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Abstract:
In order to improve the yield percentage of cis-caronic acid from delta-3-carene, every step of the
procedures which were developed by Dr. James H. Jarrett, a former graduate student in Chemical
Engineer-ing Department, Montana State University has been investigated. Two procedures have been
changed to increase the yield percentage.

One improvement was to raise the mole ratio of potassium permanganate to delta-3-carene from 3.0 to
5.0. A 9.0 percent yield was obtained. It was about a 35 per cent increase from the original yield of 6.5
per cent. Another improvement was to evaporate acetone before the second extraction with a stream of
air at room temperature instead of by direct heating. A 7.7 yield percentage was obtained.

Isopropyl ether was tested as a solvent for separating the organic oxidation products from inorganic
compounds by extraction. It has an advantage in the case of solvent recovery.

For purification of the cis-caronic acid, water was found to be a good recrystallization solvent. The
solubility of cis-caronic acid in water at room temperature was 20mg/5ml but dissolves entirely in hot
water of 120mg/5ml. Cis-caronic acid could be recrystallized out when the hot solution was cooled
down very slowly.
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ABSTRACT

In order to improve the yield percentage of cis-caronic acid 

from delta-3-carene, every step of the procedures which were developed 

by Dr. James H . Jarrett, a former graduate student in Chemical Engineer

ing Department, Montana State University has been investigated. Two 

procedures have been changed to increase the yield percentage.

One improvement was to raise the mole ratio of potassium per

manganate to delta-3-carene from 3.0 to 5.0. A 9.0 percent yield was 

obtained. It was about a 35 per cent increase from the original yield 

of 6.5 per cent. Another improvement was to evaporate acetone before 

the second extraction with a stream of air at room temperature instead 

of by direct heating. A 7.7 yield percentage was obtained.

Isopropyl ether was tested as a solvent for separating the 

organic oxidation products from inorganic compounds by extraction. It 

has an advantage in the case of solvent recovery.

For purification of the cis-caronic acid, water was found to 

be a good recrystallization solvent. The .solubility of cis-caronic 

acid in water at room temperature was 2Omg/5ml but dissolves entirely • 

in hot water of 120mg/5ml.. Cis-caronic acid could be recrystallized out 

when the hot solution was cooled down very slowly.



I. INTRODUCTION

A. Oil of Turpentine '

Since the turn of the twentieth century the United States has 

become primarily an industrial country. Along with industrialization' 

came some of the objectionable factors such as air and water pollution. 

Air and water pollution is the result of exiting waste streams directly 

into the atmosphere and water bodies without proper treatment.

Recently, various communities and states have established' 

laws requiring the treatment of waste streams. Industry has found that 

the waste streams which contain some potentially valuable chemicals 

often make the treatment a profitable operation rather than an expense.

One of the worst industries for air and water pollution is 

the pulp and paper industry. One of their pollution problems is the 

disposal of the crude sulfate turpentine. This crude turpentine, .a by

product of the digesters, has a very pungent odor and toxicity. If the 

crude turpentine is vented to the atmosphere, the odor places a hard

ship on the community-company relationship. If the crude turpentine 

is dumped into the water bodies, a high biological oxygen demand that 

the water becomes sterile.

All crude sulfate turpentine.contain alpha-pinene, beta- 

pinene, delta-3-carene and dipentene. There are additional terpenes in 

the crude turpentine depending upon the type of tree being pulped and 

the location of the trees geographically (I). Table IV gives the physi

cal properties of major terpene chemicals.
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Turpentine production in the United States had been static 

at about 30 million gallons annually from 1900 to I960 but has started 

to increase and about 40 million gallons is predicted for 1970 (2) . Its 

sources, however, have changed from being produced exclusively from pine 

gum (oleoresin) ini900 to about 50% produced now as by-product from Kraft 

pulp mills, with 25% still coming from pine gum and another 25% coming 

from steam distilling pine stump resins. The United States leads in 

world production of turpentine today, with about 40-50% of the total.

B. DeIta-3-Carene

Delta-3-carene has been found (3, 4, 5,) in the turpentines 

from many species of coniferous trees of the United States and Canada.

It ranges in amounts in different species from only a trace to nearly 

50%. Table V gives a summary of the trees containing substantial amount 

of delta-3-carene and their locations. In addition to North American 

sources for delta-3-carene, it is also found in other areas of the world, 

as described below. The Pinus longifolia found in various parts of'Asia 

and Europe is reported (6, 7,) to have 45-70% delta-3-carene in its tur

pentine; the Pinus silv'estria in Poland is reported (8) to have about 

35% delta-3-earene; and undesignated pines of Sweden are reported (9) to 

have 25-33% delta-3-carene. Undoubtedly, it occurs in many other coun

tries which have not been mentioned.

All of the above information indicates the availability of 

delta-3-carene in various parts of the world. In the United States and 

Canada at the present time, only three of the five carene producing mills 

are condensing their turpentine (10). ' Table I gives a summary of the

i
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information.

Table I. Availability of Delta-3-Carene in the United States and Canada

A. Mills producing and condensing delta-3-carene containing tur
pentine :

Potlatch Forests, Inc., Lewiston, Idaho 

Hoerner-Waldorf Corporation, Missoula, Montana 

Southwest Forest Industries, Snowflake, Arizona

B. Mills producing but not condensing delta-3-carene containing 
turpentine:

Boise-Cascade Corporation, Wallula, Washington 

Northwestern Pulp and Power, Ltd., Hinton, Alberta

At the present time, the potential production of delta-3- 

carene from the three mills that are producing and condensing turpentine 

containing delta-3-carene is about 1,000 gallons per day (11). ■

The structure of delta-3-carene has been given as shown in 

Figure I (12).

C . Oxidation of Delta-3-Carene

The oxidation of delta-3-carene to produce cyclopropane ring 

containing dicarboxylic acids has been reported in the literature (13,

14, 15,): The names and structures of these acids are shown in Figure 2. 

No references have been made in literature to report experimental, work 

and yield until Jarrett (16) developed a new technique. The following 

reaction system was used:

delta-3-carene feed (99% purity) -- - 41.4g
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potassium permanganate----- '-------- 216.. 6g

acetone -----------------------------  3,600 ml

water bath temperature --------------  14.6°C

temp. range of reaction mixture -----  15-IS0C

reaction time -----------------------  18 hours

A 6.5 mole per cent yield of cis-caronic acid and a 0.55 mole 

per cent yield of trans-caronic acid were reported. It showed that many 

■variables in operating conditions have not.been investigated so we 

attempted to change the conditions to improve the yield.

D . Cis and Trans-Caronjc Acid

Cis-caronic acid is very slightly soluble in cold water but 

it is readily soluble in hot water. It crystallizes from water solutions 

in beautiful brilliant, glistening plates with bevelled edges. It can 

also be extracted out by isopropyl ether or ethyl ether from a very 

strongly acidified water solution.

The melting point of cis-caronic acid was experimentally 

determined to be 184-186°C. It was the same temperature range which was 

identified by Jarrett (16). The melting point reported in literature is 

176-178°C (17). When heated above its melting point, cis-caronic acid 

is rapidly converted into its anhydride (melting at 56°C).

Trans-caronic acid is slightly soluble in cold water, but 

readily soluble in hot water.- It crystallizes out of its hot water solu

tion in prisms which melt at ZlS0C . It is very slightly soluble' in ether,
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benzene, cold water, and almost insoluble in chloroform and light petro

leum ether. It can be extracted out by ethyl ether from an acidified 

water solution (pH=4.0). Trans-caronic acid does not give an anhydride

when digested with acetic anhydride at 120°C, but when heated with acetic 
oanhydride at 220 C it yields the anhydride of cis-caronic acid.

E . Potential Utilization of Cis-Carohic Acid

Since this acid has never been available for new product 

research, it is not surprising that potential industrial uses have not 

been reported. Cis-caronic acid and adipic acid are both dicarboxylic 

acid. It seems to have a potential use in the field of synthetic poly

mers similar to the use of adipic acid in polyamides (e.g ., Nylon).

Figure 3 shows some potential applications of cis-caronic acid in poly

amides .



II. RESEARCH OBJECTIVES

The main objectives of this project were to investigate the pro

cedures which were developed by the former graduate student. Dr. James H. 

Jarrett, Chemical Engineering Department, Montana State University, to 

try to find a better solvent for the purification of the caronic acid, 

and to make some yield improvement of caronic acid from delta-3-carene 

by changing the operating conditions.



III. MATERIALS AND EQUIPMENT

A. Delta-3-Carene

Delta-3-carene feed stock used in this research, was steam 

distilled (to prevent decomposition), in a batch system, from a crude 

turpentine fraction produced at the Hoerner-Waldorf corporation, Mill 

Division, Missoula, Montana. An 8-inch diameter, 52-foot packed column 

containing 45-50 theoretical trays, operated at a 30:1 reflux ratio, was 

used to produce delta-3-carene at 99% (weight percent) purity. Physical 

properties of delta-3-carene are shown in Table IV. The major detectable 

impurity was myrcene. Delta-3-carene reacts with oxygen and a variety 

of auto-oxidation products were also contained in the feed, but no method 

of analysis for these compounds, was found. An analysis of delta-3-carene 

was performed by Huffman Laboratories, Inc., of Wheatridge, Colorado. 

Results were as follows: nitrogen -. less than 0.01%; sulfur - 0.09%;

and water - 0.012%.

B . Acetone Solvent

Acetone used in this research was purchased from Union Carbide 

Corporation, in a 55 gallon barrel of commercial grade. Acetone is a 

suitable solvent for the oxidation reaction. It dissolves potassium 

permanganate (I.8g/100 ml at 16°C) and is miscible with delta-3-carene. 

Only 5% of the total amount of potassium permanganate in the system 

reacts with the acetone.

C . Oxidizing Agent Potassium Permanganate

Potassium permanganate reagent grade used in this research
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was purchased from J. T Baker Chemical Company.

.D . Isopropyl Ether

Commercial grade isopropyl ether used in this research was 

purchased from Union Carbide Corporation. This solvent has the advantage 

that it is less water soluble than ethyl ether. This is a very useful 

property which can be used to separate the organic compounds from inor

ganic compounds by using continuous extraction.

E . Batch Reactor

Figure 4 shows the apparatus for potassium permanganate oxi

dation of delta-3-carene in acetone. The reactor was a 4,000 ml Erlen- 

meyer flask.and a stirrer was used to promote the reaction. The flask 

was kept in a cold water bath.

F . ph Measurement

A Beckman combination electrode pH meter was used for pH 

measurements. The meter was calibrated with a buffer solution having a 

pH value closed to that of the unknown solution. The buffer solutions 

used had pH's of 3.0 and 4.0. The usual reproducibility pH value was 

found to be about $ 0.1 pH units.

G. Analytical Equipment

Esterification Using Diazomethane: Attempts to elute dibasic

acids by gas-chromatograph were not successful. Because of the diffi

culties associated with the elution of these normally solid, high boil

ing compounds, the dibasic acids should, either be reduced to a glycol or 

ester. In this project, the esterification method was used. ' It was
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found that methyl esters could be made for gas-chromatograph analysis by 

the reaction of the organic acids with gaseous dfazomethane. Diazomethane 

(CH2N^) was generated by treating N-methyl-N-nitroso-p-toluenesulfonamide 

(Diazald) with a 60% potassium hydroxide solution in the presence of 

2-(B-ethoxy-ethoxy) ethanol (carbitol) and. anhydrous ether. .The gaseous 

diazomethane was then bubbled into an ether solution of the acid that 

was to be methylated-. The apparatus was set up as shown in Figure 5.

Gas-Chromatograph: All qualitative and quantitative analysis

of the methyl esters done during this project were performed using a 

Wilkins Aerograph "Moduline" Model 202 dual column gas-chromatograph 

equipped with a thermal conductivity detector. A Sargent model SR re

corder was used. The column used was a copper tube inch by 20 feet 

with a 5% carbowax 20M on 80-100 mesh Chromosorb T support. These columns 

were constructed by the experimenter and were replaced at approximately 

six-month intervals, depending upon usage. Column operating conditions 

were 150-180°C, hydrogen carrier gas, and one to five microliters sample 

size. Sample gas-chromatograph of cis and trans-caronic acid can be seen 

on Figure 6. No qualitative analytical work was done during the course 

of this research. All compounds mentioned were previously identified by 

Jarrett (16).

Melting Point Determination: ■ A Fisher-Johns melting point 

apparatus was used to determine the melting point of the crystal's.



IV. EXPERIMENTAL PROCEDURE

A. Oxidation Reaction:

Several runs at the different mole ratios of potassium per

manganate to delta-3-carene have been investigated. The mole ratios of■ 

potassium permanganate to delta-3-carene used were 3.0, 4.0, 4.5, 5.0, 

6.0. The data in Figure 7 revealed that the higher the mole ratio of 

potassium permanganate to delta-3-carene, the higher the delta-3-carene 

conversion. Also, the higher the mole ratio of potassium permanganate 

to delta-3-carene, the higher the yield of cis-caronic acid:. At a mole 

ratio of 6.0 and running the reaction 5 days failed to complete the 

reaction.

 ̂ Setting 4.5 for the mole ratio of potassium permanganate to 

delta-3-carene, two different temperature (6°C and ZO0C) have been 

investigated. It showed no yield improvement but changed only in the 

reaction time. The higher the temperature, the shorter the reaction ■ 

time needed.

B . Water Washing

Most of the oxidation products were found to be adsorbed on 

the manganese dioxide formed during the oxidation reaction (Section I-C). 

A hot water washing method was used to remove oxidation products from 

the manganese dioxide. A study of the recovery of the oxidation products 

by using different pH values of a hot washing solution of potassium 

hydroxide has been performed. Since the organic compounds are very easy 

to burn out, a burning method was used to calculate the recovery 'percen- '
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tage of the oxidation product. The manganese dioxide which had oxidation 

products adsorbed on its surface was placed in a dryer at 176°F where 

the water was evaporated until a constant weight was obtained. The cons

tant weight material was then placed in a crucible and heated for five 

hours by a Bunsen burner. The lost in weight after burning was attri

buted to the organic compounds. Several runs of the pure manganese 

dioxide were also tested by the same procedure as described above. The 

results revealed that no weight lost or gained. It showed that manganese 

dioxide was stable under the above procedure.

The results of the recovery of oxidation products using a hot 

washing solution of potassium hydroxide are shown in Table II.

Table II. The Recovery of Oxidation Products Using a Hot Washing Solution 
of Potassium Hydroxide

pH value of Oxid. Product*/(Oxid. Product-MnOz)** % Recovery 
Washing Soln,. Before Washing(%) After Washing(%)

7 VcVoV 18.05 9.01 . 50.4

9 17.00 7.60 55.0

10 18.05 8.04 55.5

11 18.05 7.70 57.4

12 18.05 9.10 50.0

13 ' 17.00 ' .9.40, 44.7

*: Weight lost after burning

**: Oxidation products-MnOg dried to a constant weight at 176°F 

***: Pure water
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C . Continuous Extraction

A study of adipic acid extraction with isopropyl ether from 

different concentrations of aqueous solutions has been performed. The 

volume ratio of the adipic acid water solution to isopropyl ether was 

one part to one part. It showed a good recovery percentage even when 

the concentration was low (Figure 9). The same study was also performed 

on the water solution of cis-caronic acid. The results are shown in 

Figure 10-. It showed a analogue extraction efficiency by using isopropyl 

ether to extract either cis-caronic acid or adipic acid.

D . Solubility of Cis-Caronic Acid in Different Solvents

Twenty-two different kinds of solvent have been investigated.

The procedure is as follows:

1. 5 ml of solvent were placing in a 25 ml test tube.

2. 50 mg of pure cis-caronic acid were added.

3. If all dissolved, then 5 mg were added.

4. If all dissolved, then repeat step 3 until no more 
dissolves.

The results are shown in Table VI.

I



V. RESULTS AND DISCUSSION

A. Effect of RMnO/Vdelta-S-carene Mole Ratio Change

The overall amount of potassium permanganate used affects 

the product distribution and conversion of delta-3-carene. From the 

literature (13, 14, 15,), the mechanism of the oxidation reaction by 

potassium permanganate appears to be very complicated. The suggested 

mechanism for the formation of acids is represented by the following 

scheme:

H3C OH H3C OH

Cis-Caronic Acid 
Trans-Caronic Acid 
Cis-Homocaronic Acid 
Trans-Homocaronic Acid 
Acetic Acid 
Oxalic Acid

[0]

Carone
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In the presence of potassium permanganate in acetone, carene- 

glycol is produced at 0°C from delta-3-carene (18), hydroxy-acids are 

produced at 40°C from carene-glycol (19), and carone is produced at IOO0C 

from delta-3-carene (14). Consequently, it appears that the correct ratio 

of potassium permanganate to delta-3-carene could be the key point for 

the product distribution and conversion of deIta-S-Garene at a fixed 

temperature. It can be seen from the Figure 8, the correct ratio of 

potassium permanganate to delta-3-carene is 5.0. The percentage yield 

was 9.0 and the reaction time took five hours. After the ratio was 

increased to 6.0, the reaction was not completed in five days. The 

reason was that the large amount of manganese dioxide formed during the 

reaction covers the surface of potassium permanganate and decreases the 

rate of dissolving potassium permanganate in acetone. A suggested 

solution might be to change the shape of the reactor to increase the 

efficiency of mixing.

B . Effect of pH Control

pH control was the main parameter which was developed by 

Jarrett (16). This was the technique for separating an aqueous solution 

of the cis and trans-caronic acid and impurities from the oxidation 

products by ethyl ether extraction. From the study of manual extraction, 

it was found that the more oxidation products could be extracted with 

lower pH values. Laboratory work was shown that the second extraction 

should be more strongly acidified (pH <Q). Before the second extraction, 

10 ml of concentrated hydrochloric acid was added to the first water 

extracted solution to lower the pH value from 3.2 to less than 0.5.
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Two runs were performed but no crystals were formed in the ethyl ether 

extract. The other procedure was to add 40 ml .concentrated hydrochloric 

acid to the first water extracted solution to drop the pH value from 

3.2 to less than zero. Two runs were performed and the yield obatined 

was 5.1% and 4.8%. , ■

C . Effect of Temperature

A study of the effect of temperature for the oxidation 

reaction system (Section I-C).has been discussed in Section IV-A. It 

showed no yield improvement but only changed the reaction time. Also 

the stability of cis-caronic acid in water solution at different pH 

values and temperatures have been investigated. Several .runs were made 

changing the operating temperature for the evaporation of the acetone 

before the second extraction. In one of the runs, a stream of air at 

room temperature was used to evaporate the acetone; in the other runs, 

direct heating was used. The results which were reproducible revealed 

that an operating temperature of 22°C produced 3.15 grams of cis-caronic 

acid, a 7.7% yield. The second operating temperature of 100°C only 

produced 2.10 grams of cis-caronic acid, a 5.1% yield. From the infor

mation mentioned above,' perhaps some of the cyclopropane ring were broken 

by direct heating. ■ In the presence of hydrobromic acid at 100°C for 

example,. cis-caronic acid was converted into terebic acid with disruption 

of the cyclopropane ring (20). This reaction could be analogized to 

explain the low yield percentage due to the direct heating.

D ; Effect of Solvent

1 In this research, a number of solvents have been investigated
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The results are shown in Table VI. Three solvents were chosen for further 

testing. They were ethyl ether, isopropyl ether and water. Cis-caronic 

acid dissolved in all above mentioned solvents at IOO0C but only slightly 

soluble at room temperature. Isopropyl ether was used to perform the 

first extraction work in separating the oxidation product from inorganic 

compounds in the water solution of the oxidation products. The solu

bility of the ethyl ether and isopropyl ether in water and water in ethyl 

ether and isopropyl ether are shown in Table III (following):

Table III. Water Solubility of Isopropyl Ether and Ethyl Ether

Solvent

Solubility

In Water (Wt.%) 

Water In (Wt.%)

Isopropyl Ether (21) Ethyl Ether(22)

1.07 6.90

0.51 1.30

The solubility of water in isopropyl ether is only about one 

third of the solubility of water in ethyl ether. This .behaviour is very 

helpful in the separation of the oxidation products from inorganic com

pounds by extraction. Also since the solubility of isopropyl ether in 

water is only one fifth of the solubility of ethyl ether in water, it is 

possible to get a higher solvent recovery percentage with a lower pro

duction cost. The cost of isopropyl ether and ethyl ether are about 

equal (23) .

Water has been used as a solvent for purification the cis-caronic 

acid. Crystals were collected after the second extraction by evaporating 

out the solvent. These crystals were then dissolved in hot water in a
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ratio of three parts of water to one part of crystals. The solution was 

then put under the hood to cool overnight. The crystals formed in bri

lliant and glistening plates.



CONCLUSIONS

1. The yield percentage can be improved to 9.0% by raising mole 

ratio of potassium permanganate to delta-3-carene to 5.0.

2. If before the second extraction, a stream of air at room tem

perature is used to evaporate out the acetone, 3.15 grams of 

cis-caronic acid, a 7.7% yield, is obtained.

3. A very strongly acidified oxidation product water solution 

(pHCO) should be used for second extraction. Otherwise, no 

cis-caronic acid crystals will be formed.

4. Isopropyl ether was chosen as a solvent in view of the lower 

mutual solubility with water. This behaviour is very helpful 

in separating oxidation products from inorganic compounds by

■ extraction.

5. Water proved to be a good solvent for purification the cis- 

caronic acid by re-crystallization.



VII. RECOMMENDATIONS

I recommend that the research on the production of cyclopropane 

ring-containing dibasic acids from delta-3-carene be continued. The 

specified areas recommended for future research are listed below:

1. Investigate the use of different oxidizing systems such as:

a: Perbenzoic acid and peracetic acid: These peroxy acids are

used to oxidize ring compounds to acids (24).

b. Selenium dioxide: Which was reported in reference (25, 26)

as an oxidant to produce dicarboxylic acids.

c . Potassium permanganate in acidic and basic water solutions: 

The higher solubility of potassium permanganate in this 

medium.

2. Find a gas-chromatograph column for directly detecting the cis-

caronic acid. This will lead to a'more convenient,accurate

technique for analysis of the caronic acids.



VIII. APPENDIX
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Table IV. Physical Properties of Major Terpene Chemicals

Compound Structure Boiling
Poing

Specific
Gravity

Refractive
Index

Alpha-pinene 156°C 0.8620 1.465

Beta-pinene <S 162°C 0.8740 1.487

Delta-3-carene C 170°C 0.8668 1.468

Dipentene 0 178°C 0.8411

I

1.473
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Table Vi". Approximate Percentage of Delta-3-Carene in the Turpentine of 
Various Coniferous Trees of The United States and Canada.

Common Name
Botanical
Name

Major
Locations

% Delta-3-Carene 
in Turpentine Reference

Western
Larch

Larix
Occidental

Mont., Wash., 
Id a. , & B. C . 
in Canada

49% 3

Ponderosa
Pine

Pinus
Ponderosa

Western U.S. 36% 3 .

Whitebark
Pine

Pinus
Albicaulis

Alb.j B«C . 3 
Mont.3 Wyo., 
Nev., & Calf.

35% 4

Lodgepole
Pine

Pinus
Contorta

Western U.S. 
& Canada

21% 3

Engleman
Spruce

Picea En
gle Manii

Rocky Mt. 
Region of U.S. 
and Canada

21% 3

Tamarack Larix 
Larina •

Canada & Great 
Lakes Region 
of U.S.

9% • 3

Sugar Pine Pinus
Lambertiana

Calif. & 
Oregon

7% 3



-23-

Table VI. The Solubility of Cis-Caronic Acid in Different Solvents

Solvent 'B . P. (0C) Room Temp. (22°C) High Temp.*

Methyl Amyl Alcohol 130.0 Insol. Sol.**(40°C)

2-Ethyl Butanol 146.0 Insol. Sol. (40°C)

Diisobutyl Carbitol 178.0 Insol. Sol.(80oC)

Dichlorethyl Ether 179.1 Insol. Insol.

Isopropyl Ether 69.0 Insol. Sol.(69°C)

Butyl Ether 142.0 Insol. Sol. (IOO0C)

Methyl Ethyl Ketone 79.6 Sol. Sol.

Methyl Propyl Ketone 102.0 Sol. Sol.

Methyl Isobutyl Ketone 116.8 Ihsol. Sol.(40°C)

Methyl n-Amyl Ketone 151.0 Insol. ' Sol.(50°C)

Methyl Isoamyl Ketone 144.9 Insol. Sol. (SO0C)

Ethyl Butyl Ketone 150.0 Sol. Sol.

Diisobutyl Ketone 169.4 Sol. Sol.

Mesityl Oxide 129.8 Sol. Sol.

Acetone 56.1 Sol. Sol.

Ethyl Ether 34.5 75mg/5ml 100mg/5ml

Water 100.0 20mg/5ml I2Omg/5ml

Toluene . 110.6 Insol. Insol.

Chloroform 60.5 IOmg,/ 5ml 25mg/5ml

Carbon Tetrachloride 76.7 5mg/5ml 20mg/5ml

Heptane 98.5 Insol. Insol.

Methylene Chloride 39.8 Insol. Insol.

*: Boiling Water Bath Temperature. (100°C)
**: Sol. means greater than 50mg/5ml
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10
9

H CH3

Figure I. The Structure of Delta-3-Carene
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Cis-Homocaronic Acid

Trans-Homocaronic Acid HOOC

COOH

Figure 2. Cyclopropane Ring-Containing Dicarboxylic Acids Derived 
from Del Ca-3-Carene
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A. Reference; Nylon 6.6 (DuPont)

C(CH2)4 C NH(CH2)6NH 

0 0

B. Combinations Using Cis-Caronic Acid and Related Diamine

-C C NH(CH2)6NH 
O

C (CH2)4 C NH

C-NH

Figure 3. Potential Polyamides Using Cis-Caronic Acid
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Stirrer

Reaction flask

Standpipe

To drain

Figure 4. Apparatus for Potassium Permanganate Oxidation of Delta- 
3-Carene in Acetone
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N2 flow 6 ml/min

Test tubes
25X190 mm

Ng Cylinder

Anhydrous
ether

Carbitol and 
anhydrous 

ether
Tube
Two

Diazald

60% KOH solution

Sample Vial 
15 X 45 mm

Figure 5. Apparatus for Esterification of Cyclopropane Ring-Containing 
Dicarboxylic Acids by Using Diazomethane
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Trans-caronic acid

Cis-caronic acid

10.0 11.0

Retention Time (min)

Figure 6. Gas-Chromatograph of Methyl Ester of Trans- and Cis-Caronic 
Acid
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

KMn04/Delta-3-Carene Mole Ratio

Figure 7. The Percentage of Delta-3-Carene Conversions Versus 
KMnO4/BeIta-3-Carene Mole Ratio
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2.5 3.0 3.5 4.0 4.5 5.0 5.5

KMn04/Delta-3-Carene Mole Ratio

Figur 8. The Yield Percentage of Cis-Caronic Acid Versus KMnO^/Delta- 
3-Carene Mole Ratio
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Concentration of Adipic Acid in Water Soln. (Wt.%)

Figure 9. The Percentage of Recovery Adipic Acid by Using Isopropyl 
Ether Continuous Extraction Versus the Concentration of 
Adipic Acid Water Solution
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80 -

Concentration of Cis-Caronic Acid in Water Soln. (Wt .7=,)

Figure 10. The Percentage of Recovery Cis-Caronic Acid by Using 
Isopropyl Ether Continuous Extraction Versus the 
Concentration of Cis-Caronic Acid Water Solution
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