol a t  50° a t  a rate of approximately 1.26 X 10-5 sec. -1. Thus the 
experimentally determined rates of reaction of the cyclopropylcar- 
binyl esters a t  25’ in 60% aqueous dioxane are faster than their pre- 
dicted rates a t  50’ in the better ionizing solvent, 50% aqueous etha- 
nol. This cotresponds to  a factor between the experimental and pre- 
dicted rate constants of a t  least 50. 
(30) “Organic Syntheses,” Coll. Vol. 111, John WUey and Sons, Inc., 

New York, N. Y., 1955, p. 221. 
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with a saturated sodium chloride solution. To the thick 
paste were added 200 ml. of saturated sodium chloride solu- 
tion and 100 ml. of water, and the resulting mixture was 
extracted three times with ether. The ethereal solutions 
were combined and dried over Drierite. The ether was 
removed and the product distillet, furnishing 16 g. (70%) 
of cyclopropylcarbinol, b.p. 123 , n h ) ~  1.4313 (litea1 b.p. 
121-123', n*D 1.4308). Analysis of the product by vapor 
phase chromatography showed the maximum impurity to 
be about 0.1%. 
Cyclobutano1.-Cyclopropylcarbinol (15 8.) was mixed 

with 13 ml. of concelltrdted hydrochloric acid in 10 ml. of 
water and the solution was refluxed for 3.5 hours. The 
solution was then made slightly basic with 0.6 AT sodium 
hydroxide. Layers formed and were separated. The 
aqueous layer was extracted with ether and the extracts 
were combined over Drierite. The ether was removed 
and the products were fractionated. Analysis by vapor 
phase chromatography indicated material boiling above 
124" to be essentially pure cyclobutanol. The lower boiling 
fractions were combined and refractionated; total yield of 
cyclobutanol 10 g., b.p. 124-126", n Z 0 D  1.4376 (lit.a2, 
b.p. 123" (735 mm.), n I 9 ~  1.4339). 

Allylcarbinol.-The procedure used was essentially that 
used for preparing cyclopropylcarbinol. To 8.0 g. (0.20 
mole) of lithium aluminum hydride in ether was added 16 
g. (0.186 mole) of 1-butenoic acid, giving 7.7 g. of allyl- 
carbinol (57.7%), b.p. 113', n Z o ~  1.4205 (lit.*O b.p. 113', 
n'D 1.4216). 

cis- and trans-2-Phenylcyclopropanecarboxylic Acid.- 
These acids were prepared by the published procedure of 
Burger and Y ost .I3 cis-2-Phenylcyclopropanecarboxylic 
acid had m.p. 105.5-107' (lit.13 m.p. 106-107") whereas the 
tran>-acid hadm.p. 92.5-93" (lit.13 m.p. 93'). 

czs- and trans-2-Phenylcyclopropylcarbinol.-These iso- 
meric carbinols were prepared by a modification of the 
method of Nystrom and Brown.31 The following general 
procedure was used to prepare both carbinols. In a 1-l., 
three-necked flask, equipped qith a mechanical stirrer, 
dropping funnel and reflux condenser was placed 19 g. of 
lithium aluminum hydride suspended in 100 ml. of anhy- 
drous tetrahydrofuran (distilled from lithium aluminum 
hydride). A solution of 40.5 g. (0.35 mole) of the 2- 
phenylcyclopropanecarboxylic acid in 150 ml. of anhydrous 
tetrahydrofuran was added through tl-e dropping funnel 
with stirring a t  such a rate as to produce gentle reflux (2  
hours). After the addition was completed, the reaction 
mixture was refluxed for 12 hours. The excess hydride was 
then decomposed by the slow addition of 50 ml. of methanol 
dissolved in 100 ml. of tetrahydrofuran. To complete the 
decomposition 100 ml. of 8 N sodium hydroxide was added, 
followed by 300 ml. of water. The aqueous solution was 
decanted and filtered from the white gelatinous precipitate 
and extracted with four 200-ml. portions of ethyl ether. 
During the first extraction an emulsion formed which was 
broken with a small amount of magnesium sulfate. The 
combined ethereal extracts were dried over anhydrous potas- 
sium carbonate for 2 hours and the solvent was then re- 
moved by distillation through an 8-inch column packed 
with glass beads. The desired product was distilled 
through the same column a t  reduced pressure. 

The yield of trans-2-phenylcyclopropylcarbinol was 29.09 
g., 78.6% of theory, b.p. 90' (0.30-0.35 mm.), n z 6 ~  1.5507. 

~ Anal. Calcd. for C10H120: C, 81.08: H, 8111. 
C, 81.16; H, 8.33. 

Found: 

The 2-naphthylurethan derivative of trans-2-phenylcyclo- 
propylcarbinol had m.p. 97". 

Anal. Calcd. for CzIH1&OP: C, 79.50: H,  5.99; N, 
4.42. Found: C,79.65; H,6.06; hT,4.49. 

The yield of cis-2-phenylcyclopropylcarbinol was 7.94 
g., 87% of theory (based on 10 g. of cis-acid reduced, other 
reagent quantities reduced accordingly), b.p. 78-76' 
(0.10-0.15 mm.), 85-86' (0.15-0.25 mm.), n z 5 ~  1.5482. 

Anal. Calcd. for CloHlzO: C, 81.08; .H, 8.11. Found: 
C, 81.81; H,  8.59. 

Cyclopropylcarbinyl 8-Naphthalenesulfonate .-Cyclo- 
propylcarbinol (2.16 g., 0.030 mole) was dissolved in 40 
ml. of anhydrous pyridine and stirred magnetically with 

(31) R. F. Nystrom and W. G. Brown, J. Am. Chem. SOC., 69, 2648 

(32) N. J. Demjsnov and M. Dojarenko, Ber., 40. 2500 (1007) 
(1847). 

cooling a t  ice-salt temperatures. 8-Naphthalenesulfonyl 
chloride (8.0 g., 0.035 mole) was added in small portions and 
the reaction was allowed to proceed for 1.75 hours, after 
which 20 ml. of cooled water was added dropwise. The 
reaction mixture was then poured, with stirring, into 20 ml. 
of a water-ice mixture, saturated with sodium chloride and 
was extracted three times with ether. The ethereal layers 
were combined and washed first with 100 ml. of a saturated 
sodium chloride solution containing a small amount of 
sodium bicarbonate and then twice with 100-ml. portions 
of dilute hydrochloric acid. The ethereal layer was dried 
over magnesium sulfate and filtered and the volume was 
then reduced to about 15 ml. at which point crystallization 
commenced. Pentane (20 ml.) was added and, after cooling 
the solution in an ice-salt mixture, the crystals were re- 
moved by filtration. The crude cyclopropylcarbinyl p- 
naphthalenesulfonate was immediately recrystallized from 
20 ml. of ether and 20 ml. of pentane. Yields ranged 
from40-60%, m.p. 52-53'. 

Anal. Calcd. for C14H14S03: C, 64.12; H, 5.34. Found: 
C, 64.37; H, 5.44. 

cis- and trans-2-Phenylcyclopropylcarbinyl p-Naphthalene- 
sulfonate.-The following general method was followed for 
each isomeric ester. A glass-stoppered 25-1111. erlenmeyer 
flask, equipped with a magnetic stirring bar and containing 
a solution of 1.68 g. (11 mmoles) of the 2-phenylcyclopro- 
pylcarbinol in 10.7 g. (100 mmoles) of anhydrous 2,6- 
lutidine, was placed on a magnetic stirrer in a cold room 
regulated at  1'. To this cooled solution 2.27 g. (10 mmoles) 
of recrystallized p-naphthalenesulfonyl chloride (m.p. 76') 
was added in small increments with stirring over a period of 
20 to 30 minutes. The reaction mixture was stirred at  this 
temperature for a period of 6 hours. It was then poured into 
a beaker containing 50-60 g. of ice and 8.3 ml. of con- 
centrated hydrochloric acid. The aqueous mixture was 
extracted with three 30-ml. portions of ethyl ether and the 
combined ethereal extracts were washed with one 30-ml. 
portion of 5% sodium bicarbonate solution and one 30-1111. 
portion of water. After drying over anhydrous potassium 
carbonate for 10-15 minutes, the solution was filtered and 
concentrated under reduced pressure to  a volume of 3-5 
ml. On addition of 30 ml. of pentane, a white solid ap- 
peared a t  -78", which became an oil on warming to room 
temperature. After three to  four recrystallizations from 
ether-pentane a t  -78", a white solid was obtained a t  room 
temperature. 

The yield of trans-2-phenylcyclopropylcarbinyl j3-naph- 
thalenesulfonate was 1.10 g., 31.6% of theory, m.p. 39-40' 
with decomposition a t  44". This material decomposed, 
turning black and generating heat, when allowed to  stand 
a t  room temperature for only a few minutes. It was stored 
a t  -78'. Attempted microanalysis was unsuccessful be- 
cause of its extreme thermal instability. 

The yield of cis-2-phenylcyclopropylcarbinyl 8-naphthal; 
enesulfonate was 2.00 g., 57.5% of theory, m.p. 48-50 
with decomposition a t  50'. This material was also stored 
at  -78'. It was found to decompose in 1 to 2 hours at 
room temperature. 

Anal. Calcd. for C20H18SOa: C, 71.0; H, 5.32. Found: 
C, 70.50; H, 5.37. 

Cyclobutyl p-naphthalenesulfonate was prepared by the 
method used for the preparation of cyclopropylcarbinyl 
6-naphthalenesulfonate. Yields ranged from 40-60%, 
m.p. 75-76' (1it.lOm.p. 75-76'). 

czs- and trans-2-Phenylcyclopropylcarbinyl Trifluoro- 
acetate.-The same general procedure was used for pre- 
paring each of the isomeric esters. A solution of trifluoro- 
acetic anhydride (3.15 g., 15 mmoles; Matheson, Coleman 
and Bell) in 2.5 ml. of anhydrous 2,Mutidine (distilled from 
calcium hydride) was cooled to 0' and added dropwise with 
stirring (by means of a magnetic stirring assembly) to a 
cooled solution of 1.48 g. (IO mmoles) of the 2-phenylcyclo- 
propylcarbinol in 2.5 ml. of 2,6-lutidine. The temperature 
was maintained by means of an ice-bath. The addition 
required approximately 30 to  45 minutes. The reaction 
mixture was then poured into a beaker containing 50 g. of 
ice and 25 ml. of 5% sodium bicarbonate solution. The 
aqueous mixture was then extracted with three 30-ml. 
portions of methylene chloride-ethyl ether (2: 1 by volume), 
and the combined extracts were washed with three 30-ml. 
portions of 5% hydrochloric solution and one 30-ml. por- 
tion of water. The  organic layer was dried for 20 minutes 
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over anhydrous magnesium sulfate and filtered and the sol- 
vent was then removed by distillation a t  water-pump pres- 
sure. The ester was distilled in a micro-distillation ap- 
paratus a t  reduced pressure. 

The yield of trans-2-phenylcyclopropylcarhinyl trifluoro- 
acetate was 1.885 g., 76.2'z of theory, b.p. 55-58' (0.10- 
0.15mm.), ~ S D  1.4621. 

Anal. Calcd. for CI~HIIF~OZ: C, 59.0; H, 4.53; F, 23.26. 
Found: C, 58.96; H,4.72; F,23.08. 

The yield of cis-2-phenylcpclopropylcarbinyl trifluoro- 
acetate was 2.006 g., 827, of theory, b.p. 44-45O (0.10 
mm.), n25~ 1.4570. 

Lithium Perchlorate Trihydrate.-To 36 g. (0.5 mole) of 
lithium carbonate in water sufficient to form a slurry was 
added about 60 g. (0.4 mole) of 707, perchloric acid. 
After the addition had been completed the reaction mixture 
was stirred for 8 hours to ensure complete reaction of the 
acid. The excess carbonate was filtered off and the result- 
ing solution evaporated a t  water-pump pressure until 
crystallization occurred. The salt was then recrystallized 
twice from water. I t  was air dried at  room temperature t o  
furnish lithium perchlorate trihydrate (50%), m.p. 96'. 

Lithium Acetate.-To 0.5 mole of lithium carbonate in 
enough water to form a slurry was added 0.45 mole of acetic 
acid. The mixture was stirred magnetically for 10 hours, 
filtered and then heated, first at 100' and then a t  140", 
a t  aspirator pressures. The resulting salt was recrystal- 
lized from water and then heated at  130" (1 mm.) for 12 
hours. Storage was over phosphorus pentoxide in a desic- 
cator. 

Product Studies.-Calibration was carried out with 
synthetic mixtures of cyclopropylcarhinol, cyclobutanol 
and allylcarbinol. Samples were injected into a Perkin- 
Elmer vapor fractometer, model 154, equipped with a 2- 
meter diglycerol column. The three components were re- 
solved under these conditions and the symmetry of the peaks 
allowed the triangular approximation method to be used 
as a quantitative gauge of the ratios of alcohols. Since 
conditions of flow rate and temperature were difficult to  
duplicate from day to day, calibration was carried out when- 
ever product studies were made. Samples (ca. 50 ml.) of 
a solvolysis reaction mixture were taken and potassium 
carbonate (anhydrous) was dissolved in the reaction mixture 
until an aqueous layer separated. This layer was removed 
and the organic layer dried further with anhydrous mag- 
nesium sulfate. The mixtures were then filtered and cn. 
60-pl. samples were injected into the fractometer. 

Kinetic Measurements.-Rates of solvolysis of the p- 
naphthalenesulfonate esters were determined in 90 volume 
per cent. aqueous dioxane.8' A weighed sample (by dif- 
ference) of ester was placed in a 100-ml. volumetric flask 
and sufficient solvent added to give a volume of 100 ml. 
Aliquots (5  ml.) were pipetted out a t  intervals, quenched 
in 10 ml. of acetone, and the resulting solution titrated to 
the phenolphthalein end-point with cn. 0.02 iM sodium hy- 
droxide. Infinity titers were measured after approximately 
10 half-lives and, on occasion, also after 20 half-lives. When 
salts were used the sample of salt was weighed into a spe- 
cially-calibrated 106-ml. volumetric flask and dissolved to 
106 ml. of solution with 9:  1 dioxane-water. This salt solu- 
tion was then added to  a weighed ester sample in another 
&ask to give a volume of 100 ml. A 5-ml. aliquot of the 
excess salt solution was titrated to give the blank correction. 
Cyclobutyl 8-naphthalenesulfonate, because of its slow rate 
of solvolysis, was treated at  higher temperatures using the 
sealed ampoule technique.34 A typical kinetic run is re- 
produced as Table v. 

Rates of solvolysis of the trifluoroacetate esters were 
determined in 60 volume per cent. aqueous dioxane by the 

(33) L. F. Fieser, "Experiments in Organic Chemistry," D. C. 
Heath and Co.,  Boston, Mass., 1941, p. 369. 

(34) See, for example, R. A. Sneen, J .  Am.  Chem. Sac., 80, 3977 
(1958). 

TABLE V 
SOLVOLYSIS OF 1.068 X 10-2 111 C~S-~-PHEXYLCYCLOPROPYL 
CARBINYL fi-NAPHTHALENESULFONATE I N  90 VOLUME PER 

CENT. AQUEOUS DIOXANE AT 25.0' 
[NaOH] = 2.377 X 10-2 Af; blank = 0.043 ml.; theo- 

retical infinity titer = 2.245 -/- 0.043 = 2.288 ml.; % of 
theory (2.120 - 0.043)/2.245 X 100 = 92.5%. 

Time, see. Base, ml. k, sec.-t  X 101 
. . . .  0.137 . .  
5220 .475 3.67 
7500 .625 3 .78  

14400 .937 3.58 
20100 1,150 3.56 
23100 1.265 3.64 
29040 1.410 3.53 
37020 1.600 3.61 
40680 1.672 3.65 
68040 1.920 3.37 
86830 2.005 3.28 

237810( m ) 2.130 . .  
290i60( m ) 2.120 . .  
333160( m )  2.110 . .  

Av. 3.56 =k 0.10 

TABLE VI 
SOLVOLYSIS OF 1.89 X 10-2 M ~ ~ ~ ~ ~ - ~ - P ~ E ~ Y L C Y C L O P R O P Y L -  
CARBINYL TRIFLUOROACETATE IN 60 VOLUME PER CENT. 

AQUEOUS DIOXAXE A T  25.0' 
[NaOH] = 3.35 X lo-* M; blank = 0.097 mi.; theo- 

retical infinity titer = 4.019 f 0.027 = 4.046 1111.; 7, of 
theory (3.849 - 0.027)/4.019 X 100 = 95.1%. 

Time, sec. Base, ml. k, set.-' X 106 

. . . .  0.110 . .  
1195 .410 6.98 
2372 .655 6.66 
3572 .go5 6.69 
4802 1.135 6.68 
6607 1.435 6.63 
8447 1.725 6.69 

10287 2.020 6.95 
11816 2.210 6.98 
16722 2,700 7.06 
19662 2.893 6.96 
5890i( m ) 3.855 . .  
74432( a ) 3,515 . .  

120012( m ) 3,860 . .  
20i232( a ) 3.86Fj . .  

Av. 6.83 f 0.16 

techniques described above for the sulfonate esters. How- 
ever, the use of acetone as a quench solvent resulted in 
rapidly fading end-points. Accordingly, a two-phase 
quench system was developed. Each aliquot was pipetted 
into 5 ml. of carbon tetrachloride. Distilled water (10 ml.) 
was added and the entire mixture w'as titrated with dilute 
sodium hydroxide to the phenolphthalein end-point while 
stirring was carried out by means of a magnetic stirrer. 
A typical kinetic run is reproduced as Table VI .  
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