2144050 METHOD FOR THE QUANTI TATI VE DETERM NATI ON OF ENCAI NIl DE Thi s
i nvention relates to the nethod for the quantitative determ nation of

encai ni de_ by non-ioni c bonding. 5 According to the invention there

i's provi, a process for the quantitative determination of encainide and

t he O- de thyl and 3-net hoxy- O denet hyl netabolites ther@alggmrso c
bi ol ogl cal , “fluid involving extraction thergof_fromsaid I )
separ aty t her eof by hlgh pressure I|qU|d chronotography 10 on a silicic

acid colum using an g M bE,,EM!!ﬁTION OF Eé;;ﬂé&gg wherein
sai d nobil e phase is I d

500: 30: 0. 1. Encai ni de hydrochl oride is an antiarrhythm c conpound which 15
is also referred to in the literature as MJ 9067 (USAN And The USP

Dictionary of Drug Names 1980, page 122 Unlted t S Pharnaco ei al
tisn PSSR R

Convention, Inc. 126FM$HBER CRE Ry of
Congr ess Cat al ogd@aéﬁuhbtm?ﬁoﬁaﬁ:é&iménbwmndmdmsbddﬁnéol I owi ng structural
formula. 20 25 30 The foll ow ng publications describe the chem cal

synt hesi s of encainide, a nunber of anal ogs thereof, and the antiarrhythmc
properties of these conpounds in animals. - 2- :

5 According to the invention there .is provided a process
for the quahtitative determination of encainide and the O-
demethyl and 3-methoxy-O-demethyl metabolites thereof in a
biological fluid involwving extraction thereof from said fluid
and separation thereof by high pressure liquid chromotography

10 on a silicic acid colum using an organic solvent as mobile
phase, wherein said mobile phase is the mixture ethanol:water:
methanesulfonic acid 500:30:0.1. '

Encainide hydrochloride is an antiarrhythmic compound which
15  is also referred to in the literature as MJ 9067 (USAN And
The USP Dictionary of Drug Names 1980, page 122, United States
Pharmacopeial Convention, Inc. 12601 Twinbrook Parkway, Rockville,
MD 20852, Library of Congress Catalog Card No. 72-88571).
Encainide has the following structural formula.
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The following publications describe the chemical synthesis
of encainide, a number of analogs thereof, and the antiarrhythmic
properties of these ccmpounds in animals.



) -
Dykstra, et al., J. Med. Chem, 16 1015-1020 (1973). Dykstra and Mnielli,
U. S. Patent No., 3,931,195 patented January 6, 1976. Byrne, et al., J.
Phdr macol ogy and Experimental Therapeutics, 5 200, 147-154 (1977). Assay
met hods for encainide and its netabolites are disclosed in the follow ng
refer"e;i,c,gs. Mayol and Gammans, Therap. Drug Monitoring, 1, 507-524 10 <
(1979) . Mayol, U S. Patent Application Serial No. 155,338 filed Jun@
1980. In patent application No.8127079 (Spﬁfi fication 2084570) 15 e S
descri bed and cl ai ned 4- Hydr oxy- 3- met hoXy- R+ [2-[ 2- (1-
met hyl - 2- pi peri di nyl') - et hyl ] phenyl ] benzam de. Detail ed Description of the
I nvention 20 rugt Ly es ;of,, .ancal.pi dg a Aq 4 f anal ogs
t hereof which are des%‘sé%’ :é(r{;' ?%é fjbrplggé;\dgl@awggt %5 gg%gFg"aEbl i cation
and patent are shown Pykatia angl MindeAdit He$ e PatenteNe. 3393h49% papented of
speci fication 2084549 6 The7¢onpound numbers used in the table are the sane
as the exanpl e nunbersg enpl oyed in the kstra, 25 et al. ent. .
Conpound No. A is -t he%’ﬂﬁpoﬁ%&gm r:l’stp @P%F%O%W%#Mgt%'
Conpound No. 5 200, 147-154 (1977). . J[err] [err] [err] :

Assay methods for encainide and its metabolites are disclosed

in the following references.

Mayol and Gammans, Therap. Drug Monitoring, 1, 507-524

c

10 (1979). _
Mayol, U.S. Patent Application Serial No. 155,338 filed
June 2, 1980.

C

In patent application No.8127079 (Specification 2084570)
15 there is described and claimed 4-HY<_iroxy-3-nethoxy-N-_-[2-[2-(1—
methyl-2-piperidinyl)-ethyl]phenylibenzamide.

Detailed Description of the Invention

20 The structures of encainide and a mumber of analogs thereof
which are described in the ‘foregoing Dykstra, et al. 'publication
and patent are shown in the following table as well as the compound
of specification 2084570. The compound numbers used in the table

v are the same as theexanple nmbérs employed in the Dyl:sira,

25 et al. patent. C_bnpound No. A is the compound of specification
2084570.
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89 (O denet hyl encai ni de, or ODE) HO- H [err] 107 (encainide, or
[erdyr] H [err] 5 108 : ' _

[err] 109 ' [err] [erf] [err] .
et hyl encai nide, or NDE) [err] H H A
xy- 0- demet hyl - encai ni de, or 3-met hoxy CDE) .
10 Conpound Nos. 89 and 139 Bave been identified by Myol andv
Gammans [err] as netabolites of encainide (Conpound No. 107) in which
publication the fornmer is referred to as 15 ODE ?nd thg Iatte\rmoth_DE.
The forner :nB&E n identified as a pringlpa t abolgt e ichis
sonet i nes pggs?m = pﬁibrra i n anmounts severalngcl rresé—tzehe cgncentratlon of
encainide following treatnent with the latter. As a result of an

| mprovenent of ggh@oira]jeggwgdéai gyiobggh[jlonm.fgr am&has%gy net hod t
descri bed 20 e mrans publ i | on I ch T nprovenen
constitutes themg {eeé‘é‘ﬂi‘“#/dﬁvé?ﬁ g!) it has beefF3%6undt hat “B3hpound A is

al so a priici pdlo8met abol i te of encai ni de i'n néga fol IahlgOﬂgClig-al

adm ni stration g the latter, and that it is 8- C entrations in

t he bl ood pl asrrg§substant|ally greater 25 tﬁia??it hat “of %ﬁ‘pound No. 89
two or nore hous? Mbremvibylencadnideni o PELt i ofHI- a B50 ngHdose of encaini de
hydr ochl ori de wakwha';k}eo%@tmaﬁa&g)g desgrl bed in tBle Ma]}/ol and
Gammans publ i cati gn has .now n found to havg, been apabl e o

di sti-ngui shi ng beg’f/\e%ﬁe%' (%%S Nos. 89 and Cﬁ??pouné‘lfﬁs' ?35 t hought t hat
30 Conpi@und A i's produced in the body from Conpound”No. 89 by a .
bi ol ogi cal transf or rrat i on process. . ‘\J

Compound Nos. 89 and 139 have been identified by Mayol "
and Ganmans (op. cit.) as metabolites of encainide (Corrpoﬁnd
No. 107) in which publication the former is réferred to as
15  ODE and the latter of NDE. The former (ODE) has been identified
as a prihcipal'netabolité which is sometimes present in plasma
in amounts several times the ‘concentration of encainide following
treatment with the latter. as a result of an improvement
of the high pressure liquid chromatography assay method described
20  in the Mayol and Gammans publication, which improvement constitutes
 the present invention, it has. been found that compound A is
also a principal metabolite of encainide in man following
oral administration of the latter, and that it is present
in concentrations in the blood plasma substantially greater S
25 than that of Compound Na 89 two or more hours following the -/
administration of a 50 mg dose of encainide hydrochlor:.de '
orally. The HPLC assay method described in the Mayol and Gammans
publication has now been found to have been incapable of distinguishing
between Compound Nos. 89 and Compound A. It is thought that
30  Compound A is produced in the body £rom Compound No. 89 by
a biological transformation process. '
For comparative purposes the biological activity of
the conpounds whose structures are shown in the above table
are presen:ted in the following table in which comparative
35  antiarrhythmic activity is given as determined by the laboratory
screening test referred to in the Dykstra, et al. paper above.



For conparative purposes the biological activity of the conpounds whose
structures are shown in the above table are presented in the fol ng
‘tabl e in which conparatlve 35 antiarrhythmc activity is giv E&

determ ned by the |l aboratory screening test referred to in the ra, et
paper above. -4- This is referred to in the table as Te ” Test 11

|s an_ approxi mation of the oral toxicity of these conpounds in mce, and

Tests |1l and IV refer to-the human netabolismresults observed foll ow ng

oral administration of an antiarrhythm ¢ ot al” dose 5 of 75 ny total dose of

encai ni de hydrochloride to patients. Biological Activity I

Antiarrhythmc activity for ventricular arrhythma 10 ' in mce

produced by chl or Ohix isirefatead o, inEDED tekle @sstastab. nfexy Ipoyaei ght ,

i ntraperitoneal a WSO8 Pb&égga uBdPlin My, 160,
g&%@ﬁk{r%() tHe Wrat @ -0

22 (1968). |1 nouse treate oral 0 is . the

approxi mate 15  and Tests LI and b Fefex tﬁa\:l?e Pyreany "rﬁ?P%ls‘%ﬁ‘B’d' $ OspEved
approxi mate | owesotiRmgn BE ndMisteat jkysf @hogitdatthyshmicoboali doskef i ci t
appear in half the S t I
Time foll ow ng orgfaﬁorsnr'?ng 8$>§%u§ra°¥g'vm&t§%@§ % %ryé%cgpn%aécgg?\tfdrochl oride
for clearance (plasnma concentration <20 ng./m .) from bl ood plasma; hours.
VA Approximate half life in hum@h@dm{fﬁﬁ fol |l owi ng

I Antiarrhythmic activity for ventricular arrhythmia -
10 in mice produced by chloroform inhalation; EDgg expressed
| as mg/kg body weight, intraperitoneal administration,
J.W. Lawson J. Pharmacol. Expt. Ther. 160, 22 (1968).

C.

II ALD5(/ATDs mouse treated orally; ALDsg is the approximate
15 lethal dose of half the animals; ATDsg is the approximate
lowest dose where signs of physiologic or neurologic
deficit appear in half the animals, expressed as mg/kg
body weight. '

20 III Time following oral dosing of humans with 75 mg. of
encainide hydrochloride for Clearance (plasma concentration
<20 ng./ml.) from blood plasma; hours.

- . Approximate half life in human blood plasma following
25 _oral dosing with encainide hydrochloride; hours.

Compound No. I ' II II1T v

89 1.7-2.8%  25-50/5-10 >16 4-6
30 107 (encainide)  5.3-15*  50-100/5-10 6  2.5-3
' 108 10 ©100/10-25 o ww
109 10 - 100/25 e ok
139 o 28 147/15.7 +
A 9.5  250/31.3-62.5 >16 4.6



25 oral desing wth encainide hydrochl or-i de; hours. Conpound No.

I I : 11 1V 89 o 1.7-2.8*

25-50/ 5- 10 >16° 4-6 30 107 (encal ni de) 5. 3- 15*% .

50- 100/ : 6 2.5-3 108 .10 100/ 10- 25

xx T L0 9 10 . 100/25 * ** 1375
28 471 15. 7. + + A 9.5

250/ 31. 3x8 >16 4.6 -5- * nge of various determ nations. **

Conpounds have not been adninistered to fman nor observed as metabolites of
encainide in man or animals. + Cccurrence in plasma follow ng oral

adm nistration 5 * Range of Q,far%t@aa@&mlam has been rare, and val ue

has not been determy Ie e forego results reflect approximtely
equi val ent antiarr hyt h 3% "8 begﬂc‘??“ﬁf"ﬁtﬁ&% oS Bffces except 10

for Conpound No. 89 whobserived semdaablmseoﬂ)ehajhldwhnaiﬁpoﬁm rmrech
toxic in mce. Corirpoqn@c&rgér{a‘ee 15&@ g]:gg| %3al NS EQ_ es over ea
of Conpound Nos. 89 and_ 10/ of re(?f uce OXI ClI a% Brol onged
presence i ® the bl ood. °fi $ncainide to man has been rare, valg AR E Assay

Procedure A.. Extractlomwbe&tﬂbﬁ@dnﬁﬁabﬂ uid.- To 1 m of plasma or urine in
a screw—capped tube there is added 0.2 m .of 0.5

The foregoing results reflect approximately equivalent
antiarrhythmic activity for each of these substances except
10 for Corrpound No. 89 which is sonewhat more potent but also somewhat )
more tox:.c in mice. Conpound A dJ.ffers from and enjoys the
advantages over each of Conpound Nos. 89 and 107 of reduced
tOXlCltY and of a more prolonged presence 'in the blood.

\/

15 | . EAMPLE
' ' Assay Procedure

A. Extraction of Biological Fluid.- To 1 ml of plasma
or urine in a screw-capped tube there is added 0.2 ml of 0.5
20 M.Tris-HC1 buffer (2-amino-2-hydroxymethyl-1,3-propanediol),
pH 8.5, and 10 ml of n-butyl chloride containing 5% by volume
of isopropanocl. The sample is then shaken on an oscillating :
mixer followed by centt'ifuéation to separate the phases. A _ A
9 ml aliquot of the organic layer is removed and evaporated O
25 to dryness under a stream of n:.trogen and the residue is red.lssolved
in 100 ml of ethanol. A 50 ml aliquot of this solution is
-injected onto the colum for high pressure liquid chromatography.
B. High Pressure Liquid Chromatography (HPLC) Conditions.-
A normal phase silicic acid colum having dimensions’ 3.9 mm
30 by 30 cm in length equipped w1th a variable wavelength UV detector
set at 254 nm is used The mobile phase enployed consists of
500 ml of ethanol, 30 ml of water, and 0.1 ml of methanesulfonic
acid at a flow rate of 1 ml per minute. A series of standards
~ containing 0, 25, 100 and 500 ng/ml of each compound to be assayed
35 was prepared using pooled human plasma. These standards were
treated as described above. Quantification of the detector




20 M Tris-HC1L buffer (2-am no-2-hydroxynethyl -1, 3-propanediol), pH 8.5, and
10 m of n-butyl chloride containing 5% by volume of isopropanol. The
satple is then shaken on an oscillating m xer followed by centrifugation to
separate the phases. A B m al i quot of the organic |ayer -

evapqrated 25 to dryness under a stream of nitrogen and _
redi ssolved in 100 mM of ethanol. A 50 ml aliquot of thi tionis
injected onto the colum for high pressure %qu|d chromat 6gr aphy. B. ngh
Pressure Liquid Chromatography (HPLC) Conditions.- A nornmal phase silicic
acid columm having dinmensions 3.9 nm 30 by 30 cmin |length equipped wth a

vari abl e wavel en d ug&@ e phase
enpl oyed consi stg}%f)% %%%E@{ %Plgg:%ln@tlegrém%?gror r:%l% 1 ok of

net hanesul f oni ¢ aRf geadt baightsw r%eswdirqﬁuﬁ@r fox wgele coppanept ¢&sof

st andar ds cont ai nédigtfuctd@, byl e OrdzR@ssidhnde @he eﬁebcﬁwmpadset Qebfus

assayed 35 was prepared S|n d..hu | asna. ese st rds were
treated as descrl%’ogeatﬁfgv &&9 ik tlgagntg?(%trﬁ% dg}ee(?fmcen ra@‘:g_ response
was achi eved Sy dmﬁgpomoundt:@gtm |serer@r wak Aben dmtenpodatese fRorh sheget survelse

standard curve for each conponent was constructed by |linear regression of
the detector response versus concentratjon fromthe gl asnma standards. The

concentration'5 of conpBEE¥its. ¢ e Talghive Qrdet (ffnetyiier F RN m
these curves C. Regulits o-déhisthyl aindt 3-we thaxgeo-daine eyt instabolitesceriom de and

its O-denmethyl ang, 3. 0RIHON RS ELINL i P AR 1065 FSA%s:  cCompound
\./ 10 No. 89, 8.3 minutes; Compound A, 9. 7 minutes; Compound No. 107,

| 11.4 minutes. The last endogenous plasma component eluted from

the colum has a retention time of 3.6 minutes and the baseline

is very stable in the region where the metabolites elute. Thus,

no interference from endogenocus plasma components occurs. Due

N

15  to differences in extraction efficiencies, specific molar
absorptivities, and retention times for the individual components,
the sensitivity of the assay for each of these components is
as follows: Compound No. 89, 10 ng/ml; Compound A, 20 ng/ml;
Compound No. 107, 15 ng/ml.



the colum and their retention tinmes is as foll ows: Compeund—40— No. 89, ’
8.3 m nutes; Conpound A, 9.7 mnutes; Conpound No. 107, 11.4 mnutes. The

enous plasma conponent eluted fromth “‘E“‘\E‘L“ﬁt ention $
\6 mnutes and the baseline is very stzgo \m‘“u ¥n where the
s elute. Thus, no interference from endogénotis Pl asma conponerfs

e 15 to differences in extraetion efficiencies, specific nolar
absorptivities, and retention tines for the individual conponents, the
sensitivity of .the assay for each of these conponents is as foll ows:
Conmpound No. ;X e 0 ng/ m ;  Conpound A, 20 ng/m; Conpound No. 107, 15

ng/ m . CLAI Ms:. 1. A process for the quantitative determ nation of
encai ni de and; the Opdgpihy! eAnthed qIRItILXY Ve SRRRIMNA: 16 bBDSNdal Rfae! her eof

in a biological fluid 1nvolving_ extraction-thereof fromsaid flyid and
separation t h@deshe QyderihviAngs ITeEhe (P eRREn R PAHIfF 50°7°Bh a silicic

acid col um ugi AgbRlogi@aANEIuidoimellims ertdzck torp hheareof vfremesaidsai d

nobi | ephase i, t:he_ i xt ur -%R&E.Tb- VAT Q?s%ﬁéui@ﬂ&%hf&ﬁi £30: 0. 1
by vol une. Z.Elm'g %{Hp?eo%lgreggféé‘}gcor |%géféi%lf§%m I, substantiall'y“as herein-
10 bef 05 e dems@r sbkigic acid colum using an organic solvent as mobile
phase, wherein said mobilephase is the mixture ethanol:water:
methanesulfonic acid 500:30:0.1 by volume.

2. A process according to claim 1, substantially as herein-

A
- 10 before described. -



