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{S7] ABSTRACT 

The use of a compound of the formula : f 
. R 

300R1 

----
H I 
0 ' R2 

(I) 

having the (3S,4S) configuration, and which is essen­
tially free of the (3R,4R) enantiomer, wherein A-B 
designates a 1(2) or a 6(1) double bond, R designates 
-CH3 or -CH20H, RI designates a hydrogen atom or 
a lower acyl group, and R2 designates (A) a straight­
chained or branched C6-12 alkyl radical; or (B) a group 
-O-R3, in which R3 is a straight-chained or branched 
Cs-9 alkyl radical or a straight-chained or branched 
alkyl radical substituted at the terminal carbon atom by 
a phenyl group in the manufacture of a medicament for 
reducing or preventing glutamate neurotoxicity. Some 
of the above compounds arc novel, and their prepara­
tion is described. Also described is a method of treating 
acute injuries to the central nervous system associated 
with excitatory amino acid neurotoxicity, a method of 
treating chronic degenerative disease associated with 
gradual selective neuronal loss and a method of treating 
poisonings affecting the central nervous system by ad­
ministering a pharmaceutical composition containing 
the above compound. 

18 Claims, 4 Drawing Sheets 
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NMDA-BLOCKING PHARMACEUTICAL 
COMPOSmONS 

This application is a continuation of application Ser. 5 
No. 07/609,588, filed Nov. 6, 1990, now abandoned. 

FIELD OF THE INVENTION 

BACKGROUND OF THE INVENTION 

The review article "Glutamate Neurotoxicity and 
Diseases of the Nervous System", Neuron, 623-34 
(1988) summarizes the present state of knowledge of 
glutamate neurotoxicity, of the various effects of such 
toxicity and the various diseases involved. The article 
describes three kinds of glutamate receptors and sum-

The present invention relates to pharmaceutical com- marizes known competitive and noncompetitive block-
positions for preventing excitatory amino acids neuro- 10 ers of such receptors, providing also a variety of theo-
toxicity comprising as active ingredient (3S,4S)-tetrahy- ries on the mechanisms of such activity. According to 
drocannabinol (THC) type compounds of general for- this article, considerable efforts are being focused on 
mula (I), as hereunder defined. bringing an N-methyl-D-aspartate (NMDA) antagonist 

The compositions of the present invention are partic- to bear on some of the diseases associated with gluta-
ularly effective in alleviating and even preventing gluta- 15 mate neurotoxicity. Since no proven effective therapy 
mate neurotoxicity due to acute injuries to the central for neuronal injury, or degeneration, is yet known, and, 
nervous system (CNS), such as injuries due to pro- for e~ple, stroke al_one is ~ne of the leading c.:auses of 
longed seizures, compromised or reduced blood supply, death m many ~un~nes, the_ 1mportance ~f fmdmg such 
deprivation of glucose supply and mechanical trauma. 

20 
~J?A an~gorust 15 self-evident. !he article states th~t 

The present compositions may also be effective in alle- it will be 1m~rtant to determm~ whether certain 
viating other damages to the CNS like poison-induced ?-_lMI)A antagomsts are ~ore en:ectiv~-or have fewer 
convulsions, considered to be associated with amino side effects-than others m specific disease states. 
acids receptors other than that of glutamate, for exam- . Some o_f the compounds of general formula (I) are 
pie glycine. 25 d~sclosed ~ U.~. Pat. Nos. 4,179,519 and 4,8:6,276. As 

The compositions of the present invention are also disclo~d m saJ.d U.S. patents, ~~ essentially pure 
effective in the treatment of certain chronic de genera- synthetic_(+ H3S,4S)-T~C denvatl~~ and_ analogues 
rive diseases which are characterized by gradual selec- are ~ev_01d of any undesired cannab1D11D1etic psycho-
. . . . . tropic side-effects. These known compounds have been 

tlve neuronal loss. In this connection, the compos1t1ons d "bed h . anal . • - d · 
of the present invention are contemplated as therapeuti- 30 escl n as. _atvmg getic, antiemetic an anti-
call ff t' . th t t t f th Al h . ' d ' g aucoma activi y. 

Y e ec ive m e rea men ° e z e1mer s is- The inventors have now found that the said known 
case. compounds, as well as some novel compounds, in addi-

The present compositions are of special value in tion to having said analgetic, antiemetic and anti-
grand maI seizures, global hypoxic ischemic insults, in 
hypoxia, alone or in combination with blood flow re- 35 glaucoma activity, are also effective against the diseases 

and conditions mentioned above, possibly as excitatory 
duction (ischemia) as well as in cases of cardiac arrest amino acid receptor blockers, for example NMDA- or 
and in cases of abrupt occlusion of cerebral arteries glutamate-blockers or interaction with the glycine re-
(stroke). ceptor, and are effective in the alleviation and treatment 

Some of the compounds according to formula (I), as of many of the abnormal states involving said neuro-
will be hereinafter described in detail, are novel com- 40 transmitters toxicity. 
pounds and are claimed as such within the scope of the 
present application. 

The active ingredient of the pharmaceutical composi­
tions according to the present invention is a compound 45 
of the general formula: 

R (I) 

SUMMARY OF THE INVENTION 

The present invention relates to pharmaceutical com­
positions adapted to reduce or even prevent I amino 
acids neurotoxicity, due to acute injury or poisoning of 
the CNS, such as injuries due to prolonged seizures, 
compromised or reduced blood supply, deprivation of 
glucose supply and mechanical trauma, and poisonings 

300R1 50 by, for example, strychnine, pycrotoxin or organo­
phosphrous compounds poisonings. 

.. ........ 

H I 
The compositions of the present invention may also 

be effective in treating certain chronic degenerative 
diseases which are characterized by gradual selective 

O '- R2 
55 neuronal loss. In this connection, the compositions of 

the present invention are contemplated as therapeuti­
cally effective in the treatment of Huntington's chorea, 
Parkinsonism disease and the Alzheimer's disease. 

having the ( + H3S,4S) configuration, wherein A-B 
designates a 1(2) or a 6(1) double bond, R designates 
CH3 or CH2OH, R 1 designates a hydrogen atom or a 
lower acyl group, and RI designates (A) a straight- 60 
chained or branched 412alkyl radical; or (B) a group 
-O-R3, in which R3 is a straight-chained or branched 
C5_981kyl radical or a straight-chained or branched alkyl 
radical substituted at the terminal carbon atom by a 
phenyl group. 65 

Compounds of formula (I) in which R designates 
CH2OH and .RI designates a lower acyl group are novel 
compounds, claimed herein as such. 

As stated above, the present compositions are of spe­
cial value in seizures, global hypoxic ischemic insults, in 
hypoxia, alone or in combination with blood flow re­
duction (ischemia) as well as in cases of cardiac arrest 
and in cases of abrupt occlusion of cerebral arteries 
(stroke). 

The present invention relates to pharmaceutical com­
positions for the purposes set out above, in which the 
active ingredient is a compound of the general formula: 
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R 

6 2 :_
0
_;Rl 

H I 
0 ~ R2 
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(I) 

example, acetylation of the starting compound, which 
has two hydroxy moieties, using acetic anhydride and 
pyridine yields the diacetate, the monoacetate yield not 
exceeding 2-3%, which is of no practical synthetic 

5 value. Inventors have now found that by conducting 
the esterification with an acid anhydride in the presence 
of potassium 2-methyl-2-butoxide, under nitrogen atmo­
sphere, esterification on the phenyl ring hydroxy group 
is preferred and the desired monoester is obtained in 

hav· h ( H S . . 10 high yield. 
_mg t e + 3 ,4S) configuration, wherem_ A-B Among the above novel compounds the monoacetate 

designates a 1(2) or a 6 (1) double bond, R designates is preferred 
CH3 or CH2OH, R 1 --designat~ a hydrogen atom_ or a It is str~sed that all the compounds are of the 
lower acyl group, and R2 designates (a) a straight- . . 
chained or branched C6-t2alkyl radical; or (B) a group 15 ( + )-(3S,4S) confi¥uration, essentially free of the 
-O-R3, in which R3 is a straight-chained or branched (-H3R:4R) enant10mer! th_e latter known to possess 
Cs.98-lkyl radical or a straight-chained or branched alkyl t?e undesired psychotropic side-effects. Thus, as men-
radical substituted at the terminal carbon atom by a t1oned above, compounds of the type defined by general 
phenyl group. formula W are substantially devoid of "cannabis-type" 

In preferred compounds R2 designates 1,1-dimethy- 20 CNS activity. . . . . . . 
!alkyl radical or 1,2-dimethylalkyl radical with a total of The novel compositions contain m addition to the 
at least 7 · carbon atoms as well as precursors of such active ingredient conventional pharmaceutically ac-
compounds. ceptable carriers, diluents and the like. Solid composi-

Particularly preferred compounds are those wherein tions for oral administration such as tablets, pills, cap-
R 2 is 1,1-dimethylheptyl or 1,~-dimethylheptyl. 25 ~ules o_r the 1:ll'e may be_prepared by ~g the active 

A preferred compound, with which many of the ingredient with conventional, pharmaceutically accept-
physiological experiments have been carried out is the able ingredients such as corn starch, lactose, sucrose, 
compound ( + )-(3S,4S)-l,l-dimethylheptyl homolog sorbitol, talc, stearic acid, magnesium stearate, dical-
of 7-hydroxy-delta-6-tetrahydrocannabinol, designated cium phosphate and gums with pharmaceutically ac-
hereafte~ as HU-211. . 30 ceptable diluents. The tablets or pills can be coated or 

Expenments have shown that the ( + )-(3S,4S) com- otherwise compounded with pharmaceutically accept-
pounds of the formulae: able materials known in the art to provide a dosage 

form affording prolonged action or sustained release. 
(II) Other solid compositions can be prepared as supposito-

35 ries, for rectal administration. Liquid forms may may be 
prepared for oral or administration or for injection, the 
term including sub-cutaneous, transdermal, intrave­
nous, intratechal, etc. administration. The liquid com­
positions include aqueous solutions, flavoured syrups, 

R = 1,1-DMH 

and 

40 aqueous or oil suspensions, flavoured emulsions with 
edible oils, as well as elixirs and similar pharmaceutical 
vehicles. In addition, the compositions of the present 
invention may be formed as aerosols, for intranasal and 
like administration. 

(Ila) 45 The active dose for humans is generally in the range 
of from 0.05 mg to about 50 mg per kg body weight, in 
regimen of 1-4 times a day. However, administration 
every two days may also be possible, as the drug has a 
rather prolonged action. The preferred range of dosage 

50 is from 1.0 mg to about 20 mg per kg body weight. 

R= 1,1-DMH 

essentially free of the (-H3R,4R) enantiomer, 
wherein R2 is 1,1-dimethylheptyl, have practically the 55 
same activity as that of the compound designated HU-
211 (the compound of formula (II) is designated com­
pound Vb in U.S. Pat. No. 4,179,517 and the compound 
of formula (Ila) is compound Xlb therein). 

In addition it has been found that some novel com- 60 
pounds of general formula (I), wherein R designates 
CH2OH and R 1 designates a lower acyl group also have 
the desired anti-glutamate or glycine associated activ­
ity. These novel compounds may be prepared by acety­
lation of compounds of general formula (I) wherein R 65 
designates CH2OH and R 1 is hydrogen, under condi­
tions which favour the formation of this monoester with 
relatively high yield. Conventional esterification, for 

However, it is evident to the man skilled in the art that 
dosages would be determined by the attending physi­
cian, according to the disease to be treated, method of 
administration, patient's age, weight, counterindications 
and the like. 

All the compounds defined above are effective 
NMDA-receptor blockers and can be used as active 
ingredients of pharmaceutical compositions for treat­
ment of one, or simultaneously several, of symptoms of 
the disorders defined above. The effective dosages are 
essentially similar, and the more pronounced effect is 
that of NMDA-receptor blocking, in addition to the 
known characteristics of these compounds. However, it 
is important to note that the compounds and composi­
tions of the present invention exhibit good blocking 
activity also against convulsants which may not neces­
sarily be NMDA-receptor blockers. For example the 
compositions of the present invention can prevent, or at 
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least alleviate, poisoning caused by strychnine and 
NMDA. 

FIGS. 3A-B illustrate the stereoselective reduction 
of the rate of binding of [3H]TCP to the NMDA recep­
tor by HU-211; and 

FIGS. 4A-B illustrate the non-competitive inhibition 
of glutamate- and glycine-induced [3H]TCP binding by 
HU-211. 

PREP ARA TORY EXAMPLE 

The invention also relates to methods of treatment of 
the various pathological conditions described above, by 
administering to a patient a therapeutically effective 5 
amount of the compositions of the present invention. 
The term administration as used herein encompasses 
oral, parenteral, intravenous, intramuscular, sub-cutane­
ous, transdermal, intratechal, rectal and intranasal ad-
ministration. 10 Potassium 2-methyl-butoxide (2 ml) was added to 

The enantiomers of the synthetic cannabinoid 7- HU-211 (300 mg, 0.78 mmol) dissolved in benzene (30 
hydroxy-delat-6-tetrahydro-cannabinol 1,1-dimethyl- ml). The solution was stirred, under N2atmosphere, for 
heptyl homolog, have been described [Mechoulam, R., 
et al., Tetrahedron:Asymmetry 1, 315-319 (1990); Me- 45 min. Acetic anhydride (0.1 ml) was then added to the 
choulam, R. et al., &perientia 44: 762-764 (1988)). The 15 solution, followed by NAHCO3and water. The organic 
(-H3R,4R) enantiomer, herein designated HU-210 layer was dried over magnesium sulphate, filtered and 
(see FIG. 1), is a highly potent cannabimimetic com- evaporated. The crude reaction mixture was chromato-
pound (near!~ 100 times n>:ore active than delta-1-t:tra- graphed on 15 g silica gel and eluted with 10%-30% 
hydrocannabmol, the ~tive comP<;>nent _of hashish). 20 ether:petrol ether solution to give: 
The ( + H3S,4S) enant10mer, herein designated HU-
211 (FIG. 1), while known to be active as an analgesic 
and as an anti-emetic, is inactive as a cannabimimetic 
even at doses several thousand times higher than the 
ED50 of HU-210 [Mechoulam, R., et al., Experientia 25 
44:762-764 (1988)). 

The inventors have discovered that HU-211 and the 
compounds of formulae (II) and (Ila), as well as the said 
novel monoesters which are preferred active agents of 
the presently claimed compositions, at about 25 mg/kg 30 
body weight, induce stereotypy, locomotor hyperactiv­
ity and tachycardia effects typically caused by NMDA­
receptor antagonists. At considerably lower doses of 
about 2.5 mg/kg body weight, they are potent blockers 
of NMDA-induced tremor, seizure and lethality. Thus, 35 
a good separation has been achieved between the thera­
peutic effects (NMDA antagonism) and possible side 
effects (such as tachycardia). Binding studies show that 
HU-211 blocks NMDA receptors in a stereospecific 
manner, and that the interaction occurs at binding sites 40 

distinct from those of other non-competitive NMDA 
antagonists or of glutamate and glycine. This, and the 
other compounds according to formula (I), may there­
fore prove useful as non-psychoactive drugs that pro­
tect against NMDA-receptor-mediated neurotoxicity. 45 

As will be shown hereafter, the pharmacological 
profile of HU-211, and other compounds constituting 
the active ingredients of the present compositions, in­
cludes the induction of stereotypy, locomotor hyperac- 50 tivity and tachycardia in mice (Table 1). These proper­
ties are consistent with those of non-competitive antag­
onists of the NMDA subclass of glutamate receptors, 
and suggest that these compounds are active NMDA­
receptor antagonists. This possibility was explored by 55 
examining the activity of the compounds in protecting 
against the tremorogenic, convulsive and lethal efects 
of NMDA and NMDA agonists in mice. Such effects 
are counteracted by virtually all NMDA antagonists. 

The invention will be described with reference to the 60 
following Figures and Examples. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 gives the chemical structures of HU-210 and 
HU-211; 65 

FIGS. 2 A-C illustrate the rate of binding of 
[3H]TCP to the NMDA-receptor channel and the rate 
of dissociation of [3H]TCP-receptor complexes; 

HU-211 

HU-247 
45% 

150mg 

A 
25% 

99mg 

B 
4% 

14mg 

Acetic anhydride :;;II 
potassium 2-methy!'. 

2-butoxide 

+ HU-211 + 

11% 
33mg 

Compounds a and b were reduced with LiAlff4 to re­
cover the starting material HU-211. 
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PHYSIOLOGICAL EXAMPLES NMDA receptor, showed that these compounds prefer­

entially bind to the activated state of the receptor ion 
Example 1 channel, and that glutamate and glycine accelerate the 

The following is a comprehensive description of the rates of association of non-competitive blockers to the 
experiments conducted in order to prove the desired 5 receptor and their dissociation from it without altering 
~bit?ry act!vity of the compositions of the present their equilibrium binding. Results of the kinetic experi-
mvent1on agamst NMDA-induced tremor, convulsion ments with HU-211 are summarized in FIG. 2. As 
as well as lethality. shown, the addition of 10 µ.M HU-211 resulted in only 

Sabra mice (an Israeli heterogenous strain) were pre- a small decrease in the rate of association of [3H]TCP 
treated with either vehicle alone (control) or HU-211 10 binding to the NMDA receptor, without altering the 
(1.25 or 2.50 mg/kg; s.c.), followed by NMDA (200 level of its equilibrium binding; in the presence of 1 µ.M 
mg/kg; s.c.). As shown in Table 2, control and HU-211 glutamate and 1 µ.M glycine, however, the addition of 
pretreated animals showed significant differences with 10 µ.HU-211 led to a marked decrease in the association 
regard to the latency of tremor, latency of seizure, and rate (FIG. 2A). The addition of 10 µ.M HU-211 also 
time from NMDA injection until death. Similar experi- 15 decreased the dissociation rate of [3H]TCP from the 
ments were performed using C-59 Black ice, in which NMDA receptor, both in the absence and in the pres-
the dose of NMDA was decreased (100 mg/kg; s.c.). ence of 1 µ.M glutamate and 1 µ.M glycine, but much 
Counteraction by Hu-211 of the NMDA-induced ef- more strongly in their presence. 
fects was more pronounced in the latter strain (which is The kinetic data thus show that HU-211 acts func-
more sensitive than Sabra mice to the effects of 20 tionally as an NMDA antagonist in the [3H]TCP bind-
NMDA). In the control series of both strains, which ing assay. Like the competitive NMDA antagonist 
received NMDA without HU-211, all animals died in aminophosphovalerate (AP-5), HU-211 reduces the 
less than 10 min. following seizure onset. In contrast, glutamate/glycine potentiation of [3 H]TCP binding. 
two of the five Sabra mice and six of the seven C-57 However, unlike AP-5, which strongly inhibits 
Black mice pretreated with HU-211 exhibited no trem- 25 [3H]TCP binding even in the absence of glutamate and 
ors or seizures and stayed alive for more than four days glycine (i.e., basal binding), HU-211 appears to be a 
following NMDA administration (Table 2). Preliminary much more active blocker of [3H]TCP binding when 
results indicate that the anti-NMDA effects of HU-211 glutamate and glycine are present (i.e., induced bind-
in C-57 Black mice persisted for more than 24 h. This ing). This fmding, as well as the marked structural dif-
was demonstrated by the marked alleviation of MMA- 30 ferences between AP-5 and the cannabinoid, led to 
induced tremor and seizure and the continuing survival considering the possibility of whether the latter does 
observed following the repeated administration of not act at the glutamate or at the glycine site. Indeed it 
NOMA (100 ll;lg/kg) one day later, in the six surviving has been found that HU-211 (10 and 50 µ,M) reduced the 
C-57 Black mice. Taken together, these data provide efficacy of glutamate- or glycine-induced [3H]TCP 
compelling evidence that HU-211 is indeed an NMDA 35 binding, but did not alter their apparent affinities (not 
anta~onist; moreover, since convulsion is a centrally- shown). Taken together, the results suggest that HU-
mediated phenomenon, the drug appears to exhibit a 211 exerts at least some of its behavioral effects in ani-
high degree of central penetration. mals by acting at a specific site of the NMDA receptor 

In order to identify the site of action of HU-211, a which is distinct from the binding sites for TCP, gluta-
series of binding assays were conducted, using well- 40 mate or glycine. 
washed rat brain cortical membranes and the potent Several lines of evidence suggest that the effects of 
non-com~titive blocker of the NMDA receptor, [3H]. HU-211 on [3H]TCP binding to the NMDA receptor 
N-[1-(2-thienyl)-cyclohexyllpiperidine ([3H]TCP) (40 are indeed exerted via a specific binding site rather than 
CVmmol; 1 Ci=37 GBq; >98% pure, Israel Nuclear through non-specific perturbations of the membrane 
Research Center, Negev, Israel). With JOO µ,M HU-211 45 structure: (a) the effect on the initial rate of [3HTCP 
the equilibrium binding of 5 run [3H]TCP was not inhib- binding is dose-dependent (FIG. 3), with an ICso value 
ited, suggesting that the behavioral effects of HU-211 of 6-10 µ,M (ICso=dose producing 50% inhibition of 
are not exerted through non-competitive blocker site at glutamate- or glycine-induced binding); (b) HU-211 is a 
the NMDA-receptor ion channel. Equilibrium binding far more potent inhibitor of the induced [3H]TCP bind-
experiments with 2-100 nM 3H]TCP in the presence of 50 mg to the NMDA receptor than its (-)enantiomer 
1 µ,~ glutamate and 1 µ.M glycine confirmed this sug- ~-210_ (FIG. 3), thus clearly pointing to stereospccific 
gest1on: HU-211 (10 µ,M) did not alter the maximum mteractlon between HU-211 and the NMDA receptor; 
binding capacity of [3H]TCP (values recorded were 3.4 (c) the ICso value for HU-211, determined under the 
and 3.5 pmol/mg protein for controls and HU-211 same conditions but using phencyclidine/NMDA re-
respectively), and had no effect on the dissociatio~ 55 ceptors solubilized with Na-cholate, was also 10 µ,M. 
constant (Kd) for [3H)TCP (27 nM for control and 26 Recent evidence has indicated that brain damage 
nM for HU-211, respectively). induced by ischemia as well as by hypoglycemia is 

Kinetic experiments were then performed in order to mediated, inter alia, by NMDA receptors. In light of the 
determine whether HU-211 exerts its behavioral effects absence of psychotropic or other untoward side-effects 
by acting directly at the glutamate- or the glycine-bind- 60 seen after HU-211 administration, this drug merits seri-
ing sites of the NMDA receptor. The use of this ap- ous consider~tion as drug of choice against NMDA-
proach in previous studies, which were aimed at dem- receptor-mediated neuropathologies, including epi-
onstrating the non-competitive nature of [3H]TCP and lepsy, Huntington's disease, and neuronal necrosis due 
[3H]MK-801 (( + )-5-methyl-10, 11-dihydro-5H-diben- to cerebral ischemia. 
zol[a,d]cyclohepten-5, 10-im.ine maleate) binding to the 

TABLE 1 
A. Effects of HU-211 (2.5 mg/kg; s.c.) on induction of 
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TABLE I-continued 

stcreotYpy and locomotor activity in Sabra mice 
Time (min) 

0 15 30 45 60 

StcreotYpy Gradient 
Vehicle 0.6 ± 0.2 0.5 ± 0.2 0.4 ± 0.2 0.3 ± 0.2 0.5 ± 0.3 
HU-211 0.4 ± 0.1 1.3 ± 0.2.. 2.2 ± 0.1.. 0.7 ± 0.2 0.6 ± 0.3 

Locomotor Activity 
Vehicle 21.0 ± 6.0 20.0 ± 6.0 17.0 ± 10.0 6.0 ± 4.0 5.0 ± 3 
HU-211 32.0 ± 6.0 45.0 ± 2.0-•• 37.0 ± 4.0-.. 28.0 ± 13.0-• 17.0 ± 7 

B. Effect ofHU-211 (2.5 mg/kaj s.c.) on induction of tachycardia in Sabra mice 
Heart Rate (per min) 

Time (min) Vehicle HU-211 P 

0 
75 

170.3 ± 2.0 
171.0 ± 1.3 

169.2 ± 2.5 
186.8 ± 2.5 

HU-211 was dissolved in ethanol and Emulphor 620, a 
non-ionic surfactant of a polyoxyethylene compound; 

< .001 

double-distilled water was added so that ratio (by vol- weight. Sabra mice were injected with 200 mg/kg 
ume) in the final solution was 1:1 :18. Six mice or rats 20 NMDA and C-57 Black mice with 100 mg/kg NMDA. 
were used in each experiment (including controls). Ste- • Two out offive animals pretreated with HU-211 did 
reotypy was measured according to the stereotypy not exhibit tremor or seizure and stayed alive for more 
gradient SB gradient) of Feigenbaum et al., [Pharmacol. than 4 days. The number relates only to the remaining 
Biochem. Behav. 16:235-240 (1982)). All animals were animals. 
habituated for 45 min prior adminstration of of HU-211 25 •• Six out of seven animals stayed alive for more than 
or vehicle and tested 60 min following injection. Loco- 4 days and did not exhibit tremor or seizure; statistical 
motor hyperactivity was measured as body displace- analysis could therefore not be performed. Re-adminis-
ment over 7-cm squares; movement from one square the tration of NMDA (100 mg/kg) into these animals 24 h 
next constituted a score of 1. Heart rate was measured O later also failed to induce tremor, seizure or death, and 
and 75 min following HU-211 injection. The student's 30 they stayed alive for at least 4 more days. 
t-test was used for statistical analysis of locomotor ac- Values are means ±SEM. 
tivity tachycardia. Since the SB gradient consists of The experiments described in Table 2 were repeated 
discrete non-continuous scores, a non-parameter test with C-57 Black mice, HU-211 replaced by the com-
(Mann Whitney U) was used. pound of formula (II) (compound Vb, U.S. Pat. No. 

p<0.05; **p<0.01; •••p<0.001. Values are 35 4,179,517) and the compound of formula (IIa)(com-
means±SEM. pound XIb, ibid.). NMDA (100 mg/kg) was adminis­

TABLE 2 
A. Inhibition by HU-211 or the trcmorosenic effect of NMDA 

Mouse HU-21 I dosage Time until first tremor 40 
strain (mg/kg) N (min) p 

Sabra 0 6 2.6 ± 0.4 
2.5 5 8.2 ± 1.3• <0.001 

C-57 Black 0 6 3.4 ± 0.4 
1.25 5 12.0 ± 2.6• <0.001 
2.50 7 >4 days• 45 

B. Inhibition by HU-211 of the convulsive effect of NMDA 

Mouse HU-211 dosage Time until lint seizure 
strain (mg/kg) N (min) P 

Sabra 0 6 5.2 ± 1.6 
2.5 5 18.0 ± 7.0 <0.001 so 

C-57 Black 0 6 6.5 ± 0.6 
1.25 5 13.2 ± 2.6 <0.001 
2.50 6 4 days• 

C. Inhibition by HU-211 of the lethal effect of NMDA 

Mouse HU-211 dosage Time until death 
55 ,train (mg/kg) N (min) p 

Sabra 0 6 9.3 ± 1.4 
2.5 5 20.2 ± 7.0 <0.001 

C 57 0 6 7.7 ± 0.8 
Black 1.25 5 18.6 ± 4.2 <0.001 

2.50 7 >4 days• 60 

LEGEND TO TABLE 2 

Hu-211 solution was prepared as described in Table 1. 
NMDA (Cambridge Research Biochemicals) was dis- 65 
solved in double-distilled water. HU-211 was injected 
75 min prior to NMDA administration. All injections 
were administered s.c. in volumes of 10 cc/kg body 

tered to the mice. At doses of 5 mk/kg the II and Ila 
compounds prevented the tremorogenic, convulsive 
and lethal effects in 4 out of 6 mice. 

In addition, the experiments were repeated with the 
novel compound HU-247. HU-247 fully prevented the 
tremorogenic, convulsive and lethal effects of NMDA 
in 6 out of 7 C-57 Black mice, at doses of 2.5 mg/kg, 
under the same conditions described above. 

The results referred to as detailed in the Figures are 
as follows: 

FIGS. 2 A- C 

HU-211 reduces the rate of binding of[3H)TCP to the 
NMDA-receptor channel and the rate of dissociation of 
[3 H)TCP-receptor complexes. 

(A) Time course of basal (without added agonist) and 
induced (with 1 µ.M L-glutamate and 1 µ.M glycine) 
[3H]TCP binding to the NMDA receptor of rat brain 
cortical membranes. Data represent the basal binding 
determined in the absence (o) and in the presence ( ) of 
10 µ.M HU-211, and the induced binding determined in 
the absence (o) and in the presence ( ) of 10 µ.M HU-
211. Binding of [3H)TCP to well-washed control mem­
branes was determined under the following conditions: 
membranes (80 µ.g protein) were incubated at 25° C. in 
200 µ.I HEPES buffer, pH 7.4, containing S nM 
[3H)TCP (total binding) or 5 nM [3H)TCP and 100 µ.M 
PCP (phencyclidine) (nonspecific binding), and the 
reactions were terminated at the indicated times by 
rapid filtration over polyethyleneimine-treated GF /C 
filters. The filters were counted in scintillation liquid 
(Hydroluma, Lumac Inc., Netherlands). HU-211 was 
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EXAMPLE2 

prepared as described elsewhere [Mechoulam, R., et al., 
Tetrahedron:Asymmetry, 1 315-319 (1990)). Means 
values (triplicates) of the specific binding of [3H]TCP 
(total minus non-specific binding) are plotted as a func­
tion of the incubation time. The data shown are from 5 
one of three experiments that gave similar results. 

(B-C) First-order plots of the basal (B) and the in­
duced (C) dissociation of [3H]TCP-receptor complexes. 
Data represent the basal (without added agonist) disso­
ciation rates determined in the absence (o) and in the 10 
presence ( ) of 10 µM HU-211; the induced (with 1 

Protection by HU-211 against picrotoxin, strychnine 
and NMDA toxicity. 

BALB/C mice (20 g) were subcutaneously injected 
with picrotoxin, strychnine and NMDA in doses of 
about LD,, and subsequent clinical observations for the 
occurrence of convulsions and death were carried out 
within 20 min. The number of mice used and the mortal­
ity were assessed at the highest doses administered. 
Results are summarized in Table 3. 

TABLE 3 
Toxin Doses Time post Doses of HU-211 Onset Time of No. alive % 

Toxin Vehicle (mg/kg) HU-211 (min) (mg/kg) clinical signs (min) Total alive 

NMDA Emulphor 125 
125 

Emulsion 125 
125 
125 

Str• Emulphor 1 
I 

Pie•• Emulsion 4 
4 

•Suychnine 
••Picrotoxin 

µM L-glutamate and 1 µM glycine) dissociation rates 
were determined in the absence (o) and in the presence 

120 

120 

75 

120 

0 8 
5 19 
0 
5 7 

10 10 
0 

10 
0 35 

JO 54 

Emulphor-See I, Example 3 
Emulsion-See II, Example 3. 

0/10 0 
2/10 20 
in 14 
4n 60 
8/10 80 
0/10 0 
8/10 80 
0/ 6 0 
4/ 8 50 

As may be realized from the results presented in 
Table 3, HU-211 afforded better protection against 
NMDA toxicity when carried in the Emulsion (Exam­
ple 3, II, hereafter) than in the Emulphor (Example 3, I) 
preparation. 

EXAMPLE3 

Pharmaceutical Formulations 

I. Emulphor 

( ) of 10 µM HU-211. Samples were preincubated as 
described for FIG. 2A, at 250° C. with 18 nM [3H]TCP 30 
for 2 h. Basal dissociation reactions were initiated by the 
addition of 100 µM unlabeled PCP with or without 10 
µM HU-211. For the induced dissociation reactions 1 
µM glutamate and 1 µ.M glycine were also added. Reac­
tions were terminated either immediately (zero time) or 35 
at the indicated times. Beq, amount of [3H]TCP bound at 
zero time. Bt, amount of [3H]TCP boud at time t. The 
data shown are from one of three experiments, each 
performed in triplicate, that gave similar results. 

Active agents according to the invention, for exam­
ple HU-211, were dissolved in ethanol/Finulphor 620 

40 [GAF, USA). Bidistilled water was added. Ratio of 
ethanol:Emulphor:water in final solution was 1:1:18. FIGS. 3 A-B 

HU-211 reduces the rate of binding of [3H]TCP to the In general, carriers of this type may be aqueous solu-
NMDA receptor in a stereoselective manner. tions comprising pharmaceutically acceptable cosol-

Data represent the concentration-dependent decrease vents, such as, for example, ethanol, polyethyleneg-
of [3H]TCP binding by HU-211 (o) and by its isomer 45 lycol, propylenegylcol, glycerol and the like. Within 
HU-210 (o). Binding of [3H)TCP (5 nM) was deter- this context, carriers of this type may be micellar solu-
mined as described for FIG. 2A, either in the absence tions prepared with natural or synthetic ionic or non-
(basal) or in the presence (induced) of 1 µM glutamate ionic surfactants. The carriers may also be combinations 
(A) or of 1 µM glycine (B). of these cosolvent and micellar solutions. 

Reactions were terminated after 10 min. Data are 50 II. Emulsion 
expressed as induced over basal binding as a function of In some cases, pharmaceutical preparations in the 
isomer concentrations. Basal binding was 188 fmol/mg form of emulsions comprising special ingredients, de-
protein. Data are from one of two experiments that tailed hereafter, may be advantageous, as has been 
gave similar results. shown in Table 3. 

FIGS. 4A-B 
55 These emulsions are prepared from an oily phase 

Non-competitive inhibition of glutamate- or glycine­
induced [3 H]TCP binding by HU-211. Induced 
[3H]TCP binding, corresponding to the ratio of binding 
in the presence of glutamate or glycine to binding in 60 
their absence, was determined with 5 nM [3H]TCP at 
25" C. for 10 min. Binding of (3H)TCP to well-washed 
rat cortical membranes was determined in triplicate, as 
described previously [K.loog, Y., et al., Biochemistry, 
27: 843-848 (1988)], in the absence (basal) and presence 65 
of various concentrations of L-glutamate (A) or glycine 
(B) with and without HU-211, as indicated. Data from 
one of two experiments that gave similar results. 

comprising pharmaceutically acceptable triglycerides, 
lecitine, stabilisers, antioxidants, in which phase the 
active compound is solubilized, and an aqueous phase 
containing glycerol and emulsifiers. Co-emulsifiers may 
optionally be added. 

Each of the oily and aqueous phases are prepared 
separately, the phases are combined and stirred with a 
magnetic stirrer, while heated to 850° C. At this temper­
ature a coarse emulsion is achieved, using a high shear 
mixer. After cooling, the coarse emulsion is homoge­
nized, to give a fine emulsion. Finally, the pH is ad-
justed. Preserving agents such as parabens may be 
added. 
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Preferred triglycerides arc medium- and long-chain synthetic ionic or non-ionic surfactants, or a combina-

triglycerides. Dcoxycholatc is a preferred stabiliser. tion of such cosolvcnt and miccllar solutions. 
a-Tocopherol is a preferred anti-oxidant. Pluronic F-68, 7. The method of claim S which further comprises 
a non-ionic surfactant of a copolymer of polyoxyethyl- selecting the carrier to be a solution of ethanol, a surfac-
ene and polyoxypropylenc, is a preferred emulsifier. 5 tant and water. 

Thus, a general example of a desired formulation of 8. The method of claim S which further comprises 
an "Emulsion", referred to in Table 3 may be: triglycer- selecting the carrier to be an emulsion comprising tri-
"d (f 1 0"' t 30"' i bl lO"') 1 "thin (f: glycerides, lecithin, glycerol, an emulsifier, an antioxi-
1 es rom . 70 o 70, pre era y 70 ec1 rom dant d water 
0.1_0% to S%, _preferably _1 %), ~tio~dant, (% as r~- 10 9. ~e meth~ of claim 1 wherein the daily dosage of 
quired, according to specific anti-oXJdant used) stabi- said compound of formula (I) is between about 0.0S and 
liser ~from 0.0~% to~~• preferab~y 1 %), glycerol(% as so mg/kg. 
reqwred for 1SOtoruc1ty), emulsifier (from 0.20% to 10. A method for blocking N-methyl-D-aspartate 
10%, preferably 2%), active compound (from 0.05% to (NMDA) receptors in a patient which comprises admin-
S%) and water up to 100% (all% w/w). istcring to said patient a therapeutically effective 

Preserving agents such as parabens may be added 15 amount of a compound of formula I 
(0.01-0.1 % ). 

A typical formulation (% w/w): HU-211 (1.0) stabi­
lized in oily phase (20.0), purified fractionated egg yolk 
phospholipids (1.2), Pluronic F-68 (2.0), glycerol (2.25), 
a-tocophcrol (0.02), methyl-, butyl-p-hydroxybenzoic 20 

acid esters ( (0.2) and (0. OS) , respectively) and bidis­
tilled water (up to 100). 

We claim: 

R (I) 

1. A method for treating injuries to the central ner-
25 vous system due to cerebral ischemia or head trauma by 

administering to a patient a therapeutically effective 
amount of a compound of the formula I: 

wherein A-B designates a 1(2) or 6(1) double bond, R 
designates -CH3 or CH2OH, RI designates hydrogen 
or a lower acyl group and R2 designates (A) a straight 
or branched C6-C12 alkyl radical; (B) a group -0-R 3, 

(I) 30 in which R 3 is a straight or branched Cs-~ alkyl radical 
optionally substituted at the terminal carbon atom by a 
phenyl group, said formula having the (3S,4S), configu­
ration and being essentially free of the (3R,4R) enantio­
mer, said compound administered to block said recep-

35 tors in a stereospccific manner. 
11. The method of claim 10 wherein the compound of 

formula (I) is administered in a manner to protect 
against N-methyl-D-aspartate (NMDA) receptor medi-

whercin A-B designates a 1(2) or 6(1) double bond, R ated neurotoxicity. 
is [lower alkyl of 1-3 carbon atoms] CH3 or CH2OH, 40 12. The method of claim 10 which further comprises 
R1 is hydrogen or a lower acyl group and R2 is (a) a selecting the compound of formula (I) to be in the essen-
straight or branched C6-C12 alkyl radical; (b) a group tially pure (3S, 4S) form and having RI as a hydrogen 
OR3 in which R3 is a straight or branched Cs-~ alkyl atom and R2 as 1,1-dimethylheptyl or 1,2-dimethyhep-
radical optionally substituted at the terminal carbon tyl. 
atom by a phenyl group, said formula having the (3S, 45 13. The method of claim 10 which further comprises 
48) configuration and being essentially free of the (3R, selecting the compound of the formula (I) to have A-B 
4R) enantiomer. as a 6(1) double bond, Ras CH2OH, R 1 as hydrogen and 

2. The method of claim 1 wherein the compound of R2 as 1,1-dimethylheptyl. 
formula (I) is administered in a manner to protect 1~. !he ~ethod of claim 10 which furthe~ comprises 
against N-mcthyl-D-aspartate (NMDA) receptor medi- 50 admuustcnng th~ compound_ ~f form_ula W m the form 
atcd ncurotoxicity. o_f a ph~aceutical compos1t1on which includes a car-

3. The method of claim 1 which further comprises ncr or diluent. . . . 
selecting the compound of formula (I) to be in the esscn- IS. :nie mcth~ of cla~ 14 which further compnses 
tially pure (3S, 48) form and having RI as a hydrogen selecting ~he earner_ ~r diluent to be ~ aqueous cosol-
atom and R2 as 1 1-dimcth lhe t I or 1 2-dimeth !he _ vent solution c?mpnsmg a_pharmaceut1cal!y acceptable 

' Y P Y ' Y P 55 cosolvcnt, a micellar solution prepared with natural or 
tyl. . . . synthetic ionic or non-ionic surfactants, or a combina-

4. ~c method of claun 1 which further compnscs tion of such cosolvent and micellar solutions. 
selecting the compound of the formula (I) to have A-B 16. The method of claim 14 which further comprises 
as a 6(1) double bond, Ras CH2OH, RI as hydrogen and selecting the carrier to be a solution of ethanol a surfac-
R2 as 1,1-dimethylheptyl. 60 tant and water. ' 

S. _ 1:hc I?cthod of claim 1 which further_ comprises 17. The method of claim 14 which further comprises 
administcnng th~ compound_ ~f form_ula ~) m the form selecting the carrier to be an emulsion comprising a 
of a pharmaceutical compos1t1on which mcludes a car- triglycerides, lecithin, glycerol, an emulsifier, an antiox-
ricr or diluent. idant and water. 

6. The method of claim S which further comprises 65 18. The method of claim 10 wherein the daily dosage 
selecting the carrier or diluent to be an aqueous cosol- of said compound of formula (I) is between about 0.05 
vent solution comprising a pharmaceutically acceptable and SO mg/kg. 
cosolvent, a micellar solution prepared with natural or • • • • • 
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I, Getting Started 

Abstract 

The use of a compound of the formula: ##STRl ## having the (3S.4S) configuration, and which is 
essentially free of the (3R,4R) enantiomer, wherein A-B designates a 1 (2) or a 6(1) double bond, R 

designates -CH3 or -CH2 OH. R1 designates a hydrogen atom or a lower acyl group, and R2 

designates (A) a straight-chained or branched C6_12 alkyl radical; or (B) a group-O-R3, in which R3 is 

a straight-chained or branched C~9 alkyl radical or a straight-chained or branched alkyl radical 

substituted at the terminal carbon atom by a phenyl group in the manufacture of a medicament for 
reducing or preventing glutamate neurotoxicity, Some of the above compounds are novel, and their 
preparation is described, Also described is a method of treating acute injuries to the central nervous 
system associated with excitatory amino acid neurotoxicity, a method of treating chronic 
degenerative disease associated with gradual selective neuronal loss and a method of treating 
poisonings affecting the central nervous system by administering a pharmaceutical composition 
containing the above compound, 
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