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COMPLETE SPECI FI CATI NO DRAWINGS 2-[2- (5 N tro-2- Furmﬁnyéﬁyrl di ne
Dery 2 EFS - process for her eof

e, ES UTIlEa;thlpfﬁppnqatMn'laBi filtng !Iap&néseifbmdyjmi?pmat e of 25,

- 3-ch 7 €A, *‘ JQ \ gawhBskBsOsaka, Japan, do hereby declare the .
in\'/erR@o..' _')\ Vipplzhionmadanitfipdn Il 42169) orf jeip 24,1i®8¢. be granted to us
and t o Y | Appiicatioh tade@n Japan (No. 66338)peN6voz.'msw to be particularly
descrS A\ Vol f mpbiicadivh madeh RbAINE26) on Jofa 6,1965.© ~ This invention
rel at N ro Gomblete Fpegificativy Phbn3hEd: Gan4 1962) | vat i ves and 5
"t heir -product © Crown CopyRigton@7aspect : t he inventi on consists in
2-[2-(5-nitro-2- furyI)V|nyI] - Of =Bz - . hydroxynet hyl ,” or

- -al kamyiwmuhydem@(ngzg mg_gb,hbgmi des thereof represented by
t he gﬂﬂﬁ' W [err] - in which X is Nor Nerr] 0, the
radi c CH[err I's at. th%gi@’,ﬁ%é?’- ROS 3 f the pyridine
ring, and Ris _h dro en or as; acetyl or propionyl. (By

" | ower allanogtf2- Mﬁryanvmylﬂgymgumnewaﬁmsam ) These
conpounds have pmasfoupue thereofcel | ent antimicrobial

cactivities. | M, DameroN PEXEMIDE E@,}Iaaméébndytcomomefaﬁ 1) vinyl]

P55 we@?‘mwz“rs%@% D

met hyl pri di- ne THisOitballeion rdatedCot 2 wiBy1 TpyridiheO Mérf¥@ives and 5

- 6- hydroxymett1 osipetionli ne - 6-'acet Ox. met hyI pyrl di ne6
- 6- pr opi onyl; j‘fpg _‘R% ?A ‘ESZ‘T'T‘ % - or -b- N-OXIde
- -5-acet oxy S’ Ya'e yl Hy oxyrre TS TeRreed tz’fnd - b5- 20

. acet oxyrret hyl-pyri: dlne Armng those t he corrpounds haV| ng hydr oxynet hyl or

--al kan- S oyl oxy yl at 6-position of the pyridine ring,
par ti CL}PaH y. the fi rst tloe then O20R above conpounds, are’
“preferred. . : '_ Th'e i'-nv.'entionxcorrpr'i ses al so the production of the
 conpounds of fore;lrul gﬂé g coggen5|t2955 n‘sltrofu]sfftgral wth a
; 1 radical —CH, is at the 5- or 6-position of the
conmpound of 1pﬂzg:ne gﬁng, 1s h dro gor lower alkaxzmyl such as acetyl or propionyl. (By

o lower alkanoyl * is meant alkanoyl having 1-—4 carbon atoms.) These compounds have
been found to possess excellent antimicrobial activities.

15 . Examples of the 2-[2-(5-nitro-2-furyl)vinyl] pyridines and N-ox1des thereof 15
mepresented by the above formula (1) include 2- [2-(5-mu'o-2-fm'y1)vmyl]-6—hydroxy— .
methylpyridine N-oxide, -6-acetoxymethylpyridine N-oxide, -6-hydroxymethylpyridine,
-6-acetoxymethylpyridine, -6-propionyloxymethylpyridine, -5-hydroxymethylpyridine
N-oxide, -5-acetoxymethylpyridine N-oxide,  -5-hydroxymethylpyridine, and -5-

-20 acetoxymethylpyridine. Among those, the compounds having hydroxymethyl or alkan- 20
oyloxymethyl at the 6-position ‘of the pyndme rmg, pamcularly the first three of the
above compounds, are preferred. -
. The invention comprises also -the productlon of the compounds nf formula (1) by
condensmg S-mtrofurfural w1th a compound of the formula -—

. Lo . _ @
in whxch X and R have the above meamngs, ‘o reactmg 2—[2-(5—mtro-2—furyl)vmyl] -6~
methylpyridine N-oxide with a lower fatty acid anhydride (i.e. an anhydride of a fatty
acid of 1—4 carbon atoms) and, if required, hydrolysing and/or oxidizing the product.

The condensation of S—mtrofurfural with ‘the compound of formula (2) can be :

30 = performed in 4 manner known per’se, advantageously by heating the reactants, for ex- 30
ample to 70°C., in the presence of a lower fatty acid anhydride such -as acetic anhydride
or propionic anhydnde, optmnally in an inert solvent ‘When R is H in the compound of

[Price 45. 6d.]



(2) in which X and R have the above neani ngs, or reacting
2-12-(5-nitro-2-furyl)vinyl] -6- nmet hyl pyridine N-oxide with a

| ower fatty acid anhydride (i.e. an anhydride of a fatty aci d of
1-4 carbon atons) and, -if required; hydrolysing and/or oxidizing the
product . The condensation of 5-nitrofurfural with the
conpound of formula (2) can be 30 performed in a manner known per se
advant ageously by heating the reactants, for ex- .30 ranple to
70[err]C., in the presence of a |lower fattg aci d anhydride such as acetic
anhydr i de 2 or_propi oni ¢ -anhydrb#é&73%ptionaliy in an tnert sol vent.

Wien Ris Hin thgmae @thﬂld){nhydnde functions as a@ alkanoylating agent as well as a con-

1, 053,730 densing agenn Wher( X)is Ni etheconlleminl wgbnts dech lasiiydiiocidoris agig, salR T

al kanoyl ati ng ag@Ng% s‘dxvyeqltFna%ccaloo@rand anhydrous sodlua’evﬁmthgh&tgémot fupption X i s. N‘

ot her condenrsi ng*¥ dga_czm T ANopT huri g
acid, nol te% Z1 NGowe 15@“ yﬁ Eﬁ‘ ﬂg&%{é@hm N3 w‘gbgnot
function prodect aathanhtyShb:tmuwg meherera@p anthy 6Hpesitios efdthe p;ﬁudme ring can The.
reaction of 2-[2?%351!’
| oner fatty acid $ ngl Stch. as acetic anhydride or propionic
anhydride, to give a. duct hng the. substituted methyl group at
the 6-position of the pyriohn -eteECit-oly H3 +{CHCOR@ — strated by the

foll owi ng equation, in which acetlc an drlde i s used jas the | ower .

fatty acid gphydride: - [err] 10
10 Thi si#r'ear r ange

the reactants in an inert sol ven such - as acetic acid or tol uene,
or, with advantage, by heati.

f th
acid anhydride to a tenpera gﬁmé\kg ‘%agqc"g@f'g ??3 e#ﬁgsz ?2 (5-e

nitro-2-furyl)vinyl This &amgdﬂﬁhtpwiudﬂlcﬂebeweﬂ&mdﬁbqu@&erra&dﬂx)iaprneqoar ed by
oxi di zi ng 2- 15 solventspch a5awtut mozﬂfll!;n lody Wi ﬂnydvynt&ermhw e Netixide

hydr ogen per oxi dg uﬁ’fﬁﬁg{ﬁ 1)9%% : dine _o,:%uge o ”%Ei;&;t:gf agﬁyﬁgﬁﬁkﬁ

5-nitrofurfyal \m.tsbm fen peroxide in glacial aceti 15

e felieyirg eaurripm) iv ghigktceir aphpridy inesedessha lewrw tha 5

acti on, .can be performed by heat| ng

condensati on or laaalorammm-mtrefammomh aadimethylpyamndaﬁwmdﬂverted to the cor -

respondl ng hydr ox de fgrrs and/ or
i aﬁﬁrﬁ@@%&%’w e e e R

a | ower al kzonoy! conypdmd nespondiﬁ,@ didJhydro- 20 -
hydr oxynet hyl CO usglhh pmmmq:ac c{hhd@hahc Z@ds and organic acids can
o be used Although basic hydrolysmg agents such as caustic soda and sodium carbonate

are also effective, they do not result in such good yields. The hydrolysis can be per-
' formed in an inert solvent such as an alcohol or dioxane, and can be accelerated by
25 heating. 25
The pyridine compounds of formula (1) in which X is N can be oxidized to the
corresponding N-oxide compounds by means known per se, for example by oxidizing
the pyridine compound at room temperature or at an elevated temperature with an
oxidizing agent such as hydrogen peroxide or an organic peroxide. While such oxida-
30 tion may be performed in an inert solvent such as water or an alcohol, it is preferred 30
to perform the oxidation in glacial acetic acid with hydrogen peroxxde
The invention is- lllustrated by the followmg Examples

.. ESAMPLE 1 - ;
A mixture of 1.4 g. of S-nitrofurfural, 1.7 g. of 2-methy1-5-acetoxymethylpyrxdme :
35 and 3.1 g. of acetic anhydride was heated to 120—130°C. for 4.5 hours on an oil bath. 35
Acetic anhydride was then distilled off under reduced pressure, and an aqueous solution
of sodium bicarbonate was added to the residue. Crystals precipitated, which were then
separated by filtration, washed with water, and recrystallized from: ethanol, 1.2 g. of
2—[2—(5-mtro—2—furyl)vmyl] -5-acetoxymethylpyridine (Compound No. 1) having a
40 melting point of 127—128°C. were obtained. 40

" EXAMPLE 2 . .
Example 1 was repeated except that the 2-methyl-5-acetoxymethylpyridine was
replaced by the same quantity of 2-methyl-6-acetoxymethylpyridine, and that the pro-
duct was recrystallized from acetone. 1 g. of 2-[2-(5-nitro-2-furyl)-vinyl]-6-acetoxy-
45 nll)ethyll‘)!yndme (Compound No. 2) havmg a melting point of 120—121°C was 45
obtaine

' EXAMPLB 3. .
100 mg. of 2-[2-(5-mtro-2—furyl)v1nyl]~6-methylpynd1ne N-oxide and 5 ml.. of
acetic anhydride were reacted at 100—110°C. for an hour under anhydrous conditions.
50 The acetic anhydride was then distilled off under reduced pressure, water was added 50
to the residue, and the mixture was then ice-cooled, The crystals which precipitated



| ysi ng agents as sul phuric acid, phosphoric acid, hydrohalic acids and

organi ¢ acids can be used. Al though basic hydrol ysing agents such
as caustic soda and sodi um car bonat e are also effective, they do
not result in such good yields. The hydrolysis can be per- f or med
in an inert solvent such as an alcohol or di oxane, and can be accel erated
by 25 ;heating.

25 > ¢ The pyrldlne conpounds of formula (1) in which Xis N can
be oxidized to, the corﬁqﬁpﬂmdlng N-oxi de conpounds by nmeans known

per W@&R@L@—by—@%ﬁé——%he—-p%%ne—eemaeuﬂd—at room

t enper at uwere gecryatallized fedne gthinel tot Welp 0 ang. rof 2viR2i(hnigrer2-furylyvinyl]-6oxi di zi ng agent
such as hygeegehypaidis (e 183—4°0r gani ¢ per oxide. Wi le such oxida- 30

tion may be performed in an ineghyusi@laent such as water or "an al cohol, it
i s preferredA ndflure of 2.8 g. of Saitpfkfual, B ighet 2 diflaliyipgfiditer N-gtidecand| acetic acid
vmth5hydrésgemoibmmm0d@hydnde was heated for 4 Tpes 1o 70 t’li'het{:leaft? imiftgrst r at 8d by t he
fol | ow ng Y%}’ r heated to 110—120°C. for an additional 2 hours, 2- -nitro- EXAMPLE 1

B-methylpyridine, N-oxide formed remgining in it. Residual propionic
A m xtur eaﬂl d & distfll % Qhdes ﬂﬁ df glre 111 31% %ldﬁl}z:vas hot-extracted

2- met hyl - Emmcehmwmeﬂlhyﬂ At gkia act wamdecaorizx .carbén and elien C anh(}/drl de was
heat ¥4 t oc ’fF"G?Fis j!!hl ﬁwm@rﬁ 1.5 g33f Acetic
anhydr i de %’1 ” p3 %vé"éraé“ %Ed an aqueous

sol ution ~ SOdI um |cag,@ﬂmtse was added to the residue. Crystals
precipitat edQS\gmchh- fkere -tnhem 2 furyl)wnyH F ak® yipyridineatd on, washed with
vat e, and0 mbcf J3teaulphuris gt her r l;qn : 40°% Then the 15

2- [ 2- (5 Nhiq dle g Loob b prlcio at@cg?““””“ 3 Wbt “@ﬁe&undm 1)

havi ng a 4#H recryswﬂﬁ&gdiré’hgmplﬁdxﬂlt 0.9fg. dt MEZO .- 5-

40 “hydroxymethylpyridine (Compound No. 4) havmg a meltmg pouEWH:ESIZC was Exanpl e

1 -wa¥® repé‘&?‘%"d except that the ’?%“}%F‘y%/l -5-acet oxynet hyl pyri di nefwas
2

repl aced by phig Gae[HUBNS ity vyl 5 C-aaeRiAomepRlidie! " i di ne, and that
t he pro- 10 ml of 15% usGiphuriecid @€t atealtdgetheedorfﬁrlfmnsacmnme[‘he];u - of

2- [2 5- nﬂliepbp e 1§xami> §I bies% -tha45he recry ¥ di ne (Corrpound
o L s wﬁﬁ‘{%ﬁx" ”
obt ai ned. obtamed I\)ﬁ_

100 ng. of 2 (2-(5-nitro-2-furyl)vinyl]-6- rrethyl pyri di ne. N-OXIdé and 5 nml .

of etlc2 aphy r|de e wer ’c’?&c ed for an hour under
anhysgy oush & i on Q'cenc anhydHdE T (ﬁ'gg léﬁ di sigi I | ed of f

urider  r edahgdt dBrv@éS&lhtﬂl@d o dehemﬁai fhe residue was hBlQexfrh:&,dreSI due, and the
m xt ur e wagth tifen. of d@Y.clydtoetdoric Bhid. The @;t srasmadc lalkgline with iaqugevs d
1, 053, 730 sodium bicarbonate, and the res;:l;mgz_ cgystal m;_ recipltau; washﬁtliter Ofih ax;d re:i:ry- wer e
recrysst al E‘xhﬁel% m acetF n(;e& 6[ § -mltra- ./fbryPTVény] 6]c ydroXymethylpyridine 25
2-[2-(5- n|tr02fury ) vinyl ] - 6-Exampere 8 acetoxymethylpyrldlne(mp
120-121] e n)xxture consxstmg of 5 g. of 2-[2- 5-mtro-2—fury1)vmy1] -S-acetoxymethylpyn- EXANMPLE 4
ac e0 R
A m xt uref ?m:g (ﬁ {;Fitﬁﬁéﬂf'f%é euac ic i:va di legv hyl pyri di ne
N- oxide a e‘éd pressure, atgr wid hdded PhORiGue; i fog 4 hours to

70[ er r]C sofifuen bmhynat@rﬁ‘mlxetcmmed &ystals were filtered off, washed w1th water,
dried and recrystallized from ethanol. 2 g. of yellow needles of 2-[2-(5-mtro-2-furyl)—
vinyl] -5-acetoxymethylpyridine N-oxide (Compound No. 6) having a melting pomt of
178-—179°C. were obtained.
45 . EXAMPLE 9 45
‘A mixture consmtmg of 14 g. of S-mtrofutfural, 18 g. of 2-methyl-5-acetoxy- .
methylpyridine N-oxide and 3.1 g. of acetic anhydride was heated for 15 hours on a
water bath at 70°C, Then the acetic anhydride was distilled off under reduced pressure,
and the residue was ice-cooled. The crystals which precipitated were recrystallized from
50 ethanol to yield 0.65 g. of 2-[2-(5-nitro-2- furyl)vmyl]-5-acetoxymethy1pyndme N- 50
oxide having a melting point of 178—179°C.

ExampLE 10
A mixture of 9 g. of 2-[2~(5-nitro-2-furyl)vinyl]-6-acetoxymethylpyridine, 110
ml. of acetic acid and 12 ml. of 309 aqueous hydrogen peroxide was heated for 20
55 hours on a water bath at 60°C. The subsequent procedure of Example 8 was followed, 55
except that the crystals obtained were recrystallized from acetone, and 4.5 g. of yellow
needles of 2-[2-(3-nitro-2-furyl)vinyl] -6-acetoxymethylpyridine N-oxide (Compound
No. 7) having a melting point of 195—197°C. were obtained.

ExamrLE 11
60 A mixture of 1.4 g. of 5-nitrofurfural, 1.4 g. of 2-methyl-6-hydroxymethylpyridine 60
N-oxide and 3.1 g. of acetic anhydride was heated for 17.5 hours on a water bath at



was then further heated to 110-120[err]C for an additional 2 hours, the

2-[2-(5-nitro- 2-furyl)vinyl]-6-methyl pyridine N-oxide formed

remaining in it. Residual proplonlc anhydride was distilled off

under reduced pressure, and the Testdue was hot-extracted Wi th—20———
m . of methanol. After treating the extract w th- decolorizing carbon and

then 10 cooling it, crystals precipitated, which were recrystallized
frommethanol. 1.5 g. of 2 10 ’ -

[ 2- (5-nitro-2-furyl)vinyl]-6-propionyl oxypyridi ne (Conpound No. 3) haV|ng a
melting - 4p0|nt of 107-108[err]C. ﬂéﬁﬁﬁgbtalned .
EXAVPLE 5 rgeC. Pt e wBle G wie Gty B LA s T T - 5. -
- acet oxynet hyl pyrl daewa@ led. The nfted Lm ﬁP'e MVerde 4

heat ed t oget her f orwefe lrorystallizad fothDhcetone] G. yxé[dhe)rs g.het 2—125(5-mtro-2-furyl)meyip-6-| on
m xture was made aIﬂEﬁ?’W‘H@hXWf‘ﬁmaﬂ'%'ﬁﬂ@dﬂéa%lﬂm P 0H195sd8°Gm bi car bonat e,
and the resultgng crystalline precipitat pepar ated. by fi | tration,

5
washed with water = A mixtdé) conki®iag ¥ 0.2lg b 242-{5-1i0- Zlnﬂmaiﬂﬂj-s-hﬁhr&yﬁethﬂ-f 2 -
[2 - (5 - nitro - ZﬁyrldnhfurS of prptic] acid gd 0.2 ml. of 30%

WWéMWH@
(Gomouna o o T g e el R R

obt ai ned. 10 neutrahsed with sodium b1carbonate, and the res crystals were filtered off, washed 10
EXAMPLE 6 with waler,Sdrigd amif re@ystallfzed fron( E:emnenﬂ 65Q. oforangd n&aés)’ovzqy.l ] - 6
- acet oxynet hyl pyr |(éh“ﬁ49‘2af lvinyl] - 5-hY%r°merhb'1PmﬁnellerémK®mwné Nee i %) bawnge

heat ed t oget her fora’%equ'éﬁ?lgmﬁfloﬂ%’[gr@f?fnpq‘ﬂ)aw"ﬁﬂ??é‘e ‘quent
procedure of Exanple 5 was fol | owed, excefiptzhdt the recrystallization was
per- 25 f a8 med fr@mﬁcfel-me-mtamfuﬂl)ﬁnm-S-Qfétoyarmethilﬁyndmé N-oxideladdriS ml. 2 -15
furyJving) - o B s e ofbg st 5)
having a nelting pqt1 2

EXAMPLE 7 : from ‘acdtofie, t6)¥y1eﬂ 0.2 g2 of ofal e‘ie%icfi’l w?f‘liec;-w[n 5-ni stalhz - - 6 -
met hyl pyri di n@0 N- oxiyédtexymethypysidine N-oxidk baving d mvltmglpélntt'of mo-z:bi%a(ned:omposed),hydr pe
for an hour at 120[err]C. Thereafter th acet| anhydri de was

distilled off under raduaage B £5U6L2-18 " %-h S - c_;ted
with 10 m. of 10%dﬂyﬁramahmms§:nm(§%mu iﬁﬁiuﬁjl % "m’y‘% @

aqueous y@% QeTheéH yétwad ﬂ011qwed and
v

i pitate Wl filyRE (S-mtm-?ff“ryb e, #1
0 of 2-[20 l(gﬁf i nyﬂ g"g-g‘dct)%ﬁe“ft pyri d| hé %pglpo%é .

g. of 2-[2-(5-nitr Qbgdintd)r
170-171[err]C) were obt ai rf12 [2_(5 - I)EXAIM]P;.E 15 &

35 mg of 2- -nitro-2- ryl)vinyl] - -acetwm e N-oxide and 2 ml.

Mi Xt Ure consi é?l ng ‘éfeoa érg ric acid were heated together for 0.5 our on a steam bath at 100°C, 30

H of the reaction mixture was adjusted to 8 with a
2-[2-(5-ni tro- 2-f urbjhrp Miaﬁyéo ; @fdCthe s MiéreBy b iecllpltated w:rve ﬁlﬁfe%luem %ﬂh&&‘ of

acetic acid, and 6 vmh wam aﬁm enyigh LOmp.ché Zvvaeés-heaaédyl)- :
for 6 hours opsa \Ngj‘!dg%o 3@[’@1“? ]It°x‘dF®anS HemglEeg peintaef #HO00E3l1gE-st i | Jed
of f under 40 qéﬁ“n wn@s neR BB 2o mauéqgﬁ& & fificidebicltAC,

whi ch was t hen neutsmlasw bus athOus, Staphylococcud@bdd Ahd SEPLBRER hRemolly
precipitated cr yst aFtFIEﬂr%!dl @fﬂsch?gg’n@% Wmd’rel(mammndzs énd fhzgelladr i ed
and recrystal l,j zed "‘Iﬁf’ Y B”F“’” ’3’?“"“’“
2-[2-(5-nitro- fuayggf chomonas vags hyto ag}e' 0 ynelg#y 7 PI PRSP R B

(Conpound No. 6) havi Mie dn n‘bbtatth ) Gfl tht cﬁlﬁpounds against SZ&orﬂelIzBBﬂhﬁn}n@m aRr e
obt ai ned. 45 shown in Table 1. (In all the following Tables, Compounds NosAL/ Fa® those so

45 A Bpiie e Rl ;f_gﬁft ﬁﬁ?ﬁ“ﬁ%@ﬂéﬁf lzrﬁetﬁ"*dﬁ%?raf lf.ﬂ“&‘fs 1.8 g,

of 2-nmethyl -5- acet @ohpound No. 11 tﬁ:}ﬂ’-ﬂugl)ﬂ@yl @iﬂd 3.1 g. of acetic
anhydri de was heat €dmpamd Ns. Ihbu?-fsz-@fmtm-z-furyl)vmyllpm:&rN-baﬂeh at 70[err]C. Then

the acetic anhydride was distilled off under reduced pressure;, . and
t he residue was ice-cool ed. The crystals whi ch precipitated were -
recrystallized from50 ethanol to yield 0.65 g. of

2-[2-(5-nitro-2-furyl)vinyl]- 5acetoxyrrethy|pyr|d|ne N .50 oxi de
having a nmelting p0| nt of .178- 179[err]C 5 e
EXAMPLE 10 -



A mxture of 9 g. of 2-[2-(5-nitro-2-furyl)vinyl]-6-acetoxynethyl pyridi ne,

110 m. of acetic acid and 12 m . of 30% aqgueous hydrogen per oxi de
was heated for 20 55 hours on a water bath at 60[err]C. The subsequent
procedure of Exanple 8 was followed, 55 except that the crystals

obt ai ned were recrystallized-fromacetone, and 4.5 g. of yellow
needl es of -2-[2-(5-nitro-2-furyl)vinyl]-6-acetoxynmethyl pyridine N-oxide

( Conpound 3 No. 7) having a nelting point of 195-197[err]C. were

obt ai ned. | . 1,053,730 EXAMPLEs11 60

A m xtoure—of—t—4u- WTIIILIUfUIIUIaI, +—4—g—of '

2- met hyl - 6- hydr oxynet hyl pyri dine 60 N-oxide and 3.1 g. of acetic
‘anhydride was heated for 17.5 hours on a water bath at 4
1,053,730 . 1 70[err] C. Then the acetic

anhydride was distilled off under reduced pressure, and the
residue was ice-cooled. Hag prgci pitated crystals were washed with 5 nl.

et her, and re: g clry’stt all i ged frifom acetion¢ to yield 0.6 g. of 2-
[2-(5-nitro-2- furyl)v nylﬁ -6-" acetoxyrreth | pyridi ne N-oxide
having a nelting poing of 195-197[err]C. 5 ' :

EXAMPLE 12 2le o : 5 A

m xture consisting off0.16¢5of | I 1 1 g -
2-[2-(5-nitro-2-furyl)vinyl]-5-hydroxynet hyl - N "pyridine, 5 m. of
acetic acid and 0. Zgn{). of |30% aqueous hydrogen per pxi de was

heated for 5.5 hour§ n & \at el bathaL?.?Q[err]Cq, Then the acetic acid was
distilled off ¥ | ungigr rgdugedspressure. Wetef was added to the

residue, the soluti@nl obtaijned was 10 neutralised with sodi um

bi car bonate, and t resul ing crystal S were filter L;d of f, washed 10
with water, dried gﬁ’d recg st aljl i zed| f Eomjacet ong. .p. 065 g. of orange
needl es of 2- [2- 4 1(5-nitro-2- furyl ) vinyl] t5-hydroxynet hyl pyridi ne
N: oxi de ( Compound 8) having . a nmelting point of 210-211f[err]C
(deconposed) mere obtained.
EXAMPLE 13 15 . 3 S ' _
2-[2-(5-nitro-2- féerI ] - 5"'acet oxyrret hyl pyrlai nE N-oxi de and 15 m . 15
of 10% hydr ochl o§ i'd 're heated together for ap hour on a steam bat h.
After be- in coopl d,gthg rg-;agl ﬁn m xtyrefwas brought to a pH of
8 with sodi um%i rbonat 6¢ |ands + & e crysial p thereby precipitated

viere filtered ®f hed Wi t h"wat er and recrystall|zed from
acetone, to yifel'# 0.2 g. off orange needl es of : - '
2-[2-(5-nitro-2-f8iryl) vi iyl ES—. 22 | |hygroxymeshyfpyridine N-oxide having
a nelting point 210- 24| err T’C °(decorrposed) Q20 _

EXAVPLE 14 A i xture of 2.4 g. of .*

2-[2-(5-nitro-2-furyl)vinylll; 6.hydr xynet hyl pyriding, - 5 m. of -
acetic acid and 5 nl .| of 3 %ague%ugh@rc)gen peRox §e was heated for 7
u

U

hour s on a er %ath at l'70[err C. The s@bs ent procedure of
Exanpl e 12 was fol | owed ang 25 1.6 g. of yell: ONaneedI es of .
2-[2-(5-nitro-2-furyl)vi r1§ll 6ohydr axynet hyl pyri di ngaN- oxi de
( Conpound No. 9) havijhg & thng.}pckntl ofl 210 2‘;1[ ?sr]C (decorrposed) wer e
obt ai ned. , 1. ~ .“. E
= 18
~leggagssg €4 [F
- *
% : —
slg /|2 %
5-‘5 x 'én no oW - '°—' ' 3.
i ERERER T3

Pl
P



EXAMPLE 15 20 mg. of 2- [2-(5-nitro-2-furyl)vinyl]

-6-acet oxynet hyl pyridine N-oxide and 2 m. 30 of 10% hydrochloric acid
were heated together for 0.5 hour on a steambath at 100[err]C. 30

Af ter cootng,—the pHof—the Teaction m xture was adjusted to 8 with an
aqueous sodi um bi carbonat e sol ution, and the crystal s thereby
precipitated were filtered off, washed - w th water and

recrystal lized fromacetone, to yield 10 ny. of 2-[2-(5-nitro-2- furylr)-
vinyl] -6-hydrogynethyl pyridi ne N-oxide pggélﬂg a nmelting point of
210-211[err] C
35 The new conpounds have high in vitro activities against o
Gram positive bacteria such as Staphyl ococcus aureus, W
St aphyl ococcus al bus and Streptococcus haenvol yti cus; G am negative
bacteria such as Escherichia coli, Salnonella enteritidis and Shigella

fl exneri; Mcobacteriumtuberculosis; fungi such as Candi da al bi cans,

Crypt ococcus 40 Neof-oFABAS, e "hn“hﬂ*ﬂn—aﬁsterc: ges—ard—M cr osporum
gypseum and protozoa sphch = ﬁ.o S Tr| ch as va | hal i s.

The in vivo activiti ess Of- tﬂe %)oundg Gal nstl S I neI | a 't yphi murium are
shown in Table 1. (Ing}!| the owi ng Tabl es, Conpounds Nofs. 1 to 9 are
those so i dentd fi ed, i

f¥
are controls as foll o] 457 |2 ECoﬁp(ﬁn@N% 10 | |
W o - o

e

t he Exanpl es, and Conpounds NPS. 10 to 12

w
2-[2-(5-nitro-2-furyl | nylgq |en'n S| 45
Cormpound No. 11 2-[2-@}nitrq-2-furyl)vinyl] -6-methylpyridipe
Compound No. 12 2-[2-(5}ni t&d ryI ) Vi nyl ],oyg déneol\l-om de
1,053, 730 [err] J : I l I S35 5 3 211,053,730
[err] .z - = 1, 053, 730
7 Pl asma |l evel s of sone active conpounds|were neasured
by a microbioassay, cup} platle met hod séisigigeBaei Iduss subtilis. In the
tests, :100 ng/ kg of each ofgthle dctive&c@mk & =S ~

10/10
9/10
8/10
5/10
2/10
0/10
1.7

6.3

8.3
*2 times per day for 4 days. **death bs' toxicity

10/10
7/10
5/10
2/10
1/10
0/10

3.10
5.4

10/10
8/10
5/10
1/10
0/10

10/10

10/10
8/10-
2/10
1/10
0/10

(0/10)

10/10
9/10
8/10
2/10
0/10
4.7

b) Intraperitoneal treatment

compound - : _ .
dose* | No.- 1 - No. 2 No. 4 o No. 5 -N.o. 6
{100 mg/kg ' -

1.6

50
25
12.5

6.3

3.1

0.8
0.4

‘| non-treated .
control .

'ED,,




et

pounds was admi nistered to nale rats wei ghing 300-400 g. The plasma | evels

of the conpounds in the rats were neasured one, two, three,
six and twenty four hours after 5 oral adm nistration. The
average plasma | evel s (m:g/rri) in six rats are given in Table 5
1. _ TABLE 1| |
PLASMA LEVEL T, Time after
admi ni st rati on : ; - Conpound lhr. 2 hrs. 3
hrs 6 hrs. 24 hrs. 1,053,730 No. 7 7 1.1
08— ‘Ilol : P od by o No—9— 4.0
lasmal o 5 active compounds were measur a microbioassay, Cpp- :
1 I Eyez Eg tilis. Inpthe tests, 100 mg/kg ofea theastl e'%g’- q <0.3
ds was stere Smale rats weigh 300—400 AljetelsQk Wean derivatives
e bee &@e B e s bk i Exaseiventy Butehours after As is
cled from iuerat:dn Th&wmmeeﬂmwbd!lsc{mcthmdsx fs arergiven forilablst i on3show
consi der dbl e pl asma | evel in their active form
10 Acute toxicity in mce of sone of the conpounds of
this invention and that of the Tasell control conpounds are shown
in Table I11. PLASMA LEVEL TABLE 11|
Acut e TOX|C|ty|n Mce _ : . _
LD err /k - - Conpound [
( D[ I mo/ k) Time after adminisgygfion | P 207 833
S O VSN Fyve. i Yo Preees prrvey No.
5 -+ >20009 32000 : : : No. 6
1150 162( No.7 1.1] 08| 08| 0.3 (<03 No. 7
1410 2000 No. 9
. . . . 2
707 1310 [ 2o-? 20 251 11 021<02 1 No. 10 1275
>2000 : | No. 12 <0.3 | <0.3 [ <0.3 | <D®.| 403 >1000
>1000 . - :

No nitrofuran derivatives have been known hitherto to exert active plasma level.
As is clear from Table II, the preferred compounds of this invention show considerable
10 plasma level in their active form. 10
Acute toxicity in mice of some of the compounds of this invention and that of the
control compounds are shown in Table IIL.

TasrLe III

Acute Toxicity in Mice

(LD, : mg/kg)

..' Compound ip po

No. 1 707 933
To. 2 | >2000 >2000
[ No.5 >2000 .| >2000
TNo. 6 | 1150 1620
TNo. 7 410 | 2000
TNo. 9 707 1310
No. 10 1275 2000

No. 11 >1000 >1000

No. 12 900 900




No. 12 900 900

1, 053, 730 VWHAT WE CLAIM IS - 1. Conpounds of the

formula [err] wherein Xis Nor Nf[err] 0, the radical

-CH errfORTs at—the 5 or 6-posrtionmof the pyri- o dinering, and R

I's hydrogen or |ower al kanoyl (as hereinbefore defined). 5
2. 2-[2-(5Nitro-2-furyl)vinyl]-6-hydroxymet hyl pyridine N-oxide.
3. 2-[2-(5-Nitro-2-furyl)vinyl]-6-acetoxynethyl pyridi ne N oxide.> ¢

4. 2-[2-(5-Nitrg2-furyl)vinyl]-6-hydroxyrgbgl pyridine. 5.
Conpounds acc i _substantial _ i 564 —30
6. A process for the E CoAIMES:t-he conmpounds cl ained in any one of th
10 precedi ng claiGeapovgisiotthe P i ses either condensing | _
S5-nitrofurfural wi.th a conpound = .. of fornula : [err]

in which X and. R have the neani ngs :gi»ep in C .0r reacting
2-[2-(5-nitro-2- 15 furyl)vingd
fatty add anhydri de as herein- 15 . betore defined), and, if
required, hydrol ys'dﬂ&gﬁ&d&é\Wdt%MOZﬂi@ﬂﬁEﬁi@n@ﬁ%&:the5 or 6-position of the pyrA
process accor @i ng td@e ¢ihglahd R iShybmpeart lowkd ajkasoyl (chetinbdiat defisedilescr i Bed
J. A KEMP & CO, - 2 2-[2(5-Nitro-2-furyl)vinyl]-6-hydioxyméthylpyridine N:giflar ed Pat ent

' : . dine N
Agent s, _ 3. %:[%:(5:11“}%“-"%; @Zﬁﬂtﬁﬁw 'gx':?ihn, London,
WC. 1. Leai g _ SindiPAor %lw chﬁin 2 1 GOAER AR 1RRirpissre Ssabedner y

At g cﬁ%ﬁ’g N-oxide with a | ower .-

5 T

O fice; by the Courieb. X efeess for the pmparat(dheﬁlﬂﬂcrtgmmu)§SLdaﬂnedi®@§y3 onPubl‘hSS hedl(b.y

The Patent OFfice, prsedie glaininyhichromprispsRitiey condensing " 5-nittofurfural ‘with a compoun
London, WC.2, frd h copi-es may be obtai ned. :

: _G-CHzﬁR-
| CHz—y S

in which X and R have the meanings given in Claim 1, or reacting 2-[2-(5-nitro-2-
15 fuiryl)vinyl] -6-methylpyridine N-okide with'a- lower fatty: acid' anhydride: as herein-
before defined), -and, if:requiréd; hydiolysing and/or: oxidizing:the product: - .
7. A process according to claim 6 substantially as hereinbefore described: -
’ S " J: At KEMP & CO,,- . -~ .
Chartered Patent Agents,: = ... . . - =
14 South Square, Gray’s Inn, London, W.C.1.

Leamington Spa: Printed for Her Méiésty’é Stationery Office, by the Couriez:_ lfress
(Leamington) Ltd.——1967. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, front"which’ copies mdy be obtained.
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