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Abstract—A number of water soluble bis-amino-2,6-dimethoxyphenyl ester derivatives were found to exhibit improved anaesthetic
activity in mice relative to propofol 1. Of the analogues disclosed, 44 was further profiled in rodents and found to be a superior
agent to propofol for the induction and maintenance of anaesthesia.
# 2003 Elsevier Science Ltd. All rights reserved.
Propofol, a formulation of 2,6-diisopropylphenol 1
(Fig. 1) has gained acceptance as the leading short-act-
ing hypnotic for induction and maintenance of general
anaesthesia.1 It exhibits the desirable characteristics of
rapid onset and offset of anaesthesia and can be used for
long-term administration without significant accumula-
tion.2 Propofol is however associated with cardiovas-
cular side effects and pain on injection. We recently
reported on the SAR and general anaesthetic activity of
a series of a-amino acid phenolic ester derivatives as
exemplified by Org 25435 2 (Fig. 1).3 The lead optimi-
sation which led to the identification of 2 focussed
mainly on structural modifications to the phenolic and
amino moieties, though lengthening the alkyl side chain
from methyl to n-butyl was also investigated. Whilst
these changes led to an increase in anaesthetic activity
lengthening the alkyl side chain resulted in a
concomitant increase in excitatory side effects and
decrease in aqueous solubility.

We thought that incorporation of heteroatoms into the
side chain should enhance the aqueous solubility and
the increased polarity might also abolish the excitatory
side effects previously observed with more lipophilic
derivatives. In this paper we report on a series of phe-
nolic ester derivatives containing amino and ether side
chains designed to explore this hypothesis (Fig. 2). A
number of these novel analogues exhibit better anaes-
thetic activity and aqueous solubility than either
propofol 1 or Org 25435 2.
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Figure 1. Propofol 1 and Org 25435 2.
Figure 2. Heteroatom-containing side chain phenolic ester derivatives.
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Initially we focussed on synthesising analogues contain-
ing a further amino substituent in the side chain. Acyclic
and cyclic bis-amino-a-amino acid analogues 3 and 4
were prepared from the versatile bromo acrylate inter-
mediate 7 using the synthetic strategies outlined in
Schemes 1 and 2, respectively. All analogues were char-
acterised by NMR, LCMS, HPLC and GC (residual
solvent levels) prior to submission for testing.

Many anaesthetics including barbiturates, benzodiaze-
pines, etomidate and propofol 1 are believed to exert
their effect by potentiating the effects of GABA at
GABAA receptors via an allosteric interaction. During
the optimisation work described herein compounds
were tested as GABAA receptor modulators through
determination of their ability to inhibit [35S]TBPS bind-
ing to rat whole brain membranes. All in vitro studies
were carried out as described by Anderson et al.4
The in vivo anaesthetic activity of compounds was
determined upon intravenous (iv) administration to
mice. Propofol was injected as the commercial veter-
inary product (RapinovetTM, Schering-Plough Animal
Health, UK) at 10 mg mL�1. All in vivo studies were
carried out as described by Anderson et al.4 except male
MF-1 mice were used instead of male CFLP mice.
Compounds were tested as free bases or HX (X=Cl,
Br) salts as 5–10 mg/mL solutions in distilled water. The
dose required to cause a loss of righting reflex (LRR)
for a minimum period of 30 s in 50% of the treated mice
was determined. A probit analysis (Minitab) was per-
formed to yield an HD50 (hypnotic dose 50, in mmol
kg�1) for each compound and 95% confidence limits.
The results obtained for compounds 8–18 are given in
Table 1, and results for propofol 1 and Org 24447
(racemate of Org 25435 2) are included for comparison.
All analogues were tested as racemic mixtures.

In contrast to the previous study with compounds with
simple alkyl side chains, new compounds where the
a-amino substituent was cyclic displayed higher levels of
potency than acyclic derivatives. In particular the
potency of 8 (HD50=15 mmol kg�1) compared very
favourably with both propofol 1 (HD50=68 mmol kg�1)
and Org 24447 (HD50=22 mmol kg�1). However incor-
poration of two acyclic amino substituents led to con-
vulsant side effects for example, 11 and 12. To further
probe these initial SAR a series of analogues incorpor-
ating both cyclic and acyclic amines was synthesied that
is, compounds 13–18 where NR2 6¼NR20.

Once again there was a clear distinction between analo-
gues containing cyclic and acyclic amines; cyclic amino
derivatives for example, 13–16 retained good potency
while the acyclic analogues 17 and 18 possessed either
poor activity or convulsant properties.

To exploit this finding a series of conformationally
restricted cyclic analogues of structure 4 were prepared
from the bromo acrylate intermediate 7 using the syn-
thetic route outlined in Scheme 2. The anaesthetic
Scheme 2. Synthesis of compounds 19–23: (i) N,N0-Dibenzylethylene-
diamine, DCM; (ii) ACE-Cl, DCM; (iii) RI, K2CO3, acetone.
Scheme 1. Synthesis of compounds 8–18: (i) 2,6-Dimethoxyphenol,
NEt3, DCM; (ii) HNR2, DCM; (iii) HNR2, NEt3, DCM; (iv) HNR2

0 0,
NEt3, DCM.
Table 1. Anaesthetic Activity (HD50) of phenolic ester derivatives 8–

18
Compd
 NR2
 NR2
0
 HD50 (mmol kg�1)a
1 Propofol
 N/A
 N/A
 68

ORG24447
 N/A
 N/A
 22

8
 Thiomorpholine
 Thiomorpholine
 15

9
 HHOb
 HHOb
 <25

10
 Morpholine
 Morpholine
 38

11
 BMEc
 BMEc
 conv

12
 BEEd
 BEEd
 conv

13
 Morpholine
 Piperidine
 15

14
 Morpholine
 Thiomorpholine
 17

15
 Thiomorpholine
 Morpholine
 19

16
 THIQe
 Morpholine
 21

17
 BMEc
 Morpholine
 75

18
 Morpholine
 BEEd
 conv
aMale MF-1 mice (n=8) were used in all studies (conv=convulsant).
b1,4-Hexahydrooxazepine.
cBis(2-methoxyethyl)amine.
dBis(2-ethoxyethyl)amine.
e1,2,3,4-Tetrahydroisoquinoline.
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activity of compounds 19–23 upon iv administration to
mice are also shown in Table 2.

A number of these conformationally restricted deriva-
tives exhibited excellent anaesthetic potency for exam-
ple, 19 (HD50=24 mmol kg�1), 20 (HD50=31 mmol
kg�1) and 21 (HD50=34 mmol kg�1).

Whilst a number of the bis-amino-a-amino acid analo-
gues displayed comparable or enhanced potency and
solubility as compared to Org 24447, all analogues were
found to be highly unstable in aqueous solution, pre-
cluding further development. Despite this instability the
bis-amino-a-amino acid analogues proved that our
hypothesis of improving the anaesthetic activity and
aqueous solubility by incorporation of heteroatoms into
the side chain warranted further investigation.

To improve stability a series of ether side chain analo-
gues 5 and 6 (Fig. 1) were designed and synthesised as
outlined in Schemes 3 and 4, respectively. The experi-
mental data for the synthesis of 26.HCl is given in ref 5.
A number of the ether side chain analogues exhibited
excellent anaesthetic profiles (potency and behavioural
pharmacology) compared to propofol 1 and Org 24447,
with 26, 31 and 39 being particularly noteworthy. In
contrast to the bis-amino derivatives 8–23 these com-
pounds were extremely tolerant to modifications of the
a-amino substituent, with both cyclic and acyclic amines
retaining good anaesthetic activities. The anaesthetic
activity of compounds 24–43 upon iv administration to
mice are shown in Table 3.

The vast majority of the ether side chain analogues
possessed >10 mg mL�1 aqueous ‘visible’ solubility at
pH=4 (data shown in Table 3), whilst a smaller subset
possessed excellent solubility for example, 44=200 mg
mL�1 at pH=2.4, 20 mg mL�1 at pH=5.0. This solu-
bility was allied to acceptable aqueous stability across a
pH range suitable for iv administration that is, pH�4.

Due to these encouraging results 26, 31 and 39 were
selected for chiral separation and the in vitro and in
vivo results for these compounds are shown in Table 4.
Semi-preparative chiral HPLC was used to resolve 31
and 39 into their constituent enantiomers, whereas 26
could be resolved by chiral salt formation. This crystal-
lisation method was applicable for providing multi-
gram quantities of pure enantiomer 44. Enantiomer 44
was assayed (reverse phase and chiral HPLC) across a pH
range (1–9) in aqueous medium and was found to be stable
with respect to both decomposition and racemisation.

As with other studies involving closely related com-
pounds, there is no direct correlation of [35S]TBPS dis-
placement with in vivo activity for the analogues shown
in Table 3.6 Despite the lack of correlation the in vitro
Table 2. Anaesthetic activity (HD50) of phenolic ester derivatives 19–

23
Compd
 R
 HD50 (mmol kg�1)a
1 Propofol
 N/A
 68

ORG24447
 N/A
 22

19
 Ethyl
 24

20
 Allyl
 31

21
 Propionyl
 34

22
 Methyl
 122

23
 H
 Conv
aMale MF-1 mice (n=8) were used in all studies (conv=convulsant).
Scheme 3. Synthesis of compounds 24–30: (i) NaOR, ROH; (ii)
HNR2, NEt3, Toluene, reflux.
Scheme 4. Synthesis of compounds 31–43: (i) Na, 2-bromoethyl
methyl ether, EtOH; (ii) KOH, aqEtOH, reflux; (iii) Br2, HBr, Et2O;
(iv) vacuum distillation; (v) oxalyl chloride, pyridine, DCM; (vi) 2,6-
dimethoxyphenol, NEt3, DCM; (vii) NR2, NEt3, toluene, reflux.
Table 3. Anaesthetic activity (HD50) of phenolic ester derivatives 24–

43
Compd
 R0
 NR2
 HD50 (mmol kg�1)a
1 Propofol
 N/A
 N/A
 68

ORG24447
 N/A
 N/A
 22

24
 Me
 Thiomorpholineb
 21

25
 Me
 Bisethoxyethylaminec
 25

26
 Me
 1,4-Hexahydrooxazepined
 30

27
 Me
 Bismethoxypropylaminec
 46

28
 Me
 Morpholined
 54

29
 Me
 Piperidinec
 146

30
 Et
 1,4-Hexahydrooxazepined
 20

31
 Me
 1,4-Hexahydrooxazepined
 15

32
 Me
 Hexahydroazepinec
 17

33
 Me
 Tetrahydropyridinec
 22

34
 Me
 4-Methoxypiperidinec
 21

35
 Me
 Piperidinec
 22

36
 Me
 Bismethoxyethylamined
 27

37
 Me
 Bisethoxyethylaminec
 28

38
 Me
 Morpholinec
 38

39
 Et
 1,4-Hexahydrooxazepinec
 23

40
 Et
 Hexahydroazepinec
 25

41
 Et
 Bismethoxyethylaminec
 27

42
 Et
 Morpholinec
 36

43
 Et
 Bisethoxyethylamineb
 47
aMale MF-1 mice (n=8) were used in all studies.
bSolubility of HCl salt=<10mg mL�1 @ pH4.
cSolubility of HCl salt=10–20mg mL�1 @ pH4.
dSolubility of HCl salt=>20mg mL�1 @ pH4.
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results presented in Table 4 demonstrate modulation of
GABAergic function and suggest this mechanism could
account at least in part for the anaesthetic activity of
these compounds. All in vitro studies were carried out
as described by Anderson et al.4

Analysis of the results given in Table 4 in conjunction
with behavioural pharmacology observations and tak-
ing into account synthetic issues led us to select 44 for
testing in a more sophisticated anaesthesia model using
burst suppression ratio (BSR) detection in the
extradural EEG after bolus and continuous infusion.

These experiments, using male Wistar rats, were carried
out as described by Vijn and Sneyd.7 For the bolus
study and based on pilot experiments, two doses of each
compound, estimated to produce either above or below
60% BSR, were injected iv over 10 s into groups of 5 or
6 rats (60% BSR is regarded as a deep level of anaes-
thesia). Using linear interpolation between the two fixed
doses, an estimate of the dose producing 60% BSR was
calculated for each drug, allowing for direct compar-
isons of their anaesthetic profiles. The mean BSR traces
for the higher doses of propofol 1 (47.7 mmol kg�1) and
44 (12.6 mmol kg�1) are shown in Fig. 3.

The data obtained by linear interpolation are shown in
Table 5. Analogue 44 is approximately 3.6 times more
potent than propofol 1 to induce 60% BSR (11.4 vs 41.0
mmol kg�1). Both compounds produce a rapid rise in
burst suppression, with the maximal BSR being
observed shortly after injection; propofol 1 (30s) and 44
(32s). However, recovery to righting is considerably
faster with 44 than propofol 1 (3.3 min vs 5.6 min).

Following on from the bolus studies, the ability of 44 to
maintain a constant level of anaesthesia (BSR=60%)
was studied in a closed loop maintained infusion
experiment. Figure 4 shows the BSR traces for propofol
1 and 44 as obtained from these experiments (n=4–5
per compound).

Very stable levels of anaesthesia were obtained with
both propofol 1 and 44. With 44 there was less tendency
for the infusion rate to decrease during the 1 h period
than with propofol, suggesting less cumulation. On ces-
sation of infusion after 1 h, the BSR response dropped
almost immediately with both propofol 1 and 44, and
reached baseline values earlier for 44 than for propofol
1. Also behaviourally, recovery (gain of righting reflex)
after 44 maintained anaesthesia was much faster than
after maintenance with propofol 1.

The relevant parameter values as extracted from the
experiments are given in Table 6. It is clear from the
data in Table 6 that iv administration of 44 results in a
rapid onset and recovery from anaesthesia, which are
essential features for a new anaesthetic agent.

In summary a number of water soluble bis-amino-2,6-
dimethoxyphenyl ester derivatives were prepared and
found to exhibit improved anaesthetic activity in mice
relative to propofol 1 and Org 25435 2. Of these, com-
pound 44 was further profiled and found to be a superior
Table 5. Parameter values as extracted by linear interpolation of

averaged values from individual BSR responses to bolus injections
Parameter
 44 (n=14)
 Propofol 1 (n=11)
Dose for 60% BSR (mmol kg�1)
 11.4�1.5
 41.0�2.4

Time to maximum (s)
 32�1
 30�2

Time to 1st 0.25s BS epoch (s)
 12.9�0.6
 13.1�0.3

Time to 30% BSR (min)
 1.3�0.1
 1.5�0.2

Time to righting (min)
 3.3�0.1
 5.5�0.4
Table 4. Anaesthetic activity (HD50) and GABAA receptor mod-

ulatory (TBPS IC50) effects of selected compounds
Compd
 HD50 (mmol kg�1)a
 TBPS IC50 mM
1 Propofol
 68
 8.1

ORG24447
 22
 29.3

26 (Racemate)
 30
 35

44 (x of 26)
 16
 35.8

45 (x of 26)
 40
 98.3

31 (Racemate)
 20
 69.5

46 (xof 31)
 15
 32.5

47 (xof 31)
 30
 >100

39 (Racemate)
 15
 34.9

48 (xof 39)
 15
 N/D

49 (x of 39)
 48
 >100
aMale MF-1 mice (n=8) were used in all studies (inact=inactive). x
single isomer of undefined absolute configuration.
Figure 3. Mean burst suppression ratio (BSR) after the start of a 10 s
iv bolus injection of propofol 1, 47.7 mmol kg�1 (n=6); 44, 12.6 mmol
kg�1 (n=7). The triangles indicate the moment when the righting
reflex returned.
Figure 4. BSR during burst suppression closed-loop infusions at a
BSR value of 60% for 44 and propofol 1. Curves are averages of 4–5
animals. Infusion was stopped after 60 min. The triangles indicate the
moment when the righting reflex returned.
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agent to propofol for the induction and maintenance of
anaesthesia in rats. Despite the lack of a direct corre-
lation between in vitro and in vivo activity, modulation
of GABAergic function may explain at least in part the
anaesthetic activity possessed by the analogues dis-
closed.
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