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INTRODUCTION

Chemical evidence supports the contention that the cyclopropyl
group showe characteristics of unsaturation (1,2)., For example,
cyclopropane and ite derivatives readily undergo addition reactions
with halogens (3) and hydrogen halides (4). In general, addition
reactions of eyclopropane derivatives occur more slowly than correspond-
ing reactions of similarly substituted alkenes (2).

Extensive studies of physical properties, such as absorption
gpectra and dipole moments, also demonstrate that the cyclopropans ring
is unsaturated in the sense that electrons are available to conjugate
with an adjacent unsaturated group (5), In these studies, the degree
with which cyclopropyl groups interact with unsaturated groups is
intermediate between the activiiy shown by a saturated group and a
vinyl group (5,6).

The type of chemical and physical behavior discussed above indi-
cates that the degree of unsaturation of cyclopropyl groups is somewhat
lese than that of the alkene linkage. On this basis, it would be
expected that the reactivity of the cyclopropylcarbinyl system (II)
would be intermediate between that of the corresponding saturated
system (I) and the highly reactive allylic (vinylcarbinyl) system (IIXI).

R«CH,~CHy=CHg~X R CHg~X R~CHuCH~CHg=X

—

I IT ITT



The enhanced chemical reactivity of the allylic system toward
displacement reactions is ascribed to the delocalization of the pi
electrong of the double bond in the transition state. For example, a
unimolecular displacement in III is facilitated by resonance contribu-
tions from structures such as IVa and IVb, which may be summarized

as IVe.
* - + -
R~CHaCH«CHy X R=CH=-CHeCH, X
iva I
[R=CH~CH=CH, ] X

Ve

In 2 similar manner, the reactivity of cyclopropylecarbinyl systems
in unimelecular displacement reactions should be enhanced by contributing
structures such as Va, Vb and Ve which may be susmarized as Vd and Vej
but judging from dipole moment and spectral data (5,6) such stabili-
gation should be less important than in allylic systems.

R R R
-+ - + - -
CHy X —CHp X =—CHg X
¥
v Vb

a ‘ Ve

+




Although cyclopropyloarbinyl systems have not been extensively
investigated, what information is avallsble shows that this system is
umasually reactive. Thus, the ethanolysis of cyclopropylecarbinyl
bengzenesulfonate Ia) at 20° was 1l times as rapid as that of allyl
bengenesulfonate (VIXa) and 1000 times as reactive as allylearbinyl
benzenesulfonate (VIII) (7).

[>—cag~x CHgmGH~CHgeX
CHgmCHwCHguX
Via, Xw-0-S0 z@ Vila, X=-0-30 3-<;>

VIb, X=Cl VIIb, XeBr
Vic, X=Br
P
cn,,-ca-aﬁrcﬁﬂ—»o-so,@ CH g#CeCHgwC1
VIII X

The rate of solvolysis of cyclopropylearbinyl chloride (VIb) in aqueons
ethanol was LO times faster than [J-methylallyl chloride (IX) and cyclo-
propylearbinyl bromide (Vie) solvolyzed 26 times faster than allyl
bromide (VIIb) (8).

Polycyclic systems which eontain a three-membered ring alsc show
remarkable reactivity in solvolytic reactions., In agqueous dloxane,
the rate of hydrolysis of 3,5ecyclocholestan-6-yl chloride (Xa) is about
108 times a8 rapid as cholesteryl chloride (XIa) (9a,10). Solvolysis

of 3,5~cyclocholestan~-6-yl trichloroscetate (Xb) yields cholesteryl



trichlorensstate (XIb) as one of the products (11). Furthermove, Xb
solvelyses with aliyleoxygen fission, whersas XIb solvolyses with
soyl-oxygen fission,

4
X
Xa, X«Cl XIa, X=C1
b, X=(C1,000 XIb, X=GC14000

The remavkable reasctivity of the oyeclopropylecarbinyl system
caortalinly cammot he explained by considering the cyclopropyl group a
sinple but less polerigeble analeg of the vinyl group.

It was bthe purpose of the present investigation tc obtain morve
information concerning the role of the cyclopropyl group in solvolysis
reactions. In order to do this, compounds containing the cyclopropyle
earbinyl system, especially those containing several cyclepropyl
groups, were synthesizmed. The solvolysis rates of these compounds were
then studied in detail.

The synthetic metheds will be discussed first, followed by an
experimental section containing detalls of the syntheses, the kinetic
procedure and the structure proof for the solvolysis products.



The swthode for salevlating rate constants, a summary of the velues
obtained, and a discussion of the golvolysis products followe in a
section on resulits, The detatled kinetic dats is preseated in an
Appendix. Following the seotion on results, the present solvolysis
data are discussed in terms of current concepts of unimolecular
solvolyses, and the role of the cyelopropyl group in solvolysis
reaotions is examined in detail.






DISCUSSION OF THE SYNTHETIC PROCEDURES

A route to secondary and tertiary alcohols containing one or more
eyclopropyl groups on the alecoholic carbon atom was desired, for these
alcohols could then be converted to derivetives ;haas solvolysis
behavior might be studied. Important intermediates in making these
alcohols would be aldehydes or ketones containing cyclopropyl groups,
and/or a cyclopropylorgancmetallic compound,

Dicyclopropyl ketone (Ia), which afforded an entry, via reaction
with organometallics, to polyoyclopropylated alcohols, has recently
besn made readily available (12). The procedure has been modified in
the present work, so that it is not necessary to isclate any inter-
mediates (13). The over=~all yield frem 7 -butyrolactone is sbout 50%,
The homologous ketone, di«(2-methyleyclopropyl) ketone (Ib) was prepared
by an anslogeus method.

) )
2 -
cﬂg b C\ cHg - c\== C = C\
0 NaQCHs o o | o
CH - Of CHg - G CHp-0ft
R R 2
HO1
R R
i i
& <20 R~GH~CHg~CHg=C-CHa-CHz=CH-R
c1 c1
Ia, R=H
Tb, RwCH,

The infrared spectrum of Ib appears in Figure 1.
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A readily available cyclopropylorgancmetallic would greatly
facilitate the synthesis of compounds containing the cyclopropyl group.
It had been reported that eyclopropyl bromide reascted readily with
magnesiim, whereas the chloride reascted only very slowly and incom~
plstely (1h). The only method feund in the literature for the prepara-
tlon of cyclepropyl bromide involved bromination of silver cyclow
propanecarboxylate at «70° in a Freon solvent (1), This method is
tedious and limited to small quantitiss because of the explosiveness of
the bromine-silver salt complex. Cyclopropyl chloride, on the other
hand, was more easily cbtained by a method suitable te preparation in
quantity. The procedure described by Roberts (15), 4nvolving the vapor
phase photochemical chlorination of cyclopropane, was used,

Because of the unreactivity of cyeclopropyl chloride, the preparation
and use of cyclopropylmagnesium chloride did not appear practical. There
was, howaver, some reason to believe that cyclopropyl chloride would
react more readily and more completely with lithium than with magnesium,

It had been reported that cyclopropyl chloride reacted with an
ether susgpension of lithium so vigoromsly that external cooling with
dry ice was necessary to contain the mixture (16). The major preduct
was cyclopropane, 32% of the chloride being reduced during the reaction
and an additionsl 10% of cyclopropane being formed on hydrolysis,

Other products were recovered chloride (21%), dicyclopropyl (10-12%),
clefins, acetylenes and tar. It seemed likely that cyclopropyllithium
was an intermediate in the formation of certain of these products, but



its presence was not established., It was also reported that no reaction
cccurred between cyelopropyl chloride and lithium in methylcyclohexane.

Synthesis of cyclopropyllithium by the normal method for preparing
organclithium compounds was not considered practical., Bther could not
be used as solvent because secondary and tertiasry organoclithiums cleave
ether at ordinary temperatures, Although some secondary and tertiary
organclithiums have been prepared in ether at low temperatures (=70 to
«10%) (17,18), this was not considered feasible for the relatively
unreactive cyclopropyl chloride, However, low boiling hydrocarbon
solvents such as petroleum ether have been wed to prepare lithium alkyls
(19). This suggested the use of pentane as a solvent, In order to
speed up what was anticipated would be a sluggish reaction, lithium in
& high state of subdivision was used,

When cyclopropyl chloride and finely powdered lithium metal were
refluxed in pentane under a helium atmosphere, the lithium was consumed
and replaced by a suspension of cyclopropylliithium and lithium chloride.
The structure was proved by carbonation to eyclopropanecarboxylic
acld (II), identified by its physical properties and infrared spectrum.
Helium was used in place of nitrogen bscause lithium forms the nitride
when exposed to nitrogen, especially warm nitrogen (20). It was feared
that with finely divided lithium, this problem might be even more than
ordinsrily serious, although no criticel experimente bearing on this

point were performed.

1. GQq
[>‘Gl 1l ,>‘Li LB [>—‘COOH
pen:Eanei
II



Cyelopropyllithium could not be induced to react with ethylene, whereas
under similar conditions the addition of isopropyllithium to ethyleme,
followed by earbonation, gave isocsproic acid (ITI), identified by its
physical properties and infrared spectrum.

CHy CHg
\QHM * OHg » CHp sormowtn \GH*GHgﬁ'@Hg*Li
rd i
» Oty (1) cog
(2) 5*
cm,\ Y
OHwCH g#CHgCOOH
rd
IIY

No diisoamyl ketome (IV) was isolated (18).

oH, 0 CH,
\aﬁ»cmna-g»earm i
~ TN
Gﬁg GKS
v

By treatment of w;ther cyclopropylilithium or isopropylilthium
with the appropriate ké#ona s the fellowing cerbinols were synthesised
in good yield: tricyclopropylearbinel (V), dieycloprepylisopropyl-
carbinol (VI), dﬁ.ﬁﬂmsvlcyelapwzxylearbml (VII), triisopropylcarbincl
(VIII), and di~({2-methyleyclopropyl ) isopropylcarbinol {1x).



CH; CH,
\/
CHa\ cI:H
I >—C — OH CH— G — OH l >—C— OH
~ ' |
CH, /ca\
CH; CH,
v vI vIz
CHy CHg CHy
/
CH, clm CHy
\GH—-—O-——GH \SE-—-——G— OH
},/ | rd
CHg /GH\ CHg
CHy CH,
CHg
VIIZ IX

The infrared spectra of the pure carbinols V, VI, VII and IX
appear in Figures 2, 3, Lk and 5,

The lithium salt of each of the carbinols VI, VII, VIII and IX was
treated with p«nitrobengeyl chloride to yield the crystalline penitro-
benzoates X, XI, XII and XIII respectively. The last of thess decomposed
to a yellow liquid when allowed to stand, and was quite sensitive to

mojigture,
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Dleyolopropyicarbinyl penltrobenzoate (XIV) was oblained from

dicyelepropyloarbintd and p-nitvobenzoic aedd in the presence of benzene-
mlfonyl chieride in pyridine solntion, using a procedure patierned
after Brewster (31).
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The infrared spectra of mineral oil mulls of theae esters appear
in Figures 6, 7, 8, 9, and 10,

Attempts to prepare tricyclopropylearbinyl p-nitrobenzoate from
the lithium salt of tricyclopropylearbinol and p~nitrobensoyl chloride
or p-nitrobenzoic anhydride were unsuccessful. Treatment of the
potassivm salt of tricyclopropylearbinol with p-nitrobenzoyl chloride
did not yleld the desired ester. The method used for the preparation
of dicyclopropylearbinyl pe~nitrobenzoate also failed when applied to
tricyclopropylecarbinol, The reasons for the fallure to synthesize
tricyclopropyloarbinyl p-nitrobenzoaste will be more profitebly discussed
in a subsequent portion of this dissertation.

The product obtsined from the reaction of the lithium salt of tri-
cyclopropylcarbinol with p-nitrobensoyl chloride was 1,l-dicyeclopropyl-
Li=ghloro-l-butens (XV), identical with the product formed when tri-
cyclopropylcarbinol was treated with concentrated hydrochloric acid.
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The structure of 1,l-doytlopropyle-h~chlorosl-outens wus preved
by oxidation with potassium permangsuate to dloyclopropyl ketons and
B «ghloroprepionic seid, Both products were identified by their infra-
red aspectra, |

Voo &5 = oY
> pm

D—s w O 4 FDOCwCHywCHg=C01

Farthermore, when 1,l-dicyslopropyl-iwchloro~l-butene was refluxed
with agueous potassium carbonate, it was recorvertsd to tricyelopropyle~
carbinol, identified by ita infrared spsctrum. Thie reaction will
alwo be discussed in move detall in a subseguent section., The infrared
spectrum of 1,l«dioyclopropylehechloroiv-butens appears in Figare 11,
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EXPERIMENTAL

A. Syntheses

>

A 5+1. three-necked round-bottomed flask was equipped with a

Dicyclopropyl Ketone (13)

Hershberg stirrer, a dropping funnel and a reflux condenser. In this
flask 69 g. (3 g. atoma) of metallic sodium was dissolved in 900 ml.
abgolute methanol. When all the sodium had dissolved, the solution
was maintained at a gentle reflux and 515 g. (5 moles) of 4/ =butyro-
lactone (cormerciel grade) was added dropwise with stirring over a
period of 30 minutes. The solution was refluxed for three hours, after
which time the flask was equipped for distillation and the methanol
removed in vacuo leaving a highly viscous residue. The flask was again
fitted with a reflux condenser and dropping funnel, and cooled in an
jce bath., Before the viscous residue solidified, concentrated hydro-
chloric acid was cautiously added with vigorous stirring until the
nixture became more mobile. At this time the rate of addition was
increased., After 1200 ml. of hydrochlorie acid had been added, the
mixture was refluxed with vigorous stirring for one hour, The flask
was agaln cooled in an ice bath and a solution of 720 g. of sodium

hydroxide in 1 1. of water was cautiously added. The mixture was then
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refluxed with vigorous stirring for one hour. The flask was then
equipped for distdllstion and a water~ketone mixture was distilled
until the strong characteristic odor of dicynlopropyl ketone was no
longer detected in the distillate, The aguecus layer of the distillate
wes satorated with potaseium carbonete and the upper layer of dicyclo-
propyl ketone was -saparuw. The aqueons layer was extracted with
three 100»ml, portions of ether. The conbined extracts and the ketone
layer were dried over anhydrous magnesium sulfate and distilled through
an efficient colum. The yleld of dieyclopropyl ketcume, b,p, 58° at
1L mm,, n;s 1,465k, was 200 g, (60%), This preparation was equally
succesaful when 3 moles of commereial sodium methoxide was used in
plage of 3 g. atoms of metallioc sodium,

Alternatively, immediately after all the 7 -butyrolactons had been
added, the methanol was removed by slow distillation at atmespheric
prassure and the last traces removed in vecue. This variation shortened
the time reguired for the synthesis and did not affect the yield,

cH

The procedure was essentially the same as that described in detail
for the preparation of dicyclopropyl ketona. The best resulis were
obtained when the mothanolic solution was refluxed for three hours and
the methanol removed by distillation in vacuc. From 600 g. (6 moles)
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of ¥ -valerclactone (Eastman Kodak's practical grade) and 180 g. (3 moles +
5% inert material) of commercial sodium methoxide (Matheson, Coleman
and Bell) in 900 ml. of methanol, there was obtained a 50% yleld of (di-
(Q-mathylcyclopropyl) xetone, b.p. 66° at 7 mm., n;a 1.4600-1,460L,
Anal, Calecld, for CgH 40t ©, 78.21; H, 10,21
Found: ¢, 78,08, 78.11; H, 10,39, 10.LL
(Analyses in this thesis were performed by sither Clark Microana-
lytical Laboratory, Urbana, Illincis, Micro-Tech Laboratories, Skokie,
Ilinois, or Spang Microanalytical Laboratory, ann Arbor, Michigan)
The 2,4edinitrophenylhydrazone was prepared (22) and after
recrystallization from 95% ethanol melted at 101-102°,
Anal. Cale'd, for O .H,,N,0,t C, 56.593 H, 5.703 N, 17,60
Found: C, 56.88, 56.943 H, 5.56, 5.51; N, 17.49, 17.53

Finely Divided Lithium

A 1«1, three-necked flask equipped with a Labiine StireO~Vac
high-speed stirrer (cbtained from the Arthur 8. LaPine Co., Chicago,
I11.), thermometer, condenser, and gas inlet tube, was charged with
1 g. (2 moles) of lithium and 100 ml. of mineral oil (previously
dried over sodium). The mineral ocil was heated (helium atmosphere) to
2300, the source of heat was removed and the molten lithium was whipped
into a fine powder with the stirrer. After the suspension had cooled,
the stirrer was stopped and a gas dispersion tube was inserted into
the flask so that the sintered glass portion touched the bottom of
the flask (the lithium particles float on top of the mineral oil).

The system was closed and a vacuum was applied to the open end of the
gas dispersion tube, the mineral oil being collected in a trap. The

1ithium powder wss then washed with several portions of n-pentane
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(previcusly dried over sodium), Although very fime shiny particles of
lithiwm resulted, this method of removing the mineral oil was somewhat
long and tedicus. Alternatively, the lithium powder was filtered with
suction through a eintered glass funnel, washed with pentane, and
poured, with pentane rinses, into the resction flask. Whon this operae
tion was done rapidly, clean lithium particles were sbiained,

>

Cyelopropyl chloride was prepared by the vapor phase photochemical
chlorination ef cyclopropane. The spperatus was essentislly that of
Roberts and Dirstine (15), except that the

ling aystem waz eliminated,
The reaction chamber consisted of 250 em. of 0.7 em., Pyrex tubing bent
to form g planar grid which was illuminated by two Ken~Rad RS sunlamps,
Gas flow of reactants was regulated to spproximately 0,10 mple cyclo-
propans por mimute and 0,033 mole chlorine per mimute. The unreacted
oyclopropane and the chlorinated products were caught in a cold trap
and the excess oyolopropane wasg recovered and recyclized, In a typical
preparation, thers was obtained 500 g. (6.5 moles) of cycloprepyl
chloride, b.p. L3,.5° ’ n;a 1.4080 from 14.3 moles of mloprépm conw~
sumed, & yield of LS¥, The reported physical properties of cyclopropyl
chloride are b,p. h3ﬁh3°, ::;5 1.4079. The infra-red spectrum of the
product cbtained was identdcal with the spsctrum reported by Slabey (16)
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for cyclopropyl chloride. No attempt was made to purify the higher
boiling pelyohlorinated products,

CHy
\ CH=-LA1
/

CHy

4 1l~l, three-nscked round-bottomed flask equipped with stirrer,
condenser, dropping funmel and gas inlet tube was charged under an
atmogphere of helium with a suspension of powdered lithium (1L g.,

2 moles) in 300 ml. of pentane, Isopropyl chlorida (78.5 g., 1 mole)
in 100 ml, of pentans was slowly added with vigorous stirring over a
period of about two hours at a rate sufficient to maintain reflux.
The mixture was refluxed with stirring for an additional hour., An
approximate acidimetric analysis of an aliguot indicated that about
0.6 moles (60%) of isopropyllithium wae present.

|>~m

‘A 1.1, three-necked round-bottomed flask equipped with high-speed

Cyclopropyliithium (23)

stirrer, condenser, dropping funnel and helium gas inlet tube was
chiarged with = suspension of powdered lithium (9.8 g., 1.4 moles) in
300 ml. of pentane., Cyclopropyl chloride (54 g., 0.7 mole) was added
in one portion and the mixture was refluxed with vigorous stirring for
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ten hours, at which time essentially all the lithium had reacted
resulting in a suspension of cyclopropyllithium and lithium chloride.
Acidimetric analysie of the solution was not reliable beeause of the
low solubility of cyclopropyllithium in pentane. The reaction between
oyclopropyl chloride and lithium was, on occasion, hastened by adding
& few drops of ethyl bromide to help initiate the reaction,

When carbon dioxide gas was passed into a solution of eyclopropyl-
lithium at «70° and the resulbing mixture acidified, cyclopropane=
carboxylic scid, identified by its infra-red spectrum, was obtained,

No dieyclepropyl ketone was isolated,

Y.
A

To a solution of cyclopropyllithium in pentane, prepared from

Tricyclopropylearbinol

9.8 g. (1.4 moles) of powdered lithium and 5L g. (0.7 mole) of cyclo-
propyl chloride, was slowly added a solution of dicyclopropyl ketone

(77 ges 0.7 mole) in 30 ml. of pentane., The mixture was refluxed with
stirring for 8 hours, The flask was then cogled in an ice bath and

300 mi, of wéld water was slowly added., The upper organic layer was
separated and the aqueous layer was extracted with three 70-ml. portions
of sther, The extracts were combined with the organic layer and dried
over anhydrous magnesium sulfate, Aftar removal of the solvent, there



was obtained 20 g. of unchanged dicyolopropyl ketome and 7l g. of
tricyolopropylearbinol, b.p. 88.5° at 10 nom, n;O 1..825, ﬂge 1..802,
The yleld was 70£ based on the mmount of eyelepropyl chloride used or
9L% based om the smount of ketone censumed,
Anal. Cale'd, for O.0H, .0 O, 78.893 H, 10.59
Found: C, 78.52, 78.603 H, 10.L9, 10.65

Using precedures analogous to thad deseribed for the preparation
of tricyvlopropylearbinel, dhe carbinels in Table 1, were prepared from
the indiecated ketones and orgenometallios, The physical properties,
vields and anslysps of the garbinols are given in Table 2,

The lithium salt of dicyelopropylisopropylosrbinol was prepared
in pentans solvent ss previcusly described from 28 g. (L g. atoms) of
1ithium, 157 g« (2 moles) of imepropyl ehleride, amnd 220 g. (2 moles)
of dicyuloprepyl ketone, The flask was cvoled in an icewsalt bath amdi
a solution of p-nitrobensoyl chloride (223 g., 1.2 moles) in 1800 ml,
of dry ethyl ether was slowly added, and the temperature maintained
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between -5 and 0%, The flask was packed in ice and allowed to stand
with stirring for eight hours. The mixture was filtered and the
precipitate extracted with hot ligroin (b.p. 66-75°). The extracts
were combined uMh the filtrate which was evaporated in vacuo, The
ragidue, which MW unrescted ketone and dicyclopropylisopropyle~
carbinel o woll ss the egter, was teken wp im ligroin and recrystallized
yielding 80 g. (22%) of the ester, 8mall awounts of penitrcbemsolc
aclid were ramoved by stirring & warm ligroin solution of the ester with
activated slumina, The ester was then recrystallized several times
from ligroin, Theve wap chiained 86 g. of dleyclopropylisopropyle
carbinyl penitrobengoste, m.p. 11~115° with decomposition,

Angle  Oaletd, for O HgNO.s ©, 67.303 H, 6,983 W, L.62

Pound: C, 67.273 H, 6.813 N, L.h9

Using procedures anslogous to thal described for the preparetien
of dicyclopropylisopropylcarbinyl p-nitrobenseate, the p-nitrobenzoates
of several of the tertiary W&mln Iated in Table 2 were prepared.
The penitrobenzcabe of the secondary aleohol dicyelopropyloarbincl was
also prepared, by a procedurs deseribed below, The esters were
recryatallized from petroleun ether (b.p. 30+60°) or from ligroin

(bups 66-750), Crystallizstion was sometimes indwced by cooling the
solution in crushed dry ice, Meliting poinits, ylelds and analyses are
given in Teble 3.
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The method is essentially that deseribed by Brewster and Clotti
(81). Pargenitrobenscic acid (16,7 ges 0.1 mole) was dissolved in 80O
ml. of warn pyridine., The seluntion wes coeled and benzenesulfonyl
ohloride (17.7 g«y 041 mole) was added, The flask wes cooled in an ice
bath and dieycloprepylearbinol (1.2 g«, 0.1 mole) (prepared by 0. B.
Curtis, Jr.) was added in one porticn. The mixture was kept at 0° for
twe hours with freguent shaking. The solution was poured into 1500 ml,
of & mixture of Lce and water and was filtered immedistely, yielding L
g. (158) of ester. The product was recrysisliized several times from
petroleun sthar to yleld white gramlar crystale of dieyclopropyl-
carbinyl penitrcbansoate, m.p. Tlw75".

(a) From the lithium salt of tricyclopropylcarbinol end p-nitro-
bengoyl ehloride.

The procedurs was similar to that described in detail for the
preparation of dicyolopropyliscpropyloarbinyl p-nitrobensoste, To the
1ithiom salt of tricyelopropyleoarbinel prepared in pentans from
1ithiwe (7 g., 1 mole), eyslopropyl chloride (0.5 mole, 38,3 g.), and
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dicyclopropyl ketone (0.5 mole, 55 g.) at -70° was slowly added with
stirring a solution of pwnitrobenzoyl chloride (0,4 mole, 75 g.) in

40O ml. of ether, the temperature being maintained between ~70 and ~60°.
The mixture was stirred for 2h hours at ~70°, and then filtered., The
filtrate was evaporated in vacuo and the residue taken up in petroleum
ether and filtered, The solid, which had m.p. 185-1900 {(1it. value
193% (2L)), was penitrobensoic anhydride, identified by its infrared
spectrun,

Other experiments in which the penitrobenzoyl chloride was added
8t the reflux temperature of pentane (twice), at o° (tuice), at -ao",
at -40%, and at «70° (twice) all falled to give the desired ester.

The combined residues from four attempts to make the ester, in
which & total of 2,9 moles of cyeclopropyl chloride had been used, were
distilled through & Vigresux column, There was obtained about 60 ml. of
dicyclopropyl ketone, b.p. 56° at 16 mm., and 212 g, of a liquid boiling
from 90=98° at & mm, This material was redistilled f.hrongh an efficient
column in a nitrogen atmosphere, b.p, 82° at 3 mm., 335 1.4998,

The infraved spectrum of the product had bands characterlistic of
the carbon-carbon double bond (6.06n), the eyclopropyl carben-hydrogen
bend (3.2lp), and the carbon-chlorine bond (13.751). The compound was
subsequently shown to be 1,l-dicyclopropyl~l~chloro-l~butene, identical
with the product formed whem tricyclopropylcarbinol was treated with
eoncentrated hydrochloric acid.

Anal. Cale'd. for CyoHygClt C, 70.373 H, 8,865 Cl, 20.77

Foundt ©, 70.28, 70,313 H, 8.90, 8.81; C1, 20.86, 20.79
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b) From the potassium salt of tricyclopropylcarbinol and penitro-
benzoyl chloride,

4 1-1, three-necked round-bottomed flask equipped with a high-speed
stirrer, condenser, dropping funnel and gas inlet tube, was cherged with
5.9 g« (0.15 mole) of potassium metal and 80 ml. of bengene, The flask
was heated (nitrogen atmosphere) until the potassium melted, The source
of heat was removed and the molten potassium was whipped into a fine
powxier with the stirrer. The potassium suspension was cooled to room
temperature and a solution of tricyclopropylearbinol (22,8 g., 0.15 mole)
in 60 ml. banzehe was slowly added with vigorous stirring over a period
of one hour, during which time the temperature rose to 40°,  After all
the carbinol had besn addsd,practically all of the potassium had been
consumed and a clear yellow solution resulted. The solution was refluxed
for 30 mimites to cause the last few particles of potassium which had
adhered to the sides of the flask to react. A solution of p=-nitrobenszoyl
chloride (29 g., 0.15 mole) in 250 ml. of benzene was slowly added with
vigoroue stirring while the temperature was maintained betwsen 10° and
20°. Stirring was contimed for an additional five hours, The mixture
was then filtered and the benzene was removed in vacuo. No ester could
be isoclated but penitrobenzoic acid and penitrobensoic anhydride were
identified by infra~-red specira.

¢) From the lithium salt of tricyclopropylearbinol and p-nitro-
benzoic anhydride,

The lithium salt of itricyclopropylcarbinol was prepared as previously
described from cyclopropyl ehloride (38.3 g, 0.5 mole), lithium (7 g.,
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1 mole), and dicyclopropyl ketone (55 g., 0.5 mole), A suspension of
158 g. (0.5 mole) of penitrobenzolc anhydride (24) 4n 40O ml. of ether
was slowly added with stirring and allowed o stand, with stirring, for
twelve hours, The mixture was filtersd and the filtrate evaporated

in veduo. No ester sould be obtained from the viscous residus.

d) By the method of Brewster and Ciotti (1),

Paraenitrobensoic aeld (2.5 g., 0,05 mols) was dissolved in 50 ml.
of warm pyridine., The solution was cooled and benzenesulfonyl chleride
(5.3 g+» 0.03 mole) was added, The solution was cosled o 0° in an
ice bath and tricyclopropylearbinol (2,3 g., 0.015 mole) was added,

The solution was stored at 0° with frequent shaldng for four hours,

A fairly large amount of erystals had formed which was collected on a
f4lter and ‘was recrystallized by dissolving in acetone and then adding
petroleum ether to precipitate the solid. A sharp melting point could
not be obtained besauss of "sintering®, but the polid melted at around
180°, The infra~red spectrum (mill in wineral oil) was idemtical with
that of p-nitrobensolc anhydride. The original filtrate was poured
into a mixture of ice and water and was filtered ylelding a small amount
of penitrobensoic acid, m.p. 240° (lit. value 238° (25)),

The experiment was repeated with the same results, In ansther
experiment, 0,015 mole instead of 0.03 mole of benzeneswlfenyl chloride

was ueed but only p~nitrobenzoic acid was isclated,

A mixture of 31.6 g. (0.2 mole) of potassium permanganate, LOO ml.
of water, and 17 g. (0.1 mole) of 1,l-dicyclopropyl-l~chloro~l-butene
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(obtained from the reaction of the lithium salt of tricyclopropyl~
carbinol with penitrobensoyl chloride) was stirred for two hours at 0°
and for 28 hours at room temperature. The mixture was Pltered end the
f1ltrate extracted with five 70.nl. portions of ether, The extracts
wers combined, dried ever anhydrous magnesiwm sulfate and the solvent
removed, There remained 4 g. (LOF) of dieyclopropyl ketons, b,p. 65°
at 18 mm,, the infrared spectrum of which wes idembical with that of
mmm@ maberial, |

The aqueous solution which remmined after the ether extraction was
ecidified with dilute hydrochloric scid and extracted with five 70-ml,
portions of ether. The conbined extracts were dried over anhydrous
nagnesinm sulfate and the ether removed in vacuo, The oil which remained
wae taken up in ligroin (b.p. 66-75%), filtered while hot and then
cooled in orushed dry ice. The solid which sepavabed wes collected on
& £ilter, There was obtained 3 g, (30f) of S -chlovoproplonic acid,
m.p. 38+39° (14%. value 39° (25)). Its infrared spectrum was identical
with that of an authentic sample,

A& test tube contalning 10 ml, of concentrated hydroehloric acid
was cooled in an ice bath and 5 g. (0.033 mele) of tricyclopropylearbinol
was added, The test tube was shaken fregquently over a peried of 30
mimtes, the tempsrature being waintained at 0°, The organic layer was
separated and the agueous layer extracted with three 5S-ml. portions of

ether. The organie layer and the extracts were combined and dried over
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snhydrous potassium sarbonate. After the solvent was removed there was

dbtadned 4,5 g. (80%) of 1,i~dicycloprepylei~chloro-l-butens, b.p.
115.125° st 1 . 5 n;a 1.4990. The infmroﬂ spectrum was identiecal
with that 9:{ the 1,l«dicyclopropyl-i-ehloro~l~butene obtained from the
reaction of the lithium salt of tricyelopropylearbinel with pe-nitroe
benkoyl chloride, |

1,1=Dieyelopropyleli-chlorosl<butens (34 g., 0.2 mole) and 200 ml.
of 107 aqueous potassium carbonate solution were reflnxed with stirring
for 2h hours., After cvoling, the organic layer was separated and the
agquecus layer extracted with four 50.ml, portions of ether, The combined
organic layer and ether extracts were dried over anhydrous magnesium
sulfate, After the solvent was removed, there was obtained 27 g. (89%)
of tricyslopropylearbinol, b.p. 71° at i mm., the infraved spectrum of
which was identical with that of authentic carbincl,

The procedure was slmilar to that used by Bartleti, Friedman and
Stiles (18). A solution of 0.3 mele of isopropyllithium in 200 ml. of
pentane wus cooled to ~70° and 400 ml. of precooled ethyl ether was
added 4o the mixture. The helium source was removed and ethylene gas
was bubbled into the mixture over a pericd of six hours, the temperature
being meintained between ~70° and ~60°. The mixture was then stirred
for two hours at -60°. Without allowing the temperature to rise above
«60°, carbon dioxide gas wes bubbled into the mixture for thres hours



and the mixture was allowed te stand over night at -60°, The temperature
was then allowed to rise to 0° and 300 ml. of LN hydroohlorie ecid was
slovly added. The organmic phase was separated snd the aqueous layer
extrasted with four 70ml, portions of ether which were combined with
the organic phase and extracted with 500 ml, of 2N sediunm hﬂroxida.
The rmuming athsrul solution was dried over anhydrous magnesium
sulfate, The slkeline extract was acidified with hydrochloric acid and
the zmulting organic phase was geparated, The aqam phase was
xtracted with ether and the combined extracts and organic phase wers
dried over magnesium sulfate, After removal of the sclvemt there was
obtained 12 g. (35%) of isocaprolc acid, b.p. 93° at B mm. mp 1.LU3
(Laterature values: b.p, 91-92° at 9 mm., ny  L.iluk (25)). The infra-
red spectrum was identiocsl with that of sathentie isocaproie apid. The
etheresl solution which remained afber the alkali extraction was dis-
tilled, but no diisoany) ketone could be isolated (18).

Attempts to bring sbout the sddition of isopropyllithium to ethylene
in purs pentans solvent were unsvecessiul,

The procedure was analogous to that desoribed for the gddition of
isopropyllithium to ethylens. The only product iselated was cyclo-
propanscarboxylie aeid., In another experiment, the ethylene was passed
into the solution at ~40° instead of -60° but zgain the only substance
isolated was cyclopropanscarboxylic acid, identifled by its infrared

spectrum,
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B. Selvolysis Btudies

Solveuts

The dicxane used was purified by Fleserts procedure (26),

Carbon dioxide~free dietilled water was employed for making up
solvent mixtures and reagents,

The methanol was purified by distillation over magnesium methoxide,

The kinetlc studies and product snslyses were carried out in water.
dioxane sclventsof several welght per cent compositions, Product analye
ses for several kinetic conditions were also carried out in methanol-
dioxane solvents of several weight per cent compositions,

The sodium hydroxide was made up in agqueous dioxane solution to
approximately 0.01 normal soncentration and wis standardized immediately
before esch run against Bureau of Btandards bensoic acid in an aquecus
dioxane solution using phenciphthalein indieator. I a run lasted
longer than one day, the base was standardized each day,

Approximately 0.01 melar solutions of ester ware employed and the
reastion was followed by titrating the liberated penitrobenseic acld
with standard sodium hydroxide, The reactions were conducted in a
constant temperature bath maintained at % 0,1° of the desired tempera-

ture.



The agquecus dioxsne molvent was equilibrated in the constaut
tamperature bath before each run wes started, Approximately 0,001 mole
of the ester was accurately weighed into a dry 100 ml, volumetric flask,
At sero time, 100 ml, of the egilibrated soivent wms pipetted into the
flask containing the ester and the solution was thoroughly mixed, At
vaxrious time intervele, a 5-ml. aliquot was removed, quenched by frees-
ing in an icowselt bath and immediately tdtrated with the standard base
ueing phenolphthalein as the indicator. Usually 10 to 15 points were
taken for each vun and ab least two runs were made for oach set of
conditions.

Another method ixmvolved the sddition of axcess base in small inore~
mants and recording the time at which the phenolphthalein indicator
changed coler. This method was only used for a few runs and was sbandoned
in fevor of the aligaot methoed in which the end points were emsler to
observe, The two methods agreed whem applied to the same compound under
the same comiitions (compars the rate consbants in Tables 56 and 57
with thoee in Tebles 50 to 55).

Tables conbaining the sxperimental results of the kinetic experi-
ments are given in the Appendix which appears at the end of this thesis.

(a) Sclvelysis of dicyclopropyliscpropylcarbinyl penitrobensoate
4n 80% dioxane~20% water at 2s®,

Dicyalopropylisopropylearbinyl penitrobensoste (12,4 g., 0.0L09
mole) was dissolved in 300 ml, of B80F dioxane«20f water and maintsined
at 25° for L8 hours. The solution was poured into 700 ml. of water,
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mads slightly alkaline with scdium hydroxide, and extracted with elght
100~ml, pertions of petroleum ether, The combined extracts ware washed
with %en 500-ml, portions of water to remove dioxsne and were dried
over Drierite, After the solvent was removed, there was obtained 6,0
g (95%) of teyelopropylisepropyloariinel, b.p, 64° at i ma,, ny
1.46US,  (of, Table 2}, The infrared spectrum of the liquid was
identicnl with that of suthemtic dicyelopropylisopropylearbinel,

In another experiment, 3.72 g. (0.0122 meols) of dicyeclopropyl-
isopropylearbinyl penitrobenvcats was dissolved in 100 mi, of 80%
dloxanes20§ water and stored at 25° for six hours. The mixture was
worked up as deseribed above except that the liguid remaining after
the petroleun ether was removed wes not distilled, An infrared spectrum
of the liquid (1.5h g., 81% yield) was idembical with that of authentic
dlcyclopropylisopropylearbinol.,

b) Solvelysis of Dieyclopropylisopropylearbinyl p-nitrobenzoate in
80% Dioxans~20% Methanol at 25°,

In a preliminary experiment, 0.3481 g, (0.,0011L7 mole) of the aster
was weighed into a 100 ml. volumstrie flask and brought up to volume
with 808 diowane~20% methamol solvent. Ab various intervals, a S»ml.
aliguot was titrated with 0,009137N sodium hydroxide in 80% dioxanew
20% mothanol. After 17 hours, the theoretical acid titer was obtained
indicating that the solveolysis had gons to completion.

In another experiment, dioyeloprepylisopropylearbinyl pe-nitrobenzode
(10.0 g., 0.033 mole) was dissolved in 100 ml, of 80% dioxane-20%
mothanol golvent and the solution was msintained at 25° for 18 hours.
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The solution was poured imte 500 ml, of water, made slightly alkaline
with sedium hydroxide, end extracted with seven 100-ml, portions ef
potroleun ether, The combined exiracts were washed with eight 100wml,
portiens of water aud dried over Drisrite, After the soivent was
remcved there was obtained L5 g, (81%) of 1,l-dicycloprepyiwl-methoxy-
2wmetiylpropans, b.p. 61° at 4 mm., ny° 14566, The infraved spectrin
contained a very intense ether band (9.2n). 7he regions characteristio
of hydroxyl sbserption (2.7+3.0n) and of carbomwcarbon doudble bond
ihmwﬁ.m (5.9%6,3n) were devoid of bands,

Anal. Calotd. for Oy, Ha0t O, 78,513 H, 11,98

Foundy ©, 78.55, T8.Lkks H, 11,98, 11.97

o) Solvolysis of Diisopropyleyclopropylearbinyl p-nitrobenzoate in

70% Dioxane~30% Water at 60°.
opyloarbinyl pemitrobensoate (6.42 g., 0.0220

mole) was dissolved in 200 ml, of 704 dioxane«30% water and the solutien
meinteined st 60° for 12 hours, After cooling, the sclution was poured
extracted with eight 70-ml. portions of petroleum ether, The combined
extracts were washed with gight §00eml,. portiona of water and dried over
Drierite, After the solvent wss removed, there remained 3.0 g, of &
1iquid, the infra-rad spectrunm of which maﬁd & hydroxyl peak (2.85m)
and a carbonyl pesk (5.8m). Five ml, of petroleum ether was added and

the solution placed in srushed dry iee, whereupon crystallisation
ccowrred., The crystals (sbout 50-100 mg.) which were rewoved by f£il-
tration, melted at 46~48°, The infra-red spectrum indicated that the
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substance was a peniteodensoate bat distinetly different from the
starting ester, It was subsequently shows to be L-igopropyl-S-methyle
3ehectenyl penitrobensoats,

The filtrate from which the solid was separated was distilled and
2.3 g« {70%) of ditsopropyleyclopropyloarbinsl, b,p. 60+61° at i mm.,
By 1.4516, was cbtained, The liquid wes identified through ite infra-
roéd spegtrum,

4) Solvolysis of Dilecprepyleyclopropylesrbinyl penitrobensoste
in Boiling 70% Diexane~30% Water.

8o leyolepropylearbiny) p-nitrobenzoate (0.297% g,, 0.000973

.ghed inte a 200-ml, round~bottomed flask. mwﬂyies ml..
of 70% dionane-30% water was pipetted into the flask st 25°, The flesk
was fitted with a reflux condenser and the solubtion wus reflaxed for
26 hours, The solutiom was cooled to 25° and several aliguots ware
t4trated with standsrd sodium hydroxide, Omly 93.5% of the theoretical
acid titer was cbtainwd,

a) Bolvelysis of diiasopro
90% Dioxane«10f Water st 60°,

Pissepropyleyclopropylearbingl penitribengoate (10,43 g., 0.0341
mele) was dissolved in 250 wl, of $0f dloxane-10% water and stored at
60° for L8 hours. After cooling, the sclution wes poured into one 1iter
of waber, made slightly alkaline with sodium hydroxide, and extracted
with efght 150eml, portions of petroleum ether, The combined axtracts

yisyelopropylearbinyl p-nitrobengoate in

were washed with fourteen S00-ml, portions of water and dried over
Drierite,
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The dried solution was concentrated to abeut 100 ml, and cooled in
erushed dy ice to induce orystallization, The solid was collected on
& filter snd there was obtained 6.4 g. (63%) of Li-isopropyl-S-metiyle
3-hexenyl pesitrobensoate, m.p. L6-4E°,

Anal, Cale'd. for CupH,,NOgt C, 66.86; H, 7,595 N, h.58

Pounds ©, 66.91, 67,043 H, 7.30, 7.22; N, L.U9, L.uS

The filtrate from which the ester had separated was distilled,
b.p. 60° at i mm., and there was cbtained 0,7 g. (13%) of diiscpropyle
eyclopropylearbinol, identified by ite infraved spectrum,

£) Solvolyais of Diiscpropyleycleprepyloarbinyl penitrobensoate
in Refluxing Methanol.

In & prelimimary experiment, a solution 0.009523 melar in ester
was prepared by dlasolving 0,2908 g, of the ester in 100 ml, of anhydvrous
methancl, The solution war refluxed for 12 hours, cooled and a S-ml,
alicguot was titrated with 0.009137N sodivm hydroxide in B0% dioxanew
20% methanol. The theoretical ecid titer wes obtained indicating that
100% solvolymis had taken place,

Tn @sother experiment 6.57 g. (0.0215 mole) of the ester was dle=
solved in 300 ml., of anhydrous methanel and the solution was refluxed
for 12 hours. The coeled solution was poured into one liter of water
and made slightly alkeline with sodiwm hydroxide, The mixture was
extracted with elghd « portiona of petrolewn ether. The cormbinsd
axbracts werd washed with eight 500-ml. portions of waler and dried
over Drierite. After the solvent was removed, there was obtained 3.2 g.
(B1%) of 3-oyolopropyle3-methoxy-2,ledimsthylpentane, b.p. S6° at L mm.,



n;u 1.4338, The infrared spectrum comtained a very intense ether
band (8,931) but ne hydrexyl band (2.7-3.01) and no carbonwcarbon
double bond band (5.9«6.3n).

Anal. Oale'd. for Oy,Mg01 G, 77.58; H, 13.02

Pounds G, 768.21, 78,293 H, 13.03, 13.06

€) Solvolysis of Diisopropyloyclopropylearbinyl p-nitrobenzoate
in T0% dloxane-30% Methanol at 60°,

In & preliminary expmm‘b, 0.3281 g. (0.00107hL ml&) a:t the ester
was weighed into a 100-nmd, volumetric flasic, brought up %o volune with
70% dloxane~30% methanol and placed in a 60° bath. At vardous intervals,
a Senl, aliquot was titrated with 0.009317N sodiun hydroxide in 80F
dioxane-208 methanol, After 15,25 hours, 34% of the acid titer was
obtained and remained at 34f after 37.5 hours, which indicated that
wlvaiya:!.s had ceaned,

In another experiment, 5.71 g. (0.0187 mole) of the eater was
dissolved in 100 ml, of 70% dioxene-30% methanol and the solution stored
at 60° for 36 hours, The cocled solution was poured into 300 ml. of
water and made slightly slkeline with sodium hydroxide, The mixture
was extracted with eight 1C0.ml. portions of petreleum a*&her. The come
bined extracts wers washed with eight 500-ml, portioms of water and

dried over Drierite, The solution was concentrated to sbout 50 md,,
eooled in crushed dry ice and filtered., There was obtained 3.5 g. (61%)
of U~isopropyleSemethyl-3-hemenyl p-nitrobensoate, m.p. 46-L8° which
was identified by ite infrarsd spectrum.
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The filtrate was dletilled and there was obmﬁnd 0.7 g. (22%) of

3-cyclopropyle3-methomye , h~dinethylpentane, b.p. 57° at L mn,, which
wae also identified by its infrared spectrum,

a) Redustion with Lithiun Borohydride.

A 500-ml. hree-necked round-bottomed flask equipped with stirrer,
gondenser, émpping fumel, and a "ma inlet tube was charged, in a
nitrogen a%maphem, with 2.2 g. (O ;3. mlé) of lithiwe borohydride and
100 ul. of tetrahydrofuran (dried by distillation over sodium), A solu~
tion of 8,0 g- (0.026 mole) of L~isopropyleS-methyle3-hexonyl p-nitro-
bengosts in 50 ml. of tetrahydrefuran was slowly added with stirring
to the lithium borohydride sclntion. No heat was evolved during the
addition. The sclution was sitrred abt room temperature for 12 hours.
The mixture was ccoled in an fce bath and 300 wl. of water was slowly
added. The solubion was sxtracted with five 100-ml. portions of ether
and the combined extrgets dried over Drierite, The solution was
evaporated to dryness in vaous, The residus was taken up in petroleum
ether and filbered, yielding 3.2 g. (81%) of p-nitrcbensyl alecohol,
m.pe S1%93° (11t. value 93° (28)).

The filtrate was distilled and there was obtained 3.0 g. (74f) of
kwmmgammﬂ«,a»hmmel, bPe 83° at § mm. . n;a 1.,1;;505;. The
infrared spaﬁt»m contained a brosd intense hyﬂro‘xyl band (3.0n) and a
weak oarbonecarben double bomd band (6.0n) characteristic of trie
substituted ethylenes,



Anal, Gale¥d, for O,oHeo0t ©, 76.86p H, 12,90
Pounds €, 76.96, 76,913 H, 12,87, 12.7h

b) Oxidation of LwisopropyleS-methyl~3-hexencl With Neutral Poteseium
Permanganate.

A mixture of 1 g, (Q,00684 mole) of the unsaturated sleohol, L g.
(0,025 mole) of potassium permangenate and 100 ml, of water was stirred
for four hours &b room temperature. The mixbure had the strong characbers
istic odor of diimepropyl ketene. The mixture was filtered, the Filtrate
extragted with five 20wnl. portions of ether and the combined extracts
dried over Drierite., The ether was removed amd an infrered spectrum of
the residual liquid (about 0.7 ml.,) showed a strong carbonyl band {(5,.85n)
but alsc a hydroxyl band (2,80n). Comparison of this spectrum with that
of authentic diisopropyl ketone showed that the wavelength of each
carbonyl band was idemtical.

In an attenpt to dlstil the mixture, mmm@ took place,

In ancther experiment, aboubt 50 mg. of the unsaturated slcohol was
shaken wWth 20 ml, of agueous potassium pormangsnate for one hour. The
mixture was {iltered and the filbrate was extiacted with four S-ml.
portions of ether. The combined sxtraclts were dried over Drierite.

The dried ether solution was concentrated to ebout 1 ml., The presence

of diisepropyl ketone in the sclution weas then ascertained by vapor
phase chromatography. This was accomplished by passing an ethersal solu~
tion of suthentic diisopropyl ketome through the Vapor Fractomster and
obtaining & record of the band due to diisopropyl ketone, Then a sample
of the unknown solubion was passed through the Vapor Fractometer and the
identical band corresponding to diisopropyl ketone was obtained.
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SOLVOLYSIS RESULTS

A. The Ratas

The rates of solvolysis of the esters were measured in dicxane
containing varlous weight percenmtages of water at several temperatures;
the reactions were followed by titrating the liberated p-nitrobenzoic
acid with standard scdium hydroxide, The rates were unaffscted by added
hydroxide ion (Compare the rate constents in Tables 25 and 26 with those
in Tables 27 and 28, and compare the k values in Tables 64 and 65 with
those in Tables 66 and 67).

In most cases the ester was completely solvolyzed te an alcohol and
p-nitrobenzoic acid, but in certain instances, solvolysis appearsd to
be incomplete; that is, the theoretical amount of penitrobenzoic acid
was not liberated. Each of these two alternatives required separate
kinetic treatment.

For the case of complete solvolysis, the reaction may be expressed

by the gemeral equation

Egter et Alecchol + Acid (1)

{(a - x) (x) (x)
where
a = initial ester concentration in moles/liter
x = concentration of alcchol or acid at time t

a«x = concentration of ester at time t.
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According to the usual treatment of a first-order reaction,
log (w)v-u-ﬁ-}% t + loga (2)
The measured guantity was
V » volume (ml.,) of standard sodium hydroxide required to
neutralize the p~nitrobenzoic acid found at time ¢
(in a 5 ml. aliquot).
Ir Ve » volume (ml,) of standard sodium hydroxide required to

neutralisze the theoretical quantity of p-nitrobensoic
acid (in a 5 ml, aliquot),

then
(a=x) is proportional to (Vp~V)
and (a) is proportional to Vg
vhence
log (Ve=V) = =% & + log Vg (3)
Note that

g . O

where N = normality of the sodium hydroxide.
From equation (3) we see that a plot of log (Vg~V) vs. t should
be linear, and the slope of this line sllows one to caleulate the
specific first order rate constant k (for a typical plot, see Figure 12),
In some cases it was observed that the reaction did not follow the
first order rate law described by equation (3). Furthermere, the calcuw
lated value of Vf was always significantly greater than the cbserved
value of Vo, A typical plot of log (Ve~V) versus ¢ for one of these
reactions is shown in Figure 13, It was found that if the observed
value of Vg, called V'g, was used in place of the calsulated value of Vg,
a plot of log (Vg'~V) versus t gave a straight line (Figure 1L).
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This indicated that the amount of ester represented by Vf' golvolyzed
to give penitrchenzoic acid by a firet c;rder process, The quantity of
ester represented by (er-vf') mugt have been converted to some product
which did not liberate p-nitrobenzolc acid, The conclusion, later
verified by product analysis, was that the original ester had undergone
solvolysis Yo aleohol and acld and rearrangement to a new ester., Since
the total theoretical scid titer was never obiained, neither under the
kinetic reaction conditions nor under forcing conditions (i.s,, reflux-
ing solvent for an extended period of time), it was obvious that the
rearranged ester was cquite umreactive. The process may be represented

by

Ester -~S-» Alcohol + Acid + New ester (L)

E A A B
A somewhat more detailed representation is

ks Acid +  Alcchol

Ester -~ | | A A (5)

5t

where

ke kg + k. (52)
and

k, = specific rate congtant for sclvelysis

ky = specific rate constant for rearrangemsnt

E = concentration of original ester at lime t

A = concentration of alcchol or acid at time t

E' = concentration of new ester at time i,



58

e ' By o inttdal conventration of original ester
# hMW&mMﬁmﬁwle&
' tu Memmmasmuwr
then
Bo # E & A 4 B (6)

The rate of dﬂ.smems of ester 1s given by

e m® k@ (8
= k (8) (9)

and log B« - §5-Y 4 108 K (10)
Since

B o. B .
it is easily shown that

E « By ~ ﬁ. Ee (12)
whareupon equation (10) beccmes

log (By = %1; By) “ﬁ? t » log B, (13)

Using the previous definitions of V, Vg and Vig, egquation (13) reduces
to
v -k ; \
ug(V:»W? Vf)h umt* MQV£ (lh)

where V and Vit are experimentally determined and Vg is calenlated from
the original amount of ester teken. A plot of log (Vy = %F Vg) va.
+ gave straight lines (ses Figure 15 for a typical plot) from the

slope of which k wus calculated.
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Sinee
ky * %f K w %ﬁ K (25)
and
iy e (-PL) k (26)

kp and k, can be evalusted from k and the ratic of solvolysis to
rearrangement product.

The valuss of k, kg, and k, obtained for the reacticms of the
esters under various conditicns are listed 4in Tebles L, 5, 6, 7, and 8,
The value of the apwifié rate constant listed at & given temperature
is the aritbhmetic mean of all the rate comstants obtained at that
temperature, The standard deviation (56) from each wean value is also
given,

The energy of gotivation, B, was determined in the ususl menner
from the Arrhenlus eguation

B
log k » »-ﬁnﬁ% + 2 {17)

The linear plots of log K versus %; for the various reactions appear in
Figures 22 to 38 in the Appendix, In each case, the slope was cbiained
by the method of least squares (27,56) and Ey was cbbtained from the
equation

Baw® 2,8 (« 510963 (18)

wd i
where R = 1,987 calories degres moles .,
The eanthalpy of activation, & H*, wes caleulated from the

equation



Teble L

Specific Rate Constants for the Solvolysis of Dicyclopropyliso-

propylearbinyl p~Nitrobenzcate in Aqueous Dioxane

T T i e me S s
% 10* x, gec,””
. Helght Fer Cenb Dioxame
95 90 | 85 8o

7 1.53$0.01
16 4.90%0,11
25 1,6010,01 5.49%0,05 13.3 #0,2
Lo 6.69%0,09
50 16.8 0.1
60 k 5,6930,16 38,97 g™

kg 5.2020,12

ky 0.45020.045

kag/kp 11.6

”Galeulated from the Arrhenius equation
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Tabla 5

Specific Rate Constants for the Solvolysis of Di-(2~methylcyclopropyl)-
isopropylearbinyl p~Nitrobenzoate in Aqueous Dioxsne

-l
10 k, sec.
°¢ .
‘ Weight Per Cent Dioxans
, 90 . 80
k kg Ky ke/k, k

7 8.0540.04
16 2.8040.09 2,5820,07 0.21740,017 11.9

25 7.0920,07 6.5330,06 0.56720,020 11.5

35 18,.320.3 16,540.03 1.8430,11 2.0

60 156" 136" 21,4 6.31

*calculated from the Arrhenmius equation.
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fable 6

Specific Rate Constants for the Salvelysis of Diiscpropyleyclopropyle
carbinyl peiitrobensoate in Agneous Dioxans

50 ©
Lo, 1.61#0,03
kg 1.5420,03
Ky 0,068,420 ,0065
kgl 23.5
50y §,1240,09
s,
222940,00;
k:/kr L. *
601‘ 6.7391@.@6 3;99*6‘“% h«&’ﬁhﬁs n&t?mva
- 0.53220,006  1.2540,02 1,6520,15 0,83140,016
e, 0,391 0.670 1.84 16,7
70, 5,71140,05 11,940.2
kg 2-@:‘;-;'2% zogygwéi
Ly 3.4220, 1320,
§:/kx. 0,681 1.86
80y 14,840.1 29.640.5
ka 5 H230,19 19,0204
kp 9.1040,04  10.50.2
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Tabla 7

Specific Rate Constants for the Solvolysis of Dieyclopropylearbinyl
p~Nitrcbenzoate in Aqueous Dioxane

4 -l
10 k, sec. _

g, ’ Weight Per Cent Dioxane

82 —— 80
60 1.1620.06
70 2,92%0.06

80 2.6840,06 7.0620,01
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Teble 8

Specific Rate Constants for th,éa_ 8olvolysis of Triisopropylcerbinyl
p~Hitrobenzoate in Aqueous Dioxane

P o
10 k,_ sec,

L T— Welght Per Cent Dioxane .
80 70

60 1.9120,09 7.5240.03

70 6;82&0|01 2505 to.;

80 27.1 0.6 81.5 #1.7
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AH w By « BT (19)
The entropy of activation, AS", was osloulaeted from the Eyring
(28) equation

'y | i
o l‘ﬁzeAam Q”M*/RT (20)
o
28" « 2.38 log (-R-) » 9;‘: (21)
vhere
h w Planck's constant, 6.623 x 10°  erg second
and ky = Boltgmann constant, 1.380 x m..w org éngraa*amlmle‘"l

The values of AH and A8  obtained for the various reactions ave
1isted in Table 9. The value of A8  listed for a given compound is the
arithmetic mean of all the A S" values calculated from equation (21)
for each k cbbained for that compound. The sbandard deviation from
sach mean value is also given,

B, The Products

Solvolysis of dicyelopropylisepropylearbinyl pe-nitrobenscste in
80% dioxans~20f water at 25° yielded dicyclepropylisopropyloarbinel
which was identified by its physical properties and infrared spectrum,
The yleld of isolated product was as high as 95%, and there was no
evidence of olefin-formation, Replacement of the water with methanol
gave 1,l-dicyclopropylel-methoxy-2-methylpropane, Although the structure
of this product was not conclusively demonstrated, the elemental analysis
and infrared spectrum (Figure 16) were consistent with this assignment.
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The formstion of the ether from methanol demonstrates that solvolysis
of dicyelopropylisopropylosrbinyl penitrobenscate proveeded by alkyl-
oxygen fignimu. This oriterion has been employed in rumeroug other

casos (29a).
Y
H—GC—0OH"
< A
CH,
808 dloxiine |
208 Hq0
gaa
\cg_i_g-ﬁ@m
~ A |
CH,
80% dioxane~
Mﬂﬁaﬂﬂ

Gl
H— ¢ — 0—CH,
CH,

\
1<
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Hisvpropyleyelopropyloarbinyl pwnitrobensoads in 708 diexane-
30% wster at 60° gave 568 diisopropyloyclopropyloarbinel and LS
Ledsopropyl«Senstiylelehexenyl psnitrobensoate, In 90% dioxave~10% wuter,
also at 80°, the yields of these same products were 28% and 72%,
respectively. These yields are not based on isclated prodmot, but rather
on the kinetio resulis. However, the prudmxﬁ were isclated, and there
was no evidence foy amy other products.

CH, OH,
\

| \? I
| l>— oo+ G == 0H-Glglfiy~0-0 O,

oH, OH, CHlg

T0% dioxane-30% HyOs 968 L€
90% dioxane«10% H01 20% 728
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The same ester, in vefluxing methancl ylelded exclusively 3egyelow
propyl-3emethoxy-2 , h~dimethylpentane; but in 708 dioxane<30% methenel
at 60%, only a 348 yield of the ether wus cbtained, end 66% of the
aster had imomerised 40 LsisopropyleSemethyl-3«haxenyl p-nitrchensoate,
The infrared spectrum (Figure 18) and elemental anslysis of the ether
were consistest with the assigned strustuve, It is sgsin eled? that
eolvolysis involved alkylepmygen fission,

CHy OHg

¥

/GH
' CHy CHy
OHy OHy CH, ©Hg
\./ \/
?x eim ﬁ
D— c';-»——u—-w, » ? = CHwCHg+CHg0nG NOg
cH o
/ \ /
o, ©H, CHy OHy
CHLZOH 1008

70% dioxene~30% CH,OH 3% 66%
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The unreactivity of the rearranged ester, Lisopropyl-S-methyle
3=hexenyl p~nitrobengoate, was demonstrated by the fact that even after
prolonged boiling (26 hours) of the original ester in 70% dioxane-30%
water, the theoretical titer of p~nitrcbengoic acid was not obtained,
nor was it inereased from that obtained in the kinstic experiments.

The structurs of L~isopropyle=S~methyl~3~hexenyl p-nitrobenzoate was
proved by reduction with lithium borohydride to Le-isopropyl-S-methyl-
3=~hexenol and p-nitrobensyl alcohol. The L~isopropyleS-methyl=3-
hexenol gave diisopropyl ketone when oxidized with neutral potassium

permanganate,
CH; CHy
\ | 2 2 Il
/ CH——0 == CH~CHp=CHp»Q~C NO,
CHg
LiBH,
CH, CHg i
CHy CH
\ |
/GH—— C —=CH=CHgCH,0H + HO-CHy NOy
CHy
KM¥MnO,
CHg 0 CHg
/GH —(C—CH

CH, CH,
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Thie fixes the pusition of the dowbls hond as shown, but the ester
fonotion might have been at G, or Cp. Carbon atom 2 4s aliminated on
the basis that the eater would then have been allylie, and easily
polvolysed undar the reaction conditions,
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DISCUSSION OF THE SOLVOLYSIS STUDIES

In order to place the réault.s of the present investigation in
proper perspective, it will be necessary first to discuss certain applic-
able phemm in the general area of solvolysis mechanisms. This will
be followed by a brief review of previous studies on cyclopropylcarbinyl
systems, after which the present results will be examined in some detail,

A. Recent Concepts in Solvolysis Mechanisms

A comprshensive and elegant review article on solvolytic displace-
ment reactions at saturated carbon atoms by Streltwieser (9) considers
at length and in detall the verious nwances in solvolysis mechanisms,
For this reason, a detailed review will not be attempted here, 8Since
the ester solvolyses reported in this thesis are all of the Syl (9,29b)
type, discuasion is limited to this type of mechanism,

By the term Syl is meant a unimolecular mucleophilic substitution
which usually occcurs by a rate-determinming ionigation to a carbonium ion,
followed by rapid reaction of this ion with a micleophllic specles,

This general definition describes the gross features of the process,
but omits many of the details; in particulsr, one is concerned with the
mechanism of the ionlgation process itself, and also with the ultimate
conbination of species to form covalent product., Details about the
jonigation step were derived from mtereochemical and kinetic studies.

The usual stereochemical consequence of an Syl reaction would be
racemization at the carbonium carbon atom, because a completely solvated
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plansr ourboninm ion csn not be esymmetric. In certain systems, this

18 found to bo the case (solvolysis of esters of p-methoxybenshydrel

(30) and of certatn avylmethylesrbincls (31)). But in most instances,
racemization is mooupanied by a suall amount of imversion (5b).
Farticularly vemarksble is the 60% inversion cbeerved in the methanclysis
of hydrogen 2,h»dimethylhexylel phthalate (32).

iy iy
mﬁ Qﬁ'
L CHyOH

Gﬁg—?—ﬁ"a s CHy— ¢ —OCHy
c‘m, HOOO Gy
CHg CHy

In order to acvcunt for the small ambuit of iuversion in many Syl
solvolyses, Hughes and Ingeld (33,3L) suggested preferential "shielding"
of the carbonium ion during solvolysies in order to account for varying
ameunts of inversion depending on the structure of the substrate, the
concept of ¥lifetime” of the careniva ion was imtroduced. Judicious
eombination of "shielding® and Wlifetime® could qualisatively explain
differing degrevs of atereschemicsl imversion, but a quantitative
{reatment was impossible. Furthermore, the concept was confusing (35).

Bhielding by the leaving group was placed on & sounder conceptual
basis by Hammett who suggested that the product of the ionization step
is an ion-pair (36). He implied that reaction with solvent before
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diseoclation of the ion pair would ocour with inversion, Hammett's
intorpretation requives but 1ittle modification to scoount for several
recently observed phenomena discussed below,

Doering and Zeiss (32) were led to a somewhat different, and
ptructurally move detailed hypothesis, from their cbservation of cone
siderable inversion in the methenalysis of hydrogen ﬁ,h*&mﬂwl&mmylmh
phthalate, Thelr argunment has been amplified by Btreltwieser (9). The
traneition state in :blid ionmigation process is represenied by

or Senex I

in which the C+X bond is intermediste between sp> (in the original
molecnls) and p (a8 it would be if X were associated with a planar
carbondum fon), The central cerbon will be elestrondeslly deficient to
an extent which depends upon the degree of solvation of X and the nature
of the groups atiached to O. The greater the ability of the system %o
internally disperse this positdve charge, the closer to tetrahedral will
the structare of the trsusition state be.

& maeleophilic reagent N can help accommudate the developing positive
charge bty overlapping with the 'tail' of the reaction orbital as in

@.’.("@ or Hw--:»; esasl II

the better the internal sompensation, the less the need for rearward
participation; the greater the mucleophilicity of N the greater the
importance of such p&rtiaipati.m.
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In the tertiary carbinyl system in a highly ionizing medium the
transition state I will lead directly to an intermediate

C"IIII'MIIII.'CD or % eoeX IIT

which, if X 1& an enion, can be referred to as an ion~pair (or more

precisely, an intimate ionepair (37,38)), Reaction with solvent to form

B essve 0 eneae I v
and subseguently

B saens F esnse O v

will be rapid; the stereochemical consequence will be racemizstion.
If the solvent is strongly mcleophilic, the tranesition state is best
represented by II, leading to an intermediate which has a good deal of

covalent character to the N ~ C bond

N donse vovaen X 3 VI

X then departs, the net stereochemical result belng inversion,

One notable virtue of this mechanistic picture is that it can
accommodate the bread spectrum of displacement results, from classical
Syt to olassical 8y2. The stereochemical cuicome will be determined
by the relative rate constants in the following summarisging scheme:
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|
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tr, state 2nd intern, produet (inverted)

l | , /
8 seve 0 sexe § g—-—% N —8 # B—¢C
q 7 \
3rd interm. product (racemic)
The mechanism deplcted time far does not allow for reversibility
which had t¢ be introduced to explain certaln results in allyl, norbornyl
and other systems. The acetolysis of (o, o ~dimethylallyl chloride (VII)
was accompanied by & first order isomerization

G Gty

| ~ l

gHa GHS
vIiI VIIX

to 7V ,7 ~dimethylallyl chloride (VIII) (39)., The rate of isomerisation
was independent of added chloride ion, but sensitive to the lonising
power of the medium, being favered by polar solvents. The results were
interpreted in terms of an ion-pair which could go on to solvolysis
products or return to original or isomerised halide. The phenomenon is
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VII e H G VIII
\01/ / CH&
SOH

80H

» solvolysis products

known a8 "internal return." The partition of the intermediate between
treturn' and further solvolytic reactions will be a function of solvent
mecleophilicity and ionizing power; this is shown in Table 10,

Table 10

Solvolysis of OL , o~ andV 7Y -Dimethylallyl Chloride

vir S vyrr

.

Solvolysis products

5 -d
3.0 Ky gec,
Rate Constant Acetic Aecid 75% Ethanol Ethanol
. 180 0.
kg L.0
ky 1.5 380 1.8
k 0,22 115 0.65
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A stereochamlcal consequence of internal return in halides showed
up in the investigatlons of Goering, et al., (4)) on the 3-chloro-S-
methyleyclohexene system.

1 c1
CH,

CH
X X

In the acetolysis and ethanolyels of optically active IX and X the

rate of racemization (formation of lon-pair) was greater in acetlc acid
than in absolute ethanol, whereas the rate of solvolysis was actually
less in acetic acid than in ethanol, Fer both geometric isomers in
aither acetic acid or ethancl, the rate of racemization was greater than
the rate of sclvolysis and was unaffscted by added chloride ion.

Racemization occowrred without eisetrggg isomerization. Racemized chloride

recovered before solvolysis was complete, was not geometrically isomeriszed.
The first ion-pair intermediates involved in each case, XI and XII are
symmetrical} they are incapable of sustaining optical activity,

Ci Gl

[N H
]

AY 1

XI XIr
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These structures represent ionwpairs which are different from the
classical Debye~Hickel type of ionepair, Their structure is geometrically
more presise; the ions are not separately sclvated snd free to rotate
with respect to one another. This sllows retention of geometricel
purity, yet permits racewization. In a more detailed analjysis of ionic
intermediates, Winstein and eoeworkers (37,38) have been sble %o dise
tinguish kinetically between an 'intimate'! ion-pair, a tsolvent-separs edt
fon~pair, classieal ion-pairs and free lons.

The ethanolysis and seetolynis products from IX and X contained the
same ratic of cis/trane iscmers, Presumsbly these products arese from
& diegclvated intermediate XIILs

In a very similar stady, internal return was investigated in the
reactione of optically motive gis sad trans-S-methyleyelohexene3-yl
p-nitrobenzoste (41). Solvolysis in 80% agueous acetone procesded by
alky: gen oleavage, For esach isomer, the rate of racemlzation was
greater than the rete of solvolysis. Each ester rasemized without
eiswtrans isomerization, The intermediate (for the gis compound) is

IRy

probably beat formulated as XIVi
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B. Previcus Inveéstigations of the Cyoleprepyloarbinyl Systems

Although seme very careful and olegant investigations of the cydloe
propyloarbinyl system have been performed, s sompletely conslstent
mechandistic pltture of the reactions has mob yst evoived. In certain
instances, rearrangement preducts predominete, whereas in others, no
rearrangewent of the earbon skeleton is observed; some rationalizations
are pwtib:!.e, but they are not always consistent, and $t is still
diffioult to prediect what producis might be expected under a given set
of expsrimental conditions, WM# work was concerned with primary
and secondary eyelopropylearbi ; systems, whereas the work deseribed
in this thesis deals malnly with tertisry systems,

The urmsual reactivity of the ayolopropylearbinyl esystem in
solvolysis resctions has alresdy baen referred to in the indtroduction to

tiis thesis, This secticn will focus attention on the solvolywis
products, Partial hydrolysie of eyclopropylearbinyl chloxide ylelded

a mixture of carbinole consisting of LBE cyelopropyloarbinel, L7%
gyclobutencl and 5% allyloarbinol and a mixture of unreacted chlorides
which contained both cyclobutyl chloride and allylecarbinyl chloride (8).
Under the conditions used, the isomerie chlorides would not have sol-
volymned significantly. The rearranged carbilnels are, therefors,
derived from cyclopropylearbinyl chloride, Hydrolysis of cyclobutyl
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ehloride yielded un identical mixturs of oarbimels (8), Farthermore,
the diasotization ef eyclopropylearbinylamine or eyclobutylamine also
gave the same oarbinol mixture (8).

On the ether hand, scetolysis of oyclebutyl p-toluenesulfenate (L2)
or cyelopropyloarbinyl chloride (8) resmlted in & differsnt ratio of
solvolysis products; oyolopropyleerbinyl and syclobutyl acetates were
formed in a ratio of about 2.8 to L. 4s above,

‘ 00C-CH, 080g~CeH ,+CHy —p
D—m&,&wmx, . copmr
2¢B 3

CH,CO0H

cl

l>-01iu-ﬂl wBEL2 sy O AOHmCH g CH 0] =SB0k

w y
OH
D—ﬁﬂrﬂﬁ » w Qﬁﬁﬂﬁ*ﬂﬂﬁgﬂﬁﬁwﬁm
LB%

L% 5%

HNO, HNO
Hgﬂ Hﬁg

D—-ca,-mx.

NH,
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rearranged starting material wes also found which implies interasl
return from lon-peir intermediates.

The reastions were interpreted (8) by assuming an interconversion
of the cyclopropylearbinyl carbonium ion and the cyclodutyl carbonium
ion with & slow end essentisglly irvreversible reaction to allylcarbinyl
derivatives, ¥For exampls, 'breaﬁmm of eyclopropylearbinyl, eyelobutyl
or ellyloarbinyl chlorides with mine chloride and hydrochloric acid gave
sspentially pure allyloarbinyl ehloride (8), The following scheme was
proposed (8) for expleiming the varicus reactionss

D—— cHy®
_Slew

] f ~B20¥ o OHeOH-CHy~CHy'

+*

The stability of the cyclopropylearbinyl carbonium ion has been
astributed (7,8) to resonance of the following types

= /A

CHga
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An alternative explanation, involving a "non~classical" carbonium
ion, was suggested by Roberts and Hasur (43) to account for the results

obtained when cyclopropylearbinylamine~1«Ci%® was treated with nitrous
acid.,

GH’\ Vai
/Gﬂmﬁﬂauﬂﬁg -—;}nj?‘&.p 5}{5 _____ > Hy
BHS \\U ﬁ’;
w
HgO
*Gﬂa\ #CHz— CH=OH
/ #CHg CH,
*GH, #*
L8% L7%

The C34 was distributed statistically between the three methylene
carbon atoms in the cyclobutanol., A carbonium ion of the type shown in
the scheme would explain this result, the two methylene groups of the
ocyclopropane ring becoming equivalent with the exoecyclic methylene
group. However, in the cyclopropylcarbinol formed, an excess of the Cl¢
(45% rather than 33.3%) over that predicted by the non-classical inter-
medizte was found at the carbinol carbon atom, and only 5L% (rather
than 66.7%¢) waa found in the ring,., This implies that more than one
mechanism is operative. The resulis can also be explained by assuming

facile interconversion of the cations



89

~ *
\\ N——
I/‘ 2T .

It is perhaps worth noting that although the cyclobutane ring and

especially the cyclopropane ring are "strained," in terms of tetrahedral
(sp®) bonding, these rings do not always relieve this strain when the
opportunity arises (i.e., by exclusively forming openw-chain allylcarbinyl
product). This suggestas that the bonding in these rings is somewhat
different than sp®, Furthermore, although secondary carbonium ions are
generally more stsble than primary carbonium ions (29b), the primary
cyclopropylearbinyl carbondum ion is apparently at least as stable as

the secondary cyclobutyl carbonium ion. The situstion is somewhat
analogous to the comparable stability of benzyl ions,

Two striking cases have been reported, one primary and the other
secondary, in which no ring opening or rearrangement ococurs during
solvolysis, Bergetrom and Siegel (7) found that cyclopropylearbinyl
benzenesulfonate in sbsolute ethanol gave cyclopropylearbinyl ethyl ether
in a first order process. It was also observed that the benzenesulfonate
rearranged rapidly in chloroform te allylcarbinyl benzenesulfonate and
a small amount of the cyclobutyl isomer,
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CHaCHZOH
l>—cu,—o-so.—csﬂ5

small amount

The absence of any significant amount of cyclobuiyl ethyl ether in the
solvolysis product is wiriking, especially since cyclopropylearbinyl
chloride in S0f aqueous ethanol yielded equal amounts of cyclobutanol
and cyclopropylcarbinel. The results may be explained in terms of the
structural concept for 8yl mechanisms of Doering, Zeiss, and Streitwisser;
the transition state has 2 structure oclose to sp® in which the "tail" of
the reaction orbital is fairly large. This, combined with the small
degree of steric hindrance, makes orbltal overlap with the highly
rucleophilic ethanol imporiant and ether is irreversibly produced without
rearrangement., The situation is reminiscent of the lack of internal
return in the golvolysis of d , d~dimethylallyl chloride in absolute
ethanol.

Pearson and Langer (L) found that in the presence of toluenesulfonic
acid, cyclopropylmethylearbinel in methanol gave the methyl ether without
rearrangement. The methyl ether, in ethanol under similar conditions,
was solvolyzed to the ethyl ether, slso without rearrangement. Only on
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prolonged (8 days) refiux, wse any allylearbinyl methyl ether formed,
»
| .. 2 nrs, reflux |
OH ' ‘ MQ
oHgon, ey 0H, B
CHyO=CHgw0H pwCHaCH, [>—-fﬂ*eﬂa
OCqfig

These resulte are similar to those of Wh
i~stercids,

Results wvery closely related to the present work were reported
by Kesower end Winsbein (11) after the experimental work deseribed in
his thesis was completed, Beoause of direct bearing on the present
results, their work will be cutlined in some detail.

For the sake of brevity, derivatives of 3,5~oyclocholestansf-ol
(XVI) will be vefarred to as O (oyclo) and those of cholesterol (XV)
will be referred to a® & (allylearbinyl). Although this will not
2lways lead to precise names, ":.he meaning will be clear, and extensive

and Adams (Li5) with the

repetition of lengthy names will be avolded.

HO
OH
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Solvelysis of O trishloroscetate in 80f methancle20% ehloroform
geve 89% of ¢ methyl ether, 7% of A methyl ether and L% of A (eholesterol);
but A trichloroseetate undar the same conditions geve 100% A, In the
asme solvent, A petoluenesulfonate, instesd of the trichlorcacetate,
gave 8% of C methyl ether and 12% of A methy) ether, products almost
identical %o thowe obtained from { trichlorcasetate, except that the small
quantity of cholastercl was shaent,

= Oy

601,000 208 mam.a CHs0
L%
HO
1004
80% CHOH
L
p~Cliy=Cglig~8050 295 a0, CHLO
00H,
88% 12¢

It is therefora clear that A tﬁehlomaeetate solvelysed with acyl~
oxygan fission, whereas ¢ trichlorcacetats and 4 p-tolusnesulfonate
solvolysed with alkylw-oxygen cleavage. The smell amount of cholesterocl
formed during the methanolysis of G trichloroscetate indicates internal
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return to A trichlorcacetate, followed by acyl-oxygen cleavage of the
latter to yield cholesterol, S8ince both C trichloroacetate and A
p~toluensesulfonate yilelded identical athers in about the sams proportions,
the solvolysis of these compounds must have proceeded through a common
intermediate. The formation of more A methyl sther from A p~toluene-
sulfonate than from C trichlorcacetate indicates that the p-toluene~
sulfenate returned internally to the cholesateryl derivative which further
golvolysed to the ether, The results may be depleted as follows:

GC15C00

cclscoo
cclscoc“
CHZOH ion~-pair CH,OH
lauaen
CH4O HO
OCH,
CH4OH CHL0H
CHRZOH
& W m
- 0~S0,=CgHa=CH,=p
P=CHy=CgH,«30,0

ion-pair
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Solvolysis of O trichloroacetate in 90% agqueous dioxane ylelded
L9% of G (3,5-cyolochelestom~bs0l), 23% of &, and 14% of 4 trichloro-
aoetate, Cholestercl did not react appreeisbly with trichlercacetic
asid wyier the solvolysis conditions; hence the A trichloroacehate
isolated from the sclvolytic reaction represented a direct solvolysis
product. 4ddition ef lithiuwm trichlorcacetate te the sclvolysis mixture
did not effeqgt the composition of the alechel preduct but markedly
desreased the ameunt of A triskleorvacetate preduced, The resulis
strongly indicate an ion-pailr mechanism:

S

- 003.5000
001,000 0015000 18
lon-pair
HgD
t HO
OH
Lg¥k 23%

Solvolysis of G ehloride (10) in Y0¥ aqueous dioxane (containing
excess lithium acetate) ylelded 72% of C, 20% of A chloride, and 8%
of A. The lithium acetate, which was used to prevent the solution
from becomng secld, did mot react with the 4 chleride under the
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solvolysis conditions., Apparently, internal return was more important
during solvolysis of the chloride than the trichloreacetate, C chloride
is reported to solvolyse sbout 10 times faster than A chloride in 90%
squacus dloxmne (98,10):

908 dioxane
* L
208

724 8%

Winstein's remults with the 3,S-~cyclocholegtan~b.yl derivatives
demonstrate again ‘the remarkabls reactivity of the cyclopropylearbinyl
system, The secondary cyelopropylearbinyl carbunium ion ip apparently
the major contributing form to the resonance hybrid, since predominantly
eyelopropylcarbinyl, rather than allylearbinyl derivatives were the
major solvolysis products.

G, The Present Investligation
1. The Nature of the Reaction
Carboxylic esters may solvolyse by acylwoxygen or by alkyleoxygen
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fission (29¢), and this solvolysis may be catalymed by acids or bases,
All the evidence accumlated in the present work is consistent with
unimolecular alkylwoxygen fission of the cyclopropylcarbinyl p-nitro-
benzoates, This conclusion is supported by the observations that the
kinetics were first order and independent of added hydroxide ionj
furthermore, there was no catalytic effect of the p-nitrobenzoic acid
produced during the solvolysis. The product of methanolysis in
methanolliec dioxane was the alkyl methyl etherj since there is no evidence
for the existence of a methyl carbonium ion in solution (L6), this
constitutes support for alkyl-oxygen fission of the ester. Finally, the
rate of solvolysis was greatly increased by increasing the Zorizing
power of the solvent. For example, the rate constants for hydrolysis of
dicyelopropylisopropylearbinyl p-nitrobenzvate at 25° were found to be
1,60, 5.49 and 13,3 x 10~* -aee."l in 90, 85 and 80 percent aqueous
dicxane respectively, This behavior is precisely what would be expected
from a reaction in which the rate«determining step involves ioniszation
of a neutral molecule (29d).

2, Effect of Structure on the Rates

The rates of solvelysis reported herse are truly remarkable for
carboxylic esters, For example, the half-life of dicyclopropyliso-
propylcarbinyl p-nitrobenzoate at 25° in 80§ dioxane~20% water was only
nine mimtes, and this was not the fastest ester studled. That the
cyclopropyl groups must be respensible for this umusual behavior is
clear from the following observed dscreasing order of reactivity:
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CH, CH, CH, CHy
CH \_/ \ /
3 CHy CH, CH, CH
o . |
|

V1T XVIII XIX XX

I =~ 00C —@«-NO“

That each additional cyclopropyl group helps to stabilize the
carbonium lon formed in solvolysis is apparent from a detailed exami~-
nation of the data in Teble 11,

Replacament of one  isopropyl group of triisopropylearbinyl
p-nitrobengoate with a cyclopropyl group increased the rate of reaction
by a factor of 2L46. Replacement of a second isopropyl group with a
cyclopropyl group further increased the rate 96~fold, When the rates
are compared in terms of solvolysis only (l.e. neglecting rearrangement)
these factors become 159 and 147 respectively, It is highly likely
that a third cyclopropyl group would increase the rate by several more
powers of ten. This may well be the reason uhy the mumerous attempis
to prepare tricyclopropylearbinyl p-nltrobenzoate failed,

Steric acceleration of 8yl solvolyses ls now reasonably well
established (47). The cyclopropyl group probably has a smaller steric
requirement than an isopropyl group, and cartainly than a t~butyl group.



98

*al 38 B3SPD ﬁﬂk&_ﬂ

‘ ‘pedansac Juewsdueareex puv s18AToA”
=708 SNOGUEIIMETR YOTUR Ul WEBRL 280y} 207 ¥ woal poATsep eJom agou] fessgeyyuessd ul

86RTVA 843 J07 3danxe () JURIENOD 6981 T{R-I040 OU} WOIJ POJURTEAD SJaR 8BUTBL eul,

00"1 ()
rhuigrentidoxdostray
00T L'® (1¥3)
ToepaeotidoxdoToforg
{00 1) {o0*1) (29°2) (651)
00T 00°T WO'M 9n2 (1Y) téupques
~(AdoadooforAdoadogIq
00*t 00"t %w% "1 @w% 99f  ©GOSER {T11aX) TAopqIes
_ ~pédoadostridoadotolony
ao a {os°€) (%59) |
0 TR 98*s ,nmmm %@m %gxﬁ .MHEV thatqeeotidoxdosy
v ,. Eﬁ.&ﬁgﬂqm?ﬂ
‘ . - ‘ ﬁguﬁsﬁﬁ
— CEr e v

sURNOT] suoenby up sejvcEueqoNTH-d TW2aeg Jo STRLT0ATOS JO  8eYRY BATIWLEY

1 o1%sg



99

Clearly then, the electron-releasing sffect of the cyclepropyl group
mist override any sterlc plus electromie effect of the isopropyl group.
From the wmsually fast rate observed for the penitrobenzoate of the
mecondexy alechol, dicyolopropylearbinel, one can say that one cyclow
Propyl group is about equivalent Yo two isepropyl groups, (On this basis,
one would predict that eyelopropylisopropyloarbinyl penitrobensoate
should solvolywe at about the seme rate as the triiscpropyloarbinyl
oster).

The seolvolysis in squecus dioxans of the penitrobenscates of all
the possidble tertiary carbinols with alkyls either lsopropyl or tebutyl
wug ptudied by Bartlett and St%iles (L8)., Acceleration by t~butyl wae
mized.(%fald for replacament of two isopropyl groups by t-butyl
groups), but relatively small when compared with the 23,500~fold increase
for & similar substitution of cyelopropyl groups, The electrontc influence
of the cyclopropyl group is of trmdaus\ magnitude whem compared with
steric effects, or with electronic effects of simple alkyl groups.

The similarity between the cyclopropyl group and the phenyl group
in electronie influsnce on reaction rates is striking, Although not
encugh data sre availsble to muke extensive quantitative compsrisons,
the indications sre that the eyclopropyl group is at least as effective
as the phenyl group towards sbsbiliszation of carbonium ions, Cyclopropyle
oarbingl chloride in SOF aquecus ethanol st 50° solvolysed ten times
faster than bengyl chloride ‘(8,!.;9) and both of these are several powers
of ten faster than a primary ssturabed chloride, This is the only case
shere @ direct comparison is possibls. The rates of solvolysis of



100

cyclopropylearbinyl and benzyl pe-toluenesulfonates are 7,6 x 10"5369.“1
(ealml;tad from the benzenesulfonate (7)) and 5,33 x 10" gec, " (L)
respectively in ebsolute ethanol at 25° + Again, this is many powers

of ten faster than similar esters of primary sliphatic alcohols,
Somewhat more indirect comparimons are possible which admittedly are
not quantitative, but indicate strongly that the cyelopropyl and phenyl
groups are similar, and that the cyclopropyl group is very different
from a saturated slkyl or larger cycloalkyl group. ©Some data of this
type is given in the chart.

CHy  CH,
\c‘m
l>cn—<’ /cm—-ff-——cﬂ @-— @
Y
XXIT XXIII
NO,
XXI

When Y = Cl, the relative rate of XXIT/XXIII is 11 in 90% aqueous acetone
at 25° (50,33).
When ¥ = occ—-@— NO4, the relative rate of IXI/XXIT is 61 in 80%

aqueous dioxane at 60° (see Table 11).
3. The Driving Force

The unsaturated character of cyclopropane was explained by Walsh
(51) in the following way, He considers each of the three carbon atoms
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to be in & state of sp hybridixation anslogous to ethylemic carbon
atoms, The three carbon atoms are at the corners of an equilateral
triangle with two hydrogen atoms lying in the plans bisecting each
angle, The hydrogen-sarbon«hydrogen bond engle :!.-ul nﬁg (§2) which 1s
practically the same s in ethyleme, The bonds betwesn the three
carbon atons are formed by overlap of the three p orbitals whose axes
lie in the plane of the ring and by overlap of the three sp® orbitals
(vhose axes also lie in the plane of the ring) to form a three~center
bond. The overlap is showm in Fipure 20, The six sp® carbon hydrogen
bond orbitals have been omitted for c¢larity and are merely represented
by lines, Walsh offers physicsl and chemlcal evidence for this

‘ aisposition of the elactrons in the eyclopropans ring
i# somewhat simdlar fo that in the benzens ring. In the latter, 'hl;a
overlap of two sp® bonds for each carbon atom results in strong carbop~

sarbon bonds snd the six p electrons are completely deloealised, The
sp® threewcenter bond in cyclopropane renders this carbon skeleton mmch
hat less stable than
sp® carbon~carbon bonds in scyclic compounds. Although the p electrons
are not completely delocalized, & cyclopropylearbingl carbonium ion
should be stabilized to a counsiderable exbent through overlap of

p orvitals to form a nonwloealized w orbital (ses Figure 21). This
stabilization of the carbonium ion should provide a driving force for
golvolysis reactions of the cyelopropyloarbinyl system, Since four
pworbitals are involved in the delocallzation of the cyclopropylearbinyl
carbonium ion, 1t should be more stasble than the allyl carbonlum ion
in which enly three p orbitals are involved.

less stable than that of bensene, and sven somes
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Firure 20, EKoleculsr Orbitsl Structure for
Cyclopropeanc.

Figure 21, !oleculor Orbital Structure for
Cyclopropyleartinyl Carbonium Ion.
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It was oheerved in the present imvestigation that & mecond gyclo-
propyl group Purther enhanced the reactivity of the eyelopropyloarbinyl
systen toward solvelysis waasaaumh&mmma@vdqmmnz(ﬂwte the sisdlarity
cr'bmmaﬁ.vswsnﬁ‘hmmﬁamh?i)s This may be aseribed to the additional
Gmu$ributimggw&nuﬁmwwa which a sesond oyelopropyl group can provide,

St
<] <
R <% R
.
"R R *

The inereasse in reactivity observed when a methyl group is at the
2eposition of the ring might be due to its abllity 4o tranemit its
slectrical effects through the cyclopropane ring as well as the steric

asceleration 1t may afford.
»
"

g .} * ﬁa cmg ’,Gg
Gzaz I>‘c<[
| !
R R

The driving force for reamctions of cyelopropyl systems has somew
times been ascribed to a need for releasing the strain energy in the
three-menbersed wing'(ﬁs,hs,&); The sitvatiom, however; does not seem
to bs entirely clear. For sxampls, in the present cases (as will be
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discussed balow in detail) the fastest rates were not necossarily
W@i&tﬂd with ring opening,

Fasile ring closure under what might be considered surprising
conditions further support the contention that rimg-opening 1s not a
necessary festure in the driving force,

Dimethyleyclopropylearbinel, with hydrochloric seld, gave Sechloro
2umathyl-2«<pentene which upon trestment with aqueons potassium carbonate
reversed the process (54).

T CHy
_ - JL-CH |
O—CHy st I

8imllarly, it wes observed in the present invesbtigation that treatment
af $ricyelopropylearbinel with concentrated hydrochloric acid or
treatment of the lithium zalt of tricycloprepylearbinel with penitrow
bengoyl chloride ylalded 1,l-dicyclopropylehmchloro-l~butens which,
upon trestment with aquecus potassium carbonate again ylelded tricyelo-
propyloarbinol.

VisaSn
>
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The interconversion hetween carbinol and unseturated chloride most
Hkely prooseds through & common wmmm ion intermediate)

PP A
> %

01-CHy

I /QH:G

The controlling and eoenflicting factors appesr to be the stability
of the carbonium ion (teridary » secondary > primary), the atability of
the product (allylearbinyl > cyclopropylesrbinyl) snd the resction
medium (nueleophilicity of the reagent).

e The Internsl Rearrangement

Didsopropyleyelopropylearbinyl, di«(2e-methyleyelopropyl)isopropyl-
carbinyl, and dieyclopropylisopropylearbinyl penitrebensoates res
gimltaneously with sclvolysis, Rearrangement was s function of the
water content of the solven$, as shown in Table 12,
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The £mmt7 with which resrrengement ocewrred decreased im the

GHy
(4]
I}
X = On ROy

which is quite different from the order of solvolysis rates (ses Table 11),

There seems to b2 no direct correlation between the reavtivity of
the esters and their tendency to rsarrange. On the other hand, rearrange-
% sihich contained bulky
groups attached to the reactive center, Methyl substituents on the
eyclopropane riangs favorsd resrrangement, as did replacement of a syclo~
propyl with an isopropyl group.

That water (and presumably ionimation) is essenbial to rearvangement
benzonte did not rearrange in anhydrous diexane even after five days at
60° (Compare the rate constants in Tables 52 and 53 with those in Tables
50, %1, Sk, 55, 56 and 57). The conclusion was that the rearrangement
was not a separate resotion bul was intimately involved with the solvelyais.

ment appears to be favered in those compound
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Thess cbssrvations, together with the fast that an increase in
waler comtent decreased the ampunt of rearrangement, strongly indicated
on lonmpair intermal return phenomenon. It was also chserved that for
the resction of diiscpropyleyclopropylearbinyl perdtrobenzoate in
varicus aquecus dioxame mixtuves, both k and kg incressed unifornly as
the per cent of water inoreased wheress k, increased as the percentage
of water was raissd frem 10 to 15 to 20%, but decressed agsin in
ddoxane esntaining 305 water (‘am Tabie 6), This phenomenon can best
be axplained in terms of an lonepair intermediate which can either
aclvolywe or revert to rearranged ester, This phenomenen cammot be
readily interpreted in terms of twe nonwrelsted reastion paths,

5. Mechanimm

All of the evidence presented thus far suggests that the cyclo-
propylearbinyl esters etudied selvelyes yis an iopwpalr intermediate,
This may be summarized by the kinetic schewe

R X mewsedm @&* ) oo BY # 3" wmeess R = OH

jon~pair mmam Carbinol

RY » X
rearranged
sator

or for the solvolysis of diisopropyleycloprepylearbinyl p-nitrobenszocate

in mgueous dioxane,
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Increasing the waler content of the solvent facilitates ionization
and hence increasss the overesll nﬁ& of reaction (k). B84nce both the
rats of aolwlysu (k,) and rate of rearrangement (k,) depend on the
concentration of the ionpair, the cbserved rate constants, k, ke and
ky, will be increased ss the water content mrmw‘ {ses Table 6).
Furthermora, a higher water content will shift the equilibrium away
from lon~pairs toward dissociated ions making replacement of the penitro-
benscate lon with water (to yisld the carbinol) the favorsd reaction
path, The rate of i-mrangemt t0 new ester will be enhanced as the
concentration of ian#paim becomes largsr, but if the water content is
made too gmwb,. the rearrangement carmot compete with dissociation, and
complete solvolysis occurs, The result is that as the ionising power of
the solvent is inereased, k, kg, and k., all increase; bub kg increases
more repidly than k,, the consequence being that uwltimately no rearrange
ment ocours, and carbinol ie the only reaction preduct.

Methanol is not as good an ionizing solvent as water (55), It would
be expected, then, if the proposed lonepair mechsnism is correet, that
mubatitution of methanol for water would fever internsl rearrangement
over solvolysis, This was indeed found to be the case, When diisopropylw
cyclopropyloarbinyl penitrobensoate was solvolyzed in 70§ methsnolie
dioxane, 66% of rearranged ester wes formed, This is to be contrasted
with only L¥ of rearrengemant in 70% asmecus dloxane,

The cbeervation that bulky groups appesr to favor the rearrangement
is also consietent with the proposed mechanismm., Such groups would
decrease the susceptibility of the ion-pair to attack by sclvent and
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also decrease the amount of dissociation to free ions.

The proposed mechanism gives only the broad outline of the
reaction path, For example, kg represente the sum of all rate con-
stants leading to carbinol and p~nitrobensoic acids it includes ioni~
sation to ion-pairs, dissociation of the latter ( possibly in several
disorete steps (37,38)), and reaction with the solvent. Simllarly, ky
includes iomization to ion~pairs (of varying degrees of solvation)
followed by some unspecified rearrangement mechanism, Additional
kinetioc work, including a study of salt effects, would be required to
better define these mechanisiic detalls., Other experiments which
might further elaborate the mechanism could invelve the stereochenistry
(using an optically active tertiary ester) and the disposition of the
oxygen in the rearranged ester (using, say, carbonyl valahelled
p-ritrobenscates).

6. The Energetics

The enthalpies and entropies of activation cbtained in the present
investigation ars listed in Table 9. S8everal generalizations can be
made from the date, and interpreted in a fashion consistent with the
proposed mechanism.

In a given solvent (say £0% dloxane) the emergies of activation
are ralativeiy insensitive to variations in the structure of the cyclo-
propylcarbinyl esters. The cbserved differences in rate can be ascribed
largely to entropy differences,

In each case (triisopropylcarbinyl p-nitrobenszoate excepteds there
1s no evidence that ion-paire are importsnt here (L48)) the entropy of



aotivation is negative, This 4is consistent with an ionisation mechan~

ism, singe ionic or lon-pair intermediates will require greater orien-

tation of surrounding sclvent molecules than would the original neutral
eater, Several cases permit a detailed interpretatdicn,

The importent structural change in going from the dicyclepropyle
carbinyl to dhe W&WWWMWI ester is a change from
& escondary to & tertiary earbinmyl group. In the latter, becsuse of
steric requirements of the group, the munber of degress of freedom is
lass than in the secondary ester, But in the ionwpairs derived from
each ester, cherge would be approximately equally dispersed (each ester
has two cyclopropyl groups), requiring similar oriesntetion of the
solvent. Therefore, in going from reactant to iransition state, the
tertiavy ester would require less chenga in degress of freedom than the
sscondary ester and would have the mere positive A s,

On the other hand, dicyclopropyliscpropylearbinyl and diisopropylw
eyclopropyloarbinyl p-nitrobenzoetes have roughly equivalent sterie
requirements vestricting atomic motions in the ester. But in the former,
the presence of two oyclopropyl groups permiis a greaber dispersion of
charge (becanse of more centributing structures to the resomance hybrid)
in the trensition state. This greabter charge dispersion will not onmly
result in a lower A K" (sbout 1.5 keal, difference was observed) but
will glso require less mstriaﬁan of solvent orientationi hence A g*
wlil be more positive for the ester with two cyvlopropyl groups.

For each case in which simmltansous sclvolysis and rearrangement
oscurred, A 8% for rearrangement was morve positive than A 8" for



solvolysis. This is consistent with the proposed mechanismj the inter
mediate which furnishee the rearranged ester is not as polar as that
which proceasds to yield the carbinol and p-nitrobenszoic acid, This
less polar intermediate will therefore not require as constrained an
orientation of solvent molecules in the transition stats and will have
a more positive entropy of activation,

The decrease in AS¥ with decreasing water content that becomes
apparent in 90% aqueous dioxsne reflects the increased restriction in
degrees of freedom in the transition state required for solvent orien-
tation in this relatively poorly ionizing solvent.

It was also observed that AH® for rearrangement was greater than
AH® for solvolysis for each cass in whiech similianeous rearrangement
and solvolysis occurred, This is consistent with the mechanism because
rearrangement of the original ester to a new ester requires more bonds
to be broken than does ®lvolysis of the original ester to the original

carbinocl,
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SUMMARY

1. Cyclopropyllithium was prepared in good yield from the chloride
and finely divided lithium in refluxing pentane. Cyclopropyllithium,
and certain cyclopropyl~containing ketones were used as the sources of
cyclopropyl groups to prepare the following new carbinols: tricycloe
propyl, dicyclopropylisopropyl, di-(2-methyloyclopropyl ) isopropyl,
dicyclopropylmethyl, and diisopropyleyclopropyl.

2. Tricyclopropylearbinol failed to give a p~nitrobenscate by a
variety of methods; the lithium salt, with p-nitrobenszoyl chloride (and
the carbinol with concentrated hydrochloric acid) gave 1,l-dicyclopropyl-
L=chloro«l-butene, the structure of which wae proved by oxidation to
dicyclopropyl ketone and 3echloroproplonlc acid, The chloroclefin, with
agueous carbonate, was converted back to the carbinol,

3. The p-nitrobenzoates of the remaining carbinols (except dicyclo-
propylmethyl) were prepared, as were those of dicyclopropylcarbinol and
triisopropylearbinel. Their rates of solvolysis in aqueous dioxane were
studied, variants being the per cent of water and the temperature. All
the esters solvolyzed with first-order kinetics and alkyl-oxygen
fission} the rates were the fastest recorded for earbrnxylic estera of
aliphatic alcohels. Hydroxide ion was without effect on the rates. The
products from solvolysis in aqueous dioxane were the origlnal carbinols
from which the esters had been prepared; 1.,e., there was no opening of
the cyclopropane rings, Similarly, solvolysis in methanolic dioxane
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géve mothyl ethers of the original carbinols, Two cyclopropyl groups on
the mmx,uwm atom were apprecisbly more effective than cne such
eyelopropyl group in facilitating solvolysis., The parallel effects of
oyclopropyl and phenyl groups on resction rates were noted,

in certain cames, solvolysis to carbinol and penitrobensoic acid was
incomplete; exswination showed that solvolysis was sccomparied by re-
arrangemont involving mmlng of a gyolopropans ring, The romangmt
produsts were allylearbinyl eateui for exmuple, dﬂ.wpmpylawlam;wh
carbinyl p-rdtrobenzoate gave Leisopropyl-Semethyle3~hexenyl penitro-
benzoate.

L. The rates, solvent effects, entroples and energies of activation,
and products ave sll consisteni with a mechanism involving ionlzation
of the ester to ilonwpairs or dissociated ions, rearranged ester being
formed via internal return from the former and solvolysis products being
formed from the latter or both,
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The Data Obtained from the Solvolysis Rate Measurements

The following tables contain the data obtained from the rate
measurenents,
t = time in seconds

V = volume (ml,) of standard sodium hydroxide required to neu-
tralise a 5 ml. aliquot of the reacting solution.

Ve » volume (ml.,) of standard sodium hydroxide required to neutralize
the theoretical amount of p-nitrobengoic acid in a Seml, aliquot
obtainsble from the weight of ester used in the run.

Vtom volume (ml,) of standard sodium hydroxide requirsd to neutralize
the total amount of penitrobensoic acid liberated in & S-mli.
aliquot when this amount wae significantly less than the theo-
retical.

Plots of log (Vg~V) versus t or log (Vfﬂvgg ) versus t were linear

f
and the specific rate constants were calculated from the slopes of these
lines.

K = kg + ky

kg = rate eonstant_fer solvolysis

ky = rate constant for rearrangement

V'f

kg
whers .25 » 5§:V'f
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Table 13

Solvolysis of 0,007005 Molar Dicyclopropylisopropylcerbinyl
p-Nitrobenzoate in 95% Dioxane - 5% Water at 605r

sec., ml. ml, ml,
156 Ouhj-l oai-ta Ja L
388 0.86 0.94 ; .gé
701 1.28 1.h0 2.62
85l L,k 1.57 2,15

1060 1.70 1.86 2.16

1350 2,05 2.2L 1.78

1507 2.20 2,40 1,62

1708 2.34 2,56 1.Lk6

1973 2.50 2.73 1,29

2354 2.75 3.00 1,02

2807 3.00 3,28 0.74

3211 3.1k 3.43 Q.59

3761 3.28 3,58 O.hly

L83k 3.u6 3.78 0.24

5834 3.56 3.89 0.13

6832 3.62 3.9% 0.07

1018 3,64 3,98 0.0L
54275 3.68 .02 0.0

Titrant: 0,00871L6N NaOH

Ve/Vp? = 14,02 ml./3.68 ml., = 1,09
k = 5,84 x 1074 gec,”2

kg = 5.35 x 10"¢ gec.™2

ky = O.49k x 10%% seo,™2




Table 14

Solvalysis of ©,006185 Molar Dicyolop limympyleagb
Mitwmseaum%%lﬁmmu % Water at 60

212 ﬂu:hg . Q*SE 3092‘

Lol Q.76 0.82 2.73
621 1.04 1.2 2.43
791 .22 1432 2.23
978 Talik 1458 200
1320 .77 1.9 1..&
1603 1.98 2.4 L,
1788 2.12 2,29 1,26
2146 2 »32 2.50 1,05
2392 2.1 2 4’5& 0,95
381k 2,90 3.;13 0.h2
14?02 3 6% 3 03@ 0. 25
6949 3.22 347 0,08
20103 3.23 3.k 0.06

Titrants ©,008715N HaOH
Vfﬁf‘ = 3.55 mlsl} 3,29 ml, = 1,08
k - 5,53 x 10™¢ mc.“"v
kg = 5,12 x 104 gec,”?
ky ® 0.L05 x 10™¢ gac,™?

g o -
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Table 15
Solvelysis of 0.0112) Molar Disyelopropylisopropyloarbinyl
p-Hitrobengoats in YOF Dioxane - 10¥ Water at 25°

o e A - s e it

t v Ve =V
Bac. mlu ﬂ,
230 0,51 5,29
980 1.02 LLe78

3180 1.18 L62
1390 1.32 1,18
2o 1.89 3493
3913 2.88 2495
L4820 3.8 2,62
6090 3,70 2.10
7800 u;:;g i.f;g
8?36 h-p. % ¥
11782 5,38 0,68

?itrarértg | gimﬂpéaéﬁ NeOH
Y™ O ml, ;
ik - 1.61 x 10™* sec.”?

. N a o . o Em "
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Teble 16

Solvolysis of 0.01808 Molar Dieycloprepylisopropylearbinyl
pmmnmum in 9% Dioxane - lﬁ% Water at 25%:

s Oukh2 8.91
519 0,95 aw35
830 1.30 ¢93
1158 1.8 g
18s0 2kt 8
3870 14200 5.33
3952 .28 5405
h?% Ihah hdw
6835 6.20 33
8igo 6,88 2.5
10450 7460 1a.73
127hs 8.28 1.08
Titrankt ©0,009586N ﬁaﬁa
Ve » 9,33 ml.

k - 1*59 b 1@“ 3%

e ok . . p . . o _
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Table 17

Solvolyeis of 0,009549 Molar Dieyelopropylisopropylcarbinyl
MM&&M in 90% Dioxane « 10ﬁ Water at LO as

: 51‘& 5 .M. @‘*9

Titrantt 0,009349N NaOH
V -~ 5.11 ml,

k » 6,60 x 10™¢ uum"’*
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Table 18

Bolvolysis of 0.008258 Molar Dicyclopropylisopropylearbinyl
p-Nitrobenzoate in 90% Dioxane - 10Z Water at 1;,0°C

805 1.92 2,50
972 2.20 2,22
1,26 2.78 1,64
1672 3.02 1.40
1856 3.20 1,22
2661 3.68 0.7
3234 3.94 0,48
4132 La1h 0.28
5259 L.22 0.20
6310 L,30 0.12
7903 L.36 0.06
12095 Lo 0.02
61200 Loh2 0.0

Titrant: 0,0093L9N NaOH
Vg L] hﬁhﬁ ﬁﬂ-o
k = 6,77 x 1074 gec,™?




Table 19

Solvolysis of 0.008175 Molar Dicyclopropylisopropylearbinyl

p-Nitrobenzoate in 90% Dioxane - 10% Water at 50°C

126

% v Ve~V
goo, ml, ml,
79 0.75 3,64
236 1.52 2,87
Lo3 2.16 2,23
Skl 2.66 1.73
689 3.00 1.39
822 3.28 1.11
951 3.51 0.88
1108 3.72 0.67
1300 3.92 0.47
1458 3.98 0.h1
1608 4,03 0.36
2h7 4.26 0.13
3515 11,32 0.07
4821 14,33 0.06
Pitrants ©,.009311N NaCH
Vf = ll-u39 ml.,
kW = 16,
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Table 20

Solvolyeis of 0,008159 Molar Dicyclopropylisopropylearbinyl
p~Nitrobenzoate in 90% Dioxane - 10% Water at 50 C

t v VomV
assc, ml. ﬁ{_
72 0.65 3,73
L29 2,25 2.13
591 2.76 1,62
790 3.25 1.13
969 3.52 0,86
1169 3.76 0.62
1360 3.89 Q.49
153 4,03 0.35
1729 h.12 0.26
1898 4,19 0.19
2117 L.23 0.15
2373 .25 0.13
2868 L.2% 0.13
9343 4.28 0.0
Titrant: 0,009311N NaOH
V£ L] h.38 mlc

k = 16.8 x 10™% gec.”*
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Table 21

Solvolysie of 0,01255 Molar Dieyclopropylisopropylearbinyl
p-Nitrobenzoate in B5% Dioxane - 16% Water at 25°C

240 0.91 5.73

Ll .40 5.24
605 1,92 L.72
785 2,33 4,31
955 2.7h 390
118 3.01 3.63
1295 3.38 3.26
156 3,80 2.84
1700 1.06 2,58
1895 ;.28 2.36
2175 L,60 2,0h
2350 L.76 1.88
2570 L.98 1.66
2895 5.38 1,26
3220 5.66 0.98
5300 6.42 0,22

Titrantt 0,009,568 NaOH

Vf L 6 »6!4 mla

k- = 5.4l x 10™% sec."3




Table 22
Bolvelyeis of 0,007038 Molar Dicyelepropylisopropyle

pum.mbmbe in 855 Dioxene « wx Watar a 25°0

b v VgV
- Lok mau a.aa
L0 .36 2,56
840 140 2.32
1040 1.68 2.l
1235 1.86 1,86
U0 2,04 1,68
1612 2,18 1,54
1870 2.38 1,34
2025 2.48 1.24
2255 2.62 1,10
2170 2.77 0.95
2742 2.9% .80
Ly 3.38 0.3k
Piérant: §,009456N NaOH
Ve ® 3,72 ml,

¥ = 5,347 x 1074 gec, 3
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Pakle 23

Solvolysis of 0,008264 Molar Dicyslopropylisepropylearbinyl
pwﬂim&em;m‘be in Bo% Mm;gu - 20% W&*ﬁr at 7°c

7253 3.12 1.33
g1L 3.3 1,02

111&31 37h 0.71

Pitrants 0,0092908 KaOH
k" = 1,52 % 1074 gee."?

-y . . L N
paa -
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Table 24

Solvelysis of 0,00012 Molar Dicyclopropylisepropyleexbinyl
p-Nitrobangoate in 80X Dioxane ~ 208 Wabker at ;EG

o i sl e ety s it

+23
3479 2,53 2.93
138 50

1227 3.80 1268

9200 b.22 1,23
10lLS Lok 1.03
13hh5 163 .82
139?3 hb? 3 6057

Titrant: 0.0092908 NaOH
Vg » Seltf mla .
kK = 1,54 x 10" gec,™?
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Teble 29

Solvelysis of 0,009522 Molar MMWM propylearbinyl
Mitmbm;ute in eaz Dloxane - ﬁ@% Water at 16”8

M v Vool
sec, al, ?n{*
513 1.hh 3:8h
&9h 1.74 3.2
m L 36 R 062
mé? 4 u?s 2 929
1877 3.20 1.78
215k 3kl 154
2388 3459 1:39
2595 3,76 1.22
2978 3.98 1400
3945 ko34 0.6k
Lighé LB 0.50

Mirantt 0.009561N NaoH
vf Lo hogs nl,
¥ = 5,01 x 10™ gee,”*
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Table 26

3olvolysis of 0,0101l9 Molar Dimlopmpyliaopmpylaa:gbirwl
Mitrobenzoate in B0% Dioxane - 20% Water at 16

2139 3.5% 1. ?8
2348 3.7 1,59
2631 3.93 1.40
3036 L35 1.18
370 k.40 0,93
3962 LSk 0.79
LL60 L 65 0.68
10000 5.30 0.03

Titrant: 0,009561N NaOH
Vf - 5*33 mlo " -
k = 4,78 x 10”™* sec.”?
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Table 27

Solvolysis of 0,009368 Molar Dicyclopropylisopropylcarbinyl
p~Nitrobenzoate in 80% Dioxane - 20% Water 0.009525
Normal in Sodium Hydroxide at 16°C

sec, ml. mlq
228 L.17 .09
720 3.45 3.37
834 3.09 3,01
1390 2.54 2.46
1632 2.33 - 2,25
192hL 2,01 1.93
2438 1.61 1.53
2989 1.29 1.21
3389 1.09 1.01
3887 0.89 0.81
14383 0.74 0.66
4933 0.58 0.50
5978 0.36 0.28
Titrantt 0.009525N HOL
Vf L 0#08 mlu
k¥* = 44,55 % 10" gec, 3
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Teble 28

Solvolysis of 0.00884L5 Molar Dicyelopropylisopropyloarbinyl
p-Nitrobenscate in BO% Dioxane - 208 Water 0,009525
Normal in Sodium Hydroxide at 16°C

sec, ml, il e £
381 3,96 3,60
766 3.30 2.94
972 3,08 2.72
1L32 2.48 2,12
1680 2.30 1.94
1980 1.96 1.60
2339 1.77 1.1
2831 1.5k 1,18
3117 1.40 1.0L
5505 0.63 Q. 27
6600 0.4L8 0.12
7637 0.6 0.10

Titrants 0,009525N HOL

Vo = 0.36 ml,

k™ » L,73 x 107 gec,~2
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Table 29

6700 5..&& 0.26
Titrants 0.0092508 MH
Vg - 5162 m&»«

k = 13;3 x W‘ mﬁ”*
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Table 30

Solvolywis of 0,00072 Molar Dicyelopropylisopropylearbinyl
Mmﬁmm m m DLLERYI - 3@% HWater atb 35”3

1010 k06 }uﬂﬁ
1133 26 1,06
1268 L2 2.90
1465 k.63 0,69
1577 ha72 0,60
31707 Lo 8G .52
l&?ﬁ fi-{.?@ 00153
1999 Le98 0434
ae7? Ball 0.2
2649 Ba30 0,02

Titrants 0.0091308 NaOH

vf L 503& wl.,

k- unmxw"‘am. "3
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Table 31

Solvolysis of 0,009305 Molar Dicyclopropylisopropylcarbinyl
p~litrobenzoate in 80% Dioxane - 20% Water at 25°C

sec, ml. m}-’
159 1.30° 3,73
283 1.82 3.21
385 2.22 2.81
501 2,63 2.40
425 2,98 2.05
Thls 3.32 .71
875 3.56 147
992 3.80 1.23
111k 4.00 1.03
1218 L2 G.91
1328 L.2% 0.82
1464 1,38 0.85
1609 boki? 0.56
177 L.50 0.45
2108 .75 0.28
Pitrant: 0,009250N NaOH
vf - 5103 Iﬂlg

kx = 13,5 x 10** gec,”?
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Table 32

Solvolysis of 0.009022 Molar Dicyclopropyliscpropylearbinyl
p=NKitrocbengoate in 80% Dioxane - 20% Wabter at RSsg

8ec, ml. ml‘
135 1.53 3.98
205 174 3.77
264 2.01 3.50
332 2.42 3.0
Lat 2.72 2.79
583 3.22 2,29
637 3.4l 2,00
710 3.57 1.94
784 3.83 1.68
875 399 1,52
96k helb 1.35

1027 he23 1.28

1107 Labl0 1,11

7287 540 0.11

T4 trant: 0,008182N NaOH

k = 13.5 x 10™4 sec, *
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Table 33

Solvolysis of 0,005522 Molar Di( amethyloyelopmpyl)mo;)rogyl-
carbinyl p-Nitrobenszoate in 90% Dioxane -~ 10% Water at 16°C

146 0.40 0.L3 3.39

337 0.56 0.60 3,22

678 0.83 0.90 2,92
1098 1.16 1.25 2.57
1586 1.k 1.55 2.27
1981 1.62 1.75 2.07
3198 2.16 2.33 1.49
L4809 2.66 2.87 0.95

Titrant: 0,007223N NaOH
Vfﬂf' = 3,82 m:l-f.aul# ml, = 1,08
k = 2,71 x 1o~ 8@5-”1
kg » 2,51 x 107¢ gec,”2
ky = 0,199 x 10™% gec."2




Table 34
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Solvolysis of 0,005498 Molar Die(2-methylcyclopropyl)isopropylcarbinyl
p-Nitrobenzoate in 904 Dioxane - 10¥ Water at 16°C

e b — el oo _— T ——
N v vvf Ve - VI
£
Béc. Iﬂ].a m}.o L]
376 0.57 0.62 3. 19
871 Q.95 1,03 ,78
1278 1423 1,34 2,47
20714 1.72 1.87 1.94
3302 2.24 2.4k 1.37
L4913 2.68 2.92 0,89
6632 3.0L 3.31 0,50
9372 3.26 3.58% 0.26
32324 3.50 3.81 0.0
T{trants ©,007223N NaOH

/v t - 3 81 ml./B.;aﬁ Iﬂlo = 1, 09
k » 2133 X 1M 363.#1
kg = 2.65 % 104 gec,”d
ky = 0,234 x 1074 aem"’-




Table 35

Bolvolysis of 0.008240 Molar Die(Remethyloyelopropyl)isopropylearbinyl
| Mm;nbmmta in 50% m@&ﬁ ?m?mw a?’ém"

VLt At At O Y Y N G Y SR T M ENEATI 00 £ G0 Y AR 0 DTS 1 RPATE T 2 T ILXPpga t s SNS AT ARA S sTots \ AS 51

33630 L.02 Y 0.0

Vo/Vet » ha36 mi./L.02 md, » 1,09
kg ® 6,47 x 20™ geo.™d
kp = O.5R7 x 10™ sec.™?

s " N . e L Lo . : . " L . y _
T e e e e i : - At e
s i " " i h - "
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Pable 36

Solvolysis of 0,00629L Molar Di( EWWWRMWWI
M&tmhmw%a in 908 Dioxans = mﬁ Water ;‘k 25%

A T B
803, 1,63 1,78 2,62
gl Bedls 2,33 287
1339 2,58 2.8 1,59
1820 3,02 3.29 1,11
2858 ng 3.03 0.57
Lkyr0 B LoR3 0.7
28592 Lo Oh Lok 0.0
Thsrants 0.O07IE8N NaOR

Yfﬁf‘ = halw ml;/hsﬂh wl., » 1,09
k = T.16 x 10" gee,”?

kg* 6¢§§3WM3 -5

kr » gqs X 1@""‘ goe.,




Table 37

Solvolysis of 0,005975 Molar Di»(2~me’t.hy1cyclnpropy1)isopropylcarbinyl
p«vnﬁitrobanaoata in 90% Dioxans - 10% Water at 3590

Ve = UV

v Vorst f '

860, ml, mlﬁ ml, T’f
86 0.87 0.96 3.22
245 1.58 1.7h 2,Lk
508 2,46 2.71 1.47
645 2.72 3.00 1.18
895 3.2 3.Lb O.Th
1190 3.38 3.73 O.u8

86)409 3.79 h.18 0.0

Titrants O.0071LEN NaOH

Ve/Ve' » 1,18 m1./3.79 mi, = 1,10
k = 17 8 X 3«0“ sac,.” -3

kg = 16.2 x 10~¢ gec,=

kp » 1.67 x 10™4 gec,”?




Table 38

Sclvolysis of 0,006258 Molar Di-(2-methylcyelopropyl)isopropylearbinyl
p~Nitrobenzoate in 90% Dioxane - 10% Water at 35°C

\'j v
t v V‘\’y‘%t Ve VV§$
gac, mi., ml., ml,
261 1.7} 1.9 2,1
Los 2,21 2.47 1.91
607 2,75 3.07 1.31
879 3.22 3.60 0.78
1182 3.51 3.92 0.u46
72000 3.92 ;.38 0.0

Titrantt O0,0071L68 NadH

Vfﬁf' » 1,38 ml-/3.92 ml, = 1,12
k = 18.4 x 10™¢ gec,”?

kg = 16,5 x 10™* gec, 3

kr = 10914 X 10“ seeo‘-l
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Table 39

8olvolysis of 0.008952 Molar Di+(2-methyleyclopropyl)isopropyloarbinyl
p-litrobenzoate in 90% Dloxane - 1OF Wabter at 35°C

N2 3004 AL T4 T Y Ul 11 NN AR Tt 0 o 2 R A SO £3CBl, i

L' T £

Vv;! Vg = Vo .

t v £ Ve
82 0.88 0,998 3,88
220 1.68 1.7 2,99
553 2.92 3425 1.61
778 3.46 3.86 1,00
958 3.67 L.09 0.77
1580 Le12 L.59 0.27
93600 L.36 L.86 0.0

Pitrantt 0.00TIL6N NaOH

Ve/Vet = 1,86 m1./L.36 ml, » 1,12
k = 18,6 x 10** gec.™

ks Ld 161? x 1o=s g-ec.“a-

kr - 3“91 x 10m4 W@o'z
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Table 4O
fSolvolysia of 0,008685 Nolar Di«{2«mathyl
MWmm ~

wm&@zm“m'& Water ab 7
; v Veud
Hﬁﬁ. w—&' ﬂi
1*5& 2.29
l—ﬁl’! 1&'33
2.13 176
272 in
300 0.83
3.38 0.8
3»83 @uﬂﬂ
fi‘&@‘aﬂ‘ﬁi 0.0073088 RaOH
f - 3@35 .

- Bm}. x 30" gee,*d

STE—— SR B e : e : s - ety




Table L1
Sclvolysis of 0,006059 Molar Di~(Swmethyleyel
Mi‘k;a&mmta in Bﬂﬂ‘ﬁiﬁ&m - 204

< o Kool <o 251, e AN Bete Dt et SR

Titrants 0,007306§ RaOH
¥ w 8,09 x 10" sec."?




Table 42

Solvolysia of 0,008950 Molar Dilsopropyleyolopropyliearbingl
pnﬂitr&bméata in 905 nmmm - m% Water at éoﬂa

398 0,20 71 L,38
2762 0.4b &.56 3,83
8678 076 2.69 2,40

1396l 0.96 339 1,70
20353 3.18 hed¥ 9,72
26221 1.28 .52 0.57
33538 1.33 ha70 Q.39
o oE &
VLA 1Y ¥ ®

Titranb: 0.0087918 NaOH

V,fﬁg‘ = 5,09 mﬁhuk& ml, = 3,53
k w 0,733 x 10** gee,"?

Iy = 0,207 x 10"* seo,*2

kp " Qggﬂé x W ch"'z
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Titrants . 0,008791N NaOH

Ve/Tpt w 5.30 ml,/1.4L8 al. = 3.58
k » 0,75 x 10% ges,”>

kg =« 0,200 x 10" gen, *

kgw » %53? x 10 m.{"ﬁ

o - RS- 0 iy Mo
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Table LL

Solvolysis of 0,0102, Molar Diisopropyleyclopropylearbinyl
p-Nitrobenzoate in 85§ Dioxane - 15% Water at 60°C

P 0 e Vo1 A LT LN 4 A 145 9 M 5 R 5 EY AP YRk 1 Wty e BT oo g

Ve Ve w VoL
+ v v ! £ \£3
gec, ml. ml. ml,
28y 0.35 0.87 5,00
748 0.50 1.25 ly 62
1359 0,67 1.67 4,20
2519 1.03 2.57 3.30
2907 1.15 2,87 3,00
3453 1.30 3.25 2,62
4223 L.b 3.60 2,27
L867 1.53 3.82 2,05
5533 1.67 417 1,70
6751 1.82 Le55 1.32
8o2s 1.94 L4.85 1.02
102l 2,08 5.20 0,67
13794 2.26 5465 0,22
19483 2.35 5.87 0,0
28741 2,35 5.87 0.0

Titrant:s O0,008716N NaOH

Ve/Vet » 5.87 ml./2.35 wml. = 2,50
k = 2,12 x 104 gec,”?

kg = 0,850 x 10" gae,”?

kp = 1,27 x 10™* gec,2
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Table L5

Solvolysis of 0.008655 Molar Diisopropylceyclopropylcarbinyl
p-liitrobensgoate in B85% Dioxane - 15% Weter st 60°C

o P e e = o= =
Ve ')
v o

t v Vet vf_ﬁ??’
sec. ml, ml. ml

681 0.1 1,02 3,95
1229 0.58 1. 3.53
21482 0.89 2,21 2,76
2891 0.94 2.3k 2.63
L2kl 1.24 3.08 1.89
L8LO 1.32 3,28 1.69
5460 1.43 3.55 1,42
66L5 1.52 3.78 1.19
7701 '1.61 4.00 0.97
10194 1.80 Lel7 0.50
13761 1.90 UeT2 0.25
19440 2.00 he97 0.0
2B666 2,00 11,97 0.0

Titrant: O0.0087168 NaOH

Ve/Ve' = L.97 ml./2,00 ml. = 2.L9
k = 2.05 x 10~* sec.~}

kg » 0,826 x 104 sec. 1

kr = 1,23 x 10™* sec,”?
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Table 46

Solvolysis of 0.009242 Molar Diisopropyleyclopropylcarbinyl
p~Nitrobenzoate in B5% Dioxane - 15% Water at 70°C

e e A <R AR 135 o APt 4. e 3 11 b

e e e 7 AN T A .23 MM P b e T it Al A o e S PP T e e A 1

#%i' VT f
+ ' Vet
Bec, ml, ml. ml’
286 0.36 0.88 4,02
L9 0.50 1.23 3,67
853 0.82 2.01 2,89
1267 1.06 2,60 2,30
1390 1.13 2.77 2.13
1672 1.28 3.1 1.76
1889 1,36 3.33 1,57
2185 1.43 3.50 1.0
24450 1.52 3,72 1,18
2825 1.64 4,02 0.88
3320 1.70 Le17 C.73
L 30 1.82 L.ué 0.4k
5803 1.8% .63 0.27
7618 1.91 L.68 0.22
11753 1.92 L.70 0.20
50L4L3 1,96 L.85 0,05
89334 2,00 .90 0.0

Titrant: O0.009LL42N NaOH

Ve/Vo! = 1,90 ml./2.00 ml, » 2,45
kK = 5,69 x 10*% sec,”*

kg = 2,32 x 10~% geo,”?

k, = 3.37 x 10™4 gec.,”?
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Table 47

Bolvolyaia of 0.01096 Molar Diisepropyleyolopropylearbinyl
p~Hirrobenseats in 85% Dioxane - 15% Water at 70°C

1473553 M T VWA A N7 b ek i P P TS A Y i A g AR T sy kT ¢ s e

¥ V.

W e

F 4 ¢

% v £ £
‘Cﬂ [ 3 ﬂ' ) nl. ﬂ’
297 0.lsh 1.4 4y 67
167 0.58 1.hk le37
961 1.02 2.53 3,27
1115 1.18 2. 2,95
1365 1.27 3.5 2,66
1758 1.50 3.72 2,09
2187 1.70 L.22 1,59
311k 1,96 .87 0,9k
36L1, 2,08 5.02 0,79
702 2,18 CANY 0+L0
5823 2.22 551 0.30
7166 2,22 .51 0,30
13037 2.28 5.66 0,15
51693 2 » 31‘- 5;:( 31 0 . Q
87372 2.34 5.8 0.0

Titrants 0.009LL2N NaOH

Vy/Ve' » 5,61 ml./2.3L ml, w» 2,48
k= 5& 9 x 1% “ﬁ.:l

kg » 2.33 x 10™4 sec, 3

Ky # 3.46 x 1074 gee.”?
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Table 48

Solvolysis of 0.008783 Molar Diisopropyleyclopropylearbinyl
p-Nirrobengoats in 85% Dioxane + 15% Water at 80°C

Y A J
% v e T
m. mlu ) ml, 'm.lf
108 0.0 1.07 3,60
32 0,56 1.50 3,17
343 0.73 1.96 2,71
L6k .99 2.66 2,01
61 1.10 2.95 1,72
136 1.21 3.2% 142
863 1.28 3.l 1423
1033 1.37 3.68 0,99
1197 .hbs 3.86 0.8
1363 1.6 3.92 0,75
2183 1.61 he32 0,38
2956 1.72 L62 Q.08
3?75 1@7}3 I-hé? 0.0
72221 1.74 L67 ¢.0

Titrant: O.009397H MNaDH

vffo' w 1,67 mln/lt?h ml., = 2,68
k » 3h.6 x 10" sec.~R

kg * 5.43 x 10* geg,"?

ky » 941k ® 10 seo,”3

o




Table 49

&61“1?%‘1 of 0.,008,,82 Molar Diis
pwmmbmmm in ﬂSﬁ mxmw

€% Water at BG"G

156

39&

9‘0@9 lcm
.68 1,59
{NBO 2,05

0499 2,54
1.10 2,62

1.26 3.23
1.33 3.4
1.40 3.59
1.48 3.79
1.66 4.88
1«.'&-&8' hc.gl
.75 b s
l;?& h#ﬁ

Titrants @309939 TN, FaOH

vQ/V£ " i.h;gl mlnlla‘?g mln - 2.56
k = 1&09 x X0*% see [ Mg

kg = 5.80 x 10*¢ sec. "‘3

kr - 9.% x iove ﬁﬂﬁo“t




157

Table 50

Solvolysis of 0,007015 Molar Diisopropyleyclopropylcarbinyl
p-Nitrobensoate in 80% Dioxane - 204 Water at 60°C

oy e e et e e S SR g 5 e

v v
. v wvﬁ, vf~v$§,
sec, ml, ml. ml,
172 0.26 0.40 3,L3
Ly 047 0.73 3,10
652 0.66 1,02 2,81
874 0.90 1.39 2.4L
1582 1.31 2.02 1,81
2016 1.53 2.37 1,46
2562 1.79 2.77 1,06
2823 1.85 2.86 0497
3051 1.96 3.03 0,80
3259 2.00 3.09 0.7h
3653 2,08 3,22 0.61
4325 2.24 3.L6 0.37
L617 2.27 3,51 0,32
Lols 2,33 3.60 0.23
68l 2.8 3.83 0.0

Titrant: 0O.009151N NaOH

Vfﬁf' - 3.83 mlu/aih& !ﬂli - 105"4
k » 5,00 x 10=¢ gec,™?

kg = 3,24 x 1074 gec."?

kp = 1.76 x 10*% gec,”?
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Table 51

Solvolysis of 0,006933 Molar Diisopropyleyelopropylearbinyl
p~Nitrobensoate in B80% Dioxane - 20¢ Water at 60°C

gL 44 L P SA 1l LY YR PRI )

e e T
va, vf-v§£
1 v £ ve!
8¢C. ml, ml, nl,
187 0.29 0.45 3.h9
420 0.53 0.82 3,12
604 0.69 1.07 2,87
788 0.83 1.29 2,65
1230 1.5 1.78 2,16
1482 1.32 2,03 1.91
1757 1.46 2.26 1,68
2580 1.83 2.84 1.10
2817 1.89 2.93 3,01
3060 1.95 3.02 0.92
3323 2.01 3.11 0,83
3855 2.16 3.35 0.59
5225 2.38 3.69 0.25
TLT5 2.54 3.94 0.0

Titrant: O0,008805N NaOH

Vf/vf‘ - 3|9h mlo/ﬁuSh ml. = 1055
k = 4.85 x 10™% gec,”?

kg » 3,00 x 10™4 gec,™?

K, = 1.65 x 10" gec,”2
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Table 52

Solvolysis of 0.007637 Molar Diisopropyleyclopropylearbinyl
p-Nitrobengzoate in 80% Dioxane - 20% Water at 6og§9

Vet £ et
N v £ f
gec, nl, ml. ml,
102 0.31 0.46 3.97
332 0.58 0.86 3,57
619 0.83 1.23 3.20
103 1,17 1,73 2,70
1235 1.33 1,97 2,46
1740 1.66 2.L6 1,97
2327 2,08 3.03 1,40
3264 2.32 3.hh 0.99
L4640 2,62 3.88 0,55
6102 2.77 L.10 0.33
8220 2,94 h.35 0.09
16527 300 L.u3 0,00

Titrant: 0,0086208 NaOH

Ve/Tet wm L.43 ml./3.00 ml, = 1,18
k = }4«1&7 x 10“ 89@:”3'

kg = 3,03 x 10" gec,”?

-t

*rhe ester was dissolved in enhydrous dioxane and stored at &o®
for three days after which time sufficient water was added to
make the solution 80F% dioxane -~ 20% water and measurement of
the rate was begun immediately.



- Table 53

Selvolysis of 0,0119) Molar Ditscprepyleyelopropyloarbinyl
pelidtrobengoate in 80% Dioxane ammr ﬂléﬁ"m

et B A ey S

A4 oV
v ' £y
Vi‘ a0

245 0465 1.0l 5,88
731 1.35 2.6 LT6
1005 1.72 2.75 n17
1289 2,01 3.22 3.7
1598 3»36 3‘%}? 34

‘ . )
2640 3.1 L.98 1¢9h
- N T

Pyt P, 143
3765 3.60 5476 116
L7 3.70 5.92 1.00
551k LeO2 6uhily o448
7027 L2 6.60 0.32
12200 Ls33 6.92 0.00
26267 1433 6.9%

Titrant: O. "Q"'* Na
Ve/Vpt = 6,92 m1,/h,33 ml. « 1,60
k ow .65 x 10™ gee,"d
kg = 2,91 x J0** sac,”?
Kp = 1.1h = 10" geae,

The ester was dissolved in anhydrous dioxane and stored at 60°
for five days after which time sufficlent water was added to
make the solution 80% diomane -~ 20% water and memsurement of
the rate was begun Lmmediately.



Table 5

Solwelyeis of 0,009401 Molar Ditsopropyleyelopropyleart
%ﬂm\:&l&;&m in 80% Dioxane « mmw at 6000 e

%53% %ﬁ %"%’3 71
3. A s dbh Y § 347!
1163 Leko 2.34 3,6
159% 1.83 2.98 2,52
igh3 2.12 3:33 2,17
2333 2.30 3.6) 1,89
3251 2,79 lu&ﬁ 1.8
vz 2.99 k70 0,80
LBLO 3.19 5.0L 0.k
9840 3.52 5.50 0.0

Tirawks 0,0086308 WaOH .
Ve/Vet » 5,50 & /3,51 ml, = 1L.57
k = 5,09 x 107 geoe,™?

kg = 3.2 x 19:‘ sao," 3

qu e 1,84 x 10 4 peu,"?
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Table 55

Seolvolyeis of a,mm Nolsr Diisopropyleyelopropylearbinyl
Miﬁmbmm in W m.euxme -pgeﬂ Water 2 4 e‘g

138 0.27 0.4 5,89

313 0.5% 0.90 5440

50 09k Ll 186

?57 1.24 1.89 b,
e 1.98 3.02 3,28
2100 2.8 3.78 2.52
2900 2.95 .80 1.80
3240 3,10 LT3 1.57
3;9155 ) 3.37 5.15 1.5
L7u2 3.55 5.2 0.88
Z548 3472 gar 7 0.63
?2147 3494 ) uﬁl 0.29

Titrants 0.008918N NaoH

’J’fﬁf’ = 6,30 ﬂ‘fhals mh » 1,53
k - hpw ﬁt w m&

kg = 2.80 x 10™ Pt

kr = 147 x 10%¢ see,"d

ERCTOR TP 3 ——
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Table 56

8olvolysis of 0.00L067 Molar Diisopropyleyclopropylcearpinyl
p~Nitrobenncate in 80f Dioxane - 20% Water at 60°CR

394 0.40 0.61 3.54
600 0.62 0.95 3,20
830 0.82 1.25 2,90
1350 1.22 1.86 2.29
1830 1,52 2,32 1.83
2270 1.72 2.62 1.53
275hL 1.92 2.93 1,22
338 2,12 3.23 0.92
1278 2.32 3.54 0.6l
5500 2,52 3.84 0.31
55275 2,72 LS 0.0

Titrant: ©O.0981CN NaCH
Ve/Vet = 14,15 ml./2.72 ml, = 1.53
k = 4.9 x 0™ gec.”t
k.s L 3¢93 X 10w4 s%.”"
kp = 1,56 x 1074 sec,”t

*me rate in this run was followed by adding excess standard
NeOH in small increments and recording the times at which
the phenolphthalein indicator changed color,
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Teble 57

Solvolysis of 0,00579 Molar Dilsopropyleyclo 1o 1
p-Nitrobenseate in 80f Dioxane -~ 20% wat§§°§{ 6gggéqy

Vi v
4 v K2 VesTe
BSG ., m. mly mJ.?
638 1.01 1.59 l4,28
938 1 2.21 3,66
1368 1.83 2.87 3.00
2325 2.53 3.97 1.9
3025 2,93 4,60 1.27
3970 3.33 5.23 0.6l
5L35 3.7h 5.87 0.0

Titrent: 0,09869N NaOH
Ve/Vot = 5.87 ml./3,7h ml, = 1.57
k = 4,90 x 10" sag,~3
kg » 3,12 x 1074 gee,”?
ky = 1.78 x 10™¢ gac,”2

®rhe rate in this run wes followed by adding excess standard
NaOH in small increments and recording the times at which
the phenolphthalein indicator changed color.
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Table 58

Solvolysls of 0.008570 Molar Diisopropyleyclopropylcarbinyl
pNitrobenzoate in 80% Dioxane ~ 20% Water at 70°C

i A

v \'j
W Vg~V
N v th £ iﬁn
B, mi. ml.
132 0,39 0.60 3454
293 C.75 1.15 2,99
L85 1.1k 1.75 2,39
676 1.5 2.22 1,92
833 1.67 2.56 1,58
1001 1.88 2.88 1.26
1179 2.0k 3.13 1,01
1377 2.15 3.30 0.8L
1731 2.36 3.62 0.52
2319 2.53 3.88 0.26
2910 2.57 3.94 0.20
529¢ 2.67 L.09 0.05
L8720 2.70 TP BT 0.0

Titrants O. GIGBhN NaOH
. Vf/?f‘ = h 1;4 ml /20?6 m; - 1&./3
¥ w» 12,0 x 104 geec,™3

kg = 7.80 x 10"* asc.”*

kr = 4,20 x 104 gac,™2
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Table 59

Solvolysis of 0,008626 Molsr Diisepropyleyulopropylesrbismyl
p«-:mmhmaw in amx Diexane « m Water at ?c"e

19k 3:66 |
2456 2.50 3.85 0,23
3L7Y 2.59 3 ~Si9 0.09
SLsa 2.6 L.08 0.0

87350 2,65 .08 0.0

Titrantt O,0005TH NaOH

vffwf‘ = 4.08 ml.;/ﬁﬁS Hlu L 1*5‘}4
k = 11.7 x 10*% gep .~

ka = 7.57 x 10"¢ gec,*?

ky » 413 x 1074 seo,"2
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Table 60

Sclvelysis of 0.01015 Molar Ditsopropyleyelopropylcarbinyl
poiitrobenzoate in 80F Dimane « 20% Water i{ 80%

ity et R A b A1 BTSSP o AL e TP et T ey P TR e e

85 0,86 133 ko35
20 1.09 1.6 3,99
191 L9 2.31 3,37

H 4 3.66 5.68 0.0

o MRS
v J % 5,68 ml,/3,66 ml, » ]
kf/zf:sma x 10™4 sea,™3 ‘
kg = 19.4 x o=t m,:l

k, = 10.8 x 10%¢ gee, *

sepertodi - 4 . i
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Table 61
Solvolywis of 0.00158 Molar Diisopropyloyelopropylearbinyl
Mimmmte in 80% Dloxane - mx Water &t w%
G TR ARSI Tt eimramme et riaeen . s it ~m s ensenpb i

- o Y
. v vvgi ng“’?ﬁl

ﬁﬁv ml. ml, | mly
102 1.1k 1.76 492
152 3.2 2.20 LohyY
210 1.79 2.78 3,89
L6 3.0L 4,6 2,00
uh 3.23 La$ 1.69
& 3
167 3% .99 0,68
9%:?; 3~gﬁ 1*% g‘ig
1088 RS 6.38 0129
1289 L.12 6,39 0.28

ol L,30 6.67 0,0

Titrants 0,0086898 NaOH

Ve/¥et = 6.67 ml./’hd@ mi, = 1,55

k = 28.9 x 10"

ﬂﬁ'@n B

kg = 18,6 x 10™¢ ges,"2
k,, = 10,3 x 10" gee, 3

A
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Table 62

Solvolysis of 0,008986 Molar Diisopropyloyclopropylearbinyl
p~Nitrobenszoate in 70%¢ Dioxane - 30% Water at LO®C

t v

sea, mi, ml. nl,
319 0.40 C.42 4,39
803 C.68 .71 4,10
1201 1.01 1.06 3,75
3075 1.94 2.03 2,78
373 2,20 2,30 .51
L307 2.40 2,51 2,30
5293 2.73 2.8% 1.96
6256 3.01 3,15 1,66
706l 3.18 3.33 1,48
8839 3.5k 3.70 111
1063 3.82 3.99 0,82
12609 Ok .22 0.59
14652 .22 Lo 0.40
17325 14,30 .50 0.31
19738 L4140 L.60 0.21
22398 L.hk L.6h Q.17
86400 L1 60 .81 0.0

Titrantt 0,009349N NaOH
k¥ = 1,64 x 10" seac,”%

kg = 1,57 x 10™¢ sec,”1
kn = 0.0718 x 1074 gec,~?
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Table 63

Solvolysis of 0.009435 Molar Diiaopropwlcycloprcpylcgrbinyl
pﬁﬂi%rdbenzaate in 70% Dioxane = 30% Water at 4O

1Lh 0.3k 0.35 14,70

L2y 0,52 0,5 4,51
730 0.74 0.77 4.28
1223 1,08 1,12 3,93
1540 l.22 1.27 3,78
2307 1.64 1.70 3,35
2965 1.95 2,03 3,02
3555 2,23 2.32 2,73
L4682 2.57 2.67 2,38
5376 2,86 2.97 2,08
6389 3;1? 3.29 1,76
7341 3.h0 3.53 l.52
8L65 3*63 3.76 1.29
957L 3.82 3.97 1.08
11267 L.07 4.23 0,82
13879 4,28 LaL5 0.60
19120 4,56 LTk 0.31
26693 L.70 i,88 0.17
86L00 4.86 5.05 0.0

Tirant: 0,009349N NaOH

V,f/v Vw 5.05 m}./h.Bé ml, = 1,04
k = 1 57 x X gee,™%

kg = 1. 51 x 19*4 seﬁ.“l

kr - 0;0589 x 1&”& 5@3
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Pable 64

Solvelysis of 0,008528 Molar Misopropyleyclopropy
MWW&M in 70# Dioxane - W Water at SG%

wl,
st i M o
363 9.88 052 3,66
768 1.h2 1&1:8 3410
Mﬂ& 1.85 1593 2465
Ludy ? 5 1499
189% 278 2.9% 1,67
22068 304 3.18 140
2691 3.28 Bagﬂ 1,15
3op2 348 3.6l 0,9k
3597 3.12 3.89 0,69
3.9 L9 Dok
1768 b0 Le20 0438
4250 R h.28 0430
6586 23 Ll 0,
a8gh, 431 b8l 0.07
16908 he36 k.56 0.02
79200 .38 L.58 0.0

Tetrants 0.0093118 NaOH

¥ ﬁ ¢ - hags ﬂnﬂlw}g mlt -~ 1»&65
I v S*ﬁ‘.l. x 10"4 geg ™3

kg = L.98 x 10™4 m.*“’"

Ky » 0,228 x 10~* gec "2
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Table 65
Solvelyeis ef 0,008540 Moler Diiscprepyleyelopropylearbinyl
Mimma&;ata in 708 Dioxane »% Water at S0FQC

I i oy et v o o ooty N s g b

3 v 5
“@‘lt Mu mll ml?

673 1.k0 147 3.33
129h 2.2} 2,35 2,45
1578 2.62 2.75 2,08
1872 2,68 3.02 L.78
225); 3,19 3.34 1,46
2661 3.45 3.68 1,18
3080 3.60 3.81 0,99
3586 3.83 k02 0,79
Li202 L.02 Le21 0,59
L4687 1:18 38 0.2
5162 L.28 bk 031
6957 L2 L.63 0.17
16662 L.56 L1a78 0.02

Titramts 0,009311N NaOH
k = §.02 x 10°¢ gee,”d
kg * 4.79 x 1@‘"“ seg,”
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Table 66

Mitmhmm% in 70% Dioxane « 30% Waw 3.9091;10
Hormal in Sodium Hydroxide st 5000

v v V « Ve
BRg., m‘_ il
‘ 33 h»?l h' 59
s ke b2 4,30
629 3.92 3780
985 3.30 318
1059 332 3100
1292 g .82 2,70
1672 2,33 g.21
2 153 207
2561 1.60 4B
3314 1.19 1,07
k93 0.8k 0.72
5558 0.62 0.50
70 0.1 o
7562 0.37 0.28
12393 0.26 0.1k
TR000 0.2 0.0

Titrants ©,009525N HCL
Ve = 0.2 mi,
k = hmsa x m"“ gec, "3

Mo
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Tabla 67

Solvolysis of 0,009068 Molar Diisoprepyleyelopropylearbinyl
pvmwﬂhena;a‘ha in 70% Dioxane ~ 30% Wat ;mg 009430 -
Mml in Sodiws Eyvdrmda st 50%

t v VeV
BEe . 3 ml,

350 ' ’Me’& }*,5'0
316 ol 4426
567 3,93 3,75
?hﬁ 3’45‘9 3!‘&3
976 3.30 3412
M?G 3 wm 2 gﬁh
162 2,65 2,47
1859 2.2k 2,06
2300 1.84 1,66
278l 1.59 2.4
3126 1,28 1.10
3578 1,11 9.3
G ws Q.77
g2l 0,69 0,51
éas1 0.58 G.lig
7789 0,37 B

Titrantt 0,0095258 HCL
Vf L 0#:18 ml “

£ = k.66 x 10"* gee,”t
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Mvn 1s of 0.0083832 Molar Diisopropyloyelopropyloarbinyl
i.twhmaats in ?@S Maxme =~ 30% Water at 60°C

92 0.59 0.63 4,00

333 1.2)% 1.28 3435
(138 2.40 2.55 2413
683 2.7% 2,68 l.?ﬁ ,
9 69 ' 3*&31 3 &51 .1412
1132 3.56 3.78 0.85
1316 3,80 a0l 0.59
1&?? 3.88 hal2 0.51
1484 k.02 Le27 0.36
188y L.08 Li33 0,30
N5 Y oL o2
2li55 L2l 50 0,13
2758 Li26 L.52 .11
3858 L.32 L B9 0.0k
Lago 14,36 63 Q.0
13393 k36 h’é,a 0.0

Titranbs 0,009541% NaOH

Ve/Vpt o 1,63 ml./1.36 ml. » 1,06
k » mi\g x m“‘i ﬁ&e,“*

kg » 13.7 x 104 gec,”?

kr w» 0,847 x 10%* gec,“?

i - . " . "
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Table &9

Solvolysis of 0.009320 Molar Diisopropyleyclopropylearbinyl
p=Nitrobenzoate in 70% Dioxane - 30% Water at 6(:73::-.1b

V. v
V. VoVl
t £ -
. , v
Bec, ml, ml, ml,
90 0.6L 0.68 h.21
228 1.23 1.30 3,59
403 1,98 2,10 2,79
sShs 2.46 2.60 2,29
685 2.9 3.11 1,78
877 3.32 3.51 1.38
1185 3.75 3.97 0,92
1346 L1 L2k 0,65
1543 416 L.LO O,Lb
172h L .26 L.51 0,38
1925 b3k L.59 0.30
235h L.ué Le72 0,17
258 L48 LaTh 0.15
3428 L.58 11,85 G.04

Pitrants 0,0095L1N NaOH

Vfﬁf‘ = h;&? 1?@/&;621111‘ - lbaé'
k™ = 14,8 x 1074 sec.™?

kg = 1L.0 x 10" sec,”?

k, = 0,815 x 107 gec.”t .
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Table 70

Solvolyslis of 0,006235 Molar Dicyclopropylecarbinyl p-Nitro-
benzoate in 85¢ Dioxane - 15%¢ Water at 80°C

sec, ml. ml,
257 0,50 3.35
526 0.65 3.20
816 0.89 2.96

1130 1,09 2.76

1553 1.38 2.47

2017 1,67 2.18

2343 1.80 2,05

282h 2,11 1.7h

h353 2.66 1.9

5ia7 2,92 0.93

6200 3.22 0.63

6992 3.38 0.47

8082 3.48 0.37

9723 3.72 0,13

13314 3.84 .01
Titrants 0,0080938 NaOH
Vf - 3 .85 ml.

w 2,62 x 10™* sec,”2
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Table 71

Solvolysis of 0.006897 Molar Dicyclopropylearbinyl p-Nitrobenzoate
85% Dioxane « 15% Water at B80°C

+ v V=V
EW * mla ml?
330 0,57 3469
512 o - 89 3 » l"é
924 1.02 3.24
1251 1.29 2.97
1704 1.61 2,68
2115 1.89 2,37
2926 2.35 1.91
3341 2,52 1.7k
3963 2.86 1.0
LLL5 3.01 1.25
5251 3.25 1.01
632l 3.53 0.73
7090 3.7k 0.52
8216 3.91 0.35
9895 l; 19 0.07

Titrant: 0.008093N NaOH
Vg = 4,26 ml.
k = 2,73 x 107 gsc,”2
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Table 72

Scivolysis of 0.90?3. 3 Molar Memiwlmwg p~iitrobenzoate
gﬁ% Divcans 205 Water at 50

t v V¥

ses, ml. 39
m Q,Eh hwﬁﬁ
350 031 L3
834 0.58 T
1370 G.‘W h.eag

2687 .36 3«6
3451 1.65 3.39
kil 1.96 3,08
5590 2.36 2,48
éo8l 2,72 2,32
8290 3.03 2,01
9495 3*27 1.77
10650 .Sh 1.50
12366 34? 1.26
1021 3.98 1,06
18959 bokis 0.59

Pisrenté O0.0071238 NaoH
V =" 5.3’.& m.
k » 1,10 x 10 sae."l




Teble 72

Solvolysis of 0.009806 Holar Dicyclopropyloarbinyl pumtrabemoate
80% Dioxans zex Yater at

) v VeV
Beo, ml, ﬁg
128 0,15 hePh
6lg 0.Lo L
%‘g i*gg ms
293k 1.4 3,65
3636 3,80 3,29
o 2 5
6861 2.8l aizs
9551 Bnﬁ 159
30887 3.30 1.29
1212k L.02 1.07
18426 L.5h 0.55
Pitrants 0,009038N NaOH
Vg = 5,09 ul,

k = 1521 X 10*‘ $E¢
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Table Th

Bolvolysis of Q.ﬂ@&ﬂ% ¥olar Dicyclopropylearbinyl p-Nitrobenzoate
0% Dimwa - 30% Water at 700C

290 é.hﬂi 3,52

1003 Mw 2,92
1432 1.37 2,55
1763 1..60 2.32
2080 1,80 2612
21,38 2,01 1.91
2018 228 1 aﬁ?
834 g»%g %agg
M&OQ ¥ &

613:;0 t% Qs 56
955 3.52 040

33072 ;3 92 0.0

Pitrants 0,01025% NaOH
V » BQQZ ml#
1w 2,86 x 107¢ see.*?
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Table 75

Solvolysis of 0.007341 Molar Dicyclopropylecarbinyl p-Nitrobenzoate
in 80% Dioxane - 20% Water at 70°C

t v VeuV
aac, mL . ;‘fﬂ-_ .
349 C.h5 3.13
Thl 0.83 2,75
1092 1.13 2,45
1491 1.35 2.23
1807 1,57 2,01
2133 1.71 1,87
2652 1.99 1.59
3247 2.25 1.33
L1126 2,62 0,96
8765 3.10 0.48
7067 3.28 0.33
1137h 3.58 0.0
Titrants 0.01025N NaOH
Vf - 3 .58 mlv

k¥ = 2,98 x 10™% sec,”2
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Teble 76

Solvolysis of 0,01063 Molar Dicyclopropylcarbinyl p-Nitrobensoate
in 80% Dioxane ~ 20% Water at 809C

R e D N S e S e e
t v VeV
sec, ml, ml,
162 0.86 5.36
256 1,16 5,06
353 1.L5 177
509 1.93 L.29
602 2.22 4,00
754 2.60 3.62
100 3.15 3.07
1133 3.2 2,80
1208 3.58 2,6}
w55 3.96 2.26
1723 Lok 1.82
2273 5.02 1.20
7750 6.22 0,0

Titrant: 0,00887LN KaCH
Ve = 6.22 ml,
k = 7,06 x 104 gee,”?




Table 77
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Solvolysis of 0,007900 Molar Dicyclopropylearbinyl p-Nitrobenzoate
in 80% Dioxane - 20% Water at 80°C

o —— -
sec, ml, ml,
72 0.63 L.05
1LO . 0.69 3.99
246 0.92 3.76
3khs 1.14 3.54
5085 1.53 3,15
730 1.98 2,70
902 2.29 2.39
1010 2,50 2,18
111 2,62 2,06
1274 2.85 1.83
aTh 3.12 1.56
1687 3.35 1.33
1921 3455 1.13
2145 3.72 0.96
L4957 L.68 0.0
Titrant: O,C0887LN NaCH
Vf L h.éa nﬂ- -

kX = 7.0l x 10™* gec,” 2




Table 78

18s

Solvolysis of 0.008472 Molar Triisopropylearbinyl p-Nitrobensoste
in 80% Diovxane - 208 Water at 80°G

4 v VeV
100 0.21 77
918 0.%5 L7l

26637 0.7 ls.52
79668 D.92 L.06
107348 1.10 3.88
167010 1.k6 3.52
197280 1.60 3,38
258480 2.12 2.86
Titrantt 0,0085188 NaOH
Vf *» h%?s nle

k = 1,99 x 10"¢ gec,”?
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Table 79

Solvolysis of 0,01056 Molar Triisopropylcarbinyl p-Kitrcbanzoate
in 80% Dioxane - 20% Water at 60°C

s on v —
— e o o

t v \ il

sac, ml. ml,
96 0,26 5.94
8.8 0.26 5,94
Lo26 0.28 5.92
25639 0.52 5.62
78752 1.06 5.4
106355 1.25 4.95
e 1 i

194952 . .

256152 2.54 3.66

Titrant: 0.008612N NaOH
Vf - 6b2° Vﬂ.c
k = 1,02 x 10™® gec,”?
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Table 80

Salvolysis of @.aoysu& Molar Triisopropylearbinyl p-Nitrohemgoate
in 80% Dioxane ~ 204 Water at 7000

+ v Vi
ssc. . oy
1838 0,25 L.l
6570 0.34 .32
22228 O.77 3,89
30901 1,05 3.61
75998 1.94% 2.72
82781 2,12 2.5k4
89253 2.23 2.43
9398 2,29 2.37
116011 2.82 1.84

Ti4rents 0,01025% NaOH
Vf » hu&é Jo
¥ w 6,82 x 10" gec.,”?
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Table 81

Solvolysis of 0.01099 Molar Triiscpropylearbinyl p-Nitrobenzoate
in 80% Dioxane ~ 20% Water at 70°C

t v VouV
sec., ml. ﬁi.
688 0.19 5.17
1704 0.24 5 -12
6660 0.36 5,00
22381 0.89 Lols7
3126l 1,15 L.21
76269 2.21 3.15
83007 2,11 2.95
89637 2,56 2.80
94682 2.61 2.75
116227 3.13 2.23

Titrant: 0.01025N NaOH
Vf L So36 ml‘ -
k¥ = 6,81 x 10"¢ gec,™?
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Table 82

Solvolysis of 0,008338 Molar Triisopropylcaﬂbinyl p-Nitrobenzoate
in 80% Dioxane - 20% Water at B80°C

335 0.37 L,1h
685 0.L0 Leld
Thl9 1.08 3.43
9566 1.23 3.28
11655 1.L3 3.08
14906 1.72 2.79
18145 1.90 2.61
21715 2,17 2.34
24,669 2.36 2,158
28335 2.56 1.95
32812 2.83 1.68
23800 Lokl 0,10

Titrant: 0.009251N NaOH

Vf - Ll-s‘l

k = 27,7 x 19’6 sec,~1




190

Table 83

Solvolysis of 0,01.020 Molar Triisopropylearbinyl p-Nitrobensoate
in 80% Dioxane - 20% Water st 80°C

) v \ ea
gec., ml., ml,
382 o2 5.10
738 Ouhs 5.07

2791 0.70 L.82
7507 1.24 4,28
97Ls 1.43 4,09
11735 1.67 3.85
15075 1.99 3.53
1830: 2.28 3.24
21858 2.52 3,00
2L776 2.72 2.80
28546 3.05 2.47
32910 3,40 2,12
9Lo8Y 5.35 0.17
Titrantt 0,009251N NaOH

X = 26,5 x 10°¢ sec,”3
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Table 84

Solvolyais of 0,009809 Molar Txii Loarbinyl i#mbmnate
in 70% Dioxane - 30% Water at 6

% v Vee¥
BEC, ml. mls
o} .24 5,3k
933. 0.28 5.30
:wsua 0,62 L9686
16158 0.80 14,78
2ahys 1.01 heS7
3043k 1.26 h,32
35661 1.39 .19
75212 2.52 3,06
87227 2.81 2.77
97107 2.96 2,62
102147 3.06 2,52
110429 3.2L 2.3k
131958 3458 2.00
Pitvants ©.0087918 NaoOH
v‘f L 5 a53 m}m

kK m 7.55 x 10™% geo,”?
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'I‘ablé 85

Solvolysis of 0,008576 Mew rx-mapmpymmmﬂ- p-Nitrobenzoate
in 70% Dioxane ~ 30% Water at 609C

A d et o MO Y TNHE A0 ATH U A W 3 i Pt

t v Vool
B8¢ . Eﬁ,,.; g,
363 0.24 N
1005 0.26 )y, 62
5195 0,40 L8
10975 0,59 L,29
16210 C.73 halS
22585 0.89 3,99
30LTS 1.12 3.76
35753 1.28 3.60
75389 2.24 2,64
88180 2.43 2.45
97167 2.6L 2.2k
102232 2.68 2+20
110731 2.8 2.04
131912 3413 1.7%
Titrants O0.00B791IN NaCH
vf L) h.ﬁﬂ ml h
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Table 86
dolvolysis of 0,007870 Molar Triisopropyloarbimyl p-Nitrobenzoate
in 70% Dicxane - 30% Water at 70°C

1) LB At T T AN ot b T AV A BT K T PRI L WYY 0T Corh o W T, 5 TP 2 s e = STVl

% v VonV
T ml. fg.,
ugs 0,28 3.89
1040 0.32 3.85
2376 0.38 3.79
7004 0.78 3.39
11350 1.0 3.07
15266 .42 2,75
52660 3.10 1.07
35948 3.4 1.03
69178 3.h6 Q.7
89985 3.88 0,29
Titrantt O,009LLEN NaOH
Vf - 1113-7 ml.

K = 25,0 x 10*® sec.=?
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Teble 87

Solvolysis of 0.008670 Molar Triiscpropylearbinyl p-Nitrobenzoate
in 70% Dioxane - 30% Water at 70°C

% v VeV

gec, ml. o
SLé 0.26 .33
1167 0,33 4.26
2L00 0.42 L.17
9sL2 1,10 3.h9
11468 1,22 3.37
15378 1.52 3,07
53054 3.h6 1.13
56053 3.50 1.09
64340 3.Th 0.85
69362 3,86 0.73
50118 L4.28 0,31

Titrant: 0.009442N NaOH
V£ - h-59 ma
k = 25,9 x 107% gec,”?
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Table B8

Solvolysis of 0,007985 Molar Triiscpropylearbinyl g-mtrobensaate
in 70% Dioxane - 30% Water at 80

t v V=¥
sae, i, gl— .
1192 0.52 3.73
182} 0,72 3.53
3268 1.12 3.13
L373 1.36 2.89
5512 1.66 2,59
6531 1.80 245
761h 2.04 2,21
9276 2.36 1.89
1@287 2.50 1.75
1115 2.94 .31
25038 3.86 0.39
30929 L.06 0,19

Titrant: 0,009353N NaOH
¥ = 83.2 x 10~® gec.*?
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Table 89

Solvolysin of 0.00079 Molar Triisopropylcarbinyl p-filtrebenzoate
- mmmmm 3@%%@«%8@@

t v Vgl
| Mt mlw g;-g

343 034 543
720 0,52 5.25
129) 0,72 5,08
1918 0.91 L. 86
3LB6 Loub ht‘?’l
56768 2.15 3,62
6671 2.543 3.314
5ho9 3.2 .65
10428 3.33 2.4k
11408 3.52 2,25
11219 409 1.68
25229 5.17 0.60
31092 5.hk 0.33

Titrants 0,009353H NeOH
Vf - gu?? m-o
kK w 79.8 x 10" geo,"?
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Figure 28, Flot of log k versus 1/T for the Solvolysis of
DicycIOprOpylisopTOpylcarbinyl 1=Nitrobenzozte in 90% Dioxane-

-208

-3 .0

-3 .2

=34

~3.8

10% W

ar,

g = 18.0 koal./mole

1/T x 103
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Firurc 29, J}lot of log k versus IMT for tie 50lvolysis of

Dleyeloprorylisopropylenrhingl p=Nitrobenzoste in 205 Diexane-
R0% Ueter,

5
!

B, = 19.8 keal,/uole

"‘300 —

"'3.4 —

-3.6}—

3.4 3.5
2.3 1/T x 16°
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g%fl(lgem?t}.nyli;gioii 105)1; versuz 1/T for the Solvolysis of
- 7 TOoT S0OD ¥ ]
in 90% Poxmrs - 10%;gaterc.)yrop:,lcarbinyl p~Nitrobenzorte

T, = 17.5 keal. /mole

-3 QOL—

-304““—

3.2 2.3 3.4
1/T x 10°
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Figure 25, Flot of log kg versus 1/T for the Solvolysis of

Di-(2-methylcyclopropyl )iso 3 y
. sopropylearbinyl p=Nitrobenzortn in
90% Dioxane - 10% ‘ater. =

&, = 17.2 keal./mole

-2,8 | —

-’3.0 —

a —
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~3.8
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gure 26, Flot of log kg vorsus 1/T for the Rearrangement of

Di~(2-methyleyolopropyl )iacpropyloarht
90% Dioxmne - 10 b zwfi.r‘. Propionrhinyl priiltrotensosto in

—
B, = 20.0 kewld/ole
|
—
| | I L
.2 3.3 3.4
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Pigura 29, Flot of log k versus 1/T for the Solvolysis of

Di:}_(sopropv cyclopropylearbinyl p-Nitrobenzoaste in £55 Djoxanc—
15% Wu‘ter.
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iy = 22.9 keal./mole
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Figuro @8  Ilot of log ks versus 1/T for the Solvolysis of
DiiSOpTOpylC}'Clopl"OpylcETbinyl =Nitrobenzeste in £5.° Dioxane-
1% Vater,

-3,
F_

LB, = 22,3 kezl./mols

=34 —

~3.6|—

_B.BL—

-—l; .O —

2.8 2.9
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Flpure 49, Flot of log
Dilsopropyleyclopropylea
15% Water.

"‘300 -

3.2 |—

-3 —

-3,6 —

%

204

versus 1/T for the !esrranrerent of
inyl p-Nitrobenzoate in 85)) Dioxane-

Eg= 23,2 kesl./mole

2.8
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Figure 80, Ilot of log k versus 1/T ‘or the Solvelve®s of
Ei%sgpropylcyclopropylcrrbjnyl r=liitroverzoste in 90, Uioxene -
20: Vater,

- B, = 21.3 teallfrale

B "'3.0 —

~3.2—

2.8 2.9 20
1/T x 10°
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Figure 81, Ilot of lor ky versus 1/T for the Solvolysis of
DiiszOpropylcyclopropylcarbinyl [=iitrotenzoate in {0, Dioxane-
20‘% i etei".

B, = 21 keal. /uole

-2, 8}—

=32 f—
-BOL“__"
| | |
2..8 2.9 3.0
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Pirure 3R, Ilot of Jor kyp vorsus 1/T for the Reerrangerment of

£ 5 P . " O v -
E}“javo,.,iop};lcyclopro;.ylca:*h:nj,'l p=l'itrobenzosts in 807 Dioxonec-
20z ‘ister,

Ly= 22.3 keel./rmole

-3.0 }—

-3.2 |—

-34 |

LO

I |

28 : 2.9 3.0
/T X103
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Figure 33 7lot of log k versus 1/T for tre solvolysis of

Dilsorro;yleyelopropyleerbinyl p~Nitrobenzoste in 707 Diox~ro-
30% viater, '
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Figure 84. Ttlot of lop k_ versus 1/T for the Solvolysis of

Diisopropyleycl
30% Water.,

opropylcarginyl =}

Ea‘-= 21

itrobenzoates in 7C) Dioxene-

.2 keal./nolw

3.0

/T X 107
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-4 46

-5.4

Fipure 98,

305 vgter.
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F. ilot of log k, yersus 1/T for the Resrrangement of
Uilsopropyleyeloprorylearbinyl p=Nitrobenzoste in 70" Dioxane-

By = 24.€ keel, /mole

J

3.0

3.1
1/T x 10

3.2
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Yigurc 96, Flot of log k versus 1/ for the Sclvolysis

of Dieyclopropylesrbinyl p~Fitrobenzonte in 80/ Dioxane-
200 Vister,

B, = 21.2 leal./uole

-?04 ——

1/T x 103
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Fijure 3y 1lol of log k versus 1/T Tor the 3clvolysis of
Triisoprorylesrbinyl p-Witrotenzoste “n 807 Dioxanc - 20,

iater,
Hy = 31.1 Zeel. fole
"'jlwé —

-5.0 |—

oo I

-501{' o

?.E 9-9
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Figure 98, 1ol of log 1 versus 1/T for the Lolvolysis
of Trdiso rorylesrbinyl (~ritro enzonte in 77% Dioxane -
30‘/*‘ ';{‘n‘te:"c

Hy = 27,0 ze&l. [riole




