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[15] In a fourth aspect, the present invention relates to a method or medicament for treating 

epilepsy and/or pain via the administration of compounds of formula II as an orally bioavailable 

prodrug (R ≠ H) of the active pharmaceutical ingredient (R = H). 

[16] In a fourth aspect, the present invention relates to pharmaceutical compositions 

comprising a pharmaceutically acceptable carrier and a compound as described herein. 

[17] These and other objects, features, and advantages of the invention will become apparent 

from the following detailed description of the various aspects of the present invention. 

BRIEF DESCRIPTION OF FIGURES and TABLES  

[18] FIG. 1 illustrates the results of s-AMPA induced currents in vitro electrophysiology 

studies of pyramidal neurons in Sprague Dawley rat brain cortex slices with Compound #1 

which is 6-(2-(2H-tetrazol-5-yl)ethyl)-6-fluorodecahydroisoquinoline-3-carboxylic acid (R = H); 

[19] FIG. 2 illustrates the results of s-AMPA induced currents in vitro electrophysiology 

studies of pyramidal neurons in Sprague Dawley rat brain cortex slices with Compound #1; 

[20] FIG. 3 illustrates the results of NMDA induced currents in vitro electrophysiology studies 

of pyramidal neurons in Sprague Dawley rat brain cortex slices with Compound #1; 

[21] FIG. 4 illustrates the results of a single acute administration pharmacokinetic study of 

Compound 1 or Compound 4 treatment of Sprague Dawley rats, wherein Compound 1 is 

measured in plasma samples by LCMS; 

[22] FIG. 5 illustrates the results of a single acute administration pharmacokinetic study of 

Compound 1 or Compound 4 treatment of Sprague Dawley rats, wherein Compound 1 is 

measured in brain samples by LCMS; 

[23] FIG. 6 illustrates the results of a single acute administration pharmacokinetic study of 

Compound 1 or Compound 4 treatment of Sprague Dawley rats, wherein Compound 1 is 

measured in cerebral spinal fluid (CSF) samples by LCMS; 
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[24] FIG. 7 illustrates the results of single ascending dose (SAD) studies of acute oral 

administration of Compound 4 with 1-day treatment in vivo in Sprague Dawley rats, wherein 

Compound 1 is measured in plasma (7A), CSF (7B), and brain (7C) samples by LCMS at 75 

minutes and 300 minutes; 

[25] FIG. 8 illustrates the results of an open field assay (OFA) on the same animals as in the 

SAD studies of FIG. 7, wherein the total distance traveled (8A) and vertical time exploring (8B) 

were measured; 

[26] FIG. 9 illustrates further results of the OFA in FIG. 8, wherein ambulatory movement 

(9A) and stereotypical movement (9B) were counted and resting time (9C) was measured; 

[27] FIG. 10 illustrates the results of an Irwin neurological test battery on the same animals in 

the SAD studies of FIG. 7, wherein in-cage observations (10A), autonomic responses (10B), and 

suspended tests (10C) were scored, and fecal pellets (10D) were counted; 

[28] FIG. 11 illustrates the results of body weight measurements of Sprague Dawley rats 

participating in a multiple ascending dose (MAD) study of 5-days with once daily dosing; 

[29] FIG. 12 illustrates the results of an OFA on the same Sprague Dawley rats as in FIG. 11, 

wherein the total distance traveled and vertical time exploring were measured and ambulatory 

movement and stereotypical movement were counted; 

[30] FIG. 13 illustrates the results of an Irwin neurological test battery on the same Sprague 

Dawley rats as in FIG. 11, wherein in-cage observations (13A), anatomic responses (13B), and 

suspended tests (13C) were scored, and fecal pellets (13D) were counted; performed on day three 

(3) of the MAD study; 

[31] FIG. 14 illustrates the results of an Irwin neurological test battery on the same Sprague 

Dawley rats as in  FIG. 13; performed on day five (5) of the MAD study; 

[32] FIG. 15 illustrates the results of MAD studies with once daily oral administration of 

Sprague Dawley rats for five days, wherein the level of Compound 1 is measured in plasma by 

LCMS on days 1, 3, and 5; Compound 1 concentration is plotted versus time (15A) and dose 

(15B); 
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[204] Suction on the syringe was released with butterfly needle (EXEL INT 21G x 3/4 “ Thin 

Wall catalog number #277-04, manufacturer EXEL INT, Redondo Beach, California, USA).  

The needle was held (bevel up) carefully in the opposite hand, the midline was carefully 

followed beyond the occipital crest, and the needle was gently “walked” or "slid" back towards 

the cisterna magna (bony part) until the operator could feel the needle enter the spinal cavity. 

Once correct placement was established, a small amount of negative pressure was applied to the 

syringe: CSF then flowed into the needle hub (note if there was no flow of CSF, then the needle 

was repositioned and procedure repeated). Negative pressure was applied with one hand until 

CSF flowed; the procedure was conducted slowly to avoid blood contamination of the sample.  A 

white paper was used as a background to monitor for color change in the sample just above the 

needle during collection (note: upon observation of color change, pressure on syringe was ceased 

or clamp butterfly just above color change). To complete CSF sample collection: the needle was 

removed from the syringe.  The CSF sample was transferred to a micro-centrifuge tube from the 

syringe (note: if blood traveled into centrifuge tube it was placed in a clinical micro-centrifuge 

and centrifuged 13,000 RPM for 1 minute. CSF supernatant layer was collected avoiding the 

blood at bottom of tube.  CSF was then flash frozen on dry ice and stored at -80 degrees C until 

bioanalysis. 

[205] Brain Collection procedure. 

[206] After CSF collection the skull was dissected by rapidly cutting using a scissors.  The 

brain was gently lifted out using a forceps and immediately flash frozen on dry ice then stored -

80 degrees C until bioanalysis. 

[207] Dose sample (DS) collection procedure. 

[208] Dose solutions or Dose suspensions of compound 1 or compound 4 in excipients were 

collected after administration each day to animals. The Dose samples were flash frozen at -80 

degrees C until bioanalysis. 

[209] Quantitative LCMS bioanalysis of Compound 1 or Compound 4. 

[210] Measurement of Compound 1 or Compound 4 from rat samples (plasma, cerebral spinal 

fluid "CSF" or brain homogenate) was done by high resolution using a sensitive LCMS method. 

[211] Extracts of biological samples (either organic solvent precipitated or organic solvent 

extracted i. plasma or ii. CSF  or iii. homogenates of whole brains from Compound 1 or 

Compound 4 treated rats) were subjected to LCMS and were compared to freshly prepared 
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standard curves on exactly the same LCMS instrument.  The standard curves were prepared of 

Compound 1 or Compound 4 at known concentrations dispensed (spiked) into rat plasma 

(supplied by Bioivt formerly Bioreclamation, Cat. No. RAT00PLK2Y2N, Bioivt, Hicksville 

New York USA) as Sprague Dawley male rat plasma prepared by collection of blood into 

potassium-EDTA "K2-EDTA" tubes, centrifuged and stored at -80C until usage).   Standard 

LCMS (liquid chromatography mass spectrometry) was performed using an AB Sciex Exion 

instrument and Mass Spectrometry (MS) detection by API 5500 instrument. An autosampler AD 

multiplate was used (AB Sciex).  The HPLC method used a Restek Force Biphenyl column 

(dimensions 2.1 x 30 mm, 1.8 micrometer particle size) eluted using a gradient with a flow rate 

of 0.6 mL/min with two mobile phases (Mobile Phase A: Water with 0.1% Formic Acid and 

Mobile Phase B: Acetonitrile with 0.1% Formic Acid).  MS detection and calibration for 

Compound 1 or Compound 4 used Tolbutamide also as an Internal Standard.  The lower limit of 

quantification of Compound 1 or Compound 4 based on the conditions used was 1 ng/ml and the 

standard curve was linear to 5,000 ng/ml.   Compound 4 levels were below limit of detection in 

vivo.  Compound 4 levels were stable in vitro incubated in physiological buffers with or without 

fatty acid free Bovine Serum Albumin (Sigma-Aldrich, St Louis Missouri) for incubation time of 

30 minutes at 37 degrees C.  Compound 4 was hydrolyzed to Compound 1 by rat plasma in vitro 

studies within minutes when incubated at 37 degrees C.   Compound 4 hydrolysis by rat plasma 

was blocked by pretreatment of the rat plasma (37 degrees C for 5 min with 10 micromolar 

concentration of the serine hydrolase esterase inhbitor methyl arachidonoyl fluro phosophonate 

supplied by Sigma Aldrich). 

[212] PK (pharmacokinetics) studies of compounds 1 or 4 in vivo in Sprague Dawley male 

rats. 

[213] Acute administration of test compound 1 or test compound 4 by routes described (either 

PO, SC or IV) was done to rats and samples collected at the timepoints described for subsequent 

extraction, dissolution and quantitative LCMS bioanalysis.  See FIG. 4, fig. 5, and FIG. 6.  In 

these FIGS., A through E represent different treatment groups of rats (A,B,C,D,E) administered 

various formulations by various routes of compound 1 or compound 4 respectively (as specified).  

Treatment group A rats were administered SC administration of Cp#1 (formulated in saline pH 

elevated to pH 9.5 by NaOH; pH adjusted to 7.3 using HCl).  Rats treatment group B was 

administered Cp#1 (formulated in saline pH elevated to pH 9.5 by NaOH; pH adjusted to 7.3 
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using HCl) by the intravenous (IV) route.  Rats treatment group C was administered Cp#4 HCl 

(formulated as a solution at concentration 10 mg/ml in 0.5% methylcellulose in water, 3% 

DMSO) by PO route. Rats treatment group D was administered Cp#4 HCl (formulated as a 

solution at concentration 10 mg/ml in 0.5% methylcellulose in water, 3% DMSO) by 

subcutaneous SC route.  The PO 10 mg/kg dose and SC 6 mg/kg dose were administered from a 

10 mg/ml concentration solution of Cp#4. 

[214] SAD study of compound 4 in vivo in Sprague Dawley male rats. 

[215] Single Ascending Dose (SAD) 1-day acute administration of test compound 4 by the oral 

PO route of administration to rats and samples collected at the timepoints described for 

subsequent extraction, dissolution and quantitative LCMS bioanalysis.  See FIG. 7.  In treatment 

groups of rats A through D, doses (A 10 mg/kg, B 20 mg/kg, C 30 mg/kg, D 50 mg;/kg ) were 

administered from a solution of Cp#4 formulated in 0.5% methylcellulose in water and 3% 

DMSO with Compound 4 a concentration of 10 mg/ml.  In treatment groups of rats E and F, 

doses (E 100 mg/kg and F 200 mg/kg)  were administered from a stable suspension of Cp#4 

formulated in 0.5% methylcellulose in water and 3% DMSO at a concentration of 50 mg/ml.  

[216] Irwin test of live rats was conducted in the SAD study 55 - 60 minutes post treatment of 

test compound 4 on day 1 (the only day of the study).  See FIG. 10.  Note: for endpoint the data 

are presented from left to right ascending doses 10 mg/kg, 20 mg/kg, 30 mg/kg 50 mg/kg, 100 

mg/kg, 200 mg/kg beneath each endpoint presented on the X axis.  Normal or very little change 

from normal was observed for many of the doses and no bar is shown for a value of Zero. 

[217] OFA (open field activity) of live rats was conducted 60 - 75 minutes post treatment of 

test compound 4 on this 1-day study.  See FIG. 8 and FIG. 9. 

[218] MAD study of compound 4 in vivo in Sprague Dawley male rats. 

[219] Multiple Ascending Dose (MAD) 5-day once daily administration of test compounds was 

done to rats and samples collected at the timepoints described for subsequent extraction, 

dissolution and quantitative LCMS bioanalysis. In treatment groups of rats A through D, doses 

(A 10 mg/kg, B 20 mg/kg, C 30 mg/kg, D 50 mg;/kg ) were administered from a solution of 

Cp#4 formulated in 0.5% methylcellulose in water and 3% DMSO with Compound 4 a 

concentration of 10 mg/ml.  In treatment group of rats E, dose (E  200 mg/kg)  was administered 

from a stable suspension of Cp#4 formulated in 0.5% methylcellulose in water and 3% DMSO 

at a concentration of 50 mg/ml.   See FIG. 15, FIG. 16, and FIG. 17.  Irwin test of live rats was 
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conducted in the MAD study 55 - 60 minutes post treatment of test compound 4 on two different 

treatment days (day 3 and day 5).  See FIG. 13 and FIG. 14.  Note: for endpoint the data are 

presented from left to right ascending doses 10 mg/kg, 20 mg/kg, 30 mg/kg 50 mg/kg, 100 

mg/kg, 200 mg/kg beneath each endpoint presented on the X axis.  Normal or very little change 

from normal was observed for many of the doses and no bar is shown for a value of Zero. 

[220] OFA (open field activity) of live rats was conducted 60 - 75 minutes post treatment of 

test compound 4 on two different treatment days (day 3 and day 5).  See FIG. 11 and FIG. 12. 
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CLAIMS 

1. A compound of formula I:

NH

H

H

NN

HN

N

F

O

O

R

I 

wherein: 

R is selected from H and (C1-C20)hydrocarbyl. 

2. A compound according to claim 1 of formula II:

NH

H

H

NN

HN

N

F

O

O

R

II. 

3. A compound according to claim 2 wherein R is selected from H and aliphatic (C1-

C20)hydrocarbyl optionally substituted with one or two phenyl groups with the proviso that R

contains twenty carbons or less.

4. A compound according to claim 2 wherein R is H or CnHm, and wherein:

n is 1 and m is 3; 

n is 2 and m is 5; 

n is 3 and m is 3, 5, or 7; 

MCSLLP
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n is 4 and m is 5, 7, or 9; 

n is 5 and m is 7, 9, or 11; 

n is 6 and m is 5, 7, 9, 11, or 13. 

n is 7 and m is 7, 9, 11, 13, or 15; 

n is 8 and m is 5, 7, 9, 11, 13, 15, or 17; 

n is 9 and m is 7, 9, 11, 13, 15, 17, or 19; 

n is 10 and m is 7, 9, 11, 13, 15, 17, 19, or 21; 

n is 11 and m is 9, 11, 13, 15, 17, 19, 21, or 23; 

n is 12 and m is 7, 9, 11, 13, 15, 17, 19, 21, 23, or 25; 

n is 13 and m is 9, 11, 13, 15, 17, 19, 21, 23, 25, or 27; 

n is 14 and m is 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, or 29; 

n is 15 and m is 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, or 31; 

n is 16 and m is 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, or 33; 

n is 17 and m is 11, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, or 35; 

n is 18 and m is 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, or 37; 

n is 19 and m is 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, or 39; or 

n is 20 and m is 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, or 41. 

5. A compound according to claim 3 wherein R is chosen from: H, methyl, ethyl, n-propyl,

isopropyl, cyclopropyl, n-butyl, 1-methylpropyl, 1-methyl-2-ethylbutyl, 2-ethylbutyl, 2-

methylpropyl, tert-butyl, 2-methylcyclopropyl, 1-methylcyclopropyl, cyclobutyl,

cyclopropylmethyl (i.e., ), n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-

methylbutyl, 1-ethylpropyl, 1,2-dimethylpropyl, 1,1-dimethylpropyl, 2,2-dimethylpropyl, 

MCSLLP
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cyclobutylmethyl (i.e., ), 2-(cyclopropyl)ethyl (i.e., 

), cyclopentyl, n-hexyl, 1-methylpentyl, 2-methylpentyl, 3-

methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-

dimethylbutyl, 2,2-dimethylbutyl, 3,3-dimethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-

trimethylpropyl, 3-(cyclopropyl)propyl (i.e., ), 2-(cyclobutyl)ethyl 

(i.e., ), cyclopentylmethyl (i.e., ), cyclohexyl, 

cyclohexylmethyl, 2-cyclohexylethyl, dicyclohexylmethyl, n-octyl, benzyl, diphenylmethyl, 

decyl, dodecyl, tetradecyl, hexadecyl, hexadec-9-enyl, octadecyl, octadec-9-enyl, octadec-9,12-

dienyl, 2-propylpentyl, 2-butylhexyl, 2-pentylheptyl, 2-hexyloctyl. 

6. A compound according to claim 5 wherein R is chosen from: H, methyl, ethyl, n-propyl,

isopropyl, n-butyl, tert-butyl, 2-methylbutyl, and 2-ethylbutyl.

7. A compound according to claim 2, with a structure selected from:

, , ,

, , ,

, , ,

, ,
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, ,

, ,

, ,

, and . 

8. A compound according to claim 7, with a structure selected from:

, , ,

, , and . 

9. A compound according to claim 8, with a structure selected from

10. A compound according to claim 8, with a structure selected from

11. A compound according to claim 8, with a structure selected from

MCSLLP
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12. A compound according to claim 8, with a structure selected from

13. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

compound according to claim 1, or a pharmaceutically acceptable salt thereof.

14. Use of a compound according to claim 1, or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for treating a seizure disorder.

15. The use according to claim 14, wherein the seizure disorder is epilepsy.

16. The use according to claim 14, wherein the seizure disorder is status epilepticus.

17. The use according to claim 14, wherein the seizure disorder comprises partial-onset seizures

or primary generalized tonic-clonic seizures, or any combination thereof.

18. The use according to claim 14, wherein the seizure disorder results from a heritable genetic

seizure disorder.

19. The use according to claim 14, wherein the seizure disorder results from a brain tumor, a

concussive brain injury, or a penetrating brain injury.

20. Use of a compound according to claim 1, or a pharmaceutically acceptable salt thereof in the

manufacture of a medicament for treating pain.
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