
STRUCTURE AND ANTIPNEUMOCOCCIC ACTIVITY IN THE 
CINCHONA SERIES 

ALICE G. RENFREW AND LEONARD H. CRETCHER 

Department of Research in Pure Chemistry, Mellon Institute of Industrial Research, 
Pittsburgh, Pennsylvania 

Received October 14, 194-1 

The present survey gives particular emphasis to recent studies of the anti-
pneumococcic action of some cinchona derivatives. A brief historical survey is pre­
sented and reference is made to speculations concerning the mode of action of 
cinchonas in the animal body. Antipneumococcic action is analyzed with regard 
to isomeric and structural modifications of the cinchona molecule. A summary 
of recent data on bacteriostasis, toxicity, animal protection, pharmacologic testing, 
and clinical studies is given. Synthetic analogs are discussed in relation to sig­
nificant structural factors. 

Cinchona alkaloids have been used as antimalarials since 1630, but evidence 
of the specific antipneumococcic action of these compounds dates only from 1911. 
Morgenroth's (84) study of cinchonas as antipneumococcic agents has been 
described as "the first striking instance of the successful application of a chem­
ical to the treatment of a bacterial infection in a laboratory animal" (53). Be­
cause Morgenroth had been studying quinine in relation to trypanosome infec­
tions in animals and was acquainted with the capsule-formation characteristic 
of trypanosomes, spirilla, and the pneumococcus, he was led to investigate the 
action of the alkaloid in pneumococcic septicemia in mice. There followed an 
extensive study of hydrocupreine ethers with the synthesis of the well-known 
optochin, vuzin, and eucupin. Between 1919 and 1924 Heidelberger and Jacobs 
(42, 54) at the Rockefeller Institute and Giemsa (32, 33) in Germany published 
the results of further studies in the hydrocupreine series. These results have 
been reviewed by von Oettingen (111) and by Houben (50), and the clinical 
findings have been discussed by Moore and Chesney (87), by Kolmer (63), and 
by Solis-Cohen (107). 

The remarkable antipneumococcic action of optochin has been a spur to re­
investigation of this field. In again studying cinchona derivatives the search 
was not so much for a compound of greater power but rather for a compound 
free from deleterious side-effects. The last decade has brought extensive syn­
thesis in the field of apocinchonas. In the early 1930's methylapocupreine1 [or 

1 At the time the term apocupreine (8) was suggested, its use was based firstly on the 
similarities of apocupreine (formula II) and cupreine (formula I), which differ chemically 
only in the 3-substituent of ethylidene or vinyl, respectively, and secondly on the estab­
lished usage of Leger (59, 66) in applying the terms apocinchonine and apocinchonidine 
(characterized by the ethylidene side chain) to the corresponding substances derived from 
cinchonine and cinchonidine. In the case of quinine, demethylation is accomplished by 
boiling with 60 per cent sulfuric acid; a shift of the double bond also occurs. The product, 
called apoquinine by Hesse (49), consists of substances of different toxicities and antipneu­
mococcic powers and these give derivatives of various biological properties. The name 

49 



50 ALICE G. RENFREW AND LEONARD H. CRETCHER 

isoquinine (39)] and ethylapocupreine1 or [ethylapoquinine (13, 14, 22, 45, 52, 
56, 72, 73, 76, 79, 80, 81, 89, 90)] were reported by investigators in the United 
States, Germany, and Japan to have protective action in experimental pneu­
monias. Since 1934 Maclachlan et al. have published results of the experimental 
testing of alkyl and hydroxylated alkyl ethers of apocupreine in lower animals 
and of the use of hydroxyethylapocupreine in the treatment of pneumonia in 
man. In clinical use, this latter compound has been very effective and not a 
single instance of eye damage has been encountered. The recent Japanese 
work has consisted largely of experimental studies of antipneumococcic action, 
and the English investigators have reported antimalarial studies of apocinchonas 
and similar compounds. 

Hegner (41) has reported hydroxyethylapocupreine and quinine as approxi­
mately equally effective against P. lophurae in ducks, P. relictum in pigeons, 
and P. cathemerium in canaries. The low toxicity of hydroxyethylapocupreine 
gives particular interest to these findings. 

Morgenroth (84) pointed out the importance of systematic variation of the 
component groups in the cinchona molecule in relation to an ultimate under­
standing of the mode of antimalarial action or the basis of bacterial specificity 
of this class of alkaloids. In attempting to correlate chemical structure and 
bactericidal power the results of the experimental testing of a large number of 
compounds are considered. It must be remembered that comparison of the 
data from different workers involves many variables: differences in type and 
virulence of organism, method of determination of power in vitro, age and sex 
of animals used, method of inducing infection and of administration of the drug, 
—whether oral, intravenous, or intraperitoneal. Even seasonal factors may 
influence the numerical results. Marshall (75) has cited the difficulties and has 
contributed in great measure to the standardization of such biological studies. 
In the cinchona series a general relationship between the bacteriostatic action 
in vitro and the protective action in vivo seems to exist (25, page 771; 83a; 10). 
Hence the preliminary testing of the antipneumococcic action of this type of drug 
has included three determinations: bacteriostasis in vitro, toxicity to mice, and 
protective action against pneumococcal septicemia in mice. 

From the chemical point of view the cinchona molecule is a comparatively 
large and complex one and is susceptible to many types of modification. Nature 
has provided but few of the many possible variants. The best-known naturally 
occurring alkaloids are the stereoisomeric 6'-methoxy compounds, quinine and 
quinidine, and the corresponding methoxyl-free compounds, cinchonidine and 
cinchonine. These have little antipneumococcic action (73, 10). 

Formula I represents cupreine, and the corresponding methyl ether is quinine. 
The quinoline and quinuclidine nuclei linked through the secondary alcoholic 

apocupreine has been applied to the main component of the reaction product (13) and 
corresponds to the terms apoquinine (45, 46), as used by Henry, and/3-isocupreine (55), as 
used by Suszko. 
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group are characteristic of the naturally occurring alkaloids (quinine, quinidine, 
cupreine, cinchonidine, and cinchonine, and their dihydro derivatives). I t is 
perhaps permissible to consider this rubanol nucleus of quinoline and quinu-
clidine joined through the secondary alcohol as the power center (contributing 
structural arrangement, electronic energies, basicity, oxidation potential, or 
some such fundamental function) and the substituent groups of R at position 
3 in the quinuclidine ring and R' at 6' in the quinoline ring as having directive 
influences. At least, any marked change in the rubanol structure usually les­
sens or destroys bactericidal action in general, whereas changes in R and R' 
often serve to modify toxicity and bacterial specificity. The properties of recent 
synthetic analogs of quinine have emphasized some of the limits in the simpli­
fication of structure and have indicated some promising modifications (1, 19, 31, 

61). 
Among the general factors which have been variously emphasized in consider­

ing the mode of action of cinchonas are molecular weight (61, 106, 114), greater 
effectiveness at a somewhat alkaline pH (62, 78), and surface tension, which is 
lower in neutral or alkaline solution (17, 78). Ostromislensky (93) stressed the 
importance of the colloidal nature of a medicinal and thought that the quinoline 
residue gives colloidal properties and bacterial specificity. Domagk (24) con­
siders the biologically functioning group to be the quinuclidine nucleus, or the 
nitrogen of this nucleus. Henry (43, page 441) and Findlay (26, page 115) call 
attention to the decrease in antimalarial action in the case of changes which 
lessen the basicity of the molecule. The correlation of fluorescence with the 
antimalarial action of the cinchonas and of atabrin has been noted by Oesterlin 
(92). Berkenheim (3) has suggested an electronic interpretation of the action 
of quinoline derivatives. 

The mechanism of the action against the pneumococcus is not understood, 
but this action must differ from that of members of the sulfanilamide group. In 
contrast with the effect of sulfonamides, the typing characteristics of the or­
ganism are not altered when the cinchonas are used in treating clinical cases 
of pneumonia; no observable change occurs in the bacterial capsule during 
studies in vitro. An interesting observation by Felton and Dougherty (25, page 
771) was a so-called "therapeutic zone phenomenon" in the treatment of pneumo-
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coccic septicemia in mice. In the range of non-toxic concentrations of the cin­
chona there was an optimum dose for protective action, and with the use of an 
amount larger or smaller than the optimum, mice died of septicemia. 

A study of cinchonas in relation to biological activity must consider both 
isomeric and structural modifications. The following main headings with some 
subdivisions have been used: 

I. Stereoisomerism 
II. Variations in the quinoline nucleus 

A. Simple substituted quinolines 
B. Modifications of the 6'-substituent (R') in quinoline, as H, HO, 

RO in the cinchonas 
C. Substitution in the quinoline ring of the cinchona: nitro, amino, 

and azo derivatives 
D. Reduction of the quinoline nucleus 

III . Variations of the secondary alcohol bridge 
IV. Variations in the quinuclidine nucleus 

A. Modification of the 3-substituent (R) 
B. Quaternary salts 
C. Nitrogen-oxide derivatives 
D. Fission of the quinuclidine ring at the 1,8-position (cupreicine 

derivatives) 
Fission at the 1,2-position (niquine, niquidine, cinchon-

hydrines) 
V. Detailed study of variations in the ether grouping 

VI. Synthetic analogs 

I. STEREOISOMERISM 

Bactericidal action and physiological properties are found to be markedly 
influenced by the optical configuration of the asymmetric carbon atoms. For 
instance, some individuals are allergic to quinine but can be successfully treated 
for malaria with quinidine without unpleasant side reactions, as shown by 
Dawson and Newman (23) and by Sanders (103). Dawson and Garbade (23) 
in studying an individual with a quinine idiosyncrasy, demonstrable by Boer-
ner's test, found the subject allergic to the levorotatory drugs quinine, dihydro-
quinine, cinchonidine, dihydrocinchonidine, ethyldihydrocupreine (optochin), 
dihydrocupreine, and ethylquitenine but not allergic to the dextrorotatory iso­
mers quinidine, dihydroquinidine, cinchonine, dihydrocinchonine, ethyldihy-
drocupreidine, dihydrocupreidine, or ethylquitenidine. 

The asymmetric centers in formula I are indicated by asterisks on carbon 
atoms 3, 4, 8, and 9. (The numbering introduced by Rabe (97) has been 
adopted in most publications, although it is not in strict conformity with the 
rules established by the International Commission (94)). C4 has a levo rotation, 
as observed by Solomon (108a) in methylapocupreicine and in other apocuprei-
cine ethers (99), and the combined rotational value of carbon atoms 3 and 4, 
in the naturally occurring cinchona alkaloids, indicates a dextro configuration 
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for carbon atom 3 (43, page 423). The steric arrangement of carbon atoms 8 
and 9 in the four epimeric modifications was established by Rabe (97) and is 
shown below: 
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+ + 
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For the typical cinchona structure, the levorotatory quinine derivatives are 
more effective than the dextro isomers against both the malarial parasite and 
the pneumococcus, as evidenced by dihydroquinine and optochin in contrast 
with the dextro forms. The comparative antimalarial values of the dextro and 
levo series of different types of ethers have been presented by Buttle (14). 
Where an asymmetric center has been modified in structure, no predictions can 
be made concerning the more effective optical isomer. Both in the "apo" 
series (formula II) with the double bond at C3 and in the niquine series where the 
quinuclidine nucleus has been changed as shown in formula V, the dextro forms 
show somewhat greater antimalarial action than the corresponding levo forms; 
the antipneumococcic power of these derivatives in comparison with the levo 
isomers is not known. 

Epimerization at C8 and C9 takes place when a naturally occurring alkaloid 
such as quinine is refiuxed with potassium hydroxide in amyl alcohol and the 
four theoretically possible isomers are obtained: quinine, quinidine, epiquinine, 
and epiquinidine. Of these four, epiquinidine is the most effective against the 
pneumococcus, although all are low in power (73). Another asymmetric center 
is Cio when unsymmetrical additions have been made to the double bond of the 
vinyl side chain; there is little difference in the antimalarial power of the a-isomer 
as compared with the /3-isomer of chlorodihydroquinine (35) or in the antipneu­
mococcic power of the a- and /3-hydroxydihydroquinines (10). 

II . VARIATIONS IN THE QUINOLINE NUCLEUS 

A. Simple substituted quinolines 

It should be noted that some antipneumococcic action can be demonstrated 
for quinolines, even for those with structures much simpler than the cinchona 
structure. 

In the action of simple quinolines on the pneumococcus, 8-hydroxyquino­
line (quinisol) has definite antipneumococcic power but considerable tox­
icity (11, 111). However, the ethyl, propyl, and hydroxylated ethyl and 
propyl ethers of 8-hydroxyquinoline had no significant antipneumococcal action 
(11) and 6-hydroxy or 6-ethoxy derivatives of 2-hydroxyquinolines were in­
effective.2 Biihrmann (4) claimed antipneumococcic action at 1:10,000 for a 
number of quinolines, such as the propyl ester of 6-hydroxyquinoline-4-car-

2 Unpublished work. 
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boxylic acid or isobutyl 2-phenyl-4-quinolylaminoacetate. In a study of 
substituted 4-aminoquinolines, Iensch (51) reported a benzthiazole derivative 
which had prophylactic action in experimental mouse pneumonias but failed in 
clinical testing. 

Attempts to combine the sulfanilamide molecule and an aminoquinoline have 
not been productive (88, 99) in the simple derivatives, but in the testing of 
iV4-alkylaminoacetylsulfaniIamidoquinolines Juneja (58) has claimed results 
"comparing favorably with sulfapyridine." 

Synthetic derivatives of 6-methoxyquinoline in which a pyrryl (60) or a 
piperidyl (1) nucleus or a /3-dialkylaminomethyl group (61) has been substituted 
for the quinuclidine portion of the cinchonas have shown action on paramecia 
or antimalarial power, but no study of the antipneumococcic action has been 
reported. The preparation and testing of such relatively simple types of syn­
thetic compounds opens an interesting field for future research. 

B. Modifications of the 6'substituent (R') in quinoline 

In the study of antimalarials and in testing the bacteriostatic action of com­
pounds against pneumococcus, streptococcus, or staphylococcus, the 6'-sub-
stituent in quinoline has been extensively varied. R' may be hydrogen, a 
phenolic hydroxyl, or an ether group. Cinchonas with an unsubstituted hy­
drogen in the 6'-position have little antipneumococcic value (73). 

Phenolic derivatives are obtained when the 6'-methoxydihydrocinchonas 
undergo demethylation with boiling halogen acids or with 60 per cent sulfuric 
acid. In the vinyl series a shift of the double bond toward the quinuclidine 
nucleus takes place, so that the resulting phenolic substances have the ethylidene 
side chain of the apocinchonas (formula II). Apocupreine had no therapeutic 
action in cases of clinical pneumonia (72). 

In the alkylation of the phenolic cinchonas alkyl, alkoxyalkyl, aroxyalkyl, 
hydroxyalkyl, and (alkylamino)alkyl ethers have been studied. The remark­
able antipneumococcic specificity of ethyldihydrocupreine (optochin) marks a 
maximal point in the dihydrocupreine series (83a). However, the ethoxyl 
group is not the only factor necessary, as shown by the fact that the dextro­
rotatory isomer ethyldihydrocupreidine (prepared by Heidelberger and Jacobs 
(42a)) had little antipneumococcic action (10), and that ethylcupreine (with 
the vinyl side chain) was only one-fourth as effective as optochin (50, page 1003). 
High antipneumococcic action does mark ethylapocupreine (with an ethylidene 
side chain) (13,14, 22, 45, 52, 56, 72, 73, 76, 79, 80, 81, 89, 90). 

The 2-carbon and 3-carbon ethers of hydrocupreine and apocupreine have 
been the most effective against the pneumococcus, as will be apparent in later 
tables; higher homologous ethers showed a decreasing antipneumococcic power 
but indicated an optimal specificity against other pathogens in relation to the 
length of the ether chain. Because a rather extensive and systematic study has 
been made of variations of the ether grouping, the more detailed discussion is 
presented later. 
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C. Substitution in the quinoline ring of the cinchona: nitro, amino, and azo 
derivatives 

The quinoline nucleus of cinchonas should be subject to typical substitution 
reactions in the aromatic nucleus. The only modification of this sort as yet 
reported to give increased bactericidal power has been the introduction of 
aromatic azo groups, and most of these compounds have marked toxicity. 
Heidelberger and Jacobs prepared the 5'-nitro- and 5'-amino derivatives of 
dihydroquinine, optochin, and dihydroquinidine. Using 5'-aminodihydro-
quinine as a starting point, these investigators obtained 5'-amino-8'-phenylazo-, 
5'-amino-8'-(p-sulfophenylazo)-, and 5'-hydroxy-8'-phenylazodihydroquinines 
(54c) as well as 5' , 8'-diamino derivatives (54d). Both 5'-amino-8'-phenylazo-
optochin and its dextro isomer were prepared. In coupling diazotized aromatic 
amines with the phenolic dihydrocupreine and dihydrocupreidine these in­
vestigators obtained cinchona dyestuffs of which "many were highly bactericidal 
in vitro" (42b). Boyd found these azo dye derivatives toxic for canaries (5); he 
reports studies of toxicity, hemolytic action, and antimalarial action for a 
number of cinchona derivatives. Giemsa and Halberkann reported similar 
coupling reactions of aromatic diazo compounds with cupreine and dihydro­
cupreine (32) and in 1933 presented an extensive chemical and chemotherapeu-
tic report on compounds prepared and tested against malaria (33; 26, page 109). 
Buttle found 5'-sulfamidophenylazoapocupreine (16) of little value against the 
pneumococcus. At dilutions greater than 1:100,000, neither phenylazoapocu-
preine nor its ethyl ether showed power against the pneumococcus.3 Miura 
found no protective action with small doses of 5'-amino-8'-(sulfamidophenylazo)-
ethylhydrocupreine (80). The 5'-amino group of aminodihydroquinine and 
aminooptochin has recently been used for the preparation of mustard oils 
(115); these derivatives have no antimalarial action. 

D. Reduction of the quinoline nucleus 

Jacobs and Heidelberger (54e) prepared hexahydrocinchonas by reduction 
of the quinoline ring with sodium and amyl alcohol or with zinc and hydrochloric 
acid. Boyd (5) found the products toxic and of lower antimalarial power than 
the unreduced substances. 

III . VARIATIONS OF THE SECONDARY ALCOHOL BRIDGE 

Many modifications of the secondary alcohol bridge at position 9 have been 
studied, but in general the changes are dystherapeutic. With regard to anti­
malarial action, Henry (43, page 443) says that "every alteration so far made in 
that group has resulted in destruction of antimalarial action," although simple 
esters such as eucupin are effective in vivo. Acetyl and other acyl esters have 
been made. The Japanese workers found 9-acetylethylapocupreine one-
twentieth as effective in vitro as ethylapocupreine against the pneumococcus (52), 

3 Unpublished work. 
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and Maclachlan4 found that diacetylapocupreine has less inhibiting action on the 
pneumococcus than apocupreine. 

The alcoholic hydroxyl group may be replaced by chlorine, on treatment with 
phosphorus pentachloride. Chlorine, in turn, may be replaced by hydrogen. 
Heidelberger and Jacobs studied the 9-chloro and 9-desoxy derivatives of opto-
chin and its dextro isomer, but found these compounds "less bactericidal for the 
pneumococcus than the corresponding parent alkaloids" (42c). The 9-amino-
quinine was prepared by Frankel (28) and 9-alkylaminoquinines by Altman (2) 
but were tested only against malaria. 

With chromic acid oxidation the alcohol group is converted to a ketone and, 
surprisingly, Cretcher and Renfrew (100) found that the cinchonas were con­
verted to the corresponding ketones in fair yield during reaction with sodium 
amide. Dihydroquininone has little action against the pneumococcus (10) 
and no antimalarial action (43, page 443), but Morgenroth and Bumke (83) 
claim small antipneumococcic action in vitro for 9-ketooptochin. 

Cupreicine derivatives (formula IV) in which 1, 8 rupture of the quinuclidine 
ring has given 4'-quinolyl /3-(4-piperidyl)ethyl ketones are discussed under 
modifications of the quinuclidine nucleus. 

IV. VARIATIONS IN THE QUINUCLIDINE NUCLEUS 

A. Modification of the S-substituent (R) 

In relation to antipneumococcic action both 3-ethyl and 3-ethylidene struc­
tures are effective. To consider first the saturated side chain:—in the 
levo series the 3-ethyl substituent is much more effective than the vinyl group, 
as shown in the comparison of dihydroquinine and quinine (84), and the fact 
that ethyldihydrocupreine is about four times as effective as ethylcupreine 
(10, 73; 50, page 1003). The dihydrocinchonas are obtained in limited amount 
from the cinchona bark and may be readily prepared by reduction of the un­
saturated alkaloids. On reduction of the ethylidene group of the apo structures 
(48), both the known dihydroalkaloid and a new epi-C3-dihydrocinchona are 
formed, but no test of such a derived epi-C3-dihydrocinchona against the pneu­
mococcus has been reported. 

Addition of water (10), hydrogen chloride (35), or hydrogen iodide (101, 
102) gives rise to Cio isomers, as noted in section I. Very low action in vitro 
has been reported for hydroxydihydroquinine (10). Halogen in the side chain 
slightly lessens the antipneumococcic action, as observed by the Japanese 
workers (81, 82). 

On oxidation of the vinyl group there is loss of the terminal carbon atom and 
formation of a carboxylic acid. The quitenine structure, ineffective of itself, 
regains antimalarial power on esterification of the carboxyl, as shown in a 
series of homologous esters tested by Goodson (36). Ethylquitenine is without 
power against the pneumococcus (10, 73). 

4 Unpublished work. 
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The 3-ethylidene group of the apocinchonas (formula II) seems to enhance 
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antipneumococcic action and to lessen toxicity. Methylapocupreine (iso-
quinine) is more effective than quinine or dihydroquinine (39, 89; also unpub­
lished work); ethylapocupreine has about the same antipneumococcic action as 
optochin (13, 80, 89). The apocupreine (apoquinine) ethers have lower toxicity 
than the corresponding ethers of the hydrocupreine or cupreine series, as is 
apparent in the data cited by Maclachlan (56, 72, 73), Butler (10, 13), and 
Gundel and Seitz (39). Conversion of the vinyl group to an ethylidene group 
introduces the possibility of geometric isomerism. Of the two isomeric series 
only the ethers of apocupreine (6-13; 22, 38, 56, 68-73, 99, 100; 39, 67; 52, 76, 
79, 80, 81, 89, 90) have been tested in pneumonia studies, except for some in­
complete reports by the Japanese workers (80). 

B. Quaternary salts 

The lowered bactericidal power of most quaternary salts in this series and 
of the iV-oxide derivatives of cinchonas is interpreted as emphasizing the r61e 
of tertiary nitrogen (86, 91) in the bactericidal action in cinchonas. 

R / / \ / \ \ 
CHOH 

v\-

CH2CONHR1 

The rubanol complex has two basic nitrogen atoms which make possible neu­
tral and acid salts (57) and also serve for the formation of quaternary salts. 
The quinuclidine nitrogen is the first to be converted to the quinquevalent state. 
Heidelberger and Jacobs studied a great variety of cinchona quaternary salts, 
including a series of addition products of dihydroquinine with chloroacetanilide, 
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chloroacetylaminophenol, chloroacetyl-p-anisidine, chloroacetylaminopyrocate-
chol, etc. (54a). Although the rather low protective action of dihydroquinine 
against the pneumococcus is enhanced in the hydroquinine quaternary salts 
(25, 86), it is apparent from table 1 that the bacteriostatic action against this 
organism remains at a low level whether the cinchona nucleus of itself is charac­
terized by much or by little antipneumococcic power. p-Hydroxyacetanilide 
cinchonidinium chloride hydrochloride is bacteriostatic at 1:1 X 104. 

Ishizaka (52) found ethylapocupreine bacteriostatic for pneumococcus at 
1:20,000, whereas the methochloride and the methoiodide were ineffective at 
1:1000; on the other hand, these quaternary salts retained the initial moderate 
effectiveness of the cinchona against streptococcus and staphylococcus (bac­
teriostatic at 1:2000). 

TABLE 1 
Bacteriostatic activity of quaternary compounds of cinchonas against Pneumococcus II 

QUATERNARY DERIVATIVE AS A HYDROCHLORIDE 

p-Chloroacetylaminophenol salt of: 

Dihydroquinine 

Optochin 
Hydroxyethylapocupreine* 

p-Chloroacetanilide salt of: 

Dihydroquinine 

Optochin 
Hydroxyethylapocupreine. 

ACTIVE in vitro AT 
CONCENTRATION OF 

1:4 X 10* 
1:5 X 10* 
1:4 X 10* 
1:5 X 104 

1:12 X 10* 
1:8 X 10* 
1:8 X 10* 
1:1 X 10* 

INVESTIGATOR 

Felton (25) 
Maclachlan et al. 
Morgenroth (86) 
Maclachlan et al. 

Felton (25) 
Morgenroth (86) 
Morgenroth (86) 
Maclachlan el al. 

(18) 

(18) 

(18) 

! p-Hydroxyacetanilide hydroxyethylapocupreinium chloride hydrochloride. 

C. Nitrogen-oxide derivatives 

In view of the theories associating bactericidal action with oxidation potential 
or intermediate oxidation products (105), the iV-oxides of the cinchonas (formed 
on the quinuclidine nitrogen) should be of interest. ^ However, the iV-oxides 
show less power than the unmodified bases against the malarial parasite (91) 
or against pneumococci.6 

D. Fission of the quinuclidine ring at the 1,8-position (cupreicine derivatives) 

R 
x>\ /^~COCH2CH2—CH 

H2 C CHR. 

VA N H2C CH2 

NH 
IV 

6 Unpublished work. 
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Hydrolysis of the 1,8-linkage of the quinuclidine ring leads to compounds of 
low bacteriostatic power and considerable toxicity (99). Neither reduction of 
the keto group to give an asymmetric secondary alcohol (42e), nor restoration 
of a tertiary character to the nitrogen by replacement of the hydrogen of the 
piperidyl NH group with an alkyl group (42d, 42e) produces active compounds. 
The introduction of the sulfanilyl radical on the piperidine nitrogen gave com­
pounds without value against the pneumococcus (99) .6 In considering the 
significance of the 1,8-fission with regard to the correlation of structure and 
antipneumococcic action, it is important to remember that conversion of the 
quinuclidine to a piperidine ring is not invariably dystherapeutic, as shown by 
the antimalarial effectiveness of niquine and niquidine (31, 108b) and of 4'-
(6'-methoxyquinolyl)-2-piperidylcarbinol (synthesized by Ainley and King (I)). 

Fission of the 1,2-linkage {niquine, niquidine, cinchonhydrines): The fission 
of the 1,2-linkage to form niquine or niquidine has been formulated clearly only 
recently. As early as 1890 Skraup observed that when the vinyl side chain of 
quinine had been saturated by the addition of hydrogen iodide or hydrogen 
bromide, subsequent removal of the halogen acid gave "isoquinine" (formula II) 
and niquine (formula V). L£ger (66) has studied these transformations es­
pecially in the cinchonidine-cinchonine series, where the niquine analogs are 
called cinchonhydrines; and very recently Gibbs and Henry (31) have shown 
that the formation of niquine or niquidine involves splitting of the 1,2-linkage 
with loss of a methylene group as formaldehyde. The resultant structure is 
shown in formula V. 

T ? / / V W CHCH=CHCH 3 
K T C H O H / \ 

\H2C CH2 v \ T CH CH2 

\ / 
NH 

Buttle et al. (14) report that niquidine has the highest antimalarial action of any 
of the rf-compounds. Although niquine has no effective action against the 
pneumococcus, nothing is known as yet of the action of the stereoisomers or 
of the action of higher homologous ethers. Niquidine, like the cupreicines, has 
a piperidine ring, but the short carbinol bridge to the a-position of this ring is 
similar to the cinchona linkage. 

V. DETAILED STUDY OF VARIATIONS IN THE ETHER GROUPING 

Inasmuch as the most useful variations in the bacteriostatic action of the 
cinchona molecule have been associated with changes of R' and R, it has seemed 
desirable to discuss these groups in some detail. Tables 2, 3, and 4 present 

6 Crystalline addition compounds of cinchona alkaloids with sulfanilamide were not more 
effective than the individual components (109). 
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some of the comparative evaluations of the action in vitro and of the toxicity of 
apocupreine ethers and certain related compounds. To minimize the effect of 
differences in the methods of obtaining biological data, the numerical values 
have been taken only from studies made by Maclachlan and his coworkers, 
but references to other investigators are included and, in general, the findings 
have been similar. 

TABLE 2 
Bacteriostasis against Pneumococcus II 

COMPOUND* 

5-Hydroxy-n-butyl-
/3-Hydroxy-n-propyl-
/3-Keto-n-propyl-
/3-Methyl-/3-hydroxy-n-propyl-. . . 
Methyl-
Butoxyethyl-
8-Alkoxyquinolines 

/3-Hydroxyethyl-
j8,/3'-Dihydroxyisopropyl-
Phenoxyethyl-

e-Methyl-/3-hydroxy-n-propyl-. .. 
a-Methylol-n-propyl-
n-Butyl-
Amyl- (four isomers) 

8-Hydroxyquinoline 

Ethyl-
/3-Chloroethyl-
7-Hydroxy-n-propyl-
sec-Butyl-
n-Amyl-

a-Methyl-j3-hydroxyethyl-
n-Propyl-
Isopropyl-
Isobutyl-

* The compounds listed are ethers of apocupreine dihydrochloride except as indicated 
and are entered according to the maximum dilution effecting complete bacteriostasis in 
vitro. 

Bacteriostasis {table 2) 

Most of the compounds indicated in table 2 are apocupreine ethers. These 
compounds are listed according to bacteriostatic action in vitro. The dilution 
of the drug is given as 1 part i n n X 106. In the cinchona series the protective 
value of a compound seems roughly to parallel the antipneumococcic action 

FORMULA 

W-HOC4H8-
CH3CHOHCH2-
CH3COCH2-
(CHs)2C(OH)CH2-
C H 3 -
C4H9OC2H4-

HOCH2CH2-
(HOCHj)2CH-
CeHsO C 2H4— 

CH3CHOH (CH3) C H -
CH3CH2(CH2OH)CH-
n-C4H9— 
CeHn— 

C 2 H 6 -
ClC2H4-
HOC3H6-
CH3CH2(CH3)CH-
n-C6Hn— 

HOCH2 (CH3) C H -
Ti-C3H7-
( C H J ) 2 C H -

(CHs)2CHCH2-

CONCENTRATION 
OF DRUG 

1:0.5 to 2 
X 106 

1:3 X 105 

1:4 X 105 

1:8 X 105 

1:16 XlO5 

REFERENCE 

(39) 

(14, 67) 
(14, 52, 67, 81, 

90) 
(11, 37; 111, p. 
33) 

(13, 14, 22, 45, 
52, 56, 72, 73, 
76, 79, 80,81, 
89, 90) 

(14, 67) 

(14, 67) 
(14, 52, 67) 
(52) 
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in vitro. Both experimental and clinical experience show that the bacterio­
static action is effective against all types of pneumococcus—with more variation 
with reference to different strains than to difference in type (6, 56). 

I t is apparent from table 2 that of the ethyl, propyl, butyl, and amyl ethers 
tested, the greatest antipneumococcic power is associated with 2-carbon and 3-
carbon ethers. This corresponds with Morgenroth's finding the maximal 
action against the pneumococcus shown by ethyldihydrocupreine in the dihy-
drocupreine series. There is as yet no apparent correlation of effectiveness 
with the position at which branching occurs in the higher alkyl ether groupings. 
The apocupreine series thus far prepared is too brief to allow comparison with 
the antimalarial studies of Buttle et al. (14) and Magidson and Strukov (74), 
who observed a rise and fall of antimalarial action characterizing the n-alkyl 
ethers in separate series of odd- and even-numbered carbon chains. The higher 
alkyl apocupreine ethers have some action against streptococcus and staphylo­
coccus (52, 81; also unpublished work), and it will be remembered that Morgen-
roth (85) found the highest bactericidal action for streptococcus in isooctyldi-
hydrocupreine (vuzin) and for staphylococcus in isoamyldihydrocupreine 
(eucupin). In vitro action of hydroxyethylapocupreine against streptococcus 
has been reported (113). Ishizaka (52) found isooctylapocupreine only one-
sixteenth as powerful as ethylapocupreine against the pneumococcus. 

Modified alkyl ethers were prepared by Slotta and Behnisch (106), who 
alkylated dihydrocupreine with dialkylaminoalkyl halides to introduce a basic 
ether group similar to the side chain of plasmoquin and atabrin. Growth of 
pneumococci was inhibited for 8 hr. by 7-dimethylaminoisoamyldihydrocupreine 
at a concentration of 1:200,000 with partial inhibition for 24 hr.; other alkyl-
aminoalkyl ethers were less effective. Alkoxyalkyl ethers7 and aroxyalkyl ethers 
are represented in the table by butoxyethyl-, phenoxyethyl-, and benzyloxy-
ethyl-apocupreines, which were not found effective against the pneumococcus, 
although other modifications of the alkyl ether were more successful. Halogen 
substitution in the alkyl group did not greatly alter the properties of the com­
pound; this is still under investigation. There has not been enough study to 
allow generalizations with regard to varying the position of the hydroxyl or 
ketone group. 

The study of hydroxyalkyl ethers was undertaken in an attempt so to modify 
cinchona derivatives that the antipneumococcic power would be retained but 
host toxicity lessened. When tested in the barbituric acid series, the replace­
ment of alkyl groups by hydroxyalkyl groups had greatly lowered toxicity (21). 
It seemed a plausible speculation that modification of the hydrocarbon character 
of the ether groupings of cinchonas might alter the lipoid-water distribution in 
the direction of water solubility and in this manner avoid the tendency to eye 
damage which has prevented generalized use of optochin. That hydroxylation 
did lower animal toxicity is apparent from table 3, in the comparison of hy­
droxyalkyl ethers with the parent alkyl ethers. The absence of eye damage in 

7 The report of a study of alkylthioalkyl apocupreine ethers by Tipson and Cretcher 
is in press. 
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dogs receiving massive doses (22) and the complete absence of any eye symptoms 
in a large group of clinical cases treated with hydroxyethylapocupreine (71) 
are evidence of the definite modification in physiological properties which may 
accompany a small change in chemical structure. That this change also brought 
somewhat lowered antipneumococcic action is evident in the data of table 2. 

Toxicity (tables 3 and 4) 

The toxicity data given in table 3 are for intraperitoneal tests. The doses 
reported as L.D. 50 are milligrams of drug lethal to 50 per cent of the animals 
(20-g. mice). As indicated for hydroxyethylapocupreine, the L.D. 50 on an 
oral basis may be six times as large as the intraperitoneal value. It will be 
noted that the higher homologous alkyl ethers (butyl and amyl) show greater 
toxicity. The effect of hydroxylation on toxicity and action in vitro is sum­
marized in table 4 for the ethyl and isopropyl ethers of apocupreine, to empha­
size the remarkable changes in selectivity brought about by slight changes in a 
large cinchona molecule. 

Animal protection 

Ethylhydrocupreine, ethylapocupreine, hydroxyethylhydrocupreine, and hy­
droxyethylapocupreine have protective power when tested in experimental 
mouse pneumonias (56, 73). (3-Isoquinine gave some protection in vivo (39), 
although considerably less than hydroxyethylapocupreine.8 The action of 
ethylapocupreine in mouse protection has been reported by various investiga­
tors (39, 56, 73, 76, 80, 89); Liebetruth (67) found power in vivo noticeably 
decreased in the higher n-alkyl apocupreine ethers. In 1940 Bracken (6) found 
comparable protection against virulent pneumococci with hydroxyethylapo­
cupreine or sulfapyridine in equal doses; in mouse protection experiments the 
use of either chemical enhanced the protective action of the other. 

Pharmacology 

The pharmacology of the cinchonas has been reviewed in considerable detail 
by von Oettingen (111) and other authors (27, 50, 63, 65, 87, 107). Kruse 
(64, 69) found that hydroxyethylapocupreine is less toxic to the circulation and 
respiration of the dog than are quinine or quinidine. Dawson et al. (22) reported 
the ophthalmoscopic examination and histologic study of the eyes of dogs 
subcutaneously injected with large doses of cinchona ethers. They observed 
that in massive doses quinine and the alkyl ethers caused a destruction of cells 
in the ganglionic layer; comparable dosage with hydroxyethylapocupreine caused 
no demonstrable damage. 

Clinical studies 

Interesting observations have been made in the course of the clinical study of 
apocupreine, ethylapocupreine, and hydroxyethylapocupreine. Although in 
some tests apocupreine had shown bacteriostasis in vitro and protective action 

8 Unpublished work. 
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for mice, it has no therapeutic action in clinical trial. Ethylapocupreine was 
not acceptable clinically because of temporary eye damage to some individuals; 

TABLE 3 

Intraperitoneal toxicity 

COMPOTJIfD* 

TJ-CsH 7— 
C4H9— (three isomers) 
C4Hn— (five isomers). 
E thy lapocupre ic ine . . . . 
8-Hydroxyquinoline. . . 
C S H B O C 2 H 4 — 

Ethylhydrocupreine . . . 
C l C 2 H 4 -
( C H a ) 2 C H -
CjHs— 

Quinine 

( C H 3 ) S C ( O H ) C H 2 - . . . . 
C H 8 C H O H ( C H 8 ) C H - . 
K - H O C 4 H 8 -

Ji-HOC8H1T-
C H 8 C H 2 ( C H 2 O H ) C H -
C H 3 C O C H 2 -
H O C H 2 C H 2 - J 
H O C H 2 ( C H 3 ) C H - . . . . 
C H 3 C H O H C H 2 -

APPROXIMATE L . D . SOf 

milligrams 
2-3 
2-3 
2-3 
2-3 
2-3 
2-3 

4-5 
4-5 
4-5 
4-5 

5+ 
5+ 
5+ 

6-8 
6-8 
6-8 
6-8 
6-8 
6-8 

* Ethers of apocupreine dihydrochloride except as indicated, 
t Dose in milligrams for a 20-g. mouse. 
t Oral toxicity: L .D. 50 = 40 mg. 

TABLE 4 

Effect of hydroxylation on toxicity and action in vitro 

ETHERS OF APOCUPREINE 

C2H5 
H O C 2 H 4 -
( C H s ) 2 C H -
H O C H 2 C H ( C H s ) -
( H O C H s ) 2 C H - . . . 

TOXICITV 
APPROX. L . D . 50 

milligrams 
4 
7 
4 
7 

BACTERIOSTASIS 
CONCENTRATION OT DRUG 

8 X 105 

3 X 106 

16 X 105 

16 X 105 

3 X 10* 

hence other derivatives were sought. The clinical use of hydroxyethylapo-
cupreine in over six hundred cases of pneumococcic pneumonia with good results 
has been reported by Maclachlan (71) and his associates. The cases included 
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many types of pneumococcus (6). The use of the drug does not interfere with 
the typing of the pneumococcus and no visual disturbance has been observed 
with any patient; there is "no evidence that the leucocytes are depressed, and 
ear symptoms do not occur." In direct topical application, hydroxyethylapocu-
preine monohydrochloride has been found highly effective in treating pneumo-
coccic conjunctivitis (69) and very satisfactory results have been obtained in 
routine use of an aqueous solution of the dihydrochloride in treating pharyn­
gitis.9 

VI. SYNTHETIC ANALOGS 

In developing methods for the synthesis of aza-bicyclic compounds, Prelog 
(95) has synthesized the simple quinuclidine. Clemo and Metcalfe (19a) syn­
thesized 3-ketoquinuclidine. No biological testing of these simple units has 
been reported. Clemo and Hoggarth (19b) found 7-ketoruban to be without 
antimalarial action, but this compound lacks the secondary alcohol group and 
the methoxyl substituent in the quinoline nucleus. Both Rabe (98) and Prelog 
(96) have recently synthesized isomeric 6'-methoxyruban-9-ols, but Rabe re­
ports absence of antimalarial action in any of the four isomers, whereas Prelog 
reports power similar to quinine in the treatment of bird malaria with the 6'-
methoxyrubanol. 

That cyclic units other than quinuclidine may serve as the "second half" 
of cinchona analogs possessing therapeutic properties is apparent from the 
properties of niquidine (formula V), which is a substituted quinolyl-2-piperidyl-
carbinol (31, 108b). Ainley and King (1) found that the synthetic 4'-(6'-
methoxyquinolyl)-2-piperidylcarbinol had considerable antimalarial action in 
bird malaria and suggest "that the piperidine ring system should be as near the 
quinoline ring system as possible, consistent with retention of the carbinol 
group." The effectiveness of these a-piperidine derivatives is in sharp contrast 
to the absence of antimalarial power in cupreicine ethers (formula IV). In 
1917 Karrer (60) synthesized 4'-(6'-methoxyquinolyl)-2-pyrrylcarbinol and de­
scribed it as having action of the same order as quinine on paramecia. In 
studying even simpler compounds which had an ethanol bridge linking 6'-
methoxyquinoline with tertiary amines, King and Work (61) found that these 
structures had small antimalarial power. 

CONCLUSION 

Thus far the alkoxyquinoline and alkyl-substituted quinuclidine nuclei, 
bound together by a secondary alcohol bridge, appear to be a necessary basis 
for antipneumococcic activity in the cinchona series. Maximum activity 
seems to be shown by the ethyl and isopropyl alkyl ethers. Some types of 
substitution in the alkyl ether group modify, without wholly changing, the 
bactericidal and physiological properties. The quinuclidine side chain may 
be ethyl (e.g., of hydrocupreine) or ethylidene (e.g., of apocupreine); greater 
antipneumococcic action appears to be associated with the ethylidene group. 

9 Unpublished work. 
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The steric configuration of the molecule is a factor, and it is probable that linkage 
at the a-carbon atom of the quinuclidine nucleus is important. 

The fact that certain recently prepared cinchona analogs possess antimalarial 
action suggests that the quinuclidine nucleus may be replaced by other cyclic 
nitrogen components. The short secondary alcohol bridge between the two 
nitrogen units and the spatial arrangement of the linkage at the a-carbon atom 
of the non-aromatic nitrogen group appear to be important factors in the proper­
ties of these compounds. 

The authors desire to express their appreciation to Dr. R. Stuart Tipson for 
helpful suggestions and criticism in the preparation of this manuscript. 
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