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IMPROVED PROCESS FOR THE MANUFACTURE OF CYCLO-

PROPYLNITRILE

ABSTRACT OF INVENTION

An improved manufacturing procedure for
the preparation and isolation of cyclopropylhitrile
4~-Halobutyronitrile is reacted with
an alkali metal base in the presence of an aprotic

is provided.

polar solvent,
amount of water at an elevated temperature.

an inorganic salt and a catalytic

The

reaction product cyclopropylnitrile is isolated by

azeotropic distillation.
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derlvatlves The preparati of cyctopropylnitrile from

'4- chl orobutyronitrile is described in U S, 3, 843:09. However, when
this preparation is 10 applied to a manufacturing scale, an unstirrable
nmass fornms causi ng decreased reaction yield, broken or danmaged

equi pnent and probl emati c product I sdql ati on. Therefore it
is an object of thi's 15 invention to provide an inproved process for the
manuf act ure of3234A83-d}fr opyl niitrile which is suitable for large scale
production with increased isol ated product vyield. It is
anot her object of this invention to 20 provide an efficient and effective
nmet hod of I sol ation of cyclopropylnitrile in high purity and wth
essentially no water content. It is afurther object of this
I nvention to provide a convenient and econom c source of 25 essential.
starting material in the production of - herbicidal sulfanmoyl urea
derivati ves. Her bi-ci dal agents and in particular |-(o-

cyclopropylcar I v e prepared using
AP ﬂwﬂw P PR lret SANUFACIRRE' O\l

PROPYLNITRILE

~ Cyclopropylnitrile is a vital raw
material in the manufacture of herbicidal agents.
It is particularly useful in the manufacture of
5 herbicidally potent, yet environmentally benign 1-
(gchclopropylcérbonyl)-phenylsulfamoyl urea
derivatives. The preparation of cyclopropylnitrile
from 4-chlorobutyronitrile is described in U. S.
3,843,709. However, when this preparation is
10 applied to a manufacturing scale, an unstirrable
mass forms causing decreased reaction yield, broken
or damaged eduipment and problematic product
isolation.
Therefore-it is an object of this
15 invention to provide an improved process for the
manufacture of cyclopropylnitrile which is suitable
for large scale production with increased isolated
product yield.
It is another object of thls invention to
20 provide an efficient and effective method of
isolation of cyclopropylnitrile in high purlty and
with essentially no water content.
It is a further object of this invention
to provide a convenient and economic source of
25 essential starting material in the production of
herbicidal sulfamoyl urea derivatives. '
Herbicidal agents and in particular 1-(o-
cyclopropylcarbonyl)phenylsulfamoyl urea
derlvatlves are prepared using cyclopropylnltrlle
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2* ° as the basic starti materiat. It has nOM/beeﬁf%a found t hat
cyclopropylnltrlle can be prépared on a ~ comercial nuf acturing scal e
wi t hout the formati on of an unstirrable mass and acconpanying 5

equi pmrent danage or breakage and decreased product yield by reacting

4- hal obutyronitrile with an al kali ne@al base in the presence of an
aprotic pol ar solvent, an inorgaric salt and a catalytic anount of
wat er at a tenps dthe dagiatarisng meexG@ler r 16, hiise noWe PSR i on i s shown

in flow di agrangd, ind, tmf ﬁaai;f@mhq&%e ok 1 pilefpblried@ila and R i s
a

hydr ogen or err Iowl)a.raml 15
S§|t g d commerci manufacturlng scale without the g

formation of an unstirrable mass and accompanying

5 equipment damage or breakage and decreased product
yiéld by reécting 4-halobutyronitrile with an
alkali metal base in the presence of an apfdtic_
poiar solvent, an inorganic salt and a catalytic
amount of water at a temperature of about 50°-

10 100°c. The preparation is shown in flow diagram I
wherein X is halogen, M is an alkali metal and R is
hydrogen or Cj-Cgalkyl.

Flow Diagram I

16

Salt
X7TNTNCN + MOR ——> D—CN + MX + HOR

A

Methods available in the art to prepare
20 cyciopropylnitrile, upon scale~up, give the
formation of an unstirrable mass. The inability to.
stir or agitate a reaction mixture results in
incomplete reaction, hazardous reaction conditions
and damaged or broken equipment. Surprisingly, it
25 has been found that the addition of at least 0.25
mole, preferably about 0.4 to 1.5 mole and more
preferably about 0.5 to 1.0 mole of an inorganic
salt eliminates the formation of an unstirrable
mass thus preventing agitation problems, poor
30 yields and a broken or damaged agitator. Advanta-
geously, it has been found that the addition of a
catalytic amount of water to the reaction mixture
is critical to the initiation of the reaction.
Predictable and reproducable reaction initiation
35 prevents the.potential hazard of large scale run-
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Ierr] Meth available in the art to¢/Paepare 20 -
‘cyclopropylnitrile, upon scéle-up, give the formatfon of an unstirrable
mass. The inability to stir or agitate a reaction m xture results in
ihconpl ete reacti on, hazardous reaction conditions . and danaged or
broken equi pnent. Surprisingly, it 25 hasgbeen found that the addition of
at least 0.25 nol e, preferably about 0.4 to 1.5 nole and nore
preferably abaway.feactiof metesoéndnsuddeyamncontrokdhle| i ninates the
formati on of 6%? Lable mass thus preventing agitation problens,
poor 30 yields and a roken or danmaged agitator. Advanfa- eously, it
has been found that the BRJPEReRadi the TeagtiPp:ratentifiedieSater to the

reaction m xt L&@ the té&mpérhtGeb iAck88sés| theweeer oft thes et ion.
P Al g A L SPEGON BhSe GRSLEOTakGh! hELI 8 coRaPERYES]  the potential
SR reaction temperatures greater than about 110°C give
mainly amlde ‘side-prodict formation and little or
no cyclopropylnitrile product. Elevated
temperatures of about 50°- 100°C, preferably about
10 60°- 90°C are suitable In the inventive process.
Aprotic polar solvents suitable for use
in the inventive process are sulfoxides, sulfones,
-carbdxylic acid amides, pyrrolidones and the like.
Sulfexides and carboxylic acid amides are _
15 preferred, dimethylsulfoxide and dimethyl formamide
are more preferred and dimethylsulfoxide is most
preferred.
Alkali metal bases useful in the process
of the invention are any alkali metal hydroxides or
20 alkoxides or mixtures thereof. Preferable alkali
metal bases are monovalent bases such as NaOR, KOR
or LiOR, more preferred are the hydroxides of
sodium or potassium and most preferred is NaOH.
Stoichiometric amounts of the alkali metal base may
25 be used in the process of the invention. In a
preferred embodiment of the invention, the alkali
metal base is added to the reaction mixture
incrementally over a period of time.
Inorganic salts suitable for use in the
30 present invention are metal halides, metal sulfates
or metal carbonates, preferably metal halides such
as sodium halide or potassium halide, more
preferably sodium halide and most preferably sodium
chloride.
35 The product cyclopropylnitrile, in order
to be suitabie for use in manufacturing 1-(o-
cyclopropyl-carbonyl)phenylsulfamoyl urea

’I'hls Sheet Has Been Rep laced




<

3* - amay react’i on rat'e§ nd suddeén uncontrollable f exot her ns.

In general, the reaction rat’e increases as the tenperature increases,
hgwever it has now 5 been found that under |arge scale conditions,
reaction tenperatures greater than about 110[err]C gi ve mai nl y .am de
si de- pr oddct fornatlon and little or fio cyclopropylnitrile product.

El evat ed nmper at ures of about 50 er 00[Lerr] C. prefer y about 10
60 - 90 C are %ﬁﬁ%?@ﬁ%y?ﬁ'tHEanvﬁn?? %nﬁﬁﬁei Eree Se Whtee' 2R rotic
pol ar sol vent smbnbt abbepbnentise It hast hewi beent foangdr thets are

sul f oxi des boxxLi€i8¢1 ¢ afl yrrol i dones and the

i ke. Sulﬁ%éggfi %ﬁﬁecgﬁéo %%%Eég%%ga HE§§§gP§ 15 preferred
d.nethyrsurfoxemelepnonyhe;ﬁyrleopﬁaﬁuee can heeifpletpefdreediind

di met hyl sulsf ox¢fsyi 8n808kude roa€tebheHixture by directAl kali metal bases

useful in the D o Spic afheilfabTYS"ERAD 8b8:1aMh7tKE' halPhy Nydroxides
' | 1arge amounts of extractlon solvents and tedious
and costly fraction distillation procedures. Upon
completion of the reaction, the reaction mixture is
10 cooled to about room temperature, neutralized to a
pH range of about 4.0 - 9.0, preferably about 6-8,
to avoid amide by-product formation, diluted with .
water to aide the azeotropic removal of the
cyclopiopylnitrile, and azeotropically distilled
15 using a Dean Stark trap to give high purity,
essentially anhydrous product'cyclopropylnitrile;
Advantageously, this procedure allows the isolation
of pure cyclopropylnitrile on a manufacturing scale
~without the use and handling of extraction solvents
20 and without the need for costly fraction
distillation columns.

For a more clear understanding of the
invention, specific examples thereof are set forth
below. These examples are merely illustrative and

25 are not to be understood as limiting the scope and
underiying principles of the invention in any way.

The term GLC designates gas liquid
chromatography. '

30 : EXAMPLE 1

Preparation of cyclopropylnitrile (2 molar scale)

NaCl_ -
CN"NCN + NaOH——3 [>—CN + NaCl + H,0
35 | 80°C
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26 al koxi des or m Xt ures i reof. .. Preferable al kalii met al bases are

nonoval ent bases such as NaGR, KOR or LiOR nore preferred are the
hydr oxi des of sodi um or potassi um and nost preferred i s NaCH.
Stoichionetric anounts of the alkali netal base may 25 be used in the
process of the invention. 1In a prefe5red enbodlnent of the invention,
the al kal i met al” base is added to the reactl ﬁure

increnental |y over a period oft ptigred mixture of g §&Rrc salts sui tabl e

for use in thebﬁ@yrbh@t@ﬂﬂelqwaatugm ar.e mbnab habddam chbalideul f at es
ot ass: um hal | 425 Age 6 0= mieY AR - 03 bl %ﬁiéﬁdénaaaﬁﬁoﬁﬁdw?f crably
sodi um Ch|dlmd¢hy3EUlf0xlde is heatpdotiocB80c@el Speeppbdniwithl e, in order
to be suitap %8ﬁn S§ ﬁﬁ P}ﬁﬁtHPHEBXEdEO(SSg, 2.2 mole) over
cycl opropyl - ca? on P) ﬁeny ano
our perlod and held at 80 C for about 1
addltlonal hour. .The reaction mixture is cooled to
room temperature neutralized to about pH6.8 with
concentrated HCl (37% aqueous solution), diluted
10 - with 200ml water (readjusted pH to 6.8 with 37%
HC1l) and azeotropically distilled with a Dean Stark
trap to remove the cyclopropylnitrile/water
azeotrope. The aqueoué layer is continuously
returned to the distillation pot to give the
15 initial product as thé distillate cyclopropyl-
nitrile, 133.5g. A 121.5g sample of this
cyclopropylnitrile is azeotropically distilled
using a Dean Stark trap (to remove water) and
continuous return of the organic layer to give the
20 final product cyclopropylnitrile, 106.6.g, 87.8%
yield, 98% pure by GLC analysis and 0.04% Hp0 by
Karl Fischer titration.

EXAMPLE 2
25
Preparation of cyc;oprqpylnitrile {30 molar scale)
' NaCi
C™"\CN + NaOH———> [>—CN + NaCl + H,0
go0°C
30

A stirred mixture of 4-chloro-
butyronitrile (3.17kg, 30 mole), sodium chloride
(0.87kg, 15 mole) and .03kg water in 3.0kg of
dimethylsulfoxide is heated to 80°C, treated with

35 NaOH pellets (1.24kg, 30.9 mole) over a 2 hour
 period and held at 80°C for about 1 additional
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4¢« * derivatives, nust "bgTassentially free of water é:ﬁ m nor
conponents. It has now been“found that hi ghly pure”and essentially
anhydr ous cycl opropylnitrile product can be isolated directly 5 from
the crude reaction mixture by direct azeotropic distillation thus
avoi di ng the use of | arge anpbunts of @&xtraction solvents and tedious
and costly fraction distillation procedures. Upon conpl etion of the
reaction, the heatrti ofAnokhere0i812ka cob| BaoOH jwaorddedodiE &Rfer at ur e,

neut ral i zed torge hol&"béf‘ﬂ@é pf @@@ufeécemn%@xt@fef esapbylaBout 6-8,
to avoi d am de by- product forpati on, # &Aé ga g ai de the
azeotropi c renbQaFos® Fﬁﬁperatﬁ§%foﬁ?%€ PhiEf ahauh R ?oglcally
distilled 15 U$L09 almaedsnmtk BrapLtof givakehi headjusted pH &esential ly
anhydr ous ygl n d S t Qi ocedure
all ows the #B?Pg 7. 8P gg ﬁ%%6t£§?59?%%§;:f$£f?gggnhxtﬁa%nggﬁur|ng
scal e Wi t hsuarkherapetannemmnthg oychoprepylohtsbleéwatero and
without the negdg 39 85t'%hé é@?é&ﬂs layéfsié|ééﬁt9ﬂu5ﬁkﬂ
For a nore clear sta - I nvention, speC| c exanples
thereof ar-e seretgrpﬁd to the dlstlllatlon pot to give the
initial product cyclopropylnitrile distillate,
40 1.811kg. ' A 1.72kg ‘sample of this cyclopropyl-
nitrile is azeotropically distilled using a Dean
Stark trap (to remove water) and continuous return
of the'organic layer to give the final product
cyclopropylnitrile, 1.63kg, 85% yield, 97.1% pure
15. by GLC analysis and 0.28% Hy0 by Karl Fischer

titration.
EXAMPLE 3

20 Preparation of cyclopropylnitrile (Plant scale)

NaCl
NNCN + NaQH———> CN + NaCl + H,0
C : gl 2

25 A)
Using essentially the same procedure

described in Examples 1 and 2, cyclopropylnitrile
is prepared on a 11llkg scale (1.071 kmole) in -a
piiot plant using 100 gallon and 500 gallon glass-

30 1lined reactors to give the initial
cyclopropylnitrile product distillate, 59.3kg,
82.48% yield, 95.3% purity and 4.4% water content.
This cyclopropylnitrile distillate is combined with
another pilot plant batch and azeotropicélly dried

35 as described in Examples 1 and 2 to give the final

This Sheet Has Been R
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bel ow. These exanpl es arelﬂgyely Il Fustrative and 25 not to be

understood as limting t he cope and under | yi ng pri‘nci pl es of the

i nvention in any way. The term GLC designates gas |iquid
chromat ography. 30 EXAMPLE 1 Pr epar ation of
cyclopropylnitrile (2 mol ar scale) [Brr] -

5 - r

cyclopropylnltrlle product, 95;1% recovery, 98.3%
pure and 0.4% water content.

B)

5 | Using the essentially the same procedure
described'above, cycloprolenitrile is prepared on
a plant scale of 1,021kg(9.86 kmole), using a 2,000
gallon reactor to give the initial
cyclopropylnltrlle distillate, 592kg, 89.5% yleld,

10 95.2% pure and 4.4% water content. This product is
combined with another plant run and azeotropically
distilled to give the final cyclopropylnitrile
product, 95.5% recovery, 96.4% pure and 0.4% water

content.
15
EXAMPLES 4-8
Comparative preparation of cvclopropylnitrile
General Procedure
20

A stirred mixture of 4-chlorobutyro-
nitrile and NaOH in dimethylsulfoxide, with and
without NaCl and with and without a catalytic
amount of water, is heated to 80°C and stirring

25 observations are made and recorded in Table I.

As can be seen from Table I, the absence
of the addition of NaCl to the reaction mixture
leads to an unstirrable mass and the absence of a
catalytic amount of water may induce hazardous

30 reaction condi-tions wherein the reaction rate is
uncontrollable and large exotherms occur. When the
stirring is poor or completely stopped, the
reaction remains incomplete and product yields and
purity are diminished.

This Sheet Has Been Reﬂlace
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Afstirred mxture of 4-chl6np- ~butyronitrile (2137249, 2.0 nole), sodium
chl ori de (58.0g,. 0.5 nele) and 2.0g of water in 200g of -
di,met hyl sul foxide is heated to 80[err]C, treated with 5 ground solid

sodi um hydroxi de (88g,. 2.2 nole) over a 3 hour period and held at
80[err]C for about 1 addi ti onal hour. 8The reaction mxture is cooled to
roomtenperature neutralized to about® pH6.8 with concentrated HCO (37%
aqueous solution), diluted 10 with 200m water (readjusted pHto 6.8 with
37% HCl) and azeotropically distillggezgi £h a Dean Stark trap to
renove the cyclopropylnitrile/ water —azeotrope. The aqueous |ayer is
conti nuously returned. to.the distillation gpt tolgéye the 15 initial

product as the distill at%’@& opFBpY| - Watep ( NpFL QA 121 59

sanple of this cl qpropylnitrile is azeotropicall hStilled usi ng.
2 Doan Stark : Examefd polaa Y wbiee) ' pofed 2188” Gltmd Melbming®, |

8708 ¢ el d. $8% ptd by Clanalyiith and 8 0sntEh b (ol B Soher
titration. 5 1.0 1.1 0.0 1.0 200.0 Good
6 2.0 2.0 0.1 1.0 200.0 Good
7 6.0 6.6  0.05 3.0 600.0 Good
10 8 1.0 1.1 0.0 0.5 200.0 Good3
lchiorobutyronitrile

2Stirring completely impeded by reaction mass
3Hang—fire'conditions (delayed reaction initiation

16 followed by uncontrolled rate of reaction,
temperature overshot)

This Sheet Has Been Rerlaced




BXAMPLE 2 25 Preparatg?y of cyctopropylnitrile ( mol ar scale)

[err] 30 A stirred m xture of 4-chldro-
butyronitrile (3.17kg, 30 nole),. sodium chloride (0.87kg, 15 nole) and
.'03kg water in 3.0kg of dinethylsulfoxide is heated to 80[err]C,

treated with 35 NaOH pellets (1.24kg, 3®9 nole) over a 2 hour
6 . H

\_'— B —

=g

I CLAIM:

1. An improved proéess for the
manufacture of cyclopropylnitrile which comprises
mixing 4-halo-butyronitrile, at least 0.25 mole of
an inorganié salt and a catalytic amount of water
in the presence of an aprotic polar solvent at an
elevated temperature of about 50°-100°C and
reacting the mixture with an alkali metal base at
the elevated temperature; wherein the inorganic
salt is a metal halide, a metal sulfate or a metal
carbonate and the metal is Na, K or Li.

2. The process according to claim 1
wherein the alkali metal base is MOR wherein M is
Na, K or Li and R is hydrogen or C;-Cg alkyl.

3. The process according to claim-1
wherein about 0.5 to 1.0 mole of the inorganic salt
is added.

4. The process according to claim 1
wherein the aprotic polar solvent is a sulfoxide or
a carboxylic acid amide.

5. The process according to claim 4
wherein the solvent is dimethylsulfoxide.

6. The process according to claim 1
wherein the alkali metal base is sodium hydroxide,
the aprotic polar solvent is dimethylsulfoxide, the
inorganic salt is sodium chloride and the
temperature is about 60°-90°C. T

e

i



ﬁBdf‘ (Anot her 0. 012kg of—¥bc}1mas added duri ng (—he hol d—pertod)—The

reaction mxture is cool ed” to roomtenperature, néutralized to a pH
6.8 - 7.0, diluted with 3.0 L of water (readjusted ;ﬂ“‘num m“\
and azeotropically distilled with a Dean1 Stark trap [t

cycl opropylnitril e/ water azeot r ope. qhe aqueous IayeT i%s contlnuously

returned to the e}l st |.Ilﬂeatf1]:%r&e%%t Stc%fq_lg\f%?t q:eo cf'a};rﬂl t oduct

cyclopropylnitrile di'stiFlate p@% sanp e of this
cycl opropyl - furth??rFpﬁpﬁésgfeoﬂﬁéspééﬂmﬁ &P@tFB 1% ng a Dean St ark

trap (to rem‘tém}‘@ﬁ:ﬁ'thrén@ocQabmn'téhh@e&%tt%:@ whenOfthth'e%rcﬁﬁlairﬁ layer to
give the final product % clo E%Jnltrlbﬁ i 59 85% yield, 97.1%
pure 15 by G &SaRgFPLesesnd Ikhe ePolRer comp tion.
EXAVPLE 3 ZQeEctpanatMamdaﬂutynbopheppbuttaﬂheeﬁPtgmbtman«ﬂﬁth
water and (d)isolating the reaction product
cyclopropylnitrile by azeotropic distillation.

8. The process according to claim 1
wherein the neutralized diluted reactlon has a pH
of about 4-9.

_ 9. The process according to claim 8
wherein the pH is about 7-8.

10. The process according to claim 7
wherein the product cyclopropylnitrile is azeo-
tropically distilled to an essentially anhydrous
condition.

Has Been Reﬁaced
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. - . . WesoL3-0 1005
[err] 25 A Usi ng essentially the sanme procedure
described in Exanples 1 and 2, cyclopropylnitrile IS prepared on a
11l:kg scale (1..071 knole) in a pil ot plant using 100 gallon and 500
gallon glass- 30 Ilined reactors to give the initial cyclopropylnitrile
product distillate,  59.3kg, 82.48% vyid d, 95.3%purity and 4.4% wat er
content. This cyclopropylnitrile distillate is conbined with
anot her. pil ot plant batch and gEPOACERIENAl EMEATS ed ¥ ap described in
Examples 1 and 2 to give tQEMTi}ﬂﬁJ&ipﬁon:paged.!,,.m paged .%..
REPLACEMENT SHEET im{s) :paged ... to paged...
' ing(s) : paged ..... to paged ...

! 3 . A
aCL tpaged ... o paged ..
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PROPYILNITRILE

- Cyclopropylnitrile is a vital raw
material in-the manufacture of herbicidal agents.
It is particularly useful in the manufacture of
5 herbicidally potent, yet environmentally benign 1-
(o-cyclopropylcarbonyl) -phenylsulfamoyl urea
derivatives. The preparation of cyclopropylnitrile
from 4-chlorobutyronitrile is described in U. S.
3,843,709. However, when this preparation is
10 applied to a manufacturing scale, an unstirrable
mass forms causing decreased reaction yield, broken
or damaged equipment and problematic product
isolation.
Therefore it is an object of this
15 invention to provide an improved process for the
manufacture of cyclopropylnitrile which is suitable
for large scale production with increased isolated
product yield.
It is another object of this invention to
20 provide an efficient and effective method of
isolation of cyclopropylnitrile in high purity'and
with essentially no water content.
It is a further object of this invention
to provide a convenient and economic source of
25 essential starting material in the production of
herbicidal sulfamoyl urea derivatives.
Herbicidal agents and in particular 1-(o-
cyclopropylcérbonyl)phenylsuifamoyl urea
derivatives are prepared using cyclopropylnitrile - ——
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7 cycl opropylnitrile product,  95. 1% recovery, .98. 3% pure and 0.4%
wat er content. B) 5 Using the essentially the sane

pr ocedur e descri bed above, cyclopropylnitrile is prepared on a

pl ant scale of 1,021kg(9.86 knole), using a 2,000 gallon reactor to
give the initial cyclopropylnitrile di%tillate, 592kg, 89.5%yield, 10

95. 2% pure and 4. 4% water, content, This é)r'oagtj(:t ]ies conhi neﬁl Wi th
anot her plant @§n thtd Latis rStarking mat i 11 B JiIQ% R%8%¢ i nal

cycl opropyl ni t icudd that asielopBépPbhttexideergan e 495 gparednon 02 4% wat er
content. 15 . E§§ LS 4 nparative
preparation'ofqﬁﬂﬂ%ﬁﬁ%ﬁ%ﬂ%ﬁ%???%Fuf 'S Wifthout té%nera[ Procedure 20
A stirred m xt dioenatiorvbrapysbirrable mass and accompanying

5 equipment damage -or breakage and decreased ﬁroduct
yield by reacting 4-halobutyronitrile with an
alkali metal base in the presence of an aprotic
polar solvent, an inorganic salt and a catalytic
amount of water at a temperature of about 50°~

10 100°C. The preparation is shown in flow diagram I
wherein X is halogen, M is an alkali metal and R is
hydrogen or Cj;-Cgalkyl.

. Flow Diagram I

16

 Salt
X/\/\C_N+ MOR —A_} D——CN+MX+H0R

Methods available in the art to prepare
20 cyclopropylnitrile, upon scale-up, give the
formation of an unstirrable mass. The inability to
stir or agitate a reaction mixture results in
incomplete reaction, hazardous reaction conditions
and damaged or broken equipment. Surprisingly, it
25 has been found that the addition of at least 0.25
mole, preferably about 0.4 to 1.5 mole and more
preferably about 0.5 to 1.0 mole of an inorganic
salt eliminates the formation of an unstirrable
mass thus preventing agitation problems, poor
30 yields and a broken or damaged agitator. Advanta-
geously, it has been found that the addition of a
catalytic amount of water to the reaction mixture
is critical to the initiation of the reaction.
Predictable and reproducable reaction initiation
35 prevents the.potential hazard of large scale run-

REPLACEMENT SHEET
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nitrile and NaOH in dinethyl sul foxide, with and w thout NaCl and with
and without a catalytic anount of water, is heated to 80[err]C and
sti.rring 25 observations are nmade and recorded in Table I. As
can be seen from Table I, the absence of the addition of NaCl to the
reaction m xtur.e | eads to an unstirraBle mass and the absence of a
catal yti c anount of water na& I nduce hazgrdous 30 reagiioT condi -tions

a gels

wherei n the re@We¥orepstdonsrates and,spgfen HpRCORLTP xot her ms occur
When t he sekbthegmiss poor or conpletely stopped, the reaction

remains i ncompl ete and pradye gl dgnaNdeact 18" H¥e A fcfbgbaLshed:

as the temperature increases, however it has now
5 been found that under large scale conditions,
reaction temperatures greater than about 110°C give
mainly amide Side—pfoddCt formation and little or
no cyclopropylnitrile product. Elevated
temperatures of about 50°- 100°C, preferably about
10 60°- 90°C are suitable in the inventive process.
Aprotic polar solvents suitable for use
in the inventive process are sulfoxides, sulfones,
carboxylic acid amides, pyrrolidones and the like.
Sulfoxides and carboxylic acid amides are _
15 preferred, dimethylsulfoxide and dimethyl formamide
are more preferred and dimethylsulfoxide is most
preferred.
Alkali metal bases useful in the process
of the invention are any alkali metal hydroxides or
20 alkoxides or mixtures thereof. Preferable alkali
metal bases are monovalent bases such as NaOR, KOR
or LiOR, more preferred are the hydroxides of
sodium or potassium and most preferred is NaOH.
Stoichiometric amounts of the alkali metal base may
25 Dbe used in the process of the invention. In a
preferred embodiment of the invention, the alkali
metal base is added to the reaction mixture
incrementally over a period of time.
Inorganic salts suitable for use in the
30 present invention are metal halides, metal sulfates
or metal carbonates, preferably metal halides such
as sodium halide or potassium halide, more
preferably sodium halide and most preferably sodium

chloride.

. 35 The product cyclopropylnitrile, in order
to be suitable for use in manufacturing 1-(o- ey
cyclopropyl-carbonyl)phenylsulfamoyl urea REPLACEMENT SHE_EI
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Tabl e | 4-CBN[err] 'NaOH Water NaO DVBO 5 Exanple

noles noles noles noles grans Stirring 4 1.0 1.1 0.0
0.6 200.0 Poor 2 5 1.0 1.1 0.0 1.0 '200.0 Good

6 2.0 2.0 0.1 1.0 200.0 Giood4 7 6.0 6.6 0. 05
3.0 600.0 Good 10 8 1.0 1.1 0.0 0.5 200:0 Good3

IChIoroputyroq%éfibgti s2Shdst Be el9RheighYyl FPededrbiateachh@n mass
3Hang-fire conditions Xgelay I reaction inityation 15 fgILomed by
uncontrol | ed rBiBOBf cPERONENTS. It bagepgrubeeByEPURg: Fha

highly pure and essentially anhydrous
cyclopropylnitrile product can be isolated directly

5 from the crude reaction mixture by direct
azeotropic distillation thus avoiding the use of
large amounts of extraction solvents and tedious
and costly fraction distillation procedures. Upon
complétion of the reaction, the reaction mixture is

10 cooled to about room temperature, neutralized - to a
pH range of about 4.0 - 9.0, preferably about 6-8,
to avoid amide by-product . formation, diluted with
water to aide the azeotropic removal of the
cyciopfopylnitrile, and azeotropically distilled

15 using a Dean Stark trap to give high purity,
essentially anhydrous product cyclopropylnitrile.
Advantageously, this procedure allows the isoclation
of pure cyclopropylnitrile on a manufacturing scale
without the use and handling of extraction solvents

20 and without the need for costly fraction
distillation columns.

For a more clear understanding of the
invention, specific examples thereof are set forth
below. These examples are merely illustrative and

25 are not to be understood as limiting the scope and
underlying principles of the invention in any way.

The term GLC designates gas liquid
chromatography.

30 EXAMPLE 1

Preparation of cyclopropvlnitrile (2 molar scale)

NaCI_
; C™"NCN + NaOH——> [>—CN + NaCl + H,0
35 80°¢




|  CLAIM 1. A “process for the manufacture of
cyclopropylnitrile which conprises mxing 4-halo-butyronitrile, at |east
0.25 nole of an inorganic salt and a catal ytic anmount of water in the
presence of an aprotic polar solvent at ag el evat ed tenperature of about
50[err]-100[err]C and reacting the mxtur& with an alkali netal base at the

el evat ed tenperature; mherein gﬁ?ﬁﬁ%hpﬁﬂk%uiglgf'ﬁ‘%ﬂT&f%' hal i de, a neta

sulfate or a nmetal carbonate an 2.
The process achutiiayitsidieaiidlB.4g, 2.0 mole), sodium chloride

(58.0g,.0.5 mole) and 2.0g of water in 200g of
dimethylsulfoxide is heated to 80°C, treated with

5 ground solid sodium hydroxide (88g,. 2.2 mole) over
a 3 hour period and held at 80°C for about 1
additional hour. The reaction mixture is cooled to
room tempefature neutralized to about pH6.8 with
concentrated HC1 (37% aqueous solution), diluted

10 - with 200ml water (readjusted pH to 6.8 with 37%
HCl) and azeotropically distilled with a Dean Stark
trap to remove the cyclobropylnitrile/water
azeotrope. The aqueoué layer is continuously
returned to the distillation pot to give the

15 initial product as the distillate cyclopropyl-
nitrile, 133.5g. A 121.5¢g sample of this
cyclopropylnitrile is azeotropically distilled

using a Dean Stark trap (to remove water) and
continuous return of the organic layer to give the

20 final product cyclopropylnitrile, 106.6.g, 87.8%
yield, 98% pure by GLC analysis and 0.04% Hy0 by
Karl Fischer titration.

EXAMPLE 2
25
- Preparation of cyclopropylnitrile (30 molar scale)
NaCl
Cl "XCN + NaGH-;[-l-? CN + NaCl + H,0
30

A stirred mixture of 4-chloro-
butyronitrile (3.17kg, 30 mole), sodium chloride
(0.87kg, 15 mole) and .03kg water in 3.0kg of

: dimethylsulfoxide is heated to 80°C, treated with
35 ©NaOH pellets (1.24kg, 30.9 mole) over a 2 hour

period and held at 80°C for about 1 additional | REPLACEMENT SHEET
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wherein the alkali netal base is MOR wherein Mis Na, Kor Li and Ris

hydrogen or Cerr]-Clerr] alKkyl. 3. The process according to

claim1l wherein about 0.5 to 1.0 nole of the inorganic salt is added.

4. The process according to claim1l mhereln t he aprotlc pol ar solvent is a

sul foxi de or a carboxylic acid anide, . The process according
6. The

E?oggg;n;gcgfgﬁﬁgntgh é%ﬁgp&ﬂeﬁéghgtﬂgyg?égfVaﬁe?ggegaggrﬁggsodlum
hydr oxi de, theheprioilict patbodshbl vEne readtimehhmlisztiufexidecoohedi nor ganic
salt is SOd'”@d”ﬁdﬁﬂ‘%%ﬁﬁ@&é@&ré?WR&ﬁE%HiEzéa 28oubofel phr k- 80Lerr] C
7.0, diluted with 3.0 L of water (readjusted pH to
5 about 7.0) and azeotropically distilled with a Dean
Stark trap to remove the cyclopropylnitrile/water
azeotrope.' The aqueous layer is continuously
returned to the distillation pot to give the
initial product cyclopropylnitrile distillate,
10 '1.811kg. * A 1.72kg "sample of this cyclopropyl-
nitrile is azeotropically distilled using a Dean
Stark trap (to remove water) and continuous return
of the organic layer to give the final product
cyclopropylnitrile, 1.63kg, 85% yield, 97.1% pure
16. by GLC analysis and 0.28% HyO by Karl Fischer
titration.

EXAMPLE 3

20 Preparation of cvclopropvlnitrile (Plant scale)

NaCl
S NEN ¢ NaOH———> [>—CN + NaCl + H,0

25 A)
Using essentially the same procedure

described in Examples 1 and 2, cyclopropylnitrile
is prepared on a 1lllkg scale (1.071 kmole) in -a
pilot plant using 100 gallon and 500 gallon glass-

30 1lined reactors to give the initial
cyclopropylnitrile product distillate, 59.3kg,
82.48% yield, 95.3% purity and 4.4% water content.
This cyclopropylnitrile distillate is combined with
another pilét plant batch and azeotropically dried

35 as described in Examples 1 and 2 to give the final

REPLACEMENT SHEET
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10 ‘7. The process according to claim 1 which further conprises

(a)cooling the reaction tenperature to roomtenperature when the reaction
is.conplete, (b)neutralizing the cooled conpleted reaction, (c)diluting
the neutralized reaction with water and (d)isolating the reaction product
cyclopropylnitrile.by azeotropic distill&tion. 8. The process

according to claiml rein.the_peytraligzed,di |l ut cty@n,has a pH of
about 4-09. CYCiOPrOEQSPl#ﬁéiﬁrngégcgécégd}%gﬁé?%yéﬁﬁ%E?gkggein t he pH
i s about 7-8.pure and 0.4% water content.

B)

5 Using the essentially the same procedure
described above, cyclopropylnitrile is prepared on
a plant scale of 1,021kg(9.86 kmole), using a 2,000
gallon reactor to give the initial
cyclopropylnitrile distillate, 592kg, 89.5% yield,

10 95.2% pure and 4.4% water content. This product is
combined with another plant run and azeotropically
distilled to give the final cyclopropylnitrile
product, 95.5% recovery, 96.4% pure and 0.4% water

content.
15
EXAMPLES 4-8
Comparative preparation of cyclopropylnitrile
General Procedure
20

A stirred mixture of 4-chlorobutyro-
nitrile and NaOH in dimethylsulfoxide, with and
without NaCl and with and without a catalytic
amount of water, is heated to 80°C and stirring

25 observations are made and recorded in Table I.

As can be seen from Table I, the absence
of the addition of NaCl to the reaction mixture
leads to an unstirrable mass and the absence of a
catalytic amount of water may induce hazardous

30 reaction condi-tions wherein the reaction rate is
uncontrollable and large exotherms occur. When the
stirring is poor or completely stopped, - the
reaction remains incomplete and product yields and
purity are diminished.

REPLACEMENT SHEET
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10. The process according'to claim 7 wherein the product cyclopropylnitrile
IS azeo- tropically distilled to an essentially anhydrous condition.

8
Table I

4-cBNl NaoH Water NaCl DMSO

5 Example moles moles moles moles grams Stirring

4 1.0 1.1 0.0 0.0 200.0 Poor2

5 1.0 1.1 0.0 1.0 200.0 Good

6 2.0 2.0 0.1 1.0 200.0 Good

7 6.0 6.6  0.05 3.0 600.0 Good

10 8 1.0 1.1 0.0 0.5 200.0 Good3
1Chlorobutyronitrile

2gtirring completely impeded by reaction mass
3Hang-fire conditions (delayed reaction initiation

15 followed by uncontrolled rate of reaction,
temperature overshot)
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REPLACEVENT SHEET 10 7. The process
according to claim1 which further conprises (a)cooling.the.reactlon — .
t enper at Ure to-reom-tenperature when the reacti on i BEE€bppFete ETS 858G i
(b)neutralizing the cool ed eted reaction, ? Vidi At g th :leuticapigeéd...
reaction with \ﬁ“ﬂl‘ m!w !Hgiétl ng the reacti @n‘prx.mducll : paged 4. to pa gad ..
cycl opropyl ni t i distillation. @ (Y B
according to cl al m“1 wher ei n the neutraliged di I utied:
about 4-9. :

1. A process for the
manufacture of cyclopropylnitrile which comprises
mixing 4-halo-butyronitrile, at least 0.25 mole of
an inorganic salt and a2 catalytic amount of water
in the presence of an aprotic polar solvent at an
elevated temperature of about 50°-100°C and
reacting the mixture with an alkali metal base at
the elevated temperature; wherein the inorganic
salt is a metal halide, a metal sulfate or a metal
carbonate and the metal is Na, K or Li.

2. The process according to claim 1
wherein the alkali metzl base is MOR wherein M is
Na, K or Li and R is hydrogen or C;-Cg alkyl.

3. The process according to claim 1
wherein about 0.5 to 1.0 mole of the inorganic salt

is added.

4. The process according to claim 1
wherein the aprotic polar solvent is a sulfoxide or
a carboxylic acid amide.

5. The process according to claim 4
wherein the solvent is dimethylsulfoxide.

6. The'process according to claim 1
wherein the alkali metal base is sodium hydroxide,
the aprotic polar solvent is dimethylsulfoxide, the
inorganic salt is sodium chloride and the
temperature is about 60°-90°C.
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9. The 5}03ess according to claim8 wherein the pHis about-#-8— - —
$0. The process according to claim7 wherein the produHim(i ﬁ'llo ropylnitrile
is azeo- tropically distilled to an essentially anhydrg H Icﬁ ﬁﬁ
oI
10
7. The process according to claim 1 which

further comprises (a)cooling the reaction
temperature to room temperature wlien the reaction
is complete, (b)neutralizing the cooled completed
reaction, (c)diluting 'the neutralized reaction with
water and (d)isolating the reaction product
cyclopropylnitrile by azeotropic distiliation.

8. The process according to claim 1
wherein the neutralized diluted reaction has a pH
of about 4-9.

9. The process according to claim 8
wherein the pH is about 7-8. '

10. The process according to claim 7

wherein the product cyclopropylnitrile is azeo-
tropically distilled to an essentially anhydrous

condition.
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