2107708 AN | SOPROPYLAM NO- PYRI M DI NE DERI VATI VE The i nventi on relates to an
| opyl am no- -pyrimdine derivative, to a process for its 5 '
-pizggratlon and to therapeutic conpositions containing it. The invention
provi des 2-isopropyl ami no- -pyrimndine-N-oxi de, which has the formula: and
t herapeutically acceptable salts thereof. 10 Thi s conpound ‘i s
particularly interesting in the field & -nervous regeneration and for the
treatment of nuscul ar dystrophy.. According to the invention, -
2-i sopropyl amno- pyrim dine-N-oxi de may be prepared by sgoo
oxi dation of 2-isopropylam no-pyrim-dine at from15 to 455& é&éi})Bopri ate
oxi di si ng agents such as hydrogen peroxide, mchloro-peroxybenzoic acid,
pot assi um per oxynonosul phate, chrom ¢ aci d, per phosphoric -2- acid,
peracetic aci d, sodium perborate or tertiobutyl hydroperoxide. The
oxi di sing agenaN ITSOPROPYLAMING-FYRIMIDENE OERTVADTIVEON or in a slight
excess of up to 10% wth respect to this proportion. The desired salts may
be obtained by the 5 usual techniques.

The inventioﬁ relates to an isopropylamino-
-pyrimidine derivative, to a process for its
5 preparation and to therapeutic gomposiﬁions
containing it.
The invention provides 2-isopropylamino-

-pyrimidine-N-oxide, which has the formula:

-

and therapeuﬁically acceptablé salts thereof.
10 . This compound is particularly interesting
in the field of nervous regeneration and for the
~ treatment of muscular dystrophy.
According to the invention, 2-iso§ropylamino~
pyrimidinesN-bxide may be prepared by smooth
15 | oxidation of 2-isopropylamino-pyfimidine at from
15 to 45°% by appropriate oxidising agénts such as
hydrogen peroxide, m-chloro-peroxybenzoic acid,

potassium peroxymonosulphate, chromic acid,perphosphoric



&
e .inventicon-is illustrated by the follow ng exanple. EXAMPLE Into a 4

I"tre reactor fitted with stirring nmeans and cal cium chl oride protection
were poured 100 g (0. 728 mol.) of *10. = 2-isopropyl am no-pyri m dine and
litres of acetone. After stirring, there was -added 0.8 nol of '
- mchl oroperoxybenzor € acid and the tenperature was raised to about 35C.
~Stirring was maintained for one hour after the addition and the nmixture was
t hen. evaporateed to dryness under reduced pressure. The 15 residue was
t r’'@at ed w.th 450 M of water, which gives a precipitate, and wth
22%% M (2°4 1fol) of a soda wash saturated with sodium chloride; This
sol ution was then treated with [err], which gives a new precipitate : after
filtration, washing with diethyl et her and _dyying, there were obtained 20
99.2 ¢ (yleld 90% of .an oily product, el enehtal anal ysis of which showed
it to correspond ‘to the - fornula [err] the nelting point - of the base
74-76[err] - (Tottoli). This conmpound is highly soluble, in water, .nethanol
and has a good sol ubadiidy. péraceblor ofcddm asediaem fperperaatur ec’ TfaetpbbmrMS%
water solution is' 25nydropdiokide.4he TBRIdiGPhE €EPHIAI 1Y udtMdnaCBkordndeme sFBEL S -
at 94[err]. The SUtlpBPtiGn ObE g Py%,&eeféesgnopfupsqecm G361 ddsplcd fig

‘base, -in acetone at fhe b eat e
ort hophosphat e wer e %31 so & ta‘r"e’d ST ”ed S{Jﬁé H(‘3€=/\re°\§/’lqa,‘"éaﬁtg ﬁ%eb

itsel f has a gdod wat®¥p!stchpiquesy " a good stability and favourabl e

organol eptic characteri stiThs, mvsntl@anxbelwseuaasd s!i!chhe 1nélwss #’@'“Ple-

hereafter desi gnat ed by "BN 1041" _
: . - EXAMPLE

Into a & iitrejreactor fitted with stirring means and
calcium chioride protection were poured 100 g (Q;ZZS mol) of

10 . 2-isopropylamino-pyrimidine and 2 litres of acetone. After
stirring, there was added 0.8 mol of g—chloroperobeenzoic

- acid and the temperature was raised to about 35°C. Sfirring"
was maintained for one hour after the addition and the mixture
.was then evaporated to dryness under reduced pres;ure.-The
15 . residue was treated with &50 mli of water, which gives a
precipitate, and with -245 ml (2.4 mol) of a soda wash
‘saturated with sodium chloride. This solution was then treated =
with'C}KHB, which gives a new prehipifate ='after filtration,
_ washing with diethyl ether and drying, there were obtained -

20 . 99.2 g (Yie!d 90%) of an oily product, elemental analysis of
whlch showed it to correspond to the formula C7H110N3;the
nmltxng ponnt of the base 74-76°C (Tottolx) This compound is
hnghly sojuble. in water, methanol and ‘has a good solubility in

: chloroform at room tenmerature. The pH of 5% water solution is
. 258 56 1-6.4. : , S
' The corresponding hydrochloride melts at 94°C. The
sﬁccinate'obtained-by reaction of succinic acid on the base,
in acetone at the boil, melts at 92°C H naleéte; aspartate and
orthophosphafe were also prepéred by usual routes. However, as
"the base itself has a good.wa:er:solhbiiity, a good Sfability
and favourable 6rganolepfic characteristics, it can be ‘used as
such. The base is hereafter deszgnated by "BN 1041, ‘ '



~3- TOXICATY The toxicity maé deternmined on female wistar rats |.P.  and
P.CL; Val ues obtained by usual techniques were 1.2 g/kg for the first

te and 1.9 g/kg for the second one. 5 '~ PHARVAOLOGY The. S g
rimentations performed have shown the i nt er est " of Vthe conpound of - -
N h “inventiien on the growh. and the regeneration of -nerves . they
“have also evidenced -a ..good analge5|c activity, which is a hi ghly '
interesting side effect:. 10 1-). Conpared' action on the grow ng of’ T
‘neuritis The action of the eonpound of the invention (BN 1041) was oy
det ermi ned conparatively with that - of 2-isopropylam no pyrimdine R

ort'hophosphate (| APP) .on the gromﬁng of neuritis of 15 - spi-nal cord cells
and termnal ram ficati-ons (rats) cording to the nethod described in"La
Nouvel | e. Presse. Medical e"; 11, Nerr] 16 - 1238 - 1242.- This in "
vitro . experinmentation. was conducted on cultures of rats enbryos (14
days) spinalyogpé@ycel I's, each .35 nmm culture box containing . half a spinal

cord (5.106 'eerr-r 20 . ' Bot h conpounds were tested at
l'decreaS|ng "doses rorn, 10-3 10-9 . Min order to determne the tOXICIty

“limits,  the. concem’? ata*oRLtY I"’éédf‘ﬁ[f""t‘ﬂedn‘ﬁ&l fBhe XA 2 At action on :
‘neurone grth"H Prr-antlurs oftfd ineheby ol s teghnd AYese “a4g s! f’orgl B :

for the first route and 1.9 g/kg for the second one.
5  PHARMACOLOGY

" The experimentatiqr\s performed -have shown the ‘interest

of ‘the compound of the invention on_the growth and the

_regeneratxon of nerves < .they have also evidenced a good'
ana;gesxc ._actxv_nty', which is a highly mterestmg sxde effect.

10 ' 1°) Compared’ ection on_the g'ro'wihg of"neuri'tis

The actxon of the compound of the invention (BN 1041)
was determmed comparatwely with  that of 2-isopropylamino
pyrimidine orthophosphate (1APP) on the growing of neuritis of.

15 .spinal cord cells and terminal 'ra.mific'atio'h"s (rats) accordi-‘ng .
-.to the method ,described in "La Nouvelle Presse Médical'e", 11, _
 N* 16 - 1238 - 1282. This in vitro experimentation was

conducted on cultures of rats embryos (14 days) spinal cord
cells, each 35 mm_ culture box . containing half a spinal cord
(5.105 cells). ' '

20 -~ Both compounds. -w’ere.' tested" at decreasi'ng doses from

.lQ-B to 107 -9 ‘M iIn order to determtne the toxxcnty lxmlts, the.

concentrat:ons leadxng to maxxmum and minimum action on
neurone growth parameters and the results at three days for
-~ 25  the optimun concentrations. The results are reported in the
' Table 1. ' '



5. t he optrnunrconcentratrons The results are reported in the Table -
TABLE 1 1APP - BN-1041 Toxrcrty limt - [err]
«&oncentration at whi ch grovvt h _ -3 ' 3
appears despite M - . Mthe toxic action
Best operating concentratron It. Is to be noticed that -a growt h appears at
t he 'sane concentration of 103Mwhich is nore (1 APP) or less (BN 1041) toxic
al t hough the best concentrations are different : [err]M5 - for | APP or
[err] for the conpound of the invention. In these Mconcentrations, the
~reference conpound is toxic but the conmpound of the invention is
deprived of any toxicity. 2[err]) Rei nnervati on- of - Skel etal nuscl e (Rat)
“This experinentation was conducted- conpar_aji vel y wth 2-isopropylamno
~pyrimidine orthophosphate as reference 10 conmpound on adult nale
al binos rats. Three batches of each 5 rats were used : one for control, ane
for reference compound and one for the corrmlaml 1of the invention.

1APP . BN 1041
. L 1 ' -5 e ~ 102,
Toxicity limit o :>10 M - :> M
Con'cer;tra:tion'_ at : .
which growth _ -3 SRR &
appears despite A L V! : 10 M
the toxic action
Best operatin -5 ' . -9
perating . 10774 1077,
concentration

It is to be noticed - that a growth appears at the same
concentration of 10 3M which is more (IAPP) or less (BN 1041)
toxic although the best concentrations are different : 10° M
5 for IAPP or 107 9 for the cmnpound of the invention. In these
concentrétions,_ the reference compound _ns toxic but the
compound of the invention is“deprived of any togicity;'

i

2°) Reihner#etﬁon of Ske}etal_ﬁmscie (R;f)

This exﬁefinmnfation was cbnducted.cunparatively- with
' 2-isopropylamino- pyrimidine orthophosphate as reference
100 compound on adult male albinos rats. Three batches of each 5
rats were used : "one for control, one for reference compound
and one for the,cénmébnd of the invention.



‘reproduci bl e

| 'the aninmals, a lesion of. the |left sciatic nerve was provoked by 3

| ocal applications of a liquid nitrogen cryode (at about-180[erf]) on
ame region of the nerve, which results in a frozen. zone of '
~2-3mm This technique is 5 nore efficient, nore reliable, nore easily

about

than the known technique of mechanical ' crushing. of  the ,

e

‘nerve; noreover, the recovery is faster -and nore conplete The day after!”
t he 'IeS|on control batch - ani mal s mere_lnjected P. I. m/100g of |
physi ol'ogi ¢ sal i ne 'sol ution whereas 10 the second batch ani mal recei ved- :
1..P. 300 ng/ Kg of reference compound and the third batch animals, 100\.;
nmg/ kg of the conmpound of the invent§qn... The progress of nerve -
regeneration 1is checked on the foll'owing days by electric stlnulatlpn'

-~ of  the nerve. - The IS Teinnervation 1Is obtained at..16 days for.
- batches 2 and 3 and at 18 days for control batch. At- 18 days the recovery:

is appreC| at ed on tOme aljdt ehea@niinels, - agastmcnérth«:leﬁnsmxetxbyner@errparl soh

with - its

- waghirohel®d bguk, ohy lédwd appidleat pmesof af 11quitdr aceddgeh

ar

recording  of c2fbde (PGEBbYAISIPE) GIOLRD iaeSregint S thkiAdr9d, wHlcHBI S  (at
18 days) sci atlfﬁg/gryfs oh‘;zaﬁtns o;.gaged #m t;g,ggr oﬂyﬁt tgf:h,;h.‘e, iRy

show nor.e than

30% cent?ol
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-the known technique of mechanical crushing of the nerve ;
moreover, the recovery is faster and_ more complete.

The day after the lesion, control batch animals were
injected 1.P. 1 ml/100g of phys;ologxc sahne solutxon whereas
the second batch ‘animal received I.P. 300 mglKg of reference
compound and the third batch animals, 100 rnglkg of - the
_c.ompound of the invention. .- : ' _

ention
ound,
isto

The progress of nerve regeneratxon is checked on the

iollowmg days by electrxc stxmulatxon of the_nerve. The

_reinnervation is obtained at 16 -days for batches 2 and 3 and

at 18 days for control batch. _

At 18 days the recovery is apprecioted on’ the internal
left gastrocnemic muscle by comparison | with its right
homologue, by the techniques of intracellular recording, of
motory plate potentials. o S ' :

On the killed animal’s (at 18 da.ys) s'ci'ai:ic nerves of

rats treated, by the product of the mvenuon show more than
3796 of rnultxple innervation, by reference compound, 3096 H
control animals show only 16% multxple innervation. It is to
~be noticed that the product of the mventio’n leads to a more
regular re’innervat'i'on, -involving frequently 2 to 3 axones per
-motory plate (reference compound 1-2 axone only)

3°) Analgesic -act.ivi ty:

This activity has been determined by using the dental

pulp stimulation test in the-rheeus monkey. _For comparisen



25 be notjced-that the. ‘product of the invention leads to.a nore regulla '
rei'nnervation, involving frequently 2 to 3 axones per notory plate o

(reference corrpound 1-2 axone only). 3[err]) -Analgesic activity. This
act|V|ty has been determ ned by using the dent al- 30 - pulp stinmlation
test in the rhesus nonkey. For conpari son -6-. purposes, glafenine (30
and- 60 ny/ kg p.0.),2-isopropyl am no pyri md| ne | APP (30, 60-and 120 ng/kg.
p.o.) and the conpound of the-invention : BN 1041 (30, .60 and 120 ng/ kg -
P ), have been tested for anal gesic activity using i nhi bition of the 5
_'-p’a-ﬁn response to stinulation of ‘the dental 6puI p.in the rhesus nonkey (adult
femal e rhesus m)nkeys Macaca nulatta). The® fonkeys were trained to
sit in individual restraining chairs. On the day of a test, prior to .
dosing, the electrogerjssss skafentamnbin cahd é%ﬂ@h&spsﬂt-l)miﬁ'apenmwmm 10
" pain threshol d for gacimianeralaPrasITetear ahdierzouwighkg 3.oc) i 2w ofe dampnsadnt
but - increasing stif{he iARRLIGH : BQ m’&he(s‘dentoalanmlzla mg fkgERLL ISt | Rwat i on
schedul e the ”eq”egﬁé’n P&L{ii‘{o% gt ?f; dg gLl h%‘nP 1.£Ji'.§ %Lﬁm'zli'énfsfmmed

constant at 10 ta e
~The pain 15 't resﬁbf'd '\ﬁé%“ﬁét é?rﬁtﬁg’ﬂf%\#f'héf BFt geg ?éﬂm?‘oe ﬁr%ﬁd‘t’fce

i ndi vi dual reacti on@oaksyh(adulytamehe rhegus moRkSHF U?“ccﬁe'“‘l 1‘1’1 The. animals -
were dosed oraIIy and threshol d voltages were
' C The monkeys were trained .'_to sit in  individual

restraining chairs. On the day of a test, prxor to dosxng, the
~ electrode leads were connected to a Grass stimulator and the
10-- pain thieshold_ for each animal was determined using a. series
of .transient but "increasing stimuli applied to the dental
pulp. In each'stimlation schedule the frequency, pulse width
and duration of the stimulus remained constant at 10’ ‘Hz, 5 ms
N and 10 s respectxvely 3§ only voltage was varied. The pa'in' '
15 threshold was determined as the voltage required to produce'
' individual reactions such as iawning and licking of the tooth.
The ‘animals were dosed orally’ and threshold voltages were
applied 15, 30, 60, 9'0,' 120, 150, 180, 2#0,'§nd 300 minutes -
) bost dose - the presence or absence of individual reactions to
20 the threshold voltage were then noted. ' ' )
. _ (
An interval o£ ‘at least seven days was allowed between
each test.

‘Test colnpounds ‘were administe:ed :in aqueous 0.596
_ carboxymthyl-cellulose by oral gavage wusing a constant’
25 dose-volume of & mllkg._Control animals received vehicle only

at a dose volume of 4 mi/kg. The effects of oral’

7adrn1mstratzon of the various' test compounds on - the pain

response to electrica] stxmulatnon of the dental pulp - i.e
'-'the analgesxc _ actwnty - . are "summarised in Table -2.

~ 30 ) Approximate EDSO values derxved from ‘the results of Table 2
 are given in Table 3. '

Al]l three test compounds showed activity in this test. The
data in Table 2 shows that glafenine reached peak activity by




app ed 15, 30, 60, 90, 120, -150, 180, 240, and 300 ni nutes post - dose ;
p nce or absence of
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xfof emtmﬂep taf 1800 dok img esnd wiheh ED err]
val ue at ti ”ErOfxdual effects up to 300 minutes ; the. E'DSO value at time of '

peak activity was approxxmate!y 30 rng/kg

-Tnnsé :

_ 'l.).os.e_ No. éf monkeys .shd\lring analgesia at
Treatment | (mg/kg) time (min) after dosing

-~ J15]30 | 60| 90120 150] 180|240 | 300

_Vehicle - Joru orsfore fore] oru] ore] orulors Jors
Glafenine .3°." ofel 174 074 174 1ie] 7] 178) 116 118
, 60 J1/4 vz/*'zla 2/4] 2/} 1/4} o/u{ 0/s] 0/%

30 Josu]osu]o/e] 1/e) o/sf 1/4] 6/8) 0/4] 0/4

1APP 60 fo/al ofaf t/a] Liuf 1/6p 114 L4] 114 1/
1200 {ase) 1o asw) 274278 274 274f 178 17w

b oso sl e ws] 1] 208 2 1/ef 18] 178

Cl evoaosr | oeo fusef 2/ef 2/af 2/6) 378 378} 3/4] 314) 2/4
. 120 Josa] 278) 274f-asa asaf wre| 370) 2/4] 174

N

""\&_

[



£ .

peak activity was approxi mately 30 ng/ kg. TABLE 2 Dose No. of )
nmonkeys showi ng anal gesi a at Treatment  (ng/ kg) time (mn). \ (&
@fter dosing 13 390 60 90 120 150 180 240. 300 Vehicle B
0/4 “0/4 0/4 0/4 0/4 014 0/4 0/4 0/4 dafenine 30 0/4 114 0/4
1/4,,1/ 4. 1/4 .1/4 114 1/4 60 ~ 1/4 2/ 2/4- 2/4 2/4 1/4 0/4 0/4
0/4730- . 014 0/4 0/4 114. 0/4 114 0/4 .0/4 0/4 |APP 60 o/ 4
014 1/4 1/4 1/4 1/4 114 114 1/ 4 - 120 1/4 1/4 1/4 2/4 2/4 21 -
2’4 1/4 1/4 .30 1/4 1/4 1/4 1/4 2/4 2/4. 1/4 1/4 1/4 BN 1041

607 1/4 2/4 2/4 2/4 314 3/4 3/4 3/4 214 120 0/4 2/4 2/4 4/4

414 414 34 '2/4 1/4 . _TABLE 3 Appr oxi mat e ED[ err] values (ng/kg) at
tinme (mn) post dose Treat ment 15 30 60- 8 -90 120 150 180 240

300 d afenine. >60  ~60 ~60 . 60 ~60 ~60 >60 >60 >60 |APP .
>120 ">120 >120 ~120 ~120 ~120- ~120 >120 >120.BN 1041 >120 ~ 85 o
~85:.. 583 . 30 -~30 . 42 42 Fadie ;approxi mate EDferr] values--

were cal cul ated usi ng the met hod of nDV|ng averages (Thonpson WR.,
Bact eri ol ogi. cal :

Approximate EDg;qy values (mg/kg)

- . at time (min) post dose -
Treatment : -

15 30 | 6o 90 120 | 150 | 180 240 | 300

Glatenine [>60 |v60 J~60 |~ 60 |~ 60]v 60 [>60 [>60 |60
1APP >120 [S120 120 fo120 fv120fu120 fo120 120 [>120

BN 1041 [>120 |~ 85|w85 | 53 v 30f~30] s2]as2 ?

The approximate ED,O values were calculated using the
. method of moving averages (Thompson, W.R., Bacteriological -
. Reviews, (1947), 11, 115-145).

PRESENTATION - POSOLOGY

-5 - This compound can be presented in any therapeutically
,,_accepiable form and, for instance, in tablets or in g.elati'né :
capsules containing 50 mg 'pe,r' dosage unit together with an
'exc_ipie_nt such as la’ctos.e'; for injectable form the product °
may be dosed in phials containing at least 5 mg of active
T 10 ingredient dissolved in water. As to the posology for human
use, oral admxmstrat:on requires from 100 mg to 1 g per diem
_'whereas m)ectable form tmy be admmxstered at doses between
5 mg to 100 mg per dxem. '




. Revi ews, (1947), 11, 115- 145) PRESENTATI ON - POSOLOGY Thi s conpound'ean
S presented in any therapeutically acceptable formand, for instance, in.

W/th-an excipient -such as l-act ose ;
~ dosed in phial's containing at |east 5 ng of active 10 i ngredi ent -
- dissolved in water. As to the posology for human use, oral adnlnlstratlon

fequires from100 ng to 1 g per diemwhereas injectable formnmay be-
adm ni stered at doses between. 5 ng to. 100 ng per.-diem .

tablet formis given here under 2- |sopropylan1no pyrlnldine N- oxi de
50 ng Mcrocrystalline ceIIquse - 9 - 20 ng Corn starch

- 15 ng 5 Talc: 7mg Sillicic ac[d
6Ny Nhgne5|un1stearate

2- I sopr opyl am no- pyrlnldlne N-OX|de of a .

. An example of ‘the tablet form is gwen here under :

.2-'isoproi:yl'a.'mino-pyr_iir.lid.i_ne-N-dxid_e - 50 .mg »
'Microcr-y'st_'a'lline ..c'el.lt..llos.e‘ K B .' 20 'mg.

Cb.rn-l.' starch - : _ .I :. ' o | 1.5 mg

5 : Ta_lc -_ : _ : . . _ 7..mg__

‘fsiligic-;¢331 S o 7e~ 6 mg
-Magnesiwn s-tearate_ _ SR i ng '

apl ets.-or in gelatine capsul es containing 50 ng per dosage wuni t togetheri”ﬂ;a

for injectable formthe product my be R

| 2'rrg'1oo g CLAIMG 1.

An exanpl e of the;;



?;herapeuthcalLy acceptabl e salt thereof-- EF—"“7¥Tﬁ7i§§§§_~—or t he
pr.eparation of 2-isopropylam no-pyrim di \Imnl)ocess 5 :

Qconpr|'3| ng submtting at from15 to 45 Crn“mgm ““)“I pyrimdine to a -
smbot h oxi dation: by stoichionetric proport+ons or & sfight excess of up to’
10%of an appropriate oxidising agent such as hydrogen peroxide, mchtoro-

10° -peroxyben20|c aci d, potassi'um peroxynonosul phate, chrom c acid,

- perphosporic acid, peracetic acid, sodlunuqupq1ate or tertlobutyl
hydroperOX|de . 3. - A process for the preparation of -
2= sopr opyl ani no- pyri mi di ne- N-oxi de, the process 15 bei ng _
substantially as described herein with reference to the.ExaNpIe. 4. A

therapeutic:COansiEEEHEEbnpr|S|ng 2-i sopropyl am no- pyrim di ne- N-oxi-de or
‘a therapeutically acceptable salt thereof.:in adnmi xture with a

_iherapeupipally ZAUN agpe%bgg %yq Hfﬂ@#ﬁyrfﬁidid§¥N-oxide. or a’

therapeutically acceptable salt thereof.

2. A process 'fcr the preparation of
_2sisopropylamino—pyrimidine;N-cxide, the prccess
'5f_1' comprising submitting at from 15 to 45,
2—iscprcéylaminopYrimidine to a smooth oxidation
by stoichiometric proportions or a slight excees
" of up to 10% of an apprcpriate oxidising
‘agent such as hydrogen peroxide, m-chloro-
lo —peroxybenzoic acid, potassium peroxymonosulphate,_
| chromic acid, perphosporic acid, peracetic acid,

sodium perborate or tertiobutyl hydroperoxide.

'3; A process for the preparation of
2-1sopropylamino—pyrimidine-N-oxide, the process
15'f' being substantially as described herein w1th -

' reference to the Example.

4. A therapeutic ccrms:.tion cmprismg 2—1sopronylam1m—
-pyrimidine-N—oxide or a therapeutically acceptable
-salt thereof in admixture with a therapeutically

20 - acceptable diluent or carrier.'




