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ABSTRACT

Synthetic procedures? physical constants, and spectral proper

ties are described for the 2,4-dinitrobenzoate esters of 1-methylol- 

cyclopentene, 2-methylenecyclopentanol, 2-methylol-2-norbornene,

3-methylene-exo-2-norborneol, 3-methylene-endo-2-norborneol, and

2-(2-norbornen-2-y1)ethano1. These esters were solvolyzed in 30%
oaqueous acetone at 125 e Evidence for 1,6 or-bond interaction in the 

solvolysis of the norbornyl derivatives was sought in both rate stud

ies and product analyses. No such evidence was found. The observed 

rate differences were rationalized as arising from angle strain and 

steric factors.
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INTRODUCTION

An understanding of the factors governing the rate of formation 

and the stability of carbonium ions has been the focus of a large num

ber of experiments by organic chemists. One of the most exhaustively 

studied systems has been the norborny1 cation and its substituted de

rivatives (Bartlett 1965, Sargent 1966, Bethelland Gold 1967).

The faster solvolysis rates of many exo norborny1 derivatives 

when compared to the endo derivatives have been interpreted as involv

ing neighboring group participation of a carbon-carbon d~-bond in the 

ionization step of the exo isomers. The products obtained in both exo 

and endo solvolyses have been rationalized on the basis of an inter

mediate cr-bridged norborny1 carbonium ion.

-» products

exo solvolysis

-> products

endo solvolysis
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Brown (1962) has preferred to interpret the rate and product 

data for norborny1 solvolyses on the basis of steric factors and 

rapidly equilibrating unbridged carbonium ions. Recently, Olah et al. 

(1970) have obtained proton nmr, carbon-13 nmr, and Raman spectra of 

the 2-norborny1 cation in "magic acid" media at low temperatures. They 

interpreted the spectra as being consistent with only the bridged 

structures.

To further study the problem of ^^participation, it was decided 

to solvolyze the appropriate esters of the alcohols illustrated below.



The rate relationships among the esters, and the solvolysis 

products, might provide evidence for norbornyl-type electron shifts 

into the allylie and homoallylic systems.

■CH.
.OR
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EXPERIMENTAL

General

Melting points were determined with a Mel-Temp capillary appa

ratus and are uncorrected. Nuclear magnetic resonance (nmr) spectra 

were determined in carbon tetrachloride solution on a Varian HA-100 

spectrometer using internal tetramethylsilane as the standard. Infra

red (ir) spectra were taken on a Perkin-Elmer Model 337 using neat 

samples between either silver chloride or sodium chloride plates, or in 

carbon tetrachloride solution in 0.1-mm sodium chloride cavity cells.

Gas chromatography (gc) was done on a Wilkins Model A-90, P-3 chromato

graph. The columns used were a 5 foot, 18% GE-SE-30 on 60/80 Chromo- 

sorb P, a 5 foot, 20% Carbowax on basic 60/80 firebrick, and a 10 foot, 

20% FFAP on 70/80 Chromosorb W.

exo-2-Trichloromethyl-endo-
3-chloronorbornane

This procedure is similar to that of Tobler and Foster (1964).

A solution of 125 g of norbornene (1.33 mole, Matheson) and 1.4 g of 

benzoyl peroxide in 1600 ml of carbon tetrachloride was refluxed for 

2 hr. An additional 0.2 g of benzoyl peroxide was added, and the solu

tion was refluxed for an additional 24 hr. The carbon tetrachloride 

was distilled off at atmospheric pressure. Vacuum distillation of the 

residual oil gave 313 g (1.26 mole, 95% yield) of exo-2-trichloromethy1- 

endo-3-chloronorbornane: bp 77-82 (0.2 mm); lit. bp 75-76 (0.4 mm)

(Tobler and Foster 1964).
. . ■ ■ ■  ■■■■ -  4 ' ;  ' •:



endo-S-Chloronorbornane-exo- 
: 2-carboxylic Acid ’

A mixture of 312 g (1.26 mole) of exo-2-trichloromethyl-endo-

3-chloronorbornane, 18 ml of water, and 1865 ml of sulfuric acid (Du

Pont, 95-98%) was heated on a steam bath in a 3-1, 3-necked flask 

equipped with two reflux condensers and a strong mechanical stirrer 

for 24 hr. (Efficient mixing is important, since the reactants are 

immiscible. The reaction was vigorous on one occasion in the initial 

half hour, so a fairly large reaction flask is recommended.) At the 

end of this time,, the black reaction mixture was poured onto 6 kg of 

cracked ice, and the whole was made up to 12 1 with additional water. 

About 4 1 of aqueous reaction mixture was shaken with 1.5 1 of hexane 

in a 6-1 separatory funnel. No clear phase boundary could be seen in 

the thick black soup. After settling for one-half to 2 hr, about 4 1 

of black liquid--the "aqueous phase"--was drained out. Usually a 

change in consistency of the liquid draining out could be observed.

The black emulsion remaining in the funnel--the "organic layer"— was 

saved. The aqueous phase was re-extracted twice more as above, the 

organic layer each time being pooled with the previous organic layers. 

After all of the reaction mixture had been so treated, the still-black ; 

aqueous phase was discarded.

The pooled organic layers, upon standing for a few hours to 

several days, separated into a clear to pale yellow solution and a 

frothy black emulsion. The solution was carefully decanted. The re

maining emulsion was treated with some water and more hexane, and a 

procedure similar to that of the first series of extractions was



followed, on a smaller scale. Upon standing, these extracts also sepa

rated into a solution and an emulsion. The supernatant was decanted, 

and the emulsion diluted with water. Hexane extraction at this point, 

usually gave a two-phase system.

The hexane solution was reduced to 500 ml by distillation and 

extracted with 1 1 of 2M sodium carbonate1 solution in three approxi

mately equal portions. The aqueous extract was washed with three 400-ml 

portions of ether and acidified with concentrated sulfuric acid. The 

yellow oil that came out was taken up in 4 1 of pentane, the pentane 

dried over MgSO^ and reduced to about 600 ml. One crop of product was 

taken. The mother liquor was reduced to 200 ml, and another crop was

taken: 110 g (0.63 mole) total, 71% yield, mp 68-72 ; lit. 70.5-71.5

(Tobler and Foster 1964). -

2-Norbornene-2-carboxylic Acid

The procedure was as previously described (Tobler and Foster

1964). A solution of 100 g of 85% potassium hydroxide in 430 ml of 95%

ethanol was prepared, 60 g (0.34 mole) of endo-3-chloronorbornane-exo- 

2-carboxylic acid was added to the cooled solution, and the resulting 

solution was refluxed for 4 hr. The orange reaction solution was poured 

onto 400 g of cracked ice, and sufficient water to make 1 1 of total 

volume was added. This aqueous solution was washed three times with 

ether, acidified with concentrated sulfuric acid, and extracted with 

two 500-ml portions of pentane. After drying, the pentane was evapo

rated and the residue distilled, giving 41 g (0.30 mole, 88%) of 

2-norbornene-2-carboxylie acid: viscous clear oil, bp 96 (0.5 mm);



lit. bp 97-98 (0.7 mm) (Tobler and Foster 1964). The nmr spectrum of 

acid prepared as above matched a published spectrum of 2-norbornene- 

2-carboxylic acid (Finnegan and McNees 1964).

2-Norbornene-2-carbony1 Chloride

Thionyl chloride (23 ml, 0.31 mole) was added dropwise with 

stirring to 10 g (0.073 mole) of 2-norbornene-2-carboxylie acid. Cool

ing this reaction was not necessary, since it was endothermic. After 

the addition was complete, the reaction mixture was refluxed for 1 hr. 

The excess thionyl chloride was stripped off at the aspirator, and the 

residual oil was distilled. After a small forerun was discarded, 8.4 g
O _ 2

of clear oil was taken: bp 63-74 ; ir (neat) 1755 cm (cc,^3>-unsatur

ated acid chloride carbonyl) (Nakanishi 1962); nmr ( 0 0 1 ^ )^2.75 (d,

IE, J = 4 Hz, vinyl H), 6.72, 6.88 (two broad singlets, 2H, norbornyl 

bridgeheads), 8.0-9.0 (complex multiplet, 611, norbornyl H ’s). This nmr 

spectrum was quite similar to that of 2-norbornene-2-carboxylie acid, 

except for the acid proton.

Some other preparations of this acid chloride were not so clean. 

A common contaminant was a saturated acid chloride: ir (neat) 1790 cm ^

(saturated acid chloride carbonyl) (Nakanishi 1962).

Methyl Ester of 2-Norbornene-
2-carboxylic Acid

The acid chloride of 2-norbornene-2-carboxylie acid (64.2 g,

0.41 mole) was dripped into 400 ml of pyridine (B. & A., dried over 3A 

molecular sieves) with mechanical stirring and ice cooling. A precipi

tate appeared as addition occurred. Methanol (60 ml) was added over



0.5 hr, cooling the reaction all the while, and the precipitate disap

peared. The resulting solution was refluxed for 0.5 hr. After stand

ing at room temperature overnight, the solvent was stripped off, the 

resulting slush was poured into water, and this mixture was extracted 

with pentane. The pentane extract was washed twice with water, once 

with dilute hydrochloric acid, dried, and evaporated, leaving 40 g of 

yellow oil. After distillation, 31 g of the clear ester was obtained:
O O

bp 60-62 (3 mm); lit. bp 70 (4 mm) [Finnegan and McNees (1964); these

authors reported ir and nmr absorptions which were matched by the ester 

prepared here.]. Gas chromatography analysis (GE-SE-30) of the product 

showed it to be >97% pure.

2-Methylol-2-norbornene

The recipe for the reduction of cc,^3-unsaturated esters to the 

corresponding alcohols is similar to that of Shenoy (1966) and that of 

Jorgensen (1962). A solution of 26.9 g (0.20 mole) anhydrous aluminum 

trichloride in 130 ml of anhydrous ether was prepared by adding the 

solid to the ice-cooled ether in portions with stirring. The resulting 

brown solution was dripped into a mechanically stirred, cooled suspen

sion/ solution of 16.6 g of lithium aluminum hydride (Metal Hydrides) in 

400 ml of anhydrous ether over a 20-min period. After stirring an ad

ditional 10 min, a solution of 30 g (0.20 mole) methyl ester of

2-norbornene-2-carboxylic acid in 100 ml of anhydrous ether was dripped 

in over a period of 40 min, cooling the reaction in an ice bath all the 

while. After the addition was complete, the reaction was stirred at 

ice bath temperature for an additional 15 min, stirred at room



temperature for 45 min, cooled in an ice bath, and decomposed by care

ful sequential dropwise additions of 17 ml of water, 17 ml of 15% sodium- 

hydroxide solution, and 51 ml of water. [This is the decomposition 

recipe of Micovic and MihailoviS (1953).] The granular aluminum salts 

were filtered off and washed with ether. After evaporation of the fil

trate, 25 g of thick oil remained. Vacuum distillation gave 15 g (55% 

yield) of 2-methylol-2-norbornene, a viscous oil: bp 62-70 (3 mm).

Gas chromatography of this oil (FFAP) showed a main component of 80%.

The nmr spectrum of this product exactly matched the spectrum for

2-methylol-2-norbornene reported by Jefford and Wojnarowsky (1968)0 

The other (20%) components were not identified.

Another sample of 2-methylol-2-norbornene prepared as above was 

converted to its acetate by addition of acetyl chloride in pyridine.

The nmr absorptions match those reported for this ester by Jefford and 

Wojnarowski (1968) and by Erman (196.7).

3-exo-Piperidinomethyl-2-norbornanone-.
' • Hydrochloride

A mixture of 75 g of norcamphor (0.68 mole) [prepared according 

to Kleinfelter and Schleyer (1962)], 89 ml of 37% formaldehyde (1.1 

mole), and 83 g (0.68 mole) of piperidine hydrochloride was refluxed 

for 20 hr. The cooled acidic reaction solution was extracted with 300 

ml of pentane to remove any unreacted norcamphor. The aqueous phase 

was made basic by cautious addition of 1 1 of 0.8 M sodium carbonate 

solution. The oily product was taken up in two 300-ml portions of 

ether and dried. Dry hydrogen chloride gas was passed into the ether
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solution, and a total of 136 g (0.56 mole, 82% yield) of white solid 

p̂roduct was collected: mp 196 ; lit. mp 201.5-202.0 (Krieger 1962).

3-Me thy1en enor c amphor 

A 500-ml flask was charged with 136 g (0.56 mole) of 3-exo- 

piperidinomethyl-2-norbornanone hydrochloride and fitted for vacuum dis

tillation. Ice water was circulated through the condenser and the re-
oceiver was cooled in ice. The flask was immersed in a 175 oil bath, 

and a 6-mm vacuum was applied. The slow pyrolysis appeared complete 

after 5 hr. The material in the receiver and the contents of the first 

vacuum pump trap were taken up in 150 ml of ether, washed twice with di

lute sulfuric acid,.twice with sodium bicarbonate solution, dried, con

centrated, and distilled, yielding 23 g (0.20 mole, 33%) of 3-methylene- 

norcamphor: bp 67-72 (15 mm); lit. 75-76 (17 mm) (Krieger, Manninen,

and Paasivirta 1966). Gas chromatography (Carbowax) showed 5% of nor- 

camphor contaminant.

Mixture of 3-Methylene-2-norbomeols 

The procedure was as previously described (Krieger, Manninen, 

and Paasivirta 1966). A mixture of 40 g of aluminum isopropoxide (East

man)* 250 ml of isopropanol, and 30 g (0.25 mole) of 3-methylenenor-
ocamphor was heated at 76-84 for 60 hr. At the end of this time, acetone 

was slowly distilled off. After 80 ml of acetone/isopropanol had come 

over, the distillate tested negatively for acetone. The cooled reaction 

mixture was poured into 1 1 of 1 M sodium hydroxide solution, and this 

mixture was extracted with 800 ml of ether, then with 300 ml of ether.
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After drying, the ether was evaporated and the residual oil distilled, 

yielding 25.6 g of a 6:4 endorexo mixture (gc on FFAP): bp 63-80 (5
Omm); lit. bp 73-76 (10 mm) for a 87:13 endo:exo mixture [Krieger3 Man-

ninen, and Paasivirta (1966); these authors obtained an endo:exo ratio 

of 41:59 with the above recipe]. Sufficient 3-methylene-exo-2-norbor- 

neol for further work was obtained by gc collection (FFAP). The nmr 

spectrum of this material matched the reported spectrum of 3-methylene- 

exo-2-norborneol (Krieger, Manninen, and Paasivirta 1966)e

3-Methylene-endo-2-norborneol

A.slurry of 4.80 g (0.127 mole) of lithium aluminum hydride

(Metal Hydrides) in 120 ml of anhydrous ether was prepared in a 500-ml,

3-necked flask equipped with mechanical stirrer, reflux condenser, and

dropping funnel. A solution of 8.00 g (0.06 mole) of anhydrous aluminum

trichloride in 40 ml of anhydrous ether was added to the slurry dropwise

with stirring and ice cooling over a period of 15 min. A solution of

20 g of 3-me thy lenenor camphor (Aldrich, contaminated with 2 07o nor camphor

according to gc on 20% Carbowax) in 80 ml of anhydrous ether was added

dropwise over a period of 30 min, cooling and stirring all the while.

After stirring for 1 hr at room temperature, cooling was reapplied,

and the hydride complex was decomposed by the sequential additions of

4.8 ml of water, 4.8 ml of 15% sodium hydroxide solution, and 14.4 ml

of water. The aluminum salts were filtered, the filtrate dried,

concentrated, and distilled from sodium carbonate, yielding 14 g of 
■ ° \clear oil: bp 61-64 (5 mm). Gas chromatography on Carbowax showed

approximately 20% endo-2-norborneol present. The nmr absorptions
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of this clear oil, taking account of the presence of norborneol, ex- 

-actly matched the reported nmr absorptions for 3”methylene-_endo-2-nor

borneol (Krieger, Manninen, and Paasivirta 1966).

1,2-Dibromo-l,1,2,2-tetrachloroethane 

A solution of 160 g (0.96 mole) of tetrachloroethylene and 

200 g of bromine in 500 ml of carbon tetrachloride was irradiated with 

a General Electric 275-watt sunlamp for 116 hr. About 450 ml of bro

mine/carbon tetrachloride solution was distilled off, and the product 

was filtered after cooling. The mother liquor was reduced to 40 ml, 

and another crop was taken. The combined product was freed of traces 

of solvent and reactants by leaving it in a hood for several hours. A

total of 231 g (0.71 mole, 74%) of gleaming white crystals was ob-
o otained: bromine began to come off at 100 and at 220 everything had

sublimed out of the capillary. Boesesenken (1913) reported sublima-
o.tion with evolution of bromine at 190 .

trans-2,3-Dibromonorbornane . ,

A preparation with slightly different experimental details has 

been previously described (Fry et al. 1969). Azoisobutyronitrile (1.2 

g) was added to a solution of 65 g (0.70 mole) of norbornene (MCB) and 

227 g of 1,2-dibromo-l,1,2,2-tetrachloroethane in 580 ml of warm carbon 

tetrachloride. Irradiation with a 2 75-watt General Electric sunlamp 

was begun. The "vigorous exothermic reaction" mentioned by Fry.et al. 

(1969) was not observed. Irradiation was stopped after 12 hr, when an 

nmr spectrum of the reaction mixture showed no vinyl protons. No heat



■ - 13-

other than that provided by the sunlamp was applied. The temperature
O ,of the reaction solution was 65 .

The solvent was distilled off at atmospheric pressure and the 

tetrach1oroethy1ene was removed at 50 mm. A total of 158 g (0.62 mole, 

89% yield) of trans-2,3-dibromonorbornane was obtained: bp 84-97

(5 mm); lit. 83-85 (3.5 mm) (Fry et al. 1969).

2-Bromo-2~norbornene 

A 3-1, 3-necked flask equipped with reflux condenser, dropping, 

funnel, and strong mechanical stirrer was charged with 1500 ml of 

t-butyl alcohol. Lithium wire (7.8 g, 1.13 mole, 1/8" diameter, cut 

into pieces 1 cm long) was added, and heat was applied. The vigorous 

reaction that resulted had to be moderated on several occasions by 

cooling in an ice bath. After all of the lithium had reacted, 158 g 

(0.62 mole) of trans-2,3-dibromonorbornane was added dropwise to the 

refluxing solution. After 22 hr at reflux, most of the t-butanol sol

vent was removed with a rotary evaporator, and the remaining slush was 

poured into an ice-water mixture. The total volume was made up to 

2.7 1. The aqueous mixture was extracted with two 1-1 portions of

hexane. The hexane solution was dried, concentrated, and distilled,
oyielding 34 g (0.20 mole, 31%) of 2-bromo-2-norbornene: bp 47-60

o(14 mm); lit. 61-63 (16 mm) (Kwart and Kaplan 1954). Gas chromatog

raphy (Carbowax) showed the product to be )>99% pure..



2-(2~Norbornen~2~yl)ethanol 

A 500-ml? 3-necked flask equipped with efficient reflux conden

ser, mechanical stirrer, addition funnel, and nitrogen inlet tube was 

charged with 5.4 g (0.22 g-atom) of magnesium turnings ("for Grignard"). 

After flushing with nitrogen, the system was so arranged as to keep a 

nitrogen atmosphere in the flask. The addition funnel was charged with 

a solution of 34 g (0.20 mole) of 2-bromo-2~norbornene in 80 ml of 

tetrahydrofuran ("THE" dried over 4A molecular sieves). Enough bromide 

solution to cover the magnesium was added, a drop of methyl iodide was 

added, and some magnesium turnings were crushed with a glass rod. Vig

orous refluxing soon began, and the reaction turned brown. The reflux- 

ing was moderated with an ice bath. The bromide was added at such a 

rate as to maintain a gentle reflux. After 1 hr, addition was complete, 

and the black solution was refluxed for an.additional hour. At the end 

of this time, the Grignard reagent was cooled in an ice bath, and a so

lution of 20 g (0.46 mole) of ethylene oxide in 20 ml of dry THE, main-
otained at 0 in a jacketed addition funnel, was added dropwise at such 

a rate that refluxing of the ethylene oxide did not occur. The addi

tion took 20 min, and stirring at ice bath temperature was continued 

for 4 hr. The reaction solution was allowed to warm to room tempera

ture, 80 ml of dry THE was added, and the whole was refluxed for 1 hr. 

The reaction became very viscous. (Possibly more THE should be added 

before the refluxing period to make stirring more, efficient.) The re

action was cooled in an ice bath, 100 ml of ether was added to decrease 

the viscosity, and about 50 ml of saturated ammonium chloride solution
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was cautiously added. The precipitated magnesium salts were filtered 

off and washed with ether. The filtrate was dried, concentrated, and * 

distilled, yielding 17 g of 2-(2~norbornen-2~yl)ethanol: bp 83-93

(9 mm); nmr (CCl̂ ) 'x 4.31 (broad singlet, 1H, vinyl hydrogen), 5.87 

(broad singlet, 1H, alcohol -OH), 6.29 (t, 2H, J - 7 Hz, -CHg-OH),

7.12, 7.20 (broad doublet, 2H, the two norbornyl bridgeheads), 7.58 (t, 

2H, J = 7 Hz, =C-CH2~CH^-0H), 8.2-9.0 (complex multiplet, 6H, norbornyl 

skeleton). Gas chromatography (FFAP) showed the product to be ^99% 

pure.

Cyclopentanone Gyanohydrin 
Cyclopentanone (100 g, 1.19 mole, MCB) was added to an ice- 

cooled, mechanically stirred, solution of 133 g of sodium bisulfite in 

360 ml of water over a 1-hr period. The addition product came out of 

solution after the addition was about half completed. The slurry was 

stirred an additional hour at room temperature and again cooled in ice. 

A solution of 86 g (1.32 mole) of potassium cyanide in 150 ml of water 

was added in portions over a 45-min period. The precipitate dissolved 

as addition proceeded. The two-phase mixture was stirred an additional 

1.5 hr and extracted with 400-ml and 150-ml portions of ether. The 

dried extracts were concentrated, 10 drops of concentrated sulfuric 

acid were added to the residue, and the residue was distilled, yielding 

104 g (0.94 mole, 78%) of cyanohydrin: bp 85 (1.6 mm); lit. bp 114

(14 mm) (Cook and Linstead 1934).
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1-Cyanocyclopentene 

A 1-1, 3-necked flask equipped with mechanical stirrer,, addi

tion funnel, and reflux condenser was charged with a solution of 106 g 

(0.96 mole) of cyclopentanone cyanohydrin in 140 ml of benzene. Thionyl 

chloride (98 ml, 1.34 mole) was added dropwise over a period of 1 hr 40 

min to the ice-cooled reaction flask. The mixture was allowed to warm 

to room temperature and was maintained there for 4 hr, after which it 

was heated gently on a steam bath for 1 hr. At the end of this time, 

no more gas evolution was observed. The reaction was cooled in an ice 

bath, and chunks of ice were carefully added. After a few minutes, ice 

water was also added, until 400 ml of water had been added. The benzene 

phase was separated, and the aqueous phase was extracted with an addi

tional 250 ml of benzene. Because of emulsion problems encountered in 

a previous preparation, the benzene solution was concentrated and dis

tilled. The clear distillate was taken up in 300 ml of ether. This 

solution was washed with water and bicarbonate solution, dried, concen

trated, and distilled, yielding 40 g (0.43 mole, 45%) of 1-cyanonor- 

bornene: bp 55-60 (13 mm); lit. bp 81 (30 mm) (Cook and Linstead

1934).

l-Carboethoxycyclopentene 

A mixture of 46 g (0.49 mole) of 1-cyanocyclopentene, 60 ml of 

concentrated sulfuric acid, 70 ml of absolute ethanol, and 70 ml of 95% 

ethanol was refluxed for 21 hr. The brown reaction mixture was poured 

into ice water, and this was extracted with pentane. The extract was 

washed with water and with sodium bicarbonate solution. Distillation
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of the residue remaining after drying and concentration gave 42 g (0.30 

mole, 62%) of 1-carboethoxycyclopentene: bp 62-65 (8 mm); lit. bp 92

(25 mm) (Cook and Linstead 1934).

1-Methylolcyclopentene 

A slurry of 19.3 g (0.51 mole) of lithium aluminum hydride in 

465 ml of anhydrous ether was prepared in a 2-1, 3-necked flask equipped 

with mechanical stirrer, reflux condenser, and an addition funnel. A 

solution of 31.3 g (0.23 mole) of anhydrous aluminum trichloride in 150 

ml of. anhydrous ether was dripped into the ice-cooled hydride slurry over 

a 35-min period of time. A solution of 32 g (0.23 mole) of 1-carboeth- 

oxycyclopentene in 110 ml of anhydrous ether was added dropwise for 15 

min. The ice bath was removed for 0.5 hr, reapplied, and the hydride 

complex was carefully decomposed sequentially with 19.3 ml of water,

19.3 ml of 15% sodium hydroxide solution, and 58 ml of water, according 

to the recipe of MiSovid and Mihailovid (1953). It was necessary to 

add 300 ml of ether so that efficient stirring took place. After fil

tration, drying, and distillation, 13.3 g (0.18 mole, 77% yield) of
o o1-methylolcyclopentene was obtained: bp 66 (10 mm); lit. bp 92-95

(50 mm) (Dreidlng and Hartmann 1953). Gas chromatography (Carbowax) 

showed one component: nmr (CCl̂ ) "tr 4.44 (multiplet, 1H, vinyl proton),

5.84 (s, IE, alcohol OH), 5.93 (broad singlet, 2H, -CH2-OH), 7.6-8.3 

(complex, 6H, cyclopentane ring protons).
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! 2-Methylene-2-cyc1open tanone

The procedure was as previously described (Nunn and Rap son 1949) 

A mixture of 69 g (0.80 mole) of cyclopentanone (Aldrich), 86 g (0.80 

mole) of diethylamine hydrochloride, 24 g (1.04 mole) of paraformalde

hyde, and 40 ml of absolute ethanol was heated on a steam bath for 5 hr 

with good mechanical stirring. The hot reaction solution was poured 

into 600 ml of water, and the resulting clear solution.was made basic 

with sodium hydroxide. The cloudy mixture was extracted with three 

400-ml portions of ether. The.combined ether extract was, dried and 

evaporated. The product 2-methylene-2-cyclopentanone (28 g, 0.29 mole, 

36% yield) was fractionated from the residue: bp 60-78 (10 mm); lit.

60-70 (18 mm) (Nunn and Rapson 1949). Gas chromatography (Carbowax)

showed the product to be } 95% pure.

2-Me thy1enecy c1op entano1 

A slurry of 11.4 g of lithium aluminum hydride in 250 ml of an

hydrous ether was prepared in a 1-1, 3-necked flask equipped with reflux 

condenser, addition funnel, and mechanical stirrer. A solution of 19.8 

g (0.15 mole) of aluminum trichloride in 120 ml of anhydrous ether was 

added dropwise over a 10-min period with ice cooling. Stirring was con

tinued for 10 min after addition was complete, and a solution of 28 g 

(0.30 mole) of 2-methylenecyclopentanone in 160 ml of anhydrous ether 

was dripped in over a 40-min period. The ice bath was removed and 

stirring was continued for 30 min. The ice bath was reapplied, and the 

hydride complex was decomposed by cautious sequential additions of 11.4 

ml of water, 11.4 ml of 15% sodium hydroxide solution, and 34.2 ml of
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water. The precipitated aluminum salts were filtered, and the filtrate 

was dried, concentrated, and distilled. The 2-methyleneeye1opentanol 

product, 8.9 g (0,09 mole, 31%), was taken over a wide boiling range: 

bp 27-57 (10 mm); lit. 77-80 (50 mm) (Dreiding and Hartmann 1953).;

nmr (CCl )̂ 4.95, 5.13 (two sharp absorptions showing further split

ting with J = 1  Hz, 2H, =CH2), 5.73 (s, 1H, -OH), 603 (s, 1H, -CHOH),

7.5-8.7 (complex, 6H, cyclopentyl protons). Gas chromatography (Carbo- 

wax) showed the product to be 90% one component.

2,4-Dinitrobenzoy1 Chloride 

A mixture of 50 g (0.24 mole) of 2,4-dinitrobenzoic acid (Aid- 

rich), 42 ml (0.583 mole) of thionyl chloride (M. G. B.), and a few 

drops of pyridine was refluxed overnight. (The pyridine was necessary, 

since the acid was insoluble in thionyl chloride.) After stripping off 

the excess thionyl chloride and sublimation of the residual oil, 50 g 

(0.22 mole, 92% yield) of yellow solid acid chloride was obtained:
o o osublimed at 98 (0.3 mm); mp 43-46 ; lit. mp 42-46 (Cohen and Adams

1906).

Conversion of Alcohols 
to 2,4-Dinitrobenzoates

The same general procedure was used for all of the alcohols.

An approximate 1 M solution of the alcohol in dry pyridine was cooled

in an ice bath, and an equimolar amount of 2,4-dinitrobenzoy1 chloride

was added in portions. The cooling bath was allowed to warm up to room

temperature, and the mixture was stirred overnight. At the end of this

time, the pyridine was pumped off. The residue was dissolved in hot
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hexane and filtered free of insoluble materials. Upon cooling, the 

hexane deposited the ester, which was filtered off and recrystallized 

from hexane or pentane one or more times. The six esters prepared in 

this way and their physical properties are listed below.

2.4-Dinitrobenzoate of 1-Methylol- 
cyclopentene

Yield, 45%; mp 92.2-93.5 ; nmr (CCl̂ ) %  1.3-2.2 (typical com

plex pattern for 2,4-dinitrobenzoates, 3H), 4.25 (broad singlet, IE, 

vinyl proton), 5.14 (s, 2H, -CH^OR), 7.4-8.2 (complex, 6H, cyclopentyl 

protons).

2.4-Dinitrobenzoate of 
2-Methylenecyclopentanol

Yield, 25%; mp 45.3-47.0 ; nmr (CCl^) T 1.3-2.2 (typical com

plex pattern for 2,4-dinitrobenzoates, 3H), 4.40 (broad singlet, IE, 

CE-OR), 4.77 and 4.88 (two unresolved singlets, 2E, =CÊ )y 7.4-8.4 

(complex, 6E, cyclopentane protons).

2.4-Dinitrobenzoate of 
2-Methylol-2-norbornene

Yield, 80%; mp 56-57 ; nmr (CCl^)-c 1.3-2.1 (typical complex.

pattern for 2,4-dinitrobenzoates, 3E), 4.05 (broad singlet, IE, vinyl

proton), 5.17 (sharp singlet, 2E, -CE^OR), 7.14 (broad singlet, 2E,

norbornyl bridgeheads), 8.1-9.1 (complex, 6E, norbornyl protons).
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2.4-Dinitrobenzoate of 3-Methylene- 
endo-2-norborneol

Yield, 38%; mp 58.4-62.0 ; nmr (CCl̂ ) ̂  1.3-2.1 (typical com

plex pattern for 2,4-dinitrobenzoates, 3H), 4.5 (broad singlet, with 

fine structure J = 3 Hz, 1H, exo CHOR), 5.02, 5.15 (two sharp unre

solved singlets, each showing fine structure J = 2 Hz, 2H, irC^), 7.15 

(a broad singlet, showing a fine structure J = 2 Hz, 2H, norborny1 

bridgeheads), 8.2-8.8 (complex, 6H, norborny1 protons).

2.4-Dinitrobenzoate of 3-Methylene- 
exo-2-norborneol

This compound was difficult to crystallize and to keep crystal

line at room temperature. Several crops of product turned to oil at

room temperature, and they were discarded. A small crop was finally

obtained that could be blotted free of oil on filter paper. This prod-
Ouct represented an 8% yield: mp 36-41 . Another crop was taken from

the mother liquor for an additional 9% yield: nmr (CCl^) % 1.3-2.1

(typical complex pattern for 2,4-dinitrobenzoates, 3H), 4.91 (sharp 

singlet, 2H, sCH^), 4.98 (sharp singlet, unresolved from 4.91 singlet, 

1H, endo-CHOR), 7.27 (broad singlet, 1H, norborny1 bridgehead), 7.50 

(broad singlet, 1H, norborny1 bridgehead), 8.2-8.9 (complex, 6H, nor

borny 1 protons).

2.4-Dinitrobenzoate of
2-(2-Norbornen-2-y1)ethanol

This compound was difficult to crystallize and to keep crystal

line at room temperature. After discarding several crops of oil, a

crop of solid (11% yield) was obtained: mp 35.7-37.0 ; nmr (CCl̂ )
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/yl.3-2.1 (typical complex pattern for 2,4-dinitrobenzoates, 3H), 4.38 

(broad singlet, 1H, vinyl proton), 5.62 (t, J = 7 Hz, 2H, -CH ĈPÎ OR),

7.3 (broad singlet, 2H, norbornyl bridgeheads), 7.52 (t, J = 7 Hz, 2H, 

-OT2CH2OR), 8.2-9.2 (complex, 6H, norbornyl protons).

Kinetic Procedure 

Acetone (Mallinkrodt, A. R.) was refluxed with potassium per

manganate for several hours before distilling. Water was distilled. 

Enough solvent (30% water, 70% acetone, by weight, called "30% aqueous 

acetone" below) for all anticipated kinetic runs was prepared. Except 

in the case of the 2,4-dinitrobenzoate of 2-(2-norbornen-2-yl)ethanol, 

described below, a solution of the desired amount of ester in this sol

vent was made up in a volumetric flask. Ampoules (to hold about 12 ml) 

were made from standard Pyrex 6-inch test tubes. Each ampoule was 

filled with about 5.5 ml of ester solution, frozen in a trichloroethyl- 

ene-Dry Ice bath, and sealed under a 2-mm vacuum. Each ampoule was en

closed in a protective wire cage before the set of ampoules comprising
oone run was placed in an oil bath maintained at 125.15+0.05 . At ap

propriate time intervals, an ampoule was removed and immersed in an ice 

bath. The ampoule was broken open, and a 5-ml aliquot was withdrawn 

with a pipette. About 20 ml of 30% aqueous acetone was added to this 

aliquot. The liberated 2,4-dinitrobenzoic acid was titrated with either 

0.0101 M or 0.0200 M sodium hydroxide to a pH 7.15 end point. Through

out the titration, sufficient acetone was added from a second burette 

to keep the titrated solution at approximately 30% aqueous acetone (2.6 

ml of acetone per 1.0 ml of base solution). It had been determined from
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plotting the first derivative curves of a number of titration curves 

that the equivalence point for the titration of 2,4-dinitrobenzoic acid 

in this medium was pH 7.15. ■ Since the solvolyses were quite slow, and

since in two cases rearrangements to less reactive isomeric esters oc

curred, the reactions were not followed to infinity. The theoretical 

infinity titer was calculated and used in the rate constant calcula

tions. The Appendix section contains the experimental data and the cal

culated individual rate constants.

Catalysis in the Solvolysis of the 2,4-Dinitrobenzoate 
of 2-(2-Norbornen~2-y1)ethanol

To investigate acid catalysis, the following ampoules were

prepared:

No. 1 - 4.0 ml of 30% aqueous acetone, 1.0 ml of 0.6 M HC1,

2.6 ml of acetone

No. 2 - 4.0 ml of 0.06 M homoallyl ester in 30% aqueous acetone,

1.0 ml of 0.6 M HC1, 2.6 ml of acetone

No. 3 - 4.0 ml of 0.06 M homoallyl ester in 30% aqueous acetone,

1.0 ml of distilled water, 2.6 ml of acetone

The reagents were measured directly into the ampoule with a syringe.

The added acetone was necessary to maintain the solvent at 30% water by
oweight. The vials were sealed as above and maintained at 125 for 2 

hr. After cooling, the contents of each vial were titrated with 0.02 M 

sodium hydroxide. The titers were: No. 1 - 30.71 ml, No. 2 - 41.74 ml,

and No. 3 - 0.06 ml. To investigate lutidinium and lutidine catalysis, 

the following ampoules were prepared:
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No. 4 - 4.0 ml of 30% aqueous acetone, 1.0 ml of 0.6 M HG1,

0.100 ml of 2,6-lutidine, 2.6 ml of acetone 

Noo 5 - 4.0 ml of 0.03 M homoallyl ester in 30% aqueous acetone,

1.0 ml of 0.6 M HC1, 0.100 ml of 2,6-lutidine, 2.6 ml of

acetone 47

No. 6 - 4.0 ml of 0.03 M homoallyl ester in 30% aqueous acetone, ,

1.0 ml of distilled water, 0.100 ml of 2,6-lutidine,

2.6 ml of acetone

The reagents were measured directly into the ampoule with a syringe. 

Sufficient hydrochloric acid to convert the very weak base 2,6-lutidine

to its conjugate acid had to be added. The amount of added acid was a

known quantity, and any additional acid produced in solvolysis could be 

determined by back titration with base. A titration curve of lutidinium 

chloride plus hydrochloric acid in 30% aqueous acetone was plotted to 

find the pH at the equivalence point: pH 9.0. After immersion in a
o125 oil bath for 2 hr, the three ampoules above were cooled, and after 

addition of 1.0 ml of 0.6 M HC1, the contents were titrated with 0.040 M 

sodium hydroxide solution to a pH 9.0 end point. The titers were:

No. 4 - 30.44 ml, No. 5 - 31.37 ml, and No. 6 - 31.18 ml. These titers -

were the same within error of the experiment. . ;

Solvolysis of the 2,4-Dinitrobenzoate of 
2-(2-Norbornen-2-yl)ethanol

A solution of 0.4813 g of homoallyl ester and 0.300 ml of

2,6-lutidine in 32.5 ml of 30% aqueous acetone was prepared. Six am-
"poule were filled, sealed as above, and immersed in a 125 oil bath.
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At appropriate time intervals, an ampoule was removed, A 5-ml aliquot 

was treated with 1*00 ml of 0,6 M HC1, and titrated with 0*0202 M so

dium hydroxide solution. The Appendix section contains the experimen

tal data and the calculated rate constants.

Aqueous Acetone Blank 

A solution of 0.4 g of 2,4-dinitrobenzoic acid in 20 ml of 30%
oaqueous acetone was sealed in two ampoules and maintained at 125 for 

7 hr. After cooling, the solution was made basic with 0.2 M-sodium 

hydroxide, poured into 100 ml of water, and extracted with two 80-ml 

portions of ether. The extract was dried, concentrated, and chromato-
ographed on FFAP at 155 . Three products at retention times 2 min, 4 

min, and 5 min were evident.

Blank Study of 3-Methylene-exo~2-norborneol 

. A solution of 0.07 g of 3-me.thylene-exo-2-norborneol and 0.07 g 

of 2,4-dinitrobenzoic acid in 5 ml of 30% aqueous acetone was maintained
oat 125 for 26 hr. After cooling, the solution was made basic with 0.2 

M sodium hydroxide, poured into 50 ml of water, and extracted with two 

50-ml portions of ether. The extract was dried, concentrated, and
ochromatographed on FFAP at 155 . Other than the acetone artifacts, the 

gc trace showed a mixture of 95% 3-methylene-exo-2-norborneol (rt 11.2 

min) and 5% of two components at retention time 7.1 and 7.5 min (unre

solved). When this experiment was repeated with about 0.2 g of

2,4-dinitrobenzoic acid, enough of the 7.1 min component could be col

lected for an ir spectrum. Other than several bands due to an acid
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contaminant, the ir matched that of the major product of the blank 

study of 2-methylol-2-norbornene, taken to be norbornane-2-carbox- 

aldehyde.

Blank Study of 3-Methylene-endo-2-norborneol 

The quantities and workup used were as for the exo epimer 

above. Other than the acetone artifacts and some norborneol which was
Oa contaminant in the starting material, gc at 155 on FFAP showed one 

product (rt 9.0 min). Enough for an nmr spectrum was collected: nmr

(CCl̂ ) ^  7.54 (broad singlet, 2H, norbornyl bridgeheads), 7.9-8.8 (com

plex, 7H, norbornyl proton), 9.08 (d, J = 7.5 Hz, 3H, methyl). Krieger, 

Manninen, and Paasivirta (1966) identified endo-3-methyl norcamphor as 

the only product of the acid catalyzed rearrangement of 3-methylene- 

endo-3-norborneol. The spectral data given above is consistent with 

this structure. The 2,4-dinitrophenylhydrazone was prepared: mp 175-
o o177 , orange needles; lit. mp 179-180 , orange needles (Beckmann and 

Metzger 1957).

Blank Study of 2-Methylol-2-norbornene 

A solution of 0.7 g of 2-methylol-2-norbornene and 0.5 g of

2,4-dinitrobenzoic acid in 10 ml of 30% aqueous acetone was maintained
oat 125 for 17 hr. After cooling, the solution was made basic with 

0.2 M sodium hydroxide solution, poured into 100 ml of water, and ex

tracted with two 50-ml portions of ether. The extract was dried, con-
ocentrated, and chromatographed on FFAP at 155 . Other than the acetone 

artifacts, two products were observed, the major one (about 80%) having



a retention time of 6.9 min and the minor one, which was unresolved 

from the major, having a retention time of 7.3 min. It was not possi

ble to collect clean samples of either component because of the simi

lar retention times. The infrared spectrum (CCl̂ ) of the major 

component had strong absorptions at 1715 cm * and 2700 cm”'*', with a 

very weak fingerprint region. The infrared spectrum (CCl^) of the 

minor component, certainly contaminated with the major component, had 

strong absorptions at 1715 cm  ̂ (shoulder at 1745 cm "*") and at 2700 cm 

with a weak fingerprint region significantly different from the finger 

print of the major component. A mass spectrum of the major component 

showed a weak parent peak at m/e 124. The expected peak for loss of 

CHO was present at m/e 95. The base peak was m/e 67, a common large 

peak in the mass spectra of norborny1 derivatives. The nmr (CCl̂ ) 

spectrum of the major component showed three aldehyde protons in the 

approximate ratio of 8:1:1 (major at 'X 0.42). Two absorptions corres

ponding to the norborny1 bridgeheads were present (t: 7.5, 7.7). The 

% 8.2-9.0 region was complex. (This nmr spectrum was similar to the 

nmr of the aldehyde product obtained when 2-norbornene-2-carbonyl 

chloride was reduced with LiAlH(_t-BuO)̂ . ) The major component did not 

decolorize bromine in carbon tetrachloride solution. On the basis of 

these data, the major component was tentatively identified as nor- 

bornane-2-carboxaldehyde.



Product Studies 

Products From Solvolysis of the 2,4-Di~
'nitrobenzoate of 2-Methylolcyclopentene ,

The titrated aliquots of the kinetic run were pooled and poured 

into 1 1 of water and extracted with two 500-ml portions of ether. The
oextract was dried, concentrated, and chromatographed on FFAP at 155 . 

Two products at retention times 4.9 min and 9.1 min were present in ap

proximately equal amounts. Enough of each product for an ir spectrum 

was collected. The ir of the 9.1-min product matched the ir of 

2-methylolcyclopentene. The ir of the 4.9-min product had all of the 

infrared bands of 2-methylenecyclopentanol, along with additional bands 

due to some carbonyl-containing contaminant [ir (CCl̂ ) 1705 cm "*"]. It 

was concluded that the contaminant arose from acetone, since a blank 

study (above) had shown the presence of an artifact at rt 5.0 min on
oFFAP at 155 .

Products From Solvolysis of the 2,4-Di- 
nitrobenzoate of 2-Methylenecyclopentanol •

The titrated aliquots were handled exactly as the preceding

analysis with identical product results, again by ir analysis.

Products From Solvolysis of the 2,4-Dinitro- 
benzoate of 3-Methylene-endo-2-norborneol

The titrated aliquots were handled as above. Gas chromatog-
oraphy of the concentrated extract on FFAP at 150 showed only one sig

nificant product ( )>957o, rt 11.0 min) other than material having the 

same retention time as the acetone artifacts. This product was col

lected and its ir spectrum exactly matched the ir spectrum of an



authentic sample of 2-methylene-exo-3-norborneol. The other approxi

mately 57o of products consisted of several components at various reten

tion times. The amounts present were insufficient for analysis.

Products From Solvolysis of the 2,4-Dinitro- 
benzoate of 3-Methylene-exo-2-norborneol

The titrated aliquots were handled as above. Product results

were identical to the preceding results: the ir spectrum of the only

significant product ( >957,, rt 11.1 min) exactly matched the ir of

2-methylene-exo-3-norborneol.

Products From Short Reaction Time Solvolysis of 
the 2,4-Dinitrobenzoate of 2-Methylol-2-norbornene

The titrated aliquots of the initial region kinetic run (see

Appendix) were handled as above. Gas chromatography of the concen-
otrated residue on FFAP at 155 showed only one product of rt 10.9 min. 

This product was collected, and its ir spectrum exactly matched the ir 

of an authentic sample of 2-methy1ene-exo~2-norborneo1.

Products From the Long-time Solvolysis of the
2,4-Dinitrobenzoate of 2-Methylol-2-norbornene

A solution of 1.35 g of ester in 90 ml of 30% aqueous acetone
owas sealed in 9 ampoules and maintained at 124 for 17 hr. The con

tents of the 9 ampoules were pooled, and most of the acetone was re

moved at the aspirator. The remaining cloudy aqueous suspension was - 

extracted with two 100-ml portions of pentane. The pentane extract

was washed with 200 ml of water, dried, reduced to 40 ml, and stored in 
o ' -a -15 freezer. After two days, a solid had deposited. Filtration
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oyielded 0,15 g of solid: mp 40-42 , Except for small absorptions due

to some impurities, the nmr spectrum of this solid matched the nmr 

spectrum of the 2,4~dinitrobenzoate of 3-methylene-exo-2-norborneol.

The water used to wash the pentane extract above had turned 

yellow in the process. It was extracted with ether. The extract was 

dried and evaporated, leaving a red oil. This oil was chromatographed 

(GE-SE-30), showing one peak, and enough water-white chromatographed 

oil for an nmr spectrum was obtained. This spectrum was identical to . 

that of an authentic sample of 3-methy1ene-exo-2-norborneol.

The original aqueous reaction mixture that had been extracted 

with pentane was re-extracted with ether. After drying and evaporating,
oa solid remained, which, after washing with pentane, had mp 175-181 , 

which compares favorably with that of 2,4-dinitrobenzoic acid: mp

181-184°.

On another occasion, the titrated aliquots from an investiga

tion of the reaction rate after 500 min elapsed solvolysis time were 

pooled, poured into 1 1 of water, and extracted with ether. The ether 

extract was washed, dried, and concentrated. The residue was chromato

graphed on FFAP at 155 . The main product (75%) was collected, and it 

had an ir spectrum identical with 3-methylene-exo-2-norborneol. A 15% 

product (rt 7.0 min), unresolved from a 5% product (rt 7.5 min), was 

also present. Enough of the 15% product for an ir spectrum could be 

collected. This ir was identical with the ir of the major product ob

tained in the above blank study of 2-methylol-2-norbornene. Not enough



of the 57o product, nor of the other two very minor products (rt 8,2 

min, 8.8 min), could be collected for analysis.

Products From Solvolysis of the 204-I)initro- .
benzoate of 2-'(2-Norbornen-2-y 1 )ethanol

The titrated aliquots of the kinetic run were pooled, poured

into 500 ml of water, and extracted with two 500-ml portions of ether.

The ether extract was washed with dilute hydrochloric acid, dried, and

concentrated. Gas chromatography (FFAP) showed at least six products,

one of which was about 50% of the total. Enough of this material for

an ir was collected, and this ir was identical to that of a sample of

2-(2-norbornen-2-y1)ethanol.



SYNTHESES PROCEDURES

The synthesis of 2-methylol-2-norbornene (1) was much more 

difficult than originally anticipated. Some derivative of 2-norbornene- 

2-carboxylic acid (2) was chosen as the key intermediate in the prepa

ration of (1). Since norbornane-2-carboxylie acid (3) was readily 

available, a simple synthetic scheme was devised:

S0C1 Br CH3OH

COOH
(3)

Base

Reduction 
-< 1 ? 1---

H2OH COOH (R)

(1) (2)

The preparation of (4) from (3) shown above has been described by 

Boehme (1959) and Kwart and Null (1959). These authors also showed 

that a normal Hell-Vollhard-Zelinsky (HVZ) reaction on (3) leads to 

the rearranged exo-2-bromonorbornane-l-carbonyl bromide. When (4),
oobtained as above, was treated with quinoline at 160 , the product 

consisted of several kinds of methyl esters (gc, 5% FFAP on Chromo- 

sorb P). Treatment of (4) with a mixture of solid potassium hydroxide

r
COOCH.

(4)
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in refluxing toluene gave a mixture of carboxylic acids (gc and nmr 

analysis)„ Conversion of this mixture to the methyl esters gave a mix- - 

ture of several methyl esters (gc and nmr analysis)„ When the starting 

hromoester was chromatographed (5% FFAP), it was found that two major 

(60%) and at least five minor (40%) components were present.

A reason for the failure to reproduce the published results 

could not be discovered. Little et al. (1969) have reported their in

ability to reproduce the published HVZ chlorination of cyclohexanecar- 

boxylic acid. A randomly chlorinated mixture of acids was obtained.

It seems that cc-halogenations of acids by either the HVZ or the acid 

chloride route are not as well understood as is claimed in organic 

chemistry textbooks.

The successful route to 2-methylol-2-norbornene (1) is illus

trated on the next page. Although this scheme looks quite straight

forward, there are several points that merit discussion. The isolation 

of acid (5) was not accomplished as in the literature (Tobler and Fos

ter 1964); the ether extraction described led to an entirely intract

able emulsion. Pentane or hexane extraction gave emulsions that 

eventually separated. An attempt to prepare -Cl) directly from (2) by 

hydride reduction gave a mixture of three products, none of which was 

(1). Direct reduction of acid chloride (6) to the corresponding aide-, 

hyde with one equivalent of LiAlH(t-BuO)̂  was unsuccessful. The only 

material that could be distilled from the product oil was a small 

amount of an aldehyde tentatively identified as a 2:1 endo:exo mixture
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(7)

CC1. ___4
BPO

CC1

Cl

yr-j^\^coocH3 ch3oh
Pyridine

COOH
H_SO

COC1

(6)

•CH„OH

(1)

SOC1.

Eton.a

COOH

(2)

of norbornane-2-carboxaldehyde. This result is not surprising in light 

of the recent study showing that lithium aluminum hydride and its al- 

koxy derivatives tend to reduce <*,(3-unsaturated ketones to either the 

saturated ketones or the saturated alcohols (Brown and Hess 1969).

To prepare methyl ester (7) from acid chloride (6), a distilled 

sample of (6) had to be used in the presence of pyridine. Attempts to 

prepare (7) directly from the crude acid chloride preparation led to 

varying amounts of hydrogen chloride addition products. The nature of 

this reaction was not investigated, since the desired ester (7) could 

be prepared as given in the Experimental section.
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The alcohol 2-(2-norbornen~2-y1)ethanol is a new compound* The 

other alcohols were prepared in ways similar or. identical to described* 

literature procedures, All hydride reductions were done with a mix

ture of aluminum trichloride and lithium aluminum hydride, since this 

mixture is known not to reduce double bonds (Shenoy 1966, Jorgensen 

1962).



RESULTS

The author originally intended to study the j>-toluenesulfonate 

esters of the allylic alcohols. However, the tosylate of 2-methylol- 

2-norbornene was too reactive to isolate. Since rate comparisons are 

most reliable when the leaving group is the same, it was decided to 

solvolyze the 2,4-dinitrobenzoate esters. These esters could all be 

prepared crystalline, albeit with some difficulty in. two cases. Sol- 

volysis was relatively slow in all cases, and no experimental infinity 

point could be taken. To overcome this obstacle, solutions were made 

up in volumetric flasks with carefully weighed amounts of ester. The 

aliquots taken during a kinetic run were titrated to the equivalence 

point, using a pH meter, so a theoretical infinity titer could be cal

culated. The rate constants and half lives so obtained are summarized 

in Table 1 (see p. 40). They all are in fact initial rate constants, 

since none go through even one half life. Individual constants are 

given in the Appendix.

The solvolysis of the ester of 2-methylenecyclopentanol is 

characterized by a downward drifting rate constant. The kinetic plot 

is fairly straight for about one half life, but shows a concave curva

ture thereafter. This may be interpreted as resulting from rearrange

ment to a less reactive ester. The half life estimated from the 

kinetic plot after 1 day is approximately that of the solvolysis of

1-methylolcyclopentene ester. The estimate is complicated by the fact
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that solvolysis of this ester is subject to acid catalysis. The prod

ucts of the solvolysis of 2-methylenecyclopentanol ester were an ap

proximate 1:1 mixture of 1-methyloleyclopentene and 2-methylenecyclo

pentanol . x

The ester of 1-methylolcyclopentene solvolyzed with initial 

linearity of the kinetic plot. A small degree of convex curvature was 

detected at the end of the first half life, most likely indicative of 

acid catalysis. The initial region was taken as the rate of acid pro

duction. The products of this solvolysis were also an approximate 1:1 

mixture of 1-methylolcyclopentene and 2-methylenecyclopentanql.

The ester of 3-methylene-endo-2-norborneol solvolyzed with good 

linearity of the kinetic plot for as long as the reaction was followed. 

The only product found in significant amount was 2-methy1ene-exo-

2-norborneol0

A great deal of difficulty was encountered in crystallizing the 

ester of 3-methylene-exo-2-norborneol.. A small amount of crystalline 

material having a somewhat wide melting range was obtained. Its nmr 

spectrum was perfect for the desired ester. Enough for only one run 

was obtained. This slightly impure ester was solvolyzed with good 

linearity of the kinetic plot for as long as the reaction was followed. 

The only product found in significant amount was 2-methylene-exo-

2-norborneol.

Solvolysis of the ester of 2-(2-norbornen-2-yl)ethanol was found 

to be subject to acid catalysis. .A small amount of 2,6-lutidine or a

2,6-lutidine/2,6-lutidinium buffer did not catalyze solvolysis, so the



reaction was run in the presence of 2,6-lutidine. A good straight line 

was obtained for as long as the reaction was followed. The solvolysis 

was so slow that the rate constant obtained can only be taken as an 

estimate. Because of difficulties in crystallization, sufficient ester 

for only one kinetic run was available. Gas chromatography showed the 

product of this solvolysis to be a mixture of at least seven compon

ents. Not enough product for even ir analysis of the lesser components 

was formed', but the main component (50%) was shown to be the starting 

alcohol, 2-(2-norbornen-2-yl)ethanole

The solvolysis of the ester of 2-methylol-2-norbornene is also 

characterized by a downward drifting rate constant. Curvature of the 

kinetic plot begins after about one fourth life for initial acid pro

duction, The product produced initially was found to be 2-methylene- 

exo-2-norborneol only.

A number of attempts were made to determine the total rate of 

disappearance of 2-methylol-2-norbornene ester by following the rate of 

disappearance of the unique vinyl proton in the nmr spectrum. Unfor

tunately, no reliable data could be obtained. Small amounts of water 

(which absorbs in the vinyl region of the nmr), resulting from incom

plete drying of the ether workup solutions, was one source of the tre

mendous scatter observed. The best estimate obtained for the half life 

of the disappearance was 1 hr. From the fact that the kinetic plot 

still shows curvature after 10 hr, it can be seen that this estimate is 

inaccurate. The total rate of disappearance is best taken as somewhat 

faster than the rate of initial acid production (half life 2.3 hr).



' - ''  ̂ 39
A more complicated product mixture was obtained after longer 

reaction time. The concave curvature of the kinetic plot was due to 

the formation of the much less reactive ester of 2-methy1ene-exo-

2-norborneol? as shown by the isolation of this compound from the re

action solution. The volatile product mixture consisted of 75%

3-methylene-exo-2-norborneol and 15% of an aldehyde identical to that 

obtained when 2-methy1o1-2-norbornene is treated with acid under sol- 

volysis conditions. The three other products (10% total) were not 

present in sufficient amount for analysis.

When 3-methylene-exo-2-norborneol was treated with acid under 

solvolytic conditions, a small amount of products other than the start

ing alcohol was formed. The retention times (FFAP) compared fairly 

well with those of the minor products of long-time solvolysis of

2-methylol-2-norbornene ester. One of the minor components was shown 

to be the same aldehyde (taken to be norbornane-2-carboxaldehyde) as 

that obtained when 2-methylol-2-norbornene was treated with acid under 

solyolysis conditions.

The only product obtained when 3-methylene-endo-2-norborneol 

was treated with acid under sdlvolytic conditions was endo-3-methy1- 

norcamphor.

Under solvolytic conditions in the presence of acid, 2-methylol-

2-norbornene rearranged to a mixture of aldehydes, one in major amount 

(80%). Gas chromatography showed one major peak with an unresolved 

minor peak, but nmr showed three different aldehyde protons. The major 

component was taken to be norbornane-2-carboxaldehyde. -



40
Table 1. Initial Solvolysis Rates of 2,4-Dini^robenzoates (-0DNB) in 

307o Aqueous Acetone at 125.15 ±  0.05 (Average of Two Runs).

Ester k x 10^ min'l Half life (hr)

<t"2X^/^ODNB 13.8 8.42

CH ODNB

3.64 31.8

CH

iDNB

0.440 263

CH,
ODNB

CHoCHo0DNB

(1.15)'

48.7

( 0. 201)'

( 101)'

2.38

(575)'

a. One run.



DISCUSSION

The analogous cyclopentyl esters were chosen as models for the 

solvolysis of the allyl norbornyl esters. The observed rate difference 

between the two cyclopentyl esters can be taken for the expected rate 

differences in the norbornyl allyl system in the absence of angle"" 

strain and other factors. The fact that equal amounts of the two allyl 

cyclopentyl alcohols were products in the solvolysis is further evi

dence of the similarity in ground state energy of the two allylic con

figurations.

The ester of 2-methylenecyclopentanol solvolyzes 3.8 times 

faster than its allylic isomer. This small difference can be adequately 

accounted for by postulating that the transition state for formation of 

the allyl carbonium ion from the exo-methylene ester probably resembles 

a secondary allyl carbonium ion. The allyl isomer transition state 

probably resembles a primary allyl carbonium ion. A second factor may 

be that the ionization of the exo-methylene ester relieves significant 

eclipsing interactions of one hydrogen and of the dinitrobenzoate 

group. The allylic isomer of course does not have either interaction.' .
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ODNB

■CH,

ODNB

/ X ^ C ^ O D N B
V J

\

S® 50 
CH -ODNB V CH2OH

The three ally1 norbornyl esters initially solvolyze to give 

the same product, 3-methylene-exo-2-norborneol. It is reasonable to 

conclude that the product is derived from the same intermediate car- 

bonium ion in all three cases.

dy-CH^ODNB

CH,

ODNB

CH,
ODNB
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The alcohol 2-methylol~2-norbornene is not a product of the 

solvolyses of the three allyl norbornyl esters. It rearranges to an 

aldehyde tentatively identified as norbornanecarboxaldehyde under sol

voly tic conditions, and none of this aldehyde was found in the initial 

solvolysis products. The alcohol 3-methylene-endo-2-norborneol is not 

a product, since it was shown to rearrange to endo-3-methyInorcamphor 

under solvolysis conditions, and none of this ketone was found:

A small amount of the compound taken to be norbornane-2-carbox- 

aldehyde was found in the products from the long-time solvolysis of the

3-methylene-exo-2-norborneol to solvolysis conditions for one day pro

duced this aldehyde. This product in the methylol solvolysis, then, 

probably arises from rearrangement of the initially formed product,

3-methylene-exo-2-norborneol.

The ester of 3-methylene-exo-2-norborneol solvolyzes 2.6 times 

faster than the corresponding endo ester. This agrees with the ratio 

(3.1, estimated) Wilcox and Jesaitis (1967) obtained for the rates of 

solvolysis of the 3,5-dinitrobenzoates of the same alcohols. This is 

a small ratio, and factors as subtle as steric hindrance to

3

ester of 2-methylol-2-norbornene. A blank study showed that subjecting



ionization of the endo leaving group (Brown and Chloupek 1963) may be 

operating here.

than the exo ally1 ester. This is a large difference, and it is tempt

ing to invoke anchimeric assistance from sigma bond bridging. However, 

there is no evidence for this possible bridging other than the rate 

difference. There are no rearranged products.

strain release in going to the transition state. As the methylol ester 

ionizes, the endocyclic double bond lengthens, resulting in a relief of 

strain in the norborny1 skeleton. Ionization of the exo-ally1 esters 

causes the 2,3 bond to become shorter, resulting in compression of the 

norborny1 skeleton.

The ester of 2-methylol-2-norbornene solvolyzes 42 times faster

An alternative explanation may be found in considering possible

S’3 I *
.CH-ODNB CH ODNB

'ODNBODNB
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The picture on the preceding page predicts that the rate 

difference tie tween the solvolysis. of the methylolallyl and exo

methyl ene-ally 1 esters would decrease in the bicyclo[n„2.1] series 

as n is increased. The rate difference should be close to the cyclo- 

pentyl case discussed above when n is large enough for the minimizing 

of conformational interactions.

The limited data available for the homoallyl solvolysis do not 

allow firm conclusions, but from the slow rate of reaction it can be 

cautiously stated that there is no interaction with the norbornyl 

double bond.
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Table 1-A. Solvolysis of 0.0600 M 2,4-Dinitrobenzoate of 3-Methylene-
; endo-2-norborneol. —  Titrated with 0.0101 M NaOH.

1 Calculated Infinity Titer: 29.70 ml.

. Time, min ml NaOH k x 10~* min-^

0 0.87 -

240 1.16 4.21

' 480 1.48 , 4.46

720 1.80 4.55

1440 — - 2.68 4.50

1680 2.93 4.41

1920 3.50 4.98

2160 3.51 4.45

2880 4.28 4.37

3120 4.54 4.36

3360 ' 4.76 4.31

3600 5.19 4.51 . .

4320 5.83 • 4.37 '

4560 6.02 4.32

4800 6.22 4.28

5040 6.46 4.28

k = 4.41 ± 0.12 x 10  ̂min--*- 

half life = 262 hr.



Table 2-A. Solvolysis of 0.0650 M 2,4-Dinitrobenzoate of 3-Methylene-
endo-2-norborneol. —  Titrated with 0.0101 M NaOH.
Calculated Infinity Titer: 32.1-6 ml..

Time, min ml NaOH k x 10~* min ^

0 

120 
240 

360 

480 

600 

720 

840 

2880 

3005 

3120 

3242 

3360 . 

3480 

3600 

3720.

k =

0.95

1.13 4.82

1.27 4.29

1.44 4.40

1.60 4.38

1.80 4.60

1.91 4.34

2.08 4.39

4.62 4.34

4.82 4.41

4.85 4.28

5.08 4.38

5.22 4.38

5.32 4.33

5.48 4.30

5.59 4.28

4.39 + 0,08 x 10™5 min™1

half life = 263 hr
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Table 3-A. Solvolysis of 0.0362 M 2,4-Dinitrobenzoate of 3-Methylene-
exo-2-norborneol. -—  Titrated with 0.0101 M NaOH.
Calculated Infinity Titer: 17.90 ml.

Time, min ml NaOH k x 104 min

0 0.79 -

181 1.14 1.14

374 1.51 1.15

540 1.82 1.15

720 2.19 1.19

900 2.50 1.17

1460 3.41 1.14

1620 3.71 1.16

1800 . : 3.99 1.15

2110 . 4.45 1.14

2352 ; 4.85 1.15

3015 5.74 1.13

3015 5.88 1.17 .

3240 6.07 1.14

3420 6.30 1.14

3600 6.51 1.13

3840 6.84 1.14

4389 7.50 1.13 .

= T. 15 — 0.01 x 10'-4 . —1 -min-

half life = 101 hr
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Table 4-A. Solvolysis of 0.0446 M 2?4-Dinitrobenzoate of 2-(2-Norbornen-
: 2-yl)ethanol in the Presence of 2?6~Lutidine# Titrated

■. with 0.0202 M NaOH. Calculated Infinity Titer: 11.00 ml.

• Time, min ml NaOH k: x 10^ min ^

0 0.00 -

1407 0.40 1.97

2790 0.66 2.08

4920 1.02 1.98

6366 1.33 2.02

7901 1.59 1.98

k = 2.01 ± 0.04 x 10 -5 . -1m m

half life == 575 hr '

a. The listed titers are in excess of the zero time titer 
(30.88 ml).



51

Table 5-Ae Solvolysis of 0.0431 M 2,4~Dinitrobenzoate of 2-Methylol- 
2-norbornene. -- Titrated with 0.0101 M NaOH. Calculated 
Infinity Titer: 21.34 ml.

3 -1Time, min ml NaOH k x 10 min

0.0 2.95 -

5.0 3.38 4.73

10.0 3.78 4.62

15.0 4.27 4.96

20.0 4.70 5.00-

30.0 5.46 4.89

40.0 6.24 4.93

50.0 6.85

k =4.84 ± 0.12 x 10~3 min"1 

half life = 2.39 hr

4.77
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Table 6-A. Solvolysis of 0.0431 M 2,4-Dinitrobenzoate of 2-Methylol-
2-norbornene. —  Titrated with 0.0101 M  NaOH. Calculated
Infinity Titer: 21.34 ml.

Time, min ml NaOH k x 10^ min *"

0.00 2.91 -

5.00 3.33 4.61

10.0 3.83 5.12

15.0 4.26 5.07

20.0 4.66 4.99

25.0 5.13 5.13

30.0 5.41 4.86

40.0 6.03 . 4.64 .

50.0 6.79

k = 4.90 ± 0.17 x 10  ̂min-'*' 

half life = 2;36 hr

4.73
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Table 7-A. . Solvolysis of 0.0448 M 2,4-Dinitrobenzoate of 2-Methylol- 
2-norbornene, Showing the Downward Drifting First-Order
Rate Constant. —  Titrated with 0.0204 M NaOH. Calculated 
Infinity Titer: 10.98 ml.

Time, min ' ml NaOH k x 10̂  min ^

0.0 1.46

5.2 1.69 4.70

10.1 1.93 5.01

15.0 2.14 4.94

24.9 2.56 4.93

35.0 2.92 4.76

45.0 . 3.30 4.77

55.1 3.62 4.67

65.0 3.95 4.66

89.6 4.59 4.45

119.6 5.23 4.22

149.6 5.71 3.95 ■

180.2 6.10 3.71

209.6 6.39 3.48

269.6 6.82 3.07

3956.6 8.39 0.444

Taking the points up to T = 65.0 min: 

k = 4.81 ±0.12 x 10~3 min™1 

half life = 2.40 hr
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Table 8-A. Solvolysis of 0.0419 M 2,4-Dinitrobenzoate of 1-Methylol-
cyclopentene. -- Titrated with 0.0101 M NaOH. Calculated
Infinity Titer: 20.73 ml.

Time, min ml NaOH k x 104 min ^

0 0.55 -

60 0.98 3.59

120 1.39 3.46

180 1.78 3.49

240 2.23 3.62

300 2.63 3.63

360 3.01 3.61

420 , 3.44

k = 3.58 ± 0.07 x 10 ^ min 

half life = 32.3 hr

3.68
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Table 9-A. Solvolysis of 0.0496 M 2?4~Dinitrobenzoate of 1-Methylol-
cyclopentene, Titrated with 0.0101 M NaOfl, Calculated
Infinity Titer: 24.55 ml.

Time, min ml NaOH k x 104 min ^

0 0.82 -

60 1.33 3.62

120 1.78 3.44

180 2.30 3.58

300 3.30 3.68

420 4.28 3.75

630 5.92 3.84

750 6.84

k = 3.69 ±0.12 x 10 ^ min 

half life = 31.3 hr

3.90
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Table 10~Ao Solvolysis of 0,0233 M 2?4-Dinitrobenzoate of 2-Methylene-
cyclopentanol, -- Titrated with 0.0101 M NaOH. Calculated
Infinity Titer: 11.52 ml.

Time, min ml NaOH k x 103 min 1

0 0.74 -

60 . 1.59 1.34

120 2.50 1.46

180 3.11 1.35

240 3.72 1.32

301 4.28 1.29

361 4.76 1.26

434 5.29

k = 1.32 ± 0.05 x 10'3 min™1 

half life = 8.75 hr

1.23
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Table 11-A. Solvolysis of 0.0525 M 2,4-Dinitrobenzoate of 2-Methylene-
cyclopentanol. Titrated with 0.0101 M NaOH. ..Calculated
Infinity Titer: 26.00 ml.

Time, min ml NaOH k x 10̂  min ^

0 1.21 -

30 2.30 1.50

60 3.29 1.46

90 4.22 1.44

120 5.15 1.44

150 •: 6.00 1.43

180 6.76 1.41

210 7.47 1.39

240 8.25

k = 1.43 i 0.03 x 10  ̂min 

half life = 8.08 hr

1.39
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Table 12-A. Solvolysis of 0.0233 M 2,4- 

cyclopentanol, Showing the 
Rate Constant. — Titrated 
Infinity Titer: 11,52 ml.

-Dinitrobenzoate of 2-Methylene- 
Downward Drifting First-Order 
with 0.0101 M NaOH. Calculated

Time, min ml. NaOH k x 10̂  min ^

0 0.74 -

60 1.59 1.34

120 2.50 1.46

180 3.11 1.35

240 3.72 1.32

301 4.28 1.29

361 4.76 1.26

434 5.29 1.23

660 6.57 1.15

1440 8.55 0.862

1500 8.60 0.839

1560 8.65 0.815

1621 8.79 0.815

1680 8.87 0.801

1741 8.89 0.779

1803 9.00 0.774

1874 9.02 0.749



59

Table 13-Ae Solvolysis of 0,0233 M 2,4-Dinitrobenzoate of 2-Methylene-*
cyclopentariol After One Day. •— Titrated with 0,0101 M
NaOH. Calculated Infinity Titer: 11.52 ml.

Time, mina ml NaOH k x 104 min ^

0 8.55

60 8.60 2.65 '

120 8.65 2.67

181 8.79 ' 4.35

240 8.87 4.43

301 8.89 3.77

363 9.00 4.22

434 9.02

k = 3.68 i 0.59 x 10 ^ min  ̂

half life = 31.3 hr

3.70

a. The zero time point is the 1440 min point of Table 12-A,
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