
Oxidative fission of ketopinic acid and related compounds

Item Type text; Thesis-Reproduction (electronic)

Authors Newyear, Edward Grant, 1931-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:09:59

Link to Item http://hdl.handle.net/10150/319529

http://hdl.handle.net/10150/319529


OXIDATIVE FISSION OF KETQPItflQ ACID 
AND RELATED COMPOUNDS

by
Edward G» Newyear

A Thesis Submitted to the Faculty of the
DEPARTMENT OF CHEMISTRY

In Partial Fulfillment of the Requirements 
For the Degree of
MASTER OF SCIENCE

In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9  6 3



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfill
ment of requirements for an advanced degree at the Univer
sity of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library.

Brief quotations from this thesis are allowable 
without special permission, provided that accurate acknowl
edgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript 
in whole or in part may be granted by the head of the major 
department of the Dean of the Graduate College when in his 
judgment the proposed use of the material is in the inter
ests of scholarship. In all other instances, however, 
permission must be obtained from the author.

SIGNED:

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below:

Assistant Professor of Chemistry
Alec E? Kelley Date

essor of finem



acknowledgment

The author wishes to express hip great apprecia
tion to Dr. Alee E. Kelley for his sage advice and counsel 
during the course of this research.

iii



TABLE OF CONTENTS

Page
'ABSTRACT' ... ... . , ... , . . . . . . . .  ..... . . vi
INTRODUCTION . . . . . . . . . . . .  . . . .  . . .-. . . 1
STATEMENT OF THE PROBLEM . ... . . . ; . ..... .• . . . . 7
EXPERIMENTAL . . . . .  . . . . . . . . .. . . . . . . . . 8

Materials and Apparatus . . . . . ,. . ... . . . . . . 8
Syntheses . . . . . . . . . . . . . .. . . .. . . . . 9

dl-Camphor-10-sulfonvl chloride. . . . . . . . .  9
Ketopinic acid . . . . . .  . . . . . . .  . . . . 9
Ketopinamide . , . , . . . . . . . . ; . ... . Id

■ 'Ketopinic acid.,duinone .„ ; „ -. . . . . \ ...: .: . ■. . 12
Ketopinamide (%uihone . . . . . .  . . . . . . 14
Ketopinamide diethyl ketal...........  15
10-Apocamphprduinone^l^carbainide-3-diethyl 
ketal . . . . . . . . . . . .  . . . . . . . . 16

Cyclic ketal of lO-appcamphdf-l-cerbamide . . . 16
Camphoic acid . . . , , . . . . . .  . . . . . . 17
Appcamphpric acid . . . . . . . . . . . . . .  .19
Possible 2,2^d^metliyl-i-carbamiddcyclopentane-
1? 3-dicerboxylie acid  .........  19

Attempted preparation/ of 2 ̂2-dimethyl-1-
carbamidocyclopentane-3?carbokylic acid. . . .  20

Possible 2,2-dimethylpentane-1,3,3,5-
tetracarboxylie acid . . . . . . . . . . . . .  21

iv



Page
Attempted preparation of 1-amino-10-?
apocamphor . . . . . . . . . . . . . . . . . .  21

Attempted preparation of 1-amino-lO-apocamphor-
quinone  .........    22

N-Carbomethoxy-1-amino-IQ-apocamphorquinone . . 22
l-Atnino-10-apocamphoric acid . . . . . . . . . .  23:
d-Camphorquinorie-10-sulfonic acid . . . . . . .  %4
d-Gamphorquinbtie-10-sulfonyl chloride . . . . .  24
Attempted preparation of d-camphorquinone-

10- splfonamide.........  24
Diethyl 3-bro'mo-1,2 ? 2-t rime thy Icyc lopent ane-19 3-dicarboxylate 25
3-Ami no-1,2., 2-prime thy Icyc lopentane- 1,3-
dicar boxy lid acid lactam .  .........  26

Possible preparation of diethyl-3-amino-l,2,2-
trimfthylc^clopentane-1,3-dicarboxylate . . .  27

3-Amino-l,2,2-trimethyloyclopentane-l,3-
dicarboxylic acid . . . . . . . . . . . . . .  28

DISCUSSION...........  29
SUMMARY . . . . . . . . .  . . . .  . . . . . .  . . . . . 53
REFERENCES. ; .........    55

v



ABSTRACT

Some oxidative fission prbducts of a number of 
compounds based on ketopinic acid were prepared and 
characterized using known chemical procedures pf 
synthesis and identification. The: ultimate purpose 
of this x/»ork was the preparation of l-amino-2,2-dimethyl- 
cyclopentane-l,3-dicarboxylic acid, which might possibly 
be of some use as an anti-cancer agent. In an extension 
of this investigation a homolog of this acid, 3-amino- 
camphoric acid, was synthesized. In both cases the final 
yields were very low due to competing reactions.



INTRODUCTION

The purpose of this resparch is to study the oxida
tive fission of kefopinic acid and rplated compounds. A 
compound, 1-aminocyclopentanecarboxylic acid (Ross,et a1.. 
1961), related to the oxidation products has been reported 
to be effective against cancers but it is toxic in nature. 
Thus it was hoped that by means of oxidative fissiop of
ketopinic acid and related compounds that some compounds i

■ : : / could be prepared that have similar structurai and func- f
tional features but with lower toxicity.

Theoretically there are a large number of compounds 
which may be prepared from camphor and camphor derivatives. 
Camphor is a bicyclic carbonyl compound which undergoes 
Wagner-Meerwein rearrangements quite readily in acid solu
tion and at elevated temperatures to form a six membered 
ring or other bicyclic compounds of rearranged structure, 

Elsevier's Encyclopedia (1948) gives an extensive 
survey of. camphor and related compounds. Even though a 
large amount of work has been reported in this aria since 
1890, much of it has not been reproducible. This may in 
part be attributed to the aforementioned Wagner-Heerweiri
type rearrangements in the terpene series.

■ ' . ' ■ ■ ■
1
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Using di-camphor-10-sulfonic acid as the starting 
material, there are several possible reaction sequences to 
form the desired products. Ketopinic acid may be prepared 
by the basic permanganate oxidation of the sulfonyl chloride 
of dl-camphor-10-sulfonic acid (Smiles and Hilditch, 1907);

>

Then ketopinamide could be prepared by the reaction with 
thionyl chloride and ammonium hydroxide:

C-NH
NH/OH

>

C-Cl

>

Oxidation of the amide with selenium dioxide would yield 
the corresponding a-quinone:

C-NH,
Se02

Toiuene>
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Since camphorquinone reacts with hydrogen peroxide quite 
readily to yield camphoric anhydride (Forster and Holmes, 
1908), it was reasoned that ketopinamide quinone would 
react in a similar manner:

H2°2

-NH
H2°2

C

This compound could then be subjected to the Hofmann rear
rangement with hydrolysis of the product to give the desired 
compound:

:o n h

NaOH _ 
TTr̂

h 2o

NH

Another possible method would be to start with keto
pinamide and subject it to the Hofmann rearrangement before
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the oxidation with selenium dioxide. However the carbonyl 
group would first be protected by reacting it with ethyl 
orthoformate:

,CONH
OEt
Et

;o n h
;OEt
OEt>

The amino group would then be protected before the oxida
tion with selenium dioxide:

Ac^O
2 OEt

OEt

N-C-CH N-C-CH

•>

Further oxidation with hydrogen peroxide and hydrolysis 
would yield the desired product:

N-C-CH
H2°2
H.O

NH

A third method would be to subject the amide 
quinone to a modified Hofmann reaction (Wallis and Lane,
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1946) to form a urethan and then a basic hydrogen peroxide 
oxidation and hydrolysis to give the desired amino acid:

N-C-OCH
>

NH

2:>NaOH

CONH

A fourth approach would utilize dl-camphoric acid 
as the starting material. Reaction with thionyl chloride 
to form the diacid chloride and then a modified Hell- 
Volhard-Zelinsky reaction would yield the a-bromo-diester 
of camphoric acid:

COoH
S0C1
“ Brl

2 also
c2h5oh

Br

The Gabriel reaction with potassium phthalimide and subse
quent reaction with hydrazine hydrate would yield the 
desired amino acid:

Br

0 II

zNK
h2nnh2.h2o

NH
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A fifth method using the a-bromo-diester of 
camphoric acid would be the reaction with concentrated 
ammonium hydroxide in a pressure bottle for one week. 
Hydrolysis of the resultant product with potassium 
hydroxide and acidification would give the amino acid:

Br

conc.
NH40H'

KOH
HCV

NR



STATEMENT OF PROBLEM

While camphor is readily oxidised t<? .camphorquinoxie. 
and iti-in turn is oxidized to camphoric acid, the analogous 
processes for ketopinic acid.do not proceed as readily or 
in a completely Tike manner. This latter -process will be 
investigated and identification.of the.products attempted. 
Utilization.of this process for the synthesis of 1-amino--'; 
25,2-dimethylcyelopentane-r 1,3-diearboxylic acid- Will he;

7



EXPERIMENTAL

Material^ and apparatus • * .. .
EAstmah Kodak white label dl-camphor-10°sulfonic 

acid atid Ha theson, Coleman and Bell d-camphor-10-sulfonic 
acid With experimental [g]^ * 43° (c = 0.3761 g per 25
ml of 95% ethanol); lit. [a3p 43.5° in alcohol (Elsevier, 
1948, p. 996) were usually psed without further purification. 
Higher yields of Retppinic acid were obtained if the dl- 
camphor-10-sulfonic acid was recrystallized from glacial 
acetic acid. For infrared solvents, carbon tetrachloride, 
Baker reagent grade, was dried over.phosphorus pentoxide 
for twenty-four hours and then distilled from fresh phos
phorus pentoxide. Chloroform, Mallinckrodt AR grade, was : 
purified by shaking with concentrated sulfuric acid, washed 
with water, dried over calcium chloride and then distilled. 
Potassium bromide, Saker analyzed grade, was used for solid 
infrared pellets; it was finely ground in a mortar and dried 
over phosphorus pentoxide. The infrared studies were done 
on a Perkin-Elifoer Infracord Spectrophotometer with sodium 
chloride cells.

Selenium dioxide was prepared by a modification of 
the procedure outlined in Walton (1948). Fuming nitric

8



acid was added to ground up pellets of selenium metal in 
an evaporating dish at 60° and after the addition the 
ttiixture was evaporated to dryness. This was done three 
times to give white crystalline needles of selenium dioxide.

Syntheses

dl-Camphor-10-sulfonvl chloride
In 160 ml of thldnyl chloride (0.82 mole) was dis

solved 50 g of dl-camphor-10-sulfonic acid (0.20 mole); the 
mixture was refluxed for thirty minutes, after which time 
it was subjected to reduced pressure distillation to remove 
the excess thionyl chloride. The resulting brownish solu
tion was cooled in an ice bath and a few pieces of ice were 
added to react with the remaining thionyl chloride. After 
solidification, the yellow product was washed with cold 
water and filtered to give an 85% yield of a yellow-white 
precipitate, which had a melting point pf 83°; lit. 85° 
(Elsevier, 1948, p. 1004). ~

For the corresponding d-compound, there wa? obtained 
an 84% yield of product, m.p. 65-66°; 4- 31° (c = 0.3658
g per 25 ml of chlorofortti);c lit, m.p. 67-68°; [a]^ + 31° in 
chloroform (Elseviet, 1948, p. 1000)^

Ketopinic acid (10-Apocamphor-1-carboxylie acid)
The resulting sulfonyl chloride produced above was 

slowly added to a solution, previously heated to 60°, of
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• -45 g of sodium permanganate and 45 g of sodium cirbonate in 
700 ml of distilled water. After the addition 6f the sul- 
fonyl chloride the temperature rose spontaneously and was 
maintained at 85° for one and a half hours witk continuous 
stirring on a hot plate. The excess sodium permanganate 
was then destroyed with Aodium bisulfite and the hot solu
tion was filtered to remove the manganese dioxide formed.
The hot filtrate was acidified with concentrated hydrochloric 
acid and cooled to 0° in a salt-ice bath to crystalline the 
ketopinic acid as Idttg white needles. The cold solution was 
filtered to removS the ketopinic acid and the filtrate was 
extracted with ethyl ether to recover impure ketopinic acid. 
The product was recrystallized from distilledwater to give a 
30% yield of product, m.p. 232-233*; lit. mvp.. 234<?; oxime 
m.p. 215° (dec); lit. m.p. 216° (Elsevier, 1948, p, 960).

The same procedure was followed fdr the d-compound 
except that the oxidation temperature was maintained at 
70-75° in an attempt to improve the yield. A 25% yield of 
product was obtained, m.p. 233°; [ci]̂  + 30.2° (c = 0.4112 g
per 25 ml of 95% ethanol); lit. m.p. 234°; [ot]^ + 31.2° in 
alcohol (Elsevier, 1948, p. 960); oxime m.p. 210° (d6c).

Ketopinamide (10-Apocamphor-1-carbamide)
To 5 g of ketopinic acid (0.027 mole) was added 35 

ml of thionyl chloride (0.49 mole) and the solution was
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refluxed for one hour„ The excess thiohyl chloride was 
driven off by heating the reaction mixture on a hot plate 
for fifteen minutes. The resulting mixture was cooled to 
room temperature and slowly added to excess cold ammonium 
hydroxide in a salt-ice bath with continuous stirring.
The resulting white precipitate was filtered off and the 
ammonium hydroxide layer extracted with ethyl ether from 
which imptife Icetopinamide was obtained by evaporation of 
the ethet, The product was recrystallized from either 
dilute ethanol or water to give a 50% yield of a white 
Qfystalline compound melting at 192-194°.

: Ketopihamide was purified by the procedure of
Van Tamelen and Brenner (1957) in which the crude keto^ 
pinamide was treated with hot ethyl acetate and the 
inorganic material removed by filtration. The filtrate 
was evaporated to drynesss dissolved in benzene, filtered, 
and evaporated to dryness again. Trituration with petroleum 
ether yielded a White crystalline compound, m.p. 192-193°.

The d-dthide was prepared by the above procedure 
in 45% yield, m.p. 190-191°; [d]^605 -i- 76.8° (c = 0.3134 g 
per 25 ml 95% ethanol solution); lit. m.p. 192° (Elsevier, 
1948, p. 961). For the intermediate acid chloride: m.p. 
106-108°; + 35° (c = 0^3016 g per 25 ml of chloro
form solution); lit. m.p. 109° (Elsevier, 1948, p. 961).
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10-Apocamphorquinone-lfcasrboxylic acid (^etopinic acid 
quinone)

Several methods for oxidation of ketopinie acid 
to its quinone wera investigated. In the firsts 5 g of 
ketopinie acid (0=028 mold) was refluxed with 9 g of 
selenium dioxide (0,08 mdle) in 35 ml of toUuene for 
forty houra. The hot solution was filtered to remove 
the gray metallic selehldm, washed with hot toluene9 and 
cooled to room temperature. Lead acetate was added to 
remove the excess selenium dioxide„ the solution was 
filtered and the volatile portion removed under reduced 
,pressure = When only a few milliliters of solution ' 
remained«, the solution was allowed to evaporate in the 
hood to give a golden yellow product« The yield before 
recrystallization wad 8Q%» Recrystallization'fromi a small - . 
amount of water gave a light yellow product melting at 
238-239°; lit. m=b= 239.5-241=5° (Allen, 1959). However 
after recrystallization the overall yield dropped to 45%.

In the Second method, 5 g of ketopinie acid (0.028 
mole) was refluxed with 9 g of selenium dioxide (0.08 mole) 
in 50 ml of glacial acetic acid, 5 ml of Water and 0.5 g 
of sodium acetate for forty-five hours = The hot green- 
yellow solution was filtered to remove the gray metallic 
selenium metal. The filtrate was added to an equal volume 
of water to dissolve the unreacted selenium dioxide. The



13

rfesitlting solution was ext tact ed three times with ethyl 
ether. Then the combined ether extracts were washed with 
water twice and dried over sodium sulfate. The ether was 
distilled off and the residue recrystallized first from 
carbon tetrachloride and then the smallest amount of water 
possible. The light yellow product had a melting point of 
236-237°s and the overall yield was 65%,

When this method'..was used with 5 g of d-ketopinic 
acid (0.028 mole), a 50% overall yield of J_-10-apocamphdr- 
quinone-l-carboxylic acid was obtained, m.p. 233-234°;

-11.2° (c = 0.5416 g per 25 ml 95% ethanol solu
tion), lit. m.p. 236°; Cdlp -25,7° ( c =  0.5110 g in 25 ml 
eth&hol solution) (Allen, 1959). A sample of the original 
material from which the literature valued were taken was 
utilized in a new,measurement Of the optical rotation and 
a new value was fbund, °̂  -11=8° (c = 1.1036 g per
100 ml of 95% ethanol solution). It is possible that the 
optical^rotation of the original material had changed 
upon storage or that the initial report was in error.

Another method for the preparation of lOf-apocamphor- 
quinone-1-carboxylic acid was found. To 5 g of ketopinic 
acid (0.028 mole) was added 8 ml of concentrated nitric 
acid and 5 ml of water. The resultant mixture was refluxed 
for five hours and then allowed to stand overnight after 
which the solution was extracted with ethyl ether to give
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a yellow crystalline product. Recrystallization from a 
small amount of water gave a yellow product melting at 
225-231° in 25% yield, Ttte infrared spectra of this 
compound and the one fro fin the selenium dioxide oxidation 
were identical and a miked melting point showed a two 
degree depression,

10-Apocamphorquinone-1-carbamide (Ketopinamide quinone)
A mixture of 10 g of ketopinamide (0,056 mole) and 

16 g of selenium dioxide (0,14 mole) was refluxed in 60 ml 
of toluene for sixty hours. The solution was filtered 
while hot to remove the gray selenium metal and the pre
cipitate was washed with hot toluene. The filtrates were 
combined and the excess selenium dioxide was destroyed by 
lead acetate9 the solution was acidified with concentrated 
hydrochloric acid and the lead chloride filtered off. The 
filtrate was then evaporated and the residue"was dried on
a suction filter. Since it was not possible to remove all
' . ■■■ ' . ' / . . the toluene in this manner, the product was first recrystal
lized from a small amount of carbon tetrachloride and then 
from water to give a light yellow product melting at 201-202° 
in 42% yield,

A second method of preparation utilized 10-apocamphor 
quinone-1-carboxylie acid. To 10 ml of dry benzene was added 
3 g of the acid, 4 g of gucalyl chloride and the mixture was
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refluxed for two hours. Subsequently the excess, oxalyl 
chloride and benzene were distilled off at atmospheric 
pressure and the acid chloride cooled in a salt-ice bath. 
This cold solution was then added to a cold ammonium 
hydroxide solution with stirring and the resultant solu-, 
tion extracted with ethyl ether. Evaporation of the ether 
layer gave a product melting at 203-205° in 20% yield. A 
mixed melting point with the compound prepared by the 
selenium dioxide oxidation in toluene gave a three degree 
depression. The infrared spectrum showed the presence of 
an amide group and a sodium fusion showed the presence of 
nitrogen/. >

The preparation of the corresponding d-compound 
proceeded as above to give a light yellow compound melting 
at 196°; EoJp5"5 + 85.0° (c = 0.3821 g per 25 ml of 95%. 
ethanol); lit . m.p. 198°; [ct]D > 87.1° (Allen, 1959)^

Purification of 10-apdcamphorquinone-1-carboxylic 
acid and 10-apocamphorquinone-1-carbamide was attempted 
by sublimation but poor yields were realized in both cases 
and the melting points were not changed significantly.

Ketopinamide diethyl ketal
In a round bottom flask were placed 2 g of keto

pinamide (0.011 mole), 30 ml of absolute ethanol, 3 ml of 
ethyl orthoformate (0.02 mole), 2 ml of concentrated 
sulfuric acid, and 0.75 g of ammonium chloride. The
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resultant mixture was refluxed one week, the acid neutralised 
with sodium ethoxide arid the volatile portion of the solution 
was fractionated off. A small amount«, approximately 0.5 ml, 
of a brown liquid was isolated which had a boiling point of 
120-124°/15 mm. Upon exposure to the air, the liquid became 
lighter in dolor and evaporation of this liquid gave back 
impure starting materials.

10-Apocamphorquinone-1-carbamide-3,-diethyl ketal
The literature indicates that the 3-diethyl ketal 

of camphorquinone has been prepAted (Elsevier, 1948s p. 890). 
10-Apocamphorquinone-1-carbamide was then subjected to a 
similar reaction. In 30 ml Of absolute ethanol was placed 
2 g of ttjq amide-quinone (0.01 mole) and 3 ml of ethyl ortho- 
formate (0.02 mole) was added. A trace amount of sulfuric 
acid was added and the mixture was refluxed for fifty days 
with periodic illumination from a tungsten filament lamp.
The resultant mixture was fractionated to yield a fe# drops 
of a light yellow liquid, boiling point 135-1390/15 mm. 
Exposure to the air regenerated impure starting materials.

Cyclic ketal of 10-apocajnphor-l-carbamide
Salmi (1938) has indicated that camphor forms A 

cyclic ketal under the proper conditions. Ketopinamide 
was found to react in a similar manner. In 100 ml of dry 
benzene were dissolved 12 g of ketopinamide (0,066 mole),
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6 g of ethylene glycol (0,096 mole) s and 0.2 g of p-toluener- 
'sulfonic acid. The resultant mixture was placed in an 
.esterification apparatus and refluxed for one week. Peri
odically the bepSene-water aaeotrope was removed and fresh 
dry benzene added to the reaction mixture<i After one week 
the benzene and excess ethylene glycol was distilled off 
to yield a brown oil> Upon standing for two hours a browfi- 
white precipitate began to appear below the brown oil.
After standing Overnight^ the crystals were filtered off 
and washed with water to remove the .unreacted ketopinamlde. 
The mixture was filtered to give a 26% yield of yellow-brown 
crystals which melted at 123-125°.

Camphoic Acid
To 4 g of ketopinic acid (0.02 mole) was added 100 

ml of 5% sodium hydroxide solution. The resulting solution 
was warmed on a hot plate until the temper&thref reached 50°, 
when 8 g of potassium permanganate was slowly added with 
stirring. The resultant brownish solution was heated for 
ten minutes at 80° and the excess permanganate destroyed 
with sodium bisulfite. The hot solution was filtered to 
remove the manganese dioxide formed and acidified with 
hydrochloric acid. The solution was cooled to 0° in a 
salt-ice bath but no precipitate appeared. The solution
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was extracted with' ethyl ether and evaporated to give a 
white crystalline product which was recrystallized from 
carbon tetrachloride in 15% yield; m*p, 192° with evolu
tion of a ga'i; lit. m„p, 200° (Heilbron, 1953, p. 413).

To 4 g of ketopinic acid (0^022 mole) was added 
10 ml of fuming nitric acid and the solution refluxed 
overnight. The next morning a yellow-white crystalline 
material appeared to settle out and 5 ml of water and 5 ml 
of fuming nitric acid was added to the mixture. After 
refluxing two more dayss the solution was cooled in a 
salt-ice bath but no precipitation occurred. The mixture 
was then extracted with ethyl ether and the ether layer 
evaporated to yield white crystals. Recrystallization 
from carbon tetrachloride and drying in a desiccator 
gave a compound melting at 195-196° with the evolution, 
of gas.

The third method is the basic oxidation of the 
acid or amide quinones prepared previously. To 1 g of
10- apfdc amphor quimne -1 - car boxy lie acid (0.005 mole) or

‘ / . ■ . -

lO-Sylocamphorquinone-1-carbamide waS added 20 ml of a 5% 
sodium hydroxide solution and 2.5 ml of 30% hydrogen 
peroxide solution. The resultant yellow solution was 
allowed to stand at room temperature for six hours with 
occasional stirring during which time it gradually began
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to lose the yellow color6 After six hours another 26 5 
ml portion of 30% hydrogen peroxide was added, and a third 
2.5 ml portion after twelve additional hours. By this 
time the solution was almost colorless. After a total 
of forty-eight hours the mixture was filtered to give a 
colorless solution which was acidified with concentrated 
hydrochloric acid. Extraction with ethyl ether and subse
quent evaporation of the solvent gave white crystals melt
ing at 190-192° with the evolution of gas. The infrared 
spectra of the three compounds produced above were compared 
and found to be identical.

Apocamphoric acid
CamphoiC acid, 1 g or 0.004 mole, was heated to 

210°, and after the evolution of gas had ceased, was cooled 
to room temperature. The white crystals obtained in 35% 
yield melted at 160-168°; lit. m.p. 163-170° t(Heilbron?
1953, p. 200).

Possible 2,2-dimethyl-1-carbamidocyclopentane-1,3-dicarbOxylic 
acid

To 10 g of ketopinamide (0.055 mole) and 8 g of 
acetic anhydride (0.078 mole) was added one drop of acetyl 
chloride. The resulting solution was refluxed for thirty 
minutes, the volatile portion removed under reduced pressure, 
and the residue extracted with ethyl ether, Gaseous dry



hydrogen chloride was bubbled through the ether solution 
to precipitate out the unused amide. Subsequent evaporation 
of the ether layer yielded ye1low-brown crystals melting at 
80-84° in 52% yield. A noted shift was observed in the 
amide I and amide II bands in the infrared spectra between 
the ketopinamide and the imide.

To 5 g of the imide was added 25 ml of 5% sulfuric 
acid and the solution heated on a hot plate to 40°. Then 
8 g of potassium permanganate (0.05 mole) was added slowly 
with stirring, and after the addition the temperature was 
raised to 75° for a few minutes. Filtration of the hot 
mixture gave a colorless filtrate and a brown precipitate 
of manganese dioxide. The filtrate was cooled to 0° in a 
salt-ice bath but no precipitate appeared. Extraction with 
ethyl ether and subsequent evaporation give a wfiite crystal
line compound melting at 145° in 25% yield.

Attempted preparation of 2s2-dimethyl* 1-carbamidocyclopentarie 
3-carboxylic acid

Heating of 1 g of 2,2-dimethyl-l-carbamidocyclo-: 
pentane-1s3-dicarboxylie acid (0.004 mole) to 175° gave no

• • t

apparent decarboxylation but only charring of the starting 
material^



Possible 2$2-dimethyIpebtane-1,3,3-5~tetracarboxylie acid 
To 6 g of ketopinic acid (0,033 mole) was added 

12 ml of fyming nitric acid and the resultant solution 
was refluxed for ten and one-half days. The resulting 
mixture was cooled to room temperature and the camphoic 
acid was filtered off, approximately 1,5 g. The filtrate 
was allowed to stand at room temperature for two days and 
then diluted witt> water. The solution was placed on a hot 
plate and heated to boiling with mechanical stirring and 
barium.hydroxide was added to precipitate out the barium 
salt Of the organic acid. The yellow-white precipitate 
was filtered off and washed with dilute hydrochloric acid. 
Three times the residue was dissolved in concentrated 
hydrochloric acid and heated to boiling before dilute 
sulfuric acid was added to precipitate out the barium as 
barium sulfate. The yellowish filtrate was evaporated 
under reduced pressure until only a few milliliters of a 
yellow solution remained. This was allowed to stand at - 
room temperature overnight and approximately 0,2 g of a 
white crystalline material was filtered off; it had a 
melting pdint of 157-162°,

Attempted preparation of 1-amino-10-apocamphor
A solution of sodium hypobromite was prepared at 

0° in a salt-ice bath by adding 0,6 ml Of bromine to a 
solution of 2,5 g of sodium hydroxide pellets in 15 ml of
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water and 5 ml of dioxan. To this cold solution was addM
1.81 g of ketopinamide (0.01 mole) with stirring until 
everything was in solution. The solution was then heated 
to 50° for twenty minutes, cooled to room temperature and 
extracted with ethyl ether. Analysis of the product 
indicated that only impure starting material was present.

Attempted preparation of 1-amino-10-apdcamphorquinone
The same procedure was used with lO-apocamphor- 

quindiie- 1-carbamide except that the solution was allowed 
to and at room temperature over night rather than heating
it. Analysis of the product indicated only impure starting
materials.

Nr Carbomethoxy- 1-amino- 10-i apocamphorquinone
To 0.5 g; of metallic sodium was added 100 ml of

absolute methanol at 0° with stirring. After the reaction
had ceased 2 g of 10-apocamphorquinone-1-carbamide (0.01 
mole) was ddded with stirring at 09, then 0.75 ml of bromine 
was added with vigorous stirring and the mixture allowed to 
warm to room temperature. The solution was then heated On 
a water bath for forty minutes at 50° and the methanol was 
distilled off under reduced pressure to give some orange-red 
crystals. The residue was dissolved in water and extracted 
with ligroin to remove the starting materials. The water 
layer was evaporated to dryness and absolute methanol added
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to remove the dfgarjic material present„ After filtration 
to remove the inorganic salt, the filtrate was evaporated 
to yield orange-white crystals of no definite melting point 
in 40% yield.

1-Amino-10-apocamphpric acid
To 1 g of N-tcarbomethoxy- 1-amino- 10-apocamphorquinone 

(0.004 mole) was added 21 ml of 5% sodium hydroxide solution 
and 2.5 ml of 30% hydrogen peroxide. During the addition the 
solution was stirred mechanically and the resultant yellow 
solution.was allowed to stand at room temperature for six 
hours. After this time a second 2.5 ml portion of 30% 
hydrogen peroxide was added with stirring, and a third 
similar- portion after twelve additional hours. After a 
total of forty-eight hours the reaction was stopped and 
the mixture cooled in a salt-ice bath to 0°. No precipitate 
appeared and the solution was acidified with concentrated 
hydrochloric acid and again cooled in the salt-ice bath.
No precipitate appeared so the water solution was extracted 
with ether. No organic material was found in the ether layer, 
so the water layer was evaporated to yield yellow-white 
crystals. These were dissolved in absolute ethanol and 
filtered to removed the inorganic salts. Evaporation of 
the ethanol gave opange-white crystals melping at 175-180° 
in 6% yield.
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d-Camphor^Uinone-10-sulfonic acid
A mixture of 20 g of d-camphpr-r 10-sulfonic acid 

(0.15 mole) and 20 g of selenium dioxide (0,18 mole) was 
added to 100 ml of glacial acetic apid and 0.2 g of sodium 
acetate. The reaction mixture was filtered to remove the 
gray metallic selenium, then cooled to room temperature; 
lead acetate was added to precipitate the remaining selenium 
dioxide. The solution was filtered, the filtrate acidified 
with hydrochloric acid, and the lead chloride filtered off. 
The final filtrate was then evaporated to give a light 
yellow crystalline product that recrystallized from carbon 
tetrachloride in - 45%-yield* m.p. 210-212°; t 54.$°
(p = 0.3651 g per 25 ml of 95% ethanol); oxime m.p. 260°.

d^Camphorquinone-lO-sulfdnyl chloride
To 2 g of d-camphorquinone-10r-sulfonic acid (0.009 

mole) was added 10 ml of thionyl chloride (0.050 mole) irl 
25 ml pf dry benzene. The resultant solution was refluxed 
for two hours and the excess thionyl chloride and benzene 
was evaporated off on a hot plate to yield a reddish product 
in 5% yield. m.p. 80-81°; [alp6*1 -}. 40,7? ,(c = 0.4179 g 
per 25 ml chloroform solution.).

Attempted preparat ion of d- camphorquinone-10-sulfonamide
To 0.5 g of d-cimphorquinone-10-sulfonyl chloride 

(0.001 mole) was added 200 ml of cold concentrated ammonium



25

hydroxide iti a salt-ice bath with mechanical stirring, Ho 
precipitate appeared and subsequent extraction with ethyl 
ether yielded a trace amount of a brown compound ’which,: , . - i -
melted at 192° with decomposition.

Diethyl 3-bromo-lj^,2-trimethylcyclopentane-l,3-dicar- 
boxy late

To 20 g of camphoric acid (0.10 mole) was added 
20 ml of thionyl chloride (0.10 mole) and the solution 
was refluxed overnight. Then 17.6 g of bromine (0.11 
mole) was slowly added over a period of six hours while 
the mixture was at a gentle reflux. The reaction mixture 
was then cooled to room temperature and allowed to stand 
overnight. The reddish-brown semi-solid was cautiously 
added to 75 ml of absolute ethanol and the resulting solu
tion was kept at room temperature for two and one-half hours. 
The brownish solution was then added td an equil amount of 
water and extracted twice with ethyl ether. The ether layer

/ jwas washed with water, sodium bicarbonate sdlution, and 
finally water before it was dried Over sodium sulfate. The 
ether was then evaporated to give a yellow semi-solid which 
upon standing overnight separated into a. white fluffy com
pound and a yellow liquid. The yellow liquid was identified 
as the diethyl e^ter of camphoric acid by its infrared 
spectrum and a boiling point of 266-272°; lit. b.p. 268-272°
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(Heilbson, T953., p* 416). The solid white compound gave a 
positive test for bromine as well as a characteristic 
ester infrared spectrum; it was obtained in 21% yield 
with m.p0 211° (dec),

3-Amino-1,2,2-trimethylcyclopentane-1,3-»dicarboxylie acid 
lactam

To 2.5 g of potassium phthalimide (0.013 mole) was 
added a solution of 3.2 g of the a-bromo diester (0.009 
mole) in 20 ml of dimethylformamide. The mixture was heated 
to 90° for forty-five minutes with mechanical stirring atid 
then cooled to room temperature. Chloroform, 30 ml, was 
added, and the mixture was poured into 100 ml of water; 
the aqueous phase was separated and extracted with two 
more 10 ml portions of chloroform. The combined chloroform 
extracts were washed with 25 ml of 0.2 N sodium hydroxide '' 
and dried over sodium sulfate. The chloroform was evaporated 
off to give about 0.5 g of a brown solid.

The above product was dissolved in 20 ml of absolute 
methanol and 1 ml of 85% hydrazine hydrate solution and 
heated under reflux for one hour. After cooling to room 
temperature, 10 ml of water was added and the methanol 
removed under reduced pressure. Then 8 ml of concentrated 
hydrochloric acid was added to the residual aqueous suspen
sion and the mixture was refluxed for one hour. After



cooling to 0° in a salt-ice bath, crystalline phthalyl 
hydrazide was removed by filtration.

The filtrate was conpentrated under reduced pressure 
to remove most of the hydrochloric acid and the residue was 
dissolved in 20 ml of water. The mixture was filtered and 
the clear filtrate was neutralized with 2 N sodium hydroxide. 
Extraction with ethyl ether and evaporation yielded a small 
amount of a brown liquid. An infrared spectrum indicated 
the possibility of a lactam formation. A sodium fusion 
indicated the presence of nitrogen.

Possible preparation of diethyl 3-amino-1,2,2-trimethy1- 
cyclopentane-1,3-dicarboxylate

To 5 g of the q-bromo diester (0 = 015 mole) in a 
pressure bottled was added 350 ml of concentrated ammonium * 
hydroxide and the mixture was allowed to stand for one week 
with intermittent shaking and illumination from a 150 watt 
bulb. After this time, a yellow-brown fluffy precipitate 
was observed and filtered off. A small amount of additional 
material was obtained by extraction with ethyl ether of £he 
ammonium hydroxide layer. Many compounds could be formu
lated that fit the infrared spectrum of this product, which 
did not have a definite meeting point.
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3-Amino-1 s 2,2-trimethylcyclopentane-l s 3-dicarboxylie acid
To 0.5 g of the above product was added 40 ml of 5% 

sodium hydroxide solution. The mixture was heated for about 
thirty minutes, cooled to room temperature, and then acidi
fied with concentrated hydrochloric acid to give a yellow 
solution. The solution was extracted with ethyl ether and 
no organic material was recovered. Evaporation of the water 
layer gave a mixture of white crystals and a yellow-white 
crystalline compound. The mixture was extracted with abso
lute ethanol and the inorganic salts filtered off. The 
ethanol was evaporated to give yellow-white crystals in 
5% yield. A positive ninhydrin test for a-amino acids and 
a positive sodium fusion test for nitrogen were obtained, 
m.p. 215°.



DISCUSSION

Ihe correlation of the observed infrared spectra 
and that of possible model compounds was made from the 
data in Bellamy (1954), RaWall (1949) > and Weisberger 
(1956).

The reaction of d^-camphor-10-sulfonic acid with 
thionyl chloride to give dl-camphor-10-sulfonyl chloride 
proceeds in a high yield if a four to one ratio of thionyl
chloride to sulfonic acid is used (Smiles and Hildit;bh,< ' ' ■
1907)o After the distillation of the excess thidnyl 
chloride, the resultant yellow liquid is cooled to room 
temperature and added to crushed ice tp precipitate Jut 
the reasonablypure sulfonyl chloride.

The preparation of kpto^inic acid as descibed by 
both Bartlett (1939) and Allen (1959) was attempted but it 
was impossible to duplicate their experimental results, 
Only 1% yields were found, compared to the claimed ones 
of better than 40%* A modification of both procedures 
was worked out that gave a 30% yield.

The dl-camohbr-10-sulfonyl chloride was slowly 
added to a sodium permanganate-sOdium carbonate solution ■I
which had been previously heated to 60°. The resultant 
mixture was heated at 85° for one and a half hours after

29
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Which the excess permanganate was destroyed with sodium 
bisulfite. Filtration #nd acidification before cooling 
insured the formation of a whits crystalline product of v / 
ketopinic acid.

In the Bartlett procedure (1939) potassium per
manganate was used in place of the sodium permanganate.
However in this work the potassium permanganate was not 
as effective as sodium permanganate, giving yields of 
20-25% under similar conditions.

The Bartlett procedure (1939) for preparing kefp- 
pinamide (the acid chloride dissolved in ether arid gaseous 
ammonia bubbled through the solution)» was tried but gave 
popr results. However if the acid chloride was prepared 
using thionyl chloride, cooled to room temperature* and 
Subiiquently added tdi a cold concentrated ammoniurd hydroxide 
solution with stirring in a salt-ice bath, a white crystalline 
product was filtered off in 50% yield. Recrystallization from 
dilute ethanol or watir gave a reasonably pure product.
Further purification of ketopinamide can be obtained by 
the procedure of Van Tamelen and Brenner (1957).

Camphor may be Oxidized to camphorquinone with 
selenium dioxide in greater than 75% yields in a large 
number of solvents (Rabjohn, 1949). Various solvents were 
tried with ketopinic acid and ketopinamide but none gave as 
high overall yields. Toluene proved to be the best solvent,
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giving an 80% yield before recrystallisations but an isola
tion problem arose. It was very difficult to remove all 
the excess toluene, which interfered with the usual 
recrystallisation procedures. The use of acetic anhydride 
or glacial acetic acid and sodium adetate gave lower yields, 
approximately 65%, but the isolation of the acid qdinone 
was much easier.

It was found that approximately 50% nitric acid 
oxidises ketopinic acid to the corresponding acid quitione 
in 25% yield. The infrared spectrum of this compound waS 
identical with that produced with selenitim-. dioxide and a 
mixed melting point showed a two degree depression.

The amide I and amide II bands were assigned on the
basis of the infrared spectrum of ketopinamide; amide I,

-  1 1 1735 cm” , and amide II, 1575 cm . The difference in the
spectra of ketopinic acid and ketopinic acid quinone was
used as the basis to assign the 1750 cm” band to the
q-quinone structure.

The infrared, spectrum of ketopinamide quinone shqwed
- 1prominent peaks at 3300 and 3160 cm” for the asymmetrical '

« I ■ 'and symmetrical N-H stretching vibration; 2850 cm" for the 
methylene or methyl groups; 1725 and 1580 cm” for the amide
I and amide II bands; and at 1390 and 1375 cm"^ for the

1gem-dimethyl groups. The band at 1745 cm was assigned 
to the a^quinone structure. Camphorquinone, ketopinic acid
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quinone and ketopinamide quinpne all gave a positive peri
odic acid oxidation result indicative of the a-quinone 
structure.

The reaction of ketopinic acid quinone with thiorî l 
chloride did not give the expected acid chloride, as appar
ently the thionyl chloride reacts with the q-quinone struc
ture in some way. Using oxalyl chloride (Adams and Ulich, 
1920) in place of thionyl chioride gave the acid chloride, 
and subsequent addition of it to cold concentrated ammonium 
hydroxide with mechanical stirring gave ketopinamide quihone 
in 20% yield. The infrared spectrum was identical with that 
of the ketopinamide quinone produced by the selenium dioxide 
oxidation, and a mixed melting point showed no noticeable 
depression.

In order to protect the keto group of ketopinamide 
from interfering in the subsequent Hofmann reaction, it was 
decided to protect it in the manner of Arbuzov (1929). * ’
Arbuzov had prepared the diethyl ketal of camphor by 
reacting camphor with ethyl orthoformate under reflux.
The analogous reaction using ketopinamide gave poor results. 
Various catalysts, such as ferric chloride, ammonium chloride, 
hydrochloric acid, and sulfuric acid, were tried, as well-"'as 
varying the reaction conditions. The only positive results 
were obtained by using a sulfuric acid-ammonium chloride 
catalyst and by refluxing the solution for one week. Even
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then only a trace amount of a material thought to be the 
diethyl ketal of ketopinamide wjklk- isolated. Upon exposure 
to air and ihoisture even this Material decomposed to yield 
impure ketopinamide, as detemitted by melting point and 
infrared dpectfum. The analogous compound Of camphor 
similarly hydrolyzes very readily.

Elsevier’s Encyclopedia (1948, f>. 890) indicates 
that the diethyl ketal of camphorquio^ne may be prepared 
by refluxing ethyl orthoformate and camphorquinone with a 
trace of sulfuric acid for forty-three days in the daylight. 
The analogous reaction using ketopinamide quinone was allowed 
to run fot fifty days under reflux, after which time the 
mixture was fractionated to remove the volatile components. 
Distillation under reduced pressure gave a few drops of a 
pleasant smelling liquid that was light yellow in color, 
tî on exposure to aii% v the liquid turned a lighter' yellow;
Subsequent evaporation yielded impure starting .Material. •

. • ■ .■ . ■ /  .Since the diethyl ketal protection offthe keto
group of ketopinamide did not work satisfactorilys ?it .waS 
decided to use the method developed by Serini (1938) and 
Salmi (1938) with ethylene glycol. The reaction was run 
in a continuous esterification apparatus and periodically 
the ’’wet” solvent azeotrope was removed and fresh dry solvent 
added. The reaction was allowed to run for a week, after 
which time the solvent, benzene, was distilled off to leave
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a brown oil. After standing a few hours, a yellow-brown 
crystalline material settled out. The infrared spectrum 
had prominent peaks' at 3380 and 3100 cm” for the asymmetric 
and symmetric N-H vibrations; 2900 cm”  ̂for the methylene 
and/or methyl groups; a very slight peak at 1740 cm 
where normally a very strong carbortyl peak exists; 1685 
and 1575 cm”  ̂for the amidei X and amide It bands; 1390 
and 1375 cm for the gem-dimethyl groups; and bands at 
1170, 1140, 1080% and 1040 cm”  ̂which are indicative of a 
ketal grouping.

The early literature notes that ketopinic acid may 
be oxidized with potassium permanganate or nitric acid 
(Gillis and Renwick, 1897; Bredt and May, 1910)* Attempts 
to duplicate these results with suitable modifications 
gave the expected product, camphoic acid. The other method 
of preparation was the basic hydrogen peroxide oxidation of 
either ketopinic acid guinone or ketopinamide quihone. ■

A mixed melting point determination between the 
products of the nitric acid oxidation and the permanganate 
oxidation showed a three degree depression. Neutralization 
equivalent and molecular weight determination by the Rast 
method (Cheronis and Entrikin, 1958, p. 145) on the product 
formed in the nitric acid oxidation compare favorably with 
the theoretical values - neutralization equivalent 82 .6, 
theoretical for the tricarboxylic acid 77, for the
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dicarboxylic acid 116; molecular weight determination using
eamphene 255.8, theoretical 230.

The infrared spectra of the three Wiite products
obtained by the three different oxidation procedures showed

>1a broad peak at 3500-3100 cm" indicative of a carboxylic
. _ iacid grouping; 2890 cm of a methylene grouping; a broad

' — 1  ̂ ■ . peak at 2600-2500 cm" indicative of a carboxylic acid
_ i •grouping; 169|i^nd 1670 cm ; the carbonyl grouping vibration

_1adjacent to different substituents; 1390 and 1375 cm" , the
" -1gem-dimethyl groups; 1300 and 1200 cm , dimer bands of

-1carboxylic acids; and a broad band at 950-900 cm for a 
carboxylic acid group.

The preparation of apocaiiphoric acid (camphopyric 
acid) from camphoic acid was easily accomplished by heating 
the camphoic acid to approximately 210°. After the evdlu- ’ 
tion of gas had ceased, the colorless liquid whs eobled to 
room temperature to give white crystals melting at 160-168°. 
MesOcamphOpyric acid, a mixture of the cis and brans forms, 
has a literature melting point of 163-170° (Heiilbrpn, 1953; 
p. 200).

The reaction of ketopinamide with pbtas&ium per
manganate and dilute sulfuric acid gave the sami product 
as ketopinic acid, camphoic acid. Protection of the amide 
group (Hurd and Dull, 1932; Polya and Spotswood, 1948) gave 
the N-acetyl amide which was then subjected to the dilute
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sulfuric acid-potassium permanganate oxidation. A marked 
shift in the position of the amide I and amide II bands 
was noticed in the infrared spectra of the imide and 
unprotected amide. From Elsevier's Encyclopedia (1948, 
pp. 794, 960) the following reactions were found to occur 
under the conditions used:

>

0

0 h2so4

0

0 KMn04

:o2h
-co2h

co2h

By analogy from the preceding reactions the following 
products were considered as being formed:
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h2so4
KMnO,'

CONH

(I) (II)

H2S04.
KMnO/ CONH

0(IV)

0

(III)

0
(V)

CO.

(VI)

h2so4
KMnO/

(VII) (VIII)
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Products IV, V, VI, VII, and VIII were eliminated, 
since the product obtained did not give a positive test for 
the ketone group with the hydroxylamine reagent. The hydroxy1- 
amine reagent did, however, give a positive red coloration for 
both ketopinic acid and ke£opinamide. Products II and III 
were eliminated on the basis of infrared spectra and a 
positive test for nitrogen after a sodium fusion.

It is possible that product I could exist in one of 
three forms:

conh2

cq2h

A

A molecular weight determination was not attempted 
due to the closeness of the weights of the three possibilities. 
A neutralization equivalent was found to be 152. The theoreti
cal neutralization equivalents of compounds A, B, and C are 
115, 106, and 211, respectively. A check of the literature 
did not indicate what accuracy could be expected with a 
dicarboxylic-amido acid or with an imido carboxylic acid, 
but only that an amino group would have an effect on the 
resultant neutralization equivalent. A cyclic structure 
of some sorts seems to best explain the failure of the 
decarboxylation of the compound when heated above its

:onh

Cy

B

NH
c:



melting point. l£ product B was correct then it would be 
expected that there would be some anhydride absorptiop in

■. '■ - . - - - _ i  ' .the infrared spectrym in the 1850-1800 cm region$ but 
none was observed. It is possible that a mixture of forms 
4 and C was obtained.

Infrared data does not clearly distinguish between
forms A and G,s since imides and primary amides absorb in
almost the same region. On the basis of the data in
Randall (1949) on cyclic imides, this form is the one
which seems most consistent with the facts, although form
A can not be definitely ruled out. Bands at 3350 and 3140
cm” can be assigned to either the free primary amide or
imide; 29&0 and 2850 cm”*" for c&ethyl-methylene groups,
and 2650-2490 cm” for the carboxylic acid group, Ra.ndall
(1949) indicates that cyclic imides have characteristic
absorption at 1780, 1710, 1700, and 1660 cm” , while
primary amides absorb around 3200, 1550, and 1460-1380
cm”*". Tti'e infrared Spectrum of this compound shows'beaks
at 1750, 1730, 1700, 1640, 1575 cm”*", and a number Of
peaks close to 1500 cm”*"; at 1440 cm” , the me thy 1 - me thy lene
groups; 1410 cm”*", the C-N Stretch; 1390 and 1375 cm”*",

-1the gem-dimethvl groups; 1310 and %200 cm , carboXyllc' 
acid dimer, and at 960 cm”*", the C-C stretch. '

The oxidation of ketopinamide using 5% sodium 
hydroxide and potassium permanganate gave a product with
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an infrared spectrum similar to the one above, but the 
solubility of the final product was entirely different 
and required a different method of isolation. A sodium 
fusion indicated the presence of nitrogen, but neutralize 
tion equivalent and molecular weight determinations were 
inconclusive.

the products obtained from the dilute sulfuric acid- 
potassium permanganate oxidation of the protected keto- 
pinamide and the sodium hydroxide-potassium permanganate 
oxidation of ketopinamide were unsuccessful. The compounds 
were heated to 175°; no evolution of gas was observed, but 
only charring of the sample.

camphor has been reported in the literature (Goebel and 
Noyes, 1923) to give both camphoric acid and camphoronic 
acid:

As reported previously, the decarboxylation of

The reaction of concentrated nitric acid and

ch3

A modification of this reaction using fuming nitric acid 
and ketopinic acid was tried to see if the corresponding



tetracarboxylic or tricarboxylic acids could be isolated:

0

C02H
U co9h\ 2 co9h
\ • nV^COoH
/ + L  >C02h +

co2h
^ P ° 2 H

;o9h
co2h

co2h H

The reaction was run at reflux for ten and one half days 
and a modified purification procedure was followed to 
give a white crystalline compound, possibly 2,2-dimethyl- 
pentane-1,3,3,5-tetracarboxylic acid. The theoretical 
neutralization equivalents of camphoic acid is 77; of 
apocamphoric acid 93; of 2,2-dimethyIpentane-1,3,5- 
tricarboxylic acid 68; and of 2,2-dimethyIpentane-1,3,3,5- 
tetracarboxylic acid 62. A neutralization equivalent was 
found to be 65.6; molecular weight 261.97, theoretical 
248 for the tetracarboxylic acid. The infrared spectrum 
indicated a broad band at 3200-3000 cm""*, presumably a 
carboxylic acid grouping; a band at 2890 cm”*, methylene 
or methyl group; three definite peaks at 2650, 2580, and
2500 cm”* off a low shoulder, a carboxylic acid grouping;

- 1 .two peaks in the neighborhood of 1700 cm” indicating 
possibly two different carbonyl groups with different 
substituents adjacent to them; 1400 cm”*, carboxylic acid 
group; 1360 cm”*, isopropyl group; and 1300 cm”* * carboxylic
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acid dimer. Other peaks were observed below 1300 cm™*" 
but none were as prominent as the ones listed.

After failing to get a suitably protected keto 
group of ketopinamide, the normal Hofmann reaction using 
sodium hydroxide and bromine was tried on ketopinamide 
and ketopinamide quinone with negative results. In both 
cases the analysis of the products obtained showed only 
starting material to be present.

A modified Hofmann reaction using absolute methanol, 
sodium metal, and bromine was tried in order to prepare a 
urethan as product:

H 0

abs. CHoOH 
->

CONH

Na; Brg

-C-OCH

The infrared spectrum of the product obtained showed peaks 
at 2920 cm”  ̂for the methyl or methylene groups; 1750 cm“ ,̂ 
the a-quinone structure; 1690 and 1550 cnf^ for the mono
substituted amide I and II bands; 1460 cnffor methyl- 
methylene groups; 1390 and 1375 c n f t h e  eem-dimethvl 
groups; 1400 and 1260 cm”  ̂for the C-N stretch, and a 
number of smaller peaks. Once again the infrared spectrum 
could be attributed to any number of compounds and the
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orange^red crystals did not give a definite melting point
but rather'seemed to decompose slowly.,

Oxidizing the methyl urethan of ketopinamide
quinohegby the basic hydrogen perokide procedure employed
previously, a yellow-#tite compound was isolated. This
cbmpOund gave a positive ninhydrin test, a negative
chloranil test, and a positive sodium fusion test for
nitrogen. In this case it was necessary to use a potassium
bromide pellet for the infrared spectrum and the peaks are
not as pronounced as with liquid samples. A rather broad

—  1 -peak at 3300-3100 cm" which cOuId be both a carboxylic 
acid grouping and amine stretching; 2900 cm" for methyl-
methylene groups; 2700-2500 cm"^ for the earboxylie acid

1 . ' 
groups; 1780 and 1750 cm” , a split carbonyl peak indicating
two different carbonyl groups; two broad peaks at 1625 and

I 1 ,
1550-1500 cm" , amine grouping; 1440 cm” , methyl-methylene 
groups; 1390 and 1375 cm"'*" for the gem-;dimethyl groups;
1300 cm" , carboxylic acid dimer, and 1240 cm" for the 
CrN stretch.

Using the procedure given by Cheronis and Entrikin . 
(1958, p. 346) for reacting amines with l-chloro-2^4- 
dinitrobenzene, a derivative of the above compound was 
prepared. A nitrogen analysis using the Kjeldahl method 
(Pierce and Haenisch, 1948) indicated the correct amount 
of nitrogen in the original sample. Similar analysis on the
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•derivative showed however that the diethyl ester of the 
desired dicarboscylic acid derivative to be present rather 
than the free amino groups. De.rivatization of the amino 
acid with l-dhloro-2s4-dinitroienzene was accomplished in 
absolute ethanol. The solution was refluxed for one hour

. f
and the hydrochloric acid produced in forming the deriva
tive probably acted as a catalyst to promote eeterification 
of the acid groups present.

The reaction of camphor-10-sulfonic acid with 
selenium dioxide was successful with refItix periods of 
two to three hours, longer times resulted in the decomposi
tion of the starting material. Both the starting material 
and the a-quinone produced are very soluble iti water and " 
thus the selenous products formed could not be removed by 
the addition of water. Extraction with ethyl ether yielded 
a yellow-red product partially insoluble in chloroform. 
Filtration and concentration of the filtrate gave a small 
amount of yellow-red product. Alternatively the product
was isolated by distilling off most of the solvent, acetic

•f
acid, diluting, with water, and adding lead acetate to 
destroy the excess Selenium dioxidS. Thus a selenium 
free filtrate was obtained. The soluble salt of the 
sulfonic acid quinone was treated with hydrochloric acidi
and the lead chloride filtered off. Concentration of the 
filtrate yielded reasonably pure camphorquinone-10-suIfonic
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acid. 4 positiVS- test fog Sulfur was obtained after a 
sodium fusion add a positive periodic aci4 oxidation 
test was obtained; Prominent peaks in the infrared 
spectrum existed at 2920 cm~^ for methyl-methylene 
groups; 1748 cm \ u-quinOne structure; 1385 and 1370

- 1  _ i  ’cm ? jgem-dimethyl groups 1 1360 cm $ sulfone group
asymmetric stretch; 1170 cm“^s sulfonic acid group^

1and 1040 cm" , either the sulfoxide or sulfone Symmetric 
stretch.

The reaction of qamphorquinone-10-sulfonic acid 
with thionyl chloride gave only a small amount of red 
product. Apparently there is reaction between the q-quinone 
structure and the thionyl chloride, as was previously noted 
with the keto^inic acid quinone. The infrared Spectrum 
showed prominent peaks at 2925 cm" , methyl-methylene 
groupS; 1751 cm”^s q-quinone structure; 1390 and 1375 cm"^s 
gem-dimethvl groupss 1360 cm"  ̂ sulfone asymmetric stretch; 
1190 cm~^, SOgCl stretch; and 1042 cm"*̂ , either the sulfoxide 
or sulfone symmetric stretch.

The attempted preparation of camphot^uinone-lO- 
sulfonamide utilizing the conditions to prepare camphor-10- 
sulfonamide did not give good results. Apparently hydrolysis 
occurs„ since most of the organic material recovered was 
camphorquinone-10-sulfonic acid. Only a trade amount of 
a brown material was found that might be the desired 
sulfonamide.
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The reaction of camphoric acid with phosphorus 
pentachloride to give the diacyl chloride is well known 
(Bredt, 1912). Subsequent treatment with bromine and 
hydrolysis gives the expected a-bromocamphoric anhydride 
(Lapworth, 1901). The use of thionyl chloride gives the 
same product as phosphorus pentachloride. In this sequence 
the a-bromo diester of camphoric acid was desired rather 
than the bromo anhydride.

If the camphoric acid and thionyl chloride were 
refluxed overnight, then bromine and absolute ethanol added, 
the expected a-bromo diethyl ester of camphoric acid was 
obtained:

S0C1.

C0C1

C0C1
Br,

COBr

.COBr
Br

abs. ,
c2h5oh'

Br

The only problem encountered was that the yields 
in this modified He11-Volhard-Zelinsky procedure (Schwenk 
and Papa, 1948) were very small and illumination did not 
increase the yield of the a-bromo ester, but rather increased
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the yield of the diethyl ester of camphoric acid. The white 
fluffy compound, recrystallized from absolute methanol, gave 
a positive test for bromine (King, 1959) and a positive 
ferric hydroxamate test (Cheronis and Entrikin, 1958, 
p. 229) for the ester groups. The infrared spectrum '
showed peaks at 2920 cm”*', methy 1-methylene groups; 1800, 
1750, and 1700 cm”*", indicative of an ester grouping; 1450 
cm”*", methyl-methylene group; 1390 and 1375 cm”*", gem- 
dimethyl groups; 1275 cm”*", C-O-C stretch; 1180 cm *", 
the ester peak; and peaks at 1040, 980, and 940 cm”*" 
which were not assigned.

If however the reaction with thionyl chloride and 
camphoric acid was run at reflux for shorter lengths of 
time, two or three hours, then bromine in absolute ethanol 
added, a different product was isolated:

The white product gave a positive test for bromine (King, 
1959). The infrared spectrum was the same as the bromo- 
diester, except that the peaks for the anhydride group at

0

1850 and 1805 cm”*" were present, instead of those for the 
ester group around 1750 cm”*" and 1180 cm”*".



In attempting to synthesize the corresponding aminos> 
eyelopentartedicarboxylid acid, two methods were tried. In 
the first a Gabriel synthesis (Sheehan and Bolhoifer* 195G) 
was tried in which the a-bromd;diester was reacted with 
potassium phthalimide. The product obtained was then 
divided into two parts. One part was hydrolyzed with aqueous 
hydro|>romic acid but gave no significant product. The other 
portion was hydrolysed with hydrazine hydrate to give.a small 
amount of a bro'dh liquid, A sodium fusion indicated the 
presence of nitrogen. The infrared spectrum showed peaks 
at 2900 cm” , methyl-methylene group; a bread peak at.

_  -I ■ _  -i2600-2400 cm” , carboxylie acid group; 1440 cm” * methylene-
- v ’ w  1 . • - _•••• ’ - •methyl group; 1385 and 1370 cm” , gem-dimethvl groupsf car-, 
boxy lie acid dimer at 1220 cm” V; 1170 dtif \, isopropyl group;

i / 'w -i ;; v ' ’ .960-949 cm” , carboxylic acid group; a peak at 1690 cm” is 
a good possibility to indicate lactam formation, as it is 
displaced to higher wave numbers and may be attributed to 
the amide I band. No amide II band could be identified 
above 1500 cm”"*", as is predicted in Weisherger (1956).

- Application of the method devised by Marvel and 
du Vigneaud (1941) for the preparation of amino acids via 
reaction of aqueous ammonia with an a-haloaCid, yielded 
a light brown precipitate of indefinite melting point,
The infrared spectrum of this compound was not definite 
enough to point to any one structure but rather to a number
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of possible compounds* The subsequent hydrolysis arid
acidification of the product yielded a yellow-white
compounds possibly a hydrochloride salt, A sodium fusion
indicated that nitrogen was present as well as the ehldtide
ion. A positive hinhydrin test was obtained and a negative
chloranil test. The infrared spectrum showed prominent
peaks at 3300, 1980, 1700, 1600, and 1470 cm"^ which are
indicative of the presence of an amine hydrochloride salt;
2920 cm"\ methy1-methylene groups; 2650-2400 cm"^, car-

. ' ■ ■ ,  ‘ 

boxylie acid group; a split peak at 1760 cm" , which
indicates two carbonyl groups with different adjacent
substituents; 1570 cm , primary amine group; 1390 and
1375 cmT^s gem-dimethyl groups; acid dimer at 1300 cm"
1120 cm"*:, C-N stretch, and §30 cm"*:, hydroxyl deformation
put of the plane.

Lyons and Reid (1917) prepared the di-p-nitlobengyl 
ester of camphoric acid, and this procedure was applied to 
3-aminocamphoric acid. Analysis indicated the prepared 
derivative to contain no amino group but rather a hydroxyl 
group.. Nitrogen analysis of the original sample using the 
Kjeldahl method (Pierce and Haenisch, 1948) showed only 
25% of the expected nitrogen to be present, indicating 
that hydrolysis had occurred, possibly in the reaction 
of the a-bromo diester with aqueous ammonia. Then in the 
preparation of the p-nitrobenzyl ester derivative even this
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small amount of the desired compound was lost, probably 
by preferential solubility during recrystallization.

Lapworth (1901) has indicated that the treatment 
of bromocamphoric anhydride with a basic solution yields 
a different product:

OH' + Br

Lapworth (1901) also showed that under similar circumstances 
with ammonium hydroxide the following reaction may occur:

Br

0 + nh4oh •>

CONH

NH4Br

Another possibility would be the formation of laurolenic 
acid:

CH

Br

CH
CH

>
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Thus in the sequence employed it is possible that 
any one of the three products might be present if the 
initial product obtained is bromocampho^ic anhydride, .
Elemental analysis would indicate if nitrogen is present, 
but further chemical tests would be necessary to distinguish 
between the possible compounds.

However the formation of any of these compounds 
would, decrease the yield of the desired product and is 
probably the reason for the low yields experienced. It 
was further determined that the use of oxalyl chloride in 
place of thionyl chloride gave a much lower yield of the 
„intermediate bromo diester and a high yield1 Of camphoric; 
anhydride, /. v;::.1 V;.

In attempting to improve the & yie Id of 3 - aminqcamphorie 
acid, the following procedure was tried. The acid chlpride 
and bromide was prepared as previously outlined with:thionyl 
chloride then bromine. The red semi-solid bromide wds care^ 
fully added to water to yield a small amount of colorless 
crystalline.compound, After drying the crystals in a 
desiccator, they were triturated with chloroform to remove - 
the anhydride formed. The small amount of insoluble crystals 
were dried, dissolved in dry ether, and precipitated out by 
the addition of chloroform in 5% yield; m/p. 192-193°; lit. 
m.p. 195-196° (Lapworth, 1901).
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The 3-bromocamphoric acid was dissolved in excess 
ammonium hydroxide and placed in a pressure bottle for 
one week. Cupric sulfate was added to the resulting 
solution and the solution boiled for forty-five,: minutes 
to expel the ammonia. The solution was then cooled to 
room temperature and a yellow-white precipitate filtered 
off. This precipitate was then dissolved in warm water - 
and hydrogen sulfide bubbled through the mixture to'pre
cipitate out the cupric sulfide. After filtration the 
filtrate was evaporated to give a small amount of a white 
crystalline compound in 0.5% yield which melted at 200-205°. 
The infrared spectrum of this compound was essentially the 
same as the compound prepared through the diester method, 
except the peaks indicative of a hydrochloride salt were 
absent.



SUMMARY

Camphor-10-sulfonic acid was utilized as the 
starting material to prepare ketopinic acid. From this 
acid a number of substituted lO^apocamphor derivatives 
were synthesized and subjected to oxidative fission using 
a variety of conditions and oxidizing agents. The products 
obtained from these oxidations, were isolated and identified 
using known procedures. The ultimate aim of this work, 
preparation of l-amino^2,2^dimethylcyclopentane-l,3- 
di car boxy lie acid (1-amino*-10-apocamphoric acid), was 
realized, but the yield of the product was low. The 
attempted synthesis of a hbmoldg of 1-amino-IQ-apo* 
camphoric acid* 3-aminocamphoric acid, also succeeded 
but in low yield. This may be attributed to the large 
number of competing reactions, especially the formation 
of 3-bromocamphoric anhydride, which led to side products. 
The infrared spectra of these synthesized compounds are 
presented.

Among the new compounds prepared are ketopinamide 
diethyl ketal, 10-apocamphorquinone-l-carbamide-3-diethyl 
ketal, cyclic ketal of 10-apocamphor-1-carbamide, possibly 
2,2-dimethy1-1-carbamidocyclopentane-1,3-dicarboxylie acid, 
possibly 2,2-dimethylpentane-l,3,3,5-tetracarboxylic acid,

53



N-carbomethoxy- 1-aminO" 10-apocamphorc|ui:none 5 l-atnino- 
apocamphoric acid, 4"eamPhoirquinone-10«‘Sul£onyl chloride 
possibly preparation, of diethyl-3^arhino‘-l!,2s2-trimethyl" 
cyclopentane-l,3-dicarboxylate, and lastly 3"-amino-1,2,2 
trimethylcyclopentane-'lg3-'dicarb0xylic acid.
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