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wherein R, is hydrogen, lower alkyl, phenyl alkyl or aralkyl, )
R, is lower alkyl or phenyl alkyl, and R; is represented by the ’ or

formula:
jcﬂz)n . o O . N)
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LRy . B, .

wherein R, is hydrogen or lower alkyl, R is'lower alkyl, and n

EP 0 000 106 Ai

. R . + mixed hydride
is one or.two, which are prepdred according to the scheme: |ia or lllb ¥ i
H —_—mn
(CHy), ~ - G " reducing agent ‘ . N
| ] ® The compounds of formuia (I} are useful as insecticides.
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2-Alkyl Nicotinoids and Processes for their productiégcﬁ%cklé)é

The present-invention relates to a group of aovel
\nicotinc analegues containing alkyl substitﬁcnts giﬁég to the
pyrrolidinerrinﬂ. The synthetic procedurcs discloscd herein
for the production of nicotine analogues constitute consider-
ahlf shorter and morcjpraétical routes than those previously

proposed. The novel compounds produced by the methods of the

present inventicn arc useful as insccticides.

Background of the Inventica
. 'Nicotine has been used as an insecticide for many
years (see, for example, D. E. H. Trear, "Chemistry of the

Pesticides," 3rd Ed., D. Van Nostrand Co., Mew York, 1935).

“Althorzh a number of natural as welil ‘as synthetic nicotimnoids

have bsen screened with regard to insecticidal activity, the
vast majority are significantly less active than nicotine

[see T. Yamamoto et al., Agr. Biol. Chem. 32, 1341 (1968)].

‘The analogues of nicotine which have been tested involve

either the alteration of the pyrrolidine moicty of the mole-

cule, or the replacement of. the pyridine ring with a substi-

~tuted aromatic ring. lmost no work has been carricd out

with regard to examining the effects of pyridine subsuiituents

“on insecticidal activity. F. Haglid et al. Acta. Chen:

Scand., 21, 329, (1967)] treated %£-nicotine with meth 1-

lithium to yield a 5:1 mixture of 6-methylnicotine ant 4-

- methylnicotine. -The latter isomer was found to posse.s

little or no nicotinic activity while 6-methylnicotine was

identical in pharmacologzical activity to nicotine itself.

- This result indicates that the .effect of a ncthyl group

substituted ortho- to the pyrrolidine ring on the pyridine

ring plays a major role in nicotinic activity in mammals;
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however the effect of such a methyl substitu~nt on insecti-

cidal activity has not been previously dgtermihcd. The ulti-

mate -ability of an insecticide depends not only on its abso-

lute insecticidal activity but also on its specificity; i.e.,

"a compound with. moderate insecticidal activity which is

nontoxic to mammals would be desirable. As a consequence,
the synthesis of ortho-alkylated nicotinoids and the¥F evalu-

ation as insecticides is of considerable interest. Haglid'

-was unable to isolate 2Z-methylnicotine using the method

referred to above; however, he presented evidence that
indicates that a trace amount may Lzve been present in the
reaction mixturec.

No- routes to 2-substituted nicotinoids exist in the

. literzture. Because of the.substituent pattern involved and

" the well known resistance of pyridine toward Friedel-Crafts

alkylation or acylation, precursors to such compounds are

difficult to prepare. Tn reality, the regiospecific synthe-

"sis of polysubstituted pyridines is a centinuing problem in

modern heterocyclic chemistry.
The approach envisioned by the inventors for pre-

paring 2-alkylnicotinoids involves the addition ¢f an ortho

substituent via the rearrangement of a monosubsituted oyrj-

dine. Although such reactions have not generally succ:zeded

.. in pyridire chemistry, [see R. Paul and S. Tchelifcheff,

Bull, Soc. Chem. Fr., 2134,)(1968)], proper selection o2f the

migrating moiety has made it possible to synthesize th:
desired 2-alkylnicotinoids. Preliminary results demonstrat-
ing the feasibiliity of these reactions have been published by

the -inventors ‘in J. Ofg. Chem., 41, 2658, (1976). The paper

describes a new synthetic process for the productionof
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, 2-alkyl-3-acylpyridines and 2-alkyl-3-formylpyridines via

‘[Z,SI-sigmatropic rcarrangement of l-cyanomeihyl-1-{(u-alkyl-
" 2-picolyl)pyrrolidinium salts. Th~ versatility of this
procedure is evidenced by the fact that the a-cyanoamine
initially obtained can be hydrolyzed to an aldchyde, reduc-
tively cleaved to an amine, or alkylated and hydrolyzcd to a
ketcne.

Similar reactions involvirg homocyclic chemistry

have been reported by- Mander and Turner in J. Org. Chem., 38,

2915, (1972), wherein the [2,3]-sigmatropic rearrangement of
ylids derived from allylic-N-cyaromethylpyrrolidinium salts
followed by hydrolysis of the products afforded B8, y,-unsa—.

turatea aldehydes.

Description of the Invention

The present invention concerns new and improved

_processes for the produciion of cornounds represented by the

. | 7R,
ANt

vherein R, is a member selected from the group consisting of

I

hydrogen, lower alkyl, arylalkyl or phenylalkyl, R, is se-
lected from the group consisting of lower alkyl and plenyl-
alkyl, and R; is selected from the group censisting of ha-

terocyclics represented by the formulae:

(CHz}n o or .O
L/[:ta/J- c N

P : . |
Ry - Rs 11
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wherein R, is sc2lected from the group consisting of hydrogen

or lower alkyl, Ry is sclected from lower alkyl, and n is one
'or two. . . |

The present invenéion additionally relates to
intermediate products,'some of which are useful in tﬁc pré—
duction of compounds of Formula I and arec rcpresented by the

formula:

I -

wherein R, and K, are the same as defined in Formula I and Ry

" 1s selected from the group represented by the formulae:

(':N l(l) " ke
A
—C—Ry or —C~ R, or —C—R;
- : - l
. /’N\. S . /N\\.
Ra Rs -Ra Re

v

vherein R; is selected from the group consisting of hydrogen, .
lower alkyl, w-cyancalkyl and phenylalkyl, and each R, is
independently selected from lower alkyl or when taken to-

gether with a connecting elemeat, a heterocyclic structure is

formed. The intermediates are readily prepared by the method

depicted in Schems II hereinbelovw.

As used.herein, "lower alkyl" means straight- chain
br branched alkyl groups with 1 to 6 carbon atoms, for exam-
ple methyl, ethyl,_propyi, isopropyl, butyl, and the 1like,
with methyl being preferred. . "Arylaikyl" means aromatic
radicals containing between 6 and 10 carbon atoms such as

phenyl, tolyl, xylyl, and the like. "Phenylalkyl" includes
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radicals such as benzyl, phenylethyl, phcn}lpropyi,.amd the
like. '"Heterocyclic structures" arc meant to include cyclic
amines such as pyrrolidine, morpholine, pyridine, tetranydro-
pyridines and the likec. »

The Compoundé within the scope of the Formula I
have two basic nitrogen atoms and can therefore form acid
addition salts with inorganic and organic acids; for exahple,
hydrochloric acid, acetic acid, maleic qcid,-p—toluenesﬁl—
fonic acid, etharesulfonic acid and the like.

The salts of the compounds.within the scope of
Formula I can also be in the form of hydrates, for example,

mono, tri- or polyhydrate.

Descripticn of the Preferred Embodiments

The compounds of Fourmula I may be synthesized by

- two different but related processes. In the first and pre-

ferred process, a 2-halomethyl or substituted methylpyridine

represcnted by the formula:

X _
R, *N'/ CHY

P o

R, v

wherein R, is the same as defined in Formula I, R, is hydro-
gen, lower alkyl, phenylor phenylalkyl and X is halogen, such

as bromide, chloride, icdide or the like, with bromide being

"~ preferred, is reacted with a 2-cyano-N-substituted hetero-

cyciic of the formula:

(o). N
NQ._J:T;;J g _or //[::t]
I! ‘]

Ry ' Ry



LT iRl

o L o IR o
* wherein R, and Ry are lower alk}l and nfié onec or two, to
.give_a 1-alkyl-l-(2;picolyl or 2-a-alkyipicolyl)-2-cyano-
pyrrolidinium hal.de or the:corresponding 1,2:3,§-£etra—
.-:, hydropyridinium halide. ' ' ‘
| fhé ZQhaloaikylpy:idiﬁe startingrmaterials‘are-
recadily available or may be synthesizcd'by ﬁnown methods.
The ljalkyl-Zécyanopyrrolidines are prepared by treatment of
" a l-alkyi-z-pyrrolidinone with a feducing agent such as
‘ -sodium aluminum hydride followed by reaction with ammonium
10 cyanide. . The 2-cyaﬁo-N-substitﬁted~l,Z,3,6-tetrahydropyri-
dines are prepared according to methods described in'g; '
 Org. Chem., 29, 1647 (1964). '
.- : The reaction is carried out by adding a 2~halo;
' alkylpyridine to a 1~alky1-élcyanopyrrolidine dissélvéd in an
15 aprofic-polér,solvent such as dimethylsulfoxide, acetoni-
i trile, etc. -The reaction is allbwed_to continue ﬁﬁtil salt
'fo}mation is compleéte as defermined by; fo; exampie, thin
; o layer chromatography. . . -
. _ ' ’Tﬂe [2,3)~rearrangement (Scheme I, beiow) of the
20 pyrrolidine moiety is achieved by diluting the produc= fVII)
7 obfained above with an aprotic solvent such as tefrahydro—
furan, dimethylsulfoxide, hexamethylphosphoric triamide;
acetonitrile, and the 1ike; with tetrahydrofuran bein; pfe-
ferred, and then adding é strong nonnucleophilic base such as
' 25 po@éssium-ggzg-butoxide, potassium hydride, sodium hydride, -
. . sodium amide, and the like. After an appropriate reaction
.itime of about 4 to.about 8 hours, tﬁe proéuct is‘isolated by
standard extraction fechniqucs known in the art. Alterna-
tively, the reaction can be carried out using a base such as

30 sodium amide ard liquid ammonia as the solvent. The latter

.
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method minimizes formation of side preducts whieh occur’ in
certain etamplcs The crude 2- alkyl 2'—cyanon1cot1ne product
(VIII) isolated by standard tcchnlqucs, is then treated with
a'reduc1ng agent such as lithium alumlnum hydride, sodium
borohydride,isodium cyanohydride and the like. Heating may
be required to complete the reactionrand the crude product is
then ieelatcd and méy be further purified by stendard tech-
niques to yield the desired 2-alkyliicotinoids of Fermula
IX: | '. . . : , .
o ’ - (CH),

‘ CN . J
AN }__ \N
| N BASE —O—c_%

RS ? o - R ;
vk AZL(CHZ)W - R .
R, - - - yII
i o [H]
, , o (), _

W o
.1 N/ |2 R
JIXC

wherein R; and n are the same as defined in Formulae I and
1I, R, is hydrogen, lower alkyl, phenyl, or phenylalkyl and R,
is lower alkyl. ' '

In a similar manner, the [? 3] rearrangement 2>f the

S 1- alLyl 1-(2-picolyl or 2-a- alkylnlcolyl) 2 cyano-1,2,3,6-

tetrahydropyridinium halide is achieved by reaction, pre-
ferably with sodium amide in liquid ammonia. Reductive
decyanation gives a N'-alkyl-2-substituted-anatabine of

Formula X:'
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X

wherein Rl is the same as defined in Formula I, R, is hydro- "~

" gen, lower alkyl, phenyl, or phenylaikyl and Rg is lower

.alkyl. The compound above may be reduced to the corresponding.

anabasine by known methods.
An altcrnate process for making the compounds of

Formulz I is shown in Scheme II below:.
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Scheme 11
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whereip R, -is the same as defined in Formula I, R, is hydro-
gen, R, is the same as defined in Formula 7V, X.is halégeﬁ as

defined in Formula V, Y is ‘a catalyst selected from a metal

such as platinum or Raney nickel, Z is a group labile to

nucleophilic displacement of the group selected from benzene-.
sulfonate, naphthalenesulfonate, tosylate or halogen, and

preferably chloride or bromide, m is 2 or 3 and n is the'samé

as defined in Formula II.

Alkylation of a 2-halopicoline with a secondary

‘amine such as pyrrolidine yields 1-(2-picolyl)pyrrolidine

(X11). The reaction is generally carried out in an aprotic

solvent with gentle heating followea by stirring at room

Jtemperature. The isolated and distilled product, 1-(2-

quaternary salt by reaction with a compound of the formula Z-

"CH,CN wherein Z is as defined hereinaboYe, in an aprotic e

solvent to yield the corresponding zalt .(XIII).. The a- . {"“i

cyanoamine thus formed serves as the migrating moiety in a ~ .i°

‘Sommelet-Hauser rearrangement when treated with an excess of

a strong, nonnucleophilic base. The initial rearrangerent

product, a‘2¥alkyl-3~(l—cyano—l-pyrrolidinylmethyl)pyridin:
(XIV) is generally mnot isolated, but its formation may be

confirmed’by pmr spectroscopy. The compounds of Formula XIV

“-may .then be treated with one equivalent of a strong base,

féllowed by alkylgtion with a haloalkylnitrile, and acid
hydrolysis to give a 2—mcth}1-3>pyr14yl cyanoalkyl ketone of
formula XV. The kefone thus formed may be cycli;cd under
feducing conditions to yield compounds of Formula (Xvi). The
reduction can be carried out catalytically, by means of noble "

metal catalyst, for cxample, by means of platinum, or by
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means of Raney rickel catalyst undcr.clcvatéd pressure, for
cxampic, under a pressurc of more than 2 atmospheres. Tﬁe.
compounds of Formula I obtained in the manner described above
are unsubstituted at the nitrogen, i.c. R, is hydrogen..  Al-
ternatively; the a-cyaﬁoamine Ttesulting from the rearrange-

ment may be reduced to the corresponding amine or treated

—

‘with an organometallic recagent to foria an alkylated umine.

In yet another aspect of the present invention,
when R, of Formuia I is an alkyl group éther than methyl; for’
example, ethyl or propyl, the compound may be preﬁared by
starting with the éppropriéte Zga-alkylpicolinc as previously
described herein above (Scheme I and Scheme II1), or in an
alternace approach by further alkylztion of R,. TFor exanplec,

2-methylnicotine may be readily converted to 2-cthylnicotine

-_by treatment with phenyllithium followed by alkylation with a

haloalkvl such as methyliodide. In a similar manner, 2-

"methylnicotine may be converted to a 2-phenylalkylnicotine by

- treatment with phenyllithium and alkylation with a halo-

alkylphenyl moicty to yield a compound of Formula.l, such
as, for example, Z-phenylc¢thylnicotine. '
- The following examples are illustrative but not
limitive of the compounds of this invention and the proce-
dures for their preparation. Temperatures stated are in
degrees centigrade and all. reactibns were run in‘an inert

atmosphere such as nitrogen.

.
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Matéfials

Preparation I

1-Methyl-2-cyanopyrrolidineg

" To 20 g_of l-methyl-2-pyrrolidinone in 250 ml of.

dry tetrahydrofuran was added, over a periocd of one hour, 26

ml of a 70% solution of sodium bis-(methoxyethoxy)aluminum

hydride in benzcne at 0°C. The reactio

. for an additional hour at‘0°C and then

temperature.

A soluLlon of 29.4 g of potas

n mixture was stirred.

for two hours, at room

sium cyanide in 340 ml

of water was added and the resulting mixture was stlrred

overnight at room temperature. Thereafter it was.refluxcd

for 30 minutes.

The reaction mixture was cool

ed and the organic and

aqueous phases separated.. The aqueous phase was washed with

100 ml of ether. The ether and tetrahydrofurzn Phases were

then combined and washed with two 100 ml portions of a satur-

ated sodium chloride solution. The arg

anic phase was dried

over sodium sulfate and filtered preparatory to removal of

solvent under reduced pressure. The re
yield lo.d.g of l-methyl-2-cyaunopyrroli

had a boiling point of 57-¢° at 9.5 vm

>'Pruparation il

1-Cycrnomethyl-1-(2-picolyllp
benzenesulfonate

To 20.0 g (0.124 mole) of 1-(

pyrrolidine, in 100 ml acetonitrile was

sidue was distilled.to
dine. The compound

of Hg. -

yrrolidinium

2- p1c01y1)pyrr011d1nc,

.obtained via the alkylation of Z- brcmonethylp}rldlneVW1th

added one equivalent

of cyanomethyl benzcncsulfonate in 50 ml acetonitrile main-

tainihg the temperature at about-25°.

After the addition was
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complete, the rcaction was stirred at room teaperature for 18

hours. The acetonitrile was removed under reduced pressure

- and tetrahydrofuran was added. The crystalline product was

collected by filtration and washed with tetrshydrofuran and
ether. After air drying, the yield of colorless cfystals was
38.5 g (86%), m.p. 118.5-120°.

Anal. Calcd. for C,;gH;;N;0.S: C, 60.14; H, 5.89;
N, 11.69; S, 8.92

Found: C; 60.40; H, 5.89; N, 11.7%Z; S, 8.82

Spettral data are tabulated below:

Infrared Spectrum

Group © ° Wavenumber (cm ) Intensity
ArSO, o T 1205 . . very strong
* Phenyl T 1595 . .mediunm
3-Substituted pyridine 1580 - -weak
Phenyl ' 725 ‘strong
3-Subsiituted pyridine - .- 765 " " strong

L : NMR Spectrum

Chem Shift Splitting . ' No. of

Proton - (8) Pattern J(Hz) Protons
' B-Pyrrolidine-H 2.17 om .- 4
a-Pyrrolidine-H - 3.82 ~» m -- 4,
"Py-CH, -N 4.82 s - 2
_N-CH,-CN - 4,95 s - 2
Aromatic . 6.59 m -- ¥
Aromatic 7.59 m -- 1

Preparation IYI

2-Methyl-3-pyridyl 2-cuanoethyi ketone
A solutlon of 12.32 g (34.6 mmo]) of l-cyancmethyl-

“1-(2- plcolyl)pyrrolldlnlum benzenequlfonatc in 125 ml of dry

dlmethylsulfoxlde was prepared and 290 ml of dry tctrahydro—
furan was added. The solution was cooled to-—10°, and 1.84 ¢

o

(38.1 mmol) of 50% sodium hydride in mineral 0il was added.
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The m*xture was 5t1rrod at -5 to. —10° for 0.5 hour and

allowed to warm to room temperature over 1.5 hours. ;Ah

additional 1.84 g (38.1 mmol) of 50% sodium thridé in miner-
‘al 0il was added the mixture was heated under reflux for 0.5
,hour, and then cooled to -10°. A solution of 5 1 g (38 mmol)

of 3-bromopropi01itri1e in 25 ml tetrahydrofuran was added

over a 0 5 hour period and the reaction stlrred for an

additional O 5 hour. The reaction mixture was flltered and

" concentrated under reduced pressure. 'The residue was dis-

solved in ether and the ethereal solution was washed three

~times with a saturated sodium chlorlde pota551um carbonate

solution. The aqueous washes were a‘scarded and the organlc

‘phase was flltered and dried over sodium sulfate. Evapora-

" tion of the solvent gave 8.17.g of a brown 0il. To the oil

were acded 5 ml of tetrahydfofuran, 15 ml watef, and 30 ml of

-acetic acid. The solution was stirred at 53° for 24 hours, -
‘the volume reduced to 20 ml under reduced pressure and acidi-’

" fied with 40 ml of 2.2 N HCI. The'gqueous solution was -

washed with two portions of ether, basified with potassium

- carbonate, and extracted with methylene chloride. The me-

thylene chloride solution was dried over magnesium sulfate

" and the solvent removed. The residue was distilled (147° at
_0.1 mm Hg) to yield a yellow oil which crystallized on tri-

" .turation with ether. The cclorless crystals were collccted

and dried. The‘yield of product was 3.2 g (53%), m.p. 82- .

83.5°,

. Anal. Calcd for C,oHloNzO C, 68.95, H, 5.79; N,
16.98 .

Found: C, 69.13;_H, 5.80; N, 16.13

'Speétral data arc tabulated below:.

o

6000106
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Infrared Spectrum
Group Wavenuaber (cm ') - Intensity
CNO 2220 mediun
I _
qu— 1675 very strong
PyCH, 1370 . . medium
2,3-Disubstituted pyridine 770 medium
NMR Spectrum
T - .Chem. Shift Spiitting ' Né. of
. Proton (8) Pattern J(11z) Protons
Py-CH; C 2,73 -
0 : . , -7
~C-CH, - CH,CN 2.76 -2
0 . ) T e e T P N N
A ' S S
-C-CH,CH,CN T 3,32 t - -7 8 2
S‘P)'H oL 7.28 . T d(]. o Js5,4=8 o |
. : . i o ' : " Jg,6=5 1
4"PYH N : ; 8.00 ) dd . J:,,;,:Z
- O ) . . "Jl‘,szg 1
- 6-PyH - __— . 8,65 . dd Jg,u=2 ’
. . .. . . Js,-5=5 1

- Preparation IV

1~(1~Pyrrolidinyl)—l—{2~pyr£dyl)ethane‘
~ * To 25.0 g (0.134 mol) of 2-(1-pyrrolidinyl)-2-(2-

pyridyl)acetonitrile, prepared by the reaction of pyridine-2-

carboxaldehyde with potassium cyanidz and pyrrolidiniun

perchlorate, in 75 ml dry dimethylsulfoxide and 200 ml tetra- -

hydrofuran at -10° was added 7.75 g (0.161 mol) of 50% sodium

- ‘hydride dispersion. "After mo further gas evolution was

observed, a solution éf 22.34 g (0.161 mol) of methyl iodide
in 10 ml tetraﬁydroﬁuran was, added over a 10 minute period.
After addifion had been complcted, the reaction rixture was
warmed to 40° fcr two minutes and cooled to l5°. The ;eacL

tion mixture was filtered and the precipitate was washed with
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-methylene chloride. The filtrates were combined, washed wlth

saturatcd sodium chloridc sdlution, and drled over sodium
sulfate. Rcmkval of the solvent gave 24.75 g (97 ) of the

crude product, 2-(1 pyrrolldlnyl) -2-(2- pyrldyl)proplonltrllc.

. The total crude product was dissolved in 500 ml 95% ethanol,

-cooled to 5° and treated with 9.3 g (0.245 mol) sodium boro-

hydrldc The recaction mixtufe'was stirred at room tempera-
ture for 20 hours aﬂd then £11tered Removal of the solvent
at reduced pressure gave a tan o0il which was'dissalved'in'
hexane and dried over sodiumisulfate. Thé hexane solution

was then filtered and concentrated. The crude product waé

distilled (78- 80°/0 2 mm Hg) to give 20 7/ o (88 ) of 1- (l—

pyrrolldlnyl) -1-(2- pyrldyl)euh;ne.

" Anal. Calcd. for C,1H15N2 C, 74.95; H, 9.15; N,
~ 15.90 . v -

Found: C, 74.93; H, 9.23; N, 15.81

" Spectral data are tabulated below:

Ir.frarcd Spectrum

Group . . Wavélenath (cm™?!) . ‘Inteasity -

2-Substituted pyridiﬂe ' 1390 1570 745 Strong
CH, - . R ,..f 1365 - . Strong

NMR §pectrum

: Chen, Shift Splitting . No. of
Proton -’ (s) Pattern J(Hz] Protons-
R I IS e ese s
34,4'-H : SR mo e 4
20,50 N S T S
CH,-CH T ":, 3.44 q 6.5, Y |
3,4,5-Pyll . 7.33 n -- 3
6Py . B.Ss Com - 1
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.'Z—HethylnicoFinc
. or - .

2—Methy2~3—(i—ﬁethyl~2-pyrroZidinyl)pyridine;

‘An ethereal solution of 2-bromqmcthy1pyridiuc;
obtained by trcéting 9.0 g (35.6 mmol) of 2-bromomcthylpyvri-
dine hydrobromide with aqucous sodium bicarbonaté, was added
to 4.30 g (39 mmol) of l-methyl-2-cyanopyrrolidine in 100 ml

dimethyisulfoxide. The ecther was removed at reduced pres-

sure, 'and the solution was stirred at room temperature for 24

hrs. Tc the solution was-added 500 mi dry tetrahydrofuran

and; after cooling to -20°, 4.0 g (35.8 mmol) of freshly

sublimec potassium-t-butoxide was added. . The reaction mix-

‘turc was stirred for 5 hours at -20°, after which the_tetra—.

hydrofuran was removed under reduced pressure. A mixture of

50 ml ethevr and 50 ml ice water was added and the organic

" phase was separated. The aqucous phase was further ex:iracted,

.and the combined extracts washed with three 50 ml portions of

szturated sodium chloride and 10 ml 50% potassium hydroxide,

and then dried cver sodiun sulfate. Removal of the etner

-gave 3.74 g of a crude product which was dissolved in 50 ml-

ether and added to a slursy of 1.41 z (37 mmol) of lithium
aluminum hfdridc in 120 m! ether maintained at 0°. The
solution was stirred at 0 for 0.5 hour and then heated under

reflux for 3 hours. After cooling to 0°, 15 ml of saturated

"potassium carbonate was added dropwise, and the resulting

mixturc was heated under reflux for 6.5 hour. The mixture
was filtered, and the filtrate was extracted with two 10 ml
portiohs of 20% aqueous acetic acid. The aqueous phase was

then ﬁdjustcd tc ~pH 10 with 50% -aqucous potassiuﬁ hydroxide,
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and the basic soiution was extracted with four 25 mliportions
of ether. The cther cxtrécts were combined, washeﬁ ﬁiﬁh )
saturafcd sodium chloride, and dried over sodium sulfatec.
After filtration and removal of the ether, the ‘crude proﬁuct
S . was distilled (56-59°/0.1 mm) to give 1.22 g (19.5%) of 2-

methylnicotine which was a colorless liquid.

Anal. Calcd. for C,;HisN2: C, 74.95; H, 9.15; N, -
15.50 S . Do
" .- Found: C, 75.04; H, 9.06; N, 15.068
Spectral data are tabulated below:
10 ) .
Infrared Spectrum
Groﬁg " VWavenumber (cm !} - Intensity
2,3-Disubstituted pyridine 805, 740 . medium
.+ Py-CHs I 1380° . strong
15 ’ o S
oo NMR Spectrum
; S Chem. Shift  Splitting No. of
- Proton - (6) Pattern S (Hz) Protons
" Py-CHy . : 2.20 .S -
N-CH, . 2,58 s - <3
2'+5'~-cis : ) 3.32 m . “ Z
20 5-PyH L 7as5 0 da . ds,e=6 - -
R L : ' : w7 Js,y=8 1 o
4-PyH . 7.817 dd © Jy,s=8 . .
g ’ ' . Jess5=1 1
6-PyH ~ 8.3 dd Je,s=6
. . ° . - - J5’16=1. . l
Example 2
25 . S . 2-Methylnornicotine
B : or '
2-Methyl-3-(2-pyrrolidinyl)pyridine
To a solution of 3.15 g 2-methyl-3-pyridyl 2- -
cyanocthyl ketone (Preparation IIT) in 180 ml of cthapol
saturated with ammonia was added 20 g of freshly prcparcd'
30 . .
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filtered to remove the catalyst and concentroted uibler re-

ar

Raney nickel, The mixture was hydropcnaizd L. . . 2poari-

.tus at about 50 psi for 15 h. The reaction wmixtuye ~as

"duced pressure, The residue was taken up in hzxanc and Aried

over Dricrite. After filtration and-removal of ithe salvent

the residue was d15t1]1cd The fraction boilling at 1980-

' -105°/0. 175 mm Hg, was collected to give 2.1 g {75%) of 7-

. meth)lnornlcotlne

Anal. Calcd. for CloH,kN C, 74.03; W, 8.70; X,
17.27° : |

~ Found:- C 73. 93 H 3. 75 N, 16.92

Spectral data are tabulatcd below:

Infrared Spectrum

Group " Wavenumber (cm"‘j ‘Intensity
“NH S 3795  mediun
. . 2,3-Disubstituted pyridine ., iSZO, 1530, 800 strong
- : NMR Spectrum . :
: . Chem. Shift Splitting 7 No. of |
Proton , (8) __ _Pattern J(Hz) - Protons
30400 - . -1.68 n e 4
Cpy-CHs 2.8 s T Tao 3 ;
JB1-H o310 - om T e 2 ]
20-R R Y, £ ' 1 1 ;
CasePpyH . 0 Tq.e7- 0 aa _Js,a =5 |
CL . : o . . ) Js,4=8 1 1
4‘?}'H . o 7.68 - dd- . : .u]x,‘(,—‘?
T ) o . w  Jy,s=8 1
6-PyH . 8.35° T ad. Tooe=2
. - s .36’5::5 . 1
. BAD ORIGINAL
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2,6-Dimethyluicciine
. S . or L ..
2, 6—Dimethy1—3~{I—methJl-2~p4vroZidinyl)pjridine

To a solution of 22.09 g (82.7 mmsl) 2- bromomethyl-

.6-methylpyridine hydrobromlde in 40 ml water was added 40 ml

methylene chloride and 6.95 g (82.7 mmol) sodium bicarbonate

- at 6°. The methvlene chlorlde portion was separated and the
'-f aqueous solutlon extracted with three 50 ml portlons of
.'methylene chloride. The methylene chloride’ cxtracts were -

" combined, drled over maon951un sulfate, filtered, ani concen-

trated to 35.ml under reduced pressure. A 50 ml portlon of

tetrahydrofuran was added and the solution was again con-

T centrated to 35 @l under reduced pressure. A solution of

710 g (91 mmol) of 1l-methyl-2-cyaaopyrrolidine in 100 md

dimethylsulfoxide was added and the solution was stirred

overnight at room temperature. The drmethy1<u1fox1de was

J ;renoved under reduced pressure to give a v1scous yellow 011
‘ The resulting oil was dissolved in 100 ml dimethyl-

'.sulforide andVSOO m} tetrahydrofuran and tﬁen'cooled to -1Q°,
" ¢ the solution was added 4.5 z (94 mmol) 50% sodium hydride.
dispersion. The reaction was stirred for 3.5 hours at 0f.and'"

16 hours at room temperature. The reaction qixture was

filtered and the solvent was removed under rediced pressure )

dissolved in a small amount of ether and the solution f£il-
tered to remove insolubles. The ether solution was washed:

three times with a basic saturated sodium chloride solution,

dried over sodium'sulfate,'filtcrcd and conceéntrated to give

14.96 g of an o0il. The oil was dissolved in .300 ml 95%

o

© giving a tan -0il containing some solid materlal. The 011,yas
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whiannuih sad 407 1Z4 wmol) of sodium borouydride was added.

(o)
o

Thc dixturc was stirred al € for L hour and we :ovom FC@ooTA-
ture for 2 hours. Thé_rcdction mixture was filtered.and the
precipitate was washed first wi£h cthanol and then with
cther. The filtrate was concentrated, taken up in ether and
filtered to remove additional insolubles. The filtrate was

extracted with three 20 ml portions of 20% acetic "ci', The

},J-

conblned acid extracts were washed with etirer, dilt ted with

.11.3 ml of conceutrated hydrochloric acid and cancunt ated to

-

dryness. The residue was treated with 503 aquuous pc'assium

hydroxide and extracted with three portions of ethzr. The

- ether extracts were comblned dnd dried over ssdium suifa te.

Concéntration of the cther solutlon gave 12.88 g of c*ud

product which was dlSLlllCd A 6.2 g fraction boxllng frum

88—135°}0.25 mm Hg, was collected which was primarily the de-

sired product with some contaminanis present. Chromatography-

" of this fraction on 200 g of basic alumina, activity grade I,

with 2% ethyl acetate in bcxane oavl about 4.6 g of product

Distillation (63-64°/0.05.mm Hg) ylelded 3.8 g (25%) of pure -

Anal. Calcd. for Ciz2H1sNz: C, 75.74; H, 9.54; N,
14.72 . , :

Found: C, 75.6L; H, 9.62; N, 14.64

Spectrai data axe tabulated below:

Infrared Spectrum

Group - , - Wavenumber (cm ?) Intc sity

.

'2,3,6-Trisubstituted pyridine 1590,'1515, 825 medium

-CH; - o . 1350 . strong

BAD ORIGINAL
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Chem. Shift  Splitting " Ko. cf
Proton (&) Pattern J(Hz) Pratons
©31,4%;eis-S'-1 - . 1.8 mo - —. s
: © N-CH, ’ 2,15 s c- 3
5 - PvCl; - 2.48 s - 3
PyCH, o 2.51 s - 3
2, trans-5'-H 3.2 t 8L
= - s-PyH . . 6.99 d 9 =
" 4-PyH | S 2 1 a 9. g
_ T . Example 4 ' R IR
] — . o ' , IR

2-lethylanabasine
"oy

2-Methyl-3-(2 p pawd*”da)pyrzdzne
2-

cee The preparation of nethyl-3~pyridyl-3¥cyanopropy1'
- ketone was carriad out using the procedure described for the
iz synthesis of 2-methyl-3-pyridyl Z-cranomethyl ketone (Pre-

naratica III) except that 4-bromabutyronitrile was used
instcad of 3 bromopiopionitrile. A solution of 2.8 g of the

ketone in 150 ml ammonia Satura;ed ethanol was prépared and

* 10 g of freshly prepared FRaney nickel was added. The mixture ’

A & was hydrogenated for 20 houxs in a Parvt apparatus at 67 psi.
Thc reaction mixture was worked up 25 in Exanmple 2 The
"product was isolated by dzstlllatlon (100-112°/0 2 mR Hg) to

B

‘give 2 2 g (89%) of 2- -methylanabasine.

Anal, Calcd. for CyiH;eNa: €, 74.95; H, 9.15; N, °

_ oo T 15, 90

z5 . ) : .
Found: C, 75.¢4; H, 8.96; N, 15.81
Spectral data arc ‘tabulatzd below:

39

BAD ORIGINAL
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" Infrared Spectrum

vuuuuyiuvo

2-Ethylncrnicetine

" or

" Group ‘ ~ Wavelength (cm 1) Intensity
NH ‘ : S . 3290 -weak
2,3-Disubstituted pyridine - ' 1570, 795 streng
-Cll; o 1350 strong
NMR Spéctrum
Chem, Shift Splitting .. : No. of
Proton (8) Patterm~ J(Hz) Protons
_ 1.74 ‘m Coms 5
Piperidine + NH 2.38 i e - 3
. . .. 3.9 m Tee o 2
PyCH; . Co2.84 s. - -3
. 5-PyH O 7.08 0 aa Js,u=8
. .t : : J5,5=5 1
. 4—PyH . ] 7.47 ) ad Jy,6=2
o , : o : ) 4555 1
6‘P)’H o 8.43 ad - 6,4=2
. . 3 T . J5,5=5 L
Exampie S

2-Ethyl-3-(2-pyrrolidinyl)pyridine

To S.O.g (28.4 mol) of l-(lipyrrolidinyl)—l—(z—

- pyridyl)ethane (Preparation IV) in 30 ml acetonitrile was

added 5.5 g (28.4 mmol) of cyznomethyl benzenesulfonate.

After standing three days the reaction mixture was concen-

trated on a rotary evaporator and then subjected to continu-

1

‘ous ether extraction. - The crude product was dried and trans- .

" ferred to a 500 ml three-necked flask to which about 250 ml

anhydrous ammonia was added. The resulting solution was

stirred at -35° 'and 1.45 g (37.2 mmol) of sodium amide was

added. The reaction mixture was stirred for four hours at

-35° and then allowed to warm to room temperaturc and stand

.2
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'ovcrniﬂht Ether was addcd to the residue, and -the Tesulting

solution was washcd with a saturated sodium chloride solution
and dried over sodium sulfate. Removal of the solvent gave

4.88 g of a tan oil. The oil was dissolved in 70 al dimethyl--

sulfoxide and 300 ml tetrahydrofuran to which 1.48 g (Sd.8

mmol) of 50% sodium hydride dispersion was added. The mix-

ture was heated under reflux for 30 minutés.apd then cooled’

to -10°. A solution of 1.48 g (30.8 mmol) of S;bfomopro— .'

pionitrile in 10 ml tetrahydrofuranrﬁas added over a 15-

) minute period, the cooling bath was removed, and the reaction

mixture was stirred for 1 hour. - The mixture was filtered and

the solvent was removed, first on thz rotary cvaporator and

-then under high vacuum. The residuc was dissolved in ether,

5ﬁd the ethereal solution was washed with two poftions of 50%
potassivm hydroxide soluton and one portion of séturatcd'
sodium chlbride. The ether solution was dried.over sodium
sulfaté and then concentrated to give 3.78 g of tan oil. The

0il was dissolved in § ml tetrahydrofuraﬁ, 15 ml water and

30 ml glacial acetic acid. The solution was maintezined at

53° overnight, after which most of the solvent wss removed on’

tﬁe'rotary evaporator. Ether was added to the residue, ,and .

the ethereal solution was extracted with three 5 ml portions

of 5% hydrochloric acid. The acid washes were coﬁbined and
basified ﬁith potassiﬁm carbonate. The baﬁic solution’ was
extréctcd with methylene chloride. The methylene chloride
cxtracts were combined and drlcd over sodlum sulfate. Sol-
Vcnt was ¢ rcmovcd and the re51duc was dlStlllcd (150- 5°/

0.05 mm Hg) to give 1 g of a yellow oil. A 500 mg sample of

“the crude product was dissolved in 100 ml absolute ethanol

and the compound was hydrogenated at about 60 psi for 20

.
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hours. The product was worked up as in Example 2, and puri-

fication was effected by preparative thin layer chromato-

graphy yielding ;25 mg of a light yellow oil.

Anal. Calcd. for Cy;EjeN2: C, 74.95
15.90 .

Found: C, 75.07; H, 9.25; N, 16.01

Spectral data arc tabulated below:

"~ Infrared Spectirum

. H, 9.15; N,

Intensity.

~ Group _ “Wavelength (cm™')
-NH L - 3300 medium
Z,S—Disubstitutéd.pyridine 1585, 1575, 860 strong
CH3. S f' I 1305 strong
NMR.Spectrum ;
: : "Chem. Shift  Splitting , No. of
Prcton ' (&) ~_Pattern J(Hz) Protons
: CH;:_"C!_‘_Q, ] 1.30- . t - 8 .3
LBV 4TN-H T 194 m - i s
CHs-CH; -  2.88 T q 8 2
S'-H ¢ v 3,08 n -- 2
20eH AT t . 7 1
s-pyH - T Ta0 T 2 Jsys
L o ) . . - JS,S: 1
4-0yH ' 7.88 dad 4,57
T . - , . o Iy, =2 1
. 6-PyH , 8,12 .~ ada 6,5=5 .
S o : Jo,u=2 1
.Eyamgle 6
' 2-Ethyluicoiine
L3 ‘ '7 . - . X or -
% 2~Ethy2—3-(I—méthy—Z—pyrroZidinyZ)pyridine

.To 176 mg (1 mmol) of Z—mcthylnicotine in 15 ml

T e

7 athydrous cther was added 1.1 ml of 1.05 M phenyllithium
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solution. The rcaction mixture was refluxed for é.S,h after
which it was cooled to -10° and 75 pl (1.2 mrol) meihyl

iodide was added. The solution was stirred overnight at room

- temperature. A few drops of methanol were added, the solu-

_tion was filtered and the solvent was removed. The residuc

was dissolved in hexane, filtered once again, and the hexane

_was removed to give 70 mg of crude product. A gas chromato-

"~ . graph of the crude-product shoved a single major peak.

Samples for elementzl analysis and spectral data were obtain-

" ed by preparative gas chromotography.

Anal. Calcd. for C; H;gN,: C, 75.74; H, 9.54; N,
. 14,72 .. ) ..

Found: C, 75.74; H, 9.70; N, 14.66
Spectral data are tabulated below:

.

"i:Infrared Spectrum

Group ' . Vavelength (cm™ 1) ' Intensity
2,3-Disubsituted pyridine 1570, 8GO ~ strong
~N-CH .. i385’ © iétrong -

NMR Spectrum

No. of

- "Chem. Shift  Splitting S _
Proton (6). _Pattern J(HzY . Protons
ey - 1.51 t s 3
CON-CH, . - 2.30 : e ]
CHa-CHs . © 2.84 e f g8 - . . 2.

"Exampleﬂz - .

o N',é;diﬁethylanatabina
F or . . .
2—Methy2-3;[1—methyl~2—(1,2,3,6—tetrahydropyr€dinyl)]pyridine

. To a solution of 8.69 g (31.9 mmol) of 2-bromo-

methylpyridine Hydrobromidc in 15 ml water was added 25 ml
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methylene chloride.,- The mixture was cooled to 0° and a . .
slight excess of sodium bicarbonate was added. The ovganic
phase was separated and the aqueous phese was extracted with

an additional 25 ml of methylene chloride. 'The organic

. phases were combined, extracted with two portions of satu-

rated brine, dried over magnesium sulfate and filtercd. To

"the filtered solution was added 3.89 g (31.9 mmol) of 1,2,3,6;

tetrahydro-1-methyl-2-cyanopyridine and 50 ml tetrahydro-
furan. The solution was concentrated to about 15 ml after
which 30 ml dimethyl sulfoxide was azdded, and the reaction

mixture was stirred for 21 hours. The solution was continu-

. ously extracted with ether and the ~ther insoluble residue

_was -dissolved in methanol, transferred tdo a 500 ml three-

heckcé flask, and cvaporated in vacuo to - dryness to give
7.33 g (79%) of a dark red semi-solid. Two hundred fiftry ml

of liquid ammorntia wazs condensed into the f£flask and 1.23 g

(31.4 mmol) of sodium amide was added. The reaction mixture

was stirred at -60° for 30 minutes and then at reflux for 2

- hours. The ammonia was allowed to boil off leaving a brown

residue which was.triturated with ether and the ressulting

“ether solution was filtered, and concentrated to give 2.7Y g

of a brown ¢il. The o0il was dissoived in 125 ml of ¢5%
ethanol and 2.0 g of sodium borohydride was added. Jfter
stirring at room'temperatﬁre for 8 hours, the ethano: was
femgved énd the residue wa§ dissolved. in ether. The etﬁcral

solution was extracted with 5% hydrochloric acid, the acid

- ° 3 - .
solution was washed with ether, basified with aqucous potas-

sium hydroxide, and extracted with cther. The ether extracts

of the basic solution were combined, dried over magnesium

sulfate, filtcered, and the solvent was removed. The residue

13
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“was distilled, and the fraﬁéion boiiing at 95-106°/0.1 ﬁm g
vas cﬁlleétcd to give 800 mg of a yellow liﬁui@ which was
primarily ﬁ’,Z-dimcfhylanatabine (80%). The impurity was not
identified, but spectral data indicate that it too is a Z,3-
disubstituted pyridine. Spectral data add.eicmental analyses

‘were obtained from samples collected by preparative glc. .

Anal. Calcd. for Cy.HieN2: C, 76.55; H, 8.57; N,
14.88 : : SRR

‘Found: C, 76.40; H, 8.65; N, 14.82

Spectral data are tabulated below:

}nfrarea Spectrum

- Group ‘ . Wavélength (cm 1) Intenéit?-
. -2,3-Disubstituted pyridine . 1585, 1575, 805 medium
Doubie bond . 1670 © weak .

NMR Spectrun

L Chem. Shift Splitting’ " No. of
Proton. (8) Pattern J{Hz) - DProtcas
N-CH, ' 2,00 - s - == 3
C3-H R Y n - 2. -
© Py-CH, o282 s e 3
cis-6t-H © 2.8 om0 e- 1
21, trans-6'-H 3.48 moo- == 27
41,5'-H © s.81 s . - 2
. 5-PyH - 7.18 dd - Js,4=8 1
) - 7 . . ~ JS,G.':
4"P)."H 7-79 - dd . Jx,,5=8 1
. . o . “Jy,e=1
6-P}’H 8.41 - . (}d _J(‘.,s 1

Je =1
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 2-Methyl-6-phenylnicotine a . |
2~ﬂethyl~6~pheny1pyiidinc, obtainable from 1,3~

pentadiene and benzonitirle via the procedurc of Janz and

- McColloch [J. Am. Chem. Soc., 77 (1955), 3413] is treated

. with N-bromosuccinimide to give 2-bromomethy1~6—phenylpyri—

dine. The bromomethyl compound is treated with 1-methyl-2-
cyanopyrrolidine, and the resulting calt is rcarranged using
sodium amide in liquid ammonia and decyanated with ‘sodium

borohydride in ethanol according to the procedures described

" in Example 1.. The product can be purified by distillation.

"Example 9 © - ] N
.2-(2- Phenylethyl)nzﬂODLne

2- methylnlcotlne is treated with phcnylllthlum as

in Exammle 6. To the resultlng anicn is added a slight
-excess of benzyl bromide. The product can be isolated by

- distillation.

" Example 10 ,
2,6~ Dtmethyu~3 (/—dzmetnjlampno 2- pheryletth)ertdtnp

2- bromomethyl-6- methylpyr dine is treated Wth

.dimethylamlne to give the corresponding tertiary amine, 2-

..dimetﬁylﬂminomethyl-6—mctﬁylpyridiﬁc. The tqr&iary amine is
n t*eated ‘with cyanomethyl |enienesu1fonate,.as in Preparation

‘II; to give dlmethylcyanonethyl (6-methyl-2-picolyl) ammonium

benzenc sulfonate. The quaternary ammonium salt is 1earrang-

ed ﬁsing sodium hydride and alk&latcd with benzylbromide

according to the procedure described in Example 2. “The ,

" alkylated cyanoamine is decyanated with sodium borohydride in

-

BAD ORIGINAL
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ethanol to give the desired product which can he purifiéd

Example 11
2-Methyl 3—(1;H~pyrrolidinyZ~3—cyanap£opy1)pyr{dine
1~cyanbmcthy1—l—(2~picoly1)pyrrolidinium benzene- -

sulfonate (see Preparation II) is rearranged and alkylated

~with 3-bromopropionitrile as in Example 2. The resulting

dicyanoamine is decyanated with sodiunm borohydride in ethanol

to give the product. Purification is effected via the picrate.

. -+ Example 12 I S

: . ; .A 100 mg sample of the.candidate compound was

dissolved in 10 ml ébsolutq ethanol. To .the solution was

added 40 ml tap water containing 0.5 ml of 1% surfactant. A
5 ml suzaple of each solution was sprayed on to replicate ivy .
cuttings infested with Aphias. The results, tabulated below

in Table I were recorded 18 hours following the abplicatiop'

"of the sprays.



Ccapound

2-methylnicotine-

2-methylnornicotine

2-methylanabasine

L-xnicotine

Replicate No.

o

(SRR [EA IR o

(D o W

No. of Aphids

Alive ..dommA
54 o2
. 38 2
.55 5
39 2’
7 2
30 0
- 32 S0
20 3
87 .. 66
24 39
27 27
87 66
0 T 45
0 27
0 - 39

52

-100



10

15

20

25

"This Tatio shows that the alkylated nicotines are more effec-

. - 0000106

. ‘—.32-—.‘ . T .- o .
Most of thc compounds exhibited less toxicity té

aphids -than %-nicotine. However, all compounds exhibited a

significantly lower mammalian toxicity than &;nicbtihe.

Aphid toxicity and manmalian toxicity can be taken into

account simultancously by ecxamining the ratio of insecticidal

toxicity to mammalian toxicity. .

Relevant data are shown in Table II below. In the

"first column, the LDy, of the compournds in mice is 2 measure

of their mammalian toxicity. The second column illustrates

- the effectiveness of the candidate compounds as insecticides

as compared to nicotine, whereas the third column is the

.ratio of insecticidal effectiveness to mammalian toxicity. -

tive insecticides than nicotine in that ‘they are considerably

safer with regard to mammalian response.
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Cempound

Proiindh i W ——

Nicotine

2-Methylnornicotine

2,6-Dimethylnicotine .

N|Zmﬁw%pmbmdmmwnw. :

Table II .

LDso (mouse). J memmwmemwwm | Net Hbmmannwamw >nﬁw<Wﬁ%»
. 0.26 mg/kg .H _ . 100% .. : ‘ . 3 1 .
100 mg/ké - 3% Cee o s
41 mg/xe 6% | . 10
15.7 mg/kg 528 . - .. 32

-— —

o emmenn '1.Dso nicotine

.mM&luw.p measw;e 95 ppmwnﬂpn,

#This is mmmwnmm as pﬁmmndwcwmmw oncnd»<mvmmm\vu o5t COm moraw
m ole

[

dal effectiveness. <m. smaamwpmn

toxicity. ol : - ) ..

2 el

P et
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Examplc 13

‘A 50 mg sample of the candidatc compound wa$ dis- -

_solved on 0.4 ml abSolutc ethanol. A 0.3 yl séﬁple'of the

solutlon was app;Lcd to the notum of female house flies whlch
had bccn anesthetlzod Wlth ether. Results were read tuenty-

four hours later.

Percent Dead in Replicate

Compound . . Run 1 Run 2 Avg..% béad
.._NiCOtine T 100 100 — 100. -
'2-Methyinicotine »t ; :100 ... 100 < 100
© 2-Methylnornicotine 80 .60 . LT 70
Solvent Control [ T T 0

: The abovc resu1t° dcmcnst'ate that w1th rcgard o
common ous°f11e< 2-methylnicotine is as effectlve an in-
secticide as micotine itcelf, while 2-methylnornicotine 1is

6n1y slightly less effective. It is to be noted that pre-

-vious results demcnstrated that Z-methyinicotine possessed

lower mammalian toxicity than nicotine.
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1e A compound represented by the formula:

wherein Rq is hydrogen, lower alkyl, phenylaikyl or aralkyl,
R2 is lower alkyl or phenalkyl, and 35 is heterocyclic and
5 represented by the formula:

wherein 34 is hydrogen or lower alkyl, R5 is lower alkyl,
and n is one or two;
or an acid additicn salt or hydrate thereof.

10 2. A compound according to claim 1 wherein'R2 is methyl
or ethyl., ' -
3. A compound according to claim 1 wherein 35 is N-

methyl-pyrrolidine.

L, A compound according to claim 4 wherein R5 is 1,2,3,6~
15 tetrahydropyridine and R5 is lower &lkyl.

5¢ 2-lethyl- br 27ethyl—5-(1~methyl~2—pyrrolidihyl)—
pyridine, ' ' : .
6.  e-Methyl- or E-ethy1~5—(2—pyrroiidiny1)pyridiﬁe.

20 "7. - 2,6—Dimethy1-3~(1Lmethylf2~pyfrolidinyl)pyridine.
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8. 2-Methyl-3-(2-piperidinyl)pyridine. = 0000106

S. 2-Methyl~3-[1-methyl-2-(1,2,3,6-tetrahydropyridinyl)]-
pyridine. '

10. A process for pfeparing a compound according to

claim 1 characterized by:

(a) reacting a compound of the formula:

wherein Rq is as defined in claim 1, R, is
hydrogen, lower alkyl, phenyl or phenylalkyl,
X is chlorine, bromine, iodine or fluorine,
with a 2-cyano-li-substituted heterocyclic
coppound of the formula:

(CH,) X L
i *
NC ? NC F' .
34 R5
. wherein B, Rg and n are as defined ir.

claim 1, to yield a reaction compound of the
formula: '
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11.

12,

reducing agent is selected from sodiun bérohydride, lithiunm

(b)

(e)

e ,
treating the product of step (a) with(H (0] 0§
strong non-nucleophilic base to yield «

[2,3)-rearrangement product c¢f the formula:

wherein.Rq, Rg, RA’ Rg'and n are the same
as defined in step (a),

treating the product cof step (b) with a
nixed hydride reducing agent to decyanate
the compound, and isolating the product.

A process according to claim 10 characterized in
that the strong base is potassiwm-tert-butoxide, sodium
hydride, potassium hydride or sodium amide.

A process according to claim 10 or 11 wherein the

aluminum hydride, or sodium cyanohydride.

12.

1.

A ﬁrocess accbrding to claim 10, 41 or 12 wherein
step (a) and step (b) are carried out in the presence of an
eprotic solvent. '

Use of a compouwrid according to any of claims 1 to 9
as an insecticide. ' '




- 15, An insecticidal composition containing ad) @@@ﬂeﬂé
ingredient a compound according to any of claims 1 to 9.
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