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1. Introduction 

 

By 1920 only three gaseous anaesthetics were widely used – nitrous oxide, diethyl ether 

(ether) and chloroform.  The toxicity of chloroform was acknowledged, nitrous oxide did not 

induce deep anaesthesia, and ether was extremely inflammable, so in the 1920s there were 

good reasons to search for new anaesthetics.  While my concern is with gaseous anaesthetics, 

I recognise that there were parallel developments in two related fields, that of topical or local 

anaesthetics, typified by the natural product cocaine and a host of synthetic substances, and 

injectable anaesthetics starting with opiates, then barbiturates and leading to modern materials 

such as propofol (2,6-diisopropylphenol).  

 

2. Theories of anaesthetic action 
 

Hans Meyer
1
 noted that the anaesthetic substances were soluble in both fatty and aqueous 

media, proposed a general theory of anaesthesia based on the partition or distribution 

coefficient as a critical determinant.  Meyer enunciated the following three principles that 

underpinned his theory: 

 all chemically inert substances that are soluble in fats and fatty materials will 

produce narcosis; 

 the line of action is in the nerve cells; 

 the comparative strengths of substances depend on their solubility in fatty material 

and in water, that is, on the distribution coefficient. 

 

Charles Overton arrived at the same idea independently.   Some years after completing his 

PhD research on cell permeability studies, Overton first presented his theory of narcosis in a 

lecture to the Society for Natural History in Zurich in October 1898,  in a paper published the 

following year
2
 and in his book

3
 which included a full exposition.   Although his contribution 

to the theory of narcosis was recognised in the term ‘Meyer-Overton theory’, the details were 

not widely accessed although some excerpts of his work (and Meyer’s) were published in 

translation in 1963.
4

  A full translation of Overton’s book, commissioned by the US 

Environmental Protection Agency, and accompanied by remarks by modern authors was 

published in 1991.
5
  

 

According to the Meyer-Overton theory the anaesthetic substances interacted in reversible 

ways with fatty membranes and thus mediated their effects on consciousness.  Since it was 

not possible to predict the distribution coefficients of potential anaesthetic substances, the 
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Meyer-Overton theory was not helpful in guiding researchers to structures of organic 

molecules that might deserve further investigation.  Winterstein
6
 provided a detailed critique 

of the theory, showing that the relationship did not hold when a broader range of chemically 

inert substances was tested, and other researchers also concluded that the Meyer-Overton 

theory was ‘not entirely satisfactory’ but was the best available and had gained widespread 

acceptance.
7
  Addressing the apparent inconsistency, Henderson and Brown postulated three 

types of anaesthetic action: ‘(a) due to changes in the anesthetic in the body; (b) due to 

secondary effects produced in metabolism; (c) inherent in the anesthetic.’  In their view only 

the last of these might be correlated with physical parameters, while the others could account 

for toxicity but the lack of predictive value remained a serious obstacle to the search for new 

anaesthetics.  Nicholas Franks at Imperial College, London, discovered that binding by 

anaesthetic agents to soluble proteins, and consequent competitive antagonism, was likely to 

be the true mechanism of anaesthetic action.
8
    Reviewing the progress that followed his 

initial discoveries, Franks
9
 observed that although there were many exceptions the Meyer-

Overton theory survived because it had ‘beguiling simplicity’ and was not inconsistent with 

developing ideas of the lipid bilayer nature of nerve membranes.     

 

3. Hydrocarbons leading to cyclopropane 
 

Ethylene and acetylene had been investigated in the late nineteenth century and found to be 

effective anaesthetics but they did not become established in the repertoire of the anaesthetist 

until the 1920s.
10

  The use of acetylene (CH≡CH) became more common, mainly in Germany, 

after Hermann Wieland,
11

 in Freiburg, reported extensively on its use and it was marketed as 

Narcylen.  Wieland was led to experiment with acetylene by noting the facility with which 

nitrous oxide dissolved in blood and could therefore be transported to sites of (unspecified) 

action.  ‘The proof of this hypothesis’, he wrote, ‘was shown by the experiments with other 

gases such as acetylene that dissolved even more easily in water’.
12

  Note was taken by the 

anaesthetists in other jurisdictions
13

 but acetylene was mainly used in Germany.  Wieland had 

generated acetylene from the reaction of calcium carbide and water, purifying it before use in 

anesthesia.  Since acetylene had industrial uses in lighting and welding it was available 
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commercially but that material had to be cleansed of small quantities of acetone with which it 

was stored under pressure.
14

 

 

V.E. Henderson at the University of Toronto was drawn into work on anaesthetics by W. 

Eason Brown, an anaesthesiologist at Toronto General Hospital, who had joined the 

department of Pharmacology in 1922 and by George Lucas, a young chemist he hired to 

pursue the work.  They wrote about their experience with ethylene as an anaesthetic and 

related their findings to those of other researchers.
15

  Their intention was to increase the 

efficiency of nitrous oxide for general anaesthesia by adding other substances to it, but their 

reasons for choosing ethylene were not explicit.  In the event, they found ethylene to be more 

potent than nitrous oxide, producing rapid and effective anaesthesia in animals and humans 

when administered in mixtures containing 10-15% oxygen.  They generated ethylene by 

pyrolysis of ethanol vapour over aluminium oxide at 350
o
 but later used cylinders supplied by 

a manufacturer.  Although Brown and Henderson published further work on ethylene
16

 they 

ceded the research field to others and ethylene, on grounds of odour and flammability, never 

became a major anaesthetic. 

 

Instead they turned to propylene, which they found possessed anaesthetic properties, as did 

methane, although only at higher concentrations.
17

 Brown suggested that higher hydrocarbons 

might be better anaesthetics but this does not seem to have been followed up, and there was 

more to learn about C3 hydrocarbons.  Cyclopropane was found to be a good anaesthetic.
18

  

Researchers were unable to conduct a partition experiment with it, but instead they 

determined separately the solubilities of cyclopropane in water and olive oil, which were in 

ratio 1:64.4 and that compared favourably with ethylene 13.2, ether 2.5 and acetylene 2.1. 

 

As a result of further work by Ralph M. Waters of the University of Wisconsin,
19

 

cyclopropane was introduced to practice from 1933 in the United States and Australia, but not 

in Britain. A number of deaths of patients under anaesthesia in Toronto hospitals at about that 

time made doctors unwilling to experiment with cyclopropane,
20

 which Exhibited toxic 

effects when it was used in high doses.  In addition, the constant danger of explosion in the 

operating theatre made doctors cautious about its use.  The explosion risk, shared by other 

inflammable agents like diethyl ether and acetylene, was heightened when electrocautery was 

introduced into surgery in the late 1920s and when electronic monitoring devices later became 

common.  

 

4. Rare gases 
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Experience with deep-sea divers and other humans working under increased pressures of 

nitrogen gas showed that nitrogen has narcotic (= anaesthetic) effects, and this led to the 

investigation of other chemically inert gases.  The noble – at that time regarded as inert – 

gases from Group 8 of the periodic table naturally attracted attention, although it was known 

that helium had only a very small narcotic effect.
21

  The solubility of the gases in water 

increased with increasing atomic weight and so it seemed likely that higher members of the 

group might have interesting properties. 

 

Argon, twice as soluble in water and in fat as nitrogen, was found to have approximately 

twice the narcotic effect.
22

  Referring to the Meyer-Overton hypothesis that the fat-water 

solubility ratio is an important determinant of anaesthetic effects, Lawrence et al.
23

 brought 

together the relevant data for solutions in water or corn oil or olive oil (Table 1) and 

confirmed that mixtures of oxygen and xenon (but not krypton) produced physiological 

effects when animals were exposed to recirculating gas mixtures with removal of carbon 

dioxide by soda-lime. 

 

Table 1.  Solubility ratios for chemically inert gases 
(n/a indicates data unavailable) 

Inert gas Oil/water solubility ratio  

22
o
C 37

o
C 

Nitrogen 3.5-4.2 4.7-5.2 

Helium n/a 1.7 

Neon n/a n/a 

Argon 4.0 5.3 

Krypton 7.5 9.6 

Xenon 14.5 20.0 

Radon 110 125 

 

Krypton and xenon were investigated further in the early 1950s, the former having ‘no 

significant narcotic properties’ while xenon was about as effective as ethylene,
24

 and 

‘although it may not by virtue of its cost of manufacture prove to be a satisfactory agent 

commercially, it may materially assist in solving one of the important theoretical problems of 

anesthesia’.  The main use of xenon as an anaesthetic seems to have been in Russia, where it 

was also used in training athletes for low-oxygen conditions until this practice was banned by 

the World AntiDoping Agency in June 2014. 

 

An interesting outcome of the discovery of the anaesthetic action of xenon was Linus 

Pauling’s interest in the phenomenon and his decision to look more broadly at other 

anaesthetic molecules because ‘their chemical properties are such that it is impossible to 

believe that they produce narcosis by taking part in chemical reactions involving the 

formation and breaking of ordinary chemical bonds.’  Because many substances fitted the 

Meyer-Overton criterion of fat-water partition without exhibiting anaesthetic action, he sought 
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a more specific physical mechanism and proposed that this might involve ‘hydrate crystals of 

the clathrate type’.
25

  A similar theory was put forward, at about the same time, by Stanley 

Miller.
26

  Unsuccessful experiments undertaken in Pauling’s laboratory with brine shrimp and 

goldfish, and the consideration that such clathrates could form only under conditions that 

were far from physiological, meant that the theory gained little purchase and had almost no 

predictive value, although Pauling himself never entirely relinquished the idea.
27

  

   

5. Elaborating the Ether Structure 
 

The structure of one of the oldest anaesthetics, diethyl ether was the starting point for the 

exploration of anaesthetic properties of a range of aliphatic ethers that began in the 1920s.  

The American anaesthesiologist Chauncey Leake
28

 noted that ‘there has not yet been a 

systematic effort to determine whether or not there is any relation between chemical 

constitution and physiological action … of a relatively large series of related compounds’.  

His proposal was to bring together the structural elements of two known anaesthetics, diethyl 

ether and ethylene, and so to test divinyl ether (CH2=CH-O-CH=CH2) and some related 

compounds.  This approach, he claimed, ‘involves the climax of the scientific method – the 

ability to predict in a reasonable manner that a certain proposition will be true on the basis of 

observed phenomena and a workable theory’.  He also noted the general tendency for higher 

members of a homologous series to exhibit greater toxicity, which directed attention to small 

molecules as those most likely to have useful properties.   

 

Leake mentioned oil-water partition coefficients of the ethers he investigated and noted that 

‘if the partition coefficient may be taken as an index of anesthetic efficiency, then, divinyl 

ether meets our expectations’.  From this we might conclude that he was aware of the Meyer-

Overton theory but regarded it as providing a check on experimental results but not 

something with predictive value.  Although divinyl ether was an effective anaesthetic it was 

degraded by exposure to light and air.  This problem was partly overcome by addition of a 

small amount of ethanol as a stabilizer, and the product achieved commercial success for a 

few years under the name ‘Vinethene’ which was used in dental and other minor surgery and 

obstetric cases.
29

 

 

Thinking along the same lines as Leake, John C. Krantz at the University of Maryland felt 

that ethyl vinyl ether ‘represented more completely a cross between the two anesthetic 

molecules than does divinyl ether’ and accordingly investigated its properties.
30

  Before then, 

however, he had introduced another ‘hybrid’ molecule, combining the ether link with the 

structure of a recently introduced hydrocarbon anaesthetic, cyclopropane.  The research group 

investigated cyclopropyl alkyl ethers
31

 and then alkenyl ethers
32

 which were found to be more 
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effective than diethyl ether.  Difficulties were experienced in measuring the oil-water partition 

coefficient directly by equilibrating the distribution between the two phases, and new methods 

were introduced but there was poor agreement between data obtained by the Leake and 

Krantz groups, not that it seemed to matter since effect anaesthetic agents had been 

discovered by more traditional approached of structure variation.  

 

6. Halogenated hydrocarbons after chloroform 
 

Ethyl chloride,
33

 trichloroethylene
34

 and mixtures containing methyl chloride and ethyl 

bromide
35

 were investigated for their anaesthetic properties.  All were toxic to some degree, 

but trichloroethylene especially so since it was converted to highly toxic dichloroacetylene 

(Cl-C≡C-Cl) when exposed to soda lime in the recirculating system.
36

  All four chlorinated 

methanes were found to possess anaesthetic activity.   Of these, dichloromethane (methylene 

chloride, CH2Cl2) was the most favoured but a later review made a strong case that the real 

anaesthetic material was a chloroform present as an impurity.
37

  Pure dichloromethane was 

later found to have the disadvantage that in the body it was converted to carbon monoxide 

which reduced the oxygen-carrying capacity of the blood.   

 

7. Fluorinated substances as anaesthetic gases 
 

The development of organo-fluorine chemistry in the 1930s offered new opportunities for 

development of analogues of know anaesthetics, but none of dichlorofluoromethane (CHCl2F) 

and chlorodifluoromethane (CHClF2)
38

 decafluorobutane and decafluorocyclopentane
39

 were 

suitable and more extensive studies showed that while a number of small fluorine-containing 

molecules exhibited some degree of anaesthetic activity they also had pronounced toxicity.
40

  

 

In Britain, Imperial Chemical Industries (ICI) had prepared many fluorine compounds and 

investigated possible uses for them as refrigerants, foam-forming agents and aerosols and it 
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33
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was recognized that the properties that made fluorocarbons valuable in these applications 

might also make them suitable as anaesthetics.  Seeking a theoretical rationale for anaesthetic 

action, the research leader linked anaesthetic efficiency to chemical potential
41

 but active 

research had to wait until after World War 2.  1,1,1-Trifluoro-2-bromo-2-chloroethane (CF3-

CHBrCl, Fluothane, Halothane), sometimes called the ‘first designer anaesthetic’ was 

synthesized in 1953.
42

 A range of fluorinated compounds was synthesized by Dow Chemical 

Company in the late 1950s and submitted for testing at Abbott Laboratories, leading to the 

discovery of 1,1,1,2-Tetrafluoro-2-bromoethane (CF3CHBrF, Teflurane).  It had a solubility 

ratio of several hundred and differed from Halothane only by substitution of F for Cl.
43

  While 

Halothane took a dominant place in the market, Teflurane was marketed for a time but was 

found to cause cardiac irregularities and its use was abandoned. 

 

The interest in fluorine-containing moieties converged with that for aliphatic ethers when 

trifluoroethyl vinyl ether was investigated and found to be to a potent anaesthetic.
44

  Several 

values of the oil/water solubility ratio, in the range 91-100, suggested that according to the 

Meyer-Overton theory it should be more potent but in fact its potency was similar to that of 

diethyl ether.  It was marketed under the trade names Fluoromar and Fluroxene and was 

widely used until competition with other fluoro-ethers and Halothane restricted its use.
45

  

Research at Dow Chemical Company, referred to above, also produced a large number of 

fluorinated substances, among which was one judged to be suitable for clinical use 

(Methoxyflurane, CH3-O-CF2-CHCl2) and it was market successfully from 1960.   Research 

to identify other fluoro-ethers with useful anaesthetic properties continued.  Ross C. Terrell of 

Ohio Medical synthesized over 700 compounds in a search for the ‘ideal anesthetic’ that 

commenced in 1960, eventually discovering Enflurane, Isoflurane and Desflurane,
46

 while 

Sevoflurane came from researchers at Travenol Laboratories (Table 2).
47

 

 

Table 2.  Fluoro-ether anaesthetics 
 

Anaesthetic name Chemical structure Introduction 

Enflurane CHF2-O-CF2-CHClF 1973 

Isoflurane CHF2-O-CHCl-CF3 1981 

Desflurane CHF2-O-CHF-CF3 1992 

Sevoflurane CH2F-O-CH(CF3)2 1994 
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All the fluoro-ether anaesthetics, as well as Halothane, can be responsible for some degree of 

liver damage and as a result their uses are carefully controlled. 

 

8. Concluding remarks 

 

Meyer and Overton’s theory was widely referred to but did not provide a sure path to the 

development of new anaesthetic gases
48

 and although researchers in the 1920s and 1930s 

measured partition coefficients and solubility ratios they were only paying lip-service to 

theory. Forman
49

 has argued that the various lipid hypotheses, did not meet Popper’s criterion 

that a scientific hypothesis should be falsifiable.  Nonetheless, researchers proceeded to ring 

the changes in molecules and test them in animals against a number of criteria. And although 

it is three decades since it emerged,
50

 neither has the receptor binding mode of action 

facilitated the discovery of new anaesthetics.  Perhaps the fluorinated ethers now in use can be 

regarded as the long-sought ‘ideal gases’ for inducing the sleep that takes us away from the 

realm of pain and facilitates surgery of many kinds. 
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