-1- HERBI Cl DAL FLUOROVETHYL- DI HYDROPYRI DI NE- 3, 5- D O D
ESTERS Background of the Invention The invention herein-peéﬁgﬁg§ t?k%“Ei
field 5% of herbicides and nore particularly to.the field of novel 2 or_ 6
fl uori nat ed- met hyl - di hydropyri di ne-3, 5-dicarboxylic acid esters. Varioyds
di hydr opyri di nes have been known in the art and utilized for various

pur péses. For 10 exanple, U S. Patent 3,969, 359 di scl oses

3, 5-di cyano- 1, 4-di hydropyri di nes whi ch_gre useful comercially in
scintillation applications as detectors of radioactive radiation.

D hydropyri di nes have been utilized for 15 medi ci nal purposes as
exenplified in HERBIGIRAL 3, 441, 648 LUGROMETHY-CHEVDRORYRED INEEr  Of

1, 4-di hydropyridines. O i’aﬁtbiﬁh o s?. 5-di carboxyl ate
conpounds having 2,6 subst tilized to reduce

bl ood pressure 20 when sBachkgrpundd oifntdendniventife nost active
conpounds appear to be fmsmsaﬁeabhum@e% bleg-th RS 1dd %é)yfiaéyé and

heterOCéP|lC gﬁql ég erein_.the hetero atomis elther nitro sul fur,

or oxyg & FO 2R Ry PBREnPRItAGEAEL Y Fo Hhefiel ?)%Sl tion
appear to beduwyﬂ32emt|&efluorsdacedgmbhﬁgd—mmﬁyaﬁdpyﬂldﬂhéﬁﬂﬁ O nore
rel evance heregj r t Balicki et al in Polish Patent

89, 493, a matsﬁ d(}% ’Séi;)g‘r’.%ggé BQ¥| Ptuted derivatives of 2,6-bis- 30
(trifluoronethyl)-3,5- o‘?%lé*%%héxw@mpmyldms favied ibesn kmmdnmg to the
Pol i sh pat entthe hart€ @ URES1 248 B8L bs%&oﬂ%eyﬁ%@ésr epgded in

i tera&ndre and thelec'or{POémdgateng gpgrsgd;g% discloses

3,5~-dicyano-1, 4-dihydropyridines which are useful
commercially in scintillation applications as

detectors of radioactive radiation.
Dihydropyridines have been utilized for
15 medicinal purposes as exemplified in U.S. Patent
3,441,648 which discloses a large number of
1,4-dihydropyridines. Of particular interest are the (_
3,5~dicarboxylate compounds having 2,6 substitution.
Such compounds are utilized to reduce blood pressure
20 when administered internally. The most active
compounds appear to be those substituted at the 4
position by aryl and heterocyclic radicals wherein
e, the hetero atom is either nitrogen, sulfur, or
’ oxygen. Also, trifluoromethylphenyl radicals in the
25 4 position appear to be highly active in reducing
blood pressure in anlmals
Of more relevance herein, there is reported
by Balicki et al in Polish Patent 89,493, a method
for preparing 4-substituted derivatives of 2,6-bis-
30 (trifluoromethyl)-3,5~-dicarbethoxy-1,4~-dihydro-~
pyridines.‘_According to the Polish patent, the
compounds have not been previously reported in
literature and the compounds so prepared have
valuable pharmacological properties, e.g., cytotoxic,
35 bacteriostatic and hypotensive uses as well as |
intermediate products in the synthesis of new




val uabl e pharmacol ogi cal properties, e.g., cytotoxic, 35 bacteriostatic
ard hypotensive uses as well as internmediate products in the synthesis of -
new  +2- substituted heterocyclic conpounds. According to the patentqﬁ
such cQgpounds are prepared by the reaction of an al dehyde R-GHO in whlch,R
represents an al kyl group with 1 to 4 carbons, a substituted or 5
unsubstituted aryl group or a heterocycl kg-group wherein the hetero atomis
nitrogen, oxygen or sulfur with ethyl trifluoroacetoacetate in the presence
of a concentrated aqueous sol ution of ammoni a. One nol ecul ar equi val ent of
al dehyde is reaetxbdt\withluetiV\heterocyUmliecubnpouqd'sval Ageerdinghto3- ket oest er

I N aqueous anmopia | pr n o] n ferab
| ower aI|phat|cgégcg%§Fn%Thgﬁ§§ cbm ﬁégﬁgg 5%? égggg ? E?Ffled o%ls by
their melting poeactsionsof an aldehydeHngﬁﬁrlnlvhh§§ Be§ﬁPFGFFﬁ§F report ed

Singh. e ol nar FAKFLOGESEC WRATLS Y4 Yakbobt, BAgEBs LAY o e
ual |y prep icki et al are

di hydr oxy- 5p|pePF§PP§§1FgEﬁ§r ingﬁPHydPg ﬁﬁ%ﬁEQ%Y§iﬁ§h?r8P P20 a

reports that thghefein &meqhbmecalhﬁomhuwnnumabgpnodoxygehoomesuﬂfuthe

reacti f ethyl, I f ]
Concent rat ed: aqWibis sV R THRREEREREot R AT 310 BhE prElRaCeCeeal, |
structure, but cencentzated agueousssiolwtdemiofeammonds. SPAgh report ed

that oxidation gf1lhe 183 ieddivailedlt ‘00 Gllidehydedduc retictedwiknC ta#i d and
; 10 molecular equivalents of the 3-ketoester in aqueous
ﬁ_) ammonia in the presence of an organic solvent,

" preferably a lower aliphatic alcohol. The compounds
so obtained are identified only by their melting
points.

15 However, it has been further reported in
the Journal of Heterocyclic Chemistry, Vol. 17, pages

. 1109 and 1110 by Singh, et al that the compounds
O actually prepared by Balicki et al are dihydroxy-

piperidines rather than dihydropyridines. Singh, et

20 al reports that they have unequivocally shown that
products formed by the reaction of ethyl
trifluoroacetoacetate with an aromatic aldehyde and a
concentrated agueous solution of ammonia do
not have the dihydropyridine structure, but rather

25 are substituted piperidines.

_ Singh repéfted that oxidation of the

Balicki et al reaction product with nitric acid and
several other reagents failed to produce a conversion
of the reaction product to the correspondlng

30 pyridine. As pointed out in the Singh et al
publication, the oxidation procedure is commonly used
to convert 1,4-dihydropyridines to the corresponding
pyridines, but such conversion did not occur
indicating that the reaction product of the process

35 described by Balicki did not provide 1,4-dihydro-
pyridines. '



several other reagents failed to produce a conversion of the reaction
product & the correspondi ng-30 pyridine. As pointed out in the Singh -
et al publication, the oxidation procedure is comonly used to convert ..

1, 4-di hydropyri dines to the correspondi ng pyridines, but such converskdg
di d not occur indicating that the reaei3=on product of the process 35
descri bed by Balicki did not provide 1,4-dihydro- pyridines. -3- To
further substantiate the failure of Balicki et al to teach the preparation

of the 2,6-bis- trifluGicorfwther shhshantiate the F3INHRE di ne- 3,

5-di car boxy! iga13¢ikd &% &1 tﬁber&aeﬁﬁ ﬂfé‘ﬂﬁiﬁfkﬁhﬁ%ﬂ &Ff Sthe Dfe-apigounds of

structures 1 and_2 of Table bel ow re ted to det rmgne their
respect i ve mirdiflgoromethyl 'ﬂﬁ?qR§§¥ qﬁﬁ? %ﬂﬁﬁﬁ&é§Q? d 2

prepared by s&dmastbuxyxwdxhdxutdstenﬂﬁhen;;unsnpravinndenisgmiksicki et
al for the carmpoun bye tFGLR ults are
presented in ﬁog(ﬁo%ds \ﬁf ‘Fﬁ@u%err p%(d-:fck of e %\/ﬁ?#ﬁg Poi nt
[err] 1 which ¥ere test‘e;d)drqedje ne their regpgefive 133-135

132134 [e1 bl ting poid® ] he iy pointd Ye lddmibunds (e 1]
128-129 2- tmqaﬁuz prepareq hy me vigre gpmpared to._

171-172  17%oints repdrtled 1 Balicki et al for the compounds
10 reportedlY'prepared by them.
presented in Table 1 below .

TABLE I ' : : A\

The results are

1 ' . o 2
R, H ‘R. H
15 ch d?Q QécH 3649
CH3 CH,0” ] N 0C,Hg C,Hg0” OCHs
CFg "~ CFs CF3 N CF3
' OH ' OH —
20 H . H U/
R, - Melting Point - e°c
1 2 Reported-
CHg 1.4394°% 133-135 133-134
C,Hs 1.4441% 129-131 131-132
25 CaH7 1.44272 140-142 132-133
2-furyl 1.47212 129-130 128-129
2-thienyl 1.4342 103-105 -
4-pyridyl” 171-172 179 ~177-178
phenyl 42-45 1“99-101 92-93
30  a =n2®

35

The data 1n Table I prov1des ev1dence that

the compounds reported by Balicki were, in fact

dihydroxypiperidine and not dlhydropyrldlnes

Balicki et al in a later publication (Polish Journal
of Chemistry, p. 2439, 1981) corrected the structure
asslgnments of products derived from ethyl
trlfluoroacetoacetate,

as compounds 2.

aldehydes,

and aqueous ammonia



phenyl 42- 45 99-101 92-93 30 = [err] The data in
Tabl e F provides evidence that the conpounds reported by Bal i cki were,..in
fact, dlhydroxyplperldlne and not di hydropyridines. Balicki et al in a-
Iater Qgpllcatlon (Pol i sh Journal 35 of Chem stry, p. 2439, 1981)
corrected the structure assignnents of products derived from et hyl
trifluoroacetoacetate, aldehydes, and aqueg«s anmoni a as conpounds 2.

-4- The di hydroxypi peridines' 2 prepared by the nethod descri bed by Balick
et al consist of a mxture of cis and trans isoners represented by the
structure A (cis isoner) afheBdihydnexypiperjdises 2 préparnedcbypwthe The
structures of thﬁeﬁﬂgaoﬁag?r?ﬁ@d“ﬁ?dsg%lég?hggtQ?dceﬁsfgicgf gre further

confirmed by-X—rag st.al [ ogra é r ox eri di nes. The i someric
mi xture produced® §tB£?|€§|El§néP oBLaRS b§°F9FFh§FP59$?FF%G By the

recrystalIIzatloettﬁcﬂueduae(aigdﬂebmaﬂbIanans (ﬁﬁaﬁé is6m@enessl , the

duct tly obt th et al hi gh
et i g poi Bt rrEHoPRoBE PEsc) FoA. =TRREEHeSh, 8%, FAS cotndinds)® @ " O
purifications ofprbducednbylthe1meuhedobfZBabcbloardefﬁﬁthers|ngle cis
' 25¢ | . di scl d 1,4-di
hydr opyr i di nes uSSPEEETRARY, Kutay, FryfesfiofiiohinEs b8 [ 2° o 3

nace ns for the treatnent of
car di ovascul ar d@ébxgegxxﬁapﬁybéipéﬁ3|oﬁhﬁnlﬁgﬁﬁﬁlgemh§§ur¢hﬁr9€FF9€

conmpounds by Balicki's method can be further purified by
10 recrystallization to produce predominantly one isomer.
L)- N In general, the products presently obtained by the

‘method of Balicki et al have a higher melting point
than those reported. This is due to more careful
‘purifications of the isomeric mixture of 2 to provide

15 single cis isomer.
OOEt
20
A B
25 In U.S. 4,145,432 there is disclosed 1,4-di-
i :
e hydropyridines useful in pharmaceutical compositions

for the treatment of cardiovascular diseases and
hypertension in human beings. The active compounds
are'3,5-dicarboxylate esters, while the 4-position is

30 occupied by an aryl or heterocyclic group. In
addition, the 2 and 6-positions of the
dihydropyridine ring are occupied by radicals
selected from a wide range of groups including lower
alkyl and substituted lower alkyl radicals.

35 Disclosed intermediate compounds include
2,6-halo(lower)alkyl substitution. Also reported in
German patent DE 2,659,665 as coronary dilators are



are 3,5-dicarboxylate esters, while the 4-position is 30 occupi ed by an
aryl or_heterocyclic group. |In addition, the 2 and 6-positions of the * »
Cdi hydr&p-yri dine ring are occupied by radicals selected froma w de range of
groups including |ower alkyl and substituted |ower alkyl radicals. 35 )

Di scl osed internedi ate conpounds include 2, 6-hal o(l ower)al kyl substitution.
Al so reported in German patent DE 2,659,665 as coronary dilators are

1, 4-di hydropyridi ne derivatives containing a 5-cyano, 3-carboxylate
substitution as well. as a 2, 6-dial kyl substitution. .The 4-position of these
conpounds is oicﬁﬁfiéay °£’yt'fi"fir"6fhé¥r'flwraafdi"c§ﬁ € taining & SS'CY‘T‘?H°Eur opean
pat ent 44, 262 Bheaeboxylaper sadhstitudiiopdrazpweldi reess & @vté+di agkyhi | i des.

However, none t ed Ql t g %H.Qﬁs}i i e
4-position andgﬁ%iggggﬁﬁgﬁ'gr o?&%gma?’%tiéetq%?lgrﬁ - posi"%‘%@r@&% id
Summary of theofcaupaedoRYThe nptaopiwenydyadigialr-el ates to herbicidally

active cogrpounds, a procepsghfbpRadPpatant! A2, 2P tHiD i dadpsora®si tions
cont ai ni ng these_cqQnpoynds and.an adj uvant,. and herbj ci dal_ net hods of 15
Use of said cobpBTAUBYARORYFALAPES, GONEAGHENT PR IHAES - cHIRNANER of this
invention are géneacfethaedepyrted tompoundsecontait [substitifizin 30
wherein Ris sglegied,f he g p i Stk 0 enyl,, 8l ky , [err]
cycl oal kyl , ha?%a%fll ?5 g%&S?RyFRH f‘i%%%l'kg}&i %froﬂ%% )é-t tfi)_e)‘)

' and 6-positions. _ . o

10 ~Summary of the Invention

The present invention relates to . &J
herbicidally active compounds, a process for preparing
the same, herbicidal compositions containing these
compounds and an adjuvant, and herbicidal methods of
15 use of said compounds in agricultural crops. The
novel compounds of this inveption are characterized

by the formula 3, 4. and 5: _ =

3 W/
(o)
20 .
R,0
B .
25
S
R
. H
) _O
e Ny €
R,O ORI
30 | R, = “N7 "R,

wherein R is selected from thg'grqﬁp consisting of .
phenyl, alkyl, Carcshcycloalkyl,_haloalkyl,a;Mmqalkyl,



-6- al kyl thioal kyl, al kyl carbonyl oxyal kyl, cycloalkanylalkyl aryl met hyl,
and’ heterocycllc radlcals havi ng hetero atons sel ected fron1n|trogen

sul fur, ;and oxygen each [err] is i Adependently selected fromCl 4 | ower
al'kyl radxcals for instance alkyl [err], and [err] and [err] are

i ndepend- ently M8 d fluorinated nethyl radlcals
provi ded that on é ogﬁfﬁﬂr]K iﬁ%Hqu°ﬂaW&oquﬁ&W§aﬁ¥¥ 1, Preferably R
i s C2_4al kyl ofcydpetid, o@;hﬁnbette,rbcyd-ﬂlmo,ra@i&ﬁgrmly;g[ gé{droaagm[serr] are

sel ected from fdieetsdaed AREON icals. The term "al kyl" neans
herein both styaj ght_ and branc%ied %ﬁ%luﬁ [?e‘%r PxygeRy €A R dfs whi ch i ncl ude,

for exanple, etdgPendaatiy| seJmGGﬂ?I from bty yl , mybmmcambuty|

i sopropyl s 1- nfﬁrhsabaf&iaél nty et Ipr The term

[err] cycl oal Lonme 8%cl oal ?a%ﬂgaﬁlg sughk ycI 6%%%

cycl opr opyl rret%&’ll %‘:5 %ﬁy}\'ﬂ’ A fluarinated: metkady iradicalsi cal

al koxyal kyl r guetiogidesi that knde dna e?yl;,_s ﬁt\mmmﬁthgﬂd et hoxyet hyl .
ncI ud

Typi cal al kylthioal kyl radjcals the thio counte rts 20 of the
above- menti oned al koxya erPBt‘:N@a rO%MMB%Wi t hi oethyl. A
typical al kyl -a386 bes¥ | ah@ Cai‘e 'séléééhoﬁﬁﬂekmdrmiﬁ’é& E@{hyl

heterocy Ic radic Is |nclud furyP, pyridyl, and thienyl.
The tern1 haI égﬁﬁﬁs means al kyl ierr] radi cal s substltuted by one or nore

hal ogen atons. Typical &anpieam ‘mdkytfe meansr dwemefsry| botdh| sexaichty| |
di f1 uoronmet hyl andli faHehea ehdi .c bromrﬂw naaaealw%h&h 16ti2eRb 0T Ot hyl |

di ¢hl oroet hyl, _and di br onp thyI T, quoronEthy
2- 0eAi £ 1 uor omefPy e}‘ﬁ'i"%%y % methyd. FHoBY bt PoBrt Y at BRI k¥ cal s.

isobutyl, isopropyl, 1l-methylpropyl, neopentyl and
15 l-ethylpropyl. The term "C 36 cycloalkyl" means cycloalkyl
radicals such as cyclopropyl, cyclopropylmethyl, cyclobutyl,
cyclopentyl and cyclohexyl. Typical alkoxyalkyl radicals
include methoxymethyl, ethoxymethyl and ethoxyethyl.
o Typical alkylthiocalkyl radicals inc:lude the thio counterparts
\_/ 20  of the above-mentioned alkoxyalkyl radicals, another example is
methylthicethyl. A typical alkyl-carbonyloxyalkyl radical is
acetoxymethyl.
Typical heterocyclic radicals include furyl,
pyridyl, and thienyl.
o 25 The term "haloalkyl" means alkyl C;_, radicals
= substituted by one or more halogen atoms. Typical examples
include fiuoromethyl, chloromethyl, difluoromethyl, difluoro-
ethyl, bromomethyl, iodomethyl, dichloromethyl, dichloroethyl,
and dibromomethyl, trifluoromethyl, 2-(trifluoromethyl)propyl
30 and chlorofluorinated alkyl radicals. :
The term "cycloalkanylalkyl" means alkyl substituted
with a cycloalkyl radical.
The term "fluorinated methyl” means methyl
radicals having one or more fluorine atoms attached thereto
35 including substitution of all hydrogen atoms by fluorine.
This term is intended to include rréthyl radicals wherein
one or more hydrogen atoms may be replaced by a chlorine atom,
provided that the methyl radical must have one or more fluorine



" The tern1"cyc|oa|kany|aiky|" means aIkyI substituted with a cycl oal kyl
radical .. The term"fluorinated nethyl" means nethyl radicals having one-or -
nor e. fllﬁbrl ne atons attached thereto 35 i ncl udi ng substitution of all

" ‘hydrogen atons by fluorine. This termis intended to include nethyl

radi cal s wherein one or nore hydrogen atons may .be replaced by a chlortne
atom provided that the nethyl radical nust have one or nore fluorine

-7- atoms attached to it. Typical exanples include fluoro- nethyl,

di fl uoronet hyl, and trlfluorcnefhyl radi cal.s, chlorodifluoronethyl,

di chl orof  uoromet hyl, and the like. 5 The term

"1, 2-di hydropyri-di ne" * neans- herein a di hydropyridi ne havi ng. the hydrogen
atons att aclteds taathdieed Lot tTﬁgealaéaﬂ:@nasaan@mcgcgmorgar bon at om and

i ncl udes dih py I_.nes cal |l ed 6 d dropyridines in
some cheni 5‘5 H’ﬁff ‘ii‘tqq Yz\g\?g‘t e%@utf mrm&yl e di hydropyri di nes
of this mhanxhﬁhmmmﬁeﬂmﬂnuldu&ﬂ@roﬂhnhumajqﬂe ah&almhd by the
dehydrationq;pf the correspondl ng di hydr oxypi peri di nes by any suitable
dehydration agent, such as, but not limited to, (1) sulfuric acid; (2)

t ol ueResul fom c acid "@P ('@rmt r |1-I2uéﬂwé'epmdiae" means dhexsn Ty pi cal | y the

di hydr oxypiap Heig dehd ORdres OhtaeP Aithad @y ahydropyrans
by treat nen a eous or aseous ammnl a. provi the desired -
di hydr oxy- * pé’-Pﬂl I i3k Pﬁ@*yd‘e’rpgnré%‘l-ed’“ﬂl th an

appr opri at analmoemopﬁddanwmwi wouBdbeénéatedpl jger i di ne 20 in a
whi ch i o oBEBIORT gt i P SR PRl b cne O
di hydPopyri di nes by d&:hyddmyﬂmpyrldmes of this invention of :
Formula 3 or 4 above are. obtained by the dehydration of
the corresponding dihydroxypiperidines by. any suitable
dehydration agent, such as, but not limited to, (1) sulfuric
acid; (2) toluenesulfonic acid or (3) trifluoroadetic.
15 anhydride. Typicelly the dihydroxypiperidines are obtained
from the corresponding tetrahydropyrans by treatment with = W/
aqueous or gaseous ammonia. To provide the desired dihydroxy-
piperidine, the appropriate aldehyde is reacted with an
appropriate 3-ketoester and a catalytic amount of piperidine
20 in a suitable reaction medium. This reaction provides
the tetrahydropyran from which is obtained the piperidine
which, in turn, provides the dihydropyridines by dehydration \J
as mentioned above. :
Typical - starting materials given -by wvay of
25 exanmple are the aldehydes propionaldehyde, butyraldehyde and
isovaleraldehyde. The ketoester can,for example, be ethyl
trifluoroacetoacetate or a mixture of ethyl difluoroaceto-

acetate and methyl trifluoroacetoacetate.
The preparation is further described in the
30 following reaction scheme:



R N VTR G

as nentioned above. Typical starting materials given by way.of 25 —
exanpl € are the al dehydes propi onal dehyde, butyral dehyde and

i soval eral dehyde. The ketoester can,for exanple, be ethyl s 1
trifl uQrgacetoacetate or a m xture of ethyl difluoroaceto- acetate and

met hyl trpfluoroacetoacetate. The preparation is further described in the

30 . follow ng reacti on schene: -8- 0 0 10 15 20 When providing the

di hydr opyri di ne conpounds wherein the 4-po§PFion is substituted by either
arylmethyl, [err] or 25 het erocyclic radicals wherein the hetero atomis
oxygen or sulfur, itgis greferred to utilize a catalytic anount of an

~organic acid as the dehydration agent in place of the usual inorganic acid.
“Typical |y, tol uengrytEHRCORZERAHON ' ' anpl e,

.tol uene has been found to be suitable for this purpose. The reactionfis
.generally run at reflux tRnperature. To provide a maj orRanount of th
%3,4-dihydrop?ridineQbsoHe Hrquthe correspondingQRipHri Hne, 0
trifluoroacetic anhédC' Co is the preferred dgk ' ﬂ:égent In
' ARdr bon

_such process, theRg@act}i on LORi s %yﬂEaQHIy R1€hl of i nat
such as net hylne chl ogfide. t Bough t h€ral¥Bse react|

: sever al seqpgn ial rRac hﬂn HRFn_accordance witht
H

(dehydration_agent)
-2H,0

R
15 O H O
Pl c”

R,0 | I “OR, .

20 !

Q:j '~ When providing the dihydropyridine
compounds wherein the 4-position is substituted by
either arylmethyl,:bhen¥lma:hox¥neth§&y or

25 heterocyclic radicals wherein the hetero atom is
' oxygen or sulfur, it is preferred to utilize a
catalytic ‘amount of an organic acid as the
W dehydration agent in place of the usual inorganic
acid. Typically, toluenesulfonic acid in a reaction
30 medium of, for example, toluene has been found to be
suitable for this purpose. The reaction is generally
run at reflux temperature. To provide a major amount
of the 3,4-dihydropyridine isomer from the
corresponding piperidine, trifluoroacetic anhydride
35 is the preferred dehydration agent. In such process,
the reaction medium is typically a chlorinated
hydrocarbon such as methylene chloride.
Although the above reaction scheme involves
several sequential reactions, in accordance with the
40 process of this invention one can prepare the dihydro-



. _.prepar

40 process of this invention one can prepare the dihydro- 17

r-9- gwridines in a single reaction mxture. In such a node of -
t'ion, the reaction product is treated sequentially until the desired

product is finally isolated fromthe reaction mxture as will be furthér>5

descri bed below. The inproved one-vessel reaction provides the desireﬁ!’

"product in higher yield than is possib?é in the multi-step process. In

accordance with the novel process of this invention, the appropriate

3- ket oest er ._represente the formula [err] erein [err] and [err]
are as defi§¥¥%ﬂﬁﬂﬁfiﬁpf?r% Higg re?ﬁéﬁ?gdmﬁf%ﬁrﬁn Q?Beﬁyﬁg Pepresent ed by
t he fornulaMQﬂqjoiMnxﬂﬂaréti@ndethaeneabbien prbdecteast toeatedurs 20
under at oS lagh e (Y AP BF €R0°EEL1 Yed! plolifBRCLA! Bifal iyt NE range of

0 100C nal 'y n

from about 4 to abou . One may opti englog an aprotic inert
sol vent suchsfdakadixom e Feactipn MIYEREeoAS aN§liubeanstheryent for

the fisft I deldrdbed Vil owe I'ERetimprobedSone-v8sse1kebadeish and al dehyde
I's conplete

d_f !l e, | pdi d b | ysi '
armont um hyBFSYAAEY ik derTrid RACoREE 1n cbrefeR Yata €R3R°4R Srotic O
inert sol vepesisddleotihddre preltbestep eppooges.it is added prior to the
~gaseous ammoni a 30 fH.éEEE¥HéHEéW%HEﬁ}€ﬁetﬁ@OefxéfééeQL L?on1abqut 2to
or

10 tinmes the_anmount of anmoni a required. e conversron of the
t et rahydr opFhd§ AnVientiany e apRECPREAEe 3-ketoestery

10 represented by the formula
o0 | <
Rp -C~CH, -COR, P
wherein R, and R, are as defined above is first
15 reacted with,an aldehyde represented by the formula

0

11
R-CH
wherein R is defined above. This reaction occurs -
20 under atmospheric pressure and generally at a ~/
temperature in the range of from about 40°C to about
100°C. One may optionally employ an aprotic inért solvent
such as methylene chloride or toluene or any suitable
solvent for the first reaction. When the reacti@n of
25 the 3-ketoester and aldehyde is completed, for o~
‘ example, as indicated by NMR analysis, gaseous ammonia
or ammonium hydroxide is added through the reaction
mixture. If an aprotic inert solvent has not been'prev_:i_.busly '
employed it is added prior to the gaseous ammonia
30 < or ammonium hydroxide. An excess of from about 2 to 10
» times the amount of ammonia required for the conversion
- of the tetrahydrbpyran-is normally employed. After
completion of ammonia or ammonium hydroxide addition
to the reaction mixture, it is preferred to purge the
35 ammonia from the reaction mixture or drain out excess
ammonium hydroxide from the reaction mixture. The purging
step is not necessary, but- it will eliminate the possibility
of a reaction of the ammonia with the dehydration



conpl eti on of ammoni a or ammoni um hydroxi de addition to the reaction
m.xture, it is preferred¢t to purge the 35 ammoni a fromthe reaction

m xture or drain out’” excess ammoni um hydroxide fromthe reaction nixture:
The pufging step is not necessary, but it will elinmnate the possibility of
a reac}TGn of the ammonia with the dehydration -10- agent. The final
step of t/he process is the addition to the reaction m xture of a suitable
dehydrating agent whereby the di hydroxypi pggddine is converted to the
correspondi ng di hydropyridine. The preferred 5 dehydrating agents in

t hose instances wherein the 4 position of the di hydroxypi peridine is alkyl

i sI fsul furic Sc! d a@éxfp.ugfrwé\yﬁ&taﬁ altlep o ehiaiprucadels adie iditton
Slitable 10 adRdE RRCKIAR TR R AARLRAE oG o ot 1 on
of the di hydroxypigest dvhexehy mmmymnqsipaidiﬁg/d@mqnﬁnm:d tthee
D hydropyri dit, Gt hester A dihyBiiphidind oML gfRerred0 s 100
the correspdndi ndlehydralsing agents rini thoserrHinskaneps Fhergiduide & e
formed fromthe Yypiidasdf ek Qithy @tk Hoetiviieony idikas igd t her by
oxi dation using an .oxidi zin sugh as sodiu Itrite.in.acetic acid 20
“or 2,3-dichloro- §"é%ﬁ%ﬁ%ﬁmume§% hydra Wgac%‘ﬁfﬁ'- aci d,
or th_e | i ke when ddre biesigesil _p)Su']dTma'.d sa¢:'(ﬂ M@Ié&m_me aft
[0oF) Do o O dEhdiid e o 2 400k IV i dlisamahen one o
Lo 10 dehydrating agents are mentioned above. After
dehydration of the dihYdroxypiperidine to produce the
,desired'dihydropyridine, the product is isolated from
the reaction mixture by conventional methods.
| - The 1,2.dihydropyridines of Formula 5 above
15  are prepared by reduction of the correspondingly-
_ substituted pyridine. The pyridine compounds are
{;} ) formed from the above-described 1,4~ and
3,4-dihydropyridines either by oxidation using an
oxidizing agent such as sodium nitrite in acetic acid
20 or 2,3-dichloro-5,6-dicyano-1,4-benzogquinone, chromic
oxide in acetic acid, or the like when the desired
pyridine is to have the same number of fluorine atoms
\ on each R, as in the starting dihydropyridine. When
one of the fluorinated methyl groups is to have ®ne
25 fewer fluorine atoms than the R, in the parent
dihydropyridine, the conversion to the pyridine is
carried out by dehydrofluorination using an organic
base such as 1,8-diazabicyclo-[5.4.0]~undec-7-ene
. trialkylamine, pyridine, mono-, di- and tri-alkyl
30 substituted pyridine neat or in a suitable solvent at
' elevated temperature in the range of 65-160°C. .
To form the 1,2-dihydropyridine compounds
of Formula 5, the correspondingly-substituted
pyridine is reduced. A preferred reducing agent for
35 this reaction is sodium borohydride in a suitable
solvent, such as N,N-dimethylformamide.

N
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25 fewer fluorine atons than the R2 in the parent dihydropyridine, the
conversion to the pyridine is carried out by dehydrofluorination using an
,Orgaggc base such as 1, 8-di azabi cycl o-[5. 4. 0] -undec-7-ene trial kyl am ne,
pyridi ne, nmono-, di- and tri-alkyl 30 substituted pyridine neat or . ip a
sui tabl e solvent at el evated tenperataxp-in the range of 65-[err]. To Torm
the 1, 2-di hydropyri di ne conpounds of Formula 5, the
correspondi ngl y-substituted pyridine is reduced. -A preferred reducing agent
for 35 thi s reactiRetatleddeschiption oficthe, Inw¥eptiome sol vent, such

as NN di methy| T or mamgig, gy LBl stheth SEALOLLED 24 £ | nvention The

usual starting.material 1 n the npnufaé%%re of the_di hydropyridines of this
{s' £hY

i nventi on ofmamifagEure R /the RAhydrop¥ridings Hh Ehig savention
d;hydr0X¥PiR§€i€P$§%F£)g qﬂhg_§5@6eri§ﬂlagtﬁgdwﬁO&bavﬁin@ ;he _ .
af orenenti on roXypi peridi pe.invgl ves: the react nia an e
appropr? at e %&W‘%‘g’f‘m}% ‘iﬁ‘?\hgﬁel n @5%9%5%935%% %l”?'g°§g£és‘gd t hr ough t he
aeﬁcélon|n>Mag£pgouha1qu@emantiepezhgﬂhn®z0anp;ner1d;ne 12volveshed 1

I hydr oxypl ' t 'ga@ﬁ% a, DFSRRL At & OPePralonmpounds o
this inventﬁgﬁéggﬁg%éigée%gre @iéjt%e?ﬁ?ﬁesgﬁgégﬁ%gscri%edapreferred
process or thydrepyrap yhereinrgaseewns apmepiayigppeRedetbhipugh pol i sh

patent 15 -~ +189, A@3ctidki hikthufe SebHtRiAtRGSERe tetPanpdsopyrahe fol | owi ng

fornulfbare prepar ed a%hé'83§9&£8x§€9£8ri3133“8%%rting material
for the.preparation of compouhds of this invention .,
can be prepared by eitherithé above-desc¢ribed o/
preférréd'précess or that of the prior art
exemplified by Balicki et al in Polish patent

15 89,493. uUtiliZing said procésées, compounds of the

following formu1a are prepared as listed in Table II

below:

ke

O



20 -12- TABLE-1
[err]
[err]

[err]
77-80 C

| 5 H2 10 -
[err] 85-89 B
[err] [err]

[err] { 137-140 15
[err] \vﬁzz 123 G

[err] ferr]
J [err]

[err]

55-73 | [err]
[err] [err]

[err] 102- 106 L

Exanpl e 1 Preparation of diethyl
" met hyl ) -2, 6-di hydr oxy- 4- et hyl

[err]

[err]

n- but yl

[err]

[err] [

[

[err] [err]

- A mxture of 368 g (2.0 nmol) of ethyl
- mol ) of propional dehyde and 1 m of piperidine in 400 nml of [err] is
gﬁaarnr] and finally is refluxed

~stirred for
. for 1 hour.

5
Lo
L

10

\_ 15

o 20
W

1 hour at [err], then 1 h
An additional 16.0 g (0.2

-3, 5- pi peri
tri-

69-73 D

F
err]
err]

86- 892«

[err]

2,6-bis-(trifluoro-
- pi 'Egéﬁﬁiﬁkar-

[err] . . [err] A
[err] [err] -

benzyl [err]
[err] [err]

[err] H Terr]
[err] 102.5-103.5 20
[err] [err]

98-100 [err] -13-

boxyl ate. 5
fl uoroacetoacetate, 58 g (1.0

R, o 50R
N _
Rbon ' oan
H
2
B, B, R mec
A CH(CH; )2 CFg3 CH,CHg 85-89
B n-butyl CF; CH,CHg 77-80
o CH,CH(CHg3 )2 CFg3 CH,CH; 69-73
D . benzyl CF3 CH,CHga 137-140
~B———— CH,OCH, —CF——CHy CHyr——3102—309—
F CH,OCHj + CFs CH,CHg 122-123
G CH;CH,OCH;CHs CF3 CH,CHj 1.42692
H CH,CH, SCH3 CF; CHpCHg  55-73
I CH, SCH, CF3 . CHpCHs 102.5-103.5
J CH(CH2CHj3 )2 CF; CH,CH, 86-89
L CH,CH(CH3), & CFpH CH,CH, 98-100
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mZi;of propi onal dehyde is then added to the above m xture and the
nlxture held at reflux for 2 hours after which the heating nmantle is ,
~renoved. -To the reaction mxture is passed 108 g (6.35 nol) of ammoni a gas
in 2 hours. The 19F nnr indicates the 15 reaction m xture contains-77%
pure mxture (1:1) of cis isomer and tw&aas isongr. The above procedure™

be used to prepare other 2,6-di hydroxy 3, 5-piperidi nedi carboxyl ates, which
are starting materials for preparation of the 20 di hydr opyri di ne
conpounds of this invention. Exanpl_zggggggggatlon of di met hyl
2,6-bis-(trifluoro- e%;: ;i’ozh q)thyﬂrgl A squ%u_tﬁ&ls-_ Bddidedi car -
boxylate and its 3 4: . ' tion from
Product of Emghh -1y pi3.S-pipmridine gtigaycent r at ed
sul furic aci g a&gp m . of nethylene chloride is added 48.7 g.(0.115 nol)
of di methyl Z7%° rifluorone I 6 d|h roxy-4-isqobutyl - 30

3, 5- pi pe¥ i di nedi car b&(%’d‘tté’rﬁ Q#]éé gT Qéci fiethile Y 5tirred for
20 m nut es arﬂmuaattmthﬁe &8 i q dlt erol )Theef patdpdloareel ddnyade de | ayer

I s separat ed, h t odlun1 [ bonat e,
dried and coﬁéﬁ?‘r dﬁfg’ \89 owdéq’%?)gn 4(2;?8% ?’bta%{ﬁ) & Lf&lel% <guct (only
1, 4- di hydr o ifeangr jhoux @y 1200€,( Theny)l dfotuhlai'- FﬁQf(ﬂJand stiaddly ohr
distilled at ;@ g'etﬂr\fxe(d)%rt QMR U An add%m}ﬁéic)lé Q Ry Q6 Iagh 8 g of

t he desired pro ct_as an oil err] .1.4391 whj ont al ns a 2:1 m xture of
10 of proplonald hyde is then added to the above

mlxture and the mixture is held at reflux for 2 hours
after which the heating mantle is removed. "To the (-]
reaction mixture is passed 108 g (6.35 mol) of
ammonia gas in 2 hours. The 19F nmr indicates the
15 reaction mixture contains 77% pure mlxture (1:1) of
cis isomer and trans isomer.

The above procedure can be used to prepare

other 2,6-dihydroxy 3,5-piperidinedicarboxylates, —
which are starting materials for preparation of the W/
20 dihydropyridine compounds of this invention.
' Example 2

Preparatlon of dimethyl 2,6-bis-(trifluoro-
methyl)-1,4-dihydro~4-isobutyl-3,5-pyridinedicar-
boxylate and its 3,4-dihydro Isomer.

O

25 ' (a) Preparation from Product of Example K

To an ice cooled mixture of 200 ml. of
concentrated sulfuric acid and 200 ml. of methylene
chloride is added 48.7 g-(0.115 mol) of dimethyl
2,6=-bis~(trifluoromethyl)-2, 6~-dihydroxy-4-isobutyl-

30 3,5~piperidinedicarboxylate at once. The reaction
mixture is stirred for 20 minutes and poured into
1 L. of ice water. The methylene chloride layer is
separated, washed once with 100 ml. of saturated
sodium bicarbonate, dried and concentrated to provide

35 28 g (64.6%) of crude product (only 1,4-dihydro
isomer). A portion (5.0 g) of this product is
kugelrohr distilled at 0.5 torr (pot temperature



1, 4-di hydro and 3, 4-di hydro isoners, respectively. Anal. Calc'd. for [err]:

C: 46.28; H 4.40; 5 N, 3.60 Found:
C,_46.§9; H 4.44; N, 3.60. (b) One-vessel Preparation fronththyI o 2z
Trifl uprpacet oacetate 10 To a mixture of 340 g (2.0 nole) of <

met hyl ~Cri fl uor oacet oacetate; 100 ml of tqluene and 0.86 g of piperidine is
added 90.5 g (1.05 noles) of isovaleraldéﬁ&ﬂe in 20 mnutes. The reaction
m xture is maintained at [err] for 3 hours and diluted with 125 15 m of

toluene. Gaseoysq3 ES%Z h . Th
m xture was dllﬁ?ed%argﬁ fgé%%ﬁ'o# %o%ﬁgﬁg ggéégg %Pgﬂg#dgfogﬁrs of °
tol uene are remoidd @Efed -A3Mlcalishe oBtainsTie 2rdaddmdNr® ffure is

diluted with 10Q @-difhyfdﬂdlm 32Q dn@qﬂoeqsb&e&%rr]re@@édmm with 548
g (5.59 nol es) of furlc aC| “The _r €act on ntxtur }grre for 1.5
hours and poure &hﬁ§h75$ﬁhcboluéhe4ta§%& &t ed. The
aqueous | ager is extracted mnth 500 m of toluen®, Ti3eé6®onbi ned 25

t ol uene sol uti ons washed successively w nt o PG el 5Q0
sat ur at ed, sodi um bi car bonate, and 500 ni §loQi(r)l ne,’ 284 cdncén%rélt dd | n

vacuo to give 363.6 g of a 59% pure product whi chl.coriiréébonds to an 83%
overal | yield. 30 (b) One-vessel Prepar@{d8i Erbr’Mutdiyal i on of

di et hyl 2,6-b!s-§tr|fluoro-
met hyl )-1,4-dih tak -pyridinedi car- boxylate. A single

necked 2501 flask is cargasiiure om‘rmmej) (5O nito Xeeon cefh tmesttheyel sul furi c
acl d The flas l%rlflqloaf:oeéjcé&a%ﬂaqt?e nﬁat& %qll?é!{eo% P .86 g
~ of piperidine is added 90.5 g (1.05 moles) of
isovaleraldehyde in 20 minutes. The reaction mixture
is maintained at 80° for 3 hours and diluted with 125
15 ml of toluene. Gaseous ammonia (47.3 g, 2.78 moles)
is passed in 1.5 hours. The mixture was diluted with

100 ml of toluene. Excess ammonia and 200 ml of
toluene are removed under reduced pressure. The
reaction mixture is diluted with 100 ml of toluene,
20 cooled to 5°C and treated with 548 g (5.59 moles) of
"~ sulfuric acid. The reaction mixture is stirred for
1.5 hours and poured into 2 1 of ice water. The
toluene layer is separated. The agueous layer is
o extracted with 500 ml of toluene. The combined
25 toluene solutions washed successively with 500 ml of
‘water, S00 ml of saturated sodium bicarbonate, and
500 ml of brine, and concentrated in_vacuo to give
363.6 g of a 59% pure product vwhich corresponds to an
83% overall yield.
30 Examgle 3
i Preparation of diethyl 2,6-bis-{(trifluoro-
methyl)-1, 4-dihydro-4-(4-pyridyl)-3,5-pyridinedicar-
boxylate.
A single necked 250 ml flask is charged
35 with 100-150 ml concentrated sulfuric acid. The
flask is placed in an ice water bath and allowed to




-15- stir and cool. To the acid is added 30 g (0.0636 nol) of diethyl
2,6-bis-(trifluoronethyl)-2,6-dihy-

droxy 4- @4 pyridyl)-3,5- prperrdrnedrcarboxylate and stirring continued for
an hour. The acidic mxture 5 i s poured over crushed ice and extrac;f?
twice wwth ether. The organics are wasjwd w th aqueous saturated sodi uhe
bi carbonate, dried on anhydrous magnesiumsul fate and stripped of solvent.
Five grams of the resulting residue is dissolved in 40 nl 10 of wat er

and again vmiiqd and redsieouro Stﬁielra?é:ﬁli fs)gadue@lsm@orwwawl ution. | fThte
or gani cs are on ous nesi um sul f ate.
The sol vent “f afp%eeut\yixlp é’rﬁﬁ? %5/3‘"%&%{'{% ¥~ results. M
171- [err] :ﬁioxy#&&ﬂ4-n¥txdyi)43u5{p1p¢r1dihed&béﬁbo*?latkEﬁhdhL 6. 39
Found: 2 64%13&”%&# cﬁbnglml\éd @or.Sgan Wl € the? acidic mixtufé eparation of

di et hyl
met hyl )8 4- blit%/lpoﬂmﬁ%qw&@@%r?&ﬁ rm#c%zrfb@@t%@etwwadm mM flask is

added 100 nletgferonceid retdgsh fﬁgfaﬁé(héghéhkuﬁﬁlé éauged in an ice bath.

b A e i gy et Lo
.hydroxy Sﬂmgnﬁsxhumshlfatn»qndustrﬂﬁpednoiLsaﬂventt|rFfmbfor an hour.
The, 201 d1c il ot SRS INEl SHAETEG, £ Blbafidacqh Wi*n%r?ﬁ“géﬁeﬁfri
sat ur &t%®d seff mm:@agmb@g@.n washed with aqueous saturated
sodium bicarbonate solution. The organics are o,
extracted with ether and dried on anhydrous magnesium - o/
sulfate. The solvent is stripped off and 3.04 g .
(60.8%) of_whité_powder results. Mp 171-172°C.
15 Anal. Calc'd. for C;gH;gFgN204: . C, 49.31; H, 3.65;

| N, 6.39 N
Found: C, 49.33; H, 3.72;
S N, 6.39. o~
. _ ample 4 | /
20 . Preparatlon of d1ethy1 2, 6-bls (trlfluoro—

methyl )-4-butyl-1,4~-dihydro-3, S-pyridinedicarboxylate.
To a 500 ml flask is added 100 ml of

concentrated sulfuric acid which is cooled in an ice
bath. To the acid is added 4 g (0.0088 mol) of o

25 diethyl 2,6-bis-(trifluoromethyl)-4-butyl-2,6-di-
hydroxy-3,5-piperidinedicarboxylate. The mixture is
stirred for an hour. The acidic mixture is poured
over crushed ice and stirred. The organics are .
extracted with ethyl ether. The ether extract is

30 washed with aqueous saturated sodium bicarbonate
solution, dried over MgsO,, and concentrated to yield

- 2.34 g (63.9%) of product n%s 1.4419. |
Anal. Calc'd. for C,7H;;04N;Fg: C, 48.92; H, 5.03;
: _ .~ N, 3.35 "
35 o - Found: C, 48.95; H, 5.09;
' N, 3.36.




solution, dried over MgSO4, and concentrated to yield 2.34 g (63.9% of
product’ n5 1.4419. Anal. Calc'd. for Cl7H2104N F6: C, 48.92; H, 5.03; N,
3.35 35 - . Found: C, 48.95; H 5.09; N, 3. 36
-16- Exggple 5 Preparation of diethyl 2;6-bis-(trifluoro- 124
net hyl ) -1, 4- di hydr o- 4-i sopropyl - 3, 5- pyrldlg di car- boxylate. 5

To a 500 n1 flask is- charged 250 mi of cont@ntrated sulfuric acid. The acid
is cooled in an ice water bath. To this is added 25 g (0.0569 nol) of

diethyl 2 ,6-bis-(trifluoronethyl)-2, 6- @kgm?ﬁgxg 4-

I sopropyl - 3 5- plperldlnedlcarboxylate a Tring 1Q cQ alnued for 90
mnutes. The mixture |s2§ERE£&£&£EL2§LEEﬁEﬂxgc343ﬁ95§£iﬁﬁégp_ﬁﬁé_organlcs
are extracted twmeehwilthkicubwl hgdrer4~-1sepebbel -8%b-pgridinedikad-w t h
agqueous saturategoigﬁl M bicarbonate solution, dried over and
concentrated. Th €§L§5 material is chromatographed with 10% et hyl
acet at e/ cycbohexane to ylTol @ §087md €3k dfs ghadged; 266r mL ©£444. Anal .

Calc'd. for [errkoﬁcgntiétﬁﬁ sﬂlgérﬁ% a@ads 2tpedacid is ¢ ?lgFégﬁl

Found: C, 48.95; l.e 5 Preparation o
2, 6-bis-(trifluok&e waitey baths. dTFyGh654lﬁs@EﬂG§y?539518yP§éPn@mﬂﬁcar-
of diethyl 2, 6-bls-(tr1f1uoromethyl)-2 6-dihydroxy-4-

isopropyl-3, 5-plperldlnedlcarboxylate and stirring
10 continued for 90 minutes. The mixture is poured over
crushed ice and stirred. The organics are extracted

~ twice with ethyl ether. The ether extract is washed .
with aqueous saturated sodium bicarbonate solution,
dried over MgsO, and concentrated. The crude

15 material is chromatographed with 10% ethyl
acetate/cyclohexane to yield 6.87 g (30%) of product;
nZs 1.444.
U Anal. Calc'd. for CygH;04N;Fg: C, 47.64; H, 4.71;
| N, 3.47
20 Found: C, 48.95; H, 5.09;
1 N, 3.36.
o Example 5
Preparation of diethyl 2,6-bis-(triflﬁoro-
W methyl)-1,4~dihydro-4-isopropyl-3,5-pyridine-dicar-

25 boxylate.
' To a 500 ml flask is charged 250 ml of

concentrated sulfuric acid. The acid is cooled in an
ice water bath. To this is added 25 g (0.0569 mol)
of diethyl 2,6-bis-(trifluoromethyl)-2,6~dihydroxy=-4-
30 isopropyl-3,5-piperidinedicarboxylate and stirring
continued for 90 minutes. The mixture is pouréd over
crushed ice and stirred, The organics are extracted
twice with'ethyl ether. The ether extract is washed
with agueous saturated sodium bicarbonate solution,

35  dried over Mgsoz and concentrated. The crude



25 boxyl ate. To a 500 ml flask is charged 250 ml of concentrated
sulfuric acid. The acid is cooled in an ice water bath. To this is added 25 .
g (0.2569 nol) of diethyl 2,6-bis-(trifluoromethyl)-2,6-dihydroxy-4- 30 .
‘t sopropyl - 3, 5- pi peri di nedi car boxyl ate ?d stirring continued for 90 7
m nutes. The m xture is poured over cra' hed ice and stirred. The orgarﬁ‘{s
are extracted twice with ethyl ether. The ether extract is washed with

aqueous satu di, " 3 Q&%E ried over [err] and
concentr at ed;ngrt%%é'%@ C?llr% 3 h?‘a’l(aaIW:'TT'(S?{]C oﬁémﬁ 3& hed with 10% et hyl
acet at e/ cycl anexarts/wc}pueeta@eet% yiedn 60187prg)d&Q%) [ mroducts.  Anal .
Calc'd. for Lesrh: a4 47.64; H 4 71; 5 . _

N, 3.47 Foun C_47.69; H 4. N, 3.46.. Exanpl e 6. Preparation of

di et hyl 2, 6'-&&(49%&0 %01631904"15'6 S oy ROIAL

met hyl ) s1, 4- di hydr o- 4-i sobut yl - 3, 5- pyri di nedi agr - eyl ate. (a) Preparation

from Product of Exanple C To a 500 m I S« C 0 m of
concentrated sulfuric acid. The flasksfos%@(;ol ch’ ta&r?d'% i rred in an ice

water bath. To this nixture is added 28 g (0MN61B+A#) of d| et hyl
2,6-b|s-(tr|fluoro- met hyl ) - 2, 6- di hyy -ét-¢d sobutyl - 3, 5- pi peri di nedi car -
boxylate with stirring. After stlrﬂﬂﬁge%w—an hour 1 he, Efldlc mxture is

poured over cracked i& tion of diethyl 2,6-bis-(trifluoro-
10 methyl)-1. 4-d1hydr°'4'1s°butyl =3, 5-DYr1d1ned1car-
_boxylate. |
(a) Preparation from Product of Example C \;a

To a 500 ml flask is charged 250-300 ml of
ooncentrated sulfuric acid. The flask is cooled and
15 stirred in an 1ce water bath. To this mixture is
added 28 g (0 0618 mol) of diethyl 2, 6-bls-(tr1fluoro-"
'methyl)-2,6-d1hydroxy-4-1sobutyl-3,5-p1per1d1ned1car-
boxylate with stirring. After stirring for an hour
the acidic mixture is poured over cracked ice and \~)
20 stirred. The organics are extracted twice with ethyl
ether, combined and washed with saturated aqueous
sodium bicarbonate, dried over MgsO, and
concentrated. Chromatography with 20% ethyl acetate
and cyclohexane yields 9.28 g (36%) of product,
25 ngs 1.4420. : : o’

Anal. Calc'd. for C,;7Hp1O4N;Fg: C, 48.92; H, 5.03;
N, 3.35
Found: C, 48.94; H, 5.08;
- S N, 3.30. .
30 (b) One-vessel Preparation from Ethyl Tri-

fluoroacetoacetate
To a mlxture of 368 g (2.0 moles) of ethyl
trlfluoroacetoacetate, 0.9 g of plperldlne and 100 ml
of toluene is added 90.5 g (1.05 moles) of
35 1sova1eraldehyde in 20 minutes. The reaction mixture
is maintained at 80°C for 1.5 hours. Additional 4.3




20 stirred. The organics are extracted twice with ethyl ether, conbined
and washed with saturated aqueous sodi um bi carbonate, dried over MgSO™ and
concentrated. Chromat ography with 20% et hyl acetate and cycl ohexane yi el.ds
9.28 g{(36% of product, 25 [err] 1.4420. Anal. Calc'd. for [eer]: C
48.92; H 5.03; N, 3.35 Found: C, 48. 94; _{.5.08; N, 3.30. 30

(b) Cne-vessel Preparation fromEthyl Tri- fluoroacetoacetate To a m xture
of 368 g (2.0 noles) of ethyl trifluoroacetoacetate, 0.9 g of piperidine
and 100 nml of togueOeOSsmeﬂd¢do£01§ogalér95dényeé)1§faaﬁed The

i soval er al dehyde_.j ' : n.n xt in at 800C
for 1.5 hoursy ﬁégcﬁgoﬂ1ﬁf%§§re Efﬂﬁ%gﬂﬁg ﬁ§ €§g #°F2%€ %ﬁ%ﬁhyde S
added. The react and ﬁPQladetDSSQQLntEbnﬁheamlsﬁﬁré01sSﬁaasthé@ gnd cool ed

to [err]. To the m%é%sm aesasgeaﬁsgaﬁu&oﬁﬁarn?hei Rbugaseges amonia in 1

hour, then 5 nLtro en . action mxture is
diluted with 200n%Frefen, E§n§°5na eobPrEst o TherreackhionipriitwgewWith 566 g

(5.78 nol es) of aﬂlﬁuédcmchdzoa’hmreactbpﬁeﬁéxwaecbsléaltdsesl°at tren] for
separated. vasholrEateacetsdi 566 e (8008 olfeh pReBAERriE 8HVdh urar e
aqueous sodiun1bTbarbenateoanmlsborﬁ1lsfShmrEed dti 8d10RQSEHy 45d
concentrated to giXgtd24afldOboRtedUsht¥Nich k§ 8% ce. The toluene
- 10 - layer is separated, washed éuccessively with 500 ml
of brine, 500 ml of saturated aqueous sodium
~ bicarbonate and 500 ml of water, dried (MgsSO,) and
concentrated to give 394 g of product which is 90%
pure and corresponds to an 85% overall yield.
15 : - Example 7
' Preparation of diethyl 2,6-bis-(trifluoro-
methyl)-1,4-dihydr6-4-propy1-3,Sgpyridinedicarboxy-
- late. '

Into a 500 ml flask is poured 100~150 ml of
20 sulfuric acid. The flask is placed in an ice bath
~and the acid is stirred for approximately 15
minutes. Added to acid is 9 g (0.0205 mol) of
diethyl 2,6-bis~(trifluoromethyl)~2,6~-dihydroxy-
4-propyl-3,S-piperidinedicarboxylate. Stirring
25 continued for 40 minutes. The acidic solution is
poured over crushed ice and the resulting agueous
layer is extracted twice with ethyl ether. The
organics are washed with saturated aqueous sodium
bicarbonate solution, dried on anhydrous magnesium
30 sulfate, filtered, and concentrated to give 2.63 g
(31.78%) of product, n%s 1.4427.
Anal. Calc'd. for C;gH;704N;Fg: C, 47.88; H, 4.23;
_ N, 3.49 '
Found: C, 47.92; H, 4.28;
35 _ N, 3.47.



pure and corresponds to an 85%overall yield. 15

Exarrph gy 7 Preparation of diethyl 2,6-bis-(trifluoro- .
nmet hy )il 4- di hydr o- 4- propyl - 3, 5- pyrldlnedlcarboxy | ate. Into a 500 ni
‘flask is poured 100-150 m of 20 sul furic acid. The flask is placéd;in
an ice bath and the acid is stirred faryqapproxi mately 15 m nutes. Adder
acidis 9 g (0.0205 nol) of diethyl
2,6-bis-(trifluoronethyl)-2,6-dihydroxy-

4- propyl -3, ﬁ plpealdlneﬁlcarboxyleueﬂ ggﬁle' ng 25 continued for 40

m nutes. The acidic sol utli d Adhe resultin
aqueous | ayer 1is ext onf ¢ i Héﬂ? Life o are masheg
Wi th satur at eueetdy , oatfihydito cerphens S 1pyridinedicREboRYhy dr ous
magnesi um 30y 5¢esuUl fate, filtered, and concentrated to gi ve 63 g (31.78%

3 45 Fodnd G 4719§€§;xé§5§3°é§3- g of'alidl 2 8-paeedt 425 T
3-?E.|) 122.cﬁ@hﬁfﬁﬁﬁﬁﬁfﬂf%f%&ﬁi?hydrnxy#4{bhémml 2,5%pnpetid1ﬂéﬂoro-

me -1, I I

e hy1) - L4 s pheDy | 3 % Pyt EbeehEAIPRic! fa dna 30 A

f 1 uor onet hyl JmI2, € i myxst thgﬁhipeﬂﬂlﬁehom%a?MI ate, 0.1 g
of toluenesulfanic A¢ideidvedlazeotropically: The toluene

10 solution is washed with saturated sodium bicarbonate,
dried (MgSO,) and concenprated_in.vacuo. The residue —
is chromatographed on silica gel using. : \w/
ether-petroleum ether (1:9 v/v) as eluant. The first '
fraction (500 ml of eluate) gives 0.70 g of oil. The
15 1H nmr analysis of this material shows it is a
mixture of (1,4-and 3,4ydiethyl 2,6-bis-(trifluoro-
methyl)1§IE§dro-4-pheny1-pyridine-3,5-dicarboxy1ate.
This material is chromatographed on a silica gel .
‘plate (2000 y, 20 mm X 20 mm) to give 0.66 g (71%) -/
20 of an o0il, n%5-1.4887 which solidifies to give diethyl
2,6=bis-(trifluoro-methyl)-1,4~dihydro-4-phenyl-3,
S5-pyridinedicarboxylate mp 42-45°C.
Anal. Calc'd. for C;9H;,FgNO4: C, 52.18; H, 3.92;
.N, 3.20 S

25 / Found: C, 52.33; H, 3.95;
N" 3.20.
ample 9

-Preparation of dlethyl 2, 6-bls-(tr1fluoro-
- methyl )-1,4-dihydro=-4={4-pyridyl)-3,5-pyridinedicar-
30 boxylate sulfuric acid salt.
A single necked 250 ml flask is charged.
with 100-150 ml of concentrated sulfuric acid and the
acid is cooled in an ice water bath. To this is
added 30 g (0.0636 mol) of diethyl 2,6=-bis-(tri-




m of toulene is held at reflux for 4 hours while water is renoved

azeotropically. The toluene 10 solution is washed with saturated SOdI um
b| carbonate, dried (MySO4) and concentrated in vacuo. ‘The residue is.
chr omatogr aphed on silica gel using et her - petrol eum ether (1:9 v/v) as’ 25

eluant. "The first fraction (500 m of elu®0) gives 0.70 g of oil. The 15
[err] nnr analysis of this material shows it is a mxture of(l, 4-and

3,4)d|ethyl 2,6-his- trlfl or.o- . .

- di hydr o- 4- phen Gﬂ'r%é? Yade (4rnpyE idfld 3y SRiperi-

chr omat ogr aphed dnneﬁmdrhm:ﬂedtqll at'nhe( %&ﬁ&:{:ﬁfg lis Horuhnaed foY drp gi ve

0.66 g (719 20 0|I 7 SO|Idee t Lve, di et hyl

2,6-bis-(trifl uoro rret Ry léfﬁ(f JZP\,)% ﬁous;:e °Vfr| E%k%&}e@rlr?&w ate
mp [err]. Anal. and disl. stt:mre[darhe]fone mmgs edfrateal tyices wARip5

F d C 2.3 3.
Zognbl s-(t r5|5f| uo%rtﬂér 9212 Mr s’.J":dal%%ydro 4- 4rgy't§|{e3§ﬂ\x_¥?§h%“pyrye$ %car-

boxyl at e sul furifd From aRetoneyk Mk charged with
100-150 m of cmzma-rltmce.d sulfurlc aC|d and the acid is cooled in an ice

water bath. To this i d (Q,0 ) of diethyl, 2,.6-kf s-(tri-
-20- fluorometh = %Woggﬁ%@%ﬁ%g $5-pip 944]‘-29' I'P' @%5(’
di nedi car boxyl ate. The stirring is continued for alWNhol.22Fheé acd.®t
sol ution ijgp poured over crushed ice Found: C, 40.27; H, 3.38;
' . . N, 5.18; S, 5.98.
) Example 10
Preparation of diethyl 2,6-bis-(trifluoro-
methyl)-1,4-dihydro-4-methyl-3,5-pyridinedicarboxy.
15 late.

A 200 ml single necked flask is charged
with 60 ml of concentrated sulfuric acid and is
- placed. in .an ice water bath to cool. To the acid is
o/ added 5 g (0.123 mol) of diethyl 2,6-bis-(trif1uoro-
20 methyl)-2,6-dihydroxy~4-methyl-3,5-piperidinedi-
carboxylate. Stirring continues for 15 minutes and
the acidic ‘solution is poured over crushed ice. The
solution is extracted twice with ether and then
washed with agueous saturated sodium bicarbonate
solution. The organics are dried on anhydrous
magnesium sulfate and stripped of solvent. The
resulting semi-solid is triturated with petroleum
_ether and filtered. The filtrate is concentrated
to give 0.9 g of product, n2® 1.4377. |
30 Anal. Calc'd. for C, H;sO04N;Fg: C, 44.81; H, 4.03;
’ N, 3.73
Found: C, 44.98; H, 4.06;
| N, 3.67.



and is stirred before being extracted twice with 5 ether. The crystals
formed in the aqueous layer are filtered and recrystallized from acetone,
np|}wr]29AnaI Calc'd. for [err]: C 40.29; H 3.35 N 5.22; S 5.97 10
Found: C, 40.27; H 3.38; N 5.18; S, 5.98. Exanple 10 Preparation oﬂh/
di et hyl 2, 6-bis- (trlfluoro- -21-

nmet hyl ) - 1, 4- di hydr o- 4- net hyl - 3, 5- pyri di nedi car boxy 15 late. A 200 ni
singl e necked flask is charged with 60 ml of concentrated sulfuric acid and
is placed in an ice water bath to Exanplieo Ihe aC|d is added 5 g (0.123

mol ) of diethyl 2,6-kjs:( .oo . i -
met hyl ) - 2, 6-di hydroxly-- e 3 &%th 2_-b1 ero tirring

conti nues fomethyd Imk de-dihydyre 4 su: .rW.J bh) 35, SrpiEkdiner crushed
i ce. The sol @iicaidoxydeected twice with ether-and then washed with

i od" o anhydr ous. mETH GAT0 B0 1 TeERHRA R A RS The resul ¢ i ng
semi -sol i d | Stark Wi tovtdmeet v eem et herthedcdéledresluedecidiltrate
for Lorr]: adagda® §, (o 0e gL ateliv) 2,630 ey 5% 377 ¢
29 fluoromethyl)-z -d1hydroxy-4-phenylmethyl-3 S-piperi-
dlnedlcarboxylate and 2 g (0.0105 mol) of toluene-~

10+« sulfonic acid. The solution is heated to reflux and
refluxed for 2 hours. An additional 2 g (0.0105 mol) -
of grtoluenesulfonic acid is added and the mixture -\
refluxed for 18 hours while water is removed by means
of a Dean/Stark trap.

15 The mixture is cooled, filtered and
concentrated. Ethyl ether is added to the
concentrate and the organics are washed with
saturated agqueous sodium b1carbonate, separated and

drled ove; MgSO, and concentrated. -/
20 The residue is chromatographed on silica
gel using 10% ethyl acetate/cyclohexane as eluant to
yield 1 g (7.2%) of the desired product; n2s 1.4820.
Anal. Calc'd. for CzoHp O4N;Fg: C, 52.98; H, 4.63;
| ' N, 3.09 i)
25 _ Found: C, 53.24; H, 4.27; |
' ' N, 3.09.
Example 12 '

Preparation of diethyl 2,6-bis-(trifluoro-
methyl)-1,4-dihydro-4-(2- furyl)-3 5-pyr1d1ned1car-
30 boxylate.
A 250 ml single necked flask is charged
.w1th 150 ml toluene. The toluene is refluxed to
remove water using a Dean/Stark trap. To the cooled
toluene is added 10 g (0.0217 mol) of diethyl
35 2,6=bis-(trifluoromethyl)-2,6-dihydroxy-4-(2-furyl)-3,
S-piperidinedicarboxylate and 1 g (0.005 mol) of
p-toluenesulfonic acid. The reaction mixture is




-21- Exanple 11 Preparation of diethyl 2,6-bis-(trifluoro-

nmet hyl )~ 1, 4- di hydr o- 4- (phenyl net hyl ) - 3, 5-pyri di ne- di carboxylate. 5
Totuene. (250 M) is refluxed with a Dean/ Stark trap to renove water. In,
the coql eéd toluene is added 15 g (0.0308 nol) of diethyl 2,6-bis-(tri-

fl uoronet hyl) -2, 6-di hydr oxy- 4- phenylnethyl 3, 5-pi peri - dinedi carboxyl ate
and 2 g (0.0105 nol) of toluene- SLH% nic acid. The solution is
heated to reflux and refl uxed for 2 hours. An additional 2 g (0.0105 nol)

of [err]-tol uenagddf&di€o 3£é1§'11h§ as&ieflamﬁzé&efa& x4 %&f@f&mm‘@ vwd¥er 8

hours while water i1s renoved é% nmeans_ of .a Dean/ St ar k tﬁ@f
The mixture is dodlERMoved Ry ) DEANFREAtYEARY. Thetoldieps *% added to
t he concent rat e miime@r@mlasdaueevmkw prddusttig at ed aqueous sodi um

et oo St o ST A TR ahace-

acetate/cyd ohemmmmmmg}lm&&& o)) (26 M) ocif tpmeodiest » $roduct ;
n5 1.4820. Anal. (%? . for [err]: C 52.98; H 4.63; N, 3.09725

Found: C, 53.24; 427, N, 3.09. Exanple 12 Preparation of diethyl
2,6-bis-(triflrudBalnefalF)dq 2F; Guf %Moswﬁa 87 5lpyriidiheth car- 30
boxylate A 250 m single necked flask is chargedyw t4,4H0 nml toluene. The
toluene is refluxed to renmove water usin & Q?a“/éRQi¥ 44 2Ry 1})§fp cool ed

10 ' o . N, 3.25.

P ' : ' Example 13
' Preparation of diethyl 2,6-bis~-(trifluoro-
methyl)-l,4—dihydro-4-(2-thienyl)-3,5-pyridinedicér-
boxylate. _

15 Approximately 100 ml of toluene is refluxed
using a Dean/Stark trap to remove water. To the
cooled toluene is added 20 g (0.0418 mol) of diethyl
'2,6~bis~(trifluoromethyl)-2, 6~dihydroxy=-4=-(2-
thienyl)-3,5-piperidinedicarboxylate and 2.0 g

20 (0.0105 mol) of p-toluenesulfonic acid. The mixture is
heated to reflux and refluxed for 5-1/2 hours. The .
solution is cooled and filtered. The solvent is
stripped off and the product is chromatographed using

g} 20% ethyl acetate/cyclohexane as eluant to prbvide

25 2.45 g (13.23%) of product, n%s 1.4937.
Anal. Calc'd. for C,;;H;sO4N;FgS,: C, 46.04; H, 3.38;
N, 3.16; s, 7.22
Found: C, 46.11; H, 3.44;
N, 3.12; s, 7.16.

30



toluene is added 10 g (0.0217 nol) of diethyl 35

2, 6-bi trlfluoronethyl) 2, 6-di hydroxy-4-(2-furyl)-3,

- 5-pi pe i nedi car boxyl ate and 1 g (0.005 nmol) of p-tol uenesul fonic acid.
The reaction mxture is -22- heated-gza reflux and refluxed for 4 hours,
while water is renoved by a Dean/ Stark trap. The toluene is distilled ofy
and the crude product is chromatographed on silica gel using 20% et hyl
acetate- 5 cycl ohexane to give Exkbopld 26t 8%) of product [err] 1.4720.

Anal . Calc'd. for [e@ge aé%tfgafr@'dieé%' _47.83; H,
3.51; 10

Prepar ati on

met hyl ) -1, 4- élw&x&l@:é furﬁmd:)e&y'ir w-rmé&ﬁ%%meé&wizat@ 15

ApprOXIﬁate|¥ TOU M. QT -Tol-ue Deaf/ Stark trap to
renove wat er 2LE5 R CHER -2 D478 '-I) of di et hyl
2, 6- bi s- (triidivaretthdte.2, 6- dlhydroxy 4 (2-

thlenyl) 3, 5-pI peri dig)e ) of
p-t ol uenesul foni c acffg) dA %éel 43‘&%@% €ed to ?eﬁ UX anédl' efl uxed for
5-1/2 hours. meﬁlﬂlﬁ'éima@’ta]si@u&%@md% |g @R0 Tl s@thyt is stripped

off and the o 0 / cycl ohexane
as el uant towgﬁ'?vllq(?e ZESQE- 4%%@P*§é12%k§dé%f12(8/n§52?’6 @Ie;ﬁ(]ﬁ? 4937 Anal .

Cal ¢' d19% or pagquqgnqﬂ3(gpe};qu n mixture 1s heate to 80
resulting in an exotherm, causing the temperature to

rise to 105°C. After cooling to 90°C, the reaction o
mixture is held at this temperature for 2 hours. The" (-
cooled intermediate is stripped, dissolved in 200 ml
15 tetrahydrofuran and excess ammonia bubbled into the
solution. An exotherm occurs raising the reaction
temperature to 40°C. After the exotherm peaked, the
reaction temperature is increased to 60°C and held at
this teﬁperature'fOr 4 hours. The intermediate is o~
20 strlpped to give 180.3 g of an oil. o -/
A 20 g aliquot of this intermediate in 50 '
ml méthylene.chlorlde is added to an ice water cooled
and stirred solution of 20 ml concentrated sulfuric
acid in 100 ml methylene chloride at a reaction
25 temperature of less than 10°C. Stirring of the two o
phase reaction mixture is continued for 5 minutes
after addition is complete. The reaction mixture is
_poured into a 600 ml ice/water mixture. After mixing
- well, the phases are separated and the aqueous phase
30  extracted with 50 ml methylene chloride. The
combined methylene chloride phases are washed
successively with 600 ml of 1% sodium chloride
solution, and 600 ml of a solution of 1% sodium




*

N, 3.16; S, 7.22 Found: C, 46.11; H 3.44; N, 3.12; S, 7.16. 31 -23- -
Exanpl e* 14 Preparation of diethyl 4-nethylthionethyl- ‘
2,6-bis-(trifluoronethyl)-1,4- dlhydropyrldlne 3,5-. dicarboxylate and 32
dlethyh\Trnethylthlonethyl 2,6- 5 '
bis-(tr Iuoronethyl) 3,4 dlhydropyrldlne 3,5- dicarboxylate. To a stirred

m xture of* 37.0 g (0.41 nol) nethylthloacetaldehyde and 168 g (0.90 nol)

ethyl trifluoroacetoacetate, is added 1.0 ™4 T0.01 nol) 10 pi peri di ne.

The reaction mxture is heated to 800C resultlng |n an exotherm causing

mxture i s hel o APERTELe ndi St s B BRIt Wihsd STt ¢ oaiate i <

stri pped, dissol veagnes @0 swliste, fElt@h?@ramdwsﬂrzﬂmbéxcess ammoni a

“bubbl ed into the o, '

. tenperature to [e’é&?. A%rﬂ%e exot ?r‘r#fe %@r%ﬁ%é‘gﬁ ié‘?féplserature
is increased to 6ob®E FPrhcapy @il rgell ai%r%§9t#5Q-¢£Qw%
“internediategis 20 st rp@ﬁﬂﬂl&@tﬁﬂeoﬁ.%g préduc® |HPEC 26h 9 aI i quot of

LRSS
&

hi i di h ch d (ki%?
ool et ot or el Tige, Jo1, "o e T (OHREL Seg Safe R el ohatmnd™ 00

net hyl ene chl ori déontelutiontseivast yieldpea ayel owfolksaftémmrémovil

Stirring of the typ phasgoledrt] OkdbeiHoRr | &1 60N 14UFsh @ives B W &
of a yellow oil, boiling range 125-135°C/0.08 torr,
10 23% yield, n%s 1.4686.

~ This material contains 89% of the 1,4-di-
hydropyridine isomer and 11% of 3 4-d1hydropyr1d1ne
isomer.

Anal. Calc'd. for C,sH;;FgNO.S: C, 42.76; H, 4.07;
15 ' - - N, 3.32
. Found: C, 42.72; H, 4.24;
PR ' a ' N, 3.07.
Preparation® of diethyl 2,6-bis-(trifluorf;‘//////r
20 methylN-1,4-dihydro-4-phenylmethoxymethyl-3, S-pyri

dinedicarbqxylate.

25

of water and 100 di bicarbonate,
30 dried (MgSO4)

e 110-125°C) is discarded.
fractdon (pot temperature 130-140°C) provides 3.4 g
£ an 0il which is chromatographed using Waters prep

~ The second




after3gidition is conplete. The reaction mixture is poured into a 600 ni
ice/water mxture. After mxing well, the phases are separated and the -
-aqueous phase 30 extracted with 50 ni met hyl ene chloride. The conbined
met hyl ene chl ori de phases are washed successively with 600 ml of 1% sgdiium

chloride solution, and 600 nl of a sot28+o0n of 1% sodi um 32 -24- ~/
chl oride and 5% sodi um hi carhonate dried over nagnesiumsulfate i'tered
and strippet~WKugel rohr distillation of the |iquid residue gives 11.8 g of

an oil, col Ison-&khglica rgek croludn with 5% ethwyi | a¢e£nt=— of the product
by HPLC on 1 élcdf’h narsd % 1hH9A @t(‘ﬁ’iovﬁ‘cx[eéﬁ’%ez 0w fxanﬁ,éor el ution
oIven

sol vent vyi el yel T ow ol t=aiter renova = Kugelrohr

distill atlorflgﬁ'ﬁfesfnﬁqﬂilﬁf‘oﬁ‘r SREIR bime A miRutesleis 191t Srr, 10
23% vyi el d, ([m ) df A rddi pro@ict) oz onis84s. 89% of the 1,4-di-

hydropgldl e |sor‘$%1an|§i 4t1%0é .2;6| gren 'déé‘ 65015113r mgl. Cal c' d.

;?gz Found C. 42.72; B~ 24; N, 3.07: 38, - 2.3 :
| Found:  C, 52.48; H, %42;
N, 2.92.
: _ _ Example 15 .
10 . - (a) .
Preparation of diethyl 2,6-bis-(trifluoro- .
" methyl)-1,4-dihydro-4-ethyl-3,5-pyridinedicarboxy- o/
late.

Into a 250 ml single necked flask is poured

15 100-120 ml of concentrated sulfuric acid. The acid

is cooled in an ice/water bath and stirred. To this

is added 2.5 g (0.0058 mol) *of diethyl 2,6~bis-(tri-

fluoromethyl )-4-ethyl-1,4-dihydroxy-3,5-piperidinedi~ ~
_ carboxylate (cis isomer only) and the solution is- /
20  stirred for 15 minutes. The acidic solution is

poured over crushed ice and extracted with ethyl

ether. The total organics are washed with saturated

sodium bicarbonate, dried and concentrated. The

crude prbduct is chromatographed on silica gel using -
25 20% ethyl aéetate-cyclohexane to yield 1 g (44.2%) of

product based on dihydroxypiperidine of product,

n2s 1.4441. o o .

Anal. Calc'd. for C;gH,;FgN;04: C, 46.27; H, 4.37;

| | . N, 3.59 |
30 ' : Found: C, 46.41; H, 4.19;
N, 3.62.

{b)
(Improved Synthesis)
To a well stirred mixture of 200 ml of
35 concentrated sulfuric acid and 200 ml of methylene
chloride is added 88.5 g (0.208 mol) of the dihydroxy
piperidinedicarboxylate (cis isomer only) of (a)



Exanpl e 15 10 (a) Preparation of diethyl _
2,6-bis-(trifluoro- nethyl)-1, 4-di hydro-4-ethyl-3,5-pyridinedi car boxy- '
late. Into a 250 M single necked flask is poured 15 100-120 m of -
concent(gted sul furic acid. The acid is cooled in an ice/water bath and
stirred. To this is added 2.5 g (0.0058 pgk) of diethyl 2,6-bis-(tri-

fl uoronet hyl)-4-ethyl -1, 4-di hydroxy- 3, 5- pi peri di nedi - carboxylate (cis

i somer only) and the solution is 20 stirred for 15 mnutes. The acidic

sol ution is pougb@vever Theugbadtien amﬂtatbraﬁtedlw&ba gbkyhsether. The
total organics are $@she Wit h sgtui d so glcar onate grhed and
concentrat ed. TREIEFGEe 3PAoRANEFEASS NEPB Pagh d9oRIsFFRrEkeBelChsi ng 25
20% et hyl acet aTkecpeithiydeaeechdoyidedlayer(44. B&parhtpdoddrielased on

To 3or OrYPLPS!! UasgR) BRAYYE! cohBRhbrdtéd’to QBT 7627Cgl ol e L1 C

H 4.19: N5 3. cbases) ony fahydsexgpaprsidinetoos mepAustirred m xture of 200
m of 35 concentrated sul furic acid an c OO m~ of nmethylene chloride is

added '88.5 g (0.208 nol) of the dihydrox eri di nedi carboxyl ate (cis
i soner only)'gf (a) -~ 585%™ e&ﬁéggegyﬁé Véa PB& MY\ PLFRAFS Frred(for 45

1,4—dihydropyr1d1nes of this invention directly from
the reaction of an appropriate 3-ketoester and
10 aldehyde. In this example there is described such a
procedure. S
A mixture of 368 g (2.0 mols) of ethyl
trifluorocacetoacetate, 58 g (1.0 mol) of
propionaldehyde and 1 ml of piperidine in 400 ml of
15 methylene chloride is stirred for 1 hour at 20°C then
for 1 hour at 36°C and then refluxed for 1 hour and
cooled. An additional 16.8 g (0.289 mol) of
(;/ " propionaldehyde is added to the above mixture and the
refluxing is continued for 2 hours. The heating
20 mantle is then removed. To the reaction mixture is
passed 108 g (6.35 mol) of ammonia gas in 2 hours.
The reaction mixture is stirred for 40 hours at 20°C
then cooled in an ice water bath. To the cooled
i reaction mixture is added carefully 100 ml of
25 concentrated sulfuric acid in 20 minutes followed by
additional 300 ml of concentrated sulfuric acid in 10
minutes. The reaction mixture is poured onto 600 g
of cracked ice in a 4 liter beaker. The methylene
chloride layer is séparéted, dried (MgSO,) and
30 concentrated to give 386 g of an 0il which contained
a mixture of the desired product and its 3,4-dihydro
isomer. This oil is added to a vigorously stirred
mixture of 300 ml of concentrated sulfuric acid and
300 ml of méthylene chloride. The mixfure is stirred



m nutes and poured slowy onto 600 g of cracked ice. The nethyl ene chloride
| ayer gﬁﬁseparated, dried [err] and is concentrated to give 76.7 g (94.7%5 .
based 4 di hydr oxypi peri di ne) of product. As nentioned above, one nay

. prepare the 1, 4-di hydropyridines of this invention directly fromthe
reaction of an appropriate 3-ketoester and 10 al dehyde. In this ex |l e
there is described such a procedure. AJgpdure of 368 g (2.0 nols) of ethy
trifluoroacetoacetate, 58 g (1.0 nmol) of propional dehyde and 1 m of

pi peridine in 400 m of 15 met:hyl ene chloride is stirred for 1 hour at
200C t hen for fbrhcmr nenuieeC andl phted efdwadn‘ rofl ikelr ame cool ed. An

addi ti onal 8 I f |0naldeh ded, t above
m xture and tﬁ' 3(91 Ell)% %grill&sr)l(%ntl%#ofgd ]Tsorsef %@'%aﬁq%)e‘z
mantle is thenndemntra@qdqé:qme S48rigtaff @n snplasﬂad:moa% g (6.35 nol)

of anmoni a ga%ﬁ%u%al‘t@J withhaoeaat Io@g@eﬁdire%d% I ef o hours at
200C theg co keg %F |ce ma er bat h 0 the cooled reactionm xture is
ef ul Fy~1

added ca ublsh &8s e Fhey Pettodesm @theno ni nut es
foll owed by addiltirate! 130@:omicewftmmant Thee Gesildud iis dtigélironkd N nutes.

Th t d 0Q f 4 |it
beaker The. natRTEaTEes afo 830 thhr0 £ Gi¥en 2ol 301 nahe o S0
concentrated te&hgﬂwrizfaugrorac@rtoademwhqfomamédmmmsea of the
desired produglhxtidel b aeh@ew R Bax)and e 3 A hy S

vigorougly stirred m xture of con trate salfuricacid and 300
m of néphyleﬁ§°EﬁFoKF&§ ﬁﬁéﬂﬁ?%@@ﬁbbwsast|ﬁ}a@r analysis. -
\\\\yl Preparatlon of dlethyl 2, 6-b1s—(tr1fluoro-

meth¥l )-3,4- d1hydro-4-hydroxymethy1-3 5-pyr1d1ned1-
_ carbo;>1ate._
15 Aixture of 9 g (0 0174 mol) of cis

diethyl 2, 6-o s-(trlfluoromethyl) -2, 6-d1hydr- y-
4-benzyloxymeth -3, 5-p1per1d1ned1carboxy fte and 50 .
g (0.238 mol)'of ; 1f1uoroacet1c anhydri@e is stirred </
for 40 hours and cohde ntrated. The pésidue is

20 dissolved in 50 ml of €% er. . The ther solution is
washed with saturated sodlwm bigarbonate, dried over
MgsSO, and concentrated to giP{ 8.7 g of brown oil

which contained a 2. 7:1 mixtureNof diethyl 2,6-bis- o
(trlfluoromethyl) 3 4-d ydro-4-be yloxymethyl -3, A
25 5-pyr1d1ned1carboxyl e and dlethyl 6-bis-(tri-

fluoromethyl)~-1, 4-«1hydro-4-benzyloxyme-.yl-
3,5-pyridinedicafboxylate. ' _
ﬂ. The s¥ove oil is dissolved in 40 ml of
CH2Cl; and/treated ‘with 13.7 g of t1tan1um |
30 = tetrach)bride. The resulting solution is stirred ¥Qr
1 hoyf and poured into 50 ml of cold 6N HCl. The
mixture is.extractgd'with 50 ml of CH§C12 twice. The _
ombined CHzCl, éxtracts are dried over MgsO, and A




35 -27- for 30 mnutes and poured onto 1 kg of ice. The nethylene chloride

| ayer

an i nsol ubl e solid.

et hyl

nnr anal ysi s.

-28-

kS separated, dried [err]
which is triturated with 400 mM of petroleumether to renove 5
The petroleumether filtrate is concentrated. The

fesi dud s kugel rohr distilled at 0.4 torypgdo give 290 g (74.5% based on

and concentrated to give 348 g of an oil
9.57g of

trifluoroagetoacetate) of an ail which js a mxture of desired
product (84% and™s 3, 4-di hydro 10 i somer (16% determ ned by e [err]

nmet hyl ) -
10 g (0. 0235 nolelusnty et hyl :
2, 6-bis-(trifluoronet hylpye? eat 14 Fa@otidbnClilyy lgikcarded. The
5- pi peri di nedi car boxy] at e, .29.65 g_(Q. ™1 nnl ) -of triflyoroacet.ic anhydride
and 30 n & CrAePETd: 52'(?“10& Sy édq'f& (S © b S e 70 BIE-  The
residue is di ssqltedfludreinethydr)d 3\ A AFArioDIsd draixythethyil+m bi car bonat e,

dried over MyS N tdJs d LQAaQlve 2. 7 2430%e s0f; diagtchyl
2,6-bis-(trifl %r'?)' q’lét%hr&y'l%%%%%? & Lc?ié4-"‘§t ﬁ%--g"}, ~pr d’ug’? }sc'ar boxyl at e
as an oi | Anady.r ICalA 1R 6.£08n &1 4 HzalFeNd Osf:or J.e4i2]- B
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1dbncernitaated.( 10He detsdrduends hronjatographediogl-ysi s.

ExagP léledllﬁﬁlg&? ﬁ%}ll-f@%% gtr)]%&?g?reb%(ﬁ%é-léiéi %rh- 6 °R mixture of

N, 3.58
Found: C, 42.98; H, 3.963
N, 3.56.

Exémple 16
Preparation of diethyl 2,6-bis-(trifluoro-
methyl )-3,4-dihydro-4-ethyl-3, 5-pyridinedicarboxy-

late.

A mixture of 10 g (0.0235 mol) of diethyl
2,6-bis-(trifluoromethyl)-2,6-dihydroxy-4-ethyl-3,
S5-piperidinedicarboxylate, 29.65 g (0.141 mol) of
trifluoroacetic anhydride and 30 ml of CH;Cl, is
stirred for 2 days and concentrated. The residue is
dissolved in ether and washed with saturated sodium
bicarbonate, dried over MgSO, and concentrated to
give 2.72 g (30%) of diethyl 2,6-bis-(trifluoro-
methyl)-3,4~dihydro-4-ethyl-3, 5-pyridinedicarboxylate
as an oil, ng5 1.4186.

Anal. Calc'd. for C,sH,:F¢N;04: C, 46.28; H, 4.40;

N, 3.50
.Found: C, 46.12; H, 4.42;
N, 3.46.

Other dihydropyridines, prepared from the
corresponding piperidines in Table II above are
provided by a method similar to that described in
Example 15(b). The dihydropYridines provided are

described in Table III below. The radicals listed for

R, R;, and R, refer to structures 3 and 4 above.

36
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N, 3.50 ngnd: C, 46.12; H, 4.42; N, 3.46. 30 - ‘O her
. di hydropyridi nes, prepared fromthe correspondi ng piperidines in Table }I
-above are provi ded by a nethod simlar to that described in Exanple 15Lb)
The di hydropyridi nes provided are described in Table 111 bel ow. The -
radicals listed for 35 R, [err], and [err] refer to structures 3 and’ 4
above. - 29- 38 -30- Exampl.e 22 Preparati on of diethyl
2,6-bis-(difluoro- nmethyl)-1, 4-di hydro-4-propyl -3, 5-pyri di nedi car boxy-
|l ate. 5 - To a stirred m xture of 50.0 g (0.299 nol ) of ethyl -
di f | uor oacet oacet atevnd 13. 2 i (0.150 nol) of butyral dehyde is added a
few m of piperidi ne. he terrpef*ature of the reaction m xture rises
spont aneously to [e-|=rr ‘After the tenmperature has 10 subsi ded, the
reaction mxture isetTeated with THF (100 m) and refluxed for 1.5 hr and
allowed to stir at nofjmal tenperature for 18 hours. The reaction mixture is
then concentrated to i v 6@ 8% of a@oil. ILnto a solution of 55.8 g
(0.138 nol) of abovg A oil in 30 M of THF is passed NH3. The
tenperature of the Le%ctlon mxture rises spontaneously to [err].
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After the tenperature has subsided, e _
an oil -which solidifies upon standing. Recrystallization of this solid fro

20 hexane gives 27.6 g (49.7% of a yellow solid identified as cis
‘i somery” of di et hyl
(diflubrbnethyl)-2,6-dihydroxy-4-propy|-3,5-piperi- di nedi car boxyl ate. A
5.0 g (0.012 nol) portion of the above solid is stirred with 20 m of 25

trifluoroacetic anhydride.

2, 6-bi s- .

the tenperature subsides, the reaction mi xt GP@7i s concentrated. The

residue is dissolved in ether

dried (MgS®™) and concentrated to give 3% %.4 g of an oil which is

kugel rohr distilled twice at 0.2 torr

e

g (51.5% of diethyl 2,6-bi sPreparatiomeoifydiethylogyl-bis-(difluoro-

1, 4- di hydr 0- 3, 5- pyiﬂe@h I"qai@ha)illl %-as' o

Anal . Cal c'd.
5.86; N, 3.66. 5 - _ P
2, 6-bbs- (di fluoro- nmaEvhwal st4drevd aigturel o4- 8ohpdgo3.. 298y Modi)nedi -

i1 T uot oncet oacet otk Seavd, Sl sARRRRERcoubRALR antladozomy (boloRemob)

di et hyl

procedure descri be@fi Butyzagdehyde Isecaddedeapfewuml of papefkiddney HPLC -

usi ng 1% et hyl

H

u.-
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’Exénplé 23 Prepération of

The temperature of the reaction mixture rises
spontaneously to 100°C. After the temperature has
subsided, the reaction mixture is treated with THF
(100 ml) and refluxed for 1.5 hr and allowed to stir
at normal temperature for 18 hours. The reaction
mixture is then concentrated to give 60.8 g of an

- oil. 1Into a solution of 55.8 g (0.138 mol) of above

0oil in 30 ml of THF is passed NH;. The temperature
of the reaction mixture rises spontaneously to 41°C.
After the temperature has subsided, the reaction
mixture is concentrated to an o0il which solidifies
upon standing. Reéfystallization of this solid from
hexane gives 27.6 g (49.7%) of a yellow solid
identified as cis isomer of diethyl 2,6-bis-
(difluoromethyl)-2, 6~-dihydroxy-4-propyl-3,5-piperi~
dinedicarboxylate. A 5.0 g (0.012 mol) pdrtion of
the above solid is stirred with 20 ml of
_trifluordacétic anhydride. The reaction temperature
rises to 36°C. After the temperature subsides, the
reaction mixture is concentrated. The residue is
dissolved in ether and washed with saturated sodium
bicarbonate, dried (MgSO,) and concentrated to give
3.48 g of an oil which is kugelrohr distilled twice
at 0.2 torr (pot temperature 85°C) to give 2.84 g
(51.5%) of diethyl 2,6-bis-(difluoromethyl)-4-propyl-
1,4-dihydro-3,5-pyridinedicarboxylate as a yellow
oil, n%s 1.4726.

The reaction tenperature rises to [err] After

ure [err]) to give 2.84

1L8WsQbkr-i 33 nbad éaSboxy- 31-

H1

the reaction mxture is concentrated to

%5
O

and washed with saturated sodi um bi carbonat e,



acet at e-cycl ohexane as eluant. The earlier fraction is discarded. The
second fraction is diethyl 2,6-bis- 15 (di fl uoronet hyl)-4-cycl ohexyl -1
4- dﬂh@dro 3, 5- pyrldlnedlcarboxylate np [err]. Anal. Calc'd. for [err]:
C, 56.02; H 6.18; N, 3.44 Found: C, 56 16; H, .6.42; 20 >
Ny 3.42. Exanple 24 Preparation of diethyl 2,6-bis- (trlfluoro- -/
nethyl)-4-cyc|ohexyl-3,4-dihydro-3,5-pyridinedicar- boxyl ate. 25

This material is prepared fromethyl tr+3leoroacetoacetate and

cycl ohexanecar boxyal dehyde according to the procedure of Exanple 15(c)

except the crude product is not distilled. It is isolated as an oil [err]
1.4586. 30 mi)_ Cale'd. FOF Freli FaNO(51.Q7;52432; B, $,76: 16 Found:

C, 50.15; H 5.38; N 3.24 -32- Exanple 2yPrepagption of diethyl
2,6-bis-(trifluoronethyl)-1, 4- dihydrq%4-q¥prg§nggn%%%%ﬁb
5-pyridi nedicarboxyl ate To a sol ution 9 I3 ‘BRithe 5
conpound as Exanple E in Table Il in 500 mM ofNCHZI66is added 286 g (1.28
nol ) of gflfluoroacetlc anhyri de. T' ééﬁ%%. m xture is stirred for 18
hours and concentrated in vacuo. . ) S dlssolved in 500 m of )
ether and stirred with £XeRa% ¢ rdvathy 12 ,6rbis=(difluoro-
methyl)-4-cyglohexy1 1 4-d1hydro-3 Sfpyrldlnedl_
carboxylate. -
This material 1s prepared from ethyl
10 difluoroacetoacetate and cyclohexanecarboxaldehyde -
according to the procedure descrlbed in Example 22.
The crude product is purified by "HPLC using 1% ethyl
acetate-cyclohexane as eluant. The eafIzer fraction
is discarded. The second fraction is diethyl 2,6-bis-
1S (difluoromethyl)-4-cyclohexyl-1, 4~ d1hydro—3 S~
pyr1d1ned1carboxy1ate, mp 40-44°C. -
Anal. Calc'd. fer C,9825F4804. C, 56.02; H, 6.18; T
| - N, 3.44 |
. Found: C, 56.16; H, 6.42;
20 N, 3.42.
' Example 24
Preparation of diethyl 2, 6—bls-(tr1f1uoro-_
' methyl)-4-cyclohexyl-3 4-dihydro-3, S-pyrldlnedlcar- o
_ boxxlate. o
25 This material_is prepared fro@ ethyl
trifluoroacetoacetate and cyclohexanecarboxyaldehyde
accbrding to the procedure of Example ls(c)'except
the crude product is not distilled. It is isolated
| as an oil n?® 1.4586. o
30 Anal. Calc'd. for C,9H23F3N o, C, 51.47; H, 5.23;
N, 3.16
Found: C, 50.15; H, 5.38;
| N, 3.24




10 100 g of sodium bicarbonate is added continuously until all residual
trifluoroacetic acid has been neutralized. The ether layer is dried (MgSH)

and concentrated to give 178 g of an oil .. Aysolution of the above oil in %0
500 nly of [err] is cooled to [err] then treated with 15 140 g (0.740

‘ol ) of~titaniumtetrachloride at once. After stirring for 30 mnutes at

[err] the reaction mxture is allowed to warmto roomtenperature then

pour ed |Eto a mxture of 500 m of conESRAMBAEEOHC1 and 500 m of ice

water. The resulting m =

Trade Mark Mark) ,BX En) egishered

concentrated t@ §ko@4#hydﬁoxyﬂeth¥nfﬁunSqﬁyrudnn&duaarbpxxkgggd with 500

?1 of et?ig an f ”Eered to renove gun1 The ether filtrate is concentrated
0 give g of arfoi [ in
four portions using 20%%4] acel'ta'slt'e cycl g% as’ %glrl\‘?ﬂsfgng%

fractions gre cxompount él#]éimnl%rﬁfnac'hbhe (¥%th¢1t5% 1l Rf CHECE

mnutes) is disgardegha T S&Cpfdzérﬁ&iyocmf(fﬁemcb%éwﬁc%@hﬁﬁ
mnutes) is crysta | ze rom petrol eumether to gl vg hc.mg_gs(42 of d| et hyl

2,6-bis-(trifl Bromkeastion mixture ks stirred fo

di hydr o- 4- hydrwr@éﬁwfaﬁeé Dy rvabwedi m&w&m@eass adibébdEvedl in, 500
[err]. Anal. Calg' err]: " C 42, 97; 3.86:, N, .3.

Found: GC, 42. ‘Ff % s ?%%rr%}a%?le saturabed &t %r ?oate t'ﬁhf’le

2, 6-bi s- (idlf|UDO@ g of sodium bicarbonate is added continuously unt11
all residual trifluoroacetic acid has been neutralized.
The ether layer is dried (MgSO4) and concentrated to

'
4

—
give 178 g of an 0il. A solution of the above 0il in
500 ml of CH,Cl, is cooled to -78°C then treated with
15 140 g (0.740 mol) of titanium tetrachloride at once.
After stirring for 30 minutes at -78°C the reaction mixture
is allowed to warm to room temperature then poured into
\;) a mixture of 500 ml of concentrated HCl and 500 ml of
ice water. The resulting mixture is filtered through
20 Celite (Registered Trade Mark Mark). The CH,Cl, layer
is separated, dried (MgSO,) and concentrated to a mixture
of o0il and gum. This mixture is treated with 500 ml
of ether and filtered to remove gum. The ether filtrate
KJ' is concentrated to give 149 g of an oil which is
25 chromatographed on silica gel in four portions using
20% ethyl acetate-cyclohexane as eluant. Similar fractions
are combined. The earlier fraction (retention time 6-
8.5 minutes) is discarded.
The second fraction (retention time 9.5-23
30 minutes) is crystallized from petroleum ether to give
61 g (42%) of diethyl 2,64bis—(trifluoromethyl)-1,4-



met hyl ) ;4- chl oronet hyl - 1, 4- di hydr o- 3, 5- pyri di nedi car- 10 boxyl ate. A
n1xture4df 2.84 g of trlphenylphosphlne 3.91 g (0.01 nol) of the produet
of Exanple 25 and 30 ml of [err] is held at reflux for 18 hrs., cool ed and
filtered. The filtrate is concentrated. The residue 15 is heated with
hot petrol eum ether (100 m), filtered_g d concentrated. The residue CS/O
g) is chromatographed on silica gel usi 3 CH2Cl12 as eluant. The earlier
fraction (1.5L of eluate) gives 2.0 g of an oil which is rechronmatographed

on silica 20 8&0- Tﬁgd? SPQF?XQQQt%L??Eﬁh&ﬁk%HEh leggeeggant to

glve t hree frac ons tion tention tine 6-8 mnutes) is
g (7.3% &f whikenpplidg. BPS-PF ' Cuor omet hyl ) - 4- chl or onet hyl -

1 4 dlhydro 3ahaly ' cdlkeedi.c goroxy | AL QFaN, 3 :0i C, Z& 97;[ &,r B.86;4592. Anal .
Calc'd. for [EerT]: C, 41.04; H, 3.44; N, 3.4%, 3 %865 Found: C, 41.02;
H 3.47; N, 3.39;d, 8.65. 30 Exanpl e 27
Preparatson of dlethyl 4-acet oxynet hyl ¥dund: C, 42.97; H, 3.87;

6- bi s-(trifluoronethyl)-1,4-dihydro-3, 5- pyrldlgpd| .&@r boxyl ate. A solution
of 3.91 g (0.01 nol) of the 35 product of Exanple 25 in 20 mM acetic
anhydride and 5.0 g (0.0637 nol) of Example 28 oride is stirred for 1 hour

and concentrated to gi verepafaltivh &Ff diethyl3%2,6-bis-(trifluoro-
methyl )-4-chloromethyl-1,4-dihydro-3,5-pyridinedicar-
10 boxylate. , _ :

A mixture of 2.84 g of triphenylphosphine,_ -
3.91 g (0.01 mol) of the préduct of Example 25 and 30 o/
ml of CCl, is held at reflux for 18 hrs., cooled and
filtered. The filtrate is concentrated. The residue

15' is heated with hot petroleum ether (100 ml), filtered
and concentrated. The residue (3.0 g):is 
chromatographed on silica gel using CH;Cl; as

eluant. The earlier fraction_(l.SL of eluate)_gives s
- 2.0 g of an oil which is rechromatographed on silica -/
20 gel using 5% ethyl acetate-petroleum ether as eluant

to give three fractions. The first fraction
(retention time 6-8 minutes) is 0.3 g (7.3%) of
diethyl 2,6-bis-(trifluoromethyl)-4-chloromethyl-
1,4-dihydro-3,5-pyridinedicarboxylate as_an oil,_
25 n3® 1.4592. |
Anal. Calc'd. for C14H14011F3N,04 C, 41.04; H, 3.44;
N, 3.42;Cl: 8.65
Found: C, 41.02; H, 3.47;
N, 3.39;C1l, 8.65.
30 I Example 27
o Preparatlon of diethyl 4-acetoxymethyl-2,
6—bis—(tr1f1uoromethy1) -1, 4-dihydro-3,5-pyridinedi~
carboxylate. ' .
A solution of 3.91 g (0.01 mol) of the
35 product of Example 25 in 20 ml acetic anhydride and
5.0 g (0.0637 mol) of acetyl chloride is stirred for
1 hour and concentrated to give an oil which




crystallized. The resulting solid is recyrstallized from50 m of
petroleumether [err] to give 3.84 g (88.7% of diethyl - . .
4- acet oxynet hyl - 2, 6- bi s- » 4o

(trifluoromethyl)-1, 4-di hydro-3, 5-pyri di nedi carboxy- 5 | ate, np [errIf' &
Anal . ®elc'd. for [err]: C, 44.35 H 3.96; N, 3.23 Found: C, 44.19; H
3.98; Ny 3.18. 10 Exanpl e 28 Preparation of

di et hyl' 2, 6-bis-(trifluoro-

met hyl ) - 1, 4- di hydr o- 4- neopentyl -3, 5-pyri di negjcar- boxylate and its
3,4-dihydro isonmer. A mxture of 62 g (0.50 nol) of 78% pure 15,

3, 3-di net hyl but yral dehyde, 184 g (1.0 nol) of ethyl trifluqgreacetoacetate,

1 m of piperid nerstal(dzdd.of The- resuidlihqtsaldfd ws f teduriszexhd
cooled to : ' ' .
anmoni a in[?rLLurgﬁg*hgﬁ}iggﬁﬁ%ﬁﬂ##§nggl??Bg%§q%qg¥%§$éiﬁﬁf§¥vg;ﬁﬁ§4

residue is dissol ved88& B0 af difetdhierd-apatoxymatton -2 6wdifed twice with
300 m of water, (i S0 I¥rdmetty10UICAUd A RIo-3S SRS ilHihddich®oxys- added
slowy in 15 minutes to an jce coql ed, mechanical’ly Stirred m xture of 400
m of 25 Sonceddtg e ™R HH T i d and 400 Ml of CH2C12. The nixture
is poured onto 2 aif. @aldrall ifior angGEtiRgNdarel IC, Bde IGACH, 13y8E; i S
separated, dried [err] and concentrated. The residyg i: el rohr distilled
at 0.5 torr. The earlier fraction is 30 di scar ded. he second fraction
(pot tenperature [err] is 122 g of a |iqui Fomidh iG& 4%adSiokhl 13-2Wistill ed
at 1 torr. The fraction with bp of 121-1300C is pyfe desiged product as a

yeLpr oi | 1[O|err] 1. 4388 which containsgaéﬁp éﬁﬁgure of 1, 4-di hydro

Preparation of diethyl 2,6-bis-(trifluoro-
methyl )-1,4-dihydro-4-neopentyl-3,5-pyridinedicar-
boxylate and its 3,4-dihydro isomer.

A mixture of 62 g (0.50 mol) of 78% pure

15 3,3~-dimethylbutyraldehyde, 184 g (1.0 mol) of ethyl
P trifluoroacetoacetate, 1 ml of piperidine and 300 ml
&*/ of THF is held at reflux for 32 hours and cooled to
* _ 50°C. To the above solution is passed 100 g (6.47
' mol) of ammonia in i0 hours. The reaction mixture is
20 concentrated. The residue is dissolved in 500 ml of
ether. The solution is washed twice with 300 ml of
water, dried (MgSO,) and concentrated. The residue
(179 g) is added slowly in 15 minutes to an ice
cooled, mechanically stirred mixture of 400 ml of
25 concentrated sulfuric acid and 400 ml of CH;Cl,. The
mixture is poured onto 2 kg of crushed ice and
-~ stirred well. The czciz layer is separated, dried
(MgSO, ) and concentrated. The residue is kugelrohr
distilled at 0.5 torr. The earlier fraction is
30 discarded. The second fraction (pot temperature
91-130°C) is 122 g of a liquid which is fractionally
distilled at 1 torr. The fraction with bp of
121-130°C is pure desired product as a yellow oil n%s
i 1.4388 which contains a 3:1 mixture of 1,4-dihydro
i' 35 and 3,4-dihydro isomers.




35 and 3, 4-di hydro isoners. -3 5- Anal. Calc'd. for [err]: C, 50.12;
H 5.37; N, 3.25 Found: C, 49.92; H 5.25; N, 3.65. 5 .
Exanplee 29 Preparation of diethyl 2,6-bis-(trifluoro-
netﬂ§P5-1,4-dihydro-4-(1-nethy|propyl)43,5-pyridine- carboxylate and its
3,4-di hydro isoner. This material is ptgpared from 2-nethyl- 10 s
but yl al dehyde and ethyl trifl uoroacetoacetate by a procedure simlar to
that used in Exanple 28. It is obtained as a colorless oil, [err] 1.4417.
Anal . Calc' d.Anal. [@al¢'!dC £d8. O3 HEL,FENDT, : N, C3.36.18; H, 5.37;
Found: C, 49.05; H 5.10; N, 3.34. The aboveydesgrybed di hydropyridi nes
may be utilized as internediates in a method for providing herbicidally
active 20 corresponding pyridines. Foan@pnv@rstdnddf BheSabdve descri bed
di hydropyridines to correspondi ng pyridines isycargjesl. out by reacting the
di hydropyridines with 1,8-diaZobicyglo-!g.4.0]-undec-7-ene (DBU) in
refl uxi t et rahydrof uran. The proc a2dhich 25 the di hydr opyri di nes
can be utilized as int ernephedtsor oo £ t dice phiylluz 6ol of (tei Bleodat | y active
pyri di nes s et 111 S Bbht o 11| PUhDN PEPR PP - EXGIRY s 4 ELePAT at i On
(0} I e ~corrrooronetnyt ) -

Y éhrboxylate aﬁh its 3,4-dihydro isomer. - =

This material is prepared from 2-méthy1-
10 butylaldehyde and ethyl trifluoroacetoacetate by a
procedure similar to that used in Example 28. It is

obtained as a colorless éil, n%s 1.4417. : ()
Anal. Calc'd. for C,;H,;FgN,;04: C, 48.92; H, 5.07;
- | | N, 3.36
15 | " Found: C, 49.05; H, 5.10;
N, 3.34. |

The above described dihydropyridines
may be utilized as intermediates in a. e
method for providing herbicidally active
20 corresponding pyridines. The conversion of the above
described dihydropyridines to corresponding pyridines
is carried out by reacting the dihydropyridines with
1,8-diazobicyclo-[5.4.0]-undec-7-ene (DBU) in
refluxing tetrahydrofuran. The procedure in which w
25 the dihydropyridines can be utilized as intermediates
for the production of herbicidally active pyridines
is exemplified by the following examples.
Example 30
Preparation of diethyl 2-(difluoromethyl)-
30 4-propyl-6-(trifluoromethyl)-3,5-pyridinedicarboxy-

late.
A mixture of 31.0 g (0.0742 mol) of the
product of Example 7, 11.03 g (0.0742 mol) of DBU and
200 ml of THF is held at reflux for 18 hours and
35 concentrated. The residue is stirred with water and



30 4-propyl -6-(trifluoronethyl)-3,5-pyridinedi carboxy- late. A mxture of

31:0 g (0.0742 nol) of the product of Exanple 7, 11.03 g (0.0742 nol) of

DBU and 200 ml of THF is held at reflux for 18 hours and 35

The resigpe is stirred with water and 44 -36- extracted with ether.
ex

et her

concentr at ed.

The

racts are dried [err] and concentrated. The residue is kugel rohr

distilled at 1 torr. The distillate is chrongﬁﬂgraphed on silica gel using

3% et hyl acet at e-

5 cycl ohexane as eluant “to give 23.9 g (80.9% of

di et hyt 2-(difl uoronethyl)-4-propyl-6-(trifluoro-

met hyl ) - 3, 5- pyri di RediraRited Wil ethed) Oifhe @therl M3 actidre Gﬁﬂi@'dig

[err]: C, 50.13; H, . 4.74; 10 ] ) N
Found: C, 49.74; H(M§S%) qnd;conceptrated.s The yasidus, is kpaalrphr
15 distidiYddiatonettoylr).- 6 Dhier idilstdndratieh\ls) - 3, 5- pyri di ne-

4- cycl ohexyl - 2-

di car boxyl at e.

A

24, 23.15 (0.152 no )
:hours and 20 5 coS¥siohexane asheluantdde igivieo2Be® int{@OwRDr ofnd

extracted with ethgfe QL%Q& fubraflethy19 .wag%g?,\#-teh (EriH19@ro-

“hydrochloric aC|d,dggH; (

distilled to

10

U
15
20
v

25

30

)=3; E% r?ggn%%qggg Zﬁ%ﬁ%te as 2%?%& en%? kugel hohr
1.4436. ‘
Anal. Calc'd. for C,¢H;gFsNO4: C, 50.13; H, 4.74;
- N, 3.66
Found: C, 49.74; H, 4.66;
N, 3.55.
- Example 31

Preparation of diethyl 4-cyclochexyl-2-
gdifluoromethylj-s-(trifluoromethyl)-3,Sfpyridine-
dicarboxylate. |

- A mixture of 70.0 g (0.152 mol) of the
product of Example 24, 23.15 (0.152 mol) of DBU and
250 ml of THF is held at reflux for 18 hours and
concentrated. The residue is poured into water and
extracted with ether. The ether extracts are washed

“with diluted hydrochloric acid, dried (MgSO,) and

concentrated. The residue is kugelhohr distilled to
give 31.9 g (49.4%) of diethyl 4-cyclohexyl-2-(di-
fluoromethyl)-6~(trifluoromethyl)-3,5-pyridinedi-
carboxylate as an oil n%s 1.4614.

Anal. Calc'd. for C;¢Hy,FsN;O¢: C, 53.90; H, 5.24;
o N, 3.31
Found: C, 54.19; H, 5.33;
N, 3.51.

for
66

it ds et Beh’ it 1deiTaes vath, i Y acel A



flu
[err] 1.4614. Anal.
54.19; H, 5.33; 30

' -37- Exanple 32 Preparation of dinmethyl 2-(difluoronethyl)-

givg.Bl 9 g (49.4% of diethyl 4-cyclohexyl-2-(di- 25
ﬂbnethyl) 6-(trifluoromethyl)-3,5-pyridinedi- carboxylate as an oil .

Calc'd. for [err]: C 53.90; H 5.24; N, 3.31 Found:* C,

N, 3.51. 15
</

6- (tvifluoromethyl)-4-isobutyl-3,5-pyridinedicar- boxylate 5

m xture of 23.0 g (0.0591 nol) of the product of Exanple 2, 12.2 g (0.077
mol ) of 96% pure DBU, and 100 ml of THF i<3held at reflux for 3 days and
poured into 250 m of 3 N HCL. The oil precipitate is extracted into ether

(2 x 100 m). 10

give 14.4 g of an oil which, accordin
product and acidic producw&e

with 100 ml of

* Yuad

[err] and conceR

The ether extracts are drled [err] and concentrated to
NNR cont-ai ned the desired

'Hﬁatnud dﬁSdiMEﬁﬂ

product (by 19FbN !Elat he sodlun1b|carbonate exfract IS aC|d|f|ed with

A

concentratgd HO to give gn gltu‘i@ oF 3 @(tg[ 9. %%9! ;@13 Q%q the N€ ether

| ayer is dried 20 err

concent r at ed

re5|due

a
whi ch cont ai nedPRBAYEEr BExFFARPAE & add - élGaK@o 7i@@%ﬁ(9ﬁ£9ﬁ% RIS ved
fromthe desiregpprodnat 100hmd of THF is held at reflux for 3 days

15

20

25

30

35.

and poured into 250 ml of. 3 N HCl. The oil
precipitate. is extracted into ether (2 x 100 ml).:
The ether extracts are dried (MgSO,) and concentrated
to give 14.4 g of an oil which, according to !H NMR,
contained the desired product and acidic products.
This oil is dissolved in ether and extracted with 100
ml of saturated sodium bicérbonate.- The ether layer
is dried (MgsO,) and concentrated to give 8.9 g of an
oil which is 71% pure desired product (by !°F NMR).
The sodium bicarbonate extract is acidified

with concentrated HCl to give an oil which is
extracted into ether. The ether layer is dried

(MgsO;) and concentrated to give 4.8 g of a residue
vhich contained monocarboxylic. acid: and dicarboxylic
acid (9:1) derived from the desiréd product. This
residue is treated with 3.0 g (0.0217 mol) of
potassium carbonate, 20 ml of methyl iodide, and 50
ml of acetone. The mixture is held at reflux for 42
hours and concentrated. The residue is treated with
water and extracted with ether (2 x 100 ml). The
ether layer is dried and concentrated. The residue
is kugelrohr distilled at 1 torr (pot temperature of
130°C) to give 5.1 g (23.4% from Example 2) of the
desired product as an oil, nﬁs 1.4478. This product
crystallizes after standing, m.p. 36-37°C.
Anal. Calc'd. for C;gH,gFsN;0,: C, 48.79; H, 4.37;
| N, 3.79
Found: C, 48.75; H, 4.39;
N, 3.77

Q;



residue is treated with 3.0 g (0.0217 nol) of potassium carbonate, 20 ml of
nmet hyl 41 odi de, and 50 25 m of acetone. The mixture is held at reflux .
for 42 hours and concentrated. The residue is treated with water and
éxtracted with ether (2 x 100 m). The ether layer is dried and
concentTated. The residue is kugelrohr distilled at 1 torr (pot tenperature

- of 30 [err] to give 5.1 g (23.4% from Exanple 2) of the desired product
ras an oil, [err] 1.4478. This product crystalgli zes after standing, mp.
[err]. Anal. Calc'd. for [err]: C, 48.79; H 4.37; N, 3.79 35

Found: C, 48.75; H, 4.39; N, 3.77 -38- The 71% pure desired product

~ described previously was chTbeaf7d¥r apieddeyikEdCprodagt3descibed
acet at e/ cycl ohexaggedd odlsiyvakO chirbfalBoPabhbdl by! gﬁtbous£§379%9emy1

retention time 7 enti as met
6- (di f 1 uor onet hy| pest@tedcyclohexane as eluent to give an earlier
_ ?ut¥l)t2 (t:|f|U0EQE%&hbh)(3 VErQQIBEQQhQ?6ﬁ|QEQe Jhe. seﬁQﬁd)fwaibhon
retention on ure
desired proddct, rgfrfdfngh¥3gdlﬁs "Rehfh' b 81 “ﬁﬁgmgggxléqé ﬁbggry
stated, 1, 2- dihydbnpyﬂndaﬁétrmflnhrgmenhghDraﬁpxredpneparbdxvyateduction of
the Correspond'”giﬁe ghhu$ggc8¥6hdkgStEHEEBH”€1mEtB 8- iﬁdﬁcgﬂﬁ §9§Et

such as sodlun1borohy rocedure is Illustrafed
fol | owi ng Exanp|e§93agg1tggaﬁ§| 239.(29 47%) of pure desired product,

nss 1.4474.

10 ~ As has been previously stated,
1,2—dihydropYridines of this invention are prepared
by reduction of the correspondingly-substituted
pyridine compound with a reducing agent such as

sodium borohydride. This procedure 1s illustrated in

15 the follow1ng Examples 33-35.

Example 33. _
Preparation of dimethyl 1,2-dihydro~2-(di
fluoromethyl)-4-1sobutyl -6= (tr1fluoromethy1)-3 5«
pyr1d1ned1carboxy;até

20 To a solution of 21.9 g (0.06 mol) of
product of Example 32 in 110 ml of DMF was added
successively 4.6 g (0.121 mol) of sodium borohydride

s and 30 ml of water. After 2 hours of stirring,

additional 4.6 g (0.121 mol) of sodium borohydride,

25 30 ml of water and 100 ml of DMF were added in
succession, and the reaction mixture was stirred for
4 hours and concentrated. The crude product was
purified by HPLC using 5% ethyl acetate in
cyclohexane as eluent. The first fraction was 3.9 g

30 of an o0il containing a mixture of unidentified
products. The second fraction (0.6 g) was not
charécterized .The third fraction was 6.2 g of an
oil wh1ch was crystallized from hexane to give 2.3 g

_ (10%) of yellow solid. Recrystalllzat1on ‘twice from

35 hexane yielded 1.34 g (6%) of desired product as a

yellow solid, mp 87.5-88.5°C.

“




Preparati on of dinethyl 1,2-dihydro-2-(di

f 1 uoromet hyl)-4-isobutyl-6-(trifluoronethyl)-3,5- pyridinedicarboxyl ate.20
- To a4splution of 21.9 g (0..06 nol) of product of Exanple32 in 110 m of DV
was added successively 4.6 g (0.121 nol) of sodi um borohydri de and 30 " of
water. After 2 hours of stirring, addit+39al 4.6 g (0.121 nol) of sodi

bor ohydri de, 25 30 mM of water and 100 ml of DMF were added in
succession, and the reaction m xture was stirred for_4 hours and
concentrat ed. Afted crCaikch odfR¥ GesHpaFsNQed 15, HBS25iBg $9B8%1hyl acetate
in cyclohexane as eluent. The first fraction vgs 3397g 30 of an oi
containing a mxture of unidentified products. The. s a on (0.6 g
was not characterized. The third fract??#P&a 285 %? gﬂ dérgéhlch was
crystal lized fromhexane to give 2.3 g (10% cﬂ,ye3lmm/solld
Recrystallization twce from 35 @%Qﬂﬁ %Iﬂ ded 1.34 g (6% of desired

pr oduct as a yellow solid, np-. [err] - naI Cal c' d. for Lerr] C
48.52; H, 4.89; N,  3.77R¥epaxption/g hy) gk, 2sdihydpe

Exanpl e 34. Prg - -Chl‘i’é&%tﬂz-d Eyﬂfpu&réﬂléth 1)-3,5-

- pyr1dl nedrcarboxyl ate A

: 2 33 211 of Exanple 32. was reduced
with 25 g (0.661 nol) ofa solutlon of 53. 0 g (0.144 mol) of product

10 of Example 32 was reduced with 25 g (0.661 mol) of
sodium borohydride as described in'EXample 33. The
crude product (64 4 g) was purified by HPLC using 5% \‘j
ethyl acetate in cyclohexane as eluent. The first
fraction (7.9 g) was unldentlfled product (27%). The

15 second fractxon (1.4 g) was not characterlzed. The
third fraction was 29. 9 g of oil contalnxng desired
product. Crystalllzat1pn of this oil from hexane
gave 26.9 g of a first cfop, mp 76-82°C, 5.0 g of a o
second crop, and 1. } g of a third crop. The first gq/

20 . crop was a mixture of product of Example 33 and
desired product in a ratio of 2.7:1. The second crop
and the third crop were combined and recrystallized
six times from cyclohexane to giVe 0.7 g of pure
product, as yellow solids, mp 79-81°C. o -

25 Anal. Calc'd. for C,sH,;sFsNO,: C, 48.52; H, 4.89; o/
' N, 3.77
Found: C, 48.37; H, 4.93;
N, 3.73
Example 38 -
30 | Preparatlon of dlmethyl 1,2-dihydro-4-

lsobutxl -2, 6-blsgtr1£luoromethxl)-3,5-

pyridine d1carboxxlate _
A 250 ml flask is charged with 35 ml of

glac1a1 acetic acxd and 13.89 g (0.0354 mol) of
35 product of Example 6. Sodium nitrite is added in the
amount of 3 g (0.0434 mol) and the mixture is stirred



sodi um bor ohydri de as described in Exanple 33. The crude product (64.4 g)

was purified by HPLC using 5% ethyl acetate in cycl ohexane as el uent. The
first fraction (7.9 g) was unidentified product (27%. The 15 second ,p4§{
fraction (1.4 g) was not characterized. The third fraction was 29.9 g of

oi | conTaining desired product. Crystallization of this oil from hexane

gave 26.9 g of a first crop, np [err], 5-@03 of a second crop, and 1.1 g of
athird crop. The first 20 crop was .a m xture of product of Exanple 33

and desired product in a ratio of 2.7:1. The second crop and the third crop
wer e conbi ned arf®r & ywnais iuwrwiersind tiagen.f r hecsolstdomd st <P°gmﬁsi 0.7 g

of pure product, | 1C. : for

Cerr]: G ag 55V %ét{%t%?‘l i, dBirbyd Tﬁ’%sffgﬁgwf Q?QN

Exanpl e 35 30 extracted 'impethenans washedatiih aguzzqn%mt@r@ted

} fObEtyl 2, 6- bi sddiivn tmrcawdfnalt%e Edtution Ji lﬂﬁ:cﬁrﬁiﬁé@ﬁs g%ﬁrﬁ(%ﬁ%%t N
ask is charged w [ aceti.c a an g : no

of 35 p:%gducg%fa%ygd}pqrﬂes glfagq?g‘.’;lﬁﬂmsﬁﬁc‘ﬁqﬁ Cflélqa r?qu amount of 3

g (0.0434 nol) mehaentratedite iwield .83 g (3@45/:)orof72medunsl ncker

nitrogen. The s AU Js B‘Eﬁhﬁ gheﬁorgani CS

are extracted |(r§ta%(lh%fal§1d vvashe v)e.r 1aqueo S satuﬁflcﬁl%c?l | car bonat e

sol ution. Organkex¥atehen dried

This pyridine compound is hydrolyzed and
10 reesterified to form the dimethyl ester as follows:
o A stirred mixture of 31.8 g (0.076 mols)
the diethyl ester, 150 ml, 10% sodium hydroxide (.38
mols) and 75 ml ethanol is heated at reflux for 72
hours. The reaction mixture partially concentrated,

15 diluted with water to 250 ml and heated again at

reflux for 24 hours. The cooled mixture is acidified
. with excess concentrated hydrochloric acid, and
k.) extracted with ether (200 ml once, 100 ml three
times). The combined ether extracts are dried over

20 Mgs0,, filtered and concentrated to give 28.5 g
residue. Part of this residue (2.2 g) is stirred with
200 ml dimethyl formamide, 16.5 g (0.12 mols)

o potassium carbonate and 25.5 g (0.18 mols) methyl
1% iodide for 24 hours at foom'temperature. The mixture

25 is added to 1 liter 2% hydrochloric acid. The product
is extracted with methyiéne chloride (200 ml once, 100
ml three times). The combined extracts are washed
with 300 ml 1% hydrochloric acid/1% sodium chloride,
dried over MgsO,, filtered and concentrated.

30 Distillation us1ng kugelrohr yields 16.2 g lite yellow
oil BP 100- 110°C/O 1 torr that solidifies. Re-
crystallization from hexane/ether affords 12.0 g (49%)
white solid. m.p. 80.5-82.5°C.

To a stlrred solution of 8.65 g (. 022 mols)

35 of above solid in 80 ml dlmethyl formamide is added
0.83 g (0.22 ‘mols) sodium borohydride. The reaction
mixture is stirred at ambient temperature for one



5 on anhydrous magnesium sulfate, filtered, and concentrated to yield
4.93 g (35.6% of diethyl 2,6- *
bi§&G rifluoronethyl)-4-isobutyl-3,5-pyridinedicar- boxylate. This pyridine
conpound i s hydrolyzed and 10 reesterified to formthe di nethyl esgf; as
follows: A stirred mixture of 31.8 g (0.076 nols) the diethyl ester 0

m ;-,10% sodi um hydroxi de (.38 nmols) and 75 ni et hanol i's heated at refl ux
for 72 hours. The reaction mxture partially concentrated, 15 di |l uted
wth water to 250 ml and heated again at.gheflux for 24 hours. The cool ed

m xture is acidified wth excess concentrated hydrochloric acid, and
extracted with ether (200 mM once, 100 m three tines). The conbi ned et her
extracts are dhoatd then @@rmedVySO$0°Ci Ifoer a8 mnﬁuceecehur%b%deﬁotﬁlVe 28.5

Por mam do, 16, amBieht SehBBEAasES Zrfle bRasbhCRiAES"38 Saghhy” 0! )
met hyl i odi de addedsthoar stirredomixsuper ofub00 MAe2f hydrechiorici s added-
Lo 1 1iler 200dydaoshhoips afl fletnyiend’ egistﬂ%ué SXthaChRdell! Ayt Nyl ene

chloride (200 m" once re extracts are
washed wil h 30BeRRratedy FhenpareeuscPhass, isdeakrankten wa thasPemloyer

MySO4, filter anetliglénecenloridd. 3fhe cbmbinklakkeravtsngrkugakheldr yiel ds

' / . th di f - .
cryatal |1 zat] S EHGR00 B A2 byaPocpBFie' 981a78k G663 8 chloriteam
[err]. To a stdried eveéntMg$Opi Eibteged. 888 aohenBFatedof above solid in
80 m di et hyl for”a”‘dePﬁf1f§Q§g19n§§¥95§9133 gEhSkPﬁedkH?‘QQh9ﬁydr'de

The reaction m xture is-stirred re fo
1 acetate in cyclohexane) followed by kugelrohr

dlstlllat;on affords 6.79 g (79%) yellow oil BP
115-125°C/0.15 torr, n3S 1.4584.
Anal. Calc'd. for C,sH,;NO,Fg: C, 46.28; H, 4.40;

| N, 3.60 |
15 | Found: C, 46.40; H, 4.42;
. _ . N 3.36 -
Example 36 _

3-Ethyl S-methyl 1,4-dihydro-4-methyl-
2-isopropyl-6-(trifltioromethyl )-3,5-pyridinedicar

20 bbxxlate

_An amount of 52 79 of ethyl 3-amino-4-
methyl-z-pentenoate was prepared from 98 g ethyl W
(Z-methylprloplonyl)_acetate uslng the procedure of

, 'Aberhart and Liv, JOC 1981, 3749. The enamino ester
25  had n3® = 1.4914, bp 92°/6mm. The above enamine (20
g) was mixed in 100 ml THF with 21.6 g methyl 2,2,2-
trifluoroacetoacetate and 6 g'of acetaldehyde. Upon
adding a couple of drops of piperidine, a spontaneous
isotherm to 60° was observed. The mixture was then
30  heated with stirring at about 70° (just below reflux)
' for 1% hours. While monitoring with !°F nnmr, the
mixture was refluxed for 5 hours, then allowed to
stand at room temperatdre overnight. The mixture was
stripped of THF to give 46.1 g yield of crude |
35 prodﬁct, 40 g of which was dehydrated using 25 ml
trifluoroacetic anhydride and about 100 ml CH,Cl,.



49 -41- hour then warned to [err] for 15 m nutes and cool ed to anbi ent

-tenperature. The reaction mxture is slowy added to a stirred m xture of

600. M 2% hydrochloric acid and 100 m nethyl ene chloride. the phases are
5 seépayated, the aqueous phase is extracted with 50 m nethyl ene o
chlorideé”, The conbined extracts are washed with 300 nml 1% hydrochloric

aci d/ 1% sodi um chl ori de, dried over MySO4, filtered and concentrated.
Purification by Silica gel HPLC (4% ethyl 10 acetate in cycl ohexane)

foll owed by kugelrohr distillation affords 6.7323 (79% yellow oil BP [err]
torr, [err] 1.4584. Anal. Calc'd. for [err]: C, 46.28;, H 4.40; N, 3.60 15
Found: C, 46.40; H 4.42; N, 3.36 Exanple 36 3-Ethyl 5-nethyl

"1, 4- di hydr o- 4- net hy| an2ek®@Re2RY 'tob40r walsu Yba@iiier,) ahdothe mdiceediagat/al0

-of Aberhart and Liv, gJof tw@ade préauctTwhiechamaso kegedroRr disitddled =

»

Y\

RIS T TR LR

boxyl ate An anmount of .7 f ethyl . 3-am no-4- t hyl - 2- pent.enoat e was
prepared from98 g efﬁ?ﬁ“ffgngpﬁyFE¥P P@ﬁyPP“&éeEEF@ 3§Fﬁ§pFﬁetBr8&€Guﬁe

1.4914, bp [err]/6nnk%O§P§P§??Pelgnﬁgh?§§g2g ql4§§ mxed in 100 M THF

with 21.6 g nethyl 2, (or oac et at’e 6 g of acetal dehyde.
Upon adding a céupleéﬂﬂldr6$§céﬁ-pfp€rpdhﬁ@pFaoaponFangéugsﬁthhéﬁﬁiﬁo 60
was observed. The m xture was then 30 heated wit y,stigrngng at about
{err] (just below reflux) | Found: C, 54.20; H, 6.08;
N, 3.95
. ' Example 37
~ 10 ' 3-Ethyl S-methyl 1,2-dihydro-2-ethyl- 4-
isobutyl-6-(trifluoromethyl)-3,5-pyridinedicar
boxylate

- A stirred mixture of 18.0 g (.20 mole)
isovaleraldehyde, 30.8 g (.20 mole) methyl trifluoro-
15 acetoacetate, 28.6 g (.20 mole) ethyl 3-amino-2- '
s pentengoate, 60 ml tetrahydrofuran and 3 drops

EY piperidine is heated and held at reflux for 18

# hours. The cooleqd reaction mixture is concentrated
and the residue partially crystallizes on standing at
20 ambient temperature. The solids are filtered from an
8.0 g sample, washed with hexane and recrystallized |
L/ _ from tetrahydrofuran/hexane to give 1.72 g (22%)
| white solid.
A stirred mixture of 72 g (.18 mole) crude
25 solid prepared as above, 30 ml (.21 mole)
trifluoroacetic anhydride and 150 ml methylene
chloride is heated and held at reflux for 2 hours.
The washed reaction mixture is concentrated to give
' 88.0 g oil. Purification of a portion by HPLC gives
30 a purified product: nﬁs = 1.478S.
Calc'd. for C,gH,3FaNO,: C, 56.19; H, 6.66; N, 3.85
' Found: C, 56.27; H, 6.77; N, 3.60
Using the preparative techniques similar to
those shown in the preceding examples, further
35 compounds of this invention were prepared. These are
shown in the following Table A, along with a physical

property of each. .

Prng

a1



for 1 1/2 hours. Wiile nonitoring with 19F nnr, the m xture was refl uxed
for 5 hours, then allowed to stand at roomtenperature overnight. The ,
nixture§@@s stripped of THF to give 46.1 g yield of crude 35 product, 40
g of whiCch was dehydrated using 25 m trifluoroacetic anhydride and about

100 M [err]. -42- An exothermto [e48]l was observed, and the mater\-el
was refluxed for about one hour, then stripped to give 4 g of crude product
whi ch was kugelrohr distilled [err] = 1.4804. 5 Anal. Calc'd. for [err]:
C, 53.75; H 6.01; N 4.18 Found: C, 54.20; H, 6.08; N, 3.95 Exanple 37 10
3-Ethyl 5-nethyl 1,2-dihydro-2-ethyl- 4-

. i sobutyl-6-(trifluoronmethyl)-3,5-pyridinedicar boxylate A stirred m xture
of 18.0 g (.20 nole) isoval eral-dehyde, 30.8 g (.20 nole) nethyl trifluoro-
15 acetoacetate, 28.6 g . (.20 nole) ethyl 3-am no-2- 15 ., pent enoat e, 60
m tetrahydrofuran and 3 drops piperidine is heated and helwl a§ raflux for
18 hours. The cooled reaction m xture is cgncentrated.and,t&e resisdue

partially crystallizes on standing at 20 & anmbi ent tenperature. ~The
solids are filtered froman 8.0 g sapple, #ashed *with hexai® a8d 2
recrystallized fromtetrahydrofuranpgfiexane?to give 1.72 g (2% WRte
solid. A stirred mxture of 72 g (. nmol e crud& N
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25 solid prepared as above, 30 mM (.21 nole) trifluoroacetic anhydride
and 150 m nethylene chloride is heated and held at reflux for 2 hours. The

washed reaction mxture is concentrated to give 88.0 g oil. Purification of
a portyon by HPLC gives 30 a purified product: [err] = 1.4785.écalc'd52
for [ePr?

C, 56.19; H 6.66; N, 3.85 Fo#gd C, 56.27; H 6.77, N, 3.60
Usi ng the preparative techniques simlar t hose shomn in the precedlng
exanpl es, further 35 conpounds of this invention were prepared. These

are shown in the fO"0“‘“ﬂBTﬁbkédAababengtH%tEo Eﬁaécgk phpgerty of each.

51 -43- -44- As noted above he co I'S_invention have been
found to be ef f BVPREiQR HéVBl§F9§3f°ﬁﬁgtFEuPﬁrP§f8§t§V§ 8Fer gent

her bi ci des. Tabhe&bwlaad agmﬁuelyeayl bﬁeﬂéméﬁﬁéﬁtcﬁéﬂbﬂéﬁde§ to
determ ne the ptPBE b|C|daI activit gFFg 8gnggsgédth|s
grade of

i nvention. The eﬁP sFEmﬁPE ESnﬁEEPiﬁsag%
top soil 1§ plateddenetmlne thenprnerepengenhdhevbpaidadl aotnvﬂEytbfof 0.95

to 1.27 cm fromibechbpolhakNesPeAisOint-BRLi8R.Of the soil is placed a
pr edet er m ned
The pre-emergent tests are conducted as
follows:
A good grade of top soil is placed in
10 aluminum pans and compacted to a depth of

- 0.95 to 1.27 cm from the top of the pan.

On the top of the soil is placed a predetermined

number of seeds or vegetative propagules
~ ' of various plant species. The soil required

15 to level £fill the pans after seeding or adding
vegetative propagules is weighed into a pan.

A known amount of the active ingredient applied in a
N solvent or as a wettable powder suspension and the
soil are thoroughly mixed, and used as a cover layer

20 for prepared pans. In Table IV below the amount of

 active ingredient is equal to the rate of 11.2 kyha.
After treatment, the pans are moved into a greenhouse
bench where they are watered from below as needed to
gdj give adequate moisture for germinapion and growth.

25 Approximately 2-3 weeks after seeding and
treating, the plants are observed and the results
recorded. Table IV below summarizes such results.
The herbicidal rating is obtained by means of a fixed
scale based on the percent injury of each plant

30 species. The ratings are defined as follows:
% (Inhibition) Rating
0-24 0
25-49 1
50~74 2

w

35 _ 75-100



nunber of seeds or vegetative propagul es of various plant species. The soi
required 15 to level fill the pans after seeding or adding vegetative
propagules is weighed into a pan. A known amount of the active ingredient
applied B a solvent or as a wettable powder suspension and the soil afe.
thoroughly nixed, and used as a cover_jayer 20 for prepared pans.
Table |V belom/the amount of active ingredient is equal to the rate of 11.2
k/ ha. After treatnment, the pans are noved into a greenhouse bench where
they are watered from zbnéomaﬁtnepdeﬁe;-.Ouﬂiygzedeﬂuabnerrsestufe f or

germ nation e 3 we after
seedi ng and ? 55? gﬁ tﬂ@éﬁlgﬂfswg}ghoBESrgég nga hébigsurtgggecorded
Table IV beIDdeBUnﬁaedzby ietheresnl accortianner withdiher foldgwingobt ai ned

by neans of g¢ scale based on the percent injury of each plant 30
end

spe0|es The atrngs are defined as follows: % (Inhibition) -~ Rating
0-24 A-Canadanggsgge* E-Lambsquartexss(. 74I-Johnsongrass* , 35

75-100 ] dB-Cocklebﬁr ] 53 #5SmIb€w§éant speC|es-Dgwhyz?dogabonF set of
tests,» the dat are entifie etter in
accor dance m&fﬁei tng%omnng éegmﬂa°w/ Bgsedﬂéaan a? afpyarfgra 8%

E- Lanbsquar t BsrMorninggldoignsongrQuatkBra&sskl ebur F- Smar t weed

J- Downy BronEGrown from vegetative propagules
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27 0O 0003 00 0 0O 0O 0230 28
0O 0,0 0 0 0O 0 0O 3 329 0 01 1 0 0.0

0 &7 15% 30 3 1 3 3 3 3 3 3 3 3 331

10 002 3 3 O 0 3 33 -47-° TABLE IV (Cont.) Plant Species™
Compound of Exanpl e A7B C D E F G H I J K

32 3 3 3 3 3 33 3 3 3 333

3 3 3 3 3 3 3 3 3 3 334 . 3 3 3 3 3 3 3

3 3 3 335 TABLE I¥ ¢Copt.} 3 3 3 3 3 38 '

O NO O 1 1 0 2 N 3 310° 39 3 13 3 3
3 0 3-3 340 0 003 0 0.0 0 0 2 341

3 3 3 3 3 3 3 3 3 3 342 - Plant Speciesy) 3 3 3 3 1

3 3 3 3143 3 1 3 3 3 3 1 3 3 3 315

44 g 3 3 3 3 3 0 1 2 3 3 The symbol N

i ndi cat es thaI ?%e ap%roprlate seeds were planted but the results were
i nconcl usi veEXamplg Nag- The conphunBs QerR fErtHerGt eHt el bg ukili zing the

above procedure on the follow ng plant species:

5 32 3 333 3 3 3 3 3 3 3
, 33 3 333 3 3 3 3 3 3 3
34 3 33 3 3 3 3 3 3 3 3
35 313 3 3 3 3 3 3 3 3
38 0O NO O 1 10 2 N 3 3
10 39 3 13 3 3 3 0 3 - 3 3
40 0 0 03 00 0 O0 0 2 3
41 3 3 3 33 3 3 3 3 3 3
42 3 03 3 3 3 1 3 3 3 3
43 3 13 3 3 3 1 3 3 3 3
15 44 3 333 3 3 01 2 3 3 "
7/

The symbol N indicates that the appropriate seeds were planted but
the results were inconclusive. ‘



L- Soybean . R-Henp Sesbania 5 M Sugar beet

E- Lanbsquarters N \Weat F- Smartweed O Rice .
C- Vel vet | eaf P-Sor ghum J- Downy Brone B- Cockl ebur 36
S- Panitum 10 Q WId Buckwheat - K- Bar nyar dgr ass ;o :
D- Mor ni™Tmggl ory T-Crabgrass The regdts are summarized in Tabl e V.

57 -49- TABLE V Pre-Energent Plant Species Conpound of 5 Exanpl e No.

Kg/ ha LMNOPBQDREFCJSKT4 5.6 010020

00031032336 omfo'in@s wez% 3fu?r1§1e'i' ]te%t%d2b§

112 12320400 tgl o% 0
7 w4 121“9 & aboves P§°§e§‘§‘%°31 §h2’ Follpwing plant
0001 Iepedis? 133.27 11000010000000
3333302135;031 23333112

5 ° %3 O35 5 RyHpmy Sesbanid

33
K ooooom®®¢@t ErI@mbsquariters) 0 0
3 3

3 NApfeat 02111 0RdhAdebd 3 1
0000001 0 20 010
0 O-Rlce -Velvetleaf

P=-Sorghum J-Downy Brome
B-Cocklebur S-Panicum
10 Q-Wild Buckwheat K-Barnyardgrass

N
[EEN
o
[EEN
|_\
= Ww

112100

oroowur
ROOR WK
ROROW O

0
1
10
00

D-Morningglory ' T-Crabgrass
The results are summarized in Table V.
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59 -51- The herbicidal conpositions of this invention, including
concentrates which require dilution prior to application, may contain_ at

| east one active ingredient and an adjuvant in liquid or 5 solid form

" The coupositions can be prepared by adm xing the active ingredient with an
adjuvahr/including di luents, extenders, casO~ers, and conditioning agents 53
to provide conpositions in the formof finely-divided particulate solids,

granul es, 10 pell ets, solutions, dispersions, or_emulsions. Thus the
active ingredient can be used with Mﬂas a finely-divided
solid, a liquid of organic origin, wat gr! a wet ti Eg a di spersing
agent, an enulsifying agent, or any s e nation of 15 t hese.
The conpositions of this invention, particularl ypi E gﬁl gseand wet t abl e
powders, nmay contain as a conditioning agent on ace-active
agents in anount So fotl'nr' g¢ to render 20 a given conposition readily

di spersi bl egi n Wi?é;#ire NS 01 | kd, | G ﬁr@ti,og gfpanzgr{,aeeaagt iﬁ/?hagent
into such conpos | t Iy "ermhances—tRerr~etfrcacy. =By the

term"surface-actige agent" it g g undeysjopdztfay 3eitang agsngsz 3 3
di spersi ng agents, 25 suspendi_ng agents, and emul sifying iggn%s are
e

i ncl uded therein. Anionic, catilodiZ, c?.rr%rﬁi%n‘i’@a%e%t% Ca used with
equal facility. Typical wetting .@gent aa a kylob®nzenel andgoaBkgl 3 3

anydes. | ong chain aci i asters Pk i il chated’ Q5T eFeOof 2od

sul fosuccib@te, sulfated or sul f.@idt ed f2atxy2ari@@ 0 0 0 2 - 011 22

W, 19 5.6 0000000000 -02133

' 18 5.6 0300000100-000112

A 28 5.6 00000000011 00022
\\J



esters, petroleum sul fonates, sulfonated vegetable oils, ditertiary

acetyl éplic gl ycol s, pol yoxyet hyl ene 35 derivatives of al kyl phenols .
(particularly isooctyl phenol and nonyl phenol) and pol yoxyet hyl ene -52-
derivatives of the nono-higher fatty acid esters of hexitol anhydrides
(e.g., sorbitan). Preferred dispersantgpare nethyl cellul ose, polyvi NYNr
al cohol, sodiumlignin sulfonates, polyneric alkyl, 5 napht hal ene '
sul fonat es, sodi um napht hal ene sul fonate, and the pol ynmet hyl ene

bi snapht hal ene sul f onatfhe \Wdritaild iRl 890 VEbgFo Si61 o &8 £ ireer si bl e

conposi tions .contagi.ni ng .one of. nore active .ingredjients, an inert solid

ext ender, an&QMﬁﬁiﬁoqnnﬁ?éayéinﬂMﬁQﬁ?ﬁfEﬁﬂf?ﬁ%ﬁ%ﬁéﬁrﬁfﬁﬁﬁﬁﬁs. The inert
sol i d ext enddid wrieonipmidy tof applercdtion gimay wdntesin het ragagwl cl ays,

di at omaceous [t ' : d ' ' fg siligca and the |ike.
Exanpl es of SOS%h_ %ﬁg%déﬁ@%%ﬁe&gg%ﬁ%%ﬁéyagﬁ a:"pﬁtilr‘nlg]i‘?‘é1 T  clay and
synt het i%c ma@edsidifiogm. c&he composihians cggvheprapaead thons of this

i nvention US il i% iGRN tade édﬁm@-ﬁ%&&&rp@lmﬁﬂ R ffdfnmasgf[ rom5-20 parts)
of active ingredient, fraqm about 0.25 0'252§?rtsrfpre erably 1-15 parts)
of wetting ag'é}'r'tl,“q‘mn uentsy, fXEndeLs, LATRQLS( ARG erably 1.0- 15
parts) of di sondisniorany fagents tto gxovidd donpesitiaieriablthd- 50 parts)
of inert soli t g 13.narisSs Qelng. ' of the total conpositon.
VWhere requir efgn:ﬁ< roﬁ a noeu]t%} &%%éi%gé%%l%fé %éells%sfﬁ o&f ?fé‘i‘fe%

ext end&0 can ped Jatist acad uiensordigpersions bianremlsions f odfhug agent or

bot h. the active ingredient can be used with an adjuvant -

such as a finely-divided solid,, a liquid of organic \o/
origin, water, a wetting a‘gsn&\lia dispersing agent,
an emulsifying agent, or any sultable combination of

15 these. '

The compositions of this invention,
particularly liguids and wettable powders, may

contain as a conditioning agent one or more o,
surface-active agents in amounts sufficient to render ° /-
20 a given composition readily dispersible in water or

in oil. The incorporation of a surface-active agent
into such compositions normally greatly enhances
their efficacy. By the term "surface-active agent" it
is understood that wetting agents, dispersing agents, <
25 suspending agents, and emulsifying agents are
- included therein. Anionic, cationic, and non-ionic
agents can be used with equal facility.
Typical wetting agents are alkyl benzene
and alkyl naphthalene sulfonates, sulfated fatty
30 alcohols, amines or acid amides, long chain acid
esters of sodium isothionate, esters of sodium
sulfosuccinate, sulfated or sulfonated fatty acid
esters, petroleum sulfonates, sulfonated vegetable
oils, ditertiary acetylenic glycols, polyoxyethylene
35 derivatives of alkylphenols (particularly
isooctylphenol and nonylphenol) and polyoxyethylene



QG her formul ations include dust concentrates conprising fromO0.1 to 60% by
melght.of the active ingredient on a suitable extender; these 30 dusts

may be diluted for applitation at concentrations within the range of from neg
about- 0. 1- 10% by wei ght. Aqueous suspensions or enul sions may be prepared

by stFFVing an aqueous m xture of a water- 35 I nsol ubl e active
i ngredient and an emul sification agent ut®3t uni form and then honogeni zed
to give a 62 -53- stable enul sion of very finely-divided particles. The

resul ting concentrated, agueoys..suspension is characterjzed by it t I

smal | particle ‘Z?E%‘,’a?b"?fha?gm 'E‘PII"‘EIT%’O‘JIH?H E%F%Xle%‘flio t'r%rgsle ésgeée;§n§ d

gnhfggg) Su;tam%fiﬁgng%gpyﬁfidﬁs 0é . g hessoftotvan pt | defertexd n f r om about
C1- 9 prefer - o) | [ ' limt

bei ng determ ne %éefﬁ%ng%lﬁ%?ﬁﬁ%} rr%?f%}i%%?'i {gé%% eén{@?#lw?'ﬁre o

solvent. 10  sodium ligninaswelfenatesmpélymerbasatk®bension, a

vt er -i mmi gci bl gaRRERkeLAE La1E0RARSH] LEdiuR hapRtRaTERE OSILEPRALE] o

P by or ounhg ThaobRirnashELRs RlsNARBCRRLeRe L aRAte S CPSl o o1
Sg:foﬂgaelfggLsgagfé an?SWeﬂﬂtﬁleiﬁBWGéfbl8;6h§8t6ﬂ+dﬂﬂﬂepsiyhethyIene
Phase 1o | owed BYHRARH GRS ofORCRUREPE OB ot Mahe neEeRPE T soCyanat o and
am ne conpoundsingmefiients, an inert solid extender, and one or more
10 wetting and dispersing agents. The inert solid
{3 extenders are usually of mineral origin such as the
natural clays, diatomaceous earth and synthetic
minerals derived from silica and the like. Examples
of such extenders include kaolinites, attapulgite
15 clay and synthetic magnesium silicate. The wettable
powder compositions of this invention usually
contain from 0.5 to 60 parts (preferably from 5-20
parts) of active ingredient, from about 0.25 to 25
parts (preferably 1-15 parts) of wetting agent, from
20 about 0.25 to 25 parts (preferably 1.0-15 parts) of
dispersant and from 5 to about 95 parts (preferably
5-50 parts) of inert solid extender, all parts being
by weight of the total compositon. where required,
i“j from about 0.1 to 2.0 parts of the solid inert
25  extender can be replaced by a corrosion inhibitor or
anti-foaming agent or both.

Other formulations include dust
concentrates comprising from 0.1 to 60% by weight of
the active ingredient on-a suitable extender; these

30 dusts may be diluted for application at
concentrations within the range of from about 0.1-10%
by weight.

Aqueous suspensions or emulsions may be
prepared by stirring an aqueous mixture of a water-

35 insoluble active ingredient and an emulsification
agent until uniform and then homogenized to give a



20 forma solid urea shell wall around particles of the water-inmm scible
chem cal, thus formng mcrocapsul es thereof. Typically, the concentration
of the microencapsul ated material will range from480°to 700 g/l of total
conposi §idn, preferably 480 to 600 g/l. 25 Concentrates arem
usual Iy solutions of active ingredient gn wat er-inmmiscible or partial I\~
wat er -i mm sci bl e sol vents t oget her mﬁfﬁ a surface active agent. Suitable
solvents for the active ingredient of this invention include

di met hyl f or r@ﬁsﬂge éﬁulsiéhr%khﬁ{afy' %ﬁﬁ&ﬂ;—a&bﬁ!&éﬁyggﬁehag?ne1
hydr ocar bons, and water-1mn sci bl e ethers; esters -of ketones. However,
ot her hi gh sFRengesultingdcenrenkrakedsagugons sUFRENELER B§ di ssol ving the

active ingreghgphctérdze@ yonitshentdehdlyngmatloparvitekgigaggne, to 35
spray concentra OE. 68.-54- ThedCOncentrate COﬁBOSItIOﬂS her ei n
general |y cof®aFnaFrgheRpoiiused. pRdo8PEayYed. (GPEFERLS §55Y88Yparts) active
I ngredi #nt, ahbfitrA. 25stbtablpacoacéntettiahkyof- Pheparts) surface active 5

agent and wh i : .4 9 Lts sokuent . s being b
netoht “hased S EELI6RE) OB £FOn dpBAE 8, 126887 prBrerRBLLS Ol N9 BY
physi cal | y s$290%, pbytveighteofonrpbivei dngredipntsi Sheavppbes Lapi&di ent

adhering to gQing Q&tdkminkAUbYIthEr 88UbA1RRY TifBEr b¥ Abtavel nert, _

f|ner-d|V|dedq$art|cglate xtenger. I'n order"to aid | eaching of the active

i ngredi ent f1BAFEALeRY AP FRG: 891Xe8Yrf ace active agent such as those
10 . In another form of aqueous suspension, a

water-immiscible herbicide is encapsulated to form e
a microencapsulated phase dispersed in an aqueous _\“)
phase. In one embodiment, minute capsules are formed
by bringing together an aqueous phase containing a
15 lignin sulfonate emulsifier and a water-immiscible
chemical and polymethylene polyphenylisocyanate,
dispersing the water-immiscible phase in the agqueous
phase followed by addition of a polyfunctional o
amine. The isocyanate and amine compounds react to
20 form a solid urea shell wall around particles of the
water-immiscible chemical, thus forming microcapsules
~ thereof. Typically, the concentration of the
microencapsulated material will range from 480 to 700
g/l of total composition, preferably 480 to 600 g/l. :
25 : Concentrates are usually solutions of
active ingredient in water-immiscible or partially
water-immiscible solvents together with a surface
active agent. Suitable solvents for the active _
ingredient of this invention include dimethylformamide,
30 dimethylsulfoxide, N-methylpyrrolidone, hydrocarbons,
and water-immiscible ethers, esters or ketones.
However, other high strength liquid concentrates may
be formulated by dissolving the active ingredient in
a solvent then diluting, e.g., with kerosene, to
35 spray concentration.



| i sted herei nbefore can be present in the 15 conposi tion. Natural

clays, -pyrophyllites, illite, and vermiculite are exanpl es of operable

cl asses of particulate ni'neral extenders. The preferred extenders are the 62
dorous, absorptive, preforned particles such as preformed and screened : . g
particukéte 20 attapulgite or heat epr§ ed, particulate vermiculite and
the finely-divided clays such as kaolin cl 9@, hydrated attapul gite or
bentonitic clays. These extenders are sprayed or blended with the active

ingredient to formthe herliifd dYncEnA RS cofdositions hereinn€ granul ar
conpositions of this invention nmay contain from about 0.1 to about 30 parts

by wei ght of actSFReTrduicoRtaIdy tram ghout By IndioyiHE PRXESay and 0 to
about 5I partgoby (\Eﬂ::e@iirdﬁlﬁslﬂ-f@c@a&ﬁis_ _ '-)vacg%}] iRRirei@ntar abot \loeizght of
particul ate c . The ,comosi ti.on thig i.nvention can.al so
contain ot her addi% g’?r)ye%ag F $P% fﬁﬁtb&,y ﬁ‘é%tsl |p|azt%ss), sé’trr#&’:ené“%i"é’iedes,

ot her pesti & des agexftersdd whene treguiitest ,usdduds 4adjougdntpands i n

conmbi nation w th gy 3 - ' ' 1t I+Cal S
useful in conbinat i_OI’léﬁVﬁ’t %lt é%@%s?\%\i?‘r?g?’éﬁwfﬁﬁg‘tg?ﬁ%% té)g“i:?gfﬂ

i nvention, for e¥gidhE of emilfdfiablenPiloar bamat es, acetani des,

acetanilides, uracils, acetgrarigies Qredpydicdany dtame gdtitdlceardamt es,
triazoles, benzoic acids,. nitriles, hiphenyl, ethers %Pd the J.ike 5 to such
as: Fbterocycl|chW99ﬁ£§ﬁ9§ﬁiqﬂmH§%% i ve ingredient adhering
10 or distributed through a basic matrix of an inert,
finely~divided particulate extender. In order to aid
leaching of the active ingredient from the
particulate, a surface active agent such as those
listed hereinbefore can be present in the
15 composition. Natural clays, pyrophyllites, illite,
and vermiculite are examples of operable classes of
particulate mineral extenders. The preferred
A extenders are the porous, absorptive, preformed
particles such as preformed and screened particulate
20 attapulgite or heat expanded, particulate vermiculite.
and the finely-divided clays such as kaolin clays,
hydrated attapulgite or bentonitic clays. These
extenders are sprayed or blended with the active
L ingredient to form the herbicidal granules.
25 The granular compositions of this invention
may contain from about 0.1 to about 30 parts by
weight of active ingredient per 100 parts by weight
of clay and 0 to about 5 parts by weight of surface
active agent per 100 parts by weight of particulate
30 clays. o :

The compositions of this invention can also
contain other additaments, for example, fertilizers,
other herbicides, other pesticides, safeners, and the
like used as adjuvants or in combination with any of

35 the above-described adjuvants. Chemicals useful in
combination with the active ingredients of this



2- Chl or 0- 4- et hyl am no- 6-i sopropyl am no-s-tri azi ne

2- Chl or o- 4, 6-bi s- (i sopropyl am no)-s-triazine

2- Chl or o- 4, 6- bi s- (et hyl am no)-s-triazine 10 '

3-1s gppyl 1H 2, 1, 3- benzot hi adi azi n-4-(3H)-one 2,2 d|0X|de .
-3~ Ami 1,2, 4- tr| azol e 6, 7- D hydr odi pyrgsdo(l 2-a: 2 , 1 -c) pyra2| di ni uﬁ‘i~§ﬁ|t
5- Br ono- 3- |sopropyl 6-met hyl uracil 15 1,1 1-D nethyl - bi pyri di ni um
Ureas N - (4-chl orophenoxy) phenyl-N, N-di net hyl urea

N, N- di et hyl ifventiohl, 0ford exampllelhabilaz ie®? ureas, carbamates,

3-(3,4- dlchloro hen hy) urea 20
1, 3- Di met hyl 8§% ? éﬁ%@t ﬁcz?g:&%& 455eau3raﬁ3'1€hl &EFEWAGES OF di net hyl ur ea
1- But yl - 3- ( S3phedpdhiderdpatiyes-, 1 -thHididanbamatas)amatiexollesyl car bamat es

%— E:Zl g;ﬂoglr lo)l;ie)nleh?;&yla%- &QI O%ﬁlrét}ﬁ':'ﬂl %g‘grrftngll sc%‘re&'pylanl& (té1 fﬁl&f ophenyl )

carbamaPe S-8ug ?§Hloroallyl N, N- di i sopr opyl t hi ol car barmat e. Et hyl

N, N-di pr opyl t hi ol cageaeovicalild NIteRYerdisRigR DadlveiiiRamt e 30

' I = t d
ﬁfﬁﬁgrhgfﬁ§|§ekgibpbﬁ Sfﬁ%ggp&%q9-6 1§%propylam1no—s-tr1a 1£§e am de
N- (2, 4- di net ByChiofrio-#, i6-bis-( imdpdopydlahdmg )-swtridzimeny| ) acet anmi de 35

> Z°pb°2¥'hy% “REIBERSY, Bibis tsthyt amino)-grtmigaine oo
Isopropy -1H-2,1,3~benzothiadiazin-4-(3HE)-one
2,2 dioxide : : - : e,
3-Amino-1,2,4~triazole - - : ' o/
6,7-Dihydrodipyrido(1,2-a:2',1'~-c)-pyrazidinium salt
5-Bromo-3~-isopropyl-6-methyluracil
15 1, 1'-D1methyl-4 4'~bipyridinium

Ureas
-(4-chlorophenoxy) phenyl-N, N-dimethylurea
N,N-dimethyl-N'-(3-chloro-4-methylphenyl) urea Ty
3-(3.4-dichloropheny1)-1,l-dimethylurea N

20 1,3-Dimethyl-3-(2-benzothiazolyl) urea
3-(p-Chlorophenyl)-1, 1-dimethylurea
1-Butyl-3-(3,4-dichlorophenyl)-l-methylurea.

. Carbamates/Thiolcarbamates
2-Chloroallyl diethyldithiocarbamate =7

25 S=(4~chlorobenzyl)-N,N-diethylthiolcarbamate
Isopropyl N-(3-chlorophenyl) carbamate
S~2,3-dichloroallyl-N,N-diisopropylthiolcarbamate
Ethyl N,N-dipropylthiolcarbamate
S-propyl dipropylthiolcarbamate

30 Acetamldes/Acetanll1des/An111nes/Am1des
2-Chloro-N,N~-diallylacetamide
N,N-dimethyl-2,2~diphenylacetamide
N-(2,4~-dimethyl-5=-[[(trifluoromethyl)sulfonyl] -

amino]phenyl )acetamide

35 N-Isopropyl-2-chloracetanilide
2',6'-Diethyl-N-methoxymethyl- 2-chloroacetan111de




2 -Methyl-6"-ethyl-N-(2-methoxyprop-2-yl)-2- chloroacetanilide a, a, a
-Trifluoro-2,6-dinitro-N, N-di propyl -p- toluidine 5

N(1,1- dlnethylpropynyl) 3, 5-di chl or obenzani de Aci ds/ Est ers/ Al cohol s
i2,2-Di chl oropropi oni ¢ acid 2- Met hyl -4-chl orophenoxyacetic acid

2, 4- Di 'sht’or ophenoxyacetic acid 10

N@thyl 2-[4-(2, 4-di chl or ophenoxy) phenoxyl-geepi onat e

3- Ami no- 2, 5-di chl or obenzoi ¢ acid 2- Met hoxy- 3, 6-di chl or obenzoic acid

2,3, 6- Trlchlorophenylacetlc acid N-I-napht hyl pht hal am ¢ acid 15 Sodi um
5-[ 2- chl or o- 4- ( &’ rMekbydmét' reithyleNoX ¢ -methoikypropr2oyild -2~

4, 6- Di ni tro- 0- secchiloHorkaranihgehosphononet hyl ) glycine and its [err]
nonoal kyl am ne and alkallne nmetal salts and conbi nati ons _20 t her eof

Et hers 2, 4- Di chPor 8ph&nyTra &“PFGﬁ@eﬁVﬂléﬂﬁéP'ﬁb@hpép6°93 “R-
a-trifluoro- [ err] todhildideect hoxy- 4-nitrodi phenyl ether

Di sodi um et handai e e AL oBYEY 0P o ot "a"hsﬁz”%ﬁ* &0 the 30
active |ngred|ents i ncl ude, for éxdds/EstemspAiloghoillsr ate, urea, potash,

and super phosphat e._pPdhabridpsopiondd @q@nts include materials in which

pl ant organi sns take rQot and grow such as conpost, manure, hunmus, sand and
the like. 2-Methyl-4-chlorophenoxyacetic acid

2,4-Dichlorophenoxyacetic acid
10 Methyl-2-[4~(2,4~-dichlorophenoxy)phenoxy]propionate
o 3-Amino-2,5-dichlorobenzoic acid
2-Methoxy-3, 6~dichlorobenzoic acid
2,3,6-Trichlorophenylacetic acid
N-l-naphthylphthalamic acid
15 Sodium 5-[2-chloro-4-(trifluoromethyl )phenoxy]=-2-
nitrobenzoate
. 4,6-Dinitro-o-sec~butylphenol
lhj N-(phosphonomethyl) glycine and its C;_g monoalkyl

amine and alkaline metal salts and combinations
20 thereof
Ethers

2, 4-D1chlorophenyl 4-nitrophenyl ether
o 2-Chloro- «, a, a-trifluoro-p-tolyl-3-ethoxy-
/ 4-nitrodiphenyl ether
25 Miscellaneous

2,6-Dichlorobenzonitrile
Monosodium acid methanearsonate
Disodium methanearsonate
Fertilizers useful in combination with the
30 active ingredients include, for example, ammonium
nitrate, urea, potash, and superphosphate. Other
useful additaments include materials in which plant
organisms take root and grow such as compost, manure,
humus, sand and the like. .
35 Herbicidal formulations of the types
described above are exemplified in several
illustrative embodiments below.



35 Her bi ci dal formul ati ons of the types descri bed above are
exenplified in several illustrative enbodi nents bel ow. -57- 1.
Enul si fiabl e Concentrates \Wight Percent A Conpound’ of Exanple No. 5

1.0 Freeﬁqﬁld of conplex organic 5 phosphate of aromatic or allphatlc

hydro-

5.59 POIyoxyethyIene/polyoxypropylene bl ock copol yner with butanol
10 Tergitol XH, registered trademark.gg_Uni on Carbide Corp.)
1. 11 Phenol 5. 34 Monochl or obenzene

86.96 100.00 15 B. Conpound of Exanple No. 15
acid of conpl ex organi c phosphaEmubsifiiabbei Concentiabesi c hydro-

base (e.g., GAFAC RE-610) 5.00

Pol yoxyet hyl ene/ pol yoxypr opyl ene 20 bl ock copoly

elahthgrcentl

Tergi tol XH) A. Compound of Example N9.g® phenol 1.0

4.75 Monochl orobenzene pree acid of coﬁﬁl@ﬁ 698a99c25

. Flowables Wei ght Percent A.

u .
phosphate o aromatlc gP Plphatlcaﬁydro-

.

phobe base (e.g., GAFAC RE-610, registered

trademark of GAF Corp.)

Polyoxyethylene/po1yoxypropy1ene

block copolymer with butanol (e.g.,

10 Tergitol XH, registered trademark of

Union Carbide Corp.)
Phenol
Monochlorobenzene

15 B. Compound of Example No. 15

1.11
5.34
86.96
100.00
 25.00

Free acid of complex organic
- phosphate or aromatic or aliphatic hydro-

phobe base (e.g., GAFAC RE-610)

' 5.00

Polyoxyethylene/polyoxypropylene

20 block copolymer with butanol (e.g.,
Tergitol XH) -
Phenol
Monochlorobenzene

25 II. flowables

A. Compound of Example No. 6
Methyl cellulose
Silica aerogel
30 Sodium lignosulfonate

1.60
4.75
_63.65
100.00

Weight Percent
25.00
0.3
1.5
- 3.5

Sodium N-methyl-n-oleyl taurate 2.0

Water

67.7
100.0

1

e base (e.g., GAFAC RE-610, registered trademark of GAF Coh&d

(e.g.

25.00 Free
phobe

' 25.00



B

sul f osucci nat e
silica (synthetic)

No. 6
N- net hyl
25

-N-oleyl-taurate.

1.25 CaIC|un1I|gnosquonate
10. 0 Sodr oL gnos:! A

V.

3.5 Sodi um
67.7 100.0
A. Conpound of
3.0 Sodi um

71.0 100.0
80. 0 Sodi um di octyl
2. 75 Anor phous
g5 —F=anpl e

Met hyl cel | ul ose 0.3 Silica aerogel

1.5 30. Sodi um | i gnosul fonate

N- et hyl -n-ol eyl taurate’ 2.0 Water

67 -58- 111. Wettable Powders Weight Percent 10

Exanpke~No. 5 25. 0 Sodi um | i gnosul f onat e

N- et hyl - N-ol eyl -taurate 1.0 Anmorphous sidg.ca (synthetic)
15 B. Conmpound of Exanple No. 3

*786.0 100.0
“Percentl#4&  Conpound

of Exanple No. 1
aer ogel

0.1
10
W,
15
20
\
25
30
35

3.2.0 Silica

III. Wettable Powders

Weight Percent

A. Compound of Example No. 5
Sodium lignosulfonate

Sodium N-methyl-N-oleyl-taurate

Amorphous silica (synthetic)

B. Compound of Example No. 3
Sodium dioctyl sulfosuccinate
Calcium lignosulfonate
Amorphous silica (synthetic)

C. Compound of Example No. 6
Sodium lignosulfonate

Sodium N-methyl-N-oleyl-taurate

Kaolinite clay

Iv.

Water-Soluble Powders

25.0
3.0
1.0

_71.0
100.0

80.0
1.25
2.75

_16.00
100.00 .

10.0
3.0
1.0

_86.0
100.0

Weight Percent

Compound of Example No. 1

A. 10.0
Sodium dioctyl sulfosuccinate 2.0
Silica aerogel 5.0
Methyl violet 0.1
Sodium bicarbonate 82.9

100.0
ound of Example No. 17 90.0-—
Ammonium phosSp ' - 10.0

—
"
-

P—




Sodi um bi car bonat e
Percent A.
98.0 5 .
Exanpl e No. 9

82.9 100.0 35_

-59- V. Dusts Wi ght
Compound of Exanple No. 2

2.0 Attapulgite .
100. 0 B. - Conpound of

60.0 Montnorillonite 40.0 100.0 €.

*Conpounddﬁf Exanple No. 7 30.0 10 Et hyl ene gl yco
.0 Bent ddft e 69.0 100.0 D. Conpound of Exanple
“No. 15 _ 1.0 Di atonmceous earth =359- 99.0 15

100.0 VI. Ganul es Wi ght Percent A Conpound of Exanple No. 8

15.0 G anul ar attapulgite 20
Conmpound of Exanpl e No 9 ————
70.0 100.0 25 - C

85.0 100.0 B.
(20/ 40)

ég Ethylene glycol 5 Compound of Exampie W.hyi ene blue 3 ¢
Attapulgite ' 98.0
5 100.0
B. Compound of Example No. 9 60.0
Montmorillonite 40.0
o 100.0
C. Compound of Example No. 7 30.0
10 Ethylene glycol ' ' 1.0
Bentonite 69.0
100.0
D.  Compound of Example No. 15 1.0
Diatomaceous earth 99.0
15 | | | 100.0
~ VI. Granules
: - ) Weight Percent

A. Compound of Example No. 8 15.0

Granular attapulgite
20 (20/40 mesh) ' 85.0
- 100.0
B. Compound of Example No. 9 30.0
Diatomaceous earth (20/40) 70.0
100.0
25 C. Compound of Example No. 6 1.0
' '~ Ethylene glycol 5.0
Methylene blue 0.1
" pyrophyllite 93.9
) 100.0
30 D. Compound of Examplé No. 13 5.0
95.0

Pyr%:yllité (20/40)

0/ 40 mesh)
Duség -~ 30.0 D atonaceous earth

Conpound MeihtnRercent 6

100.0



Pyrophyllite 93.9 100.0 30 D. Conpound of
Exanpl e No. 13 5.0 Pyrohyllite (20/40) 95.0 100.0

-60- When operating in accordance with the present invention, effective
amounts of the conpounds of this invention are applied to the soil

cont aih-'rﬁg the plants, in any convenient fashion. The 5 applicatiaon of
liquid and particulate solid conpositions t0 the soil can be carried-:out b;ﬁg
conventional nethods, e.g., power dusters, boom and hand sprayers, and

spray dusters. The conposigh :iﬂﬁﬂ% I . %HHH. | Lplanes as a
dust or a 10 spray be.cg}ﬂuséé{].o eﬁ'r fJ.Pdeec |v§'lr§géée;?qtg{w c?sages. The
appl i cation of RFeFendctinentiamt effeaqtd e muaunts & thhes qompownids to
the locus of undssitierh \HRfknt o RN dpE 1l d itHe Hoif10lcdnt@iRiiafg | ce of
t he present |nv§ﬁ%%oq: The exact anpunt 15 rég active jngredient to be
enpl oyed is dep Ri3ps AR G qoRMeent fashioty « 'l ant speci es and
stage of dérel omppitiddteigmiof tlhispdiparshparmnidivliatre afoldad |, t he anount of

rainfall and th | o gel] : eci i energence 20
application to &%ﬁ%@%%% %@mo%ﬁlj r{éo%a%gguﬁeec&lf@ I@)rdfha,
preferably fromegaientional metdnds 5 6@ kg/Mnver duskans, dgemand Lower

or higher rates Hgyg Mprafrd ehid SVl |AEEEES. 19 Sidds8dildhd he art
can readily determne frgmthis %fegéflcatjo , 25 I nc udln%:the above
exanpl es, the off¥mft§AiRe (IPRjted from airplanes as a dust or a

10 spray because of their effectiveness at low dosages.
The application of an effective amount of

the compounds of this invention to the locus of
undesired weeds is essential and critical for the
practice of the present invention. The exact amount

15 of active ingredient to be employed is dependent upon
various factors, including the plant species and )
stage of development thereof, the type and condition
of soil,lthe amount of rainfall and the specific
compounds employed. In selective preemergence

20 application to the soil a dosage of from 0.1 to about
11.2 kg/ha, preferably from about 1.12 to about 5.60
kg/ha is usually employed. Lower or higher rates may
be required in some instances. One skilled in the

W art can readily determine from this specification,

) 25 including the above examples, the optimum rate to be
applied in any particular case.

The term Ysoil" is employed in its broadest
sense to be inclusive of all conventional "soils" as
defined in Webster's New International Dictionary,

30 Second Edition, Unabridged (1961). Thus the term
refers to any substance or medium in which vegetation
may take root and grow, and includes not only earth,
but also compost, manure, muck, humus, sand and the
like, adapted to support plant growth.



applied in any particular case. The term"soil" is enployed in its broadest
sense to be inclusive of all conventional "soils" as defined in Wbster'.s
New I nternational Dictionary, 30 Second Edition, Udabridged (1961).
Thus+the termrefers to any substance or nediumin which vegetation may

- take kot and grow, and includes not only earth, but also conpost, . manuLe,
muck, s, sand and the |ike, adapteﬁsiﬁ support plant grow h. -61-
Alth ?ﬁﬁ invention is described with respect to specific nodifications,
the details thereof are _ o} S. Ligi Long except to the
extent indicated in théA?§$?%§?2€h%Igﬁ%éﬂggogci%dﬁ%%g%+gﬁérﬁf§ﬁdal
conposi ti ons ¥9%RRFE| 9 speatfisanedifiticatiens; ctbel dgtailscti ve anount of

a conpound ofthéedP §Hé anse! €616 E6RELPued as limithti
R 10 15 20 mherqbg R is selected frgn]the Eroﬁs c%%é?g%fﬂﬁso x%ﬁ%ﬁyl,

Calkyl, [err] Wt sdtenhAndigted Ancthel k91 loving ehatmeky|

al kyl car bonyl oxyal kyl ; cycl oal kanyl al kyl, 25 = arylmethyl, and
heterocyclic radicals wherein the hetero atomis -selected fromnitrogen,
sul fur and oxygen; each [err] is independently selected from/[err]

r



e, 2

B oy

| ower al kyl radicals and R2 and R3 are independentty-—seteeted from-alkyl

and fl uori nat ed met hyl radicals, 30 provi ded that one of R2 and R3 nust
be flucerinated nethyl. 2. Conpositions of aiml mmﬂuﬁl"ﬂ”m and R3
iIs a tr%l/uoromat hyl radical. 3. Conpositions of e of 35
R2 and I's a difluoronethyl radical. -63- 4. Corrp05|t|ons Sof *Claim
wherein Ris selected fromalkyl [err] and egekopropyl methyl. 5. .
Conpositions of Claim4 wherein [err] is alkyl [err]. 5 6.

Conpositions of Claim5 wherein one of [err] and [err] is a trifluoronethyl
radical . 7. CorrposCthng of Claim5 wherein one of [err] and [err] is a

di fluoromet hyl radical . CQ”poﬁb‘ierEidel %ﬁ?%?t%ﬁ%ebﬁmb%&%\]mgs ah?
fluorinated nethyl andR3|sa ositions o Im1 reitn Ris
i sobutyl . 10. Conp®37RVans Bf‘dcﬁahﬁfgl\%éggllbf eéfeFtivengmepnt of a

11. Conpositions eémpbaha) ¢ wher €bpmana ek1B2taadfR3mi s a trifl uoromet hyl
radi cal . 12 Conpositions_of Claim 10 wherein one Qf R2 and R3 is a

di fl uor onet hyel:' r adi cal 13 Cor‘r305| tions of aim Wner in Ris a 20

het erocyclic radi cal %ere E‘é’ hetero atom |$~Coxy n. o#4. Conpositions of

Caim1l wherein R gsqg” | | “OR, ., R,07 “OR, and
H
10 R,” > N“ Ry . R, > N“ "R,
?
H
R
15 Os. 7
c ~_ C
~
RlO I OR1
R, N Ra
20 ' H
v H
N~

wherein R is selected from the group consisting of
phenyl, alkyl, Cy - Cg cycloalkyl, haloalkyl, alkoxyalkyl,
alkylthioalkyl, alkylcarbonyloxyalkyl, cycloalkanylalkyl,

25 arylmethyl, and heterocyclic radicals wherein
o the hetero atom is selected from nitrogen, sulfur and
— oxygen; each R; 1s independently selected from C;. 4

lower alkyl radicals and R, and R; are independently
selected from alkyl and fluorinated methyl radicals,

30 provided that one of R, and Rz must be fluorinated
methyl.

2. Compositions of Claim 1 wherein one of
R; and R3 is a trifluoromethyl radical.
3. Compositions of Claim 1 wherein one of
35 Ry, and Ry is a difluoromethyl radical.



furyl. 15. Conpositions of Caiml V\/nérein t he 25 hetero atomis

nitrogen. 16. TR Claim15 wherein Ris pyridyl. 17. .
Corrpogi tions mm“ﬁ“" ﬂ'lﬂ”“ln the hetero atomis sul'fur.-30

18. -Conposi tions 6f IO & mS17*wherein Ris thienyl-. 19.. Conpositions of =
Claimil yherein Ris methylthiomethyl. 20. Conpositions of Caim1l whexgin
R is 35 {4~ met hoxynet hyl . 21. Conpositions of CGaim1l wherein Ris

73 met hyl thioethyl. 22. Conpositions of ©®3*m 1 wherein Ris ethoxyethyl. 5

23. Conpositions of Claim1l wherein Ris ethyl. 24. A nethodhfo[
Chereof & herbi i dal Ty el eciSAPORLEHINDIOS b HENTIA Rots ¢ he
forml a sel ect at¥eatrd Ffrom _all_:y.LCz... and _cyclop:Rr{z}mti’&hﬁer e: ga:?ki Is
el oal kyl . alkoxyarkyl . 30 ok i BIPNE cTia o wikHE 1Y
aryl met hyl , cnuﬂl%ﬂl«ﬁgﬂ«ﬂ kyl, and heterocyclic radicals wherein the hetero
atomis s@ ected from nitg oJompoditiord'bf claim 5 wherein one of
Rz and Ry is a trifluoromethyl radical.
7. Compositions of Claim 5 wherein one of
Rz and Ry is a difluoromethyl radical.
8. Compositions of Claim 5 wherein R, is
10  fluorinated methyl and Ry is alkyl.
9. Compositions of Claim ;] wherein R is
isobutyl.
10. Compositions of Claim 9 wherein R; is
methyl.
15 11. Compositions of Claim j¢9 wherein one of
Rz and Rz is a trifluoromethyl radical.
12. Compositions of Claim 10 wherein one of - \_/f
R, and Ry is a difluoromethyl radical.
13. Compositions of Claim 1 wherein R is a

20 heterocyclic radical wherein the hetero atom is
oxygen.
14. Compositions of Claim 1 wherein R is
furyl. 7
15. Compositions of Claim ] vherein the ~
25 hetero atom is nitrnaen.

16 . Compositions of Claim 15 wherein R is
pyridyl. |

17. Compositions of Claim 1 wherein the
hetero atom is sulfur. |

30 o 18., COmpositions of Claim 17 wherein R is
" thienyl. | '

19.. cCompositions of Claim 1 wherein R is
methylthiomethyl.

20, Compositions of Claim 1 wherein R is

35 methoxymethyl.



oxygen: each [err] is independently selected from[err] |ower alkyl
radicals and [err] and [err] are i ndependently 35 ﬂ"{g Ilkyl
and fluorinated methyl radicals, provided that one o”mm" mﬂg I

f1 uorinated nethyl . -65- 74 ~6495  The fethod o CPaim 24

wherein—one of R2 and R3 is a trifluoronmethyl radical. 26 . The nethod of

Claim 24 wherein one of [err] and(# ’]r is a_difluoronethyl radical. 5 ~
27 . The nethod of O ai m 24 ‘WHePBRIPHEIML PECELYIM  bYBERSAD B- 48 and 73

cycl opropyl et hyrhetﬁﬁlthil’dweﬂnplhod of Caim27 wher ein [err] is alkyl
[err]. 29 . The nethod of ai y{}ﬁr n o R2 and. R3 is a
trifluoronethyl radical. ggl éﬁ]"éﬁ) °d‘ bf® %l O*/\h"e'}eeﬁf"b ¥ R and
R3is a diquordﬁﬁhQﬁﬁe caJ 31 . The nethod of Caim28 wherein R2 is

fluorinateds methyl and R34 Q:‘ ositions of Claimd whEieipigod of _
Cl ai n24 mhereln R S |§9butyl . The nmethod of O aim32 wherein [err] is
methyl. 34 . ‘of O aim 33 wherein one of 20 R2 and R3 is a

trifluoronethyl rad|cal 3p. . AThetmbﬁhd@rohdﬁﬁrdmrithmﬂaﬂﬂinmmaeof [err]
d [ fI .Th th 4
and Ter1] 12,2 Sk SRR okt sibas P JE R0 8l G per el

a herbicidally effectlve amount of a compound having

10 the formula selected from:
R
| N H _O
N /C C.
R, O l I OR 1 R ) and
158 ' -
R N R
2 A 3
B
R
20
3\ . (o) -0
N ‘\,c X c\’
R,0’ l OR,
H .
25 R N R
2 ) 2,
B

: wherein R is selected from the group consisting of
~ phenyl, alkyl, C; - C, cycloalkyl, haloalkyl, alkoxyalkyl,
30 alkylthioalkyl, alkylcarbonyloxyalkyl, arylmethyl,
cycloalkanylalkyl, and heterocyclic radicals wherein
the hetero atom 1s selected from nitrogen, sulfur and
oxygen; each R, is independently selected from C;_,
lower alkyl radicals and Ry and R3 are independently
35 selected from alkyl and fluorinated methyl radicals,
provided that one of Ry and Ry must be fluorinated
methyl.



37 . The neth erein Rlsfuryl 38 . The nmethod of C aim 24
wherein the ﬂill gﬂlmjﬂmj “ﬂ?rogen 39 . The nethod of Claim
- 38 wherein R The net hod of O aim 24 wherein the hetero
atomis sulfur. 41  The nmethod of Claim 40wherein Ris 35 thienyl.

75 42. The nmethod of Claim24. wherein Ris nethylthiomethyl. 43. Thw

et hod of O aim 24 wherein Ris net hoxynpgdyl. 5 44. The
met hod of Caim 24 wherein Ris nethylthioethyl. 45. The nmethod of Caim
24 wherein*R is ethoxyethyl. 46. The nmethod of Claim 24 wherein R 10 S

ethyl. 47. Conpounds haz_b,l ng the :ﬂ@ﬂmaaoﬁ%p&mdzi Phér&in one of

R 15 2(7125 30 whe is selected fr he I ou consi sting of phenyl
al'kyl, [err] cyRa &R ‘iiﬁ %aﬁo‘é‘f%ﬁ OLD KKALLERk Y1 t hi oal kyl ,

al kyl carbonyl oxyal kyl , @gcl oFhemethdd|of atlaimt hylvhenellheoneocfcl iC
. radical s R, and Ry is a difluoromethyl radical. .
5 27 . The method of Claim 24 wherein R is
selected from alkyl C,-4 and cyclopropylmethyl.
28 . The method of Claim 27 wherein R, is

alkyl Co_4. o _ ) _
29 . The method of Claim 28 wherein one of
10 Rz and Rz is a trifluoromethyl radical.
30 . The method of Claim 28 wherein one of N\

R, and Rz is a _dlfluoromethyl radical.
31 . The method of Claim 28 wherein R, is
fluorinated methyl and Rz is alkyl.

15 32 . The method of Claim24 wherein R is
isobutyl.
33 . The method of Claim32 wherein R; is )
methyl. _ \.//
34 . The method of Claim33 wherein one of
20 R, and Rz is a trifluoromethyl radical.
35 . The method of Claim 33 wherein one of
R, and Rs is a difluoromethyl radical.
36 . The method of Claim 24 wherein R is a )
heterocyclic radical wherein the hetero atom is o’

25 oxygen.
37 . The method of Claim 24 wherein R is
furyl. |
38 . The method of Claim 24 wherein the
hetero atom is nitrogen. .
30 _ 39 . The method of Claim 38 wherein R is
pyridyl. | '
40 .. The method of Claim 24 wherein the
hetero atom is sulfur.
41 . The method of Claim 40wherein R is
35 thienyl.



wherein the hetero atomis selected fromnitrogen, 35  sulfur and oxygen;
each Rl is independently selected fgom{[err] | ower | ifufl nd R2
and R3 are independently’ sel ectéd from al kydg.and f“mmwgml@&@m

‘radi cal s provided that one of R2 and R3 nust be fl ubrimateds : - 67 .
. - 48.%egfhpounds according to Claim47 wherein Ris alkyl [err] and [err] i?s
» methyl. 49. Conpounds acqerdi rthd medridno¥’ otEneiza. fereind ® ris and [err]
~is atrifluoromethyl radical..>5 50. Compounds according to

: daim47 wherei n"%@y&ﬁf%ﬂyﬂd [err] is a difluoromethyl radical. 51.

! Conmpounds accor.di ng to C di3m 4TheharetihodR o5 Cladimc 24d whrexreiad ®/1ig err] and

_ cycl opropyl net hylnjeét?ox unds according to Claim51 wherein 10 one
of [err] and [err] TS r1 1 uor omet hﬁl radi cal .. 53. -Conpaounds ,according

+ to O aimb515iherein one ofé4fer (Gheyme of £laim 2duvheReIy R AR cal . 54.

Conpounds accor digetHyd tHideattyll Wwherein [err] is fluorinated methyl and

“[err] is alkyl. 15 } 5. (ﬁ_g}&)ur%s according to.Cl g m47 wherein

* Ris isobutyl. 56. ConpodRds é[g}f’ot"lﬁ & %%‘s#m’g‘ﬁéﬁ'e&‘h i*® sel ect ed

from net hyl and ethdxyethyl.Conpounds according to Caim47 wherein 20 R

- is a heterocyclic radical 4-§,her ﬂ% Hbt%% %‘f A3 iza' wn ? Conmpounds
¥ he [ ical 1s Turyl. 5

according to Caim57 wherein the erocycli ¢ radica 9.
Conpounds &€cor dilsg et®yd.ai m 47 wherein . :

47. Compounds having the formula selected

from:
(o R .
~ O H _O
~ 7
15 _C C:
R,0 ‘ I OR;, and
R N R
2 . 3
20 H
R
N/
O\\ /'/O
c x_ C
. . . . ~
25 . R, 07 | OR,
H
Ry N Ry
]
H
30 w}xerein R is selected 'fro_m the group consisting of

phenyl, alkyl{ Ca_g¢ cycloalkyl, haloalkyl, alkoxyalkyl,

alkylthioalkyl, alkylcarbonyloxyalkyl, _

cycloalkanylalkyl, arylmethyl, and heterocyclic radicals

wherein the hetero atom is selected from nitrogen,
35  sulfur and oxygen; each R; is independently selected
from C,_4 lower alkyl radicals and R, and R are
independently selected from alkyl and fluorinated
methyl radicals provided that one of R, and R, must be
fluorinated methyl.



”"m”m mﬂ is nitrogen. 60. Corrpound's according to C aimb59
mherel Hn ﬁﬂ'adlcal |s pyridyl. 6]1. Conpounds according to Caim .

7 ‘wher'ei i hetero satemls sul fur. 30 ¢7 - * .62. “Conpounds according
to d ai! m 57 wherein heterocyclic radical is thienyl. 63. Conpounds
according to O aim47 wherei n R is an al kyl t hi oal kyl radical. -68 -

Conpounds according tg Cla ei.n S .a ﬁpgﬁnx; dlcal
Conpounds accord|4ﬁg‘ t “\lﬁlﬁ“s Mlﬂ‘q?#gaté; E'{]hylt |oeet:hy

ical. 5 R is alkyl @h.e @mdpdhnds aekhyling to Caim47 wherein Ris

I .
hal oal kyl. 67.  Conpoygds We@iﬂ& tdeddrdifid (%d/mraqwﬁ 'vﬁ:e'i@i&?ted from

chl or onet hyl tr| fl uororret .and trifluoronethyl yl. 10
68. conpoun@feaefolsi Apd SCP-Q R AF'F(’\MQ'P%'W a&l"@@r “bony! oxyal kyl .
Ecig Oogpounds gccor dlso%t@oﬁpaiu\m%? adeordingR tios Cladmoxymwihierdein/0.
npounds accordi to 47 n_15 yaIkyI 71.
Conpounds ac@8%di thoaa g}glﬁlo&omset#? %xa?r%e%i Conpounds
according to daim 705mheraanplaml§3etalmlmg top@laim 47 wherpg.n The
process for prqRagiegclied $rom Ryl 853 OfandP el opropylietrsal.cct ed from
'52.. Compounds according to Claim 51 wherein .
10 one of R, and R; is a trifluoromethyl radical.
' 53. Compounds according to Claim 51 whereln

one of R, and Ry is a difluoromethyl radical. o
54. Compounds according to Claim 51 wherein o/

Rz is fluorinated methyl and Rj3 is alkyl
15 55. Compounds according to Claim 47 wherein

R is isobutyl. _
56. Compounds according to Claim 51 wherein

R, is selected from methyl and ethyl.

57. Compounds according to Claim 47 wherein '-f

20 R is a heterocyclic radical wherein the hetero atom
is oxygen.
' 58. Compounds according to Claim 57 wherein

the heterocyclic radical is furyl.
59. Compounds according to Claim 47 wherein

25 the hetero atom is nitrogen.
60. Compounds according to Claim 59 wherein

heterocyclic radical is pyridyl.
61. Compounds according to Claim 47 -wherein
hetero atom is sulfur. . o
30 62. Compounds according to Claim 57 wherein

heterocyclic radical is thienyl.
63. Compounds according to Claim 47 wherein

R is an alkylthioalkyl radical.

e em e -
. . .

R 212
.,



R 25 H 30 wher ei n R-rS“SeTEETEH—TTaﬁTF—e gr oup

R _

consi sting of phenyl, alkyl, [err] cxcloal kyl, hal kyI

al kyl t hi oal kyl , alkylcarbonyloxyalkyl cycl oal kan l and
heterogyctic radicals wherein the hetero asemis nrow1nrtrogen

isul fur and oxygen; each [err] is independently selected from[err] |ower

1-69 78 al kyl

radi cals and R2 and R3 are the sane fluorinated nethyl

;radlcals in a single reac®ien ﬁpmpgnedahashocdnpgusesclhemsﬁépshgrelpl)
‘reacting a smgkef.s a m&%h??ihf&méthylrEH&?éSﬂted by the fornula [err]

rwherein [err] [
‘represented by the formul 820 FEFWRHBP

and

err] a def |ne8§a ove, a

naﬂF?§d&§9dE?|ﬁtﬂlﬁb63egh§§eln

-(2) adding a rercisna aetnyleﬂzoéthylaﬂaaﬂcunlhydrOX|de and gaseous

.amonia to

20 R Jerr]
10
\

15

:.\‘ o

S/
20
\_ 25
30

he react] on PEgductamloshal LdlokRhhecRr ERENgC, 0 RD-EROL! C

inert solveht to provide a di hydr

ne-represente of mul a

Xyprperi
R is haloalkyl.

67. Compounds according to Claim 66 wherein
R is selected from chloromethyl, trifluoromethyl and
2~-(trifluoromethyl )propyl. .

68. compounds according to Claim 47 wherein

R is alkylcarbonyloxyalkyl.
69. Compounds according to Claim 47 wherein

"R is acetoxymethyl

70. Compounds according to Claim 47 wherein
R is alkoxyalkyl.
| 71. compounds according to Claim 70 wherein

R is methoxymethyl.

72. compounds according to Claim 70 wherein
R is ethoxyethyl.

73. The process for preparing dihydro-
pyridines of having a formula selected from

R R
ch H dap Qic H c¢p
R, 07 | l SOR, and R0 Y ‘gR,
Rz”~ N7 Rg . Rp” ~NZ "Ry

H

wherein R is selected from the group consisting of
phenyl, alkyl, Ci-¢ cycloalkyl, haloalkyl,
alkoxyalkyl, alkylthioalkyl. alkylcarbonyloxyalkyl,
cycloalkanylalkyl, arylmethyl, and heterocyclic radicals
wherein the hetero atom is selected from nitfogen,
sul fur and oxygen; each R, is independently selected

from C,_., lower

77



-

25 and
agent to pro
m Xture ther

trlfluore et oacet at e.

aldehyde

al dehyde is b
al dehyde is iSoierinatedmeehyl radicals in a single

10

15

20

25

30

A

I’OC SS

reaction mixture which comprises the steps of:

, (1) reacting a single 3-ketoester
represented by the formula
o. O 0 o]
”. . ] - and I
RaCCH, COR, . R3C~CH,C~-OR;

wherein R,, R,, and R; are as defined above; with an

aldehyde represented by the formula
. o .

1

RCH

wherein R is as defined above;

(2) adding a reactant Sselected from
ammonium hydroxide and gaseous ammonia to the
reaction product of step (1) in the presence of an

aprotic inert solvent to provide a dihydroxypiperidine

represented by the formula

and (3) dehydrating said dihydroxypiperidine

with dehydrating agent to provide a dihydropyridine

product of the formula above or a mixture thereof.

74 . The process of Claim 73 wherein the
3-ketoester is ethyl trifluoroaceto-
acetate. '

75. The_prbcess'of Claim 73 wherein the

 3-ketoester is ethyl difluoroaceto-

'acetate and methyl trifluoroacetoacetate.

35

76. The process of Claim: 73 wherein the
aldehyde is propionaldehyde.

77. The process of Claim 73 wherein the
aldehyde is butyraldehyde. |

78, The process of Claim 73 wherein the

aldehyde is isovaleraldehyde.

ng sai d di hydr oxypi peridine w th dehydrating

di ne product .of the fornula above or a

roeess of d ai m 73 wherein the 3<ket oest er

7 ethyl trifluorbacet o- - acetate. 75. The process of

73 wherein the 3- ketoester IS ethyl dlfpaﬁroaceto- acetate and net hyl
The process of Caim73 wherein the 35

Lﬁ%ﬁ%ﬁ%%é?%ﬁ?§ %;3 Tbﬁdpﬁocg§§fg%fCLgh 73 wherein the

3 wherein the

.

is



