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5-Norbornene-endo-2-carbonitrile nitrosochloride dimer can be rearranged to a mixture of chlorocyanonorbor-
nanone oximes which, when allowed to react with methyl isocyanate, gives as the major product, exo-3-chloro-

endo-6-cyano-2-norbornanone O-(methylcarbamoyl)oxime.

The structure was determined by n.m.r. studies.

The compound is a new type of methylearbamate possessing acaricidal properties.

A synthetic exploration of cyclic and bicyclic ketox-
ime methylcarbamates conducted in these laboratories
resulted in the discovery of a series of compounds pos-
sessing insecticidal and acaricidal properties.! Among
the compounds investigated, the chlorocyanonorborna-
none oximes obtained from the rearrangement of 3-
orbornene-endo-2-carbonitrile  nitrosochloride dimer
gave a mixture of methylcarbamates (Chart I) possess-
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ing significant activity against the two-spotted mite
(Tetranychus telartus L.). This mixture of isomeric
chlorocyanonorbornanone O-(methylcarbamoyl)oximes
has been subjected to extensive evaluation during re-
cent years as an acaricide.? Efforts to isolate a pure
isomer from this complex mixture have been unsuccess-
ful. However, a synthetic innovation in the reaction
sequence was recently uncovered which resulted in a
good yield of a single isomer of chlorocyanonorborna-
none O-(methylcarbamoyl)oxime. The important fea-
ture in this reaction scheme involved an improved syn-
thesis of 5-norbornene-endo-2-carbonitrile nitrosochlo-
ride dimer. When 5-norbornene-endo-2-carbonitrile
was allowed to react with nitrosyl chloride generated
tn situ from sodium nitrite, hydrochloric acid, and
isopropyl alcohol, a nitrosochloride dimer resulted which
melted with decomposition at a substantially higher
point than the dimer obtained by conventional means,
i.e., reaction with nitrosyl chloride in an inert solvent.
Apparently a higher degree of selectivity was accom-
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(1) J. R. Kilsheimer and D. T. Manning, French Patent 1,343,654 (1963).
(2) Coded U. C. 20047; U. 8. Department of Agriculture, Entry No.
25962.

plished in the ionic addition of NOCI to the unsym-
metrical olefin in the isopropyl alcohol-HCIl medium.
The resulting nitrosochloride dimer was rearranged in
929, yield to a crystalline mixture of chlorocyanonor-
bornanone oximes (I) (Chart II). The reaction was

Cuart II

chlorocyanonorbornanone oxime (I)
m.p. 134-151°

Whyl isocyanate
hot CHCls

methylcarbamate II

m.p. 56-120°
insoluble oxime III soluble
m.p. 171-173° (33.39;)

hot isopropyl ether

l |

insoluble oxime IV soluble
m.p. 152-155° (44.5%,)
xylene wash
methyl
isocyanate hot CsHjs wash l l
m.p. 157-158° insoluble oxime V soluble
m.p. 113-115.5° oil

(15.5%)

lmethyl isocyanate

methyl
v isocyanate

methylcarbamate VI methyl isocyanate
m.p. 155-157° (159-160°) m.p. 54-57°

facilitated by treatment of the rearrangement solvent,
dioxane, with a catalytic amount of a primary amine
(0.039%,). The heat-sensitive oxime mixture (I) was
isolated by evaporation of the dioxane in vacuo, using
a xylene chaser to remove the last traces of dioxane.
When allowed to react with methyl isocyanate, the
oximes (I) afforded a mixture of isomeric O-(methyl-
carbamoyl)oximes (II). However, the oximes (I)
can be separated inte several components as shown in
Chart II. When extracted with hot chloroform an
insoluble oxime (III) was obtained which represented
33.39, of the mixture (I). This oxime was also in-
soluble in benzene and ethyl ether.



520 I X, Pay~e, Jr., Ho A Stasssrry, Jr, axo M, HL D Webes

1 i 1 1 L 1 1 1 1 i 1
6.0 5.0 40 3.0 20 [We]
PPM (é).
Iignre  L—N.anr. spectrunt  of  exo-3-chlora-endo-6-cyano-2-

norboruanone O-(1ethylearbamoyljoxime in denteriochloroform.

A second  chlorocyanouorbornanone oxime (1V)
was isolated by evaporatiug the chloroform extract
and thoroughly extracting the rvesidue with hot iso-
propyl ether. The isopropyl ether-iusoluble oxime
(IV) represented 4459 of the original mixture of
oximes (I). The chlorocyanonorbornanone oxime (IV)
was further purified, with negligible loss, by extrac-
tion with hot benzene or by recrystallization from
cthanol. The infrared spectra of III and IV were al-
most identical and the nanoa. spectra were equally
indistinguishable.  Apparently III is a thermally
sensitive isomer of IV, having similar infrared and
n.r, speetra. Upon reerystallization of II1 or heat-
ing i dioxane solution, the melting point was de-
pressed.  Indeed, prolonged heatiug of IV in dioxane
solution results in a melting point depression.  The two
chlorocyanonorbornanone oximes (I11 and IV), which
when combined account for 77.8%; of I, give an almost
quantitative vield of the same wmethylearbamate VI.
It is probable that oximes III and IV are syn and anii
isomers which under the conditious of reaction with
methyl isocyanate result in the same methylearbamate.

The isopropyl ether soluble fraction was evaporated
to dryness and the residue was washed with xylene.
Recrystallization of the resulting solid from benzene
vielded chlorocyanonorbormanone oxime(s) (V) which
represented 15.5% of I. The benzene-soluble frac-
tion, which accounted for the remaining 6.797 of the
original mixture T was a viscous oil that could not be
purified.

The chlorocyanonorbornanone oxnme (V) was con-
verted to a methylearbamate (VII). This O-(methyl-
carbamoyl)oxime (VII) unlike VI, was very soluble in
comunon nonpolar orgauic solvents like benzene and
ether and was extremely diffieult 1o purify.  Neverthe-
less, the compound was obtained in sufficient purity to
allow an accurate bioassay.

Using pure VI as a reference standard it has been
demonstrated by n.m.r. analysis that the methyl-
carbamate II, obtained from the mixture of oximes I.
contained about 809, of this isomer VI. The re-
mainder appeared to be the methylcarbamate (VII)
obtained from chlorocyanonorbornanone oxime (V).

The three chlorocyanonorbornanone oximes 111,
IV, and 'V represent 93.39 of the original chlorocyano-
norbornanonce oxime (I).  The presence of three major

Vol 8

physically different components in I has been confirmed
by thin laver chiromatography. -\ 8:2 benzene-ethyl
acetate mixture eluted three distinguishable <pot= when
I was placed on silica gel. Brow eresol green was nsed
to develop the spots which were vellow on a blue field.
I'xeluding the added complexity of syn and aidi
aliphatic hydroxyimino  groups, and assuming  the
evano group retained 1ts endo configuration dining the
svnthetie sequence, oue would expect 1T to be com-
posed of at least three chloroeyanonorbornanone -
(methylearbamoyhoximes.  These are shown below,

NOCONHCH,

NOCONHCH,
NOCONHCH;
u o NC Cl
CN H C
B

Isomers A and 13 would result from the imtial addi-
tion of NOCI to the unsymmetrical double boud of
S-norbornene-endo-2-carbonitrile.  Isomers having the
hydroxyimino fimetion on the methylene bridge as
shown in C conld result from skeletal rearrangement
during the reaction of unitrosyl chloride with 3-norbor-
nene-endo-2-carbonitrile rvia a “‘nonclassical” carboniiim
mtermediate.  The structure of the major isomer V]
was determined by nan.r. studies and found to be
exn-3-chloro-endo-6-cyano-2-norbornanone  O-(inethyl-
carbamoyl)oxime® (\\) as elucidated herein.

Nuclear Magnetic Resonance Studies on Methyl-
carbamate VI. Position and Configuration of the
Chlorine Atom.--T'hat the chlovine is ero is indicated
by the established cis.exo mode of addition of nitrosyl
chlovide to the norbornene system.*=%  More conclu-
sively, the hydrogen at (-3 appears as a doublet af
447 p.pan. o the nar. spectrwn (Figure 1), Miller
observed a doublet at 4.4 p.pan. (CDCl) for the analo-
gous proton iu 3-chloronorcamphor oxime.”  The lines
of the doublet are separated by 2.3 c.p.s. which is
characteristic for the endo configuration of the proton.”
Thervefore, the chlorine at C-3 must be exo. When the
hydrogen is ero, the dihedral angle with the vicinal
hridgehead hydrogen is such that the spin—spin cou-
pling coustant is +-3 c.p.s?  Sice the pattern con-
sists of a simple doublet the other vicinal carbon has
no hydrogen atoms. This then places the chlorine
adjacent to the hydroxyimino function.

Position and Configuration of the Cyano Group.
The endo configuration has been assigued to the eyano
group siice pure 3-norbornene-cndo-2-carbouitrile was
used as a starting material. Epimerization of the

{3y Coded 17, €, 20047 A,

i4) I Meinwald, Y. C. Meinwald, awd T. N. Baker, /. Am. Chem. Noc,,
86, 2513 (1963).

(5y T. N. Baker, "TLe Addition nf Nitrosyl Chloride to Norbornadiene
and Nourbornene,” 1'nsversity Mirrofilns, 1ne., Ann Arbor, Micli., 1964,

1oy J. Meinwall, Vo O Meinwald, awl TN Baker, S Ao Chem. S
86, 1074 11hG 1.

ST B0 NG, by Clin . 26, 1005 (1061

T
St A L Ao Can T Chepe., 89, T80 114611,
ey ML Warplus, o Chem, Phys, 80, 11 (1932,
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cyano group can be induced with strong bases,!!
but no such reagent was employed in the reaction se-
quence to VI. Further confirmation of the geometry
is obtained from the n.m.r. spectrum. The resonance
position of the hydrogen on the carbon bearing the
cyano group was about 3.1 p.p.m. in CDCl; and was
observed to be a complex multiplet consisting of five
major lines (Figure 1), This resonance multiplet was
more completely resolved in pyridine solution and was
centered at 3.24 p.p.m. (Figure 2). The high degree
of splitting is the result of spin—spin coupling to the
exo and endo hydrogens of the vicinal methylene along
with a fairly large coupling of about 4 to 3 c.p.s. to the
adjacent bridgehead hydrogen. This pattern places
the cyano in the endo position. If the cyano group had
been exo, the multiplet would have been simpler due
to zero coupling of the endo proton to the adjacent
bridgehead hydrogen, resulting in a maximum of four
lines 81218

The position of the cyano group at C-6 can also be
ascertained from the n.m.r. spectrum. The proton at
C-1 gives a signal at 4.06 p.p.m. This strong para-
magnetic shift is a result of the inductive and aniso-
tropic effects of the hydroxyimino group combined
with the similar but lesser influence of the adjacent
cyano group. The proton at C-4 gives a response at
2.7 p.p.m. This is the proper position for the signal
of a bridgehead proton adjacent to a chlorine and to a
methylene group.”

In order to verify these assignments which prove the
position of the cyano group the n.m.r. spectra of the
following model compounds were studied.

NOCONHCH;

H-1 at 3.1 p.p.m.
H-4 at 2.6 p.p.m.

As shown by the model compounds, the downfield
shift of the bridgehead proton is most pronounced
when there is an adjacent hydroxyimino function.
Miller observed peaks at 3.53 and 2.96 p.p.m. (CDCls)
for the bridgehead proton adjacent to the hydroxy-
imino group in 3-chloronorcamphor oxime.” The two

(10) P. 8. Starcher and C. A, Noffsinger, Research Department, Chemi-
cals Division, Union Carbide Corp., private communication.

(11) W. R. Boehme, E. Schipper, W. G. Scharpf, and J. Nichols, J. Am.
Chem. Soc., B0, 5488 (1958).

(12) R. R. Ivaser, Can. J. Chem., 40, 78 (19632).

(13) E. W. C. Wong and C. C. Lee, ibid., 42, 1245 (1964).
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Figure 2.—N.m.r. spectrum of exo-3-chloro-endo-6-cyano-2-
norbornanone O-(methylcarbamoyl)oxime in pyridine.

peaks were attributed to syn and anti forms. A para-
magnetic effect is induced to a lesser extent by an
adjacent chlorine or cyano group. Therefore the
cyano group must be at C-6 relative to the hydroxy-
imino group at C-2 with both groups contributing to
the strong downfield shift of the adjacent proton.

The lower melting isomer VII was an amorphous
solid which could not be obtained in a sufficient state of
purity to allow a conclusive determination of structure
by n.m.r. analysis.

Biological Data.—Bioassay of the isomeric chlorocy-
anonorbornanone O-(methylcarbamoyl)oximes against
the two-spotted mite (Tetranychus telarius L.) (Table
I) indicates a high order of activity for exo-3-
chloro-endo-6-cyano-2-norbornanone O-(methylcarbam-
oyl)oxime (VI), the major isomer produced by the
synthetic route described herein. Isomer VII and the
isomeric mixtures are less effective. Compound VI
is a cholinesterase inhibitor with an [5, = 2 X 10-% Af 14
The acute oral LDj, to the female albino rat is 25 mg./
kg. (19 in propylene glycol).!

TaBreE I
ACARICIDAL ACTIVITY

Tetranychus
telarius L.
Compd. LDs, p.p.m.”
Crude chlorocyanonorbornatione
O-(methylcarbamoyl)oximes” 36
Isomeric O-(methylearbanioyl)oxinies 11 20
O-(Methylearbsmoyl)oxime VI¢ 12
O-(Methylecarbamoyl)oxime VII 32
1,1-Bis(p-chlorophenyl)-2,2,2-trichloro-
ethanol? 12

a Aqueous dispersions applied to infested plants on a turntable;
see H. L. Haynes, J. A. Lambrech, and H. H. Moorefield, Contrib.
Boyce Thompson Inst., 18, 507 (1957). ¢ U.C. 20047, ¢ U.C. 20047 A.
d Kelthane®,

Experimental

Melting points are uncorrected and were determined on a
Mel-Temp apparatus in open capillary tubes. Microanalyses
were performed by Galbraith Laboratories, Inc., Knoxville,
Tenn. The infrared spectra were determined in KBr pellets on

(14) Warburg manometric techinique asing liousefly Liead brei; see H. Il
Doorefield and E. R. Tefft. Contrib. Boyce Thompson Inst., 19, 295 (1958).
(15) C. P. Carpenter, private communication.
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1 Baird-Aromic Model 4-55 and the n.unr. spectra were run on
a Varian 60 Me. spectrometer in CIDCly, 6
5-Norbornene-endo-2-carbonitrile Nitrosochloride Dimer.- -
To a well-cooled solution of 120 nil. (1.44 moles) of concentrated
HCI and 120 ml. of isopropyl aleohol was added 35.7 g. (0.3
mole) of 3-norbornene-endo-2-carbonitrile. The solution wus
stirred at —5° while 23 g. (0.334 wole} of sodinm nitrite ir 50 ml.
of water was added dropwise over 20-min. period. The resnlting
shury was stirred ot —5° for ap additional honr, dilited
with an approximately equal volnme of water, and filtered.  The
precipitate was transferred to a beaker and stirred with 250 ml,
of water and again filtered.  The process ot washing was re-
peated ftwice and the precipitate finally was washed with a
sntall nnount of cold (—20°) niethanol and allowed 1o dry i
raryo. The resulting nitrosochloride diter was 1 white powder
with a slight green-blue tinge. It weighed 52 g. (9497 vield
based on olefinn charged) and melted at 170--173° dec. when heated
4t 10° per min. in a block preheated to 150°,

Anal. Caled. for GH,CINLO: (0, 52.0;
Found: C,51.7; H, 5.1; N, 15.0.

Reaction of the same olefin in ether solution with NOC!H
resulted in 1 947, yield of nitrosochloride dimer nielting at 159-
163°,  In peutane solution a 95¢¢ vield of nitrosochloride diner
was obtained; m.p. 156-160°,

Chlorocyanonorbornanone Oxime (1).-To a 1-l. flask c¢on-
taining 540 ml of dioxane and 150 mg. of benzylamine was
added 60 g. of 3-norbornene-endo-2-carbouitrile nitrosochloride
dimer. The slurry was stirred and heated rapidly to 98°.
The solid dissolved in 25 min. to give a green solution. This soli-
tion was stirred at 98° for an additional 2.5 hr. during which the
solution turned yvellow. The dioxaue was then stripped froni the
product rapidly under reduced pressure. A 45° water bath
was elploved to supply heat to the kettle. The last traces of
dioxane were removed front the product by chasing with 300 ml.
of xylene mmd collecting about 300 ml. of distillate.  During this
rapid distillation the kettle temperature was not allowed to
exceed 33°. The xylene slurry was filtered and the solid wax
washed thoroughly with xylene. There was obtained 55
(92¢7) of oxime: uLp. 134-151°; infrared, NOH at 5.07, (
at 4,40, and N-O at 10,35 u.7*

Anal. Caled. for CHGCINLO: €, 52,00 H, 4.9. N, 1H.2.
Found: C.51.9; H, 5.0; N, 111,

Separation of the Chlorocyanonorbornanone Oxime Isomers.

A 45-g. sample of the above-mentioned oxime (1) was stirred at
60° with 2530wk of CHCl,.  The hot slurry was filtered and the
insoluble white solid was washed thoroughly with hot chloroforn.
After drying the solid weighed 15 g. (33.3¢¢ of I) and nielted at
171-173° dee. (II1).  This oxime was insoluble in benzene and
ether but soluble in cthyl acetate and isopropyl alcohol and very
slightly soluble i water.

Anal. Caled. for CyHCIN.O: , 52.0; H, 4.9; N, 152
Found: C,51.8; H, 5.2; N, 15.0.

The chloroform extracts were combined and the solvent was
evaporated at low temperature under reduced pressure. The
solid wus thoroughly agitated with boiling isopropyl ether and
the hot shirry was filtered.  After drying, the insoluble solid
weighed 20 g. (44.50¢ of I) and melted at 152-155° (IV). The
nielting polni was raised to 157-158° by thoronghly washing
with hot beinzene.  The loss in weight. was negligible.  The same

14, 4.9: N, 152,

7

(16) ‘I'ne anthors wishi to thank 11. L. Joyce for obtaining the infrared
spectra and C. B. Strow, Jr., for obtaining and interpreting the n.m.r. spee-
tra.

(17) N. B. Coltlinp, L. 11. Daly, and =. E. Wiberley, "Introduction to
Infrared and Raman Spectroscopy,’ Academic Press Inc., New York, N, Y.,
1964, p. 389.
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welting point can be obtained by recrystallization from etlanol
or xvlene.

Anal, Caled. for CsHGCINGO: O 52,00 I, 4.49; N, 152
Found: C,51.7; H,5.2: N, 14.4,

The sopropyl ether filtrate was evaporated v racio at o
temperature or lower.  The solid residne was washed with xylene
and dried tH afford 9 g (2000 of 1) of 1 solid, nup. 112 1317
This =nlid was recrystalized several times from sl ammmy
of betzente giving 7 g 115570 of Trof wn oxime (Vi vLp. H
114.5°.

oed. Caded oy CsHLCINGO: O 52.0: H, +a9: N, a2
Fomnd: C, 507 H, 001 N, 14.8.

ivaporation of the benzene gave an oil that canfd not be ju-
dured to crystallize.

Chlorocyanonorbornanone O-(Methylecarbamoyl)oximes.
Methylcarbamate VI.-—Oue part of oxime III, nnp. 170-173°,
wis allowed to react with four parts of wmethyl isocvanate at 40°
for 4 hr. in a pressure bottle. The excess methyvl isocynnate
was stripped from the product under reduced pressure and the
residne  was recrystallized {rom isopropyl alcohol. The O-
(methylearbamayDoxime VI was obtained in 959 vield; m.p.
E51-1535° A snall sample was treated with Darco and recrystal-
lized from ethanol and again from isopropyl aleohol. The
resutting white needles, unp. 159-160°, were nsed us an infrared
reference standard; infrared, N-H at 3.02 and 6.63, C=N at
448, (== at 5.85, (50 at 7.95, and N0 at 10.45 p. 7

Anal. Caled. for CyHCINGOs: O, 49.70 H, 500 N, 174
Tound: C,40.7; 11,4.9; N, 17.2.

Methylcarbamate VI.--One part of oxime IV, nup. 157159,
was dissolved in four parts of methyl isocyanate and allowed 6.
react st 40° for 3 br. in a pressure bottle. The excess methy!
isocyanate was distilled rapidly n recwo and the resulting residne
was recrystallized from isopropyl alecohol. The methylearbu-
mate, m.p. 155-157°, was obtaived in 935G, vield. This com-
pound did not depress the welting point of the pure O-(inethyl-
carbamoyinxime obtained {from oxime TI1. The iufrared and
mwan.r. spectra were the same and in a binassay against five
pests they were indistingnishable.

Methylearbamate VIL. - -Oue part of nxime V, m.p. 115-115.5°,
was dissolved tn baw parts of methyl socyanate and allowed to
react at 40% 0o 4 hro Upon evaporation of the excess methyl
lsoevatate Do raoo, 0 white stirky solid was obtained.  This
solid (VIT) was stirred with hexane, filtered, and dried; w.p.
54577 Attcmpts to further purify this produet by recrvstal-
Hzation from o vitery of <olvents were msuceessful;  infrared,
N-Hoat 2202 ml 6,65, (=N at 441, Coo0 at 5.75, C O at 8.05,
card N- Ot 1005 w7

bl Caled. o CyHOPNGOL O 9.7, H, 500 N, 174
Found: ¢, 50.1; H, 5.3; N, 17.0.

Methylearbamate 1I.- -Oue part of oxime 1 was dissolved n
four parts of wethyvl socyanate and allowed to react at 40°
for 4 hr.  The excess methyl isocyanate was stripped from the
reaction product under reduced pressure, and the prodnet was
held at roon temperature under 3 nun. for 2 hr.  The solid was
stirred with evelohexane, filtered, and washed with cyclohexane.
After drying at 56° (2 mun.) for 16 hr. II melted at 56-120°,
vield 9857 . The compound was 989, pure by infrared analysis
nsing V1 (nnp. 159 -160°) as a stundard and measnring the optienl
density of the carbonyl absorption at 5.85 p. N.onnr. stadies
sndieate the prodiet i< sqiproximately 87, O-fethylearbasyli-
oxitne VEand 2007 O-omethylewrbamoyboxime VI
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