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Herbicidal pyrazine derivatives 

The present invention relates to substituted pyrazine deriva~ives 
5 of the general formula I 

10 -O
R2_ ... I R3 

. N 
~ ~ 3 

(CH,)/x_f ~ • 
n ~~Jlz N 2 

I 

15 where 

x is an oxygen or sulfur atom or a sulfoxyl or sulfonyl 
group; 

20 n is O, 1 or 21 

Rl and a2 are identical or differen~ and, independently of one 
another, are ~acb hyd~ogen, C1-C12-~lkyl, C2-C12-alkenyl, 
C2-C12-alkynyl or pheny1, where ehe pheny1 group may be 

25 monosubstituted or polysubstituted by a low molecular 
weight radical selected from the group consisting of 
alkyl, alkenyl, a1kynyl, hydroxyl, alkoxy, alkenyloxy, 
alkynyloxy, ~lkoxycarbonyl, aminocarbonyl, mono- and 
dialkylamido. and mono- and diarylamido and 

·30 N-alkyl-N-arylamido, where the alkyl and aryl radicals 
maybe identical or differ~nt, halogen, haloalkyl, halo­
alkoxy, thio, alkylthio, alkenylthio, a1kynylthio, halo­
alkylthio, amino, mono- and dialkylamino, N-alkyl-N­
arylamino and mono- and diarylamino, where the alkyl and 

35 aryl radie~ls may be identical or different, sulfonyl­
and sulfinylalkyl and su.J.fonyl- and sulfinyia.ryl, 
alkoxycarbonylamino, cyano and ni~ro; 

•o 

45 

a1 and a2, independently of one another, are each 
furthermore a five..:.inembered or six-membered N-, o­
and/or s-eontaininq heteroarotna~ic group which may carry 
one of the abovementioned low molecular weigh~ radicals 
bonded via a carbon atom, or are each C3-C8-cycioalkyl 
or an aralkyl or alkaryl group, each having 1 to 
6 carbon ·atoms in the alkyl moie~y1 
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2 
Rl and R2,.indepe~d~ntly-of one another, are each also 
halogen, c 1-c12-haloalkyl, hydroxyl, c 1-c;u-a1koxy, 
c1-C1rhaloalko:icy·, C2-cu-alkenyloxy, C2-C12-a1kynyloxy, 
thio, c1-c12-alkyl thio, C:z-Cs-alkenyl thio, C:z-Cs-al.kynyl­
thio, c1-c6-alkoxycarbonyl, amino or c1-c,-mono- or 
dialkyl- or mon~- or diarylamino or N-a1kyl-N-arylamino, 
where the alkyl and aryl radicals may be identical or 
different, c1-c,-mono- or dialkyl- or mono- or diaryl­
aniido or N-a1kyl-N-arylamido, where the alkyl and aryl 
radicals may be identical or different, or are each 
c1-c,-alkylsulfonyl or Ci-C,-alkylsulf inyl, arylsulfonyl 
or arylsulfinyl, cyano or ni~rcJ 

is hydrogen or halogen, C1-C12-alkyl, C1-C12-haloalkyl, 
hydroxyl, C1.:...C12-alkoxy, thio or C1-C12-alkylt.hio, amino 
or mQno- or dial.kylamino or mono- or diaryla.mi.no or . . 
N-alkyl-N~aryiam.ino, each of which has l to 6 carbon 
atoms per alkyl radic·a1; ·and 

is a group 

~ /a4 
C-N 

II "--as 
y 

' • ." I •. 

, 

or , 

where Y is oxygen or sulfur, p is 2 or 3 and R' is 
hydrogen, C1-C4-alkyl, C1-C4-alkoxy, halogen or 
C1-C4-haloalkyl; 

is hydroqen, C1-C12-alkyl, Cz-C12-a1kenyl., C2-c12-alkynyl 
or phenyl, where the phenyl group may be monosubstituted 
or polysubstituted by a low molecular weight radical 
selec~ed from the group consisting of alkyl, alkenyl, 
alkynyl, hydroxyl, alkoxy, alkenyloxy, alkynyloxy, 
alkoxyc::arbonyl, aminocarbonyl, znono- and dialkylamido 
and mono- and diarylamido and N-alkyl-N-arylamido, where 
the alkyl and aryl radicals may be identical or differ­
ent, halogen, haloalkoxy, thio, alkylthio, alkenylthio, 
a1kynylthio, haloalkylthio, amino, mono- and d1alkyl­
amino, N-alkyl-N-arylamino ·and mono- and diarylamino, 
where the alkyl and aryl radicals ~ay be identica1 or 
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3 
different, ··su1fonyl.- and sulfinylalkyl and su1fonyl- and 
sulfinylaryl, alkoxyearbonylamino, eyano and nitro; 

R4 is fUrthermore c3~8-eycloalkyl, Cs-Ca-cycloalkenyl or 
phenyl-c1-c~-alkyl, where the phenyl group in turn may 
be monosubstituted or polysubstitutad by a lowmoleeuiar 
weight r·adical as stated above; 

R4 is fUrthermore alkaryl having 1 to 6 carbon atoms in 
the alkyl moiety, or haiogen, C1-C12-haloalkyl, C2-C12-

haloalkenyl or Cr-<:12-haloalkynylJ 

is C1-C1·2-alkyl, Cz-C12-alkenyl, Cr(:12-alkynyl or phenyl, 
where the phenyl group may be monosubstituted or poly­
substitu~ed by a low molecular weight radical selected 
trom the group consisting of alkyl, alkeny1, alkynyl, 
hyaroxyl~ alkoxy, alkenyloxy, alkyny1oxy, alkoxy­
carbonyl, aminoearbonyl ;· mono- and dialkylamido and 
mono- and diarylamido and N-alkyl-N-arylamido, where the 
alkyl and aryl radicals may be identical or di!ferent, 
halogen~ haloalkyl, haloalkcxy,. thio, a1kylthio, 
alkenylthio, alkynylthio, haloalkylthio, amino, mono­
and· dialkylamino, N-alkyl-N-arylamino and mono- and 
diarylamino, ··where the alkyl ·and aryl radicals may .be 
identical or_ different, sulfonyl- and sulfinylalkyl and 
sulfonyl- and sulfinylaryl, alkoxycarbonylamino, cyano 
and nitro1 

as is furthermore a five-membered or six-membered N-, o­
and/or s-containing heteroaromatic group which may carry 
~ne of the abovementicned low molecular weight radicals 
bonded via a c·arbon atom, 
or C3-C8-cycloalkyl or an alkylphenyl or phenylalky1 
group, each having 1 to 6 carbon atoms in the alkyl 
moiety, where the phenyl group in turn may De mono­
s.ubsti tuted ·oi: polysubs.ti tuted .by a low molecular weight 
radical as stated above in th~ ease of R4; 

as is furthe~more C1-C12-haloalkyl, hydroxyl, C1-C12-
allcoxy, C1-C12-haloalkoxy, C~12-alkenyloxy, C2-C12-
alky~yloxy, thio, C1-C12-alkylthio, c2-c12-alkenylthio-, 
C2-C13-alkynyl-thio; C1-Ci;-alko:xycarbonyl, amino or 
C1-C5-mono-·or dialkyl- or mono or diarylamino or 
N-alkyl-N-arylamino, whera the alkyi and aryl radiea1s 
may be identical or different, C1-c,-mono- or dialkyl­
or. mono- ~r diarylamido or N-alkyl-N-arylamido, where 
the alkyl and aryl radicals may be identical or 
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' dif.f~rent, c 3-c,-cyc1oa1kyl, C:3-ci;-cycloalkyl-
c1-c4-alkyl, c 5-c8-cycloalkenyl, phenyl-C1-C4-alkyl, 
tri-C1~c4-alkylsilyl, c1-c4-alkylcarbonyl-C1-C4-alkoxy, 
c1-c4-allylcarbonyl, methylcarbonyl-C1-C4-alkoxy or 
c1-c4-methylcarbonyl, where the two lastm.entioned 
radicals may each be substituted at the methylene g~oup 
by c 1-c5-aminoalkyl, C1-C5-hydroxyalkyl, C1 -Cs-thioalkyl 
or c1~c5-carboxylalkyl; 

10 R4 and Rs toge~her form. a c3-c8-alkylene chain which may be 
interrupted by an oxyg.en o.r sulfur atom or by an amino, 
C1-c,:..alkylamino or arylarnino group. or may form a 
c5-c8-alkenylene group·which may be interrupted by an 
oxygen or sulfur atom or by an amino, C1-C6-alkylam.ino 

15 or arylamino .9.roup; 

wi~h the exception of 2-phenylthiopyrazine-G-hydrazide and 2-
phenylthiopyrazine-6-hydroxamic acid, 

20 and with the proviso that, when X is o, n is O and z is 

25 

·, 

x-1s not· bonded to t:he·pyra~ine ring in the 6-position, or, when 
x is bonded to the pyrazine ring in the 6-position, 

30 Rl and a2, independently of one another, are each hydrogen or a 
five-membered or six-~embered N-, o- and/or s-containinq hetero­
aromatic group which may carry one of the abovementioned low 
molecular weight radicals bonded via·a carbon atom, or are each 
c3-e8-eycloalkyl or an aralkyl or alkaryl group, each having 1 to 

35 6 carbon atoms in the alkyl moiety, both radicals R1 and R2 not 
simultaneously being hydrogen1 

40 

and·agriculturally useful salts of the compounds I and the use of 
the compounds I and IV (Z=CN) as herbieides. 

From the work of A.D. Gutman (W.J. Michaely and A.O. Gutman, 
Synthesis and Chemistry of Agrochem.ica~s in American Chemical 
Society Symp. Seri.es., ~apter 5, · 19 8 7) ~ it is known that 2-
phenoxynicotinamides constitute a class of compounds having pro-

45 nouneed herbicidal activity. 
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5 
Furthermore, the ·herbicidal aetivi~y of.2-phenoxypico1ina.m.ides is 
disclosed in EP~A-0 447 004 1 EP~A-0 488 474, EP-A-0 537 861, 
!!P..:.A-572 093 and WO 94/08991. ,. 

5 Pyrazine derivatives have to date attracted only little interest 
as active ingredients~ ·seme pyrazine dicarboxamides have been 
described in JP 94/077367 as herbicidal compounds or, accordinq 
to JP 94/08607, se.rve as intermediates for the preparation of 
crop protection aqents. Some 2-phenyltbio- and 2-benzyl~hio-6-

10 cyanopyrazines, 2-pheny1thiopyrazine-6-hydrazides and 2-pheny1-
thiopyrazine-6-hydroxiamic acids have baan inves~iga~ed as 
tuberculosta tic aqents .(a. Foks , H. Jancwiec and M. Zielenicki, 
Pd. J. Pharmacol. •. Ph~rm.: 29 p977), 663-673). 

15 WO 94/27974 describes pyrimidine, pyrazine and t.riazine 
derivatives having specific substitution as herbicides. 

However, the herbicidal activity of the known compounds is only 
partly satisfactory, there being a poor effect in the pre-

20 emergence and postel'nergence methods·. It is an object of the 
present i~vention ~o p~cvide novel pyrazine derivatives which 
have hiqh herbi~idal ~ctivity and at the same time can be widely 
used. 

25 We have found that this object is achieved by the pyrazine 
derivatives of the formula I which are defined at the outset. We 
have also found that the corresponding pyrazine derivatives 
having a cyano 9roup instead of the group Z (compounds IV) also 
have very good her~icidal activity. At the same time, ~hese 

30 compounds IV serve· as intermediates for the synthesis of the 
pyrazine~ I·. 

The present invention furthermore relates to herbicides 
containing the compounds I and to the use of the compounds I 

35 and IV as herbicides. 

Unless specified specifically, the genera1 radicals used in the 
formula I have th~ following meanings above: low molecular weight 
radical is to be understood as meaninq a radical of up to e, in 

10 particular up to 4, carbon atoms per group. A low molecular 
weight dialkylamino ~roup would be, for examp1e, di-(C1-c4-)­

alkylamino, such as dibutylamino. Halogen or halo is in par­
ticular fluorine, chlorine or bromine. Aryl is preferably 
unsu~stituted phenyl or. naphthy1, or phenyl or naphthy1 1 each of 

45 which is monosups~~tu~ed to pentasubstituted by halogen or 
monosubstituted to trisubstituted by c1-c4-alkyl, c1-c4-haloalkyl, 
C2-c4-alkenyl, C2-C4-alkynyl, hydr.oxyl, c 1-C4-alkoxy, 

0S:ll l66l-Nl:lf-2Z 
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6 
c2-c4-alkenoxy, c2-C4-alkynyloxy, C1-C4-alkoxycarbonyl, mono- or 
dialkylamido, mano- or diarylamido, N-alkyl-N-arylamido, where 
the alkyl and aryl radicals may be identical or different, thio, 
c1-c4-alkylthio, Cz-C4~alkenylthio, C2-C4-alkynylthio, C1 -C4-halo-

5 alkylthio, amino, mono- or c1-C4-dialkylamino or mono- or diary1-
amino, N-alkyl-N-arylamino, where the alky1 and ~ry1 radicals may 
be identical or different, c1-c,-sulfonyl- or 
C1-C4-sulf1n:y1alkYl- or'sulfonyl- or sulfinylary1, 
C1-C4-alkoxycarbonylamino, ~yano or nitro. 

10 
' With reg a.rd to the biol.'ogicai activity, compounds I or IV which 

carry a radical 

15 

in the 2- or 3-position are preferred. 2-Phenoxypyrazine-J-car­
boxanddes and 2-phenoxypyrazine-6-carboxamides, each unsuhsti-

20 tuted or substituted by Rl, R2 , Rl, R4 and Rs, are particularly 
pref erred. 

Compou~ds of .the formula I where Z. is . a group c-NR4R5 are also 
. . . . . . ~ 

25 0 
preferred. R3 is preferably hydrogen. R4 is likewise preferably 
hydrogen or C:i, -c4-alkyl.(·· eg. methyl. R5 is preferably an 
unsubstituted or substituted C1-C6-alkyl or phenyl radical, eg. 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, 

30 trifluoromethyl, 2,2,2-trifluoroethyl or phenyl, unsubstituted or 
monosubstituted to trisubstituted by fluorine, chlorine, fluoro­
C1-~2.-alky1 such as trif1uor(1mathyl, or ch1oro-C1-C4:-alkyl, such 
as triehlorom.e.thyl. 

35 Other preferred compounds of the formulae I and IV are those in 
which: 

40 

45 

z is a group·~c-·' -· NR'R5 , .. ·. II, 
s 

in. particular r-1---.f _ im•a•; 

0 

X and Yare each an.oxygen er sulfur atom, particularly preferably 
an oxygen a~cm1 . 

n is either O or l, particularly preferably O: 

00l/Sl0"S £2l£P09 129 6v+ lS:ll l66l-N~£-c2 
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a.1 and a2 ma:y:·be ident~cai or different and, independently of one 

anothe£·i · ar~ each hydrogen or straight-chain or branched 
c1-C12-alkyl, in particular c1-c,-alkyl, for example 
methyl, ethyl~ n-propyl; isopropyl, n-butyl, sec-butyl 

5 or tert-buty1, straight-chain or branched C2-C12-

alkenyl, parti~ularly preferably C2-C6-a1kenyl, for 
example a1lyi; straight-chain or branched Ci-C12-
alkynyl, particularly preferably C2-C,-alkynyl., for 
example propargyl, aryl, particularly preferably phenyl, 

10 where.the aryl group in turn may ~e monosubstituted or 
polysubsti"t::ut~d, ·for example monosubsti tuted to trl.­
substituted, in various ring positions by a low molecu­
lar weight alkyl, alkenyl, alkynyl, hydroxyl, alkoxy, 
alkenyloxy~ ·alkynyloxy· or alkoxycar:bonyl group, amido, 

15 mono- or dialkylamido or mono- or diarylamido or 
N-alkyl-N.:.aryiamino, where the alkyl and aryl radicals, 
in p~rticular unsubstituted.or s~stituted phenyl 
radicals, may be identical or differen~, halogen or 
haloalkoxy, thlo, alkylth1o, alkenylthio, alkynylthio, 

20 haloalkylthio, amino, mono- or dialkylamino or N-alkyl­
N-arylamido or mono- or diarylamino, where the alkyl and 
aryl radicals may be identical or different, sulfonyl­
or su1finylalkyl or sulfonyl- or sulfinylaryl, alkoxy­
carbonylamino, cyano ·or nitro. Rl and a2, independently 

25 of one another, are each furthermore a five-membered or 
_six-:melm.bered. N-,. o- or s-containinq hetaryl qroup, in 
particular pyridine, pyrimidine, furan, pyrrole, pyra-

30 

35 

40 

45 

zole.,· imi.dazole, oxazole / isoxazole, thiazole, isothia­
zole_ :or-_ thiophene, where the hetaryl radical may carry, 
bonded via carbon, a low molecular weight radical, for 
exam~le halogen, ·c1-c,-alkyl,. C1-C4-haloalkyl, C:z-C4-
alkenyl, Cz-C4-alkynyl·, hydroxyl, c 1-c,-alkoxy, C2-C4-

alkenyloxy, C2-C4-alkynyloxy, c1-c4-alkoxycarbonyl, 
mono- or dialkylamido, mono- or diarylamido or N-alky1-
N-arylamido, where tbe alkyl and aryl radicals may be 
identical or different, thio, c1-C4-alkylthio, C2-c4-

alkenylthio, C2-C4-alkyny1thio, C1-C4-haloalkylthio, 
amino, mono- or Ci-C4-dialkylamino or mono- or diaryl­
amino, N-al~yl~N-arylamino, where the alkyl and aryl 
radicals may be identical or different, c 1-c4-

suifonyl~. or C1-C4-sulfinylalkyl or sulfonyl- or 
sulfinylaryl, C1-C4-alkoxycarbonylamino, cyano or nitre, 
or . R1 and R2 a:r;-e each· C3-:-Ca-.cycloalkyl, particularly 
preferably cyclopropyl, c;yclobutyl, cyclopen-eyl or 
eyclohexyl, C1-c,-alkaryl, e9. phenyl, substituted by 1 
to 3 met~yl ra~icals, in particular tolyl, Cl-C6-alkyl, 
for example benzyl or phenylethyl. Rl and R1 

00l/9l0"5 £Cl~09 lZ9 6P+ 900J i:vxaz 9~ ~s~a lS:l1 l66l-Nl:Jf-Zc 
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8 
indepEi~'aent.ly of one another are each also halogen, 
preferably fluorine, chlorine or bromine, in particular 
fluorine or chlo~ine, or straight-chain or branched 
c1-c:12-haloalkyl, ·particularly preferably c1-c,-halo­
alky'l, in particuiar trifluoromethyl, trichloromethyl, 
trich1oroethy1 or t:Z:.ifluo:roethyl., hydroxy1, straight­
chain or. branched C1-C12-alkoxy, in particular c 1-c,­
alkoxy, for example methoxy or ethoxy, straight-chain or 
branched· c1-C1i-haloalkoxy, particularly preferably 
c1-c6~haloalkoxy, for example trifluorometboxy, 
straiqht-chain or bi-anched C2~C12-alkenyloxy, particu­
larly preferably Ci-C6-a~kenyloxy, for example allyloxy, 
c 2-C12-alkynyloxy, particularly preferably c 2-c,­
a.lkynyloxy, thio, straigh't.-chain or branched C1 -c12-

alkyl thio, in particular c1-c,-alkyl thio, c 2-c12-

alkenyl thio, particularly preferably C2-Cs-alkenylthio, 
C2-c6-alkynylthio, C1-C6-alkoxycarbonyl, amino or c1-C&­
mono- or di-(C1-C5)-alkyl- or mono- or diaryla.mi.no or 
N-c1-c~-alkyi~N-arylamino~ where the.alkyl and aryl 
radicals may be identical or different, c1-c6-m.ono- or 
di~lkyl- or~ono- or d~aryla.mido, ·where the al.kyl and 
aryl radicals may.be identical or different, 
C1-c .. ..:..al.kylsultonyl. or C1-C6-sulfinyl or arylsulfonyl or 
arylsu1finyl_,·cyano or nitro; 

is hydrogen,· halogen, particularly preferably fluorine, 
chlorine or_ bromine, C1-c12-alkyl, particularly prefer­
ably C1-C6-alkyl, C1-C12-haloalkyl, in particular c 1-c6-

haloalkyl, tor example trifluoromethyl or trichloro­
ethyl, hydroxyl, C1~12-alkoxy, particularly preferably 
C1-C5-alkoxy, such as methoxy or ethoxy, thio or c1~12-
a1kylthio, particularly preferably c1-c6-a1kylthio, 
anU.no, c1-c,-mono- or dialkyl- or mono- or diarylamino 
or N-alkyl-N-arylamino, a preferred aryl radical being 
phenyl: 

is hydrogen or Ci-Cu-alkyl, .in particular Ci-Cs-alkyl, 
for example methyl, ethyl, n-propyl, isopropyl, n-butyl, 
sec-bu1;yl_ or ter.t-bµ'tyl, straight-chain or branched 
c·:cC12-aikeny1 ~ ·particularly prefer~bly C2-C5-alkenyl, 
for exa.m.p~e allyl, .straigh~-cha~n or branched c2-C12-

al~ynyl, in particular C2-C6-alkynyl, for example 
propargyl, or aryl, particularly preferably phenyl, 
where the aryl .group in turn may be monosubstituted or 
polysubstitut~d in various ring positions by a low 
moieeular weight alkyl, alkenyl, alkyny1, hydroxyl, 
alkoxy, ~lkenyloxy, alkynoxy or alkoxycarbonyl group, 

900::> tvxaz ~~ ::1s~a . 1S:l1 l.66l-N~r-cc 
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amin"6c:arbonyl, mono- or·dialkylamido or_ mono- or dia'ry;i:~id~, .. whe~e the ;;.,lkyl and ary1 radicals may be idetitical o:r different, "ha1ogen. or haloalkoxy, thio, ~ alkyl thiO I .. alJcenyl thiO I alkynyl thio r haloalkyl thio I amino, .mono- or di.alkylamino, N-alkyl-N-aryla.mino or mono- or diarylamino, Where the alkyl and aryl radicals may be identical or different, sulfonyl- or 
sulfinylalkyl or sulfonyl- or sulfinylaryl, 
alkoxyearbonylamino, cyano or nitro. R4 is furthermore c3-c8~cyc1oalkyl, particularly preferably cyclopropyl, C:ycl~:butyi, cyc:lopentyl or cyclohexyl, 
c,,-C:8..;.cy~loalkyl.a_lkyl i pref er ably c,,-c,-cycloalkylalkyl, 6s-c8..:.c:ycloalken:yi, in particular Cs- or c,-cycloa1kenyl, c1 -c~-ar·alkyl ~- particularly preferably phenyl alkyl, where the aryi group.in turn may be monosubstituted or polysubstituted, in particular inonosubstituted to tri­substitu~ed,. in var1cus ti.ng "positions by a low molecu1ar weight alkyl, alkeny1, "alkynyl, hydroxy1, 
a~koxy, alk~~yloxy, alkynyloxy or alkoxycarbonyl group, mono- or dialkylamido, such as methylamino or 
dimethylamino, or mono- or diarylamido, such as phenyl­amino or diphenylamino, or N-alkyl-N-arylamino such as N-methyl-N-phenylamino, where the alkyl and ary1 radicals may be identical or different, halogen or haloalkoxy, thio, alkylthio, alkenylthio, alkynylthio, hal?alkylthio~ alnino, mono or dialkylamino or mono- or diaryla,inin~, ~he~e the alkyl and aryl radicals may be identical: or different, sulfonyl- or sulfinylalkyl or suifon~l-: ~r "sulfinylaeyl_,- al~oxycarbonyla.mino, cyano, or ni~ro. R• is also.C1-C6-alkaryl, for example phe~yl, su~s~~tuted b~ l_ to·~·methyl radicals, eg. tolyl, or haloqen,'particu1arly· preferab1y fluorine, chlorine or bromine. R4 is furthermore C1-C12-haloa.lkyl, particu1arly preferably C1-C,-haloalkyl, in partic:ular trifluoro­methyl, trichloromethyl or trifluoroethyl, C1-C12-halo­alkenyl, preferably C_1-Ci;-haloalkenyl, or C:i-C12-halo­alkynyl, in partic~lar C1-c,-halcalkynyl; 

is str~ight-chain or branched C1-C12-a1kyl, in parti­
cula~ 'C1-C,-alkyl, for example methyl, ethyl, n-propyl, isopropyi,. n-butyl, sec-butyl or t:ert-bui:yl, straight­chain or ~ra.iic~ed C2-C12-alkenyl, particular1y preferably c2-~,~alkeny;~ for exmnple allyl, straight­chain· or branched· C2-C12-a1kynyl, particularly 
pre!erab~y C2-Ci;-alkynyl, for example propargyl, aryl, particularly ~r~ferably phenyl, where the aryl group in turn may be monosubstii:ute~ or polysubstituted, in 

00t/8t0·s ~t£v09 tc9 6v+ GS:lt l66t-Nt1r-zc 
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10 
particularmonosubstituted to trisubstituted, in various 
ring ·posj_.tions by a low moleeular weight radical as 
stated for R', for exam~le alkyl, alkenyl, alkyny1, 
hydroxyl; aikoxy, alkenyloxy, alkynyloxy or 
alkoxycarbonyi, mono- oi dialkylamido, N-alkyl-N­
arylamido ~~·mono~ or diarylamido, where the alkyl and 
aryl r"ad.!cals may be identical or different, halogen or 
haloaiko~, ·thio, alkylthio, alkenylthio, alkyny1i:.hio, 
haloalkylthio, amino, mono- or dialkylamino, N-alkyl-N­
arylamino of .mono- or i:!.iarylamino, where the alkyl and 
aryl rad.ic·a1s may be identical or different, sulfonyl­
or sulfinylalkyl or sulfonyl- or sulfinylaryl, alkoxy­
carbonyla.mino, cyano or nitro. as is furthermore a 
five~mbered or six-membered N-, o- or s-containing 
betaryl group·, unsubstituted or substituted as stated 
for R4, particularly preferably pyridine, pyrimidine, 
furan, .pyrrole, pyrazole, imidazole, oxazole, isoxazole, 
'thiazol·e, isothiazo1e or thiophene, or C3-C9-cycloalkyl, 
particularly·. preferabl.y· cyclopropyl, cyclobutyl, 
cyc.lopentyl or cyclohexyl, C1-C&-aralkyl, particularly 
_prefera~iy ~lienylalkyl, for example benzyl or 
phenyle-t;by1,· ·where the aryl group in. turn may be 
monosubstituted or poiysubstitutad in various ring 
po~itioiis by a ··low molecular weight radical as stated 
above, for example alkyl, alkenyl, alkynyl, hydroxyl, 
allcoxy, ·alke~~loxy, aikynyloiy or alkcxycarbonyl, mono­
or ciialkylamido, N-alkyl-N-arylamido or mono- or 
diarylamido, where the alkyl and aryl radicals may be 
identical or different, halogen or haloalkoxy, 'Chio, 
a1kylthio, alkenylthio, alkynylthio, haloalkylthio, 
amino, mono- or dialkylamino, N-alkyl-N-arylamino or 
mono- or diarylamino, where the alkyl and. aryl radicals 
may be identical or different, su1fonyl- or 
sulfinylalkyl or sulfonyl- or sulfinylaryl, alkoxy­
carbonyl, cyano or nitro. R5 is also alkaryl, for 
example tolyl. as is furthermore straight-chain or 
branched C1-C12-haloalkyl, particularly preferably c1-c6-

haloalkyl, in particular tr if luoromethyl, trichloroeth:yl 
or tri~luoroethyl, hydroxyl, S'traight-chain or branched 
C1-C:u-alkoxy, ·in particular· C1-c6-alkoxy, for example 
m.eth.Oxy ~r ethcxy, straight-chain.or branched C1-c12-

haloalkoxy, particularly preferably c1-C6-haloalkoxy, 
for example trifluorometh_oxy, straight-chain or branched 
Cz-C12-alkenyloxy, particularly preferably c2-c,­
alkenyloxy; ·for example allyloxy, c2-C1~-alkynyloxy, in 
particular C2-c,-alkynyloxy, thio, straigh~-chain or 
branched C1-Ci2-alkylthio, in particular c1-c6-aJ.kylthio, 
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C2-c1~-alkenylthio, particularly preferably c~-c,­
alkenyd.thio, Cz-C12-a1Jcynyl thiO, ·in particular 
c~-c,~alk)rnylthio, c1-c,-alkoxyc~r~onyl, amino or c1-c,- ; 
mono- or dialkyl- or mono- or diarylamino, where the 
alkyl and aryl radicals may be identical or different, 
c 1-c6- mono- .or dialky1- or mono or diary1a.mido, where 
the alkyl'." and ~aryl radicals may be identical or 
different, c3-c6~cye1calkyi, eg. cyclopropyl, 
cyclopentyl ~;; · cycloh·exyl / · C3-c6-cycloalky1-C1 -C4-allcyl, 
eq. cyclopropylmethyl or· eyclohexylll\ethyl, Cs-Ca­
cycloalkenyl, ·eg.·cyclohexenyl, phenyl-c1-c,-alkyl, such 
as· benzyi or phenylethyl, tri-C1-C4-alkylsilyl, eq. 
trimethyls.i)yl, c1-c4_--~lkylcarbonyl-C1 -C4-alkoxy, such as 
mettiylcarbonyliliethoxy, c1.:..e,i-alkyicarbonyl, such as 
methylcarl:lonyl (CH2COOH), substituted methylcarbonyl­
C1-c4-alkoxy or methylcarboxyl, where aminoalkyl, 
hydroxyalk:yl, thioalkyl or carboxylalkyl, each having 
1-5 carbon atoms in the alkyl moiety, are suitable as 
substituents and the functional group (amino, hydroxyl, 
thio or COOH) is preferably bonded as a terminal group. 

R4 and RS to9_ether form a C3~a-alkylene chain or a C5-C8-alkenyl 
chain, particularly preferably a c3-c6-alkylene chain, 
very J?'articularly.preferclbly a Cs- or C6-alkenylene 

25 gr9t1p, where the chains may . each be interrupted by an 
oxygen or ~ulfur atom or,by an amino or c1-c6-monoalkyl­
amino or moncarylamlno qroup. For e~ampie, R4 and as, 
together with the N ·atom to which they are bonded, form 
a morpholine, piperidyl, piperazinyl, pyrrolidinyl or 

30 pyrrolinyl radical. 

35 

40 

45 

Preferred compounds of the formula I where z:;ecc=Y)NR4R5 are those 
in which n, X, Rl, R2 and Rl have the abovementioned meanings and 
Z is selected from the following he~eroeyclic radicals: 

•' 

.. 

; 
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R4 R4 

rlyjR• .·r)-~} a• 

'R' R" c-l... . I · r-l I 

-~· yN~R~ ._' YN:·::LRs 
. . s .___) s _.::r 

. . - .. 

s 

10 

15 where R4 is prefera~Iy a low molecular weight alkyl radical, such 
as nie'ihyl~ or in partic.uiar hydroqen and R' is preferably methyl, 
ethyl,· hydrogen, isopropyl, n~~ropyl, butyl, tert-butyl or one of 
the eorresponding·alkoxy radicals, halogen, such as bromine, 
chlorine or fluorine, ~r C1-Ca-haloalkyl, in particular C1-C2-

20 haloalkyl, such" as trifluorOltlethyl or trichloromethyl. 
. . . 

Preferred compounds· of the formula· Iv are those in which n, x, R1, 
R2 and RJ are as defined in formula I. 

25 fhe compounds i and IV may also be present in the form of their 
agriculturally useful salts, the type of salt generally being 
unimportant. Suitable salts are usually those of bases which do 
not adve~sely affect tbe herbicidal action of I and IV. 

30 l?artic::ulaz::ly suitatrie basic salts are those of the al.kali met.als, 
preferably. the- sodium and. potassiUm. salts, those of the alkaline 
earth metals, preferably calcium, magnesium. and barium salts, and 
those of the transition metals, preferably manganese, copper, 
zine and iron salts, and the ammonium salts which may carry from 

35 one to three C1-c4-alkyl substituents, hydroxy-C1~4-alkyl 
su~stituen'ts·and/or a phenyl or· benzyl substituent, preferably 
diisopropyl&mmonium, tetramethylallllll.onium, tetrabutylammoniwn, 
'trime~hylbenzylammonium. and trimethyl(2-hydroxyethyl)ammonium 
salts, the phosph!'n.ium. salts, the sulfonium salts, preferably 

40 tri-C1~4-alkylsulfoni~ salts, and t::-he sulfoxonium salts, 
preferably tri-c1-c4-alkylsulfoxonium salts. 

The compounds I in which Z is ~-NR4RS are prepared, for example, 

~ . ~ . y 

by reacting pyr~zi.n.i\! derivatives· of the general formula II 
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II 
s 

10 where n, X, · Y, lV, ·:a.z and Rl have· the abovementioned meanings and 
A is a suitable leavin·g group, with an amine of the general 
formula III 

15 
Ii I 

where R4 and RS have the abcvementioned meanings, either in the 
presence of an acid aeceptor (Bouben-Weyl, Vol. 8, Georg Thieme-

20 Verlag, Stuttgart 1952, pages 647-672) or of a coupling reagent 
typical for forming an amide bond (M. Bodansty·, Prineiples of 
Peptide Synthesis, Springer Verlag, Berlin 1984, pages 16-58). 

Suitable acid acceptors are inorganic bases, such as sodimn 
25 carbonate or potasEli'llm earbona'Ce~ sodium :methylate, sodium 

ethyl.ate, sodium hydride or or_ganic :bases, such as triethyl.a.mine 
or pyridine.· ~he ia.tter" may simultane:~usly serve as a solvent. 

A leaving group_ A.is any qroup which can be eliminated from ~he 
30 starting material. of 'the general formula !I under reaction 

conditions conv~ntioria.lly used fo~ amdations. The :Leaving 
group A is therefore preferably halogen, such as bromine or in 
particular chlorine; or alkoxy, particularly preferably 
c1-<:4-alkoxy, for example methoxy, or imidazoly1. 

35 
The substituted amines of the general formula III are known or 
can be prepared by conventional processes. 

Typical coupling reagen~s from peptide synthesis may also be used 
40 for forming the amide bond. Preferred coupling reagents are, for 

example, dicyclohexylc·arbodiimide (DCC), N'-( 3-dil\\ethyla.mino­
propyl)-N-ethylc:arl:>odiimide (DIC}, ethyl 1,2-dihydro-2-ethoxy­
quinoline-l-carboxy~at~ · (EEDQ), ~sobutyl 1; 2-dihydro-2-isobut­
oxy-l-quinolinec:arboxyiate (IIDQ), l-benzotriazolyloxytris-

45 (dimethyland.no)phosphoniwn hexafluorophosphate (BOP), o-~enzo­
triazol-1-yl-,N,N,N',N'-tetramethyluronium h~xafluorophosphate 
(HB'l'U), O-[(cyano(ethQXy.car.bonyl)methylidene)ami.no]-1,1,3,3-

vs:l1 l661-N~r-zz 
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tetrainethyluron:i6 te'trafluoropora_te (TOTO), propanephosphonic 
anhydride ( PPA >' ail'.ci _3....:dime.thylaminopho.sphinothioyl-2 ( JH )-oxazo­
lone ( MP~o) ·• 

5 The amidation is preferably carried out in the presence of an 
inert organic SQ1vent, for exampie dimethylformamide or dimethyl 
sul·foxide, or of an organic hydrocarbon, such as benzene or 
toluene, of a_ halohydrocarbon~ preferably dichloro.m.e'Chane, of an 
ether, in particular cl~ethyl _ether, or of an ester, for example 

10 ethyl acetate, at from o to 1oo·c, preferably fran o to so·c. 

The starting materials are usually reacted with one another in 
stoichiometric amounts~·. However, it may be adva.nta9eous to use 
one of the starting mat~rials in an excess of from 0.1 to 10 mol 

15 equivalents, for example for. increasing the yield. 

20 

25 

The compounds'of the general formula II are either prepared by 
acidic or alkaliri~ hydrolysis of pyrazine derivatives of the 
formula IV 

IV 

where n, X, Rl, R2 and al have the abovementioned meanings, from 
the initially formed pyrazine derivatives of the general 

30 formula v, · 

35 

R2. - . . 

R' ~·· R~" ~ (CH,!;('X~)l(OH 
v 

0 

where n, X, Rl, R2 and Rl have the meanings described above, by 
40 subsequent conventional processes, or are directly converted by 

conventional processes into the pyrazine derivatives of the 
general formula II (C. Ferri, Reaktionen der organischen 
Syntheee, Georg ~hieme-Verlag, S~uttgar~ 1978, paqes 432-461). 

45 The preparation of the pyra2ine derivatives of the qenerai 
formula V is carried out in the presence of an inert solvent, for 
example wat~r or ethylene glycol, using suitable acids, fer 

00l/!tZ0'S £cl£v09 lc9 Gv+ vs:ll l66l-N~r-cc 



0050/45064 

15 
example hydroc::hl6ric acid, sulfuric acid or phosphoric acid, or 
suitable bases, for example potassium hydroxide or sodium 
hydroxide, at from o to iso·c~ while the direct preparation of the 
pyrazine derivatives of the general formula II is preferably 

5 carried out by acidic hydrolysis in the presence of a suitable 
reactant, for example methanol·, under the reaction conditions 

. ~ . . .. 
described above. · · 

The pyrazine derivatives of the general formula IV are obtainable 
10 by reacting the metal salts of .the alcohols of the general 

formula VI 

15 VI 

20 where n; x, Rl and :A.2 have the me~nings described above and M is a 
metal, for example a~ alkali "metal or ·alkaline earth metal, with 
the pyrazine·deri1r~tiv-es·of the general formula VII, 

VII 
25 

where Rl has the abovementioned meanings and Hal is halogen, 
30 preferably cblorine or bromine, in the presence of an inert 

organic solvent (H. Foks, M. Janowiec, Acta Pol. Pharm. J.i 
(1978), 143 - 147). 

The metal salts of ·the alcohols of the general :formula VI are 
35 preferab1y alkali metal salts, such as the sodium or potassium 

salt. They are prepared .by re~cting 'the alcohols with suitable 
me~a.1 bas.es, . ~~.or. ~~p+.e ,,i,~h., the i;n~ta~ carbonai:.es or hydrides • A 
preferred metal salt is sod.ium salt,· w~ieh is prepared using 

410 

45 

sodium hydride. · 

'rhe choice ot the. o.r~ani.c sol vent : depen!is .on . the starting 
materials used. In .!1e.ne~al, any polar:, organic solvent, for 
example dimethylformamiC:ie or tetrahydrofura.n, is suitab1e. 
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The starting ma.t'.~~ials are usually reacted with one anoth@r in 
stoichiometric amounts. H~wever, it may be advantageous to use 
one of th.e startirtcf materials. in an excess Of from 0 .1 to 10 mol 
equivalents,"for example in order to increase.the yield. 

The pyrazine derivatives of the general formu1a VII are prepared 
starting from the pyrazine derivatives of the general 
formula VIII-· 

VIII 

where R3 bas the.abovamen~ioned meanings, by reaction with phos­
phoryl halides, preferably phosphoryl chloride or phosphoryl 

20 bromide, as report~d by B. Klein, N. B. Betman and M. E. O'Donnel 
(J. Org. Chem • .ll ("1963), 1682 - 1686). 

The pyrazina derivatives of ~he formula VIII are known or can be 
prepared in the manner d~seribed by H. Poks and J. Sawlewicz in 

25 Acta Polon. Pha;-m. # (1964), 429 - 436. 

The novel compounds of the gene:ra~ formula I, where z is a group 

30 

and n, p, X, Y, Rl, R2 and RS have the meaninqs descriDed in 
35 claim l, can be prepared, for example, starting from pyrazine 

.derivatives of the general formula I, whe~e Z is a group 

40 

for example the pyrazine ~erivatives of the formula IX 

45 
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R2 

-h ·. N. Rs 

R1 ·. r:=-·· 
(C~)/X~ 

n N 
IX 5 

10 where 1 is 1 or 2, iD the presence of thionyl chloride 

15 

20 

(W.S. Johnson and E.N. Schubert, J. Am •. Chem. Soc. 72 (1950), 
2187 - 2190). The desired pyrazine derivatives are subsequently 
liberated by treating the resulting hydrochlorides II with dilute 
hydroeh1oric acid. 

The novel compounds of ~he general formula I, where Z is a group 

~ R4 cs-r/ . . I . 
:y-.- (CB2)p 

and n, p, x, Y, a1, az~ R3.and·R4 have the meanings ciescribed in 
claini.. l, are prepared, for ·example, ·by reacting the pyrazine 

25 derivatives of the general formula X 

30 x 

35 where M is a metal, for exami;>le an alkali meta1, such as sodhim, 
with compounds of ·the general formula XI 

40 · .. • ·XI 

., 

where p and Y have the meanings described in claim 1 (A.I. Meyers 
and H.W. Adickes, 'l'e'trahedron Lett. (1969) 5151 - 515.4). R' may be 

45 introduced by reactini the intermediate XII 
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XII 
5 

with compounds of the qenera1 formula XIII, 
10 

15 

20 

25 

30 

35 

XIII 

where Ha1 is halogen, for ~xample.bromi.ne, in the presence of a 
base. 

The compounds ·of the general ·formula I, ·where z· is a group 

N 

~] 
and n, p, x, Y, a1, R2 and al have the meanings de&cribed in 
claim 1, are prepared, tor example, by coupling the stannyl 
compounds XIV 

XIV 

with pyrazine deri~kti.ves of the general formula XV 

-O
R2 . R3 

N 
R1 =-' ~~~x~Jl 

N Hal 

xv 

40 where Hal is halogen, preferably bromine, in the presence of a 
suitable pall~dium catalyst '(~.R. Bailey, Tetrahedron Lett. ~ 
( 1986 )·, 4~07 ..:. 4410). Thfi'.! synthesis of the stannyl compounds of 
the formula XIV can·be carried out, for e~ample, starting from 
correspondingly metallated compounds by methods known from the 

45 literature (t.R. Ke11y, C.T. J~goe and z. Gu, Tetrahedron Lett. 
32 (1991), 4263 - 4266). 
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The pyrazine detlvatives of the formula. XV can be prepared by 
methods similar to that for the synthesi~ of the compound IV, 
starting from 2,6-dichloropyrazine. 

5 Examples of particularly pref erred compounds of ~he general 
formula r are 1isted in the tables below. ~he definitions of ~he 
radicals are not particularly preferred only in the special 
combination of radica1s but also for each radical considered in 
isolation. 

10 

15 

20 

25 

30 

35 

40 

45 
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Table 1 R2 z =w R'-0 ~N\rr 0 

x .... s ... 
I.l = D _ 0 N ......._Rs n. 

R.3 = B 
0 

R, R2 .. R" R5 

H 3-CFa H CHs 

H 3-CF3 H ~Hs 

H 3-CFs H n-CaH1 

H 3-CF3 H f-C3H7 

H 3-CFs H n-C4H9. 

H 3-CFs H s-C4H9 

H 3-CFs H t-C,Hs 

H 3-CFs H CsH11 

H 3-CF3 H CeH1s 

H 3-CF9 H Allyl 

H 3-CF;i H Propargyi 

H 9-CFs H Cyclopropyl 

H 3-CFa H Cyclobutyl 

H 3 ... cFs H Cyclopentyl 

H 3-CFs H Cyclohaxyl 

H 3-CFs H CFs 

H 3-CFs H CC ls 

H 3-CFs H CH2CFs 

H 3-CFs H CH2CCl3 

H 3-CFs H CH2CH2F 

H 3-CFs H ~H2CH2CI .. . . 

H 3-:CFs H-- : . •·. CH2CFs 

H 3-CFs H' CH2CCls 

H 3-CFs CH2CH2CHl:'! 

H 3~CF3 CH2(CH2}2CH2 

H 3-CFs CHa(CHa)sCH2 
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.. -~ . .. 
::• ·' -~ ...... 

R1 R2 R' i;S .. • 
.! 

H 3-CFa CH2(CH2),CH2 

H 3-CFs (CH2)20(CH2)2 

H 3-CFs (CHz)2S(CH2)2 

H 3-CFs (CH2)2NH(CH2)2 

H 3-CFs (CH2)2NCHs(CH2)2 

H 3-CFa H CsH4 

H 3-CFs H 2-FCeH,· 

H 3-'CFs H 3-FCsH4 

H 3-CFa H 4-FCeH, 

H 3-CFs H 2-CICeH4 

H 3-CF3 H 3-CICeH4 · 

H 3-CFs H 4-CICeH4 

H 3-CFs H 2,3-F2CeHs 

H 3-CF3 H 2,4-F2CeHs 

H 3-CFs H 2,3-Cl2CsHs 

H 3-CFs H 2,4-Cl2CeHa 

H 3;._CFs H 2-CH3CeH4 

H 3~C~s H 3-CHsCeH4 

H 3-CFs H ~-CH:sCeH4 

H 3-CFs H 2-0CHsCaH• 

H 3-CFs H 3-0CHaCsH.J 

H 3-CFs H 4-0CHaCsH4 

H 3-CFs H 2-CF3C5H4 

H S-CF3 H S-CF8C8H4 

H 3-CFa H 4-CFsCeH4 

H 3-CF3 H 2-N02CsH, 

. .. . .~ ·-· 
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RS .. R, R~ R' , 
..t 

H 3-CFs H 3-N02CeH, 

H 3-CFs ·H 4-N02Ce~ 

H 3-CFa H 2.:..cNCeH4 

H 3-CF3 H· 3-CNCeH4 

H 3-CF3 H 4,_CNCeH4 

H 3-CFs H 2-SOsHCsH4 

H 3-CFs H S-SOsHCaH4 

H 3:-CFs H 4"-SOsHCeH, 

H S-CFs H OH 

H 3-'-Cfs H OCHs 

H 3..:..CFa H OC2Hs 

H 3-CF3. H OCsH1 

H 3-CFa H 0~4Ha 

H 3-CFs H OCsH11 

H 3-Cfa H OCeH1s 

H S-CF3 H 0Allyl 

H S-CFs H OPropargyl 

H 3-CFs H OCFs · 

H 3-CFs H OCCls 

H 3-CFa H OCH2CH2F. 

H 3-CFs H- · OCH2CH2CI 

H 3...::cFs ,. H OCH2CFs 

H 3..:....cFs H OCH2CCls 

H 3-Cfs H .. ()C5H4 

H s-CFs H 0(2-FCsH4) 

H 3-CFs H 0(3-FCeH4) 
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I·.·:· Rs R, R2 R4 
' 
j 

H 3:-CFs H 0(4-FCeH4) 

H 3-CF3 H 0(2-CIC1H4) 

H S-CF3 H 0{3-CICeH4) 

H 3-Cfs H 0(4-CIC6H,) 

H 3.:.;,.CFs ·H 0(2,3-FzCeHs) 

H 3-'CFs H 0(2,4-F2CeHs) 

H 3-CFs H 0(2,3-ClzCeHs) 

H 3-CFa H 0(2,4-Cl2Celi3} 

H 3-CFs H 0{2-CFsCaH,) 

H 3-CFs H 0(3-CFaC1H4) 

H 3-CFe H 0(4-CFsCsH4) 

H 3-CFs H NH2 

H 3-CFs H NHCHs· · 

H 3 ....... Cfa H NHC2Hs 

H 3•Cf3 H NHCsH1 

H 3-CFs H NHC,He 

H 3-CFs H NHCsH11 

H 3-CFa H NHCeH1a 

H 3-CFs H NHAllyl 

H 3-CFa H NHPropargyl 

H 3-CFs H NHCFs 

H 3-CFs H NHCCls 

H 3-CFs H NHCH2CH2F ... . . .. 

H 3-~Fs H NHCH2CH2CI 

H 3-CFs. H NHCH2CFs 

H 3-C~s. H. NHCH2CCl3 
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'.·· 

R1 Ra .· : .-~ R4 Fl5 
.. 
~ 

H 3-CFa H NHCsH4 

H 3-CF3 H NH(2-FCsH4) 

H 3-CFs H NH(3-FCsH4) 

H 3-CF3 H NH(4-Co~) 

H 3-CFa H NH(2-CICeH4) 

H 3-CFs H NH(3-CICeH4} 

H 3-CFa H NH(4-CICeH.1) 

H 3-CFs ·H NH(2,S-F2CeHs) 

H 3-CFa H NH(2,4-F2CsHal 

H 3-Cfs· H NH(2,3-Cl2CsHa) 

H 3-CFs H NH(2,4-Cl2CeHs} 

H 3-CFs H NH(2-CFsCeH4) 

H 3-CFs H NH(3-CFsCsH4) 

H 3-CFs H NH(4-CF3CeH4) 

H 3-CFs H (CH2)20H 

H 3-CFs: H (CH2)20CHa 

H 3-Ci=s H (CH2)2C~H 

H 3-CFa H (CH2)!C02CHa 

H 3-CFs H (CH2)2CN 

H 3-CFs H (CH2)2NH2 

H 3-CFs H (CH2)2NHCHs 

H 3-Cfs H (C~)2N(CHs)2 
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.. . 
.. •.·I ·~~· .. R1 R2 R" -

J 

H 3-CFs H Gly-OtBu 

H S-CF3 H Gly 

H 3-CFs H Ala-OlBu 

H 3-CFs K Ala 

H 3-C~s· H Val-OtBu 

H S-CF3 H Val 

H 3-CFs H Phe-OtBu 

H 3-CFs H Phe 

H 3-CFs H Pro-OtBu 

H 3.....:CFs H Pro 

H 3-CFs H Ser 

H 3-CFs H Cys 

H 3-CF3 .. ·H Asp 

H 3-CF8 H. Tyt 

H 3-CFs H Try 
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R1 RZ R• F(s 
.. 
-t 

H 3-CFa CH3 CHs 

H 3..;.CFs CHs C2H15_ 

H 3-CF:s CHs n-CaH7 

H 3--CF3 CH3 i""'"C3H7 

H 9-CF9 ·.CHa n-C4Hg 

H 3-CF3 CH3 s-C4Hs 

H 3-CFa .CHa t-C~ 

H 3-CFs CH a CsH11 

H 3-CF:a CH3 CaH1s 

H 3-CF8 CH3 Allyl 

H 3-CFs CHs Propargyl 

H 3-CFa CH a Cyclopropyl 

H. 3·-CFs ··CH a Cyclobutyl 

H 3-CFs CHa Cyclopentyl 

H 3-CFs CHs CycJohe>:CYI 

H 3-.;CFs CHs CF3 

H 3-CFs CH3 CCl3 

H 3-CFs CH3 CH2Cf3 

H 3-CF3 CH3 CH2CCls 

H 3-CFs CHs CH2CH2F 

H 3-CF3 CHs CH2CH2CI 

H ~"."'CFs ~Hs QH2CF3 

H .3-:-~Fs. CH8 . .CH2CCls 

... 
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R' R~ R4 F45' , 

.r 

H 3-CFs CHs CeH4 

H 3-CFa CHs 2-FCeH4 

H 3-CFs CH3 S-FCaH• 

H 3-CFs CHa 4-FCsH4 

H 3-CF3 CHs . 2-CICaH4 

H 3-CFs CH3 3-CICeH4 

H 3-CF8 CHs 4-CICsH4 

H 3-'CFs CH3 2,3;_ F2CsHa 

H 3-CF3 CH3 2,4-F2CaHs 

H 3~CFs CHs 2,3-Cl2CaHs 

H 3-CFs CH3 2,4-Cl2C6H3 

H S-CFs CH a 2-CHsCaH• 

H 3-C~s CH3 3-CHsCa~ 

H s~CFs CH3 4-CHsCsH4 

H 3-CF3 CHs 2-0CHsCeH4 

H 3-CFs CHs 3-0CHaCesH4 

H 3-CFs CH3 4-0CH3C15H4 

H 3-CFs CHs 2-CFsCeH, 

H 3-CFs CHa 3-CFsCeH• 

H 3-CFs CHs 4-CF3CeH• 

H 3-CFa CHs. 2-N02CeH4 
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R1 R2 R4 RS 
' 
"' 

H 3-CFs CH3 S-N02CsH4 

H 3-CF3 CHs 4-N02CsH, 

H 3-CFs CHs 2-CNCeH, 

H 3-CF3 CHs . 3-CNCeH4 

H 3-CF3 CHs 4-CNC6H• 

H 3-CFs CHa 2-S01HCsH, 

H 3-CF3 CH3 3-SOsHCeH, 

H 3-CFs CHs 4-SOsHCsH4 

H 3-CF3 CHs OH 

H 3-CF3 CHs OCH a 

H 3-CFs CHs OC2Hs 

H a-a::3 CHs OCsH1 

H 3-CFa CH· 3. OC4He 

H 3-CF3 CHs . OCsH11 

H 3-CFs CH a OCsH1a 

H 3-CF3 CHs OAllyl 

H 3-CFs CHs OPropargyl 

H 3-CFs CHa OCFs 

H 3-CFa CHa OCCl3 

H 3~CF9 CHa OCH2CH2F 

H 3-CF3 CHs OCfiaCHzCI 

H S-CF3 CHa OCH2CFa 

H 3-CFs ~Hs OCHzCCls 

H 3-CFa. _C~3 OCsH4 -...... 

H S-CFa CHs 0(2-FCeH,.) 

H S-CF8 CHs 0{3-FCeH4) 
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R1 R2 R4 RS 

.. 
H 3-CFs CHs 0(4-FCsH4) 

H 3-CF3 CH a 0(2-CICeH.s) 

H 3-CFs CH a 0(3-CICeH4) 

H 3-CFs CH3 0(4-CICeH4) 

H 3-CFa CHs 0(2,3-F2CsHs) 

H 3-CF3 CH a 0(2,4-F2CaHsJ 

H 3-CFs CH a 0(2,3-Cl2CeHs) 

H 3-CFa CH a 0(2,4-ClzCeHa) 

H 3-CFa CHs 0(2-CF3CaH4) 

H 3-CFa CHe 0(3-CFsCsH.d 

H 3-CFa CH a 0(4-CFsCeH4) 

H S-CFa CHs NH2 

H 3-CFs CHs NHPHs 

H 3-CFs CHs NHC2Hs 

H 3-:-Cfa CHa NHCa~· · 

H 3-CFs CHa NHC~9 

H 3-CFs CHs NHC5H11 

H 3-CFs CHa NHCeH1s 

H 3-CFs CHa NHAllyl 

H 3-CFs CHs NHPropargyl 

H 3-CFa CH3 NHCFs 

H 3-CFa CH a NHCCls 

H 3-CFs CH a NHCH2CH2F 

H 3-CFs CHs NHCH2CH2CI 

H 3-CFs CHs NHCH2CFa 

H 3-CFs CHs NHCH2CCl3 
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R' R2 R4. Rs 

' . 
H 3-CFa CHa NHCsH4 

H 3-CFs. CHs NH(2-FCsH4) 

H 3-CFs CHs NH(3-FCeH4) 

H 3-.CFa CHs NH(4-CeH4) 

H 3-CFs CHs NH(2-CICaH4) 

H 3-CF3 CHs NH(3-CICeH,) 

H 3-CFs CH3 NH(4-CICsH,) 

H 3-CFs ·CHa NH(2,3-F2CeHs) 

H 3-CFs CHs NH(2,4-F~aHs) 

H S-CF3 CHs NH(2,3-Cl2CeHs) 

H 3-CFa CHs· NH{2,4-Cl2CsHs) 

H 3-CFs. CHs NH(2-CFsCaH4) 

H 3-CFs CHs NH.(3-CFsCeH,) 

H 3-CFs CHs NH(4-CFsCeH,) 

H 3-CFs CHs (CH2)20H 

H 3-CFs CHs (CHz>20CH3 

H 3-CFs CH3 (CH2)2C02H 

H 3-CFs CHs (CH2)2C02CHs 

H 3-CFs CH a (CH2)2CN 

H 3-CF3 CHs (CH2)2NH2 

H 3-CFa CHs·. (CH2)2NHCHs 

H 3-CFs CH3 (CHa)2N(CHs)2 

... 
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R1 R2 R4 Rs 

"' 
H 3-CFs CHa Gly-OtBu 

H 3-CFs CH3 Gly 

H 3-CFa CH3 Ala-OtBu 

H 3-CFs CHa Ala 

H 3-CFa CHs Val-OtBu 

H s-CFs CH3 Val 

H 3-CFs CHs Phe-Ot:Bu 

H 3-CFs CHs Phe 

H 3-CFs CHs Pro-OtBu 

H 3-CF3 CHa Pro 

H 3-CF3 CHs Ser 

H 3-CFa CHs Cys 

H 3-CFa CHs Asp 

H 3-CF3 OH a Tyr 

H 3-CFa CHa Try 
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R, R2 R4 RS 
.. 
,; 

2-F 4-F H CHs 

2-F 4-F H C2Hs 

2-F 4-F H n-CaH1 

2-F 4-F H l-C3H7 

2-F 4-F H n-C4H; 

2-F 4-F H s-Cqie 

2-F 4-F H t-C,He 

2-F 4-F H CsH11 

2-F 4-F H CsH1s 

2-F 4-F H Allyl 

2-F 4-F H Propargyl 

2-F 4-F H Cyclopropyl 

2-F 4-F H Cyclobutyt 

2-F 4-F H Cyclopentyl 

2-F 4-F H Cyclohexyl 

2-F 4-F H CFs 

2-F 4-F H CCl3 

2-F 4-F H CH2CF3 

2-F 4-F H CH2CCls 

2-F 4-F H CH2CH2F 

2-F 4-F H CH2CH2CI 

2-F 4-F H CH2CF3 
• 

2-F 4-F H CH2CCls 

2-F 4-F CH2CH2CH2 

2-F 4-F CH2(CH2)2CH2 

2-F 4-F CHa(C~sCHz 
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R1 R2 Re RS , 
:i 

2-F 4-F CH2(CH:UoCH2 

2-F 4-F (CH2)20(CH2)2 

2-F 4-F (CH2)2S(CH2)2 

2-F 4-F (CHz)2NH(CH2)2 · 

2-F 4-F (CHz)2NCHs(CH2.)2 . 

2-F 4-F H CeHc 

2-F 4-F H 2-FCeH, 

2-F 4-F H 3-FCeH, 

2-F 4-F H 4-FC11H4 

2-F 4-F H 2-CICsH4 

2-F 4-F H 3-CICis~ 

2-F 4-F H 4-CICeH4 

2-F 4-F H 2,3-F2CeHs 

2-F 4-F H 2;4-F2CsHs 

2-F 4-F H 2,3-Cl2CeHs 

2-F 4-F H 2,4-Cl2CeHs 

2-F 4-F H 2-CHsCeH4 

2-F 4-F H 3-C~CeH4 

2-F 4-F H 4-CHsCsHc 

2-F 4-F H 2-0CH3CeH4 

2-F 4-F H 3-0CHsCeH• 

2-F 4-F H 4-0CHsCsHi1 

2-F . 4-F H· 2-CFsC1H4 

2-F 4....:F H 3-CFsCaH4 

2-F 4..:..F ,H. 4-CF,CSH,· 

2-F 4-F H. 2.:...NOzCs~ 
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R1 R2 R' Ris 
' 
~ 

2-F 4-F H 3-N02CeH4 

2-F 4-F H 4-N02CeH4 

2-F 4-F H 2-CNCeH, 

2-F 4-F H 3-CNCeH, 

2-F 4-F H 4-CNCsH, 

2-F 4-F H 2-SOaHCsH, 

2-F 4-F H 3-SOaHCeH• 

2-F 4-F H 4-S03HCeH4 

2-F 4-F H OH 

2-F 4~F H OCHs 

2-F 4-F H O~Hs 

2-F 4-F. H OCsH7 

2-F 4-F H OC4H9 

2-F 4-F H OCsHn 

2-F 4-F H OCaH1a 

2-F 4-F H OAllyl 

2-F 4-F H OPropargyl 

2-F 4-F H OCFa 

2-F 4-F H OCCls 

2-F 4-F H OCH2CH2F 

2-F 4-F H OCH2CH2CI 

2-F 4-F H OCHzCF3 

2-F 4-F H OCH2CCla 

2-F 4-F H OCaH, 

2-F 4-F H 0(2-FCeH4,) 

2-F 4-F H 0(3-FCaH4l 
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R1 R2. R' f15 
.. 

..! 

2-F 4-F H 0(4-FCsH,U 

2-F 4-F H 0(2-CICeH4) 

2-F 4-F H 0(3-CICsH4) 

2-F 4-F H 0(4-CICeH4} 

2-F 4-F H 0(2,S-F2CeHs) 

2-F 4-F H 0(2,4-F2CeHs) 

2-F 4-F H 0(2,3-Cl2CsHs) 

2-F 4-F H 0{2,4-Cl2CsHs) 

2-F 4-F H 0(2-CFsC8H4) 

2-F 4-F H 0(3-CFsC&H4) 

2-F 4-F H 0(4-CFsCsH4l 

2-F 4-F H NH2 

2-F 4-F H NHCHa 

2-F 4-F H NHC2Hs 

2-F 4-F H NHCsH1 

2-F 4-F H NHC,Ha 

2-F 4-F H NHCsH11 

2-F 4-F H NHCeH13 

2-F 4-F H NHAllyl 

2-F 4-F H NHPropargyl 

2-F 4-F H NHCFs 

2-F 4-F H NHCCls . 
2-F 4-F H NHCH2C~F 

2-F 4.:..f . .. .. ' . - . ~ ····· .. H NHCH2CH2CI 

2-F 4-F H NHCH2CF3 

2-F 4-F H Nl-fC~CCls 
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R, R2 A', Rs 
.. 

.:: 

2-F 4-F H NHCsH4 

2-F 4-F H NH(2-FCsH4) 

2-F 4-F H NH(3-FCeH4} 

2-F . 4-F H NH(4-CeH4) 

2-F 4-F H NH(2-CICsH4l 

2-F 4-F H NH(3-CICaH4) 

2-F 4-F H NH{4-CICaH4) 

2-F 4-F H NH(2,3-F2CeHa) 

2-F 4-F H NH(2,4-F2CeHs) 

2-F 4-F H NH(2,3-Cl2CeHs) 

2-F 4-f: 1-i NH(2,4-Cl2CeHs) 

2-F 4-F H NH{2-CFaCeH4) 

2-F 4-F H NH(8-CF3C5H4) 

2-F 4-F H NH(4-CFsCeH.J 

2-F 4-F H (CH2}20H 

2-F 4-F H (CHz)20CHs 

2-F 4-F H (CH2)2C02H 

2-F 4-F H (CH2)2C02CH3 

2-F 4-F H (CH2)2CN 

2-F 4-F H (CHa)2NH2 

2-F 4-F H (CH2)2NHCHs 

2-f 4-F H (CHa)2N(CHa)2 
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R1 R2 R' fi5 
' ~ 

2-F 4-F H Gly-OtBu 

2-F 4-F H Gly 

2-F 4-F H Ala-OtBu 

2-F 4-F H Ala 

2-F 4-F H Val-OtBu 

2-F 4-F H Val 

2-F 4-F H Phe-OtBu 

2-F 4-F H Phe 

2-F 4-F H Pro-OtBu 

2-F 4-F H Pro 

2-F 4-F H Ser 

2-F 4-F H Cys 

2-F 4-F ..... H Asp 

2-F 4-F H lYr 

2-F· 4-F H Try 
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R' R2 R4 Rs . .. 
2-F 4-F CH3 CH3 

2-F 4-F CHs ·C2Hs 

2-F 4-F c~ n-C:sH1 

2-F 4-F CH:t i-C:!IH7 

2-F 4-F CHs n-C4Hg 

2-F 4-F CHs s-C,Hg 

2-F 4-F CHs t-C4Ha 

2-F 4-F CHs CsH11 

2-F 4-F CHs CsHis 

2-F 4-F CHs AJlyt• 

2-F 4-F CHs Propargyl 

2-F 4-F CHe Cyclopropyl 

2-F 4-F CHs Cyclobutyl 

2-F 4-F CHs Cyclapentyl 

2-F 4-F CHs Cyclohexyl 

2-F 4-F CHa CFa 

2-F 4-F CHs COis 

2-F 4-F CH3 CH2CFs 

2-F 4-F CHa CH2CCla 

2-F 4-F CHs CH2CH2F 

2-F 4-F CHs CH2CH2CI 

2-F 4-F CHs CH2CFs 

2-F 4-F CH3 CH2CCls 
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R, R2 A' RS 
,,. 
.i 

2-F 4-F CHs Ce~ 

2-F 4-F CHs 2-FCsH• 

2-F 4-F CHs 3-FCeH4 

2-F 4-F CHs 4-FCaH, 

2-F 4-F CHs 2-C1CsH4 

2-F 4-F CH3 3-CICaH4 

2-F 4-F CH,, 4_;,CICeH4 

2-F 4-F CHa 2,3-FzCeHa 

2-F 4-F CHs 2,4-F2CeHs 

2-F 4-F CHs 2,3-ClzCeHs 

2-F 4-F CH3 2,4-Cl2C1Hs 

2-F 4-F CHa 2-CH3CeH4 

2-F 4-F CHa 3-CH3CeH4 

2-F 4-F CHs 4-CHaCeH4 

2-F 4-F CH3 2-0CHaCsH, 

2-F 4-F CHa 3-0CH3C8H4 

2-F 4-F CHs 4-0CHaCeH4 

2-F 4-F CHs 2-CFsC1H4 

2-F 4-F CHs 3-CFaCaH4 

2-F 4-F CHa 4-CF3CeH4 

2-F 4-F CHs 2-N02Cs~ 
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R1 R2 R4 Rs 
, . 

2-F 4-F CH3 S-N02CeH4 

2-F 4-F CHs ·4-N02CeHi1 

2-F 4-F CHs 2-CNCeH4 

2-F 4-F CH8 3-CNCeH4 

2-F 4-F CHs 4-CNCeH, 

2-F 4-F CH a 2-SOsHCeH, 

2-F 4-F CHs 3-SOaHCeH4 

2-F 4-F CHs 4-SOsHCsH4 

2-F 4-F CH a OH 

2-F 4-:F CH3 OCHs 

2-F 4-F CHs OC2Hs 

2-F 4-f CHs OC3H7 

2-F 4-F c~ OC4H9 

2-F 4-F CH a OCsH1.1 

2-F 4-F CH3 OC&H1s 

2-F 4-F . CH8 OAllyl 

2-F 4-F CHs OPropargyl 

2-F 4-F CHa OCF3 

2-F 4-F CHs OCCls 

2-F 4-F CH8 OCH2CH2F 

2-F 4-i= C~s. OCH2CH2CI 

2-F 4-F CHa OOH2CF3 

2-F 4-F CH a OCH2CCla 

2-F 4-F CH a O_CeH4. 

2-F 4-F CHs 0(2-FCeH,) 

2-F 4-F CHs 0(3-FCsH.i) 
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R1 R2 R4 f%i5 
, . 
.! 

2-F 4-F CHa 0(4-FCeH4) 

2-F 4-F CHs 0(2-CICeH4) 

2-F 4-F CH3 0(3-CICeH•) 

2-F 4-F CHe 0(4....;CICaH4) 

2-F 4-F CHs 0(2,3-F2CsH3) 

2-F 4.....:F CHs 0(2,4-F2CaHs) 

2-F 4-F CHs 0(2,3-Cl2CeH3) 

2-F 4-F CHs 0(2;4-Cl2CeHs) 

2-F 4-F CH a 0(2-CFaCeH4) 

2-F 4-F CHs 0(3-CFsCeH4) 

2-F 4-F CH3 0(4-CFaCaH4) 

2-F 4-F CHs NH2 

2-F 4-F CHs NHCHs 

2-F 4-F CHa NHC2Hs 

2-F 4~F CHs NHC3H7 

2-F 4-F CHa ·NHC~1 

2-F 4-F CH3 NHCsH11 

2-F 4-F CH3 NHCeH1s 

2-F 4-F CHa NHAllyl 

2-F 4-F CH8 NHPropargyl 

2-F 4-F CHa NHCFe 

2-F 4-F CHs NHCCla 
I 

2-F 4-F CHs NHCH2CH2F 

2-F 4-F CH:a NHCH2CH2CI 

2-F 4-F . CHs NHCH2CF3 

2-F 4-F CH3 NHCH2CCla 
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R' R2 R• R5 
,. 
~ 

2-F 4-F c~ Gly-OtBu 

2-F 4-F c~ Gly 

2-F 4-F CHs Ala·OtBu 

2-F 4-F CHs Ala 

2-F 4-F CHs Val·OtBu 

2-F 4-F CH a Val 

2-F 4-F CHa Phe-OIBu 

2-F 4-F CH a Phe 

2-F 4-F CHs Pra-OtBu 

2-F 4-F CHs Pro 

2-F 4-F CHs Ser 

2-F 4-F CHs Cys 

2-F 4-F CHa· Asp 

2-F 4-F CHs Tyr 

2-F 4-F CHs Try 
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Table 21 

z = c 
II 
0 

:r. 3 x = OCB2 
n = l 
R3 = H 

Compounds of the formula I.3 in which the combination of radicals 
a1, J.2, :R,4 and as co:r:J:esponds in each case to a line of the above 
Tab1e 1 (eg. Rl • B, R2 • 3-Cf3, R4 =Band as= CH3, etc.). 

15 Table l: 

R2 . 

20 R'-0·. I . ~N~I i ~ A . N :C.4 
S N . '-Rs 

. . ., : . 
s 

z = c 
II 
s 

x = s 
D. = 0 
:a,3 = a 

Com.pounds of the fo:r:mula 1.4 in which the eombination of radicals 
25 Rl, R2, R4 and as corresponds in each case to a line of the above 

Table 1 (eg. Rl • B, R2 = 3-CF3, R4 =Hand Rs= CB3, etc.). 

30 

35 

40 

45 

Table 4: 

z - c II 
0 

X = S02 
n = O 
R3 = B 

Compounds of the formula I.6 in which ~he combination of radicals 
Rl, R2, R4 and as corresponds in each case to a line of the above 
Table l (eg. a1 = H, R2 = 3-CP3, R4 =Hand RS= CH3, etc.). 
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Table S: 

AZ 

5 R1-h· . f'N\rr 
~ . A N 1.7 

· S02 N '-Rs 
~ . . . . . 

s 

s 
X = S02 
n "" 0 
R,l """ B 

10 Compounds of the formula I.-7 in which the combination of radicals 
Rl, R2, R4 and Rs c:orr:espo~ds .in .ei:lch case 1;.o a line of the above 

Table l (eg. Rl •. H, .~? ·.·3_-~3 , R4 =: B and RS ""' CB3 etc.). 

Table 6= 
15 

R2 

20 
R-0 J:N" N 

x N~I 
' Y-(CHi)p 

I.B 

. . . 

.. 

Rl R2". ~-
y x 

25 H J-CF3· 2 0 0 

B 3-C:F3 3 0 0 .. 

2-F 4•!' 2 0 0 ... 

2-F 4-F 3 0 ·O 

30 
H J-CF3 2 s 0 

H 3-Cf 3 3 s 0 

2-!' 4.:....F 2 s 0 

2-F 4-F 3 s 0 

H 3-CFJ. 2 0 s 
35 H 3-CF3 3 0 s 

2-F 4-F 2 0 s 
2-F 4-F 3 0 s 

H 3-CF!, 2 s s 
40 H 3-CF3 3 s s 

2-P ·4-F 2 s s 
2-F 4-F 3 s s 

45 
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Table 7: 
Ra. : 

R~ ,f· 
.:t • 

5 

. ~I .J:ky~ I.9 

·X N /" . . I 
y 

10 
Rl R2 y x 
B 3-CP3 0 0 

H 3-CF3 0 0 

2-F 4-F · 0 0 .. 
15 2-!' 4-!' 0 0 

H 3-CF3 s 0 

H l~CP3 .. s 0 

2-F 4-l!' s 0 

20 2-P 4-!' s 0 

H 3..;,CJ:!'3 0 s 
H 3-CF3 0 s 

2-!' 4-F 0 s 
25 2-F 4-F 0 s 

H 3-CF3 s s 
B 3-CP3 s s 

2-F 4-F s s 
2-f .. 4-!' s s 

30 
.. 

35 

40 

45 

'. ··... ..~ .. . . ~ 
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Table 8 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

3-CFs 

3...:.Cfa 

3-CFs 

3-CFs 

3-CF3 

3-CF3 

3-CFs 

3-CF3 

3-CF3 

3-CFs 

3-CFs 

3-CFa 

3-CFa 

3-CFs 

3-CF19 

3-CF3 

3-CF3 

S"":"Cfs 

3-CFa 

3-CFa 

3-CFs 

3-CFs 
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R' 

H 

H 

H 

H 

H 

·H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CH3 

~Ho 

n-C8H7 

i-C3H7 

n-C,H9 

s-C4Hg 

t-C4Hs 

. CsH11 

CeH1s 

Allyl 

Propargyl 

Cyclopropyl 

Cyclobutyl 

Cyclopentyl 

Cyclohexyl 

CFs 

CC la 

CH2Cf3 

CH2CCls 

CH2CH2F 

CH2CH2CI 

CH2CFa 

z = c 
II 
0 

x 1111 0 
n = a 
Jt3 = a 
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R1 R2 R' R5 
; 

H 3-CFs H CHaCCls 

H 3-CFs CH2CH2CH2 

H 3-CF3 CH2(CH2)2CH2 

H 3-CFs CHz(CH2)sC~ 

H 3-CFs CH2(CH2)4CH2 

H 3-CF8 (CHa)20(CH2)2 

H 3--CFa (CH2)2S(CH2)2 

H 3-CFs : (CH2)2NH(CH2)2 

H 3-CFs · (CH2)2NCHs(CH2)2 

H 3-CF3 H C8H4 

H 3-CFs H 2-FCeH4 

H 3-CFs H 3-fCsH, 

H 3-CF8 H 4-FC8H, 

H S-CF3 H 2-CICaH, 

H 3-CF8 H 3-CICeH4 

H 3-CFs H 4-CICsH, 

H S-CFs H 2,3-F2CeHs 

H 3-CFs H 2,4-F2CsHs 

H 3-CF8 H 2,3-Cl2C8H3 

H 3-CFa H 2,4-Cl2CaHs 

H 3-CFs H 2-CHaC6H4 

H 3-CF3 H 3-CHsCaH4 

H 3-CFs H 4-CHsCeH4 

H 3-CFs H 2-0CH8C8H4 

H 3-CF3 H 3-0CHsCaH4 

H 3-CFa H 4-0CHsCaH• 

.. 
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R1 R2 R" Rs 

H 3-CFs H 2-CFsCsH4 

H 3-CFa H s-CFsCeH4 

H 3-CF3 H 4-CFsCs~ 

H 3-CFs H -2-N02CsH4 

H 3-CFa ·H ·3.;;.N02CaH4 

H S-CFs H 4-N02CsH4 

H 3-CF:11 H 2-CNCeH• 

H 3-CFs H 3-CNC15H4 

H 3-CFs H 4-CNCeH4 

H 3-CFs· H 2-·sosHCsH4 

H 3-CF3 H s-SOsHCeH4 

H 3-CFs H ·4-SOsHCs~ 

H 3-CF3 H OH 

H 3-CFs H OCHs 

H 3-CFs H OC2Hs· 

H 3-CFa H OC,sH7 

H 3-CFs H OC4Hs 

H 3-CFs H OCsH1t 

H 3-CFs H OC1H1s 

H 3-CF3 H OAllyl 

H 3-CFs H OPropargyl 

H s-CF8 H OCF3 

H 3-CFs H OCCls 

H 3-CFs H OCH2~H2F .. . . 

H 3-:-CFa H OCH2CH2CI 

H 3-CFa H OCH2CF3 
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R1 R2 R' As 
3 

H s-bFa H NHCH2CH2F 

H 3-Cfs H NHCH2CH2CI 

H 3-CFs H NHCH2CFs 

H S-CFs H NHCH2CCls 

H 3-CFs H NHCaH4 

H 3-CFs H NH(2-FCsH4) 

H 3-CF8 H NH(3-FCeH4) 

H 3-CFs · H NH(4-CaH4) 

H 3-CFs H NH(2-CJCgH,) 

H 3-CFa H NH(3..;C1Cali.\) 

H 3-CFs H NH(4-CICsH.) 

H S-CFs H 'NH(2,3-F2CeHs) 

H 3-CFs H NH(2,4-F2CeHs) 

H 3-CFa H NH(2,3-Cl2CeHs) 

H 3-CFs H NH(2,4-C'2CsHs) 

H 3-CFa H NH(2-CF3CeH.t) 

H 3-CF:a H NH(3-CF3CeH4) 

H 3-CFs H NH(4-CFsCe~) 

H S-CFs H (CH2)20H 

H 3-CFa H (CH2)20CH3 

H s-CFs H (CH2)2CO~H 

H 3-Cfs H (CH2)2C02CHs 

H 3-CFs H (C!'i2)2CN 

H 3-CFa H (CH2)2NH2 

H 3-CFa H (CH2)2NHCH3 

H 3-CFa ·H (CH2)2t.il(CHs)2 
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R1 R2 R' F{S 
, 
.l 

H 3-CF3 H Gly-OtBu 

H S-CFs H Gly 

H 3-CFa H Ala-OtBu 

H S-CFa H Ala 

H 3-CF3 -H Val-OtBu 

H S-CFs H va1 

H 3--Cfs H Phe-OtBu 

H 3-CF3 H Phe 

H 3-CFs H Prt>OtBu 

H 3.....:CFa H Pro 

H 3-CFs H Ser 

H 3-Cfa H Cys 

H 3-CFs H Asp 

H 3--CFs H Tyr 

H 3-CF3 H Try 
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R1 R2 R4 RS 
• 
~ 

H S-CF8 CHs CHs 

H 3-CF3 c~ C2Hs 

H s-eFs CH3 n-CsH7 

H 3-CFs CH3 i~CsH1 

H 3-CFs CH, n-C4H9 

H 3-CFs CHa s-C,Hs 

H 3-CFs CHs t-C.H9 

H 3-CFs CHa CsH11 

H 3--CFs CHs CeH13 

H 3-CFs CHs Allyl 

H 3-CFs c~ Propargyl 

H 3-CFs CHs Cyclapropyl 

H 3-CFa CH3 cyclobutyl 

H 3-Cfs CH3 Cycfopentyl 

H 3-CFa CHs Cyclohexyl 

H 3-CFa CHs CF3 

H 3-CFs CH3 CCls 

H 3-CFs CH3 CH2CFs 

H 3-CFs C~a CH2CCl3 

H 3-CFs CHs CH2CH2F 

H 3-CF3 C~a CH2CH2CI 

H 3-CFa CH3 CH:tCFs 

H 3-CFs CH3 CH2CCls 
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R1 R2 R' Rs . 
.? 

H 3-CFs CHs CsH, 

H 3-CFs CHs 2-FCsH4 

H 3-CFa CHa 3-FCeH• 

H 3-CFs CHs 4-FCeH, 

H 3-Cfs CHa 2-CICeH, 

H 3-CFs CH3 3-CICeH. 

H 3-CF3 CHs 4-CICe~ 

H 3-CFa CHs 2,3-FzCeHa 

H 3-CFa CHs 2,4-F2CeHs 

H 3-CFs CHs 2,3-Cl2CsHs 

H 3-CFs CH8 2,4-Cl2Ce~ 

H 3-CFa CH a 2-CHs0sH4 

H 3-CFs CHs 3-CHaCeH, 

H 3-Cfs CHs 4-CHsCsH, 

H 3-CFs CHs 2-0CH3C6H, 

H 3-CFa CHa S-O~CeH. 

H s-CFs CHs 4-0CHsCeH4 

H 3-CFa CHs 2-CFaCefi4 

H 3-CFs CHa 3-CF3CeH. 

H 3-CFs CH a 4-CFsCeH, 

H 3-CFs CHs 2-N02CaH4 
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R1 R2 R4· RS 
.,,. 
.I 

H 3-CFa CH a 3-N02Ce~ 

H 3-Cfa CHs 4-N02CeH4 

H 3-CFs CH a 2-CNCsH4 

H 3-CFs CH8 3-CNCaH4 

H 3-CF3 CHs 4-CNCeH4 

H 3-Cfa CH3 2-SOsHCeH4 

H s-CFs .CHs 3-SOaHC5H4 

H 3-CF3 CHs . 4-SOsHCs~ 

H 3-CFa CH a OH 

H 3-CFs CH3 OCHs 

H 3-CFs CH3 OC2Hs 

H 3-CFa CH8 OCsH1 

H 3-CF3 CHa OC4He 

H 3-CF3 CH3 OCsH11 

H 3-CFs CHa OC.H1s 

H s~CFs CHs OAllyl 

H 3-CFa CH3 OPropargyl 

t-i 3-CF3 CHs OCFs 

H 3;...cFs CHa OCCls 

H 3·-CF3 CHa OC~CHzF 

11 3-CFs CHs OCH2CH2CI 

H. s-CFs CHs OCH2CF3 

H 3-CFa CH a OCH2CCl3' 

H 3-CFa CHa OCeH4 

H 3-CFs CH a 0(2-FCeH4) 

H 3-CF3 CH3 0(3-FCeH..) 
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R1 R2 R' Rs 
.. 

H S-CFs CHa 0(4-FCeH..) 

H s-:CF8 CHa 0(2-CICaH4) 

H S-CF3 CHs 0(3-CICeH4) 

H 3-CF3 ·cHa 0{4-CICeH4) 

H 3-CFs c~ 0(2,3-FzCeHs) 

H 3-CFs CHa 0(2,4-F2CsHa) 

H 3-CFs CHa 0(2,3-Cl2CsH3) 

H 3-CFs CHs 0(2,4-Cl2CeHs) 

H 3-CFa CHa 0(2-CFaCeH-t} 

H s-CFs CHs 0(3-CFsCeH,) 

H 3-CFa CHa 0(4-CF8CeH4) 

H 3-Cfs CH3 NH2 

H 3-Cfs CHs NHCHs 

H 3-CFs . 'CHs NHc.iHs 

H 3-CFa CHs NHCsH-7 

H 3-CFs CH3 NHC.Ha 

H s-CFs CHs NHCsH11 

H 3-CFa CH3 NHC6H18 

H 3-CFs CHs NHAllyl 

H 3-CF8 CH3 NHPropargyl. 

H 3-CFs CH3 NHCFs 

ti 3-CFa CHs NHCCls 

H 3-CFs .CH3 NHCH2CH2F 

... H 3-CFs CH3 NHCH2CH2CI 

H 3-CFa CH a NHCH2CFs 

H 3-CFs CHs NHCHiCCl:s 
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R1 R2 R4 Rs . 
.i: 

H 3-Cf3 CHs NHC15H4 

H 3-CF3 CHs NH(2-FCsH4) 

H 3-CFs CHa NH(3-FCaH..) 

H 3-CFs CH8 NH(4-CeH4} 

H 3-CFs CHs NH(2-CICsH,) 

H 3-CFs CHs .NH(3-CICeH,) 

H 3-CFs CH3 NH(4-CICeH.4) 

H 3-CFs CHs NH(2,9-F2CeHs) 

H 3-CFa CHs NH(2,4-F2CeHs) 

H 3-CF3 CH3 NH(2,3-Cl2CsHs) 

H 3-CFs CHe NH(2,4-Cl2CsH:s) 

H 3-CFs CHs NH(2-CFsCaH•) 

H 3-CFs CHs NH(S-CFsCsH4) 

H 3-CFs CHa NH(4-CFsCeH•) 

H s-CFs CH a .(CH2)2')H 

H 3:.....CF3 CH3 (CH2)20CHs 

H S-CFa. CHs. (C~)2C02H 

H 3-CFs CH! (CH2)2C02CHs 

H 3-CFa. · CHs (CHz}2CN · 

H 3-CFa CHa (CHz)2N~ 

H 3-CFa CH a (CH2)2NHCH3 

H 3-CFs CHs (CH2}2N(CHa)2 
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R, R2 R4 RS .. 
J: 

H 3-CF3 CHs Gly-OtBu 

H s-cF, CH.a Gly 

H 3-Cf'.a CHa Ala-OtBu . 
H 3-CFs ·CH3 Ala 

H 3-CFs CHs Val-OtBu 

H 3-CF8 CH8 Val 

H 3-CFa CH8 Phe-OtSu 

H 3-CFa CH a Pha 

H 3-CFs CH is Pra-OtBu 

H 3-CF3 CHs Pro 

H 3-CF3 CH3 Ser 

H 3-CF8 CHs Cys 

H 3-CFs CHa Asp 

H S-CF3 CHs Tyr 

H 3-CF:s CH3 Try 
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R1 R2 R' AS 
.1' 

2-F 4-F H CHa 

2-F 4-F H C2Hs 

2-F 4-F H n-C3H7 

2-F 4-F H -i-C3H7 

2-F 4-F M .n-C~; 

2-F 4-F H s-C4H9 

2-F 4-F .H t"'9C,Hs 

2-F 4-F H CsH11 

2-F 4-F H CsH1s 

2-F 4-F H Allyl 

2-F 4-F H Pfopargyl 

2-F 4-F H Cyclopropyl 

2-F 4-F H Cyclobutyl 

2-F 4-F· H · Cyclapentyl 

2-F 4-F H CyolDhexyl 

2-F 4-F H .. CF3 

2-F 4-F H COis 

2-F 4-F H CH2CFs 

2-F 4-F H CH2CCl3 

2-F 4-F H CH2CH2F 

2-F 4-F H CH2CH2CI 

2-F 4-F H CH2CFs 

2-F 4-F H CH2CC'3 

2-F 4-F . CH2CH2CH2 

2-F 4-F . ·C_H2(CHa)2CH2 

2-F 4-F .. Cf12.CCH2)sCH2 
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R1 R2 ·R4 Rs .. 
.2 

2-F 4-F CH2(CH2)4CH2 

2-F 4-F '(CH2)20(CH2l2. 

2-F 4-F (CH2)2S{CHz)2 

2-F 4-F (CHa)2NH(CH2)2 

2-F 4-F (CH2)2NC~(C~)2 

2-F 4-F H CsH, 

2-F 4-F H 2-FCe~ 

2-F 4-F H 3-FCsHo 

2-F 4-F H 4-FC1H, 

2-F 4-F H 2-CICaH4 

2-·F 4-·F H 3-CICeHc 

2-F 4-F H 4,;_CICsH4 

2-F 4-F H 2,3-FzCeHs 

2-F 4-F H 2,4-F2CsHs 

2-F 4...;F H 2,3-~CeHs 

2-F 4-F H 2,4-ClzCsHs 

?-F 4-F H 2-CHaCsH, 

2-F 4-F H 3-CHsC1H4 

2-F 4-F H 4-CHsCsH• 

2-F 4-F H 2-0CHaCaH4 

2-F 4-F H 3-0CH3CaH4 

2-F. 4-F H 4-0CHaCsH4 

2-F 4-F ....... .H. . 2~CF3CsH, 

2-F 4-F H s:..cFsC.H4 

2-F 4-F H 4-CFsCsH4 

2-F 4-F H 2-NOzCsH4 
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R1 R2 R• R5 
' 
:J 

2-F 4-F H S-N02CeH• 

~-F 4-F H 4-N02CsH4 

2-F 4-F H 2-CNCeH4 

2-F 4-F H 3-CNCsH4 

2-F 4-F .H 4-CNPeH4 

2-F 4-F H 2-SOsHCeH. 

2-F 4-F H 3-SOsHC15H4 

2-F 4-F H 4-SOsHC8H, 

2-F 4-F H OH 

2-F 4-F H OCHs 

2-F 4-F H OC2Hs 

2-F 4-F H OCsH7 

2-F 4-F H OC,Hs 

2-F 4-F H OCsH11 

2-F 4-F H OCaHH3 

2-F 4-F H OAllyl 

2-F 4-F H OPropargyl 

2-F 4-F H OCFs 

2-F 4-F H OCCls 

2-F 4-F H OC~CH2F 

2-F 4-F H C?CH2CH2CI 

2-F 4-F H OCH2CFa 

2..:F 4-F H OCH2CCls· 

2-F .4~.F ~ I .. "·• • I • • ...... .H OCeH4 

2-F 4!'"JF H·'· 0(2-FCeH4l 

2-F 4-F· H 0(3-FCeH4) 

.. 
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R1 R2 R4 AS .. 
.; 

2-F 4-F :H ·Gly-OtBu 

2-F 4-F H .Gly 

2-F 4-F H Ala-OtBu 

2-F 4-F H Ala 

2-F 4._F H Val-OtSu 

2-F 4-F H Val 

2-F 4-F H Pha-OtBu 

2-F 4-F H Phe 

2-F 4-F H Pro-OtBu 

2-F 4-F H Pro 

2-F 4-F H Ser 

2-F 4-F H Cys 

2-F 4-F H Asp 

2-F 4-F H 'fyr 

2-F 4-F H Try 

~0:81 l661-N~f-ZC 



0050/45064 

65 

R1 R2 R' Rs . 
.;, 

2-F 4-F CH3 CH3 

2-F 4-F CHs C2Hs 
2-F 4-F CHa n-CsH7 

2-F 4-F CHs l-CsH7 

2-F 4-F CHa . n-C,H9 

2-F 4-F CHs s-C.He 

2-F 4-F CHa t-C4He 

2-F 4-F CH3 CsH11 

2-F 4-F CHs CeH1s 

2-F 4-F CHa Allyl 

2-F 4-F CH a Propargyl 

2-F 4-F CHs Cyclapropyl 

2-F 4-F CH3 Cyclobutyl 

2-F 4-F CHa Cyclapentyl 

2-F 4-F CHs Cyclohexyl 

2-F 4-F CH3 CF8 

2-F 4-F CHs CCls 

2-F 4-F CHs CH2CFa 

2-F 4-F CH a CH2CCls 

2-F 4-F CHs CH2CH2F 
2-F 4-F CH3 CH2CH2CI 

2-F 4~F CH3 CH2CF8 

2-F 4-F · CHs CH2CCla .. - ......... 
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R1 R2 R4 RIS . 
.? 

2-F 4-F CH a CaH,· 

2-F 4-F CHs 2-FCe~ 

2-F 4-F CHs 3-FCa~ 

2-F 4-F CHs 4-FCeH4 

2-F 4-F CHa 2-CICaH4 

2-F 4-F CHa 3-CICsH, 

2-F 4-F CHs 4-CICeH4 

2-F 4-F CHs 2,3-FzCeHs 

2-F 4-F CHs 2,4-F2C6Ha 

2-F 4-F CHs 2,3-Cl2CeHa 

2-F 4-F CHs 2,4-Cl2CaHs 

2-F 4-F CH3 2-CHaCsH4 

2-F 4-F CHa· 3-CH3CeH4 

2-F 4-F CH8 4-CHsCeH, 

2-F 4-F CHs 2-0CH3CeH4 

2-F 4-F CH a 3-0CHsCeH, 

2-F 4-f CH3 4-0CHsCeH4 

2-F 4-F CH a 2-CFsCsHc 

2-F 4-F CHs 3-CFsCs~ 

2-F 4-F CH3 4-CFaCe~ 

2-F 4-F CHs 2-N02CeH, 
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R1 R2 R' RS 
.;. 

2-F 4-F CHs 3-N02CsH4 

2-F 4-F CHs 4-N02CsH4 

2-F 4-F CHs 2-CNCaH4 

2-F 4-F CHs 3-CNCeH4 

2-F 4-F CHs 4"'.""CNCsH4 

2-F 4-F CHs 2-SOaHCeH4 

2-F 4-F CHs 3-SOaHC&H. 

2-F 4-F CHa 4-SOsHC,H, 

2-F 4-f CHs OH 

2-F 4-F CHs OCH3 

2-F 4-F CHa OC2Hs 

2-F 4-F CHs . OCsH7 

2-F 4-F CHa OC4H1 

2-F 4-F CHs OCsH11 

2-F 4-F CH$ OCsH13 

2-F 4-F CHs OAllyl 

2-F 4-F CHa OPropargyl 

2-F 4-F CHs OCFs 

2-F 4-F c~ OCCla 

2-F 4-F CHs OCH2CH2F 

2-F 4-F CHs -OCH2CH2CI 

2-F ·4-F . . . .. .... ·"· ... CHa .. OCH2CF~ 

2-F 4-F CHs OCH2CC!a · 
. ' 

2-F 4-F CHa OC6H4 

2-F 4-F CHs·· 0(2-FCsH4l 

2-F 4-F CHa. 0(3-FCeH4) 
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R1 R2 R4 R5 
' ; 

2-F 4-F CHs NHCeH4 

2-F 4-F CH3 NH(2-FCsH4} 

2-F 4-F CHa NH(3-FCeH.> 

2-F 4-F CHa NH(4-CsH.J 

2-F ·4-F CH8 NH(2.,.CICeH,) 

2-F 4-F CHs NH(3-CICaH4) 

2-F 4-F CHs NH(4-CICesH•) 

2-F 4-F CHs NH(2,3-F2CeHs) 

2-F 4-F CH8 NH(2,4-F2CeHs) 

2-F 4-F CHa NH(2,3-Cl2CsHs) 

2-F 4-F CHa NH(2,4-Cl2CsHa) 

2-F 4-F CHs NH(2-CFsCsH4) 

2-F 4-F ~H3 NH(3-CFsCsH4) 

2-F 4-F CHs NH(4-CFsCsH4) 

2-F 4-F CH3 {CH2}~H 

2-F 4-F CHs (CH2)20CHs 

2-F 4-F CHs (CH2)2C02H 

2-F 4-F CHs (CH2.)2COzCHs 

2-F 4-F CHs (CH2)2CN 

2-F 4-F CHa (CHz}2NH2 

2-F 4-F CHs (CHz}2NHCHa 

2-F 4-F CHs (CHz>2N(CHs)2 
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R, R2 R4 Rs . 
~ 

2-F 4-F CHs Gly-OtBu 

2-F 4-F CH3 Gly 

2-F 4-F CHa Ala-OtBu 

2-F 4-F CHs Ala 

2-F 4-F CH3 · Val-OtBu 

2-F 4-F CH3 Val 

2-F 4-F CHm Phe·OtBU 

2-F 4-F CH8 Phe 

2-F 4-F CHa Pro-OtBu 

2-F 4-F CHs Pro 

2-F 4-F CH3 Ser 

2-F 4-F CHs Cys 

2-F 4-F CHs Asp 

2-F 4-F CH a Tyr 

2-F 4-F CH3 Try 
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5 

10 

. ,.,:. 

71 

R1 

R2 
. 

N , R4" .. 

;(N&k~ 
·O 

J:.11 

0 
x ... s 
n = O 
R3 ·=a 

Compounds of the formula I.11 in which the combination of the 
radicals Rl, R2, R' and ·as corresponds. in ea.ch case to a line of 

15 "tjle above Table 10 {e9. R1 = H, R2 = 3-CF3, k4 = H and as • CH3 

etc:.). , 
'l'able 10: 

R1 
20 

:::;;-"' 

R2 

25 

.,.. . 0 . , 

~ I N 
.N . -....... Rs 

. .. . 
0 . 

:r.12 

z ... c 
II 
0 

X = OCH2 
n = l 
a,l = B 

Compounds of the formula I.12 in which the combination of the 
30 radicals R1, R2, a• and as corresponds in each case to a line of 

the above Table 10 (eg. Rl = H, R2 m 3-CF3, R' = H and as = CH3 
etc.). 

Tabl.e 11= 
35 

40 

45 

00t/0e0·5 £ct£v09 tc9 6v+ 
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Compounds gf the formula I.13 in which the combination of the 
radicals Rl, R2; R4 and RS corresponds in each case to a line of 
the above Table 1 o ( 'eq_. -Rl · = H,. ·Rz = 3-~1'3, R4 ... B and RS ... CH3 

etc.). 

Ta.b1e 12: 

z Ill c 
II 
s 

I.14 
y II!! s 
n = c 
R,3 = B 

Compounds cf the .forl:"ula I.l~ in whi~h the combination of the 
rad.ica1s Rl, R2 r R' and··· as· corresponds in each case to a line of 

20 the above Table lO (i:aq. -R,1 -~ H, R2 "" 3-CF3,. R' • H and RS ;;; CH3 
etc.). 

Table 13: 

25 

I.15 

30 

z = c 
II 
0 

X = S02 
n -= a 
R3 = B 

Compounds of the formula I.15 in which the combination of the 
35 radicals a1, az, R4 and as corresponds in each case to a line of 

the above '!'able 10 (eg. ~1 = ·a,· R.2 ""' J-Ci'3, R' ""' B and as • CH3 
etc.). 

Table 14: 

45 

00t/te0·s £Zt~v09 tc9 6v+ 

c?:~ 
c:x;~,~ 

·. ~.. ··s . 
. . 

s 
I.16 

s0:et l66t-N~r-cc 



5 

10 

15 

20 

25 

30 

35 

40 

. 45 

0050/45064 ·. -~ -· 
. ·'·'• .. ';, 

73 
Compounds of the formula I.16 in which the combination of the 
radicals R1, R2r R,4 and as corresponds ill each case to a line of 
the above ?able 10 (eg. Rl m ff, R2 • 3-CF3 , R4 = H and Rs • CB3 

etc.). 

~abl.e lSz 

t.17 

Rl a2 p y x 
H ~-C!) 2 0 0 

H 3"."CF1 3 0 0 ... 

2-F 4-F ·2 0 0 
". .. ~ ... 

2-F 4-F 3 0 0 

H 3-CF3 .. 2 s 0 

H 3-:-CF3. · 3 s 0 

2-1!' 4-F 2 s 0 

2-P 4-P 3 s 0 

H 3-CF3 2 0 s 
H 3-CF3 3 0 s 

2-r 4-F 2 0 s 
2-F 4-F '-3 0 s 

H 3-CF3 2 s s 
H 3-CF3 3 s s 

2-!' 4-!' 2 s s 
2-F 4-F 3 s s 

00t/2'.s0·s £ct~09 tc9 6~+ . 900:::i tvxaz E:Jl:I .:1s1:1s 90:8t l66t-Nl::lf-GC 
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C:able 16: 

s 
I.18 

10 

Rl ··a2 y x 
H 3.;..C!'3 0 s .. 

H 3•C~'.J 0 s .. .. ... 15 

2-F 4-F 0 s .. 

2-F 4-P 0 s 
H 3-CF3 s s 

20 B l-.C!'3. s s 
2-F 4-1' .. s s 
2-F 4"-F s s 

ff 3.;;.c:r3 0 0 

ff 3-CF3 0 0 
25 2-F 4-F 0 0 

2-F 4-F 0 0 

H l..-CF3 s 0 

H .. · 3..;cr3 s a 
30 2-F· -~ .. 4-F s 0 

2-!' 4"..:p: s 0 

'l'he compounds I and IV or the herbicides containing them, and 
35 their environmentally compatible salts of, for example, alkali 

metals, alkaline earth matals; ammonia or amines, or the herbi­
cides containing them, .ver}- ef f ectivaly control weeds and grass 
weeds in crops such as wheat, rice, corn, soybean and cotton, 
without significantly damaging the crops. This effect occurs in 

40 particular at low appii~~tion rates. 

In view of the V"ersatiiity of the application methods, the 
compounds I and IV or the compositions containing them can also 
be used in a furth~r~riuniber.of crops for eliminating undesirable 

45 plants. For exam.pl~-,. the following crops are suitable: 
Allium cepa, Ana-nas eomos\is·, · Arachis hypogaea, Asparagus 
officinalis, Beta vulgaris'spp. ·altissi.J:na, Beta vulga.:ris spp. 

90:01 l66l-N~r-cz 

, . 
.. 



... 
. ,:)·\' . '·: ··: ' .... ·. ~· 

0050/45064 

75 
rapa., Bra.ssic::~- "napus var. napus, Brassiea napus var. 
napobrassica, Bf'assica rapa var. eilvestris, Camellia. sinensis, 
carthamus tinctoriua~·carya illinoinensis, Citrus li~on, Citrus 
sinensis, Coff~a arabica (Coffea canaphora, Coffea liberica), 

S cucumis -sativus·; Cynodoh dactylon, "_Daucus ca.rota, Elaeis 
guineensia, !'raqa..d .. a. viaaca, Glyc:.ine max, Gossypium hi:rsuturn., 
(Gossypium arboreum, Gossy.pium herbaceum,. Gossypium vitifolium), 
Helianthus annuus, He~ea b~asi1iensis, Bor,deum vulgare, Hum.ulus 
lupulus, Ipomoea l>atatas., Juglans · re9ia., Lens culinaris, Linum 

10 usitatissi.mum, Lycopersicon lycoperslcum, Malus spp., Manihot 
esculenta, Medieago' sativa, Musa spp., 'Nic~tfana tabac::um 
(N.rustica), Olea europa~a, Oryza sativa, Phaseolus lunatus, 
Phaseolus vulgaris, Picea a.hies, Pinus app., Pisum sativum, 
Prunus aviwn, Prunus persica, Pyrus cOinm.unis, Ribes sylvestre, 

15 R.icinus communis, saccharum officinarum, Secale cereaie, Solanum 
tubaroswn, sor9hum bicolor (s. vulgare), Theobroma cacao, Trifo­
lium p:ratense, Triticum.aestivum, '?riticum. durwn., Vicia faba, 
Vitis vinif~ra, Zea mays .•. 

20 In addition, tbe.eompotitids I and IV can also be used in crops 
which have been made substantially resistant to the action ot 
herbicides by b.;o~_ed.in.g and/or by the use cf genetic engineering­
.methods. 

25 The he;bicides or -the .aetiv.~ ingredients c·an be applied by the 
preemergence. or postemergence method. If the active inqredients 
are less well tolerated .. bycertain crops, it is possible to use 
applica~ion methods in which the herbicides are sprayed with the 
aid of the sprayers in such a way that the leaves of the 

30 sensitive c:rops are as f·ar as possible not effected, while the 
active ingredienes reach the leaves of undesirab1e p1ants growing 
underneath or the uncovered soil surface (post-directed, 1ay-by). 

'l'he compounds I. and IV.or the herbicides containing them c:a.n be 
35 used, for example, in ehe form of directly .sprayable aqueous 

solutions, powders, suspensions, including concentrated aqueous, 
oily or other snspensio~s or dispersions, emu1sions, oil disper­
sions, pastes, dusting.agents, broadcasting agen~s or granules, 
by spraying, nebulizing; -~~sting·,· broadcasting or pourinq. The 

40 application for.ms depen~ .on· ~he ".intended uses~ they should in any 
case ensure very .fine distribution of the novel active 
ingredients. 

suitable iner~ assistants for the preparation of directly 
45 sprayable solutions, emulsions, pastes or oil dispersions are 

essentially the following: mineral oil fractions having a medium 
to high boiling point,·sueh as kerosene or diesel oil, and cold 
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t.ar oils and oil.s of veg~table or animal oriqin, al.iphatic, 
cyclic: and aroma.tic· hyd;rocarbons, for ei~pl.e paraffins, 
tetrahydronaphthalene, alkylated naphthalenes or derivatives 
thereof, alkylated benzenes and derivatives thereof, alcohols, 

s such as ~ethanol, ethanol, propanol, butanol and cyclohexanol, 
ketones, such as cyclohexanone, or strongly polar solvents, for 
example amines, such as N-methylpyrrolidone, or water. 

Aqueous application forms can be prepared.from emulsion 
10 concentrates, suspe,nsions, pastes, we'Cta.ble powders or water­

dispereibl.e granules by· adding water.. For the preparation of 
emulsions, pastes.or oil dispersioi>,s,.the substances, as suc::h or 
dissolved in an· oiiol:·sclvent, .. can.be.homogenized in water by 
means of wettinq aq~nts, adherants,·dispersants or emulsifiers. 

15 B~ver,. concentrates Which consist.'of active ingredien-e, wetting 
agents, adherents, dispersants or emulsifiers and possibly 
so1vents or oil and.which are suitab1e for dilution with water 
can also be prepared. 

. -
20 Suitable surfactants are alkali metal, alkaline earth metal and 

ammonium salts of aromatic sulfonic acids, for example lignin­
sulfonic, phenolsulfonic, naphthalenesulfonic and dibutyl­
naphthalenesulfonic acid, and of fatty acids, alkylsulfonates and 
alkylarylsulfcnates, alkylsulfates, lauryl ether sulfates and 

25 fatty alcohol ~ul~ates,·and salts of sulfa~ed hexa-, hepta- and 
oc:tadecanols and of ··fatty· alcohol glycol ethers, condensates of 
sulfonated ·naphthalene. ·and ... its derivatives with formaldehyde, 
condensate~ ·of nap:h1:ba1.ene .·or of ri·aphthalenesulfonic acids with 
phenol and form,aldehycie~ ·. po:Lyoxyethyiene. octylphenol ethei=, 

30 e1:.hoxylated ~sooctyi-:,: oetyl"'!"··:o.r nonylphenol, al.kylphenyl 
polyglycol ethers·,. tribu·tylphenyl polyglycol ethers, alkylaryl 
polyether alcohols,- · isC>tridecy1 alcohol,· fatty alcohol./ ethy1ene 
oxide condensates, ·ethoxylated. castor oi"l, . polyoxyethylene al.kyl 
ethers or polyoxypropylene alkyl ethers, lauryl a1cohol poiy-

35 glycol ether acetate, sorbitol esters, li9ninsu1fite was~e 
liquors or metbylcellulose. 

Powders, broadcasting aqents and dusting agents ean be prepared 
by mixing or milling the. active ingredients together with a solid ... .. •, 

40 carrier. 
··.· . : . 

. · .. ,,.. ·~ 

granules, for. examp:le·. ~~:~t~~ , .. 1:m-Pr~s-n,at.ed and homogeneous 
granules, can -be pj: .• p~r:~~ by~· b.inding .. the. active ingredients to 
solid ·carriers •. so.l:.id Q.·!irr~ers. a.%:e. mineral earths, such as 

45 silicas, silic·a .. gei~s·, ~1.~i.9"-:te~ ~.·~.-le:;-. kaolin, limestone, lime, 
chalk, bo1e, loel$·~, "ci~y:~· ~oi:~~t_e,, :kies.elguhr, calcium sulfate, 
maqnesium. sulfa.t~,.: ui.~9ii°~:si~ oxide, milled plastics, fertilizers, ... - ... . . .. . 
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such as ammonium. sulfate, ammonium phosphate, ammonium nitra~e 

and ureas, and /iJ·g~tapl~ products, such 2i.s grain flour, bar le: 

meal, wood meai·a~d nut:~heil meal, "cellul.osic powders and other 
so1id car.riers ~- ·· · 

The formulati·ons contaill in . general from o .• ~l to 95, preferably 

from O • S ·to ·9 O ,· ,. ·by · ~igh~·. of. active inc;redien~. The act! ve 

ingredian~s are used i~ a purity of from 90 ~o 100,, preferably 
from 95 to lOOt ' (according'., to tb:e· NMR spectrum). The novel 

10 compounds I and· IV· ·can be ·:fo~ui"ated, for example, as follows: 

I. 

15 

20 

II. 
25 

30 

35 III. 

40 

45 

20 parts by weight of compound No. 1.002 are dissolved in 

a mixture which consists of 90 parts by weight of alkyl­
ated benzene, 10 parts by weight of the adduct of from 9 

to lO mol_of et~ylene oxide with l mol of N-monoethanol­
oleamide, 5 parts by weight of the calcium salt of 
dodecylbenzenes_ulfonic: acid and S parts by weight of the 
adduct of 40 nlc).1 of ethylene oxide with 1 mol of easter 
oil. By pouring the solu~ion into 100 000 parts by wei9ht 
of water ·a:nd f:i'nely. distributing it therein, an aqueous 

dispersion· ·which ctintain·s:, o. o 2 t by weight of the active 
inqr~dieilt> "is obtained~. .. . . : 

20 parts by we'fg.ht bf eompound.·~o •. l. 002 a.re dissolved in 
a mixture which consists of 4·0 parts by weight of cyelo­
bexanone, · 3o parts.by weight of isobutanol, 20 parts by 

weight of the ~dduct of 7 mol of ethylene oxide with 
1 mol of isooctylphenol and 10 parts by weight of the 

adduct of 40 mol of ethylene oxide with 1 mol of castor 
oil. By pouring the solu~ion into 100 000 parts by weight 
of water and finely distrib~ting it therein, an aqueous 
dispersion which contains 0.02t by weight of the active 
inqredien-t .is obtained. 

20 parts by weight of active ingredient No. 1.002 are 
dissolved in a mixt~re which consists of 25 parts by 

weight of cyclohexanone, 65 parts by weight of a mineral 
oil fraction boiling ~ithin a range from 210 to 2ao·c and 

10 pa~ts_by w~ight of the adduct of 40 mol of ethylene 
oxide wi~~-1 _mol of.c~~tor oil~ ·sy pouring the solution 
into a 100_ ooo· parts by weigh~ of water and finely 

distri~u~~ng ~t therein, an aqueous dispersion which 
contains 0.02~ ~Y weight of the active ingredient i& 
obtained. · 
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20 parts .by ~ight of active ingredient Ne. l.002 are 

· i;horouqhly · m.ix~d · wi tb 3 parts by.· weight . of the sodium 
salt of .diisobutylnaphthalene-a-sulfonic acid, 17 parts 
by weight of the sodium salt of a ligninsulfonic acid 
obtained from a sulfite waste liquor and 60 parts by 
weight of silica gel powder, and the mixture is milled in 
a hammer mill. By finely distributinq the mixture in 
20 000 parts by weight of water, a spray liquor which 
contains 0.1% by weight of the active ingredient is 
obtained.· 

3 parts by weight of aetiVe ingredient No. 1.002 are 
mixed wi.th 9? ~arts by. weight ·of finely divided kaolin. A 
dustinq agent.which contains 3' by wei9ht of the active 
inqredient.is.obtained in this manner. 

20 parts. by ~eight of active ·ingredient No. 1. 002 are 
thoroughly.mixed with 2 ·parts.by weight of the calcium 
sal~ of dodecylpenzenesulfonic acid, S parts by weight of 
a fatty alcohol polyglyeol ether, 2 parts by weight of 
the sodium salt·of a phenol/urea/formaldehyde condensate 
and 68 parts by weight of a paraffinic mineral oil. A 
stable oily dispersion ie obtained. 

25 In order to broaden the.action spactrmn. and to achieve synergis­
tic effects, the pyrazi.tle ·derivatives.I and IV can be mixed with 
many typicai""members -of. ~ther"groups of herbicidal or growth­
regulating acti·v·e 'iligredieil"ti:{ ·and· ·can be applied together with 
them. suitabl.e com.pbnen~·s ·for· the :·mixture are, for example, 

30 diazines, 4H-3,l~benzox~zine derivatives, benzothiadiazinones, 
2, 6-dini troanil_in·es., N-phenylcar.QU!.a.tes, thiocarl:lamates, halo­
carboxylic acids, 'tria:zines, am.ides, ureas, di phenyl. ethers, 
triazinonelil, liracils, bez:izcifuran derivatives, cyclohexane-1,J­
dione derivatives which carry, for example, a carboxyl or 

35 earbimino group in the 2-position, quinolinecarboxylic acid 
derivatives, imidazolinones, ~ulfonamides, sulfonylureas, aryl­
oxy- and hetaryloxyphenoxypropionie acids and their sa1ts, esters 
and am.ides and others. 

40 It may also be useful .·to:·,apply the compounds I, alone or in 
combination with ot;h·iear her~ieides, also as a mixture with further 
crop protec"'tio~ agents, ·for e:xample with pesticides or compos­
itions for controlling pb:ytopathogenic: fungi or bacteria. The 
miscibility ·with ~nera_l_,·salt :solutions which are used for 

45 eliminating nutri~ht and., trace element deficiencies is also of 
· .... ::. 

. . . ; -~ ·: ·.• .. .. 
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interest. Nonphytotoxi~ oils and oil concentrates may also be 
added. - ·· 

The application. fates ~f a~tiv~· .. inq;r:edient are from o. 001 to 3, 
s preferably frcmi :o·. 01·· t~·: 1 ~ kg/ha· of active ingredient Ca. i.), 

depending on the a:~ 'of: co11t~o1,: ·.the.· season,. the target pl.ante 
and the stage of. ·c;r~h a . . 

Synthesis !xampies: 
10 

Example 1: 
Synthesis of 2-(3-trifluoromethy1phenoxy)-3-cya.nopyrazine 

12.B 9 (80 mmol) of 3--trifluoromethylphenol are added -eo a 
15 suspengion of 2.2 g (90 mmol) of sodium hydride in 40 ml of 

tetrahydrofuran; The reaction mixture is heated to the boil. 
After l hour, a solution of ll.2 g (BO mmol) of 2-chlo:ro-3-
cyanopyrazine in 40 ml of tetrahydrof uran is added and the 
mixture i's heated. ~t: t_he boil· fcir ·a .further 4 hours. After the 

20 mixture has ·c:ooled to· room "temperature, the solvent is disti1led 
off under r.educed pres~lire. ·The residue is taken up in diethyl 
ether and the solution i.s. e"x~ra.cted with 5\ strength, aqueous 
sodium hydrox.:i..de.'soiution; washed with ·distilled water, dried 
over magnesium sufiate, ·fil-cered and freed. from the solvent under 

2s reduced pressure." The crude product is pu.rif ied by chromatography 
(silica gel, cyclohexane/ethyl ·acetate 20/l (V/v)). 4.6 g (Sli) 
of a yellow, crystalline solid of melting point ss-1o·c are 
obtained. 

30 Example 2 
synthesis of methyl 2-(trifluoromethylphenoxy)pyrazine-3-
carboxylate 

A stream of dry hydrogen chloride is passed into a solution of 
35 5.3 g (20 mmol) of 2-(trifluor01nethyiphenoxy)-3-eyanopyrazine in 

320 ml of dry methanol a~ ·D°C until saturation is reached. The 
reaction mixture is cooled to. room temperature and, after 
2 h:_ours, 320 ml of ~isti~~!!d. W&ter are .added .• 'l'he solution is 
extrac:'t.ed with diethyl° ~~he.r. an~ the or9ani.,(: phase is washed with 

40 distilled water, drie~ over magnesium sulf~te, filtered and freed 
from the solvent.~nder.~educed pressure. The crude product is 
puritied by chromatogra~hy (silica gel,· cyelohexane/ethyl acetate 
10/1 (v/v))~ 2.2 g (37t) of colorless, crystalline solid of 
melting point B3-85°C are obtained. ,5 
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Example 3: 
synthesis of 2-ci,4-dlfiuoropbenoxy)pyrazine-3-carboxylic acid 

5 A solution of S.3.9' (20,mmol) of methyl 2-(2,4-difluorophenoxy)-
3-pyrazinecaihoxylate in 50 m1 of methanol ia treated with S.6 g 
(O.l mol) of potassium.hydroxide at room temperature for 2 hours. 
The reaction mixture is freed from the solvent under reduced 
pressure and the _residu~ is taken up in distilled water. On 

10 acidification.to pH 2-3, the 2-(2,4-difluorophenoxy)-3-pyrazine­
carboxylic acid. is precipitated from the solution. 

The precipitate ·i_s· filtared of:, washed with distil1ed water and 
dried at so·c. 3. s q (80-l) c)f ... "colorless,. crystalline solid of 

15 melting point 132-i36·c are obt·ained. · 

. 20 

Example 4: 
Synthesis of N-(cyclopropyl)~2-(3-trifluoromethylphenoxy)-
3-pyrazinecarboxamide (compound 1.001) 

0.11 g (2.0 mmol) of cyclopropylamine is added to a suspension of 
3.0 g (10 mmol) of methyl 2-(3-trifluoromethylphenoxy)-3-
pyrazinecarboxy1ate, 20 q of 3! molecular sieve and 20 g of s! 
molecular siev~ in 240_ml of dry toluene at room temperature. The 

25 reaction mixture _is refluxed for 6 hours. ~'ter the mixture has 
cooled to room temperature, solid components are fili:.ered off. 
The filtrate is. extracted wi~h lOt strength, aqueous hydroch1oric 
acid, washed with. distilled·water;.dried over magnesium sulfate, 
filtered and freed ~rom the solvent under reduced pressure. 2.e g 

30 {Blt) of a colorless, ctys1;·alline ·solid of melting point 74-77•c 
are obtained. 

Example S: 
Synthesis of N-(2,4-difiuorophenyl)-2-(3-trifluoromethylphenoxy)-

35 3-pyra2inecarboxamide (compound 1~002) 

N-(2,4-Difluorophenyl)-2-(3-trifluoromethylphenoxy)-3-pyrazine­
carboxamide is synthesized according to the method deseribed in 
Example 6. 

40 Yield 0.8 g (19\.); color;less, crystalline solid, mp. 107-log•c 
.· .•.. 

. . _; 

...... ' 
.• ... 'I ••••• .. ' .··· 

.·. 
45 

..... 
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Example 6 : ·. · ·~ 
synthesis of N.:..('2,4-difiuorophenyl)-2-(3-nitrophenylthio)-6-
pyrazinecarboxamid~ (compound i~ooj) 

7 g (ii .mmo1) ·of a~. SO:t. ·.~tre.ngth solution of propanephosphonic 
anhydride in dich~orbmeth~rie are added to a solution of 2.8 g 
(10 mmol) of 2-(3...:nitrophenyithio)':..;6-pyrazinecarboxylic acid, 
3.2 g (25 mmol).'Of" 2,4,....difluoroaniline and 3 q (30 mm.ol) of 

10 4-methylm.orphoiine·i~ dichiorom~thane at o·c. The reaction mixture 
is heated to room t~perature• Af't.er 12 hours, tbe solvent is 
distilled off under reduced pressure. The residue is taken up in 
diethyl ether and the solution is extracted with lOt strength, 
aqueous hydrochloric. acid, washed with dis~illed water and with 

15 saturated, aqueous' sodium b-ic:arbonate solution, dried over 
magnesium sulfate, filtered and £reed from the soivent under 
redueed pressure. The crude product is purified by chromatography 
( siJ.ica gel, cyclohexane/ethyl acetate 4/1 (v/v)). Yield L 6 '3 

20 

( 401); light yellow,: .crystalline solid, mp. 1Jl-13S·c. 

Further active ingredients of the general formula I have been 
prepared in a corresponding manner by.reacting the pyrazine 
derivatives II withantj.nes·()f the·formula III using the method 
described in Ex.ample 6_. The resulting compounds of the 9eneral 

25 formula I are suinma.ri:zed in .. Table· 17.: · 

Table 17= 

30 

35 

No. n x y· a1· a2 R~ R' RS· .. 
mp • Cc1 • 

1.004 0 0 0 3-CF3H a .. H ff 3-CF3C6Hs 108-113 
40 1.005 0 0 0 2-F 4-F H B n-C,Hg 

1.006 0 0 0 2-F • -=·· 
4-]!' H H Cyclopropy1 

1.007 0 0 0 2-P 4-F H B 2,4-F2C6H, 165-167 
1.009 0 0 0 2-1' 4-F H a 3-CP3C6Bs 159-161 

45 1.009 0 0 0 2-F 4..;F H H CHzCF3 113-115 
1. 010 1 0 0 2-F H H H 3-CF3C15Hs 118 
l. 011 l 0 0 2-F H B H 2,4-F2C5H4 141 
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No. n :x. y Rl R,2 R3 R,4 R,5 mp. (C] 
7•. 

1. 012 1 0 0 2-F H H H CH2C!'3 71 .. 
1.013 1 0 0 2-F H H a cycl.opropyl 92-96 < 

5 
Table 18: 

10 

15 

No. n x y R1 R2 Rl R4 RS mp. Cci 
1.014 0 s 0 H H H H n-C4Hg oil 

l.015 0 s 0 B H B B CBzCP3 48-50 

20 1.016 0 s 0 B B H B 2, 4-!!'2CsH3 105-106 

1.017 0 s 0 H H a H 3-C:F3C,H4 84-85 

l.018 0 s 0 3-CF3 H a B n-C4R9 oil 
1.019 0 s .o 3-CP3 .B B B CH2CF3 55-56 

25 1.020 0 s 0 3-CF3 H H B 2,4-F2C,B5 95-96 

1.021 0 s 0 .. 3'.""'CF3 H H B 3-CF1C&B, 100-101 

1.022 0 so 0 3~CFa .H H B 3-CF3C5H4 oil 

l.023 0 S02 0 J-c,F3. .. H H . H. 3-CP3C5H4 119-121 

30 
Table 19: 

35 

.t,· . 

40 

No. n x y . Rl .. R,2 Rl R6 mp • [ "c1 . . 
2.001 0 0 0 . • i".: 'J-CF3 . B H 4-CH3 81- 82 
2.002 0 0 .0 ;a ... f 4-F H 4-CH3 98-108 . 

45 2.003 0 0 s . ,_3..;.C~)~ .B a H 88-92 
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The liquid acti1'Ei·Ln9redients contained.in the table have been 
cha.racterized by» IR and~ spectroscopy. A selection of the most 
intensive IR band~{.belo~· 16:00 cm-1 or the characteristic lB 

s signals (6[ppm] in ~cl3 ) ·~e given. below ·f·or these compounds • 
. . ·. 

No. 1.oos: 1671, 15061: . ' 

No. l.006: 1670 1 .1505 r 

No. 1.014: 1528, '1511, 
10 No. l.018: 1527, 1322, 

No. 1.022: 1333, 1323, 

Use Examplas 

1401,. 119.9 
1402, 1189 
1171, 1128 

1167, 1127 
~126·, 1098 

15 The herbicidal action of the pyrazine derivatives of 't.he 
f orrnulae I and IV coUld b~ ~emonstrated by greenhouse 

20 

experiments: 

The culture vessels \lS.~d" were plastic. flower pots containing 
loamy sand wl."th about• i.:o, 'df hUmU& as a substrate. The seeds Of 
the test plants wer$ '&own separately according to species. 

In the preemergence ·treatment, the active ingredients suspended 
or emulsified in 'water were appiied by means of finely distri-

25 buting nozzles. dfreetly ·after sewing. The vessels were lightly 
sprink1er-irrigated in order to promote germinaeion and growth 
and then covered with transparent plastic covers until the p1ants 
had begun. to grow. This eoverin9 ensures uniform germination of 
the test plants, unless this has been adversely effected by the 

30 active ingredient-a·. · · 

For the postemergence treatment, th·e test pl.ants were first grown 
to a height of growth of from 3 to 15 cm, depending en the form 
of qrowth, and only thereafeer. treated with the active ingred-

35 ients suspended or emulsified in water. For this purpose, the 
test p1ants were either directly sown 'and grown in the same 
vessels or they were first grown separate1y as seedl.ings and 
transplanted into the test vessels a few days before the treat­
ment. The application .rate !or the postemergence treatment was 

40 0.5 and 0.25 kg/ha .of a.i. 

The plants were kept a~ 10 - 2s•c or 20 - 35•c, according to 
species. The experimental period extended over frOll\ 2 to 4 weeks. 
During this time, the plants were tended and their reaction to 

45 the individual treatments· was evaluated. 
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Evaluation was based on ~ scale from O to 100. 100 mean• no 
el\\ergence of _the plants or complete destruction of at least the 
above-ground par~s and O means no damage or normal course of 
growth. 

The p1ants used in the greenhouse experiments consisted of the 
following species: 

Botanical name Common name 
Chenopodiunr albwn · 18D!bsquarters 

( go.osef oot) 
' 

Galium aparine catchweed bedstraw 
Sinapis alba white mustard 
Setaria viridis · ·green foxtail 

At an application rate of 0.25 or o.s kg/ha of a.i., undesirab1e 
plants can be very effectively controlled with the compound from 

20 Example 1.002 by the postemergence or preemergence method. 

25 

30 

35 

40 

45 
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We claims 

1. A substituted.pyr~z~ne_derivative.of the formula I 

-h
R2._ , . ; R5 

.. · 
. . . N 

~ ~ 3 (CHa)/X~~> 
n ~~~z 

I 

where 

x is an' ·~xygen· 'or sulfur atom or a sulfoxyl or sulfonyl 

gr~UPJ ...... 

n is o, l or ·t;' · 

Rl and R2 are identical or different ·and, independently of one 
another~ : are ·each hydrogen, C1-C12-alkyl, Cz-Cu­
alkenyl, c2-C12-alkynyl or pheayl, where the phenyl 
group may :be ··monosubstituted ·or poiysubstituted by a 

25 low molecular·waiqh~ radical selected from the group 
consisting of alkyl, alkenyl, alkynyl, hydroxyl, 
alkoxy, aikenyloxy, alkynylo:xy, ~lkoxycarbony1, 
aminocarbonyl, mono- and dialkylamido and mono- and 
diarylamido·and N-alkyl-N-ary1a.mi.do, where the alkyl 

30 and aryl radicals ma,y be identical or different, 
halogen, haloalkyl, haloalko:xy, thio, alkylthio, 
alk:~nylthio, _·alkyn~lthio, haloalkylthio,. amino, 
mono- and dia'lky1am.ino, N-alkyl-N-arylamino and mono­
and diarylamino, -here the alkyl and aryl radicals may 

35 be identical or different, sulfonyl- and su1~ynylalkyl 
and sulfonyl~ and ·sulfyny1aryl, a1koxycarbonylamino, 
cyano a~~ nitro1 

40 

45 

Rl and.~2, ~nd~pendently of one another, are each 
furthermore a. five-membered or six-membered N-, o­
and/or s-containing heteroaromatic group which may 
carry one of the abovemen~ioned low molecular weight 
radicals bonded via a carbon atom, or are each 
CJ-Ca-cycloalkyl er an aralky1 or alkaryl group, eac::h 
having _; to 6 carbon atoms in the alkyl moiety, 

00t/1760·s £ct~09 tc9 G~+ 0t:et l66t-N~r-cz 
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86 
Rl and R2, independently ot one another, are each also 
halogi"~~~ c1-c12-:-haloalkyl~ hydroxyl, C1-C12-alkoxy, 
Ci-C12-haloalkoXy, C2-C12-alkenyloxy, C2-C12-a1kynyloxy, 
thio, C1-C12-alkyl thio, c 2-c,-alkenyl thio, Cz-C,-alkynyl­
thio, C1-c6-alkoxycarbonyl, amino or c 1-c,-mono- or 
dia'lkyl- or mono,;_ or diarylamino or N-~lkyl-N-arylamino, 
where the alkyl and aryl radicals may be identical or 
different, C1-:-C,1ono- or dia1kyl- or mono- or diaryl­
amido or N-a1kyl-N-arylamido, where the alkyl and aryi 
radicals. inay· 'b.e icientieal or different, or are each 
Ci-C&-alkylsul·fonyl: or· C1-C,-alkylsulfynyl, arylsu1fonyl 
or arylsulfynyl, cyano o~ nitr~~ 

is hydrogen or ha.lo~en, C1-C12-alkyl, C1-C12-haloa1kyl, 
hydroxyl, Cr-C12-alkoxy, thio or C1-C12-al.Jc:yl thio, amino 
or men~~ or dialkylamino or mono- or diarylamino or 
N-alkyl-N-arylamino, each of which bas 1 to 6 carbon 
atoms per ~kyl radical; and 

is a group 

_J . . R4 . 
\""-... . /. . 

C-N 
· II · 'as· 

y 

or ~N 
.·y~R' 

I 

where Y is ol[ygen or suJ.fur, p is 2 or 3 .and R6 is 
hydrogen, C1-C4-alkyl, C1-C4~alkoxy, halogen or 
C1-C4-haloalkyl; 

is hydrogen, C1-Ci2-alkyl, C2-C12-alkenyl, C2-C12-alkynyl 
or phenyl, where the phenyl group may be 
monosubstituted or polyeubstituted by a low molecular 
weight radical selected from the 9roup consistinq of 
al~yl, alkenyl, alkynyl, hydroxyl, alkoxy, alkenyloxy, 
alkyn~l~xy, -lk.oxy~~arl:;?onyl, aminocarbonyl, mono- and 
dialkylamido ahd mono- and diarylamido and 
N-alkyl-N-aryl.ami.do, whe"X"e the alkyl and a.ryl radicals 
may be identical or different, halogen, haloalkoxy, 
thio, alkyl~hio, alkenylthio, alkynylthio, 
haloalkyl thio·, amino, mono- and dial.kylamino, 
N-alkyl-N-arylamino and mono- and diarylamino·, where 

001/s60·s £cl£1709 lc9 6P+ 01:01 l66l-Ntlr-cz 
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the al~Yl and ary1 ~adicals ~ay be identical or 
diff~r~nt~ -~ulto~y1-·ap.d !!!Ul.finyia1ky1 and sul.fonyl­
and sulf inylaryl, alko~carbonylamino, cyano and ni tro, 

R4 is fur~hermore c3-c8-eyeloalkyl, Cs-Ca-cycloalkenyl 
or phenyl-Cr~-<:6-alJi;yl, where the phenyl group in turn 
may be monosubetituted or polysubstituted by a low 
mo1eeu1ar weight radical as stated above, 

R4 is furthermore alkaryl having 1 to 6 carbon atoms in 
the · alkyl moiety, or halog~n, C1-C12-haloalxyl, C2-C12-

haloaikenyl "or · Cz-C12-haloalkynyl F 
.. ·- ·... . . :.·- . . . . 

is C1-C12-alkyl, Cr<:12-alkenyl, CrC12-alkynyl or 
phenyl:, ·where: the ph_enyl .group may be monosubsti tuted 
or poiysubstituted: by. a l.C>W molecular weight radical 
select~d from the group consistinq ot alkyl, alkenyl, 
alkynyl~ hydroXyl, alkoxy~ alkenyloxy, alkynyloxy, 

alkoxycar.bcn:yl,-·aminocarbonyi, mono- and dia1kylamido 
and mono- and diarylamido and N-alkyl-N-arylamido, 
where the alkyl and aryl radicals may be identical or 
different~ halogen, haloalkyl, haloalkoxy, thio, 
alkyl thio ;- · al.kenyl thio, a.lkynyl thio, haloalkyl. thio, 
amino, mono- and dialkylamino, N-alkyl-N-arylamino and 
mono- ·and diaryla.mino, where the alkyl and aryl 
radical~ may_ be identical or different, sulfonyl- and 
sulf:Yny~alk:yl and sulfonyl- and sulfyny1aryl, 
alkoxtcarbon~l~no, c:yano and nitro; 

R5 is furthermore· a five-membered or six-membered N-, 
o..;. and/or S"'-contai.ning heteroaromatic group Which may 
car:ry· one· of .. the· al:>o~~enti.;ned l0w l'l\Olecul.ar weight 
radicals bonded via a carbon atom, 
or C3-C9-cycloalkyl or an alkylphenyl or pheny1alkyl 
group, each havin~ 1 to 6 carbon atoms in the alkyl 
moiety, where the phenyl group in turn may be mono­
subs~ituted or polysubstituted by a low mo1ecular 
weight radi~.al as stated abov~ in the case of R'; 

as i~ fu~thermore C1-C1~-haloa~kyl, hydroxyl, c1-c12-

al_koxy, Cr-:<!1~-haloa_lkoxy ,. CrC12-alkenyloxy, CrC12-

alkynylc;ixy ,. ~J:lio, C1-C12-alkyl thio, !=rC12-alkenyl 'tbio-, 
. C:l":"'C12-al~)".nY,lth·io,. C1-c6-i!ilkoxyca.rbony1, amino or 
C1:-:-C,-morio- _e>;r. di.alkyl-:. or. mono..:. or diarylamino or 

N"!"'alky~..:~-.ary~ami.no,-. where. the alkyl and aryl radicals 
may be ide~tiC?al o~ different, c1-c,-mono- or dialkyl­
or mono~ er diarylamido or N-alkyl-N-arylamido, where 
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88 
the,a:Lkyl and aryl radicals may be identical or 
clif:f°~tent, .c3-c,-cycloalky1, · C3-C,-cycloa1ky1-
C1 -c4;...al~yi',· · Cs-Cs-cycloalkenyl, phenyl-Ci -c,-alkyl, 
tri-c1 .:.:c4-alkyisflyl, c1-c4-al.kylcarbony1-C1 -C4-alkoxy, 
c1-c4~~llylcarbonyl, methylcarbonyl-C1-C4-alkoxy or 

· c1 -c4-methy1carbony1, ·where the two 1.astmentioned 
radicals may each be.substituted at the methylene group 
by Crc5.;.aminoalky.l, c1-Cs-hydroxyalkyl, C1-C5-thioal.kyl 
or c1.:.c5-ciirboXylalk.yl7· · 

R• and Rs ~ogether .forD\ a c3-c8-alkylene chain which may be 
interrupted by ·an oxygen or sulfur atom or by an amino, 
c1-c6-alkylamino or arylamino group. or may form a 
c5-c8-alkenyiene qroup which may be interrupted by an 

15 oxygen or sulfur atom or by an amino, C1-C5-alkylamino 
or arylamino group·1 

20 

25 

30 

with the excepti~n of 2-phenylthiopyrazine-2-bydrazide and 2-
phenylthiopyrazine~6-hydroxamic acid, 

and with the proviso that, when X is o, n is o and z is 

X is not bonded to the pyrazine rin9 in the 6-position, or, 
when X is bonded to the pyrazine ring in the 6-position, 

R1 and R2, independently of one another, are each hydroqen or 
a five-membered or six-membered N-, o- and/or s-containing 
beteroaromatic:group which may carry one of the abovemen­
tioned low molecular weight radicals bonded via a carbon 

35 atom, or are each C3~a-cycloalkyl or an aralkyl or alkaryl 
group,. each having l to 6·carbon atoms in ~he alkyl moiety, 
both radicals a1 and a2 not simultaneously being hydrogen; 

40 

45 

and agriculturally ~seful sa,lts.of the compound I. 

2. A substituted. pyrazine derivative of the formula I as claimed 

in claim 1, where z is a group w-. NR'Rs. 

0 

tt:Bt l66t-N~f-ZZ 



0050/4506, 
11111111111111 1111111111111111 · 

C L M S * 

89 
3. A substituted· pyrazine derivative· of. the formula r as claimed 

in claims :f ·ii.rid 2·, wh~re i\3 and R4 a'.ta· each hydrogen. 

4. A substituted pyiazine derivative of the formula I as claimed 
s in claims 1 and 2, where RS is an unsubstituted or substi­

tuted c1~6-alkyl or-phenyl group. 

s. A substituted. pyrazine derivative of the i:ormula I as claimed 

in claim l, where z is a group !rNR4Rs , R3 and R4 are each hy-
10 . ,, 

0 
drogen, as ia c1.:...Ci;--a~kyl or unsubstituted or substituted phe­
nyl and n is Zf!!ro·. 

15 6. A process for tha · pr.epara:tion of a eubsti tuted pyrazine de­
rivative of thQ formula I as claimed in elaim l where Z is 
C(=Y)NR'Rs, wherein a pytazine derivative of the formula II 

20 

25 

II 

where n, · x, Y_,. :a1, ai _and R3 have the meanings described in 
claim l and A.~s a ~ucleofugic leavinq 9%oup, is reacted with 

30 an amine o.f the formula III 

35 

40 

ts 

R4 
I 

HN 
\ 

IJ:I. 

where R' and -R5 have the meanings described in claim l, in the 
presence either of a base or of a coup1ing reagent typical 
for forming an amide bond. 

7. A herbicide which contains a substi~uted pyrazine derivative 
ot the :torm'li1a:~·:t as ¢laimed in claim· 1 and conventional inert 
additives. 

: . . .. 
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e. A method for.controlling undesirable plant growth, wherein 

the undesitible plants or their habitat are or is treated 
with i!l herbic.idal amount of a subs'Ci'Cuted pyra:z:ine derivative 
of the formula I as claimed in claim l. 

9. A method for controlling undesirable plan'C growth, wherein 
the undesirable plants or their habitat are or is treated 
wi~h a-herbicidal a.mount of· a substituted pyrazine derivative 
of -ehe formula.IV 

:rv 

where n, X, Rl, R2 and R3 have the meanings described in claim 1. 
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